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HNPEANCTIOBUE

OnpenesieHWe eCTECTBEHHBIX U TEXHOTEHHBIX PaAMOHYKIUI0B B 00bEKTaxX
OKpyXatolleil cpeabl (B Bo3ayxe, B MIPUPOAHBIX BOAAX U MOYBax, B MPOAYKTaX
MUTaHUS U T. 1.) MO3BOJISIET OLIEHUTh BO3MOXKHYIO OMTACHOCTb PaIMallMOHHOTO
BO3/ICICTBYS Ha 310POBbE UeoBeKa. B TO ke Bpemsl uccienoBaHue pacnpeesie-
HUSI paIMOHYKJIMIOB B OKpYXKalOILEi cpele MOXET AaTh LIEHHYI MH(MOPMALIUIO
O MPOUCXOISIIMX B Hel Tpoueccax. PaiMoOHYKIMAHBIE METOAbI MPUMEHSIIOTCS
JUUIST UBYYEeHUST TIepeMellleHUs BOAHBIX M BO3AYILIHBIX Macc, OINpeaeeHUsT Bpe-
MEHM XHU3HU aspo30Jieil, JaTUPOBAHUS TEOJOTMUECKUX M apXeOJOTUUYECKUX
00BbeKTOB. B CBSI3U C 9TUM CYIIECTBEHHO YBEJIUYUBAECTCSI YMCIIO JIIOAEH, KOTO-
pPbIM B cBoOeli Mpo(heCCUOHANBLHON NesITeIbHOCTU HEOOXOAWMO BBITTOJHUTH
orpejeseHusT paaloakKTUBHOCTA, U MHOTME M3 HMX 1O 00pa3oBaHUIO U IO
OIBITY MpeabIaylleil paboThl OTHIOAb HE CIELUMATUCTHI B 001aCTU pailOaKTUB-
HOCTH OKpYKalollel cpe/ibl, a MOYepHHYTh CUCTEMAaTUUECKU U JOCTYITHO M3J10-
>KEHHYI0 MH(pOpPMaIIMIO 0Ka3bIBaETCs 3aTPYAHUTEIbHO.

Ipennaraemast yurtarent0 KHUTa JaeT HEOOXOAMMYIO WH(OpMaLUIO s
MOCTAaHOBKW MCCJIEAOBAHUM, CBSI3aHHBIX C OIpeAeeHUEM PAIUOHYKIMIOB B
MPUPOIHBIX OOBEKTAX, TJIe YACTO MPUXOAUTCSI BCTPEUYaThCsl C U3MEPEHUEM BeCbMa
HU3KUX YPOBHEW PaJMOaKTMBHOCTU U TPOBOJAUTHL OMpeAeSeHUs] KOHIEHTpaLUid
o- W B-usilyyareieil, Korga BO3MOXHOCTH HEINMOCPEACTBEHHBIX HEEeCTPYKTUB-
HBIX M3MEpPeHUU oKa3bIBalOTCSl HemocTtaTouyHbiMu. Hanmpumep, comepkaHue
crpoHMs-90 u 1e3us-137 B Bomax OTKPBITOTO OKeaHa COCTaBISIET OKOJIO
1 mbx/n1, 1 6e3 mpenBapuTETHFHOTO KOHIIEHTPUPOBAHUS U3MEPUTDH TAKUE YPOB-
HU HE MPEACTaBISIeTCSI BO3MOXHBIM.

ITocTanoBka pabOT MO U3YYEHUIO PAAUOAKTUBHOCTU OKPYXKAIOLIEH CPebl
TpebyeT KOMIUIEKCHOTO MOAX0Ja, BKIIIOYAIOIIETO MPpoO00TO0D, MPEeABAPUTEILHOE
KOHLIEHTPUPOBAHUE PATMOHYKIIUIOB U3 TIPUPOIHBIX CPE/l C TTIOMOILBIO PAAUOXU-
MUYECKHUX METOJMK, OTIEJIeHUE OINpeaesieMblX PaAuOHYKIMIOB OT MeIlalolnX
npuMeceid, MIPUTOTOBJIEHUE MpernapaToB [JIsi U3MEpPEeHUs] PaJuO0aKTUBHOCTHU,
COOCTBEHHO MPOLIECC U3MEPEHMUST, a TAKXKE 00paOOTKY Y MHTEPIPETALIUIO MTOTY-
YEeHHbBIX JaHHbIX.

DTa KHUTra He COOPHUK METOAMK U HE CIIPABOYHUK 10 anraparype st u3-
MepeHMsT HU3KUX aKTUBHOCTel. OOCyXIeHne cTpaTernyeckux 1 MeToAnIeCKuX
acrekToB MpobJieM, CBSI3aHHBIX C BbIOOPOM OMNTUMAJILHOTO IYTU PELICHUS
KOMIJIEKCHON 3a/1auu OIpeJeeHUs] palMOAaKTUBHOCTU B 00BbEKTaX OKpYXKato-
11Ie# cpelibl, JaHO B COMPOBOXIEHUU MPUMEPOB M3 MPAKTUKU. ABTOPHI CTapa-
JIUCh YOEIUTh O0CO00€ BHUMAHUE TEM METOAAaM, KOTOPbIE CJIa00 OTPaXKeHbI



4 TIpenucnoBue

B PYCCKOSI3BIYHOM JTUTEpaType, HO HAXOAST Bce 0OJblIee MPUMEHEHUE B MUPO-
BOIl mpakTuKe. B 4YacTHOCTH, BKIIIOUEHBI pas3ieibl, IMOCBSILIEHHBIC KUAKOCT-
HO-CHMHTWUISILIMOHHOMN CIIEKTPOMETPHUM, YCKOPUTEIHHOIM MAacC-CIIEKTPOMETPHUH,
NPUMEHEHUIO B PaAUOXUMUUYECKOM aHajM3e HOBBIX 3KCTPAKIMOHHO-XpOMa-
Torpaduyeckux matepuanoB. ITogpoOHO paccMoTpeHa rpobiaeMa obecrneyeHus
KauecTBa M KOHTPOJISI KauecTBa aHajau3a Ha BceX aTanax — oT npobooTdopa a0
00pabOTKM pe3yJbTaTOB. 3HAYMUTEIbHOE BHUMAHUE YAEJSIeTCs] MOBEASHUIO pa-
JUOHYKJIUJIOB B OKpYKalLIEl cpefe.

YuebOHOe mocobure agpecoBaHO CTyASHTaM PAAIUOXUMUUECKUX U Paa0IKO-
JIOTUYECKUX CMELUMATBbHOCTE! U IIUPOKOMY KPYTY MPaKTUKOB, 3aHUMAIOIIMXCSI
U3y4deHUEM PaJIMOAKTUBHOIO 3arpsi3HEHUST OKPYXKalollell cpelibl, a TAaKXKe TeM,
KTO CBSI3aH C MCCJIEAOBAHUSIMMU €CTECTBEHHON PaiuOaKTUBHOCTU — IE€OXUMU-
KaM, KOCMOXUMUKaM, paguoskonoraM. [TpuBeneHHbIl 31eCh MaTepuas Mo3BO-
JIUT TIOJYYUTh AOCTATOUHO TMOJHOE TpeACTaBIeHWEe O COBPEMEHHOM YpPOBHE
3HAHUI O PaAMOAKTUBHOCTU OKpYXKalolllell cpelbl U O METoJax WU3MepPEeHMsI
HU3KUX aKTMBHOCTEH, KOTIa HaWIydllre pe3y/bTaThl MOJyJyaroT MpU COYeTaHUN
3¢ (PeKTUBHBIX METOAWK KOHLIEHTPUPOBAHUSI Y BbIACJIECHUS] PAIUOHYKIUIOB U3
00BEKTOB OKpYyXalolllell cpeAbl ¢ ONTUMATbHBIMU METOJAMU WU3MEpPEeHUs pa-
JUOAKTUBHOCTU. [Ipn 3TOM OTpaxkeHbl COOTBETCTBYIOILLME pasielibl MPOrpaMm
MOATOTOBKU CTYACHTOB-PAIUOXUMUKOB U CTYAEHTOB OOILLEro MOTOKa Ha XMMUYe-
ckoM (pakynbTeTre MOCKOBCKOTO TOCYIapCcTBEHHOro yHUBepcuTeTa uM. M. B. Jlo-
MOHOCOBa U MporpaMm sl cayiiareieil LleHTpaabHBIX KypcOB MO HayYHbBIM
OCHOBAaM MCITOJIb30BAHUSI PAAMOAKTUBHBIX U30TOMOB U U3JTyUeHUI B HAPOJHOM
xo3giictBe pu MI'Y. Knura Oynger mose3Ha Takke NPaKTMYECKUM PaOOTHU-
KaM, KOTOpbI€ OMPEeAS/ISIOT YPOBHU PAANOAKTUBHOCTH B XKUJIBIX U MPOU3BOACT-
BEHHBIX MOMEILIECHUSIX, B IIKOJAX M OOIIECTBEHHBIX 3IaHUSIX, TAe 3aMETHBIN
BKJIaJl B IO30BYIO HArpy3Ky XXMBYILIUX WK PaOOTAIOLLIMX TaM JIOACH BHOCUT MO-
CTYMNAIOIIMi U3 TPYHTA U CTPOUTEbHBIX MAaTEpPUAaIOB PajoH U MPOAYKTHI €Tr0o
pacnaza.

ABTOpBI HAICIOTCSI, YTO BBIXOJA 3TOM KHUTU B CBET OYAET CITOCOOCTBOBATH
JajbHENIIeMy Pa3BUTUIO PAIMOXMMUYECKUX METOIMK W armapaTrypbl IJs1 W3-
MEpEeHUI B Ja0OPATOPHBIX U TOJEBBIX YCIOBUSIX.
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1. BBEAEHUE

A. bexkepenb, m3ydas GIyopecleHIINI0 COeTMHEHUI ypaHa, YCTaHOBWII
npumepHo yepe3 100 mHei moce OTKPBITUS PEHTIeHOBCKUX JIydelt, uTo (poTo-
TUTACTUHKU, JaXKe 3aBEPHYTHIC B USPHYIO OyMary, TEMHEIOT ITPH COCEACTBE C CO-
JIIMU ypaHa. SIBieHMe OBIIO Ha3BaHO «PaIMOAKTUBHOCTL». BriocienctBum
ObUIO MOKA3aHO, YTO PaAMOAKTHBHOCTb — B5TO CAMOIIPOMU3BOJIBHBINM pacriaf
ATOMHBIX SIIEp BEIECTBA C UCITYCKAHUEM SIIEPHBIX U3IYYeHUI: o.-4acTull (siaep
TeNTNsT), B-4acTUIl (JIIEKTPOHOB) M y-KBAaHTOB. [103Ke OBLTM OTKPBITHI U IPYTHE,
OoJiee peakre BUIOBI paciiajza: CITOHTaHHOE JieJIeHNe simep, TBOMHOM B-pacIia,
WCITyCKaHWe SAePHBIX KJIACTEPOB U T. 1.

o-YacTuupl U y-KBaHTHI, UCITyCKaeMBbIe SApaMU TIPU PaIMOaKTUBHBIX MPe-
BpallleHUSIX, 00JIaIal0T TUCKPETHBIMY 3HAUCHUSIMU DHEPIUHU, TaK KaK OHU BO3-
HUKAIOT MOpU TIepexoje saep M3 OJHOTO OIpPeAeIeHHOIO 3HEPreTM4ecKOoro
COCTOSIHMS B Apyroe. PacripeaeneHne 4acTULl WJIM KBAHTOB 10 SHEPTUSIM Ha3bl-
BaeTcsl criekTpoM. ClenoBaTelbHO, MOXHO CKa3aTbh, UTO CIEKTPHI o.-YaCTHIL
W y-KBaHTOB AUCKPeTHEI. boyee mompoOHO B3auMoAeiCTBIE o~ U y-U3TyIeHUSI
C BEIIIECTBOM U HEPTETUUYECKIE CITEKTPHI o.-YaCTHUII U Y-KBAHTOB OOCYKIATOTCS
B pasieliax, MOCBSIIEHHBIX o- U y-CleKTpoMeTpuu (cMm. pasa. 11.3 u 11.4).

[Ipu B-pacnane onHOBPEMEHHO C B-4acTULIAMU UCITYCKAIOTCSI HEUTPUHO, U
SHEPTUs pacliajia pacrpenessseTcss MeXay B-yacTuIeit m HelTpuHO. B pe3ynb-
TaTe B-4acTUIIHI 00JagaloT He TUCKPETHBIM, a HETIPEPBIBHBIM CIIEKTPOM.

Bce Bumnl mpeBpallleHniA, UCTIBITEIBAEMbBIC SIIPAMU MCCIEAYEeMOTO paIro-
HYKJIMIA, JUTS OOJBIINeH HATISIATHOCTH TIPUHSTO M300paXkaTh B BUIE CXEM pac-
naga. Hampumep, Ha puc. 1.1 mokasaHa cxema pacnaga ue3us-137.

W3 5101t cXeMBI BUIHO, YTO M3MEPEHNE PaIOaKTUBHOCTH TaHHOTO PaIo-
HYKJIMIIAa MOXET OBITh BBITTOJTHEHO HE TOJIBKO IO €r0 COOCTBEHHOMY P-U3ITyye-

137Cs (30 ner) 94,6%

N ImBa (2,5 wnm)

5,4%

137Ba

Puc. 1.1. Cxema pacnana uesusi-137



8 2. IMocTyreHue paguoHyKIUI0B B OKPYKAIOIIYIO Cpeay

HUIO, HO U TIO y-U3Iy4eHUIO nodepHero 6apusi-137m!l. B Hacrosiiee Bpems B
MOJAaBISIIOIIEM OOJIBILIMHCTBE CJIydaeB HCIOJIb3YIOT MMEHHO BTOPOM TMYTh.
Oxono 10% vy-KBaHTOB, MCIyCKaeMbIX sapamMu Oapusi-137m, UCIBITBIBAIOT
BHYTPEHHIOI0 KOHBEPCUIO C UCITYCKAHUEM MOHOIHEPreTUYeCKUX 3JEKTPOHOB C
sHeprueii 624 k3B, 4TO MMO3BOJISIET HE TOJIBKO U3MEPSITh, HO U MACHTU(DULIUPO-
BaTh 1e3uii-137 XUAKOCTHO-CUMHTWLISILUMOHHBIM MeToaoM (cM. pa3a. 11.5).
CKOpOCTb pacriajia paauoakTUBHbBIX BELIECTB MOCTOSIHHA U paBHa

4=V _ N
d
rae A — aKTUBHOCTbH (CKOpOCTB pacmnazga, 4YucCJjo pacriagoB B CAVMHUILY BPEME-
HU); t — BpeMs; N — 4uCio siiep; A — pajnOaKTUBHAS MMOCTOSIHHASI, paBHasi
1oJe sIep, pachamalolInxcs B eAMHULY BPEMEHH.
9Ta 3aBUCHUMOCTDb Ha3bIBA€TCsA OCHOBHBIM 3aKOHOM PAIMOAKTHBHOI0O pacna-
Ja 1 MOXET 6])IT]) IIpeACTaBIICHA TaKXK€ B BUIAC

N, = Nye ™

rae N, — KOJIMYECTBO ANEP B MPOU3BOJILHBIA MOMEHT BpeMeHU 7, Ny — UCXOJI-
HOE KOJIUYECTBO SIAEP.

Bpemsi, 3a KOTopoe KOJIUYECTBO SIAEP PaAMOAKTUBHOTO BELECTBA YMEHb-
LIaeTcs BABOE, HA3bIBACTCS MEPHOAoM noaypacnaza (7 /2). PaguoakTuBHas 1o-
CTOSIHHAsI CBsI3aHa C MEPHOAOM MoJypaciiaga COOTHOILLIEHUEM

ATy, = In2

B Hacrosiiiee BpeMs ISl CKOPOCTH MpEeBpallleHus WM pacraga peKOMeH-
JIOBaH TePMUH «aKTUBHOCTb». B 1975 r. B cucreme CU BBeneHa ennHuua bek-
kepenb (bk), paBHas 1 pacnan/c. Mcnonb3yeTcs Takke BHeCUCTEMHAs eIMHULIA
ktopu (Kn), pasnas 3,7 - 1010 pacman/c (1. €. 3,7 - 1010 Bk). Ona 6bu1a HazBaHa
B yectb Mapuu CkionoBckoii-Kiopu, BHeclIeit 00bl1I0i BKIaa B UCCIea0Ba-
HUE SIBJICHUST PaIMOaKTUBHOCTH.

Mapus Ckionosckasi- Kiopu ycTaHOBUIIA, YTO B ypaHOBOK pyne MPUCYTCT-
BYET ellle OMH paarOaKTUBHBIN 2JIEMEHT, CKOPOCTb paciiaga KOTOPOro 3Havyu-
TEJbHO BBIIIE, YEM CKOpPOCTb paclajga ypaHa. OTOT 3JIeMEHT ObUl Ha3BaH
paaueM. BTopoii oTKpBITHIN €10 paaroakTUBHBIN 2eMeHT M. Ckionosckas-Kio-
pu Ha3Bajla MOJIOHHWEM B uecThb cBoeil pogHoil [Tonemu. B 1910 r. MexayHa-
poaHas KOMMCCHUs MO paaveBoMy cTaHaapTy nopyuuia CkiomoBckoii- Kiopu
MPUTOTOBUTD NMEPBUYHBINM cTaHAAPT paaus. Yepes ron oHa MoIydymia ero B BUae
21,99 Mr oyeHb YKMCTOIO XJOPHUAA panus, 3aMasHHOIO B TOHKOH CTEKJISTHHOM
TpyOKe. Torma Komuccust BBesla MOHATUE «KIOpU» [JIs1 pafoHa: KIOpU pajoHa —

I CuMBOI m 0603HaYaeT METACTAOMILHOE COCTOSIHUE Spa.



2. IMoctynieHue paiMOHYKIMAOB B OKPYXAIOIIYIO Cpely 9

5TO KOJMYECTBO paJoHa, HAXOAsIlIerocs B paBHoBecuu ¢ 1 r pagus. ITo3xe aTo
MOHSTHE PacCIIPOCTPAHWIN Ha BCe MPOAYKThI pacrana paJoHa, a 3aTeM U Ha Bce
PaalOaKTUBHBIC BJIEMEHTHI.

st OLIeHKM BO3IEUCTBUSI MOHU3UPYIOLIEro M3JydeHUs Ha BellecTBa U
JKUBBIE OPraHW3Mbl UCHOJIL3YIOT TTOHSTUE «A03bl». [lormolneHHast 1o3a — 3TO
OTHOILIEHWE DHEPruu, MepelaHHON BellleCTBY U3JIyUeHUeM, K Macce BellecTBa.
Enununa nornomeHHou no3sl — rpeit (1 I'p = 1 JIxx/Kr). 1151 olleHKU Bo3/eli-
CTBUSI M3JIyUeHUSI HA XXKUBbIE OPraHU3Mbl MCHOJIb3YIOT SKBUBAJIEHTHYIO J03Y,
MpU pacuere KOTOPOi YUUThIBAeTCS TOT (hakT, YTO MOHUZUPYIOIIME U3TYYSHMSI
pPa3HOro TUIA U SHEPTUHU TO-Pa3HOMY BO3IAEHCTBYIOT Ha opraHu3M. EqunHuiieit
SKBUBaJeHTHOI 1036l B cuctreme CU ssnsgercs 3uBeptT (3B). ITornomieHHast
J103a TPYAHO MOJAAAETCS HEMOCPEACTBEHHBIM U3MEPEHUSIM, TTO3TOMY JIJIsSl pac-
yeTa SKBUBAJEHTHOW M TMOTJOIIEHHOW 03 MCIOJb3YIOT 3KCIO3UIIMOHHYIO
J103Y, SIBJSIIOLLYIOCS MEPOil MOHM3AlMU, T. €. HEMOCPEACTBEHHO M3MepsieMOoi
BeJIMUMHON. EnnHMIIel 5KCTIO3UILIMOHHOM 10361 siBjsieTcst peHTreH (P). 1 P co-
OTBETCTBYET 00pazoBanuio B 1 cm? Bozayxa (0 °C, 760 MM pr. cT1.) 2,08 - 10° map
MOHOB.



2. ITIOCTYIIVIEHUE PAJIMOHYK/INI10OB
B OKPYXAIOIIYIO CPENY

2.1. ECTECTBEHHAA PAINOAKTUBHOCTD

IIpupoaHbie paguOHYKIWAbI MOXHO pPa3lelvuTh Ha JIBe OOJbLIME TPYI-
Mbl — MEepPBUYHBIE, T. €. T€, KOTOPbIe 00PA30BaAIUCh OJHOBPEMEHHO CO CTaOUIb-
HBbIM BELIECTBOM 3eMJIM, U KOCMOTeHHbIE, KOTOPbIE 00Pa3yOTCs MOCTOSIHHO B
pe3yabTare siIepHbIX peakivuii oA AeMCTBUEM KOCMMWYECKOTO U3JyYeHUs Un
MOCTYMAIOT CO BHE3EMHBIM BellleCTBOM. OUeBUIHO, K HACTOSIIIEMY MOMEHTY B
OKpYyXalollleil cpefie MPUCYTCTBYIOT TOJbKO T€ MEePBUUYHbBIE PAIMOHYKIIUbI, TIe-
puoz Tojiypacrajga KOTOpbIX COU3MEPUM € Bo3pacToM 3emuiu (Taou. 2.1).

Tabauya 2.1
OcHoBHbIE TIePBUYHbIE PATHOHYKIIHIBI

Pammonyina | Ty aer |08 TRDINOS
238y 4,5-10° 99,27

25y 7,0 - 108 0,72
22Th 1,4-1010 100

40K 1,3 10° 0,0117

$7Rb 4,9 1010 27,8

150Nd 51010 5,6

147Sm 1,6 - 1011 15,07

176y 3,6 - 1010 2,6
138] 4 1-101 0,089

Tpu nepBUYHbIX pagnoHykianaa — 238U, 235U u 232Th — gsagiorcs pono-
HavyaJbHUKAMM €CTECTBEHHBIX PAIMOaKTUBHBIX psinoB (puc. 2.1, 2.2, 2.3). C Te-
YeHUEM BPEMEHU B €CTECTBEHHBIX PaIMOaKTUBHBIX PsIax YCTAHOBUIOCh BEKOBOE
paBHOBECHE — COCTOSIHHE, B KOTOPOM DPaaMOaKTHBHOCTU (HO HE KOJMYeCTBa
siiep!) Bcex WICHOB psijfia paBHBI MexXIy co0oii. BekoBoe paBHOBecHe MeXIy
pamMOHYKJIMIAMK YCTaHABIMBAETCS B TOM cliydyae, eClv Iepuoj Iojiypaciana
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MAaTepUHCKOTO PAAMOHYKIMIA BEJUK [0 CPAaBHEHUIO C TIEPUOIOM ToIypaciana

= 9 EEIn 5
4,5-10" ger B 2,45- 10" jer
V
o[ P, LTI o
1,18 MuH 1o 6.7 u
V
BAn EE— )
24.1 cyr 8,0 - 10 et
o
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o
Y
mp
3,82 ¢yt
o 27
~2c
v %04%
W5 o Zp . 205
3,05 MuH 1,6 - 10 " jer 138,4 cyr
3 V 710 B/'
g . Bi "
a 19,7 muH 5,01 cyt
y V 0,04% v g 5.10°% v
2Wap " 2M0py “ 265y
26,8 MUH 22.3 roga cTabuiIeH
Y V v V
210, 206
Tl Tl
1,32 Mun 4,19 mun

Puc. 2.1. PanuoaktuBHBbIi psia ypaHa-238

nouepHero. HakomeHue moyepHero paaivoHyKJInAa IMOJYUHIETCS 3aKOHY
A=A,(1-e7)

rie A — aKTUBHOCTb JOYEPHEro paiMoHyKiuaa, A, — aKTUBHOCTb MaTepUH-

CKOr0 pPaJuMOHYKJIMIA, A — IOCTOSIHHAS PAaJIMOaKTUBHOIO pacriaa A0YEpPHEro
PaaVoOHYKIINIA, [ — BpeMs, IMPOLIEAIIEEe C Hayala HAKOTUIEHU TOYEPHETO pa-

JUOHYKJIMIA (TIPeaIoaraeTcs, YTo B HaYaJabHbIii MOMEHT MPUCYTCTBYET TOJIb-
KO MaTepUHCKUI HYKJIUM).
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Puc. 2.2. PannoakTuBHBINA psif TOpUsi-232

st ycTaHOBJIEHUSI palOaKTUBHOIO PaBHOBECHS 1OCTAaTOYEH MPOMEXKY-
TOK BpeMeHM, paBHbIi 10 mepuomam mojypacnaga J0UYepHEro paauoOHYKIUIA.
PasnuyHble TeOXMMHUYECKHE TTPOILIECCHl MOTYT TIPUBOIUTH K (PpaKIIMOHUPOBA-
HUIO WICHOB PaIMOAKTUBHBIX PSIIOB, TTO3TOMY BEKOBOE paBHOBECHE COXpaHSI-
€TCSI TOJIbKO B CHCTEME, 3aMKHYTOI OTHOCUTEILHO MAaTePUHCKOTO M TOYEPHUX
PaIMOHYKJIUIOB.

B 1972 r. dpaHiy3cKuii XuMUK byraur, aHaiu3upys npoObl pyibl U3 ypa-
HoBoro Kapbepa B Okio (I'aboH), ycTaHOBMJI, UYTO B HEKOTOPBIX Mpodax m0Js
gensuerocs 235U B cyMMe TIPUPOIHBIX M30TONOB ypaHa cocTasisuia 0,7171%
BMECTO OObIYHOIro 3HaueHus, paBHoro 0,7202%. I1o3xe ObUIM HaiifieHBI IIPO-
OBI, B KOTOPBIX AeuinT ypaHa-235 cocrasisit 0,44%. Bbiio BEICKa3aHO MPEITo-
JIOXKeHUe, YTo HabjtofaeMasi 0COOEHHOCTb M30TOITHOIO COCTaBa ypaHa SIBJISIETCS
pe3yJabTaToM paboThl MPUPOJHOTO YPAHOBOTO peakTopa, KOTAa-To 1elCTBOBAB-
1IIETO B 3TOI MEeCTHOCTH. MIHTepec K 3TOMY OTKPBHITHIO OB HACTOJIBKO BEJUK,
YTO OBLIO IPUHAITO PEIIeHNE O TIPUOCTAHOBKE JOOBIYM YPAaHOBOM PYIBI HA TaH-
HOM MECTOPOXKIECHUU.
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Puc. 2.3. PannoaktuBHBI psig ypaHa-235

st TOro 4toObl paboTa MPUPOAHOTO peakTopa CTaja BO3MOXHOM, HE00-
XOJIMMO BBITIOJJTHEHUE HEKOTOPBIX OCOOBIX YCIOBUU: HATMUKUE TOTLIMBA, 3aMe/l-
JIUTEJISI, OTpaXKaTesis U MyTei 7151 yiajJeH!usl TeHEPUPYEMOTo Terla U OTCYTCTBUE
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MOTJIONIAOIIMX HEUTPOHBI SI0B. JIJIsT GOJIBIIMHCTBA COBPEMEHHBIX PEaKTOPOB
ypaH cIeluaIbHO oboralaeTcss ypaHoM-235, HO BO BpeMeHa paboThl IPHUPOI-
Horo peaktopa Oxio (okojo 1,7 Mapa JeT Ha3zal) eCTeCTBEHHasl JOJsl ypa-
Ha-235 cocrabistiia oKojio 3%.

Korma o6pazoBanach 3emiisd, B COCTaB MPUPOTHON CMECH M30TOIIOB ypaHa
BXOIMJIO OIIpeleIeHHOe KOJIM4ecTBO ypaHa-235. Ero mepuon mosypaciiaga cy-
LLIECTBEHHO KOpoue, YeM y ypaHa-238, u MUIMap JeT Hazal J0Js1 ypaHa-235
B IIPMPOIHOM ypaHe OblIa 3HAYMTEIbHO BBIIIE. [ TIoaIepKaHusT YCTOMYMBOM
paboTHI SIIEPHOrO peakTopa mocTarodHo 3% ypaHa-235. OkpectHocTu OKII0
Ooratbl TPYHTOBBIMU BOJAMU, TOIMOJTHSIOIIMMU 3aIlachl ypaHa Ha MecTe pabo-
THI peaKTOpa M BBHIIOJHSIONIMMY (GYHKIIMU 3aMEITUTENIsI, OTpaXkaTessl U OXJIa-
IUTEJIS] IS 30HBI peaKIuM JeJICHUS.

HpyruM mokazaTeJIbcTBOM TOTo, YTo B OKJIO paboTay NMPUPOIXHBIN saep-
HBII peakTop, SBUJIOCH MPUCYTCTBUE MPOMYKTOB NEJICHUST ypaHa B UCCIEIye-
MOM peruoHe. AHOMaJabHO BbICOKME KOHILIEHTpALUU MPOAYKTOB AeJeHUsT ObUTU
OOHapyKeHBI B IIIECTH OTICIBHBIX 30HaX IMPUPOIHOTO peakropa B Okio. B mep-
BYIO OYepeIb MCCIIEIOBATEIM PACCMOTPENH 3JIEMEHTHI, KOTOPhIE TIPUCYTCTBYIOT
B OKpYXaroueit cpene B BeCbMa HU3KUX KOHLIEHTPALMSIX, OMHAKO UX U30TOM-
HBII COCTAaB XOPONIO M3BeCTeH. Tak, HEOIUM MMeeT CeMb CTaOMIbHBIX M30TO-
OB, IIECTh U3 KOTOPBIX SIBIISTFOTCS IPOMYKTaMU JesieHusT. M30TOIHBIN cOCTaB
HeomuMa B OKJIO CpaBHMBAJICS ¢ aHAJIOTUYHBIMU TIapaMeTpaMu B IPYTHX MeC-
TaX U C ColepKaHMEeM HeoAMMa B COBPEMEHHOM peakTope. M30TOIHBIN cOo-
CTaB HEOAMMa OKa3aJICsl OUeHb OJIM3KKMM K HaOTI0Iar0IIeMyCsl B COBPEMEHHBIX
SIEPHBIX peakTopax. Bce m3ydeHHBIE TTPOAYKTHI ACJEHUST 0Ka3aluch pe3yJib-
TaTOM YCTOMYMBOI paboThl peakTopa. Peaktop B OKIIO BBIpabOTall OKOJIO
15000 MBt-neT sHepruu, motpedbus 6 T ypaHa. OH npopaboTad Ha HU3KOMI
MOIITHOCTH HECKOJIBKO COTEH THICSY JICT.

B o6uieit cioxkHOCTH Ha ypaHOBBIX MecTopoxaeHusx Okio u banromoe B
laGoHe ObLIM OOHApYKEHBI CBUIETEJIBCTBA PAaOOTHI 17 TPUPOIHBIX SIIEPHBIX
peakTopoB, 9 U3 KOTOPBIX ObLIM HalIEHbI B MMOJHOCTHIO BHIPAOOTAHHBIX YPAHO-
BBIX 3aJIexKax.

B Hacrosiiiee BpeMsI MMEHHO TPUPOIHBIE PaTUOHYKIUIBI COCTABJISIOT
OCHOBY JI030BOI1 Harpy3KW Ha 4eJioBeKa.

KocMmoreHHbIe pagoHYKIMIBI TTOAPOOHEe paccMaTpuBarOTCs B M. 3, TO-
CBSILLIEHHOM painoakKTUBHOCTU aTMocdephl (cM. pasm. 3.2).

2.2. NCKYCCTBEHHBIE PAIMOHYKJIN/1bI
B OKPYXKAIOIIIEU CPEJE

HckyccTBeHHbIE PAAUOHYKIMIBI TTOCTYIAIOT B OKPYXAIOLIYI0 Cpeay B pe-
3yJIbTaTe UCTILITAHUIA SIIEPHOTO OPYXKUS, IACPHBIX B3PBIBOB, IIPOBOIMBIIIMXCS B
MUPHBIX LIeJsIX, a Takxke aesTenbHocty npennpusituii ATL. JlokaabHBIMU HC-
TOYHMKAMM CJTy>KaT aBapuu CaMOJIETOB C SIAEPHBIM OpYyKreM Ha 0opTy, rubesb
MTOIBOIHBIX JIOAOK, OCHAIIIEHHBIX aTOMHBIMHU CHJIOBEIMH YCTAaHOBKAMM U sIiep-
HbIM opyxueM. B TeueHue psiga jgetT MHorue crpanbl, B ToM uncie u CCCP,
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cOpachiBaIi B MOPSI M PEKU XKMIKUE PaIuOaKTUBHbIC OTXOIbl U 3aTaIlIMBaId
oTpaboTaBlIMe SIAePHbIC YCTAHOBKM. BKilan B TEXHOI€HHYIO PaalOaKTUBHOCTD
OKPYKAIOILIEH Cpeibl BHOCSIT M aBAPMU MCKYCCTBEHHBIX CITyTHUKOB 3eMJIU C sIIep-
HBIMM MCTOYHMKAMU 3Hepruu. Pa3BuTHe aTOMHOM SHEPreTUKM TaKxXKe MPUBEJIO K
TOMY, YTO PaAMOHYKJIMIbI ITOCTYHAJIM U MPOAOJIKAIOT IIOCTYIAaTh B OKPYXKalo-
LIYI0 Cpedy, Kak Ipu IuTaTHOi padote ADC, Tak U B pe3y/ibTaTe aBapUIHbIX
CUTYyallii, U3 KOTOPBIX Haubojee Cepbe3Hbie IOCIEACTBHS MMeJia aBapus Ha
YepHoObuibekoit ADC 26 amnpens 1986 r. B tabauie 2.2 npeacraBieHbl 0000-
LICHHBIE JaHHbIE O MOCTYIUICHUM TEXHOT€HHBIX PAIUOHYKIHUIOB B OKPYKalo-
LIyI0 Ccpely B pe3yJbTaTe WCIBITAHUI SIEPHOTO OpYXUSI (B TOM 4YHCIIEe
Y TOA3EMHBIX), HCSATSIBHOCTU MPEANPUITUI SIIEPHOTO TOILIMBHOIO IIMKJIA
U ABAPUWHBIX CUTYALIUA HA HUX.

Tabauua 2.2
OueHKa BbIOPOCA TEXHOTEHHBIX PATUOHYKJIMIOB [1]
AKTUBHOCTb BbIOpocoB, 1Bk
HcTounuk
3H 14C PBI* 9OSr 1317 137CS
ArtMocdepHbie aaepHble | 2,4 - 105 | 220 604 6,5-105 | 910
B3PbIBbI
TlonzeMHbIe simepHbIC 50 15
B3PBIBBI
S nepHbIil TOMIMBHBIN
LIMKJI, B TOM 4HuCJIe:
pabota peakTOpoB 140 1,1 3200 0,4
nepepaborka OAT 57 0,3 |1200 6,9 [4-1073 | 40
ITpon3BOACTBO U UCITOJb- 2,6 1,0 52 6,0
30BaHUE PAAVOHYKIMIOB
ABapuu:
Tpu-Maiin-Aitnenn 370 6-1074 40
YepHOOBUIL 630 70
KpIureim 5,4 0,04
Cennabunn 1,2 0,7 0,02
«Kocmoc-954» 3.1073 0,2 3.1073

* PBI' — pammoakTuBHBle 61aropoansle rasel (35Kr, 131Xe, 133 Xe u np.).

2.2.1. AJEPHOE OPYXMUE

IIpotuBOCTOSIHME, CIIOXKMBILIEECS B MUpe nocjie Bropoil MUpoBOil BOMHEI,
MOCJTYXXUJIO TIPUYMHOM FOHKU siepHbIX BoopyxkeHMnii. CoeTckuii Coo3, Coe-
auHeHHble ITaTel, ®pannusa, Kutait 1 BeaukoOpuTtaHusl B TeYeHUE AECATU-
JIeTUI HapabaThIBaIM sIIEpHBIC MaTepuajbl, MPOU3BOIUIN M WCIBITBIBAIN
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HOBBIE Ooe3apsinbl. HauasoMm simepHoit 3pbl MPUHSTO cunuTaTh 16 urosa 1945 .,
Kormga B mycThiHe Ajamoropao (wuratr Heio-Mekcuko, CIIIA) Obuia B3opBaHa
nepBast aToMHast 6om0a. B aBrycre Toro xe roma CoennHennble LLTaTer cOpo-
CUJIA IBe aTOMHBIE GOMOBI MOIITHOCTBIO TT0 20 KT Ha SITTOHCKKE ropoaa Xupo-
cumy u Haracaku. Ilepsbliit sinepHbiii B3psiB B CCCP 0ObL1 OCylleCTBICH Ha
CeMunanatuHcKoM nonuroHe 29 asrycra 1949 r.

HcnpITaHust smepHOro OpYKUsT MMPOBOAMIMCHE BO MHOTHX TOYKAX 36MHOTO
mapa. Tak, CoBerckuii Coio3 UCIIBITEIBAN siIepHOe opykue Ha CeMUTIaIaTiH-
ckoM 1 CeBepHoM (Hosast 3emist) monmuronax, @panums mpoBoauiia MCITbITa-
Hug Ha octpoBax [lommuesmm m B Caxape, BeamkoOputanuss — Ha lore
ABcTpau 1 octpoBax MoHTe-beo Bom3u ee 3anmamHoro moodepexns. Coenn-
HenHble lllTaTel mpoBogwIM WCHbITaHWS Ha [aBaiickux ocTpoBax (aToyur
I>xoHCcTOH), MapiuamioBeix ocTpoBax (aToyibl bukunu u DHuBeTok), B [1o-
nHe3un (octpoB PokmecTBa), a Takke Ha TeppuTopuu mrtaTtoB HeBama, Ajsic-
ka u Muccucummm. MU CIIA, 1 CCCP npoBoaminm BOHCKOBBIE YYEeHUS C
npuMeHeHreM simepHoro opyxkus. B Coserckom Coro3e Takie yIeHUs ITPOXO-
aunu aABaxabl — B 1954 r. Ha ToukoM nonauroHe (OpeHOyprckas o0JacTb) U B
1956 r. Ha CemunanratuHCKOM nojuroHe (Kaszaxcran). AMepMKaHCKKHE BOEH-
HOCITyKallle TIPUHUMAITA yYacTHe B BOCBMU TTOZOOHBIX omepalusax ¢ 1946 mo
1957 r. B mae 1998 r. cHauana MHaus, a 3ateM [lakucraH mpoBeau cepuio Moj-
3eMHBIX SIIEPHBIX B3PBIBOB MaJIOMl MOIITHOCTH.

HawnGonbiireit MHTEHCUBHOCTU WCHBITAHUS SIIEPHOTO OPYKUS JOCTUTIN B
Havase 1960-x r. B 1961—1962 1. Ha HoBoli 3eMJie OBIIO TTpoBeAeHO 56 aTMO-
cepHBIX B3PHIBOB CYyMMAapHO# MOIIHOCTBhIO okosio 300 MT TpoTuia, B TOM
YUClie CBEPXMOIIHBIN TepMosiaepHbiii B3peiB 30 okTsa0pst 1961 r. (He MeHee
50 M) [2]. 3arpsi3HeHUe OKpyKalollell cpeabl CTalo MPUHUMATh YIpoKaolre
maciuTabbl, 1 B 1963 1. CCCP, CILA n Bennko6putanust nmoanucanii B Mock-
BE JOTOBOP O 3aIpelliecHNN UCITBITAHUIA SIIEPHOTO OpYKUs B aTMocdepe, B KOC-
Moce 1 mofn Bomoit. C 3TOro roja MCIBITAHUS OBUIM JIOKAJM30BAaHBI Ha TISITH
nonuroHax: Hesagckom (CILA u Beauko6purtanust), CeBepHom u Cemumnana-
tuHCKOM (CCCP), Jloonopckom (KHP) n octposax [MTonmnesun (®paHius).
IMocie monnucanust Mockosckoro noropopa CCCP, CILA u Bemuko6pura-
HUS TIPOBOAVIIN UCKITIOUMTEIHHO MOA3eMHBIE SIIepHBIE B3PBIBHI, Torma Kak Ku-
taii 1 OpaH1ys, He TTPUCOSAMHUBIITECS K CONIAILIEHWIO, TIPOBEJIN BIIOCIEICTBAN
psin aTMOC(EePHBIX SIIePHBIX B3pLIBOB. [lociieqHmit Takoii B3pbIB OBLT MIPOBEICH
16 oktsa0ps 1980 r. B Kutae. C 1963 r. HaGmomaeTcst MOCTENEHHBIN criam WH-
TEHCUBHOCTU TJI00ATbHBIX BHIMAACHUIN PaaAuOHYKIUAOB (puc. 2.4).

IIpu simepHOM B3pBLIBE IPOMCXOIUT OOpa3oBaHUE IPOAYKTOB JIEJICHHS,
AIEPHOT0 CHHTE3a Y HEWTPOHHON AKTHBALMH.

[Tpu neneHN TSKEBIX SAep MO AeCTBUEM HEMTPOHOB 00pa3yloTcs COT-
HY pa3INYHBIX PATVOHYKIUIOB C pa3HBIMHU IeprogaMu rmojypaciana. CooTHO-
IIeHWe TTPOIYKTOB JEJICHWUST 3aBUCUT OT TIPUPOIBI NEJISIIerocss pafuoHyKIuaa
(335U, 238U, 239Pu m nap.) u sHepruM HeilTpoHOB. PacrnpenesneHue m04epHUX
MPOAYKTOB ITO MacCOBBIM YHMCJIaM MMeeT IBa MaKCUMyMa, HaXOASIINXCST B WH-
tepBanax 85—105 u 130—150. Boau3u a3Tux MaKCMMYMOB JIeXKaT TaKue paguo-



2. TMocTyrieHre paguoOHYKIUIOB B OKPYKAIOLILYIO CPELy 17

100 1

a
o

90Sr, MbBk/ron,

1958 1962 1966 1970 1974 1978 1982 1986

Puc. 2.4. I'nobGanbHbie aTMOochepHble BbinaaeHus: cTpoHus-90 (1o nanHsIM Jlenap-
tamenTa sHeprun CIIIA [3]). MakcumanbHOe 3HaUYeHUe COOTBeTCTBYeT 1963 T.

Hykuasl, Kak 29Sr u 137Cs, cienoBarenbHO, OHM 00pa3yloTCa C JTOCTATOYHO
BLICOKMMHU BbIXomamu. Kpome Toro, oHM MMEIOT OTHOCHUTEIBHO OOJIBILNE T1€-
puoabl nojypacnaga (okono 30 jer), mMo3TOMy MpPeICTaBIsSIOT OCOOyO omac-
HOCTb JIJIs 310POBbsI YeJIOBEKa. B 1epBble Helleu Moclie B3pbiBa 0C000€e 3HAUEHUE
nmeet 1311 (mepuon monypacnana 8 qHeit), CriocOOHbIA HAKATUIMBATLCS B LIUTO-
BUIHOM XKeJIe3€ U TEM CAMBIM CO3/IaBaTh BLICOKKE JIOKAJIbHBIE 103bI OOTyYeHMSI.

Peakuyy siiepHOro CMHTE3a MPOTEKAIOT MPH B3PbIBE TEPMOSIIEPHBIX 60€-
npumnacos. Ilpy 3TOM NPOMCXOOUT, B YACTHOCTH, CIAMSHHUE sIep AEHTEpUs
U TPUTHS ¢ 00Pa30BAHKMEM allb(ha-yacTHULILI M HEHTPOHA.

ITpoayKThl aKTUBALMKM OOPA3ylOTCs MPU B3aUMOAEHCTBMM HEWTPOHOB C
sApaMK aTOMOB, BXOIAIIMX B COCTaB aTMOC(EPHI, NMOYBbI, KOHCTPYKLIMOHHBIX
MaTepuasoB, SIepHOro 3apsiaa. B KauecTBe nmprMepa MOXHO IPUBECTU peaK-
o 4N(n,p)!4C, npuBoaslLyo K 00pa3oBaHUIO PAIMOYIIIEPOIA IIPU AKTUBA-
uuu atMocdepHoro aszora. Cxema MpOLIECCOB, MOPOXIAIOIIMX HEKOTOpPbIE
TpaHCypaHOBbIE DJIEMEHTHI, NpeacTaBleHa Ha puc 2.5. CoctaB MPOAYKTOB aK-
TUBALMKU, OOPa3yIOIIUXCsA TPU paboTe SIEPHBIX PEAKTOPOB, OTIMYAETCS OT
TOr0, KOTOPBII HAaOJII0NAeTCs MPU AEPHOM B3pbiBe. Tak, [UIs SAepHBIX PEAKTO-
pOB xapakTepHO obpa3zoBaHue 134Cs 3a cueT akTUBALMK CTAOMIILHOTO MTPOAYKTa
nenenus 133Cs. TIpu saepHbix B3pbiBax 134Cs He 00pasyeTcd B 3HAUUTEIbHBIX
KOJINYECTBAX.

HcnbiTaHus iIEPHOTO OPYXUSL B aTMOC(EPe CTali OCHOBHBIM MCTOUHU-
KOM MCKYCCTBEHHOM paavOaKTUBHOCTM B OKpyxarowein cpeae. 1o maHHBIM
UNSCEAR! (uut. o [1]) 10 95% oT 0611ero KoJuMuecTBa NCKYCCTBEHHbIX Pa-
JMOHYKJIMIOB MOCTYIIWIO B OKPYXKAIOLIYIO CPELY UMEHHO B PE3YJILTATE aTMO-

I UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation) — Hayu-
Hbiit KomuteT OOH mo aeficTBUI0 aTOMHOM paaualyu.
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Puc. 2.5. Cxema o0pa3oBaHMs TPAaHCYPaHOBBIX PaIUMOHYKINIOB
NpU HEUTPOHHOW aKTUBALMUA

cepHBIX SIMEpHBIX B3PHIBOB. BHINIaieHUs pPagUOHYKIUIOB IPOUCXOIUIN
HEOTHOPOIHO IO MOBEPXHOCTH TUTaHeThl. OK0JI0 76% T100aTbHBIX BBITAICHUIA
cTpoHIMsI-90 MPUIILIOCH Ha CeBepHOE IMOoJylliapue, rae Obuto mpoBeneHo 90%
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OT 00lLIero yucia UChbITaHui [3]. MakcuMyM TJI00aJIbHBIX BBITIAACHUI TIPU-
mrescsa Ha 40—50° c. mr. (puc. 2.6).

[Ipu npoBeaeHUM MOA3EMHBIX SIAEPHBIX B3PLIBOB OOJblIAs YacTh paauo-
HYKJIMIIOB OCTaeTCsl B MOJOCTHU B3pbIBa, OJHAKO BO MHOTHUX ClIydyasix HaoOJo1a-
eTcsl BbIOpoCc B aTMocdepy paavOaKTUBHBIX OJaropoAHBIX Ta3oB W APYTUX
JIETYYUX MPOAYKTOB B3pbiBa. He Tak 1aBHO MOSIBUIMCH pabOThI, CTABSIIUE MO
COMHEHUS TpeacTaBlieHue O repMeTUYHOCTH B3pbIBHBIX moJiocteit. Tak, Kep-
CTUHT ¢ coaBTOpaMu [4] oOHAPYXUIU MUTPALIMIO psiia PaAUOHYKIUIOB, B TOM
yucne 239Pu, ¢ KomtommHoOW pakiuueil MPUPOIHBIX BOL Ha PacCTOSHUE
B 1,3 kM B TeueHue 15 jer.

Tpu NoaBOAHBIX SIAEPHBIX B3pbIBa ObLIKU MPOBeAcHbI B ryoe YepHast Ha Ho-
Boit 3emie (puc. 2.7) u BOJIM3U Hee. DTU B3PbIBbI CTAJIM OCHOBHBIMU MCTOUHUKA-
MM TEXHOTEHHbIX PAAMOHYKJIMAOB B TOHHBIX OCaaKax ryObl, UYTO MOATBEPXKIAETCS
BBICOKUM COAEpPKaHUEM TPAHCYPAHOBBIX 2JIEMEHTOB, MPOIYKTOB JEJACHUSI U
akTuBauuu (10 8500 Bk/xr 239:240Py, 430 Bbx/kr *!Am, 160 Bx/xr 137Cs,
90 Bx/xr °Co B mosepxHocTHOM ciioe [5]). [ToaBoaHbIE ANePHbIE B3PBIBbI MTPO-
BOJIMJIMCH TaKKe Ha arojuie DHUBeTOK (MaplluaaoBbl OCTPOBaA).

2.2.2. AAEPHBIE B3PbIBbI, IIPOBOJMMBIE B MUPHBIX LEJIAX

B CCCP ¢ 1968 no 1988 r. 6bL10 mpoBeneHo 116 «MUPHBIX» MOA3EMHbBIX
SIIEPHBIX B3PBIBOB, B OCHOBHOM Ha Tepputopun Poccuu (80 B3priBoB) 1 Kazax-

A(”Sr), NBk
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Puc. 2.6. [llupotHoe pacripeneneHne KyMYJISITUBHBIX BbITIANEHUI CTPOHIIMs-90
Mo AaHHbIM Ha koHell 1990 r. (c yuetom paanoakTUBHOrO pacnajaa) [3]
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Puc. 2.7. Mecra nipoBeneHus! SiIepHBIX B3pbIBOB Ha HOBO3eMeJIbcKOM MOJTUTOHE:!
1 — ry6a YepHasi, MecTO mpOBeIeHUS TPeX MOABOAHBIX, HA3€MHOTIO U IIECTU
ITOI3EMHBIX B3PBIBOB, 2 — MECTO IPOBEICHUS 36 MOA3eMHBIX UCIIBITAHUM,

3 — 30Ha MPOBeAeHUST aTMOC(PEPHBIX SIACPHBIX B3PHIBOB [2]

crana (31 B3pbIB). Ha Tepputopumn YkpanHsl 1 ¥Y30eKucTaHa MPOBEACHO 10 JBa
B3pbIBa, B TypKMeHMCTaHe — OMWH. BOJIBITMHCTBO B3PHIBOB OBIJIO ITPOBEIEHO C
LIeJIbIO CECMUYECKOro 30HAUPOBAaHUS 3eMHOI Kophl (39), nHTeHCUbUKAIUU
MOOBIYM U CO3MAHUS ITOA3EMHBIX €MKOCTESH JUISI XpaHEeHUS YIJIEBOIOPOIHOTO
cbipbst (57). TpoliHoit B3pbIB ObUT MpoBeaeH B 1971 1. Ha ceBepe [lepMcKoii 06-
JIACTH JUTSI CO3MaHMsI KaHasla B paMKaxX M3BECTHOTO ITPOEKTa MepedpPOCKU CeBep-
HBIX peK Ha 1or (Bcero mmiaHupoBanoch 250(!) Takux B3pbIBOB). B3pbIBbI
MPOBOIMJIUCH TaKXKe ISl CO3MaHUsI BOXOXPAHWIUII, TPOOICHUST PyIHBIX 3ajie-
Xel M psina npyrux 1eneid. MccienoBaHust, MpoBeIeHHBIC Ha MECTaX «MUPHBIX»
MTOA3EMHBIX B3PHIBOB, TTOKa3aJIM HETEPMETUYHOCTh B3PBIBHBIX IToTocTeil. Tak,
B oOpasuax HedTu, oToopaHHbIX Ha OcuHcKoM MmectopoxneHuun (Ilepmckast
00J1aCcTh) Ha PAacCTOSHUU 2—6 KM OT SIUIICHTPa B3pbIBa, OBLTIO OOHApYKEHO
BbIcOKOE conepxkaHue Tputus (1o 19 Mbk/n). Beicokokunsiue gpakuuu He-
1™ comepxkanm MeHbIIEe TPUTHS W PaauoyIyiepona, yeM HUBKOKUILIne [6].
IMocnenytoiass MUTpaIvs paIfMoOHYKIUIOB U3 TIOJIOCTEM TMOA3EMHBIX SIICPHBIX
B3PBIBOB B 3HAYUTEJILHOW Mepe OTPEeIeIIIeTCs PeKUMOM JabHEHIIe SKCILTY-
aTallud MECTOPOXKICHMUSI.
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2.2.3. CBPOC PAIMOAKTUBHBIX OTXOJ1OB B MOPA 1 PEKH

B TedyeHue psima JileT BO MHOTHMX CTpaHax paclpOCTPAaHEHHOM IMPaKTUKOI
OBLT COPOC KUAKKMX M TBEPABIX PAIMOAKTHBHBIX OTXOIOB B MOPST U peKu. Ku-
KUe pamroaKTUBHBIC OTXObI 3aTaIUIMBAIM YIIAaKOBAaHHBIMU B KOHTCIHEPHI MJIN
cOpachlBaiu B €CTECTBeHHbIE BogoeMbl mo Tpybonposoaam. CIIA u ctpaHbl
3anagHoii EBponbl 3aTariuBaiu ¢cBou paanoakTuBHble otxoabl (PAO) B ceBe-
PO-BOCTOYHOI yacTu THXOro okeaHa, B CEBEPO-BOCTOYHOM M CEBEPO-3aImaj-
HOM CEKTOpax ATJIAHTHKH.

K cyiecTBeHHBIM 3arpsi3HEHUSIM MOPCKOI Cpeibl TIprBejia paboTa 3amai-
HOEBPONEHCKUX MPEANpPUITUIA, TlepepadaThBaloOIINX OTPabOTaHHOE SIEPHOE
toruBo (OST). Haubonblliee 3HaUeHUE UMEIOT ABAa OPUTAHCKUX MPEATIpUS-
tust (Cennadpung u JoyHpeit) u ¢ppanuysckoe «Koxkema», pacrojioxkeHHOe Ha
mbice Ar (puc. 2.8). Tak, HaxoAsIILUICS HAa BOCTOUYHOM mobOepexbe Mpranma-
ckoro Mops kKomiieke Cemutacduia ¢ 1951 r. mpoBOAUT M1aHOBbIE COPOCHI HU3-
KOAKTHMBHBIX KMIKUX OTXOMOB IO TpyOompoBomaM B MpraHmckoe Mope.
J1Ba npyrux KpyImHBIX €BPOINEHCKUX TIPEANPUSITHSI BHECIU CYIIECTBEHHO MEHb-
LM BKJIaJ B 3arpsi3HEHME OKPYXKAIOIIE Cpeabl MCKYCCTBEHHBIMU PaIUOHYK-
augamu (B cymme 2,3% 1o o-usnydarensiM u 12% no B-usimydaressiM, He

Puc. 2.8. EBporneiickue NpearnpusiTus Mo nepepadoTKe sIIePHOro TOILIMBA:
1 — Cennacdunn, 2 — mbic Ar, 3 — JloyHpeii
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cyuTasi TPUTUI, OT OOLIEro KoJMyecTBa, COPOLIEHHOTO €BPONEHCKUMU Mpe-
NPUATUSIMU A0 KoHLA 1984 r.).

Ha puc. 2.9 npencrasieHbl u3MeHeHUs: roqoBoro copoca 137Cs npeanpus-
tueMm B Cemutacpuine. MakcuMalibHbBIM cOpPOC 1O B-U3TyYaroluM paguoHyKIN-
naMm npuuenacsd Ha 1975 r. (9 TIbk), a nmo a-usnyuyareasm — Ha 1973 T.
(180 Tbk). OO1asi akTUBHOCTb cOpocoB 3a 1952—1994 rr. oueHuBaercs B
39 I1bk 3H, 41 bk 137Cs, 6 bk 134Cs, 6 I1bx %°Sr, 120 Thk 238Pu, 610 Thk
239,240py, 22 TIBK 241Pu, 540 Thk 2*!Am. K 1992 r. c6pocbl MHOTHX JOJITOXU-
Bywmx paguonykaunos (137Cs, TpaHCypaHOBBIX 3JIEMEHTOB) yMEHBLIMIUChH
NpPUMEPHO Ha JiBa MopsiaKa 1Mo cpaBHeHUIO ¢ cepearHoit 1970-x rr. [7]. Tem He
MmeHee 3arpasHenne CesepHoit Atnantuku u Apkruku 291 k 1997 r. BeIpociio
MPUMEPHO B 2,5 pasa 1o cpaBHeHMIO ¢ HayanoMm 1990-x rr., copocsl PTc no-
cTuravM Makcumyma kK 1995 r. [8] (puc. 2.10).

HanbHeiass Murpaiusi paiMoHyKJIUAOB, cOpacbiBaeMbix B MpnaHackoe
mope 1 Jla-MaHui, onpezaensieTcs mpeodsagaoiumu TeueHusimu. Orubast Be-
JIUKOOPUTAHUIO C IOoTa WM BOCTOKA, PamgMOHYKIMIBI TocTymaiT B CeBepHOe
Mope, aaiee yepe3 [larckue mposiuBbl MpoHUKAOT B banTuky. 3HauuTe bHas
YacTh PaIMOHYKJIMIOB IBUXKETCS BIOJIb CEBEPO-3amagHoro nmobdepexns Hopse-
TUU, TIe IeJUTCS Ha IBe OCHOBHBIC BETBH, OJHA M3 KOTOPBIX HAIIPaBIISIETCSI K
zanany or lmuubepreHa, apyras — B cTopoHy bapenuesa mopsi. Ilo ycpen-
HEHHBIM OILICHKaM, BpeMsI TepeHoca paaIuoOHyKIUIOB C BOIHBIMU MaccaMu 13
Cemnaduina B bapeniueBo u Kapckoe mops cocrasisier 5—6 net [11].

Cosetckuii Cor03 MCITOTb30BaJl B KaUeCTBE MECT 3aXOPOHEHUS paaroak-
TUBHBIX OTXOJOB BOEHHO-MOPCKOTO M TPaXXIaHCKOTO aTOMHBIX (JioToB Kap-
ckoe 1 bapeHuieBo Mmopst 1 Mopst JlanbHero Boctoka. Tak, B 3a1uBe A6pocruMoBa
(BocTouHoe nmobepexkbe Hopoit 3emin) ¢ 1965 r. ObUIO 3aTOIUIEHO TPU PEAKTO-
pa ¢ OAT, nsatb peakTopoB 0€3 TOIUIMBA, YEeThIPe CyAHA U OOJIbIIOe KOJTUYECTBO
cTasibHbIX KOHTeliHepoB ¢ PAO (puc. 2.11). B 3anupe LluBonbku B 1967 1. GbL1a
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Puc. 2.9. T'onosbie copockl 137Cs B Upnanackoe Mope komruiekcoM Cemtadun [9]
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Puc. 2.10. XKunxue copocel npeanpustus B Cesuabwine: a — 2°1, 1990—1997 rr.,
6 — PTc, 1978—1997 rr. [8], 6 — 23'Np, 1978—1997 rr.,
2 — CyMMa o-U3JIyvyaroluxX U30TonoB miytoHust, 1978—1997 rr. [10]

cOpolieHa 3KpaHHas coopka jaemgokona «JIeHuH», comepkaiias oTpaboTaHHOE
aaepHoe ToruBo. B 1981 r. B 3anuBe CrenoBoro 6Obli1a 3atoruieHa AT K-27 ¢
IBYMSI 3arpy*KEHHBIMU TOTUIMBOM peakTopaMH. Bo BHYTpeHHEH 4acTu 3TOTO
3aj1MBa ObUIM 3aTOIUIeHbl KOHTelHephl ¢ PAO. 3axopoHeHKe TBEPIbIX OTXO0B
ocyllecTBIsUM Takke B HoBo3eMeibcKolt BajauHe v BOJIM3u ocTpoBa Kosryes.
T'nybuHa mecr 3aroruieHusi PAO B Kapckom mope He ripeBbiiiaia 380 MeTpoB,
4TO MPOTUBOPEUNIIO TpeOOBaHUAM JIOHIOHCKOI KOHBeHLMKUZ, OLUEHKHU OOLLETO
KOJIMUecTBa paJuOHYKIUI0B, cOpolleHHbIXx B Kapckoe u bapeHueBo Mops,
MIpOTUBOPEYUBHI [2,12].

C 1992 r. 6bUI1 NIPOBEJIEH Psii POCCUNCKO-HOPBEXKCKUX MOPCKUX IKCITEIU-
LM C LEeIblo MCClieIOBaHUS 3aTOIJIEHHbIX 00beKTOB B KapckoM Mope 1 BbISIB-
JIEHUSI BO3MOXKHbIX yTeueK paauoHykiauaoB. K coxaneHuto, B pe3yjbrare padoT
yIJIOCh ONPEIETUTh MECTOIOIOXEHUE JIMIIb YaCTU 00beKTOB. Tak, 10 CUX Mop

2 JloHJOHCKAs KOHBEHLMs MO TPEIOTBPALIEHUIO 3arpA3HEHNs] MOps Oblia mpuHaTa B 1972 1.,
BcTynuia B aeictBue B 1975 r. TpeboBaHMSI KOHBEHLIMM pa3pellaloT cOpoc TOJbKO HU3KOAKTUB-
Hbix PAO Ha riyouny He meHee 4000 metpoB. [TonHocThio 3anpelieH copoc PAO cesepHee 50 ma-
paJuienu.
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Puc. 2.11. Cxema pacnonioxeHust mect 3axopoHeHusst PAO B Kapckom
u bapenueBom Mopsix: 1 — HoBo3emenbckast BraanHa,
2 — 3anuB AGpocuMoBa, 3 — 3anuB CrernoBoro, 4 — 3anuB LIMBOJIbKY,
5 — zanguB Ora, 6 — 3anuB CenmoBa, 7 — 3anuB biaromonyyus,
8 — zanuB TeueHwit, 9 — BOaM3M 0. Kosryes [2]

He oOHapyXeH peakTop Jjenokoiya «JleHuH» [5]. O HaIUYUM yTeYeK MCKYCCT-
BEHHBIX PAIMOHYKIIMIOB CBUIETEILCTBYET BEICOKOE COIEePXKAHUE TEXHOTCHHBIX
panuonykiunos (137Cs, 60Co, 239,240y, 90Sr) B JOHHBIX OcagKax BOJIM3M 3aTOM-
JICHHBIX 00BbeKTOB. OHAKO 3arpsi3HEHUE OKPYXKarollleil cpelbl HOCHUT JIOKAJTb-
HBIIA XapakTep. Tak, cpemHMil ypOBEHb COACpKaHUS PATMOHYKIUIOB B BOIE U
ocamkax 3ajiBa AOpOCMMOBA Ha HEKOTOPOM YIaJeHUM OT 3aTOILICHHBIX 00b-
€KTOB COOTBETCTBYET OTKDBITOM YacTu Kapckoro Mopsi, Torna Kak BOJIU3M 3a-
TOIUIEHHBIX KOHTelHepoB comepxkanue 137Cs B HOHHBIX OCagKax JOCTUIAeT
31 kbk/kr [5,12]. Takum 00pa3oM, yTeuku 3a Mpeaeabl KOHTEHHEPOB OUeBU/I -
HbI (puc. 2.12).

HepaBHOMepHOe pacmpezesieHre paaMOaKTUBHOCTU B JOHHBIX OCAIKax
(KaK 1Mo BepTHUKaIM, TaK U IO TOPM3OHTAIN) TOBOPUT O MPHUCYTCTBUM <«TOPS-
YKX»3 YACTHLI, YTO MOATBEPXKIAETCA JAHHBIMU aBTOpagvorpaguu U IPYyruMu
Meromamu. [lociemnoBaTeIbHBIM BBIIIEIAYMBAHUEM T10Ka3aHO, YTO OCHOBHAsI
YyacTh 1e3us-137 TMpouyHo cBsA3aHa ¢ TBepmou (asoii, Torma Kak 40% cTpoH-
ms1-90 HaXOmUTCS B OTHOCHUTENIBHO ITOABIDKHOM (popMme. Brlna McciaemoBaHa

3 «TopsgunmMm» Ha3bIBAIOT YACTHULILI, MMEIOLINE UCKITIOUUTETHLHO BHICOKYIO YAETLHYIO PATMOAKTHB-
HocTb (Harpumep, yactuiibl OST min KOHCTPYKIIMOHHBIX MaTepualoB peakTopa, boemnpumaca).
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Puc. 2.12. 37Cs B IOBEpPXHOCTHOM CJIO€ JOHHBIX OCAIKOB (3aIUB AGPOCHMOBA):
1, 2 — 3aroruieHHbIe peakTophl, 3, 4, 6 — 3aTOTUIEHHBIC Cy/a,
5 — xonreitHepsl ¢ PAO [12]

TakKkKe KWHETUKA COPOIIMM CTPOHIINS U 1Ie3UsI Ha MOHHBIX ocaakax. [Tocie cemMu
nHeil KoHTakTa KoabdulmeHT pacnpeneneHus K cocrasuin 250—600 yi/kr mis
uesust u 1—10 n/kr wis crponuwmsi. Yepes 140 cyrok Kj(137Cs) cocrasun
500—1500 n/xr [5]. Takum oOpa3oM, MUrpalMsl PaAUOHYKIUAOB 3a Tpeaesibl
MecT 3axopoHeHHsT B Kapckom 1 bapeHIIeBoM MOpPSIX TIpeICTaBIIsIeTCsT MaJloBe-
POSITHOM.

OTedecTBEeHHBIC TIPEATIPUSTHS 10 TTIepepaboTKe SASPHOTO TOTUIMBA TakKKe
CIyXaT UCTOYHUKAMU PaTMOaKTUBHOTO 3aTrpsI3HEHUs OKpyxKarolieit cpensl. B
OacceiiHe peku OOb pacmojioOXKeHBI IBa KOMOMHATa I10 IepepaboTKe oTpado-
TAHHOTO SIIEPHOTO TOTUIMBA M TIPOM3BOICTBY OpyXeiHoro rmryroHnsts — I[10
«Masik» (YenstoumHck-65) nu Cubupckuit xumuueckuii KoMouHaT (Tomck-7).
CyMMapHOe MOCTYIUIEHNE B OKPYKAIOIIYIO CPeay PaalOaKTUBHOCTH M3 3THUX
ncroyHnkoB onennBaercsa B 46 000 Ibk. B mporecce pa6orer 1O «Mask» ¢
1949 o 1956 r. HenocpencTBeHHO B peKy Teua Gbutn copoieHsl PAO akTus-
Hocthlo 100 TTbk. Hauunas ¢ 1951 1., oTxoabl cOpacbiBaiu B o3epo Kapauaii,
KOTOpoe B HacTostiee BpeMst cogepkuT okoiio 4400 I1Bk pagroakTUBHBIX Be-
ectB. Ha mpousBoactse B Tomcke-7 okoso 4800 I1bk paniuoakTHBHBIX OTXO-
JIOB HaxoAWUTCSl B pa3lIMYHbIX pe3epByapax, okojio 37000 ITbk 3akauyaHo
B reojiornueckue popmaumu [1].

KpacHosipckuii KoMOMHAT BKITIOYAET TPU peaKTopa, 3aBOJ IO TTepepaboTKe
o0OsiyueHHoro ToriMBa U xpaHuiuiie PAO. TlepBblii TpSIMOTOUYHBINM peakTop
ObLT TIyIIeH B aBrycTe 1958 1., Bropoit — B 1961 ., TpeTHii, ¢ 3aMKHYTBIM ITUK-
oM, — B 1964 r. [IpsIMOTOUHBIE peaKTOPhl COpACHIBAIN OXJIAXKIAAIONIYIO BOIY
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B Enuceii B 80 km ot KpacHosipcka, moka B 1992 r. He ObUIM BbIBEIEHBI U3 DKC-
TUTyaTaluu.

Jletom 1971 r. akcneauuust MHCTUTYTA SKCEPUMEHTAIBHON METeopoIo-
run (OGHUHCK), UCClIeOBaBIIAas paAMOaKTUBHOE 3arpsiI3HEHUEe KOHTUHEHTAb-
Horo wenbda Kapckoro Mopsi, obHapyXuia aHOMaJbHO BbICOKME YPOBHU
pagnoaktuBHoCTH 137Cs B IOHHBIX ocankax EHMCENCKOro 3aamBa, COCTaBUB-
e 15 KkBK/M2, uto B 4—8 pas Bhille, 4YeM YPOBEHD 3arPA3HEHUS B PE3Y/IbTATE
100abHBIX BblManeHWil. Bbuin oOHapyXeHbl TaKXKe OTHOCUTEIbHO KOpOT-
KOXMBYIME M30TONbl S*Mn u 65Zn. C 1972 r. npoBoAMIMCh UCCIEI0OBAHUS
TEXHOTeHHON paauoakTUBHOCTM Ha mpoTstkeHun 2000 kM mo EHucero or
KpacHosipcka no Jlyaunku [13].

HauGonee BbICOKUIT ypOBEHb paauOaKTUBHOCTH JOHHBIX OCaAKOB Ha0JI0-
nascs Bonusn Mecra copoca PAO (10 5800 kBbk/M2). OKOJIO ITOJOBUHBI paguo-
aKTUBHOCTH TNpuxoausioch Ha >Cr u 65Zn. Ha paccrosgnum 250 KM BHU3 110
TeyeHUto EHuces obuias paamoakTUBHOCTh OCAKOB CHUXKaJach Ha MOPSIOK.
Ha pacctosinuu 800 kM OT MecTa cOpoca aKTUBHOCTb YMEHbIIIAJIaCh Ha IBa MO-
paaKa, ocHOBHOI Bkian BHocwau ©Zn u 137Cs. Bnusanue KpacHosipckoro
KoMmOuHaTa npociexuBanoch a0 2000 kM BHU3 o peke (puc. 2.13). B 1991 r. B
MoBepXHOCTHOM Boje EHMCes BOIM3M MecTa cOpoca ObLIM 0OHAPY>KEHBI BBICO-
KME YPOBHM pPafMOAKTUBHOCTM KOPOTKOXMBYIUMX PaIMOHYKIMAOB 24Na
(650 +300 Bxk/n), 32P (20+20 Bbx/n), Mn (300+200 bk/m), 23¥Np
(80 + 60 bx/n) u S1Cr (26 + 14 bx/n). [To Mepe ymaneHus oT MecTa cOpoca

51
100000 - O-cr
Deszn
] 5 %0
10000 1 & Fe
. 137CS
og m*co
= 1000 A B
Lo
<
100 -
10 -
1

PacctosHune ot mecTa cbpoca, kKm

Puc. 2.13. TexHoreHHble paguonykiuasl B Boge Exuces [13]. (JlaHHble st paccrosi-
Huit 250, 850, 1360 KM COOTBETCTBYIOT CpeTHUM 3HaYeHUsIM 3a 1985—1991 rr.
st 6GnvkHel 30HbI pe3ysbTarhl mosydyeHbl B 1991 r.)
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PaanMoakTUBHOCTh CYILIECTBEHHO CHMXKajJach, OMHAKO MCKYCCTBEHHBIE Paauo-
HYKJIMJbI OOHAPY:KMBAIUCh Ha paccTostHUM cBbile 1300 kM oT uctounuka [13].

BosblIMHCTBO panroHyKIuaoB (4°Sc, 4Mn, 58Co, 9Fe, 0Co, 057Zn) mur-
PUPYIOT CO B3BeChIO, 3a nckaoueHueM 21Cr u 24Na, KOTopble IPUCYTCTBYIOT B
OCHOBHOM B pacTBopeHHOI (popme. [IpomexyTouHOe TMOJOXKEHUE 3aHUMAIOT
32p i 137Cs. TakuM 06pa3oM, U3 JOJTOXUBYIIUX PATUOHYKIUIOB, COPACHIBAB-
mmxcsa KpacHosipckum kombuHatoM B Enumceit, Kapckoro Mopst Mor n1octTudb
tonbko 137Cs. Beero 3a 1958—1993 rr., o ouenkam Bakysosckoro [13], B Kap-
ckoe Mope noctyniao 30—100 Thk 137Cs, c¢O6polireHHOro KOMOMHATOM. DTa
BeJIMUMHA conocTtaBuma co BkiagoMm Cemnapunga (150 Thbk) u npumepHo Ha
MOPSIIOK HUXE, YeM TIOCTYMUJIO B pe3yiabTaTe TIJI00adbHBIX BbIMAACHUI
(1400 Thk). ITocne BbIBeAeHMUS U3 PAOOTHI TPSIMOTOUHBIX PEAKTOPOB COAEPKa-
HUE PaIuOHYKIMIOB B Bojae EHMces cylliecTBeHHO CHU3UJIOCK.

TakuMm obpaszom, Boabl cuOMpckuX pek Oou u EHMcest BHOCST CyllIeCTBEH-
HBI BKJIaA B 001U OajaHC paguoHykKiauaoB B Kapckom Mope. C ogHOII cTO-
POHBI, TEXHOTEHHAsT PAIMOAKTUBHOCTDL 3TUX peK OO0YCIOBIeHA NeITeIbHOCThIO
nepepadaThlBAIOIIMX NPEANPUATHIA, ¢ IpYroi cTopoHbl, B O0b u Enuceit mo-
CTYIAIOT PAIMOHYKIUABI CO 3HAYMTEIbHBIX TIJIOIIAAeH, TOABEPTHYBILIMXCS pa-
JIMOAKTUBHOMY 3arpsI3HEHUIO B pe3yJbTaTe MCIBITAHUI SIAEPHOTO OPYXKUs.

OrnpeaeneHne COOTHOILIEHUs PaAIMOHYKIUAOB, MOCTYMUBIIMX U3 pa3ivy-
HBIX UCTOUHUKOB, TIPEACTABIISIET BECbMa CIIOXKHYIO 3a1auy (cM. pasn. 7.3). On-
HAaKO MOXHO C YBEpPEHHOCTbIO CKa3aTh, YTO MpPeoOJalaioliuM HCTOYHUKOM
TeXHOT€HHOI PaJnOaKTUBHOCTU B MOPSIX POCCUIMCKON APKTUKM SIBJISIIOTCS BbI-
MajgeHus mocjie aTMOC(EepHBIX SAEPHBIX B3PLIBOB. BTOPBHIM MO 3HAUEHUIO MC-
TOYHMKOM, TIO-BUAMMOMY, SIBJISIIOTCS 3aragHOeBpOIeiicKre nepepadaTbiBaolme
NpeanpusaTusi. MecTHble NUCTOYHUKM MMEIOT MEHbIIIee 3HaYeHUeE.

2.2.4. ABAPUMHEBIE CUTYAIIMY HA MOPCKHMX U BO3JYIITHEIX CYJIAX

B Hacrosiiee BpeMmst Ha gHe ATIIAHTUYECKOTO OKeaHa TOKOSTCS TISITh 10-
TUOIIMX aTOMHBIX TTOABOIHBIX JIOMOK (IBE aMEpPUKAHCKUX M TPU OTEUYECTBEH-
HBIX), KOTOpPBIE SIBISIOTCS TOTEHIIMAILHBIMA MCTOYHUKAMU TEXHOTEHHBIX
panroHykIuaoB. OgHaKo, Kak MokKa3ajlud MHOTOJIETHUE HAOJIIOAeHMS 3a 3aTO-
nysureit B Hopeexckom mope AITJT «KomMmcoMoren», moCTyIIeHUE pagnuoOHyK-
JIMIOB 3a Mpelesbl Kopryca JIOAKW TMPOUCXOAUT KpaliHE MEeIJIEHHO, KpoMe
TOTO, MHOTHE PATUOHYKJIUILI TIPOYHO COPOMPYIOTCS JOHHBIMHM OCaaKaMU, TaK
YTO CEPbhE3HOI OIMACHOCTH IJIsl OKpYyKatoleii cpenbl 3aTonyBiune AIlJI, mo-Bu-
JTUMOMY, He TpeacTaBisioT [14].

B 1968 r. B 11 kM K 3amany ot aBuabasbl Tyie, BOIM3M moGepexkbs: ['peH-
JJaHAMU, TIpou3olia KaTacTpoda ameprukaHcKoro camosera B-52, Hecyuiero
yeThIpe siiepHble 00eroyioBKu. B pe3dysbTaTe B3pbiBa camosieTa TIYTOHUIA, CO-
JIepXKaBIIMiicsa B Ooerpunacax, ObIT TiepeMelIaH co JBIOM, a TaKXKe YaCTUIHO
MOCTYIWI MO/ Jied ¢ (pparMeHTaMu 0OerojoBoK. B utore B JTOHHbIE OCaJKHU MO-
majo okoyio 1 Thk miuytonus [14]. B 1966 r. npou30110 CTOJKHOBEHHE B BO3-
nyxe AByX camosieToB amepukaHckux BBC Han mnobGepexbem WcnaHuu.
B pesynbTaTe mpou30LLI0 MajgeHue YEThIpeX TEPMOsIEpHbIX O0MO: TpU yIajiu
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Ha Oeper, ogHa — B CpeauszemHoe mope [15]. OnHako 3TU MHLUMASHTHI HE TIPU-
BeIM K CEPbE3HbIM TMOCIEACTBUSIM MJISI OKpYyXalolllell cpeabl, IMOCKOJbKY
O4sbIlIast YacTh TUIYTOHUS OblIa yaajaeHa B pe3yibTaTe CBOEBPEMEHHbIX e3aK-
TUBALMOHHBIX paboT. MHpopmalys 06 3TUX U HEKOTOPBIX APYTUMX aBapUAHBIX
CUTYalUsX, NPEACTABSIONIMX MOTEHUUATbHYIO OMACHOCTb ISl OKpYXKalollei
cpelbl, IpuBeAcHa B Tab. 2.3.

2.2.5. UICKYCCTBEHHBIE CITYTHUKHA 3EMJIN

B 1964 r. motepries aBapui0 aMEepUKAHCKUI HAaBUTALIMOHHBIN CITyTHMK
SNAP-9A: oH He BbllIe HA OPOUTY U ynaa B MHauiicKuil okeaH. DHeprocHao-
JKEHHME CIIyTHUKa 00eCIIeYrBaI0Ch N30TOIMHBIM UCTOYHUKOM 3HEPIMU. ABapus
CIlyTHUKA IIpMBEJa K pacnbuieHuIo B atMmocdepe 629 Thk 238Pu. Oxono 95%
BTOrO IUTYTOHUS BHIMAJIO Ha MOBEPXHOCTh 3emMiu K KoHLy 1970 r. IMageHne

SNAP-9A rmipuBeso K  CYLIECTBEHHOMY M3MEHEHMUIO COOTHOILICHUS
238py/239,240Py B r7100aMbHBIX BBINAACHUIX.
Tabauya 2.3
HexkoTopbie aBapuy Ha MOPCKHX M BO3IYIIHBIX CyJaX M KOCMHYECKHMX ammaparax
ABapuitHas cutyauust | [lara Mecto Onerka
PaaoaKTUBHOCTH
AT «Tpaiep» 10.04.1963 Atnantuyeckuit oke- | 1147 Thk B aroMmHOM
aH, nryouna 2590 m | peakTope
N C3 SNAP-9A 21.04.1964 | Hag Mnouiickum 629 Thk 28Pu
OKEaHOM
Karactpoda camosera | 1966 IManomapec, <1,37 Thk miyToHUst
C SIIEPHBIM OPYXHEM JOTO-BOCTOYHOE TT0-
oepexbe Mcmanum
Karactpoda camonera |sHBapb 1968 | Tyne, I'pennanaus Okono 1 Thk mayro-
C SIIEPHBIM OPYXHEM HUST
AIlJ «CkopruoH» 27.05.1968 Arnantunueckuit oke- | 1295 Tbhxk (1 peakTop
aH, ryouna >3000 m | + BoopyxKeHue)
ATl K-8 11.04.1970 Buckaiickuii 3anuB, | 9000 Thk (2 peakTo-
rryouHa 4000 m pa + BoopyXeHue)
NC3 «Kocmoc-954» 24.01.1978 Kanana 3,11 Thxk %Sr,
181 Thk 1311,
3,18 Tbk 137Cs
AIIT K-219 06.10.1986 Paiion bepmynckux | 9000 Thk (2 peakTo-
OCTPOBOB, TITyOMHA pa + BOOpY:KeHUeE)
5500 m
ATl K-278 «Komco- | 07.04.1989 Hopgsexckoe Mope, 3600 Thk (1 peaktop
MOJIel» 1685 M + 2 Topnenbl)
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ABapus coBeTcKoro cryTHuka «Kocmoc-954» B 1978 1. nmpuBela K IMOCTYII-
JIEHUIO B OKPY>KAIOIIIYIO Cpely MPOAYKTOB AeJeHUsT U3 O0OPTOBOTO aTOMHOTO pe-
akTopa. IlpuMepHO TpW 4YeTBEpTU OT OOIIETO KOJIMYECTBA PaIMOHYKJIUIOB
paccesIuch B BepXHUX cJlosix atMocdephl. IlageHre 00J10MKOB IIPOU30III0 Ha
tepputopun CeBepHoit AMepuku [16].

2.2.6. AAEPHBIN TOIUIMBHBIN UK

AnepHblit TormuBHBIN LUK (AATII) BKiIoyaeT 100bIYy YPaHOBOM py/ibl, €€
nepepaboTKy mid nosydyeHus ypaHa B Bune U;Og u iepeBona ero B popmy UF
JUIST TIOCJIENYIOLIEeTO paslie/ieHus M30TOIOB, OOorallleHWe ypaHa HW30TOTIOM
235U, mepeBoz ero B popmy UO,, M3roTOBICHNE TEIIOBBIAETSIOLINX 2IEMEH-
TOB (TB3JIOB), COOCTBEHHO Pa0OTy aTOMHBIX 2JIEKTPOCTAHIIUI, XpaHEHUE U T1e-
pepaboTKy OTpabOTaHHOIO siAepHOro ToruMBa. PaznuyaioT oTkpbiThiii ATII,
3aBepIIAIOIINIIC XpaHEHWEeM OTpPabOTaHHOTO SACPHOTO TOILIMBA, M 3aMKHY-
TbIiA, WX TIOJHBIN, LIMKJ C NepepadoTKOM 0OJy4YEHHOTO TOILJIMBA.

HecMmotpst Ha Bce Mephl, IpUHUMAaEMbIE U1 CHUKEHUST BEIOPOCOB U COPO-
coB, npeanpustus AT Takxke SBASIOTCS UCTOUHUKAMU TOCTYIIJIEHUS paano-
HYKJIMJIOB B OKpyXarolyto cpeay (cMm. Taos. 2.2). K Bosneiicteuio ATII Ha
OKpPYXalollyl0 Cpeay OTHOCUTCS, HallpuMmep, MpoodsiemMa «XBOCTOB» OT ypaHO-
BBIX 3aBOJOB — M3MEJIBYEHHBIX OCTAaTKOB YPAHOBBIX PYI ITOCJE M3BICUCHUS
ypaHa. ITockoJbKy ypaHOBbIE py/ibl OOBIYHO O€IHbI, O4JIblIAs YaCTh JOUYEPHUX
MPOAYKTOB ypaHa OCTAeTCs OOBIYHO B «XBOCTaX», KOTOPBIE MPEACTABISIOT CO-
0ot BecbMa O0BEMUCTBIE PaJMOAKTUBHbIE OTXOAbl. MaciTab mpoodysemMbl cTa-
HOBUTCSI OUEBUIHBIM, €CJIU YUECTh, UTO JIJIsi pabOThl peakTopa 3J1eKTPUUYECKOM
moliHocTblo 1 I'BT B TeueHue 1 roga tpedyeTcs nepepadoTaTh CTOJIBKO PY/IbI,
4TO 00BEM «XBOCTOB» cocTaniseT okoyo 30 000 m3. Hanpumep, B CIIIA KoH-
ueHtpauust U;Og B pynax Huxe 0,5%, TpeGyembIx aisl obecrieueHus paboThl
peakTopa, TaK 4YTO 00beM ITOJIeXKallMX 00O0TallleHNIO Py Bo3pacTaeT (CoBpe-
MeHHBI 00beM «xBocToB» B CIIA mnpesbiaer 140 mun M3). B aHaspoOHBIX
YCIIOBUSIX IESITEIbBHOCTh OaKTepUil MOXKET IMMPUBOINTH K BEICBOOOXIEHUIO pac-
TBOPEHHOTO paaus-226 U3 «XBOCTOB» YPAHOBBIX 3aBOJIOB.

PaguroakTuBHEIE OTXOABI OT MpeanpusaTus «Masik» Ha 10XKHOM Ypaiie copa-
chIBaIUCh B peky Teua, 3arpsi3Hsist ee OacceitH. [Tocne 1951 r. mHTeHCHpUKa-
st paboOThl Ha KoMILIeKce «Masik» mpuBena K cOpocaM pagmOaKTUBHBIX
OTX0I0B B 03epo Kapauaii, rie ceromHst ypoBHH pagrloaKTUBHOCTH TaK BEINKH,
YTO Jaxke JacoBas SKCITO3UIIMS Y OeperoBoil TMHUU MOXeT OKa3aThCs aTajb-
Hoil. PammoakTuBHOE 3arpsi3HEHNE B TPYHTOBBIX BOIAX PacIpOCTPaHMIIOCHh Ha
2—3 KM OoT 03epa, a B 1957 1. B3pbIB €MKOCTHU C OTXOAAaMU 3aTrPsSI3HUJI B PETMOHE
TeppuTOpHIO IIIowansio 6osee 23 000 km2. TToAMOBEPXHOCTHOE 3arpsA3HEHKE
oT o3epa Kapauaii mBmxXeTcsl cO CKOPOCTBIO 0KOJio 80 M/TOI M CKOPO MOXKET
Joctuyb peku Muiensik. Komrieke «Masik» xpanut takke 7 I1bk pagnoakTus-
HBIX OTXOIOB B CHCTEME Pe3epByapoB, U CYIIECTBYET OMACHOCTb MX TEPEIIOTHE -
Hus. Boabl U3 aTOro pervoHa B KOHIIE KOHIIOB TornanatoT B O0b, KoTopas TeueT
B CeBepHbiii JIeqOBUTHINM OKeaH.
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[Ipu HOpMaIbHOI paboTe peakTOpOB U IPH MepepaboTKe OTPabOTaHHOIO
TOIUIMBA B OKPYKAIOIIYI0 CPedy ITOCTyIaeT MPaKTUYEeCKU BeCh KPUIITOH-8S,
ompeesIeHHbIe KOJIMYeCTBa paauonoaa M Jp.

2.2.7. ABAPUM HA TPEAIIPUATUAX AAEPHOI'O TOIINIMBHOI'O IIUKIIA

M3BecTeH psin aBapuil Ha MPEANPUITUSX SASPHOTO TOTUIMBHOTO IIMKJIA.
Hanpuwmep, B Cemnadbunne B 1957 1. mpou3oliia aBapusl Ha MCCIeI0BATENb-
CKOM peakTope ¢ pacrjaBIeHUEeM aKTUBHOMN 30HBI.

27 centsa6ps 1957 r. mpousoiia aBapus B KeimreiMe (YensionHckas oo-
JJacTh) Ha MIPEANPUSTUM O MepepadoTKe paarOaKTUBHBIX OTXOMOB, INle HAaXO-
IUIch okosio 60 oxyaxmaeMbIX BOJOW €MKOCTEM W3 HepXKaBelollel CTaiu
00beMOoM 110 250 M3 ¢ BBICOKOPAaAMOAaKTUBHLIMU OTX0naMu. B pesynbrare nepe-
00s1 B mojaue OXJIAXIAIOIIEH BOAbLI MPOMU30IIEN B3PhIB MOIIHOCThIO 5—10 KT.
Bruto sBakynpoBaHO 23 HaceleHHBIX IyHKTa ¢ HacejaeHueM 10 180 yemoBek.
PaguoakTrBHOE 00;1aK0O MOAHSIOCH Ha BHICOTY 1 KM U CTajlo IepeMelaThCcs Ha
CeBEepPO-BOCTOK.

OpHako Haubosee cepbe3Has aBapusl Ipousolyia Ha YepHOOBUILCKOI
ADC B Houb Ha 26 ampens 1986 roma. Ha YepHoObuibckoit ADC ObLIM ycTa-
HoBJIeHbI peakTophl TMna PBMK (peakTtop 00JbILIONH MOIIHOCTH KUIISIIMIA),
OCHOBHOI1 KOMIIOHEHT BbIOPOCOB KOTOPLIX B OKpyxKaroliyto cpeny — PBI' (pa-
JMMOAKTUBHBIE OJIArOPOAHBIE Ta3bl), HE CO3AAIOIIME OMACHOCTU BHYTPEHHETO
obnyuenus. llratHag 3arpyska PEBMK — 192 T anepnoro rorusa (UO,) ¢
oborameHueM 2% u 1760 T rpacdura. [l npenoTBpallieHuss OKUCICHUs Tpa-
(uTa B KOXyX peakTopa IT0faeTCsl ra3oBasi cMech, coctosias u3 80% renus u
20% Bomopomna. ITonHast kammanust Toriusa midtcest 1080 cyTok. 3a 310 Bpemst
B TOIUIMBE HakarimBaeTcs cBbilie S00 paauoHYKIMIOB OT TPUTHUS 0 KIOPUS C
0611eit akTUBHOCTHIO 6,8 - 1020 bk (1,8 - 1010 Ku). Cpeny 5TMX paavoHyKIUI0B
JIOCTAaTOYHO MHOTO KOPOTKOXKMBYIIUX, aKTUBHOCTb KOTOPBIX OBICTPO YMEHb-
1aeTcst co BpemeHeM (Tabu. 2.4).

Asapust Ha YADC npousoliia B pe3yabTare rpyoeiiimx HapylIeHUi TeXHU-
K1 0e30MacHOCTH MPU OCTaHOBKE 4-T0 Os10Ka ISl TPOBEAECHUS 3aMEHbI TETLJIOBbI -

Tabauua 2.4
Vmenbuienne cymmapHoii aktuBHocTH B peaktope PBMK co Bpemenem
BpeMmst BbIepxkKu CyMMmapHasi akTUBHOCTb, Dbk
0 680
lg 300
1 cyr 180
10 cyr 70
0,5 roma 20
1 ron 10
10 ner 2
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JeNsTioX 2y1eMeHToB. [lpousoien B3pbiB. PaccessHue KpYMHBIX OCKOJIKOB
TOIUIMBA HAOJI0AAI0Ch HA PACCTOSIHUM A0 COTEH METPOB. 3aTeM 3aropesics rpa-
(ut. U3 ob1ero KomuecTBa HakonuBIIKMXCS B peakTrope PBMK panronykiumos
npu aBapuu 4-ro 6;10ka YADC 3HauMTENIbHAS YacTh OblIa BEIOPOIIIEHA B OKpYXKa-
folnyto cpeny (tabim. 2.5). ITo Mepe Toro Kaxk rpauTOBbIii KOMIIOHEHT CEP/ILICBU-
HbI peakTopa BbITOpaj, OH MO3BOJISUT OCTABILIEMYCS TOIUIMBY Pa3beaaTh HIKHIOIO
ouonornueckyto 3amuty (Hb3) 1 mporekaTh B HIDKHUE YaCTH 3[IaHUS peakTopa.
Yepes neBATh IHEU cepleBMHA peakTopa ObICTPO 3aTBepesia U aBapus OCTaHO-
BUJIach 0e3 MpsIMOro BMeEILIATEIbCTBA YesloBeKa (COpachlBaHME Pa3IMYHbIX MaTe-
puayioB ¢ BepTosieTa Obl10 HeaddekTuBHBIM). Terio pacnana ObICTPO CHU3WIOCh
B CBSI3U C 3aXBaTOM OKPYKAIOIIMX MaTepuanoB (HepKaBelolllell CTalu U CeprieH-
tHa HB3) B coemnHeHnn ¢ ObICTPBIM PaCIpOCTpaHEHUEM PaCIIaBJIeHHOTO TOM-
JIMBa Ha paccrosiuve a0 40 M OT 3MUIIEHTPa pacrulaBIeHHOMN CepaleBUHBI.

3aTBepaeBIInii JaBOOOpa3HbIli MaTepras CepaLEeBUHBI CBUIETEILCTBYET O
OBICTPOM OXJIAXKIEHWH, TTPOU3OILIEAIIeM cpa3y Iocje TOro, Kak MaTepuai cep-
aueBuHbl npoinena yepe3 HB3 u moman B HUXKHME 4yacTW 3[aHUS peakTopa.
[MpumepHo 135 T n3 190,3-ToHHO# HayaabHOI Maccsl TormBa (~71% UO,) B
4-m 0noke YepHoOblTbcKO ADC OBbUIO 3KCITOHMPOBAHO B BBICOKOTEMIIEpA-
TYPHOI OKMCJSIIOLIEH cpefie, pacIlaBUJIOCh U MPOTEKJIO B HUXKHUE YacTH 31a-
HUs peakTopa ¢ 00pa3oBaHMEM HbIHE 3aTBEPAEBILUMX JIABOMOAOOHbIX COMEPKAIIUX
TOIJMBO MaTepUasoB.

Hon, 1ie3uit 1 Testyp paccMaTpyBalOTCsl Kak HauboJjiee BaKHbIe MPOAYKThI
JeJeHUs Ha paHHUX CTaAMsIX aBapuu, MOTOMY UYTO OHM IPOSIBJISIIOT CXOXUE
CBOIICTBa BBICOKOH JieTydyecT U auddy3un. MeHee netyure (hOpMbl MOTYT
ObITh IPy0O pasnesieHbl Ha TPU TPYIIMbL: MOJyaeTyuue (CypbMa), HU3KOJETyure
(cTpoHLIMii, Oapuii, eBponuii) U HelaeTyyrne (MOJUOAEH, PYTeHUM, LIMPKOHUIA,
Lepuil, aKTUHUIBI U Jp.).

Tabauya 2.5
Jlons panmuoHyKJIMI0B, BLIOPOMIEHHBIX B OKPYKAIOLLYIO Cpeay
npn aapun 4-ro 6jgoka YADC

Paguonyxkmun Beibpoc, % | AktuBHOCTB, [1BK
PBT (Ar, Kr, Xe) 90 24000

1317 80 2600

08y 10 38

106Ry 3 84

134Cs 15 120

137Cs 15 83

144Ce 0,3 14

4ipy 0,3 1,7

9%Zr + SNb 0,3 30
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B TeueHue niepBBIX 9 AHEH TOCIIe aBapuy HAOIIOAAIMCh YeThIpe a3kl Mpo-
1ecca:

e repBas (asza (26 anpenst) — MexaHUYECKas JUCIIEPCUST TOTUIMBA;

® propas ¢aza (27 anpensi—1 mast) — crnaj ypoBHSI BbIOpOca; yMeHbIlIEHUE
ropeHusi rpacura;

® TpeThs (aza (2—5 masi) — cepAlleBUHA pa3orpeBacTcsl 10 TeMIlepaTyphbl
Boiie 2000 °C; mporekaeT peaklus MEXIy KHUCIOPOAOM M rpaduToM;

asp030JIbHbIe (POPMBI MTPOAYKTOB NEJICHUSI KOMOMHUPYIOTCS C YacTUIIAMU
rpac¢ura;

e uyetBepTas dasza (5—6 mast) — OBICTPOE CHUXKEHUE SMUCCHU IIPOAYKTOB JIe-
JIEHUsI, CBSI3aHHOE C OCTAaHOBKOI TIpoliecca NeTeHusI.

BEIGpOC panroakTUBHEIX IPOAYKTOB B aTMOC(epy TTPOIOJIKAJICS 0 KOHIIA
aBrycTa CO CKOPOCTBIO HECKOJBKUX KIOPU B JIEHb.

B capkodare, coopy:keHHOM BOKpPYT aBapMHHOro OJIOKA, HAXOXUTCS OT
1270 mo 1350 T comepalmmMx TOIIMBO MartepuaioB (okoio 10,5% dacTmuHO
BBITOPEBLIETO sIEPHOro Torumsa), 64 000 M3 mpyrux marepuanoB (LIEMEHT,
CTPOMTEJIbHBIE MaTepuajbl U ap.), npubausuresbHo 10000 T cTpouTeNbHBIX
MeTtajmokoHeTpykumii 1 ot 800 mo 1000 T 3arpsisHeHHO# Bombl. B 3aTBepaeB-
IIMX OCTAaTKaxX TOIJIMBA OCTaeTCs 3HAYMTelIbHOe KojmdyecTBO 1e3us-137 (35%
OT €r0 MCXOTHOTO KOJIMYECTBA).

I'maBHBIE TISITHA 3arpsi3HeHus Ha TeppuTopum ObiBiiero CCCP — moma-
I C YPOBHEM PaIMOAKTUBHOCTH Ha IpyHTe 6osee 560 kbk/mM2. Bonbiuune mio-
Iagy Ha YKpawHe W B bejopyccun mMmenn ypoBeHb pagliOaKTUBHOCTH BEIIIIE
40 kBbk/m2. Haubosnee 3arpsasHeHa 6buta 30-KMJIOMETPOBas 30HA, OKPYXalo-
IIast peakTop, TIe YpOBeHb 3arpsi3HeHUs Ie3reM-137 OOBIYHO TTPEeBOCXOMIMIT
1500 kbx/M2. B Hanbosnee 3arpsasHeHHoM BpsHcko-benopycckom natHe, Ha-
xonsimemcst B 200 KM K ceBepoO-CeBepO-BOCTOKY OT 4-To 0Ji0Ka, YpOBEHb 3a-
rpsasHeHus uesueM-137 gocturan 5 MBk/M2.

[IpemeabHO BBICOKHME YPOBHHU BBHITIAACHMI, B TOM YMCJIe U B MEeCTax, HaX0-
JSIINXCS B TBICSTYAX KMJIOMETPOB OT MeCTa aBapyi, B OCHOBHOM OBIJTN CBSI3aHBI
¢ noxnsimu. Cyxuie BBITaIeHUS UTPAA CYIIECTBEHHO MEHBIIYIO POJb B pac-
npoctpaHeHN YepHOOBUILCKUX PAIMOHYKIUAOB, YeM B CiIydae BBITIAIeHUI
TOCJIe UCTTBITAHUI SIIEPHOTO OPYKUS.

PacmipeneneHne BuIMIAaIeHW Ha THIOMIANSX, TTOABEPTIINXCS BO3ICHCTBUIO
aBapnu, OBLTO BechMa HepaBHOMEPHBIM. MecTa, TAe TUIOTHOCTH BBITIAIeHUIA
cocrasuia 40 KBK/M2, MOIJIM HAXOIUTBLCA B HECKOJIBKMX KMJIOMETPAX OT MECT,
IIle TUIOTHOCTH BBITIAJICHWI OblJIa Ha TTOPSIIOK MeHbIIe. JIOKaTM30BaHHBIN MUK
MOKPBIX BbinageHuii (cebiie 100 kbx/M?2) Habmonaics B 1ieHTpaabHOi CKaHIu-
HaBuu. B Hypmusipsn (OUHISHINA) OBUT 3apeTUCTPUPOBAH HauOoJIee BBICOKMIA
YpOBEHb KOHIICHTPAIIMi pagoOHYKIUIOB B Bo3ayxe (cBhIe 30 pamguoOHyKIH-
0B UepHOOBITECKOTO TIPOMCXOKICHUS) 3a TIpenejiaMy 00JIacTeil, HaXOMSIIIX~
sl B HETIOCPEACTBEHHOM OJIM30CcTH K MecTy aBapuu. O6HapyxkeHue 40Ba u Zr
B llIBenmMn CBUIETEIHLCTBOBAJIO O 3HAYMTEBHOM paCIUIaBIeHUM aKTUBHOM
30HBI peakTopa.



2. TMocTyrieHre paguoOHYKIUIOB B OKPYKAIOLILYIO CPELy 33

Boinee 89% mo3b1 rOpoaCKOe HACEIEHHE MTOJIYYajio OT 3arps3HEHUSI ITIOYB Ha
OTKPBITBIX MPOCTPAHCTBAX CaaoB W TapkoB. lle3meBoe 3arpsizHeHUE CTPOTO
CBSI3aHO C BEPXHUMMU 2 CM TIOUBBI U aCCOLIMUPOBAHO C MUHEPaTbHON (hpaKiuei
MOYBBI; PYTEHUI OBLT aCCOLMMPOBAH ¢ OPraHMYeCcKoi dpakiiveit. 3axsar 1e-
3UsI KOPHSIMU PaCTeHUI TOJKEH OBbITh CYILIECTBEHHO 00Jiee BHICOKMM JIJIST KMCITBIX
MOYB C HU3KUM COJEPKaHWEM TJIMH M BBICOKOM KOHILIEHTpAlMe OpraHm4ecKux
BEILIECTB U MOXKET MPOAOKATHCS B TEUEHUE MHOTMX JIET.

Brimagenue Hauboliee BAXKHOTO AOJTOXKUBYILIETO PagUOHYKIMIA 1e3usi-137
YMEHBIIIAJIOCh C POCTOM PACCTOSIHUS HE TUIABHO: OHO PE3KO M3MEHSIOCH, €CIIN
JIOXIb WIN CHEr IepeceKall TpaeKTopuio obnaka. [To oleHkaMm, 0061aKo aTMO-
cdepHOTo TIepeHoca 110 B OCHOBHOM Ha BbIcoTe OT 4 10 10 kM.

2.2.8. BOEIIPUITIACBI C OBEJHEHHBIM YPAHOM

C 1990-x IT. AOTMOJHUTEIbHBIM MUCTOUHMKOM PaIMOAKTMBHOIO 3arpsi3HEHUsI
OKpYXalolliell cpefibl B 30HaX JIOKAJIbHBIX BOEHHBIX KOH(MIMKTOB (BoitHa B Ilep-
cuackom 3anuse (1991 r.), BoeHHbIe aelicTBrs B bocHuu u I'epuerosure (1994 r.),
Cepouu (1999 r.) u, HakoHen, B Mpake (2003 r.)) cTan obenHeHHbId ypaH (OY).

B cocTaB NpUpOIHOI cMecH U30TONOoB ypaHa Bxomar 234U (0,0054%), 235U
(0,72%) n 238U (99,27%). 234U u 233U orHOCATCA K psALy ypaHa-238, B IIpupoze
OHU OOLIYHO GJIM3KM K COCTOSTHUIO BEKOBOTO paBHOBecusl. 235U gBIseTCs pOIOHa-
YaJIbHUKOM JIPYroro ceMencTBa MpupoaHbIX pAAMOHYKIIMIOB — psifa ypaHa-233.

Nwmenno 235U wucnonb3yercs s MPOM3BOACTBA SIEPHOTO TOIUIMBA U
sepHOTo opykus. [T0CKOIbKY ero KOHIEHTpAIUs B IPUPOTHON CMECH U30TO-
OB HEeBEJIMKa, ypaH 00OraialoT 3TUM M30TOITOM, a OTXOIOM 3TOTO IIpoliecca
apisiercss OY. Ob6e1HEHHOMY ypaHy ObUTM MOCBSILIEHbBI OOLIMPHBIE UCCIEeI0Ba-
HUS OKpYXalollei cpenbl, HECKOJIbKO HayIHBIX KOH(MEepeHIINi, a TaKske MHO-
TOUYMCIIEHHBIE TIyONMKAIIMY B HAYIHON JIUTEepaType.

Hcnonb3oBaHue OY B BOGHHBIX LIENSIX CBSI3aHO C TEM, YTO OH SIBJISETCS
OYE€Hb IJIOTHBIM METALUIOM (IIOTHOCTH 19 r/cM3), MMEeT BBICOKYIO TEMITEpATy-
py mnapnenust (1132 °C), BecbMa mupodopeH 1 0b1agaeT mpeaeaioM MPOUYHOC-
TH Ha pa3pbiB, COUBMEPUMBIM C TIpeAeaMu sl OOJIBIIIMHCTBA TUIIOB CTaJsei.
DTO AenaeT ero uaeanabHbIM IS IPUMEHEHUsI B OpOHEOOIHBIX OoermpuIiacax
U YCWIECHHOI OpoHe.

[Teu1e OY, 06pasylolasics Mpu CTOIKHOBEHUHU ¢ MUILIEHBIO, MOXET pacce-
SIThCSL M 3arPSI3HUTH OKpYyxKaroliyto cpeay. [1o oneHkam o6biuHo 10—35% (Mak-
cuMaibHo 10 70%) mpoboiiHuka u3 OY mpeBpallaeTcss B a’spo30jd IIpU
coygapeHuu uiau npu Bosropanuu OY. Pazmepsl 0oJiblieil YacTH MbUIEBBIX Ya-
CTHII MEHBIIIE 5 MKM, ITO3TOMY OHM YASPKUBAIOTCS B BO3AYXE B TEUSHUE ITUTE/b-
HOro BpeMeHM U pasHocsTcs BeTpoM. [Ibutb OY MMeeT yepHBbIN LIBET U
MMUILEeHb, TTopaxkeHHast 6oerpuriacom ¢ OY, yacTo MoXeT ObITh paco3HaHa I10
YepHOMY TIbUIEBOMY TOKPBITUIO Ha MOBEPXHOCTU M BOKPYT MuileHu. Ilocne
CcTpeabObl ¢ ucrojb3oBaHueM OV mociaeaHUil oceJaeT Ha TPYHT U Apyrue Io-
BEPXHOCTH Kak IbLTb OKcHaa ypaHa. CoriacHO MUCCIeTOBaHUSIM, TPOBEACHHBIM
Ha Mectax ucnbitanuii B CIIA, 0dibliiast yacTb oceBleil bt OY BbIlagaeT B
npenenax 100 M ot muieHu. OgHako mblib OY MOXET MepeHOCUThCS Ha pac-
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cTosiHus 10 40 KM, oCcTaBasichb B BO3[yXe B T€UeHHE 3HAYMTEIbLHOIO BPEMEHHU.
BosblMHCTBO 60ET0JI0BOK, MOMABIIMX HA MITKWI TPYHT (HAIIpuMep, MecoK WIK
[JIMHY), MPOHUKAET B HEro Ha m1youHy 10 50 cM, WIMTeIbHOE BpeMsl OCTaBasiCh
HemnoBpexXAeHHbIMU. Yaap OV nmo MIrkKuM MUILIEHSIM, HampuMmep HeOpOHUPO-
BaHHbBIM MalllMHAM WIM MOYBE, He 00pa3yeT 3HAYMTEIbHOIO MbLICBOIO 3arps3-
HeHus. BoiBeTpuBaHue 60erooBok ¢ OY CylIeCTBEHHO 3aBUCUT OT XMMUYECKUX
CBOICTB MOYB U MOpoJ. B KBapiieBoM Mecke, rpaHUTe WU KUCIbIX ByJKaHUYE-
CKUX TOpOAaX CKOPOCTb PACTBOPEHMUS MOXKET OKa3aThCsl JOCTATOYHO BBICOKOM,
YTOOBI MPUBECTU K JIOKATIbHOMY 3arpsi3HEHMIO TPYHTOBBIX BoA. Betep u Boaa me-
pepacnpeaessiioT TOHKYIO Mbulb OY. AncopOLimsi Ha YacTULAX MOYBbI, IIaBHBIM
00pa3oM Ha MIMHAX U Ha OPraHWYECKOM BEIIECTBE, MOXET U3MEHSTh MOJBUX-
HOCTb U CHMXKaTh OMACHOCTb pecycrieH3uu. [1aBHas moTeHIMaIbHAsl OACHOCTh
JUISL OKPYXaIoIIe cpeibl OT HEMOBPEXKIEHHBIX 00ErojIOBOK MM WX OOJIbIINX
(bparMeHTOB — BO3MOXHOE 3arpsiI3HeHUE IPYHTOBBIX BOJ MOCTIE BbIBETPUBAHMSL.

I'paxknanckoe ucnonbzoBaHue OY orpaHMYeHO B OCHOBHOM IPOW3BOACT-
BOM CTaOMIM3aTOPOB 111 camojieToB U cynoB [17]. IlogcunTaHo, 4TO TOILKO B
CIHIA x HacTosieMy BpeMeH! HakorieHo nmpumepHo 600 Teic. T OY. Okono
320 T OV ObLI0 paccesiHO B OKpyxXatollieii cpefie Bo Bpemst BoiiHbI B [lepcun-
ckoM 3anuBe B Hauasie 1990-x rr., 1 okojio 15 T OY Ob110 UCMOoIb30BaHO Uepe3
HECKOJIbKO JieT Ha bayikaHax.

CyuTaercs, 4To, BONPEKU OOIIECTBEHHOMY 3a0JIyX/I€HUI0, TJIaBHAasl orac-
HOCTB TSI 3M0POBbhs CBsI3aHA HE C paanoaKTUBHOCTHIO OV, a, Kak U B ciydyae
JIPYTUX TSKENIBIX METAJUIOB, C €r0 XMMWYECKON TOKCUYHOCTBIO (ITopaXkaeT B
OCHOBHOM Toukun). OnHako OV, mojyyeHHbII B pe3yjbTare rnepepaboTku oo-
JIY4EHHOTO SIZIEPHOTO TOTIIMBA, MCITOIB30BABIIETOCS B SIIEPHBIX peakKTopax, Co-
JOEPKUT LUMPOKUM CIEKTP TPAHCYPAHOBBIX PAgUOHYKIMUAOB (Tabi. 2.6), uTo
TTOBBIIIIAET €T0 PATUAIIMOHHYIO OTIAaCHOCTb.

B 6oeronoBkax n3 OV, coopaHHbix B KocoBo, ObUIM 0OOHApYXKEHBI CJIe/Ibl
236 p 239+240py. Coobluanoch, uTo cienoBble KomuuectBa Am, Np u 99Tc
Takxe npucyrcrBoBaivi B OV [19].

Crnenpl 236U (<0,003%) nosIBJISIIOTCA B pe3ysbTaTe MepeKpecTHOTO 3arpsi3-
HEeHMSI, BOSHMKAIOIIIETO, KOT/Ia OMHO U TO K¢ 000pYyIOBaHNWE MCITOIb3YEeTCS TSI
paboTbl ¢ HEOOJIyUeHHBIM M OOJYYEHHBIM ypaHOM. JOATOXMBYIIWI M30TOI
ypana 236U (T}, =23,48 - 106 nier) o6pasyeTcst mpu 3axBate HEUTPOHOB AAPAMU
235U ¢ HaKaIUIMBAETCs [0 BBICOKMX KOHLEHTPALIMIA B SAE€PHOM TOILIMBE.

Paguonyknuael, Bxoasgiue B coctaB OY, pacragaioTcst mpexiae BCEro c
HUCIyCKAHUEM ¢.-4aCTULl, KOTOPbIe HEe MPOHUKAIOT HU Yepe3 OACKIY, HU uyepe3
koxy. CrnenoBaTesbHO, paadallMOHHAs OMAaCHOCTb OT BHEIIHEro OOJy4yeHHs
OY MuHUMaJbHA.

OnHako OMacHOCTh JUISl 30POBbSl MOXET BO3HUKATh B pe3yJbTaTe BAbIXa-
HUS WIKM MTOCTYIJIEHUS C MUILIENH a3po30Jieid WU YacTUIl, KOTOpble 00pa3ytoTcst
MPU BO3rOpaHUU CHapsiioB U 6poHu M3 OY Bo BpeMs yaapa WIM B pe3yJibTaTe
TIPOHMKHOBEHHUSI (PParMEHTOB B ITOYBY MJIM IPyrue MOBEpXHOCTH. B 1iesom pa-
JVOHYKJIMIbI MOTYT MOManaTh B AbIXaTeJbHbIE MYTU B pa3dHbIX hopMax, BKIIO-
yas ra3o00pa3Hble COCAMHEHMUS, a’po30JMd WJIM yacTullbl. Bce OoHM MMeroT
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Tabauya 2.6
Coctas (Ha 1 r ypana) OY B NpoTHBOTAHKOBBIX Ooempumacax
¢bupmbr Starmet Corporation, Beaukoopuranus [18]

Paguonyxnun [lepuon monypacnaga, jeT Macca, T bk/r
VYpan-238 4,51 - 10° 0,9979 12448
Vpan-235 7,1 108 1,2-1073 159,6
Ypan-234 2,47 - 10° 1-107 2310
Ypan-236 2,39 - 107 3.107° 7,2
Henryuuii-237 2,44 . 10° 2,2-1077 5,8
[nyToHmii-238 8,6 - 10! 5,2 - 10712 3,3
Inyronuii-239 244-10*

TyToHMit-240 6,5~103} 12107 6.4
Amepunnii-243 7,95 - 103 1-107° 7,4
Amepunnii-241 5,58 - 102 1,7 - 10711 2,2

pa3nmnuHble (U3NKO-XUMUYECKNE CBOWMCTBA M, CJIEAOBATENIBHO, ITO-pa3HOMY
BenyT ce0st B jierkux. OcobeHHO BaxkeH pa3mep 4YacTUll, aCCOLUMHUPOBAHHBIX C
paavoHyKIMaaMu: 0oJblKe yacTUllbl (IuamerpoM 5—30 MKM) OOBIYHO Oce/a-
[OT B BepXHEW YacTW IBIXaTeIbHBIX ITyTel, B TO BpeMs KaK Mallble YacTHIIBI
(nuameTp ~1 MKM) MOTYT JOCTMraTh HUXKHUX YacTei JbIXaTeJbHON CUCTEMBbI U
ocenaTh B albBEOJIaX, YTO MPUBOIUT K BBICOKON JIOKAJIBHOM 03¢ B OKPYXKaro-
IIMX KJIeTKax 1 TKaHsx. Takum o6pa3om, Maibie yacTulbl OY (MeHee 2,5 MKM)
MOTYT OCTaBaThCS B JIETKMX Ha JOJTOE BpPeMs, TTOABEpras JIeTOUHbIe TKaHU 00-
JIY4EHMIO, U B TIpeNesie MepeXOauTh B IMPKYISIIMOHHBIE OTIENBI ¢ OMOJIOTIYe-
CKHM MEPUOJOM TOJYBbIBeAeHUsT okojo 1 roga [19].

3arpsi3HeHMe BO3ayxa M aTMOC(EPHBIX BBIMAICHUN MOXHO OIEHWTH WJIU
MPSIMBIM  TIPOOOOTOOPOM B3BEIICHHBIX YAaCTUIL M3 BO3MyXa C MCITOIb30BAaHUEM
BO3IYIIHBIX (PUIBTPOB, WK C MCIOJb30BAHUEM TMOIXOMSIINX OMOMOHUTOPOB
3arpsi3HeHus Bo3myxa. [1epBblif momxom obecreunBaeT KOJTMYSCTBEHHYIO OLICH-
Ky ¥ mH(OpMAaIINIO 0 TiepeHoce 3arpsisHuTesneii. Bropoii momxon maeT Hemoporoe
M HaZiesKHOE CPEICTBO OLIEHKM KauecTBa BO3/MyXa, a TakKe TMPEeIoCTaBIIsIeT MHGOpP-
Maluio 00 YPOBHSIX 3arpsi3HeHUs B mpouuiom [19].

Jlerom 1999 r. Kepekeli ¢ coaBropamu [20] uCojb30BaJIM MTPOOOOTOOP-
HUK BO3IyXa, pa3MeIIeHHBIN B I0XKHOI YacTy BeHrpuu, mist OlIeHKN KOJIMYeCT-
Ba OY B BO3nyxe. M30TOINHbIE COOTHOLIEHWSI TIOKA3ajiu 3HAYEHUs, OUYEHb
OJIM3KME K OXUAAeMbIM JUJISI MPUPOAHOro ypaHa. OgHaKo OHM OOHApPYXWIU
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cllerka IOBBIIEHHble KOHUeHTpauuu 233U B yacTULiax IMAMETPOM MeEHee
2,5 MKM, 4TO 00ycJI0BIeHO paccesiHueM Ibutu ¢ OV Bo Bpemsi BoliHbI B KocoBo.

JIMIaliHUKY U MXU CUMTAIOTCSI MOAXOASIIMMU OMOMHAMKATOPAMMU aTMO-
cepHBIX BBIMAACHUN MUKPO31eMEeHTOB. [T0CKOJIIBKY OHU MOIYyYaroT OOJIbLIYIO
YacTh MUTATEJbHBIX BEILIECTB MPSIMO 13 aTMOC(hEepbl, BO MHOTHX CTpaHaX UX UC-
MOJIB3YIOT JJI1 OLIEHKM M MOHUTOPMHIA KauyecTBa BO3IyXa.

Mopdonorus IMiIaitHUKOB He TToABEepKeHa Ce30HHBIM U3MEHEHUSIM, 00bIY-
HO OHU KUBYT JOJITO, U aKKyMYJISILMSI 3arpsi3HUTENei JuuTcs Toasl. biarogaps
OTCYTCTBUIO KOpPHEH JNMIIAWHUKK HE MMEIOT JOCTyMa K IMOYBEHHBIM 3aracam
MUTaTEJbHBIX BEILIECTB M, CJICAOBATEIbHO, CIIOCOOHBI aKKyMYyJIHMpPOBaTb 3JIe-
MEHTBI, BKJIIOYasl ypaH, IJIaBHBIM 00pa3oM yJIaBlIMBasl B3BEIICHHbIC YaCTULIbI
un3 atMocdepbl. OMHAKO U3BECTHO JHILb HEMHOTO paboT, MOCBSILIEHHBIX (PUK-
calMM ypaHa JUIIaHUKaMU. YpaH aKKyMyJupyeTcsl B TUIIAHUKAX BO BIIaXK-
HBIX U CYXUX YCJIOBHUSIX U3 COIAEPKALLIMXCSI B BO3AYXE YACTUILL U MbUIU, U JaXKe
MajieHbKue (bparMeHThI JIMIIANHUKOB MOTYT COJEPKaTh JIETKO OOHapyKUMbIe
KOHLEHTpauuu ypaHa. HemaBHue MeXIyHapOAHBbIE IMOJIEBbIE HCCIEI0BAHMS
JUIIAMHUKOB Ha JIpPEeBECHOM Kope KMBBIX JepeBbeB B KocoBo, B palioHax,
OJIM3KUX K «TJIOLIAASIM MUILIEHe», ycTaHOBWIM Haiuuue OY; ciaegoBaTebHO,
paHee OY mpucyTCTBOBaJ B BO3IyXe, Jaxe TaM, TAe 3arpsi3HEHUSI TPyHTa He 0OHa-
pyXXeHbI. DTOT MpUMep MOAUYEPKUBAET MOJIE3HOCTh UCMOb30BaHUSI JIUIIATHUKOB
B KauecTBe YYBCTBUTEIbHBIX OMOMHAMKATOPOB Ha TLIOLLAASX, TAE MCIIONb30-
Bauch 6oenpunackl ¢ OY. B MecTHOCTSIX, Tae TUIIARHUKY OTCYTCTBYIOT, aHA-
JIOTUYHbIC PE3yJbTaThl ObLIM MOJYYEHBl MPU MCCACAOBAHUU TMOBEPXHOCTHOM
KOpHBI JepeBbeB. Y aMepUKAHCKUX COJIAAT ¢ OOJBIIMM KOJIUYECTBOM BOH3MB-
1Ieiicst B Teso wpamnHeau u3 OY He ObUIO OOHAPYXKEHO MPU3HAKOB IUCPYHK-
MU MOYeK Mpu oOcliefOBaHUM, MPOBEACHHOM CITYCTS HECKOJBKO JIET TOcie
BoiiHbl B 3anuBe. [lockoabky ypoBeHb OY B MX Moue Bce elle MPUMEPHO
B 100 pa3 BbIlLIE MO CPaBHEHUIO ¢ KOHTPOJbHBIM, BaussHue OY Ha (yHKLUIO
MoYyeK JOJKHO OBbITh UCKJTIOUEHO.

WNsmepeHue ypaHa, BBIACJIEHHOTO C MOYOW, SIBASIETCSI UYBCTBUTEIbHBIM
METOIOM olpeaeieHust Koauuectsa OV, MOCTYNMUBLIEro yepe3 AbIXaTebHbIN
TpakT. OIHAKO HEONpeaeJeHHOCTU B OLIEHKE MOCTYIUJICHUSI MOTYT ObITh OUEHb
BEJIMKU, MTOTOMY 4TO JAeJaeTcsi MHOIO AOMYIIEHUI O pa3Mepax a3po30JbHbIX
YacTUll, pACTBOPUMOCTH ypaHa U CKOPOCTHU TMepeHOoca MeX1y pa3TIMYHbIMU Ya-
cTsiMU Tena. BaxkHoit momexoil siBisieTcsl MPUPOAHbBIN ypaH, colaepKalliuiics
B nuie u Boae [19].

B cpenHeM y yenoBeka (B 3aBUCMMOCTHU OT MOCTYIJICHUSI C MUILEH) ¢ MOYOI
exxeqHeBHO Boiaessiercs ot 0,01 mo 0,4 mxr ypaHa. CinenoBaTebHO, IJIST OLIEHKHT
noctyrieHuss OY Heo6X0IMMO U3MEPUTH U30TOITHOE COOTHOLIEeHKe 235U /238U,
Hns uccaenoBaHuii Takoro poaa yacto ucrosbdyercss MCIT-MC Bbicokoro pas-
pelleHuss, uMMerlas mpeaea oOHapyxeHuss OY B Moue MOPUOIM3UTETBHO
0,01 mkr/cyr. [ToBbIlIEHHOE COoAepXKaHKUE ypaHa B MOUe BeTepaHOB BOWHBI B 3a-
JIUBE, UMEIOIIMX B CBOMX TeJIaX BOH3UBIIMECS OCKOJKM LpanHeau ¢ OY, ooHa-
PYXUBAJIMUCh Jaxe CITyCTs 7 JIeT Tocjie BOeHHbIX AeiicTBuit [19].
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3. PAIMOHYKJ/INJIBI B ATMOC®EPE

PaguoHyknuabl, BXoasiide B coctaB aTMochepbl, MOXHO pa3aeiuTh Ha
HeckoJbko Tpynm [1].

1. U3oTonbl pagoHa (3MaHalMM) U MPOAYKThI UX pacrajia, MOCTyIalolIue
B aTMOc(epy B pe3yabTare MCIYCKaHUS ¢ ITOBEPXHOCTH IMOYB (9KCXasI-
LY ) KOHTUHEHTOB M OCTPOBOB M, B 3HAUMTEJIbHO MEHbIIIECH CTeTIeH!, C
BOJIHOI ITOBEPXHOCTH.

2. PagumoHykiuabl, obpasyouiydecsi B atMmocdepe noj AeidCTBUEM KOCMU-
yeckoro uanyueHus (“Be, 19Be, 4C, 3H, 32P, 33P, 3¢Cl, 3Cl u ap.).
MakcumMyM MX KOHLIEHTpalMii HabiogaeTcs Ha BoicoTe 15—20 k.

3. PamyvoHyKImMapl, Iomagamlinre B aTMochepy ¢ KOCMUYECKON ITBLIbIO
(2°Al, 9Be u 1p.). MakcuMyM MX KOHLEHTPALUii HAOIIOIAETCsS B 30HE
KUCIIapeHUs] MUKPOMeTeOopruTOB Ha BbicoTe 80—100 KM.

4. INpupoaHble pagMOaKTUMBHBIC a3p030JiM, MoMajamollde B atMocdepy
C CYIIU M BOJHOM ITOBEPXHOCTU.

5. MckyccTBeHHbIE paJMOHYKJIU/IbI, TOCTyNAalolIe B aTMOC(epy B pe3yJib-
Tare NesTeJbHOCTU YesIOBeKa.

OpHU 1 Te Xe paguoOHYKJIMIBI MOTYT IPUCYTCTBOBAaTh B aTMoc(epe KakK B
pe3ynbTare MPUPOMHBIX IIPOIECCOB, TAK M BCICACTBUE TEXHUUYECKON IESITEIh-
HOCTH 4eJioBeKa (Halpumep, TpUTUi, yriepoa-14, kpunroH-85). ConepxaHue
PamMOHYKJIMAOB B aTMOCc(depe BechMa U3MEHYMBO M BO MHOTOM 3aBUCHUT OT Me-
TEOPOJIOTUUECKUX YCTOBUIA.

3.1. PAIOH U ITPOAYKTBI EI'O PACIIAJIA

OOBIYHO, KOTZIa TOBOPST O pajioHe, TTOApa3yMeBaloT B IEPBYIO OUepeIb pa-
JIOH-222 ¢ mepuoaoM mojypacrana 3,82 CyT, SIBJSIOLIMICS YJIeHOM paauoak-
TUBHOIO ceMelcTBa ypaHa-238, camoro pacrpocrpaHeHHOro nsorona (>99%)
ITOBCEMECTHO IMPUCYTCTBYIOIIETO, BeCbMa pacCcesIHHOro ajieMeHTa. Hemocpen-
CTBEHHBIM IIPEIILIECTBEHHUKOM paloHa B 3TOM CEMEICTBE SIBJISICTCs pannii-226.
Panmon obpasyeTcs B IToYBax, B TOPHBIX MOPOJIAX, B CTPOUTEILHBIX MaTepHraiax
U 10 TPEIIMHAM M TIopaM MOCTymaeT B Bo3ayX. I1pu pacrane pagoHa oopa3yror-
Csl CPAaBHUTEJbHO KOPOTKOXUBYIIME NPOAYKTHI (puc. 3.1).
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ITpoaykTel pacnaga pagoHa B MOMEHT X 0Opa3oBaHUs MPEACTABISIOT CO-
001 MOJIOXUTETBHO 3apssKeHHbIE MOHBI, JIETKO 3aXBaThIBAIOIIMECS Pa3IMYHbI-
MU TTOBEPXHOCTSIMM WJIM adpO30JIbHBIMUA 4YacTHLAaMHU. B Bo3ayxe OHM MOTYT
HaxXOIMTHCS B ABYX pa3UYHbIX popmax [1]:

a) B BHIE 2JIEMEHTAPHBIX HOHOB WJIM OTASIHHBIX aTOMOB; B 3TOM COCTOSI-

HUUW TIPOAYKTHI pacriana pagoHa o01amaT O0IbIIMM KOG GUIIMEHTOM
muddysun, pasaeiM 0,5 cMm2/c;

0) B BUJe aTOMOB, OCEBIINX Ha a3pPO30JIbHBIC YaCTHIIHI (SApa KOHIEHCa-

LIMK), HaXo[sIuecs: B Bo3ayxe; KoadduuueHT aud@y3umn B 3aBUCUMO-
CTH OT Pa3MePOB YaCTUI MeHsIETC B rpeaenax 2 - 1074=3 . 1076 cm?/c.

222Rp
3,82
CcyT
Ua
218P0
3,05
MHWH
Ua
214Pb N 214Bi N 214P0
26,8 B 19,7 B 0,16
MUH MUH MC
Ua
210Pb N 210Bi N 2101)0
2r B 5 B 138,4
CyT CyT
Ua
206Pb
cTabuieH

Puc. 3.1. [IponykTel pacnaga pamoHa-222

IMepBast popma KpaiiHe HEyCTOWUYMBA M3-3a OOJIBIION CITOCOOHOCTH aTo-
MOB ¥ MOHOB K afiCOpOILIMH, OTHAKO TTOTePsI €€ TTOCTOSTHHO BOCITOTHSIETCS B pe-
3yJIbTaTe pacrana pajaoHa.

CpenHue 3HaUeHUS KOHIICHTpAIIWil pagoHa 1 IIPOAYKTOB €To paciiajga B aT-
mocdepe nmpuBeneHbl B Tad. 3.1.
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Tabauya 3.1

CpeaHue KOHIEHTPALUMH €CTECTBEHHbIX PaJHOHYKIMI08 B aTMocdepe (Bk/m3) [1]

PaTHORYKIAT Ipusemuas armochepa BepxHsis Moo
Haj Cylei Hax okearom | TPomocdepa crpatocdepa

222Rn 2,3 231072 _ _
*14Pb - 231072 - _
212pb 0,046 231073 - _
#17Pb 1510 - 2,0 1074 2910~
#Po 12107 - 8,5-107° 4,0 107

"Be - - 3,7 1073 0,11

Yucsao a3po30/bHbIX YACTHULL B BO3AYXE BEJIMKO M0 CPABHEHUIO C KOJIUYE-
CTBOM sfep IIPOAYKTOB pacrama pamoHa. Hampumep, Mpu KOHUEHTpALUU
1 Bx/n B 1 11 Bo3ayxa Haxomautcs npuMepHo 270 atomos 218Po, 2400 atomoB
214Pb, 1200 aTomos 214Bi, 5 - 104 atomoB 2!12Pb u 5.4 - 103 aromos 212Bi. [Tosro-
My MOBeAeHKMEe POAYKTOB paciaaa paaoHa, CBI3aHHBIX C adPO30JIbHBIMU Yac-
TULAMU, TIOJTHOCTBIO OIPEAEISETCS OCOOEHHOCTSIMU a3PO30JbHOM U IbLICBOIA
3arpsi3HEHHOCTH BO3Ayxa. JlaHHbIe O KOHIIGHTPAIMU a3pPO30JbHBIX YacTHIl B
BO3/yXe B PA3IMUHBIX reorpaduuecKux yCIOBUSIX MpUBEACHbI B Tabm. 3.2 [1].

OCHOBHAs YaCTh €CTECTBEHHOI PaguOaKTUBHOCTU B BO3AYyXe MPUXOIUTCS
Ha YyacTulbl paguyca oT 15 HM 10 0,5 MKkM ¢ MmakcumymoMm okoio 0,1 mxm. I1pu
JbIXaHUU MPOAYKTHI paciaja paaoHa MonamaloT B JIeTKKUe YeJ0BeKa, U 4acTh U3

KOH[[eHTpal[l/lﬂ A93PO030JIbHBIX YACTHII B BO31yXeE

B pa3iMuHbIX reorpadpuyeckux ycaosusax [1]

Tabauua 3.2

Mecto

Yucno yactui B 1 1

Bonbloit ropon

T'opon cpeaHuX pa3sMepoB

Marepuk
[ToGepexbs
OctpoBa

Toper 500—1000 m

1000—2000 m
Boie 2000 m

OkeaH

[Temepnr

1,47 - 108
3,4 107
9,5 106
9,5 106
9,2 - 106
6 - 10

2,13 - 106
9,5 105
9,4 - 10
2,5 105
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HUX MOXKET OCTaTbCsl Ha BJAXKHBIX BHYTPEHHUX CTEHKAX JIETKHUX M MOCTOSIHHO
MOJBEPraTh MX BO3MEUCTBUIO U3TYUYCHUs MOCISAYIOIINX WICHOB 1LIETTOYKHU.

Han cyiieit KoHIEHTpalMu pamoHa M KOPOTKOXKMBYIIUX MPOIYKTOB €ro
pacnazga (KITPP) yosiBatoT ¢ BbICOTOI. PamoH, MMEIOIMii OTHOCUTEIBLHO 00JIb-
1roit nepuon nonypacmnana, u KITPP pacnpocTpaHsitoTcs 1mo Bceit Tpornocdepe,
a JIOJITOKMBYIIIME TTPOMYKTHI pacmaaa pagoHa U B ctpatocdepe. TopoH (M30ToI
panoHa 220Rn, oTHOCALIMIACA K TOPUEBOMY PSLY U MMEIOLINIA TIEpUO/L ITOJIypac-
najga 55 ¢) HaXOAUTCSI B OCHOBHOM B HEIIOCPEACTBEHHOM OJIM30CTU K 3€MHOI
MOBEPXHOCTU, a MPOAYKT €ro pacraga cBuHel-212 (Tiepron Mojrypacrana
10,64 4) gocTUraeT HIUXKHUX CJI0eB Tporochepnl. PagnoakTMBHOE paBHOBECHE
MEKIy PaOHOM M KOPOTKOXMBYIIMMU MPOAYKTaMU €ro pacrnana B aTMocdepe
ycTaHaBIMBaeTcs Ha BbicoTe okosio 100 M. [IpenenbHoe HaKOMIEHUE TOJITOXKM -
BYIIMX TPOAYKTOB pacmaja pagoHa HaOJIomaeTcsl Ha OOJIbIIMX BbICOTAx, TJe
JOMUHUPYIOT B OCHOBHOM cBUHell-210 u mononuii-210.

KoHueHTpanuu pagoHa Haj cyuieii mocruraior 7,4 bx/m3, a Topona —
0,11 Bk/M3, B To BpeMsl Kak HaJl OKEAaHOM MX KOHLEHTPALMU COCTABJIAIOT
0,037 Bx/M3 u 0,000037 Bk/m3 coorBercTBeHHO. KOHIIEHTpalus NpomayKTa
pacnana pagoHa cBuMHIA-210 B BO3ayxe Haa oKeaHaMM KoJjiebyeTcs B mpeaesax
3,7—500 MxBbK/M3. B MOPCKOM BO31yXe, B OTJIMYME OT aTMOCGhEPDI HAll CYIIEH,
KOHIICHTpalXs pagoHa YBEJIWYMBAECTCS C POCTOM BBICOTHI. OTYETIMBO BbIpa-
JKeHHoe yMmeHblieHue coaepxkaHusi KITPP Ha 3HauuTenbHOM yaajJeHUM OT
KOHTUHEHTA 10 CPaBHEHUIO C OEPEroBOil 30HOU MOATBEPXKIAET, YTO MOBEPX-
HOCTBb CYILHM SIBSIETCS] OCHOBHBIM MCTOYHUKOM TTOCTYIIJIEHUST 3TUX PaAMOHYK-
JIMIOB B TPUBOIHBIM CI0M Bo3myxa. Bkiag MmoOBepXHOCTM OKeaHa B OOLIMIA
OaylaHC conmepxkaHMs paloHa M MPOAYKTOB €ro pacraga He3HauyuTesIeH JaXe B
palioHaxX aKTUBHOW TEKTOHUYECKOU NESTEIIbHOCTUA U TTOABOJHOIO BYJKAHU3MA
(bepuHroso Mope).

B npumnoBepXHOCTHOM cJloe BO3AyXa Hall OKeaHOM HabJIiogaeTcsl CABUT pa-
JIMOAKTUBHOTO paBHOBecus Mexay 214Pb u 214Bi B ctopony 214Bi, B To Bpems
KakK HaJ OKpauHHBIMUA MOPSIMU OKeaHa M Haja BHyTpeHHUMU Mopsimu (Kacruii-
ckoe, YepHoe) KoHueHTpauuu 2!4Pb paBHbl MM Bblllle KOHLeHTpauuil 214Bi
(Tabun. 3.3).

Tabauya 3.3
Cootnomenus akrusHocTH 214Ph u 214Bi B nekoTOpbIX pernonax [2]

CpenHee 3HaYCHUE
pel AKTUBHOCTD 2!4Pb,

PaiioHbl paboT Yucno uaMepeHuii | OTHOILIEHUS B /A

214B; /214 K/M
Kacnuiickoe mope 62 1,02 + 0,08 2,2+0,2
o. [Tomnoga, 3anuB 63 0,71 + 0,02 2,9+0,2

Iletpa Benukoro
Bbepunroso mope 57 1,42 + 0,09 0,24 + 0,02
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brulo ycTaHOBAEHO, YTO MPUYMHONW AHOMAJIBHOTO CIABMIa PaBHOBECHS
Mexay 214Pb u 214Bi asngerca HenocpenctBeHHoe nocrymieHne KITPP ¢ mo-
BEPXHOCTU OKeaHa B aTMocdepy B COCTaBe a’po30JbHbIX YacCTHIl, 0Opasylo-
LIMXCSI TIPU pa3pbiBe TUIEHKM MOBEPXHOCTHOIO MUKPOCIOS BCIUIbIBAIOIIMMU
BO3AYLIHBIMU My3bIpbKaMu [2].

KoHueHTpauust pagoHa B Boiax peK U APYTrUMX MOBEPXHOCTHBIX BOAAX MO-
KeT 3HauuTeabHO (B 103—10% pa3) nmpeBoCcXoauTh PABHOBECHYIO C PACTBOPEH-
HBIM B BOJE paueM.

CpaBHUTEILHO OO0JBILION Mepyuoa nojaypacnana ceuHua-210 (22 roga) mo3Bo-
JISIET eMy paclpeneuThesl B aTMocdepe J0CcTaTouHO paBHOMepHO. C atMocdep-
HBIMM OCAIKaMK W B BuIe Cyxux BbimageHuil 219Pb mocTymaer Ha moBepXHOCTh
CYLIM U BOIOEMOB M JOCTUTAaeT JOHHBIX 0canakoB. Hanbosee BbICOKME KOHLIEH-
TpauuUu «U30bITOYHOrOo» CBUMHLA-210 HaOMIOIAI0TCS B MOBEPXHOCTHBIX CIOSIX
JOHHBIX 0CaAKOB. B ToJjlllle JOHHBIX OCaAKOB aKTUBHOCTb CBMHILA-210 mocTe-
MEHHO CHUXKAeTCs O TeX IMop, MOoKa He JOXOAUT J0 3HAYeHUsI, pABHOBECHOTO
C MIPUCYTCTBYIOIIMM B IOHHBIX OCaaKax paauem-226.

Meton omnpeaeneHuss BO3pacTa COBPEMEHHBIX IOHHBIX OCAaKOB (110
100—150 1eT), ocHOBaHHbI Ha U3BMEPEHUU AaKTUBHOCTU «U30bITOYHOT0» CBUH-
na-210, moayuyun GoJblIoe pacrpocTpaHeHue 3], moapoOHee oH oOcyXIaeTcst
B . 7.

PanmoH-222 MoxeT MCcrnojib30BaThCsl B KauyecTBe Tpaccepa Mpu U3yYEeHUU
MPOLIECCOB, XapaKTEPU3YIOLIUXCSI KOPOTKMMHU BPEMEHHBIMU MaclITabamu, Ha-
MpUMEpP B MCCAEAOBAHUSIX KOHBEKTUBHOIO MepeMelinBaHus B Tpornocdepe, B
YAaCTHOCTU B TPOMMYECKUX PErMOHAaX U Hal KOHTMHEHTaMu B CeBepHOM MOJTy-
LIapuM.

3.2. KOCMMNYECKOE U3JIYYEHUE
N KOCMOT'EHHBIE PAANOHYKJIINbI

3eMJIT TIOCTOSTHHO TIOABEPTaeTCsT MEUMCTBUI0 KOCMMYECKOTO M3TYyYeHUS.
[MepBuuHOE KOCMMUECKOE W3JIyYEHWE TIPEACTaBISIET COOOM TOTOK BBICOKO-
DHEPreTUYECKMX YaCTHIL, TJIaBHBIM 00pa3oM npoToHOB (90%), o-dactuir (~10%)
u Tskenslx aaep (~1%) [1].

ITpoToHBI B3aMMOJEHCTBYIOT C sSApaMU aTOMOB BJEMEHTOB, BXOISIIUX B
cocTaB arMocdepbl, BbI3bIBasi MHOTOUMCIEHHbIE SIIEPHbIE peaklMu, COIpO-
BOX/IAIOLIMECS MCIYCKAHUEM [PYTMX 3JIEMEHTAPHBIX YAaCTULl, B YACTHOCTU
HEUTPOHOB. B pe3ynbraTe y moBepXHOCTH 3eMJIM Ha YPOBHE MOpst okosio 80%
00111er0 KOJIMYECTBA YACTHULL MPUXOAUTCS Ha J0JII0 MIOOHOB. HeMTpoHBI TakxKe
COCTaBJISIIOT 3HAYUTENbHYIO JOJIIO TOTOKA YACTHUIL Y TOBEPXHOCTU 3eMJIU. 3aBU-
CUMOCTh MHTEHCUBHOCTM KOCMUYECKOTO M3JYYEHUSI OT BBICOTHI HaJ YPOBHEM
Mops TIpeicTaBieHa B Ta0O. 3.4.

Ilon meiicTBeM MPOTOHOB M HEMTPOHOB KOCMMUYECKOTO M3JIy4yeHUs B aT-
Mocdepe obpasyroTcs siapa TaK Ha3blBAeMbIX KOCMOTEHHBIX PaIMOHYKIUIOB
(Tputuii, yrnepoa-14, ¢pocdop-32 u -33, cepa-35 u ap., cM. Tabxa. 3.5). Makcu-
MyM KX KOHIIEHTpaluii HaOmomaeTcsi Ha BeicoTe 15—20 kM. Hekoropwie u3
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Tabauua 3.4
3aBHCHMOCTh MOIIHOCTH YKBHBAJIEHTHOI J03bI,
c03/1aBaeMoOii KOCMHYECKHM H3JTyYeHHEeM, OT BbICOTbI HaJ ypoBHeM Mops [1]

BhicoTa, Ku 11\\4/{(0311;7:)0% SKBUBAJICHTHOM I03HI, I\C“Izgiﬁeroﬂomﬂ 03a*,
0 0,035 300
4 0,2 1750

10 2,9

20 12,7

*  Jlisg cpelHUX IIUPOT.

3TUX PAIMOHYKJIMAOB JIETKO BKJIIOUYAIOTCS B OMOJOTMYECKUN LIMKI U BMECTE,
HarnpuMep, ¢ HepaaIuoaKTUBHBIMU BOIIOPOJIOM, YIJIepoaoM, (pochopom 1 cepoit
MOCTYMAIOT B OPraHM3M YeJIoBeKa.

CKopocTb 00pa3oBaHUsT PAIMOHYKIUAOB PacTeT SKCIMOHEHIIMAIbHO 10 He-
KOTOPOI1 BBICOTHI, a 3aT€M PEe3KO TanaeT M3-3a pa3pekeHust aTMochephl U yxoaa
HEMTPOHOB M3 €€ BEpXHMX CJIOEB B KOCMMYECKOe MpocTpaHCTBO. LIIMpoTHBIM
23 deKT 00yCIOBIEH B3aUMOACHCTBMEM IIEPBUYHOI0 KOCMMYECKOIO U3TyYeHUs
C MarHuTHBIM TojieM 3emii. B cpenHeM okasbiBaercsi, uto okoyio 70% KocMo-
TeHHBIX PAAUOHYKIINIOB 00pasyercs B ctpatocdepe u 30% — B Tporocdepe [1].

l'azoBoIit cocTaB aTMochepbl 0 BBICOTHI 80 KM MOXHO CUMTATh IPAaKTUYE-
CKU TIOCTOSIHHBIM. [IpakTu4ecKu MOCTOSIHHOM MIJIS1 COOTBETCTBYIOIIETO YPOBHS
Haz 3¢MHO MOBEPXHOCThIO MOXKHO CUUTATh U MHTEHCUBHOCTD ITOTOKA KOCMU-
yeckoro uanydeHus. ClemoBaTelbHO, CKOPOCTb OOpa30BaHUS KOCMOTE€HHBIX
PaIMOHYKIMIOB M UX KOHIEHTPALIMU B BEPXHUX CIOSIX aTMOC(Ephl TAaKXKe OT-
HOCUTEJIbHO MOCTOSTHHBI.

7151 BKITIOYMBILMXCSI B OMOJOTUUECKUM IIMKJI KOCMOTEHHBIX paIuOHYKIIU-
JIOB XapaKTepHbI OMpeaeIeHHbIE PABHOBECHBIE KOHIIEHTPALIMU B XXMBBIX Opra-
HU3Max.

3.2.1. YIUVIEPO/I-14

PagvoakTuBHBII n3oron yriepoaa 14C o6pasyeTcss B OCHOBHOM B BEPXHUX
CJI0SIX 3eMHOI aTMOcdepbl Mo IeUCcTBUEM OBICTPBIX HEUTPOHOB Ha MPUPOI-
HBIA a30T 1o peakumu 4N(n,p)!4C. dapa “C pacmamaiorcss ¢ uUcCIycKaHUEM
B-yacTull ¢ MaKCMMaJIbHOM sHepruei 156 kaB. [lepuon noaypacnaga yriepo-
na-14 pasen 5730 + 30 ner.

B atMocdepe obpasyercs 3,4 - 1026 atomos 4C B ron. Mexuy ero o6paso-
BaHMEM M pacrajoM BCeraa CylleCTBOBAJIO paBHOBecHe, 01aromaps KOTOpOMy
MOCTOSIHHO TIOAJEPXKUBAIach yaedbHasi aKTUBHOCTb YIJIepona, CBOMCTBEHHAs
JKMBOiI MaTepuu. B cMecr pUpOIHBIX M30TONOB yriepoaa Ha gomo 4C mpu-
xomures 1,8 - 10710 %, uto coorBeTcTByeT 0,23 BK/I [5]. B XMBBIX OpraHu3Max
MPOUCXOIAT MpPOLeCChl 0OMEHa BElIeCTB, Oaroaapst KOTOPbIM MOAIEPKUBAET-
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Tabauya 3.5

KocMmoreHnble painoHyKInabl, oopasyiomuecs B atmocepe [4]

XapakTtep pacrnana, | YaelbHasi aKTUB- Konuentpaums
Pamuo- | I[lepuon mo- ’ B aTMOC(EPHBIX
SHEPTUs YacTHII, HOCTb B BO3IyX€,
HYKJIUZ | Jlypacraaa M5B Bk/103 M3 BBITTAICHUSIX,
Bbk/103 1
4C 5720 ner B (0,155) - 40
H 12,25 ner B (0,018) 0,02—0,200 200—4000
"Be 53 ¢yt B (11%)(0,39) - 400—4000
10Be 2,6 - 106 ger | B (0,553) - (4 —40)-107
v (0,48)
33 87,1 cyt B (0,189) 0,008—1,0 20—200
2p 14,3 cyt B (1,708) 0,008—1,0 20—200
3p 25 cyr B (0,208) 0,008—1,0 20—200
22Na 2,6 et Bt (95%)(0,54) 2-28)-10* 0,004—0,04
9.3% (5%); v (1,28)
24Na 14,7 u B (1,37; 4,17) 2-28)-1073 4—40
y (1,37; 2,75)
3TAr 35 eyt 9.3., v (0,815) - -
4Ar 100 Mun B (1,245; 2,55) - -
36C1 4 -105 ner 9.3., B (0,716) - -
Bl 37,2 MuH B (1,11;2,77; 4,81) |— 200—3000
v (1,60; 2,12)
ICl1 55,6 MuH B (1,65; 2,90) - 400—4000
y (0,36; 1,31)
85Kr 10,27 net B (0,15; 0,7) - -
v (0,15; 0,54)

* 9.3 — 3JIGKTPOHHBII 3aXBar.
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cs paBHOBecHas KoHueHTpauud 4C. TTocte rubeny opraHu3Ma 0OOMEH ¢ OKpY-
XKarlleil cpenoii mpexkpamaercs, U 3anacbl 14C GoJjibllie HE IOMOJHAIOTCH.
ApPXeoJIorM, HaXols OCTaHKHU APEBHUX PACTEHUI, XXMBOTHBIX WM YeJIOBeKa,
MOTYT 1o cooTHoweHno 4C 1 0blIero comepkaHus yriepoaa B HaliIeHHBIX
npodax yCTaHOBUTH BO3PACT 3TUX OCTAaHKOB. OUeBUIHO, MIPU OTOOPE MPOO IS
YIJIEPOAHOTO NaTUPOBAHMUS BaxKHO B JIIOOOM ciiyyae 00eCeunTh U30JISIIIUIO OT-
OupaeMbIX MPOO OT KOHTAaKTa C COBPEMEHHBIM YIJIEPOAOM (B YaCTHOCTH, CO
BCerna MPUCYTCTBYIOIIMM B BO3/IyXe ra3000pa3HbIM TMOKCUIOM yIJIeponaa), Tak
KakK He3HauMTeJbHas MpUMeCch COBPEMEHHOTO yIjiepoia B UCCIeoyeMOoii Tpooe
MOXET CYILIECTBEHHO MCKAa3UTh pe3yabTaThl TaTUPOBAaHUSI.

Jo 1850 r. pagoakTMBHOCTb COXpaHsijlach Ha ypoBHe 13,5 pacranoB B MU-
HyTYy Ha 1 T yIjieposa ¢ HEKOTOPBIMY OTKJIOHEHUSIMU OT 3TOH BeIMuuHbI. OnHa-
KO MO KpaitHeil mepe aBaxabl mocie 1850 T. cylliecTBoBaBllee paBHOBecHUE
MoJIBeprajoch HapyleHusm [35].

[lepBbiit pa3 3TO MPOU3OILIO B CBI3M C MHTEHCU(UKAILIMEH MCIOIb30Ba-
HUST UICKOTIAa€MbIX TOPIOUYMX MaTepUaIoB B KaueCTBe UCTOUHUKOB PHEPTUM (Ka-
MEHHBIN Yyroyib, He(Th, IPUPOAHBIN Ia3), YTO MPUBEJIO K BHIOPOCY B aTMOChepy
OOJIBLINX KOJWYECTB AMOKCHUAA YIIepoaa, He COAEPXKaBIIEro paaroaKTUBHBIN
YIJIEPOA B CUJTY APEBHErO MPOUCXOXKIACHUS 9TUX TOPIOYUX MAaTepUasioB (Coeau-
HEHUSI C «MEPTBBIM YIJIEPOAOM»). DTU BHIOPOCH CHU3WIM COAEPXKAHME YIIIepo-
na-14 B guokcupe yraepoga atmocdepbl (3¢dekt 3iocca) [5]. BennuuHbl
OTKJIOHEHU MOTYT MEHSTBCS B 3aBUCMMOCTU OT MECTa U MHTEHCUBHOCTHU BbI-
OpoCOB U TpolieccoB oOMeHa B aTMocdepe.

Bropoe HapylleHrHe NpUpOJHOro OajaHca CBSI3aHO C Pa3pabOTKON U MC-
MBITAHUSIMU SIIEPHOTO OpYXKMsI. Bo BpeMs simepHOro B3phbIBa MCITyCKaeMble
HEUTPOHBI pearnupyloT C SApaMu aTOMOB aTMOchepHOro a3oTa, 00pasyst paguo-
AKTUBHBIN yIJIepon TaKUM e 00pa3oM, Kak M B MPUPOAHBIX peakuusx. I1pu
B3pbIBE SIEPHOTO Goenpunaca MOLUHOCTbI0 1 Mt o6pasyetcs 3,2 - 1026 aTomoB
14C. WcnibiTanus saepHOro opyKusl BI3BAJIM, CIIEI0BATENLHO, YBEINYEHUE CO-
nepxxaHus yriaepona-14 B atmocdepe, M 3TO NOMOJHUTEIbHOE KOJMYECTBO
ObUIO HA3BaHO «M30BITOYHBIM 4C». C HayaJOM UCIBITAHUNA TEPMOSIEPHOIO
OpYXXHUS U C BKJIIOUEHHEM yriepoaa-14 B OUOJOrMYecKUil LUK yaelbHasl aK-
TUBHOCTb 14C B XXMBBIX OpraHM3Max MOBCEMECTHO CTajla 3aMETHO MOBBILIATHCS.
Ha puc. 3.2. npencraBieHO U3MeHEHUE YAeIbHOM aKTUBHOCTU yriaepoaa-14 Bo
(paHLy3cKUX BUHAX BO BTOpoii mosoBrHe XX Beka [6]. MakcUMyM yaeabHOM
akTUBHOCTH 14C COOTBETCTBYET MAKCUMYMY MHTEHCUBHOCTH UCIIBITAHUI siep-
HOro opyxusi B atMocepe B Hauane 1960-x rr.

[Tocne moanucaHus BeAyLIMMHU SIAEPHBIMU AepkaBaMu JloroBopa o 3ampe-
LIEHUU UCTIBITAHUI SIEPHOTO OPYXUs B TPEX CPelax yaelbHas akTUBHOCTD 14C
B OKpyKalollleil cpene craja 3KCIMOHEHUMATbHO CHMXaTbhcd. Kak BUAHO U3
puc. 3.2, UepHOObUIbCKAs aBapusl CYIIECTBEHHO He TMOBJMIA HA CKOPOCTh U3-
MEHEHHMs YIeJbHOI aktuBHOCcTH 4C B cTpaHax 3amamHoit EBporbl. OgHako
3HAYUTENIbHBIE JIOKAIbHbBIE U3MEHEHUA KOHLeHTpauuu 4C nmociie 3Toit aBapun
HaOII0JaJIMCh HA YKpauHe.



46 3. Paguonykinuasl B atMocdepe

N
(&)
|

20 —

-
4]
|

A(*C), pacnagos/MuH Ha rpamm C

I I I I I I I
1952 1958 1964 1970 1975 1982 1988 1994

Puc. 3.2. V3MmeHeHue yaenbHoit aktuBHocTd “C Bo (DpaHLy3CKUX BUHAX
BO BTOpoOii mojoBrHe XX Beka [6]. [opusoHTaNbHAS TUHUS —
[IPUPOIHBII YPOBEHb YIEIbHON akTUBHOCTU 4C

3.2.2. BEPWJJINN-7 U BEPUJUINII-10

7Be o6pasyeTcs B aTMocdepe Mo AeiiCTBMEM ObICTPLIX IIPOTOHOB 110 PEaK-
uuu 14N(p,20)’Be. CKOpOCTh €ro 06pa3oBaHus B BO3AYLIHOM CTOJI0OE C IUIO-
maaepio ocHoBanud 1 cm? cocrasiser ~3000 aromoB/cyT. Ero KoHLEHTpaLys B
MNpPU3EMHOM CJIO€ BO3[AyXa COCTaBIsSIeT B cpeaHeM 12 aTtomoB/n Bo3ayxa. OH
BXOIUT B cocTas coenuHeHuit BeO u Be(OH),. Ot mosekynbl 1ud@yHaupyoT
B aTMocdepe 10 Tex IMop, MokKa He COpOMPYIOTCS a3pO30JbHBIMU YacTULIAMU
WJIM 3aXBaTbIBAIOTCS JTOXACBBIMU KaTlJISIMU.

Cpennss yneabHasd aKTMBHOCTH 'Be B moxueBoii Bome pasHa 0,7 Bk/m.
VYnenbHast akTUBHOCTb CHera cocTtapisieT mpuMepHo 0,2 bk/n Tanoit Boabl.

bepunnuii-10 oO6pa3yercsi B OCHOBHOM B cTpaTocepe Mo peakluu CKaabl-
BaHUd U3 anep kucaopona [3]. Ckopocth obpasoBanus aaep 19Be B crparo-
cdepe 0,08 at/(cm? - ¢). Bepuumii-10 oTHOCUTCS K HOATOXUBYLIMM PaIMOHYK-
JIMJaM, ero Tepyuo rnojypacnaza paseH 1,6 - 106 get, oH ucnyckaeT B-usnyde-
HUE ¢ MaKcUMaJibHOM sHeprueit 550 xoB.

Cpennee BpeMsa npeboiBaHusa 'Be B atmocdepe cocTapiaseT NMpUMEPHO
1 rox [1]. Ha noBepxHOCTb 3eMJIM OH TTOCTYIAET ¢ ocagkaMu. BeimageHue 0Be
HEpaBHOMEPHO IO IIMPOTE, HAMOOJblIee KOJUYECTBO BHINMANAeT B CPEAHUX
mupoTax. B ceBepHOM mosyliapuu HanOoJIbllMe KOHLeHTpauuu oepuius-10
B JIOXKJEBOI BOJIE TIPUXOISITCS Ha MEPUOJ C CepPeIMHbI Masi 0 CepeAUHbI aBry-
CTa, a MUHUMAJIbHbIE — C OKTSIOpSI 10 CepeArHbI SIHBapSI.
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VienbHas aktuBHOCTH 19Be B mouBax oueHb HM3Ka, Y4TO 3aTPYIHSET €TO
ompezenaeHue. B okeaHe pasdapieHMe sapamMy ‘Be NpPOMCXOAUT B MEHbLIEH
CTETEHU U ylesbHas aKTUBHOCTH 9Be B JOHHBIX OCalKax OKeaHa BbILLE, YEM B
nousax. [ onpenenenus Bospacta 1o 0Be uamMepsior aToMHOE OTHOLIEHUE
10Be/Be. B okean 19Be mocrymaer B 0CHOBHOM U3 aTMocdepsl, a Be npuHo-
CHUTCS PEKAMU U C 30JI0BO#A B3BeChIO (IMbUIbI0). |0Be MoXxeT nmoctynars u ¢ cymm
B PACTBOPEHHON M B3BeLIEHHOW (opMmax. B okeaHe ocHoBHas yacth Be Ha-
KarjiMBaeTcsl B MPUOPEXKHBIX pErMoHax, M TOJbKO CPaBHUTEIbHO HeOOJbIIAs
JIOJISI TIOCTYTIAeT B OTKPBITHIN OKeaH.

10Be munkopriopupyeTcss B MapraHieBble KOHKPELMH, YTO MOXET ObITh KC-
MOJIb30BAHO JUISI OTIPeNeIeHUsT CKOPOCTEH MX pocTa.

3.3. UICKYCCTBEHHBIE PA/IUOHYK/INJAbI B ATMOC®EPE

B pesyabrate ucnbITaHU SIAEPHOTO OPYKUSI UCKYCCTBEHHbIE PAAUOHYK-
JIMABI PacIpOCTPAHMIMCH B TJIO0AIBHBIX MaciuTabax. BMecte ¢ rpmboobpas-
HbIM 00JIaKOM, BO3HMKABIIUM Ha MECTE SIAEPHOIO B3pbIBA, PAAUOHYKIUIbI
MOIHUMAIMCh B BEPXHHUE CI0U aTMOCdepbl, U XOTs 3amac UX MOCTOSIHHO
00eIHJICS B pe3yabTaTe paauoaKTUBHOIO pacrnana 1 BhIMaAeHUl Ha 3eMHYIO
MOBEPXHOCTb C aTMOC(EPHBIMU OCaKaMU, OH 10 CUX MOP MCUEepIiaH ellle He
MOJIHOCTBIO.

B atMocdepe mpucyTcTByeT eCTeCTBEHHbIH KOCMOT€HHbI KPUIITOH-85, a
takxe 3°Kr, KOTOpBIii mocTymnan B atMoc(epy NpU UCITBLITAHUSX SAIEPHOIO OpPY-
KUSI M MPOAOJIKAeT IMOCTyNaTh MpU IepepaboTke OoTpabOTaHHOIO SASPHOTO
TOmMBa. [JIaBHbIE MPEANpPUSATUS IO MepepadoTKe TOIUIMBA PACIOIOXEHbI B
Poccuiickoit ®Penepanuu, B CeBepHoii AMepuke 1 B EBporie u Haxomsarcs B
nonoce mwupoT oT 30° ¢. 1. mo 50° c. mr. CoBpeMeHHbIE YPOBHM KPUIITOHA-85
coctaBisiior okoso 1 Bk/M3. YcTaHOBIEHO, YTO €XErogHoe yBeJuueHne KOH-
LIEHTpallMM KPUIITOHA-85 B aTMocdepe, CBI3aHHOE ¢ pabOTOi MpearnpusTUii
SIIEPHOTO TOTIMBHOTO IIMKJIA, cocTaBisieT okojio 3% [7]. KpuntoH-85 xumu-
YeCKM WHEPTEeH, MaJOpacTBOPUM B BOJE, T. €. OKeaH IOYTH He BIUSICT Ha €TO
KOHIICHTpAIIUIo B aTMocdepe, M eIMHCTBEHHBIM BaKHBIM TIPOLIECCOM €TO ya-
JIEHUS SBJISIETCS paIOaKTUBHBIM pacIia.

I'moGanbHOE pacrpeaeneHrue KPUITOHA-85 MOXKXHO MCITOJb30BaTh JJIs1 IPO-
BEpKHU TTapaMeTpPOB MOEIIE, OTHOCAIINXCSA K KPYITHOMACIITaOHOMY TTIepeHOCY
BO3IYIIHBIX MAcC 1 TTIepeMEIIMBAHUIO MX MEXIY CEBEPHBIM 1 I0XKHBIM TTOJTYIIIA -
PUSIMU.

CpeHsAa KOHLEHTpAaUus paJMoakKTMBHOIO M30Tomna KceHoHa !133Xe ¢ me-
proAOM moJjiypacnana 5,2 cyT, TakKe MOCTyIallero B armocdepy npu rnepe-
paboTKe OTpabOTAaHHOTO SIIEPHOTO TOTUTMBA, COCTABJISET B HACTOSIIEE BpeMsl
okosio 1 MBK/M3, 4TO MpUMepHO Ha [Ba MOPSIKA HUXKE 3HAYECHUIA, HAOIIONaB-
mmxcst 20 JeT Hazam. DTo CHIDKEHHE CBSI3aHO ¢ 3(P(EKTUBHBEIMA MepaMHM, Ha-
MpaBIIEHHBIMU Ha YMEHbBIIIEHNE BBIOPOCOB paIMOAKTUBHBIX OJIaTOPOIHBIX T'a30B
NpeanpUsITUSIMU SIASPHOTO TOILUIMBHOTO LMK [§].
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4. PAIMOHYKI/INJIBI B TNIPOCPEPE

IMouatue ruapocdepsl BKIIOYAeT OKeaHBI, MOpsI, 03epa, peku, 0oJoTa,
JIBABI, TIOA3eMHBIC BOMBI, a TakKke aTMOC(EpHYIO BJary.

Orpeaensionryio pojib B pafiOaKTUBHOCTH THAPOCHEpHl UTPAIOT B HACTOS-
1Iee BpeMs €CTECTBEHHBIE PaIMOHYKIIUIBI, XapaKTep pacIipeneeHNsT KOTOPBIX
B aTMocdepe, BOTHOM TOJIIE U B TOHHBIX OTIOKEHUSIX OTPEIeIIIeTCST COBOKYTI-
HOCTBIO TEOXUMHWYECKMX W OWOTEOXMMHUYECKHUX TIPOIECCOB, IMPOTEKABIINX
B ruapocdepe 3a BpeMsI e¢ CyIIeCTBOBAHUSI.

Ponb MCKYyCCTBEHHBIX paglOHYKIHWIOB B OOIeM OanaHce pagnoaKTHBHO-
CTH TUApOochepsl OTHOCUTETLHO HeBelnKa. OmHAKO JIOKAJTbHBIE YPOBHU pa-
IVOAKTUBHOTO 3arpsi3HeHUs, CBA3aHHBIC TJIABHBIM OOpa3oM C paboTOi Tpes-
MIPUATHIA SAEPHOTO TOTUTMBHOTO IIMKJIA, B YaCTHOCTH CO COPOCOM HU3KOAKTHB-
HBIX OTXOMIOB TI0 TPYOOTIPOBOIAM HETTOCPEICTBEHHO B Mope (SlmepHBIii IEHTpP B
Cemnacdunne, Benukoopuranus; npeanpustue «Koxema» Ha mbice Ar, DpaH-
1usl), C 3aXOPOHEHUEM KOHTEWHEPOB C BbICOKOAKTUBHBIMU oTxoaaMu (Tuxuii
n Atnantuyeckuit okeanol, CIITA u BenuxkoOpuraHusi; ApKTUuecKue Mops,
CCCP), a Takxke C aBapUsIMU CYJIOB C sSII€PHBIMU SHEPTETUUECKUMMU YCTaHOB-
KaMM, MOTYT 3aMETHO TIPEBHIIIATh YPOBHU PaINOaKTUBHOCTH, O0YCIIOBIIEHHBIE
€CTECTBEHHBIMU TTPUYMHAMMU.

IMpomomrkaeT BHOCUTH CBOI BKJIAm B IIOOATBLHOM MaciuTabe W pamanoax-
TUBHOCTB M3 CTpaToCepHOTO pe3epByapa, Iie TPOAYKTHI IeJICHNS JIUTEILHOE
BpeMs HaKaIUTMBAJIUCh B pe3yabTaTe UCTIBITAHWIA SIIEPHOTO OPYXKMUSI.

3HaunTebHAs YacThb PATMOHYKIHWIOB, TOCTYMAIOIINX B OKPYXKAIOIIYIO
cpeny Ha KOHTMHEHTAX, paHO WJIM TTO3IHO C BOJIAMM PeK WM TTOA3EMHBIM CTO-
KOM OKa3bIBAIOTCS B MOPCKOM BOJIE.

4.1. ECTECTBEHHAA PAIMOAKTUBHOCTDb I'lIPOCOEPHI

OCHOBHOI BKJIaA B TIPUPOAHYIO PamMOAKTUBHOCTb TUAPOC(Epbl BHOCUT
40K, 3aMeTHBIA, HO CYyILIECTBEHHO MEHbIINI BKIaa BHOcAT 87Rb, a Takxke mnep-
BUYHBIE PagUOHYKIMUIOBI ypaH-238, ypaH-235 u Topmii-232 ¢ IpomyKTaMu HX
pacriaga, COCTaBIISTIONIMMU €CTECTBEHHbBIC paJIMOaKTUBHBIC psabl. KpoMe Toro,
Ha 3eMHYIO TTOBEPXHOCTh IMIOCTOSTHHO TIOCTYITAIOT PaIMOHYKIMIBI, 00pa3yIole-
CS TIPY B3aMMOIEMCTBUM KOCMMYECKOTO M3IYYeHUs C SOpaMu aTOMOB Ta30B M
HapoB, BXOISIIMX B COCTaB BEPXHUX c0oeB aTMocdepbl (cMm. pasmd. 2.2). KoH-
LIEHTPALIMK B TIPUPOIHBIX BOAAX HEKOTOPHIX PATUOHYKINIOB, BHOCSIIINX 3HAYM -
TeJbHBbIN BKJIa[ B PaAMOAKTUBHOCTb ruapocdepsl, mpuBeaeHb! B Tada. 4.1 [1].
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Tabauya 4.1
Cpennsig yaejibHasi aKTHBHOCTb HEKOTOPBIX €CTECTBEHHbIX PaguoOHYKInI0B (BK/x)

B MpUpoAHBIX Boaax [1]*

Panuo- | JoxneBast | O3epa, I'pynroBeie | [IutheBas [ToBepxHOCTHEIE

HYKJIWZ | Boda pexu BOIIBI BOIA BOJIbI OKeaHa
Teppueenrvie paduonyKaudst

OK 1,6 - 1072 0,26 4.1072 0,2 13

87Rb - 1,5-1073 - - 0,11

222Rn 4.102 0,8 37 11 1-1073

226Ra - 5.1073 4.1072 4.1073 1-1073

20Th - 2,6 -1073 - - 2.107°

22Th - 1,1 -107* 5.1073 - 4,4 .1078

B8y — 1,1 1072 0,14 21073 4.1072
Kocmoeennvie paduonykaudvt

"Be 1,1 7-1073 - - 21073

* HpO‘{CpKI/I O3HA4YarT OTCYTCTBUC HANCXKHDBIX JAaHHBIX O KOHLCHTpAlIMM YKa3aHHBIX paano-
HYKJIMIOB, CBA3aHHOC B OCHOBHOM C HU3KMMMU 3HAYCHUAMU ITHUX KOHHCHTpaHI/IfI.

PannoakTuBHOCTH aTMOC(EpPHBIX 0CaTKOB. ATMOC(HEpHbIE OCaAKU (IOXKIb,
CHET, Ipaj) 3axXBaTbIBAIOT MPUCYTCTBYIOLIME B BO3AYXE a3PO30JIbHbIE MUHEPAJIb-
HbI€ YaCTHUIIbI C aACOpPOMPOBAHHBIMM HAa HMX MPOAYKTaMM pacraga paaoHa U
TEXHOTEHHBIMU PAAMOHYKIUIAMU, OCTYNUBIIMMU B aTMOC(epy B pe3ybTaTe
HUCTIBITAaHUM saepHOT0 opykus [2]. OCHOBHBIM €CTECTBEHHBIM PAIMOHYKIUIOM
MUHEepaJbHbIX a3PO30JbHbIX YaCTHUIL sSIBsIeTCs Kanuii-40, mocTynaloluii B at-
Mocdepy IJIaBHbIM 00pa3oM C MOPCKUMU a3po30JIMU. AKTUBHOCTb OOJIbLLIMH-
CTBa KOCMOTEHHBIX PaIUOHYKIMIOB (Kpome ’'Be) B arMocdepHBIX Ocamkax
OTHOCHUTEIbHO HEBBICOKA.

PannoakTHBHOCTH MOA3eMHBIX BOA. [lom3eMHBIE BOIBI, B caMOM OOIIEM
CMBICTIC, BJIaTa, 3aroJIHAIONIAS ITYCTOTHI 3eMHOM KOpbl. C TOYKM 3peHUST pa-
TMOAKTUBHOCTU OKpYKaIOIIe cpeabl HAaMOOJNBIINN WHTEepeC IpeAcTaBiIseT
JIVIIIG TA BJIara, KOTopas HaXOAWTCS B 00JIACTH 3PO3MOHHBIX BPE30B ITOBEPXHO-
CTHBIX BOIOEMOB M YyYacTBYeT B OOIIEM M BHYTPMMATEPHUKOBOM BJIarood0po-
Te [2].

O6beM MOA3EMHBIX BOJ 36MHOTO 1Iapa A0CTUraeT npumepHo 100 M kM3,
T. €. B 14 pa3 meHblIe 00beMa Boabl MupoBoro okeaHa u npumepHo B 8000 pa3
Oosiblie 0ObemMa aTMochepHoli Biaru. B KpyroBopore paguoHyKJIUWAOB B OUO-
cepe moazemMHast BiIara IpMHUMAET MEHBIIIee yIacThe, YeM IpyTue BoAbl. Tak,
eclii 00beM BJIard B aTMochepe MEeHSIeTCST KaXabie 9 CyTOK, a B TOBEPXHOCT-
HBIX BOJax OKeaHOB M Mopel mnpumepHo Kaxabie 2000 neT, To moa3em-
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HbIE BOAbI MEHSIIOTCS B cpemaHeM ToJibko 4epe3 8000 yer. B camoii BepxHei
YacTU 3eMHON KOpbl TOA3€MHbBIE BOIBI IBMXXYTCS OOBIYHO CO CKOPOCTBIO
1—1000 m/ron, a Ha rmyouHax 1000—2000 M, HarpuMep Ha TEPPUTOPUU MEXKITY
pekamu Boaroit wu  YpajiomM, — OpPHUEHTUPOBOYHO CO CKOPOCTbIO
0,001—0,1 m/ron. CkopocTh e ABMXEHMSI BOAbI B peKaX MOXET JOCTUTATh
100 km/cyT [2].

ITo ycnoBusM 3ajeraHusl Moa3eMHbIE BOMBI IESITCS Ha MOYBEHHbBIE, TPYHTO-
BbIe, MEXIITACTOBBIE. B cocTaB mocaeHNX BXOAAT U TaK Ha3bIBaeMble MUHEPATIb-
Hble BOIbI, YaCTO OTJIMYAIOLIMECS] CPABHUTEILHO BBICOKON PalrlOaKTUBHOCTHIO.
Kak mpaBuio, ypoBeHb aKTUBHOCTH TTOI3EMHBIX BOJl 3aBUCUT OT UX XUMUYECKOTO
cocTaBa, KOTOPBIN orpeaesseTcs: (hU3uKo-reorpaduyecKiMm, reoJorndeckKruMu,
TUAPOTre0JOTMUECKUMU, (PU3UKO-XUMUIECKUMU, (PUNIECKUMM, OUOJIOIMYeCKH-
MM U UCKYCCTBEHHBIMU (hakTOpaMu [2].

Tak KaK MoYBeHHbIE BOJBI 3aJIeral0oT BOJIM3M 36MHOI ITOBEPXHOCTU U (hop-
MUPYIOTCS 32 CYET aTMOC(EPHBIX 0CATKOB, TO UX aKTUBHOCTb 3aBUCHUT OT KOJIM-
YyecTBa PaCTBOPUMBIX PATUOHYKIUAOB, COACPXKAIIMXCS B MOYBEHHBIX CIIOSIX.
DTUM Ke 00CTOSATETLCTBOM OIpPeAeIeTCs U pATuOHYKIMIHBIN COCTaB IPYHTO-
BBIX BOJ, KOTOPBIMM Ha3bIBAIOTCSI BOAbI, CKATUIMBAIOIIMECS] HA TIEPBOM OT I1O-
BEPXHOCTHM BOJOYITOPHOM CJIO€ TOPO/I.

MeXI1acToBblE BOIBI MPEACTaBISIOT COOOM CKOIJIEHME BOIHOW MacChl
ME3KI1y BOJOYMOPHBIMU CIOSIMM B TOJIIIE OCAJTOYHBIX TTOPO/I.

B cayyasix mpeobiagaHust MpoLIeCCOB MCMapeHUs] Haf TpoliecCaMM YBIaX-
HEHUS PaIlOaKTUBHOCTb MMOYBEHHOM BOJbI MOXET JOCTUTaTh BeChMa OOJIBIINX
BEJIMYMH. YIeJabHas aKTUBHOCTb MTOYBEHHBIX BOJ CeBepHOI 30HBI Poccum He-
Bennka u coorserctByet 0,085 + 0,015 bk/n o mpodam, cobpaHHbIM Ha Kapenb-
CKOM Tepeliietike. HeBbICOKOI aKTMBHOCTBIO 00J1a1aI0T MOYBEHHBIE U TPYHTOBBIE
BOZbI ceBepo-3amnamaHoit yactu Poccun. Tak, yhaenbHas akTUBHOCTb BOIBI KO-
JIOALEB HEKOTOPBIX cesl 3Toi 30HbI coctanisier oT 0,03 no 0,25 bk/m.

B Bomax, rmy6oKo 3ayeraloiyx U CUIbHO MUHEPAJIM30BaHHBIX, COMEPKa-
HUe KaJuvsl, KaK MpaBuio, MoBbIllieHo. Hanpumep, B Bogax KeMOPUICKUX OTIO-
JKeHUIN KOHLIEHTpALUs Kalus MOXeT JOCTUraTh 1,22 r/i, 4TO COOTBETCTBYET
36 bx/7.

YBenuueHre akKTUBHOCTM apTe3UMaHCKMX BOJ MAeT Oojee MJIM MeHee ma-
paJuIesIbHO YBEJIMUYEHUIO 00Ileil KOHIIEHTPAUKM COoJiell, B HUX COAepKaIIMXCS.
Bricokast KoHIIeHTpalys Kajaus HaliieHa U B MUHEepaJ30BaHHbIX BOAaX JAPEB-
Henajaeo30McKuX otioxeHuid bemopyccuu. B Boae, B3sToli B paiitoHe MuHcKa,
comepxxanue kKaiaus pocturaio 100, Bobpyiicka — 80, puccel — 89 wmr/n
U T. 1. B m1acToBbIX Bogax, CBI3aHHBIX C HEPTIHBIMUA MECTOPOXKIACHUSIMU, MO-
KET COAepKaThCs 3HAUUTEIbHOE KOJIMYECTBO paausi-226, a TakKe paadOHYyK-
JMI0B U3 ceMeiictBa Topud (228Ra u 228Th).

ConepxaHue paausi-226 B IUIACTOBBIX BOAAaX Ta30HOCHOM TMPOBUHLIMU
pexu OmoObl (Kazaxcran) gocturaer 30, a ypana — 0,25 bk/n. HanbGonbiuas
KOHILIEHTpalus paaus-226 Habmiomaercs B OeccyabdaTHBIX BOAax, comepKa-
IIMX 3aMETHOE KOJIMYECTBO Oapusi — dJIieMeHTa, OJM3KOro MO0 XMMUYECKUM
cBoiicTBaM K pamuto. IIpu mccienoBaHMM TIIACTOBBIX BOJ a3epOaiiKaHCKUX
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MECTOPOXIECHUI He(PTH ObLIIO YCTAHOBICHO, UTO COAEPXKAHUE Palusl B )KECTKUX
BOJIaX JOCTUTAeT BeCbMa BBICOKUX 3HaueHUir — 670 bk/n. KoHnieHTpamus ypa-
Ha HauboJiee BbICOKA B ILEJOYHBIX Bojax (mecsaTku Kbk/i).

ConepxaHue TOpUs B MOYBEHHBIX, IPYHTOBBIX M IJIACTOBBIX BOAAX HeEBe-
JIUKO U, 32 PEIKMM MCKJIIOUeHHUEeM, Ha 1—2 mopsiika HUXKe ColepKaHUsl ypaHa.
B Bojgax ocagoyHbIX 1 MeTaMOP(MUUYECKUX MOPO COAEPXKAHNE TOPUST HECKOb-
KO BBILIE, B cpefHeM gocTturaeT 2 - 1070 1/, 4To nprMepHO Ha MOPSIIOK MEHb-
1Ie comepxkaHus ypaHa [2].

PannoakTuBHOCTH MUHEPATBbHBIX BOA. COTIACHO MPUHATON B paAMOTHUIPO-
TeoJIOTMM KJacCu(UKAIMKM, BCE BOIAbI PAaIUOAKTUBHBIX MUHEPAJIbHBIX MCTOY-
HUKOB B 3aBMCMMOCTM OT Ipeo0yiajaHMsl B HMX COCTaBe TOro WM WHOTO
pPaanMoakTUBHOTO 3JIEeMEHTA NEJSITCS Ha TPU T'PYMIIbl: paJOHOBbBIE, paaueBbie U
ypaHoBble. KpoMme TOro, CyuiecTBYIOT MPOMEXYTOUHBIE THUIIBI BOI: PaaOHO-
BO-paJveBhble, YPaHOBO-paaueBble U paaueBo-Me3oTopueBbie [2]. Haubombiimii
MHTEpeC TMPEnCTaBJsIOT JieueOHbIe BOAbI MHOTMX KYPOPTOB, OTHOCSIIMECS K
IpyTIie pagoHOBBIX WM PATOHOBO-PAIUEBBIX.

B HexoTOpBIX MUHEPATbHBIX NCTOYHUKAX KOHIIEHTPALMS paausl JOCTUTaeT
OueHb BbICOKMX 3HaueHMii. Hamnbomblee comepxxaHue pagoHa (1o 74 kbx/m)
o0HapyXeHO B ucTouyHuKax pailoHa Moxumona (Hexust).

PaMoakTHBHOCTh PEYHOI BOABI B OCHOBHOM obyciosnubaetcs 40K, conep-
J)KaHMe KOTOPOro 3aBUCUT KaK OT XMMHUYECKOTO COCTaBa IMOPOJ, OMbIBAEMbIX
STUMHM BOAAMM, TaK M OT psija KJIMMAaTO-METEOpOJIOTnUecKnX (hakTopoB [2].
Kak mpaBuio, MOBEpXHOCTHbIE BOJbI (CHErOBbIE, MOXIEBbIE, JETHUKOBbIE
U T. T1.) COolepKaT OTHOCUTEJIbHO HeOOJIbIIOe KOJIMYECTBO PAIMOAKTUBHbBIX Be-
11IECTB, 1 TIO3TOMY B MEPUOJ BECEHHETO CHEeroTasiHUSI UM UHTEHCUBHBIX JIUB-
Hell MOCTyIUIeHWe B PeKU OOJIBIIMX MAacC BOJAbI 3TOTO MPOUCXOXKIECHUS COIMPO-
BOXJAETCsl TIOHMKEHMEM YAeJIbHOU aKTUBHOCTU PeuyHOl Bojbl. Bo BpeMs ma-
BOJIKa 00111asi paarO0aKTUBHOCTb BOABI PEK HECKOJIbKO CHUXXAETCs, a B MepUuol
MEXEHM TOBBIILIAETCSI.

B HekoTOpbIX Cllydasix XMMMYECKHI COCTaB paCTBOPEHHBIX BEILIECTB B BOJIE
peKHU B TeYEHME rofia U3MEHSIETCS CTOIb CUIBLHO, YTO peKa MePeXoauT U3 OMHO-
ro Kjiacca B Apyroi (pupoiHbie BOAbl KiIacCUbUIMPYIOTCS Ha TMaApoKapbo-
HaTHbIE, CyJb(aTHbIE U XJIOPUIHbBIE). Takue pe3kue KojiebaHWsl B XUMUYECKOM
COCTaBe COIPOBOXIAIOTCS COOTBETCTBYIOLIMMY U3MEHEHUSIMU U B YPOBHE pa-
NHMOAKTUBHOCTU peK. Tak, comepxxaHue kKanusi B pekax I'mccapckoit u Baxi-
ckoii monauH (TamKMKUCTAaH) 3aMETHO YMEHBILIAeTCsl ¢ arlpesis 1o CeHTIOph 1
BHOBb BO3PAcTaeT B JBa—TPU pa3a B TeUYEHUE 3UMHEro nepuojaa.

YacTo poObI BOMBI, B3SIThIC B pa3IMYHBIX paiiloHaX PEKU, IO CBOEI aKTHB-
HOCTM MOTYT 3HAQUMUTEJbHO OTJIMYATLCS ApYT OT Apyra. Tak, Harpumep, Mpu o0o-
cnegoBaHuu peku Heebl B 1965 r. ObLIO0 OOHApy:XEHO, YTO CyMMapHas
B-aKTUBHOCTb BOJbI, OTOOpaHHOI B paiioHe [leTpokpemnocTu, COOTBETCTBYET
0,37 bx/n, a B paitioHe BacunbeBckoro ocrpopa (Jlenunrpan) — 3,6 Bk/i.

PanuoakTHBHOCTD 03€pHBIX BOJA. AKTHBHOCTb BOJ/bl O3€P TECHO CBsI3aHa C
XUMUWYECKUM COCTaBOM BOJIbl BIAAIOIIMX B HUX PEK U MUTAIOIIMX UX TTOA3EM-
HbIX Boja. Kak mpaBuiio, CylIecTBYeT MpsiMasi 3aBUCMMOCTb MEXIY CTETEHbIO
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MUHepaIu3alui U paaroaKTUBHOCTBIO 03epHOI Boabl. O3epa ¢ HU3KUM ypPOB-
HeM MUHEpaJM3alluy BOAbI M CJIa00l aKTMBHOCTBIO BeTpeualoTcs B Kapenuu,
Ha KobCcKOM MoJIyoCcTpoBe, B ceBepHbIX obacTsax Cubupu. O3epa co CpeaHUM
YPOBHEM MUHEPAU3alIMU ¥ COOTBETCTBYIOLIUM YPOBHEM aKTUBHOCTH MPEUMY-
ILIECTBEHHO PACIOJIOXKEHbI B pallOHE CpemHEl II0JIOCHI €BPOIEWCKON 4YacTu
Poccun n B Cubupu. K Hum otHocsites [1ckoBckoe, Yynackoe o3zepa u np. O3e-
pa ¢ TOBBILIEHHON MUHEpalu3alueil Boabl (a TakxKe BHICOKOI 1 BeChMa BbICO-
KOI) pacrojioXXeHbl B 30HaX YePHO3EMHBIX, KAIITAHOBBIX U MYyCTBIHHBIX MOYB.
K HuM otHocsiTcs o3epa CeBaH, Mcchik-Kynb, banxam u T. 1.

B Tex ciyyasx, Kkorga 0o3epo HaXOAMTCS B 30HE U30BITOYHOTO YBIAKHEHUS
1 TIPUTOK BOJBI TMPEBBILIAET €€ MCIapeHue, BO3ZHMKAET CTOK BOJAbI U3 03epa.
B pesynbTaTe TaKMX COOTHOIIEHU aKTUBHOCTh 03€PHOI BOMIBI MaJo YeM OTJIH-
YyaeTcs OT CTENMEeHU aKTUBHOCTH BOJIbI PEK M, KaK MPaBUJI0, ObIBAaeT HEBBICOKOM.
HNHoe B3aumooTHoIllIeHHE (HOPMUPYETCS B YCAOBUSIX 3aCYLUIMBOIO KIMMATA.
BcienctBue npeBblllieHUST MCTTAPEHUST HaJl IPUTOKOM, CTOK M3 TaKMX 03€p OTCYT-
CTBYeT (MM Majl), U B HUX MPOMCXOIUT aKKyMYJISILIMS COJIel M COOTBETCTBEHHOE
YBEJIMUEHUE PATUOAKTUBHOCTA BOMABI. DTHM OOCTOSITEILCTBOM, IO-BUAUMOMY,
OOBSICHSIETCSI 3aMETHO TIOBBIILIEHHAs] €CTeCTBEHHAsl PaauOaKTUBHOCTb 03€p
LenTpanbHoro KazaxcraHa.

EcrecTBeHHas paaMoaKTHBHOCTb MOPCKOH BoAbl. OCHOBHbIE MCTOYHUKU
MEPBUYHBIX PAAUOHYKIUI0B, COAEPXKAIIMXCSI B OKEaHUUECKON BOJe, — PEUHOM
CTOK M TUJIpOTEPMaJIbHbIE TTOTOKHM M3 30H pa3ioOMOB OKeaHUuYecKoil Kopbl. Koc-
MOTEHHbIe PAJIMOHYKJIUIbBl U 3HAUUTEJIbHAsI YaCTh TEXHOT€HHBIX MOCTYIAlOT B
okeaH u3 atmocdepbl. CpeaHsis yaeabHasi aKTUBHOCTh OCHOBHbBIX €CTE€CTBEH-
HBIX PaIMOHYKJIMIOB B Boje MUpPOBOTO oKeaHa MpuBeaeHa B Taou. 4.1.

Kammii-40 BHOCUT B HacTosIIee BpeMsT HAaUOOMBIINIA BKJIAA B paarO0aKTUB-
HOCTb 3€MHOI KOpBI M BOA OKeaHa. ATOMHas Macca 3eMHOIO Kajus paBHa
39,0983 £+ 0,00019, a uzoTomHbIiA cocTaB cieaywooinuii (B aT. %) [3]:

39K = 93,2581 + 0,0029 (cTabuien)
40K = 0,01167 + 0,00004 (paaMoaKTUBEH)
41K = 6,7302 + 0,0029 (cTabuien)

Pacnan sinep kanusi-40 mpouCXOOUT 1O JBYM OCHOBHBIM HarpaBJICHUSIM:
89,5% simep MCITyCKalOT B-4acTUIIBI ¢ MaKCMMaJlbHOU sHeprueid 1,33 M»sB, a
10,5% smep mcHBITHIBAIOT K-3aXBaT ¢ TTOCHIEAYIOIINM UCITyCKaHWEM Y-KBAaHTOB
¢ sHeprueii 1,46 MaB (puc. 4.1). YaenbHast B-pagnoakTHBHOCTh 36MHOTO Ka-
nug coctasiset 28,27 = 0,05 bx/r, a ynenbHas y-aKTUBHOCTb KaJIUSl COCTaBJIsI-
eT 3,26 £ 0,05 bk/r. Takum o6pa3om, kanuii-40 BHOCUT BKJIam U B B-, U B
Y-PaINOaKTUBHOCTH OKPYKAIOIIe Cpembl.

CpenHsis KOHLEHTpalusl Kajausi B okeaHuuyeckoit Bojae paBHa 0,38 1/ [4].
CpenHss KOHIIEHTpaIs cojieif B BogaXx MMpPOBOTO OKeaHa COCTaBIISIET OKOJIO
35 r/n. CooTHOILLIEHUE OCHOBHBIX MOHOB B BOJaXx OTKPBITHIX pallOHOB OKeaHa
BechbMa cTabmiIbHO. [1oaTOMY, 3HAA 3HAYEHME COJICHOCTH MOPCKOI BOIBI B TaH-
HOM permoHe oKeaHa, MOXHO OIICHHWTHh PAacYeTHBIM ITyTeM YAETbHYIO aKTHB-
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HOCTb MOPCKOIi BOzibI 10 Kaynio-40. PeuHoli CTOK MoCTaBIsIeT B OKeaH OKOJIO
80% xanmmus1-40 B BUIe B3BELICHHOTO MaTepualia. PacTBOpeHHBIN KaIuii comep-
JKWUTCSI B MOPCKOM BOJIE B BUJE IPOCTHIX MOHOB, W BPEMs €ro MpeObIBaHUS
B oKeaHe cocrasiser okoso 107 ser [5].

M3 ecTecTBEHHBIX PaIUOHYKIUIOB cpeaHei yactu [lepromnyeckoit cuc-
TEMBI CJICAYIOIIUM Tocyie Kanusi-40 1o 3HaYeHUIO YACJNbHOW aKTMBHOCTU B
OKEaHWYECKOI BOJE SIBISIETCS PyoMmmii-87, Takoke OTHOCSIIMICS K TePBUY-
HBIM PaJMOHYKJINAAaM. B ipuponHoii cMecu n30otonos pyouans Ha gomo 8’Rb
npuxonurcs 27,85%, nepuon ero noaypacnana paseH 6,5 - 1010 rer. Snpa py-
Ouausi-87 ucmyckaloT B-u3ydeHue ¢ MakcuMalibHOi sHeprueit 0,394 M»aB.
M3-3a HU3KOI CKOPOCTU paciiafia ¥ OTHOCHUTEJIbHO HEOOJIBIIIONW SHEPTUN HUC-
IMyCKAaeMoOTO B-M3JIydeHUsI BKJIAL 3TOTO PAAMOHYKIMAA B YPOBEHBb JTO30BBIX
Harpy3oK B OKpyXalolleil cpeme BecbMa He3HauuTelleH. COOTHOIIEHUE
87Rb/37Sr MOXeET OBITH MCIIOJNIL30BAHO IS OINPEAEJIEHUs] BO3PACTa BOIHBIX
Mmacc.

¥Ypan. B cocraB npupogHOil cMecu M30TOINOB ypaHa BXOIAT ypaH-234,
ypaH-235 u ypan-238. [1ocnenHue aBa M30TOMA SIBJISIIOTCS pOAOHAYATbHUKAMU
AKTUHKUEBOI'O U YPaHOBOTO PSIIOB, a ypaH-234 — MpOAyKT pacrana ypaHa-238.

B peuHOM cTOKe 10JIM ypaHa BO B3BEILIEHHOM U PACTBOPEHHOM COCTOSIHUU
MpUMepHO paBHbl. OCHOBHAsI Macca B3BELIEHHOIO PEYHOTO ypaHa OCaXKIaeTcs
B MPUOPEXHOI 30HE, Ha 1LIejb(e U Ha MaTepUKOBOM CKJIoHe. OgHAKO 4acTb
€ro OCTaeTCs B COCTaBE TEPPUICHHBIX YACTHUI[ B OKEAHMYECKOM B3BELICHHOM
Marepuajie, a B IIOBEPXHOCTHBIX BOJAaX HaOJII0MAeTCsl IPOIOPLUOHATbLHOCTD
MEXIy CoIepKaHMEeM BO B3BeCH KapOOHAaTa KajibliMsl M KOHLIEHTpaluell B3Be-
LIIEHHOTO ypaHa [6].

B Bomax Mopeil 1 OKeaHOB ypaH HaxXOIWMTCS IIPEUMYILECTBEHHO B paCTBOPEH-
Hoit hopMe B BrIIe yCTONUMBOTO ypaHmIKapooHaTHoro komruiekea [UO,(CO5)5]4 .
CpenHsisi KOHLIEHTpalYsl ypaHa B Bojax okeaHa paBHa 3 + 0,5 mkr/n [4], u pacripe-
NIeJICHUE ero BeChMa OIHOPOHO.

PannoaxkTtuBHOe paBHoBecue Mexay 238U u 234U B okeaHMUECKOIi BOIE Ha-
pylIaeTcs M3-3a Toro, uto 234U MeHee MPOYHO YAEPKUBAETCS KPUCTAINYECKOM
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pelIeTKON B MCXOAHBIX MPOAYKTaX BbIBETpUBaAHUS mopon. CpeaHee 3HaueHHUE
cootHolueHus 234U /238U B Bomax okeaHa pasHo 1,15 [6].

Topwuii. Topuii-232 noctynaer B OKeaH ¢ PeUHbIM CTOKOM TJIaBHBIM OOpa-
30M BO B3BEIICHHOM cocTosTHIUM (10 97,5%) B BUie MeJTbYalIINX TepPUTCHHBIX
YacTUll, B COCTaB KPUCTANIMUYECKON PelIeTK KOTOPBIX OH BXOJIUT, U OCHOBHASI
macca ero ocaxaaeTcsl B YCTbeBbIX paiioHax M Ha 1iejibde. B MoBepXHOCTHBIX
BOJIaX OTKPBITOTO OKeaHa, rjie KOHILIeHTpallusl B3BeCU HU3Ka, 10J1s1 B3BEILIEHHO-
ro Topust 00bIYHO He TipeBbiaeT 10—20% [6].

McTouyHUMKOM OCTajbHBIX M30TOTMOB TOPUSI B BOJAx OKeaHa SIBJSIETCS B
OCHOBHOM pacmnaj MaTepMHCKUX paauoHyKiuaoB. [loctymieHue Topusi-228 u
TOpUsi-234 C peYHbIM CTOKOM ITPEHEOPEXKUMO MaJio U3-3a KOPOTKOTO BpeMEHU
UX XU3HU. s poaroxuByliinero Topusi-230 TeppureHHasi CoOCTaBsiolasi He
npewimaet 1% [6]. Topwit mogBepraercs mpoliieccaM TUAPOIN3a, KOMIUIEKCO-
00pa3oBaHUsI, a TAKXKe aICOPOLIMK Ha YacTUlIaX B3BeCU. DTUM OIpeaesseTcs 1u
CYIIECTBEHHbI CABUT PalMOAKTUBHOIO paBHOBecusi Topus-230 ¢ ypaHOM:
B OKeaHWyeckoil Boae comepxkutcs Jminb 0,005—0,12% paBHOBECHOTO TO-
pusi-230, 9TO CBUAETENILCTBYET 00 OYEHBb OBICTPOM yIAJICHUN €ro U3 BOJ OKea-
Ha. B OOJBLIMHCTBE TOPHBIX TMOPOJ KOHTMHEHTOB BECOBOE COOTHOIIEHUE
232Th/238U cocrasnsieT 3—4, a B BOIaX MOpEii M OKEAHOB OHO Ha TP MOPSIKA
MeHble. OCHOBHasi posib B yaajeHun Topusi-230 U3 BoJ OKeaHOB MpUHaIe-
JKUT aJICOPOLIMOHHBIM MpolieccaM Ha MOBEPXHOCTU B3BELIEHHBIX YACTHUIl U UX
OCaXXJEHUIO Ha JHO, a B TMIOBEPXHOCTHBIX CJI0SIX — OMOTeHHOMY M3BJIEUCHUIO.
TTo mepe nBueHUsI B3BECHU 4epe3 TOJIILY BOJ J0Js1 B3BEIIEHHOro Topusi-230
yBenmumBaetcs [6]. Topuit-228 u Topmii-234 B otmume oT Topus-230 mMmeroT
MaJible TIepUOo/Ibl ToJypacnaaa U OCHOBHBIM ITyTeM yJaaJeHUs UX U3 BOJ OKeaHa
SIBJISIETCS] paANOAKTUBHBIN pacriaj.

Bpemsi mpeObiBaHUSI TOpUSI B BOjJAaX OKeaHa OLIEHMBAeTCSl COTHSIMU JIeT.
s KOpOTKOXUBYILIUX TOpUsi-228, Topusi-234 mepeHOC CO B3BEIIIEHHBIM Bellle-
CTBOM TIPUBOUT K 3aMETHBIM CMEIIEHUSIM PaJnu0akKTUBHOTO PaBHOBECHsI C Ma-
TepUHCKMMM pamneM-228 m ypaHoM-238. HaOmtomaeMoe B ITOBEpXHOCTHOM
200-MeTpoBOM cJioe HapyllleHWe paBHOBECUsT MexXa1y TopueM-234 1 ypaHoM-238
CBUJETENLCTBYET O 3HAYUTEJbHON CKOPOCTU BbIHOCA M30TOIOB TOPUSI U3 TO-
BEPXHOCTHBIX CJIOEB. AHAJOTMUHOE HapylleHUWe paBHOBECHUsl HaOJgaeTcsl 1
IJIsI TIapbl paguii-228 — Topuii-228. Do sIBIeHNe 0ObSICHSETCS yaaJIeHUEM TOPUS
¢ (ekaTbHBIMU TeJUIeTaM1, OCTaHKaMU (PUTO- U 300TJIAHKTOHHBIX OPTraHW3MOB,
OTTYCKAIOLIMHUCS CO CKOPOCTSIMH B JIECSITKM W COTHA METPOB B CYTKH [6].

ITpodunu BepTUKaIbHOTO pacrpeaeeHusl BCeii COBOKYITHOCTU €CTeCTBEH-
HBIX M30TOIMOB TOPUSI B BOIHOW TOJIIE OMPEHESIOTCS UCTOUHUKAMU UX T10-
CTYILJICHUSI B OKeaH. B MOBepXHOCTHBIX BOAAaX OKeaHa HAOI0AaeTCsI MAaKCUMYM
KOHLIEHTpAllMM PaCTBOPEHHOTO TOpHUsi-232, UTO CBUIETEJNbCTBYET O €ro Mo-
CTYILJICHUH C 90JIOBOI B3BEChIO UJIM C PEYHBIM CTOKOM. Ero akTMBHOCTb najaaet
¢ myounoit go < 0,2 Mxbk/n. s topusi-228 HaOII0IarOTCs ITOBBIIICHHBIE
YPOBHU aKTMBHOCTU B MPUIMOBEPXHOCTHBIX U B MPUAOHHBIX CIOSIX MOPCKOM
BOJIbI, UTO CBSI3aHO C pacIpeAesieHUEM €ro NpeallecTBeHHUKa — paausi-228.
KoHueHTpauust pactBopeHHoro topusi-230, oopa3yoiierocss B BOAHON TOJILE
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B pe3ysabTaTe pacnana ypaHa-234, MoBbILLIAETCS C TJIYOMHOU MpUMEpPHO 10
3000 m. Ha 6ompiiux rinyouHax (>3000 M) ero KOHLEHTpALMs ITOUYTU MOCTOSIH-
Ha (rmpuoamsutenbHo 0,1—0,12 Mmbk/1 MopcKoit Bomsr) [6].

OTHOLIEHUST KOHLEHTpalMid B3BELLIEHHBIX U paCTBOPEHHBIX (hopM Topusi-230
U Topusa-228 coctapisitoT okojo 0,15—0,20. Ha cpeaHux rirydbuHax HaOJIIOgAI0TCs
Jaxke OOJBIINE COOTHOIIIEHNST MEKIY B3BEIIICHHBIMHM M paCTBOPEHHBIMM (DopMa-
MU Topusi-228, ueM Topusi-230, U3 yero MOXXHO CAEJIaTh BbIBOJ, O PA3IMUHBIX ITPO-
Heccax 3axBara u gecopounu Topusi-230 u Topusi-228. [To-BuauMomy, Topuii-228,
00pas3yIoIUIiCS B TOJIIE MOPCKOM BOJBI, 3aXBaThIBACTCS] BO3HUKAIOIIMMU 31Ch
K€ OMOTeHHbIMU YaCTULIAMM M CHOBA IOCTYIAeT B MOPCKYIO BOAY, IO Mepe TOro
KaK YaCTHUIIBI B TIPOLIECCE CBOETO TTOTPYKEHUST PACTBOPSTIOTCST WIIA Pa3pyIIaloTCs.

Pamnit. OCHOBHOI MCTOYHUWK MOCTYIUICHUS paaus B BOABI MOPEil U oKea-
HOB — JOHHBIE ocanky [6]. Poib peuHoro croka m 06pa3oBaHMs B BOTHOM TOJIIIE
B pe3yJbTaTe pacraza HaxONAIIMXCS TaM M30TOIOB ypaHa M TOpWs He3Haul-
tenbHa. [lepuon monypacnana pagusi-226 cocrasisier 1560 jieT, 1 KOHIIEHTpa-
U paCTBOPEHHBIX (POPM pammst IMTOCTeTIEHHO YObIBaeT ¢ YMEHBIICHUEM TIy-
ounbl. [IpomykT pacmaga pamgus-226 671arOpOmHBIN Ta3 pagoH-222 XOpPOIIO
pacTBOPUM B BOJIE, M TIOCKOJIBKY OH 00JIalaeT CPaBHUTEIILHO KOPOTKUM TIEpH-
onoMm noiypacnaaa (3,82 cyT), BepTUKaJIbHbIN MPO(UJIb ero KOHLIEHTPAllU B
OKeaHe B 3HAUMTEJIEHOM CTeTIeH! TTIOBTOPSIET pactipeneacHre pagus. [1poayKTer
pacraga pagoHa-222 — mojionuii-218, ceunen-214 n sBucmyrt-214 — obnagaoT
BeCbMa KOPOTKUMU IepuonaMu noaypacnana (3,05 muH, 26,8 muH u 19,7 muH
COOTBETCTBEeHHO). OHU BHOCST CBOI BKJIAM B ¢.-, 3- U Y-paIOaKTUBHOCTb MOP-
CKOI BOIBI, TaK KaK TPAaKTUYECKU HAXOMSTCS B COCTOSHUM PaTMOAKTHUBHOTO
paBHOBecUsI ¢ pagoHOM-222. OgHaKO CIAEAYIOLIMN YIeH LENOYKU IIPOIYKTOB
pacnaga pamoHa cBuHel-210 objagaeT yxe HJOCTAaTOYHO OOJIBIIUM II€PUOAOM
nonypacmana (22,3 roga) 1 ero IoBeAeHNe B MOPCKOI cpelie OIpeaessieTCsl Co-
BOKYIHOCTBIO COPOIIMOHHBIX U JIE€COPOIIMOHHBIX TIPOILIECCOB, aHAJTOTMUHBIX
pPaccCMOTPEHHBIM BBIIIIE JISI U30TOIIOB TOPHS.

Pamuit B MOpPCKMX BOJaX HAXOAMTCS TPEUMYILIECTBEHHO B KaTHOHHOM
(opme, 1 BobI OKEaHa HEJIOHACKIIIEHBI €r0 Hanbosiee TPYAHOPACTBOPUMbIMU
coenrHeHUsIMHU [6].

B moBepxHOCTHBIX Bogax ATJIaHTUYECKOro U THUXOro oKeaHoB JOJsT B3Be-
[IEHHOTO paans cocTabisieT cooTBeTcTBeHHO << 0,5% u ~ 0,1%, a B Unanii-
ckoM okeaHe — ~(,3% ot o01ero ero KojmdecTBa. B TiTyOMHHBIX BOIAX OIS
B3BELLUECHHOIO panusi cocrapisieT MeHee 0,2%. HesHauuTtenbHast pojib OMOTHI B
CBSI3bIBAHUM DPalusl MOATBEPXKIAAETCSI OTCYTCTBUEM KOPPEISILMU MEXAy KOH-
LeHTpalei paans 1 comepXaHrueM OpraHMYeCKOTo BEIlIeCTBa BO B3BEIIEHHOM
Marepuale, a TakKe MaJIol IToJeil paaus, CBI3aHHOIO C TUIAHKTOHHBIMU Opra-
ausmamu (He 6ostee 0,03%) [7].

bojiee kopoTkoe BpeMsl >KU3HU paausi-228 MPUBOIUT K 3aMETHBIM OTIAYM -
SIM B €r0 paclipeieJIeHU! 0 CpaBHEHUIO ¢ pagneM-226. [1pubpexHbie u rmpu-
JIOHHBIE BOABLI HauboJiee oboraiieHbl paaueMm-228. biaarogapss MHTEHCUBHOMY
00MeHy B MOBEPXHOCTHBIX CJIOSIX OH TIEPEHOCUTCS B IIEHTpaJbHbIC PaliOHBI
OKEaHOB aIBEKTUBHBIM U AU(PDY3MOHHBIM MYTSIMU, U B TIPOIIECCE ITOTO Tepe-
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HOca KOHIIEHTpalIMs ero yMeHbIaeTcs. [ToBepXxHOCTHBIE BOAbI THXOro okeaHa
colepxXaT MeHbllle paaus-228, yeM aTIaHTUYEeCKHUE, IMOCKOJIbKY OTHOIIEHUE
o0beMa TMOBEPXHOCTHBIX BOJ K ILIOLIAAM lejibda (SIBJISIOIET0CsI OCHOBHBIM
€ro UCTOYHMKOM JUISl 3TUX BOJ) MEHbIIIE, YeM B ATJIaHTUYECKOM OkeaHe. Eune
MeHbllle paausi-228 B MOBEPXHOCTHBIX BOJAX MPUAHTAPKTUYECKOro pailoHa bi1a-
romapsi pazoapsiioleMy AeHCTBUIO MHTEHCUBHOM BEPTUKAIbHOM LIUPKYJISILIMU.

MakcumajbHble 3HaYeHUs KOHLIEHTpaLluK paausi-228 Habo1aoTcs B 00-
JIACTU MUKHOKJIMHA!, 4TO CBA3aHO ¢ MeUIEHHBIM OOMEHOM IMOBEPXHOCTHBIX
BOJ, C HIKeexXaluMu [6]. B mpuaoHHBIX 05X paaunii-228, mocTynaromni u3
JOHHBIX OTJIOKEHUH, TUDOYHAUPYET B BhILIEIEXKAIIIUE CIIOW BOABLI B COOTBET-
CTBUM C MHTEHCUBHOCTBIO MTPOTEKAIOIIIMX 3[IECh MPOLIECCOB BEPTUKAIBLHOTO 00-
MeHa, ¥ 3aMeTHbIe KOHIIEHTPALlUM €ro OOHApY>XMBAIOTCS Ha PACCTOSTHUSIX 0
1—1,5 km ot gHa [6].

Panon. Bce n3oTombl 6;1aropoaHOTO Ta3a pagoHa — MPOAYKTHI paciaga co-
OTBETCTBYIOIIMX M30TOTMOB pamvs. CaMblif JOJNTOXWBYIIWI M3 HUX — pa-
nou-222 (7, ,, = 3,82 cyr).

PamoH B okeaHe B OCHOBHOM 0O0pasyeTcs B pe3yslbTaTe pacliama pagus U
M3-3a BeCbMa MaJIoro TIepro/Ia ToJypaciiaga HaXoANTCS B paBHOBECUU C paiy-
eM-226. HekoTopas 4acTh pagoHa MOCTyIaeT U3 JOHHBIX OCAJIKOB, M €r0 KOH-
LEeHTPaLWs B MPUIOHHBIX CJIOSIX BOIBI MOXKET ITPEBBIIIATh PABHOBECHOE 3HAYCHNE
B HECKOJIBKO pa3. B MOBepXHOCTHBIX BOJaX OTKPHITOTO OKeaHa OIpeesieHHast
YacTh paloHa YXOOWUT M3 OKeaHa B aTMocdepy, W IedUIINT pagoHa B ITepeMe-
IIAaHHOM CJIO€ MOXET JOCTUTATh TOJJOBUHBI PAaBHOBECHOM C pamreM KOHIIEHT-
paunu. BiusHue MOTOKOB paloHa Yepe3 TpaHUIIbl pas3ieiia CKa3bIBaeTCsT JINIIb
B Y3KOI 00J1acTH, MpHJIeTaloleil K TpaHuIle. YaaJeHne ero n3 oKeaHa Ipouc-
XOIUT B OCHOBHOM BCJICICTBHME PaIMOAKTUBHOTO paciiaza. B IoBepXHOCTHBIX
CJIOSIX BOJBI CPEIHSS KOHLEHTpauus pagoHa gocruraer 4 - 1075 Bk/n.

Ceunen-210. OcHoBHoit ncrounnk cBuHua-210 (7, , = 22,3 rona) B okea-
He — 3TO pacmaj MaTeprmHCKOro panusi-226. Kpome Toro, oH mocrymaer ¢ ped-
HBIM CTOKOM M U3 atMocdepbl [1]. OgHako 3HAUYE€HUE ITUX UCTOYHUKOB B
o0l11eM OaylaHCe MaJlo U MOXET ObITb 3HAYUTEIbHBIM JIMILb B OrPaHUYEHHBIX
30Hax OKeaHa.

PacnipeneneHue U30TONOB CBUHIIA B OKEaHe B 3HAUMTEIbHON CTETIEHU CBSI-
3aHO CO B3BEILLIEHHBIM BellleCTBOM. Tak, B ITYOMHHBIX BoJaX ATIAHTUYECKOTO U
Tuxoro okeaHoB J10J1s1 B3BellleHHOro ¢cBMHIA-210 gocturaer 15%, a B moBepx-
HOCTHBIX Bozax n1oxomauT 10 40%. B MoOBepXHOCTHOM CJI0€ MOPCKOI BOMIBI Bpe-
MsI TIpeObIBaHus ero coctasisgeT 0,5—1,7 roga [6].

Bpemsi mpeObiBaHMSI CBMHLA B BOAHOW TOJIIE OKEAHOB COCTaBJIsIET
50—100 net, TaK 4TO IO ABYX TpeTeil cBMHIIA-210 MOXET BHIBOIUTLCS U3 OKea-
HUYECKUX BOJ B pe3yJibTaTe paallOaKTUBHOIO pacraja, a OCTajlibHasl 4acTb — B
pe3yJibTaTe MPOILECCOB I'PAaBUTALIMOHHOIO OCAXACHUS Ha B3BECU U alacOpOLUU
JOHHBIMU OCAIKaAMU.

I TIuKHOKIMH — CJI0if BOAHOM TOLIM, B KOTOPOM MPOUCXOIUT CKAYKOOOPA3HOE M3MEHEHUE
MJIOTHOCTH (TakXKe TeMIIepaTypbl, COJIEHOCTU, CKOPOCTH PACIIPOCTPAHEHUS 3BYKa).
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B moBepXHOCTHBIX CJI0SIX MOPCKOM BOIbI coAepKaHue CBUHIIA-210 06bIYHO
MpEBHIIIaeT PAaBHOBECHOE C pamueM-226 3HaueHHe, YTO SIBIISICTCS CISICTBAEM
MOCTYIUIEHUsI €ro U3 aTMocdepbl. DTa KapTMHA HapyllaeTcs B pailoHaX ¢ HU3-
KUM aTMOC(EepHbIM MOCTyIUIeHMeM CBHUHLA-210 U BBICOKMM coaepxaHUeM
B3BEILLIEHHOTO BelllecTBa (B YACTHOCTH, B paliloHaX C BbICOKOI OMOJOTMYEeCKOit
aKTUBHOCTh10). [loaToMy, Hampumep, B TUXOM OKeaHe MaKCUMasbHble KOH-
LieHTpauru cBUHLA-210 B MOBEpXHOCTHBIX BOAAX MPUXOASITCS HA LEHTPbI LUP-
KYJISILIMOHHBIX CUCTEM CEBEPHBIX U IOXKHBIX IIMPOT, a K nepudepund okeaHa
OHM yMeHBIIaTCS [6].

C rnyOMHOM OTHOLIEHMWE aKTUBHOCTU CBUHLA-210 K aKTUBHOCTU pa-
nust-226 yMEHbIIAeTCsT M, HAaYMHAsI ¢ HECKOJIBKMX COTEH METPOB, CTAHOBHUTCS
MEeHblIEe eNuHULbl. OJHAKO B paifloHaX C HU3KOU OMOJOTHUYECKON aKTUBHOCTbIO
(c1ab0 BhIpaXKeHHBIM alBEJUIMHTOM) paBHOBeCHe MeXy CBUHLIOM-210 u paau-
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Puc. 4.2. BeptukanbpHoe pacnpeneicHue pamus-226 u cBuHma-210
B Bojgax beHranbckoro 3aimBa (KOOpAMHATHI CTAHLIMIA:
E12 — 15° 34’ ¢. m1. 84° 38" B. 1., F-11 — 16° 27" ¢. m. 86° 57" B. 1.) [8]
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eM-226 MOXET COXpaHSThCS 0 3HAUMTEeNbHBIX TIyouH (1500 M u 6omee B Tu-
XOM OKeaHe). B MTyOMHHBIX CI0SIX KOHLIEHTpalusl cBUHLIA-2 10 MOXET OT/IMYaThCs
OT PaBHOBECHO ¢ paaueM-226 B aBa pasa u 6onee. [1o Mepe npuOIMKEHUST KO
JHY OTHOIIIEHWE aKTUBHOCTeM cBUHIA-210 1 panns-226 GBICTPO YMEHBIIIAeTCSI
0 MUHUMAJTbHBIX 3HAUEHU, YTO OOBICHSAETCS YK€ YITOMHHABIIMMUCS TIPO-
1eccamMu ObICTPOTO BbIBeIeHUS cBUHIIA-210 M3 MPUAOHHBIX CI0€B BOAbI. Bius-
HUE 3TUX TIPOLIECCOB OIaromapsl BepTUKAIIEHOMY TTepeMEITMBAHUIO CKA3bIBACTCSI
TobKO B npeaeax 1000 M Ham moBepxHOCTHIO AHA [6]. Ha puc. 4.2 mokazaHo
BepTUKajbHOE pacrnpeneieHue 210Pb u 226Ra B BogHoit Tomue (BeHraabckuit
3aj11MB). XOpOIIO BUAHO, YTO cojiepxkaHue cBUHIIa-210 He JocTUraeT paBHOBEC-
HOTO 3HAYeHMUS.

IMononmii. [Tononuii-210 — mponykr pacnana cBMHLA-210, ABASIOLIETOCS
OCHOBHBIM MCTOYHMKOM MoJoHUsI-210 B oKeaHe. Bkiaa peyHOro croka u aT-
Mocdepbl He3HAYUTEIECH.

[lonoHuit B 0OKeaHe B 3HAYMTEIbHON CTENEHU acCOLMUPOBAH CO B3BEIIEH-
HBIM BellIeCTBOM. B TITyOMHHBIX BofgaX ATIIaHTUYECKOTO U THUXOro oKeaHoB J0J1s
B3BEILEHHOTO TTOJIOHUST YBEJIMYMBAETCS ¢ TIyouHoi u gocturaet 25—30% [6].

B BepxHeM mepemMelliaHHOM CJ10€ OTHOIIIeHUEe aKTUBHOCTel mooHus1-210 u
cBuHIA-210 mMOYTH BCeraa MeHbIle eAMHUIBI. DTO CBSI3aHO C TEM, UYTO BPEMS
npeObIBaHUS TOJOHUSI-210 B TTOBEPXHOCTHOM CJIO€ MEHbIle, yeM cBMHIA-210,
cocrapists 0,6 roma mis Boa ATIaHTUYeCKOro u THxoro okeaHos [6].

Huke moBepXHOCTHOTO CJI0ST OTHOLIIeHKE TTOI0HMSI-210 K cBUHIY-210 ObI-
CTPO PaCTeT 0 PaBHOBECHOTO 3HAYEHMS U B JAbHEHIIEM ¢ TIIyOMHOI KOJeo-
JIETCSI, OCTaBasICh B CPEIHEM HECKOJIbKO MeHbIIIe ennHuIlbl. Habmonaercs poct
C TJIyOMHOM KOHIIEHTPALUM B3BEIIEHHOTO MOJOHUS-210 OTHOCUTENIBHO CBUH-
na-210, 4To CBMUIETENBCTBYET O Oosiee OBICTPOM yIaJeHUM ToJoHuS-210 u3
NIyOMHHBIX BO [6].

Kocmorennsie pagmoHyKauapl. [loctyrmBinme n3 atMocdepbl KOCMOTEH-
Hble paAMOHYKIUIBI (CM. IJI. 3) BKJIIOUAIOTCS B LIMKJIBI COOTBETCTBYIOLIMX 2JI€-
MEHTOB B OKeaHe. biaromapst CyllecTBOBaHWIO IITWPOTHBIX Bapualnil B
pacripefieIeHU KOCMOTEHHBIX paaNOHYKIMIOB B HIDKHEN aTMocdepe, aHalo-
TUYHBIA 3 deKkT a5 Tputusi, 6epusiusi-7 u yriepoja-14 ormedaeTcs U B Mo-
BEpXHOCTHBIX BOJIAX OKEaHOB.

[MocTynuBIIME Ha TTOBEPXHOCTh OKeaHa PaTUOHYKIUILI PACTIPOCTPAHSIOT-
cs B HIDKeJieXKalye cJIou Boabl. [1pu 5ToM riryGrHA WX IPOHUKHOBEHUS OTIpe-
nensiercs (MTOMUMO TIPOIIECCOB BEPTUKAJBHOTO OOMeHa, OOIIMX IS BCeX
PaINOaKTUBHBIX M30TOMIOB PA3IMIHBIX JIEMEHTOB) CKOPOCTBIO PaTOAKTUBHO-
TO pacmama, OT KOTOPOil 3aBUCUT 1 BpeMsI YCTAaHOBJICHHST CTallMOHApHOTO Bep-
TUKAJTLHOTO paclipefe/IeHus.

Tpurhii B Buae Mojekyn HTO siBisieTcst cocTaBHOI 4acThio BOABI, a Maast
€r0 YacThb BXOAMT B COCTaB OPraHMYECKOTO BelllecTBa (CoaepKaHue opraHuye-
CKOTO BellleCTBa B ITOBEPXHOCTHBIX Bogax okoiyio 1 mr/n) [6]. o Havama siaep-
HOI1 Bpbl COOTHONIEHWE KOHLIEHTPALIMI TPUTUSI U MPOTHUS B IPUPOIHBIX BOIAX
corcrasnsio 1:1018. 3arem TpuTHil cTan mocTynaTh B IPUPOIHBIE BOABI B PE3YIIb-
TaTe UCIBITAHUI SIACPHOIO OpPYXUs U AesITeabHOCTU Tpennpusatuii ATLI.
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B nepemelnaHHOM cjioe KOHLIEHTpallMs TPUTUSI MEHSIETCSl Majo, 3aTeM
MIET CJIOW C Pe3KMM TpaJueHTOM U Jajiee ¢ POCTOM IIyOMHBI HaOIromaeTcs
IUIaBHOE YMEHbllIeHUe KOHIeHTpauuu. Ha Takyio o0liyto KapTUHY MOTYT Ha-
KJanbiBaThbes 2 ¢eKThl TOPU30OHTAIBHOTO nepeHoca (B Kapubckom Mope u Ha
TPOMMYECKUX 1IMpoTax TUXoro okeaHa HabIOAAECTCS MOAMOBEPXHOCTHBINA MaK-
CHMYM KOHLEHTpaluu Tputus). Ha BbICOKUX HIMpOTax ceBepHOl ATIaHTUKU
(roxxHee I'peHylaHIMKM) B TJIYOMHHBIX CJIOSX HAOJIIOAAIOTCS MOBBIIIEHHbBIE KOH-
LIEHTPAIlMM TPUTHS, YTO CBSI3aHO C OBICTPBIM OITyCKaHWEM BoI [6].

Bepuammii-7 noctynaeTr B oKeaH U3 aTMOC(ephl, IJTaBHbIM 00pa3oM ¢ Ocaj-
KaMmu. biaronapsi cpaBHUTEILHO HEOObIIOMY Tepuoay nojypacnana (53 cyr),
OH COIEPKUTCS B OCHOBHOM B TIEPEMEIIaHHOM CJI0€ C OYeHb OBICTPBIM YMEHbB-
IIeHeM KOHIIEHTPAILIMH 10 HYJIEBBIX 3HAUCHMI B CJIO€ MMKHOKIIMHA. B yibTpa-
MaJIbIX KOHIICHTpAIlUsIX B BOTHBIX PACTBOpax OEpWIINA, TO-BHUINMOMY,
TOBOJILHO JIETKO afcopOMpyeTcs Ha TTOBEPXHOCTH B3BEIIEHHBIX YacTHll. B mipu-
OpeXHbIX BoAax AJsicKM Oepwuinii-7 ObUl OOHapy>XeH TOJbKO BO B3BECH,
a B (MIBTPOBAHHOI BOJIE COMEpKaHNe ero OKa3aJIoCh HUKE UyBCTBUTETLHOCTH
Mertona [6].

1St OTKPBITBIX pailoHOB ATJIAHTUKKA U THUXOro okeaHa B NepeMelaHHOM
CJI0e ¥ TePMOKJIMHE cojepxkaHue 6epuinivs-7 Bo B3Becu <10%. [1okaszaHo, 4TO
B Bome ¢ rryouasl 2000 M oko10 1/3 cTaOMIBLHOTO OSPUILTHAS COMEPKUTCS BO
B3BEILLIEHHOM coCTOSTHUM. KoadduirmeHT KOHLEHTpUPOBaHUST OepUILIUST MOP-
CKMMU opraHusmamu gocturaet 103 [6].

Vraepon-14 (8 Buze 14CO,) noctymnaer B okeaH B Iporiecce 06MeHa yriie-
KHUCJIOro raza B armocdepe. B okeaHe oH BKJIIOYAETCsl B YIJIEPOAHYIO CUCTEMY,
COCTOSILIYIO U3 PACTBOPEHHOTO M B3BELIIECHHOIO OPraHWYECKOTO YIiaepoaa, Kap-
OOHATHOI CHUCTEeMbl (HEOPraHUYECKUI pacTBOPEHHBIN YIaepoa) U KapOoHATOB
B3Beceil. [Ipu aToM GdsbLIAs YacThb Yraepoaa B TOM WM MHOM hopMe HaXOaUT-
cs B pacTBope. Tak, opraHMyecKuil B3BELIEHHBII YIJI€POJ COCTABIISIET B TOBEP-
XHOCTHBIX CJIOSIX JIUIIIb HECKOJBKO MPOLEHTOB OT PACTBOPEHHOTrO, C ITyOMHOM
aTta 1o yMeHblnaeTcs. CoaepkaHue HeOPraHMYeCcKOro paCTBOPEHHOTO yrile-
pona (2CO,) B okeaHe cocrasisieT okono 90—105 Mr/x, u, caenoBaTesbHO, D0
yriaepona (B nepecyere Ha CO,) B cocTaBe KapOOHATOB KaJbLMA U MAarHus B
MOBEPXHOCTHOM OKEeaHMYECKOI B3BECU COCTABJISIET HECKOJIBKO AECSThIX M0Jei
MpOLIEHTa U MeHee. DTa J0J1s ¢ ITyOMHOI YMEHbIIIaeTCsl BCJIEACTBUE PACTBOPEHMS
KapOOHATOB B Mpoliecce oceAaHus B3BellleHHOro Martepuana. CpaBHeHUEe coaep-
JKaHUs HEOPraHWYECKOTO U OPTaHUYECKOTO YIJIEpOoa B paCTBOPE MOKA3bIBAET,
YTO B COCTaBEe OPraHMYECKOro BellecTBa yriepojaa npuMmepHo B 30 pa3 MeHblIIe.
TakuM oOpaszom, Juillb OYeHb MaJlasli yacThb pajuoyrjiepoja B OKeaHWYeCKUX
BOIAaX MOXET HAXOAUTHCSI BO B3BELIEHHOM COCTOSIHUU [6].

Hisa ©CO, pasHuUA COAEPXKAHMA B MOBEPXHOCTHBIX BOJAX M ITTyOMHHBIX
Heseauka (ot 2 10 2,35 Mosb/M3), ¥ abCOoMIOTHAs aKTMBHOCTL yriepona-14 ¢
IIyOMHOI IpakTuyecKu He MeHseTcs. biaromapss OoJibllIoMy MEepUOAy IIOJIY-
pacnama yriepoma-14, KOCMOTEHHBIM pPaadoOyIJIepoOn TOBOJBHO OIHOPOIHO
pacmpeneneH B Bojax OKeaHa MO TIyOMHe. 3HAYMTeIbHbIE KOJUYECTBA YIJIe-
pona-14, mocrynamlliue OT SIAePHBIX B3PLIBOB, IIPUBEIU K OOJIBILIOMY POCTY
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KOHIICHTpAalUM B TOBEPXHOCTHBIX CJIOSIX M OOJIBILINM IpaaydeHTaM KOHLEHTPALIUK
B BepxHeMm 1000-merpoBoM cioe Tuxoro okeana. Hmxe 1000 M comep:kaHue
«©6oMb0BOrO» yriaepoaa-14 k Hayamy 1970-x rr. ObI710 GJIM3KO K HYJIIO, U TIpaK-
TUYECKU BeCh yriepon-14 uMmesn ecTecTBeHHOe INpoucxoxkiaeHue. B ceBepHoit
ATJIaHTUKE TPaAMEeHTbl MEHbIIIe, 1 TPOHUKHOBEHHE «OOMOOBOIO» paanoyrie-
poaa mpociexkuBaeTcs 10 OOJBIIMX TIIyOMH. DTO CBSI3aHO C OIyCKaHWEM BOI U
(phopMmupoBaHUEeM IIIyOMHHOM aTIaAHTUUECKOI BOJHOI Macchl. JIBUTasich Ha 10T,
9Ta BOJHAasI Macca CMEIIMBAETCsI C aHTapKTUUYECKON MIyOMHHOM BOIOI, 00Ja-
Jalolleil MEHbBIIIMM 3aIacoM paauvoyriepona. B pesynbrate B ITyOMHHBIX BOAAX
ATJIAaHTMUYECKOTO OKeaHa TpHY IBUXXEHUM Ha ceBep KOHLIEHTpalus yriepona-14
yBeJIMYnBaeTcs [6].

Kpemuuii-32 B okeaHe HaXxoAMUTCSI MPEMMYILIECTBEHHO B PacTBOPEHHOM
Bume. OuibTpanmst yepe3 MeMOpaHHbIe QWILTPHI ¢ AuaMeTpoM 1op 0,45 MKM
rnokasajia, 4YTo B TTOBEpXHOCTHBIX Bofax TUXoro u ATIaHTUYECKOTIO OKEaHOB BO
B3BEIIEHHOM COCTOSTHUM HaxonuTcst MeHee 10% kpemuust. C mryOuMHOI 5Ta Be-
JuuuHa ymeHbluaercst. Huxke 75—100 M 107151 B3BELLIEHHOTO KPEMHMUSI COCTaB-
nsger MeHee 1%, a B TnyomHHBIX Bomax — MeHee 0,1%. Ha mensde momst
B3BEIIEHHOTO KPEeMHHST MOXET COCTaBISITh okoio 10—15%. Takum oGpasomM,
nojapisiolasl 4acTb KpeMHUsI-32, TOCTynarollero u3 arMocgepbl B OKeaH,
JIOJKHA HAXOAUTHCSI B PACTBOPEHHOM (hopMe (Mo KpaitHeit mepe, MpuBeaeHHbIe
Yucia SBJISIOTCSI BEpXHUMHU MpeaesiaMu Ui KpeMHus-32) [6].

4.2. ICKYCCTBEHHAA PAINOAKTUBHOCTDb T'MAPOCP®EPDBI

HcTopust panroakTUBHOTO 3arpsI3HEHUS] OKpYKalolllei cpeabl Havyaaach ¢
IyCKOM 3aBOJIOB 10 IlepepadOTKe ypaHa U IepBbIX peakTopoB B XaH(opae Ha
pexe Konymo6us (CIIA). Jo 1971 r. Tam pabotasio BoceMb peakTopoB. Kui-
K1e OTXOAbl HU3KOI aKTUBHOCTU Pa30aBIIsIM BOAON 10 YAEIbHONM aKTUBHOCTHU
okoJio 4 bx/n u copackiBain B peKy. OTX0abl 60jiee BBICOKOM aKTUBHOCTU BbI-
JIEPXKUBAIM B CIEIMATBbHBIX eMKOCTSIX IO pacraga KOPOTKOXKUBYIIIMX pamro-
HYKJIMIIOB.

B peku CIIIA B 1958 1. 66110 cOpoweno 7 - 1015 Bk paqnoakTUBHBIX OTXO-
noB [9]. I1paBaa, yxe B 1967 1. Ha paccTossHuM 60siee 25 MIJIb OT yCThs p. Ko-
aym6us konueHtpauuu 137Cs, 95Zr, SICr u 5Zn 6bIM O4eHb MaJbIMU. DTO
O3HayaeT, YTO OCHOBHAas Macca PaAMOHYKIWIOB Oblia 3axBaueHa PEYHBIMU
ocajJKaMu B Ipezaesax actyapus peku [9]. B pesyiabTate MHOrosieTHero copoca
HUCKYCCTBEHHBIX PAAMOHYKIMIOB B PEKU B UX YCThIX 00pa30BaIMCh OOILIMPHBIE
00J1aCTH € TOBBILIEHHON PagMOaKTUBHOCTbIO TEXHOTEHHOI'O MTPOUCXOXKIEHMUSI.

PanvoHykIuabl 27€MEHTOB MO-pa3HOMY BEOyT ce0sl MO OTHOLIEHWIO K
B3BEILLICHHOMY BelLIeCTBY M JOHHBIM ocanakam pek. CTpoHiuii-90 obpasyer mnpe-
MMYIIECTBEHHO PacTBOPUMMbIE (DOPMBI U JIETKO MEePEHOCUTCSI BOMIHBIMU Macca-
MU Ha OoJbllIMe pacCTOsSIHMS. PannoakTHBHBIE W30TOIBI 1I€3USI CITOCOOHBI
COpOMPOBATHCS HA TJIMHUCTBIX COCTAB/SIOLIMX MOYB U PEYHON B3BECH, UTO BO
MHOTI'OM 3aTpPyIHSIET ero MUTPaLMIO C peYHBIMU BOJAMM, OOraTbIMM B3BEILIECH-
HBIM BEILIECTBOM. DTO MPUHIMIMAILHOE pas3inuyue B MOBeACHUM Le3us-137
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U CcTpoHLMA-90 ObLIO HALJISAHO MPOAEMOHCTPUPOBAHO MHOTOYMCIEHHBIMU
HCCIEA0BaHUSIMU TEXHOTEHHOM pamuoaktuBHOCTH JyHass u JIHempa, mpoBe-
JeHHBIMU TToc)ie YepHOOBUTLCKON aBapuu.

Bonwt [lyHas cocraBnsitoT okoso 60% peuHoro ctoka B YepHoe Mope, a ero
0acceilH — 9TO IMOYTH MOJIOBMHA Tepputopuu 3amagaHoii EBpormbl. [Tostomy
JlyHail B HACTOSsILIEE BpeMsl CIY>KUT HanboJjiee 3HAYMMbIM UCTOUHUKOM ITOCTYII-
JICHUSI UCKYCCTBEHHOM pairoakTUBHOCTU B YepHoe Mope. XapakTepHas 0CO-
O6eHHOCTh JIyHass — BBICOKOE CoMepsKaHMe B3BEllIEHHOro BelecTa. 10 TaHHbIM
T'uapomeTeocaykObl YKpauHbl, OCHOBAHHBIM Ha PETYISIPHBIX HaOIIOACHUSIX,
MPOBOAMMBIX B HIKHeM TedeHun JlyHas, ot 40 1o 80% (B cpennem 53%) 137Cs
rnocrymaeT B YepHoe MOpe €O B3BEILEHHBIMU YACTULIAMU. DTU JaHHbIE TOJIyYe-
HbI C CEHTSOPS 110 nekadbpb 1997 r., T. €. BO BpeMsl HU3KOro ypoBHs Boabl [10].

B pab6ore Kanusua ¢ coaBropamu [10] coOpaHbl JaHHbIE 110 TOJOBOMY M0O-
cryrutenuio 29Sr u 137Cs B YepHoe Mope ¢ Bogamu JyHas (puc. 4.3) u JInenpa
(puc. 4.4).

B Hacrostinee Bpems JIHEnp B cpelHEM U HIKHEM TEYEHHUHU TPEACTABISIET CO-
00i1 cuctemy BomoxpaHwIuil. CKOpocTU TeyeHus: JIHemnpa Majibl, IepeMelleHIe
BOIHBIX MacC OT BEPXOBbSI 10 YCThs 3aHMMaeT oKoJio roaa [10]. B pesynbrate co3-
JAl0TCs uacanbHbIe YCIOBHS ISl CBSI3bIBAHUSI PACTBOPEHHBIX KOMITIOHEHTOB CO
B3BEILIEHHBIM BEIIIECTBOM U MOCTYIJICHUSI UX B JOHHbIE OCaaKU JIHEMPOBCKOTo
kackana. Okos0 94% B3BeIIEHHOTO BEILECTBA OCEAACT B Mpe/eiaX BOAOXPaHU -
JIMIIIA U TOJIBKO MeHee 6% aocTuraet cieayiolero peseppyapa [12]. CaHcoHe u
1p. [12] cocraBunu 6ananc 137Cs u 90Sr B Kuesckom 1 KaxoBckoM BooXpaHu-
nuiiax (MepBblid U MOCASIHUI pe3epByaphl JIHEMPOBCKOro Kackaza) 3a Mepuoj
¢ 1987 mo 1993 r. (puc. 4.5.). O6HapyxeHo, uto noctyrieHue 37Cs MOHOTOH-
HO CHIXaJIOCh M3 Toa B IO, TOrJa Kak MOTOK 2OSr onpemensicss pacXomoM
BOJBI Yepe3 BOAOXPAHMJIUIIA M CYIIECTBEHHO BO3pacTal B MEPHOJ MMaBOIKOB.
Tonbko 3% !37Cs, moctynusiero B JIHEMPOBCKYIO CUCTEMY, TOCTUTIIO YepHO-
ro Mops, Toraa Kak okoso 43% %0Sr mpouwio Bech Kackan BogoxpaHuauiy [12].

Ckopoctb niepenoca 20Sr ¢ THENMPOBCKUMU BOIAMU CYILECTBEHHO BBILIE TI0
CPaBHEHUIO €O cKOpocThio nepeHoca 137Cs. Tak, B KaxoBCKOM BOIOXpaHUJIM-

o “Sr
-137CS

©
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A, Tbk/ron,
T

0_
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Puc. 4.3. XpoHoorus MocTyIuieHus TEXHOTEHHbIX PaAMOHYKIMAOB B UepHoe Mope
¢ Bogamu Jynasa. Conepxxanue St B Bogax dyHas B 1994 u 1995 rr. nonyueHo
untepnonsauueii [10]. Ipu ouenke noroka '37Cs ucnonb30BaHbl pe3yibTaThl,
nosiyyeHHble ['eneoHoBbIM U ap. [11]
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Puc. 4.4. TpoxoxaeHne pagMOHYKINAOB yepe3 JIHENpPOBCKUIA KacKa:
a — nocrymienue 37Cs B Kuesckoe Bomoxpanumile, 6 — soixon 37Cs u3
Kuesckoro Bomoxpanuumina, 6 — Bbixon 37Cs n3 Kaxosckoro Bomoxpanummina [12],
e — noctymienue 2Sr u 137Cs B JInenposcko-byrckuit numan [10]
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1Ie akTUBHOCTD 29Sr BhIpocna ¢ uions 1986 mo maii 1987 1. B 7—40 pas, torma
Kak akTUBHOCTH 137Cs mociie aBapuy BbIpociia puMepHo B 4—6 pa3. COOTHO-
mwenue 29Sr/137Cs B mpobax, oTrodopaHHbIX B KaXxoBCKOM BOIZOXpaHWIMIIE B
mapte 1987 r., nocturano 300. CieayeT OTMETUTb, YTO IJIs1 JOUYEPHOOBLILCKUX
aTMocepHBIX BbINAAeHMIi XapakTepHo cootHoenue 137Cs/%0Sr, pasHoe 1,45
[13]. Takoe cooTHOlIEHUE HAOIIOAAETCS B MOBEPXHOCTHBIX BOJAX B OTKPHITOM
OKeaHe, B TeX MeCTaX, Ille OTCYTCTBYIOT JIOKAJIbHbIC MCTOYHUKUA MCKYCCTBEH-
HBIX PaIMOHYKIMIOB. HermocpencTBeHHO Tocie aBapyu B aTMOC(EPHBIX BbITIa-
nenusx ortHowenue 137Cs/%0Sr cocraBnsiio 5—6, Takue XKe 3HAYEHUS
HabJ0JaMuCh U B MOBEpXHOCTHBIX Boaax YepHoro mops. K BecHe 1988 r. co-
nepxanue 29Sr Haxommioch B mpemenax 281—666 Bk/M3 mo Bcemy Kackany,
Boabl KMeBCKOro BomoxpaHUIMIIA COMepKaIK OOJIbIIIE KOJTMIeCTBa paaloaK-
TUBHOTO CTPOHIIMS TI0 CPAaBHEHMIO C OCTAJIbHBIMU pe3epByapamu [14].

Ha puc. 4.6 nokazanbl nsmenenuns aktuBHoctd 137Cs u 20Sr ¢ uross 1986
no Mait 1988 r. B Bogax Kaxosckoro BomoxpaHwiuiia [14]. I1podsl otOupa-
JIUCh B ceBepHOIi (3amopoxbe), neHTpanbHoil (Hukononr) u roxHoit (Hopas
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—/\— Sr-90 Bbixop, (KveBckoe
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—— Sr-90 BbiIxoA
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Puc. 4.5. Ipoxoxnenue *°Sr uepes JIHenpoBckuil Kackan (a) 1 06beM BOMIbI,
nocrynusiieii B Kuesckoe Bomoxpanunuiie (6) [12]
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Puc. 4.6. Usmenenue cogepxanus °Sr u 137Cs B Bomax KaxoBckoro BogoxpaHuInia
¢ mong 1986 r. o mait 1988 1. [14]

KaxoBka) yactsix Bomoxpanwiuina. B 1986 u 1987 rr. onpexaensiack cymma pa-
JIMOAKTUBHBIX U30TOMOoB 1e3us (134 u 137), B 1988 r. — otaenbho 137Cs. Ipuse-
JeHHbIE TaHHbIE MO3BOJISIOT OLIEHUTh BpeMs peakiiuu JHermpoBCKON CUCTEMBbI
Ha YepHOOBUILCKYIO aBapuio, a TakXKe WLTIOCTPUPYIOT Pa3HUIY B XUMUYECKOM
MOBEJICHUM 1Ie3UsT U CTPOHLIMSL.

PannoakTuBHOE 3arpsi3HeEHHE MOPCKOM Cpelbl MPUHSIIO TIIOOANbHBIN Xa-
pakTep C HavyaJloM UCIIbITAaHUU siaepHOro opyxus. B o0leit c1oKHOCTH ObLIO
ucnbiTaHo Gosiee 350 GoernpuIiacoB M Haja 3eMJei, U B OKeaHe, B TOM 4YuCie
2 IOABOMHBIX B3pbiBa, 11 — Haa OTKPHITBIM OKeaHoM, 113 — Hajg wiu Ha KO-
PaJUIOBBIX OCTPOBaAX, 79 — Ha apKTUUYECKUX OCTpoBax. BEIOpoCH! B aTMOchepy 1
Ha 3eMHYIO IToBepXHOCTh BKIo4aoT 0,78 DBk %9Sr u 1,26 Obk 137Cs.

ITpoayKThl SIAEPHBIX B3PHIBOB MOAHMMAINMChH Ha OOJIbILIME BHICOTHI B CTpa-
Tocepy M paclipoCTpaHsIMCh IO BCeMy 3eMHOMY 111apy. MICKyCCTBEHHBIE paifo-
HYKJIMIBI U3 CTpaTochepHOro pesepByapa, Kyaa OHU MOMaIu MPY UCTIBITAHUSX B
aTMoc(epe, Ha TTOBEPXHOCTU 3eMJIM WJIM OKeaHa, MPOAOKAIOT MOCTYIaTh Ha
MOBEPXHOCTh CYIIIM U OKeaHa ¢ aTMOC(EepHbIMU BbIManeHUIMU. PanroHyKIn-
JIbI, TTOCTYTAIOIIIME Ha TTIOBEPXHOCTD CYIIIN, KOTOPasl SIBJSIETCS TUIOIIAAbIO0 BOIO-
cbopa peK, ¢ peuHbIMU BOAAMHU TaKXKe MOTYT TOCTYIaTh B OKeaH.

[TockoybKy Ha MO0 OKeaHa IMPUXOaUTCs: 0Koj1o 70% moBepxHOCTU 3eM-
JI1, HEMIOCPEICTBEHHbIE BBIMANEHUsI Ha TTIOBEPXHOCTh OKeaHa CO3/aly B KOHIIE
50-x—nauaze 60-x rr. XX Beka 3aMeTHbIC YPOBHU UCKYCCTBEHHOI PaauOaKTHB-
HOCTU B TTOBEPXHOCTHBIX CJIOSIX MOPCKOM BoAbl. OQHAKO MOCHe 3aKIIOYEHUS
JIOTOBOpa O TIPEKpallleHUM MCIBITAHUHN SIACPHOTO OPYXHUsS B TpeX cpelax B
1962 r. nmonojiHeHUE CTpaTOCHEPHOTO pe3epByapa CyLIECTBEHHO 3aMeIIMIOCH,
U COOTBETCTBEHHO CTajla CHMXKAThCSl CKOPOCTb MOCTYIUIEHUSI UCKYCCTBEHHBIX
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PaIMOHYKJINAOB Ha 3eMHYIO ITOBEPXHOCTH M3 3TOTO pe3epByapa. OCHOBHas
YacTh KOPOTKOXMBYIINX PATUOHYKIMIOB paciajach, a CKOPOCTh MMOCTYIUICHUS
OTHOCUTETLHO JOJTOXHMBYIINX COKpATHIACh HAa TOPSIIKH.

ITpornecchl OGMOreOXMMHUUECKOM CeAUMEHTAIIUH TTPUBEIN K TOBOJILHO OBI-
CTPOMY yIAJIEHUIO MHOTUX PaTVOHYKIIMIOB U3 TOBEPXHOCTHBIX CJI0€B MOPCKOM
BOJIBI Yepe3 BCIO BOAHYIO TOJIIY Ha JTHO.

H3BecTHO, YTO pacripefesieHre TMPOAYKTOB AeJICHUs, ITOCTYITAaoIINX W3
cTpaTocepHOro pe3epByapa Ha 3¢eMHYIO IIOBEPXHOCTh, OBLIO HEpaBHOMEPHBIM
W MaKCUMyM BbInaneHuii mpuiiencsa Ha 40—50-e rpamychl ceBepHOM IIMPOTHI.
DKBaTOp OKa3aliCsd BaXKHBIM 0apbepoM, MPEIMSTCTBOBABIINM ITPOHUKHOBEHUIO
3HAYNUTEIHLHOM YaCTH PATUOHYKIUIOB M3 CEBEPHOTO MOJTYIIAPHSI, TIe TPOBOIM -
J1ach OOJIbIIIast YacTh MCIBITAHUIA, B IOXKHOE, 1 HA0OOPOT.

MeHnee ompeneJeHHBIM OKa3aJcs BOIPOC O PAaBHOMEPHOCTH BHITTaIeHUI
Ha TTOBepXHOCTh CYIII M OKeaHa Ha OJHUX M TeX e IIUPOoTaX. DKCIepUMEHTaTb-
Hble JaHHBIE JOCTATOYHO MTPOTUBOPEUYMBHI [9].

Haxkomnel, peku MpUHOCAT B OKeaH pacTBOPEHHBIE U B3BEIIEHHBIE (DOPMBI
paIMOHYKJINAOB, coOpaHHBIE CO BCero cBoero OacceifHa. Ha rpanwuie
peKa—Mope TPOUCXOIIT TeOXUMMYECKHe TTpeBpalleHus, CBI3aHHbIe CO CKad-
KOOOpa3HBIM M3MEHEHNEM Ha 3TOM Oapbepe MHOTMX TMAPOXMMIWYECKUX TTapa-
MeTpoB: pH, TemIiepatyphl, COJIEHOCTH, OKMCIUTEIHLHO-BOCCTAHOBUTEIIEHOTO
MOTeHIIaJa W APYyruX. B pe3ynabTaTe psio paIlMOHYKIMIOB, MMPUCYTCTBOBABIINX
B PEYHBIX BOIAX B PACTBOPEHHOM (hopMe, B 30HE CMEIIEHUS TTPECHBIX U MOP-
CKUX BOJ YXOIUT Ha JTHO.

HemnocpencTBeHHO B TPUOPEKHBIX BOJAX B pe3yIbTaTe MOCTYIUICHHS pagruo-
HYKJIMIOB ¢ KOHTMHEHTa WX KOHIIEHTPAIMW, KaK TpaBUJIO, B HECKOJBKO pa3
BBIIIIE, YeM B OTKPBITOM OKeaHe. Tak, B OTKPBITOM OKeaHe COBpeMEHHbBIE yIeITb-
Hble aKTUBHOCTU cTpoHLMA-90 u wue3usi-137 cocrasasior okono 1—2 Bk/m3,
B IPUOPEXHBIX BOAAX M BOJAX BHYTPEHHUX MOpeil oHM 1ocTuraiot 5—20 bk/m3.

Jlns okeaHa xapaktepHo otHoweHue 137Cs/%0Sr, paBHoe 1,6, B peUHbIX BO-
JaX KOHIEHTPAUN CTPOHINSI-90 0OBIYHO 3HAYNUTEIHLHO BBIIIe KOHIIEHTpaIii
ne3usi-137, Tak kKak 1es3nii-137 nmpoyHee pUKCUpyeTCS ITOYBAMM M JTOHHBIMU
ocangkamu. O6a pagMOHYKIIMIA TTOCTYIAIOT B OKeaH TJIaBHBIM 00pa3oM B pac-
TBOPEHHOM BHJIE¢ W TIPUCYTCTBYIOT B BUJE MTPOCTHIX MOHOB. HakoreHue 11e3ust
B OMOJIOTMYECKNX 00BEKTaX BeCbMa MaJIo. DTO OTHOCUTCS U K CTPOHIINIO, XOTSI
KO3 (PULIMEHTH HaKOIUIEHUST €T0 B CKeJieTaX IMO3BOHOYHBIX MOTYT TOCTUTATh
103. C yyeToM Majioii KOHLIEHTPALMU B3BECH 10/ CTPOHIMA-90 U 1e3us-137
BO B3BellleHHOM coctosgHuu BecbMa Mana — 0,01 1 0,05% coorBeTcTBEHHO [9].

BeprukanbHble podunu aktusHoctel St u 137Cs B okeaHe BO MHOTOM
CXOIHBI: B TIepeMEIIaHHOM CJIO€ aKTUBHOCTD MPAKTHUYECKH MOCTOSTHHA, 3aTeM
WIET CIIOM C pe3KWM TpaavueHTOM, a jJajiee ¢ pOCTOM TIIyOWHBI HaOIromaeTcs
IUTaBHOE YMEHBIIIEHNE.

INoBenenMe NCKYCCTBEHHBIX PATMOHYKJIUIOB, MTOMAJAIOIINX B OKeaH, M UX
pacripezieieHre B OKeaHe OTpeAelTIoTCsT X (PU3NKO-XUMHYECKIUMI CBOMCTBA-
MU, B TOM YHUCJIe CITOCOOHOCTBIO K THAPOJIN3Y, CPOACTBOM K B3BEIIIEHHOMY Be-
IIECTBY, yJ4acTHeM B OMOTeOXMMWYECKMX IIpolieccax. BaxkHas 0COOEHHOCTh
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MOBEEeHUsT MHOTUX PaIUOHYKJIMIOB B MOPCKOI cpele CBsSI3aHa ¢ UX B3aUMO-
JNEHCTBHEM C OpTaHMYECKUM BeIleCTBOM ¢ 00pa30BaHMEM KOMIUIEKCHBIX COSIU-
HEeHUI U T. 1. I3BeCTHO, YTO MOBEPXHOCTh OKeaHa MOKPbITAa TOHYANIIIUM MUK-
pocioeM, coaepxXallluM TTOBepXHOCTHO-aKTUBHbBIE BelleCTBa, INIe KOHIIEH-
TPUPYIOTCSI MHOTME MUKpPO3JIeMeHTHI. [1okazaHo, Hampumep, YTo KOHIEHTpa-
MU cTpoHLUA-90 u 1e3usi-137 B MOBEpXHOCTHOM MHUKPOCJIOE U B TIEHE MOTYT
OBITh Ha JBa MOPsIKA BHILIE, YeM B Bodax MpUOpexXHOU 30HbI banTuiickoro
Mmops [15].

[TocTosiHHO oGpa3syloluecs B MTOANIOBEPXHOCTHOM CJIO€ BO3AYIIHBIE TTy-
3bIPBKU JIOTAIOTCSI, TTIOAHUMASICh HA TIOBEPXHOCTb, M 3TOT MPOLIECC TPUBOIUT K
BBIHOCY Ha MTOBEPXHOCTb HE TOJILKO TJIaBHBIX MOHOB COJIEBOTO COCTaBa OKEaHM-
YeCcKOl BOAbI, HO U ¢ OoublIeil 3(p(peKTMBHOCTHIO MIOHOB MHOTMX MUKPO3JIe-
MEHTOB M3 IMOBEPXHOCTHOTO MMKpOCJOos (Moa, IMHK W 1p.). B pesynbrare
MOPCKHME a3p030J11 OKa3bIBAKOTCS OOOrallleHHBIMU MUKPORJIEMEHTAMU 10 OT-
HOILLIEHUIO K TJIaBHBIM KOMITOHEHTAaM MOPCKOl COJIN.

B momoOHbIX IIpolieccax MOTYT y4acTBOBaTh M paauvoOHyKiuabl. Tak, Ha
LIECTU CTAHLMSIX, PACTIOJIOKEHHBIX B TPUOPEXKHOM pailoHe ceBepo-3araaiHoin
BenukoOpuTaHMM Ha pa3IMYHBIX PACCTOSHUSIX OT Oepera U OT SAepPHOro LIEHT-
pa B Cennaduine, oTOMpanuch MpooObl a3p0o30Jieii 1 aTMOC(hEPHBIX BbINAACHUIA
1 aHAJIM3UPOBAIUCH HA colepKaHUe TUTYTOHUsS-238, TyToHus-239,240, ame-
puins-241, uesus-134, uesus-137, pyrennsi-106, cypbMbi-125, niepus-144, a
TaKXe Ha CTaOMJIbHBINA HATPUii, HEKOTOPblE MUKPODJEMEHThI M TpUTHL [16].
YpoBeHb KOHILIEHTpALMK 11e3usi-137 B a3p030J1sIX BABOE TPEBLIIIAN 3HAUEHUE,
0XMIaeMOe C YYeTOM BO3IYyILIHBIX BIOpocoB u3 Cemnadunna. KoHueHTpaius
M30TOMNOB TIYTOHUS B 5—25 pa3, a amepuins-241 B 8—60 pa3 mpeBocxoania
COOTBETCTBYIOILLIME 3HAYEHMUSI.

B npobax mous BOOJIb ABYX C€YEHUI, HOpMaIbHBIX K Oepery Kamopuu (Be-
JINKOOPUTAHUS ) U TTPOCTUPAIOIIUXCS BIJIyOb OT MOpst Ha 20 KM, ObLJIO HaiieHO,
YTO KOHLIEHTPALIMU TIJIYTOHUS U aMEPUIIMS YObIBAIOT 110 MEPE yAajleHUs OoT Oe-
pera v KoppeJupyloT ¢ HaTpreM, BBIHOCUMbIM MopeM. [lokazaHo, 4To MopcKast
IeHa 110 CpaBHEHUIO ¢ MOPCKOM BOAOI oOoralleHa aKTUHUIAMU.

Oxkosio 80% miyToHMsI, COpachIBaBIIErOCs €BPOIMEMCKUMU TPEIPUSITHSI-
MU 1O TepepaboTKe SIACPHOro TOIUIMBA B PACTBOPEHHON (hopMme, yAaIsIoCh
B IIpoIlecce CeAMMEHTAIINU, 10 TOTO KaK BOAHbIC MacChl IOCTUTaau bapeHiieBa
u I'pennanackoro mopei [17].

Konuentpauuu 239:240Py B ocankax KOHTMHEHTAJILHOTO 1IeNb(a U3 9 MyHK-
TOB Yy TIpaHMIl IITaTOB BammHrroH u OperoH CcoCTaBIsIIM B CpeaHEM
300 + 100 MBk/xm2. Boasl pekn KomymOuy 1 pacripoCTpaHSIOIIMECS Hal LIEThb-
(oM MoOpcKue BOIbI MOMOJHSIIOT 3arachl ITYTOHUSI, KOTOPBIH yaansieTcs: B MOA-
CTUJIAIOILIME OCaJKM B OCHOBHOM B pe3yJibTaTe 3axBaTa HEOPraHWYECKUM
B3BElLCHHBIM BellleCTBOM. banaHc Macc moarBep:kuaeT, uto 0Kojio 20% 1uryTo-
HUsI, TIONABILETO B JaHHBI PETMOH C aliBeKLMEN BOJHBIX MAacC, JOJKHO ObITh
yIaJIeHO U3 BOAHOI TOJIILM, YTOObI YPaBHOBECUTh PEUYHOI CTOK 1 OOILLMI1 3arac
B LIeab(OBbIX ocankax. Jloysl MIyTOHUs, YAISIOIETocs B pe3yJibTaTe ocaxie-
HUSI CO B3BECbHIO, COOTBETCTBYET HA0JII01aeMOI KOHLIEHTPALIMKU B3BECU B 1LIEJIb-
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(boBbIX BOAAX U U3BECTHBIM KO3 GbUIIMEHTaM pacIipeaeJeHUs «0CaaKu/BOAa».
3aMeTHOro pasfejeHus ITYTOHUS U 1ie3us-137 ¢ rimyOuHOI B TOJIIE TUXOOKE-
AHCKUX 111eJIb(OBBIX OCAIKOB HE OOHAPYXKEHO, B OTJMYME OT LIeIb(OBBIX OCa-
KOB ATJaHTUKU. DTO HaAOMIOACHUE OOBSICHSIETCS pa3IMuMeM B CMEIIMBAHUU
yacTull U aud@y3um 1e3us B ocaakax pa3HOi MmopucTocTu [9].

B nmoBepxHOCTHBIX BoJax ceBepHOl yacTu Tuxoro okeaHa KOHUEHTpaLUMU
TJIYTOHUSI COCTABJISIIOT: B DKBATOPUAIbHON 30HE 3—35, B LIEHTPaJbHOI yacTu
okeaHa 6—12 u B Kamudopuuiickom teuenun < 2,7 MKBK/71 MOPCKOI1 BOMBI.
PacrnipeneneHne TUTyTOHUS M aMepUIINS MEXIY B3BEIIEHHOW M pacTBOPEHHOI
(bpaksIMU HETIOCPEICTBEHHO CBSI3aHO CO CKOPOCTBHIO OCAXKIEHUS YaCTHUII B
BOIHOI TouIe. B mMoBepXHOCTHBIX BOJaX OTKPHITOIO OKeaHa B3BellleHHas (asa
coaepxuT 12—35% miyToHus, a B IOANIOBEPXHOCTHBIX BoAax 0KoJyio 6% IryTo-
HuUsl. AMepuliMii-24]1 MPOYHO CBSI3aH CO B3BELIEHHBIMU YacTULIAMM (OKOJIO
30% B MOBEPXHOCTHBIX W TIOAIIOBEPXHOCTHBIX Bomax) [9].

OCHOBHBIM MCTOYHMKOM ILITyTOHUSI-239,240 B Bomax oKeaHa SIBJISIIOTCS
rJio0ajbHbIe BbIMANEHUSI, a UCTOYHUK TLTIYTOHUSI-238 — eBporeiicKue mnpen-
TIPUSITUS TI0 TIepepaboTKe SASPHOTO TOILIMBA. 3aMETHYIO POJIb B 3aTrpsI3HEHUN
OKpYyzKalolleil cpeabl ITyTOHMEeM-238 chIrpaii aBapuyu KOCMUYECKUX aniapaToB
C SIAEPHBIMU 3HEpreTuyeckumu ycraHoBkamu («Kocmoc-954» u SNAP-9A).

HeonHokpaTHble ompene/ieHus KOHLEHTpaLuii KobaabTa-60, LuHKa-65,
cepebpa-110m, cepedbpa-108m u mryToHUsI-238 B pa3IMUYHBIX OpraHax TYHILIO-
BBIX PBHIO TTOKA3aJIM, YTO MTOBEPXHOCTHBIC CJIOM BOJ CeBepHON Yactm Tumxoro
OKeaHa, I1e MPeUMYIIECTBEHHO OOUTAIOT 3TU PbIObI, CIIOCOOHBI B TEUEHUE I -
TeTbHOTO BpeMeHU (> 10 jieT) yaep>KBaTh 3aMeTHBIC KOJIMUECTBA PaINOHYKITN-
JIOB, BbIIAJAIOLIMX Ha IIOBEPXHOCTh OKeaHa ¢ aTMocgepHbIMU ocankamu [18].

3amacel 1yToHng-239,240 n amepunusg-241, cyliecTBEeHHO MPEBBIIIAIO-
IIIe YPOBHU, OOYCIOBJIIEHHBIE TJIOOABHBIMU BBITTANEHUSIMU, TIPUCYTCTBYIOT B
NPUIOHHON cpene artosoB bukuHu u DHuseTok [9]. KonuuectBo miyto-
HUs1-239,240, mocTynmMBIIEro B BOOHYIO a3y, MOXKET OBITh OLIEHEHO, MCXOIS
u3 koo duumenra pacnpenenenus K, = 2,3 - 10° n cpeaHeit KOHUEHTPALUK B
ocankax. [ryToHmniT MOXeT TIPUCYTCTBOBATh B PACTBOPE B PA3TMYHBIX BAJICHT-
HBIX COCTOSTHUSIX: OOJIbILIasi YacTh MPUCYTCTBYET B okucaeHHo# (opme (V, VI).
AIIcCOpOIIMS TUTYTOHUMS Ha OcafKax He TIOJTHOCTBIO 00paTrMa, Tak KaK Co BpeMe-
HEM MEHSIETCSI OTHOCUTENIbHOE COMepsKaHWe IUTYTOHMS B pa3IMYHBIX CTEIIEHSIX
okuciaeHusl. COOTHOLIGHUSI MEXIY KOHUEHTpalUMsIMU TUTyTOHUS U aMepu-
musa-241 B OyayieM MOTYT M3MEHMTLCSI M3-3a COPOLIMOHHO-IECOPOLIMOHHBIX
MPOLIECCOB U paauoaKTUBHOro pacrana [9].

W3zyueHo conmepxxanue miyroHus-239,240, ctponuus-90, ue3usi-137 u xo-
6anpTa-60 B BepxHeM (0—2 cM) cjioe JTOHHBIX OCaIKOB, OTOOpAHHBIX BIOJb
147° B. a. ot 29° no 40° c. u1. JInanazoH U3MeHEHUs KOHLUEHTpaUUi 3TUX UC-
KYCCTBEHHBIX PaIMOHYKJIMIOB ITPEBbIIIaeT OMUH MOPsaoK. [1oBbIIIICHHBIE KOH-
LIEHTpallu¥ OTMEYeHbl Ha 36—38° c. mi., roe coemuHsitorcss Kypuibckoe
TeueHne u TeyeHue Kypocumo, MOHMXKEHHbIe KOHLEHTpalUMU HaOMIOJATNCh
ceBepHee U 1oxxHee. Bece KoadduiimeHTh KOppeasiliug MeXXay KOHLICHTpaLIMsI-
MU pa3HbIX PagMOHYKIUIOB npeBbimaior 0,9. OtHowenus 239:240Py/137Cs u
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90Sr/137Cs B OHHBIX OCanKax OIM3KM K UX OTHOILIEHUSM B BOIHOIA TOMIIE U KO-
3G GULMEHTY KOHLUEHTPUPOBAHUS B MOPCKUX opranusMax. CaeiaH BBIBOI, YTO
PaIMOHYKJIUIBLI ObIIM MEPBOHAYAILHO PACTBOPEHBI B MOBEPXHOCTHBIX CIIOSIX
MOPCKOI1 BOJIbI, OTKY/Ia BMECTE C OCENAOLIMMU YaCTULAMU MIEPEMECTUIINCH Ha
MOpcKoe AHO [9].

4.2.1. AKTUHHJbI B THIPOC®EPE

B BoaHBIX crucTemMax [Uisl aKTUHUIOB XapaKTepeH psiji CTeNeHel OKUCIeHUs
or +3 1o +6. CreneHdIM OKUCIeHUY +5 1 +6 OTBEYAIOT KUHETUYECKU U TEPMO-
JMHAMWYECKU CTaOWIbHbIE JIMHEWHbIE AMOKCOKATUOHBI. M3-3a cTepuuecKux
3aTPYAHEHUI KOOPAMHALIMOHHbBIE YMCIA MSITU- U 1IECTUBAJIEHTHBIX aKTUHUIOB
B BOIHBIX PAacTBOpax paBHLI 4 U 6 cootBeTcTBeHHO. L1 An3* u An** koopau-
HALIMOHHBIE YKMCJIa MOTYT MEHSThCS OT 6 10 12.

Topuii B pacTBOpe MCKIOUUTENbHO 4YeTbipexBasieHTeH. Hanbosnee xapak-
TepHas CTENEeHb OKMCIEHNS ypaHa — +6. JIa HENTYyHUST ¥ TTPOTAKTUHUS Hau-
0oJiee TUITMYHO TMSATUBAJIEHTHOE COCTOSIHME, OTHAKO B 3aBUCUMOCTH OT YCJIOBUIA
OKpYXalollleil cpeibl HENTYHUI MOXET OKUCIISITECS UM BOCCTaHABIMBATLCS J10
LIECTU- Y YEThIPEXBAJIEHTHOTO COCTOSIHUI COOTBETCTBEHHO. AMEPUILIMIA U KIOpUA
B YCJIOBHSIX OKPYXKalOLIEH cpe/ibl TTPOSIBJISIIOT JIMIIbL OJHY CTENEHb OKUCAeHUs +3.
Haunbonbliee pasHooOpa3re cTerneHell OKUCAEHUS MPOSBISIET TTyTOHUI: B MIpU-
POJHBIX YCJOBUSIX, MO-BUAUMOMY, MOTYT COCYLIECTBOBATb YEThIPE CTEIEeHU
okuciieHust ot +3 go +6. Ha puc. 4.7 nokasaHbl 00JIaCTH YCTOMYMBOCTU Pa3-
JUYHBbIX (hopM TIyToHUs. M3-3a HE3HAUUTENbHbBIX COAECPXKAHUN aKTMHUAOB B
OKpYyXalollleit cpejie peakluu JMCIPONOPLUUOHUPOBAHMS IS HUX HEXapaKTep-
Hbl. B Tabs. 4.2 npuBeaeHbl OKUCIUTETbHO-BOCCTAHOBUTEbHBIE TTOTEHIIMAIbI
JIJIS1 HEKOTOPBIX aKTUHUIOB.

B BomHbIX pacTBOpax aKTMHU/IbI BO BCEX CTEMEHSIX OKMCAEHUS MPOSIBISIOT
CBOMCTBA TUITMYHBIX «KECTKUX» KUCIOT, YTO ONMPEIEIET 3JIEKTPOCTATUUECKYIO
MPUPOIY UX B3aMMOJEUCTBUSI C aHUOHAMU U MIPEATNIOYTUTELHOE CBSI3bIBAHME C
KUCJIOPOJCOAEPXKAIIMMU JTUraHaaMmu. B mpupoaHbiX Bogax noBeaeHe ak THHU -
JIOB ONpeAesieTcsl peakluUsiMU TUAPOJU3a U KOMIUIEKCOOOpa3oBaHMsI, TJaB-
HBIM 00pa3oM ¢ KapOOHAT-MOHAMU.

CrerneHb ruApoOIM3a YBEIUUNBAETCS IO PSIAY:

AnOj < An3* < AnO%Jr < An**t

I'uoponus yeTbipexBaJIeHTHBIX aKTUHUAOB HAYMHAETCS Y>Ke B BeChbMa KHC-
JIbIX pacTBopax (mpu pH ~1), a 1S MSITUBaEHTHBIX AKTUHUIOB OH HE3HAUUTe-
qneH go pH ~ 9.

ITnyToHuii, copOMpPOBaHHbBIN Ha MOBEPXHOCTU B3BELLIEHHbBIX YAaCTULL, HAX0-
JIUTCSI B BOCCTAaHOBJIEHHOI (hopme (+4). B mpuOpekHbIX JOHHBIX OCajKax U B
MoYyBax MJYTOHUI B OCHOBHOM CB$I3aH C TYMMHOBBIMU KUCJIOTaMU, UMEIOLIUMU
OTHOCUTEIBHO BBICOKUI MOJieKysipHbIi Bec (>150 000) u ¢ nerkumu (<2000)
(yIBBOKMCIIOTAMU.
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Puc. 4.7. OKUCIUTEIbHO-BOCCTAHOBUTEIbHAS AUarpaMma IiyToHus [19] B pactBope,
HaXoJAIIEMCST B PaBHOBECUU C aTMOCGhEPOii, pacCUMTaHHas C YUETOM peakInit
TUOpOIM3a U 00pa3oBaHUs KapOOHATHBIX KOMIUIEKCOB. PuMckumu mudpamu
0003HaYeHbI CTEIIEHU OKWCICHUS TITyTOHUS

Tabauua 4.2
OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIE MOTEHIMANBI (B B) 1/ HEKOTOPBIX AKTHHHIOB,
BbluKcJieHHbie npn pH 8 ¢ ucnosib30BaHMEM KOHCTaHT ruapoJmsa [20]

An(1V) / An(I1I) Pu —0,39
Np —-1,13
U -1,95
An(V)0} / An(1V) Pu 0,70
Np 0,15
U 0,08
An(V)0O3*/ An(V)O} Pu 0,60
Np 0,81
U —-0,23
An(VDO3*/ An(IV) Pu 0,65
Np 0,48
§] —0,07
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Bonbluas yacTh uccaenoBaHuiA, MOCBSIIEHHBIX (DOpMaM HAXOXKICHUS aKTH-
HUIIOB B MOPCKOIA cpefie, BhINoHEHa B MIpIaHACKOM MOpe, TTOCKOJIbKY B 3TOM pe-
TMOHE COAEpPXKaHWe TPAHCYPAHOBBIX 3JEMEHTOB OTHOCUTENIbHO BBICOKO H3-3a
cobpocoB nepepadarbiBatoliero mnpeanpustust B Cemnagunne. Ipenmonaraercs,
4TO TOJBKO OKOJIO 7% COpOIIEHHOIO IUIyTOHMS MOKMHYJ0 MpiaHiackoe mope.
IMogasnsitolast yacTh MIYTOHUSI HAXOAUTCS BO B3BeleHHOM hopme. Koadduinm-
€HT pacrpenesieHus] MeXIy BOION M B3BELIEHHBIM BEILECTBOM JUIS TUTyTOHUS B
HU3LLIKMX CTENeHsIX OKUCIEHMs Ha aBa mopsaka Beiue (10°), uem s creneHeit
okuciaenus +5 u +6 (10%). B MpnaHackoM MoOpe pacTBOPEHHBII IUIYTOHUIA B
ocHoBHOM (80—90%) cylecTByeT B cTeneHn okuciaeHus +5 (1. e. B une PuO;),
TOrJa KaK CBSI3aHHBIN CO B3BECHIO HAXOMUTCS TJIaBHBIM 00pPa3oM B UYEThIPEXBAJICHT-
HOM cocTosiHuu [21].

CotpynHuku Jlabopatopuu Mmopckoii cpenbl MATATD [22] uccnenoBanu
MEeXaHW3M BbIBEACHUS TUTYTOHUS M3 BOAHON TOJIIIM C MTOMOIIbIO aBTOMaTHye-
CKHX CEIMMEHTALMOHHBIX JIOBYIIEK, YCTAaHOBJAEHHBIX B JIMOHCKOM 3ajuBe
(CpenuzeMHOe MOpe). DKCIIEPUMEHT TTPOIOJIKAJICS Ba C MOJIOBUHOM Mecslia,
MPpOOKLI OTOMPAJIU C IBYXHEAEIbHOM MepUOIMIHOCTbI0. OOHAPYKEHO, YTO MaK-
CUMAaJIbHBIN BEPTUKAJIbHBIN MTOTOK IUIYTOHUS M aMmepulius Ha riyouHe 200 m
COBIMAaeT C TEPUMOAOM IIBETEHMS IUJIAaHKTOHA. B 11eIOM MOTOK aKTMHUIOB
orpenessieTcs TOTOKOM B3BellleHHOro BelecTBa (puc. 4.8). [1o olieHKaM, 0Ko-
JIO TIOJIOBUHBI TJTYTOHMST BBIBOIMUTCS M3 BOIHOM TOJIIM B BUIE KPYITHBIX arpe-
raToB, INIABHBIM 00pa3oM (heKaJabHbIX TeJUIET 300TUIAaHKTOHHBIX OPraHU3MOB.

Bpems mpeObiBaHUMS TIIYTOHWSI B BOAHOM TOJIIE MEHSETCS B IIMPOKUX
rpeaesiax — OT AECITKOB ITHeH B MPUOPEKHBIX BOAAX, OOraThiX B3BEILIEHHBIM
BEILIECTBOM, 10 JIECSITKOB JIET B OTKPHITOM OKeaHe.

B 3aMKHYTBIX BogoeMax, a TakxkKe B IIPUOPEKHBIX 30HAX, OOraTbhiX B3BeE-
IIEHHBIM BEILIECTBOM, MOXKET MTPOUCXOAUTH U3MEHEHHUE COCTOSIHUST OKHCIECHUS
MyToHUs. BoccTaHOBIEHUE TITYTOHUS TAaKXKe MOXKET MTPOUCXOAUTH MO ACHCT-
BMEM CEPOBOIOPO/IA, UTO HAOIIOAAETCs, B YaCTHOCTH, B UepHOM Mope, Tae ce-
POBOIOPOA BCTpeYaeTcss MOBCEMECTHO Ha miyouHe Oonee 100 merpoB, U B
HOpPBEXXCKUX (bopaax. Bo BpeMs aMepuKaHCKO-TypelIKOi YepHOMOPCKO 9KC-
Neauiuy B UioHe—uione 1988 r. nccnenoBain BepTUKAIbHOE pacrpeneieHue
TJTYTOHUS B pa3IMUHBIX CTETIEHSIX OKMCICHUS B I0r0-3amaaHoit yactu YepHoro
Mops [23]. s pazaeneHus TIYTOHUS B BBICIIUX M HU3LINUX CTEIIEHSIX OKHCIIe-
HUSI MCTOJIb30BAIM PA3IMyus B CTENEHU COpOLMU Ha TpU@TOpUIe JaHTaHA.
[nyToHMiT B HU3IIMX CTEMEHSIX OKUCIEHUST CoOocaxkaaau ¢ TpUTOPUIOM JlaH-
taHa, Torma Kak Pu(V,VI) ocraBajicsa B pacTBopeHHOI ¢opMe. [IJisT KOHTPOIIS
XMMMUYECKOTO BBIXOJA MCMOJIb30BAIN IBE U30TOMHbIE METKM, BBOAUMbIE B pa3-
JUYHBIX XxuMuuyeckux dopmax: 236Pu(IV) u 242Pu(VI). O6HapyXeHbl CIeaylo-
e 3aKOHOMEPHOCTH.

e B nosepxHocTHOM citoe (5 M) 06J1bliast yacThb I1yToHuUst (>70%) HaXOOUTCSI

B BOCCTaHOBJICHHOI (popMe, XOTSI 0 TepMOAMHAMUYECKIM pacueTaM U 110

JIUTEPaTYPHBIM TAHHBIM B HACBHIIIICHHON KHMCJIOPOIOM MOPCKOM BOJIE TLTY-

TOHUI YCTOMYMB B BhICIINX cTeneHsx okuciaeHus (V,VI). Oror ¢akT aBTo-

Pbl OOBSICHSIIOT BIMSHUEM (PUTOIJIAHKTOHA.
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Puc. 4.8. BepTukanbHblii TOTOK B3BeCH (@) M TTOTOKM TPAHCYPAHOBBIX 2JIEMEHTOB (0)
B Bojax JInoHckoro 3anuBa [22]

e B mpomexyrounoii 3oHe (50—90 M), rme KOHLEHTpaUUMKU W KUCJIOpOoAa, U
CepoBOIOPOIA HAXOMATCSA Ha TIpeesie OOHapy:KeHUs, TIpeobIamaeT TUIyTo-
HUI B BBICIIMX CTEIIEHSIX OKUCJICHUS.

e C 11yOMHOI [10JIs1 BOCCTAHOBIIEHHOrO IUIYTOHUS pacteT, U Huxe 150 m
TJTYTOHUI B BBICIIIMX CTETICHSIX OKUCIEHUS He OOHapyKeH.

e OO0111ee KOJUYECTBO TJIYTOHUSI YMEHbBIIACTCSI C TJYOUHOM.

e B 0/1HOIi 13 ABYX TOYEK OOHAPYXEH MaKCUMYM COJepKaHUsI OKUCIEHHOTO
TUTyTOHMS Ha TiyorHe 150 MeTpoB, KOTOPBIi aBTOPbI OOBSICHSIIOT BEPTUKAJIb-
HbIM MEPEHOCOM BOJHBIX MacC, MOCKOJbKY OKUCIEHUE WIU TUCTTPOTIOPIIMO-
HUPOBaHUE TUIYTOHUSI B BTUX YCJIOBUSIX HEBO3MOXHO. TakuM 00Opa3oMm,
TUIYTOHWI B BBICIIUX CTEMEHSIX OKMCIEHUST MOXET CJIY>KUTh UHIAUKATOPOM
BEPTUKAJILHOTO MepeMelIMBaHUsI BOIHBIX Macc [23].
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Puc. 4.9. BeprukanbHoe pacrnpenesieHre BOCCTAHOBICHHOM (@) U OKUCIEHHOH (0)
dopm TuIyTOHMS, a TaKXke OOIIEro ero cojaepxxaHus (8)
B BOJax roro-3amamaHoi yactu YepHoro mops [23]

BeptukanbHoe pacrnpeneneHue IUTyTOHMST Ha OJHOW W3 CTaHUMHA
(41° 51" ¢. . 30° 21" B. 1., MakcMMaJibHast TayouHa 1963 M) B 1oro-zamamgHoi
yacTu YepHOro Mops rokazaHo Ha puc. 4.9.

PaszButue B Havasie 1990-X rr. HOBBIX METOAOB MPOOOOTOOPA, B YACTHOCTHU
(UIBTPALIMOHHBIX TEXHOJIOTUI, MTO3BOJISIIOIIMX 00padaThiBaTh OOJIbLINE 0OBEMbI
Mpo06, MPeaoCTaBUIO HOBYIO MHGMOPMALMIO O paclpeleeHUM TUIYyTOHUS IO
(pakuuam. Paborta Obuia BbIMOMHEHA Ha ATiIaHTUUecKOM lueibde CeBepHOit
Amepuxu (3anuB MaH). IliiyToHuii ObU1 pa3nesieH 1Mo TpeM ¢ppakuusM — B3Be-
meHHou (>1 Mxm), KotouaHout (>1 kD) u pactBopeHHOM. Bbl1o 00Hapy:xKe-
HO, YTO TUTYTOHUI TIPUCYTCTBYET B OCHOBHOM B PacTBOPEHHOI (opme, moiist
KOJUIOMIHOIO IUIyTOHUSI OTHOCUTEIbHO HeBennKa (puc. 4.10). Takum o6pasom,
TUTYyTOHMI TIPOSIBIISIET KOHCEPBATUBHOE MOBEAEHUE B MOPCKOM BOJIE, UTO, BO3-
MOXKHO, OOYCJIOBJIEHO €r0 OKMCJIEHHBIM COCTOSTHUEM.

BepTtukanbHoe pacnpeneneHue (GpopM IUTYTOHMS B 1eIb(OBOM 30HE Xa-
pakTepu3yeTcs psimoM ocobeHHocTel. O01ee coaepKaHUe MIYTOHUST PacTeT C
rnyouHoit. Takasi 3aKOHOMEPHOCTb MOXKET OOBSCHSTHCS CMELICHHEM MEHee
COJICHBIX TMOBEPXHOCTHBIX BOA C 0oJyiee TIYOMHHBIMU CJOSIMU, WUMEIOIIUMU
OOJIBIIIYIO COJIEHOCTDb 1 OdJibliiee comepKaHue IUIyTOHUS. DTO MPeArooKeHUe
TMOATBEPXKIAETCSI KOPpeJsIireil MexXmy comep:kaHueM PacTBOPEHHOTO TUIYTO-
HUS U cosieHOoCTblo. KomtounHast hpakiiys coctapisieT 0Kosio 8% B IMOBEPXHO-
CTHBIX Bojax U MeHee 1% Ha riyouHe 250 M. MHTepecHO, 4To OOHapyxKeHa
OTpMIIATEeIbHAS KOPPEJSLINSI MEXKAY paCTBOPEHHBIM OPTaHUYECKUM YIJIEPOIOM
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Puc. 4.10. BeprukanbHblii Tpodib aKTUBHOCTU TUTYTOHUSI U pacrpeaeieHue ero
no ¢pakuusaMm B 3aauBe MaH [24]. MakcUMyM B3BELLIEHHOTO TUTyTOHUSI
COOTBETCTBYET CKAUKy COJICHOCTU

my6uHa, m

—l— HecbunbTpOBaHHas
—0— <1 MKM
—O—<1kD

—1—1kD — 1 Mkm
——> 1 MKM

1 PACTBOPEHHBIM TUIYTOHMEM B BOAHOI Tomuie (#2 = 0,94), 4To Takxke TOBOPUT
0 TOM, 4TO MpU (POPMUPOBAHUU BEPTUKATHHOTO MPOMUJISI IUIyTOHUSI TIPOLIECCHI
rnepeMelMBaHUSI UTPAIOT OGJIBIIYIO POJIb IO CPABHEHUIO C MTPOLIECCAMMU CBSI3bI-
BaHUS CO B3BECHIO.

HNmerolmecs: B tuTepaType CBEACHUsI O COAEPXKaHUU HENTYHUsI, (popmax
€ro HaXxOXJIEHUs 1 3aKOHOMEPHOCTSIX TTOBEICHUSI KpailHe CKYAHbI. DTO 00bsIC-
HSIETCSI CPABHUTEJIbHO HU3KOW YIAEIbHOM aKTMBHOCTBIO HEINTYHUSI B MPUPOJ-
HBIX OOBEKTaX M METOAMYECKUMU TPYAHOCTSIMU, BO3HUKAKOIIUMU IIPU €ro
ornpeaeacHun. KoadhduumneHT pacrpenenieHusi HENTYHUsST B MOPCKOI cpeje
MEXIy BOJIOW M B3BElIEHHBIM BeliecTBoM coctapiser 103—104 (Mpnanackoe
mope). [To crmocoOHOCTH cOpOUPOBATHCS B3BECHIO HEMTYHUIA 3aHUMAET MPOMe-
KYTOYHOE TTOJIOKEHHUE MEXIy Le3MeM U IUTyToHueM [25]:

Cs < Np < Pu~ Am
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Takum o0pa3oM, UCKYCCTBEHHAs! PaaIuOaKTUBHOCTD pacIpele/ieHa B OKea-

He BechbMa HepaBHOMepHO. OQHAKO MaKCUMYyMbI, Haba10JaeMble B BEpTUKAJIb-
HBIX TPOGMWMISIX KOHIEHTpPALUMil MCKYCCTBEHHBIX PAIMOHYKJIMIOB B BOIHOM
TOJIILIE, IO A0COIOTHBIM BEIMYMHAM HEBEJIUKH 110 CPABHEHUIO C YPOBHSIMHU aK-
TUBHOCTU €CTECTBEHHBIX PaIMOHYKIMIOB. VMCKIIOUeHUsI COCTaBSIOT MecTa,
HETIOCPEICTBEHHO MPUMBbIKAIOIIME K TOJUTOHAM MCMBITAHUIN SIIEPHOTO Opy-
KUST UM COPOCOB PaIMOaKTUBHBIX OTXOIOB, TI€ YPOBHU 3arpsiI3HEHUSI, OCO-
OCHHO B JIOHHBIX OCalKaX, MOTYT OBITb 3HAYUTEIbHBIMU.

10.

11.

13.

14.

15.

17.

18.
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B ropHEIX TTOpoax ¥ rpyHTaX MOBCEMECTHO IMTPUCYTCTBYIOT PaTUOHYKITAIBI
YPaHOBOTO W TOPUEBOTO PsIIOB, Kanuii-40 1 HEKOTOpHBIE IPYTHE eCTECTBEHHBIE
PaTMOHYKITAIHI.

Kammit — 1menouHoit metayt 1 rpynmsl [leproandeckoil CUCTEMbI 2JIeMeH-
TOB, J10JIsI KOTOPOTO B COCTAaBE 3eMHOIM KOPHI COCTaBJIsSIET 0K0JIO 2,5 Bec. %. Kak
TUITMYHBIA OMOTeHHBIN 3JIEMEHT OH BXOIMT B COCTaB BCEro XXMBOTO Ha 3eMIIe.

Bo BHe3eMHOM BellleCTBe (B 3KEJIE3HBIX METCOpUTAX M B KOCMUYECKOM
MBUIM) B pe3yJibTaTe peakluy CKaablBaHUs (CHAUIAIIMK) Ha SIpax Keje3a MO
JEACTBUEM KOCMUYECKOTO u3nydeHus 1015l 0K MoxeT ObITh Ha 2—3 mopsiaka
BBIIIIE, YeM B 3€MHBIX ITOPOJIaXx.

EcrecTBeHHBIN pagroakTuBHbIA n3oton 40K BHOCHT HaubOJIbLINIA BKJIA B
pPamMOaKTUBHOCTh OMOTHI, 3¢MHOIM KOPBI M BOJ OK€aHa, a BBUIC/ISIOIIASICS IPU
pacnaze saaep K sHeprus urpaer 3aMeTHYIO poJib B TETIOBOM OalaHCe 3eMIIH.
Ha nomto kanust mpuxoautest 16—18% cpenneit 3pDeKTUBHOM 5KBUBaJICHTHOMI
JI03bI, MOJTy4aeMOil YeJIOBEKOM Ha YPOBHE MODSI.

IMpu pacnane spep 40K Bo BMeLIalOIMX MOPoOAaxX U MUHEpAIax MPOUCXO-
JUT HakoruieHue podepHero aprona-40. ITo coorHowenuio 40Ar/40K moxHo
CYIMTh O BO3PACTe MCCIEAyeMbIX TTOpO. (Kalnii-aproHOBBIM METOM OIpeaesie-
HUSI BO3pacTa MOPOJI ¥ MUHEPAJIOB, ChIIPABIINI BaXKHYIO POJIb B U3YUYEHUU UC-
TOpUU 3eMJIN).

B xome sBomonnu 3eMiiM Kalldii, KaK ¥ JIPYrMe €CTECTBEHHbIE palroak-
TUBHBIE B3JIEMEHTBI, COCPEIOTOYMIICS IJIABHBIM O0pa3oM B 3eMHOI Kope, B
OCHOBHOM B KHCJIBIX TTOPO/IaX B COCTaBE MOJICBBIX IIIATOB U CJIIOI.

OO011ee comepkaHue KaJlks B OCAJI0YHOM CJI0€ 3eMHOIM KOPBI COCTABJISICT HE
MmeHee 3,8 - 1018 1, B Tom uncie oxkosno 2 - 1010 T kanus HaxoauTCs B BUIE COJIEiA,
HaKOIMBIIMXCSI B ONPeAeICHHbIC SITOXU B COJICPOIHBIX 3BaIlIOPUTOBBIX Oacceii-
Hax. KanuiiHble comu, K KOTopbiM oTHocsTcsl cunbBuH (KCl), cuabBUHUT
(cmech KClI n ranuta — NaCl), kaprauut (KC1 - MgCl, - H,O), unreHcuBHO
HCIIOJIB3YIOTCS [UIS TIPOM3BOACTBA KAMIMHBIX ynoopeHuii. ConepkaHue Kajiusl B
3TUX MUHepasiax B nepecuere Ha K,O cocrasnsier 12—30%. Han nosepxHoCTbIO
CJIOEB KAJIMMHBIX COJIe MOIIHOCTh J03bl MOXeT nocturath 50 MKP/4.

OO0wmwmii 3anac kanuitHeIX coseil (B mepecuere Ha K,O) cocrasiser He Me-
Hee 110 muipa T, B ToMm unciie B crpaHax opiBirero CCCP — 25, B Kananme — 62,
B I'epmanuu — 10, B CIIHA — 12 muipa T cooTBeTcTBeHHO. Hanbosnee 3HaunTe Ib-
Hoe MecTtopoxkneHue B Poccun — Cojmukamckoe Ha Ypaie. MupoBoe mpou3-
BOJICTBO KaJIMIHBIX ymoOpeHMil mocturaer 26,5 MiaH T/ron (B IepecyeTe Ha
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K,0), B ToM uncie Ha gomo 6siBiero CCCP mpuxonurcs 6,6 miaH T/ron. bonee
95% moObIBaeMOro Kaslds MAET Ha IIPOM3BOACTBO YIOOPEHUI, OCTAIbHOE — Ha
MPOU3BOJCTBO MOIOILIMX CPEACTB U PA3HBIX XUMMUYECKUX PEaKTUBOB.

3amac Kajaus B KyJbTHUBUPYEMBIX IMOYBAaX BOCHOJIHsIETCS (IIPU BHECEHUU
KanuiiHbeiX ynoopeHuit 1o 40—50 Kr Kanusi/ra), B TO BpeMsl KaK KOHLIEHTpaLuu
KaJMsl B TIouBax Kojiebmorcst ot 1 1o 3,6%, cocraBisis B cpennem 1,4 Bec. %.
B Gorarbix MHUKpOOpraHU3MaMu TMOBEPXHOCTHBIX CJOSIX IOYB, SIBJISIOLIUXCS
KakK MUTaTeJbHOM cpenoit 1uisl mpou3pacTaHus (Gopkl, Tak U Cpeaoii, rae npo-
HUCXOIUT Pa3oXeHre OTMUPAIOLIMX OPraHU3MOB, KOHIIEHTPALIMS Kaausl OObIY-
HO B 2—3 pasa Bblllle, YeM B HIUKEIeXKAllUX CJIOSIX.

7151 BBIYUMCTAEHUST MOITHOCTH 103bl MPY M3BECTHOM KOHLICHTpALUM Kasusl
B II0YBE MOXHO BOCIIOJIb30BATLCA COOTHOLIeHHEM 3,64 - 1073C (pan/cyTKm)
unu 1,35C (pan/ron), rne C — KOHIEHTpaLMs TPUPOIHOI CMECH U30TOIOB Ka-
JIAS B T/T TTIOYBBI. MOIITHOCTD HO3HI y-M3JIy4YeHUsT Ha TIOBEPXHOCTH TOPHBIX IT0-
pox (h = 0) cocraBister 1,6—1,9 MKP/4 (3UMoOi1 yMeHBIIIaeTCsT M3-3a OCIA0JICHUS
CJIOeM CHera).

CopepxaHue KalWs B MarMatudeckux rmoponax meHsetcs ot 0,03% B
VIBTPAOCHOBHBIX MOpoaax (IyHUTH) 10 3,34% B KUCHIBIX TTOpoaax (TPaHUTHI,
rpaHOMUOPHUTHI); B 0camoYHBIX TToponax oT 0,1% (raauT, aHTUAPUT, TUTIC) IO
3,2% B cnaHuax U riuHax; B mouBax oT 0,3% B 60J0THBIX 10 2,3% B cepo-0y-
PBIX.

leoxuMmst ypaHa W TOpMST M3ydeHa JTOCTAaTOYHO TTOAPOOHO, M BOTIPOCHI,
CBSI3aHHEBIC C TTOBEICHWEM ypaHa M TOPUS B 3eMHOI KOpe, BBEIXOAST 32 paMKHU
JIaHHOM KHUTH. Huke paccMoTpeHo TToBeneHe TIIaBHBIM 00pa30oM TeXHOTEH-
HBIX PaINOHYKJIMIOB B MOYBE U TEPEHOC MX B CHCTEME ITOYBA — PACTECHUS,
TaK KaK MMEHHO 3Ta TeMaTHhKa TpeACTaBIsgeT OCHOBHOM MHTEpeC BBUIY ITO-
TEHIIMAJTBLHOMN OIMMACHOCTH TEXHOTeHHBIX PaIMOHYKIMIOB MIJIST 3I0POBbS YeIl0-
BeKa.

5.1. MUTPAIIMA UCKYCCTBEHHBIX PAINMOHYK/INIOB B ITIOYBE
N ITEPEHOC ITOYBA — PACTEHHUE

CKOpOCTb MUTPALIMM PAIMOHYKIIMIOB B TIOYBE U CIIOCOOHOCTb YCBauBaTh-
Cs paCTEHHMSIMU OTIPEHEIISIOTCS CEeAYIOIINMEU (haKTOpaMu:

o (bUBUKO-XMMUYECKOI (hDOPMOI1 paIMOHYKIIUAA, ITyTeM TMOCTYIIJICHUS U Bep-
TUKAJIbHBIM paclipefe/ieHUeM paJuoOHYKIuAa B TTOUYBE;

® CBOICTBAaMHU TMOYBBLI (MMHEPaJIbHBIM COCTaBOM, KMCJIOTHOCTBIO, COAepKa-
HUEM MOHOB, BCTYMAIOLIMX B KOHKYPHUPYIOIIME peaKiiui, MOHOOOMEHHOM
€MKOCTbIO, COfep>KaHMEM TYMUHOBBIX BEILIECTB, BIAXKHOCTBIO);

® OCOOEHHOCTSIMU CTPOEHUSI U MeTaboJIM3Ma pacTeHUSI.

JI151 KONMMYECTBEHHOTO OMKMCAHUS Mpoliecca MEPEHOCa PATUOHYKINIOB U3
MOYBBLI B PACTEHMSA UCHOJIB3YIOT KO3(hdULMEHT niepeHoca K, paBHbIA OTHO-
LLIEHUIO aKTUBHOCTHU PAAUOHYKINIA B pacTeHUU (BK/Kr cyxoro Beca) v B IOYBE
(bx/Kr mouBer). OnNHAKO BbIPAXKEHHBIH B TaKMX eAMHULIAX K HE OTPaKaeT 0Cco-
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OCHHOCTEl BEPTUKAJILHOIO paclpeicsieHus pamuoHyKauma B TouBe. Jleno B
TOM, YTO pa3lU4yHbIe PACTCHUS MMEIOT pa3IMUHylO IJTyOMHY KOPHEBON cucTe-
MBI, TO3TOMY IIpU pacyere K, cienyeT onpeneasaTb aKTUBHOCTb PaIUOHYKIIAAA
B COOTBETCTBYIOIIEM CJI0€ TIOUBBI. Tak, Mo peKoMeHAauusIM MexXIyHapoIHOTO
coto3a paguoskosioroB (IUR) ucnonb3yioT aktuBHOCTh B cinoe 0—10 cM mist
371aKOBbIX KyibTyp 1 0—20 cM [1J1 ocTajbHBIX. ECIM peub uaeT o MoBepXHOCT-
HOM 3arpsiI3HEHUU MTOYBBI, HAIIPUMEP TPU aBapUITHBIX CUTYAIIUsIX, UCTIOJb3YIOT

/ KT
bk /M?

[loBeneHve paiMOHYKJIMIOB B 9KOCHCTEME BO MHOTOM oOIpeessieTcs: pop-
Mo#l mx mocrtyreHus. Tak, B pesyabrate aBapun Ha YepHoOblibckoit ADC
(YADC) nesmii-137 moctyman Ha TOBEPXHOCTh 3eMJIM B IBYX OCHOBHBIX (hOp-
MaX — KOHJEHCHPOBAHHBIX YACTUIl M YACTHUIL SIAEPHOTO TOIUIUBA («TOPSIUMX»
yactul). KoHaeHcupoBaHHBIE YacTUIIBI MMEIU Majblii pa3Mmep, coaepxKaiu
MPEeUMYIIECTBEHHO JIETyYre PaAuOHYKIUAbI U MO CBOMM CBOKCTBAM HaroMU-
HaJu MPOAYKTHI BbIMNAJACHUI MOCIe aTMOC(EpHBIX siAepHbIX B3pbiBOB. OT 30
1o 40% ue3usi-137, nonasiiero B arMocdepy B pe3y/ibTaTe aBapuu, MOCTYIIAIIO
B BHUAC TOIUIMBHBIX YacTUI. OTU YaCTULBI HMEJIM OOJbIIUN pasMep
(0,5—150 MKM) ¥ B OCHOBHOM BHBITIaJaIn B Tpeaeaax TPUALATUKUIOMETPOBOM
30HBI, XOTSl AOBOJBHO YacCTO OOHAPYKMBAJIUCH HA OOJIBIIMX PACCTOSHUSIX OT
UCTOYHMKA. Tak, TOIMIMBHBIC YacTULbl pazmepoMm (0,7—2 MKM, coaepxKailue
M30TOTBI YpaHa, TUIyTOHUSI, aMEPHUILIMS U KIOpHsl, 00HapykuBaarch B BuibHIo-
ce. B TpuauatukuiaoMeTpoBoil 30He O4JibllIasg 4acTb PaAMOAKTUBHOCTU OO0y-
CJIOBJIECHA MMEHHO «TOpSYMMU» YacTULAMU. Takum o0pa3oM, MCClIeI0BaHUS
«TOPSTYMX» YACTHIL], BOZHUKAIOIIMX MPU aBapUIHBIX BBHIOpOCax, HEOOXOAUMBI
JUTST TIOCTPOEHMST JOJTOCPOYHBIX MPOTHO30B MUTPALIMM PATUOHYKIMIOB. «l0-
psiure» yacTulbl pazmepoM 10 200 MkM obHapyxuBaiau B 1989 r. Ha paccrosi-
HUU 10 5 KM K ceBepo-3amanay or YADC. B 1986—1990 rr. yacTulibl pasMepoM
10 100 MKM oOHapy:KMBaJIM B TIpeaeax TPUALATUKUIOMETPOBOM 30HbI. Takum
00pa3oM, YaCTULIbl HE pa3pylLIMIMCh B OKpYyXKalolleil cpeae Mo KpalHeil Mepe
B TeueHue aToro nepuona. CKoOpocTb PACTBOPEHUSI «TOPSTUMX» YACTUIL 3aBUCUT
OT COCTaBa 4acTUlbl, BaaxxHocTu U pH mouBkl. fIHacu ¢ coaBTopamu [1] meTo-
JIOM aBTOpaarorpaduu IeTalbHO UCCISIOBAIN «TOpsTYre» YacTULbI B 30-Kuio-
METpoBOIf 30He cryctss 11 et mnocine aBapuu. «lopsyue» YacCTUIIbI
00HapyXXuBaly MO paaudaJbHbIM KJacTepaM o.-TPEKOB, XOPOILIO 3aMETHbIM Ha
(oHe paBHOMEpPHO pacIpelneeHHbIX TPEKOB, 00YCIOBIEHHBIX o-U3JTyJaTessi-
MM, COPOMPOBAHHBIMU Ha TMOYBEHHBIX dacThiaX. COOTHOIICHHME W30TOIOB
ypaHa OTpenesIssTd METOIOM MacC-CIIEKTPOMETPUHN ¢ WHAYKTUBHO CBSI3aHHOM
mrazmoit (MCIT-MC). @opMbl HaXOXICHHUS paTuOHYKIUIOB OTIPEIeIsIIN, 1C-
MOJIE3YST TTOCIIEIOBATEIbHYIO 3KCTPAKIINIO Pa3IMYHBIX (PU3UKO-XUMUUYECKUX
bopm. «l'opsure» yacTULIbl pa3aeaWwiIv Ha TPU KJacca B COOTBETCTBUU C UX
pa3mepoM, OpMOIi, paTuOaKTUBHOCTBIO M XUMUYECKIM COCTAaBOM.

1. BricokoakTuBHbIe chepuueckue 0oblire no pasmepam (>20 MKM) ya-
CTHUIIbl HA OCHOBE ypaHa M LIMPKOHUSI.

K, B ennHunax
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2. BbicokoakTHBHbIE chepruyecKkre YacTULbl JMOKCHUIA ypaHa MEHbIIMX
pa3mepoB (<10 MKM).

3. YacTulbl KOHCTPYKLIMOHHBIX MaTepUaJOB HEPEeryasspHoil (OopMbl
C HU3KOI aKTMBHOCTBIO; X OCHOBY cocTaBisiioT Bi, Fe, Ni.

MakcumanbHast a-aKTUBHOCTb YacTull coctaBuia 1,8 bk. MHdopmanmio o
CKOPOCTU PACTBOPEHUS «TOPSYMX» YACTUI] MOXKHO ITOJYYUTH IO OTHOILICHUIO
AKTUBHOCTH «TOPSUMX» YACTHIL K OOIIEH PamroaKTUBHOCTHU MOYBBI. DTa BEJIM-
YrHa B YETBhIPEX MPOaHAIN3UPOBAHHBIX 00pa3liax MOBEPXHOCTHOTO CJIOS MOY-
Bbl (0—1 cm) usmensiachk ot 7,5 1o 71%. Ilo-BuayMMoMy, YaCTULIBI HA OCHOBE
ypaHa M IIMPKOHUS UMEIOT OOIBIINYI0 YCTOMYMBOCTD B OKPYKAIOIIEeH cpeae 1o
CpaBHEHUIO C YaCTMLIAMM Ha OCHOBE JMOKcHAa ypaHa. Tak, B ripobe, oToOpaH-
Hoi#l k 3amagy or YADC, maxe udepe3 11 ner 71% oOiueit pagnoakKTUBHOCTU
MOYBbI OBLT OOYCJIOBJIEH «TOpSYMMU» dacTulamMu. Ha mojo yacTtuil mepBoro
TUIa npuxoauioch 42%, Torga Kak Ha JOJIO YacTHL BTOPOIO THUIIA TOJBKO
2,3%. BeposiTHO, CKOPOCTb pa3pylleHUs] «TOPSIYUX» YACTHUL] CUIbHO YBEIUYM-
BaeTCsl C POCTOM BJIAXKHOCTU TTOYBHI.

Pe3ynbrarsl, mosydeHHBIE METOIAMU CKAaHUPYIOLIEH 3JIEKTPOHHON MUK-
POCKOIINH, PEHTITeHOBCKOTO MHMKpOAHAIM3a M TPEKOBBIM METOIOM, XOPOIIO
KOPPEIMPYIOT C pe3yJbTaTaMy MOCIeIOBAaTeIbHOTO BhIIIEIaYMBaHMS (CM. HIKE
B JaHHOM pa3zieJfie). 3HauuTeIbHAas YacTh ypaHa U aMepUILIMs B OCTaTOYHOM (ppak-
uuu, pactBopumoii B cMecu HF u HNOj;, o0ycioBiieHa «ropss4uMu» 4acTULaMu
nepBoro tuma. CylecTBeHHasT JOJIs1 aMepUIIS, ypaHa 1 11e3Usl CBI3aHa C TIIMHU-
CTBIMA MUHEpallaMd M ITUOKCHIOM ypaHa. TakuMm o0pa3oM, TocjeaoBaTeIbHas
BKCTpaKUMs BisieTcss 3(PPEKTUBHBIM CIIOCOOOM OIpeAeieHUs] (PU3UKO-XUMUYe-
cKoii (hopMbI pagroHyKIMaa B mouse. O6a moaxoaa (ImocjenoBareibHast 9KCTpaK-
LIS ¥ METOIBI HEASCTPYKTUBHOTO JIOKAJIBHOTO aHajM3a) MoKa3aln 3HAaYnMMOoe
paznuuue pU3NKO-XUMUYECKUX (pOpM paarOHYKIMIOB B IIpobax, 0TOOpaHHBIX
K 3amany u K ceBepy oT HADC. ITo Mepe ymajeHus: OT UCTOYHUKA BBITAACHUS
ObLIM 00OTAILEHBI JIETYYUMHU PaIUOHYKIUAaMU: Tak, B Mionxexe 1 mas 1986 r.
orHourenue 137Cs/%Sr B Bozmyxe cocrasuiio 110.

B HeKOTOpBIX THIIAX MOYB HEOPTaHMYECKOE BEIIECTBO MOXKET COCTaBJISITh
6os1ee 99%. MuHepabHblil U TPAaHYJIOMETPUYECKII COCTAB ITOYBHI B 3HAUUTE/Ib-
HOIl Mepe oIpeaenseT ee COpOIMOHHBIE CBOMCTBA, a 3HAYUT, U OMOTOCTYII-
HOCTh COACPXKAIIMXCS B HEM pagvOHYKIMIOB. [JTMHUCTHIE TTOYBHI 00JIamaroT
CYLIECTBEHHO 00JIbllIeil CIIOCOOHOCThIO COPOMPOBATH PATUOHYKIMIBI, OCOOEH-
HO M30TOMHBI 1Ie3Us U TUIYTOHUSI, TI0 CPaBHEHUIO ¢ TTeCYaHBIMU MouBaMu. Yem
MEHbIIIE pa3Mep YaCTUII MOUYBbI, TEM BbILIE €€ COPOLIMOHHAS eMKOCTh. YBeJnye-
HHUE KUCJIOTHOCTH IOAABJISIET COPOIINIO, CIeAOBATEIbHO, MEPEHOC paIuOHYK-
JIUIOB M3 KUCJIBIX TIOYB B PACTeHUs MPOMCXOMUT JieTdye, YeM M3 IIeIOYHBIX.
BraxxHOCTb TTOYBBI, KaK MPaBUJIO, CIIOCOOCTBYET MOCTYIUIEHUIO PATUOHYKIM-
OB B pacTeHMs. KOHKypHpYyIOIIre NOHBI TaKXXe MOTYT BIUATh Ha OMOMOCTYII-
HOCTh PaIMOHYKINAOB. Tak, BBeIeHNE KAJIMITHBIX YIOOPEHUI YacTO MOAABIISIEeT
yCBOEHUE 11e31s pacTeHUsIMU. Cxema IpoIIeCCOB, MPUBOISIINX K MIEPEHOCY pa-
JUOHYKJIMJIOB B CUCTeMe II0UYBa — pacTeHue, IToKa3aHa Ha puc. 5.1.
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Puc. 5.1. Cxema 1poieccoB, MPUBOIAIINX K ITepepacIIpeie/ICHUI0 PaINOHYKINIOB
B CHCTEME TTOYBa—pacTeHue

MHoOXecTBO paboT MOCBSIIEHO OMpeaeeHUI0 (PU3NKO-XUMUYECKUX (popm
PaIVOHYKIIMAOB B MOYBE W M3YYEHUIO MX MOIBIKHOCTH. Kak mpaBuiio, mccie-
JIOBAJIV TTIOYBKI C BEICOKUM COZIepKaHNEeM paaTloOHYKIUIOB, 3aTpsI3HEHHBIE B pe-
3yJbTaTe aBapMHHBIX BBIOPOCOB, B YacTHOCTM mnocie aBapuu Ha YADC.
DKCIIepUMEHTBI IO MCCIIeTOBAHUIO MOABIKHOCTH OOBITHO 3aKJTIOYAIOTCS B T10-
cJIeIoBaTe IbHOM BBILIEIAYMBAHUN PAIVMOHYKIINIA U3 TTOYBEI pa3IMIHBIMU pac-
tBopaMu. O030p pPa3IMYHBIX CIIOCOOOB ITOCEIOBATEIEHOTO W3BJICUCHUS
pn3mKo-xuMmYeckKx (GopM paIMOHYKIHUIOB IPOBEJAEH aBTOopaMu padoThI [2].
BoimonHeHHbli JIysiHeHe ¢ KoJileraMu aHaJlu3 Mo4YB, OTOOpaHHBIX B 1994 r.
(MenkoaucnepcHasl ajlloBUajibHasl TiecuaHasi mousa) u3 3oHel YADC [3], no-
KazaJl, 4TO TUTYTOHUI M aMepHIIii B 3HAUNTEITLHOM CTEITEHU CBSI3aHbI C TYMU-
HOBBIMU KHUCJIOTaMU M nx KoMmiutekcamu ¢ Ca, Fe, Al, a TakKXe ¢ OKCHIaMu
KeJle3a M alFOMUHYS, TOTJa KaK 1Ie3Wid CBSI3aH ¢ MUHEPaITbHOM KOMITOHEHTOM
(puc. 5.2). Jlaxe HeOOMbIIOE COAEpKaHWE WLIMTA B MOYBE TMIPUBOAUT K MPOY-
HoMy cBsizpiBaHuIo 137Cs. Conepxxanue cTpoHUMA-90 B BEPXHUX TOPU3OHTAX
OBIJIO HITKE, YeM MOXHO OBUIO OXWIATh, UCXOAS M3 COOTHOIICHUI aKTUBHO-
CTell paIMOHYKJINAOB Ha MOMEHT aBapuM. DTO OOBSICHSCTCS TEM, UYTO CTPOH-
1uit-90 obsagaeT BBICOKOW MOABUKHOCTbIO M OBICTPO TPOHUKAET BIJYOb
mouBkl. [loka3aHo, 4TO pacrpeneiicHre PagliOHYKIMIOB IO (GpaKIIdsaM MpaK-
TUYECKU He MEHSIeTCS ¢ TITyOnHOM. [I71sT 11e3Us M akKTMHHUIOB XapaKTepHBI Kpaii-
He HU3KNE CKOPOCTU BEePTUKAIHHONW MHTpAIlMM, TPaKTUYeCKW BeCh 3arac
PaIMOHYKIIMAOB OBUI COCPEIOTOUEH B BEpXHUX TPEX CAHTHMETPAX ITOYBHI.

I'yMUHOBBIE BelllecTBa HECKOJBKO TTOBBIIIAIOT IMOABIKHOCTH IIE3HS, TTO-
CKOJIBKY COPOMPYIOTCS Ha TIMHUCTBIX MAHEepaTax. Tak, B TOYBaX, COAepsKaIIIX
6omee 90% opraHMYEeCKOro BelllecTBa, 0OMeHHast (ppakiIvs e3nsT MOXET Tpe-
BoIath 80% [4]. MonenbHBIe SKCIIEpUMEHTHI TTOKa3aliu [5], 4To mpubaBiecHe
TYMMHOBBIX BELIECTB K IJIMHUCTBIM MMHEpajJaM CyLIECTBEHHO MOHMXano K
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Puc. 5.2. Pacripenenenve paiMoHYKJIUIOB IO (hpakIUsIM B TIOUBE, OTOOPaHHOM
B paitone YADC B 1994 1. [3]. @paxuusa 1 — obpaborka 0,05 M CaCl,
(obmennas pakuus), 2 — odpadorka 0,5 M CH;COOH (cneunduyecku
copbupoBaHHas ¢pakuust), 3 — obpaborka 0,1 M Na,P,0; (dbpakuus, cBasaHHas
C OPTraHMYECKUM BEILECTBOM), 4 — obpaborka 0,175 M (CO,NH,), / 0,1 M HCOOH
(oxcunHas dpakums), 5 — odbpadorka HF/HNO; (octaTounas dpaxiiust)

1Ie31Usl B CHUCTeMe TMOYBEHHBIN pacTBop—rouBa. [Ipy mocTeneHHOM yaaieHUU
OpPraHMYEeCKOro BELIECTBAa U3 TMOYBbI K, HAIIPOTUB, YBEJIMUUBAJICH.

[loBeneHve amMmepuLMsl B 3HAUUTEJIbHON CTENEHU OTNpeAeIsieTCs] MPUpoaoit
OpraHuYecKoro BellecTBa MouBkbl. [Ipeanonaraercs, YTo OH CBSI3bIBAETCS C Iy-
MUHOBBIMU M (DYJTbBOKUCIOTAMHU, HMEIOLIMMU OTHOCHUTEIbHO HEOOIbIION
(< 100 000) monexynsipHbiii Bec. JIOMOIHUTENbHBIM (PAKTOPOM, YMEHbIIIAI0-
LIUM TOABMXXKHOCTb IUIYTOHUSI, TO-BUAMMOMY, CIYXXUT BOCCTAHOBJIEHHE €TO
OpraHUYeCKUM BELIECTBOM 10 HU3LIMX CTEMeHell OKMCIIeHHUs, MeHee CKJIOH-
HBIX K Murpaiuu. JlaHHsle 06 ocTaTouHOi (IMTPOYHO yAep>KUBAEMOIt) 10je aK-
TUHUAOB TPOTUBOPEUMBBI, UYTO MOXET OBbITb OOYCIOBJIEHO Pa3IUYUSIMU
B MMHEpaJbHOM COCTaBe MCCJENOBAHHBIX MOYB.

AHaIM3 MHOTOUYMCIEHHBIX JAHHBIX MO KOoahdULIMEeHTaM IepeHoca paaro-
HYKJIMIOB M3 TTOYBBI BO (DPYKTHI MpeacTaBieH B 003ope Kapunm [6]. Koadbduim-
€HThI MepeHoca (pacCuMTaHHbIe U3 00LIEro Beca (PYKTOB) MEHSIIOTCSI B BEChbMa
nmpokux npeaenax. Tak, mia 137Cs quana3oH M3MeHEHMI COCTABISET MATH MO-
psaakoB BeanurHbl (o1 1074 1o 10), wia Sr — nBa nopsaka (or 1073 1o 1071).

[TonBMXXHOCTb PaAMOHYKIMIA B PACTEHUU OIpeAessieTcs] 0COOEHHOCTSIMU
MeTtabonusma. CKOpPOCThb MepeHoca Kaaus Yepes3 KIeTOUHble MeMOpaHbl KOpHe-
BOIl cHCTeMbl BbIllIe, YeM 1e3usl. TeM He MeHee 1ie3Uil UMeeT OTHOCUTEIbHO
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BBICOKYIO TIOABMKHOCTb B pacTeHMsX. Kak mokaszanu McCileaoBaHUs COCEH,
cpyoseHHbIX B 1997 1. B BpsiHCcKOI#1 06;1acTul [7], B TOTMYHBIX KOJIblIaX HE OOHA-
PYKMBaJIOCh MaKCMMyMa 1Ie3Usi, COOTBeTCTBYMoIIero 1986 r. llesuii-137 Obu1
pacrnpeneneH OTHOCUTEIbHO paBHOMEPHO B TOJIIE JAPEBECHMHBI BILUIOThH 10 KO-
Jiel, cooTBeTcTBYIoIMX 1955 1. Hambombiiee comepkanue 1e3us-137 ObL10
HailIeHO B PaCTYIIMX YaCTIX IE€PEBbEB (UTOJIKAX).

Takum obpazoMm, K HACTOSIEMY BPEMEHM HaKOIUIEH BeChbMa OOIIMPHBIA
(bakTUeckuit MaTepuai, Kacaroumiics MOBeACHUST PAIUOHYKINIOB B pa3iny-
HBIX 2KOocHcTeMmax. B Hemasoil cTemeHu 3TOMY CIOCOOCTBOBAIM aBapuiiHBIC
cutyauuu, ocodbeHHo aBapust Ha YADC. Tem He MeHee, TIPOrHo3 Koapduiu-
€HTOB pacripeie/IeHUs] B CUCTeMe MOoYBa—TOYBEHHBIN pacTBOp U KO3 GUIIMEH-
TOB TepeHoca IMoYBa—pacTeHWe MpPeaCTaBisieT COOON He pelleHHYIO IO ceil
neHb 3agavy. [TpuuuHa mpobieM 3aKiIovaeTcs B CIOKHOCTH yyeTa BCero MHO-
roodpasusi (pakToOpoB, BIUSIOIIUX HA CUCTEMY.

5.2. POJIb TYMUHOBBIX N ®YJIbBOKHUCIOT
B MUT'PAIINU PAAMOHYKINIOB

OJHUM U3 OCHOBHBIX (haKTOPOB, OMPEAEISIIOLIMX MTOBEACHUE PAAUOHYKITH-
JIOB B OKpYKalollel cpejie, SABIsSeTCS] HAIMYMe OpraHUuYeCKUX BelleCTB B MOY-
Bax, MPUPOAHBIX BOAAX, JNOHHBIX OTJIOXeHUsiX. CoaepxkaHue pacTBOPEHHOIO
opranuueckoro yriepoaa (POY) B mopckoii Bome wuameHsiercss ot 0,5 1o
1,2 MT/1 1 MOXET OBbITh CYLLIECTBEHHO OOJIbILIMM JIJIs TIOBEPXHOCTHBIX BO. st
MPECHBIX BOJ KOHTUHEHTOB KOHIIeHTparus POY MeHseTCsT B ITMPOKOM THara-
30He: oT 0,1 mr/in no 50 mMr/a ajist 60JOTHOM BOJIBI.

OpraHuyeckue BelllecTBa, MPUCYTCTBYIOILIME B MOYBaX, JOHHBIX OCaaKax,
MPUPOAHBIX BOAAX U T. ., ToApasaestoT Ha rymycoBblie (I'B) u HerymycoBble.

K HerymycoBbIM BellleCTBaM OTHOCSIT XXMPHbI€ KHUCJIOTbl, aMUHOKHUCIIOTHI,
YIJI€BOJIbI, JIMTIUIBI, TIPOTEUHBI U HEKOTOPbIe HU3KOMOJIEKYJISIpPHBIE COeAMNHE-
Hus. B moa3eMHbIX BoJax ¢ BBICOKMM COJAEpPXXaHUEM COojieli MOXHO OXUIATh
3HAUUTEIbHbIE KOHIEHTPAllUM MOHOKapOOHOBBIX KHUCJOT, CpPeau KOTOPBIX
npeobaagaetr ykcycHas [8]. KoHmeHTpanysl XXUPHBIX KWCJIOT HE IIPEBBIIIACT
0,5 mr/a as pedHbix U 2,0 Mr/J1 11t 03epHBIX BoA [9]. OCHOBHBIM UCTOUHUKOM
AMUHOKUCJIOT, TUMUI0B, TPOTEMHOB U YIVIEBOAOB B OKPYXXalOLIEi cpese sIBsi-
eTcsl OMosiornyeckast aerpagalust XKUBOTHBIX U PaCTeHUA.

B cocras I'B Bxogut 60—70% oT Bcero opraHM4ecKoro yrieposaa moys. Mx
KJaccu(pUIMPyOT Ha TYMUH (HEPaCTBOPUM IMpHU JIFOObIX 3HaYeHusiX pH), rymu-
HoBwie kKucioThl (I'K) (HepacTBoprmbl iput pH < 3,0) u dymsBokuciaoTs (PK)
(pacTBOpUMBI BO BceM auarnaszoHe pH). BepositTHo, rymMuH siBisieTcsl Haubosiee
BBICOKOMOJIEKYJIsIpHO# (pakuueit ['B 1 HepacTBOpUM M3-3a TOTO, YTO TIPOYHO
COpOMpPOBAH Ha MUHEPAJIbHBIX YaCTULIAX.

5.2.1. CTPOEHUE M CBOVICTBA TYMHHOBBIX KUCJIOT U ®YJIbBOKUCIOT

r YMUHOBLIC KUCJIOTBI 1 d)YJ'[I)BOKI/ICJ'[OTbI ABJIAIOTCA IMPUPOIHBIMUA OKpPAILICH-
HbIMU COEOMHEHUSIMU C HEMOCTOSIHHOM CTPYKTYPOMd. OHu coacpXKar 3HAaYUTCJIb-
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HbIIi HA0Op (DYHKUMOHATBHBIX TPYII, OMNPEIEISIONIMX KOMILIEKCOOOpa3oBaHUe
¢ MeTaJulaMU 1 paauoHyKIuaamMu B pactBope. Ha puc. 5.3 nmpuBeaeHbl TMIIOTe-
Tnyeckre xummyeckue dpopmyiasl 'K n OK.

Cy1iecTByeT HeCKOJIbKO TMITOTe3, OObSICHSIOIIMX TPOUCXOXKIEHUE TYMYCO-
BbIX BelecTB [9]. OmHako BO BCEX IMIOTE3aX COXPAHSETCs MOC/IeN0BaTeIbHOCTh
TpaHchopMauuu I'B B mpupose: cHayasa oOpa3yloTcsl BbICOKOMOJIEKYJISIPHbIE
I'B, KOoTOpBIe OKHCISIOTCSI B HUBKOMOJIEKYJIIpHbIe aHaynoru, nmpudyeM 'K mo-
crenieHHO TiepexonsT B OK.

OcHoBy anmeMmeHTHOTO cocTtaBa I'B cocraBnser yrmepon (40—60%), xucio-
pox (30—50%), azor (1—3%) u cepa (0,1—2%) (cM. Taba. 5.1). MoeKkyasIpHyIO
ocHoBy 'K 1 @K cocrapisitor anudatniecKue 1 apoMaTuieckue (parMeHThl,
aCcCOLIMUPOBAHHbIE ¢ KAPOOHUIBbHBIMU, TUAPOKCUIbHBIMU, (DEHOJbHBIMU, Kap-
OOKCWJIbHBIMU, aMUHHBIMU, aMUAHBIMUA U APYTUMU (DYHKIIMOHATBHBIMU TPYIIIIa-
MU (cM. Tabi. 5.2). OTHOCUTENbHOE CoAepKaHUe KUCIOpOaa U, COOTBETCTBEHHO,
Kucaopoaconepxammx GyHkimoHa bHbIx rpynn B OK Belle, a yriepoga u
azoTa — HWXe 1o cpaBHeHUIo ¢ ['K.

Tabauya 5.1
Onementnslii coctas (B %) I'K, @K u rymuna [9]
BemrectBo C H N Y]
DK BOIHOrO MPOUCXOXKIACHMUS 46,2 5,9 2,6 45,3
I'K 13 03epHOr0 TOHHOTO OTJIOKEHUS 53,7 5,8 5,4 35,1
TToyBeHHBIN TYMUH 56,7 6,1 5,1 32,1

Puc. 5.3. Tunorernueckue CTpyKTypHbie hopMyibl ¢yabBoKUCIOT (a) [10]
U TYMUHOBBIX KucioT (6) [11]. CM. c. 85
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Tabauuya 5.2
Conepxanne (B %) KuCIOpOACOAepPKAMMX (PYHKIMOHATBHBIX TPYIIT
B cocraBe mosiekya 'K u @OK [9]

_ —OH —OH _ _ Hpyrue
CO,H —C= OCH
Bemectso 2 (beHonbHas) | (ciupTOBas) =0 3 |rpymms
'K 34-50 |7-14 1-8 15-30 |24 5-29
OK 57-75 1-10 9—-20 11-17 | 3-5 0—10

Crpykrypa @K 6Gosee anmndaTtnyHa 1 MeHee apoMaTHYHA TT0 CPaBHEHMIO C
T'K, a monekynspHbie Macchl niepBbix (300—2000 a. e. M.) MeHbIlIe 10 CpaBHe-
HUw ¢ moJekyasipubiMu mMaccamu 'K (1000—10 000 a. e. M. a1 'K BogHoro
npoucxoxaeHus u 5000—100 000 a. e. m. s nouBeHHoi 'K). CooTHolieHue
pa3MMUHBIX (YHKIIMOHAIBHBIX TPYMIT U 3JIEMEHTOB B MoJjieKynax I'B, a takke
pacnpesesieHde Mo MOJIEKYJISIPHBIM MaccaM 3aBUCUT OT TOT0, U3 KaKOro mpera-
pata (THIT TIOYBBI WX TIPUPOTHON BOABI, KIMMAaTHUECKHI TIOSIC U T. T1.) W Ka-
KAM XUMHWYECKUM CTIOCOOOM OHU BBIACIICHBI.

Monexkynsl 'K 1 @K mpenmyiecTBeHHO THAPOMPMILHBI, OTHAKO M3-3a
MPHUCYTCTBUS TUAPOMOOHBIX apoOMaTUIECKIX M aTudaTuIecKuX (GparMeHTOB 1
(PyHKIIMOHATBHBIX TPYMIIT THMA 3(DUPOB XKUPHBIX KUCIOT OHM TIPOSIBIISIOT
CBOICTBA MOBEPXHOCTHO-aKTUBHBIX BEIECTB, T. €. I'B cITOCOGHBI KOHIIEHTPHUPO-
BaThCsl HAa rpaHMLIaX paszena ¢as.

I'ymMmuHOBBIE BelllecTBa 00J1aIal0T BOCCTAHOBUTEILHBIMA CBOMCTBAMM, KO-
TOpPBIE OTIPEICIISIOTCST HATMIMEM B MX COCTaBe XMHOHOBBIX TpyIin. CTaHmapTHBIE
OKHUCJIMTEILHO-BOCCTAHOBUTEIbHBIE TToTeHIManbl I'B cocrasmsior 0,5—0,7 B
[12]. Kpome Toro, I'B nmoasepxkeHbl (hOoTOM3Y ¢ 00pa3oBaHUEM MEPOKCHIA BO-
nopoaa. Bo3MOXXHOCTE BOCCTAaHOBJICHHWST MOHOB aKTWHUAOB M3 BhICIUX (V 1

+0,08 B - 0,23 B
uv) > U(V) > U(VI)
— 0,07 B A

+0,15B + 0,81 B
Np(IV) ——— Np(V) ———> Np(VI])
+ 0,48 B

+0,70 B +0,60 B
Pu(lV) ——» Pu(V)——» Pu(VI)
+0,65B

Puc. 5.4. OkucauTeIbHO-BOCCTAHOBUTEIbHBIE TIOTEHIIMAJIBI JIJIsT ypaHa, HENTyHUs
u rurytonust ripu pH 8, BeruncieHHsie ¢ yueroM rumposnsa [13]
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VI) creneHeit OKMCIIEHUS B YETHIPEXBAJICHTHOE COCTOSIHME MOXKET OBbITh OlIeHE -
Ha M3 3HAYEHUIH COOTBETCTBYIOIIMX OKHCIWUTEIbHO-BOCCTAHOBMUTEIbHBIX I10-
TeHIMaIoB (cM. puc. 5.4.).

W3 npuBeneHHBIX JaHHBIX cieayeT, uyto I'B He crmocoOHBI BOcCTaHABIM-
Bath U(VI), omnako Np(VI) u Pu(VI) moryT ObITh BoccTaHOBIEeHBI 10 Np(V),
Np(IV) u Pu(V), Pu(IV) cooTBeTCTBEHHO. DKCIIEPUMEHTAbHbIC PE3yJIbTAThl
CBUAETENLCTBYIOT 0 BocctaHoBleHuu Pu(V) mo Pu(IV) [14], torma kak mist
Np(V) naHHbIe TPOTUBOPEUYUBHI U, MO-BUAMMOMY, 3aBUCAT OT CBOMCTB Iperia-
paroB [12, 15].

5.2.2. KOMINUIEKCOOBPA3OBAHUE PAIMOHYKIIU/1OB
C T'YMHUHOBBIMU KNCIIOTAMUA

TTockobKY T'YMUHOBBIE KMCIOThI U (DYJIbBOKHCIIOTHI COAEPXKAT KaK «MSIT-
KHe» TOHOPHBIE aTOMBI (HaIpUMep, cepa M3 cepocoaepKallux (PyHKIIMOHATb-
HBIX Tpymm), TaK W <«KecTKue» (Tpexme BCero aTroMbl KHUCIOpoaa
KapOOKCUJIBLHBIX TPYIIN), OHU 00pa3yloT KOMILUIEKCHBIE COeAUHEHMS C MeTaJljla-
MU PaA3IUYHOM «KECTKOCTU».

MoHbl aKTUHUIOB BO BCEX CTETIEHSIX OKMCIEHUS MPEACTABIISIOT COOOM XKe-
CTKHE KUCJIOTbI, UYTO ONPEAESIET UX MPEANOUYTUTEbHOE CBI3bIBAHUE C KHUCJIO-
poacoaepxalumMu GyHKIMOHAIbHBIMU TpynnaMu. s onpeneaeHusi KOHCTaHT
YCTOUYMBOCTHU T'yMaTOB U (byJIbBATOB PAIUMOHYKJIUAOB UCIIOJb3YIOT Pa3JIMUYHbIE
SKCIIEPUMEHTAIbHBIE METO/Ibl, BKJIIOYAIOIIME KaK pa3feieHue CBOOOAHOrO U
CBSI3aHHOI'O B KOMILIEKC MeTajlla (Hampumep, yiabTpaduibTpauus, ¢popeTude-
CKME METOJbl, XXMAKOCTHAsI dKCTPaKLMs, MOHHbII OOMEH), TaK U CIeKTpasib-
HbIe MeToAbl (Hampumep, crekrpodoroMerpusi B Y@, BUAUMON U OIVKHENH
HK-obnactsix, jazepHast GayopecUeHLusl ¢ pa3pelieHueM BO BpeMeHu). On-
HaKoO oMnpele/ieHne KOHCTAaHT YCTOMUYMBOCTHA T'yMaToB U (DyJbBaTOB METAJJIOB
MpeacTaBisieT SKCIEepUMEHTAIbHbIE TPYAHOCTU, CBI3aHHbBIE CO CITOCOOHOCTBIO
I'K u @K KOHLEHTpUPOBAThCsI HAa rpaHulie pasnaeiia (a3, B TOM YUCIe COpOu-
poBaTbCId Ha CTEHKaxX COCYAOB, JIEKTPOJAaX U MOHOOOMEHHBIX cMmosax. M3-3a
HEIOCTOSIHCTBA CTPYKTYphl U cBoiicTB 'K 1 DK 3HaueHMsI KOHCTAHT YCTOMYM-
BOCTH MX KOMIUIEKCOB TakKXXe OTJIMYAIOTCS [JIsSi pa3HbIX MPeraparos.

Kommiekcoobpa3zoBaHue metaioB ¢ I'B MoxeT ObITh ONMKMCAaHO MM KakK
B3aMMOJIEMCTBUE C KOHKPETHBIMU (DYHKIIMOHAJIBbHBIMUA JOHOPHBIMU TPYIIIaMMU,
WIM CO BCe MakpoMoJjekyaoi B 1ejoM. CyliecTBYyeT HECKOJbKO MoJesei
OIMCcaHUsI KOMILIEKCOOOpa3oBaHUsI MeTa/uioB ¢ I'B, B KOTOpBIX pa3iM4YHbIM
00pa30M BbIpaXkaeTcsi KOHLIEHTPalLMsi CBOOOAHBIX LIEHTPOB B MOJIEKYJIE TOJM-
ajekTponuTa. B Momenu «HeilTpanuzaiuu 3apsiga» [16] KoHLeHTpaLusi cBOOOI-
HBIX LIEHTPOB BbIpAXKaeTcsl 4epe3 OOIlYl0 €MKOCTb, KOTOPYIO OINpenessior
SKCIIEPUMEHTAIBHO, & YACJIO PEAKIIMOHHBIX LIEHTPOB, 3aHUMAEMbIX MIOHOM Me-
TaJlJla, 9KBUBAJIEHTHO ero 3apsiay. PaccuuTaHHas TakuMm oOpa3oM KOHCTaHTa
YCTOMYMBOCTU He 3aBUCUT OT pH, B OTJIMUME OT KOHCTAHThl YCTOMUYMBOCTU, pac-
CUMTAHHOI B paMKax <«I10JIM3JIEKTPOJUTHOI» Monenu [17, 18], B KOTopoii npe-
rnoJiaraercsi 0o0pa3oBaHUE XEJATHBIX CTPYKTYp C yyacTMeM OOJIblero yucia
(pyHKUMOHAJIBHBIX TPYyIIN, YeM (opMaibHbIK 3apsia MeTaia. KoHLeHTpaluo
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JOCTYMHBIX LIEHTPOB CBSI3bIBAHUSI B TTOCAEAHEM Cydyae ONpeaessioT MeTOI0M
MOTEHLIMOMETPUYECKOTO TUTPOBAHUSI, BbIpaxkash KOHLEHTPALMIO CBOOOMHON
T'K B akB/T. Yale Bcero Ty Mojejib MCIOAb3YIOT MPU CIEIOBBIX KOHLICHTpa-
LMSIX MeTaJjijla, CyLleCTBeHHO MEHbIIMX MojHoi emMKocTtu ['K.

KoHcTaHTBl YCTOMYMBOCTA TyMaTOB HEKOTOPBIX aKTMHUAOB, pacCUMTaH-
HbIE TI0 TIOJMBJICKTPOJIUTHON MOAEIMU, MPUBEIEHHI B Ta0. 5.3.

J171s1 TOHOB aKTMHMIOB, Y KOTOPHIX KOHCTAHThl YCTOMYMBOCTHU I'yMaTOB OT-
HOCHUTEJIbHO BEJIMKU, CBsI3bIBaHME B KoMILIeKCh ¢ 'K siBasieTcst ocHOBHOI pe-
aKuuel npu HelitpaabHbix pH. Ha puc. 5.5 npuBeneHa 101t Topus, CBSI3aHHOTO
B F'yMaTHBIM KOMILJIEKC TP pa3anyHbIX coaepxkaHusx ['K.

CBsi3bIBaHN€ METAJIJIOB B T'YMaTHbIE KOMILJIEKCHI OMpeae/sieT X MUTPalK-
OHHOE TOBeJeHUE B OKpyXKatollei cpeae. Tak, coTpyaHUKaMu J1abopaTopuun
pamnoxumun 'EOXW PAH nnst ipo0® TOHHBIX OCaIKOB, OTOOpaHHBIX B pe3ep-
Byape B-10 Ha Tepputopuu I1O «Masik», ycTaHOBJIEHA KOPPEISILUS MEXKIY
comepxanueM 23%Pu m 24!/Am u 0o6IIMM OpraHUYecKUM yriaepomoMm [22]
(cM. puc. 5.6). JlaHHBIE 110 BEPTUKAIBLHLIM NPOoQWIAM KOHIeHTpauuu 239Pu B
nouyBax U3 XUPOCUMBI TaKKe YKa3bIBalOT Ha BaxkKHY0 pojb I'B B ero murpauuu
B OKpyXarwuleii cpene. HaGmonaerca yactuuHoe NMpoHMKHOBeHMEe 239Pu Ha
ryouny go 2 M [23].

I'yMUHOBBIE KUCIOTBI CIOCOOHBI MOKPHIBAaTh MOBEPXHOCTh MUHEPAJbHBIX
YacTull, OJIOKUPYST TeM CaMbIM MX COPOLIMOHHBIE LIEHTPHI. B 3aBucMMOCTH OT
XUMMYECKUX CBOMCTB PaIMOHYKIUIOB 00pa3oBaHNe MOJOOHBIX TCEeBIOKOJIIO-
UIHBIX CUCTEM CHOCOOHO KaK YMEHbIIATh, TaK W YBEJIMYMUBATh MOABUXKHOCTD
PaIMOHYKJIMIOB B OKpyxXaloleil cpene. Tak, noasuxHocTh 137Cs, obnanaolie-
ro, C OIHOI CTOPOHBI, BEICOKOI CKJIOHHOCTBIO K COPOLIMY Ha TJIMHAX, a C ApYy-
roii CTOPOHBI, HUBKUMU KOHCTAHTAMM YCTOMUYMBOCTU T'yMaTOB, KOPPEJIUPYET C
comepxanueM 'K (puc. 5.7). Jdna %9Sr nomoOHas KoppeaslMOHHAs 3aBUCU-
MOCTb OTCYTCTBYET, TOIIa KaK MOABMKHOCTD 239Pu (111 KOTOPOro MpearnoyTh-
TeJIbHEe CBSA3bIBAHME B TyMaTHbIM KOMILJIEKC, 4YeM CcOpOLMs Ha IJHUHE)
yMeHblIaeTcsl pu yBeauueHuu conaepxanust 'K [24] (cm. puc. 5.7).

Tabauya 5.3
KoHcTaHTbl yCTOHYMBOCTH ryMATOB HEKOTOPbIX aKTHHUIOB [19]*
Hon lgp, lgp, YcnoBus nposeaeHUs 3KCIEPUMEHTA
UO%+ 6,7 11,5 I= 10,1 mons/kr, 25°C, a.= 0,5
Th* 11,8 £0,1 17,3+0,2
Pu*t 9,6 18,3
Am3* 8,9+0,2 12,9 £ 0,2
NpOE 2,34 £ 0,01 I = 0,1 monb/kr, 25 °C, a = 0,94

*B1, Pp — CTyneHYaTble KOHCTAHTBI YCTOMYMBOCTH KOMIUIEKCOB, 0. — CTeNeHb JeMPOTOHUPO-
BaHMs, [ — MOHHAs CcUIa.
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6. IPUPOJIHASA Y1 TEXHOTEHHAS
PAIMOAKTUBHOCTD B TOPOJCKOI CPEJE

Boabiasg yacTh HaceaeHUsT Pa3BUTHIX CTPaH MPOXKUBAET B ropoaax 1 Mpo-
BOJUT 3HAYUTEBHYIO YaCTh CBOEH KM3HU B KUJIBIX U TPOM3BOACTBEHHBIX T10-
MeleHusx. OcoOeHHOCTH MOBEACHUS 1 ITyTeil pacripoCTpaHEeHMSI 3arpsI3HSTIOIINX
BEIIECTB, B TOM UMCJIC Y UCKYCCTBEHHBIX PAAUOHYKINIOB, B OOJBIINX U MaJIbIX
Tropojax UrparT BaXKHYIO pojib B (GOPMUPOBAHUU YCIOBUI XKU3HU YETOBEUECT-
Ba. O Bo3pacTalolleM UHTepece K MoA0OHBIM MCCIeIOBAHUSIM CBUIETEIBCTBYET
pOCT ynciia KOH(PEPEHIUI Pa3IuYHOTO YPOBHS, TTOCBSIIEHHBIX NCCIETOBAHUIO
TFOPOJCKMNX 3KOCUCTEM (CM., Hammpumep, [1,2]).

6.1. OCOBEHHOCTHU I'OPOJACKOI'O JIAHAIITADTA

Tl'opoackue MaccuBBI TIPOCTUPAIOTCS, KaK MPaBUIO, HA MHOTHE KUJIOMET-
pbl U BeCbMa HEOIHOPOIHBI MO XapaKTepy 3aCTPOUKM, IO COOTHOIICHUIO TaK
Ha3bIBaEMBbIX [IPOHULIAEMBIX U HENTPOHULIAEMBIX ITOBEPXHOCTEM, IO MHTEHCUB-
HOCTH JOPOKHOTO IBUXKEHUS U IPYTMM IPU3HAKaAM.

MHorue Mmpou3BOACTBEHHBIE COOPYKEHHUsSI B KPYIMHBIX TOPOAaX U UX TpHU-
ropojax SIBJSIOTCSI UICTOYHMKAMU BBIOPOCOB 3arps3HSIONIMX BEILIECTB B aTMO-
cdepy B BUAE adpo30Jieil 1 cOPOCOB CO CTOYHLIMU BOJAMU U T. M. A3PO30JIbHbIE
BBIOPOCHI MOBBIIIAIOT KOHIEHTPALIMIO LIEHTPOB KPUCTAJLIU3ALUM BOIBI B aTMO-
cdhepe, cHOCOOCTBYSI TeM CaMbIM YBEJIMUECHUIO KOJIMWYECTBA aTMOC(hEpHbIX
0CaJIKOB, HECYIIIMX 3arPsI3HSIONINE BEIIECTBA, M YaCTOTHI TPO30BBIX JIUBHEH [3].
OnmHako yBeJIndeHre aTMOC(HEpPHBIX 0OCaIKOB HAOII0AAeTCs TOIBKO B TOPOIAX C
HaceJIeHUEeM CBbIIIEe 1 MJIH YeI0BeK, T. €. IJIs OOJIbIIMHCTBA TOPOJOB 3TOT 3(-
(bexT, oueBUIHO, HE3HAUMUTEIIEH.

Ha ypoBHe 3eMJi 3arpsi3Hsitolnre BellecTBa Hea((HEeKTUBHO BbIMBIBAIOTCS
JOXIEBBIMM OCaJKaMH, M TOJBbKO KOTIa BbIOpachiBaeéMble TOPOJIOM BEIleCTBA
JOCTUTAIOT YPOBHsI 00JIaKOB Ha HEKOTOPOM PACCTOSIHMU OT ropoja Mo BETpy,
OHU JIEeHCTBUTENHLHO MOTYT 3(h(eKTUBHO BBIMBIBAaThCS. M1 HA000OPOT, 3arpsi3HsI-
IolIMe BelllecTBa, 00pa3ylolrecss J0CTaATOYHO JaJeKO OT HaBETPEHHBIX pailo-
HOB ropoja, moaseprarTcs 3(p¢GeKTUBHOMY BHYTPUOOJIAYHOMY BbIMBIBAHUIO
Haj TOpOACKUMU KomItiekcamu [3]. ['po3oBbie TMBHU, HECMOTPSI HA UX MAIYIO
MPOAOKUTETLHOCTD, BEIMBIBAIOT 3arpsI3HSIIONIME BEIIECTBA U3 OOJIBIINX O0bEMOB
BO3/IyXa, M TaKUM O0Opa3oM MOIYT CO3[aBaTh JOKAJIbHbIC 30HBI BHICOKON MH-
TEHCUBHOCTH BBIMAACHUIA.
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B 0OBIYHBIX YCIOBUSX paglOaKTUBHBIE BEIECTBA HE OTHOCITCSI K 0CO00
OITaCHBIM 3arpsSI3HUTENISIM TOPOJCKOM Cpebl, TAKUM KaK JUOKCHUI CePbl, O30H,
OKCHUBI a30Ta, AUOKCHUJ yIjaepoaa, pTyTb, CBUHEIl, MOHOOKCHU YIJIepoaa, ac-
0eCT, MECTULIMBI, MOJUIIMKINYECKNEe apOMaTUUeCKHe YIIIeBOAOPOIbI, (DPEOHBI
u ap. [4]. OgHako aBapus Ha YepHoObUIbcKON ADC sIBUIACh CEPhe3HBIM CTH-
MYJIOM KCCJIEAOBAaHUI MO PAIUOAKTUBHOCTU TOPOJICKOMN CpPEbI.

6.2. IPUPOJHBIE PAIIMOHYKIUJIBI B TOPOJCKOM CPEJE

Onpenensitolinii BKJIaa B paJuOaKTUBHOCTb TOPOACKON cpelnbl, Kak u
OKpyxXalollleil cpeabl BOOOIE, BHOCST MOBCEMECTHO PacpOCTpaHEHHbIE ecTe-
CTBEHHbBIE PAAMOHYKJIMIBI YPAHOBOTO U TOPUEBOTO psiaoB 1 Kanuii-40. Hanbonb-
LIIyIO POJIb B IO30BOI Harpyske, IMojJydaeMoi HaceJeHUeM, UTpaeT pagoH-222,
00pa3yIoLIMIAcsS B TTOYBAX U CTPOUTENIBHBIX MaTepuralax B pe3yjbTaTe paauoak-
TUBHOTO pacriafa paaus-226, djieHa paauoaKTUBHOTO ceMelicTBa ypaHa-238.
BnaropoaHblil ra3 pagoH yepe3 TpelIMHBI U TOPbI TPYHTA, ac(aabTOBBIX IO-
KPBITUI, CTPOUTENIbHBIX MaTepUaJlOB IMOCTyMaeT B MPUIMOBEPXHOCTHBIN CION
aTMocdepbl, TAe OH paccerBaeTCsl INIaBHBIM 00pa30M MO MeXaHU3MY TypOyJIeH-
THo#t nuddy3uu. [lepuoa moaypacnaga pagoHa cocrtapisieT 3,8 CcyT, U OJHO-
BPEMEHHO C HUM B BO3JyXe HAXOMASITCS M MPOAYKTHI ero pacraia (cM. ri. 3).

ATMOC(hepHbIe KOHLIEHTpALIMKU paJoHa U KOPOTKOXHUBYILIUX MPOIYKTOB €ro
pacnajga, acCCOUMMPOBAHHBIX C YaCTUIIAMU aTMOC(EPHBIX a3po30Jeii, 3aBUCST
OT CKOPOCTM SMMCCUM pamoHa, IepuonoB nomaypacnaga KITPP u ckopoctu
oceflaHusl a3PO30JIbHBIX YaCTULI, a TaKXKe OT pa30baBieHus: B aTMocdepe. ['pa-
HU1IAa MepeMeLIMBAEeMOTO CJiost aTMoc(hepbl He OTpeaessieTCsl MPSIMbIMU CTaH-
JapTHBIMU METOJaMM, HO MOXET OBbITh OlleHeHa IyTeM HaOJIoJeHUI 3a
HUCITycKaeMbIM Ha ypoBHe 3emuiu pagoHoMm u KITPP, ckopocTh mocrtyrieHust
KOTOPBIX MOXET ObITh MPUHSITA MOCTOSIHHON B COOTBETCTBYIOLIMX MacluTadax
MPOCTPAHCTBA U BPEMEHM.

CKOpPOCTb BMUCCUHU PajOHa MEHSIETCSI B 3aBUCHUMOCTH OT COCTaBa MOYBHI,
cofepXKaHMs BJlary, MOPUCTOCTH Y TIPOHULIAEMOCTU, HO €€ KOoJieOaHUsI MOXHO
CUMTATh HE3HAUUTEIbHBIMU B MacilTabe HECKOJIbKUX JTHEH Ha PacCTOSIHUSX B
HECKOJIbKO KWIoMeTpoB. Takum 00pa3oM, KOHLIEHTpallMd pajoHa 3aBUCST
MIaBHBIM 00pa3oM oT KoadduiimeHTa pazdasieHus, u KITPP moryT ciyxutb
XOPOLIMMU MPUPOAHBIMU TpaccepaMu IMPOLIECCOB MepeMelINBaHNsI B HUKHUX
ciosix atMmocdepnl. B yacTHocTH, B cllyyae aaBEeKTUBHOTO WJIM KOHBEKTUBHOIO
rnepeMelBaHusT aTMOc(epbl KOHIIEHTpAllMsI paJoHa B BO3AyXe HE MOXET BO3-
pactatb, B TO BpeMsl KaK B cCllyyae CTaOWJbHOCTUM PalOH aKKyMYJIUpYyeTcs
B HUDKHUX CJIOSIX aTMOC(epbl, U ero KOHLIEHTpaLMsl MOBbILLIAETCS.

IleppuHo 1 coaBTOpPHI [5] MpoBeau crucTeMaThyecKue onpeaeeHUs KOHLIeH-
tpauuii KITPP, a Takxke MoHOOKCH A yriepoaa U OeH3071a B KaueCTBe MHANKATO-
POB MHTEHCUMBHOCTU YJIMYHOTO NBWXXEHUSI B Topoackoii cpene (r. Pum). bbuio
MOKa3aHoO, YTO BPEeMEHHbIE M3MEHEHUST TTPUPOJHON paguoakKTUBHOCTU, a TAKXKe
KOHLIEHTpallMii MOHOOKCH/IA YIJIepoJia U OeH30J1a TECHO CBSI3aHbl U TTOATBEPXKIa-
0T BJIUSIHAE METEOPOJIOrMYeCKUX (DaKTOPOB Ha TOBEICHUE 3arpsi3HUTENCH.
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MOHUTOPUHIOM MMOTOKOB YJIMYHOIO ABUXKEHUS B PuMe ObLI0 yCTaHOBIEHO
[5], uTo B TeUeHUE BCEro roja MHTEHCMBHOCTb YJIMYHOTO JBUKEHUS MOBbILLIA-
eTcst Mexay 7 U 8 yacaMu yTpa, 0CTaeTcsl BLICOKOI B TeUEHUE BCETO JAHS U CHU-
KaeTcst Mexay 8 u 10 yacamu Beuepa.

Ce30HHbIE U CYTOYHbIE U3MEHEHMSI TTPUPOAHON PaauOaKTUBHOCTU IMOKa-
3bIBAIOT, UTO JIETOM HWXHSISI aTMoc(epa Bcerga XOpollo MepeMellrBaeTcs,
KOTIJIa TpaHCMHOPTHBIN MOTOK BO3pacTaeT, a CTaOMJIbHOCTb HAOIIOAAETCS B HOU-
HOe BpeMsl, KOoTJa YJIMYHOe ABVMKeHNe CHIKaeTcs (puc. 6.1). B 3uMHMIT Tiepu-
01, HA00OPOT, YTPEeHHEE MOBBILICHUE YAUYHOTO ABUXKEHUSI COOTBETCTBYET €lle
He cOpMUPOBABIIEMYCSI CJIOK MepeMelLINBaHUs, a CTAOMIbHOCTh HAOII0AAeT-
csl BeUYepoOM, KOrJa MHTEHCUBHOCTh JBUKEHUS €lle BeJuKa. B aTux ycioBusix
O0OBbIUHASI KpHBasi KOHLEHTPALWil MEPBUUYHBIX MHEPTHBIX MOJIIOTAHTOB ITOKa-
3bIBACT MEPBbIN MUK YTPOM, KOTJIa BBIXJIOIMHBIE ra3bl TOPOJACKOTO aBTOMOOUIb-
HOTO JIBMKEHUSI aKKYMYJIMPYIOTCSI B CTAOMJIBHOM CJIO€, CHUXKAsICh B TEUEHUE
TEIJIbIX YAaCOB, KOTJa BBIXJIOIMHBIE Ta3bl pa30aBIsSIIOTCSI, U BTOPOI 00Jiee CUTb-
HBII MUK BeYepoM, KOIJa MOTOK BHIXJIOIMHBIX Ta30B OMSATh HAKJIAAbIBACTCSI Ha
aTMoc(epHYI0 CTaOMITEHOCTD (puc. 6.1). ATMocdepHOe TTepeMellTnBaHNe CUITh-
HO 3aBUCUT OT MPOJOKUTEIBHOCTU JIHSI U CUJIBI COJTHEUHOTO cBeTa (KOHBEK-
TUBHOE MepeMellMBaHuE).

ITo pe3yabTataM HaOMOOEHUN [S] st oOseryeHus1 BOCIIPUSITUS U UHTEP-
MpeTanny HGoOpMaIuK ObIT BBeIeH TEPMHUH «MHIEKC aTMOC(EpPHOI CTaOUITh-
HocT» (MAC). MAC no3BoJisieT oxapaKTepu30BaTh KaxKIblii 1eHb HAOIIOAeHUI
C TOUKU 3pEHUSI METEOPOJIOTUUECKON MPeaApacloyoKeHHOCTU K TOMY U MHO-
MY MOBEICHUIO TIEPBUYHBIX MOJUTIOTAHTOB M pa3inyarh JABa MoKas3aTessl, onpee-
JISTIOLIMX aTMOC(EPHYIO KOHLEHTPALIMIO [EPBUYHOTO MHEPTHOTO MOJUTIOTAHTA, —
KO3((OULIMEHTHI BMUCCUU U pa30aBICHUSI.

HMAC coctouT u3 ABYX cjaraeMbIX: YTPEHHETO MHAEKCA, OTHOCSIIErocsl K
WHTEepBaIy ¢ 6 9acoB yTpa 10 6 yacoB Beuepa, M BeUepHETo MHAeKca, OTHOCS -
IIerocsl K MHTEpBaJy ¢ 6 4acoB Bevepa 0 6 4acoB yTpa ciieayoiero nas. Pacuer
000uX caaraeMbIX ObUT BBITIOJHEH Ha OCHOBE MHOTOKPATHOIO PErpecCMOHHOIO
aHajM3a 3HaYeHU MPUPOAHON aKTUBHOCTH, KOHLIEHTpAllUU OeH30/1a U APYTUX
3aBUCSIIMX OT BPEMEHUM BEJIMYMH Ha (DOHOBOW rOpoACKoi ctaHuuu. Hampu-
Mep, BEUEepHUI MHAEKC ISl 3UMHEro rnepuojaa ObLT paccyuMTaH U3 3HAYCHUIA
YPOBHEN paJlOaKTUBHOCTU B 2-4aCOBOM Mepuoa, HauMHaroluiics ¢ 18 yacos,
U JIBYX MPOU3BOIHBIX MO BpeMeHu (repuoabl ¢ 18 go 20 u ¢ 20 go 22 yacos).
BpemeHHbIe TTpou3BOAHBIE TTPUPOJHON aKTUBHOCTH B JiBa MOCJEA0BATEIbHBIX
nepuoaa MOTyT ObITh MCMOJb30BaHbl, B YACTHOCTH, [JIsl OITMCAHUSI TIPOLIECCOB
nepeMellMBaHUsI B HUXKHEM TPaHUYHOM cjioe. BbICOKOe M MONOXUTENIbHOE
3HAUCHNE BPEMEHHOI MPOU3BOIHOI MOKA3bIBAET OBICTPYIO CTAOMINU3ALIMIO aT-
Mocdepsl, B TO BpeMsl Kak OTpUliaTe/bHast TPOM3BOAHAS MOKA3bIBAET MOBbILLIE-
HUe BBICOTHI cliosl mepemMelnuBaHusi. Haubosjiee 3HauMTeNbHBIE BpPeMEHHbIE
MPOU3BOAHBIE [JISI BEUEPHETO MHAeKca oOHapykeHbl Mexay 18 u 20 u mexay 20
U 22 yacamu ISl 3uMHero nepuoaa, mexay 20 u 22 u mexay 22 u 24 yacamu
IJIs JIeTHeTro nepuoga. st yrpeHHero mHaekca Haubosiee 3HAUUMTEIbHBIMU
rmapaMeTpaMy SIBIISIIOTCS TIPOU3BOAHBIE, paCCYMTAaHHBIE MEeXIY 6 M 8 1 MexXIy
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Puc. 6.1. TUMUYHBIN CYTOYHBIN XOI YPOBHSI aTMOC(EPHON PagnoaKTUBHOCTH
B JIETHUH (a) U B 3uMHUI (6) nepuoasl 5]

8 m 10 yacamu 1151 3umMHero repuoaa, mexay 8 u 10 u mexxny 10 u 12 yacamu
IIJIS1 JIGTHETO Tepuoa.

Cnaraemble, BbIpaXXeHHbIE KaK OTHOCUTEIbHbIE €IWHUIIbI, ObLIM HOpMa-
JIM30BaHbI IJIs1 CE30HHBIX CPETHUX 3HAYEHUI KOHIEHTpaluu OeH301a, TOoIyYeH-
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HBIX Ha TOPOACKOWM (DOHOBOIM cTaHIMU. JIMHEHHON KOMOMHALMEN [BYX
napameTpoB, coctapistomux MAC, ObL1 MoayyeH KOMOMHUPOBAHHbINA MHIEKC
(kMAC), nospoJsitoluii 0ojee Jerko Kiaaccu@uipoBaTh JHU MO aTMochep-
HOMY MepeMelIMBaHUIO.

JlaHHblEe TOKa3bIBAIOT, UYTO MepeMellIMBaHNE HMXKHETo CJosi aTMochephl,
Xopolo onucbiBaeMoe ¢ romoliplo KMAC, B mepByr odepenb OTHOCHUTCS
K OIpeAeJeHUIO CpeHel KOHIEHTPALMM UHEPTHBIX MePBUYHBIX MOJUTIOTAHTOB
B TOPOJICKOW Cpene.

KoHIeHTpalust KOPOTKOXUBYIIero usorona pagona 220Rn (7}, = 54,5 ¢),
YyjieHa pagrMoaKTUBHOIO cCeMelcTBa Topusi-232, B TOPOJACKOI cpelie CYILeCTBEH-
HO HIKe (pa3Hulia A0 JABYX MOPSAKOB) KOHILEHTpaluu pagoHa-222. CyTOuYHbIi
X0 KOHLEHTpauu pagoHa-220 1 TaKOro CpaBHUTEIbHO JOJITOXKUBYILETO MPO-
JlyKTa ero pacrnaza, kak 212Pb (7} , = 10,64 u), mo06eH cyTOUHOMY X0y KOH-
LEHTpaLKK pagoHa-222. O,[[HaKO koHueHTpaumu 220Rn u 212Pb B roponckoit
cpene XapakTepHu3yITCs CYIIECTBEHHO OOJbIIel MU3MEHYMBOCTBIO IO ACHCT-
BUEM TaKMX METEOPOJIOTMUYECKMX (haKTOPOB, Kak aTMOC(hepHbIe OCaIK1, BETEP
U T. 1., 4eM KoHLeHTpauus 222Rn [6]. [IpuunHa B TOM, 4TO G0JIEE JOITOXUBY-
LI paoH-222 uMeeT OGJIbIIYI0O BEPOSITHOCTh BBIMTU M3 TTOP U TPELIUH TPYH-
Ta, TOPOXKHBIX MOKPBITUI M CTPOUTENbHBIX MAaTEPHAIIOB, YeM KOPOTKOXMUBYIIIHI
panoH-220, ycnieBatolluii B 00JbllIeH CTENEHU PacIacThCs, €lle HE BbIMIS Ha
noBepXHOCTh. JII00oe BHellIHee BO3aeicTBre (poca, M0XIb) CYLIECTBEHHO M3-
MEHSIET BEPOSITHOCTb €r0 SMMCCHM. 3a BpeMsl CBOETO INMpeObIBAHUS B BO3IyXe
pamoH-222 ycrieBaeT paclpoCTPaHUTLCS Ha CPaBHUTEILHO OOJIbIIKNE PACCTOSI-
HUS OT UCTOYHMKA €ro MOCTYIUIEHUS B Bo3ayX. PamoH-220 (McTopruyecKu Ha3bl-
BaBILIMICS TOPOHOM) YCTIEBAET MTPEOA0JIETh 3HAUMTEILHO MEHBIINE PACCTOSTHHUS.

B MecTHOCTSIX ¢ aHOMaJIbHO BHICOKMMU KOHIIEHTPALMSIMU TTPUPOIHBIX pa-
JUOHYKJIUIOB YPAaHOBOTO M TOPUEBOTO PSIIOB, IJle KOHLICHTPALIMKU pagoHa-222
U pagoHa-220 0cOOEHHO BEIMKM, PACOI0XKEHO HE CAUIIKOM MHOTO OOJIbIINX
ropoaoB. OgHako ropoa I'yvapanapu (wrat Emunupuro Ilanto, Bpasuius) Ha-
XOJQUTCSI B MECTHOCTU, OOTaTOl MOHALMTOBBIM MECKOM C BBICOKMM COIEpPXKa-
HueM Topus 1 ypaHa. MccnenoBaHusl ypoBHST €CTECTBEHHOM y-paaMOaKTUBHOCTU
B 3TOM ropojie IpoBoasTcs ¢ 1960-x IT. 3a 3T0 BpeMs 001K OBIBILIETO MaJICHb-
KOro roponka Ha ATJIaQHTMYECKOM IMOOepexXbe CWIbHO U3MeHWIcd. B KoHile
1950-x rr. ero HacelleHUEe cocTaBsiyio HemMHoro 6osee 12 000 yeoBek, 3aHUMA-
JIOCb OHO B OCHOBHOM PbIOOJIOBCTBOM M MOOBIYEH IMOJE3HBIX MCKOMAEMBbIX.
OCHOBHBIM BUIOM AOPOXHBIX MOKPBITUI ObLT yTpaMOOBaHHbBIN I'pyHT. B Ha-
crosiee BpeMs B ['yapanapu noctosiHHO npoxkuBatoT 6osiee 73 000 uenosex, u,
TaK KaK OCHOBHBbIM MCTOYHMKOM OJIarOCOCTOSIHUSI TOPOXKaH CTald TYypu3M, BO
BpeMsI JIESTHUX OTIYCKOB YMCIIO TypucToB B ropoae aocturaet 400 000. Ecnu B
KoHI1ie 1950-X IT. OCHOBY XMJI0TO (DOHIA rOpOAA COCTABIISUIM OIUTYKATypEHHbIE
JIOMa U3 MECTHBIX CTPOMTEJbHBIX MaTEpPUaIoOB, TO 0OJbllIas YacThb COBPEMEH-
HBIX 3JaHUI TOCTpOEHA U3 MPUBO3HBIX MaTepuaaoB (KUpnuya u 6eToHa) U Io-
KPbITa YEPENUYHBIMU KPbILIAMU. YJIMLBI 3aMOCTUJIA OCTOHHBIMU OJIOKAMU U
acanbroM. MccaenoBaHust mokasajiu, YTO 3a MPOLIEAIINEe roibl YpOBEHb y-pa-
JUOAKTUBHOCTU B 3TOM TOpOJe MPaKTUYECKM IMOBCEMECTHO CHM3WJICS Ha
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25—89%. Takum 00pa3oM, COBpeMeHHasl ypOaHU3allsl C IIOBBIIICHUEM HEIIPO-
HUIIAEMBIX ILIOLIAACH 1 3aMEHOI MECTHBIX CTPOMTE/IBHBIX MaTepUaioB, OOraThIX
TOPUEM U YPAaHOM, Ha MPUBO3HBIC MOJOXMUTEILHO MOBJIMSLIA HA paaIualliOHHYIO
00CTAaHOBKY B TOpOj€, PacIOJIOXXEHHOM B 3aBEIOMO HEeOJArONpPUSITHBIX MpPH-
POIHBIX YCIOBUSAX [7].

6.3. TEXHOTEHHBIE PATMOHYKJIUJIBI B TOPOJICKOM CPEJIE

OCHOBHBIM MCTOYHWKOM 3arpsi3HEHUST TOPOICKOIM Cpelbl TeXHOTCHHBIMU
pPagMOHYKIMAAMHU B TIOOATBHBIX MacIITabax OB MCITBITAHUS SIIEPHOTO OpY-
XUsI B aTMocdepe, MAKCUMMYM MHTEHCUBHOCTH KOTOPBIX MPUIIIENICS Ha HaYajio
60-x romoB XX B. Ilocie aBapnu Ha YepHoObUTbcKOM ADC B 1986 T. ypoBHHU
pPaIMoOaKTUBHOTO 3arpsi3HEHUS B HEKOTOPBIX TOPOJAX OKA3aJINCh BechMa 3Ha-
YUTETbHBIMA. M3ydeHne TTOCIeICTBUI 3TOI aBapvy ITO3BOJIMIIO BBISBUTH MHO-
rMe OCOOCHHOCTHM TIOBEACHUSI TEXHOTCHHBIX PAaIMOHYKIUIOB B TOPOACKOM
cpene.

OpmHako TepBble TPU3HAKN PaIMOaKTUBHOTO 3aTrPSI3HEHUS TOPOACKOI cpe-
Il osiBUIUCH yxke B 1930—1950-¢ rr., Korma BO MHOTUX HAyYHO-HCCIIeI0BaTe b-
CKMX WHCTUTYTaX KPYITHBIX TOpomgoB — MockBbI, JIeCHMHTpaga W APYyrux —
CTaJI MCITOJIH30BaTh Pa3IMYHbIC paguoaKTUBHBIC MCTOYHUKU. B Te Tomel mpa-
BWJIa OOpalleHNsT ¢ TAKUMHA MCTOYHUKAMH ellle He ObIIM B JIOCTATOYHON CTETIEHN
pa3paboTaHbl. PammoakTUBHEIE OTXOIBI YaCTUYHO COpPACBHIBAIMCH Ha TPUTOPO.I-
HBbIE CBAJIKM, KOTOPBIC TT03Ke PEKYIbTUBUPOBAINCH W TAE OBLIM ITOCTPOCHBI
HOBBIE MUKpOpaitoHbl. YacTb 0TX0H0B ObIIa yTepstHa. PaspyleHus Bo BpeMst
BoliHbI 1941—1945 rr. ycyryounu npobiiemsl [4].

OnHuM 13 Hauboliee 3(pGEeKTUBHBIX METOJIOB, MPUMEHSIEMbIX 1151 ObICT-
pOTO TTIONCKa UCTOYHUKOB 3aTPSI3HEHUI M ITOCTPOCHMST OOIIEe KApTUHBI PeTHO-
HaJIbHOM 3KOJIOTMYECKON CUTYyalllM, SIBIISIETCS a’poraMMmacheMKa, KOTopast
MMO3BOJISIET CO3IaBaTh KapThl pacrpenesieHus] KOHIIEHTPaIllil eCTeCTBEHHBIX U
TEXHOTEHHBIX y-U3TyYaloINX PATNOHYKINIOB, YPOBHEH 103 U MACHTUDUIIN-
pOBaTh UCTOYHUKM U3IyYeHUH. Tak, Ha UCCIEAOBAHHBIX TEPPUTOPUSIX BOKPYT
Cankr-Iletep6ypra (> 700 km2) 66U10 06HapyXeHO 6osee 120 MECTHBIX aHO-
MaJINii paguoOaKTUBHOCTHU. BONBITMHCTBO U3 HUX OBLIO CBSA3aHO C YBEIUUYCHM -
€M HCTIOTb30BaHMs TPUPOTHBIX CTPOUTETLHBIX MaTePUAJIOB C TTIOBBIIIEHHBIMU
KOHLIEHTpalUsIMU PAIMOHYKJIMIOB (Harpumep, rpaHuToB) [4]. Asporam-
MacheMKa IMUPOKO MPUMEHSITACh W IJIS OIIEHKM 3arpsi3HEHUs €BPOIeHCKOM
tepputopun CCCP nocie YepHOOBIIbCKOM aBapun. B HEKOTOPHBIX pernoHax
JTMKBUALUS TIOCIenCTBU YepHOOBITLCKOM aBapuM IO CHUX TTOP SIBIISIETCS
IJ1aBHOM 9KOJIOTMYECKOM MPOOJIEMOIA.

TexHOTeHHBIE PATUOHYKIMIBI TTOCTYITAIOT M3 aTMOcdepsl Ha TOPOICKUE
KOMIUIEKCHI C CYXUMU U MOKPBIMU aTMOC(HEpPHBIMU BEITIAACHUSIMM.

Ilo pesymbraTaM HMCCIemTOBaHUS CYXWX BBITIANCHWN YepHOOBITBLCKUX pa-
IVOHYKIIMIOB Ha pa3IMYHbIe CTPOUTETbHBIC MaTepUAIbl M TOPOACKHE TTOBEPX-
HOCTH YCTaHOBIIEHO, UTO CKOPOCTH OCAXKIEHMS TSI OTAETBHBIX PATMOHYKIUIOB
W TIOBEPXHOCTEN TPAKTUUECKW OAWHAKOBBI HE3aBMCHMO OT TOTO, TAe OHM
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M3MEepsUTNCh — Ha OTKPBITHIX yJacTKaX, Ha OKpalHe ropojaa MWW B IUIOTHO 3a-
CTPOEHHBIX paifoHaX. OTHAKO CKOPOCTH OCAKIECHMS OOJIBIIMHCTBA PAaTOHYKIIH -
OB Ha KpOBeJbHbIE MaTepuajbl BBIIIE, YeM Ha MOBEPXHOCTb TOPOT, UYTO
CBSI3aHO C YBEeJIMUEHUEM CKOPOCTH BeTpa M TypOYJISHTHOCTH Ha YPOBHE KPBIIIL.
3aUKCHPOBAHO TaKXKe pa3IMure MeXIy CKOPOCTIMM OCAXKICHWS pagrnoak-
TUBHOTO LI€3Ms Ha CTEHBI M Ha JOPOTrH, XOTs Juid uzorona 1311 storo He Habm0-
nangoch. CKOPOCTH OCaXIEHHST YePHOOBIITLCKOTO PaaIlOaKTUBHOTO Moma ObUTH
OOBIYHO BEIIIIE, YeM PaIMOaKTHUBHOTO 1I€3Us, UTO OOBICHSIOCH IIPUCYTCTBUEM
B aTMOC(MEPHBIX BBITTAICHUSIX Pa3INIHBIX (hOpM Hoja (B3BEIIEHHBIX, Ta3000-
pasHbIX, METWINOAA). B MpUropoaHbIX paiioHax ckopoctu ocaxneHus 137Cs Ha
JIepeBbs U KYCTAaPHUKH B CpEeIHEM OKa3aMCh BEINIE, HEXeJIN Ha TTOBEPXHOCTH
KPBIIII, TOTJA KaK IMPH OCAaKIeHWH Ha Ta30H OHU OBIIN ITOYTH MPOIOPLIMOHATE-
HBI Macce TpaBbl Ha eIMHUILY Tutomany [3]. YcTaHOBIIEHO, YTO Kaxkaasi TOBEpX-
HOCTh B TOPOJCKHUX YCIIOBHSIX XapaKTePU3YeTCsI CBOEH CKOPOCTBHIO OCAXKICHUSI
PaINOHYKIIUAOB, 3aBHCSINEN OT TPUPONBI MOBEPXHOCTH M €€ TIOJIOKEHUS B
MpefeTax BETPOBOTO MOJIS Topoaa. BiusHe HeoZHOPOIHOCTE MTpeacTaBIsIeT-
Csl HE3HAUMTEJIbHBIM U, CJIeOBAaTEIbHO, 3HAYSHUST CKOPOCTEM OCaXKICHHUS MO-
TYT PacIpOCTPaHSAThLCS Ha BCIO MOBEPXHOCTL JaHHOTO THTa [3].

Mokpsie BbITameHUss Hanboee 3(PpOEeKTUBHO YIaISIIOT U3 aTMOCHephI 3a-
TpS3HSIONINE BelllecTBa (0COOEHHO TBEPIble YaCTHIIBI), HO CyXWe BBITIaICHMS
MPOUCXOIAT TPAKTUIECKN TOCTOSSHHO, W JJIsI HETIPEPBIBHOTO OCAXIEHUS 3a-
TPSI3HSIONINX BEIIeCTB 00a Tporiecca, Mo-BUINMOMY, UMEIOT 3HadeHue. OmHa-
KO TIpM MTHOBEHHBIX BBIOpOCAX PagMOHYKIMIOB B aTMochepy BaxKHYIO pOJIb
HUTpaeT BEPOSITHOCTD MOTMAAaHNs PaIMOaKTUBHOTO 00JIaKa B 30HY AEHCTBUS 1O-
x7as1. OcOOeHHO HATJISIAHO TO MPOSIBUIIOCH TTOCie aBapny Ha YepHOOBLTBCKOM
ADC, Korga, HampuMep, 3HAYNTEIbHBIE TEPPUTOPUHN CeBepO-3aItagHoil AHT-
JIAY TIONTyYMJTA OoJiee BBICOKME KOJIMUECTBA PaJMOaKTUBHBIX BbITaIeHWIA Ora-
rogapsi OOVUIBHBIM IOXIsaM [3]. YBeawdyeHne 4acTOTHI BBITTAICHUS JTOXKIEH B
GOJBIINX TOPOJAX MOKET HAapyIIUTh OajaHC BBITIANEHWI B CTOPOHY yBeIWde-
HUS JOJTM MOKPBIX BBITIAIEHWI, OCOOEHHO B CITydyasiX, KOTAa MPHUCYTCTBYIOT 3a-
IpsI3HEHHBIE a3P030JIbHbIE YACTUIIEI. B CBSI3M ¢ 3TUM TIpU OIleHKaX MOCIIeICTBHM
aBapyvii HEOOXOIMMO YYNUTHIBATh PACITIONIOXKEHMUE SIIEPHBIX YCTAHOBOK M OOJIBIIIAX
TOPOJIOB 10 OTHOIIIEHUIO K HAIPaBJIEHUSIM TTPe00IagalolInX BETPOB.

BcnencrBue 6osiee MHTEHCHMBHOTO TPAHCIIOPTHOTO IBUXKEHUS MeXaHWYe-
CKUI1 TIepeHOC BTN W CBSI3aHHBIX C HEW 3aTPS3HSIONINX BEIIECTB NMEET 00Tb-
Iree 3HaYeHWE JUIST TOPOACKUX TEPPUTOPHI, YeM I CeTbCKOl MECTHOCTH.
OmHako, 1o Bcell BUIMMOCTH, ellle GOJTBIITYIO pOJTh OH UTPAeT BHYTPH ITOMeEIIIe-
HUW, TIe B Ka4ecTBe ABVIKYIIEN CUJIBI BBHICTYTAIOT JTIoAu. [1pon3BoacTBO simep-
HOTO TOITJIMBA U 3aBOJIBI IO €ro TepepaboTKe — 3TO Ba BO3MOXKHBIX MCTOYHHMKA
MOCTYTUIEHUsI paINOHYKJIMUIOB B TOPOACKYIO cpeny. PagmoakTBHAs TTBUTH MO-
JKeT MeXaHWYECKH TepeHOCUTRCS Ha IIMHAX OOJIbIIETPY3HBIX 3aBOACKUX aBTO-
MOOWMJIE M OcelaTh Ha TIPUJIETAOIINX K MPEATPUITUIM noporax. Kpome toro,
TPaHCIOPTUPYEMBII TPY30BUKAMM MaTepral MOXET CIIyJaifHO pacceuBaThCsT U
CMEINBATLCS C YIMYHOM MbIIb0. HampuMep, ObUTO yCTaHOBJIEHO TOBBILIEH-
Hoe cozepxkanue 234Th B mbuIM BOIM3M MPOXOAHBIX 3aBOJOB MO MTPOM3BOACTBY
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saepHoro ToruBa (Crnpunrgwunn, BennkoOpurtaHust), a TakKe Ha JOporax,
HUCTOJIb3YEeMbIX TPAHCIIOPTHBIMM CPEACTBAMU MpeAnpusTus [3].

PanuoakTuBHOE 3arpsi3HEHNE TOMOB B IIpUOpeEKHOI JepeBHe PeliBeHiacc
(Bom3u Cennaguiiga) ObUI0 BEI3BAHO MEXaHUUECKUM TEPEHOCOM (Ha OOYBM)
TOHKO3EPHUCTOM MBIJIN 3CTyapus p. DcK [3]. DTOT BLIBOA OCHOBBIBAJICS Ha CYy-
IIECTBEHHOM YBEJIMYEHUU COAEPXKaHMS B MBLIU TJIYTOHUS B T€X JOMaX, XKUTEJIU
KOTOPBIX YacTO TMocellaayd MpUOpexHylo 30HY, TOrma Kak B JOMax KUTENeH,
HUKOT/IA He TOCEeIABIIMX €€, KOHLEHTPAIlMU TUIYyTOHUs ObLIM HUXKe. Bbluio
Tak>ke OTMEUYEHO CXOJCTBO I'PaHYJOMETPUUECKOTO COCTaBa JOMallHel MbLId 1
MOYBLI. DTO TMO3BOJIWIIO CHEJIaTh BBIBOI, UTO MEXaHUUECKUI MepeHOC MOYBEH-
HBIX YACTUIL Ha OOYBU SIBJISIETCSI OCHOBHBIM CIIOCOOOM MX TTOIagaHUsI B IOM.

ITocne BbIMageHWsT Ha MOACTUIAIONIYIO TTOBEPXHOCTh 3HAYMTEIbHAS YacThb
3arpsI3HSIONIMX BEILIECTB OBICTPO TepsieT CBOIO TOABMKHOCTb, COPOMPYSICh
MHOTOYMCJIEHHBIMUY TTOUBEHHBIMU YacTUIIaMU. B TO Ke BpeMs ropoacKas mblib
1 CBSI3aHHBIE C HEell 3arpsI3HSIONIME BellleCTBa MOABEPXKEHBI BO3AEHCTBUIO pa3-
HOOOPA3HBIX MPUPOAHBIX U AHTPOIMOTIEHHBIX MPOLECCOB BbiBeAeHMSI. OCHOB-
HBIMM TIYTSIMU TIEepeHOCa SBJSIOTCS peCyCleH3Us, MeXaHuJecKasl OUYMCTKa WiIn
CMBIB.

HenocpencTtBeHHast olieHKa pa3IMUHBIX BUIOB PECYCIIEH3UM 3arpsI3HSIO-
IIMX BEIIECTB B YCJIOBMSIX TOPOJA 3aTPYAHUTEIbHA, TaK KaK HEOOXOAMMO pa3-
JeISITh BETPOBOM MOIBEM C PA3IUYHBIX TBEPAbIX M MSTKUX TOBEPXHOCTEH M
BJIMSIHUE MEXaHUYEeCKOM pecycrieH3uu. MHTEHCUBHOCTb pecyCreH3un (hakTu-
YEeCKM SIBJISIETCS] HEOMpeAeIMMON M3-3a CJIOXHOCTH TOPOICKOTIO BETPOBOTO
MOJIsI, YTO OOYCIOBIMBAET PE3Kyl0 3aBUCMMOCTb KO3(@duimeHTa BETPOBOTO
noabeMa OT CrelMUKU KOHKPETHOTO MecTa.

MHorouyuciaeHHbIE TaHHbIE 00 0OYCJIOBJIEHHOI TPAaHCIIOPTHBIMU CPEACT-
BaMU PECyCIEH3UM C TTOBEPXHOCTU achalbTUPOBAHHON TOPOTU ObLIN MOJTyYe-
HBbI C MCIOJb30BaHMEM B KauecTBe MHAMKATopa cyiabduma uubka [3]. IIpu
OIIHOKPATHOM TTPOXOXKIEHUM TPAHCIIOPTHOTO CPENCTBA IO TOJBKO UTO OCaXK-
JEHHOMY WHIWKATOPY AOJs PEeCyCleH3MPOBAaHHOTO MaTepualla Haxoauaach B
npenenax 1075—1072. Habmonagoch yBeJarMdeHUe STOM JOJIU C YBEJUUEHUEM
pa3MepoB TPAaHCIOPTHOTO CPEACTBA, a TAKXKE B 3aBUCMMOCTH OT KBajapaTa CKO-
pOCTH aBTOMOOMJISI. DTO OOBSICHSIIOCh YCUJICHUEM TYpOYJIEHTHOCTHU, XOTSI OIpe-
JeJIeHHOe 3HaueHue uMesla U MHTEHCUBHOCTD MaBJIeHUS IIMH Ha MOBEPXHOCTh
Jnoporu. belio Takke oOHApy>KEeHO, YTO C YBEJIMYECHUEM BPEMEHU HaXOXKICHUS
WHAMKATOpA Ha TOPOTe JMO0JISI peCyCleH3U YMeHbIIanach. 3arpsi3HeHHbIE yac-
TULIBI MOTYT CBSI3bIBATHCS C MOBEPXHOCTBIO JOPOTM WM OCedaTh B TpellMHAaX,
YTO TAKXKe CHUXAET BEPOSTHOCTh MX BTOPUYHOrO moabema. MHTEHCMBHOCTH
JBIDKEHUSI HA TIIaBHBIX aBTOMArucTpasisiX MOXeT TOCTUTaTh OHOTO TPAHCIIOPT-
HOTO CPEICTBA B CEKYHY, [I0O3TOMY WHTEHCUBHOCTb «aBTOMOOWIBHON» pecyc-
MEH3UU 3arpSA3HAIOIINX BEILIECTB MOXET U3MeHAThed oT 1075 1o 1072 ¢, 1. €.
OTHOCHUTEIbHO BBICOKOTO 3HAUEHUS IO CPABHEHUIO CO CKOPOCTBHIO BETPOBOTO
noabema. OIHAKO MPOCTPAHCTBEHHBIE pa3Mephbl 30HbI MEXaHUUECKOTO MOIbe-
Ma 3HAYUTEIbHO MEHbIIIe, HeXeIN TTOBePXHOCTEeH, MOIBeP>KEHHBIX BETPOBOMY
MOaBbEMY YaCTHUII.
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W3 aHamm3a JaHHBIX TIO peCyCITeH3WN, OO0YCIIOBIEHHON IBIDKEHUEM TIellie-
XOZIOB, OBLTO YCTAHOBJICHO, YTO 3HAYEHUS JOJM TTOIbeMa B JAHHOM CiIydae M3-
MeHsuch oT 1 - 1075 go 7 - 107* Ha oguH mpoxoxn. ITo-BunumMoMy, ABUXKEHUE
TeIIIeX0I0B He OKa3bIBaeT CYIECTBEHHOTO BIMSHUS Ha 00pa30BaHME TOPOICKIX
a’po30JIeii, OMHAKO OHO MOXET MMETh 3HaUYeHUe IJIsT OTIeIBHOTO Trerexona [3].

BeTpoBoii mogbeM ¢ TOPOICKUX TEPPUTOPHUIA, TTOKPHITHIX PACTUTEILHOCTHIO,
10 BCe¥ BUAMMOCTH, TIPH PAaBHBIX CKOPOCTSX BETpa MaJlo OTIMYAETCS OT TeM-
OB PECYCNEH3UN B CebCKMX paiioHax. CloxHee TIpelcKa3aTh BTOPHUHBIN
MOIBEM MBI U 3aTPS3HSIONINX BEIIECTB C TBEPABIX IIOBEPXHOCTEH, TTOCKOJIBKY
HX CITOCOOHOCTB K OBICTPOMY BBICBIXaHUIO 3aMETHO YBEIMUMBACT MTPOIOJKATEITb-
HOCTb JeicTBHS pecycrieH3n. OmHako BEITIABIIME Ha achalbTOBbIE TOPOTU Be-
LIIECTBa MeHee TOIBEPKeHBI BIUSTHUIO TTPOLIECCOB BEIBETPUBAHMS, K TOMY K& OHH
MTOCTEIIEHHO TIepeMeIIafoTCs B Pa3IMUYHOIO poia YIIYyOJIIeHWS WM TTOJTHOCTHIO
YIQIISIOTCST ¢ TIOBEPXHOCTH JOPOT JOKIEBBIM CTOKOM M TIpH yoopke yiwil [3].

YnaneHue 3arpsiI3HSIIOLIMX BELLECTB ABVXYIIEHCS BOJONH MOXET OCYLIECTB-
JIATHCS TIOCPEACTBOM JIBYX Pa3IMIHBIX MEXaHMU3MOB: TP MUTPALINU C WH(WITb-
TPYIOIIMMUCS BOJZaMU M B COCTaBe IMOBEPXHOCTHOTO TOXIeBOTro croka. Ilox
MUTpanveil OOBIYHO MTOHMMAaEeTCs MPOoIecC MepeHoca pacTBOPEHHBIX M KOJT-
JTOUIHBIX (popM. OIHAKO HETIOCPEICTBEHHOE yIaleHNe 3aTPSI3HSIONINX BEIECTB
C TIOBEPXHOCTEM MOXKET OCYILECTBIATLCS KaK B TBEPIAOM, TaK U B PACTBOPEHHOM
COCTOSTHUU.

B cembckmx paitoHaX OCHOBHBIM MEXaHM3MOM yIOAJICHUs BOABI C TIOBEPXHO-
CTH TI0YB CUMTAeTC MHPMIBETpalys, mprdeM B pernoHax CeBepHoii EBpoITEI, 06-
JIAMAIOIINX XOPOIIO Pa3BUTBIM PACTUTEBHBIM TTOKPOBOM, ITOBEPXHOCTHBIN
JOXIEBOI CTOK He MMeeT CYIeCTBeHHOTo 3HaueHnsl. OIHaKO Mmpollecc ypbaHu3a-
LIV TIPUBOINT K YBEJIMUEHWIO IO HEMTPOHMUIIAEMBIX TIIoMIaneil (ITOKPHITHIX ac-
(hasrbTOM YIIHIT M TIIOIIANEH, KPBII 31aHUH U T. 11.). DTO CYIIeCTBEHHO M3MEHSIET
TUIPOJIOTHUYECKUN PEKUM TEPPUTOPHIA, B pe3yJIbTaTe Yero MOBEPXHOCTHBIN CTOK
Bce Oosiee mpeoOnamaer Hag nHuiIbTpauneir [3]. C MOBepXHOCTHBIM CTOKOM C
TaK Ha3bIBAEMBIX HETTPOHMIIAEMBIX TOPOACKUX TEPPUTOPUIA BHIHOCHUTCSI OOBIMHO
30—80% (penko 6omee 90%) obIEeTo KOMMYeCTBA TOKIEBBIX ocankos [3]. Habmro-
JaeMblii Te(UIINT OOBSIICHSIETCS He TOJNBKO CIIOCOOHOCTBIO JTOPOT 3alIepKUBaTh
JOXIIEBBIE OCAIKM, HO W MX TOTEPSIMU MPU TPOCAYMBAHNM HA CTHIKAX JOPOT U
TPOTYapoB, MPU Pa3OPbI3TUBAHUK TPAHCITOPTHBIMU CPEICTBAMU M B pe3yJibTare
MPpSIMOM MHOWITETpAIliK depe3 MoBepxHOCTh [3]. TakuM o6pa3oM, B TOPOICKOM
cpezie TIpeobIamaloT CIAeayIOIIe TTPOIEeCChl yaaJeH!s 3arpsI3HSIOIINX BEIeCTB:

a) MUrpanuvda B paCTBOPEHHOM BMAC CKBO3b IMPOHUIIACMbBIC ITOBECPXHOCTU
B I'DYHTOBbIC BOJbI,

0) CMBIB TBePIbIX YACTHIL U PACTBOPEHHBIX 3aTrPS3HSIONINX BEIIECTB C HE-
MMPOHUIIAEMBIX TTOBEPXHOCTEN B TIPUIAOPOXKHBIE APEHAXKHBIE KaHaBBI
(BOIOCTOUHBIE KOJIOALIbI);

B) JeCOpOLMST 3arpsi3HSIIONIMX BEILIECTB C TBEPAbIX YaCTUIL M MOBEPXHO-
CTeil ¢ MOCJeAYIOIIUM CMbIBOM B BOJAOCTOUHBIE KOJOLIbI UM MUTpa-
LIMe CKBO3b MOKPBITUS U CYOCTpaThl B TPYHTOBBIE BOJIbI.
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3HAUMMOCTh Pa3IUYHbBIX MyTe MUTPALIMU PAIUOHYKIUIOB 3aBUCUT OT UX
(pU3UKO-XUMHYECKUX (DOPM U OT TOTO, B KAKOM BUIE (CYXOM WJIM MOKPOM) OHU
TepBOHAYAJBbHO TOCTYMWIN. Yepe3 CyTKU MIIM OKOJIO 3TOTO CYyXMe BBITAAECHUS
BeIyT ce0s Tak ke, KaK eCjd Obl OHM BbIMaJd B MOKPOM cocTossHuM. 1o Bceit
BEPOSITHOCTU, 3TO OOBSICHIETCSI BAUSIHUEM BJIaru, CKOIMMBILIEKCST Ha MIOBEPXHO-
CTU OT ¢J1a00TO0 JOXIS, TyMaHa WK pockl [3]. JokaeBble 0caaKy yaaIsIoT 3Ha-
YUTEJbHYIO YacThb CYXUX BblllageHui. BecbMa XxapaKTepHBIM M BaXKHbBIN IS
TOPOJICKOI Cpenbl MEXaHU3M YIaJeHMS BBIMIABIIMX HA TTOBEPXHOCTh JOPOT 3a-
IPSI3HSTIONIUX BELLIECTB — 3TO MX CMBIB. OTHOCUTEILHO TOHKOIMCIIEPCHBIN COCTaB
BBITIAICHUI M KPYThle HAKIOHBI KPBIII OOECIEUBAIOT XOPOIIYI0 CMbIBAEMOCTh
3arps3HSIONIMX BEIIECTB, XOTS HE MCKIIOYEHO, YTO BOAOCTOUYHBIE Kej0ba MOo-
I'YT BBITIOJHSThH POJIb BPEMEHHBIX JIOBYIIIEK.

Pannonyknunpl, ynaasgemble ¢ TOPOJACKUX TEPPUTOPUIA B XOJ€ TUAPOIOTH-
YeCKMX MPOLIECCOB, B KOHIIE KOHIIOB MOMAAaOT B IPUPOIHbIC BOIOTOKHM U BO-
noembl. OmHaKo HabogaeMOe TIPY 3TOM CHIDKEHHUE YPOBHS paanuOaKTUBHOTO
3arpsI3HEHUS TOPOACKOM Cpellbl MOXKET OBITh CBEIEHO Ha HET B pPe3yJibTaTe Io-
CTYTIJICHUMST 3arps3HSIONIMX BEIIECTB TOPOACKOMY HacCeJIeHUI0, HampuMmep,
C MUTHEBOU BOJOW WJIM Yepe3 MUILEBBIEC 1IEMH.

OnuH M3 pacnpoCTpaHEHHBIX CIIOCOOOB yAaJleHUs MbUIM U CBSI3aHHBIX C
He#l 3arps3HSIOINX BEIIECTB — 3TO yOOpKa TOPOJACKMX TEPPUTOPUI U TMOME-
LIEHUIA. YCTaHOBJIEHO, YTO 3((PEKTUBHOCTb YOOPKM OOBIYHBIMM POTALIMOHHBIMU
1 BaKyyMHBIMU YOOPOUHBIMU MalllMHAMM 3aBUCUT OT TPaHyJIOMETPUUYECKOTO CO-
cTosTHUS yInuHOM nbiu [3]. B yacTHOCTH, JOCTaTOUHO 3 (HEKTUBHO yIAJSIIOT-
cs1 KpYITHbIE YacTULBI TTbUTH (Gostee 2 MM), BKJTIouast Mycop (o 80%), Torna Kak
MPOM3BOAMTENLHOCTD YAAJIEHUST TOHKUX U 0oJiee 3arpsi3HEHHBIX YaCTUIL HEBbI-
coka (15% nmnst ppakumu MeHee 43 MKM). DTO NOTpeOOBaIO IPUMEHEHUS IpYy-
I'MX CIIOCOOO0B yAaJIeHUsI TOHKUX YacTull. Tak, THAPOCMBIB, TPOBOIUMBIN TTOCIIEe
MEeXaHWYECKON YOOPKU YU POTALIMOHHBIMU YOOPOUHBIMU MalllMHAMU, XOTS U
He JaeT 00JbLIoro 3(pdekTa B OTHOLIEHUM rpyobiX yacTull (6onee 250 MKM), HO
C €r0 MOMOIIIbIO TOMOJTHUTEIBbHO YAAISIOTCS YacTulbl pazMepoM 30—250 MKkM
[3]. HecmoTpst Ha mMMelolmMecs: pa3HOTIJIACHUsSI B OLIEHKAX OTHOCHUTEIbHOU 3(-
(beKTUBHOCTM yHaNeHus MOJUTIOTAHTOB MPU OAHOPA30BOI YOOpKe YJIMII, TTOKa-
3aHO [3], uTo pewaromwmMu (akTopaMu 3P@HEKTUBHOCTU OUYUCTKU YIIUII
SIBJIIETCSl YacTOTa YOOPKU M CUJIBHBIX JOXIEH.

HakoruieHue 3arpsi3HSIONIMX BELIECTB B TOPOJCKOM cpelie, eCTECTBEHHO,
3aBUCUT OT COOTHOIIIEHUST CKOPOCTEM UX MOCTYIIJICHUST U yIaJeHUSI, OTIPeaess -
€MBbIX PAaCCMOTPEHHBIMU BbIILIE MpolieccaMu. MMeeTcsl psin MuccieaoBaHUil 1Mo
yIAEPXKAHUIO PATUOHYKIUAOB HETTPOHUIIAEMBIMU TOPOJACKUMM MOBEPXHOCTSIMHU,
B TOM YMCJIe BBIIIOJHEHHBIX nocje YepHOObLIbCKOM aBapuM. JIOCTaTOUHO XO-
pOIIO U3ydyeHa TaKKe MUTPALIMS 3arPSI3HSIONIMX BEIIECTB B MOPUCTBIX MaTepU-
ajnax [3], omHAKO Majl0 M3BECTHO O POJM HEINPOHULIAEMBIX ITOBEPXHOCTEH
B yIE€p>KaHWUM 3arpsi3HSIOIIUX BELIECTB, CBA3AHHBIX C YACTULIAMM.

Murpauusi paTuoOHYKIUAOB CKBO3b MTOYBY 3aBUCUT B OCHOBHOM OT MHTEH-
CUBHOCTHM HX aICOPOLIMM KOMITOHEHTaMU MOYB (HampuMep, TIMHUCTBIMU MU-
HepajaMM, 1eOoJuTaMu, TUAPOKCUIAAMM >Kejie3a, TYMYCOBBIMU BellleCTBaMU)
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U CKOPOCTHU MOpoBoil Boabl. CyllleCTBEHHOE 3HAaUYEHUE UMEIOT TakXkKe MOJIEKY-
JapHas nuddysusi, BcacbiBaHWE KOPHEBON CUCTEMOI pacTeHUl U UCIIapeHue.
IToaTOMY CKOPOCTb MUTPALIMM MOXKET OBbITh BeCbMa Pa3IMYHON; HapUMep, I
239.240Py ona msmensercs B npegenax 0,6—17,9 cm/rox [3].

s oueHKM 2 GEKTUBHOCTU METOAOB Ae3aKTUBALIMM He3aaoaro a0 Yep-
HOOBUTLCKOM aBapuu ObUIM MPOBEACHBI IKCIEPUMEHTHI MO U3YUYEHHUIO €CTeCT-
BEHHOI'O U UCKYCCTBEHHOI'O YAaJCHUSI PAAUOHYKIUIOB C Pa3IMYHBIX TOPOACKUX
noBepxHocTell [3]. MoOIIHOCTb A03bl U3YyYeHUSI OT OETOHHBIX U ac(aabTOBBIX
SKCIEPUMEHTANBHBIX IJIOLIANO0K, 3arpa3HeHHbIX S0Rb (BHECEHHBIM B BUIE pac-
TBOpPA), XapaKTepu3oBajiach 3KCIMOHEHIUATbHBIM YMEHBIIEHUEM BO BPEMEHHU
[3]. bbL1o ycTaHOBJIEHO, UTO JOXKAL — Hanbosee a(ppeKTUBHBIN (hakTOp yaane-
Hus 86Rb, mpy 5TOM BBIHOC PaIMOHYKJIMAA C TIOBEPXHOCTHLIM CTOKOM ObLI 60-
Jlee 3HAYMTEIbHBIM MO CPaBHEHUIO C MUIpallMell CKBO3b MOBEPXHOCTh. Kak
MpaBUI0, MHTEHCUBHOCTD €r0 yIaJleHHUs 3aBrcesa OT MPOIOKUTEIbHOCTH Tie-
proaa, MpouIelliero ¢ MOMEHTa HayaJlbHOTO 3arpsidHeHus. Tak, 6ojiee UHTEH-
CHUBHBIA BBIHOC TOJUTIOTAHTA HAOIONANICS C TOJBKO YTO 3arpsi3HEHHBIX YYaCTKOB.
Oxono 30% 86Rb ynansyoch ¢ acanbTa ¢ MEPUONOM TOJNYBBbIBEIEHUS (HE
BKJIIOYAIOIIMM paauoakTuBHBINA pacrnian) oT 10 mo 200 nHeii, Torma Kak mpu
yoaJieHuu ¢ GeToHHOM moBepxHOCTH st 50% HayaabHOTO KOJMYECTBA TIEPUOI
noayBbiBeneHust MeHsuicst oT 80 go 200 gHeit. OcraBlleecss KOJUYECTBO Paauo-
HYKJIMIAa MOXET ObITh YIaJeHO 3a 0oJiee JTUTENIbHbBIA NMepuo BpeMeHU (Tepu-
on noayBbiBeaeHUs1 — 92 roaa) [3]. [1pu nmpoBeaeHUM 3KCNIEPUMEHTOB TTpUMe-
HSJIMCh TPU TEXHUUYECKUX MpHUeMa Oe3aKTUBALMKM TEPPUTOPHUIA: CMBIB MPU
MOMOIIM LUTaHTa, BHECEHUE KATMIHBIX YIOOpEeHUii, BaKyyMHasi YucTKa. Tojb-
KO MEPBbI CITOCO0 Aaj MpUeMIeMble pe3yabTaThbl. Tak, ecivi CMbIB C TOMOLIbBIO
LLIJIaHTa OCYIIECTBISICS He Mo3nHee, yeM uepe3 1—14 nHeit ¢ MOMeHTa Hayasb-
HOTO 3arpsi3HeHus, ynamsuioch 10 50% mosurtoranra. OmHako 3G (GEKTUBHOCTD
3TOTrO crocoba pe3ko cHuxkanach (MeHee 10%), eciam 06pabOTKY TTPOU3BOIMIN
yepes 40 nHeil mocyie BHECEHUsT paniMoHykiauaa. MdyyeHue ocobeHHOCTENH CcU-
TyallMM HajJ MOLIEHBIMM yiaullaMu B MioHxeHe cpasdy ke nocje YepHoObLIb-
ckoil aBapuu [3] mokazano, YTO CHMXKEHHE YPOBHSI 3KCITO3MLIMOHHON O3B
MOJYUHSIETCS] DKCITOHEHIIMATbHOMY 3aKOHY.

M3ydyeHne COOTHOLIEHMs IT00ANbHBIX BbimageHuii 137Cs or ucnbitanmit
SIEPHOTO OPYXMUS M KOCMOTeHHOTo ’Be Ha pasiuyHble KPOBEJIbHBIE MaTepHa-
JIbI TIO3BOJIMJIO YCTAHOBUTD, UTO HAKJIOH KPBIII U TUM KPOBEJbHOTO MaTepuasa
OJIMHAKOBO BaXXHbI JJIs1 yAepxKaHUsl paauoHykauaoB [3]. Tak, oOpaboTaHHbBII
CUJIOKCAaHOM 3TEPHUT (acOOLIEMEHTHBIE TUITMTHI) TTPU HAKJIOHE KPbIlK 45° OT-
JIMYAETCsl HAMMEHBIIEH CITOCOOHOCTBIO K yaepxkanuio 137Cs (22% nocTynusiiuero
paIMOHYKJIMIA), TOIAa Kak HeoOpaOOTaHHBIN ATEpHUT 00Jafan HauOoJIblIe
yaepXuBarmlIleil crmocooHoCcThI0 (87% mocTynuBIiero). JApyrue 4epHOOBLTb-
CKUe PamMOHYKIIMIBI XapaKTepU30BaINCh CXOMHBIM MoBeaeHEeM. MckmoueHne
coctasu b 1311, KOTOpBIil yaepKNBaICsa TONBLKO KPACHOW YeperuLeil.

W3zydeHune BIMSTHUS TOCIEAYIONIETO BEIBETPUBAHUS Ha aacopOUpOBaHHBIE
PaZMOHYKJIMIBI TIOKA3aJI0, 4TO, Hanpumep, 137Cs oueHb MPOYHO yaepKUBAETCS
noBepxHOCTIMU. Tak, ¢ aBrycra mo aekadbpb 1986 r. 6bu10 yaaneHo MeHee 5%
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aTOoro paguoHykiauna. MMeroTcs coollueHus o 00jiee BHICOKMX CKOPOCTSIX yaa-
JIEHUS 3arpsI3HSIONIMX BEIIECTB C Pa3IMYHBIX CTPOUTENIBHBIX MaTepuasoB [3].
B yactHOCTH, OBLIO MOKAa3aHO, YTO CHUXKEHUE AKTUBHOCTU 3aBUCUT OT OOILLIETO
KOJINYECTBA JOXKIEBBIX OCANKOB, T. €. YAePKUBAIOIIAsl CITIOCOOHOCTb MOBEPXHO-
CTeil 3aBUCUT OT KOJIMYECTBA BBIMABIINUX OCAIKOB.

YCTaHOBJIEHO, YTO HEMOPUCTBIE MaTepUasIbl, HAMPUMEP CTEKIIO, OTJINYAIOT-
CS HEeCYIIECTBEHHBIM YAEPXKaHUEM 11e3Usl, T. €. UX Je3aKTUBAlLUSl MOXKET ObITh
JOCTUTHYTa MpX 00paboTKe YncToil Bogoii. ITopucThie xXe MaTepuaibl IIPOSIBIIs-
10T B OTHOIIIEHUH 1I€3UsI OUeHb BBICOKYIO YAEPXKUBAIOIIYIO CIIOCOOHOCTD, MPUYEM
TIpoLIeCChl 3axBaTa W YAep:KaHWs PaaIdOHYKIMAA BO MHOTOM OOYCJIOBIMBAIOTCS
JOCTYITHOCTBIO U CEJIEKTUBHOCTBIO TTO3UIIMI MOHHOTO OOMeHa. DTo HabIoneHe
TOATBEPXKIAETCS TEM, UTO MPUMEHEHUEe ISl Ne3aKTUBALIMM HUTPAaTa aMMOHUS
0COOEHHO XOpOollIre pe3ysbTaThl JaeT Wit 6eToHa (6osee 90% ynanenus 3a 20 4),
HO MeHee 3(DGEeKTUBHO IS KepaMuueckoi mnutku (40% 3a 20 u).

Boimu paccuuTaHbl €CTECTBEHHBIN MEPUO TTOTYBBIBEACHUS U CPEIHEe BPEMSI
HaxXOXIEHUS TIbUIM, 3arpsI3HEHHOM palvOaKTHBHBIM 1I€3MeM UYEPHOOBLIHLCKOTO
MPOMCXOXIEHUS, B aHINIMIicKOM Topoae bappoy-un-®ephecc [3]. Habmomaembie
YPOBHU PaaMOAKTUBHOTO 113U B MbLJIM XapaKTepU30BaIMCh C TEUEHUEM Bpe-
MEHU 9KCITOHEHUMAIbHBIM YOBIBAHMEM C MEPUOIOM TOJYBBIBEACHUS ISl pa3-
JINYHBIX TUIIOB Cpedbl BHYTPUM W BHe 3maHuil B mpepenax 190—370 nHeii.
CpenHee BpeMs NpeObIBAaHUS TBUIM, PacCCUYMTaAaHHOE Ha OCHOBE TMPUBOIUMBIX
3HAUYEHUI MEePUOAOB TOJIYBbIBeAeHUS, BapbupoBaiao oT 150 mo 250 mgueii. B co-
BEPILIEHHO pa3MYHBIX palloHaX ropoja HaOIIOAATUCh OYEHb OJIM3KKME MepUOIbI
TIOJTyBBIBEICHUSI PAaAMOHYKINIA, YTO CBUAETEJIbCTBYeT 00 OOIIei Tpuponae
TMBUIM M CBSI3AHHBIX C HEll 3arps3HSIONIMX BEIECTB M yKa3bIBaeT Ha YHUBEPCAJIb-
HOCTb MPOLIECCOB, KOHTPOJMPYIOIIMX UX MOBEAEHNE B TOPOACKOi cpene [3].

6.4. PAIMOHYK/INJbI B IIOMEINEHUAX

Bonbinyto yacTh BpeMeHU TOPOICKOE HaceJeHWe TIPOBOAUT B SKUJIBIX,
YUeOHBIX, TIPOM3BOICTBEHHBIX WJIN APYTUX TTOMEIIEHUSX. Y3Ke B paHHUX pabo-
Tax IO OTNpEeIeICHUIO TPUPOTHON paavallMOHHONW HATrpy3KW OBUIO YCTaHOBJIE-
HO, YTO paJvallMOHHBIN (POH BHYTpH 3MaHUIA 3aMETHO BBIIIIEe, YeM Ha OTKPBITOMN
mectHocTU [8, 9]. PagmanimoHHBbII (DOH BHYTPU TOMEIEHUII OMNpeaesseTcs
BTOPUYHBIM KOocMUYeckuM usnydeHuem (BKI), y-uznyuyeHuem cTpouTebHbIX
MaTepuaJioB M PaTMOaKTUBHOCTBIO a3po3oseit. O mpupoae U aMIIIUTyae KoJjie-
OGaHMiT TIEPBOIT COCTABJIAIONICH, HECMOTPS Ha €e HE3eMHOE TPOMCXOXKIEHUE,
HaAKOTUIEHO 3HAYMTENbHO OOJbIIIe CBEICHWI, YeM O ABYX APYTuX. BHyTpm om-
HoaTaxkHoro 3gaHust BKM mano otauyaeTcst OT ypoBHS, HAOII0MAEMOTO Ha OT-
KPHITOI MECTHOCTH, HO TIEPEKPBITUSI MHOTOITAKHBIX 3HaHWIA BBI3BIBAIOT
3ameTHOe ociabneHnne BKU. Tak, B HIKHEM 3TaxKe YeThIPEXATAXKHOTO CTPOE-
Hust 1o3a BKU ymeHbiaeTcst mpuMepHo Ha 33%. DTO CBUAETEILCTBYET O TOM,
yto no3a BKW, BozaeiicTByolIasi Ha XXUTENs TOTO WJIM WHOTO HACEJIEHHOIO
MyHKTa, HaXOOWUTCS B TIPSIMON CBSI3M C TeorpaduuecKMM MECTOMOOXEHUEeM
3TOTO TTYHKTA, €T0 BBICOTOI HaJ YPOBHEM MOPS M TUIIOM CTPOCHMSI.
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MOITHOCTB 03B! y-M3TyYeHUST MHTephepa CTPOCHUI TeCHO CBsI3aHa C yIeb-
HOM aKTHBHOCTBIO CTPOUTENBHBIX MaTepuajoB, COAEpPXKAIIUX YpaH, TOPUU U
KaJuii U CIOCOOHBIX UCITYCKATh PAOH U TOPOH. DTU MapaMeTpbl MPaKTUYECKU
HEBO3MOKHO OIICHUTH 0€3 CITeIIMaIbHBIX NcclienoBaHmit. [109TOMy TTpOBOASITCS
W3MepeHUsT YPOBHEH y-M3ITy4eHNST 1 MHTEHCUBHOCTA 00pa30BaHMs B HUX pagoHa
B 30aHMSIX pa3IMYHbIX HaceJleHHbIX MyHKTOB. Ha Tepputopun ObiBiiero CoBeT-
ckoro Coroza 00cIe0BaHMIO ObLIM MOABEPTHYTHl TOPOAa U IMOCEIKM, PACIIONO-
JKEHHBIE B Pa3IMYHBIX (PU3UKO-TeoTpapuIecKUX 30HaX CTPAHBI.

Bbbuto ycTaHOBJIEHO, UTO MOIIHOCTD I03bl Y-U3JIYYEHUSI B CTPOCHUSIX pa3-
JIMYHBIX HACeJIEHHBIX IyHKTOB M3MEHSETCS B IIMPOKUX TIpelmesiax: MHOTIa
MOIIIHOCTb 03l BHYTPY CTPOEHMI OZHOIO HACEJIEHHOTO IMyHKTAa OTJMYAETCs
OT TaKOBOM IPyroro HaceJeHHOTO ITyHKTa B 5 u 0ojiee pa3. OcoObeHHO HUBKUI
y-oH MHTepbepa ObLT oOHapyxxeH B 3maHusx Ceactonoiigd u Cumpepomnoss,
YTO OOBSICHSIETCS MCIOBb30BaHNEM B ropomax KpBIMCKOTO TTOIyOoCTpOBa B Ka-
YeCTBE CTPOMTEIBLHOIO Marepuaja M3BECTHSIKOB u3 meiiep Mukepmana. Ha-
MPOTUB, B 3MaHUSIX TOPOIOB, PACITOJIOXEHHBIX Ha Kaperbckom TIepelelike,
OOHapyXeHa OTHOCUTEJIBHO BBICOKAsI MOLIHOCTD J03bl y-U3JIyYeHUS], UTO OOBSIC-
HSIeTCS 3ajieTaHeM TI0[ HUMU BepXHETIPOTEPO30NCKIX KMUCITBIX KPUCTATUYECKIX
MOPOJ, TPAHUTOB, XapaKTePU3YIOLINUXCS CPABHUTEIBLHO BBICOKOM KOHIIEHTpaluei
MPUPOIHBIX PaguoOHYKIUAOB. [lo-BUIMoMy, TPOAYKTHI BEKOBOTO pa3pylle-
HUS 3TUX TOPOJ COCTAaBMJIM CYIIECTBEHHYIO TOOABKY B CTPOUTEIBHOE CBIPhHE,
BCIIEZICTBUE YeTo y-(pOH B CTpOeHMAX BrIOOpTa OKa3ajcs XOpOIIo N3MEePUMBIM.
Jlo30Bast Harpy3ka Ha >KWUTeJIell pa3IWYHBIX TOPOIOB, OOYCIOBJIEHHAs BHEIII-
HUM y-00JIy9eHUEeM, MOXET Pa3andaThCs ITOYTH Ha TMOPSIIOK.

HccaenoBaHust KOHIEHTPALMU PaloHa B BO3AYXE KWJIMIIL M CIY>KEOHBIX
TMTOMEIIeHNIA HEKOTOPBIX TOPOIOB TTOKA3aJTI, UYTO BEJIMYMHA 3TOM COCTaBIISIONIEH
panualMoOHHOTO TTOJISI 3MaHMI He BCETna OOHApYXMBAeT TPSAMYIO 3aBUCUMOCTD OT
KOHUEHTpaUUi TPUPOIHBIX PAAMOHYKIUIOB B CTPOUTEIbHBIX MaTepuaiax. MHo-
IIa TIPA OTHOCUTETLHO BBICOKMX KOHIICHTPAIISIX PATUOHYKIMIOB B CTPOUTETh-
HbBIX MaTepuaiax coaepKaHue paaMoaKTUBHBIX a3p030Jeil B BO3MyXe MOMEIICHUI
OBIBACT CYIIECTBEHHO HIDKE, YeM B IIOMEIICHUSX, TIe KOHIEHTPALINMU TPUPOI-
HBIX PaIVOHYKIUIOB B CTPOMTEIBHBIX MaTeprajiax CyllieCTBEHHO MeHble. Ya-
cTo Oosiee BbICOKME KOHLEHTpALMU paloHa OOHAPYXUBAIACh B TJIMHOOUTHBIX
(camannpix) (0,4 bx/n) n nurako6mouHbX crpoeHmsax (0,3 Bk/i), B KOTOPBIX
YPOBEHbB y-U3TyIeHUs OBbLI, KaK MPaBWIO, HEBBICOK. [1o-BUOIMMOMY, HAKOTIIE-
HHUE paZoHa U ero JOUYEPHUX MTPOAYKTOB B BO3MyXe TaKWX 3MaHUI CBSI3aHO C 00-
Jiee JIETKUM BBbIXOJOM 3MaHalMU M3 TOJIIM CTPOUTEJbHBIX MaTepUagoB 3TUX
TUTIOB. B BO3myXe Ipyrux CTpOeHW comepkaHWe 3MaHalldil KojeOieTcss OT
4 no 40 mbk/n. Camblii HU3KMI ypOBEHb aKTUBHOCTU HAOJII0JACTCS B 3AaHUSX,
BO3BeZcHHBIX M3 m3BecTHsKa (0,4—1,6 Mbk/m) [8].

Bonbiioe BaMsHME Ha comepkaHUe pagoHa, TOPOHA M MPOIYKTOB MX pac-
rnaga B BO3IyXe MOMEIICHUI OKa3bIBa€T CKOPOCTb BO3AYyXOOOMeHa MeEXIy
BHellIHe# cpenoit u moMetieHueM. I1pu appekTUBHON BEHTWISILIMM KOHIIEHT-
paLMsl SMaHalMii M MPOAYKTOB MX pacraaa B BO3Ayxe MOMELIEHUI MpubvKa-
€TCST K MX KOHIIEHTPAlIMM Ha OTKPHITOM BO3MyXe.
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B 1960-x rr. ObUI BBIIIOJIHEH Psi UCCICAOBAHUIA 10 OIPEACICHUIO KO3(]-
(uimeHTa pecycrneH3ny TeXHOTEHHBIX PATIMOHYKJIMIOB BHYTPY IMMOMEIICHUM, B
YACTHOCTU B pabOUYMX TMOMEIIEHMSIX ONEepaTOPOB aTOMHBIX 3JEKTPOCTAHIIUIA.
Ero 3HaueHus 1S KaebHOTro mosia u3MeHsuch ot 9,4 - 1076 m~! mpu «06-
JIEr4eHHOI» padote 10 1,9 - 1074 M~! npy NOBBIIEHHO AKTUBHOCTH OOCITYXKHU-
Batolero rnepcoHaia. Mayyanoch Takxke BTOPUYHOE TOCTYTUICHHUE 3arPsI3HSIOIINX
BEIIECTB C Pa3IMYHbIX MTOKPHITHIA [3]. BbUIO yCTaHOBIEHO, UTO C YBEJIMUECHUEM
YacTOTHI MePeABUKEHUs JIoAeil HAOMI0JAaeTCs COOTBETCTBYIOIEE YBEIUUCHUE
koaddunmenTa pecycrneHsuu. OTMeueHa 3aMeTHasl CBSI3b MEXIY KOJIMUYECTBOM
00CITy>KMBAIOIIETO MepcoHaa B KOMHATax M YPOBHSIMU HaXOMSIIIMXCS B BO3IY-
X€ 3arpA3HAIOLINX BELIECTB.

Bbuin u3MepeHbl CKOPOCTHU OCAXKIEHUST YepHOOBUTLCKUX PAaMOHYKIUIOB
BHYTpHM 37aHuii [3]. Pe3ynbrarhl 3TUX M3MEPEHUI MCIOIb30BAUCH JJISI OIpe-
JieJIeHNsT OTHOIIEHMST a3PO30JIbHBIX KOHIEHTPALUN PamIMOHYKJIMIOB BHYTPU U
BHe noMeutenuii (0,25 g 137Cs u 0,4 ma 1311). CHuxkeHne KoHLEHTpaLuii
BHYTPHU TTOMEIIEHUN OOBSICHSIOCh (PUIBTPYIOIIUM 3(DMEKTOM TPELINWH, Ieei
U TIOP B CTPOMUTEIbHBIX KOHCTPYKIIUSX, TPUUEM M3-3a MEHBIIIETO pa3Mepa yac-
i1l 6oJiee BLICOKOE OTHOIIEHWE Habmoganoch mis 311

DD deKTUBHOCT METOAOB, MCIOJb3YEMbIX IJIsI YOOPKU BHYTPEHHUX TO-
POACKUX TIOMEILIeHNWI, n3yyeHa caabo. M3BecTeH 3KCIEepUMEHT IO MpUMeEHe-
HUIO TIPOMBIIUIEHHOTO (CepUITHOro) Tbuliecoca IS OYUCTKM TPONMUTAHHBIX
(yopeciLieHTHBIM MHAMKATOpOoM (pa3mep vactuil 0,6 MKM) KOBPOBBIX MTOKPBITHI
[3]. YcTaHoBneHO, YTO TIpM 0OPabOTKE KOBPOB, MO KOTOPHIM HUKTO HE XOMIWII,
nbliecocaMu ynajisuicsi 61% wunHmukatopa. M3 KoBpoB, KOTOpbIE IEepeceKaiCh
moabmu 60 pas, ObLIO yaajeHO Bcero JiMib 37% uHaukaropa. JajabHeiiast
0oJsiee MHTEHCHUBHAsI 00paboTKa IbLIECOCOM B T€UEHME 5 MUH ITO3BOJIMJIA B KO-
HEYHOM cueTe yaaauTh 72 u 52% MHIUKATOpa COOTBETCTBEHHO.

OCHOBHOI BKJIaJl B TO30BYIO Harpy3Ky, rnojayyaemMylo HaceJeHHeM, BHOCUT
pagoH-222, TIOCTyNaIIMi B MPU3EMHBIN CI0i aTMOocdephl uepe3 TpelHbI U
MOpbl TPYHTA, achaabTOBBIX MOKPBITUI, CTPOMUTEIbHBIX MaTepuanoB. Ilosene-
HUe paZoHa M MPOAYKTOB €ro pacrana MOTYMHSIETCS TeM XKe 3aKOHOMEPHOCTSIM,
YTO U MOBEJACHUE NPYTUX MHEPTHHIX 3arps3HuTesieil (takux kak CO).

TexHoreHHbIe PATMOHYKINIBI B OCHOBHOM MOCTYTAIOT B TOPOACKYIO CpeLy
C CYXMMM U MOKPBIMU aTMOC(EPHBIMU BBITIAJCHUSIMU U TIepepacIpeiessTioTCs
Oyiaromapsi mporieccaM pecycrieH3MM, MeXaHMYECKOTo MepeHoca U CMbIBa 10XK-
JIEBBIMM BOJAMU, a TakKxKe Mpu yOOpKe YIMWIl M ToMelleHuit. Ha oTKpbIToit
CEJIbCKOM MECTHOCTM MOKPOE€ BBIMANEHUE 3arps3HSIONINX BEIIECTB OOBIYHO
MPUBOIUT K IOCTAaTOYHO OAHOPOIHOMY 3arpsisHeHuIo. B roponmax e B pe3ysib-
TaTe CMbIBA 3aTrPSIBHSIONINX BEIIIECTB C HEIMPOHULIAEMBIX TTOBEPXHOCTEH MPOUCXO-
IUT UX TIepepacrnpeneseHue, o0yclIoBIMBalolee HEOMHOPOAHOCTb 3arpsi3HEHMS.
Mokpbie BbIManeHus, BO3MOXHO, OTJIMYAIOTCS OOJbllIeil MHTEHCUBHOCTBIO B
KPYITHBIX TOPO/IAX C HAaceJIeHWEM CBbIlEe 1 MJIH YeJoBeK, Te Jallle BhIMaaaioT
JOXIEBbIE OCANKU.

TexHOreHHbIe PaAMOHYKIUIbI, TOCTYMAIOIIE B TOPOJACKYIO Cpeay, MO-BH-
IVMOMY, TMO3BOJIST 0ojiee TMOJHO HCCIeA0oBaTh 3aKOHOMEPHOCTHU YyIep>KaHUs
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3arpA3HAIOIINX BEIICCTB B I‘OpO,Z[CKOﬁ cpeac C ucjibio JIaJIbHENIIIEro COBECPLICH-
CTBOBaHHUA ITPOTHOCTUYCCKUX MoOJeJIel TIOBEIEHUS MOJUIIOTAHTOB B ropon-
CKHUX YCJIOBUAX.
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7. MIPUMEHEHUE PATVOHYKJINIOB
B KAUECTBE TPACCEPOB
MPU UCCJEJIOBAHUU OKPYXAIOIIIEN CPEJBI

IMpupoaHble U UCKYCCTBEHHbIE PAAMOHYKJIMIbI IIUPOKO IPUMEHSIOTCS
JUISL MCCJIENIOBAHMS TIOTOKOB BELIECTBA B OKPYXaloOLIEH cpele, B YaCTHOCTU
JUISL U3yYEHUs BEPTUKAJIBHOIO M TOPU3OHTAILHOTO JABUXKEHUS BOIHBIX U BO3-
JYLIHBIX MAacc, MPOLIECCOB MepeHOca BELIECTBA YePe3 TAKUE FeOXMMUYECKHE
Oapbepbl, KaK peka—mope, okeaH—aTMmocdepa, cTparocdepa—Tporocdepa,
MopcKasi Boja—A0HHbIlEe OTIoXeHUSA. C MOMOIIBIO PAJAMOHYKJIUAOB pEeLIalOT
Mpo6JIeMbl ONpeEIeIeHUs] BO3pacTa BOAHBIX M BO3IYLIHBIX MAcC, CJIOEB JOH-
HBIX OCaJKOB, BPEMEHHU NPeObIBAHUS B3BELIEHHOIO BELECTBA B BOJE U a3pO-
30JIBHBIX YacTUL B aTMocdepe. Bo3MOXHOCTb MPUMEHEHUS TOrO WJIA UHOTO
PalMOHYKJIM/A B KAUECTBE Tpaccepa OINpPeAEsIseTcsl er0 UCTOUHUKOM U (DYHK-
Lueil TOCTYIJIEHNs, OCOOEHHOCTAMM T€OXMMMUYECKOrO 1IMKJIAa U TNEPUOIOM
noaypacnaga. Haxonar npuMeHeHue pagvMoOHYKIUIb KOCMOT€HHOTO MPOMC-
xoxuenust, takue kak 4C (7T, = 5730 ner), "Be (T, = 53,3 cym), 10Be
(Ty), = 1,60 man nert), 328i (T}, = 172 romal), 26Al (T} ,, = 720 TeIc. JieT) u
Apyrue. DTU PaavMOHYKIU/IbI, IOCTOSIHHO MTOCTYAIOLIME U3 aTMOCHEPHI, NUMe-
0T MEPUO/BI TOJIypacaia, pasanyalolluecsd B LIMPOKUX Mpeeaax, 4To Io-
3BOJIAET M3yuyaTh KaK OBICTpbIe, TaK M MeJIEHHBble mpolecchl. Mccmenys
pacrpeie/IeHue 3TUX PaJMOHYKIUIOB B BOJIE, B3BELIEHHOM BEILECTBE U JOH-
HBIX 0CaJKaX, MOXHO CYAUTb O BO3pacTe OOBEKTOB M CKOPOCTH NPOLIECCOB
BEPTUKAJIBHOIO NepeMelIMBaHUd U ceauMeHTauuu. Haubosbluee pacrpo-
CTPaHEHMUE TIOJIYYMJI METOJ OINpPEAEIeHNs] BO3PACTA TEOJOTUUECKUX U apXeo-
JIOTMYECKUX 00BEKTOB 10 cooTHowmeHuto 4C/12C (pagnoyriepoaHblii METOL
natuposanus). Ha puc. 7.1 mokazaHbl BpeMEHHbIE OTPAaHUYEHUSI TPUMEHU-
MOCTHM HEKOTOPBIX PaIMOHYKIUIHBIX TPACCEPOB.

IMpakTUuecKy MOBCIOAY B OKPYXAIOLIEH Ccpe/ie BCTPEYaroTCsl POJOHAYAIIb-
HUKU PaMO0aKTUBHBIX ceMeiicTB — 238U, 235U u 232Th. DneMeHTbI, BXOASLLUE
B PaJMOaKTUBHbIE PSA/Ibl, BECbMA Pa3IMUYHbI [0 CBOUM XUMUYECKUM CBOMCTBAM
1 00JIAJAIOT PA3IMYHBIM T€OXMMUUYECKUM TOBeAeHUEM. [103TOMy IMpoLeccHl,
MpoTeKalole B OKPYXalolLlei cpese, MOTYT MTPUBOAUTL K HAPYLIEHUIO BEKO-
BOrO PaJMOAKTUBHOIO PaBHOBECHs B psimax. TakuM 0Opa3oM, COOTHOLIEHME
PaZiMOAKTUBHOCTU WIEHOB €CTECTBEHHBIX PSAIOB MOXET CIYKUTh UCTOYHUKOM

I JlutepaTypHble JaHHBIE O MEPUOJE MOJypacnasa KpeMHHUsA-32 MpOoTUBOpeYnBbl. OLIEHKU KO-
nebmotes B uHTepBaie 100—200 ner.
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Puc. 7.1. [pubnusurenbHble BpEMEHHbIE MHTEPBAJIbI
TIPUMEHUMOCTH HEKOTOPBIX PATUOHYKIMIHBIX TPacCepoB

none3Hoit nHpopmanuun. ['ongdeprom [1] mpemnoxeH MeToa JaTUPOBAHUS 110
210pp (T, n= 22,3 roma), OCHOBAHHBIM Ha HapylIEHUU DPABHOBECUS MEXIY
226Ra u 10YEpPHUM paZloHOM. MeTO/ IMPOKO MPUMEHSIETCS [UIS ONpe/IeeHHs
CKOPOCTH COBPEMEHHOTO OCAIKOHAKOIUICHUS W W3YYCHMS TMHAMUKU TEXHO-
TEHHOTO 3arpsA3HeHns okpyxatowmeil cpensl. CootHomenne 234Th/238U ucnons-
3yeTcs] KaK WHIMKATOP 3axBaTa METAJIOB B3BECBHIO W IJIST OIIpeAcIICHUs
CKOPOCTH BEpTUKAJILHOTO TIepeHOCca B3BEIIIEHHOTO BeIlleCTBA B ITOBEPXHOCTHOM
cinoe Mopeit u okeaHoB. OtHoureHue 230Th/234U nmpumeHsieTcs [ OLEHKH
CKOPOCTE OKEaHMYEeCKOW CEeaMMEHTAIINM, OIPEeIeSICHUS BO3pacTa MOPCKUX
OMOTEeHHBIX KapOOHATOB U1 XeJle30MapTraHIeBBIX KOHKpetnii. [IpuMeHeHme map
YpaH—TOPUIA OCHOBAHO Ha Pa3IMYHOM ITTOBEICHUM 3THUX 3JIEMEHTOB B MOp-
CKOI cpeme. YpaH o0iamaeT KOHCEpBAaTUBHBIM TTOBeIeHEM, 00pas3ys Ipod-
HBbIE pacTBOpPUMBIC KapOOHATHBIE KOMILJIEKCHI, TOTAA KaK TOPWU CKIIOHEH K
TUAPOJIN3Y W COOCAXKICHUIO CO B3BEIIEHHBIMU YACTUIIAMHM W KOJIOMIHBIMHA
rugpokcugamu Fe m Mn. CxogHBIM ¢ TOpueM IIOBeAeHMEM OO0JamgacT M IIPO-
TaKTUHWHI, TIO3TOMY B TOHHBIX OCaaKax HaOIIoZaeTCs M30BITOYHOE 1O CpaB-
HEHHUIO C MaTEePUHCKUM ypaHOM-235 coaepxkaHue nporaktTuHus-231. Ucro-
JIb30BAHME OTHOLIEHUS aKTUBHOCTed pamuoHykimaos 230Th/231Pa,
00JIaMaIoONMMX CXOMHBIMU XUMUUYECKUMHU CBOMCTBAMM, HO PA3IMYHBIMU TIe-
puomaMu TIoJlypacrazga, ITO3BOJISIET CYIIeCTBEHHO IOBBICUTH HaleXHOCTh
oTIpe/iesIeHUsT BO3pacTa OCaaKOB.
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PamoH 1 TOpOH MPUMEHSIIOT [UISI UCCIIENOBAHMSI IBVXKEHUSI KOHTUHEHTAb-
HBIX BO3MYIIHBIX Macc, UISl OLIEHKM oOMeHa BelllecTBa Ha rpaHMIle OKeaH—aT-
Mocepa. YBeandeHrue CKOPOCTH MOCTYIIEHUST MI30TOIIOB pagoHa B aTMochepy
C CYIIM MOXET CIYXWUTb KOCBEHHBIM TMPHU3HAKOM TMPUOIMXKAIOIIETOCS 3eMIe-
TpsICeHUs].

ITpuMeHeHHe MCKYCCTBEHHBIX PAAMOHYKIUAOB B KAYECTBE TPACCEPOB BO3-
MOXHO B TOM clly4yae, KOrJa U3BECTeH MCTOUHUK PaAUOHYKIUAA U U3MEHEHUE
€ro MHTEHCUBHOCTU CO BpeMeHeM ((YHKIIMs MCTOYHHMKA). BO3MOXHOCTHU Cy-
IIECTBEHHO PaCLIUPSIOTCS, KOTIa MMEETCS Tlapa U30TOIOB C Pa3JIUYHBbIMU TIe-
puonamu nonypacnaga. Hanpumep, nusmeHenue coorHomenus 137Cs/134Cs no
Mepe yaaJeHUsT OT UCTOUHUKA TTO3BOJIMIIO OMPENETUTh CKOPOCTH FTOPHU30HTATb-
HOTO TIepeMelIeHMsT BOTHBIX MAcC, COAepKalllX paauoOHYKIWIbI, cOpachiBae-
Mble TI0 TpyOorpoBojgam B Mpnanackoe Mope (cMm. pasza. 7.2). UmmynbcHoe
MOCTYIUIEHUE MCKYCCTBEHHBIX PalMOHYKJIMIOB B OKPYXaoliyo cpeny B 1986 .
B pe3yabTaTe aBapru Ha YADC 1o3BossieT 1aTupoBaTh JOHHBIE OCAIKU, B YACT-
Hoctu B YepHoM u bantuiickom Mopsix. JIpyrumMu xapakTepHbIMU BPpEMEHHBIMU
pernepHbIMU TOYKAMHU SIBJISTIOTCSI HAYajIo SIACPHBIX MCMBITAHUNA U MAaKCUMyM WX
MHTEHCUBHOCTU (cM. puc. 7.15). [ToMrMO M30TOIOB 1ie3Usl B KauecTBe Tpacce-
POB MUCIIOJIB3YIOTCS U APYTUE PALUOHYKIUABI UCKYCCTBEHHOTO MPOUCXOXKIE-
Hus. [TpoayKThl AeneHusI, KOTOpble BO3HMKAIM B pe3ybTaTe aTMOC(HEpPHBIX
SIEPHBIX B3PBIBOB HEOOJIBIIIONW MOIIHOCTH, TPUMEHSIJIA B Ka4eCTBE TPacCepoB
JUTST U3ydeHusl TporocdepHoro nepeHoca. Tak, mokazaHo, 4To BpeMsI IepeHoca
TPONYKTOB SIEPHOTO B3pbIBa, MPOBeAeHHOTO B KuTae, BOKpyr 3eMHOTO I1apa
coctaBuiio 10—14 cyrok. Yepe3 16—22 cyTok 1mocie B3pbIBOB B KOxKHOM 0Ty~
mwapuun (ITonmHe3us) ONpoOayKThI AEJIEHUS] HOCTUTANIM 3aMaJHOro IMobdepexKbs
Nuonu [2].

B psine ciyyaeB mpu Mccieq0BaHUU MyTel MUTPALIMA PATIUOHYKIMIOB pe-
1IaeTcsl oopaTHas 3amaya — MASHTU(hUKALMSI UCTOYHMKA 3arPsI3HEHUS TI0 pairo-
HYKJIMTHOMY COCTaBY OObEKTOB OKpYyzKatolleii cpenbl. Hanbonee nepcneKTMBHbIM
TIPEACTABIISIETCSI UCCIETOBAHNE U30TOMHBIX COOTHOILIEHUI TUIYTOHUST U APYTUX
TpaHCYPaHOBBIX JIEMEHTOB, MPEACTABISIONIMX CBOGTO POJa «OTMeYaTKH Tajlb-
ueB» (cM. pasn. 7.3).

Huke paccMoTpeHbl HEKOTOPbIE TPUMEPhl TPUMEHEHUS TIPUPOIHBIX U UC-
KYCCTBEHHBIX PaIMOaKTUBHBIX TPACCEPOB [IS1 MCCIEMIOBAHUS TTPOLIECCOB, TTPO-
TeKalolMX B OKpyxXatolieit cpeae. [lompoOHoe onucaHre KIacCUUYECKUX METOIOB
TE€OXPOHOJIOIMHU, TaKMX KaK KaJauil-aproHOBBIM U PYyOUIMI-CTPOHIIMEBLIA Me-
TOABI, MOXHO HAWTUM BO MHOIMX MoOHorpadusx, Harpumep Tutaepoit [3] u
®Dopa [4].

7.1. IPUPOAHBIE PAAMOHYKIIN/IbI

7.1.1. TOPUI-234

Topwnii-234 — pagnoHyKInI, oOpa3yloluiics Mpyu paciaae ypaHa-238, Ko-
TOPBIIA MPUCYTCTBYET B MOPCKOM BOJIE B paCTBOPEHHOM opMe B BUIE KapOo-
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HATHBIX KoMIuleKcoB ypaHuina. Copepxanue ypaHa (C, MKI/KI) B
OKEaHNYECKOI BOJIe MPOIOPLIMOHAIBHO COJICHOCTH S U COCTAaBIISIET 3,3 MKT/KT
npu coneHoctu 35 9/, [5]:

C(***U) =0,0895 +0,20

bnarogapst cnocoGHOCTH GBICTPO CBA3BIBATLCA CO B3BECHIO, 234Th ycnem-
HO TIpUMEHSIETCST B KaUueCTBe Tpaccepa TpU MCCIeIOBAaHNH TIPOIIECCOB 3axBaTa
B3BEChIO BO BPEMEHHBIX TIpeiesiax OT HECKOJIBKUX JHEW J0 HECKOIbKUX HECIb.
J1sT 3CTyapHBIX 30H KOA(POUIIMEHT pacrpencieHrus] TOPUsS MEXIy BOION M
B3BELIEHHBIM BellecTBOM cocTasisieT 105—10°, a Bpems npeGbIBaHUS B BOIHOM
Tomue — ot 1,5 1o 15 aneit [6]. 234Th HaxonUT MPUMEHEHNE MTPU OLIEHKAX BEp-
TUKAJTLHOTO TTOTOKA OPTaHWYECKOTO YINIepoa M aCCOIMUPYIOIINXCS CO B3BECHIO
3JIEMEHTOB.

PaguoaktuBHOCTD 234Th MeHseTcs B IIMpoKuX npenenax. Huzkue ypoBHM
comepkaHUs TOpUS HAOIIOOAIOTCS B TTIOBEPXHOCTHBIX BOAAX BOJM3M MTOOEPEKb,
0COOEHHO B MEPUOJ LIBETEHUS TUIAHKTOHA. DTO 00BACHSAETCS 3axBaToM 234Th
ouoreHHoi B3Bechlo. Ha puc. 7.2 mpeacrasieHa Moaeib noseaeHust 234Th
B TOJIILIE BOJBL.

Ipu coctaaeHun 6ananca 234Th, Kak MpaBuIo, MPeHeOPeraT npoLecca-
MM afBeKIIMM W pecyclieH3nu. B Takom ciaydae ypaBHeHUs GajaHca, COCTaB-

7
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q)Bc
Y
238 234 234 7 7
U R VTN s Be ke | 7Be
pacTB. B3BECH pacTs. B3BECH
Mt M ABe Age
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Puc. 7.2. Mozenb noseneHust 234Th u "Be B BOAHOM ToJLIeE.
OG603HauUeHNs: A — MOCTOSIHHAS pagvoaKTUBHOTO pacrazga (cyr !),
kge» kp, — COOTBETCTBYIOLIME KOHCTAHTBI CKOPOCTHU IIPOLIECCA 3aXBaTa B3BECHIO (cyt™ D),
k — KOHCTAaHTa CKOPOCTU MOIPY:KEHUS YacTUL B3BecH (cyT 1),
@y, — notok 'Be u3 atmocdepst (Bk/M? - cyT)
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JICHHbIE OTIEJIbHO IS B3BELIEHHOIO M PAaCTBOPEHHOIO TOpuUsi-234, UMEIT
CJICNYIOLLMI BUI:

dApaCTB
Th TB TB
Tdr hpn Ay = A A~k ARy (7.1)
dA_Ti;BCCb
aCTB B3BECH B3BECH
T dr :kThAg'h Ay Ary kA, (7.2)

O0603HauYeHMsI B MPUBEACHHBIX BBIPAKEHUSIX T€ XK€, YTO U Ha puc. 7.2 , A —
pPaanMoakTUBHOCTb. B cTallMOHAapHBIX YCIOBUSIX YpaBHEHUS YIIPOIIAIOTCS, Tak
KakK MpOU3BOJHbIE B JIEBOM YaCTH MOXHO TMPUPABHATH Hy10. Takum obpazomM,
oIpenevB paauMoakKTUBHOCTb TOPUSI B paCTBOPEHHOI (hopMe U COpOMpPOBaH-
HOTO B3BEChIO, MOXHO PEIIUTh cUcTeMy ypaBHeHUI (7.1) 1 (7.2) OTHOCUTENHHO
HEU3BECTHBIX NTapaMETPOB Kk U Kry,.

7.1.2. CBUHEI-210 ¥ TIOJIOHUI-210

HauGosbliee pacpocTpaHeHKE MIPU ONPEAEIEHUH BO3PACTa COBPEMEH -
HBIX JTOHHBIX ocaakoB (o 100—150 neT) moayyms METOI, OCHOBAaHHBIM Ha
U3MEPEHUU AKTUBHOCTU «U30bITouHOro» 219Pb. Ilpu pacrame pamona-222
(7, n= 3,82 cyT) — wieHa paaMOaKTUBHOIO ceMeicTBa ypaHa-238, mocrymnaio-
1IEro B atMoc(epy U3 IMOYB U TOPHBIX MOPOJI, — YEPE3 LEMOYKY KOPOTKOXKUBY-
mUxX pagroHykiauaos obpasyerca 219Pb. Co Bpemenem 219Pb Bpimamaer Ha
MOBEPXHOCTD CYLIM U BOJOEMOB U 3aT€M JOCTUTAET JOHHBIX O0CanKoB. [Ipearno-
naraetcs, uyto nmotok 219Pb Ha 3eMHYIO0 NTOBEPXHOCTH MOCTOSHEH BO BPEMEHU
JUIS JaHHO# upoThl. [To106HOE MPEAIoIoXeH!e MOATBEPKIAETCS, B YACTHO-
CTU, aHaIM30M JieqHUKOB I'peHnannumn u Antapkrtunbl. IlupotHoe pacrpenese-
Hue atMocdepHbIX BhinageHuit 210Pb umeer 1Ba MakCUMyMa, COOTBETCTBYIOLLME
npumepHo 30°—50° ceBepHOI U I0XKHOM IIMPOTHI [7]. B ceBepHBIX LIMPOTaX I10-
cryruteHue 210Pb ¢ atMocdepHBIMU BBITTAIEHUSIMU B CPEHEM BBILLE, TTOCKOJb-
Ky 06Jblias 4acTh CYIIM COCPENOTOYEHA MMEHHO B CEBEPHOM IOJIyLIAPUU.
Pacnpenenenue 219Pb B moBepXHOCTHBIX BoaX MUPOBOro OKeaHa ONpelesIseTcs
armocdepHbIM noctyruieHneM. Cpentee Bpems rpedbiBanu 219Pb B moBepxHOCT-
HBIX BOJAX BapbUpPYETCs OT JECATKOB JHEN 10 HEeCKONbKUX JieT. Mccenosanus,
MIPOBEAEHHBIE C TTIOMOLIBIO CEANMEHTALIMOHHBIX JIOBYLIEK B CEBEPO-BOCTOUHOM
Tponuyeckou ATiiaHTuKe [§8], moKa3ajiu OTPpULIATEIbHYIO KOPPEIISLIUI0 MEXIY
pamnoaktuBHOCThIO 219Pb 1 conepxaHueM KapOOHATHOI (ppakuumu, T. €. Kap-
OOHATHBIE OCaZKu c1ab60 3axBaThiBaloT 210Pb. HarpoTtus, Koppesauus Mexiy
COZlEpXaHMEM JIMTOTEHHOI (PPAKLMK B3BEIIEHHOTO BEILECTBA U PAJUOAKTUB-
HocTbio 210Pb monoxutensHas, T. e. 210Pb 3axBaTbIBaeTCs MPEUMYILIECTBEHHO
amomocumkatamu. Hanbosee BHICOKME KOHLEHTpALMU «M30bTouHoro» 210Pb
HAOIIONAIOTCA B IOBEPXHOCTHBIX CJIOSAX JOHHBLIX OCAIKOB. B ToJIIE JOHHBIX
0CaIKOB aKTUBHOCTH 210Pb mocTeneHHO CHUXAETCS 0 Mepe paluOaKTUBHOIO
pacrnazia o Tex mop, MokKa He JOMIET 10 3HaYEHUs, PABHOBECHOTO C MIPUCYTCT-
BYIOILLIMM B JOHHBIX ocajnkax pagnem-226. TakuMm oOpa3oM, aHaIU3UPYsST JOH-
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HbIe OCAJKM IIOCIOMHO, MOXHO OIIPEAeIUTh BO3PACT TOTO WJIM HMHOTO
ropusoHTa. Kak npasuiio, npu 3tom nomumo 219Pb ompenensior 226Ra, mis
TOro 4ToObI yuecTh f010 210Pb, HaxoasiIytocs B paBHOBecur ¢ 220Ra. Cyuect-
BYeT psII MOJeNell pacueTra BO3pacTa ITOHHBIX OCAJKOB IT0 HEPaBHOBECHOMY
210Pb, B TOM yKcile MOJEdb MOCTOSHHOM HAYAJIbHON KOHIEHTPAMHM U MOJETb
NOCTOSHHOIO MOTOKA, ITOPOOHEe ¢ HUMM MOXHO O3HAKOMUTHCS, HalIpUMep, B
moHorpadun Kynuosa [9]. Ilpu pacuetax mo odberM MoAEISIM HEOOXOAMMO
BBIYECTh aKTMBHOCTb paBHoBecHOro 210Pb. Pacripenenenue pasHosecHoro 210Pb
MOXET OT/JIMYaThesl OT pacnpesaeaeHus 226Ra, MOCKONbKY paBHOBECHAs aKTHB-
HocThb 210Pb onpenesnseTcss aKTUBHOCTBIO paJoHa, KOTOPbI MOXeT U GYHIU-
poBaTh B 00beMe ocanka. B 00erx Moaesssx mpruHUMAaeTCsT IIOCTOSTHHBIM TTOTOK
210Pb Bk/(cM?2 - Toz1) yepe3 rpaHmlily pasjesa Booa—O0Camok.

B Momenu mocTossHHON HavajabHOM KOHIIEHTPAIMKM IIPEIIojiaracTcsi, 4To
yIeabHash aKTMBHOCTh OCaiKa, OTJIAralollerocsl 3a eIMHMIYY BpPEMEHU
[Bk/(r-TOm)], MocTOSIHHA. DTO TpeOOBaHUE TOIpa3yMeBaeT MOCTOSIHCTBO U MOTO-
ka 219Pb, 1 ckopocTH ocanKoHaKoIUIeHUs. Toraa craj akTUBHOCTH M30bITOYHO-
ro 210Pb ¢ rrybuHO# orpenesseTcs: TONLKO 3aKOHOM PalvMOaKTUBHOTO pacraza;

C(t,x) = C(0,0)e ™
rme C — ymeiabHas aKTUBHOCTh TOPM30HTA, BK/T; A — TocTosTHHAsI pamnoak-

tuBHOTO pacnana 219Pb; ¢+ — Bo3pacT ocazka.
Orcroma cienyer, 4To

t =2 1n £@O (7.3)
C(t,x)
x=0 Bopa
A A
Ocapok
x A(t)
b o
C(t, x) N
A()
A(x)

Puc. 7.3. Unmoctpamnus K BeIBoay (OpMyII IJIsI pacyeTa Bo3pacTa JOHHOTO OcagkKa
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C TeyeHMEM BPEMEHMU JOHHBIE OCANKM YIUIOTHSIOTCS, M 00JIee TOYHOTO
pacuera CKOpPOCTE CeAMMEHTAaluu HeoOXxomuMo B BhIpaxkeHue (7.3) BBecTu
MOIPAaBKYy, YYUTHIBAIOLILYIO U3MEHEHNE MTOPUCTOCTU OCaiKa ¢ TIyOouHoM [9].

B MozeM MOCTOSHHOIO MOTOKA He TpeOyeTcsl MPEAIoIoXeHUE O MOCTO-
SIHCTBE CKOPOCTH OCaJKOHAKOIUIEHHSI, [TPU PACUYETaX UCTIONB3YETCA MHTErPalb-
Hasg aKTMBHOCTb HepaBHOBecHOro 219Pb Huxke ucciaenyeMoro ropuszoHnra A(x).
BreiBoa popMyn o1t pacyeTa Bo3pacTta mpuBeaeH B pabotax Jxomu [10, 11].
M3MeHeHue aKTUBHOCTU HepaBHOBecHOro 210Pb B Toie ocaaxa Bbllle Uccie-
JyEMOTO TOPU30HTA 3a1AEeTCSl BbIPAXKEHUEM

A _ L u+ o (7.4)
dr
rne A(f) — 3amac HepaBHoBecHoro 210Pb Bbie ropusonTa (#,x), bk/cm2

(cM. puc. 7.3); @ — mnorok 210Pb uepes rpaHuily pasmena Boga—OCanoOK,
Bbk/(cMm? - Ton).

Pemienue ypaBHeHust (7.4) ¢ yuyeToM HauyajibHBbIX yciaoBuit A(f) = 0 npu
t=0 naet

A = &(1 — e M)/a (7.5)

Ecnu t — o0, monayyaem
A(xw) = D/% (7.6)
IMonenus (7.5) Ha (7.6), Toaydaem

r =LA

A Alx)
B Tex cayvasx, Korma CKOpOCTh OCaIKOHAKOIUIEHUSI MEHSIETCS B TCUCHUE WC-
CJIeTyeMOTro BpeMeHHU, MOJETh TIOCTOSHHOTO TOTOKA JaeT Oojiee JOCTOBEpHBIC
pe3yJIbTaTHI.

MeTon IaTUPOBAHMSA JOHHBIX OCAIKOB 110 HepaBHOBecHOMY 210Pb rpume-
HUM B TeX CIIydasiX, KOTAa CKOPOCTH OCAIKOHAKOIIJICHWST JOCTATOYHO BHICOKU
(mecgThIe TOM MIUITUMETpA B TOA 1 OoJiee), TaK KaK MHa4Ye HET BO3MOXKHOCTHU
0TOOpAaTh MOCIOMHO OCalKM, HakomuBiuecs 3a nociaeaHue 100—150 ner. Me-
TOJI YCITeIITHO IMTPUMEHSIOT JIJIST 03¢PHBIX JOHHBIX OCAIKOB, a TAKKE BO BHYTPEH-
HUX MOpSIX, 3CTYapHBIX U 1IeJb(POBLIX 30HaX okeaHa. Jaruposanue mo 210Pb
MO3BOJISIET PEKOHCTPYNPOBATh TMHAMIKY aHTPOTIOTEHHOTO 3aTrpsI3HEHUsI BOMIO-
eMOB, Ul 3TOro napajuienabHo ¢ 210Pb onpenensior pasiuuHbIe 3arps3HUTE-
JA — TSOKEJTbIe METaJTbl, MICKYCCTBEHHBIE PaIMOHYKIUIBI, XJIOPOPTaHNIECKIE
coemnHeHMs. B KadecTBe MpuMepa MOXKHO TIPUBECTH pabOTy, BBIMTOJTHEHHYIO
B 1985—1987 rr. Ixowmm n Mak-Hwiu, KoTopble n3ydaiau 3arpsi3HEHNE KaHa -
ckoro o3zepa Mak-Kb»sii npoaykramu neneHust U aktuBaiuu [12]. Hekotopbie
pe3ybTaThl, TIpUBEICHHBIE B 3TOM paboTe, TpeACcTaBIeHbl Ha puc. 7.4.
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1 10 100 1000 10000
O - 1 1 1 1

N
o
1

[OpU30HT, CM
o
1

20 -

25 -

Puc. 7.4. BeptukansHoe pacnpeseieHue HepapHoBecHoro 210Pb, 137Cs u 135Eu
B TOHHBIX ocamkax o3epa Mak-Koit (Kanaga) (mapt 1985 1.) [12]

YacTo BepTHUKaIbHOE paclpeiesieHue MCKYCCTBEHHBIX PAaIMOHYKIWUIOB B
JOHHBIX OCAIKaX UCTIONbL3YIOT IS MOATBEPKIEHUs naTupoBanus 1o 210Pb [13].

Merton gatupoBaHus ocankos 1o 210Pb GbL1 MpUMeEHEH TP UCCIIEN0BAHUN
aHTporioreHHoro 3arpsis3HeHus1 Benukux Oszep. [IpoBeneHHble TaTUPOBKU TO-
3BOJIMJIM OLIEHUTH AWHAMMKY TOCTYIUIEHMs TsKesbix MetauioB [14], 137Cs u
XJIOPOPraHUYeCKUX coenuHeHuii [15]. MakcumansHoe nocryruieHue 137Cs npu-
XOIUTCs Ha Havajo 1960-X IT., 4YTO COOTBETCTBYEeT MaKCUMYMy aTMOCHEPHBIX
PaIMOaKTUBHbBIX BbIMAACHUI MOC/E UCTIBITAHUI SAEPHOIO OPYXKUsl. MakcuMym
3arpsi3HEHUST XJIOPOPTraHUYECKUMM COCAMHEHMSIMU  (AMXJIOPOEH30JIbI, TpH-
XJIOPOEH30JIbI, TETPaxJOPOEH30Ibl, TEHTAXJIOPOEH301, reKcaxJIopoeH30/, IreK-
caxJiopOyTaareH, TPUXJIOPTOIYOJIbI U Ap.) puxoautcst Ha 60-¢ u 70-e rr. XX B.
[TonyyeHHbIe AaHHBIE MO AMHAMUKE 3arpsi3HEHUsI XOPOIIO KOPPEIUpyIoT ¢
o0beMaMu TTPOM3BOICTBA.

MertonoM HepaBHoBecHOTro 210Pb yacTo onpenessior CKOpocTh HaKOILIE-
HUs 03epHBbIX ocankoB. Tak, pacCUMTaHbl CKOPOCTH OCANIKOHAKOIUIEHUSI B 03epe
Baiikan. B ocankax o6HapyxeHO 3HauMTensHoe comepxkanue 137Cs (>600 Bk/kr).
IMpennonaraercs, yro 137Cs monan B 03epo ¢ Bogamu peku CelneHra, 6acceitn
KOTOpPOI MOT MOABEPTHYTHCS 3arpsI3HEHUIO MPU MCIIBITAHUSIX SIAEPHOIO Opy-
KMsl, TIpoBeeHHbIX B KuTae. AKTUBHOCTD 137Cs MOHOTOHHO Criafaer ¢ riyou-
HOI, CJIOi ¢ HAaMOOJIbIIIeil aKTUBHOCTBIO COOTBETCTBYET 1994 1. [16].

[Mononuii-210 B Gonblieit CTENEHU CKJIOHEH K BbIBEASHUIO U3 BOIHOM TOM-
1, yeMm cBuHel-210, mostomy cootHowmenue 219Po/219Pb B moBepXHOCTHBIX
BOJaX, KaK IMpaBWiIo, MEHbIIIE eAMHULIBI. B OTKPBITOM OKeaHe 3TO OTHOLIEHME
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B cpeaHeM cocrasiser 0,5, YTO COOTBETCTBYET BPEMEHU TPEOLIBAHMS ITOJOHUS
B MMOBEPXHOCTHBIX Bojax 0,6 roma, T. e. B 2—3 pa3a MeHbIIIe, YeM [Jis CBUHIIA.
[ToJI0HMiA ABNAETCSA AKTUBHBIM YYaCTHUKOM MOPCKUX TMUILEBBIX LIEMEH U CITO-
COOEH HAKAIIMBATHCA B MATKMX TKAHSIX MOPCKMX OPTAaHU3MOB B OOJIbLIEN CTe-
neHu, Hexenu 219Pb. B HACBHILEHHBIX KUCJIOPOAOM IOBEPXHOCTHBLIX BOIAX
Mpeo6IagaloIUM MEXAaHU3MOM BBIBEIEHMS MTOJIOHUS SABJISETCS OMOTEHHBIN 3a-
XBaT, TOTJA KakK /ISl CBUHLA, HAIIPOTUB, PELIAIOIee 3HAYeHUE UMEET COPOLIUs
Ha MUHepaJbHbIX yacTuiax. Ha rmyouHax 6omnbiie 100 M, rae OMonoruuecKuii
3axBaT He UTPaeT CyLIeCTBEHHOM ponu, cootHoweHue 210Po/210Pb 6iamusko k
equHuue. TakuM o6pazoM, KosdduimeHt dpakumonuposanud 210Po u 210Pb,
PaBHBIi OTHOLIEHUIO KOS(MGULMEHTOB PaCIIPeNe/IeHNsI, MOXKET JaTh ITOJIE3HYIO
nHadopmanuio o npupoze B3secu. o 210Pb u 210Po, cBg3aHHBIX CO B3BECHIO,
OBLICTPO PACTET MO MEPE YBEIMYEHUs COIEPXKAHKs B3BECH. B Tex ciyyasix, Korma
B JINTPE MOPCKOM BozbI comepxutcs oonee 10 mr B3secu, 219Pb u 210Po (a tax-
XKe IpYrue pajiuOHYKIWIbI, UMEIOLIME CPOACTBO K B3BELIEHHOMY BEILIECTBY)
MPAaKTUYECKH MOJTHOCTBIO HAXOAATCS B CBA3aHHOM (opme. OGHApyKeHa Mps-
Masl 3aBUCUMOCTb KO3(h(OULMEHTOB pacIpeleeHns] OT CONEPKAHUS B3BEIIEH-
Horo Beniectsa [17]. Takoii xe 3¢ ekt panee Hadmonaincd wid 234Th u "Be u
MoKa He HallleJ OOLIENPUHSATOrO0 OObsSICHEHUS.

B pesyibTaTe Kopeiicko-aMepuKaHCKOM aKcreanu B 1993 r. Obu1H mory-
YeHbl JaHHbIE 110 BEPTUKalIbHOMY pacnpeneiaeHuio ¢opm 210Pb u 210Po na

5 -
4
T
[}
= 3
o
DQ.
P
S
1_
T T T
0

0,2 04 0,6
Xnopodwnn, MKr/n

Puc. 7.5. B3anmocBs3b MeXy KOHCTaHTOI ckopocTh BeiBeneHus t(219Po) u comep-
JKaHWeM XJIopoduia @ B pa3IMYHbIX perMoHax: 1| — ceBepHas yacThb THUXOro okeaHa,
2 — CeBepHasg Atnantuka, 3 — KOxw#o-Kwuraiickoe mope, 4 — Kapubckoe mope,

5 — benranbckuii 3anuB, 6 — CpenuzeMHoe Mope, 7 — Tuxuii okeaH K 3aramy oT
Mexcuku, 8§ — Apasuiickoe mope, 9 — KpacHoe mope [18]



116 7. IlpuMeHeHUe paalOHYKJIMIOB B KaUeCTBE TPACCEPOB

CeMM oKeaHorpaduuecKux CTaHIMIX B 2KeaToM MOpe U UCCAEA0BAHO BIUSHUE
00111ero coJep>KaHusl B3BELICHHOTO BELIECTBA Ha BbIBEAECHUE CBUHLA U MOJIO-
HUs U3 BogHo# Tonuu [17]. O6HapyXeHO, YTO B LIEHTpaJbHOI yacTu 2Kearoro
MOpsI BpeMsl MpeObIBaHUsI TMOJOHUSI COCTaBJIsIeT OKOJIO JABYX MECSLEB, TOTAa
Kak B 3amaaHoil MEeJKOBOIHOM yacT — oKojo Mecsua. KoadduimeHTs pac-
npenenenns 210Pb, paccunrtaHHble B 3TOM paboTe, pasIUyarOTCS OT TOUKH K
touke B 4 pasa (1,7 - 105—7,2 - 105 1/Kr), TOrIa Kak COOTBETCTBYIOIIAS BEIUYM-
Ha O TOJIOHMST uMeeT pa3dpoc B Mpedenax [IBYX IOPSIAKOB
(3,9 - 104=3,3 - 10° 1/kr). Takoe pas3inure MOXET CBUIETEILCTBOBATH O TOM,
YTO 3aXBaT MOJIOHMS B OOJIbLIEH CTENEeHM 3aBUCUT OT MPUPObI B3BECH, UEM 3a-
XBaT CBUHIIA.

AHaJIOTMYHbIE BBIBOJbI CIEJaHbI IO Pe3ybTaTaM SITOHCKON KPYyrOCBETHOM
skcnemuuun 1989—1990 rr. OGHapyxeHa NpsiMas B3auMOocCBsaA3b (12 = 0,87)
MEXIY COAep>XKaHUEM XJIopoduiia U CKOPOCTbIO BbIBEAEHMSI IMOJOHUS (CM.
puc. 7.5). dusa 210Pb takoii Koppensauuu He Habmonaercs (r2 = 0,28). Takum
00pa3oM, BbIBEJCHME MOJOHMS TPOMCXOAUT B OCHOBHOM MYTEM YCBOEHMST OMO-
Toil. MUHUMaIbHOE BpeMsl MpeOblBaHUs MOJOHMST HabmogaeTcsi B KpacHom
MOp€, KOTOPOE OTJIMYAETCSI BHICOKON OMONMPOAYKTUBHOCTHIO [18].

7.1.3. BEPWJLJIUM-7

Kocmorennstiit 'Be (7 n= 53 cyT) sBNsIeTCs TOJIE3HBIM TPaccepoM, TpU-
MEHSIEMbIM IIJISI OLICHKU BPEMEHM TpeObIBAaHMS B3BEILIEHHOTO BEIIECTBA B BOJE
1 aspo3soieit B Tponocdepe. Ilpu ucciaenoBaHuu arMochepbl YaCTO UCIIOIb3Y-
0T napy panvoHykauaoB 'Be/210Pb, a mpu ucciaeqoBaHUU MOBEPXHOCTHOTO
cJI0d BOJ, MOpeiil U okeaHOB — mapy /Be/234Th.

Okosio 75% "Be obpasyercs B crpatocdepe, OIHAKO BpeMsl NPeObIBAHMUS
ero B ctparocdepe (okoso 1 roga) BEIMKO MO CPABHEHUIO C MEPUOIOM TTOTY-
pacniaga. TTosromy Be, MOCTyNarmoLMii ¢ BHINAAEHUAMMA, UMEET B OCHOBHOM
TpornochepHoe TpoucxoxneHue. TeM He MeHee BO3MOXKHbBI UMMYJIbCHBIE TO-
CTYIIJIEHUST cTpaToCchepHOro BO3ayxa B Tporocdepy, BhI3bIBAIOIIME PE3KOE T0-
BBIILIEHUE COMEPXKaHUSI KOCMOTEHHBIX PaaMOHYKIMIOB. Kak mpaBuio, Takue
IIPOLIECCHI TIPOMCXOIAT BeCHOM win jietoM. Takum obpasom, 'Be u apyrue Koc-
MOTE€HHbIE PATVMOHYKJIUABI SBSIOTCS WHAMKATOPAMH TOCTYIUIEHUST KOMIIO-
HEHTOB cTpaTochepbl — 030HA, MPOAYKTOB JAEJeHUsI, HEKOTOPBIX MPOAYKTOB
BYJIKAHMYECKOM akTuBHOCTA. CKOPOCTh 00pa3oBaHus 'Be B Tponocdepe Mnpak-
TUYECKM HE 3aBUCUT OT IIMPOTHI, TOTAA KaK cTpatocdepHasi CKOpOCTbh 00pa3o-
BaHMS Ha TOJIIOCaxX Ha MOPSAOK BhIIIE, YeM Ha 9KBaTope.

IToka3aHo, 4To O6/IbIIAd YacTh /Be B aTMocdepe cBg3aHa ¢ a3pO30JbHBIMU
yacTULIaMU pa3MepoM He 6osee 1,1 MkM. B ocHOBHOM 7Be mOCTyIaeT Ha Moj-
CTUJIAIOLLYIO TIOBEPXHOCTh ¢ ocagkaMu. Menee 10% "Be BBIBOAUTCS U3 aTMO-
chepnl cyxum nyteMm. Kak nmpaBuiio, HabGmM0aaeTCs MONIOKUTEIbHAST KOPPESIIUS
MeXIy MOCTyIJIeHneM 'Be 1 0OLIMM KOJMYECTBOM 0caakoB. Tak, Koaduim-
EHT KOppeasaLuu (r 2) 11 10X 1eBoi Boabl, 0To0paHHoii B IIBeitiapuu, cocra-
Bua 0,66. Harpotus, yem 00J1bllle KOJIMYECTBO BBINABIIMX OCAIKOB, TEM HILKE
B HUX yleJbHasg aKTUBHOCTH 'Be. [Toka3aHo, 4TO yueabHas aKTMBHOCTbL OCal-
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KOB IPU JUTUTEILHBIX CHEToMnaaax CylIeCTBEHHO YMEHbIIIACTCS 110 Mepe BHIMbI-
BaHus 'Be u3 armocdepnl. Habmonanach Takke MOJOXUTEIbHAS KOPPESLIUs
Mexny conepxanueM 'Be u 210Pb B Bemmanenusax (r2 = 0,91) [19]. Cpennee
BpeMs TpedbiBaHus 'Be B Tpornocdepe olieHnBaeTcs B 22—48 CyTOK.

CunkepoM [20] ObLIM TMPOBENEHBI JeTalbHbBIC MCCIEAOBAHUSI BEPTUKAIIb-
HOTO pacrpeznesneHus 'Be B MOPCKOW BOZIE, MCCIEN0BaHbl BPEMEHHbIE U LM~
POTHBIE M3MEHEHUS COAEPXaHMsA 'Be B BO3AYXe M MOBEPXHOCTHHIX BOAAX.
Tunnunblii Mpo¢uIb AKTUBHOCTU OepUIUsI-7 B OKEAHUUYECKUX BOAAX Ipe-
craBjieH Ha puc. 7.6. IIpem1okeHo UCIIoNb30BaTh /Be 11 OLEHKU CKOPOCTEi
BepTUKaAJIbHOU nuddy3un B 00JacTU NUKHOKJIMHA. MHTerpupoBaHUEM KpHU-
BBIX BEPTUKAILHOIO paclipeie/ieHus MmoydeH 3amnac 'Be B BogHoii Tosme. Ile-
puon moaypacraga /Be  OTHOCHUTENBHO  HEBEJUK, IOOTOMY  MOXHO
MPEANOJIOXKUTD, YTO pacripeneeHre OepuIIns B BOAHOM TOJIIE UMEET CTallro-
HapHbII XapakTep. Toraa cKopocTh paciiana 0epuinsi-7 paBHa ero MoTOKY 4ye-
pe3 rpaHully pasnena Boga—Bo3ayX. CKOpOCTb ocefaHus adpo30Jieli Ha MoBep-
XHOCTb OK€aHa MOXHO OIpPeneuTb U3 COOTHOILIECHMS

@(aToMOB/cM? - ¢)

Viem/c)= C(atomoB/cM>)

(7.7)

roe @ — notok /Be yepes rpaHuLly pasneia Bona—Bo3ayx, a C — KOHLEHTpa-
uusa ‘Be B atmocdepe.

CootHolueHue (7.7) MoOXeT ObITb MCHOJb30BAHO [JIsI OLIEHKU TTOTOKOB
MHOTHX BEIIECTB, CBI3aHHBIX C a9PO30JbHBIMU YaCTUILIAMHU, B TOM CJIydae, eCau
M3BECTHO COIEPKAHUE BEILECTBA B aTMoc(epe N CKOPOCTh ocenanus 'Be [21].

IIupoTHOE pacrpeneneHne 6epuiiig B IIOBEPXHOCTHBIX BOAAX, MO-BUIN-
MOMY, HeolHOPoaHO. [Togo6Ho Toputo-234, 6epuiiiuii-7 MOXET ObITh YCITell-

A, Bk/m®

0 5 10 15
1 1 1

my6uHa, m
o IN N
o o o
| | |

0]
o
1

100

Puc. 7.6. BeprukanbHoe pacrpesesieHue 'Be B TOBEPXHOCTHOM CJI0E
BOI ATJIaHTMUECKOro okeaHa (36° ¢. mr. 68° 3. 11.) [20]
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HO TIpUMEHEH /I HCCJIeAOBaHMSI MPOLECCOB CeIMMEeHTaluu. bepuinuii-7
rnocTynaeT U3 atMocdepbl MPEerMMYIIECTBEHHO B PaCTBOPEHHOI (dopMme, oaHa-
KO, KaK 1 TOPHIA, JIETKO 3axXxBaThIBaeTCsl B3BELIEHHBIM BellleCTBOM. [ToBeneHue
Oepususi-7 B BOIHOM TOJIIE MPOWLIIOCTpUpoBaHO Ha puc. 7.2. Koadduiu-
€HT pacrpeneacHus OepuuIusl MEXIy BOMOW DCTYapHbIX U MPUOPEKHBIX 30H
M B3BELIEHHBIM BEILECTBOM COCTaBIIsIeT okoo 103 [6].

7.1.4. POCPOP-32 U ®POCPOP-33

Kocmorennsie usotonsl gocdopa 32P u 33P npenctapiasior MHTEpeC Kak
MOTeHIMAIbHbIE Tpaccephbl UISl MCCIECAOBAHUS MPOLECCOB, MPOMCXOASAIIUX B
Tponocdepe, a Takxke ISl MCClenoBaHMsI OMOJOrMyeckKoro nukiaa gocdopa,
IJIaBHBIM 00pa3oM B IOBEPXHOCTHBIX Bojgax okeaHa. OOpa3oBaHME M MOBEIC-
HMe 3THUX PaIUOHYKJIMIOB B aTMOC(epe IMOAUMHSICTCS B LIEJIOM TEM K€ 3aKOHO-
MEPHOCTSIM, KOTOPBIE BBIIIIE ObLJIA OMUCAHBI 1J1s1 0epuiiins-7. OQHaKO uMeeTcs
BEChbMa OrpaHMYCHHOE KOJIMYECTBO pabOT, B KOTOPBIX MPUBOISITCS OLICHKU I10-
TOKOB KOCMOTE€HHBIX M30TONOB ¢ocdopa (ocodbeHHo 32P) u3 armocdepsl.
[To-BuarMoOMy, 3TO 0OYCIOBICHO METOIMYECKIUMU TPYIHOCTSIMU, CBSI3aHHBIMU
C ompeae/ieHUeM HU3KKMX aKTUBHOCTEM M30TOoNoB (pocchopa B IIPUPOAHBIX 00b-
eKTax.

Bacepom u bakoHowm [22] nmpoBeaeHbI JIUTeIbHbIE UCCEI0BAHMSI BhITIA-
JEHU KOCMOTEHHBIX M30TOIOB (ochopa Ha bepmynckux octpoBax. Ha
puc. 7.7 moKa3aHbl CE30HHbIE U3MEHEHNU YIeJIbHOI akTuBHOCTH 2P 1 33P B
atMoc(epHbIX BbinaneHuax. OTHolIeHUe akTuBHOCTEl 33P/32P MeHsn0Ch B
JIOBOJIbHO y3kuXx Tipeaenax (0,66—1,22). [TokazaHo, YTO U3MEHEHUST U30TOII-
Horo cootHoluenus 3P/32P cratuctuyecku 3HaunMbl. CpeqHee OTHOLIEHUE
3a rox coctaBuiio 0,96. B 970l paGoTe NMpoBeaeH aHAINU3 UMEIOLIMXCS B JIUTE-
patype JaHHBIX N0 cooTHoleHuo 33P/32P. HecmoTpsd Ha 60JbILIOi pa3dpoc
comepkaHMsl 000X M30TOMNOB B BHINAACHUSIX U B BO3IyXe, MX COOTHOIIECHUE
COXpaHsieT OTHOCHUTEJbHOE MOCTOSHCTBO. B monasIisitoieM O0JIbIIMHCTBE pa-
00T, BBIITOJIHEHHBIX HA PAa3JIMYHBIX LIXPOTaX B 000MX MOJIYIIAPHUSIX, OHO HaX0-
autcs B nipeaenax 0,40—1,24.

CootHourenue 33P/32P moxer nath MHGOPMALMIO O BPEMEHU XU3HU
aspoazoJieit. Tak, B cTpaTocdepe, rae BpeMsl MpeObIBAaHUS a3P030JIeii BEJIUKO,
akTuBHOCTH 3P u 32P 10CTUraloT paBHOBECHBIX 3HAYEHWUIA, COOTHOIIECHHE
33P/32P makcuMaibHO, TIOCKOJBKY 33P uMeeT 661bIINiA TEPUOJL TTOJIYPACIIaa.
C yBelIMYeHUMEM BpPEMEHU MpeObIBaHUSI TPONOCHEPHBIX a3po30Jieil pacTeT
TaKXe JO0JISI OTHOCUTEJIbHO AOJTOXUBYILIEro (ocdopa-33. JIast olleHKH Bpe-
MEHU MNpeObIBaHUS a’pO030Jieil MpeUIoKeHa IIPOCTasi MOIeilb, B KOTOPOM
MpearnoiaraeTcsi, YTo oba M30ToIa 00pa3yloTCs ¢ MOCTOSHHOM CKOPOCThIO U
IMOJIHOCTBIO BBIMBIBAIOTCS M3 aTMochepbl BO BpeMs aoxas. Torma paauroak-
TUBHOCTb KaXKIOr0 M30TOINa B BO3AYIIHON Macce (A) H0JKHA OMpeaeIsiThCS
CKOPOCTSIMHU €ro pacriajga u odbpaszoBanusi (Q), a Takxke BpeMeHeM 00JIyYeHUs
(«BO3pacToM») BO3IYLIHOIM Macchl (7):

A4=0(1 —e™)
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Puc. 7.7. Ce30HHBIE M3MEHEHUS YACIbHON aKTUBHOCTH M30TOMOB (ocdopa 1 00IIero
KOJIMYECTBA aTMOC(EPHEIX BHIMANEHUI (@) ¥ N3MEHYMBOCT COOTHOIIEHUA 3P /32P (6)
Ha bepmynckux ocrpoBax [22]

CienoBaTebHO, COOTHOLLIEHUE aKTUBHOCTEM M30TOMOB OINPEAessieTCs] Bbl-
paxkeHueMm

—Aanqt
gm0 (=)

: (7.8)
Ay, Oy (1—e7x32)

ITonw3ysice BbipaxkeHueM (7.8), MOXHO OIpeAeaUTb HUXHUKM U BEPXHUI
npeies i cooTHoleHus 33P/32P:

Q33 7\’33

0= 5
05 Ay
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R, = _ L77R,

e
32

rae R, — nepBOHAaYalbHOE COOTHOILIEHWE aKTUBHOCTEH rpu ¢ = 0, T. €. cpasy
rocJie MpoMbIBaHUsL aTMOocdepbl, R, — pPaBHOBECHOE OTHOILEHME, YCTAHABIIN-
Batoueecs npu giaureabHoM (150—200 mHeit) oOmyueHun asposoiieit. [1omo0-
HasT MOJIEJTh XOPOIIIO OTIMCHIBAET HAOTIOMAEMBI AUaTa30H 3HAYeHN I M30TOITHOTO
coorHoteHns (0,66—1,22), eciii MpUHATH TIEPBOHAYAIBHOE 3HAYEHNE OJIM3KOE
Kk 0,7. Ha puc. 7.8. moka3zaHsl n3MeHeHUsT R B a3P0O30JISIX 110 Mepe OOIyYEHUSI.
PacyeTsl mpoBoauauch Mo cooTHoIeHUo (7.8) mwisl pa3IuuHbBIX HavaJdbHBIX
YCJIOBUM.

PeryngapHblie n3MepeHUs] aKTUBHOCTH CTPOHLIMSA-90 B aTMOC(EPHBIX BhITIA-
nenusix Ha Bepmyncknx octposax ¢ 1967 o 1974 rr. mokasaiu, 4To, KakK IpaBH-
J10, HaOJTIOMaeTCs Ce30HHBIN UK B (heBpajie—Mae, 00YCIIOBICHHBIN MMITYTECHBIM
MOCTYIUICHUEM CTPaTocGepHOTo BO3AyXa. DTO Ke SIBICHUE MOXET OBITh TpH-
YMHOI BBICOKOTO OTHOLIEHU 33P/32P. Bpemst mpeObIBaHUA a3p0O30J€eil B TPOIO-
cepe HEMOCTOSTHHO WM, B YAaCTHOCTHM, YBEJIWUMBACTCHI C BBICOTON. Takmm
00pa3oM, NHTEHCUBHOE BEPTUKAJIbHOE MepeMelIMBaHNe TTPUBOAUT K MOCTYII-
JIEHWIO B HIDKHUE CIION a3p030Jieit ¢ OOJBIINX BBICOT, CITOCOOCTBYS UX yHase-
HUIO. OTUM SIBJIEHHMEM MOXET OOBSICHSIThCS IIOCTYIUIEHUE adpOo30Jieid,
0begHeHHBIX (pochopom-33, B IeTHEE BpeMsl, KOTJa IMPOLIECChl BEPTUKAIHLHOTO
MepeMellIMBaHus CYIIeCTBEHHO WHTeHCHBHee. CpemHee BpeMsT OOydeHMSI,

33P / 32P

0,7 ¢4
YK —{1— R(0)=0,65
—O— R(0)=0,60
0,54 . ' '
0 100 200 300
t, cyT

Puc. 7.8. CootHoueHnue aktusHocTeil 33P/32P, paccuutaHHoe
NPY Pa3TUYHLIX HAYaTBEHBIX YCIOBHAX
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Puc. 7.9. Ce3oHHass MIBMEHYMBOCTh ITOTOKOB KOCMOTEHHBIX U30TOMNOB docdopa

pacCYMUTAHHBIE 110 COOTHOLIEHUIO 33P/32P, MeHsamuch B nipeaenax ot 27+7 aHei
(nonb—Hos16pb 1991 1.) 1o 50 + 10 gHeit (sHBapb—Mapt 1992 r.). Ce3oHHas us-
MEHYMBOCTh ITOTOKOB M30TOITOB (pocdopa nmokazaHa Ha puc. 7.9.

7.1.5. KPEMHMWI1-32

KocMoreHHblii pannoHyKiIna 32Si npeacTaBisieT MHTEPEC KaK MOTEHIUAb-
HBIIA Tpaccep ST UCCIIeAOBAHMSI IIPOIIECCOB, BPeMsI IIPOTeKaHUsI KOTOPHIX 13-
MepsieTcsl crosetussMu. Ilo cBoeMy mepuomy Iojypaciiaga OH 3aHHMMaeT
MIPOMEXYTOYHOE TIOJIOKEHME MEXIYy TaKUMHM pagvuoHyKiIumamu, Kak 210Pb
(22,3 roma), 3H (12,3 ner) ¢ oxHoii croponsl u 4C (5730 ner) — ¢ apyroi
(cm. puc. 7.1). [NoTeHIIMambHBIE 00JaCTH TPUMEHEHUST 3TOTO Tpaccepa — IJIsd-
LIMOJIOTUS U UCCIIe0oBaHus okeana. OQHAKo comepxkaHue 32Si B OKpyXKarowLiei
cpele KpaitHe Hu3Koe. Tak, paIMoaKTUBHOCTb 32Si B aTMOC(hEPHBIX BbINaIeHN-
4X, KaK IpaBuiio, He npesbinaer 10 Bk Ha ToHHY. AToMHOE oTHOILIeHKE 32Si/Si
TakxXe KpalilHe HEeBEJIMKO M YacTO HAXOAUTCS Ha IIpelesie BOZMOXKHOCTE Jaxke
TaKOTo YyBCTBUTEJIBLHOIO MeTOIa, KaK YCKOPUTEIbHas MacC-CIEeKTPOMETPUS
(YMC). Tak, muHuMaibHOe orpeaeisiemMoe MerogoM YMC COOTHOILIeHUe
32Gi/Si paBHo 4 - 10715, a 3HaYeHus 119 aTMOCGHEPHBIX BHINAAEHUI U JIEIHUKOB
MeHsIoTCd B npegenax 10714—10715,

K HacrosiiieMy BpeMeHHU IIOJIyY€HO OTHOCHUTEIBHO HEMHOIO JTaHHBIX
0 coziepxKaHuu 32Si B IPUPOIHBIX 00BEKTAX, B OCHOBHOM OIPEIEIEHNS OrpaHIyYe-
HBI CeBepHBIM TojymapreM. [1o-BUAMMOMY, IIMPOTHAS M CE30HHAS M3MEHYM-
BOCTb IOCTYIUIEHUS 32Si MOMYMHSETCS TeM K€ 3aKOHOMEPHOCTSAM, 4TO
W IS APYTUMX KOCMOTEHHBIX PaIMOHYKJIMIOB. Tak, BblMageHus 32Si pacrtyrt
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K TIOJIIOCaM M JOCTMTAl0T HaMOOJIbIINX 3HaUueHU B AHTapkTHKe. B CeBepHOM
MOJIyIIApUX MaKCUMYM ITOCTYIUIEHUs 32Si HabGmrogaeTcss paHHuM jetoM. Cy-
LIIECTBEHHBIN BKJIa[ B COBPEMEHHOE COOTHOIIeHME 32Si/Si BHecau atmocdep-
Hble WCHBITAHMUS sIepHOTo opyxkus. B Hawame 1960-x T1T. HaOmomaics
MaKCUMyM BbInageHuit 32Si [23].

TakuM 06pa3oM, MpuMeHeHue 32Si orpaHUYeHO KpaiiHe HU3KUM yPOBHEM
3HAHMII O €TO FEOXUMMYECKOM LIMKJIE ¥ METOIMICCKUMU IIPOOIeMaMH1, CBSI3aH-
HBIMH C OIpeieIcHUEM HU3KUX YPOBHEW PaaIuOaKTUBHOCTH.

7.2. UCKYCCTBEHHBIE PAINMOHYKI/INAbI

IMpumepom 3¢ GEeKTUBHOTO TTIPUMEHEHHUS NCKYCCTBEHHBIX PaINOHYKIIHIOB
IUTST ICCIIEIOBAHMS TIPOIIECCOB BEPTUKAIBHOTO TIepeMEIIMBAaHUST SIBIISTIOTCS pa-
OOTHI, TIPOBEAEHHBIE aMEePUKAHCKIMHU UCceaoBaTeaaMu B YepHom mope [24].
IMocne aBapun Ha YADC ocHOBHBIM myTeM noctymienns 134137Cs u 90Sr B
YepHoe Mope craiau arMochepHbIe BBITTaaeHUs B Hadasae mast 1986 r. Dtu pa-
TUOHYKIIMIBI B MOPCKOI BOJIIe HAXOAATCS TIPEUMYIIIECTBEHHO B PACTBOPEHHOM
dopme, co B3Bechio CBsA3aHO MeHee 1% OT o0Iero ux Konudectsa. biaromapst
WMITYJTb.CHOMY XapakTepy TOCTYIICHHST Ha TTOBEPXHOCTh M KOHCEPBATHBHOMY
TTOBEIEHUIO 3TH PaTUOHYKIIUABI SIBUJIMCH MICATHHBIMU TpaccepaMy TS UCCIIen0-
BaHUsI BEPTUKAIBHOIO IMEPEMELLIMBAHUSI BOAHBIX Macc. B Teuenue 1986—1992 rr.
coTpyanHuKamMu Byacxomickoro okeaHorpadmaecKoro MHCTATYTA TTPOBOINIINCH
peryJIsipHBIE MCCIEIOBAaHUS BEPTUKATLHOTO pacIipefiesIeHNsT MCKYCCTBEHHBIX
PaIMOHYKJIHMAOB B BOOHOU ToJiie [24]. DTu pabOThl MO3BOJMIN OLIEHUTh CKO-
POCTb TIPOHUKHOBEHMST TTOBEPXHOCTHBIX BOJ HIKE TPAHUIIBI CEPOBOIOPOTHOTO
cnosa. CootHowenue 134Cs/137Cs mo3Bonmio onpeaeauTsb J0M0 PaInOaKTUB-
HOTO Te3nsI, nMerolero YepHOOBIITLCKOEe MPOUCXOXKACHNE, M BBIUECTh YacTh
137Cs, 00ycnoBaeHHyI0 obanbHBIMK BhinageHusamu. Ha pucynke 7.10 moka-
3aHO M3MEHEHUEe aKTUBHOCTH Lie3usi-137 3a nepuon ¢ 1986 o 1992 rr. B 3aBu-
CHMOCTH OT COJIEHOCTH. YMeHbIIIeHe HaKJIOHa KPUBOM ¢ TeUeHWEM BpeMeHU
XapaKTepu3yeT TWHAMHUKY BEePTHUKAIHHOTO IMPOHWKHOBEHUS PamTMOHYKINIA B
BOJHYIO Tojy. HyxHsaa rpanuua kuciopoaHoro cios (O, < 5 MKMOJIb) COOT-
BercTBYeT conmeHoctn 20,50/, BepXHsis TpaHMIA CEPOBOAOPOIHOTO CIIOSI
(H,S > 5 Mxmoimb) — conenoctu 21,00/,.

Cootnomenue 137Cs/%Sr B MOPCKO# BOJIE TAKKE MOXKET JaTh LIEHHYIO MH-
(opmariro o MoBeneHNHN, MYTAX MMOCTYIUIEHUS W TIPOMCXOXICHNN PaTMOHYK-
munoB. Tak, It MOYepHOOBLTBCKUX aTMOC(HEpPHBIX BBITIANCHWN XapaKTepHO
cootHourenue 137Cs/20Sr pasnoe 1,45 [24]. Takoe COOTHOLIEHUE HAOTIONAETCA
B MOBEPXHOCTHBIX BOAAaX B OTKPHITOM OKeaHe, B TeX MecCTaxX, TIe OTCYTCTBYIOT
MECTHBbIE MICTOUYHUKH MCKYCCTBEHHBIX paagnoHyKIuaoB. [To-suanmomy, B Uep-
HoM Mope cootHomeHune 137Cs/20Sr 1o aBapun Ha YADC cOCTABIANO HECKOIb-
KO MeHee |1 B MOBEPXHOCTHBIX BOIAX M HECKOJIbKO Oojiee 1 B TIIyOMHHBIX,
OTJIMYAIOIIMXCS OOJblIEN cojieHOCThIO [24]. HemocpeacTBeHHO Mocie aBapumn
B atMoc(epHBIX BeimageHuax otHomenne 37Cs/%Sr cocrasnsano 5—6, Takue
K€ 3HaYeHWs HaOMomaanich W B ITOBEPXHOCTHBIX Bomax YepHOro wmops.
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Puc. 7.10. JIluHaMuKa BepTUKAJIBbHOIO MpOoHUKHOBeHUd 37Cs

B BOAHYIO Toiy [24, 25]

K 1987 r. 570 CcOOTHOLIEHHWE B ITOBEPXHOCTHBIX BOAAX YMEHBIIWJIOCH 10
3,7 +0,6. Xora cootHoweHue 137Cs/%Sr He naet HOBOI MH(MOPMALIMK O BEPTHU-
KaJbHOM IepPEMEIINBAHUM BOIHBIX MACC, OHO MOXET CIIyXKUTh MHIAMKATOPOM
MOCTYIUIEHUSI pEYHOI BObI, KoTOpasd oborauieHa 20Sr [24].

Cootnowenue u3otonos 134Cs/137Cs 03B0oaMIO OLIEHUTH CKOPOCTb U Ha-
npasieHue nepeHoca sox B CebepHom mMope, CeBepHOil ATIaHTUKE U APKTH-
ke. IIpenmosaragoch, 4To OCHOBHBIM UcCTOYHUKOM 134Cs u 137Cs gapnsnuch
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copochl npeanpusatus B Cemnadunge. Bkinan npeanpusitusi Ha Mbice Ar He
MnojJaeTcsl TOYHOMY Y4YeTy, HO UM MOXKHO B OOJIBLIIMHCTBE CJy4yaeB MpeHe-
Opeub, MOCKOJBLKY OH B JECATKM pa3 MeHblle BKiaga Cemnacpunga (puc. 7.11).
ITpu pacuete BpeMeH MepeHoca BOJHbIX MacC YUYUTHIBATOCh TAKXKE COAEPXKaHME
137Cs, moctynuBLiero ¢ arMocepHbIMY BBINTAAEHUAME, KOTOPOE B TIOBEPXHO-
cTHBIX Bojax CeBepHOIl ATJIAaHTUKM COCTaBIIsIo puMmepHo 3 bk/M3. Cpennue
BpeMeHa repeHoca Boa oT Cennaduiana 10 ceBepHoro noodepexkbss Hopseruu,
paccuMTaHHBIC TAKUM METOIOM, COCTaBWIM 5—6 JieT, 10 ocTpoBa MenBexxuii —
6—7 7eT, K ceBepy ot Llmuubeprena — 7—8 Jer.

Bo Bropoii nososuHe 1990-x rr. Kepuioy ¢ coTpyaiHMKaMu NMPUMEHUIU
9Tc B KayecTBe Tpaccepa s ONpeNe/ieHHs] CKOPOCTU IEPEMELIEHNST BOIHBIX
macc B CeBepHoii AtnaHTuke U Apktuke [27]. Takass BO3MOXHOCTh BO3HUKJIA
Oyiarogapst UMITYJIbCHOMY TTOCTYILJIEHUIO TEXHELsI ¢ Xuakumu copocamu Ce-
nadunaa B 1995 r. (cM. puc. 2.10, 6) 1 KOHCEpBaTUBHOMY ITOBEAECHUIO TEXHELIUS
B MoOpcKoit Boae. [l aHanu3a oTOMpaayd MOBEPXHOCTHYIO BOAY U BOAOPOCIU
Fucus vesiculosus, ciocoOHble KOHLEHTpUpOBaTh TexHeunit (Kp~ 1 -10°). Io-
Jy4eHHBIE TAKUM 00pa30M CKOPOCTH TOPM3OHTAIBHOTO TIepeHOCca BOIHBIX MacC
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Puc. 7.11. TomoBbie cOpochl U30TOMNOB 1ie3us npearnpusatusmu B Cemnadunae (a)
1 Ha Mbice Ar (6) u cootHowenue 37Cs/134Cs [26].
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OKa3aJIMCh CYLIECTBEHHO BBILIE PAHEE OINPEIEJEHHBIX C MOMOLIBLIO U30TOIOB
Le3usl.

Pa3BuTHE YCKOPUTEIBHOM MacC-CIIEKTPOMETPUHN TIO3BOJINIIO AKTUBHO UC-
nosnb3oBaTth 2% B KauecTBe Tpaccepa Ui MCCIEIOBAHUSA TEPEHOCA BOTHBIX
Macc. B yactHoctu, 137Cs u 1291, a Takke UX COOTHOLIEHUE OBLUIO IIPUMEHEHO
JUISL UCCIIEI0BAHUS B3aMMOIENCTBUS aTIAHTUYECKUX ¥ TUXOOKEAHCKUX BOJ B
LleHTpanbHOi ApPKTUKE M JJIs OLEHKM BPEMEHM TIEPEHOCA ATIAHTUYECKUX
Box B bapenueso n Kapckoe Mops [28]. O6a 3Tu paaiuoOHYKIKUIA MPOSIBISIOT
KOHCEPBAaTUBHOE MOBEIEHNE B MOPCKOM Bojie. HeT eIMHOro MHEHMS OTHOCH -
TeJIbHO aToMHOro cootHoueHus 1291/137Cs B rnobanbHbIX BbinageHusx. 1o
HEKOTOPBIM JJAHHBIM OHO cocTasisieT 1,6 B mepecuete Ha 1962 1., a 1o Teope-
TUYECKUM PacyeTaM, OCHOBAHHBLIM Ha BBIXOJE NMPOAYKTOB neneHus 238U mon
JeiicTBEeM OBICTPBIX HEUTPOHOB, — (,23. DTO COOTHOIIEHNE HAa HECKOJBKO
MOPSZIKOB BBILIE ISl COPOCOB MepepadaThIBAIOLIUX MTPEATPUATHIA, TOCKOIbKY
o6abinag yacth 137Cs ymansgercs B mpolecce mepepaboTku. B mpobax us
Kapckoro u bapeHlieBa Mopeii 3TO COOTHOILIIEHHE KOJieOaloch B IIpeaeiax
71 +5—186 + 7. Xota ucrounuku 2°1 u 137Cs B ApKTHUKE ONMHAKOBBI, TMHA-
MUKa TOCTYIIJIEHNS DTUX PAAUOHYKIMIOB CYyLIECTBEHHO pasnndaeTcs. CMUT ¢
COABTOPaMU TPEANPUHSIINA MOMBITKY BOCCTAHOBUTH XPOHOJIOTMIO MOCTYILIE-
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Puc. 7.12. Usmenenne atomHoro otHowenus 291/137Cs
B Bogax HopBexckoro TeueHus [28]



126 7. IlpuMeHeHUe paalOHYKJIMIOB B KaUeCTBE TPACCEPOB

HUSI palIMOHYKJIUIOB B BOJAbl HOpBEXKCKOro TeueHus Ha OCHOBE UMEIOLIMXCS
JaHHBIX Mo copocam npeanpusituit B Cennaduige u Ha Mbice Ar. Pagnoax-
tuBHOCTH 137Cs B Bomax HOpBEXKCKOro TeueHMsl MMEET B BHIPAXEHHBIX MaK-
CUMyMa, OIMH W3 KOTOPbIX COOTBeTCTBYeT 1979 r., Apyroii — aBapuu Ha
YADC. OCHOBHBIM UCTOYHUKOM PAAUOAKTUBHOIO MOMa, HAIIPOTUB, SIBJISICTCS
NpeanpusiTue Ha Mbice AT, U paaloaKTMBHOCTb BoJ HopBexXcKoro teyeHus
o 1291 Bospacraer ¢ Hauana 1970-x rr. lanHble npuBeneHs 10 1995 r., korma
HaOoaaack HaubobIask akTUBHOCTh. Bpems mepeHoca ot Mbica AT 10 ce-
BepHoOTO nobepexbs Hoperun cocrtapnsier okono 15—17 mecsueB. OTHoOLIe-
nue 1291/137Cs B Bomax HOpBEXCKOTro TeYeHUS MEHSIOCh CO BpEMEHEM
JOCTaTOYHO CJIOXHBIM 00pa3oM: MOKa OCHOBHBIM MCTOYHMKOM PaaiUOHYKIIM-
OB ObLIM aTMOC(epHBIe siAepHBIe B3PHIBHI (10 1963 T.), 3TO OTHOIICHUE HE
npesimaino 10, 3ateM B mepuof ¢ 1963 o 1986 rr. oTHOLIIEHUE MOCTEIIEHHO
pocio (B muamazoHe 10—100). C 1986 r. Havajcst UHTEHCUBHBIA POCT OTHO-
meHus, mnockoiabKy copockl 137Cs (Cemmaduum) cokpamanuch, a 1291
(MbIc Ar) — pociu (puc. 7.12). 1o Mepe MOCTYILIEHUs aTJaHTUYECKUX BOJ B
ApkTuky, otHoweHue 291/137Cs nmocreneHHO yMeHbILIAeTCs 3a CYET pa3daBs-
JeHust. 1151 Toro 4ToObl OLIEHUTH BpeMsl IepeHoca BOIHBIX MAacC MO OTHOIIe-
o 1291/137Cs, moctpoeHo cemeiicTBO KpuBbIX (puc. 7.13.), cooTBer-
CTBYIOIIMX TepeMelluBaHuio BoJ HopBexXcKoro Te4eHus U BOJ, UMEIOLIUX
donoBoe orHowenue 1291/137Cs. KpaiiHue TOUKM KPUBOI COOTBETCTBYET BO-
nam Hopsexckoro TeyeHusi (OTCYTCTBUE pa30aBiieHUs]) W pa3daBiIeHUIO B
100 pa3. Kaxmomy BpeMeHHU IepeHOoca COOTBETCTBYET CBOsI KpuBas. Takum
00pa3oM, HAHOCSl Ha CeMEMCTBO KPUBBIX pa30aBieHUsT SKCIIEPUMEHTaTbHbIE
TOYKHU, MOXHO OLICHUThb BpeMsl MepeHoca BOIHbIX Macc [28].

Takoit moaxon MMeET CYLIECTBEHHOE OrpaHUYeHe, BbI3BAHHOE TeM, UTO B
nepuozn ¢ 1968 o 1986 rr. ornomenne 291/137Cs meHsmOCH HE3HAUUTENLHO.
CrenoBaTesibHO, ISl TPo0, OTOOpaHHBIX B 1993 1., mpeneiabHbIN ompenesse-
MBI BO3pacT cocTaniistii 6—7 yet. BpeMs repeHoca Boa HopBexXcKoro TeueHusI
B BOCTOYHYIO YacTh bapeHiieBa MOpsI COCTaBUIIO IIPUMEPHO 2 rojaa, s [Iyou-
HBI 175 MetpoB — 3 roma. i1 MOBEpPXHOCTHBIX BOA B OOJIACTH BITaJIWHBI
CB. AHHbl 1 HoBO3eMenbCKO# BNaJAMHBI 3TOT MEPUOA COCTaBUI 3—35 JeT, 1Js
nIyOMHHBIX Boa HoBo3emenbcKoi BaguHbl — 5—6 JeT.

Ponb 6MOTBI B BEpTUKAIBHOM TIepeHOCEe B3BEIICHHOTO BEIIIeCTBa MCCIIeI0Ba-
JIA € TIOMOLIBIO KOPOTKOXKMBYILIMX TIPOAYKTOB jejieHus [29]. ABTomaTnueckasi ce-
IUMEHTAIIMOHHAs JIOBYIIKA OBIJIa YCTaHOBJIEHA B CeBepO-3allalHOM YacTH
CpeanzemHoro mops Ha riayouHe 200 merpoB B 15 mmrsix or Kopcukm
(42°43,9' c. 1. 08°31,3" B. 1.) ¢ 13 anpens o 21 mas 1986 r. [mybnna mopst B
a1oit Touke cocrtanisgeT 2200 M. Kaxabiii U3 cOCya0B JIOBYIIKU ObLI 3aIl0JIHEH
dopmanHOM U yJIaBIMBaJI YaCTUIILI B TedeHne 6,25 cyTok. 26 ampesst mpou-
3o1w1a aBapus Ha YepHoObuibcKoit ADC. B Monako (77 Mujib OT MecTa ocTa-
HOBKH JIOBYLIEK) POCT aTMoc(epHOM paauoakKTUBHOCTU HaOmwogaics ¢ 30
arpeJIsl ¥ IpoIosnKajcs 10 3 Mast. B mocnenyoiye aBa THS C JOXKIASIMU BBITIAIO
80% ot 0061Iero KoJIMYecTBa pallMOHYKIMIOB, oceBIIMX B MoHako. Yepes He-
JICJII0 TEXHOI€HHAasl paAlOaKTUBHOCTb aTMochephl yrmana 10 1% oT IHUKOBOro
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3HaueHus1. TakuMm 00pa3oM, HAOMI0IAI0Ch UMITYJIbCHOE MOCTYIUIEHUE paauo-
HyKiIuaoB 4—35 mast 1986 r.

l'amma-cnekTpoMeTpruUyecKuii aHaIU3 MaTtepudalia M3 JIOBYLIEK MoKasal,
YTO TEXHOTEHHbIE PAIMOHYKJIMIbI, MOCTYMUBIIME B IOBEPXHOCTHBIN CJIOM
BOJbI, OBICTPO MPOHUKIU Ha ri1youHy 200 M. MakcuMyM paguOakKTUBHOCTHU B
JIOBYILIKax Habmogancs mexny 8 u 15 Mas, TakuM oOpa3oM, cpeaHee BpeMsi
BEPTUKAJILHOTO MEepeHoca COCTaBUIO 7 CYTOK, YTO COOTBETCTBYET CpeaHEH CKO-
pocTu cenuMeHTauuu 29 M/cyt (puc. 7.14).

HccrnenoBanust, mpoBeneHHbIe B Havare 1960-X IT., ToKa3ajlu HaJIudue TexX
K€ KOPOTKOXKMBYIIMX MPOAYKTOB AEJIEHUSI B MOPCKMX Orypliax Ha IJyOuHe
2800 M B ceBepO-BOCTOUHOM YyacTu Tuxoro okeaHa. 3t (pakTbl HE MOTYT ObITh
00BSICHEHBI OCaXkI€HUEM YacTull, MOMNaBIIMUX U3 aTMocdepsbl, 1o 3akoHy Cro-
kca. Toraa ke ObLI0O BbicKazaHo npeamnosoxeHue [30], 4To MpOAYKTHI AeJeHUS
B MTOBEPXHOCTHOM CJIO€ CBSI3bIBAIOTCS 300IJIAHKTOHOM B (heKaabHbIE MEJIIEeThI,
KOTOpbIE OCEAIOT 3HAUUTEIbHO ObICTpee OJaroaapsi OTHOCUTENbHO KPYITHOMY
pa3Mepy U BbICOKOI MJIOTHOCTH. JIJ1s1 MPOBEPKU ITOM TMMOTE3bl ObLT MPOBEAECH
0TOOp MPOO 300IJIAHKTOHA 6 Mast B MECTe YCTAHOBKHM JIOBYIIIEK B ciioe 0—20 M.
300MIaHKTOH, MPEACTaBICHHbII MPEeUMYILIECTBEHHO B3POCAbIMU KOMenoaaMu
Centropages typicus (97%), ObLI TIOMEILIEH B CIIeIIMaIbHbII KOHTEHHEp, 3aI10JI-
HEHHBIN (PUIBTPOBAHHON MOPCKOI BOAOM M CHAOXEHHBII JIOBYLLIKON JIsl cOopa
nesuteT. ['amMmma-crieKTpoMeTpUYecKil aHaIu3 Mokasaa MPUCYTCTBUE MPOLYKTOB
JeJeHUs B MeJuieTaX, COOTHOLLIEHUE MPOAYKTOB JeJEeHUsI COOTBETCTBOBAIO Ma-
Tepuany 13 JoByllek. MccienoBaHue moa MUKPOCKOTIOM B3BECH, COOpaHHON B
JIOBYIIIKAX, TTOKa3aJI0 BEICOKOE conepxkaHue (exanbHbIx mesuieT (1o 70% B 1ie-
pecyeTe Ha CyXoil Bec BelllecTBa, oToopaHHoro 8—15 mas). [lenneTsl cyiect-
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Puc. 7.14. YaenpHas pagioaKTUBHOCTh MaTepuaia M3 CeIMMEHTALMOHHBIX JIOBYIICK,
YCTAaHOBJICHHBIX B ceBepo-3amnamaHoil yactu Cpean3eMHOro Mopst BecHoit 1986 r. [29]
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Tabauya 7.1
CooTHolIeHHe AKTHBHOCTH MPOAYKTOB JieJIeHUS B MPUPOIHbIX 00beKkTax [29]

OO6BEKT Hata ot6opa | 137Cs/1*1Ce 103Ry/141Ce 103Ru,/137Cs
Bo3zmyx 03.05.1986 58 110 1,9
Mopckas Boga 07.05.1986 11 8,0 0,73
300IJIaHKTOH 06.05.1986 1,7 14 8,2

Caexue metetel | 06.05.1986 7,0 18 2,5
JloBy1euHbIi 11.05.1986 0,27 1,8 6,8
matepuai ¢ 200 m

BEHHO 00OrallleHbl MPOAYKTaMU AeJIEHUs M0 CPaBHEHUIO C MPOU3BOASIIINUM HUX
300MJIAHKTOHOM, TaKUM 00pa3oM, 3TU PaAUOHYKJIUIbI, B YACTHOCTH M30TOIbI
Ru, Cs u Ce, nmpakTuuyecku He yCBaUBAaIOTCs KOIEMOAaMU.

PaznuuHoe xuMuyeckoe nmoBeneHue 1e3usl, Lepusl U pyTeHMST TPUBOAUT K
X (ppakIIMOHUPOBAHUIO B MPoOLIECcce BEPTUKAIbHOIO TpaHcnopTta. CooTHOIlIe-
Husa 137Cs/141Ce, 103Ru/141Ce u 103Ru/137Cs B Bo3nyxe, B HE(PUILTPOBAHHOI
BOJE, 300IUIAHKTOHE, MeJjeTaXx M JIOBYIIEYHOM MaTepuaje IpUBEICHbI B
tabs. 7.1. IlpencraBieHHbIe NaHHBIE MO3BOJSAIOT CAeiaTh BBIBOA, YTO LiepUil
HMMEET CKJIOHHOCTDb CBSI3bIBATHCS CO B3BEILIEHHBIM BEILIECTBOM, TOTa KakK L1e3uit
U PYTEHMI BeAyT ceOsl KOHCEPBAaTHUBHO.

HckyccTBeHHbIE PATIMOHYKIMIBI YCIEIIHO TPUMEHSIOT ISl AaTUPOBAHUS
JOHHBIX OCAJKOB B TeX CJIyyasx, KOrga CKOPOCTH OCaaKOHAKOIUIEHUs JOCTa-
TOYHO BeauKU. [IpuMepomM MOXeT CayXuTh Ipobda, 0ToOpaHHAsI B BOCTOUHOM
cextope YepHoro mopst (41° 58,8’ ¢. u1. 40° 12,2" B. 1., riryouHa Mmopst — 1880 m)
(puc. 7.15). I1ocnoiiHblil aHaIU3 JOHHOIO OcCaaKa IMoKa3ajl HaJu4yue ABYyX MaK-
cumyMoB cozepxanus 137Cs. Bepxuuii makcumym aktusHocTH 137Cs cooTBeT-
cTByeT YepHOOBUIbCKON aBapyMu, HUKHUI MOXKXHO COOTHECTH C MaKCUMyMOM
[J100aIbHBIX BhimageHuii B 1963 r. YacTo nmapajuieibHO ¢ JaTUPOBAHUEM IIO 1ie-
3u10-137 mpoBoAsT omnpeAeeHe HepaBHOBECHOro cBuHLIA-210.

7.3. UWAEHTUDOUKALINA NCTOYHUKOB ITOCTYILUIEHUA
NCKYCCTBEHHbBIX PAIMOHYK/INAOB

Ceiinc, Jluunrcton wu IlanteneeB [31] NpUMEHUIM COOTHOLLEHMS
239,240py /137Cs 1 238Py/239.240Py ju1g uneHTUGUKALUMU UCTOYHUKOB 3arpsa3He-
Hud acTyapust peku O60b. [Ipeamnonaraiock, 4To JOKaIbHBIM UCTOYHMKOM pa-
OVOHYKJIMIOB MOIJIO CIYXUTb CTapeiilliee COBETCKOE MPEAINpHUsITHE IO
nepepaboTke obiydyeHHoro saepHoro TorumBa — IO «Masik», pacrnooxXeH-
Hoe Ha peke Teua, mpuHamaexaileit cucteme O6u. JIist cpaBHeHUSsT ObLIN MPO-
aHAJIM3UPOBAHBI JOHHbBIE OTJIOXKEHMS peku Ta3, 3aBefOMO HE UMEIOLIEC MeCTHBIX
WCTOYHMKOB 3arpsi3HeHusl. [7100aabHbIM BBINTAJEHUSIM COOTBETCTBYET COOTHO-
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Puc. 7.15. BeprukansHoe pacnpenenenue 37Cs B JOHHBIX 0caaKax
YepHOro Mopsi — BOCTOYHBIN CEKTOP (IaHHbBIE TTOJTYYeHbl aBTOPAMM )

mrenue 239:240Py /137Cs, paroe 0,012 B 1962 r. DT0 OTHOLIEHUE TOATBEPXKAEHO
MHOTOYMCIEHHBIMY aHAJIM3aMK TOYB. BM3Kue 3HAYeHUs TIONYdYEeHBbl U [UIA
03€p, HEe UMEIOILUX JOMOJHUTENLHBIX UCTOYHUKOB PafUOHYKINIOB. 115 UI0B
peku Teua cootHomeHue 23%:240Py /137Cs MeHs€eTCS B JOBOJIBHO IIUPOKUX ITPe-
JeNax, HO BCETIA CYIECTBEHHO MEHbILE 3HAYEHWs, YCTAHOBJIEHHOTO ISl IJI0-
OanbHBIX BbIMageHuit, 1 B cpenHem coctaBiser 0,0033 + 0,002 [32]. Takum
ob6paszomM, cooTHoureHue 239:240Py/137Cs MOXET CIIYKUTh UyBCTBUTELHBIM MH-
JIMKATOPOM UCTOUYHUKA MOCTYIJIEHUS PAIMOHYKIMAOB. Pe3ynbTaTel 1aHHOI pa-
GOTBI TOBOPAT O TOM, YTO PaJIMOHYKJIMIbI MOCTYIMIN B acTyapun O6u u Taza
MPEUMYILECTBEHHO B Pe3yJbTaTe aTMOC(hEPHBIX SIEPHBIX B3pbIBOB. CyllecT-
BEHHBIX OTKJIOHEHHMI OT TI00anbHOro cootHowmenus 239-240Py/137Cs B mpobax
u3 O6u u Tasa He BbIsABAeHO. OnHako cooTHoweHue 239:240Py/137Cs cioxHo
WUHTEPIPETUPOBATH OMHO3HAYHO, TOCKOJBbKY TeOXUMUYECKOE MOBEAECHME LIE3US
U IUIyTOHMS CYLIECTBEHHO pa3anyaeTcsl, KoahGULIMEHTBI pacrpeaeeH s TUX
5JEMEHTOB MEX/IY BOJOI M OCaZKaMy MEHSIOTCS B JOBOJILHO IIMPOKUX Mpe-
fenax (10 IBYX MOPSIKOB) B 3aBUCUMOCTU OT TPaHYJOMETPUYECKOTO U MU-
HEpaJIbHOTO COCTAaBa OCAAKOB, COJEHOCTH BOIbI M KOHLEHTPALIUU PAaCTBOPEH-
HOTO yIJIEpO/A.

BoJiee HaeKHbII MHAMKATOP, KOTOPBI MOXET I1aTh MH(MOPMALIUIO 06 HC-
TOYHUKE PaIMOHYKINIOB, — cooTHoleHue 238Pu/239:240Py. Do cooTHOIEHNE
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HCCIEN0BAHO B 3aBUCUMOCTH OT 1UpOTHI [33], 1 mist 60—70° ¢. 11. mpuHUMAaeT
gHaueHue 0,040 +0,005. Tust unoB pexu Teua moayueHo 3HaueHnue 0,012 [32].
B uccnepoBanHbix npobax n3 Oo6m n Taza He BBISIBIIEHO 3HAUMMBIX OTJIMYWIA
cootHoureHus: 238Pu/239:240Py ot rmo6anbHoro. TakuM 06pa3oMm, IO MHEHUIO
aBTOPOB LUTUpPYeMOIl paboThl [31], mpeobagamlunii UICTOUHUK TEXHOTEHHBIX
PaIMOHYKIIMAOB B HIDKHEM TeueHUN pekn O0b — aTMocdepHBIe sIepHbIe 1C-
MTBITAHUSA.

Koxpan ¢ kouteramu [34] mpuMmeHnm rpapuyecKnii MeTod aeHTU(UKAITAN
WCTOYHUKOB TIOCTYTUICHHSI PaIMOHYKIMIOB. ['padmKy cTpomim B KOOpIMHATAX
241py/239Py — 240py /239Py u 242Pu/239Pu — 240Py/239Pu. Buu1o 06GHAPYKEHO, YTO
TOYKM, COOTBETCTBYIOIIME ocaakaM OOu, JiexkaT Ha TIPSIMOiA, COSAMHSIONIEH TOY-
KU, cooTBeTCTBYIOLIME copocaM 10O «Masik» u ctpatocepHbIM BbITTAACHUSIM T10-
cJie SiAePHBIX B3pbIBOB. TakuM 06pa3oM, Mo KpailHeit Mepe 1Ba UCTOYHKMKA BHOCSIT
BKJIaJl B 3arpsi3HEHIE perroHa paTloHyKInaamMu (puc. 7.16).

HentyHunii-237 obpasyetcsi mpy B3pbIBE MOIIHBIX TEPMOSIAEPHBIX OOETTPU-
1acoB, HanboJbllee aToMHOE oTHoIeHKe 237 Np/239Pu = 0,48 + 0,07 xapakrep-
HO 1Sl aTMOC(EepHbIX BbIMaAeHUIt ceBepHOro nojyiiapus. CrenoBaTebHO, 3TO
OTHOIIEHIE MOXHO MCITOJIb30BaTh IS MACHTU(PUKALIMY UCTOYHUKA PaTUOHYK-
maoB. OMHAKO CYIIECTBEHHBIE Pa3TnIUs B XUMUYSCKUX CBOMCTBAX TITYTOHUS
1 HeNITYHUSI MOTYT TIPUBOAUTE K X (PPaKIIMOHMPOBAHUIO, TTO3TOMY, OTHOIIIE-
Hue 23"Np/239Pu MoXeT MEHAThCA 110 Mepe YAAJEHUS OT MCTOYHMKA.

B pabore Kymepa ¢ coaBropamu [35] 060011eH OOIIMPHBIIA MaTepuas Io
COOTHOIICHUIO U30TOMOB TUIYTOHUST U HEMTYHUST PA3IMYHOTO TTPOUCXOXKIECHUS
(cM. Taba. 7.2). CiaeayeT OTMETUTh, YTO U30TOMHOE OTHOLIEHUE TUIyTOHUS, T10-
CTYITaBIIIETO B OKPYKAIOIIYIO CPEIy TIPH SIEePHBIX B3PBIBaX, CUIILHO MEHSIIOCH B
3aBUCMMOCTH OT MOIIIHOCTH 1 THIa 6oe3apsima. Hampumep, mpu B3pbIBe MOIII-
HOCTBIO OKOJIO 4 KT B aTMOC(EPHBIX BBITIAACHUIX HAOIIONAI0TCS aTOMHBIE CO-
OTHOLLUEHUA U30TONOB TUIyToHUs 240Pu/239Pu u 241Pu/239Pu, pasubie 0,0326 u
0,0011 cooTrBercTBeHHO. [1pu B3pbIBE OOJIee MOLIHOTO 3apsiaa (31 KT) 3Tu cooT-
HoweHust coctanisiioT 0,0355 u 0,0011. PesynbraTroM amMepuKaHCKHUX aTMO-
cepHBIX SAEpPHBIX B3PBIBOB Ha OCTpoBax Tuxoro okeaHa (B3pbIB «Maiik»
31.10.1952, B3pniB «bpaBo» 28.02.1954) crayio nmocTyrieHue MmiyToHus ¢ 1o-
BBILIEHHBIMUY U30TOIHBIMU cOOTHOLIEHUAMHU 240Pu/239Pu u 242Pu/239Pu u no-
HUKEHHBIM cooTHolneHreM 238Pu/239Pu. TakuMm 00Opa3oM, 3T U30TOITHbIE
COOTHOLLEHUST MOTYT CIYXKUTb WHAMKATOPAMU MOCTYIUIEHUSI TUXOOKEAHCKUX
Boa. HampotuB, mipu B3pbIBaX MaJIOif MOIIIHOCTH 00Pa3yeTcsT JINIIh He3HAYNTEITb-
HOE KOJIMYECTBO TSKEJIBbIX M30TONOB IuyToHus (240Pu, 241Pu, 242Pu).

CoorHotuenus 238Pu/23Pu u 241Pu/239Pu cyliecTBEHHO pasinyarTes A
copocoB Cesutadunia v r100aIbHbIX BbINAACHUIA, U 9TOT (haKT MOKHO UCIOJIb-
30BaTh U MIEHTU(MOUKAIIMN OCHOBHBIX MICTOUHMKOB TEXHOTEHHBIX PaIMOHYK-
JunoB B Apktuke. OmHako B MpoOax JTOHHBIX OCAaAKOB, OTOOpaHHBIX B O0U,
OOHAPYXXEHO TOBBIILIEHHOE coepX)aHue 238Pu 1o CpaBHEHUIO C TI0OATEHBIMU
BBIMAIEHUSMU TIPOTYKTOB aTMOC(HEPHBIX UCTTBITAHUIA SITEPHOTO OPYXMUSI (C yUe-
toM aBapun cryTHuka SNAP-9A). OtHowenue aktupHOCTeil 238Pu/239.240py
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Puc. 7.16. M30TONHbBIE OTHOLIEHUS TUIYTOHUS U oTHouleHue 23’Np / 239Pu B npo6ax
B3BeCH U IOHHBIX ocankoB p. O0b ¢ mputokamu (Mptei, To6oma, Tas) [34].
Llndpamu 0603HaUYEHBI TOUKM, cCOOTBeTCTBYIOIIMEe Kbiureimy (1),
CemunanaTuHcKy (2), rmobaabHbIM BeinageHussM B CeBepHoM nosnyiuapuu (3) [35].
HesakpaliieHHbIe KBaapaThl — JOHHBIE OCAlKW, YepHbIE TOUKU — B3BECh
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B 5THX 00pasiax coctaBuio 0,05, YTO MPEBBIIAET BEIMYUHY, XapaKTEPHYIO IS
r100aNbHBIX BbiManeHuii. HanGonee BeposTHas NMpuYMHaA — TepepaboTKa Ha
1O «Masik» CyIOBBIX PEAKTOPOB, TOIUIMBO KOTOPHIX 3HAYUTEIBHO 00OTALEHO
235U. Ipu 3axBate TEIUIOBBIX HEUTPOHOB sapamu 233U obpasyercs 230U, 3aTem
237U, koTophlii pacniagaercs ¢ oopasosaHueM 23’Np. [1pu ganbHeideM 3axBa-
Te TEIUIOBBIX HEMTPOHOB moiydaeTcs 238Np, KOTOpbIii SIBISETCS MPEALIECTBEH-
HUKOM 238Pu [35].

AHanu3 npo® noHHbIX ocagkoB O6u u EHucest, mpoBeaeHHbI Kynepom ¢
KOJIJIETaMM, TaKKe TI0KAa3aJl BIUSHUE IBYX UCTOYHUKOB — aTMOC(HEPHBIX 1P~
HBIX B3PBIBOB U TE€pepadaThIBAIOILINX MIPEITPUATHIA.

ITo cpaBHEHMIO ¢ APYrUMU M30TONaMu 241Pu mmeeT HEGOIBLION MEPUOL
noaypacnana (14,3 roma), mosromy cootHoiueHue 241Pu/239Pu cyiecTBeHHO
MEHSIETCS CO BPEMEHEM.

B ToM cityuae, Koraa paqoakTUBHOE 3arpsi3HEHKE O0OYCIIOBIEHO OoJiee yeM
JBYMsI MICTOUHMKAMU (HarpuMep, MOMUMO TepepadaThiBAIOLIMX TPEANPUTHIA
Cubupu 1 r100anbHbIX BhINIAAeHUI NpucyTcTBYeT BKIaa Cennaduiga), MHTEp-
MpeTanusl N30TOMHbBIX COOTHOLIEHUI TUIYTOHMSI MOXKET OKa3aThCsl 3aTPyIHUTE-
JIbHOM. VI30TOIMHBIE OTHOIEHMS TUTYTOHMS B cOpocax Ceutaduiiga MEHSUTUCH CO
BPEMEHEM, UTO elle 6oJlee OCIOXHAET MAEHTU(DMKALINIO NCTOYHNKOB. HecoBep-
LIEHHAs METOIMKA BCKPHITHS MPOO JOHHBIX OCAIKOB MOXET MCKA3UTh PE3Yib-
TaT, MOCKOJIbKY TUIyTOHWIA, ITOCTYMABLIMIA U3 Pa3IMYHBIX UCTOYHUKOB, MOXKET
HaAXOIMUTHCS B PasHBIX (PM3MKO-XMMHUUYECKKX (hOPMax M MPU KUCIOTHOI obpa-
0OTKe MPOOHI B Pa3HOI CTEMEHU MEPEXOAUT B pacTBOP. BO3MOXHO, 11l MAEHTH-
¢dukayn copocoB mpeanpuaTus B Ceynaduiige OKaXKeTCs MEPCHEKTUBHBIM
UCIIOIb30BaHUE COOTHOLIEHUH 243Am/239Pu n 243Am/245Cm [35].

U3sotorHoe cootHoueHue 137Cs/134Cs 6bu10 mpumeneHo B 1985 r. wia ycra-
HOBJIEHMS TIPEOOIATAIOLIMX NCTOYHMKOB PaIiOHYKIMIHOIO 3arpsi3HeHns beaoro
Mopst [36]. B kauecTBe Tpaccepa MPOMBIIIIEHHBIX PaIMOAKTUBHBIX OTXOIOB KC-
nonb3oBanu 134Cs, OTCYTCTBYIOIIMIA B NIOOATLHBIX BHIMANEHUX. [IpOMBILLLIEH-
HBIM 3arps3HeHMeM Oblla OXBaYeHa BCA aKBaTopusi Mopsl, pacnpeneieHue 134Cs,
137Cs, 99Sr omHOpPOZHO KaK B IMOBEPXHOCTHBIX, TAK M B IJIYOMHHBIX BOIAX.
YpOBHM 3arpsiI3HEHUS TOBEPXHOCTHBIX BOJ HECKOJIBKO HIXE BBUIY pa3daslie-
Hust pekamu. TTockonbKy BomoooMeH Benoro u BapeHiiesa Mopeii JocTaTouHO
WHTEHCUBHBI, MOXKHO CUMTATh, YTO TPAHCIIOPT PAIMOHYKIIMIOB OT MECT COPO-
ca 3aHuMaeT okoJo 6 jer. CoorHowenue 137Cs/134Cs B 1978—1979 rr. B c6po-
cax Cemnadunna coctasiusiio 10,5 + 0,5. K MmomeHnTy mocryrieHust B benoe
MOpE 3TO COOTHOILIEHME AOCTUINIO 65. CpenHsas yaeabHas aKTUBHOCTb BOJBI
Benoro mops o 134Cs cocrasnsuia 0,15 +0,01 Bx/M3, a mo 137Cs nonyuena yue-
JIbHAST PaIMOaKTUBHOCTD JIJIS TOBEPXHOCTHOM Boabl 12,6 = 0,3, a mist rayOMH-
Hoit 19 + 1 Bx/M3 coorBercTBeHHO. Takum ob6pasom, okono 50% 137Cs B
[yOMHHBIX Bofax ¥ 0K0J10 70% B TIOBEPXHOCTHBIX OOYCIOBJIEHO MTPOMBIILIEH-
HbIMU cOpocamu npeanpustusa B Cemnaduiane. CoorHomenue 37Cs/%0Sr B
copocax Cennapunga cocrapiusiiio B 1978—1979 rr. 8,5 + 1,7. OnHako u3-3a mne-
pexosia 1e3us B JOHHBIE OCAIKN 3TO COOTHOIIEHUE CHIILHO MEHSAETCH 110 Mepe



7. IlpuMeHeHue paalOHYKJIUIOB B KaUeCTBE TPACCEPOB 135

yIaJeHUsl OT UCTOYHMKA, IIO3TOMY €0 CJIOXHO UCIIONL30BaTh sl OLEHKY I10-
cryrutenus 20Sr.

Apapus Ha YADC npuBesa K MOCTYIUIEHUIO B OKPYXKAKOIIYIO Cpely 3HAUM-
TEJIBbHBIX KOJTMYeCTB 134Cs. DTOT M30TOMN OTCYTCTBYET B INI0OATBHBIX BhIITAAEHM-
AX, [I03TOMY B Te4eHHe psaa jer cootHowmenue 137Cs/134Cs ucnonp3oBanu mis
UIEHTU(DUKALIMY PpaIMOHYKIUIOB YepPHOOBLILCKOIO IpoucxoxueHus. IlepBo-
HAYaJIbHO 3TO COOTHOLIEHME COCTaBIsAI0 1,89. B HacToslee BpeMsl 4ePHOOBLIb-
ckuit 134Cs pacrascd NpakTU4eCKM IOJIHOCTBIO (IIEPUO IOJypaclana ero
cocrasnsier 2,06 rona). B kauecTBe nmpumMepa MOXHO MIPUBECTH YXKE YITOMUHAB-
uyrocst paboty bioccenepa u JIuBunrcrona [24, 25], KOTopbie UCIOIL30BAIN
cootHoiueHue 37Cs/134Cs g onpeneneHus 10711 YePHOOLIILCKOTO LIE3US B
YepHoM Mope.
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8. OITIPEAEJEHUE PAIMOHYKIINIOB
B OKPYKAIOIIEN CPEJE. OBIIIUE ITPOBJIEMBI

OrnpeieieHre paqoOHYKIMIOB B OOBEKTAX OKPYKAIOLIEH CpeIbl TIPEICTABIIA-
€T MHOTOCTYIIEHYATHIN ITPOLIECC, BKIIOYAIOLIMIA 0TOOP MPOOLI, MPeaBAPUTEILHOE
KOHLIEHTPMPOBAHUE, OTIAEIEHUE OIPENEIAEMOr0 KOMIIOHEHTA OT MEILAOIINX,
COOCTBEHHO KOJIMYECTBEHHOE ONpeEeIeHNE, HAIIPUMED U3MEPEHHE PalMOaK-
TUBHOCTH, U 00pabOTKY MOJIYYEHHbBIX pe3yIbTaToB. B psiae ciaydyaeB 3Ta cxema
YIPOLIAETCS: TaK, MPY aHAIU3e JOHHBIX OCAIKOB, KaK MPAaBUIIO, HET HEOOXO-
JMMOCTH B ITPEABAPUTEILHOM KOHLEHTPUPOBAHUK. MHOTHE METOIBI HE TPEOy-
JOT 00A3aTeJIBHOTO PACTBOPEHMsI TPOOBI U OTHEJNEHMs OIPEAeIAEeMOro
PaIMOHYKJIMIA OT COIYTCTBYIOLUMX KOMITOHEHTOB (HEIECTPYKTUBHBIE METOMIbI).
K HeIeCTpYKTMBHLIM METONAM aHaIM3a OTHOCATCS, B YAaCTHOCTH, TaM-
Ma-CIIEKTPOMETPUS U MHCTPYMEHTAIbHBI HEUTPOHHO-aKTUBALIMOHHBIM aHa-
3. JIpyrue MeTOIbl, HalpuMep IOIYIIPOBOAHUKOBAS o-CIIEKTPOMETPUS U
KMIKOCTHO-CUMHTHUIILIMOHHAS  CIIEKTPOMETPUSI, KaK IPaBUIIO, TPEOYIOT
CJIOXKHO# TIOATOTOBKY Tperapara K U3MEPEHMIM.

MHoOrme METOIbI, MCIOAb3YEMbIE ISl OINpENe/eHHs PagMOHYKIUIOB B
00BEKTaX OKPYXKAIOLIEN Cpelbl, OCHOBAHBI HA PETMCTPALIMY YACTUL] MM KBaH-
TOB, UCITYCKAEMBIX sIIPAMK TIPY PaIOaKTUBHOM pacrane. DT METOAbI MOXHO
pasIeNuTh Ha PAIMOMETPUUECKHE U SIIEPHO-CIIEKTPOMETPUYECKIE. Pagromer-
PUYECKHE YCTPOMCTBA PETUCTPUPYIOT YACTULILI Y/ WJIM KBAHTBI, HE pasandasl X
o sHeprusM (Hanpumep, cuetdnk Ileiirepa). CrEKTPOMETPUYECKUE METOIBI
MO3BOJISIOT MCC/IENOBATh SHEPrETUUECKOE PACIIpENeeHIe YACTHULl MM KBaH-
ToB. K HUM OTHOCATCA, HANIpUMeEp, y-CIIEKTPOMETPHS, KUIKOCTHO-CLIMHTHUII-
JIALMOHHAs CIIEKTPOMETPUS, MOJIYIIPOBOIHUKOBAS O.-CIIEKTPOMETPUS.

JIns paIMoOHYKIUIOB, KOTOPbIE MMEIOT OOJIbIIME ITEPUOIBI TIONypaciana u
COOTBETCTBEHHO HM3KYIO COOCTBEHHYIO YAEJNLHYIO PaIMOaKTUBHOCTH (238U,
232Th, 40K, 1291 u npyrue), 4acTo MPeAOYTUTEIBHEE UCTIONL30BATh METObI, HE
OCHOBaHHBIE HA PETMCTPALIMM YaCTUIl/KBAHTOB, MCITyCKAEMBIX IPY pacIaje.
Tak, U1l ONpeieJIEHUs ypaHa U TOPUSl IIMPOKO MPUMEHSIOT CIIEKTPO(POTOMET-
puio, 1291 MOXHO OIpeeaATh METONAMH YCKOPUTEIBHOM MAacC-CIIEKTPOMETPUN
U HEATPOHHO-aKTUBALIMOHHOIO aHAJIN3a.

ITpaBUIBLHOCTD TOJIYYEHHOTO PE3y/IbTaTa OINMpPENEISIeTCa TeM, HACKOIBKO
MCIIOJIb3YEMbIE METOIbl AHAAM3a COOTBETCTBYIOT IIPUHATBHIM CTaHIAPTAM.
B npouiecce pa3paboTKU METOAMKM TPOBOIMTCH CBOETO poja «HACTPOMKa» —
aHaIM3 paga cepTU(PULUPOBAHHBIX CTAHIAPTHHIX 00PA3L0B WM MaTEPUAJIOB.
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ConepkaHue OIPene/IsIeMOTO KOMIIOHEHTa B 3TUX OOBEKTaX YCTAaHOBJICHO C
BBICOKOM HaIeXXHOCThIO KOMIIETECHTHBIMU HAYYHBIMU OPTaHU3AIUSIMU C T10-
MOIIbI0O METOJOB, OCHOBAaHHBIX Ha OCTOBEPHO YCTAHOBJICHHBIX (PU3MIECKUX
3aKoHax. Takum 00pa3oM, KpuTepreM IPaBUILHOCTH ITOJIy4aeMOro pe3yJibTaTa
SIBJISIETCS COTVIACKE B3IJISIIOB COOOIIECTBA YICHBIX U BKCIIEPTOB. JpyrumMu ciio-
BaMM, MOXHO CKa3aTbh, YTO KaJMOPOBKAa METOOWMKU W PETYJIsIpHas IMpOBepKa
TEXHOJIOTMYECKOM IIETIOYKHU C ITOMOIIbIO CepTUDUIIMPOBAHHBIX CTaHIAPTHBIX
MaTepuaioB, KOHTPOJIBHBIX 00pa3IOB M MEXKJIa00paTOPHBIX CPAaBHEHMI TI03BO-
JISIET YCTPAHUTh CUCTEMATHYECKYIO MTOrpeltHOCTh. ! [ToqoOHbIe IPOBEPKU ABIIS-
JOTCS HEOTHhEMJICMOI YacThiO CHCTEMBI KOHTPOJSI KadyecTBa M OOCCIICUCHUS
KavyecTBa aHaJIM3a.

8.1. IIOCTAHOBKA 3AJAYU

OT TOro HAacKOJbKO KOPPEKTHO MOCTaBJE€HA 3aJaya, LEJIMKOM 3aBUCUT
MNPUMEHUMOCTDb TMOJIyUYeHHBIX pe3yibTraToB. IIpu moctaHoBKe 3agayd paauo-
XUMUYECKOTO aHAJIM3a HEOOXOIUMO:

o KonkpetnsupoBaTh 00beKT anaim3a. Hampumep, mepen ucciemoBareieM
MOKET ObITh MMOCTABJIEHA 3a/1a4a: ONpeAe/IeHNE MOBEPXHOCTHOTO 3arpsi3He-
HuUs Tepputopum e3mem-137. Yto, cobCcTBEHHO, eMy HEOOXOAMMO aHaJIu-
3UpoBaTh? AHAJIU3MPOBATh BMECTE WJIM MO OTACJIbHOCTU TPYHT U PaCTylINe
Ha HeM pacteHusi? [Tpu aHaiM3e TOHHBIX OTJOXEHUI B HUX YacTo Morajia-
IOTCSl OCTaTKM PAKOBUH MOJUTIOCKOB Pa3IMYHBIX pazmepoB. HyxHO 1 mpo-
BOJIUTb WX OTIAEJEHUE Mepe] aHAJIM30M — Belb OHU TOXE BHOCST CBOU
BKJIaJ, B 0CaaKooOpa3zoBaHue?

o KoppeKkTHO 3a7aTh aHAJU3UPYeMblii KOMIIOHEHT CUCTEMbl, HallpuMep: lie-
3uii-137 B mouBe, 001Iasl o- WIM oOlIas B-aKTMBHOCTb MUTHEBOI BOIBI.
HMHoraa TpedyeTcst onpeaenTb (PU3NKO-XUMHUUECKYIO (DOPMY HaXOXKICHUS
paguoHykIuaa (HampuMmep, CTereHb OKUCICHMS) WM YCTAaHOBUTH JIOJIIO
paguoOHYKIMAA, MMEIOILIYIO OIpeleJeHHOe IPOUCXOXaAeHe (Hampumep,
pPagMoakKTUBHOCTb CBMHIA-210, U30BITOUHOTO MO OTHOLIECHUIO K MaTepUH-
CKOMY paanio-226).

o KOHKpEeTM3UpPOBaTh METPOJIOTMYECKHE TPEOOBAHUS K aHAIN3Y — MHHUMAJb-
HYIO JIeTEeKTUPYEMYI0 PAAMOAKTUBHOCTD U IOMYCTUMYIO TTOTPEIIHOCTh, MHA-
Y€ MOXHO TIOJIyYUTh HEKOPPEKTHBIM WJIM HE MMEIOIIUNA TTPAKTUUECKOMN
LIEHHOCTH pe3yJibTaT. KoppeKTHbI pe3ybTaT JOJKEeH CoaepKaTb MOMUMO
MOJyYeHHOU OLEHKNW KOHUEHTpaluuu (WIK pajuoakKTUBHOCTU) COOTBETCT-
BYIOLLIMIA JOBEPUTEJbHBIA UHTEPBAJ U JOBEPUTEbHYIO BEPOSTHOCTD.

I CoBpemeHHbIE PYKOBOACTBA MeXIyHapOIHOW opraHusauuuu 1o crangaprusaunu (ISO) u
MexayHapoaHoro areHTcTBa o aromHoi aHepruu (IAEA) He peKOMEeHIYIOT UCITOIb30BaTh MOHSI -
THE€ CUCTEeMaTUYeCKOil morpeltHocTu. Bee morperHocT npeuiaraeTcst moApasaeisiTh Ha 1Ba TUMA:
1) Tum A — TMOrpPelIHOCTH, KOTOPbIE MOTYT OBITh OLIEHEHbI CTATUCTUYECKM, U 2) TUIl B — mpoune
norpeitHocT. HezaBucrMo oT BUa MOTrPelHOCTY PEKOMEHIYeTCsl MPECTABISATh B BUAE CTAaHIAPT-
HBIX OTKJIOHEHUM.
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8.2. BBIBOP METOJA OITPEAEJIEHUA PAANMOHYKIINIA

[Ipu BbIGOpE METOMA OTPENe/CHHs PATUOHYKINIA HEOOXOAUMO YUUTHIBATD:

e Cxemy pacnana ornpeessieMOoro paluoHYKIUAa U J0YePHUX PaTUOHYKIIH-
JIOB — THI M 3HEPrHI0 UCIYCKAEMbIX YACTHIL H/WJIH KBAHTOB, ITICPUOJL ITOJIY-
pacnana. AKTMBHOCTb PaJIMOHYKIIMAA MOXHO OIPENENSITh 10 aKTMBHOCTHU
JNOYCPHMX DPATUOHYKIUIOB (€Cid B IpoOe MMEET MECTO paJMOaKTUBHOE
pasHoBecue). Tak, 90Sr, KOTOPbI MCIyCKAeT B-4acTULIbI ¢ MAKCUMAIbHOM
SHeprueit 546 kaB, onpenensaoT, perucTpupys B-yactuibl goyepHero Y,
umerolre 6oJiee BbICOKYI0 aHepruio — 2284 kaB. CuHel-210 ucrnyckaet
B-vacTulibl ¢ HU3KOM 3Heprueit (16,5 u 63 kaB), apbekTUBHOCTL perucT-
palyK KOTOPBIX HEBEJIMKA, II03TOMY €r0 4acTO OIPEHCIISIOT, PETUCTPUPYSI
a-dactuisl 219Po nnm BeicokosHepretrueckue B-yactuisl 210Bi. Ha ocHo-
BE CXeM pacliaga MOXHO OIPEIe/INTh, KaKUe SIIePHO-CIIEKTPOMETPUUECKIE
METOJIbI MOTYT OBITh IIPMMEHEHBI (C YIETOM allllapaTypHBIX BO3MOXHOCTE
J:aboparopumn).

o [IpeanoaoKuTe bHbIi AHANA30H COAEPKAHUSA ONPEIC/IIEMOro PaIuoHyK-
JIUIa B 00bEKTE U COOTBETCTBEHHO 00BbEM MPOOBI, TOCTATOUHBIN TSI aHa-
JIM3a; HYXKHO JIM TIPeBapUTEIbHOE KOHIIEHTPUPOBAHUE.

o TIpeanonoxuTeTbHbliA cocTap MaTpuubl:. Ocob0e BHUMAHUE CIIeIyeT YAEIUTh
PATMOHYKJIHIHOMY COCTaBY MPOOBI 1 M30TOIIAM OIPEAE/ISIEMOrO JIEMEHTa, KO-
TOpbIE MOI'YT B Heil comepskathbest. McXost U3 3TUX JaHHBIX, CJSIYeT BbIOpATh
METOIMKY XMMUYECKOIO pa3ieieHs] KOMIIOHEHTOB IPOOLL.

o CooTHOIIIEHNE BpPeMEHHBIX U (DMHAHCOBBIX 3aTpaT Ha pa3UNYHbIC BUIBI
aHam3a.

8.3. IPUMEHEHUE HOCUTEJIEN

OOBIYHO onpeaessieMblil PATIMOHYKIMI TIPUCYTCTBYET B MPoOe B KayecTBe
MUKpornpumecu. IloBeaeHre MUKPOKOJIUYECTB CUJIBHO OTJMYAETCs OT MOBee-
HUs TOTO e dJIeMeHTa B MakpokojuuyectBax. [Ipu paboTe ¢ MHAMKATOPHBIMU
KoJIM4YecTBaMU HEOOXOAMMO YUUTHIBATh COPOLIMI0 MUKPOKOMITOHEHTA Ha CTeH-
Kax cocyla 1 rpaHuiiax paszaeia ¢as, CBI3bIBAHUE C KOJUIOUIHBIMU YaCTULIAMU
U CAyYailHBIMM 3arpsi3HUTENsIMU. [T TOro yToObl MUHUMU3UPOBATH MOTEPU
Ha pa3IMYHBIX CTAAUsIX aHAIM3a, B aHATU3UPYEMYIO MPOOY BBOAST CTAOUIbHBII
MU30TOMN (€CM, KOHEUHO, OIpeaesiseMbIil 2JIeMEHT MUMeeT CTaOMJIbHbIE M30TO-
Mbl) — TaK Ha3blBa€Mblii MI30TOMHbIA HOCHTENb. BakHO, UYTOOBI UCMOJIB3YyEeMbIi
HOCHUTeJIb HE CO/IepKaJl U3MEPSIEeMOro paauoHykiauaa. Tak, npu ornpeaeaeHun
cTpoHIMsI-90 B KauecTBe HOCUTENST UCIOJAb3YIOT CTAOUIbHBIN CTPOHIIUMI, MPU
omnpeneneHn cBuHLA-210 — cTaOMJIBHBIN CBUHEL W T. II.

Kaxk npaBuio, HocuTelb BBOASIT HAa paHHUX CTaAMSIX aHaIu3a, MPU 3TOM
HEO0OXOIUMO, UTOObI OMpeaeisieMblii KOMIIOHEHT U HOCUTEIb UMEIU OIHY U
Ty Xe (pU3MKO-XuMuUeckylo ¢dhopMy. MHorue sjieMeHThbl (paauii, MOJOHUA,

2 Marpuua — COBOKYMHOCTb OCHOBHBIX KOMIIOHEHTOB, BXOMSIIMX B COCTaB aHAJIM3MPYEMOIO
00beKTA.
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TEXHELW, TPAHCYPAHOBBIE 2JIEMEHTHI U T. MI.) HE UMEIOT CTAOMJIbHBIX U30TO-
1oB. B aTOM ciTydae MOKHO MCITOJb30BaTh HEM30TOMHBIA HOCHTENb, T. €. IPYTOi
3JIEMEHT, KOTOPBI CXOMEH TT0 XUMUIECKOMY TTOBEICHUIO MU CIIOCOOEH MPOoY-
HO CBSI3BIBAThH OIpeAeIsieMbIil paqnoHyKIUA. Tak, TeJuryp IPpUMEHSTIOT B Kade-
CTBE HOCUTEJIS IJIST TIOJIOHUS U acTaTa, 6apuii MOXKET CIYXKUTh HOCUTEJIEM JIJIsT
pamus. YacTo Tipu orpeaesieHU TPaHCYPaHOBBIX 3JIEMEHTOB B TIPUPOIHBIX BO-
JaxX B KaueCTBe HOCHUTEJIEH JOOABIISIOT JKeJIe30 UM MapraHell. 3aTeM OcakaaioT
TUIPOKCHUABI, C KOTOPBIMU 3(PHEKTUBHO COOCAXKIAIOTCSI MHOTHE MUKPOIIPUME-
CH, B TOM YHCJIe U TPAaHCYpaHOBBIC 3JICMEHTHI.

8.4. OIIPEAEJIEHUE XUMHMNYECKOI'O BBIXOJA

Ecau uaMmepeHusM mpeaiecTByeT Mpoleaypa BeIAeJIeHHS, KOHIEHTPUPOBa-
HUS U pa3aesieHus] HyKJIUMAOB, HENb3s1 ObITh YBEPEHHBIM B TOM, UTO aHATU3UpYe-
MBI paIVMOHYKJIMI TIOJHOCTBIO TMepeBeAeH B IperapaT, MOATOTOBICHHBIN K
U3MepeHUsIM. [1JIsI TOro 4ToObl y4eCTh BO3MOXKHbBIE ITOTEPU, HEOOXOAUMO UCITONb-
30BaTh METKY XMMUYECKOTO BbIX0/1a. XUMHYECKHM BbIXO0M aHaIM3a Ha3bIBACTCS
OTHOIIIEHUE KOJIMYECTBA PaAMOHYKJIMAA, BBIIEJICHHOIO B Mpoliecce aHaliu3a, K
00111eMy KOJIMYECTBY, U3HAUAJIbHO colepxKaBiieMycsl B mpobe. Kak mpasuio, B
KayecTBe METKU MCIMOJIb3YIOT KaKOM-T100 paanoaKTUBHBIN M30TOI OIpeaesisie-
MOTO 3JIEMEHTa, 3aBeJIOMO HE COJepXKallluiics B uccieayeMom obpasie. M3Bect-
HOE KOJIMYECTBO METKM BBOJIUTCS Tepel HauyajaoM XUMUYECKUX ITPOLEIyp.
Heob6xommmo, 4ToOBI METKa HaXOAMJIach B TOM ke (hM3MKO-XUMUUeCcKOo# (hopMe,
YTO UM OIpeaesieMblil paluoHyKIuA. MHaue u3-3a pasziuuuii B hopMax Haxoxiae-
HUS aHAJIU3UPYEMOTO HYKJIMIA U Tpaccepa MOXKHO TOJyYUTh XUMUYECKUI BBIXO,
HE COOTBETCTBYIOIIMI NelCTBUTEILHOCTU. Kak mpaBuiio, mocje mpubdaBiieHUs
METKM aHaJIM3UpyeMbIii pacTBOP BbIAEPXKUBAETCS HEKOTOPOE BpeMsl, JOCTaTOU-
HO€ ISl YCTAHOBJIEHUSI U30TOMTHOTO paBHOBeCHs. B HEKOTOPBIX CIyvasix METKY 1
orpeesisieMblii paIUOHYKIIU/ MIEPEBOISIT B OAHY U Ty Xe (opMy M3MEHEHHEM
OKUCJIUTETbHO-BOCCTAHOBUTEJILHOTO MOTEHIIMaa cucTeMbl. Tak, TuIyTOHUI ya-
CTO TEPEBOJSIT B YEThIPEXBAJIGHTHOE COCTOSIHUE N00aBJIeHUEM HUTPUTA HATPUSL.
ITocne nmpUroToBiIeHUsI U3MEPSIEMOTO TIperapara B HeM OIpeae/IsioT KOJIUYECTBO
METKM, UTOOBI OINpeAeUTh, Kakasl J0JIsl METKU Tiepeliuia B rpenapar. [Tockojbky
XUMUUYECKOE MOBEIeHNE N30TOMOB TOXIECTBEHHO, XUMUYECKUI BBIXOI METKU U
U3MEepsSIeMOro paJMoHyKIuAa oanHakoB. HampuMep, npu onpeaeaeHUun CTPOH-
1usa-90 B KauecTBE METKM MOXKHO MCITOJIb30BaTh CTPOHIIUI-85, aKTUBHOCTh KO-
TOPOro yao0HO OMNpeaesiTh METOIOM IraMMa-CIIeKTPOMETPUM.

MeTKy cienyeT BbIOMpaTh TaKUM 00pa3oM, UTOOBI €€ M3TyYeHUe MPaKTU-
YeCKM He Melllajo perucrpalyy 4acTull/KBaHTOB, MCIyCKaeMBbIX OIpeesie-
MBIM paaMoOHYKIUAOM. [TepcrieKTUBHO MPUMEHEHUE KOPOTKOXUBYIIIMX METOK,
IS TIOJTYYEHMSI KOTOPBIX MOKHO MCITOJIb30BATh N30TOIHbIE TeHepaTopkls. Tak,
¢ TlomoIIbio reHepatopa 24 Am/239Np nonysator 2Np (7, = 2,35 cyT) — pa-
JUOHYKJIUJ, KOTOPbIM MOXHO HCITOJIb30BaTh B KaueCTBE KOPOTKOXMUBYIIEH

3 M30TOmNHBIE TEHEPATOPHI OCHOBAHBI HAa MEPUOANYECKOM OTAECTEHUN HAKAIUIMBAIOLIETOCH KO-
POTKOXMBYILETO JIOUYEPHETO PaAMOHYKIINAA OT OTHOCUTEIBHO JOJITOXKUBYIIETO MaTePUHCKOTO.
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MeTkd B aHanmse 23’Np. Ilpu ompeneneHun csuHUA-210 B KayecTBe METKU
TPE/LIOXKEHO UCnonb3oBath 212Pb (T, = 10,64 u) u 212Bi (7} , = 1,0 u), nony-
yaeMble U3 TIpUPOJHOTO Topust [8]. B Takux ciyuasix uaMepeHue paguoakTUB-
HOCTH OIpeAeisieMOro paaloHyKJIMIa TTPOBOIAT IMOC/Ee pacrnana METKH.

Hns Toro 4ToObI Yy4eCcTh BO3MOXKHOE BJIMSIHUE TPUMECH OIPenessieMoro
paauMoHyKIuaa B A00aBJEHHON METKe W/WIW HOCUTEIEe, HEOOXOAMMO BHECTHU
MOMPABKY, BBITTOJIHUB XOJOCTON OIBIT.

MHorma XMMHUYECKHii BBIXO MOXHO YCTaHOBUTH MO CTAaOMJIBHBIM HU30TO-
maMm oripeaesissieMoro sjieMeHTa. Tak, mpu orpeaeseHund cTpoHusI-90 B Boae
XUMMUYECKUI BBIXOJ MOXHO pacCuMTaTh IO CoaepKalleMycsl B BoAe CTaOMIIb-
HOMY CTPOHLMIO, aHAIU3UPYS MCXOIHYIO MPOoOYy M KOHEUHbI mpenapaT [4].
B TtoMm ciyuae, ecnu mpoba He COAEPXKMUT 3HAUMMBIX KOJUYECTB CTAOMJIbHBIX
M30TOTOB OMpEeeIsIeMOro 3JeMeHTa, B Mpoliecce aHaau3a il onpeaeeHus
BBIXOZa MOXHO J100aBUTh U30TOMHBIN HOCUTEJIb.

Tabauya 8.1
IIpumMenenye METOK XMMHYECKOrO BbIX0JA B PATMOXHMHYECKOM AHAIM3E
Ompenense-  yyoron MeTtka xumuue-  MeTon
MBIM PAIHO= e ryerparm CKOTO BBIXOJA perucTpauuu Herounmk
HYKJIU] p
90Sr o MY KCC 85S¢ 4TI 9]
B-TIC Sr (cTab.) ®otomerpust  [4]
I1aMeHu
239,240py, -TITI 26Pu wm 22Pu o-TITIJT (71
238py o-TITIL 26Py wn #2Pu o-TTTIJT [10]
241py KCC BOPy ynu 22Pu o-TIT1J [10]
210pp KCC 212py y-TIT1]T, [11]
B-TIC Pb (cTab.) Ipasumerpust  [12]
JKCC (no pacnany | 297Bi y-TIT1 10 [5]
210Bi)
XKCC (no pacnagy | 2?Bi XccC [8]
ZIOBi)
210pg a-TITI/ 208pg, 209pg a-TITA [3]
234y a-TITIJL 236y a-TITIL 21
234Th IMnactukosslit cumH- | 230Th o-TIT [6]
TUILIATOD
Z7Np y-TITIJL (nocne aktu- | 2Np y-TIIJ, [8, 13]
BallMd HEUTPpOHAMM)

* [1IC — nponopunoHaibHbiil cyeTuuk; [1T1J] — monynpoBomHukoBbiii getektop; 2KCC —
JKUAKOCTHO-CUMHTWIISILIMOHHAST CIIEKTPOMETPHUSI.
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B Ta6x. 8.1 mpuBeneHBI MpUMEpPHl UCITOJIB30BAHUS METOK IIPH OIpeaese-

HUM MHOTMX NPUPOAHBIX U UCKYCCTBEHHBIX PATUOHYKINIOB B OOBEKTAX OKPY-
XKAIOLLEW Cpelbl.

HGPGHKI/I cjydyaun, Korga ejib aHajlinu3a — HC ONpPCACICHUC 001Iero Koau-

YecTBa palMOHYKIIMIA B 00pasiie, a yCTaHOBJICHUE M30TOITHOTO COCTaBa IPOOHI.
Hanpumep, npu panroyrjiepogHOM IaTUPOBAHUU OIIPEICIISIOT TOJII0 paauoak-
TUBHOTO YIJIepo/ia B OOIIEM €ro KOJIMYECTBE.
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12.

13.
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9. OTBOP IIPOB OBBEKTOB OKPYXAIOIIEN CPEJIbI

9.1. OBIIUE NPUHIIUIIBI TPOBOOTHBOPA

Kak mpaBuiio, aHaIM3MpyeMBIii KOMITOHEHT pacIipefiec/ieH B OKpYXKaroIleit
cpene HepaBHOMepHO. OmHAKO Ha TIPAKTHUKE WCCICHOBATEIIO ITPUXOTUTCS
OTPaHNYMBATH KOJIMYECTBO OTOMpaeMbIX TIpo0. IlocTpoeHre KapTUHBI pacIipe-
JeJeHUsT Ha OCHOBE OTPaHMYEHHOTO Habopa 3KCIIePUMEHTAIBHBIX TaHHBIX SIB-
JigeTcsl Hambojiee CabbIM 3BEHOM B aHaim3e. HempemcTaBUTENbHBIM WM
HEKOPPEKTHHIN ITPOO00TOOP CBOAUT HAa HET TATLHEHIIIYIO ITOCIeI0BaTeIEHOCTh
JIEWCTBUI, TUIIACT MOJyJaeMbIil pe3yabTaT TTpakKTUIecKoil meHHocth. [lranu-
pys po600T60p, HEOOXOAUMO PEIINTh CIICAYIOIINe OCHOBHBIC BOIIPOCHI:

e Kakue mpoObl 1 rae ciaemyeT oToupaTh?
e CKOJIbKO OTOMpaTh MPO0 M KaKoro oobema?

JlaTb OTBET Ha 3TU BOIIPOCH MOXHO, PYKOBOJICTBYSCH CIEAYIOIINMHU COO0-
pPaXKeHUSIMU:

e [Ipoba nokHa ObITH MPeACTABUTENBHOM, T. €. OTpaXaTb COCTaB UCCIeaye-
MOI'0 KOMITOHEHTa OKpyXKamllei cpeabl. s TOro 4roObl caeiaaTh KOMII-
JIEKCHYIO OLIEHKY COCTOSIHHMSI OKpYXKaloIlleil cpelbl B MecTe ITpo0ooTOopa,
clIeayeT MO BO3MOXHOCTH OTOOpaTh MPOOBLI M3 pas3iINYHBIX cpen (Hampu-
Mep, Boaa, JOHHBIE Ocaaku, OMOTa).

e [Ipo600TOOp M JanbHENIIMI aHAIU3 00BEKTOB B3aMMO3aBUCUMbI. MeTpo-
JIOTUYECKHE XapaKTePUCTUKU BBIOPAHHOIO METOJA aHaIu3a U OXUJAaeMble
colepXaHUsSI aHAIU3UPYEMOTO0 KOMIIOHEHTA OIPEAesSIIOT HEOOXOAUMBbI
00beM MpoObl. OT TOro, Kak IIaHUPYETCs aHAIU3UPOBaTh MPOOY, 3aBUCST
TpebOBaHUS K YCIOBUSIM €€ KOHCEPBUPOBAHUS U XpaHEHMUSI.

9.2. IINTAHUPOBAHME ITPOBEOOTBOPA

INpn muraHnpoBaHUM O0TOOpa MPOOG C IIETBI0 MUCCIICIOBAHUS aBapUIfTHOTO 3a-
TPSI3HEHUS] 3¢éMHOM TTOBEPXHOCTU MCKYCCTBEHHBIMM DPATVOHYKJIMIAMU CYIIECT-
BEHHYIO ITOMOIIb MOTYT OKa3aTh pe3yJIbTaThl a’pOraMMacheMKH WA 3aMephbl
SKCTO3UIIMOHHOI T03bI Ha MeCTHOCTH. [10m00OHBIe PEKOTHOCIIMPOBOYHEIE MCCITE-
JIOBaHUST TTO3BOJISTIOT JIOKAJIM30BaTh aHOMAJIMK paclpeneeHUsT paquoHYKITIOB
(«ropstavie TIATHA» ). [1pn McciTeoBaHNK TOHHBIX OTJIOKEHUIA 1T BBISIBIICHUS «TO-
PSTIMX TISITEH» MOTYT OBITh TIPUMEHEHBI TTOTPYKaeMbIe y-IE€TEKTOPBI.
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[LranupoBaTh 0OTOOP TIPOO BOIBI IS OIPEISICHUST PATUOHYKIUIOB CICIY-
€T, OMpPasiCh Ha JaHHBIE 110 TEMIIEPaType, COJICHOCTH, IJIOTHOCTH, a TaKKe Ha
pacrpene/ieHie OCHOBHBIX THAPOXMMHMUYECKUX MapaMeTpoB. DTHU JaHHBIC I10-
3BOJISTIOT OTIPEACNIUTh KOOPAMHATHI M TOPU3OHTHI OTOOpa, ONTHMAaJIbHBIC IS
pellIeHUs ITOCTABICHHON 3a1a4n.

HeomHoponHOCTh pacripenie/ieHusT ONpeaesieMOro KOMITOHEHTa MMEeT
0coboe 3HaYeHUE IJIST TBEPIABIX 00pa3IoB, HAIIPUMEpP ITOYBHI M TOHHBIX OCa-
KOB. B aTuX citydasix omnpezaeisieMble paIuOHYKJIMIBI MOTYT OBITh CBSI3aHBI C Ya-
CTUIIAMA HEKOTOPOro KOHKPETHOIO MHWHEPaJbHOIO COCTaBa WM pa3Mepa.
B psine mpo6 BeTpeyaroTcst «ropsiare» YacTUIIbI, T. €. YaCTUIIBI C BBICOKOM yie-
JILHOM pagroaKTUBHOCTHIO, 00pa30BaBIIMECs B pe3yJbTaTe SIEPHOIO B3phIBa
WM TIPEACTaBIIAIONIMEe CO00i (hparMeHTHI SIEPHBIX YCTAHOBOK (TIPOMYKTHI
KOPPO3WHM TEIUIOBBLIC/SIONINX 3JIEMEHTOB | T. 1.). JIJIsI OTIENeHUsT «ropsiueii»
YaCTUIIBI MOXHO BOCIIOJIb30BaThCSl METOIOM ITOC/ICAOBATEIbHOTO JIEICHUS
MPOOBI MOITOJIaM — TIPU HAJIMIUU TOpsSYEid YACTUIBI TTPAKTUYECKHU BCsI Pagno-
AKTMBHOCTH ITPOOBI COCPEIOTOUYMTCS B OMHOM M3 YacTeil TIPOOHI.

B Tex caydasx, Korma Henabl0 aHalM3a SIBISICTCS YCTAaHOBJIGHUE CPETHEro
coJiep>kaHMsI OMPEC/IIEMOr0 KOMITOHEHTa B TBEPIBIX MPobax OOJIbIIOro 00beMa,
YCpeIHEeHWe TIPOBOIST MEXaHMUECKH, MCITONb3ysd MeTon KBapToBaHus. [1po0y
U3MEJTBYAIOT, TIEPeMEeIMBAIOT, MeJIST Ha YeThIpe YacTH M OTOpPAchIBAIOT IBE,
pacroioXXeHHbIe HarmpoTuB. [1poreaypy IMOBTOPSIIOT HECKOJIBKO pas.

Hwuxe kpaTko paccMoTpeH 0TOOp Mpod pa3TMIHBIX KOMIIOHEHTOB OKpYKa-
OILEl CPeIbl IJIsT ONpeAe/icHUsS] paIMOHYKIUIOB.

9.3. KOMITIOHEHTBI ATMOC®EPBI

PagnoHykiIuasl MOTYT MPUCYTCTBOBAaThH B BO3IyXe JIMOO B ra3000pa3zHOM
Buae (HarmpuMmep, PagloaKTUBHEIC OJaropoaHbIe Tas3bl), MO0 CBSI3AHHBIMU C
adp030JIbHBIMY YaCTUIIAMU. B 3aBUCMMOCTH OT ITOCTAHOBKM 3a7a4y, a3P030JThb-
HBbIe YAaCTHIIHI PA3AelIioT 1Mo (paKIUsIM pa3IMIHOTO pa3Mepa WM OTOMpPAroT
WHTEerpajbHylo Ipo0y. st oTbopa a3po30JibHbIX MPOO yallle BCero MpuMeHsIIOT
pa3nmnuHbIe (YIBTPOBAJIBLHBIE CUCTEMBI C BBICOKOM TPOM3BOAUTEIHLHOCTHIO,
CHaOXeHHBIE M3MEpUTEIEM 00beMa IPOMYILIEHHOro Bo3ayxa. OuibTpylolme
MaTepuabl, Kak MPaBWIO, BHIITYCKAIOT HA OCHOBE CHHTETUYECKIUX TTOJMMEpOB,
COYETAOIINX TaKWe JOCTOMHCTBA, KaK 3(P(EeKTUBHOCTH 3aXBaTa a3pO30JbHBIX
YacTUIl, HU3KUIT YpOBEHb COOCTBEHHON pagMOaKTUBHOCTHM, HETUTPOCKOITMI-
HOCTh, PACTBOPMMOCTh B OpraHMYECKMX pacTBopuTensax. s otbopa pa3mmd-
HBIX (Ppakmuii adpo30JbHBIX YACTHIl WCIOJB3YIOT HAOOp TOCIIeq0oBaTEIIBHO
YCTaHOBJICHHBIX (PUIILTPOB C Pa3HBIM pasMepoM TIOp.

st orbopa mpo0 ra3zoB aTMoc(ephl Yalle BCero IMIPUMEHSIOT pa3IndyHbIe
MOTJIOTUTEN N, YIaBIWBAIOIINE TOT WJIM WHOW KOMIIOHEHT. Tak, pagnoakThB-
Hele 6iaropoansie tassl (PBIN) $5Kr u 133Xe xoHIEHTpUpYIOT, IpoIycKas Io-
TOK (PUIBTPOBAHHOTO BO3AyXa Uepe3 aKTUBUPOBAHHBIN yTONb (pa3Mep 3epeH
0,3—0,5 MM) mpu TeMmnepaType Kuakoro azota. CKOpoCTb MOTOKa COCTaBIIsIeT
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Tabauya 9.1
Heo0xonumslii 00beM MPOObI NP ONpe/ieIeHHN PATHOHYKIHAOB B aTMochepe
Panno- ggi?f{l;iib O0beM Merton KOHIIEH- Merox Hcrou-
HYKJTU]L > | mpoGbl, M3 | TPMPOBAHUS OHPCACTCHITL 1
y bx/m3 DOORL, pup AKTUBHOCTH
222Rn (mo | 3—9 1 IMpokaunsanue | a-ITI1J] [3]
KIIPP) yepes (puiabTp
85Kr 1,1-1,4 10 Copbuus Ha B-TIC [1]
yrIIe
133X e 0,001—0,003 100 000 O®pakunonHast | y-TTTI [2]
MeperoHKa K-
KOro BO3myXa
210pp 0,0001—0,0008 1800 Ipokaunsanue | y-TII1M0, [3]
yepe3 PUIbTp
"Be 0,001—0,003 1800 Ipokauusanue | y-TTTT0 [3]
yepe3 QUILTP

okoJsio 1 1/muH. Kaxnas npoba oobemoM 10 M3 otOupaeTcs B TeueHUE HENEIN
U IIpelcTaBiisieT ycpeaHeHHoe conepxanue PBI 3a aTtoT nepuop [1]. s omnpe-
neneHuss PbI mpuMeHsSIIOT TakKe IpeaBapuTeIbHOe KOHLEHTPUPOBAHUE BO3-
JyXa IMyTeM CXKIDKeHUSI M (ppaKLIMOHHOM IeperoHku. YacTo rmpoOnl 0J1aropoaHbIX
ra3oB IS OMpEeNeIeHUs] YAeJbHOM aKTUBHOCTU TIOJYYAlOT C TPEANPUITHUI,
MPOU3BOAAIINX (DPAKIIMOHHYIO TIEPETOHKY XKMIKOTO BO3ayxa. Takoil momxon
ObUI NpUMeHeH npu ompeneiaeHun 133Xe B armMocdepe Ha ceBepO-BOCTOKE
CHIA [2]. Ins ananuza noaydaid okoyuo 100 1 razoo0pa3HOro KOHILIEHTpaTa,
COCTOSIIIIETO TIPEUMYIIIECTBEHHO M3 KPUIITOHA M KCeHoHa. Takas mpoba cooT-
BETCTBYET 6—8-4acOBOMY IIPOM3BOICTBEHHOMY LIMKILY, a [0 COAEPXKAHUIO KCe-
HOHa cooTtBercTByeT npumepHo 100 000 M3 Bosayxa. B 1ab6m. 9.1. mpuBeneHbI
TUMUYHBIE 3HAYeHUST 00beMHOI aKTUBHOCTH HEKOTOPBIX PATMOHYKIMIOB B aT-
Mocdepe U yKazaHbl 00beMBI IIpo0, JOCTaTOYHbIE [IJIsl aHaIu3a.

9.4. ATMOC®EPHBIE BbITIATEHU A

Z[JI?[ c60pa aTMOC(beprIX 0CaaKOB MCITIOJb3YIOT KOJJIEKTOPbI C BHICOKMMMN
CTCHKaMM, KOTOPbIC YCTaHABJIMBAaIOT Ha OTKPLITHIX ydyaCTKax, BAaJIn OT ACPCBb-
€B 1 30aHuil. B ropogax KOJUICKTOPbI MOKHO YCTaHaBJIMBaTh Ha KpbIlax. B 3a-
BUCHUMOCTU OT peHlaeMOﬁ 3aJa4yu, KOJUICKTOP YCTaHaBJIMBACTCA Ha ONIPEACICHHOC
BpEMdA, 3aTEM COACPKMMOC (I)I/U[pryeTCH 1 ynapmuBacTCd 10 MHWHMMAJIbHOI'O
o61;eMa, M1 BBINTOJIHACTCA pa,Z[I/IOXI/IMI/I‘IeCKI/Iﬁ aHaJIM3. HpI/IMeHﬂIOT KOJIJIEKTO-
Pbl, COBMCILICHHBLIC C MOHOOOMEHHOM KOJIOHKO¥, 3a,Z[ep)KI/IBaIOH_[6ﬁ MHOTI'UC
PaCTBOPEHHLIC KOMITOHECHTDI.
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XUMUYECKUIA COCTaB BBHIMIAJAEHWI CYIIECTBEHHO MEHSIETCS B TEUEHUE CHe-
romnaga WA JOXIsI, OCOOCHHO eClTA MPEeIIeCTBOBA IJINTEIbHEIN TTepruos 0e3
ocankoB. Tak, B JOXIEBOI BoJe, OTOOpAHHOI B TEUEHNE TPEXIACOBOTO TOXKIS B
ITutrcoypre (IMeHcuabBaHMS), HAOIIOOAIOCH TTOCTETIEHHOE YMEHBIIIEHHE COep-
kaHusa MHorux komrnoHeHTos (Cl, SO,4, B, Na, K, Ca, N) no Mepe BbIMbIBaHUS
nx u3 atMocdepsnl [4]. CHer I aHanM3a cieayeT OTOMpPaTh HEIMOCPEeICTBEHHO
TocJie CHeromnaaa, MoCKOJIbKY XMMHWUECKHI COCTAB BHITIABIIETO CHEra CYyIIecT-
BEHHO MeHsIeTCs co BpeMeHeM. MimmKkaBa ¢ coaBTopamu [5] mccienoBaiu co-
nepxanue 'Be B cHere u Bosayxe. [Toka3aHo, 4TO yepe3 TpU yaca IocJie Hayajaa
cHeromaza coiepxkaHue ’Be B BbIIAZaOLIEM CHETe CHIKAJIOCH OOJEE YeM
B 3 paza. Conepxanue 'Be B BO31yXe TaKKe YMEHbLIAIOC.

OTO0p TPoO CYXMX BBIMAIECHHMI CYIIECTBEHHO ClIoXHee. I oToi menu
MPUMEHSTIOT Pa3INYHbIE KIOBETHI C TTOPOIIIKOOOPAa3HBIMU COPOSHTAMM WV TKaHb
C Pa3BUTOI MOBEPXHOCTHIO, KOTOPas yIePKUBAET BHIMAMAIOIINE YaCTHIIBI.

9.5. ITPUPOJHAA BOJA

IIpoGooTOOp ¢ BOAHOI ITOBEPXHOCTH, KaK IPaBUJIO, HE MPEACTaBISET
CJIOXHOM 3agauun. B 3aBUCUMOCTH OT TpeOyeMoro oobeMa MOTYT ObITh MpUMe-
HEHBI pa3IMIHBIC YCTPOMCTBA, HAIIPUMep OBITOBEIE TIOTpYXKaeMble HaCcOCHI. JLrst
0oTOOpa MPOO 1O XOMy CyTHa MOXHO HMCIIOJIb30BaTh OOPTOBYIO MOKAPHYIO CHC-
temy. IIpoObl BoAbl C 3aJaHHOW TIJIyOMHBI OTOMpalT OaroMeTpaMu —
YCTPOMCTBAMU Pa3IMIHOTO 00BbeMa, OOECIICUMBAIONINX TePMETUYHOE 3aKphI-
BaHWe Ha 3aJaHHOI TyonHe. [1poObl TPUAOHHON BOIBI MOKHO TIOJYYUTH TIPU
0TOOpE TOHHBIX OCAJKOB C MOMOILBIO Pa3IMUHBIX TPYOOK (cM. pas3d. 9.7). [Tpu
HEeoOXOIMMOCTH BOMY IIPOITYCKAIOT Yepe3 MeMOpaHHBIN (YITBTP TS OTACTICHUS
B3BEIIICHHOTO BelllecTBa. BomHbIe TTPOOBI 0OBIYHO KOHCEPBUPYIOT T0OABICHN-
€M COJITHOM KUCIOTHI 10 pH 1 1 XpaHSIT B MIACTUKOBBIX €MKOCTSIX.

s ompeneeHns MHOTHX PamdOHYKIIWAOB B TIPMPOTHBIX BOAAX ITPOBOIST
MpeaBapUTEIbHOE KOHIIEHTPUPOBAHUE COOCAKIEHHEM, HATIPUMED C TMIPOKCUIOM
Kese3a Wiv IMOKCUIOM MapraHua. Tak, mjisl onpenesieHus TUTyTOHUST OTOMpPaloT
npo0ObI GOJILILIOrO 00beMa, Kak npasuio, He MeHee 200 autpos. 20Sr KoHLEHTPU-
PYIOT, coocaxnasl ¢ KapOoHaTaMu WKW OKCaJaTaMU KaJbLIMsl.

Jna 137Cs, 234Th 1 HEKOTOPBIX APYTUX PAAUOHYKIUIOB IPUMEHSIOT COpo-
HOHHOE KOHIeHTpupoBanue. Tak, 1e3uit 3pheKTUBHO MOIJIOLIAETCsI COPOCH-
TaMM Ha OCHOBE JBOWHBIX (heppOLMaHUIOB KalIusl U TMEPEXOIHBIX METaIIOB
(Fe, Cu, Ti, Zr u np.). 1151 KOHUEHTPUPOBAHUSI TOPUST UCTIOIB3YIOT COPOCSHTHI
Ha OCHOBE OWOKCHIA MapraHia [6].

benutec-HenbcoH u Broccenep npeiioxXuan MeTo onpeneaeHus: KOCMo-
reHHbIX u3oTonoB docdopa (32P, 33P) B noxnesoit u Mopckoit Boze [7]. TTo-
CKOJIbKY cozepxaHue 32P, 33P B Mopckoii Boje KpaiiHe HU3KOe (COTbIE OJIU
OekKepessi B KyOMYECKOM MeTpe), MPUXOIUJIOCh KOHUEHTPUPOBaTh (ochop
13 0OJBIINX 00BeMOB Bobl (4—6 M3). g ussiaeyeHus gocdopa MpUMEHUIHA
MTOJIMIIPOITMJIEHOBBIE (MIIBTPHI, comepxkainue n0 30% 1o macce TUAPOKCHUIA
xkenesza(Ill).
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CreneHb U3BJICUEHMST PAIMOHYKIUAA TTPU COPOLIMOHHOM KOHIUEHTPUPOBa-
HUU ONpEenessioT, yCTaHABAMBAs MOCIEeI0BaTEIbHO 1Ba COPOUPYIOIIUX KapT-
pumxka. IIpeamnoinaras, yro oba KapTpuaKa UMEIOT OAMHAKOBbIE COPOLIMOHHBIE
CBOMCTBA, BBIXOJ JIETKO OIMPEAETUTb MO COOTHOILIEHUIO aKTUBHOCTHU OTpeaes-
€MOro PaaMOHYKIMIA B ABYX KapTpuaxkax. Takum oOpa3oM ymaeTcsl orpeie-
JIUTh XUMUYECKUI BBIXOM, HE BBOISI METKY.

B 1a651. 9.2 npuBeneH psia mpuMepoB ompeaeaeHs TPUPOIHBIX U UCKYCCT-
BEHHBIX PAIMOHYKJIMIOB B MPHUPOIHBIX BOJAX.

9.6. B3BBEHIEHHOE 1 KOJVIONJHOE BEIIIECTBO

Kaxk npaBwuiio, B3BELIEHHOE U KOJJIOWIHOE BELIECTBO OTOMPAIOT MYyTEM
MpOIycKaHusl Boabl yepe3 (puabTphl. Yauie Bcero mpuMeHsIIoT MeMOpaHHbIE
GunpTpHEl M3 MOJMMEPHBIX MaTepuanoB. PUILTPOBAHKME IIPOBOMAT, CO3IaBast
nepenaj JaBjJeHUs MO 00e CTOPOHBI buabTpa. sl yBeIuYeHUs MTPOU3BOAM -
TEJbHOCTU YCTAaHOBKM MCIIOJIB3YIOT MapajuiefibHble (UIbTPYIOLINE 3JIEMEHTHI.
Tak, B ¢pUABTPOBATBHBIX YCTAHOBKAX, IIIMPOKO MPUMEHSIEMbIX B MOHUTOPUHIE
PaIUOHYKJIMAOB B MPUPOAHBIX BOAAX, UCMOAB3YIOT P NMapaliedbHbIX (hUIb-
TpoB AuaMeTpoM 142 Mm. Takue cucTteMbl MO3BOJSIOT MPODUILTPOBATH OOJIee
KyOMYeCcKOro MeTpa MOPCKOI BoAbl 0e3 3aMeHbl (puabTpoB. JlaHHBIN cOCO0
0TOOpa B3BECU MMEET PNl HEAOCTATKOB. BO-MEPBBIX, OTHOCUTENIBLHO HU3Kas
TPOU3BOAUTENBHOCTh (PUIIBTPYIOLIUX CUCTEM, BO-BTOPBIX, B3BEIIEHHOE BEllle-
CTBO HEJIb3sl CHSITh C (PUIIBTPaA, UTO IeJaeT HEBO3MOXKHBIMU HEKOTOPBIC BUIbI
aHaJu3a, B YACTHOCTU TpaHyJOMeTpuyecKuii aHaau3. OT 9TUX HEIOCTAaTKOB
CBOOOIHBI CUCTEMbI TAHTCHUMAIbHON (PUABTPALIMM, B KOTOPBIX (hUIBTpyeMast
Bola pasaessercsd Ha aBe (hpakuuu,
OlHa W3 KOTOPBIX OOoOraileHa B3Be- MOBEPXHOCTb
IIIEHHBIM BEILIECTBOM. @

i1 mpsiMoro onpeneaeHus: BepTh-

KaJIbHBIX TIOTOKOB B3BELLIEHHOTO BELIE-

CTBa HCIOJIb3YIOT CEIMMEHTALIMOHHbBIE

JIOBYIIKM. JIOByllIKa mpeacTaBiseT co-

00Jf KOHMYECKMIA COCY/I, B HIDKHEH Jac-

TA KOTOPOTO PAacIlOJOXeHa €MKOCTh

JU1s coopa ocanka. g ucciemoBaHus

CE30HHOM  M3MEHYMBOCTU  MOTOKOB E
MNPUMEHSIOT JIOBYLIKM C aBTOMaTuye-
CKOIl cMeHol npueMHMKOB. IIpu omy-
CKaHUU JIOBYLLIKA MPUEMHUKU
3aIOJIHSIOT COJIEBBIM PACTBOPOM C BbI-
COKOM TUIOTHOCTBIO, B KOTOPBIA 100aB- 2 AHo
NS0T - OpMATMH WM - CyleMy  Juls Puc. 9.1. CxeMa nocTaHOBKU CETMMEHTA-
bukcanmy GUONTOTMYECKOTO MATEPHA- |1yonmoif noBymku: 1 — Gyit, 2 — Tpy3,
Ja. CxeMa NMOCTaHOBKM JIOBYLIKM TIOKA- 3 — koHu4ecKHuii cocyn 1uist coopa B3BecH,
3aHa Ha puc. 9.1. 4 — pa3sMbIKaTenb
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9.7. JOHHBIE OTJTOXEHUA

JIOHHBIE OTJIIOXKEHMS YacTO CIIy’KaT MCTOYHMKOM WH(GOPMAILIUA O XPOHOJIO-
WU TIOCTYTUTCHUSI TEXHOTEHHBIX PATNOHYKITUIOB M IIPOUYMX 3aTPSI3HUTENCH (TsoKe-
JIBIX METAJUIOB, XJIOPOPTAaHWMUECKNX coeqnHeHmit). Kak mpaBmito, TOMIIMHA CITOS,
BBITIABIIIETO 3a TOCJIEAHEE CTOJIETHE B O03epaX M B MPUOPEKHBIX 30HAX MOpPEH,
He TIpeBBIIIacT HECKOJIBKHX ECITKOB CAHTUMETPOB, a B OTKPBITOM OKeaHe —
CYILIECTBEHHO MeHbIe. [ aHanmm3a HeoOXOOMMO OTOOpaTh HEHAPYIIEHHYIO
Mpo0y BEPXHETO CJI0ST 0camKoB. JIJIsT TaKMX 1ejieil MpUMEeHSIOT TPYOKHM Pa3imIHOM
KOHCTpYKIMK. OTOOpaHHYIO KOJIOHKY pa3pe3aloT Ha TOPU3OHTHI TOJIIIMHOMN
0,2—2 cM, 3aTeM KaxXIbIil TaKOM CITOI aHATM3UPYIOT OTACTBLHO U TTOJTyIaloT BEPTH-
KaJIBHBIN TIPOIMIIh KOHIEHTPAIIUN 3arpsa3HuTelsd. [1poBomst JaTHPOBKY OTIIOXE-
Huii, Hanpumep 1o HepaBHoBecHOMy 210Pb mmm 137Cs, MOXHO BOCCTaHOBWTH
KapTUHY 3aTPS3HEHUST OKPYKAIOIIei cpefbl B TeX pailioHaX, Ie PeTyJIIpHBINA MO-
HUTOPWHT He TpoBomwics. Kak mpaBuino, Ijisl BBITTOJTHEHUS PaaAUOHYKIMIHOTO
a"amm3a (210Pb, 137Cs, U30TOIBI TUTYTOHUS) HEOOXOANMO HECKOJIBKO TPAMMOB CY-
xoro BenecTBa. KpaeBbie a((eKThI IIpu 0TOOpE MPOo0 1 KMU3HEACSATETLHOCTh OSH-
TOCHBIX OPTaHM3MOB TIPUBOAST K BEPTUKATHLHOMY IepeMEIINMBAHUIO TOHHBIX
0CaIKOB, MCKaxkasl MHTEePIIPETAIINIO Pe3yJIETATOB aHaJIn3a.

B cnydae peuHBIX OTJIOKEHMIA TaKylO 3amady PeIlNThb CIOXKHEE, ITOCKOIBbKY
€XeTOIHbBIe TTOJIOBOIbS M PabOTHI TI0 YIIIyOJIeHUIO hapBaTepa TIPUBOIST K TOMY,
YTO OCHOBHBIC pPyKaBa PEeKW HEMPUTOTHEI UISI 0TOOpa 1mpob. OpuUruHaiIbHOE pe-
menue npemnoxeHo CeityicoMm ¢ coaBropamu [13] mipu ucciaenoBaHUM XPOHOJIO-
MU TOCTYIUIEHUsI PaAMOHYKJIMIOB ¢ BomaMu peku OOb. Bo Bpemsi MoJjoBObs
IIMPUHA 3aTOIISIEMOTO yJacTKa B AeiibTe OO JOXOMUT B HEKOTOPBIX MECTaxX JI0
20 kM. B 3artormsieMoit 9acTy HaXOIATCS COTHM MEJTKOBOTHBIX 03ep TTyOMHOM
1—10 M, KOTOpBIE YaCTO COSTUHSIOTCS C peKoil. ExkeromHo Bo BpeMsI ITaBoIKa po-
HWCXOOUT 3aTOTUICHUE 3THX yYYaCTKOB M CO3MAIOTCS YCIOBHS IS CEAMMEHTALINM
B3BEILICHHOTO BEIIIECTBA, BHIHOCIMOTO C PEUHBIMHU BogaMi. OTHOCUTETBHAS M30-
JIMPOBAHHOCTB TAKMX 03¢ TTO3BOJISIET MCCIIEMOBATD ITPOLIECCH OCATKOHAKOTUICHUSI.

Pa3pe3atoT KoJIOHKM Ha CJIOM HeTIOCPeICTBEHHO TTocie otoopa. B Tom ciry-
yae, ecli Ha OOPTy 3TO caeaaTh HEBO3MOXKHO, KOJOHKHU XpaHST B 3aMOPOXKEH-
HoM Buze. [IpenrmouruTeIbHO MCTIOMB30BaTh YCTPONCTBA ¢ OOJIBIIICH TUTOIIAIbIO
Mpo0Oo0TOOPA, TTOCKOIBKY JUTS OMpPEAeIeHNST MHOTUX paTMOHYKIMIOB HEOOXOmI-
MbI IOCTaTOUYHO OO0JIbILIME TTPOOBI (10 JECSTKOB IpaMMOB CyXoil Macchl). OnHaKo,
yeM OoJIbliIe TIJI0LIAAb IIPo000TOOpa, TeM OOJBIIYI0O MAcCy UMEET IPO000TOOP-
HUK. CyllecTBYIOT MPOOOOTOOPHUKM, MO3BOJISIIONIME OTOMPATh HECKOJIbKO
KOJIOHOK OJTHOBPEMEHHO (MYJILTUKOPEPHI).

Korma mnenbio aHaamsa sBJIsIETCS OLIEHKA OOIIETO COomepXKaHUs paaTuoOHyK-
A B ocafke, MPEAITOYTUTEIbHO MTPUMEHSITh THOUYEepTaTeIn, NMEIOIINe CY-
LIECTBEHHO OGJIbIIYIO TIIOLIAAb pobooToopa. OCHOBHOI HETOCTAaTOK JTHOYEP-
marejeil — YacTUYHas IOTepsT BEPXHETO TOHKOIMCIIEPCHOTO CIIOS OcCaaKa
BCJIEICTBME MIPOMBIBaHUSI MPU MoabeMe npodooToopHuKa. Ha puc. 9.2. npuse-
JIEHO CpaBHEHUE TTPOO JOHHBIX 0CAIKOB, OTOOPAaHHBIX MaJIOM TPyOKOM M ITHO-
yepraTesieM (pe3yJIbTaThl MOJYyIeHBl aBTOPAMM).
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Puc. 9.2. BeprukansHoe pacrpeneieHne 37Cs B KOTOHKaX JOHHBIX OCAIKOB, OTOOpaH-
HBIX B OJIHOI TOYKE pa3IMYHBIMU MTPOOOOTOOPHBIMM YCTPOMCTBAMU: a — TpyOkoit Heii-
Mucro, 6 — mHouepnarenem. (bemoe mope, 65°57' ¢. 1. 35°53,5" B. 1., rryouHa 290 m)

9.8. JIbJIbI

I1poOsl 1baa oToupaltoT myTeM OypeHus. OcoOyro mpodaeMy IpeaCTaBIsIeT
HCCIeIOBAaHNE MOPCKOIO JIbJa BBUIY BBICOKOM CTENEHW TeTePOreHHOCTH.
TBepaast aza MOPCKOTO JIbIa TPOIMMTAHA PACCOJIOM, JIed MOXKET COIepXKaTh
3HAUYUTEIbHbIE KOJMUECTBA B3BEIIEHHOTO BEILECTBA, MY3bIPhKU T'a30B, IJIAHK-
TOHHBIE OpraHu3Mbl. [loaToMy mpu orbope mpod, OCOOEHHO B TeX CIIydasix,
KOTa CTpeMTCS aHATM3UPOBATh Jied TIOCIIOWHO, TIPOMCXOAUT HEN30eXKHOe Ha-
pylIieHre CTPYKTYPHI JIbJa M YACTUUYHOE BHITEKAHME PAcCoja, YTO MOXET MpU-
BECTU K CYIIECTBEHHBIM MCKAXEHUSIM IEPBOHAYAILHOIO PACIIPEICICHUST KOM-
TTOHEHTOB B TOJIIIE JIH/A.

9.9. IIOYBA

OT160p Mpo0d MOYBLI 151 ONPEACACHUS PAAUOHYKINI0B MOXKET BbIIIOIHSITh-
Cs C pa3INYHOM 11eJ1bI0. B 3aBUCMMOCTH OT IMyTH MOCTYIUICHUSI PAIOHYKINIOB
(riobanbHbIe aTMOC(hEpPHbIE BhIIIAASHUS WIN JIOKAIbHBINA aBapUHBINA BHIOPOC)
ompenensieTcsa TpedyemMasi riryouHa nmpooooroopa. Ilpu uccienoBaHUM OBEPX-
HOCTHOTO 3arpsI3HeHUsI TEXHOTEHHBIMU PAaMOHYKIUIAMHM ONTUMAJIBHON clie-
JyeT cuuTaTh ryouHy, comepxkaiinyto 90—95% aHanu3upyeMoro KOMIOHEHTA.
st Toro 4TroObl OLIEHUTh IIYOMHY NPOHUKHOBEHHUSI, HEOOXOAMMO BHayaje
MpPOBECTU M30BITOYHKLIN ITpo0ooTOop. Tak, mpu oTOOpe Mpod MOYB HA CTPOH-
1uii-90, mocTymnamuuii ¢ r100aJlbHBIMU BbINAaAeHUSIMU, HEOOX0AUMAas IIIyOu-
Ha penko mnpesbiiiaeT 30 cM. B Tom ciyyae, Korma IpoBOAUTCS aHAIU3 ITOYBBI
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C LIEJIbIO OTPENeIUTh aBapritHOE 3arpsi3HeHUe, KaK MPaBUIo, TOCTATOYHO OTO-
OpaTh BepxHHUE 5 cM, BKJIIOUasl paCTUTEJILHOCTD [14].

Jlnst aHanmu3a ciieayeT oToopaTh HeHapylleHHBIN ¢loit mouBkl. Ilepemern-
BaTh IOYBY MOTYT I'PBI3YHBI U 4epBU. MecTo oTOOpa MpoObl HE TOJKHO HaXo-
IUTCS Ha CKJIOHE, B HM3MHE WM Ha 3aTalulMBaeMoM ydyacTke. BOmm3u He
JOJKHO OBITh 3MaHUI U NEePeBbEB, KOTOPbIE MOTJIM OBl 3allIMIIATh MECTO TPO-
06ooTOO0pa oT goxasa. Hanmuuue aepeBbeB BhI3bIBAET HEPABHOMEPHOCTU B pac-
TpefiesIeHn BbIMANEeHUI MO MOBEPXHOCTU MOYBLI. PasHOOOpasue TUIOB MOYB
U YCJIOBUM IpoO0o0oTOOpa MPUBOAUT K OOJIBIIOMY pasdpocy coaepxkKaHUil pa-
TVOHYKJIMIOB B rouBe. [1oaTomMy Npu HccenoBaHUM PaaOaKTUBHOCTHU TTOYBbI
HET BO3MOXHOCTM TMPOCTEIUTh He3HAUUTEIbHbIe BPEMEHHbIE U3MEHEHUS aT-
MOC(epHBbIX MOTOKOB PAAMOHYKIMAOB. [JIs1 3TOl LA NpearnouyTUTeIbHO UC-
CJemoBaTh HEMOCPEACTBEHHO aTMOC(epHbIe BbIMAACHUS.

Ilepen npoBeaeHUEeM BCKPBITUS IPOO MOYB, JOHHBIX OCAAKOB 1 OMOJIOTU -
YeCKHX MaTepuasoB yallle BCEro MpPOBOIST MX 030JeHME ISl yaaJeHus opra-
HUYECKO cocTaBisomeit. s MHOrMX paavoOHYKIMAOB, OOpa3ymoIInMx
TPYAHOPACTBOPUMBIE OKCHIbI, TEMIIepaTypa 030JCHUS BIMSIET HA TTOJHOTY Tie-
pexona B pacTBOp Npu BCKpbiTuu [15]. Hampumep, oOpazoBaHue TpyaHOpacT-
BOopuMoOro auoxkcuna riyronusa (PuO,) mpoucxoauT mpu TemIeparype Bbllle
500 °C, yTo BAMSIET HA MOJHOTY M3BJEUEHMST TIpU BCKpbITUM [15] (Tadn. 9.3).
PexomMenaytoT npoBoauth o3oneHue npu 400 °C.

ITockoabKy MCKYCCTBEHHBIE PAAMOHYKJIMIbI Yallle BCErO He BXOMSIT B CO-
CTaB KPUCTANIMYECKON pEeIIeTKM KOMITOHEHTOB TIOYB, TPYHTOB W JOHHBIX
0CaJIKOB, TO JUISI UX KOJMUYECTBEHHOTO BbIIEIEHUSI I0CTaTOYHA 00pabOTKa KOH-
LEHTPUPOBAHHOI a30THOM KMCJIOTOM MM LapcKoit Boakoi [17]. Mcronb3oBa-
HUe (HTOPOBOAOPOMHON KHMCIOTHI OOBIYHO He TpeOyercst [18], Kpome Tex
cy4yaeB, Korma B Ipo0e MPUCYTCTBYIOT «ropsiure» yacTuipl. B ta6i. 9.4. npu-
BelIeHbl JaHHbIE MO YAEJbHOW aKTUBHOCTU TIJIYyTOHMSI B MOYBAX, COIEpIKalUX
«TOpsiYre» YacTUIbl YepPHOOBLTBCKOTO TTPOUCXOXKAEHUSI, KOTOPbIe ObLIU TOJY-
YEHBI C UCIOJIb30BAHUEM Pa3IMYHBIX METOJI0B BCKPBITUS [19].

Tabauya 9.3
Biusinue TeMmepaTypbl 030J€eHHS NPOObI HA MOJHOTY M3BJICYEHHUS ILTyTOHHUS
NPH BCKPLITHH NPod mous [15]

CreneHb U3BJIEYEHUS
Croco0 BCKpbITUSL | BpeMsl BCKPHITUS, U | IUTyTOHUS B KUCIIYIO
BBITSIKKY, %

Temmepatypa
o3oseHnus, °C

110 HCl — HNO, 2,5 94
700 HCl — HNO, 2,5 57
1000 HCI — HNO;, 2,5 17
1000 HNO,; — 5% HF 2 59
1000 HF ynapuBanue 1 54

1000 HF — 8 M HNO, 16 63
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Tabauya 9.4
Pe3yabTaThl onpeaesieHus: IUIyTOHUS B TMOYBE, COJEPXKAIIEH «ropsyne» YaCTHUIbI,
MOJIy4eHHbIE C MCIOJb30BAHHEM PA3JIMYHBIX METOJ0B BCKPbITHSA Mpod [19]

CpenHsist aKTUBHOCTD

Cnocob BCKphITUA 239240Py MPBK /1
OOpaboTKa KOHII. a30THOM KMCJIOTOM, 2 U 18,0 £ 2,4
O6paboTKa KOHII. a30THOM KUCIOTOM, 6 4 17,8 + 3,1
IMTonHoe BckpbiTHE ¢ KOHL. HF 25,4 + 7.4

OOpaboTKa KOHII. a30THOI KMCJIOTOM ¢ mocienytomum | 25,3 £ 4,3
CIUIABJIEHUEM

Bo3MoxkHO MCIIONIb30BaHUE CILIABICHUS UISI BCKPBITUS po0. [1pemioxkeH
OTHOCHTEJILHO IIPOCTOM CIOCOO CIUIABJCHUS C TUAPOCYJIb(MaToM aMMOHMS,
BckpbITUEe 1—3 r mpoOsl 3aHuMaeT 15—20 munyt [20].

9.10. BUOTA

TexHuka npodooTOOpa OMOJOrMYECKUX OOBEKTOB Ype3BbIUaiiHO Pa3HOO0-
pa3Ha 1 OINMcaHue ee BIXOAUT 3a paMKU JaHHOU KHuUrK. [lepes BbIoJHeHUEM
aHaju3a, Kak MpaBWIoO, MPOObl BHICYLIMBAIOT U 030Js110T. BhicyliBaHue o0-
pasuoB nposoasat npu 105 °C, ozonenue npu temiieparype 1o 400 °C. Ciaenyer
MOBBILLIATh TEMIIEpaTypy IUIAaBHO, HE JOIyCKasl BOCILJIAMEHEHMUS Mperapara.
Must mpurotoBieHust 10 T 30J1bI, KaK MPaBUjIo, JOCTATOUHO 1—2 KT BOAOPOCEii,
MU, PHIOBI U T. 1.
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10. METOABbI PASJAEJIEHUA U KOHUEHTPUPOBAHUA

10.1. DKCTPAKII A

OKcTpakuuen (TouHee, XUAKOCTHOM 3KCTpaKiMeil) Ha3bIBaloT METO/ pa3-
JeJIeHUsI U KOHLEHTPUPOBAHUSI, OCHOBAHHBIN Ha paclpele/ieHUd BelllecTBa
MEXIy JByMsI HECMEIIUBAIOIIUMUCS KUAKUMU (pazaMu. DKCTpaKLUUsI — OIUH
M3 CcaMbIX PaclpoOCTPaHEHHbIX METOMOB pa3fejeHUs U KOHLIEHTPUPOBAHMUSI,
MPUMEHSIEMbIX U B IPOMBILIJIEHHOCTH, 1 B JJabopaTopHOil npakTuke. Kak npa-
BUJIO, BKCTPArupyrT MUKPOBJEMEHTbI, OJHAKO B PsiJie CIlydaeB METOJ MpUMe-
HSIIOT JIJ1s1 OTACJICHUST Melllalollero MakKpokoMIoHeHTa. Tak, oTaeneHue xees3a
BKCTpaKIMe AUBTWIOBBIM 3(GUPOM U3 COJSIHOKUCIOW Cpelbl H3BECTHO
¢ XIX B.

3aKOHOMEPHOCTHU 3KCTPAKLIMOHHBIX MPOLIECCOB MPAaKTUUECKU HE 3aBUCST
OT TOTO, HaXOJAUTCSI IKCTPAarupyeMblii 2JIEMEHT B CJAEAOBBIX KOJUUECTBaX WIU
SIBJISIETCSI OCHOBHBIM KOMITOHEHTOM CHCTeMbl. Ecin B cucTeMe MpuCyTCTBYeT
HECKOJIbKO 3JIEMEHTOB, CIIOCOOHBIX AKCTPAarupoBaThCsl, UX SKCTPAKIIUsI TTPOUC-
XOJUT HE3aBUCUMO, KOHEUHO, MPU YCIOBUM, UTO IKCTPATeHT MPUCYTCTBYET B
n30bITKe. TakuM 00pa3oM, SKCTpaKLUS SIBISIETCSI UYpe3BbIUaiiHO YIOOHBIM Me-
TOAOM KOHLEHTPUPOBAHUS PaAMOHYKIUIOB MPU aHAIU3e 00BEKTOB OKpYKato-
1IEH Cpenbl.

JIJ1s1 KOMMYECTBEHHOTO OINMMCAaHUSI TETEPOTeHHOro 3KCTPaKIMOHHOIO paB-
HOBECUSI UCMOJIB3YIOT KOHCTAHTY 3KCTpaKIUu. Tak, 1Isl 3KCTpaKIUU METaJJI0B
B BUJE coJieil caObIX OpraHMYeCcKUX KMUCIOT (HarpuMmep, MpU 3KCTpaKluu
BHYTPUKOMIUIEKCHBIX coeauHenuiil) mo peakuuu:

+nH! (10.1)

n+ _
+nHA(0,g) =MA ()

(aq) n(org)

KOHCTaHTa paBHOBECHUA MMECT BUI.

ex
[M"],,,, [HAT,

](aq)

I BHyTpMKOMIUIEKCHBIE COEIMHEHUS — OTO XeJaTHble KOMILUIEKCHI CO C€Naboii KHUCIOTOI,
BBICTYMAIOLIEH B poju iuranaa. [1py 3aMbIKaHUM XeIaTHBIX LIMKJIOB LIEHTPATbHBIA HOH 3aMellaeT
9KBUBAJIEHTHOE KOJIMYECTBO MPOTOHOB, TaKUM obpazom MoseKkyaa BKC B 1ieoM anekTpoHeiTpa-
JIbHA.
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OpHako Ha TMpakTUKE Yallle UCIOJb3YIOT KOA(pOULIMEHT pachpeneacHust
K}, paBHBIIl OTHOLIECHHIO aHATUTUYECKUX KOHLICHTPALMIi? SKCTPArupyeMoro
BJIEeMEHTa B OpraHUYEeCKOM 1 BOOHOM (hazax:

C
M(org)
KD =—"

CM(aq)

3Hast KO3 PUUMUEHT pacnpeaeseHusl, Jerko paccuuTaTb CTereHb U3BJIeUeHUSs
(R, %) sKcTparnpyeMoro KOMIIOHEHTa B OpTaHUYeCKyIo dasy:

K

R=—"2__ .100%
K Vag
D+V

org

KoadduimeHt pacnpeneneHus: 3aBUCUT OT COCTaBa 3KCTPAKLUMOHHON CUCTe-
MbI, HalIpUMeEpP OT KUCIOTHOCTU BOAHOM (ha3bl U HAIMYMS B HEll MOHOB, BCTY-
MalolKX B KOHKYPUPYIOLIME PeaKkluy ¢ SKCTParupyeMblM KOMITIOHEHTOM. JLJist
3(pHEeKTUBHOIrO 3KCTPAKLIMOHHOIO pas3iesieHus ABYX dJeMeHTOB M| u M, He-
00X0aMMO OJHOBPEMEHHOE BBIMOJIHEHME CIACAYIOLIMX yCaoBUiA [1]:

(Kp >>Kp,
LKm K p, =1

MoXHO MpearnoyioXuTh, YTO B HEKOoTopoit obactu pH B BonHOI haze aK-
CTpaTMPyEeMBII 3JIEMEHT IIPUCYTCTBYET IIPEUMYILIECTBEHHO B BUIe MOHOB M/,
a B opraHm4eckoi — B BuIe KoMruiekca ML, Toraa s cucTeMsbl, OnuUchIBae-
moit ypaBHeHUeM peakiuu (10.1), koaddulimeHT pacrpeaeaeHuss U KOHCTaHTa
SKCTPaKIMU CBSI3aHbI MPOCTHIM COOTHOLIEHUEM:

(H™ ¥y
“ U HAL,,
WK B jjorapudmuyeckoit hopme:
lgK, =1gK,, +npH +n lg[HA]o,g
Takum 00pa3oM, TIPU BEITTOJTHEHUN MCXOMTHBIX MPEIITOI0XEHUN 3aBUCH-

MocThb IgK), ot pH 3amaeTcsa npsMoii ¢ HAKJIIOHOM, PaBHBIM #. JIpyruMu ciioBa-
My, ysenmyeHue pH Ha enmuuuy Bbi3biBaeT yBenudeHue K, B 10 pas s

2 AHanutuyecKas KOHLEHTpaLUs — o6L1as KOHLEHTPALMs 3J€MEHTA, HE3ABUCUMO OT €ro (pusm-
KO-XUMUYECKON (HhOPMBI.
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omHo3apsiaHoro, B 100 pa3 mist aByx3apsinHoro u B 1000 pa3 ayist Tpex3apsiiHOro
katroHa. [TogpoOHO 3aKOHOMEPHOCTH SKCTPAKIIMM BHYTPUKOMIUIEKCHBIX COS-
HEHUi1 paccMOTpeHbl B MOHOrpaduu 3oj0ToBa [2].

DKCTpaKIIMOHHbIE CUCTEMbI Ype3BbluailHO pazHoobOpa3Hbl. Knaccubuuu-
pPOBaTh MX MOXKHO MO KMCJIOTHO-OCHOBHBIM CBOMCTBaM 3KCTpareHTa, Mo TUITY
9KCTParupyeMoro COeIMHEHUs] UM MO MeXaHM3My 3KcTpakuuu. Huke pac-
CMaTpHUBAIOTCSI HEKOTOPbIE TUIMMYHBIE CAydyau, MPeaCcTaBsSIoONIMe UHTEpEeC MPU
oInpeneeHUU PaIlOHYKIUIOB B OOBEKTaX OKPYKaloUIeh Cpebl.

Kak npaBuio, MeTaibl epexoasT B OpraHuyecKylo (azy B BUIe KOOpau-
HAUMOHHBIX coeAuHeHU. COCOOHOCTh KOMILIEKCOB K OKCTPaKIMU OMpese-
JIIeTCsl MX YCTOMUYMBOCTBIO M CPOJACTBOM K OPraHMYeCKOMY PacTBOPHUTEIO.
YCTOUMBOCTh KOMIUIEKCHBIX COCAMHEHUI JIerKo IpeacKasaTh € IMOMOUIbIO
KOHIIETILIMU XEeCTKUX U MITKMX KMCJIOT U OCHOBaHUM. 2KecTkre KaTUOHbI 00-
pPa3yloT YCTOMUYMBBIE KOMIUIEKChI C JUTaHAAMU, KOOPAUHUPYIOLIMMUCS Yyepe3
aToMbl Kucaopoja. Tak, MOHbl aKTUHUAOB 00pa3yloT YCTOMUMBBIE KOMILIEKChI
¢ B-muKeToHaMU (IMOCH30MIMETaHOM, TEHOMITPUQPTOPAIIETOHOM, alleTHII-
ameToHoM), ¢ocdaramu (tpubytuindocdarom (ThD)), dochuHOKCHIAMU
(Tpu-u-okTmidochuHokcuaoM (TODO)). Msarkme KaTHOHBI, OOpa3yrolne
YCTOMUMBEIE TPYIHOPACTBOPUMBIE CYJIb(GUIBI, TTPOYHO CBA3BIBAIOTCS C JIUTAH-
Jamu yepe3 atoMbl cepbl. Hanmpumep, Pb, Bi, Po, Cu, Ag, Hg oGpa3yoT npou-
HBbIe KOMITJIEKCHI ¢ TUTU30HOM M ITUTHOKapOamMaTaMU.

10.1.1. BKCTPAKITAA HECOJbBATUPOBAHHBIX HEMTPAJIbHBIX COEAUHEHNI

PacTBOpMMOCTbL MHOTHX COESAWHEHWI B HETONSIPHBIX PACTBOPHUTENSX CYy-
IIECTBEHHO BHIIIIe, YeM B Boje. Takue BellecTBa CITOCOOHBI MEPEXOIUTh U3 BOJI-
HOIi (ha3bl B OpraHm4IecKyto. MoJIeKyIbl pacCTBOPUTEITS TIPU 3TOM He MPUHUMAIOT
HETIOCPEICTBEHHOIO yJacThs B OOpa30BaHUM DKCTPArMpyeMOro KOMILIEKCa,
TO3TOMY TIPMPOAA PACTBOPHUTENS Cephe3HOro 3HaYeHMsT He mMmeeT. Ilpocteii-
LM TIPUMEPOM MOXET CITY>KUTh SKCTPAKIIMST TaJOTeHOB HEIOJISIPHBIMU pac-
TBOPUTEIISIMU.

10.1.2. BKCTPAKIIMA BHYTPUKOMILUIEKCHBIX COETMHEHU

MHorue BHYTPUKOMIUIEKCHBIE COeNMHEHUsT TUIPODOOHBI, TTOATOMY JIETKO
AKCTPArupyroTCcsl MaJOMNOJSIPHBIMUA OPraHUYECKUMU pacTBOpUTeIsIMU. Eciu
LIEHTPAJIbHBI aTOM BO BHYTPUKOMILJIEKCHOM COEIMHEHUM KOOPAMHAIIMOHHO
HEeHaCBIIEHHBIN, CBOOOIHBIE MeCTa MOTYT 3aHMMAaTb MOJIEKY/bl BOABI, TEM Ca-
MBIM TIPETSITCTBYS 9KCTPAKLIMK KOMILIeKca. B Takom ciydae Jydlie UCroib30BaTh
JOHOPHBINI OPraHUYECKUi PACTBOPUTENb WM BBECTM B CHUCTEMY IOMOJIHM-
TeJbHBIN Jurana, HanpuMmep Th®, cocoOHBI BLITECHUTb MOJIEKYJIBI BOAbI U3
komruiekca [1]. Taxk, NpO; HE 3KCTparupyercsi 06 H30JIbHBIM PaCTBOPOM TEHOMJI-
tpudropanerona (HTTA), mockoabKy 00pa3yeT KOOpAMHALIMOHHO-HEHACHIILIEH-
HBIIf KOMILIEKC, HO ycIlellHO u3Biekaercss pactBopoM HTTA B u300yTHIIOBOM
criupte unu nukiorekcanone (pH 7—9, 0,01 M HTTA) [2]. Hentynuit(IV) u
mnyToHui(1V) kKonuuectBeHHO sKcTparupytorcst u3 0,5—1,0 M a30THOIl unu
constHoi kuciotel 0,5 M pactBopom HTTA B HEMmoJSIpHBIX paCTBOPUTEISIX.
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JAwutnsoH (qudeHunTrnokapo6a3oH) a(ppeKTUBHO MPUMEHSIOT B aHATUTHYE-
ckoit rpakTuke ¢ 20-X IT. Ipo1UIoro Beka. JIuTu3oH oopa3yeT JIeTKO d9KCTparu-
pyeMble HETMOJISIPHBIMU PACTBOPUTEISIMU KOMILUIEKCHI C 1IEJIbIM PSIIOM KaTUOHOB:
Ag(l), Hg(L,1I), Pd(II), Pt(II), Au(I,11I), Po, Cu(l,II), Bi(I1I), In(I1T), Sn(II),
Zn(1I), Cd(II), Co(Il), Pb(Il), Ni(II), Fe(Il), Mn(II), TI(I) [3]. HauGonee
YCTOWYMBBIE KOMIUIEKCHI O0pa3yloT MSTKWE KaTUOHBI. Paznuuuve auana3oHOB
pH, B KOTOpPBIX 3KCTParupyoTcsl pa3iduuHbIE DJIEMEHTHI, TTO3BOJISIET BO MHOTHX
clIydasix OCYIIECTBUTh 3(ppeKTuBHOE pasaeiieHue. JJomoJIHUTEIbHbIE BO3MOXK-
HOCTHM OTKPBIBAIOTCS MPU UCIOJb30BAHUM MACKUPYIOIIMX peareHToB. Tak, u3-
BJIEUEHUE U3 LMAHUIHO-TAPTPATHBIX WM LMAHUIHO-LIMTPATHBIX PaCTBOPOB
JTUTU30HOM — OJIMH M3 CaMbIX CEJIEKTUBHBIX CIIOCOOOB BBIIEIEHUS CBUHIIA U3
MHOTOKOMITOHEHTHBIX cMmeceli [4]. OCHOBHBbIE HENOCTAaTKW TUTH30HA — €To
Majasi yCTOMYMBOCTh, OCOOEHHO K AEMCTBUIO OKUCIUTENel, U HeOOJIbIash 3K-
CTpPaKIIMOHHAs €MKOCTb; KPOME TOro, NMpu padoTe ¢ HUM HEOOXOAUMO TOUYHO
peryaMpoBaTh KUCJIOTHOCTh BOJHON (pa3bl.

JAUTHU30H MOXET OBbITh YCHEUIHO MPUMEHEH [JIs1 pa3feeHUs MPOAYKTOB
pacnazna pagona — 210Pb, 210Bj y 210Po. [Tononuii o6pasyer Haubosee yCToii-
YUBBI KOMILJIEKC, KOTOPBIN JIeTKO aKcTparupyerca u3 0,5 M constHOit wiun
A30THOM KUCJIOTHI. YTOOBI pa3ieuTh BUCMYT U TIOJIOHUIA, TIPEITOXKEHO UCOJIb-
30BaTh B KAUECTBE IKCTPAreHTa IUTU30HAT MeIM, KOHCTAHTa YCTOMYMBOCTH KOTO-
pOro 3aHMMAaeT MPOMEXYTOUHOE TMOJIOKEHNE MEXIY KOHCTAHTAMU YCTOMYMBOCTH
KOMIUIEKCOB BUCMYTa U MOJOHMS [5]. JlaHHBIE MO 3KCTpaKUMKU METaIOB B
BUJE IUTHU30HATOB MpUBEACHBI B MOHOTpacduu MBaHueBa [3], LeJMKOM ITOCBS-
1IIEHHOW MPUMEHEHUIO JUTU30HA B AHAIMTUUYECKOU MPaKTUKE.

Jutrnokap6amMaTHbIe KOMILIEKChI 00pa3yloT MHOTHE 3JI€MEHThI, 9T KOMII-
JIEKCHI 4acTO 00JagaloT OOJblIell YCTOMYMBOCTBIO B KUCION CpeAe W JIydlleid
PacTBOPMMOCTBIO B OPraHUYECKUX PACTBOPUTENSIX MO CPABHEHUIO C AUTU30HA-
Tamu. JutrnokapbamaTbl KOJUYECTBEHHO 3KCTPArupylOTCsS MHOTMMU MaJlo-
MOJISPHBIMU PACTBOPUTEJISIMMU.

Hcnonb3oBaHuEe peakldid 3aMelleHUs TO3BOJISIET IMOBBICUTh CEJIEKTUB-
HOCTb AUATUIIMTUOKAPOAMAaTOB. DJIEMEHThI, CTOSIIIIME JIEeBee B PSIIy YCTONYM-
BOCTHU, CITOCOOHBI BBITECHSITh OCTAJIbHBIE U3 OpraHnyeckoii ¢asbl. Psa oOmeHa
npu pH 11 (pactBoputens CCly) crenyrouuii [6]:

Heg(11)>Ag(1)>Cu(I1)>Ni(I1)>Bi(I11)>Pb(I1T)>Co(IT)>
STI(D)>Zn(11)>In(IT1)>Sb(I1T)>Fe(I11)>Te(IV)

BMecTo peakcTpaKkIiMym MOXHO MCITOIb30BaTh BBITECHEHNE B BOJHYIO (ha3y dje-
MEHTOM, KOTOpBIiA 00Opa3yeT OoJjiee YCTOMYMBBLIA KOMILIEKC, OOBIYHO 3TO
Cu(II), Ag(I) mam Hg(II).

10.1.3. DKCTPAKIIUA JTOHOPHBIMHU DKCTPATEHTAMM

B xauecTBe 3KCTpareHTOB MOTYT BBICTYIAaThb COSAMHEHUS, NMEIOIINE J0-
HOPHBbIE aTOMbI KUCJIOPOAA UM a30Ta, HAIpUMEp MPOCThIE U CJOXHbIE 3(UPHI,
aMMAbl, KETOHBI, COUPThI, opraHndeckue ¢docdarsl, GoCHUHOKCUABI. DTHU



158 10. MeTo/bl pasjie/icHis: ¥ KOHICHTPUPOBAHHS

BKCTpareHThbl 3(POEKTUBHBI AJIS KECTKUX KaTUOHOB, HanpuMep Fe, Y, akTuHu-
JOB. DKCTpaKIUIO, KaK MPaBUI0, MPOBOAST U3 KUCIIOM cpelabl. MeTalbl 9KCT-
parupyrorcs B Buge komruiekco MX, L, . tne X = NOj, CI™, wm B Buze
KOMIJIEKCHBIX KHUCJIOT. DKCTpaKLUMsT KOMILIEKCHBIX KUCJIOT MPOMCXOAUT I10
TUAPATHO-COJbBATHOMY MEXaHU3MY, T. €. KATUOH MpPeACTaBiIsieT cO00i ruapa-
TUPOBAHHBII MPOTOH, COJbBATUPOBAHHBIN pacTBopuTeaeM [1]. DTOT MexaHU3M
NoIpOOHO HCCIEeNOBaH, B YACTHOCTU JISI SKCTpPaKLUU Kejie3a AUITUIOBBIM
3(UPOM U3 COJISTHOKUCION Cpebl.

B kauecTBe AOHOPHBIX 3KCTPAreHTOB AJISI SKCTPAKIMM aKTUHUAOB B pa3-
JIMYHBIX CTETEHSIX OKUCIICHUSI U3 KUCIBIX PACTBOPOB MPEIJIOXKEHbI TUAMUIBI.
IIpu sxctpakuum Am(IIT), Th(IV), U(VI), Np(V) N,N'-numetun-N,N'-nurex-
CUJI-3-OKCUIIEHTAaHAMAMUAOM U TeHOWJITpudTOpaleToHoM [7] HabOmomancs
CUHEpreTnYecKuii 3 dexT.

AKTUHUIBI B pa3MYHBIX CTEMEHSIX OKUCJIEHUSI MO-pa3HOMY 3KCTparupy-
o1cs TpubyTuiadocdarom. Tak, U3 a30THOKUCIIBIX PACTBOPOB Jierye BCEro K-
crparupyercst Np(VI), xyxxe Np(IV), Np(V) nmpakTuuecku He 3KCTparupyercs.
YeTblpex- U 1IECTUBAJICHTHBIE aKTUHUABI KCTPArupyroTcs, Mo-BUANMOMY, B
BUJE COJTbBATUPOBAHHBIX HEUTPAIbHBIX HUTPATHBIX WU XJIOPUIHBIX KOMILIEK-
coB (Harmpumep, Np(NO;),2TB® i NpO,(NO;),2Tb®). C poctom KOH-
LIEHTPALIMY KUCIOThI KOA(PDULIMEHT pacnipene/eHUsT MPOXOAUT Yepe3 MaKCUMYM
(n1st Np(VI) — 7 M HNO;, 6 M HCI, n1s Np(IV) — 8—9 M HNO;, 9 M HCI).
[Mo-BuauMoMy, cHUXKeHUe KOo3(hGULIMEHTa pacnpeaeeHusi o0yCIOBIeHO 00-
pa3oBaHMEM aHUOHHBIX KOMIUIEKCOB. TpeXxBaJeHTHbIe aKTUHUABI, MOJ0OHO
MATUBAJIEHTHBIM, He 3KcTparupyiorcst ThD.

Tpu-u-oxtundochuHokenn saBigeTcs 3(P@PEKTUBHBIM IKCTPAreHTOM LTS
YeThIpeX- M IIECTUBAJICHTHBIX aKTUHMUIOB. CTereHb M3BJACUEHUS] TUTYTOHMSI
MpU OJHOKPATHOW 3KCTPAKIIUU U3 a30THOKUCIBIX PACTBOPOB COCTABISIET OKO-
70 90% wm He 3aBUCHUT OT KOHIIEHTpPALIMM a30THON KWCJIOTHI B JHMAIa3oHe
3,5—7,5 M. Jlnst oTaesieHUs! TUIyTOHUS OT ypaHa U TOPUsS UCMOJIb3YIOT 3KCTpaK-
oo TODO ¢ mocenyrolieit 00paboOTKOM IKCTpaKTa PaCTBOPOM aCKOPOMHO-
BOll KUCHOTHI. [IIyTOHMIT TTpU 3TOM BOCCTAHABIMBAETCSI 1O TPEXBAJECHTHOIO
COCTOSIHUSI U MIEPEXOAUT B BOAHYIO (asy [8].

B T1abn. 10.1 mpuBeneHsl KO3MPUIIMEHTHI pacrpeneeHus IIpu 3KCTpaK-
LIMM aKTUHUAOB HEKOTOPHIMU JOHOPHBIMU 3KCTPareHTaMMu.

10.1.4. DKCTPAKIISI AMUHAMMU

DKCTpaklMsl aMUHAMU TIPOMCXOAUT, KaK MPaBUjIo, 3a CYET MPOTOHUPOBA-
HUS MOJIEKYJIBI aMMHA ¥ 00pa3oBaHus ruapodOOHOro KOMIUIEKCas, HalpuMep
(R;NH),[MX, ], BO BHYTpeHHIOI0 Chepy KOTOPOro BXOIUT 9KCTparupyemMblii
MeTa/ul. bau3kuMu K aMMHaM M0 MeXaHU3MY ACHCTBUS SIBJSIOTCS YeTBePTHUY-
Hble aMMOHMEBBIE COeAMHEHUsI, cou TeTpadeHuadochoHus u TerpadeHmI-

3 Conu HEKOTOPBIX METAUIOB (HalpUMeEp, CEMEICTBA TUIATUHbI), CIIOCOOHBIX K 0OPa30BaHUIO
MPOYHBIX KOOPAMHALIMOHHBIX CBS3€il C a30TOM, 9KCTPArUPYIOTCS 0 MEXaHU3MY PeaKIIil BHEApe-
HMSI, KOT/Ia aMUH BXOJUT BO BHYTPEHHIOIO cepy KOMIUIEKCa.
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Tabauya 10.1
Koadgdunuentsl pacnpenenenns npu 3KCTpakuun akTuauaos [9, 10]

OpraHuueckast Bopnas ¢daza | Np(III) [Np(IV) [Np(V) |Np(VI) |Pu(1V) | Mcrou-

daza HUK
TB® (19% B ke- |4 M HNO, 3 0,1 11 12 [9]
pOCHHE)

TBD (100%) 8,0 M HNO;, 110 [10]
TB® (100%) 8,27 M HNO, 230 [10]
TBD (100%) 8,7M HNO, 18,2 [10]

Tpunaypunamun |2 M HNO, 0,001 | 35 0,03 1,5 140 [9]
(10% B xcmmorne)
HTTA (0,5 M B 1 M HNO, 1076 104 1074 1073 10* [9]
KCUJIOJIE)

J28I'®K (0,1 M |2 M HNO, 0,01 104 0,1 14 [9]
B YIJIEBOJOPO/IaX)

apcoHus. st MeTajuIoB, SIBJSIIOIIMXCS <«KECTKMMM KUCIOTaMU» (aKTUHUIbI,
naHtaHuasl, Zr, Hf), KoHCTaHTBI 3KCTpaKLIMKY MEHSIIOTCS B CJICAYIOLIEH ITOCIIe-
nosaresibHocTH [11]:

[~ < Br~ < CI~ < NOj; <SOj < F~ < CH;CO0~ < HC,0,

JJ1st «MSITKMX KHUCJIOT», KaK MpaBUJIO, TOPSIA0K OOpaTHBII.

YeTbIpexBaJIeHTHbIE aKTMHUIBI ¢ BHICOKMMM BBIXOJAMM SKCTPArupyloTCs
U3 KUCJIBIX PacTBOPOB aMMHaMU. [Ipy 3KCTpakKiMy MWIIUTPAMMOBBIX KOJH-
yectB Pu(lV) u3 3—8 M azotHoii kuciioTsl 20%-M pacTBOPOM TPU-H-OKTHJIA-
muHa (TOA) B kcuione koadduuneHT pacnpeneieHus mpesbiian 400 [12].
PeskcTpakimio myToHUs yIoOHO MPOBOAUTH, BOCCTAHABIMBAS TTYTOHUI 1O
TpexBajieHTHOro coctosinusl 0,2 M pacTBOpoM acKOpPOMHOBOIM KHUCJIOThI B
0,3 M azortHoii kuciore. [1pu aToM B BogHyio ¢asy nepexoaut 99,9% miyro-
HUS. DPGEeKTUBHBIM PEIKCTPArMPYyIOLIMM areHToM siBjsieTcs Takke 0,5 M yk-
cycHas kucnora. CrnekrpodoToMeTpuyecKue HMCCIeIOBaHUs ITOKa3alu, YTO
mwiyroHuii(IV) HaxoauTcs: B opraHn4yeckoi asze B Toii ke popme, KOTopast siB-
JsieTcs mpeobianaouieit B 12 M azotHoii kuciiore. OTciofa caejiaH BBIBOI, YTO
aMMHBI 5KCTparupylor mayronuii B Buae (R3;NH),Pu(NO;)q [12].

DKCTpaKIMSI YEeThIPEXBAJCHTHIX aKTUHUIOB M3 a30THOM KUCIOTBI 4acTO
MMeeT MaKCMMyM B objactit 4—6 M. [losoxeHne MakCMyMa 3aBUCUT OT TIPH-
poIbl dJIeMeHTa, aMuHa 1 pa3daButelis. KoagulmeHTsl pacnpeaeaeHus npu
BKCTPAKIUM YETHIPEXBAJICHTHBIX aKTMHUIOB M3 HUTPATHBIX M TaJOT€HMIHBIX
CHUCTEM PacTyT ¢ YMEHbIIEHUEM MOHHOTO paauyca B psay:

Th(IV) < U(IV) < Np(IV) < Pu(IV)



160 10. Metoasl pazaeneHnss U KOHICHTPUPOBAHUS

Paznuuus B KoadduiimeHTax pacnpeneaeHus sl pa3HbIX aKTUHUAOB B OTHUX
U TEX XK€ YCIOBUSIX MOTYT ObITh OYeHb BEJIMKU. TakK, TOPUil MpakKTUYECKU HE K-
CTparupyeTcsl U3 XJIOPUAHBIX pacTBOpoB [11].

B MeHbliIeil cTerneHn 9KCTparupyoTcsl U3 a30THOKMCIbIX PACTBOPOB 1ec-
TUBAJCHTHbIE AKTUHUAbI. Tpex- M MSATHBaJEHTHbIE AKTUHUAbI aMUHAMU
MPaKTUYECKH HE DKCTPATUPYIOTCS HU M3 HUTPATHBIX, HU U3 TajoTeHUIHBIX
CHUCTEM.

M3 cepHOKUCBIX PaCTBOPOB YEThIPEXBaJCHTHbIE aKTUHUIbI dKCTparupy-
JOTCS TIEPBUYHBIMM AMUHAMM C BEICOKMMU KO3 OUILIMEHTAMI pacIipeaeIeHust
(n-10%), mpruem HarGOMbIIHIA KOIDDUIIMEHT pacipeaeeH sl MOJTYYeH JUIS TO-
pus [11].

Oxerpakumio Np(IV) 10%-M pacTBOpoM TpUUBOOKTHIIAMUHA B KCHJIOJE
MPUMEHSUTH U151 OTAECHMSI HETITYHUsI OT TOPUS U ypaHa MpU aHAJIM3e MOPCKOM
BOIBI U JOHHBIX ocaakoB [13]. HentyHuit u ypaH skctparupoBaiu u3 8—10 M
COJISTHOM KUCJIOThI. TOpUit B 3TUX YCIOBUSIX OCTaBaJICsl B BOAHOM (haze. 3ateM
HENTYHUI OTIAEJSIM OT ypaHa peaKcTpakiuein 2 M CoNsIHON KUCITOTOM.

IMpentoxeH reHepaTop KOPOTKOXMUBYLIETO 239Np, mpuHLUIT paGOTHI KO-
TOPOrO OCHOBAaH Ha 3KCTPAaKLUMOHHOM oTaeleHun 239Np oT MaTepUHCKOIro
243Am SKCTpakLUMeld TPUMU3OOKTHIAMUHOM. DKCTPAKLMIO MPOBOLWIU U3
KOHLEHTPUPOBAHHOI COJITHON KUCIOTHI, MPEABAPUTEIbHO OKUCSIS HEMTY-
HUIl TepoKCcUAOM BOAOPOAA [0 UIECTUBAJIEHTHOIO COCTOSIHMSI. AMepu-
uuit(I1l) mpu stom ocrtaBancs B BoaHol ¢aze. HenTyHuii BbIMbIBAIU U3
9KCTpakTa Bojoit [14].

IMomouwnit(1V) akcrparupyercs u3 10 M constHOM KUCTOTH 5%-M pacTBO-
POM TPUM3O0OKTWIAMUHA B KCUJIOJIE, YTO MOXKET ObITh MCITOJIb30BAHO IS pa3-
neneHus 219Pb u 210Po [15]. PeskcrparnpoBanu nosioHuii 2 M pacTBOpoM
TUAPOKCUIA HATPUSI.

10.2. SKCTPAKIIMOHHAA XPOMATOTI'PA®USA

DKCTpaKLIMOHHAsT XpoMmaTorpadusl SIBJISIETCSI METOAOM pas3feeHUs], KOM-
OMHMPYIOIINM TTPEUMYIIECTBA KUIKOCTHON 3KCTpaKIINK (BbICOKast 3(peKTuB-
HOCTb U3BJICUeHMSsI) U XpoMaTorpaduu (BbICOKHE KO3(D(MUIIMEHTHI pa3aeaeHMs
ajieMeHTOB). COpOEHTOM SIBJISIETCS MHEpPTHasi MaTpulia (CUIMKarejib, MUKpPO-
MOPUCTHIN Te(hIOH, TOIMAKPUIOBBIA 3(hUP U 1p.), HA KOTOPOU 3aKperieH
(copOupoBaH WU CBA3aH XUMUUYECKU) 3KCTpareHT. Yepes KOJOHKY, 3aIlOTHEH-
HYIO COPOEHTOM, MPOIYCKAaIOT aHAIU3UPpYyeMblii pacTBop. PazneneHue onpene-
JISIEMBIX 2JIEMEHTOB MPOBOASIT MEHSISI DJIIOMPYIOLIKUE PACTBOPHI.

DKCTPaKLIMOHHYIO XpoMaTorpaduio MpUMEHSIIOT KakK JIJIsl TPYIIOBOr0 KOH-
LEeHTPUPOBAHUS 3JIEMEHTOB (HAaTIpuMep, aKTUHUAOB), TaK W IJIST BBIACICHUS
OTIEJIbHBIX PaAWOHYKIMIOB. B uTepaType onucaHbl 3KCTPaKIIMOHHO-XpOMa-
Torpacuyeckre MeTOAMKM BbIAEJICHUS 2JEMEHTOB, BKJIlOUasl TUIYTOHMIA, aMe-
punmii 1 Kiopuit [16], ypan [17], crponmumii [18], cBunen [19], P3D [20],
cepedbpo M PTyTh, UMHK W KagMmuii [21].
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B skcrpakiimoHHoit xpomarorpaduu KoadduuueHT yaepxkuBaHus (K')
CBA3aH ¢ 00BEMOM IIPOITYIIEHHOro pacTBopa (V),), CBOOOIHBIM OOBLEMOM KO-
noHku (F) u oobeMom copbenTa (V) [21]:

V., -F

4

KoadduimeHT ceeKTUBHOCTH pa3nefieHusT AByX MeTtayutoB (M u M") 3amaetcs
BBIpaXKEHHUEM:

K'!

W _Vu-F
WM, - F

rae V,, nV, — oobembl amouposaHus MetaioB M u M’ coorBercTBeHHO. X
pasHocTb (AV),,) paBHa:

AVy =V =V =(oy e ~DKV

AKTUHUIBI M3BJIEKAIOT M3 KUCJIOM CPenbl ¢ MCITOIb30BaHUEM COPOCHTOB,
coaepxamux GpochopopraHMYecKre 3KCTpareHThl, HarpuMep GochrUHOKCHUIbI
(Tpu-n-oxktundochunokcun [8] wim okrundeHus-N,N-aguuzobyTuikapdbamo-
windochuHokeua (aHruiickast abopesuarypa CMPQO)), dochoHaTbl (IMTIEHTHI-
neHtuapochonat (AINTMD)) wm ankundochopHbIe KUCTOTHI (I1-2-3TUITEKCUIT
dochopnasg kucnora (A23I'PK)). Ha pucynke 10.1 mpeactaBiaeHbl 3aBUCUMO-
cTH Ko3(dUIIMeHTa pacIipeaeieHus] HEKOTOPBIX 2JIEMEHTOB OT KHMCJIOTHOCTU
cpeanl. Ha addextuBHOCTD U3BIeUeHUSsT (KOIDDUILIMEHT pacripeaeeHus) cy-
1IECTBEHHOE BIMSHME OKAa3bIBAET COJIEBOM (DOH, TPUCYTCTBUE KOHKYPHUPYIO-
IIMX MOHOB M KOMILIEKCOOOPa3yoIIMX BEIISCTB B pacTBope. Tak, Hammume
3HauuTeNbHbIX KoHUeHTpauui Fe(Ill) uau docdar-uoHoB cnocodbHO mnopa-
BUTbH COPOLIMIO aKTUHUIOB Ha copbeHTe, comepxkaiemM CMPO [16].

A(}UHOTEeHOB ¢ COABTOPaAaMU OMUCATIA METOIUKY CEICKTUBHOTO OTICICHUS
TUTYyTOHMST OT KOMITOHEHTOB MAaTPUIIbI, BKJIIOYasl ypaH M TOPUil, KOTOPHIE Me-
LLIAIOT €ro JalbHeHIIeMy o-CIIeKTPOMETpruUYecKoMy ompenesieHuto [8]. [Tnyro-
HUI copOupyeTcsl U3 a30THOKUCIBIX pacTBopoB (B ¢opme Pu(IV)) Bmecrte ¢
ypaHoM (B hopMe ypaHUI-uoHa) u TopueM (B popme Th(IV)) Ha copbeHTe, co-
aepxaiiem TOMO, Torga Kak Ipyrue paauoHyKIUIbl 1 OCHOBHbIE KOMIIOHEH -
Thl MaTPULIbI HE 3aAePXKUBAIOTCS Ha KOJIOHKe. JlajibHelilee oTaeeHue IIyTOHUS
OT ypaHa W TOPUS BEIETCs MyTeM BOCCTAHOBJIEHMS €r0 10 TPEXBaJEHTHOTO CO-
CTOSIHUSI aCKOPOMHOBOI KHWCJIOTOM M BIOMPOBAHUS C KOJOHKU (aKTHUHUIBI
B TPEXBAJICHTHOM COCTOSIHUM HE 00pa3yloT yCTOMUMBLIX KoMIUIeKCOB ¢ TODO).

OnucaHa MeToJAMKa IOCIeI0BaTeIbHOTO BhIAEACHUSI aKTUHUIOB M3 a30T-
HOKMCJIBIX PacTBOPOB C MCIOJIb30BAHMEM 3KCTPaKLMOHHO-XpoMaTorpaguye-
ckoii KojoHku, coaepxaueir CMPO B kauectBe skcTpareHta. Ha puc. 10.2
MpUBeACHA XpoMaTorpaMma pasiaejacHusl aMepuLus, IIyTOHUSI, TOPUsl, HEMNTY-
HUs ¥ ypaHa [16].

TpexBajeHTHbIE aKTUHUABI U P30 3¢ (GeKTUBHO U3BICKAIOTCSI U3 KUCIBIX
pacTBOopoB copbeHTamu, coaepxamumu JI29T'DK. bapHer ¢ coaBropamu [22]
MpeUIOKIIM METOAUKY omnpeneieHus usotonos paausa (226Ra, 228Ra, 224Ra)
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Puc. 10.1. 3aBucumoctb Ko3(hGUIIMEHTa YASPXKUBAHUS HEKOTOPBIX 3JIEMEHTOB
(opranuueckas ¢aza — okTuiadeHuI-N,N-n11uu300yTriikapdbaMonapochruHOKCHI,
pactBopeHHbI B Th®D) [16]

C MCHOJb30BaHUEM I0J00HOro copdenTa. Ilociae coocaxkaeHUsT U30TOIIOB pa-
IUst ¢ cynbdaToM Oapus 0cagoK MepeBOAUIN B KAPOOHATHYIO (hOpMY, PacTBO-
psun B Kucsote. Panuii He copOupoBasicsl Ha KOJIOHKE, U ero U30Tombl 220Ra
u 224Ra onpenensny anbda-crieKTpOMETPUYECKH, Toraa Kak 228Ra onpenensnu
o goyepHeMy 228Ac mocse 3KCTPAaKIMOHHO-XPOMATOrpauyeckKoro oTiese-
Hus.

[ns BblAEIEHUST U30TOMOB MEPEXOIHBIX 3JEMEHTOB U CBUHIIA MOTYT OBITh
WCIIOJIb30BaHbl KOJOHKHM, coiepxkaliue OUTu3oH [21]. Bo3amoxHo mociemoBa-
teabHoe otaeneHue 20Sr u 210Pb oT KOMIIOHEHTOB MAaTPULILI U APYTUX PaLUO-
HYKJIMJOB C WCIOJb30BaHMEM COpPOEHTAa C HaHeceHHbIM au-4,4'(5")-(mpem-
OyTMILMKIIOTeKCaHO)- 1 8-kpayH-6 [18].
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Puc. 10.2. Xpomarorpamma pasjesieHus] akTUHUIOB C MCITOJIb30BaHUEM
9KCTpaKLUMOHHOU xpomaTorpaduu (a3kctpareHT — CMPO)

B nocneaHee Bpemsi B aHAIMTUUYECKOU MpaKTUKe MOSIBUJIUCH 0oJiee CII0X-
Hble 9KCTPaKLIMOHHO-XpoMaTorpacuuyeckue CHUCTEMBbI, ColepKalllue MHOTO-
(byHKUIMOHAJIbHBIE 3KCTpareHThl. Hampumep, copOeHT mpeacrasisieT coOoit
OM(MYHKIIMOHAJIBHYIO TIOJIMMEPHYIO MOJIEKYJTY, COIEPXKAIIYI0 OCTAaTOK CYIb(ho-
KMUCIOThI (HecrelM(UIHbINM 3aXBaT MOHOB) U AU(OCc(OHUEBBIE IPYIINbI, OTBE-
YyawllKe 3a CEJEKTUBHOCTD BbIAEICHUS T€X WU UHBIX 3JIeMeHTOB. [10q00HbII
COpPOEHT MPOSIBJISIET BHICOKYIO (D(HEKTUBHOCTb U CEJIEKTUBHOCTb MO OTHOILIE-
HUIO K MOHAM aKTUHHUIOB B CTEMEHSIX OKUCIeHUs: +4 u +6.

10.3. OCAXJIEHUE N COOCAKIEHUE

OcaxIeHue U COOCaXIeHNEe — KJIACCUUECKME METOIBI pa3ie/ieHUsI U KOH-
LHeHTpupoBaHusl, npuMeHsieMble eiie ¢ XIX B. CoocaxaeHmeM Ha3bIBaeTCS
Mpoliecc, B KOTOPOM MHUKPOKOMIIOHEHT He oOpa3yeT cOOCTBEHHOM (pa3bl, HO
ocaxkmaercsd ¢ ¢a3oil MaKpOKOMIIOHEHTAa. MeXaHM3MBl COOCAXKIECHUS MOTYT
OBITh pa3HBIMU IO CBOEM mpupone. PasamyaioT cCoKpHCTaIIM3alnio, Koraa
MUKPOKOMITOHEHT 00pa3yeT TBepIbIii pacTBOp B (haze MaKpPOKOMITOHEHTA, W
aJIcCOpOIINIO, KOTIa MUKPOKOMITOHEHT CBSI3aH C IMOBEPXHOCTBIO ocanka. Heob-
XOIVMBIM YCIIOBHEM COKPUCTAJUTM3AIINN SIBJISIETCS M30MOP(PU3M COOTBETCTBY-
JOIINX COCIMHEHWIA MHUKPO- W MaKpOKOMITOHEHTa, a TakKKe OJM30CTh HX



164 10. Metoasl pazaeneHnss U KOHICHTPUPOBAHUS

MOHHBIX paanycoB. B KkauecTBe KjlacCUUeCcKOro rnpumMepa MOXHO MPUBECTU CO-
ocaxjaeHue cylbdaToB Oapusi U paaus. AncopOLus MUKPOKOMIIOHEHTA Ha I0-
BEPXHOCTU OCajJKa OMpeaesIsieTCss 3HAKOM 3apsia MOBEPXHOCTU TBEPAOM (ha3bl,
IUIOLIAIbI0 CBOOOMHOI TMOBEPXHOCTU, MPOUYHOCTHIO OOPA3YIOLIMXCS XUMMYE-
CKUX CBSI3ell, HAIMYMeM KOHKYPUPYIOIIUX MPOLIECCOB.

C pa3BUTHEM BKCTPAKLIMOHHbBIX U XpoMaTorpachuuecKux MEeTOA0B OCaauTe-
JIbHBbIE METO/bI pa3ieeHUS] U KOHLICHTPUPOBAHUS MOCTENIEHHO YyTPaunMBarOT ObI-
Joe 3HaueHue. Ceifyac OCHOBHAsI 00J1aCTh MPUMEHEHUSI OCAAUTENbHBIX METOI0B
— MpeaBapUTeSIbHOEe KOHLIEHTPUMPOBAHUE MHOTMX PAAMOHYKJIMIOB, COACpXKa-
LIMXCS B TIPUPOAHBIX Bogax. [Jis1 3TOro MCHOIb3YIOT COOCAXIEHUE Ha pa3iny-
HBIX KoylekTopax. Kak npaBuiio, MpUMEHSIIOT OcalKu aMOPMHBIX TUAPOKCUIOB
xkenesa, mapranua(IV) u agoMuHus, UMeIOLIKe Pa3BUTYIO MOBEpXHOCTh. C TU-
POKCHUIOM 3Kejie3a COOCaXKAAeTCsl OOJNBILIMHCTBO TSKEIbIX METANIOB, aKTUHUIBI,
docdop. OcaxaeHue TMIpOKCHIa Xkejle3a HaumHaeTcd npy pH Beime 2,5. Ecim
ocaxJieHue BECTM aMMHUAKOM, TO B PaCTBOPE OCTAIOTCSI SJIEMEHTHI, 00pa3yolue
MPOYHbIE aMMUAYHbIe KOMILJIEKChI, HATIPUMEDP Melb U LIMHK.

Jnokcua MapraHiia MCIOJb3YIOT IJisi KOHLIEHTPUPOBAHUSI aKTUHUIOB, B
YaCTHOCTHU TITYTOHUSI U Topusl. Eciu ocaxaeHue BeaeTcsl U3 1IEJI0UHOM Cpeabl
(6e3 mpenBapuUTEbHOTO MOAKUCICHUS), TO COOCAXKACHUIO HEKOTOPBIX aKTUHU -
JIOB, HAIIpUMep ypaHa, MOXeT MelllaTb 00pa3oBaHKUe PaCTBOPUMBIX KapOOHAT-
HBIX KOMILIEKCOB.

CoocaxaeHue ¢ KapOoHaTaMM WM OKcalaTaMU KalblLMsl U MarHus TIpU-
MEHSIIOT [IJI1 KOHLIEHTpUPOBaHUS CTpoHLUS-90, comepkallerocsi B MOPCKOI
Boge. I[Ipy 5TOM HeT HEOOXOIMMOCTU JOMOJHUTEILHO BBOAUTH B TIPOOY Kallb-
LUA WA MarHUm.

CoocaxaeHue ¢ GTopuaamMy HeoAMMa UM JaHTaHa TTPUMEHSIIOT IJIsT KOH-
LICHTPUPOBAHUSI aKTUHUAOB B HU3IIMX cTeneHsx okucaeHus: (111, TV).

Cynbdatrbl CBUHLIA U paaus KPUCTALIU3YIOTCS U30MOPGHO ¢ CyabdharoM
Oapusi, 4YTO YaCcTO UCIMOJIb3YeTCsl B aHATUTUUECKON MpaKTUKe (Harmpumep, npu
onpenenennu 219Pb uam M30TONOB paars B MPUPOIHBIX BOAAX). XUMUYECKUIA
BBIXOJI HAa CTAIUM COOCAXKICHUS B 9TOM ClIydae yaI0OHO KOHTPOJIUPOBATh, UCTIOJb-
3y MeTKy 133Ba.

B xauecTBe MeTona pazneeHUs] WM pagldOXMMUYECKON OUMCTKU OCaXk/e-
HUe TIPUMEHSIIOT peako. B KauecTBe HEMHOTOYMCIEHHBIX MPUMEPOB MOXKHO
npuBecTu ocaxkaeHue pocdopa-32,33 B Buge docdara MarHusi—aMMOHUS WIN
(ocdara nupkonus. Kanuii ocaxnator B Bune rerpacdeHunodopara. [1pu omnpe-
AejaeHun cBruHLA-210 yacro ucnons3yror ocaxnenue PbSO,. EcrectBeHHO, B
BBILICYTTOMSIHYTBIX TIPUMEpaxX paaroaKTUBHBIA M30TOI OCAXKIAeTCsI BMECTE CO
crabunbHbIM. Ecnu copgepxaHue sieMeHTa B Mpo0e HeAOCTaTOYHO MJisl JOCTH-
JKeHUSI MPOU3BEACHUSI PACTBOPUMOCTU, AOTMOJTHUTEIbHO BBOISAT HOCHUTEIb.
B 3Tux ciayyasix ocaxaeHue MOXHO coueTaTh ¢ TPaBUMETPUUYECKUM OMpeaesie-
HUEM XMMUYECKOTO BBhIXOJA.

Takum oOpa3oM, OCHOBHAsSI pOJib OCAaAUTEJIbHBIX METOIOB — TPYMIIOBOE
npeaBapuTebHOE KOHLIEHTPUPOBAHME PACCESTHHBIX 3JIEMEHTOB M PaJIUOHYK-
JINIOB B MPUPOAHBIX BOJAX.
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11. USMEPEHUE PAINOAKTUBHOCTH
N NAEHTUPUKAIINA PAIMOHYKINIOB

11.1. OCHOBHBIE ITIOHATUSA U OIIPEAEJTEHUA

M3MepeHusi paimOaKTUBHOCTU OOBIYHO BBIMOJIHSIIOTCS C MOMOLIbBIO arria-
paTypbl, BAXXHEHIIEH YaCTbIO KOTOPOM SIBJISIETCS NIETEKTOP — YCTPOMCTBO, YyB-
CTBUTEJIbHOE K MOHU3UPYIOLIUM U3ITYYEHUSIM.

HeiicTBue JETEKTOPOB, MPUMEHSIEMBbIX ISl pETUCTPAllMU U3JyYEeHUM, KO-
TOpbIE MCITYCKAIOT s1Ipa palMOHYKJIUIOB, Yallle BCEro OCHOBAHO Ha MCIOJb30-
BaHUU SIBJIEHWU MOHM3ALUMM (MOHU3ALMOHHBIE NETEKTOPbI) U BO30YXKACHMS
aTOMOB W MOJIEKYJI BELIECTB, 3aIlOJHSIOIIMX YYBCTBUTEIbHbIE OOBEMbI 1€TEK-
TOPOB (CUMHTWUISILLMOHHBIE IETEKTOPbI, B KOTOPbIX CBETOBbIE BCIIBILLIKM, BO3-
HUKAIOLIKWE B Pa3IMUHBIX Cpellax Moj ASMCTBUEM U3TYyYEHUsI, PETUCTPUPYIOTCS
OOBIYHO C ITOMOIIBIO (POTOINEKTPOHHBIX YMHOXUTeNel — DPBDY). OgHako cy-
LLIECTBYIOT I€TEKTOPHI, paboTa KOTOPbIX OCHOBaHA U Ha IPYrux mpoieccax (Ha-
NpuMep, TPEKOBbIE, KaJTOPUMETPUUECKUE, CBEPXITPOBOASILME U T. 1.).

ITpu perucTpauuu OTAECNbHBIX YACTUL] WIX KBAHTOB Ha BBIXOIE JETEKTO-
POB IMOSIBIISIIOTCSI UMITYJIbCHI (MMIYJbCHBIM PEXXMM paOOTHI AETEKTOpa), aMII-
JIMTYAbl KOTOPBIX, KakK IpaBUjI0, MPOMNOPUMOHAIbHBI 3HEPreTuYeckKum
MOTEPSIM YaCTULl UM KBAHTOB B UYBCTBUTEJIbLHOM O0BbEME JieTeKTOpa. B Heko-
TOPBIX Cliydasix (Halpumep, BO MHOTUX AO3MMETPUUECKUX IPpUOOpax) Mepoit
MHTEHCUBHOCTHU M3JIyYEeHUSs], PETUCTPUPYEMOTO I€TEKTOPOM, SIBJISIETCSI MOHU-
3allMOHHBIN TOK WJIM TOK, MIPOTEKAIOIIMI B HArpy3Ke (POTORIEKTPOHHOIO YM-
HoxuTtessi. Takoit BapuMaHT Ha3bIBAETCS TOKOBBIM PEXMMOM paboOThl
JeTeKTopa, MPU 3TOM TOK CIY>XKUT MEPOUM MHTErPaIbHOTO BO3AEUCTBUS U3JY-
yeHusl Ha JeTeKTop. JleTreKTophl, paboTalouie B UMITYJIbCHOM pexXume, Moj-
KJIIOYAIOTCs K 9JIEKTPOHHBIM ITPUOOPaM, KOTOPbIE YCUJIUBAIOT 3TU UMITYJIbCHI,
COPTUPYIOT UX MO aMIUIUTYAaM U PETUCTPUPYIOT TMOJydyaeMble pacipenesieHus
(cmexTphl) UMIYJILCOB.

11.1.1. D®PEKTUBHOCTH PETUCTPALIMU U3JTYYEHUA

st uaMepeHust paiuOaKTUBHOCTU UCTIOJIb3YIOTCS MTPAKTUYECKU BCE U3-
BECTHbBIE BU/bI 1€TEKTOPOB U3lyueHuUil. Hanbosee yacto ucnonb3yoTcs ae-
TeKTOpbI, paboTawiliue B MMIYJIbCHOM pexume. Peructpupyemast
JeTEeKTOPOM CKOPOCTb cueTa UMMYJIbCOB [ (MMII./C) paBHA YUCIY UMITYJbCOB
N, 3aperucTpupoBaHHBIX MPUOOPOM, MOAECJIEHHOMY Ha BpeMsl M3MEpEeHMsI
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t (). PeructpupyeMasi CKOPOCTb CueTa CBsi3aHa ¢ paalOaKTUBHOCThIO IIperia-
paTta COOTHOILIEHUEM:

) (1L1)
p

roe [ — perucTpupyemMast IeTeKTOPOM CKOPOCTh cueTta (MMII./c); A — abCcomoT-
Hasg paaumoakTUBHOCTL npernaparta (Bbk); ¢ — 3(hGeKTUBHOCT perucTpanuu;
P — BEPOSITHOCTb UCITYCKAHMS YaCTUIl WJIM KBAaHTOB TaHHOMW I'PYMIbl HA OOWH
pacnag; @ — ¢oH gerekropa (UMIL/c).

ITox 53¢ heKTUBHOCTBIO perucTpaluu (£) MOHUMAKOT BEPOSITHOCTb PETUCT-
palMu YacTUL, KOPITYCKYJSIPHOTO M3JyYeHMs] WM KBAHTOB (OTHOLIEHUE UM-
nyabc/yactuia wiv kBaHT). OHa y4YWUTBIBACT Psifi BEAUMUYMH: 3(PEPEKTUBHOCTD
JETEKTOpa K JAHHOMY BUIY M3JIy4eHMs (g;), TeOMETPUUECKUI KOO PULIMEHT
(n), yUuTHIBAIOIIMI B3aMMHOE pacMoioKeHWe Mmperapara U aeTekropa, Koadg-
(dunyenT ocnabnenus (k) u camoocnabnenus (k,) u T. 1.

e =g mk k,

D GEeKTUBHOCTD ASTEKTOPA 3aBUCUT, IIaBHBIM 00pa3oM, OT €ro TUIa, MaTepu-
aja, U3 KOTOPOro OH M3roTOBJIEH, Er0 Pa3MepOB, SHEPTUU PETUCTPUPYEMbBIX Ya-
CTUII UJIM KBAHTOB, B TO BpeMsl Kak il 3(p(PeKTUBHOCTU PETUCTPALIMU B LIEJIOM
BaXKHYIO POJIb UTPAIOT U T€OMETPUsI CUCTEMBbI «IpernapaT—AeTeKTop», U MaTe-
pyaji NomJOXKHU U T. [I.

s y-uznyyeHust appeKTUBHOCTh PErucTpallii B 3HAUUTETBLHOM CTENEHU
3aBUCUT OT 3(p(PHeKTUBHOTO aTOMHOI'O HOMEpa (Zacbd)) BEILLECTBA, 3aII0JIHSIONIE-
o YyBCTBUTEJIbHBIIA 00BEM AETEKTOpA. Zacbcb sBIsIeTCs (PYHKIME cocTaBa Be-
1LIECTBA, T. €. 3aBUCUT OT TOT0, KaKKMe aTOMbI M B KAKUX COOTHOILIEHUSIX BXOIST
B 9TO BellecTBO (cM. pasa. 11.3).

Kax npaBuiio, 3pHeKTUBHOCTb perucTpaluud o- U B-u3aydyeHus 00Jb-
IIMHCTBA COBPEMEHHBIX eTeKTopoB 6:1u3ka K 100%. OnmHako B peajbHOM CH-
CTeMe «IIpernapar—AeTeKTOp» YacTO CYIIECTBEHHYIO pPOJIb MIPalOT Opyrue
(bakTophl (reOMETpHUsI CUCTEMBI «IIperapar—AeTeKTOp», caMOOCIa0JIeHUe U3-
JlydeHHUsI B caMOM mperiapare, ocjaabieHre B BO3AYIIHON MPOCIOHKEe MEXIy
npenapatoM M IEeTeKTOPOM, B CTEHKaX AETeKTopa M T. 1.), IPUBOISIINAE K
TOMY, 4TO B 1iejoM ¢ < 1.

11.1.2. ®OH 1 XOJOCTOM OIIBIT

[lpu ymaneHMM pagroOaKTUBHOIO IIperapara OT JETeKTOpa PEerucTpupye-
Masl CKOPOCTb cueTa HMKOTIIa He IajaeT J0 HyJsl, M 4acTo (hOHOM Ha3bIBalOT
MMEHHO CKOPOCTb CYeTa, PEeTUCTPUPYEMYI0 IPUOOPOM B OTCYTCTBHUE IIperiapa-
ta. CTporo roBopsi, Takoe OIpeleIeHNue TPUMEHUMO TOJBKO MPU M3MEPSHUM
JOCTaTOYHO BBICOKMX aKTUBHOCTei. [IpM M3MepeHUsIX HU3KUX aKTHMBHOCTEM
(cm. pasgen 11.6) 3Hauenne @ B popmye (11.1) Ha3BIBaIOT CKOPOCTHIO CUeTa
HMMIIYJIBCOB B XOJIOCTOM OIIBbITe (MMII./C). I1py HemecTpYKTUBHBIX U3MEPEHUSIX
HU3KMX aKTUBHOCTEH IS OlpeneieHus (oHa B YCTAHOBKY BMECTO HM3Mepsie-
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MOTIO TIperapaTa MOMELIAIOT MYJISDK, KOTOPBIA IO BO3MOXHOCTH TOYHO BOC-
MPOM3BOIUT XUMUYECKUI COCTaB, IUIOTHOCTb W JPyrHe XapaKTePUCTUKU
HCCIIeyeMOro TIpernapara, HO He COIEPKUT OIPENesIsieMOro palMOHYKIIUIA.
XO0JIOCTOI OITBIT ITO3BOJISIET YYECTh OTIMYHYIO OT HYJISI BEPOSITHOCTD B3au-
MOJIECHCTBHST KOCMUUYECKOTO M3IIyYeHUST ¥ BHEILTHETO y-M3TyYeHNUST ¢ MaTepua-
oM Tiperapata. OOpasyiolnuecss B pe3yiabTaTe 3THUX ITPOIIECCOB BTOPUYHEIC
YACTULbI, HAIPUMED BBICOKOIHEPIeTUYECKIUE 3IEKTPOHBI MJIM HEIUTPOHBI, MO-
TYT OBITH 3apETUCTPUPOBAHBI IETEKTOPOM, U B 3TOM CJIydae IMOJydeHHBIH pe-
3yIbTAT JOJKEH OTIMYAThCS OT MOKa3aHWI «ITycToro» mpubopa. [lpm atom
VUUTBHIBAETCS TaKKe M BKIJIA[, BHOCUMBIN 3aTrpsI3BHEHUSIMUA TeX BEIIECTB, KOTO-
pble OBUIM MCITOTB30BaHBI TIPU M3TOTOBIIEHNN MyJIsKa. HakoHell, B X0JIOCTOM
OITBITE TIpEeTTapaT B ONpPENeTCHHOM CTEIeHN SKPaHUPYET NETEKTOpP OT MITKOU
COCTaBJISIIOLIEH KOCMUYECKOIO U3JIyUYCHUS] ¥ BHEILHETO Y-U3JTyYeHUsI.

11.1.3. MAEHTUOPUKAIIUA PAIMOHYKIINI0B

Ecnu aMminTyabl UMITYJIbCOB, PETUCTPUPYEMbIX JETEKTOPOM, MPOMOPLHUO-
HaJbHbl DHEPreTMUYECKUM TOTepsIM YacTUIl UM KBAHTOB B UYBCTBUTEJbHOM
00beMe NETEeKTOpa, TaKUe JETEKTOPbl B COUETAHUU C COOTBETCTBYIOLIEH DJIEKT-
POHHOI amnmapaTypoii sl KCCIeI0BaHMSI aMIJIUTYIHBIX pacrpeaeaeHuit (aM-
JIMTYAHBIMU aHaju3aToOpaMu) MOTYT ObITb MCIOJb30BaHbI ISl OTMpeAcaeHUs
SHEPruy YacTUll WM KBAHTOB, T. €. JUIS a-, B- WJIM y-CIIEKTPOMETPUUECKON
uneHTuduKauuu (OTOXIAECTBIEHWS) PaAMOHYKIUAOB. Eciu xe coOCTBEHHO
JIETEKTOP HE J1laeT BO3MOXKHOCTHU TOJIy4yaTh MH(MOPMALIMIO 00 9HEPrUsiX YacTull
WIM KBAaHTOB, OHA MOXET ObITb IOJyyeHa, Harpumep, MyTeM H3MepPeHMUsI
oCJa0JIeHUsT U3JTyYeHUs Pa3IMYHbIMU TOMJIOTUTENISIMU, OTpeaeeHUs] TOPMO3-
HOI COCOOHOCTU U T. M. J{OMOJHUTENbHYIO BO3MOXHOCTD JUISI UAEHTU(UKA-
LIMU PAJMOHYKJIUAOB JAIOT M3MEPEeHUsT TIepUOJ0B Tojaypacnaaa U pa3IuuHbIX
BPEMEHHbIX COBMAJEHUI MEXIy MOMEHTaMW MCIYCKaHUSI YacTHULl WJIM KBaH-
TOB, HampuMep B,y-COBMaACHUs WIM y,y-COBMANEHUS U T. 1.

11.1.4. BPEMEHHI;IE XAPAKTEPUCTUKU JETEKTOPOB

BoOJIBLUMHCTBO  AETEKTOPOB MOHU3UPYIOLLETO U3JIYyYEHHMs, pPaboTaroLIMX
B UMITYJbCHOM pEXHMe, TMO3BOJSIET U3MEPSITh PaaMOaKTMBHOCTL MperapaToB
B JIOBOJIbHO IIIMPOKOM JMara3oHe pPerucTpupyeMbiX ckKopocteit cueta. [lpu
CPaBHUTEIbHO HEOOJBIINX aKTUBHOCTSIX MPENapaToB CBSA3b MEXIY UX aKTUBHO-
cTbio (A B hopmyne (11.1)) 1 peructpupyeMoii CKOpOCThIO cueTa / TuHeitHa, HO
C POCTOM aKTMBHOCTH TpernapaTroB, HAUMHasl ¢ ONpeaeeHHOrO YPOBHS, Ha0II0-
JAaeTCsl OTKJIOHEHUE OT JIMHEMHOTrOo 3aKOHA. DTO OTKJIOHEHHE CBSI3aHO ¢ TeM, UTO
KaxIoMy AETEeKTOpY TMPHUCYLIM OINpeaeSeHHbIe BPEMEHHEIC XapaKTePUCTUKU
(BpeMs HapacTaHUs #; U JUINTEIBHOCTb UMIIYJIbCOB %, (puc. 11.1)), u, ecim K Mo-
MEHTY TMOCTYIUIEHUST JaHHOI YaCTUIIbl B YYBCTBUTEIbHBIN 00BEM JeTeKTOpa ellle
He TIOJIHOCTBIO 3aBEPIIWINCH MPOLECChI, CBSI3aHHBIE C PEerucTpallueil mpeablay-
LIEH YacCTHULIbl, 9T COOBITHSI HE MOTYT ObITh 3apPETMCTPUPOBAHbI Pa3aeabHO.
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Puc. 11.1. VI3MeHeHMe aMIUIUTYIbl UMITY/IbCA, BO3HUKAIOLIETO B JETEKTOPE
TOJ1 ICCTBMEM YAaCTUIIBI MM KBaHTa, BO BPEMEHU

Tak, cueTunk ['eifrepa He YyBCTBUTEICH K MTOMATaHUIO CIIEAYIONINX YaCTHUII
IO TIPAKTUYECKU TIOJTHOTO BOCCTAHOBJICHUSI €T0 TTOC/Ie PETUCTPALINHU TIPEIbIIYy-
et YacTUIH (T. €. JO TIOJTHOTO COOMpPAaHUS TTOJTOXUTEIBHBIX HOHOB Ha KaTo-
ne). [loatomy BpeMsl <«HEUYBCTBUTEIBHOCTH» B ciydae cueTymka [eiirepa
Ha3BIBaeTCS «MEPTBBIM BpeMeHeM». B OONBIIMHCTBE APYTUX TUIIOB AETEKTOPOB
MpH GOJTBIINX CKOPOCTSIX PETUCTPAIINU UMITYJIHCOB TTPOMCXOAUT NX YACTUIHOE
HaJIOXKEHWE, B pe3yIbTaTe Yero Moy4atoTcsl UMITYITbLCH MCKaskeHHON (OPMBI C
YBEIMYEHHON aMIUIUTYION W JJINTELHOCTBIO, KOTOpHIE daXe TpU paboTe co
CTIIEKTPOMETPUYECKON amapaTypoil He JaroT TIPEACTABICHUS O JTeHCTBUTETb-
HOM 3HEPTreTUYeCKOM pacIpene/IcHNN YaCTUIl VI KBaHTOB.

TpymHOCTH, CBSI3aHHBIEC C 3aMETHBIMU BpeMeHaM1 HapacTaHUs W IJTATEThb-
HOCTSIMA WMITYJIBCOB, CYIIECTBEHHO CKa3bIBAIOTCS JIWIIb TIPU CPAaBHUTEIHHO
BBICOKHX CKOPOCTSIX CYeTa M TPH M3MEPEHUSAX HU3KUX aKTMBHOCTEUW OOBITHO
He UTparoT 3aMeTHOI poin. TeM He MeHee 3HaHWEe BPEeMEHHFIX XapaKTepUCTUK
JIETEKTOPOB TT0JIE3HO, HAIIPUMeED, TIPH OIIeHKe BO3MOKHOCTEN NX BKIIIOUCHUS B
coctaB 0oJiee CJIOKHOI YCTAHOBKYU C HECKOJIBKUMMU IETEKTOPAMU, B YACTHOCTHU
C IeTeKTOpaMM aKTUBHOI 3a1uuThl (cM. pasa. 11.6). Uem MeHbllle paspeliaio-
1mee BpeMs AeTeKTopa, TeM HIKE BEepPOSITHOCTh MPAKTHUECKH JIIOOBIX THUTIOB
CIIYJaiiHBIX COBITAICHWI W, CIIEAOBATEIbHO, TeM HIDKe (POH TPU BKIIOUCHUN
JAHHOTO NIETEKTOpPa B JIIOOYIO CIIOXKHYIO CUCTEMY.

B cucreMax ¢ HECKOJTBKMMM OJHOBPEMEHHO PabOTAIOIINMMU JIeTEKTOPaMU
MPUMEHSIOTCS CTIeIIMaTbHBIE 3JEKTPOHHBIE CXEMBI, TTO3BOJISIONINE M3 BCEX
COOBITHI, PETUCTPUPYEMBIX CHCTEMO TETEKTOPOB, BHIIEIATH TOJBKO Te, KOTO-
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phIe COBIANAIOT (WUIM HE COBIAAIOT) B IIpeIesiaX OIPEAeIeHHOIO pa3pelliafolero
BPEMEHHM CXeMBbI COBITafcHUI (MJIM aHTUCOBITAICHUIA).

Yucio ciayv4aiiHbIX COBITAACHUN WMITYJIBCOB, PETUCTPUPYEMBIX CHCTEMOI
13 [IBYX AETEKTOPOB 32 €IUHULYY BpeMeHU (I ), OnpeaessieTcsl BBIpaXeHUeM:

I, =21,

IJie T — pa3pelianlee BpeMs CXeMbI COBNaneHuii (c); I, u I, — cKopocTu cue-

Ta WUMITYJIbCOB B KaHajaX 1-To 1 2-ro JeTEKTOPOB COOTBETCTBEHHO.
CrenoBaTeibHO, 3HAHWE BPEMEHHEIX MapaMeTpOB JE€TEKTOPOB BaXKHO IS

OLIEHKH BO3MOXHOCTH UX MCITOJIb30BaHUS TTPU PEILIEHUU MTOCTaBIEHHBIX 3aa4.

11.1.5. IIOCTAHOBKA 3AJAYN

IMocTanoBKa KOHKPETHOI 3amaui 1O M3MEPEHUI0 aKTUBHOCTEH OOBEKTOB
OKpYKarolleit cpeabl TpeOyeT BCECTOPOHHETo aHaIr3a MpooieMbl, HAUMHAST CO
CXeMBI pacliajia TOUIeKAIEro OMNpeaeICHUI0 PaTMOHYKINIA, YIUTHIBAIOIIEH
BUJI M3ITyYEHUSI, €Tr0 SHEPTIHI0, TIepUOJ TToTypaciiaga, ¥ BKITI0YasT MMEIOIIYIOCs
B PacTIOPSDKEHUM WCCIIEA0BATEIS armapaTypy ¢ MPUCYIIUMU eif TTapaMeTpamMu,
¥, HAKOHEII, MacCy BEIIeCTBa, JOCTYITHYIO JUTS UCCIeTOBaHNS.

CxeMa pacriaza IMmoKa3bIBacT BCE BUABI ITPEBPAICHU, UCITBITEIBAEMbBIC SII-
paMM HcclieayeMoro pagmoHykinuaa. Hampuwmep, Ha puc. 1.1 Oblma mokasaHa
cxeMa pacnazga uesus-137. Kak npaBuio, ne3uii-137 ornpeneisiioT He 1o co0-
CTBEHHOMY B-M3JIyUeHUIO, a PETUCTPUPYIOT y-KBaHTbI IoUepHero 6apus-137m.

CrnemoBaTelbHO, HEOOXOAMMO 3HATh HE TOJBKO CXeMY pacliafga JTaHHOTO
PamTMoOHYKIINIA, HO W LIETIOYKY €ro JOUYEPHUX PATUOHYKIMIOB (eCIM OHU €CTh).
Tak, cTpoHLMii-90, SBISIOMIMNACSI «YUCTBIM» B-m3aydareieMm (T. €. B-pacrafn
€ro siIep HE COMNPOBOXIACTCS MCIYCKAHMEM y-KBAaHTOB) ¢ Eg,.. PaBHOI
0,54 M5B, B 60JBUIMHCTBE COBPEMEHHBIX PAANOXUMUYECKUX METOIUK U3MEPSI-
0T 1O J04YepHEMY UTTpHUIO-90, KOTOPBIA, XOTS U SIBJISIETCS TAKXKE «YUCTbIM»
B-m3iIydaresneM ¢ IeproaoM Torypacnana 64 4, omHaKo 00J1agaeT CylIeCTBeHHO
OosiblIEld MaKCUMaJIbHOW 3Heprueu B-usjiydeHust (EB max— 2,27 MB3B), ut0
3HAYNTEIHLHO O0JIeryaeT 3amauyy U3MEepPEeHUs eT0 PamuOaKTUBHOCTU W WACHTU-
(ukanuy. B yacTHOCTM, CTOJb BBICOKASl DHEPTUs B-U3NydeHUsT UTTPUsI-90
MO3BOJISIET PETUCTPUPOBATH €r0 B MPO3PAUYHbIX PACTBOPAX MO YEPEHKOBCKOMY
U3TYYEHUIO C TOMOIIBIO  KUAKOCTHO-CUMHTWISILIMOHHON — ammaparypbl
(cM. pasn. 11.5.7).

3areM BbIOMpaeTcs TUIT AETEKTOpa, 00eCcIeUnBaOIINi MAaKCUMAJIbHYIO 3(-
(beKTUBHOCTb pErucTpalMyu U3Jy4eHMs] JAaHHOTO PAAMOHYKIMIA U o0Jamao-
LM MUHUMAJIbHBIM (DOHOM.

11.2. TOHU3AITMOHHBIE JETEKTOPBI

l'azoHamnosHeHHBIE MOHHN3AIIMOHHBIC OCTCKTOPbLI ABJAIOTCA CaMbIM pac-
IIPOCTPAaHEHHBIM BUAOM ACTCKTOPOB, 1 B HEAABHCM IIPOLIJIOM OHMU Haunbosee
HIMPOKO MUCITOJIB30BAJIUCH ITPU N3MECPCHUAX HU3KNX akTuBHOCTEN. OHU KOHCT-
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PYKTHUBHO TIPOCTBI, JOCTAaTOYHO CTaOMJIbHBI, HEKOTOpbIE M3 HUX HE TPEOYIOT
CJIOXKHOM 2JIEKTPOHHOI anmapaTypbl. B 00JIbIIMHCTBE CEpUITHO BbIITYCKABIIMX-
Cs MPUOOPOB BEKTPOAAMU CIYXKWIM pacroyiaraBlIrecs] KoakKCUaabHO TOHKAs
HUTH (aHOM) U LIMJIMHAPUYECKas TpyOKa (KaTo), Kak MpaBUIO, 3a3¢MJICHHbIIA.

C pocToM MoTeHIIMaaa Ha TPYOKe IO AeCTBUEeM MOHU3UPYIOILIETO U3ITy-
YeHUs B LIENM JE€TEKTOPa BO3HUKAET 3JEKTPUUYECKUI TOK, a MPHU JTOCTATOUHOMN
SHEPTMU U MOHU3UPYIOIIEel CMTOCOOHOCTU PErMCTPUPYEMOTO U3MYYEHUS U TIPU
HaJIMYMU COOTBETCTBYIOIIEH armapaTrypbl MOXHO 3aperdMcTpUpOBaTh OTAE/b-
HbI€ MMITYJILChI, BbI3bIBAEMbIC TTOMagaHWEM B UyBCTBUTEIbHBIN 00BEM JeTeKTOpa
MOHM3UPYIOIIMX YaCTHULl. 3aBUCUMOCTb CUJIbI TOKA (WJIM aMIUIUTYIbI UMITYJILCOB)
OT HaMpSDKEHWs Ha HUTU MpejacTaBieHa Ha puc. 11.2.

Poct kpuBOi1 Ha yyacTKe OT HyJIsI 10 TOYKHM A CBSI3aH C YMEHBIIIEHUEM Be-
POSITHOCTU PEKOMOMHAILIMK MOHOB MTPOTUBOIOJIOKHOTIO 3HaKa, 00Pa3yIoIIuXCs
MOJ AeHICTBUEM MOHU3UPYIOIIETO U3TYYEHMS B UyBCTBUTEILHOM 00beMe IeTeK-
TOpa, MO Mepe YBEIUUSHUS HATIPSDKEHUST MEXXIy HUTBIO M KaTolaoM. B Touke A
HaCTyIaeT <«HacCbILIEHUe», MPU KOTOPOM BCE MOHBI JOCTUTAIOT SJEKTPOIOB
MPOTHUBOIIOJIOXHOTO 3HaKa 0e3 peKoMOMHalMY, 1 Ha yyacTke AB ¢ pocToM Ha-
MpSKEHUST He TIPOUCXOAUT YBEJIMYEHUS] HU CUJIBI TOKA, HU aMIUTUTYA OTAEIIb-
HBIX UMITYJIbCOB.

O06JacTh OT HyJISI 10 TOUKM B HasbIBaeTcs 001acThi0 MOHU3ALMOHHON Ka-
Mepbl, U AETEKTOPBI, paboTarolre MPU HAMIPSKEHUSIX, COOTBETCTBYIOLINX OTOM
00J1aCcTH, HA3bIBAIOTCS MOHM3ALIMOHHBIMU KaMepaMu. TOKOBbIe MOHU3ALMOH-
HbIe KaMephl IIIMPOKO MPUMEHSIIOTCS B TO3UMETPUUYECKUX UBMEPEHUSIX, OTHAKO
B TEXHUKE M3MEPEeHUsI HU3KMUX aKTMBHOCTEN 0 HACTOSIIIETO BpEMEHU HaXOIsT
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Puc. 11.2. BonbraMnepHasi XapaKTepUCTHKA MOHU3AILIMOHHOTO JIETEKTOpa.
KpuBbie 1 1 2 COOTBETCTBYIOT YacTULIAM C Pa3HOM dHeprueit (E,>E,)
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NMpUMEHEeHVEe TJIaBHbIM 00pPa3oM MMITYJbCHbIE MOHU3ALIMOHHbBIE KaMepbl IS
CMEKTPOMETPUHU a-U3TYyUeHUsI. DTO CBSI3AHO C TEM, UTO a-U3JIyueHUe obJiagaet
BBICOKOI MOHU3UPYIOILIEH CITOCOOHOCTHIO, TNTOTHOCTHIO MOHM3AIIUY 1 CPAaBHU-
TeJTbHO KOPOTKUM TIPOOETOM B ra3ax IpH OOBIYHBIX U JaKe HECKOJIbKO ITOHU-
JKeHHBIX JaBJieHUsX. TakuMm o0pa3om, MpoOer o-4acTUll MOXET IMOJHOCTBIO
VIIOXKUTBCS B T€OMETPUUYECKME pa3Mephl IeTeKTopa MPUEMIIEMBIX pa3MepoB.
M3-3a BBICOKOI MOHU3UPYIOIIEH CITIOCOOHOCTH ¢.-U3JIyYEHUST aMIUTUTYIbl UM-
MyJbCOB OT O.-YACTULL CYILIECTBEHHO MPEBBIIIAIOT aMIUIUTYAbl UMITYJIbCOB OT
B-gacTuil mam (OTO-, KOMIITOHOBCKUX WJIM aHHUTUJISIIMOHHBIX 3JIEKTPOHOB,
TOMANafoIINX B YyBCTBUTEIBbHBIM 00beM MOHU3AIIMOHHOM KaMephl B Pe3yJIbTa-
Te B3aUMOJEUCTBUS y-KBAaHTOB C MaTepHUajioM €€ CTEHOK. DTO ITO3BOJISIET Ha-
JEKHO PErMCTPUPOBATD Gi-U3TYYEHHUE C TIOMOIIBIO UMITYIbCHBIX MOHM3ALIMOHHBIX
KaMep naxe Mpu CPaBHUTEJIbHO CIa0O0i 3aliuTe OEeTEKTopa W 3HAYMTEIbHOM
YPOBHE B- U y-3arpsiI3HEHUS.

st ynoOGCcTBa MPUTOTOBACHUS MIPENapaToB Uil U3MEPEHUST PaTMOaKTUBHO-
CTH 2JIEKTPOJbI UMITYJIbCHBIX MOHU3ALMOHHBIX KaMep OObIYHO JeJIaloT MIIOCKU-
MM, a He KOaKCHAJIbHBIMM HWIMHAPUIECKUMU. [TOCKONBKY o-CTIEKTPOMETPUS
MPEeAbSIBISET KEeCTKME TpeOOBaHUS K TOJILIMHE TBEPAbIX MpernaparoB, IJIsl TOrO
YTOOBI CTAJI0 BO3MOXHBIM M3MEpEHME IIperapaToB OTHOCHUTEIBHO OOJIBIION
Macchl (Hampumep, TIPU TTOMCKaX CBEPXTSIKEITBIX 3JIEMEHTOB B TIPUPOIHBIX Cpe-
JaX, KOTJaa MPUTOTOBJICHUIO TIPETIapaToB IIPEIIIeCTBYET TIpeIBaprUTeIbHOEe KOH-
LIEHTPUPOBAaHNE PATUOHYKIUAOB M3 TPO0 OYeHb OONBIINX OOBEMOB W Macc),
MIPYMEHSIOT KOAKCUATBHYI0 T€OMETPUIO, TIPU KOTOPO BHYTPEHHUI 3JEKTPOL
TIPEICTABISIET COOOI He HUTh, a TOXE IMMIMHAP (KaK M BHEITHUIA JIEKTPOI, HO
MEHBIIIETO TUaMeTpa), YTO JaeT BO3MOXKHOCTb M3MEPSITh MperapaThl TUIOIIAIBIO
B HECKOJIBKO KBaJpaTHBIX METPOB MPH ITPUEMJIEMOM 3HaYeHUH (hOHA.

B MoHM3aIMOHHABIX JeTEeKTOpaxX KOAKCUAIbHON TeOMETPUH C HUTHIO B Ka-
YeCTBEe LIEHTPAJTBHOTO 3JIEKTPOAa MPHU YBETWYESHUN HATPSDKEHUS Ha BJIEKTPO-
Jax BBIIIe 3HAYCHMS, COOTBETCTBYIOLIEro Touke B Ha puc. 11.2, 3JIeKTpOHHI,
00pa3oBaBIIMeCsT TIPU JACMCTBUM MOHMU3MPYIOIINX YACTUII Ha Ta3, 3aIlOJIHSIO-
I TEeTEKTOp, Pa3rOHSIOTCS B SJIEKTPUUICCKOM TT0JIe IO TaKWUX DHEPTHH, YTO
CaMM OKa3bIBAIOTCS CIIOCOOHBIMM MOHM3NPOBATh 3TOT ra3 ¢ 0Opa3oBaHNUEM TaK
Ha3bIBAEMBIX BTOPUYHBIX MOHOB. [1py TOCTAaTOYHO BBICOKMX HATIPSIKEHMSIX Ha
HUTU BTOPUYHBIE 3JICKTPOHBI TaKKe HAUMHAIOT BBI3BIBATH AKThl MOHM3AIUU
1 T. 1. Taknum 00pa3om, ¢ pOCTOM HaNPSKEHWS Ha HUTH YBEJIMIMBAETCS YUCIIO
MOHOB, TIPUHUMAIOIINX YJ4acTHE B PETUCTPALMU KaXKION OTIETbHONW YaCTUIIBI
(razoBoe ycuieHue). CooTBETCTBEHHO, pacTeT MOHU3ALIMOHHBIN TOK MTpU pabo-
Te B TOKOBOM PeXXMUMeE WM aMIUTUTYIa UMITYJIbCOB P paboTe B MMITYJIECHOM
pexxuMe. OTHOIIEHNE YKMCIIa BTOPUIHBIX MOHOB K YHUCITY TIEPBUYHBIX Ha3bIBaeT-
¢l KO3(DUIIMEHTOM Tra30BOr0 YCUJICHUS.

O6nactb BC Ha puc. 11.2, B KOTOpO#i ¢ pOCTOM HaMpsLKeHUST YBEJIMUMBAET-
¢ K03 PUIIMEHT Tra30BOTO YCUIICHUS M, CJIEI0BATEIHHO, MOHU3AIIMOHHBIN TOK
(MM aMIUIUTYIa UMITYJIBCOB, €CITU IETEKTOp paboTaeT B MMITYJTLCHOM PEKU-
Me), HasbIBaeTcs 00JacTbio TpONOpIMOHANBHOCTH. [lompasymeBaeTcst, 4TO
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Npyu TaHHOM HANpPsSDKEeHUU aMIUTMTYIa UMITYJIbCOB TP paboTe B UMITYJIbCHOM
peXuMe TPOIOPLIMOHATIbHA SHEPTETUYECKHUM MOTEPSIM YaCTHUILl B UyBCTBUTEb-
HOM O0BbeMe JeTeKTopa.

B npakTuke uaMepeHuss HU3KUX aKTUBHOCTEM MPOMOPLMOHATbHBIE CUET-
YUKW BHYTPEHHETO HAMOJHEHUS, B KOTOPbIX ra3000pa3Hble Mpernaparhl moajie-
KalllMX M3MEPEHUI0 PaAMOHYKIWMJI0B BBOJAMJINCH HEIMOCPEICTBEHHO B COCTaB
ra3oBoil CMeCH, MPUMEHSINUCH I U3MEPEHUS TaKUX HU3KOIHEPreTUUECKMX
u3jIyyatesiei, Kak TpUTH, yriaepoa- 14; omHaKo ¢ pa3BUTUEM KUIKOCTHO-CLIMH-
TAUISILIMOHHOTO METO/Ia U3MEPEHUS PaJIUOAKTUBHOCTUM OHM B 3HAYMUTEJIbHOM
CTENEeHU YTpaTuIu ObLIOE 3HAUYEHHE.

C pocToM HarpspKeHUs Ha HUTH YBETMYMBAIOTCS pa3Mephbl 001aCTH, OXBAThI-
BaeMOM TpoleccaMy Ta30BOrO YCWJIEHUS 1, B YAaCTHOCTH, M3-32 TE€OMETPUUECKUX
OrpaHUYEHUI HApPYLIAETCS MPONOPLUMOHATIBLHOCTh MEXIY UMCIOM MEPBUYHBIX U
BTOPUUHBIX TTap noHoB. O01acThb, cooTBeTcTBYIOMIAs yyactky CD (puc. 11.2),
Ha3bIBaeTCS 00JIaCThl0 OrPAHUYEHHON MPOMOPLMOHATBHOCTH, U C TOUKU 3pe-
HUS BOBMOXHOCTU UCIOJIb30BAHUS AETEKTOPOB /I U3BMEPEHUST HU3KUX aKTUB-
HOCTEl OHa MPEeACTaBIsIET HAMMEHBIIWI MHTEpEeC, TaK KakK yxe He obJiagaer
MperuMylecTBaM1 00JIacTe MOHM3ALMOHHOM KaMephbl 1 IPONOPLIMOHATIBHOMN
(IMHENHON 3aBMCUMOCTBIO aMIUIUTY/ WMITYJIbCOB OT YHEPreTUUECKUX MOTEPh
YacTUll), HO ellle He MMEeT U MPEeUMYILEeCTB 00JacTH, COOTBETCTBYIOIIEH ellle
OoJiee BBICOKMM HarpspkeHusiM — obnactu [eiirepa (otpe3ok DE Ha puc. 11.2).

B oGnactu I'eiirepa HanpsoKeHME Ha HUTH YK€ HAaCTOJIbKO BEJIMKO, YTO JII0-
0oli eAIMHUYHBIN aKT MOHU3ALIMM, B KaKOI Obl YaCTU YyBCTBUTEIBHOIO 00ObeMa
JIETEKTOpa OH HUW MPOU30IIIe, MPUBOJAUT K MOSBIEHUIO DJIEKTPOHHO-UOHHOM
JIAaBUHBI, PACIIPOCTPAHSIOLIEHCS BAOJIb BCEW HUTU Y MPUBOILILIEH K MOSBIECHUIO
Ha Harpyske JIETEKTOpa MPaKTUYECKU OJHOPOAHBIX UMITYJIbCOB, aMIUIATYAAa KOTO-
PbIX HE 3aBUCUT OT SHEPTMU YACTUI1I, BbI3BABLIUX HAYAJIO JJABUHOOOPA3HOTO TPO-
necca. Takum oOGpazom, B objiactu I'eiirepa MHpoIOpLUOHAIBLHOCTD MEXIY
SHEPreTUYECKUMU TMOTEPSIMU YACTULL U aMIUIMUTyJaMU MMITYJIbCOB TMpaKThye-
CKU TIOJIHOCTBIO OTCYTCTBYET. C POCTOM HaMpsIKeHUSI HA HUTU Ta30BOe yCUJIe-
HUE TIPOAOJIKAET YBEJIUYMBATLCI M TMOCTENEHHO AMaMETpP OOJACTU BOKPYT
HUTH, B KOTOPOW MPOUCXOAUT ITOT JIABUHOOOPA3HBIN Mpoliecc, pa3pacTaeTcs
HACTOJILKO, YTO MPUOJIMKAETCS K BHYTPEHHUM CTEHKaM JETEKTOpa, U TOTAa Ha-
YUHAETCS HEINPEepbIBHbIM pa3psil. EcTecTBEHHO, 00aCcThb HEMPEPBIBHOTO pa3-
psiia He TPENCTABISET UHTepECa C TOUKU 3PEHMST PETMCTPALIMM MOHU3UPYIOLIETO
U3JTyYeHUs, U JaJIbHei1Iee yBeIMYeHEe HAMPSDKEHUsT HA HUTU HelleJIeCO00pas3Ho.

B oGnactu I'eifrepa B OOJbllel CTENEHM, YeM MPU HU3KUX HAIPSIKEHUSIX
Ha HUTH, MPOSBJISIETCS TO, YTO HAPSAY C MPOLIECCAMU MOHU3ALUU TIPU CTOJIKHO-
BEHUU DJIEKTPOHOB C MOJIEKYJIAMU M aTOMaMM ra3a B UyBCTBUTEJIbHOM OOBbEME
JIETEKTOpa TMPOMCXOASAT MPOLECChl BO30OYXIEHUS MOJIEKYJ M aTOMOB Ta30B.
KBaHTBI cBeTa, Mcmyckaemble BO30YXKAEHHBIMU MOJIEKYJIAMUA, MOTYT JOCTUTaTh
BHYTPEHHUX CTEHOK CUETUYMKA M B pe3yJibTaTe Ipoliecca ¢poroaddekra BoIOU-
BaTh U3 CTEHOK (hOTOIIEKTPOHBI, KOTOPbIE B CBOIO OUepeab BHOBb CITOCOOHBI
MOPOXJATh JIABUHBI MPOLIECCOB MOHU3ALMU U BO30YXIeHUs. Yem BbIlIe Ha-
NpsKEHWE Ha HUTHU, TEM BbIIIE BEPOSITHOCTb TAKMX MPOLIECCOB.
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Jlnst mojgaBieHUs] BOBMOXHOCTM Pa3BUTUSI TaKUX TPOLIECCOB (rallleHUst
pa3psiIoB) MPUMEHSIIOTCS JIBa OCHOBHBIX MpHeMa: MOCIeI0BaTeIbHOE BKIIIOUE-
HHUE B LIeMb CYETUMKA BHICOKOOMHOI'O Pe3UCTOpa (HeCaMOracsIuicsl CYeTIYNK
Teifrepa) uau 3anosiHEHWE cUeTYMKa CIIelIMaIbHONM CMEChIO ra30B U MapoB (ca-
moracsimiicst cuetuuk [eitrepa).

B cinyyae Hecamoracsiierocsi C4eTuMKa ¢ HayajioM JIJaBUHOOOPa3HOTo Mpo-
1ecca MOHU3aLMU B €T0 UyBCTBUTEIbHOM O00ObeMe B LIEMU BO3HUKAET TOK, MO
JEMCTBUEM KOTOPOrO Ha BBICOKOOMHOM PE3MCTOpPE MPOMCXOAUT MaJcHMUE Ha-
MOPSDKEHUSI, TPUBOISIIEe K CHUXKEHUIO MOTEHIMAla HUTU OTHOCUTEIbHO KaTo-
na. B pesynbrare HapyllaloTcsl yCIOBUSI CYLIECTBOBAHUS JJABMHBI, U MPOLIECC
npekpalaeTcsi, o Mepe TOro Kak BCe MOJIOKUTEIbHbIE MOHBI TOCTUTAIOT KaTo-
Ja cueruuka. [Tocne npekpallieHusl Tpoliecca HaMpsbkeHUe Ha HATU MOCTENEHHO
BOCCTaHABJIMBAETCSI, U CUETUMK OKA3bIBACTCSI CITIOCOOHBIM CHOBA PETMCTPUPOBATH
MOHU3UPYIOIINE YACTULIBI.

Camoracsiuyecss CUYETYMKM 3aroJIHIIOTCS TaKUMM Ta30BBIMU CMECSIMMU,
B KOTOPBIX 3(h(HEeKTUBHO MOTJIOLIAIOTCSI KBAaHThI CBETa, UCIyCKaeMble BO30YX-
JEHHBIMU MOJIEKyJIaMi OCHOBHOTO KOMIOHEHTa ra3oBoit cMecu. [TocaegHum,
KaK MpaBWJIO, CIYKUT 0JaropoAHbIi ra3, HampuMep aproH. B kauectBe Hanbo-
Jiee pacrpoCTpaHEeHHO racsieil 100aBKU1, UCIIOJb3yeMO B CMECHU C aprOHOM,
MPUMEHSIOTCS TIaper 3TjoBoro crmprta (1—2% ra3oBoif cMecu 10 00beMy).
[MoTeHMan aucconMau MOJEKYI CIMPTa OJU30K K MOTEHIIMAYy BO30YXIe-
HUSI aTOMOB aproHa, HO HECKOJILKO HUXe ero. McryckaeMblie BO30YKIEHHbIMU
aToMaMU aproHa KBaHThI CBETa C BbICOKOI BEPOSITHOCTHIO MOTJIOLIAIOTCSI MOJIe-
KyJlaMU CIIUpTa, He JOXOMAST A0 CTEHOK CUETYMKA U HE BbI3bIBAOT HOBOM JIaBU-
HbI MIOHU3ALMOHHBIX TIpolieccoB. [10cKoIbKY BO BpeMs reiirepoBCKOro paspsiaa
MPOUCXOAUT HeoOpaTUMasl AMCCOLMALMSI YaCTU MOJIEKYJ CIIUpTa, ero 3amac B
ra3oBoii cMecHu MOCTeleHHOo ucTtolaetcs. [ToaTomy camoracsiyecs: CYeTUMKU
CO CIUPT—aproHOBOM CMEChI0 MMEIOT OTPaHUUYEHHBIN CPOK CIIYKObI (OOBIYHO
OHM CIIOCOOHBI 3aperucTpupoBath okojo 1012 umnynscos).

B 5TOM OTHOILIIGHUM CYLIECTBEHHBIM MTPEUMYILIECTBOM 00J1aJaloT raJoreH-
HbIE CYETUMKH, B paboueil cMeCu KOTOPbIX MPUCYTCTBYIOT Mapr! TaJIOTeHOB, Ha-
npuMep OpomMa. ODHepruss KBaHTOB CBeTa, WCIYCKAeMbIX MOJIEKyJIaMu
OCHOBHOTO KOMITOHEHTa Ta30BOi CMeCH, HalIpUMep aproHa, 3aTpauynBaeTcsl Ha
JUCCOLMALIMI0 MOJIEKYJ Opoma, MPOAYKThl KOTOPO pacTpauuBarOT HU30BITOK
BHEPIruu MyTeM Oe3bI3IydyaTe/IbHbIX MepPeXoJ0oB. 3aTeM OHU PEKOMOMHUPYIOT C
oOpa3zoBaHUEM MOJIEKYJl Opoma, 3armac KOTOporo B paboueil cMecu, TaKUM 00-
pa3oM, He YObIBaeT.

Ha npaktuke MoJab3yloTcs TakK Ha3blBaeMOI paboueil XapaKTepUCTUKOM
cueTunka leiirepa, T. €. KpMBOI 3aBUCUMOCTHU PETUCTPUPYEMOIl CKOPOCTU cueTa
npenapara oT HanpsbkeHust Ha cueTunke (puc. 11.3). Touka A Ha 3TOM pUCYHKe
COOTBETCTBYET BHICOKOBOJIETHOMY Kpato 001aCTU OTpaHUUYEHHOM MPOMNOPLIMOHA-
JbHOCTU. Ha 3TOM y4yacTke peructpupyemMasi CKOpocTb cueTa CUJIbHO 3aBUCUT OT
MNPWIOKEHHOTO K CYETUYMKY HAMpsDKeHUs. 3aTeM HauMHAETCsl «I1aTo» (OTpe3oK
AB), cooTBeTcTByIOIICEe obnacTu [eiirepa, U ¢ JadbHEUIIIMM MOABEMOM HarMpsi-
JKeHUSI BbIlIe TOYKU B cueTumk mepexoaut B 00JaCTh HEMPEPhIBHOTO pa3psiaa.
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CkopocTb cyeTa

0 A B U

Puc. 11.3. Pabouas xapaktepuctuka cuetynka [eiirepa

[IpakTyecky B Ka4ecTBe paboUero HaIpsDKeHUsI 0OBIYHO OepyT 3HAYCHUE,
COOTBETCTBYIOIIICE CepeIrHe «IIaTO» WM YyTh HIDKe ero. B aToit yactu pabo-
Yyeil XapaKTepHUCTUKU PEerUCTprpyeMast CKOPOCTh cUeTa B HAMMEHBIIICH CTeIeHH
3aBUCUT OT KOJICOAHMII IUTAIONIET0 HampspkeHus. HakimoH «1urato» BhI3BaH
MOBBIIICHUEM C POCTOM HaNpsDKeHUSI, TI0JaBaeMOT0 Ha CYCTUMK, BEPOSITHOCTH
TaK Ha3bIBAEMbBIX «JIOXHBIX» MMIIYJIbCOB Pa3IMYHON MPUPOIBI, CBSI3aHHBIX, B
YaCTHOCTH, C YBEJIIMYCHHWEM pa3MepoB 00JacTH, 3aXBaThIBAEMOM 3JIEKTPOH-
HO-MOHHOI JIABUHOM, I COOTBETCTBEHHO C YMEHBIIICHUEM PacCTOSIHUSI, KOTO-
poe HeoOXOIMMO TIPEOA0JIeTh KBAHTaM CBeTa, MCITyCKaeMbIM BO30YXICHHBIMU
MOJIEKYJIaMU MJIM aTOMaMM HATIOJHSIIOIIETO CUETUMK Ta3a, YTO IMPUBOIUT K I10-
BBIIICHUIO BEPOSITHOCTH BHIOMBAHUS (hOTORJICKTPOHOB U3 CTEHOK CUCTUYMKA.

Hecmotpst Ha To uyTo cuetumk [eiirepa He maeT HEMOCPEICTBEHHOW WMH-
opMmarny 06 3HEPTUSAX PErUCTPUPYEMBIX YaCTUII (1M3-32 OTCYTCTBUSI TIPOITOP-
LIMOHAJIBHOCTU MEXIy SHEPreTMUYECKUMHU MOTEPSIMU YaCTHUIl MM KBAaHTOB M
aMITIUTYIaMHA MMITYJIbCOB), TIO-BUAMMOMY, OH U I10 Ceii IeHb OCTaeTCsl Hanbo-
Jiee PacIpOCTPAaHEHHBIM THUIIOM JIETEKTOpa, IIIMPOKO MPUMEHSIOIIMMCS B T03U-
MeTpuu 1 pagroMeTpun. [IpocToTa 1 HANEKHOCTh €0 KOHCTPYKIIMM, HEBBICOKAST
TpeOOBATEIbHOCTh K CTAOMILHOCTH IUTAIOIIET0 HAIPSDKEHUST U TyBCTBUTEIIb-
HOCTH 3JIEKTPOHHOI alIaparypbl CITOCOOCTBOBAIM OYEHb IIIMPOKOMY €0 pac-
IIPOCTPAHEHUIO, OCOOCHHO B JTO3UMETPUHM IIPU M3MEPEHUSIX HETIOCPEICTBEHHO
Ha MECTHOCTH.

IToCKONBKY BEPOSITHOCTh B3aUMOAECTBUS y-U3TyUEHHS C 3AMOJHSIIOLIIM
CYETUYMK ra30M HEBEJIMKAa, PErucTpalusl y-KBAHTOB IPOUCXOAUT IJIaBHBIM



176 11. M3amepeHue paaroakKTUBHOCTY U MACHTU(UKALIUS PATUOHYKIUI0B

00pa3oM B pe3ysbTare BbuieTa POTO-, KOMIOTOHOBCKUX MM aHHUTUISILIUOHHBIX
3JIEKTPOHOB, 00pa3yIOLIMXCS TPU B3aMMOJCUCTBUM y-U3IYYEHMSI C MaTepua-
JIOM cTeHOK cueTynka. Huskas aheKTuBHOCTb cueTunKoB I'eiirepa K y-usiy-
YEHUIO Je/IaeT MX JOCTaTOUHO YIOOHBIMU IJISI PeTUCTpallMu B-U3JTydYeHUs TIpU
3aMETHOM y-(OHE U CPaBHUTENbHO cjadoil 3amure. COOTBETCTBEHHO CUETUYM-
ku l'eiirepa BHYTPEHHEro HAITOJHEHMSI WM CUETYMKM C 27m- WU 4m-TeoMeT-
pueit U ¢ 10CTAaTOYHO TOHKMMM OKHaMU MOTYT MCIOJIb30BAThCSI U TSI U3BMEPEHU I
CPaBHUTEJIIbHO HU3KUX B-aKTUBHOCTEM.

OaHo# 13 HauboJiee pacpOCTPAaHEHHbBIX OTEYECTBEHHBIX HU3KO(MOHOBBIX
YCTAaHOBOK OBly1a BBHITTycKaBIIasics manureabHoe Bpemst YM®-1500 (ycraHoBKa
masioro ¢oHa). OCHOBHBIM JE€TEKTOPOM U AETEKTOPAMU aKTUBHOW 3alllUThI
(cM. pasn. 11.6.4) B Heli cayxuiu rajoreHHble cueTynku CTC-5 (0OCHOBHOI) 1
CTC-6 (3aiuTHbIe).

B aroif ycTaHOBKE mpemnapaThl paaMoaKTUBHBIX BEIECTB, TTOMEIIIEHHBIE B
MaKeTUKU U3 KaJbKU, 00BOpAYMBAIUCH BOKPYT OCHOBHOTO LUJIWHAPUYECKOIO
cueTyuka. [JIaBHBIM HEIOCTaTKOM TaKOW CUCTEMbl Mpernapar—cueTdyuK Oblia
HHU3Kasi BOCIIPOM3BOJMMOCTb TaKMX YCJIOBUM, KaK paBHOMEPHOCTb Ipernapara
MO TOoJIIMHE (M, COOTBETCTBEHHO, 3HaUeHUs Koa(pduiimeHTa camoocaadbieHus
B IpenapaTte M ocjaabJeHUs] B CTEHKAaX MakKeTuKa), pa3MelleHus mperapara oT-
HOCHUTEJIbHO CUETUYMKA U T. II.

CpaBHUTEJIBHO 00JIbllIOE MEPTBOE BpeMsl cueTumrKa leiirepa npakTuiyecku
HE UTrpaeT poJu MPU U3MEPEHUSIX HU3KUX aKTUBHOCTEM.

11.3. TAMMA-CIIEKTPOMETPUA

l'amma-cniekTpoMeTprs — OIMH U3 HamboJiee IMPOKO MPUMEHSIEMBIX Me-
TOMIOB ONpeNeeHUsT PAIMOHYKIMIOB B OOBEKTAX OKpYXKarollei cpeabl. MeTon
O4YeHb yH0OEH, OOBIYHO HE TpeOyeT BCKPBITHSI MPOO, KOHLIEHTPUPOBAHUS U
pazneneHus] patMoHYKIuIoB. [1pobornoaroToska yaiie BCero CBOAUTCS JIUIIb K
BBICYIIMBAHUIO U B3BELIMBAHUIO M3MepsieMoro rpernapara. [IpumeHeHue co-
BPEMEHHBIX TTOJIYTTPOBOIHUKOBBIX IETEKTOPOB, UMEIOIINX BHICOKOE SHEPTeTH-
YeCcKoe paspelleHue, TTO3BOJISIET BBIMOIHITh OMHOBPEMEHHOE KaueCTBEHHOE U
KOJIMYECTBEHHOE OIpeeSeHUE 1IeJIOr0 psifa y-U3aydarolnX paauoHyKIUA0B.

11.3.1. UICITYCKAHHME U MIOTJIOIIEHUE TAMMA-KBAHTOB AJPAMU

OOpa3zoBaBlIeecsl B pe3ybTaTe paIuOaKTUBHOIO paciiajaa JouepHee sIpo
MOXET HAXOAUThCS UM B OCHOBHOM BHEPreTUYECKOM COCTOSIHUM C DHEpTUueii
Ey, vim B ogHOM U3 BO3OYXIEHHBIX cocTossHui (E|, E,, ... ) Bo30yxneH-
HbIE COCTOSIHUS SiApa HEYCTOMYMBHI, SIAPO CAMOIIPOM3BOJIBHO MEPEXOAUT Ha
YPOBEHb C HU3LIEH dHEPruei, Mpyu 9TOM MPOUCXOAUT MCIYCKaHUE y-KBAHTA,
BHEPrusi KOTOPOro paBHa pa3HOCTU IHEPreTUUECKUX YpoBHel siapa. Tak, npu
nepexoae ¢ MepBOro BO30YXXIEHHOrNo0 Ha OCHOBHOW YpOBEHb EY = E, — E,.
B cooTBeTcTBUM ¢ MPUHLMIIOM HeompeaeleHHocTu [eizeHOepra, sHeprus
HUCITYCKaeMOTO0 y-KBaHTa MOXET ObITh OMpejiesieHa C TOUHOCTHIO AEy =ht, Tae
T — BpeMsl XU3HU siipa B BO30YXKI€HHOM COCTOSTHUU. BennuuHa AEy Ha3bIBa-
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€TCs1 €CTEeCTBEHHOM MMPUHOM JUHUM, B OOJILIIMHCTBE CIyYacB AEy << Ey. Ten-
JIOBOE JBUKEHHUE siiep MPUBOAUT K YIIMPEHUIO JTUHUU, MOCKOJbKY dHEpPTHUsl
KBaHTa, UCITYCKAEeMOTO IBVKYLIUMCS SAPOM, OTIUYAETCS OT EY B pe3yJbTaTe
spdexra Jorepa.

DHeprus nepexojia pacipenesisieTcst Mexay y-KBaHTOM U SIPOM B COOTBET-
CTBUM C 3aKOHOM COXPAHEHHUs UMITYJIbCAa. DHEPruio otnauu (£z) MOXHO pac-
CYUTATh U3 YCIOBUS PAaBEHCTBA MMITYJILCOB SIIpa M y-KBaHTA:

Egp=E] /2mc?

rIe m — Macca sjapa. DHEprust OTAAYU CYLIECTBEHHO MPEBBIIAECT €CTECTBEHHYIO
nmpuHy JuHnn. Tak, mia nepexona saapa S’Fe 3 BO30YXIEHHOTO COCTOSHUS B
OCHOBHOE EY = 14,4 k2B, AEy =4,55-1079 5B (BpeMs XMU3HU BO30OYKIECHHOTO
cocrosinust 98 He), Ep = 1,9 - 1073 3B. McnyckaHue y-KBaHTOB Ge3 OTaauu BO3-
MOXKHO B TOM CJIy4yae, €CIu U3JIyyalolluii aTOM BXOIUT B KPUCTAJLIMYECKYIO pe-
LIETKY (OTAauy UCHBITHIBAET KPUCTALI B LIEJIOM).

Snpo MoxeT MoriolaTh y-KBaHThI, TIEpeXo/isi B BO30OYKIEHHOE COCTOSIHUE,
€CJI SHEPTUS Y-KBAHTOB COOTBETCTBYET SHEPIUU SIAEPHOTO Tepexoa B Mpeje-
Jlax, 00yCJIOBJIEHHBIX MTPUHLIMIIOM HEONPEAEIEHHOCTU (PE30HAHCHOE MOIJIOLLIEe-
HHUe y-KBaHTOB). CHEKTphbl MOMIOIIEHUS U MCITYCKAHUSI y-KBAHTOB CIABUHYTHI
JIpyT OTHOCUTEJIbHO ApyTa Ha YABOEHHYIO sHepruto otnayu. Ha apdexre peso-
HAHCHOTO TIOIJIOLIEHMST y-KBAaHTOB OCHOBAH METOJA MCCJIEIOBaHUSI CTPOCHUS
BellleCTBa, Ha3bIBaeMblii MECCOAYIPOBCKOI CIMEKTPOCKOMUEH.

IIpu y-creKTpoMeTpuYeCcKOM aHaiu3e MPUPOAHBIX OOBEKTOB COOCTBEH-
HYIO LLIMPUHY Y-JIMHUU MOXHO CUUTATh MPEHEOPEXKUMO MAJION BEJIUUMHON IO
CPaBHEHUIO C Pa3pELICHUEM CIIEKTPOMETPA.

XOTS1 y-KBaHTBI, MCITyCKaeMble PaIMOHYKIMAAMU, HMMEIOT JMCKPETHBIC
3HAYEHUs] DHEPruu, HabaloJaeMblii ammapaTypHbId y-CIEKTpP HeMpepbIBEH.
YT0oObl MOHATH, KAKMM 00pa3oM (popMUpyeTCs anmnapaTypHblil CIIEKTp, HE00-
XOJMMO PacCMOTPETh B3aUMOJIEHCTBUE Y-KBAHTOB C BEILICCTBOM.

11.3.2. BBAUMOJEVICTBUE TAMMA-KBAHTOB C BEIIIECTBOM

ArnnapaTypHbIil y-CceKTp (OpMUpYyeTCsl KakK pe3yJbTaT TpeX OCHOBHBIX
MPOLIECCOB B3aMMOJIEUCTBUSI y-U3JydeHUs] C BelllecTBOM — dotoaddekTa,
KOMIITOHOBCKOT'O paccesiHusl U 00pa3oBaHMsl 2JIEKTPOH-TMO3UTPOHHBIX Map.

o DoTo3dekr — mpoiiecc, B KOTOPOM y-KBAHT MepeaaeT BCIO CBOIO dHep-
TUIO DJIEKTPOHY aTOMa MOMIOTUTES. DIIEKTPOH (KaK MpaBuio, U3 Onuxai-
e K sapy o0OJ0YKM) MPU 3TOM MOKWIAET aTOM, 3HEPIUsl ero paBHa
SHEPTUM y-KBaHTA 3a BBIUETOM SHEPTUU CBSI3M 2JIEKTpOHA B aToMme. Bepo-
ATHOCTH PoToaddekTa ckaukooOpasHo yBenuuuBaercs npu £, = Eg, Ep
UT. O., tie Ex, £; — SHepruu CBSI3U 3JEKTPOHOB HA COOTBETCTBYIOIIMX
o6ooukax. C yBeJlnMyeHHUEM aTOMHOIO Homepa (Z) MOIJIOTUTESI BEPOsIT-
HocTb (oTosaddekra pacreT npomnopuuoHanbHo Z35 [1]. PoTtosddekT
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ABJIACTCA OCHOBHBIM IMTPOLIECCOM IIPHU B3aMMOJICICTBUM Y-KBaHTOB HU3KOM
OQHEPrum C MnorjioTurejieM, MMCIOINM BBICOKMI Z.

o KomMnToHOBCKOe paccesiHne — B3aMMOJCHCTBUE y-KBAaHTA C DJIEKTPOHOM, B
pe3yJbTaTe KOTOPOro YacTh SHEPTUM y-KBaHTa MepeaaeTcs dJeKTPOHY, pU
3TOM BJIEKTPOH TaKXKe Mokuaaetr atom. Kpome TOro, UCIycKaeTcsi BTOpUY-
HBI y-KBAaHT C 9HEpPrueil, MEeHbIIIEei, YeM 3HepTus IepBoHavaaibHOTO. Be-
POSITHOCTh KOMIITOHOBCKOI'O pacCesHUsI pacTeT MpoIopLuoHanibHO Z [1].
KomnToHOBCcKOe paccesiHUe sIBIISIETCSI IIpeo0JiafaroiiiM IIPOLECcCOM ISt
MOTJIOTUTENEN C HU3KUM U CPEIHUM Z U y-KBAHTOB CPENHUX U BBICOKMX
sHepruii. Hanbosnee BeposITHO OTKJIOHEHUE y-KBaHTa Ha yroa 25—45° ot
TMepBOHAYAIBLHOTO HaIpaBIeHUS.

o [Ipu B3aMOAEMCTBUM BBICOKOBHEPIEeTUUECKOro y-kBaHTa (cBbiiie 1,022 M»B)
C CUJIOBBIM TIOJIEM SIIpa MOXKET MPOU30MTH 00pa3oBaHue IJIEKTPOH-TO3UT-
POHHO# mapbl. DHeprusi 00pa3oBaHUsI Mapbl paBHA CyMME MacC MOKOSI
BJIEKTpOHA M TTo3uTpoHa M cocrtasigeT 1,022 M»sB. OcranbHasg sHeprus
y-KBaHTa TIEPEXOINT B KWHETUUECKYIO SHEPTIHUIO JIEKTPOHA M TTO3UTPOHA.
[Mocme TOTO Kak MO3UTPOH TTOTEPSIET CBOI0 KMHETUIECKYIO SHEPTHIO, TIPO-
WCXOIUT €T0 aHHUTUJISIINS C DJIEKTPOHOM BEIIeCTBa, TIPU 3TOM 00pa3yeTcs
nBa y-kBaHTa sHeprueir 0,511 MaB kaxnblii, KOTOpblE, B CBOIO OUYEPED,
MOTYT IIOTJIOTUTHCSI BEILIECTBOM 110 MeXaHu3My (oroaddexra min pac-
CesThCSI Ha 2JIeKTpoHax. BeposgTHOCTb 00pa3oBaHUsl 3JEKTPOH-TTO3UTPOH -
HBIX Map pacTeT Kak Z2 [1].

OnucaHHble 3G GeKTbl MPUBOIAAT K YMEHBLIEHWIO Yucia y-KBAaHTOB TpU
MPOXOXIEHUN 4yepe3 ciaoil moriaoturess. OcnabneHue y-u3nydeHus moaInHs -
€TCS 9KCIOHEHIIMAJIbHOMY 3aKOHY:

N= Noe—u1= Noe—(u/p)pl

rae Ny — KOJIMYECTBO y-KBAHTOB, BXOMSLIMX B CJIOW moriotutens, N — Koau-
YECTBO y-KBAHTOB, TPOIIEAIINX Yepe3 MOTIOTUTENh, | — JUHEHHBIN K03 du-
uueHt nommowenus (cm~!), p — rmotHocTh (r/cM3), p/p — MAcCOBBINA
KO3 GUUMEHT MOmIOWEeHns (cM2/r), [ — TOoJIMHA CJI0S TIOMIOTUTENsS (CM),
pl — TomumHa cios (r/cm?2).

ToNMHY €108 MTOTJIOTUTENA YaCTO BHIPAXKAIOT B I/CM2 U KCITOJIb3YIOT Mac-
COBBI K03¢duLmeHT noroiieHus (cm2/r). Takag cucteMa eIMHULL TO3BOJIA -
€T COMOCTABATh IOMJIOUIAIONIYI0 CITOCOOHOCTh MaTepuanoB, WMEIOLIUX
pPa3HyIo MJIOTHOCTh. 3HAYEHUSI MAacCOBOro KoddhduIIMeHTa TMOIJOLIEHMST pa3-
JIMYHBIX BEUIECTB CPABHUMbI JJI51 BBICOKOOHEPTeTUUECKOrO U3IYYEHUST U CUJTb-
HO pas3jinyarTcs ISl y-KBAaHTOB HU3KOU 3Hepruu (puc. 11.4)

Takum 00pa3oM, TSI BHICOKOIHEPTeTUIECKOTO M3JIyYeHUs TTOTJIOLIEHNE
ONpeNEeNAeTCs TJIaBHBIM 00pa30M TOJILMHON MoraoTuTens (r/cm?), Torma Kak
JUTSI HU3KO9HEPTETMUECKOTO pelialoliee 3HaueHe NMEET COCTaB TTOTJIOTUTETS.
Ecnu BelrecTBO MMeeT CIOXHBIN COCTaB, B KAYECTBE XapaKTePUCTUKH TTOTIIO-
1IalolIeil CIOCOOHOCTU MCMHOJIb3YIOT 3(P(PEKTUBHBIM aTOMHBIM HOMEp. DTO
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Puc. 11.4. 3aBucuMOCTb MacCOBBIX KO3(D(MUIIMEHTOB MOTIOIIEHNS] HEKOTOPbIX
BELLECTB OT 9HEPrUH y-KBAaHTOB [2]

ATOMHBIN HOMED, KOTOpBIfI MMEJO OBbI BEIIECTBO C TAKUMMU K€ MOTJIOLAIOLIMUA
CBOﬁCTBaMVI, COCTOALIECC M3 aTOMOB OOJHOI'O BMAA.

11.3.3. IETEKTUPOBAHUE 'AMMA-KBAHTOB

Jns perucTpany y-u3IrydeHUsT UCTIONB3YIOT TeTEKTOPHI IBYX THUTIOB:
® CUMHTWUISILIMOHHBIC (Ha OCHOBE MOIMIOB HATPUSI WM 11e3Usl, aKTUBUPO-
BaHHBIX TaJuIMeM, repMaHara BucmyTa BigGe3;Oq, 1 ap.);

® [10JIyITIPOBOJHUKOBbBIE (M3 CBEPXUMCTOrO TeépMaHUsl, U3 KpPeMHUS, repma-
HUKU-TUTUEBBIE U IP.).

CuMHTHUISIAOHHBIE TeTEKTOPBI IIPEICTABIISIOT COO0I KPUCTAUT CIIMHTIII-
JIITOpa, ONTUYECKM CBsi3aHHBIA ¢ PDY. [lpu B3aMMOIEHCTBUU y-KBAHTOB C
MaTepuaJoM KpYcTaala MPOUCXOAMUT Nepenada SHEPTUM DJEKTPOHAM U MO3UT-
pOHaM MO OMMCAHHBIM BBILIE MEXaHU3MaM, 3aTeM BTU 3apsKEHHbIE YaCTUIIbI
BbI3bIBAIOT BO30YXXACHWE U MOHM3ALMIO aTOMOB B KpUCTajjie. DHEpPrus BO3-
OyXIeHUsT Ipeodpa3yeTcsl B CBET, KOTOPbI U peructpupyercs OOY. CpenHee
yuciao (poToHOB, 00pa3yloIIMXCsl B CHUHTULISATOpe, cocTtasasier 10—100
Ha 1 k3B sHeprum y-kBanTa. HanboJbliee pacripocTpaHeHe UMEIOT CIIMHTHII -
JSILMOHHBIE jAeTekTopbl Ha ocHose kpuctamioB Nal(Tl) (Z,44 = 50, p =
= 3,67 r/em?), CsI(TI) (Z,4q, = 54, p = 4,51 1/cM?), a TakxKe Ha OCHOBE repma-
HaTa BUCMyTa |[3].

JeiicTBrE MOJYNPOBOJHUKOBBIX JETEKTOPOB OCHOBAHO Ha MOHU3AILINU Be-
1IIeCTBA MO AeHCTBHEM y-U3JIydeHHs. 3aTeM 3JIeKTPOHBI M BAKAHCUU TIOM Acii-
CTBHEM TIPUJIOXKEHHOTO TOTEHIIMAMa ABIDKYTCS K 2JIGKTPOJaM, W B IIETH
BO3HMKACT 3JICKTPUUCCKUI UMITyJbc. CpemaHsisi SHeprus o0pa30BaHUST OTHOM
napel 2JIEKTPOH — BaKaHCHUs cocTasiseT 2,9 u 3,8 3B mj1a repmaHust 1 KpeM-
HUSI COOTBETCTBEHHO [1].
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ITonamaHue y-KBaHTa B CUMHTUJUISILIMOHHBIM WJIM MOJYPOBOAHUKOBBIN
JIETeKTOP BbI3bIBAET DJIEKTPUUECKUU UMITYJIbC, aMIJIUTYAa KOTOPOTO MPOMop-
LIMOHAJIbHA [10JIe 9HEPTUHK, KOTOPYIO y-KBaHT Iepenay aeTeKTopy. Bo30yx-
JIEHWE U MOHU3ALIMSI CPelibl TPOUCXOAUT B OCHOBHOM TyTEM Iepeauyd KUHETHU -
YECKON 3HEpPrMyM KOMMTOHOBCKHX 3JIEKTPOHOB U (POTOJIEKTPOHOB, a TaKXKe
3JIEKTPOH-TMO3UTPOHHBIX Map. DTU YaCTUIIbl UMEIOT HEOOJIbIION Mpoder u, Kak
MpaBWJIO, HE BBUIETAIOT 3a Mpeaesibl aeTekTopa. YacTo aeKTpuYecKUil UMITYJIbC
00yC/IOBJIEH TOC/IEA0BATEIbHOCTBIO  BJIEMEHTAPHBIX aKTOB  B3aMMOACUCTBUS
Y-KBAHTOB C BEILIECTBOM AETEKTOpa; HalIpuMep, BTOPUYHBIN y-KBaHT, 00pa3ylo-
LIUICA MPU KOMITOHOBCKOM PACCESIHUMM, TOTJIOIIAeTCs M0 MeXaHu3My (oTto-
apdekTa win paccernBaeTcsl ITOBTOPHO. [TOCKOJIBKY 3TU COOBITUSI TPOUCXOIST
MPaKTUYECKN OMHOBPEMEHHO, IETEKTOP PETUCTPUPYET OIUH UMITYJILC CyMMap-
HO# aMruMTyabl. ECIM BTOPUYHBINA y-KBaHT MOKUIAET IETEKTOP, SHEPrusl, mepe-
JlaHHast ICTEKTOPY, COCTaBIsIeT £, — E o\ (rne E, gy — SHEPTUS PACCESHHOTO
y-KBaHTa). Takue coObITUS (DOPMUPYIOT HEMPEPHIBHYIO YaCTh amnrapaTypHOro
CIIeKTpa, JIeXKallyo JieBee IMTUKa MOJTHOTO MOMIOLIEHUS EY (CM. HUXKE), — KOMII-
TOHOBCKMIT KOHTUHYYM (puc. 11.5). Uem Oouibliie KpucTasi, TeM 00Jibliie BEpO-
STHOCTb TIOTJIOLIEHUSI PACCESIHHBIX Y-KBAHTOB (TeM OoJiblle MUK MOJHOIO
TTOTJIOLIEHUS TI0 CPABHEHUIO C «IThEAECTAIIOM»).

ITpu poToapdexTe mpoucxoaut ucnyckaHue (hoTOJEKTPOHA C SHEPTUEN
Ey 32 BBIYETOM DHEPIUU CBSI3U BJIEKTPOHA. DTOT 3JEKTPOH OOBIYHO OCTAETCS B
npenesax Kpucrtauia (pa3Mep KpucTaljia BbIOMpaeTcs 3aBeloMO OOJIblle MaK-
CUMaJIbHOTO mpobera 37eKTPOHOB). OMHOBPEMEHHO MTPOUCXOAUT MepecTpoiika
SJIEKTPOHHOW OO0OJIOUKM aToMa, MECTO BbUIETEBILETO 2JIEKTPOHA 3aHUMAaeT
JIPYroii, Mpu 3TOM MCITYyCKAeTCsl XapaKTePUCTUUECKOE PEHTTEHOBCKOE MU3Jyve-
HHUe, KOTOPOE TakxKe B OOJILIIMHCTBE CyyaeB MOTJIOLIAETCS B KpUCTasuie. DTU
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MPOLIECChl TTPOUCXOAIT TMPAKTUYECKU OTHOBPEMEHHO, o0Opa3ysl B pe3yJbTaTe
onMH uMIyJbc. Takum obpazom, pu dhoToaddekTe NoTepr SHEPTUM y-KBaHTA B
KPHUCTaJUIC OKA3bIBAIOTCS PaBHBI E. BbUIeT PEHTICHOBCKMX KBAHTOB 33 TPE/IE/Ib
KpUCTalJIa MOXKET MPUBECTU K ACUMMETPUU TMHKa WIK K MOSIBJCHUIO JOMOJIHUTE-
JbHOro nuka. Tak, MpW MCHOJIb30BAHWMU CUMHTWLISILIMOHHBIX NETEKTOPOB Ha
ocHoBe Nal(Tl) u CsI(Tl) B anmapaTypHOM CIIeKTpe MOXKeT HaOJI101aThCsl UK,
COOTBETCTBYIOLLMIT 9Hepruu E, — 28 k5B, 00yCNOBIEHHBII BbIIETOM 32 Mpe/e-
JIbl KpUCTaJlla XapakKTepuCTUUEeCKUX KBAaHTOB MoAa ¢ aHeprueit 28 kaB.

B cnekTpe paiMOHYKIWIOB, UCITYCKAIOIIUX yY-KBAHTbI BHICOKOW 3HEPTUU
(>1,02 M»3B), ¢dopmupytoTcst ABa MUKa, COOTBETCTBYIOIIME BBIIETY OJHOIO
WIW JBYX aHHUTUJISIUMOHHBIX y-KBaHTOB ¢ aHeprueit E, — 0,511 M»sB u
Ey — 1,022 M5B cooTBeTcTBEHHO 3a Tpeaesbl JeTekTopa. Takue MUKU Ha3bl-
BAlOTCSI IMKOM JIBOMHOIO M OOMHOYHOTro BbLIeTa (puc. 11.6, ¢). Yem Goubliie
pa3Mep KpHCTaljla, TEM MEHbIIE BEPOSTHOCTH BBIJIETA aHHUTWISIIMOHHBIX
Y-KBaHTOB U COOTBETCTBEHHO MEHbIIIE OTHOCUTE/IbHAS TUIOLIAAb KA ABOHHO-
ro BbLIETA.

COBOKYITHOCTb PacCMOTPEHHBIX MPOLIECCOB MOXKET MPUBECTU K TTOJTHOMY
MOMJIOLIEHUIO SHEPTUU MEPBUYHOTIO y-KBaHTa B AeTeKTope. B aToM ciyyae pe-
3YJIBTUPYIOLINA DJIEKTPUYCCKUI MMITYJIbC MPONOPUNOHaNeH E U BHOCUT
BKJIaJ B IIMK TTOJTHOTO TIOTJIONICHUS SHepruu. MIMeHHO MUK ITOJTHOTO ITOTJIOIIE-
HUS BHEPTUM MCTIOJIB3YIOT IS KaYeCTBEHHOTO M KOJTMYECTBEHHOTO OIpeesie-
HUS PagvoOHYKJIHWIOB. MHOrma 3TOT MWK Ha3bIBAIOT (POTOMMKOM, HO TaKoe
Ha3BaHME HE BIIOJIHE KOPPEKTHO, TTOCKOJIBKY TTOPOXKIAETCS OH HE TOJIBKO SIBJIE-
HueM ¢oroaddexra.

[MluprvHa nMKa TMOJHOTO TOIJIOLIEHUS (PHEPreTUYecKoe paspelieHue)
oIpenessaeTcsl CTaTUCTUYECKUM pa30pocoM YHuciia HOocuTenel 3apsaa (map
3JIEKTPOH—BaKaHCUs WK (hOTORJEKTPOHOB), 00pa3yIOLIUXCS TTPU B3aUMOJEl -
CTBUM y-KBaHTa C ACTEKTOPOM.

LUTIB « (0F,)!?2

rane IIITTB — mypuHa nuka Ha MoJJOBUHE BbICOTHI [1], ® — 3Heprusi, HeobXxo-
JUMast U1 CO3JaHUsI HOCUTENIS 3apsiaa.

Yem Oosibliie 0Opa3yeTcsi HOCUTENEH 3apsiia, TeM MEHblIe (M0 3aKOHY
ITyaccoHa) oTHocuTtenbHas ILiMpuHa nuka. [ToaTomy MOJyNpOBOAHUKOBbBIE
JETEKTOPbl UMEIOT B AECATKU pa3 Jiydlliee pa3pellieHre, YeM CLHUHTUISILIMOH -
Hble (puc. 11.6). C pocTOM 3HEPIruM y-KBaHTOB LIMPUHA IMKA, BbIpaXKEHHAsI
B DHEPTeTUUYECKUX eNMHUIIAX, YBEININBACTCS.

11.3.4. OIIPEJEJIEHUE PAINOAKTUBHOCTU

OnpeneneHue pamlMoOaKTUBHOCTU METOIOM Y-CIEKTPOMETPUU BKJIIOYAET
CJIEYIOLIUE STAIlbL:

1) XxamnOpoBKa CIIeKTpOMeTpa 10 SHEPTHH;

2) kanubpoBKa Mo 3(PPEeKTUBHOCTH;
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Puc. 11.6. Criextpsl °Co, mosydeHHbIE ¢ TOMOLIBIO TTOIYTIPOBOIHMKOBOTO
1 CUMHTWIISILIMOHHOTO JIETEKTOPOB: @ — BUAeH MUK 2506 k3B, 00ycIoBIeHHBII
OIHOBPEMEHHO perucrpalueil KackaaHbIX y-KBaHTOB; 6 — 00JIACTh MMKOB MOJHOTO
MOTJIOIIEHUST SHEPTUU; 8¢ — (ParMeHT CMeKTpa, MOJYYEHHOTO C MOMOIIbLIO
MOJIYIIPOBOAHUKOBOTO IETEKTOPA, BUAHBI MUKW OAMHOYHOTO U IBOMHOIO BbLIeTa
(822 u 311 k3B COOTBETCTBEHHO)
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3) Habop crekTpa M3MepsIeMOro Iperapara, OIpele/ieHUe TUIOLIAaaN -
KOB IIOJIHOTO ITOLJIOIICHMUSI,

4) nneHTU(UKALNS TUKOB;

5) Habop crekTpa ¢oHa;

6) pacueT aKTMBHOCTH.

B 3aBucumoctu oT (OpMBI KpUCTalIa Pa3inyaioT CJAeAylolIne BUAbI Je-
TEKTOPOB:

1) KoakcuaJbHBIN;

2) TJIaHAPHBIA;

3) KpHUCTalJl C KOJIOALEM.

O6paseL

/

Kpuctann
a 0 8

Puc. 11.7. PaznuuHble BapuaHTbl T€OMETPUU U3MEPEHUI: @ — KOAKCUAIbHBbIN
JETEKTOP, UWJIMHIAPUYECKUIA 00pa3el; 6 — KOaKCUaJIbHbIU JeTeKTOp,
oOpasell B cocyae MapuHelin; 6 — AeTeKTOp ¢ KOJOALIeM

dopma U3MepsIeMOro IMpernapara TakKe MOXET ObITh pasianuyHoil. Ha pu-
cyHke 11.7 mokasaHbl pa3jW4yHbie BapUaHThl TeoMeTpuu usMmepeHuii. Cocyn
MapuHennu (BapuaHT 0) IO3BOJISIET YIYUYILIUTb FEOMETPUUECKUE YCIOBUS IIPU
U3MepeHUHU Mpo0d 00IbIIOro oobeMa. JIeTeKTOphI ¢ KOJIoAleM (BapuaHT 6) UMe-
10T 06J1b111YI0 3(P(PEKTUBHOCTH MO CPABHEHMIO C KOAKCUAILHBIMU 3a CUET DoJiee
BBITOIHOM TeoMeTpur u3MepeHnii. OCHOBHBIM HETOCTATKOM IETEKTOPOB C KO-
JIOALIEM SIBJIsIeTCS OOJBIINIA BKJIA MPOLIECCOB CYMMUPOBAHMS ITPU U3MEPEHUM
AKTUBHOCTHM PaIMOHYKJIMIOB, UCIYCKAIOIIMX KacKaaHbIe y-KBAHTbI (CM. pas.
11.3.4.6). I[limaHapHble I€TEKTOPHI IPUMEHSIOT B OCHOBHOM JIJISI PeTHMCTpaIlun
HuskosHeprerudyeckux (< 100 ka3B) y-kBaHTOB. BeposITHOCTb B3aMOIEHCTBUS
Y-KBAHTOB BBICOKOI 9HEPTUU C TOHKUM JI€TEKTOPOM HEeBEJIMKa, [03TOMY KOM-
NTOHOBCKUI «IbEAECTAT» CIIEKTPA CYLIECTBEHHO HUXE, UYTO 1AE€T BO3MOXHOCTh
JETEKTUPOBATh HU3KKME YPOBHU aKTUBHOCTU TAKMX PAAMOHYKINIOB, Kak 210Pb,
241Am, 234Th, 226Ra. YT06bI YMEHBLIUTH OCIA0IEHUE Y-KBAHTOB KOPITYCOM, Ta-
KHe JEeTEKTOPhl OCHAILAIOT OepUIMEBBIM OKHOM (Z = 4).

11.3.4.1. KaimopoBka
I/II[GHTI/I(i)I/IKaHI/IIO PAANMOHYKINIOB IMPOBOJAT ITO IMOJIOKECHUNIO TTMKOB ITOJI-
HOTO TIOTJIOIIEHMSI SHEPTUM Ha SHEpreTnYecKoi mKkajue npudopa. [1pexme yuem
ITPOBOJUTDH I/II[GHTI/I(I)I/IKaHI/I}O, HGO6XOI[I/IMO COOTHECTHN 3HAYCHMHE SHEPIrum C
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HOMEpPOM KaHaja aHajau3aTopa, T. €. IMPOBECTH IHEPreTHYECKYI KaJIHOPOBKY
criektpomeTpa. Jg aToii 1eam HabMpaloT CIeKTp CTaHAAPTHBIX MCTOYHUKOB
y-usnydyeHus. CriekTp, o KOTOPOMY IPOBOIUTCS SHEpreTuyeckask KaaiuopoB-
Ka, TOJDKEH CoaepXKaTh HECKOJIBKO XOPOIIo choOpMUPOBAaHHBIX MUKOB. [1poiie-
Oypy HYXHO TOBTOPSITH MEPUOANYECKU, B 3aBUCUMOCTU OT CTaOMJIBHOCTH
paboThl MCTOYHMKA BBHICOKOTO HAIPSDKEHUS, YCUIUTENS UM aHaau3aTopa.

I1pu u3MepeHU MPUPOIHBIX 00Pa3LOB MOXHO YTOUYHSTh KAJIUOPOBKY IO
CIIEKTPY M3MepSIieMOro oopasiia, MOCKOJbKY MPU JIMTEJIbHBIX 3KCIO3ULIUSIX B
CIIeKTpax, KakK MpaBUIo, HAOJIOMAIOTCS OJHM U Te XK€ MUKHU, KOTOpbIe YI0OHO
HCIIOJIb30BaTh Ul KaTUOPOBKU, — MUKW PAAMOHYKINIOB psanoB 238U u 232Th
(cM. puioxenue 1), aHHUTWIALIMOHHBIA MK — 511 k3B, nuk 40K.

Kamoposkoii mo 3¢ ¢deKTHBHOCTH Ha3BIBAIOT OIpeAc/IieHNe 3aBUCUMOCTH
3(hGHEeKTUBHOCTU PETMCTpaliMK Y-KBAaHTOB OT uX 3Hepruu (puc. 11.8).

D GeKTHBHOCTD PETUCTPANMHA ¢ — OTO OTHOILIEHWE YUCIa 3aperucTpupo-
BAHHbIX JIETEKTOPOM y-KBAHTOB (B IJaHHOM CJIyyae — IUIOLIAAb MUKa MOJHOTO
MOMIOLIEHUSI SHEPTUr) K OOLLEMY UYKUCTY y-KBAHTOB COOTBETCTBYIOIIEH SHEPTUU,
WUCITYILIEHHBIX UCTOUHUKOM.

Jst KanubpoBkU 110 3¢ (HEeKTUBHOCTU HEOOXOIMMO UMETh UCTOUHUKMU, CO-
JepXKalliue psii paauoOHYKJIUMIOB C M3BECTHOM aKTMBHOCTBIO, W3JTydalollux
y-KBaHTHI B IIIMPOKOM SHEPreTMUEeCKOM AuariazoHe. Ecim ompenensieMslii pa-
JUOHYKJIUJ HE BXOAUT B HAOOp cTaHAapTOB, 3((hEKTUBHOCTD JJISI HEro mojyya-
FOT UHTEPHOJISIIIUEN.
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Puc. 11.8. TunuuHasi kpuas 3aBUCUMOCTH 3G (MEKTUBHOCTU PETUCTPALIMU Y-KBAHTOB
OT WX SHEPIUM I KOAKCUAJILHOTO JIeTEKTOpa U3 CBEPXUMCTOrO repMaHust
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Ecau npoBoauTcs onpeneseHre akTUBHOCTH TOJIBKO OMHOTO PaauOHYKIIM-
Jla, 4aCTO HET HEOOXOAUMOCTU CTPOUTHh KPUBYIO 3(P(PEeKTMBHOCTb—IHEPTHUSI.
Db hEeKTUBHOCTL OMPEaeIIeTcsl MyTeM M3MepeHUs CTaHIapTHOTO Iperapara,
comepKallero OmnpeaesieMblii paIuOHYKIWA B aHAJIOTMYHBIX YCJIOBUSIX
(cM. pasn. 11.3.4.5).

11.3.4.2. HaGop cnekTpa mpenapata, onpenejieHne IIOMAAN MMKa

ITnomaap mMKa MOJTHOTO MOTJIOLIEHHS TTOJyJYaloT, BIYMTas U3 0011eT0 KO-
JINYECTBA HAKOTUIEHHBIX B 00JIACTU THMKa UMITYJILCOB TY YaCTb, KOTOpasi 00yCJIOB-
JIeHa KOMMTOHOBCKMM paccesiHueM («Ibeaectan»). [lonpobHee o0 anropurmax
MoucKa rpaHUIl U pacuyeTa Iiollaaei MMKOB MOXHO MPOYECTb B PYKOBOJICTBE
MO Y-CHOEKTPOMETPUHU [2] U B MHCTPYKUHUSIX K PA3JIMUHBIM y-CIIEKTpPOMETpUUEC-
CKUM TIPOTPAMMHBIM TTaKeTaM.

JUTeTbHOCTh U3MEPEHMS TIPerapaToB ONpeAeIsieTCsT TpeOyeMoit BeTnJn-
HOM AucCHepcUu U3MEPEHHON TUIONIAAM MUKa (32 BIUETOM Tbeaectania). [Tpu
M3MEPEHNHN TIPUPOIHBIX MPOO UIMTEIBHOCTh Habopa CIeKTpa, KaK IPaBUIIO,
COCTaBJISIET OT HECKOJbKMX YaCcOB MO HECKOJIbKMUX CYTOK B 3aBUCHMOCTH OT
YPOBHSI pPaIMOaKTUBHOCTH TIperiapara.

11.3.4.3. Unentudukanus MUKoB

Wnentudukanysi mMukKoB MOXeT ObITh HEJETKOM 3ajaueid (YMciIo y-usayda-
IOIIMX HYKJIMIOB TIPEBHIIIAET THICSUY, a M3BECTHBIX y-JIMHUN HACUYUTHIBAETCS
Oosiee naBaaulaTyd Thicsv). MneHTUdUKaALMS PaIUOHYKIUIOB MPOBOAUTCS IO
SHEPTUHU y-JIMHUM U UX UHTEHCUBHOCTU. B psne ciaydaeB misd uaeHTUGUKALIUN
HUCTIONB3YIOT TakKe W TMEPUO. MoJiypacrana, pacCUMTaHHBIA MO M3MEHEHUIO
TUTOLIAAN COOTBETCTBYIOIIEro NuKa. O0JerYynuTh MACHTU(MUKAIIMIO MOTYT 2JIeK-
TPOHHBIE OMOJIMOTEKU, BXOASMIINE B OOJBIIMHCTBO CIIEKTPOMETPUUYECKUX IPO-
TPaMMHBIX MTAKETOB, UM CIIPAaBOYHUKY [4]. BUbAMOTeKH y-CrEeKTPOB U y-JIUHUMK
PanvMoOHYKJIMAOB NOCTYITHBI TakxKe B ceTu MHTepHeT [5]. Kpome nmukosB, cooT-
BETCTBYIOILIMX SHEPTrUM y-JMHUIA, MOTYT HaOMIOIAThCs MUKW OAMHOUYHOIO U
JBoiHOTro BbieTa. [Tpu BBICOKOI 3arpy3Ke CleKTpoMeTpa MpoOUCcXoauT oOpas3o-
BaHWE CyMMAapHBIX ITMKOB — €CJIM JBa aKTa B3aMMOJEICTBUS y-KBAaHTOB C Jie-
TEKTOPOM TIPOMCXOMIST B TIpeesiax pa3pellalnero BpeMeH! JeTeKTOopa, OHU
JAIOT Ha BBIXOJE OOIIMI MMITYIbC CyMMapHOW aMITTATYAbl. CyMMapHBIe TTHKHU
HaOJII0IAI0TCA TAKXKe MPU KAaCKaIHOM MCITyCKaHmuu y-KBaHToB (00Co, 134Cs u
mHorue apyrue) (cM. pasza. 11.3.4.6).

11.3.4.4. Yyet (ona

DoH cKIagbIBaeTCA M3 M3JIydeHUs TPOMYKTOB paciiaja pajaoHa, KOTOpPHIE
BCeTa MPUCYTCTBYIOT B aTMocdepe, paTlMOHYKINIOB, BXOASIINX B KOHCTPYK-
IIMOHHBIE MaTepHUaIbl YCTAHOBKM, B TOM YHMCJIC M HEMTOCPEACTBEHHO B JIETEK-
TOpP, M3IYYCHMST CTPOMTEBHBIX MaTepHhalioB JabOpaTOpru M KOCMUYECKOTO



186 11. M3amepeHue paaroakKTUBHOCTY U MACHTU(UKALIUS PATUOHYKIUI0B

usnyyeHus. I1o3ToMy Py U3MEPEHNU aKTUBHOCTH TEX PAIMOHYKINIOB, KOTO-
pble MOTYT BHOCUTb BKJIAZl B CIIEKTP (hOHA, HEOOXOAUMO YYUTHIBATH B pacyeTax
nonpasky Ha ¢oH. Kak npasuiio, B criekTpe (hoHa HaOMIOLAIOTCS IMKK PALUO-
HYKJIMJIOB €CTECTBEHHBIX PaIMOAKTUBHBIX CEMEICTB ypaHa—paaus U TOpuH, a
takxe 4°K. MHorna Hadmonaercs muk 137Cs. TTpumecs 137Cs MmoxeT conepxarh-
cd B MOOMIE LI€3Usl, U3 KOTOporo caenaH gerektop. Criektp ¢GoHa, MomyyeH-
HBIiA C TOMOILLBIO TEPMAaHUEBOTO IETEKTOPA, OCHAILEHHOTO CBUHLIOBOM 3a1LUTOMI
Maccoii 6ojiee TOHHBI, puBeaeH Ha puc. 11.9. Criekrp HaGupacs B TeueHKe
JIBYX CYTOK.

Crniektp (oHa cienyeT HabUpaTh B TEX XK€ YCJIOBHIX, YTO U CIIEKTP U3MEPS-
eMoro o6pasma. JList Toro 4To6sl yU4ecTh MPOLECCH OMTOIEHUS (POHOBOTO M3~
JIy4eHUsT B U3MepSieMOM 00pasiie, Ipu Habope (HOHOBOTO CIEKTPAa HEOOXOAUMO
Pa3MeCTUTDb Ha JETEKTOpe 00pasel] TAKOI XK€ Macchl U T€OMETPUM, HO HE CO-
JepXKaluii U3MepsAeMbIX PaIUOHYKIUIOB (XOJOCTOl OmbIT). B yacTHOCTH, NTpH
U3MEPEHUH TIPOO TOYBBI MJIM JOHHBIX OCAIKOB B KAUECTBE TAKOTO 06pasia Mo-
KET ObITb MCIIOJIb30BaH OKCHI allOMUHUA Wiv KpemHusa. Ecam npu HaGope
criekTpa (pOHa He MCIONb30BaTh XOJOCTOM 00pasell, (POH OKAaXKETCH CYILECT-
BEHHO BbILIE, ITOCKOJIbKY IETEKTOP OKPYXEH BO3IyXOM, KOTODBINA OCiabiser
y-KBaHTBI HE3HAYMUTEJIBHO 110 CPABHEHUIO C TBEPABIMU M XKXUIKUMU TIpENapaTa-
Mu. B TakoM ciyyae mpM M3MEPEHUM MPUPOAHBIX PAAVMOHYKIUIOB MOXHO
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Puc. 11.9. y-Crniextp ¢doHa, NMOJydeHHBI! C TTOMOIIBIO TePMaHNUEBOTO JAeTeKTOpa.
3ammra — cBuHel, 1,3 T, BpeMs usMepeHuii — 48 4.
Xopouro BUAHBI JUHUU: 511 k3B — aHHUTWISILIMOHHbBIEC Y-KBAHTHI,
1461 k3B — 40K, 2615 k3B — 208TI (cemeiicTBO TOpPU)
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MOJYYUTh CWIBHO 3aHVKEHHBIE Pe3yJbTaThl (BILIOTH O OTPUIIATEIbHBIX 3HA-
YEHUI pagroaKTUBHOCTH).

11.3.4.5. KonmyecTBeHHOe omnpeesieHie PaauoOHYKIUI0B

KommuectBeHHOE OMpPEACICHNUEC PAOUOHYKIIMIOB IPOBOAAT ITIO ILJTIOLIAAMN
M1Ka ITOJTHOTO MOIJIOIIEHNSI. AKTUBHOCTD CBSI3aHa C TJIOIIAIbIO TUKA IIPOCTBIM
COOTHOIICHHNEM:

=Ss/’s ~Sp/tp
pe

A

rae A — aKTMBHOCTb PaIUOHYKJINAA, Sg¢ — IUIOLIAAb MUKa TOJHOTO MOIIOLLE-
HUS B CTIEKTpE Mpernapara, Sp — IUIOLalb M1MKa ITOJHOTO MOTJIOLIEHUS B CIIEK-
Tpe (oHa, f¢ — BpeMs U3MEpPEHUs Npenapara, fp — BpeMsl u3MepeHus: GoHa,
P — BEPOSITHOCTb MCITYCKAHUS y-KBaHTa JTAHHOW SHEPruy TIPU pacrane, & —
BEPOSITHOCTh PETUCTPALIMU y-KBAaHTA B YCIOBUSIX KOHKPETHOTO WM3MEpPEHMUS
(3 (HEeKTUBHOCTS).

Db HEKTUBHOCTh PETUCTPALIMM Y-KBAHTOB OIPEICISIeTC:
® YyBCTBUTEJIbHOCThIO AETEKTOPA K y-KBaHTaM JIaHHOI SHEpPruu,
e ociabjieHreM y-KBaHTOB MaTepHuaJoM oOpaslia (caMoociaabaeHueM),
® TeOMETPUUECKUMU (haKTopaMu,

® 0cJ1a0JIeHUEM Y-KBAHTOB MEXIY UCTOUHUKOM U YyBCTBUTEIbHBIM OObEMOM
JETEKTOPA.

CamoociabjeHrne 3aBUCUT OT TOJIIMHBI M3MEPSIEeMOro Iipernapara, ero
Zacpcp U 9HEPruu y-KBaHTOB. B TO Xe BpeMs yBeJuueHue TOJIIMHBI TIpernapaTa
BIMSIET M Ha camMoociabjieHre, U Ha reoMeTpuueckuii KoadduiueHt. Oue-
BUJIHO, UTO YUYE€T BCeX 3TUX (DAKTOPOB ClIOXKEH. DPHEeKTUBHOCTD, KaK MpaBu-
JIO, OMNpeNeisiioT, M3Mepsis UIEHTUUYHBIM CTaHAapTHBIN TperapaTr B aHalo-
TUYHBIX yCHoBUsIX. JlJIst 3TOM 1ieu BBINYCKAlOTCS cepTHGHIHPOBAHHbBIE
CTaHJAPTHbIE MaTepuabl (ITOYBbI, TOHHbIE OCaJKH1, BOJIa, TPOOLI OMOTHI U Ap.),
cofiepXKaHUE HEKOTOPbIX PAMOHYKIUIOB B KOTOPBIX YCTAHOBJEHO IOCTOBEPHO
(006paboTKOI Pe3yabTATOB, MOJYUYCHHBIX B Pa3IMYHBIX J1JA00paTOPUSIX pa3HBIMU
meTogamu). K coxaneHuto, BbIOOp cepTUMUIIMPOBAHHBIX CTAHAAPTHBIX MaTe-
pHAJIOB IS Y-CIIEKTPOMETPUN OTpaHUYEH.

Ecau HeT BO3MOXHOCTM MCMOJIb30BaTh MOAXOMSIIIME CTaHIAPTHbIE MaTe-
pHYayibl, MOXHO TOUTU OOHUM U3 CIAEAYIOIUUX MYTEH.

e [IpoBecTr MHTEPNOJSALUIO 3(PHEKTUBHOCTU, €CJIM UMEIOTCS CTaHAapTHbIE
npenaparbl, coaepXallue Ipyrue HyKJIuabl ¢ 00Jbllielt U ¢ MEHbIIENH SHep-
rMeil UCIyCcKaeMbIX y-KBAaHTOB. Tak, JUISI TOYEYHBIX MCTOYHUKOB MOXKHO
MPOBECTU KATUOPOBKY 10 3((PEeKTUBHOCTH, UCIIOIb3ysI 00pa3lOBble CTaH-
JapTHbIe ramMma-criekrpoMmerpuueckue ucrouHuku (OCI'N). dnst kanudpos-
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K MOXHO WCITOJTb30BaTh IpeIaparthl, coaepsKallfe M3BeCTHOE KOJIMIECTBO
MPUPOIHOTO ypaHa WIIK TOPUS B paBHOBECHM C MPOAYKTaMHU paciiaga. Mx
CIIEKTPBI COMepXKaT LENBbIA psii MHTEHCUBHBIX JIMHWIA, JIEXAIINX B IITAPO-
KOM JIuamna3oHe sHepruii. HeTpynHo onpenenTsb 3¢ GeKTUBHOCTh PETHUCT-
palyy KaxXIoW JTMHWUU, 3HasI, 9YTO aKTUBHOCTH TOYEPHUX PATUOHYKIUIOB
paBHBI aKTUBHOCTY MaTEPUHCKOTO PaIMOHYKINAA. 3aTeM MOCTPOUTH KPHU-
BYIO 3aBUCUMOCTH 3(P(PEKTUBHOCTH OT SHEPTUM U TPOBECTH WHTEPITOJISI-
LYI0 OIS MHTEpeCylllero Hykiauma. MeTod TpUMEHUM IIpU YCIOBUU
OGJIM30CTH COCTaBa W IJIOTHOCTH CTAaHIAPTHOTO 00Opaslla M M3MepsIeMOTO
00beKTa.

o JIita omnpeneneHust 3(P(HEKTUBHOCTH MCITOIH30BAaTh CTAHAAPTHBINA PacTBOP,
comepKaIIiii M3MepsieMBIi paIMOHYKIUA B COCYIle aHAJIOTMYHON TeoMeT-
pun. DTO JHOBOJBHO Tpyboe MpUOIMKEHNE, HO BITOJTHE IOIyCTUMOE TIPH
OIpeieJICHNN PaIuoOHYKIUIOB, HalIpUMep, B MUIIEBBIX MPOAYKTaX, KOTO-
pble MUMEIOT HEBBICOKUI Z,p¢, M MJIOTHOCTH OJIM3KYIO K eauHuie. Takoi
TOIXO MAJIOTIPUMEHUM TIPY PETUCTPAIINN HU3KOIHEPTeTUUECKNX y-KBaH-
TOB, TIOCKOJIBKY JUTISI HUX CAMOIIOTJIOIIEHNE B OOJIbIIIECH CTETICHN 3aBUCUT OT
cocTaBa IpooObl.

e HMcronb30BaTh BHENHMI CTAHAAPT, T. €. OJIOXKUTH TOYSUHBIA UICTOYHUK
M3BECTHOM AaKTUBHOCTU, COJEpXKAIIUN U3MEPSIEMbIil HYKJIWIA, CBEPXY
Ha npoOy U TaKMM 00pa3oM OLIEHUTH IIOTEpU 3a CUET ocjiabjieHusl B 00-
pasie [6].

o BrIumciuTh MOIpaBKy Ha CaMOIIOIJIOIIEHUE JJIsI JaHHOW T€OMETPUU ITy-
TeM MaTeMaTU4YeCKOro MOJAEIMPOBAHUS IIPOIECCOB B3aMMOIECHCTBUS
Y-KBaHTOB C BellleCTBOM MeToa0oM MoHTe-Kapio (Heo0Xoa1uMo UMETh CO-
OTBETCTBYIOIEE IIPOTpaMMHOE OOecIieuyeHre U MHMOPMAIUI0 O COCTaBe
IIpOOHI).

11.3.4.6. Yyer KacKaJgHbIX raMMa-KBaHTOB

IIpu pacmame HEKOTOPBHIX PaATMOHYKJIMAOB 00pa3yloTcs HOYepHUE Sapa B
BO30YKIEHHOM COCTOSIHMU. TaKuX COCTOSIHUIA MOXKET ObITh HECKOJIbKO, BpeMs
JKM3HU UX, KaK MMPaBUJIO, HEBEJIMKO M0 CPABHEHUIO C pa3pellaloimM BpeMeHeM
CIIeKTpoMeTpa. SAapo MOXeT IMocaenoBaTebHO MEPEXOaUTh ¢ 00Jiee BBICOKMX
SHEPTeTUYECKUX YPOBHEHN Ha 0oJjiee HU3KHME, MCITyCcKas MOCAeI0BaTebHO Ba
uiu 6osiee y-KBaHTOB (Kackan). KackagHoe ucryckaHue y-KBaHTOB CBOMCTBEH-
Ho %0Co, 134Cs 1 Mmuorum apyrum paguonykianaam. Tak, ©0Co ucnyckaer B Kac-
Kaje y-KBaHThI ¢ aHeprusimu 1173,2 u 1332,5 kaB (puc. 11.10). Bpems xu3Hu
NEpPBOTo BO30YXIEHHOTO cOoCcTOsiHUS godepHero ®ONi Mané 1o cpaBHEHMIO C
paspeliarmolM BpeMEHEM CHeKTpoMeTpa, T. €. MCIyCKaHUe KacKaJIHbIX
Y-KBAHTOB TPOMCXOIUT MPAKTUUYECKU OAHOBpeMeHHO. Takum oOpa3zom, oba
y-KBaHTa MOTYT JaTb B y-CIEKTPOMETPE OAWMH HMITYJIbC, COOTBETCTBYIOLIMIA
cymmapnoit sHeprumn 2505,7 k3B (cm. puc. 11.6, a). B pesynbrate B criekTpe
MHOSIBJISIETCSl CYMMAapHBIA TIMK, TOTAa KakK TIulolaau Iof nukamu 1173,2
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u 1332,5 k3B yMenblinatorcsi. BepossTHOCTb TOro, UTo 06a KBaHTa OyIyT 3aperu-
CTPUPOBaAHbI OJJHOBPEMEHHO, BO3pacTaeT Mo Mepe NMpUOIMKEeHUSI UICTOUHMKA K
JIeTeKTOpY U 1o Mepe yBeJauueHus: 3deKTuBHOCTU aeTtektopa. Hanbonbiiuii
BKJIQJl MPOLIECCHl CYMMUPOBAaHUSI BHOCST MJII I€TEKTOPOB TUIIA «KPUCTAJI C
KojonueM». OUeBUIHO, YTO JIJIs pacuyeTa aKTUBHOCTU PAIMOHYKIMAOB, UCITY-
CKaloIIMX KacKaaHbIe y-KBAaHThI, HEOOXOAMMO BBOAUTH MOMPABKY Ha CyMMUPO-
BaHUE WMITYJIbCOB.

Eme B 1960-¢ rr. BpuHkMaH pa3paboTal MeTOl, IMO3BOJISIOLIMI OIIpee-
JIUTh aKTUBHOCTb PaIMOHYKJIMIA 110 SAIMHUYHOMY U3MEPEHUIO CTIEKTpa C UCTIOJb-
30BAaHUEM COOTHOILLIEHUU TIIOIIAAE UHAWBUAYAJIbHBIX NMMKOB U CyMMapHOIO
MuKa. JTOT CIoco0, Ha3BaHHBII METOAOM CYMMapHOIO MHKa, MOAPOOHO OMu-
caH B MoHorpaguu Bapranosa u Camoiinosa [7] u B 0030pe 3Baphbl ¢ COaBTOpa-
mu [1]. ITpeamonoxum, 4To B KacKale UCIYCKAIOTCA y-KBaHTHL Y| U Y,, TOLAA
TUIOLIA/Ib TIEPBOTO MUKA!

S| = Aeqp(E)) — Aeqp(E)) e(E,) (11.2)
rae eqp(£]) — BEPOATHOCTH IMOJIHOIO IOIVIOIIEHUS KBaHTA Y, JETEKTOPOM,
¢(£,) — BEpPOSATHOCTb B3aUMOAEUCTBUA KBAHTA Y, C AETEKTOPOM JIIOOBIM CIIOCO-

6oM. BTOpoii uieH BbIpakeHUs OTpaXkaeT yMEeHbIIEHUE TII0IIaAN MUKa TTOJTHO-
rO TIOTJIOIICHUS 32 CYET CYMMUPOBaHUS. AHAJIOTUYHO:

H.T[OH_[aI[I) CYMMApHOI'o nmuka:

812 = Aeqp(E)) enn(Ey) (11.4)

OO6111ee KOJIUMYECTBO UMITYJILCOB B CIIEKTPE OMPEAESICTCS BbIPAXKEHUEM:

N = A[e(E)) + &(Ey) —&(E,) e(E,)] (11.5)
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W3 ypaBHeHmit (11.2)—(11.5) MoxXHO BbIBeCTU (hOPMYJY 3aBUCHMOCTH,
ITO3BOJISIIOIIYIO ONIPEIeIUTh aKTMBHOCTD PaJIMOHYKINAA, UCITyCKAIOIIeTo Kac-
KagHbIe y-KBAaHTBI, U3 OJHOTO CITEKTpa:

1S,

A=N+
1,2

11.3.5. IPUMEHEHUE METOJA

l'amMma-crnekTpoMeTpusl yCIeUHO MPUMEHsIeTCsl WISl UAeHTU(hUKAUUU 1
KOJIMYECTBEHHOTO OIpeAeeHMS psifia MPUPOAHBIX U MCKYCCTBEHHBIX Paauo-
HYKJIUIOB B 00BbEKTaX OKpyxKaroluei cpeabl. MeToa yCIelHO MpUuMeHsIeTCs
IUIS1 OTIpeaeIeHUsT paAMOHYKIUA0B TOPUEBOTO U YPAHOBOTO PSIIOB, B TOM YMC-
ae 234Th, 226Ra, 210Pb, KOpOTKOXMBYLIMX MPOAYKTOB paclaja paloHa, Koc-
MoreHHoro ’Be. [aMMa-CreKTPOMETPUYECKH OMPEAESIOT MHOTHE TTPOLYKTHI
JejleHUa M akTtupauuu, Hanpumep !34Cs, 137Cs, 60Co, 57Co, 131, 54Mn.
Ha puc. 11.11 B KauecTBe npuMepa NMPUBEJEH y-CIIEKTP B3BELIEHHOTO Bellle-
cTBa, oroOpaHHoro B YepHom mope BOAM3U ycTbsd peku Hopox (I'pysus)
B 2000 r. (1aHHBIE MOJyYeHbl aBTopamMu). [ToMuUMO Kanusi U paaAuOHYKIUI0B
€CTeCTBEHHBIX PSIIOB B CIIEKTPe MOXKXHO MACHTU(GHUIIMPOBATH KOCMOTeHHBIN
"Be m nckycctBeHHbI 137Cs, apngiommiica mpoaykToM aBapuu Ha YepHo-
obL1bcKO ADC.
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MmMnynbcbl
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0 500 1000 1500 2000 2500
EY, koB

Puc. 11.11. l'amma-criekTp nmpoObl B3BecH, oToOpaHHO# B UepHOM Mope
BOJIM3M ycThs peku Yopox, 2000 r.

11.3.6. ITIPOBJIEMbI METOJIA

[Tpu BEITIOJTHEHUH y-CIIEKTPOMETPUIECKOTO aHaIM3a TIPUXOIUTCS CTATKH-
BaTbCSI C PSIIOM TTPOOJIEeM.
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e Bricokas ciydyaiiHash MOTrPEeIIHOCTh M3MEPEeHUI, 00YyCIOBIECHHAsT HU3KOM
pPagoaKTUBHOCTBIO OTIPENesIIeMOTo HyKJIIa B TipemiapaTe. B aTtoM ciydyae
BO3MOXHBI CJIeIYIOLINE TTOAXOAbl: YBEJIMUYEHUE TJIUTEIbHOCTU U3MEPEHUIA,
MOHIKEeHNE (POHA ¢ MOMOILBIO MACCUBHOM 3alllUTHI, TIPOAYBAHUS MHEPT-
HOTO Ta3a B TIPOCTPAHCTBO, OKpyKarolllee AETEKTOP C IeTbI0 BRITECHEHUS
pagoHa, NpUMEHEHWEe aKTWUBHOM 3allUTHI UIST YBEJIMUEHUSI COOTHOLICHUS
MUK/KOMOTOHOBCKUI «IbeaecTat». [TonpoOHO 00 u3MepeH HU3KKX YPOB-
Hell paanoakTUBHOCTU CcM. pas3a. 11.6. B ciaydyae HEOOXOAMMOCTH ClIeayeT
MPUMEHNUTDL KOHLIEHTPUPOBAHNWE PAIVUOHYKIIMIA U OTACIEHUE ero OT Mellla-
FOIIUX KOMITOHEHTOB.

e CucreMaTnyeckas olImOKa, BbI3BAHHAsI HEKOPPEKTHBIM pacuyeToM 3¢ deK-
TUBHOCTH. OIIMOKa MOXET OBITh BBISIBJICHA MyTeM MHTEPKATUOPOBKH, T. €.
CpaBHEHMS pe3yJbTaTra C ITOJIyYeHHBIMU B JIPYTUX JabopaTopusix. YcTpa-
HUTb OITMOKY MOXHO TTyTeM Moa00pa TMOAXOAAIINX CTAaHIAPTHBIX MaTepHy-
aJIOB JUTSI KaJITMOPOBKU M CTAaHAAPTU3ALUN YCIOBUM M3MEPEHMUSI.

e CucreMarnyeckas olrOKa, BbI3BaHHAS CIyYailHBIM CYMMUPOBAHUEM MM-
MyJbCOB. DTOT TUIT OIIIMOOK BCTpeUYaeTcs Mpy U3MEPEeHUM 00pa31oB C BbI-
COKOI1 paTMoaKTUBHOCTBIO. [1po6ieMy JIerko pelnThb, YBETUIMB PacCTOSTHHE
MEXXIy UCTOYHUKOM M JIETEKTOPOM.

e KackagHoe McrnyckaHue y-KBaHTOB HEKOTOpbIMU papnonykinaamu (°0Co,
I152Ey, 154Eu, 133Ba, 88Y) npuBoauT K CyMMHUPOBAaHUIO UMITYJILCOB U COOT-
BETCTBEHHO K CHMCTEMaTMYECKOMY 3aHUXKEeHMIO pesynbrara. CiemyeT BBO-
IUTh TIONPAaBKy TpW pacyeTe 3(POEKTUBHOCTU ISl PAaAMOHYKIMIOB, MC-
IyCKaIOIINUX KacKaaHble y-KBaHThI (cM. pasn. 11.3.4.6).

e HanoxeHue MUKOB OT y-JIMHUI Pa3IMUHBIX PATUOHYKIMIOB, a TAaKXKe He-
BepHas uaeHTHdUKanmsa nukoB. Tak, 134Cs uMeeT 1Be MHTEHCUBHBIE Y-JTH-
Hun: 604,6 koB 1 795,9 k3B. Bropas M3 3TuX NWMHMI TlepeKphIBaeTCS C
auHuei 228Ac (795,1 xoB). Paguonykiaun 228Ac ABIg€TCS YIEHOM €CTECT-
BEHHOTO PaJMOAKTUBHOTO CeMeiicTBa TOpus M, KaK MPaBUIIO, TIPUCYTCTBY-
eT B NpUPOIHBIX oObekTax. IlpuHamiexamas !34Cs quama 604,6 xoB
PAacIIOIOXEHa B CIIEKTPE PSIOM C MHTEHCUBHOI nHueii 214Bi — 609,3 kaB.
CoBpeMeHHEBIe TIOJTYITPOBOTHUKOBEIE JETEKTOPHI MTO3BOJISTIOT Pa3pellInTh 3TH
JIMHUY, TeM He MeHee OJIM30CTh JIMHUI MOXKET IPUBECTH K HEBEPHOM MIEH-
TUUKALUK, a TAKKE 3aTPYAHUTh MATEMAaTUYECKYI0 00OpabOTKY CIIEKTPOB.

e HecrabunbHocTh paboThl ammapaTypbl. KaanOpoBKy cieayeT IMpOBOAUTH
peryisipHo. ITpu 1uTenbHBIX U3MEPEHUSIX HeCTaOuIbHAasI paboTa CIIEKTPO-
MeTpa MOXET MPUBECTU K YIIUPEHUIO TTMKOB WIM UX acCUMMeTpuu. B ciyyae
COMHEHMUI B CTaOUJIBHOCTU paOOThI Pe3yJIbTaThl JOJLKHBI ObITh OTOPOILIEHDI.

o HekoppekTHble JaHHbBIE TT0 BEPOSTHOCTSIM UCIYCKAHUS Y-KBAHTOB M MIEpUO-
naMm monypacnana. IIpuBoauMble B JIUTepaType MaHHbBIE MO BEPOSITHOCTHU
HUCIyCKaHUs y-KBAaHTOB JUISI HEKOTOPBIX JIMHUM pa3anyaloTcsl OYeHb Cyllie-
cTtBeHHO. [IpeanoyTuTesbHO MOJb30BATHCS PEKOMEHAALUMSIMU OhUIIUATb-
HBIX opraHusauuii [8].
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11.4. AJIB®A-CIIEKTPOMETPUA C IPUMEHEHUEM
HHOJIYITPOBOJAHUKOBBIX JETEKTOPOB

11.4.1. BBAUMOJIENICTBUME AJIb®A-YACTHI] C BEIIIECTBOM

OCHOBHBIM METOAOM OMpeaeIeHUs o.-U3aydaresieil ¢ pa3IMuHbIMU MePUO-
JaMu MoJiypacriaja siBJIsieTCsl o.-CIEKTPOMETPHUS ¢ MPUMEHEHUEM MOJIYTTPOBO/I -
HUKOBBIX JE€TEKTOPOB.

Anbha-yactuiibl 001a1a10T BbICOKOW MOHU3UPYIOLIEH CIIOCOOHOCTBIO: oi-Ua-
cruua ¢ sHeprueii 4,2 MaB obpasyer B Bosnyxe okoso 105 map nonos. J{nnna
npodera o-4acTUl 3aBUCUT OT UX 3Hepruu (puc. 11.12).

Ha pucynke 11.13 npuBeaeHa 3aBUCMMOCTD JOJIU MPOIIESAIINX Yepe3 oM
MOMIOTUTENST a-4aCTUIL OT TOJLIMHBI CIOS.

WMoHuzauus, nmpousBoaumasl o.-4acTUIIaMM, TPOIOPLIMOHATbHA UX 3HEpP-
MU, a YUCiIo nap uoHoB (K), oOpas3ylollrxcsl Ha JUIMHE Mpobera, BhIpaKkaeTcsl
Kak

K = K,R/?

rae K, — koo duumeHT nponopurMoHaIbHOCTH, paBHbIN 6,25 - 104, Ry — -
Ha npo6era (B cM 1ipu 0 °C 1 760 MM PT. CT.). Ye/lbHasi MOHU3ALUS, T. €. YUCIIO
nap MOHOB, 00pa3yLIMXCs HA €AUMHUILY JJIMHBI TTYTU, YBEJIUUUBAETCS K KOHILY
npobera. Ha pucynke 11.14 npuseneHa kpubas Byiabda—bparra, xapakrepusyio-
11asi yaeJbHYl0 MOHU3ALHIO.

st moynpoOBOAHMKOBBIX MaTepuaioB 9HEPIUs, pacxoayemMast Ha oopa-
30BaHUE DJIEKTPOHHO-ABIPOYHON Mapbl, OTHOCUTEJbHO HeBeauka. Jlus
KPEMHUS U TepMaHUs 3Ta BeJMYrHa cocTaBiisieT 3,8 u 2,9 3B cooTBeTCTBEH-
HO, UTO CYIIECTBEHHO HUXE dHEePruu oOpazoBaHUsl Mapbl 3JEKTPOH—II0JIO-
JKUTEJNbHBIA MOH B Tra3zax (35,5 aB nns Bo3ayxa). DiekTpuuyeckue CBOMCTBA

10

Mpober, cm
()]
|

0 I I I [ I I I I
2 4 6 8 10

OHeprus, kaB

Puc. 11.12. 3aBUCUMOCTb MEXIY SHEPruei a.-4acTUIl U UX TTpoOerom
B Bo3ayxe rpu 760 MM pr. cT. U 15 °C
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Puc. 11.13. ITornonieHne o-4acTull BelIeCTBOM. N — YHCJIO o.-4aCTHUI] HA PacCTosI-
HUU [ OT UCTOYHUKA, R, — cpenHuii mpoGer o.-4acTuiL
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Puc. 11.14. YaenbHas noHMU3aMs, co3naBaeMasl o.-9acTULIAMU
B Bo3ayxe rpu 760 MM pr. cT. U 15 °C
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KPUCTAJIJIOB MOJYIPOBOJHMKOB B 3HAUUTEJbHOMU CTENIEHU 3aBUCST OT HAJIU-
Yusl B HUX puMeceit. st u3roToBaeHus: 1eTeKTOPOB € 3aJaHHBIMU CBOMCT-
BaMM B HMX BBOJWTCSI HE3HAYUTEJbHOE KOJMYECTBO DJIEKTPOHOAOHOPHBIX
WJIM 3J€KTPOHOAKIIENITOPHBIX TpUMeceii (JerupoBaHue). B 3aBucuMocTu ot
crnoco0a JerupoBaHus pa3anyaroT MeToa 1M dy3uu npuMmecu Ui MOHHOTO
BHenpeHus [9].

Hns omnpeneneHus o-u3ayvareieil HambOobllee paclpoCcTpaHEHHE TTOITy-
YWJIM KPEMHUEBbIE TMOJYIPOBOAHUKOBBIE MOBEPXHOCTHO-0apbepHbie (SBS —
Surface Barrier Detector) uau non-umiiaHtupoBaHHbie (PIPS — Passivated
Implanted Planar Silicon) netekTopsl. B HacTosiiiee Bpemst 1isl onpeneaeHust
o-M3JIydaresieil MpuMEHSI0T KpeMHHUEBBIE JETEKTOPBI pa3IMIHON TUTOIIAIN U C
TOJIILIMHOM YyBCTBUTEILHOTO €051 0KOJi0 100 MKM, 4TO oOecIrieurnBaeT IIOJIHOE
MOMJIOLIEHUE ¢.-YaCTUIL C DHEPTUSIMHU OT 4 10 9 MaB.

[Tpu nmpoBeaeHNN U3MEPEHMIA N1eTEKTOp U Mpernapar HaxoAsaTCs B BaKyyM-
HOIl Kamepe i MpeAoTBpallleHUs OcIabieHusl MOTOKa o.-YaCTHUL] BO3MLYXOM.
CoBpeMeHHBIE 0o-CITEKTPOMETPUUYECKHIE CUCTEMBI MOTYT paboTaTh OMXHOBpE-
MEHHO ¢ HECKOJIBKIMH AeTeKTOpaMi. B TTOMOOHBIX crcTeMax KaXKAbIid JETEKTOP C
BaKyyMHOI KaMepoi, TIPeayCIIATENIeM, UCTOYHUKOM TTUTAHUST U YCUITUTEIIEM CO-
CTaBJISTIOT WHTETPUPOBAHHEIN OJIOK.

AJNbTepHATUBOM 0.-CITEKTPOMETPUU C TIOJTYIIPOBOIHUKOBBIMH JETEKTOPAMM
SIBJIIETCS XKMIKOCTHO-CIIMHTWIISIIMOHHAS crieKTpoMeTpus. OaQHaKo, HECMOT-
pst Ha BBICOKYTO (IpakTruecku 100%) a3 GeKTUBHOCT PETUCTPALINT, pa3pelire-
Hue o-1mukoB B 2KC cniekrpomerpun He npeBbimaeT 300—600 k3B.

11.4.2. KAIMBPOBKA O-CIIEKTPOMETPA I10 SHEPTUU U D®PEKTUBHOCTU

st KaauOpOBKM o-CMIEKTPOMETpPA IO SHEPTMU MCMOIb3YIOT AOCTYITHbIE
CTaHAAPThl «-U3JIyvyaTesell C OTHOCHUTEJbHO BBICOKOW pPalMOaKTUBHOCTHIO.
IIpu Mcnoib30BaHUM TTOBEPXHOCTHO-0APbhEPHBIX JETEKTOPOB, KOTOpPhIE 00Jia-
JAl0T OTHOCUTENBHO TOJICTBIM BXOIHBIM OKHOM, pa3pellleHre MUKOB 3aBUCUT
OT PacCTOSIHUS OT MpernapaTa A0 IeTeKTopa. DTO CBSI3AHO C TEM, YTO o.-4acTU-
LIbl BXOISIT B JETEKTOP MOJ OCTPLIMHU yIJIaMu, MPU 3TOM yBEJIMUMBAETCS (-
(bekTUBHAsT TOJIIMHA BXOAHOTIO OKHA. DTOT 3Gh@EeKT He cKa3blBaeTcsl IpU
HCMOJIb30BAHUM MOH-UMIUIAHTUPOBAHHBIX AeTeKTOpoB. HezaBucuMo OT Tuma
netekTopa ¢hopMa o-NMKOB U UX pa3pellieHue 3aBUCIT OT OCTAaTOYHOTO JaBJie-
Hus B kamepe. Ha pucynke 11.15 npusenens! o-crektpsl 239Pu, 238Pu n 233U,
MOJIyUeHHbIE MPU Pa3IMUHbIX JaBJIEHUSIX B BAKYYMHOI Kamepe.

M3-3a MaJioii MpoHUKAIOLLIEeH CIIOCOOHOCTU a-4acTHUIL] Mperaparbl, MPUro-
TOBJICHHBIC IJIT U3MEPEHMS, TI0 BO3MOKHOCTH, HE TODKHBI COAepKaTh MOCTO-
POHHUX IPUMECEH, a TOJILKO U3MEPSIEMbII paIUOHYKJIMA, HAHECEHHbIA TOHKUM
cioeM. B «ToJcThIx» TipenapaTax, coaepXKaliux MpuMecu, HabogaeTcs: caMmo-
ocnabjeHue o.-4acTUll, BCAEACTBUE Yero KaambopoBKa Mo 3(hGheKTUBHOCTHU SIB-
JISIETCSI TOCTaTOYHO CIIOXKHOM 3amaueii. Ha pucynke 11.16 npuBeneHbl KpUBbIC
ocyabnenus o-yactui 239Pu [10].
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M3-3a Toro 4rto cBoiicTBa (pa3Mepbl, HaJWYUEe IPUMeECeil) CTaHIapPTHBIX
IperapaToB M IMperapaToB peajbHbIX MPO0 pa3jIMyaroTcs, 3HaYeHUsT 3PdeK-
TUBHOCTEM, ITOIydeHHBIE C TIOMOIIBIO TOCTYITHBIX CTAHIAPTOB, IIPUMEHSIOT OT-
HOCHUTEIBHO peako. [Ipy MCITONB30BAaHUM HM3O0TOIMHBIX METOK XWMHMYECKOTO
BbIxona (cM. pasa. 8.4) kaaubpoBka no 3¢p¢GeKTUBHOCTH ISl pacueTa paguoak-
TUBHOCTHU OIpeae/sieMbIX KOMIIOHEHTOB He Tpebyercst. B aToM ciydae pammo-
AKTMBHOCTH OIIPEIE/IIEeMOro M30TOMa BEIYUCIISIIOT IO (hopMyJIe:

=1'pM 'AM
IM w4

A

b

rae An A,, — painoaKTUBHOCTb ONPEIEIAEMOrO o.-U3JIydaTesiss U METKU XUMMU-
YECKOIo BbIXOJAa COOTBETCTBEHHO, /1 [, — 3HAYEHUsI CKOPOCTEN cyeTa (MHTEH-
CUBHOCTH) IIMKOB OIPEIEIIAEMOTIO 0--U3JIydYaTelisl U METKH, p U p,, — BEPOATHOCTU
HUCIYCKAHUSI o-YaCTULL ISl ONPEAE/IIEMOro paIMOHYKIUAa U METKH.

PaspeliieHue o-IMKOB 3aBUCUT OT CBOMCTB IETEKTOPA M U3MEPSIEMOTO TIpe-
mapata. JIJiss cpaBHeHUST pa3pellarolieil CltoCOOHOCTH Pa3IMYHbIX JIETEKTOPOB
WCTIONB3YEeTC 3HAueHME MOJHOM INMPMHBI Ha MOJYBHICOTE o-MHMKa 241Am
(E, = 5,486 M3B) Ha ynajneHuun oT A€TEKTOPA, BABOE MPEBLILIAIOLIEM IUAMETP
€T0 YyBCTBUTEJBHOM 30HEI. Pa3peraroias crmtocoOOHOCTh COBPEMEHHBIX TTONTY-
TIPOBOIHUKOBBIX JIETEKTOPOB COCTABJISIET OKOJIO JAeCATH K3B.

11.4.3. YCJIOBUS U3MEPEHUSA

[MomHast sHEpTUS a-pacrana SIBIsSeTCs] CyMMOI SHEPTUH ¢.-4aCTUIIBI U K-
HETUYECKOI SHEPIUM JOUYEPHETO sApa (SHEPrUur OTIaun). ATOM OTHa4YM pa3phiBa-
eT XMMUYECKHEe CBSI3M U MOXET TMOKMHYTh MCTOYHUK. B pesynbrate 1Mo mepe
AKCIUTyaTalluy JIETEKTOpa ero (POH MOXKET MOCTETICHHO YBEIMUYMBATHCS. 3arpsi3-
HEHME, CBsI3aHHOEe ¢ 3(P(eKToM oTaauM, B HauOOJbIlIEeH CTENEHU CKa3bIBaeTCsl
TIPY M3MEPEHUN OTHOCUTETLHO BEICOKOPAIMOAKTUBHBIX TIPETIapaToB, IIOSTOMY He
PEKOMEHIYeTCS TTOC/Ie U3MEPEHUST OCTABISTh MperapaThl B o.-CIIEKTPOMETpUYE-
ckoit kamepe. [ ipenoTBpalleHUsT yBeaudyeHus (poHa AeTeKTopa B pe3ysibTa-
Te a¢hdeKkTa oTIaym peKOMEHIYeTCs He3HAYMUTEJIbHO YBEJIUYUTH JaBJIeHUE B
BaKyyMHOI KaMepe WIM pacCTOsSIHME OT Tperapara 10 JeTeKTopa. DKCrIepu-
MEHTAJILHO ObLIO ycTaHOBIEHO [10], 4TO CJI0¥ BO3ayXa TOMIIMHOM 12 MKr/cm?2
SIBJISIETCSI OTITUMAJIBHBIM JIJIS1 TIPEAOTBPALLEHUS 3arPsI3HEHUST IETEKTopa B pe3yib-
tate adekra otaaun. OnTuManbHOe AaBlieHHe B a-Kamepe (P, MOap) BuIpaxa-
€TCs1 Yyepe3 paccTosiHMe OT Mpernapara Ao AeTekropa (A, CM) U TOJILIMHY CJIOsI
Bo3ayXa (@, MKI/CM?) CIeayIoLMM 00pa3oM:

_084-a
h

P

TakuM 06pa3oMm, uis paccTosaHud B 0,5 CM 1M 3HAYEHUS TOJNIIMHBI 12 MKr/cm?
TpeOyeTcs naBineHue B 20 mOap.
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[nsa momapisiioliero OOJBIIMHCTBA 3a1ay, CBSI3aHHBIX C OMpeaeIcHUeM
o-M3JIyYaoluX paaiuoHyKIUAOB, HEOOXoAMMa MpoLeaypa BblAeJECHUS Onpee-
JISEMOT0 PaJMOHYKJIUIA, JAJISI YErOo MOXHO MCIOJb30BaTh DKCTPAKIMIO, MOH-
HbIl OOMEH, 9KCTPAKIIMOHHYIO XpoMaTorpaduio U Ipyrue MeTOIbl.

[locne otaeneHus: onpeaeasieMoro paauoHyKIMaa OT MaTPULbI U APYTUX
PaIMOHYKIUAOB BaxKHeiel MpoLenypoii sBasieTcsl MPUroToBJIeHUE Mperna-
patoB mis usmepeHusi. OCHOBHOe TpeboBaHUe, MPEAbIBISIEMOE K Mpernapary
JJISI o.-CIIeKTPOMETPUU, — OTCYTCTBUE TpUMecel, CIOCOOHBIX MOMIONIATh
0.-YaCTHUIIbI M TEM CaMbIM YXYILLIUTb pa3pellieHue o-MuKoB. B HacTosliee Bpe-
M MCITOJIb3YIOT TPU OCHOBHBIX COCO0a MPUTOTOBAEHUS MpernapaToB: Bbila-
pUBaHUE Ha MOJJIOXKE, SJEKTPOJUTUYECKOE OCAXKACHUE U MUKPOCOOCAXKIECHE
¢ (pbropugamMu WM TUAPOKCUAAMU PEIKO3EMEJbHbBIX JIEMEHTOB.

BoinapuBaHue Mpu €ro OTHOCUTEbHOM MPOCTOTE PENKO UCTIOAB3YETCS 151
orpeJeseHusT MaJibIX COJAEpXKaHW PaIUMOHYKIIMIOB BCAEACTBUE BO3MOXKHOM
HEOJIHOPOJHOCTH paclpee/ieHus BellecTBa Ha MOIOXKKE U OCAKIEHUS] MUK-
pornpuMeceid, UTO YXyIIIaeT pa3pellieHUue o.-MUKOB.

[nsg omnpeneneHus aKTUHUIAOB YacTO MCIOJb3YIOT 2JEKTPOJIUTUYECKOE
ocaxXJIeHMe Ha KaTolle, KOTOPbIN MpeACTaBsIeT COOO MIacTUHY U3 HepxKaBe-
IOLlEN CcTalu, HUKEJSl WIM IPYroro Merajia (ocaxaeHue BeleTcsl TOJbKO Ha
OIHOI CTOPOHE MJIACTUHBI). AHOI MpPeACTaBIsIeT COO0I TIaATUHOBYIO IIPOBO-
JoKy. Cxema 3JIeKTPOJIMTUIECKOM sSTUeiiky TpuBeaeHa Ha puc. 11.17. Meroau-
KU MO 3JIEKTPOOCAKIACHUIO C UCTIOJIb30BAHUEM PAaCTBOPOB CyJbdaTa aMMOHMUSI,
XJIOpUIa aMMOHUS, XJIOpUIa aMMOHHS B CMECH C OKCajJaTOM aMMOHMS B Ka-
YeCTBE JIEKTPOJIUTA TTOAPOOHO OIMKUCaHbI B psife padot (Harpumep, [11, 12]).
s mpenoTBpallleHUsI COPOLIMY PaIMOHYKINAOB Ha CTEHKAX 2JIEKTPOJIUTUYEC-

—
|c ] [ ) |
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[MnaTuHoBbLIN aHof,
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[unck n3 HepxxaBetoLen ctanum
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Puc. 11.17. CxeMa g4eliKM JIJI 3JIEKTPOJUTUISCKOTO IIPUTOTOBJICHUS TIpeIrapaToB
IIJIST OL.-CIIEKTPOMETPUH
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Tabauya 11.1
Bo3moxxHbIe yc/ioBHS 3J1eKTpoocaKaenuss akTunnaos [11]

AHon [lnatnHoBast mpoBoJioka, auamMeTp 1 Mm
Karon JIMcK 13 HepxKaBelollel cTaiu
Hanpsckenue 7,5B

O0beM 12 M

I1pono/XUTeTbHOCTD 2IEKTPOOCAXKICHUS | 2 U

PactBop anekTposura 0,2 M pacTBOp OKcajaTa aMMOHUSI
0,4 M pacTtBOp cyibdaTa aMMOHMSI
0,005 M pactBop ATIIA

pH 1,8

CKOI SYelKM BO3MOXKHO [I00aBlieHHWE KOMILJIEKCOOOpa3yIolINX peareHTOB
(HanpuMep, auaTuiaTpuamuHneHTaanerara (JITITA)). B tabn. 11.1 npuBene-
HbI BO3MOXHBIE YCIOBUS MPOBEACHUSI KOJIMYECTBEHHOTO 3JIEKTPOOCAKICHUS
akTUHUOOB [11].

IIpenapatbl mWIsI  @-CHEKTPOCKONMU MOXKHO OBICTPO MPUTOTOBUTH
coocaxaass paguoHYKIuAbl ¢ MukpokonamyectBamu (50—100 MKr) ¢Topumos
P33 (nanrtan, uepuii, Heonum u ap.) [13]. Ocagok oTUILTPOBLIBAIOT HA MUK-
podunbTpe ¢ auamerpoM mop 0,1 MKM, 3aTeM ero MmpocCyllIuBaloT.

11.4.4. OBPABOTKA O.-CIIEKTPOB

st onpefeneHUs1 aKTUBHOCTEM OTIEIbHBIX PAAUOHYKIUAOB MCIOJb3YIOT
JIBa OCHOBHBIX MO/IX0/Ia: UHTerpMPOBaHUE T10 00J1aCTIM U MeTOJI aHau3a ¢hop-
MBI o.-TTUKA.

WnTerpupoBaHue mo o0JaCTSIM SIBJISIETCS IIPOCTHIM CIIOCOOOM OIIpeesie-
HUSI UHTEHCUBHOCTEM MHIMBUIYAIbHBIX o.-TTIUKOB, HO MOXET MCIIOJb30BaThCsI
TOJILKO B TOM Cjydyae, €C/Ii He TPOUCXOAUT MX HanoxXeHwus. Jis1 HaxoxXaeHUsI
MHTEHCHUBHOCTE! MHINBUIYAIbHBIX 0.-ITMKOB BBIAS/SIOT COOTBETCTBYIOLLIME 00-
JIACTU CIIeKTpa, B KOTOPBIX HAXOASITCS MUKU, U TIPOBOJAST CYMMUPOBaHUE YK Cia
HUMIIYJIbCOB B Mpejaesiax 3Tux objacteil. IlpakTuyeckoil peKkoMeHaauuei Io
YCTaHOBJICHMIO I'paHUI] o0acTeil MOTyT CiIy>kuTh 3HayeHus 2,5 [TILTIB B Hu3-
KOHEpPreTu4YecKylo 00j1acTb oT MakcumyMma nuka u 1,5 I TIB B BeIcOKO3HEP-
reTUYECKYI0 00JIaCThb OT HEro Mpu YCJIOBUM OTCYTCTBMSI MepeKpbIBaHUSI 3TOM
00J1acTu ¢ ApyruMu nukaMu. Takum o6pa3om, 00J1acTb UHTETPUPOBAHUST UMEET
IMpuHy, paBHylo 4 BesmuynHam [TILTIB.

Ecnu paspeliieHue o-IMKOB HEJIOCTATOUHO ISl TIPUMEHEHHsI METOIa MHTer-
pUpoBaHUs 110 00JacTIM (HabJI0aaeTCsl HaOXKEHUE TTMKOB), UCTIOJIb3YIOT OoJiee
CJIOXKHYIO MpoLenypy aHanau3a (OpMbl o-IMKa, 3aKJIKOYAIOLIYIOCS B MAaTEMaTH-
YECKOM pa3JIOKEHUU ITHMKOB. DTa Ipoleaypa TpedyeT MPUMEHEHUS CIIeLab-
HBIX IIPOTPAMMHBIX CPEICTB. ACUMMETPUYHOCTb IHUKOB MOXET OBITh yYTEHA
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BBeJICHUEM IIOINpaBoK B dopMyiy pacnpeneneHus: [lyaccona [14]. YcnelHoe
HUCIOJb30BaHUE aHaau3a HOPMbI a-TTMKA BO3MOXKHO TOJILKO B TOM Clly4yae, €CIu
B CIIEKTPE UMEETCS XOTsI Obl OIMH MHTEHCUBHBII MUK, U3 aHAI1M3a KOTOPOTro BO3-
MOXHO OIpeNeuTh MapaMeTpbl HECUMMETPUYHOCTU OCTAJIbHBIX MTHUKOB.

11.5. XUJAKOCTHO-CHUHTAJUIAINOHHAA CIIEKTPOMETPUA

11.5.1. BBEIEHUE

C navana 1950-x rr. Hayasoch OBICTPOE Pa3BUTHUE KUIKOCTHO-CLIUHTUILIIS -
muoHHoro (2KC) meTtoma u3MepeHUs! pPaJIMOaKTUBHOCTU, OCHOBAHHOTO Ha
OIpene/IeHUN Yuciaa U SIPKOCTU CBETOBBIX BCIBIIIEK, BO30YXIAeMbIX MOHU3M-
pyIOLIMM M3JIyYeHueM B kujakoM cuuHTtuusitope (KC cmecu) [15—17].

IIpu MCrONIB30BaHUM ITOrO METONA TOSIBISIETCSI BO3MOXHOCTH BBOIWTD
u3MepsieMoe BelIeCcTBO HemocpeAacTBeHHO B 2KC cMmech MyTeM pacTBOPEHMS,
SMYJIbTUPOBAHMS WM TTPOCTO MOTPYKeHUEM DUIIBTPOB, OTPE3KOB XpOMATOTPaMM
M T. I1. B XXKUAKOCTb. [1pu 3TOM n3MepsieMoe BELIEeCTBO HAXOAUTCS B pabouyeM 00b-
eMe JeTeKTopa, U 3HauyeHUs1 Ko3(h(GUIMEHTOB OCJIa0JeHMsI, CaMOOCIa0IeHUsT 1
obpartHoro paccesiHus B-usnyyeHust B 2KC cuctemax NpakTUYeCKU PaBHbI €U~
HUlIe, TEOMETPUYECKUIT KOA(POULIMEHT B TOMOTEHHBIX CUCTEMaX TaKXKe paBeH
CIUHUIIE, a IPU U3BMEPEHUSIX OCaAKOB Ha (hUJIbTpaX, OTPE3KOB XpOMaTOrpaMM
M T. 1. oH paseH 0,5.

KC gerexTopbl 00/1a7a10T BBICOKO# 3((MEKTUBHOCTHIO IO OTHOLIEHUIO K
KOPIYCKYJISIPHOMY M3JyYEHUIO: Jaxe sl TaKOro HU3KOIHEPreTM4YeCcKOoro
B-uanmyyaress, Kak TpUTHii (£5 . = 18,6 k3B), apdekTuBHOCTb perrucTpanum
nocturaet 60%, a ajst 6osiee BBICOKOIHEPIETUUECKUX B- U IS o-U3JIydaTesieit
oHa npubmxkaercss K 100%. CpaBHUTEIbHO HEBBICOKA UX 3(P@dOEKTUBHOCTh K
Y-U3TYYEHUIO BBICOKUX M CPEIHUX DHEPTUil, OMHAKO C YMEHbIIEHUEM DHEPTUU
Y-KBaHTOB 3(D(HEKTUBHOCTh UX PErMCTPAllMM TAKXKE CYLIECTBEHHO BO3pacTaerT.
st moBbIieHUs 3G PEKTUBHOCTH PETUCTPALIMU Y-KBAHTOB CPEIHUX U BHICO-
Kkux sHepruii B 2KC cMecH, COCTOSIIIINE B OCHOBHOM M3 OPTaHNYECKHUX BEIIECTB,
T. €. coennHeHui jerkux 31eMeHToB (C, H, O, N), BBousT 100aBKM — COEaU-
HEHUS 3JIEMEHTOB C BBICOKMMU 3HAYCHUSIMU aTOMHBIX HOMEPOB.

ITpornoplIMOHATEHOCTE SIPKOCTU OTAETBHBIX CHUHTWIISLUNA SHEepreTude-
CKUM TIOTEPSIM YaCTHIl MM KBAHTOB B 00beMe 2KC cMecH mo3BOJISIET BBITION-
HATB CIIEKTPOMETPUIECKIE U3MEPEHHUS, T. €. ONPEICIIITh SHEPTUM YaCTHUIL WIIH
KBaHTOB M MIEHTU(MUIMPOBATh PATUOHYKIUABI IO 3HePTUN n3nydeHus. Oco-
O0eHHO 3amMeTHBI nperumylecTBa KC MeTona npu u3MepeHusix B-usiydaresiei ¢
HU3KVMU 3HAYEHUSIMU MAKCUMAJIbHOM 2Hepruu (Takux Kak tputuii u 14C) wnm
PaIMOHYKINIOB, TPEeBpallleHNe KOTOPBIX TTPOUCXOAMUT myTeM K-3axBaTa C I10-
CJICIYIOIIMM HCITyCKaHEM KBAaHTOB PEHTICHOBCKOTO M3IyYeHMs (HampuMmep,
55Fe). Paspaboranbl aBroMaTyeckue JKC-CIIeKTpOMETpPhI, ITO3BOJISIOIIAE 13-
MEepSITh B- U o.-PaIMOaKTUBHOCTD B 00JIbIINX cepusix npenapaTtoB (300 u 6osee)
MpakTUYeCKH 0e3 yyacTusl dKCIepuMeHTaTopa.
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3agauy onpenaesieHHs1 aOCOMIOTHBIX aKTUBHOCTEH 1o pedyabTaTaM 2KC us-
MEPEHUU OCTIOXHSIET HEOOXONUMOCTD yYeTa TallleHus, T. €. CHUXEHUS SIPKO-
CTU Y YMCJa CUMHTWUISILMIA TOJ ASMCTBUEM TeX WIM UMHBIX npuMeceit B 2KC
cMecu. OHaKO B COBPEMEHHBIX MPUOOpax ornpeneaeHue napaMeTpoB raleHMsI
BBIMOJTHSIETCSI B OCHOBHOM Takxke aBToMaTuyecku. OKa3aaoch BO3MOXHBIM UC-
noJjib3oBaTh cepuitHyto 2KC annapaTypy 1Sl perucTpaluy YepeHKOBCKOIO 13-
JIyueHUs, BO30YXKIaeMOro B MpPO3pauyHbIX cpeaax P-yacTULlaMU BbICOKMX
sHepruii. 2KC MeToa MpakTUUYECKU BLITECHUJ TeirepoBCKUE U MPOIMOPLMO-
HaJIbHbIE CUETYMKM U3 MPAKTUKU U3MEPEHUSI HU3ZKODHEPTETUUECKUX B-U3ITy-
yaTeaeu.

KC meroa nmo3BOJISIET JIETKO OMpeAessiTh aKTUBHOCTb UWHAUBUIYaJIbHbBIX
B- 1 a-u3sydyaTesaeid 1 KOMIIOHEHTOB UX OMHAapHBIX cMeceil. AHaIu3 cMecei
0oJjiee CIOXHOIO cocTaBa TpeOyeT MCHOJIb30BaHMs Haubojiee COBEPIICHHBIX
METOJ0B WIAEHTU(DUKALUN PAAUOHYKIUIAOB, CBSI3aHHBIX C JOCTOBEPHBIM
onpeneseHueM 3(hGEKTUBHOCTEN PErMCTpallMK OTAEJIbHBIX PAAUOHYKIUIOB B
JaHHbBIX YCJIOBUSIX TalleHMsS M C HEOOXOAMMOCTbHIO MOATOTOBKM OMOJIMOTEK
CHEKTPOB - U B-U3JIyYalolMX PAAUOHYKIUAOB B LINPOKOM JUAIa30He YPOB-
HEl raumeHus.

11.5.2. IPOLIECC PETUCTPALIMA U3IYYEHUA. IIEPEJAYA DHEPTUA
B XKUJIKOCTHO-CIHUHTUWIAIIMOHHBIX CUCTEMAX

Bénpuyto yacTe 00beMa KUAKOrO CUMHTUJUISITOPA COCTABJISIET OpraHuye-
CKMI pacTBOpUTE]Ib, B HEM PacTBOpeHa HeOOJIbIlIasl B MIPOLIEHTHOM OTHOLLIEHUN
J00aBKa OPraHUYECKOTO BEIIECTBAa, MOJIEKYJIbl KOTOPOTO COAepKAT apoMaTH-
YecKUe U TeTepOLMKIMYECKUe KOIbla, Harpumep 2,5-1udeHnn- okcason (Jia-
TuHCcKast abopeBuarypa PPO). B kauecTtBe pactBopuTteneii B 6onbinHcTBe 2KC
«KOKTEIJIei» MCIOIb3YIOTCS OpraHMYECKUE BEllleCTBAa, B MOJIEKYJIaX KOTOPBIX
MMEIOTCS JeJ0KATM30BaHHbIC T-3JIEKTPOHbI: O€H30J1, TOJIYOJ, U30MePbl KCUJIO-
na, 1,2,4-TpuMeTun0eH301 1 Apyrue aakmideH3oibl. [1pn paccMoTpeHuM 3i1e-
MEHTapHBIX akTOB B3aumojeiictBus B ZKC cMecu B KayeCTBe PacTBOPUTENISI B
OCHOBHOM paccMarpuBaeTcs Tonyon [15—17].

dusndecKkrie MPOLECCHl, TO3BOJISIONINE PETMCTPUPOBATL UBITYYEHUST, TIPO-
HUCXOAST B CHUHTUJUISITOPE TOJBKO IO ASUCTBUEM 3apsiKEHHbIX YacTull. B ciy-
yae y-M3Jy4eHUs TAKOBBIMU SBIISTIOTCS 3JICKTPOHBI, BOSHUKAIOIINE B PEe3yJIbTaTe
doroaddekra, KOMITOHOBCKOTO paCCesTHUSI M 00pa30BaHMSI DJICKTPOH-TTIO3UT-
POHHBIX TIap. DHepPrus 3apsoKeHHBIX YaCTHIL TPATUTCS Ha BO30OYXKICHUE U
MOHM3AINIO MOJIEKYN Toiyosia. Okono 90% BO30YKIECHHBIX MOJIEKYJT TOJyoJIa
MOJIy4aloTCsl B pe3ysbTaTe IMEPeXOd0B G-3JIEKTPOHOB B BO30YXKIEHHBIE G-CO-
CTOSTHUSI, KOTOPbIE TEPSIOT SHEPIUIO0 BO3OYKICHUS IMyTeM Oe3bI3JIydyaTesIbHbIX
nepexonoB. OctanbHbie ~10% BO30YKIEHHBIX MOJIEKYJT BO3HUKAIOT B Pe3yJibTa-
T€ MEPEXOA0B m-3JEKTPOHOB B BO30YXKACHHBIE m-cocTosiHUS. [lpu mepexome
BO30YXXIEHHBIX T-COCTOSTHUI B OCHOBHOE MCITYCKAIOTCS KBAaHTHI CBETa B BUIM-
MOW uian OJMXKHel yabTpacduroyieToBO 0b6jacTu CcrieKTpa (31ech Takxke BO3-
MOKHBI Oe3BI3ITydaTeIbHbBIC TIEPEeXOabl, HO BKJIAI UX OTHOCUTEITHLHO HEBEIINK),
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T. €. IPOUCXOIUT (hryopeclieHIMsT (TIOMUHECLIEHLIMST) TOJyoIa MO BO3AEHCT-
BUEM MOHU3UPYIOLIETO U3JTydeHus !,

Hrak, muib ~10% BO30YKIEHHBIX MOJICKYJT TOJyOJIa IPUHUMAIOT YIacTHe
B CUMHTUJUISILMOHHOM IPOLIECCe — UCIYyCKaHUM (POTOHOB B pe3yJbTaTe B3au-
MOJEHCTBUSI OTAENbHBIX MOHU3UPYIOLIMX YaCTUIL C BelleCTBOM. OTHOLIEHUE
YyucJia UCIYIIEHHBIX KBAHTOB CBETA K YKUCITY BO30YXXIEHHbBIX MOJIEKYJT Ha3blBa-
€TCs1 KBAaHTOBBIM BbIXOIOM (hayopeciieHIIMU. M3 cKa3aHHOTO BUAHO, YTO KBaH-
TOBBII BbIXON (iryopecueHUru 11 Toayosa paseH 0,1.

7151 MOBbILLIEHUs] KBAHTOBOTO BbIXo/a (hyopecLieHIIMU K TOJYoJy 100aB-
Jsitotr cuuHTUIsITop (PPO). HukHuit ypoBeHb BO30YXKIEHUSI T-COCTOSIHUIA
MOJIEKYJl CLIUHTUJIISTOPA MO 3HEPTUM JOJKEH ObITh HUXKE YPOBHSI BO30YXKJIe-
HUs MoJieKyJ pacTBopuTess. Eciau B mpoliecce TerioBOoil MUTpaliu BO30YK-
JIEHHAsI MOJIEKYJIa TOy0Jla OKA3bIBAETCS B IOCTATOYHOM OJM30CTU OT MOJIEKYJIbI
CUMHTUJUISITOPA, MPOUCXOAUT MPOLIECC MEPEHOCA IHEPTUU OT MOJIEKYJIbl TOTY-
oJ1a K MOJIEKYJIE CLIMHTUIUISITOpa. Bo30yX/IeHHbIE TT-COCTOSIHUS MOJIEKYJT aKTH-
BaTopa TPATAT BCIO DHEPrUI0 BO3OYXIEHMSI Ha MCITyCKaHWE KBAaHTOB CBeTa
(MakcumyM criekTpa ¢dayopectieHuu PPO — 375 Hm).

C poCTOM KOHILIEHTpAllM¥ CLIMHTUJUISITOpAa KBAaHTOBBIN BbIXOH iiyopec-
LIEHIIMM CHayaja pacTeT, a 3aTeM MaJaeT, MOCKOJbKY MPU MOBBILIEHUU KOH-
LEHTpalUUU CUMHTUJUISITOpA CBEPX HEKOTOPOTO ONTHMAJIbHOIO 3HAYEHUS yBe-
JINYUBAETCSI BEPOSITHOCTb MOBTOPHOTO TMOTJIOIIEHUS M3JIyYeHUs MOJIeKyJIaMu
cuuHTUUIsITOpa. [pu OoNTUMAaIbHOWM KOHUEHTpAlUW CUMHTUILISITOpA KBAaHTO-
BbIIl BBIXOJ (PIYOPECLIEHIIMU CTAHOBUTCS OJIM3KUM K €IMHUILIE, T. €. TIOYTHU BCS
SHEPrust BO30YKIEHHbBIX COCTOSIHUIM MOJIEKYJT pACTBOPUTEIS MepelaeTcsl MoJie-
KyJlaM CUMHTWUISITOpa U npeodpasyetcs: B PoToHbl. TakuM 0Opa3om, KOHEU-
Hoit ctagueit 2KC npoliecca sIBJISIETCSI UIYILAsk ¢ BBICOKUM KBAaHTOBBIM BbIXOIOM
n pnsawasca 1078—1079 ¢ ¢ayopecuenums mMonekyn cumHTHgTopa. OHa n
peructpupyetcs ¢hoTo3IeKTpOHHBIMU yMHOXUTENIMH (PBY) KC ycTaHOBOK,
NPUHLUIIBI pabOThl KOTOPBIX M3JI0XKEeHbI Aanee. Cxema perucTpalv CLUHTUI-
JISIUMIA, BO3HUKAIOLIMX TOJ JeUCTBUEM MOHU3UPYIOIIETO W3TyYeHUs, Mpe.-
crapyiieHa Ha puc. 11.18.

o- unm B- »  PacTBopuTenb »  CUMHTUNNSTOP > O3y
Yactmua
XUMHUIecKoe OnTtnyeckoe
raiieHue raiieHue

Puc. 11.18. Perucrpanus CHUMHTWIISINN, BOZHUKAIOIINX
MO, IeICTBUEM MOHU3UPYIOLIETO U3JIyUYeHUs

I TepMMH «IIOMUHECLEHLIUS» YIOTPEOIAeTCs 11 0003HAYEHUS [TPE0OPa30BaHUA MOIJIOLLEHHOI
SHEPTUU B DHEPIUI0 CBETOBOTO M3JIYyYSHUS HE3aBUCUMMO OT [UIMTEJILHOCTU BbICBeuMBaHus. [1po-
LIECChl ¢ MaJIoW JUTMTEIbHOCTBIO BBICBEUMBAHMSI Ha3bIBalOT (hayopecueHuueil. Takum obpasom,
B MPUJIOKEHUM K MEXaHU3MaM CLUMHTWUISILIMOHHOIO CYETa MPUMEHUMbI 002 3TUX MOHSTUS.
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BaxxubiM npeumyiectBoM 2KC n3MepeHU SBIsIeTCs MPOCTOTa MPUTOTOB-
JleHus npenaparoB. JJocTaTouHO cMmelllaTh B CTaHAAPTHOM (lakoHe, M3rOTOB-
JIECHHOM U3 MaTepuajia, Mpo3pavyHoro 1isl U3aydyeHus: ayopeclieHIuu (CTeKa,
MOJMATWICHA WK TeioHa), onpeneJeHHbI 00beM paJlOaKTUBHOIO BElLECT-
Ba ¢ U3BecTHbIM 00beMoM KC cMmecu, obecrneyrBaloliMM FOMOT€HHOCTD MOJTy-
YEHHOI CHUCTEMBbI, U Tperapar roToB K U3MEPEHUSIM.

s uaMepeHust paaoakKTUBHOCTU OpraHMYeCKMX BELIECTB, PACTBOPUMbIX
B TOJIyoJie, HamOoJblnee pacnpocTpaHeHue moiaydmi 0,4%-it pacteop PPO B
Toayosie. B mpexHux pelentypax K 3ToMmy pactBopy godasistiu 0,2 r/a gude-
HUJIOKCca30aua0eH301a (JlatTuHcKasi abopeBuarypa POPOP) ¢ makcumymom
(nyopecueHuuu npu 415 HM. DTO BelLIECTBO UIPAjo POJIb CMECTUTENST CIIEKT-
pa, T. €. 93(GHEeKTUBHO MPeoOPa30BbIBAIO KBAHTHI CBETA, UCIyCKaeMble BO30YXK-
JIeHHbIMU Mosiekyidamu PPO, B Gojiee NIIMHHOBOJHOBOE U3JIyyeHUE, B OObIIEH
CTEIEeHU COOTBETCTBOBABIIEE 00JJACTU MAKCUMATbHOI CIEKTPaibHOI YYBCTBU-
TesbHOCTH (poToKaTon0B MDY crapbix BhIMyckoB. OMHAKO COBpeMEHHBIE (DOTO-
KaTo/bl UMEIOT JOCTATOYHO IIMPOKHUE 00JIACTU CIEKTPATbHON YYBCTBUTEIBHOCTU
U, KaK MpaBUJIo, He TPEOYIOT MPUMEHEHUsT CMecTUTeNei criekTpa. CMecTUuTenu
CIIeKTpa MOTYT OKa3aThCsl MOJIE3HBIMU MPU U3MEPEHUM PACTBOPOB, COmEpKa-
LIMX BBICOKME KOHLEHTpalMK racuteneid. B Takux ciaydasix yacTto moJib3yloTcs
KC cMmecsiMu ¢ MOBBILLIEHHBIMU KOHILIEHTpaUMSIMKU CLMHTWILIsITOpa. Jlobasie-
HUE CMECTUTEJISI CIIeKTpa K TaKOH CUCTeMe CHUXKAET BEPOSITHOCTb MOBTOPHOTO
MOMJIOLEHUST U3JTyYEeHUsI aKTUBATOPOM, T. €. YBEJIMUMBaeT npo3payHocTh KC
CMECHU K COOCTBEeHHOMY M3iydeHuio [15—17].

OCHOBHBIMM TPEOOBAHUSIMU, TPEIBSBISIEMBIMU K CUMHTUIUISITOPAM, SIB-
JISTIOTCSI BbICOKAsI XMMUYECKasl yCTOMYMBOCTb, MAJIOE BpeMsl KU3HU BO30YXKIEH-
HBIX COCTOSIHUI, BBICOKMI KBAaHTOBBIN BbIXOH (DIyopeclieHLINHU.

OnHUM U3 BaxkHernx KoMnoHeHToM KC cmeceil SIBSIOTCS MOBEPXHO-
cTHO-akTUBHbIE BellecTBa (ITAB), cmocoOCcTByIO1IME CMEIMBAHUIO CLIMHTUII-
JIITOpa Kak ¢ BOAHBIMU PACTBOPAMM, TaK U C HEMOJSIPHBIMU BEILECTBAMU.
B vactHocTH, mMcnonb3yorca HenoHHBIe ITAB, Ttakme kak TputoH X-100
(4-(C4H,,)C¢H ((OCH,CH,),,OH) u . 1.

B Hacrosgiee Bpemsi pasiuuyHbIMU upMaMu pa3padboTaHbl coctaBbl 2KC
cMeceil, CMEIIMBAIOLIMXCSI ¢ BOAOM B COOTHOIIEHUN 1:1 B 1OCTAaTOYHO LINPO-
kom wmHTepBasie pH. CymectByior 2KC cMmecH, mo3BOJISIIOLINE COJIIOOMIN3UPO-
BaTh, T. €. MEPEBECTU B KOJJIOMIHOE COCTOSIHME, OMOJIOTMYeCKUe MaTepUalbl;
CMeCH IJIsI U3MEPEHUST PATIMOAaKTUBHOCTU B CYCIIEH3UsIX U T. T1. BbiOop perien-
TYPbl CHUHTWLIATOPA SIBJISICTCS OMHUM M3 BasKHEMIIIMX 3TaIroB paboThl. Perern-
Typbl Hauboiiee pacripoctpaHeHHbIX 2KC cMeceil MOXHO HaWTH, HaIlpUMeEp,
B MHCTpYKUMsIX, npuiaraeMbix K 2KC npubdopam.

KC MeTomoM MOXHO perMcTpupoBaTh U a-uanaydeHue. Jloas aHepruu, 3a-
TpauuBaeMasl o.-4acTUIaM1 Ha Bo30yxaeHne Moyekyinl KC cmecu, mpuMepHO
Ha TMOpPsIIOK HUXe, yeM B ciaydyae B-yactull. [ToaTroMy B mpubopax, HaCTpOEH-
HbIX JIJISI PETUCTPALIUMM B-U3JIydeHMsI, o.-4aCTULbI ¢ SHeprusMu 5S—6 MaB nona-
JAl0T B 00J1aCTh aMIUTUTYIHBIX pacripeaeeHrii UMITYJIbCOB, COOTBETCTBYIOIIYIO
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B-uactuiram ¢ sHeprueir 500—600 k3B. Tak Kak o-4acTUIBI 00J1amal0T AUCK-
PETHBIM CMEKTPOM, UX JIMHUU CPABHUTEJIBHO JIETKO 0OHApYKUBaIOTCs Ha (hoHe
HeTIPEPBIBHBIX pacIipeneieHuil UMITYJIbCOB OT B-U3TydaTesielt naxke 0e3 Crieim-
aJTBLHBIX Mep, HallpaBJICHHBIX Ha pasielieHne (IMCKPUMUHAILINIO) UMITYJIBCOB OT
o- 1 B-uvactui [17].

IIpeumyiiectBom 2KC wmeTona ompenesneHus o-uU3aydareseil sBIsIeTcs
npaktrudecku 100% 3¢bdeKTUBHOCTh MX PErMCTpalMy (axke MpU 3HAYMTE Ib-
HOM TallleHWH, KOTraa COOTBETCTBYIOIIMI MaKCMMYyM CMEIIIaeTCs B HU3KOIHEP-
reTUYECKYI0 00JIaCTh) M HU3KUIA (DOH B U3MepsieMolt obnacTu crekTpa. OmHako
C POCTOM TallleHUsI pa3pellieHue yXyalaeTcs.

ITpu cMemMBaHUM XUAKUX CUMHTUUISITOPOB C MCCAEAYeMbIM BEIIECTBOM
WHOTJa BO3HMKAET XeMUJIIoMUHecleHIMss. OObIYHO OBbIBAET AOCTATOYHO BbI-
JIepXKaTh 00paszell HeCKOJIbKO MMHYT IJIsl 3aTyXaHUsS XeMUJIIOMUHECUEHIINH,
MocJe Yero MOXHO MPUCTYIUTh K U3MEPEHUIO PaTUOaKTUBHOCTH.

Ha pucynkax 11.19 u 11.20 npuseaenbl 2KC crekTpbl HEKOTOPbIX - U o
u3ayyareaeit, DHepreTuyeckas Kaua rnpeacTaBieHa B JUHEHHOM M Jorapud-
MUYECKOM Maclutabe (ImosyyeHbl aBTOpaMu).

11.5.3. ITIPOIIECCHI TAIIEHHUA B 2KC CUCTEMAX

B 2KC npenapare MOTyT NIPOUCXOAUTH MPOLIECCHI, MPUBOISIINEG K CHUXE-
HUIO JOJIM BHEPTUY MOHUBUPYIOLIEH YaCTUIIbI, 3aTpauyMBaeMoOii Ha COOCTBEHHO
CUMHTWUSILIMOHHBIN Tpoliecc, T. €. K rameHuio. Tak, MOJIeKyJbl HEKOTOPBIX
MpuMeceil CIIOCOOHBI «IIePEeXBAThIBATh» DHEPIUI0 BO30YKIECHUSI OT MOJIEKYJI
pacTBOpUTENST MO €€ Mepemayd MoJIeKyJaM CHUMHTWUIITOpa (aKTUBaTtopa)
pacTpauyMBaTh €€ MyTeM 0e3bI3IydyaTeIbHbIX IepexonoB (cMm. puc. 11.18). Taxkoit
BUII TallleHWS HA3bIBACTCS XMMMUYECKUM TallleHheM. XUMUUYECKoe TralleHue
TIPUCYTCTBYET B JIIOOOM TIperapare, MOCKOJBbKY JI0Oble BBOAMMEBIE BellleCTBa
KOHKYPHUPYIOT C MOJIEKYJIaMH CIIUHTHILISITOpA TP Tiepenade SHepTruu OT BO3-
OY>KIEeHHBIX MOJIEKYJ pacTBoputes [18].

B okpamennbix 2KC cMecsx Takxke MMEEeT MeCTO YMEHbIIeHHE SIPKOCTU
CHMHTWIUISILIUI, CBSI3aHHOE C TIOTJIOIICHUEeM CBeTa OMpPeaeIeHHBIX IJTUH BOJH,
Ha3bIBa€MOE IIBETOBBIM WJIM OTNITUYECKUM TrallleHueM. BeiamymHa 1IBETOBOTO
ralieHusT OTpeaesieTCs JIMHOM BOJTHBI MaKCUMyMa ITOTJIOLIEHUS] TaCUTeNs,
OTNITUYECKO TJIOTHOCTBIO PacTBOpA, a TAaKXKe 00JIaCThIO CIIEKTPaTbHOI YYBCT-
BuTesbHOCTH PDY. 1IBeTOBOE raieHue MPUBOAUT K M3MEHEHUIO CIIEKTPaJlb-
HOTO COCTaBa M3JTydyeHus, ronajaaioiiero Ha ®DY.

SIBneHue raieHus MPUBOAUT K TOMY, YTO peaJibHO PErUCTPUpPyeMoe pac-
npeneeHrne aMIUIUTY UMITYJIbCOB OKa3bIBAETCS CXKATBHIM BIOJIb dHEPreTUde-
ckoii 1Kanbl. B-M3nydeHue uMMeeT HEMpPepbIBHBIA CIEKTp, T. €. DHEPruu
B-uyacTull pacnpeaeiaeHbl B uHTepBae ot 0 10 E[3 max> Y1 C YBEJIMYEHUEM ralie-
HUSI BO3pACTaeT J0JIs HE3apEruCTPUPOBAHHBIX HU3KOZHEPTETUUECKUX [B-yac-
TUIIL, TaK KaK KOJM4ecTBO oOpasywiuuxcs B 3arameHHol 2KC cmecu ¢poTOHOB
OKa3bIBAETCSl HEAOCTATOUYHBIM JJIsI UX perucTpauuu. DTo cHuXKaeT a(pdekTnn-
HOCTb PETMCTpallMy W 3aTPYAHSIET CIEKTPAIbHYIO UICHTU(DUKALIUIO B-U3ITY-
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Puc. 11.19. XKuakocTHO-CUMHTWISILIMOHHBIE CIIEKTPbI B-U3IydaTeei:
14C (Eg max = 156,5 k2B) B uneiiHom (a) u sorapudmuyeckom (6) Maclurabe;
St (Ej 0 = 546 k9B) B paBHoBecun ¢ 2°Y (Eg max= 2,284 K3B) B uneiitom (6)

u JorapupmMuueckom (&) maciurabax
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Puc. 11.20. XKunKoCTHO-CLIMHTWUISILMOHHBIE crieKTpbl 137Cs (Eg max = 512 x9B) B pas-
HoBecuu ¢ 13’MBa (9Heprusi KOHBEPCUOHHBIX J1eKTPOHOB 624 K3B) B MHeiiHOM (a) U
norapudmuyeckom (6) mMacirabax, 22’Np (E, = 4771, 4788 k3B) B paBHOBecUn
¢ 233Pa (E, 6 max = 232 K3B) B uHeiitoM (6) u norapmanquKOM (2) maciitabax
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Puc. 11.21. JKuakocTHO-CLUMHTUUISILMOHHBIE CIIEKTPHI Npenapartos 4C
C pa3IMYHBIM YpOBHEM TraiieHus. [1o Mepe yBelTMdeHUs ralleHusI,
T. €. YMEHbIIIEHUs BeJIMYMHBI TTapameTpa rameHus tSIE
(YKazaH 1151 KaXI0i KPUBOIi), CIIEKTP CMEIIAaeTCss B HU3KO9HEPreTUUECKy 00J1acTh

yareneil. Ha pucynke 11.21 npusenensl XKC crnextpsl 4C npu pasznnuHbIX
YPOBHSIX TalllCHUSI.

Takum obOpa3oM, C yBeJIMYEHUEM TralleHus] CHUXKaeTcs 3(h¢GeKTUBHOCTD
pervcrpaiuy B-usrydaresieii, u, caenoBaTe/bHO, JUIS OIpeaeIeHUsT abCOJIIOT-
HO¥ aKTMBHOCTH B-HM3TyJalOIINX PAINOHYKINIOB HEOOXOAMMO 3HATh, KaK CBSI-
3aHa 3P (PEKTUBHOCTh PETUCTPALINU C TAIlICHUEM.

Db GHEKTUBHOCTb PETUCTPAIINN o.-9aCTHUIl YMEHbBIIIACTCS TOJIBKO TIPU BECh-
Ma 3HAUYUTEJLHOM TallleHNH (BBICOKOM KOHIIEHTpauu racutest). OmHako 1o
Mepe YBEJIWUYEHMS TallleHWs] TIPOMCXOMUT YMEHBIIEHNE pa3pellieHUus] ITHUKOB,
4TO XOPOULIO 3aMETHO Ha mpumepe crekTpa 211At (MCKycCTBEHHBIN pagMoOHyK-
mn) ¢ noyepHuM 211Po (puc. 11.22). TTo mepe pocTa rameHus: (yMeHbLIEHUS
mapameTtpa tSIE, cm. pasn. 11.5.4) nBa o-nMKa, COOTBETCTBYIOIINE STUM HYK-
JIMAaM, CJIMBalOTCs B OIMH.

11.5.4. ONIPEJIEJEHUE ABCOJIOTHON AKTUBHOCTH. TTAPAMETPBI TAIIIEHW S

ITpocreiiium Metoaom orpeaenaeHus 3¢ dektuBHocTu KC perucrpauuu
B-m3nyuyareneil ABISETCS METOA BHYTpeHHero craHmapta. Ilpu BHyTpeHHei
CTaHIAPTU3AIMHU K TIperapaTy ¢ HeM3BECTHBIM COAepXKaHUEeM U3MEPSIeMOro pa-
JUOHYKJIMIA JOOABISIIOT M3BECTHOE KOJIMUYECTBO (A, BK) Toro ke pamvoHyKIuaa
(BHYTpEHHMI CTaHIApT) U CPaBHUBAIOT pe3yIbTaThl M3MEPEHUSI Ppaaroak-
TUBHOCTU 10 ([, umi./c) u nocne (/,, UMI1./C) BBeJEHUS BHYTPEHHEIO CTaH-
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Puc. 11.22. Cmeienue a-nukoB B 2KC crieKTpe B 3aBUCMMOCTH OT TallleHUSI.
Cnekrtpsl 21 At (MCKycCTBEHHBII paaMOHYKIN) ¢ godepHnM 211Po.
3naueHus tSIE ykaszaHbl 1151 KaXkI0TO CIIeKTpa

Japra. DTO TO3BOJSAET OLEHUTh 3(PPEKTUBHOCTD PETUCTPALIMM & JAHHOTO
PAIUOHYKJIMIA B UCCIEAYEMOI CUCTEME:
_L-1

A

Metoa BHYTpeHHEH cTaHAApTU3alMK CPABHUTEIBHO TPYAOEMOK, TaK KaK Tpe-
OyeT BBHITIOJIHEHUS psifia JOTTOJTHUTEIbHBIX XUMUYECKUX U U3MEPUTEIBHBIX OIle-
pauuii. BaxxHo, 4ToObI BBeIeH € BHYTPEHHETO CTaHIapTa 3HAUMMO He TTOBJIMSIIO
Ha rameHne B 2KC cmecu.

JIJTs1 KOMMYECTBEHHOI'O OMMCAaHUs 3aBUCUMOCTU 3(h(EeKTUBHOCTU PETrucTpa-
MU B-usnyyareseit ot raieHust B 2KC cuctemax UCMONb3YIOT TaK Ha3blBaeMble
mapametpsl Tamenust (I117). X MOXHO pa3nenuTh Ha JBe Tpyris [16].

€

a. l'[apameprl raleHusa, OCHOBAHHbIC HA CIICKTPAJbHBIX
XAPAKTEPUCTHKAX U3MEPAECMOro mnpemnaparta

K aroii rpynne I 0THOCSTCSI COOTHOIIEHHE CKOPOCTEid CYeTa B Pa3IMYHBIX
3nepreTmyeckux Kanajaax (Sample Channel Ratio, SCR) u cnekrpaibHblii WH-
nekc mpenapara (Spectral Index of the Sample, SIS). Ot napameTpsl vaiie
BCEro TPEOYIOT anpuoOpHOU MH(OPMALIMU O PAAUOHYKIUIHOM COCTaBe MpoObI
W HalIM4Msl Habopa CTaHIApTOB M3MEPSIEMOTO PAIMOHYKIWAA C Pa3TUIHBIMU
YPOBHSIMU TallleHUs.

CoOTHOIIIEHNE CKOPOCTe cueTa B Pa3IMYHBIX SHEPTETUYCCKUX KaHajlax
MO3BOJISIET CYAUTH O AeOopMaIiu CTIIEKTpa U, CIeA0BaTeIbHO, O TameHuu. Mc-
nosib3oBaHue SCR He TpeOyeT BbICOKOIO pa3pelleHus, JOCTaTOYHO pa3douThb
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CIIeKTp Ha JiBa OKHa, B KOTOPBIX Mpoucxoaut uaMmepenue. SCR sBisieTcs eamH-
CTBEHHBIM MapaMeTpOM TallleHUs MPU U3MEPEHUN PaaUOAKTUBHOCTU BbICOKO-
SHEPreTUYECKUX B-u3iyyaresieil Mo Y4epeHKOBCKOMY U3JIYUYEHHUIO.

Henocratkamu napameTrpa SCR sIBASIOTCSI OrpaHUYEHHbI MHTEpPBaJ ra-
LLIeHUSI, TaK KaK CHEKTPhl CUJILHO 3arallieHHBIX MPerapaToB MOJHOCTBIO CABU-
ralTcsl B HU3KO9HEPreTUYeCKU KaHall; 3aBUCUMOCTb TOUHOCTHU OTpeAcIeHUS
I1T" ot BeIOOpa KaHAIOB; MEHbIIAsi TOUHOCTh, YeM B MeToje SIS (cM. Huke), Tak
Kak M3MepeHMs MPOBOASITCS JIMILb B OJHON YaCTU 3HEPreTUUEeCKOro CIeKTpa.

s onpeneneHust abCOMIOTHON aKTMBHOCTU PAAMOHYKIIMAA HEOOXOIUMO
npeaBapuTebHO MOJIYYUTh KPUBYIO rallleHus], T. €. 3aBUCUMOCTb 3(h(eKTUBHO-
ctu peructpauuu ot I1IT, ¢ ucnonb3oBaHUMEM CTaHAAPTHBIX MpernapaToB OIpe-
JIeJIIeMOr0 paauoOHYKIMAA TIPYU Pa3IMYHbIX YPOBHSIX TallleHUs.

CrnexrpaJibHblli MHAEKC NpenapaTta (SIS) ompenensiercs: cpeaHeit aMILIn-
TyJI0l MMITYJIbCOB B amapaTypHOM CIIeKTpe IpernapaTa U siBjisieTcs HanboJiee
YyBCTBUTEIbHBIM TapaMmeTpoM raineHus [19]. Otor I1T" He 3aBUCUT HU OT aK-
TUBHOCTHU M3MEPSIEeMOTOo IpernapaTta (OH He U3MEHSIeTCs TIpU YBEeJIUUECHUU UJIn
YMEHbIIIEHUU aKTUBHOCTH Tpernapara), HU OT ero oobema, Hu oT adekTa cTe-
HOK (McKaxeHHne (POpMBI CIIEKTpa B pe3ylbTaTe B3aMMOACHCTBUS B-4aCTHIL CO
cTeHKaMM (pJlakOHa), HA OT TJIOTHOCTU KOKTEMJIS.

OCHOBHBIM HemocTaTKoM SIS sBJsieTCs orpaHUYeHUe, CBI3aHHOE C U3Me-
peHueM TpernapaToB ¢ HU3KON aKTUBHOCTBIO, OMHAKO YXKe TPU PETUCTPUpPYe-
MO aKTUBHOCTH, paBHOUW 1000 WMIL./MWH, JOCTUTAETCS TIOTPEITHOCTh
B nipenenax 5—7%.

0. IlapameTpsl rameHns, OCHOBAHHbIE HA CHEKTPAJbHBIX
XapaKTePUCTHKAX BHEIIHEr0 CTaHAApPTa

s BHEIIHel cTaHmapTU3alliyd HETTOCPEACTBEHHO Mo (PIIaKOH C TpeTa-
paToM Ha CpPaBHUTEIHLHO KOPOTKOE BpeMs MOABOAMTCS BHEIIHWUN WCTOUYHUK
y-n3nydeHus (o6braHO 310 133Ba, 137Cs mum 226Ra). Tpu B3aumoneicTBuM
Y-KBAaHTOB CpeIHUX U BbICOKMX dHepruii ¢ 2KC cMechbio HabI0AaeTCsl CIeKTp
KOMIITOHOBCKOTO paccesiHusl — OCHOBHOIO BHJA B3aUMOMAEHCTBUS TaKUX
Y-KBaHTOB C BELIECTBOM C HU3KUM d(D(PEKTHUBHBIM aTOMHBIM HOMEPOM Z,j 4.
C yBeJIMUeHMEM TrallleHUs] KOMITTOHOBCKMI CITEKTP CMEIIAeTCsl B HU3KOIHEepre-
TUYECKYIO0 00J1aCTh, W €ro Ijouaab ymeHbluaercs (kak u B KC B-crnekTpax),
YTO MOXKET OBITh MCTIOJIB30BAHO IS OTIpEACICHUs TallleHUSI.

Bce I1I', ocHOBaHHbIE Ha BHELIHEU cTaHAAPTU3ALMU, MOTYT UCIOJb30BaTh-
Cs TOJIBKO B TOM CJIydae, €Cly perucTpupyeMasi akTUBHOCTD IIperapaTra MHOTO
MEHBIIIE PETUCTPUPYEMOIl aKTUBHOCTM BHEIIHEro CTaHaapTa. BaxXHbIM Tipe-
MMYIIECTBOM BHEIIHE! CTaHAApPTU3aIMU SIBJISIETCS] BEICOKAS TOYHOCTH OTIpee-
JieHus1 2 @PEeKTUBHOCTH.

Hcrnonp3oBaHue COOTHOLIEHHS CKOPOCTEi cyeTa B pa3IMYHbIX JHEpreTuye-
CKHX KaHaJax cnekTpa BHemHero crannapra (External Standard Ratio, ESR), a
HEe U3MepsSieMOT0 paauoOHYKINIA MO3BOJISIET YIIPOCTUTL BBIOOP 3TUX SHEPTETHU -
YeCcKMX Juana3oHoB no cpaBHeHUIO ¢ MetogoM SCR. [lns onpeneneHuss ESR
HUCTIONB3YIOTCS ABa (PMKCHPOBAHHBIX TUCKPUMMUHATOPA, HACTPOMKA KOTOPBIX
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MPOBOAMTCSI M3TOTOBUTEEM IMpuOOopa. DTO MO3BOJISET aBTOMATU3UPOBATH
U3MepeHus U U30eXaTh MOMCKOB ONTUMAIBLHOTO pexkKrMa MPU KaxkKI0oM U3Mepe-
HUU.

ITosi0keHne TOYKH mepernda B CieKTpe BHemHero cranaapra (H*) ucrosnb-
syercst B KC cnektpomerpax ¢pupmbl Beckman (ctangaprom ciyxut 137Cs).
TTpu Manbix oObeMax mperapara UHTEHCUBHOCTb PETUCTPUPYEMOTO KOMIITO-
HOBCKOTO M3JIy4eHUsT CHUXKAETCS, W OonpeneaeHne H¥ CTaHOBUTCS MeHee BOC-
MPOU3BOAUMBIM.

CnekTpanbHblii HHIEKC BHemHero ctangapta (Spectral Index of the Exter-
nal Standard, SIE) — BecbMa TouHbIi1 [1I, TaK KaK OH pacCYMTHIBAETCS U3 BCEi
COBOKYITHOCTH 3apeTUCTPUPOBAHHBIX UMITYJIbCOB.

Psin skcnepuMeHTallbHBIX 0COOEHHOCTEM — TaK Ha3biBaeMblii a(pdekT cTe-
HOK, HemocTosTHCTBO oObeMa 2KC cMmecH, LIBETOBOE railieHue, Matepua (iakoHa
U T. I. — MPUBOAMT K HEKOTOPHIM MUCKAXKEHMSIM CIIEKTpa B HU3KOPHEPreTUUeCKOM
00J1aCTU. DTO MOXET BbI3bIBATh HETOUHOCTh B OlpeaeacHuu 3¢ (GeKTUBHOCTU
MpY UCIOJb30BaHUU HeKOoTOophiX I1T.
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Puc. 11.23. 3aBucumoctb 3pPeKTUBHOCTU perucTpauuu B-yactui SH,
14C 1 a-vactui 23°Pu ot raweHuns

®upma Packard npemioxuia B kadectBe [1I" mpeoOpa3oBanHbliA CIEKTpaJib-
Hblii UHIeKe BHemHero cranaapra (Transformed Spectral Index of the External
Standard, tSIE), mo3Bosionmii yMeHbIIUTb POJib TaKMX (PAKTOPOB, KakK, Ha-
npuMep, U3MeHeHMe oO0bema IMperapaTta, LIBETOBOE TrallleHWe, TJIOTHOCTb
KOKTeM1s1, 2(hheKT CTeHOK, MaTtepral 1 TuIl ¢piakoHa v T. 1. 3HaueHue tSIE co-
crapsier 1000 qy1st He3araleHHBIX MPernapaToB U YMEHbIIAETCs C POCTOM Taillie-
Hus. Ha pucynke 11.23 npeacrasieHbl THIUYHbBIE KpuBble ramenus *H u 14C.

11.5.5. TPACCUPOBAHUE DOPEKTUBHOCTHU

W3BecTHBI 1Ba MeToAa omnpeaeaeHus abCOMIOTHONM aKTMBHOCTH, Ha3bIBae-
MbIe MeTomaMu TpaccupoBanus addektuBHocTr (TD) [16, 17].
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Meton TO-DPM. B nepBoM — MpakKTUYHOM M TIPOCTOM 3KCTPATIOJISIIN-
oHHOM Metoze (TO-DPM) — B kauecTBe OCHOBHOTO CTaHIapTa UCIOJb3yeTCs
HesarameHHbli crangapt 14C. TIpouenypa TD-DPM cocTOUT U3 ClIEayIOLINX
Oreparuu.

1) u3MepsieTcsl HesaralleHHBI npemnapat YC 1 sHepreTwdeckas IIKajaa

pa3duMBaeTCs Ha 1IECTh OTAEJIbHBIX obsacTeii, Harpumep ot 0, 2, 4, 6, 8
u 10 xaB 1o BepxHero npeaena 2000 k3B.

2) s(pdeKTUBHOCTL pervctpauyu (%) HesaralleHHOro craHmapra 4C
B KaXX/I0M M3 1IeCTU 00JacTeil perucTpallii pacCUMThIBA€TCSl COTIACHO
YpaBHEHMUIO.

=+
A
rae € — 3 dektuBHOCTh (%), I — cKOpocTh cuera (MMmi./c), A — ak-
TuBHOCTH (bBK).

3) HEeM3BeCTHBIN MperapaT U3MepsIeTCs B TeX XKe 1IeCTU 00JIacTsIX SHepre-
TUYECKOI LIKAIBI, YTO ¥ He3aralleHHbIA ctaHmapt 4C.

4) 1ecTb 3HaUYeHMI [ HEU3BECTHOIO IIpeliapaTa HaHOCSITCS Ha rpaduk oT-
HOCMTEJIbHO 1IeCTU 3HauyeHUM 3(p(GEeKTUBHOCTU pEerucTpaliiy He3ara-
menHoro crangapra '“C. TMoayyeHHass KpuBasi SKCTPAIOJUPYETCs 10
3HauyeHus1 3 dextuBHocTH, paBHoro 100%, npu Kortopoii / HeU3BeCT-
HOTO Tpernapara CTAaHOBUTCSI PaBHBIM A.

Takum ob6pa3oM, gaHHBIA MeTon TD He TpeOyeT IMOCTPOeHUST KPUBOM ra-
LIeHUs (CepUy CTaHIAapTHBIX 3aTallleHHBIX TIperapaToB) IS KaXKI0TO aHATIN3H -
pyeMOro paavoHYKJIWAA U MOXKET MCIONB30BATHCS UISI MHOTMX YHCTBIX - U
B,y-uznyvateneit. 1y pacueta A TpeOyeTcs JMIIb OAWH He3arallleHHbI CTaH-
napt 14C, HarpuMep 13 ucnonb3yembix uid HacTpoiiku JKC nipubopos. Pacyer
3HaYeHU A 3TUM METOJOM IOCTaTOYHO MpocT. IlorpeiHocTh onpeaenaeHus
a0COJTIOTHOM aKTUBHOCTU COCTABJISIET OOBIYHO 1—5%. MeToa MpuroaeH st u3-
MepeHusl cMecell HeCKOIbKUX PaauOHYKINUIOB.

[TonyyaeMble 3TUM METOAOM Pe3yJIbTaThl HE 3aBUCST OT cocTaBa KC KoK-
Teiisiell, MaTepraga U pa3MepoB (pIaKoHOB, OOBEMOB MpenapaToB Bo (iako-
HaxX, LBETOBOI'O 1 XMMMWYECKOTO TrallleHus.

Metoa HeMPUMEHUM K PaIUOHYKJIMIAM, MaKCUMaJbHAasl SHEPIUs B-usiy-
YeHUs] KOTOPLIX HUXXE MAaKCUMAJIbHOI 3Hepruu B-nsnaydenus 4C (mampumep,
tputhii, ©3Ni u 1p.).

Meton CIEMAT/NIST. [dpyroit Mmeton omnpeneaeHuss abCOJIOTHOM aK-
TUBHOCTH, MOTCHUMAIBHO MpUMEeHUMBIN K JNooomy KC mpubopy, 1odomy
CLUMHTWUISILIMUOHHOMY KOKTEHII0 U TI000MY paaMoOHYKIUAY, ObLI pa3paboTaH
corpyaHukamu CIEMAT (LlenTpa ucciegoBaHMii B 00JacTU 3HEPreTUKU,
OoKpyxKatollei cpenbl U TexHojoruii, Manpua, Mcnanust) u NIST (Hauuonanb-
HOTI'0 MHCTUTYTa CTaHAAapTOB U TexHojoruii, ['eiircOypr, CIIIA) u Ha3biBaeTCs
meToaoM TpaccupoBaHus 3¢ dektusHocTu CIEMAT/NIST.

DHeprus B-yactull (B K3B), HeoOxoauMas 1151 TOro, YToObl OMUH U3 POTO-
3JIEKTPOHOB, 00pa3oBaBImXxcst Ha poTokarone PDY, cMOT TOCTUYD €TO TTePBO-
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ro IMHOJAa, 0003HavaeTcs Kak «cBoOoaHbI nmapamerp» (CIT). IIpunumaercs,
yto CII kak ¢ynkuusa I1I" yHuBepcalieH 1 He 3aBUCUT OT KOHKPETHOTO paaro-
HYKJIMIA.

BoimonHsieTCsl KOMIIBIOTEPHBIN pacueT 3(ppeKTUBHOCTU PEerUCTpalliu UC-
CJIeIyeMOro paaIuoHyKIMIa U TIEPBUYHOTO CTaHAapTa, TAKOTO KaK TPUTHUIA, TIpU
pa3nuuHbiX 3HaueHUssX CI1 1 moayyeHHbIX SKCIepUMEHTAIbHO MapaMeTpax ra-
LLIeHUs JUIsl Habopa CTaHIapTOB TPUTHS. TpUTHEBBIE CTAHAAPTHI TOCTYITHBI, TIe-
puoa Tojypacrnana TPUTHS TOCTATOYHO BEJIUK, YTO OejdaeT 3TU CTaHAapThI
BecbMa YIOOHBIMM JUISI UCTIOIB30BAHUS B TaHHOM METOE CTaHAapTU3aLINY.

IlepBoHAYaIbLHO OBLIM MOJyYeHBI COOTHOLIEHUST MeXIY 3(P(PEKTUBHOCTHIO
peructpaiuu paanoHykauaoB u CIT pist yucetbix B-usnydareneit. [Tozxe Obuin
BBITMOJHEHbI COOTBETCTBYIOIIME PACUEThI AJIs1 PAAMOHYKIUAOB, pacnaaaiolmx-
cs TTyTeM 3JIEKTPOHHOTO 3aXBaTa, UCITyCKaHUs TTO3UTPOHOB, a TaKKe U [3,y-M3-
JIydaTeJiei.

s pamuoHyKIMAOB CO CIOXXHBIMU CXeMaMH pacitajga ObITH CAeTaHbl pac-
YeThl, OTHOCAIIMECS K KaXI0i rpynme B-uactul. Tak, B cxeme pacraga 125Sb
MPUCYTCTBYIOT BOCEMb TPYII B-TpeBpallleHnii, U BCe 3TU MepeXoabl ObUTU yU-
TeHbl nipu pacuete CII.

Eie 6omee cinoxHblii cnydait — 119mAg koropwlit pacnianaercsa no 110Cd.
Cxema pacnaaa BkjaovaeT 12 rpynn B-yactuil U 50 y-KBaHTOB.

IMpouenypa tpaccupoBaHusi 3dpdektuBHoctTu B Merone CIEMAT/NIST
BKJIIOYAET CJICAYIOLIME OIepalnu:

1) usMepsieTcsa HaOOp CTaHAAPTOB TPUTHUS U CTPOUTCS KpUBasi 3aBUCUMO-

¢t 3((HEKTUBHOCTU PErUCTpalliy OT IlapaMeTpa IralleHusl;

2) pacCUMTBHIBAETCS TeOpeTHUUYecKash KpuBas 3aBUCUMOCTU 3(h(EKTUBHO-

ctu peructpauuu tputus ot CII;

3) 3 ABYX NpEeObIAYIIMX BBIpaxkeHUi 1ojrydgaercs 3aBucuMocTb CII ot

IIT. XoTs1 00a MpeablAylInX BbIpaXKE€HUs IMOJYyUYeHbI JJIsI TPUTHUEBbIX
crangaproB, CII kak ¢dynkuus [1I" yauBepcaaeH 1 He 3aBUCUT OT KOH-
KpeTHOTo paauroHykiauaa. OH xapakTepeH TOJbkKo s gaHHoro KC
Mpudopa U BEIOPAHHOTO KOKTEMJIs;

4) paccuMTBhIBAaeTCSl TeopeThueckasi KpuBasi 3aBUCUMOCTU 3(GhEeKTUBHO-

CTU perucrpainuu uccieayeMmoro paguonykiauaa ot CIT;
5) 3aTeM MOXHO MOJYYUTb COOTHOILIEHUE MeXTY d3((HEKTUBHOCTbIO PETU-
cTpauuu ucciaeayemoro paavonykiauaa u [T

[MocnenHsiss KpuBasi CIy>KMT 151 onipeaeneHust 3¢ GbeKTUBHOCTU perucTpa-
LIMM 9KCIEePUMEHTATbHBIX 00pa3lioB M COOTBETCTBEHHO ISl ONpeAeseHUs UX
a0COJIIOTHON aKTMBHOCTH.

DTOT MeTOJ MPUMEHUM MPAaKTUYECKU K JIIOOBIM PaiuMOHYKJIUAAM, U B OT-
nmnuue oT Metoga TO-DPM morpeniHocTh onpeaeneHus: 3(p@PeKTUBHOCTU pe-
ructpaunu, Hanpumep s 03Ni (Eﬁ max — 03 k3B), B Metone CIEMAT/NIST
cocrasuia 0,07%.

OnucaHHble METOIbI OMpPeaeIeHUS TallleHUs] TPUMEHMMbI, CTPOTO TOBOPS,
TOJIKO K TOMOTE€HHBIM cucTteMaM. JleficTBUTeIbHO, eCii, HalpuMep, TpUTHe-
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Bast Boga aucnepruposaHa B 2KC cMmecH, ¢ KOTOPO OHAa HEe CMEIIMBAeTCs, M0-
MpaBKa Ha raleHue, onpeaesieHHass METOJOM BHEIIIHEro cTaHaapTa, OTHOCUTCS
TOJIbKO K OpraHM4ecKoil (comepxkalieil CHMHTWIIATOP) daze. B To ke BpeMst
JUTST TAKOTO HU3KOZHEPTeTHMYECKOTO B-M3ydaTelisd, KaK TPUTHI, ociabieHMe
M3TYYCHUS Jake B MeJIbUaIIIX KareIbKaxX BOIbBI, IUCTICPTUPOBAHHEBIX B 00h-
eMe CIMHTWUISITOPA, MOXET IIPUBECTH K 3aMETHOMY CHIKEHUIO () (HEeKTUBHO-
CTU PETUCTpAIlN, M peaTbHOE 3HaUeHNe KO3 MUIIMEHTa PETUCTPAIIUN OKAKETCST
HaAMHOTO MEHbIIIe 3HAYCHMS, TTOJTYIeHHOTO METOIOM BHEINHEH CTaHmapTH3a-
. B caydae reTeporeHHBIX CUCTeM (CYCIIEH3MH, OCAIKM Ha (DUITETpaxX, OTPe3KH
XpoMaTorpaMM M T. I.) OoJjiee 11eiecoo0pa3HO TOBOPUTh HE 00 aOCOJIIOTHBIX,
a TJIaBHBIM 00pa3oM 00 OTHOCUTEIHHBIX U3MEPEHUSIX.

YacTb 3Hepruu B-4acTUll, UCIYIIEHHBIX B HETOCPEACTBEHHOM OJIM30CTH
OT CTEHOK (hJTaKOHA, MOXKET OBbITh 3aTpauyeHa Ha B3aUMOAEHCTBUE CO CTEHKAMMU.
B pesyabTate HabonaeMble aMILIMTYIHbIE paciipeaeaeHus (CIIeKTPbl UMITYJIb-
COB) OTJIMYAIOTCS OT TEOPETUUYECKUX CIEKTPOB B-u3iaydyeHus. OmnpenenaeHHbIe
HUCKaXeHUs B GOpMy CITeKTpa MOXKET BHOCUTb U y-U3JIy4YEHUE, COMPOBOXAAIO-
mee B-pacman (XOTSI OHO PEerMCTPUPYETCS C CYIIEeCTBEHHO MeHBIIei 3¢ deK-
TUBHOCTBIO). OIHAKO TpamyrpoBKa armapaTypbl W olleHKa 3(@PeKTUBHOCTH
PETUCTPAIINA OTHOCUTCS MMEHHO K CITEKTpaM MMITYJILCOB peabHBIX TIpeTtapa-
TOB, UTO W TIO3BOJIIET BEHITTOJHATH KOJMUYECTBEHHBIE M3MepeHMUsT aOCOTIOTHOMN
aKTUBHOCTH [15].

11.5.6. YCTAHOBKH JIUISl 2KUJIKOCTHO-CIIUHTULIAIIMOHHBIX U3MEPEHUI

TunuyHas 610K-cxeMa coBpeMeHHoro npuodopa mist 2KC usMepeHuii mno-
KazaHa Ha puc. 11.24. Tlpenapat, comepxaluuii paaoakTUBHOE BELIECTBO U
KC cmech, B crangapTHoM (uiakoHe (00b1yHO 20 MiT) moMelaeTest Mexay ¢o-
tTokaronamMu aByx ®HY.

®otokaronsl PDY 10m NEHCTBMEM TEILIOBBIX (IYKTYallMii HCITyCKaroT
9JIEKTPOHbBI, HE CBSI3aHHBIE C PErUCTpalell CBETOBbIX KBAHTOB (TEMHOBOI TOK).
DTU 2JeKTPOHBI, TTPOMIS LMK YMHOXEHUs Ha guHogax PDY, co3maloT Ha BbI-
XOJI€ TaK Ha3bIBaeMbI€ 1ITyMOBbIE UMITYJIbChI. BeposITHOCTh OMHOBPEMEHHOTO I10-
SIBJICHMSI 1ITyMOBBIX MMITYJIbCOB Ha 00oux PDY cpaBHUTEIBLHO HU3KA. B To Xe
BpeMsl B3aMMOJAEMCTBUE MOHU3UPYIOLLEH YaCTULIbI C XKUAKUM CLUHTUUISITOPOM
MOPOXAAET TOBOJBHO OOJIBLIOE YMCIO CBETOBbIX KBAHTOB (Ha oAuH K3B sHep-
ruy B-yactuil ucryckaercs: B cpeaHeM 12—13 kBaHTOB cBeTa [20]), KOTOpble MO-
IYyT BBEIOMBATHL (OTOIJIEKTPOHBI € (POTOKATOOOB Kaxkmoro mu3 aByx DPDY
(3(bheKTUBHOCTL COBPEeMEHHBIX (POTOKATOMOB cocTaBisieT OoKojo 30%), uTo
obecIteuynBaeT OMHOBPEMEHHOE BO3HUKHOBEHNE UMITYJILCOB Ha 00oux MY,

MMITyibehl ¢ BBIXOHOB Kaxkmoro DY yCcuamBaroTCS M IMOCTYHAIOT Ha CXe-
My OBICTPBIX COBITAACHUI 1 YIIPABISIEMBIN €10 cyMMaTop. MMIyTbchl Ha BBIXO-
JIe CXeMbl OBICTPBIX COBITaJIECHUI BO3HUKAIOT TOJBKO B TOM Cllyyae, ecjii Ha oba
ee BX0Jla OJIHOBPEMEHHO (C TOYHOCTBIO JIO0 pa3pellalolliero BPEMEHU CXeMbl
COBITaZICHNIT) TTOCTYITVIIM UMITYJIBCHI OT 00onx MDY, TakuM 00pa3oM IPOUCXO-
IUT OTHCJICHUE TTOJIE3HBIX (COBITAMAOIINX) UMITYJIbCOB OT IIIYMOBBIX.
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Cxema OBICTPBIX COBIIAJICHUU YMpaBisieT CyMMaTOpOM. DTO 3HAUMT, YTO
CYMMMPYIOTCSI TOJIBKO COBMAAAIOLIME MO BpeMeHU UMIYJbchl. CyMMUpOBaHUE
WMITYJIECOB OT 00onx PBDY Mo3BoJIsIET YABOUTH 00BeM MH(GOPMAIIUN O TTOCTYIT-
JICHUM KBAHTOB CBeTa Ha (POTOKATOABI, T. €. TMOJYYUTh CTaTUCTUYECKU OoJiee
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JOCTOBEPHYI0O MHGbOPMALIMIO 00 aMIUIUTYIHOM pachpenejeHUuu HMITYJIbCOB.
DTO 0COOEHHO BaXXHO B CIy4yae PErMCTPAallMM HU3KOIHEPreTUYeCKUX U3TydaTe-
Jiel, TOPOoXAAoIMX B XXUAKOM CLHUHTWIISATOPE CPAaBHUTEJIbHO HEOOJIbIIOE
YUCJIO KBAHTOB CBETA Ha OJHY YacCTHILY.

HMmMnynbe cyMMapHOI aMIUIMTYIbI OCTYIAeT C CyMMaToOpa Ha BXOJ aHaJIu-
3aTopa (OopMBI UMITYJIBCOB, a 3aTeM Ha aMIIATYIHBIC aHaJU3aTOPHI I o~ 1
B-yactuu. CoBpemeHHble 2KC yCTaHOBKMU MO3BOJISIIOT HAOII0aTh CIIEKTPhI KaK
C JIMHEWHOM, Tak U ¢ jorapudmuueckoil mkanoi sHepruil. [TpermylecTBom
JIorapru(MIIECKON SHEPTETUIECKON IIIKAJbI SIBJISIETCS YIOOCTBO OMHOBPEMEH-
HOTO HaOOAEHMS CITIEKTPOB CMecell HU3KOIHEPTeTUIeCKMX (TaKuX, KaK TPUTHIA,
Ej nax = 18 K9B) 1 BbicoKosHepreTeckux (Takux, Kak 32P, Ey . = 1700 k3B)
B-uznyuateneil B mpeaesax oaHou 1kaibl. Ha jgorapudmuyeckoil aMmanTy-
HOI 11IKajie 00JacTU aMIUIMTYIHBIX pacnpeneleHni, B KOTOPhIX MpeobIanaioT
HMMITYJIbChl OT HU3KOOHEPreTUYeCKOro U BbICOKOIHEPIeTUYECKOro B-u3iyyare-
JIel, MOTYT ObITb YETKO pa3rpaHUYEHBbI.

CoocrBenHo KC meTekTop, MpeacTaBiIsIonnil co0oi, Kak IpaBuio, ga-
KoH ¢ 2KC cMechlo, pacioaoXeHHbI Mexxny doTokaTogamu a1syx DY, pabo-
TalOIIMX B pEeXMME COBIMAACHMUI, pa3MellaeTcss B MAaCCUBHOU CBMHIIOBOM
3alInTe, YMEHBIIAOIIEH YPOBEHDb BHEIITHETO - 1 y-(hOHA 1 MSATKYIO COCTaBIISIIO-
1y (poHa KOCMUUYECKOIo M3IydeHUs (maccuBHas 3aiuTa). [t 6osee ImojTHoro
TTOABJICHUST KOCMUUECKOI COCTaBIISIONIeH (hoHa B MPUOOpax, MpeaHa3HAYeHHBIX
JUTST U3MEepeHUST HU3KUX aKTMBHOCTEM, TIPUMEHSEeTCS TaK Ha3biBaeMasl aKTHB-
Has 3allATa — OOTOJTHUTEIBHBINA TETEKTOp, PACTIONOKEHHBIN BOKPYT OCHOB-
HOTO JIeTEKTOpa M BKITFOUCHHBIN BMECTE C HUM B IeTh CXeMbI aHTHCOBIIAICHUIA.
BricokosHepreTMuecKre MPOTOHBI U MIOOHEI, SIBJISTIOIIMECS TIIaBHBIMU COCTaB-
JITIOIIUMHI KOCMUYECKOTO (poHA Ha YPOBHE MOPSI, PETUCTPUPYIOTCS OTHOBpPE-
MEHHO O0OMMM AeTeKTOpaMU, W CXeMa aHTHCOBMAJCHWI He TPOITyCKaeT 3TH
CUTHAJIBI, a TTO3BOJISIET PETUCTPUPOBATE TOJIBKO T€ MMITYJIECHI, BO3HUKAIOIIINE B
OCHOBHOM JETEKTOPE, OMHOBPEMEHHO C KOTOPBIMH HE TIOSIBIISIIOTCS MMITYJThCHI
B IETEKTOPEe aKTUBHOI 3alllNTHI.

IMpomecchl, TTpoTeKarIMe B KUAKNX CHMHTULIATOPAX TIPU PETUCTPALINT
B-94acTull, yKJIaZbIBAIOTCS B TPOMEXYTKM BPEMEHM, COCTABJISTIONINE JECATKU
HAHOCEKYHII; pa3pelalinee BpeMs 3J1eKTpOHHBIX cxeM KC yCTaHOBOK TakKKe
nocrtatoyHo Majo. ZKC npuOopbl MO3BOJSIOT HAAEXKHO OMpPENesisiTh CKOPOCTh
cuera 10 8 - 105—10° yummn./MuH.

[Ipotiecchl, mpoucxomsime Mpy perucTpalvy o-4acTull, 00JaIaloInX Cy-
1LIECTBEHHO OO0JIblIIeH (MO CPAaBHEHUIO C B-YacTULIAMK) MAcCOi U 3aTpayrBalo-
KX OOJiblIee BpeMsl Ha MOJHYIO MOTEPI0 KUHETUUECKONH DHEPIUU B KUJIKOM
CLMHTUJUISITOPE, HECKOJIbKO OoJiee muTenbHbl. Ha pasnuuuu B ATUTEIbHOCTU
n hopMe UMITYITBCOB OT o.- M 3-4aCTHIl OCHOBAHO MCITOJIb30BaHNUE 3JIEKTPOH-
HBIX CXeM JTUCKPUMWHALINU, TTO3BOJISIONINX BBIACIUTh 3TU COCTABISIONINE IO
OTIETbHOCTU. Tak MOXHO CHU3UTDH BKJIAI OT B-U3MYyYEHMS B 00JIACTU aMIUIM-
TYOHBIX pacIpefe/ieHN, Ha KOTOPbIe TIPUXOMSATCS TMHKHU PETHCTPHPYEMOTO
o-U3Jy4eHUsI, © Ha000poT, Ha 6 MOPSIIKOB.
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11.5.7. AHAJIU3 CJIOXHBIX CMECEHN PAIIMOHYKIINIOB XC METOJIOM

Haxe cpaBHUTEIbHO MpocTbie 2KC mprOOpbI MO3BOJISLIM HAJEKHO OIpe/e-
JIATh KOHIIEHTPALUU PaaIuOHYKIHUIOB, MPUCYTCTBOBABIINX B OMHAPHON CMecHu
(«aBoitHast MeTKay»), Harpumep, meTogoM SCR, eciu MakcuMasbHbIE SHEPruu
B-4yacTuIl B UX CIEKTpaXx CyILIEeCTBEHHO pa3nuyanrch. [1o Mepe coBeplleHCTBO-
BaHU allapaTyphl MOSIBIJIACH BO3MOXKHOCTD YBEJIMUNBATh KOJIMUECTBO «OKOH»
JIJIsI aHaJIM3a CIIEKTPOB CMeceil paaiuoHyKJIMA0B. BooO1e roBopsi, «OKOH» MO-
SKET OBITh CTOJIEKO, CKOJIbKO KaHAJIOB MMEeT aMITIUTYIHBIN aHaJIN3aTop TpH-
6opa. B coBpemeHHbIx 2KC npubdopax, Kak MpaBUio, aMILIMTYIHbIE aHATU3aTOPbI
MMEIOT ThICSYM KaHAJIOB, TaK YTO 0O0paboTKa MoJy4yaeMoro B pe3yabTaTe OJHO-
ro U3MepeHUsl MaccuBa JaHHbIX HerpocTa. B 1988 1. ObL1 pazpaboTraH oauH U3
HauboJsiee nmepcrneKTUBHBIX MeTonoB 2KC aHanm3a CI0XHBIX CMECeil — MeToq
oundposku nepekpbitust cnektpoB (DOT — Digital Overlay Technique).

BwmecTo kpuBbix rameHuss B Merone DOT B mamsitu mpubopa XpaHsITCsl I10-
BEPXHOCTU A(PGHEKTUBHOCTU KaK (DYHKLIMU XMMUYECKOTO M LIBETOBOIO rallieHMsl.
TSl KakImoro TPEeNCTABIISIONIETO MHTEpeC PAaMOHYKIINIA XPAHITCS HOPMaJIM30-
BaHHBIE CIEKTPBI CTAHAAPTOB KaK (YHKUMU rauieHusl. JIloOble OTAENbHO B3SIThIE
JaHHBIE TI0 TAIlIeHNIO MOTYT OBITh CKOMOMHUPOBAHKI TIPY aHAJIM3¢ MHOTOKOMITO-
HEeHTHBIX cMmecell. OTmagaeT HeOOXONMMOCTh B TPeABAPUTENIbHBIX KaIMOpOBKax
JUTS eIWHWYHBIX PaTUOHYKIWAOB WM WX map. [lpeampusiTie-m3roToBUTENTH
BCTpanBaeT OMOIMOTEKY Ha 6 paTMOHYKIMIOB ¢ 6—8 craHgapTamu Ui Kaxkioro,
Hanpumep 3H, 1251, 14C, 45Ca u 32P. OtnenbHble OMOIMOTEKU CO3AAIOTCA IS
CTeKJISTHHBIX M TTACTUKOBBIX (DJTAKOHOB, JIJIST CHMHTUJUIATOPOB Ha OCHOBE KCHIIO-
Jla Wiu apyrux pactBoputenieid. Haxartvem oiHOM KHOMKM cUCTeMa 3aIyCKaeTcsl
JUIS pellleHWsT 3amayv WACHTH(UKAIA PaguoHYKIMIOB. bubmmoreka MoXKeT
OBITh TMIepeCcTPOEHa IO, JII000I APYroil TUI MPETapaToB, COMEPXKAIINX 3TH Palro-
HYKIUAbl. B OMOMMoTeKy MOryT OBITh BBEACHBI M IPYTHE PAAUOHYKIIUIBI C MCIO-
Jib3oBaHMeM /10 10 cTaHaapTOB VISl KaXk10ro Habopa racutesieil. MeTo1 mo3BoJIsSIET
HaJeXXHO pa3pellaTth 10 TPeX YMCThIX B-U3/ydaTesieil, MpUCyTCTBYIOIIMX B CMECH.

Mnmoctpanueit BoamoxHocteild Meroga DOT sBisieTcsi, Hanpumep, TOT
(hakT, UTO OH MO3BOJISIET JOCTOBEPHO Pa3INYATh JaxKe CMECH TaKMX PAIUOHYK-
Ma0B, Kak 4C (Ep max = 155 k3B) u 358 (Ep max = 167 k3B), 1151 KOTOPBIX pas3-
HUIIA MaKCUMaJbHbIX SHEPTUli B-CMEKTPOB cocTaBisieT Bcero 12 kaB.

3ajgavya aHaJIM3a CJAOXHbBIX CMECei paaroOHYKIMI0B MOXET ObITh HECKOJIb-
KO o0JieryeHa MCIOJb30BaHWEM HEKOTOPBIX MHIMBUAYATbHBIX OCOOEHHOCTEM
CXeM pacrafa pamrMoHYKJINIOB. HampuMep, IprUCyTCTBYIOIINE B CMeCH [3,y-13-
JyyaTeau MOTYT OBbIThb JIETKO WACHTU(MULMPOBAHBI MyTEM MpPeABAPUTETbHBIX
Y-CTIIEKTPOMETPUIECKUX M3MEPEHUIA.

HaxoHen, npu omHOBpeMEHHOM aHalu3e WMIYJIbCOB MO aMIUIUTYAE U IO
(bopme MOTYT OBITh TOCTPOSHBI TPEXMEPHBIE CIIEKTPhI, HA KOTOPBIX o~ U B-U3ITy-
yaTeJid TPYIIUPYIOTCS MO pa3Hble CTOPOHBI JIMHUM, pa3aessitolleil 001acTu o- 1
B-uznyuarteseii, a mojokeHUe reoOMeTPUIECKMX MECT TOUEK B KaxKIOi U3 odsacTeit
XapaKTepu3yeT aMIUTATYIHBIC pacrpeaeeHsI, CBOMCTBEHHBIEC TTPUCYTCTBYIOIINM
B cucteme usnydarensiM. Hampumep, Ha puc. 11.25 npeacraBieHa nogoOHast aua-
rpaMMa Ut pamns-226 ¢ KOPOTKOXHWBYIIMMY TTPOAYKTAMI PAcCITaja.
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214PO

D,J'II/ITeJ'IbHOCTb nMmnynbca

214Pb

AMNnuTyAa nmMnynsca

Puc. 11.25. Tpexmepnsriit 2KC criektp pagusi-226 1 IPOAYKTOB €ro paciamna

11.5.8. U3SMEPEHUE YEPEHKOBCKOI'O U3JIYYEHU S

CospemeHHas KC amnrmaparypa perucTpupyer BechbMma cjiabble CBETOBbIE
UMITYJIbCBl 1 MOXKET OBITh MCITOJb30BaHA UISI MU3MEPEHUST paauOaKTUBHOCTH
BBICOKODHEPreTUUYECKUX B-U3JIydaTesieil Mo 4epeHKOBCKOMY U3JIyYEHUIO.

M3BecTHO, 4TO B MpO3payHOil AMAJICKTPUUECKON cpene ¢ IokKasareiaem
npeaomiaeHus # (n Bcerga 0oJbliie eAMHMIIBI) CBET PACIIPOCTPAHSIETCs CO CKO-
POCTBIO €', MEHbIIIEH, YeM CKOPOCTh CBeTa B Bakyyme ¢: ¢'= ¢/n < ¢. CKOpocTh
B-yacTull B TAaKOI cpefie MOXET OKa3aThCsl BbIlIE, YEM CKOPOCTb CBETa B TOM K€
cpene. B atux caygasx (IIpu ABMKEHWU BBICOKOYHEPTETUUYECKUX B-YACTHUII B
MPO3PAYHBIX CPeIax CO CKOPOCTSIMU, MPEBBIIIAIOIINMHI CKOPOCTh pacipocTpa-
HEHMSI CBeTa B JaHHOM cpene ¢') M Bo3HWKaeT udnydyenne Yepernkona. Tpebdo-
BaHWe v > ¢ 9KBUBAJICHTHO V/c > c/c = 1/n. Ansg Bombl n = 1,33, COOTBETCTBEHHO
1/n = 1/1,33 = 0,75, u §Oag 3JeKTPOHOB, ABWKYIIUXCS B BOJIE, YCIOBUE
v/c > 0,75 BBITIOHSIETCS ITpH 3Heprusix Beire 0,267 MaB. IHTeHCUBHOCTD Ye-
PEHKOBCKOTO M3JIy4eHUsI OBICTPO BO3pacTacT C POCTOM BSHEPTUU [-YacTHII.
Ha puc. 11.26 npuBeneHbl Y4epEeHKOBCKUE CIIEKTPHI 89St 1 paBHOBECHOM cMecH
90Sr ¢ 0Y, nonyyennsie ¢ nomolupsio KC anmaparypsl.

BaxxHoe mpenmylecTBO U3MEpPEeHU paTuOaKTUBHOCTH 110 YePEHKOBCKO-
MY U3JIyYEHUIO COCTOUT B TOM, YTO MOXKHO OTKa3aThCsl OT ucrmojb3oBaHms KC
cMeceil, B COCTaB KOTOPBHIX BXOMST TOKCHUYHBIC M TOPIOYME KOMITOHEHTBI, K
TOMY XK€ HEPeIKO TOCTaTOUYHO moporue. s uamMepeHus: paimoakKTUBHOCTH 110
YePEeHKOBCKOMY M3TYYEHUIO TIpEIapaT pacTBOPSIOT B KaKOi-T10O0 OeClIBETHOM
JKUAKOCTU (B BOAE WJIM OPraHUYECKOM PacTBOPUTEIE).
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MHTEHCMBHOCTb

Homep kaHana
Puc. 11.26. Yepenkonckue crekrpbl Sr + Y n 89Sr,
nosiydyeHHble ¢ noMouisio YKC criekTpoMeTpa

[ pyroe mpeuMyIecTBO U3MEPEHUS BHICOKOIHEPTETUYECKUX B-U3TydyaTe-
JIeil M0 YepeHKOBCKOMY M3JYYEHHUI0O — TOUTH IMOJHOE OTCYTCTBUE XMMUYE-
CKOTO TalleHusl, TaK KaK OMMCAHHBIC BBIIIE MPOLECCH Mepenauyn SHEePTUH,
xapakTepHble s 2KC cuctem, He peaau3yloTcsl, HAapUMep, B BOAHBIX pac-
TBOpax PaaMOHYKIUAOB, PETUCTPUPYEMBIX TTO YePEHKOBCKOMY U3JIYYCHUIO.

®oH TpU U3MEPEHUSIX PAANOAKTUBHOCTH IO YEPEHKOBCKOMY M3JTyUYCHUIO
OOBIYHO CcylLIEeCTBEHHO HMxke, yeM npu KC uaMepeHusix.

B cnyyae namepeHMsT paaioaKTUBHOCTHU IO YEPEHKOBCKOMY U3JIYYEHUIO
MPaKTUYECKU OTManaeT ouyeHb BaxXHbI 111 2KC crcTeM BOMPOC O cMellIBae-
MOCTHU, HAITPUMEP, BOTHBIX TTPOO C OPraHMUYECKOM CLIMHTUIUISIIIMOHHONM CMEChIO,
ocobeHHO 1pu pH BomHbBIX P00, OTJIMYHBIX OT HEUTpaJbHBIX. B ciyyae usme-
PeHUI1 MO0 YepEeHKOBCKOMY M3JIyUeHUIO BaXKHO JIUIIIb YUUTHIBATh, YTO TIPU TeX
WJIM UHBIX U3BMEHEHMSIX B COCTaBe MperapaTta MOXeT U3MEHUTHCS MOKa3aTeNlb
MpeJIoOMJICHUS U, CIeA0BaTeIbHO, 3(P(MEKTUBHOCTh PErUCTPALIMU UCCIEAYEMO-
ro paavoHYKIuAA.

Db PHEeKTUBHOCTh PErUCTPaALIUU 10 YEPEHKOBCKOMY M3JIYUEHUIO 3aBUCUT
OT 3HAYEHUSI MaKCUMaJbHOI DHEPrUU B-4acTULl U OT (OPMbI CIIEKTPaA, T. €.
OT TOTO, KaKasi J10Jisl f-4acTUll, UCIYCKAeMBbIX siApaMU JaHHOTO B-u3jyJaTe-
JIsl, TIPUXOUTCSI HA TOT WJIM MHOM ydyacTOK SHEPreTUYecKoi 1mkaabl. B kaue-
CTBe mpumepa ykaxeMm, uto mis 20Sr (E max — 0,54 M3B) sbdexrtuBHocTh
pPETUCTPALIMU 110 YEPEHKOBCKOMY U3JY4eHUIO cocTasiseT 1,5—3%, mia 40K
(Ep max = 1,33 MaB) — 22-25%, st 32P (Ej 1, = 1,7 M3B) ona nocturaer
50%, a mnna 99Y (E = 2,27 M3B) — 70%. OnHako naxe Ul CaMBbIX

max
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BBICOKORHEpPTeTUUECKUX B-u3iydareneil 3(p¢GeKTUBHOCTb PEerucTpauuu o
YepeHKOBCKOMY M3JIy4eHHWI0 He MoxeT mocTurath 100%, Tak Kak mjs J1000-
ro B-m3iydaTesisd 3HAUMTENIbHAs YacTh B-CIEeKTpa MPUXOAUTCS Ha YaCTHUIIBI
C BHEpPrusiMM HUXe Mopora Bo30yXJAeHUS YEPEeHKOBCKOIO M3JIyYeHUS U Ha
YaCTULIbl, SHEPTUU KOTOPBIX JIMIIL HE3HAUUTEJIbHO MPEBbILIAIOT 3TOT MOPOT
U PETUCTPUPYIOTCS ¢ HU3KOU 3 PeKTuBHOCTHIO. Mcnob30BaHUE CMECTUTE-
JIeil CIIeKTpa CyIIeCTBEHHO MOBHIIIAaeT 3(P(PEeKTUBHOCTh PETUCTPALIUK YepEeH-
KOBCKOTO M3JIyYeHMUSI.

PanmnoakTMBHOCTB TIpenapaToB MO YePEHKOBCKOMY M3TYICHHUIO U3MEPSIOT
0e3 BHEIIHE cTaHgapTU3allMM, TaK KaK IIpUMEHSIeMble OOBIYHO CIIOCOOBI
ornpeaeseHus raiieHus: npeaHasHayeHnl 1s1 KC cMeceit, a 9(h(eKTUBHOCTD
PETUCTPAIIMU MCITOIb3YEeMbBIX IS 3TOTO BCTPOECHHBIX IPENapaToB MO YepeH-
KOBCKOMY M3JIyYeHHUIO OOBIYHO HEBEJIMKA M COOTBETCTBEHHO TMOTPEITHOCTU B
OIpeNe/icHNM TlapaMeTpa TallleHWs CTAHOBSTCS BeChbMa 3HAYUTEIBHBIMU.
B ciyyae HeoOXOAMMOCTH JUIsl yyeTa ralieHusi MpuoeraloT K METOMy BHYTPEH-
Hel cTaHAapTU3alMu WU UCToNb3yloT MeTola SCR.

11.5.9. IPAKTUYECKAS PABOTA C AMITAPATYPOM JIJIS )KC U3MEPEHUI

B coBpemeHHbIx ZKC npubdopax mpouecchl U3MepeHUs: 1 00pabOTKU pe3yiib-
TaTOB MOJHOCTBIO aBTOMAaTU3UpoBaHbl. DakoHkI ¢ ipenapaTamu (300 wim 60-
Jiee ctaHAapTHBIX (yiakoHOB 1o 20 mu uau g0 700 muHubaakoHoB 110 0,5 M1,
MOMeIIaeMbIX B CITeIIMaIbHBIE KacCeThl) YCTaHABIMBAIOTCS Ha KOHBelep, MX
CMeHa, TIpolleaypa BHEIIHE CcTaHmapTU3alluM, M3MepeHne, oopaboTka n 3a-
MUCH Pe3yIbTAaTOB BBIMOJHSIOTCS Oe3 yJacTHs oreparopa.

B mipocTeiiiieM ciyyae BHEIIHSISI CTAaHAAPTU3AIMS OCYIIECTBISICTCS CIIEIy-
foruM oopaszom. [lepen HavaoM n3MepeHUs Mo (DIIAKOH ¢ MpernapaToM aBTO-
MAaTHYECKH TTOABOAMTCS BMOHTUPOBAHHBIN B TIPHOOP MCTOYHUK, MCITYCKAFOIITUIA
y-KBAaHTBI ONpeENEIeHHON sHeprun (Harnpumep, 133Ba ¢ Hanbosee MHTEHCHB-
Hoii y-muHuei 0,356 MaB). B TeueHue ompeneieHHOTO BpeMEHU M3MepsIeTCs
CIIEKTp MMIIYJICOB IIperapara ¢ «IIOJICBETKOW» OT BHEIIHEr0 MCTOYHMKA. 3a-
TE€M MUCTOYHMK aBTOMATUYECKM YAaasIeTCs 32 CBUHIIOBYIO 3alllUTy U ITPOBOIUT-
cd ellle OJHO M3MEpeHHe B TeueHHe TOro xe BpeMeHM. CIeKTpbl UMIYIbCOB,
MOJyYeHHBIC B pe3yJbTaTe 3TUX ABYX U3MEPEHUIi, BBIUUTAIOTCS OMUH U3 IPYro-
ro. CorocraBjieHue CIeKTpa MMITYJIbCOB BHEIIIHErO CTaHAapTa MpU JaHHOM
raleHuy CO CIIEKTPOM, IMOJYYEHHBIM B OTCYTCTBME TacUTENs, IO3BOJSET
OIpeJeTUTDb MapaMeTp BHEILIHel CTaHAapTU3aLMK.

KC npubopbl MOTYT HEMPEPHIBHO paboTaTh B TeUECHNUE HECKOIbKUX JIET.
B HuUX mpeaycMOTpeHbl CUCTeMbl HEMPEPbIBHOTO KOHTPOJIS U TOIAEPKaHUS
cTabuIbHOrO pexkuma pabotel. Hanmpumep, BOnu3u dortokarogos @Y pasz-
MEIIaloTCS CBETOAMObI, MOCHLIAIOIINE CBETOBbIE UMITYJIbCHI C ONpPeaeIeHHOM
yacToToil. Ilo MPOXOXAEHUIO ITUX UMIYJIbCOB Yepe3 BeCh DJIEKTPOHHBIN
TpakT MpuOOpa BHIMOJHIETCS KOPPEKIIUS €ro PeKruMa, a U3 KOHEYHOTO Pe3yib-
TaTa U3MEpPeHUs PaIMOaKTUBHOCTU MpPerapaToB 3T UMIYJIbChl aBTOMaTUYe-
CKU BBIYMUTAIOTCS.
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B xommiekT coBpeMeHHBIX 2KC MpubOpoB BXOASIT MEPCOHAbHBIE KOMITb-
IOTEPHI, TO3BOJISIIOLIME BO BPEMSI M3MEPEHUS BBIBOAWTb Ha IUCIUIEH BUI
CIEKTPOB MCCIIEAYEMbIX MIPENapaToB U APYrylo MHGOpMaLUIO. DTO JAET BO3-
MOXHOCTb MOJyYUTb HAIJISAHOE MPEJICTABIEHUE O PEAJIbHBIX CIIEKTPAX UMIYJIb-
COB OT Pa3JIMYHBIX PAAMOHYKIIUIOB, 00 UCKAXEHUU UX (POPMBI MOJ IEUCTBUEM
racurtesieil, BbIACHATh claadble o-JMHUM Ha (hOHE HEMpepbIBHBIX aMIUIUTYI-
HBIX pacripeesieHuil OT B-u3jiydatelieid, oleHuBaTh 3(PPOEKTUBHOCTb ACHCTBUS
CHUCTEMBI MOJABJIEHUS B-COCTABIISIOLIEN TTPU U3MEPEHUSIX oL-M3TyUYEeHUsI C TTOMO-
1IbI0 JUCKPUMUHALMUY 11O (hOpME UMITYJIbCOB U T. II.

B pasznbix 2KC npubopax npuMeHSI0TCsl pa3iMuHble aBTOMAaTUYECKUE CUC-
TEMbl BbIOOpa TpOrpaMM WM PeXUMOB padboThl. CreuuaabHble MPOrpaMMbl
npenHa3HayarTcs OObIYHO JUISI U3MEPEHUST TaKUX HauboJiee pacrpoCTpaHEeH-
HBIX B PAJIMOXUMUUYECKUX U MEIUKO-OMOJIOrMUECKUX MCCIEIOBAHUSIX PalUo-
HYKJIMIOB, Kak SH, 14C, 32P (kaxmoro B OTAEIBHOCTH, WIN TIPU UCIIOIb30BAHUN
JIBOMHOU METKW B COYETAHUMU TOMapHO, WM ellle 0oJiee CI0XHbIX KOMOMHA-
LU); 1151 UBMEPEHUs JIIOObIX IPYTUX PAAUOHYKIUAOB, JJISI KOTOPBIX CIEKTPbI
CTaHAAPTHBIX 00pa3loB ObLIM MpeaBapyUTeIbHO BBEACHBI B MaMsTh Mpudopa
(Tax>xe B OTAEJIBHOCTU WJIW MOMNAPHO); AJISI USMEPEHUIN B FETEPOreHHbBIX CUCTE-
Max (puabTpbl, OTPE3KU XpoMaTorpaMM U Ap.) U T. 1.

Bo ¢akoH, npenHazHaueHHbBIH 1J1s onpenesieHrs: poHa, MoOMellaloT TOJIb-
ko KC cMmech 06e3 gobaBiaeHUs paaMOaKTUBHOTO BELIECTBA. DTO MO3BOJISIET
OLIEHUTb BEPOSITHOCTb B3aUMOJENCTBUSI KOCMUUECKOTO U3JTyUYeHUSI U BHEIIIHEe-
TO y-M3JIYyYeHUS C BELIECTBOM CIHMHTWILIATOpPA U daakoHa. Obpasyioiinecs: B
pe3yJbTare 3TUX MPOLIECCOB BTOPUYHbBIE YACTULIbI, HAIPUMEDP BbICOKOIHEPTe-
TUYECKHE JIEKTPOHBI WU HEUTPOHBI, MOTYT ObITh 3aPETrMCTPUPOBAHBI JETEK-
TOPOM Kak cocTapJsttoiast (poHa. IIpu 3ToM yuuThIBaeTCsSl 1 COOCTBEHHBIN (POH
BEILIECTB, KOTOPbIe ObLIA MUCTOJB30BaHbBI 1Sl TpurotoBiaeHus 2KC cmecu u mpu
M3rOTOBJIEHUU (h1aKoHa (€Cau CKOPOCTh cueTa (poHa HAMHOTO HMXKE CKOPOCTH
cueTa IIpernaparoB, siueiika KOHBeilepa, IpeaHa3HauyeHHasl sl «(pOHOBOro»
(bnakoHa MoKeT OBITh OCTaBjieHa TycToil). Jlajgee nmomelnaoT (hJIaKOHbBI C IPO-
0aMu, aKTUBHOCTb KOTOPBIX TPEOYETCsI ONPEACIUTD.

11.6. U3BMEPEHUE HU3KNX AKTUBHOCTEN

s perieHnst MHOTHX 3a/1a4, BO3HUKAIOIINX ITPU MCCIIEAOBAHNT PaIlOaK-
TUBHOCTHU OKPYKAIOIIei cpelbl, HEOOXOIMMO U3MEPSTh TTpeTapaThl ¢ HU3KUMU
YPOBHSIMU PaIMOAKTUBHOCTH (IOJIM OEKKepels B Mpooe).

HermocpencTBeHHBIM pe3yJIbTaTOM U3MEPEHUS PaIOAKTUBHOCTH SIBIISIETCS
PasHOCTb CKOPOCTH cyeTa npemnapara ¢ GoHoM (/g p) 2 1 cKopocTH cyeta GhoHa
(/p), BbIpaKEHHbIE B MMITYJIbCAX 3a eMHULY BpeMeHU. [Ipennomnaraercs, 4to
pa3dpoc pe3yIbTaTOB M3MEePEHMs CKOPOCTH cUeTa Tperrapara 3a BbldeToM (hoHa

2 WupgekcoM S 0603HAYAIOTCS BEJIMUMHBI, OTHOCSALINECS K M3MEPAEMOMY DPaIMOHYKIMAY (OT
aHII. sample), UHIEKCOM B — BeJIMUMHBI, OTHOCsIIMECs K (hoHy (0T aHmI. background). Ecnu peub
unet od n3MepeHuu mpemnapara ¢ GOHOM, UHIAEKCOM CIyXuT S+ B.
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CJIeIyeT TeM K€ CTaTMCTMYECKUM 3aKOHOMEPHOCTSIM, UTO M pamgrOaKTUBHBII
pacnaa 1 U3BMEHYMBOCTh (hOHA, paccMaTpyuBaeMble IO OTHAEIbHOCTH.

Ecnm 3a BpeMst u3MepeHUsT 3aperuCcTpUPOBAHO JOCTATOYHO OOJIBIIIOE YKMCIIO
HMITYJIBCOB [V, YTOOBI CTaJI0 BO3MOXHBIM IIPUMEHEHME OOILIEITPUHSITHIX CTATUCTHU-
yeckux monxonoB [21], cpeaHee KBaapaTMUYHOE OTKIOHEHUE G, OOYCIOBJIEHHOE
CTATUCTUYCCKIM XapaKTepOM PaIMOaKTHUBHOTO pacliafa, paBHO:

cxJN

Yem GoJibliie IIMTEIbHOCTh U3MEPEHMS, TEM, MIPU MPOUYUX PABHBIX YCIOBUSIX,
Oosibllle 3HaUeHue N, U TeM MEHbllle OTHOCUTEbHOE KBaApaTUYHOE OTKJIOHE-
HUe:

1

o
N N

CkopocTb cuera / paBHa:

1-N
t

IIpu aHanu3e OOBEKTOB OKpYXKAIOIIEH cpenbl YacTO BO3HUKAET BOIIPOC,
Kakoif MUHUMAJIbHBIII YpOBEHb PaaMOaKTUBHOCTUM MOXHO OOHApyXuTb U
OIpeJeUTh KOJNYECTBEHHO BBIOpAaHHBIM MeTonoM. I1oaxon, oCHOBaHHBIM Ha
MPOBepKe CTaTUCTUUECKUX TUTIoTe3, padpadboran Keppm B 1968 1. [21], 1 B Ha-
cTosiee BpeMs SIBJISIETCSI OOLIENMPUHSITHIM. B COOTBETCTBUY € 3TUM MOIXOAOM
(pexomengauun TUPAC 1995 r. [22]) B 3aBUCMMOCTM OT TOCTAHOBKM 3a/1a4yu
MOXKHO BBIACJIUTb TPU BEJTMUMHBI, XapaKTepU3yIollie MpeaebHbie BOZMOXHOCTH
MeToja.

e [Ipenmonoxum, 4yTo B pe3yJibTaTe IKCIEpPUMEHTA MOJyYeHa HEKOTOopasi
CKOpOCTh cyeTa. TpedyeTcs peliuTh, OTIMYaeTCsl JU 3TO 3HAYEeHUE OT
pe3yJbTaTOB XOJOCTOro OMbITa (T. €. MPUCYTCTBYET JIM B aHATU3UPYEMOM
00beKTe onpeneasieMblii paqiuoHyKIKUa). JIOTMUHO 3a7aTh HEKUII KpUTHYE-
CKHii ypoBeHb CKOPOCTH cueTa /¢, Mpu MPEeBbILICHUU KOTOPOTO a posteriori
(T. €. Ucxomsl U3 MaHHBIX AKCIEPUMEHTA) PAAMOHYKIUI OydeT CUMTAThCS
o0HapyxXeHHbIM (puc. 11.27).

e Yacro a priori (T. €. 10 3KCIIEpMMEHTa) 3aal0T 3HaUYeHUEe CKOPOCTU cueTa
(I pagMOaKTUBHOCTHU, WJIM KOJMYECTBA UMITYJILCOB) Ip, KOTOpOoe Oyner
JETEKTUPOBAHO C TOCTATOYHO BBICOKOI BEPOSITHOCTHIO. DTO 3HAYCHME Ha-
3bIBAIOT MHUHMMAJIbHOM JA€TEKTHPYEMOii CKOPOCTbIO cueTa (AKTUBHOCTHIO).

o MuHMMaIbHOl KOJMYECTBEHHO OmpeesieMoii CKOPOCThIo cueTa /o Ha3bl-
BaeTCsl MUHUMAaJbHOE 3Hau€HWe CKOPOCTH cyeTa, KOTOpOoe MOXKET ObITh
OIpeJIeJIEHO CO CTaHAAPTHBIM OTKJIOHEHUEM, HE MPEBbILIAKIINM 3a/JaH-
HYIO BEJIMUYUHY.
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P

Iy Is

Puc. 11.27. UnocTtpaiiyst K BbIBOAY (OpMYJ JUISI HAXOXKAEHUSI KPUTUUECKOTO
YPOBHST 1 MUHUMAJLHOM JIETEKTUPYEMOI CKOPOCTH CYeTa.
HKTHUpHasi KpUBasi COOTBETCTBYET TUIIOT = 0, mpaBasi — TUIIOT =
IT a asi COOTBETCTBYE orese pg = 0, nmpasa orese ug = I

11.6.1. KPUTUYECKU YPOBEHD I,

IMpearnoaoXumM, 4To CKOPOCTb cYeTas paBHa HYJIIO, T. €. OIpeessieMblil pa-
JMOHYKJIML OTCYTCTBYeT. KpUTHUECKMIA ypOBEHb YCTAHABIMBAET BENMYMHY [,
3a mpeesibl KOTOPOIi pe3ybTaT SKerepuMeHTa /¢ MOXET BBIATH ¢ MpeHeGpe-
KMMO MaJIOil BEPOSITHOCTBIO ot:

P(Ig>Iug =0)=a

rae P — BepOATHOCTb COObITUS, /¢ — CKOPOCTh CYeTa Ipenapara (3a BbIYETOM
(dona), pg — cpenHee 3HaAYEHUE CKOPOCTU CYETa PaJMOHYKIMIA B Ipernapare
(6e3 dona).

Takum 06pa3oM, eciy pe3ysbTaT U3MEPEHUS MIPeBbILIAeT /-, TO UCXOAHAs
runoresa (ug = 0) HEBEpHa, ¥ Pe3y/IbTaT aHAIU3a MOXHO CYUTATh TOJTOXUTE-
JIbHBIM (BEILECTBO OINpe/eeH0). Beipasuts BenunHy /- MOXHO Kak:

Ie=21-4 5

rae z;_, — abcuucca CTaHAapTHOIO HOPMAJIbHOTO PACIpeNeIeHNs, COOTBETCT-
BYIOLAsA YPOBHIO BEPOATHOCTH 1 — o, 6 — CpeliHee KBaAPaTUYHOE OTKJIOHE-
Hue npu pg = 0.

BeposiTHOCTD OIIMOKM, T. €. CUTyalluy, KOTrAa IIpH OTCYTCTBUM CUTHAJIa OH
OyaeT JeTeKTHpoBaH (OlIKMOKa MepBOro pojaa), paBHa o.

3 Mmeerca BBUIY CKOPOCTh CYETA MPENapaTa 3a BHIYETOM (hOHA.

4 B ciydyae IMCKPETHBIX PACTIPENETEHNI (HAIPUMED, €CIIU OINPENENAETCS KPUTUUECKOE YUCIIO
MMITYJIbCOB) He JIIOOble 3HAUEHUSI 0. MOTYT OBITh JOCTUTHYThI, IO3TOMY B OOIIEM Cilyyae 3HaK pa-
BEHCTBA CJIEAYET 3aMEHUTh Ha «MEHbIIE WU PABHO».
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11.6.2. MUHUMAJIbHAA JETEKTUPYEMAA CKOPOCTb CUETA I)

MoxHO a priori ckazaTb, YTO PAAUOHYKJIU OYIET OIpeaesieH, eCii CKOPOCThb
cyera npenapara [, ¢ 10CTaTOYHO OOJIbIION BEPOATHOCTLIO 1 — B nipeBbIlaeT /-

P(I<Icjug=1,)=p (11.6)

B Beipaxkenuu (11.6) B mpencraBiisieT coOOil BEpOSITHOCTb OLIMOKU BTOPOIO
poza, T. €. BEPOATHOCTb TOrO, YTO CUTHAJI BEJIMYUHOI /) He OyIeT IeTEKTUPOBaH.

Ip=1Ic+ z40p

rae Zl B — aGCL[I/ICCH. CTaHAApTHOI'O HOPMAJbHOTO pacnpeacjacHusa, COOTBETCT-
Byro1ias YpOBHIO BEPOATHOCTH 1— B, op— CpE€AHEC KBaAPAaTNYHOC OTKIIOHCHUEC
11.6.3. PACYET KPUTUYECKOI'O YPOBHA U MUHUMAJIbBHOT'O
JETEKTUPYEMOTI'O KOJIMYECTBA UMITYJIBCOB

HpH N3MEPECHNU PAINOAKTUBHOCTH CKOPOCTDL CUCTA IpfriapaTta U pe3yJjabTaTt
XOJIOCTOI'O OIlbITa, KakK IMpaBUJIO, IMOAYMHAIOTCA CTATUCTHUKE nyaCCOHa. ,Z[HC‘
IIEPCUIO KOJIMYECTBA MMITYJILCOB IIp€Iiapara 3a BbIYCTOM (bOHa MO2KHO BbIpa-
3UTH TaAK:

2 2 2 Hp
05 =05,5 1053 —(uS+uB)+7

u

IIe 1 — KOJIWYECTBO ITapaIEIbHBIX XOJIOCTBIX OIBITOB, a GZE ==8 _ coorser-
n

cTBylolasl aucrepcus. [IpyHuMas Bo BHUMaHUE, YTO c% — JUCTIepCrs Ipu

ng=0,a c% — Jqucnepcusi pu pg = Np, Mojydaem:

Ne =21 400 =2 gyl +0y (11.7)

Ne=Ne+2y_gop=Neo+2_ |N)y+0p (11.8)

Ipu ycnoBum z; _ , = 75 — p= U3 cootHoweHuit (11.7) u (11.8) momy4yaercs mpo-
CTOE BBIpaKEHMUE:

B Tabmuue 11.2 npusenensl «paboune» dopmynsl 1 pacyera Nou Ny
B HEKOTOPBIX TUITUYHBIX CITydyasx.

5 Yacro BBOIAT MOHATHUE npedesa obHapyicerus, PABHOTO YTPOEHHOW AUCIEPCUM PE3YILTATOB
XOJIOCTOTO OIbITA, T. €. /¢c=Ip=3c. Taxkoit moaxoa He BMOJHE KOPPEKTEH, MOCKOIbKY BEPOSTHOCTh
OIMOKK BTOPOTO pojia B 3TOM ciiydae coctapisieT 50%!
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Tabauuya 11.2
®opmyanl aaa pacuera Nou N, [21]

N, UMITYJIbCHI N, UMITYJIbCHI

Enynnunoe n3Mepenne odpasiia M OOUH 2,33 /u B 2,71+ 4,65 /u B
XOJIOCTOM OIIBIT

2 _
op =Hp
HanexxHo ycTaHOBJIEHHBII pe3ysibTar 1,64 Ju p 2,71+ 3,29 u
XOJIOCTOTO OTIbITA
ox ~0

B
Hynesoit pe3yiabTaT X0710CTOrO OMbITA 0 2,71
Wp = 0

OnTtuMasnbHas JIMTeIbHOCTh N3MepeHUsI TIpernapara ¢ (GoHOM U (PpoHa, odec-
MeynBalouias MmojydeHre pe3yibTara ¢ 3aJaHHOM MOrpelIHOCThIO0, paBHa [23]:

2y lsip+Isplp

t

S+B =

: ! (g, p—15)°
fo= 2y Ig s plp
gl N BB

Z
! 82(1S+B _13)2

Ijie tg,p — ONTUMaJIbHASA AIUTEIbHOCTh U3MEPEHUS TIpenapara ¢ GOHOM, fp —
ONTUMAJIbHAS JUTUTEIBHOCTb U3MepeHUs PpoHa, g, — abeuumcca CTaHIapTHOTO
HOPMAaJIbHOTO pacIipeiesieHusl, COOTBETCTBYOIAasi HEOOXOAMMOI TOBEPUTEIb-
HOIM BeposITHOCTH y (it y = 95% Z,= 1,96), 5 — TpebyeMasi OTHOCUTEJIbHAS
IOIPEITHOCTh Pe3y/IbTaTa, BhIPAXXEHHAsT B TOJISIX CAVMHULIBL.

CyMmMmapHast [UIMTEJIbHOCTh M3MepeHMsI mpernapaTta ¢ GoHOM U (oHA TeM
Kopoue, 4eM BbIlle 3POEKTUBHOCTh ACTEKTUPYIOIIEH CUCTEMbl U HIKE (DOH.
Benuunna, oOpaTHass CcyMMapHO#M JUIMTEIbHOCTH M3MEPEHMS MperapaTa ¢ Go-
HOM U ¢oHa, HasbiBaeTca kpuTepueM kadecta (KK) [24]6. ITpu usmepenun
HUM3KHX aKTUBHOCTel 3aBUCUMOCTh KK OT 3(hdeKTUBHOCTH peruCTpUpYOILeii
CUCTEMBI U OT (hOHA MOXHO IPUOIMKEHHO BbIPA3UTh TaK:

2
KK=_ L &

ts,p+ts g

roe ¢ — 3G (PEKTUBHOCTD AETEKTUPYIOIIE CUCTEMEI.

6 B aHrnossblyHOl uTepatype — Figure of merit (FOM).
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Db GhEeKTUBHOCTh PETMCTPALIMK 3aBUCUT B OCHOBHOM OT THMa ACTEKTOpA,
Marepuaga, U3 KOTOPOro OH U3TOTOBJIEH, M pa3MepoB (a B cllyyae perucTpauuu
B-4yacTUIl y-KBaHTOB U OT MX dHEpPruu). BaxkHyto posib TakxKe UTpaloT reoMeT-
pUYECKHE YCIOBUSI PErucTpaluu, TOJIIMHA Tpernapara, MaTepuaa MOMIOXKU
U T. . OPGHEKTUBHOCTH JETEKTOPOB BO MHOTUX Cilydasix 0Ju3Ka K enuHuie (2KC
U3MEPEHUs o-U3JTydaTesieid U BbICOKOIHEPTeTUUECKUX B-U3iydaTesieid, mpornop-
LIMOHAJILHBIM CYETYMK BHYTPEHHETrO HarNOJHEHUs) WM HE MOXET ObITh 3HAUM-
TEJbHO YBeJIMUYeHa MO TeXHOJOTMYECKUM MPUYMHAM (COBPEMEHHBIN AETEKTOP
13 CBEPXUMUCTOro repmanHusi). Takum o6pa3oM, OCHOBHOI BO3MOXKHOCTbIO yBe-
Jnuuth KK ocraercsi cHuxxeHue ¢oHa.

11.6.4. METOJIbI CHUKEHUS ®OHA

Hns cHkeHus hoHa YCTaHOBKM MTOMEIIA0T B MACCHBHYIO 3AMIMTY, COCTO-
SIIYI0 U3 MaTepUaoB ¢ OOJbLIMM 3(P(GEKTUBHLIM aTOMHBIM HOMEPOM Zad)cb'
Yaille Bcero MCMoJIb3ylOT CBUHEI WX PTYTh. [laccuBHAas 3aluTa 3KpaHUPYET
JIETEKTOP OT BO3JEUCTBUSI HAXOASIIMXCS BHE €€ MCTOYHUKOB y- U KECTKOIO
B-U3IydyeHus], YACTUYHO OCJIa0sIeT NEeMCTBUE HU3KOIHEPreTUUECKON COCTaB-
JIIO1IENR KOCMUYECKOTO U3TYyYEHUS.

B Tosiie maccuBHOM 3alIMTHI TPOUCXOAST U3BECTHBIE MTPOLIECCHI B3aUMO-
JEUCTBUSI MIOHU3UPYIOLLIMX M3JTyYEeHUI C BEILIECTBOM, U BTOPUUYHbIE, CPABHUTE/b-
HO HU3KOBHEPreTUueCcKre u3aydyeHus (Hamprumep, KOMITOHOBCKUE 3JIEKTPOHbI
WJIM pacCesiHHbIE y-KBaHTbI), MOCTYyMNaol1e BO BHYTPEHHIO MOJIOCTh NTaCCUB-
HOI 3allUThI, TJE PACIOJOXEH NE€TEKTOP, MOTYT ObITb 3apeTUCTPUPOBAHBI JIe-
TekTopoM. st momaBiaeHust 3Toro adexkra BHYyTPEHHUE CTEHKU MacCUBHOM
3alUThl YACTO MOKPBHIBAIOT MaTEPUAIIOM C HU3KUM 3(DMOEKTUBHBIM aTOMHbBIM
HOMepoM (Harpumep, IieKcuriacom). B HEKOTOPBIX CrielUalibHbIX Cydasx,
HarpuMep, Koraa He0oOX0AUMO OCIa0UTh HEMTPOHHYIO COCTaBJIsIIONIYIO0 (hOHa,
MEXIy CBMHLIOM U TIJIEKCUTJIACOM MOMEILIAIOT KaAMUEBYIO0 (hOJbIY U T. II.

Hawubonee pacnpocTpaHeHHOW Mepoil 11 MoAaBiIeHUsT KOCMUUYECKOU co-
cTapysionleit oHa sIBJsIeTcsl TaK Ha3biBaeMasl akTUBHad 3ammTa. B yctaHoBKax
C AaKTMBHOWM 3aIIMTON LIEHTPAJIbHBIN JETEKTOP MOJHOCTHIO UM YACTUYHO OKpY-
JKaeTCsl JOIMOJHUTENbHBIM JI€TEKTOPOM, BKJIIOYEHHBIM C OCHOBHBIM JI€TEKTO-
poM B cxeMy aHTHcoBNaneHuii. CxemMa aHTHCOBNAIEHHIA TIPOITYCKAET TOJIBKO Te
UMITYJILCHI OT LIEHTPAJIbHOTO JI€TEKTOPa, OTHOBPEMEHHO C KOTOPbIMU HE ObLIN
3a(hMKCUpPOBaHbl UMMYJIbCHI OT I€TEKTOpPa aKTUBHOM 3allUThl. BbICOKODHEpTEe-
TUYECKME YaCTULbl KOCMWYECKOTO M3JIyUeHUS, PErUCTPpUpYEMble LIEHTPab-
HBIM JIETEKTOPOM, 00s13aTeJIbHO JOJKHBI ObITh 3aperMCTPUPOBAHbI U IETEKTOPOM
aKTUBHOMU 3a1uThl. Takue MMIyJIbChl CXeMa aHTUCOBMNAZAEHUIA HE MTPOIyCKaeT.

B kauecTBe npumepa yCTaHOBKU € TTACCMBHOM 3alIUTON MOXHO MPUBECTU
MOJIyYMBIIYIO pacrpocTpaHeHue ele B 50-e rr. XX B. OTeYeCTBEHHYIO YCTaHOB-
Ky YM®-1500. Och cMMMETpUM YCTAaHOBKM pacriojlarajiach TOPU3OHTAIBHO.
Bnosnb 21Ol Ocu OblLT pacrofioXeH LEHTPaIbHBbI Tra30pa3psiAHbI JEeTEeKTOP
CTC-5, a BOKpyr HEero pasMelancs «KOBPpUK» U3 MJIOTHO PACIIOJOXEHHBIX 110
BHYTPEHHEN MOBEPXHOCTH CBMHIIOBOM 3a1uThl cueTdnkoB CTC-6. CueTunku
AKTUBHOU 3alIMThl ObUIM BKJIIOUEHBI APYT C APYTOM MapaljiebHO, 4 BEChb «KOB-
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pUMK» OBLT BKJIIOYEH B CXEMY aHTUMCOBMAIEHUI C LIEHTPAJbHBIM IETEKTOPOM.
®on ycraHoBku YM®P-1500 cocrapnsin 00biuHO 0,8—1 MMIL./MUH.

B xauecTBe ellle OMHOro TpMMepa MCIOJIb30BaHUS AKTUBHOW 3alllUThI
MOXHO MPUBECTU HU3KO(OHOBYIO YCTAHOBKY, pa3paboTaHHYIO Ha Kadeape pa-
JTUOXUMUU XuMuueckoro dakynsreta MIY 11 uaMmepeHus: B-aKTMBHOCTHU
npenapatoB 06beMoM 10 300 cM3 B 3KCIEAMIIMOHHBIX YCIOBHAX [25]. YcTaHOB-
Ka (puc. 11.28) cocrosiia U3 IByX pacnoJ0XeHHbIX CUMMETPUYHO OTHOCUTE/Ib-
HO TOPU3OHTAJIBLHON TJIOCKOCTU U MapajieJbHO APYT APYTY CLUMHTUILUISILIMOH-
HBIX JETEKTOPOB C IJIACTMACCOBBIMU CLUMHTWILISITOpaMu pasMepoM 200 x 150 x
x 1,5 Mm. [J1s1 yMEHBIIEHMSI MacChl MACCUBHOM 3allMTHI U OOILIUX pa3MepOB
YCTAaHOBKM (OTO2JIeKTpOHHbIe YMHOXUTEIU (DPDY-93) OblIM BbIHECEHBI 3a
Tpenesbl TacCCUBHONM 3alllMThI, a ONTHYeCKas CBSI3b MEXXAY TOPLIAMU TIIacT-
MAaCCOBBIX CUMHTUJLIATOPOB U poTtokaTomamMu DDV ocyluecTBisIach ¢ IOMO-
1IbI0 TOHKOBOJIOKOHHBIX CBEeTOBOAOB. KoadduiuueHT mnpomyckaHusi CBETO-
BozmoB cocTapiist1 50—60%. Kaxaplii CLMHTULISITOP IPOCMATPUBAJICSI C TOPLIOB
yepe3 aBa cBeroBona AByMss DBDY, BKIIOUEHHBIMU B CXEMY COBMAICHMUIA IS
CHVXEHHUSI COCTaBJsitoleil (oHa, OOyCIOBJIEHHON COOCTBEHHBIMU IlIyMaMu
DHY.

Jnsg CHIKEHMST KOCMUYECKON COCTaBIISIONIel (hoHa IETEKTOPHI OBLIN
BKJTIOUEHBI OJWH OTHOCUTEJIBHO IPYTOro M0 CXeMe ABOMHBIX aHTHCOBIAICHUIA.
CUMHTWLISTOPBI ObLIM 3allMIIEHbl OT MPSIMOrO MOMaJaHus CBeTa aTlOMUHU-
3UPOBAHHON JTaBCAHOBOH IIJIEHKOM. Macca macCMBHOM 3allMTHI U3 CBUHIIOBOM
Japobu cocrapisiia 500 Kr.

Cxema Yeunutenb
CcOBMageHnn

Yeunutenb

| Cxema
coBnageHun

Yeunutenb Yeunutenb

Cxema ABOWHbIX
aHTUCOBMagEeHUN
I

MepecyeTHas
cxema

Puc. 11.28. CxemMa HU3KO(OHOBOI YCTAHOBKU JIJIsSI paOOTHI B 9KCIEAULIMOHHbBIX
ycloBusX: 1 — KioBeTa ¢ TpernapaTtoM; 2 — IJIACTMACCOBbIE CIIUMHTUJUISITOPDI;
3 — BOJIOKOHHBIE CBETOBOIBI; 4 — MDY, [TyHKTUPOM 00BeIeHA YaCcTh YCTAHOBKH,
pa3MelleHHasT B TTAaCCUBHOM 3alllUTe, UCTOYHUKU MMUTAHKUS He MOKA3aHbI
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Ipy MCIBITAHKUAX YCTAHOBKY B KAYeCTBE CTAHAAPTOB MPUMEHSUIN TIPEMa-
parbl 0K 1 99Sr—90Y | a B kayecTBe HEPAAMOAKTUBHOTO HATIOJHUTEIS UCTIONb-
30BaJIi XJIOPUCTBI aMMOHMI (4. 1. a.).

HcnplTaHust NOKA3alM, 4To IS «TOHKMX» IpenaparoB 3()(EeKTUBHOCTD
peructpauuu B-usnyuerus 0K u %Y cocrasnsana 15 u 25% COOTBETCTBEHHO,
MOPOT YyBCTBUTEILHOCTH NTPU JIUTEIbHOCTU U3MepeHnii 1 4 aia 40K 6bu1 pa-
Ben 0,27 bk, mia 99Y — 0,17 Bk npu 95%-ii 10BEPUTEIBHOII BEPOSATHOCTH.
TTpu n3MepeHun B-HACHIEHHBIX CJI0€B TOJIIMHON 10 10 MM 3 (hEeKTUBHOCTD
peructpauuu s 40K u 20Y nocturana 3 u 11% cOOTBETCTBEHHO, IIOPOT YyBCT-
BUTEJILHOCTU TIpU JutuTesIbHOCTH uaMmepennii 1 4 mna 40K 6wut pasen 1,4 Bk,
s Y — 0,39 Bk nipu 95%-i1 10BepUTENLHON BepoATHOCTH. POH YCTaHOBKU
cocTapyisi1 125 MMIL./MUH, 4TO ISl TIpenapara Takoro o0bemMa BIIOJIHE TIprUeMIIe-
MO. Pe3ynbTaThl MCIBITAHUI HAXOMWINCH B COIVIACMM C TIPEABAPUTEIbHBIMU
pacYETHBIMU OLIEHKAMMU.

IMoaxmoyeHne JOMOTHUTEIBHOTO AETEKTOPA MPU y-CIIEKTPOMETPUUYECKHX
U3MEPEHMSIX TI03BOJISAET CYILECTBEHHO CHU3UTh MHTEHCUBHOCTD HENPEPLIBHOTO
pacrpesieJieHnss UMITYJIbCOB, TOSBISIOLUIMXCA B PE3YJILTATE BBUIETA KOMIITO-
HOBCKMX y-KBaHTOB M3 OCHOBHOIO KPUCTAJIa, KOTOPBIA PETUCTPUPYET B 3TOM
cllyyae JMIIb DHEPIUMI0 KOMITOHOBCKMX JJIEKTPOHOB. PaccesHHble U3
OCHOBHOTO KPUCTaJl/la KOMITOHOBCKUE KBAHTHI PETMCTPUPYIOTCS JOMOJTHUTE-
JIbHBIM KPUCTAJUIOM, U TaKMe IPOLIECCH OTCEMBAIOTCS CXEMOW COBIALEHMIA
(puc. 11.29).

Cxema
aHTUCcoBMNaaeHuin

y

AMNNUTYOHLI
aHanusaTtop

Puc. 11.29. Cxematnyeckoe n300paxkeHre TaMMa-IeTeKTopa
C «QHTUKOMMNTOHOBCKOM» aKTUBHOI 3amuToii: 1 — ocHoBHO# nerekTop (Ge),
2 — petektop aktuBHOM 3amuThl (Nal), 3 — aHanu3upyembiit obpaserr
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[NonktoueHue JTIOOBIX JOTMOJHUTEIbHBIX IETEKTOPOB K OCHOBHOMY, €CTe-
CTBEHHO, CHMKAET PErucTpUpyeMylo UM CKOPOCTh cueTa (T. €. o01yto a3 dek-
TUBHOCTb PETMCTpAlMM), TaK KaK CXeMbl COBIMAACHUI WM aHTUCOBMAACHUI
BBIZCJISIOT U3 O0ILEero Yuciaa perucTpUpyeMbIX OCHOBHBIM JE€TEKTOPOM YaCTHUIL
WK KBAaHTOB TOJBKO OMpeNeeHHYIO YacThb, COOTBETCTBYIOIIYIO TTOCTaBICHHOM
3amave. OMHAKO TakKue MPHEeMbI, ITPU KOTOPBIX CUCTEMa HacTpamBaeTcs Ha pe-
TUCTPALII0 KaKOro-TO OMHOTO Tipollecca (Hampumep, OMHOTO 3BeHa CXEMbI
pacrnana JaHHOTO PaAWOHYKIMIA) U MOAABISIETCS BO3MOXHOCTb PEerucTpaluu
JIPYTUX COOBITUI, IPUBOIST B KOHEUHOM HUTOTe K 3aMETHOMY CHUXKEHUIO Mpe-
Jejla OOHapyXKeHUsI.

Wurepecen npumep [26], B KOTOPOM 3HAUYUTENIBHOE CHIKEHHUE TIpejesia
oOHapyxeHUs1 focTurHyTo 2KC netekTopoM ¢ ogHuM PIDY, HO ¢ OCTPOYMHBIM
HUCTIOJIb30BAHUEM COYETAaHUS HECKOJbKUX H3BECTHBIX BJEKTPOHHBIX CXEM.
ITpuGop ObLI MpeaHa3HayeH ISl OIpeaesieHUsT paJoHa B Mpodax MPUPOIHbBIX
Boa. Pamon skctparupoBaicst u3 BogHoi npoosl 2KC cMechio Ha OCHOBE TOJIyO-
na. XKC ycranoBka Bcero ¢ onHuM PDY Obuta HACTpoeHA Ha PEruCTPaLUIO
JIMIIIb OHOTO 3BeHa M3 LIEMOYKHM MPOIYKTOB pacraaa paaoHa:

o B o
22Rp —> ... ——> 214Bj —— 2l4po —
3,82 cyt 19,7 mun 0,16 mMc

Nmnynbcsl, peructpupyeMbie @DV, moaBeprajimch o,B-ITUCKPUMUHALINH, T. €.
COPTUPOBAIUCH IO IJUTEJBHOCTU, TaK YTO B JaJIbHEUIIIEM WMMITYJIbChI, COOT-
BETCTBYIOLLIME B-4aCTULAM, MOCTYNAJIU HA OJUH U3 BXOAOB CXEMbl 3a/iepiKaH-
HBIX COBNAJIEHMIi, 3 UMITYJIbCbl, COOTBETCTBYIOIIIME O.-YACTULIAM, — Ha JIPYyrou
ee Bxoj. CxeMa 3ajiepXKaHHbIX COBITaJICHNI 3aIycKanach JOObIM B-UMITYJILCOM
M OCTaBajlach B «KAYILLIEM» COCTOSIHUM B TeueHUe 2 Mc, T. €. 0oJiee ueM IecsITu
nepuonoB noaypacnazna 214Po (cuuraercs, 4To yepes AecATh EPUOIOB IOIypac-
najna paguoOHYKJIU/ MOJHOCTbIO pacrafgaeTcsi). Eciin 3a 3Tu 2 MC Ha o.-BXOJl CXe-
Mbl 33J€pP>KaHHbBIX COBIAJAECHUI MOCTyMal UMIYJIbC, C OOJbIIONK BEPOSITHOCTHIO
MIPUHUMAJIOCh, YTO 3apETUCTPUPOBAH pacraj LEMouky ... 214Bi — 214Po — ...

BeposiTHOCTb TOTO, UTO 3a 2 MC «OKHUIAHUST» CXeMbl 3aIepXKaHHBIX COBIIA-
JNEHUI Ha ee o.-BXO[ MOCTYIUT UMITYJbC, COOTBETCTBYIOLIMIA a-pacnamy J000-
rO APYTOTO o-U3ydyaTesis (pagoHa Wiu APYroro MpoayKTa ero pacrana, KpoMe
214Po), BecbMa HE3HAUMTENILHA MPU PEATbHBIX YPOBHSX aKTUBHOCTU PaJOHA
B mpoOax MpUPOIHBIX BOJI.

IIpenen oOHapyXeHUs 3TOM YCTAaHOBKM UMEHHO MPU U3MEPEHUU PaloHa B
MPUPOAHBIX BOJAX OKa3ajicsl MPAKTUYECKU TaKMM Xe, KaK Y CTOJIb COBEPIIEH-
Hoit KC cuctemsbl, kak Quantulus (¢pupma Wallac, @unnaaams). OgHaKo ¢ 11o-
MOIIIBIO TTOCTIETHEN MOXKET OBITh PEILIEHO MHOXECTBO JIPYTUX 3aa4 U3MEPEHMS
HU3KUX aKTUBHOCTEU, B TO BpeMsI KakK BBIIIEOINMCAHHAs CUCTEMA CO3/laHa UCK-
JIIOUUTEIBHO JJIS1 OTIpeAesieHUs] pagoHa B MPUPOIHBIX BoAaX.

Kaxkoii ObI coBepllIeHHOI HM OblIa CUCTEeMa ITAaCCUBHOM M aKTMBHOM 3alllM-
Thl TOW WJM YCTAHOBKMU, €€ Tpeaes OOHapyKeHUSI 3aBUCUT U OT YMCTOTHI TeX
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MaTepuaoB, U3 KOTOPBHIX COCTOUT €€ IEeTEKTOp U IAPYrue dJIEeMEHThl KOHCTPYK-
vy, Tak, pagroaKTUBHbBIC TIPUMECH, TIPUCYTCTBYIOIINE B KPYITHBIX CIIMHTHII-
JISUMOHHBIX KPUCTA/UIAX, MPUMEHSIEMbIX TTPU U3MEPEHUM DKCTPEMaTbHO HU3KUX
YPOBHEN paiOaKTUBHOCTH, SIBJISTIOTCS TJIaBHBIM MCTOYHUKOM ¢oHa [7]. [1pu-
Mech 40K cocraBnger B JIyY4IIMX CHMHTWLIALMOHHBIX Kpuctamuiax Nal(Tl)
1079—10710 yx maccel. OnHako HaubOJblIEe BHUMAHUE YIENSETCS IIPUCYTCT-
BUIO o-M3JTy4yaTesieil ypaHOBOTO M TOPMEBOTO psioB. PeHTreHoBCKOe M3ITyde-
HUE, UCIyCKaeMoe PamvoOHYKIMIAMHU 3TUX PSIIOB, CO3MAeT 3aMETHBIN (DOH B
HU3KOHEPTeTUYECKOM YacT! CIIeKTpa, a spa OTIa4yld OYeHb MaJIbIX DHEPTUi
MOPOXAAIOT UMITYJbChl, OYEHb MOXOXHE Ha MMIIYJbChl OT a-vacTtull [27].
OOBIYHO TIPEAIONaraloT, YTO PAAMOHYKIUABI YPAHOBOTO M TOPUEBOTO PSIOB
HaXOIATCS B CHUHTUJUISITOPAX B COCTOSTHUY paBHOBecHs. KMccnemoBaHus TToKa-
3aJIM, YTO 3TO TIPEATIONIOKEHIE He BCeTIa COOTBETCTBYET MCTUHE. B TIpUpPOIHBIX
PaIMOaKTUBHBIX PsaaX MPUCYTCTBYIOT KOPOTKOXUBYILME o-WU3JIydaTeau, 1 Ist
ornpeneaeHus] KOHUEHTpaLUi a.-u3ydaTesaeil B CUMHTUUISIUMOHHBIX KpUCTa-
Jlax MCCIEAYIOTCSI aMIUIMTYIHO-BPEMEHHbIE KOPPEISILIMU, TO3BOJISIIOLINE UIEH-
TUGULIMPOBATh MHAMBUAYAIbHBIE PAIMOHYKIWABL. BbUIO ycTaHOBJIEHO, YTO
OOIBIIIAas YaCcTh 0.-aKTUBHOCTH B CHMHTUJUISILIMOHHBIX KPUCTAJIaX 00yCIIOBIIE-
Ha npucyTcTBreM 226Ra u 228Th, a He MX JOJITOXMBYLIMX MpPEIIIECTBEHHUKOB
234238 yn 232Th. MonyyeHre CUMHTUUISALMOHHBIX KPUCTAIIOB U3 PACILUIaBOB
TaJIOTEHUIOB IIEJTOYHBIX METAJIIOB BPSII JIM CYIIECTBEHHO M3MEHSIET paBHOBE-
cHe MeXIy WieHaMW paIroaKTUBHBIX psaoB. [IpmymHa HapylieHUs paBHOBE-
CHSI CKOpee OTHOCHUTCS K TCOXMMMH CHIPhEBBIX MaTepHajoB, M3 KOTOPBIX
MOJIyyaroT yKa3aHHble rajloreHuabl [27].

OrpaAanyeHnsI, CBI3aHHBIC C YMCTOTOM MaTepuaja JeTeKTopa, He pacipo-
CTPaHSIIOTCSI Ha YePEHKOBCKHWE NETEKTOPHI JJIST OTpeesIeHNs] KOHIEHTPAInit
BBICOKOHEPIeTUUECKUX M3JTydaresneil B NpupoaHbix Bogax [28, 29]. B uepeH-
KOBCKUX JIETEKTOpaX caMa BoJa, paIMOaKTUBHOCTb KOTOPOIT M3MepsIeTCs, SIBIISICT-
Csl NETEKTUPYIOIIEN CPENON: TIOJ NEUCTBUEM BBICOKOIHEPTETUYECKUX [3-YACTHUIL
B Hell BOBHMKAET YePEHKOBCKOE M3TyYeHHE.

Jnst uamepeHust ctpoH1Msi-90 B rpyHTOBBIX BOJax in Sifu pa3paboTaH NeTeK-
TOp, PETUCTPUPYIOLINI YePEHKOBCKOE M3TydeHNe, BO30YKIaeMOe BEICOKOIHEpIe-
TUYECKUMU B-yacTuliaMM B Boae [29]. B maHHOM ciydae pedb UIeT O B-U3TydeHUN
nouyepHero uTTpusi-90 ¢ MakcUMalibHOM sHeprueit 2,27 MaB, addekTrBHOCTD pe-
TMCTPALK KOTOPOIO B ONMMChIBaeMOM Ipubope mpesbiinaet 20%. DTo mo3BoiisieT
000NTHCH €3 TPYIOEMKUX U JUTUTEJIbHBIX PaTlioOXMMUYeCKuX mpouenyp. OCHOB-
HBIMU COCTABJISIOIIMMHU (POHA TAKOTO JIETEKTOPA SABJISAIOTCA Apyrue (kpome 20Sr u
90Y) BBLICOKOIHEPTETUYECKHE B- M y-M3JIydaTe/In, TIPUCYTCTBYIOIIME B Boje (Ha-
nipumep, 40K); BEICOKOSHEpreTUIecKue y-u3/ydaTeIn CHapyXX1 JETEKTOpa U KOC-
MMUYECKOe n3nydeHue. st CHIDKeHUST BIUSTHUS BHEITHUX MCTOYHUKOB JIETEKTOP
OBLT OKPY>XEH CBUHIIOBOM 3aluToi. HU3KkosHepreTndeckre B-n3IydeHne 1 o-ya-
CTUIIBI HE TEHEPHUPYIOT YepeHKOBCKOe n3nmydeHue. [1pyu qyBCTBUTETLHOM 00beMe
nerekropa 0,765 11 st namepenns: KonueHtpauuu 20Sr Ha yposse 0,3 Bk/n1 Heo0-
XOAMMA JUTUTEbHOCTb M3MEpEeHUs ~ 50 MUH.
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11.7. APYTUE METO/Ibl OIIPEAEIEHUA PAINOHYK/INI0B

11.7.1. MACC-CIIEKTPOMETPUA

Macc-crekTpoMeTpruYecKrue MeTOIbl OCHOBAaHbI Ha MOHM3ALlMM aTOMOB
WIM MOJIEKYJI BEIIEeCTBA 1 MOCJEIYIOIeM pa3ie/IeHU MOHOB 10 OTHOILIECHUIO
MX Macc K 3apsiaam (m/z). B ananmutrnaeckoii mpakTUKe UCITOIb3YIOT pa3InuHbIe
TUIIBI MAacCC-CIEKTPOMETPOB, KaXIbIii M3 KOTOPHLIX COAEPXKUT (DYHKIIMOHAJIb-
HbIe OJIOKM JIJIST MOHU3ALINY, YCKOPEHUS 1 pas3eIeHNsT MOHOB TI0 m/Z, a TaKXKe
010k merekTupoBaHMs. MoHU3aLMsI OIpenaessieMOro BelIeCTBa MOXKET ObIThb
OCYIIECTBJIEHA Pa3JIMYHBIMU CIIOCOOAMU: C MOMOIIBIO 3JEKTPOHHOIO yaapa,
HMCKPOBOTO pa3psifia, C UCIIOJIb30BaHUEM JIA3€PHOTO U3JIyYeHUs, 00MOapaupoB-
KOI MyYKOM MOHOB U T. 1.

Macc-CreKTpoMeTpusl CIY>KUT OCHOBHBIM METOJIOM ONpeAeIeHUSI MHOTHUX
JOJITOXXUBYIIUX PAIUOHYKIMIOB, KOTAa IIpUMEHEHHE SIIePHO-CHEKTPOMETPU-
YeCKHX METOAOB 3aTPYAHEHO BBUAY HU3KON YAEIbHON PaglOaKTUBHOCTH (4eM
OoJbllle MEpUOI IIoJypacnafa PaauOHYKIMAA, TEM MEHbIIE €ro aKTMBHOCTb
pU TOM Xe KOJIMYECTBE SIIep):

_In2
T

A N

/2

Macc-CreKTpoOMETPUIO IIPUMEHSIIOT [JIsk OIIPEAc/IEHUSI TAKUX PaIdUOHYKIUIOB,
Kak 14C, 99Tc, 1291’ 238U, 232Th, 239Pu, 240Pu, 237Np.

Cpeny pasiuyHbIX METOIOB MAcCC-CIEKTPOMETPUU LIMPOKOE PacIpo-
CTpaHEHME TI0JIyYrJIa MACC-CIIEKTPOMETPHUS ¢ HHAYKTHBHO CBSI3aHHOI IIa3MOii
(UCII-MC). C nomolIbio pacIbLIATENs, 00pa3ylollero MeJKOAUCIIEPCHbII
a3po30Jib, Mpoda BBOAUTCS B BBICOKOTEMIIEPATYPHYIO IUIa3My, B KOTOPOH W
TPOMCXOIUT MOHU3ALIMSL.

OCHOBHBIM HEIOCTaTKOM MacC-CIIEKTPOMETPUUECKUX METOIOB SIBJISIETCSI
Haymuue ¢hoHa, 00YCIIOBICHHOTO TPHCYTCTBHEM M300apHbBIX HyKJIMIOB M 00pa3o0-
BaHMEM MOJICKYJISIDHBIX MOHOB C COBMAAAOIIMMU 3HAUYeHUsIMU m,/Z. Hanpumep,
OCHOBHBIM MEUIAOLUIMM WOHOM TpH omnpeneneHun 23°Pu gaBisercss MOJEKy-
nsIpHblii noH 238UTH*. Hanuune a30Ta B OCTATOYHOM Ta3e Macc-CIIeKTpOMeTpa
MPUBOINUT K 06pasoBaHuio noHa N, uro satpynnser onpenenenue 4C meto-
nom MCIT-MC. CHu3uTh 10 MUHMMYyMa BIUSTHUE MEIIArOIIMX KOMIIOHCHTOB
BO3MOXHO MPH WCITOIb30BAaHUM TIPEIBAPUTEIIBHOTO Pa3ieeHUs PaliOHyKIN-
OB METOJIaMU MOHHOTO OOMEeHa, KMUIKOCTHOM 3KCTPaKIINK, SKCTPAKIIMOHHOM
xpomarorpaduu u Ipyrux MeToaoB. Tak, Iociie TpeIBapuTeIbHOTO BhIIETCHUS
MUHHUMAaJIbHO IETEKTUpPYeMass aKTUBHOCTH 23’Np cocraBisger 2 MKBK/Mi
(0,06 rir/mi), a 23%Pu — 1 mbk/mi (0,6 rir/mu) [30].

YMeHbIIIeHHsI BEpOSITHOCTH 00pa30BaHMSI MOJIEKYJISIPHBIX MOHOB TOOMBAIOT-
cs TIyTeM MCITOJIb30BaHUs Jla3epa (METOIBI Macc-CHEeKTPOMETPHH C Pe30HAHC-
HBIM BO30YK/I€HHEM |1 JIa3epPHOii a0JIsAIMHA, T. €. YHOCA BEILEeCTBA C TIOBEPXHOCTH
TBEPJOro Tejia), OOMOApAMPOBKU TMYyYKOM HMOHOB (MAcCC-CHEKTPOMETPHUSI BTO-
PHYHBIX MOHOB), a TaKXKe YIbTPa3BYKOBBIM DACITBUICHUEM IIPHU BBOJE ITPOOHI.
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DTO MO3BONAET YBEIMUYUTh YyBCTBUTEIBHOCTL onpeneneHuii 1o 100—107 ato-
MoB [31]. Jna onpenenenus 239Pu u 240Pu B po6ax Boasl (00beM 1 1), oTo-
OpaHHbIX B MpnaHackoM Mope, HCMOJb30Balu IMpEeABAPUTEIbHOE MUKPOCO-
ocaxneHue ¢ ¢propunom Heoguma [32]. i yaaneHus Heonuma, cienos 238U u
JPYIUX MEIIaolIUX MpUMeceid MPUMEHSIIM MeToa MOHHOTo oomeHa. Ilocieny-
olllee MCIOJb30BaHUE YJIbTPA3BYKOBOI'O PACIbIIUTENS MPU BBOAE MPOOKI IMO-
3BOJIMJIO YMEHBIIUTEL cooTHoLeHre 238UTHT /238U o 1 - 1075. MuHUManbHO
omnpezensiemMas KoHueHtpauus 239Pu cocraBuna 5 ¢r/n. BaxHoe npenmylinect-
BO MacC-CITEKTPOMETPUIECKIX METOIOB 3aKJTF0UaeTCsl B BO3SMOXKHOCTH OTIpe/iesie-
Hua 1 239Pu, u 240Pu, yT0 HEBO3MOXHO C UCIOIL30BAHUEM TMOJIYIIPOBOIHUKOBOM
anbda-CeKTpOMETPUN M3-3a HEOOJBIION pa3HUIIBI B DHEPTHSIX o-YaCTHUII
(5143 u 5156 k5B mua 239Pu, 5123 u 5168 k3B ma 240Pu).

Macc-crneKTpoMeTpus MOXKeT OBITh MCITOIb30BaHa JUIST aHaJIM3a TBEPIBIX
npenapaToB (aHaJu3 MOBEPXHOCTH). [ BbIOMBaHUSI aTOMOB C MOBEPXHOCTHU
MPOObI MPUMEHSIIOT BBILIEYOMSIHYThI MeTOJ JazepHoit adnsiiuu. [lpu stom
MIPOMCXOIUT OTHOBPEMEHHOE BEIOMBAHNE aTOMOB C TIOBEPXHOCTH U UX MOHU3A-
ust. Macc-cneKTpoMeTpHrst BTOPUYHBIX MOHOB TTO3BOJISIET OCYIIECTBIISTh MUK-
ponpoOHbIii aHanu3 (rybuHa aHanuzupyemoro ciost 0,2—0,5 HM, T. €. aBa
ATOMHBIX CJIOSI) C BBICOKMM IIPOCTPAHCTBEHHBIM pa3pellieHUEM.

B nocnenHue necaTunaeTusl cTaa IIMPOKO UCIIOIb30BAThCSl METON YCKOPH-
TeabHOoi Macc-cnekTpoMeTpun (YMC), B KOTOPOM MPOUCXOIUT ITyOOKast MIOHU-
3alMsI C UCTIOJIb30BAHUEM YCKOPUTENISI. DTOT METOM SIBJISIETCSI OCHOBHBIM LTSI
olpesiesieHNsl TAKUX pafuoHykInaoB, kKak 0Be, 14C, 36Cl, 39Ar, 1291, 99Tc, 9Ni
(TeXHOTeHHbIU pagnoHykIua, Bxoasaiuii B coctaB OAT). Meron YMC no3Bo-
JISIET aHaJIM3UpoBaTh MPoObl MUHKMMaIbHOU Macchl (100—200 mr). Bo3moxkHO
ucnons3oBanue YMC [uis onpeneneHus n30Tonos rrytonus (239Pu u 240Pu) n
HentyHus (23’Np) mocie NnpeaBapuTeNLHOrO pasieleHns PaguoOHYKIUIOB C
HCTIOIb30BAaHUEM CTaHAAPTHBIX METOAOB, MPUMEHSIEMbBIX B 0-CIIEKTPOMET-
pun. Monusauus npoObl ¢ nomolubio noHoB Cst npuBoanut K 06pa3oBaHUIo
OTpULATENbHBIX MOHOB 2377242An160~. HuskosHepreTMyeckuii Macc-crek-
TPOMETP HACTPaMBAIOT Ha CeJIEKIIMIO MOHOB 2377242An160~, koTopsle, nonanas
B YCKOPUTEJb, MOABEPratoTCsl IyOOKONH MOHU3AMU (A0 cOoCTosiHUST +4++7).
HanbHeliliee pazaeaeHue MOHOB ¢ 3Heprusimu 39—40 M»sB Takske ocylecTBisi-
€TCs1 C UCTOJIb30BAHUEM Macc-crnekTpomeTpa. B tabnuie 11.3 npuBeaeHbl yyB-
ctButespHocTd YMC 11 onpeneseHus U30TOMOB aKTUHUIOB.

Tabauya 11.3
MunumanbHble onpenesisieMble KOHIEHTpauuu akTHHUAOB MeTogom YMC [33, 34]

PaZ[V[OHyKI[I/IZ[ MuHuMaibHOE OIIPEACTIAEMOEC KOJIUYECTBO aTOMOB
27Np 3,9 - 107

239py 2107

240py 2107
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VckopuTelbHas Macc-CreKTPOMETPUST TAKKE MOXKET ObITh MCIIOJIb30BaHa
s onpeneneHus 1291 mocie npeaBapuTENbHOIO BbIIEIEHUS MOIA U €0 MUK-
poocaxaeHus: B Bujae uoauaa cepedpa [35]. BoamoxHo ucnonbzoBanue YMC
s onpenenenus PTc [36].

11.7.2. AKTUBAITMOHHEIN AHAJIN3

OCHOBOI aKTHMBALIMOHHOIO aHaju3a CIYXUT ompelnesieHue pairuoHyKIU-
JI0B, 00pa30BaBIIMXCSl B pe3yJibTare siAepHbIX peakiuii. [Tocae obayyeHus uc-
CJIElyeMOTO BellleCTBa SIIePHBIMU YacTULlaMU (HEWTpOHaMu, TMPOTOHAMMU,
JEeUTpOHAMU U Op.) WM y-KBaHTaMU C MCIOJb30BAHUEM METOIOB SIIEPHOIM
CIIEKTPOMETPUU TTPOBOIAT UACHTU(DUKALIMIO U OTIpeaesieHue abCOMIOTHOTO WU
OTHOCHUTEIBHOTO COIepKaHMS MPOMYKTOB aKTMBALUM. PagroakTMBHOCTH MpO-
JIYKTOB akTUBaLMU (A) MpOMOpLMOHAIbHA YHUCIY SiIep MCXOIHOTO M30Toma
U MPSIMO MPOMOPILIMOHATIbHA TTOTOKY HEHTPOHOB U CEUEHUIO PeaKlnM:

A= DsN(1 — e M)e M

rae @ — MOTOK YaCTUIL WM KBAHTOB (4MCJIO 4aCTUILL / CM2 * C), G — CEYEHHE
(BEpOSTHOCTB) AnepHOil peakuuu (cMm2), N — 4HUCIO saep aKTUBUPYEMOTO
HYKJIMOA, A — IIOCTOSIHHAs pacrazna obpasyolierocss Hykimaa (¢ 1), H —
BpeMs 00J1yueHus obpasua (c), r, — BpeMs BbIIEPKKM 00pasia nocje ooiy-
yeHus (c).

M3-3a BO3MOXHOTO HEIMOCTOSHCTBA ITOTOKA YACTHUII MPUBEACHHAS BBIIIE
(opmyna mpakTUYEeCKH He UCITOIb3yeTCs IS pacyeTa KOHIEHTPALIMU OIIpee-
JISIEMBIX 3JIEMEHTOB (aOCOJIIOTHBIN aKTUBALlMOHHBIM aHanu3). Yaile Ha Ipak-
TUKE WCIOJb3yIOT METOJ OTHOCHUTEIbHOTO aKTHWBAlIMOHHOTO aHauu3a, IIpu
KOTOPOM TIPOBOMAT M3MEPEHHME PaIMOaKTUBHOCTU TMPOAYKTOB aKTUBAIIMU B
aHAJIM3UPYEeMOil MIPoOe OTHOCHUTENIbHO CTaHaapTa, Ui KOTOPOTO JOCTOBEPHO
YCTAaHOBJICHO COAepKaHUe OMpeae/IsieMbIX KOMIIOHEHTOB. [Ipu 3TOM 00Iyve-
HUE U U3MEepeHNe paaInoaKTUBHOCTH TPOMYKTOB aKTUBAIIUM B MPOOE 1 B CTaH-
JapTe MPOBOAAT B CTPOTO OMWHAKOBBIX YCIOBHSIX.

ITocne oOnydyeHMsT mpoOObI HECKOJIBKO pa3 IIOCJIEeIOBAaTEIbHO IIPOBOIST
Y-CMEKTPOMETPUIO C MCMOJb30BAaHUEM I€TEKTOPOB BHICOKOI'O pa3pelieHus (Ha-
MpUMeEp, MOJYIPOBOJHUKOBBIX AETEKTOPOB U3 CBEPXUMCTOrO repMaHusi), 4To
MO3BOJISIET OMPEACITh PAAUOHYKIMIbI KaK MO dHEPTUM y-KBAHTOB, TaK U IO
UX MepuojaM Iojypacrnajia.

Hawnbonee yacTo UCIOAB3YIOT HEHTPOHHO-AKTUBANMOHHBIH anamm3 (HAA),
MpY KOTOPOM, KaK IMPAaBUIIO, IIPOBOIIT OOJydeHHUE TIPOOLI B peakTope IMOTOo-
KOM TeIUIOBBIX HeWTpoHOB (1013—1015 wactuu/cm? - ¢). CedeHue peakuuu
(n, y) B 9TOM ciyyae sl OOJbIIMHCTBA 3JIEMEHTOB BBIIIE, YEM APYTUX SAEP-
HBIX PEaKILIUA.

HeliTpoHHO-aKTMBALIMOHHBIN aHaIWU3 MOAPA3ACISIIOT HA UHCTPYMEHTAIb-
Heiii (MHAA), mpu KoTopoMm TIpo0y Tociie 001yYeHus TOABEPraloT HeleCTPyK-
TUBHOM y-CIIEKTPOMETPUU, HE TIPOBOISI XMMUUECKOTO BbIACJIEHUS ONpeaessieMbIX
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KOMITOHEHTOB WJIM MPOAYKTOB aKTUBALMM, U paguoxumudeckuii (PHAA), npu
KOTOPOM IPOBOJST BblACIEHUE JIMOO OompeaessieMblX KOMIIOHEHTOB mepes 00-
JlydeHHEeM, MO0 MPOAYKTOB aKTUBALIMHU TTocie Hero. [locaeaHuii MeTon ucnosb-
3YIOT JUISl OMpeaeaeHs] HU3KMX CONepKaHUN HYKIUAOB.

[Tomumo onpeneneHus cTabMIbHBIX HYKIMA0B HAA 1IMPOKO MCHOJIB3YIOT
JUISL OTIpeAesieHus] MOJTOXUBYIIMX pamuoHykaunoB. s cpaBHeHuss HAA u
raMmMa-crekKTpoMeTPUYECKOro METOMOB OMNpeneeHUs] AOJATOXUBYIIUX Paaro-
HYKJIMIOB MCTonb3yioT [37,38] dakrop Bomrpeima (PB), koToperit paBeH:

OB = L/,

rae /; u [, — CKOpPOCTH cyeTa YaCTHIl WIM KBAaHTOB, MCITYCKAEMbIX SIIPaMU
OTIPEIENIIEMOTO PAIUOHYKIMAA W MIPOAYKTA aKTUBALIUU COOTBETCTBEHHO. MH-
CTPYMEHTAJIbHBIA HEUTPOHHO-AKTUBALIMOHHBIN aHAJIN3 UCTIONB3YIOT JUISI OTIPE-
JEJIEHUS TAKUX PaguoHYKINAoB, Kak 233U u 232Th (tabn. 11.4).

PHAA MoXeT ObITh MCIOJIB30BaH LISl onpeneneHus 1291 mocne ero Boige-
JIEHUS U3 TIpo0 MeToAaMM 3KCTpakLuu wiu cyoaumanuu [39,40]. Xumuueckuii
BBLIXOJI OTPEIENIAIOT ¢ UCTIONb30BaHueM 1251,

B rnase 13 onucana metoauka onpeaeaeHns 23’Np B IPUPOAHBIX POOaX ¢
nomouibio PHAA, ocHOBaHHasl Ha €ro BbIIEJEHUM U3 a30THOKMUCIIBIX PacTBO-
POB XMIKOCTHO! 3KCTPAaKLMEN TPU-H-OKTUI(POCHUHOKCUIOM C TOCIEAYIO-
M o6yueHuem sketpakta. Tpoaykt aktusauuu — 238Np (7) , = 2,12 cyr,
E, =984,5, 1028,5 k9B) — oKCTparupyIoT rnocsie o0yueHust 1 ONMPeesIsioT ero
aKTUBHOCTb. TUNuuHbIA ramMMa-criekTp 238Np, mosydyeHHBI TIOCIE €ro 3KCT-
PakMOHHOTO BblAeNeHUs, MpuBeaeH Ha puc. 11.30. Xopouio BUAHBI MUKU
238Np (984,5 u 1028,5 koB).

Tabauua 11.4
OnpenejieHHe HEKOTOPBIX JOJTOXKUBYIIMX paguoHyKanaoB Metonom MHAA [38—40]

Pammonyxmin IIponyKThl akTUBaLIMI ii?;;lfé]s B OB
238y 239U (T1/2 = 23,5 muH) 74,7 (48 %) 7,0 - 100
29Np (Tl/2 = 2,36 cyT) 106,1 (27,2 %) 8,0-10°
232Th 233Pg (Tl/2 = 27 cyT) 312 (38,6 %) 4,0 - 10°
27Np 233Np (Tl/2 = 2,12 cyr) 984,5 (27,8 %) 640
1028,5 (20,3 %)
231pa 232py (T1/2 = 1,31 cyr) 969,3 (41,6 %) 106
1291 1301 (Tl/2 = 12,36 u) 418,0 (34,2%) 105
536,1 (99%)
668.,5 (96,1%)
739,5 (82,3%)
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12. METOAbI OITPEAEJIEHNUA
OUBNKO-XUMHNYECKUX ®OPM PAIMOHYKIINJIOB

71 mpOorHo3upoBaHMS MOBENEHUs PaIMOHYKIMIOB B OKpYKalollIei cpe-
Jie, YCTAaHOBJICHUS CTETICHU WX MOABMXKHOCTU M OMOMOCTYITHOCTM JaHHBIX IO
UX CYMMapHBIM (00IIMM) cofep>KaHUSIM Yallle BCero HeI0CTaTOUHO, TpedyeTcs
uHdopManusa 00 ux (puzuko-xuMmiyeckux ¢opmax. IloHsaTHe HUUKO-XUMU-
4yecKoi (popMbI BKITIIOYAET:

® CBS3bIBAHUEC C YaCTULIaAMM PAa3HOro pasMepa,

® pacrpejesieHUe Mo Pa3JIUYHbIM TeOXUMUYECKUM (paKkLusM — OOMEHHOIA,
OKHCJIIEMOM, BOCCTaHABJIMBAaEMOM, CYyIbMUIHON U T. 1.;

® paclpeje/ieHrue N0 KaTUOHHOM, aHUOHHOM WM HEeUTpajbHOU opMam;

e xumHyecKylo (opmy pamMoHykiaugal (B COCTaB KAaKOTO COEIMHEHMs OH
BXOIUT, OnuxKalilliee JUTaHAHOE OKPYXXEeHUE, BAJIEHTHOCTb U T. 11.).

Mertonn! onpeneneHus GU3NKO-XUMHUECKUX (pOpM PaTHMOHYKIUIOB MOX-
HO pa3IesInTh Ha KOCBEHHbIE W MpsIMbIe (CIieKTpaibHble). KoCcBeHHBIE METO-
IBI BKJTIOYAIOT TIpeIBapUTEIbHOE BBIIEICHNE (IKCTPAKIIMOHHOE, COPOIIMOHHOE,
(punbTpaLIMOHHOE U T. M.) TeX WJIU UHBIX (GOpM UM (pakuil ¢ JaTbHEUIIUM
orpeieieHreM B HUX PaIUOHYKIHMIOB HOCTYITHBIMM MeTomaMu. KocBeHHBIE
(MM XUMWYECKKe) METOIBI IIMPOKO MCIONB3YIOTCS IS OlpeaeieHus (pu3n-
KO-XUMUWYECKNX (OPM PaIUOHYKIMAOB B OKpYXKAMOIIEH cpele, MOCKOJIBKY
00J1aIafOT BBICOKOM UYYBCTBUTEIBLHOCTHIO. OIHAKO pe3ylIbTaTbl KOCBEHHBIX
oIpeie/ICHUI HOCAT OLIEHOYHBIN XapaKTep, TakK KaK BO3JeHCTBIE HA TTpo0Oy B
MpoIriecce BhIIEICHUS MOXKET ITPUBECTH K M3MEHEHHIO PaBHOBECHOTO pacIipe-
neneHust GopM.

[TpsiMble METOABI TTO3BOJISTIOT MOJYYUTh WHMOpMAIio 0 (popmax pamno-
HYKJIMAOB 0€3 XMMHUYECKOro Bo3aeicTBUSI Ha IpoOy. OHM 001a7aioT CyIIecT-
BEHHO OOJIbILIe MH(MOPMATUBHOCTHIO TTO CPAaBHEHUIO ¢ KOCBEHHBIMHU, OTHAKO
B ILIEJIOM WX YyBCTBUTEIHLHOCTH 3HAYMTEIIEHO HITKE.

12.1. USYYEHHUE CBA3bBIBAHUA
C YACTUIIAMU PASHOT'O PASBMEPA

Pa,Z[I/IOHYKJ'[I/II[I)I MOTYT HaxoIUTbCAd B HMCTHUHHO paCTBOpeHHOﬁ (bopMe
(B BMJIC MOHOB MJIM B COCTaB€ HU3KOMOJICKYJIAPHDBIX COCZ[I/IHGHPIﬁ), a TaKXe

I B aHmI0g3bIMHOM TUTEpaType pasanyaroT TEPMUHBL partitioning, COOTBETCTBYIOIINI (BPaKLIO-
HUPOBaHUIO, U Speciation, COOTBETCTBYIOIINI XUMUYECKOI (popme.
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OBbITh CBSI3aHHBIMU C KOJUIOMIHON (Dpakimeii? wiv B3BELIEHHBIM BEIIECTBOM.
PacrnipeneneHue pa3nuMyHbIX YaCTHUII, BCTPEYAIOLINXCS B MPUPOIHBIX BOAAX, MO
pa3mepam mnipuBeneHo Ha puc. 12.1 [1]. KonnouaHbie yacTULIBI MOTYT CYIIECT-
BEHHO BapbMPOBATh MO pazMepam (0T eAMHUIL HM 10 €MUHUIL MKM), TIpUYEM HUX
CBOOOIHAsA OBEPXHOCTH (BbIpakaeMasi B M2/T) yBeJIMUMBAETCS TPU YMEHbIIIE-
HUU pa3Mepa YacTHIL.

B okpykaroliieit cpeie HAHOKOJUTOUABI (YaCTULIBI HAHOMETPOBOTO pa3Me-
pa) MoryT obysamaTh OOJbIIei MUTPALIMOHHON CIIOCOOHOCTBIO HE TOJILKO 10
CpaBHEHHIO ¢ Ooyiee KPYIMHBIMM KOJUTOUAHBIMU YacTULIAMU, HO U MOHHBIMU
(bopmMaMu paaMOHYKJIMAOB, TaK KakK MOCJEeIHWE MOTYT COpOMpOBAThCSA Ha
KOMIIOHEHTaX MOYB, TPYHTOB U MOPOA. B oTianmune oT MOHHBIX (hOpM, HaHO-
KOJUTOMIBI MUTPUPYIOT B OKPYKaOILIE cpefie, MpaKTUUYeCKM He B3auMOIeCT-
BYS C MOYBAMU WM MUHEpajJaMM, CO CKOPOCTbIO paclpOCTpaHEHUS MOTOKa
Boabl. KepcTHUHT ¢ coaBTOpaMu yCTAaHOBUI [2], UTO pacnpocTpaHeHUe TLTyTO-
HUS U3 MOJIOCTHM TOA3EMHBIX SAEPHBIX B3PBIBOB Ha SIAEPHOM TIOJUTOHE B
wrate Hesama (CIIA) ompenensieTcsi MUTpallieil B COCTaBe CMEKTUTOBBIX
KOJIJTOUIOB.

HauGonee pacrpocTpaHeHHBIMIA METOAAMU BbIICAEHUST YaCTHULL Pa3IMUHO-
ro pazmepa SBJISIOTCS MUKPO- M yJIbTpaduiabTpalius, a Takke pa3InyHble Ba-
pUMaHTHl LeHTpUdyrupoBaHus. B HacTosiIee BpeMsl CYIIECTBYIOT YCTPOMCTRA,
MO3BOJISIONIME MTPOBOANUTD (DUIBTPALIMIO XKUIKOCTU (00BEMOM OT J0JIei MJT 10
COTEH JINTPOB) C UCMOJIb30BAHUEM TOC/IEI0BATEIbHBIX TTATPOHOB € (UIIBTPAMMU C
pa3IMYHBIMU TUaMeTpaMu mop (B TOM uMciie U yabTpaduibrpamu). OCHOBHBIM

Ovawmetp, m

Monekyrnbl

Konnowvapl

(Muhbl, FeOOH, SiO,, Ca0,)

B3BelleHHOEe BeLecTBo

Baktepun

OpHoKNeTouHblE BOAOPOCU
>
Bupycebl

Puc. 12.1. PacnpeneneHue yacTull, BCTpEUYAIOIIMXCS B MPUPOAHBIX BOIAX,
o pa3Mmepam [1]

2 Peub MIET O MCEBIOKOIOMAHBIX YACTULAX TTO OTHOLIEHUIO K PATUOHYKIUAY. MICTUHHBIE KO-
JIOUIbI PAIMOHYKIUAOB (PaJuOKO/UIONIbI) HE BCTPEUAlOTCSl B OKPYXKAIOLIEi cpeie BCISICTBUE
HU3KUX KOHLIEHTPALIMI PAAMOHYKIUIOB.
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HeI0CTaTKOM (UJIBTPALIMOHHOIO METOa SIBJISIETCS] BOBMOXKHOCTbh COPOLIMM pa-
JUOHYKJIUIOB Ha GhuibTpe. B BapraHTe TaHTeHLMAIbHON yabTpacdhUIbTpalluU
HarpaBjJeHMe MOTOKa (MUIBTPYEMOM KUAKOCTU TMapayljiebHO MOBEPXHOCTU
(unprpa. JocTynmHbl KOMMepUYECKMe MaTPOHbI JJIsl TAHT€HUMAIbHOU yabTpa-
dbunbTpaLuu ¢ padoyeit ruromansio Guiasrpa 4,6 M2, Jlau ¢ coasropamu [3] wis
U3y4YEHMsT pacrpeneseHus IMJIYTOHUSI B MOPCKOW Boie BOIM3U IOOEPEKbst
CIIA ucnonb3oBaiu MUKpobuIbTpauuio (1 MKM) M TAHTeHUMATBHYIO YJbTpa-
¢unprpanuio (1 kD). OcHoBHas moJis IJIYTOHUSI OKa3ajdach CBSI3aHHOM C uUC-
TUHHO pacTBOpeHHOM (pakiueii (puc. 12.2).

CreitHMaHH ¢ coaBTopamu [4] rcciaenoBal CBA3bIBAHNE KOCMOTEHHOTO 'Be ¢
YaCTULIAMM PA3IMYHOIO TPAHYJOMETPUUECKOTO COCTaBa B Mpodax 03epHOIl BOMBI.
1st oTneneHus B3BEILIEHHOTO BELIEeCTBa MPUMEHSLIM MOC/Ien0BaTeIbHO (hUIbTpa-
LIMIO U TIPOTOYHOE LieHTpubyrupoBaHue. sl BblaeJeHNs KOJUIOMIHBIX YACTULL
HCMOJIb30BaAIM YCTAHOBKY [UISI TAHTEHIIMAIbHON (DuiibTpauuu. bbuto yctaHoBIe-
HO, YTO O4JbIIAs YacTh /Be HaxomuTcs B pacTBOpeHHOI dopme (<10 kD).

Paznenenue yacTull pa3HOro pasmepa BO3MOXKHO C MCIIOJb30BAaHUEM UX
cerperali B pacTBOpax pas3iM4yHOMN IJIOTHOCTH, HAIpUMep CMECH 3TUJIOBOTO
CIIMpTa M TeTpadpoMaTaHa. B 3aBUCMMOCTH OT COOTHOILIEHUSI KOMIIOHEHTOB

CopepxaHne nnyToHust, MKBk/kr
0 1 2

507 —&— Pu, CBS3aHHbIl
C KOMMOUAHBIMU
yacTULamm
(1 kD — 1 Mkm)

100 ~

—0O— Pu, cBA3aHHbIN
C B3BELLEHHbIM
BELLIECTBOM

150 (>1 mkm)

my6uHa, m

200 1

Puc. 12.2. [Tonu ruiyTOHUs, CBSI3aHHOIO ¢ KoJutouaHoii ¢pakuueit (1 kD — 1 MxMm)
M B3BellIEHHBIM BellecTBOM (> 1 MkM) [3]



12. Metonbl onpeneneHuns (pu3MKo-XuMmuyeckKux (popM paguoHyKIUI0B 239

BO3MOXHO CO31aTh IPAIMEHT IUIOTHOCTH OT 1,8 10 2.9 r/cm3. PagnoHykiamasl,
CBSI3aHHbIC C JISTKUMM OpPraHMYeCKUMU KoMmIloHeHTamu (Hanpumep, I'K) koH-
LIEHTPUPYIOTCSI Ha TIOBEPXHOCTH, a B 00BEME PACTBOpPA CETPEerupyloTCsl MUHE-
panbHble YacTullbl. Ha mgHO ocaxmaloTcs TsKesble MUHEpalbHbIE YaCTHIIBI
C IUIOTHOCTBIO Gostee 2,9 r/cM3 [5].

s BbIneaeHUsT KOJUIOMIHBIX M B3BEIIEHHBIX YaCTUIL U3 HE3HAUMTEIbHBIX
00beMOB (HECKOJIbKO MUJUIWJIMTPOB) MPUPOTHOM BOABI WJIM MOAEJIBbHBIX pac-
TBOPOB BO3MOKHO MCITOJIE30BaTh MPOTOYHOE (ppakimoHnpoBanue [6—S8]. Pa3-
JeJIeHue 4YacTUIll BeleTcsl B TOHKOM ItockoM KaHane (100—500 mkm), B
KOTOpBI nogaeTcst mpoda. [lepneHAKyIsIpHO K TOBEPXHOCTU KaHajla MPUIo-
JKEHO KaKoe-JIM00 ToJie, HapuMep rpaBUTAlIMOHHOE WU 2JIEKTPOMArHUTHOE.
MeHblMe no pa3Mepy YacTUIIbI B OOJIbIIEH cTeneHU CIIOCOOHBI Tu(GYHIANPO-
BaTh B HAMpaBJICHUU, TIEPIICHANKYISIPHOM MPUIOKEHHOMY TOJI0, YeM KpyI-
Hble YacTUlLbl. TakuM 00pa3oMm, TMOTOK >XMAKOCTH, 3amOJHSIOIIeH KaHal,
BBIHOCHUT TIOCJIEIOBATEIbHO Oojiee MEJIKWE YaCTHUIIbI, 3aTeM 0ojiee KPYITHbBIE.
CoBpeMeHHbBIE YCTPOICTBA TSI TTPOTOYHOTO (hpaKIIMOHWPOBAHUS TMO3BOJISIOT
pas3nensaTh YaCTUIBI pa3MepPOM OT €AMHMII HAHOMETPOB 10 €AWHUIL MUKPO-
MeTpoB. CyllecTBYIOT YCTpPOWCTBa IJid TMPOTOUYHOTO (paKIIMOHUPOBAHUSI,
COENMHEHHBIE ¢ MacC-CIeKTPOMeTpaMH, MO3BOJISIONINE OINPEAeIITh TaKUe pa-
IMOHYKIUIBL, Kak 238U mm 232Th, B npuponHbix Bogax [7, 8].

[ns onpeneneHus: coaep:kaHusl KOJJIOUIHBIX YACTUIL B BOAHBIX pacTBOpax
BO3MOXHO MCMOJb30BaTh pa3lWyHbIe OMTUYECKHE METONbI, BKJIOYas CBETO-
paccesHue. OTHOCUTETBLHO HEAABHO MOSIBUJICS METOJ NETEKTUPOBAHMS TTPOOOST
HA KOJUIOUJHBIX YACTULIAX, MHAYLIMPOBAHHOTO Ja3epoM. [Ipu Bo3aeiicTBuu ja-
3epa Ha KOJUIOMIHBIE YaCTUIILI POMCXOIUT MPOoOOil ¢ 0Opa3oBaHUEM IJIa3Mbl.
IInoTHOCTL BHeprum, TpeOylowasics s Mpo0osi, CYILIECTBEHHO HIKE s
TBEPAOrO IMIJEKTPUKA, YeM JIsI HETIPOBOMASIIETO pacTBOpa. DHEPrusl jasepa
yCTaHABJIMBAETCSI TAKMM O00pa3oM, YTOOBI BbI3BaTh MPOOOI Mpu B3aMMOIEHCT-
BUM C TBEPABIMU KOJUIOMAHBIMU YacTULAMU. BEpOSITHOCTH Mpobosi (OTHOLIE-
HUE YKciia TUIA3MEHHBIX BCIIBILIEK K YMCITY BCIBILIEK Jla3epa) MporopiuoHaTbHa
KOHIIEHTPAIIMK U pa3Mepy KOJUIOMIHBIX yacTull. PazMep miasMeHHO# BCIIbIII-
KU1 3aBUCHUT TOJIBKO OT pa3mMepa KOJJIOMIHON YacTUllbl. TakuM oOpazoM, namepsist
BEPOSTHOCTb MPOOOST M pa3Mephl BCIIBIIIEK, MOXXHO OMPENesITh KOHIIEHTPAIUIO
U pa3Mep KOJUJIOUAHBIX YyacTull. I1pubop st aeTeKTupoBaHuUs Mpo0ost, MHIY-
LIMPOBAHHOTO JIa3epOM, BKJIIOYaeT MMKPOCKOIMUYECKYI0 LUMPOBYIO Kamepy,
(buKcHpyIOIIYIO BCMBIIMIKK B KIOBETE C pAaCTBOPOM, B KOTOPYIO HaIlpaBJieH Ja-
3epHbIit yd. CreKTpaJbHbI aHAJIU3 BCHBIIIKKM TMO3BOJISIET OINMpPEAeIUTh dJie-
MEHTHBI COCTaB KOJUIOMIHBIX 4YacTull. ONUCAaHHBIA METOM CYIIECTBEHHO
MPEeBOCXOAUT IO YYBCTBUTEJIbHOCTU ApYrue NOCTYITHBIC METO/bl ONMPEACICHNA
KOJUTOMIHBIX YaCTUII, BKJIIOUast METO/IbI Jla3epHOro paccestHus (puc. 12.3). Merton
JETEKTUPOBAHUST TIPO0OsI, MHIYLMPOBAHHOTO JIa3epOM, ITO3BOJISIET OINPENEIUTh
KOHIEHTPALMIO KOJUTOMIHBIX YAacTHIl IhaMeTpoM 19 HM Tpu UX coaepKaHUU
1,6 Hr/n [9]. B tutepatype omnurcaHo yCTPOMCTBO, KOMOMHMPYOIee TPOTOUYHOE
(bpakimoHpoBaHUE C AETEKTUPOBAaHUEM IMPOOOST HAa KOJUIOMIAX, UHAYLIMPO-
BaHHOTrO Jazepom [10].
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Puc. 12.3. YyBCTBUTEIBHOCTH METOIOB JIA36pPHOTO TIPOOOS M JTa3€PHOTO PacCesTHUS
IIJIST OIpee/ieHUsT KOJJIOMAHBIX YaCTUL] pa3JIMuHOro pasmepa [9].
L, — MUHMMaIbHO NETEeKTUPYEMOE COepKaHNUe YACTHIL

12.2. ®PAKIIMOHUPOBAHUE PAANOHYKINI0OB
11O PA3JINYHBIM T’EOXUMHNYECKUM
OPAKIUAM ITOYB U JOHHBIX OCAJIKOB

PamnoHykiImMabl, cBI3aHHBIC C Pa3TUYHBIMUA T€OXUMUYECKUMU (DPaAKLIUSIMU
MOYB, TOPHBIX TTOPOJ U JOHHBIX OCAJIKOB, 00J1a1aI0T PA3IMYHON MOJABUKHOCTHIO
B OKpyXatolleil cpene. BbiiessiioT cieaylolue OCHOBHBIE T€OXMMMYECKUE
¢dpakumn — oOMeHHasi, KapOoHaTHasl, BOCCTaHaBJIMBaeMasl, OKUcsieMasi, CyJib-
umgHAa 1 TPyIHOPACTBOPUMBIN OCTATOK.

B HacTosiiiee BpeMsl CyLIECTBYET psii METOAMK M3BJeUEHUsI (IKCTPaKLIUN)
PaIMOHYKJIMIOB, CBSI3AHHBIX C TeMM WJIM UHBIMU (pakuusiMu. B tadnuue 12.1
MNpUBEJIEHbI JBa METO/Ia MOCeI0BaTe/IbHOM 9KCTPaKIMU, TpeajiokeHHbIe Teccu-
epoM [11] u Cmutom [12].

Ha pesynbrathl onpeaeneHusi CBI3bIBaHUSI META/UIOB € pa3IMYHbIMU (ppak-
LIWSIMM TTOYB M JOHHBIX OCAIKOB OKAa3bIBAIOT BIMSIHUE TaKWe (PaKTOPHI, KaK BbI-
0Op peareHTOB, MOCJIEI0BATEILHOCTb UX UCIOJb30BAHUSI, YCIOBUS TIPOBEACHMUS
3KCMepuMeHTa (COOTHOLIEHME peareHT/mpoba, TemIiieparypa, BpeMs), CIocod
IpeaBapuTeSIbHONM 00pabdOTKM M XpaHEHMsT IPOOBI, AOCTYyIl Kuciopona [13].
OLICHOUHBI XapaKTep JaHHBIX, MOJy4aeMbIX METOJAMMU TOC/IEI0BATEeIbHbIX K-
CTpaKLMii, ONMPeAeIsIETCS] BO3MOXHOCTbIO peajacopOLMy paalOHYKJIMIOB B MPO-
1ecce BblAEJICHUsI, HECEJIEKTUBHOCTBIO UCIOJb3YEMbIX PEareHTOB W HEIOJHBIM
pacTBOpeHME COOTBETCTBYIOLIMX (ppakuuii. Llerecoodpa3Ho MPOBOAUTH TTpeiBa-
pUTEILHOE BbIAEPXKUBaHUE MpernaparoB (B T€YEHUE CYTOK) B OUAUCTUIIIMPOBAH-
HOI BoJe JJIsl HACBIIIEHUSI IMHUCTBIX MUHepaioB [14]. OpraHuyeckuii cioi,
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MOKPBIBAIOILUIT YaCTULBI TIOUBBI WIM AOHHOIO OCANKa MOXET IPENsTCTBOBAThb
sKcTpakuuu apyrux ppaxkuuii. [lostomy Iynbl ¢ coaBropamu [14] pekomeHIy-
IOT BBbIIEJIEHWE OpPraHMYecKOoi (pakuuuy B IMEpBYIO odepelb (I1ocie 0OMEeHHO
dbpaxuun).

Jloiinang ¢ coaBropamu [15] uMcmonb30BaM NPUBEAEHHBIE CXEMbI ITOCIIE-
J0BATeIbHOI SKCTpPAaKLUU ISl OmpefeleHus (PpaklMOHUPOBAHUS ypaHa U
TUIyTOHUS B TTOYBaX, 0ToOpaHHbIX B CaBaHa PuBep. YpaH B OCHOBHOM cCOfep-
Xajcd B OCTaTOUHON (DpaKiMK, OJHAKO HE3HAUUTENIbHAS €ro JoJis Comepxka-
Jach B BOCCTAHABIMBAEMOil M OKUCIseMOi (pakuusx (T. €. ObLia CBSI3aHA C
aMOp(MHBIMU OKCUIAMHU 3Kejie3a U OPraHMYECKUM BELLECTBOM COOTBETCTBEH-
HO). HecMOTpsl Ha He3HAuMTeIbHblE KOHLEHTPALUM OPraHUYECKUX BEILECTB,
66abluas gons kak 238Pu, tak u 239:240Py cBsizaHa ¢ okuciasieMoil (bpakuueii.
Tak, o Merony Teccuepa okono 50% xak 238Pu, tak m 23%240Py cpszaHo c
okucasgeMoii ¢ppakumeit. [Ipu ucnonb3oBanun Metoga CMUTa COOTBETCTBYIO-
mMe 3HauyeHus coctaBuwin 55% u 70%. Jo 10% 233Pu u 239:240Py cgsaHo ¢
BOccTaHaBaMBaeMoil dpakuueit, g0 40% 239240Py cBg3aHO C OCTATOUHOM
dpaxuueil. Paznnuus Bo gpakumronuposanuu 238Pu u 239:240Py 06ycioBIeHbl
Pa3IMYHBIMM MCTOYHUKAMU UX MOCTYIUIEHUS.

Tabauya 12.1
MeToapl onpenesiennsi (ppaKuMOHMPOBAHNUS PAAMOHYKIUIOB

Dpakius Pearent Temmnepatypa, °C | Bpems, u
Memood Cmuma [12]
OOmeHHas 0,4 M MgCl,, pH 4,5 KOMHAaTHasi 1
Kap6oHaTbt 0,5 M NH,Ac, (HAc) KOMHaTHas 2
Boccranasmsaemas | 0,1 M NH,OH-HCI B 70 6
25% HAc, pH 2
Oxucisgemast 30% H,0, 5 0,02 M HNO, 50 4
CynbpuaHas 4,0 M HNO, 90 4
Ocrarok Cmunasnenue ¢ KF/mupocynb- | 900—1000
¢darom mnu BckpbiTue HF
Memoo Teccuepa [11]
OO0MmeHHas 0,4 M MgCl,, pH 4,5 KOMHaTHas 1
Oxkcuabl (Fe/Mn) 0,4 M NH,OH-HCl B 25% KOMHaTHasi 5
HAc, pH 2 (HNO,)
Oxucnsgemas 30% H,0, 50,02 M HNO; | komHaTHas 5
Ocrarok Cmunasnenue ¢ KF/mupocynb- | 900—1000
¢darom unu BckpbiTue HF
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12.3. OIIPEJAEJTEHUE XUMWYECKOM ®OPMBEI PAIIMOHYKJINIOB

12.3.1. KOCBEHHBIE CIIOCOBbI OITPEAEJIEHUA
BAJIEHTHBIX ®OPM PAIMOHYKIINI0OB

Cpeny paniMOHYKJIMIOB, BCTPEUAIOIIMXCSI B OKpyKalollleil cpeae, akTUHU-
Jbl 00JIaJal0T HauOOJIBIIMM pa3HOoOOpa3ueM BaneHTHBIX dopm (ot III mo VI).
Cpenu ocaauTelbHBIX METOIOB, MPUMEHSIEMBIX JJISI pa3fesieHusT aKTUHUIOB B
Pa3IMYHBIX CTEMEHSIX OKMCIIEHUs, Haubojee YacTO MCIOJb3YeTCs COOCaxkKie-
Hue ¢ propuaamu P3D [16, 17]. MeToa ocHOBaH Ha Majoil pacTBOPUMOCTHU
MOHOB TPeX- U YEThIPEXBAJIEHTHBIX aKTUHUIOB B nipucyrcTeun LaF; mim NdF;
U TIO3BOJISIET OTHEJIUTb «BOCCTAHOBJIIEHHBIE» (TpeX- M YeThIPEXBAJECHTHBIC)
(bOpMBI OT «OKUCIEHHBIX» (TISITU- U 1IECTUBAJIEHTHBIX (popM). OCHOBHBIM He-
JOCTAaTKOM METONa SIBJISIETCSI BO3MOXHOCTh BOCCTAHOBJICHUSI TMSITHBAJIEHTHBIX
aKTUHUIOB IIpU M30bITKE (TOpUA-MOHOB. KpoMe TOro, MUCIOJIb30BaHUE 3TOTO
MeToAa OrpaHUYEHO HEYA0OCTBOM OOpallleHUsI ¢ MpobdaMu OOJIbIIOr0 o0bema
U PacXoJOM 3HAYMTEIbHBIX KOJUYECTB OCAAUTES.

C y4eTOM OTHOCHUTEJbHO HU3KUX COAepKaHUI aKTUHUIOB B OKPYXKaroIlei
cpene (COOTBETCTBEHHO 3HAUMUTENIHLHOIO 00beMa IMpoObl) COPOLIMOHHBIE METO-
JIbl SIBJISIIOTCS 00Jiee YIOOHBIMU, YeM SKCTPAKIIMOHHBIE WX OcCaauTebHble. Mc-
MOJIb30BAaHUE CHMJIMKATEesl TMO3BOJISIET pPa3fefNuTh IIeCTH- W ISTHBAJICHTHBIE
dbopmbl aktuHugoB [18, 19, 20]. Ilpu ucnonb3zoBanuu 10 /71 cunukaress
90%-5 copouust Pu(VI) u3 Mmopckoii Bombl JocTUraeTcs B TeueHue yaca. Kap6o-
HaT KaJbl1s COCOOeH M3BJIeKATh MITUBAJEHTHBIE (hDOPMbI aKTUHUIOB U3 TIPH-
ponubix Bom [18, 20]. Ilpu ero koHueHtpauuu S50 1/1 coOpOLMS IOCTUTAET
80—85% 3a 10 MuH. BoamoxHo Taxxe ucnonbsszoBanue TiO, B cmecu ¢ BiPO,
(U3BJIEKAIOTCS «BOCCTAHOBJIEHHBIE» (DOPMBbI aKTMHKUIOB) [21] i BaSO, [19].

DKCTpaKIIMOHHOE TOBEACHNE aKTMHUIOB B PAa3JIMUHBIX CTEIEHSIX OKMCIIe-
HUST U3YYEHO JTOCTATOYHO MOJHO, OJHAKO MCIOJb30BaHUE KUAKOCTHON 3KCT-
pakiuu ajs onpeaenaeHus: GopM aKTUHUIOB OTPaHUYEHO U3-3a HEOOXOIUMOCTH
MEHTh 3HaueHue pH 111 u3BneyeHus TeX Win UHBIX (OpM 1 HEYIT0OCTBOM 00-
palieHus1 ¢ IIpodaMM 3HAUYUTEIbHBIX 00beMOB. BoccTaHOBUTENbHBIE CBOMCTBA
HEKOTOpbIX 3KcTpareHToB (Hampumep, HTTA) TakKe HOMKHBI TPUHUMATHCS
BO BHMMaHue. TeHOMITpUGTOPALIETOH CEIEKTUBHO M3BJIEKAET YEThIPEXBATCHT-
Hble aKTMHUIBI MpY 3HaueHusix pH ~1, Torma Kak TpexBajJeHTHbIE aKTMHUIbI
akcTparupytotcs npu pH > 3. TTatuBaneHTHbIe (OPMbI MPAKTUYECKU HE DKCT-
parupyroTcs, Toraa Kak 1ecTuBaJeHTHbIE (DOPMBbI TITYTOHMS MTOABEPKEHBI BOC-
craHoBneHuo [22—24]. HTTA Oblin MCIOJIB30BaH I TPOBEACHNST SKCIIPECCHOTO
OTIEJICHUSI «BOCCTAHOBJIEHHOTO» TIJIYTOHUS OT «OKHUCJAEHHOIO» B CUCTEME MpPU-
poaHasi BOJa—TUIyTOHUMU—TYyMUHOBBIe KMCIOThI [25]. JInbeHzounmeraH (JIbM)
MOXKET ObITb UCMOJb30BaH ISl pa3aeeH!s] aKTUHUIOB MPU HEUTPaTbHbIX 3HA-
yeHusix pH (pK, = 9,35). Cauto u YonnuH [26] paspaboTann 3KCTpaKLMOH-
HbIii MeTom pas3iefeHUs] aKTUHMIOB, HAaXOMSIUMXCS B PasHbIX CTEMEHSIX
OKHCJIeHUsI ¢ ucnonb3oBaHueM [IBM (cwm. puc. 12.4). DTOT MeTOI ObLT UCITOJb-
30BaH [JIs1 YCTAHOBJIEHUsI OCHOBHOI BaJ€eHTHOM (hOPMBbI IJTYTOHUST B MOPCKOI
BOJZie B UICTUHHO pacTBopeHHoI popme [27]. Mcnonb3oBanue Tpudytmidocda-
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Puc. 12.4. Bkcrpakuus Th(IV), U(VI) u Am(III) pactBopom IbM B xiopodopme (a)
M CXeMa BBIIEJIeHUSI BAJIEHTHBIX (DOPM aKTUHUIOB U UCIOJb30oBaHueM JIBM (6)
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Ta U AU(2-3TUAreKcua)@oc@opHoil KUCAOThl OrpaHUUYEHO HEOOXOAUMOCTHIO
CYIIIECTBEHHOI'0 M3MEHEHUST KUCIIOTHOCTH aHaJIM3UPYEMbIX pacCTBOPOB.

12.3.2. IPAMBIE METO/bI OITPEAEJTEHU S
BAJIEHTHBIX ®OPM PAJIMOHYKIINIOB

YyBCTBUTEIBHOCTD MPSMBIX METONOB, BKJIIOYasi OCHOBAaHHbIE HA UCIIOJIb-
30BaHUM CUHXPOTPOHHOIO WU3JIyYEHUsI, HE IO3BOJISIET MCMOJb30BaTh MX IS
aHajIM3a MPUPOIHBIX TTP006. OMHAKO OOJIBIIMHCTBO 3TUX METOAOB 00JIaJaeT Bbl-
COKO#1 MH(MOPMATUBHOCTBIO (IAI0T MHGMOPMALIMIO O BaJCHTHOCTU, JTUTAHIHOM
OKPY>KEHUHU MOHA) U C YCIIEXOM MPUMEHSIOTCS B MOAEIbHBIX SKCIIEPUMEHTAX.

braronapst xopoleMy pasneaeHHIO M0J0C MOTJIOIIeHMs] MOHOB aKTUHUAOB
B Pa3JIMYHBIX CTETEHSIX OKMCJICHUS, BO3MOXKHO OMNpeneeHUe MX BaJ€HTHBIX
COCTOSIHUII C MCITOIb30BaHKEM CIleKTpodoTomMeTpuu B YD, BUIUMON 1 OJIMXK-
Heil MK obnactsax. OnHaKO 3TOT METOJ MPUMEHSIETCS B OOJIbllIel CTeneH! IS
HCCIIeI0BaHUST KUCIIBIX PACTBOPOB. M3-3a HM3KOI YYBCTBUTEJIbHOCTH CIIEKTPO-
doromerpuu (He Huxke 1075 M) 5TOT METO/ HENPUTOIEH JIJIS OIIPENEIEHUS Pa-
OVOHYKJIIMIOB B TIPUPOIHBIX BOJAX, OMHAKO MOXKET OBbITh MCIIOJb30BaH
B MOJICJIbHBIX OKCIIEpUMEHTaX, HalpruMep ISl UCCeNOBaHUS KOMITJIEKCoo0pa-
3oBaHust Np(V) B IpUPOIHBIX BOAAX B IPUCYTCTBUU TYMUHOBBIX KUCIOT [25].

MeTombl 1a3epHOI CIEKTPOMETPUHU, BKITIOUAS JIa3ePHYIO CIIEKTPOCKOTINIO
teroBbiXx JUH3 (JICTJI), nmazepHylo (HOTOAKyCTUUECKYIO CIEKTPOCKOIUIO
(JI®AC) u nazepHy10 (GIyopecleHTHYIO CIIEKTPOCKOITHMIO C BPeMEHHBIM pa3pele-
HueM (JIOCBP), no3BossioT MPOBOAUTH OIpe/eneHus Ha ypoBHe 1076—1078 M,
YTO, OIHAKO, CYIIECTBEHHO BBIIIE MPUPOIHBIX KOHLIEHTPALM OOJBIIIMHCTBA
paguonyknunoB. Tak, JIOCBP ucnonb3yercst ajisg NpsIMOTo onpeneyieHus: Qu-
3UKO-XUMHUUYECKNX (opM ypaHa u Kopus |28, 29].

12.4. PEHTTEHOBCKHMWE METO/IbI U3YYEHUA
®OPM PAIMOHYKINAOB

Hns onpeneneHus: GU3MKO-XUMUYECKUX (POPM pamMOHYKIUIOB HAUOO I b-
11ee pacrpocTpaHEeHUE MOJTYYMIM METOIbl PEHTIEHOBCKOW aOCOPOLIMOHHON U
(byopeclLieHTHOI CIEKTPOCKOIMU, a TaKXkKe PEHTIeHOAJIEKTPOHHOM CIMEeKTPO-
CKOMUM. DTU METOIbl (DaKTUUYECKHU SIBISIIOTCS €AMHCTBEHHBIMU CIIEKTPaIbHbI-
MM METOIaMM HCCIeAoBaHUS (DU3UKO-XMMUUYECKUX (DOPM PaaMOHYKIMIOB HA
MOBEPXHOCTU MUHEPAIOB U MOYB. [IprMeHeHe UCTOYHUKOB CUHXPOTPOHHOTO
U3TYYeHHUsI TMO3BOJWIO CYLIECTBEHHO IOBBICUTH YYBCTBUTEIbHOCTb AAHHBIX
meTomoB [30].

PentreHoBckasi a0copOIMOHHAS CIIEKTPOMETPHS OCHOBaHA Ha M3MEpPEHUU
Koo pulIMeHTa MOMIOLIEeHUs PEHTIeHOBCKOTO U3IydYeHus (i) OT 3Hepruu ¢o-
TOHOB. [Ipu yBeIMYEeHUN SHEPIUU PEHTIEHOBCKMX KBAHTOB HAOII0IACTCSI MO-
HOTOHHOE CHUXeHHE Ko3(hGhUIIMeHTa MOJOIIEHUS BIIOTh 10 PE30OHAHCHOTO
MOIJIOLIEHUS, TPU KOTOPOM OH CKauKOOOpa3HO YBEIMUYUBAeTCs. 3aBUCUMOCTh
Koa(puLIMeHTa IIOIIOLIEHUSI OT 3HEPIrMM PEHTIEHOBCKMX KBAHTOB BOJIM3U
Kpasi TorJiouIeHusT 00J1a1aeT TOHKOW CTPYKTypoii. BhIIesiioT okoI0KpaeByio,
WIN OJVKHIOW, TOHKYIO CTPYKTYPY Kpasi TOJOChl PEHTTEHOBCKOIO TOIJIOLIE-
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Hus (obaactb XANES, X-ray absorption near edge structure) v AaJbHIOI0 TOH-
KYIO CTPYKTYpPY Kpasl IOJI0CHl peHTTeHOBCKOro noryouieHus (oomacte EXAFS,
extended X-ray absorption fine structure). Ha pucynke 12.5 mpeacrapieH
CITEKTP PEHTTEHOBCKOTO TTOTJIOIICHMS, T¢ BhIIEJICHBl YKa3aHHbIe 00JIacTH.

XANES

EXAFS

> -

E

Puc. 12.5. Yyactok crniekTpa peHTIeHOBCKOIO IOTJIOIIECHUS
(BoLneniensl oonactu XANES u EXAFS)

Oo6macte XANES coctouT m3 COBOKYITHOCTH PE€30HAHCHBIX ITOJIOC, COOT-
BETCTBYIOILIMX DJIEKTPOHHBIM IePEeXoJaM ¢ OCHOBHOTO YPOBHSI Ha BAaKaHTHbIE
BIUTIOTH 00 moHm3aunu. Oonacte EXAFS xapakrepusyercs paccestHueM (hoTo-
BJIEKTPOHOB Ha aTOMaX OJIMZKAMIIIETO OKPY>KEHMSI.

Metoapt XANES u EXAFS cnekTpocKornuu MO3BOJISIIOT MCCIeA0BaTh
BJIEKTPOHHOE CTPOEHUE BelleCcTBa (OMpeAeIuTh BaJEHTHOCTh aTOMa) W MOIy-
YUTh WHGOPMALIAIO O €T0 JIOKAJIBHOM OKPYXKeHUHU (KOOPAMHAIIMOHHbBIE YMCIa,
MEKaTOMHBIE PACCTOSIHMSI) COOTBETCTBEHHO. B Tabnuie 12.2 mpuBeneHbl 2HeP-
TMA Kpasi PEHTTeHOBCKOTO MOIJIOIIEHUS HEKOTOPBIX PaguoOHYKIMAoB [31],
omnpenensieMblx MeTogoM EXAFS cnekrpockonum.

Tabauya 12.2
DHepruM Kpasi PEHTreHOBCKOro MOIJIOMIEHHSI HEKOTOPBIX PAIMOHYKIIHIOB,
ucnob3yemoix B EXAFS cnekrpockonuu

DjeMeHT OHeprus, 3B (kpaii) DjeMeHT DHeprusi, 3B (kpaii)
Sr 16 105 (K) Eu 8052 (L)

Zr 17 998 (K) Th 16 300 (L)

Tc 21 004 (K) Pa 16 733 (L)

Cs 35985 (K) U 17 166 (L)

Bi 13 419 (Lyy) Np 17 606 (L)

Po 13 814 (L) Pu 18 053 (L)

Ra 15 444 (L)) Am 18 504 (L)
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XANES n EXAFS cnekTpockomnusi ObUla MCIIOJb30BaHA AJISI U3yYEHUsI
(bU3UKO-XMMHUUYECKOI0 COCTOSIHUSI ypaHa, COPOMPOBAHHOIO Ha MOBEPXHOCTU
retuta (a-FeOOH), nennnoxkpokura (y-FeOOH) n myckosura (K,O - 3Al,05 x
x 6Si0, - H,0) [32]. [TonyyeHHbIE CIIEKTPBI MPUBEAEHBI Ha puc. 12.6.

Bo3MoXXHOCTE ompeneneHus CTelIeHN OKUCIEHUST paIuoHyKIUAa 0 JaH-
HbeiIM XANES cnekTpockonuyu OCHOBaHa Ha HE3HAYUTEJbHOM W3MEHEHUU
SHEPTUs Kpask PpEHTTeHOBCKOTO TTOTJIONIEHWST OT BAJICHTHOCTH PaIMOHYKIIHMIA.
B pabote Konpancona ¢ coaBropamu [33] nmpuBeneHbl 3HaU€HUSI SHEPTUil Kpast
pentreHoBckoro norjoueHus 1 XANES cniektpsl wist uonos Pu(Ill), Pu(IV),
Pu(V) u Pu(VI) B BogHoMm pactBope (puc. 12.7).

PentrenoBckasi ¢piyopecueHTHasi CIEKTPOCKONUsA OCHOBAaHA Ha perucTpa-
LIMM BTOPUYHOTO M3YYEHMUS, BOSHUKAIOIIETO MPU MOMIOLIEHUH TEePBUYHOTO
PEHTIEeHOBCKOTO U3ydyeHusl. PeHTreHohayopeceHTHBIN CIIEKTP MPEeACTaBIIsIeT
c000i1 Habop XapaKTepUCTUUECKUX JTUHUI, OTBEYAIOLINX DJEKTPOHHBIM Tepe-
XOJaM C 3aloJIHEHHBIX YPOBHE Ha BakaHTHbIE. [10J0XXeHUsT PEHTIeHOBCKUX
JIMHUI B CIIEKTPE 3aBUCST OT CTENEHU OKUCIECHUST U KOOPAMHALIMOHHOIO OKpY-
JKEHUS U3JTyJalollero aTomMa, 4YTo mo3BoJjsieT UCIOJIb30BaTh 3TOT METO HapsILy
C MeToJaMU PEHTIeHOBCKOU abcopOLuy U (hOTOINIEKTPOHHOM CIEKTPOCKOMUU
JUTSL onpeneseHus pU3nKo-XMMHUYECKUX (OpM Ha MOBEPXHOCTU MUHEPATIOB U
nouB [34, 35]. Ha pucynke 12.8 mpuBeaeHbl 3aBUCUMOCTHA XUMUUECKUX CIABU-
roB L-JMHUI ypaHa OT COAepXKaHUsI KUCIOPOAa B €ro OKCHUIAX.

PentrenoBckast ¢orosnexkrponnas cnekrpockomusa (PPOC) wm sexr-
pOHHAas CIIEKTPOCKOIHS IS XMMUUECKOTO aHaJIN3a OCHOBaHA Ha perucTpalu
5JIEKTPOHOB, BbIOMBaeMbIX M3 oOpa3lia PEHTTEHOBCKUM U3ydyeHuem. MeTon
P®BC no3BossieT TPOBOIUTH KOJIMUECTBEHHBIM XUMUIECKUI aHAIN3 TTOBEPX-
HocTH. [TomoxkeHWs TMHUI B CIIEKTPE COOTBETCTBYIOT SHEPTUSIM CBSI3U 3JIEKTPO-
HOB, YTO HeCeT MH(MOPMAIIUIO O CTPOSHUHN BAJIEHTHOM 30HBI M COOTBETCTBEHHO

25 7 5,51
BogHbi pactBop UO,(NQO,),
c
s 5,0
201 = U+
g 451 reTuT
© =
g 15 I 401
= @®
E 10 g 35 vo,
= =
< 8 3,01
5 2
92 251
Oo 2 ‘i é/ﬁ/\é/_\/ 2,0 T T T T T T T
. 0 20 40 60 80 100 120
¢ r(A) 6 OHeprus, aB

Puc. 12.6. ®ypre-npeodpazoBanHbiii EXAFS criekTp ypaHa Ha MOBEpXHOCTHU
reruta (@) 1 XANES cnexkrpbl coenuHeHuit ypaHa (6) [32]
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Puc. 12.7. XANES cnexTpbl IJIyTOHUSI B PA3IUUHbIX CTEMEHIX OKUCAeHUs (@) U 3aBU-
CUMOCTb HEPIMU Kpasi PEHTT€HOBCKOT'O MOIJIOUIEHUST OT BJIGHTHOCTU TUTyTOHUSI (0)
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Puc. 12.8. 3aBucMMOCTb XMMUYECKOTO CIBUTA B PEHTTEHOBCKUX L-JTMHUSIX ypaHa
ot uHaekca x B coenunennsx UO, , . (I — Ly, 2— Ly, 3 — L, 4 — Ly [35]

al’

XUMMUYECKOM COCTOSIHUHU 371eMeHTOB [36]. Tetepun n I'arapun [37] uccienoBa-
mu B POOC criekTpax MHOIMX COEIMHEHUIA TOHKYIO CTPYKTYpPY, KOTOpast 00y-
cJIoBJIeHa 00pa30BaHMEM BHYTPEHHMX BaJEHTHBIX MOJICKYJISIPHBIX OpOUTAJICA.
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13. AHAJIN3 OBBLEKTOB OKPYXAIOIIEN CPEJIbBI

JlaHHas rJiaBa MOCBSIILIEHA OMpPENesIeHUI0 HEKOTOPBIX PaaMOHYKIWIOB B
IPUPOIHBIX 00bekTax. CHavama paccMaTpUBAIOTCS MIPUPOMHBIE PATNMOHYKIN-
Jbl (KOCMOTEHHbIE U HEKOTOPBIE YJIEHBI €CTECTBEHHBIX PSIIOB), 3aTeM UCKYCCT-
BeHHble. Oco0oe BHMMaHUE YAENsIeTCsl PaIMOHYKIMAAM, TOTeHIMATbHO
OITaCHBIM 15 uenoBeka (ue3nii- 137, crponunii-90, akTMHUAKI, paguii, pagoH),
a TakXe TPEeACTaB/SIOIIMM UHTEPEC B KaueCTBEe TPAcCEPOB /Il UCCIeN0BaHUS
OKpyxXKatolei cpennl (0epumnuii-7, yriepon-14, docdop-32, ceunen-210, To-
puii-234 u 1. 1.)

13.1. VIVIEPO/I-14

Vraepon-14 obpa3dyeTcss B BepXHUX CJIOSIX aTMocgepbl Mo IeiiCTBUEM
KOCMUYECKUX JIy4eii, B 0CHOBHOM 110 peakuuu “N(p,n)!4C. B 1946 r. JIu66u
MPEITIOXUI METOJ, TIO3BOJISIOLINI OMPeaessaTh BO3PACT TeOJOTHIYECKUX U ap-
X€O0JIOTMYECKUX OOBEKTOB 10 COOTHOLIEHUIO U30TONOB yriaepoaa 4C/12C (pa-
JUOYTJIEPOAHBINA METOI HaTUPOBaHUs, cM. pasi. 3.2.1). YienbHast aKkTUBHOCTD
yriaepona, oOycloBlIeHHas KocMoreHHbM !4C, coctapiaseTr mpumepHo 13,5
aKTOB pacriaga B MUHYTY Ha 1 T yriaepoma. Pagmoyriepon sBIsSIeTCS HU3KO-
SHEPreTUYECKUM P-u3ydaTesieM (Eﬁ max = 136,5 K3B), mosromy 11 onpene-
JIEHUs ero aKTUBHOCTU MCHOJIb3YIOT Ta30Bble MPOMOPLMOHATbHBIE CUCTUYNKU
BHYTPEHHETO HAIOJHEHMST WM XUAKOCTHO-CUMHTWIISLIMOHHYIO armnapaTy-
py. B xaxxaom mertoae yriaepon, coaepxkaliuiica B oopasie, HeOOXoauMo Tie-
peBecTH B MOIXOIAIIYI0 XUMHUUYecKylo ¢opmy. Ilpu wHcroab30BaHUM
MPOIMOPLIMOHAIBHBIX CUETUMKOB TaKUMU (OpMaMU SIBASIOTCS YIJEKUCIbII
raz uim MetaH. 2KMIKOCTHO-CUMHTUUISILIMOHHBIM METOJ UMeeT PSII CYLIECT-
BEHHBIX NpeuMyLIecTB npu omnpeneaeHun 4C (cm. pasa. 11.5). TIpu Takom
MoaxoAe, Kak MpaBUJIO, CUHTE3UPYIOT OEH30J, 3aTeM B HEro ao00aBisIiOT
CLUMHTWUIMPYIOIIME 100aBKU U OMpPenessioT paiuoakTUBHOCTh. CxeMa CUH-
Te3a OEH30J1a BKJIIOYAET MoJydyeHre KapOuaa JUTUS U alleThiieHa. 3aKIoum-
TEJbHOU CTagueil SBISIeTCS TpUMepU3alus aleTWIeHa C MPUMEHEHUEM
karanusatopa V,0s. OCHOBHOI HEJOCTaTOK YKa3aHHbIX METONOB — OTHOCH-
TEJbHO BbICOKAss MMHMMAJbHO OTNpeaesseMass aKTUMBHOCTb, OTrpaHUYeHHas
(boHOM M CTaOMIBLHOCTBIO PAOOThl paaAMOMETPUYECKOI anmnapatypbl. Pesynb-
TaTbl OMpeNeSeHUsI Bo3pacTa MOIYT OBbITh MCKaXEHbl 3a CUET 3arps3HEHUs
MpoObl COBPEMEHHBIM YIJIEPOAOM.
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B 1977 1. GbLIO BIEpBbIE BHITOAHEHO onpeneieHne 4C MeToIOM yCKOpH-
TeJIbHON Macc-CIeKTpOMeTpUU. B Hacrosiilee BpeMsi 3TOT METOJ CTaHOBUTCS
OCHOBHBIM B MUPOBOIi mpakTuke [1, 2]. OH obnamaeT cyliecTBeHHO OOJblieit
TOYHOCTBIO IO CPAaBHEHUIO C PAAMOMETPUUYECKHMMU M TO3BOJISIET OIpPEaessiTh
Bo3pacT B npeaenax 55 000 get. Kpome Toro Macc-cneKTpoMeTpuyecKue ycra-
HOBKHM MOTYT paboTaTh B aBTOMaTUYECKOM PEXHUMeE U 00JIaJaloT CYLIECTBEHHO
OosblIeil mpou3BoAUTEIbHOCTRIO (10 15 000 oGpasuoB B rom). JIas1 aHanu3a
metonoM YMC tpebyeTcst Bcero auiib 20 MKT yriiepona, Toraa Kak s paauo-
METPUUYECKHX METOAOB HEOOXOAMMbl KOJIMYECTBA aHATU3UMPYEMOIo BellleCTBa
OT NeCSThIX H0Jeil rpaMma U 6osiee. MUHUMAJIbHOE NETEKTUPYEMOE METOIOM
YMC conepxanue 4C cocrasusger 2 - 104 aToMOB Ha ITPoOOY, YTO COOTBETCTBYET
M30TOIHOMY cooTHoweHuto 4C/12C § - 10716,

13.2. BEPUWLJIN-7

bepunnuii-7 obpasyercst B atMocdepe Mo AeCTBUEM KOCMMYECKMX JIy-
Yyeil. DTOT pamloOHYKINA, SBISCTCS BaKHEUIIMM TPacCepOM, TO3BOJISIONINM HC-
CJIeloBaTh MHOTHE TTPOIIECCHI, TIPOTEeKAloIIe B OKpyKarolei cpene. beprmmii-7
OIPEIEC/IAIOT METOJOM TaMMa-CIIeKTpoMeTpyy T1o uHnu 477,6 koB. Onpenene-
HUe Gepuiumsa-7 B aTMOC(EPHBIX BBIMAICHUSX HE TIPEICTABISICT CIOXKHOCTH,
IIJIsl aHaIM3a JOCTAaTOYHO YIIapUTh IPpo0y 00bEMOM B HECKOJILKO JUTPOB. [1pn
aHaJIN3¢ MOPCKOM BOIBI HEOOXOIMMO 0oJiee CIIOKHOE TTpeaBapUTEeIbHOE KOH-
neHTpupoBanue. Tak, Cunkep [3] mcrmonb3oBaa cOpOCHT Ha OCHOBE OKCHIA
amoMUHUS. DPdeKTUBHOCTL copbrmn coctaBmwia 70% Tipu CKOPOCTH ITOTOKA
35 1/muH. B Tabnuue 13.1 npuBeaeHbI NpUMepbl, WUTIOCTPUPYIOLIUE TUITAY-
HOe cofepskaHWe OepuiUIisI-7 B HEKOTOPBIX O0BEKTaX OKPYXKAIOIIEH Cpelbl.

Ha puc. 13.1. npuBeaeH raMma-cIeKTp MpoObl cHera, 0TOOpaHHOTO B Ha-
yaje anpesist 2002 1. B ryoe Uyna B benom Mope. KoHlieHTpupoBaHue Oepu-
JIUsI-7 MPOBOAMIOCH TyTeM yIapuBaHUs MTPOObI Jocyxa, o0beM mpoosl 15 .

Tabauya 13.1
Copnepxanne 'Be B HEKOTOPBIX 00bEKTAX OKPYXKAIOIIEH cpebl

OOGbeKT O6beM TIPOGHI Meron KoHueHT- Conepxanue 'Be Hcros-
PUpPOBaHUs HUK

Armocdepuble | 1800 M3 Bosayxa | [Ipoxauusanue | 1,1—3,0 mbx/M® | [4]

a’po30J11, yepe3 GUWIbTP

Eruner

Mopckas Boga, |2—4 m3 Copbuus Ha 13,7 Bx/m3 [3]

ATtnanTnka Al, O,

CHer, 12—15 n tanoro | YmapuBaHue 2,8—2,9 bk/n JlanHbIe

besoe mope cHera aBTOPOB

HoxneBast Boja, CoocaxnaeHue 0,9—-9 bx/n [5]

IBeiitapus ¢ Fe(OH),
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Puc. 13.1. 'amma-cnekTp npo6Onl cHera, otoopanHoi 7.04.2002 B I'yoe Yymna,
benoe mope (Bpemst uamepeHuss — 100 MuH)

13.3. ®OCPOP-32 u POCPOP-33

I1epBasg padota no omnpeneneHnio ¢pocdopa-32 B MOPCKOI Boje Oblia BbI-
nojHeHa MepkyioBbiM, CarmoskHIKOBEIM 1 HecmestHOBEIM B 1980 T. [6]. Poc-
¢op-32 onpenensum B npodax Boabl oobeMoM 50—100 1 ¢ ucnoab3oBaHMEM
opTodocdara B KauecTtBe Hocutesst. Docdop ocaxganu B Buae docdara mar-
HUSI—aMMOHMSI, 3aTeM Tepeocaxkaaau IBaXabl — B Buae ochomMoandaara am-
MOHUA 1 ¢ocdaTa MarHUS-aMMOHUS. BBIXom oIpemessui 1Mo CTaOMILHOMY
HOCUTEIIO, KOTOPBIN H00ABIISUICS B KOJWYECTBE Ha JIBa TOPSIAKA TIPEBHIIIAIO-
IIeM BO3MOXHOE coiepKaHWe B MOpPCKOWl Bome. M3aMmepeHuUe B-aKTUBHOCTH
docdopa-32 nmpopoamim Ha ycraHoBKe YM®D-1500 ¢ LieHTpajbHBIM rasopas-
psaaabiM getektopoM CTC-5 ¢ akTMBHOI 3alIMTONM, BKIIIOYAIOIIEH CYETUYMKU
CTC-6. ®oH ycraHoBku coctasisut 0,8 umi./MuH, 3¢ (PeKTUBHOCTD perucTpa-
mun — 18%. Uznyuenne docdopa-33 nmpu 3ToM MpaKTUYECKU HE PETUCTPUPO-
BaJIOCh, TaK KaK UCITyCKaeMble UM B-4aCTULIBI OTHOCUTEIbHO HU3KOM DHEPTUUN
(249 x»B) moryomaNMCch CTEHKaAMU CUYeTYMKA. PagmoXuMmyecKyo YMCTOTy pa-
JUOHYKJIMIA ONpeaelisiii Mo KpUBLIM pacnaga. HegoctaTok 1mogoOGHOro Imoji-
X0Jla — 3aBUCUMOCTb 3(D(PEKTUBHOCTU PETUCTPALIMU OT TOJIIMHBI IIpernaparTa.

benutec-Henbcon u broccenep [7] pa3paboTaiu METOAMKY OIIpeaesIeHUS
KOCMOT€HHBIX 130TOIOB 32P 1 33P B 10XXI€BOI U MOPCKOI BOJE C UCITOJIb30Ba-
HueM KC uzMepeHus: paaroaKTUBHOCTU. JIJ1s1 TIpeaBapUTEeIbHOTO KOHLIEHTPU-
pOBaHUSI aBTOPBI MPUMEHSIM COPOEHT COOCTBEHHOU pa3pabOTKuM Ha OCHOBE
TUAPOKCUIA XKeje3a. PaguoXMMMYecKyl0 OYMCTKY MPOBOAWIN OCAXKIACHUEM
¢ocdopa B Buge dochomonudbaara aMMoHus1 U pocdara MarHusI—aMMOHUSI,
a Takxke aHMOHOOOMeHHOI xpomaTtorpagueit. OcHoBHOe IpeumyllecTBo 2KC
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CIIEKTPOMETPUN — BBICOKast 3(PPeKTMBHOCTD perncTpanmuu B-yactui (>50%
JUIS HU3KO3HepreTuueckoro 33P). MeTo Mo3BosseT onpenensaTh 00a U30Tona
M3 CYMMapHOro CIeKTpa pa3fejieHueM SHEPreTMUYeCcKON IIKaJlbl Ha JBa OKHa:
10—90 k3B s 3P u 90—1700 k3B s 32P.

13.4. PAINN

B npupone BcTpedaroTcss M30TOMNBI paadsl ¢ MAacCOBBIMU 4uciaaMu 226
(T\p= 1620 net), 228 (Ty,= 5,75 ner), 224 (T, =3 ,6 cyr), 223 (Ty, = 1L4cyn).
Bce 3Tu M30TOMBI TIPEACTABISIOT MHTEPEC KaK Tpaccephl IUIST U3YUYEHUS TPO-
1IeCCOB, TIpoTeKamIuX B ruapocdepe. Kpome Toro, m1oarokuByliye U30TOIBI
pamus MOTeHUMAIBHO OTIACHBI JUISI OpraHM3Ma, MOCKOJIbKY CITOCOOHBI HaKarl-
nuBaThes B KocTsax. ComepxaHue pannusi-226 B MPUPOIHBIX BOJAX MOXET OBITh
3HauUTeNbHBIM. Tak, B rpyHTOBBIX Bogax B LlIsenuu aktuBHOCTH 226Ra noctu-
raet 2,5 bk/n [8].

Panmnii-226, -224 v -223 MOXHO OIpeAesisiTh PETUCTPUPYS o.-YaCTULIBI, pa-
Iuii-228 SBIsSIETCS HU3KOIHEPreTUIECKUM B-U3JTydaTesieM, OObIUHO €ro orpe-
JENAIOT, PETUCTPUPYS B-4aCTULILI J0YEPHETO aKTUHUA-228 (T n= 6,14 4).

13.4.1. PAJINI1-226

Panuii-226  onpenessiior, PperucTpupysl o-4acTHIbl WJIM  y-KBAHTbI
(E=186 k3B (3,3%)). Bo3MOXHO TakXe KOCBEHHOE OIIpele/ICHUE 10 PagoHy
WA KOPOTKOXUBYIIMM IIPOAYKTaM €To pacrama. B TpUpOmHBIX Bomax pa-
Inii-226 4acTo OIpPenessiioT IO PagOHy, SKCTPAarvupysl MOCACIHUN XKUIKAMM
CUMHTUJUIATOPAMHU Ha OCHOBE HETIOJSIPHBIX pacTBopuTesieil. [1pumeHeHmne Xum-
KOCTHO-CHUMHTUJUISILIMOHHBIX YCTAaHOBOK, OCHAIIEHHBIX CXEMOU o,B-AUCKPH-
MUWHAIIMY, TTO3BOJISIET IOHU3UTh MUHUMAIbHYIO TeTEKTUPYEMYIO aKTUBHOCTD.
Bo3MmoxHO mpenBapuTeIbHOE KOHLEHTPUPOBAHUE paausl METOIOM MOHOO00-
MEHHOII xpomartorpaduy WU COOCaXIeHHEM C cylbdaTroMm Oapus. Ocamok
MOXHO pacTBopuTh B DA TA 1 pacTBOp cMmellaTh C KUAKUM CUUHTUIUISITOPOM.
Wcnonb3oBann Takke SKCTPArupyoIIMil XXKUIKAN CIUHTWIIATOP, COmepKa-
WM auuukKiIorekcaHo-21-kpayH-7 [9]. OnuvcaHbl METOIbl, OCHOBaHHbBIE Ha
BBITECHEHUM pajoHa IyTeM MPOAYyBaHMS BO3Myxa yepe3 Mpoody BOAbI. 3aTeM pa-
JIOH OIpEeACISUIN, PETUCTPUPYS oi-4aCTHULIbI ¢ MOMOIIbIO MOHU3ALMOHHOM Ka-
Mepbl BHyTpeHHero HanonHeHwus [8]. Ipeaen obHapyxeHus coctaBui 45 mbk/n
NnpH §-4aCOBOM U3MEPEHUM.

Anb-Macpu u biak6epH [10] npeasoXuiu MeTofd, MO3BOJISIIOLIUIA Onpeae-
JIATh OMHOBPEMEHHO J1Ba u3otona (226Ra u 228Ra) 1o 4epeHKOBCKOMY U3ITyYEHHUIO.
Panuit KOHUEHTPUPOBAIM U OTACISUIM OT CBUHLA ABYKPATHBIM MEPEOCAKICHUEM
¢ cynbdaTroM 6apusi. XMUMHUECKUI BBIXO OMpeaessiii rpaBumMeTpudecku. Oca-
oK pactBopsuiv B DJITA u nuaMepsisiu CKOPOCThb cueTa YePeHKOBCKOIo U3jyye-
Huda [; yepe3 25 CyTOK mocie ocaxIeHHUs. DTa CKOPOCTb CYeTa 00yCIOBIEHA
PaBHOBECHOM aKTUBHOCTBIO 228Ac, 214Pb u 214Bi. 3aTeM npoBOAMIN ITEPEOCAK-
neHue cyiabdaTa 6apusi—panus (Mpu 3TOM OTAESIOTCS HAKOTMBILIMECS 10Yep-
HUE MPOAYKTbl) M MOBTOPHOE H3MEpPEHME CKOPOCTH CYeTa YEePEeHKOBCKOTO
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Puc. 13.2. OTHOCUTE/IBbHAS CKOPOCTh CU€Ta M30TOIOB paausi
(perucTpupyeTcst YepeHKOBCKOe M3JyIeHHE TPOIYKTOB pacraja)

nsnydyeHust [, yepes 2 cyTok rnocsie ocaxaeHusl. B aTom ciyyae akTUBHOCTb
228 A¢ ycrieBaeT JOCTUYb PABHOBECHOTO 3HAYEHMSI, TOraa Kak npouis 214Bi u 214Pb
cocTrasisieT Juib 0KoJ1o 30% ot MmakcumanbsHoi (puc. 13.2). ITo pasHoctu /) —
1, MOXHO OIpeNeIUTh PaANOAKTUBHOCTh 00OMX M30TONOB paausd. Panuii-224
He MelllaeT OoIpelesIeHNIO, TaK KaK YCIeBaeT pacriacThCs IO TTepBOro u3Mepe-
HUA. DPOEeKTUBHOCTh PETUCTPALIMA MOXKHO OITPENCIINUTh, U3MEPSIsT CKOPOCTh
cyeTa CTaHZApTHBIX pacTBopoB 226Ra u 228Ra.

Pannii-226 MOXHO OINpeneisTh raMMa-CIIeKTPOMETPUYECKH T10 JIMHUSM
226Ra (186 k3B), 214Pb (351,9 k3B) mmm 214Bi (609,3 k3B). MeTton o61a1aeT MeHb-
LIei IYyBCTBUTEILHOCTBIO M OOBIYHO TIPUMEHSIETCS IIJIST P00 TTOYB, TOPHBIX ITO-
poII, TOHHBIX OTJIOKeHW . [1pu omnpeneeHUN pagus IO JOUYESPHUM MPOAYKTAM
Mpo0y cieayeT BbIIEpKaTh B TepMETHMYHOM KOHTEHepe OKOJIO IBYX HeEIeNb
JUIS1 YCTAHOBJIEHUSI PABHOBECHS MEXY PAAMEM U NPOAYKTAMU PACIaLa pajoHa.
ConepxaHue paansl B TIPUPOIHBIX BOJAX MOXKET ObITh CPABHUTEIHLHO HEOOIb-
LM, TTO3TOMY JJIsI TaMMa-CIIEKTPOMETPHYECKOTrO OIpeneicHusT TpedyeTcs
MpeaBapuTeIbHOe KOHLEeHTpupoBaHue w3 10 J1, HampuMmep CoocCakKiaeHUEeM
C IMOKCUIOM Mapranua [8].

13.4.2. PAIN1-228

Panuii-228 onpenensitor raMmma-CcrekTpOMETPUUECKHU, PErMCTPUPYST y-KBaH-
ThI oyepHero 228Ac (E = 911,1; 969,1 k3B). Bosee yyBCcTBUTEIbHBIE METOBI
OCHOBaHBI Ha PETMCTPALINN PB-yacTull 228Ac, KOTOPBIN OTAENSIOT OT MAaTePUH-
CKOTO PaIMOHYKIIMIA C TTOMOIIBI0 KCTPAKIIMU MM SKCTPAKIIMOHHON Xpoma-
Torpaduu.

bapHerTroMm ¢ coaBTopamu [11] npemsioxkeH MeTo ornpeaesieHust paausi-228,
OCHOBaHHBIM Ha 3KCTPAKIIMOHHO-XpOMAaTOTpapmIecKoM pas3mesieHu paaust u
akTuHUs ¢ noMolubio JI20T'DK nimm pactBopa CMPO B Th®. Paauit KoHLIeH-
TpUPOBAIM U3 IIpo0 00beMOM 1—2 71 coocaxiaeHWeM C cyabdaroMm Oapus
(30 Mr Ba), ucnonb3ysa B KauecTBe MeTKM 133Ba; 3aTeM ocagok INepeBoavIn
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B KapOOHAaT 1 pacTBOPSIIM B a30THOM KucioTe. [1penapat BblIep>KMBaIu HE MEHee
30 u st HakoruieHus 228Ac. KooHKy, 3aMoHEHHYIO SKCTPaKLIMOHHO-XPOMATOT -
pacpuyeckum copoeHToM Ha ocHoBe CMPO (TRU Spec), mpombIBaiu a30THOM
KHCJIOTOM, 3aTeM MPOITyCcKalud pacTBOP MpoOkI, ocjie cHoBa npoMbiBasin 0,5 M
A30THOM KUCIOTOM M5 yaajaeHus1 6apusi, CBUHLA, CTPOHLIMS U APYTUX MeIlalo-
LIMUX 2JIEMEHTOB. AKTMHMI cMbIBaiu 3 M COJISIHON KUCIOTOM, MpU 3TOM BUC-
MYT, UTTPUA W TOPUI OCTaBaluMCh Ha KOJIOHKE. BO3MOXHO mNpuMeHeHUe
copbenTa Ha ocHoBe JI2BT' DK (Ln Spec). [Ipemapar it n3MepeHns] aKTUBHOCTH
TOTOBWIM YIapyMBaHWEM PACcTBOpa WIM COOCAXKICHWEM C TPUMTOPUIOM LIEPUSI.
PanuoakTuBHOCTH akTMHMS-228 Mepuiu B TedeHue 30 MUH Ha HU3KO(OHOBOM
B-cuetunke ¢ doHom 1,0 mMmIL./MUH. XuMudecKuit Berxon coctaBmit 80% (1o
Oapmio), mpenen aerekTupoBaHusi — okojio 0,07 bk npu oobeMe mpoOnI 2 1.
Ocoboe BHHMMaHUE CJeayeT yaeJsTh OUMCTKE OT CBMHIA-212, MOCKOJbKY OH
nMeeT repron monypacnana 10,64 4, 61u3Kuit K IMeproay Iorypacrana akKTh-
Hus. [1pu y-crieKTpoMeTpryecKoM ornpeaeneHnn 228Ac no munun 911 k3B nipe-
nen gereKrrupoBaHust coctaBui Te ke 0,07 Bk mpu 6-4acoBOil 3KCHO3ULIMU.
Coo01uanock 00 onpeaeacHUM panus-228 u paausi-226 B S-IUTPOBBIX IIPpobax
MOpPCKOM BOjibI, 0TOOpaHHbIX B beHranbckom 3anuse [12]. [Tpobbl ynapuBaiu
10 10% obbema, 3aTeM BBIACPKUBAIM 25 CYTOK JIUISI YCTAaHOBJICHHST PaBHOBECHSI
U PETUCTPUPOBAIUA Y-KBAHTBHI C MOMOLIBIO IOJIYIIPOBOIHUKOBOIO JETEKTOPA B
teyeHue 14—22 4. AktuBHOCTb 228Ra MeHsutach B nipenenax 3,0—7,6 MBk/i1, o1-
HOCUTEIBHOE CTAaHAAPTHOE OTKJIOHEHUE COCTaBIsANIo ~50%. AkTuBHOCTL 220Ra
Kojebanach B npeaenax ot 5,4+2,4 no 29,0 + 8,3 mbxk/n.

13.5. PAIOH 1 KOPOTKOXHUBYIIUE ITPOAYKTbI ETO PACIIAJIA

OnpenesieHWe pagoHa B OKpyXKalollleil cpele MMeeT MepBOCTEIeHHOe 3HA-
YyeHue, MOCKOJIbKY UMEHHO 3TOT PaIMOHYKIIM 00ecreunuBaeT 00jiee MOJOBUHbI
BCell 030BOI HArpy3Ku Ha OpraHu3M uyesioBeka. Kak rpaBujio, pagoH omnpeje-
JISIIOT KOCBEHHO, 10 KOPOTKOXUBYILIMM MTPOAYKTaM ero pacrnaga. B atMmochepe
KITPP ObicTpo 3axBaThbIBAlOTCS a3pO30JbHBIMM YacTULAMU, IMO3TOMY sl
OIpeesIicH!s pagoHa BO3MyX IpomnycKaioT yepe3 GuiabTp. AKTuBHOCTHL KITPP
OIIPENEIITIOT METOIAMHM Y-CIEKTPOMETPUHU, ¢.-CIIEKTPOMETPUM WIIN XKHUIKOCT-
HO-CUMHTUJUISILIMOHHOTO cYeTa. B KauecTBe mpumepa MOKHO TTPUBECTH METO-
JMKY, TO3BOJISIOILYIO OJHOBPEMEHHO ormpenensath 218Po, 214Pb u 214Bi B
Bo3myxe [13]. Bo3myx mpomyckaioT co ckopoctbio 10—20 j1/MuH yepe3 MeMO-
paHHbIi (paszmep nop <0,8 MKM) WM CTEKJISIHHBIM (DWILTP B T€UEHUE 5 MUH,
3aTeM M3MEPSIIOT OOILIYI0 a-aKTUBHOCTD Tipernapara. [l pacuera akTUBHOCTH
OTIEIbHBIX KOMIIOHEHTOB MCMOJIb3YIOT KOJWYECTBO MMITYJIbCOB /N, 3aperucr-
PUPOBAaHHBIX B MHTepBajax 2—5 MuH, 6—20 muH 1 21—30 MuH:

6247N, o —3028N,_,, +2.857N,, 5,
eQ

0056N, 5 ~0,776N ¢ ,, +L836N, s,
eQ

A(*"* Po) =

A(*'*Pb) =
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~0.832N,  +1,224N_,, ~1,389N,, 5

A" Bi) = )
€

roe ¢ — 3 GEeKTUBHOCTD JETEKTOPa, BEIpaXkKeHHAs B IOJISIX eAUHULBI, O — CKO-
pOCTb TIOTOKA BO3ayXa (J/MUH).

AHAJIOTMYHBIN MTOAXO0I ITpUMeHEeH Diib-XycceliHOM ¢ coaBTopamu [4]. s
onpenenenuss KITPP aspo3onu ynasnusanu B TederHne 30 MUH Ha MEMOpaHHBIX
(punbrpax nuameTpom 25 MM ¢ pazmepom 1nop 1,2 Mkm. CKOpPOCTb MpoKaunBa-
Hus cocTapisia 2 M3/uac. Ab(ha-aKTMBHOCTb ONPENE/ISIA TOBEPXHOCTHO-0aph-
epHBIM JeTekTopoM Tuiomansio 300 Mm2 ¢ addextuBHOCTBIO 17%. Paccrosnne
MexXIy GUJIBTPOM U IETEKTOPOM COCTABIISIIIO 6 MM. AJlb(a-4acTUIIBI PpETUCTPU-
pOBaJIM MO XOMy OTOOpa M Yepe3 IojIJaca Iocje 3aBepIIeHUs MPOKAYMBaHUS
Bo3ayxa. PaspeiieHue criekrpoMmerpa cocrtanisiio 300 k3B, uto ObL10 nocra-
TOYHO 118 pasneieHus nukos 218Po (6,0 MaB) u 214Po (7,8 M»sB). Iepshlii
CIIEKTp MMeJ 006a NMKa, a BO BTOPOM CIIEKTPe HabIoAaics ToIbKo 214Po.

PamoH B IpupoIHBIX Bomax MOXHO orpeaensaTh 2KC MeTomoM, TIpy 3TOM
paZoH SKCTPATUPYETCs ¢ TTOMOIIBIO KUAKNX CIIMHTWIISTOPOB HAa OCHOBE He-
TTOJISIPHBIX PaCTBOPUTEIICH.

13.6. CBUHEII-210 U ITPOAYKTDBI EI'O PACIIAIA

CauHen-210 npencrasisier coO0l paaluOHYKIN YPaHOBOIO psijia, IIMPOKO
MIPUMEHSIEMBIN TSI JaTUPOBAHMUSI MOPCKUX M 03€PHBIX JTOHHBIX OCAKOB, JIEI-
HUKOB, OTpEIeTIeHNUs] CKOPOCTEe COBPEMEHHOTO OCAaAKOHAKOTUIEHUS B TIPH-
OpeXHBbIX U 11eJb(hOBBIX 30HAX.

CauHel-210 onpeaeysitoT HeAeCTPYKTUBHBIM raMMa-CIeKTPOMETPUUYECKUM
METOJIOM, PErMCTPUPYs y-KBAHThI ¢ BHeprueil 46,5 k3B, win KoCBEeHHO — 110
nodyepHuM paaronykiauaaM 210Bi u 210Po. Omnpenenenne no 219Bi npeanourtu-
TeJIbHee, HEXEeJIU IO MOJOHMIO, TTOCKOJbKY PaAOaKTHUBHOE pPABHOBECHE MEXIY
210pp 1 210Bj mocruraercsa ObicTpee. [l YyCTAHOBIEHUS PABHOBECHS MEXILY
210pp i 210Pp B OBEPXHOCTHBIX CJIOSAX JOHHBIX OCAJKOB HEOOXOAUMO XIATh
0oJiee roma mocje oToopa MpoobI.

Bucmyt-210, npoaykt pacnana 219Pb, gBisgercd BHICOKO3HEPIETUYECKUM
B-uznyyarenem, sl perucTpaluM B-4acTUIl KOTOPOTO TMPUMEHSIIOT ra3oBble
MPONOPLUMOHATbHBIE CUETYMKU U KUAKOCTHO-CUMHTUIUISILMOHHYIO ammapary-
py. Unentudpuxanuio 219Bi nmposoadar no nepuony noaypacnana (5 cyr). Takum
00pa3oM, aHaJIM3 JOJIKEH BKJIIOYATh XMMUYECKOE Pa3ie/ieHUME CBUHILIA U BUC-
MyTa. Bo3MOXHBI JBa MOAX0Ja: OTAEACHUE BUCMYTa OT CBUHILIA U OMNpeleeHHue
panuoakTusHocty 210Bi o kpuBoii pacrniaza 1muGo OTAENEHNEe CBUHLA OT BUC-
MmyTa u usmepenue 219Bi B npenapare no mepe HakoruteHus [14]. XuMnueckuii
BBIXOJ] YaCTO OMPEesIIOT M0 CTAOUILHOMY CBUHILY MJIM BUCMYTY, B KaueCTBE
PaIMOaKTUBHBIX METOK BBIXOJAa MOXHO Mcrob3oBath 207Bi, 212Bi u 212Pb [15].
Hs1 pazaeneHusi CBUHLIA U BUCMYTA MCMOJbB3YIOT OCAXIEHUE BUCMYTa Ha HU-
KEJIeBOM JIMCKE, SKCTPAKIMOHHbIE, OCAAUTEbHbIE METObI, MIOHOOOMEHHYIO U
3KCTPaKIIMOHHYIO XxpoMaTorpaduto. B padore Uepua ¢ coaBropamu [16] rmpose-
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JIEHO coIocTaBIeHne MeTonuk onpenenenus 210Pb mo pacrnany u o Hakorie-
Huio 219Bi, a Takxe o 210Po. Pe3ynbTatel, MOJydyeHHbIE PA3IMYHBIMU MTYTAMM,
XOpOUIO COIJIACyIOTCSl MEXIy COOOIA.

ITononHnii-210 onpeaesitoT METOJOM TOJIYITPOBOJIHUKOBON o-CITIEKTPOMET-
puUM TIOCJIE CaMOITPOM3BOJIBHOIO OCaXKIeHUs Ha cepeOpssHoMm aucke [17, 18].
OcaxaeHue BeayT u3 Kuciaoi cpeabl (Hanpumep, 0,1 H HCI), no6asisist Komri-
JIeKCO00pa3oBaTeIM M BOCCTAHOBUTEIN (THAPOKCWIAMUH, IITPaT, aCKOPOMHO-
Basl KUCJI0Ta) [T CBSI3bIBAHUSI MEILIAOIIMX KATUOHOB (B yacTHOCTH, Kejesa(11l)).
IIpy1 3TOM HEOOXOAMMO MCIIOIBL30BaTh METKY XMMHMYECKOro Bbixoga — 208Po
wm 29%Po. B Tex ciaywaax, korma Ttpedyercst ompeneauts u 210Pb, u 210Po,
ocaXkIieHNe TTOCIEIHETO TTPOBOISAT IBAXKIbI, C MHTEPBAJIOM B HECKOJIBKO MeCs-
meB. 1o pamoaKTUBHOCTM HAKOITMBIIETOCS 32 3TO BPEeMsI TIOJIOHUST OTIPEICIIs -
1oT MatepuHckuii 210Pb. MHorue roasl Takoil moaxon K onpexnenenuo 210Pb
OBIT TIpe0OIaIAIOIINM, OJHAKO C PA3BUTHEM TaMMa-CITEeKTPOMETPUUIECKOM TeX-
HUKU U C TIOSIBJICHUEM JOCTYITHBIX TUTAHAPHBIX TePMaHUEBBIX JETEKTOPOB U JIe-
TEKTOPOB THUIA «KPUCTALI C KOJOALEM» HauOOJbllIee pacnpocTpaHeHue
MOJTyYMJIO HEAECTPYKTUBHOE TaMMa-CIIEKTpOMeTprUeckoe onpeneenue 210Pb.
OcHoBHag TpobjeMa 3TOTO METoJa — y4YeT CaMOOCIIabIeHUs, TIOCKOIBbKY TS
HU3KOZHEPTeTUYECKUX Y-KBAHTOB KOA(MOUILIMEHT caMOOCIabJIeHUs] CUJIbHO 3aBU-
CUT OT XMMUYECKOIro cocTaBa IpoObl. sl pelleHuss 3TOi 3amadyud IIPUMEHSIOT
CTaHIAPTHBIE MaTepUalbl, OJM3KKE IO XUMHYECKOMY COCTaBY K aHaJIU3UpPYye-
MO mpo0e, BHELIHIOW cTaHaapTu3aiuio, meroa MonTte-Kapso. Ha puc. 13.3
MOKa3aH y-CIeKTp MPoObl JOHHOTO OcaaKa, MOJYYSHHBIN C TOMOIIbIO TOHKOTO
TOJTYITPOBOIHUKOBOIO NEeTeKTOpa (IaHHbIE TOJYyYEHbl aBTOPaMU).

13.7. TOPUM-234

Omnpenenenuie 234Th B MOpPCKO#l BOJE ¥ B3BELIEHHOM BELIECTBE JAET YHU-
KaJbHYI0 MHGOpPMaLIMIO O BepTUKaJIbHOM IepeHoce B3Becu. M3mepeHue pa-
JIMOAKTUBHOCTH 234Th mpoBOIAT, KaK MPaBUJIO, PETUCTPUPYS BHICOKOSHEPIETH -
YecKMe P-yacTUIIbI JOoYepHero 234mPa ¢ oMol MPONOPLUUOHANLHBIX CUET-
YUKOB WU KUAKOCTHO-CUMHTUJUISILIMOHHBIX CIIEKTPOMETPOB. TaKoi Tomxom
TPYIOEMOK, MpeayCMaTpUBAET COOCAXKICHUE YpaHa 1 TOPHUsS M3 OOJIBIINX 00be-
MoB Bojbl (20—100 1) ¢ ruapokcuaom xenesa(Ill), aHnoHooOMeHHOe pa3zaene-
HUE ypaHa W TOpHWS, SIIEKTPOJUTHUECKOE IIPUTOTOBIICHWE TIperrapara mist
n3MepeHnit. B KadecTBe METKM XMMWYECKOTO BBIXOAA TIPUMEHSIOT o-W3-
aydarommii 230Th, mosToMy HEOOXOAMMO PETUCTPUPOBATEL B-YacTULBI 234MPa u
a-dactuisl 230Th m1s onpeneeHrss XMMUYECKOTO BbIXoaa. Takoi MeTO Tpy-
MEHEH, B yacTHOCcTH, KymnioBbsIM Mpu aHaiu3e npod Boabl U B3Becu U3 Kap-
ckoro mopst [19]. TIpu 3TOM OTAEABbHO aHANIU3UPOBAIU He(WIHLTPOBAHHYIO
Boay (80 1) u B3BeuieHHOe BeulecTBO (13 40 J1). BoiieneHue Topusi U3 MOPCKOit
BO/JIbl BBIMOJIHSIIA COOCAXKAEHUEM C TUAPOKCUIOM XKeJesa. [Iis oTaeneHus To-
pHUsl OT XXeJie3a M ypaHa MPUMEHSIJIM aHMOHOOOMEHHYIO XpoMartorpaduio. 3a-
TEM TOPUI OcaxIaau dJAEKTPOJIM30M B TeuyeHue 1 4 mpu cuiie Toka 5 A Ha
HUKeNeBbI nucK. I1s1 onpenefaeHus] TOpUsl BO B3BellleHHOM BelectBe 40 1
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Puc. 13.3. F'amMa-criekTp mpoObl TOHHOTO OcajKa, OTOOpaHHOM
B Kanudopnuiickom 3anuse (24° 20,3’ ¢. u1., 110° 30,8’ 3. 1., rmyouHa mops 80 M,
cioii 1—2 cm). Bpemsa uzmepenus 15 4

MOPCKOH BOJIbI MPOMNyCKaIu Yepe3 siaepHblid huiibTp. 3aTeM huIbTp 00padaThi-
BaJIM ropsiyeil CONISIHOM KUCIOTON U MOJIyUMBIIYIOCS BBITSIKKY aHaTU3UPOBaIn
TakuM Xe 06pazoM. PaguoaktuBHOCTb 234Th onpenesnsny ¢ MOMOILBIO CLUH-
TUWLISILMOHHOTO JI€TeKTOpa ¢ TOHKUM TIJIACTMACCOBBIM CUMHTUILIATOpOM. 151
CHUXXEHUS (pOHA MCTOIb30BaIM 8-CAaHTUMETPOBYIO 3alllUMTy U3 yyryHa. B kaue-
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CTBE aKTMBHOI 3alLUTHl MPUMEHSIM CLUMHTWUISILUOHHBIA IETEKTOP € KpUC-
tajuiom Nal(Tl) Tuna «kpucramn ¢ Kojaoauem». MOH YCTAHOBKM COCTaBIISUI
2—3 nmi./MuH, 3pdexkTnBHOCTE peructpanun 50—70%. KaaubGpoBKy armmapa-
Typbl IIPOBOAMIIM IO MperaparaM ypaHa, B KoTopbix 238U u 234Th Haxonarcd B
COCTOSIHMM BEKOBOTO paBHOBecHsl. [IpMMeHeHMe XUIAKOCTHO-CLMHTHILIALIM-
OHHOI CIEKTPOMETPUU C o, -AUCKPUMHUHALIMEN TTO3BOJISIET CYIIECTBEHHO 0O0-
JIETYUTh aHAJIM3, ITOCKOJBKY B 3TOM CJIydae YIPOLIAETCS IPUTOTOBJIEHHE
npernapara 1 usmMepeHuii. OnpeneneHue METKM XUMU4eckoro Bbixona 230Th
TaKKe BBIIOIHSIIN XUAKOCTHO-CIUHTWUISIIUOHHBIM MeTogoM [20].

AJIBTEPHATUBHBIM TIOJXOIOM SIBIAETCS TaMMa-CIIEKTPOMETPHS, OIHAKO
SHEprus y-KBaHTOB, UcIycKaeMbIX 234Th, Hesenuka (63,3 k3B), a BepoATHOCTD
UX MCITYCKaHMs COCTABJIseT Beero ymib 4%. [1o3ToMy U1l TaMMa-CIEeKTPO-
METPUYECKOTO onpeeaeHns 234Th TpebyloTcs CyLECTBEHHO OOIbLINE OOBEMBI
1po6 (300—600 ).

VcoBeplIeHCTBOBaHHAsA MeToauKa ornpeaeneHus 234Th B Mopckoit Bome
OCHOBaHa Ha MPOKaYMBaHUU OOJIbIIMX OOBEMOB BOJbI YEPE3 COPOEHT, Mpel-
CTaBIAIOIIMI COOOM aKPUIOBBIE BOJOKHA, MMITPETHUPOBAHHLIE AMOKCUIOM
Mmapranua. IlepBOHAYaNIbHO TaKOi MOAXON TPUMEHSIM TPU ONpeeIeHUn
230Th u 228Th, a 234Th ucnobp30BaIM B KAYECTBE METKM BbIXOAA. JIMBUHICTOH U
Koxpan [21] mpemtoxuny BapuaHT metona ompeaeneHus 234Th ¢ momolbo
JIBYX KapTpUJIKeU, 3aroJHEHHBIX copbeHTOoM. [Ipeamnonaras, 4yto copoliMoHHas
CIIOCOOHOCTL 0OOMX KApTPUIKENH OIMHAKOBA, MOXHO PACCYMTATh CTENEHb
U3BJIEUEHMS] U KOPPEKTHO ONPEEIUTh PAIMOAKTUBHOCTDL 234Th MeTog0M ram-
Ma-CIeKTPOMETPUU. YPaH Ha IMOKCHUIE MapraHiia MpaKTUYECKU He COPOMpYyeT-
ca. Takoii OAXOm MMEET Psijl CEPbE3HBIX HENOCTATKOB:

® 3HAYUTEIBHBI 00beM IPOOBI TpeOyeT IIMTEIBHOIO IPobooTOOopa,

® HYXXHbI JOPOTOCTOAIIME MOIPYy>KAaEMbIC CUCTEMbI 1JI4 (1)I/IJ'[BTpOBaHI/I${ 00J1b-
11X 00bEMOB MOpCKOfI BOJbI,

® pacyeT aKTMBHOCTU OCHOBBIBAETCSI Ha MPEAIOI0XEHUHN, YTO JBa KapTpUl-
Ka OIMHAKOBO 3((EeKTUBHHLI.

IMpemnoxena Metoarka onpeaeiaeHns 234Th, ocHOBaHHAA Ha €ro COOCaX-
JEeHUN ¢ TMOKcuaoM MapraHua u3 20 1 Mopckoii Boabl [22]. MeTKy mis orpe-
JEJIEHUs] XMMUYECKOTO BBIXOAA HE MCIOJIb30BAIM, MO3TOMY TaKas METOAMKA
JI0JKHA 00ECTIeYnBATh BBICOKMIA CTAOWIILHBIN BBIXO/, ITOJHOTY pa3ie/ieHns] ypaHa
U TOpUS, MUHMMU3ALIAIO WIK OIpeeIeH!e BKIIaa APYrUX B-U3lydaresieil B 00-
LIYIO0 PAaIMOAKTUBHOCTb. B OTIMUYME OT COOCAXKIEHMsI C TUAPOKCUIOM XKejle3a,
STOT METOJ 00ECIEUNBAET OTAEIEHUE TOPUS OT ypaHa, MO3TOMY JOIOIHUTE b=
Hasl XUMUYECKAs CTaausl He Tpedyercs. YpaH He OCakIaercsl, MOCKOJIbKY B Ilie-
JIOYHOM Ccpele CBs3aH B IPOYHBIA KapOOHATHBIA KoMIUleKC. Broccenep ¢
KoJiieraMu [23] BOCIIPOM3BEIN Y COMOCTABUIM OCHOBHBIE CYLIECTBYIOLIUE Me-
toauku. [Tocje ycoBeplIEHCTBOBAHMS OCAIUTEIBHON METOAUKU JIJIsl OIpese-
JeHUs pagroakTUBHOCTH 234Th oKa3aloch NOCTATOYHO 2 JI OKEAHWYECKOM
Bobl. IS M3MepeHusl B-pPagvoOaKTUBHOCTH IPUMEHSIM TIPOTOYHBINA MTPOIIOp-
LMOHAIBHBIA CUETYMK HAa IMHATh 00pas3loB. VCHOJIb30BaHUEM IACCUBHOIA
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(8 ¢cM cBMHLIA) M aKTUBHOM 3alluUThl (OH TMpuOopa OBLT CHUXEH 10
0,15—0,23 wwmr./MuH, 3(PHEKTUBHOCTL MPU 3TOM cocTaBisia okojio 40%.
CueTyuk criocobeH padoTaTh B AKCIEAUMIIMOHHBIX YCI0BUSIX. ['aMMa-CcrneKTpo-
METPpUIO MPOBOJAUIM Ha YCTAaHOBKE, OCHAILIEHHOW TOHKMM JOETEKTOPOM C aK-
tuBHOM noBepxHocThIo 2000 MM2 (LEGe, Canberra), OKpyXXeHHBIM CBUHIIOBOJA
3aIIATOM TOMIMHOMN 8 cM. DP(HEKTUBHOCTL PETUCTPALIMN y-KBaHTOB 234Th co-
craBistia 5—6%, ¢on < 0,02 M. /MuH. JIeTeKTOp MCIOIh30BaIN U B 1ab0paTop-
HBIX, ¥ B 9KCIICANITMOHHBIX YCIOBUSX.

CoriocTaBieHUE HEKOTOPBIX METOUK OmpeaesieHus: Topusi-234 B 00beKTax
MOPCKO# cpenibl MpuBeaeHO B Taba. 13.2.

13.8. IIE3U-137 U LIE3U1-134

Hesnii-137 (T} n= 30 1eT) — onMH U3 pagUOHYKIIUIOB, UMEIOIINX HauOOJIb-
11Iee pagruoJIOTHIeCKOe 3HaYEHHE, TTOCKOJIBKY 00pa3yeTcs ¢ OONBIIIMM BBIXOIOM
MpH ACIEHUU TSDKEIBIX SIep M UMEET JOCTAaTOYHO OOJIBIIION MepUO Moaypac-
naga. ATMocepHble UCTIBITAHUS SIEPHOTO OpyXust Havaia 1960-x rr. npuse-
JI1 K TOMY, 4TO Lie3uii-137 BcTpedaeTcsl MOBCEMECTHO B MOYBAaX, B JTOHHBIX
OTJIOXKEHUSIX PeK, 03ep M Mopel, B aTMOC(EpHBIX BhIMameHUsX. B ceBepHOM
MHOJYLIAPUM CYILIECTBEHHbBIN BKJIaI B 3arpsi3HeHue Le3rueM-137 BHecna aBapus
Ha YADC. Uesnit-134 (T n= 2,06 roma) MOXET ITOCTYIIATh B OKPYKAOIIYIO
cpeny B pe3yJbrare aBapuil Ha npeanpusttusax AT unu ¢ panMoakTUBHBIMU OT-
xonamu. K Hacrosniemy BpeMeHt !34Cs uepHOOBUILCKOTO ITPOUCXOXKICHUS pac-
Mmayicsl MPaKTUUECKH TTOJTHOCTHIO.

B nmouBax u moHHBIX ocagkax !137Cs ompenessior 6e3 MpeaBapUTebHOTO
KOHLIEHTPUPOBAHMS FAMMa-CIIEKTPOMETPUYECKH T10 JIMHUU JouepHero 137mBa
661,6 k3B. B mpuponnbix Bonax coaepxanue 137Cs, Kak IpaBUIO, OTHOCUTEIb-
HO HEBEJIMKO U MOXKET COCTaBJIATh eAMHUIIBI BK B KyOMYECKOM MeTpe, II03TOMY
oIpenesiecHNe ero HeBO3MOXKHO 0e3 IpelBapHMTENbHOTO0 KOHIICHTPUPOBAHMSI.
HaubGonee pacnpocrpaHeHHBII MeTOA KOHLIEHTPUPOBaHUS Lie3usi-137 u3 mnpu-
POIHBIX BOI — COPOIIMS MaTepuajiaMyd Ha OCHOBE CMEIIaHHBIX (eppolruaHu-
JoB Kamus u nepexonHblx MetaioB (Fe, Cu, Ti, Zr u agp.) [25]. Huasa
OIpeNeICHUST CTeTIeHU COPOILMM MCITOB3YIOT JBa IOCIEI0BAaTEIbHO YCTAHOB-
JIEHHBIX COpOMpYIOIIMX KapTpumxka. Ilocie npomyckaHus Heo0X0IMMOTo 00b-
eMa BoJIbl (KaK MpaBUJjIo, I€CATKA WA COTHU JIUTPOB) COPOCHT BBICYLIMBAIOT 1
U3MEpSIIOT €ro paauoakTUBHOCTh. COpOEHTH Ha OPraHMYECKOl OCHOBE IPU
HEoOXOTMMOCTH O30JISTIOT JJIsI YMEHBIIIEHUSI 00beMa, YTO TTO3BOJISIET YBEINIUTh
3¢ (HEKTUBHOCTb PETUCTPALIMU Y-KBAHTOB U TOOUTHLCS BOCIIPOM3BOJAMMOM Ieo-
METPUM U3MEPEHUI.

Le3wnit-134 ompenensioT y-CIeKTPOMETpUIecKr Mo JuHuSM 604,6 kaB u
795,9 x3B. Ilpu y-criektpoMeTpuueckoir uaeHTudukanuu uesus-134 cienyer
YUECTb PACIOJOXEHHbIE MOOJU30CTU B CIIEKTPe JUHUU €CTECTBEHHBIX pajuo-
Hykaunos 609,3 kaB (214Bi) u 795,1 k3B (228Ac). Jlunuu 604,6 xoB (134Cs) n
609,3 xaB (214Bi), Kak paBWJIO, Pa3pellaloTCs Ha CIIEKTPOMETPAX C IOJIYIIPO-
BOTHMKOBBIMU AETEKTOPaMU, MCIIOIb30BaTh CHMHTWLIAIIMOHHBIC IETEKTOPHI
JUISL ONIPeieSIEHNST HU3KUX akTUBHOCTeN 34Cs HEBO3MOXHO.
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Puc. 13.4. Tamma-criekTp npoObl TOHHOTO ocanaka. JJHenpoBcko-byrckuii
ymmas, 46° 31,6’ c. m. 32° 7,2’ B. a., tnyouHa 6 M, ropu3oHT 28—30 cMm, gata orbopa —
aBryct 1994 r., nara usmepeHusi — aekaobpb 1998 r., Bpemst usmepenuss — 20 u,
137Cgs/134Cs = 569; cepbIM L[BETOM MTOKa3aH CIEKTp OHA: @ — BECH CIEKTP,

6 — BbIICJNEHHBIN (parMeHT ¢ guHuamu 37Cs u 134Cs
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13.9. CTPOHIIUI-90

Crponunit-90 (7, = 29 net) obpasyercsi ¢ BBICOKUM BBIXOIOM IPU peak-
USX IeJICHUS. DTOT PaTUOHYKINI OCOOEHHO OTaceH, MMOCKOIbKY HaKaruiBa-
€TCSI B KOCTHOM TKaHU W TPMBOIMWT K BHYTPEHHEMY OOJYYCHUIO OpraHM3Ma
B-uacTunamu.

CtpoHuunii-90 — 4ucThIil B-u3yyaTeab, MaKCUMallbHas DHEPTusl B-yac-
THUII, UCITYCKaeMbIX IIpU ero pacrane, — 546 kaB. Ero noyepHuUii HyKIUI WT-
Tpuii-90 (7] ,,=2,67 CcyT) UMEET CYLIECTBEHHO OOJBLIYIO 3HEPIUIO B-YaCTHIL
(Eg max = 2284 x5B), mosTomMy pasinoakKTUBHOCTb 90Sr onpenensoT, Kak MpaBu-
710, 110 pouepHemy Y, peructpupys p-uacTuibl nmociaenHero. s perucrpa-
LMY B-4aCTUILL UCTIOIB3YIOT KUAKOCTHO-CLMHTWIISILIMOHHYIO amnmaparypy Win
MPONOPLUMOHATbHbBIE CUETUYMKU. Bbicokasi aHeprus B-vactuil UTTpus-90 mos-
BOJISIET TIPUMEHSITh YEPEHKOBCKUI cueT (cMm. pasa. 11.5).

Bo3MoxHBI 1Ba BapyraHTa aHaIM3a: OTAEJACHUE CTPOHLMS OT UTTPUS U U3-
MepeHue MPUPOCTa PaJMOAKTUBHOCTU B IperapaTte Mo Mepe HaKOIJICHUS UT-
Tpus-90 10 paBHOBECHOTO 3HAYCHUSI WIM OTAEJICHUE UTTPUs OT CTPOHLUSI U
ornpenejcHue paaoakTUBHOCTU UTTpUsI-90 1Mo KpuBoii pacnana. s pazaene-
HUS UTTPUSI U CTPOHLMS MCIIOJB3YIOT COOCAaXKACHUE UTTPUSI C TMAPOKCUIOM
KeJe3a, ocaxIeHWe CTPOHLIMSI B BUIE OKcajaTa WiM kapooHata. PaspabotaHbl
9KCTPaKLIMOHHO-XpoMaTorpahuyeckue cCOpOCHTbl Ha OCHOBE 3aMELICHHBIX Kpa-
YH-3(pMPOB, CMIOCOOHbBIE CENEKTUBHO YAEPKMUBATH CTPOHLIMA. XUMUUYECKUI BbI-
XOJ CTPOHLIUST OTNPEAEISIOT MO CTA0OUILHOMY CTPOHLIMIO TPABUMETPUYECKU WIIU
METOJOM aTOMHO-a0COPOLIMOHHON CIEeKTPOMETPUM, MPUMEHSIOT TaKXe pa-
JIMOAKTUBHYIO METKY 83Sr, aKTMBHOCTH KOTOPOIi ONpENENsOT raMMa-CIIEKTPO-
MeTpUYecKU 1o JuHumM 514 xaB.

13.10. PAAMOAKTUBHBLIE N30TOIIBI NOJA

PagnoakTuBHBINM M30TOIT MOAA C MAaCCOBBIM YMCIOM 131 sBIIsIEeTCSI OCHOB-
HBIM PaJIMOHYKIIUIOM, ONPEAETISTIONIMM BHYTpeHHEe 00 TydeHre B MIEpBbIe HEAEN
T0CJIe aBapyil Ha TIPEANIPUSTHUSIX SIACPHOTO TOIUIMBHOTO LIMKJIA. J1OJMTOXUBYILIMIA
nsoton 291, Graromapss KOHCEpBAaTUBHOMY MOBEACHUIO B MOPCKOM cpefe, SIB-
JIIeTCsl YHUKAJIBbHBIM TpaccepoM JUIsT UccenoBaHus Thuapocdepbl. Kpome Toro,
OH MOXET OBITh MCIOJIB30BaH JIJISI PEKOHCTPYKIIMU JO30BBIX HATPY30K B PE3YJib-
Tate apapumitHoro Boszaeiicteua 1311 u 1331, Onpenenenuio mzoronos noma B
MPUPOIHBIX 00BEKTAX, a TAKXKE MI00AIbHOMY OMOT€OXMMHUYECKOMY LIMKITY pa-
JMOAKTUBHOIO U CTAOMJIBHOTO MOJa MocBsieHa MmoHorpadus Creipo, Henserr-
Kaiite 1 @uiucroBuya [26].

13.10.1. ©OJ-131

Won-131 (T, n= 8,04 cyT) monamaeT B OKPYXKaIOIIYIO Cpeay Npu SIACPHbBIX
B3pbIBax Wiau aBapusx Ha npeanpusatusx ATL. Tlpu aBapuiiHBIX CUTyaLMsIX
non-131 MoxXeT cocTaB/ISITb OCHOBY JI030BOI HArpy3kKM, MOCKOJIbKY MOCTYIaeT
B OpraHU3M Pa3HbIMU MYTSIMU (Yepe3 JIerkue, MuilieBapUTeIbHbIM TPAKT, KOXY)
M HakaIlUIMBaeTCsl B LIMTOBUAHON Xeje3e. B okpyxkawiuyo cpeay unoa-131
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nomnagaeT B BUIE IIPOCTOTO BElleCTBA WM B BUJIE JIETYUMX OPraHUYECKUX COe-
JUHeHU. BeimaBimmii noa-131 ObICTPO ycBaMBAeTCS PACTCHUSMU U KOHIICHT-
pupyeTcsl B TIUILIEBBIX LIETIsX.

Hon-131 ompenenisitoT y-crieKTpoMeTpuueku 1o juHuu 364,5 xaB. Ipu
WUCIOJb30BAHUM CLUHTUJUISIAOHHBIX JETEKTOPOB CleAyeT y4ecTh BKJIad JIU-
Hum 351,9 kB, npuHaanexaileit KOPOTKOXMUBYILIEMY MPOAYKTY paciaga paao-
Ha 2!4Pb.

13.10.2. ©OJI-129

Won-129 (T, = 15,7 MuH JieT) — eAMHCTBEHHBIN MPUPOAHBINA paano-
AKTUBHBIN M30TOI Moja. B mpupoae oH MOCTOAHHO 00pasyeTcs B pe3yJibTare
CIIOHTAHHOIO JIeJieHus ypaHa-238, neneHus saep ypaHa-235 moa aeicTBheM
TEIUIOBBIX HEHMTPOHOB, a TAKXKE IO ACUCTBUEM KOCMMYECKHUX JIyYe Ha sapa
arMocdepHOro KceHoHa. ITo olleHKaM B MOPCKOA CpeJie aTOMHOE OTHOLIEHUE
1291 /1271 cocrasnser ot 3 - 10713 o 3 - 10712, B urocdepe — 1071510714, B pe-
3y/IbTATE MCIBITAHUI SIEPHOTO OPYXHUS B OKPYXAIOLLYIO Cpedy IOCTYITUIO
okoJ10 57 kr 1291, B teuenue nociaeanux 30 JeT eBpONEHCKUMHU ITEpepadaThiBa-
JOLIMMHU TIPEANPUATUAMU OblIo copoureHo 1400 kr 12°1. B Hacrosuee BpeMs
JUISL aHAJIM3a IPUPOAHBIX YpoBHEii 1291 ucnosb3yroTcs aBa MeToNa — YCKOPUTE-
JIbHAsi MacC-CIEKTPOMETPUSI U PAIMOXMMUYECKUI HEATPOHHO-aKTUBALMOH -
Hblii aHanu3. YMC npuMepHo Ha TpU TOPSAIKA YyBCTBUTENLHEE 110 CPABHEHUIO
¢ PHAA. J1na onpenenenus 12°1 B Mopckoit Bone MetonoM YMC 10CTaTOYHO
npoobl 00beMoM 500 M. Meton PHAA mio3BosisseT onpenesisiTb OMHOBPEMEHHO
129] 1 1271

Omnpenenenue 2°1 u uszoronnoro orHouenus 1291/1271 metonom PHAA
ocHoBaHO Ha peakuusax 291(n,y) 130T u 1271(n,2n)!261. AnepHble peakuun, Ko-
TOpbIE MOTYT MEILATh ONpENeJIeHUIO, IpuBeaeHbI B Tad. 13.3. y-Ksanter 1301

Tabauuya 13.3
Boixoap! n30TONOB MOAA,
00pa3yomuXCcs MPA PA3THIHBIX PEAKINUSIX HEHTPOHHO# akTHBammu [27]*

Peakiust AKTUBHOCTbH 00pa30BaBIIIETOCS M30TOMA MOaa
129l(n’y)1301 1,2 1012 Bk 1301/1- 1291

235U(1’1,f)1291(1‘1,y)1301 u 235U(n,f)1301 4,6 - 10% Bk 1301/1- U
128Te(n,y)12Te(B—)2°I(n,y) 1301 5,2 - 10° Bk B0I/r Te

133Cs(n,0) 1301 6,4 - 102 bk 130I/r Cs
127I(n’y)128[(n’y)1291(n’y)1301 7,2 Bk 1301/1“ 1271

127I(n,2n)‘261 1,0 - 104 Bk 126[/1- 1271

1251(n,y) 1261 4,1-10'2 Bk 1261 /r 125 (1 Bk 1261 na 1 xBx 1251)

* YCoBus MpOBENeHUs peakUuu: BpeMs obnydeHns — 10 4, MOTOK TEIIOBBIX HEHTPOHOB
@y, =4 1013 1/cM? * ¢, MOTOK SMUTEILIOBEIX HEUTPOHOB Depi =2 + 1011 H/cM? * ¢, MOTOK BHICTPBIX
Heitrponos @ = 41013 n/cm? - c.
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n 126], xoropsle o6pasyiorca npu ooaydeHuu 2°1 u 1271, perucTpupyioT B Te-
yeHre 1—10 94 ¢ TOMOIIBIO TTOJIYIIPOBOIHUKOBOrO aeTektopa. ComepskaHUs
1291 u 127] onpenensior cpaBHEHMEM M3MEPSAEMOro IIpernapara co CTaHAapT-
HBIM.

Takum oOpa3oMm, IJisl TOro YTOOBI ITpU 00JyYeHUU 00Pa30BaIOCh TAKOE XKe
komyectBo 1301, kak u u3 10712 r 1291, nocratouno 2,6 MKT ypaHa, 2,3 MKT TeJl-
aypa, 1,9 mr uesus u 179 mr 1271 [27]. TlonpaBKy Ha ypaH, comepXalluiics B
pobe, MOXHO CIEJIaTh 110 00pa3oBaBLIeMycs npu oonyyenun 1331, Kak npasu-
JI0, 3TOM BEJIMYMHOM MOXHO NIpeHebpeyb. Mewmarouee BausgHue 1271 pozpacra-
€T C JJINTEJIBHOCTBIO OOJYYeHHMST W ITPOIMOPIIMOHAIIBEHO KBAApaTy TUIOTHOCTH
[IOTOKA TEIUIOBBIX HEWTPOoHOB. I1pu aHanuse Bogopociueiil Bkian 1271 cocrasisin
MeHee 2%, st npyrux oobekToB MeHee 0,02%. B Tex ciyyasix, Korma coaepska-
Hue 1271 B ipoGe HEBENUKO, CYLIECTBEHHOE BIMSHME Ha PE3YJIbTAT ONpPEIeie-
HUs MOXET OKas3aThb aKTUBALMA METKM Xumudeckoro Beixoga (1251). B Takux
cayyaax onpenenenue 271 qydie npooauth He 1o 1261, a mo 1281, TIpumene-
Hue 1311 B kayecTBe METKM BBIXO/Ia HEXENATEIbHO, IIOCKOJILKY OH OOLIYHO 3a-
rpsasHeH 291,

IpenioxkeH HERTPOHHO-AKTUBALIMOHHBI MeTo onpenenenus 1291 B mop-
CKOIT BOJIe, BOIOPOCJISIX M pacTuTebHOCTH [27]. st aHanm3a moctaTouHo 40 T
BOJOPOCJIEH WIN PaCTUTEILHOCTH (B MepecyeTe Ha CyXoi ocTaToK) uian 4—10 1
MopcKoli Boabl. CHavata MoJI TTIepeBOAMIIN B CTeTIEHb OKMCIIEHHUS —1 ¢ TTIOMOIIIbIO
KHSO;, 3aTeM OKUCIISUIM 10 2JIEMEHTaPHOTO MO4a HUTPUTOM HATPUs U IKCT-
parupoBaJi YETHIPEXXJIOPUCTEIM YIIIepomoM. TpaccepHble 3KCIIEPUMEHTHI C
BIT mokasanu, 4To M3 MOPCKOIl BOIBI SKCTparupyercs Tonbko 37% uona mnpu
nmepBoit U 5% Tmpu BTOPOI 3KCTpaKIMy. Bo3MOXHO, 3KCTpaKIIMKM MEIIaeT BbI-
COKO€ coiepkKaHne XJIOPUIOB M OpOMUIOB. BBIXOI ITpW SKCTpaKIIMM U3 TTPECHOM
BOIIBI COCTaBWI 96%. XMMHMUIECKIIT BBIXOI BO3PACTaeT C POCTOM COAEPKAHUST CTa-
omabHoro nofa. Tak, pu comepkaHnu roga 20 MT/JT, XAMUYECKUI BBIXOMI TTPU
OIHOKPATHOM SKCTPaKIIMU M3 MOPCKOI BoAbI coctaBisieT 79,6%. Ilotepn mipn
yIapuBaHWK MOPCKOW BOIBI 3a CUET JIETY4eCTH Moaa HeBeauku, ipu pH > 9 ot
94 o 98% woma ocTaeTcs TIpU KOHLIEHTPUPOBAHUU TTPOOBI Goiree yeM B 20 pas.
B 1emoM XMMHWUYECKMI BBIXOM MPY KOHLIEHTPUPOBAHUM cocTaBuil 56—62%. Pe-
skerpakuuio nposoauan 0,02 M H,SO;, ripu 5TOM moTepyU COCTaBUIM MEHEE
1%. PacTBOp MepeHOCHUIN B KBapIICBYIO aMITyJTy, YIIapUBaJIM ¥ O0JIydan IOTO-
KOM TEIUTOBBIX HEWTPOHOB 4 - 1013 H/cM?2 - ¢ B Teuenue 10 u. ITocae obnyyeHns
00pa3ubl BeIaepxkuBaau 10—15 4, 3aTeM pa3domBaiy KBapleByIO aMITyJIy B pac-
TBOpE, conepxkauieM KHSO;, Br™ u I7. Mox ouninanm TpexkpaTHO# 3KCTpak-
uueit CCly u peskerpakuueit KHSO;. K BonHo#t dase nobasiasin pacTBop
PdCl,, BbImaBLIMil noOAMI Malaagus OTACIAIN HAa (DUIBTPE U UCIONb30BAIN
ero JIJIT U3MEpPEHMUIA.

MuHuManbHasg AeTeKTUpyeMas aKTUBHOCTh 1291 onpenensnach B OCHOB-
HOM KOMIITOHOBCKUM TbeaecTtaioM 1261, TTuk 1261 Tem MeHblie, yeM MEHbLLIe
JI0J151 OBICTPBLIX HEMTPOHOB. MUHUMAJIbHbIE JETEKTUPYeMbIE comepx)anus 1271
n 1291, paccunranusie o ¢gopmyne Keppu (cMm. pasn. 11.6), npuBeneHbl B
Taba. 13.4.
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Tabauua 13.4
MuHuMalIbHOE JIETEKTHPYEMOe cojiepKanue u3oTonoB noaa meroaom PHAA [27]*

PacturensHocth | Mopckast Bona | Bomopociu ITouBa
1291 (10713 1) 2,1 1,8 3,0 2,2
1291 (MxBK) 1,3 1,1 1,9 1,4
1297 (109 aTomoB) | 1 0,85 1,4 1,0
1271 (mxr) 8,4 9,8

* YcnoBus mpoBeAeHUsT aHanu3a: BpeMsi oosydyeHust 7T; = 10 4, BpeMsl BbIACPXKXUBaHUS
nocie obaydeHus Ty = 154, Bpems wusmepeHust T, = 10 4, MOTOK TEIJOBBIX HEUTPOHOB
Dy =4-1013 n/em? - c.

ITpu onpenenenuun noaa-129 B odpasiax MmouBbl 1 OUOJOTrMYECKUX OOBEK-
Tax 4acTo MPOBOISIT CXXUraHue odpasiia B ToKe Kucjopoaa. O6pa3oBaBILIMiACs
WOJl YJIaBJIMBAIOT, TPOIyCKasi TMPOAYKTbI CropaHusl uyepe3 aKTUBUPOBAHHBIN
YIOJIb.

13.11. TPAHCYPAHOBBIE BJIEMEHTBI

TpaHcypaHOBBIE 3/1eMeHTbI (TUTYTOHUI, HENITYHUI, aMEepULIMIA, KIOPUIT) uMe-
0T MCKYCCTBeHHOE TTporcxoxkaeHre. OHM oOpa3yloTcsl Ipu paboTe aTOMHBIX pe-
aKTOPOB W TIpU SIACPHBIX B3pbIBaX B PE3yJbTaTe SAEPHBIX MpPeBpallleHU 0.
JNEWCTBUEM HEUTpoHOB. Kak mpaBuio, akTMHUIBI SBISIOTCS O-U3JTy4aTeIsIMU.
OnpeneneHue panoaKTUBHOCTU MPOBOIST ¢ MOMOUIbIO MOTYTPOBOJHUKOBBIX JIE-
TEKTOPOB, TPEMNaparhl Ui U3MEPEHUS TOTOBIT METOJOM 3JIEKTPOOCAKIACHUS WA
COOCAXAECHUS C (GhTOPUIAMU PEAKO3EMETbHBIX 2JIEMEHTOB HA MEMOPAHHbBIX (DUJTb-
Tpax. [lpeaBapuTesbHO aKTUHUABI OTIAEISIOT OT KOMIIOHEHTOB MaTpUIIbl U
pa3gensgoT MeXIy CcO0OW MEeTOJaMU BSKCTPaKIMMU, 3KCTPAKIIMOHHOW WU
MOHOOOMEHHOI XpoMmarorpadun.

13.11.1. INIYTOHUM

B okpyXatolleil cpeie BCTPEYAlOTCS M30TOIbI TUIYTOHUS C MAacCOBBLIMU
yuciamu 238—242, ux nepuoasl Mojypacnaia pa3jinyalorcsl B 04eHb IINPOKUX
npenenax (ta6ma. 13.5).

IMonasnsioniee GONBLUIMHCTBO PabOT MOCBAIIEHO 0-CIIEKTPOMETPUYECKO-
My onpejeaeHuo iyroHus. [pu sTom onpenensior 238Pu u cymMMy M30TOIOB
239,240py. CoBpeMeHHBIE CEpPUITHBIE MOIYIPOBOIHUKOBBIE NETEKTOPBI HE IO-
3BOJIAIOT pa3peliarhb aabda-MuKU 3TUX IBYX M30TOIOB. B Tex ciayyasax, koraa
HEOOXOIMMO OIpPENeUTh COOTHOLIeHHe n30TonoB 239Pu u 240Pu, Hampumep
[PY UAEHTU(MUKALIMYA UCTOUHUKA TTOCTYIUIEHHS TUTYTOHUS, HEOOXOIMMO UCTIONb-
30BaTh MacC-CIIEKTPOMETPUYECKUIA METOI.

CaMblil TSKeJIbI M30TOI TUTYTOHUS 242Pu uMeeT GOJIbILION TIEPUO MTOJTY-
pacrnaza ¥ COOTBETCTBEHHO HU3KYIO VAEIbHYIO PagvoakTUBHOCTL. Huskoe
cojiep:KaHKe B MTPUPOIHBIX 0OBEKTAX HE MO3BOJIAET ONpeneiaTh 242Pu paano-
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Tabauya 13.5

W3oTonbl IIyTOHNMS, BCTpEYAIOIKECS B OKPYXKalomieil cpeae

Wsoron | T ), et Tun pacnaga | Oueprus yactui, k3B | Meton aHanusa

238py 87,7 a 5456,5 (28,8%) a-TTIT0Q
5499,3 (71,0%)

29py 24110 a 5106,1 (11,5%) a-TITA, MC
5143,9 (15,1%)
5156,2 (73,3%)

240py 6560 a 5123,6 (27%) a-IITA, MC
5168,3 (72,9%)

241py 14,4 20,8 (100%) XKCC

242py 373510 a 4856,5 (23,5%) MC
4900,5 (76,5%)

METPUUYECKUMU METOJAMH, TIO3TOMY B HACTOSIIIIEee BpeMsI eIMHCTBEHHBII METO
ornpezeneHns 242Pu — Macc-CleKTpOMETPHS.

Kopotkoxusyumii 24'Pu — eIMHCTBEHHBII BCTpEUYaOLIUiicsS B IPUPOLIE
B-M3Iydaronnii M30TOI TUTYTOHUSI. MaKcuMaTbHast 3HEPTHsI €T0 B-4acThIl He-
Beauka (20,8 xk3B), TO3TOMY OCHOBHOI METOJ OIIpEIeNICHMs €TI0 aKTUBHO-
CTM — XMAKOCTHO-CLUMHTWUIILMOHHAA criektpomerpus. Kak nmpasuno, 241Pu
OTIPENIEIIAIOT TIOCKe adb(da-CIeKTPOMETPUIECKOTO OIPEASTIeHNUS] OCTaTbHBIX
n30TOTOB. JIJIsT 3TOro IMCK, Ha KOTOPOM IIPOBOIMIIOCH 2JIEKTPOOCAXKIACHUE,
OITyCKAIOT Ha MHO (hIaKoHa M 3aJMBAIOT XUIKAM CIHUHTIILIATOPOM. CpemHsis
3(deKTUBHOCTb perucTpaunu npu 3toM cocrapisieT 11% [28]. Boablieit a¢-
(beXTMBHOCTH perucTpaiuy MOXHO TOOUTHLCS, CMBIBasl TUTYTOHUI C IUCKA pa3-
6aBieHHON KucnoToi. [Ipm KMAKOCTHO-CHUHTWIISIIIMOHHOM OIpeAcIeHUN
241Py HeOOXOOMMO JEJIaTh MOMPABKy Ha TallleHUe.

IInyToHuiA OTHENSAIOT OT ApYrux ajeMeHToB aKcTpakuueir 0,1 M pactBo-
pOM TpU-H-OKTUI(POCHUHOKCHUIA B TOJYOJie W3 A30THOKMCIBIX PaCTBOPOB
(1:1). CoBMECTHO 3KCTparupyoTcsl ypaH U TOPUiA, aMepPULIMIA OCTAETCs B BOJI-
Hoit (hbaze. 3aTeM IUIYyTOHUN OTIAEASIOT OT ypaHa W TOPUSl PEIKCTpaKLIUEi
10%-M pacTBopoM acKOpOMHOBOI KUCIOTHI B pazdasieHHoMU (1 : 10) comstHOlM
kuciaore [29]. [Tpu 3ToM IJIyTOHMI BOCCTaHABJIMBAETCS 10 TPEXBAJIEHTHOTO CO-
crostHusA. [Iponenypy sKCTpakIuuy clieAyeT TMTOBTOPUTE IS GoJiee TTOJTHOTO OT-
neleHus OT ypaHa W Topus. Jlajee pacTBOp YIapuBalOT O MUHUMAJIBHOTO
00beMa TIpH TTOCTETIEHHOM J00aBIeHNN KOHIICHTPUPOBAHHOM a30THOM KMCIIO-
THI V15T yIAJICHUs] OPTaHMYECKUX BEIECTB. 3aTeM TTPOBOIST JIEKTPOOCAKICHNIE,
Kak omnucaHo B pa3a. 11.4. B kauecTBe METKM /JIsl ONpeneeHUs] XUMUIEeCKOTO
BBIXOJa MCTIONB3YIOT 230Pu mym 242Pu. Ipu BHINOJIHEHUM CEPUITHBIX aHATN30B
MpeATIoYTUTENIbHEee NCITOIb30BaTh SKCTPAKIIMOHHYIO XpoMaTorpadpuio ¢ Mpu-
MEHEHHEeM COpPOEHTOB Ha OCHOBe (ochopopraHUYEeCKUX COEAMHEHU.
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13.11.2. HEOITYHU

B okpyxatouiei cpejae MpUCYyTCTBYET M30TOIT C MAacCOBBIM YucioM 237 u
nepuoaoM nojypacnana 3,14 muH aer. [1pu pacnaae NpoucxXoauT UCIyCKaHUe
o-vyactull. HentyHnuii-237 siBasieTcss OAHUM M3 HauboJiee OMacHBbIX paiuOHYK-
JINJIOB, TIOCKOJIBKY coueTaeT MOOMJILHOCTh B OKpYyXalolllell cpeie ¢ BbICOKON
TOKCUYHOCTHIO. [TOABUKHOCTD HENTYHUS B IPUPOJIE OOYCIOBIeHA TeM, YTO OH
NPUCYTCTBYET B BUJIE OAHO3apsAAHOro KatuoHa NpOj. OmHMM M3 OCHOBHBIX
METOJIOB OIpeJesIeHUsI HEINTYHUSI B MPUPOJAHBIX OObEKTaX SIBisieTCsl ajib(ha-
cnektpometpus [30, 31], ogHaKO aKTMBHOCTbL HENTYHHUS YaCTO HeBeJIMKa (BBU-
Iy OOJIBILIOrO MepuoAa MmoJjypacriaaa), U sl aHaau3a TpeOyoTCsl 3HAUUTENb-
Hble 00beMbl TIpo0. bosee 3(pPeKTUBHBIM METOAOM OMpeAcTeHUS HENTYHMS
SIBJISIETCS PaMOXMMUYECKUIN HEUTPOHHO-aKTUBALlMOHHBIN aHanu3 [32]. Tlpu
3TOM OTJEJIEHUE HEINMTYHUSI OT COIMYTCTBYIOILIUX KOMIIOHEHTOB MOXHO IMPOBO-
JUTh KakK J0, TaK W Mmocje ooaydyeHUus1 HeiTpoHaMmu. OripeaeieHue HENTyHMS
MPOBOJAT TaMMa-CIIEKTPOMETPUUECKH 110 238Np (T1 » = 2,12 cyr). OcHOBHBIE
METOJIbl OMpeiesIeHUs] HEeNTYHUs COMOCTaBIEHbI B Ta6n 13 6. B xauecTBe MeT-
KM JUISL OTIpeiesIeHUs] XUMHUUECKOTO BBbIXO/a HEINTYHUS! YIOOHO MCITOJb30BaTh
KOPOTKOXMBYLIMIA y-u3nyyarensb 239Np, noaydaembiit u3 243Am [33].

Tabauya 13.6
CpaBHeHue HEKOTOPbIX MeTOOB onpesenenns: nentynusa-237 [30, 32]

UCII-MC a-Cnekrpomerpusi | PHAA
Bpems onHoro ananuza | 2—5 MuH bonee 1 ous bonee 1 nusa
Bpewmsa ogHoro ananmmu- | 5 mHeit bonee 7 nueit bonee 7 nueit
TUYECKOTO 1K
[Momexu Conepxanue | 234y 2381, 24Na, 82Br
B3Becu >0,1%
MuHuManbHas onpeae- |2 - 1074 3,7-1074 2,6 - 107°
JiseMast akTUBHOCTb, Bk
Xumnueckuit Boixoa, % | 50—95 50—95 30—80

13.11.3. AMEPULIN

AMepuLmii B IPUPOJIE MPEACTaBIeH B OCHOBHOM M30TOIOM C MacCCOBBIM
anciom 241 (T, ,, = 432,7 rona). Anba-pacnan 4!Am conposoxnaercst HU3-
KO2HEPreTUYECKUM y-U3JTydeHUeM (E = 59,5 kaB) co cpaBHUTEJBHO BBICOKOI
MHTEHCUBHOCTHIO (35,9%), omHaKo He):[eCprKTHBHoe ornpeaeacHNe BO3MOXHO
TOJILKO B TeX Mpobax, rae comepxkanue 24!Am orHocutensHO Benuko. bonee
YyBCTBUTEILHBIM METOIOM SIBJISIETCS 0.-CIIEKTPOMETPHS, OMHAKO B 3TOM CJIydae
HeoOXoaMMa JOCTATOYHO CIIOXHAs Tpoueaypa BeiaeaeHus 241 Am [34]. Anbga-
CIIEKTPOMETpHUYeCKOMy ompezneeHnio 241Am (E, = 5485,6 k3B, 5442,9 x3B)
mewaet 233Pu (cM. Tabn. 13.5).
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13.12. OIPEJIEJTEHUE PATIMOAKTUBHOCTHU B IIMTHEBOM BOJIE

I'nobanbHOe cpeaHee 3HaueHue (D MEKTUBHON SKBUBATEHTHON 103kl (BD]1),
MoJIyyaeMOl 4YeJIOBEKOM OT €CTECTBEHHBIX MCTOUYHMKOB, COCTABJSIET OKOJIO
2,4 M3B/TOq.

Pexomenpauuu MexayHapoaHOW KOMUCCUM MO pajuallMOHHOM 3alure
(MKP3) He nenatoT pa3inuusi MeXIy eCTECTBEHHbIMU U UCKYCCTBEHHBIMU pa-
IUOHYKIuaamMu. PekoMenayeMblit yposeHb DB]1 coctasisier 0,1 M3B 3a 1 roa
notpebJeHus] MUTbeBOM BOAbl. COOTBETCTBYIOLIUI YpoBeHb DDl npeacTapis-
eT He Gojiee 5% cpenHeit DD]I, NpUNUCHIBAEMOI €CTECTBEHHBIM UCTOYHUKAM
(bOHOBOTO U3Ty4YEHMUSI.

PeanbHo DD]I 3aBUCUT He TOJIBKO OT MOCTYILICHUSI PaAUOHYKIIMAA KaK Ta-
KOBOTO, HO U OT META0OJIMYECKUX U TO3UMETpUUYecKUX napameTpoB. Iloctyn-
JIeHW€ PaJuOHYKJIUIOB OT 2 J1 MUTHLEBOU BOJABI B IEHb B TE€YEHUE OJHOIO rojaa
paccUYUTHIBAETCS C yUETOM 3aKOHOMEPHOCTE MeTaboJIM3Ma B3pOCIOTo YeloBe-
Ka. IIpy KOHKPETHBIX OLIEHKAaX JOJKHBI YUUTHIBATbCS KOAGMDGULIMEHTHl KOH-
Bepcun (38B/BK) (cMm. Tabmn. 13.7).

Tabauya 13.7
KoHnuenTpanuu paguoHyK/IuiaoB B MUTHEBOI BOJE, COOTBETCTBYIOIHE 3 eKTUBHOI
3KBUBaJEeHTHO# 03¢ 0,1 M3B npu noTpediennd B Teuenne 1 roma

Koadpdpumment kouBepcum 103561 Paccuntannoe 3HaueHue,

Pamuonymnn | 3 /5o Bi/n

SH 1,8 - 1071 7600
14C 5,6 - 10710 245
60Co 7,2 1079 20
89Sr 3,8-107° 36
908y 2,8-10°8 5
1291 1,1 -1077 1,2
1317 2,2-1078 6,2
134Cs 1,9 - 1078 7
137Cs 1,3-1078 10
210pp 1,3-107° 0,1
210pg 6,2 - 1077 0,2
224Ra 8,0 1078 1,7
226Ra 221077 0,6
228Ra 2,7 1077 0,5
232Th 1,8-107° 0,1
234U 391078 3,5
238y 3,6 1078 3,8
9Py 5,6 - 1077 0,2

* 3naueHus B3aThl U3 oKymeHTa NRPB-R245 (National Radiation Protection Bureau).
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10*(3s/ron)  1,4-1077(3m/n)

AR/ = S rom k(3s/Br)  k(35/BK)

rne A — yaeiabHasi aKTUBHOCTb, kK — KO3(M@UIIMEHT KOHBEPCUU TO3bI.

Pexomennyembie BcemupHoit OpranHusanueit 3npaBooxpaHeHusi (BO3)
YPOBHM OOLIMX KOHLIEHTPALIMI o- U B-u3jydyaTesieil B MUThEBOU BOME HE JOJI-
kHbI TipeBbiiaTh 0,1 1 1,0 Bk/n coorBeTcTBeHHO (CcM. Taba. 13.8).

Mg onpenesieHUsT TaKMX YPOBHEU o- U (-aKTUBHOCTU B MUTHEBOM BOJIE
BO3 pexkomeHayeT B KauyecTBe MPOCTEHIle onepaluyd KOHIEHTPUPOBAHUS
MPUMEHSITh yriapuBaHue mpod oobeMoM 1 1. CHavasia IuTpoBasi mpoda yrnaprBa-
€TCS 10 MUHUMAJILHOTO 00beMa, 3aTeM KOHLIEHTPAT NMEPEHOCUTCS B CIIELIUATIbHBIE
Yalleyku, npuaaraeMble 0ObIYHO K MpUOopam I U3MEPEHUsI palOaKTUBHOCTH,
U B 9TUX YallleYKax KOHLEHTpaT ylapuBaeTcs I10cyxa.

Tabauya 13.8
IIpumepsr DD]I, moayyaeMbix B TeueHue 1 rona mpu noTpedJeHHH MUTHEBOI BOJBI,
cojepKauieil Jo00il U3 JAHHBIX o.-H3JYYAIOMMX PAAMOHYKJIMIOB C KOHIEHTPALHUe
0,1 Bk/a unm B-u3naydyaommx paauOHYKJIUIOB ¢ KoHneHTpamueid 1 Bk/n

Pagmonyxmun Jlo3a, M3B

o-HWznygarenu, 0,1 bx/x

210pg 0,045
24Ra 0,006
226Ra 0,016
22Th 0,131
134y 0,003
238y 0,003
239py 0,04

B-Wznyuarenu, 1 bk/a

00Co 0,005
89S 0,003
908y 0,020
129] 0,080
131] 0,016

134Cg 0,014

137Cg 0,009

210pp 0,95

228Rgq 0,197
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MsmepeHue o011eil o-aKTUBHOCTU BBITIONHSIETCSI, KaK MPaBUJIO, C MOMOIIBIO
CUMHTWIISILIMOHHOTO CUeTYMKa CO CLIMHTUILISITOPOM U3 CyJibhuIa LIMHKA, aKTH-
BUPOBaHHOTO cepedpoM (ZnS(Ag)). it uamepeHus ob1Lero -usaydeHust 4acTto
HCTIONIB3YIOT MHOTOHUTHBIE Ta30pa3psaHbIe CUETIMKN ¢ TOHKMMM JIABCAHOBBI-
MM WJIA MaiIapOBBIMHM OKOIIIKAMMU.

Hunst onpeneneHus apOEKTUBHOCTU peTUCTpallMi OObIYHO TOTOBSIT CEpUM
CTaHIAPTOB, IO BO3MOXHOCTH T€OMETPUUYECKN TOMOOHBIX M3MEPSIEMBIM TIpe-
mapataM ¥ MMEIOIIMX Pa3IMYHYIO0 TOJIIIMHY B COOTBETCTBUU C BO3MOXXHBIM
JIWara3oHOM TOJIIIMHBI TIperapaToB.

B kauecTBe B- U o-M3IydaTesaeit Npyu NPUrOTOBICHUM CTAaHAAPTOB UCTIOJb-
3YIOT COJIM KaJIusl U COJIM TOPHSI WJIM ypaHa, B KaueCTBe HAMOJHUTENsI — Kapbo-
HaT KaJbliMsl, OMUH M3 HauboJjiee BEPOSITHBIX KOMIIOHEHTOB COJiIeBOro ¢hoHa
BOJbl. AKTMBHOCTb CTAHIAPTOB PACCUMTHIBAETCS IO OCHOBHOMY 3aKOHY paano-
AKTUBHOTO pacrana, MCXO/sl U3 B3AThIX HABECOK Cojieil paaoHyKInaoB. Como-
CTaBJIeHME CKOPOCTEH cueTa mperapara U CTaHAapTa COOTBETCTBYIOLIEH TOMILIMHbI
MO3BOJISIET paccuMTaTh 3HaYeHUe 3(P(MEKTUBHOCTU U ONMPEAeTUTh aKTUBHOCTh
HU3MepsieMOoro Tpernapara.

Ecau akTUBHOCTb MOJIyYEHHBIX TIPU YIIApUBAaHUU JUTPOBBIX MPOO MUTHE-
BOI1 BoJbl MpenaparoB npesbicuT 3HaueHus 0,1 u 1,0 bk/a no a- u B-usnyye-
HUIO COOTBETCTBEHHO, CJEeAyeT YCTAaHOBUThb, MPUCYTCTBUE KaKOro WMEHHO
PaauOHYKIMAA MPUBOAMUT K MOBBIILICHHOMY 3HAaYE€HUIO aKTUBHOCTHM Ipenapara.

MeTonoM, obecrieunBalOIUM BbICOKYIO 3(h(eKTUBHOCTb PETMCTPALIMU oL~
¥ B-M3Ty4eHUs B COYETAHUU C MPOCTOTOM IMPUTOTOBICHUS TIPEIapaToB, SBIIS-
€TCSl XKUJIKOCTHO-CUMHTWUISILIMOHHBINM MeTon (cM. pa3a. 11.5).
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SAKJTIOYEHUE

B Hacrogiee BpeMs paqOaKTUBHOCTh aTMOC(ephl, OKeaHa 1 JTUTOCHepPhI
OIpeesIeTCSI B OCHOBHOM €CTECTBEHHBIMM PagMOHYKINaamMu. TeM He MeHee
WCIIBITAHUS SAEPHOTO OpYyKus 1 padboTa npeanpusaTtuii ATL nmpuBenu x cyiie-
CTBEHHOMY pPaJIMOAKTUBHOMY 3arpsSiI3HEHUIO OKpYKaollei cpenbl. bymyiiee
SIEPHON SHEPreTUKM Ceifuac 3aBUCUT OT TOTO, OYAYT JIM TIPEIIOXKEHBI TEXHO-
JIOTMH, obecIieunBaole 6e30IacHOe U SKOHOMUYECKH BLITOIHOE OOpalleHIe
C OOJIyUeHHBIM SIIEPHBIM TOIUIMBOM M HAZEXKHOE 3aXOPOHEHUE paIUOaKTUBHBIX
0oTXOmO0B. [IJis1 TOro 4YToOBI OLIEHUTh BO3MOXHBIE TTOCIEACTBUST UCITOJIL30BAHUS
SIEPHON DHEPTUU IS OKPYKAKOIIEH CpeJbl M YeJIOBeKa, HeOOXOIMMO JIEeTaAlb-
HOe U3y4yeHUe TTOBEICHUS TEXHOTEHHBIX PaAMOHYKINI0B B 61ochepe. HecmoT-
S Ha KOJIOCCAJIbHBIN 00beM padoT, MOCBAIIEHHBIX MUTPALIMU PATNOHYKIUAOB,
BBITIOJTHEHHBIX B MOCJIEIHUE NECSTWIETUSI, MHOTME aCIeKThl MOBEAEHUST pa-
JUOHYKJIUIOB OCTAIOTCSI HEIOCTATOUHO SICHBIMU. OCODEHHO 3TO KacaeTcsl (pu3m-
KO-XUMWYECKNX (hOPM, B KOTOPBIX PaTMOHYKIIUIBI IIPUCYTCTBYIOT B OKPYKAIOIIEH
cpene. bes nagexxHoit nHGopMaunu o (opMax HAXOXIESHUS HEBO3MOXKHO IT0-
CTpOEHME KaKUX-IM00 MPOTHOCTUUECKUX Mojelieii. Bo MHOrOM He SICHBI (hak-
TOPBI, OTNIPEACISIONINE IEPEHOC PAAUOHYKIIUIOB B CUCTEME MOYBA — pAaCTeHHUE,
KOHIIEHTPUPOBAaHWE WX B MUILIEBBLIX LEMsx. JlaabHellero usydyeHus tpedyer
BJIMSTHYE MUKPOOPTaHU3MOB Ha TOBeJcHNE PAaaMOHYKINI0B KaK B HA36MHBIX,
TaK ¥ B BOOHBIX OMOTeOXUMHUIeCKMX rKJax. HabmomaeTcss cMelleHrne MHTepe-
ca HuccienoBaTeNieil B CTOPOHY OTHOCUTEIBLHO JOJITOXKMBYIIUX PAagUOHYKITH-
OB — aKTMHUAOB, TeXHelus, noaa-129.

Kpowme TOro, n mpupoaHble, 1 UCKYCCTBEHHBIC PATUOHYKIIUIBI SIBJISIOTCS
LIEHHBIMU MHCTPYMEHTAMH, TTO3BOJISTIOIIUMU UCCIIEIOBATh B pealbHOM BpeMe-
HU TIPOLIECCHI, TIPOTEKAOIIe B OKpYKalollleil cpeie. 3auacTyo MH(popMaLus,
rnoJiydaemMasi ¢ TIOMOIIBIO PAIUOHYKJIWIHBIX METOAOB, YHUKaIbHA. [IpeacraB-
JIIeTCsl OCOOEHHO WMHTEPECHBIM HCITOJIb30BaHUE PAIUMOAKTHUBHBIX TPacCepoB
JUIST  MICCIIEAOBAHUSI B3aMMOJEUCTBUI OKeaH—aTMocdepa U Cylla—OKeaH.
HMMeHHO mporecchl 0OMeHa BEIIEeCTBA U SHEPrUeil, TPOUCXOadIe Ha TpPaHu-
nax cgep, BO MHOTOM OIPEIEIsIIOT U3MeHeHus kKiauMmara. KojmuecTBeHHast
OlLIEHKa MTOTOKOB BEIIECTBA Yepe3 TPaHUIIbI pasaesa chep MOXKET ObITh BBITIOJ-
HEHa C UCITOJIb30BaHUEM PAIUOHYKIMIHBIX TPACCEPOB.

g apdeKTMBHOrO pelleHust MePeYrCIeHHBIX BbIIIE 3agau TpedyeTcs
COBEPILICHCTBOBAHME METOHAOJIOTUU TPOOOOTOOpa, OpraHU3alus MOCTOSTHHO
JEMCTBYIOIEr0 MOHUTOPUHTA, pPa3pabOTKa HOBBIX METOHOB OIpeae/IeHUS
YVIBTPAHU3KMX aKTUBHOCTEM PaIOHYKIIMAOB B IPUPOIHBIX 00BbeKTax. B KauecTBe
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HOBBIX TEHACHIMI B MPOOOOTOOPE CleayeT OTMETUTh MPUMEHEHUE aBTOMaThye-
CKUX CEIMMEHTALlMOHHBIX JOBYLIEK, IO3BOJISIIOIIMX TOJyYyaTh HEMOCPEaCT-
BEHHYI0 MHMOpMaIMIO O MTOTOKAaxX BEIIeCTBA, aBTOHOMHBIX MOTPYy>KaeMbIX Ha-
COCOB, CITOCOOHBIX in Situ oOpabaThiBaTh 0OJbIINE 00BeMbl Boabl. HoBble u-
JIbTpAaUMOHHbIE TEXHOJOTUM JAAalOT BO3MOXHOCTb OTHEJSITh B3BELIEHHOE
BEILIECTBO M3 KyOOMETPOBBIX OOBEMOB MPUPOMHON BOALI U PA3AEIITH €ro Mo
(bpakiusM ¢ pa3IMYHBIM pa3MepoOM YacTHUll.

PazButue Macc-cneKTpoMeTprMuYecKoro aHaan3a Mo3BOJIMIO MOBLICUThL Ha-
JEKHOCTb OMNpeneeHUs] MHOTMX OTHOCUTEJbHO MOJTOXMBYIIUX PAAUOHYKIIN-
noB. Tak, cTaJ BO3MOXHBIM PaJAUOYIJIEPOAHbIN aHAIU3 MPOO Majaoil Macchl.
PasButue MeTona yCKOpPUTEJbHON Macc-CIEKTPOMETPUM MO3BOJIMIIO OIpese-
J9Th B MOpcKoii Bone 121, kotopslii B ape ¢ 137Cs apngercs LiegHHENIUM Tpacce-
POM 151 M3y4YeHUs MepeMellMBaHusl BOAHBIX Macc. Macc-CrieKTpoMeTpuiecKue
METOAbl Jadu BO3MOXKHOCTb HAJEXHO YCTaHaBJIMBAThb U30TOMHbBIE COOTHOILIE-
HUS TUTYTOHMSI, @ TAKXKE ONpeessaTh 242Pu B IPUPOIHBIX 0OBEKTAX, TAKKUM 00-
pa3oM BO MHOI'OM pellieHa MpobyieMa UACHTU(hUKALMA UCTOYHUKA MOCTYIUICHUSI
TEXHOTE€HHBIX PAIUOHYKIUIOB.

B xaudecTBe Apyrux AOCTMKEHWI B ONpeNeeHUM PaAuOHYKIWIOB B MPU-
POIHBIX 00BEKTAX CJIEAYET YIOMSAHYTH omnpenesneHue 234Th B Manbix (oT 2 1)
o0beMax MODPCKOil Boxbl, onpeneienne 23’Np MeTOZOM pagvMoXMMUYECKOTO
HEHTPOHHO-aKTUBALIMOHHOTO aHalIu3a, omnpelaejeHre HU3KOIHEPIeTUYECKOTo
B-M3JTyYalolero U30Tona IIyToHns 24'Pu MeTomoM XMIKOCTHO-CUMHTUILISA-
IIMOHHOM creKTpoMeTpuu. Pa3pabGoTaHbl IEeTEKTOpPHI y-KBAaHTOB Ha OCHOBE
CBEPXUYMCTOrO repMaHusi, UMEIOLIME OTHOCUTEIbHYIO 3¢ dekTuBHOCTD 10 200%.

CoBeplIlIeHCTBOBaHE METOIOB M3MEPEHMST HU3KUX aKTUBHOCTEH TTO3BOJIUAT
pacIIMpuTh KPYT WCIOJB3YyeMBIX TpaccepoB. B dacTHOCTH, mpemcTaBiseTCs
MePCIEKTUBHBIM HUCITONb30BaHue 32Si, 32.33P, 35S, Texnenus.

Takum obGpa3oM, JeTaabHOE MCCeIOBaHNE TTOBEACHUS PATUOHYKINIOB B
OKpYyKarolllelt cpene HeoOXOMMMO He TOJIBKO JIUISI YCIIEITHOTO Pa3BUTHS SIEpP-
HOI DHEPreTUKU, OHO MOXKET TaKKe MaTh JOTIOJHUTEIbHBIN MMITYJIbC Pa3BU-
THUIO OMOTEOXUMUM, OKEaHOJIOTUN, KOCMOXUMMUMU.
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INPUJIOXKEHUE

HAWBOJIEE THTEHCUBHBIE y-IMHUU PAAIMOHYKIINIOB
ECTECTBEHHBLIX PA10OB YPAHA—-PAIUSA U TOPUA

E vy, xoB ., % Hyxnun Psan [Ipumeuanue
39,9 1,06 212Bj Th
46,5 4,25 210pp U
53,2 1,11 2l4pp U
63,3 4,8 24Th U
72,8 2,02 208T] Th Ka2
74,8 5,9 214pp u Ka2
74,8 10,4 212pp Th Ka2
75,0 3,41 2087 Th Kal
77,1 9,9 2l4pp U Kal
77,1 17,5 212pp Th Kal
84,4 1,266 228Th Th
84,9 1,51 2087 Th Kp
87,3 4,41 2l4pp U Kp
87,3 7,8 212pp Th Kp
90,0 1,94 228A¢ Th Ka2
92,4 2,8 234Th u
92,8 2,8 234Th U
93,4 3,2 228A¢ Th Kal
99,5 1,28 228A¢ Th

105,0 1,47 228A¢ Th

129,1 2,45 228A¢ Th

186,1 3,5 226Ra U

209,3 3,88 228A¢ Th

238,6 43,3 212pp Th

241,0 3,9 224Ra Th

242.0 7,5 214pp U

270,2 3,43 228A¢ Th

277,4 6,31 2087 Th

295,2 18,5 214pp U

300,1 3,28 212pp Th




TIpunoxeHue 279
Evy, k3B ™, % Hyxknun Pan IIpumeyanue
328.,0 2,95 228A¢ Th
338,3 11,3 228A¢ Th
351.,9 35,8 2l4pp u
409,5 1,94 228A¢ Th
463,0 4,44 28Ac Th
510,8 22,6 2087 Th
583,2 84,5 2087 Th
609,3 44,8 214Bj U
665,5 1,29 214Bj U
727,3 6,58 212B; Th
755,3 1,01 228A¢ Th
763,1 1,81 2087 Th
768,4 4,8 214B; U
772,3 1,5 228A¢ Th
785.,4 1,102 212Bj Th
794,9 4,34 228A¢ Th
806,2 1,12 214Bj U
835,7 1,68 228A¢ Th
860,6 12,42 2087 Th
911,2 26,6 228A¢ Th
934,1 3,03 214Bj U
964,8 5,11 228A¢ Th
969,0 16,2 228A¢ Th
1120,3 14,8 214Bj U
1155,2 1,64 214Bj U
1238,1 5,86 214Bj u
1281,0 1,44 214B;j U
1377,7 3,92 214B;j U
1401,5 1,55 214Bj U
1408,0 2,8 214Bj U
1509,2 2,12 214Bj U
1588,2 3,27 228A¢ Th
1620,5 1,49 212Bj Th
1630,6 1,6 228A¢ Th
1661,3 1,14 214Bj U
1729,6 2,88 214Bj U
1764,5 15,36 214Bj U
1847,4 2,04 214B; U
2118,6 1,14 214Bj U
2204,2 4,86 214Bj U
2447.,9 1,5 214Bj U
2614,5 99,16 2087 Th

a)p — BEPOATHOCTDb UCITYCKaHUS COOTBETCTBYIOLIUX Y-KBAHTOB IIPU paMOAaKTUBHOM pacranc.
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CanoxHukoB Opuii AnekcaHApoOBUY, OOKTOP XMMUYECKMX
HayK, BeayLUMi Hay4Hbli COTPYOHUK Kadenpbl pagnoxmmum
xnmMmundeckoro dakynsteta MY um. M. B. JlomoHocoBa. O6nactb
HaY4YHbIX WHTEPECOB — PAAMOAKTMBHOCTb OKPY>XXAIOLWEN Cpenbl,
N3MEPEHME HUSKUX aKTUBHOCTEN. YHaCTHUK MOPCKUX Hay4HbIX
akcneanuuin (¢ 1965 r.). ABTop 6onee 150 Hay4HbIX PaboT.

AnneB Pamu3 ABTaHOMNOBUY, KaHONOAT XUMUYECKUX Hayk,
3aBefylLmMin  pagnoxmmMmmyeckorn nabopatopuein HUN ApepHoi
dunsnku um. . B. CkobenbupiHa npy MY um. M. B. JlomoHoCOBa.
YuTtaeTt Kypcbl nekumin «OCHOBbI PAANOXMMUN U PAANOSKOSOrNN»
N «floepHas cnekTpoMeTpusi B XMMMYECKOM aHanuse». Obnactb
Hay4HbIX MHTEPECOB — PaAMOakTUBHOCTb OKpYXaloLlen cpenbl,
pagnoaHanuTnyeckas u agepHas xXmmMus. YY4aCTHUK MOPCKUX
Hay4HbIX akcneamuunii B Apktuke. ABTop 6osee 40 Hay4YHbIX paboT.

KanmbikoB CtenaH HukonaeBud4, kaHANOAT XUMUYECKUX HayK,
OOoueHT kadenpbl paguoxmmMmu XmmMmdeckoro dakynbreta MY
vMm. M. B. JIoMOHOCOBa, CTapLuMi Hay4dHbIi coTpygHuk TEOXU
um. B. V. BepHaackoro. YneH MexBeLOMCTBEHHOIO Hay4HOro
coBeTanopaguoxummn. 3amectutenbnpencenaresnss MoOCKOBCKOIrO
ceMuHapa no pagmoxumumun. YneH HaumoHanbHOro komuTeTa
POCCUNCKNUX XMMUKOB. JlaypeaT npemuin DoHaa coOencTBus
oTeyecTBeHHOW Hayke u BnarotBoputensHoro donpa B. O. No-
TaHuHa. O6nacTb HayYHbIX WMHTEPECOB — MOBEAEHME pagmo-
HYKJIMOOB B OKPYXaloLWen cpeae U XumMun4eckue CBONCTBA
aKTUHWAOB. YHaCTHMK MOPCKUX HaYYHbIX aKcrneanumin. ABTop 6osee
50 Hay4HbIX paboT.
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