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Mypble, MOpOCLIHE MXOM CKaJbl HeHTpasabHOi yacTH Kousb-

CKOro MOJIYOCTPOBA PaCKPLUIM HeZaBHO yYeHBIM OJHY U3

BesiHyaliuux TaitH npHpoas.. OHM ToBeganu TOUHYIO AATy
cBoero poxaeHus. [ludpa okazanach BecbMa BHYIIHTEJNbHOMH; OHA
nopasusaa BooGpaKeHHe MHOrHX. Tpu ¢ moOJIOBHHOH MuJsIHapaa
JleT Hasaj 34ecb B pe3y/bTaTe CJOXKHBIX IeosJOrHYeCKHX mpolec-
COB BO3HHUKJH 3TH NOPOAHL.

OnpenenHayn 3TOT BO3pacCT COBETCKHe YueHble — aKaleMHK
A. A Tlonkanos u npodeccop 3. K. I'epautr. Oun paspa6oranu
OJMH H3 COBPeMEHHbIX METOJOB MOJcYeTa Ie0JIOrHYecKOro BO3-
pacrta ropHbIX MOpoJx, 3a UTO M GblIM yAocTOeHbl JIEeHHHCKOH mpe-
muu. Metogom IMonkanosa — I'epanHra ceffuac nonb3yrorcs yue-
Hble BCero MHupa.

A. A TTonkanoBy u 3. K. I'epaunry ynanocb ycTaHOBHTb, 4TO
rpaHuTo-THelchl HeHTpanbHoi yacTH KoJsibckoro nonyocrpoBa He
eIMHCTBEHHble B cBoeM poje. [IpuMepHO 3TOT XKe Bo3pacT HMEIOT
muorue pyuabl KoHrosesckoil pecnyGJHKH, a TakXe MOPOAH H3
paiiona Csasuneng B JOxuoit Adpuxe. Bo3MOXKHO, yTO TaKoB
e BO3pacT APeBHUX rHeficoB Banpenvkann B Muauu u mopoant
u3 Bappasyna-Harapu-Karypaun B Asctpanun.

A BoT apyrue o6pasibl, PaCKphIBalOLIHe HAM HHble CTPAHHIbI
BEeJIMKOIl JIeTONUCH NPHPOAbL. B rHeficax Mapgarackapa 6nl10 06-
HapyKeHO YIMHCTO-TPadHTOBOE BEIEeCTBO, BO3HHKIIee, NMO-BHIAH-
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MOMY, B pe3yJabTaTe HAKOMJIEHHS] OPTaHHYECKOH Macchl KaKHX-TO
NPHMHTHBHBIX BOfOpoceit. ['eosiornueckuii BO3pact 3THX NMOPoOg—
ABa MMJJIHApAa WeCTbCOT MHJJIHOHOB JieT. 3HAYHT, yXKe TOraa
Ha 3emJie CylllecTBOBana XXHU3Hb! DTO MOKa camble JpeBHHE cJe-
Jbl JKM3HH Ha Hallel mJaHeTe.

Heckonbko seT ToMy Hasaa ypasnoch yCTaHOBHTb HEKOTOpbIE
noJpOGHOCTH H3 XKH3HH TaK Ha3blBaeMOro GesJeMHHTA, HJIH «yep-
TOBa najblla», — MOJJIIOCKA, OGHTaBLIero B BOjax okeaHa GoJjee
CTa MHJUIHOHOB JI€T Ha3aj. BblsicHHJOCH, YTO MpPOXKHJ OH TPH
roga. [Ipuuem neToM okpy:xaBuias ero BoAa HMesa TeMNepaTypy
natoc 17,6°, a 3umoit natoc 11°. TeMnepaTypa HblHe He CyLLeCT-
BYIOLIEr0 MOpPsl Gblla YCTAHOBJEHA C TOYHOCTHIO JO OJHOK jecs-
TOH rpagyca.

Ee nmomorsin onpenennTb COOTHOLIEHHSI H30TONMOB KHCJIOPOAA,
HAKOMHBLIETOCS B PAKOBHHE MOJIJIIOCKA JECSATKH MHJJHOHOB JeT
Hasaj. TakHe XKe 3aIHCH TEMNEpPaTypHOrO peXHMa COXPaHUJIH
OKaMeHeBIIHe OCTATKH U APYTHX HCKOMaeMblX MOJIJIIOCKOB.

MoxHO 6bly10 Gbl MPUBECTH MHOXKECTBO NMOJOGHBIX MPUMEPOB.
Bce onu npeacrtaBasiioT cogepxkaHHe HOBOH HayKH, HMelollei
NOKa HecKoNbKO Ha3BaHMH. Ee Ha3blBalOT «pagHOreoJiorHsi»,
«siAepHast TeOJMOTHA» H T. M.

B samauy 5TO#f HaykH BXOZMT HCCJeJOBaHHE TeOJIOTHYECKHX
SBJIEHHH MeToJaMH siiepHOH (U3UKH U XUMHH. CrenHaJUucThl 10
slepHOH IeoJIOrHH H3Y4aloT abGCOMIOTHBI BO3pacT FOPHBIX MOPOJ,
BO3HHKIIHX JECSITKH H COTHH MHJIJIHOHOB JIeT Ha3al, BOCCO3AAIOT
KapTHHbI JpEBHHX H COBPEMEHHBIX FeOJIOTHYECKHX TPOIeCCcOoB, Be-
AYT TMOHCKH IOJIe3HbIX HCKONaeMblX MeTOJZaMH, OCHOBAHHBIMH Ha
3HaHUH (QU3UKH MU XHUMHH atoMa u gp. MoxkHO Gblio Obl 3akpe-
IHUTh 32 3TOH HAayKOH HCTOPHYECKH CJIOKHBLIeecsl Ha3BaHue «Pa-
[LHOreoJIOTHS», peasoxkKeHHoe B npouioM B. U. Bepraackum, HO
B HallH JHH OHO He OTpa)kaeT Bcero oGbeMa HayKH, HCIIOJIb3YIO-
well cefiyac He TOJIbKO $IBJIEHHSI PagHOAKTHBHOCTH, HO H mpo-
1ecchl, CBSI3aHHble C SIHEPHBIMH peaKLUHSMH.

B pasBUTHM simepHOH reOJIOTHH HMeEIOTCS TpU 3rtamna: 1) reo-
XUMHUecKuil; 2) mepexonHblii u 3) reoslorHueckHil.

[Teperiit s3Tan otHocutes Kk 1902—1935 romam, BTOpPO# — OT
1935 no 1956 roma u Tperuii — oT 1956 roga no HalHMX AHeR.

Ha nepsoM 3Tame — reoXHMHYeCKOM — XapaKTepHa IOIbIT-
Ka HCIO0Jb30BaTh sIBJEeHHe PagHOAKTHBHOrO pacnaga AJjs No3Ha-
HHSl HEKOTOPBIX 3aKOHOMEepHOCTeH reoJiornueckoit Hayku. Ecre-
CTBEHHO, YTO Ha 3TOM 3Tane SAepHas reoJlordsi pasBHBaJach B
HeJpax reOXHMHH, I'le B 3TO BpeMs HaKaNJHBaJHUCb NepBLle CBe-
JeHHsl O CBOHCTBAax pajHOAaKTHBHbIX sjaeMeHTOB. B 1902 romy
[Teep Kiopu Bnepsble BbicKa3aj MbICJAb O TOM, YTO pajHOaKTHB-
Hblil pacnaj ypaHa MoxeT GbiTb NMPHMeHeH [Js onpejeneHus ab-
COJIIOTHOTO BoO3pacta ropubix nopox. B 1907 roay Kanaickuii
uceaegosateab b. BonTBya, uayuass pajHOAKTUBHBIE CBHHel,
MOJIYUHJ MepBble JaHHble O BO3PaCTe HEKOTOPHIX MHHEDaJoB.
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AKTHBHBIM NpOmaraHgucToM pajguoreoJiorun 6bin B. K. Bep-
ganckuii. B 1935 rogy oH moaBes mepBbli HTOr Pa3BHTHS HOBOH
Haykd. MaTepHaJjaMH 111 3TOTO MOCJYXKHJIH HCCNeL0BaHHS, MpPo-
senennbie B. I'. XnonuusiM, K. A. HenagkesuueM, M. E. Crapu-
koM, 3. K. I'epauHroM, a Takxe HHOCTPAHHBIMH YYEHBIMH —
@. INanerom, I'. Xesewu, A. Xoamcom, I'. Dacsoprom, Jx. dxko-
JIM H MHOTHMH [IDYTHMH.

BepHapackuii 0oTYeTIHBO HaMeTHJ J[Be 3alayd MOJIOLOH Ha-
VKH: onpejeJieHHe BO3pacTa ApeBHEHUIMX IMOPHBIX NMOPOJ U BBIAC
HeHHe XapaxkTepa M (opM paAHOaKTHBHOTO pacmnaja Ha Haluel
nnaHere.

Bo BTopoi#t 3Tam — nepexoaHbIi — pPagHOreoJOTHS TNPOUYHC
yTBEPAHJACh B TeoJIOTHYECKOH Hayke. MeToabl reOXHMHH H reo-
(u3uKH OblIM NpPUMEHEHbl [Jis pelleHHsl TeoJIOTHYeCKHX 3ajay,
paspabarbiBasiach HOBasi METOAHKA.

Ha tperbem sTame siniepHast reoJsorus o6pesa CBOIO TEOPHIO.
paclIHpHAKCh 06JIaCTH ee MPaKTHYeCKOro NMpHMeHeHHs U 0dop-
MHJINCb METOJIbl HCCJI€JIOBAHHH I'€0JIOTHYECKHX NPOLECCOB. DTOMY
cnoco6CTBOBAJIO TAKXKe H TO, YTO Ha MeXAYyHapOAHBIX KOH(epeH-
HUSIX MO MHPHOMY HCNOJIb30BAHHMIO ATOMHOH 3HEPTHH, COCTOSB*
muxcs B Kenese B 1955 u 1958 romax, Gbl/10 npeaCTaBaeHO MHO-
rO HOBBIX HHTEPECHBbIX MaTepHaJOB IO HCMNOJb30BAHHIO AaTOMHON
SHepPruH B Pa3JIHYHBIX BHAAX NPOMBILJIEHHOCTH H HAyKH.

KonsekTHBHBI TPYHX yueHbIX BCErO MHPA MO3BOJIHJ 3aTVISIHYTb
B ri1y6b mukpomupa. Jlatckuit ¢usuk Huasc Bop B 1913 rony
MOCTPOMJI OJIHY M3 NEpPBbLIX MOJeJell aToMa; aHIVIMHCKUN YyueHbIH
OpHect Pesepdopa 3a/0KuJ OCHOBB COBPEMEHHOrO Y4yeHHS O
PaJHOAKTHBHOCTH H CTPOEHHH aTOMOB; (paHLY3CKHe YueHbre
®penepuk u Hpen Koauo-Kiopu otkpsiin B 1935 roay uckyec-
CTBEHHYIO pPaJHOAKTHBHOCTb. HeMaJiblil BKax B NO3HaHHE aTOMa
BHecsn wiBefinapckuii yueHolli Boabdran Ilaynu, HeMenkuii yue-
Hblli Makc IlnaHk, amepukaHckufi yuenoli Kapn Amnpgepcon,
HTaJbsSIHCKHI  yueHbli JDHpuko epMH, COBETCKHE YueHble
. B. CkoGenbubi, B. U. Bekcaep, U. B. KypuatoB u MHorue
InpyrHe.

K HacTosilueMy BpeMeéHM B cOCTaBe aToMa OGHApYyXeHO M0
COpPOKa 3J1eMEeHTapHBIX YACTHIL C NPOLOJKHTEIbHOCTBIO KH3HH 0T
MUJIJTHOHHBIX JOJIefl CeKYHAbl JO MHOTHX MHJJIHApAOB JeT. DJes
MeHTapHble YacTHUBbl fBJASIOTCA JHGO COCTABHBIMHM YacTAMH aTo-
MOB (3JIeKTPOHbI, IPOTOHBI, HEATPOHBI H AP.), 160 BO3HHKAIOT B
pesysbTaTe siAepHbIX NpeBPalleHHH BeuwlecTBa (Me30HbI, TuIe-
POHBI H 1D.).

DJIeKTPOHbl — JIeTKHEe 3JIeMeHTapHble YaCTHIB, HMEeOIHe
OTpHLATEJbHbIH 3apal; OHH JBHXKYTCS BOKPYT SIAPA MO CJIOXKHBIM
op6utaM. Op6HTH 06pa3yIOT 3JE€KTPOHHbIE CJIOH — OGOJIOUKH SIA-
pa aToMa; KOJIHYECTBO 3JIEKTPOHHBIX CJIO€B 3aBHCHT OT MeCTa,
KOTOpO€ 3aHHMaeT 3JE€MEHT B NepPHOJLHYecKoil cucreMe. ¥ BOHO-
poaa, HanpuMep, — OJHH CJIOH, y JHTHA — JBa, y aKTHHHIOB
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(31eMeHTOB TpeTbeil TPYNNBl MEepPHOLHUECKOH CHCTEMBI, CJeayio-
IIHX 32 aKTHHHeM) — ceMb W np. YHCJIO 3JeKTPOHOB PaBHO KO-
JIHYECTBY HPOTOHOB; MOTEpsl 3JIeKTPOHA HWJH ero npuobGpeTeHuHe
HOHH3HUDYeT aToM.

[TpoToHel, BMecTe ¢ HeATpOHaMHU cJaramoolide siApO aToMa, —
TAXKeable 3J1eMeHTapHble YaCTHIbl, HMeIOLLHe MOJOXKHTeJbHbIH 3a-
psin. HeiiTpoHbl Takike Ts)Kesble 3JeMEHTAapHble YacTHUbLI, HO
6e3 3/JEeKTPHYECKOro 3apsia; OHH BXOASIT B COCTAaB BCEX XHMH-
YeCKHX 3/IeMEHTOB (3a HMCKJIIOUeHHeM JIeFrKOro H30Tona BOJOpO-
npa). ITporons u HeHTPOHBI, 06sianas oueHb MaJjbLIMH pa3MepaMmp
[I0 CPaBHEHHIO C aTOMOM, COCPELOTOYHBAIOT B ceGe MOUTH BCIO €ro
Maccy. Hanpumep, kyGuueckuii Metp niaatuusl Becut 21,5 7; npu-
yeM 3TOT BeC COCPCAOTOYEH B OCHOBHOM B Macce sjep, pasMep
KOTOPBIX BCEro HECKOJIbKO TBICSIUHBIX J0JeH KyOHYecKoro Muaau-
meTpa. Ecau mpexncraButh cebe BeqMUMHY aTtoMa NJaTHHbLl pas-
HO# 31aHHI0 MOCKOBCKOro yHHBEpCHTeTa, TO si1PO aToMa ObLio
6bl paBHO MecudHKe; B ITOH-TO NeCUMHKe H COCPedOTO4HBaeTCcs
BCS Macca aTtoma.

B npupoiHbIXx mpomeccax, NpoTEKallIMX Ha 3eMJe U B ee
Helpax, NPOHCXOAHUT [V1aBHBIM 00pa30oM ecTecTBeHHBbI, caMonpo-
H3BOJbHbIH pacnan BeulectBa. CyllecTByeT HeCKOJbKO BHIOB
silepHbIX MpeBpalleHuii: anbda-pacnan, Gera-pacnap, 3JeKTPOH-
Hblil 3aXBaT, H30MepHble NpeBpallleHHsl, CIOHTAHHOe [eJleHHe
sifep u np.

Anbpda-pacnag conpoBoxAaeTcss MOTOKOM sigep renust (anab-
¢a-uactun). [1pu sToM poxjaeTcss HOBbI JeMeHT, pacroJarao-
uuiics B MeHaeseeBCKO# Tabsuie Ha JBe KJeTKH BJEBO OT UCXOA-
HOT'O 3JIeMEeHTa.

[lpu Gera-pacnage BblJIeTaeT NOTOK 3JeKTPOHOB. BHyTpu an-
pa BO3HHKAET HOBbI MPOTOH. DTO APUBOLUT K POKIEHUIO HOBOTO
3JieMeHTa, pacnoJaraiouierocsi B Tabnuue MeHzneneeBa Ha OAHY
KJIeTKYy BIIPaBO OT MaTEPHHCKOrO 3JIeMEeHTa.

DNeKTPOHHbIH 3aXBAaT BO3HHKAET NMPH MOIVIOLIEHHH 3JEKTPOHA
060/IOUKH OJHUM H3 NMPOTOHOB siApa. PoxJeHHBI NpH 3TOM HO-
Bblil 3J1eMEHT pacnoJiaraercsl B NepHOJHYECKOH CHCTeMe Ha OAHY
KJIeTKY BJIEBO OT HCXOLHOIO.

Ilpn u30oMepHbIX NpeBpallleHHsIX HCNYCKAIOTCA FaMMa-JyyH.
HoBbiX 3/ieMeHTOB mpH 3TOM He BO3HHKAET.

CrnoHTaHHOe JeseHHe flep XapaKTepHO JIsl CaMbiX TsAXKeJblX
3J1eMEeHTOB MEePHOLHUECKOH CHCTEMBbI.

Oco6eHHO BaXKHO BHISICHUTb YCJI0BHSI DOPMHPOBAHHUS TSKEJBIX
asnementoB. OHu MoryT GbiTb 06pa3oBaHbl 3a CueT cuHTe3a (co-
eMHeHHs) aTOMHbIX figep. Takue peaklHH NPOTEKAIOT NMPHU UYAO-
BHLIHO BbICOKMX TeMNepaTypax H B eCTeCTBEHHbIX YCJOBHSIX Ha
3eMJle NOKa He H3BECTHBL.

B pesysbraTe Ha3BaHHBIX filepHBIX peakuufi Moryt o6paso-
BBIBATbCSl HOBble XHMHMYECKHe 3jleMeHThl H HX pa3HOBHUJHOCTH.
Taxk BO3HHKAIOT H30TONbl, 3aHUMAlOLKe B NEPHOAHYECKOH CHCTe-
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Me 3JIeMEHTOB TO Xe MeCTO, UTO H MX NpPapOoAUTeNH, HO HMelollue
MHble, YeM OHH, aToMHble Beca. M3oTonsl oTaMualoTCss APYr OT
apyra coCTaBOM sipa H HHBIMH SlepHbIMH cBoficTBamu. Tak,
HanpHUMep, 3JeMEeHT XJOP COCTOUT U3 ARYX YCTOHUHBHIX H30TOIMOB:
17CI3 u 1;C1%7. Llucdpel y CHMBOJIOB 03HAYAIOT, YTO y 3THX H30TO-
OB N0 CeMHAALATH NPOTOHOB B Ape 3J€MeHTa, HO Pa3HOe UHCJIO0
He#TpoHOB. ¥ nepBoro u3orona ux 18 (35—17), y Broporo —
20 (37—17).

Y MHOrHX 3/1eMeHTOB, KpOMe YCTOHUYHBBIX, CYLLECTBYIOT Heyc-
TOHYMBbIE KOPOTKOXKHBYLIHE H30TOMNbl, NOJyyaeMble HCKYCCTBEH-
HBIM IyTEM.

Hast Toro yToGH! MWIKpE O3HAKOMUTb YHTATeJsl C COBPeMeHHOM
fIEPHOH reosorueil, Mbl paccKka)eM O ee MPHMEHEHHUH B KPYMHBIX
paszaenax reojoruyeckoil Hayku: reoxuMuu, reodu3nke, HUCTOPH-
YeCKOH reoJioTHH, KOCMOTOHHM, IMHAMHUEcKOil reoJlorHH, MeTpo-
rpagHH, MHHEPaJIOrHH, NPH H3YYeHHH MOJIe3HbIX HCKOMNaeMbIX.



H30TOIIbl B TEOXHMHH

CHOBOIIOJIOXKHHKH TreoxuMHH akanemukun B. H. Bepnan-

ckuil, A. E. ®epcMaH cuuTanu BaxHeHlIUM genoM HabJIoO-

IeHHs 3a MoBeJeHHEM aTOMOB B Pa3HOOGPa3HLIX YC/JAOBHAX,
160 TONBLKO 3TO MOIJIO 0aTh OObsCHEHHe MpeBpalleHHi BelLlecTB
fIpH U3MEHEHHUSIX cpelibl, OCBETHTb MpobaeMbl 06pa3oBaHHs H pac-
maga BewectBa. OHM mpoc/exXHBaJH KH3Hb aTOMOB B aTMocdepe,
B 3€MHOH Kope, B 06/1acTaX «BeyHOil» Mep3/0Tbl. OHH BHICKA3hl-
BaJIM NMPEANOJIOKEHHS O MOBEeJeHHH aTOMOB B HeBeAOMbIX HeApax
3emau.

Bo3bMeM x0Ts1 6bl BOLOPOA. DTO CaMblii JIeTKHH 3JIeMeHT ne-
puoxnyeckoii cucrembl. Popmbl ero ObITHA KpaiiHe pasHooOpas- -
Hbl. B aTMocdepe oH OZMH U3 OCHOBHBIX 3JIEMEHTOB; B 3€MHOH
KOpe OH BaxkHeiillas COCTaBHas 4aCTb MHOTHX MHHEPAJIOB; BCH
BOJHasi o6osiouka — 3TO cdepa rocnojacTsa BoLOpOaaA.

B reoxumun u30TOnoB 0oco6eHHO BaxKHa Tpynma Tex 3JeMen-
TOB, KOTOPble NpeTepneBaloT paaHOaKTHBHbIH pacmana. Tak, npH-
poaHbill ypaH B TeueHHe CBoeii 6aCHOCJOBHO AJHHHOH XKH3HH MO-
CTOSIHHO pacnapgaetcsi. IIpHPOAHBIN yPaH COCTOHT H3 CMeCH Tpex
usoronos: U228 U5 U4 Kaxabli U3 HUX MMeeT pa3jiHuHbli
nepuog nosaypacnaga. ¥ U238, nanpumep, oH nponoJkaercs ye-
THIPEe C MOJOBHHOH MHJAnHapia JjeT. KOHEUHbIMH NpPOAYKTaMH
pacmajga B 3TOM CJyuyae OKasblBaloTCs CBHHel H resuii. Ha TouHbIX
nojicyeTax KOJIHYECTB ypaHa, CBHHLA H reiusi U ObliH OCHOBAHH
mepBble MeTOAbl ONpejeJeHHsl IeolOTHYeCKOro BO3pacTa FOPHHIX
nopog.



HenocraTkoM ypaHoBoro mMerona siBjsieTcsl TO, YTO yYpaH CBS-
3aH C MOPOAAMH, KOTOpble JOBOJIbHO PeAKO BCTPEYAITCsl B MpH-
pone.

Pa3pa6oTka HOBHIX MeTOLOB ONpeneseHHss aGCOJIOTHOTO reo-
JIOrMYeCKOro BO3pacTa ropHbIX MOPOJ — OAHA M3 OCHOBHBIX HpO-
6sieM silepHOH reoJIOrMH.

Ho Tak kak 3To ee HampaBjeHHe 3apOLHJIOCH B Heapax reo-
XHMHH, TO HMEHHO Mepej reOXMMHKaMH CTOsAJa 3afaua ymnpoiie-
HHSl MeTOLOB omnpefeneHuss abcosoTHoro Bo3pacra. Ceifuac ang
3THX UeJeil HCMOJb3yeTcss OKOJMO 25 H30TONMOB pa3HOOGpa3HbIX
snemeHToB. [lpaBna, u3 25 H30TOMOB B saepHON reoJIOTHH NpH-
MEHSIIOTCS JIMIlb HeKOTOpble, a HMEHHO: YrJIepOAHbIH, aproHOBbI,
YPaHO-CBHHIIOBbIH, TOPHEBO-CBUHLOBLIH, YPaHOBO-reJIHeBbIH, TO-
pHeBo-resHeBblil, CBUHEL-CBHHILOBLI (M0 H30TOMaM cBHHIA: PbH206,
Pb207, PL208), pyGuaneBo-CTPOHLUHMEBLIH U Ap., @ TaKXe U3 BeLy-
WHX MeTOJ0B onpejeneHus abCcoOJIOTHOrO BO3pacTta — KaJguii-ap-
roHoBbIl, paspaboraHHbiii coBeTckuM yueHsiM . K. Iepaunrom.
StoT MeTox ymoGeH TeM, UTO KaJjueBble MHHepaJbl B MNPHPOLE
BCTpeuatoTcs oueHb yacto. [loatomMy Kanui-aproHOBBIE MeTOx
fIpUMEHsIeTCH He TOJIbKO B J1a60opaTopusaX Hallell CTPaHbl, HO H BO
BCEX KPYNHeHIIMX HayuyHbIX LeHTpax Mupa. Ecau B mpowsoM npu
HCNOJIb30BAHHU CBHHIOBOIO M TeJIHEBOTO METOAOB OMpeaessJcs
a6CoNIOTHBIH BO3pacT TOJNBKO TeX MOPOA, B KOTOPbLIX ColepiKa-
JHCb CBMHeWl H TeJdil, TO Tenepb mepeyeHb NOPOA 3HAUHTEJBHO
paclIHpHUJICS.

Ilpn npumeHeHHH Ka/aHii-aprOHOBOrO METONA B CHELHAJbHBIX
YCTAHOBKAaX BBIJEJSIIOT TOT aProH, KOTOPHIYl HAKOMUJCS B MHHe-
pajse B TeueHHe BCEro ero cyuiecTBoBaHus. Yalle Bcero B 3TOM
cJyyae HCCJAeAYIOT CJIOAY HAM mnoseBble wnathl. UToGbl BHIAEAHTD
HaKomuBIIMiiCS aproH, MuHepana Harpesator no 1200°. TounocTsb
HaOMIONeHHH MMeeT NMepPBOCTENeHHOe 3HAaueHHe, TaK KaK KoJiuye-
cTBa aproHa HHUTOXHbl. 3a 100 MHJINHOHOB JIeT B rpaMMe CJIOAb!
ob6pasyercs 0,03 KyGuueckux MUJJIMMeTPa 3TOro rasa.

[lTocne onpenenenus kosnuuectB aproHa-40 u kanus-40 pac:
CYMTHIBAIOT BO3pacT HOpPOAbLI C yueToM NepHOAa MmoJiypacnaja
Kasnusi-40.

[Tpubop, koTopbIli ompenesisieT KOJHYECTBO H30TOMOB, Ha3bl-
gaeTcsl Macc-cnektpoMmerpoM. [Ipunuun ero pa6GoTbl OCHOBAaH Ha
onpeaeseHMH Macc H30TONMOB, NPeo6Pa30BaHHbIX B MOJOXKHTEJb-
Hble HOHBI.

Boablioe 3HaueHie MOJAYYHJIH H Te MeTOHAbl, KOTOpble MOMO-
ralOT HaM BBISICHHTH XOJ Te0JIorHYecKHX mnpoueccoB. as 3To#l

" [eJIM 42CTO HCMOJb3YIOT 1aK Ha3blBaeMble MeueHble aTOMbl —
KOPOTKOXKHBYLIHE DPaLHOTEHHble H30TOMbI, CPOK MKH3HH KOTOPbIX
pOAOJIKAETCS JIHWIb IHH H Heleau. K HX yucay npuHamnexar:
HaTpHii-24 ¢ nepuonoM noaypacnaia 15 yacos, ¢ochop-32 c ne-
puosoM noaypacnaaa 14,3 aHs, cKaHAui-46 ¢ nmepHoaOM moJy-
pacnaaa 83,29 aHA 4 MHOruHe ApyrHe.



C noMombl0 3THX H30TONOB MOXKHO YCTAHOBHUTH CKOPOCTb
JBHXeHHs 06JIOMKOB B pycJie peKH, NPOC/AefHTh N0OBejeHHe ra3on
B MyCTOTax 3eMJIM U MHOTHe ApDYrue SiBJEHHSI.

3aecs paGoTa HccaeloBaTesisi CBOAHTCS K HaGJIONeHHIO 3a
nepefBHIKEHHEM H30TONOB B TeX MJIM HHBIX I'eOJOrHYECKHX YCJIO-
Busix. [las 3Tofl wenn mNpUMEHSIIOT paJHOMETPBl — MNpHGOPBI,
yJaBJHBalOLINe M3Jy4YeHHs, BO3HUKAIOILHE NMPH PaJHOAKTHBHOM
pacnazne uzorona. MMy Moryt GeiTh U3Mepennl aabda, 6eTa, raM-
Ma WM HeHTPOHHbIE H3JayueHusi. Uauwe Bcero usmepsitor 6era- H
ramMma-nusJjyueHHsl.

OG6bIYHO pafHOMETPHI COCTOAT M3 CUETYHKA — HOHH3UDYIOLIEN
KaMepbl, PerHcTpHpylollel paaHOaKTHBHbIe YaCTHIbl, H JaMIO-
BOTO YCHJIHTEJS, MOKa3aHHA KOTOPOTO mepejaloTcsl Ha rajbBaHO-
MeTp, TenedoHHbII anmapart, caMonuwWyunit npu6op. Paguomer-
pbl, MEXAV NMPOYHM, HCNOJB3YIOTCSl B I'e0JIOTHYECKOl pa3selke H
MOHCKAX HEeKOTOPBIX MOJE3HBIX HCKOMaeMblX.' ¥ CTAaHOBJIEHHble HA
caMoJieT H cHa6XeHHble CAMOMHUCLAMH, OHH 3HAUUTEJbHO obJer-
YalOT U YCKOPSIIOT MOHCKOBbIe paGoThHL.

Oco6yio rpynny o6pa3yloT MHOTOYHUCJIEHHbIE 3JEMEHThl U HX
H30TOMbl, KOTOPble He pacnajnaloTcsl no KpalHell Mepe B TeueHHE
H3BECTHOTO HaM IeO0JIOTHYECKOro BpeMeHH. DTH TaK Ha3blBaeMble
HepaJaHOreHHble H30TOMbI HCMOAb3YIOTCS LJ51 H3YueHHS SIBJEHHI,
CBSI3aHHBIX C OGpa3oBaHHEeM TrOPHbIX MOPOA. YueT KOJIHYeCTB
HepafHOreHHbIX H30TONOB MPOU3BOAUTCS TaKXe Macc-CIeKTpo-
rpaguuecKUMH METOILaMH.

MHoro reoxuMuueckux npo6jem CTOUT mepen CrMelHaJIHCTaMK
no snepHoit reonorud. OnHa U3 HUX npo6ieMa AMHAMHKH XHMH-
YecKoro coctaBa 3eMJIH.

B camom pene, uaMeHsieTCsl JIM XHMHUYeCKHH cocTaB 3eMJH?
Pacuersl nokasbiBaioT, uto H3MeHsieTcs. TobKO 3a cueT siepHbIX
npeBpalleHHii exerogHo o6GHOBASETCS] OKOJIO MHJIJIHOHA TOHH Be-
lmiecTBa HaueH naaHeTel. DTOT MpoLeECC B MpPOLLIble reoJoruye-
CKHe 3MOXH MpOTeKaJ ¢ ele GoJblueil HHTeHCHBHOCTbIO. OTciona
HanpauHBaeTCs BbLIBOM, YTO BELIECTBO 3eMJIH CO BPEMEHH CBOEro
0o6pa3cBaHHsl AOJXKHO OblIO NpereprneTb CHJbHble H3MeHEHHs.
Pacnaj TsKeJsblX aTOMOB NPHBOAUT K MOCTENEHHOMY YNpPOLLEHHIO
XuMHyeckoro cocraBa 3emau. Benb Takue ectecTBeHHble paauo-
aKTHBHble H30TOMbl, KaK pyoulauii, uHAMi, OJNIOBO, JaHTaH, JloTe-
uuii, penult u Apyrue, o6pasoBajsuchb B CBOE BpeMs 3a CueT pac-
nmaja TpPaHCYpaHOBBIX 3JIeMEHTOB, HEKOr[la CyLleCTBOBABIIHX Ha
Hallell mJaHere.

[1puueM Hamo yuecTb, UTO 3TH H3MeHeHHS HeoGpaTuMbl. Ecan
HCKJIIOUMTb BJIMSIHME KOCMHUYECKMX YacTHL, TO Ha 3eMJie He H3-
BECTHBI CHJIbl, KOTOpble MOIJIH Gbl OCYLIECTBHTbL PeaKIlHH CHHTe3a
ajeMeHToB. Kak Mbl yBHAWM HHXe, NpoGJeMaMi CHHTE3a XMMH-
YeCKHX 3J1eMEHTOB cefiuac 3aHHMaeTcsl re0OKOCMOTOHHS.
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U30TOMNbl B OBLIIEN
FEO®U3HUKE

6/1aCTH NPHMEHEHHS H30TONOB B reodu3nke H TeOXHMHB
4yacTo TPY.JIHO pa3rpaHHUHTD.

O6was reodusnka pasGuBaeTcss Ha TPU KPYMHBIX pas-
gesa: (HU3HKY BO3AYUIHOH 060J0uKH, (PH3HKY BOXHOH 06OJIOUKH
u ¢GU3HKY 3eMJH, HaH reodu3uKy.

Kpynublii pasnen rteopernueckoii reopusuku (M TeOXHMHH)
MOCBsIlleH BO3AYIIHON M KaMeHHO#l o6GoJsioukaM 3eMJiH, a TaKxke
ee rayO6HHHBIM o6siacTaM — MaHTHH H sigpa. OcoG6eHHO MHOro
HHTCPECHOro y3HaJld yueHble B NOCJIelHee BPeEMs B CBSI3H C NpO-
BefeHHeM MexayHapoaHoro reo¢u3nyeckoro roga. 1o Gbla rox
HCKYCCTBEHHBIX CNYTHHKOB 3emau U CoJiHIA, HCCJAeOBaHHH CHJ
TSI2KECTH U MarHUTHbLIX CBOCTB 3eMJH.

CoBpeMeHHble NMpPeACTaBJNCHHS O CTPOEHHH BePXHHX CJIOeB
atMocdepsl, NoJyuyeHHble C MOMOILbLIO HOBEHIINX METONO0B HccJe-
JOBaHHW#, MOKa3aJiM, YTO B Hell LIHPOKO pacnpocTpaHeHbl siaep-
Hble peakund. OHH BO3HHKAIOT NMOJ BO3JefiCTBHEM KOCMHUYECKHX
YacTHIl, HAYILHX K HaM He TosabKo oT CoJiHIa, HO U APYTHX CTyCT-
KOB BelllecTBa, pa3GpocaHHblX BO BceseHHoil. [lonaB B 30Hy Mar-
HHUTHOTO moJist 3eMJiH, KOCMHUYECKHe YaCTHULI HAUYHHAIOT IBUraThCS
BOKDYT Hac, NMOAYHHAACH B CBOEM [BHXEHHH HanpasjeHHSM Mar-
HHTHBIX CHJIOBBIX JIHHHH. YCTaHOBJIEHO, YTO faXe Ha PacCTOSHHUH
cBbile 50 ThiC. KM OT MOBEPXHOCTH 3eMJIH Bce ellle BCTpeuaeTcs
HemaJso ajaektpoHoB. CylecTByer fBa cBoeoGpa3HblX Mmosica Koc-
MHUYECKHX 4YaCTHII BOKpPYr 3eMJH: nepBhlii (BepxHHil) pacnoJo-
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xeH Mexny 35—50 ThIC. KM Hal MOBEPXHOCTBIO MJIAHETHI, BTO-
poit — ot 300—1500 no 5—8 Tbic. km. [Ipodeccopa U. C. Lknos-
ckuil 1 B. M. KpacoBckuii Ha3blBAIOT 3TH 30HBI «KOPOHOH» 3eM-
goro mapa. PacnpeneneHue KOCMHYECKHX YacTHIL B BEpXHHX CJIO-
aX atMmocdepbl, KaK Mbl BHAHM, He MOAYHHSETCS TaK Ha3biBae-
Momy npasuJay reoccep. CoracHo 3TOMy NpeACTaBJeHHIO, aTMO-
cepa cocTouT U3 cdep, Kak Obl BJAOKEHHBIX Apyr B apyra. Te-
1epb 3TO NPaBHJO ycTapeJo.

Bonpoc o BepxHeil rpaHnue atmocdepsl cTaa JUCKYCCHOHHBIM.
OnHo KaxeTcsi HeCOMHEHHBIM — CYLIECTBYeT MOCTENeHHbIH nepe-
xo oT atMocdepbl 3eMJaH K 06J1aCTH MeXMJIAaHETHOro rasa.

Ha Bbicote B 3—4 ThIC. kM OT MOBEPXHOCTH 3eMJH B OLHOM
KyGHUECKOM CaHTHMeTpe MpOCTPaHCTBa HacuuThiBaeTcs A0
1000 map woHoB. ATmMocdepa B 3THX mpepenax (HaAM 30HA MEX-
MJIaHEeTHOrO ra3a) COCTOMT IJIaBHbIM 06pa3oM H3 BOAOpoAa, HO
3[eCb K€ DPErHCTPHPYIOTCS M 3JIEKTPHUECKH 3apsi)KeHHble KCCMH-
geckue yacTHuKH. HuxHsia rpaHuua sk3ocdepbl (BHeLIHxus reo-
cepa 3eMaH) pacmoJiokeHa Ha Bbicote okoso 500 xm. Ot mo-
BEPXHOCTH 3eMJ# A0 3TOH rpaHHubl aTMocdepa MOCTENeHHO CTa-
HOBHTCS GoJiee pa3pesKeHHOH M, HAKOHell, B ee COCTaBe CoXpa-
HSeTCS TOJbKO HOHM3MDOBAHHBI BOJOPOA M HEKOTOpOe KoJjHue-
CTBO HOHH3HDOBaHHOrO aTOMapHOro a3ora M Kucjaopopa. Kax-
flast 4yacTHYKa 3echb ABHKETCS CO CKOPOCTbIO B HECKOJIbKO ThICSY
KHJIOMEeTPOB B CeKyHAy. B 3aTeHeHHOH cTOpoHe 3eMJIH HOHH3a-
nus atMocdepbl He3HauHTeJbHa, HO Nox BausHHeM CoJHLA YacThb
BepxHeit aTMocdepbl (3K3ocdepbl) HOHU3HPYETCH, CTAHOBHUTCS
snekTponpoBofsilell. Harpes BausieT U Ha CKOPOCTH ABHXKEHHS
qacTul. Mexnay npouuM, 6jaroiaps KOPNycKyJsipHOMY H 3JIeKT-
pomarHuTHOMy H3aydyeHusm CosHUAa B MOJSIPHBIX 30HAX HauH-
HaeTcs CBeuyeHHe HOHU3HPOBAHHBIX MOJIEKYJ a30Ta U BO3HHKAIOT
HOJsIpHblE CHSIHHS.

B nonoctepe (uutepBas or 80 mo 500 km Hax MOBEPXHOCTbHIO
3eMaH) MIOTHOCTb aTMocepHOro rasa MOCTENEHHO YBEJHUH-
Baercsi. Ha Bbicote B 300 k# oHa paBHa 1 MJIpA. 4acTHI, B OZHOM
Ky6uueckoM caHTumeTpe. XHMHUECKHil COCTAB ee B OCHOBHOM TOT
Xe, uTo U B 3K3ochepe. CreneHb HOHM3aLMH TaKXKe CBA3aHa ¢
COJIHEYHOH paauauuei.

B BepxHeit aTMocdepe (3k3octhepe M HoHOcepe) 6Gosblof
HHTEpec NMpeaCTaBJSIOT SAePHble peakiHH, HAYyLiHe MOoA Bo3aeii-
cTBHeM GoMGapaHpPOBKH aTOMOB aTMocdepbl KOCMHYECKHMH 4a-
cruuamu. [Mpu 6omGapaupoBKe aTOMOB a30Ta HEHTPOHAMH H MPO-
TOHaMH 3[leCb BO3HHKAlOT M30TON BOZOPOJA TPUTHI, usoron Ge-
puaaus — Be?, usoron yraepoga — C! u ap. Hekoropble H3
3THX M30TONOB NMPOHHKAIOT B HHXKHHE cJoH aTMocdeprl U ycBau-
BAIOTCS1 PACTEHHSIMH HJIH MOIJIOWAIOTCS MOPCKHMH OCafKaMH.

ITo mpencraBnennsim B. B. BenoycoBa, paguHosneMeHTh pac-
mpeneneHbl B Tesie 3eMJH HepaBHOMepHO M 06GpasyloT ouars
TJIaBHbIM 06pa3oM B NMOBEPXHOCTHBIX 4acTAX 3eMHOH Kopbl. Ecan
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6bl pamHoO3JeMeHTH ObIIM pacnpefesneHbl PaBHOMEDPHO IO Bced
nJjaHere, TO B pe3yJbTaTe HX pacnaja BblAe/qnaoch Obl Takoe
KOJIH4eCTBO TenJja, KOTopoe pacmjasBuio Obl B CAENajo HeyCToH-
YHUBbIM BHYTPEHHEe BellecTBO 3eMJIH.

Ecau noabiToxKHTh BCe M3BeCTHble HaM THINOTE3Bl O BHYTPEH-
HeM CTpPOeHMH Halueil MJaaHeTbl, TO Mbl YBHAHM, UTO MOJABJSIO-
mee GOJNBUIMHCTBO HX aBTOPOB CUMTAIOT AP0 3eMJIH Kesie30-HH-
KesaeBbiM. DTH NpeacTaBJeHHsl ONUpalorcsi B OCHOBHOM Ha [Ba
¢akTa — Ha Hasuuue reocdep, NOATBEPKAAEMBIX CefiCMUUECKH-
MH HalJIIOfleHHsIMH, H Ha HECOOTBETCTBHE MeXJy CpelHeil nJor-
HoCTbiO 3emau (5,52) M NJIOTHOCTbIO MOBEPXHOCTHBIX Mace
(2,7—2.8).

Paccnoenue BHyTpeHHHX 30H 3eMaH Ha reocdepsl MOXKeT ObITh
O0GbSICHEHO HE TOJNBKO H3MEHEHHSIMM XHMHUECKOro COCTaBa BHYT-
pu 3emau. OGpasosaHue reocep MOrA0 BO3HHKHYTb H B pe-
3yJabTaTe 0cO60Oro arperaTHOTO COCTOSIHHS BHYTPEHHHX uvacTtel
3eMJH, CO3/aBUIErocs MPH JaBJeHHSX B COTHH THICSY H MHJJIH-
OHbl aTMocdep. BrnonHe BO3MOXHO, YTO NMPH TAaKUX HaBJEHHSAX
MOTyT ObiTb H3MeHEHbl siiepHble CBOMCTBA BellecTBa, H OHO MO-
}KeT OKa3arbCsl OJH3KUM N0 CBOEMY CTDOEHHIO BeLIeCTBY CBepX-
TSXKeNblX 3Be3l, 00/1a1a0lKX, KaK H3BECTHO, OFPOMHBIMH MJIOT-
HOCTSIMH. HakoHel, MOXHO NpPeLNOJIOXKHTb, YTO BHYTPEHHHE ua-
cTH 3eMiH HaxoaaTcsl B TaK Ha3blBEMOM IJIa3MEHHOM, HJH YeT-
BepPTOM COCTOSIHHHM BelleCTBa.

I1Ipn npuveHeHun reodusuyeckux METOJOB Pa3BeIKH MoJe3-
HBIX HCKOMaeMbiX WIHPOKO MCMOJb3YIOTCS H30TONbI, Hanpumep,
NpH paZgMOaKTHBHOM Kaporaxe ckBaxuH. [lon tepMuHOM Kapo-
Tax MOHUMAIOT U3yueHHe HHU3HUECKHX CBOHCTB ropHbIX nopos Ge3
M3BJIEUEHHs] MX HA MOBEpXHOCTb. Jlas -3Tol wenm onyckamor B
CKBaXXHHY npubopbl, udMepsiowne (u3nuecKue noJs tex Nopon,
KOTOpble MpoiifeHbl CKBaxHHOH. DBosblioe 3Hauenue npu 3ToM
HMeeT H3MepeHue DJeKTPHYECKHX moJell (3/eKTpokapoTrax) H
MarHuTHbBIX noJdell (MarHuTHbIH Kapotax). HM3yuenne ¢usuxn
aToMa NpHBeJO K CO3JaHHI0 raMMa-KapoTaxKa, HEHTPOHHOIO Ka-
portaxa u np.
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H30TONbI B UCTOPUYECKON
FEOJIOTHH

CTOpHIO Haulell 3eMJH KaK IVIaHeThl CO BpeMeHH o6paso-

BaHHSl 36MHOH KOpbl M3yuyaeT Psf reoJIOTMYecCKHX HayK, KO-

TOpble 00beAHHAIOTCA MOA OOLIMM Ha3BaHHEM — HCTOpHYE-
CKasi reoJsIorus.

Oco6eHHO BaxHO 3HaTh, M3yuasi pa3BuTHe 3eMJIH, reoJiOTH-
4eckHil Bo3pacT Bcex 00pa3oBaHMi, CaaraiolWUX 3eMHYI0 KOpy.
BuisicHeHue Bo3pacTa rOpHbIX NMOPOA 4O OTKPbITHA PaLHOAKTHB-
HOro pacnaja npoM3BOJAHJIOCH IOUTH HCKJIOYHTENbHO Ha QCHOBA-
HHHY H3yYeHHUsS OKaMeHeJbiX OpraHuueckux ocratkos. Ho B TOM
cJlyuae, ec/l¥ NOPOALI OKAa3bIBAJHCh «KHEMBIMU®, TO €CTb He COJep-
KalwuMy oKkaMeHesocTell, NOpPO BO3HHKAJNH Henpeo10JHMble pe-
nsatcteus. OcoGeHHO TpyaHo Gblio pacwHdpoBaTh BO3pacT Mmar-
MaTHueCKHX o0pa3oBaHHiH, a TakKxXe BO3pacT ApeBHeHLUIUX, Tak
#a3biBaeMblX, JOKeMGPUACKHX MOPOA.

[Mocne oTKpbiTHS KaJuii-aproHoBOro MeToAa YHCJO onpeneJe-
Hu#l Bo3pacta pe3ko Bo3pocJo. Kanuii-40 Bctpeuaercs Bo MHOTHX
fopoaax, OH BXOAHMT B COCTAaB BaXKHEHIIHX MHHEpPaJsoB, M3 KOTO-
PblX COCTOMT O0JbLIASA YACTb 3€MHOH KOpBI.

Joaroe BpeMsi BO BCex yue6HHKax MUpa NMPHUBOAHJIHCH CBefe-
HUSL O TOM, YTO BO3PACT APEBHEHIINX FOPHBIX Mnopoa Ha 3eMJe
paseH aByM Muasnuapaam Jet. Cefiuac ata undpa H3MeHeHa.

My yxe nucaau o Bo3pacre apeBHefimux nopoa Koabckoro
MONYyOCTPOBA, a TaKXkKe HEKOTOpHIX paioHoB Adpukd, MHaun H
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Ascrpanuu. Ceiluac Mbl pacroJsiaraeM ThICSUaMH OmpeneseHHi
pa3Hoo6pa3sHbiX ropHbIX MOPOA, KOTOpble NMOMOraloT HaM 3aHOBO
paccMoTpeTb BO3pacTHble MEpPHOAbI Hallell naaHeTbl H COCTABUTH
HOBYIO TFeOXpOHOJIOrHYecKyio Tabauuy, pa3paboTka H yTOUHeHHe
KoTopo# npoposxaercst (cM. taba. 1 Ha cTp. 18).

B nokemGpuiickux o6pa3oBaHHsiX OpraHHMYecKne oCafKH Kpai-
He peldKH. JTO 3aTPyAHANO BbisiICHEHHe BO3pacTa MHOTHX HOKeM-
6puiickux ropHbix nopoa. Tenepb nokeMOpuil pacuseHeH BecbMa
HNeTanbHO MO AaHHBIM onpeaeneHHil abCOAIOTHOrO Bo3pacTa.
Ilpasna, TouHocTh onpesneneHuii abCONIOTHOrO Bo3pacra ApeBHeil-
HwIHX TOPHBIX NOPOA NOKa eule HeBenHnka. Kpome Toro, onpeneass
BO3pacT OKaMeHeJ0CTel, BCTPEeuarolluxcss B reojordyeckux ToJ-
uiax, MOXHO, B CBOIO Ouepeldb, BbIICHHTb BO3pacT CaMHX TOJLL.

JlioGonbITHBI NpUMep 3TOMY AaCT HCTOPHS C OKaMeHesoi pa-
KOBHHOI [peBHEro MOPCKOro KHBOTHOro — G6paxuonoabl. Co-
TPYyaHHK [OpHO-reonornyeckoro HHCTHTYTa Ypaabckoro duanana
Axanemun vayk CCCP A. C. llyp uccnenosan aGconioTHbI BO3-
pact 6paxuonof, COCTOAWMX M3 TNayKOHHTOBOTO HM3BECTHAKA,
a, KaK M3BeCTHO, B I1ayKOHHTe colepxutcs A0 7—8% kaaus.
DTOro KoJiMuecTBa Kajus 0Ka3aJochb JOCTATOYHO ANs onpeaenenui
Bo3pacTta. PesyabraTt Gbin GaectsiuiuM. Bo3spacrt atoit 6paxuono-
Zbl oKa3anacsi paBHbIM 420 MUJIIHOHAM JeT, TO eCTb COOTBETCTBO-
BaJ OPLOBHKCKOMY mepuogy (cm. taba. 1).

Hakonnenue cBeaennii mo onpeneneHnsiM aGCoOJIIOTHOrO BO3-
pacta ropHbix nopol mpuseaeT B OyaAylleM K CO3LaHHIO reoJOrH-
yeckOoR KapThl MHpa, BO3pAaCTHble HHAEKCHI Ha KOTOopod OyayrT
JOCTAaTOYHO TOYHLIMH.

B nocnennee sBpems B apxeosorun 60JbllIoe pacnpocTpaHe-
HUe MOAYYHJ METOA onpejefeHHss abCOMIOTHOrO BpPeMEHH, OCHO-
BaHHbIl Ha TOYHbIX KOJHYECTBEHHbIX MOACYETAaX PAAHOAKTHBHOrO
u3zotona yraepopa (C'4) B apeBecuHe. PaanoaKTuBHbI H30TON
yriepona BO3HWKAeT B BEPXHHX CJOfX aTMocdepbl NOA BJAHSHHEM
60M6apAHPOBKY KOCMHYECKHMH 4YacTHLUAaMH aToMoB asora. To-
KaMH{ BO31YyXa paJHOaKTHBHLIA yraepoa onyckaercs Ha 3eMJio H
oxucanercsi. O6pasopaBwasncs ABYOKHCh yraepola ycBauBaeTcs
pactenusamu. OTHOlIEeHHe PaAHOAKTHBHOTO H30TONa yrJaepoaa K
HepaAMOaKTHBHOMY B Ji00OOM BHIE€ APEBECHHbl BCEria MOXHO
noacuutath. M3BecTHO, uTOo nepuo; nosypacnana pamHOaKTHB-
HOTO H30TOMa yrJjepoaa paBeH NPHOJIHU3HTEJNbHO LIECTH ThiCAYAM
Jiet. 3Has CpeiHHil MPOLEHT ConepxaHWa B ApEBeCHHe pasJiuu-
HblX H30TOMOB YrJepoiaa, MOXHO MOACUHTATb, CKOJIbKO JIeT Mpo-
Jexana apesecHiHa B 3eMJse. Oka3ajocb, 4YTO 3THM MeETOAOM
MOXXHO NaTHPOBATb apPXeOJIOTHYECKHE CTOSSHKH M apxeoJoruye-
cKue MaMsATHHKH C TouHocTbio oT 50 no 500 ser.

PanuoyraneponHsbiii MeTOA Aaj BO3MOXHOCTb MOMOHTH K pelle-
HHUIO OLKOH H3 CJOXHeHWMX 3arafiok — K npobjeme CyLLeCTBO-
BaHMs H rubenn ATNAHTHABL

HsBecTHo, YTO ApeBHHE €TUNTSHE M ACCHPUIULI HAYHHAIOT
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CBOE  JIETOCUHMCJIEHHE C HeKoero COGBITHSI, MNpPOHCLIENUIETD
11500 ner nasan. PaanoyrnepoanbiM MeToaoM Gbl1a MoJayyeHa
Jio6onbiTHas Huppa: okasanocb, YTO MOCJAEAHHH JeAHHKOBbIH
nepuoa B EBpone 3akoHuuscs 12 thicsu ser Hasan. [waposory,
u3yuaswne rpyHTt co aHa CeeepHoro JlepoBuToro okeana, ycra-
HOBHJIH, 4YTO TemJable BoAbl osbdcrpuma npoHukau B CeBepHblit
JlenoButhifi okean takxe 12 Tbicsauy JeT Hasam. 12 Teicau Jer
nHasan noru6 TaAMBIDCKHH MaMOHT, Tpyn KoToporo Obln Hainen
B norpe0eHHbIX GOJOTHCTBIX NOuBax, C¢GOPMHPOBABLUIMXCS Ha
TafiMbipe npu oTtctynaenud Jjeanuka. M, HakoHew, HepaBHO
rpynna aMepMKaHCKHX yuyeHbIX o6Hapyxuaa B npobe rpyHTa co
JHa ATNaHTHYECKOTO OKeaHa MOLUHbI CJ10# BYJKaHHYECKOro mem-
Ja, HakonuBuierocs 12 Thicsiu JieT Hasan.

CoBnaneHue nart BCeX 3THX COGBLITHH Aajo OCHOBaHHe TMpoO-
deccopy H. @. J)KupoBy BbickasaTsb caenyiollyio runoredy: AtnaH-
THA4 CYyLlecTBOBaJa B LeHTpPe ATJaHTHUECKOro okeaHa. DTo Gbia
OrpOMHbIl OCTPOB-MaTePHK, KOTOPbIi neperopakusan AT/iaHTH-
yeCcKHil OKeaH, 3aKpblBaJs LJOCTYN Ha CeBep TerbiM BojgaM MekcH-
kaHckoro 3anuBa v Kapu6ckoro mops. Tenable Boabl coBepluiafn
KpyroBoe f[BHXKeHHe Yy GeperoB rHraHTCKOro oCTpoBa AT/aaHTHIBL.
12 Teicsiy seT Hazam pa3pasusach Karactpoda, CONpOBOXKAAB-
masicsi KOJIocCa/NbHbIMH Pa3JioMaMH 3eMHOH KOpDbl M BYJKaHHYe-
CKHMH H3BepXKeHHSIMU HeoOblualHOH CHJIbI.

B pesyabrate kartactpocdsl npousowes pasjioM ATJaHTHIB,
¥ oHa morpysujacb Ha AHO atiaHTHKH. [locae katactpodsl [oab-
¢erpum nposoxua cebe nyte k 6eperam EBponbl, u nossaenue
TeMmJblX 3KBAaTOPHAJbHbIX BOX Ha CeBepe YCKOPHJIO OTCTyMNJeHHe
JIbJIOB C €BPONEHCKOr0 KOHTHHEHTA.

MHuorue naneoreorpacduueckne npo6seMbl pelaiorcs ceiiuac
C NOMOLUBIO HepajHOTeHHbIX H30TOnoB. B oAHOH u3 npo6 wuau-
cTOro ocajgka co aHa Tuxoro oxeaHa, B35iToil y GeperoB OCTpOBa
PeBunbst Xuxe1o ¢ rayGuHbl 4725 M, Gblio 06Hapy:KeHO MHOro
dopamuHubep, KHUBLUIHX B Havaje TPETHUUHOrO Mepuoaa, TO ecTh
0KoJ10 60 MuaJaHOHOB JieT Ha3al. PakoBuHbl dopamunudep uccie-
JIOBaJd Ha coJepXKaHHe HepajMOreHHbIX H30TONOB KHCJOpPOAA
(0'6 u 0'8). Ilepen 3TUM HcciedOBaHHE DAKOBHH COBPEMEHHBIX
JKMBOTHBIX N0Ka3aJio, uTo onpeneJseHHble cooTHouenus 0'6 y 0!8
BO3HHKAIOT IpH, U3MeHeHHsX Temnepatyp. Bospact Tuxookean-
CKHX paHHeTpeTHUHbIX (popaMuHudep okasaJcs paBHbiM 60 MuJ-
JIUOHAM JIeT, a TeMnepaTypa BOAbl, B KOTOPO# OHU B TO BpeMs
o6uTany, 6b1a ot +9,4 1o +11,5° T. e. Ha 5° Bbllle, yem B HaWH
JHH.

Tak H30TONHBI METOJL MOMOT MOJYYHTb LEHHeHIIHe JaHHbIe
No MaJeoKJHMaTONOrHH.

N3yuas Bo3melicTBHE H30TONOB Ha COBPEMEHHble OPraHHU3MH,
Hccaenysl BO3AEHCTBHS PaJHOAKTHBHOrO o6JyueHHs Ha XOJ HeKOo-
TOPbIX XMMHYECKHX PEaKUHH, ydeHble MPHLIIH K BbIBOAY, YTO 3TOT
dakTop (paauauusi) cyllecTBOBaJ Ha 3eMJie H3JpeBJe W Bcerga
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OKa3blBaJ BJHsSHHE HAa XOJ HEOPraHHUecKOoH M OpraHHYecKoil 3BO-
JIIOLIHA.

B pasBuUTHM XH3HM HA 3eMJie OTYETJIHBO HAMETHJOCL JBa
OCHOBHbIX 3Tana — aGHOTeHHbI MNepuos OpraHo-XHMHUYEecKoH
sposioliny ¥ Guorensbiit. [To A. M. Onapuny, HauaJbHble 3Tanul
aGUOreHHOil 3BOJIIOLMHM CBsI3aHbl ¢ (POPMHPOBAHHEM YTIJIeBOAO-
POAOB W HX pa3BHTHEM, a TakKxe C 00pa3oBaHHEM M3 YIVIeBOAO-
pPOJ0OB acHMMETPHYHbIX OPraHMYeCKHX COeJHHEHHHl U HX OKHcJe-
HHEeM M BoccTaHoBJeHHeM. B pesysnbrarte Takux peakuuil B npu-
POAHBIX YCJOBHSAX BO3HHKAJH CJOXKHbIe OpPraHHyecKHe coefgHHe-
HHsl, U3 KOTOPbIX NO3/Hee, B GHOreHHYIO CTaLHIO 3BOJIOLHH, cop-
MHpOBaJHCb OenkoBble Mojekyabl. CuMTasochb, 4TO CTHMYJASITO-
paMy TakHX peakUHH OblIH TpO30Bble paspsabl, yabTpaduosaero-
Boe o0OJslyueHHe W mp.

HsyueHue sseMeHTapHBIX YaCTHYEK aTOMa BBIABHHYJO HIEI0
O posii aTOMHOH (MoXKeT ObiTh, KOCMHYECKOH) pagHaluu HA XO[
OpraHO-XHMHYeCKOH 3BOJIOLUMH BelLiecTBa. JTa HAes MNOAKpen-
JsieTcst 3KcnepuMeHToM. Tak, Mpu mpou3BoAcTBe GeH3HHA, MpPH
KpekuHre He(TH, Ha OJHOM H3 3aBOAOB OblJIO NMPOBEAEHO MNpen-
BapuTeJbHOE ramMma-oGJyyeHue cbipodl He(dTH C MOMOLIbIO KO-
Ganbra-60. Okaszanocb, yTo 0O6JyueHHe YCKOpseT NpolLecc pac-
LlenJieHHs TSXKeJblX YrieBOAOPOAOB, OH NMPOHCXOAHT 3HEpPruuHee
H NpUBOAMT K GOJIbIIOMY BbIXOAY JIETKHX YIJeBOALOPOAOB (6eH-
3HHA).

Koraa sapoaunach xH3Hb Ha 3eMJie H KaK OHa pa3BHBaJach?
W Ha 5TH Bompochl mnbiTaercs AaTb OTBET SAAePHAST TEOJIOTHS.
YcraHossneHo, HanpuMep, YyTo rpadUTOBbIe THElChl YKPaHHbl HMe-
toT Bo3pact 2200 maH. jger. 'padur B 3Tux rHeiicax mor o6paso-
BaThCsl TOJBKO 33 CUET HAKOMJEHHs yriaepoaa 3 KaKHX-1H6O
pofopocaeii. A rpadurosble caaHubl Majgarackapa, Kak Mbl yxe
roBopuJid, uMeloT Bodpact 2600 MuanuoHoB Jer. CiienoBaTesbHO,
XKH3Hb Ha 3eMJie BO3HHK/AA HA APEeBHEHUIHX 3Tanax ee pa3BHUTHS.

B pa3BuTuu KHU3HM Ha 3eMJI€ BLIAEJNSIOT Y€Tbipe KpPYMHBIX
3Tana: JoKeMOGpHHCKMH, Ma/neo30HCKHH, Me3030HCKUH M KaiHo-
3o0iickuii (cM. Taba. 1).

JlokeM6puiickuii stan Obll CaMblM JJMTENbHBIM — 3HauH-
TeJiLHO GoJsiee OBYX MHJJHApAOB JeT. B 3To BpeMs He TOJIbKO
3apoju/ach XKH3Hb Ha 3eMJe, HO M MNpPOLJIH nepBble (a3bl ee
aBosilonMH. B ocagkax npoTepo3ost HaXOAST OKaMeHeBIIHe CJebl
yepBeil, OKaMeHeJble OCTaTKH ry6oK, pakooGpa3sHbIX, MOJJIIOCKOB.
HsBectunl Takke nepBble Ha3eMHble pPacTeHHS — IMCHAOQUTHL.
Mbl eule He 3HaeM NMOAPOOHOCTEH 3BOJIIOLMH 3THX OPraHH3MOB,
TaK KaK JOoKeMOpHICKHEe OCaAKH CHJbHO M3MeHeHbl (MeTaMopdu-
3oBanbl). BMecte ¢ mMeTamop(u3MOM B MOpPOAaX CTHPAIOTCA H
ocTaTku caegoB okameHesocrteid. Tak, Hanpumep, oObluHbIH H3-
BECTHAK CO CJ€1aMH OKaMeHeJoCTell mpH mMeTaMopduiMme npespa-
L1aeTca B KPHCTaJJHuYecKyio mopofy — Mpamop. Kpucrannusa-
1[1s] YHHUTOXKAET CJe[bl XXH3HH.
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Ta6nauna 1

TFeoxpoHoJoruyeckas WRajda NO AAaHHLIM OnpexedeHHsi aGCOMIOTHOrO
Bo3pacta Ha 1960 r.*

Bpems, npowen-
wee OT Hauana

nepuoaa (B MHJI-
AHOHAX JeT)

Opsl, nepuoan u 3noxu (urndpamu 06o3HayeHa

HX NPOAOJIKHTEJNbHOCTE B MHJIJIHOHAX .ne‘r)

Kaftnosofickas apa 70

YerBepTHuHLifi nepuos | 1
IManouen 10
Heoren _— M — 95
Tpernunmit HOUeH
OauroueH 40
neproa 69 IManeoren Souen 70
IManeouen

Meso3ofickas spa 155

Bepxhuii 100
Menosoii 70

HuxHuii 140
IOpcknit 45 185
Tpuacosbiit 40 225

TManeosofickas spa 345
Tlepmckuit 45 270
KameHnoyronbHuiit 50 320
Jesouckuii 80 400
Cuaypuiicknii 20 420
Opunosukckuii 60 480
Kem6puiickuii 90 570
IlokemGpufickue 3pu okoao 3000

Pudeiickaa (Jdokem6puii 1V) 600 1100—1200
Tlpoteposoiickas (dokem6Gpuii [1I) 1800—1900
Apxeiickaa (Lokem6puit 11) 2600—2700
Karapxeiickas ([okem6puii I) 3400—3500

* [lo nauupiM Kommuccuu mo onpenesenuio aGConOTHOrO BO3pacTa reoJio-
ruuecknx ¢opmauuit npy OITH Akanemun nayk CCCP.
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Bropoit s3Ttan — naneo3oiickuit — mauics oxoso 350 Muaan-
OHOB JsieT. DTO 3Tan GypHOH 3BOMIOUHM MOPCKHX H Ha3eMHbIX
pacTeHuit ¥ XHMBOTHbIX. 570 MHUANUOHOB JieT Ha3al B MOPAX MO-
SIBUJIMCb MHOrOYHC/EHHble YIeHHCTOHOrHe H3 Kjacca TPU/NOGHTOB,
HblHE MOJNHOCTbIO BbIMEpLIHE,

400 MuANHOHOB JsieT Has3al chOPMHUPOBAJHCHL NMEpBLIE NMO3BO-
HOuHble xuBOTHble. OHHM NMpHHALJEXKaNHW K Tpynne MaHUHPHBIX
pbt6. [Tonano6unoch eite okono 130 muanuoHoB Jer, uToGbl B
npouecce 3BOJIOUHH M3 TPYNNbl pbi6 BLIAENHAHCH KUBOTHBIE, 06-
JAajnasiine ¥ KabpamH, H JerkuMH, HMeBUIKe BMeCTO IJ1aBHHKOB
aanbl. Tak, 270 MunaHOHOB JieT Ha3an BO3HHKAW aM¢ubuu. Cny-
cta 20 MHJNHOHOB JIET MOCJ€E 3TOr0 COGBITHSI MOSIBUJIHCh MEePBbIe
pentuanu. 3TO NPOH3OLIJIO YeTBepPTb MUJJMHAPAA JieT Hasald. Bul-
X0/ KHBOTHbIX Ha 3€MJIO COBNAaJ C “MbILUIHbBIM Pa3BUTHEM pacTH-
TeJIbHOCTH (rnaBHbIM 00pa3oM NamnopoTHHUKOOOPA3HbIX) H NOSAB-
JIEHHeM MHOTOUYHCJEHHbIX HaCeKOMbIX.

Tperuit 3tan pa3BUTHSl KM3HH — 3TO LAPCTBO THrAHTCKHX
penTHauil, JNeTalOWHX AWeEepPoB W MNTHU (NTHUB NOSBHAHCH
140 munnuonos snetr Hasan). Hauano tperbero stama OTCTOHT OT
Haluero BpeMeHH Ha 225 MHJJIHOHOB JeT, KOoHell — Ha 70 Mua-
JHOHOB neT. B 310 BpeMsi MeHsieTcs He TOJbKO OGJHK ayHbl, HO
NPOUCXOAMT CMeHa pacTtureabHocTH. [TanopoTHuKoo6pasHbie ¢hop-
MBI YCTYMUAY XBOHHbIM. XBOHHbIE MOSIBUJIUCH ellle C KOHLA naJe-
030MCKO#1 3pbl, NPUMEPHO C cepelHbl nepmckoro nepuona. B kown-
e Me3030iiCKON 3pbl, OKOJNIO CTa MHJIJIHOHOB JIeT Ha3al, BO3HHK-
JIM nepBble MOKPbITOCEMEHHblE W LIBETKOBbe pacTeHusi. B me3o3oe
(160 muaauoHoB JieT Haszal) cHOPMHPOBANIHCH NEPBbIE MJIEKOMH-
TalolLH1e.

YersepThlil 3Tan — KaiiHo3o#ckuii. OH anuiacs 70 MHJIJIHOHOB
aer. KafiHo30# — 3T0 mapcTBO MJEKOMUTAIOLULHX, TOKPbITOCEMEH-
HbIX pacTteHuil, pa3HooGpa3HbIX MOJJIOCKOB M HacekoMbiX. [Ilep-
Bble yesoBekooGpasHble 06e3bsiHbl NOSIBHAHCH 40 MHJJIHOHOB JeT
Ha3al; nepBbiii JKe YeJOBEK KW/ OKOJIO MHJJIHOHA JeT Ha3al.
C nosiBiieHHeM uyeJiOBeKa HauaJjCs YeTBEPTHUYHbIH, HJH, Kak eroe
HHOTa Ha3biB3IOT, aHTPOMOTreHOBbI, NEPHOL B MH3HH 3eMJH.

YrnepoaHblii MeTOn MO3BOJIMJ JOBOJbBHO TOYHO YCTAHOBHTb
HocJeHHe 3Tanbl 3BOJIOLHUH YeJoBeKa M ero KyJabTypol. Tak, Ko-
Hell BepXHero najeonurta otaesex ot Hac 10—10,5 Teicsuamu aer.
Bponsosblii Bek Hauasacs 4,5 TbICSYM JieT Ha3aldl; KeJe3Hbli —
2,5 ThicAuiH. B 3BOJIIQLHOHHOM pa3BHTHH JKH3HH Ha 3emJe OTMe-
YyeHbl 3Tanbl MacCOBOIO BbIMHPAHHS H 3aPOXK/AEHWA HOBBIX (opM.
TIpuunHbl MHOTHX H3 HUX MOKA ellle HesCHbI.

IMouemy, nanpumep, 570 MUJANHOHOB JeT Ha3al, B HauaJje
naJneo3oiickofi 3pul (cM. Taba. 1) NOABUANMCH B OFPOMHBIX KOJIH-
yecTBaX pasJyiHuHble NPeiCTaBHTEH XHUBOTHOTO MUpa?

Dnoxu MaccoBOro BbLIMHPAHHS MpeacTaBuTeNell KUBOTHOTO H
PacTHTENbHOTO MHpa HaMeyaloTCs B KOHLE OpJOBHKA, MePMH H
Meaa (cM. Taba. ).
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Tlouemy, nasee, BBIMEPJIM THraHTCKHE sILIEPHI, HaceJasBLIHe B
nepuola Me3030icKoit apbl Bcio 3emaio? Ha knanbuute okamene-
JbIX Me3030fickuX AuHo3aBpoB B CpenHelt A3uu oGHapyXKeHbI
JeCATKH MHJIJIMOHOB TOHH KOCTell 3THX XHBOTHBIX.

[TpyunHbl BBIMHpaHHUSI NBITANHCh OODBACHHTbL H3MEHEHHSIMH
kaumata. Ho cienos Gosiblioro noxosnopaHus HJAH, Ha060poT, MO-
TenaeHuss He oGHapy»KeHo. MoxeT GbiTb, 3TH KaTacTpodbl CBA-
3aHbl C BJAMAHHEM paJHalMH Ha OpraHu3mbl? Beab ycTaHOBJEHO,
4TO O6JiyueHHe, HECOMHEHHO, BJIMSIET Ha Pa3BHTHEe OPraHH3MOB.

B oannom u3 kananos B IoanaHauu, Kyaa c6pacbiBajuCh OT-
XO0Ibl PaJHOAKTHBHbIX peakuui, OblM OOHapy)KeHbl JATYIIKH,
y KOTOpbIX HacuHTbiBasoCch 6 Janok, ¢ 10—15 nmanbuamu Ha Kax-
noit. MiHTepecHo, 4TO TakHe ypOACTBA MOTyT ObiTb HacJelCTBeH-
HO 3aKpelJeHbl U nepeaaBaThbCsl U3 MOKOJIEHHS B mokoJeHue. Pa-
IHOAKTHBHOE H3JYyueHHe, 3aTPparuBas XpPOMOCOMBbI, MOXET IpH-
BECTH K M3MEHeHHI0 HacJeacTBeHHocTH. [Ipu nepectpoiike MoJe-
KYJSIDHOH CTPYKTYpPbl XPOMOCOM MOTYT BO3HHKHYTb HOBbI€ yCTOM-
4HBble NMOPOABI XXKHBOTHBIX M pacTeHHH. DTO OTKpbIBAeT rpoMaj-
Hble MPaKTHYECKHe MepcrneKTHBbl. Yxe ceiiuac oGJyuyeHHe panuo-
AKTHBHBIMH JIyYaMy MOXET HCMOJb30BaTbCA B MPOHM3BOACTBE.
Tax, no pauubiM . §I. I'paesckoro u H. U. llanupo, o6ayuenue
eHUUHIIHHOBBIX TPHOKOB NPHBOAMT K BO3HHKHOBEHHIO HX pas-
HoBHAHOCTe, o6/afaolUX B NeCATKH pa3 GoJbLIMMH JiedeOHBbI-
MH CBOHCTBaMH, YTO OYEHb BAXKHO NPH H3TOTOBJEHHH JIEKApCTB.

[lpu yBennueHun pagHOaKTHBHOrO O0OJyuYeHHS OpraHHU3MBl
ru6HyT. Jlns KaxAoro BMAA KHBOTHOTO MJHM pacTeHHs cylle-
CTBYeT CBOSl HOpMa 00Jy4eHHsl, NpeBbilIeHHe KOTOPOH NPHBOLUT
K ux rubeau. PbiGbl, Hanpumep, MOryt 6e360/1e3HEHHO BOCHPH-
HHMaTb 103bl 0O6/yyeHHsl B COTHH pa3 GoJibliHe, YeM Te, KOTOpble
CMCPTOHOCHBI [JIsl YesoBeKa.

B. U. Kpacosckuit u WM. C. IIkaoBcKUil CYHTAIOT, YTO H3Me-
HEeHHEe HHTEHCHBHOCTH PaJHOAKTHBHOIO H3JyueHHs Obl10o cBS3a-
HO CO BCTbIIIKAMH CBepxHoBbIX 3Be3n B ["anakruke. OHu cuuTaior,
uyto B 200 MUJIJIHOHOB JIET pa3 MOr/1a NPOH30HTH BCNbILIKA CBEPX-
HOBO# 3Be3[bl Ha pacCTOsIHUH OKOJIo 8 mapcek ! oT coJieyHofi
cuctembl. Kaxkpasi Benblllka Morja AaTh yBeJHUeHHe pajHalHH
B 3—10 u Gousee pas. [loncuerbl mMOKas3bIBAIOT, YTO NPH BCMBILIKE
CBEpXHOBOI 3Be3[bl BbIAEJAETCS 32 HECKOJNBKO [AHEH CTOJBKO
SHEPTUH, CKOJIbKO ee MOXKeT 1aTb HEeCKOJbKO MHJJHAPIOB COJHIIL.
Hsmenenne panuauuonsoro 6asaHca MoIIo Bbi3BaTh 0Gpa3oBa-
HHY€ HOBbIX XXH3HEHHbIX (OPM HJM MPUBECTH K MACCOBOMY BbIMH-
paHHIO OpPraHU3MOB.

1 Tlapcek — acTpouoMuyeckass efuHuua, pasHas 3,26 cseToBOro ropa.



U30TOIIbl B KOCMOIOHHUH

CTOpHYECKas! TeONOTHS TeCHO CBA3aHa C KOCMOTOHHeH.

Bonpocbl BO3HHKHOBCHHMS W Pa3BHTHS >KU3HH 3eMau  Kak

nAaHeThl BXOAST B KOMNETEHLHIO H KOCMOTFOHHH. H HCTODH-
yeckoii reosorun. bonee toro, Ge3 reosoruueckux 3Hauuii Henb3s
MOHATh MHOTHE NPOLEeCCh!, NPOTeKalolllne Ha 3Be31axX W naaHeTax.
Hepnapom metoabl siaepHoil reojoruu npumensiorcs cefivac B
KOCMOTOHHH.

Becuncaennoe pasnoo6pa3ne HebGecHblX Te.1 M (opM cylue-
CTBOBaHMA BeUleCTBA B KocMmoce patot Goratutil matepuan aas
fIO3HaHWR NPOLECCOB, MPOHUCXOAALWNX Ha 3emMae W BHYTPU Hee,
TaK KaK 3aKOHbl Pa3BUTHA BCeNEHHOH MPH BCCM HX MHOZKECTBE
€/lH1Ibl.

B kocmoronun — Hayke 06 o0pa3oBaHHWH M pa3BHTHH Helbec-
HBIX TeJ — H30TONHbie MeTO4bl HAlAW LIMPOKOE MpHMEHeHHe.
$lnepHble peakuliu 3a10r0 40 OTKPbITHA HX Ha 3emae Gbliu 06-
napyxenbl Ha Coanue W 3Be3gax. Hekotopule Tunul siaepHbIX
peakuuil, Npoucxoasulue B KOCMOCe, HJAH Ke CYLIeCTBYIOT Ha
3emae, HaK 31ecChb elle He OTKPLITLI.

Has toro uto6Ll nonaTh npouecchl GOPMHPOBAHHS HeGeCHBIX
TeJ, W B TOM uYMcJe Hawell naaHeTsl — 3eMAH, BAaKHO H3YyaTh
METeOpHThbl, aHaNH3upOBaTh CTpoeHue nnaver u Conwnua. fnep-
Has KOCMOTOHHS MO3BOJISIET HAKaNIHBaTb QaKTbl, KOTOpLIE AATYT
B OCHOBY GynVLIMX TeOPHH NMPOHUCXOXKAEHUsT 3eM.IM U APYTUX Mia-
HEeT COJHe4YHOH CHCTeMBbl.
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C noMoLLbI0 HCKYCCTBEHHBIX CMYTHHKOB 3eMJIM U NYyTEM HeErNo-
cpeacTBeHHbIX HAOMOAEHHA YyCTAHOBJAEHO, YTO €XEeJHEBHO Ha No-
BepXHOCTb 3emaun sbinasaer ot 3000 ao 20000 r meakopa3apob-
JIEHHOrO MeTeopHTHOro sewecrsa. Kpynubie MeTeoputel — G60Jb-
was peakocTb. HH 01HH M3 HCKYCCTBEHHbIX CMYTHHKOB 3eMJH HH
pa3y He CTOAKHYJCS C KPyOnHbIM MeTeopuToM. MHKpomMeTeopuThl
JKe yl1apsaucb O NMOBEPXHOCTb HMCKYCCTBEHHbLIX CIYTHMKOB [LlO-
BOJILHO uacTo. B cpeaHem Ha 0aMH KBaJpaTHbil MeTp MOBEPXHO-
cTn cnyTHikoB 3a 100 cekyHa npuxoautcs oauH yaap. Muoraa
NpH BCTpeye C poeM METEOPHTOB KOJHUECTBO COyAapeHui pesko
BO3pactaJgo.

Pou menkux o610MKOB KOCMHUYECKOro BelllecTBa, nmomnanasi B
aT™Mochepy. HOHMU3UPYIOT ra3oBble MOJEKYy/abl BO3ayXa. DTO NpH-
BOAMT K TaKHM HEOKHIAHHOCTSIMH, KaK CBepXxiafbHUe MpHeMbl
TeAeBM3HOHHLIX MNepenay, KoTopble HHKTO He naaHuposas. Tak,
3 centabpsa 1936 roaa B paiione Omcka Oblid MPUHATHI TeNeBH-
3HoHHble nepeaaun u3 Mocksbl. [lpuem npousowen B To BpeMms,
KOrla OGH.IbHbI POAl MeTeopHUTHOI NblW BbiNaJ Ha NOBEPXHOCThb
3eman. Poii coaepkan 60ablioe KOJMHURCTBO KeJe30-HUKEJEeBhIX
YacTHll.

KpynHble 06.10MKH MeTEOPHUTHOro BeutecTsa Obli¥ MPOaHAH-
3HPOBaHbl MHOTMMH METOAaMH A/st onpefeneHHs HX a6CONIOTHOTO
Bo3zpacta. [loayueHHble npu 3TOM pe3yabTaTtbhl pPa3JHuHbL.

Ipu pacuere Bpemenn 06pa3oBaHHft METEOPHTOB BCTaJ BOM-
POC: 01HHAKOBa NH CKOPOCTb 06pa3nBaHHA MPO1YKTOB palHOaK-
THBHOTO pacnajla Ha 3eMJje W B KOCMOCE W aHaJOrHYHO AH Npo-
TeKaeT 3TOT npolecc B CTONb pa3nauuHoii obcrtaHoBke? [lpu pac-
yeTe BO3PacTa METEOPHUTOB TrejiHeBbIM METOA0M 0Ka3aJjoCb, UTQ
HeKOoTopbie 06pa3silbl, COJep)KaBlliue Manable KOJNHYECTBa resus,
HMEIOT BO3pacT A0 OLHOTO0 MHIANHOHA JeT.

Hpyrue, coaepxaune 60ablioe KONHYECTBQ Trenus, chopMH-
pOBaNHCL CBbille Muaauapaa Jjet Hasald. [loayuenHbie pesysb-
TaThl MO3BOJNHJM BbICKA3aTh paa runote3. Tak, HEKOTOpbIE YyeHble
CYMTAIOT, YTO KOJIHYECTBO rejiusl B METEOpUTAX YMeHbluaeTcs
H3-32 BLICOKHX TemnepaTyp, uapsawux BOausn Coanua. Yseau-
yeHHe ke KOJHYeCTBa rejiMsi CBA3aHO C KOCMHUYECKOH pannauHeit,
NOA Bo3a1eiicTBHEM KOTOPOH BO3HHMKAeT U3GLITOK 3TOrO aJeMeHTa.

Oco6enno MHOro TaKMX rHnoTe3 Bbicka3aHo no nosopy TyH-
rycckoro ¢eHOMEHa.

Tak, 6oabluiylo NONYAPHOCTL HECKOJIBKO JieT Ha3afg npHoG-
pena runoteza nucatens A. Kasauuesa. [To ero mHenuto, B TyH-
rycckoil Tafire B30pBajCsl ynpasaseMblii KocMuueckuil KopabJb,
HMeRWHI 3anac aTOMHOrO ropiouero. naBHbIMH aprymeHTamMu B
JoKa3zatenbcTBO 3TOR runotedni A. Kaszawues cuutaer: oTcyT-
CTBHE METEOPHTHOrO KpaTepa, CBMIETENLCTBYIOLIEr0 O B3pbIBe,
mpoucwellieM B BO3lyxe (a He B pesysabTaTe yiapa o 3ewaio),
M CXOACTBO SIBNE€HHH, CONPOBOAAABLINX B3PbiB, C TEM, UTO HAbJIO-
JaeTrcsi npu B3pbiBe aTOMHbiX 6omO6. I'mnoresa kak GyATo mojn-
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Kpenasinach pacyeramu Ulrepudenvaa, koTopulii roBOpHT, uTo
genb 30 wnionst 1908 roma 6bin oAHMM H3 HauGoJjee BbIFOAHLIX
JJs npuaeta kopabas c Benepbl.

Skcneanunn B 1958—1961 ronax B paiion [Noakameunoit Tyu-
TYCKH YCTaHOBHJIH, YTO B3PbIB NeHCTBHTEJbHO MPOH30LUE] B BO3-
nyxe. O6 3ToM cBHIETe/NbCTBYeT HENOBpeXIEHHBIH Jec Hal Me-
TTOM B3pbiBa. B TO ke BpeMs 3KcnegHUMH He MOATBEPAHAH NO-
BBILUIEHHOH DPAaAHMOAKTHBHOCTH IMOUBHI, XOTA HayaJbHUKOM OI1HOMX
u3 3kcneanund — K. I1. ®dnopeHckum u orMeuaercs, uTo, cyis
IO cpe3aM JepeBbeB, NocCJe B3PbiBa HayaJicsl UX aKTHBHBIH pocT,
a 310 MOrJjo ObiTh CBSI3aHO C NMOBbLILIEHHOH paauauued, GbiBlielk
B 10 Bpems. K. [1. ®dnopenckuil noanepxuBaer cefiuac runoresy
Acranosuua o toM, 4to B TyHrycckoii Taiire ynano siapo KOMeTbl.
WM oGHapyxeHbl HeGoJbliHe CKOMJIEHHSI MHKPOCKOMHYECKHX uYa-
CTHUYeK )KeJse30-HHKeJIeBOrO pacnJjiaBa U HaMeueH apeaJl paccesi-
HHSl 3THX YacTHL.

BoickasanHble runoTe3sl He eAMHCTBeHHBb. ECTb mpeanonoxe-
HHe O B3pbiBE MeTeopuTa MOA BJIHAHHEM MOLLHOTO 3JieKTpHue-
CKOro 3apsiia, BO3HHKLIEro NMpH NMPOXOXKAEHHH METeopHuTa uepe3
atMocdepy.

3aragka TyHrycckoro ¢enoMmeHa eie He pemeHa. HyxHbe
JOMoJHHTeNbHble (hakThl, 4TOObl peuwHTb 3TOT CJOXKHBIH BONpOC
COBpPeMEHHOH HayKH.

MHoro HOBbLIX MaTepHaJlOB NMOSIBUJIOCH B MOCJefHHe roibl NO
«reoNorHu» MNJaHeT cosHeyHoll cucteMbl W JIyHbl. DTH AaHHble
NOJYYeHbl B pe3ysnbTaTe NMPHMEHEHHs PaAHOCMEKTPOCKONHH 6.u-
JKaiwnux kK HaMm HeOecHbix Ten. Tak, HanpuMep, ¢ Benepb npu-
XOASIT K HaM Ha 3eMJ10 paaHOCHTHaNbi, HANOMHHAIOLLHE FPO30-
Bble pa3psalbl; HEMOHATHO MPH 3TOM TO, YTO CHFHAJbBI MOCTYNaloT
BCErzia M3 OQHHX M TeX Ke onpeaeneHHbIX TOUEK MJaHeThl.

PacuiudpoBka pagHocHrHanoB (B TOM YHCJEe H OTPa’KEeHHbIX)
NO3BO/IET CYAUTb. O XHMHUECKOM cocTaBe OJMKAHIIHX K HaM
He6GecHbIX TeJ.

Panbiue cuuranoch, yto JIyHa — HCTOYHHK JIHIIb OTPaKeH-
HBbIX CBETOBbIX BOJIH W paarnoBosH. Ho Bot 3 Hosi6ps 1938 roaa
coBeTckuM yueHbiM H. A. Ko3ablpeBbIM GblaH MOJIyYeHbI CNEKTPO-
rpamMmbl paiioHa Kpatepa AJbdoOHCa, CBHAETENLCTBYIOLLHE O BYJ-
KaHHuecKoM u3BepxxeHuu Ha Jlyne. [TonyuyeHHble CieKTPOrpaMMbk
NO3BOJIM/IH BBISICHHTb COCTaB Ta30B, BbIAEJSIBUIMXCS NPH H3Bep-
XKeHuu. Bo3aMOXKHOCTL By/JIKaHHUeCKHX H3Bep:KeHHil Ha JlyHe noi-
TBepXKIaloT Takxe aHrauiickue ydenole [1. Yuakuuc u @. Bpioun,
Ha6baionaswue 19 Hos6ps 1958 roga HeGosblroe KpacHOBaToe
NATHO OKOJIO HEHTpaJabHOro nuka Anbdonca.

Ewe GoJsbliee KOJAHYECTBO MaTepHaJOB Mbl MOJyuaeM NpH
n3yuennn Cosnua. K cBenenusam mo cnekrpockonuu CoaHua te-
nepb npuGaBHAHCb MHOTOYHMCJEHHble MaTepHajbl, MOJYyYeHHbie
IpH PaaMOCNEKTPOCKOMHH ero OTAeJbHbIX Y4aCTKOB.

ITo coBpeMennbiM AaHHbiM, CosHIE — 3TO THraHTCKHil ra3o-
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8bIH Iap C TAXKENBIM SAPOM, PAcMNOJIOXKEHHBIM BHYTPH ra3oBoil
maccel. Ha nosepxnoctn ConHua temneparypa pocturaer 4500—
7000°. Camas uu3kas temnepatypa (4500°) ma6monaercss B 06-
J1laCTH  NATEH — THTFaHTCKHX BHXPEBbIX  BODOHOK; Bhicluast
(7000°) — B oGaactu xpomoctepHbix BembilieK. CosiHue OKpy-
2KE€HO KOPOHOH M «CBepXKOpOHOH». «CBEepXKOpOHa» OTCTOHT OT
NOBEPXHOCTH CBEeTHJIa HAa paccTosiHHH OT 5 A0 30 conHeuHbix pa-
anycoB. Ha 3Tux GosblMX BbICOTaX 3aperucTpUpOBaHbl MaKCH-
MafbHble TeMnepaTtyphl, JOCTHraiolHe MHJJIHOHOB, MHJJIHAPIOB,
a MHOrAa H TPHJJIMOHOB IpamycoB.

Ouneprusi CosHLA NOAAEpXKHMBAETCS 3a CUET MOCTOSIHHO HAY-
LIHX TepMOsilepHbIX peakuuil (peakuuil cuHTesa).

CosHLe B Xome 3THX peakuHil TepsieT B OAHY CEKYHAY MHJI-
JIMOHBI TOHH cBOeH Macchl. IlpH TOH e HHTEHCHBHOCTH 3THX pe-
axkuuit Conxue 3a Muanuapa aet norepsier 1/25000 cBoeit maccel.

H3yuenne xpomocdepHbIX BChblLIEK MOKAa3blIBAaeT, 4TO, KpoMme
00bIuHbIX TepMOsiAepHbIX peakuuii, Ha CoJsiHIe NMPOHCXOAAT WHbIE
peakuuH, BO BpeMsl KOTOpbIX BbicBoOOXKaaeTcs elie GoJjibiiee KO-
JIM4eCTBO 3Hepruu (u TepsieTcss GoJsibliee KOJMYECTBO MacChl).
Takue BCHBIIKH-B3PLIBEl  OTMeuasduch: 28 anpenass u 7 Mapra
1942 rona, 25 uions 1946 rona, 8 maprta 1947 rona, 19 centsbps
1949 roga, 16 nionst 1958 rona, 26 mapra 1959 rona u np. Bo Bpe-
Msi TaKHX BCMbILIEK B HECKOJbKO MHHYT M3 ouyara, 3aHHMaiollero
ONHY ThICAYHYIO yacTb noBepxHocTH CoJHLA, BbILEASETCS CTOJbKO
3HepruH, CKOMbKO 3a 310 Ke BpeMs usayuaer Bce CoaHue. Bo
BpeMms BapbiBa 23 ¢espans 1956 roga Gblia 3aperucTpUpoBaHa
MOLIHOCTb, PaBHAS MOLUHOCTH B3pblBa CTAa MHJJIHOHOB BOJOPOJ-
Hbix 60M6. Akagemuk B. A. AmM6apuyMsiH npeanosaraer, yto Be-
1LeCcTBO, BHI3bIBAIOllEee 3TO siBJeHHe, MPOCAYHBAETCS M3 30HBI
coaHeuHoro sigpa. Bo Bpems Bcnbimek Ha CosiHue Habaogaercst
MHOTO pasHooOpa3HbiX 3/JeMeHTOB M HX u3oronoB. Tak, npu
Benbitike 16 uions 1958 ropa ObliM 3aperucTpHpPOBaHbLl Chek-
TpaJ/ibHble JUHHH HOHH3HPOBAHHLIX aTOMOB CTPOHUHUS, 6apusi, a3o-
T4, MarHusl, HaTpHA, KaJbuUHs U T. L.

XpoMmoccdepHble BCMbILIKH BbI3bIBAIOT HA 3eMJie MOLIHbIE Mar-
HuTHble 6ypH. B 310 Bpems ConHue BbiGpacbiBaeT 6osblIOe KOJMH-
YecTBO 3JEMEeHTapHbIX 4acTHL, B TOM YHCTIe sifep aTOMOB, HeCy-
LIHXCA CO CKOPOCTSAMH, GJH3KMMH K CKOPOCTH cBeTa. DTH uacTH-
1bl. o6siafas orpoMHOi 3HePruell B HeCKOJNIbKO MHJIJIHAPAOB 3JeK-
TPOHOBOJILT, HAPYIIAIOT MarHUTHOE moJie 3eMJIH M MPOHUKAIOT 10
€e NMOBEePXHOCTH.

Ewe Gonbuiyio MOLUHOCTb MMEIOT B3DbIBbI B Halleldl M APYrux
ranaktukax. B 1054 roay kuraifickuii actpoHoM Ma TyaH-nuHb
HaGJalonan nosiBieHHe 3Be3jbl HeoGblualiHON spkocTH. 3Be3na
ropesa 55 aHeii. Ma TyaH-JIMHb JOBOJILHO TOYHO yKa3aJ KOOpPIH-
HaTbl 31Ol 3Be3abl. Ceituac B 3Toil yacTu HebGa pacmonaraercs
Kpa6oBunnas tymaHHocTh. M3 o6aactn KpaGoBuaHoil TyMaHHO-
CTH HecyTCsi paJUOCHTHAJbl, & 3TO 3HAYMT, YTO, 3AECh JO CUX MOP
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He TpeKpallaloTcss TepMOsiiepHble PeaKUHH GOJIbIIOH MOUIHOCTH
H CHJBIL.

Axanemukamu B. T. ®ecenkorniM, I'. A. Ilaiinom u apyrumu
HccaenoBateasiMu cotorpadupoBaHbl MHOTOUHCJEHHbIE — SIpKHE
TyMaHHOCTH Hauwelt ['anaktuku. Oco6ulft uHTEpec MpH 3TOM npen-
CTaBJASIOT PaAHOTYMAaHHOCTH, OT KOTOPBIX TaKie MOCTYnaloT pa-
IHOCHTHAJIbL.

Axkagemux B. A. AmMGapuyMsiH ycTaHOBHJ, 4TO B nNpenenax
TanakTvku ecTb 3Be3[Hble ACCOLHALHH, B KOTOPbIX OUeHb GYpPHG
npoTekaloT siiepHble peakuud. Peakunu HayT C TaKoil HMHTEHCHB-
HOCTbIO, YTO BELUEeCTBA 3THX 3Be3[ XBAaTHT BCEr0 Ha HECKOJbKO
Muaauonos Jet. OTciola fICHO, YTO JKH3Hb HEKOTOPHIX 3Be3N,
CTOJIb e GbICTPOTEUHAa N0 CPaBHEHHIO C APYTHMMHU 3Be3LaMH, Kak
}KH3Hb 6aGOUKH-ONHOLHEBKH NPH COMOCTaBJEGHHH C yeJjoBeye-
CKO11.



H30TOIbl B AIUHAMHYECKORN
FEOJIOTnu

3@aBHA Jiofefl nmpuBJieKkasa pasrajKka TpO3HbIX SBJIEHHH

npupoabl. Kak OGBACHHTL ByJKaHHYECKHE H3BEPXKEHHRA U

katactTpoduueckne 3emaerpsicenus? [louemy poxaatorcs
ropui?..

OGbscHsIeT 3TH ABJEHHS Hayka, Ha3biBaeMas AHHaAMHYeCKOH
reosnorueil. [lpoueccol, mpoTeKaiollne BHYTPH 3eMJH H MOPOXK-
Jlaouiie BYJKaHHU3M, 3eMJjeTpsiceHHss U ropooGpasoBaHue, Hasbl-
B41OT B re0JIOrMH 3HIOrCHHBIMH — BHYTPEHHHMH.

[opbl He Beunbl. MIX pa3pyiiatoT noBepXHOCTHBIE H MOJ3EMHBIE
BOIbi, U BeTep. U KoseOaHHs TeMnepaTypbl BO3Ayxa H T. A. Bce
npouecchl, BOSHHKIIHE OT 3THX NPHUYHH, OObEAHHEHbl B FenJIOTHH
Nno1 Ha3BaHHeM 3K30reHHbIX — BHelwHHUX. [IpuMeHeHue MeTozOB
fi1epHOil reosOFHU B 3TOH OTPAaC/dH 3HaHHI OTKDPbLIIO HOBble 60Jib~
Hide MepcrneKTUBHI.

B H3yueHHH 3K30reHHbIX NpoueccoB. 60/bIIOe 3HAUEHHE MpPU-
oGpean Mmeroibl MeueHbix atomos. HMx npumeHeHue ocobeHHO
nokasaTeaLHO Ha NpHUMepe M3yuyeHHs pa3BUTHS M npeoGpas3osa-
HHA (AMHAMHKH) MODPCKHX no6Gepexuil, NpoLeccoB, CBA3AHHBLIX C
reo.0rMuecKoii . 1eATeNbHOCTbIO PeK H MPOTEKaloWHX B 03€pPHBIX
Gacceiinax. M3yuenne reonoruyeckoil AesiTeJbHOCTH MOpSi MMeeT
ouexb Gosbllloe 3HAUYEHHE A/1A CTPOHTEJNbCTBA MOPTOB, raBaHed,
3aWHTEl NPHOPEKHOrO CTPOHTENLCTBA OT pa3pyuiaioulero Aei-
CTBHA BOJIH H, HAKOHeW, cyaoxoactsa. Miayuas stoTt Bompoc, oco-
6GeHHO Ba)XKHO MPOC/AEIHTb ABHXKEHHS rajbKH W Necka BO BpeMs
WTOPMOB M HeOOJbLIMX BOJIHEHHHA Mops. [lepeHoc u oT/n0KeHUe
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3TOr0 MaTepHana B OCHOBHOM H (OpPMHpyeT NpHGpPEKHYI0 OT-
MeJb

Hns TOro 4yTo6Gbl H3YUHTh JBHIKEHHE TaJbKH, HCMONb3YIOT H30-
Ton Gapusi — Ba!% c nepuoaom monvpacnaaa 12 aueit. [anbky,
MeueHHble 3THM H30TONOM, NoAOpachLiBAlOTCA B 30HY npubos. 3a
HX NepeiBH)KEHHEM CJEeAAT € Karepa HAH C AOILKH, HCNOJb3ys
A 3TOH Lean o6bluHble PAaLHOMETDPbl WM CYETUMKH H3INYyuYeHuil.
ViccnenoBanus mokasbiBaloT, Kak HAMPSIKEHHO KHUBET nobepexbe,
KaK aKTHBHO B 3TOH 30He nepeiBHralotTcs B1oab Gepera aaxe npH
JIETKOM BOJIHEHHH llesible «peKH» U3 raabku M necka lHekotopuie
4acTHUbI MOPOAblI NPH BONHEHHH B 4 6anna nepelBHratoTCs B10Jb
no6epexxbs Ha 700 m B cyTku, webeHka nHamerpom 5—6 cm —
Ha 100 M.

HccnenoBanue reonoruueckoii AesiTeIbHOCTH peK CBSI3aHO
fIpexkae BCero C aHajiM3oM ABUIXEHHA peuHblX 0Ca1K0B — HAA,
fecka, rpaBHf, rajbki, KOTOpble OTKJAA1biBAIOTCA HAa COBPeMeH-
HbiX Teppacax W B pycaax pek. Koraa Mol u3yuim 3aKoHbl nepe-
HOCA M OTJIOXKEHHS PeUHbIX OCAAKOB, TO CMOXKE€M HANTH U 33KOHH
06pa30BaHHs POCCHINHLIX MECTOPOXKAEHUA 30/10TA, NAATHHLI, aJj-
MasoB 4 T. A. Beab u3BecTHo, 4TOo BOJda pa3mMbiBaeT NOPOAnl. B
KOTOPbIX 3aKJIo4eHbl ApAaroueHuble MeTaa bl H MHHEPAaabl, BblHO-
CHT HX BMECTe C H3MeNbUeHHON MOPOAOH B PEKH. U oHWU 06pa3yloT
B PEYHBbIX meckax pocchbinu. [lns BuliCHEHHS 3aKOHOB TPaHCNOPTH-
POBKH anNIOBHA (peuHblX OTJOMKEHHH) celiuac Tak.AKe HCnoab3yeT-
Csl METOA MeueHbix aToMOR. JIl06onbiTeH NpHUMEp TaKoro aHaJjau3a
ABIHXXEHHS PeYHbIX HAaHOCOB B ycTbe Tem3bl. Tam Ha AHO peKH
6bi10 onyuleHo 845 2 TOHKO H3MeNbUEHHOFO CTeKna, colepika-
Iero paIMOaKTHBHbLIA M30TONn cKaHaua (Sc*®) c nepuoliom noay-
pacnana 85 aHeii. Yepe3 10 aHe#i MeueHble atoMbl Obliau oGHapy-
xKenbl Ha 10 kM HKHXe nO peke u HA |5 kM Bblle TOro Mecta, rae
OOpOLIOK OblJl OnyUleH Ha JIHO.

C nomoubio MeueHbIX aTOMOB M3yYaloT B3aumoldeficTBHe Op-
FTaHH3MOB CO CpeloW, aKTHBHOCTb WX OOMEHa C BHELIHHM MHPOM
H CKOPOCTb [BHXEHHS BelleCTBAa B TeX WJH HHBIX YCNOBUSX Me-
croo6uTanus. Tak, Ha 01HOM M3 KaHAaACKMX O3€p HA NOBEPXHOCTh
BOAbl Gbll pa3juT pacTBop (GochOPHOKHUCAOHR CONH, codepiKaluni
paanoakTuBHblii  ¢ochop (P32) ¢ nepuorom noaypacnaia
14,3 nua. B nepsbie ke uaco u3oton ¢ocdopa okaszancs norJao-
LEHHbIM NJIAHKTOHHbLIMH OPraHH3MamH, a yepe3 Be Helenu Obla
o6HapyxeH B Tese afArywek U pui6. YacTb paanoakTusHoro ¢goc-
¢opa okasanacb Ha NHe BOJAOeMa B HJMCTOM Bro ocaike, Kyaa-
¢docdop NpoOHHK BMeCTe ¢ OTMEPLUIMM H OCEBUIMM HA AHO MAAHK-
toHom. KctaTu, 6aaronaps 3ToMy W MOAOOHbLIM €My QRbITaM pas-
paGoTaHbl cnoco6bl OUYHCTKH BOLOEMOB OT 3arpA3HAIOULAX HX
PanHOAKTHBHLIX H30TOMOB, YacTO B GOAbWHX KoauyecTBax cOpa-
cbiBaeMbix B Boay. Hekoropble opraHu3aMsl NJAaHKTOHA aK-
THBHO MOrJOLLAOT PalMOAKTHUBHBLIA uerasuil, palHOaKTHBHBIM
CTPOHLUHUIA M JpyrHe CMEPTOHOCHbIE H30TONbl H, OTMHpas, Hakam-
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JHBAIOT WX B WJIHCTHIX ocagkax. Boma e mpu 3TOM OKa3bIBaeTCsH
YuCcTOR. FOAHON A/ MUTbS U MPOMbBIILJIEHHBIX LeJqeil.

Oco6blit pa3nen reosiorHd COCTaBAfeT yueHMe O [JIPEBHHX
OJIe1eHEeHHAX H OCOGEHHO nocseaHeM YeTBEPTHUHOM OJiefeHEeHHH.
OO6biuHO HACTynNeHHe Jibda BbI3bIBAJNOCh H3MEHEHHAMH Kaumara.
MarepukoBble nblbl, ABMrasicb N0 NOBEPXHOCTH 3eMJH, COBEp-
aau KOJMOCCaJbHYIO reoJoruueckyio pabory. Beisichenue kogu-
4yecTBAa, NEPHOAMYHOCTH W HHTEHCHBHOCTH OJIEleHEHHH OueHb
BAXXHO /IS M3y4YeHHS MCTOPHU 3eMaH.

HenasHo cosetckuit yuennlit I'. @..Jlynrepcraysen ony6anko-
BaJ CBNAKY 06 oJeneHeHHsX 3eMJd B CBA3W C NepHOAHUYECKHMH
H3MeHeHHAMH KnumaTa. BoiBoabl 0 Bo3pacTe onefeHeHHil yueHbId
clesan Ha OCHOBaHHH HCCAENLOBAHUS MHOTOYUCAEHHbIX (HAKTOB M
siBaeHnit. UM Oblid NpUMeHeHbl MeTOAbl psiia pa3nesioB TeoJio-
THYeCcKo#l HayKkH, ONHaKO OCHOBHYIO POJib 31eCb ChifpaJjH ypaHo-
CBHHLOBbIH, Kaauii-aproHoBbli U Apyrie MeToAbl oOnpeaeseHus
abCcoNOTHOrO BO3pacTa Mopod.

[Mo paunubim . ®. Jlyurepcraysena, KOHell oJiefeHEHHs, MO-
KpbiBaBUIero elle He Tak LaBHO MOYTH BCIO Pycckyio paBHUHY H
3HauuTesqbHble npocTpaHcTBa 3anaaHoii EBponbt u  CeBepHoi
AMepHKH, OTCTOMT OT Hac npumepHo Ha 40 ThicsY JIeT, a HAYaJo
ero 6uin10 900 000—1 000 000 ner Hasaa.

Bropoit (ecnu caenosath B ray6Gb BEKOB) J€AHHKOBBIH LHKJ
Obla1 B BepxHeM naJgeo3oe (CM. reoxpoHoJoruueckyio ta6.a.). OH
oTneseH oT Hauweii 3noxu BpemeneM B 190—210 munnuoHOB serT.
Caenbl 31Or0 onelneHeHHs H3BeCTHb B ABCTpannu; y Hac — Ha
p. Ypaa, p. Cakmape n B psiie ApPYruX MyHKTOB.

Tpertuit unka npuxoautcs Ha opaosuk (csbite 420 MuIH-
0HOB JseT Ha3al). Caeabl ero oTyeTNHBO NpocJexupaloTcs B 6ac-
ceitne pekn Cs. JlaBpentusi (CeBepnas Awuepuka), B Boausuii-
ckux Anpax (lOxnas Avepuka), B HOxuoit Acbpuke; 8 CCCP B
Gaccefine p. Buwepsl, no p. [loakamennoii Tyurycke.

YerBepThlli UHKA, BepxHenpoTepo3oilckuil, O6biT  TIpUMeEpPHO
600 MuaaHOHOB sieT Ha3ald. DTO oJcleHeHHe, HHOT1a Ha3biBaeMoe
JlunanauickUM, OCTaBHAO CBOM CJiellbl B MPOTEPO3OHCKHX MOPO-
nax WnuuGeprena, Boctounoit 'pennanann, Hopeeruu, tOxHoro
Ypana, [Matomckoro Haropbsi, Knras, Kancknii nposunuun (10x-
Has Acdpuka) v np.

Eitte HeCcKOJILKO JEIHHKOBBIX LUHKJIOB HaMeyaeTcsl B HHXKHEM
nmpoTtepo3oe U B apXxee. Bce OHH, TaK e Kak M Te ueTbipe LHKJA,
O KOTOPbIX Mbl FOBOPWJM Bbllle, BO3HMKa/JM C HHTEpBa/JaMH B
200 munaunoHoB siet. ATy mepuoauuyHocTb JlyHrepcraysen o6bsc-
HAeT TeMm, uTo 3emJs nonagaeT B 006/1aCTH «KOCMHUYECKHX 3UMY,
xosoaHble obaacth Haweld ['anaktuku. M kak pas BpeMms o6pa-
LIeHHS 3Be3l B Halleil ranakTHYecKoil cucTeMe NOAYHHEHO ne-
puoay B 200 muaauonos Jset. Ipyrue yueHble CBS3bIBAIOT Jef-
HHKOBble LHKJAbl 3eMJH CO B3pbiBaMM CBEPXHOBbIX 3Be3f B [a-
J1aKTHKe.
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HexkoTopble yyeHble MBITAIOTCS CBA3aTh COBPEMEHHble H3MEHe-
HHUS KJHMaTa ¢ KOCMHUYECKOH pajauauHell, a TaKke C 3aCOpPEHHO-
CTbio aTMocdepbl Nblblo, BO3HHKIIEH NMPH B3PbIBAX TepMosiiep-
HblX Gom6. [loacuutaHo, uTO AJsi U3MEHEHHs KJauMarta 3eMJH
AOCTaTOYHO paccesiTh atMoctepe 0KoJ0 8 MHUJJIHOHOB T NemJa.
B 3tom ciyuae KocMHueckas M COJHeYHas pajuaiisl YMeHbLIH-
aacb 6ol npuMepHo Ha 20%. Pe3koe cokpaleHHe Temja MpUBENO
OBl K BO3HHKHOBEHHIO HOBOTO OJIeleHEHHS.

Becnoii 1954 roga npu UCHbITAHHH HSITH TE€DMOSIAEPHBIX GOMO
8 wrate Hesaga B CIUA Gblix noaHsThl B BO3AYX COTHH MHJ-
MHOHOB TOHH nmopoxbl. Ecau Bcero nuwb 1% 3T0i B3BecH ocTaHer-
csi B atTMmocdepe, TO cpa3y ke pe3Ko H3MeHMTCs noropa. Ame-
pPHKaHUbI, OLleHHBAsl NMPOHUKHOBEHME TOHUaluUIeHd NbLIM U Memmia
B atMocdepy, roBOPAT, YTO HMEHHO 3THM OGBACHSIETCS YMeHblile-
HHe OCAaJKOB B LIEHTPaJIbHOH YacTH KOHTMHEHTOB M YBeJHUYEHHE
ux y nobepexxuii okeaHoB. DTO, N0 HX MHEHHIO, y¥Ke NPHBEJO K
katactpoduueckuM HaBoaHeHHsM B paiioHax Cesephoit Muaum,
Cpeanero Bocroka, Kuras, CpeansemuoMopbs.

Bausinue nocseacTBUH aTOMHbBIX B3pbIBOB M PajHaliU HA KJH-
MaT — BONpOC MoKa He u3yueHHblll. [To-BHAHMOMY, yxke ceifuac
HCMbITAHHE TEPMOSEPHOr0 OpPYKHSI MOXKET NPHUBECTH K HEKOTO-
pBIM KOJie6aHHAM MOTOIBl, OAHAKO [0 CHX MOpP, KaK CyHTaer
GOJILILMHCTBO YYEHbIX-METeOPOJIOroB, H3MEHEHHsI KJAUMaTa OblLIH
cBsi3aHbl ¢ akTHBHOCTbIO CoJHLa.

Yuenne o crTpoeHHd aToma 3acTaBisieT MO-HOBOMY paccMmar-
pUBaTb MHOrHe 3HAOreHHble npouecchl. Hekoroprle mnpomecch,
npoTeKalollne B rMYGHHHBIX CJ0SIX 3eMJIH, YAAJ0Ch BOCCO3RATh B
1a60opaTopHbIX YCJOBHSX, HANpUMep, CBEPXBLICOKHE JaBJIEHHS.
Tak, B nabopartopusix, pykosoaguMbix npocdeccopom JI. ®. Bepe-
WAruHbIM, Gbl10 BbIICHEHO, YTO NDH CBEPXBLICOKHX LAaBJEHHSX B
50 000—100000 u Gosee aTMocthep NPOHUCXOAHT mMepecTpoiiKa
BepxHell 3NeKTPOHHOI O0GOJIOUKH aTOMOB H BO3MOXKEH mepexoj
3JIEKTPOHOB C HapYXHOH OpOMTHl Ha BHYTpPEHHHe, a BMeCcTe C
3THM M KaueCTBEHHOe W3MeHeHHe BellecTBa. B Heapax 3emau Ha
tay6une 2900 km npu rUraHTCKHX NaBJIeHHSIX CBbllle MHJIJHOHA
aTMocdep NPOHCXOAHT KauecTBEHHbIHl CKauoK, nepecTpoiika seuie-
CTBa W BO3HHKaeT cBoeoGpasHas 3JekTpoHHas naa3ma. OHa-TO H
ob6pa3yeT BellecTBO 3eMJIH Ha TaK Ha3blBaeMblX BHELIHEM H BHY-
TpeHHeM ee sinpe. He uckaioueHa BO3MOXHOCTb CYLUECTBOBaHHS
YaKHX NJa3MeHHbIX 04aroB B OTAEJNbHbLIX y4acTKaX MaHTUH, KOTO-
pas nexuT Hany TBepaol Kopoil 3emau. IMeHHO Hal 3THMH oua-
raMy nJa3MeHHOro BElIeCTBa, KaK CUMTAIOT HEKOTOpPbie yueHble,
IPOUCXOASAT 3eMaeTpsiceHns. 34eCb Mbl CTOUM Yy MPaHHIl pa3raakH
OMHOH W3 Ba)KHeHWHX TaliH — TaitHbl 3eMJeTpSCEHHA.

CoBpeMeHHble HCCJENOBAaHHA BYJKaHHuecKHX obGaacrefi mo-
Ka3blBAIOT CBSI3b BYJKAHHYECKHX H3BEpXKEHHH ¢ MpoleccaMH pa-
OMOaKTHBHOrO pacmaja BellecTBa. JnoHckuil yuenbli Kamanma
APUBOJHUT CBEAEHUS O TOM, YTO BO MHOruxX pailioHax flnoHuu oG-
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Hapy»KeHbl pPaJHOaKTHBHbIE ByJKaHHYeCKHe rashl. B cocrase sTHx
ras3oB GbliM OGHApyKeHbl: paloH, paauii-A, Topui, Topuii-B, pa-
nuii-B w ap.

H3syuenne meficTByloWUX ByJKAaHOB NPHBOAUT K BLIBOAY, UTO
ouyary, MUTalOllHe BYJKaHbl, U30JHPOBaHbL. SIMOHCKHII reodH3HK
Ukosma, nayuapwuit syaxkan Muxapa Ha octpose Oownma, npo-
H3BeJ MarHUTHble HCCJeNOBaHMS BYJKaHa B TO BPeMs, Koraa on
npobyauics u peiicteoBas. OGHapyxeHa He6GoJibllasi MarHuTHas
aHOMaJlus, CBsI3aHHAsl, HECOMHEHHO, C BYJKAHHYECKHM O0uaro,
pacnoaararwouwascs Ha ray6une 2—3 km. WccaepoBanus Hkos-
Mbl JIMIUHHH pa3 y6eKAalT Hac B OTCYTCTBHH NOJ MOBEPXHOCTHIO
3eMJIH CNJOIIHBIX «OKEaHOB» MarMbl H MPHBOAST K MbICAH O
He6oJIbIINX ouarax, MUTAIOILUX BYJKaHbI.

YpesBblualiHO BaXXHO HCNOJb30BaHHE H30TOMHBIX METOLOB
0Js1 onpenesieHHs aGCOJIIOTHOrO BO3pacTa rOpHLIX NOPOL.

Anoxu ropooGpa3oBaHus BCeria COMPOBOXKAaJauch OypHOR
BYJIKAHHYECKOH [NesTeNbHOCTbIO, 3€MJIETPSICEHHSIMH, H3BEPIKeHHS-
MH MarMbl. B aTh mepuonbl, KpoMe TOro, 1110 HHTEHCHBHOE PYAO-
o6pa3oBanue. LleHHefilne pyasl CBsi3aHbl C M3BEPKEHHBLIMH MO-
poaaMu HJIH BO3HHKJIM B pe3y/bTaTe KOJOCCAJbHLIX TeMmneparyp,
JaBJeHHN H T. .

Cefiuac B OCHOBHOM HaTHPOBaHbl BaXKHelilllHe ropo- W pyno-
ob6pa3soBaTe/bHble LUK/Abl B UCTOPHH Pa3BHTHs 3eMau (Tabia. 2).

Ta6auna 2

Baxuefimme anoxu ropo- u pynooGpas3oBawHs B HCTOPHH 3eMJH

dnoxu pymro- H ropooGpa3oBaHus B
Spu H(a:a:/‘lz " ﬁox-r)eu BpeMsl HX MaKCHMAaJbHOTO MPOsIBJEHHSA
H. JieT (B MJAH. JeT)
Kaitnosoit 0—70 Anbnuiickas 50—100
Me-=o030i1 70—225
[Maneosoit 225—570 [epuuHckas 225—-270
Kanenouckas 320—480
K aTaHruHcKas 600—700
I'peHBHAbCKas 1000—1100
Mensexbeosep-
5 cKas 1400—1500
_ eJIoMOpcKast 1800—2000
IokeMGpuit 570—3500? Ponesuiickas 2500—2600
Cueppa-Jleounii-
cKas Oxoao 3000

Hurepecna Benomopckas anoxa. B kakoM 6bl paiioHe 3eMHO-
ro 1apa mopoinl €e HH BbIXONH/IHM HA MOBEPXHOCTb, Be3le ¢ HUMB
CBSI3aHbl LIEHHeHLIMEe MoJIe3Hble HCKOnmaemble, B TOM YHCJe ypa-
HOBbIE pyJbl.



U30TOINbl B METPOTPA®HH
U MUHEPAJIOTHH

eTporpacdusi — HayKa O NMPOHUCXOXIEHHH W CBONCTBAX rop-

HbIX nopoA. I'opHble mopoabl GbIBAIOT OCaAOYHbIMH, MeTa-

MopdHuecKUMH M MarMmartuueckuMH. OcaaouHbiMH mopona-
MH MBI Ha3blBaeM Te, UTO 06pPa30BaJUCh B pe3yJbTaTe nepeoTJo-
®EHHS! yXKe Pa3pyLICHHBIX FOPHbIX NMOPOA MJHM BO3HUKJIU B pe-
3yJIbTaTe HAaKOIJIEHHS OCTAaTKOB OTMEepUIMX OPraHW3MOB.

MeraMopduueckue nopoasl GOpMHPYIOTCS IHIOTEHHBIMH MPO-
ueccaMu. OHM BO3HHMKAIOT NMPH KOJOCCAJbHbIX AABJICHUAX H TEM-
nepatypax BHYTPH 3eMJiH, OJHAKO BO BpPEMsl MpeBpalUeHuil co-
XpaHsIOT TBepaoe cocTosiHhe. Tak, HEeKOTOpble H3BECTHSAKH, MOJ-
Bepriuvecss MeTamopdu3My, NepeKpHCTaNJIH30BbIBAIOTCA U o6pa-
WaTcsa B MpaMop.

U, nakoHel, MarMmaTHueckHe nopojasl 06pa3yoTcs NpH 3acThl-
BaHuH Marmbl. K HMUM OTHOCAATCA rpaHuThl, ra66po, naua6Gasbl
H T M

MuHepanoruio HHTEPECYIOT MHHEpasul — Tesa, BO3HHKIUHE B
pesynbTaTe pa3HOOOpasHbIX (DH3HKO-XHMHUECKHX MPOLECCOB.

H3yuenue ropHbix MOPOA M MHHEPAJOB C MOMOLLbLIO H30TONOB
CTAaHOBMTCSl OAHHM H3 BaXKHEAUHX METOIOB NMO3HAHHS 3THX MpH-
ponHbix o6pasoBanuii. Ml3oTonHble MeToxbl MOMOraioT pelleHHIo
BaXKHefllHX BONPOCOB B NETPOrpagHH M MHHEPAJOTHH, CpenH
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KOTODHIX TJIAaBHBIM SIBJISIETCSI BONPOC O NMPOUCXOKAEHHH Marma-
THYECKHX FOPHbIX MOPOL.

[TpoGaema nmpoucxoxaeHuss MarMaTHYeCKHX NMOPOX paccMma:
TPHBAETCA YUYEHbIMH MO-pa3HoMy. 3AeCb HAMETHJ/IHCb [JBa OCHOB
HbIX HaNpaBJeHHSA: MarMaTHCTOB H TpaHc(pOPMHCTOB. MarmaTtiu-
CTbl CYHTAIOT, YTO BCE ITH MOPOAbl BO3HHKJ/H MPH 3aCTbIBAHHHU He-
KOrja paciJaBJ/eHHOH OTFHeHHO-KHIKOH MarMmel. TpaHCchOPMHCTH
npeacTasJsioT npouecc o6pa3oBaHHs MOPOJ, HMEIOLMX Marma-
THUCCKHH 0OJMK, B pe3yJbTaTe CJOXKHBIX (PU3HKO-XHUMHUECKHX H
TEPMOXUMHYECKMX NMPHPOAHbIX mnpoueccoB. [lpuuem onu mosa-
raioT, 4TO 3TH NOPOALI AaJeKo He 00s13aTenbHO C(HOPMHPOBANHCH
U3 pacnJjasa.

Has pemenust npo6GseMbl OblJIM NpPHUMeHEHBH HepaaHOreHHBble
H30TOMBbI.

Camoe rsaBHoe B Bompoce o (OPMHPOBAHHH MarMaTHYeCKHA
nOpox — BbiCHEHHE TeMIepaTypPHOro pexuMa HX o6pa3oBaHUS.
31ech-To KaK pa3 M MOXKeT NMOMOub HCCJEeNOBaHHe TAaKHX M30TO-
nos, Kak cepa-32, cepa-34; kucjopoi-16, kuciopoa-18 u Hekoro-
poix apyrux. Tak, usyuas cootHoweHnue S32 u S3¢ B cepHHCTBIX
MHHepaJiaX, y1aJocb YCTAHOBHTb, YTO NPH OHOJOTHYECKHX NPO-
neccax KosuuectBo S32 Bo3pactaeT M YTO MNpPH OTHOLIEHHH
$32/S% Goabwem 22,30 MuHepas umeeT GHOTeHHOE MPOUCXOXKJIe-
HHe, TO eCTb BO3HHK B pe3y/ibTaTe MKH3HeHesiTeJbHOCTH OpraHu3-
MOB, €CJIH Xe 3TO COOTHoweHHe MeHblle 22,18, To abHoreHHoe —
rugpcrepManbHoe (B pe3ysabTaTe KOHTAaKTa rOpsiuHX pacTBOPOB
C TEMH WJH MHBIMH NOPOAAMH) HJM MarMaTHuecKoe.

3aMeueHbl TakXe HEKOTOPble pa3jiuyusi B H30TOMHOM COOTHO-
wennn O'6 y O'8. Tak, B HEKOTOPbIX KaJbLHUTaX 0CAaZOYHOTO MpO
HCXoXaeHHst KoanuecTBo-O'® o cpaBHeHHIO C KaJbLHUTaMH Mar-
MaTHYECKOr0 NMPOHCXOXKAECHHS 3aMeTHO yBeJHYHBaeTcs.

Bce aTi npuMepbl CBHAETENBLCTBYIOT O TOM, UTO MYThb PELICHHS
BONPOCA O NMPOHCXOXKAEHHH MOPOJ U MHHEPAJOB MarMaTHYeCKOro
06/1HKa HaMeyeH, HO HYXKHO ellle H elle pa3 IKCIePUMEHTHPOBATD,
yToGbl HafTH H30TONBI-MHAMKATOPHl AJisi pPa3HOOGPa3HLIX reoJo-
rHUecKuX npoueccoB o6pa3oBaHHs TopHbIX nopoA. Hecomuenwo,
4TO BbIBO[bl, NMOJYUYEHHblE OPH 3TOM, OYAYT LIMPOKO HCIOJ/b30OBA-
Hbl NPH HCCAeOBAHHHU TEPMOXHMHU H (QHU3UKO-XUMHHU NPUPOIXHBIX
NpOLECCOB.

OnmH U3 BaXKHBIX Pas/esloB MHHEPAJOTHH H3yuaeT MHHEpaJbl,
cojepialllne paJHOaKTHBHble 3JEMEHTbl, H B NepBYI0 ouepelb
MuHepaJasl ceMefictBa ypaHa. Cefiuac oTkpeitTo cBbime 150 mMune-
paJjoB ypaHa. MuHepa/ibl ypaHa npuHanfaexaT K OKHCJaM, Kap-
6oHaTtaM, cyabdaram, cuavkaram, ¢ocdaraM, apceHaram, BaHa-
nataMm. BerpeualoTcsi OHH M cpead OpraHHYeCKHX COeMHEeHHH.
HauGosbuiee npoOMbILIVIEHHOE 3HAYEHHE M3 HHX HMEIOT OKUCJbI H
docodars.

K cneuuduueckHM MeToiaM ucc/leOBaHHS YPaHCOAEPKaUIHA
MHHepaJIOB OTHOCHTCS JIIOMHUHECUEeHTHbI MeTof.
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B na6opaTOpHBIX YCJIOBHSAX NPH JIIOMHHECHEHTHBIX HCCJel0Ba-
HHSAX OJ151 TOro, 4To6bl aKTHBH3MPOBATb COJIM ypaHa, HX CHavaJa
CIJIABJASIIOT C (DTOPUCTHIM HATpHeM, a MoTOM yxe HabJ104aloT.
B mosieBbIX yc/10BHSIX onpejesieHHe YPAaHOBBIX COefHHeHHIl BenerT-
Cfl He KOJIHYECTBEHHOE, a KaueCTBEHHOe, TO eCTb OOHAPYXKHBaeTCs
HE KOJIHYECTBO, a JIMLIb HaJHuyHe ypaHa. OITO AeJaercs myTeM
npocMoTpa 0GpasLoB B MOJIEBOM JIOMHHecKone. 31ecb ypaHOBbIe
coelMHEHHU NAIOT XapaKTePHYIO PKYIO PaCUBeTKY NpH o00J/yyeHHH
#X PTYTHO-KBapIlleBO¥ rasopaspsaHoil 1aMnoi.

H3oronuble MeToRb! HALUJNH NPUMEHEHHE B Psifie pa3fesioB Tex-
HHUecKol MHHepaJsioruu ¥ Kpucraagorpadun. Hanbosabiuuii nute-
pec NpeacTaBJsAIOT JIOMHHO(POPB — HCKYCCTBEHHO H3rOTOBJIEH-
Hble KPHUCTaJJIbl H3 OPraHHYeCKOTO HJIH HEOPraHHYeCKOoro Bellle-
CTBa, a TaKXe XHAKHEe U TBep/ble PacTBOPbLI, B KOTOPbIX MO BO3-
neiictBueM 60MOapAMpPOBKH SINEPHBIMH YacTHLAMH BO3HHKAIOT
CUMHTHJISILIHH — CBETOBbIE BCILILIKH.

JliomuHoophl, coejnHeHHble B CHHHTH/JISLIHOHHBIX YCTaHOB-
Kax ¢ (hOTO3NEKTPOHHBIMY YMHOXKHTENSIMH, MO3BOJAIOT H3yyaTb
pajuoaKTHBHble anbga-, 6era-, raMMa M JApyrHe H3JyuyeHHd,
HCnyckaeMble HEKOTOPBIMH MHHEpaJaMH HJH MOPOAaMH.

CLHHTHNJISILHOHHblE annapaTthl HAlJIH LWIHPOKOe NpHMEeHeHHe
B PaJHOMETDHH, NPH Pa3BeJKe MONE3HbIX HCKOMaeMblX.

INpumepom pasHoOGpPa3HOro HCNOJIb30BAHUS SILEPHBIX CBOHCTB
BellleCTBA MOXKET CJYXKHTb UCKYCCTBEHHAst OKpacka aJMasoB NOJ
BO3eHCTBHEM HEHTDOHHOIO WM PEHTreHOBCKOro oGJyueHus. AuJ-
Masbl MpH 3TOM NPUHOGPETaloT YCTOHUYHBYIO 3€JieHYI0O HJH KOpHY-
HeBYIO OKpacky.



H30TOMNDblI NMPU U3YUEHUN
MOJIE3ZHbIX HWCKOIMAEMDbIX

efluac MpH MOKMCKax M HCCJeJOBAaHHU MOYTH BCEX BHIOB MH-
HepaJbHOro Chipbsl HAlJH NPUMEHeHHe H30TOMHbIE METO-
Abl Hccae0BaHui.

Boabuloe 3HayeHwe B HallW JHH MOJNYUYHJ KPYMHbIA paszen
YUYEHHSI O MOJIe3HbIX HCKONMaeMblX — TeO0JIOFHS aTOMHOTO ChIpPbS.
B 3ToT pasnen BXOASIT BCe BOMPOCHI, CBs3aHHble C NMOHCKAMH H
pa3BenKoil He TOJbKO pPaJHOAKTHBHbIX PYl, HO H BCeX TeX MoJje3-
HbIX HCKOMaeMbIX, KOTOpble HEOGXOAMMBI HPH TEeXHOJIOTHUECKOM
HCMOJIb30BAHUH ATOMHOTO ChIpbS.

OnuH M3 OCHOBHbIX BHAOB aTOMHOIO ChIpbSl — YpaHOBbHIE py-
abl. [TpoMbllusieHHble 3a/1€KH 3THX Pyl BCTPeualoTcs B pasJiuy-
Hoi#l reosoruueckoil o6cranoBke. OHM MOTYT GbITh CBSI3aHBI C Mar-
MaTHUECKHMH, OCaNOYHbIMH, MeTaMop¢pHYeCKHMH MOpojaMH, a
TaKXe ¢ 30HaM{ BbIBeTPHBAHHA.

Tak, HeKOTOpblE OCafOuHble MECTOPOXKAEHHUS cofepKaT 6oJib-
HIMe 3anachl ypaHa; OHaKO KOHUEHTpauHd yPaHOBBIX PYA B HHX
oueHb HesHauutesabHa. Hanpumep, B CUIA, B wrate ®aopuna,
OTKpBITO CBbillle 5 MHIIHAPAOB T GochOpPHTOB, B KOTOPbIX coLep-
Kutes no 600 ThicAY T ypana, HO KOHUEHTpalHUsl ypaHa B HHX
HUUTOXKHAas, Bcero okoJsio 115 2 Ha ToHHy.

Jpyrue TUNBI MPOMBILIIEHHBIX YPAHOBBIX MECTOPOXKIEHHHA MoO-
ryT 6biTb COGCTBEHHO YPaHOBBIMH, YPaHOBO-NOJHMETANJIHYECKH-
MH, YPaHOBO-HHKE/b-KOGa/abT-BUCMYT-cepeOpsHbIMH, YypPaHOBO-
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monu6GaenosbiMH u T. n. B Kanane, nanpumep, B paiione BoJb-
wioro MeaBexbero o3epa, pacrnoJiaraercsi KpynHoe MecTOpoxje-
HHEe YPaHOBBIX pYA, NMpHHaAJexallee K rpynne ypaHO-HHKeJb-
K0GanbT-cepeOpSHbIX MeCTOpoXKAeHHH. Pyabl 3TOro uneHHeiuero
MeTaJl1a MPHypOYeHbl K 30HaM TEeKTOHHYECKHX Pa3JiOMOB, FMFaHT-
CKHM ADEeBHHM TpELIHHAM, Tenepb MOYTH HeBHAMMBLIM, KOTOpble
BO3HUKJIM B pe3yJjbTaTe ropoo6pa3oBaTe/bHbIX ABHXKEHHH 3eM-
HOH Kopbl. Pa3sioMbl NPOTSIrMBAIOTCS Ha wesble Kuaomerpbl. Opy-
IeHeHHe npocJjexuBaercss Ha ray6uHy no 500 m. B pyaHbIX XKH-
Jax, COCTOSIIHX H3 KBapla, JOJOMHTA, POAOXPO3HUTa, COAEpKaT-
csl, KpOMe ypaHa, XaJbKOMHPHUT, apCeHH]bl HUKeasl U KobaJabra,
camoponHoe cepe6po U ApyrHe MeTaJjlJbl U MHHEpaJbl.

BaxHeiiluye MecTOpOXKAEHUS ypaHa B KaNUTaJHCTHUECKOM
mupe pacnoaaratorcs B CLUA, Kaunane, pecny6auke Kowro,
[OxHo-Adpukanckoil pecnyGauke, ABcrpanuu 0 Ppanuud.

B npoMmbllwieHHOCTH, KPOMe YPAHOBBIX Py, HCNOJb3YIOTCS, HO
B SHAUMTEJbHO MEHbLIMX KOJHYeCTBAX, PYAbl TOPHS H pamus.
MecTopoKaeHHst Py TOpUSl BCTpPeualoTcsl raBHbIM 06pa3oMm cpe-
OU NerMaTHTOB, HEKOTOPbIX BHAOB H3BECTHAKOB M B JPEBHHX H
COBpeMeHHbIX pocchinsX. MecTopoxAeHHs] pajusi CBS3aHbl IJas-
HbIM 006pa3oM C THAPOTepMaJibHbBIMU XuaaMH. [IpombliienHble
KOHIIEHTpPAlHY pafusl BCTPEUaloTcsl HHOrAa B BOAAX, COMYTCTBYIO-
WHX HedTsAHbIM MecTopoxAeHusiM. Ho 3To yxe oTHocuTCs K Be-
AEeHHIO THAPOTeoJIOrHH.

H3otonbl npuMeHSIOTCS B THAPOreOJIOTHH AJS H3yueHHs Me-
CTOPOXKIEHHH MNOJIe3HBIX HCKOMaeMblX, BbISIBJIEHHS PaJHOaKTHB-
HbIX HCTOYHHUKOB AJIS1 JeueOHbIX LeJseH, HabJIOLeHHs 3a [BHXKe-
HHeM MOoJ3eMHbIX BOJX C MOMOLIbIO MEYEHbIX aTOMDB.

Paauoruaporeosiornueckue MeToJbl MOHUCKOB MeCTOPOXKIEHHH
PannoOaKTUBHBIX PYA HAaxoasT Bce GoJibuiee U OoJsbulee NpHMeHe-
Hue. Bokpyr mectopoxaeHuii ypaHa, Topus, paaus o6pasyiorcs
30Hbl MOA3eMHBIX BOJ, o6OraleHHble NMPOAYKTaMM pacnaga 3THX
anemenToB. Opeosibl (30HBI) pPafMOAKTHBHOCTH HMEIOT pasJiuy-
Hble pa3Mepbl — OT HECKOJIbKHX COT METPOB A0 HECKOJIbKHX KH-
jJoMerpoB B auamerpe. OfHOBpPeMEHHO C pPaJHOAKTHBHLIMH Me-
TajJulaMd B MOJ3eMHbIX BOJAaxX BCTpeuaeTcs MOJHGIEH, HHUKEJb,
Ko6aJbT, LUHHK, CBHHEL, MeAb, MbIbAK. DTH LEHHble MeTaJJibl
OGbIYHO COMYTCTBYIOT 30HAM MOBBILIEHHOH paanoakTuBHOCcTH. Ha-
060opoT, N0 3JeMEHTaM-CNYTHHKAM MOTyT ObiTb OGHApyXKeHB Me-
CTOPOX/EeHHs ypaHa.

IMon3zemMuble BOAbl, B KOTOPBLIX BCTPeuaeTcsl MOBHILIEHHOE CO-
Aep)KaHue DaiHs W pafoOHA, MOTYT CJAYXHTb HIAH AJas A0GHIYH
pamusi, HJH Aaa JeuebHbIX LeJeit.

[Ipumepom nepsBoil rpynmbl ABJASIIOTCA BOABI HEKOTOPHIX Hed-
TAHLIX MECTOPOXIEHHH; KO BTOPOHl rpynne MOXHO OTHECTH BOXbI
kypoptos Besnokypuxu (Anraii), CnaBsHosckoro (KaBkas) u ap.

B CCCP npuHsito AeauTb JedyeOHble pajHOaKTUBHbiE BOAHI
Ha TpH rpynmsl:
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caabopaguoaktueHbie — 35—100 sManl;
cpennepaanoaktusHole — 100—300 sMaH;
cH/bHOpaaHoakTHBHble — GoJsee 300 aMaH.

ITpu yuete neueGHBIX CBOICTB HCCAENYETCS «PaaMOAKTHBHAs
MOLLHOCTb» HCTOYHHKA, TO €CTb KOJHYECTBO pajHs, CIOCOGHOE
JaTh 3a eJUHHIY BpEMeHH OnpeleseHHOe KOJHYECTBO paaoHa
Hccnenylotest Takxke KauyecTBo BOAbI, ee JieueGHbIA 3pdexT u np.

PannoaxkTuBHble MeTOAbl HCNOJB3YIOTCS B THAPOTEOJIOTHH H
NpH ONBITHBIX paboTax no onpenesieHU0 CKOPOCTH JBHIKEHHS MOJ-
3eMHbIX BOA. [ag 3Toii Lenu MpPHMEHSIIOTCST KOPOTKOXHBYILHE
H3oTonbl (MeueHble aTombl). Habaionenue 3a HMMM BecbMa He-
caoxHo. OHO BefleTCsl C MOMOLLbLIO KOHTPOJIbHBIX CKBaxKHH. Bme-
cTe ¢ OObIYHBIMM MeTOJaMH HCCJeNOBaHHil (KapTHpoBaHHe, MO
HCKH, CbeMKa, pa3Belika, 6ypeHHe) NDH NMOUCKAX MEeCTOROKAeHHN
YPaHOBBIX, TOPHEBbIX W pafHeBbIX Pyl MPUMEHSIOT CHellHaJbHble
MeTOAbl: pajHOMeTpUYecKUe, PAAHOreo]OrHyeckHe U reo6OTaHH-
qeckue,

Ilpu pamHOoMeTpHUeCKHX MeTOLaX HCCJeNOBaHHH NMPHMEHSIOT-
Csl BbICOKOUYBCTBHTE/bHbIe NMPHGOPB — paaHOMETPhl, PerHCTpH-
pywoouiue anabga-, 6eta-, raMma- uian HeiiTpoHHoe u3dayuenusi. lu-
pOKOe NpUMeHeHHe MoJyuyuja a’popaiHOMETpPHss U aBTOramma-
paZHOMeTpHs, TO €CTb PEerucTpauHs raMMa-u3jayuyeHus ¢ camoJe-
Ta WJAH C aBTOMOGHAA. [laHHble, MOJyueHHble C caMoJieTa HJH
aBTOMOOHJISI, 06513aTe/IbHO NPOBEPSIOTCS B MEUIeX0AHblX Maplpy-
tTax. Kpome toro, nposoaurcs npoBepouHoe GypeHue.

Ieo6oTanuueckHne MeTOAbl H3YUYEeHHs MECTOPOXKIEHHH paaHo-
aKTUBHbIX DYyA B INocJiegHee Bpemsi npuobperaioT Bce GoJibluee
3HayeHue. PacTeHHsi oueHb YyBCTBUTEJbHbI K MPHCYTCTBHIO B MOY-
BE PaaHOAKTUBHbIX djeMeHTOB. CylleCTBYIOT TaK Ha3blBaeMble
NOJIOXKUTeNbHbIE NPU3HAKH, HabJatoqaeMble Y pacTeHHil nol BJAUS-
uueM paaumoaktuBHocTH. Cloga OTHOcATCH ypoasauBble (HOpPMHE
pacTeHHuil, H3MEHEHHE HX OKDAaCKH, OCBeTJIeHHe cTebaeli H JH-
ctheB. OTpHuaTe/bHble re060TaHHUECKHe NPU3HAKH YKa3biBaloT
30HBI, TI€ HET AOCTATOYHBIX KOHUEHTPAUHH PafAMOAKTHBHbIX PYA.
Tak, HekoTOpble pacTeHHs NPOH3PACTAIOT TOJNbKO TaM, I'Ae HeT
ypaHOBLIX DYI.

H3oronubie MeTojbl HCCJAENOBAHHI MPHMEHSIOTCS TaKXe MNpH
H3yueHHH He(TAHBIX H Ta30BbIX MECTOPOKIAEHHH.

OAHUM M3 COBpPEMEHHbIX MPHEMOB MOHCKOB He(TSAHLIX H raso-
BLIX MECTOPOXIEHHH CTaJu a3’po-, paiHo- U aBTOraMMacbeMKa.
Bo MHOTHX palioHax B MeCTaX KOHUEHTpauuu HedTH U rasa obHa-
pyXeHa MOHHXKEHHAsi HHTEHCHBHOCTb ramMMa-u3sayuenuii. Hekoro-
pble ucciefoBaTeNd OODBACHAIOT 3Ty 3aBHCHMOCTb TeM, YTO H3
MOBEPXHOCTHbIX 30H BbILLENAYHBAIOTCS M BbIMbIBAIOTCS COJIM pa-

! 9Man — eIMHHLA H3MepeHHs ciabofi PAaNUOAKTHBHOCTH. DMaH pa-
Ber 1070 kiopH Ha | 4 XHIOKOCTH han rasa (wan 10—'3 Kiopu Ha 1 cud).
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JNMOaKTHBHbIX djeMeHTOB. HedTsiHble maacTel npensTcTBYIOT nepe-
JBHXKEHHIO COJIell PaJHOAKTHBHBIX 3JE€MEHTOB H3 IMIyOMHBI K MO-
BEPXHOCTH. DTO U TIPUBOAHMT K TOMY, YTO Ha TAKHX yyacTKax OH
PalHOAKTHBHOCTH MOHMXKeH. BO3MOXKHBI, OQHAKO, U ApYrHe HC-
TOJIKOBAHHS 3TOTO SIBJIEHHS.

Jpyrum BasKHbIM NPHEMOM sIBJISIeTCSl PaLuOKapoTa)K CKBa-
)KHH. Kaporaxem ckBaxXHH OOBIYHO Ha3bIBAIOT H3yueHHEe MOPO/,
KOTOpble NpPOXOAATCS CKBaXKHHOH, 6e3 M3BJeueHHss MOpoj (Kep-
Ha) Ha NOBEPXHOCTb. DTOT METOA OCHOBaH Ha (U3HUECKHX CBOM-
ctBax nopod. [losroMy cyulecTBYIOT 3JIeKTPOKAapOTax, MarHuT-
HbIl KapOTaxK H, HAKOHeL, PaAU0OKapOTaXK.

[Toxaanyii, HUTAe TaK MOJIHO He MPHUMEHsIeTCS PaJHOaKTHBHBIH
KapoTax, Kak NpH u3yueHun HeTAHbIX MecTopoxpueHuil. Benb
camoe 60JblIOE KOJIMUECTBO IVIYOOKHX CKBAaXKHH OYPHTCS HMMEH-
HO NpH MOHCKaXx H JoGblue HeTH U rasa, a MOJHMMATh KePH U3
ryyGOKHX CKBaXKMH A0JT0, XJ0mnoTHO u goporo. Tak, B CIIA B Te-
uyeHHe ToJbKO 1957 roma 6o nmpo6ypeno ceeiie 200 cKBa:KUH
ray6uHoit 6onee 4600 m. Bce atu ckBakuHbl Oypusuch Ge3 orT-
6opa kepHa. Paspe3 usyuascsi MeTogaMu pas3/iHuHOro BHAA Ka-
poTaxa, ¥ B TOM 4YHCJe paJHOAKTHBHOTO.

Ilpu npoBesenun pajHOAKTUBHOTO KapoTaxKa NPHMEHSIOTCH
HEHTPOHHBIH KapoTax, raMMa-KapoTax, raMMa-raMMa-Kapo-
Tax, HeHTPOHHBbI ramMMa-kaporax H Ap. B ckBaxuHy, 3akpen-
JIeHHY10 o6cajHbIMH TPy6GaMH, OmycKawoTcsl MajorabapuTHble re-
HepaTopbl HEHTPOHOB HJM BO3OYyLHTeNH ramma-usayuyenusi. ['am-
Ma-H3JlyuyeHHe NO-Da3HOMY pearupyeT Ha pasJUuHble MOPOJbI,
KOTOpble MPOXOAMT BO36GynHTeJb H3JyueHHs Bcueg 3a OypoM, H
no/ayyeHHble CBeJEHHs NepeJalOT HAa NMOBEPXHOCTb 3eMJH. A Tak
KaK TOoKa3aHHUd 3TUX NpUOOPOB AJS TOH HJH HHOH IOPOABI yXKe
H3BeCTHbl eosioraM, TO HM OCTaeTcsi TOJbKO pacliudpoBaTh
MOKa3aHHUsl MEXaHHYECKOI'o cYeTYHKa npH Bo3OyauTese raMMa-us-
ayvenuil. [lpn npoBeneHMH HEHTPOHHOrO KapoTaxa H3MepsIoT-
Csl BTODHYHblE FaMMa-H3JyYeHHs, KOTOpble BO3HHKAIOT TPH Omy-
CKaHHH B CKBAaXXHHY HCTOYHHKA HEHTPOHHOrO H3JayuyeHus. HMcrou-
HHK COeJIMHEH C HOHH3AaUHOHHON KaMepoil. HeliTpoHsl, uayuue ot
HCTOYHHKA, NPOHHKAIOT BHYTPb silep aTOMOB IIPOXOJHUMBIX CKBa-
JKHHOH NOpoJ M BHI3LIBAIOT pacnaj sijep, CONPOBOXKAaeMbli raM-
Ma-u3jy4yeHHeM, PerHCTpPHpyeMblM HOHHM3AIHOHHOH KaMepoi u
cueryukoM. Takum o6Gpas3oM, NpU pajHOKapoTa)ke H3yyaercs
reoJIOTHUECKU paspe3 CKBaXKUH Ge3 H3BJeueHHS Ha NMOBEPXHOCTb
TOPHBIX NOPOJ, YTO 3HAYHTEJbHO yHeLIeBJsieT W YCKOpSieT Mpo-
Lecc pa3BeiKH MeCTOPOKIEHHH.

Jns u3yueHHs] CKBa>XMH MeTOAAMH ‘pPagHOaKTHBHOTO Kapo-
Taxa cefiyac npuMeHsieTCsl CBbillle 25 pa3JIHYHBLIX H30TOMOB: KO-
6anbT-60, upuauii-192, fion-131 u MHOrHe ApyrHe.

Boanblloe 3HaueHHe MMeIOT H30TONHble METOAbI NMPH HCCJAELO-
BaHUAX He(PTSHBIX H ra3oBbix MectopoxaeHuii. I1Ipu paspaGorke
3THX MeCTOPOKIEHUH 0COGeHHO BaXXKHO 3HaTb O CTENEeHH NOPH-
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croctu nopon. OxasbiBaercs, MOPHCTOCTb B psifie CaAyuaeB Jayuylue
BCEro M3yyaTb H30TONHBIMH MeTojgaMH. He Menee BaxHO BbIsic-
HHTb, HA KaKOM YYacTKe MOPHCTbie MOPOAbl HAChILIeHbl HEPTHIO,
a Ha KaKoM BOJOH, rje OHM KOHTAKTHPYIOT H KakK H KyjAa nepe-
asuraercs Boja. Hns 3To#l menu HCmoab3ylOTCsl HEATPOHHBIE Me-
TOABI, C MOMOLILIO KOTOPHIX MO KOHTPOJbHLIM CBKaXKHHAM CJAEAST
3a NMPOJBHXKEHHEM BOJBL.

CywHoCTh MeToaa CBOJAHTCS K H3MEpeHHIO raMMa-H3jayyenus,
HCKYCCTBEHHO BBHI3bIBAeMOro 60MGapIHpoOBKOH MOpOA HeHTpoHa-
MH. Tak Kak BOLOPOA SIBJSIETCA 3aMeAJiuTesJeM HEeHTPOHOB, TO
HaJlHyde BOABl W He(TH JIErKO perucTpupyercs npubopoM, omy-
cKaeMbIM B CKBaxKHHY. ITopHcTble BOJOHOCHBIE MJacThi GYAYT OT-
MeuaTbCss MaKCHMYMOM ramma-usayuenus. Korpga npuGop Gyner
NPOXOJAUTb 30HY NOPHUCTHIX HEe(TEHOCHBIX NMOPOXA, TO XapakTep
raMma-u3JyyeHHsl CTAHOBHTCS HHBIM.

[1pu uccnenoBaHHH APYrHX MOJME3HbIX HCKOMaeMbIX (MeTaJlJiH-
YeCKHX H HeMeTa/JIHYecKHX) NpHMeHsIOTCs GoJiee HJIH MeHee
OJHOTHIHBIE CIOCOGHI H30TOMHBIX HCC/IeJ0BaHUHA. 3ech Hafo pas-
JIHYaTb MeTOAbl, KOTOPBHIMH I'€0JIOTH NOJb3yIOTCS NPH [OJEBbIX
pa6orax, U MeTOAHl, NPUMeHseMble DU HCCJAENOBAHUSAX BeLleCcTBa
B KaMepaJbHbIH NepHOA, KOrAa, BO3BPATHBIIHCH C MOJIs, T€OJIOTH
o6pa6aTtbiBaloT coOGpaHHbI MaTepyaJ, MHINYT OTYeThl, BEAYT Ja-
6opaTopHble HCC/IeJOBAHHS.

[Tpodeccopom Hucruryra reodpusuxku Ypasabckoro duiaxana
Akanemuu Hayk CCCP IO. H. BynameBuuem coBMecTHO co cTap-
LUIMM HayYHBIM COTPYAHHKOM 3TOr0 e HHCTHTyTa BockoGoHHH-
KOBBIM paspa6oTaH 3¢ ¢dekTHBHBI!I MeTOJ] ramMma-ramMMa-kKapora-
J)Ka AJisi U3y4YeHHsl YroJbHbIX MectopoxpaeHuil. I1pu xaporupoma-
HUH CKBa)KHH OOGBIUHBIMH METOJLAaMH 3JeKTPOKaporarxa MHOTIe -
yroJbHble NJacTbl He yJaBauBaaucb. Bynawmesuy H BockoGoii-
HUKOB, NPHMEHHB raMMa-raMMa-KapoTax napajienbHO C 3JeK-
TpPOKapoTaeM, JOOHJHChL NMOJHONR XapaKTepUCTHKH pa3pe3a U Ta-
KuM 06pa3oM YJIOBHJIM Te IVIACTHl yTJisl, KOTOPblE NMPONYCKaJHCh
npu oGLIYHBIX METOAaX 3J1eKTPOKapoTaxa.

B HacTosilllee BpeMsl 3THMH Xe€ Y4YeHbIMH pa3paboTaHBl Me-
TOALI PUMEHEHHs1 PaJHOAaKTHBHOTO KapoTa)Ka NPH H3yUYEHUH IOo-
JUMeTaNJHYeCKHX MecTopoxAeHHH. OnbIThl, NMpoOBeleHHble HMH
B KasaxcraHe, nanH noJoXHTeJbHble pe3yJbTaTbl, 0COGEHHO NpHU
HCCJIeIOBAHUSIX MeIHbIX, MeJHO-UUHKOBBIX, MEIHO-CBHHLOBLIX H
JAPYTHX MOJHMETA/JIHYECKHX MeCTOPOXKIeHHH.

K kamepa/nbHBIM METOHAM H3YyuyeHHsSI MOJIE3HBIX HCKOMaeMblX
c/ieyeT OTHECTH M aBTOpapHorpaduio.

ABTopagnorpadus — 3T0O HCCJeOBaHHE BELIeCTB C MOMOLIbLIO
tdoromerogoB. Ha ¢oronnacTuHKax pagHOaKTHBHbIE MHHepaJibl
0CTaBJISIIOT CBOH CJIeJI, UTO MO3BOJIsSIeT BECTH KOJHUECTBEHHbI yuer
TUX MHHepPaJloB.

HepaBHo B meuaTH coo611asoch, YTO HEKOTOPHIe 3JIeMEeHTH,
TPYAHO MOAJAIOLIMECS] H3YYeHHIO (Takue, Kak PyOumHi, Ie3Hi
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H 0p.), XOPOILO ONpeJessloTCsl ¢ MOMOILbBIO HEefITPOHHOAKTHBALH-
OHHBIX METOHOB, 0 KOJIMYECTBY PafAHOaKTHBHBHIX NMPOAYKTOB, BO3-
HUKAIOWHX NpY HeHTPOHHOM 0O6JyueHHH BelLiecTBa. TOYHOCTb OI-
peleseHHss NPH 3TOM AOCTHraercss MHOrga GoJsiee BBICOKAs, ueM
NOPH CeKTpPaJLHOM aHa/H3e.

3AKJIIOYEHHUE

bl NPOCJENHNH B OOLIHX UepTax COBPeMeHHble MYTH Pa3BHU-

THSl HOBOH HayKH — s1lepHOH reosoruu. PoguBLIKCh B HEA-

pax reoxXuMHH, 3Ta HayKa OKasajach B COCTOSIHMH C ToO-
MOLIbLIO HOBBIX METOJOB pellaTh MHOTHE TeOopeTHYeCKHe BONMPOCH
H NpPOA3BOACTBEHHblE 3aJayd COBpPEMEHHOH reojorud. B uuciae
BaxKHeHWIHX mpo6JyeM B flepHOH reoJIOTHH MOXKHO Ha3BaTb: BhI-
sIBJleHHe HOBBIX CBOHCTB reocdep 3emJH, BbIsCHeHHe BO3pacTa
3eMau H KOCMHYECKUX TeJ, NpoOJieMbl 3APOXK/AEHUS H SBOJIOLHH
XKH3HY Ha 3eMJie, MPOMCXOXK/AEHHS MJaHET H 3Be3LHLIX MHPOB,
H3yueHHe JHHAMHUKH reoJIOTHYECKHX IPOIeCcCOB, MOHCKH H HccJe-
IOBaHHe pa3HooGpasHbIX MOJIe3HbIX HCKomaeMbix. M xoTs Bce atH
npo6aeMbl H3YYaJHCh Da3JIHYHBIMH pasjesaMH TeoJIOTHH, ffep-
Hasl TeoJIOTHsl MOCTaBUJIA HX NO-HOBOMY H HaMeTHJia IYTH pelie-
HHSl KapAHHAJbHBIX BONPOCOB COBDEMEHHOH TreoJIOTHH. ITOMY
Cnoco6CTBOBAJIO OBJafieHHe HOBOH rpynmnofi crnenuduieckux Me-
TOJOB, CBOHCTBEHHBIX TOJILKO 3TOH Hayke.

Ha ouepenu MHOro HOBBIX TeM, CBSI3aHHBIX M C pa3paboTKoil
HOBBIX METOJAOB M C IIOCTAHOBKOH HOBBIX HayuHO-NPaKTHUECKHX
TEM.

Merofipl simepHO#i reoJIOTMH NMOMOT'YT HAMeTHTb NYTH paspe-
[IeHHsT HOBBIX HAyuHbIX NMpo6jeM H3 MHOTOUHCJEHHBIX pa3jesoB
reoJIOTHH, He 3aTPOHYTHIX B JaHHOM ouepke. ITo caMbiM cKpoM-
HBIM TOJACYeTaM, COBPEMCHHAsl reosIOTHueCKasi HayKa BKJO4aeT
GoJiee cTa ABALUATH CAMOCTOSITE/NbHBIX OHCUMIVINH. B Kaxkaoi u3
3THX AHMCLUUIVIMH ecTh CBOfl cnenuguuecKHii Kpyr BOIPOCOB, OT-
BETHTb Ha KOTOpDhle B KPaTKOM ouepke OblJ10 HEBO3MOXKHO.



JJUTEPATYPA

Axanves WU. H. (pen.). IlpuMeHeHHe aTOMHOH SHEPTHHM B MHDPHBIX HENAX.
HUsn-e0o AH CCCP, 1956.

Bypxkcep E. C. Kak onpemensiercss Bo3pacT ropHbix mopox ¥ 3emau. AH
YCCP, 1954.

Bofitkesuy I. B, TIpoGremsr pamnoreosorns M, Tocreonrexusnar, 1962.

Ipeepcxuft . 1. uw IManupo H M. CoBpeMeHHble BONPOCH pajHo-
6nonorud. M., AH CCCP, 1957.

O upaxk Il. dnekrponn u BakyyM. H3agx-Bo «3uanue», 1957, cepus VIII, Ne 37.

Kpacosckuit B. U. HcenegoBanus BepxHeit aTmocdepbl C MOMOIBIO HC-
KYCCTBeHHBIX CNyTHHKOB H pakeT. M3x-Bo «3nanue», 1958, cepus VIII,
Buinyck II.

Manaxop A. A. Kamennole gokymeHtsl. CBeparus, 1957.

Manaxos A. A. Hosenan o kamue. Cseparus, 1960.

Parunkos E. ®. Cemp HcTOuHHKOB 3Hepruu. CBepanoBck, 1960.

Pxoucuunkuit b. H u I'ennenbmaun E. M. Artomnas sueprus u ee
npuMeHeHHe B MHpHbIX uensx. JI, 1955.

denopos E. K. Hayunble ncciienoBaHHSI ¢ MOMOILIBIO PAaKeT H HCKYCCTBEH-
HeIX cnyTHHKOB 3eMmuH. M3n-Bo «3nanues, 1958, cepus IV, Ne 21,

M knosckufi U. C. HoBoe B panmoactporomun. Hsn-so «3nanne», 1957,
cepust VIII, Ne 44.

Our P. fpue thicsiun coanu. M., Tocatomuspar, 1961.



7 xon.



