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OrPAHU4MEHMA B PAAUOYINEPOOAHOM METOAE AOATUPOBAHUSA

( PexomengoBsaHo akag. HAH Ykpaunel [1. @. foxukom)

MNpoBeaeHo cucTemaTnsauito obMexeHs Y paaioByrneueBcMy MeToi AaTyBaHHA. MPONoOHYETLCA rinoTesaa nNpo
BMAWB MarHiTHOMO i30TONHOMO ePEKTY Ha WBNAKICTbL Ta HANPSAMOK NPOUECIB HAKOMNHEHHS i30TOMHMX MONEKyN
BYINELIO Pi3HOT NapHOCTI, WO MOXE BiABUTUCS HA TOYHICTI Ta AOCTOBIPHOCTI Pe3ynbLTaTiB PaajoByrneLesoro me-

ToAY AATyBaHHS.

A systematization of restrictions in the radiocarbon dating method is performed. We present a hypothesis of the
influence of the magnetic isotope effect on the rate and direction of processes of accumulation of carbon iso-
topic molecules of different parity, which can affect the accuracy and reliability of the radiocarbon dating

method.

BeepeHue

OCHOBHbIM METOZIOM [aTUPOBAHUSA OpraHu-
4eCcKOoro BelwlecTBa SABNAETCA paauoyrnepon-
HbIA METOA, KOTOPbLI Bbin NPEaNOXEeH amepu -
KaHCKUM U3nko-xmmukom Y. @, Inboun B
1947 r. (HobBenesckas npemMus Mo xumun
1960 r.). MeToa no3BonNseT NPOBOAUTL OLEHKM
Bo3pacTta Ha rmybuHy He Bonee 60-70 TwiC.
net. Mpu UCNONbL30BAHUN YCKOPUTENBHOW TEX~
HUKN BO3MOXHO paTupoBaHue Ha rmybuHy oo
100 TbIC. neT.

TeopeTuueckas Maes M3aMepeHust copep-
XaHua paguoyrnepoga O4eHb npocTta. Ans
aToro Heobxogumo cneaylouee [71:

a) coaepxaHue “C B o6MeHHOM pe3epsy-
ape, B MOMEHT Bbixoaa obbekta ns obmeHHoro
doHaa; 6) TouHbIA Nnepuoa nonypacnana '“C;
B) YCNOBUS PABHOBECUS AJIS1 XMBbIX OpraHu3-
MOB U HEPaBHOBECUSI AN YMEPLUMX OpraHn3-
MOB, B KoTopbiX C pacnagaeTtcs 6e3 nonon-
HEHUS U3BHE.

Mpn atom Bcerpa aktyanoHa npobnema
KOppeKuMmn akTUBHOCTN '“C Ha ¢ppakumMoHUpo-
BaHue naotonos yrnepoaa [13].

PagunoyrnepoaHblii METOA, LUIMPOKO NpUMe-
HAETCS B 4ETBEPTUYHOWN recsiornm 1 naneoreor-
papum, NaneoxNMMaTonorum, BYRKAHONOTUW,
OKeaHoNornu, rmaporeocnormn, NOYBOBEOEHUM,
TAALUMONION MM 1 HEKOTOPLIX APYrx obnacTsx Ha-
yK. Ho Hanbonee BaxeH u Heobxogum OH Ans
apxeonorun, NaneoHToNorMu, UCTopun marte-
puanbHbiX KyneTyp v ap., T. €. AN AManasoHa
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spemenn ot 200 go 60-70 TbiC. neT, B KOTOPOM
npaktuyecku He paboTaloT apyrue MeToabl pa-
ANOMETPUYECKOr0 [aTUPOBaHUS.

Mo mepe HakonaeHws paguoyrnepomHbix
0aT BCKpPbIBAMCb Cepbe3Hble TPYAHOCTU npu
UHTEpNpeTauun pesynLTatoB B CNy4asx pac-
XOXOAEHWUS reOXPOHONOrMYECKUX Hat, MoAy4eH-
HbIX PagvNoYrnepoaHbLIM U Kannit-aproHOBLIM
meTogamm [3], NOCKONbLKY NHOrAa ons opraHo-
FEHHOrO reonorMyYeckoro MaTepuana BO3MOXHO
NpUMEHeHNe Kak pagnoyrnepoaHoro, Tak u Ka-
NniA-aproHOBOro METOL0B PAANOMETPUHECKOrO
nartmposaHus. MNpUHLUMN AaTUPOBAHUS BO BCEX
MeTogax ROEpPHOW TeOXPOHONOrMU COCTOUT B
CPaBHEHWUU KOHUEHTPaUUiA OnpegeneHHoro xm-
MWYECKOro 3neMeHTa (unv ero n3oTona) B UCKo-
rnaeMoMm rnpeameTe C COAEpPXaHWeM 3TOoro
3NeMEHTA B aHANOMM4YHbiX COBPEMEHHbLIX Npea-
meTax. Ecnu B pagnoyrnepogHoM Metone CyasT
no pacnagy camoro "“C, To B Apyrux Metopax —
NO HaKOMJEHUIO [0YEepHEro pagwnousoTona
(Hanpumep, B Kannn-aproHOBOM MEeTOAE).

Mpobnema "TOYHOCTW" pagnoyrnNepoaHoro
[aTUPOBaHUA U "LWKMPOTHI" ero NPUMeHeHUs,
BO3HMKLIAN B KOHUE 50-x rogos NpoLwnoro seka,
He pelleHa 10 HacToNLLEro BpeMEHM, 0COBEHHO
B 06nacTn 4aTMpoBaHUs UCKOMaeMbIX PakoBUH
MOJUIIOCKOB, MPUBS3@HHBLIX K MEONOrnM4yecKomn
(3BOMOUMOHHOW) BpeMeHHOW wkane [13].

B HacTosiuien ctatbe n3noxeHa runotesa
O BAUAHUN MarHUTHOrO U30TONHOro addekTa
(MWU3) Ha ckOpOCTL M HanpasneHus npouec-
COB HaKOMEHUS U30TOMHbLIX MOSEKyn yrnepo-
[a pa3HoM YETHOCTU, HTO MOXET CKa3blBaATbCSA
Ha TOYHOCTM U [OCTOBEPHOCTW pPe3ynbraTos
paauoyrnepoaHoro MeToaa AaTtupoBaHuns.
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Cucrematmsauus orpaHnveHuin
B paguoyrnepogHom mevoge
AaTUpoBaHusa

B HacTosiilee BpeMsi N3BECTHO, 4TO MMmeeTcs
pag, dakTopos, KoTopble rnobanbHo wan no-
KanbHO BAVSIIOT HAa COLAEPXaHME paanoyrnepo-
pa - kak B atmocoepe, ruapocoepe, Tak 1 B
pacTUTENbHBIX U OPYFNX TKaHAX, 4TO OCNOXHS-
€T 1 OrpaHMuInBaeT NPUMEHEHWE 3TOro MeToaa
B xpoHonoruwm [21, 29, 30].

K rnobanbHbiM dakTtopam MOXHO OTHECTW
cnegyowme:

— KpPaTKOBPEMEHHbLIE U3MEHEHUSI COMHEY-
HOW aKTUBHOCTH;

— cocTosihue atMocdeps n markutocode-
pbl;

— kpyrosopoT CO, B npmpoae;

—~ BNVSIHWE BYNKAHW4Y4ECKWUX ra3oB BO3ne
MECT WX BbIXOAa Ha yaenbHOe coaepxaHne pa-
avoyrnepopa 8 atmocdepe [31];

— N3MEHEHUS OTHOCUTENBLHOTO coaepxa-
HUS paguoyrnepona 3a CHeT KPYrHbIX ByfKa-
HU4EeCKMX BbIBPOCOB kKapOoHATOB BO BPEMS U3-
BEPXEHWA, 4YTO MOXET CWUIbHO WCKa3wuTb
paguoyrnepogHoe 4aTMpoBaHe B OKPECTHOC-
TaX, 6N1N3KNX K 3TUM BYSIKaHaM;

— u3MeHeHwne pasmepoB 0O6MEHHOro pe-
3epByapa B CBSi3W C NpoOBeAeHVNEM SAEPHbIX
vcrnbliTaHuin B atmocdepe, 4TO NPUMBENO B
1950-1960 ropax Kk CyuieCTBEHHOMY BblIOpO-
cy (okono 0,5 1) paguoyrnepona B armoc-
dbepy, Tak HasbiBaembiit 6omboBLIN adpdexT
(8, 12];

— addekT 3i0cca, BO3HMKLLUIA C HAYanom
npombiLLneHHon pesontoumnmn B XIX B., cBsi3aH-
HbI C YMEHbLUEHNEM OTHOCUTENBHOIO Conep-
XaHusa pagunoyrnepofa B atmocdepe 3a cyer
CXUraHusi 6onbWOro KONMYecTsa UCKoNaemo-
ro TonaAnBa QPeBHEero Bo3pacTa, He coaepxa-
wero paguoyrnepopa [11];

— 3amepneHve npouecca [OCTUXEHNSA pa-
OVOYyriepogHoro pasHoBecus B Muposom
oKeaHe BCNeAcTBue 3amepjieHunss obmena yr-
neponom ¢ atmochepHbiM pe3epsyapoMm, Tak
Ha3blBaeMblil pesepByapHbIn adpdekT [26];

—~ yBEenuYeHue CKOpOCTW nepemelumnsa-
HMs BOAb B MMpOBOM OkeaHe, NOAHOE nepe-
MelluBaHme KOTopoh B TUXOM okeaHe, no
oueHke 3iocca, npoucxoauTt Npubansntens-
Ho yepe3 1500 net, a B AThaHTUY4ECKOM OKea-
He, no oueHke 3. 3. OncoH n Y. L. bpekep, 3a
750 net. Ho Tak kak Ha nepemeluneaHme Boapl
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B OKeaHe CUNbHO BAWSIET TemnepaTypa, To
NnokasaHo, 4TO yBENUYEHUE CKOPOCTM nepe-
MeLUUBaAHNA MNOBEPXHOCTHLIX U TRYBUHHbLIX
Bog Ha 50% npnBOAUT K CHUXEHUIO KOHLIEHT-
pauun pagunoyrnepona B atmocdepe Ha 2%
[23];

— W3MEHEHMWE COAEepPXaHua paauoyrnepo-
[a BcnencTane BbiMbiBaHWA KapboHaTHbLIX reo-
norunyeckmx obpas3oBaHwii, KOTOPOE MOXET
NPMBECTU Kak K NOBLILLIEHNIO CogepXaHus pa-
nuoyrnepoaa B okeaHe, Tak W B OTAENbHbIX
kapboHaTHbIX 06pa3oBaHmsX.

K nokanbHbiM ¢daktTopaMm MOXHO OTHECTW
MPOLECCHI, NpoTeKaloLwne nocne CMepT1 op-
raHuama v NPUBOAALNE K N3MEHEHWIO B HEM
copepxaHus paguoyrnepopa [17, 20, 30,]:

~ MPOUECCHI FTHNEHNs, T. €. NPOLECCH pas-
NIOXEHWS OpraHNyYeCcKoro BewecTsa;

— npouecc obmeHa C MOCTOPOHHUM yrne-
poaowMm;

— agcopbumsa yrnepoga vn3 OKpYXalowemn
cpenbl;

— KonebaHuWs KOHUeHTpauuwn paguoyrne-
poaa B 3aBACUMOCTM OT MECTOMOJSIOXEHWS U
Thna pacTeHunn,

— CKOPOCTb NEPEMELLNBAHUS MEXAY pas3-
NMYHBIMK YacTaMu 0OMeHHOro pesepsyapa,
npv aToMm noa obMeHHbIM pe3epByapoM No-
HumaeTca cdhepa pacnpoCTpaHeHUs yriaepo-
Aa, cocroswas n3 atmocoepsl, Guocdepsl,
MOBEPXHOCTHbIX U rMYBUHHBLIX BOA OKeaHa;

— pasfneneHve n3otonos B 0OMEHHOM pe-
3epByape, B 4aCTHOCTM 0OMEH yrnepoaa Mex-
ny obpasuamMu 1 06MeHHbIM PE3ePBYaPOM;

— pasgeneHve n3oTonos B 06MeHHOM pe-
3epByape, OCHOBaHHOe Ha addekTe n3oTon-
HOro GPaKUNOHMPOBAaHUS, Tak Kak pasHuua B
aTOMHbIX Maccax U30TONOB, a Takxke Hanuuune
WM OTCYTCTBME MAarHUTHOrO MOMEHTa sifep
npegnonaraeT, 4TO HEKOTOpPbie XUMWYECKUE
peakuun U npouecChl B XUBbIX OpraHn3max
MOTYT UATK C PasHbIMK CKOPOCTAMMN.

MHoronetHee uayyeHue 3Tux HakTopoB
roBOPUT O TOM, Y4TO peanbHasi NPoBepKa MoCT-
POEHHBLIX HA HWX TUMOTE3 OYEHb 3aTPyAHU-
TenobHa. Bonee TOro, Kaxaas BHOBb BblaBUrae-
Maa runotesa BbiHYXAEHa OonupaTbCH Ha
Apyrue runoTesbl, KOTOpLIE TakKxe TPyAHO
nposepsieMsl. MNoaTomy nobas owmnbka pagu-
OoyrnepogHoro MeToaa, No-BnanMomy, fONXHa
cnaraTbCsl N3 CyMmbl BCex owmnboK, KoTopbie
BO3HMKAIOT Npu onpeneneHnn BCEX NCXOAHbIX
DaHHbIX oB6pasua.
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O6cyxaeHne HEKOTOpbIX OrpaHU4YeHui
papuoyrnepoaHoro meroaa

B naHHoM pazpene obcyxaatoTCst HEKOTOpbIEe
daxkTopbl, BANSIOWME HAa U3MEHEHUS coaep-
XaHus paguoyrnepoga B 0OMeHHOM pe3epBy-
ape yrnepoja v, COOTBETCTBEHHO, Haxoasiime
CBOE OTpaxeHwe B Bapnaumsix N30TOMNHLIX CO-
OTHOLWEHMUIA B XWBbIX OpraHn3max.

M3 cyuiecTBylowmx oueHok obuiero o6bE-
ma '“C Ha 3emne cnenyeT, 4TO B COBPEMEH-
HoM obpasue 1 atom '“C npuxogutca Ha
0,8-10'2 aToMoB cTabunbHOro yrnepoga. 310
O3HayaeT, YTo B 1 r NpUpoJHOro yriaepona
npoucxoanT B cpeaHem 15 pacnagos 8 1 MuH.
CnepoBartenbHo, €CAV B MOMEHT cMepTu 06b-
ekTa conepxaHue '“C 8 06mMeHHOM pesepsya-
pe oTAn4anoCb OT COBpeMeHHoro Ha 1%, To
ownbka coctasut npumepHo 80 net. A npu
60AbLUMX OTKNOHEHUSX, KaK N3BECTHO, NUHEN-
HbliA 3aKOH HapyllaeTcs, u oTknoHeHue B 20%
paet owmnbKy B onpeaeneHmn Bo3pacra okosio
1760 net [14].

B ocHoBe paaovoyrnepoaHoro Metoaa, kak
yXe yKa3blBanoChb B Hayane CTaTbu, IEXMUT Mu-
noresa Jin6b6u: mMomMeHT Bbixoga obvekTa u3
o6MeHHOro pesepsyapa yrfiepoaa cosnazgaer
C MOMeHTOM ero cmepTu. OgHako NU3BECTHO,
4TO Nocne cMmepTn obbekTa obMeH yrnepoaom
He npekpautaeTcs. Kpome Toro, M3BECTHbI 0C-
HOBHbLIE NPOUECCHI, NpoTekalwme nocne
CMEepPTU N NPUBOLALINE K N3MEHEHUIO COAEP-
XaHus paguoyrnepoaa 8 obpasue [7].

Tak, eule B pabortax H. [x. QiTkuHa yTBE-
pxaanocek [21], 4TO eQUHCTBEHHbLIA BO3MOX-
HblA TUN THUeHus — 3To obpasoBaHUe OKNCK 1
ABYOKMCW yrnepoga, KOTOpbii, OfAHaKo, He
nMeeT 6ONbLLOro 3Ha4eHns, Tak Kak OH CBA3aH
TONBKO C YXOA0M yrnepoaa. A mocKonbKy OKNC-
JIeHne N30TONOB yrnepoaa NPONCXOANT C Oan-
HaKOBOW CKOPOCTbID, TO OHO He Hapywaet
NPOUEHTHOTO COAEPXAaHUA paanoyrnepoaa.
OpaHako 3ToT Xe aBTOp NOAYEePKUBAET, HTO XO-
T8 '2C B XMMU4ECKOM OTHOLLEHUN UAEHTUYEH
14C, HO addexT Bobilen Macchl NocneaHero
HENPEMEHHO AOMXEH CKa3aTbCs B XMMNYECKNX
n BUOXMMUYECKUX MPUPOAHLIX NpoLeccax C
ero ydactuem [21].

MexaHun3m obmeHa mexny aTMOoCHEpPHbIM
yrnekucnbiM rasoMm u kapboHatoMm okeaHa
obycnaBnuBaeT HECKONbKO 6Gonbuwyio (Ha
1,2%) koHueHTpaumio '“C B kapboHaTtax. Cne-
[0BaTeNbHO, NOBLIWEHHAS ero KOHUEHTpauus
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B KapboHatax okeaHa OyneT NpMBoaUTL K 3a-
HUXEHHOW OUEHKe Ux Bo3pacTa.

XOpOoLWOo N3BECTHO, 4TO NP YCROBUK CHU-
XEHUA KOHUEeHTpaumn '“C B pasnaratowmxcs
obpa3uax nocnegHune “"craHosatcs” 6Bonee
OpeBHNMU, 4eM OHU eCTb Ha camoM aene [14].

N3meHeHne obmMeHHOro pesepsyapa yrne-
pona onpegensercs 8 OCHOBHOM konebaHusi-
MU ypOBHS okeaHa. Tak, W.F. Libby yrBepxaan,
4YTO CHUXEHne ypoBHa mopsi Ha 100 M yMeHb-
waet pa3Mmepbl 0OMeEHHOro pesepsyapa Ha 5%
[7, 23]. A ecnu NpeanonoOXuTb, YTO BCNeA-
CTBWE HACTynawLwero onefeHeHnst yMeHbLUIN-
flacb Temnepartypa BOoAbl W, ClenoBaTensHo,
YMEHbLWWNOCE KOMUYECTBO pPacTBOPUMOro
Kanbums, To obuiee yMeHblUeHWEe yrnepoaa B
06MEeHHOM pe3epByape MOXeT AOXOAUTb A0
10% n, COOTBETCTBEHHO, YBENWNYUTCS YAENb-
Hasi akTUBHOCTb pPaaMoyrnepoaa.

Hanbonee MHEPTHLIMK K OBMEHyY cYnTaloT-
csi 0ByrneHHoe opraHM4yeckoe BewecTBO U
ApesecuHa. IMeHHo no 3aTum obwekTam npo-
BOAVUTCS TWatenbHas kannbposka, y4mMTbiBato-
Was n3MeHeHne COOTHOLWEHUS yrnepoaa Ans
pasnmyHbIX 3N0X 1 reorpadpuyecknx permoHos,
a Takxe cneundunky HakonnNeHua pagnoaxKTmse-
HbIX BEULECTB B XMBbIX CyilliecTBax. NocnegHas
Bepcusi KanMbpoBOYHON KPUBOW MosydeHa Ha
OCHOBaHUW ThICAY N3MEPEHUI TOYHO aaTupye-
MbiX ApEeBECHbIX Konel AepeBbes (NnocnegHue
12 TbIC. NET), rOAOBLIX NPUPOCTOB KOPANNoB n
oTnoxeHnin popamuHndep. 3T1a kKannbpoBoy-
Hag KpueBasa oxsaTbiBaeT nocnegHue 50 Thwic.
netv [9].

PaspneneHrie n3otonos B 0oOMeHHOM pe-
3epByape [onroe Bpems octasanock 6e3 BHU-
MaHus U3-3a TOXAECTBA XMMUYECKNX CBONCTB
N30TONOB, Y4TO ONPEeAENsiNo0 OAMHaKoBOE NoBe-
AEeHne N30TONOB B XMMUYECKNX peakumnax, oa-
HaKO OTKPbITUE KUHETUHYECKOro M30TOMHOro
addekta (KN3), kOoTOpPOE NEXUT B OCHOBE
MHOFUX BbIAAIOWNXCH JOCTUXEHUA B XUMUN U
BUOXMMUN, CTUMYNNPOBANO Pa3BUTUE MHOIMX
MEeTOA0B pa3feneHus Nn30Tonos, B TOM Ynucne
U MeToda NasepHO-CTUMYNIMPOBAHHOIO pas-
neneHna. KNGO, cocrtaBnaiowmin AecaTku m
COTHW NpoueHToB ana napsl H/D v He npesoc-
XO4ALWMNA eANHNL, W Jaxe A0Nen npoueHTa ans
TAXENbIX 3IEMEHTOB (nocne yrnepoaa), Bbli3bl-
BaeT 3ddeKkT n30TONHOro dpakumoHuposa-
HUS, KOTOPbIA MOXET CKa3aTbCs Ha PasHbIX
CKOPOCTSIX M30TOMNHbIX MONekyn 8 GUOXMMU-
YeCckux Npoueccax B XuBblx opraimamax [16].
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Knaccuyeckuit Mmacc-3aBucsuwmMn n3oTon-
HbI 9DdEKT COPTUPYET M30TONHLIE AAPa Mo
maccam [20], MarHuTHbIR N30TONHLIN 3 deKT
(MN3) No MarHUTHLIM MOMeHTaM. PoxaeHu-
€M MONeKynbl B XM ynpasnsioT asa ¢ak-
TOpa: 3HEPrUs U CNUH (YrNOBOW MOMEHT OBU-
XEHUA 3NEeKTPOHOB K sigep). OHu paspewatoT
WAK 3anpewiarT peakunm, n ecnun 3anpeTbl Nno
3HEepPrun OTHOCUTENBHO HEBENUKN, TO 3anpe-
Thi NO CNUHY O4€Hb XECTKUe, T. €. eCNN 3N1eKT-
POHHBIA CNNH peareHToB 1 NPOAYKTOB peak-
UMM He coBsnagaeT, TO peakuuss CTPoro
3anpeueHa. 3a Kknaccmyeckum Macc-3aBucs-
wmm 3dPeKToM (pasHOCTL IHEPrun N3oTon-
HbIX MONEKYN) CTOUT N30TONUA NEerkux u T8-
xenbix agep, 3a MMN3 (pa3HocTb yrnossbix
MOMEHTOB pearmpyloumx 4actuy) — u30Tonus
MarHuUTHbIX 1 HeMarHuTHoix sgep. MU3 noka-
3biBaeT 3aBUCUMOCTb CKOPOCTEN peakuuu oT
MarHWTHOro MOMEHTa f[ep peareHTos, yn-
paBnseT peakunoHHON CnocobHOCTLIO Yepes
CBEPXTOHKOE 3NEeKTPOH-AAEPHOE MarHuTHoe
B3aMmopencTeme u conposoxpnaeTtca dpak-
LUMOHUPOBAHUEM MArHWTHbIX (HEYeTHbIX) W
HEMarHUTHbIX (YeTHbIX) S4ep N0 XUMUYECKU
pasHbiM NpoaykTam, 4to obycnaenveaeTr wnx
pasnuums B NOBEAEHUU B NPUPOAHbLIX CUCTe-
Max, B TOM HMCNE U B XUBbIX OpraHunamax [ 15].

MNpoueccbl GuoMuHepanusauum
PaKOBUH MOJNIOCKOB

B 6uocdepe npoueccu BroMmuHepanusauum
ABNAOTCH OAHVMMK U3 Hanbornee pacnpocTpa-
HEHHbIX (Hanpumep, obpa3oBaHue pPakoOBUH
MONAKOCKOB).

PakoBuHbI MONNIOCKOB NPEACTABNNAIOT CO-
60OV CNOXHYIO MWHEPaNbHO-OPraHU4ecKylo
cuctemy. BHavane obpasyeTcss KOXWUCTbIN
NOKPOB, B KOTOPbLIN 3akflO4eHO CAN3NCTOoe
Teno monntocka. KoXucTbii NOKpos BhLIAENs -
€T B CNM3NCTOE BEWeCcTBO Tak HalbiBaeMylo
MaTpuuy. Ha opraHnyeckon maTpuue Nnpouc-
XOAWNT KpucTannmaauns kapboHaToB Kanbuua
¢ 06pa3oBaHMEM MUHEpPasibHOW YacTu pako-
sunH. CocTtas maTpuubl NpeacTasneH pasnny-
HbiMK BenkaMu 1 CIOXHLIMKM aMUHOKUCOTa-
MU, npuvyem pasnmune 8 BUOXMMU4YECKOM
COCTaBe Cnoes Martpuubl 3aBUCUT OT HeEOAU-
HaKoBOro cCopepxaHws B NOClegHEM WOHOB
Kanbums, BNINSIOWMX HA MUHEepanbHbI cocTas
n pacnonoxeHwe cnoes matpuubl. B Tene
MOJINIIOCKA KaslbUMA HaxoauTca B ABYX ¢dop-
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Max = CBR3aHHOW W MOHHOW. CBA3aHHLIN
KanbLM He y4acTBYET B NOCTPOEHUN PaKOBU-
Hbl, TaK KaKk B COEANHEHUWN C OpraHUYecKnm
BELLECTBOM SABNAETCH TOMbKO NOTEHUWasb-
HbIM WCTOYHWUKOM [ONS WUCNONb30BaHUSA €ero
MONNOCKOM [24].

PakosuHa Monniocka obpasyeTcs U3 UOH-
HOroO KanbUus: pacTBOPEeHHble B BOAE CONU
KanbLUus WHTEHCUBHO MNOMOWAKTCA C/M3bIO
Ha xabpax monniocka. Monagas B KULWEYHNK
XWBOTHOrO, CNn3b Nop Aencrenem QepmMeH-
TOB pacLiennseTcs, BbicBOOOXAas npn 3ToM
KaNnbLnin, KOTOPbIN C TOKOM KPOBU NEPEHOCUT-
CSi B NOMOCTHYIO XWAKOCTb. 34eChb B NPUCYT-
CTBUM OpraHnyYyeckmx BeILeCTB KanbLnii B3an-
MOJEencTByeT C Yyrnekucnotoi, obpasya
MuUHepanbHylo ¢asy. Yrnekmcnorta Hakannvea-
eTCA B OpraHu3Me MONNICka B pesynbrarte
CNOXHbIX BUOXUMUYECKNX, B TOM YnUCne paau-
KanbHbIX N MOH-PaAnKanbHbiX peakuuii, npoTe-
Kaoouwmx B knetkax. 34ecb MOXET Mpoucxo-
OWTb M30TOMHAas cenekuws yrnepopa, B
pesynbrate Yero MOXeT BO3HWUKHYTb Pasnuny-
Has peakunoHHas cnocobHOCTbL Monekyn, B
COCTaBe KOTOPbIX HAXOANTCS Yrnepoa pasHon
4YETHOCTW.

MosblLIeHHOE COfepXanue KanbLms B op-
raHuamMe monncka obycnoBneHO He TOMLKO
3HAUUTENbHBIM KONIMYECTBOM 3MEMEHTOB B
BOAHOW cpefe, HO U HeobBXxoaAMMOCTbiO Ha-
KOMNeHNe ero BO BpeMS MHTEHCUBHOTO pocTa
PaKkoOBWHbI, T. €. KanbUWn HE TONBKO WMHTEH-
CWBHO HaxkanJnBaeTCs, HO U HE MEHEee NUHTEH-
CUBHO pacxofyetca Ha NOCTPOEHWE PaKOBM-
Hbl [24].

O6biyHO BGonee 99% pacTBOpPEHHOro B
mopckon soge (pH < 8,5) HeopraHwnyeckoro
yrnepopa coagepxutcs 8 suae HCO;, KoTopsbli
npeT kak Ha o6pasoBaHne YrAekKUCnoTsl, Tak n
Ha B3ammopencTsme C kanbuuem, obpasys
MUHepanbHyto dasy, T. €. Ha NOCTPOEeHNE Kap-
6oHaTHO 0b6onoykm Monnocka. Takum obpa-
30M, BeCb yrnepoj, nocTynawwmin B Mon-
NOCK, SBARETCS YTAXENEHHbIM YrnepoaoM,
TaKk Kak COOepXWT NOBbILIEHHOE KOSNYECTBO
13C no cpaBHeHuio C¢ atMocdepHsiM CO,.
MpecHble Boasl B OCHOBHOM Kucnble (pH 5-7)
n copepxat rfaBHbiIM 06pa3om Monekynsl
CO,. CnepoBatenpHo, U30TONHBIE Pa3NUuns
MeXAY NPECHBLIMU (NErKUMU) N MOPCKUMU (TSI-
XefbiMW) BOAaMWU Henb3s 0ObACHUTL TONLKO
6onblwum noctynnenviem CO, B pekun 1 o3epa
[1,17].
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U30TONHBIN cCOCTaB HeopraHu4eckoro
yrnepoga B okeaHW4ecKo# sBoge

M30TONHbIM COCTaB PacTBOPEHHOrO B OKeaHe
HeopraHu4eckoro yrnepoaa vMaydanu MHorue
vwccneposatenu [2, 5, 13, 29]. Bbino ycrtaHos-
NeHo, YTO MUHUMANbHOE KONMWYECTBO KUCHNO-
poga Ha rnybuHe 2000-3000 M B pasnnyHbIX
paioHax MuWpoBOro okeaHa COOTBETCTBYET
MWHUManbHOMY 3HaqeHunio d'3C pacTBopeHHo-
ro HeopraHuyeckoro yrmepoga. M. L. Keith un
J. N. Weber [4] ewie B 1964 r. onpepgenunv oT-
HoweHue '*C/'2C B 56 06pasuax MOPCKMX pa-
KOBMH MOSIIOCKOB, 0BUTaIOLWIMX B NOBEPXHOCT -
HOW BOAEe npw TemnepaType 21-31°C
{noBepexbe Mekcuku) go -0,5-1°C (Myn3oHos
3anmB N cesepo-3anaaHas Tepputopua Kana-
Ibl), B KOTOPbIX 3Ha4eHue 3'3C nameHanocs oT
0,17 no 0,42%. Ans cepuu U3 26 MOpCKux pa-
koBUH (Pnopuackun 3anus) 3'3C cocTtasnsno
ot - 0,35 A0 0,24%0, Nnpuyem ynoMmsHyTelie as-
TOpbl HE OOHapPYXWnu 3aBUCUMOCTN U30TOM-
HOro cocrtasa oT Bnaa Monntocka. mu xe bol-
NO YCTaAHOBNEHO, 4YTO Pas3siiust N30TOMHOrO
cocTtaBa pakoOBWMH MOMIOCKA 00YCNOBNEHbI
PasNNYNAMU 30TOMNHOIO COCTaBa PacTBOPEH-
HOr0 B MOPCKOW BOAE HEOPraHN4eckoro yrne-
popna. CooTHOWEHME KUCALIX yrnepoacoaep-
Xauwux Beuwlects B pacTBOPE 3aBUCUT B
OCHOBHOM OT pH 1 Temnepatypsl [4, 6].

Pesynbratel onpeaeneHnii 8'3C MHormx co-
TeH nNpob MOPCKOro U3BECTHAKA Nokasanu fo-
BOJSIbHO Y3KUI AuanasoH nameHexms '3C - ot
-0,26 po -0,30%o0, CO cpeoHUM 3HayYeHuem
313C, 6am3knm K Hynio [20].

PasHocTb Mexay KoHueHTpauusamu '3C B
atmocdepHon CO, n HCO; ymeHbliaeTcs ot
9,2 no 0,8% npu pocTte Temnepatypsl o7 0 Ao
30°C, npu aToM dpakumoHupoBaHne naeT Ha
craguu ruapatauun, a He NPy NPOXOXAeHUN
4yepes rpaHuuy "Bo3ayx — Boaa'. Becnencreue
3TOro NPU M30TOMNHOM PaBHOBECUW MOSeKy-
napubin CO,, copepxawwiica 8 nioboi npwu-
POAHONA BOAE, AOKEH UMETH TaKOe Xe 3Haye-
Hue 3'3C, kak n atMocdepHbIt yrnepod. A oH
HCO; nonxeH 6b1Tb oborawteH °C, no cpasHe-
HWO C¢ atMocdepHbiM CO,, NpuMMeEpHO Ha
7-9% [22].

Bapwuauum '2C 1 '3C pactBopeHHOro Heop-
raHM4YecKoro yrnepoaa B NOBEPXHOCTHOW BoAe
oKkeaHa B OCHOBHOM 060ycCnoBneHst $OTOCUH-
TE30M MNaHKToHa, UMPKyNsumen BoOAHbIX Mace
N NPWHOCOM KOHTWHEHTANIbHOMO PACTBOPEH-
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Horo yrnepoga. MNpn ¢oTocnHTe3e NnpenmyLe-
CTBEHHO accumunupyetcs '2C, a okeaHuuec-

KW HeopraHwyeckuin yrnepon oborailaercs
13¢

Koppekuus aktusHoctn '“C Ha
dpakumoHnpoBaHue M30TONOB yrnepoaa

Kak 13BeCTHO, KOoppeKkuma akTUBHOCTH paamno-
yrnepoga Ha ero ¢$pakunoHMpoBaHus 6asunpy-
eTcs Ha cnepyoulen popmyne:

Axopp = AMSM [1 -2 (215 + 813Co6p) / 100]

Ons obpasuos, nmelowmx 3'3C = -2,5%
(ApesecuHa, yronb 1 Ap.), KOPPEKTUpPoBaHHas
aKkTMBHOCTbL *C (A,,p,) PaBHa M3MEPEHHO aK-
TUBHOCTU (A,,,,)-

B aToih dopmyne 3anoxeHo, 4To oboraue-
Hue '“C yrnepoaa o6pasua pasHO yaBOEHHOMY
oborauernio '*C yrnepoaa atoro xe ob6pasua.
To ecTb cTporo cobnogaetcs Npasuno nnesy,
(npaBuno 0,5), npn koTopoM Yyem 6onbLue Mac-
Ca n30Tona, TeM MeHbLLIE OH MOABUXEH U TEM
Bonblue AOMKHO BbITh €ro HAKOMNEHUE B N3Y-
uyaemom obpasue [25]. CkopocTn npoueccos
HaKoneHna n3oTonos pa3Hbix Macc o6ycnos-
neHbl GyHAAMEHTanbHLIMW CBOWCTBaAMU Aaep
— Maccown, KoTopas WHAyuupyeT B uaeane
TONbKO Macc-3aBuCAWne U30ToNHbIE apdek-
Tbl. B cnyyae nerkux spep — KN3.

A. J1. ByqayeHKO OTMeuYan, 4To MarHuTHoe
B3aMMOOENCTBNE, HUYETrO HE BHOCH B XMMU4eC-
Kyto 3Hepruio u 6ynyydn npeHebpexutensHo
ManbiM Aaxe no cpaBHEeHuO C Tennosow, ¢o-
HOBOW 3HEPrvemn, N3MeHsA CNuHbl pearnpyo-
LWMX MOSIEKYN B NPeApeakuUMOHHOM COCTOSIHNM,
npeBpatlaeT CNH-3anpeLleHHbIe B CriMH-pas-
peweHHblie peakuuu [15]. CtabunbHblt nsoton
yrnepoga '3C, sBASSiCb HEYETHLIM U30TONOM,
KpoMme maccel, obnagaer ele 1 aaepHsLIM cnn-
HOM (1/2) 1, cnenoBaTenbHO, MarHUTHLIM MO-
MEHTOM, 3anpeLyaowmm npouecc obmena. Ta-
KM 06pa3oM, CKOPOCTb XMMMWYECKON peakLmm
3aBWCUT OT MarHUTHOrO MOMEHTa \iapa, npu-
4YyeM uncxogHas Monekyna oboraiwaercs mar-
HUTHBIM M3oTonoMm ('3C, Mg v gp.), a Hemar-
HUTHblE WU30TOMNblI YXOAAT B ApPYyrve NpoayKTbl
peakuuu ('2C, '*C, 2*Mg u ap.). CnepoBaTens-
HO, B 3TUX NONOXEHUAX NPAKTUYECKU N 3ano-
XEHO, YTO NPOUECCHl HAKOTNEHUSI YETHbLIX N30-
Tonos, obnagakolMx MacCol, U HeYeTHbIX
n3otonos, obnapaloWmMx MacCcon n CrVHOM,
MOryT 6bITb NPOTUBOMNONOXHO HanpasneHs!, B
aTnX cnydanx MM coxpaHsieT namMaTb 0 Hruoxu-
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Tabnuua 1. CoaepxaHue A30TONOB yrnepoaa
B u3yyaeMbix obbvekTax

I1po6a 8"°C. % | A'™C, Br/r
Msico =229 0,239
Llkypa 21,5 0,239
LlepcTb -22.,5 0,238
Cano CBUHbH —26,0 0,241

Ta6nuuya 2. CogepxaHue 3'3C B nayvaembix
ob6bexTax

XapakrtepucTika oOpasua 3"C. %o
ATrMocdepHblit BO3yX 7
Canio CBHHBH -27.4
Msico CBHHMHA -25,4
3CPHO TMILICHULIBI -26,8

MUYECKOM MPOUCXOXOEHUM MOJSIEKYNT B MpO-
ueccax buomMmurHepannsaumm.

B MIHCTUTYTEe reoxmMmnmn okpyxatouien cpe-
abl HAH Ykpauxel hamu ¢ 2009 r. uccnepyrotcs
ocobeHHOCTM NoBEAEeHUst U30TOMOB yrnepoaa
n Bogopopa B Buocucrtemax [10, 27, 28], B
4aCTHOCTN M3y4aeTcs HakonneHne crabusb-
HbIX U PAANOaKTUBHLIX N30TOMOB yrnepoaa
BOAOPOAA B COBpPEMEHHbIX Bnonornyeckmnx
obbekTax, cogepxaiwmx 6enku, nunnabl n yr-
nesogbl. NpuyemM namepeHns scex crtabunb-
HbIX U PagnoakTMBHbLIX M30TONOB BOAOPOAA U
yrnepoaa npoBoAMNNCH BO BCEX NCCNeayeMblx
obpa3uax napannenbHo.

Mpw nccneposaHum ocobeHHOCTER nose-
DEeHus Tpraabl yrnepoaa B GuocnctemMax Hamm
66110 OOHAPYXEHO OXWaaemMoe yMeHbLUeHWe
3HaveHnin 3C B AunuaHbix  dpakumnsax
(tabn. 1). Ans 'C, cnegys mMacc-3asncumomy
U30TONHOMY 3D dEKTY, 3Ha4YeHNS PpaKUNOHN-
poOBaHua paamoyrnepoaa B ndydaembix buono-
rnyeckux obbekTax AoNXHbl Obinn 6bl A4OCTH-
raTe ropasgo 6onblKx BEIWYUH MO
cpasHeHuio ¢ '°C, yem 66110 onpeaeneHo.

NntepaTtypHble nctodHunku [18] ceupe-
TENLCTBYIOT O TOM, 4TO MPOUCXOAUT KOHUEHT-
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puposaHne '“C B TPODUYECKMX LLENOYKAX Xu-
BbIX OPraHN3MOB MO OTHOLUEHWUIO K ero coaep-
XaHuWio B NpU3eMHOM BO3ayxe. imeloTca nax-
Hole [18] o Tom, 4TO copepxauune '“C B
pacTeHuax (3eneHas Tpasa, NueHnLa) Npessbi-
waeT coaepxaHue “C B NpM3eMHOM BO3ayxe
B ABa pasa. Hawm n nutepaTypHbie AaHHbIE Mo
n3otonHoMy coctasy 8'3C HekoTopbIX 06bek-
TOB, B TOM 4YNCNe W NuWeHnue, NoKasblBaloT OT-
CYTCTBME Kakoro-anbo KoHUeHTpuposanus '3C
B Tpoduyecknx Lienoykax (tabn. 2). Kak sugHo
13 OaHHbIX Tabn. 2, NPOUCXOOUT CHUXEHue
KOHUeHTpaumn '3C mnayyaemMbix 00bEKTOB, Mo
CPaBHEHMIO TaKOBOM aTMOCKHEPHOro BO3ayxa.

®akT HakonneHuns '“C B Tpoduyeckux ue-
noYykax, cCkopee BCero, ykasblBaeT Ha pasHoe
nosegeHue '3C n “C.

Mepsbie xe paboTb N0 U3yYeHWIO NoBeae-
HUS AenTepms u Tputus, SC n “C B ogHMx 1
Tex xe obpasuax NOCTaBUNAM HOBble 3agaqu,
N3yyeHne KOTOPbIX NO3BONNT NONYYUTL AOMOS-
HUTENbHYIO NHGOPMaLUMIO O MexaHM3max Mo-
BEAEHWA Tprag U30TONOB OCHOBHbLIX BuoreH-
HbIX 3JIEMEHTOB B NpPUPOAHbIX OBOpasuax.
BO3MOXHbI Cniydan OTKIOHEHWs OT npasuna
nnean (npasuno 0,5) ana n3oTonoB pasHoun
4EeTHOCTW, T. €. NPOLECChHI HaKONAeHWs Ons
YETHBLIX N HEYETHbIX M3OTONOB Tpwag MOryT
BLITb pa3HoHanpasneHHoie. MoaToMy panuo-
aKkTMBHbI n3oTton '“C B BUONOrNYECKnx cucre-
Max OOMXeH BeCcTn cebsa aHanornyHo pacnpo-
CTpaHeHHOMY cTabunbHOMY M30TOMNy 3ToMn
TpUaabl TOW Xe 4eTHOCTH, T. e. '2C.

YrnoMuHaHma B AUTEpaType O pasfivyHOM
nosegeHun unzotonos H n C B8 ux tpuapgax
(H-D-T n '2C-'3C-"4C) B Buocucremax u, Tem
f6onee, ero Hay4yHoro OObACHEHUN HaAMU He
6bIn0 HangeHo. BonbWWHCTBO nccneaoBaHni
OrpaHuyMBaloTCs u3ydeHnem nmbo crabunb-
HblX, NM60 PaaNoakTUBHbLIX COCTABASIOWMX
pasHbIx buonornyeckux obpasuos 6e3 conoc-
TaBneHns ocob6eHHOCTEN X NoBeAeHNS.

3aksoueHue

Taknm obpasom, asTopamn OblNo BbiABNEHO
pasnuyve B Npoueccax HakoNNeHUsa YETHLIX U
HEYeTHbIX PaAMOaKTUBHbLIX WM30TONOB Tpwan
BOAOPOAA W YyrAepofa 8 pPasfivyHbIX KOMMo-
HEeHTax XuBbIX opraHuamos. [loatomy npu
M3Y4EeHUW NPOLLECCOB pasfeneHus nu3oTonos
BOAOpOAa W yrnepopa uenecoobpasHo onu-
patbCca Ha dyHOaMeHTalbHbleE CBOWCTBA WX
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saep, KOTOPbLIE MOMYT NPUBECTU K N3MEHEHWNIO
CKOPOCTY 1 HanpasneHs GpakuMoOHNPOBaHNA
B TpManax aTux n3oTonos.

MpoBeaeHHbIe HaMK 3KCNEPUMEHTASTbHbIE
paboTbl NO3BONKIOT NPEANOCNOXNTL, 4TO NPO-
TWBOMO/IOXHO HarpaBNeHHbIE MPOUECCH! Ha-
KOMNIEHUA W30TOMNOB Yriepoaa MOryT Hapy-
WaTb UX ECTECTBEHHbLIE BHYTPUMONEKYNAPHLIE
COOTHOLLEHWNS B XMNBbIX OPraHn3max 8 3aBUCH-
MOCT¥ OT CTeneHu OTKIIOHEHWUS NX OT Npasuna
nnesa.

YctaHosneH ¢akT aHOManbHOro noseje-
Hus '“C B XMBbIX 3KOCUCTEMAX, 3aKO4alo-
LLMIACA B TOM, 4TO BOMpPeKU npasuny nnesp, “C
no ceoemy nosegeHuo 6nuxe K '°C, yem k '3C.

MmeHHo 3To siBneHne MU MoxeT npueo-
ONTb K NCKaXEHWIO paanoyrnepoaHbIx AaTMpo-
BOK PakOBWMH MOSINIOCKOB, Pa3BUBAIOLLIMXCS B
Pa3fMyHbLIX YCNOBUAX CBOEN XU3HeOeaTeNb-
HocTw. Mo-BMAMMOMY, TO Xe camoe Habnopa-
eTcs 1 Npn GPaKUMOHUPOBEHUN OPYIX N30-
TOMNOB B XWBbLIX OPraHn3Max.
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