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BBEAEHMWE.

«KocMoc — rapMoHH4Yeckoe ienoex,
A. Humboldt. 1828

Cpen oOTaenbHHIX MOpo6neM reoXMMHMU, 3TOW HOBOMW OTpaciu
ecTeCTBO3HaHusa (1) 1), BONpoC O KOMMYEeCTBEHHOM pacnpoCTpaHeHU!
OTAenLHbIX XMMHUYECKHMX 3JJIEMEHTOB YX€ NaBHO 3aHUMan BHUMarue,
[locne knaccuueckux pa6ot Clarke u Vogta, cmeno pa3suBiinx
6nectsimme uagen Dobereinera n Elie de Beaumont, Bonpoc
O CpeAHeM COCTaBe 3eMHOMA OO0O0JIOYKH WU O pacnpOCTPaHEHUWU OTAEJb-
HbIX 3JIEMEHTAPHbIX TeJ BCTaJl HA TIO4YBY TOYHBLIX aHaJUTUYECKUX
JIAHHbLIX, W ceidyac, mnocnae Oojnee, 4YyeM TpUANATHIIETHEA paloOTH
B 3TOM HampaBjieHWH, MHOTOE 0Ka3al0Ch yXe TBEPAO YCTaHOBJIEHHLIM
M BexXWU TIPOYHO MOCTaBNEHHLIMH, .

Monyuunach AOGONBITHAS KapTvdid I{PMPORHOTO SIBNEHMs, BHIXBA-
yeHHass W3 MupOo3aaHUs, OcCBellialollas TOJAbKO OAMH YTOJOK KOCMU-
yeCKMX SABJE€HUH, omnpenensieMbld mnpeaenamMu [OOCTYIIHOM HalleMmy
XUMHUYECKOMY aHaln3y 3€MHOW KOpbl.

[TonbITKW OOBSICHUTL 3TOT COCTaB 3eMHOM KOpPBHl He MOrJIM OBIThb
yoayHbIMW, [I0Ka Mbl OCTaBajUCb B paMKaxX 3TOr0 yrojlka MHpO-
31aHUST W He XOTeJu MCKaTs OOBSICHEHWA BHE TreoJlorMyecKoil
WCTOPUM W BHE peajiibHO JOCTUXMMOIO YeJJOBEKOM [POCTPAHCTBA,.

Hano Obio and peuseHUa BOMpocCca BLIATU 3a mpeaesbl 3eMHOM
KOpbl M NpHU3HATb Hawy 3eMHYI0 000/J04KY JMLIb YaCTbi0 KOCMOCA,
‘f€CHO CBSI3aHHOI0 C HUM B CBOEA WUCTOPMM #© B CBOMX (PU3NYECKUX
W XUMHUYECKHX CcyabOax..

ISTH MOMbITKA [OJKHH ObIIM HEM30eXHO MNpUBECTH K pacCcMO-
TPEHUI0O BONPOCOB WJIN KOCMOTOHWYECKOro xapakTepa— W Ha 3TOT

1) Undpm B CKOOKAX OTHOCATCA K MPUMEYAHMAM, NOMEL(EHHRIM B KOHI[E
KHUrM. Typna e oTHeceHa M BCA NUTepaTypa.



nyTb BCTan eme 8 1904 r. ¢panny3ackuii reonor ge-JJ10OH3 — UIu
XKe MOJOATH IYyTEM CPaBHEHUS XUMUM 3eMiIU C XUMUew Mupo-
3naHusl, C Temu raasamy acTpoPUIUMKK, KOTOpHE 3aHMMAKTCH
H3Yy'eHUeM pacnpoCTpaHeHuss XuMUYECKUX INeMEHTOB Ha Kormuue-
ckux' Tenax, — 3ToT BTOpPOil uyTb Ol OCTOPOXHO M36paH
Baypom (1903) u or4acTu ocBenancs 3HaMeHursiMm ADPEHUYCOM,
wenmum 00 oyt [enbmMroabiia. o |

[IpoGuema pacuiupsizace M yCHOXHAAAChH OCO6eHHO OGnaroaspa
Le0i rpymmne UCCnefoBaHui, KOTOPas BCIO COBOKYMHOCTH 3NEMEHTOR
NpUPOAN NHTANaCh HNYTreM TEOPeTUYeCKUX MNOCTPOEHUN CBI3aTh
B E[MHYIO 1lellb, TECHO MNPUYPOUEHHYI0 K paA3NMYHLIM CTaAusM
Pa3BUTHA 3BE3AHBIX MUPOB: 3TO OblJIM 3aMaH4YMRLIE, HO YaCTO 4YUCTO
cnekynsatTuBHoe cxXemu Jlokaiiepa, Kpykca, Mopo3oga.

Ho NMoKa HuM 3TH QOOBITKA TEOpEeTHYEeCKUMM NyTeM pa30o6paTi.CA
B MpUPOAE BNeMEeHTAPHBX Tenl U 3aKoHax ux pacnpncrpaﬁeHuﬁ
yciexu pajga0aKkTHBHOCTH, HOBbe 3dBOEBAHUA (QHU3N4ECKOH MBICIHA
JiHWTENWHA, OTKpHTUS Mosnogoro uHawiua Caru u raybokue
aKCnepumenTl Pé€3epopaa Baunn B MOHATUE O ReleCTBe U 3a-
KOHaX ero nperpaillieHnss COBEPIIEHHO HOBOE COpepxaHue, U Heyau-
BUTENIbHO, YTO CHayalla aCcTPOHOMYy JAAMHITOHY, a NOTOM OT4YaCTH
Jlopuury, HO, rhiaBHeIM o0pa3oM, reHuioc HepHcrta, Appennyca
M lleppena, Ha OCHOBE 3TUX 3aBOEBAHWH, YAANOCH CO34aTh HOBYIO
KOHLeunio MHpa, B HOBOM MNOHMMAHUM TMPOUCXOAAUIHX B HEM
XUMHUYECKUX SIBIICHHH.

XuMus KOCMOCa HONy4YMNia HOBOE OCBElleHWe, U B 3TUX HOBHX
ONeCTSIIMX JIyyaX M MajieHbKas Halna npodiema O COCTaBe 3eMHOH
KOpH NOJiy4uJia HOBOE TOJIKOBaHME M I10CTaBUJia HOBHIE 3ajauyu.

Umeuno 3TOI0 npobnemoio s OyAy 3aHMMAarhbCa B HACTOsIUEM
O4YEepKe; IOC/Ie0BATENLHO, lIAr 3a arom, s X04uy CHadala AaTh
KpaTkui o4epK PakTHyeCKHX CBEJeHUHd O pacupocrpaHeHud oTaeNb-
HbBX 3JIEMEeHTOB B pa3HbiX 4YacTsX Mmuposaanusi, Mcxoas u3 pas-
MUY METOIOB M pasiuuusl B NOAXOAAX K U3YYEHHIO SBICHUH, MHE
YCTAHOBMM UYETHPE, COBEpPIUEHHO HEePaBHOUEHHHLX, HO M HaC
pPe3KOo OTJWUHBIX OONAaCTH: 3EMRYIO KOPY, LEHTPAJILHLIE YACTHU 3eMITH,
MeTeopHue 00IOMKH U KOCMUYECKHE TeNla (KOMeTH, IMIaHeTHl, CONHLE,
TYMAHHOCTH M 3Be3/nl). Jnf Kaxnoi u3 rpyuil Mol (OUHITaeMc st AaTh
XapaKTepucTUKY TeX 3neMeHTOB, KOTOphe B HHX HW3BECTHDI,
W HaMeTWUTb MOPSNOK MX "OTHOCHTEJbHOIO 3HaueHus.



ITO COCTABUT NMEepPBYIO W rAaBHYIO 3a[layy HACTOALLEro ouepka —
cBOAKa (GaKTH4yeCKOro mMarepuana M ero COnocraBlieHue,

Bo BTOpO# 4acTu g nmepedy K H3N0XKEHWI MHOTOYHCIHEHHHX
NONLITOK OOBACHWTL COCTAB 3eMHOM KOpPbl M KOCMMYECKMX Te,
IpHyeM B MWCTOPMUECKOW DOCHelOBATENLHOCTH pacCcMOTpIO, Kak
NOCTENEHHO BWJIOU3MEHSIMCh HalllM B3CNSAB ¥ KaK YIOPHO HeKo-
TOpLI€ WAEM YJEepXMBanuCb B HAYYHOM QOMXOje, HecMOTps Ha 6e3-
nokasatenbHOCTh WX mnonoweHud., M 3pece pykoBopsias poJib
NpMHagnexuT 3aKkoHy MexnpeneeBa, artomHoil mopenu bBopa
K ONBITHBIM JAaHHBIM MO MOHBM3auuu dnemeHTOB Carm.

Tperbs ¥ 3aKNnwuuTenbHas 4YacCTb AONKHA [AaThb - HOBOE
OCBelleHWe COMnoCTasjieHHHM (QaKTaM W INONBITATLCA CAWTH HX
B eduMHOM KapruHe. OHa OCHOBaHA LEeNUKOM Ha UI€sX COBPeMEHHOM
¢u3mku. Hopas KoHuenuuws Mupa, BHITEKaOWlas U3 HOBLIX HJEH,
ABJISIETCSl HEU3GeXHBIM CIEeACTBMEM COBpPeMEHHBIX 3aBoeBaHMil ecre-
CTBEHHO-UCTOpHYeCKOH Muicnu. [lpoGrembl, INMPOKO MOCTaBlieHHHE
JiHWTelHHOM, IDRAMHITOHOM ¥ HepHCTOM B KapTuHe MHpPO-
31aHUS, HE MOTYT He HaiTuU ce6e OTPAXEHHUs B XUMHYECKHX BONPO-
cax 3eMHOM .KOpbi.

[lycts, opHako, B camoM BBefeHWHM OyaeT OTMeyeHa OCHOBHas
uness STOM NOCHefHed raapsl. NMpooélemMa XMMHUUYELKOroO cocTaga
KOCMOCAa M B CBEeTe HOBHX Maed ocTaeTcd npolineMon;
TONbKO BEXH Ha NYTH K ee pa3pelleHul0 MOryT ObiTb MOCTAaB/EHH,
BONPOCH TOALKO (OPMYJIUPOBAHH U HAaMEYe€Hbl, HO He pa3pelUeHH.

Ho ogHa ocHOBHasi ujes ceiWyac pe3KO BHPUCOBbHIBaeTcs Ha GoHe
BCEW CJIOXHONW pa6oThl NO MO3HAHUID MUpA. 3TO — MOPA3UTENIbHOE
eqnHoOoOpa3Me B pacnpefesieHUM BNEeMEHTOB B MUPO3[aHHH, €IUHCTBO
COCTaBa, eMHCTBO M IOCTOSHCTRO OTHOCHMTENbHOW POJM OTHAENbHBIX
3JiIeMEeHTapHEX TeJ B pa3HOOOPa3HBX YCIOBUAX KOCMUYECKOH 006CTa-
HOBKH. ITa MJesi HapoCTaeT NO Mepe €€ NPOHUMKHOBEHMS B XUMHUIO
MUDO3JAHUS; OHZ UeT Ha CMEHY KpaCHUBBIM LIeNsIM DBONIOLIMY aTOMOB,
OHa CHOBaZ OTOJABHMIraeT BONPOC O 3apOXAEHUM HMAU pachajfe XMMM-
yeCcKMX Tesl KOCMoca W3 006NacTH TOYHBIX HalGniofeHMd B O061aCTh
TOJLKO CMeNbiX Rorafok. M MMEHHO B 3TOT MOMEHT TOPXECTBYeT
B onniTax Pésepdopaa paspylieHne aToOMOB U UX ipa, a B acTpo-
Xumumn skcnepumeHTelt Caru pazouBaldT HAeM MHOroo6pasus 3je-
MEHTOB 3Be3[, BhAB/sAA OrPOMHYIO NPOYHOCTL APa aTOMA B CIOXHOMH
KOCMHYECKOH 3BONIIOLIMM 3Be3IHHX MHpPOB.



Ho ecnu Tenepb MH NPUXOAUM BIEpPBHE K OOnee mpaBUIbLHOMY
TONKOBAHUIO HAIUX HAOMIOREHHWH, TO BCEé Xe eile OYeHb [aleKo

OT MX pPaLMOHaNLHOTO OOBSICHEHUS.
M ecniu, TeM He MeHee, B 3aKJIIOUYEHUM [eNaeTcsd TNONLTKA

pa3rafaTth 3arafKy OKpyxkaoulleid Hac MPHUPOAB! U B HOBYIO KOHLEIN-
LMI0 MUpA BKIIOYUTH U 3BEHO Hauleld 3eMHOM KOpu, TO 3TO NYCThb
GyJleT paccMaTpMBaTbCs JIMIb, KAK HEU30EXHbIH IOopPHB MBICIH, HE
Xejaaoiled B MOCTABJIIEHHOK 3ajavye MUPUThCA CO CBOUM «nescio» 1),

MapT 1923 r.

1) HacTUyHO MOM B3rnfiAk, COOpaHHLIE B 3TOW KHMUre, OBINYMU3J0XKEHH
B caefyomux pa6orax u cratbax: A. @epcman. 'eoxumus Poccun. 1922. 1.
(Xumuko-Texuuu. Uap,). A. Pepcman. [IpuunHa pacnpocTpaHEHHOCTH HEKO-
TOPHX XUMHMYECKHX 3semeHTOB. [lpupona. 1922. N 6. p. 102. A. PepcmaHr.
O6 opHO# 3aKOHHOCTH pACHpEAENeHHS XUMUYECKUX H/IeMEeHTOB B 3eMHOMU
kope. loknaget Pocc. Akx. Hayx. 1923. A. PepcmaH. Xumuasi MHPO3AHHUA.
H3p. «Bpemsos. [letp. 1923. Cum. Takxe A. Pepcman. KonduecTreHHHH COCTAB
3eMHONi KOpH B nmpouexHTax uMcna atomoB. M3B. Akap. Hayxk. CIIB. 1912. 367.



{. XumMuyeckuil COCTaB 3eMHOH KOPBI.

A. KayecTBeHHbI#I COCTaB.

«[€OXUMHSA H3Y4aeT MCTOPUIO XH-
MMUYECKMX DJIEMEHTOB B 3€MHOW Kope
B OTJIHYHE OT MHHepanoruy, H3ayuaw-
e nNpUpoAHBIE XHMHYECKHE COoe/luHe-
HHUA, MOAEKYJbl — MHUHEPAJIhI»,

Bepuaflckuh 1922,

§ 1. 3apavya M3y4yeHUss XMMHUYECKOTO COCTaBa 3eMjiM TpeboBasa
npex:ie BCero OnpejfeseHus] TIpaHull Halel IaHeThl, JOCTYMHHX
HauweMy uccneaopaHuio. CoOBpeMeHHas TreoxMMuss € JOCTATOYHOK
ONpefeNieHHOCTbIO BLISICHUNA, 4YTO 3a npepenamu 15 —20 Kuno-
METPOB TAYOMHH MB JUWeHb BO3MOXHOCTH HenoCpeaACTBEHHO
CYIMTb O XMMHMYECKOM COCTaBe, ¥, OTOMY, OHA OrpaHuumujia Ioje
CBOMX ucciaenoBaHud TeMu 20 KujaomMeTpamu, A KOTOPbIX B HaLUUX
PYKaX MMEIOTCS BellleCTBEHHble OO0beKThi NMPHPOJHBIX XUMHYECKHUX
npoLeccoB.

Takum o6pa3oM, Hawa atmMocdepa, BOAL 3eMHON NMOBEPXHOCTH,
onpepensiowue rugpochepy, U TBepaas 3emMHas Kopa A0 TJyGUHH
B 15 — 20 xujomeTpoB — TakKoBa Ta MepBas 4aCTb KOCMOCaA,
KOTOpYyl0 Muh OyjleM B JajibHEilleM Ha3biBaTh MNPOCTO 3eMHOI0
Kopoio (2).

§ 2. 3 3eMHOM KOpH YepnaeT MUHEpPanoOr ¥ XWUMUK OGDBEKTH
CBOMX MCCnefoBaHUK M Ha HeM NOCTPOEHa W COBpeMeHHasi Heopra-
HHYEeCKas XUMHUS, M CaMa TFeOXUMHSA, U BeCb CIOXHbBIH MHp Hae
0 PaAMOaKTHBHOCTH.

Ceiiuac MH 3HaeM, YTO 3Ta 3eMHas KOpa MNOCTpoeHa M3
88 371eMeHTOB (BepHEeé TOBOPA TUIOB 3JEeMEHTOB), TOraa Kak



TeOpeTHYECKHU Mbl O¥cufaanu Obl BCTPETUThL B Heid 92 BNeMeHTapHBIX
Tena Wiy NMopaaKoBHIX HOMEPOB, KaK 3TO Cedyac NPUHATO rOBOpUTH;
M3 HUX N 43 u 75 ABNsloTCA aHanoramMM MapraHia, 85— yka3nBaer
Ha DJN€MEHT raJlouIHOro Tuma, 87 — IeNOoYHOoi TAXEeNbiH MeTan,
BepOSATHO PAAMOAKTHMBHHIA, KaK M npeabigyumit (3).

TakoBw mnepBble QAaKTH, KOTOpHEe HaM JA2ST M3YUYEHUE OKpY-
WAIMEeH HACc npupodbi: 3eMHasl Kopa.COCTOMT M3 88 THNos
XMUMUYECKMX dIEeMEHTOB (4). |

§ 3. Hoseiimme paGoret Copnnu, Pésepdopna u AcToHa
(5) noKa3wBAIOT JajibHelluee oCnoxHeHHe Bonpoca. C OfHOW CTOPOH
OTKpHIBAeTCA uenas 6onbuias 06NacThb 3N€MEeHTOB, JIHllib YCJIOBHO
yKJIaAWBaOWMUXCA B TaOnuuy MeHjgeneeBa ¥ HafejeHHHX OCOOLIMU
CBOMCTBaMH NpeBpalleHHs B HOBble BUAbI aTOMA NYyTeM M3NY4eHUd
4acTH 3aKII0YeHHOHW B HUX SHepPruM — maTtepuyd. B HacTosliee BpeMs
TaAKUMKU CBOMCTBaAMMU OKa3BLIBAKOTCH HAJeJeHHHMH 42 Ppa3nauuyHbX
XUMUYECKUX aTOM2. OTHU 3JIEMEHTH, Ha3bBaembie pafaMoaKTHB-
HBIMH, 00pa3ylOT HECKONbKO pPAfOB, YaCTUYHO NpUd npouecce pac-
nafa BLIAENAIOT 4epe3 o -Jyyd aToOMbl rasa rejaus, a B KOHEYHOM
UTOre npeBpallaTca B Oojiee yCTOWYMBBHIE Tena, OAM3KHe 110
ATOMHBIM BeCaM K CBHHLUY.

[1pMBOXY rjIaBHHE pPSfbl:

A— U], UX,, UX,, UlI-UY, Pa, Act.,, Radioact.,, Act. X, Act. Em,
Act. A, Act. B, Act. C, Act. Ct, Act. Cu, Act. D (nonapawouwuii B THO
cBuHLa) — 16 BuaoB (6).

B — nauuwnawomuincs ot Ull—~1lo, Ra, RaEm, RaA, RaB, RaC,
RaC!, RaCu, RaD, RaE, RaF (=Po), RaG (nonagawwuit B THR
cBuHUA), — 12 BHAOB.

C —Th., Mesoth.l, Mesoth. I, Radioth., ThorX, ThorEm, ThorA,
ThorB, Th.C, ThC!, ThC!, ThD (nonapaiowuii B rpynny CBHHLA)—
12 BHUAOB.

D — oco6oe nonoxexnue sanumantT K u Rb — 2 Tuna.

KonuuyecTBeHHO BCe snemeHTH psifnoB ABC cBsa3aHbl Mexay Co60i0
OCOOHMM 3aKOHAM{, M3 KOTOPBX ONBTHHM MNYTEM BHIBOASTCA Bpe-
MeHa (TMONIOBMHbBI) CY1ECTBOBAHUA OTAEJbHBIX 3NEMEHTAPHHX Tell.
Takum o6pa3om, 3TU B3JEMEHTH BMeCT€ C YPaHOM M TOpHUEM
pacupepenesbl B 3fMHOH KOpe B pa3fMyHHX KOJMuYECTBAX, MNpH-
yeM, Kax. OyJeT YKa34HO HM¥€, HEOJWHAKOBLIX B DA3/MYHLIX ya-
CTAX KOPH.



-

Takum 006pa3om, Mbl HaMeyaeM BTOPYIO rpynny siBIeHMi, Xapak-
TEpHBIX AJI1 3EMHOH KOpbi: CYIIeCTBOBAaHHe B HEi HE MeHee
42 BUAOB A4TOMOB, JIMUb YACTUYHO OTBEYAWIIUX 3SEeMEH-
TaM MeHaeneeBCKOU Ta6auub, 06MaRA0MUX CIIOCO6HOCTHIO
fipeBpalleHuss MO CTPOro onpefeeHHuHM 3aKOHaMm, OIpe-
NlensoluM: NOPAJOK Mpouecca pacrnapga, KOJMUYECTBO pac-
najalouuxcss B €AWHKMUY BPEMEHH ATOMOB M INPOIOJIKH-
TENbHOCTb XMU3HU (MONOBUHH XHU3HH) KaXAOro 3JIeMeH-
TapHoro rena (5).

§ 4. Yxe u3 npefbAylero Mul BUAEIM, 4yTO 88 XuUMUYECKHX
3J1eMEHTOB, U3BECTHHIX B 3€MHOU KOpe, HameyalT co60I0 TOJNLKO
THUIBl 3JIEMEHTOB, BEpHEe roBOpA, KNeTOYyku MeHeneeBCKOI
CUCTEMbl, MECTO B KOTOPHX, KaK Celyac OKa3hBaeTCsd, MO¥eT OHThb
3aHATO HECKOAbKWMH BHAAMMU aTOMOB PaA3NUYHBIX ATOMHBIX BECOB.
Takum 00pa3zoM TUN 3/EMEHTa 0Ka3aJCd onpefe/leHHHM He aToM-
HbIM BECOM, a4 TOI0 KJEeTOYKO, KOTOPYI OH 3aHuMaeT B TadOnuLe,
T. €. €r0 aTOMHbBM NMOPSAOKOBEM YUCIOM C OTBEYAIWMUM
€My ONnpefe/ieHHHM PEHTreHOBCKHMM CIEKTpPOM.

Bce Buabl 31eMEHTOB, OTHOCSLMECS K OHOH KJETKe, HOCAT
Ha3BaHUe MU30TOMOB. |

Takum oOpa3om cenWyac OKa3bBAeTCd, YTO B 3€MHOH KOpe Mbl
3HaeM 88 TUMNOB XUMUUYECKUX 3JIEMEHTOB, TOI'MA KaK YUCIO BUAOB
MX ropas3no GoJbuie. |

[lo onbiTam AcToHa Mbi ceidyac 3HAEM M30TONbl HUWKECTeAYyIo-
LMX 3NIEMEHTOB. (NpU4YeM B CKOOKAaxX IIOCTABACHO YMC/IO OTKPHITHIX
usortomnos): Li (2), B (2), Ne (2 umm 3), Mg (3), Si (2), CI (2),
Ar (2), K (2), Ca (2), Fe (2, u3 KouX OfuH O4eHb cnabwiit), Ni (2), Zn (4
unt 5), Se (6), Br (2), Kr (6), Rb (2), Sn (8), Sb (2 umm 3),
Xe (5—7), Hg (6).

Kpome TOro M3 rpynmb pagMoakTHBHHIX anemenTOB!): Tl (3 +1),
Pb (7 +1), Bi (4 +2), Po (7), RaEm (3), Ra (4), Ac (2), Th (6),
Pa (2), U (2).

[lounumomy, He jpaioT u3otonos: H, He, Be, C, N, O, F, Na,
P, S, As, J, Cs. [lna oCTaibHBIX 3/IEMEHTOB y Hac HeT MOKa TOu-
HBIX AaHHbiX (7).

1) C nnocoM nocTaBNeHW HM30TONN HEPAAHOAKTHBHHE, ONpeaensiolu{He
Co6010 TH N 3JEMEHTa [aHHOH KIeTKH.
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Takum 06pa30m OKa3nBaeTcsd, 4YTO 3€MHas KOpa COCTOMT M3
60onbUMIOr0 KONWUECTBAa BUJIOB 4A4TOMOB-M30TOMNOB, YHCIO
KOTOPHX JAOMKHO npeBnate 200. OfHM M3 HUX NpUHAIEXKAT
K MajJ0 YCTOWYMBHIM ¢$opmaM MaTepuu, Apyrue, Ha0O0POT, ABNAIOTCS
KpaiiHe YCTOMYMBBIMM M HE paauMOoakKTUBHBL. HakoHel, 0coOylo rpymiy
3JIeMEHTOB MPEACTaBIdIT T IOPSAKOBhHIE HOMepa, KOTOpHE He 00pa-
3YIOT KW30TOfOB.

Mbl nmpuxoauM K BHIBOAY: 3éMHas KOpa COCTOMT M3 YETH-
pex THUIOB 3JEMEHTOB: NMepBasg rpymnna no ceoemy xapakTepy
BIIONHE OTBEYaeT dNeMeHTaM MeHJeNeeBCKOI CUCTEMB — 3TO
NpeUMYLIEeCTBEHHO G0Jiee Jerkue, NMpPOCTHE (HE CMElIaHHbie) aTOMBI
HU3KNX MOPAAKOBHIX YMCEeN W aTOMHLIX BECOB, BecbMa pacnpocTpa-
HEHHblE B 3eMHOH KOpe, ¥, MNOBUIAUMOMY, SJIeMEHThHl, Mpeumylie-
CTBEHHO CTPOWOLIUE OPraHUYecKYIo XU3Hb.

BTopywo rpynmny ai1eMeHTOB (IO NPEMMYLIECTBY 3aKIIOYEHHYIO
MeXay MnopsiakoBbiMu uucnamm 12 — 60) npeactasnsioT HOpMajibHbIE
9/€MEHTH, 06pa3yloliue pAld M30TOMOB, BCTpeyaioliMecs BCerAa
B MNpUpOJe B BUAE CMecCeil CTpOro OIpeAeNeHHOro CocTaBa, HO He
o6najamiliye BUAKWMOKIO CIOCOOGHOCTHLIO K Pa3J0XKEHUI.

TpeTbio COMbIIYIO TPYNIY HNREACTABISIOT HauboJiee TsxKe-
nbie 371eMeHThl, o6aanawiiue GOJbLIOK CIOCOOHOCTBHIO K paguoak-
TUBHOMY pacnajy, HeycTOW4YMBHle, pasJjaramiolinecs aToOMbl 3eMHOI
KOPH. ;

‘Mexly TpeTheii M BTOpOii TPYNNOii 3aKTOYEHa elle YeTBepTas
rpynna (mMexpay uuciaamu 57 —71), Ha3biBaemasi rpyniol peaKux
3eMeNIb: BCE 3TO HACTOsillIHe 3JeMEeHTH C pa3lIU4YHbIMH, XOTS M O4Y€Hb
CXOAHBIMH XUMHYECKMMHU CBOMCTBaMH, NMOBUAUMOMY, TECHO CBA3aHHLIE
Mewnay Cco00 MO CTPOEHUID aToma, He oO0Jafaioliue paguoaKTHUB-
HOCTbIO.

§ 5. YcraHosuB TakuMm 06pa3oM HajlMyue B 3eMHOM KOpe OKOJIO
200 wm30TONOB C pa3UMYHHMHA ATOMHBIMM BeCaMu, MH TIOAXOJUM
K OYeHb BaXHOMY BOMpPOCY, YTO Xe LpPEACTaBnsdloT U3 ceba Te 88
BCTPEYdaeMbX B [IPUPOAE XUMHYECKMX 3IJIEMEHTOB M KakKOBH HX CO-
OTHOILUEHUS C TeOpuel HU30TOMOB.

PacCMOTpuM Tenepb Te OCHOBHbIE S4YEWKH, B KOTOPHX HMEEeTCs
HeCKOJIbKO M30TONnOB. VX Tpu Tuna, npuyem yeTBepTHIM MH OyAEM
CYUTATb TE€ U3 HUX, KOTOPHIE HE JalT U30TOMOB. B OAHMX 3aKio-
YalTCA TOJLKO paAOaKTHUBHBEE 3JIEMEHTH, OTAEJIbHbIE YJIEHb! pacnaja,
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Hanp., B Knetke Ne 90 coaepxuTcs CaM MaTepUHCKWI 3JIEMEHT TOpUi
M NPOAYKTH €ro pacnaga: HUKaKWX VYCTOWYUBBIX OJJIEMEHTOB WIIK

KOHEYHbIX MPOAYKTOB paclnaja HeT, TaKOBH:
/
92 U "91 Pa 90 Th 89 Ac 88 Ra 86 RaEm 84 Po.

BTopyw rpynny coCTaBasioT TaKue KJeTOYKu MeH e neeB-
CKO# Tabiauubl, B KOTOPOW MMEIOTCA KaK paju0aKTHBHbBIE 3JIEMEHTHI,
- TaK W VCTOHYMBLIE HEpPaJWOAKTUBHbLIE 3JIEMEHTHl M YCTOMYMBHE KO-
He4yHbie CcTanuu pacnaga. Hanp., nopsiakosoe yuciao 82, K KOTOpPOMY
OTHOCUTCH W cam OObiyHbIM cBHMHeEl, M paauocBuHel (RaG).

TakoBbl Tpu Tuma; ¢ NOPAAKOBHIMH HOMEpaMMu:

83 PafiHoaKTHUBHLE 3JIEMEHTH MPOMEXYTOUYHLIE U HEpPAagUOAKTUBHHM Bi
(¢ AByMs H30TOMNMaMH).

82 PagvoakTHBHHE 3JIEMEHTH MPOMEXYTOYHHIE, KOHEYHHE MNPOAYKTH
pacnajga (yCcToiuyuBHE) U HepaauoakKTHMBHHI Pb.

81 PagnoakTUBHLIE 3JIEMEHTH [IPOMEXYTOYHHE M HepafguoaKTHBHbIA Tl

TpeTsbp O rpyniny nNnpeacTaisfioT Te MNOpaAKOBHE Yucla, K KO-
TOPHIM OTHOCSTCS HECKOJbKO pPa3JIMYHEX M30TONOB HepaauoakTHB-
HBIX 3JeMEeHTOB, MHauye roBOps, rpe npuBblyHbie Ham 3nemeHTH Cl,,
Si U T. I. ABIAIOTCA CMECbi0 HECKONbKHX M30TOMNOB. 3TO B Cyll-
HOCTM OOJILLUMHCTBO 3JIEMEHTAPHBIX TeJL

HakoHel, nociefHiOl0 4YeTBEPTYI TIPYNNy COCTABIAIOT 3Je-
MEHThHI, 3aHUMalolllMe COBEpILUEHHO CaMOCTOSITENbLHOE TIOJIOXEeHHe,
He 00pa3ys M30TONOB. Mbl nmepeyuciauiam MX Bhillle, OTMETHB MOKa
12 Takux SJEeMEHTapHbIX Ten (§ '4).

YcraHosuB Takum 00pa30M yKa3aHHbie YeThipe Trpynns, ne-
peiigeMm K Hawei npoGieMe, a UMEHHO, K pPacCMOTPEHUID TOro,
B KaKkOM OTHOWIEHMH HAXOFATCA 3TH YEThipe rpymnbl K 3eMHOi
KOpe M KakKoBa MX OTHOCHUTEeNbHasi pOJib.

Fpynma [. 7 Taxennx nOpsSAKOBHX uucen (84, 86, 88, 89,
90, 91, 92) xapakTepu3ylOTCHd COYETAHMEM MCKHOYUTENbHO pajiuo-
aKTUBHBIX 3JIEMEHTOB. B3aumMHOe OTHOMIEHME KOJMYECTB ITUX M30-
TONOB ONpeAenseTcs TOYHO 3aKOHAMM PaJUOaKTUBHOIO PABHOBECHS.
MeTonamMH XumMu4eckoro aHanu3a martepuHckue Tena (U, Th) wnu
6ojiee MM MeHee YCTOW4YMBhIE NMPOMexyToyHoie (Ra) moryt OHTbL
BHi€/IeHbl, U UX ATOMHbIA BEC AHAIUTHYECKH OMpefeseH. -

B 3To#d rpynne M ee pacnpefesieHUM B NPUPOAE Mbl OIEpUpyem
C TOYHBIMM LUMPpaMKU NMOCTONbKY, IIOCKOJNbKY MCXOAMM W3 oOmnpeje-
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nexHoro B npupoae kommuectsa U u Th. [ng BceX o0CTaabHHX
BMIOB S/EMEHTOB, CBA3aHHLIX C YpaHOM M TOpueM, GOpmybl paano-
aKTHBHOIO PABHOBECHS AAIOT OueHb TOYHHE LUdpb (8).

Fpynma II. Topa3no cnoxkice BTOpas rpynna: B Hell B OfHOM
K/IeTKe HaXOusiTCd M PaguOaKTHBHbIE, ¥ HEPaAWOAKTHUBHBIE U30TOIHI,
OfHaKo, ONLITHHM RYTeM OHU MOTYT OBITh BHIENEHB CaMOCTOS-
TEAbHO M KaXAbA M3 HUX M3yyeH NOPO3Hb. ATOMHBIE Beca TaKMX
3/IEMEHTOB pa3jJIMYHBl M Ceryac yxe onpejfeleHol C AOCTATOYHOIO
TOYHOCThIO.

Taxk, o6bikHOBeHHHI cBuHel — 207, 20 — 207,22 (U3 CepHUCTHX pyA)-
RaG (paauocsuney) — 206, 04 — 206, 12 (rnaBHEIM 00pa3oM,
u3 Opérrepura).
ThD (topuocsuney) — 207, 90 (npupoma TOPHUOCBHMHUA ewle
BHYWAET COMHEHUS).

IS BUCMYTa M TalIAs Mbl He MMeeM TaxuX oTiauumit. OTHOCK-
TEIbHOE pacHpOCTpaHeHUe YKAa3aHHBX TPeX BHAOB CBHHL{A HE MU3Y-
YeHOo U Heu3BeCTHO, HO HANPAWIKXBAETCH MBICIHL, YTO OOBIKHOBEHHBIH
cudely ectb cmecs ThD M RaG B CTporo onpepeieHHblX Mpo-
nopumMsx.

MHOro4ucieHHble aHaiauTH4YecKre palbOThl MOKa3adH, 4YTO BOMPOC
9TOT, Osarofapd poJU rpyMnbl aKTHHUS, HECKOJLKO COXHEe, HO
B O0l[eM B MUHEpajax C TOpUMeM 4TOMHBIM BeC CBUHLA IPUO/IHU-
xaetca K 208, a B ypaHOoBbX K 200,

Bo BCcAKOM ciayyae B 3TOH Tpynme pa3iuyud B aTOMHBLIX Becax
HaiineHol B CaMOii 3eMHON KoOpe, W, MOTOMY, B OyAylEeM aHaJWTUK
NPUPOAHOrO0 COEAMHEHUA 0083aTenbHO AOMXKEH OyIeT YKa3biBaTh,
KaKoil CBMHEL MM HaK[IeH B MuHepale.

Fpynna [l o6Humaer CO60w0 OONLIIWHCTBO INPUPOAHLIX 3Jie-
. MEeHTOB, HO KaK pa3 N0 OTHOLIEHHUI0O K HeM MBI BCTpeyaemcs. C 0COo-
O6biMd  3aTpynHenusimu. OKa3biBaeTCsl, 4YTO, M3yyas aTOMHHIHA BecC
KaKoro - 1u00 OpUpOAHOro anemenTa, Hanp., Cl, ¥ monyyas 1 Hero
35,46, Mbl B CYUIHOCTHM II0Jlyydem YCJIOBRO€ YHUCI0, Jaiouiee HaM
KOHCTAHTY KaKOi-TO CHO¥HOH cmecu u3 35, 37 (U, MOXeET OblTh, 39).
Pa3jenuTb 3TU CMECH M30TOINOB Mbl MOXEM TOJLKO NPUMEHEHUEeM
0CO0EHHO TOHKMX METOAOB; TaK, Al PpTyTH, Onaropaps npume-
HeHUI0 QPaKUKOHMPOBAHHOM NECTUINSLUMM TaKas MNOMbTKA YaCcTHUYHO
ynanacb Bronstedt'y (1921), a nna xuopa, 0COOeHHO B BHJE
HCl— na6opatopun Harkins'a (1921).
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BechMa MHTepecHO, 4TO B YCIOBMSAX Halleil 3eMIi0i KOPH Mbi 10 CHX
NOP HE HAXONK.IM 3TOI'0 PAB/ALJIEHNUA UBOTOIOB, XOTS ljeNitiid sl BeCLMa
TOHKHUX IPUPOLHBIX LIDOUECCOB QUILTPALMHY, AeCTHIIsuuu ¥ 1nddyznu
HE MCKOYAT BOIMOWHOCTHM OTEPHTHA B NPUPOAE TaKWX YCHOBHMM.

CuennanoHas sa6oparopusi Richards’a B aprapicKoM . YHH-
BepcuTeTe Oba 3anudTa M3yyenueMm aTOMHOTO Beca 3NeMEeHTOB, NO-
AYUYCHHBIX W3 Pal3JIMYyHbIX CTPaH U Pa3IUYHBIX MECTOpPOXaeHMH.
0 Cux Nop BCe PEe3ynLTaThl— OTpUUATENLHB. (KPOMe OIHOIO onpe-
penenus Kiopwu XxXiopa, usmiedyeHnoro u3 coau B lLlenTpanpHOH
Appuke). Jlaxke Xnop, NMONyYEHHbIM M3 CONEH 3EMHOMW NOBEPXHOCTH
u anatutos (Qocdaros), no pauHbim Gleditsch u Samdahl
OKa3aJiCs OTBEYAIOLUM OOILIENPUHATOMY BecCy. -

B atom Haupasnenuu uaydyens : Cu, Cl, Na, Ca, Fe, Ni, Ag, Au, B, Hg.

Jl060NLITHO, YTO naxe aTOMHbie Beca Fe u Ni B 3eMHHX Mu-
Hepanax M MeTeOpUTaxX OKa3hiBAOTCA TOXACCTBEHHbBIMU (9).

Mb Kak Oyaro Obl TNOAXOAMM K BbIBOAY:. PSS M3O0OTONOB
o0pa3yeT B 3EMHOU KOpe 3aKQHOMEpHbLEe CMEeCU B ONpe-
JeleHHB X U HEeHW3MEHSeMHX COOTHOWEHUNX, W, eClin 3TOT
BHIBOA OYJAEeT pacnpoCTpaHeH M HAa MeTeOpuThl, TO B Npelnenax 3eMHOM
KOpHl ¥ OGJIOMKOB ME€TE€OPOB Mbl HE 6Y/1eM UMEThb U CNefI0B TaKUX XMMU-
YeCKuX MpoLECCOB, KOU BEIU Ol K PA3beAUHEHHUI0O OTAeNbHBX KU30TO-
NOB MeXJy CO0060K0. ITUM M30TONb TPeTheW Trpynfbsl B FeOXumuue-
CKOM OTHOLIEHMM OTJIMYAKTCA OT U30TOIOB IepBO U BTOPOM rpyni.

'pynna V. He 3akmoyaeT B cefe M30TONOB, U TAK KaK,
MO3TOMY, 3TH 3JIEMEHTH HE TPUXOAUTCH CUUTATL CMeCcsimu, UX
ATOMHEIE BeCd BHIPAWAIOTCS UEABIMH YucjamMu (Mpou3eOLHbIMU OT
He=—=4 n H =1,008)1).

Tak:
H He Be B N 0
1,008 4,0 9,02 120 14,01 16,0
F Na P S As J Cs

19,0 23,0 31,04 32,06 7496 12692 132,81

bonee 3HAYUTENLHO OTKIOHSJICA OT Hawero 3aKoHa TOJLKO
Be, nns koToporo nposepka aromHoro seca (9,1) pana B 1922 1.
npenckasaHHyio nomnpaeky (9,02).

1) C COOTBETCTBEHHHIMH NOMPaBKAMHM Ha H3MeHeHMe (MOTEpKw) MacCh
B oGwemM none (Packeffekt). 1
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§ 6. llogseneM uMTOrM CKa3aHHOMY: 3eMHast KOpa COCTOMT
u3 88 Tunoms anemeHTOB U 0K0ji0 200 Bupos. OfAHM U3 HUX»YCTOU-
YMBH M B TIpejieNlaX HAUIMX ONbITOB HEW3MEeHHH, Apyrue, HaoGopoT,
MOCTOSHHO NPEBPAIalOTCsa; OAHU BHAM CYLUECTBYIOT CaAMOCTOSTENLHO
M, KaK TaKOBBHE, B NPUpPOAEe MOryT ObiTb OTKDHITH M BbI€NIEHHI,
gpyrue, HaoGOpPOT, M3BECTHH HaM TONbLKO B CMECAX, HO BecbMa
ONnpefeNeHHOro cocTtaBa (CMeCH M30TOIOB OJHOTO M TOTO XK€ aTOM-
HOrO YHuCla); TPeTbH, HaKOHeEll, CYUIeCTBYIOT B 3aKOHOMEpPHHX
CMECX, HO MOryT ObiTh pa3jeseHsl MeTORAMU PU3HKO-XUMHUYECKOro
ananusa (CMecb 5JeMEHTOB PafuOaKTMBHOrO pacnana). |

§ 7. [llepeiipeM Temepb K BOMNPOCY O pacnpoCTpPaHEHUH
OTAENbHBEIX TPYON 3JIEMEHTOB B 3€MHOM KOpe.

[Ipexpe BCcero OTMETUM XapaKTep HAlUWX 3HAHHW MO OTHOLUIEHMIO
K TemM ueThipeM GOAbILIMM rpynnaMm, KOTOpbE HaMM Bbiiieé Hame-
yeHn (§ 5).

[Tepsyiwo rpynny cocrasnsaioT U u Th ¥ npoaykTe uUX pacnapa.
Bnarojapsi oOu4eéHb MHOrouuMcieHHeM paGoram Strett’a, Joly,
Boltwood'a #u gpyrux mno pacnpoCTpaHeHUw 3TUX PafAM0aKTUBHBIX
9/IEMEHTOB, Mbl MMeeM B AOCTATOYHOW CTEMeHH SCHYI0 KApPTUHY UX
‘pacnpejiefieHuss B PAa3HHX YacTaX 3eMHOW OOOJIOYKM M B Pa3HHX
rOpHLIX nopojax u MuHepanax (10). Bo BCSKOM cnyyae o UBBEPMEH-
HBIX TMOPOA CpefiHEe COAepxaHue B MPOLEHTAX OnpefenseTcsa OKOJOo
7,0.10—4 U u 1,5.10—3 Th,

Takum o6pa3om, Angd NepBOW rpynnsl MH O6JsajgaemM BecbMa TOY-
HbIMM JaHHLIMM.

BTopyi rpynmny, CocTaBjieHHYI0O U3 u30TonoB Bi, Pb, T, mu
3HaeMm JiMlb YCJIOBHO B 3€eMHOM Kope. Ham u3BeCTHH NUILL rpy6hie
ofuive cymmMapHoe LMOPH COfep¥aHus 3TUX Tpex IPynn U30TOMOB,
¥ [0 CUX TNOp €lle He NpOBEAeHO OIlpefeIeHMsT UX PacrpOCTpaHeHud
o M30TonMam. HeT, OaHaKO, HHKAKOro COMHEHHS, 4YTO BbISCHEHUE
pacnpoCTpaHeHusl OTjeNIbHBIX M30TONOB MMEHHO B 3TOW TrpyImne
BIIOJIHE BO3MOXHO M TpeOyeT JUIlb [eTallbHbX XMMHYECKUX aHa-
AM30B C ONMpeneNeHUeM aTOMHOTO Beca Tell.

Ina TpeTbed M YeTBEPTOMW IPYNN Mbl 3HaeM pacnpoCTpaHeHue
3JIeMEHTOB TOJIbKO NO TUnam, T. €. N0 NOPAIKOBbIM YUCIaAM,
U OTAENbHbIE M30TOMbl COBEPIIEHHO YCKOJb3AKT OT HAawero BHU-
MaHWA, XOTH MX KOJUYECTBO [ CJiyyaeB C [ARYyMA H30TONaMH
MOXET ObiTb BLIYUCJIEHO M3 aTOMHOrO Beca [0 MpaBuJly CMELIEeHMS.
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————

Takum 06pa30M Nnpu yyeTe PacnpoCTPaHEHUs 3JIEMEHTOB B 3eM-
HOM KOpe Mbl TOJNbKO AAsi HeGOJbINOH YacTH MOXEM TOBOPUTb 00
OTAENbHHX M30TONaxX, a B OCTalbHOW Macce yyuTHIBAEM Jullb pac-

NpOCTpaHeHWe NAHHOIO MOpsAKOBOro HOMepa uiu Thna MeHpgenees-
CKOW cuCTeMbl.

B. KoauyecTBeHHbIH COCTAaB.

§ 8. [loka Mo paccmoTpenu MNEPBYI0 YacTh HALEeH 3ajayu:
KaKue TUNB ¥ BUAL 3JIEMEHTOB HAM W3BeCTHH B OKpYXalollied Hac
npupoge. Tenepb BepHemcs ongaTh K Haileid 3eMHO KOpe M mO-
CMOTpMM, KaK B HEH pacnpepesieHbl OT[e/bHbie SJIEMEHTH.

B 3TOM BONpPOCE MBl BCTPETHUMCS TIpeXJe BCEro C TPeMst OCHOB-
HbIMU NIpOGJIEMaMK: BO-IIepPBHIX, CKOJIbKO KaXAoro 3sjnemMeHTa B Cpef-
HeM BXOAUT B M3yyaemylo Hamu 3EMHYIO KOpY, BO-BTOPHX, KaK 3TH
3JIeMeHTH paclipefiesieHbl B IPOCTPAHCTBE B pa3HLIX 000JI0YKaX 3eMJIH,
M B-TPETbMX, KAKHE COYeTaHMs1 3JIEMEHTOB NMpPU 3TOM HAGMIOKAIOTCS.

[lpo6nemMa CcpeAHEro cocraBa 3€MHONM KOpH Cceiyac pelieHa
poeonbHO moiHo. C 1889 r., 6raropapst ynauHoi miee amepuKaH-
ckoro reoxumnka Clarke, Hayanachb pa6oTa B 3TOM HalpaBleHUM
n ceilyac 3a 30 ner paloTw, Onarofaps TpyAaM HOPBEXCKOrO
reonora Vogt’'a camoro Clarke, reoxumuka n netporpada BamuHr-
TOHa, aKajfileMMKa BepHaACKOTr0 M ApPYrux, CpejiHuii CocTaB 3eMHOM
KOpbl BO BCEX €e 000Jioukax B NEpPBOM npulbauxeHuy peted (11).

[IpuBOKY CHAyaNa MOACYETH A TPeX FlaBHHX 000JIOUEK: aTMO-
cpepn, ruppochepsl U nutochepu (Tabmuus I un II).

TABJIULA 1. TABJULA II.
CocraB armocdepnl (12). CocraB oxeana (13).
(mo Becy). (no Becy).
Bz e s msn B - 75,47470
W - 23,19153
A. ... ... . . 1,20085
Kr . ... . .. 002800
Xe . . . ... . . 000500
Ne . ... .. . 000086
He . . . . . . 0,00006

Cymma . . . . . 100%0
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TABJIWULHA IIL

Cpepuuft coctas auTocdepn! (14).
(no Becy).

1920.

=i

[Tlo Bamtuurrow

lTo Knepky 1920,

- — i e—r

|

Marm l CJ:IEI.HU_Hl [lecuaH. | UsBecTH.| CpejH. {mcﬂ?-?f&m-
95%/n 49/, i 0,750 | 0,25% ofp ~ xwoputa),
| Z
Si0,. .| 59,83 58,10 ‘ 78,33 519 | 59,77 59,09
ALO.. .| 15,02 15,40 477 0,81 ' 14,89 15,35
Fe,0, .| 262 402 | 1,07 0,54 2,69 3,08
FeO. .| 343 2,45 0,30 — 339 3,80
MgO. .| 3,74 2,44 116 7,80 ;374 3,49
CaO. .| 483 311 550 | 4257 | 4,86 5,08
Na,O 3,37 1,30 0,45 0,05 | 3,25 3,84
K,O. .l 305 3,24 1,31 033 | 298 3,13
H,O . 1,90 500 | 1,63 0,77 | 2,02 1,14
TiO.. 0,79 065 | 0,25 0,06 | 0,77 1,05
ZrO, 0,023 = B e — 1 002 0,039
CO, . 0,49 2,63 5.03 4154 | 0,70 0,102
P,O;s 0,29 0,17 6,08 004 | 028 0,30
§ . . 0,10 — — 0,09 | 0,10 0,53
50, « o 0,64 0,07 0,05 | 0,03 —
Cl. 0,063 L - 0,02 0,06 0,056
F...|l o010 - - — . 0,00 0,078
BaO. .| 0,110 0,05 0,05 — . 0,09 0,055
SfO . .| 0,043 - - — 0,04 0,022
MnO. .{ 0,10 — - 05 ! 0,09 0,125
NiO . .| 0,026 - - — 0,025 0,025
Cr,0; -| 0,048 ~ = — 1005 0,056
V,0; 0,026 - 5 - | 0,025 0,032
Li,0- .| 0,011 = s - 0,01 0,007
i - 0,80 - s 0,03 -
CyMma. 100%0 s e -
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TABJULA IV.
CpenHu#l cocraB MarmMaTHYeCKHX
nopoa (no secy) (15) 7).
Naepk Ba gu}t H r-l‘
1920, - | TOHY |92ﬁ.1
47,29 46,43 F
.| 28,02 27,77 |
7,9 | 814 |
4,56 512 |
2,29 2,09 |
Ca 3,47 3,63 f
Na 250 | 285 |
) | 2,47 260
[H..... 0,16 0,127 |
i SRR 0,46 0,629
*Zr 0,017 0,028
*C 0,13 0,027
P..... 0,13 0,130
8 . e o 0,10 0,052
*Cl 0,063 0,055
| *F 0,10 0,077 °
' Ba 0,093 0,048
 Sr. ... . 0,034 0,018 |
' Mn 0,078 0,096 |
*Ni 0,020 0,019
*Cr 0,034 | 0,037 |
*Y 0,017 0,021 |
(=21.307)
§ 5 P 0,004 0,003
| (=31 0—)
100 —

TABJIMLA V.

BawiHHrToH gajee mpoaoJikaer
rabauuy (1V) (nmo Becy).

||||||||

llllll

X

X

A0

30

8

8

Ha ocHOBaHMM MMEIOIMMXCS AaHHBIX cOCTaBa aTtmocdepbl, IUAapo-
chepbl M pa3HbiX 060/04eK JUTOCPEpPH MOXKHO MOJOMTH K OIpe-
[€JIEHUIO cpefHer0 COCTaBa BCEH 3eMHOM KOpbl, NAaHHOMY Ha HMXKe-

cnenywilleii Taéauue VI.

*) O6bscueHue 3Be304eK CM. B mpumeuyaHuu (16).
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TABJIMUA VI
Cpennnit cocraB BceAl 3emHoll Hﬂpl:l {Tpex nﬁnnuqeu) (17).

e — T

._ : Mo BeCcy. | Do 4MCHY ATOMOB. =
| | Hassanue | 1. | 2. | 3. | 4 | 59| . 7. | 8
I H i | oy
[ | sremerma. | dua [ N, | Some | Pmer| S| e [ O £
1908 1922 1912 =
1 Kucnopog .| O 8 | 50,02 49,7 — 153,81 53,81
| 2 Kpewnit .| Si | 14 | 2580|260 | — 1585 [1585 2y,
3| Amowmmmit. | Al | 13 | 7,30 745 — [476 | 4,76
| 4] Xeneso. .| Fe | 26 418| 420 — | 1,30 | 1,30
| 5| Kansumit .| Ca | 20 | 322| 325 — | 1,44 | 1,44
6 Hatpuit . .| Na 11 2,36 2,40 — 11,80 | 1,80
7| Kamait . .| K | 19 | 228{ 235 — |1,04 [1,04
| 8] Marumit . .| Mg | 12 208 235| — |1,67 | 1,67
| o] Bogopon H | 1| 09| 10| — |1718 [17,18
10| Yrnepog .| C 6 | 0,18 04 | 035 | 058 | 0,50
i11 Turau . .| Ti 22 | 043, 05| — }Jo18 | 0,18
12y Xnop. . .} CI 17 020 02 — 1010 0,10 !i
13 ®ocpop. -] P 15 0,11, 0,1 — | 0,056 | 6,056
14| Cepa . . .| S | 16 | 011 01 | — | 0,054 | 0,054
15| ®drop. . .| F 9 | 0710 004008 | 0,036 | 0,072
16| Bapuit. . .| Ba | 56 | 0,08/ 0,04| — | 0,0054 0,0054
17| Mapranen .| Mn | 25 | 0,08( 009 — |0,028 | 0,028
8 Asor . . .| N 7 0,03 0,04, — ] 0,049 | 0,049
O] Ctponuuit. | Sr 38 0,02: 0,01| 0,02 | 0,0019 0,0035
20| Jlutuit. . .| Li 3 — 1 0,01 0,005] 0,025 | 0,012
21l Bop. . . .| B 5 | — | 0,010,001} 0,017 | 0,002
\P’ linpxkouuid. | Zr 40 — 0,03 — | 0,0057{ 0,0057
D3| Bawaguit .| V | 23 | — | 001] 0,02 | 0,0034 0,0068
24| Xpom- . .} Cr | 24 | — | 001] 0,02 | 0,0033 0,0066
5 Huxkkenp .| Ni 28 - 0,01 | 0,02 | 0,0029, 0,0058
26! Bpow . . .| Br | 35 | — | 001 —3)} 0,0021] 0,0020%
{ | OcTanpubie
3JIEMEHTHI. — e 0,47

Npumeuanne. [lopsakosuie HOMepa Bhiwe 28 nHameyaTaHb XUPHO.

1) [TomewjeHsl JHWb OTKJIOHEHUst oT cTonbua 4.
no Becy: no obbemy:
2) JlonosaHUTL: { 0,005 Be-—-0,009
0005 Cu—ﬁ 02
3) Ciopa He0OXOAUMO npﬂﬁaEHTh H raqmﬂﬁ Cm. npum. (20).
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TABJIMUA VII (18) no ctonbuyy 5 Taén. VI, taén. V
uno Bepuapckomy (1923 r.).

Cpennnii coctaB BceH 3eMHON KOpbI MO NeKalaM.

(INo Becy).

Cymma /o no BECY,?
nepeuncn. Ha 10090,

S Ty iy ]

| Gonbwe 10 LO,Si. . ...........

75,43
1 II. Al, Fe, Ca, Na, K, Mg, H.. . | 22,93
0,1 I. Ti, ¢, CL, P, S. . . . . e 1,24
0,01 [V. Mn, F, N, Ba, Zr, V, Cr, Ni, Sr, Br. | 0,37
103 V. Li, Be, Cu,Co,Zn, Pb, B, Ce u pep.
semnn (Y, Laugp.), The . . . .| 0,028
;) VL As, Sn, Ar, U, J, Ha. . . . . . 0,0018
10— VII. Cd, Hg, Sb, Mo, Nb. . . . . . 0,00021
10~° VIl Ag, W, BL, Ta, Rb: ¢ « 5 & & % 0,000022
. 10—7 [X. Se, Au, Te, T, Cs, In. . . . . 0,0000025
| 108 X. He, Ne, Ga, Ge, Kr, Ru, Rh, Pd,
I M HUXe. l Xe, Po,Em,Ra, Ac,Pa,. . . . . ' mensuwe (),0000010 |

TABJHULA VIII (19), no cTonbuy 7 tabn. VI.

Cpennu#fi coctas Bced 3eMHOH KOpbI 0 YHCJY AT O MO B.

Yucno Konuyectso
ANEMEHTOB. aToMOB 9o.
- 3 86,84
Il. Al, Na, Mg, Ca, Fe, K.. . . . . ' 6 12,01
WG Th Bl v s o e w o o = w0 3 0,78
IV. B P 8N M Ca, Lic 2 e« 7 0,201
V. Be, Cr, V, Ni, Zr, Ba, Sr, B, Br. 9 0,0468
Beposathas VI— Ar, Co, Zn, As, : H_;_,EW
CE’ Sn, J’. Ph- ....... 23 CEBILIE 99’96

[Ipumeuanne: B Tabnuuax VII u VI snemenTsl uYeTHHX NOPAAKOBLIX
YHCEN HameyaTaHsl XUPHO. |

V¥
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TABJULA IX. TABJIULA X (21).

H3o6paxenne Tabauupi V1l no no- Mzobpaxienne Tabaunmt VIII no
PSIAKOBBIM YHCAaM (28 aieMeHTOB).

(Mucna nonoxuT. 3apaaa sgpa).

H30TONHYECKHM YHCIAM.
(Hucna HEHTPalbHHIX 3AEKTPOHOB

L 8. 1. 14,
I 13. 11. 12. 20. 26. 19.
M. 6. 22.17.

. 5. 5.0,1.

VL 9.15. 16. 7. 25. 29, 3. !
4. 10, 22, 12.

V. 4. 24, 23, 28. 40. 56. 38. .
5. 35. . ) | 1. 10.
[lpumeyanne, JXKupHo Haneua- XKupHo HamedyaTaHbl H30TOMHYE-
TAHH 3JIEMEHTH yucesn Boeile 28. CKHe uucha Boiuwe 6.
Jlnsi cpaBHEHUS NPUBOXKY CIEAYIO- [Anst cpaBHEHHUS NPUBOXY ClEAYIO-

Y10 BEPOSTHYIO jexapy: W0 405, 5. 9. 2a. 19, 21. 44,

VI- 1.8- 2?. 3“- 33'- 58! 5“- 53- 82- 45’ 461
{

BolllenpuBefeHHbe TAOIMUB  JAlOT OCHOBHOW (QaKTHUYECKHI
‘MaTepuan AN CyxAEHUS O paclpOCTpPaHEHHOCTY OTAENbHBX 3Jie-
MEHTOB B 3EMHOH KOpe. |

§ 9. Ha ocHopanum coOpaHHOro ¢axKTH4YeCKOro martepuana Io-
CJIefI0OBATENILHO MOXHO MepelTu K QOpMyJMPOBKE HEKOTOPHX
BHIBOROB, HENOCPEACTBEHHO HaMevalomUxcs Npyu HaOMOLEeHUU IIONy-
YEHHBIX pPe3yiabTaToB. B HacTosweM s ceefly uX O6e3 KaKoi-ObH TO
HM ObUIO MOMBITKM IOKA [dTh WM TONKOBAHWME, K KaKOBOMY s
,nepeipy nosauee, B rinase Xl n XIL

1. XuMHuyeckye 3JIeMEHTHI BXOJAST B COCT4B 3e€MHOM KOpH
B KOJMYECTBAX BeCbMa pa3/IMYHLIX, NMpUYEM aMIUIMTyAa 2THX KoJe-
Ganu# npesnilnaer 109, T. e. Mmwiiauapja pas.

2. llpeobOnapamniee 3HaAyeHue B 3eMHO KOpe HMMEIOT TOJIbKO
HeMHOrye 3nemMeHTH U3 88 M3BECTHHIX, MpPUMYEM MOXHO INOACUHMTATD,
yTo (0O yucny atomos, c¢M. Tabn. VI, cronbey 7)

nepebie 3 COCTABISIOT . . . . . . 86,84 /o

» 9 » . . . ... .98,85
» 12 » C o . .. 299,63
» 19 B 5T Ly e o5 690040
» 28 » . . .ceuue 99,967
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3. IlpeoGnajallee 3HayeHWe MMEIOT B BEMHOW Kope 3jleMeHTH
Aerkue, C HU3KUMW ATOMHBIMM Be€CaMuU W MajiblMH MOPAAKOBHIMM
yucnamu. B Tabmuue IX pnaHe NOPSAKOBHIE 4yucia nepBuix 28, M3
KaKOBOM MH BUJIUM, YTO B MX UYUCJIEe MMEETCss TOJLKO HSTh 3Jie-
MEHTOB C IIOpPAAKOBBIM YyuCAOM Bule 28, a wumenHo: 29 —Cu,
35—Br, 38—5Sr, 40—Zr, 56—Ba, M OTCYTCTBYIOT TOJIbKO
anemeHTh: 2—He, 18— Ar, 21 —Sc¢, 27—Co. Jlsa u3 3TUX
asieMeHTOB (Ar u Co) yxe 3aHMMalOT IIepBOE€ MeCTO B ClefyloLlei
neKane. |

4, CornacHo pa6oram Harkins’a, 3JeMEHT onpepensieTcs He
TOJBKO aTromMHbM BecoM (P) wWau nopsiakoBuiM Homepom (M), HO
elle M30TONHYECKMM YuCiaoM u3otona (n). Tabauna X oGHapyx u-
BaeT mnpeolbjafaHue TeX H30TONOB, YUCAA KOUX HauMeHee OTKJIO-
HAlTCa OT O, W, 3HAUUT, UMEHHO TeX DJJIEMEHTOB, NNid KOTOPHX
aTOMHBI BeC IIOJIy4yaeTcsi ONM¥e BCero YyJBaWBaHueM aTOMHOrQ
yucina. Ha 3Ty CTOpOHY BONpOC2 B CBOE BpeMs OOpaTH/l BHMMaHUE
cam Harkins. Yxe B nsToil gekage Ha6awpaercs O0jbluoe OTKIIO-
HeHHe OT HTOW CXembl, IMpUyYeM cCpa3y CKa4yKoM, C CepeAuHH e€e,
UJaeT pe3Koe M3MEeHeHUe CBONMCTB.

5. Jlio6onbITHO npeolyajaHue B 3€MHOW KOpDEe 3JIEMEHTOB YeT-
HbIX IIODSAKOBHIX YMCENl M YeTHHIX aTOMHBIX BetoB. B Tabau-
nax VII u VIUI yeTHble 3neMeHTH HaOpaHbl XUPHO 1O NOPSAKOBHIM
Homepam. Ha 3TO siBNeHke ToXe B CBOE BpeMsi OOpPaTUN BHMMaHue
Harkins.

Ecnu cpaBHMBaTh aTOMHBIE 4YKuCla, TO U B HUX 3aMETHO MNpe-
obnajaHue YeTHWX; €eCAd HU3BECTRO HECKOJbKO M30TONOB, TO
npeo6nafgaeT oOHYHO YETHBIW, YTO BUAHO M3 CPeJHEro NPUPORHOrO
aTOMHOTO Beca.

Ecnu mbp pacuucium 1o tabauue VI, TO Ha ueTHble ynafer
74,84%/p, a Ha HeueTHble 25,12, T. e. 3 Kk 1. Ecliu pacuucnuTh
no ta6muue VII (undpu ctonéua 4 u 5 taéa. V), TO cOOTHOIIEHUE
nonyyaetrcss 86,31 x 13,68, T. e. HemMHOro Gonee, yem 6 K 1.

6. bojee 3HameHaTejbHHIM SBISETCS HEpaBHOMepHOEe pacrnpo-
CTPaHEHHE B 3EMHOM KOpe B2JIEMEHTOB, MOCTPOE€HHWX [0 pa3HbIM
Tunam. Tak, eciu B3siTk nepsbie 28 snemeHToB (Tadn. VII u VI”),
TO Mbl NMOAYYUM CleAyloiye NIOOONBITHBIE AAHHBIA!



TABJIMLIA XI.
KonuuecTBoO ueT JIEMEHTOB.

OARIERTED TR 86,36 | 74,86
i = - s £
KonuuecTBo 3JieMeHT0B 4@ - « + . . . 86,31 74,81 (74,81)
» » 4q4+1 . ... .. 0,01 0,01 (0,00)
» » a2 o « o + « 0,05 0,05 (0,05) |
» » 4q4+-3 . . . .. : 12,68 7,91 (7,89) |
OTgenpHo CTOWT BOROpPOd . - K o 1,00 17,18 (17,18);

M3 s3TOro Mbi BUAMM OGoJibLIOE TMpeo6iajaHHe 3SJEMEHTOB [BYX
THINOB: OCOOEHHO 4q M B MeHblue# crenenu 4q-|- 3.

Eile uHTepecHee KapTuHa MOJy4YaeTcs, €cay Mbi TOYHO pa3bepem
nepBrie 28 2/MeMEHTOR ¢ uMx u3oTomamu (rno tadén. Vi) (22).

TABJULIA XII
4q4-0 | O, (Si), (Mg), Ca, Fe, C, Ti, S, Cr, (Ni)=. . .| < 74810
4q 41 (Si), Be, Ba, (Br), (Mg), (C), (K)= . . . . . . > 0,014
4q-+2 | (Si), (Mg), N, (Ni), (L)), (B)), (Fe)=— . . . . . > 0,054
49+3 | Al Na, (K), (CI), F, P, Mn, Cu, (Li), V, Zr,
Sr, B), Br)= . . . . . .. . ... ... 7,908
0-+1 Tompxo H . . . . . . o L. ... 17,180

B 3Toil TabiMmue noMelleHH M M30TONH B CKOOKax, IpUHUYEM
Ha6paH XUPHO TOT M30TOMN, KOTODPHIH B cMecu mnpeoOnagaet. [Ipu
noacyeTax TOJNbKO OH ¥ MPUMHHMAINCS BO BHUMaHue 1).

Ha ocHoBaHuMM 3TOH TalJuubl MH [eJlaeM BhLIBOJA:

B 3emHO#i KOpe 7/ip YMCNA BCeX 3JIEMEHTOB MNPUHARNEXKHUT
THny 4q-}-0; BTOpPOE MECTO 3aHUMAeT BOLOPOJ, K KOTOPOMY OTHO-
CUTCA HecKOJNbKO MeHee 2/j0 BCEX aTOMOB KOpbI; TPeTbe MECTO
NpUHANIexUT (MeHee /1) aTomam Tuna 4q-}-3, TOrga Kak Ha 002
™™na 4q-4-1 ¥ 4q-}2 npUXOAUTCS TONLKO OKONO /10000 MOJEH
o61ero yucia aTOMOB. -

1) Harkins B CBOHMX pacueTax NocTynas uHaye, OCHOBLIBASCh Ha BeCbMa
elle CHOPHBIX fOACYHETAX KOJAMYECTBEHHOrQ pPACHPOCTPAHEHUA OTHENbHHX
M30TONOB OAHOr0 M TOr0o Xe THMNA.

e
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[lpeoGnanavne Tuna 4q, a notom Tuna 4q-+3 cKa3wBaeTCHd
HE TOJbLKO B 3THX KOJMYECTBEHHHX [MOACYETAX, HO U B OCOOMX
CBOMCTBAX TexX TIpynn »JeMeHTOB, KOTOpHE SHABJAITCA CMECAMM
HECKOJIbKMX M30TOIOB. B HMX .BCeria CpeAHHH aTOMHLIM BeC CMECH
pJIeMeHTa, KaKk MH ero HaOawjgaeM B npupoje, Gjiuxe K TUly 4(
Wi 4q-~3, 4eM K APYIMM TMOam, 4YTO NOKa3nBaeT Ha npeodia-
flaHHe MMEHHO B3THUX JIBYX TUMOB 1),

Hakonen, 0COObii HMHTEpeC MNpeACTaBAseT  CIUCOK | 371eMEeHTOB
THla 4Q. OH HaM HeOOHYailHO HalOMMHAEeT 3JEMEHTH, U3 KOTOPHIX
COCTOSIT MeTeopuTH (CM. HUXe Ha cTp. 47).

7. OyeHb XapakKTepHO npeo6iaafaHue 3J1eMEHTOB, He 06pa3yIoLIuX
M30TOMNH, T. €. YHCTHX. M3 nepeBux 28, HaCKOJAbKO HaM U3BECTHO,
toneko Si, Mg, K, Cl, Li, Ni, Br u, moxer Opts, Fe cocroat u3s
H30TOMNOB,

Ha osaementTs yuctoie npuxoautcs okono 8000 oluwero yucna
aTOMOB.

8. BecbMa XapaKTepHO NPUCYTCTBME B CIUCKE HaubGosiee pacrnpo-
CTPaHEeHHLIX 3JJIEMEHTOB, TJABHEHIIMX JJIEMEHTOB XWBOW MaTepHH
0O, H, Na, Mg, Ca, Fe, K, C, C, P, §, N, F, npuuem 3a uckmo-
yeHuem Tonbko Mg, K, Cl un moxer Ouith Fe, BCe OHM NPUHA[NEXAT
K 3JIEMEHTaM 4YMCTHIM, T. €. 0e3 U3BeCTHbIX HaM HM30TONOB.

9. Ilpu cpasHenun ¢ MenpeneeBCKOW Tabauuei HalmoaaeTcs
npeoliafiaHie YeTHBIX BepTUKANLHBHIX TpyNN, 4YTO MOXHO OO
BHIBECTH M3 5 nyHkrta. [logasnsiouiee yuciao0 aToMOB NPUHAMNEXKUT
HECOMHEHHO K YETHHIM psafaMm TaOaullb.

10. KaKk 5TO BHTEKAeT M3 IYHKTA 3, NOYTH BCE PacnpOCTPaHEH-
Hble 3JleMeHTHl OTHOCATCA K BepXHUM yeThipem psaam MeHpenees-
CKO#W Tabnuusl, cpa3y o0peiBasicb Ha Ni unu Cu, T. e. HA 28 nopsj-
KOBOM uucje. 3a 3TUM YHCIOM HayuHaeTcsd KakK OBl COBepileHHO
HOBasi 06saCTb XUMHYECKUX 3/IeMEHTOB, Pe3KMM CKaYKOM OTAEJeH-
Hasi OT BHIENeKalNX 4YeTHpex PsyoB,

11. PajguoakTuBHbLiE 3JEMEHTH 3aHWMAIOT HHUYTOXHO Majoe
MECTO B NpUpoJe, PaBHO KaK Apyrue Oo0iee TAXKenble XuUmMuueckue
3JIeMEHThI, 3HauyeHMe KOUX B oOOueM YOHBAaeT C VYBEIHUYEHHEM
aTOMHOTQ Beéca M MOPsfKOBOro 4ucia,

1} Te ke noacydeT NO OTASAbHHIM 000/04YKAM 3EeMHOMH KOpH CM. Aanbue,
B raase Il Ha crp. 37.
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PeszioMupyem: B 3eMHOI Kope npeoOnAdi0T JICTKRE SNEMEHTH
4EeTHBIX NMOPAAKOBHIX YMCeN, MoyTu Ge3 uck/MOUEHHS COCTapasiolue
mepebie Ba Gonbiumx psga MewnpgeneepciKOHM CHCTEMB, MO Mpe-
MMYILECTBY NOCTPOEHHBE NO TUmy 4, pexe 10 THly 4q-}- 3, mpu- -
Hapiexale K YeTHHM rpynnam MenAETEEBCKOH CHCTEMB
¥ B OOLIEM ualije yucThie, He ofpasyiowpf H30TONOB M MpENMYy-
IIeCTBEHHQs HEPaAuoakTHBHHE. Metoa xkonM9ECTBEHHOTO TOACHETA
BaJIOBOr0 COCTaBa 3€MHOM KOpb oKasancs HEOObIYaHHO BAXHBIM
INsl paspelleHust psfa TeoxumMuueckux npoO/ieM: HUCTA, Bhipaxalo-
lI{Me O3HAYEHHBI COCTAB, NOMKHH OTHbiHe WMEHOBATLCA KN e pKOB-
CKUMMU YUCNaMH C mofgpasfieneHusm ux Ha KIEPKOBCKUE BeCO-
Bhe U o6beMHHEe uMcia wiu 6ykeenHo Kp ¥ KV.




II. 3aKOHBI pacnpOocTpaHEeHUSA IJIEMEHTOB B 3€MHOM
Kope.

§ 10. B aToii rnaBe Mb monbiTaemcs gaTh 0030p psRy BOIPOCOB,
CBfI3aHHBIX C pAcCnpocCTpaHeHWeM HJIeMeHTOB B 3€MHOH KOpe, NpuueM
[10CJIe0BATEILHO KOCHEMCS HuXecneayioluX BOMPOCOB:

A. — CoBMeCTHOe HAXOWJAEHME OTAENbLHBIX 3N1EMEHTOB.
B. — CoBMeCTHOE HAXOW[EHUE TPYOMN 3NeMEHTOB (accouuauuit) U Cef3b
C onpeaeseHHBIMH neTtporpapuuecKUMY4 THIAMH.
B. — CBf13b D/IeMEHTOB C OT/AEAbHbIMM 30HAMM 3EMHOH 000JI0UKH
C OT/E/bHBIMU TEe0JIOFHYECKUMU PaKTOpaMH
C OTAENIbHbBIMM MOMEHTAMH IreoJIOrHYECKOM
HCTOPHH.

X0Ta U B 3TOH rjase, Kak W B npeauiyluen, Mo OyfeT OCTa-
HaBI¥WBAaTb HALIE BHMMAHME TOJLKO Ha QAaKTHYeCKOH CTOpOHe
BOIIpoCa, TEM HE MeHee B DTOW rjaaBe Mbhl HE MOXeM He KOCHYTbLCH
NMPUYUH TeX 3aKOHHOCTEH, KOTOpbie O0yCHOBIMBAIOT TE€ WIM HHbie
apneHusi. Bonpocy o Tex siBJeHUSX U TeX CUliaX, KOTOPHE BH3bBAIOT
nepemelleHUe HIEMEHTOB M STHM HapymialoT COBpeMeHHOe status
quo, OyjpeT MOCBsillleHa cheuuManbHas riasa.

CoBMecTHOE HaX 0XJAE€HHE OTJAe/IbHbIX JJIEMEHTOB.

HecoMHEeHHO, 4TO B OCHOBY HaluMX MNPEACTaBleHWHd O COBMECT-
HOM HaXOX/JEHWW HNEMEHTOB B TMpUpOJe HEOOXOAMMO TNOCTaBMTb
TOYHBI SMIIMPUYECKUH MaTepuan Hal paCcNpOCTpaHeHUEM Kax-
AOr0O 3JIeMEHTa B OTAEJNIbHOCTHU U M0 BHISCHEHWIO TeéX CNYTHUKOB,
C KOTOPHIMH 3TOT 3JIeMEHT OOBYHO BCTPEYaeTCss B 3eMHOW KOpEe.

B 3TOM HanpaejieHun Ob Yy¥Ke [aBHO HaKOMIeH OOCHUJIbHbIN
mMaTepuan HaONloNeHui, W, HayMHas C ONBITHHIX AaHHBIX Ppellypr-
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CKMX PYOOKONOB M ATpHMKOJIbB M KOHYasi COBPEMEHHLIMM yCrexaMu
rOpHOro fJena, HaMeTWICA UeJabd psag KOMOMHAUUKA DJIE€MEHTOB,
BMECTE BCTpeYalolMXCsi B reoXuMuyeckKux mnpoueccax. ITHU 3aKOH-
HOCTH COBMECTHOrO HaxO0X[eHUss HEKOTOPHX 3JIEMEHTOB YXe BOLLIN
B O0MXO0J KaK caMOii HayKu, TaK M MPOCMEKTOPCKON reosoruqyecko
AesiITeNLHOCTU, U TaKue coyeTaHMs, kak Te u Au uwiau Pb un Zn, Ag,
ABIFIOTCA HACTONBKO OOBIYHBIMH, YTO MX CYUTAIOT COBepLIEHHO
3aKOHOMEpHBIM fIpoLeccoM, 3albiBasg, 4YTO ITOMY COYETAHHUIO MH
A0 CHMX IOp HE MOXEeM AaThb PaluOHANILHOI0 OOBACHEHUS.

[IpuuMBB, BLI3HBAWOWME COBMECTHOE HAXO0X[AeHWe OTIelbHHX
3JIEMEHTOB, BECbMA MHOTOYUCIEHHb W JaJNIeKO He WCYepIlbBATCS
TOJIbKO XUMUYECKOI OJIM30CTbI0O CaMUX IJIEMEHTApPHBIX Tell.

B o0uieM OCHOBHHIMM MpUYMHAMM, OCYCIOBIAUBAIIIUMU 3aKOHO-
MEpHblE COYeTaHus 3JIEMEHTOB, Hal0 MpU3HATh:

1) baAu30CTh XUMHUYECKUX CBOWCTB 2JIEMEHTOB, 00YCIOBIMBAIOILY IO
o6pa3oBaHue OQMHAKOBLIX NMPOAYKTOB IPU FeOXUMMHUUYECKUX peakuusx
3eMHOM KOphol. TakoBa, Hanp., 0JiM30CTbL CBOMCTB pelKuX 3eMeNb He
TOJBKO B ja00OpaTOpPUM, HO U B NpUpOJe, PEOKO OTAENSIolleld 3TH
3JieMeHTH Jpyr oT apyra. Takossl Nb u Ta, udorpma Zr u Ti, Be
n Al, Ni u Co, Zn n Cd, Cu u Ag, Fe u Mn u T. &

2) BTopolo BaxkHellIew IMPUYMHOIO, TECHO CBSI3aHHOIO C nEmeu
SIBIAETCST CNOCOOHOCTb [JaHHOU rpyINNb 3JIeMEHTOB K M30MOpPQHOMY
3aMEeIUEHUIO: COBMECTHOE HaXOXJAeHue B IIPUPOJE INEMEHTOB OHOrO
U TOro e pspa PeTrepca Obui0 BO BCeH WIMPOTE BMEpPBHIE MOJA-
yepKHyTO B, BepHacKuM; npu 6Au30CTH PeTrepcoBCKUX PsioB
K OONbIIMHCTBY BepTHKaNbHBIX rpynn MeHJeleesCKOi#l TaGauub
Mbl HaTallKuBaemcsi B MNpUpPOJe HA BeCcbMa 4acToe COBMECTHOE
HaxOX[eHue 3JeMEHTOB OJHOH MW Toii ke rpynns, Hanp., K, Rb
u Cs vim Zn, Cd wnuw As, Sb u Bi, wm Zr v Ha u 1. 1.

3) Cnenylouero npuunHow, cornacHo Vogt’y, NpUXoauTCa CYMTATD
pe3Koe pa3nuuuMe B XUMHUYeECKMX CBOHWCTBaAX, 0OyCAOBIKMBalOliee
o6pa30BaHue NPOYHBIX XUMHUECKUX COeNUHEHHNH, 06pa3yIoLNXCS
C OosbliyM BHIiENIeHHEeM Temna. TakKoBa, Halp,. ¢Ba3b S U Ba
BaSO,, K u O B K;O u 7. a. K 3T0if xe rpynmne covetaHuii Vogt
~OoTHOCUT Ti uFe, V u Fe, V.un Ti, Sn u W, Zn u Cu, Cu un Mn,
Ba v Mn, Au u Te u 1. A.

4) Jlanee NpuYUHO COBMECTHOTO HaX0XAEHUS 3IEMEHTOB HBHHETCH
reHeTH4YecKas ¢BA3b HEKOTOpPbIX M3 HUX, 00beaMHeHHHX OOLIHOCTbHIO
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NPOUCXOXKACHUSA NpU pajMOaKTMBHOM pacnajfe. TaKOBO COBMeCTHOe
Haxoxpaenne He, Em, Ra, U u paguocsvHLa, BHpaxXeHHoe B Omnpe-
fleNIEHHOH KOJWYECTBEHHOW 3aBMCUMOCTM ITUX 3JIEMEHTOB ApPYr OT
Apyra, COrjacHO YypaBHEHMI0 paguMO0aKTHBHOrO paBHOBecusi. XoOTH
pacnajgoMm rpymrnb ypaHa M TOPUA 3axsaThiBaeTCsd Becbma OONblLOE
KOJIMYEeCTBO 3JIeMEHTapHbIX BWAOB, TeM He MeHee IIpu pacnane
nipeobnajgaetr 06pa30BaHNE YETHLIX 3JJEMEHTOB, 4YTO OOBSCHAETCS
C OAHOM CTOPOHH BHAENEHUEM o -YyaCTHLb, T. €. NMOHWXEHUEM Ha
2 NOPARKOBHIX 4ucCAa, C APYroi tem, yTo O6paTHO IIpPH BBHIAENEHUH
P-nydyed [Ba TaKUX M3INy4yeHUs HepeiKko MAEHCTBYIOT OAHO NOCIe
Apyroro, Gnarofiaps YemMy CHOBa pa3HuLiAa paBHAeTCs 2.

5) PaBHbiM 00pa3om B 30He Guocdepbl COBMECTHOE HaXOXAeHHe
psifia 3JIeMEHTOB OOBACHAETCS MX pOJIbI0O B OPraHMYEcKOM BeLlecTBE
MW UX HAKONJEHUEM B CBSI3M C XU3HEHAESTENbHOCTHIO PACTUTEJbHBIX
WIX XUBOTHHIX Opradu3moB. Takosa o6niuHas cBa3b C, Fe, S, P
B Topdsinukax, Ca ¢ C u O B paxkoBuHax wmonockos, P, Ca u F
B KOCTSX W T, O. -

6) Hakonel, KkpomMe BCeX 8THX CJlyyaeB, Mbl UMEEM e€llle JIMHHbIMH
psll OMIMPUYECKH HAWAEHHHIX 3aKOHHOCTEH, KOTOpPbie He YKJIajhbl-
BAIOTCS B BblLUENPHUBEJEHHbIe PaMKM M A0 CHX IIOP OCTAlTCA He
o6bacHeHHBMH. TakoBo, Hamp., o6muHoe coveTanue Ag, Zn, Pb
uid xe Ba u Mn, Th u U. K 3T0if xe rpynne siBJIeHUH OTHOCHTCA
O4Y€Hb NMOCTOAHHOE M 3aXOHOMEpHOe CcOYeTaHKHe B ra3oBhiX CTPYSX
Ar, Kr, Xe u Ne, uto Moureu u Lepape OTHOCW/IM K TOIJIOLEHUIO
UX MOpOfaMu M3 MepBUYHOU aTmocdepn (24).

§ 11. A3 BHlUENpuBEAEeHHLIX AaHHBIX MbB BHAWM, YTO IPUYMHBI,
oOyClIOBNUBAIOUIME paclipefesieHne OTHAEJbHBIX 3JIEMEHTOB B Pa3HbIX
30HaX 3€MHOM KOpbl, BeCbMa pa3HOOOpa3HH M He YKJIaahnBaloTCA
B PAMKM KAKUX-TMO0 OUYeBHUAHBIX M MPOCTHIX XMMUUECKHX 3aKOHHOCTEN.

Pe3ioMUpYS Mbl JOMMKHH MPU3HATL, YTO [Be OOJLIIKUX TPYMIH
[MPUYKUH OGYCIOBJIMBAIOT COBMECTHOE HaXOX[AEHHE 3JIeMEHTOB:

1) WMx p3auMHbie reHETMYECKHe OTHOLUEHMSl, KOTOpHe Mbl JINLb
YCIOBHO ¥ He SICHO HalMoAaeM B OTHAeNbHHX TIPynnax u KOTOpHe
6ojiee SIPKO BHIPAXKAIOTCS B 31eMeHTaX pPaguOaKTUBHHIX.

2) XMMMYECKHEe COOTHOLWIEHMS CBOHCTB, KOTOpPbIE COBMECTHO CO
BCEM KOMIUIEKCOM QU3UYECKUX NPU3HAKOB U IEOXMMHUYECKHX OCO-
6eHHOCTEH OGYCJIOBIUBAIOT MNEperpynnupoBKy S3JIEMEHTOB M3 TOro
NEPBUYHOr0 COCTOSIHMSA, B KOTOPOM OHM HaxOAWJIUChH IIOA BIMAHHEM
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MepBOro MOJOXEeHNWsT ¥ B KOTOPOM OHH HBIHE HaXomsaTcs. [Ipekpac-
HHM TPUMEpPOM COOTHOLUEHMH Mexay 3STHMH JAByms QaKTopaMu
MOTYT CAYXMTb OGiaropojgHbie rassl, KOTOpbe, Grnarogaps CBOEH
XUMHYECKOH WHEPTHOCTH, HE MOIM MNOAYMHUTHCA BTOPOM rpyllne
MPUYUH M OCTaANMCh Onarojaps STOMY BCIOAY B OIM3KHX KOJMye-
CTBEHHHX COOTHOIUEHuAX (26).

CoBmecTHOE HaxO0X/eHHEe rpynn 3JEMEeHTOB.

§ 12. T'opasgo wuHTEpecHee cKNafbiBaeTCs BONPOC O pachpefe-
JIEHWXM B 3EMHOM KOpe lLieJnXxX TIpyln XUMHYECKMX 3JIEMEHTOB TaK,
KaK OH BHIDMCOBLIBAETCS B COBPEMEHHON IeOXHMHMU.

Cymmnpyﬂ CBEAEHHST OTHOCHTENbHO PacipPOCTPAHEHHS DT,E(EJIBHHX
37IeMEHTOB, Mbl MPUXOAMM K YCTAHOBJIEHMI® HECKOJbKUX OONbUIMX
rpynm, KOTopoie A OyAy Ha3unBaTh TUMNUYECKHWMH TreoXMMUYeE-
CKUMHU accoumauuamu.

OTU accoumauuu OblJIM HAMEuyeHHl elle B KJIaCcCUYeCKOM Memyape
dnu-ne-bomona (1847 r.), HO 3aTeM OblIM OCIIOXHEHH OrPOMHBIM
HAKONUBIIMMCS HAOMOAATEeNbHHM MAaTepualioM U TOJIbKO B Camble
[ocleqHMe TOAb BHOBbL OHJIM COBEPIUEHO CaMOCTOSTEJbHO BLISIBIEHH
tpydamu Vogta u De-Launay.

ITH accouuauny, Ha OCHOBAaHUM BCEro HMeEKIU{erocss y Hac
maTepuasia, OTBEYAIOT YeThipéM TJIAaBHHIM THIIAM TIeOXUMHYECKUX
pOLEeCCOB: a MMEHHO mpoueccam CHOXMMHUYECKOTO XapakTtepa, Nnpo-
jeccaM MarmaTW4ecKoro — KHUCJIOr0 W OCHOBHOIO XapaKTepa M, HaKo-
Hell, TIpoueccaM XunbHbiX 3maHauuii (c cepoio). C reonornueckKoi
TOYKH 3PEeHMust 3TH accouuanmu, Kak 3To OYAeT pa3o6paHO Huxe,
B CXeMe OTBeyaloT: mepsas — 30He Ouocheps, BTOpas — MarmaTu-
yecKoil 3oHe Sal, TpeTbs — TaKOil Xe 30HE Sima, Npuuyem 4YacTb
ee 3JEMEHTOB Yy¥e COBEDLIeHHO OIlpefielieHHO roBopUT o 30He Nife.
Bce 5TH 30HbI NEpeCeKarnTCa Xulamu ¢ YeTBEPTOIO accoluunaumnero (27)
(cm. Tabn. XIII Ha cnen. ctp.). |

HecomHeHHO, 1O 0THOlUEHNIO K L1eICMY psily 3JIEMEHTOB BO3MOXHbI
HeKOTOpbie COMHeHud. Tak, nonoxenue Ba u Sr cOBMecTHO ¢ Jpyrumu
DJIEMEHTAMM Marmhbi BHIPaXeHO He O4Y€Hb ONpEeleNeHHO, HO KaK OYyATO
B KUCIBIX- mopopax Ba Gosiblie, 4yeM Sr; Heé BIOJIHE ACHO WU IOJNO-
weHue Mn, BCe e BCTpeyaiolerocss B OCHOBHHX MOPOaX B HECKOIBKO
O0JLLIMX KONHYECTBaX, YEM B KHCIbIX.
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TABJIMLA XIIL

Tunuueckne accouHauHnu 3aeMeHToB (25).

r— - = — — — =

==x — ——

I. Mosepxuoctu: H, C, N, O, 6naropopunie rasu (Ne—Xe). 5 snem.
( H, He, Li, Be, B, O, F, Na,

1. Kncamx (camvecknx) marn: | Ab (P) Si, (Cl), K, (Ti),
3aemeHTH NopoRoobpasyoulde {Mn)’ Rb, V, Zr, Nb, Mo,

1
(N0 mpeHMYyIiL.), _ [ Sl'l, CS, TR} Ha, Ta, w,

(Au), Ra, Nt, Th, U . .25 anem. 1) |

C, O, Na, Mg, Al, Si, P,
S, Cl, Ca, Mn, Br#¥, J¥%

lll. a) OcHoBHBIX (Cpeanux —
demMUYeCKUX) Marm. :

Ba, Sr. . . . . . . . .15 anemeH.
| Ti, V, Cr, Fe, Co, Ni, Ru- =.
. 6) YAbTpaOCHOBHHIX: - |
: 1Pd, Os—Pt ... . .. 8 onemeH. |
i . ]
| ( S, Fe, Co, Ni, Cu, Zn, Ga,
| [V. Xunbuwe: Ge, As, Se, Mo, Ag, Cd,
| Meraanuueckue (no npeuuym‘}. ‘ In, Sn, Sh, TE, Ptll, Hg’
!a _ { TLPb, Bt ... ... .22 ajnemen.

Takow HeoNpeaeNeHHOCTHIO O00BACHARTCS NPUHAANCKHOCTh paga
3JIeMeHTOB K HECKONbKKMM Trpynrnam, DpUYeM OuyeHb pPa3uTeIdbHOI0
SIBISIETCSL ABOWCTBEHHAs MPMPOAa Sn, MAyINas C ABYMS pe3KO OTANY-
HBIMKM FEOXUMUYECKUMU TpoLecCaMu, M oTuacTH Ti, pa30buBaloulerocs
MEXAY YAbTPAOCHOBHBIMU MOPORAMH THX0 OK€aHCKOTO THIIa ¥ CPeAHUMM
L€JOYHBIMH CUEHUTAMK aTJaHTUYeCKOro.

Hakonely, MOXHO euje OTMETHTb MOCTOSHHYIO U 3aKOHOMEPHYIO
CBSI3b. ZI C TOJbKO YTO YKa3aHHBIMMH IIEJIOYHBIMM CHEeHUTAMU MU
¥Xe N0BOMbHO OOBIYHYIO CBI3b coeauHeHuit Cu, As, Bi, Au ¢ marmamu
onpejeneHHO KUCNOTO Turma.

Kak HM MHOTOYMCHEHHB MOryT OBITb 3aMeyaHus II0 MNOBOAY
4aCTHOCTEH NPUBENEHHOH TaGaulbl, HO HECOMHEHHO, UTO B NEPBOM
TIpUGIMXKEHMN OQHA HaMeuaeT COOO0K OCHOBHbie YepTH pacnpepeneHus
'3JIeMEHTOB B 3eMHOM Kope (28).

15 3uakom TR ‘g ycnoHo 0603Haual BCIO TPynny peaKUX 3eMelb
(Ne 57—71). | '
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YCTaHOBUB NPUBEIEHHbIE BHIIE YeThipe GOonblLIXe TPYINnb accolua-
UUH, MBI YKe BBIXOAUM 33 npefefibl YMCTO XUMUUECKUX MK PU3uKOo-
XUMHUYECKUX 3aKOHHOCTENW; Iepea HaMu yiKe OnpeacsieHHOE re0OXuMm-
yeckKoe $BJIeHUEe, OCHOBB KOTOPOroO JleXaT B 3aKOHaX pacnpeneneHus
3/IeMEHTOB He TOJILKO B OIHO¥ 3€MHOW KOPE, HO ¥ BO BCEM MHUPO3AaHUU.

§ 13. Bropo# BONMpoOC, KOTOpPHIH Ceilvac HampalluuBaeTCss M Hemno-
CPEACTBEHHO BHITEKAaeT M3 MNpenbaylliero, 3TO CBSA3b XUMHUYECKHUX
3JIEMEHTOB C ONpefieleHHHIMH FOPHBIMU TNOpPONaMH U ONpeaeNneH-
HbBIMH THUNamU nopoj. Yxe Tta6auua lll Ha cTp. 16 nokasniBaeT
HaM B TIepBOM NpuOIMXKeHUHW COCTaB KDPUCTAJIMYECKUX IOpoA
M Ppa3HbIX TUMNOB O0CAA0YHbIX. Mpl 32l OB CHMIIKOM AaNIeKo,
eciu Obl nonbiTAIMCL fajee paciuudpoBaTb 5Tu UMPpPH U NoapodHee
OCBETUTL BTOT BOMNPOC, COCTABJAIOLIMIA OCHOBY COBpPEMEHHOM reOXH-
MuU. PasHOpOaHHE XUMMUYECKUe NPOLECCH B pa3HbX 061aCTSIX 3eMHOH
KOpH IeperpyliiMpoOBHBAIOT COEJMHEHMS, TO pacceuBasi XMMUYeCKUe
5 NIEMEHTH B QAHMX MECTaX, TO KOHUEHTPUPYHS WX B apyrux (29).

'opa3no BaxHee IS Hac CB3b OlpeleleHHBX HIeMEeHTOB
C pa3HbiMM THNaMKU marmatuyeckux nopof. C onHoW CTOPOHH 31€Ch
HaMeYyaeTCs COBEpIIeHHO OMNpenesieHHasl CBA3b C KMCAOTHOCTLIO NOPOJ,
KaK 3TO oTMe4yeHO B § 12; 3pech B o0lieiH cxeme NPpUYpOYEHHOCTD
ONpefieNeHHbIX 3JE€MEHTOB K pa3HbiM TpyIlaM MNopoj HECOMHEHHa
M MMEET rny60KO 3aKOHOMEepHbli XapakTep. ['opa3ao uHTepecHee
U CJIOXHee BOINPOC O CBA3M XMMUYECKHX 31eMeHTOB C TeMM [AByMS
OOJBIUMMK Trpynnamd Marm, KoTopbie Becke u Prior Bbienuiu
B e 6OJibline oOnacTv: MoOpoj TuXooKeaHckou (Pacific) m atnas-
Tuyeckoit marm (Atlantic) (30).

Euie Becke yka3swBan Ha TO, YTO B aTJaHTW4YeCKUX MOpoaax
npeoOnajaioT OnpeaeneHHble 3JIEMEeHTH, HO NpM 3TOM OH OrpaHUYM-
BaJIC TOABKO 3JIEMEHTAMM IopOAooOpa3yIolnX MHHepanoB. Mexny
TeM Mbi XOpOIl0 3HaeM, YTO OTJUuYKWE ITUX MarMm UAeT Tiayoxe,
U 4YTO K aTJIaHTHYeCKOH OCOGEHHO NPUYPOYEHO YBEIHYEHUE HEKO-
TOPHX 3JIeMeHTOB, a umeHHo: P, Cl, Zr, Ti, TR, Th. Haxonneuuem
STUX 3NIEMEHTOB OO0YCIOBAKBAETCS CBOEOOpaA3ue MUHEpanbHLIX acco-
nuauuMi B OOJNLLIMHCTBE KPYNHBIX ATJaHTHYECKHUX MaccuBoB (I'peH-
navpus, 0. Hopserusi, Koibckuii monyocTpoB u T. 1.)

CBfi3b pefKUX KU TSKENbIX 3JeMEHTOB C pa3JMYHBIMU METporpa-
$UUYECKUMU TUIIAMU JO CHUX IOp eLle HeJOCTAaTO4yHO OCBelfeHa, X0Ts
OGelIaeT psii MHTepecCHehlnx 3akoHHOCTel (31).
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§ 14. HakoHey, TpeTu# BOMPOC BBOAUT HAC BOOOIIEe B COOTHO-
LIeHUWe MeXAy XMUMUUYECKUMMU 3JIeMEeHTAMU U pPa3JIMYHBIMU T'€0JIOTH-
yecKMMH mpolieccamu.

PacnpepeseHue XMMMYECKUX 3JIEMEHTOB B OTAEJIbHHX 00MacTax
ABISETCS pe3ysibTaTOM XUMHUYECKMX M (GU3UYeCcKMX TMPpOLECCOB,
MOYIIMX B 3E€MHOM KOpE€ Ha pa3HbiX ee ray6uHax u, [OTOMY,
3aBUCUT HENOCPEeNCTBEHHO OT TeX reoJIOTUYeCKUX siBJIEHUNA, KOTOpbIE
Ha6awoaanucb B RaHHOW 001acTu B TeyeHUe BCeil ee reoIorMYecKoit
MCTOpUU. B BULY B3TOro B 3eMHOM KOpe MOryT ObTh HaMeuyeHbl
OTJeJibHbie CAMOCTOSITe/IbHbIE paHOHK, OOHUMAaLWe 00JacTH pacnpo-
CTPaHEeHUd KaKUX - IMO0 KPYIIHBX reojiorMueckux GakToOpOB U 00 beiu-
HAlOIKE COO0K COBOKYMHOCTh (PHU3UKO - XUMHUYECKMX IIPOLIECCOB,
KaK pe3yJbTaT IEPBbIX.

Takumu 0061aCTAMU MOXHO HaMeyaTb, HANp., AJbNHACKYIO CKNaj-
4aTtocTb, PEHOCKAHAWHABCKMH IUUT, YpanbCkuif xpe6GeT u T. [.
Kaxnag u3 3Tux oOnacrei 3eMHOH IOBEPXHOCTH XapaKTepU3yeTcHd
KOMIUIEKCOM XHMHYECKMX DJIEMEHTOB, UIpalOlUX B HEH poJib U o0na-
HawumMx O0Jbliel0 MIX MEHbIIeld B HEH pacnpoCcTPaHEHHOCTLIO.
COBOKYMHOCThL XMMHUECKMX B3JIEMEHTOB, BCTpPEYaLIMXCAd B TaKUX
reoJiornyecKux 000CO0NeHHBIX 00/IacTaX 3eMHO# KOpH, si Ha3bBalo
€CTECTBEHHOI Fr'€e0OXHMUUECKO accoumuanmmen; cpas-
HEHME - e TaKUX eCTEeCTBeHHBIX dacCOLMaUMi C THUIHYECKUMU
M YCTAHOBJIEHHWE CXOJCTBA MJIM PA3IMYUS MEXAY HUMHU U COCTABNIAET
OfHY H3 HallMX 3ajjay TFeOXHMMMYECKOr0 MCCIENOBAHUSI 3EMHOJ;
Kophl (32).

M3yuas Takum 00pa30M reoXHMUUECKHe accounalyiM 37eMeHTOB,
CBOWCTBEHHBIE OnNpefeneHHbM paWoHam Poccuu, s ybemauncs, 4TO
TaKas accouuaumns B 3HAUYUTENIbHOM CTeneHM OXapaKTepu3OBLIBAeT
KaxIHi HaHHLIW PaifOH, SBIAACHh KOHEYHBIM BHIPAMEHUEM — Pe3yJib-
TATOM TeOXMMHYECKMX U QU3NUYECKUX np{}ueccﬂﬂ, KOTOpHIE LUK
M uayT B JaHHOH 0061acTH.

ATH 06JIacTH Kak - Obl pacmupsiioT cTapbie, MOHATUSE Spurr'a o
MeTaJIJIOTeHeTUYEeCKUX MNPOBHHIUAX U BMECTe C TeM CBA3LIBAOT MX
C MeTa/UIOreHeTuyYeCcKUuMy snoxamu JlnHarpeHa (33).

§ 15. [logBepeM U TOTM CKa3aHHOMY O pacnpejesieHdWu TrpyImmn
3JIEeMEHTOB B 3€MHOW Kupe:

1. B 3eMHOIi KOpe Mbl HAGMONAaEM 3aKOHOMEPHOE COYETaHue
MexJay Co00I0 He TOJbKO OTAeNIbHHX 2JIEMEHTOB, HO W LieJbX rpynim.
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2. OcHOBHbie TPYNMUPOBKM ONpefesioTCs YeTHPbMS TrJIaBHbIMM
rpynmnamu: MOBEPXHOCTHBHIX, KHCILIX, OCHOBHbIX W METaJIMYECKUX .
3JIEMEHTOB, B OCHOBE 4ero JIexuT pa3HooOpas3ue TepMmojguHamuye-
CKUX YCNOBUM 3E€MHOH KOPH.

3. OmnpepgeneHHbie COYETAHUS 3JIEMEHTOB O0pPa3ylOT re 0XuMu-
YEeCKue accouuvauunu: Menkue pasnuuusd B HUX OOGYCJIOBIHBAIOT
OTKJIOHEHUs] MECTHHIX €eCTECTBEHHHIX accouuauuit Kakux - J1n6o
panMoOHOB OT THUIUYECKMUX.

4, OObeaunss B ce6e COBOKYNHOCTb BCEX 3JIEMEHTOB [IaHHOTO
yyacTKa 3eMHOW KOpbl, reOxXuMuyeckKue accouraliMd BKIIOYalT
U netporpadpuueckue nposuHUuM (comagmatic regions) BawuHT-
TOHZ ¥ MeTa/LIOreHeTHYecKne TMPOBMHHLMMA Spurr’a.

5. OOpazoBaHue oONpefielieHHoOW reoXUMUYeCKoid accouualuuu
IBJISETCA B pE3YJbTaTe MUrpauuMd 3JeMeHTa WAW 3aKOHOB €ro
MEePBUYHOr0 HAKOIUIEHUS, M, MOTOMY, Kaxjas accouuanua AonxHa
6biThb paccMaTpuBaeMa, KaK CHOXHBIA pe3yabTaT SBJIEHHH KOCMU4YE-
CKHX, FeOPU3NYECKUX U TeOJIOTMYeCKuX.

6. Murpauusi 3JeMeHTOB onpejensieT co60I0 U3MeHeHue cocTaBa
accouuanuy BO BPEMEHM, 4YeM onpeaenseTcsas CyllecTBOBaHWe Olpe-
NeJIeHHBIX 3JIeMEHTOreHeTUUYECKUX 2MOoX.

7. VIamMeHeHue reoxuMMyecKux accouuauui ¢ riiyOMHoM SBISETCS
OMHUM M3 BaHEWIIUX MMPOLIECCOB HalleW MIAHETH, MO3BOJAIOLIUM
rJiyoxe BOWTH B TNPUPOAY pacnpeaeneHuss 3J€MEHTOB Ha 3eMIe.




[11. 3akoHbl pacnpeneseHusi 3J€MEHTOB Ha pa3HbBIX
raybunax.

§ 16. Tenepb MBH MO¥EM MEepeHTU K pacCMOTPEHUI0 OCHOBHBIX
BOINIPOCOB CBSI3W 3JIEMEHTOB C TEMHM MJIM MHBIMK YaCTAMM 3EMHOMH KOPH.
W B 3TOM rnaee, KaKk ¥ B IpeabiyliMx, Mb OyjeM BeCbMa KpaTKW,
pe3iomMupys JiMllb OCHOBHbiE NOCTHUXEHMS COBPEMEHHOH TeOXUMUHM
M HE OCTaHAaBNHBAaACH Ha JReTaAsX WiW Ha OOGDACHEHHH CaMoOro
$akTHyeckoro martepuana. |

HaGnwnaerca 1M Kkakoe-au6o 3aKOHOMEpPHOE M3Me-
HEHMWEe CpPeIHEero coctasa 3eMHOH KOpH C rnyOHHOWO?

Ha 3TOoT BONpOC COBeplIEHHO OYeBHAHO MNPUXOAMTCH OTBETUTDb
MONIOXUTENLHO: YyXe CYLIeCTBOBaHME OCHOBHBX TpeX 0060J0y4ex,
KOTOoppe BepHajncKuil Ha3bpBaeT Ga30BbHIMM, HABOAMT Ha 3TY
MBICNIb: aTtmocdepa, rugpocdepa u autocdepa.

B nepsOM npuOIMXKEHUM MBI MOXEM HAaMETUTb CJIERYIOLLYIO
CXeMy npeoOiaflanusi 3JIeMEHTOB B Pa3HBX 30HAX 3€MHON KOpH:

TABJULA XIV,

Bepxnune yactu atmocepn H, He, reoxoponnisi (?) (34)
Fuppocepa H, O, Na, Cl, otuactu S.
Jutochepa (35). ;

INogepxH. 30H . . . . . . O, H, Si, Al, C— 30na Sal.
| Cpepnue » i s 0, Si, Al, C, Ca, Mg, K, Na — 30na Sima.
Tny6unn. » . . . . . .(0), Si Fe, Cr, Ni, Cu— 30na Nife.

STH JaHHHS BeCbMa MWHTEpPeCcHO c¢paBHuThb ¢ Tabauuew Vlili
uam VII, B KOTOpHX 3JIEMEHTH pacnpefeneHbl B NOpPAAKE YMEHb-
WEeHUS MX 3HAYEHMUH.
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[lepBbiii 3JIEMEHT B HUX ~—— KUCJOpPOA, OAMH M3 BaKHeHLIUX 3je-
MEHTOB 3eMHOW IIOBEPXHOCTH, BXOASUIMKA B COCTaB BO3Jgyxa U 00Yy-
C/IOBNMBAOUWMN XKU3HL Ha 3emie (aTmocdepy). -

[lepBuiii ¥ BTOpOH, BMEcCTe B3ATHE, AAIOT BOAY, T. €. OCHOBHOE
BEUIECTBO BTOPOH 30HH — ruApocepsi. |

[lepBbie 4YeTHPE 3NEeMEHTa BMeCTe MpeaCTaBisioT TJIMHY, T. €.
OMH M3 OObIUHBIX NPOAYKTOB MOBEPXHOCTHHIX 30H pa3pyllieHus
(30HB BHIBETPUBAHMS — rUNIEpreHesa).

[lepBbie OecsTb BJEMEHTOB [al0T HaM IpeAcTaBlieHUMe O BCeH
30He KatamMoppuama u LeMeHTauuy, T. €. 0 HaulboJiee BHEUIHMX
30Hax JUTOCPEepbl.

ViHaye roBOps, B CaMblX IE€pPBhLIX 3JieMEHTaX Hauwel TaOJMLb
OTpa¥XaeTcsa BepTUKallbHAas 30HAJILHOCTb TeOXUMMYECKMX IpPOLecCOB
3eMJIM, ¥ MO Mepe MNPUCOEJMHEHHS] BCE HOBBLIX. U HOBHIX 3JIEMEHTOB
nocieJoBaTeNbHO € CamMOd KpaiHel 30HH 3eMJH — aTmocdeph, —
Mbl OllyCKaeMCsi B GoJjiee rny6OKue 30HBI: cHayana B runpﬂttbepy,
MOTOM B OT/EJIbHEIE O00J0OYKH JMTOCHEPHL.

OCHOBHHE 4epThl M3MEHEeHWsl COCTaBa C TJIyOMHOIO MOFYyT OHTbH
CBEIeHb K CAEAYIOLUUM NyHKTaMm: -

B npegenax AOCTYNHOW HaM 3E€MHOI KOpbl MB HaliamjaeM Ha-
KOTUJIeHUs 6oJiee Nerkux 3JIEMEHTOB BO BHEIIHUMX 000JI0YKaX W yBe-
IUYEeHNEe YAeNbHOrO Beca MX —B 060jilee BHYTPEHHUX. ITO IIOBH-
[IEHWe 3HayeHus O0Jiee TSKEIHX 3NeMEHTOB C IIYOUHOHO 3axXBa-
THBaeT Julb nepsue 28 — 30 31eMeHTOB, NPHYEM 3Ta 3AKOHHOCTh
ang 6oJiee TSHKENbIX 3JIEMEHTOB C aTOMHBIMM Becamu Bhiie 60 He
HAGMONAeTCS. |

C rny6uHO0O Mbl HaOmofaeM ymenouieHue O w Si, yBeIHyeHHe
Fe, Cr, Ni u Mg. |

TONBKO YTO HAMEYEHHBIE HAMH 3aKOHHOCTM OXBATHBAIOT JHIIb
rnaBHeiwe saemMeHTH Taoauy VII u VI MmewTcs a4 Kakue -
nMG0 OaHHbLI [0 3TOMY BOMNPOCY M IR ApPYrMX 3JeMeHTOB? Kak
TONLKO 4yTO OBUIO YKa3aHO, B O6ulemM [ANd TSKENIhX 3JIEMEHTOB MK
.He HabnopaeM 3aKOHHOCTH YBeJIMYEHHMS COJAepXaHusi UX C IMOBbiUIe-
HUeM riayouHbl. Hao60poT, Kak 3T0 GyfeT OTMeYeHO HuxKe, GOMbluas
4yacTh 3JIEMEHTOB HMWXHeH vyactu MeHaeNneeBCKOMW TabauLbl
OKa3biBaeTCsl CBA3AHHOK C TAKUMM NpPOLECCAMH, OCOOEHHO TIyGuH-
HOE HPOMCXOXAEHWE KOMX Mbl JOMXHbl COBEPLIEHHO ONpedeNeHHO
oTBeprathb. Tak, Hanp., TaKue snemeHTH, Kak Nb, Ta, Zr, Mo, W, Th
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wiu U (mopankosue Homepa 41, 73, 40, 42, 74, 90, 92), onpeneneHHo
CBA3aHB ¢ KUCALIMM Marmamu, NOJIOXeHWe KOTOPHX B WAEANLHOM
pa3pese 3eMHON KOpbl HECOMHEHHO [OMKHO GbITb OTHECEHO K Gojee
HAPYWKHBIM YacTIM CHAMKaTHOH ‘MarMaTu4ecKoi KOpbl 3eMIH.

ITO 0COGEHHO TMOYYMTENBHO MO OTHOWEHHID K PajU0aKTHUBHBIM
3JeMeHTaM, KOTOpHE C TIyOMHOK ONpefieIeHHO yMeHuILalTCA, Kak
3TO MOXKHO BMAETb M3 CpelHEro CONEp¥KaHUs pajaus B MOpogax pas-
HOro THUMAa: TaK B YAbTPAOCHOBHHX TIYOMHHLIX TMOpojax Kojauue-
CTBO pajusi B 6 pas MeHblle, YEM B KUCIBX (rpaHuTax).

§ 17. [loka Mbl TOJIBKO KayeCTBEHHO XapakTepu30Bay U3MEHEHHE
Hauleil 3eMHO/ KOPH C riay6uHOH. [lepeiinem Tenepb K Gonee mo%-
Hum nodc4emas, KOTOPbie B HacTOsiLee Bpems, 6narofaps padoTam
BamuMHrtoHa, lanu, OcaHHa ¥ Apyrux, BO3MO¥Hb C 6OJIbILOM
AeTanbHOCTbIO. 1 B aHHOM Cjyyae BCE€ TOT 3Ke MeTOA OMNpeAesIeHus
CpefHero cocTaBa 3eMHOI KOpbl, BbABMHYTHi Clarke, npuBORUT
K BHpalWMMcs pedyiabTatam (36). |

TABJIULIA XV. TABJIMLIA XVI.
CpelH. cocTaB KpHcTaaa.nopon (37) CpenH.cocras KpHcTaAL. nupun (37)
(B BECOB. MpOLEHTAX). (no uucny aromos).
Yﬂm N I 6azanb- nepnnn—z
.- TPaHUTBY rpaHHTH
4 Si0; . . .169,92 | 49,06 62,03
- TiOg . « . 1039 | 1,36 1,77
ALO;. . .[14,78 | 15,70 Coe e 23,76
- Fe,O; . .}11,62 | 538 . e 5,93
" FeO . . .}1167 | 637 217
 MnO . . .| 013 | 031 0,49
| MgO . . .|097 | 617 0,75
I cao . . .| 2151 895 " 0,89
| Na,O. . .} 328 | 3,11 1,77
KO .. .| 407 | 152 0,10
HO .. .}1078 | 1,62 0,07
} P:O; .- .]024 :1,455 0,04
Cp. ya. BeC § 2,66 | 2,93 3,18 Gy
. . {mesbwe 0,01
) B Tom uucne BaO — 0,06 u (0,004)
SrO — 0,02.

3ﬁ
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B nawem anamm3e umPpoBOro maTtepuana ™Mb OYIEM MCXOOUTb
M3 TOYHHX UMPPOBHX MAAHHHIX O CPefHeM COCTaBE€ TpeX THIOB
NOpOA: TPaHMUTOB, 6a3anbTOB (ra66po) M TNEPHUAOTHUTOB. ITU TPK
THNA, HECOMHEHHO, B OOLLUMX yepTax XapaKTepu3yIOT HallX OCHOB-
Hbie o6onouku Sal, Sima, Nife, u, ecau B cpeaHui COCTaB mnoOpon
HE BXOAAT MHOPOYMCNEHHBE IKWILHBE 3JIeMeHTH, CBOWCTBEHHbIE
3TUM 30HAaM, TO BCe e CaMy MNOPOAH B JAOCTATOYHO SAPKOH CTe-
MEHW XapaKTEPU3YIOT KOJMYECTBEHHOE W3MEHEHWE MarmMaTHyecKux
nopon ¢ ray6uHow (35).

a3 Tabmuubl XVI] M BUOWM, YTO NOPSAOK 3JEMEHTOB C TIyOM-
HOI0 MEeHseTCd, a UMEHHO:

[paHUTH:
O, Si, Al, Na, H, K, Fe, Co, Mg, Ti, P, Mn, Ba, Sr.

[lepuaoTUTH:
O, Si, Mg, H, Fe, Ca, Al, Na, K, Ti, Mn, P.

WHaue roBOpS, KBEPXY, K HapyXHOW 06O0JOuUKe, YBEAWYMBAETCH CO-
IepiaHne JNIEMEHTOB:

O, Si, Al, Na, K, P, Ba, Sr.
ymenbiaerca: Mg, Ca, Fe, Ti.

ITH NOACYETH BNOJHE COrNACYIOTCS C TeMu OGLIMMM 3aMeyaHusiMu
KOTOpDHE MH BHiBeIM BhLLE,
[lepeiinem Tenepnb, panee, K 60jee yrnyOJeHHOMY aHANU3Y HALIUX
' B3aMMOOTHOLUEHUIA MEXJY TOBEPXHOCTHHIMM ¥ TIYOMHHHMHM NOPO-
IaMK C TOYKM 3PeHMs CTPOEHHs aToMa. |
Ilnsi pacCMOTpeHMS 3TUX 3aKOHHOCTEH OrpaHMYMMCSt NepBHMU
28 nopsaKOBHMM HOMEpaMu, T. €. Haubojnee JIeTKUMHU IJIEMEHTaMHu,
KOHYyass Ni. Mbl yxe BHACTH, YTO B CYWIHOCTH U3 HUX, COCTaBAAIOLIUX
nepBuie yeTHpe psiga MeHpeneesBCKOM TaOonuub, COCTOMT 3eMHas
KOpa ¥ MEeTEeOpUTH, MO0 Ha OCTadbHHE 3IeMEHTHl NPHXORUTCH
TOJILKO HECKOJIbKO COTHX MO Becy (MJW N0 4YUCHy aTOMOB) KOpHI.
[loaToMy MbB OCTaHOBMMCA TOJBKO Ha aHaiu3e 3TUX nepBbix 28
DJIEMEHTOB, 00pa3ylolIMX ROCTYMHOE HamemMy WUCCIEJOBAHUIO BeE-
LL{eCTBO.
ITY SJIEMEHTH C MX M30TONaMu MOryT OuTb pa30MTH Ha ye-
‘THipe TIpynibl, MCXOAS M3 OOCLIENPHUHATOrO BHIPAXEHUS UX ATOMHBIX
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F -

BECOB, B Buae obuleid dopmyin 4 q+ a, rjge a 6onsuie 0 4 MeHbLe 4,
a MoJ q n - Apa3yMeBaloTCs MOpsAKOoBme yucna ot 1 go 15.

IT0 pacnpeneneHue paHo Ha Tadmuue XVIL

TABJIMLA XVIL.
Tab6nanua nepsBbix 28 XUMHYECKHX IJEMEHTOB.

He H
C

O

Ne
Mg (Mg)
Si (S1)
S (Ch
Ar (K)

Ca

Ti Sc
Cr

Fe
Ni

-

((Li)

((B)~

(Ne)

(Mg)
(Si)

((Fe))
Ni

Li
Be . Ilpumeyanne.
B B cko6kax nocragne-
' Hbl U30TOIH], UMeLHe
F MeHbilee 3HAYEeHUE, B
Na ABOMHHX — HM30TOMHKI,
MM He BIIOJIHE [JOKa-
Al 3aHHBIE, HJIH COBep-
P. EHHO HE HMrpaiouye
poau npu o06pazosa-
Cl HUM CJIOXKHOT'O 23je-
K MEHTA.
V |
Mn
Co

Mcxoas u3 3TOro pacnpefefeHuss 3MeMEHTOR 110 rPynnaM, MOMXHO
fIEPEUNCNUTb PACIPOCTPAHEKNEe OTAEJbHLIX IPYMNN B pa3HbiX 06004-
Kax 3eMHOM KOpbl, a Jjia cpaBHeHUs W B Mmeteopurtax (XVIID).

TABJIMLIA XVIIL.

PacnpocrpaneHue oTaesnbHbIX IPYNN 3JEMEHTOB (o THIY AApaA).
(B /o yucna aTomoB).

Cpeanuii !

Cpe,qum‘»i Cpeanuit Cpennuii
CocTraB 3eMm- || COCTAB rpa- | CoCTaB Mepu-| COCTaB Me-
HOl KOpHI. HHUTOB. AOTUTOB. TEOPUTOB. |
— N -
74,81 8802 | 92,96 96,39
0,00 0,01 : = | ?
0,05 0 - 002) 1,23 1
7,89 998 294 2,35
17,18 1,77() | 4.12() ?
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PaccmoTpeHue 3TOH Tabiumubl NPUBOAMT HAC K MOGONBLITHOMY
'BbIBOJY, YTO IIOBEPXHOCTHas O00CO0J04YKa 3eMHON KOpbl OTIHYaeTCH
OT 6onee rnyGOKHX 30H 3HAYMTENLHLIM YBEIMYEHUEM THIIA 4q-+3 Ha
cuer Tuna 4q-+0. |

Eciu mbl Bmecte ¢ Daubrée, V. M. Goldschmidt’om, W:e—
chert’om, Prior’om, Farrington’om, [I. YupBUHCKUM u
APYyruMu npuMem HauGonee BepPOATHOE MPEANONIOKEHNUEe, YTO LeH-
TpajbHBE€ 4acTM 3€MHONM KOpH MO COCTaBy OJM3KM K COCTaBY Me-
TEOPUTOB!), TO Mbl [JO/KHH OyAeM CKa3aTb, 4TO B O0OOLUeM OT
HQEEPXHDCTH' K LWeHTPYy MHAEeT YBEJIMYEHUE 3SIEMEHTOB
Haubonee ycToliuuoro papa 4q9q+0 u o6paTHO—YyOH-
BaeT MeHee YycToWyuBas rpynmna 4q-+3.

§ 18. Ita 3aBucumocTbL caenaetls ewe OoJiee OYEBUAHOIO, €CIH
Mbl QT KONMYECTBEHHHX MOCYETOR TepeiifieM K KaueCTBEHHOMY
aHanu3y Ttabmmub XVII,

B Hel 6pocaioTcs B rasa INepBubil M NOCHefHuit CToAOUbl 3TOW
Ta6nuubl, VX UHTEpeCcHO CpPaBHUTb C CHUCKAMM 3JIEMEHTOB, Xapak-
TEPHHX OJIa KUCIAHX C OfHON CTOPOHBI M OCHOBHBIX Marm cC Jpyroi,
TaK, KaKk OHM HameyeHol B padoTtax De-Launay u Vogt’a
(cm. BHie § 12).

[IpnBOXY [is1 CpaBHEeHWs ABE TaOJUMLB AN 3TUX [JBYX TPy
nopof, NpuMyeM rpyMIy YJIbTPaOCHOBHLIX MOPOA 3€MHOW KOPbHl MOXHO
Napamienu3oBaTh C COCTABOM METeOPMTOB (CM. Tadn. Ha CTp. 39).

B TpeTHii CToA6eL MHOIO TIOMEILEHB 3JeMEHTH C COOTBETCTBEHHBIM
M30TONMHYECKUM YUCIIOM, 4 B YETBEPTOM—OTMEYEHH T€ 3JIEMEHTH, KOH
pacrnajalnTcsa Noj BIUAHUEM a-4acTHvll B YCJIOBHSAX OIbiTa Pe3ep-
dbopna. B cKoOKM NOCTaBAEHB 2JEMEHTH, UrpaIOLIne MEHbIIYIO POJIb.

He Bxops B jeTanbHoe paccMOTpeHHe W OOGBsICHEeHWEe 3TUX Tao-
UL, S TOJbKO MOAYepPKHY HECOMHEHHBIH, PE3KO BbipaXeHHHH MNa-
pajienu3amM B 060MX TaGIuMLAX MeEwAY 3JIEMEHTAMU BEPTUKANLHBIX
CTOJIOLIOB, 2 MMEHHO: ‘

B yabTpaoCHOBHBX (rAyOMHHHX) Marmax (u me-
TEoOpHUTax) B 06uemM npeo6iaafgalT 3JIEMEHTH, IOCTPOEHHbIE IO
TUNY 4, O4YeHb YCTOWYMBbIE, C HM3O0TONUYECKUM YUCIOM pABHLIM
HYJIIO MM 4yMCly KpaTHOMY 4, He pacnapawolueca OT [AeHCTBUS
a-Jy4yeid B ycmoBusx oneiToB Pezepdopna.

1) K aTOoMy BONpoOCYy Mbl nepeifem B CIeAyiOlleil riase.
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TABJMLA XIX (38).

['papATHLIE Marmol. Y/ibTpaoCHOBHbIE Marmbl.
:;EE:J;E 4 n— ::é;aﬂ
| CI;EJ:-&H. nnu 4. YACTHL KL

i He He
(Li) (B)
C & 1 € W
D | O Ne O Ne ‘
Mg Mg Mg -
Si, P |Si | Si
S S S g —
e Arx (AT)
| Ca Ca Ca |
| Ti i Ti \
A - |
I Cr Cr | Cr i 1
Mn l : | |
Fe Fe | Fe |
| Co | i |
Ni (N1) (N1)
. , |

Takum oGpa3om, 6onee rayo6oKue ¥, MOXeT ObiTb, TNYOUHHLIE
YacTH 3eMHO# KOpbl XapakTepu3ylTcad O0nbiueio YCTOWYMBOCTHIO
BXOAAWMUX B HUX XMUMWYECKUX DJEMEHTOB, K KaKOBOMY BHIBOAY Mbl
OpUIIIK M Opd  MOACYEeTe KOMMYECTBEHHBIX COOTHOWIEHMHA (CM.
taéauny XVIII). '

B npoTHBONONOKHOCTb yJAbTPAOCHOBHLIM MOpOAaM, KMCA b e I o-
P O Abl, CBsi3aHHble ¢ Oojiee IOBEPXHOCTHBIMM 000J0YKaMM 3eMHOU
KOpH, COAepXaT B CBOEM COCTaBeé B 3HAUMTENbHOM KOJIKYecTse
SNIEMEHTH MEHee YCTOMuMBbie, MOCTPOEHHbIE N0 THMY 4 q + 3 (YacThbiO
4 q + 2), MHOrAa CnOCOGHLHe pacnajaThbCs NpU JEHCTBUM  a- Ayuyei.

Eciu B3iTh 1O MNOPSMAKY CHUCOK 3ME€MEHTOB Tvna 4 q+ 3, TO
NOJIy4aeTcss MnoJjHasg aHaJlorus C TEMHU JJIEMEHTAapHLIMM TEnamu, KO-
TOpbiE XapaKTepHb! ANA FPAHUTHLIX NErmMaTuTO3, Ha OCHOBE, OJHAKO,
Si u 0.
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ITa KapTMHa 06OralleHus Hapy:HOW CHAMKATHON KOph MeHee
YCTOHYMBLIMM 3JIeMEHTamu, no s3rasifam Harkins'a, wm 6onee
CKJIOHHBIMK K pacCeuBaHHIO, IO uAesM BepHaACKOT O, ele MoxeT
ObITk [OMNOJIHEHA TeM, YTO M HEeYCTOMYMBHE aTOMbl KOHua M e H-
RelleeBCKOHW Tabauun, T. €. pagHOaKTUBHLE, [0 peuMyLecTBy
CBAI3aHbl C MOPOAaAMU KMCJILIMMU.

OG6bACHeHHe 3TMX 3aKOHHOCTEHl He MOXET OHTb Ceifyac gaHo:
OHO JIEXHT B Gonee rayG0KuMX COOTHOLUEGHUSIX MEXAY NPUPOAOIo
4TOMOB M MX pacmpejaejieHHeM B IMPUPOAE.

§ 19. Takum o6pa3om, Ha OCHOBaHWMM MONYUEHHHX BbIILE JAHHBIX,
Mbl MO2KEM HapucoBaTb CJIEAVIOIIYID CXEMY paclpeneleHus 3JeMeH-
TOB B 3€MHOH KOpe, MNpUHUMASE C OAHOH CTOPOHbBI BO BHUMAHUE
OTJIMYNE TUXOOKEAHCKUX M aTHaHTHUYECKHX Marm, C ApPyroi CTOpPOHH
PasnMuMe B XUMUYECKOM COCTABE KUCABIX ¥ OCHOBHBIX MArM.

B 3Toii cxeme rpynmnel 31eMEHTOB OTHOCITCS K KiacCHPUKaLuu
SJIEMEHTOB Ha CTp. 29, N0 OOJbLIIMUM YETbIPEM ITOJISIM.

TABJIMLIA XX.
CxemarHueckHil paspe3 yepe3 3eMHYI0 KOpY.
O/IEMEHTH XUJILHOTO MOJS.

Pacific. Hg Atlantic.
\ Ag, Bi, As |
Zn, Pb JJIEMEHTH 3EeMHO
Au Cu - HQBEDXHDCTH.

[Ipeobraganue ane-
MEHTOB KWCIOTro
noJisd.

Sal L EER G e e
NerMaTuTh C Sn

W, U

—— i Sal

[Ipeo6aapanue
3/IEMEHTOB OCH.
noJs.

— — Sima

[Mpeobnananue sne-

MEHTOB yibTpa -
OCH. MoJ4.
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Ba BpemMeHu 3Ta CXeMa HaMeyaeT U3MEHEeHust 3aKOHOMEPHOro
XapakKrepa W MPUTOM B HECKOJbKMX HAMNpPaBICHUsIX: B MEPBLHE TIeo-
JoruyecKue 2SMoXu Mnpeoodnagand marmMl pacific ¥ B 3HAYUTEbHOU
CTeneHu mMarmbl Sal; B BUMAE OPEeBHUMX IPaHUTOB W IPaHUTO -THEWCOB
OHM HaM XOpOLIO U3BECTHH. M3 WujJbHLIX 3JIEMEHTOB, MOXHO Jy-
MaTb BMECTe co Spurr’om, 6rarogaps 23pO3uM BEPXHUX 4acTei
JIpeBHUX 006pa30BaHWi, COXPAHMIIUChL TOJALKO Oosiee riayOOKHUe 4acTH,
YeM U OOBACHAETCA OOMINE B HMUX 3J1E€MEHTOB TPAHMTHO - NErMaTH-
TOBOro TUMNa, 30/I0T2 U Meju.

[lo mepe x0Opa reonorHYyecKoit UCTOPHUM INPOLIECCH MEPEeMellanch
CJieBa HanpaBO,; B HOBejllee BpeMst Marmbl aTJaHTUKW CTaau I1ipe-
o6nagatb (6ojiee rnayGoKue), B JPYyruX MecTax 3po3Ms OOHaxuia
6onee rinyGokue 30Hb Nife paHee 3aCTHIBIUMX MACCUMBOB, 4 XMUJIbHbIE
TPOLECCH TPETUYHON 3N0XM TpuHecan C cob010 METalibi BHiligsie-
Xallux 30H XHUAbHOro nojis ¢ Zn, Pb u T. M.

TakoBa Ta cxema, KOTOpas, CorjacHo c HaOJAeHNsSIMU, B OCHOB-
HBIX yepTax OOGDbSICHAET rNaBHbHE 4epThl e0JIOTMYeCcKHX OCOOEHHO-

cTeil 3eMHOW Kopel, Jlpyrve moAaxoAbl K pelieHuio 3TOro BOMpPOCa
CM. HUXe.

§ 20. Pe3iomMupyo BKpaTue OCHOBHBHE YepTH pacnpepe-
JJeHUs 3NE€MEHTOB Ha pa3HHX rjIyOoMHaX:

1. HaGmopaetrcs COBEpPLIEHHO OmnpejesieHHOe U 3aKOHOMepHOe
M3MEHEHue COCTaBa 3€MHOH KOpbl € IJIyOMHOIO.

2. C reoxuMMYyecKos TOYKM 3peHMd Mbl B Heil pa3jnyaem TpH
000JIOYKH 110 XapaKTepy arrperaTHoro COCTOSIHUS @ aTMochepy
¢ npeoGnanaHueM ra3oB-—KUCIOpOAa U as3oTa, CHApocdepy
¢ mpeoGiapaHueM KUCIOPOAa ¥ BOAOPOAA, M TBEPAYIO 3EMHYIO
KOpY — JUTOCPHEpY.

3. JinTtochepa penuTcsa B CaMOM INEpBOM CXEeMATMHYECKOM TOA-
xoae Ha Tpu 30HB: Sal, Sima, Nife; npegcrasuTenem nepBo
MOTYT SIBUTbCS TPaHUTH, nepexoaHoie ¢opmbi K Nife obpa-
3YIOT NepUAOTHUTHI. |

4. C yray6nenuem uieT yseauueHue anementos: Mg, Ca, Fe u Ti.

S. HapyxHble 060704KYM IO CPaBHEHMIO C Gonee rTyGOKMMHU OTIIH-
HAIOTCA TPUCYTCTBUEM DJIEMEHTOB, SAPO KOTOpPHX MNOCTPOEHO
no tuny 4 q+ 3, XoTa M B HMX BOOOLe Mpeo0/safanT 3Je-
MEHTH THIa 4 Q.
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6. C ToukM 3peHus COBPEMEHHHX Teopui CTPOEHHUs ATOMA U IU-
note3z apKuHCa, npeobiagaHue B 3€MHOI Kope 4 g moka-
3biBaeT INpeMMyLieCTBEeHHOe pacnpm:’rpaHEHHE 3IEMeHTOB
YCTOWUNBLIX, AOJIFOBEYHHX, Hepa3pyllaeMbiX.

7. Tak Ha3piBaembleé [LENOYHHE MarmMbl aTAaHTHYECKOro Tumna
CBA3aHb C HECKOJIbKO COJbLUMMM rayOMHaMM, 4eM UM COOT-
BETCTBYIOLUME 1EJI0YHO3EMENbHBIE.




IV. Xumnuecknii coCTaB LEHTPaJbHOTO siApa 3eMJIH.

§ 21. [lonpexHeMy Haluu 3HaHUS O BHYTPEHHEM CTPOEHUM sapa
3eMJIM OCTalTCA 0Ge3 NOCTAaTOYHOro OCBELIeHHs, U, B TO BpeMs Kak
yCrexyd Halero NO3HaHUS XUMHUM BCEJEHHOKW 32 MNOCAERIHUE TOofbl
Crenanu TUraHTCKue luaru Bhnepel, 3HaHWEe XUMHM siipa NOUTH He
NOABMHYNOCH Brepen (39).

Ceifyac HaM M3BeCTHO, YTO yAelbHBIH BeC BCEH 3eMIIM Mexay
55—59 u yTOo B CpeaHeM OH paBHseTCs 5,53, TOrga Kak yaelnbHbit
BEC MOKpoBa OKOno 2,8. Mu 3HaeMm ceiuac, yTO UEHTpPalbHbIE YacTH
110 CBOMM MeXaHWUeCKMM CBOMCTBAM JAOMXKHb OTBEYAaTb TBEPAbIM
MeTajanam, ¥ 4YTO BHYTpPEHHee aApO0 IO CBOMM CBOMCTBaM TOX[e-
cTBeHHO ¢ Tenamu TBepauiMu (Johnston, 1915). Mu 3Haem, yTo
3eMIeTpsACceHust Ha riyOuHe !/, paauyca BCTPeyaloT IMepemMeHy B CBOM-
cTBe 000JIOYEK, YTO MOAAEPXKUBAET MHEHUe re0OPU3UKOB, YTO BCIER
3a BHEILUHEI0 KOpOI C yIOenbHbIM BeCcOM Okono 2,8 — 3 cuepyer
CpeaHui CJIoil yloenbHOro Beca 7,2 M f[ajee — LeHTpaJibHOEe sapo
C yAaenbHbiMm BecoM 9,1. |

Mbl COBEPLIEHHO HE 3HAEM TEMIepaTypbl LEHTpPaJbHLIX YacTei,
u6o mo Thiene onn kKoneGmoTtcsa mexay 2.000 u 8.000° C., no
Klaussmann'y pgocruraioT 182.000° Abs., a no pacyetam Lunn
makcumym 20.000° C.

MarsuTHbie CBOMCTBA 3€MJIM, He OTBevawllde CBOMCTBAM MOPOR
3€eMHOM IOBEPXHOCTH, BHCOKHHW YyA€IbHHW BeC W HEBO3MOXHOCTb,
cornacHo onsitam [eopuanyeckoi JlaGopatopuu B DBaliMHrTOHE,
AONYCTUTL B TJIyGMHAX CXKaTHe TBEepAOro BeulecTBa A0 TAKUX Yyaellb-
HBIX BECOB, 3aCTABJIET HaC YCJHOBHO MNPUHUMATL [Id 3€MHOTG
sgpa ciaegywoiee:

1. flapo coctaBneHo u3 6ojiee TSKEJIBX MeTamloB, B YACTHOCTH,

BEPOSTHO, M3 XeNe3a U HUKKens.
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2. Vi3meHeHue cocTtaBa 3eMHOM KOpH C TIyOMHOIO TOXE€ Npu-
BOAUT K BEPOSITHOMY mnpeo6naganuio B ray6uHax Fe, Mg, Ni.

3. Bce umeoluecs AaHHHWS TOBOPAT MNPOTUB AONYLUEHHS B riy-
6MHax 0CoGOi poOJIM CaMbiX TsKeIbx MeTamioB MeHpgene-
€BCKOH CHUCTEMbI.

4. |1l0 oTHOWeHHI0 K paAMOaKTHUBHLHIM 3JIeMEHTaM BCe [aHHHe
OBOPAT OMNpefeeHHO O MOHMXKEHUM UX COAEPWaHUA C riay-
OMHOWI0, 4 CpaBHEeHHWe C METEeOpMTaMH 3acCTaBisieT MPU3HATH
HauGojiee BEePOATHLIM B IAyOMHAX TONHOE WAM MOYTHU MOJHOE
OTCYTCTBUE pagUMOAKTHUBHLIX 3JIEMEHTOB.

5. B rny6uHax kKak OyaTo Ob Mnpeo6nanaioT SJEMEHThl THMA
ycTouuBoro 4 g, T. €. HauboJiee YCTOHuUMBBHIE, Hepacnaaalo-
LiMecs Tullbl BeELiecTBa.

6. BepossTHO 60JiblLO€ CXOACTBO B COCTaBe LEHTPAIbLHOrO sipa
3EMJIM M XKeJIe3HHIX MeTeopuTOoB (Cp. Daubrée, Baur).

7. Ha ocHoBaumu u3yueHus ceiicMuyeckux somH K. Wegener
M Wiechert npusHaioT Haub6ojiee BepOATHLIM CYLIECTBO-
BaHME Tpex 30H:

Hapyxhaa (=Sal, Sima) go 1200 kM. C0 CKOPOCT. BOJIH MPOAOJIbHEIX, OHCTPO
- pacTymwumMu go 7 — 12 kM/cek.

CpegHsasa (oTu. Ni;fe} . .00 2900 kM. C [AOBOJBHO MOCTOSIH-
HbIMH cKopocTaMu 12 — 13 km/cex.

Aapo . . JAO UeHTpa CO CKOpOCT., OHICTpPO
NAJarnu M4 ¥ BHOBb |
AOCTHUrAIIMMH 8 — 11 km/cexk.

8. Mayuenue ceicMUYECKMX BOJH HE [aeT MOKa SCHOW KapTHHbI
0 PU3NUYECKOM COCTOSHUM LEeHTPalbHbLIX YaCTeH B3eMJIM, HO
HECOMHEHHO HaMe4YaeTCsd HeCKOJbKO TO4YeK, OTBeYalouMX Obi-
CTPOMY M3MEHEeHMIO YNpPYruX CBOWCTB, a UMEHHO (OT MOBEpX-
HocTi): 120 KM., 1200 kM. (MeHee OTYETJMBHIK CKayoK),
2900 Km. (O4YeHb pPe3KHH).

" TakoBW Te raaBHelUIMe BHBOJb, KOTOPble Mbl C OONbLLIOH OCTO-
POXHOCTbIO MOXEeM CHeNaTb [0 OTHOLIEHUIO K LeHTPAabHHM 4acTsaM
Hawed mIaHeTh. ITU BHIBOAB ellle HE JO3BOJAIOT CIUTh B €AUHYIO
KapTUHY COCTaB 3eMHOH KOpH M LEeHTpaJbHbIX 4YaCTeW; K HUM Mbl
BepHEMCs npu oO0ied KOHUENHUH CTPOEHHsI BCEro 3EMHOI0 Lapa B
CeLMaNbHOlM 1aBe NOCAe PacCMOTPEHUs MPUPOAbl M XapaKTepa Me-
TEOPUTOB, KOTOpHE NPOJMUBAIOT CBET, NpaBjia TOJbKO IYyTEM aHalo-
Ui, HA XUMHIO LIEHTPAAbHHIX YacTeil HaHied IIAHETHI.




V. XuMHYeCKHil COCTaB METeOpPHUTOB.

«CpenHuii cocTaE METEOPHMTOB eCTh
CpefHHH COCTAR 3eMIH». '

Yembepren u Carucbropu 1907.

§ 22. [lepexopuM Tenepr K WIYUEHMIO COCTaBa METEOPUTOB,
KOCMUYECKOE MPOUCXONKAEHME KOTODHX HECOMHEHHO, XOTS M He
VAaeTca A0 cuxX nop Gojiee onpegeneHHO CBsi3aTb MX C ONpejesieH-
HBIM THIIOM KOCMHueckux Ten (40). #

MeTeopuThl [0BOJIbHO PE3KO pacnajaioTcs Ha [B€ Ipynnb: Ka-
MeHHble M Weje3Hwe. CocTaR 3THX [ABYX TIpPynn pe3KQ pa3finyeH
M MO3BOJSET MX paccMaTpuBaTbh OTAEIbHO (41). XOTs B KOJIEK-
UMAX OOLIYHO NpeoltnafaloT XKejNe3Hble. METEOPUTH, HO OLIUOOYHO
CYUTAJIOCh, YTO OHM, €CiIu U He npeobiagaiT, TO HE YCTYNaoT
Yyucay nageHud KameHHbX, OfHako, Takoe MHeHUe OLIUOOYHO!
U OOBSICHAETCST TEM, YTO XKEJe3Hble MeTEOPHMTH Jierk0 OOHapyKH-
BAIOTCA, COOMPAIOTCH YaCTO HE3aBUCMMO OT MafeHus v T. A.
Merrill B 1919 r. Ha OCHOBaHMM [ETA/NILHOIO U3YYEHUS BHSCHWUI,
YTO U3 HUMEILIMXCA B COOpPaHUSIX KeJe3HHX MEeTEOpPUTOB H3BECTHO
avwb 5% napeHuns, me3ocuaeputoB 160/o, a kameHHHX 87/, [lo-
3TOMY, yuuThiBasi CPefHWii COCTAB BCe X MeTEOpUTOB, HEOGXOAMMO
6paTb OTHOLIEHME KaMEeHHHX K MeTajlMyeCKUM HMKaK He Oonee,
yem 80 k 20. |

B meTeopuTax, HECMOTpPS Ha BCe MOMCKM, He HaleHm As, Sb,
Au, F, Sn, W, U, Zn, Ba, Sr, Zr; B cienax o6uapyxenn Pt, Pd,
Jr, Ru, V (42).

(CBMHel cHayaja OTBepraiacd, HO NOTOM OHbJ JOKa3aH C He-
COMHEHHOCTbIO; TOYHO TaKie no3aHee OblJI N0Ka3aH pajuu, npuyem
M0 MOCNeAHMM MaHHBIM B KAMEHHHX METEOpPUTAaX CONEpPXaHue paaus
PaBHSETCH B cpefiHeM /4 3eMHOTr0, 4 B X eJIe3HH X —IOYTH PABHO HYJIIO.

JIOOONHTHH HEKOTOpbi€ IMPaBUILHOCTH B COCTaBe METEOPHUTOB;
TaK, Hanp., no AaHsbHM Crookes, XpoM Bceraa npuCyTCTBYET B Ka-
MEHHBX MeTeOopuTax H, Hao0OpOT, MOUTH BCerga OTCYTCPBYeT B XKe-



46

Jie3HbX. [1pn BHMMATENbHLIX aHaIM3axXx Mef, OOCHapYXMBAETCA BO
BCEX WEJIe3HHX MEeTEOpuTax.

O4eHb JIOOONbITEH COCTAaB GOJbUIMHCTBA XOHAPUTOB, HEOOGHIYANHHO
MOBTOPSAWIUMX TaKoe cogepxanue: Nife—9, Tpounuta—6, onusuna—44,

O6ponsnta—30, onuroknaza—10, XpoMUTA W OCTaMbHBIX—1.

Ta6auna XXI.
Cpennuii cocTaB KaMeHHbIX MeTeOpPHTOB.

e r——

1)' Mo Clarke. Data of Geochem. 1920 (IV Edit). Wash. p. 41.
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........ cleanl - —

......... 0,75 — 0,20

......... 0,26 - 0,03

— 0,11 0,04

......... 1,80 1,85 1,08
......... 0,014 e — ‘
.......... 0,15 — 0,06 |
......... 0,08 o L |
I ? . _ |
------- } T "'-I._ 0102 _:

....... 100,04 100,64 99,82
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TABJIMLA XXII. TABJIMLA XXIII.
CocTtaB XeNe3HbIX MeTeOpUTOB CpeaHufi COCTaB KaMeHHbIX MeTe-
no Farrington’y (1911) u OpHTOB.

[lepeuncneno u3z Merrill'sa
[1. HupBuHCKOMY (1919). p(c"rcmﬁ. 1 ta6n. XXI).

0,06 0,02 |

| |
------- 0,06 0,01,

| ]

|
. . .|100,58 Emﬂ,zsi

Cron6en A (ta6n. XXIV ctp. 48) nmonyued Farrington'om,
fIDUHABIIMM KOJIMYECTBO (BECOBOE) Xee3HhX METEOPUTOB B 2,57 pa3a
60Jibilie KaMEHHbIX; fI03TOMY B €r0 MmofgcYeT OKOHYATEILHOrO CO-
CctaBa Bowea cTonbey Talbauun XXl ¢ KoadPuiueHTOM HECKOAbKO
60nblINM, Yem 2,5, yTO 3HauYWTenLHo mnoBbicio Fe u Ni.

CornacHo BHILIECKA3aHHOMY M COMIACHO [aHHHBM Lenoro psga
aBTopos, A coueran tabauun XXI u XXIII Takum o6pa3om, 4TO
{IDUHAN KeJNe3Hble MeTeopuThl ¢ KoapPuuuentom 0,25.

Orciona MH nonyuaem CAEAyOLUN NOPSHOK CONepXaHus 3ne-
MEHTOB B MeTeopuTax (o Becy):

Mo _Wahl'n: Fe, O, Si, Mg, Al, Ca, Ni, Na, S, K, Co, P, C, H.
(1910) 90% ... Kaxpm. no 190..:

Farrington’y: Fe, O, Ni, Si, Mg, S, Ca, Co, Al, Na, P, Cr, K, C, Mn.
1o —ma1n ’ > ‘

o _PepcMany: Fe, O, Si, Mg, Ni, S, Al, Ca, Na, Mn, Cr, Co, K, P,(C,Cu).
(1922) ,
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TABJHULA XXIV,
Cpenunfi cocTaB BceX METEOPHTOB (MO Becy).

A.
[lo Farrington’y. [lo ®epcmany. .

1911 1922
72,06 37,90
10,10 28,78
6,50 2,66
5,20 14,61
3,80 _- 11,11
0,49 1,49
0,46 1,00
0,44 0,21
0,39 1,16
0,17 0,56
0,14 0,12
0,09 0,29
0,04 0,21
0,04 0,01
0,03 0,34
0,01

Ecmm mp nepeurcnum uudps ctonabua B Tabauubi XXIV Ha yucno
4TOMOB, KaK 3TO OLIJIO MHOI MNPUHATO IMpn BHPaXEHWW COCTABA
3eMHOM KOpH, TO MOJYYMM clefyiowme Uudphi:

TABJMNLA XXV (43).
CocraB MeTEOpPHTOB MO YHCIY ATOMOB.
(Mo cton6uy B taéa. XXIV).

O. .. .. 4915 (53,16) Na . ...
Fe «. . . 18,54 (12,79) Mn ... ..
Si..... 14,11 (15,35) K . ...
Mg . . .. 1248 (13,15) Cr . ...
D 5 e = s 1,26 (1,46) P oo oom
Ni. . ... 1,23 Co .. ..
Al. . . .. 117 Cl s x o« s
Ca . . .. 0,68

)
e
=
=
2
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=1l

OTKyna Mb yCTaHaBiuBaeM [OPSANOK MO 06beMy (YHCIAY aTOMOB):
O, Fe, Si, Mg, S, Ni, Al, Ca, Na, Mn, K, Cr, P, Co, C.

DTOT MOPSIAOK CPABHUTENLHO Majlo OTIMuyaeTCs OT TMNOpSAAKA,
NPUHATOrO HaMM Ha CTp. 47
Ecny Mbp pa3oObem 3NEMEHTH 110 AeKafaM, TO NOJAYYHM:

TABJMLA XXVI.

——— e er—

[To Becy. |
LFe, O,SL, Mg. . . . . . . v 0 i v o v o .. = 92,40
P B Nl v vor w1 e s o e e e i ® o 6,31
. B, M G K, B0 Poo s v owon oo w0 a0 o : = 1,73 |

-

1

Ve G0 BB e s v a wom w w5 & @

|
o
=
o

— # EE_ —— e "
i

[To ukcay aTomos. §

— 04,28 !
— 3,66 f
e 2,ﬂ1 |
— 7?7 (okono 0,05) “

§ 23. llogBeieM HEKOTOpHIE UTOrM OTHOCHTEJIBLHO COCTaBa Me-
TEOPUTOB:

1. MeTeopuThl COCTOAT U3 HeOOJLIIOT0 YHC/IAa 3SJIEMEHTOB C
O4Y€Hb OOJbUIMMMU OTHOCUTENLHO KOJIMYECTBAMMU.

2. Haubonpllee 3HauyeHue (MO0 4uclay aTOMOB) MMEKT IMepBhHiE
7 anemenToB (O, Fe, Si, Mg, S, Ni, Al), Ha KOTOpbLI€ NPUXOAUTCA
97,949/,. '

3. B meteopuTax rjaBHOe 3HAUEHWE IMPUHAAJEKUT 3IJIEMEHTAM
CpenHUX atomHbX BecoB (mMexay 16 u 59), NOpAAKOBHIX 4Hucen
Mexay 8 u 28, C ManbiMy U3OTOMUYECKUMU YUCTIAMH.

4. KpynHasd adasorusi ¢ COCTaBOM 3€MHOH KOpbl 3aKI4aeTCs
B TOM, YTO B TOW M pApyroi 00J1aCTU pacrnpoCTpaHE€HHOCTb 3JIEMEH-
TOB pe3KQ o6puiBaeTcs Ha 28-29 Homepe, u pajtee CIEAYIOT YXKe
BJIEMEHTH BeCbMa Majoro 3HauyeHud.
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TABJIMLA XXVIIL

(Ilo uucny aTomos).

e T r——

ArtomH. Bec | [lop. uucno | Usor. uncn.| BriEeme
A. | M (ozenes). | n '
¥« | 16 8 0 tq I
Fe . | ] 55,86 | 26 4 4q (1 n3.)
Si. - ‘ 283 | 14 . 0,1 4, (4q+1) |
g -] ) mm o w2 | oo 4q,(4q+-1;~,(4q+2)§}
S .. \ 320 | 16 0 4q i
Ni.. ¢ IL 58,68 | 28 2, 4 4912, 4q
Al. . l 271 | 13 1 4q-+3 |
Ca . | 40,07 20 0 4q )
Na . 23,0 11 ] 4q9 +- 3
Mn . 54,93 | 25 5 4q4-3
K.. ULl 3910 19 1 | 4q+3, (4q+1)
Cr . | 5 2 4 | 4q
P s 31,04 15 1 4q 4-3
Co . 58,97 27 | 5 4943
i

5. B npOTUBONOJIOXHOCTb HapyXHOW 4acTH 3eMHOW KODH OTCYT-
CTBYIOT 3JIEMEHTH Gonee Jerkue, TaK YTO HaMMeHbLUMH aTOMHBIH
BeC B NEpBHIX 14 3JIeMEHTAX NpUHALIeXHT Kucaopony — 16.

6. CocTaB MeTEeOpUTOB BeCbMa OJHOPOAEH MO THMY, ¥ B HEM
NpeACTABJIEHa TPYMIa 3JIEMEHTOB TNaBHHIM 06pa3om 3 —4 manoro
paga MeHaeneeBCKOM TaOiuubl.

7. 3HAaYUTeNbHOE CXOACTBO HAOMOAAaeTCss MEXAY CpeaHUM
COCTAaBOM METEOPUTOB U CpefHUM COCTAaBOM O00Jiee TINyOMHHBIX
nopoj (OCHOBHBIX).

8. BecbMa XapakTepHbiM Ui METEOPUTOB SBISETCA TMpeobia-
LJaHUe B HUX 3JIeMEeHTOB Tuna 4(, NOAYWHEHHYIO PpOJib WUrpaeT
Tin 4q- 3.

9. MeTeopuTh, B 00ueM, KaK M0 XapakTepy CBOMX 5JIEMEHTOB,
TaK M IO Tuny CTPOeHUss aTOMOB, COBEpPILUEHHO TOXAECTBEHHH
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C 2JleMeHTaMy HauboJiee TrJyOOKMX 30H 3eMHOH KOpH W, Mo BCedl
BEPOATHOCTH, eije OJMXe OTBEeyaloT COCTaBY LUEHTpadbHbIX yacTeif
Hallei niaHeThHl.

10. B npOoTHBONOJOXHOCTb HAesiM [I MK KEpHHTra ¥ HEKOTOPHIX
ApYruX, pe3KO OTAENSBIINX KaMEHHHE METEOPHUTH OT MEeTaJUIMYyeCKuX
10 UX NIPOUCXOXAEHMIO, Prior gokasanm o6LIHOCTh MarmMaTUYecKoro
NPOMCXOKACHUS W TEX, W APYrux (42).

11. HecmoTps Ha MOAHYI0 HEBBISICHEHHOCTb KOCMMYECKOro npo-
UCXOXEeHUST MeTEeOPMUTOB, Haubojee BEPOSATHLIM SIBJISAETCH MJIM CBA3b
ux ¢ acrepoupamu (Daubrée, Tschermak, Suess), umm xe,
yTo Gonee BeposiTHO (Faye u OONBIIMHCTBO aCTPOHOMOB), —
C KOMeTaMu. _ :

12. YcioBus KPUCTA/UIM3aLMM  ME30CHAEPUTOB M NanacCHTOB
3acTaBjgeT AyMaTb, YTO OHM 06pa30BajuCh HA TejaaxX B YCIOBUAX
BecbMa cy1aboro MUPOBOIO TSATOTEHUS.

13. MeTeopuTel  He OOHAPYXWBAIOT HUKAKUX  BIIEMEHTOB,
HE CBOWCTBEHHLIX 3eMie.




VI. llpnunHbl pacnpeneneHuss XUMHYECKUX 3JIEMEHTOB
B 3€MHOH Kope.

TeopuH KOCMOXHMHYECKOro H (pH3HKOXHMHYECKOIr0 XapakTepa.

«Xumuss 1 Qu3MKA AOMKHB OTBE-
THTb Ha MpoOAEMH ~NPOUCXOWKAECHHUS
3JIEMEHTOB, MUHEPAJIOTHA [O0JXKHA MOA-
6vpaTh QaKThl M KPHTHYECKH MX MpO-

CMaTpHUBATH>.
Hurrau 1921.

§ 24. CoBepleHHO MOHATHO, YTO OAHOBPEMEHHO C BhIICHEHHEM
BONPOC2 O COCTaBe 3€MHOW KOpPH M OJHOBPEMEHHO C H3yYeHUeMm
METEOPHUTOBR BO3HUKANU FMONBITKH OOBSACHUTHL CYLUECTBYIOL{HHA XH-
MUYeCKHi MOPAAOK pacnpenesieHus 3JeMEHTOB Ha Haluel IJiaHeTe,

4acTO BHXO0AS [aJieKo 3a rpaHuusl GaKTUYeCKOro maTepuana
H, K COXaJICHUIO, Tepssicb B AeOpPsAX HayuyHoM aHTa3uHu, KOCMOro-
HUM ¥ HATyp@uaocodum.

flocne Toro kak B 1817 r. Ddébereiner BnepBye HameTun
npeobiafgaHue B 3eMHONW Kope 3JIEMEHTOB C MalbiMU aTOMHBIMU
BECaMH, MH mnepBoe 0o0Jjiee CTPOHHOE M3N0XKEeHUe OCHOBHBLIX MpOo6JeM
‘XMMWYECKOro COoCTaBa 3eMaM BCTpeYaeM B 3HAMEHUTOM Memyape
Elie-de-Beaumont (44). Yxe 31ecb Hameualacb B HesICHOM
dopme upgess OODBICHEHUS COCTaBa, CBA3aHHAS C IPEACTABIEHUEM
0 JJIeKTPUYECKUX TOKaX C BO3HMKAIOWUM OT HUX Iepepacrnpepene-
HUEM 3JIEMEHTOB B riyOuHax.

3HAUMTEeNLHO T03[Hee, TOJbKO B KOHue XIX Beka, monyyma
6OJNblIOe Pa3BUTHE psii uaed O TNpeBpalleHWM DIEMEHTOB W MUX MO-
CTeleHHOM 3BOJIIOUMKM Ha KOCMHUYECKMX Tenax. OTU WIed HOCHIH
YaCTbl0 YMCTO CHEKYNATMBHBIA XapakTep, HO, BbIIBUHYTble TAKMMH
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KpynHeiMH aBTOpUTeTaMu, Kak Crookes, Lockyer uau H. Mo-
po30B (45), OHM Hawnu ceGe MNO3[HEE KPYNHYIO NOANEPKKY
B SIBIEHUSIX PAaAUMOAaKTHBHOrO pacnajga ¥ HbiHe BO3POXKAAITCA YiKe
Ha OCHOBE (QAKTHYECKHMX 3aBOeBaHMA COBpPeMEHHOU (PU3MKH.

Korpa ¢ 1889 r. Hayanocb HOBOe TeueHUWe B BONpPOCAX XUMHUH
3eMHOM Kopbl M Clarke nomoxun Hayano TOYHOMY KOJIMYECTBEH-
HOMY [MOJACYETY, OJHOBPEMEHHO C 3TUM MM Xe Obja BbiCKa3aHa
uaesi, 4YTO pa3jMyHOEe PpacnpoCTpaHeHue OTAENbHBIX 3JIEMEHTOB
ROMKHO ObITb CBSI3aHO C BONPOCOM 00 MX NMEPBHYHOM reHe3uce (46);
ONHAKO, CaM OH CKOpPO OCTZBWJI B CTOPOHE BONPOCH OGBSICHEHUS
HaWleHHbIX MM UMPPOBHIX [AHHBIX W MOCBATHJI Ce0s1 ynydyuUIeHHUIO
U YTOYHEHUIO CPEJHMX 4YHMCeJl paclpOCTPaHEHHOCTH OTAEeNbHHX dJe-
MEHTOB.

HoBoe TeueHue Obu10 BHABMHYTO De-Launay (47), KoTOpo K
B psfe palGoT IOJOXKWUJI HAyalo HOBBIM MIEAM pacnpoCTpaHeHHus
5JeMEeHTOB, 3TUM HUJAesM MNOAYMHMII CBOM B3MJISAAB HAa MeTaljioreHes
3eMHOW KOpH M Jajl HACTOJbLKO CTpOWHHOE W MOJIHOEe M3JI0XKeHHe
CBOMX MMEH, HECKOJbKO KOCMOrOHMYECKOrO0 XapaKTepa, HTO Ha
MHOrQ JIeT $SBMJICA BJAaCTUTENEeM [OYM MW PYKOBOAUTENEM LeJOH
IIKOJIH reoyioroB M reoxumMukoB. OcTaBasiCh B pamMkax KaHTo-
JlannacoBCKOM Teopuu, De-Launay cBa3an pacnpoctpaHe-
HMe 3JEMEHTOB M pacnpejeseHMe MX Ha pa3HbIX PACCTOSAHUSAX OT
LeHTpa OXJNaxpaalouleics rymMaHHOCTH, OOpaTHHX BelW4YMHEe YAEJb-
HbIX BeCOB, OJlarogapsi YyeMy B HapyXHbBIX YacTdX 3eMHOH KOpHl
MOJyYMnnuCh OO0JOYKM M3 OGojlee JNEerkux 3JEMEHTOB, TOrga Kak
C rayOMHOI HameyanoChb npeobnagaHue 06O0Jiee TAKENHX.

JTa OYeHb M3dlIHAS M XOpollo pa3paloTaHHas ufes OCTaBa-
nack po 1916 r. eAMHCTBEHHOIO Xopoliel paloyelw TrunoTe30i0,
M Ha ee QOHe Ohyia INpoAenaHa orpomHas paboTa U3Y4yeHUs PYLHBIX
MeCTOPOXAEHUI M BHISBIEHUS psifa reOXMMUUYeCKHMX 3aKOHHOCTEM.

Mexay TeM MCIOABOJbL HaMeudanucb M JAPYrU€ NyTH 0O0bsiCHe-
HUA KOJNMYECTBEHHOr0 COCTaBa 3€MHOW KOpH B CBA3M C BONpPOCaMH
YUCTO XMMU4YECKOro xapakrepa. Euie B 1884 r, Obsa noameyeHa
T. Carnelley HekoTOpasi CBI3b MeEXAY SJEMEHTAMM B 3eMHOM
Kope M ¥MX NOJIOXEHHWEM B YETHBIX WM HEYeTHHX psagax Mexpge-
neBckoi Tabnuub. K aTum Bompocam BepHyiacs nosgHee O ddo
(1914 r.), Weddels (1914 r.) u aBTOp HACTOsWENH CTATbU
A. Pepcman (1921 r.) (48). Bce aTu BONPOCH BHOBbL MPUOIMAKA-
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JUCb K CcTapou Hlee O CBA3U pacnpoOCTPaHEHHOCTU SJIEMEHTOB He
TOJILKO C MX noJiOXKesMeM B MeHjgeneeBCckoid TabiuLe, HO M CO
CTpOeHuemM camuX aTOMOB, THUIOM HMX CTPYKTYpP M UX TreHeTuue-
CKOH cBs3u. Te npoGneMH HMHTErpauuMM W Je3uWHTErpauuMu MaTepuM,
KOoTopbie B o606umieHnsix Kpykca u JJoKale pa Kasaiuch JHUb
HHTYMTUMBHBIMM [OragKamu, NpPespaTUAUCh B peajibHble KapTHHH CO-
BEpILEHHO OfpelesieHHOM CBA3UW, W, €Chd euwe ojHu, MnoaobHo
Schmidty (1917 — 1918 rr.), npuaepXuUBanuCb MieH MHTErpaLuu
MaTepuM B 3BOJIOLMOHHOM NOpPsiiKe CTPOUTENLCTBZ, TO B KJacCH-
YECKMX OTHbIHE, XOTsi M HECKOJbKO CMeanX, pa6orax Har-
kins'a (1916 — 1921 rr.), ewe O6onee ¢GaHTACTUYECKUX JHaHHBIX
Loring’a u B OCTOPOXHBIX, HO Giectsaiux o6oluieHusnx H e pH-
cTta (1921 r.) m Appenunyca (1922 r.) o3HayeHHHEe NpOOCJieMH
MONYYUIH COBEPIUEHHO HOBOE M OCMHICAEHHOE TeuyeHue (49).

OTHbiHE 3Ta MAes WIKAPOKO pas3nujiacb B OO0JACTU reoXuMHUH,
M HOBbie ujaeu CTpoeHuss aTomoB vy 3omMmepdenbaa, o assHca,
MeiliTtHnep, Pe3epdopnra u NapKuMHCa HAMETUIM HOBbIH
NyTh K pa3peuieHuio Takux npol6sieM, KOTOpbie paHblie, Ka3aJoch,
JeXanu eije 3a npeaejaMd TOYHOrO 3HaHUA.

Takum 00pa30M, Ha OCHOBAHMM CKa3aHHOI'0, MH HHXEe OCTaHO-
BUMCS Ha CHefYIOLMX [ABYX OCHOBHHX MYyTAX MCTOPHYECKOM MBICIH:

1. gpen KOCMOroHHYECKOro pacnpefeieHusa aTOMOB 3JIeMeHTOB.

2. Vipen reHeTH4eCKOTO pachpegesieHdsl 3Je€MEeHTOB.

B panbHelilnem s HamMepeH COBEpPLISHHO OOBEKTHBHO MU3JIOXKHUTH
B3TJIAAB Ha 3TH BONPOCH Y Pa3HBIX Y4YEHbIX, NPUBOASA M BCTpeyae-
Mbleé MMM 3aTpyAOHeHMs U Hecornacusa. JIMuHO CBOIO MAEID st U3NOXKY
6onee geranbLHO B OfHOW M3 CnegylolMX TrjaB, [OpHyYeM oOfpeje-
JIEHHO CYMTaK HYXHHM C CaMOro Havaja BHICKa3aTb CBOI TOUKY
3peHus.

CoBpemMeHHOE pacnpejejleHye 3JeMEeHTOB B NPOCTPaHCTBE MMUpPO-
3AaHVs Bhi3hIBAETCA COYETAHHUEM TpeX NPUPOAHBIX (DaKTOPOB:

1) sBnenudd 06pa30BaHUsi W MNpPEOOPa30BAHUS 3IEMEHTOB BO
BpEMEHH ;

2) SIBJIEHWA pacnpejiejieHus yxe TOTOBHX aTOMOB 3JIeMEHTOB
B IIPOCTPAHCTBE MNOJA BJMAHUEM KOCMHYECKUX IIPUMYUH (THArOTEHHUE,
CBETOBOE [aBJIeHNE, U3NyueHne U Np.);

3) saBneHuid (GU3NKO-XUMHYECKOr0 M XMMUUYECKOro nepepacnpe-
ReJIeHUs TpyIhI aTOMOB W MOJEKYII. -



55

HaGnopgaemMoe HaMu pacipepeneéHue He gBliseTcCH
CTAlUWOHAPHB M. OHO MU3MeHsieTCd BO BpeMEHH NOL
BIMAHUEM TEX XK€ TpeX OCHOBHHBX TIpynn MMPOBHX
GaKTOpOB.

N3 cKka3aHHOTO SIBCTBYET, YTO TONbKO 3aKOHOMepHOE CoueTa-
HHEe TpeX MNPUYMH — aTOMUCTHYECKOH, KOCMMYEeCKOW U (PHU3UKO-XU-
MWYECKOK MOXET OOBACHUTL CTpOEeHHMe KaK Haleid 3eMau, Tak
M BCEro MHUPO3NAHHUS.

[Tep Basi npuuyMHa CBsi3aHA CO CTPOEHWEM siipa — 3TO MHTpa-
ATOMHAs NMPUYMHA; KOCMUYeCKass — CBSI3aHa C QU3UYECKHMH CBOW-
CTBAaMH CaMOro arToma, a XUMUYyecKass —C €ro XuUMHYECKHMHU
S9JIEKTPOHaMM M C TIpPYNIMPOBKOID AaTOMOB B ,MONEKYJIH“ U KpH-
CTannsl,

Takum o6pa3oM BCS COBOKYIHOCTL u4acTed aToMa BAMSET Ha
€ro pacnpepesneHue 1),

S OTHaenbHO M3IOXY WAEU pacnpepeneHusi 3MeMEHTOB B 3€MHOMU
KOpeé Ha OCHOBAHWM [AaHHHX acTpodu3nyecKux U PpU3NKOXUMUYE-
CKMX TaK, KaK OHM BHIPUCOBHIBAIOTCS MNpPU COBPEMEHHOM 0030pe
pPa3JIMYHBIX TEOPUM U MAer Mo 3TOMY BOMNpOCY, a 3aTeM. IOCBALNY
OT/I€JIbHYIO TJaBy 00630py CBA3M MEXAY pacnpefeleHuem XHUMHUye-
CKMX 3JIEMEHTOB, XapakTepoM HMX aToOMOB M MeHjeneesckol Ta-
OnuieH.

K nepeoim mnpexjae Bcero OTHocstca umaed De-Launay, V. M.
Goldschmidta u Priora, K KpaTKOMY H3J0XeHUI0 KOTOPHX
1 W MEepexoxy.

§ 25. Uneu [de-llous (47).

Unpes cBA3W pacnpepesieHdss 3JIEMEHTOB C NepBUYHBIM WX pacrpe-
feneHuemM BO BpeMsi (OPMMPOBAHMS KOCMMYECKOro Tejna He MOrJja
He MPUWTH B TOJIOBY IIpM CaMOM MEPBOMH KOHLENUWH CTPOeHUus BH-
gumoro mupa. lloatomy HeyauBuTensHo, yTo eufe JleMOKpHT
rOBOPUI, YTO «[OpU OOpPa30BaHUU 3eMIW THKENbe aTOMb (IO ero
MHEHHIO M cambe Oonblive) AOMKHb ObUTM COO6paThCs B CEPEAUHE,
a JIerKue CHapyX#, rje OHM BXOJAT B OOLIeHME» C HapyxXHbIM ny-

CTHIM NDOCTPAHCTBOM. OJTa MJed Jiexajda B OCHOBE M KOHLENUHUU

& p—

1) 3aKOHHOCTH MépepacnpeaeieHus 3JeMeHTOB B KOCMOce noapoOHee onu-
caHn MHow BO riase Xl
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KaunTa-Jlannaca, B KOTOpPOH KOHUEHTPHUPOBAHUE 3NEMEHTOB
B TYMaHHOCTAX KaK pa3 MOAUYMHANOCL 3TOMY MNPHHUMNY, CBA33H-
HOMY C [AeWCTBMEM HbIOTOHOBCKMX cul. [loCTENeHHO pocna ¥ Kpu-
CTaJuln30Banach 3Ta upest BO GpaHUY3CKOH LIKONE reonoroB M ye-
pe3 De-la-Béche u Elie-de-Beaumont OoHa mOCTENeHHO Bhi-
JIMACh B LENbHYI0 M CTPOWHYI CUCTemMy Ha TMopore XX Beka y
De-Launay.

Ero OCHOBHOE ITOJIOXEHHEe INIAaCHMNI0 TakK: «B elle pacKaleHHOW
aemje 10 00pas3OBaHMs TBEPAO KOpH XUMMYECKHE DJIEMEHTbl OT-
JeMUNUCh OT LEHTpa Ha pacCcTOAHMs, 06paTHO IPONOpPLUOHAIBLHHE
aTOMHOMY Becy (MO3[HEE OH BHOCHT HOMpaBKy — YAEJIbHOMY BeCy),
KaKk eciM Obl AMCCOUMUPOBAHHBIE ATOMbl, BHE BCAKMX COEAMHEHWI
U NMpU BeCbMa BHICOKUX Temmeparypax, OblJId MOAYMHEHB WCKIIO-
YUTEJIbHO JeiCTBUIO MMUPOBOIO TATOTEHUS U LEHTDPOOEWKHOW CMIIbL.

[TocnepoBaTensHo pa36upast 1OJ 3TUM YIJIOM 3peHMsi COCTas
3eMHOW KOpbl 4 MAs OT HapyXHbIX o6ojoyeK K Oojee riayOOKuM
30HAM 3€MHOW KOpDB, OH HameyaeT OTfeNnbHbie T[IyOHHHBIE 3O0HHI
npeoOiafjlaHusi 30€MEHTOB COOTBETCTBEHHO  CJIEAYIOLIUM  CeMM
rpynnam. .

. [lepeuynasi atmocdepa: H.

[Il. Atmocdepa: O, N, (A, Ne).

[1I. KpemneBasi kopa: Si, Al, Na, K, (Li, Be), Mg, Ca, (Ba, Sr)
IV. Munepamusaropsi: Cl, S, P, (B. F), C.

V. OcHoBHbie Boigenedus ray6ud: Fe, Mn, Ni, Co, Cr, Ti, V.
VI. Kunbl, ceasanuse ¢ Tunom V: Cu.

VIl. Pypunie xunoi: Zn u Pb, Sbun Ag, Hg, Bi, W, Au, U u Ra,

CpaBH#Basi 3Ty MOCAEROBATENbHOCTL C ATOMHbIMU Becamu, D e-
Launay HaxOAMT HECOMHEHHYI0 Napaineiu3aluio B O3HAUYEHHBIX
psinax M MOBHILIEHWE aTOMHOroO Beca C rayouHow. [logpoOHO OTMe-
yasi BCE-OTKNOHEHMS OT 03HAUYEHHOro 3aKoHa, OH OOBACHIET WUX
BTOPUYHBIM, YUCTO TFEOXUMMUYECKMM NepeHOCOM.

JTa ues y Hero covyetaeTcs ¢ O6MMMU KOCMOTrOHHYECKHMU CO-
o6paxeHusiMu. [lo De-Launay aTome 3/7i€MEHTOB 00pa30BanucCh
B rOTOBOM BMJe e€lle N0 WX KOHAeHcaluu B MIAHETAPHYID TYMaH-
HOCTb, B OTHEHHO-XUAKYI0O KOCMMyecKyio a3y pacnpeenuiuch
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M0 CBOEMYy YAenbHOMY BECY M, OCTABHB paCKaNeHHY0 Maccy
B LEHTPE C TAXeNHMU 2JIEMEHTAMH, 00pa30BaNu HAPYXHYIO KOpY-
OKaJIMHy, 06pa30BaHHYI0 OKUC/IEHMeM ra3aMHu LIAKOBHX HaKome-
HUK noBepxHocTH suiapa. C 3TOro MoOMeHTa Hayajack reoJioruyeckas
UCTOPUS TMeperpynnvpoBKM 3JIEMEHTOB M MX AanbHeilllee MepeHa-
KOIlJIeHue W pacCcessHWe CUaMM YUCTO XMMHYeCKOro xapakTrepa.

TakoBb OCHOBHBIE YepTbl 3TOW TEOPUHM, HeOoOBbYaWHO H3SIUWHOM
M YyacTUYHO OTBeYaiolyeil HabmojaeMbM QaKTaMm.

BolluenpuBeaeHHas rpynnupoBKa, ¢ OJHOW CTOPOHDI, ClIeAyeT [eW-
CTBUTENbHOMY VBEJIUYEHMIO 3JIEMEHTOB C IJIYyOMHOW, a C ApYrou
HECOMHeHHO MO CBOeMy NOpPsAKY HanomuHaer Tabnmuy Knepka
M ©OXTa pacnpoCTPaHEHHOCTH 3JIEMEHTOB B 3eMHOW Kope. [lpu
stom Il rpynna Hameyaer coGow BMecte ¢ IV rpynnbl rpa-
HUTHBIX, KHUCIBIX TOpof, oOOpa3yiliux 30HYy Sal, camu MuHe-
panusatopsl IV rpynnel Hepeiko XapaKTepu3yiloT CO6010 I0BE-
HUNBLHLBIE BOAB WM BYJKaHUYECKHE 3MaHauud 3TUX XKe TOPoA;
rpynna V sBHO xapaktepusyer Nife, Torgpa kak Gonee penkue
TAXENble MEeTajlibl, CBA3aHHBE C XWIbHHMH MECTOPOXKIAEHUIMH,
OTHOCATCH K rpynme VII. | -

Euwe 6onbuiee cxoacTso mexay tadnuued Jle-JIOH3 M AaHHBIMU
Knepka u ®oxTa nonydaercs, eCld Mbl IPUMEM BO BHUMAaHHE
mou nepecuyetnl (1912 r.) Ha 4YuCiIO aTOMOB: Npu 3TOM Oo0jNee ner-
Kue 3JIEMeHTH 3aHMMaloT O60Jiee BLICOKOE [0JI0XeHHe B Tabjulle,
6onee Tskenbie — 60Nee HU3KOE, 6jlarofaps uemy Tabnauua eile
60ee HAMNOMMHAET NMOPSAOK aTOMHLIX BECOB WIM, BepHee, YiAelb-
HbIX BECOB. |

Cam De-Launay ormeyan cnaGbie MecTa CBOEro conocrasie-
HUs, TIpUuYemM, OAHaKo, NOA4YEPKHBaJ, YTO 3PYNTHUBHHE U THAPOTEp-
MalbHbI€ MMPOLIECCH BbIHEC/JW B IOBEPXHOCTHHIE 30HH 3€MHOW KOpHI
YyacTh TJIyOUHHBIX BIEMEHTOB, YEM HapyUIWIuM MPaBUIbLHOCTL Iep-
BUUHBIX COOTHOLWeHuid. [1o2TOMY B HEKOTOPHIX CAydYasiX SJIeMEHTH
30H He BIIOJIHE OTBEYAIOT BNEMEeHTaM COOTBeTCTBEeHHbIX rpynm D e-
Launay, u MHOrde u3 HuX, Kak Ba wum Fe, fomxHb ObTb MOHK-
XeHH IIPpY TAKOM COMOCTAaBJICHUM,

Takyio He TeopeTuyeckKylo, a OTBeYalollYyi0 I[PUPOAHBIM YCIIO-
Busm Talnuuy pucyeT De-Launay B caepywollem BHAe, npuyem
YaCTMYHO [/ CTPOMHOCTH TMPHHYX[EH CAenaTt PpAd COBEPLIeHHO
HenpuemMneMuX UM O4YeHb (QAHTACTHYECKUX JOMNYLLIEHU:
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Tabnauna sneMenTos no Jde-Jlonoa.

Bucwue cnou atmocdepw . . . .| H, He
AtMocdepa . . . - . . . . . . .| ON
MeTannouan, «ofneryapoune Buje-
neums metamaos» . . . .| F,ClL B, J, S, Se, Te, C, B
+ kucnopop. - . . .| P,V
+-cepa . . . .. .| Bi Mo, As, Sb
CunukaTtHasi kopa.- . . - - . . .| Si, Ti, Zr, Sn, Nb, Ta, U, W

K, Na, Li, Cs, Pb, Ca, Ba, Sr, Mg, |
Be, peakue 3zemau, Al, Cr, Fe, Mn
Metanabsl MpoOMeXyTOYHBE . . Ni, Co ; i
Cepnuctme mMetannel. . . . . . .| Cu, Zn, Cd, Pb, Ag, Hg
[Tepeuynnie meTannn (camopopuue). | Pl, Au

:

HeT HMKaKoOro COMHEHHSI, UYTO nNpu BCed CBoeil 3aMaHUMBOCTHU
3Ta TeOopus JMlib YAaCTUUYHO OCBellaeT 3aKOHHOCTM COCTABA 3€MHOMU
KOpPH M BMECTE C TE€M HOCHMT YaCTbl0 OYE€Hb TMIOTETHYECKHH Xa-
pakTep. B cBoeil «I'eoxumun Poccum» (1922 r.) s 6oJsiee JeTanbHO
pa30upaio KakK IIOJOXHTENbHHEe, TaK W OTpULATebHhE CTOPOHH
3TOW TUnoTe3bl U OTMeyalo.

«[IpuypounBaHue K INOBEPXHOCTH 3JIeMEHTOB MaibX aTOMHLIX
BECOB (Wi BEpHEE MajhiX YJeJbHHX BECOB) OrpaHMunBaeTCs JiMillb
nepeoiMu 28 3nemMeHTaMu Menpjeneesckoit Tabauusl. B npenenax
nepBHX ABYX OONbIIMX mepuonos tabmuubl MeHpeneepa B rpy-
6piX yeprax cxemb De-Launay mb gelicTBUTeNbHO BUAMM NoOCHe-
NOBaTENbLHOCTb OoJjiee nerkux snemeHToB B 30He Sal (Na, Al, H,
Li, Be), Gonee tsxensix B 3oHe Sima (Al, Si, Mg, Ca, Ti) #,
HakoHedu, eule Gonee Tskennx B 3one Nife (Cr, V, Ti, Fe, Co, Ni).
Ho Ha 3TOM CcXema OGphiBaeTcs; jajnblile CIeAYIOT 2JIEMEHThI, B KO-
TOPHX HMKaKO¥ 3aBHCUMOCTH B JyXe 3TOr0 -3aKOHa HEeT U Jaxe
Ha060pOT — fajee CIeNYIOT 3JeMeHTh MMEHHO 60Jee MOBEPXHOCTHHIX
30H Sal n Gosnee MOBEPXHOCTHHIX KMIbHBIX 3MaHalUuWii C TAXKEIbIMH
mMetaiamu. Lleneri psp Golee TsakennXx 3JEMEHTOB, Kak TO Zr,
Mo, W, U, Th, TR, Ha, cBI3aHHHX B CBOEI1 T€0N0OrMyecKoii NUCTOPUH
C 30HOW0 Sal, aGCOMOTHO NPOTUBOPEYUT OCHOBHOMY 3aKOHY KOH-
LEHTPUPOBAHUSI 3SJEMEHTOB OT LEHTpa K mnepudepun B MNOPSAKe
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NOHUXEHUS KX ATOMHBX MAM YAEAbHHX BeCcOB. JTHM HaHOCHUTCH
OMnpefieNieHHbIK yaap pacnpoCTPaHUTENbHOMY TONKOBAHHUIO TOH CXEMH
pacnpepfeneHus aneMEHTOB, KOTOpas yCTaHaBnupaeTcs $akTamu Ans
NepBbiX ABYX OOJbIUMX PALOB TaOAKUB, pe3K0 OTAAYHHX B CBOEH
reOXMMUYEeCKOd MCTOPHUU OT BCEX OCTANbHHX».

HancHeliee Bo3paxeHue NPOTUB 3TOi TeOpMM B €€ LUIMPOKOM
TOAKOBaHUU TMPUBOAMTCS H3YUEHHMEM PpacCRpoCTpPaHEHUS pafuoaKTHUB-
HbIX 3/IeMEHTOB, COjepkaHue KOTOPbX ¢ TIiayOMHOI0O HECOMHEHHO
nagaetT v KOTOpLie, TakuM o0Opa30M, HECMOTPs Ha CBOW BLICOKME
aTOMHble BEca, CBA3aHbi C 30HOI0 Sal. |

Takum 06pa3zom Ha OCHOBAHWM aHaNM3a 3TOU TUIOTE3H 5 MNpH-
X0XY K HUXECHeayIoLMM BhIBOJAM:

1. B o6uem teopusi De-Launay mnpaBunbHO YCTaHABIMBAET
CBA3b MEXQY pacrupejieneHneM 3JIEMEHTOBR y uX yAedbHHMU Becami,
T. €. NOAYHHAACD 3aKOHY MHPOBOTO TATOTEHHA. '

2. OcHoBHHEe uepTh TpeX IIaBHBIX 0Gonoyek, Sal, Sima, Nife
HECOMHEHHO XapaKTepu3YIOTCH 3JeMEHTAMM B NOPSAKE MOBHILIEHUS
YAENbHMX BeCOB. |

3. Opnako, oOwme coobpaxeHus De-Launay DIpUMEHUMH
JMIIb K IIepBHIM YeThipeM TFOPU3OHTANbLHHM DsfiaM MeHpeneeBCKOM
Tabnuub, T. €. K nepBbiM 28 3JieMeHTaM,

4. bonee ummMpoKoe TOJKOBaHue uiel De-Launay 3a npefe-
Jamy 3TOW yacTtu MeHneneeBcKoi Tabmulp He omnpaspniBaeTcs dax-
TaMyu U HaORIIEeHUIMHU.

§ 26. Upgeu B. M. TonbpuimuaTta (50).

B nanbHeiiiem upgen De-Launay crand BUAOM3MEHSTLCS, W
pa3HbiM¥ aBTOPaMM Ha WX OCHOBE OblJIM AaHH HOBbLIE MOCTPOEHMS.

Hopas v BmecTe ¢ TeMm BecbMa MIOGONHTHAsi KOHUENUUs O CTPO-
€HMH 3eMHOro wapa Obina BoiiBUHYTZ B, M. FToabaIMHU AT OM,
M3BECTHBIM Treonorom u3 XpuCTHaHWKM, KOTOpPbIW pacCMaTpPUBAET
3eMJII0, KaK e[lMHOe (QU3WKOXMMUYECKOe Tejo, Npexk/e BCero B CBOeH
NpUpoNe MNOAYMHEHHOE 3aKOHY BCeMUPHoro TsaroTenus. OTcioga
HEN306€eXHO He TOJbKO IepBUYHOEe paclipeneneHue mMaTepud B 3EM-
HOM Iiape COrpaCHO 3aKOHaM YHAeJNbHOrQ Beca, HO M NO3fJHelillee
NOCTOSSHHOE [epeMelleHue 3JIeMeHTOB U3 060N0uku B OGONOUKY,
npuyem Oonee TANKEblE BJIEMEHTH MOCTOSHHO CTPEMATCA KHH3Y —
B rny6uny, a OoJjiee jerkvue — KBepXy. B 3TOM OTHOWIEHWM €ro
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830NIAAN HANOMWHAKT HAEU HEKOTOPHIX MPUBEPKEHUEB MNNaHeTe3U-
MaibHOW Teopuu (Hanp. Schwarz’a B I0xHoil Appuke), nonyckas-
wKMX fepeHeceHue B ryOHHB MPUHOCHMOrO Ha MOBEPXHOCTb METE0-
pUTaMKU kenes3a.

[lpu3HaBasi MNepBUUHYIO 3eMJI0 3a MHOroQasoBylo CHUCTEMY,
FonpAUWIMHAT YyCTAaHaBAMBAET CHEAYIOLU{KE 30HB B 3€MHOW KOPe.

B rny6unax po 2900 xaM. (0T mMOBEpXHOCTH) LIEHTPaJbHOE SIAPO
U3 HHUKKEIUCTOro eje3a C yaelbHHIM Becom oOkoyio 8. Jlanee
clieflyeT 30Ha CynbQUAOB M OKUCIOB TAXKEIHX METAaIOB A0 MyOHHH
1200 Knm. (OT NOBEPXHOCTH) C yAENbHBHIM BecoM 5 -—6. BepxHsas
rpaHvla 3TOW 30HB QNpefensieTcsd pe3ynbTaTaMu OTPaAWKEeHUs Cei-
CMUYECKWX BOJH. JTa 0064aCTb IO COCTaBY OOKHA HECKOJIbKO Ha-
[IOMUHATh COCTa8 METEOPUTOB, OLITh OGOraTol CylbQUAAMH, IPEUMY-
LECTBEHHO Xe€ne3a, ¢ OGOJbLIMM COAEpXKaHUWeM KUCJIOPOAHHIX coelu-
Heuuit Fe, Cr, Ti (HeuTo BpoAe TPOWJIMTOBBEIX MAcC B METEOpPUTAX).
Euie BHlie ufeT TpeTbs 30HA, KOTOPYID aBTOD HAILBAET 3IKIOTU-
TOBOH M KOTOpas siBASETCHd B CYLIHOCTHM NPOTOTHIOM 0a3anbTOBOIi
noctead Daly. OHa TsaHerca ao 120 xiaM. OT NOBEpPXHOCTH, 06Jsa-
faeT yAeabHbIM BecOM B 3,6 —4, HaxoauTCs noA OOJblUMM [amie-
HUEM, U C Hell aBTOP CBA3LIBAET, HATID., IPOUCXO0XAEHHUE aIMa3a B KUM-
OepanuToBuiX BOpoHKax lOxnoit Adpuxku. Hakonen, camas nosepx-
HOCTHAs NJIeHKa — CUNIMKaTHasg, — C yjejbHbIM Becom B 2,8, T4-
HeTCs A0 rayOuHn 120 Kiam.

IJTH HIed aBTOp CpaBHUBAeT C MeTaJUlypruyeCKum MOpoLIecCOM
npu o6paGoTKe CEepHUCTHIX PYA, IA€ MOoJy4alnTCsi UMEHHO TPU OCHOB-
Hbhie $asbi: HUIaK, METaNI U Cyabdug— «mTeiin». COo6pPa3HO € ITUM
TS eNble MeTaJUl, KaK Hamnp. NIaThHa, AO0MKHbH OBTh HAKOIUIEHH
B IyGOKHX 4acTaX 3eMIM. |

[lpuBoxy cxemy B. M, 'onpgmumvMuAaTa:

HapyxHas Kopa 0—120 xam. ya. Bec 2,8 CUIMKATHas Kopa
( = Sal, Sima).
[lpomexyT. 30HA 120 — 1200 xnM. ya. Bec 3,6 —4 3kJOrMTOBas 30HA

(oruactu Nife).

Fny6 unHas sosa 1200 — 2900 kim.  ya. BeC 5— 6  CyIbQuAO OKHCHAS
30Ha.

llenTpanehoe sppo 2900 po ueHTpa yn. Bec 8 MeTaNnInuecKoe
" aapo(Ni, Fe, Co, Cr).
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Takum o6pa3oM M3 aHaIU3a DTOW TEOPUM Mbl MOXKEM BLIBECTH -

1. Upen T onbpwmmMupaTa ONM3KO NPUMBKAIOT K HIesM
Nle-JIoH3, HO BHIBUralOT OCOGEHHO CYyLleCTBOBaHuE 0COO6OM rny-
OMHHON CEepHUCTOH 30HH.

2. Jlenenue Ha O0OJOYKM OTBe4aeT TEM TIpaHuuaM YNPYrocTH,
KO HameyalTCcd COBPEMEHHOW TeOpueH pacnpoCcTpaHeHHst Cedcmu-
YeCKUX BOJIH.

3. CyuecTBOBaHMe CheuuanbHOMW CEpPHUCTON 30HH He OMNpaBAbi-
BaeTcsi HM (QaKTaMu u3yyeHUs TeOXHMMHUHM 3eM/IU, HU aHaIU3OM
METEOPDUTOB, CXOACTBO C KOTOpoIMA u [OAbLAWIMUAT Xiager
B OCHOBY CBOE€H TEOpHH.

§ 27. Teopus Ilpaiiopa (51).

- Becbma n000NbITHAasT ¥ BMECTeé C TE€M OUYeHb AOKa3aTenbHad
Teopust Ohina BuigBMHyTa Prior’om B 1916 r. OH moapoGHO u3Yy-
YUn COCTaB KAMEHHBIX METEeOpuTOB M, pacuupsa ugen N. Nor-
denskidld’a m Wahl's, obOpatun BHMMauue Ha HeOOmuvanHOE
XUMHYECKoe CXOACTBO 3TUX METEOpPUTOB, €eCau TOJbKO NPUHATH
B HUX PA3AMYHYIO CTeNeHb OKuciheHusi. [Ipy 3TOM OH YCTAHOBUI
ofllee npasBuyio. YeM MEHbHUIE B XOHADUTE HHMKKEINCTOro Kenesa,
TeM Goraue nOCIefHee HUKKeJeM M TeM OGosblle xene3a Couep-
XUTCS B MarHe3uWalbHbX cuiuKatax. M3 3TOro oH cienan BecbMa
JIOTUYHBIA BHIBOJI, 4YTO BCe KaMeHHbleé METEODPUTH IMPOM30LUIN U3
OHOTO UCTOYHMKA, U3 OAHOW ¥ TOK XK€ Marmbl, NyTEM pa3M4YHOro €€
okucinenusi. [Ip¥ HepOCTATOYHOM KOJMUYECTBE KUCIOPOAA B KaAMEHHOM
METEOpUTE OCTaeTcs eufe OO0NbIoe KOJNWYEeCTBO CAMOPOAHOTO MeE-
tTanna xenesa, OefHOro HukKeneM, paxe (CaS, a cunukaTh nNpH
3TOM GelHb xene3om. [Ipy Gojee 3HAYUUTENLHOM OKMCIIEHMM Xe-
€30 BXOAWT B COCTAaB CMIMKATOB, OCTaBLIasiCsi B CaMOPOJHOM BHJE
yactb oOoraujaeTcd HHUKKeJneM, He BXOAsllMM B CHIUKATH, I10-
ABJISETCA OJIUBMH, OPOH3UT, a CTpOeHue o6orauiaeTcs XOHAPaAMH,
T. e. COepuYeCKUMHU pPAJUanbHONYYUCTHIMKU LIApUKaMH, SBASIOLIH-
MUCS] MoKa3aTeneM OHCTPOro npouecca paccTeKIoBLBaHWS. JJOBOJLHO
cripaBeAMB0 MHEHHE HEKOTOpHX, CpasHMBaKOUUX 0O0pa3oBaHue
XOHAP C BYJNKaHWYECKUMM Tydamu.

T aBJIeHHS Prior mnepeHOCMT M Ha CTPOEHUE BHYTPEHHMUX
yacteit 3emau. OH npeacrasnsieT ce6Ge ee NPOUCXOXKAEHUE U3 eAUHOMN
MarmMb, GJIM3KOM MO COCTaBy K KaMeHHbIM MeTeopuTaM, W INyTem
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OCNEA0BATENLHOTO OKUCIEHMs oOpa3syiouleil Te 000J04YKH, KOTOpbie
MH B HacToOsiiee Bpemst BUAMM Ha 3emae. Camowo riy60Kol0 30HOH
OH CYMTAET HEAOCTYNHHIE HAM CKOIUIEHUS, OOoraThié HUKKeIuCThiM Xe-
nea3oM, Aanee 0060/04Ky Oo0Jsiee OKUCIEHHYIO, B KOTOPOH HAYMHAWOT
npeo6nagatb OMMBUH ¥ OpOH3UT. B 3TOH 060J0UKE MBI AOJKHbI
BCTpEYaThb JUIIb OYeHb OGoraToe HUKKeneM CaMOpPOJHOE XKele3o,
YTO W ONpaBAbIBAGTCH Ha NpuMepe HaXOAOK ero B Hopoi 3enanauu
unu KaHaje cpeau oO/JMBMHOBHIX M 3MEEBMKOBHIX NOpoA. HakoHen,
ellle BHINE, NO €ro MHEHUIo, AO0KHA HAXOAUTLC OO6O0JIoYKa euje
6onee OKHCJI€HHas — 0a3a/bTOBAas, KOTOPY0 aMepMKaHCKUE NeTpo-
noru, ¢ Daly BO rinase, CUNTAIOT OCHOBOK MarMaTHYECKUX TIOPOJ
3EMHOUW KOPHI.

§ 28, O6was CBOJIKA reOXMMUUYECKUX TeOpHUIl.

Acxopa Y3 NpUBEOEHHBIX BbHILIE TPEX TeOpuid M U3 uaeit, pas-
BUTHIX MHOWIO Bbuilue B rnase [ll, s cuMTaio BO3MOXKHBIM NPUATH
K CIeAYIOHIMM BaXXHEHIIMM B3IMIAlaM HA pacnpefielieHne XUMHUYeCKUuX
SJIEMEHTOB B 3eMJie, NOCKOJbKY OHO BHITEKAeT M3 recJIOrMuyecKkux
¥ reopuanyecKux AaHHbIX:

1. B pacnpefeneHun XupMu4eCKUX 3JEMEHTOB Ha Hallleil nnaHeTre
HECOMHEHHO TpPOSIBASIOTCA CUIIBL [0 MNpeUMylecTBy MUPOBOrQ TArO-
TEHUS, HAKONUBLIKE OONEE THAXKEbLIE 3NEMEHTH B TyOHHaX U Oolee
JIerKue—Ha NOBEPXHOCTH.

2. ITO ofulee MOJIOXEHUE OJMHAKOBO IMpUEMJIEMO KakK Npu npu-
HATUM KOCMOTOHMuecKuX Teopuii KanTta—Jlanmaca, Tak v ma-
HeTe3uManbHOW Teopun Hembepnena—Canucliopu, ¢ Tem
OT/IMYUEM, YTO B MEPBOM (Clyvyae paclpefesieHUe SIeMeHTOB Iep-
BWYHO M OCYLUECTBASIETCS IIPU CaMOM KOHAEHCaluM ras3000pa3Hoi
TYMaHHOCTH, a4 BO BTOPOM — OHO BO3HUKAET BTOPUYHO, IyTeM Ie-
PErpynmnupoOBKHU IOJ BIUSHHEM CHJIBI TSXECTH B NO3JHEMNILINE CTaguu
KOCMHUYECKOU U TEeOJIOrHYecKou MCTOpUH.

3. LeHTpanbHbie 9aCTU 3eMHO KOpHl M METEOpUTH [0 CBOUM
OCHOBHBM Y€pTaM XHMUYECKOr0 COCcTaBa U IO 3/eMeHTaM AOIKHBI
. OBITh TOMXECTBEHHBIMM MIU CXOJHLIMH. _

4, AOGCONOTHOE KONMYEeCTBO aTOMOB OTHEIbHHX 3JIEMEHTOB Ha
3eM1e B HacTosllee Bpems He OINMHAKOBO M B Hel IpeoGnafaioT
3neMeHTH OT 1 g0 28, T. e. nepBuiX 4yeThipex psanos MeHpeneeBCKO
Tabn UL,
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5. Jlng nepebix 28 371€MeHTOB COBEPIUEHHO OMNpeReyeHHO HaMe-
yawotcd GOpMH M 30HB MX pacnpejeiieHusi Ha 3eMIe,

6. dnemeHTH OOjiee TsXeNble WIrpaldT Manyl pojib B reOXHMUH
M pacnajaloTcss Ha [Be COJIbINKME TPYMNMNbI: METAUIHYECKHE U MeTpo-
reHetTryeckve. M3 HUX mnepBeie MOTYT ObiTh CBA3aHLl C OGOJNBLIMMU
ray6uHamu, BTOPHE HA000POT-—C MOBEPXHOCTHBIMM 30HAMHU KHCHAMX
nopox (52) Cm. 06 aTom § 31 u 32,

7. lloMumMo CMJII MUPOBOIo TSrOTeHMs Ha paclpejesieHue ane-
MEHTOB B 3eMJie AOJXHbl BAMATbL M MHbIE CUIB acTpOPuU3uyecKoro,
QU3NKO - XAMUYECKOTO M MHTPAaaTOMHOro IMOPSiiKa, O uyem OyfeT
peyp Huxe (rnasa XJ).




VII. Cesa3b pacnpenesieHuss XUMHUYECKUX 3€MEHTOB
C NepHOJAHYECKOI CHCTEMOI0 ¥ CTPOEHHEM aToma.

§ '29. OgHoBpeMeHHO C reOXMMMUYECKHMM M3Y4YEHUEM pacrnpocTpa-
HEeHUs 3JieMeHTOB Ha 3eMJie Hameyanucb TNONLITKK jaTb U 00b-
SICHEHUS 3TOMY SIBJIEHUID C TOUYKW 3DEeHHss TeOPUU CTPOEHMS aToMa
WIN BBOJIOUMM 3JIEMEHTOB.

- B 3TOM HampaBneHWM Mbl MOXEM COBEpLIEHHO OMpeleNeHHO Ha-
MEeTUTb TPM OCHOBHHIX Teuenns. Ilepgpoe Hameyano uucro Gop-
MaJIbHYIO CBA3b pacripeaeneHus ¢ MenpeneeBckoii cacTtemoii U 3a-
BMCUMOCTb T€X WM HHHIX TeoXMMHUYecKuX npolbjieM oT TaGjuLB
Meupgeneesa. Btopoe TeyeHde, BO3HUKINEe JUlllb B cambie [O-
CNefHMe rOfibl, HaMe4ano CBsi3b PachpefeneHus 3J1eMeHTOB CO CTpoe-
Huem atomMa (Harkins, Meitner u gp.). HakoHeny Ttpethe —
NHTaNoCh NOCTPOUTL OOWIYI0 KAPTHMHY NPOUCXOXKAEHUS ISNEMEHTOB,
CBA3LIBAs MX B IeHETHYECKYIO Liellb PAJOM YKUCTO CIEKYNSATHBHbIX,,
MHOrjla BecbMa MHTepecHblX, wujaed (Crookes, Mopo308,
C. Schmidt u ap.).

[TocnegHuuid NyTh, Kak He ONUPRIOUKHHCS HEMOCPeACTBEHHO Ha
$aKTh, 9 NOKa OCTaBisio 6€3 BHUMAHMS W OCTAHOBIIOCHL JHMIUbL Ha

nepBbHX JABYX.

A. PacnpepgeneHue 3IeMeHTOB M MNepMO fUUYeCKAs
cucTema.

§ 30. Cs3bp ¢ MengeneeBckoi Tabnuuel Hameuanachb JHUIb M0-
CTEneHHO, OJHOBPEMEHHO C pacliypeHWeM HaluWxX NOHATHU O NpU-
poje aTOMOB M BJIEMEHTOB.

Ilepeoim cam Clarke B 1890 r. yxe nogmMeTya psf 3aKOHHO-
CTeif B KOJIMYECTBEHHOM COCTaBe 3EMHOM KOpbl, Nnpuyem, YKa3blBas
Ha HECOMHEHHYI0 (¢Bf3b PpacCHpOCTPAHEHHOCTU C ATOMHBIMWA BECAMH.
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M Ha DPENKOCTh 3JIEMEHTOB O6Ojee TSKeIHX, YeM Kejie30, yKasal,
npasga B BeCbMa OCTOPOXHOW OpME, HA BOSMOXHOCTh 3aBUCHMOCTH
3TOr0 AB/JEHMS OT TreHeTUYeCKOoro psiia oO6pa30BaHUs ATOMOB, HO
HEe TBITAACA TOrja CBA3bIBATbL CBOM MMOACYETH ¢ MeHaeneeBCKO# Cu-
cremoif (46). Tombko B 1902 r. AKxpou g B BeCbMa MOGOMBITHOM
3ameTKe O6paTui BHUMaHWE Ha HEKOTOphle 3aKOHHOCTH B pachpe-
JIeNIeHKU SEMEHTOB, OCOOGEHHO eCNM MX pacCMaTpuMBaTh NO OTAE/b-
HHIM BepTHKa/IbHbiM rpynnam Menpesneesckoil TaGAMLbl, U PACYUCIUI
BCE 3JIEMEHTH Ha a0COIOTHOE 4KMCJIO aTOMOB (AHaJIOTMYHO TNPUHA-
tomy MHOI0 B 1912 r. meTtony). OcHoBuiBasick Ha uiesx Kpykca
u lokaldepa, OH,C OAHONH CTOPOHBI, CBSI3LIBAET PACNPOCTPaHeHue
3]eMEHTOB C uX (QOpPMMpOBaHMWeM W3 IIEPBMYHOrO MpPOTHAA, C APY-
roii,— OTMEuaeTr, YTO CaMbie JIerKue aToOMbl KaK pa3 OTCYTCTBYIOT
WM 3HAYUTENBHO YCTYNAIOT aTOMaM C 60jiee BLICOKHMH aTOMHLIMH
Becamu, onarogaps uyemy B Kaxjao# rpyine MeuwpesieeBCKOM TaOnuLIb
pacnpOCTPAHEHHOCTb SMEMEHTA He BMOJHE OTBEYdeT NOBHIIeHUIO
aTOMHBIX BecoB. OO6bsiCHeHUe HeloCcTaTKa 00jiee JETKMX 31E€MEHTOB
OH CBSI3bIBAET C TeM, YTO OHM J[OJKHB Npeo6iajaTh Ha APYTHX,
6ojiee NErKMX KOCMMYECKMX TenaxX (M nnanerax). OH aymaeTt, uToO
dopMUpOBaHHE THAXKENBX aTOMOB, npeoGjanasliee paHblie, TO3AHEE
CMEHUNOCh BO3HUKHOBEHUEM Oo0jiee JIErKUX 3J1eMEHTOB.
[flopMeyeHHass AKPOUMAOM CBA3b C BEPTUKAJNLHBIMH TpYNHamMmu
O6blna OoJiee omnpegeneHHe BugBiaeHa Waddels’om, KoTopbi
B 1914 r. oTmeTun, YTO B KaxJA0W BepTHKanbHOM rpynne. Menpe-
neeBCckOW Talnuubl PaclpOCTPAaHEHHOCTL 3JeMeHTa CHayajia NOBhI-
lAeTCd C yBenMueHUeM aTOMHOro BecCa, a 3aTeMm OBLICTPO MHajaer.
Euie ropa3po padbiie B 1884 r. Carnelley noameTun psn
MOGONMBITHEIX 3aKOHHOCTEH MeXAy PpaclpoCTpaHEHHEM 3JIeMEHTOB
M UX nojoxenueM B MeHaeneeBckoit tabnuue. B cylHOCTH OH
BHEpBble MOAMETHJ]I T€ COOTHOILUEeHHUs, KOTopble y MeHs M Yy Ba-
WHUHrTOHa (CM. HMXe) BbIMANCL B QOpPMY COBEPLIEHHOrO pasfe-
JIEHUS 31eMEHTOB Ha Heckoybko rpynn. Carnelley o6paTui BHU-
MaHMe Ha OCOOEHHOCTH UYEeTHbIX W HeYyeTHHX MajJbiXx MepuoaoB
(cM. Tabaunyy anemeHToB XXX o ®epcmany 1921 r.) u yctanosun,
YTO 3JJIEMEeHTH HEYETHHIX psAoB MO OoJiblled 4yacTH Jierko BOCCTa-
HABIMBAIOTCS, BCTPEYAIOTCS B CAMOPONHOM BUIE MM 06pa3yioT
YCTOHUMBHE COEAMHEHUS C S WIM APYrMMM METalIOMAaMK TOXe
HeuyeTHOro papga. Hao6opoT, 3neMeHThl YeTHHX IEPUOAOB B CaMO-

5
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POAHOM COCTOSHHM BCTPEYAIOTCA O4YeHb PEAKO M OOHYHO 06pasyioT
ycToMuuBLHIE OKUCHH (48).

[locTeneHHO M3 3TUX paboT BHLITEKAJIO CTpemjeHue OGonee Tiy-
60KOo cBa3aTbh Tabauuy MeHnemeeBa C npo6leMaMud reoxumude-
CKOro xapakrtepa. Ha nomows Ha 3TOM nyTH NpULIIK, C OZHOMH
CTOpoHB, Teé paboTH (Oddo, Harkins’a, Meitner, BepH a -
CKOro), KOTOpbie MbITANUCh CBA34Tb pacnpocTpaHeHue C psaaoM
CBOeOoOpa3HBIX YepT CTpoenw#ss sApa, ¢ [Apyroi — pa6oTh YUCTO
reOX¥MMUYecKOro XapakTepa, B KOTOPHIX HaMeyajucb 3aKOHHOCTH
. HaOnoAaTebHOrO -Xapakrepa. K mocsepHuM mnpuHajpnexaT MNpexje
BCero paGoThl BallUMHrTOHa M MOM, U HA HUX S OCTAHOBIIO
. CBO€ BHMMaHMe, TOrga Kak K BOIPOCAM MHTPAaTOMUCTHYECKOro xa-
paKkTepa mepeiay mno3gHee, B caeayolux naparpadax.

§ 31. Pa6otn Bamuurtona (53).

B 1920 r. BawMHTITOH Jan HOBYK KiacCudukKauuio 3jaemMeH-
TOB B CBA3M C MeHpeneeBckoif Tatauuer. I[lo ero mHeHuio, Bce
3/IEMEHTH JEeNATCS Ha [Be TIpynnsl, U3 KOuX ofiHa O6GHUMaeT Gojee
nerkue Haubo0Jiee pacNpPOCTPAHEHHBIE 3JIEMEHTH, 06pa3ylolue rop-
_Hble moponsl, a BTOpasd COCTOUT M3 GOjiee pPeiKuX TSKeNblXx MeTan-
0B, 0O NpeuMylecTsy o00pa3ylouMx pyAaHble cKonneHus. B TO
BpeMs KakK BeDXHue pansl MengeneeBCKoW Talbnauubl COioills CO-
CTOST W3 BIEMEHTOB MEPBOH I'PYNNN—IETPOreHUYECKUX, 3NEeMEHTHI
BTOPOM rpymnbl—MeTaXIorTeHMyeCKue—LUeJIMKOM COCTABJISIIOT HUXKHUE
psasl ta6auubl. [0 cepeauHe ecTh 061aCTb, Tae 3T SAEMEHTH
B3aMMHO CMELUMBAKTCA, HO BCE XK€ HaCTOJIbKO 3aKOHOMEpHO, 4YTO
€Cii¥ MX OTJAeJUTb ZPYr OT Apyra XWPHOW JIMHUEW, TO Mbl MOJYYUM
KapTUHY, BIOJHE CHUMMETPUMUYHYIO, TIPUBOOMMYI0 HUXKE Ha Ta-
Onune XXIX. BaWWHITOH CKJIOHeH BHUAETb B 3TOM [EJeHHHU
BeChbMa CYLIECTBEHHBI NPUPOAHLIN IpOLECC: METPOreHuyeckue aJe-
MEHTH BCTPEUYAlOTCSl OObLIYHO B IMEpPBUYHBIX MUHEpanax, o6pa3ylo-
ClIMX OKWUCIBI, CHJIMKATH, QIIOOpUALI M XJIOPUMAbI, HMUKOrJAA WIKM OYEHb
penko 0G6Gpa3ylT CyiIbQUAb, CeJeHudbl, TENIypPUab, apCeHUusl,
AHTUMOHMIB, OpPOMHUAB MJM HOAWMAB. 3a HUCKIIUYEeHUeM Kkeje3a
U HUKKens OHM HUKOrja He BCTpevyalTcs B CaMOpPOJAHOM BHJE.
MeTannoreHW4YeCKue 3JIeMEHTHl, ¢ APYroi CTOPOHH, OOCLIYHO B Ka-
yecTBe MPUPOAHBIX MEPBUYHHIX Tea O0O0pa3ylT Kak pa3 Te QOpMbl
coeMHeHUH, KOTOpbLIe BwIUE OTMeYeHbl KAaK HeCyWeCTBYIoLMe s
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neTporeHnyecKux ajnemMeHTOB. OHM OY€Hb YACTO BCTPEYAITCH B BUe
CaMOPOJHHIX TE€J; MO MHEHMIO BamuHrToHa, M BNOJHe ChHpa-
BeNJIMBOMY, 3TH MOAO0XKEHHUS BLIJEPKHUBAIOTCA HE BIIOJAHE TOYHO, HO
B 06ileM HameuyaioT COGOI0 OMpejeNeHHYI0 NPUPOAHYI0 3aKOHHOCTb.

[lpuBoxy Huxe Tabiuuy BamuHrtoHa ¢ HEKOTOpPHMU M3Me-
HEHWSIMK, COrjlaCHO HOBHM AaHHHIM. B BUAy TOro, YTO B HacTOsllee
BpeMsi, Onarofaps pa6otam Coster'a m Hevesy, BHSACHWIOCSH,
4TO BCe pegKue 3eMnu AOKHbB ObLITb NOMEWeHH B OfHY KIIeTKY
noa Y, Torga Kak KieTKa mnepejl Bonb@paMoM JOMKHA OLITh 3aHATA
HOBHM 37ieMeHTOM — radHueMm, aHanNOroMm LUPKOHUS, ABa psaa CTa-
PHIX CMCTEM COKpalllaloTCad U MojyyaeTcs GoJjiee CTPOWHAA KapTwuHa,
u300paxeHHas Ha tadnuue. CoxpaHss MOJOXKEHAE XWUPHOH JIMHUK
no BammuHurToHny, Mol ocrasnsem Taum W cpeau MeTamMyecKux
3JIEMEHTOB, TOr4a KakK IO reoXumMuyeckou nmnpupoge Obao Obl Npa-
BHJIbHEE MX OTHECTH K BEpXHe# rpynmne, 6aarofaps yemy Hony4yaeTcs
etje Oonbiuasi cummeTpus. [Ipegnaraemoe u3ameHeHue MHOIO OTMEYEHO
B Talbnuue MNyHKTHPOM.

Hurrnu npogomkaeT v yrayOisieT Teopuid BamIMHITOHA,
NpUYEM MBITAETCS pAaTh OOGDBACHEHME [BOWCTBEHHOU mNpupope 3je-
MEHTOB; OH OTMeyaeT, YTO BSJIEMEHTH MeTa/UIOreHMYyeCKoro psjaa
NOCTPOEHH MO Gojee KOHZEHCHPOBAHHOW cUCTEMe, GJarofapss uyemy
W AOMKHB HAaKamausaTbCAd B GOJbLIMX TIYOUHAX.

KOHeyHO ujaeM BalIMHrTOHA BHOOJAHE INpPaBUIbHBE, HO WM
MOXHO JaTb W WHYIO BHELIHIOW (GOPMY, U HMHOE TOJIKOBAHMe.

CoBepllleHHO HE3aBUCHMMO OT BalWuMHTITOHa MHOIO Obisa flaHa
CXeMa reoxMmuyeckoid Tabmuusl Ha ¢oHe 3aKOoHa MeHpOelee Ba,
M 3Ta cXema, TOJbKO B APYroM BHeIIHeM IIOCTPOEHHHM, HameyaeT
Ty Xe 3aKOHHOCTb. K mMoum paboTam, M3JIOXKEHHbBIM BO BBegeHWH
k «[eoxumunu Poccumn», 1 ¥ nepeipy B JaibHEHLIEM,

§ 32. Pa6ots A. E. ®epcmana (54).

Mou wupen Obiin MU3NO0XKeHH B «l'eoxumum Poccuu», mnpuyem
 WCXOAMJI B CBOMX B3MIsijaX M3 MNpPEeACTaBJEHWH, BeCbMa OJM3KHUX
K uaeaMm BamwuuHrrToHa., YroOH siCHee BHIPA3UTh 3TU 3aKOHHOCTH,
HeoO6XoaumMo OGoJiee OIpENeNIeHHO CBA3aTh UX ¢ MeHaeneeBCcKon
tabnuuei. [lng sToif uenu s nomewa Huxe Tabnuuy MeHpe-
neeBa NMPUOIN3UTENBHO B TOM BHJe, KaK OHZ Obina [aHa ee aBToO-
pPOM B OJHOM M3 INepBbIX MeMyapoB O MepUOAHYECKHX CBOMCTBaAX
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3JIEMEHTOB, T. €. rje COeAMHEeHbi 4YeTHHEe W HeuyeTHble PsAabl B NJIMH-
Hble MepPHOJbI. |

B ocHoBy TaGmuubl a Gepy mnocnegHue W3BECTHHE MHE JlaHHbie
O MNpUpojJe 3JIEMEHTOB M MX B3aUMHHX OTHOLIeHUsX. B moell Ta-
6iule B FOPU3OHTANbHOM psfe 1 —2 pacnonoxeHH 3JIeMeHTH MNo-
psakoBbiX HoMepoB 1 —10; B pagax 3 — 4 mnopsiKOBbie HOMeEpa
11 — 28; B pagax 5 —6 NopsaKOoBHEe Homepa 29 — 46; B psaax
7 —9 nopaaxoeHe HoOmepa 47 —-78; npvuem Ha JONI0 peliKHUX 3e-
Mellb MPUXOAATCS HOMepa 57 — 71; HakOHel, Ha [AO0JI0 paauoax-
TUBHbIX 3JIEMEHTOB MNPUXOAATCA HOMepa 81-— 92, OKaHuMBawUIHECA
ypaHoM. HeusBecTHHIMH OCTaIOTCS YeThHpe 2AEMEHTa C MNOPSAAKO-
BbIMW HOMepamu 43, 75, 85, 87.

3HAYUTENbHOEe YUCNO 3JeMEHTAPHHIX SiYeeK BK/OYaeT B cebs
CepuId M30TOIIOB.

B TtakoM Buae 3Ta Ta0AMLa [aeTcs MHOI Ha cTp. 69, npuuem
B Helf 3JIeMeHTH 6e3pa3/IMYHOro XapaKkTepa He OTMEUEeHB HUYEM, 3Jie-
MEHTH KMCJIbIX MarmM HaOpaHbl XHUPHO, a B KJeTKax 3JIeMEHTOB
OCHOBHBIX MOPOJ IOCTaBJIEHA HaBepXy 4epTa, Npu4eM ABOMHAS JiH-
HHS BKIIOUAET 3JIeMEHTH YIbTPAOCHOBHBHIX Marm.

Ananu3a nonyyeHHOro B TaljMvue pachnpefelieHUss 3JIeMEeHTOB
BeCbMa XapaKTepeH U MO3BOJNSET HAMETUTL PAJ 3aKOHHOCTEW, KO-
TOpHE [0 CUX MOp He MOAMeYaJIiCb MpPH H3YUEHHUM ISTUX ABJIECHUH
W KOTOpbi€ JHlIb BCKONb3b, B HesacHo d&opme, noametun Car-
nelley B 1884 r. niu 4acTbio, OJHOBPEMEHHO CO MHOIO, ObiIM Bbl-
CKa3aHbl COBeplweHHO He3aBucumo Harkinsom (1917 1) u
Clarke (1920 r.). | '

Bcs TabGnvua pa36uTa MHOIO XUDHBIMM JUMHUAMU HA Tpu OOJIb-
WIKX NoJig, KOTOphe % YCJIOBHO Ha3biBald) MOJMAMH: O OBLIYHB M
(BepxHee), XMAbHHM (HUXHEE JleBOe) M KUCIBM (HUXKHee
paBoe).

Kaxnoe M3 3TUX HaMMEHOBAaHMI OCHOBHLIB2ETC HAa CHEAYIOUIMX
COO0paAXEHUSX :

O6HYHOe noae, KOHYAOLIEECS HUKKeneM, KOOAIbTOM M Xe-
NIe30M, XapakKTepusyeTcss Tpemsi TUOAMM 3JIeMEHTOB, HauyUHasAChb
C 3JIeME@HTOB KMCJOro THMa COBMECTHO C GMOXUMHYECKHMMH, foche
Na nepexoauT K 3JeMeHTaM MO NpeUMyliecTBY 30HH Sima,
a HauuHasg ¢ Ti—K 31eMeHTaM nepexofHnlx o6nactei 30HH Sima

M Nife.
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B 5To mojie BXOASAT MOYTH MCKIIOUMTENbHO OYeHb pacrpocTpa-
HeHHble 3ieMeHThl, U, eCld UCKNIOUYATL ON1aropoaHbe ra3sl U CKaH-
nmi, To Tonbko A Co cpegHee comepxaHue OypeT Huxe '3.10-3.
Hao6GopoT cpea¥ 3JE€MEHTOB, He NpUHAAIEXKALMX K 3TOMY MO0,
MH HaxoouMm TOJBKO Br, Sr u Ba, KOTOpHe HeCKOJbKO COnu-
KAWTCA KOAMUYECTBEHHO C cofiepxaHueM KO0O6ajibTa; BCe OCTajibHbIE
BCTPEYAIDTCS BO MHOTO pa3 MeHbUIUX KOJMYECTBaX.

3TUM NojI0¥EHHUEM BIMOJHE ONpPAaBALIBAETCS HAUMEHOBaHWE 3TOro
noasi OOBLIYHBIM,

OueHp nWOONBITHBIM SBASETCA TO, YTO MOAaBAsIOLIee OONbILNH-
CTBO 3JIeMeHTOS THUNA CpPefHUX W OCHOBHBIX TIOPOJA HpHHHHHE}I{ET
KaK pa3 K OOLYHOMY MO0, M, Takum 06pa3om, Kak ooluiee npa-
BUJIO MOXeT OublThb NPUHATO, 4YTO 37eMEHTH 30HbH Sima C nepe-
xogom K Nife (a He Sal) orBevaloT G6aMXe BCero KapTUHE pac-
NpOCTPaHEeHHOCTH 3JIEMEHTOB B 3€MHOW KOpe.

I1Ba HMXHUX NOJA Pe3KO NPOTHUBONONOXHH NPYF APYrY, COCTOS
OAWHAKOBO K3 SJIEMEHTOB, NMPUHUMAIOLKX Manyilo poJib B reoOXuMu-
YECKHX Mpoleccax 3eMIW; OHM OTAUYAITCS TEM, YTO JeBoe CO-
CTOMT U3 MeTa//IOB PE3KO BHIPAKEHHOrO 3IeKTPONONO¥KUTENbHOrO
XapakTepa, o06pa3yolUnx YCTOWYMBHE COeIMHEHUs C Cepolo, a mpa-
BOE — K3 MeTaMIOB KUCIOTHOro XapakTepa, He o00pasyouux co-
eUHEeHUH ¢ cepOlo (MIM 00pa3yloulnx, HO PEeAKO) M -yCTOHYMBHX
B (popme KuUCAOPOAHLIX COeAMHEHMH. TennoTH COeAWHEHHUN SIBASIOTCA
MAKCUMAJbHbIMU TSI MEepBuiX C Cepoio, AN BTOPHIX—C KHUCJIOPOAOM.

Tonbko cpaBHUTEIBLHO HEMHOrHE 3JIEMEHThl B Kax[IOM M3 3THX
nojieii HapywaloT 3TW TUNUYHBIE CBOKCTBA, YTO OCOOEHHO Xapak-
tepuo ans VII v VIII rpynn. B o6wem, ofHaKo, MCKIIOYEHUNH HE
MHOTO.

Jlepoe mOJ€ OTBEYAET TEM XMMHYECKUM BJleMeHTaM, KOTOphe
Mbl 3HaeM B 3EMHOW KOpe B BHIE CEPHUCTHIX COefWHEHWH, OOBIUYHO
NpUYpPOUEHHBX K JKUIbHBIM TPOUECccaMm, AUCHOKALMSAM, BbieNeHUsM
CePHUCThIX (QyMapol M T. L. CBa3b 3THUX 3JIEMEHTOB C OIpeAeneH-
HHNM THUIOM MA4rM He MOXeT ObiTb HaMeyeHa; CKopee OHM HOCAT
Ge3pa3/uyHbli XaPaKTep, XOTS OfHM U3 HUX, Hanp., Au, As, Bi, Sn, Cu
6onee OObLIYHH AJF KHCIHX MOpof, apyrue, kak Ag, Pb, Zn,— ajd
nopoa cpeaHeii KMCIOTHOCTH. B oOuiem, OHAKO, He CMOTPS Ha GOJb-
Y0 pacTBOPUMOCTb CEPHUCTHX COEJMHEHWH B MarmMax OCHOBHOrO
THNA, M fomiHbl, cornacHo De-Launay, ckopee cBi3biBaTbh BCIO
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3Ty Tpynny XUMHUYECKHX 3JIEMEHTOB C KWCJILIMHA WIH CPEAHMMM I10-
ponamMu, 4em C ray0uMHHO- OCHOBHBIMH.

He MeHee 3aMKHYTYI0 rpymnmny B camMuxX ceGe COCTaBIAOT 3Jje-
MEHTH IIPAaBOTlO KHCAOTO Noas. 3a HEMHOTMMH UCKIIOYEHHSIMHU
nepeg HaMHM THUIIMYHBIE 3/IEMEHThl KHUCALIX HeJIOYHO-3eMEeNbHBIX rpa-
HUTHBIX marMm. [loguepkHyThie 31eMeHTH BCed NpaBOH MMOJIOBUHBL
Hawel TaObnuubl [2I0T HAM TUNWYHYIO KapTUHY TP2HUTHLIX Nerma-
TUTOB, ¥ NOTOMY 3TO noJe elle 6oJiee XapaKTepHO OOHUMAET CO60I0
9JIEMEHTHl OfIHONO M TOro Ke napareHeTHYeCKoro pspa.

Takum o6pa3om npu HabGmofeHuu MeHeneeBCKOW Taonuup Mbl
yCTaHaB/IUBAEM W3BEeCTHYI0O 3aKOHOMEPHOCTb pacnpefiejsieHus B Hew
yeTolpex (MM DATH, €CAU BHIAGJNUTb YIbTPAOCHOBHYIO) TIPYIII. 3Je-
MEHTOB, T. €. TeX TUMUYECKHX reoXMMHYECKHMX accoumalui, KOTo-
pbié MbH YCTAHOBMIM HAa OCHOBaHWMU CYMMHPOB@HMA OTAECJNbLHBIX Ha-
6nojeHuii, ¥ aHalu3a MUHePaNbHbLIX accouudaunidi B Nopojgax pas-
JIMYHOU KHUCIOTHOCTH.

Ecnu mocmoTpeTh riayOxe Ha NPUpoay MOMX Tpex IoJjied, TO He
TpyAHO OyaeT BUAETb OTPOMHOE CXOJCTBO, @ B HEKOTOPHIX 4aCTAX
M TOXAEeCTBO C uaesMu BamuHrToHa U Julib GopmMa KX OKa-
3ajlacb pa3/MYyHOM.

[loyTr BIHOJHE COBNafgaeT MO€ MeTajnyecKoe moje C rpynnoiw
MeTa/IOreHnYeCKMX 3JieMeHTOB BaWIMHITOHA; pa3nvuve NHlb
B Ta u W, KOTOpHE 1 OTHOWY He K MeTallU4yecKoil rpynmne, 4To
Y MeHs HeCOMHEHHO IpaBuJibHee,4yeM y BalWIMHITOH2, TaK Kak
y Hero [Asa 3J]eMeHTa, NOCTOSHHO BCTpeyvaloljuecss BMecTe, OKa3a-
nuch pa3peneHHbiMd (Ta M Nb, oruacty W u Mo). Bcs rpynna netpo-
TeHU4YeCKUX DJIEMEHTOB COBepllIeHHO OTBeYaeT MOMX MOJSIM: OOBIKHO-
BEHHOMY M KUCJOMY BMECTe; pa3Hula 3aKJIK4daeTCs JHlIb B TOM,
4YTO BCIO 3TY rpynny 3JIEMEHTOB s NOApa3fensld Ha 3JIEMEHTH, CBS-
3aHHbBle ¢ KHCJABIMM MarmamMy W C OCHOBHBIMH; [IOC/HE€JHHE ULETHKOM
neraM B noje OObIYHOE,

§ 33. Mcxoas U3 3TUX JaHHBIX, Mbl MOXEM CBECTU CBSI3b MEX]Y
pacnpepaejieHUEeM 3JIEMEHTOB U NePUOAHNYECKOK CH-
cTemolo MeHjeneepa K ChnenymoudMm OCHOBHBIM IyHKTaM:

1. Tabnuua MeHpReseeBa JaeT BHPAXKEHHE PARY 3aKOHHOCTEH
B pacrnpejefneHu 3JeMeHTOB B 3eMHOM KOpe M BEepPOATHO Ha BCEW
3emM/ie ¥ B METEOpHTAaXx.
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2, TlpeoOnanawiyas poib Ha 3eMje U B MeTeopUTax NpuHaaIe-
WHUT TOJbKO MNEpPBbIM [AByM OOJbUIMM MEPHOAAM TAOMULK, COCTABASIO-
MM KakK Obl noast HauboJiee pacnpoCTPaHeHHBX, Haubojee OO0HYHBIX
3JlIeMEeHTapHHX Ten.

3. B o6uiem cpegHee paclnpoCTpPaHeHHe 3JIEMEeHTOB B KaXAOH
BePTUKAJLHOW TpyNne cHayana OLICTPO pacTeT, NOTOM, JOCTHUTHYB
MakKCMMymMa B TpeTbeéM WIM YeTBEPTOM MajioM nepuoae, OLICTPO
cnajaer.

4, JnemMeHTH Imocie 28 Homepa MOryT ObTb ¢ reoXUMHUYECKOH
TOYKHM 3peHusi pa30MTbl HA ABa NONA.

5. MNone ¥3 MeTaNNIMyecKuX SJAeMEHTOB BKIWOYaeT B cele MOYTH
BCE TAXENbe METajUlbl, HOCUT OMNpeJeNeHHO XapaKTep 3JeKTPOoINoJo-
XKUTENbHblH ¥, 3aHUMasi B MeHaeneeBCKoi TabGnuile CTPOro onpene-
JIeHHOe MEeCTO, BMOJHE OTBeyaeT 0C000if rpymnne — «METaJIOreHH!-
yecKoi» B miuesXx BamwuMHrTOHa.

© 6. [lone Taxenbix 3NeKTPOOTPULATENLHBIX 3AEMEHTOB 3aHUMAET
B MeHjeseeBCKOM TaOiuLe BMOJIHE 3aMKHYTOE MeCTO U XapakTepu-
CTUYHO ANt KUCABIX TIOPO[.

7. Ecnu nojae KMCaoe XapakTepHOo /sl 60Jiee MOBePXHOCTHH X 30H,
oco6eHHOo Sal, TO nojoxeHue Iojsi MeTa/mM4eCKoro MeHee onpeje-
NIeHHO B 3eMHbIX 000JIOUKaxX M JiHlib C HeKOTOPOK BEPOSTHOCTBIO
MO¥ET ObiTb OTHECEHO K CYJbOUAHON a6onouke NonbAWIMUATA.

8. Ilone o0ObIYHOE (CaMOI0 IIOCNEeA0BATENbHOCTHIO 3JIEMEHTOB OT
Ne 1 go Ne 28 kak Obl HameyaeT CO00I0 MOCTeneHHOe YBelIUveHHue
3NeMeHTa C FIyOMHOIO, HauuHas C aTMocgepbl ¥ KOHY2s rpynmoio
CpelHMX M OCHOBHBIX NOpPOJ C MeTaunyeckum siapom M3 Fe u Ni.

9. lNocneauune aneMeHTH OGHIYHOIO NOJAS ONpefeNsioT Co60 TH-
NAWYHBIA BAJIOBOW COCTAB METEOPMTOB.

10. llomumMo BHLIENEPEUYNCIEHHBIX 3aKOHHOCTEH, CBA3LBAIOINX
reoxuMmnyeckoe pacripefejeHue 3JIEMEHTOB Ha 3eMJle M B MeTeOopH-
Tax C Menpeneesckoit TaOnuuey, €CTb euie psig APYTUX, OCHOBbI-
BalOLUX TY XK€ CBA3b HA CPABHHUTEILHOM M3Y4Y€HUM CTPOEHHS aTO-
MOB (ueMy nOCBAWIaeTcs Chepyioluasd riaga).

B. PacnpepgeneHue 3JeMEeHTOR MU CTPOEHHME aTOMa.

§ 34. HeCOMHEHHO, YyTO OOHM U3 CaAMBIX MHTEPECHBIX 060G6IIEHMIA
re0OXUMHH NOCJIEAHErO BpEMEHU CBA3aHbI C MonuiTKaMu CBA3aThb pacnpe-
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fieJieHHe 3JIEMEHTOB C COBDEMEHHHIMM B3rJIsilaMM Ha CTPOeHWe Mma-
Tepuu. ITO OB1 B CYUWHOCTH TOT X€ NYTbh, KOTOPHI# HaMeTUIR
Crookes u Lokayer B umesx 3BOJIOLMM BelllecTBa, HO ceifyac
3TOT IyTh-—Ha OCHOBE TOYHOrO 3KCNEPMMEHTA U TOUYHBIX MaTeMa-
THYECKUX BHIKNAAO0K.

KpynHeili ar Bnepen B Gojee rny00KOM IMO3HaHUM 3aKOHHOCTEH
pacnpOCTpaHeHUst 3JIEMEHTOB npeactrasuyia paboTa npogeccopa Xu-
muu B [lanepmo Oddo, korTopas, XOTS M He [aja HHKaKOro
00bsiCHeH!si TIOAMEYEHHbLIM 3aKOHHOCTSM, TEM He MeHee eilye A0 nep-
BbIX o6o6wennt Harkins’a (1916 —1921 rr.) ycraHoBuna psn
ocoGeHHOCTed KnepKOBCKU X yucen. Yxe JaBHO ObUIO K3BECTHO,
YTO aTOMHbIE YUCHIA SIBASAIOTCS KPAaTHBIMUA YeThipeX uin Boobule 01u3KU
K HUM, O yeM Mbl MMeeM Uuenblii pag uacTo GopmasibHEX coobpaxe-
HHUii (55). O6bIYHO BIMTEpATYPE OTMEUaNoCh, YTO 3JIEMEHTHI IT0 ATOMHBIM
BECAM MPEUMYLIECTBEHHO MpeacTasaaioT 4q unu 4q—1 (vm 4q -+ 3,
YTO TO Xe camoe). OCHOBLIBAsICh HA 3THUX [ABHO OTMEUYEHHHX JaH-
HoiX, Oddo ykKasan Ha 3HAYUTENbHYIO pacnprTpaHEHHntTh cpenn
KIepKOBCKMKX u4UCel 38MHOH KOpbH aTOMOB KpPaTHHX 4YeThipex,
MpuyeM OTMETHNI, YTO He MOAYMHSIOWMECT 3TOMY AOBOJILHO pacnpo-
cTpaHeHHbie atombl Na, Ba, Mn, N u F cocrasisiioT B CyMM€é BCero
okono 2,54%0 W OTKIOHAIOTCH OT 4Q HZ YWUCO, 6OJblliee ERHULbIL
Ecau npuHATL MUHUMYM OTKIOHeHus oT uudpni 4 B 0,32, TO Cymma
BeCOB TaKWX OTKIOHSKIIMXCA B 3eMHOM KOpe 3JIEMEHTOB COCTaBHUT
avwb 13,549/, npuuem 86,5%0 npuxoguTCsd Ha 3JEeMEHTH Tua 4q.
B 3akmouenue aTux coobpaxenuit O d d o ropopuT: «man Kann diese
Beziehungén fir ein zufilliges Zusammentreffen halten—oder aber
solite man auch die nichtradioactive Elemente als selbstindige Kon-
densationsprodukte von Heliumatomen betrachten dirfen?» (56).
| OTW COBepLIEHHO CrpaBeiuBbie MAeH, KaK Mb YBUAUM [alblue,
MOBNEKIW 32 €060 LeNbiid psafi OuYeHb MOOONBITHHX COOOpPaXEeHUH
aMmepukKaHckoro xumuka Harkins'a (1915—1921 rr.).

Euie 6nmxe cTan MOAXOAUTH K Haiie# npobneme Curt Schmidt
aBTOp HeOONbLIOH KHMXKM O NnepuonvecKol cucteme 3JIEMEHTOB,
nocesimenHoii Meupeneesy (1917 r.), u aBTOp BEChbMa JHOGO-
MEITHOW, XOTsl MHOTAA M HEMHOro JIOGMTENbCKOW cTaThbu B Zeitschr.
f. anorg. Chemie (1918 r.) (57).

OcHoBHas upes Ulmupgrta 3akmoyaercs B GOPMUPOBAHUU TH-
WENbX 3JIEMEHTOB U3 [epBUYHOTrO BellecTBa, IIpUYEM OH MPSAMO
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OTMeYaeT, ccbhyadch Ha paboTh Clarke, yTO /s BLISCHEHUS TEO-
PUM pa3BUTHUA (MHTErpauMu) XMMHUYECKMX 3JIEMEHTOB BecbMa 60/b-
IJ0€ 3HayeHUe TNPeAcTaBAsioT LUMPpPbH OTHOCHTENbHONH pacnpocTpa-
HEHHOCTH XUMUYECKHMX 3JeMEHTOB B [pUpone, TaK KakK «TOJbKO
NoCA€AHUEe MOryT AaTb HaJE€WHbLIH KPUTEpUMHA ISt CyxJeHWs O 0po-
AOJKHMTENbHOCTA YXU3HU 3JI€MEHTOB M OTKPHTb Ham 3aKOHb Teye-
HHs1 TpolLecca MHTEerpaluu».

YXe U3 3TUX CJIOB Mbl BUAMM, YTO, B IPOTHUBOMOJIONKHOCTb APY-
rumMm ugeam, IMupaT paccmaTpuBaeT npupoay, KaKk HOpMasibHbil
MpOLECcC MHTerpauuu, GOpPMUPOBAHUSI TSWeJIbIX B3JIEMEHTOB M3 OoJiee
JETKMX, npuyeMm, IO €ro MHEHMI, 9TOT TIpouecc TOJbLKO MAET
W COCTaB HalJojaeMbli 3eMHOI KOpbl onpenenseT eue MOJAOAYI0
CTalunw QOpPMHUPOBAHUS 3JIEMEHTOB; MMEIOUIMiics B NMpUpoae BO-
NIOPOA — 3TO OCTATOK, €ll[e He YCHeBIIWii KOHAEHCMpoBaThcs B 00-
nee CJIOXKHbIe CUCTEeMbl; pPaJnOaKTHUBHLIE BellecTBa — 3TO CTapble,
paHee O0pa30BaBIIMECH aTOMbI, €lieé He YCIeBLIWe Ppas3yoKUThC.
Kak naneko OyfleT MTTU OTOT Mpowecc — crnpawnpaer LLIMuUAT
Heé Haxojasl OTBeTa. |

B cBoem kocmuuecKkom MHMPOBO33pEHWM OH CTOMUT AOBOJBLHO OJM-
HOKO; mia Clarke, cyas mo ero OCTOpOXHHM ¢pa3am, MMUp Haxo-
AUTCHA B COCTOAHUM paBHOBecus; i HepHCTa rnasHasd 4yacTb [IpU-
POAHBIX TMpOLEeCCOB CBA3aHa C pacnagom, T. €. H3JyueHuem, HO
u HepHcT cTaHOBMTCS ompejeneHHO HAa TOYKY 3peHUsi MUPOBOro
paBHOBeCUS, CTALUOHAPHOr0 COCTOSIHMS COBPEMEHHOr0 KOCMOCa.

Mneu HepHcTa, cBefeHHbie B 1921 r. B ero npeKkpacHOW KHUre
0 MMDPO3[aHWHU, TOJbKO YAaCTHYHO KacaloTca Haweil Tembl. st HEro
OAMHAKOBO BO3MOXHH ClyyalHble CTONKHOBEHHUS aTOMOB C 3apoXxne-
HUEM TSKENblX 3JEMEHTOB, MOXeT OHTb Bhbllle, YyemM YHUCIO0 ypaHa
(uucino M — 92); nng Hero, 0HaKo, U3yyaempiil MUP eCTb MUP U3JTy4E€HHUS
He SHepruuM, a MacCh, MHUP NOCTEMNEeHHOro paciaja MaTepuu C ee
npeBpalieHuemM B 3HEPrul M3NyyeHusi. B xkege3nblX U KaMeHHHIX
METEOPUTAX OH BHAUT (QOPMH HAKOIUIEHUA 6ojiee YCTOWUYMBBHIX aTO-
MOB, NpUYyeM B CTOJIb PACIPOCTPAHEHHOM B MUPO3JaHBM XKejle3€e OH
BUAUT <3JIEMEHT C MUCKIIOYUTENLHO OONbLIOK MNPOAOHXKUTENbHOCTLIO
KU3HU, KaK Obl CBOEro pofa TOYKY OTAhXa B UCTOPMU PaAMOaKTHB-
HOr0 pacnajga 3JIEeMEeHTOB».

O pa6otax HepHcTa, AppeHuyca v Op. B 3TOM Hanpasie-
HUM CM. Janblue B rjaee XIl.



76

51 He Oyny noKa pajnee OCTAH3BIMBATLCS HA MHOrOYMCIEHHOW
anTepaTtype 4ucTo Quanyeckoro XapaKkTepa, B KOTOpO#,” TO TYT
TO TaMmM NPOCKanb3biBAOT HMAEH CBA3M CTPOEHMS aTOMa C BOMPOCAMH
reoxXumud u Kocmoxumuu (58): TakoBbl Hameku Kossel's ¢ ero
NMOAYEPKUBAHMEM YJIEHOB, NMOCTPOEHHBIX MO Tuny 4q (T. e. C aToOM-
HBIMU B€CaMM KpaTHbiMM 4) U C OYEHb SPKHUM pa3Jie/ieHHeM YETHHIX
M HEYeTHbIX psajxoB MeHpeneesckoil Tabimuubi; Lise Meitner ¢ ee
HEOObYaifHO WU3SILHLIM O0O0bsACHEHUEM, IMOuyeMy OOJbLIEI0 YCTOHYH-
BOCTbIO AOJIKHbI OTAMYATHLCA 3JEMEHTH C YeTHbIM NOPAAKOBHM YH-
ciom; pab6ors nocnegnwux setr Oddo Hag eCTeCTBEHHOK TpyNNu-
pPOBKOIO 37eMeHTOB B MeHaeneeBckoii Tabnuue M psAx APYTUX.

§ 35. Bce 3TH “peud, ogHOBpeMeHHO BCOABIBABUIKE B DPA3HBIX
MeCTax Yy Pa3pO3HEHHBX BOHHOI Hay4HbIX [esTene#, BO3HHKIIME
M Y MEHA B MOUX CaMOCTOsTeNbHHX padoTax KoHua 1921 r., no-
ny4Yusn HauGosiee ApKOe BbIpAXEHHUE B TANAHTAUBLIX, HO He BCerja
JOCTATOUHO CMOKOWHHIX MO M3/J0XEHHI0 padoTax npodeccopa Pu-
3UYeCKOr xumuM B “ukaro Harkins'a, KoTopbii, HauMHas ¢ 1915 r.
no 1921 r. B page paGoT pan OnecTsdilee OCBeljeHue BONpPOCY
O CBfIBM CTPOEHHA sfipa C BOMPOCAMM IeOXMMHH M ACTPOXUMHHU:
HaJ0, OHAKO, OTAATb CMPaBENJIMBOCTb, YTO MHOTUE U3 NOCTPOEHUH
Harkins’a HeckoJbKO MCKYCCTBEHHB M W3JIMILHE YCHOXHSIOT 3aBU-
CMMOCTH, KOTOpHE B CBOE{l OCHOBE BepHO ObIIM MOAMEYEHB MM,

[lonbiTalock cBecTu npeacrasiedus Harkins'a K HeCKOJbKYM
rnaBHEHLUMM MYHKTaM, [pUyYeM JOMKEH OTMETUTb, UTO OCHOBHOM
XO[ €ro paccyxjeHus Ttaxkos (59) (61):

«OTHOCUTENIbHOE pacnpoCTpaHEeHWe BUAOB 3JEMEHTOB C HU3KHUMHU
aTOMHBIMU BeCaMd MOXET ObiTh MCTOJKOBaHO, KaK nokasatesib (OT-
HOCUTENbHBIK) “X OTHOCUTENbHOH YCTOWUMBOCTH» —TaK  TJIACUT
ero fepsoe moJjgxkeHue. BTopoe MONOXEHHE, BHITEKalollee U3 BCEX
ero paGoT, MOxeT ObiThb BHIPAXEHO TaK: «XapaKTep CTPOeHUs aToMa
3JIEMEHTa MOpefonpeaenseT ero yCTOMYMBOCTb M TEM CaMbiM CBA3aH
C KOAuU4yeCTBEHHbIM pacrnpocTpaHEHHEM B3JIEMEHTZ B MU PO3AaHHH>,
XapaKTep Xe aToMa B o6ileM onpefieseTcs ero aTOMHbM BeCoM (P),
ero mopsiAKoBHM uMCJIOM (M—uucio Mo3ene a) u, B TPEThHUX, 0OCO-
GeHHBIM YHUCIOM, KOTOpOe HBIAETCS HH uYeM HHbIM, KaK 4uC/IOM
HeWTpanbHHX 3neMeHTOB B siape (N—P—M). K coxanenuio, 1 3TH
npocroie moHaTud Harkins Hepegko YCIOXHsieT psgoM Iepe-
YUCJIEHUK U TeperpymnmnupoBOK, HU4Yero OOJIbLUEro Mo CyuiecTBy He
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RAOWKUX, NMpUYEeM A 4YaCTM CBOMX PaCCYXAEHWIT OH GepeT HacTos-
ljee HM30TOMHYecKoe Yucno n=P—2M. Jlyymium BHpaXeHueM
KOJNMYECTBEHHOTO pacnpoCcTPaHENUd 3J1IEMEHTOB B MUPO3RaHUM Bpsj JiN
MOXET CHyxuTb, no muHesuio Harkins’a, Hama 3emHasi Kopa,
a TOJbKO KOCMUUECKHe Tena—meTeopuTH. [loaTOMy OH BCeuyeno
of6palliaeT BHMMaHWE€ Ha paclOpOCTpPaHEHHE 3NEeMEHTOB B MeETeopH-
TaxX ¥, OCHOBbiBasicb Ha pabGoTax Farrington’a, jaeT psajg nmogcye-
TOB, OQuYeHb OJM3KHUX K TEM, KOTOpPhHE MHOI0 BbllUe I[IpUBEeHH
B Tabmnax XVIII, XXV—XXVIII. B cBoux pa6oTax OH NpPUHU-
maeT aa 3emin uudpm Clarke, ans MEeTeOpuTOB BhHUMUCHSET MX
w3 paHHex Farrington’a, cuuTas, 4yto Ha 10 XeJle3HbLX NpUXO-
nuTcst 350 KamenHbiX. Bce pacueTn, ananoruyHo moum padoram,
OH BeleT B aTOMHbIX 4uCJIaX (00bEMHLIX OTHOLIEHUAX).
[I[pMBOXY HHXE TPU OCHOBHbie ero Taémuun (1921 r.):

TABJIUNLA XXXL

KoanyecTBo naTH Hanbojee pacnpoCTpaHeHHbiX
B METEOPHTAX 3JIEeMEeHTOB.

=

——

IJJIeMeHTHhl. | Konuu,

TEE \ 9,86 | 12 | 24 | 12 105

..} 13,82 [ 14 | 28 14 |05

& L ah 146 | 16 | 32 | 16 |05
Fes6 . . . . . | 1228 | 26 | 56 | 30 | 0,536
‘Cymma . .| 90,58 ‘ I

TABJIHUUA XXXIL
Knaccudukanms M30TONOB NO YETHLIM 4 Hede THBIM ynciaM (B METEOpHTaX)

— —_— . - e e 1 e e —

Konuuectso (B aTom.%o). |

B 3eMH. KOpe | B METeop-
Knace 1 N yeTHoe, P  4eTHoe 86,9 93,2 |
Knacc 11 . N uyerHoe, P HeyerH. 11,2 2,0
Knacc Il . N HeveTH., P HeyeTH. 2.3 3,2
Knacc IV N HeweTH., P  uerHoe 0,0 0,0
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TABJIHUA XXXIIL.

ConepaHue (MO YHCIAY aTOMOB) 3JIEMEHTOB B METEOpPHTaX C aTOMHBLIMH
BeCaMH, KpaTHbIMH 4.

| 0.121 —
Kucnopog . . . . . . .|5316 | — (5316 | — | — | — | —
| Hatpuit . . . ... ..lo62| — |062] — | 062 — | —
| Marnwit . . . . .. . .| 98| 98| — | — | — | 1.65] 1.65
. AJIOMMHME . . . . . vl — 1121 — 12112 | — _
| Kpemmumii®. . . . . .. 1382 — (1382 | — | — | — | 1.38
| docdop . . . . .. o wll s - — | 006 = .
Cepa .« «v v ... 146 | — | 146 | — | — | — | — |
| Kamgn . . . . . — | 011 | -- | 011 ]| 011 | — — ‘
Kanabuuin . 097 | — | 097 | — - S
Tt » o won o o w 0.005| 0.005] — = _ . _
HXpOM 5 s « % & o ] 013 | — 013 | — _ — _
Mapraseyy - . . . . . . S - - — | 006| — —
HKenezos . . .. .. . |1230 | — |1230 | — — - _
| KoOGalbT « ¢ v & 2 & v « — ca - - 004 ! — | e
i ?82.46 ‘ 132 210 | 1.65| 303

[Ilpumevanue K Tabnuuye. [logqnoapasymeBaiorcs jol6ble Unucna;
ans cpasHenus Harkins nomectun B aTy-xe Tabauuy #M MOACYETH  [is
3J1 eMEHTOB, KPaTHEIX 3, M [eWCTBUTENLHO B OYeHb pe3koi Qopme BHSABUI
o HaueHue uucia 4. 3Ty TA6AMLY MHTEpeCcHO CpaBHUTH ¢ Moei Tabnuuein XVIII;
g OOWIEM OHM CXO[HBI, OTJIMYMe 3aKjuaeTcs Juwb B ToM, 4To Harkins,

Ha oCHOBaHuM pador Dempstera u cBoux, NnpMHWMaeT BO BHUMaHUE H Me-
Hee ' BAXKHBE HU30TOMHL.

Itn Tabmuubl Harkins conpoBoxjaeT LenbM DPSAOM MeJKHX
pecbMa JOGONBITHBIX 3amevyanuii. [Ipexae BCEro OH COBEPLIEHHO
Ol pefleJIeHHO BLICKAa3bIBAeTCH 3a TO, UTO HUKKesb (Ne 28) KoHyaet
CO 0010 PSR pacnpoCTPaHeHHbIX 3JIEMEHTOB METEOPUTOB; KaX[biif
YeTHHH BJIEMEHT COAEPKUTCH Gojblue, 4em I[apa COCeHUX HeyeT-
HHIX, M B KauyeCcTBe npumepa IpUBOAMT pacyeT James y,
B alke anga peakux 3emenb. PeakocTh HEOHA, IO €ro MHEHMIO, 06 -
SICHSI€TCSA " €r0 JIETKOCTEIO M YHOCOM M3 3eMHOi aTmocdepsl.
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B 3akjoueHne GaKTHYECKOHW YaCTH OH AejiaeT CleayiouiuMe 1ecThb
BHIBOJOB:

1. ATombl, B KOTOpbiX N (T. . P—M, 4ucio oTpuuaTenbHHX
9NeKTPOHOB B fApe) 4YeTHOEe, pacnpoOCTpaHeHHeeé 4YeMm Te, B KOTOPhIX
N HeyeTHOe, 0N METEOPUTOR B 33 pa3a, Alg 3eMHOK KopH B 40 pas.

2. ATOMBl, B KOTOpbiX P (P = aTOMHHI BeC) 4YeTHOe, N0 OTHO-
IIeHUI0 K HEYeTHbIM paclpocTpaHeHHee, B MeTeopuTaxXx B 18 pas,
B 3eMHOH Kope B 61/, pas.

3. ATOMH, B KOTOpbiX M (Mo3eneesckoe 4YMCI0 — NOPSANKOBLI
HOMep) 4YeTHOe, PpacnpocTpaHeHHee B MeTeopuTax B 50 pa3 u. B
3eMHOH KOpe B 8 pas.

4. AToMmbl ¢ HeyetHeiM N M yeTHBIM P copepxarcd B METeOpH-
Tax — (0,0, B nutocdepe— 0,0 u BO Bceil 3emHOIt Kope — 0,05.

5. B GONbIIMHCTBE CUIBHO PacCHIpPOCTPaHEHHBIX d4TOMOB —n;—:O,E;
a nmeHHo 80%, B meTeoputaX M 85%0 B 3emMHOI KOpe.

6. AtomHbii BeCc 13 atomoB u3 14 B Meteoputax U 85%0 B 3em-
HO# Kope AenuTcsa Ha 4.

T QakTHyecKne aaHHbl Harkins compoBoxnaeT psaaom Teo-
PeTHUYECKUX PACCYXOEHUH, CTpeMsicb N0KalsaTbh, uUTO HauboJsiee pac-
NPOCTPAHEHHBIMU SIBIAIOTCA TE€ aTOMbl, KOM Haubojiee yCTOHYMUBHI
C TOUKHM 3peHUst CTPOEHMs fApa dJleMeHTa.

B OCHOBY YCTOWYMBLIX 3JIeMEHTOB OH CTaBUT reJIMOTPYNIHI, T. €.
rpynnsl U3 4, 4yem U OODBSCHAETCS 3HauyeHue 3TOro yucjia u B Men-
jgeneesckoil Taldnuiue v B BONPOCAX pacCnpoCTPAHEHHOCTH OTAENb-
HbIX 3JIEMEHTOB. B NpOTUBONOJIOXHOCTL 3TUM aTOMam JApyrue He-
YeTHblie COAEPXAT Majo YCTOWUYMBHIE 3IJEKTPOHB U, NMOTOMY, CaMHU
HeyCTOMYNBEl WK HENONTOBEYHB. B 3TOM OTHOIMEHMA OH COBEPUIEHHO
cornaceH U ¢ PassHcom U ¢ MeiiTHep, OTMEYAWUIUMU B YacT-
HOCTM [N PaiuMOaKTHUBHOTO psiia HEAOJITOBEYHOCTh ATOMOB HEYeT-
HbIX, U3Iy4YalUUX §-JIy4u.

Bo BCAKOM Cliyyae OCHOBHAf M[ES OfNpejeneHHa M SCHA:

B npupoae Haubosiee paCnpoOCTpaHEHb 3JeMeHTH
YyCTOHUYNBHE U JoNroseuHue 1) (60).

1) B cBoux paccyxpenusx Harkins He nogmeuaeT pasiuuua MeXay
JJeMEHTaMM TOBEPXHOCTH M rayOud B 3eMHOM kope. HekoTopoe o6bsicHeHue
TeopeTUYECKUX B3ITAAJ0B HA CTPOEHME afapa y Hero u y Meitner cm. B npu-
meyaHuu (61).
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§ 36. Upen Bepuapgckoro (62).

Kak mbl Bupenu Bbillle, pe3Koe mpeo6jafaHue B 3€MHOW Kope
aTOMOB XWMHYECKHWX 3JIEMEHTOB C YE€THHMM AaTOMHBIMM UMCNAMH
O6BSCHSETCS CeYac UX MeHbIIEeo JONroBeYHOCThIo. B. BepHa -
CKWUJ¥ TNPUBOAUT J[Apyroe oODBSICHEHUE, HE CBA3aHHOE C OOoNbLUEeID
MPOAOIXKUTENbHOCTbIO CYLIECTBOBAHUSA ATOMOB C.YETHBIMH ITOJIOXKH-
TEAbHLIMH 3apsalaMu sifpa. YKa3aHusi Ha TaKyl BO3MOXHOCTb gdeT
paccesHue 31eMeHTOB. Ha 3Ty dopmy uX HaxoXJaeHus He oobpa-
AT A0CTATOYHOrO BHMUMaHMS, XOTS POJib €ro B 3eMHOH KOpe
orpomHa. [log paccesiHueM »sneMeHTa cieayeT MNOApa3yMeBaTh Te
dopMbl MX HAXOX[AEHUS, KOTOpPHE OTKPHBAIOTCA CHeKTPOCKOIH-
YECKUM, PafuOXUMMYECKHM, SNMeKTPUUECKHM IMyTeM WAKW SBJIEHUSAMU
MoMUHHUCHeHUUU, Jlnga oGBsICHEeHMSI TaKOro HaxoXOeHUs 3JeMeHTa
NMPUXOAUTCSA AONYyCKaTh CyLIeCTBOBaHUE ero B ¢opmMe aTOMOB, MHOrA
o0najaluiux 3apsaamMu; 3TU aTOMbH He OOBeUHEHBl B MOJEKYJH,
M0 KpaiiHeld Mepe B 3HAUYUTEJbHLIX KOJHYeCcTBaX, U He CBA3aHbI
C aTOMaMu [APYruX 3JeMEeHTOB. |

[lposiBieHMe TaKoOM CHOCOGHOCTM aTOMOB JOMKHO OHTb OYeHb
pPe3KO BHIpAXEHO. BO BCEX TeX SIBJIeHUAX KOCMHUYECKOM, M, B yacT-
HOCTH, MJIAHETHONU XUMUU, TOe B JOJrde TNPOMEXYTKH BpeMeHU Ha-
KannusalnTCcd Me[JIeHHBIE ¥ HUUYTOXHbIE — B39THE eJUHUYHO — IIPO-
ueccol. MM mMoXceT OBIThL OOYCIOBIMBAETCA M HAOMOJAaeMbli{ COCTaB
3eMHOH KOpbl ¥ MeTeoOpMTOB C mnpeobnagaHueM 3JIEMEHTOB C YeT-
HBIMMA ATOMHBLIMHU YWUCIAMMU. |

'pynma XUMHUYECKMX 9JIEMEHTOB, MJII KOTOPOH XapaKTepHbl sBJIe-
‘HUS paccesiHus, BCA Ha-ueno— 1009/ —cocTaBneHa U3 3HE€MEHTOB
C HEYEeTHbIMW ATOMHBLIMU uucaaMd. MOXHO yOeauTbCsi, YTO BOOOLIE
CBOMCTBO pacCeMBaHUS XapaKTepHO M/ 3JIEMEHTOB C HEYETHHIMH
ATOMHBIMU YHCIAMMU. | _

Ham wu3BecTHH ceifyac 41 3/1éMEeHT C HedyeTHBIMHM ATOMHBIMH UM -
cCllaMu. M3 HUX OTMeuyeHbl sBJIEHMS paccesHusa ans Ac, Ag, As, Au,
B, Bi, Br, Cl, Cs, Eu, F, Ga, H, Ho, Jn, J, K, La, Li, Lu, Mn,
N, Na, Pa, Pr, Rb, S¢, Tb, Tl, Tu, V u Y, T. e. 32 anemeHTa
uan 78,05%0 .BCeX TakuxX DIEMEHTOR.

JJIeMEeHTOB C YeTHBIMM aTOMHBIMH YUCJIAMKM HAM M3BeCTHO 46;
3 HUX paccesHue koHctaTuposaHo gna Ar, C, Ce, Ct, Dy, Er, Gd,
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He, Kr, Nd, Ne, Nt, Pb, Po, Ra, Sa, Th, U, Xe, Zn, Yb, 7. e.
o 21 snemenTa uau 45,65%0 Bcex TakKux 31€MEHTOB.

Ho paccesiHue 3JIEMEHTOB BHI3LIBAETCH PAa3HBIMU MCTOYHUKAMM.
Ecnu ™Mbl BHAENMM M3 3TUX CIIMCKOB 3J€MEHTHl, AAs1 KOTOpLIX pac-
ceMBaHWE BHI3LIBAETCA MIN CBOMCTBAMU MHEPTHBIX ra3oB, WM pa-
AMOAKTUBHbIM paclajoM, WA HEU3BECTHOK HaM INpUYKHOI0 (ANS
3/IeMEHTOB PeAKMX 3eMellb), TO OKaxeTcd, 4YTO paccesHue Haoblo-
naetcsa Anas 22 m3 31 2JeMEHTa ¢ HEYETHHIMU aTOMHBIMY YHCIIAMW
(70,90%0) M pna 2 u3 27 3/1eMEHTOB C YeTHHIMH ATOMHHIMM 4K-
cnamu (7,4%)).

Ensa 1M 3Ta pa3Huua MOXeT OODBIACHATLCS HEMOJHOTOIO Hallero
3HaHuA.

OCTaBisia NoKa B CTOPOHE BO3MOXHYIO TMPUUKMHY STOrO SIBJIEHUS,
OTMETUM, YTO OHZ B TE€YEHWE€ JOCTATOYHOr0O BpeMeHH OyleT npo-
BJIATHCA B COCTAaBE MPUPOAHLIX CPeAUH—3eMHOW KOPH MK METEOpU-
TOB — TakK, YWT0 OOonbiias 4aCcTb aroMO8 C HEYETHHM aTOMHBIM YH-
cioMm (T. €. HEYETHHIM TNONOXMWTeNbHbHIM 3apslloM sapa) Viaer
B OKpyXatolliee npocTpaHCTBO.

Mb nojyyum Ha6mofaemielid COCTaB MPUPOAHHIX TEN Aaxe NpH
OTHOCHUTEJIbHO OAMHAKOBOW MNPONOJDKUTENbHOCTH CYLIeCTBOBAHHSA
aTOMOB C YE€THHIMW M HEYETHLIMU 3apsiamu sapa.

§ 37. Ewe oauH BOnpoc ﬂrpﬂmﬁuﬁ BaXXHOCTU CTOMUT IMepej reoxu-
MUKOM, KOrAa OH M3y4yaeT pacnpocTpaHeHue XWMHYECKHUX BJIeMEH-
TOB M MX OTJeNbHBIX M30TOMOB. Kak oTmeueHO ObUIO Bhile B § 5,
MHOT'OYMCIIEHHbIE U30TOMbB 3JIEMEHTOB HEpagMOaKTMBHBIX BCTpeya-
IOTCSl B 3€MJle U B MeTeOpuTax BMECTe, B CTPOro OnpefesieHHbX
nponopumsix. B npoOTUBOMOJOXHOCTL WM, PaAMOAKTHBHLIE W30TOIIhL
BCTPEYAIOTCA NMOPO3Hb, U, HAMp., CBUHLB YPAaHOBLIA ¥ TOPUEBHIH BCTpe-
YyalTCcsd B Pa3HbiX MHUHEpalax, paBHO KakK OOLIYHLIK CBUHel, Mpea-
CTaBIAWMI Kak OB CTPOro OMNpEJeJIeHHYl0 CMeChb 3TUX MBYX
CBUHUOB. |

Mbl HE MOXeM MOKa OGBICHHTb 3TOr0 IOCTOSHCTBA CMeceid U
MOCTOAHCTBA aTOMHBIX BECOB MX T€HETHUYECKOIO CBA3bIO, TAK KaK KakK
pa3 TEHETHYEeCKHE psflbl, U3BECTHbLIE HaM, 4 UMEHHO PaauoaKTUBHHE,
MOKa3biBAIOT, YTO KaXX AL U30TOI 3TOrO TUIlA BCTPEYaeTCs caMoCTOsA-
T€JIbHO W 4acTO HHWYEM HE CBA3aH C APYrMMM. SIBJIEHME IOCTOSHCTBA
COBMECTHOr0 HaxOX/JeHWd HU30TONOB HAM OYeHb HaMOMMHAET IM0-
CTOSSHCTBO cCoOcTaBa 6JarOpoAHbX ra3oB B UCTOYHMKAX M ra30BbIX

6
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CTpysiX, TAe, COrjacHO pa6oraM Moureu u Lepape, Mexay
aproHOM, KPMNTOHOM M KCEHQHOM (HO He renuem) HaGmOAAETCS
SHAYWTENbHOE IOCTOSIHCTBO COOTHOWEHuA. Haspauuwe asTOpH
CKJIOHHbB B 3TOM BM/ETb PE3Y/IbTAT elle NePBUUYHOrO pacnpenenieHus
MaTepuu, He HapYIEHHOro MNO3JHEHLIMMHU mpoueccamu, 6aaroaaps
MHEPTHOCTHU 3THUX ra3o0s.

B ciyvyae pacnpoCTpaHeHHss W30TONOB Mbi MOXeEM TONLKO OTMe-
THTb, YTO B HMX HECOMHEHHO BMAHB HEKOTOpLIE YE€PTH WJIW BHY-
TPEHHEr0 CXOQACTBA CTPOEHUs aToMa uau oowero redHesuca. Tak
BOOOI|€ M30TONb OJHOTO M TOro e 3jieMeHTa OOBLIYHO O0TiInya-
I0TCA JApPYr OT Jpyra Ha 2, ropa3jao pexe Ha 1, 6narogaps uyemy
OHM OKa3hIBAITCS YETHBIMU MJIM HedeTHbIMU. BrnpQuem, eCTb UCKIO-
YeHHs U3 3TOrO0 HpaBuna.

[TOCTOSHCTBO COCTaBA CJIOWHBIX 3/IEMEHTOB, KOHEYHO, IOKa3bi-
BaeT, YTO IMOC/Ae MOMEHTa 00pa30BaHUs aTOMOB BCE T€ (PU3NKOXHM-
MWUYECKHe TMpOLeCcChl, KOTOPHIM 3TU aTOMb ObUIM MOJBEPWkEHH, He
MOTJIH UX Pa3beAUHMTb, ¥ 4YTO, CIENOBATENBHO, HM B METEOPUTAX,
HY. B Halleil 3eMHOH KOpe nocje MOMeHTa HX o00pa3oBaHuda He
OblI0 TAKMX YCIOBUM, KOTOpbHe OBl OTBEYAIM pPa3NUYHBIM CyabOam
aTOMOB pa3HOr0 aTOMHOrO MJIMU YAeNIbHOI'0 Beca. 3HAYUT OOpaTHO —
T€ YCIOBHS, KOTOpH€ BHI3HBAJM O0pa30BaHUE TOr0 MM MHOTO U30-
TOMa, HaxoaaTCs BHe TOU OGCTAHOBKH, KOTOPVYIO MEPEKUBAIOT U Me-
TEOPUTH, U 3eMHas KOpa B COBpPeMeHHBLIX 3Tanax CBOE’ MCTOpUM.

bbino 66l HEOCTOPOXKHBIM feaTh KaKue-uM60 jajibHeiiliue Bbl-
BOAH B 3TOM HalpaBJIeHMM ; JIy4ylle OrpaHMuYuTbLCA YKa3aHHBM ¢Qak-
THYECKUM MaTephasoM.

§ 38. Ha oCHOBaHWM BuILUENPUBENEHHbLIX [OaHHBIX MblI INPUXOAUM
K psaly BeCbMa BaXXHBIX BbIBOJOB:

1. B 3eMHOi Kope, LUEHTPaIbHBIX YaCTaX 3eM/IU U B MeTeopuTax
npeoGnafgalnT 3JeMeHThl YeTHhIe M Aejsuivecs Ha 4.

2. 3TO CBOMCTBO CBA3aHO ¢ 0COGOI0 YCTOHUMBOCTLIO sApa, MHO-
CTPOEHHOTO M3 I'eJUOTpyIlifa, ¥, MOTOMY, ABJIAETCS noKasarejleM TOro,
yTO Ha 3eMJie U B MeTeopuTax npeo6iafaloT 3JeMeHTh HanOoee
yCTOWYMBHE WIW Haubojee NoJroseyHbie,

3. SlBneHnss pPagMOAKTHMBHOCTH B AETANAX CTpOeHUs [MOATBEPXK-
JAI0T CBA3b MEXJYy [O0JIrOBEeYHOCTHIO, YCTOWYMBOCTBIO U YETHHIMMU
YUC/IAMU ATOMHBIX BECOB. -
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4, Ha 3emie 3aMeTHO HEKOTOpOe yBeluyeHWe MeHee YyCTOWyu-
BbIX 4TOMOB B [MOBEPXHOCTHHIX 4acTAX 3€MHOW KOpbl B NMPOTHUBOMNO-
JIOXHOCTb TJIyOMHaM, TAe COBEepLIeHHO CXOJHO C MeTeOopuTaMu mpe-
00JIafaloT 3NEMEHThl, YyXe [OCTUriiMe MakKcumMyma paBHOBECHs M
YCTOWYUBOCTHU.

5. CyuecTBoBaHneé B NOBEPXHOCTHHX 4YacTAX 3eMHOH KOopbl
MeHee YCTOWYMBLIX DJJIEMEHTOB MOJTBEPXAAETCA elle Mnpeumylie-
CTBEHHBIM NIpeobiafiaHueM B TeX Xe vacTAX pagiOaKTHUBHBIX, pacna-
AAWLWKUXCA 3J1eMEeHTOB.

6. TloCTOSIHCTBO CMeceil M30TONOB B CJIOXHHX 3JIEMEHTax ro-
BOPUT 3a TO, UTO B HACTOsleE BpeMs HH YCIIOBUS METCOPDHUTOB, HU
yCNoBUA 3EMHOW KOpPHI HEe OTBEYalT TEM, Npu KOTOPBIX BO3MOXHO
CO3Wanue N pa3beMHEHHE OTAEIbHbIX HW30TOIIOB.




VIIl. Xumua xkocmoca. Hama coaHeuyHas cucrema:
JYHA, naaHeTbl, KOMETHI.

§ 39. llonnTaemca Tenepb BHITH 3a Mpepensi Hallei MaaHETH
M TOMNBECTH WTOTH HAWIMM 3HAHWAM XMMUM KOCMOCA. 31€CH Mbi
BCTPeuaeMCa C HeOOblUaMHO0 TPYAHOCTHIO peuIeHUsT XUMHWYECKUX
npoGieM, ¥ HCKIIOYUTENbHAS OCTOPOXHOCTD J0MKHA 6HTh HAMH NPO-
ABNIEHA, YTOObI HaMeyaeMbie HaMM BHIBOAL OTBEYANW HaOMIOAAEMbIM
dakram. H3sawHbe u Onectsiiieé MO TOYHOCTH METOAW acTpodu-
3UKKM TOJILKO Ceiyac nojyyaroT oco6oe 3HaueHue, Korja creKTpalihb-
Hble JIMHUY KOCMMYECKMX TeJl Hayail¥ TOYHO CpPaBHUBATLCI C pe-
3yJbTaTaMM SKCrepuMeHTa. biectsauiMe 3aBoeBaHust MHAUMKHCKOro yuye-
Horo Carwum Ham NOKa3biBaiOT, HACKOJNLKO OCTOPOXHBIMHM HOMKHbI
ObiThb HAWK BHBOAL NPU TPAKTOBKE HAONIOLAEMBIX HAaMU HABJIEHWUH,

[fon 3TUM YyrjioM 3peHdss HEOOGXOAMMO PACCMOTPEHHME ITOM
M JABYX Clepgyrolux rias.

JdyHa (63).

[Ipexxpe BCEro Mol AOMXKHB CKa3aTh HECKOJbKO CIOB O XHMWUH
nyHu. JlyHa npepcTtaBiasieT CO00I0 KOCMHUYECKOEe TeNo C YAEeNbHbLIM
BeCOM B 3,4 (HeCKOJAbKO OONbIIMM, Ye€M CpeiHUH yAeIbHHH BeC
Halleid 3eMHOW KOpbl) M C paguycoMm nNpuONu3uTensHO B 4 pasa
MEHbIUMM, YeM Yy 3eMAM. ST YepTH IyHH OGYCIOBIMBAKT Ha
nyHe HbIOTOHOBCKME CWJIbi B 6 pa3 MeHbluue, yeM Ha 3emie. JlyHa
nuineHa atmocdepn M, OUeBHMAHO, NOMKHA Obla OHICTPO MOTEPATh
CBO€ BHYTpPeHHE€e Temjio. OTCyTCTBHE aTMOCdepbl, COrIaCHO WHTe-
pecHbM NOcTpoeHusiM Stoney, OGBICHAETCA MajbiM TATOTEHHEM,
He MpeoAoJieBalOIMM MaKCMMajibHbBie CKOPOCTHU Ta30BHIX MOJEKYI
COracHO KUHETHYECKOW TeopuM Tra30B; BIPOYEM, 3TUM NyTEM O0b-
fICHAETCA OTCYTCTBUE JIMWIb CaMHX Jerkux ra3os.
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COBOKYITHOCTh (PU3NYECKMX AaHHBIX TOBOPHUT 3a CXOACTBO JIYHH
C MOPOAaMM 3eMIU; HUKAKUX IMpaMbIX METOAOB OlpefeneHus Xu-
MUUYECKUX 3JIEMEHTOB Ha JIyHe He CYLIeCTBYeT; HO PSI KOCBEHHHX
JaHHHIX IMO3BOJSIET NYTEM aHAJIOTMI CRenaTh HECKOJEKO BBHIBOAOB.
[lo OTHOWEHRUIO CUX NAfALEre W OTPAXEHHOrO nyda MOXHO
CpaBHMBATE TNOPOMAH JIYHB C KBapueBbM nopdupom. Yroan Mnojsipu-
3auuu nydel, no AaHHeM JlaHpepepa, OTBE4aeT HAlIMM BUTPO-
dupam, T. €. KUCHKBIM CTEKNOBATHIM [OpopaMm, 6OraThiM LIENOYAMHU,
Al u Si.

Takum o0O6pa3oM, XOTS MH U HE MMEeM HUKAKuX IMpAMBIX
[2HHLIX O XMMHUYECKOM COCTaBe JyHH, HO COBOKYNHOCTb psiia HpHU-
3HAKOB I'OBOPUT 3a CXOACTBO ee COCTaBa C COCTAaBOM 3eMHOM JM-
TOCQepn, ¢ npeobnapnanuem snemeHtoB O, K, Na, Al Si, moxer
ObiTb oTuacTu Ca u Mg,

MmeoTca BeCEMa OCTPOYMHBIE TIPEANONIOMEHUS] O HAXOXIAEHUM
Ha JIYHE Cephbli— S.

§ 40. (TnaneTn (64).

HeckonbKo OGOablue CBEIEHUH MBI UMEEeM A IUIaHeT, XOTH
M B 3TOM Ciayyae acTpoPu3nueckue [aHHbS O4YyeHb OTPbLIBOYHH
M 4aCTbi0 JAAIOT YKa3aHusi JUIIb KOCBEHHOrO XapakTepa.

Hns Toro, 4yToOb CYAMTb 00 MX XHMMM, NPUBOXY CHEAYIOLIYIO
CPABHUTENIbHYIO TAOJAUYKY:

TABJIHUILA XXXIV.

e o

e | e
MEpH};pHﬁ'i Benepa| 3emns | (Jlyuna) | Mapc
i = P | — el l_-
‘ |
YaenwbH. Bec. . 6.2 4.4 2.7 —9.1 34 3.93
) ¢p=55
Paguyc B xim. . 2250 6120 6376 1741 3400
Cuna Ttaxectu . 0.43 0.80 1 0.17 0.39
ATmocdepa MOYTH HET aTM. aT™. - HET aTM.
CUJbHO® | CUNIbHO® | CpefH. | M3MeHuY. -
Temnepatypa . HArpEeB. | HarpeB. | HarpeB. | Harpes.
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|
'AETEpGHgH'POnHTEpl) CaTypH
YaenoH. BeC. . . . P 15 0.7
Papuyc B kiM. . . |oT5 po 400 70000 60000
Cuna TaxecTw . .| MaxKcHM. 2.65 1.18
0.045

4acThIO i;;tmg{::{i TBep[.
IATMDC(IJEDH ‘ TBEPA., cobeTe, | KobUA

Y. rassl. .
TemnepaTtypa . . s - -

Jna MepKypus Mbl MMEEM CIEKTpPbl OTPaXEeHHbIX Jyuew,
TOX[ECTBEHHbe C COJHUEM, M, NOTOMY, HE 3HAeM HUKaKuX OCO-
6eHHOCTeN XMMUUYECKOro CTpoeHusa., BeH e pa ob6inagaeT HECOMHEHHO
aTmMocdepolo, HO TOCHEeAHUE WCCAEe0BAHUS HE HalIu B Heil 3a-
MeTHbIX KommuyecTtB HM O, nu mnapoB H:O. Moxer OHTb BOKpYT
BeHeps Mbl MMeeM o6jaka menbyaiilleil muM B aTmocdepe a3o0Ta
u COz2. Cnextp Mapca, o6najgawillero atmoCdepoto, He sCeH;
MOXET ObITb MMeloTCs mapbhl BOAb. MKOnuTep HeCOMHEHHO obna-
naetT cnaduiM COOGCTBEHHHBIM CBEUEHHEM; WMEETCA paj JUHAK, He-
sHakombx 3emie. Crnektp Ca TypHa cxXoled co cnektpom lOuu-
Tepa, HO Mapbl BOAbl Y HEro CuMibHEe; KOJbLUO JIKIIEeHO MOTJOLIal0-
ureii 060J04YKM M COCTOMUT, OYEBHUAHO, M3 TBEPABIX yacTUl (MeTeo-
putoB): Ha HenTyHe u YpaHe 3ameTHH B aTMOCpepe SBHHIE
crnefbl JIMHMK CBOOOAHOTO BOAOPOAA M, MOBUAMMOMY, Teius.

B o6weM ™Mbl [OMKHB OTMETHTb, YTO HA BCEX I[UIAHETaX,
KpOME ACTEPOMIOB M CIYTHUKOB, CHIH HbIOTOHOBCKOTO NPUTSXE-
HAS [0CTATOYHO BEJIUKH, 4TOOSHI YAEPXKHBATH ra3000pa3Hyi0 aTMO-
chepy; Hax¥Xe BOAOPOA M Trenuid, MNOBUAMMOMY, Iullb YACTUUYHO
MOTYT MOKMOAATb 3TW KOCMHUUYECKHe Tena.

Bca COBOKYNMHOCTb JaHHBX O XMMWYECKOM COCTaBe MJaHeT- 3a-
CTaBasieT [AYMAaTb, UYTO OH B OOUIEM TOXJECTBEH ¢ 3eMHbBIM U YTO
C XMMHMYECKOH TOYKM 3pEeHusi MexXAy IiaHeramu HeT OOJbILnWX
pa3nuunil. XOTsA NpPsAMbBIX KAaHHHX Y HAC B 3TOM HanpasleHuu He

1) Ya. eca cnyTHukoB Onurepa (Stroobant. Bull. Ac. Sc. Belg. 1919)—
4,1—3,4—2,0—1,2, 7. e. nafaT C YAAJACHHEM CNYTHUKA OT IJAHETHI.
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UMEEeTCH, HO BCe Xe HUUYTO He TOBOPUT IPOTUB 3TOM OCHOBHOH
upew. Bonbwas rpynna reonoroB (Daubrée, Tschermak
E. Suess) c¢Ba3bHBalT C ACTEPOUAAMU M HallM METEOPUTH U Ne-
PEHOCAT XUMWUYECKMH COCTaB NOCNEAHUX HA Majbie MAaHETH.

§ 41. KomeTH (65).

XUMUUYeCcKMH COCcTaB M MNpUpoAa KOMET TOJbKO B IOCHEefHee
BpeMs HauMHAeT BbLIACHATbLCA, NpUYEM ceHyac ywxe Oonee onpeje-
JIeHHO BHIDMCOBLIBAETCSI MNPHUHAMNEXHOCTbL KOMET K Halled COlHedY-
HOM CHUCTeMe M MX HeCOMHEHHasi CBA3b C IIOTOKAaMM MNajalouux
3BE3J M MeTeOpuTaMM.

3Ta CBI3b HX C TenaMu, KOTOpPbi€ nonagaloT Ha 3eMII0 B BUIE
MaTepuanbHbX OOGBEKTOB, IS HAC OCOGEHHO BaXHa W ceifvac,
B COTJIACUM C COBPEMEHHBIMM MesiMM O OU3NUECKOH MPUpone KOMeT,
aenaetcsi ocoO€HHO BaYXHOIO.

KomeTsl, NOAOOHO MuaHETaM, SBAAIOTCS TelaMU Hallleli COJHeu-
HOW CMCTeMbl, ABUTAWOLIMUMUCA MO OOJblUEH YacTM [0 CHJIbHO Bhi-
TAHYTHM 3JUIMIICAM, NpUYeM HE HMCKIIoueHa IMepBUYHAs CBA3b I0-
CleflHMX ¢ acTepoujamu (CM. CTp. 86), ob6nagawlUUMK TOXE OpOU-
TaMK, YKAOHKOWUMHACA OT NMAOCKOCTH 3KIMNTHKK. 3Ta BO3MOXKHAs
CBSi3b C acTepouMaaMu [Jigs HaC ¢ KOCMOXMMMYECKON TOUKM 3peHus
HeoOblYaifHO BaXHa.

KomeTnl COCTOSIT, OYeBHAHO, U3 KOCMMWUECKOI TNbUIM — TBEPABIX
YyacTHUL, OTYaCTU OKPYXEHHHX ra3oBbM ciaoem. [lpy oueHb He-
6OAbIIOIA MacCe OHU 061afaldT OrPOMHBIM O6HEMOM, YTO TOBOPUT
0 6ONbIUOK pA3PEXEHHOCTH Cpeanl — GOnblueii, uyem B ['eiicnepos-
CKUX TpyGkax. B rnaBHoif CBOeil Macce. cBeyeHue (JIIOMUHUCLIEHLNA)
KOMETH, OUEBUAHO, BHI3bIBAETCS  3NIEKTPUUECKUMH pas3psifaMu
B CUJILHO pa3peweHHO# cpefe, T. €. B SIBNEHUAX aHAJIOTUYHLIX CBe-
ueHuio TeliciepOBCKUX TpyOOK; HO UMEeTCs TaK¥e CBeueHue, BH-
3BaHHOE HATPeBAHMEM COJIHLIEM, TIPU NPUGIMKEHNN KOMETH K CONHUY
6rarogaps 3TOMY HayWHAETCs BLHIIENIEHWE Tra30B M UX CBeyeHue
B CTOpOHe, OOpailleHHOW K ConHuy. BhjeneHHble ra3oolpa3Hbie
yaCTULB W MPUTSAHYTasg KOCMM4YecKas MNbijib OTOPaChIBAIOTCSH Ha3af
CBETOBHIM OaBJieHUEM conHua, o6pa3ysd XBOCTH. HeCOMHeHHO, 4TO
4acCTb BellecTBa, 2 UMEHHO Haubojee Jerkue ras3bl U MejKue Ibl-
JIUHKN Hascerga OCTaBAAIOT KOMETY M JMINAIT €€ 4acTH MaTepHH.
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AcTpodusuyecKkas KapTHHa KOMeT BeCbMa Pa3HOOOpa3Ha W, Mo-
BHUAMMOMY, Mbi MMEEM KOMETH BeCbMa pPa3jJM4YHOr0 COCTaBa C 60Jib-
UMM WM MEHbLUMM MpeobnajaHueM TBepAbX 4acTul, B cmekTpax
rasoB Mbr Haxogum Oonabluioe Koauyectso coeguHeHui C, npuuem,
NOBMAMMOMY, IIaBHBIM 00pPa30M AOMMHMPYIOT KHCIOPOAHLIE COeny-
HeHus yriepoja, a He YIJIEBOJOPOAb, KaK 3TO AyMaju paHblie.
B ronose komeT u3aBecTeH yriepog ¥ ero coeguHeHuss ¢ H N, u O
(. e. CN, CO u CO3).

[lo xapakTepy XBOCTa2 B HEM MOXHO pa3iuWyaTb npeobnafaHue
okucu yrnepopa (CO), otuactu CN, CO,, N u MeTannuyeckux napos
Na u Mg. Jiunuu Na no npeumyLlecTBY CBA3aHH C HAYabHBIMU Ya-
CTAMM XBOCTa OKoOno sigpa. Haxoxpenue csobogHoro H u Fe npea-
IIOJI0KUTEJILHO.

Kak HM CKyaHbl Hawu CBefeHusi 1Mo acTpou3mKe KOMET, HO
BCe XK€ OHH HaMeyalT HEKOTOpHhle XapaKTepHbie YepThl, COJMKAI0-
li¥e MX C APYrMMU KOCMHYECKUMU TeJlaMMu.

§ 42. Ha OCHOBaHMH CKAa3aHHOrO, MOXHO MPUUTH K CIEAYIOLNM
HauboJiee BEPOATHBIM TNOJIONEHUAM, KacallUumMcs KOCMOXUMUH
KOMET :

1. KomMeTh $BAFI0OTCA KOCMUYECKMMM TenaMyu Halluel COJHe4yHOH
CUCTEMbl M FeéHeTHUYECKH, BEPOSITHO, MOTYT GHITb NMOCTABJIEHb B CBA3b
C acTepouaamu.

2. KomeTn B rnasHOIf cBoeif 4YacCTM COCTOSIT W3 TBepAOHW KO-
CMUUECKOM IbJIM U B MEeHblluel CTeneHM U3 ra3ool0pa3HbX YacTul
M 001alal0T HU3KOI0 TeMIlepaTypolo.

3. llpubnuxeHue KOMeTh K COMHUY BHI3HIBAET BhileJieHUEe W3 Hee
NeTyuYuX 3JEMEHTOB, CHUIbHOE HarpeBaHue dacrted HX, OIM3KHX
K COJNHUY, ¥ OTTalKMBaHMEe KaK ra3000pa3HbiX MOJNIEKYJ, Tak
0CO6EHHO KOCMMYECKON MNbIIM B BHUOE XBOCTA.

4. Tlpouecc cOnuxeHUst € CONHLEM Bbi3blBAET MOCTEMEHHYI0 Mno-
Tepld KOMeTOW JIeTYYWX M JNErkKOmJaBKMX 3JIeMEHTOB M BOOOLIE
rasoB, ooOjaanarouux OOJbIIOCK KUHETHYECKOI CKOPOCTbIO YacCTHL:

nepsyilo ouepens H, m He, motom N,, CO, CO,, CN u, HaKOHeL,
ra3os aetyuyux metamioB Na, Ca, Mg.

5. B kOoHeyHOM pe3ynbTaTe KoMeTa AOMKHA (NPH NPUHATUY
MOCTOSIHCTBA IIpUPOAL aTOMOB) NIPEBPATUTLCS B KOCMHMYECKOe TeJo,
BeCbmMa GJIM3KOe I10 -CBOEMY COCTaBY K MeTeOopuTaM.
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6. CornacHo m. 5 ¥ Ha OCHOBAHMM HAOGMIONAEHMIH Hag KOMeTamy
M Haj 3Be3AHBIMM JOXASIMM BeCbMa BepOsiTHAa TreHeTHYeCcKas CBS3b
nafalounuX Ha 3emMJIl0 METEOPUTOB C KOMETaMHu.

7. COBOKYNHOCTb JaHHBIX 3aCTaBlSeT AyMaTb, 4YTO KOMETHl II0
CBOEMY XMMHYECKOMY COCTaBYy HE OTIMYATCAd OT ApPYyrux KOCMH-
yeckux Ten, BecbMa Goratet H, N, C, O, Na, Mg, Ca u moxer
O6biTh e ¥, MoToMy, B CBOEBM COCTaBe KOJeOnlTCs MEXAY CocCTa-
BOM 3eMHOi KOpbl U KaMEHHbIMU MEeTEeOpUTAMHU.

8. HernojHoe COOTBETCTBUE CIIEKTPOB KOMET C rNaBHEHLINMKU Djie-
MeHTaM4 (N0 BaNOBOMY CpefHeMy) METEeOpMTOB U 3eMIH 00b-
SICHSETCS1 QU3MyeCKOK NPUPOACIO MpPOLECCOB HA KOMETax, BIIOJHE
OGBACHAIOISH IaBHEeHIIMe UX OTANYMS.




IX. XumMusi coJaHua.

§ 43. XuMus COJNHLA BbpMCOBHBAETCSH HA (OHE MHOTOYUCIEHHBIX
M BeCbMa J[eTalibHbiX acTpodU3NUECKMX MCCIENOB2HUHM W, NOTOMY,
Mbl O COJIHIIE UMEEM BeChbMa MOJIHbIE M MHTepECHbe CBefleHHs. SIpKOCTh
U KOJWYECTBO JIMHUHM OTAeNbHbIX 3JIeMEHTOB CIYXWIM BMECTe C TeMm
[IOK23aHUEM pPaCNpPOCTPAHEHHOCTH OTHAEJIbHBIX 3JIEMEHTOB, W TOJbKO
nocjeaHue paodoTel MHAMiickoro yuyeHoro Caru BHECIN CEePbe3Hbii
KOpPPEKTHB B 3TH [aHHHA. OCOOB#i = MHTEpec INpeacTaBise€T CBA3b
3N1EMEHTOB C OnNpeAeNeHHbBIMU TJYOMHHbBIMKM 30HamMu COJIHLA, 4YTO
MO3BOJSIET INIPOBOAMTH HEKOTOPYIO aHAJOTHI0 C TeOXMMUYECKUMMU
30HAMM 3eMIN. |

B BUAY CHOXHOCTH IpoGjeM, CB3aHHbIX C U3YUYEHHUEM XUMUM
CONHLA, S peanoaarald KOCHYTbCsl 3TOr0 BOMpoOCa B CHEAyIOLUied
NOCNEN0BATENbHOCTH: B HacTosilleM fMaparpade s HaMepeH [aThb
KapTUHY pacrnpoCTpaHeHus OTHENbHBIX 2JEMEHTOB Ha COJHLE, He3a-
BUCUMO OT TrJyOMHHBIX 30H M OT SBJEHUN HOHM3aALUM, T. €. Kap-
TUHY, BBHITEKAWLYIO KH3 GoJlee CTapbiX acTpOPU3UYECKUX AAHHLIX ;
B CJEAYIOWEM — BKpaTLle Hameuyy paclOpejeieHne aTHX S/JEMEHTOB
* 0 OTHAEJIbLHBIM 30HaM C TeM, YTOObl NOTOM MOABEPrHYTb 3TH JAHHDIS
[epeCMOTPY B CBETE COBPEMEHHbIX UAeH MOHU3ALHWU aTOMOB; HAKOHEL,
B 3aK/IOUUTEeNbHOW YacTH o OCTAHOBJIIOCH Ha OOlMX BHIBOJAX.
Bompocy 0 TenjaoBoM pexcuMe CONHUA S MOCBALAI0 OTAEbHbBINA
naparpad (§ 63) B rmase Xl (66).

CrneKkTpP COJIHEYHHIX 060JIOYEK U3YyueH C OTPOMHOIO JeTalbHOCThIO,
0co6eHHO OGnaropaps paGoram 3HameHuTOol Kanudopuuiickoii OGcep-
saTopum Ha Mount Wilson, Bhipaiomumucs pab0THMKaMu KOTOPOU
AONOJHAETCA M HCOPaBAeTCA KNacCHyeCKui CIMUCOK AUHWHK CONHuA
B Katajore PoynaHupga (36 snemeHTOB).

KomOunuupyss o6a ¢$aktopa, nocrapjieHHbieé B OCHOBY NpPU3HAHUA
pPacnpOCTPAHEHHOCTH 3JIeMeHTAa HA COJIHLE, — Pe3KOCThb JIMHUHM U YKUCTIOo
WX COBIAeHUi, Mbl MOFJIM NO CTapHIM NPEACTABIEHHUAM NPUUTH B Niep-
BOM NPUOIIMKEHUU K Clienyiomeid Taénuue 3jeMeHTOB HALllero CBeTuna:
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TABJNHUILA XXXV.

dneMeHTbl CoMHUA (B CKOOKaxX nOCTAaBAEHH MOPS/IKOBHE HOMEpA).

L OneMeHTH C PE3KUMU THUHUSMU U C 60NbiuM COB-
nmajeHHueM JJUHHN:

He, Ca, Fe, H, Na, Ni, Mg, Co, Si, Al, Ti, Cr, Mn, Sr, V, Ba, C, Sc
Yo &L Mn, La Nb, Pd, Nd {cmga Ke HEﬂﬁi{GﬂHMD OTHOCHUTb 1 ra3 KO- |
POHHIA — MOXET OHITH SAPO C OHMM OTPHLATENILHBIM 3apsfoM).

Il. DneMeHTH cocCanabB MU THUHHUAMU!

Cu, Zn, Cd, Ce, Be, Ge, Ag, Sn, Pb, Er, K, Ru (1920 r}, Rh, Ga, Eu,
Rb (1922 1., Toibko B msiTHAX), Li (T{}Hb!{[} B nsiTHax), O

|
’ Ill. 3neMeHTH COMHUTEAbHBE:
- Ir (77), Qs (76), Pt (78), Ta (73), Th (90), U (92), W (?4)

IV. 3neMeHTH, BEPOSITHO OTCYTCTBYIOU HE:

I As (33), Bi (83), Cs (55), Au (79), Se (34), B (5), N (7), In (49), Hg (80),
| 2 f1{55}25 (16), T (81) u Prd (59). Grammont euwe npubasaser Se (34),
e 52)

V.OnNeMeHTH NOJ BONpPOCOM:
Cl, J, Br, F, Ra u peaxne rasm, kpome He.

K 3Toil Tabnuue HEOGXONMUMO CHENATh pPaA CAepymoux Ipy-
MEeYaHMi: HEeHaXOXJeHUEe JIMHWUW PsAla METalnOua0B, ITOBUANMOMY,
BbI3HIBAETCSE HE OTCYTCTBMEM 3THUX 3JNIEMEHTOB, 4 XapaKTepoM HUX
CneKTpa, Noay4yaeMoro B yCNOBHMSIX COJIHEYHBIX 30H. Kucnopon, Roiaro
He HaXOJMMbli Ha CONHUE, Obl OTKPHT JUUIb HeNaBHO Ha AJlIereH-
ckoit O6cepsaTtopun (1920 r.) v mo3gHee noaTBepxeH Russel’em
(1922 r.). Grammont u Veronet onpefeneHHO MOAYEpPKUBAIN,
YyTO OU3WYECKOE COCTOSIHME MEeTANNOUAOB MW HEKOTOPHX TSXKEIbX
METaJlJIOB HA COJIHLIE TaKOBO, YTO O0YC/NIOBJIMBAET OTCYTCTBUE UX BUAU-
MOro cnekTpa. Eule 605€€ OCTOPOXHO K 3TUM JAaHHBIM NOAXOAUT
Cara, xoTophii, KaKk Mbl HWXE YBUAUM, ONpPENeIEHHO BLICKA3bI-
BA€TCA 3a MbICIb, YTO OTCYTCTBUE JIMHMHA KakKoro-auoo 3NeMeHTa
Ha COJIHLe eLle He OmnpeAeNiseT OTCYTCTBUS CaMOr0 3JIeMEHTA.

§ 44. Ecnu Mbl MONBITaeMCS CBS3aTh 3JIEMEHTH COJHLA C Ofpe-
fleIeHHEIMI €ro 30HaM#, TO Mbi IIOJIyYMM OYEHb UHTEPECHYI0 KapTHHY,
TOXE€, OJHAKO, NOJyyalollyio IIpaBUJIbHOE€ TOJKOBaHWe JIMIlb B CBETE
BhILLIENPUBEAEHHBIX HOBHX MIed Grammont m Saha, Tem Gonee,
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YTO MBI Ceidac 3HaeMm, YTO TEMIlepaTypa MOBEPXHOCTHHX 060J0UYeK
conHua (¢poTtocdepn) okono 5000 — 6000° a TemnepaTtypa narTeH
MOYTU Ha ABE THICIYM rpaaycos Huxe (68). C aTumMu TeMnepatypamm
TONbKO ¥ MPUXOUMTCS CYMTATLCH NPU aHaIu3e TOH PU3MKO-XUMHU-
YeckKoi cpeabl, KOTOpass HaM AaeT CHeKTpbl, MO0 OCTalibHbie, 60Jjiee
rjiyooKHe 30HB, BEPOATHO, C BecbMa BHICOKMMM TEMIEepaTypamu
po 105 T abs,, Ham octawTcs HeuzeecTHnMu 1), Boolie oGanoyky
C ray6uHOK 006JlanaloT OONbLIEID TeMIepaTypolo.

B HaunOoJ/Iee NMOBEPXHOCTHOW HADPYXHOI, 60Jiee XOJO0AHOM, 30HEe —
KOpOHe Mbl BCTpeuyaemcss C BeCbMa pa3pexkeHHOoI0 CPpefoio, KOTopas
XapaKTepu3yeTcs JUHUAMU O0TuyacTu H, HO rnaBHBIM 006pa30M Heu3-
BECTHHIM ra30M—KOPOHKMEM Ha QOHE CNNOLIHOro CreKTpa Melbyaiiumx
TBEpPAbIX YACTHUL — MbIJIKHOK METE€O0PH OT 0 THINA, OYEBUIHO CIAOQLL-
HbBiM poeM, N0 MHEHUID AppeHMuyCa, OKPYXalLMX COJHIe U
OTpaXXaoUUX ero nyuymu.

Hllanee cnepyeT xpomMocd.epa-—TOACTHIH CnoW BecbmMa pas-
pPeXEeHHOW MaTepuHu, IPEeMMYLIeCTBEHHO M3 H; BBICTYIH KOpPOHbI
B Buie npoTybOepaHues po 600.000 xam. AaMHB COCTOSAT U3 H M
CUIbHO MOHM3MPOBaHHLIX aToMOB Ca (B OcHOBaHuM MX He, oTuacT
‘Mg). B Gonee rayGoKux yacTax Xpomocdeps Mbl BUAMM IOsiBNEHUE
nuunit Fe, Ti, Ni, Mn, nemHoro Cr, otuactu V. Ewe rayGxe cie-
IyeT BeCcbMa TOHKMI ClOi (o0pallaliui) ¢ nmapaMM MeTasioB W,
HaKOHel|, B TJyOMHE CBeTAWasACs, KaK TBEPAOE TEN0 MM YILIOT-
HeHHbllf ra3, poTocdepa c apkumu Pakenamu (JiHuamu Ca, Sc)
M TeMHbIMM naTHamu, B nocneauux Fe, Ti, Mg, Ca, V u Kak
OyATO-OH CHOEKTPbl MX COEAMHEHMH C KHMCIOPOAOM W BOHOPOAOM
(TiO,, Mg(OH),, Ca(OH),) 2).

Ecnu cTpoeHue CoHLa, 3TOW KAPAKKOBOH 3BE3/1bl, CPABHUTL C APY-
FMMU THIIAMU 3B€3[, TO, COrjIaCHO yKasaHusm A. benonojnsCcKoro,

1) OfHOBPEMEHHO C 3TUMM TEMMEPATYPHHMM YCIOBHUSMU HEOGXOANMO
OTMETHUTb M XapakKTep 3JIeKTPOMArHUTHHX MNOJEH: MnoJie CamMoro CcojHUa

aMwb B 80 pa3 Gosiblie 3EMHOTO; 3aTO AJis MATEH OHO MPEeBHIIAET 3eMHOE
B 9000 pas. ﬁ

2) B cnekTpe naTeH HAGNIOAATCA 3JIeMEHTH, CH/IbHAS MOHU3ALMUA KOMX
HE MO3BONAET MX BHAETb B rasoBuiX o6ojouxax (a umeHsHo Rb). Kpome toro
B CREKTpe nATeH o6HapyxeH W Li, orcyTcTByloumit B APYrUX 4acTax COJ-
HEUYHOTO CneKTpa.
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OTHAeNbHbIE YaCTU COJIHEeYHBIX 000JI0YeK OTBEeYalT Pa3HBIM CTAAUIM
3BOJIIOLMN 3BE3J: CNEKTP HApPYXKHOH uyacTu xpomocdheps MOMKHO
CONU3UTb CO CMeKTpoM 3Be3a Tuna B (cm. Huxke B § 50), a cnekTp

dortocdepnt ¢ THom G— K u, HakoHew, MaTHA CO cnekTpom K —M.
Takue COOTHOIUEHUS BeCbMa JIOOOMBITHH, TaK KaK OHM B M3BECTHOM

OTHOWIEHUW NAKT HaM B 3TOM HOCNENOBAaTENbHOCTH B HapYyXHOM
4aCTH COJIHUA OTAENbHbIE CTaauy KOCMMYECKOro mpouecca, U TaKuM
00pa30M ImsaTHa oOHApYXUBAIOT O6o0jee TMO3AHUE CTajuu B TNPO-
THUBOTIONIOXXHOCTh HAPYXKHHM ra30BuM 060n0YyKam !).

- Jlo Tex nop noka Cara He pganm CBOO TEOPHI0O WOHM3AULWH,
Ka3anoCb COBEpPUIEHHO HENOHATHLIM, YTO BHICOTZ Hal6moaaeMbix
JAHUM HE HAaXoAauaachb B 3aBUCUMOCTM OT aTOMHOTO Beca, TaK Kak
nuHun Ca, Fe unn Ti oka3snBaluch B 60Jiee OTAANIEHHHX OT LIEHTPA
YyacTHaX, 4eM, Hamp., JUHUM CTONbL JIerkoro ra3sa, kak H. Ceituac
BECb 3TOT BOMPOC MOJYuYMl COBEPUIEHHO HWHOE O0bACHEHME.

§ 45. Megh Nad Saha (69) nepshiii, 06paTun BHUMaHUE Ha
TO,MTO NPUPOJA JIMHUIA B CHEKTpax CONHLA MOXET OLTb BHISICHEHA
UL TIPU CPaBHEHMM MX C TEMU CHEKTPaMH, KOTOpPbie MOJy4alTCs
Mpu NeperpeBaHuM MNapoB M ra30B B TeX TEMOEpaTypax, KOTOpHe
10 BO3MOXHOCTM ONM3KM K TeMMepaTypam COJIHEYHHX 30H (3000 —
6000° abs). YuuTbhiBas BausiHMe BHICOKMX TeMmnepatyp, Saha oTmeTus,
YTO IIPU HATPEBAHM M ATOMbI MOHU3UPYIOTCS, T.€, TEPSAIOT CBOU BHEMHUE
3JIEKTPOHH, UM HMX CMNEKTp, MepeMewasceh B yapTpadHUoNneToBYO0 4aCTh,
MOXET COBEpLIeHHO BHIUTH 3a Npefesibl BO3MOXHLIX HaGIIoNeHuU!.
Takum o006pa30oM, cOBEpilEHHO MOHM3UPOBAHHBIK ra3 He nact IMpu
COBPEMEHHBIX METOAX WCCIeNOBaHMS, HUKAKMX JIMHWI CIeKTpa |
OyAeT NpUHAT, KaK OTCYTCTBYIOWMHA. [lo3TOMY, 4UeM TpynHeEe BJieMeHT
MOHU3HPYeTCs, TeM 60Jibiie, MPHA MPOYUX PABHBEIX YCIOBUAX, OCTAETCA
OH 3aMeTHBIM AJs raa3 HaomoaaTens,

1) 3To pacnojoxeHue B 00J€€ UEHTPANbHBIX 4acTAX KOCMHYECKHMX Tell
TakuX TPyNnnupoBOK, KOTOPHE B O0LIEH CXeMe 3BoJIOLMH, KaK Mbl 3TO YBHAUM
HUXe, ABNAITCA Gonee MO3THUMH, YKe CHJIbHO MOABMHYBLIMMMCS CTaJUAMH,
ABASETCH, NOBUAUMOMY, OOLIYHBEIM, H MHOIKO ObIJIO OTMEYEHO NPH AHANIU3E XUMHH
zeman (cm. § 20 u 21).
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TABIULUA XXXVI.

TabGauna HOHM3AUMH ATOMOB Ha conaHue (Saha).

o Mousisauys | ApKoeTh HHRA: |
B | B BOIbTAX. coMHya I NATeH
5,11 30 ~ 60 |
4,32 6 | 15
4,16 - [ 1 h
3,81 - | F {
7,65 ' 0 30
6.08 20 | 25 |
5,67 1 | 3
5,12 — — I

Mpl BUOMM M3 3TUX OAHHBIX, YTO HEOObIKHOBEHHAs paclpocTpa-
HeHHOCTb Mg m Ca B HEKOTOpHX 4YacTsAX COJNHUA M B NpOTyOe-
paHuax, 6oJiee BHICOKOE BHIGpachiBaHWE KanbLUMs MO CPABHEHHMIO
C BOOOpPOAOM MOryT ObITb OOBSCHEHB He JAEHCTBUTENbHBIM MPEOO-
NafaHueM 3TUX Gonee TANKENbX J3JIeMEHTOB, @ NUlIb COXPaHEHUEM
MY CBOMX aTOMOB HEHOHM3WPOBAHHDBIMH.

Takum 06pa3om NpUXOAUTCA KPUTHYECKM MHMOAOHTHU K aHalu3y
JIMHWI cneKTpa COoJHUa, M C 3TOK TOYKM 3peHUsT MOXHO CKa3aThb,
YTO OTCYTCTBUE KaKHUX-J1100 JIMHUH DIEMEHTOB HA COJIHLE HE MOXET
OLITh MOPUHATO 3a [J0Ka3aTelbCTBO OTCYTCTBHsl CAMMX 3JIEMEHTOB,
M MO ABYM TIpUYMHaAM: BO-NE€PBbIX, NOTOMY 4YTO 4HaCTb METaNNOWAOB
npu QU3UYECKMX VYCROBUAX COJMHEYHBIX QOQNOYEK HE MOXET JAaTh
CBeTallero cneKkTpa B ONPpUCYTCTBHH NapoB METANN0B, @ BO-BTOPbLIX,
TaK KakK W Q18 MeTajnos, o0najailinx BecbMa OO0JbiIOK CMOCOO0-
HOCTBID K MWOHM3aLMKM, XapakTePHbieé BuAMMBIE CHEKTPbl GyayT
arcyTﬂfBﬂBaTb. B o0ieM MOHM3auMA YBemMuuBaeTCs C NOBLHILUEHHEM
TEMNEpAaTypHl M AaTOMHOTO Beca 3/e€MeHTa M ¢ MOHMXXEHHUEeM JaR-
JIEHUSA,

ATy BaXHHe HAGMONEHUS 3ACTABASIOT HAC OTHECTUCH ¢ GONbUIOKD
OCTOPOXHOCTbLIO K aHannu3y MNpUCYTCTBUA MM OTCYTCTBHUA KaKux-
AMO0 3NeMEeHTOB Ha COMHLE W BMeCTe ¢ TeM [OKa3biBaloT, UTO "
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IPKOCTb JIMHWA W KOJMYECTBO COBIANEHMI ele He MOryT OHTb
MPUHATH 3a J0Ka3aTeJbCTBO NpeuMylLleCTBEHHOr0 pacnpOCTpaHeHUs
AAaHHOTO 3NeMeHTa, eC/il He OYAYT YuTeHb BHILEW3JIQXKEHHBe I0-
NpaBKM HAa VOHM3ALMIO M Ha B3aWMHOE OCHaGieHWe IMHUI TpH
COBMECTHOM HaXOXIEHWM MEeTa/UIOMIOB C MeTaUlaMM.

K BOMpoCaM MWOHHM3aLWU 31eMEHTOB $ elleé BepHYyCb NpH aHalIu3e
XUMHYECKUX B3JeMeHTOB 3Be3j. (§ b1). [lonbiTKy Takoro aHaiMaa
nenaetr Russel, yctaHaBnmBast CXOACTBO COCTaBa 3eMIM U COJHUA
W MONYepKHBas Majoe COlepxaHue B mocieaHeMm Li u Sr.

§ 46. [lonbiTaemca cedyac HeCKOJLKO NMpOaHaIu3upoBaTh Bhille-
COOOLEHHHE AaHHbIA, [I1 3TOro B HUXkenpuepeneHHoi Tabauue M e H-
peneeBa pacnonoxeHo 3JeMeHTH Tabmuub XXXV, npuuem aje-
MEHTH IIEpPBOM rpynnsl, T. €. HanboJjiee BaHbie, OTMEYeHbl XKMUPHO ;
3NIEMEHTH €O CHAOHMM JIMHASMU — KOPIYyCOM; 3JIEMEHTH COMHMK-
TeabHbie —neTutTom (70).

Cpeav yxasannmx B Ttadnuue anementos De-L aunay nuTaercs
HaUTU U HEKOTOpHE KONMUYECTBEHHBIE COOTHOLUEHUA M PUCYeT and
ra30Boi 000QNOYKM TrinyOOKMX ClO€B XpoMocOheps CIeayrllyo cXemy
KOJNMYECTBEHHOIO paclpoCTpPaHeHUs 3JIEMEHTOB, KOTOpas, Kak HH
Mano OOOCHOBaHA W TUMOTETHYHA, BCE Xe MHTepecHa:

Fe Mg Ni Ca ﬁl Na H He Mn, Cr, Ti, Sn u ap.
0/f6 65 8 6 35.1 05 05 0,5 okono 15
Bcero 1009/

BuimenpuBenendaa Ttab6aupa XXXVII Becbma BaxHa, 0CO0€HHO
€CJIA ee CPaBHUTL ¢ TabauLel0 pacnpoCTPaHeHusI SNEMEHTOB B 3EMHOI
Kope; B OOUIEM BaJOBO COCTaB 3EMHOI M COJIHEYHOH 0060J0ueK
BECbMa CXOAHBI; 6pocaeTcs B rja3a npeobinapaHne OOGHYHHX 3Jie-
MEHTOB TOPOJ, HaAYUHas C rPaHUTOB U KOHYasA NEPUAOTUTAMHU, NpUYEM
Ha JMLUO W XapaKTepHbl€ CYTHUKHM U Te€X, U APYruX: A5 rPaHUTOB —
Zr,. Nb, TR, Mo, Ta, ans yasTpaocHoBHbX nopog —V, Cr, .Co, Ni
U 00e NMIATHHOBLHE TPYMNMNb. IJEMEHTH JIEBOrO0 MeTaJIMyeCcKoro noJs
OTXOIAT ' HAa BTOpPOW MJaH. 3amMeTHO INpeo6inagaHue YEeTHLIX BepTH-
KaJbHBIX FPYNN CUCTEMbl; TaK, Ha YeTHHe npuxoaurtcsa 30 31eMeHTOB
(Bkmouasds He), Ha HeueTHhe—16. OueHb CHALHO NpPENCTaBJIEHHI
rpynnbl, KpaTHbie 4—I1V u VIII; U3 oTHocawuxca K HUM 22 3ne-
MEHTOB Ha COJIHLE U3BeCTHO 17. HECOMHEHHO IOMUHUPYIOT JJIEMEHTH
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6oJjiee Jerkue: U3 28 MNEpBbIX 3JIEMEHTOB He XBaTaeT TOJBKO 8,
HO B TOM 4YHCJIE €CTb PAA METaJOMZOB, OTCYTCTBUE KOTOPHIX —
BOMPOC, OKOHYaTe/NibHO €ule He pa3peilleHHHIHA.

§ 47. Ha ocHOBaHMM CKa3aHHOIO MW MOMEM caenaThb Cleayioliue
BbIBO/Ibl OTHOCHTEIbHO 3JIEMEHTOB MNOBEpXHOCTHHX YacTeid CONMHUA:

1. [loMuMO HEH3BECTHOTO GJ‘IH}I{E, JIETKOro ra3a—KOPOHHS, COJIHLIE
COCTOMT M3 TEX-XE 3JIEMEHTapHBIX Ten, U3 KOTOPLIX COCTaBJieHa
3eMIs U METeOpUTHI.

2. CpneKTpanbHui aHanu3 00HapYXNBaeT HA COMHLE NPUCYTCTBUE
Mo MpeuMyLIecTBY 3JIEMEHTOB JIEFKUX, UMEHHO 3-T0 ¥ 4-ro Majoro
nepuoaa, 4TO BMOJIHE COBNajaeT CO CpegHMM COCTABOM M 3E€MHOM
KOphl, ¥ METEOpUTOB.

3. ATOMH DJEMEHTOB $BJASIOTCA HA COAHNE CUILHO WOHW3UPO-
BAHHbIMM, YEM U OOBACHSETCS PSR OTIAYMHA CIEKTPOB M OTCYT-
CTBUe JIMHUHK psna 3J1eMEHTOB.

4, Ilo OTCYTCTBUIO JMHUKH METAaJIOMIOB M HEKOTOPHIX JETrKo
“IOHUM3MPOBAHHLIX 3JIEMEHTOB HEIb35 BLIBOAUTL 3aKJioueHus 006
OTCYTCTBUM U CaMHUX DJIEMEHTOB.

5. JlerKkO WOHMU3UPOBAHHLIE 3JJIEMEHTH WIM DJEMEHTH OOJbLUKMX
ATOMHBIX BECOB MOTYT ObITb OTKDHITH nuUib B 00Jie€ XOJOAHBIX
MAaTHaX.

6. OTcyTcTBHE NUHUI TPYRH () nuﬁnanhﬂﬂaﬁﬂux 3J1€MEHTOB MOXET
CIYyXUTb ROKa3aTeNbCTBOM OTCYTCTBUY JAaHHHX 3JIEMEHTOB (Hamp.,
Li, KOTOpLIi OTKPHT B CHaGbiX JHUHMAX TONLKO B MATHAX).

/. B ofmem B NOBEPXHOCTHHX YacTaX COJHUA NIpeobnajaioT
3eMeHTH 1oass OOBIKHOBEHHOr0O UM OTyaCcTU IOJsg KHCIOTO, 4TO
OTBeYyaeT B3rasgaMm BawumHrToHa wu A660Ta HAa CXOACTBO
COCTaBA M XMMHUYECKOrO CTDOEHMSI 3eMiayM M CONHLA Y Ha paclpo-
CTPAHEHHOCThL Ha COJHLE 371eMEeHTOB NeTpOoreHnyecKmnx, Kak n s’ o6o-
JIOYKe 3eMIIu. | |

8. MeHee OTyeTNMBO, YE€M Ha 3€Mne, MPOSBASETCS Ha COJNHUE
MpeobnaaaHue 31eMEeHTOB C AaTOMHLIMM BeCamy, KPATHBIMU 4 ; B 'PyGBIX
YepTax 3TO NPOSIBASETCS B 3HAYeHMU Juis conHua He, Ca, Mg, Fe,
Ti, otyacTu Ni. OgHaKo, CUCTEMATHYECKH 3TO HONOXKEHUE NPOBELEHO
ObITb HE MOXeT.
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O. Bce BhilIeNpUBEAEHHBE COO0PaXKeHHS KACAIOTCA IMUIb HADY KHBIX
060JI0YEK COJHLA, Torga Kak O 00jiee LUEHTpasbHBIX ero 4acTtix
Mbl HUYETQ HE 3HaeM.

10. Tak KakK COJHUE ABISETCA KapaukKOBOK 3BE3[A0I0 CIMEKTpajib-
Horo tuna G, TO NpUBEAEHHBIE BHILUE COOOPAXKEHUs, BEPOATHO, MOTYT
GBHITh MPUAOKEHB! K OONLIUIUHCTBY aHAIQTHUHBIX WeNTORATAO - KPACHHX
3Be3l HUCXOoAsAuled BeTBu (cM. § 50).




X. XuMusi TYMaHHOCTEH H 3Be3p.

A. TyMaHHOCTM.

§ 48. llpewje BCEro Hallleé BHUMAHHUE NPUBIEKAIOT XUMHUYECKUE
sneMeHTsl TyMaHHoOcTe#u (71). Ecm ans conHua, 6aaropaps ero
NpeKpacHOH M3YUYEHHOCTHU W IIYOOKUM TEOPeTHYEeCKUM NpesnochiKam
Cara, oTKpeiTO MnoJie ansa 6ojiee TOYHOrO ydyeTa XMMHUECKUX 3Jie-
MEHTOB, TO HENb3S TOro-xXe CKa3aTh OTHOCUTENbHO TYMaHHOCTEH —
"OrpOMHOM, CJIOXHOW W BEPOATHO HEOJHOPORHOW rpynmbl (72).

TymMaHHOCTHM pa3aensioTcs Ha HECKOJLKO Tpynii: HellpaBWJibHHIX,
 CHMpAibHBX, KOJNbLEOOPa3HHWX ¥ IUIaHeTApHHIX. VX crnexTpalbHas
XapaKTepucTuKa BeCbma pa3Hoo0pa3H2 M Jal€KO He TaK IpocTa,
KaK S5TO Ka3aloCh paHblle, KOrAa B WX COCTaBe BUAEMM TOJIbKO
HEMW3BECTHHIi Ha 3emie ra3 — HeOyJIWid ¥ BOAOPOA.

Ceifuac C HECOMHEHHOCTBIO U3BECTHO, YTO KpoMe Helyaus, BOAO-
poja MW Trejiusi MOXHO B TYMAHHOCTAX IMOAMETUThL CJlaObie JIMHWUK
Mg ¥ psaja 3J€MEHTOB COJIHLA W, HaKOHell, elle Psf 3JeMEHTOB,
COBEpPLIEHHO HEe3HaKOMHX Ham. [loBuaMmMOMYy, cOupalyibHble TyMaH-
HOCTU MO JIMHMSIM CleKTpa OnMxe BCEro MOAXOAST K COJHEYHOMY
CneKTpy Mnu cnekTpy 3Be3] knaccoB K u G (cM. panbuie § 50);
apyrue COCTOAT W3 TBEepPAbX YacCTHL, AA0WKUX CIUVIOWHON CHEKTP.
[Mocnepnumu padotamu Jlukckoid OGcepBaTOpuy ellle OTMEYEHH B
TymasHocTsix C u N.

HesacHolo oCTaeTCss Ham M 1npupoja Heo6yius, kKotopomy H u-
KOJNbCOHR Npuaaetr artomHbii Bec B 1,31 (BepHee mexay 2 u 3),
CYUMTasA ero COoCTORUWMM M3 OTPHUATENbHOro sneKTpoHa. Muoro 6uio
NOMBTOK OO0BACHUTHL NpPUPORY HeOynus, HO HU Pé3epdopa, HU
F'apkuHC He MOraM OKOHYATENbHO BHIRSCHMTH €ro Npupoay, npuyem
BEDOSTHHIM HBJISIETCH, UTO HeOyauid oTBedaeT Hi.

Pa3noo6pa3ue M CJIOXHOCTb CIEKTPOB TYMAHHOCTEI CTOUT Heco-
MHEHHO B CBSI3M C WX CIOXHOW npupopoi. HauuHas ¢ Becbma

?:i:
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XONOAHLIX TYMaHHOCTEH, CBeYeHUE KOTOPHIX OO0 bSICHSAGTCS 3NIeKTpUuye-
CKUMU paspsnamu (nyMHHHcﬁEHuMH), Mbl MMEEeM BCe CTaAuMu HarpeBaHus
TYMaHHOCTHU BIUIOTb A0 TemmepaTryp HapyxHbX yacrted B 13000 —
15000° C. B ¢Bs3u ¢ 3THM BCE ra30oBbie M CNKUpaibHbie TYMaHHOCTH
OOHapyXXKUBAIOT MEXAY CO00I0 NOCTENeHHHe MepexofH.

TpyaHO BCTpeTUTh OOJIbLUIE NMPOTUBOPEYMM, yeM B 00JACTHU MOMNbI-
TOK HaiiTu i TYMaHHOCTEH OMnpejejeHHoe MeCTO B 3BE3AHOW
9BOJIIOUMMA. B TNaHETapHHIX TyMaHHOCTAX ewle ['epureib BUaen
3Be3aHLIe Mupbl «in statu nascendi», Torga kaKk KanTeiH CTaBut
MX B KOHLE 3BOJIOUWM, CYUTAES, YTO B HUX MPEBpallaloTCsd BPEMEHHO
BCneiXHyBWKne Nova. MHoe nonoxenue TOT e KanTeidH OTBOAUT
HeNnpaBUJIbHBIM TYMAaHHOCTSM; UX JiyyeBas CKOPOCTb OTBeuyaeT CKO-
POCTU MONOALIX Te/IMeBhiX 3BE34; OHY BeCbMa CXOHB C 6ecHOpMEHHON
TYMaHHOW MaTepueil, OKpy»aiolleil reinesbie 3Be3[bl.

HauGonee BEpOATHO, YTO 4aCTb TYMAHHOCTed 006]afaeT BeCbMa
HU3KOIO0 TEMIIEPATYPOIO U COCTOUT U3 TBEPABIX MM WUAKUX YaCTUYEK.
[lo mHennio AppeHuyca, Temmeparypa TaKUX TyMaHHOCTEH
moria-6e OunTb He Boiwe 50° C. abs.; nmpu 3TOM B ra3o006pa3HOM
BMRE MOTJH-G0bl - COXpaHUThCa TOJbKO H, He m Neb.; BooGuie npu
3TUX TemnepaTypax ra3opas ¢asa, cornacHo mHenuio [1nauka (1923),
MOYTH HE CYLIECTBYeT; CBETsIasca GJarofaps JyMUHUCLIEHIMK Macca,
nyTeM KOHAEGHCALUWW, IpM HENoJHOM YypasBHOBewMBaHUM HbIOTO-
HOBCKUX CHMJI CuJaMu CBETOBOTO [aBJI€HWs, NOJKHA INPUXOAUTh B
HArpeToe COCTOSIHHE U Jlajiee, O4eBUAHO,-—B COCTOsHUEe 3Be3A. [Ina-
HEeTADHHIE TYMaHHOCTH XKaK OyAT0-Ob 2AHAJOTMYHH 10 CNEKTpam
HOBHIM 3Be&3[aM ¥ B 3TOM Cclyyae MOTYT paccMaTpuBaThCs, Kak
BECbMa MPOABUHYBILIKECT CTagM¥ KOCMMYECKOro mpouecca MIK Kak
HOBOE 3apOXAEHUE KOCMHUYECKOTO Mpolecca ¢ BeCbMa BHICOKOH TeM-
nepatypoi. B MNpOTHUBONONOKHOCTL WM — HENpaBubHbie Tra30Bble
TYMAaHHOCTH CTOAT Kak OYyATO-Obl B Hayane sBONOUUM U MOTYT
OHTh, IMOBUAUMOMY, I[IOCTaBjIEHH HApaBHE C BOCXOHdlied BETBbLIO
' 9BOJIIOLIMKA 3Be3[ (CM. Tadauyy Ha ctp. 104 ).

Kakue -e BbIBOAB Mbl MOXEM C€1aTb U3 CKa3aHHOro?

1. CnekTp ®u npupoja TYMaHHOCTEH eLle He MOryT CUHUTATHLCS
BHIICHEHHBIMU, @ WX XMMHUYECKMH COCTaB CKOJIbKO-HUOYAb ONpefe-
JIEHHbIM.

2. pu pa3HoO6pa3uy TeMIepaTyp pa3iMyHEX BUAOB TYMAHHOCTEN
M UX OOUIUYECKOro COCTOSHUA TPYAHO HapucoBaTb MNpPaBUIIbHYIO
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TEHeTUUYECKYI0 KapTUHY, CBA3aB €e C OlpefeleHHHMU XUMUYECKUMH
3JIEMEHTAMM,

3. Hetr o0coObiX OCHOBaHMW [AyMaTb, YTO COCTAB TYMaHHOCTeW
yem-JM00 CYLIECTBEHHBIM OTJIMYAETCS OT OGLIYHBIX 3J1eMEHTOB KOC-
mMoca, XOTf B HMX, OOJble 4YeéM B KaKuX-Jau6o APyrux KocMuue-
CKHUX Tenax, HaOMoAalTCd JMHUM HE3HAKOMBLIX HA 3eMJje 3NeMeH-
TOB, B TOM YHCIE HEOYNMs C aTOMHBIM BeCOM, BEpPOATHO, MEXAY
BOAOPOAOM M TEJIHMEM.

B. 3Be3nbl.

-§ 49. Mp nepexoauM K HeoOHYaiHO GOJIbLIOH M BAaXHOMH rpynme
KOCMMYECKUX Tel—K TEM TPEM -4YeThipeM MUIKNAPAAM 3Be3[HbIX
MHUPOB, KOTOPbl€ COCTABJIAIOT OCHOBY Halllero ﬂmpﬂsnaﬂnﬂ, B KOTOpPBIX
HaKOMJeHa TJaBHas uYaCTb MUDPOBOIl MaTepuu, i€ TaUTCs elle
He pa3rafiaHHas KapTHHa MCTOPUMH KOCMMYECKHWX NpOLEeCCOB.

3a nocnefHUe AECITUIETHS M3y4YeHUe 3Be3] CAeNal0 OrpOMHBIE
yCIexXH, OHO BLIPOCJIO B ULEJIYK CAMOCTOATENbHYI0 006AaCTbh acTpo-
HOMMHM, @ WMCC/Ie0BaHUs aCTPOPU3HUKM Jajii BO3MOXHOCTb CYAUTH
0 BeJIWYMHAX, DPACCTOAHHUAX, Maccax, CKOpPOCTsX, TemiepaTypax M
BHYTpEHHell npupoae 3Be3aHbix MUpoB. Ceifuac, 0COGEHHO MOcie
pa6oT nHauiua Cara, TepMoaMHaMuiecKast 0GCTaHOBKA NTOBEPXHOCTH
3Be3]l OKas3ajnaCh BHIACHEHHOI, M 3TO Jajl0 BO3MOXHOCTb KDHUTH-
yecKM TNepecMOTpeTb CTapbieé BOMPOCH 0 XUMHUYECKUX 3JIEMEeHTax
3Be3J] W TMOABEPrHyTb COBEpPILUEHHO HOBOMY aHAJIM3Y Te MIMHHbIE
CIIUCKU JINHUKA BSJIEMEHTOB, KOTOpHE [NABaNIUCh acTpOPU3UYECKUMM
MCCNe0BaHUI MM, *

Mexnay cTapod ¥ HOBOM KOHLENUHEH XUMMU 3Be3[ CeHyac JeXUT
OrpOMHasi nponacTb, M HeT COMHEHMS B TOM, YTO B CBETE HOBHIX
vaei cTtapbie CXembl 00 3BOJIOLMU XUMHUUYECKUX 3JIEMEHTOB B 3Be3/1aX,
KpacuBO M JIOTMYHO nocTpoeHHbe Jlokaidiepom, KpyKcom,
Mopo30BHM, CEHYAC Y€ OTOLUIM B 06GJACTb MCTOPUM.

Crapne uaeu JloKaepa ycTaHaBiMBayid, YTO 3Be3[k [0 CO-
CTaBy ClaramouuX HUX XUMUUECKUX O3JIEMEHTOB Pe3K0 pa3JMyHH
Mexay co6oi, Llennid pap rpynn, HamedYaembiX pas3jMuUHbBIMM Khac-
cuduKauusimMy, OTJUYAIOTCA OAHM OT APYrMX pa3BUTHEM UM obpa-
30BaHMUEM TexX MKW HUHBIX aToMOB. TaK Kak MexAy BCEMH 3THMHM
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rpyfnamMmu HaGIoAaIuch nmocTeneHHbie mnepexofn, To Jlokadep
co3aan HeoGbYaWHO CTPOMHYIO W JIOTUYHYIO TMAOTE3y NOoCiaefoBa-
TEJbLHOrO Pa3BUTHUS 3Be3., NPUUYEM NOCTENEHHBIE CTAAUM MX PA3BUTUS
XapaKTepu3oBanucb ¥ U3MEHEeHHemM Temneparyp, ¥ HOBOOGpa30BaHUEM
MIM NpeoOpa30BaHUEM XMMWYECKNX 3JIEMEHTOB. JBOJIIOLMS KOCMHU-
yecKass CBOAMIaCh, K 3BOJIOUMY THOOB atoma. JJoOKaiiep oYeHb
CTPOMHO pacHnoOJIOXUWN BCe 3Be3JIkl B [BE BeTBM I[OBHILIAIOLIEHCT MU
NOHMXKAIOLIeHCs TeMnepaTyphl, CBI3ajd C OTAeILHHIMM $a3amu Npo-
uecca Te WM MHHE TUMB CTapuXx Kiaccudukaumit Cekku u D o-
reisd U IO CNeKTpalibHHM JIMHUAM IS KayAoro Tura, KakK 0Co60#
$assl [IUTENbHOrO MpOoLecca, OMNpefenn] XUMUUECKYID NpHPOLY
3BE3/Hl.

OAHAKO, COBpEeMEHHLIE TEOPUXM WOHU3ALUM DIEeMeHTOB MOoCTa-
BUJIM STOT BOMNPOC Ha COBEPLUIEHHO HOBYIO MoyBy. (OKas3anoch,.4yToO
pa3juuve B CHNEeKTpax M B TNOSBAEHUM TeX WAM MHBIX JIMHUK 3ne-
MEHTOB BHI3HIBAETCS HE TOJAbBKO HalUYUEM WIM OTCYTCTBUEM TOrO
MM MHOrO 3JeMEeHTa B 3BE€3Je, HO TEepMOAMHAMMYECKHMMH YCJI0-
BUAMM ee noBepxHOCTH. «Die typischen Sternspektren illustrieren
lickenlos die physikalischen Erscheinungen, die aufeinanderfolgen,
wenn mann die Temperatur allmahlig von 4.000 bis 30.000° abs.
steigert», rogopun Cara (1921 r.), npuGasnsas, 4TO B OOGLIEM OH
AyMaeT, 4YTO. BCE BUALI 3Be3J, KaK M CONHLE, COCTABJIEHH U3 TEX -Ke
3NIEMEHTOB, UTO U 3eMJsl. |

Takum oOGpa3om npobjemMa aHanu3a CrekTpalbHbiX JUHUAI Nony-
Yyujla COBEpLIEHHO HOBOE TeyeHue, 51 B AajbHeileM BKpATLE U3JIOXKY
pe3yibTaThl CTaphiX acTpodU3MyecKux HaoMoAeHuH, Kak 0a3y A
HOBbIX pPaboT, M TOJLKO NOTOM II€peily K aHaiuM3dy XHUMHYECKHX
3JIEMEHTOB 3Be3l,.

§ 50. M3 crapwix knaccudukauuil B OCHOBY COBPEMEHHHIX HAEH
nojoxeHn cxemnl Cekku, @orens u ocob6eHHo ['apBapacKou
Oo6cepBaTtopuu. Ha ¢QoHe B3Tux cxem Jlokailiep pacnoJoOXun
3B€3[Ibl B MU3BECTHOM CUCTeME M Ial OyeHb JeTalJibHYyw XapaKTepu-
CTHKY, NOAPOGHO CpaBHMBAsS UX CHEKTPbI CO CNEKTpamy B BN€KTpU-
yeckoil uckpe 1) (73).

) Anderson, B cBs3u ¢ paboramn O6cepsaTopun Mount. Wilson, npo-
nycKaJ 4epe3 TOHKYI HHTH B 107 cekyHa Tok B 26.000 BOABT, OGnaropaps
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3auMCTBYKD U3 KinacCUyecKOW KHurm A. BenononbcCcKoOro
(1921 r.) omWcaHue OCHOBHBLIX TUIIOB, CBEAEHHBIX MHOI KpaTKO Ha
npunaraemord tadmmue (ctp. 104—105).

B I knacce nomeuieHsl 3Be3/ibl, B ClIEKTPE KOTOPLIX BUAHb JIMHUY
renst ¥ BOAOPONA, MpPUYEM WHTEHCUBHOCTb JUHUI TOro W APYyroro
3JieMeHTa MOo4YTH OofauHaKoea. PHOJIETOBHIM KOHel CleKTpa SpoK H
npocTupaerca janeko. Knacc 3toT o6o3Hayaerca OykBow B, HO
CTOUT Ha MEPBOM MeCTe, Tak KaK MOCJeJoBaTe/lbHO Npuluu K yoe-
WAEHUIO, YTO 3Be3jbl 3TOr0 TUNa Haubojee MOJOAbe B 3BOJIOLUMU,
B 3TuX CcnekKrtpax cOBCeM HeT JIMHWIA MeTaslJioB.

[locnepoBaTensHbie OoCaaGieHUss JUMHWN Tenaust, YCUNeHue BOMAO-
POAHLIX JIMHWM U MogBJeHWe caalbiX JIUHMKW Kanblisg HAT KpUTe-
puii s nepexopga oT TUna B K ciepyiouiemy yepe3 rpapmauuio By,
Boy, Bs u T. A&, go By u A. 3se3gs Tuna B B{:TquaH}Ttﬁ yatuie
BOMM3U W B camoMm MieyHoMm nyTi, 4Y€M B OCTadbHbIX 00JacCTAX
Heb0a, ¥ OCOGEHHO MHOr0 X B co3Be3guuM OpHOHA, OTYEro UX 4acTo
Ha2HBaioT OPUOHOBHIMM.

B cnekTpe Tuna A rjaBHbiM KPUTEpUEM SBISIOTCA BOAOPOJAHbLIE
JINHUYU — IIMPOKKE U TyCThle. [enueBbie COBCEM OTCYTCTBYIOT. XO-
POLUIO 3aMETHH JHHWM Kanblug. B HayanbHBIX CTagusaX B COEKTpe
3TOro Tuma C OoJblUUM TPYHOM 3aMeTHH Hauboliee spKue JIMHUM
nab60paTOpPHOrO MM COJHEYHOro ChnekTpa— CreKTpa xenesa. [lo
Mepe pa3BUTHUA 3TOro TUna (A, A, Ag U T. A.) JIMHHKA METaJljoB,
KajdbUusl W 2KCJIE3a, a 34TEM W [JPYTMX METANI0B CTAHOBATCA BCE
3aMeTHee, npyu 3TOM GUONETOBHII KOHel ChneKTtpa cjabeeT U YKO-
DaYHBaEeTCA.

Tun F 3akimioyaeT elle HesiCHbie NWHWM BOJAOPOJA, HO MUCHELlpeH
MHOXEeCTBOM TOHKHUX pPe3KMUX JIMHUH Xele3a, TUTaHa, MarHus; JUHWU
Kajbuusi 6pocaioTcd B rjia3a, N0 HWMpuHe MOAXOAAT K JUHUAM BO-
nopoga B tune A. [lepexon Tuna F uepe3 rpajpaumm F,, F,, F3 u
T. 0. NMOKa3aTeJleH IOCHefoBaTelbHbLIM YCHUJIEHWEM SPKOCTHU JWMHWUHU
METaJIOB, OCNAGIeHUEM BOAOPOAHHIX NUHUI, 3HAUMTEIbHBIM pacliy-
peHuemM, 10 pa3mepa nonoc, JuHUM H w K M ocnaGineHnem d¢uone-
TOBOro KOHLI2 CreKTpa.

JYEMY TeMnepaTtypa aocTturana, no ero mMHenmio, 30.000° C. 3Itum nyrtem, no
MHeHMiI0 Anderson’a, moly4aioTcs CneKTPh, CPAaBHUMLIE CO COEKTPaMH
COJIHI]A ¥ 3Be3/.
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Tun G, B KoTOpH# nepexoauT THN F, 3aKmouyaeT B ce6e CONHLE
M TOXECTBEHHYIO M0 CHeKTpy 3Be3ly a - Aurigae. CnJOLIHOW CneKTp
TaK WChelipeH JMHUAMM Pa3NUYHOK MHTEHCMBHOCTHM, YTO TPYAHO
HalWTH mMecTo, CBOOOAHOE OT HUX. BOROpPOAHBLIE JIMHUM TOrO-Xe Io-
psiAKa.

I[lepexon K caegyrowemy Tuny K XapakTepusyeTcs nocneioBa-
TeNbHLIM YyCUileHUueM NUBUK MeTannoB, ocnalieHueM BOAOPOAHBIX

TABJIHULOA XXXVII.

Harperaunue >

|  Crupans Turanthi (gan. 3—66 ©) l'azoo6pasn.] Ocna6ne
|Tymannocts| C yBenu4. CBETOB. AaBieHuem | TYMannoCTH AaBJE
| Tunm O6ceps. 1 l | ‘ | 3ee3anl 0
| Tapeappa . . ? M : K Gt F: A (TymMaaEHOCTH) B
| YgenoHniit BeC 1,10—55 ﬂ,{}m; 0,045
| (npu H,0=1) g e
| AGcomoTHas i (N
TEMII. HApYXK-
HBIX YacTe# . — 3000 — 4 1800 18000 — 14
{ LlIBeTr . .. .| .— Kpacubie |2Kenreie| Benwe jTony6osaro- b e
| | l 6envie %
| CkopocTi . — | | ! ’ | l 12,9
(KIM. B CeK.) | i | |
o |
| Cnexktpw . .|} Cnyous-. Cnnnmﬂniﬁ| Jlunennwui
HOMH | CNEeKTp
CNEeKTP He, H+ H, He ?
c - | | _HEMHOTO
REARE CM. mpaByi NMOJOBHHY S!’HEH;H%‘DN:
- <l o i
| Mg-+)
.J [a 3 0B H &
[ | |

Mpumeuanne: XKupHas aunuUS (TOPHU3OHTANbHAS) CBA3HBAET THMH
3B€3/], B KOTOPHX PAa3/IHYHE MEXJAY THrAHTAMM M KapJIMKaMM Majo 3aMeTHO.
CnexTphl HaHeceHH UMb B NpaBoi HUCXOAsLEH (— oxJaxpaaolieiics) 4acTH
Tabnulb, HO MOMKHH OHTb BEPOATHO, B HEKOTOPOH YaCTH MOBTOPEHH U B
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JIVHUA ¥ 3HAYUTENbHLIM YKOpOoueHueM GuoneTosBoro KoHua. B cnektpe
OCHeAHMX Trpajauui 3TOro TUIlAa HAYMHAIOT [ONafaTbCs IOJOCH
B CIUIOHIHOM CHEeKTpe, OOYCNOBJIEHHbIE XUMUUYECKUMU COENMHEHUSIMMU.
OTHU MONOCH C 0COG0I0 pPE3KOCThIO MOSBIAIOTCS B CIEAYIOLIEM THIE,
0603HaueHHOM OyKBOio M.

3Be3[bl, B CNEKTpe KOTOPbiX BCTpeyawoTcs OnecTsdllMe JMHHUH,
00603HavyatoTcad OykBoio O, npuyem 3TOT Knacc, B CBOK oOyepelb

Tunel 3Be3].
Oxnaxpenue —>
e —_— - — —— - l{ap‘}lﬁHH — |
HHe CBETOBOTO [TnaxerapH.
i C cna6biM CBeT. faBji. U 3HAYEHHEM
HH A _———> - oSy | T-}'MELHHDCTH ‘
| |
A F G | K M P?
| B ! (N
—_ L | i i
-+ oxkono 0,1 1,38 5,4
(ConHLe)
11 — 9000 7-—6000 | 6000 — 5000 | oxono 5000 5 — 3000
T Bl e Ken T H € Kpac H bl e
| 21,9 28,7 299 33,6 34,3 18 — 39
3= — i | — _
Jnunelinpit | Jluneitnwit | Cmewanuniii | Ilonocuarwii | He, H, Neb.
Ha (oHe
H, Si H, Fe, Ti, Cr Fe, Ca, ycuiaenue | Xumuueckue | HenpephiB-
Fe, Ca Mg, Ca, Mn Mg, Ti, MEeTaNJ0B | COefuHEHUS HOTO
YCHJIEHHE | UOHK3. MET. Mn, Si (yrneBogop.)
MOHU3. MeT. | (Hemuoro) | nuuum H cn. | ocnabneune | B M-TiO,
(Fe+, Cat, Ca+ H B N-coep. C
Mg+, Cr+) .
HMouusup. MEeTanNh MeTannu | yeckue XUMUY.
| (IpOTO | METAaJNH) COeMHEHHS
|
|

nesoi. [locneguue padoTs, MOBUAUMOMY, OTHOCAT MJaHeTapHHE TYMaHHOCTH,
B MPOTUBOMOJOXKHOCTL MHeHuwow KanTe#iHa, KHenpaBuIbHHIM Ta30BbHM
TYMaHHOCTAM M OTMEYAKT HAa HMX JIMHUK yriepoaa u a3orta. Lludpw ckopo-
creii no Kemnéenwo (1915 r.).



106

noapa3pensiercd Ha Oa, Ob, Oc, Od, Oe, B 3aBUCMMOCTM OT pa3-
HOii ApKOCTY nuHuit. [ToBuaumMoOMY, noapa3aeneHue Oe npeamecTByeT
B 3BOJNIOUMOHHOM nopsake Tumy B, oco6enHo mnogpasaenenue Oes.
Bykeoio P 0003HAaYaloTCs NjaHeTapHbie TYMaHHOCTH.
Byksoo Q — 3Be3/ibl €O cnekTpamy, He YKIaibiBAOUUMUCA BO
BCE€ ONMCaAHHbIE Bbillle NONPa3[eeHHs, N0 NPeuMyLlecTBy C ONecCTs-
UMK TUHASMMU,

§ 51. [lepeliiem Tenepb K COBPEMEHHBLIM B3rJsilamMm Ha XapakTep
TeX JIMHMi, 10 KOMM Co3JaHb cxemMb JloKajiepa, ¥ KOTOphe Chy-
XUJIW OCHOBAHWEM [Jis MpeACTaBJIeHWa O pacClpoCTpaHEHUWH OTHENb-
HbIX 3JIEMEHTOB Ha 3Be3laX pa3HbiX TuUnos (75).

[Ipodeccop Pusuku KanbKyTCKOro YHUBEpCcUTeTa, MOJOAOH MH-
avely Megh Nad Saha, BHABHHYJ TeOpUIO MOHU3ALIMY 2JIEMEHTOB,
M OYEHL CKOPO BHISICHUIIOCH, YTO 3TA TeOPUs COBEPLIEHHO MPABHILHO
pasrajiajia npo6JieMy CneKTpoB 3Be3[. B CyLUHOCTM MHOroe u3 cTa-
phiX NOHATHNA JloKaliepa morno-Obl ObiITb OCTaBlEHO JiMlIL C 3a-
MEHOIO ero TMOTeTUYeCKUX NPOTOMETANIOB U IPOTO3JIEMEHTOB UOHU-
3UPOBaHHBIMK aToMamu (cM. § 45). |

B ra3oBoi cmecu npu HarpeBaHuu ot 3.000 pgo 25— 30.000°
MAeT WOHU3ALUS BIEMEHTOB, T. €. OTAENEHUE OTPHULATENbHbIX 3N€K-
TPOHOB, OJarofaps 4emy u3MeHseTCs CeKTp 3JIeMEeHTa, JaBas HOBHE
cepuu, nmepeMewancs K ynbTpaduoieToBOM YacTH M, HAKOHEL, COBep-
LIEHHO CKpbiBasCh 3a €e IMpeAeioM B YCIOBUSIX HALIUX METOAOB
Ha6awoneHus. TakuMm o006pa3om, CUILHO MOHU3UPOBaHHHI a3 OKa-
3bIBAETCS JMLIEHHLBIM CBOMX TUIWYECKMX NUHUM MWW pa)»Ke OKa3bl-
BAE€TCA COBEpPLIEHHO HeBUAWMBIM. C(CTeneHb MOHMU3AUMM 3ABUCHUT
oT t, pu A; OHA yBEJIUUMUUBAETCI C TeMiepaTypos U aTOMHHIM
BECOM 3JIeMeéHTa (B rpy0Oi cxXeme) U yMEHbLIIAETCHA C YBEJIMYEeHUEM
NaBJEHUS.

Taxum o6pa3om, BUAUMOCTb JMHMHA TOTO WM WHOTO 3JiEMeHTa
34aBUCHT OT JIEFKOCTM MJAM TPYAHOCTH ero MOHU3auuu, ¥ NpH OOHMUX
MU TeX-XKe TEePMORMHAMMUYECKUX YCJIOBUSIX TPYAHO WOHU3MPOBAHHLIN
3JIEMEHT MOXET ObTb BUAWMBIM, a J€rKO WOHW3MPOBAHHbLIKM — HET.

Russel paer npumepHui CnuCOK TMOTeHUuasNla HMOHM3ALUMW He-
KOTOPbIX 3J1€MEHTOB:
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Cs Rb K Na Li H
3,8 4,16 4,32 5,11 533 13,54
Ba Sr Ca Mg Zn He

5,12 5,67 6,08 7,65 94 25,2

B aToM cnucke GoJyee TSXENble 3J€MEHThl WOHMU3UPYIOTCS Jierue
W, NOTOMY, ropa3fo TpyAHee u pexe OyAyT HabnopaTbCs, yeM Ooaee
JeTKue, B YCIOBMSX BHICOKMX TemmnepaTyp. YeMm Boie TeMmIe-
patypa, TemM BepOsiTHeE€ COXpaHeHWe JIMHUUA TOJILKO Y MOCHeHHX;
yeM HuXe,—TEM MOHsSTHEe JIMHUU U Y 6onee TaxelbX 3J1eMEHTOB.
OTclopa ACHO, 4YTO B OYE€Hb HarpeThiX 3Be3gax (CM. Tabauuy) Mbl
umeem H u He u uyt0o Rb MOXeT ObiTh HaWeH JUlllb Ha CaMbiX
xonopubix. Ilpu 23.000° abs. BOZOpPOA COBEpPLIEHHO WOHU3MPYETCH
M JenaeTcs HeBUAMMHIM, AN He B uHTepBamax Temmnepatyp oT 23
no 30 Thicg4 MOSABJISAETCA HOBas Cepusi JUHUM.

Ucxona u3 atoro, Saha m Emden crposar cne,uy'mmym [pu-
MEpHYI0 KapTHHY XMMHUWA 3BE3[, NpHYeM MOHbl OTMEYeHb XHUMHye-

[

CKMM 3HAKOM T}

TABJAWILA XXXIX

Pacnpenenenne atomoB u HonoB H, He, Ca n Mg npH pasHbIX
TeMiepaTypax.

— T T T

|

|

Tunw 3Be3p. (cp. . XXXVII). A6Gc. TEMHE[J.‘ ATOMBI, HOHBL (1.

25000 | Hi+, He-+.

20000 H, He+, He, Ca+
15000 | H, He, Mg+, Ca+

12000 H, Mg+, Ca+, (Ca)
8000 H, Ca, Cat, Mg
4000 Ca, Mg

JTa Tabauua ansa yetwpex anemeHToB H, He, Ca, Mg ycraHa-
BIMBaeT Te€ TePMOAMHAMHUYECKHe YCIOBMSI, NpPH KOTODHIX Kax/bli
M3 HUX BHUOEH B CHEKTpaJbHBX JIMHUAX. TakK Kak 3Ta Tabauua He-
o0nyaiiHo O6JM3KO OTBeYaeT TOMY, UTO HAOJIOOAeTCsl Ha 3Be3jaX,
~TO Mbl MOXEM CKa3aTb, YTO MO OTHOLIEHMI0O K YKa3aHHbiM BhilE
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——— — i —

3/IEeMEHTaM pa3nMyie Pa3HbIX THUIIOB 3BE3[ ONpefessseTCas HE€ Ha-
JAYHUEM UJIM OTCYTCTBHUEM OJHOrO U3 HUX, 2 JIMUIb TEPM O-
IMHAMMYECKUMMU YCAOBUSAMHU, B KOTODHX aTOMB HAaXOASTCS.

Ecniu Takum o6pa3oM Leianil psj HalIMX CTapbiX BHBOMOB Na-
JlaeT, TO BCE-)X€ BO3HMUKAIOT HOBbHE, Hameyaiollue HOBHIE NYTH
K pelieHHio BOmpoca O XuMuM 3Be3j. Tak, orcytcrsve Mg npu Ha-
auyuw Ca onpenesieHHO TFOBOPUT, yTo Mg Majo WM BOBCE HerT;
orcytcTBue Li npu namuuuu K u Na Toxe rosoput, uro Li Her,
U T. . Takum o6pa3om, TONLKO ceiyac HaMeyaiTCsl NpaBUJIbHHE
NyTH K MNO3HAHWIO XWMHM 3Be3J,, HO Ha HMX e€lle TOJIbKO BCTymnaeT
COBpEMEHHass acTpodu3uKa, NepecMmaTpuBasi CBOU CTapble BbIBOAL M
CTpOSA HOBBIE, O0Nee [QOCTOBEpHGLIL.

§ 52. Kak MB TONbKO YTO BHU[ENH, COBpPEeMEHHbie TEOPUH COBep-
lUEHHO YCTpaHuiM CTapoe MpPEACTaBJ€HUME O Pa3HOM XHMHUYECKOM
COCTaBe 3Be3J W BBLABUHYIU ULEID 00 UX TEpMOAMHAMHUYECKUX pa3-
aryusax. Otcioga BHITEKAOT, ¢ OAHOW CTOPOHH, BCe COBpPEMEHHbIe
TeOpuH 00 3BONIOLMHM 3BE3[, C JpYyrol — psal MIOTETHUYECKUX npea-
IIONICXKEHHUI O mnpoueccax M3MEHeHWsT aTomMa. HeT HUKakoro ComHe-
HUsl, YTO Haubojee CTPOWHAS TeOpus B IEPBOM HAIIPABJICHUU [aHa
JlupekTopom O6cepaTopuu B KemGpuaxke DAAMHITOHOM, KOTO-
pulii, npoTuBononarass HbIOTOHOBCKME CHIB TNPUTHXKEHHUA W CUIH
CBETOBOIO [4aBJIeHMS, JaJl CXeMy IMOCJIef0BaTEeIbHOCTH H3MEeHeHUs
BO BpeMEHM 3Be3[—Ira30BOi Macchl €O CPeJHUM ATOMHbLIM BECOM
oxkono 2,8 —3,3. UMeHHO 3Ta cxema, B coriacuum C ujgesmu Kan-
TeWHa, Nerna B OCHOBY TaOmMuUbl XUMUKM 3BE3[ Ha cTp. 104 1) (74).

OnHako, a3Ta Teopusl OCTaeisya 6e3 BHMMaAHMS BONPOCH XWMMU-
yeckue M, CTporo rosops, B ceete ujaed Cara oHM He MOIJU IOJA-
‘HuMaThecss. C TOYKM 3peHMsl MOeM MOHM3AUMM Y HAC HeT HUKaKWX
O0beKTUBHHIX KpUTEpUeB [ CyX[AeHWs 00 3BOMIOLMM BeuUlecTBa
B 3B€3aX; naxe 60Jibllie — KaK OyATO-0bl 3TA TEOpUsl YCTaHABIIUBAET
NOJNHOE EeQMHCTBO XHMMHYECKOro cocTtasa BceX Tumnob 3Be3l. OaHako,
TaKad IIOCTaHOBKA, KaK Mbl YyXe BUJAEJIM Ha 4YacTHOM INpumepe
CONHLA, Toxe Henpuemiema. OrpomMHOe HarpeBaHue 3Be3[] A0 TaKux
TEeMIIepaTyp, NpU KOTOPbiX [a¥e HAPYXKHBIE 4acTH HarpeBalTCd A0

1) Tlo Bceit BEpOSTHOCTH HMEETCHd HECKOJIbKO MyTed 3BOMOLHHK (3Be3fH
S—Merrill, 1922 r).
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20 — 25 TpICAY rpagycoB, He HAXOAMT CeOe OOBsCHeHUs Ge3 pomy-
U[€HUS KaKOro-Ju60 MUCTOYHMKA SHEPruuM BHYTpPM aToma. OTciona
BHITEKAET HEOOXOAMMOCTb NPUHATUS KaKuX -JIMGO SIBJEHMIT DK30Tep-
MHUYECKOr0 XapaKTepa, KAKOBHM MOXET ~ SBUTLCS WMIM CUHTES
QJIEMEHTOB C IIPEBPALEHUEM 4yaCTW MacChi B 3HEpPruio, UiInm paguo-
aAKTHUBHBIM pacmajg TsaXeNbiX aTOMHBIX CUCTEeM.

bombuinHcTBO (Eddington, Perrin, Arrhenius, Hale
M [p.) KNagyT B OCHOBY HarpeBaHusi 3Be3l NpoLecc o6pa30oBaHHs
6onee TSXKENbIX aTOMOB, MAyI(MHA B LEHTPalbHBIX YaCTSX 3BE3,
rie, N0 JAAUHTTOHY, TOCHOACTBYIOT TEMNEPATYPH MOPSAKA MUJ-
JIMOHOB 1 NECITKOB MWJIIMOHOB rpaaycos ') u aasineHue B 107 aTmo-
cpep. OCOGEHHO [ETaNbHO TepMUYecKrili XOA STOro mpouecca Ha-
meueH HepHCTOM, XOTA ¥ OH B OCHOBY, HArpeBaHWs CTaBUT
HE CHMHTE3, a pacnag C €ro OCHOBHHIMM 3aKoHamu (1921 r.).

Tak unn MHaye, HO HENL3s HE MPUHATHL NpHM Ipouecce o6pa3o-
BaHUA 3BE3[l KAKOro-TO e€lle HaM HeU3BECTHOro OauXe HCTOYHUKA
SHEpPrum.

B Hayane mbl MMeemM OOjblIMe XOJOAHbIE TYMAHHOCTH, GIM3KKe
o TEeMIepaType K alGCONIOTHOMY HYJIO, ¢ GONbIIOK CUJIOK TSro-
TeHus1, CBeTsLMecs Onarojaps snekTpuueckum paspspam. Coctas uX,
no [lnaHkKy, NOYTU MCKITIOYUTENIbHO U3 TBEPAOr0 BELIeCTBa; W3
BO3MOXHBIX Tra30BbiX 4YaCTeyd —TONLKO H, He u BEpOsITHHIM mmpO-
MEXYTOYHbIW ra3 Neb, (HeOynuii), HauvHaeTcs npouecc CxuMaHUA
U OJHOBPEMEHHO 3K30TEPMUUYECKOH KOHIOEHCALUUW BJIEMEHTOB; 3TOT
NpoLecc peryiMpyercss B3auMoOTHOLIeHueM Mexny HbioToHOBCKMMU
CUJIaMU U CMJIaMM CBETOBOTO pnasjieHMs. B pe3ysibTaTe KOoHAaeHcaUuu
MOSABNSIIOTCA CHauana Goyiee nerkue rpynnuposku Mg, Si, C, notom
Gonee Taxensie—Ca, Ti, Fe. Boabwas 3Be3ga TMraHT HOBOJNBHO
OLICTPO packandercs, ¥ QopmyJsl He pHCcTa J[alT KapTUHY KpH-
BOW €e TemMmnepaTypbl Macchi 3BE3J]1 OKPYXEHbBl pOEM KOCMUYEeCKOH
nenu. [lOCTENEHHO M 3HAYWTENbHO MeANieHHee MAeT OXJaXAEeHUE,
3Be3/1a [peBpallaeTcs B KaPIUMKOBYI0, HAKOHEL, COBEPLIEHHO TacCHeT,
yTOObl MMOTOM Te-J1M60 BHOBbL 3aropeThcsi B suge Nova,

) Temnepatypa BCe-X€ HepgocTaTouyHas, no pgaHHeM HepHcTa, ans
YCKOpeHHUs pafu0oaKTHBHOro pacnapfa. UHoro muenus Perrin, cuumTaioum,
YTO CKOpPOCTb pacnaja pasjidiHa B pPa3HHIX MeCTaX MUpPO3[aHMA.
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Kocmuyeckas MblJlb, OTOrHaHHAs CWIbHLIM CBETOBHIM nanné—
HUEeM, B HOBBIX MECTaxX KOCMOca cobupaerca B HOBYIO XOJIOA-
HYI0 TYMaHHOCTb, 4YTOOW CHOBA HayaTb ULMUKSI OOpa30BaHUA KO-
CMHUYRCKUX TeJL

Pa3epuTve 3Be3ab MNpPOTEKaeT TeéM MejleHHee, 4YeM O0oJibLie ee
macca.

Xoj TeMNepaTypHOM KpUBOH M03BoJjiseT HepHCTY HapucOBaTh
KapTUMHY KaK KonuyecTBa pa3fMUHBX 3Be3Jl, TaK M HPOJOIKUTEb-
HOCTUM OTHAENbHOH CTajuM: OYE€Hb MaJl0 M'MraHTCKUX 3Be3[, OuYeHb
MHOro 6ojieeé MNOTHHX OeJibkiX 3Be3M, NOBOJIbHO MHOTO XEJThX Kap-
JMMKOBBIX, OY€Hb MHOr0O KapJWKOBHX KpacHbX 3Be3a. Cragus ruraH-
TOB He poJrasi, He CBhine 400 MUINMOHOB JeT C MOMEHTAa Harpe-
BaHWs TYMaHHOCTH; TPOAOCHKUTENLHOCTD OXJAXAEHWS OT BHICIIEro
HarpeBaHusi 0 COCTOSIHUSL HAlLEero CONHLA He MNPEBOCXOAUT 3 MUI-
mwapaos et (3.10%); nans npoROIKUTENLHOCTM XU3HU Ha 3eMIe,
0 MHeHuMio HepHcTa, ocraercas He cBbime 400 MuIJIMOHOB
et (76). ;

TakoBa HauGoJjiee BepOSITHas KOHLENUUs pa3BUTUR 3Be3[; B HEWH
XMMUUYECKHUE NpeBpalleHusi UrpalT ellje COBEpUIeHHO He NO3HaHHYI0

HaMu PpoOJib.

§ 53. Mb noaxonum, CJIefOBATENLHO, K TeM BHBOAAM, KOTOPHE
nposo3rnacull eule Ll Bapuwunabpg (1908 r.) u KoTOphie ceifuac
NOJIOXKEHb B OCHOBY COBPEMEHHBIX BO33peHuii: MOBCIOJY BO BCEJIEH-
HOM XMMHUYECKOoe CTpOeHME MaTepuM OAHO M TO-XKE€...; 3Be3[bi
COCTABJEHH PABHOMEDHO W3 BCeX ajemMeHToB... Cefiyac, mnocne -
Knaccuyeckux pab6ot Cara, Kak OyATO-Obl BHIGMTA OCHOBA M3 - IOJ
Teopuit SBOMIOLMU, M JIMUIL KOCBEHHBIM 006pa30M, Ha OCHOBAHUHU
psija Mpeanoyo¥xeHnid, HapUCOBAHHLIX B NpeAwAylieM naparpage, Mhl
JOINycKaeM HEKOTOpbid NpoLecc MHTErpauud 3JeMEHTOB.

Ho, eciM Mbl OoTpelIMMCst OT 3TUX elle AajiekKo He JOKa3aHHbIX
[10JIOKEHWH, Mepea HAMH OCTAETCHa 3ajaya — co0paTh BOEAHHO, He3a-
BUCUMO OT 3Be3gHOr0 TuUma, OOCMYID KAapTHHY BCEX 3NEMEHTApHBIX
TeJ, HalOloJaeMuX Ha 3Be3aaxX. JTa oflias KapTHHA AAeTCsI MHOI0
HUXe Ha cliefyloueid Tabnauie (Ipuyem 3J€MEHTH, MU3BECTHHIE TOJIbKO
Ha COJHLE, B Hee He BKJIIOUEHH). |
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TABIULA XL

3aementol 3Be3n (cp. Tabnuuy XXXVII, connye).

Fe Co Ni

——————— ———

EEENRRR R

51 HaHEeC Ha [uarpaMmy Juilb OCHOBHbIE 3NE€MEHTHl, HAOPAB XHUP-
HbIM TE€ K3 HUX, KOTOpbLE, MOBUAUMOMY, UMEKT 0C00G0€ 3HayeHue.
KoHeyHOo, Tabimua OYeHb He [0JHA, HO ¥ OHa CHOBA BbLIABMIaeT
3JIEMEHThHl TIOPAAKOBHIX HOMEPOB oT 11 pgo 28 M CHOBA 3aHUMaeT
TO «M0je 00bYyHOe», KOTOpOe SABASANOChH XapaKTEePUCTHYHHM U Ond
3€eMHOH KOpbl, ¥ AJId MeTeOpPHTOB.

Ha OCHOBaHUM CKA3aHHOIO Bbillle, MBl AOMXKHBI NPUATH K HHXKE-
CNeyIollluM BbHIBONAM

1. HecmoTpg Ha OrpomMHOe€ KONUYeCTBO M pa3HO0Opasue THUIIOB
3B€3[, BO3MOXEH MX XMMMUYECKHH aHanu3 Ha (POHE 3HAHUS MX BE-
JUYMHBI, MacCol, SpPKOCTH, TEeMIepaTypsl IIOBePXHOCTHLIX CJIOEB,
YOENbHOrO Beca U CKOPOCTEed ABMWEHUS.

2. BOJBIIMHCTBO THNOB 3BE3Ml PACMOAAraioTcs MO BHLIEYKA3aH-
HbBiM MpU3HAKaM B OOWYI0 CUCTEMY, CBA3aHHYI0 MNOCTEMNEHHBIMHU Ile-
pexonamu M, BEpOsSTHO, NPEACTAaBIAIOLIYIO OJUH WM HEMHOTIO OOLUX
reHeTHYECKHUX pSIAOB.

3. Kazasuwnecs paHbllue pe3KUMU pa3inyusg B XMMUUYECKOM COCTaBe
3Be3l HblHe OODICHAKTCA pa3luyueM TepMOAMHAMMYecKoi o6cTa-
HOBKM NOBEPXHOCTHbIX 30H 3BE3J, B 00uieM NPEACTABJISIOUIMX ra30-
BblE€ CKOIUIEHHUS.

*T_ | | !é 8
|
|
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4. HeT naHHBIX, KOTOpbHE-6b TOBOPHMIN NPOTHB NPU3HAHUS XH-
MHUYECKOro cocrtasa 3Be3j Oojiee WAUM MEHee OAUHAKOBLIM.

5. XuMuueCKue 3JIeMeHThi 3Be3[ B OOLLeM TOXeCTBeHHH C 3eM-
Ne M ¢ MEeTEOpUTaMU, XOTS He MCKJIIYEHO HEKOTOpOoe YBEIUYEHUE
H u He B u3BeCTHHX 3Be3[HHIX THUNaX.

6. XOT4 Mbl He MMeeM elje JOCTAaTOUYHO IONMHOM KapTWHLI UOHMU-
3allMM 2JIEMEHTOB, CBI3aHHHX C—t, p U A (TemnepaTypa, 1aBleHue
M AaToOMHBIA Bec), TemM He MeHee Hal0 AyMaTb, 4YTO B 3Be3[aX
npeoOnanalnT 3SJEMEHTH HE Tsxenble, C aTOMHbBIMKA BECAMH He
ceuilie 60.

7. MoxHO gOymaTbh, 4YTO B COCTaBe 3Be3[ INpeoliajaiT die-
meHTH H, He, C, Mg, Si, Ca, Ti, Cr, Mn, Fe, Ni (B meHblieh CTe-
nesn O, N, Sr, V, Co), T. e., 3a uckmouyeHuem (13 riapusix) Hu Mn
MOYTH MCKIIIOYUTENbHO 3JIEMEHTH KpaTHbie 4 ¥, BEpOATHO, NOCTPO-
eHHbBIe U3 Teauorpymn.

8. BhllUenpuUBeAEeHHbI CMUCOK SJeMeHTOB [MOYTH TOXKECTBEH
C BJEMeHTaMM HauboJjiee TIYGMHHBIX 30H 3EMHOW KOph ¥ OCOGEHHO
C BJIeMEHTAMW MEeTEOpUTOB.




XI. Ilepepacnpenesenne 3nreMeHTOB B KocMoce.

«BceneHHas siBHNAch B BeJMYECTBEH-
HOM 00pa3€ 3JIEKTPO-MATHHMTHOrO MoJ,
B KOTODOM pa3BepTHIBAGTCH [ABUraTENb
WHU3HH—H3JIYUYEHHE”.

H. ¥ mos. 1912 r.

§ 54. Ha npeabnayliux crpaHduax, MoclaefoBaTelbHO, Liar 3a
11aromM, Mbl BHIICHSJIM pacrnpefeneHue OTHENbHbBIX 3JIEMEHTOB B 3eM-
e ¥ pPas’auyHBX KOCMUYECKHMX TeNax, NhTasCh BHUKHYTb B 3aKOHH,
onpegesol#e COBPEMEHHOE pacnpefeseHue, W B Te€ NPHUMUHB, KO-
TOpHE MOMIM 3TO pacrnpejesieHUe BLI3BATb.

B 3TOM HANPaBA€HUU Mbl Cpa3y CTONKHYIUCH C ABYMS BO3MOXHO-
CTAMUH 00DBICHUTb COBPEMEHHOE paclpeneseHe aTOMOB MHUPO3LaHHUA.
C opHO#M CTOPOHB B OCHOBY HalUMX NpejacTaBJ€HHH MOXHO NOCTa-
BUTb MieéM B34aWMHOTroO npeppaljeHusds v o6pa30BaHUd HOBbIX
aTOMOB W3 CTapbiX; B 3TOM CJiyyae Habmioaaemoe cOYeTaHME aTOMOB
B MUPO3IaHWKW MOTJO0-Obl MOAYYUTb OOBSICHEHHE B TOM MOCJIEN0Ba-
TeJILHOM [IpoLlecce NpeBpalleHns, paju0aKTHUBHOrO pacnaja uiM
MHTerpauud 3JE€MEHTOB, KOTOpHH BHe KaKUX-TM00 MexaHHUYecKuX
nepeMelljeHUii ATOMOB, Ha TOM-Xe camMoOM MecTe, B 3aBMCUMOCTY
OT XOAa Mpolecca, MOXET BH3BaTb OOJbIIOE Pa3HOOOpPa3ue dJIeMEeH-
TapHbHiX Tej. TakK, B KyCKe OYMIIEHHOTO ypaHa MNOJ BJIUAHUEM
PAaIMOaKTMBHArO pacnaja BO3HMKAET el LMKJI HOBBIX aTOMOB
BIJIOTh [0 CBHHLA.

K s5Toii rpynmne nNpUpoOAHbIX SIBJIEHUN, B 3HAYUTENLHOM CTENeHH
Nexalux 3a npejesamMu TOYHOrO 3HaHusi W HaOJMIOAeHWs TPUPO.H,
Mbl BepHeMCsi B TOC/€[Hed 3aKJIOYHTeNbHOH TIiase.

Ho ecth eule apyrasa o6nacth SBAEHUH, COBEPLIEHHO HECOMHEH -
Hasgs #W wurpamowas OrpoMHyw PpoJib B MHUPO3OaHHU. 3TO SABJIEHHE
nepeHoca, KOHUEHTPALUUHN HIN paCCeaHNs yXe roro-

8
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BHX AaTOMOB 3NEeMEHTAPHBX Tea 3ITO LEAbi LMKKI
IpoLecCOB K KOCMMYECKOro, TreojioTUYeCKoro U QpU3UKOXUMHYECKOro
XapaKTepa, He TOJbKO B 3HAUYUTE/bHOH CTEeNeHM MOJIOKHMBIUMX Ha-
Yyano CKOMIEHWIO, KOCMUYECKOW MaTepun ¥ OOPa30BAHMIO KOCMUYe-
CKuXx Te€J, HO M TMOCTOSHHO [MEeperpynnupoBbBALIUX KOCMOC
COrJJacHO PANY OCHOBHBIX 3aKOHOR MNpUpoab 1).

Mbi  JOJXKHH CYMTaTh, YTO COBpPEeMeHHOe pacnpe-
fleneHue 3IE€MEHTOB B_MNpuUpORe Heé €eCTb 3aKOH-
yeHHasd, NOCTOAHHAad OopMa X HAKONJeHUs; Ha060pOT,
Mbl HZOMOlaéM MHOTOYMCIEHHbBIE U CHIOXHbie $BJIEHUS Meperpyn-
NMUPOBOK M IlepepacnpenesieHus; Kaxaoe KOCMHYeCKoe TeJ10—COoJHLE,
3eM/isl MM KOMETH — HE COXPAHSIOT CBOEro COCTaBa, 2 CBA3AHH
MexJy CO00I0 U C KOCMOCOM IIOCTOSAHHBIM M CJIOXHBIM OOMEHOM
mMaTepyanbHBX 4acTUU. B Halueid 3emje mMbl Takwke Halnoaaem no-
CTOSIHHOE [epeMelleHne 3MeMEeHTOB, NMPUXOA W YXOA OTAedbHbIX
aToOMOB B MMpO3JaHue, CHOXKHHNW OOMEH HADYXHOMU IUIEHKH C BHY-
TPEHHHUMU YaCTAMM NNAHETH U T. [.

O06nacTb, KOTOPOU 1 KacaroCb, SBISETCSH €llie HOBOIO B MCTOPHH
HayK#; B HEW euje He MOXeT ObTb [JaHO HUKAKUX KOJWYECTBEHHBIX
JAHHBIX; MOKa HaMeyalioTCs JiMllb CAMBE SBJEHMS M Te CHIb, KO-
TOpbleé MX BHI3HIBAIOT. |

§ 55. Cunbl, KOTOpble nepemeljaldT aTOMbi B MHPOBOM INpO-
CTPaHCTBE, MOryT ObiTh BeCbMa Pa3NUUHBIMH M CBSA3@HB C OOLWIMMHU
3aKOHAMMW CBONWCTB MaTepum.

B ocHOBY BCex sIBJIEHMI 3TOrO MOpsAAKA Mbl IOKHB BHELIHE
NOCTaBUThL CAeAyoline naTb cun (77):

1. Cuabl MMPOBOrO TATOTEHUS.

2. Cunel CBeTOBOTO [aBJEHUS,

3. Cunnl pagMoakTMBHOTO pacnaga Y M3nyuedus (B paape-
XEHHOM cpefe), CBA3aHHble C SAPOM WJIM BHYTPEHHUMH BJIEKTPO-
HaMHu.

4. Cuin TenjoBOro JBMMCEHMsI MONEKYT ¥ aTOMOB (CHIH

audPysun).

1) Upeu nepepacnpepesieHusi MaTepuu OCOOEHHO ropsAY0 BHIABHUMANHCH
AppeHUYyCOM.
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5. Cubl XUMUYECKOTr0O CPOACTBA U CHJIN KPUCTAJTU3aUKOHHBIE
(cBsSi3aHHbIE C BHELUHUMM 3JIEKTPOHaMH).

C 3TUMM OCHOBHBIMM CHJIaMKM CBS3aHH CJEAVIOLKE SBIECHUA
epeHoca—MUrpauun 3jJemeHTOB (78):

6. JIsnkeHue KOCMUYEeCKHX Ten.

7. [llapedve MeTEOpUTOB.

8. YHOC JerKux ras3oBblX MONEKYIIL.

9. MexaHuyeCcKkue [BUKEHUS B KOCMHUYECKOM Teje.

10. JnddepeHuymauns Marmul.

11. Paspenenue no arrperaTHOMY COCTOSIHUIO.

12. [lepeHoc B BOAHBIX pacTBOpPax U B ra30BHX CTpPysX.

13. [llepepacnpepeneHse nOJA BAUSIHUEM OPraHMyecKoro mupa
¥ ACATENLHOCTU YeJioBeKa.

1.—[llepexoxy K KpaTKOMy pacCMOTPEHUIO BbllIENEepeyHu-
CJIEHHHX NYHKTOB, OCTaBjsisi OoJiee [eTallbHOEe UH3YueHue 3TOro
BOMpOCca [0 CcHeuuanbHoii MoHorpaguu 0 Murpauum 3JIEMEHTOB B
3eMHOi KOpe M B KOCMmOce.

HecoMHeHHO, OJHOK M3 TJaBHEHUWIMX CWJ, OMpelensux
pacnpefesieHUe 3J1€MEHTOB B HX OCHOBHbBIX, TIpPYyObIX uepTax,
SIBISIETCSI CHJIa MUPOBOTO TAroTeéHHWs, CUIA B3aNMHOTO
[IpUTAKEHHA aTOMOB, MORYMHAKOLIAACA NPAMONU IPONOPLUOHANLHOCTH
Macc H OOpaTHOW INpPONOPLMOHANLHOCTH KBaapaTy paccTosiHUA.
B ocHOBe Bcex KOCMOroHuil, Hauuhas ¢ Kawta—Jlannaca,
lappuHa, YemOepneHa © KOHYAad HOBEHIIMMM TeOpPUIMHU
OAAMHTTOHA, 3HAYEHHWE CHJIN B3AMMHOTIO NPUTHANKEHMS M pacrpe-
[eJIEHUs] DJIEMEHTOB MO0 KX MacCaM HBJARTCS OOLIeNpU3HAHHHM.
Teopusi Kauta—Jlaniaca sceyeno npuaaBajaMHPOBOMY TATOTEHUIO
OTPOMHO€ 3HauyeHue, IPUNMChiBas €My O00pa3oBaHue TYMaHHOCTH,
cryljeHue mnociefHed B WuAKyio ¢asy U pacrnpeieieHHe MaTepuu
00paTHO NPONOPLHUOHALHO MIOTHOCTAM ( YAEJILHLIM BeCaM 3JIEMEHTOB).
B cymiHoCcTH ¥ wu3daliHbie wuaen k. JlapBuHa U OCOGEHHO MO-
cnegune uaer 'puHa B oauHakoBOi ¢Opme TNPUIKMBHYIO BOJIHY
CTABAT B OCHOBY KOCMOroHudvyeckKaro npouecca, T. €. ONsThb-TaKu
cunbl  TaroTeHust. Teopus YemOepnena—Canucé6wopu, B
3HAYMTENIbHOH CTelmeHM cBsA3aHHas ¢ wupgeamu k. JlapBuHa,
TO¥XE€ OCHOBaHAa HA HJTOM 3aKOHe, HO TJIaBHOE €ero IposBIeHUE,
COrJIaCHO H»TUM WJEsIM, NPUHAMIEKUT HEe [ePBUYHOMY CKOIUIEHUIO

8#%



116

MEeTEeOpUTOB, a MO3AHeHle# mneperpynnupoBKe, C BbHgeJIiEHHEM
KBEpXY — K KOpe, HauOojnee JIErKuUX 4YacTuil.

OTyacTy K »Tum ugesM npumbikaioT Wsapuy u B. M. Fonb o-
IIMMUAT, KOTOPHIA CYATAET, YTO K Cei4yaC Iof BIUSHUEM HTHUX
CMI B 3eMJe uIeT TIOCTOsiHHOe U MNOCTEelNeHHOe MepeMeLleHHe
aTOMOB: TAXEJbE YXOOAT B riayOuHb, 2 JerKue MoAHUMAIOTCSA KBEPXY.

HakoHel, MasumHasi Teopus ODAAMHT TOHa, npu3Hasas O0Jb-
I10€ 3Ha4vyeHue npu o6pa30BaHUM 3Be3J CBETOBOIO JaBJIEHHA,
NpOTUBOMNOJAraeT €My CUJly MHUPOBOIO TASroTeHus, 6iarofaps 4Yemy
coyeTaHWe ¥ B3AUMHOE [pPEoNOoJieHHe 3ITUX CUll OOYCAOBIMBAET
co6010 M 3amMeyaTeNbHOe IMOCTOSHCTBO MacC 3Be3[, U BCI0 UCTOPHIO
UX HBOJIIOLNH.

Bce 3emHble npoueccsl MHrpauuM 3JIeMEHTOB, Ha KOTOpHX
MHe HuXe TNPUAETCs OCTaHOBUTL CBO€ BHMMaHHe, MAYT B II€pBYIO
oyepeab MOA BJIUAHUM HTOW MMPOBOM CHJIb, pacnpenensrollen
BAEMEHTH B MUPO3JZAHUU COTIJMACHO CBOMM OCHOBHHM
3aKOHAM—KOHIEHTPUDYIOIWIEH B LIeHTpe 60Jiee TS Ke-
Abie aTOMbB U coOupawie OoJiee NETKUE B HAPYXKHBX
YACTHAX KOCMUYECKUX Tell

2. — Cnnbl CBETOBOTO AaBJNEHUSA ObIM BhABMHYTH, Kak
MOTy4yass KOCMuuecKas npuuuHa, nocie Toro kxak [1. JleGepgesy
YyAanoCh 3KCMEpUMEHTaJbHO [0Ka3aTh OTTAJKMBAIOLIYIO CHUIY Jyye-
ucnyckawomwux Tten (79). CeeToBOe HaBjeHHE HbIHE, MOCHe Kiac-
CHYeCKUX paboT AppeHuyca U SJAUHT TOHA, pacCMaTpUBaeTCs,
KaK BeIMuaiwasg KocMuueckKas Cuiia, OTTaJKUBawUlas JerKue aToMH
VI TIPOTHBOAECHCTBYIOLIAS MMPOBOMY TAroTeHuwo. [loacuernr Kem-
6PUIKCKOr0 AacCTPOHOMA [O0Ka3biBalOT, YTO MPd OYEHb OGOJLIIOM
KoapPuuUeHTe WU3JIYUYEHUs] CBETOBOE [aBJE€HUE KOCMMUYECKOro Tesa
npeonoJyieeaeT HbIOTOHOBCKME CUIb U OTOpachiBaeT 4YacTulibl Ha
_paccTosiHudg [0 Tex Iop, MoKa 3THU [BE CUJIB He YpPaBHOBECSTCS.
[Topcuetnl JleGepneBa [ana KOMETHHX XBOCTOB Ge3 BCIKOro CO-
MHEHUs oInpepenuid HUX o06pa30BaHHE, KaK pe3yabTaT [AasJieHus
nyyeid cBeTa Ha yYacTuubl ¢ paauycom okoao 108 cm. Tak Kak
BeJIMYHHA [JaBJIEHUS 3aBUCUT OT VYAeNbHArQ Beca 4YacTHUH U ee
Macchl (T.-€. MOBEPXHOCTH), TO OYEBMAHO, YTO CBETOBOE JaBJeHMe
COpPTUPYEeT B MHPOBOM MaciuTal0e 4YacTHIbl, KaK M0 MX BeJIUYHHE,
TaKk M MO MX Y[eabHOMY BeCy; ONTUMYM OTTaJKMBaHMUS HaliO-
JaeTcsa npu yaensHom Bece 1 u pa3mepe uvactuyek B 0,00016 wmm.
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JedCTBUTENIbHO, 3aKOHbB CBETOBOTrO [aBNeHUS MNPUIOXKMMB He K
MOJIEKYJiIaM, a K WX TpylInamM—IiblJIMHKaM, Jaxe KpuCTaJIMyeCKuM
yacTvuam, IMpUYEM [bUIMHKH, pagMyC KOTOpPHX HE MPeBHINAeT
OAHOM THICAYHOH MUJUIUMETpa, OyayT oOTTajJkuBatbca npu 00 C
B MMUPOBOM MNPOCTPaHCTBE C CHJIOIO, MOPSIAOK KOTOpPOW B MHIIJIMOH
pa3 NpEeBHLIAET MNOPAAOK CHJIB UX HBIOTOHOBCKOrO NPUTSXKEHMUS.

B cnyyae paBleHUs Ha ra3n  [POMCXOAUT eille  GOJbiliad
auddepeHLUPOBKA 3JIEMEHTOB, TaKk KaK CBeT [aBUT TOJNbKO Te
ra3si, KOTOpbie €ro u306MpaTenbHO TMOrJoWAT, XOTS B OOLUEM
CBETOBOE [laBJieHKE, NpU HUYTOXKHOH BEIUYMHE ra30BbIX MOJIEKVI,
MeHee [NeMCTBUTENIbHO. 3

Kocmuueckasi pojib CBETOBOTrO MOaBJIEHUs CKa3bBAETCs B OTOpa-
ChIBAHUM OT UEHTpPalbHBX KOCMHUYECKUX TEea U OTHAENbHHX raso-
BbIX 4acTul, HO Oojee Bcero. Kocmuuyeckod neiau. OHa WHPOKO
NposiBJSETCA, €CAd NpaBUILHO COBpeMeHHOe TOJIKoBaHue, B o6pa-
30BaHMM KOMETHHIX XBOCTOB, 30AMAKAJLHOrO CBE€TAa U COJIHEeuY-
HOW KOPOHH, a TakKxe B AuddepeHLUALUH 3JIeMEHTOB Ha 3BeE3-
nax. [loBugumomy, Ha Halled MNNIaHETE HENnOCPEeACTBEHHAs MH-
rpauusi 3JEMEHTOB [NOJ BAMSHUEM 3TOH CMIbBI B HaCTOsAILEE BpeMS
HEe NPOMCXOAWUT, HO ee 3HauyeHue OnJI0 OQUeHb BeJIMKO IIpH rpouecce
o6pa30BaHus Halleld NJaHeTH W Npd NepBUYHOM !) pacnpefeneHUu
2/1eMEHTOB. |

3. — TpeTbsi rpynna CuJi, BH3HBAOIUX MUArpaluio 3JeMEHTOB,
3TO Te M3JIyYeHHs, KOTOPHE BH3HBAIOTCA DM PAJAMOAKTHUBHOM
pacnajne M 3sNeKTPUUEeCKUX pa3pagax (80).

[Tpn pacnapge pafMOaKTHBHOrO BelleCTBa IpeXJe BCEro Haomo-
faeTCs BbiIEJIEHHE o -JIyyed W CBSI3AHHHKA C HUM BBIHOC YacTuy
reins, KOTOpbHE OCBOOOXAAWTCA W3 CTApOro atromMa M CBOOGOJHO
MWUIDUPYIOT fajiee INOA BIUSHUEM Yyxe (PUIUKOXMMHUECKUX YCIOBUM
paBHOBECHMSt Cpelnl. Mmul 3HaeM ceifyac, YTO YacTHUHW & B BO3ayXe
o6n1apaloT AAMHOK 1nipolOera o 70 mMM., Torga KakK B MHHepasax,
Hanp., B OMOoTUTE, UX Mpoler u3mepsiercss Tonbko 0,01 —0,03 mm.
Kak H# mMann 3TH YUCHA, HO OHU NMOKa3biBAIOT MUIpPanuio 3jIeMeHTa
renus B CaMOH TBEPAOH Cpefle ¥ NepeHOC ero yacTULH U3JyYeHHeM.

1) Tlog ,mepBHYHBIM™ KaK 37eCh, TaK M B fajibHelIeM H3JI0XKEHHH
s MOHUMAK SBJCHHs, CTOALME 32 rpaHULE0 HAWMX reONOrHYecKHX JaHHHIX
M reoJIOrHYEeCKOH XPOHOJIOTHH.
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Fopa3go rpaHAMO3HEEe SBJIEHME [epeHoCa MaTepUaIbHLIX Ya-
CTHLl TeMHM MU3NYYEHUSIMU, KOTOpHIE HanoOJHAIOT co60I0 MUpOBOE
MPOCTPaHCTBO, ¥ TIpUPONA KOTOPHX elie HE yCTaHOBJeHa. B uacT-
HOCTH HEKOTOpHe AyMalT BUAETb B SBAEHUM CEBEPHOrO CUSIHUA
BIIUsIHUE a-4aCTHl COJIHEYHBIX W3JIyYeHWid, Apyrue MpUMNHUCHBAIOT
60JiblIOe 3HAYeHHEe B MHIPaUUd 3JIEMEHTOB CBETALUMMCA XOJOAHLIM
TYMAHHOCTAM, B KOTOpPbIX CBeuYeHHe oOYyCIOBIMBAETCS 3JIeKTpPU-
YEeCKMMHM pa3psgamy B CUIIbHO pa3pexxeHHOW cpepe.

Mul He B COCTOSiHMM CeHYac AaTb NONHOM KapTHHDI XUMKHUYECKOro
3HAUYEHNUsI 3THX SABNEHHWNH B 'MUTPaALMU 3JIEMEHTOB, HO He MOXeMm
HEe OCTaHOBUTbL BHUMAHUSA HA TOM MpHUMepe MepeHoca reJiusg B TBEPAOM
- Ccpene, KOTOpLM s mpuBen Bbiie. Kak W3BECTHO, BOKpPYr paguo-
aKTHBHBIX MUHEpPAJIOB, BKIIOYEHHBIX B pa3Hble CHIMKATH, 00pasyloTCs
TE€MHO-OKpailleHHbie JBOPUKH. ITHU ABODMKHW BbI3bIBAIOTCS NPOHUKHO-
BEHHEM B MHHepan a-Jyyei, T. €. yaCTUL renus. ITH JyuH,
KaK Ham ykazan Pé3ep@oOpha, BH3WBAT pacujeliesne psaa
HEYETHHX SJIEMEHTOB C BHINAJEHMEM BOJOPOAHHIX aTOMOB. Ouye-
BUAHO, 4YTO O0Opa30BaHUE [BOPUKOB €eCTh IIPOLIECC paclierieHus
KaKuX-IM60 aTOMOB, BEPOSTHO aMOMMHUS, BLI3BaHHHI MurpaLmeit
BHYTPM MHHEpasia a-1yyeid MaTepuasibHOrO0 XapakTepa.

HeT HMKaKOro COMHEHHs, 4YTO 3TOT ManeHbKMUH ciyyai ecTb
TOJBKO TMNpUMEp OTPOMHHX IpOLeCCOB NPUPOJHOro
paclienneHusd 3NEMEHTOB B 3eMHOI KOpe, BHN3BAHHOIO
MUTrpanven 4acTul reiaus.

4.— YersgpTas OCHOBHasi CHla 3aJloXkeHa B CaMOCTOS-
TEAbHOM TENNOBOM JBHUXEHUHM MOJIEKYJ, B TaK Ha3hB.,
"BPOYHOBCKOM [BMXEHMHU. ITO OfHA M3 BeIUYaWLIMX CUJ
MUpO3[aHusl, UMEIollasi OrpoMHOe€ 3HayeHWe Kak npu ¢opmMupoBaHUM
KOCMUYECKHX TeJ, TaK M NpU UX [ajbHeullleM CylleCTBOBaHUH.

Oco6eHHOe BHMMaH#e Ha 3Ty CHJy BHepshe of6paTwia
niaHeTe3umanbHas runorte3a (81), kKoTopas, mNpoTHBOMOjaras ee
cunam HbIOTOHOBCKOrO TSTOTEHUS, B 3TOM Ccuie BUJeNa NMPUYUHY
OYEHb BAXHOrO 3aKOHA pacHpefeeHuss JNerKux U TSXKenbx 2Je-
MEHTOB B MUPOBOM NPOCTPaHCTBE.

ABTOpH 3TOH TeOpUM OTMeYanu, 4YTO [ABKMKEHHE MOJIEKYI,
HAXOAMTCS B TECHOI 3aBMCMMOCTH OT MONEKYAAPHOro Beca, W INpH-
BOAMIIM TaONMYKy CKOPOCTeil MABMXKeHMs -uacThu. Stoney ansa
T=00 C. naer crneayiouue CpefHHE CKOPOCTH:
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H, 1,69 kam./cek. No 0,45 knm./cek.
He 1,1 Bozgyx 0,45
CH, 0,60 O, 0,42
H,O 0,57 - CO2 0,36
CO 0,45 Clz 0,29

ITU uuippbi, XOTS U SABASWOTCH TONbKO CPEOHMMH, 4 He MAKCUMaNb-
HBHMK, BCe XK€ TMOKa3hBalT, YTO I[IPEOfOJieHHe UMM MHUPOBOrO
TATOTEHUS MOKET WTTH TOJbKO Ha OYe€Hb MaJbiX KOCMHYECKHMX
Tenax, Tak KakK Hanp., A9 3emMau npeaeabHasi CKOpoCTb, OTBEYalolas
cujie TaroreHus, pasHa 11 kam., a pna ayHe—2,38 kiam. Mexnay
TeM MakKCuMmalbHeie (KOPOCTM [ABMXEHMS 4acThll ra3oB He JOCTH-
raloT YyTPOEHHbIX uudp Hawei Tabauubi. OTCIOA2 AenaeTCsd SCHbIM,
YTO B MOPSAAKE YBENUWYEHUS MOJIEKYJIEPHOTO Beca JIETKhe ra3bl NOJKHB
NOCTEeNEHHO MCYE3aThb M3 MajblX KOCMHYECKHX Teln, cHayana H,,
notom He, H,O, Nz, O: u, naxoueu, CO: n Gonee TsKelbie
YTJI€BOROPOAR(82).

M3 3THX AaHHbIX BHITEKAET, YTO COXPaHeHWe ra3oB B KaKOM-
aM00 KOCMHYECKOM TeJe 3aBMCUT OT €ero macchl Wuid, uHaue
roBopd, OT BeJIHYMHbI NONST TATOTEHMA. ECAuM Macca OYeHb Maia,
TO HbIOTOHOBCKME CHIIBI HE MOryT YAEPKAaTb JErkux 3JeMEeHTOB,
yleTalowmux COriacHO KWHETHYecKoi Teopuu ra3os. TaKum oOpa-
30M [I€PBMYHLIM 3apOXAAOWMNACA KOMOK 3JIEMEHTOB HE MOXET
coaepxarb B cebe Jierkux netryuux Ted. [loToM npu nocTeneHHOM
KOCMMYECKOM YBEJIMUYEHMM KOMKa ra3sl CMOTYT YAEPXMBATLCA B
nopsiike, OOPATHOM BHIUENPUBENEHHOMY CUUCKY, U B 3aBUCHMOCTH
OT B3aMMOOTHOWIEHMH HBIOTOHOBCKOINO NPMUTSIKEHUST U CUT MOJie-
KyJISIDHHIX, Mb OYJ€M HMMETb BOKPYr KOCMHYECKOro Tena 000JIOUKY
WA  TOJbKO M3 Tawenblx ra3oB COz, TaxenbX yrneBogOpOAOB
(mpn maibix sApax), umam-xe 060y04yky u3 O, N u COz, Tuna Ha-
lero Bo3gyxa (npu OOJbLIMX sApax).

IJTH HEOOHYAWHO MHTEepecHble uaeH anEpthHn OTpeaesIeHHO
roBOPAT HAM O TOM, YTO HaKOIUIeHMe Ta30BbIX 000/04YEK B HapyX-
HbIX 4aCTAX KOCMHUYECKHUX Tea WAET CTPOoro 3aKOHOMepHO, C ompe-
NeJleHHHM OTOGOPOM XUMUYECKMX 3JeMeHTOB. B 4aCTHOCTM, Npouecc
BblJleTa JIErKMX Ta30B M3 aTMocPepn 3emMJIM BIOAHE BO3MOXEH
M BEepOsiITeH; YACTHLB BOAOPONA W reius Mp¥ U3BECTHHIX YCJIOBUSX
MOTyT MpeojoJjieBaTb MUPOBOE TArOTEHUWE U M3 BHICIUMX CJIOEB aTMO-
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chepnl ynetaTb B MUPOBOE MNPOCTPAHCTBO; 3TO COBEPLUEHHO HEOO-
XOAUMbIA ¥, MMOBMAMMOMY, MOTYYK Mpouecc MOTEpU 3eMmMIe YacTH
cBOoero Beilecrsa; BnpoyeMm Meyer u Wegener IHTaOTCH
ONpOBEPrHYTb 3TO SBJEHUE, YKa3biBas, uTO aATOMH BOAOpOAa HEAO-
CTHTraloT HYXHBLIX CKOPOCTEH U, NOTOMY, HAKAIIMBAIOTCA B BEPXHUX
yacTax atmocdepsl.

Cuibl MOJIEKYJIsipHblE MNPOSIBJSIOTCS, OJHAKO, B SIBJIEHUSX MUrpa-
uuu euie wHade. Bea o6nacTb siBnenuii auddys3un ecTb HE 4TO MHOE,
KaK NpOsIBJIEHUE MOJEKYNsipHBIX CWJI aBMXKeHUss. Mexay Tem Cuiam
mmpPy3un Mol 00683aHBI B XUIKUX W TBEPABX KOCMUYECKMX Tenax
OrpOMHOM BaXHOCTHM (PU3MKOXMMHUUYECKMMM NpoLeccaMM: Ha Halueu
3eMJIe OHM CKa3bnBalOTCA KaK B MarmMaTH4yeCKOW o6nacTtu, Tak
¥ B 00JacCTHM BOJHBIX pacTBOpoB (83), M B ra3o06pas3Hoii cpepe.
B nocnenHeii, Gnarogaps cunam auddy3ud, NPOUCXOAUT GHICTPOE
nepemMelliBaHME SJIEMEHTOB M KX paBHOMEPHOE paclpeae/eHue;
B BOAHBIX U MarMaTU4YeCKUX pacTBOpax, Onaropaps AupPpy3uu, MayT
NpOUECCH KpucCTamausauun; 6narofapa avdPysun UAET AN HEKO~
TOPbHIX 3JIEMEHTOB (Halp., Au) UX pachnbijieHde B [OBEPXHOCTHOW
IeHKe 3eMau U Gnarogaps TEM-e cuiaM, no MHeHuio B. Bep-
HaACKOTO, HEKOTOPHIE 3JIEMEHTH C HaWOOJbLLWIKUMMU CIIOCOOHOCTAMH
K pacCesHMI0 MCUe3aloT M3 06KXofla KOCMHYECKOro Teja.

§ 56. 5.— Hakonei, ocraerca eule O6ojblias Cuja MUPOBOrQ
3HAYeHusl, CBS3aHHAas C BHELIHMMU DJIEKTPOHAMU, —CHUJ B XHUM U-
qecCKHe, CMNH XMMHUYECKOTO cpoacTBa (84). 3naueHue
3TUX Cull KaKk OyATO-O6bl HEJOOUEHEHO B TeX MUPOBBIX KOHUENUUSX,
Kotopoie Hameyanu Nernst, Arrhenius ¥ Perrin. Cuim
XUMHUYECKOr0 CpPOACTBA, CBA3aHHBE C BAJEHTHHIMU 3JIEKTPOHAMM,
ABNSIOTCA HECOMHEHHO CBS3aHHBIMM CO CTPOEHUEM sapa U €ero
aJleKTpuueckum nonem. O6pa3oBaHue TeX MIM MHBIX XHMHUYECKHUX
COeMHEeHUN onpepenseT co60 B 3HAUMTEJNIbHOW CTeneHW [alibHew-
Wyl Cyab0y BXOASILIMX B COEJMHEHME 3JIeMEHTOB, U60 BeCb KOM-
miekc OU3nyecKux U PU3MKOXUMHUUYECKUX CBOWCTB MOJEKYNH Ompe-
aensieT PSR SBJAE€HMH MWUrpauuy U XUMUUYECKOH mneperpymniupoBKH.
OO6pa3oBaHue U3 XUMHYECKU HENOABMXHBIX ATOMOB JIErKONOABHXHHX
CUCTEM COEMHEHUH $BNIETCA OrpOMHbBIM (QAKTOPOM B KOCMMYECKUX
M reoxXumuyeckux cyab6ax anementa. Ecom pns C u Si B uX Hecsa-
32aHHOM BH[E MIN B BHAE CJOXHBIX YCTOHYMBLIX CHIIMKATOB He 00Yy-
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C/IOBIUBAET MUrpaUMM 3THX SJEMEHTOB, TO, Ha060POT, MX COEmH-
Henus B Buge CO, CO, wm SiF,, 61aronaps netyyecTu B YCIOBUSX
3eMHOH OOCTAaHOBKH, CO3[AIOT MOIUHBIE NpoLecch MepeHoca XUMH-
yeckux 3nemeHToB. Mutatis mutandis 3TOT-e xumuueckuii mpouecc
006yC/lOB/IMBAET MepeMellleHWe Yrjiepoga B- XBOCTaX KOMET ¥ MOXET
6biTb HA HEKOTOpbX 3Be3aax. K coxaneuuio, iisg KOCMHUUYECKUX Te
BOMPOC O XHWMWUYECKHUX COEJMHeHUAX SABNSETCH elle OYyeHb Majo
pa3pa6oTaHHbiM. Ecin B komeTaxX ™Mb 3Haem cnektps CO u CN,
ecnu B TJYOUHE CONHEYHBHX MATEeH [0Apa3yMeBalOTCH KaKHe-TO
CO€iMHEeHHs, MOXKET ObiTb OKHMCIB THTaHa, MarHusi U Kajibliusg, TO
9TH €IMHUYHbHE QaKThi ellle He MO3BOJSIOT HAM HE TOJNbKO BHISICHUTb
X0l XMMMYECKUX MPOLIECCOB (T. €. COUETAHUS BNEMEHTOB) B KOCMOCE,
HO Ja)Xke He [alT noka (GaKTHuYeCcKOro Marepuana Ansg Kakux -au60
npeanojoXxeHunit. PykoBoaslied wuaeeit B aToM BONpOCe SABASIOTCH
JMllIb OCHOBHLIE TEOpeTUYECKHEe MOJOKEHHUS TEepPMOAMHAMUKH —
Teopus HepHcTa M 3aKOH bepTeno: «BCIKAA XUMUYECKas
neperpynnupoBKa, MNpOUCXoAsilas O0e3 HnpuMeHEHUS MOCTOPOHHEe
3HEepruy, HanpasjieHa B CTOPOHY 00pa30QBaHuss OJHOTO Teja WK
LeJod CHUCTEMBl TeJ, CBSI3aHHOTO C MAaKCUMalbHHM BbiIEJIeHHeM
Tenna». JTOT 3aKOH 00pa30BaHUS 3HK30TEPMHUYECKUX COeIHHEHHN
UMeeT, OlHAKO, MNOJHOe NMPpHUMEHEHUEe JIMIib Npu aGCONITHOM HYJe.
OG6GpaTtHO, nNpu TOM-e aGCOJIIOTHOM HYJe CBOAWTCS K HYIO BO3-
MOXHOCTb 00pa30BaHusl SHAOTEPMUYECKUX Tejl, CBI3aHHbIX C YMeHb-
LIEHVFEM XMBOH cunbl Monekys Hakoseu, uz paHHnx camoro b e p-
TE€10 Mbl 3HaeMmM, YTO OObIYHO 3apOXK[EHWEe 3IHAOTEPMUUECKUX Tel
COMYTCTBYET OOpPa30BaHUIO APYTMX COEMAMHEHHH, HAYLUX C MaAKCU-
MaNbHLIM TENIOBHIM 3()PEKTOM (85).

ITH COOTHOLIEHMSI ReCbMA XaPaKTEPHO MPOSBIAIOTCS B YCIOBUSX
Halllei 3¢eMHOH KOpbl: B OOCTaHOBKE 3€MHOM NMOBEPXHOCTU U BEPXHUX
30H 3EMHOM KODbl MAYT OIpefe/ieHHO peaKuun 3K30TepMUUYECKHe ; BCe
sIBJIEHHs1 NepepacnpefeeHusi XUMUYEeCKMX 3J1eMEeHTOB ONpefesioT s
3TUM OCHOBHbIM 3aKOHOM. B Gonee riayGokux 3onax (Nife) kopwi
npeo6nafanT — 3HA0TepMUYeckue (86). B ycnoBusax KocMuyeckmx,
Npu HU3KHUX TeMNepaTypaxXx MUPOBHX MNPOCTPAHCTB, BEPOSITHO CpeaM
BEleCTB TYMAHHOCTEH, AONKHO npeobiajath 06pa30BaHHE CMIbLHO
S5K30TEPMHUYECKHUX peaKuMii: XUMMUYECKHE CHIH U DJeKTpUyeCKHe
CHJIbl iipa 00pa3yl0T COEAMHEHHUsI C MAKCMMyMOM BHJENEeHUs Temnna
(vamp.. cosuganne u3 H > Hi = He); HO 3TUM CaMBIM YacTHYHO
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COrJIaCHO BbILIECKA3aHHOMY BO3HMKAWT SHAOTEPMHUYECKHE XUMHYe-
CKME CORIMHEHHs (HAMp., TAXENHEe aATOMbl — NOCHEAHMX PAAOB MeH-
neneesckoif Taémmus). O6PaTHO, B YCIOBSMX BBHICOKWX TEMIEpaTyp,
- CO3AaHBLBIX TEMW MAW KMHBIMKH 3JK30TEPMHYECKHUMU peaKUHsIMH, UEET
C OfHOM CTOPOHH OTAe/eHHE HAPYKHLIX 3SNEKTPOHOB (MOHM3ALUA),
C Apyrod — Co3aaeTcs BO3MOXHOCTbL BO3HMKHOBEHUS 3HADTEpMUYe-
CKUX COeiuHEHuid. M B TOM, U B JApyroMm ciyyae BO3HUKHOBEHHE
onpelnelleHHbX XUMWYeCKHWX TCPYNIKPOBOK, BO3MOXHHWX, BCE-TaKy,
JMullb B YCJIOBHAX HEGONLIIOTO MHTEpBala TEMNEPaTyp, ONpefenser
pacnpefeneHue ¥ rnepepacnpefeseHie XWMUYECKUX 2JIEMEHTOB, CO-
TNACHO OCHOBHLIM 3aKOHZM (QU3UYECKOH XUMUM.

K cunam XxuMHUYecKuM COBPEMEHHasli Hayka OTHOCUT M CHUIIH
KpUCTAnlIu3auuu, T. €. 3aKOHOMEPHOro PAacIioi0¥XeHUss aTOMOB
B NpPOCTPAHCTBE, CAMBAIOILEr0 MX B COOTBETCTBEHHbIE XUMHYECKHE
coepuHenus. Ceiiyac cunpl 06pa30BaHusi KPUCTANIOB OKa3aluCh JIUILb
OflHUM M3 BHAOB CHUJI XMMHWUECKMX, M BCS orpomHas o0aacTb IO-
CTPOEHMUS KPUCTA/NIMUYECKMX CTPYKTYp sIBHIACh b HOPMOIo
pelieHUs OAHOH M TOW-3Ke C XuMukamu 3agaaud. Cunasl KpUCTal-
AW3aUHOHHBIE, CBA3aHHBE C cHlnamud JUOPy3uMn, NpescTaBiasoTCA
B ABJEHUAX KoOcCcMoOca ¥ Haieid 3emnn GakToOpOM OrpOMHOro 3Ha-
yeHud: MOAOOHO TOMY, KakK B 00JlacT¥ CTPOEHMUS Sjipa SJEMEHTOB
Mbl OOHapyXuBaeM CTpPemJieHWe K HakKOoIUIeHMI0 Haubolsiee yCTOWUM-
BhIX [MJIaHETAPHBIX CUCTEM, TaK-X€ B MHPe COYETaHMH ITUX PA3HO-
POAHBIX CHCTEM MBI MMEEM TaKOE-iKe CTpPeMJeHHe K HaKOMIeHHUIo
Hanboyiee YCTOHYMBLIX TPYNNUPOBOK — KpucTannos. Kpucrajinuye-
CKOe COCTOsIHMe MaTepuu, Kak olpepeneHHass ¢a3a BellecTBa, €CTh
ogHa ¥3 POPM 3aKpemjieHus CBSA3U MeXAY OTIeNbHLIMU JJieMeHTaAMMU
(MJIM UOHAMM), ofHA M3 CWUJI, MelAUUX UX CBOGOAHOMY MEpeaABU-
WEHHUIO, YAEPXKMUBaOUlasd UX CAMOCTOSITe/IbHBE [ABUIKEHWS, BHI3bIBA-
éMble COrnacHo KWHEeTuuecKoil Teopum raszosB. Ecnu rasoobpa3Hast
¢da3a BelecTBa 06YCIOBIWBAET MOABUIKHOCTb CHCTEMBl M O6JIerdaer
MHIpaLui0 3JIEMEHTA B KOCMMYECKHMX W 3€MHBIX YCIOBHUSIX, TO KpHU-
CTa/UIMYEeCKasi — 3aTPYAHAET 3TU NepeABMKEHUs, 9BJIFSSCb B OOLIEM
cnyyae KoOHEeYHOw (GOpmol0 HAKOIJIEHUS BellecTBa, NPOUCXOAALICID
C BhieneHneM cBOGOJHON BHepruM u, NMoTomy, 6ojee yCTOHYHUBOIO.

§ 57. 6.—JlepemeweHune Kocmuueckux Tten Murpa-
1IMS 9NeMEeHTOB BbI3WBAETCH TEMHM MHOIOYMCIEHHHMM M CJIOWHBIMM
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JABMKEHUSIMM, KOTOPHIM TORYMHEHH KOCMuueckue Tena. Co6CTBeHHOE
ABMXEHHe 3Be3[, ABUXKEHHe 3BE3x B rpyniax, [epemMeiieHue (Macc
B TYMaHHOCTAX, CTO/NKHOBEHUS KOCMHUYECKHUX TeJl — BCe 3TO BH3bI-
BAeT MUrpalLyi0 3JIEMEHTOB, liepepacnpegesiieHde WX B MUPOBOM IpO-
cTpaHctee. [lpu ckopocTsaxX 3Be3g oT 13 A0 38 KiaM. B CeKYHRY
Heu36exxHO [HO/DKHO HACTYMaTh HeOAMHAKOBOE IIepemeujeHue 3Je-
MEHTOB pa3MMYHHX AaTOMHBIX BECOB M Pa3NU4YHBIX COOCTBEHHBIX
MOJIEKYISpPHHIX CKOpocTed. B actpodu3uke yxe OTMeyaioTcss TakHe
SIBJIeHUst, MPHA KOTOPHX AN ORHOro M TOro-e KOCMUYecKoro rena
CKOPOCTb [BMXKEHWsSI B CIIEKTporpammax OAHMX 3JIEMEHTOB HE COBMNA-
RaeT C ApYIHMH.

JIna Hac KaweTcs HECOMHEHHOIO BO3MOXHOCTb HEKOTOpPO# aud-
depeHUMPOBKM ATOMOB MO WX AaTOMHOMY BeCy MOj BAuUsiHUEM COO-
CTBEHHOI'0 [ABMXEHUs KOCMUYECKUX Tell.

7. — MepeHoC MeTeOpUTOB. ECIM BHIuenpuBeseHHHE
RBACHIA Mnillb KOCBEHHO RaBain NPEACTABAEHRUE O POAN ABUKEHUA
KOCMHMYECKUX TeJa npM MMrpaluy 3NeMeHTOB M WX nepepacnpene-
JIEHUKN, TO COBEPLIEHHO HECOMHEHHOE W OrpoOMHOI BaXKHOCTH ABNEHHE
npeAcTaBaseT MajeHue Ha 3eMIII0 METEOPUTOB U KOCMMUuecKoih Me.-
TEOPHOH neini. Mu MMeeM 3[ecb HerocCpelCTBEHHbLIH NepeHOC Be lije-
CTBa, MOKa3bBawWKM, YTO MUTpayusa 3NEMEHTOB 3THUM NyTeM MO-
KET MOCTUraTe GonbliMX pasmepos, u yTo Teopus Jxk. JlapBuHa
W MIaHeTe3umManbHass B CBOEH OCHOBE MMEIOT HeCOMHEeHHH (GaKTH-
yecKu matepuan. Kak-OH Mbl HU OTHOCMINCH K Pa3iM4yHbIM KOC-
MOrOHMYECKHM TEOpusiM, TeM He MEHEe MH He MOXeM OTpuLaTh
ofuleii ponM KOCMUYECKOW MbUIM M METEOPHBX POEeB Kak B siBie-
HMSIX, MPOTEKaIUX Ha COJHUE, TaK U Ha APYrUX njaHeTax, MOMHUMO
3eMJIM, U MOXET ObTh Ha JIyHe.

8. —BHHOC NErKux ra3oBHX MOJeKYJ. 3TOT BaxHbIH
BOMPOC MHOI Y¥XKe€ MOAPOGHO pa3o6paH B II. 4.

9. —MexXaHUUYECKHE [BUNKEHUSA B KOCMHMUYECKHX
Tenax. [lepemeijene ¥ neperpynnypoBKa 3JIeMEHTOB NPOUCXOMSAT
B KOCMMUECKMX TeJlax MOJ BIMSHMEM pa3JMyHOro pojga MexaHuye-
CKHX MpOoueccoB u3meHeHus oObema, 06pa30BaHUsl CKNafoK, re0CHUH-
KJIUHAIed, ropHbiX XpeOTOB, U30CTATHYECKUX MNepeMelleHui 11eJHXx
MATEepPUKOB, BYJKAHMYECKUX wu3BepeHud ¥ T. m. [Ipu BCex 3THUX
MeXaHUYeCKUX M TeOJIOTHUECKMX TMpoueccax uAeT nepemelleHune
3NEMEHTOB, U3yuyaemoe [nd 3IeMJIM COBpeMEHHOI reQXHUMUelQ. |
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10. — Ilunddepenunayuss marmbo (87). Tlepemewiexue
¥ Murpauusi 3JIEMEHTOB SIBISIIOTCA B pe3yjbTaTe I[IPOLECCOB 3aCTH-
BaHWsa pacniaBl€HHHX MacC ¥ MM CONYTCTBYWIUUX SIBJAEHMI NUKBa-
UM ¥ gupdepeHUMaLUH MarmMuel. 51 fajkeKk OT 3ajayd CKOJbKYQ-HHU-
6yab MoApoOHO KacaThbes 3TOW OO0nblIOH 06nacTH HEHEHHﬁjHB}'—
yaembiX COBPEMEHHOI0 MeTpOJOoTrHelo. o

11. — Pa3pgenedHune nNo arrperatTHoOMY COCTOSRHHUI.
Paznenenne no ¢asam: XuAKO#, TBepaoi, ra3oo0pa3Hoil U onpepe-
JIEHHOe ‘- pacnpejeneHue 3TUX (a3 B NPOCTPAHCTBE MO BIMIHUEM
CUJIN TAXECTH MPEeACTaBJIsiIOT OrPOMHOM BaXXHOCTHU Npouece, WAYLLHM
C 6GONbLUOKD O4YEeBMAHOCTLIO HAa TeX TeJaX, B KOTOPHIX HrpaeT polib
HbloTOHOBCKOE MpUTsXeHWe (Hamp., 'Ha 3emae). IJTOMY pa3pelieHHIo
$a3 B MEPBUYHBIX (QOpPMax MH 00si3aHbl COBpPEMEHHHM CTpPOEHHEM
3eMJIK M BEPOATHO JAPYTMX MuaHeT. TPyAHOW pa3fleIMMOCThI0 3TUX
$a3 B nosie oyeHb CnalbOro MHUPOBOIO TATOTEHUS MOXHO OODBSCHATH
nmo mHennio V. M. Goldschmidt’a o6pa3zoBanue HeKOTOPHX
MEeTeopUTOB (NaIIacuTOB, CM. npuMm. 41).

12. — PacTtBOopb ¥ rasoBue cTpywu (88). [lepemelieHne
PAacTBOPOB H Ta30BHX CTPYH, 3aKOHH WX MUCTEYEHHUs SBISIOTCS
HENOCPEACTBEHHbBIM DPE3YyJIbTaTOM JABYX CWjl. CHUJIbl MUPOBOIO TSHArO-
TEHUsT U CHI MOJIEKYAAPHOro ABHXeHUA. Bechb ras3oBbiii 0o6MeH 3eM-
HOK KOpBI, Ira3oBbld 0OMeH aTmMocdepsbl ¢ KOCMOCOM, HAKOHeL[, BHIHOC
U3 HeBeIOMbIX TTyOMH ra3000pa3HblX CTPYH SBASIOTCS MpUMEpaMu
TeANypUYeCKUX TMPOLECCOB, CBA3aHHBIX C Murpauuei 3sJIeMEHTOB
B ra3006pa3HoM, AUPPY3HOM MM PaCTBOPEHHOM BMIE.

13. — OpraHu4YeCcKHi# MUD M OedTeNbHOCTbL YENO-
Beka (89). [lepemelnieHue 391eMEHTOB B 3HAYUTENLHHX Mac-
tiTabax NPOU3BOAMTCHA XUBHIM BEUIECTBOM M XO3SHCTBEHHOI [esi-
TeNbHOCThIO YenoBeka. B. BepHapackuii npugaer xusomy Beile-
CTBY OrpOMHOE€ 3HaueHHWe B I[IpOoLeccax MurpalMy M neperpymnmiu-
POBKM XHMHUUYECKMUX BJIEMEHTOB W NHTAETCS BHPA3HTh KOJNMYECTBEHHO
pOJib XMBOH CpeAb B Te€X LUMKIMYECKUX mpoueccax, KOu YCTaHa-
BJIMBaAIOTCA Ha 3€MHOM NOBEPXHOCTH AN BecbMa MHOTHX 3JIeMeH-
TapHHX Tell.

[locTerneHHO TeoXUMHYECKMM GaKTOPOM [enaeTcs MW uesloBeK,
XO034UCTBEHHAsA 3KCIIOATalus KOTOPHM NPUPOAHBIX TE€/J BH3LIBAET
MOLIHYI0O TNEepPerpynupoBKY HEKOTOPbX 3JIeMEeHTOB, COU3MEPUMYIO
C npoueccamu NPUPOSHHMH,
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§ 58. TakuM 06pa30M, Ha OCHOBAHMUM PACCMOTPEHHHIX TIJaBHEMH-
KX $SBAEHUWM MNepepaclipeieNleHuss XUMUUYECKHX 3JIEMEHTOB B KOC-
MOCe, Mbl NMPUXOAUWM K CIAElyUWMWM BbiBOAAM :

1. CoBpemeHHoe pacnpefesieHde 3JIEeMEHTOB B KOCMOCE SIBASETCS
NUlb: BpeMeHHO a30l0 TMOCTOSHHOIQ CHOXHOrO KOCMHUYECKOTO
npouecca mepepacnpeieneHus BellecTBa.

2. epepacnpepesieHne 3NE€MEHTOB MAET KaK B NEpPBUYHBIX CTa-
OMAX 3apOxIeHUS M CO3UAAHMs KOCMHUYeCKMX Tell, TaKk ¥ BO BCEH
UX naabHelmeidn UCTOPUM. '

3. 'naBHOIO CHNOI0, ONpEAendlliel0 pacnpegeNleHue 31eMeHTOB
B MHWPOBOM MPOCTPaAHCTBE, ABJSETCH MUPOBOE TATOTEHUE, OOYCIOBIN-
BAIOllee pacHpeiefieHne SJIEMEHTOB N0 aTOMHHM BecaM (yAeibHbM
o0beMaM) U pachnpefeisiolliee XUMUYECKOE BELeCTBO KaK B OJHO-
¢a3Hoif, TaKk 0CO6eHHO B JIByx®a3Hoi u TpexdaszHol cucreme.

4. Bropow cCuj0l0 KOCMUYECKOr0 r[iepeMelllenuss 3>iaeMeHTOB
AIBJIAETCS1 CBETOBOE JAaBneHue, NpoTHBOAEeHCTBYIOLWEee HbIOTOHOBCKHUM
CuJiam.

5. Tpetbewo CUNI0I0, €ille MaJ0 M3YYEHHOK C WHTepecyrileH
HaC TOYKW 3peHus, HABJIAIOTCA WH3JyuYeHWe B 3JEeKTPUYECKOM ToJie
M M3NyyeHHe pacnafamlluXcsl pPafiuOaKTUBHLIX BELECTB.

6. YeTBepTOI0 OCHOBHOIO CHJIOID SBISIOTCH CUJBLI MOJIEKYJNIAPHOTO
Tena0Boro asuxeHus (BpOyHOBCKOE ABMxeHME), OO0YCIOBIMBAIOLIHE
paccesiHue SNEMEHTOB B MUpPO3JaHuu, siBeHus auddy3um u pasiuy-
Hbie sIBJIeHUs, CBSI3aHHHE C MPEOJONeHUEM MHUDPOBOIrO TIATOTEHUS.

v 8 ﬁﬂTm‘{l CUION SIBSIIOTCS T€ YUCTO XHUMUUECKHe Cullbl, KOTO-
phi€ CBS3aHbl C BHELWIHMMM BAJIEHTHHIMM 3NEKTPOHAMU M KOTOpHIE
WrpaloT CTONb OGOMBLIYIO pOdb B XUMUYECKUX COUETAHMSIX; B
KOCMHUYECKUX ABIEHUAX IepepacnpefieieHUuss OHM MIpaloT CpaBHU-
TeJIbHO MEHbLHIYI0, HO BCe-Xe eulleé He [O3HAHHYI0O pOib, H TOJBKO
B YCJIOBUSIX NPOLECCOB, CXOAHHX C TEMIYpUYECKMMM, MNpuoGpeTaT
60JibllIOe 3HA4YeHUeE.

8. Ha oCHOBaHUM 3TUX [ATU OCHOBHHLIX MMPOBBLIX CHJI NMPOUCXO-
HAT MHOropa3jvyHble TMpouecch MUrPAlUM XMMHUYECKUX SAeMEeHTOB
KaK KOCMMYECKOro, TaK U TreQJIOTMYECKOro iy Pu3nKOXuMuyecKkoro
XapakTepa. ‘

9. HeCOMHEHHO, YTO B OCHOBE BCEX STUX SIBJIEHMII NeKAT UHTPA-
aTOMHbIe CMJIBl aTOMa, KaK 3JIeKTPOMAarHUTHOW MUKpoOmiaHeTapHOh
CACTEMBI.
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10. B ucTopuu 3emJiv, MB CKJIOHHB AYMaTb, YTO B KOCMUYECKYIO
cTagUIc 3apOXAEHUA IMJIAHETHOH CUCTEeMHl rIaBHAasi POJib B Mepepac-
npejpeneHUn 3NE€MEHTOB NpHHaANEXana COOTHOWEHUI0 HbIOTOHOBCKUX
CWJ M Cun CBETOBOTO JaBJIEHMs, B IUIAHETAPHYIO — MHMDOBOTO TSHIrO-
Teuuss ¥ OQU3UKOXUMHUYECKOTO pacnpeneneHuss ¢a3, B TreoJioruye-
CKYI0 — Fe0XMMHUYECKUM PaKTOPaM PU3MKOXMMHUUECKOTO paBHOBECHS.

11. 3emMHas Kopa IpH COBPEMEHHBIX TreOJIOrMYECKHMX M KOCMU-
qecKHX YCIOBUAX U3MEHSIETCS B CBOEM COCTaBe, MOJayyasl u3 KOc-
moca Fe, Mg, S, Ni u ortmaBas emy H u moxeT OumTb He, a u3
riny6uH o6orawmascek N, H, moxet 6utb C u O, ¥ B CBOIO ouepelb
fiepeMenias B riyOuHbl CBOM TAXenbie aTombl. O6uni 6anaHc o6MeHa
3eMHOH KOpH elle He MOXeT ObiThb BbiBeAEH.




XIl. OcHoBHBIe NMPOGHAEMBI KOCMHYECKOW XHMUH.

«Emje He HacTano Bpems Ans
BBIBOJOB B KOCMOTOHHH».

Jeams. 1919 r.

§ 59. B nmpeabiayuminx rnaBax Mbl NMOCNENOBATENILHO PacCMOTpesH
BeCh (QaKTHUECKUH MaTepuall, KaCamwllUUCId XUMWM 3eMIM U KOCMU-
yeckux Teln. MH cTapamucb BCIOAY OCTaBaThCs B 06JaCTH ¢akToB
M HaGMOAEHNI M TILATENbHO OTAENsIM OT CaMHUX SBJIEHMH Te 00b-
SICHeHUS] WM THUIOTEe3bl, KOTOPHE YacTo I'pewaT NPOTUB HAOGAIOAEHHUH
MM SIBJISHIOTCS TOABKO WX BO3MOXMHBIM CleacTBueM. B HacTosiei
rjiaBe Mbl MONbITaeMCA MOWUTH HECKOJbKO [ajblle B pacCMOTPEHHU
3TOr0 BONpPOCAa M BbIUTH 3a HENOCPEACTBEHHble paMKKM HawMx ¢ak-
TUYECKUX [aHHHIX. |

Bo-nmepBH X, MH AaiuM OOIIYI0 CBOAKY HAWMUX CBeJEHUI IO
XUMUKM KOCMocCa.

BO-BTOpbH X, HAMETUM Te€ SIBNEHUS], KOTOPble BBIXORAT U3 rpa-
HUL HaMEe4YeHHOM CXeMbl XUMHHU KOCMOCaA.

B Tperbux, Aaaum 0030p CYUIECTBYIOUIMX KOCMOTOHMYECKUX
BO33peHUH Ha MNPUPOAY XUMUKU KOCMOCaA.

M, HakoHel, B 4eTBEPTH X, MONHTAEMCS HAMETHUTb CXeMy
pelleHusi OCHOBHHIX IPOOJIEM KOCMMYECKOW XUMMU.

§ 60. Ha npunaraemoii Ha cTp. 128 —129 Tabnulle MblmOMel[aeMm
CBOJKY HALIMX CBENEHMH IO XWMHHM KOCMHMYECKMX TeJ, C HeGo/b-
UMY TIPMMEYAHUSIMU, HEOOXOOUMBIMU [JIsi ee TTOHMMAaHHS.

Mu BuaumM u3 TallmMubl, YTO B OOUIEM KOCMUWYECKHe Tena
COCTABNEHH M3 ONHUX M TeX Xe ajeMeHToB., Ka3as-
meecsa paHbuie Jo paéor Cara pa3HooOpasue XMMUYECKOro CoOCcTaBa
SIBUJIOCH OMIMOOYHLIM M HBIHE 3aMEHsIeTCsd HOBOI CXemoiw. B o6uiem
B KOCMOCE pacCrnpOoCTpPaHEeHb OfHK M Te-Xe aTOMbl, YTO M Ha 3emiie,
3a HeMHOrMMu HCKmMouyeHusMU. OTHOCHUTENIbHOe paclpocTpaHeHH e
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[Ilpumeyanuda. XKupHo HaneyaTaHbl IJeMEHTH, ATOMHHI BEC KOTO-
pbiX KpaTHul 4. B 3Ty Xe rpynny oTHeCe€H m Ni, X0Ta TOJbKO OAMH €ro
M30TOM, U MPUTOM BTOPOCTEMEHHbIH, MOAXOAUT MOJ ITO ONpeae/eHHeE.

“epHbie Touku o6o3HayawT GOJNbUIee WM MeHbilee 3HAYSHUE AAHHOTO
3JIEMEHTA, MpHYeM B CBOMX MOACYETAX S HCXORWUJ HE M3 BECOBHIX COOTHOLIE-
HMUH, a M3 oO0BbEMHBIX (MO0 uMcay atomos). [lpy 3TOM MHOW BBENEHW NHUIb.
TPU rpajaunu: GonbWoW Kpyr, CpeAHHH u Touka. Tupe — o0603HauaeT HAY
OTCYTCTBME [AHHOTO 3/IEMEHTa, MM ¥E BECbMAa MAasioe COfepIKaHME.

U3 xapakTepa METOAMKH AacCTPOPU3NKH BHITEKAET, YTO OTCYTCTBHE JIU-
HAW KakKoro-nu6o 3/1eMeHTA He MOXET pacCMaTpuBaTbCHd, KaK NpPU3HAHHE OT-
CYTCTBUA [JAHHOr0 3JE€MEHTApPHOro Teja.

1) Ina conuua cM. tabauuy XXXVI na crp. 95. [lTomumo ykasanHBIX

BaX HB X 3JIEMEHTOB Hajo0 euwe OTMEeTHTb 3a npegenamu Tabnuum: Y, Zr,
Nb, Mo, Pd, TR.

) lns koMeT yBENMUEHHBIH 3HAYEK BOJIOPOAA OTHOCHTCH HE K YHCTOMY
J/IEMEHTY, KOTOPH B KOMETAX CTOMT MOJ BOMNPOCOM, a K ero coegunertam ¢ C.

9
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3TUX aTOMOB Ha KOCMMYECKUX TelaX OTBEYaeT B o6wem Teslypu-
yecKoOMy, U Mbl B NpaBe AymMaTb, 4YTO 28 nepBuiX 3snemMeHToB MeH-
[eNeeBCKOW CUCTEMBbl B OOLIEM ABJSIOTCS BMeCTE C TeM W HauGonee
pacrnpoCTpaHEHHBIMU THNAMU aATOMOB B Mupo3aaHuu. W cpemu Hux
CaMbiM¥ OCHOBHbLIMHM, MOMHMMO [BYX -— BOROpOJa M reJius, U3 KOTO-
pPHiX, NMOBUAMMOMY, CO3[AaeTCs BCS NOCTPOMKA, — ABNSIOTCH SNEMEHTH
MexXIy 12 u 26 HOMEepamMu M, B YaCTHOCTH, DJEMEHTH C ATOMHLIMR
BECAMM YETHLIMU WU KpaTHbhiMH 4. KOHEUHO, B 3aBUCUMOCTHU OT Ipe-
o67afiaHnss TeX WM MHHX QU3MUYECKUX MIM PU3MKO-XMMHYECKUX
MPUYMUH BO3MOXHO Ha TOM MIM HMHOM KOCMUYECKOM Teje OTCYyT-
CTBME OAHMX M HeOoOHuaiiHOe npeolsajaHue APYruX 3J€MEHTapPHbhIX
aToOMOB. HO BOOGLIE CuJbl pacceMBaHUS M CHJIBl NPUTSKEHUS, CUJIH
HbloToHOBCKMe, JleGeneBckue, MONEKYNspHHIE M Ap., B3aUMHO Mpe-
OfoneBass Apyr Apyra, BLIp2aBHUBAIOT XUMUYECKUM COCTAB MHPO3AaHUS.
HeT HMKakKuxX NpHW3HAKOB CUMTATbh XMMHU4YECKOEe PaBHOBECHE U COBpe-
MEHHOe pacCnpefejieHle 3JIeMEHTOB B KOCMOCEe CTallMOHAPHHIM; Ha-
060pPOT, BCE IOBOPUT 3a TO, YTO XHUMUUYECKHUE 3JIEMEHTH Iepeme-
LawTcA, NMeperpynnupoBLIBAIOTCS, M0 ONpefe/ieHHbIM 3aK0OHaM coye-
TasiCb B XUMUYECKHE COeJMHEHMS U BHOBb paclnafasich. IBOJIOLMOHHBIN
XO[ pa3sBUTUS KOCMHYECKMX TeJl M Cyab6a CBA3aHHbIX C HUMHU 3Je-
MEHTOB, 110 BCEi BEepOATHOCTH, MOAOGHO Mpolieccam 3eMHbIM, 3aMbi-
KaeTcs B npoueccel Gojiee miM MeHee UMKIMYecKue, WM, BepHee
TOBOPS, B NpOLECCH BUAa Cnupanm.

B npotuBonoysioxHocTs ugesm Jlokaiepa u Mopo3 oBa
M B M3YYEHUH OOLIMX (PAKTOB 10 KOCMHYECKOH XUMMM He BUAUM
HEeNOCPeACTBEHHWX [JAHHHX, FOBOPALIMX 3a 3BOJIOLUUIO 3JI€MEHTOB,
3a pacnaj Mx siipa M coeiuHeHuWe B HOBbIe ATOMHBIEe eauHuubl. [lo-
MUMO MOLUIHBIX SBJIEHUH MOHU3AUUK, Mbl OOBLEKTUBHO HE 3HAEM HU-
KaKuX 6o0Jiee Cepbe3HbiX MNOTpACeHUH XMMUUYECKMX 3JIEMEHTOB, U UX
AP0 KaX eTCs HEM3MEHHbIM.

M Bce xe C 3TUMW nNpeNCTaBIEHUSAMM TIOCTOSAHCTBA 3JIEMEHTOB
HE MUPMUTCS COBpeMeHHas HayuyHasi MBICJlb, MU B BHILUENPUBEAEHHLIX
BHBOAAX TONbKO YTO HAMEUEHHHX CTPOK OHA XOYeT BHIETH JIMLIb
nepBoe rpy6oe npuéiuxkeHne, 3a KOTOPHM KpOIOTCS YCKONb3aioliue
OT Hac npouecco TpaHcmyTtauuu, Camble KpynHbe YMb HALIero Bpe-
MeHU — AppeHuyc, [leppes u HepHcT nouyTH OAHOBPEMEHHO
CTAHOBATCS HA MOYBY I3TUX COMHEHMi, W OeCCriOPHO OTAeNbHbIe
9BIEHUS Jal0T MM OCHOBaHME Mg 3TUX MAEH.
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Huxe a paccMOTPIO MNOAPOOHEE Te ABJAEHUS OKpYXKalollleii Hac
NpUPOAN, KOTOpPHIE TOBOPAT 3a OCONbWIYIO CJA0XHOCTbL XMMMHYye-
CKOro mnpouecca, 4eéM Ta, KOTOpoe Ohnja M310¥keHa Bhlue. JITO
GynyT: |

1. PacnpocTpaseHde B 3€MHOII KOpe NpoLecCOB €CTEeCTBEHHOro
pagMOaKTUBHOIO pacrnaja M BepOSTHOCTb M€HeTHYECKOW CBA3W MEXAY
BCEMM 3JieMEHTaMMu.

2. MckyccTBeHHOE pacllenieHue 3JeMEHTOB a-J1yyYyaMu.

3. MHorooGpa3ue pas3jMYHBIX U3JyYEeHHUIi B CUJIBHO pa3pEXKEH-
HOM MHWPOBOM IIPOCTPAHCTBE.

4. Haxoxpgenue Ha KOCMMUYECKMX Teénax JMHWM HEU3BECTHBIX
3JIEMEHTOB, U NPUTOM BeCbMa paCNpoOCTpPaHEHHHX, HEOYyJus u KO-
POHUS. _

5. HeBO3MOXHOCTb OOBACHUTL TeIrJO COJHUA ¥ 3Be3a 6e3 npu-
HATUSA TNPOLECCOB BLIIGNIEHNUS BHYTPMATOMHOW 3SHEPrun.

—

§ 61. PaaMOoaKTUBHOCTb 3€MJIU M KOCMHUYECKUX
Ten (90).

JIO OTKpbITHS pPaAMOaKTHUBHOCTHM HAa 3€MJI€ Mbl HE MMEJIM HMKa-
KX NpsmMbiXx $akToB, KOTOPHE roOBOPMIM Obi O BO3MOXHOCTHU mepe-
X0/la OfHMX 3JIEMEHTOB.B Apyrue: ObUIM MO 3TOMY MOBOAY TEOpUM,
TMIIOTE3bl, CTPOMUJIUCh LieJible CTPOMHBIE CXE€Mbl, HO TOYHOE 3HaHue
C TNOJHBIM OCHOBaHWEM OTBEpPraja0d 3TU CXE€Mbl. A MeXAY T€M OTKpHl-
The Kiopu-CKn1ag0BCKO# HEOXUIAHHO COBEPLIEHHO W3MEHWJO
BCEe HalM MPeACTaBJeHusi O TPaHCMYTAalUWU 3JIEMEHTOB M 06 UCTOY-
HUKaX 3HEePrUH Ha 3emne. . o

Hesib3st B 3TUX CYyAb6AX HAYYHOM MBICJM HE BUJAETbL aHAJOTUM
C TeM, YTO Mbl OTMeTunu Bbuue B mpeaniayumem § 60. M ceifuac,
N0 OTHOWIEHUID K KOCMHUYECKOH XMMUM TOUYHLIEe QaKThl HE NaloT HaM
HUKAKOr0 MaTtepuana Ajs CYXAeHUss O NpeBpalleHUAX 3NEMEeHTOR
B KOCMMUYECKMX TellaxX, HO BCE X€ B TAaKOW OUEeHKE MUpO3JaHus MH
CKJIIOHHH BHAETH JIMillb BPEMEHHbLIM 3Tan MO3HaHUA INpUPOAbL, OJHO
Juiib rpy6oe npubanxeHue K NO3HAHMIO MCTHHHBIX NPOLECCOB.

PagnoakTvBHbEe BeljecTBa paclipOCTpaHeHb B 3eMHONU Kope, XOTH
M B OTHOCUTEJIbHO HHUUYTOXHBIX KOJMYecTBaX, HO MX OOLUMHA OanaHc
B DKOHOMMKE KODbl BeCbMa 3HAyWTeNeH, O6naropaps MOCTOSHHOMY
BbHIIEJIEHMI0 BHYTPUATOMHON 3Hepruu B Bupe u3anyvenuid. Ceiluac
‘MH 3HaeM, YTO paAuOaKTHUBHbLIE 3JIEMEHTH M0 NPeUMYLLecTBY CBs-

Q#
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32Hbl C KUC/IbIMW TPAHUTHBIMMU NOPOJAMHM, 3ajleraioliuumM B BEPXHUX
4YacTsAX 3€MHOM KOpH, M YMEHbIATCH C TJiyOuHOW. Yike YyibTpa-
OCHOBHbIE HOpOAb Comep)<aT B CpejHeM B 6 pa3 MeHblie pagus,
4eM KHUCJIble TpaHuTH, a elle riayoxke, Ha OCHOBAHUM HEKOTOpPLIX
TePMUYECKUX BBIYMCIIEHUH, Mbl ROJKHB AYMaTb, YTO KOJUYECTBO
panusi nagaet A0 Hyas. Takum o06pa3om COBOKYMHOCTb BCEX Ha-
GiiofgeHuid 3acTaBaseT AyMaThb, 4YTO pacCpOCTPaHEHWe pagnoaKkTus-
HBbIX 3JIeMEHTOB OorpaHuuuBaeTcs juib 30 — 70 KJIM. NMOBEPXHOCTHOM
MjeHKH, a [UlaHeTe3umajbHas Teopust INbiTaeTcd OODBACHUTL 3TO
BJIEHUE C TOYKM 3pEeHMsi BHIHOCA HA MOBEPXHOCTb W3 rjiyOMH JIEerko-
IUIABKUX W Haubosnee OOraThiX pajuem yacTeu.

- OyeHb Man0 AAHHBLIX UMEEM Mbl O paACNpOCTpaHeHuu paauOaKTuB-
HbIX 3JIEMEHTOB Ha KOocMuuyeckux Tenax. Mbl 3Haem TOJbKO, U 3TO
TOYHO YCTaHOBAEHHbI# $aKT, YTO CpefHAss pagHMOaKTUBHOCTb Ka-
MEHHBIX METEOPUTOB paBHAETCA JiMlIb !{4 3EMHBIX MNOPOA, U YTO
PagMOaKTUBHOCTbL METalIMYeCKUX MEeTeOpUTOB MpaKTUUYEeCKH pasHa
HYJIO,

M3 gpyrux KOCMMYECKMX TeJ Mbl 3HAEM TOJIbKO KOE€-YTO Ha-
CYET COJIHUA: ypaH Ha HEM BE€CbMa COMHMUTENEeH, a IMHUK pafust co-
BEPLIEHHO HEM3BECTHbl, XOTA TaK 4aCTO MMEHHO K HeMy mnpube-
raam ans 0ObsICHEHMS COJIHEYHOro Ttermna. [IpeanosioxeH Obil paguii
Ha OfHOW M3 3Be3/.

U3 aneMeHTapHBIX TeJs, C KOTOPBIMU CBSI3aH paaMOaKTHUBHBIN pac-
naj, OAMH YCTOWYMBHIK ra3 renui SBISETCS JeMCTBUTEJILHO OIHUM
M3 BAaXXHEWLIMX DIEMEHTOB MHUPO3JaHus, Kak Obl KOCBEHHO OTMeyas
OrpoOMHBIE HAKOMJIEeHUs] KOHEYHOro NpoAyKTa ‘pacnana painoaKTHB-
HbiX BellecTs. [enuit HapaBHe ¢ BOAOPOAOM OTCYTCTBYET JMUIb
B MaleHbKHX KOCMUYECKMX TeJax, rae Cuibl HbTOHOBCKOTO NpH-
TAXEHU HE MOTYT yaepxaTb ero ObCTPO ABMramlluecs  mMone-
Kyjibl. HO B KpynHBIX KOCMWYeCKMX Tenax C OO0JblLIO T'a30BOI0
O00JIOYKOIO TeNuii BClOfy NPHCYTCTBYET, M JIMHUM €ro TOBOPAT 06
OI'pOMHOM KOCMHYECKQ pOoNM, KOTOPYW Wrpaetr 5TOT ra3 B MHUPO-
3[IaHUN.

AHanu3 TennypuyecKMx IpPOLIECCOB HE MO3BOJSET HaMm AyMaThb
O TOM, YTO sBJIeHUE paJMOAKTHBHOCTH SBJSIETCH Y€M TO MUCKIIOYU-
TeJIbHbiM, CBSI3aHHLIM TONbKO C 3emyen. HeT HMKAKMX HOaHHHIX ay-
‘MaTh, YTO TNPOLECCH NEe3MHTErpaLuy TAXKENHX aTOMOB HE WAYT M He
MOTYT UTTH Ha Tenax KOCMHYECKHX.
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CoBeplieHHO OCOOYI0 Tpynny saBA€Huil, CBA3aHHBIX YaCTHUYHO
C pPaanoaKTWBHbIM pacnagom, MPeAacTaBlsdlOT Pa3HOro popna M3-
NyYe€HHUuSd, NpUpona KOTOPHX ellle He H3y4YeHd, HO 4acTh KOTO-
PHiX HECOMHEHHO MMeeT KOCMMuyeckoe npoucxoxiaeHue. Ocraercs
3arafiloyHbiM H3JIy4eHUe BbICOKMX Cj0eB aTMochepn, OCOO6EHHO
Ha BHCOTax B 4 — 9000 meTpos. Euie meHee SICHO NMPOUCXOXaeHUe,
TaK Ha3bIBAEMOT0, [ €CCOBCKOrQ WU31y4YeHUsT — OYE€Hb KECTKUX PeHT-
FeHOBCKUX Jiyyed Haiuiero Miaeuynoro nyTtu. [Ipupoaa u 3TUxX - ny-
yei ocrtaeTca 3arafgovyHol. HepwucT (1921 r.) coBepmweHHo npa-
BUILHO OTMEYAEeT, YTO MUpPO3AaHue [NOMKHO ObiTb HAMOMHEHO pag-
HHIMU TUMAaMW WU3JYYEHHUd, U1 4TO OfHa U3 OauXKawmx 3anay acTpo-
GU3UKKM U3YyUUTh UX Ipupony.

K aTuUM Xxe, yaCTbl0 COBEpUIEHHO TUNOTETHYECKUM, U3INYYEHUSM
npuderaet U [leppeH B ceoeil 3HamMeHWUTON cTaThe «Matiere et
Lumiére». OH CYMTAET, YTO paguOAKTMBHbLE pachan BbI3BaH TIJIy-
OMHHBIM W3JYYEHUEM YIbTPa-UKC-NY4YeH, CUla KOTOpPbIX HU3MEHSIeTCH
‘¢ paccTosuneM. OTCIO2 M CKOPOCTb pacnaja AAsi HEro 3aBUCHT
OT YJbTPa-UKC-Nyuyeii ¥ OyleT pa3juyHOI Ha PA3JMYyHbIX CBeTWIax.
Ha conHue OHa OuyeHb BeNuKa, M MPaKTHYeCKH Tam pachnajg wuaeT
' OY4€Hb GHCTPO, B XOJIOAHBIX MEKIINAHETHHIX MPOCTPAHCTBAX CKOPOCTh
pacnajpa 0Av3Ka K HYJO. [li1s Hero siBlieHWs PaAu0aKTUBHOCTH 3HJ0-
TEPMHWYHbI, CBSA3aHbI C OrPOMHBIM MOTrJOLEHUEM elle HeCXBayeH-
HHX Jiyye#d. BnpoueM, ¥ DiiHUWITe HH CUMTAET, 4YTO CKOPOCThL pac-
naja 3aBUCUT OT MOAS TATOTEHUs,, HO [OPSNOK 3aBUCUMOCTH CO-
BepLUEHHO WHOW, 4yeM 1o B3rngaam [leppeHa.

§ 62. PapguOaKTUBHOCTL, KakK ofOuiee CBOHCTBO
MmaTtepuu (91). _

Takum 06pa3om (akTuyeckue HaGMOAEHUS He TTO3BONSIOT UCKINO-
YyaThb pajuOaKTUBHBIYA pacnajg U3 MUPOBLIX KOCMUUYECKUX IpOLECcCOB;
K TeéM X€ RaHHHM TMpPUBOAAT M TEOpeTHUYeCKUH .aHanu3 SBJAEHWUU
PagoaKTUBHOCTH, W NpOUeCcCh WCKYCCTBEHHOrO pacuierjeHus oaje-
MEHTOB.

XoTs TONbKO 10 MOpsigkOBHIX HOMEPOB MEPUOAUYECKOH CUCTEMBI
B ee KoHue (81 —92) u 2 B Hauane (19 u 37) 3aHATH paguOaKTHB-
HBIMW CAMOCTOSTENIbHO paClensiiolUMUCH 31eMEHTapHLEIMU aTOMaMH,
TEM He MeHee uaes 0 TOM, 4YTO ABAeHMs pacnaga npeacTasisiioTcH
- 00lIMM CBOUCTBOM MATEPUH, SBASETCA OOCLIENPU3HAHHONW BCEMM XMK-
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- MHYECKMMU aBTOPUTETaMu. 3a 3TO TOBOPUT M aAHAOrMs B M30TO-
Muv, HeCOMHEHHOE CXOACTBO aATOMUCTHUYECKOr0 CTPOEHHS BCEX 4Jjie-
HOB MEPUOAMYECKON CHCTEMH, LeJbieé YHCIA ATOMHBIX BECOB YMCTHIX
3JIEMEHTOB, HaKOHel pacuierniesue Oojiee Jerkux HeyeTHbX aTo-
MOB — BCE€ ONpeAeeHHO YKa3biBaeT, 4YTO BCE aTOMLI IOCTPOEHb
M3 NepBMYHOM MaTepuud Tuna BOLOPORA, U YTO, TAKMM 00pa3om, ne-
PUOANMUYHOCTL CBOWCTB M BCA XMMUUeCKass u dusnueckas XapakTe-
PUCTUKA aTOMOB €CTbh 3aKOHOMEpPHbIM 001K npouecc. Mu He 3HaemM,
ABJNISIOTCA NI HEpaguOaKTHBHBIE 3JIEMEHTH AKTHUBHBIMM, HO C TaKOW
NMROAO/KUTENLHOCTEIO CYWEeCTBOBAHMSA, YTO MX pacrnaj OKa3hBaeTCH
HaMM He3aMeYeHHHM, MOXeT ObiTb CBI3aHHBIM C M3NYYEHUAMH,
HE CXBaThiBaeMbiMi Halumu npubopamu (tak Hoffmann (1920 r.)
nymaet o0 pacnajge Cu). MoxeT ObiThb npu HaGmofaeMblX HAMKU YCJIO-
BUAX 3TOT pacnaj COBEpLIEHHO He WAET, IPU OTCYTCTBHU KaKOro -
nM60 BO3OYAMTENs TUNA TeX YIbTpa-uKc-aydeid, KoTopumu [leppen
00DACHAET NpOoUeCcCH paAuM0aKTUBHOrO pacnaja Ha 3emJie u B KOC-
MUYECKHUX Tenax.

3pecb Mbl BCE elle HAXOAMMCA B COBEPIIEHHOM HEeBeAeHUU, HO
3TO HE MellaeT HaM MpeACTaBlATb reHETHYECKVIO CBi3b BCeW MeH-

JleneeBCKOM TaOJIMLULL.
HeT HMKaKOro COMHEHHs B TOM, YTO 3Ta uAes B 3HAYUTEbHOM

CTeneHu MogKpenjaeHa oneiTamMu pasjioxkeHus Pé3epdopaa. Mo
He OyAem KacaTbCsd MX XapakTepa, HO OTMeTHM, YTO 3TO paclue-
NIEHWE BHI3BIBAETCH a-JIy4yaMu, ¥ €My OKa3a/JuCb IOABEepPXKEeHHbIMH
Vb HeYyeTHble 3nemMeHTH 5, 7, 9, 11, 13, 15 (B, N, F, Na, Al
P 1) (92).

IJTH HEYEeTHHE 3JJIEMEHTH B YCJIOBUSAX OIBTA OKa3alducb MeHee
YCTOWYMBBIMH.

fiBneHus pafuOaKTHBHOCTM HaM BOOOLWIe noKa3aiu, 410 OO0Jb-
e YCTOMYMBOCTLIO O0GNAaAaloT aTOMbl YETHbIE M B YACTHOCTH Te,
KOM TMOCTPOeHB U3 relueBbiX Tpynmn, M 4yTo cornacHo Pé3ep-
GOpAY «aapo renuss o6nafaeT BecbmMa MNPOYHOH KOHuUIypaLKen,
KOTOpasa BBAEPKMUBAET HWHTEHCHBHBIE BO3MYUIEHUsI, BO3HHUKAKOLIUE
npu ero BbiOpACHiBAHUM W3 PAAMOAKTUBHOrO aTtoma, ¥ YTO OHO SiB-
JI9eTCA OJHOI0 M3 eIMHUL, U3 KOTOPHX MOXeT ObiTh IOCTPOEHO

1) Hanuuue B 38MNe 2 - U3AYYEHHH BHI3BIBAECT aHaJOTHYHBIM pacnajg
B 3eMHBIX npoleccax (cm. asopuku—«halos») 1 BeigeneHue CBOGOAHBIX BOJAO-
poadbix aaep (94). |
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COALUWKUHCTBO atomoB». Eule Sommerfeld ormMeTnn, uyto ocoben-
Hasd YCTOWYMBOCTBL siipa reus MOxeT ObiTb OO'bSICHEHA TEeM, YTO Npu
coefiuHeHMM 4 BOAOPOAOB MNoOJiyyaeTcs macca smecto 4,032 — 3,997:
3a CYET [0TepM Macco IMPOUCXOAUT BHIACNIEHHE 3HEPTUH.

YCTOHYMBOCTh 3/IeMEHTa B OOLLlEM ONpegenseTcss MNpPOAOIKU-
TENbHOCTLIO ero XW3HHU, a 23Ta MNOCAe[HAs CBA3aHa C €ro BHYTPEH-
HUM CTPOEHMEM M SABIAETCA PE3YyNbTAaTOM ONpejesieHHHX CKOpPOCTeM
pacnaga (93). CkopocTh pacnajga npuM 3e€MHbIX HaOJMOAaeMbiX HaMy
YCHAOBHUAAX NOCTOSIHHA; HACKOJIbKO OHA HeM3MEeHHa M B KOCMMYECKUX
yCnOBMAX, CKa3aTb TpyaHo, x0T HepucT (1921 r.) nmoacumth-
BaeT, uTO [AJs BIAMSHMUSL Ha pacnag TpeOylTCa TeMOepaTyphl
B 10'! abs., Torga Kak no A 4AMHITOHY MaKCMMaJibHble TeMmIe-
paTyps 3Be3a nopsaka 106— 107 abs. 3emHbie NaBJIeHUs HE BAUSIOT
Ha CKOpPOCTb pacnaja B YCIOBUSX KCNEPUMEHTa, HO 10 I3 # H-
W TeWHY rpaBUTaAUMOHHOE MOoje JOMKHO CHJIbHO BIUATb. [lo MHe-
HUIO M1 0@ ¢ e BuiGpachiBaHue 3JIeKTPOHA U3 sApa MOra0 Obl BHI3bI-
BaTbCsl PEHTreHOBCKUMHM Jiyyamu C HanpaxeHuem B 600000 BoubT.
[TeppeH WHMPOKO MeHAET CKOpPOCTb pacnajga B 3aBUCMMOCTH OT
WHTEHCHBHOCTH YJbTpa-HKC-JIyYeH. '

Takum oGpa3omM, Ha OCHOBAHMM PAAMOAKTHUBHBLIX SIBJIEHWUMN, Mbi
MOXEM MPUATH K CAEAVIOWMM OCHOBHBLIM IMOJIO¥EHWUSIM, IMPUJIOKEHNHE
KOTOpPHX K Ipoueccam 3eMJIM U KOCMOCa HBJIIETCA OAHOI U3 Be-
nuyakwux npoGJjieM HalWero BpeMEeHH.

[ToBuaMMOMY, SIBIEHUST PafuOaKTUBHOTO pacnafa NpenacTasisioTCs
O0LMUMHK SBJIEHMSIMH BCEX aTOMOB, IMOCTPOEHHHX W3 OAHOro 1mep-
BUYHOro BellecTBa B ¢gopme Oojee WIU MeHee YCTOWYMBBHIX TNaHe-
TapHeX cuctem. Haubonee yCcTOWYUBLIMYU, BEPOSITHO, SIBASIOTCS aTOMB
YeTHble ¥ 0COOEHHO KpaTHble 4, MNOCTPOEHHbE W3 BeCbMa YCTOM=-
YUBBIX rejquesbix rpymnn. [lpogomxkuTenbHOCTh KHU3HM OTAEAbHBIX
3NIEMEHTAPHbBIX aTOMOB, BEpPOSITHO, MOXeT CIYXHUTb MOKa3aTe/ieM
ycTounBocTu. CKOpPOCTb pacnaga B yClI0BUSX - 3eMjin ¥ naGopa-
TOPHOr0 3KCMEepUMeHTa MNOCTOfHHA, HO B cBeTe uaek lleppena
OHa KM3MeHYMBAa B Pa3HHX 4aCTAX MUPO3OAHMS.
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§ 63. TennoBOW pexum KOCMOCA M 3BE3JHHX MMU-
pos (95). | |

HeoOwualiHO CIOXHYIO 3aAayy NpeacTaBisieT BhIACHEHME Temo-
BOIO pexxuma Kocmoca. CoBeplueHHO npasuiibHO OTMedaeT HepHc T,
4TO B €r0 ApPHPOMie W B NPaBUILHOM NpPUMEHEHUH 3aKOHOB TEPMO-
AMHAMMKW JIEXUT pa3rajika OCHOBHbLIX Nnpo6GjieM Mupo3aaHusd. Tem-
lepaTypHHIA peXUM KOCMOca ompefefisseT X0 XMMHUYeCKUX peakuui
U Qu3nUecKux TMpoOUeCCOB U 3TUM BhLI3HBAET TO WKW WHOE nepe-
pacnpegeieHue XumMuwyeckux asnemeHToB. Ceiiyac npuHATO AyMaTh,
yTO OOJblIasi YaCTb KOCMHYECKOro npoCTPaHCTBA 06j1alaéT BecbMma
HU3KOI0O TEMNEpaTypolo, OJU3KOW K al6CONIOTHOMY HYIIO, INpUYyeM
HepHCT fonyckaeT, YTo coxpaHeHue 3TOH HU3KOH TemmnepaTypb
BbI3bIBAET(S YaCTUYHBIM MOMIOLIeHUEeM M3Jy4yaeMoro Termna,

C fapyroii CTOPOHbI HauBHICIIWE TEMIEpaTypH, COrJIaCHO MHEHMIO
JAAUHTTOHA, [OMKHH HAGNIOJATLCA B LEHTpaX CUHe-O0enbX
3Be3/ M IOCTUraTh MUNNMOHOB TpafycoB (106— 107 abs). HepHeT,
AppeHuyc, 9rrepT U JApyrde COBeplUEHHO OMNpejiejleHHO MOKa-
3aiM, 4TO 3TH TemMnepaTypn He MOryT BJUSATbL Ha CKOPOCThL pac-
najfa M3BECTHHIX HaM PpajuOaKTUBHbLIX BELLECTB, U UYTO AnNd U3Me-
HEHUsI MPOACKUTENbHOCTU XU3HU DJIEeMEHTOB HEOOXOAMMBbl Temmne-
patypu ao 101°— 1011 abs. KoHeyHO, 3TO He HCKJKOYaeT, yToO
Ipyrve BUALI 3HEPTUY, HaAMp., U3JyyeHue uiM MUPOBOE THATOTEHME,
MOTYT BIMATbL Ha pacnap. % |

Tennosoi pexuM KOCMMYECKMX Ted Jyullle BCEr0 H3Yy4YeH Ha
OfIHOM 4aCTHOM Cliy4yae, MMEKLIeM OrpOMHOE 3HayeHue g 3eMian—
Ha coJyHue. JInig 3TOro CToib GIM3KOro OT 3eMJM CBeTWIa Mbl HMeeM
BECbMa JIIOGONBLITHLIE TNOACYETH, CBeA€HHbEe Yy [lyaHkape n
AppeHuyca.

[lpu macce B 2.10% rpamma CONHEUYHOE CBETUJIO €XKErogHO U3ny-
yaeT 4.10% rpammkanopuii tenna. JIns OOGBACHEHUS 3TUX OrPOMHBIX
KOJMYECTB TEIIOBOH 3HEPrMM NPUHHM2ANCh pa3JnyHbie THPNOTE3b
cHauajia AymaJii 0 XMMHYeCKux 1poueccax OKWCIEHHs MM Cropa-
HUS,, O MaccoBOM najieHun MeTeoputTos (Meijie p), HaKOHeL, COrIaCcHO
MHeHul0 TenbMrosbua, 0 HarpeBaHMM npu CxaTuu. Bce 3Ty
NpUyYuHbEl MOriau OHb JaThb Tenna mMakcumyMm Ha 30 MUIIMOHOB JIET,
KakoBas uudpa OTBEpPraeTcs reosoramy, Kak CAMliKoM manas.

[Mocne otkpoiTua pagus Pésepdopa, Coaam u Bunabcon
BHABMHYNIM MOEI0 O PAAMOAKTMBHBIX Mpoueccax Ha COojiHUe, TaK KakK
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npu pacnape ypana A0 CByHUA Ha 1 rpamM paaus  BbiAensaeTCa
2.000.0000 kanopuit. KoHeuno, 3T KonoccanbHbE KONMYECTBa
TEIa MOrIM OB MOKPHTb PACXON SHEPrMM CONHUA, HO TOJBKO
B TOM ciyyae, echiM OW paaus Ha condlle OO MHOro. Ecam paxe
3an003puTh, YTO BCE COJHLE M3 ypaHa (a 3TO HE BEPHO), a pamii
HaXO0OUTCa C HUM B DAJUOAKTHUBHOM paBHOBeCUM, TO VYAaJocb OH
NOKPLHITL AWML !/3 U3ny4dyeHus !). |

Appenuyc, Ha QOHEe 3ITUX uaeil, BLHBUrAET CHefyiolLMe
HauGojiee BEpOATHbIE MCTOYHUKM 3JHEPrMH M ero BLBOAH TNPUIO-
KWMH, OYE€BUIHO, KO BCIKOH 3Be3qHOM CUCTEMe:

1.YacTe Tenna paercs 6aarogaps 06pa30BaHUIo SK30TEPMUYECKUX
COEAMHEHUM UJIM pacnafy 3HAOTEPMUYECKUX } UHAYE IOBOPS, HEOO IbLLAS
4aCTb DHEPrMM CBA3aHA C HACTOSAWMMHU XMMUYECKMMH TpOoLeccaMm.

2. YacTb Tenna, ¥ NPUTOM BecbMa 3HauMTebHas, MAOMKHAZ MO-
CTYNaTb IPU BOCCOEAUHEHMU MOHW3UPOBAHHLIX A4TOMOB C 3JIEKTPO-
HamM. Taxk Kak auccounauusi aToMOB Ui 3Be3[ M COJHUA HBHE
noKa3aHa padoramu Cara u IQAUHTTOHA, TO HECOMHEHHO B 3TOM
npouecce Mbl MMEEeM MOILUHbIM MCTOYHUK Temja, KOTOpbH, Mo pac-
yetam AppeHuyca, Npu NONylLeHWH TMOJHOI MOHMU3ALKWH aTOMOB
BCEro COnHLa Mor Obl AaTb dHepruu angd 500 MUINUMOHOB NIET CBEUYEHMUS.

3. Tak kak BbilleyKa3aHHbie [PUYMHb MOKPHIBAIOT, OUEBHIHO,
b YacTbh pacxoLa 3HEePruu M BCe XK€ B HeJ0CTaTOUYHOHU CTereHu,
yTOoObl O6YCNOBUTHL CYLWECTBOBaHUE CONHLA He meHee 3.109 net. To,
OYEBUAAHO, HAI0 UCKAaTb APYrod MCTOYHMK (M NMPUTOM BO3OOHOBIsIE-
Mblit) BHEpPrum. ’

He pHCT TakOBHIM CUMTAeT pacnag G6ojiee THXKEIbX paauo-
aKTUBHBIX aTOMOB, YyeM N 92, — npepnonoxexdue, KOTOPOE MOMKHO
OCTaBUThL JIMlIb, KAK OOrafKy, HO Henb3s HW ONpoBEepPrHyThb, HA A0-
Ka3aTh. bonee oupeaesieHHO BHICKa3biBaOTCS [leppeH, J AAUHITOH
M AppeHHyC, KOTOpbie TJIaBHHKH MCTOYHUK IHEPrud BUIAT B CUH-
Te3€ DJIeMEHTOB M B YACTHOCTM B KoHpeHcauuu H B sapa He.

B 3TOM npouecce OHW HAXOAAT IJaBHellunii BO3MOXHBIM UCTOYHHUK
TEMJIOBLIX NPOLECCOB CONHLA M 3BE3[A, TOrga KaK BCe€ OCTajbHHE
SIBNAIOTCA JUb RONGIHUTEILHBIMU, S

") [MeppeH, B NPOTHRONONOKHOCTE 3TUM MAESM; CUMTAET PAAHOAKTHB-
HHIH NpoLece 3HAOTEPMUUYECKHM, CBA3AHHLIM C OTPOMHBLIM MOrJIOUIEHHEM 3HEp-
MU YAbTpa-HKC-NYHeRn.
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KocMOroHuyeckKkue TEOPHUM UMW X COBPEMEHHOE
3Ha4yeH ue (96),

«Crapas rumoresa O TNPOUCXOKACHHH
Mupa—3To runoresa Jlanmnaca; Ho €e Cra-
pocTb Goppasi ¥ 3jaopoBas, AN €e BO3pacra
Ha HEH ewe Malo MOPLIWH».

Nyauxkape 1911 r.

§ 64. Mbl paccmoTpenu Bhille pakTUYyeCKUH MaTepuan HaONoAeHUHM,
Nann CXeMy XMMUM KOCMOCA W BLIIEMIM B Heil 00JaCTb SIBNEHH,
HE YKIaabiBaloIuMxca B O0LUUe pamKu cXembl ¥ Tpe6GOBaBLUMX MHbLIX
00bsACHeHHH. ITU OODBACHEHUS Mbl NBITANUCh MCKATb B ABMEHUAX
aToMa, B TOM CJIOXXHOM KOMIMJIEKCe sIBJ€HWi, KOTOpbiii HbiHE 00b-
€IUHAETCHA CNeLUanbHbIMU HAYYHBIMU Te4YyeHUsIMM, Ha TPaHulle Mexay
GU3NKON U XUMHeI.

Pa3nuyHus M CHOXHB ObUIM NMYTH, NO KOTOPbLIM MbITANACL Bbi-
SICHUTb ¥ OODBACHUTb MPOMCXOXCAEHHE W XOA NPOLECCOB MUPO3AAHMSA.
Mb paneku 3peck OT 3ajauu pacCMOTpeHusT 3TUX MNYyTeild; Mbl
TOJIbKO BBIXBATUNM M3 HHUX TE€ OCHOBHWIE TeEYEHUH, KOTOpPbLe NpHU-
BE€JIM HaC K COBPEMEHHOMY MHPOBO33peHUIO.

B KoCMOroHmyeCKMX TrumnoTes3ax Mb MOXeMm I[OAMETHTL [Ba
OCHOBHRIX TeyeHusi: OOHO, Ga3upysch Ha 3aKOHaX HeOeCcHoi Mmexa-
HUKHW, NHITANO0Ch BHISICHUTH COBpeMEeHHOe CTpOeHHe 3BEe3AHOro Mupa
M HalweW NJaHeTHOW CHUCTeMbl, He KacasiCh XWUMHYECKOM INpUPONH
aroma. Bropoe—Hao60poT, OCHOBBLIBANIOCh Ha MAesX TPaHCMYTauUuu
XUMHYECKUX 3JeMeHTOB U HeNocpeACcTBeHHO MOABOAMIIO HAaC K BOMN-
pocaM XUMMWYECKOH 3BOMIOLMM M pajuoakKTUBHOrO pacmnaja. Ecawm
repsoe no 6onabliei 4aCcTH 3aHMMAJOCh MEXaHUKOW IMNAHETHOW CH-
CTeMbl, BTOpoe — 6a3MpOBANIOCb Ha chneKTpockonuu 3Be3d. Ho
M B NEepBOM TeyeHMHM MBI HEBOJILHO HaxXoaund O akKThl, Hemocpen-
CTBEHHO .KacaBuivecss XUMUM 3NeMEHTOB, TaK Kak, onepupys ¢ ¢u-
3MYeCKMMHU BEIMYMHAMW, STH THNOTE3H ACJIKHL ObIY HWCXOAUTH U3
OnpefeneHHbIX YaejibHbIX BECOB TE€l W 3JIEMEHTOB.

Jlse OCHOBHbIe TUNOTE3b  OCNAapuBalOT CceWyac [E€PBEHCTBO
M UCTUHY: 3TO, C OAHOW CTOpOHHl, crtapas KawuToO-Jlannacos-
cKasa uIu HeOynsapHas runoresa, BOCOPUHATAA C MOOMpaBKaMu
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flyankKkape, ¥ nnaHereaumansHas runore3a YsmobepneHa-
CanucO10pu, poaeHHass M3 ray6okux oGoOuiesuid JIx. Jlap-
BHHA ¥ MMOJyyuBIIAA CBOE MaTeMaTHyeckoe 000CHOBaHME B Tpyaax
MynbTona. K vum B TOH unK wnoik popmMe NPpUMbIKAET ANMHHAS
niaesga runote3 Faye, Jeams, See, Belot v psaga apyrux.

M nnaHere3aumanbHas, U HeOYynsipHasi. TEOPUU MAJIsi HAC BaXHH
TEM, YTO B OCHOBY M TOM M JPYro¥ mNoJioXeHb CUiabl HbIOTOHOB-
CKOro TATOTEeHusA, T. €. TE€ CHJIIb, KOTOPHE B KOCMHYECKOM Mac-
ITabe pacnpenensioT aToMbl MO MX ypeibHbM Becam. U u3 Toi
¥ U3 APYroM ruroTe3bl BhiTE€Kana He06XOAUMOCTb COCPeaoTOYeHUs
TSXENblX 3JIEMEHTOB B LIEHTPAJbHBIX 4YACTAX U JIETKUX — CHapYKH.
B Teopuu NnaHeTe3MManbHOU K 3TOMY NPUCOEAMHMIIMCL ellje CHIb
MOJIEKYJIDHOrO ABUX€HUs, 4aCThbi0 CBOMM#M CKOPOCTSAMM Bbi3biBaBLIHE
BbIHOC JIETKMX 3JIEeMEHTOB M3 HEJOCTATOYHO MOLUHBIX IOJIeH THATO-
TeHust. HaKoHen, K 3TUM ABYM INpuuMHam B MocneaHee Bpems Jie-
6enenB, AppeHUYC, IDAAMHITOH U [Ap. IMNPHUCOCAUHUIMN CBETO-
BOE€ [@BJIEHWE — TPETbI0 MOTYUYYI0 MUPOBYIO CHIY, pas3fensiowyto
MOJIEKYJIB, 3JIEeMEHTHl U MX TPYNNUPOBKHM B MUPO3JAHMM HA OCHO-
BaHWM XapakTepa (QH3UYECKUX CBOWCTB.

BTopas rpynna rumoTte3. 6a3upoBanach Ha uiee B3aUMHOro npe-
BpalUleHUd 31eMEHTOB, M 3THUM HIeaM NOJOXUI Hayano Jiokaiiep
m Kpykc: nocnegauii ewe B 1874 r. B peun B Llieddunbae crpe-
MWICA TMOKa3aTh, YTO He TOMbLKO OOHM BUAbl MaTepuy MepexomsiT
B Apyrde, HO 4YTO 3HEpPrdd MU Macca MaTepud OAHO H TO XKe.

Upen ok aiiepa, BbiTEKABLIKE U3 aHANIU3A 3BE3HBIX CIEKTPOB,
OOUWEeM3BECTHH;, [JIA HEero Mnpu [MOBbLILIEHWN TeMnepaTtyps MAET
pacrmaj BeuwiecTsa A0 MepBUYHOK maTepud M BHOBL CO3UAaHue 3Jie-
MEHTOB NpH oxnaxaeHuu. [103TOMYy Ha OyeHb rOpsAYUX KOCMUUYECKUX
Tenax OH BuJed OOHU TOJBLKO ra3nl, MpPOTOBOAOPOA !), najee K HHUM
[IPUCOCAMHANCA TEenuid M elle pajnee, NMpU OXJIAXKACHWU «MPOTOME-
tannpi», notom C, N, O u Si, HakoHeu, NOCTENEHHO TMOsABIKIOTCH
caMu METaljn, 4 BOAOPOA ¥ NpoTo3nemMeHTH ucuedainT. Cxema 38e3a-
HOM 3BOJIIOLMKM OTBeYala CXeMe HBOJILMH XHUMHUYECKUX IJIEMEHTOB.

B cywHocTH 3TO ObUIM Yxe crapnie uaen Kpykca, 3TOro
MUCTHKA - punocoda, KOTOpwii ewmwe B 1886 r. pucosan aH-

1) dnementnt JloKa#epa ¢ MpuUCTaBKOIO MNPOTOG ABAAITCA NPOCTO
HoHU3WpOoBaHHHMU rasamu. Cm. Bbliwe, §3 50, 51.



TACTHYCCKUE KAPTUHB TreHe3uca 23JEeMEHTOB NYyTEM KOHAeHCauuu
B KOCMMYECKOM TYMAHHOCTM JIETKHX 5JEMEHTOB B 60Jee TaXejhe
aTOMBI.

OpHako, KaK HU BelquKo Obino 3HaueHue cxemn Jlokaiepa,
KaK HM YBJEKaTelbHH OHJIY TE€ rOpPU30HTH, KOTODbi€ PACKPBIBAUCDH
B €€ CTPOMHOMW KapTHHE, TeM He MeHee OHa [0Jroe BpeMsi OCTa-
Banach TONbKO I'UMOTEe3010, a HuHe B cBeTe uieil uHauniiua Cara,
OKa3bBaeTCs, HE OTBeuaeT HalO/oaeHusiM. Bcs cmeHa JIMHUM B CreK-
Tpax 3Be3[ 0Ka3ajachb BbI3BAHHOIO DNpaBAa TeMH -Xe (PU3UYECKUMU
npuynHamu, 4yto M BCcXxeme JloKkaiiepa, HO ee XMMUYecKas OCHOBa
oKaszanach IOAOPBAaHHOIO, M IIOCTOSHCTBO M HEU3IMEHHOCTb sapa
aToMa BHOBb 0Ka3aJiuCb HE€ HAPYUIEHHLIMU. |

Mexpy Tem wuensiii psi sBAEeHUH, OTMEUYEHHhX MHOK Bbllle
B § 60, B NEMCTBUTEILHOCTH He YKNagblBaJuCb B CTOJb TNPOCTYIO
CXeMy OTpHMLaHuUsl BCAKHX TE€HETHUUYECKHUX sBJIEHWM B aTomax, U, IpU-
3HaBas, YTO (QakTH rOBOPSAT O MNOCTOSHCTBE ¥ OAHOPOAHOCTH XUMMU-
YyecKoro €oCTasa MUPO3AaHWA, TEM HE MEHee psi KpPyMNHEWLIHX XH-
MVWKOB M (QU3MKOB TIIOCJelHEr0 BpPEMEHU IbiTaIUChb OCBETUTb ITY
OCHOBHYI0O fipobnemy. CpeaM HUX Mbl ynomsiHem umena [leppena,
HepHcTa, Appennyca u MeliTHep, K KpaTKOMY U3I0Xe-
HUIO Uaed KOTOPHX Mbl U NEepexoauM.

Bnepsbie rnyOOKWW aHanu3 MUPOBHIX XUMMWYECKHUX TIpPOLIECCOB
6oi1 naH lMMeppenom (1919—1922 rr.). [Ipu3HaBas HEBO3MOX-
HOCTb CAMONPOU3BONLHOIO pacnajga pajiuoakTUBHOIO BellleCTBa,
[leppeH NPpUNMCHIBAET ero U3JY4YeHUI0 YIbTpa-UKC-Ty4deH, KOTOphie
BHIAENAIOTCA NMPHU Ipouecce KOHAeHCAUuM BOAOPOAA M rejius B 6oJiee
TSOKENIbe aTOMH. DTOT NPOLECC MHTErpaLuuy 3J€eMEHTOB MPOMCXOONUT
M Ha 3Be3jax, ¥ B LEHTPalbHLX yacTax 3emin. OG6pa3oBaHue Ts-
WeNsX 3JIEMEHTOB HOPMAJIbHO WAET C OTPOMHBLIM BblieJIEHUEM Ternna,
npuyem Bnepsnie [leppeH MUpoBOE TENJO 3BE3[ M Hallero CoJHLa
NBITAJCA CBA3aTh € KOJOCCAJbHHM BBHJEJIEHUEM JIHEpruv Nnpu KOH-
NeHcauuu YeTpipex BOopopoaoB B reauorpynny. [lpw aTom nipo-
UCXOAMT NoTepsi Ha 1 rp. coeimHenusa 32 MUIMrpaMma MaTepuu, 4To
orBevyaeT 7.1011 maneix kajaopud tenna. l[lo3pHee MO 3TOMY NyTH
nouvin B OObSACHEHUM Tenna conHua AcToH (1922r.) M Appe-
Huyc (1922 r.). Takum ofpasom [leppeH CTaHOBUTCs OIpe-
[eJIEHHO Ha TOYKY 3pEHus CUHTEe3a 3JIEMEHTOB C BbIACJIEHUEM Jyyeu,
BH3bIBAIOUIMX MX-)XKE pacnajg, a@ B KOCMOTOHMM BhIABUraeT MWAEI0
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00pa30oBaHusi 3Be3A U3 TYMAHHOCTEW ¢ 00pa30BaHUEM B IEPBUYHOMU
cragum H, He u Neb (¢ atomHbim Becom 3).

HeT HMKAKOro COMHEHMs, 4YTO OrpOMHBI HayyHuil aBTOpPUTET
[leppeHa roBOpUT 3a CTPOTYI® HAYYHOCTb TEX CMEJbIX RbIBOJOB,
KOTOpble OH JenaeT; OAHAKO, BeCbMa BEpPOATHO, 4YTO He BCA Menae-
neesckasi Tabimua B OAMHAKOBOW Mepe pearupyeT Ha yKa3aHHbie
UM [eATend, ¥ OCTaeTCst MNO-TMpeXHeMy He MUCKIIYEHHbBIM, YTO
pagnoaKTHUBHBIK pacnaj ¢ BUAMMBLIM BbiJeJIeHUEM 3HEepruu BO3MOXEH
JVlibL A8 0co00 TsXEeNbiX TPy, coaepxaliux B ceb6e BOAOPOA-
Hbieé 4aCTHUbl, U YTO pacnaj rejiuss Ha BOAOPOAHbIE ATOMbI BO3MO-
WEH UL MPU MPHJIOKEHUHW MOLHOTO MCTOYHUKA BHEDFHH:

Ha 01u3K0oil TO4Yke 3peHus cronT M AppeHuyc. Jina Hero He-
COMHEHHO, YTO BHYTpeHHOE TelJi0 COoJHlAa U 3Be3] Helnb3s 00b-
SICHUTb 0e3 NMPUHATUS KaAKKUX-JIM60 0cOoObIX INPEeAnoI0KEeHuH, BhiTe-
KallUX M3 paMOK OObYHBX HaWuX npeacTaeneHnid. [loapoGHO
pa36upasi NpUPOAY CONHeyHoro Temna (cM. § 63), OH MOCeA0Ba-
TEeJIbHO OTBepraeTt CTaphie runoTe3s U J0Ka3biBAET HEJOCTATOYHOCTL
MPUHATHUA ¥ CUIBHO 3K30TEpMUYECKHX peakuuil, U BOCCOEAUHEHHS
NIEMEHTOB WMOHU3MPOBAHHLIX C BMIeKTpOHamu. Takum o00pa3oM OcC-
TaeTcsds eAUMHCTBeHHOe OO0DBbACHEeHUMe, 4YTO BhCJIEHWE Telaa Bbi3bi-
BAE€TCH KOHAEHCallMel 4YeThpex BOAOPOAOB B TpyIbl TeJiks, TeM
00Jiee, UTO TaKoil npouecc MOr 6bi 06eCneYuThb COBPEMEHHbI Tenao-
BOW peXuM COJHLUa Ha 87 mMuIIuapaoB JieT.

[To MHeHHIO AppEH U Y C a, 38e3/Ibi 06pA3YIOTCS U3 TYMAHHOCTEH,
npuuyem cHayana BO3HuKaiwT H, He u Neb (HeOyau# C aTOMHBIM :
BECOM OKono 3); Hanee HauumHaeTcs obpa3osanue N, O, Mg, Si,
no3aHee Ca, Ti, Fe. B Hauajne TyMaHHOCTM XOJOAHbIE, C TEMMEpaTy-
pamu, OIM3KMMH K aGCOMIOTHOMY HYIO, YeM M OODBICHAETCS COXpa-
HEHuEe JIETKUX JIETYYMX ra30B B Mpeaenax TYMaHHOCTH, CBETHALLEHCHA

-Onaroaaps 3NeKTPUYECKUM pas3psigaM B CHJIbHO pa3psKEHHOW cpeje.

Jlanee HAYMHAETCA CUJILHO 3K30TEPMUYECKMii Mpouecc 06pa3oBaHus
00Jee TAXeNbX 3JIEMEHTOB, aTOMbl AUCCOUMMPYIOT, HCYe3alT He
u Neb. PasHosecue cucTeMb MOAAEPKMBACTCS COOTHOMIEHUEM CHI
CBETOBOrO AaBneHHs M HBIOTOHOBCKHMX CMNT NpUTSXEHUs. Temmnepa-
Typa nOBHLIAETCA, 3BE3[Ab BENUKaHbl TMPEBPALAOTCA B KapJuKH,
nocae Toro poct TeMOepaTtypbsl OCTaHaBAUBAETCA. TBEpAbIC 4YaCTHIbl,
OKpy¥alolMe TUraHTe, Majio-Mo-mMany CTATMBAIOTCA K NOBEPXHOCTH
10CTeNeHHO OXJa)XAalllencs 3Be3h. B 3TOH KOCMOTOHHUU MBI HeE
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BUUM HUKAKMX HOBBIX TOYEK 3penus; ugen [leppeHa KOMOWUHU-
PYIOTCA CO CTapbiMu MHCassMH JloKaidepa: Kpyr npespalleHUni
BHOBb HAYMHAETCHA IM0CHe CTOJKHOBEHMs Moracliux 3Be3[1 M npesBpa-
LIEHUS] UX CHOBA B TYMaHHOCTH.

K AppeHHycCy Ou€Hb 6IM3KO NpUMbIKaeT U MeW THep, nakw-
ass B OOJbLIOW OG30PHOI CTaThe CBOAKY PajMOaKTMBHOCTM KOC-
MOCa; OAHAKO, HMKAKUX HOBhiX (HAKTOB OHA HE& NPUBOAMT. |

HeCcoMHEHHO CaMOIi0 OJIECTsLUeId M HEOXWAAHHOW MO CMeNoCTH
aBinseTcH KoHuenuua HepucTta (1921 r.). KoHuenuus sTa—HoBas
IIMPOKas MONBITKA NOCTaBUTh B OCHOBY KOCMHUYECKMX TMpOLECCOB
SBJIEHMS DAAMOAKTMBHOTO pacmajga. HepHCT cmenee cBOMX Tpel-
[IeCTBEHHUKOB, ¥ BO MHOTKX BOIIPOCAX €ro MHCJb 3ajieTaeT OajeKo
3a npejesbl 3aBO€BAHMM TOYHOr0 3HAHMWSA.

OcHoBHbe Mped HepHcTal) crepyioume: Yaes o mocTeneHHOR
3BOJIIOLIMM MUPO3[AHUST COTJJACHO MUAessM DSHTPONMU OOMKHA OHTb
HbIHE 3aMeHeHa Mujleed CTAUMOHADPHOTO COCTOAHUA. XOTH
3Ta MBIC/Ib OTBEpPraeTcss psAAOM MUCCAejoBaHuWi, B TOM uuciae Norke
(97), HO BCe ke OHa 3aC/yXuBaeT BHUMaHusl, XOTS MpaBujbHee
Obio Ob  3aMEHUTb  CTALMOHAapHOE  COCTosHMe HepHcTa
NOCTOSAHHHM UUMKIHUYUECKUM npoueccom OaHu 3Be3abi
FaCHYT, 3&XWUralTcs Apyrue, MUp XKUBET BO BPEMEHHU, COouyeTasl maccy
U DHEeprul B efuHBIM 3JIEMEHT MMPO3AaHHsA: NOTEps B MacCe paBHZ
noTepe BO BPEMEHM, AECNEHHOM HA KBajapaT CBETOBOM CKOPOCTH —
TaKkoBa ero OCHOBHasa ¢opmyna, B3dTas y DiinmTeiina. Bee BUIU-
MoOe HaM¥M MHUpPO3AaHUe MNOAYMHEHO 3aKOHaAM paJAMOAKTHUBHOro pac-
najga mMaTepMu; OTPOMHbBIE KOCMHUYECKWE TemIepaTypbl Bhi3BaHbH He
CHHTE30M 3JIEMEHTOB, 2 MPOCTO TEMMNEPaTYpPHOI KPHBOIO MpoLecca
PaAMOaKTHBHbIX IIpeBpalleHuil. Hu ofHO M3 KOCMUYECKHUX SiBJIEHMWA
B M3BECTHHX HAM MOLIHOCTAX M C M3BECTHBHIMU HaAM K03QPpu-
LUMEeHTaAMM He MOXKET IMOBJUATL Ha CKOpPOCTb pacnaja:. OH MAET He-
W3MEHHO BO BCEM MUPO3[AaHUM, BH3biBag U HUCXOASIYI0, U BOCXO-
JALLYI0 BETKY 3BE€3JHOM SBOJOLMM. B 3TOM MH BMAMM pe3Koe OT-
AUYMEe OT KOHUenuuu AppeHHuyca, OTHOCALlero rJIaBHYIO 4acThb
TeéMnepaTypHuX I[I0BbILUEHUWH 3Be3l HE K pajMOaKTHBHOMY pacrnany,
a K elle 0ojiee 3K30TEpPMUYECKOMY MNpPOULECCY — CMHTE3Y TrelMeBbiX
rpynn. HepHCT B MUPO3JAHMM He BMAMT ATOTO CUHTE3a, OH TpH-

1) HekoTophwe MHTEpeCHbE BLIKIAAKM CM. B NmpuMeyaHuu (98).
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3HaeT €ero CcyuecrsoOBaHWe, HO He MOXeT ONpeaenuTe QopMbl
M MECTO MHTerpauium atomoB. YHyBCTBYs, YTO B CBOMX INOACYeTAX
eMy H€ XBaTaeT Temla ANs MOKPbITUS 3BE3AHOTO M  COJIHEYHOrO
npouecca, M, BMECTE C TEM, H& JONYCKas MHTErpauuu 3NeMEHTOB
B KauyecTBe 0o0Jiee MOrydero MCTOYHMKA Temha, HEPHCT NPUHYX-
1€H NpUOErHyTb K HOBOMY [ONYLIEHWIO: YTO B KOCMMYECKUX Tenax
UMEIOTCS elle O6oNee TsKeNbie aTOMbl, YeM ypaH, €lije 6onee Moll-
HHE pajuOaKTUBHHLIE CUCTEeMb, CTOsiuMe 3a No 92.

JTa cMeasi rMnoTe3a He HAXOAMUT cele nofjepxKu HU y Appe-
HUYCa, HU y OMaeHa C ero GJeCcTIuM aHaau30M 3Be3]HbX Npo-
1ecCOoB.

JIng HepHcTa KOHEYHBIH NPOAYKT pacnaga sJeMeHTOB —3TO
HANOJIHAWMNKA KOCMOC, HAAEGNEHHbIH 3anacamM HHEpPruM, CBETOBOI
3dup, U3 KOTOpPOro BpeMsi OT BPEMEHU, B KaueCTBE OTPOMHOM Chy-
4aiHOCTM, HA OCHOBE KMHETHYECKOil TEOPUH ra30B, BOZHHKAIOT HO-
BHE COYeTaHus, T. €. CO3JAITCcd 60Jiee TAXENblie aTOMb— XUMUYye-
CKHe 3JIeMEHTH Halen NepuoaNYecKoi cucteMbl. Bmecte ¢ DAAUHT-
TOHOM OH NPUHUMAET OrpOMHOE 3HAYEHHE CBETOBOrO JAABJIEHUS U,
NpUHUMAad CpegHuH ATOMHBIM BEC Tra30BOro cKomjeHus B 3,2, yTO
OTBEYaeT BeCYy MNapoB CHILHO WOHU3MPOBAHHOTO XEJNe3a, OH BHU-
IUT KOCMHYECKHii Mpouecc, C ONHOW CTOPOHB, B pPa3NUuUM  CO-
OTHOWIeHUH Mexay HbIOTOHOBCKMMH CHIaMM HDPUTSXKEHUWS U CU-
JJaMN OTTANKUBAIOWIMMYM CBETOBOr0O W ra30BOr0 fnaBjieHusl; C Apy-
rOM—B MNOCTENeHHOM M HEeYKJOHHOM TeyeHMU pPafiIMtOaAKTHBHOIO pac-
naja, KOTOpPOMY NOA4YMHEHa, NO €r0 MHEeHUI0, BCS TMepuoanYecKas
cuctema. HM3nyyaemasi TenaoBas 3HEPrUd IMOriowWaeTcs CBETOBHIM
adupom, MnpesBpailiasacb B Ty dHEPruio, KOTopas CBOMUCTBEHHA €MV
euie npy abCOMIOTHOM Hyne,

HoBag KOHUEeNUUS XUMUK KOCMOCA.

§ 65. Mbl MOXeM ceiluyac nofBeCTH HEKOTOPHE UTOTH U CPEAN pa3-
JIMYHBIX HaAMEYEHHHX HaMM NyTed BLIOpAThb TOT, KOTOPHH Haubojee
oTBevyaeT (QaKTam.

51 yxe yKa3biBajl BbIIE, YTO Mbl €lle HE ROPOCAH N0 NO3HAHWS
XMMMM KOCMOCA, Mbl TOJbKO HallynbiBaem NyTH U MUIEM BHBOJROB.

Mu BMAMM CE€HYAC, YTO JOCTYNHHI HaeMy H3Y4YeHMI0 KOCMOC
COCTaBNeH M3 OAHUX M TeX XKe 3NeMEHTAPHuX MNOCTPOeK — MjaHe-
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TAapHbIX JJIEKTPHUECKMX CHCTEM, KOM Mbl Ha3biBaem aTOMaMM U pas-
HOOOpa3ne KOMX W COCTaBASET Hally TEePUOANMECKYID CUCTeMy
Menpageneesa. Mb B npaBe AyMaThb, YTO [MojaBisioliast 4acCThb
KOCMOCZ COCTaBJI€HA MMEHHO M3 3TUX aTOMOB BMeCTe C elle ABYMS,
NpUpofa KOTOPHX Ham He siCHa, —HeGynuem u Kopouuem. Cunbi
MUPOBOrO THrOTEHUs, CBETOBOTO AaBJIEHUS U MOJIEKYJAPHLIX [ABHUKE-
HUH ABIAIOTCA B MEPBYI0 O4YepeAb TEMH MPUTArUBaOLUMMKM KW OTTal-
KUBAIOLIMMY CHIAMHM, KOTOPbE PaclpeiesioT U nepepacrpefensoT
3JIEMEHTHl B MMPOBbIX MPOCTpPaHCTBaX. B 00iuem Mbl MOXeM AYyMaTh,
YTO 3MIEMEHThl pacnpefeneHsl B MUPO3RaHuu Gojiee WIM MeHee pas-
HomepHO. KoanyecTBO aTOMOB Pa3NMYHBIX 3JIeMEHTapHbX TeJa pas-
JWYHO; MLl B NpaBe AymMaTb, UYTO M TSXKENbX aTOMOB, HayuHasd
¢ 28-ro0 HOmepa, U cambiX JIerTKUX A0 8-—9 BooOwie B MUPOIAAHUH
MeHblIe, YyTO MBI MMeeM OIpee/IeHHOe KOCMUYECKOe SsBJIeHHEe Mpe-
obnagaHus anemeHToB oT 11 no 28, moweT OuiThb ewe A u He (99).

B nepsOomM npuOAMKeHuH, B TAYGOKOM MOAXOAE COBPEMEHHOU
ACTPOXUMUM Mbl ObIJIK CKJIOHHBI CYUTATh, YTO 3JIEMEHThI HAMOJIHAWT
cO0010 MHpPOBOE€ NPOCTPAHCTBO, COXPaHssi B LENOCTHM CBOM MOJO-
XUTeabHble siipa. OaHAKO, COBpeMEHHbe MAeHW 3aCTaBjsiOT Hac ay-
MaTb, YTO 3JIEMEHTbl KOCMOC2 WCMBITHBAIOT I[peBpalleHus, MoaYyu-
HSASCb CTPOTO OMNpefeNeHHHNM MWPOBHIM 3aKoHaM. Co3faHue 3Je-
MEHTOB M MX pajMOaKTHUBHBLIA pacnajg OOMKHH paccMaTpUBaTbLCHA,
KaK [1Ba NPOTHMBOIOJIOXKHBIX IPOLeCcca, B3aWMHO YpaBHOBELLUUBAIOLIKE
Apyr JApyra corjlacCHO 3akKoHaM QU3MKOXMMWYECKOro paBHOBECHS,
[lpeoGianaHue OnpeaeleHHBX 3J€MEeHTOB — eCTh JIMlUb NpOsiBIEHHE
CTATUCTUYECKOro Mnojcyera: Kak Obl Mbl HW npeactrasiasiiuv cebe 3BO-
- JIIOLMI0 aTOMa W COOTHOLUeHUe PAAOB pacnaga ¥ CO3uAaHMs, MIpeol-
JafaHue B OnpefeNieHHblH MOMEHT ONpefesieHHbhX 3JIeMEHTapHbIX
IOCTPOEK €CTbh Pe3yJbTaT TOro Xe CTaTUCTUYECKOro 3aKOHa, KOTO-
puid PETYAMPYET, HATIP., pacnaji Pagu0AKTHBHOTO BelleCTBa U B CMECH
TIPONYKTOB pacnajga OoOGHApPYXMUBAET HUYTOXHOE KOJMYECTBO OAHHX
YJIeHOB M OTpPOMHOE npeolnafaHue APYyrux.

HacTb MuUpOBOro mnpouecca OT CNUPANbHBIX TYMaHHOCTe# o
OenbiX 3Be30 PUCYeTCd HAM B CBETE MO0 NpPeuMyLIeCTBY SBJIEHHI
CO3jaHusa GoJilee TsXKenslX aTOMOB: TIpynnuposka /4 B remuit n co-
YyeTaHue renuo-rpynn BMecTe SBIAIOTCH UCTOUHUKOM OTPOMHBIX Ha-
rpesaHuii, KOHJEHCALlMU MAaTEePUH, HAKOIJIeHUsi GoJiee TSKEJbIX aTOMOB.
ITOT CUHTE3 ABIAETCS BMECTE C TeM M HCTOYHMKOM PAfMOaKTHBHOIO
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pacnaja, ecnM Mbl BCTAHEM Ha TOYKY 3PeHMUs [leppena. Ilocne
npeotnanaunsi GOpMUPOBAHUS TsXKeNbiX aTOMOB HacTyNaeT CHavanla
paBHOBECHE MeXIy cOo3ujaHueM M pacnaaom; 3aTeM HaYMHaeTcs
ctagus OennXxX 3Be3[, HauvHaeT InpeobjagaTh pacnaj pagvoaKTHB-
HBIX TSOKeJIblX 3JIEMEHTOB; 3TOT Npouecc B 3HaYUTENbHOM YacTH
ujaeT TOXe C BhiJeJIeHWeM Tenjaa W, Takum o06pa30oM, 3aJepXKKUBAeT
TemMn OXJIaxJIEHHUS.

Mbl CTankueaeMcs 3[eCh HEOXMAAHHO C MnpoOJieMOl, Ha KOTO-
pylo He O0paTui BHMMaHusi Hu HepHCT, Hu Appenunyc?) u co-
3UlaHKe, U pacnaj B M3BECTHHIX 4acTAX CBOMX uﬁyT C BbijeleHueM
SHEpPruY; OfHM C OJMHAKOBHIM NPaBOM Ha NEPBOM CTPOSIT BOCXOAA-
WYI0 KPUBYIO 3BOJIOUUN 3/1€MEHTOB, Apyrue—ua BTopom. OuesugHo,
4TO HE BCAKMII CUHTE3 M He BCAKMIl pacmaji Ha NepBUUHbIE 3Jie-
MEHTbl MBI MOXEeM pacCMaTpuBATh, KaK NCTOYHUK MUPOBHX TMpPOLEC-
COB Bbiie/ieHUs 3Hepruu. CuHTE3 renueBblX rpynn k3 BOAOPOAA
UieT AN Hac ¢ OrPOMHBIM BhIJi€IeHHWEM Terfla, NPpeBOCXOAALIUM faxe
TeII0, BHAENSEMOe MeTannaMu rpynnsl paaus. [lonyuyaemble
U3 3TOr0 CUHTE3a CovYeTaHUs 0Ka3biBAKTCH Henﬁmqiﬁm [IPOYHBIMH,
BO3HMKAIOUMMU C KOJOCCAJbHBIMU BHIIENEHUSIMU 3SHEPTUM 00pa3z3on-
BaHUAMM, TPYAHO pa3pylUaeMbIMU B CBETE NPUPOAHBIX SIBIEHUK pac-
napa. 3TH am'mu, NOCTPOEHHLIE TOJbKO M3 TeJUOTPYMI, JOMXKHBI
o61apaTb ATOMHBIMM BeCaMM, KpatHoimu 4. Mbl nmoaxogum K nep-
BOMY, YXe nojpoOHO pa300paHHOMY HaMy 3aKOHY: HauO0 0 Jlb-
mejifpacnpoCTPaHEHHOCTU MW YCTOWYUBOCTU ATOMOB,
KpaTHux 4,—He, C, O, Mg, Si, S, Ca, Ti, Cr, Fe, otyactu Ni.
Passe, nEpEtppaéHp},fﬂ cioBa KaHTa, Mbl He MOXEeM CKa3aTb: fauTe
HaM JIETKME 3JIEeMEeHTbHl, KpaTHbe 4, N Mbl MOCTPOMM M3 HMX MMP,
MYp npasfa HeopraHu30BaHHOI NpUpOabl, MUD 0€3 XKUIHM.

Mbl OCTAaHOBMJINCb Ha Xejne3e, KoOaabTe, HUKKEJE, [ajblie 3a
28-piM HOMEpPOM HAYMHAETCsA HOBHIK MUD XHMHYECKHUX 3JIEMEHTOB,
Hé TOILKO B KOCMOCe 3a TpeTbMM TOpHM3COHTalbLHBIM psgoM MeHpe-
JleeBCKOM TabnMubl HAUYMHAETC MUDP MajoOBaXXHbIX PEAKUX aTOMOB
MUDO30aHWs, HO ¥ B CaMOM CTPYKTYpe STHUX 3/JeMEHTOB QU3UK Ha-
X0O[UT pe3K0e M3MeHeHMe CKayKOM OCHOBHHX cBo#cTB (4. Pox ne-
CTBEHCKHHN, TapKKHHC).

) Ilpn npuusTun B3rasaaoB [JeppeHa 3TOT BONpPOC HE BO3HUKAET, TaK
KaK AJis Hero pajguvoakTUBHHH NpPOLECC — IHAOTEPMHUEH.

10
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e e e

Mu He mpopomkaem panbille 33 kene30  Hallle NEpeyvucCieHue,
TaK KaK Ui HAac ¥ 3NeMEeHTH C aTOMHBIMW BeCamu, KpaTHHIMU 4, 3a
npegenamu 37100 sneMeHTa KaXyTCs CIMIIKOM COXHBIMHU NOCTPOW-
KamM, 4TOObl HX CYMTATb MPOCTHIMM YCTOHYKBHIMU TDYNIMPOBKAMY
reJMorpymnmn.

YTo HMEHHO BhllieyKa3aHHbE 3NEMeHTapHble T'PYNNUPOBKU $B-
NAI0TC Hauboee yCTOMUYMBLIMM M 3aKMIOYAIOT B ce0e MEHbLIE 3Hep-
MM, BHITEKAET M ¢33 aHanu3a 3aKMIOYEHHHIX MENKAY HUMU IIEeMEH-
ToB B, F, N, Al, P, uckyccreeHHoe paciiefyicHie KOMX ITPOUCXOAUT
C GONbIUMM BbII€IEHHEM 3Hepruu; MpaBaa, M He 3HaeM, BO YTO OHH
NpeBPaLiaiTCs, HO, OYeBMAHO OTHENEHUE BONOPOA2 NMPMBOMMT MX K
GoJiee YCTOWYMBBHIM IPYNNUPOBKAM, TUNIA YETHBIX SJIEMEHTA[HHX Tel.

Bce anemeHTH, caegyiomie B HUXHed MON0BUHe MeHaeneeBcKow
TaObnuubl, ¥ B TOM YWHCAE PpaAMOAKTHUBHEIE, SBISIOTCA CHOXHBIMHU
3JIEMEHTAPHBIMH [TOCTPOMKaMH, C OONbIIMMM BHYTPEHHUMU 3amacamu
BHEPruM U CNOCOGHbHIE 4aCTUIHO CAMOMPOU3BOJILHO BHENATH 3TY
SHEPrul NyTeM wu3aydyeHus W InpeBpallesus B Gojee Jierkue 3e-
MEHTHI. |

JTH Teja HE MOryT paccMaTpuBaThCs, KaK YCTOWYMBHE ATOMBI
MUPO3IaHHUSA: B npoleccax MHUPOBHIX MpeBpauleHU# U OHHU JOMKHLI
CTPEMHUTBCA NPEBPATUTBCA B T€ TPYyNNWPOBKHM, KOW Mbl BbiLle [pHU-
3HANK HauGonee yCTONYMBBIMM.

Takum o6pa3om, MCXOAsS U3 COBPEMEHHBIX 3HAHWK DHEPreTUKu
aTOMa, Mbl CKJOHHHM AyMaTb, YTO B MeHJeneeBCKO# Tao6-
THUe NOCNEefoOBaATENbHOCTbL CBEPXY BHUM3 He ONpefe-
NAET yBenNUyeHUd BHYTPHUATOMHO#W m3Hepruu. Haobo-
poT, €CTb OCHOBaHWE JyMaTbh, YTO HAMMEeHbLWHUMHU 3ama-
camMu ee oO6napawT O6onee JIerKue 3JIeMEeHTH, HO I O-
CTPOGHHBHEe MO THNY reJlnsd M3 HEMHOTUX TeJIHEeBHX
rpynm T. €. 3MeMeHTH YETHbHE M KpaTHbe 4 B mpegenax Home-
poB 4 — 28.

IJTUMU 3aKOHAMMU OMNpeaensgeTcs U OCHOBHOW XOA MUPOBOM 3BO-
MOUMM XWUMHUYECKKWX 3JIEMEHTOB, HAKalIWBAOWKUX B MUPO3AaHUK
COBEpPILUEHHO OllpegeeHHbe YNeHH NepUoAUYecKOUW Tabnuub. ITUM
pa3peliaeTca 3aragka O TOM MOpPa3uTeNnbHOM NnpeobiiajaHMu B KOC-
moce Mg, Si # ocobenHo Fe, o koTopom HepHcCT rosopui, «yro
3TO KaKOH TO MYHKT OTAbiXa aTOMOB B UX MOCTOSHHOM IIpcLecce
nerpagauvus. |
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Ho mMbBl He TONbLKO YCTAHOBMJIM Bbilié OJWH KOCMOXUMHUYECKHMU
3aKOH 00 OMNpefeneHHON pacnpoOCTPaHEHHOCTH HEKOTOpbIX 3/IEMEH-
TOB B MHUDO3[IaHUM; Mbl BHAEIM €lle BTOPYI0 32KOHHOCTH, [0 KOTO-
poi Hanbonee yCTOHUYUBHE 3JIEMEHTH KOCMOCA (MMEHHO
M3 Bhilie NepevYnCIEHHOW IPYIiik) npeoO6IafalwT B UeHTpallb-
HbhlX YaCTAX KOCMHUYECKHU X TeJ, B 00CTAaHOBKe HauGONbILUX
naBlieHWi ¥ TeMNepaTyp, TOTAA KaK B HAapPYXHBIX YacTax GONbLINX
KOCMHYECKUX Tel K HUM MNPUCOENMHATCA 3IJEMEHTH MeHee YCTOM-
YyUBbie, NOCTPOEHHLIE MO THNY 4q- 3, no OGosiblied YacTU, OJHAKO,
TOXe Jierkue (T. e. He Bbiwe 28-ro Homepa). B 3emMHO# Kope Mb
3Ty 3aKOHHOCTL MOAMETHNM C MOJIHOK OYEBMAHOCTLIO.

[TpyuKHb GONBLILOrO CONEepkKaHUs B HAPYKHHX 4YACTAX HEYETHbIX
JeTKKX 3JIEeMEHTOB Tunma 4q-+ 3 nexar, O4eBUAHO, C ONHONK CTOPOHMI
B QU3NYECKMX 3aKOHAX paclpeleseHuss BELIeCTBa B KOCMOcCe, T. €,
npexae BCEro B cunax HbIOTOHOBCKMX M CWJiIaX CBETOBOIO JiaBJIeHUS.
OpHako, 3TUM He MOXeT OblTb OODBSICHEHO HaKOIUIeHue 3JleCh Kak
pa3 HeYeTHHX rpynn WM ocoGeHdo rpynn 4g4-3. B cere wuaei
[leppeHa Mb uMeeM, OJHAKO, pas3ragkKy 3TOro SBJEHUSA: YaCTH
LEHTpaJbHHE [IIAHETHHX M 3Be3fHbX TeJl OHCTpee AOCTHUraioT
MaKCHMaJbHOrQ paBHOBECHS IO4 BAMAHUEM TeX IMpPOLecCOB u3ayuye-
HUS, KOTOpHE WM CBOWCTBEHHH., B HapyXHHX YacTaX Mbl eLie
MMEEM HeNOCTHriIMe pABHOBECHS CUCTEMH M CPeiM HHMX paauo-
aKTuBHHE oOpa3oBaHMd. Kak pa3 B 3TUX TelIaxX MeHee YCTOWUHBOW
TPYNNUPOBKHY, MOXET OubTb NMOfo6HO K M Rb, oOnajawowux m3BecT-
HbiMA CIIOCOOHOCTAMM K H3JIYYEHHUIO, Mbl HAXOOUM PAd HALIUX XHUMU-
YyeCKuX 3JeMeHTOB Opranuueckoii xu3ud — N, F, Na, Al, P, Cl, K.

§ 66. UTak, U3 3TOi raasb, paccMaTpuBaiOlled OCHOBHHE MpPO-
0emMH XHWMHMH KOCMOCA, MH MOXEM CAejJaTh Caeayloljye BbiBOJbI:

1. KOocMOC IOCTpOEH MmO NpeumyllecTtsy M3 Tex ke 92 3ne-
MEHTOB, KOTOPHE M3BECTHH M Ha 3emJe. ‘

2. B KOCMHUECKMX Tenax, NOBMAMMOMY, KaK MU Ha 3eMie, Mpe-
061ajaloT 3JIEMEHTHl Y€THLIe, MOCTPOEHHBIE HO THOY 4 qQ, HOpPAaA-
KOBHX HOMEpOB OT 6 mno 28,

3. 3a 28-m HOMEPOM CieAyeT pe3KOe yMeHbUIeHue pacnpocTpa-
HEHHOCTH XHMMMYECKMX 3JIEMEHTOB, CBsi3aHHOE C HU3MEeHeHWeM CKau-
KOM HEKOTOpbIX CBOHMCTB 3THX 3NE€MEHTOB M CTPOCHUS aToMma.

10*



4. IlpeoGnapgaHue 3JEMEHTOB OT O [0 28 MOXeT ObHTb 00b-
SICHEHO MX HauOOJbLUE YCTOWYMBOCTBK, T. €. MEHbLIMMU 3amna-
CaMM BHYTPU-aTOMHO#M 3HEPruW.

5. MeHee y(TOWYMBHE TpYNNUPOBKU JIETKUX 3JIEMEHTOB THNa
4q-43 no npeuMMyulecTBY COCPEAOTOYEHH B HAPYXHBIX YaCTaX
KOCMHYECKMX TeJl, TOraa KaK BO BHYTPEHHWX MH BMAMM MNpeolna-
JlaHue 3JjieMeHTOoB TUma 4 q (Homepa 20 — 28).

6. Hed6xonumMo aymaTb, UYTO B M3BECTHHIX CTAAusiX KOCMUUe-
CKOW 3BONIOLMM MKAET CUHTE3 O0Jiee TsSXKENhiX 3JEMEHTOB, II0 mpe-
WMYLIECTBY IOCTPOEHHBIX MO TURY 4 q (M3 reJueBbHX rpyni) ¥ Bbi-
AenAMILuX nmpu 3TOM OTPOMHYIO TEIUIOBYI) 3HEpruio.

7. NanbHeiilnasi 2BOJIOUMS 3BE3HHIX MUPOB, BEPOSITHO, MOXET
O6biTh CBA3aHA ¢ ocnabnenuem mnpouecca o0o0pa30BaHus Oojee TAXKe-
JbX aTOMOB M MNOCTeNeHHLM pacnafioM 3THX 3NE€MeHTOB BIUIOThL J0
TeX Xe HNeMeHTOB 6 — 28.

8. [lpupaBag B XMMMM KOCMOCA OrpOMHOe 3Hau€HHEe aTOMAaM HO-
MepoB [0 28, KpaTHbIM 4, 4 MMEHHO, TOMUMO ABYX OCHOBHBIX 3Jie-
meHTOB H 1 He,—C, O, Mg, Si, S, Ca, Ti, Cr, Fe u Ni, 4 CKIOHeH
3TU 12 31eMeHTOB Ha3bBaTb OCHOBHL MU 32JE€MEHTaAMM
KQCMOCa.

9. IlpeoGnagaHne OCHOBHHIX 3JIEMEHTOB MUPO3MAaHHA HE MOXET
ObiTb paccMaTpuBaeMo, KakK CllyyailHOe sBJIEHWE, HO TpEeACTaBldeTCs,
KaK pe3yaeTaT CTAaTUCTUYECKUX COOTHOLUEHUMH MeX]y OTHelbHbiMY
aToMamMu B MX Mpoueccax ﬂpEDGplaBGEaHHH.

10. OTHOCUTENbHbIE KONMWYecTBa OTAENbHbIX aTOMOB B MMpPO-
3MAHUU ONPEfenstoTCS CTATUCTUYECKUMH 3aKOHAMU, QUEBUAHO, A H a-
JOTUYHBI MY 32KOHAM pajMOaKTUBHOIO pPaBHOBECHS.

11. Bonpoc o TOM, U3BMEHSIOTCS JIM 3T COOTHOLUEHUsT BO BPEMEHH
M MMeeT M UMKJIWYECKUH npoiuecc npeoOpa30BaHMS aTOMOB OMpe-
neleHHOoe TMOCTYflaTelbHOEe [ABHKEHWE HE MOXeT ObiTb pa3pelleH B
HACTOslllee BpeMs, HO- HECOMHEHHO, yTo OOIMIi XOJ NpPOUECcCOB Mu-
pO3aHus [OJIKeH OnpeaessiThbCsi 3aKOHOM SHTPOIMUM.

12. TepepacnpefeneHue 3J€MEHTOB B MHUPO3[JaHUU IONUYMHSAETCS
paiy 3aKOHHOCTEd U B CBOEH OCHOBE CBSI3aHO C (QU3UYECKUMMU CBOI-
CTBAMU siApa aToOMa. _

'13. OcHoBHbiE NpOGAEMB XMMUM KOCMOCA MpHW COBPEMEHHbLIX
HAllMX 3HAHUX He MOTYT ObiThb pelleHb, OHW MOTYT ObiThb TOJIbKO
[OCTaBJeHbI. '




3AKJIFOYEHMUE.

«MeHsoTCca co3Be3qUA, POKAAITCA H YMH-
paioT 3BE3/Abl, MATEPHUid H DHEPTHH MEHSIT
MecTO U HOpMYy, HO B LENIOM BCEJeHHAs He-
M3MEHHA M OCTAGTCH TAKOBOIO B TEYEHHUE He-
U3MEPHMOT0 BPEMEHMUY.

Appewuyc. 1920 r.

3aKaioueHue MOXeT ObTh KpaTKuM. Hawm 3HaHus no XuMuu
KoCMOCa JiMillb CeifyaC HAYMHAIT CJIMBATLCA B OTPLIBKU OOWIeH Kap-
TUHH. Hukakas CTpoiiHas M Hay4HO 000CHOBAHHAR TEOPUA elle He
MO¥eT ObTb MOCTpOeHa. Mbl HaXOAMMCH INuilub B nepuojge MNOCTa-
HOBKM BOMpPOCOB, HO HE KX pa3pelleHHs.

- Ceiiyac BaxHa MnpasusibHass (QOPMYIupoBKa nNpoGiaeMb M Hauly-
nbiBaHue nyTel Ansg UxX paspeuneHda. Mpl ceiyac gaxe He MOXEM
CKazaTh, 4TO BeXK NOCTABAGHH:. AN HUX 3Ar0TOBNEH TONLKO CHIPO#
matepuan. Hou 3hech, Ha 3TOM NEPBOHAYaNBLHOM NYTH HAMEYaTCS
HEKOTOpble OCHOBHbIE wufed. [IpoGaeMn XMMHUM KOCMOCA HE MOTYT
ObiTb pa3pelueHbl CHUAaMuU OAHOM HAYKW; NWllb J[OMOJHAA = APYT
Apyra v npeabaBassd CBOM 3anpoch K ApPYroW aUCUMNIKMHE, MX pas-
peliaT COrjJacoBaHHble WUCCNefAoBaHUA acTPOPU3UKKU, TEOIOTUH, Ieo-
XUMMUHM, Te0OPU3NKHU, XUMHUM U OCOGEHHO PU3MUECKUX HaVK.

M3yyeHue 3JeMEHTOB MUPO3[aHUS CIMBAETCSA B efUHYI0 OOLLyio
npo6jsemy KOCMOX MMH U, yn_sﬂﬁ Hapoxaamwilueucs oTpacid XumMu-
YecKuX AucuUmIMH. HO nmo3HaHue XUMUM KOCMOCA 3aBMCUT OT ycHe-
XOB M3y4yeHUA PU3NUECKOW OOCTAHOBKM KOCMMYECKHUX Mupos. B nH-
TepBajle TeMNepaTyp—OT OAu3KKUX K aGCONOTHOMY HYJIIO 10 MUI-
JIMOHOB TPajyCOB, B MHTEpBale NABNEHUI OT KPauHUX Pa3pPSKEHUH,
npesbialomux HawM PeHtreHosckue Tpy6ku (100), Ro pasieHwuit
B MUINMOHB aTtMocdep, B He3HAKOMOW HaM 06GCTaHOBKE pa3/lMuUHBbIX
INEKTPOMATHUTHLIX TOJieH, NONeik TATOTEHUSE U NONEA M3NyueHUs —
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ATOM XWMHUYECKOTrO 3JIeMeHTa, COXPaHsisi CBOM CTATUCTHYECKMe 3a.
KOHH pacrnafa M, BepOsiTHO, CHHTEe3a sigpa, SIBASETCA OCHOBHLIM O0b-
eKTOM TIO3HAHUS KOCMOXHMHUM.

Ero cyabOH B MMPO3[laHMH ABISIOTCS CyAbOAMM M BCEro Kocmoca
Ha CJIOXHBX NYTaX Kocmuuyeckon uctopuu (101).




[lpumeyanus M JuTepaTypHbie CCbIIKH.

~ B BHAY BaxHOCTH M HE06pab0OTAHHOCTH HEKOTOPHIX BONPOCOB, NOMEMA:0
HUKE DS NPUMEYAHUH 1, rIaBHBIM 00Pa30M, BAXHEHWKX TUTEPATYPHHX LUTAT.
Hzpanusa, MmHe HeQoCTynHbe, OTMEYEHH 3BE3[0uKOi *.

1) HacTosiumnii ouepx B MNEpBOM CBOEH 4YaCTH SBASETCA OAHOK M3 Trias
TOK HOBOM HAYYHOM AMCLMNIAKWHBH, KOTOPAs B HaCTOfILee BpeMs BLpoOCna U3
HeAp CTAPOM MUHEPANOTMM M MOJyydna HaWMEHOBAHWE TFTE€OXMMHHU, T. e.
HAYKHM 0 XMMHUYECKMX 3JIeMEHTAaX 3eMHOH KOph M 3€MJH B ee uejoM. [aBHoe
Pa3BUTHE M OCHOBHBLIE YCNEXH B O3TOM HanpasleHuu Oblam RocTUrHyTh B Ce-
BepHod Amepuke (F. Clarke, H. Washington u ap.) n B Poccun, rpe
akageMuk B. BepHapgckuii BHABUHYN COBEpPUIEHHO HE3aBHCHMMOE TEYEHHE
reOXUMHYECKOTO M3yueHusi 3eMHOM KopH. (CBA3b reoXumuH ¢ acTpodpU3UKOH
A0 CHMX MOp NOYTH HE CYWeCTBOBana M, K COXaNneHHo, B GOJbLIHAHCTBE Cay-
4yaeB OrpaHMYMBaNiach JHWb 006JACTHI0 KOCMOrOHMYECKHX HAei obuero Xxa-
paktepa. LLlupokoe u ninaHomepHOoe H3YYEHHE XUMHHM BCEJIEHHOM HECOMHEHHO
BblIBUHET HEOOXOAMMOCTh BHACJIEHHA KOCMO XHMMH U, A PAMKU I'eOXUMUHU
PAa3/IBUHET, BKJIIOYMB B €€ W3YYeHHE M XMMMI0 LEHTPAlbHHIX HacTeil 3eMIM.
OaHako, 10 3TUX pPe3yNbTATOB €lle AaJEeKO, U MOKAa TPHUXOAWTCA OrpaHUuu-
BATbCA JHUb QOPMANibHOI CBOAKOW, AABAEMOI0 B HACTOSUIEM O4Y€pKe, U JIMLIb
‘B KOHLIE MNOMBTATHLCH HAMETHTb BeXH K OO0BLACHEeHMI0 HaOGN0AAEMBIX HaMHU
ABJEHHUH.

HekoTopeie obuiue npobrembl Xumuu Muposgauus cM. E. Baur. Chemi.
sche Kosmographie. Miinch., u. Berl. 1903. W. Nernst. Das Weltgebdude
im Lichte der neueren Forschung. Berl. 1921. Sv. Arrhenius. Physik
chem. Gesetzmassigkeit. bei den kosmisch-chemischen Vorgédngen. Zeit. f.
Electroch. 1922. XXVIIl. p. 405. J. Perrin. OtgenbHne paGoTel 3a NepuoA
1919—1921 rr. 8 Annales de Physique. Csoaxa: J. Perrin. Radiation a.
chemistry. Trans. Faraday Soc. 1922. XVIl. Cm. Takxe mou paGoTH,
CBEAeHHbIE B MPUMEYaHHH Ha CTp. 6.

K 3Tum oOCHOBHBM pa6oTaM MHe NPUAETCA HEOAHOKPATHO 06pauaThcs
8 NOCIegHUX rjaBax HacCTosLUEero Tpypaa.

2) Touynoe onpepesieHHE 3eMHOM KOpo M ee (HU3UYECKUX 0COGEHHOCTeM
cM. B. Beprapgckuin.  Ucropus muHepanos 3emuoif xopu. I, 1 p. 25
1923. Mletp. (B pneyaTtyu, m3p. Hayun. Xum.-Texn. Usp.). Bennunsa 3emHoro
paguyca 6377 -— 6356 knM. [ny6ouaimas ckeaxuHa B Cunesun 2239,72 m.
4TO oTBevaeT Toabko 1/2847 wmnm 1/2833 semHoro papmyca.
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3) JRo 1923 r. cuuMTanoChb HEM3BECTHHX 5 3JeMeHTOB: B 1923 r. N 72
6b1 oTKpRT Hevesy u Costerom B LMPKOHAX W LUUPKOHMEBHIX MHHeE-
panax Hopseruun. G. v. Hevesy. llucema B KypHane «<Nature». SiHBapb—
Mapt 1923 r. Cm. Takxe G. v. He v e s y. Naturwissenschaften. 23 Febr. 1923
p. 133. Snementr—radHuit (Ha) okasanca aHanoroM rpynnsl UHPKOHHUS,
3aHSJ MECTO B MEPUOJHYECKOH Tabiuue nepej TAHTAJIOM M 3aCTaBUJI BCe
peakue 3emnu oT Ne 57 nmo Ne 71 momecTuTbhCsl B OfHOH KneTkKe mojg Y M Sn.
JII060NBITHO TO, UTO U3 5 HEM3BECTHHIX 3TO OHJI eHHCTBEHHBIH YETHBIA 2JIEMEHT,
¥ OH nepBbIM okasajcs oTKpuTuM. Harkins (1920 r.) noguepkuBasn, 4yTo HEU3-
BECTHBIE 3JIEMEHTH MO MPEeHMYLIECTBY HEYeTHHE, 4YTO CBA3aHO ¢ MX MAJoK
YCTOMYMBOCTBIO, BEPOATHOK PaAHMOAKTHBHOCTBIO M HEJOJIrOBEYHOCTHLIO (MoJio-
BuHHE WX wu3Hu). [lo Coster’y copepxkanue Ha B 3eMHoi1 kope Gonbie 2.10—5.

4) Onpeaenexnue MOHATHA O XUMHuecKoM 3nemenTte cm. F. Paneth.
Zeitsch. f. phys. Chemie. 1916. 91. 171. Ceogka o ctpoeuun marepuu K. F a-
jans. Radioactivitat u. die neue Entwickelung der Lehre v. den chem. Ele-
menten. Braunschw. IV Aufl. Jl. Yyraes. [Ipupoaa u npoucxoxaeHue sjemMeH-
T0B. 1923. cTp. 102 (Hayun. Xum.-Texu. Uap.).

5). Cm. K. Fajans. Radioactivit. u. die neue Entwickel.' d. Elementen.
Braunschw. IV Aufl. 1922. Aston. The Isotopes. Lond. 1922. (MmeloTca pyc-
CKuii, ¢paHLy3CcKui U Hemeukui nepeBoasl). Croaky pador Pézepdopna cm.
J. Pészepdopa CrpoeHue aToma ¥ MCKYCCTBEHHOE pAa3JI0KEHHE IJIEMEH-
toB. MockBa. 1923. (Tocuspar.). A. v. den Brock. Das allgemeine System
der Isotopen. Phys. Zeit. 1921, XXIl. 164. Cp. Loewinson-Lessing.
Compt. Rend. 1923. 176. p. 307 (0 COOTHOWEHMHM MOPAAKOBHIX HOMEPOB
M ATOMHHIX BECOB).

6) B sTom psage ewe 3anopgo3peHn UZ! u UZU, B nocneguu® pabortax
Hahn yreepxpgaeT CyuwecTBOBaHUE MEPBOro BHAA JJIEMEHTA,

7) Bonpoc eufe He NOJYYHI NOJHOrO paspelleHusi, M YHCAO H30TOMNOB
M0 Mepe YCIOXHEHHUS M YTOHBbIIEHHWA METOAMKH YyBenH4uuBaeTcsd. Becbma Be-
POATHO, YTO UMEETCS PAA W30TONOB, MPHMEILAHHBX K DJIEMEHTAM B HHYTOMHbBIX
Ko/auuecTBax. Hopeiwue TeopetTuyeckue coobpaxenusi, oco6enHo C. A. L y-
KapeBa, BH/ABUTalT BecbMa Gojblloe YHUCAO M3OTONOB, MOXET OhTb He
meHbliee 300.

8) Hapgo umetp B Buay, uto Ul u Un He otgeneHw fApyr OT pApyra, HO
KOJIHYECTBO BTOPOr0 HACTOJIbKO HE3HAYMUTE/NbHO, YTO ATOMHBIH BEC [IPAKTH-
yeckH oTBeuvaeT ocHoBHOmy Uj.

9) [To aTomy uuHTepecHomy Bonpocy c¢M. Richards. Zeit. f. anorg.
Chemie. 1914. 88. 429. Batten a. Thorwaldson. Journ. Am. Chem. Soc.
1911. 33. 337. Curie. Compt. Rend. Paris. Gleditsch et Samdahl
Compt. Rend. 1922, Mars 13 (cm. Nature, Lond. 1922. 456). Th. Dillon
Proceed. R. Dublin Soc. 1922, XVIL 53. A. D. Monro. Journ. Chem. Soc.
L. 1921. 121. 986. Cm. HexkoTopble 3aMeyanusd y: I, Wlnonbckuit. Ycnexu
dusnveckux Hayk. II, 2. 1921. Mockea, cTp. 256. CBojKa CTAphIX JAHHLIX CM.
C. Schmidt. Das Period. System d. chem. Elemente. Leipz. 1917. p. 65—¢6.
O MeTogax MCKYCCTBEHHOTO pa3je/leHHss M30TOMOB MNOMHMMO BHILE LHUTHPO-
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BaHHHWX pa6or Batten, Thorwaldson’a u Harkins’a: A. Pinkus.
Journ. de physique et de chimie. 1921, XIX. 336 (¢ autepatypoit).* G. v. He-
vesy. Ueber die Trennung der Isotopen. Oesterr. Chem. Zeit. 1922. XXV.
80 —82. F. Aston. Separat. of Isotopen. Nature. 1921. 107. 334.F. Aston.
Philosoph. Magaz. 1922. 43. 31. A. Egerton a. W. Lee. Proc. Roy. Soc.
A. v. 103. 1923. p. 499 (uuHK).

B of6uiem ceituaCc Ha OCHOBAHUM BKCNEPUMEHTAJbLHOrO0 MaTepuala Hame-

YaeTCsd HECKOJAbKO MYyTEeH Ang oTAeneHUd HU30TOIOoB!
1. PpakyuoHHpoBaHHAA NEpPEroHKa.
2. InpPysus uyepe3s nopuUCTHE NEPErOPOAKH.
3. Pasgenedue npu nomouid pagHeBHX HUHAHKATOPOB.

[lepBue fgBa cnoco6a 'JOMKHBH YACTHYHO OCYLIECTBAATHBCA W B 3PMHOMH
Kope, rje o0Co0eHHO BTOpO MeTOJ B CYI{HOCTH MCMOJb3yeTCHA MNPUPOAOH
B OTPOMHOM MacuwitaGe npu UALTPaLUH PaCTBOPOB MO KANHIAPAM W YJbTpa-
kanuanspam. [lepsmii mor 66 HabnogaThcs Ha PTYTH B MECTOPOXAEHHAX, rae
Mbl UMEeM HeCOMHEeHHble SIBNeHUR BO3roHKM (Hanp,, Monte Amiata); Bnpouem
Bronstedt u Hevesy (Zeit. f. anorg. Chemie. 1922. 124. p. 24) 3TuX pas-
NHYUK HEe OOHADYKHUIK, |

Bo Bcakom cnyuyae, Aawe €C/iM Mbl [OMXKHW GyaeM npu3HaTb, YTO MpH
NepBUYHOM CBOEM 3apoXpaeHuH (T. €. [0 Hayana TreoJIOTHYECKHX Mpoueccos)
Mbl YXXe B FOTOBOM BHJAE MMEAH 3aKOHOMEDHLIE WK MOCTOAHHBIE CMECH M30-
TOMOB, TO BCE X€ MNpH AaJbHEUIIHX TIeoNIOTHYeCKHMX U TeOXMMHYECKHX fABJe-
HUSIX TH CMECH MOTJIM 6n 0GHAPYXHTb M3BECTHOe pa3/uyue B coctase. [lo-
3TOMY, HECMOTPS Ha KaXyleecs OTPULATENbHOE pEeLeHHe ITOr0 BOMpPOCa,
A CuuTan Gl UENecoo6pasHHIM NPOAOIKATL H3YYEHHE ATOMHHIX BECOB U3 pas3-
NNYHBIX MHHEpaJibHEIX TEJ, CBA3aHHBWIX C Pa3/JUYHBLIMM YCIOBHAMM reHesuca.

MuTepecna u papyras CTopoHa B 3TOM BOMpoCe: €C/AM M3BECTHO 6onee
TPEX M30TONOB, TO OTHOCHTENbLHOE COfepXaHHe B CMECH Ka¥AOro M3 HHUX
SIBJISETCA HEOMPe/e/TeHHbIM. HekoTopyio MONKTKY B 9TOM HanpasleHuH fe-
naet Dembster (Nature. 1922, ®desp., p. 158), cuuras, uTo aas usoronos Cl
Mbl HUMeeM OripefeseHHoe cnnmumeﬁ’b CM. mpuM. (22).

10) O cpepgHeM cogepXaHHU PafjHOAKTUBHKX 3JIEMEHTOB B IMOpojax CM.
A. Holmes. The Age of the Earth. 1913. p. 130. Copepxanue pagua B 10 —12
u Topust B 10 75 Ha 1 rpamm mopoan (B npouexnTax —Ha 102 Gonbuwe).

Kucn., nop. Cpeanune.  OcHOBH.  YJabTpaocCH.

CpepHee u3 2,63 1,28 . {5,66 0,50
pa3HbIX aB- | paaud
TOPOB 3,01 2,57 1,28
[To Joly TOpHUA 2,05 1,64 0,56
W3Bsepx. nop. OcapoyH. MeTtamopd. [nyv6okoB. ocC, ;

Copepxkanue - G
Ra'. (B .10_.12} 2,3‘ 1,3 :.::‘,,U 5,0
Cogepxanue 2.0 1.0 15

Th (8 1073
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Ot aTux uudp He TpyaHO NEPERTM K CopepXKaHWIO ypaHa; Hajo JHILb
pasaeanuTts Bce uUMppw Ha 3,4.1077, T. e. pyudpw OYAYT BHpPAKATLCH
0, X.1075 rge X 6yaer B cpepHeM oko0s0 5 (=5.107¢). Russel (Nature.
1921. OkT. 27) cuuTaeT cpeaHee copepXaHue ypaHa — 7.10 ¢ pag Bceid
3€MHOM KOPH, (a2 B mpoueHTaX 7.10 74), UTO 61u3Kk0 K HAWMUM NOACYETAM.

Anst Topust CpefHee NpOUEHTHOE copepikaHue 15.1073, T. e. cojepKaHue
TOpPUA BABOE OGOnblue, YEM ypaHa.

Cm. nutepatypy: Pool. Phil. Magaz. 1915. 23. 483. A. Tepacumos.
Pone papus B puHamuke 3emHou xopul. M3B. Teon. Kom. 1922. LX. 43. G. Craig.
The terrestrial distribut. of the radioelements a. the origin of the Earth. Na-

ture. 1913, 92, 20 —30. H. Geitel. Die Radioactiv. der Erde. Handb. d.
Radiologie. 1920, 1. |

11) JluTepaTypa BeCcbMa 3HAYWTE/NbHA; MPUBOXKY JHLIb rJIABHEHLIWE CBOA-
Hue pa6orn; F. Clarke. Philos. Soc. Wash. 1889. 11. F. Clar ke. Chem.
News. 1890. LXI. p. 31 (o6uue B3rngaun). F. Clarke. Bull. Geol. Survey. W.
1891. Ne 78. 34; 1897. Ne 148. 13. I. Vo gt. Zeitsch. f. prakt. Geologie. 1898
225, 314, 377, 413; 1899. 10, 274; 1906. 223. B. Bepuapagck 1 4. OnuT onu-
cat. musep. Cn6. 1908. 1 (1). 121 — 125. A. Pepcman. Uazs Axag Hayx
1912. 367. F. Clarke. Data of Geochemistry. Bull. Un. St. Geol. Survey.
1920. (4 Edit.)). Ne 695. 12—41. H. Washington. Chem. of the earth’s
crust. Journ. Frankl. Instit. 1920. 757—813. (Ilepeneu. B Annual. Rep. Smithson
Inst. Wash. 1920 (1922) p. 269). B. Bepunapgckuii. Hcropus munepanos
B 3eMHoM kope. 1922. 1. IleTp. 36 — 53 (B neuyarn; u3g. Hayun. Xum.-Texn.
Uzp.). F. Clarke a. H. Washington. Proceed. Nat. Acad. Sc. 1922. VIIL
108. (Average chem. compos. of ign. rocks) ~— poctynHa nuwb no pedepaty
OueHb M060NKTHHE NOACYETH ¥ cO06paxeHus npuseaeHH B ctatbe P. Niggli
Das Magma u. seine Producte. Naturwissenschaften. 1921. 1X. 463—471. Cm.
Th. Cook. Nature. 1922. 110. 253. F. Clarke. The relat. abund. of sev
metallic. elements. Journ. Wash. Acad. Sc. 1914, [V. 58 — 61.

Upes pacueta He no BECOBbHIM, 2 MO O6LeMHHM OTHOLWEHHSM BMEPBHIE
6nina BhABMHYTAa MHOW B 1912 r., no3panee g padorax Niggli u Har-

kins’a sra ¢opma nepecueToB 0KasalaCb HauGosiee NPABHIBHOI U BOWLIA
B 00MX0[ HAy4yHOH MBLICHH.

12) Hacroswuit coctaB MoXeT ObTb NPHHST TOJNBKO AJS HMXHUX CJI0EB
atmocdepnl, npuuem A. Wegener (Zeit. f. anorg. Chemie. 1912. 75. 107)
naeT Takue pAaHHma: H, —0,0033; He—0,0005; H,O — 0,4; Ne.— 0,0015;
Ny, — 78,06; O, — 20,90; A — 0,937; CO;— 0,029; O, — cnegn; Kr — 0,0001;
Xe — 0,000005. C BHCOTOK COCTAB CHJIBLHO MEHSeTCs; MO3ITOMY NpPHUBEAEHHAs

B TEKCTe Tabauua coctasa atMocdeph He ABagercs cpepueio. Cp. L. Vegard.
Phys. Zeit. 1913. XIV. 677.

13) B Ta6auuy BkmoyeHo aumb 10 3jemenToB M3 31, U3BECTHHIX HaM
B cocTtaBe Mopckux Boa. Cm. B. Beprapckui Xusoe BEUieCTRO B XUMKUK
mops. 1923. IMetp. (Hayun. Xum.-Texn. U3n.). Ocrawowpmecs ao 100 0,005%
AOJKHH ObIThH OTHECEHB HA JOJI0 OCTalbHbhiXx 21 23JeMeHTa U B NMEPBYIO oye
peAb a30Ta, KPEMHHS M Xejesa.
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14) B sTo#t TaGauue, NOBUAUMOMY, CAMBIM TOUYHHIM $BASETCS NOCJEAHHMHA
cronbeu, nonyyehHnd BawnurTon oM (L. c. 1920. 773) nyTeM BHUMATEb-
Horo npocmoTpa 8602 aHaiW30B TOpPHHIX NMOPOJ, M3 KOTOPHX OHJH NPHUHATH
BO BHMMAHHE JHWb 5179 BnosHe AOCTOBEpPHHIX aHanuW3a. Becbhma uHTepecHbie
nonpasku BHOCHT B 3Ty Tabmuuy M. Duma s (Bull. soc. mineral. France
1922. XLV. Ne 6, p. 129), xoTopuli ycTaHaBauBaeT HA OCHOBaHMI ypaBHEHUH
COOTHOWEHHE MeXAY TIHMHHUCTLIMH NOpOAaMH, NeCHaHMKAMM M M3BECTHAKAMH !
02+ 4; 541; 3=x1.

15) Ta6nuua BawMHrToHa cOCTaBAseT NOCAEJHEe CJOBO HaWMKX
3HAHWWA B DTOH 06JACTH M OCHOBAHA HA pAfe CneuUaJbHHX aHA/NHW30B XH-
MHKOB AMepukaHckoro leonoruueckoro KomureTa.

Ouenb M06ONHTHHE 3aMeyaHusi N0 NOBOAY 3ToM Tabauun aenaet CooOK,
(Nature. 1922, 110. p. 253), pedepupys ctaThio Clarke 1 Washington’a,
06 bEeAMHUBIUMX CBOM pe3yabTaTth. llpM 2ToM nocnegumii cronbeu ocrancs
6e3 GonbIIMX M3MEHEHUH, Kpome caeaywuwmx: xjop noHuwxeH c 0,056 po
0,048; ouenn cunabHo noHuxen $rtop ¢ 0,078 no 0,030; mcTasneHnl peaxue
zeman (Ce, Y,0, — 0,020, CuO — 0,01, Zn— 0,04 u Pb — 0,002 (cm. B. Bep-
Haackui. UcTopus mMuHepanoB 3eMHOK kopw. I, 1. 1922, p. 48).

Cooxk, pazbupas nojyuyeHue CpefHHX uUudp, NOAYEPKHBAET, YTO B CBOMX
pacuetax BawuurToH ¥ KI2pK HCXOAuUIM M3 pacnpocTpaHEHHs B Tiy-
OUHY rpaHUTOB A0 8 KIM., & falbilé NpHHUMann 06a3ajbTH CO CPEAHMM CO-
pepxanuem Si10; — 48%0. C 00k nopuepkuBaeT, 4TO MOJ OKEAHAMU COBCEM
HET FPaHUTHOM 30HBl, 4, MOBMAMMOMY, HENOCPEeACTBEHHO HauWHaeTcd Oa3alb-
TOBasl MOCTEJb, B BHAY YETrO CPE/HSS NOPOAa fo0/MKHA OHTb Tropasf0 MeHee
KMCJ0M M cofepxaTh He cBhiwe 50 — 5590 SiQ,. Takoi cocTae yxe He OT-
peyaeT 60Jblie TPAHOAHWOPHUTY, a TNy ra66po. Cp. Loewinson-Lessing.
Miner. Magaz. 1911. VIIl. 248 — 257, 289 — 297.

16) B ta6auue Knspka 3Be3q0uKkol OTMEYEHH TE 3IJEMEHTHI, YHCa
KOTOPHIX OH CYMTAN CIHIIKOM BHICOKMMH; OfHAKO, ML BHAMM, YTO B ofuweMm
OHM H2a HEMHOro OTAHYATCH OoT uMpp BawuuHrToHa (xpome Toabko C).
B obmem ¢ Tabnuuen BawwuHrrTona cornacue Gosbwioe. Knspk Ha
OCHOBAHMHM HOBHX aHanu30B paet ewe uyudpm: Cu—0,01; Zn— 0,004
Pb—0,002. 3t uudpn 3HaumTeNbHO O0Jbmwe, yeM Yy BawwuurToHa,
B 10 pas, HO OHH, NMOBHAHMOMY, BeCbMa BEPOSTHH M AOJXKHHE OLITb NPHUHATH.

17) B. cronbue 5 paHH MHOIO MPHHSATHE 3a pacuuciaenue croabua 7
undpu. Becb cTonben 7 MHOW BuYMCIEH M3 cTtosibua 4; Te UUdpH, KOTOPHE
MHOIO Ha OCHOBAHHM HOBHX [aHHBIX MNOJIYYEHH M OTJMYAIOTCH OT CTaphX,
nomMeujeHn B croabue 5.

" OcHOB4HUSA CIEefly10oLHe :
C — noHMWXEH B CBA3M C BHSCHMBIIHMCA noHmkenuem CO, B cBeXHX
nopojax. .
Ba — oCTaBT€H CTAaphiM, HeCMOTpA Ha yasoeswuwe y Knapka. Ba-
WHUHTTOH CYHTAET MEHbWYIO UHOPY NpPaBHIbHOM.
St — nosulilueH cornacHo MHennio Knspka uw BawunrTtosa.
F — BaBOe MOBHIWEH COTJAacHO MHEHHIO RawMHWHTrToOHa.



Li — cornacio m Knspkxy, “m BAWKMHTITOHY NOHUXEH BABOE.

B — cornacio BamwuHrtony gomked OnTb noHuxesd B 100 pas.
YcnoBHO' CUATAID HA OCHOBAHWU PAAA COOOPAXEHHWH BOSMOXHBIM
MOHHU3UTH JHib B 10 pas.

\' . ) |
Cr nocieaHue padoTh AMEPUKAHCKOW IKOJH COBEPWIEHHO onpeje-
Ni JIEHHO 3aCTaBNAT MOBLICHTH BABOE 3TH 3JIEMEHTHI.

Kpome Toro B moil nepecueT exawueHn Be n Cu.
Be -- coxpaneno B ctapom Buje: Becosoe 0,005 u o6nemuoe 0,0095.
Cu — Gepy nauGonee seposaTHoe unciao mexay Knspkom u Ba-
WHHrtToHoM: Becopoe 0,005 u o6bemuoe 0,02.

Boobue Ta6nuua VI npepctasaseT CBOAKY MOCNAEAHUX HAWKX CBefIeHU
0 coctaBe 3eMHOH Kopnl. B Heii oco6exHoe 3HayeHWe s MpPUMHCHIBAI
cronbuy 6 U 7, npeacTaBasgiO{eMy MPOUEHTH uYucaa aTtomMoB. 3TH UUudpH
NOJYYEHB MYTEM HEeNeHUs COOTBETCTBEHHMX CTONGLUOB BECOBHX -MPOLEHTOB
(r. e. pna 6 cronbua—4 u gna 7 croabuya —5) HAa aTOMHme Beca. B Heko-
TOPBIX OTHOIICHHAX ITH UMPpPH VKa3uBalwT U HA 060 beMHB € COOTHO-
WeHMUA B KOAMYECTRAX OTAENbHBIX DNEMEHTOB.

18) Tabnuuya cocrtasneHa no 5 cronbuyy taéauus VI u no raénuue V B a-
MUHTTOHA. YacTuuHo MHOKW CAENaHB HEKOTOPHE W3IMEHEHMS, NpHYeM
YCJIIOBHO B 0603HaueHUsiX Baw M H r T 0 H a 3Ha4YeK X-3aMeHeH Ludpoio naTh,
YTO KOHEYHO YCHJIHBAET cXeMaTH4YHOCTh Tabapub. Ilo cpasHeHuio ¢ uup-
paMH BawHMHTITOHA HEKOTOpbE 3JiIEMEHTH HU3WHUX [AEKaJ MOBHILIEHDI.
[IpunsTel BO BHMMaHUe M nocieanue noacuyetsl B. BepHapgckoro. Ucto-
pUsad MUHepaJioB 3eMHOM kopwul. I, 1. 1923,

19) Bugenewsl TONbKO mNepBhie NATb [€Kaj, TaK KakK OTHOCHTENbHO
OCTAJIbHBIX ¥ HAC HeT [JOCTATOYHO MOJIOKHTEJbHBX AAHHHX. Tabauuya npea-
CTaBNfeT JUWb nepepaboTky crtonbua 7 tabamuyn VI

20. B Ta6aunax VI u VII BcTagned u ragHHHA HA OCHOBAHUH cnenymmux
coobpaxeHuid. [apuuil BCcTpeuaeTcs B LUPKOHMEBHIX MuHepanax, ob6pa3sys
5 — 109, uupkouus. laxe, ecnd gjig OCTOPOXHOCTHU NMPUHATH TOJNbKO 1% OT
UHPKOHUS, To undpy cogepwanus nocnegiero— 0,03 Hago ymesbwuts B 100
pa3 —1.10 —4, uHaye rosops x.10 4 no Becy. [IpuHHMas BHICOKHI1 ATOMHbIN
Rec rapHus, Mo noayuaem X.1075 no o6bemy. IT0 LHUPPH MHUHHUMANBHBIE,
eCJId TOJIbKO AaHHLA pa6oThl Hevesy nauama 1923 r. npaBunbhbl. CM. npH-
MeuyaHue (3).

21) Usoronuueckum yucaom Hasusaetca: P —2M, T. e. pa3HOCTb Mexay
ATOMHBIM BECOM M y/ABOEHHHM nopsAAxoBuM uucaiom (MoseneeBo uucno).
UsoTonunyeckne yucna A0 28 3neMeHTa BBIPAKAKTCA HEOOJbWMWMH BeJlIH4YM-
HAMH, Aa/le€ HayMHAT OHCTPO PacTH.

3HaueHHE U30TOMUYECKOTO YUCNA AN XapAKTEPUCTHKK 3e-
MEHTOB oTmeuanock ouenb Muorumu. Harkins. Zeitsch. f. anorg. Chemie.
1916.95.20, F. Kircho ff. Das Periodische System der Elemente im Lichte
der Theorie d. radioactiv. Zerstor. Zeit. f. phys. Chemie. 1920, 94, 257.
Harkins. Nature. Lond. 1921. 14 Anp.
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Cum. npumeuaHue (61).

22) loppobree a3TH pacyeTsl cM. A. Pepcman. O6 ogHOM 3aKOHHOCT#
pacnpejesieHHss XMMUUYECKHX 3INEMEHTOR B 3eMHo# kope. Jdoxnagm PAH. 1023,
| Eciu Mbl HE32BMCHMO OT pacrnpocTpaHeHus OGyAeM pacCMaTpUMBATL ITY

Tabuuy, NMONOXHUB B €e OCHOBY nepBbie 28 snementoB MeHpeneesckoii Ta6-

JIAUB, TO 3TO HE BHECET CKOJbKO-HUOYAb OnpeaeneHHbBX M3MEHEHHH B NoA-
CYETH :

1. B nepeom psay Hajfo G6yaet npubabButh euwe He, Ar, Ne.

2. Bo BTopom 6yayT ucknwouens Be, Ba (Br) u po6aeneH ckKanawuii.
Uudpsl B 3TOM cliyyae HECKOJABKO MOHU3ATCSH.

3. Tperws rpynna octaHerca 6e3 U3MEHEHHIL.

4. B rpynny pomkeH OwTb BKIOYEH Gepuaanit u uckawouenn Cu,
Zr, Sr, Br.

ITH uudpb NpM NPUHATHM NepBHX 28 INIEMEHTOB 10 MenpeneeBckoi
Tabauue, a He MO MX 3HAYEHHUIO B 3eMHOH Kope, [OMEH|eHE MHO0 B' CKOG-
KaX. Mwe BHEMM nopasuTenbHoe COBMajeHue 3TUX UMPpP, NMOKA3HLIBAWIIEE,
4YTO nepBuie 28 3JIEMEHTOB B AEHCTBUTENLHOCTH ONpPEeAensioT col0K BeCh
XapaKTep COCTaBa 3eMHOH KODHI. |

[lpu 3ToM nepeunciaeHun Mbl MoOXeM GpaTb UL IJIABHBIE M30TONBl W
[IOJDKHE MNpeHeOpéraTbh TeMH, KOWM B Tabjuue | mocrasieHsl B CKOOKM, Tax
KaK He 3HaeM B pgfe C/lyyaeB TOYHOrO0 KOJWYeCTBEHHOIO COOTHOIIEHHS W30-
TONOB OAHOrO W TOro € 3jaemeHTa. B yacTHocT 3TO npeHe6pexeHHe He-
KOTOpLIMM M30TONamMu Haubosiee CYLECTEEAHO OTPAXAETCH HA NepeyucIeHHH
Mg u Ni, yacTb KOUX AONXKHA OLITb OTHECEHA NPEUMYLIECTBEHHO K rpynne
4q -+ 2. 310 Bu3bBAaeT MNOHMUXKEHHMe BCEX YMHCEJ NepBOro M UYEeTBEPTOro psaAa
M MOBBILEHHE TPETLErO Psifia ¥ HEMHOFO BTOPOro, IPHUEM TAKOE KW3MEHEeHUEe
6oJiee yyBCTBUTENbHO AN MOCAEHMX ABYX cTon6uoB (mo JlemncrTepy
COOTHoWweHue u3zotonoB Mg:24 — 75%0, 25 — 12,500, 26 — 12,5%).

23) 3toro Bonmpoca s YACTMYHO Kacancs B cpoeii leoxumuu. A. Pepec-
maH, leoxumua Poccun. 1922. 1. cTp. 49.

24) Moureau et Lepape. Compt. Rend. 1914. 153.

25) Yernipe THMNa accouuauuii COBEPLIEHHO HE3ABMCHMEI OT TEX WM.
HHHX THNOTE3, PachoNaraloliiX 3TH aCCOLHALMN NPOCTPAHCTBEHHO HA 3EMJe.
B Tom uan uHOM BMAe HX Buaenser ¥ Washington (1920), B cBoux
MeTPoreHMUeCcKUX ¥ MeTa/UIOTeHHYeCcKHX 3Jementax, U Niggli(1921).

26) O COBMECTHOM HAXOXJEHHH IJIEMEHTOB — «KOppejsluu» NoApo6HO
ropoputr Washington, npupogd ¥ BCIO UHTEPeCYWLIYIO HAC JIMUTEPATYPY.
H. . Washington. The chemistry of the earths crust. Journ. Frankl. Inst.
1920. 190. 790. Ocobenso uHTepecHa pa30upaemasi UM KOppensiuus Mexay
Na u Fe u mexxpy Mg u K.H. Washington. The correlat. of pot. a magn-
Proceed. Nat. Ac. Sc. 1915, I. 574. Cm. Takxe oueHb BaxHylo ctaTbio H. W a s-
hington. Distribut. of the Elements of ign. rocks. Trans. Amer. Inst. Min.
Eng. 1909. XXXIX. 735. Ouens pawna pabora B. Bepunapgckoro. [lapa-
FEHE3MUC XMMHYECKHX 2JeMeHTOoB B 3emHoi Xope. Tpyaw Xl Crespa ecrecTBo-
ucnuraTeneid M Bpauei. Mocksa. 1910.
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27) Cm. noppobHee 06 atom A. @ epcmaH. leoxumud Poccuu. 1922. 1,
57. OcHopnue paboTH MO ACJCHUIO INEMEHTOB HA KHMCIbIE H OCHOBHHIE CM.
De-Launay. La science géologique. Par. 1905. 627. J. Vo gt. Zeitsch. f.
prakt. Geologie. 1894 —1906 (psig ctaTeii). Cm. Washington B npeguayuem
npumeyaHun (26). | _

28) Bonpoc o KHCARIX M OCHOBHHX Nopojax Oyaer o6CyxpaeH panbuue,
B CBA3M C COCTABOM pa3HHX 0060J04eK 3eMHOH Kopul. XOTH JejieHHe 3je-
MEHTOB HA YETHLIPE rpynf AOBOJbHO PE3KO CKA3HLBAETCs B BAJOBLIX MOA-
cyeTax, TEM HE MEHEE OHO O4EHb HESICHO AN Psifa MI0X0-HM3YyUOHHHIX C reo-
XMMHYECKOH TOYKH 3peHHUs 3nemeHTOoB. Tak B. BepHapgcku i cyutaer
0J1arOpOJHHE rasnl WHPOKO PacHpoCTPAHEHHHIMM B 3EMHON KOpe, a no OTHO-
WweHHWw K Br ¥ J BHCKa3LBaeT 3aTPYAHMTENbHOCTb CBA3KBATH MX C OCHOB-
HbIMH MarMamH.

29) Bonpocy neperpynniMpoBOK 3JIEMEHTOB NOCBSLEHA ChelHanbHas
rnaBa Xl. ;

30) F. Becke. Tsch. Min. Petr. Mitth. 1903. XXII. 209 —250. Prior.
Miner. Magaz. 1903. 61. 228. F. W ol ff. Der Vulkanismus. B. 1913. .M. Star k.
Petrographische Provinzen. Fortschritte der Mineral. 1914. IV. 251. Becke
B HEOOHhYaHHO uuTepecHOM dopMe MOAHAN BonpoC 06 ATNAHTHYECKOH U TH-
XO0OKEaHCKO# Marmax, ykaseiBas Gosee riy6okoe 3ajeraHue nepeoit ¢ mnpe-
obnagauuem Oonee Tskenumx anemeHtoB (Si, K, Ca, Fe) B nporuBomnonox-
HOCTb Oones jerkum marmam ¢ Na, Mg, Al u Si.

31) ®@. JlesuncoH-Jleccuur. Use. [loaurexu. HUuer. Tletp. 1915
XXIII. 459.

32) IloppoGHoe wu3nOXeHHe 3TOro Bonpoca Bouio B Mol [eoxumuno
Poccnu. A. P epcman. leoxumus Poccuu. 1922, 1. p. 57 — 65.

33) J. E. Spurr. Theory of ere deposits. Econ. Geology. 1907. II. 780.
W. Lindgren. Metallog. Epochs. Econom. Geology. 1909. IV. 409. Cp. npu-
meuakue (23).

34) BepxHue 4acTH 3eMHO# aTMoCPeph HECKONLKO FMNOTETUYECKHM Hame-
yeHt A. Wegener. Zeitsch. f. anorg. Chemie. 1912. 75. 107. Ilo ero pua-
rpaMMme KUCIOpPog AOXOAUT Toabko no 80 xam., HauuHad co 100 npuobpeTaioT
aHauenue He, H u reoxopoHuit, npuuem Buwe 200 kM. U renuin yxe ymeHb-
waercs. N nagaer Ha Bucotre 120 kaM., ycTynasi MecTo BOAOPOAY, KOTOPHIH
K 140 kM. pocTuraeTr CBoero MakCcMMyMa, yCTyras noTOM MEAJIEHHO W noCTe-
NEeHHO FUNOoTeTHYEeCKOMY reokoponmio. Cp. npum. 12.

35) Bnepsuie penenue Ha 30xm Sal,’ Sima, Nife O6mno nameueno E. S u-
ess’oM M nogpoGHee O6ulN0 MM oGocHoBaHO B ero Antlitz der Erde. 1909. 1il.
p. 625.

36) Bce Hawu paccyxpaeHUs OCHOBHIBAIOTCA Ha HM3YyueHHMH Bonpoca o
cpefHeM cocTraBe 3eMHO# wopH. Hapjo ckasaTh, 4To K nepecyeTaM coCcTasa
M OMpejeeHHio cpefAHUX HUPp OyeHb MHOIME TeoJorH, meTporpadu U MHHe-
pajioru A0 MOCNEe{HEro BpeMaHM OTHOCHJIMCb BeCbMa CKENTH4YECKH, HE BMAA
B HHX BO3MOXHOCTH KakuX-JH00 BHBOAOB obuwero aHayenus. Hamp., onpe-
feeHHO CYHTAN NPHHUMNHAABHO OWHOOYHBM 2TOT MeToq Jie BMHC O H-
JJeccunur. F. Loewinson-Lessing. Compt. Rend. Congr. Géol.
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s

Int. Spb. 1899. p. 379. B HacTtosujee Bpemd, nocae pa6or Harkins’a
M Ap., 2Ta TodykKa 3POHHUA HAYUHACT YCTYNaTbh MecTOo 6onee npaBHAbHOM
oyeHke 3THX paboTt. Jlio6onuTHo nocTpoeHue Osann’a (Sitzungsber.
Heidelb. Acad. 1914. XXVI), koTopuil Bce nopogn CPaBHWA CO CPEAHHUM CO-
CTAaBOM M BECbMA W3fIIHO A0KA3all 3HAYEHUE 3TOT0 METOAA B METPONOrUM.

37) R. Daly. Average chem. composit. igneous rock-types. Proceed. Amer.
“Acad. Arts a. Sc. 1910. XLV. 212 —240. H. Washington. Chem. Analys.
of ign. rocks. Prof. Papers. Un. St. Geol. Survey. N¢ 99. 1917. R. A. Daly.
Igneous rocks a. their origin, nepesoa A. Il. Tepacumosa Mocksa. 1919.
II. p. 20.

Ta6nmua XVI nepeunciieHa MHOIO Ha 0CHOBaHWM Tabauusl XV, npuuem
MHOI0 AN PE3KOCTH B3ATH JHUIUb NEPBHH M TpeTUH CTONAOLH.

38) HecomHernHo, YTO eCTh PAA OTKNOHEHHUH OT Napasient3auuu pafos; Tak
B V/IbTPAOCHOBHHWX P urpaetr 601bpulyi0 pojb, HO He OTBeyaeT THNY 4q; 06-
patio Co ¥ V nonapjaioT B rpynny KHCIHX [OPOj, YTO COBEPILIEHHO He OTBe-
yaeT NpPHPOAHEIM cooTHoweHusM. Ho B obulem, cxema BhiflepXuBaeTcsa A
nepBuX 28 3JEMEHTOB C HMCKAIOYHTENbHOK PeRKOCTHIO.

39) JluTepatypa no reodu3auke, noCBAWEHHAS MPHPOAE UEHTPANBHEIX
yacTei 3€MHOH KOpbl, O4YeHb Benuka. 51 OPUBOXY NHlWb TraaBHeiwune: *
W. Klussmann. Beifrage zur Geophysik. 1915. XIV. . E. Wiechert,
Nachrichten der Gesellsch. f. Wissensch. 1897. 221. Ceopgka Bcex noclegHux
pa6or Wiechert’a—B. Simmersbach. Jahrbuch d. Nassauesch.
Ver. f. Nat. 1918. 70. 8¢ —142. T.C.Chamberlin a. R. D. Salysbury.
Geology. 1906. 1. 564 wu II. 58. Cm. cBoaxy Trabert. Lehrbuch. d. Kosm.
Physik. B. 1911. Cm. Taxke Bombicci. L. sulla composit. fisico del globo
terrestre. Chem. Reale Acad. Sc. Inst. Bologna. 1887. Vill. H. Thiene. Tem-
perat. u. Zustand d. Erdinnern. Jena. 1907. Oco6ento BaxHb MEOrOYHCheHHHE
pa6orn Teodusuueckoit Jladopatopun Kapweru B BawuurroHe, HeofHo-
KpaTHO 3aXBATHBABUIME 3TH BOMPOCH; CM. 0Co6eHHO paloTH HAN CXATHEM
noa GonbwuMm gasnenvem Johnston’a 1915 r. u gp. Cu. Takke P, Ao n.
MarmaT. ropH. mop. ¥ WX npoucxoxXa. (nep. A. [1. Tepacumosa). 1919
. p. 7 n caeg. Prior. Min. Magaz. 1916. XVIIl. p. 40 u ap. HoBue wugen
B acTtpoHoMUH. 1913. No 2 (3emns, ee BHewHHe GOpPMH M BHYTpPeHHee CTpoe-
Hue). T. Chamberlin and H. Reid. Ann, Rep. Smithson. Instit. W. 1916.
225. L. Adams a. E. Williamson. . Fran kl. Inst. 1923. 195. 475,

Baxubl B 9TOH o6GnacTH HoBelmHe paGoTH Mo CEACMOJIOTMHU; Xopollas
cBojika nocaepHux paHHEX cM. E. Tams. Die Naturwissensch. 1923. 26 Slus.
p. 499. W. Westphal. Die Naturwissensch. 1922. p. 260 (oTa. oT conHua
B napax Fe). Cm. Takxke R. Brandt. Neuere Anschauengen ii. den Aufbau
d. Erdkruste. Naturw. 1920. 351. W. H. Hobbs. Earth Evolut. N. J. 1921.
(3emnst TBEpAas ¢ oTA. pacniasn. odaramu). R.D aly. The Planetes. Hypoth.
in relat. to the Earth. Scient. Mountly. 1920. Ne 82 (npotus Yam6e pnena).
T. C. Chamberlin. The origin of the earth. Chic. 1916. Uz ctapux paboT

ynomaHem: E. Suess. Sitzungsber. Wien. Ac. der Wissensch. 1907. Math.

Nat. I. 116. p. 1555. Daubrée Les météorites et la constitut. du globe
terrestre. Par. 1886.
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40) O CBs3M ¢ KOMETaMH M NPOMCXOXKAEHHM MOCAEAHWX CM. TnaBy O KO-
metax (cTp. 87). ;

O npOMCXOXAEHHWH MeTeopHUTOB CM. noppobHee F. Berwerth. 1914
(Ref. Neues Jahgbuch f." Miner. 1916. I. 175; nepeBoA HeMeuKoi CTATbH —
Ann. Rep. Smithson. Instit. 1919. Wash. p. 311). F, Berw erth. Fortschr.
d. Miner. Kristall. Petrogr. 1911. I. 276. BepBepT CYHTaeT MeTEOPHTH
34 yacTHLb Hawed NNaHEeTHOW CHCTEeMbl, He corjlawasack ¢ Sv. Arrheni-
us’ oM, KOTOPDbIii OTHOCHT HX JIMIUb OTYACTM K Halleit COJIHEYHON CHCTEME.
Cwm. pa6oth Tschermak?a (Sitzungsber. Wien. Ac. 11, LXXI. 1875. p. 661),
YCTAHOBHBIUEro CBSi3b OMNpeAeNeHHBX XHMHYECKHX THIOB C onpeje/le HHbIMH
3BE3AHBIMU TOTOKAMM MAM BpeMmeHamu ropa, u [IMKkkepuHra, cgi3nBaB-
Wero nyTH ~KaMeHHHX MeTEeOPHUTOB C AaCTEPOMAAMH, a MYTH XEeNEe3HHX —
¢ xomeramu. Jlurepatypy cm. Bepsepta. Crookes. (Phil. Trans. 1918.
217 A, 427) cunTaeT KaMeHHHE METEODUTH COBEPLIEHHO CXOAHBIMM C 3eMiei
M NPOM3BOAMT MX OT ACTEPOMAOB; CHAEDHTH OTIMMAET M AYMAET, YTO, MOXET
OLTh, OHK MHOTO npoucxoxaerud. Cp. G. Merrill. Metam. in Met. Bull. Geo.
Soc. Amer. 1921. XXXII. 395.

41) CywecTByiOT ele NpPOMEXYTOYHHE THIh — ME30CHAePUTH (Mmaja-
CHThI), B KOTOPHIX HMEETCH Macca MeTajja € BKJAKYEHHBMHU B Hee G0JbLUHMK
KpUCTaNNUuyeCKuMH 3epHamu cunukartos. B. M. Toanbpguwmuar (1922) yka-
3plBaeT, YTO Takoe HepasjgesieHue ABYX (a3, oueHb pPa3HOPOLHBIX, MOXHO
06bSACHUTDL JIMIIb HUYTOXHOIO BEJHYMHOKW CUIB TACOTEHWS B yCJAOBUAX
3aCThHIBAHMS MacChl MeTanna, 0Jarojaps YeMy Kamiy CHIAMKATa HE MOTJIH
ObTh MeXaHHuyeckd 0060CO6JeHb OT MEeTalla Noj BAUSHUEM CUH TSIKECTH.
[lop BonpocoM cTouT Gonbas TPYANA CTEKNOBATHIX METEOPUTOB — TEKTHTOB
(Neymayr-Suess. Erdgeschichte. 1921. 1. CM. 0 HHX, KaK 0 KOCMOJUTAX
(Himmelsglaser) V. Goldschmidt. Zeit. f. Kryst. 1921. LVIL 420).

42) O X¥MHYeCKOM COCTaBe METEOPHUTOB, CPeAHMX LHPpax M pacnpocTpa-
HEHUM OT/[@JbHLEX SJIEMEHTOB MMEETCA OrpoMHas JIMTepaTypa; riasHeiwue
paGote: W. Wahl Zeitsch. {f. anorg. Chemie, 1911. 69.52 — 96 *. O. Far-
rington. Mem. Nat. Acad. Sc. 1915, XUl Q. Farrington. Journ. of.
Geology. 1901. IX. 393, 522. G. Merrill. Journ. of Geology. Chic. 1901. 9.
630. G. Merrill. Amer. Journ. of Sc. 1909. 27. 469. O. Farrington.
Analyses of Stone Meteorites. Field Museum of Nat. History. Geol. Serg IIL.
1911. Chic. N¢ 9 p. 195 #, Q. Farrington. Meteorites, their structure
composit. a. terr. relat. Chic. 1915. (Ref. Nature. 1916. 98. 145). G. MerrillL
Bull, Geol. Soc. Amer, 1916, XXVIIL. 50. G. Merrill. Memoirs of the Nat.
Acad. of Sc. 1914. 14, G. Merrill. Proceed. Nat. Acad. Sc. 1919, 37— 39
(Rev. de Géologie). Cm. npexkpacHuie pa6orsl G. Prior. Mineral. Magaz. 1914,
XVIL. 33. G, Prior. Miner. Magaz. 1916. XVIIl. p. 40. G. Merrill. Compos.
a. structure of meteor.,, compar. with terrestr. rocks. An. Report. Smiths.
Instit. Wash. 1917 (1919), p. 175.

43) B cxob6kax mnocrtasieHd 1udpu noacueroB Harkins’a (Philos-
Magaz. 1921. 305). Pacxoxpgenue Haubosbiuee B xenese. [IpuHEMag LHQPpPH
Fapxuica, MW TIOAyyaem BaNOBOE CpeAree MeTeopuToB eue Gonee GnusKoe
K 3EMHOMY, YEM Y MEHd.
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44) Elie-de-Beaumont. Note s. l. émanations volcaniques. Bull.
d. 1. Soc. Géol. Franc. 1847.1V. 1249 —1334. Cp. St.Claire Deville.
Memoire s. |. émanat. volcan. Compt. Rend. Par. 1856. XLIIl. 955. A. Breit-
haupt. Die Paragenesis der Minerale. Freib. 1849.

45) Crookes. Genesis of the Elements. Lond. 1887. J. N. Lockyer.
Inorg. Evolution. L. 1900. H. Mo po3oB. [lepuoa, cucTemsl cTpoenus Beue-
cTBa. MockBa. 1906. H. M o p o 3 0 B. IBONOUMS BEIECTBA HA He6eCHMX CBe-
Thnax. Peus 3ac. Xl Coeapa ectecre. 1910. Mockea.

46) F. Clarke. Chem. News. 1890. 61. 31 — 34, Ewe panbwe B 1873 r.
OH BHCKa3nBal TE Xe& MbICJIH,

47) L. De-Launay. Revue géner. d. sciences., 1902. 30 Avril; 1904,
30 Avril. L. De-Launay. Compt. Rend. 1904. CXXXVIIl (MapT). L. De-
LLaunay. La science géologique. Par., 1905. 627 — 665. L. De-Launay.
Les gites mineraux et metalliferes. P. 1913. 1. 12 — 54.

48) T. Carnelley. Ber. d. deutsch. Chem. Gesellsch. 1884. XVII, 2287 —
2291. J. Waddels. Chem. News.1914. 113. 289 — 291. Cm. Takxke A. Pepc-
M a H. Teoxumus Poccum. [letp. 1. 1922, I'asa VI (Hayynoe Xum.-Texuuy. U3g.).
| 49) G. Oddo. Die Molekular. d. radioact. Atome. Zeit. f. anorg.

Chemie. 1914. 87. 266. W. Harkins. Zeitsch. f. anorg. Chemie. 1916. 97.
175 (Jour. Amer. Chem. Soc. 1916). W. Harkins. Journ. Amer. Chem. Soc.
1917. XXXIX. 857. W. Harkins. Science, 1919. 1. 577. W. Harkins.
Nature. 1921. 14 Anp. C. Schmidt. Das Period. System d. chem. Elemente.
Leipz. 1917, 114, C. Schmidt. Periodisches System u. Genesis der Elemente.
Zeit. f. anorg. Chemie. 1918, 103. 79— 118. W. Harkins. Journ. Amer.
Chem. Soc. 1920. XLII. 1956. Chic. (Ref. Chem. Zentr. 1921, N 17. p. 697 —
700). W, Harkins. Philosoph. Magaz. 1921. Cenr. Nernst. Das Weltge-
baude im Lichte der neueren Forschung. Berl. 1921. W. Ackroy d. The
telluric. distribut. of the Elements in relat. to their atomic. Weights. Chem.
News. 1902. 86. 187. A. ® epcmaH. IluceMo B pepakumio (CTpoeHHE MHUPO-
ananud). [Tpupopa. 1922. No 8. JTa mMucap 6una eme paHblie NOpoBeeHa B
6pouniope A. PepcmaHn a Bpemsa. Usp.«Bpemas, IMerp, 1922, ctp. 56 — 60.

50) V.M.Goldschmidt. Der Stoffwechsel d. Erde. Zeit. f. Elekt. u. anorg.
Chemie. XXVIII. 1922, 411. Cm. nepeBoag 3. BonwTearT. Ilpupoga. 1923.
N 1—3. V.M. Goldschmidt. Ueber die Massenvertheilung im Erdinnern,
vergl. mit d. Structur gewisser Meteorite. Naturwissensch. 1922. 918 —920.

51) G. T. Prior. On the genetic relationship a. classificat. of Meteo-
rites. Min. Mag. 1916. XVIIL. p. 40. '

52) O cBsa3u ¢ MenpeneeBckoh Ta6nauuen cm. B rnase VI .

53) H. Washington. The Chemistry of the earths crust. Journ. Frankl.
Instit. 1920. 190. 781 — 786. P. Niggli Das Magma u. seine Producte.
. Naturwissensch. 1921. 1X. p. 463.

54) A. ®epcman. Tleoxumus Poccuu. [lerp. 1922. 1. p, 52 u cuep.
B Tta6auuy scrasned Ha (Hafnium), a Bce peaxne 3emsin MOoMEIEHH B OAHY
kaetky noa Y. CoBepuwieHHO 0COGHAKOM 5 BHeNsio BCIO HOJNEBYIO Tpynmny.
UMeeTcs CXOACTBO MEWAY Moed Tabnuueidl W OyeHb MHTEpecHoi Tab/MLe
*G. Oddo. Gaz. Chimica [taliana. 1920. [. II. 213.

11
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55) U3 orpomHoOi#l nuTepaTyphl Mo 3TOMY BOMPOCY CM., rI1aBHbiM 0Gpasom,
A. Sommerfeld. Atombau und Spectrallinien. Braunschw. 1921. 567. Cwm.
Takxe npumevanuns (57) u (58).

56) CM. MOM noOACueTH 3TUX 4ucen Ha ctp. 37.

57) C. Schmidt. Periodisches System u. Genesis d. Elemente. Zeit. f.
anorg. Chemie. 1918. 103. p. 79. C. Schmidt. Das Period. System d. Ele-
mente. Leipz. 1917 (oco6enno p. 114).

58) Cm. Taxkxe npumevadue (55). E. Baur. Zeitsch. f. phys. Chemie.
1911. 76. 569. H. Stinzing. Eine neue Anordnung d. per. System. Zeit. f.
phys. Chemie. 1916. 91. 500. W. Koss el. Physik. Zeitsch. 1919. XX. 265.
(Ueber die Zusammensetzung der Atomkerne u. seine Neigung z. Zerfall).
Lise Meitner. Radioactivitit u. Atomkonstitution. Festschrift Kais.
Wilh.-Gesellsch B. 1921. 161 (nep. B. Y ukoBckoii. Hayun. Xum.-Texs.
Uza. 1922). M. C. Neub urger. Die Genesis d. Elemente. Phys. Zeit. 1922.
XXM 133.

Oco6enHo NOGOMBITHRL B 3TOM OTHOWIEHMM nocTpoeHuss Me#tTHep,
TAK KaK ee Mojenb AaTroMa HEOOh4YaHHO npocto Tpebyet Takux nyrtei pac-
nafa, npy¥ KOTOPHIX yYalle BCEro MEHSeTCHd aTOMHBI BeC Ha 4.

59) Pa6orsi Harkins’a BecbMa MHOPOYUCNEHHB, PACCESHHW B PA3HBIX
H3laHMAX M HEOAAHOKPATHO MOBTOPSIOT OAHU W Te ke aaHubg. Coobiujaio Te
uagauusd, kKotopoie mHe u3BectHol: W. Harkins. The constitut. of Atom
Nuclei. Philos. Magaz. 1921. XLIl. Lond. 305 — 339. W. Harkins. Journ.
Americ. Chem. Soc. 1920. XLII. 1956 (Ref. Chem. Zentralbl. 1921. N¢ 17.
697 —700). Harkins. Nature, Lond. 1921. 14 Anp. (¢Bi3b H30TONHYECKNUX YHCEIT
¢ pacnpocTtpaHeHuem 3nemeHToB). OpHa u3 rnasHux crateii: W. Harkins.
Journ. Amer. Chem. Soc. 1917. XXXIX. 856 —879. W. Harkins. Zeitsch.
f. anorg. Chemie. 1916. 956. 20; 1916. 97. 175.

60) OwueHp NIOGONBITHA CBA3b MEXJAY 3JEMEHTOM W KPUCTANIMYECKHM
ero cTtpoeHuem B camopopHom BHAe. Kohl ycranaBimuBaer HeCOMHEHHYIO
CBSI3b MEX/Y NONOXeHWEeM 3lemeHTa B MeHaeneeBCkoi Tabnuue: a HMEHHO
YETHBIE 3eMEHTH 06bIUHO 00651aJAI0T reKCaroHaJbHOI PeWeTKOoK, a HeueT-
Hue —Ky6uueckow. OcobenHo unTepecHn noctpoenuss Tertsch. H. Krystal-
logr. Bemerkungen z. Atombau. Sitzungsber. Wien. Acad. Math.-Naturw.
Kl 1. 1920. CXXIX. 91—113,

61) Xop paccyxnenusi [ap KM HCa TaKOB: HEKOTOpOe YUCIO MOJOXKH-
TeNbHHX 3apsfaoB ob6pasyeTr gapo P, HeKoTopasg 4acTh 3TOro 3apsja racuTes
OTpHUATENbHHIMU 3JIeKTpoHamu — N; oCTanbHas 4acTh 3apaja OCTaeTCs
B AApe CcBoO0jHOW M onpepenserca P—N=—=M. 310 u ectb mnopsakosoe
UKUCJIO MM YMCI0 CBOGOAHBIX AONOXHTENbHBIX JNEKTPOHOB AApA MJIM MOPSA-
koBhii HoMep. Ecaim P—N=M, 10 P=M-+N; c apyro#i cTopoHu
P = 2M - nexotopas Bennunna x; orcopa 2M-+x=M-+N, a x=N—M.
Mnauye rosopsi pasHula MEeX[Ay YMCIOM OTPHMUATENbHHX JJEKTPOHOB U MNO-
PAAKOBLIM UHCJIOM €CTh BMECTE C TEM PasHULA MeXAY ATOMHBIM BECOM W
YABOEHHHM NOPSAKOBHIM YMUCJIOM MJIM, €L[E MHAYe, Pa3HHMLA MEXJY YMHCJIOM
CBA3AHHBIX U YHC/IOM CBOGOAHLIX B3JIEKTPOHOB B fiipe; YUHC/IO X HOCHUT Ha3BaHHe
u3oToNHYeCKOro uucaa (cm. npumevanue (21).
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B HaliMX npejcTaBiAEHHUsIX O CTPOEHHH gAjApa elje HeT eguHcTBa. He-
COMHEHHO OAHO, YTO FJiaBHAs YACTb SAPa 3aKJIOUACTCH B €0 TOJOKUTENb-
HoM 3apsje, oTBevyaiouiem yucny Mo3enesd (mopagkoBomy uyucny = M)—
B NMpoCTEeHlIeM CAy4Yae 3TO ONpefesieHHOE YHC/IO afgep reavs, KoTophie 000-
3HayawTCcad uepe3 o ¢ Maccow 4 u 3apagom M. [loMHOXHB YHC/NO ITHX sAugep
Ha 4, Mbl MOJIy4aeM BCIO MACCy STOM HacTH SApA, HENTpPaJiM3yemyl BHell-
HUMM TUJIAHETAZPHBIMH OTPHUUATENIbHHMK 2JeKTpoHamMu. Boniuutas M X2 wu3
aTOMHOro Beca, Mbi MojJyyaem Maccy Apyroil 4acTH SApa W OnpejessieMyio
yuC/IOM, Ha3HIBAEMHM H30TOnMMueckum n (n—A —2M). Kak npeacrasurh
cebe aTy Maccyr l'apKUHC yNpouUleHHO NPEeACTABSET MACCY BOAOPOAHBIX
3JIEKTPOHOB pe€, HEHTpanbHbIX camux B cebe. /[lpyrad wkona, ¥ K Heil npu-
muikaeT MeWiTHE p, CYNTALT, YTO CTPOEHME ITOH HACTM COXHEe, 4YTO OHA
TOJIBKO YACTHYHO COCTABJIEHA M3 HEHTPaIbHBIX LUEMEHTHUPVIOUIMX BOAOPOAHKX
TpyNn, HO H €ll{e M3 HEHUTpaJbHHX rpynn THna renus (o' -+ 23), ypaBHOoBeuUeH-
HBIX [IBYMSl 3JIEKTPOHAMH; Macca Kaxpaoi tako#t rpynns 4. Taxkum ob6pasom
BO BCEX aToMax, B KOTOPHX M30TOMHYECKOE YUC/IO MeHbiue 4, BTOpas 4yacThb
siipa COCTAaB/IEHA TOJIbKO U3 BOJOPOAHLIX D/eKTPOHOB, B APYIMX—OHZ H4aACTbiO
COCTOUT M3 MOCNEJHMUX, YACTbIO e U3 HEUTPANbHHX TelWeBHX rpynmn. IJTta
BTOpas, HECKONIbKO 00Jiee CNIOXKHAA, TUNOTE3a Heo6uuaiiHo M3sAUHO paspe-
Wwaer U 00bSICHAET MOPAOOK paclafga pajguOaKTUBHBIX BELIECTB.

Takum o6pasom no MekiTtHep
dopmyna ypana—=46a-4 13 (a' 4-23) + 2H 4 2C =238

[To 'apKkuHCy Bhpaxaercs Tak:
U=46 (pse;)-+5% (pe) ~
rge 46:? raqe 54 =—n

Ecin BoipaxeHue TapKHMHCa HaM COBEpUIEHHO He YKAa3wBAeT MNoO-
paAKa pacrafa, TO BolpaxeHne MeliTHe p gaetT KAwWY K NOCTPOEHHIO W3
- JAHHOro 3JieMeHTa Haubosaee BEPOATHOrO psja pacnapa.

62) B. BeprHagckuit. XuUMHYECKHe 3/JEeMEHTH M MEXAHH3M 3eMHOM
koput. [Ipupoga. 1922, XI. 3—5, 33 —37.

63) Ilo Boupocy O XHMMHMM NYHB [I0BOJIbHO Oojblias JUTEpPATypa. CM.
S. Wolff. Der Vulkanismus. I. 1914. 639 (¢ GoibwuM CIMCKOM NHTEPATYpPH).
I. Landerer. Compt. Rend. Par. 1889 (lI). 360: 1890 (II). 210. A. Wege-
ner. Die Entstehung der Mondkrater. Braunschw. 1921. *Siegmund Giin-
th er. Vergleichende Mond-und Erdkunde. Braunschw. 1911. A. Benonoas-
Ckui. O komeTHoiX XBocTax., Otuet llyakosck. obcepn. Iletp. 1922, cTp. 85.

64) O cnekrpax nnauer ¢m. A. Benononbckuit. Kypc actpopusukm.
HI. 1921. 234. John a. Nicholson. Astroph. Journal. 1922, LVI. 380
(cnextp Benepn). ¥*Ch. André. Les planttes et leur origine. Par. (Gaut.
Vill). 3. 9 nuk. Artmocdepa na Benepe. Tpyaw Acrpodusnu. Obcepnar.
Mockra. 1922. 1. 265.

65) A. benonoabckuit. Kypc acrpodusuku. 1921, Ill. 165 —171. Cw.
C6opuuk «HoBme wuaen B actpoHomuu». MNe 5. 1914, Moreux. Ou en est
I'astronomie. Par, 1920. 204 — 236. R. W. Wood. Lunar Petrography. Astroph.

11%
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Journal 1912, XXXVI. 75. E. Wherry. Amer. Mineral. 1920. V. 167 (cepa).
Branca. Die vier Entwick. Vulcan. Sitzungsber. Preuss. Akad: Wiss.
1915. 1V. p. 59.

Ob6uwags macca OTAeNbHBIX M3BECTHHIX HAaM KOMET He TMpeBHlaeT
0,0001 semnu, T.e., NIpU NPUHATHU [ HEX Y[ENbHOro Beca 3€MJH, HX Macca
o6pa3oBajsa Obl MajJeHbKOe KOCMMueckoe Tejo Bcere auwb B 80 KaMm.
paguycom. |

[To nyuxkTy 7 HalWKX BHIBOJOB HAf0 OTMETHTbL ONLITH HAJ HAarpeBaHUEM
B BaKyyMeé METEOPHMTOB: BhbiieJIeHHbIE M3 HMUX rasnl ¥ mapel B o6ujeM Hano-
MHHAIOT COCTaB KOMeTHHX XBOoCTOB (Fogel). CBeueHne XBoCTa HEKOTOPHIMK
O00BACHAETCS M3JyYEHHEM M3 COJNHUA Jyded THNA KaTORHLIX.

66) W3 MHOrouMcieHHbX padoT Mo cnekTpy coaxua ormerhum: A. be-
nonoasbcku . Kypc Actpodusuku. Ilerp. 1921. Il ctp. 142 (c sutepa-
Typow). H, N. Russel. Astrophys. Journal. 1922, LV. 119, 354. (Ilony-
aspHoe w3nowenue 23roit cratbu K. Bo6opuukuit. «[Ipupopa». 1922.
Ne 8 —9, crp. 103). A. Gramont. Compt. Rend. Par. 1921. 172. 893. C. G.
Abbot. The Sun. 1911. 91, 94, 99, 104, 252. Buisson et Fabry. Journ,
phys. rad. 1921, II. 297 (cnektp B yabTpaduoserosoii uactu). *Loring
Atom. Theories. 1921, N. J. 161. Veronet. Compt. Rend. 1918. 166. 109.
F.Loring. Atomic Energy a. Radiat. of the Sun. Chem. News. 1921. 219.

67) CnexTphl OTAENbHLIX 30H COJHUA CM. TOMUMO JIMTEPATYpPbI OTME-
yeHHOM B mpumeuaHuun (66) — De-Launay. La science géol. P. 1905. p.
656. CM. nonyaspHuie cTaThy 3. A nu K. JBuKeHHe B COJHEYHLIX NYTHAX.
«[lpupopa». 1918. 109. 9. Inuk. ConHue no HOBeHIMM UCCIEJOBAHUAM.
M. Tocuan. 1922.

68) O Temnepatype connua cM. Sv. Arrhenius. Phys. Chem.
Gesetzmassigkeit bei d. kosm. chem. Vorg. Z. f. Electroch. 1922. XXVIIL
405. L. Meitner. Zeit. f. anorg. Chemie. 1923. N¢ 2. p. 9. A. Schuster.
Astrophys. Journal. 1905. W. Wilson. Radium a. solar energy. Nature. 68.
1903. 222.

69) Megh-Nad-Saha. Philos. Mag. 1920. XL. 809; Phil. Mag. 1921.
XLI. 267; Phil. Mag. 1922. Dez.; Phil Mag. 1920. XL. 472 —488. Me gh-
Nad-Saha. Zeitsch. f. Physik. 1521. VI. 40. Cwm. Taxxe nurepatypy
NpH OMUCAHMM CMEKTPOB 3BE3[.

70) llenass nuTepaTypa HMEETCA MO BOMPOCY O HAXOXAEHWM ypaHa M pa-
nust Ha conHue. UssectHuiit ¢usuk Jlewap ¥ He pH CT BuCKA3HBAKTCA 32
fIONYIEHUE B HEHTPaNbHHX 4acTaX COJHUA 60Jiee TAXENblX PaauoaKTUBHBLIX
3JIEMEHTOB, YeM YypaH, YTO SBJAETCA TOJbKO runore3ow. Hasselberg
(Svensk Vett. Akad. Handl. 1910. 45. Ne 5. 63) He Hawen pagus Ha CONHUE,
B npotuBonoioxHocTh D yson (Astronom. Nachrichten. 1912, 192. 82), xo-
TOpPHIA OTKpHA ero JuHuu B xpomocdepe. [leppen cuyuraer, uro pacnag’
PaAMOAKTHUBHLIX BEIECTB /IOJKEH HTTH HA COJHLE TaK OHCTPO, YTO paguit
B ero yciaosusx Oypet «trés fugitifs.

71) O cnexktpax TymaHHoCTel cM. A. besnonoabckuii. Kypc Ac'rpu«—
¢usukn. [lerp. 1921. 1l p. 172 (autepatypa). Cm. Takke Bourget, Fabry
et Buisson. Compt. Rend. Par.. 1914, 158. 1017. J. Nichelson. Sur
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e m om s e m ok

les poids atomiques des é€lem. des néboul. Compt. Rend. 1914. 158.
p. 1322,

Pedepar nocneguux pador Jluxkckoit Obcepraropumn (no 1918 r.) no
CNeKTpaM TYMaHHOCTEH cM. «Ycnexu ¢uadyeckux Hayk». Mocksa. Il (2).
1023. 281 (nurTepartypa).

72) Hexkortopwie oOwue 3ameyaHus O TymaHHocTax c¢M.. E. Belot.
L’évol. collect. et disc. des étoiles et des nébouleuses. C. R. Par. 1923.

176. 567. B. ®ecenkos. Tpyan Acrpodus. Obceps. 1922. 1. 49 —186

(cBa3b TymaHHocTell ¢ mereoputramn). Me unier. Compt. Rend. Par. 1913.
166. 391 (cBasb ¢ mereoputamu). Groot. Gravity aud Pressure of Radiat.
Proceed. Akad. Wett. Amst. 1922. XXIV. p. 64.

73) O6mue paHHLIA O CNEKTpe 3Be3[d W JUTEPaTypy Mo 3TOMY BOMpPOCY
cm. A. benonoabck uih. Kypc Acrpoduauxu. HI. 1921. 127 — 142, 175,
195. CumoH Hbioxkom6. 3Besan. locuspg. M. 1923. (IlonynspHasi KHHra
Hoiokom6a ceHuac cunbHO ycrapena). «HoBwe wHper B acTpOHOMHH».
1914. Mo 4; 1915. Ne 7. HephcT. Muposganue B CBETE HOBHX HCCJIENOBAHMIA.
«Ycnexu ¢usuu, Hayks. Il (2 — 3), cTp. 184.

Cwm. o 3Be3pgax S. P. Merrill. Stellar spectra of class S. Astroph.
Journ. 1922. P. Stroobant. Sur la nature des étoiles tempor. Bull. Ac.
Sc. Belge. 1928. 1X. 448 (nutep. o Nova).

74) Tlo aBomouuu 3e3g cMm. Sv. Arrhenius. Zeitsch. f. Electroch.
1922. XXVIIL. p. 405. Eggert. Physik. Zeitsch. 1919. XX. 570. R. Emde n.
Ueber den Bau u. Entwickelung der Sterne. Physik. Zeitsch. 1922. XXIII.
490. J. Perrin. Matiére et lumiére. Ann. de physique. XI. 1919, p. 78—95.
A. Eddington. Stellar movem. a. the structure of univ. Lond. 1914 (oco-
6esno rnasa VIII. 155 —183). A. Eddington. Encyclop. Britannica. 1922.
«Astronom.». Vol. XXX. 296. A. Eddington. The interior of Star. Nature,
May. 1923. p. V. B. Koctuuun. Tpy6u In. Actpod. O6¢c. 1923. L. p. 294.

75) Tlo noHM3aUMM 3JIEMEHTOB CM. JIMTEpaTypy B npumedanHum (69); cm.
oco6enHno Megh-Nad-Saha. Zeitsch. f. Physik. 1921. V1. 40. H. N. Russel
Astrophys. Journal. 1922. LV.119. W. We st phal. Natur.-wissensch. 1921.
IX. 863.

76) A. S. Eddington. The Borderland of Astron. a. Geology. Nature.
1923. p. 18.

77) HecomHeHHyi0 POAb B MUTPALMH 3JIEMEHTOB HIPalOT MATHUTHLIE W
31eKTPOMATHHTHHE SABNEHUA, KOMX BJHMSHHE NMOKA €l YCKONb3aeT OT HAILEro
HCcCejoBaHUA.

78) TonaTHe o0 <«MUrpayuu» 3JIEMEHTOB BhnepBHe BBejeHO MHO00. Cw.
A. Depcman. leoxumua Poccuu. 1922, 1. p. 61 — 64.

79) Tl. Jle 6 e g e B. laBnienne ceera. Knaccuku ectectBo3Hanms. M. 1922,
(c6opuuk ctaTeit). Tam-xe nureparypa ¢ pa6otamu Bpeauxuna, Pag.

80) Cm. Joly. Radioactivity a. Geology.1909. A. Holmes. The Age of
the earth. 1913. 107. | |

81) Chamberlin a. Salysbery. Geology. 1907. 1. 97.

82) O norepe aTMOCHEpPO ra3oB COrIacHO KUHETHYECKOW TEOpHH ra3oB
cm. J. Stoney. Astrophys. Journal. 1900. XI. 251, 357; S. C oo k. Astroph.
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Journ. 1900. XI. 36. Cm. Taxxe B. Bepunapac kuii. U3s. Akag. Hayx. 1912.
141. * J. Stoney. Scient. Trans. Roy. Dubl. Soc. VI. Ser. 11. 1897. 305.
Sv. Arrhenius. Lehrb. d. kosmischen Physik. 1903. L. 164 — 181.

83) O cunax puddyauu M paccesHHM 3BJIEMEHTOB CM. CBOAHYIO, YCTa-
peBwyw ctatbio A, DepcwmaHn. Senenna quddysun B 3eMHON Kope. «[lpu-
popar. 1913. 817—826. O paccesHHMM INEMEHTOB M MUKPOKOCMHYECKHX TeNax
cm. B. Bepunapgckuiir lNaparenesauc 3JeMEHTOB B 3eMHOM Kope. [JHEBHHK
Cobespa EcrectBoncnurareneit. Mocksa. 1910, B. Bepua gc kv 1. Xumuye-
CKHE D3JIeMeHTH M MexXaHHM3M 3eMHO# kopu. «[lpmpoma». 1922, XI. 3—5,
cTp. 33— 37.

84) Bonpoc o xopje XuMWyecKuUX peakuud B 3€MJIE M KOCMOCE HE MOXEeT
OHTb KOHEYHO PACCMOTPEH C Kakolo-HHOYAb AEeTalibHOCThIO, 3afaya HacTos-
INero McCneaoBaHMs 3aK/AK4YaeTCsd JUlb B MONLITKE OCBETHTh pacnpejeneHue
XHMHYECKHX 3JIEMEHTOB B KOCMOCE, HO He XOfi BOSMOXHBIX XHMHUUYECKHX peakKumui
¥ UX sHepreTHky. K aToMy Bompocy s1 AyMaio BE€pHYTbC B [pYroM MecCTe.

85 Cp. B. Cyxopckuii. Teopema HepHcTa u ee upuioXeHus
K anexkTpoxumuu. U3, Monutex. Uuct. 1912. XVIII. CIIB. 549.

86) O xumuYeCKMX 3aKOHAX MepeMelieHHss M MnepepacrnpefeseHus dae-
MEHTOB B 3eMHOH Kope CM. ocoGenso Leith a. M e ad. Metamorph. Geology.
Ne 4. 1915. C. K. Leith. Metamorph. Cycle. Journ. of geology 1907. XV.
303. Warren Mead. Redistribut. of Elements. Journ. of Geology. 1907.
XV, 238 — 256. Bonee crapyio autepatypy cM. y V. Hise. Treatise on me-
tamorphism. Monogr. Unit. Stat. Geolog. Survey. 1904. XLVII. 932.

87) CoBOKYyNHOCTb pA3NHYHBIX SIBJEHHUU MUTpPALMU BJIEMEHTOB B 3EMHOA
KOpe MH BKJIlOuaeM B oluiee noHsiTHe meramopduama. U3 orpomHoi suTe-
paTyps no sToMy Bompocy ¢M. V.M. Goldschmidt. Zeitsch. f. Electroch.
XXVIIL. 1922, Leith a. Mead. Metam. Geology. 1915. A, ®epcmaH.
leoxumus Poccuu. Ilerp. l. 1922,

88) B. Bepunapgckuii. O rasoBom o6meHe 3emHoi kopH. HM3B. Akag.
Hayx. 1912. 141 —162. B. Bepunapgcxkuit. UsB. Akag. Hayk. 1916. 1249.

89) Cm. A. PepcmaH. leoxumus Poccun. 1. 1922. p. 65. B. BepHa a-
CKHWH, XHUMuuecKkHMid cocTtaB KuBoro Bewecrna. llerp. 1922 (u3zp. «Bpems»).
B. Bepunapckui#. Xusoe seuiectBo B xumud Mops. [lerp. 1923. (Hayu.
Xum.-Tex. Uzpar.).

90) Paguit B kocmoce. A. Tepacumos. Poap paguss B JAUHAMHKE
semHoit kKopw. M3m. Teon. Kom. 1921. XL. 43. Cu. A. Holmes. The
Age of the earth. 1913, Grotrian. Physisch. Zeitsch. 1920. 145 (B03-
HMKHOBEHHE = PAfAHOAKTUBHOCTM MO BIMUSHHEM COJIHEYHOTO M3JIYUCHHS).
J. Joly. The Movem. of the Earths Surf. Phil. Mag. 1923. (uionb) p. 1167.
J. Joly. Pleochr. Haloes. Proc. Roy. Soc. 1923. (A.). v. 102. p. 682. Pagnoax-
THBHOCTb MeTeoputoB. Quirke a. Finkelstein. Amer. Journ. Sc.
1917. XLIV. 237.

91) Cm. csopgky crateit 3. Pezepdoppn Crpoenne atoMa u MCKyC-
CTBeHHOe pasnoxexnue snemexTos. [lerp. 1923 (nep. lnonbckoro).

[Ipu pacumiennaesuy WCNONb3yeTcsl OrPOMHAs JHEPrus a-JyuyeH, HO TEM
He MeHee 00LiYHO MOJAY4YaeTCs BHIMIPHIL B JHEPrHM 3a CUET SHEPrHH BHYTPH™
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ATOMHOK: T. e. paculenj€éHue, KaKk M pagvoaKTHBHHIN pacnag, MAET C Bhije-
NEHWEM 3HEPTMH U NPHBOAUT K 6oN1ee yCTOWYHBHIM IPYNNUPOBKAM, COAEPKALLNM
M €eHb I € 3HEPTUH.
IlpuBoXy 3TH AAHHHA NpUpALEHHS SHEePruu:
B N F Na Al P
42 —13 35 6 42 15 :
[lpyumep asoTa noxa3wBaeT, YTO NPH paciyenyieHWH BHMIPHIL dHEPrUH
He eCTb 00s3aTeJbHOe fABlAeHMEe M MPOLECC MOXEeT HTTH MU B CTOPOHY . MO-

. TJOUIEHHS.

[lpupoga ocTamowerocs aroma, NOC/ie BHJETA BOAOPOAHHX YacTHL, elie
He BHISICHEHa. |

92) Hekoropwie panHbig no uHTepecydinum nac ponpocam cm. Jl. Hyraes.
[Ipupona u nmpoucxoxpenne Xxumuyeckux asgementos. 1923 (Hayu. Xum.-Tex.
M3paT.). B. Medwy TkuH. O HoBeiwux HanpaBaeHUAX B xumuu. Ilerp.
1922 (Hayuy. Xum.-Tex. Hapar.]. Fayans. Radioactivitit. IV Aufl. 1922,
Braunschw. Jl. Me it TH e p. PaguoakTuBHOCTDb 1 cTpoenue aToma (Hayu. Xum.-
Tex. Wspat. 1922 nep. B. Yukosckoi). N. Bohr. Zeitsch. f. Physik.
1922, 1X. 1 —67. A. Sommerfeld. Atombau u. Spectrallinien. Braunschw.
1921. E. Kohlweiler. Elemententwickelung u. Atomkernbau. Phys. Zeitsch.
1920. XXI. 203, 311; 1921. XXII. 243. F. Kirchoff. Das Periodische System
d. Elemente. Zeitsch. f. physik. Chemie. 1920. 94. 257. R. Sonder. Zum
Bau der Atomkerne. Zeit. f. Kryst. 1923, LVIL. 611. Pa6oTa, Bolweauwas auilb
B HioHe 1923 r., He Morna OLITb MHOK MCNOJb30BAaHA; MEXAY TEM OHa CO-
AEPXHUT pSj LeHHeHWuX AaHHBIX, BOOOUIE OTBEYAOIMX MOeid KOHLeniuH.

03) O ckopocrsax pacnaga cM. W. Kossel Phys. Zeitsch. 1919, XX.
265 (yCTOHYMBOCTbL Sifiep KpPATHHX 4).

94) llpuBegemM HECKONBLKO OYEHb WMHTEDPECHHIX MOACYETOB: 1 rpaMMm pagus
BoifenseT B rog 168 xy6. mm. He. Ecan npepnonoxuTs, YTO BCE a-4YaCTHLUH
MPOHUKAK B oKpy¥alomuii Merann (Hanp., Al) 1 BuTeCHUnu W3 ero sapa H,
TO KOJHYECTBO BbifeneHHoro H B rop mop BausHuem 1 rpamma papgus A0J1XKHO
patbh He OGoabwie /1000 Ky6. MM. BOAOpoAa. [isi 0CTOPOXHOCTH, B PUPOAHBIX
npoueccax Bo3bMeM ToJabKo 1%o 3Toro uucna, Bpemsa npumem B 1.109 (Maxcu-
MalbHOE CYUEeCTBOBaHME 3€MHOM Kopbl), a CcpegHee cCojepxaHue papus
B 3emie Ha 1 rpa‘?t nopoas — 1.10—12, Mu nosyuyum, 4TO 32 BCE BpeMms
¢ 00pa30BaHUA TBEPROHU 006070YKH HAwA 36MHAs KOPA, TOJUMHOI B 25 KIM.,
MOria STUM NyTeM BHIEAWTb BOAOPOAA MNOpPAAKA MHOMMX AECATKOB ThHICAY
Ky0. KHJIIOMETPOB, _

95) HMomemaem HECKONBKO JMTEPATYPHHX CChIIOK Ha paboTh, HMEUHe
3HAYEHUE IS MO3HAHMSA XMMHU3MA COJHEYHHX npoueccoe: Poincare.
Lecons s. L. hypothéses cosmogon. 1911. p. 191 —209. Sv. Arrhenius.
Zeitsch. f. Electroch. 1922, XXVIIL. 405. W. W ils o n. Nature. 1903, 68, 222.
(papuit). J. Perrin. The origin of solar heat. Scientia. 1921. XXX. 355 (koH-
AeHcauus nerkux sjemedToB). A bbot. The Radiat. of the Sun. Rep. Smith-
son. Inst. 1915. 137. Nernst. Das Weltgeb. im Lichte d. neueren Forschung.
1921.Berl. A. Holmes. The Age of the earth. L. 1913. 110. Rutherford
a. Soddy. Philos. Mag. Lond. 1903.
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Cwm. nonynsiprylo kuury 3. I nu k. ConHile N0 HoBEALWUM HCCIEJOBAHHSAM.
Mocksa. I'ocuzg. 1922, Baes. Tenno conruya. Metp. locuzap. 1923.

O nuskux t xocmoca cm. R. Plank. Zur Thermodynamik tiefster Temp.
Zeit. f. Physik. 1923. XIV. 158. |

96) [IpuBOoXY rnaBHeRIIYI0O KOCMOTOHUYECKYIO JIMTEPATYPY B XPOHOJIOIH-
YeCKOM MNOpsAAKe :

N. Lockyer. Anorgan. Evolution. Lond. 1900.

A. Schuster. Evolut. of solar stars. Astroph. Journ. 1903. XVII. 165.

Chamberlina. Salisbury. Geology. 1907. II. 1 —140.

* Ch. André. Les planétes et leur origine. 1909. Par. .

H. Mo po3oB. 3Bomouusi Beujecrsa Ha Hebecumx ceetunax. Ilpot. Xl
Cuespga EcrecTB. B Mockse. 1910.

Poincaré. Legons sur les hypothéses cosmogonigues. Par. 1911.

* E. Belot. Essai de cosmogonie tourbillonaire. Par. 1911.

U3panve <«Hoewie wuper B actpoHomuu». KocMoroHuyeckue rumnoTesbl.
MN1T—1913 r. u Ne 3— 1914 r.

*Th. C. Chamberlin. The origin of the earth. Chic. 1916.

. Perrin. Annales de physique. 1919. XI. p. 1 —108.

I[. YupBuHcxkuii. K Bonpocy o 3aKOHAX 06pa30BaHMUs XWUM. 3J. BO
Bcenennoid. Mse. Jlouck. Mon. Uuct. 1919, VI 94

J. Jeans. Problems of cosmogony a. stellar dynam. 1919 (mHe Hepo-
crynHa; cm. K. baes. O6 ssomouun nebecunx ten. [lerp. 1920.

~P. Termier. Les grandes énigmes de la géologie. L. 1920.

W. Nernst. Das Weltgebdude im Lichte der neueren Forschungen-
Berl. 1921. (nep. «Ycnexu $usuku». Mockea. II. 2 — 3. 1923).

Wiechert. Ueber das Schicksal d. Gestirne, Vierteljahrschr. d. Astro-
nom. Gesellsch. 1921. 56 (3 Heft).

* J. Jeans. Nebul. hypoth. a, cosmogony. Lond. 1922.

J. Perrin. Radiation a. Chemistry. Trans. Farad. Soc. 1922. XVII.

Sv. Arrhenius. Physik. chem. Gesetzméssigkeit be1 den kosm.-chem.
Vorgingen. Zeitsch. f. Electroch. 1922, XXVIIL p. 405. (Hayunoe Xum.-Tex. U3g.).

R. Emden. Ueber den Bau u. Entwickel. der Sterne. Phys. Zeitsch.
1922, XXIII. 490. :

T. Moreux. Origine et formation des Mondes. Par. 1922.

A. Eddington. Astronomy. Cratesa B RomosHUT. ToMe BpuTtaHckoi
JHuMknoneauu 3a 1922 r.

A ston. Chemic. Age. 1922. 11 Hosn6ps.

A. ®epcwmaHn. Bpems, Uag. «Bpemas. [Terp. 1922, 58 — 61.

A. Eddington. The Borderland of Astronomy a. Geology. Na.ture
1923. 6 SiuB. p. 18.

L. Meitner, Zeitsch. f. auorg. Chemie. 1923, | p. 9 (3HaueHue paguo-
AKTUBHOCTH AN KocmuueckuX mpoueccos). (Cm. IMpupopa, 1923).

Axopax-Tosapag AapsuH. Ilpunusu # pngcTE 9BJI. COJIH. CHCTEMbl,
lNocuspgar. 1923.

* J. Jeans. Nebul. Hypoth. a. Modern cosmog. Lund 1923,



* W. Gerlach. Atomismus u. Makrokosmos. L. f. angew. Ch. 1923,
Ne 31/32, p. 214.

97) Norke. Giebt eseinen Kreislauf d. kosmisch. Geschehens. Z. f.Phys.
1922. X. 200.

98) Ormeuy, yro HepHcT cuuTaer, uro 'paﬁunamuﬂﬂue BelleCTBA
COCPEeAOoTOYHBAKNTCA MO NPEMYIUECTBY B LEHTPaJNbHHX 4aClTAX KOCMHYECKHX
TeJl, U NMOTOMY BCSIKOE OTHAENSIOWEECs OT COJIHLA HOBOE Teno (Hamp., NiaHeTa)
AOXKHO COAEPXaTh pPajHOAKTHBHHX BEILECTB MEHbIIE, Y€éM CaMO0 COJIHLE,
Ecnu BCE TENJIO Ha cCONHIE M Ha 3eMJe OTHECTH K PafiMOAKTHBHOMY MCTOUY-
HUKY, TO COOTHOmWEHMe onpaBgmBaeTcd. OpHako, PakTuueckue HaGMOOEHUSA
M MoACYHETH, NPHBOAKMMbBIE B Hallled KHHXKE, rOBOPAT NPOTHB 3TOrO.

99) 3a Fe, Co m Ni nHauunaetrcs Horas 0GNECTb DNIEMEHTOB, YTO BHITE-
KaeT He TOJIbKO M3 nmepenoma KpuBOH pacnpoCTpaHEHHOCTH, HO U U3 CTPOECHHA
BEIMECTBA: KaKylp -6 CXeMy CTPOEHMs aTOMHHX siiep Mbl HHM TIPMHSNH, HO
33 aTOMHBIM BECOM B 59 Hab6mopaeTcs peskoe HSMEHEHME CKAauKOM Xapakrepa
atomoB (lF'apkuuc 1916 r.; . PoxpgecTtBenckuit). llocneguuii no-
Kasaj, u4YTO B XapaKTepe M3JIyueHHs 3JIEMEHTOB MOCJHe YEThipEX MaabXx
NEepUOAOB B BEPTUKANBHOM CTONOIE HACTYNAaeT KOPEHHOE ¥M3MEHEHHE.

100) J. Schneider (Popul. Astrophysik. L. 1912. 794) BucuuTHBAET,
yTo B CpeAHeM Ha 1 Ky6. METp M3BECTHOTO HaM Kocmoca mpuxopautcs 160
aTOMOB 3JIEMEHTZ; nNpH HANWUYKH .KOHIEHTPALUHH aTOMOB B KOCMHYECKHX
Tenax uudpH paspemenus GaKTHUECKH SBISIOTCH €LIE TOPa3A0 GONbILKMH,
llns unnocTpaliM NNOTHOCTH pacnpepgeneHust ceetawmuxcsd 3ge3g Dyson
npeANoKusR NpeACTaBaeHHe 0 ABAALATH JIayH-TEHHHCHHX MAYMKaX, pa36pocaH-
HHX B 3eMHOM Wiape. : |

101) 3akaH4YuBas 5Ty KHMXKKY, S He MOTY HE OTMETHTb, YTO MOMbBITKA
TIOAOHTH K VUYETy XHUMHYECKMX 3JIEMEHTOB BCENEHHOW HEH30EXHO [OJIKHA
Obina KOCHYTbLCS JOCTHIKEHMH psfa HayuwHhIX AMCLHMNIHH, BECbMa OTAAJIEHHBIX
OT MOEH CneuMalpHOCTH — MMHEpanora U reoxXumuka. 51 co3Haio, YToO MHOroe
MOXeT OHTb HAOPOCAHO CIMIIKOM CMeNo, YTOo MPUILIOCh KOCHYTbCS o6nacTen,
KOTOPHX A 9Y¥J, M 4YyTO HEBOJBHO MHOI0 MOTNH OHTH W, BEPOATHO, OHIH
CAenaH B 3THX o6aactaxXx owmwuOku. ‘Yacto O6asupyscbk Takum o06paszoM
Ha MOCTHKEHMAX U3HKM, XUMMH, acTPOPU3MKH MM reoPH3HKH, MHE TpH-
XOAMIOCh Hepeako coolulaTh YYXK0il HayqHbIW MaTepuaj, He BKIajbiBas
B HEr0 KPHTHMKH, JMILb MHLTAsCh OCBETUTH €ro C TOYKM 3PEHHA MOHX €00~
CTBEHHHX TreoXHMuyeckux upei. TlycTb KpUTHKA [OMOJHHT H MCMDPABHT MOM
OWHOKU M HEAOYeTH; ST CYUTAK HEOOXOAHMBIM AaTh OCHOBHYIO KAHBY B OHOM
M3 BaXHEMIIMX BOMNPOCOB XMMHMH KOCMOCA M TOJNKHYTb HayuHyio palboTy
B ONpEAESIEHHOM HAMpaBJICHHMU,



YKaszareilb XHMHYECKHX 3JIeMEHTOB

(cM. BCIO TabaMuy 3aeMeHTOB Ha cTp. 67, 69 M B KOHue KHMIH)

Azor 9, 13, 15, 18, 19, 22, 23 29 37,
39, 56, 58, 74, 80, 86, 88, 89, 91, 98,
104, 105, 111, 112, 119, 126, 128, 134,
139, 141, 146, 147, 154, 158, 167

Axtunuit 8, 11, 19, 29, 80

Amomunnii 16, 17, 18, 19, 22, 23, 26,
29, 33, 35, 36, 37, 39, 46—50, 56, 58,
78, 85, 91, 95, 96, 128, 134, 146, 147,
167

Apron 9, 15, 19, 21, 27, 29, 37, 39,
56, 80, 82, 91, 128, 154
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