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ICoGoToBny J.B]
I'Y «Uucmumym eeoxumuu oxpyacaroueti cpedvl HAH Yxpaurnvr»

COBPEMEHHBIE METO/IbI SIZIEPHOI T'EOXPOHO.JIOT UM

Paccmompena ponv paduozeonocuu 6 pewenuu pada npukiaoHvix 3aday eeonozuu. Ilpocnescena
ucmopus pazeumusi paouozeonocuu. /[emanbHo oxapakxmepuso8ansl paouoaKmueHvle Memoosl 0a-
MUPOBAHUS 2e0]102UHEeCKUX 00PA3068aANULL, a MAKICe MemMoobl, OCHOBAHHBIE HA UIMEPEHUU YOeTbHOU
AKMUBHOCMU DNIEMEHMO8, HEPABHOBECHbIE MEMOObl OEPHOU 2eOXPOHOA02UU U Op., KOMOpble Npu-
MEHSIOMCSL 8 OCHOGHOM O/l ONpedeneHus aOCONOMHO20 B803PACMA U CKOPOCHU CeOUMeHmayuu
MOPCKUX U OKEAHUUECKUX 0CAOKO8.

BBenenue B paauoreoJoruio

Pagnoreonorust —oHa U3 caMbIX MOJIO/IBIX TE€OJIOTHYECKUX HAYK, HaJl IpoOieMaMu KOTOPOi
B.U. Bepnanckuii paboTan BCIO CBOIO )KU3Hb M UIMEHHO €TO I10 MPaBy MOXKHO CUHATATh TBOPLIOM
PaaMore0aOruu Kak CaMOCTOSATENIBHOTO HAYYHOI'O HAIIPABJICHHUS.

B 1935r. yuensriit nucan: «Celiyac MOXHO U HYXKHO TOBOPHUTH O HOBOM co3MJaromeii Hay-
K€ — paJuore0soruy, Hayke O paJuOaKTUBHBIX CBOMCTBAX HALIECH IUIAHETHI, O MPOUCXOIAIIUX B
Hell, eif CBOWCTBEHHBIX, 0COOBIX paJMOaKTUBHBIX SABICHHUIX. DTa HOBasl OTPACIb 3HAHUS HAXOIH-
TCS1 B OBICTPOM CTAQHOBJICHHHU M JIOJDKHA OBITH ceifyac OCBOCHA M MPOJyMaHa M TEOPETUUYECKH, U
npakTudecku. M160 oHa He TOJIBKO MMEET JJIs Hac TiyOoyaiilee 3HaueHUe, TaK KaK CBS3BIBACT C
HOBOH (PM3MKOH U HOBOM XMMHEH — B KOHKPETHOM 3eMHOM 00CTaHOBKE — HAayKH O JKU3HHU U O Hac
CaMHX, HO U TIOTOMY, YTO OHa J]a€T B PYKH YEJIOBEKY HOBbIC ITyTH U HOBbIC (DOPMBI OBIIAZCHUS
IPUPOJIOi, HOBYIO crury» [1].

N3mepeHue reojaorn4eckoro BpEMEHH OCHOBBIBACTCS HA 3aKOHAX PaJUOAaKTHBHOIO paclia-
Jla XUMHUYECKHUX DJIEMEHTOB, Ha COOTHOLLIEHUN MAaTEPUHCKUX U TOYEPHUX IIPOJYKTOB pacnaza, Ha
pacrajie caMoro paJIHoaKTHBHOTO XHMHYECKOTo eMenTa (Harmpumep, 'C, °Be).

[TpoGnema reonoruyeckoro BpeMenu, kotopomy B.W. BepHanckuii npunaBan oco60o Bax-
HOE€ 3Ha4YCHHUE, UTPACT OOJIBIIYIO POJIb M B IPUKIIAJHOM OTHOILICHUH

=  COCTaBJICHHUE IIOJIEBBIX KapT;

+  HaJIW4He MOJJIMHHBIX KPUTEPUEB ONpeseieHuss (GOpMUPOBAHMS TOW WIM WHOU CTpa-
Teruu (PU3NYECKON eTMHHIIBI;

W HCIIOJb30BAHUE METOJAOB PAJAHOIrEOJIOTUH I YCTAHOBIICHHUS] CHHXPOHHOCTH IIpOLEeC-
COB BYJIKAHHM3Ma U 0CaJIKOOOPa30BaHUs, a TAKXKE YCTAHOBJICHUE UX OTJIMYUNA BO BpeMs MPOsIBIIe-
HUS;

=+  BBIACHCHHE COOTHOLICHHUS OCAJOYHBIX M BYJIKAHOTECHHBIX IOPOJ B CIy4asix, KOrJa
9TH COOTHOLICHUS 3aMaCKUPOBaHbl HAJIOKECHHBIMU ITPOLIECCAMMU.

Taxum 06pazom, KaueCTBO I'e0JIOTMYECKOr0 KapTUPOBAHUS 3HAYUTEIBHO BO3POCIIO C MOSIB-
JICHUEM PAJIHOTE€0JIOTHIECKUX METOJIOB OTPEICICHUS BO3PACTa r€0JOTrHYECKUX (POopMalnid.

B.U. BepHajckuii Tak oxXapakTepu30Baj CYyLIECTBYIOIIEE B 3TOM 00aacTu moyoxxeHue:. «B
Havase XIX Beka 3Ta mpobiema BBUTHIIACH B T€OJIOTHYECKYIO KapTy BCEH CYIIU — B HEKOTOPBIX
YacTsAX M BCEH IUIAHETHl — U JJOBEJeHA pabOTON MOKOJICHHUH T'€0JIOTOB J0 Ype3BBIYaHON TOYHO-
CTHU W TIyOHWHBI U UTPAET OTPOMHYIO POJb B Hamel KyabType. Ho 310 ObUIO pemieHue sBHO He
OKOHYAaTeJIbHOE. MOKHO celuac TOYHO y4eCThb IOCIEA0BATENBHOCTD IT'€0JIOrHYECKUX CUCTEM, 3P,
[IEPUOJOB, SIPYCOB, HO HEIb3s BBIPA3UTh 3TY MOCIEAOBATEIBHOCTh KOJUYECTBEHHO, B YUCIAX.
DTy BO3MOYKHOCTb Ja€T BIIEPBbIE U3YUEHUE PAIMOAKTUBHBIX SBJICHUH IJIAHETHI.
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PasBuTHe paanoreonoruu

HccnenoBanue paguoakTUBHOCTH — OJMH W3 HamOoJee BaKHBIX HAyYHBIX HHTEPECOB
B.W. BepHaackoro B Te4€HUE BCEU €r0 KU3HH.

C 1909r. on Bo3rIaBUI 3TH UccienoBanus B Poccuiic-
KOM akaJeMHUu HayK, IJe IOJ ero IMpeacelaTeaIbCTBOM Oblia
co3faHa cnenuanbHas PagueBas komuccus, KOTOpas Hayaia

OpPraHU30BBIBATH PAIUEBBIE SKCIIEAUIUN AKaIEMUH HayK.
B sTom ke roay mo mHunmatuse akaaemuka B.M. Bep-
HAJICKOTO WiIeHbl POCCHIICKON akaJeMUu HayK Hadyajlu Mpe.-
IIPUHUMATh IMOMBITKM HU3YYEHUs PAJIUOAKTUBHBIX MUHEPAJIOB

B IIMPOKOM MacHITa0e 1Mo ONpeACICHHOMY IIaHy.
BBenenueMm k 3TuM paboTam U OPUIHATBHBIM HAaYyaIoOM
IJIAHOMEPHBIX HCCIEeN0BaHUM B Pocchiickol akaJeMuu Hayk
[0 MHUHEPAJIOrHH, IEOJIOTUM W TE€OXMMHMH PpPaJAHOaKTUBHBIX
AJIIEMEHTOB MOXeT ObITh Aoknan B.M. Bepranckoro <«3amaun
IHS B oOjactu paaus» [2] Ha oOiiem coOpaHuu AKaIeMUU
Hayk 29 nexabps 1910r. Beaenuem u nporpamMmoii panue-
BBIX JKCIEIUIUN AKaJeMUHU HayK TaKXKe MOCIyXUja 3alnucKa
Brnagumupa VBanoBuua «O HEOOXOAMMOCTH HCCIEIOBAHUS
paaroaKTHBHBIX MUHEpaioB Poccuiickoit ummepun» [3], coc-
Aabgpen Jeiin TaBUBIIAS TIEPBBIA BHIMYCK «IpymOB pajneBON IKCIEAUIINH
(1863—1948) Poccuiickoii akagemun Hayk» 1914r.
OcHoBaTteneM, OpraHu3aTopoM U BJIOXHOBHUTENEM ILIa-
HOMEPHOTO M3Yy4YEHHS paJuOaKTUBHBIX MMUHEPAJIOB U UX IOMCKA Ha Tepputopuu Poccum taxke
sBJsIeTCS akaneMuk Bragumup MiBanoBuu BepHaackuii.

C 1917r. npaButenscTBO Poccuu OBUIO 3aMHTEPECOBAHO HE CTOJIBKO B U3yUEHUH PaCIpoc-
TpaHeHHs panus B mpeaenax Poccuu, ckoipko B Hanboiiee OBICTPOM HCIIOJIB30BAHUU YK€ Haii-
JICHHBIX 3aI1acOB. B COOTBETCTBUM C 3TUM pa3BUTHE PaJUEBOro Jeia, IPyNIUpPOBaBLIEECsS PaHEES
BOKpYr Munepanorudeckoit 1 Panmonoruueckoii nabopatopuii Akagemuu Hayk, ¢ 1918r. mo-
JTy4usio HoBoe Hampasienue. 12 anpenst 1918r. nox npencenatenscTBoM akanemuka A.E. @ep-
cMaHa OB cO3/IaH CIeNUanbHbI PanueBsiil oTnen 1 npoaokeHus padot PanueBoit komuc-
cun Axkagemun Hayk. C lwurons 1918r. npu PagueBom otaene Havan QyHKIIMOHUPOBATH OCO-
Ob1i1 opran — Kouerust mo opranu3aiiuy ¥ 3KCIUTyaTalluu IPOOHOTO 3aBOJIa /7Sl M3BJICUCHHUS pa-
IMst BO ThaBe ¢ yrnosHoModeHHbIM B.I'. Xnonunsim. Komnerus ¢punancuposazach XUMUYECKUM
otnenom Beiciero coBera HapoaHoTo X03s1iicTBa (BCHX), mostoskeHue o Hel ObUIO YTBEPIKICHO
[Ipesunnymom BCHX.

B oxta6pe 1918 r. npu oOpa3oBaBmMMcs K TOMY BpeMeHH ['OCynapcTBEHHOM PEHTTEHO-
JIOTUYECKOM M PaJOJIOTHYECKOM MHCTHTYTE TakoKe ObLIO cO3/aHo cnenuaibHoe PanueBoe oTaene-
HHeE, B 33/1a4l KOTOPOTO BXO/IMJIa OpraHu3anus GU3NUecKuX UCCIeI0BaHUM 10 PaJMOAKTUBHOCTH.

B 310 xe Bpems 3a noanuceto [Ipencenarens Cosera Haponueix Komucapos B.U. Jlennna
B Ypanbckuit CoBHapxo03 OblIa MOCIaHa TelerpamMma ¢ MpeanicaHueM «HeMeUIEHHO HavyaThb pa-
60Tl 10 opranu3aiuu PagreBoro 3aBoa».

Hapsiny ¢ 3TuM otnenbHble pabOThl MO0 U3YYEHHUIO PAJHOAKTUBHOCTH BEJIUCH B XHMHUYEC-
Ko# nabopaTtopun u OuznvyeckoM UHCTUTYTEe MOCKOBCKOTO YHUBEpCUTETa, B HayuHOM Dusuye-
ckoMm mHcTUTyTe akanemuka I1.I1. JlazapeBa B MockBe, B Pagnonoruueckoit nabopaTopuu mpo-
deccopa E.C. Bypkcepa B Onecce.

B xonme 1921r., xorza yxe ObUIO 3aJI0KEHO IPOYHOE OCHOBAHUE JISl Pa3BUTHUS palueBOi
MIPOMBIIUIEHHOCTH B Poccu, moiydeHbl nepBble pagueBble IMpenaparbl U, TaKUM 00pa3oM, Io-
JIBEJICH TPOYHBIM (yHIaMEHT MO/ JaJIbHeIIee pa3BUTHE HAYYHBIX UCCIEIOBaHUM B 001acTH pa-
TSI U SIBIICHUN PaJJOAKTHBHOCTH, BHOBb BO3HMKJIA MBICIIE O HEOOXOIMMOCTH OOBEMHEHUS BCEX
paboT B 3TOi 00MAaCTH B €IMHOM HaydyHOM IieHTpe. Takoi meHTp Obul cozman 1 sHBaps 1922r.,
KOTI'JIa BCE YUPEXKJICHHs], 3aHUMAaBILINECS HAYYHBIMU HCCIIEJOBAHUSAMM 10 BOIIPOCAM paJnOaKTHUB-
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HoctH B [lerporpane — PagueBas maboparopust AkaieMuu HayK,
Konnerus no opranuzanuu paaueBoro 3aBoja U PagueBoe oT-
nenenue ['ocy1apCTBEHHOTO PEHTIEHOJIOTMYECKOT0 U PaguoIo-
TUYECKOr0 MHCTUTYTa — 00BbEIMHUCH BMecTe, 0Opa3zoBaB ['ocy-
JNApCTBEHHBIN pagueBblil UHCTUTYT NMPU AKaJeMUU HAyK, HAaXo-
Jsuiics B Beaenuu ' maBHaykun Hapkomipoca u cocTtosimuui u3
TpeX OOJIBIIUX OTAENOB: (PU3MUECKOTO, XMMHUYECKOTO, TCOXH-
MHYECKOTO M MHMHEPAIOTUYECKOT0. J[MPEKTOPOM HHCTUTYTA
Obul HazHaueH B.JM. BepHanckuii, KOTOpBIA Takke 3aBeOBAJ
F€OXUMHUYECKUM U MUHEPAIOTUYECKUM OTIEI0M. Ero 3amecTtu-
TEJIeM M 3aBEIyIOIIUM XUMUYeckuMm otaenoM Ol B.IM. Xito-
MIMH, a 3aBeIYIOIHUM (PU3NYECKUM OT/IEIOM U YUCHBIM CEKpeTa-
peM —JL.B. MbIcoBCKHil.

Takum o0pa3oM, mepuoa pPa3BUTHS PAAWEBOrO Jela B
Poccun ¢ 1918mno 1923r., 03HaMeHOBABININIACS BHAYAJIEe OMpe-
JICIEHHO HAMETHUBIIMMCS Pa3ApoOIeHHEeM padoT, CBSI3aHHBIX C
M3y4YEHUEM pajusi U SBJICHUN paJuOaKTUBHOCTH, U paclpese-
JEHUEM UX MEXIY PAIOM YUPekKIACHUU, 3aKOHUMIICS UX 00be- JleB BiaagumupoBuy

JUHEHUEM I10J] 3ru0i Poccuiickoi akageMuu Hayk. MpbicoBckmii
(1888—1939)

Hcnoab30Banne pagHOaKTUBHBIX METOAOB [JIsl ONpe/ieJieHMsl BO3PacTa reoJioruve-

CKHX 00pa3oBaHui

[TpumMeHeHne pagoaKTUBHBIX METOJOB JJISl OMpPEAETICHNUs BO3pacTa reoJOrHyeckux oopa-
30BaHUI UMEET JUIMHHYIO HCTOPHIO.

BrepBbie MbICIIb O TOM, YTO PaJIMOAKTUBHBIN pacaj, IPOTEKAIOLUIUN ¢ IOCTOSIHHOU CKOPO-
CTBIO, MOXKET CIY)KUTh 3TAJJOHOM BPEMEHH, BHICKA3aJIM HE3aBUCUMO JAPYT OT JIpyra BCKOpeE Mocie
oTkpeITUs paguoakTuBHOCTH [Ibep Kiopu u Dpuer Pesepdopa.

JlanbHeuee pasBUTHE MCCIECIOBAHUNA B 3TOM HAIPABJICHUM BCTPETUIIO HA CBOEM IIyTU
OoJbIIMe TPYAHOCTH, TaK KaK B TO BPeMsI MHOTHE HCCIIeIOBATEIN CUUTAIH, YTO PaJHOAKTUBHBIC
METO/Ibl OTIPE/ICTICHUSI BPEMEHU CTPAJA0T MPUHIMITHAIBHBIMU OIIUOKaMH, KOTOpbIE U 00yCI0B-
JUBAIOT HMEIOIIMECS PAcXOXKJCHHS B TOIYyYEHHBIX pe3ynbTaTax. B camom Havane wucc-
JIeIOBaHU B 3TOW OOJIACTH TOJBKO €IMHUYHBIEC T€OJIOTH U T€OXUMUKU HJICHHO BO3IJIABHIIM ITH
paboTHI.

BriepBbie uaen o HE0OXOIMMOCTH MPUMEHEHHS PaIHOaK-
TUBHBIX METOJIOB JJISl OTIPE/ICIICHUsI BO3pacTa Havyall pa3BUBATh
B.W. BepHaackuii, TeM HE MEHEE, HECMOTPSI Ha KOJIOCCAJIbHBIN
aBTOPHUTET B CpPEZIe I'e0JIOroB, €My HE yIaloCh B JOCTAaTOYHOM
Mepe MPUOOIIUTh UX K ATOH Ipodieme.

[TepBbiME paboTaMu MO pEIICHUIO TAHHOW MPOOIEMBI B
Coserckom Coroze ObLIH OIpeesieHus] Bo3pacTa 6eI0MOPCKOi
CBUTBI CBHHIIOBBIM M I'eliieBbIM Metofamu [4, 5]. Cucremaru-
geckre padoThl B 3TOM HampaBiieHuM Havanuch B 1931r. mox
PYKOBOACTBOM MEKBEAOMCTBEHHOM KOMHMCCHUM B COCTaBE
B.U. Bepuajackoro (mpencenarens), B.I'. Xionuua (3amectu-
tenb npencenarens), U.E. Crapuka (yueHblil cekperaps).

B 1937 r. ma XVII MexnyHapoaHOM Te0JI0THIECKOM
KOoHTpecce Oblia n3dpana MexyHapoJHasi KOMHUCCHS TIO OIl-
penenenuto Bo3pacta B cocraBe. A. Jleiin (mpencenarens),

Teopruii JImutpueBuy B.U. Bepnanckuii (3amecturens npencenatens). B oty komuc-
Adanacnen cuto ot Coserckoro Coroza Bomwu Taxke B.I'. XnomuH u
(1906—1975) N.E. Crapuk. Hauapmascs Bropas MupoBass BOWHa IpepBaa
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ee nesatenbHOCTh. B 1950r. Komuccus no onpeneneHuio abco-
JIOTHOTO BO3pacTa T'e0JIOTHYECKuX (opMaluii ObL1a opraHuzo-
BaHa npu Akajgemuun Hayk. B Hee Bonum: U.E. Crapux (mpen-
cenarens), JI.U. lllepbakos, B.1. bapanos (3amecturenu npe-

cenareisi), T.b. Ilekapckas (y4eHbIi cekperaps).
Briocnencreum npencenarensmu Komuccnu Obuta 4i1.-KOpP.
AH CCCP TI' . Adanacees, un.-kop. AH CCCP A.U. Tyrapu-

HOB, akazemMuk AH YCCP H.II. Iep0Oax.
B 1991r. nocne pacnaga CCCP Komuccus mo onpezere-
HUIO a0COJIOTHOTO BO3pacTa reojormyeckux (opmaruii B He-
koTopbix crpaHax CHI' TpanchopmupoBanack B caMOCTOsITeE-
npHBIE Komuccun. Tak, B Poccun Hawana pabotars Poccuiickas
KOMHUCCHS TIO OIpENENICHUI0 aOCOMIOTHOTO BO3pacTa I'e0JIOrH-
yeckux (opmanmii (npeacenarens — wi.-kop. PAH H.M. Uep-
3 HBIIOB). B HamumonamesHOM CrparturpaduyeckoM KOMHTETE
Anexceii Usanosny VKpauHbI ObUTH CO3JaHBI JBE MOIKOMHCCHH. MO (haHepO30i0
Tyrapunos (npencenarens — akanemuk HAH Vkpauns [1.®. [oxuk) u 1o
(1917—1977) nokemoOputo (mpencematens — akagemuk HAH  Ykpaunbi
H.IT. lepbax), KOTOpbIE MPOBOASAT CHCTEMATHYECKHE PabOTHI O OMPENEIICHHIO a0COIIOTHOTO
BO3pacTa reoJIOrHuecKux (GopMariuii.

CymiecTBeHHBIM B ITpo0OsieMe Bo3pacTa 3eMJIH SBJISAETCS TO, YTO B MOCTEIHEEe BPEMs MOITy-
4yeH OO0JIbIION 3KCIIEPUMEHTAIBHBIN MaTepra M0 U30TOMTHOMY COCTaBY CBMHIIA HE TOJIKO 3€M-
HBIX IIOPOJ,, HO M METEOPUTOB, a TAK)KE JAaHHBIE O BO3pacTe
3emiid, TOJYYEHHBIE CTPOHLMEBBIM M aprOHOBBIM METOJAMHM.
Teoperndeckre OCHOBBI OOJIBIIMHCTBA METOJIOB SIIEPHOM T'eo-
XPOHOJIOTUH, OOCYXJICHHE CYIIECTBYIOIIUX MPoOIeM, aHAIN3 U
cucreMaTu3anus OOJIBIIOTO AKCIEPUMEHTAIBHOTO MarepHaia
coOpaHbl B OCHOBHBIX KJIACCHYECKUX TPYyJax IO SAECPHOU Teo-
xpoHosioruu [6—9].

3HAUUTENBHBIM OTIMYUEM COBPEMEHHBIX METOJIOB OIpE-
JeTICHUs BO3pacTa SBJSIETCS IHUPOKOEe M 00s3aTeNbHOE MpHMe-
HEHUE Macc-CIEKTPOMETPHUH, B PE3YyIbTaTe€ YEro CO3JaHbl HO-
BbIE Y B 3HAUUTEJIBHON CTENIEHU YTOYHEHBI CTapble METO/BI.

B Hacrosimee BpeMst 04EBUAHO, YTO OCHOBOM Ul BO3pac-
THBIX T'€OJIOTMYECKHX MOCTPOCHUN NOJIKHBI OBITh JAaHHBIE pa-
JUOAKTUBHBIX METOJOB, MO3TOMY PE3YyJbTaThl, MOJyYEHHBIE C
UX ITIOMOIIIBIO, CIEAYET PACCMAaTPUBATh B CBETE CYILECTBYIOIINX
reoJIOTMYECKUX HJeH W (PaKTOB; TAaKOW B3aMMHBIM KOHTPOJIb
PazvosIoroB U Ire0joroB OKaXeTCsl BECbMa IJI0J0TBOPHBIM.

Huxouaii IlerpoBuy
Hlep6ak, akanemnxk HAH
YxpauHsbl

PagnoakTHBHBIE METOAbI T€OXPOHOJIOIHH

1. Ocnoenvie nonosxcenusn

PannoakTuBHOCTB, KaK U3BECTHO, BCETJa COMPOBOXKAACTCA U3Iy4YEHUEM, KOTOPOE SBIISAETCS
YpE3BbIYATHO XapaKTEPHBIM, IIOCTOSTHHBIM IIPU3HAKOM Ka)KJI0T0 PaAMOAKTUBHOIO U30TOIA.

ITockoisbKy BCe paMOAKTUBHBIE IIPOLECCHI IIPOTEKAIOT € ITOCTOSIHHOW CKOPOCTBIO, PaJHo-
aKTHBHBIE U30TOTBI MOTYT CIIYXKHTh TOYHBIMHU WHAWKATOPAMH BO3PAcTa TE€X MPUPOIHBIX 00pa3o-
BAHMH, B COCTaB KOTOPBIX OHU BXOJIAT.
PagnoakTHUBHBIE HM30TOMBI XapaKTEPU3YIOTCS, C OJHONH CTOPOHBI, CIOCOOHOCTBIO CaMOIpO-
U3BOJIBHO pacIajgaThCs, ¢ IPYro — OKa3bIBaTh BO3ACUCTBUE HA OKpYyKaroLlee ux BeuecTso. Io-
9TOMY MOYKHO BBIJICIIUTH [BA TUIIA METOJ0B I€OXPOHOJIOTHUH:

1) nepBUYHBIC, OCHOBAaHHBIC Ha BHIYUCICHUU BPEMEHH 110 CAMOMY IPOLIECCY PaIHOAKTHB-
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HOTO pacraja;

2) BTOpUWuHBIC, Oa3uWpylOIIUecs HAa M3yYCHUH SIBICHUH,
MIPOUCXOISAIINX TPU BO3ACHCTBUYU PAAHMOAKTUBHOTO U3ITyICHHUS.

Ilepsuunvie menmoObl OCHOBAHBI HAa CYILIECTBOBAHUHU TPEX
pPaJMOaKTUBHBIX PSAJOB, pacraj aTOMOB KOTOPBIX CXeMaTH4e-
CKH MO’KHO TIPEJICTaBUTh B CIEAYIOIIEM BUJIC:

U — 8a(He) — RaG YpaHoBbIii CBUHEII C aTOMHOU Maccoi
206);

Th — 6z (He) — ThD (opueBblit cBUHEI ¢ aTOMHOW Mac-
coit 208);

AcU — 7o (He) — AcD (akTuHUEBBII CBUHEI[ C aTOMHOM
maccoit 207).

Pacman aromMoB Kaxaoro psjaa Opd HAIMYAK PaUo-
aKTMBHOTO PAaBHOBECHS MPHUBOAUT K 0OPa30BaHUIO CTAOMIBHOTO
M30TOMNa CBUHIA. E>KeromHo pacmamaercss HEKOTOpOe TOYHO YyC-
TaHOBJICHHOE KOJIMYECTBO aTOMOB MAaTEPHHCKOTO BEIIECTBA, OHU
MPEBPAIIIAIOTCS B AaTOMBI KOHEUHBIX MPOJIYKTOB paciajia psjioB —
B cBuHerl. CreoBaTeIbHO, MOKHO TOYHO OIMPEIEIUTh, CKOJIBKO
aTOMOB CBHHIIa 00pa3yeTcsi B TEUEHHE TOfa U3 ONPEACICHHOTO
KOJIMYECTBA MATEPUHCKOro BewlecTBa. Ha OCHOBaHMM HaJIeH-
HBIX 3HAYCHUU Ui CBUHIIA, YpaHA U TOPHS JIETKO BBIYMCIHThH, CKOJILKO CBUHIIA MPUXOJUTCS HA
OJIHY MaCCOBYIO YacTh MIEPBOHAYAIBHO CYIIECTBOBABIIIETO ypaHa.

B mocrnennue roapl MOMYYHMIH PacpOCTPaHEHHE METOMBI OTPENEICHUs] BO3pacTa MOpoJ U
MUHEpaJIOB, OCHOBAaHHBIC Ha Pacrajie OJMHOYHBIX PAIUOAKTHBHBIX N30TOMNOB. [Ipu ux pacmane 06-
pazyroTcs ctabWiIbHBIE H30TOMBI. TOYHO TaK e, KaK U B MEPBOM CIIydae, 1o KOJIUYECTBY 00pazo-
BaBIIIMXCS TIPOJTYKTOB Pacriajia MOKHO OTIPENIENIUTh BpeMsi 00pa30BaHMsI MUHEPATIOB U TIOPOI.

Bmopuunvie memoodv. Xumudeckoe AEWCTBHE, IPOU3BOJIUMOE PaJUOAKTUBHBIM H3ITyde-
HUEM MaTEPHHCKOTO M30TOIa, 00YCIOBJICHO TJIABHBIM 00pa3oM o-itydamu. VX BIHSIHHE MOXKET
MPOSIBIIATHCS TP MTPOXOKIACHUH CKBO3b TBEPIOE U Ta3000pa3Hoe BelecTBo. Ha BTopuuHbIe Me-
TOJBI CHJIBHO BIIMSFOT BHEIIHUE (PAKTOPBI, TOATOMY UX JOCTOBEPHOCTh 3HAYUTEIHLHO MEHBIIIE,
YeM MEPBUYHBIX.

[TpaBUIBHOCTH BCEX PAAMOAKTUBHBIX METOJOB OMPEIENSIETCS TOCTOBEPHOCTHIO CIEHYIO-
IIMX OCHOBHBIX YCIIOBHII [6]:

1) pamuoaKkTHUBHBIN pacmaj MPOTEKAeT C MOCTOSHHON CKOPOCTHIO, HE M3MCHSIOLICHCS B
re0JIOTUYECKOe BpeMs,

2) TOYHO M3BECTEH M30TOIHBIM COCTAB PAaTUOAIEMEHTOB POJAOHAYAIBHUKOB PAHOAKTHB-
HBIX PSIIOB ¥ KOHEUHBIX TPOIYKTOB,;

3) KOHEYHbIE MPOYKTHI Pacaa PaJiOaKTUBHBIX PSI0B CTAOUIIBHBI;

4) BCe CYIIECTBOBABIIHUE U CYIIECTBYIOIINE PATHOTICMEHTHI UCCICIOBATEIISIM U3BECTHBI;

5) B reoJIOTHYECKOE BPEMs HE IPOUCXOIUII0 HEU3BECTHBIX HAM SIIEPHBIX PEaKIHii, TPUBO-
JTUBIINX K 0OpPa30BaHMUIO AJIEMEHTOB, KOTOPHIE MOTIIM OBl MCKAa3UTh PE3yNbTaThl OMpEIeIICHUS
BO3pacTa.

[ToCTOSIHCTBO CKOPOCTH PaJMOAKTUBHOTO pacrlajia B YCIOBUSAX T'€OJOTHYECKOTO BPEMEHH
MOATBEPIKIACTCS CIEAYIOIUMU JOBOJAMH:

*  BIUSHUE TEPMOJIMHAMUYECKUX (PAKTOPOB HE MU3MEHSIET CKOPOCTH pacrajia MpUpOIHBIX
PaZMO’IIEMEHTOB,

* TOCTOSIHCTBO JAIbHOCTH MPOOEra (-4acTHIl B TUICOXPOMYECKUX OPEOIax Pa3iuIHOTO
BO3pacTa CBUJCTEIHCTBYET O TOM, YTO CKOPOCTh paclaja pagroOaKTHBHBIX slep, MO KpalHen
Mepe ypaHa 1 Topus, 3a nociearue 10° et He H3MEHHIACS;

*  TOXJIECTBO PE3yJIbTaTOB OIMpPENCICHHs BO3pacTa MO Pa3TuYHBIM MUHEpallaM, IMOTy4eH-
HBIX Pa3HBIMHU METOAMHU.

B neiicTBUTENEHOCTH MPOIIECCH B IPUPOAE OOBITHO MPOTEKAIOT HE UICATBHO M MHHEPAIBI

Huxkonait MuxaijioBua
YepHbI1OB,
wieH-koppecnonaeHT PAH
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WIHA TIOPOJBI 32 BPEMsI CBOETO CYLIECTBOBAHHS IMPETEPIIECBAIOT
3HAYUTEIbHBIC BTOPHYHBIC U3MCHEHHSI.
[TosTOMY mpH TPAKTHYECKOM HCIOJb30BAaHUU PaJUOAK-
TUBHBIX METOJOB ISl TIOJYYCHHUS MPAaBUIBHBIX PE3yJIbTAaTOB
TpeOyeTcst coOMoeHne J00aBOYHbBIX YCIOBUN, KOTOPBIE SBIIS-
IOTCSl OOLITUMM JJIS1 BCEX PAJMOAKTUBHBIX METOJOB M COCTOST B
CIICAYIOIIEM:
* HEOOXOOMMO 3HATh TOYHbIC 3HAYEHUS KOHCTAHT pac-
najga pagroaKTUBHBIX M30TOIOB, IO KOTOPHIM IPOU3BOJHUTCS
oIpeJeNIicHre Bo3pacTa (B HACTOSIIEE BPEMsi OHH BBIUUCIICHBI C
JOCTATOYHOM TOYHOCTHIO);
*  HEOOXOIMMO MMETh BO3MOXKHOCTh TOYHO YCTAaHABIIH-
Merp ®enoceenny Fouk, BaTh COJACP)KAaHHE PAJMOAKTUBHBIX H30TOIOB M KOHEYHBIX MPO-
akagemnk HAH Ykpannoi IYKTOB pacrajia, Mo KOTOPhIM TPOU3BOIMUTCS OTpENEICHUE
BO3pacTa,
*  HEOOXOIMMO OBITH YBEpEHHBIM B OTCYTCTBHH IPOIECCOB, HApyIIABIIMX B 00Opasle pa-
JMOaKTUBHOE PaBHOBECHE.
Kpome 3Tux ycinoBuii UMEIOTCS ele JONOJHUTEIbHbIE, 00s3aTeNbHbIE ISl KaXKI0TO PaIro-
aKTHBHOTO METOJIa B OTJCIHHOCTH.

2. Memoowt a0epHoii 2e0XpoHoI02UU
Metoab! aaepHON TeOXPOHOJIOIMH OCHOBAHBI HA HAKOIUICHUU JTOUYEPHUX HYKJIHJIOB BCIE/I-
CTBHE paclaja MaTepPUHCKUX BEIIECTB, U3MEPEHHU Y/IEIbHON aKTUBHOCTH JIEMEHTOB, CMeIlle-
HUH BEKOBOT'O PABHOBECHSI B PaJIMOAKTHBHBIX psijax (HEpaBHOBECHBIE METOJIbI) H HA BTOPUYHBIX
s deKTax B KPUCTALIHUECKON peleTke MUHEPAIOB.
[lepBas rpynmna MeTOJIOB SEPHON T'€OXPOHOJOIMHM OCHOBAHA HA MCIIOJIb30BAaHUHM 3aKOHA
pazmoaKTUBHOTO pacraja:
_ON =/AN, (1)
ot
rae N — yicno MaTepUHCKUX PaJHOAaKTUBHBIX aTOMOB, COXPAHUBIIMXCS IO MPOILIECTBUU BpEMe-
HU {; A — KOHCTaHTa pacnaja, XapakTepu3yrolias BEpOATHOCTh pacraja MaTepUHCKOTO aToMa B
eIMHUILYy BPEMEHHU.
Yucao MaTepUHCKUX PalMOAKTUBHBIX aTOMOB, OCTAIOLIUXCS [0 UCTEYCHUH BPEMEHH t, or1-
pelnensercs o ypaBHEHUIO:
N= Ne™, (2)
rie No —mepBoHavYaIbHOE YHCIIO MATEPUHCKUX PAJOAKTUBHBIX aTOMOB.
W3MeHeHus, CBA3aHHBIE CO CKOPOCTHIO PACIa/Ia, YaCTO BBHIPAXKAIOTCS Yepe3 MEePHOIbl MOJy-
pacmiaza, T.e. BpeMsi, He00X0AMMOE JJIsl TOTO, YTOOBI YMCIIO PaJIMOAKTHBHBIX aTOMOB YMEHbIIH-
JIOCh BJIBOE IO CPABHEHMIO C MEPBOHAYAIBHBIM. TOrna COOTHOIIEHUS MEXIYy KOHCTAaHTOM pac-

naja A u mepuoioM noiypacmana 712 0yIyT OMUCHIBATHCS 3aBUCUMOCTSMHU:

Nﬁ = 1/2=e"™ T,,= In2/A = 0693 ()

0
B tabmune 1 nmpuBeaeHs! TaHHBIE O PACIPOCTPAHEHHOCTH, XapakTepe pacrnajga U 3HaUCHHAX
MIEPHO/IOB TIOJTypacIiaa HEKOTOPBIX MPUPOAHBIX PATUOAKTUBHBIX H30TOMOB [10].
N30TOnHBIN BO3pacT t BEIYKUCIIAETCS 110 YPABHEHUIO!

t =%In(1+%) . (a)

Hawubonpmee pacrnpocTpaneHne, 0COOCHHO NPU U30TOIMHOM JATUPOBAHUHU JPEBHUX T'€OJIO-
rudeckux odpazosanuii, monyumwin U-Th—Pb, Rb—Sn K—Ar meroasl. B nocnennue roas Tou-
HOCTh ¥ YyBCTBUTEJIBHOCTh aHAJMTUYECKOW anmaparypbl JOCTHIJIM TaKOTO ypoBHs, 4Tto K—Ar
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METOJ CTaJl JOBOJBHO IIMPOKO MPUMEHATHCS M U1 M30TOMHOIO JAaTHUPOBAHMSI OTHOCHUTEIBHO
MOJIOJIBIX 00pa30BaHMii — BIUIOTH JI0 HECKOJIBKUX COTEH THICSY JIET.

B sinepHON reoXpOHOJIOTMH HCIIOJIB3YIOTCS CIEAYIOLUIME €CTECTBEHHBIE THIBI SEPHBIX
NpEeBpaIICHUIl: a-pacna, f-pacma, deKTPOHHbBIHN 3axBat (D3) U CIIOHTAHHOE JICJICHHE TSKEIBIX
anep. Ilpu aToM Bpems usmepsiercs 0T COBpEMEHHOCTH B npomioe. COOTBETCTBEHHO OCHOBHOE
YPaBHEHHUE T'€0XPOHOJIOTUN UMEET BU/I!

D_i_
P
rae D — coBpeMeHHOE YnCIlio JOUYEpPHUX aTOMOB, 00pa30BaBIIUXCS 3a BpeMs t; P — COBpeMeHHOe
YKCJIO MATEPUHCKUX aTOMOB.

1, ®)

Tabauna 1. [IpupoHbie JOATOKUBYILHE PATAOHYKIHIbI

Tun pacnana

Hyxnn Pacopocrpanennocrts, YoIlepuon nonypacnana, jaer
i poctp PHOA TOIYP A (oHeprus, M»aB)

“Th Crnenpt 1,913 a(5,520);y
#Th Crenpt 75 400 o(4,771);y
Zh Cnenpt 25,54 $(0,389);y
Z2Th 100 1,4x10° o(4,081);y
#h Cnensl 24 1cyt £(0,270);y
U 0,005 2,45x10 (4,856);y
2 0,720 7,04x18 a(4,6793);y
2 99,275 4,46x106 a(4,039);y
K 0,0119 1,25x10 £(1,32);33 y
Y 0,25 6x10°
¥Rb 27,85 4,88x10° f(0,273);mer y
In 95,77 6x10" S(0,496);mer y
ZTe 0,87 1,2x10° 93(0,052);mer y
Z8La 0,089 1,12x18" £(1,04)
¥Ce 11,07 5x10° o(1,83)
“ANd 23,87 2,4x10°
*Nd 5,60 10'
“’Sm 15,07 1,05x10" a(2,23)
%2Gd 0,20 1,1x10* a(2,24)
Ly 2,60 2,2x10° £(1,02);y
AHE 0,163 2x10° a(2,25)
'Re 62,93 4,3x10° $(0,0025)
0Pt 0,0127 6,9x10" a(3,18)

3. Ypan-mopuii-ceunyoswtit memoo

U-Th—PbwMeTon natupoBaHusi reoiornYeckux oOpa30BaHUN OCHOBBIBACTCS Ha PaTHUOAK-
THBHOM pacnaze u3otonoB ypasa (>>2U, 2°U) u topust (**2Th).

Ypau umeer tpu uzoromna: >oU, 23U, 2*U, aToMHBIe 101M KOTOPBIX B IPHPOLE COCTABIIS-
10T cootBercTBeHHO 99,28; 0,7151 0,0058 % Ilpuponusiii Topuii MpeAcTaBiIeH OJHUM JIOJTO-
JKUBYILM H30TOIIOM 2-2Th (cM. Ta6. 1). X pacriaj HOCHT CIOKHBIH XapaKTep, OCYIIECTBISCT-
Csl IyTEM psijia MOCIIEA0BATEIIbHBIX MPEBPAICHUN HYKJIHUJOB B pe3yJbTare o- U f-pacraja Jio
TOJTydeHHs] KOHSUHbIX CTabWIBHBIX n30TomoB curna (Z°Pb,?°’Pb,?%Pb) [11].
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B U-Th—Pbwmerone ompeneneHus M30TOIMHOTO BO3pacTa HCIOIB3YIOTCS €CTECTBEHHBIC
SIEPHBIE TIPEBPAIICHHS BCEX TPEX PaJUOAKTUBHBIX PSIIOB:

23 b + &e,
239 27pp + He,
232Th—%%%Pp + 6He.

[To ocHOBHOMY YpaBHEHHIO T€OXPOHOJIOTHH C YUETOM TOTO, UTO B pe3yabTaTe pacraja Ka-
XKJIOT0 MATEPUHCKOTO PAaJMOAKTUBHOTO aTOMa YpaHa WU TOPHUS 00pa3yeTcsi OJUH aTOM COOT-
BETCTBYIOIIETO PAJUOTEHHOTO PAAMOHYKIIMIA CBUHIIA, JUIS BCEX TPEX PATUOAKTHBHBIX PSIOB
MOJTYYUM:

206ppy= 238U[e/1238t _1] .

207Pb_ 235U[ Aoadt _1]

208ppy= 22T gl -]
T/ A238 A235 U A232 — KOHCTaHTBI pacmajia COOTBETCTBYIOIIMX MATEPUHCKHUX DPaJAHOAKTUBHBIX
HYKJIMJOB ypaHa u Topus [8].

CyIiecTBOBaHHE B MPUPOJIC ITUX TPEX PSIOB OMpEACINsSeTcs HATMYMEM B KaXKJIOM Ciydae
POJIOHAYANTLHOTO HYKITKA, IEPHOJ MOJIypaciaaa KOTOPOro CpaBHUM ¢ Bo3pacToM 3emun. Macco-
BbIC YMCJIA YICHOB JIFOOOTO CEMEHCTBA U3MCHSIIOTCS TOJIBKO TMPH UCITyCKaHuU o-vactull (saep He).

B uneansHOM citydae, T.€. Korja HaOM0gaeM0Oe B MUHEpaJie OTHOIIICHHUE IOYEPHUX U MaTe-
PUHCKUX HYKIIUJOB SIBIIIETCS PE3yJIbTATOM TOJBKO MPOIIecca PauOaKTUBHOTO pacmajia Mmocie-
HUX U B TCUCHUE BCEro BPEMEHH CYIIECTBOBAHUS MUHEpalia HE U3MEHSJIOCh M3-32 KaKUX-THOO
JOPYTUX MPUYHH, U pacdera Bo3pacrta MHHepaHa MPUMEHSIOTCS ClIeAyonue (OPMYIIBI:

206
t=-1 e D), (6)
AZSB U
207
t=-1 e D), 7)
A235 U
208Pb
t=—1 @+ 8
. N+ 55 h) (8)

“Pb_ 1 e”zss‘—l
2%ph  13788¢€™ - ®)

®opmynbl (6)—(9) TaOynupoBaHbl U BO3PACT BBIYUCISETCS MPAKTUUECKH 110 PACUETHBIM
TaOJIMIIaM, COCTABICHHBIM 110 HOBBIM 3HAYEHHSIM KOHCTAHT PaJJMOaKTHBHOTO pacmajia [12].

B GonpmmHCTBE ciydaeB B MHHEpajax, UCIOJIB3YeMbIX A ONpENeNeHUs] BO3pacTa, Mo-
MHMO H30TONOB paauoreHHoro csuana (Ph), HakonMBIIMXCA B TEYEHHE TEOJOTUYECKOTO Bpe-
MEHH CYIIECTBOBaHHS MHHEPAJIOB B PE3yJbTaTe PaIMOAKTHBHOTO pAaclaga COOTBETCTBYIOLIMX
MaTEePUHCKUX HYKJIHJOB, HaXOAUTCS TO WJIM WHOE KOJHMYECTBO MPUMECHOTO (OOBIKHOBEHHOTO)
cBuHLA Py, 3axBaueHHOT0 MHHEpanaMu B MOMEHT UX oOpa3oBanus. [Ipu monydeHnn 3HaYCHUI
M30TOITHOTO BO3pacTa 3TOT CBUHEI JIOJDKEH ObITh HCKITFOYCH U3 PACUETOB!

'Ph ='Ph —'Phy, (20)
rae 'Ph — coBpemenHoe cosiepkanne JaHHOTO HYKJIM/Ia CBMHIIA B MUHEDAJIE.

Takas omepamusi crana BO3MOXKHOW Oyarojapsi CylIeCTBOBAaHUIO B MPUPOJE CTAOMIBHOTO
HYK/THA CBHHIA ~0'PD HEpaIMOreHHOr0 MPOMCXOYX/ICHHS, COACPIKAHHE KOTOPOrO B MHHEpAIIe
COXpaHsETCss HEM3MEHHBIM CO BPEMEHU 00pa3oBaHus MuHepaiia. [loaToMy 3a1ada BBEACHUS T10-
NpaBKU Ha OOBIKHOBEHHBIN CBUHEIl CBOJUTCS K ONPEICIICHHIO H30TOITHOTO COCTaBa CBUHIIA JINOO
B COIMYTCTBYIOLIMX KOTCHETHYHBIX OHOBO3PACTHBIX CBHHIIOBBIX MUHEpasiax (Jalie BCero B ra-
JICHUTE), MO0 B MHUHEpaJlaX, CTEPWIBHBIX B OTHOIICHHU ypaHa (B psje CllydaeB — B MOJIEBBIX
mmatax). Ecny Takue JaHHbIe TOTYYUTh HEBO3MOXKHO, BBOJSITCS. PacUeTHBIC TIOMPAaBKU HA OOBI-
KHOBEHHBIN CBUHELL!

'Phy = 2%Pb(Pb**Pb)r (11)
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rae (PbP%Pb)r — u30TonHbIC OTHOIICHNS OGBIKHOBEHHOTO CBHHIIA, OTBEUAIOLIUE BpEMEHH T 00-
pa3oBaHUs MUHEpaJa.

W30TOnHBIC OTHOIIEHUSI OOBIKHOBEHHOTO CBHHIIA B 3aBUCHMOCTH OT BPEMCHH, MPHUBOIH-
MbIC pa3HBIMU aBTOPAMH, B CBS3U C MPUHATHEM HEOIUHAKOBBIX MCXOHBIX MPEANOCHIIIOK HECKO-
JbKO oTn4aroTes. OHAKO Ha KOHEUHBIC PE3YJIbTaThl pacyeTa H30TOIMHOTO BO3PACcTa 3TH Pa3jiv-
YHsl BIUSIOT HE3HAYUTEIBHO, 0COOCHHO MPH HEOOJIBIIIOM COJICPKAHUU OOBIKHOBEHHOTO CBUHIIA.

OueBUHO, YTO B TaKUX HUJCATBHBIX CIIydasx 3HAYCHHUS M30TOIHOTO BO3pAacCTa, MOJydae-
MbIe 110 popmynam (6)—(9),0yayT paBHBI MEXITy COOOIA.

B GonbIIMHCTBE Cy4aeB 3HAYCHUS BO3pACTa, MOIydaeMbIe MO Pa3IMYHBIM OTHOIICHHUSM,
SIBIIIFOTCS IMCKOPJIAHTHBIMH, T.€. HECOTJIACYIOIUMUCS. JIMCKOPIAaHTHOCTh MOYKET UMETh Pa3iiu-
YHYIO HAIlPaBJICHHOCTh M JOCTUTaTh BECbMa CYIIICCTBCHHBIX 3HAUCHUH.

OCHOBHbBIC TIPUIUHBI JUCKOPAAHTHOCTH H30TOITHOTO BO3pACTa:

*  HECOOTBETCTBHE M30TOIMHOIO COCTaBa MPUMECHOTO CBHHIIA U30TOMTHOMY COCTaBYy BBO-
JMMOM TOTIPaBKU (inf' O4Pb)l';

*  HapYIICHUE 3aMKHYTOCTH MHUHEPAJIbHBIX CHCTEM B OTHOIIICHUU MATCPUHCKHX U J0YEp-
HUX HYKJIHJIOB.

B konie 1970x roioB 3HaYUTENLHO PACIIPOCTPAHMINCH H30XPOHHBIC METOIbI OTpE/Ielie-
HUS U30TOMHOTO Bo3pacTta. OHU MIMPOKO MPUMEHSIOTCS KaK JUIsl JaTUPOBAHUS CEPUU KOTCHETH-
YHBIX P00 (HEe MEHEe TpeX), COJACpIKAIIUX HEOOJBIINE OTHOCUTEIILHBIC KOJMYECTBA PaJUOTeH-
HOTO CBHUHIIA (B YaCTHOCTH, MPH OMPEICICHUU BO3pacTa HEMOCPEACTBEHHO 0 MOPOaaM), TaK U
JUISl BBISIBJICHHSI IPUYHMH JUCKOPJAHTHOCTU M YCTAHOBJICHUS OOBEKTHBHBIX UMD, COOTBETCTBY-
IOIIMX BPEMEHH MPOTEKAHUSI KOHKPETHBIX F€OJOTMYSCKUX TPOIECCOB.

[Tpu 3HAYUTEITLHOM COJICPYKAHHH OOBIKHOBCHHOTO CBHMHIIA C HEU3BECTHBIM U30TOIHBIM CO-
CTaBOM M OTCYTCTBHUHU KaKUX-JIMOO HAPYIICHUI 3aMKHYTOCTH MATCPUHCKO-I0YEPHUX CUCTEM (B
TOM YHCIIC ¥ COBPEMCHHBIX) IMPHUMEHSIOTCS HM30XPOHHBIC T'padUKH B CHUCTEME KOOPIWHAT
'PbP%Pb —jU(232Th)/204Pb. DKCIepUMEHTANIBHBIE JAHHBIE B 3TOM CIydae OMUCHIBAIOTCS JTUHEH-
HOU 3aBUCHUMOCTBIO BUA

'Pb __ ¢ . JUC?Th) . 'Ph
Tptr =€ -) 204 py. + 204py
3Ha4YeHHUE BO3pAcTa ONPEICISACTCS M0 TPAJAUCHTY B CHCTEME KOOpAUHAT [7]
'Pb _U(**Th)
204Pt 204Pt

B psnme cinygaeB BMECTO ONpEICICHHS COJEPXKAHUS ypaHa M TOPUS MOYKHO H3MEPUTh

YACIBHYIO aKTHBHOCTL CBUHIA M NIPOBECTH AHAIOTHYHEIC NIOCTPOCHHS B CHCTEMaX KOODAMHAT

%PbF¥Pb —*PbF*Pbn *°Pb*Pb —**PbF**Pb.

(12)

4. H3omonHulii 603pacm pyoHbIX C6UHU0E

B ocHoOBy ompeneneHus M30TOMHOTO BO3pacTa CBHHIOBBIX PYI U MHUHEPAJIOB TOJIOKCHBI
IBa JOMYILCHHS:

1) Ha paHHe#H CTaJuM OCTHIBaHMS 3eMJIM BECh CBUHELl MMEJ OJMHAKOBBIA M30TOIHBIH COC-
TaB (MEPBUYHBINA CBUHEII);

2) BCe MOCIenyIore U3MEHEHHSI H30TOITHOTO COCTaBa CBUHIIA LIEIMKOM 00YCIIOBIICHBI JI0-
OaBJIeHMEM K MEPBUYHOMY CBHUHILY PaJHOT€HHOTO, 00Pa3yIOIIErocs B pe3yibTaTe paJuOaKTUB-
HOT'O pacraja ypaHa U TOpHs B IEPUO/T TOCIIE OCTHIBAHUS 3EMIIH.

C yderoM 3THX JOMYIIEHHH ObUIM pa3paOOTaHbl MPOCTbIC MOIEIH, ONPEICISIONINE 3aBHU-
CHMOCTB H30TOITHOTO COCTaBa CBUHIIA OT BPEMEHH, KOT/1a OH OBbLII M30JIMPOBAH B OCIHBIX YPaHOM
u TopueM ¢azax. IlosToMy Bo3pacT, moixydyaemMblii Ha OCHOBAaHMM TAaKUX MOJEINEi, Ha3bIBaeTCA
MO/JICITEHBIM.

JIroGast MOJIeITb IBOIIOIIMH U30TOITHOTO COCTAaBa PYJHOTO CBUHIIA SBJISCTCS MOJICIBIO OJIHO-
CTaAMHHOMN 3BOJIIOIMH, TOCKOJIBKY puHUMaeTcs, uto otHouenuss U/Pbu Th/Pbs paccmarpu-
BaeMbIX CHUCTEMaX OCTAIOTCS MMOCTOSHHBIMH, T.€. CYIIECTBYET JIHMIIb OJIHA CTaJWsl HAKOILJICHUS
PaaMOreHHOTr0 CBHHIIA.
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20 207, 20
TIporuecchl HaKOILIeHHsT H30TomoB cBuHIa 2°°Pb (X), 2°Pb (y), *°Pb (2) co Bpemenem B
ATOM CJIy4ae OTMKCHIBACTCS COOTBETCTBYIOIIMMHU YPaBHCHHUSIMU:

X= a +Iu(é‘23sto — Azsst) , (13)
= L 2o _ o

y=hy+ 13788(6” e'=d), (14)
= ¢ + V\(é‘mzto — /‘232), (15)

e ao — 2°PbF*Pb, by — 2°"PbF*Pb, ¢y — 2°PbFPb, u — E33U/*%*Pb): W — ¢**Th/”°*Pb) —me-

pEMEHHBIE B 3aBUCUMOCTH OT MOJIEJIN.

Hanbosiee mmpoKon3BEeCTHBI JIBa OCHOBHBIX METOJa ONPEAEICHUsI MOJAEIHHOTO BO3pacTra
pyaHbIX cBUHIOB: — Paccena—@apkyapa—Kammunra u XonMca—l ayrepmanca.

Mogenp Paccena—®apkyapa—Kammunra [13] ocHOBaHa Ha MPENNOI0KEHUH, YTO T€OJIOTH-
YeCKHe MPOIECChl 00eceunBaoT B OOJIBIINX MAcIITabax MmepeMenInBaHue MopoJi 3eMHON KOPHI,
B CBSI3U C YEM B PAHHIOIO DIIOXY CyliecTBoBaHus 3emun u3oronsl U, Thu Pb 6pumn pacnpenerne-
HBI a0COJIIOTHO paBHOMEpPHO. BciencTBue 3TOro JI0JDKHA CYIIECTBOBATh TOJIBKO OJHA KPHBAs
HBOJIIOIIUHM OOBIKHOBEHHOTO CBUHIA. [Ipu 3TOM pacyer Bo3pacta MpoOU3BOJUTCS IO YPABHEHUSAM

x=a— uEe= -1, (16)
H o
=1 o I 235 _1
y=b 137.88(e ) (17)
z= c- W= -1). (18)

B Gonee mo3nHux padorax mozaens Paccena—Papkyapa—KamMmunra nosryumnnia ganpHeiiee
pa3BHUTHE B pe3ylbTaTe BBEACHUS JOMOJHUTEIBHBIX TapaMeTpoB (ao, Do, co, to), & Takxke ucnosb-
30BaHMsI HOBBIX 00Jiee TOUHBIX 3HAYCHUI BCex mapameTpoB. Kpome Toro, ObUIO BBEIECHO JOTMOJI-
HUTEJIBHOE YCJIOBHE, 3aKJIFOYAIOIIEECss B TOM, YTO KPHUBBIC 3BOJIIOLMH U30TOITHOTO COCTaBa ypa-
HOT'CHHOTO U TOPOTCHHOTO CBHUHIIA JOJDKHBI MPOXOAWUTH Yepe3 TOYKH, COOTBETCTBYIOILIHE H30-
TOITHOMY COCTaBY CBHHIIA PsiJIa MECTOPOXKICHHI, TPETEPIEBIINX OAHOCTAANNHOE WK OJIM3KOE K
HEMY pa3BHUTHE.

JInst HaMTydIIero npoX0XKICHHS KPUBOW 3BOJIIOIMHA M30TOITHOTO COCTaBa OOBIKHOBEHHOTO
cBuHIa yepe3 3ti To4kd b.P. Jloe u [Ix.C. Creiicu [14] npuMEHNWIN YUCTO IMITUPHUCSCKHUI TTO-
X0J1, BApbUPYs 3HAUYCHHS MapaMeTpoB to U y, sl ypaHOTEHHOTO M TOPOTCHHOTO CBUHIIA, rae to —
BO3pAacCT 3eMJIu.

Heckonbko muo noaxoxn npemnoxunn x.C. Creiicu u JIx./l. Kpamepce [15], koTopsie
IUISL TOCTYDKEHHS HAWJTYUILero COBIAICHUS 3BOJIIOIIMOHHOM KPHBOI M30TOITHOTO COCTaBa CBHHIIA
¢ MaHHBIMU JUTs 13 00pa3LoB rajJieHuTa U3 COrJIACHBIX OTIIOXKCHUH MPEAIOJIONKIIN HATUIUE JIBYX
CTaJMi M BapbUPOBAJIM 3HAYCHUE MApaMeTpa 4 Ha Pa3HBIX CTaIUSIX M BPEMEHHM Hadalla BTOPOM
CTaJMU TPH MOCTOSHHOM 3HaueHuH mapamerpa to. Kpome Toro, B kauecTBe mapamerpa OHHU HC-
MOJIb30BaIN (PUKCHPOBAHHYIO TOUKY COBPEMEHHOT'O M30TOIHOTO COCTaBa OOBIKHOBEHHOT'O CBHH-
11a, MOJYYCHHYIO Ha OCHOBaHUH YCPEJHCHHs JaHHBIX. Takue 3HaUeHHsl CBUHIIOBO-M30TOIHBIX OT-
HOIIICHHUH B 3aBHCUMOCTH OT BPEMEHH MO>KHO HCIIOJIb30BaTh ISl pacyeTa MOJICIbHOTO BO3pacTa.

B monenu Xonmca—Tayrepmanca [16, 17]npunsrto, 4ro reoxumuueckue otHomenus U/Pb
u Th/Pbumenu HeGonblne HavallbHBIC BapHallik PETMOHAIBLHON MPUPOJIBI, BOSHUKIINE B pe-
3yIbTAaTe XUMHUUECKOTO (hPAKIIMOHUPOBAHUS, HO OCTABAINCH IOCTOSHHBIMU B IPE/eax JIOKab-
HO 3amMKkHYThIX U—Th—Pbcucrem. B kauecTBe mapameTpoB HCIOJIb30BaHbI do, Do, to. I3MeHeHMe
CBHHIIOBO-U30TOITHBIX OTHOIICHUI CO BPEMEHEM OMMCBHIBACTCS CEPHEl KPUBBIX ABOJIOIUU CBU-
HIIA Kaxjlas 13 KOTOPEIX XapaKTepusyercs COOCTBEHHBIM 3HauCHHEM . VI3MepeHHbIe 3HAUCHHS
oromennii “°PbF*Pb u 2”’PbF*Pb nomkner Haxomutecs Ha nmpsivoit muHEE (m30xpone 'ay-
TepMaHca), MPOXOIAIIeH Yepe3 TOUKY do, Do, C YTJIOM HaKIIOHA, ONIPEACIIEMBbIM BO3PACTOM 3eM-
nu tou BpeMeHeM MUHEepaJIn3aliy t B COOTBETCTBUH C YpaBHEHUEM

y_bo : 1 é‘235to _e/‘zsst
X_ao 137'88 e"238to — flesd T

(19)
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5. Onpeodenenue 603pacma nopoo no 3aKnI04eHHbIM 6 HUX U30MONAM COUHUA U YPAHA
B 1960x romax 3.B. Co60TOBHY M COABTOPHI MCCIEIOBAIM BO3MOXKHOCTH OIPEIEIICHUS
BO3pacTa MOPOJ] MO M30TOIMMHOMY COCTaBYy BaJOBOTO CBHHIIA CEPUH IMOPOJ OJHOTO TeHe3nuca. ITo
J1aJI0 BO3MO>KHOCTh PACHIMPUTH KPYT UCCIEAYEMbIX TPUPOIHBIX 00pa30BaHUN U OTIPENIEIUTh BO-
3pacTaHue HeMbIX mopoa [18, 19].
[IpeumymiecTBa qaTUPOBaHUS HEMOCPEICTBEHHO I10 TO-
poJaM Tepes NaTHPOBAHHWEM JPEBHHUX PaJMOAKTHBHBIX MU-
HEPaJIOB 3aKIIOYAIOTCS B CIEAYIOIIEM:
1) HeorpaHWYeHHAss BO3MOKHOCTh BBIOOpa KaMEHHOT'O
MaTepHala Julsl OIpeeseHus BO3pacTa, B TOM YHUCIIE TOPOJI,
HE COJAEPIKaIINX 3aMETHBIX KOJUYECTB aKIIECCOPHBIX Pajano-
aKTHBHBIX MUHEPaJoB (pa3nuuHble 3dy3uBbI, OCHOBHBIC H
YIBTPAOCHOBHBIE TTOPOJIBI H T.JI.);
2) ompeneneHne Bo3pacTta caMoOd MOpoIbl He TpeOyer
0COOBIX T€0JIOTUYECKUX 00OCHOBAHUI MPHUYPOUYEHHOCTH BBI-
JETICHUN TeX MJIM MHBIX MHHEPAJIOB KO BPEMEHH BbIICICHUS
HCCIIEyEMOU TIOPOIBI;
3) He3HAUNTEIBHOE BIMSIHUEC MUTPALMH U MEpepacIpe-
JeTICHUS U30TOTIOB CBHHIIA MEX/Ty OT/ACIbHBIMHU 3€pHAMH T10-

POI000pa3yIONIUX U aKIIECCOPHBIX MUHEPATIOB HA M30TOTHEIE OmuteH Baagumuposuy
OTHOILICHHS] CBHHIIA B IOPO/IC B LIEJIOM; CoGoroBuv,
4) BO3MOXHOCTh OJHOBPEMEHHOTO aTUPOBAHMS apro- akajieMmuk HAH Ykpaunpl

HOBBIM U CTPOHILIUEBBIM METOIaMH. (1927—2013)

3HAYUTENBHBII WHTEpEC MPEACTABISACT NaTUPOBAHUE MOPOA000pa3yIOIIUX MHHEPAJIOB,
BXOJSIIMX B COCTAaB MOPOABI. ITH MUHEPAJIbl, KaK PABUIIO, UIMEIOT SIMHBINA T'€HE3HC M COJICPIKAT
eIVHBII TIepBUYHBIN cBHHEL. [lepepacnpeneneHue W30TOMOB CBHHIA B CIydae KPYITHBIX KpH-
CTaJJIOB MOPOJ000pa3yIOINX MUHEPAIIOB MEHEE BEPOSITHO, YEM B Ciydae aKIecCOpHBIX. [Ipo-
1[eCC BBIICICHHSI TOPOJ000Pa3yIOIIMX MUHEPAJIOB MEHEE TPYIOEMOK MO CPAaBHEHUIO C BBIECIC-
HHUEM aKIIECCOPHBIX MOHOMUHEpaoB. HakoHel, CBMHIIOBO-M30XPOHHBIA METO]] HE TpeOyeT MH-
HEepaJIOTHYECKON YUCTOTHI. JlocTaTOuHO OTOMpPaTh 0Opa3ibl, 0OOTAIICHHBIE TEMH WA HHBIMU
OPOJ000pa3yoIUMU MEHepasiaMu. J{Jis onpeneneHns Bo3pacTa MOXKHO HCIOJIb30BaTh 000ra-
IICHHBIE (PPaKIIMU TOJIEBOTO IITAaTa, CIOAbI, POrOBOH 0OMaHKH, CyMMY TEMHOIIBETHBIX MUHEPA-
JIOB, BAJIOBYIO IPOOY U T.JI.

Kosm4ecTBo paguoreHHOro CBHHIIA 3aBHUCHUT OT BO3pAcTa MOPOJbI, COJACPIKAHMS ypaHa H
TOPUSL: YeM MEHBIIIE OTHOIICHHS CBHHIIA K YpaHy W CBUHIIA K TOPHUIO, TEM OLIYTUMEE palroreH-
Has fo0aBKa U30TOIOB CBUHIIA.

Ecnu u3BecTHBI cofiep)KaHus ypaHa, TOPUSl M H30TOINOB CBUHIIA B CEPUU 00PA3IOB MOPOIbI
C Pa3IUYHBIM OTHOIICHHWEM CBUHIA K YPaHy U TOPHIO, TO BO3PACT IMOPOJIBI MOKHO OIPEICIUTh
1100 MO COOTHOIICHHIO YpaHa W W30TOTIOB CBUHIA, HAKOTMBIINXCS 332 BPEMsl CYIIECTBOBAHUS
MOPOJIbI, MO0 10 U30TOTTHOMY COCTaBY IMEPBHYHOTO CBUHIIA.

Omnpenenenue Bo3pacta BOZMOXHO ITPH BHITIOJITHEHHH CIICAYIONIMX YCIOBHIA:

1) M30TOMHBIN COCTAaB CBUHIIA, BOLIEAIIETO B IIOPOYy B MOMEHT ee 00pa3oBaHusl, OIMHAKOB
BO BCEX MCCIIEAYEMBIX 00pa3iiax JaHHOW TIOPOIBI;

2) OTHOIIICHHE CBHHIIA K YpaHy ¥ CBUHIIA K TOPUIO B pa3HbIX 00pa3Iax pa3inydHo;

3) 3a BpeMs CyIIeCTBOBAaHUS 00pa3OB HE OBUIO MHOTOKPATHBIX MPOLIECCOB MPUBHOCA MU
BBIHOCA MaTEPUHCKUX JJIEMEHTOB U MPOJYKTOB MX Pacraja, OTHOIICHHS COACPKAHUN CBUHIIA K
COJICP’KAaHHIO YpaHa WM TOPHSI HE MEHSUIHCh, IPU OJHOKPATHOM U OJJHOBPEMEHHOM M3MEHECHUH
otHomrenuit Pb/U u Pb/Th moxxHO onpenenuTs Bo3pacT mopospl U yCTAaHOBUTH BPEMsI 3TOTO W3-
MEHEHWUS.

OmnpenenuTb M30TOMHBIA COCTaB IMEPBUYHOTO CBHMHIA M OTHOIICHHS COJACPIKAHUS PaHo-
TeHHOW YacTH CBHHIA K COOTBETCTBYIOIUM MAaTEPHHCKUM 3JIEMEHTaM MOXKHO MYTEM peIICHHS
CHCTEMbI YPaBHECHUH, CBS3BIBAIOLINX COJCPKAHUE PAJMOTCHHBIX M30TONIOB CBHMHIIA C COJIEpIKa-
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HUEM COOTBETCTBYIOIIMX MATEPUHCKUX AJIEMEHTOB B IaHHOM
cepunt 00pa3noB. [IpakTuyeckn Takoe pemeHune 1eIecooopazHo
BBITIOJIHATH METO/I0M HaUMEHBIIINX KBAJPATOB.

Ecnu 3aBUCHMMOCTB 3BOJIIOIMK HU30TOITHOTO COCTaBA CBUH-
1a B 3eMHOW KOpE OT BPEMEHH TEOPETUYECKH BBIYMCIICHA, TO IO
M30TOMTHOMY COCTaBY NEPBHUYHOTO CBUHIIA MOXHO YCTaHOBHTH
BO3pacT mopojsl. B TakoMm ciydae mo Tabnuie win rpaduxam
nsMenenus otHomenuit PH?OYPb?** Pb?°7Pb?®* Pb2%4Ph?%* 8
3aBHCHUMOCTH OT BPEMEHH HaXOAT BO3PACT MOPO/I.

MareMaTHUECKUMH METOJAaMHU MOJKHO OTpEACIUTh He
TOJIBKO BO3PACT MOPOJbI, TIOJBEPIIICCS OJHOKPATHOMY H3Me-
HEHHIO, HO U JIaTy 3TOTO U3MEHEHHUS.

[Tono6usiit Meton ucnonb3oBanmu JL.P. Ctud, T.B. Hltepn
u HezaBucuMo W.E. Crapuk u coaBt. [20] mis usydenus u3o-
TOTIHOTO COCTaBa CBUHIIA TEKTUTOB M MHHEpaioB BurtBarep-
cpanaa [19]. Ha3oBem ero MeToj0oM «COTJIACOBAaHHBIX Pa3HO-
CTEN».

CBUHIIOBO-M30XPOHHBIM METOJI BBEJICH B aOCOJIIOTHYIO T'€OXpOHOJIOTHIO B Havyane 1960x
rojoB O.B. CoboroBuuem. Hanbonbimunii HHTEpEC 3TOT METOJ MPEACTABIISAET B CBSI3H C TEM, YTO
OTIpe/IeIIeH s BO3PACTa MPOBOASTCS 1o m3oxporam P?°YPb?, Pb?/Pb?® 1, uto mambomnee cy-
IIECTBEHHO, MPU 3TOM HE TpeOyIOTCsl KOJIMYECTBEHHBIE ONIPEeNICHHs YpaHa U TOPHSL.

OcHOBOI1 3TOTO METOa sABIsieTCs apyroe BuueHbe aBropoM (D.B. CoboToBuuem) dhopmy-
a1 XonMca—I ayrepmaHca JUIsl BBIUMCIEHUS MOJIECIBHOTO BO3pacTa pyAHbIX CBHHLIOB. Eciu npu
JATHPOBAHMM PY/IHBIX CBHHIIOB C HAHECEHHEM Ha rpadyk M30TOMHBIX cooTHoureHui 2C°Ph/%Ph
1 2°PbP%Pb s OJIHOBO3PACTHBIX TaJIMHUTOB, MOCIEIHUE PACIIOJIATAIOTCS Ha MPSMOM, TAHTEHC
yIJla HAaKJIOHAa KOTOPOH XapaKTepU3yeT HHTEPBAJI BPEMEHH HAKOIUICHUS PaJUOTeHHBIX H30TOIOB
B FAJICHUTaX OT MOMEHTa 00pa30oBaHMs 3eMJIU 10 MOMEHTA BBIACTICHUS Py, TO B CBUHIIOBO-U30-
XPOHHOM METO/I€ BO3PACT MOPOJ ONPEENAETCS 110 HAKOMUBIIMMCS B HUX PaJlMOTEHHBIM KOMIIO-
nentam 2°°Pb 1 2°’Pb. C momomsio 5TOro MeToa BIIepBbIe ObLIN IATHPOBAHBI MHOTHE TIOPOIBI
Ha Tepputopuu ObiBiIero CoBerckoro Coro3a, B TOM YHCIIE BIEPBbIC MOTYYEHBI:

* Bo3pact 3,0Mipn et ans mopox YKpanHCKoro, banTuiickoro u AJNIaHCKOTO IIUTOB,;

* Boszpact 4,0Mapa et i S3HAepOuTOB AHTapKTH B! (MIepBast IMdpa TAKOro BO3pacTa).

Hrops MuxaiinoBny
I'opoxos,
HOKTOP IreoJI.-MHH. HAYK

6. Pyououii-cmponyueevtii Memoo

PyOuaunii-cTpoHLIMEBBIA METOJ| ONpeaeSICH ] H30TOITHOTO Bosg)aCTa re0JIOTHIECKUX o0pa-
30BaHMiI OCHOBAH HA PaJHOAKTHBHOM paciiaje M30Toma pyommus ° Rb u mpeBpamiennu ero B
HYKJTHJI CTPOHIIHS ° ST, BOIBIIOi BKITa B €ro pasg)aGOTKg/ BHec V.M. 'opoxoB.

TpupoaHEIi pyouamii nveer aBa u3otona: "Rbu °'Rb. Atomuoe otHomenue *>RbP'Rb =
2,59265 [21] BenencrBue caboii pagmoakTHBHOCTH ° Rb ckopocTs ero pacmana 6buIa ompee-
neHa ¢ 0oJsibIoN morpemHocThio. B 1976r. MexayHapoaHasi oAKOMUCCHS 110 T€OXPOHOJIOTUH
[22] ¢ yueToM HOBBIX pe3ylbTaTOB, MMOJYYEHHBIX MPSMBIM U3MEPEHHEM CKOPOCTH paJOaKTHB-
HOTI'O pacnaaa ®'Rb, PEKOMEHI0BaJIa UCII0JIb30BaTh HOBOE 3HaueHue: 1,42x10° Yrog ™

[TpupoHBIi CTPOHLIMI MpeAcTaBiIsIeT COOOKH CMECh YETHIPEX HM30TOIOB! 84y, gy, ¥'gy,
853Gy, MesKLy TpEeMst M3 KOTOPBIX COXPAHSIOTCS ITOCTOSIHHBIE COOTHOLICHHS, HE3aBHCSIIAE OT BPe-
MeHH. Atomabie oTHOmeHHs CoSHPST, #4SrCSr pasrer coorsercTBento 0,1194u 0,056564 [23].

Bospact Rb-SrmeTtonom paccunThiBaeTcs Mo ypaBHEHHIO

1 8Sr

t= In(1+ 87—F2b) ) (20)

87 Rb

rae A — KoHCTaHTa ckopocTH pacnaga o Rb; 8’Sr, 8'Rb — comepxanus cootBercTByROMMX

87Rb
HYKJTUJIOB CTPOHIMS U pyOuusi. FIX OTHOIICHHE B 3aBUCUMOCTH OT BO3pacTa ObLIO MPOTa0yIIH-
poBano [12]. Onnako B TakoM Buae RD-Srmeron MoxHO HMPUMEHSITH TOJBKO JJISI MHHEPAJIOB,
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coJiepKanux pyouauit 6e3 CymecTBeHHON MpuMecH CTPOHIUSA. Tak Kak caMOCTOSITEIIbHBIX MHU-
HepaJioB pyouauid He 00pasyer, To i «psiMoro» Rb-Srmerona MokHO HCHONIB30BaTh HEKOTO-
pble KalueBble MUHEpaNbl, coaepskaime 10 1—3 %pyounus B Buae npumecH. Baxxnemmmu u3
HUX SIBJISIFOTCS CIIOJIBI — JICMUJIONUT, OMOTUT, MYCKOBHT, a TAaKXKe KaJHEBbIE ITOJIEBbIC IIMATHI.

B 06miem ciydae, KOria HapsiLy C PaJHOTEHHBIM ° ST, 06pa30BABIIMMCS B PE3y/IbTATE PAC-
naga ®’Rb, B mpoGe coziep KITCs IepBUUHBIA CTPOHIIHIT, 06IIee THCII0 aTOMOB °' Sk, HMeromeecs
B HACTOSIIIEE BPEMSs, CIIEYET BBIYUCIATH 10 GopMyIie

87 5p=2" Sy +7Rly X (e)\87Rbt -1, (21)
rae 87Sro — YKCJI0 ATOMOB MEPBUYHOTO 87Sr; 8’Rb —uucno aromos 'Rb B npoOe B HacTosIee
BpeMHI.

Teneps HEOOXOAMMO U3 YKCITA UMEIOIIUXCS aTOMOB 87Sr Brruects uncno atomoB 8'Sry He-
paIMOreHHOro MPOUCXOXKACHUs. i 3TOoro 06e yactu ypaBHeHus (21) pa3genum Ha YUCIIO aTo-
moB 2°Sr, coJiepKaIuxcsi B oOpasie. MaTemMaTH4eCKHd TO BIOJHE OTPABIAaHO, TaK KaK COJep-
KaHue S°Sr B npoOe He U3MEHSETCS B TEUCHHE BCETO BPEMEHU €€ CYIECTBOBaHUs. Toraa ypas-
HeHue (21) npumeT BUJ

sy _(*'sr) [ ¥Rb] [
86 = 86 + 86 e
Sr), Sr), Sr ),
87 /36
Ecnu st mccneyeMoro MUHEpaia U3BECTHO MEepBUYHOE OoTHOIIeHue (- SIf Sr), Wik Mo-

’KeT OBITh MPHHATO Pa3yMHOE 3HAYEHHE /ISl HEro, ypaBHeHHE (22) CTAaHOBUTCS PEIIaEMbIM OT-
HOCHUTEJIBHO BpeMeHH L.

e —1). (22)

7. Kanuii-apzonoeuwtii memoo

BrepBele IpaBUIBHYIO CXEMY pacraja K npemnoxun I'. 3rocc. OtkpbiTHe B 1947—
1948rr. o0pa3oBaHus PaAMOTCHHOTO HM30TOMA aproHa (*°Ar) B pelieTkax KalauiicoaepKamimx
munepainoB (B.I' Xnonun, 3.K. ['epauHr) sBUIMCH EPBBIM MIaroM Ha myTd pasButusi K-Ar me-
TOJA.

B 1945—1955rr. 2.K. I'epnuHr npousBen mepBble pacuyeTsl KOHCTaHThl K-3axBaTa ¢ uc-
MI0JIb30BAHUEM «TE€OXMMHUYECKOI0» METOJA M0 BO3PACTy APYTUX MapareHETUYECKH CBSI3aHHBIX
MHHEPaloB, ONpE/ICTCHHOMY PasHBIMH TOUHBIMH METOZIaMH. 3HaueHne KOHCTaHTHl [24] Ak
(6,141,2)x10°"" B roxx pesko OTIMYANOCH OT JAHHEIX APYTHX ABTOPOB M OBIIO BECHMa GIIH3KHM
K YTOUHEHHOMY COBPEMEHHOMY 3HAUEHHUIO.

B nanbHeiimem B pa3BUTHE 3TOr0 MeTo 1a 00JIbIoi BKiIag BHec M.M. Pyounrreiin [25].

B03MOXHOCTh HCIOJIB30BAHUS U1 BO3PACTHBIX ONPEIEICHUN IIMPOKO PaclpOCTPaHEHHBIX

OpOI000pa3yOUINX MUHEPAIOB TUIA MOJIEBHIX LIMATOB, CIIO/, TOPOJ B LIEJIOM U MPOCTOTA Me-
TOJMKU KaJM-aprOHOBOTO METOJa CIIOCOOCTBOBAIU €r0 J1ajlb-
HeHlmeMy pa3BuTHIO. IMEHHO 3TO 0OCTOSITETLCTBO MPUBENO K
BeCchMa ObICTPOMY U HIMPOKOMY €T0 MCIIOJIb30BAHUIO JUIS MPaK-
TUYECKHUX LIeJIEN F€0JIOTHYECKOTO KapTUPOBAaHUS U K CO3/IaHHUIO
1esoit cetu cootBercTByONUX Jaboparopuit B CCCP. OcHoB-
HYIO pOJIb B pa3pabOTKe M BHEIPEHUU KaJMil-aprOHOBOTO Me-
toza ceirpan D.K. I'epnunr. B nanbHeiimem 60bIIoi BKIag B
ero pa3sutue BHec JI.K. JIeBckuii.

IIpupoaHBIN Kanuil UMEeT TpU U30TOINa! ¥K, K u YK,
aTOMHBIE JIOJIM KOTOPBIX COCTABJISIOT COOTBeTCTBeHHO 93,2581,
0,01167u 6,7302 % .3 uux *°K o6namaer ecTeCTBEHHOH pa-

JUOAKTUBHOCTBIO U IIPEBPALLACTCS 10 JIBOMHOM CXEMe paclana

8 *°Ca n *°Ar. Jlo nocnexnero BPEMEHU UCCIIE0BATENIN UCIIOIIb-

30BaNM pasHbIC 3HAYCHHS KOHCTAHT pacrana ‘'K: KOHCTAaHTHI f3-

pacniana (1z) ¥ KOHCTAHTBI IEKTPOHHOTO 3axBara (1.). B 1976r. JleB KoncranTHHOBHY
MexayHapo HOM MOJIKOMHCCHEH MO T€0XPOHOJIOTHH OBUIH pe- JleBckuii,
KOMEHJIOBaHbI K IPUMEHEHUIO HOBbIE 3HAYEHHs KOHCTAHT, I10- JIOKTOP XMM. HAYK
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Jy4eHHbIC 00JICe TOYHBIMHU U YYBCTBUTEIBHBIMH METO1aMHK [26]:

Jg=4,962x10" rox
e =0,581x10"%rog .

Omnpenenenue Bo3pacta K-Ar MeTooM OCHOBAHO Ha M3MEPEHUU OTHOLICHUS “Ar/*%K B
KaJIMACOIEPKAIIUX MUHEpAIaX U MOpPOAax, KOTOPOE B 3aBUCUMOCTH OT BPEMEHU U3MEHSETCS B
COOTBETCTBUU C YpaBHEHUEM

40
Ar A (e(AB+/\e)t 1)

40,
K A +A

(23)

OGBIYHO MPH OTPEEICHHH CONEPIKaHUs “CAT B TOPOIAX M MUHEPANAX H3MEPACTCS CyMMa-
pHoe kommdecTBO “CAr, CKIamBIBAIONICECs M3 PAAHOTEHHOTO “CAr;, 06Pa30BABIIErOCS B PE3yiib-
TaTe pagMoaKTHBHOTO pacmana ‘K, u arMoceproro “°Ar,, copOHPOBAHHOTO MOPOIAMH H HAXO-
JSIIIErocs: B BUJE MPUMECH B U3MEpUTENIbHOM annaparype. [locnennuit He0OX0aMMO BBIYECTD U3
06IIIEro KOTHYECTBA OMPEACIIEMOro “CAr, UTO JOCTHTAaeTCs IyTeM H3MEPEHHS B HCCICTyeMBIX
npo6ax aromuoro otHourenus “CAr/*°Ar u comocrasnenns ero ¢ armocdepusiv (‘CAr/*°Ar =
295,5) [27].

B mocneanue ropl T0BOJIBHO IHPOKOE PacIpOCTpaHEHHE, 0COOEHHO MPH OMPEACICHUAX
BO3pacTa KOCMHUYECKHX M JIYHHBIX O0BEKTOB, Moiyumno K-Ar natupoBaHue Mo OTHOIICHHUIO
OAr/*Ar. CyTh MeTOJa COCTOUT B TOM, YTO MPH OOJYYCHUU B MOTOKE OBICTPBHIX HEHTPOHOB B
SIEPHOM peakTope B obpasie 1o peakuun K (N, p) — °Ar o6pasyercs myxmn *°Ar (meproxn
nonypacraga T, = 269+35er). Hykmun *°Ar MOXKHO HCIIONB30BATH VIS ONIPEIEICHAS BO3PACTA
K-Ar mMeTonoM, MOCKOJBKY €ro KOJMYECTBO (PYHKIMOHAIBHO CBS3aHO C KOJIMYECTBOM Kallus,
T.e. ornomenne ‘CAr/*°Ar sBisieTcst Mepoil COOTHONICHHS MATEPHHCKOTO M IOYEPHETO SIEMEH-
TOB B 00pasiie. JTa METOIMKa UMEET JBa OCHOBHBIX MIPEUMYIIECTBA 110 CPABHEHHUIO C OOBIYHBIM
K-Ar MeromoM: ompeeieHHe MAaTepUHCKOTO U JOYEPHEro 3JIEMEHTOB IPOBOAUTCS OJHO-
BPEMEHHO W3 OJHOM H TOil K¢ HABECKH M oTHOmeHHs ‘CAr/*°Ar usmepsiorcs Tounee, 4eM abco-
JIIOTHBIE KOJIMYECTBA Kajus M aprona. Kpome Toro, mosiBnsieTcss BO3MOKHOCTD TOJIy4EHUS J0-
MOJIHUTEIHHON MH(pOpPMAIMK O TEPMaJIbHOM MCTOpUU 00pa3IOB C MOMOIIBIO TaK Ha3bIBAEMbIX
«BO3PACTHBIX CIIEKTPOB», TIOCTPOCHHBIX ¢ yderoM oTHomrerus “CAr/*°Ar Bo ¢paxumsx rasa, Bbi-
JETUBIINXCS MIPH MOCIIeI0BATEILHOM MOBBIIICHUN TeMIIEpaTypbl Harpesa oopasia.

Yricio atomoB >°Ar, 06pasyromuxcst Ipu 061ydeHur > K B peaktope, sBisercss QpyHKIuei
OTOKA HEHTPOHOB, CedeHns peakuun - K(N, p) — >°Ar npn JaHHBIX SHEPTUH H JUTHTETLHOCTH
oOmyuenus. IlockonbKy ompezeneHne MoToka OOIydeHHUs] ¢ JOCTaTOYHON TOYHOCTBIO NMPaKTH-
YEeCKH HEBO3MOKHO, OJTHOBPEMEHHO C MCCIIEAYEMbIM 00pa3lioM B KauecTBE dTaJIOHa 0OIydaroT
oOpa3el N3BECTHOTO BO3pacTa.

Bospact uzmepsemoro odpasiia pacCYMTHIBACTCS 110 YPABHEHUIO

1 O Ar
=—In1+———1 |, 24
A BAr (24)
4 40Ar
rie 4 — KOHCTaHTa pacraja OK; = (e;'t’"* -1/ P — (G yHKIHS BO3pacTa 3TajoHAa U MHTE-
r

om
I'PaJIbHOTO MOTOKA OBICTPBIX HEHTPOHOB, MOCTOSIHHAS B JAHHOW TOYKE HEUTPOHHOTO MOTOKA.

Pacuet Bo3pacTa He peACTaBIsAET TPYAHOCTEH, €CIIU IOMYCTUTh, YTO BCE U3MEPEHHOE KO-
mugectBo “CAr SBISETCS CyMMOH PagMOrEHHOrO M aTMOC(EPHOTO, Bech -CAF, HCIIONB3yeMBIN
JUTSL KOPPEKIMK Ha aTMocdepHsiit “CAr, sBIsiercss aTMOC(EpPHBIM i Bech Al 06pasoan u3 >°K
1o peakumn > K(n, p) — >°Ar. B Takom ciygae u3MepenHoe oTHoIeHuHe ‘CAr/°Ar tpeGyer b
KOPPEKIMH Ha aTMOC(EPHBII aproH:

OArAr = (PArP°Ar) o — 295,5 TPAPOAT o (25)

Takwue nomyiieHus, 0JHAKO, MPUEMJIEMbI TOJILKO JIJISl IOCTATOYHO APEBHUX 00Pa3IloB C BbI-
cokuM otHomenueMm K/Ca.
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[Tpu o6nyuernn oOpa3loB B peakTOpe aTOMbI aproHa 0Opa3yloTcst U B pe3ynbraTe mo0ou-

HBIX PEaKLUH, T0ATOMY U3MEPSEMBIH aproH MpeACTaBiIsieT CO00H cMeCh MHOTUX KOMIIOHEHTOB.
VYuuThiBas sACpHBIC pEakiiy, BKJIaJ KOTOPhIX B 00pa30oBaHHE aproHa CYIIECTBEH, U3MEPEHHBIC
KOJIMYECTBA NU30TOINIOB aprOHA MOKHO MPEACTaBUTh B CIENYIOIIEM BUJE!

4OArH3M = 4OlArr +4OArK +4OArCa +40AraTM;

39ArH3M = 39'A\I’K'i'ggp\rCa;

38ArH3M = 38'A\rK + 38'A\rCa + 38AraTM; (26)

2;ArI/ISM = 2;ArCa; 36

ArI/ISM = AraTM + ArCa,

rae uHjaekcsl Ca u K oTHOCSTCS K HYK/IM1aM aproHa, 00pa30BaBIIUMCS TIPU 00JYyYCHUH KaJIbIIHs
Y KaJIisi COOTBETCTBEHHO.

JIisi OlIEHKHU BKJIaZia M30TOTIOB aproHa, o0pa3oBaBIIMXCs pu oOnyueHnn HediTponamu Ca
u K onpenenstor CoOTBETCTBYIOIINE OTHOIICHUS U30TOIOB aproHa B YMCTBIX KaJbIIMEBBIX U Ka-
JIMEBBIX COJISAX, OOJIYUCHHBIX B PEAKTOPE B YCIOBHUAX, OJU3KHUX K YCIOBHUSIM OOTYUCHUS UCCIICTY-
eMbIX 00pa3iioB [28].

8. Camapuii-neooumoswtiit memoo

Camapuii-He0IMMOBBIN METOJ OIpeesIeH!s] U30TOITHOTO BO3pacTa OCHOBAH HA pPa/MOaK-
THBHOM pacriajie M30TOMA caMapHs 'S i MpeBpamieHuy ero B Hykmua Heoauma — Nd. Ero
Havanu npuMeHsaThest B 1980€ roapl ans naTupoBaHus ApeBHEHIINX 00pa3oBaHuil, B 4aCTHOCTH,
ayHHBIX TIOpoJ [29—31]. OrpaHudeHHOE €ro MCIOJIB30BaHUE OOBACHICTCS, B TICPBYIO OUYepPe/lb,
OUEHb MayIbIM 3HAYCHHEM KOHCTAHTHI pacraza '*'Sm ¢ = 6,54x10?rog ") U CBA3aHHBIMHU C
STMM AHAIUTHIECKMMI TPYIHOCTAMH ONPENENCHHS C JAOCTATOUHO BBICOKOM TOYHOCTBIO J0JIU
paguorenHoro Hykmuga - Nd. OHAKO JaHHBII METOJ MMEET HEOLECHHMOE MPEHMYIIECTBO IO
CPaBHEHHIO CO BCEMHU APYIrUMH PaJIUOAKTUBHBIMUA METOJAMHU OINpPEAETICHUS U30TOITHOTO BO3pac-
Ta: MAaTePUHCKUN U JIOUEPHUIN HYKJIUIbI SBIISIOTCS U30TONAMU OYEHb OJIM3KUX 10 CBOMM XMMHUYe-
CKUM CBOMCTBaM PEIKO3EMENIbHBIX 3JEMEHTOB, IOATOMY HAJIOKEHUE PA3IUYHBIX T€OJIOTHYECKUX
MIPOIIECCOB B JIF000I1 MOMEHT BPEMEHH HE HapyIIaeT PaJHOaKTHBHOE PABHOBECHE MEXIYy MaTepH-
HCKHUM U JIOYEPHUM H30TOMAMH.

Maremaruueckuii anmapar Sm-Ndmerona ToxxaecTBeH TakoBomy it Rb-SruzoxponHoro
MeToa. AHAIUTHYECKAs! IPOIlelypa CBOJUTCS K KOJMYECTBEHHOMY OIIPENICICHUIO B MPoOax me-
TOJIaMU M30TOIHOTO pa30aBIeHUs COJACpPKAHUS CaMapHs U HEOAMMa M M3MEPEHUIO0 M30TOIHOTO
ornomenns “*Nd/**Nd, xotopoe 06braHO HOpMammsyercss mo ortsomenmio Nd/**Nd =
0,236433I1omydeHHble UIs CEpUH KOT€HETHYHBIX MPOO M30TOMHBIE OTHOIICHHUS MPEICTABIISIOT
rpaduaecku B cucreme koopauuar ~'SmA*Nd —*Nd/*“Nd. Yron nakmona o6pasyemoii sKc-
NEPUMEHTAIBHBIMU TOUYKaMHU KPUBOI COOTBETCTBYET M30TOITHOMY BO3pPAacCTy, a TOUKa Iepeceye-
HHSI €€ C 0CHI0 OPJMHAT — IepBrYHOMy oTHomermo “**Nd/*Nd.

9. Penuii-ocmuegulii memoo

[IpuponHbI peHUI UMEEeT ABa U30TOoIa — 1%Reu ®'Re, aromubie gom KOTOPBIX COCTaB-
msror 37,071 62,93 % .Mzoron ®'Re pagnoaktuBen u myrem f-pacnazga ¢ MepHoOIOM MOTypac-
naga Tqipp = 4,12><1(])O JIET IPEBPALAETCS B HYKJIUJ OCMUS 1870s. Bee u3oTomnbl ocMmus HEpaauo-
AKTHBHBI M MMEIOT CJIEAYIONIYIO pacpocTpaHenHocts, %: %%0s — 0,018/%%0s — 1,59,%'0s —
1,64,"%0s - 13,2!*°0s - 16,1,°°0s — 26,4,”°0s - 41,0.

I'eoxpoHonornyeckn otHomenne o 'Re/*’Os ananornuno ornomennio ®’'RbP’Sr. [osromy
B IIPUHIUIIE BCE PACCY)KJICHHS U MOCTPOEHHs, B TOM UYUCIIE M M30XpoHHBIE, s Re-Osmerona
AHAJIOTUYHBI TakKOBBIM Juisi RD-SrMerona. OmHako MCMOIb30BaHHE €ro OTPaHHMYSHHO W3-3a He-
00JIBIIION PACIPOCTPAHEHHOCTH B MPUPOAHBIX oOpa3zoBanusx Rewn OS,a Takke u3-3a OTCYTCT-
BHUS JIOCTaTOYHO SICHBIX MPEACTABICHUN O TEOXUMHUECKOM TIOBEACHUH ITHX AJIEMEHTOB. TeM He
MeHee, B HEKOTOphIX ciydasix Re-Osmeros ¢ ycrexoM MCHOIb30BAJICs MPH UCCIEIOBAHUU Me-
TEOPHUTOB U YCTAHOBJICHUH BO3PAcTa MOJIMOICHUTOB, 00OTallleHHBIX peHueM [32, 33].
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Ornomenne “2’0sf*°0s B 3emubix Marepuanax mensercs ot 0,880 1,09,B MeTeopuTax —
or 1,010 1,43.TIpu Hasecenuu Ha rpaduk n3MepeHHsIX 3Havennii o 0s/0su **'Ret*®0s no-
Jy4aeTcsi M30XpOHA, aHAJOTHYHAs pPyOMAMH-CTPOHLMEBOW. YTOJ HAKIOHA €€ COOTBETCTBYET
BO3pACTY, opeeneHHoMy Re-OsMeTooM, a Touka mepecedeHus ¢ ochio o '0st%°0s —nepia-
HoMmy otHommernio (*2’‘0sf%0s) uccnemyemoii rpyrb! 06pasIos.

10. Kcenon-ypanoewtii memoo

Kcenon-ypanoBsiii Metos; [34] ocHOBaH Ha ompezeiacHUH B 00pasile YpaHCOIepPXKAaIero
MUHEpajia KOJIMYeCTBa KCEHOHA — MPOJIyKTa CIIOHTAHHOTO JeNieHusl ypaHa. Bo3pact muHepana
paccuuThIBaeTcs 1mo Gopmyine

1 Xeg A
t=—> |n| oS5 N2s 4q | (27)
)\‘ 238U )\‘
238 Xeg
rae Xes - CO,Z[ep)KaHHe KCCHOHaA, 06pa3OBaBIHeFOC5I B pe3yJIBTaTe CIIOHTAHHOT'O ACJICHUA 238U;

238 — conepxanne HykTHIa ~>2U; hp3g — KOHCTAHTa CKOPOCTH a-pacmama >U; Axe, —TapLHAIB-

Hast KOHCTAHTa CKOPOCTH CIIOHTAHHOTO TpeBpaimenns U B Xe.

3Ha4YeHHUE Ay, , ONPENETIECHHOE TEOXUMUUYECKH M0 U3MEPEHHBIM KOHIeHTpauusM Xe u U B
S

MUHEpayax u3BecTHOro Bo3pacra [35], papuo 1,42x10° Y ron .

Xe-U Meros He Halen MHUPOKOro MPUMEHEHHS BCIIEICTBUE HEJOCTATOYHON COXPAaHHOCTH
KCEHOHA B CTPYKTYpPE YPaHCOAEpKaIUX MUHEPAJIOB.

11. Memoowt, ocnosannvie na uzmepenuu yO0eabHOU AKMUBHOCHU )]1EMEHN 08
B 5THX METOJaxX sIEPHON TeOXPOHONOTHH HCIONb30Banbl kKocmorennsie (“'C, °Be, %S,
2°Al) 1 Texnorennsie (°Fe, *'Cs) pagnoakTHBHbIC HYKIHABL. 33 HCKIIOYCHHEM PagHOyTIepOI-
HOTO METO0/1a, KOTOPBIN JOCTaTOYHO XOPOIIO 000CHOBAH Teope-
TUYECKU U TIPAKTHYECKU U IITUPOKO MPUMEHSETCS, BCE OCTaIb-
HBbIC HAXOJATCS B HAYAJIbHBIX CTAIMIX Pa3pabOTKH U IPUMEHE-
HUE UX MMOKa BechbMa orpaHudeHo. CylecTBEHHBIA BKJIAJ B UX
pa3pabotky BHec FO.A. IlykotoKoB.
Hcnonp3yeMble KOCMOTEHHBIE HYKIHIbl UMEIOT CIEIYIOo-
Me NeproJIbl Mmojypacraja; Yc - 573015er, 10 — 2,5X16
ner, ¥Si — 500mer, *°A1 — 7,4x10 ner.
IIpu pacuere BO3pacTa 3TUMU METOJAMHU MCIHOJB3YETCS
M3BECTHBIN 3aKOH PaJIMOaKTUBHOTO pacnana (hopmyna (2)).
Paduoyznepoonsiii memoo. Hyxmun “C obpasyercs Ha
BbIcoTe 0K0JI0 1600KM B pe3ynbrare B3aMMOACHCTBHS HEUTPO-
HOB MEPBUYHOTO KOCMHYECKOI'O M3JIYYCHHS C DIIEMEHTAMHU at-
Mocepsl B ocHOBHOM 110 peakimu ~N+n — “C+p. Ceuenne

. 24 2
0puii Anexcannposuy 3TOM peakiuu jgoctarouHo Beiwko (1,7%X10°" cm”) u Ha He-

LIyKo/I10KOB CKOJIBKO TOPSAJIKOB MPEBBIIIAET CEUCHUE 3aXBaTa HEUTPOHOB
! 16 14, 3
JIOKTOP XMMHYECKHX HAYK KOCMHYECKOT'0 M3JIYUYCHUS IIPHU pCaKLUAX O +n — 7C + “He,
(1929—2013) YO +n— —MC +"He,®C +n - Y'C +y.

Hyxmin “C B BepxuuX crosx armocdeps! 3ddhexTuBHO
OKHCISIETCS KHCIOPOJIOM 10 0Opa30BaHUs PATMOAKTUBHOIO JHOKCHAA YIJIEpoJia, TOCTaTOYHO
OBICTPO CMEUIMBAIOIIETOCS C HEAKTUBHBIMHU MOJIEKYJIaMH 3TOTr0 coeanHeHus. KpyroBopor yrie-
pona B atmocdepe, runpochepe u 6uochepe odbecrednBaeT OJHOPOJHOE paCHpeieICHIE B HUX
1%C. OCHOBHBIMH YCTOBHAMHU TPUMEHEHHS PajHOYIIEPOTHOTO METOAa, 0e3 KOTOPHIX HEBO3-
MOJKHO OBIJIO OBl MOJIYYUTh HAJCKHBIE PE3YIbTAThI, SIBJISIOTCS MOCTOSHHAS HHTEHCUBHOCTh KOC-
MUYECKOTO M3IydeHHs B TEUECHHE BCEro IATHPYEMOro ¢ moMolpsio 'C MHTepBana BpeMeHH (10
6x10' ner) u mocraTouHsie ckopocTH oOMeHa ~C Mexmy armochepol, rumpocdepoit u 6u-
ocepoii. PagnoyrinepoaHslii METO MIMPOKO NMPUMEHSETCS B apXeOJOTHMH M aHTPOMOJOTH, a
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TaKKe IPU JATUPOBAHUM ILICHCTOLEHOBBIX OTJIOXKEHUH, COBpE-
MEHHBIX MOPCKUX U OKEaHUYECKUX JOHHBIX OCAJIKOB.

Becowmplii Bkt B pa3paboTKy TaHHOTO METOJa JaTHPOBa-
Hus BHec X.A. Apcnanos. [36].

C 1970r. B MHCcTHTYTE TEOXUMHUHM OKPY)KAIOLIEH Cpelibl
HAH VxpauHbl TJI0ZOTBOPHO paboTaeT paguoyriepojaHas ja-
O6oparopusi. bonpIux ycrnexoB TOOWINCH €€ COTPYIHHKH
H.H. Kosamtox u B.B. Ckpunkun [37].

JUisi OTHOTO M TOTO K€ OPraHOTEHHOT'O T€0JIOTUYECKOTO
MaTepHualia BO3MOXXHO IIPUMEHEHUE KaK paJuoyriepoaHOTO, TaK
U KaJIHMii-aproHOBOTO METOJa PaAMOMETPHUUYECKOro JaTHpOBa-
HUs. B 3TOM ciyyae nHOT/Ia HAOIIOIAIOTCS CYIIIECTBEHHBIE pac-
X0 JICHUS Te0XpOHOIornyeckux nat [38].

Paouobepunnuegwvlit memoo Haiien TpUMEHEHUE TS pa- Huxouaii HukosaeBuu
JHOXPOHOJIOTHH MOPCKHX U OKCaHHYECKUX 0CankoB. OH OCHO- Kosaniox
BaH Ha WCIOJB30BAHUH PaJHOAKTHBHOIO H30TOMA OCpUILIHS (1943—2012)

1Be, sipa aTOMOB KOTOPOTO 0GPA3YIOTCS B BEPXHHX CIOSAX aTMOChEPHI 10T BO3ICHCTBHEM KOC-
MHYECKOTO M3JydeHHsI Ha spa aTOMOB Kuciopoxa (o peakimu ckanbisamms). Hykmiax “°Be
JOCTUTaeT MOBEPXHOCTH 3€MJIM TIaBHBIM 00pa3oM B COCTaBe JOXKIEeBOM Bojbl. Ilormomenue
OYBAMH, B KOTOPHIX ''Be MOJBEPraeTcs PasiMuHBIM BO3JCHCTBHAM, B YaCTHOCTH OOMEHY CO
cTabHIbHBIM “Be, TIPHBOINT K PE3KOMY YMEHBIICHHIO YACTBHOTO CONEpXKaHHs ‘'Be B 3eMHBIX
oGpasuax. Sapa atomos “°Be, Momajaioniie B OKeaH, MOABEPraiOTCs pa3baBIeHHIO CTAOHIbHbI-
MH SIIPAMH aTOMOB “Be M BEIIECTBOM 3eMHOTO NPOHMCXOKACHHS B MEHBIICH CTEICHH, YeM Ha
KOHTHHEHTAX, BCIICJCTBIE Yero yeIbHas aKTHBHOCTD ~ Be B okeare Bbie [39].

PagnobepuiuineBblii METO Jae€T BOZMOYKHOCTD JIaTHPOBATh TPETHUHBIE OCA/IKU OKEaHUYe-
CKOT'0 JHa BO3PAaCTOM JI0 1x10 rner.

Omnpenenenue Bo3pacTta OCaJIKOB U CKOPOCTU HMX CEIUMEHTAIlMH 0 BEPTHKAILHOMY pac-
TPECNCHHMIO B HUX ~Be MOXKHO CYHTATh HAIEKHBIM, €CIIH BHITONHAIOTCS CIIEIyIONIHe IPEJITO-
CBUIKH. MHTEHCUBHOCTh KOCMHYECKOT0 M3Iy4eHUs B TeueHue nociennux 10 MiH JieT npaktuye-
CKH HE MEHSUIACh, M MHTDAIis ~ Be 110 JUTHHE 0CaJ04HOI KOJOHKH OTCYTCTBOBaIA. IIpH BBITO-
JNHEHHH 3THX YCIOBHil BEPTHKAIbHOE pachpeneieHue °Be B ocajakax GymeT OMpeaessThes
TOJIBKO €T0 PaJIMOAKTUBHBIM PACIaJIOM.

CKOPOCTb 0OPA30BAHMS OCAIKOB MOXKET OBITH BBIYHCICHA C YUETOM COIEPKAaHHS ' Be B
Pa3NIUYHBIX TOPU30HTAX OCAJTOYHON KOJIOHKH 10 (popmysie

“Be=""Be,e™, (28)
rie “*Be, — comepxanne “*Be B cioe 0caika GONBIIEro BO3Pac-
Ta, 4eM CIos ¢ cojepkaHheM °Bep; A — KOHCTAaHTa pacraia
1Be; t — mepro BpeMeHn Mexk Ty 06pa3soBaHHEM CIIOCB.

Onnako, cormacHo pesyibratam pabor [40—43] 3a mo-
crennne 2,6 MITH JIeT CKOPOCTh 0Opa3oBaHus ~Be MEHSIACH B
JOBOJIBHO IIMPOKHX Tpeienax. ITO 00CTOSTENBCTBO CBA3BIBAIOT
C U3MEHEHHEM MHTEHCHUBHOCTH KOCMHUYECKOTO OOJIydyeHHs 3eM-
J¥ BO BPEMEHH, B YaCTHOCTH, BCJEJICTBHE BCIBIIIEK CBEPXHO-
BBIX 3B€3/1 U U3MEHEHUs MarHuTHOro nois 3emun. Takum o6pa-
30M, €CJIM OCHOBHAS MPEINOCHIIKA O TIOCTOSHCTBE MHTEHCUBHO-
CTH KOCMHMYECKOTO H3JIy4eHHs B MEPBOM IMPUOIMKEHUU CIIpa-
BeyuBa Juist nocieanux 50 000ner (pamuoyriepoaHblii Me-
TOJI), TO IPU HUCIOJIb30BaHUU PAJHOOCPUILTUEBOTO METOIA Tpe-

Xukmarysia Aauesnd OyIOTCS JabHEHIINE UCCIEI0BAHUS.

ApciiaHoB,
JOKTOP reoJioro-MUHepasio-

Kanvuyueewiii memoo onpeoenenus 603pacma MuHepanos
I'M4YeCKHUX HAYK

obL1 mipezyioxkeH A. Xonmcom [16]. Ha ocHOBaHMM UMEBIIHUXCS B
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TO BPEeMs JAHHBIX OH IPEITIOJIOKILII, YTO 110 HAKOILICHHIO *'Ca, 00pa3yiomerocs B pesyibrare f-
pacnaza 'K, MoxHO onpezensits Bo3pact. JlanbHeiilne nccae 0BaH s TOKa3ald, 4TO PaIuoaK-
THBHBIM sIBIICTCS H30TOM “UK, B pe3ysbTaTe paciaga KoToporo obpasyiores “CAr i “Ca.

[IpakTHyeckoe MpUMEHEHHE KaIbLUEBOIO METO/1a 3aTPYAHUTEIILHO BBUY CIOKHOCTH BBI-
JIETICHUS U OTIPENICICHUS] HUYTOKHO MaJIbIX KOJIMYECTB PAJUOTCHHOTO KaJIbITHSI.

Onpenemns otuommenne “°Ar/*°Ca B craccdyprekux crmbBunax, M. Uurpem n coasr. [42]
YCTAHOBHIIM HIKHUH TIPEIeN COOTHOLIeH s f-paciana u K-3axsara ‘K.

H.U. Tonesas u coaBT. [43] IpUMEHWIN KAJIBIMEBBIA METO/ /ISl BBISCHEHHUS BO3pacTa CH-
npBUHOB. OHM HCCIe0BaIM Ba 0Opasia Oenoro cuiibBuHa U3 miacta «b» BepxaekaMmckoro me-
CTOpOXIeHUs U 0auH — U3 [loMoBUHCKOM ckBakuHBI omopHoro Oypenus. CojaepkaHue paano-
TEHHOTO KaJbLUSl OIPEACISIIOCh MAacC-CIIEKTPOMETPUYECKUM METOJIOM H30TOIHOTO  pas-
6aBneHus. Beruncnenue Bo3pacta mpoU3BOJUIOCH TIO CIEAYIOIIEMY YPaBHEHUIO

m*Ca _ 7\/; (e(x/,+xK _1)

nYK A, +Ag ’
rae m*°Ca — cozepkarie pagHoreHHOro Kanbius B oopasite; N'°K — coneprxanne usorona ‘K B
oOpasue, T; A, A, —KOHCTaHTHI f-pacnaja u K-3axBara 40K; t —BO3pacT, MJIH JIeT.

Bospact, nony4eHHbIH KanbLUEBBIM METOJOM JIsi HEMEepeKPUCTAIUTM30BAaHHOTO 00pasla,
COBIIaJal ¢ pe3yiabTaTaMHi aproOHOBOTO JATHPOBAHUS, a JAHHbIE )K€ aprOHOBOTO METOA JUIS Tie-
PEKPUCTAIUTM30BAHHBIX 00PA3LOB OTPaXKalu 3HAYUTENFHO 00Jiee MOJIOI0N BO3pacT, 4To, KaK Io-
JaraloT aBTOPHI, CBS3aHO C IOJIHOW MOTepel paHee 0Opa30BABIIETOCS PAIMOT€HHOTO aproHa B
nporecce nepekpucrauzanui. [lo-BuauMoMy, JaHHBIE aprOHOBOIO METOJIa COOTBETCTBYIOT
BPEMEHH MOCTeIHEH MepeKprucTau3anuy oopasia, KajJbIlIMeBOro MeTo1a — BpeMeHH 00pa3zoBa-
HUS CUJIbBUHOB.

Hcnonvsoseanue HyKnuooe Kpemuus u amomunusn ¢ zeoxpononozuu. Hyxmnsr >°Si u
Al IPUMEHSIOTCS B OCHOBHOM [Tl OTPEEICHHs CKOPOCTH CEIMMEHTAIMH OBICTPO OTIAraio-
IEXCS MOPCKUX M OKeaHWdIecknx ocamkoB. Hykmun *Si o6pasyercs B BEpXHHX C10SX aTMOChe-
puI oz JEeWCTBUEM KOCMUYECKOTO U3TYUYEHHUS U3 AJep aTOMOB aproHa Mo peakiMy CKaJbIBaHUS.

Al Taxxe 0Opa3yeTcsi 0 PeaKluy CKaJIbIBAaHHS MPU B3AaUMOJICUCTBUM KOCMUYECKOTO M3Ty4eHHUS
C aTOMaMH SIeMeHTOB atMocdepbl. OCHOBHBIE MPEINOCHUIKH HCIONB30BAHMS HYKITHIOB ~-Si 1
28A| 117151 OTIpe/IeTIeHIS CKOPOCTH 0CAKOHAKOIUICHHS T€ XK€, 4TO H B PaIHOOEpHIIIHEBOM METOJIC.

(29)

HepaBHoOBecCHBIE MeTOAbI SIAEPHOI F€OXPOHOJIOIHH

HepaBHOBECHBIMH METO/IaMU SIZCPHON T€OXPOHOJIOTUH OTIPENEISAIOT a0COTIOTHBIN BO3PACT
U CKOPOCTh CEIMMEHTALMU MOPCKHX M OKEaHHYECKUX OcalakoB. IIpeamochuikol s ux co3-
JaHUS TTOCITYXKHJIO YCTAHOBJICHHOE JUTS OCA/IKOB CMEIIEHUE PaIHMOAaKTUBHOTO PAaBHOBECHS B ypa-
HOBOM M aKTHHO-YPaHOBOM psijiax.

Honuegwtii memoo onpenieneHus adCOTIOTHOTO BO3PAacTa U CKOPOCTH CEIUMEHTAI[H MOP-
CKHMX U OKEaHWYECKUX OCaJIKoB BIiepBbie ObLT mpemioxen K. [Turrorom u B. Yppu [44—46]. B
HACTOsIIee BpeMsI OCHOBHBIE TEOPETUUYECKHE IOJIOKEHHUS 3TOro MeToja (OpMYIHPYIOTCS cie-
AYIOIIMM 00pa3oM:

1) comepxanne 2>°Th i *®U B okeare ocTaeTcs IOCTOSHHBIM B TEUCHHE MEPHOIA BPEMEHH,
OTIPEICNIIEMOTO HOHUEBBIM METOOM, T.€. B TeueHue nociennux 400—450reic. ner;

2) B ocajikax MHUTpaLus 230Th pe npoucxoauT (eciau OHa HAOJIOIaeTCs, HEOOXO0MMO yCTa-
HOBHUTbH €€ MPHYHMHBI, YTOOBI YUECTh UX MPH MPAKTHYECKOM HCIOJIb30BaHUU METO/Ia);

3) cKOpOCTb OCakICHHS ~-°Th HAa OKEaHHYECKOE JHO MOCTOSHHA BO BpPEMeHH (eciu OHa
MEHSIETCS, HY’)KHO OTIPECIUTh IIPUYUHBI, BEAYIIHE K €€ H3MEHEHUIO);

4) pa3MelIeHUe 0CaJI0OYHOTO MaTepuaya B KOJOHKE ONMpENessieTCs] HOPMAaJIbHBIM IMPOIeC-
COM CEIMMEHTALMH, MOCIEeNYIONNEe HAPYIICHUsT NepBOHAYAILHOW CTpaTUrpaduu OcaakoB OT-
CYTCTBYIOT.

CyTh METOJa 3aK/TIOYACTCS B MONyYCHHH KPHBBIX BEPTHKATLHOIO PACIpeseeHus ~-Th B
ocajikax, KOTOpbIE B HICAIBHOM Clly4ae JOJDKHBI COOTBETCTBOBATH TEOPETHUECKH OKUAAEMOM
HKCTIOHEHTE, TaK KaK PaJlOaKTUBHBIC 3JIEMEHTHI YPaHOBOI'O psijia, COJIEpKaIIUecs B OKeaHHYeC-
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KO BOJE, OCAXNAIOTCS Ha OKEAHMYECKOE JHO B PE3KO HEPABHOBECHBIX COOTHOIICHHSIX:
230Th >>226Rg >389, Conepxxanue 239Th o uIMHE 0CAI0YHOI KOOHKH JOKHO YMEHBIIAThHCS
110 SKCIOHCHIHATBHOMY 3aKOHY C IIEPHOIOM moiypacmana -°Th, T.e. 75 200xer [47]. Taxoii
IKCIIOHCHIMABHBINA criajl HaOMI0aeTcs 10 TOPU30HTA, COOTBETCTBYIOIIEIO YCTAHOBIICHHIO pa-
JIMOAKTHBHOTO paBHOBECHs Mexay 2 Th u 2%®U. Haunmas ¢ sToro MomeHTa, cojeparnue > Th
TOJTHOCTBIO OTIPE/IENSETCs CONEpKaHneM B ocagkax ~-°U. Tak KaK KOHIEHTPALWs ypaHa B 60-
NBIIMHCTBE 0CATOYHBIX KOJOHOK MPAKTHUCCKH HE H3MEHSETCS 10 MX JUIHHE, COIepyKaHue > Th
CTAaHOBHUTCS TIOCTOSIHHBIM U TOPUEBAs KpUBAs MEPEXOJUT B MPSAMYIO, MapauIeIbHYI0 OCH adc-
1HcC.

I'opH30HT B 0Cal0YHON KOJIOHKE, COOTBETCTBYIOLIUN PaJIUOAKTUBHOMY PaBHOBECHUIO 230Th
u 2®, naseiBaeTcs «paBHOBECHBIM». OH OMPENEAET NPEIENbl ATHPOBAHHS, KOTOPBIE MOTYT
OBITh MMOJIy4CHBI HOHUEBBIM METOJIOM.

Honuit-mopueestii Menmoo NaTupoOBaHUs OKEAHMUYECKUX OCAIKOB Oa3MpyeTcs Ha CIeayro-
IIMX OCHOBHBIX TEOPETUYECKHUX MOJIOKCHHUSX:

1) 239Th y 22Th ocaxmaeTcss U3 OKeaHMYECKOH BOJIBI HA JHO B OJMHAKOBOI MIPOTIOPITUH,
YTO BO3MOKHO TOJIBKO IMPH YCIIOBUH HAaXOXKJCHUS 3TUX HYKJIHJOB B OKEaHE B OJJMHAKOBO (op-
M€,

2) orromrerne 22°Th/”*2Th B paiione 0TGOpa MPO6 OCAAKOB B OKEAHE OCTACTCS [OCTOSHHBIM
B TCUCHHUE BCETO JITATUPYEMOTO NEPUOa BPEMEHH;

3) HCIONB3yeMBbIi NP JaTUPOBAHUM 00pa3ell Ocajaka He COJCPKUT 3HAYMTEIbHBIX KOJIH-
gectB “*°Th u ?*2Th, accoLMMPOBAHHBIX C TEPPHTEHHBIM MATEPHAIIOM.

ECITH 5TH YCIOBHS BEITIONHSIOTCS, OTHOIIeHHE 2 Th/***Th B 0cajkax yMeHBIIAETCS IKCIIO-
HEHLMAJIBHO 110 Mepe yAaJeHUs OT MX MOBEPXHOCTH. Tor/ia BO3pacT JIF0OOTO CJI0Si MOXKET OBITh
YCTAHOBJICH MyTeM CPaBHEHHS OTHOMICHHH ~>CTh/”**Th, moTydeHHBIX [T 5TOTO CIIOS ¥ MOBEPX-
HOCTH OCaKOB. Bo3pacT matupyeMoro ciiost U CKOPOCTh CEAMMEHTAIMU, UCXOJISl M3 MOLIHOCTH
CII0sI, ONIPEACIISIOTCS 10 YPaBHEHHIO

R gt (30)
RO
rre R = (2 30Th — 230-|-hu)/232-|-h; 230Th, 229Th, — koJIMYecTBa MOHMS, COOTBETCTBEHHO OCAK/ICH-
HOTO M3 BOJIBI M HAKOIHMBIIIErocs B 0CAJKaX M3 CojepKamterocs B Hux ~-U; 2**Th — konmdectBo
TOPHsI, OCAKICHHOTO U3 BOABI; Ry = (23°Th —230Thu)/232Th B ITIOBEPXHOCTHOM CJIO€.

Paouii-uonueswvlit memood 1aTpoBaHMs OCAIKOB OCHOBAH Ha HCIIOJIb30BAHUH HEPAaBHOBE-
CHBEIX COOTHOIIEHHT, B KOTOPEIX 22°Ran **°Th mocTynaioT u3 OKeaHH4ecKoi BOIBI B JOHHBIE OT-
noxeHus. MeanbHbIM CiydaeM JUTsi IPUMEHEHUS 3TOT0 MeToa Obta Obl Takasi CUTyallusl, KOT1a
?2°Ra BoobiIe He 0CAKIASTCA HA JHO, a 0CAXKIACTCS TOIBKO 2-Th. OJHAKO HA MPAKTHKE MO0-
OHBIC YCITOBHS HUKOT/IA HE BBITIOTHSIOTCS M B OCAJKH BMECTE C -CTh mOCTyImaeT HeKoTopoe KO-
nmdectBo “°Ra.

Panuii-noHMEBBIM METOJOM MOXKHO JaTHPOBATh OCAIKH, aOCOJIOTHBIM BO3PACT KOTOPBIX
He npeBbimaet 10 Thic. JieT. Pe3ynbTaThl MOIyYarOTCs JOCTATOYHO HAJIC)KHBIMH, €CITH BBITIOJTHS-
I0TCS CJICAYIOIIUE YCIOBUSI:

1) paguii ¥ MOHUI OCaXKIAFOTCS C TMOCTOSHHOW CKOPOCTBIO B TEYEHUE BCEr0 WMHTEpBaia
BPEMEHH, IATHPYEMOTO STHM METOJIOM,

2) nomaBsromas 9actb “2°Rau “>°Th ocaxxaaeTcst U3 BOJBI, 3aMETHOTO MOCTYIUICHHS HX B
COCTaBe TEPPUTEHHOTO MaTepuaia He HaOJIIoaaeTcs;

3) #Rau *°Th He MUTpHpYIOT B 0CaKaX M HE IIPOMCXOIUT 3HAYUTEIHHOTO BBIIIEIAYNBa-
HHUS OTUX HYKJIUJOB OKPYKaIOILIEe BOIOM.

Ilpomaxkmunuii-uonuegvlit Memoo IATUPOBAHUS OCAJKOB OCHOBAH Ha HCIOJIb30BAHUU
nByx Hykmuaos: 2°Th u *Pa. O6a HykmHIa BXOIIT B pasHbIe paIHOAKTHBHBIC CEMEHCTBA, Te-
HETUYECKU MEXIy cOOOi He CBSI3aHbI U PaclaJaloTcs HE3aBUCUMO JPYr OT Apyra. OOmmm s
HUX SIBISICTCS TPOMCXOKICHHE M3 OJHOTO dIeMeHTa — ypaua. Ilostomy otHomenne 2> Paf>°Th
Oyner (hyHKIUEH TOJBKO BPEMEHH, €CIIU BBITIOJHSIOTCS CJISTYIONIHE OCHOBHBIC YCIOBHS:
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1) Mexann3MbI ocaxaeHus 2 Th i *'Pa 13 okeaHHYeCKOH BOIBI HA OKEAHHIECKOE JHO OJI-
HU U T€ K€ WK OYCHb OJIM3KH;
2) B 0cajkax OTCYTCTBYeT MUrparst 2-°Th u **'Pa wimi m060T0 B3 THX HYKIHIOB B OT/IE/b-
HOCTH, IPUBOIAIIAS K HAPYLICHHIO [IEPBOHAYATLHOO OTHOLICH:s - Pa/ **°Th;
3) nous Teppurenusx popm 2°Th u 2*!Pa B 061IEM COEPIKAHMI STHX HYKITHIOB B 0CAIKAX
HE3HAYMTENbHA, €€ MOXKHO HE IIPHHUMATh BO BHUMaHHE.
[Ipenensl natupoBanusi, GUKCUPYEMbIE STUM METOJOM, COCTaBISAIOT cooTBeTcTBeHHO 300,
400 u 200 TBIC. NEeT. AGCONIOTHBIN BO3pPACT OTAEIBHBIX TOPU3OHTOB OCAJIKOB OMPEACISAIOT IO
dopmysie, BeiBeneHHOM . Pocxonbrom [48]:
230
t = 866l ZSM x10" ner, (31)
¢**Pa-U
rae 2°Th, #'Pa —conepkanue HYKIHIOB, BHIPOXKEHHOE B SAMHHIIAX PABHOBECHOTO ypaHa; U —
coIepKaHue 238,
[Toxpo6HO 3TH MeTo 16l oTMcaHbl B padoTtax FO.B. Ky3uerosa [49] u E. 'amunbstona [50].

MeToabl, OCHOBAHHBIE HAa BTOPHYHBIX d((PeKTax B KPUCTALIMYECKHX pelieTKax

MHHEPAJI0B

Meron omnpeneneHyss BO3pacTa MUHEPAIOB 110 TPEKaM CIIOHTAaHHOIO JIEJICHUS OCHOBAH Ha
TOM, YTO NPH JABWKEHUU OCKOJIKOB, 00pa3yIOLIUXCs B PE3yJbTaTe CIIOHTAHHOTO JIEIEHUS N30TO-
na %, BO3HUKAIOT paspyIIeHHbIE Y4aCTKH 0OBIYHO HAMETPOM OKOIO 3 HM H amnHo# 0,01mMm.
OTH y4acTKH, SIBIAIONIMECS HENPEPBHIBHBIMU CII€JaMU MEPEMEIICHUsT aTOMOB, 00Ja1al0T MOBBI-
IIEHHOW XMMHYECKOW PEaKIMOHHON CIIOCOOHOCTHIO MO CPAaBHEHHIO C OKPY)KAIOUIUM HEeHU3Me-
HEHHBIM MaTepraioM. O6paboTka 00pa3lioB COOTBETCTBYIOUIUM XUMHUECKUM PEareHTOM BBI3bI-
BACT MIPEUMYILECTBEHHOE PACTBOPEHUE BEIIECTBA HAPYLIEHHBIX y4acTKOB. [Ipu 3TOM BBIABIIAIO-
TCS1 (PUTYPHI BBILIEIAYUBAHUS — TPEKH, (hopMa KOTOPHIX U3MEHSETCS OT JUIMHHBIX Y3KUX IHJIUH-
JPOB /10 KOPOTKUX KOHHUECKUX MIIM TUPAMHIAIBHBIX (POPM.

IToacuer MIOTHOCTH TPEKOB M U3MEPEHUE COJEPIKAHUS ypaHa B MUHEpPAJIE JAKOT BO3MOXK-
HOCTb ONPEJETUTh Bo3pacT oOpasua. [Ipu 3ToM npuHUMAaeTCs, YTO CIIOHTAHHOE JeNICHHE %% B
3€MHBIX YCJIOBHSIX SIBJISIETCSI €JUHCTBEHHBIM HCTOYHUKOM OOpa30BaHUS TPEKOB. DKCIEPUMEH-
TaJIbHBIE IIPUEMBI, UCIIOJIb3YEMBIE B 3TOM METOJE JAaTUPOBAHUA, NIpeAesIbHO IpocThl. Ilocne on-
pelnesieHus IUIOTHOCTH MCKOIMAeMBIX TPEKOB Ps 00pasell MOMEIaloT B SIIEPHBIA peakTop U 00IIy-
YalOT NOTOKOM TEIUIOBBIX HEHUTPOHOB. JTO INMPHUBOJIUT K IOSBICHHUIO HOBBIX TPEKOB C ILIOT-
HOCTBIO pj, 00pa3yIoIIMUXCs B pe3ylbTaTe WHAYIMPOBAHHOTO JeJleHus ypaHa. Bo3pact oOpasua
OIIPENENAETCS 110 COOTHOIIECHHUIO INIOTHOCTH HOBBIX U CTapbIX TPEKOB!

Pe M (g ), (32)
oA
r7ie A23s At — KOHCTAHTHI COOTBETCTBEHHO TMOJIHOTO pacra/ia M CIIOHTAHHOTO JICTICHHS 238U; A—
JI0JIs1 aTOMOB ypaHa, paclaBIIUXCsl BO BpeMsl O0JIyueHHsI, OOBIYHO OIpEeIIIeTCsl ITyTeM Mocye-
Ta YKCJIa TPEKOB B 00pa3iie KAIMOPOBOYHOTO YPaHOCOAEPIKAIIEro CTEeKIa.

MuHepaibl, UCTIONB3YIOIIKECS Ul JaTUPOBAHUS, JOJDKHBI 00J1aaTh ONpEIeIeHHBIMU YC-
TOMYMBOCTBIO U TUNIOTHOCTBIO TPEKOB. J{JIs1 pa3iIMuHBIX MUHEPAIOB CYIIECTBYIOT TOBOJIBHO y3KHE
TeMIepaTypHbIe Mpeesbl, IPU KOTOPHIX TPEKH HCYe3aloT. MUHepaibl, B KOTOPBIX TPEKU Hcue-
3aroT nipu Temnepatype Hike 400 T, aBisiorcs HeXenaTelIbHBIMH OOBEKTAaMH sl TaTHPO-
Banus. Hanbosnee mupoko mpu AaTUPOBAHUM STUM METOJOM MPUMEHSIOTCS HUPKOHBI. OCHOB-
HBIM IPEUMYIIECTBOM METOJa TPEKOB SBJIAETCS LIMPOKHA MHTEpPBAJ BPEMEHH, B KOTOPOM OH
IPUMEHUM, U MPUTOJHOCTH JJIsl NATHPOBAaHUs HEOOJBHIMX MO pasmepam oOpasuoB. OauH U3
TJIABHBIX €70 HEJIOCTAaTKOB —HEOOXOIUMOCTh I10/ICUETa TPEKOB BPYUHYIO.

Bo3pact meTreoputoB u 3emiin

B.U. Bepnaackuii Obu1 yoexaeH, uto 3eMist oOpasoBanack okoyio 2 mipa neT Hazazd. C pa-
3BUTHEM CBUHIIOBO-U30XpoHHOTr0 (3.B. CoboToBuu, B.A. PynHuKk) U Apyrux METOJ0B Ompese-
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TieHus a0COIFOTHOTO BO3PACTa MOSBHIOCH OOJIBIIOE KOJTMIECTBO
JAHHBIX O BO3pacTe Pa3IUYHBIX IMOPOJ U MHHEPAIOB B Tpee-
nax 2—3 mupa net. Ctano ObITh, U BO3pacT 3eMJId COOTBETCT-
BEHHO OTOJIBUTAJICS BCE JAIIBIIE BIITyOh BPEMCHH.

Jt00OMBITHO, YTO BO3pPACT BEIIECTBA METEOPUTOB B
4,5+0,1 mapna neT ObUT YCTAaHOBJICH 3HAYUTEIHLHO paHBIIE BO3-
pacta 3emuin. CeroiHa Mbl 3HaeM, 4YTO BO3pacT 36MHOI'O ypaHa
(mo 235U) JOJDKeH HaXOIWThCsl B mpeaenax 4—~6 mupa jer, a
BO3pacT 3eMJId TaKod ke, Kak MeTreoputos, T.e. 4,5+0,1mupn
jer, TeM Oosee, YTO ceiyac HaiiieHbl MOPOJBI M MHUHEPAIBI
(Anrapkrupa, ['pennanausi, ABctpanusi) Bo3pactom 4,0—4,2
MJIpJ JeT. Eciu mpeanonoxuTh, 4To 3eMHas Kopa 00pa30oBbIBa-
Jach MyTEeM BBIIUIABICHUS U3 BEPXHEH MAaHTUU 3a CUET KUHETH-
YeCKOW JHepruM majaromux Ha Hee ten B nepuon 4,0—4,4
MJIpJ] JIET Ha3ald, TO ceiluac TPYAHO HAWTH 0Opaslibl, MepeKHB-
e KOCMUYECKYI0 KaracTpody (MMeeTcss B BUIY pa3Ball Iljia-
Herozumanuu Padtona mexay Mapcom u lOnmrepom). Bos-

BsdecnaB AnexkcanipoBu4

AOKTOP reoji.-MMH. HAYK

pacT JIYHHOTO perojiuTa Ha CEroJHs IO JaHHBIM Pa3HBIX METONOB cocTaBiseT 4,2—4,5mipa

JICT.

CoznaBasi paguoreoJiorHi0 Kak CaMOCTOATENbHOE Hay4dHoe HamnpasiieHue, B.J. Bepnan-

CKHM NpPEIBUJIET CTAHOBJICHHUE €Ille OJHOM HOBOW OTPAaCiIM I'€0JIOTMYECKOM HAyKW — sIEpHOM
reoxponoJiorut (3ToT TepMuH ObLT BBeZieH B 1960x ronax). PasBurue ero paanoreooruuecKux
Ul WHUIMHUPOBAJIO Pa3pabdOTKy HOBBIX METOIOB SIJIEPHON T'€OXPOHOJIOTHH, PAaclBET KOTOPHIX
MIPUILIEIICS Ha BTOPYIO MOJIOBHHY MPOILJIOTO BEKA.
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ICoboToBny E.B] CYUACHI METO/IY SI/IEPHOI TEOXPOHOJIOI'T]

Posenanymo ponv padiozeonocii' y supiwienni Husku npuxiadHux 3aoay 2eonozii. Ilpocmedicerno ic-
MOopito po36UmKy padioceonozii. /lemanbHo oxapakxmepuzosano padioakmugHi Memoou 0amyeants 2eo-
JIO2IYHUX YMBOPEHb, d MAKONC MEeMOOU, 3ACHOBAH] HA SUMIPIOBAHHI NUMOMOI AKMUBHOCMI eleMeHmIis,
HEPIGHOBAMNCHI MEMOOU S0EPHOI 2e0XPOHONO02TT MOW0, SKI 3ACMOCOBYIOMbCL 8 OCHOBHOMY O/ GU3HA-
YeHHsl AOCONIOMHO20 GIKY | WBUOKOCHE CeOUMEHMAYTi MOPCbKUX T OKEAHIUHUX OCAOKIS.

Sobotovich E.V| MODERN METHODS OF NUCLEAR GEOCHRONOLOGY

The present paper analysis radiogeological methods designed for geological issues. The short his-
tory of radiogeology is given. A number of radiogeological methods designed for determining of absolute
age and rates of maritime and oceanic sedimentation are described: radioactive methods of geological
dating, methods based on measures of specific activity of elements, non-equilibrium methods of nuclear
geochronology, etc.
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