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[IpexncioBrne peJakTopa MmepeBoja

Ilpepnaraeman BHHMANWIO COBETCKOIO UHTATENs KHATA O
MPOMCXOM/CHIN JRUBHM Ha. 3eMie HANHCAHA U3BECTHHIM
aMEepHKAHCKAM yueHHIM npodeccopoM mukpodmomorum [a-
saiickoro ynnsepcutera (Mamoa) Huaapom @oxcomom. 3amm-
Masch MCCHEI0BAHMAMI B 00JACTH XHUMHYECKOH 9BOMIOIHUE B
pamrax HACA (NASA, HanuomanpHoe yupasieHne mo aspo-
HaBTHKe 1 HCCJHe0BAHMI0O KOCMHYECKOTO IPOCTPAHCTBA,
CIIIA), nmpodeccop Poxcom mnpossma Oodbimoli mHTEpec K
npobaeMe TPOMCXOK/CHAA RU3HE B IEJOM, 4TO W OPHBEIO
€ro K ReJIaHNI0 CHCTEMATH3HPOBATH O OI@HHTH CYIIECTBYIO-
mEe B Hayke NpeJcTaBjenns, Kacalonlmecs 9ToH mpoOaeMsl.

IIpessne Bcero cuefyer OTMETHTB, 4TO ABTOP NEAHKOM H
MOMHOCTBIO CTOMT Ha MAaTePHATHCTAYECKAX MO3HIUAX, pac-
CMATpPHBAsA BOBHHKHOBeHHEe RH3HM Kak HeusOeKHBII pesyiib-
TaT 9BOJIOIMOHHOTO PasBHTUA MaTepuu. AHAIH3 BTOH 3BOIIO-
Oud OH HauWHAET C XHMHOUECKoro cocraBa DBcememmoii, mo-
BeHMNUX JaHHEIX CIEKTPOCKOINH S3BEe3J[, MEKSBe3JHbIX 00aa-
KOB W TyMaHHOCTei, yOeAHTeNbHO NOKA3aBMINX eIUHCTBO
XHMHYeCRoro cocraBa DBeerenmnoil, ompeenseMoro CmCTeMOi
xmMiuecknx amementoB Menpeneesa. [lamee aBrop paccMar-
puUBaeT COBpPeMEHHLIE B3TIAALI Ha Npomecchl o6pasoBanus
INIAHETHBIX CHCTEM, BO3PACT 3Be3]l W NIAHET, 3aTeM Iepexo-
IOET K BOIpPOCaM BO3HAKHOBEHHS H DBOJNOIWH 36MHOIl aTMoc-
depsl W npomeccaM XMMHEYECKOH DBOMIONNA HA MPHEMUTABHOR
3emue. B atom paspmene aBtop mofpo0HO ONMHMCHIBAET MHOTO-
YHCIeHHBIC DKCTIEPHMEHTH 10 a0HOTeHHOMY CHHTE3y Opramm-
YECKUX BEIIECTE W3 HEOPraHHmYeCKAX KOMIOHEHTOB, HPOHCXO0-
JIAMEMY 110j] IefiCTBHeM pasINvYHBIX dHeprerTHyeckux Haxro-
POB: BIEKTPHTECKHX pAa3pAfioB, pagHanuy, TeMIepary-
pHL I T. I

Cremys nseectHniM npepcrapnennaM Omsarepa n Moposn-
Ia, aBTOp OIpeJeNAeT MOHATHE (JKUBHE» KAK SROIOTHIECKOE
CBOIICTBO, JTHIOb Ha KOPOTKHIl MUr OpOABIAIONIEECH KAK
cBoiicTBO mugmBmayyMa: «fHusmb ecTh cBoiicTBO MaTepunm,
HOPUBOJisililee K CONPSIKEHHOH UNPKyIAnmn OmodTeMeHTOB B
BOJ(HOI cpefie, JABMKUMOH B KOHEYHOM cueTe dHeprueil coi-
HEYHOr0 W3IYIeHus 00 IMyTH yBeanmuenus ciaoskuocTH». [[am-
HOe OIpejlelleHMe HOCAT, HAa MOl B3MIAM, CIUMKOM o0mui
XapakTep: OHO HOJUEPKUBAET BABHCHMOCTEH TKHSHHM OT OKpY-
Mmalomeii cpeasl, no Be (UKCHpPYeT Tex ee MaTepHaJbLHBIX HO-
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cureneit (Geaxn, HYKJIENHOBHIE KUCTIOTH U 7p.), 6ea KOTOPHIX
sKuaEs BooOime HeBoaMo:HA, CBOMA BCIO CJAOMHOCTH XUMA-
YECKHX COeMMHEHMH U HX TPeBPANenuil B JRUBOM OpraHW3Me
K o0meMy TepMUHY (IHPRYIANNN ON0dIeMEHTOB», aBTOp,
TeM HE MeHee, BEIHY/KIPH OpH jaibHeilimeM N3T0:KeHAN pac-
KPBEITH CMBICH 9TOr0 00INEro ompeselennsd, HAa3BaTh Te KOHK-
peTHBIe TPYTIB XAMUTECKAX BEI(eCTB, KOTOpHe 3ammdposa-
HEl B 9TOM OIpeJeJeHnm.

Ilepexoma or paceMOTpeHus mepuofga XAMHIECKOH 8BOIIO-
U} MaTepun K HaYaJLHOMY Iepmoay OmoJoTHIecKoil aBOJIo-
I[N, ABTOP, KAK 8T0 OOBIYHO N JieJlaeTcA B JIUTEpaType TaKo-
TO pofia, M3JaraeT MmpejcTaBieHus O IPOTOOHOHTAX — IpoMe-
JKyTOUHOH cramumm ororo mepexorma. Om pacecMmaTpuBaet
UMeonImecs B JUTEPAaType TUMOTeTHYecKHe MOJelIH IPOTO-
fmOHTOB — KoamepBaThl, MuKpocdepsl, caMOCOOPKY MOJIEKYJI
Ha ()as0BBEIX TpaHmUAX, afcopOImI0 MaJBlX OpPraHmYeCKHX
MOJIEKYJl Ha TINHHCTHIX MpHepamax. Paccmarpupas mopesnn
OPOTORJETOK, aBTOpP 0cO0EHHO IOAUEPKABAeT TPYAHOCTH,
BO3HHKAWOIHE Npn 00bACHEHNA BO3MOMKHOCTH MPEONOJIEHHA
KOHIEHTPAIIIOHHOT0 pasphBa IIPH IIepexofe OT MOHOMEPHBIX
OpPTraENTEeCKUX MOJERYI K TOANMEPHOMY MaTepmany, HoclIy-
JRUBIEMY Cy0CTPaTOM BORHMKAOIINX MPOTOKIETOK. 3/leCh OH
MPHUXOJAT K BHIBOAY, 4TO NPOTOKJIETKE 00pPa3OBHIBAJINCH B
nepBOoOBITHLIX BOJIoEMax M3 MOJAMEDPHEIX BEMIeCTB OJHOBpe-
MenHo ¢ o0pasoBaHmeM Majanlx opraEmuecknx mosexyd. ITpo-
TOKJIETKH HBOJIONHOHAPOBAIN OKOJIO JIBYX MHJLIHADHAOB JET,
nmpuvyeM B JTOT HepHOJ| Y HUX HOABHINCH W HBOTONUOHMAPO-
BaJIN TeHeTHYecKuil n OeJOKCHHTe3HPYMOMIWil ammapaTel H
Gmarolaps WM HACIeIyeMblil 00MeH BEmecTB.

Wasnowus B jroctymmoil hopMe OCHOBHBIE MpPeCTABICHES
COBPEMEHHOH TeHeTHKN 0 nepefave HacjaeacTBennon wndop-
Malnm W MeXamu3Max CaMOBOCHPOW3BeJICHAA ;KMBOM KIeTRH,
8BTOD BBICKABLIBACT CBOW JOTAJKN O BO3MOJKHBIX TYTAX BOA-
AOKHOBeHHA y HOpPOTOKIETOK reHeTHdeckoro anmapara. Taw
KaK BOIPOC 9TOT 0 HACTOAMIET0 BpeMeHH moyTh me paspabo-
Tal, IpeAcTaBIeHAA aBTOpa OKaMKyTca O0eayclOBHO mnoJIe3-
HEIMH OpH ero obcysEmennu B GymyIimeM.

B mocmenmeil rimaBe KHUTH aBTOP BBITENAET Psijl BOIPOCOR,
ABIAIOINXCA emle HeJ0CTaTouno 000CHOBAHHBIMU, MOIUepPKA-
BaeT IPeAmoNOKuTeNbHEI XapakTep MHOTHX WHCNOIb30BAH-
HBIX NpeAcTaBleHuil, BO3MOKIbIC ANLTEPHATHBHLIE MONXOJIHL,
B wacTHOCTH, 0N OoTMeuaer cnophble BOTIPOCH B KOCMOJOTHH,
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B NOJIX0/IAX K M3YUEHHIO COCTaBA MEPBHYHOM aTmocdeps Sem-
am, TpyAHOCTH B mpobreMe XuMmueckoil ssomonuu (mpoGie-
Ma BHIOOpA), POIBL ONTHUECKHX H30OMEPOB B MeXaHmaMe 0TGO-
pa mpegdnoNOruIecKuX CHCTEM M T, II

B mexom tpya @oncoma mpeficTAaBIAET HECOMHEHHYIO IIeH-
HOCTh If «I0003HATENTLHOTO YHTATENs, WHTEPECYIOIerocs
ROCMOJIOTHEl» — 10  ompejiesennio asropa. [loGaBmo, uto
KHnra 0eccropHO 3aMHTEPECYeT CTY/eHTOB GHOMOTHYECKHEX I
CMEMKHBIX cuenuangbHocTeil. OHa HamICaHa TPOCTHIM, FACHBIM
f3BIKOM, 0OraToO WIMIOCTPHPOBAHA PHCYHKAME, cxeMaMmm, Tal-
gunama. Ee usmamme nomoannt GUOIHOTEYRY KHHAT Ha 9TY
TeMy, paHee NepeBeIeHHHIX Ha pycckmili Asmk., H atum kum-
raM aBTOp W OTCBUIAET umTaTelell, meraomux boree rayGoko
BHUKHYTHL B cyThb ofcyiaemoil 0podieMel.

I'. A. Jle6opun




IIpegucaosne

9T0 KpaTKmil Pacckas o JOJATOM HMyTH NPUKIOYEHHI, Ha-
YaBmIeMCA Ha 3ape MO3HAHNA M He HMeiomeM KoHma. Ero
nexb — O0BACHUTE (a MOMKeT GBITH, U MOMOYL BOCTIPOU3BECTH)
BO3HMKHOBEHHe KUBHHN Ha Hameil miaHete. Bmecre ¢ Tem
Ba/KHO TaKyKe JeTaabHO 00CYyAHTH (eHOMEH FKUBHH MOJ TeM
YIIOM 3peHAA, ABIACTCA JH JKU3Hb PEIROCTHI0 1 YHEKYMOM,
mIu ke 310 oOBIYHOe M HeoOXxogmMoe cBoiicTBO BeemeHHOil.

B neropum, aureparype u oabKiIope MBI YacTO CTAJNKH-
BAEMCSH C YOUBICHHEM, TOPOA{ICHHBIM ITHMH MbICaAMHE. Jlnmb
HeJABHO — B TeueHue NpPOULIOro CTOIETHA W B HAYANE M-
HEIIHero — HayKa U TeXHAKA cHAOAWIN HAC NaHHBIMH, II03-
BOJMBINEMH PA3BHBATHCA HAMIMM 3HAHHAM, a YyBCTBO Y/IHB-
deHUA CI0COOCTBOBANO (JOPMYINPOBAHMIIO IIOJNE3HLIX TEOPHIl 0
npupose BeeaeHHoiT m 0 TOM MecTe, KOTOpoe B Heil 3aHMMa-
er genoser. O0beluAEB METOMBI, TEOPHIO W AAHHBIC CIEKTPO-
CKOINH, ACTPOHOMEI, (UBNENM N XHMIKH TOKA3alil, 4TO COJ-
HeYHAS CHCTEMa [0 CBOEMY XHMHYECKOMY COCTABY eJUHa CO
Beeit Beenennoii. C moMompio AfepHoil (PUBAKN W acTPOHOMMAN
CTAJI0O BOBMOJKHBIM IOCTPOEHME IIKAIBL BPEMeH [ HBOIIO-
AN 3Be3J] W BO3pacTa TOPHEIX MOPOJ W MeTeopnToB. Bmaro-
Japsa JOCTH;KeHHAM ACTPOHOMAHM, (U3MYecKoil XHMHH W Teo-
mormu OwLTa paspaforana peaHCTHYCCKAS TOYKA 3PEHMA Ha
o0pasoBaHme W pasBHTHE ITAHeT W HA Pa3BUTHE ILTAHETHBIX
armocdep. OcHoBy TEOpHH BOSHHKHOBEHUA FRUBHN COCTABJIA-
0T XHMHYecKHe H Ouosornmueckme jgamasie. CymmecTBeHHBIT
BRIaj BHOCHT Tawske (uimocodua. OOBLERTHBHEIE Pe3YILTATHL
pafoT, MONYHYeHHLIe NPH HaOMIOAEHHH © B HKCOEPHMEHTE,
MO3BOJAIOT BINIOTHYIO TOJONATI K BONPOCY O IIPOMCXOKICHNH
JEH3HE., 9T0 MOH0 cOpMYyIHmpOBATL TAK: (JIA KasKIOro
coOBITHA cyIecTByeT pasyMuoe obsacnenney. Opan odnacnHe-
ousA ceifuac raykyres 00jlee PasyMHBIMH, YeM JIpyrHe, B TO
BpeMs KaKk HEeKOTOpEIe COOBITHA [0 CHX IOP OCTAIOTCA He-
obpacEnMBIMT HabmogennaMu. B aToM ogapoBanme HayKm.

Mosa wmura paccumrama Ha JT0003HATEILHOTO YHTATEJ,
HHTEPeCcYINerocsi Haykoi BooOmle M KOCMOTOHHEH B YacT-
poct. fI meiTaloeh ofocHoBaTE B Hell CBOIO TOURY 3pPEHus
Ha COBpPEMEeHHOe INOJOKeHme NpPoOIeMBl  ITPOUCXOAIeHHA
musan. Beith Moyker oma me OecmpucTpacTHa, HO, AyMAaIo,
q9T0 # HAPHCOBAJ PEANbHYIO KAPTHHY TOTO, KAk B PA3NNIHBIX
ofmacTAX HAYKM TPeJIIPUHNMAIOTCH COrJACOBAHHEIE HeicT-
BUfI, Hanmpasjiennbie & obmeit mem,
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Jlasi Toro wrodeBl JOCTHYML COBPEMENHOll CTYNeHHW pas3Bu-
THSA, OHONOTMYCCKNM CHCTeMaM [noHafgo0miIoch O0YeHbL MHOTO
ppeMenn (coTum n ThiCAYN MEINOHOB Jer). Maysaem mm Mur
POBHAKHOBEHNE JKHSHN 10 TAKWM HCTOUHHKAM, KAK HAIIA
demas, Apyrse IIaHeTHl WIA METEOPHTHOE BEMIECTBO, MEI
HEMOCPeJICTBEHHO PACHONATAEM JINIIb KPATKAM MITOBEHHEM
gacrosanero. [lpn mayvennn BOMpPOCOB MPOMCXORIEHAN KU3-
HII Heo0XOJMO IONBITATLCA NPOYecTh U BOCCO3[ATh [IPOMLIOE,
B YACTHOCTH, /I TOro 4To0bl HAilTH XuMH4Yeckme m Mopgo-
JOTHYECKIe CBHETENLCTBA IPE/INIeCTBOBABIINX 00pasoBanmil
m ompefenuth Boapact ropubix mnopoxa. [lo cymecrsy, mpo-
GieMa BOBHNKHDOBEHHA FKH3HM ecTh npobiieMa BOCCO3TamusAa
ApesHeiinieli u3 seex apesHux mucropmit. Yem ayume Mul
YACHUM CHTYAIWI0, CYIECTBOBABIIYI0O B MepBOOBITHLIE Bpe-
MeHa, TeM Gojee JOCTOBEpPHBLIMHN U HAJEKHBLIME OyIAyT DKCIIe-
PUMEHTH], B KOTOPLIX HMUTHPYIOTCA paHHHE COOBITHA.

Hpomorauseii Tpya m jocroiiHble BOCXHINEHHs AOrajgKh
MHOTHX HcclefoBaTeneil B aToii o6IacTH HAMIU OTpaMkeHHe
B KHHOT® JONIML B caMbix o0mux geprax. Hexoropeix us Tex,
K10 BHec Ooabmioil BKIam B npobieMmy, m3-za HeOOJIBIIOrO
ofbeMa KHETH MHe He YJaloch Jlame YIOMAHYTH, ¢ APYTAMA
A npocTo He corraceH. fl mpomy usBmHEHUA y Tex, KOro aTo
Morao Obl 00HAETH, H HAJEIOCh, YTO Co BpeMeHeM (BO3MOMKHO,
[ociie TPOBEAEHHA JONOINUTENBHEIX BKCIePAMEHTOB) HAIIH
TOYKN 3peHus cramyr Oomee Gamawumu. Jlormueckoe meco-
riacue — KpaTyailmuil myTh Me:ily yMaM#, 0 COOTBETCTBYIO-
IEe SKCHePUMEeHTH JIOJKHBL NPHBECTM K paspelneHui0 005L-
CKTHBHEIX DA3HOIIACHIL.

Kasp 3, Qoacas
Centabps 1978 r.
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Yacro yreepadaior, uro @
HacToaupee pemMa UMENOTCR éce
ycaogus 048  BOIHUKHOBEHUSR
RPUMUTUGHBLY HUGLLX CYUeCTE,
KoTopule umeaucv kozda-ro. Ho
ecau 0wt ceiiuac (u o wakoe 310
Goavwoe ecaul) 8 wkaxom-aubo
TEnAOM  MasewbrOM 600oeMe,
codepacaujem ece HeobGxodumsie
coau ammonus u gpocfiopa u
docrynnom eoadelicreuio ceera,
Tenaa, dAeKTpUYECTEA U T. M.,
xumuuecku obpasoeaaca 6Beaok,
cnocobuuiil ® daavnellwum ece
Goace CAONCHBIM RNPEBPAUjEHU-
am, 10 9707 Geaok HeMedaenno
Gua Out paspyuen uAu no2ao-
wen, uTo Gbla0 HEEOBMONKHO 6
nepuod 80 603HUKHOBEHUR Hu-
eulx cyujecre.

Yapas Japeun



Trasa 1 Xnmug Beegennoit

A Tuzanrekas vymanmocts 6 cozeesduu Opuona.
Iry TymannocTs ¢ patione emewar Opuorna moxno eudeTv 8 GUHOKAD.
Ona umeer oxkoao 15 ceerosvix aer 6 duamerpe u codepicur raxoe Ko-
AUMECTEO 2a3a U nblau, KoTOpozo docraroyno das obpasosanus 100000
38ead pasmepom ¢ mawe Coawye. ITo odna us MHOUX TyMarwnocrel
@ naweti Iararture — Maeunon IHyru, Juamerp KoTOpOli 0KOAO
100 000 ceeroswvix aer. Tymannocres Opuona, 0oTCTOAWAR OT KRAC KA pac-
croanue okoao 1500 ceeroswix aer, seafserca Oaunatiwel K HaMm TY-
Mannoctvio. (Porozpagus cdeaana e Jukrckoii oGcepsaropuu ¢ uc-
noavaoeanuem 120-dwiimogoeo reaeckona-pefaenropa Maynr-I'amuae-
Ton. Bocnpouseodurecs ¢ awbesnoeo paspewenus HACA.)




llopadok — nepewii aaxon Hebec.
Anercanap [lon

BeliiiuTe Ha yAUNY B ACHYI TEMHY0 HOYL W B3IIAHATE Ha
sgesfel. Cpein HHX OJHH — JREJITHIe WJIN OpaH/KeBBIe, APY-
rue — Geanie, TpersH — roaxyOuie. Ilo cBomM BEAEMEIM pas-
mepam m OXIeCKy OHH H3MEHAIOTCA OT eJlBa 3aMETHBIX IIPO-
CTHIM TIIa30M [I0 TAKAX #APKHUX, 49TO KAKEeTCHA, B HX JyYax
npeaMeTsl Moram 0wl or6paceiBath TeHm. Baaromaps Texecko-
Iy MO0 Y3HAJN, YTO HEKOTOpble H3 3THX OOHLEKTOB BOBCE
He 8BesJiBl, a TaJaKTHKH — TPOMAJHBIC CKOIJIEHHA  3Be3[;
Ipyrue MPeACTABIAIT c000il TYMamHOCTH — OrPOMHEIE CBe-
Tammeca oblaKa rasa W IBUIN, HAXOJAU[HEcH BHYTpH Hamei
lanarTurm.

3aMeuaTelbHO, CKOJIb Majiog YMCJI0 HAYYHBIX NPHHIMIOB
AOCTATOYHO JUIA OOBACHEHHS BCEro HTOr0 H300MIHA W PAZHO-
o6pasusa: XNMIIECKOTO COCTABA, PACCTOAHHI, BOBPACTOB, MPO-
HCXO:KJIeHNA H SBOJdOIUM 3Be3n w nianer. Onmm W3 Tarmx
MPAHIAIOB TJIACAT, 4TO PACHPOCTPAHEOHHOCTH XHMHYECKHX
aJeMeHTOB ofpmHakoBa Bo Beeii Bceenenmoit, [Ipespamenus
BIEMEHTOB U PeaKIny Me/KILy HAMH SABISIOTCH (PyHIAMEHTalb-
HEIMH CBOIiCTBAMHM HX CTPOEHUHA, KOHLUEHTPAUMN M YCIOBmil
orpy:xaioneii cpejel. Xumus 3eman u Connna nogummsercs
TeM JKe 3aKOHaM, 4To U XmMmg jnoboi apyroit obmactn Bee-
JeHHOIL,

Omnpenenenue XHMHYECKOT0 COCTABA 3Be3Jl, VIATCHHBEIX Ha
Gonbmme paccroanus, mian xors Osl Hamero Comnna momawa-
Iy MOMKeT NOKA3ATHCH HeBepOATHO TPYAHON 3amgadeil, Epum-
CTBEHHBIM CBABYIOLUIMM 3BEHOM Meyky HadIomaTereM © aTH-
MO TeJaMU SABIAETCA MaxydaeMmulii uMu cser. Ho, okasmBaer-
¢, aToro siocrarouno. Ceer, mainyuyaeMmelii 3Be3foil, MOMHO ¢
TIOMOIIIBIO CIEKTPOCKONA PA3NOMNTh Ha COCTABIAINNE ¢
PasINYHBIME YacTOTaMil KONeOAHNI; CHeKTPANBHBIC IUHAH
Aanyt nE(opMAIHI0 0 OPHCYTCTBHM H COJCPRAHUN TeX Wi
UHBIX XUMHYECKUX 3JIEMEHTOR.

B campix ofmmx veprax CIHEKTPOCKOI COCTOHT M3 IpH3-
MBI HIR JEPPaKINONHOI PeIeTkn U y3KOoil IiedH, pacmolo-
KeHHON Meky m3ofpamenneMm aseafasl m QOTOMIEHKON WIH
ApyruM npueMnnkoM nanydenns. He pasmomennwiii ma co-
crasisone Geaplil cBer mpejcrapiaseT coboil OME U3 BUJIOB
QIEKTPOMATHATHOIO M3JYy4YeHHsA 3BE3[bl; OH COCTOHT U3 COBO-
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- Puc. 1.1. Coextp amexkTpomarsuTHOTO manytenma, CHeKTp mpocrtmpaer-
~ ¢A OT BBYKOBBIX BONH J0 KocMmuieckmx ayueit. Ocobuii maTepec mpea-
eTaBIAeT AMANAS0H OT AaiabHeidl yabTpadmozeToBoll Mo BHAuMOi ofxa-
CTH BKJIIOYHTENBHO; B STOT [HAmason nomajgaer GOabmas gacTs sHep-
A DafaoIero Ha 3eMi0 CONHEYHOTO H3NyYeHHA,

KYIMHOCTA OT/eIbHBIX (JOTOHOB, 9HEPIrHH KOTOPHIX TPOIOp-
NAOHAJNBHLE WX 4YACTOTaM. 3aBHCHMOCTh ME:RAY SHeprueit m
9acTOTOH, a TaK/Ke MecTO, KOTOpOe 3aHHMAeT BHANMEIN CBeT
CpeJl JAPYTHX BIeKTPOMATHHTHBHIX HB3XydYeHHM, MpeJcTABICHH
Ba pme. 1.1.

Ha puc. 1.2 mokasano, kKak B COeKTpocKome OeJblil cBeT,
conmepKammii JoTOHBEI MHOTHX YacTOT, pasmaraercs m ofpasy-

RN I

Korrexmaoptas

3
-
5

Hemoywux cBema
POMONATCMUHNG

Pmc. 1.2. Cxema mpoctoro cumexktpockona, CBeToBEe My9d OT HCTOYHH-
Ka OpOXOJIAT Yepe3 y3KyIw INelib, 3aTeM 4epes JHH3Y W B BUje mapai-
TeNBHOTO NMy9Ka HAfaoT Ha opusmy (mim JudpaknmoHHY0 pemeTRy),
KoTopas pasjedseT JydYd pasimumbIX uacTOT. Bropas ammza cobupaet
Jiyuam @ HAUpPABIAET MX Ha NPHEMHUEK H3JydeHdmdA, Yem yiKe meib, TeM
dyuilie pasfejienne Jydeil M0 4acToTaM,
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ercsl CIeKTp maobpakennii ienn, kasoe U3 KOTOPBIX OTBe-
YaeT y3KOMY JHAlasoHy 4YacToT W3JaydeHHsd.

PaccMoTpuM B KauecTBe mCTOUmMKA CBeTa pAacKaJenHoe
nobexa tBepoe Teno. B aTOM cayuae nomyuaercs cmmommoir
HempepwiBHeli cmexrp. [lox neficTBmem Tenmma  suaerTpomsl
aTOMOB, COCTABIAMIAX TeJ0, MepPexoaaT Ha 0olee BHICOKHE
9HePreTH4eCKHe YPOBHM; 3aTeM OTH HIEKTPOHBI BO3BPAIIAIOT-
cA Ha Gollee HE3KHe yDOBHI, NpUYeM TeIuIOBas oHEePTHS,
Omarojiapsi KOTOpOil 2IeKTPOHE TMomajalT Ha Gojlee BHICORMI(
9HEpPreTHYeCKNUHl ypoBeHb, BHOBEL BhIjlesAeTcss B {opme doTo-
HoB (cmerosoii smeprmu). Packamennoe jpofexa Texo wuamy-
yaeT (POTOHBI NMPAKTHYECKH BO BCeM HHTEpBAJe YaCTOT BH-
JIIMOTO CHEeKTpa.

Ilpn marpepanum kaxoro-mmGo aleMenTta B raszoodpasmom
COCTOSIHNH B €ro CleKTpe ma TemMuoyM (one mosmiasercs nabop
APKHX SMHCCHOHHBIX JIUHHII, CBOICTBEHHBIN JAHHOMY oie-
MEHTY, KOTODBIii MOMHO HAa3BaTh ro «OTHEYATKAMH [ATdh-
ues». ATOMBI KajK[I0ro leMenTa HMET OlpejleleHHoe, eMy
OJIHOMY MHpHCYyLlee 9YHCIO MPOTOHOB M 3MeKTpoHOB. Ilpm ma-
rpeBaHNN JIEKTPOHLI NepexosAT Ha Gosee BLICOKMIl dHEpreTH-
yeckmii yposenb. IIpm Boasparte sTux asextpomos ma Gomee
HUBKHE DHepreTHUecKHe YPOBHM HX HHEpPrHs Boa0y:maenns
BeICBOOOsKIaeTcA B (hopMe HCIycKaeMbiX (POTOHOB, YACTOTHI
KOTOPBIX XapaKkTepHsl /A JAaHHOTO dIeMeHTa.

Busyanbnas aMHCCHOHHAS CHEKTPOCKONHA HCHONB30BA-
mack B XIX B. PoGeprom Bynsemom u I'ycrasom Kupxrodonm,
KOrga oOHM paspaaTeiBainm mpocThle cIOco0Bl OOHAPYKEeHHA
MEeTalIOB, OCHOBAHHEIE HA OKpAcKe MIaMeHH, BHocs comn
pasinmyHBIX METAJJIOB B INIaMsA, MCCHE0BATeNIH HaOIonama
XapaKTepHYI0 I 3THX METANIOB OKpACKy IIaMeHd. JTa
OKpacKa IpefcTaBIAeT coGoil mpeobrajaiomuii IBeT B CHERT-
pe mcmycKanuA cooTBeTcTBylomero Meramia. Hampumep, wy-
COYeR XJODHCTOr0 MATPHA NpPH BHECCHNHM B INIAMA  JlaBai
HEITYI0 OKPACKy, XJOPHCTHII HUKeXb — 3eeHyi0, a XJ0pH-
CTHI KajMuil — myprypHOo-(1oIeToByi0.

CymecTByior cneKkTpsl eije OJHOTO BHUJa, HPeCTaBIAI-
mue coboii maGopsl TeMubIX JuHumii Ha cseroM dome, Jto
CHeKTPEI IOTIOIIEHNSA; OHH BOSHHKAIT NPH HPOXOMKICHHN
Geioro cBeTa OT PACKANEHHOro TBEPHOTo Tela wuepes Goaee
XONOJIHBIe IApBl Kakoro-mmbo xuMmueckoro axementa. Merod-
HEE Oeloro cBera memyckaer oTOHBI Beex 4actor. TeMHEBIE
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Prc. 1.3, Yuactor #edToit o6JacTH COEKTpPA 3Be3JbI-THTAHTA CIIEK-
TpajJbHOro Kiaacca R-1 (ceepxy) B CpaBHEHHH CO CHEKTPOM HeOHA
(6Hu3y), Ha OCHOBAHHMHM KOTOPOr0 yCTAHABINBAETCHA INKAala [JIHH BOIH.
Haj meckomskaMm JHHUAMHE NOFTOIMEHNA YKA3aHH [IHHEl BOJIH N
ofbo3BaTensr 2JIeMeHThI, OTBETCTBEHHBIE 324 HX MOABRJIeHHEe, (CHBKTP na
Jlukcroii ob6cepsaropun Jwde3Ho mpefocTarien A-poM COMEpPaOM.)

JAUHUN OTBeYA0T TeM (poToHaM, KoTopele GBUIN MOTIOMEHHI
DIEKTPOHAMH, HAXOAHBIIHMICA HA HUBKHX JHEPreTHYeCKHX
YPOBHSX, TOCKOJBKY MMEHHO B JAAHHLIX MeCTax CIEKTpa pac-
MOMOMEHbl TOJ0CH HX cobcTBeHHbIX uyacTor. [loaTomy pam-
HEIT BUJ CIIEKTpa Ha3HBaT pasHoCTHEIM. [lia mioGoro aie-
MEHTa YAaCTOTH JUHEH B CHEKTPAX HCIYCKAHHA H IIOTJIOIIE-
HUOS COBIATAIOT.

Cuerrpockonua — riaBHeiinas TOYKA CONPHKOCHOBEHES
acTPOHOMHE W XUMuHD. AHQJU3 CBeTa, M3Ty4aeMOro 3Besfia-
mm, faer GoraTeie cBefenus o6 uX xmMmyeckoM cocrase. Ha
puc. 1.3 mpejacraBien THONYHBIA CIEKTP 3Be3fbl. AHBaxHs
mo/100HBIX CIEKTPOB IO3BOAAET HE TOJBKO HJeHTH(PUIHPOBATH
XHMAYECKHe DIeMeHTHI, HO J[aeT TaKKe W JAPYryio mEQOpMa-
muio. Hampumep, cpaBumBag OTHOCHTeJNbHBe WHTEHCHBHO-
CTH SMHCCHOHHBIX JIMHWH OJHOrO MW TOTO ke dIeMeHTa, MO-
HO MBMEpUTh TeMmepatypy mcrousmka. OrHOCHTENILHOE CO-
NlepARanEme Ka:JAO0TO BHIeMeHTa MOMKHO HANTH, H3Mepsas
OTHOCHTENbHEIE HHTEHCHBHOCTH €r0 TMIABHEIX CIEKTPAILHBIX
mumnii. KpoMe TOro, ma cmeKTpa MOKHO ONpEJENHTH CKO-
pocTh 00BEKTAa OTHOCHTENBLHO HAOIIONATENA.

C womma XIX . Owuto sapermcTpupoBamo Godee 2 MIIH.
cnekTpos npuMepno 15 Teic. aBesn n Coianma, m Ha OCHOBE
BTHX CIHEeKTPOB OBUIN cjelansl BBIBOJE 00 UX XUMHYECKOM
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cocrape. He Menee Ba/KHBIM ABIAETCH 3aKJAUEHNE, 4YTO BCIO-
nay Bo BcenenHoii CymecTBYIOT OfHH B Te e XHMHYECKHe
DJIEMEHTH W BHINOTHAKTCA OJHM W Te jKe (PUaMvUecKHe 3a-
KOHBI.

Horjia cser yjameHHBIX 8Be3J M0 IyTH K HaOIoOaTeNn
UpOXOAMT 4uepes ofdaKa MeK3BE3JHOTO rasa, B CHERTpax
3Beaq NOABIAKTCA TeMHBIe JHHHH, COOTBETCTBYIOIHE MOJIO-
caM morjdomeHnsA. AHaam3 STHX IIOJOC IO3BOJASET ONpese-
JAUTH, KAKHE ATOMBl H MOJIEKYJIBl IPACYTCTBYIOT B Me;K3Be3fl-
HOM IpOCTPaHCTBE.

TymamHOCTH BHJHBE B MaJOMOINHEII TelecKonm Kak caabo
CBeTAI[WECH 3Be3jbl, HO HA CAMOM Jielie 3TO OrpoMusie o6ma-
KA rasa W UBUIH, pacupejeleHHble Me;py sseafamn, Hamy-
genme 3Bes]l Bo30y:KIaeT COCTABAAIIINE TYMAaHHOCTh Tas U
NBUIh, BaCTABIAA MX TyCKiao cBeTuthed. lloaToMy crnexTp
BTHX CBETAIIMXCH TA30BEIX O0JaKOB mpeJicTaBAAnT co0oi
CHEKTpPHl HCIyCKaNHA,

Munanonsl cnexTpos, saperumcrpupoBanEeix or Coxmna,
8Be3Jl, Me:K3Be3JHBIX O0JAKOB H TYMAHHOCTEH, BIIOJHE JO-
CTYIHB WHTEPHOPETAIUA IpH WUCHOIb30BAHMM YIUBHTEIBHO
HeDOMBIIOro YMCIa OCHOBHEIX IOJOKEHHIT,

Bo-nepsrix, Bce ot 00BEKTH, COCTABIANIINE NOYTH BCE
BemecTB0 Beesennoil, mMeIOT, M0 CYIIECTBY, OANHAKOBHIH XH-
Muyeckuii coctas. B tabx. 1.1 nmpumsemeno ormocmTenbHoe Co-
Jep:iaHMe CaMBIX pAacHnpocTpaHeHHBIX dlIeMeHTOB Bo Bee-
JIEHHOIA,

Taauya 1.1
Copepxanne 8o Beeneunoii
HeROTOPEIX N3 Hanbolee pacnpocTpaHeHHBIX DIEMEHTOB
OTHOCHTENb- OTHOCHTEb-
Atou “ime, nci0 AT “iue, wneao
ATOMOB ATOMOB
Bopopoa 10 000 000 Haipuit 17
Fennu 1 400 000 Marauii 290
Jlaruii 0,003 AnoMmuaami 19
Yraepon 000 (Docdop 3
Azor 910 {ammii 0,8
Knenopon 6800 Apron 42
Heon 2800 Ransnmil 17
Heneao 80
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Pac. 1.4, 9dderr Jlonaepa. Korpa teno mpubnmkaerca g Habdaonare-
Ji0, YACTOTHI BCEX BHJIOB €r0 JIEKTPOMATHHTHOTO MATYUCHHA MOBLIIIA-
I0TCA 110 OTHOMEHHI0 K cHCTeMe oTcueTa HabmiomaTens npsasmo uponop-
LHOHANLHO cKopocTh. Horma Teno yjansieTcs, 4acToTH BCeX BUJIOB ero
DJIEKTPOMArANTHOrO M3JY9eHHH HNOHHKAIOTCA IO OTHOMIEHHI) K Habio-
AaTeqo NpOHOpIHOHANLHO ckopoctH. [IpmbGamskalommeca Teja mawT
¢momeToBoe cMemenme (MOBLIIEHHME YACTOTHI) BHUMOLO CHEKTpa, &
YAQIAKIOHECH — KpacHoe (MOHHKenHe JacTOTHl).

Bo-Bropeix, mouTH Bee BemiecTBo Bceemenmoil HaxoiuTes B
BH/IE [BYX HpOCTEHINAX XUMHIECKHX 3JIeMEHTOB — BOJIOPO/ia
u rexuA. Boldeimas gacTh OCTANLHBIX DJIeMEHTOB: YIWEpon,
a30T, KHCJOpPOJ, HEOH, MarHuwil, KpeMmHumii, cepa, ¢rop, aiio-
MMHHI, XJ0p, aprol, KaJabluil W 3KeIe30 — PACIOo/KeHa B
HayaJle NepHOAHYECKOH Tabauibl.

B-tpersnx, B cuexrpax moutu BceX ralakTHK HaOuaiofaer-
cfl JIOINIEPOBCKOE KpacHoe CMEIleHHe: JacTOTH BeeX (DOTOHOB
YMeHBIIEHb — CABHHYTH 10 HAOpPaBleHNI0 K KpPAcHOil JacTH
coexrpa (puec. 1.4). Uem panpmie ranakrnka, TeM Ooxbme ee
KpacHoe cMelleHNe. JTO 03HAYAET, YTO TANAKTHRE YAATIAKNTCA
or mabaofaTelns, HaXosAmerocsa B M000ii TOIKe DPOCTPaHCT-
Ba, M3 amammsa kpacubix cmemenmii ciefyer, aro Beeaennan
pacImmpseTcsd, MOCKOIbKY BCE TATAKTHKE YHAAIAIOTCA APYT OT
apyra.

Ho mouyemy Bceenemmas pacmmpsaerca? Ilouemy pacmpo-
CTPAHEHHOCTH HJIEMEHTOB CTOJNB IPOCTO CBABAHA € MOPANKOM
HX pACIOJOKeHHs B IIepHOJHYECKOH cHcTeMe! ITH BOIPOCH
Ne/KaT BHe NOJs SpeHHs JAHHOH KHATH; OTBETH Ha HAX JIyY-
e BCEr0 MCKATh B KHMIaX N0 KOCMOJOTHH W B TEOPHAX BO3-
HUKHOBeHNs DBceenemmoil. 37ech MBl OTpaHHYNMCA YCIAOBHA-
ME OmmpKaimux & HaM obgacTell IpoCTPaHCTBA.

Ha Bompoc o pacmpocTpaHemHOCTH M BHAAX XHMHYECKAX
BIEMEHTOB MOJKHO JIaTh OTBET, KOTOPBLI XOpOLIO cOrjacyercs

¢ OTKpHITHAMA B obiaactu afepHOill UKW @ ACTPOHOMHM.

Onnauo TOYHOCTh 9TOT0 OTBETa B KOHEYHOM CHeTe NOKOHUTCA
Ha KOCMOJIOrum, KOTOpas IOKa pasBATa HEJ0CTATOYHO,

“/
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Bopopoj — nanbosee wacto BeTpedalouuiics m  caMbli
npoctoit diaement. Ero aroM cocTonT m3 OFHOTO IPOTOHA |
OJIHOTO dJIeKTpoHA. Ecam mpeanonoimuTs, 4T0 HepBHYHOE Be-
mecTBo BeemenHoil COCTaBIAN MCKIIOTHTENBHO BOJOPOJ, TO
MOKHO OOBACHUTEL He TOALKO HAJMYMe, HO H PACIHPOCTPaHEeH-
HOCTH BCEX OCTAJBLHEIX 9JIeMEHTOB B HACTOAI[Ee BPEMS.

B rawoit nepsmunoii Bcememmoii, cocrosameidi m3 4mcToro
Bojiopofia, o0pa3oBanuch 3Be3fsl (MOJEIL ITOTO IIpoOIEcca
Ooymer obcy:xmarbesa B T 2). 3Be3jsl ABAAKTCA MOBOJILHO
KPYIHBIMH TPaBHTAINOHHO CBA3aHHBIMA CKOINIEHNSME BeIe-
cTBa, B X0jie 00pa30BAHUA KOTOPHIX TeMIEPaTypa MOBEIIIAET-
¢A HACTOJABKO, YTO HAUTAHAIOT IPOTEKATH AJIEPHBIE PEARIHMA.

Jlns 3Be3q OCHOBHOM SIIEPHON peaKIueil ABIAETCA CIMA-
HOe fAfep aTOMOB Bojopoja. B 9rToil peaknum BOJOpO Ipe-

@ Toomon
W Hedmpor
) * Jpexmpont
H He
10079 a.e. M. 40026 aen.

Pearyus causnus amomod odopoda

g

Beicoxas meamepamypa
e ———————
u dabrenie

4H

1He i

4x10079 a.em ———————= 40026acem t+  nepeun, snbubanenmras
(4.0516 a.e.4.) 0029 a.em.

Pamc. 1.5. Cansame aToMoB BOjlopo/ia ¢ oOpasoBammeM AaTOMa rejAf.
Onmn aToM renmsA nerde, 9eM 9eTnipe aToOMa BOJIOPOA; ned)em- Mace
COOTBETCTBYET BHIeAAMelica SHePrUl HATYIeHNA,
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- ppamiaercs B requil ¢ seijienenneM asHeprun (pue. 1.5). Mac-
~¢a fAjlpa aTOMa Tedus, COCTOAIIEr0 U3 BYX IIPOTOHOB M JBYX
HeHTPOHOB, TOYHO uaMepeHa u cocrasiaser 4,0026 arommoit
equanIsl Macest (a.e.M.). IIpm paBrenmax u Temueparypax,
J0CTATOMHO BBICOKHX JUIA TOro, uTo0Bl HAYANACH peaRmusA
CJUSHUA BOMOPOMHBIX ATOMOB, WeTHIPe aTOMa BOJOpOAA CJH-
palorca B ommH artoM reaums. Ho macca ojHOro atoMa Bojo-
poga pasma 1,0079 a. e. M., u, ciefloBaTeNbHO, YeTHIpe €ro
atoma uMeior maccy 4,0316 a.e. M. Pasmocts Memay Maccoit
YeTHIpeX aToOMOB BOJOPOJla W MAccoil OJHOTO AaTOMAa TeJans
pasra 0,029 a.e. M.: 9T0O — MaJeHbLKO@ YHCJIO, HO HMEHHO OHO
- gemwxer Beenennoii. [To sakonmy coxpameHHs Macchl u 9Hep-

IHH 9Ta PasHOCTh MacC IPEBPALAeTcs B PHEPrHI0 H3Iyde-

mua. CornacHo ypasHenuio JilHmiTeiiHa, SHEPrHs paBHA Mac-
~ ce, yMHOKeHHOIl Ha KBajpaT ckopoctu csera. [IpeBpamenne
. BOJIOPOJa B TeJuil compoBoKJaercs HeOoMbIION TOTepeit
macesl — 0,7% Ha Kamablil aTOM reiaus — U BHICBOOOKIeHAEM
| KOJOCCATbHBIX KOJIMYECTB SHEepPruu.

Peaknus camanua aToMOB BOAOPOJA, UPOTEKAINIAA B HEl-
pax sBesji, 00BACHAET, MOYEMY TreJiii — NepBHYHLI HPOAYKT
CAMAHNA — ABIACTCA, COTMACHO HAGNIOJIGHHAM, BTOPHIM MO
pacIpOCTPAHEHHOCTH XHMHUYECKHM diaeMeHToM. B jmpyrux
3BE3[IHLIX AJEPHBIX PEARIHAX, B KOTOPBIX IeJHil yIacTByeT B
KauecTBe KOMIIOHEHTa, ofpasywoTca Gomee Tamexsie, a TakmKe
HecTaOMIBHBIE PaJHOAKTHBHBEI® DIEMEHTHI, JAIOI[He NpH pac-
najie Apyroe TAMKeJble DIeMEHTDI.

‘B mCKIOINTENLHO TOYHBIX dKCHePHMenTax ajepuoil dusn-
Kk OBl yeTamosieHs Hau(ojee BEpPOATHBE YYACTHHKH pe-
aKIuil, OPOTEeKAIMUX B 3BL3JAX, W ONpeJeNeHsl IX CKOpO-
cru. Camplil mpuBIeKaTeNbHbIT acnerT 310l obaacTu mecne-
NMOBaHMIl COCTOMT B TOM, HYTO ¢ TOMOIbI0 TEOPETHUECKHX
BHIUMCJICHNI, OCHOBAHHBIX HA JTHX JKCIEPUMEHTAX, MOKHO
NpEJICKa3aTh Bech M3BECTHHIN HAGOp dIEMENTOB M WX OTHO-
CHTEITBHYI0 PAaCHpOCTPAHEHHOCTD, ACHCTBUTENbHO HAOIIOAI0-
myioca Bo Beeaennoii.

IlepBrie umeTO BOJOPOANLIC BBEAJHI YracaiT; HEKOTOPHIe
13 HHX, B3PLIBAsICh KAK CBEPXHOBLIE, BEIOPACEIBAIOT CBOE Be-
IMEeCTBO B ME/K3BE3JHYI0 cpejy, TAe Temeph MOMHMO BOJIOPO-
Ja mosBJAI0TCA GoJlee CI0/KHBIe BIeMEeHTH — IPOYKTHL fAep-
HBIX NpPEBPAaINeHuil B 9TUX 3Be3gax.

Menonbsys masectubie 3HAYEHHS PACIPOCTPAHEHHOCTH
QIEMEHTOB U H3BECTHBIe 3HAYCHUA CKOPOCTeHl AEPHBIX pe-
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QRIUil BEYTPH 3Be3fl, MOJKHO BBIYACIATHL Bo3pacT Bcemenmnoii.
On cocrasiasger or 10000 go 13000 mam. aer. [Ipyroil, mesa-
BHCHMBIl IIyTh BBIYICIEHNA Bo3pacra BceleHHOH OCHOBaH
Ha cKopocTAX pasferanma raJaKkTHK, ONeHABAEMBIX [0 Kpac-
ubiM ememennaM. Ecnn gonyeruts, uro Beememmas pacmmps-
eTcA ¢ MOCTOAHHON CKOPOCTBIO, TO DTOT MeTOJ] NPHBOJHAT K
ToMy ke smavenmio soapacta — 13000 mam. xer.



Inasa 2 B(_)3pa-0'l‘ 3BE3J1L
H 1JIaHeT,
Hepl{_OﬂH‘IGORaH cucTeMa
SJIEeMEeHTOB

A Bud Coanya 6o epema aarmenus ¢ 1970 2. Coan-
ye, 86eada cpednux pasmepos, no macce npesocxodur SeMaio npuMep-
Ko @ 300000 pas. Ono cocrour 8 ocnosnoM ua eodopoda, nodeepawie-
20CA 2PABUTAYUOHHOMY CHATUIO, U TeMRepaTypa € e20 yeHrTpe acaed-
ereue peanyuu cauanun adep godopoda cocrasaser 15 man. K. Coanye
codepaur koauuecrdo eodopoda, docrarounce dan noddepmanus no=
CTOAHNO20 NOTOKA 9Hepeuu no kpainel Mepe 8 Tevenue euje 5000 man,
aer.



Oueaudnoe — aro ro, wezo nu-
Ko2da ne euduwb, noka KTO-

nubyds ne cgopryaupyer aro
docraTtouno npocro.

Ranna Tubpan. IMecok m nena

Bospact (nim Bpems ;KUBHH) 3Be3/sl MOMKHO B [ pHHITAIE
onpesieanTh, MCXOJAA U3 TOrO, YTO 3BE3Ja HIITYUAET DHSPIHIO
B KOCMHYECKOe NPOCTPAHCTBO ¢ H3MEPHMOil CKOPOCThI0. DHep-
rufA, COOTBETCTBYIOIIAf ee Macce, o0yCIOBJIeHA ANePHBIMH
peakmuAMIE, H, XOTA Macca 3Be3jibl 0YeHbL BeJINKA, OHA He
OeckoHevHA.

B kauecTBe mepBoro NpHONIKEHHA PACCMOTPHM 3BE3TY
¢ Maccoil m, NepBOHAYANEBHO COCTOANIYI0 MCKINYATEILHO N3
Bojtoposia. IlomHoe KommvecTBO BHICBOOOMKIAEMOI €10 ameprun

E cocrasiaser
E = 0,007 me?,

rae 0,007 — nedext maccni, npoapnAwmMAiics B BUe oHep-
THM B XOJle CANAHMA YeThIpeX BOJAOPOIHBIX ATOMOB B aTOM
reinf, a ¢ — CKOPOCTH CBETa.

Jlasa aBesjibt ¢ Maccoil, pasnoit Mmacce Commma, E=1052apr.
B macroamee sBpems mommpocts manyuenna Coanna cocrasis-
er 10" spr/rog. Ecam 61 Comune mamayvano sHEpPrui ¢ aToii
MOCTOAHHOI CKOPOCTBIO, TO IPOIOIKHTEILHOCTh €r0 JRHBHN

On11a OB

Y 100 000 smuam. mer.
104

Opmaxo 8ToT TPHOINKEHHBII Pe3yibTaT [aeT 3aABHINIEH-
HYI0 TpOJONRHTEIBHOCTE JRH3HH, TMOCKOIBKY, 110 Mepe TOro
Kak TpOTeKaer CIHAHNE BOJOPOJHBIX ATOMOB H 3Be3a CTa-
peer, paBHOBECHE 3Be3JIbl CBUIAETCA. SBE3JIHI TIPEICTABIAIT
coboii MaccHBHBIe Ta30BEIE Tela, B KOTOPHIX HATPABIeHHBIE
BHYTpPh CHJIBL IPABUTAIINOHHOTO CHLATISA YPABHOBEIIEHBI CHIIA-
MH TH/POCTATHYECKOTO JaBIEHNA, HANPABICHHBIMU HAPYKY.
Ecan Temmepartypa 3Besfipl Iajaer, TO JaBieHHe BHYTPH ee
MmoHMW;KAaeTCA W 3Beama cmmMaerca. HaoBopor, ecam Ttemire-
paTypa IOBBIIIAETCS, TO JaBJeHHe BO3PACTAeT W 3Be3fga pac-
mupaeres. llpomece ciauAnuMA BOTOPOAHLIX aTOMOB B3aBHCHT
OT TEMIepaTypsl: ¢ POCTOM TEMIEPATYPHl €T0 CROPOCTH YBen-
YHBAETCH.

Maccusnsie 3Be3/is! HMeIOT Goiee BBICOKHE TeMIOEPaTypHI,
yeM 3Be3jisl He(osbImoro pasmepa, m OBICTPEE PACXOAYIOT BO-
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gopoa. B pnepsom npnlanikeHnu, clelaHinoM HaMu, ciaejyer
JIONOJHATEILHO YYECTh KaK M3MEHEHIS B PABHOBECHH B3Be3JIHl
B XO0JI¢ ee 9BOJIONMN, TAR M BaBHCHMOCTh ME;Sy MAccoil u
TeMIepaTypoii.

Opur u3 cnocof0B MOCTPOEHNS KapTHHBI SBOMIONAN 3Bes-
IBl B BRIYUCICHISA €e BO3pacTa 3aRM0YACTCS B aHAIUH3e GOMb-
moii cayuainoil Beibopkm sBesm. [lpm arom uwamepsior pac-
CTOAHHA N0 3Be3T, UX BUAMMBII JeCK W IBeT KasKI0i 8Bes-
mel. Paccroanne fio 0JH3KUX 8Be3 MOKHO M3MEPHTH METOOM
mapamiaKca.

Ecan ussectns BupuMpii 6Jeck U paccTosHue /10 3Be3Ibl,
TO MOJKHO BBIYHCIHTHL ee alCOMIOTHYI0 3Be3JIHYI0 BEJHYHHY,
IIOCKOJIBKY BHAMMELI OJeCK 8Beslibl 00paTHO IPONOPIMOHATIEH
paccrosHmo o nee. AOconioTHAas 3Be3jHaA BEINUNHA eCTh
(yHKIHMA CKOpOCTH BHICBOGOIK/I@HHA OHEPIHH HE3ABHCHMO
0T ee paccTOAHNA 0 HaGTOgaTeNl.

Liper sBesgbl ompejedseTcs ee TeMOEepaTypoii: roiyGoit
LBET COOTBETCTBYET 0YCHBH FOPATHM 3Be3jiaM, Oeaslii — rops-
YHM, & KPACHBIH — OTHOCHTEIbHO XOJOHBIM,

Ha pme. 2.1 mpepcrasmena pmarpamma [epommpysra —
Peccenna, oTpakamoiias 3aBHCHMOCTE MEEAY abGCOTIOTHOM
8BE3JHOI BeNMUMHON M IBETOM s (OJBIIOro 9Yicia 3Besfl.
Ilockonbry dTa KIaccHYeCKAA AMarpaMMa BIVIIOUAET 3Be3JIkl
BCEBO3MOJKHBIX Da3MEpPOB W BO3pacTOB, OHA COOTBETCTBYET
«cpefiHeil» 8Be3Jle HA PABIHYHBIX CTAJUAX €€ DBOJIOINH,

BonpmuucTeo 8Be3j pacmojiaraercd Ha NPAMOTAHENHOH
YACTH JMArpaMMbl; OHH HCUHITHIBAIOT JAINL HOCTENEHHbIe U3-
MEHEHHs PABHOBECHA IO MEpe BHITOPAHHSA COJIEP/KAIIerocsa B
HuX Bojiopoaa. Ha oroii wacTu gmarpaMmel, KOTOpas HA3LIBa-
eTcA IIaBHOIl mOCHeoBaTeILHOCTHIO, 8Be3/isl ¢ Oonbmiell Mmac-
coit mMmeior Golee BBICOKYIO TeMmepaTypy; B HHUX OwicTpee
NpOTeKaeT pearIus CAUFHAA aTOMOB BOJODPOJA, W IPOJOIIKH-
TEIBHOCTh MX JKUSHM MeHbIIe. 3Be3[bl ¢ Maccoil MeHbIIeil,
YyeM CoJHeYHas, uMeoT Oojsee HHU3KYI TeMIepatypy, CImf-
HEEe BOJIOPOAHBIX aTOMOB IPOTEKaeT B HUX Me[JeHHee, W Mpo-
JOJEATENLHOCTE uX Kuann Oonbme, Korna wakan-mubo asea-
Ja TIaBHON mocaejoBarenbHOCTH HMspacxoxyer oxono 109
CBOHX HCXOJIHHIX 3alacoB BOJOPOJA, ee TeMIepaTypa CHUBHT-
¢ W mpousoiijier pacmmpenme. Hag mpeamomaraioT, KpacHEe
TUTAHTH OPEeACTaBIAIOT cob0il «COCTAPUBIINECT) 3BE3MIbl BCOX
pasMepos, NpUHafIe;RaBIINe paHee IIaBHOI MOCIEL0BATENb-
HOCTH,
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== Npacrsie zucatimst

Aveapughm cxopocmu Boiclobancienus snepeud

Denste kapruxi —_—
-——""'..—-—____,_____z—:_'__.-—__-:.-—
—
—
Toryboie  Benvie Kpacnwe
Libem
[opsue Xonodrisie

Saeapugm mexnepamypsl

Puc. 2.1. [Juarpamma epumupyura — Pecceana, oTpamaoiias aabu-
CHMOCTb Mesk/ly alconoTHoll 3Besnoil Beanuniol 1 TeMueparypoil 1ia
foasmoro ymena spesp B upefenax mameii Manaxroxn, Ha aty ama-
TpaMMy HAaHeceHHl JAaHHBE A MHOMKeCTBa 3Besf, ni00ad OTHeIsHAA
TouKa mpejcTapasier cofoi spesfly. Ilockonsky Brifopka spes] siBager-
cA caydaiiHoii, 9Ta AmarpaMma JaeT (yCpefHeHHYIO» HCTOPHIO 3BE3/IBL

ITpn ToumoMm ompefeleHHu Bo3pacTa 3Be3fnl aTm (harro-
PHI ClleAyeT NPHHEMATH BO BEMMaune. Berumcnenna ¢ mx yge-
TOM IOKa3LIBAIOT, 9TO HE OfHa 3Beafa B mameii [amarTuxe
me crapme 11000 mam. mer. Hexoropsie mManeHbRHE 3Be3[hl
HMEIT HTOT BO3pacT; MuHorue Gosiee KPyUHble 3Be3jibl ropas-
no moxosxse. CaMble MaccHBHBIE 3Be3J[bl MOTYT HAaXOAHWTLCA Ha
riaapHoil mociaeposarensnoctn ne Gomee 1 mam. ger. Coamnme
1 3Be3]ibl MONO0OHEIX pasMepoB HAXONATCA HA TAABHOH mocie-
nosarensHOcTH okomo 10000 mum. mer, mpeskie weM mocTH-
raloT cTajguil KpacHBIX rmranToB, Boapact, BEIYHCHEGHHBIN Ta-
koM cmocobom, coctasaser Bcero 109% or pesyasrara,
noayuennoro B nepsom npubammxennu, — 100000 man. xer,



BO3PACT 3BE3]l M ILNIAHET 25

T. €. B Opejnonoxennn, 4ro GyaeT M3pacxof0Ban Bech BOJIO-
poxt. Bropoe npufankenne 6bu10 yyumeno, mo Mul e Gyem
paccMaTpuBaTh 371ech, KAK 9TO OLLIO CIETaHO, TAK Kak Gojee
TOYHBIE Pe3yJAbTATHl HE BHOCAT HUYEro HOBOTO B HAIIR
mpefcTaBaeHua 00 9BONIOIUN 3BE3Jl B TOH Mepe, B Karoit oHE
CBABAHBL ¢ BOIPOCAMH NPOMCXOMJIEHNA FKUSHI.

Temepb, KOrja HaM H3BECTHBI MAaKCHMAJbLHEIE BpeMeHa
srusnan aBeal n Connna, MOAKHO NEpeiTH K CJeyOIEeMy Bo-
IIpocy: KaKOB BO3pAacT Hameld IJIaHeThl M MOJAOOHHIX eil Tex?
Ho mpeskze ueMm oTBeTHTH Ha 9TOT BOMPOC, €ro ciegyer cdop-
MyJHPOBATH Kak MoKHO Oomee Toumo. Mel Mmomem ompepe-
JATH, KAK JIOITO KaKoif-TH00 MHHepaJl HAXOMMICA B KPHCTAJ-
JMYECKOM COCTOAHMH, WIH B TeUYeHHE KaKOr0 BpeMeHm
ONpEJIeTCHIbIH MEeTeOPHT Mo/Bepraiica GoMOapAnpoBKe KOCMHE-
YeCKUMH JyYaMH, WIH Jaske (B Tropasfgo MeHee BHYIIH-
TETRHBIX MacmTabax) CKOJBKO JeT JamHOMY KyCKY Jepesa.
B feificTBHTeNIBHOCTH «BO3PACT» JIaeT OTBETHI Ha BCE BOIPO-
CHl THIA «KAK JIOJITO, B T€YCHHE KAKOTO BPEMEHH WIH CKONB-
KO JIeT IPOILI0 ¢ HeKOTOPOro coOBITHA), TIPHYeM OTBETHL HA
OTH BOIPOCH OCHOBLIBAIOTCH HA ATOMHOI XUMEH,

Hamprii aroM 1106010 XEMHUECKOTO HIEMEHTa COCTOUT U3
Aapa, HAXONAIIETOCA B IEHTPe W COCTOAMIET0 M3 TMPOTOHOB W
HefiTPOHOB, I BHeINHero oblaxka OTPHIATENLHO 3apAKEHHBIX
AIIEKTPOHOB, 00JafaloIIx Topas/io MeHbpmeil Maccoi. Opmum
na TpuyM¢oB xuvMun ObIT0 o0BACHenAe Ha hu3NIecKoil 0cHoBe
TOr0 sMImpHueckoro (haxra, uTO diIeMeHTHl Moryr GeITH pac-
TMOI0KeHsl B BHE TMepuoJnYeckoil TabIENB, B KOTOPOl OHK
cJeyIOT JIPYT 3a APYTOM B HOPHJKe, COOTBETCTBYIOMIEM WHC-
Jqy TpoTOHOB B WX Axpax (pme. 2.2). dieMeHTH, pacmoio-
JReHEbIe TakuM  00pasoM,  HPOABIAIOT  TEPHOJUYECKH
MOBTOPAIOINIECECH CXOJCTBO XNMUUECKNX CBOMCTS.

AToM npocreiiniero HreMeHTa, BOAOPOAA, COCTORT W3 eJiH-
CTBEHNOr0 TPOTOHA, CBA3AHHOTO ¢ OjanmM aiexTporoM. Ho
UHeHo0 HeiiTPOHOB B AZPE BOJOPOANOTO aToMa HEOMpeJiesTeH-
HO — OHO MO;KeT HuaMemsThes. (DOpMBI BojOpoja ¢ pasimd-
HBIM YHCIOM HEelTPOHOB HA3BIBAIOT usorTonamu eodopoda, mx
Macesr maMmensworea ot 1 go 3 a.e s (pue. 2.3). Msoronsr
BOJIOPOJIa MOJKIO OTAEJNTEH JPYT OT JIpyra 0 H3MepHTh KOJn-
YeCTBO Kajis/I0T0 U3 HIX.

Pasnmunsie m30TONEl OJIHOTO M TOTO JKe BIEMenTa COMep-
JRAT PABHOE YACIO HEHTPOHOB B AApPAX WX aTOMOB., XOTA XH-
MHYECKHEe CBOIICTBA WA0TOMOB RAMAOTO JAHIOr0 diIeMenTa,



1A o
] 2
(o e He
1,008 | A MA IVA VA VIA VIIA | 4,003
3 4 § 6 7 8 9 10
21 Li Be B c N (8] F Ne
6,941 [ 9,012 10,81 [ 12,01 | 14,01 16,00 | 15,00 20,18
11 12 13 14 15 16 17 18
3 Na Mg VIIIB Al Si P S Cl A
2299|2431 | IB IVB VB VIB VIIB ———~——— 1B 1IB |2698]28,09]40,97|32,06 | 35.45|39,9§
19 20 2 22 23 24 28 26 27 28 29 30 3t 32 33 34 35 36
4| K Ca | S Ti i Cr | Mn| Fe | Co [ Ni |Cu | Zn-| Ga | Ge | As | Se Br | Kr
39.10| 40,08 | 44,96 | 47,90 | 50,94 | 52,00 | §4.94 | 55,85 | §8,93 | §B,71 | 63,55 | 65,37 | 69,72 72,50 | 74,92 [ 78,96 | 79,90| 83,80
37 | 38 39 | 40 | 4t | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 5o | s | 52 | 53 | 54
5] Rb | Sr Y Zr | Nb | Mo | Tc Ru | Rh Pd Ag | Cd In Sn Sb Te I Xe
84,47 | 87,62 | 88,91 | 91,22| 92,91 | 95,94 | 98,91 | 101,1 [102,9 [ 106,4 | 107,9 112,4 14,8 | 1187121,8) 12761269 1311
55 6 x| 71 2 73 74 15 76 77 78 79 80 81 82 83 84 8¢ 86
6] Cs | Ba Lu | Hf | Ta W |.Re | Os Ir PE Aul He LT Pb | Bi Po | At | Rn
132,9]137.3] [175:0] 178,5| 1809 | 183,90 186,2 | 190,2 | 192,2 | 19,1 | 197,0 | 200,6 | 204,4 [ 207,2 | 209,0 | (210) | (210)] (222)
87 | 88 |+] 1e3
7] B | Ra Lw| —1 —
(223) |226,0] [(257)
57 (8 59 60 61 62 63 (13 66 67.] 68 6y 70
*JlaHmanudu la | Ce | Pr | Nd | Pm | Sm [ Eu | Gd | Tb [ Dy | Ho | Er | Tm | Yb
138,90 | 140,1 | 140,9 | 144,2 | (147) | 1504 | 152,00 147,1 | 158,9 | 162,5 | 164,9 | 167,3 | 168,9 | 173,20
891 5o || 91 192 |93 |94 ] 95 | 96 | 97 |98 | 99 | 100 | tor |02
T ARmurud Ac | Th | Pa | U | Np | Pu |Am | Cm | Bk | Cf | Es | Fm | Md | Neo
(227) | 2320 [ 231,0 | 238.0 | 237.0 | (242) | (243) | (248) [ (247) | (251) | (254) | (253) | (256) | (254)

Puc. 2.2. Tlepmouueckas cucTema siemenTon. Bee osnementsi MOTyT ObITh pasMelleHEl B BHIe Talaunsl B NOPAAKE,
premanx obomouxax. Ha
OCHOBE HOJOKeHUA 7000T0 diaeMeHTa B HePHOHICCKOIl CHCTEMEe MOJKHO NpeCKasaTh ero XUMHYecKoe IOBeieHme.

COOTBETCTBYIOIIeM YHCIY HOPOTOHOB B HX Apax # PacHoJOREeHMIO HNIEKTPOHOB B HX
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@ Tpomon
& Hedampon
* nexmpon

Bodopod, 1a.em.  Jeimepuds, 2 a.e.m. Tpumud, 3a.e.m
Seamodsuboid Yemodrubod Padusaxmubusit

Pmc. 2.3, Haoronmst Bozopoia. ¥V Beex Tpex H30TONOB BOJOPOAA MMEET-
cH eINHCTBEHHEI OPONTANLHBII 3JIEKTPOH, HO OHH OTIHYAIOTCA MO Mac-
ce Afep (m mo ycroiiwusocTn). YCToHUABLIe BOJOPOJ U JieiiTepmit mMe-
10T OJIMH NPOTOH H OJIMH HPOTOH MIIOC OINH HETPOH COOTBETCTBEHHO;
B Ajpe HecTalmiabHOro (pagNOAKTHBHOTO) TPHTHA HAXOJATCA OJMHE
OpoTOH W [IB& HEHTpOHA.

N0 CyIecTBy, COBHNAJAIOT, MeHJIy WH30TONAMH CYIIECTBYIOT
JIBA BAa/KHBLIX PAsNNIUsA, KOTOPSIE W COCTABJIANT OCHOBY /s
cXeM oIpefielennsa Boapacra.

Bo-mepBrix, B yIRTPAMHKPOMUPE ATOMOB W MOJERYJa XH-
Mmueckme peaxnnn ofycloBnern mx cxopoctamu. [Ipm onmm-
HAKOBBIX YCKOPAIOUX BO3JelicTBHAX Gojlee TAMieNble JaCTH-
el OpuoGperanT Menbloine CKOPOCTH, deM 0olee JerKie.
B peayanrate aToro (oiee Jerkme WM30TONBI JIErde BCTYOAIOT
B XNMHUYECKNe pearmui, OLICTPO MPOTEKAWINHe B OJHOM Ha-
npapirennn. Tag, B GHONOTHYECKAX CHCTEMAaX M30TON A30Ta
YN pearupyer merue, wem Gomee Tsamemsrii maorom N, u
moaToMy OHOIOTHYECKHE CHCTEMBl CTPEMATCH HAKOMHTH GOIb-
mee xommuectso "N, gem '°N. Awamormuno mpomcxomamT m
oboramenune nzotonom '*C po cpasmermio ¢ '*C m '°0 mo
cpasrenuio ¢ '®0. dro cexextnBHOe oforamenmue GHoIOTHYe-
CKAX CHCTEM JEerkuMH N30TONaMu MoKeT OBITH M3MepeHo.

Bo-propeix, m3oronsl 006Jafa0T PasTHYHON  yCTOIIHBO-
crpi0. Dusnueckas Teopusa TMOKAa He MOMKET ATOTO OOBACHATE,
Ho ()aKThl TAKOBBI, YTO HEKOTOPHIE COUETAHMS MTPOTONOB H
HeliTPOHOB YCTOWYMBEIL, TOT/Ia KAK JPyrie HEYCTOMYINBHI ©
nojBepraioTes pammoaxtusmoMy pacmnaay. W somopon 'H, m
neiitepnit 2H yeroitansi, mo tputnii *H pacmapaercs, sricso-
GosKIas BBICOKOCKOPOCTHOI HIIEKTPOH, HasbiBacMblil P-gacram-
neit; 8 atom nponecce *H npespamaercsa B *He. Maotonn yr-
gepoaa '?C n 3C yeroitunss, o '"C pacnajgaercs ¢ ocBobO -
neHneM B-vacturmel, npeBpamiasck B yeroiumsbii N,

Asarornamo nzoroms kaaua °K u YK yerofiunsei, mo

O
{
/
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Tipumep oc-pacnada

‘ 206
g Pb 8 ec-uacmuy
A= g1 A= 76i(o2 "> 16) + (Bcezo 16 npomono
L = 238 Z = 206 (238 - 32, u 16 Hedmporob)

Mpumep [3-pacnada

40K ‘OCﬂ
oot i A= 4o (s 11 i 1 ngm:mpaemwmw
Z = 4 Z = 40 (e meHAEmEA) AR 3
lpusep saexmponHoes 3axbama
K WAr
A = 19 A= 18 (|9 i 1) + ?J;..mma”
Z = 40 L = 40 (He mensemen)

Pme. 2.4. Mexanwavu pajimoaktanroro pacnana. CymeeTsyeT TpH THOA
pacmajia paimoaKkTHBHBIX H30TOONOB: HCOyCKaHHE (-9acTHIEL, B KOTO-
poM AZpO OJIHOBPEMEHHO TepAeT [IBa NPOTOHA H /Ba HeiiTpoma (a-ua-
cTHny); P-pacmaj, B KOTOpOM TepAeTCA OAMH BEICOKOANEpPTeTHIECKHiT
PAEKTPOH, M BJEKTPOHNLIH 3aXBaT, B KOTOPOM Tepfercd OjIAH BHICOKO-
sHepreTudeckui (y) dorom,

4K pacmajaercs, MCUycKas P-4acTuily T TpeBpamasch B
40Ca. K moer pacmajaTbCa m 10 ApyroMy nyTm (HaswiBae-
MOMY IWyTeM dJIEKTPOHHOTO BaxBaTa), B KOTOPOM OJWH W3
HAXONAMMAXCA HA OpOHTe HAEKTPOHOB B3aXBATHIBATCHA AIPOM
H coemuHAETCA ¢ mporonoM, oOpasys ueiirpoH. B atom cmy-
gae mpoaykroM smiserca ‘CAr,

Muorne na Gonee CIOKHBIX SAEMEHTOB, HMEOINX O00Ib-
miee YHCIO MPOTOHOB M HEHTPOHOB, pacmafanTcs HAa MPOTYK-
Thl, KOTOpble CAMH paHoaKTHBHbL. PAaMm pagnoakTHBHOTO
pacnajia xapaktepuayerca nosenenue 25U m 28U. Yacto B
9THX MpOIleccax pacmajia UCNYCKAOTCA (-4acTHIbl (AXpa re-
JWs1, COCTOAMME U3 JBYX HeliTPOHOB M JABYX NMpPOTOHOB).

[Tponecen pacnaja pajuoAKTHBHEIX W30TONOB MOKHO TOJ-
pasgelHTh Ha FPYNOE 00 THOam pacnaga (pme. 2.4). fAmpa,
HCOyCKawomupe 1exTpon (f-vactumy), me mpocto BHIOpacHBa-
10T HaXOmuBIHiicA Ba op0HTe MJIEKTPOH; OH MOABIAETCA B
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Afpe mpu pacnajie HelfTpOHA HA NPOTOH M aleKTpon. B aTom
mpomecce, HA3bIBAEMOM B-pacnajioM, aTOMHBI HOMep yBeJm-
YMBaeTCA HA eHHHIYY W OJMH 2JeMEHT NpeBpailaeTca B Jpy-
roit. IIpn a-pacmajge aToMHBIE HOMEp YMEHBIIAGTCH Ha MBe
eMHHUNGLI (TepAKTCA JBa NMPOTOHA), a Macca — HA YeTHIpe
(nBa mpoToHA mIIOC Ba HEHTPOHA) HA KAa;KAYI0 BRIOpachBae-
MyI0 @-9acTHIy. JJIeKTpoHHBIH 3axsar (mam K-saxsar) sB-
JageTcsA mpoiieccoM, o0paTHBIM HCOYCKAHWIO [-9aCTHIBL, MO-
CKOJBLRY IPH 9TOM HPOTOH AJpa 3aXBATHBAET BHYTPEHHMUIl
amerTpor ¢ H-opOute m cramosmrces meiitponom. Ilpm K-za-
XBaTe ATOMHLIH HOMEp yMeHBIIaeTcs Ha eJUHUIy, a Macca
ocTaeTcsa HeH3MeHHOI.

CropocTh, ¢ KOTOpOil pacmamaeTca pajiHOAKTHBHBI H30TOI
raxoro-mu0o ajemMeHTa, CTPOTO HOCTOAHHA A HEro, OHA HE
3aBHCHT HU OT KaKNX u3MeHEHWN oxpy:aomei cpexs. Cko-
pocTu pacnaja ofBIYHO BHIPAKAIOT B IEPHOAX MOXYpacmaja;
nmepmojl NoJypacnajga maoTona — dTO BpeMs, Tpebyemoe A
pacmajia MOJOBHHBI €r0 MMeWINerocs Koamdectsa. Torja Kak
TOYHBI MOMEHT pacmajia KajKIoro OTAeNBHOr0 aToMa Mpej-
CKa3aTh HEBO3MOMKHO, MEPHOBI IMOXypaciaja OMpeAeIsnT CO
3HAYUTENBHON TOYHOCTHIO, HOCKONBKY 9TOT INPONECC MOTIA-
HSeTCA CTATHCTHYECKUM sakoHaM. [lake B 0YeHb MaJeHBLKHX
no pasmepy o0Opasnax BellecTBa OPHCYTCTBYyeT 0OJbIIOe dmC-
m0 artoMoB, Bampumep 1 r yrIepofla  COEEPKHT  OKOIO
5-10?% aTomos.

B ra6a. 2.1 npuBejieEs mepHoJiBl MOJTypacnaja u KOHCTAH-
TH pacmaja HeKOTOPHIX 2JIeMeHTOB, Hambolee 9acTo HMCIONb-
ByeMBIX JUIA ycTaHOBJeHHsa Bospacra, Cymmocts GompmmECT-
Ba CXeM yCTAHOBJIEHNS BO3pACTA COCTOMT B M3MepeHHH COJIep-
JRAHUA MATEPHHCKHX W (mim) [ouepHHX H30TONOB ¢ OYeHb
BHICOKOI1 TOUHOCTHI0. OTHOMmIEHNE H30TONOB, MOJACTABICHHOE B
coOTBeTCTBYOIIYI0 (POPMYITy, [aeT BOSMOMKHOCTH  ONEHHTH
BO3pacT BEmeCTBAa. JTOT BO3PACT OTBEYAeT BpPEMeHH, B Tede-
HHe KOTOPOTO MUHEPAJN HAXOJWICA B KPUCTALINYECKOM CO-
croguun, Huske DPUBOAMTCA HECKONBKO MDPHMEDOB.

Vraeponase ('“C) wacel, paspaGorannsie YWILIapAOM
JInG6m, nmpuEOCAT GOMBOIYIO MOMB3Y B apXeoJOTHH W B JlaTH-
POBKe pAsIMYHBLIX COOBLITHI, MpUYeM X HPUHENEN WITIOCTPH-
pyeT NpUEIANE METOA0B JAATHPOBKH B TEJOM. 3eMJA ¢ 1O-
CTOAHHON CKOPOCTBIO MojBepraercs GomMOGapImpoOBKe BEICOKO-
DHEPreTHYECKAMH YaCTHIAMH KOCMAYECKHX Jydeil. Irtm
BBICOKOCKODOCTHEIE YACTHUIIB, B OCHOBHOM DDOTOHEI, B3aMMO-
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Tabauya 2.1

[Mepnoas moXypacmajaa u Jpyrue JAAHbIE 0 HEKOTOPBIX BIEMEeHTAX,

HCNOALAYEeMBIX MPH OmpejelieHwil Bo3pacTa

Mepnon KoucranTa
Hg;gh;tl:;.lrﬁ K,::l‘;m’fll‘l:“ Baxg pacmana nnnm;«j:’:mna. p?m% ana'
11C N i-Pacnan 5,7-10° 1,216-10™9
b 11 40AT DAeKTPOHEKI 1,3-10* | 0,585-10710
3axBaT
40Ca f-Pacman 4,720-10710
87Rb 8751 » 4,7-1010 1,474.10~11
282Th 208Ph 7 6 | a-Pacman (pan | 1,39-101" | 4,99-1071
a-JACTHIL pacmaja)
235() 20°Ph | 7 To we 7,:43+108 9,72.10710
a-4ACTIL
238[J 206Ph p 8 » 4,51-10° | 1,537.10710
a-9aCTHI

! B gexkoTopulX cly4adx BMECTO NepHONOBR MOMYPACHANA MCOONB3YIOTCA KOHC-
TaATH pacoana. HoueranTa pacnaga J cBA3apa ¢ DepHOAOM OOJypachaga cje-
aywouam obpasom:

In2 0,693
[epuon monypacnama = R iR

jleiicTByoT ¢ Modexyaamn atmocdepst ¢ ofipazoBannemM HeiT-
POHOB, SHEPTHA KOTOPHIX JOCTATOYHA JUIA TOTO, 4YTOOBI HX
norrotmwim Axpa "N, HKampeii atom “N, noaseprmmiicsa
TAKOMY BO3feiicTBHI0, mpeBpamaetcs B '*C — pajmoakTHBHBIII
A30TON ¢ TepmojioM moiypacmazga o730 mer.

Waoron "C oOpasyercsi m pacxomyercsi ¢ NOCTOSHIBIMH
ckopoctamn., C momomipio cnenmanbHLIX cueTunkon I'eiirepa
Il TOYHBIX XHUMHWYECKAX anaan30B MOKHO U3MEpATH KOJMUecT-
Bo "C mo oTHOmenw Ko BeeM WaoTomaM yraepoma. OGummii
samac yriaepofa ma 3emie — JIByOKHUCH YIJICPORa B BO3JyXe
i B OKeaHax, KapfoHaTHble MOHEPANbl B TOPHBIX TOPOJax u
JKEBBIE OPTANN3MBl — COZICPIKNT paBHOBecioe Koamuectro 'C,
pasroe 1,2 - 102 r ma 1 r scero yraepopa.

HKorna opranmam noruGaer, cofgep:aummiics B neM yriepoj
BpeMeNNo BLIBOANTCA U3 MHPOBOTO KPYTrOBOPOTa  Yriepojia,
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Comepsxanne '“C B HeM maummaer yOLIBATH, IOCKOABLKY B CH-
cTeMy He NOCTyIaeT HOBBIL yraepop. [las uccaexyemoro o6-
pasia fnammsie o cofiepskannm '“C m Bcero yriaepoma MoOKHO
00beMHATE C AAHHBIME O TIepHOfe MOAypacmafa yriaepoja
(omma komcTaHTA) M 0 paBHOBecHOM Kommuectee '‘C (mpyras
KOHCTAHTA) M MOJYINTH BPEMs, MPOLIE/IIee ¢ TOr0 MOMEHTA,
Korjla oOpaser Obl BBIBeJEH M3 IuKIa yriaepoga. Ha mpax-
THKe TOYHOCTH W OXBAT MaMepeHuil orpanndenst. [lia cumere-
met C rpamnma npoxoanT Ha YpPOBHE, OTBEYAIOIMIEM IpPHMep-
no 10 mepmomam noaypacmaja, wian 57 300 mer, — Bpemenn,
3a woropoe ocraercs scero oxono 0,001 ero pasmosecHoro
smavenns (man 0,16 paco./mun-r).

ITOT OTPE30K BPEMEeHH — BCero JUINL MTHOBEHHE B XPOHO-
gdornn 3emun, [ AaTHPOBKM APEBHHX TOPHBIX MMOPOJ HEOO-
XOAUMBL ApyTHe MeTojsl. IIpHHIMI MCHONL30BAHUA pagHOAK-
THBHBIX H30TOMOB WM HX IPOJYKTOB OCTAETCH MOJE3HBIM, HO
B IAHHOM ciiydae TPeGyioTcs M30TONMEL ¢ GONBIINME IIepHoJa-
MH TIOJypacnaja.

Paccmorpum ypamonocuyo nopoxy. omyerum, drto Bee
MaTepMHECKNEe M30TONBl BOILIA B €€ COCTAB BO BPEMA KpH-
CTANAM3AIN W HU MaTepHHCKHEe, HH J0YEpPHHe H30TONBI C
Tex I0p U J[0 HACTOALIEro BpeMeHH He ObLIM yTepAwsl (Ha
NpaKTHKE JanHoe JONMYINeHHe COPaBe/UIMBO JIANEKO He Beer-
ma, m Ml emnie croakHemcs ¢ atum). Ilopoxer, B cocras Koto-
PHIX BXOJAT ypaH W TOpuil, cojepmar oba m3oToma ypama
(28U, 2%5U) u 2%2Th mapsagy ¢ 4YeTHIPEMA M30TONAMH CBHHIA
(204Pb, 206Pb, 207Ph, i 208Ph),

“Nzoron 24Pb me oofpasyercsi KAKUM-IM00 WBBECTHHIM
PaHOAKTABHEIM HCTOYHIKOM I, TIO-BHINMOMY, ABISETCA mep-
BHYHBIM m3oTomoM. Tpm fApyrmx msoToma NpeCcTaBIAIOT CO-
Goif ITPOAYRTHL paclajga yPaHOBBIX W TOPHEBHIX M30TOIOB.

B ra6n. 2.2 opuBefeHsl pofoHAYAILHUKA Pa3iHYHEIX W30-
TOII0B CBUHIA U UX TEPHOAB moxypacmaja. B umeaxbmHoM
cilyuae OTHONIEHHS CBUHI@A K ypany (WIm TOPHIO) OJSHBL
HPUBOMATH K OAHOMY M TOMY 7Ke 3HAUYeHHI0 BO3pacra, 4To
ofecIeunBaeT HE3ABHCHMOE IOATBEPIKIEHNE TPABHILIOCTH
pesyabTaToOB OmpejiesieHns. UeMm crapire mopojia, TeM MeHbIIe
B Heit ypama m Goabme csunina. Ornomenue 2°7Ph/*%Ph mo-
FKeT CIY/RATH B KauecTBe 4acoB, MocKoasKky %1 nmeer ropas-
710 MeHBIIWii TIepuoj moxypacnaja, vem 25U,

druM cmocoGom GBLT ompefieien BO3PACT MHOTHX TOPOT,
H B LEJOM pesyibTaTsl BIOMHe cordacyioresa Mmexay coboit,
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Taauya 2.2

HeTounwEn HBOTONMOB CBHANA, HANIEHHLIX B MUHEPATAX, COMeP:KANmX
ypau u Topmiit

pexmecTsenumK [Tepuon llfg}.rtxgpacuana. P([ggn-rgg ﬂ:::::gn
Heussecren 204Pb (2,0%)
2381 (cpepHee cojep:kaHue) 4,5.100 208Ph (18,8%)
23 (EmMsKoe OTHOCHTE/JIbHOE 7,13-108 207Ph (20,6%)
co/leprRaHue)
23Th (mamBHCIIee OTHOCH- 1,39- 1010 208ph (58,6 %)
TeJIbHOE CoJleprRanue)

! IlponentHoe cojep:kanue HAOTONOB CBUHIA MPHBEAGHO A MeTeo-
para Canyon Diablo.

KmouoM K yenmexy MeToja SBAAETCA AHAIHS YPAHOHOCHBIX
MHUHEpPAJOB, KOTOpBIe B IEPHOJ KPHCTALIA3AIMH  COJIepsKRaT
MaJI0 CBHHIIA WJIN BOOOIE €ro me CO/epsKart.

IlockoaBKY B KadecTBE 4YaCOB MOMKET CJAY/KHTH OTHOIIE-
mue 207Ph/2%Ph, mia BBUMCAEHHA CpeJHEro 3HAYEHHS JTOrO
OTHOIIEHNA H OIEHKH Cpejiero Bo3pacra 3eMianm ObLIH H3y-
yeHsl 00pasibl 3eMHON KOpHI, TIYOHHHBIX OKeAHHIECKHX
0CaJIkoB M JIPYTHX paitoHos. B aTnx uccrejopanmAx OblIa mo-
aysena semmamna 4500 wmum. smer. Ilo cymectBy, cxomEBII
IOJIXO0/l, B KOTOPOM WCIIOJB3YIOTCA KAMEHHEIE W JKeNe3HbIe
MeTeopATHl, TaK/Ke JaeT A Bo3pacTa 3eMin 3HAYEHHe
4500 muH. Jer.

It mudpsl OTHOCATCA KO BPEMeHH, IPOIIeJIeMy € MO-
MeHTa KPHCTAJIM3AINH JIpEBHEHmHAX o0HApY/KHBaeMbIX Ha
3eme mopoj mWaAnM ¢ MOMeHTa o0pasoBanma MeTeopuToB. Boa-
pacT TOpOJI, UOJABEPrUIMXCS KpHCTalIm3anmn B Oolee mosf-
nue cpokn (ot 4500 jo 500 mam. merT masaj), MOMKHO ompe-
NeJInTH ¢ Toil sKke ToyHocThio (okoxo 4% mum Gombmieii). Io-
ponel, ofpasopasmmecs 3a mepuoyx 500 mam. jer mHasaj fo
HAIDHX JHeil, Mo 0oJbLIeii YacTH OCAJOTHBIE; BTO CO3JAET
ocolbie TPYIHOCTH IIPH AaTHPOBKE yPaH-CBUHIOBBIM METOJIOM.
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OjHaKo B 9TOT KOHKPOTHBIH IPOMEIKYTOK BpeMenu, ue)i‘anunﬁ
B reoJiorpyeckoM npejcrapiennn, BpBMOHl]Oﬁ l\IaClHTaI Ilpﬂ-
HATO JIJaBaTh B TEpMOHAX 0cajkoo0pasoBaHusa § HocjeoBa-
TeJLHOCTH  Bajerauns  OHOIOrHYECKHX  OxkaMmenejocrei,
B raba. 2.3 npusejieHsl BO3PACTHI, METO[bI UX ONpeAdICHHA
I riaaBHble 0coDeHNnocTH NOMHOH Te0XpPOHOJIOTHYECKON TIKAJEL.

Taﬂqua 2.8
leoXpoHONOTHYECKAA [MKAA
BospacT, dpderTneAbe MeTonb |MaaBEwe ocobennocTa
9pa MM, JeT NATHPOBKH Bemn
Hame spems 0—1 4G
Kalinosoi 1—62 QcajiouHBe CJI0H,
HeMaanatbat, Obusme ncKonae-
HocTh  OKaMeme- f| Lo " ol
aocreit
Meaosoit 62—230
[laneosoii 230—570 | PammoMerpmuec-
KHe MeTOJIH
[poteposoii 570—2600 | U/Pb, K/Ar, Murponexomnae-
Rb/Sr MEIE, BIEpPBEE
cB00OHELI KHCJI0-
pon
Apxeii 2600—3600 [TpoToGnonTtil
Joapxeiickan | 3600—4500 XuMmieckan 2Bo-
O

JlocToBepHOCTH YPAH-CBHIIOBOTO METOJa MOeT OBITh
NpoBepeHa Kak [0 BHEIIINM, TAK W 110 BHYTPeHHHM HE3aBH-
cumpiM jgapmeiM. G 9toit measio MoryTt ObITH HCHOJAL30BAHBI
JipyrHe MHHepalbl, KOTOpEe COAEp/RAT MajJo ypama, HO J0-
crarounoe kommuectso ‘°K mam 8Rb. Hanpmmep, K mepien-
no pacnagaercs Kak jio ‘°Ca, tax m g0 ‘°Ar. ““Ar MO/KHO BBHI-
cB00OIUTL U3 MAcchl MOPOAbL W M3MEPHTH ero KOJIMYecTBO.
Pesyaprats namepennii kommzecrsa K m ““Ar » muHepaixe
CBHICTENLCTBYIOT O BpeMeHH €To HpﬂCTﬂ.Jl.ﬂIi:?.a[l,l-IH.

MeTo bl JATHPOBKH, 0 KOTOPBLIX TOJNBKO YTO HLIA Pedb,
NO3BOAMIN TOCTPOMTL BPEMEHNYIO WIKATY HCTOpU: 3eMiIH ¢

2—266
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moMmenTa ee octemmanna 4500 mim. ger mHaszajg m A0 HACTOSA-
mero sBpemenn. Temeph Hauia 3ajada COCTONT B TOM, YTOOBI
BHYTpH 5TOH BpeMeHnHOIl MKAJIB YCTAHOBUTH, KAKOBBL OBLIT
yCIOBHS Ha TPHMHTHBHONW 3eMmie, Kakoro poja arMocdepy
nMena 3emas, karas Obura TemmepaTtypa, Kakoe OBUIO JaBie-
Hue, Korga ofpasoBajuUCh OKeAHEl W Kak 00pasoBalach caMa
3emus,






