ObLwas reoxmmmns

Jlekunsa 9
I30TOMHAsA reoxXnmMus.
[eoxMua ctabunbHbLIX U30TOMNOB,
PaguoyrnepoaHbiu meTton



feoxmMmuna ctabmnbHbLIX N30TOMOB

* BbONbLUMHCTBO BCTpeYaloLmMxca B npupoae
9JIEMEHTOB MMEET HECKOJTbKO CTabUnbHbIX
M30TOMOB

» OnpegeneHne N30TOMHbIX COOTHOLLEHUN
CTallIKUBaEeTCH CO 3HAYUTENbHbIMU

TPYOHOCTAMW. Yem 3HadyumernbHee pasnudue Mmacc
pasHbIX U30Mmorios, memM mexHuU4yecKu rnpowe
ocywecmerniame Ux pasoerneHue. Yem msixxernee
arieMeHm, mem MmeHbuwe bydem pasnu4yue amomMHoOU
Macchbl.

* YnaeTtca onpeaensTb N30TOMHbIE COOTHOLLEHUS TOMNbKO
Onga aNemMeHToB ¢ aTOMHOW Maccoun nerye, 4em Ca (A <
40).



* B reoxumumn ctabunbHbIX N30TOMOB
peanbHO UCMOSb3YIOT TONIbKO Takme
anemeHTbl Kak H,C,N,0O,S, (Li, B, Si, Cl).

Isotope pairs Mass difference relative to the lighter 1sotope
‘H 'H 100%

150 1o 12.5%

uc Be 8%

BN BN 7%

:.‘S .*45 600



ObnacTu npuMeHeHuns — No3BoSISET
onpenennTb:

* [lpnpoay NCTOYHUKOB MarMmaTu4eCcKmnx nopoga.

* [lpnpoay NCTOMHUKOB PYyAHOro BELLECTBA.

* TemnepaTtypy obpasoBaHns MUHepPArios B
MarmMaTu4eckmnx, MeETaMopPUIECKUX 1
rmgporepmMarnbHbIX Nopoaax.

* Temnepartypy ocagkoHaKoMNMeHus
KapboHaTcoaepXaLlmx TUNoB rnopoa.

« CTeneHb paBHOBECHOCTW doritona-nopoaa rnpu
rmapoTepmarbHbIX Npoueccax.




e OTHOLUEHME CTabUNbHbIX N30TOMNOB N3MEPSIETCS MO
OTHOLLEHMIO K CTaHOapTy U BblpaXkaeTcs B YacTAaX Ha

0
1000 (npomunne, °/ )
« OTO OTHOLIEHWe 0b6o3HavyaeTcs BennymHon gensra o.
Hanpumep, 05 kucriopooda:

61800/00 — {[180/160
180/160

. 180/160 /

(obpaseu) (CTaHﬂapTﬂ

1*1000.

(cTaHgapT)

3HayeHue O pasHoe +10 bydem o3Ha4amb, 4Ymo obpa3sel

obozauieH usomorom 30 rno omHoweHu Kk cmaHoapmy Ha 1%.
CmaHOapm — HeKomopbiU rpupoOHbItu 06beKkm (rnopoda, eoda u
0p.), Kornu4ecmaeo Komopo2o 8ecbMa 3Ha4umesibHO U KOmopbiU

XOpOoWwIo uccriedo8aH 8 pa3Hbix rlabopamopusix.



Table 9.1 Isorope Rartios ol Stable Isotopes

Element Notation Ratio Standard  Absolute Ratio
Hydrogen oD D/H(H/'H)  SMOW 1.557 x 10™*
Lithium o' Li Li/°Li NIST 8545 (L-SVEC) 12.285
Boron 6''B "B/'B NIST 951 +.044
Carbon §°C 8 @Y o, @ PDRB 1.122 % 10*
Nitrogen 6N BN /1N atmosphere 3.613x 10”
Oxygen 50 OO0 SMOW, PDB  2.0052 x 107
80 YO0 SMOW 376 x 10*

Sulfur 31s e i - DT 443 % 107




 [TaBHOW LENb U3y4YeHUsa CTaburnbHbIX M30TOMOB
ABNAeTCA U3ydeHne NpoLeccoB B Npupoae, KoTopble
NPUBOOAT K pasgeneHmnio N30TonoB Ha OCHOBaHUM
pasnnynga nx macc, a He Ha OCHOBaHUKM pasnNn4ng
XUMWUYECKNX MPOoLLeCCOB.

* [lpouecc pasgeneHnsa HasbiBaeTCcH
NM3O0OTOMHbLIM CbpaKLIMOHVIpOBaHVIeM.

e 3aBUCUT OT BHewHnx ycnoeun: T (0,C,S,H), Eh (S).

e YcunuBaeTcs Npu HU3KUX TemMmnepartypax.

e 0 yBenuumBaeTcs npu pocte BaneHTHocTu (C,S).

B npoaykrax HeopraH. oOMeHa HakKann. TsXXenble
N30TOMNbl, OUOreHHOro ooMeHa — fierkue n3oTon.bl.



NMpeanocobinku gna dopakumMoHNpoBaHUA U3OTOMNOB B

1. Manble maccbl anemMeHTARMIPQAS30H Bapnaymin N30TOMHbIX
OTHOLLEHUNUN TAXKENLIX 3NIEMEHTOB MeHbLLUE, YeM Y nerkux (cp. Cu,
Zn, Mo nH, C, O).

2. bonbLwasa oTHOCUTENbHaA pa3HuLUa Macc.

D/H — 100%, ¥0/1°0 - 12.5%, *C/**C — 8.3%.

3. BbicOKas cTeneHb KOBarieHTHOCTU (NepemMeHHasa aons
MOHHOMU CBAA3U) XUMNYECKUX CBA3EHN.

Hanpumep, B reonorndyecknx obbektax dpakunoHnpoBaHue ang
48Ca/*°Ca MHOro MeHbLUe, YeM angd 3#S/32S, xoTa oTHOCUTEnNbHAas
pa3HMUa Macc ang aTux oTHoweHnn 20% 1 6% COOTBETCTBEHHO.

4. NepemeHHble cocToAHUA oKkucrneHus (C, N, S).
BoccTtaHoBneHHble popMbl Boree nerknue, Y4em OKUCIIEHHbIE.

5. lMepemMeHHOe (pa3oBOe COCTOSIHME (Fa3-XUAKOCTb-TBEpPAOe).
OHEPrun cBA3eun TAXENbIX N30TOMNOB DOMbLUE, YEM Y JTETKUX, T.€.
TAXKenble CUOAT B pelleTke npoyHee. Inu: naesneHne napos
PasfiNyHbIX NO N30TOMHOMY COCTaBYy MOJEKYST 0bpaTHO
nponopLmMoHanbHo Ux maccam. Map oborawaetca **Omn H a



N3oTonHOe chpakuMoHNpoBaHUe HOCUT
obpaTumMbIN XapakTep 1 0ObIYHO
OCYLLECTBNAETCH B NpUpoae TPEMS
cnocobamu.

.A30TONHbIEe OOMEHHbIe peaKkuumn.

Vi3omoriHoe paKkyuoHuUposaHuUe KOHmMposnupyemcs
Cus/iou Xumu4ecKux cessel 8 coomeemcemauu ¢ 2/1a8HbIM
npasursiom: bosnee reakue uzomoribsl obriadarom meHee
CUSIbHBIMU CB8S35IMU 10 CPpaBHEHUIO C MSXKerbIMU.



2. KuHeTn4yeckue npouecchoil.

Ompaxxkarom 20mo8HOCMb KOHKPEemMHo20 u3somorna K
peaauposaHUuto 8 rpouyecce HeaasepuwieHHoU peakyuu.
Hanpumep, 6akmepuarbHoe 80CcCmaHo81eHuUe
cyribgbamos MopCcKoU 800bI 8 CYribGPUOHYO cha3y
rpoucxodum bbicmpee 011 fieekoeo u3omorna 3°S, yem
ons mspxkenoeo 3*S. Lleonumel 3axeamabiearom fe2kue
u3omoribl Li U msikeribie K U3 pacmeopos.

3. DU3NKO-XUMHNYECKUNE Npouecchl.

UcnapeHue u KOHOeHcauusi, ririasrieHue u
Kpucmarnnu3sauyus, ougpgbysus. ObozaweHue rie2Kkum
U30MOrioM ro OMHOWEHUIO K MSXKeriloMy 8
HarnpaesneHuu mpaHcmriopma ougbgbysuu. lpu
oucmusnnauyuu nap obozawaemecs rie2Kum U30moriom.
Jleakue uzomoribl poHuUKarom bsicmpee U Ha
bosnbuwue paccmosiHUs.



TemnepaTypHbIN KOHTPOSIb U30TOMHOIO
cdpakumMoHnpoBaHUsA

* QaKkTOop PpaKUMOHUPOBAHUA O MeXOY

MuHepanamu M1 n M2.
. _ (18~ /16 18 /16
Apimz = (*0/ O)I\/|1/( O/ C))I\/Iz

* 1000Ina,, . = A*(10°/T%) + B,

roe T — Temnepartypa B rpagycax KenbBuHa,

A n B — akcnepumeHTanbHO onpeaeneHHble

KOHCTaHTbI. BnnsHne paBneHnsa He3HauYnTeNbHO.



N30Tonbl KUcnopoaa

e 160 =99.763 %
170 =0.0375 %
e 130 =0.1995 %

 CtaHpapTbl: PDB (OENEMHUT U3 MENOBbLIX OTNOXEHUN
HOxxHOM KaponuHbl) — Ansa HU3KoTeMnepaTypHbIX
namepeHunn, n SMOW (cpegHunn coctaB MOPCKOM BOAHLI),
B KOTOPOM OTHOLLEeHMe n3otonoB O U H COOTBETCTBYET
pacyeTHOMY COCTaBy MOPCKOMN BOAbI.

¢« 00  =1.03091 00O = +30.01
SmMow pdb
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Puc. 6.1. Bapuaunu §'*O B pasHbix TUMax nopoa u Boa (Rollinson, 1994)

+ 50 okono 5.7 %/ B xoHapuTax  MAHTUMHOM BelLecTBe

» 5'°0 6onbLue 5.7 %/, B 6OMNbLINHCTBE rPAHUTOB,

MeTamMopdU4ecKknx nopoa 1 ocaakos
* 5'°0 meHbLIe 5.7 %/, B MOPCKOW 1 METEOPHOM BOaE
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« Onpegenenne TemnepaTypbl OTNOXEHUS
Pa3HOODpPa3HbIX OCAAKOB MO KanbLUTaMm.

* T B NpUaoOHHOW YacTn baccenHoB sABNsAeTCs PYHKUMEN
rmyOuHbl [ oueHKa rnybunHbl 6baccenHOB OTNOXEHUSA

0OCaKoB.

Wy 1=, K"
Figure 291, Calculated coqrgen izotope frachonation
for several mineral pairs as a fumction of temperature
{from O'Meil, 1955).
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Figure 16 Oxygen isotope profiles across a garnet
from Tierra del Fuego, Chile, showing general ~ (.5%¢
increase in &'*0 from core to rim. This zoning 1s
consistent with independent calculations of oxygen
isotope growth zoning in a closed chemical and isotopic
system. Squares and triangles correspond to individual
composition measurements (source Kohn er al., 1993).

3akoHoMepHoe yBenuyeHue 8°0 Ha 0.5 %/
K Kpato MeTaMopdUYeCcKOro rpaHara c
NPOrpeccuBHOW POCTOBOW 30HASTIbHOCTLIO
(noBbIlWeHMe Temnepartypbl Ha 752C).
CBnaeTenbCTBO 3aMKHYTOCTU CUCTEMBI U
OTCYTCTBUSA MHPUNBTPaLUU N3OTOMHO-
HepaBHOBECHbLIM QONONO0M.




N3oTonbl Boagopoaa

H = 99,9844 % - NPOTUIA
’D = 0.0156 % - AenTepui
T TpUTUI (0MeHb Maro — obpasyeTcs nod AencTBUeEM

KOCMUYECKUX HEUTPOHOB) T , = 12.26 neT

Booopoa npucyTcTByET B NpUpoae B Bnae H,O0, OH, H,,
yrneeBogopoaos.

CrtaHgapT: SMOW (cpeaHunn coctaB MOPCKOW BOAbl), B
KOTOPOM OTHOLLEeHMe n3otonoB O U H COOTBETCTBYET
pacyeTHOMY COCTaBy MOPCKOMN BOAbI.



Bapuauum dD B pa3HbIX TUNax nopog v BoAa
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Puc. 6.2. Bapuauuu 8D B pasubix TMnax nopoa u Boa (Rollinson, 1994)

PasneneHune npu ncnapeHun. NoBepxHOCTHbIE U O0XOEBbIE BOAbI
boriee 6oraTbl D, 4eM rMyOUHHbIE.



N3oTonbl yrnepoaa

« 12C =98.89 %

« BC=1.11%

* Yrnepopa npucyTCTBYET B NPUpoOe B
OKUCINEHHOW (COZ, KapOoHaTbl, bukapboHaThbl),
BOCCTAHOBJIEHHOWU (MeTaH, opraHn4YecKknmn
yrnepog) n camopogHou (anmas, rpadouT)
doopmax.

 CtaHgapT: PDB (benemMHUT n3 MenoBbIX
oTrnoxeHun KOxxHon KaponuHsbil).
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Puc. 6.3. Bapuauuu 8'*C B pa3Hbix Tunax nopoa v Boa (Rollinson, 1994)

*5"°C o1 -25 00 0°/,, B MeTeopuTax u B cpeaHem -6 °/ B
MaHTUNHOM Beu.l,eCTBe

*5"°C B mopckon Boae 0 °/, (MOCKOrbKy OHa
MCMNOb3yeTCs KaK cTaHaapT)

«01°C B cpegHeM -26 0/ ,ansa 6uomaccel (8 6Guomacce C

Oornee nerkumn)

Bapuauun 6°C B
pa3HbIX TUNax
nopoa v Boa



* OnpeneneHne Npupoabl UCTOYHUKA
yrnepopgcoaepxatwinx gnomnaoos.

» OnpepeneHune Temneparyp npoueccos no napam CO,
KanbuuT, 4ONOMUT-KanNbUMUT, KanbUnUT-rpaduT,
OoNnoMuUT-rpadonT.

* 90% pacTteHun 63C -250/00.
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Figure 344. Values of 87C and 8 N in various marine and terrestrial orpanisms. From Schoemunger
and DelNira (1984).
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N30TOoNnbI cepbl

¢ 326§ =95.02 %

¢ 35=0.75%

¢ 316=4.21%

« 36 =0.02 %

« Cepa npucyTCcTBYET B NpUpoae B caMOpPOgHOMN
doopme, B cynb@daTHbIX N CyNbMPUOHLIX
MUHepanax, ra3oobpasHon popme (HS,SO,), B
OKUCIEHHbIX N BOCCTAHOBSIEHHbLIX MOHAX B
pacTBoOpax.

 CTaHpapT: CDT (TpounuTt FeS B XXernesHom
MmeTeopute Canyon Diablo).
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Puc. 6.4. Bapuauuu 8*S B pasubix TMnax nopoa u soa (Rollinson, 1994)

Bapuauyuu
0%'S B
pa3HbIX
TMnax
nopoa v
BOA

F— Granitic Rocks
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H Basalts: Sulfides |
1

Sedimients |
Ocean Warer H
Evaporire Sulfare
| | | | | | 1 | | |

S0 =40 =30 20 -0 0 L0 20 30 40

B35 90
Figure 32.8. 875 1 in various geologic materials
(after Hoefs, 1987).

*5°*S 0T 0 80 3°/, B MAHTMINHOM BelyecTBe

*5°*S okono 20 °/ B MOpCKOW Boaie
*03*S << 0 4N CUIbHO BOCCTAaHOBIEHHOW (0caao4HON)

cCenbl



dpaKkLUMoHMpoBaHNE N3OTOMOB CEPbI B 0CAO04YHbIX
npoueccax (KpyrosopoT cepbil)

Kpucrannusaunsa SO;-
A= 1,6510,12%0

Cynbdat MOPCKOM BOAbI > Cynbdat 3Banoputos

A\ CpearMHHO-OKEeaHUYECKUI XpebeT
Heopranuueckoe BOCCTAHOBJIEHHUE
A=—15 %o

MaccuBHbie cyibdubl

BaKTepMaﬂbHOC BOCCTAHOBJICHHUC
vA = —40+10%o

Mopckue ciaHLbl + MUPUT BeiBeTpuBaHue
A=

A=0

V V

J7 OKUC/UTENBHOE BbIBETPUBAHHE

Pexu

Puc. 6.5. Kpyrosoport cepbl (Rollinson, 1994)




dpakumMoHnpoBaHme N30TOMNOB CepbI B
rmgpoTepMarbHbIX NpoLeccax

L

800 600 400 300 200 100
] T T T

SO,

— MonubaoeHuT Muput

XanbKonupuT

FaneHuT

* [Npupoga S — maHTUNHaZA

MNn KopoBas

T obpasoBaHus cyrnbuaos
N pygooodpasyroLmx
donongos

CoOoTHOLLEHME
BoAa/nopoaa B npolecce
MUHepanoobpa3oBaHuUS
CTeneHb paBHOBECHOCTU B
npotlecce
MUHeparnoobpasoBaHuUs
[TlocTpoeHmne mogeneun
pygoobpasoBaHus ans

17201 00 727WVSN7\N""1 11 1N/ f\R'I S Vs ol &l =



PAOVUOYIMEPOOHbIA METOL

PagnoHyknug 14C noCTosiHHO 0Dpa3yeTcd B BEPXHUX CINOAX
aTMocaepbl (Ha BbicoTe 8-18 KM) Npu B3aMMoaenCcTBUmn
HEUTPOHOB KOCMMNYECKOIo NPOUCXOXOEHUA C AapamMm a3oTa

Mo peakLum 14N N n4)14C N D

CTtabunbHbIN n3oTon asoTa (14N) B aTtmMocdepe
nogBepraeTcd AeNUCTBUIO KOCMUYECKUX Nnyyen,
npespaLlaloLmnx ero B n3oton yrrepoga 14C, KOTopbIn
MMEET nepuopn nonypacnaga 5730 ner.

[IpOHMKasA B BEpXHME Crion atTMmocdepbl, YacTuLbl
pacLlennsaoT Haxo4swmecs TamMm aTtoMbl, CNocobCTBY4A
BbICBOOOXOEHUIO MPOTOHOB N HENTPOHOB. Coaepkalumnecs
B BO34yXe aTOMbl a30Ta NornoLwarT HEUTPOHLI U
BbICBOOOXOAIOT MPOTOHbI. OTU aTOMbl UMEIOT, KakK U
npexage, maccy 14, Ho obrnagatoT MEHbLLNM

Y9 SNIM'I27\I17 A" 7AT91 11101 IRA OSAOAVNCCITIMMAS AN Ae TN MIZNANVYNL O J1AN OOAOAVNCCITTY VS A AL L1195 A"T™1L A



Half-Life lllustration

9,730 years
Time =0 1 half-life

N-14 }1/2
. ] N

11,460 years
2 half-lives

N-14

3/4

If C-14 is constantly decaying,
will we run out of C-14 in the atmosphere?




Obpa3oBaHne pagnoakTUBHbIX HYKNUOOB yrriepoda mn3
aTMOoC(epHOro asorta nog Bo3aencTeBmMeM KOCMNUYECKNX
ny4yeun NponCxoanT Co cpegHen CKOpPOCTbIo OKOSo 2.4 aT./c
Ha Ka)XObl KBagpaTHbIM CAHTUMETP 3€MHOU NOBEPXHOCTM.
N3MEeHEHNSI CONMHEYHON aKTUBHOCTM MOTYT ODYCNOBUTbL
HEKOTOpble KorebaHnsa 3TOU BESNTNYMHBI.

[NockonbKy yrnepoa-14 pagnoakTuBeH, OH HecTabuneH v
NocTeNeHHo NpeBpaLlaeTcs B aTOMbl a30Ta-14, U3 KOTOPbIX
oOpa3soBarcs; B NpoLecce Takoro npespaLleHns oH
BblAENSAET ANEeKTPOH — OTPULIATENBHYIO YacTuULY, YTO U
NoO3BOSISIET 3aPUKCUpPOBaTb CaM 3TOT NPOLECC.

“CoYN+ B

[Togo6bHO 0bbIMHOMY yriiepoay, paanoyrrnepon OKUCHAETCH
B BO34yXxe, 1 Npu 3TOM obpasyeTcs paanoaKkTUBHbIN
avokcua (yrnekucnblin ras).



[log Bo3gencTBmeM BeTpa atMmocdepa NOCTOAHHO
nepemMellnBaeTCcs, U B KOHEYHOM UTOre paanoakTUBHbIN
YIIeKNCIbIN ra3, obpasoBaBLUMNACA NO4 BO3OENCTBUEM
KOCMWUYECKUX NyYen, paBHOMEPHO pacrnpenensercs B
aTMocdpepHOM YIMeKNCNoMm rase.

OpHako OTHOCUTENbHOE coaepXkaHue paguoyrnepoaa 14C
B aTMocdepe ocTaeTcs Ype3Bbl4anHO MarnbIiM — OK.
1.2*107** r Ha oanH rpamm obblvHoro yrinepoaa 12C.

Yrnepoa nmeet 2 ctaburnbHbIX n3otona - 12C (98.89%) n 13C
(1.11%). Kpome TOro, Ha 3emre MMerTCH criegoBble
Konn4yecTBa pagnoakTuBHoro nsotona 14C

(0.0000000001%).

OpgHako oTHocUTernbHOE cogepxaHue pagunoyrnepoga 14C
B aTMOCepe ocTaeTcq Ype3BblHanvHO MarsiblM — OKOJo 1.2
x107*? r Ha ognH rpamm obblvHoro yrnepoga *C.
bnarogapsi NOCTOAHHBLIM NOTOKAM KOCMUYECKNX JTyYEN,
bombapgunpytownx atmocepy 3emnm, obpasoBaHue 14C



[Tony4eHHbIV yrnepo ObICTPO OKUCNAETCH A0 14CO2 nB
OanbHeuLeM ycBanBaeTCHa pacTeEHUSMU U
MWUKPOOpPraHmamMmamm, nocTynas B NULLEBYIO LIEMb APYrmnX
OpraHnM3mMoB.

Taknm o0bpasom, Kaxabln XKMBOW OpraHmn3m rnoCTOAHHO
nony4aet onpeneneHHoe konnyecTtso 14C B Te4eHMe BCEN
XU3HU. KocMun4yeckne nyvum senaroTcs MCTOYHMKOM
PaaNOaKTUBHOCTU BCEX XKNBbIX OPraHN3MOB.

Kak Tornbko opraHnu3m nornbaeT, Takon obmeH

npekpawia¢ . 114C nocTteneHHo
14 (—,_)14 A

pacnagaetr 6“ 7 e acnapa:

icnyckas anekTpoH n aHTUHENTPUHO, 14C npeBpaLlaeTcs B
cTabunbHbIN a30T. COBMECTHbIN 9 EKT pagmnoakTUBHbIX
NoTEPb 1 HOBbIX 06pa3oBaHM B cTpaTtocepe NpmMBoAUT K
NOCTOSIHHOW, XOTS U HE3HAYNTENBHON, pPABHOBECHOM

T T T VT iy I ¥ ol ~gy il gy



Carbon-14 Life Cycle

Cosmic radiation

\I A
14 14 14
N~/ L& —-N

Carbon-14 is produced in the atmosphere
Carbon-14 decays into Nitrogen-14



How Carbon-14 Is Produced

Cosmic Rays

(radiation)

C-14 combines with oxygen to form
* Forms C-14 carbon dioxide (CO,)

Collision with atmosphere
(N14)




Yrnepop-14
KocMnueckune nyum  Heirpon @)

199.634%
7 14N | 15N

6 | 12¢ | 13¢ | 14C

98.89% | 1.11% | 0.0000000001%
6 7 8
KonuyecTteQ. t

Konnm4ecTtBo NpOTOHOB

Koraa HeMTpPOH BbICOKOW 3HEpruu cTankuBaeTca ¢ HEeHWTPOHOB, UTO cooTBeTcTBYeT aapy “C. 4C
aapom N, saapo ucnyckaeTt NpoToH. B pe3ynbeTarte panuoaKkTUBEH W ero nepuoa nonypacnaga 5730
obpazyeTca 4po, cogepxaluiee 6 NpoTOHOB 1 8 ner.



PaavoakTuBHBbIW pacnap %C

T %2 1*C cocTtaBnser _ ~
5730 ner. s B

14 :
KoHueHTpauna “C B £ - =
KOCHOM OpraHn4ecKkom o
BELLIECTBE MOHMXaeTCH § 6|12C |13C |14C
C TeYEeHMEeM BPEMEHMN. S 6 7 8 14C

Konuuyectso HeWTPOHOB

OeHapoxpoHonorna

® 1%C nenpepbiBHO obpa3syeTca B aTMocdepe B
pe3ynbTarte AeMCTBUS KOCMUYECKMX NyYen.
CeobogHble aToMbl C BxoaaT B Monekynel “CO;z,

KOTOPbIE NONagaT B MWBbLIE OPraHW3Mbl.
Konuyecteo **C B KOCHOM OpraHM4ecKkoM BellecTBe
NO3BONAET ONpeaensaTh BpeMa, npowegwee ¢ Toro
MOMEHTa, KOr[a KOCHbIW OpraHu4eckuii matepuan
BXOAWMN B COCTaB ¥WBbIX OPraHW3MoB.

NMpoueHT 4C

11460 17190 22920 28650

Mpowepawmne rogbl



B cpeoHem B rog B
aTMmocdepe 3emnu
obpasyetcsa okono 7.5 kr
paguoyrnepona npu oouem
ero Konn4yectee /5 TOHH.
ObpasoBaHue paguoyrnepoja
BCie4CTBMeE eCTeCTBEHHOU
PagnoakTUBHOCTU Ha
NOBEPXHOCTN 3eMIN
npeHebpexmmo mano.

\ Cosmic
radiation

Nitrogen 14 . Neutron capture,_ ‘ Carbon 14

All three isotopes
/ of carbon (C-12,

C-13, C-14) are
absorbed by living
organisms.

N N
......

Following death & burial, wood & bones lose
C-14 asit changes to N-14 by beta decen.

Carbon 14 . Beta decayh . Nitrogen 14

Beta
particle @ Proton  @®Neutron




PapuoyrnepogHbin meton AaTupoBaHUs

« PagunoyrnepoaHbi MeTod AaTUpPOBaHUSA — 3TO
pagnoMeTpuveCcKU MeToa, KOTOpbIM OCHOBaH Ha
N3MepPEHNN eCTECTBEHHOIO COAEPKaHUA n3oTona
yrnepoaa-14 (14C) B yrnepoacogepalinx matepmanax.

« PaguoyrnepogHosin MeTOo4 AaTnpoBaHus Obin N300peTEH
Bunnapoom J1nbbu [18], npodeccopom Hukarckoro
YHUBEPCUTETA U ero Konneramu B 1949 roay.

« B 1960 rogy oH nosnyuunn HobeneBcKyo NPeMU0 N0 XUMUN
3a CBOE N300peTeH!




1945-1952: The Critical Experiments

* First 'C date: wood from tomb of
Zoser (Djoser), 3rd Dynasty
Egyptian king (July 12, 1948).

Historic age: 4650+75 BP
Radiocarbon age:

3979+350 BP éTaceRmc(sao +s0A0)

SAMPLES OF KNOWN AGE

« Second '“C date: wood from
Hellenistic coffin

Historic age: 2300+200 BP [ran st
Radiocarbon age: (C-2) LAYINATOND & S08G)
Modern! Fakel! _ B \Reowoop (979 * s28.)
* First “Curve of Knowns”: CURVE CALCULATED
. . FROM PRE SENT Day POINT
6 data points (using seven ANDKNOWN HALF LIFE OF

Szg(%péecs) spanning AD 600 fo 750+ a7 vears

Half life used: 5720% 47 years

2000 3000 4000 5000 6000
HiSTORICAL AGE (YEARS)




1960-1980
“Second Radiocarbon Revolution:” Calibration

Calibration of *C time scale: Distinguishing “real (solar,
sidereal) time" and ""“C time"

Bristlecone pine / 'C data: First detailed continuous tree
9880 » based data set documenting '“C offsets over last
yrs.

Long-term anomaly: maximum Holocene offset about 10%
or ~800 years at about 7000 BP

Shorter-term anomalies: “De Vries effects” multi-millennial
and multi-century oscillations in '*C time spectrum



[onywieHuns

« CKopocTb obpa3oBaHus **C nocTossHHa

* buocmepa n atmocdepa NMMeroT
npuMepHO paBHoe cogepxaHue **C

* [Tocne oTMmnpaHunsa Het obmeHa **C u ero
coaepXxaHue onpenensieTcs Tonbko
paguoaKTUBHbLIM pacnazaom



« Bce onpegeneHus Bo3pacTta, nofly4YeHHble Ha OCHOBE
nabopaTtopHoro namepeHus cogepxaHna 14C, HasbiBatoT
pagunoyrnepogHbiMmu gatamu. OHM NpMBOAATCA B
KOnu4yecTBe NeT 00 Hawux OHeu (BP), a 3a MOMEHT oTcYeTa
npuHUMaeTca aata 1950 r., BpemMda NpoBeaeHns saepHbIX
MCMbITaHUW, NOCIEe KOTOPbIX B aTMOCEpPY Nonano BbICOKOE
KONn4ecTBO NUcKyccTBeHHoro 14C.

« PaguoyrnepogHble AaTbl BCerga npuBoaAT C YKa3aHUEM
BO3MOXHOW CTAaTUCTUYECKON OLLNBKKM (Hanpumep, 2560+ 30
no BP).

* BC - before Christ (aHar1.), 0o Xpucma, 00 Hauweu 3pbl.

* AD - anno domini (nam.), Hawezao 6ozaa, Haweu 3pbl.



MeToabl onpeneneHusa paguoyrnepoaa:
«TPAANLMOHHBLIN» N AMS

* «TpaaAuUMOHHBIN» OCHOBAH Ha onpeaeneHnn
KONMMYEeCTBA 3NIEKTPOHOB, BbIOENSOLMXCS B rMpoLiecce
pacnaga *C. MIHTeHCMBHOCTb UX BblaeneHns
COOTBETCTBYeT Konn4yectsy **C B nccnegyemom
obpaste.

* Bpems cyeTa cocTaBnAeT 40 HECKOSbKMX CYTOK,
MOCKOJSIbKY 3a CYTKM NPOMCXOONT pacrnan BCEro nuilb
NPUMEPHO YETBEPTU MUNTTMOHHOW 0NN
cofeprallerocs B obpasLie konnyectsa atomos *C.
TpebyeTca HECKONbKO rpaMM BellleCcTBa Ha aHanus.
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e [1lpnmepHO ¢ 1965 r. LLMPOKOE pacnpocTpaHeHNe NOyHUn
MeTOo[ XXUOKOCTHOU cunHTUnnauuun. Npu ero
MCNOSib30BaHUM NONy4YEeHHbIN N3 obpasua
yrnepoacoaepxalwinm ras npespallaroT B XUOKOCTb (KakK
npaBuno, 0eH30:), KOTOPYO MOXHO UCCeaoBaTh B
HeDbOoNbLIOM CTEKIMSAHHOM COCYAE.

* Bxnagkoctb 0obaBnsA0T crneymanbHOE BELWECTBO —
CUMHTUNNATOP, KOTOPOE 3apsiKaeTcsl 3Heprnemn
SJIEKTPOHOB, BbICBODOXKAIOLLMXCA NPU pacrnaae
pagmoHyknmaos 14C. Tem cambiM obecrnevynBaeTcs
reoOMEeTpuUs cHeTa N yCTpaHAETCcsa camornornoLleHue B-
yacTuul.

« CUMHTUNNATOP NOYTU Cpa3y UCMYCKAET HAKOMMEHHYO
SHEepruo B BUAE BCNbILLEK CBETOBLIX BOMH. CBET MOXHO
yrnaBnmMBaTh C NOMOLLbI OTOYMHOXUTENBHOM TPYOKMN.
CoBpeMeHHbIe CLIMHTUMNISALUNOHHbBIE CHETHUKN
XapakTepun3vioTCS NoYTU HveBbIM DOHOBBLIM U3NTVYEHUNEM,



 MeToa M30TOMHOM Macc-CNeKTPOMEeTPUMU B NnocreaHune
rofbl cTas OCHOBHbIM MHCTPYMEHTOM OS5 onpeaeneHus
coaepXxaHus paguoyriepona u nposeaeHUs AaTMpoBaHus.

e [laHHLIN METOO OCHOBbLIBAETCS HA TOM, YTO aTOMbI Pa3HbIX
M30TOMNOB (M BELLECTB, COCTOALLUX U3 HUX) UMEIOT pa3HYHo
maccy. Obpasubl BellecTBa OKUCAKTCA 40 00pa3oBaHUs
YrMeKUCoro rasa (octanbHble okcuabl yoansawTc4d), 3aTeM
Nony4YeHHbIN ra3 MIOHU3UPYETCHA U HA BbICOKOW CKOPOCTU
NpoXoauT Yepes MarHUTHYI0 Kamepy, rae 3apsXeHHble
MONEKYIbl OTKITOHAKTCA OT UICXOOAHOU TPAEKTOPUMN.

« Uem OonbLUue OTKNOHEHMWE - TEM fIErye MOosiekyna, u Tem
MeHbLle B Hen 14C. NoacumTtas cooTHoLeHUe crnabo
OTKINOHMBLUUXCA N CUIMbHO OTKITOHUBLUNXCS MOJIEKYIT,
MOXXHO onpeaennTb, KakoBa KOHUeHTpauua 14C B obpasue
C BbICOKOW TOYHOCTLI. MeTo No3BONSET AaTUpoBaTh
obpasLbl C Maccoun BCero HECKONbKO MUNNUrpaMMoB B
avianasoHe oo 60 000 ner.



* AMS-MeTO[ (akcenepaTtopHas Macc-CnekTpoMeTpus)
TpebyeT NCNoMb30BaHNA MaCC-CNeKTPOMETPa, C MOMOLLbIO
KOTOPOIO BbIABAIOTCA BCE aTOMbl C Maccoun 14; 0coObIN
dunbTp no3sonset pasnuyatb N u *C.

* [1oCKOmbKY Npu 9TOM HET HEOOXOAMMOCTU XOaTb, NokKa
npousongeT pacnag, cyeT *C MOXHO oCyLLeCcTBUTb

MeHbLLE, YeM 3a Yac; goctatodeH obpasel, maccon B 0.5 Mr
(+/- 35 nerT).




* Accelerator Mass Spectrometer

2 million volt tandem

Injection

Electrostatic magnet

deflector b T

14C—

Positive
terminal Cesium
Magnetic gun

deflector

\- «12C 14C Detector
< N13C T

Prodtion of
negative ions

* Upper age limit 40,000 years
* Lower age limit 200 years



Reconstructing atmospheric radiocarbon variability through
time

What you need:

absolute age & radiocarbon age

A — Aoe—/lt

What you get:
history of 'C
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Della 14-C permill

Combined data from tree-ring (Stulver et al) and direct atmospheric measurements in the Southern Iiemisphere

(Vogel et al)
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Delta C-14, permill

20

Tree-ring annual radiocarbon dala (Stuiver et al)
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* OcCHOBHbIMW cnocobamu KannbpoBKM MeToAa, TO ECTb
pacyeTa banaHca 14C B onpeaeneHHbIn nepunos, ABnsitoTCS
CpaBHEHUS pe3ynsTaToOB PaanoyrnepoaHoro MeToaa C
OPYrmMm He3aBUCUMbIMU METOAAMM - AEHOPOXPOHOSIOMMEN,
nccrnenoBaHUAMUM KEPHOB APEBHETO Nbaa, AOHHbIX
OTNOXEHWUIN, 0Opa3L OB ApPeBHMX Kopannos (U-Th Bo3pacT
00 50 000 reT), newepHbIX OTIIOXKEHNN N HATEKOB.

 [1ns1 aTOro 6bin1a NocTpoeHa KanmbpoBoYHast KpMBas, C
NOMOLLbKO KOTOPOWU MOXHO NepeBecTn paguoyrnepoaHbIv
BO3pacT obpasLua B KaneHgapHbin. B uenntonose konew,
OepeBbLEB TOYHO OTPaXeHOo TeKyllee aTMocdepHoe
COCTOSAHME codepXaHus pagumoyrnepona 3a nepuon pocra
(Bo3pacT go 12 000 ner).



3100 to 4000 BC*

1260 to 1390 AD* * Radiocarbon date






 TypuHckasa lNnawaHunua npeacraBnsaeT codbom Kycok
OpeBHero nosmnoTtHa (4.3 x 1.1 MeTpa) ¢ A0BOJ1bHO
CMYTHO MPoCTynatoLwmum Ha HEM N30bpaXeHNnem
OOHa)XeHHOro Tena B ABYX MPOEKUMSX - crepeiu co
CNOXXeHHbIMW BNepean pykamMmm 1 poBHO nexawimmm
HOramm 1 CO CMUHbI, - PACMONOXEHHOIo TakNMm
obpa3om, Kak ecnm bl YeNoOBEKA NOSTOXNIN
Ha HWXXHIOK YacCTb MONOTHA rofI0BOU K LIEHTPY, 3aTEM
neperHynu TkaHb Nononam 1 HakpbInn et Teno.

* lccnegoBaHWs NO3BONUMAN OLIEHUTb POCT MY>KUNHbI
oKosio 178 cMm, a Bo3pacT Mexay 30 1 45 rogamu.



Macca gokasaTtenbCTB TOro, YtTo B TYPUHCKYIO nnaLwlaHuuy
ObI1S10 3aBEPHYTO Terno Muncyca Xpucra nocrie pacnsatus:
9TO COCTaB 1 cNOCcoO NNeTeHNs TKAHWN, COOTBETCTBYIOLLME
TOMY BPEMEHU;

NbiNbLA pacTeHUWU, BCTPeYaoLMXCA TONMbKO B TOMU
MECTHOCTU;

YeTKWe criegbl OT MOHET C HAAMUCLIO «Kecapb Tnbepnny,
YeKaHUBLLUMXCS TONbKO OKOJ10 30 T. H. 3., TO €CTb B rogbl
KasHU XpUCTa;

NonoXeHne Tena, pacrnpocTpaHeHHOoe B UyOeUCKnx
3aXOPOHEHUSAX TEX BPEMEH, U criedbl OT paH, NOMHOCTbLIO
COOTBETCTBYHOLLME OonnMcaHHoW B EBaHrenmne nctopuu
pacnatua Nncyca.

OTne4yaTokK Terna Ha TKaHU ABNSETCH He PUCYHKOM, a KaKUM-
TO NMPOXUTAHUNEM, (bI/I3I/IKy KOTOPOIro He MOr'yT NOHATDb.
NccerieaoBartersrin.

nNAaA o g



« B 1898 . B [1lapwxe npoxoguna mexgyHapoaHas
BbICTaBKa pPenMrmo3Horo UcKyccrtea. Ha Hee npueesnu
n NnawaHuuy n3 TypuHa, npeactaBmB ee KakK NMioxo
COXpaHuBLLeeCcs TBOpPEHNE OPEBHUX XPUCTUAHCKNX
XYOOXHUKOB.

 [1TnawaHuuy noBecunn BbICOKO Had apkoun, a nepen
3aKpbITUEM BbICTaBKW peLlumnnun coTtorpadgupoBartb. Ha
TypuHckou [NnawaHuue 3aneyaTtneHo HeraTMBHoe
n3o0paxxeHne 1 4YTo NO3NTUBHOE N3obpaxeHne Nncyca
Xpucta MOXXHO Nony4vnTb, caenaB HeraTtuB C
TypuHckou lNnawaHnuybl.

 YenoBek Ha TypuHckou lNnawaHuue Obin pacnaTt
Nno ApeBHEPUMCKUM OObIYasaM.



* UccnepoBaHusa TypuHCKOM nnawaHnubl B 1978r.
PaboTbl amepukaHckoro dpusnka k. [I>XekcoHa,
KOTOPbIN ODHapYXun, 4To NoTeMHeHUe TypUHCKOW
[ThawaHunubl B KaXgon ToUke HaxoauTcsa B MPOCTOMU
3aB1CMMOCTW OT PpacCTOAHNA 0 TeNna, KOTOPOE OHO,
BUONMO, KOrga-To NoKpbIBano.

* BbII0 OOHapYXeHo, YTO obpa3 Ha TYpPUHCKON
lNMnawaHnue He ABNSAETCA pe3yfnibTaTOM BHECEHUA B
TKaHb KaKNX-NMMbo Kpacsawmnx BewecTB. JTO
NONMHOCTbIO UCKITIOYAET BO3MOXHOCTb TOro, 4To 0bpas
Ha [nalwaHuvue bbin genom pyK XyaoXKHUKa.
Buoxnmumyeckne nccnenoBaHus, ¢ 6onbLLOW Aonen
BEPOATHOCTU, JOKA3bIBAIOT, YTO KPOBb ObINna
yerioBe4yeckom, a ee rpynna Ab (4-5).



ragnoyrineponaHbin aHaJIN3 1YPUHCKOU
nnawaHuubl
e 1988 r. [laTpoBaHune ObINO OCYLLECTBIEHO TPEMS
He3aBUCUMbIMM NabopaToprsMmn, KOTOPbIE NMPULLINN K

OJMHAaKOBOMY pe3ynbTaTy: JaHHble C 95 %-HOW
BEPOSATHOCTbLIO MPUBOAAT K AaTam U3rotoBneHust 1260 -

1390 rr. TypuHckas lNnalanmua obina n3rotoBreHa B
XIV Beke, T. e. He gBngaeTca noannHHoun [nawaHunuen

Nuncyca Xpucrta.
o OTOT pe3ynesraT NpmMxoauT B NPOTUBOPEYME CO BCEMMU
Opyrummn doaktamu.



* OgHNM 13 caMblX OCTOBEPHLIX (AaKTOB CUNbHENLLETO
BO34encTBuA Ha [NnawaHnuy 61 noXxap B Xxpame
ropoaa WWambepu (PpaHuusa) B 1532 r., B pesynsrarte
KOTOpOro TKaHb [1nawaHunybl nogseprnachk
BO3OENCTBUIO BbICOKOWN T 1 aaxe obyrnunacs.

* MO)XHO NpeanonoXuTb, YTO B X046 pecTtaBpaumu B
1532 r. unu no3dxe lNnawaHuya 6biria nogBepruyTa
obpaboTke macriom, N B Hee HEU3DEXHO nonar
yrrnepon 16-ro Beka, 1 370 HE MOIMNO He cKa3aTbCsl Ha ee
pagunoyrnepogHoMm aatnpoBaHnm B 1988 T.

« B 1508 r. lNnawaHnua obina noaBeprHyTa KUNS4YeHuto B
Macrie c uenbto AoKa3aTernbcTBa ee NoANIMHHOCTU (4TO
[ThawaHnua He HannucaHa Kpackamu). EctecTBeHHO,
nogobHoe "ncnbiTaHMe" No Ton XXe caMmoun NPUYNHe, 4YTo
N B paCCMOTPEHHOM BbILLE Criyvyae, BedeT K
"OMONOXeHn" yrnepogHoro coctaea l1nawaHunusbl.



« Kak nokasbIBalOT pacyeThbl, 4151 TOro, YToobl Mbl
nony4Ynnun paguoyrnepoaHyto 4aTMpOBKY BO3pacTa
[TnawaHnubl 1300-1 rog (oaHHble APU3OHCKOro
yHuBepcuteTa u Litopnxckon nabopatopum) B TKaHb
[TnawanHuubl B 1532 roay AOSTKHO ObiTb BHECEHO 14%
yrnepoga 16-ro Beka.

« Onpegennm Konn4ecTBo Macna, HeobxogmMmoro ans
BHECEeHUSA B TKaHb 14% "HoBoro" yrnepoga. JlbHaHas
TKaHb XOpoLLlero kayecrtesa COCTOUT 13 80% LLennoosbl
n 20% nurinHa. Macca C B Ynctoun uennonose
COCTaBnseT oKkono 50%, a macca C B macrie okono 80%.
[Nobasky k C B 14%, NnpnBOAALLYIO K UBMEHEHNIO
pe3ynbTaTtoB AatupoBaHuda Ha 1300 neT, gaet
BBe[eHMe B TKaHb 7% pacTUTENbHOro Macna.



A False Assumption

Elizabeth K. Ralph and Henry M. Michael,
“Twenty-five Years of Radiocarbon Dating,” American
Scientist, Sep/Oct 1974

“We know that the assumption that the
biospheric inventory of C* has remained
constant over the past 50,000 years or so is

3

not true.”

The assumption carbon-14 dating is based upon is
FALSE




Conflict in Dating

* In 1993 scientists found wood (trees) buried in basalt
flows (69 feet deep)

Wood samples sent to two laboratories to be carbon-14 dated
44,000 years

*

Basalt sent to two laboratories to be potassium-argon dated

45,000 million years

*

Wood encased in

basalt




Evidences for a Young Earth

Helium in the Earth’s atmosphere
Nuclear decay rates (Radioisotope dating)

Sodium in the oceans

Rapid disintegration of comets

Erosion of continents TBOPEHME ?
Sediments in the ocean n g £ 4 -I K

Decay of the Earth’s magnetic field IBOJHOLIMA
Carbon-14 ratio in the atmosphere
Radiohalos for polonium in granites
Population statistics

Recession of the moon
Many more .....




