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TC TeXHELMH 1937 3, Cerpe, K. Neppuep (MTanma)
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VI TP AMIK PO 3JIEMeHT bl

(mo 0,001%) (o1 0,001% mo 0,000001%) (menee 0,000001%)
Kucnopog O (b2%) #nop Cl (0,2%)
Yrnepoa C (20%) Hatpuit Na (0,1%)

 Bogopog H (10%)

Kobanet Co BEXOIHUT B COCT.
puTaMuHa B12, yuacTeyeT B
CHHTESE reMornobuHa

Mapraney Mn (cnegogele
KonuyecTea)

Az0T N (3%) B COCTaB DENKOB W
A30TUCTLIX OCHOBAHWK

Mene Cu ABI. KOMOOHEHTOM
MHOTHX QEpMEHTOR

Kaneuwi Ca (25%)

®ocdop P{1%) BX0AMT B COCTAE
KOCTHOM TKAHW, HYKNEUHOB blX
kucnoT, obecneyueaeT
BO3HUKHOBEHWE W NPOBREHUE
WMNYNBCOE B HEPEBHOW TKaHK

Bop B EnuaAeT Ha poCTOBHE
npolLeccH v pacTeHH. Ero
HEZOCTATOK IPHBOLUT K
OTMHPAHHIO BEPXYIIEY HEIX
IOYEK

Au Al Ag Se, Hg
DHU3HONOrHYECKAA PONb
STHX SIEeMEHTOB IIOKA HE
YCTAHOEJNEHA

Cepa S (0,25%) B cocT. benkoe

Kanuin K (0,25%)

Marbui Mg (0,02-0 053%) e cocT.
¥nopodunna, akTMEUIUpYeT
paboTy depmeHToR

Hon ¥ BEXOOUT B COCT. TOPMOHA
IHUTOBUOHON KEIESEI-
THPOKCHHA

Monubaen Mo (cnegoesle
KOnNW4ecTea)

Henezo Fe (0,01-0,15%) B cocT.
remornobuHa U MHOrUX
fepmMeHToR

uuk Zn BEXOOUT B COCT.
rOpMOHa MO KENYIOYHOHA
KENESE-HHCYIHHA
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; * XUMUNYECKNE INEMEHTbI 2-U
20 Kanbumi .
Ca 40078 rpynnbl rMaBHOM NoAarpynmnol,
A ’
Kpome bepunnnusa n marHus:
kKanbuun Ca, cTpoHUun Sr, 6apun
Ba n pagun Ra.

452

38 CTpoHUMI

Sl’ 87 .62
552

56 Bapui

Ba 137327
6s?

88 Pagun
Ra (22
752



[lepexoaHble MeTanmbl

I'Iepexo,qule MeTanbl— 311eMeHTbl NOOOYHbIX noarpynrn
nepI/IOLI,I/I‘-IeCKOI/I CUCTEMblI XUMNYECKNX BJTIEMEHTOB.

pynna .
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* BTOpagd rpynna nobovHasa noarpynna (no HOBOW
Knaccudukaummn 12 rpynna (nogrpynna LMHKa) Kpome
KonepHuums) — umHk Zn, kagmum Cd n ptyTtb Hg.

30  Unuk Kagumit 80  Pryme
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Ilerkme metannsi.
MeTannbl 3-5 nepunog rmasHbIX NoArpynn: antoMUHUN
Al, rannum Ga, nigumn In, Tannun Tl, onoso Sn,
cBuHel Pb, Bucmyt Bi (Kkpome cypbMbl Sb 1 repmaHung
Ge) + anemeHTbl 113 YHYHTPUN, 114 YHYHKBaAUN,
115 yHyHNEeHTUn, 116 yHyHrekcun.




ITaHTaH + naHTaHouabl (NaHTaHuAabl) (58-71)

 ceMencTBo 13 14 XMMNYECKNX DN1EMEHTOB
lll rpynnbl 6-ro nepnoga nepunognyeckou
Tabnuubl. CeMencTBoO COCTOUT U3 LiepuUs
Ce, npaseogunma Pr, Heognma Nd,
npomeTna Pm, camapusa Sm, esponuda E 37  Jlantan
ragonuHus Gd, Tepbus Tb, aucnposus | ,q 138,906
Dy, ronemua Ho, apbusa Er, Tynua Tm,
nTTepousa Yb n moteumnsa Lu. JlaHTaH La
4acTO paccMaTpUBaETCs BMECTE C 3TUMI
arnemMeHTamMn Ang yooobcrtea cpaBHEHUS,
XOT4A K nMaHTaHongam OH He OTHOCUTCH

5d16s

97 | 58 | %9 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71

JlaHTaHOMAbI *
La |Ce | ‘Pr | N& | Pm | Sm. | Eu | 'Gd: | Th: | Dy | ‘He:| Er |Tm: | ¥h | Lu



AKTUHUN + akTnHoMAb! (akTuHMAbl) (90-103)

* CEMEWNCTBO, cocTosLee n3 14
PaaNOAKTUBHbLIX XUMUYECKUX dNEMEHTOB 89 AKTHHHH
lll rpynnebl 7-ro nepuoga nepuognyeckomn A 227 028
cucrtemMmbl. CeMencTBo COCTOUT N3 TOPUSA C -'
Th, npotaktnHuna Pa, ypaHa U, HenTyHus
Np, nnytoHua Pu, amepuuna Am, Kropus
Cm, 6epknus Bk, kanndopHus Cf,
anHwWTenHua Es, dppepmuna Fm,
meHaenesus Md, Hobenuna No n
noypeHcua Lr. AKTnuHum Ac 4yacTto ans
yaobcTBa cpaBHEHUSI pacCMaTpMBaETCS 1> 2
BMeCTe C 3TUMU 3fieMeHTaMun, ogHaKko K 6d /s
aKTMHOMAam OH He OTHOCUTCA.

89 90 91 92 93 94 95 96 97 98 99 100 | 101 | 102 | 103

AKTUHOMOb! **
Ac | Thi| Pa | U |Np |Pu | Am |Cm | Bk: | Cf“| Es | Fm | Md | No.| Lr



Penko3emernbHble MeTasnmnbl

* rpynna n3 1/ anemMeHTOB, BKMoYawLwaa naHTaH
La, ckaHgmn Sc, nttpun Y 1 naHtaHouabl.

97 | 58 | %9 (60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71

JlaHTaHOMAbI *
La |[Ce: | ‘Pr | N& | Pm | Sm. | Eu | 'Gd:| Th: | Dy | He:| Er |Tm | ¥h | Lu

57 JlauTan Ckangun 39  MHrrpun

21
I.a 138906 Sc 1495 Y 88906

5d16s? 3d14s? 4d15s2



bnaropoaHble MeTannbl

* METarnmbl, HEe NOABEPXKEHHbIE KOPPO3UU U
OKUCIEHUIO, YTO OTNMMUYAET UX OT OONbLUMHCTBA
MeTannos. Bce oHM 9BNA0TCH Takxke
AparoueHHbIMW MeTarnnamu, onarogaps nx
peakocTn. OcHoBHbIe bnaropoaHbie MeTarnsbl —
3o0noTo Au, cepebpo Ag, a Takxke nnatuHa Pt n
oCTanbHble 5 MeTannoB NIaTUHOBOW rpynnbl —
(pyTeHun Ru, poaun Rh, nannagum Pt, ocmun

OS NDU |/||7| Ir i 9 3onoto 47 Ce'>eﬁ>o- 78 ﬂnam'ua
, MPUA ) A 196,967 Ag I107.I868 Pt 195.08
Ru Rh Pd

Os Ir Pt

4145 1106 1 141%5s" 14115 ¢%s"



[TnaTnHOBbLIE MeTansbl (NNaTMHOMALI)

e NnaTuHa Pt n octanbHble 5 meTannos
nnaTuMHoOBOW rpynnbl — (pyTeHun Ru, poaumn
Rh, nannagun Pt, ocmun Os, npugun Ir).
MHorga, metannbel nnaTMHOBOW rpynnbl
nogpasgendatoT Ha Ase Tpuagbl: pyteHun Ru,
poann Rh n nannagnn Pd — nerkue
nnaTMHOBbIE MeTanNbl, a nnatuHa Pt, npyaun Ir
n ocMut Os— TSXKENbIE Nf1aTUHOBbLIE MeTansbl.

78 [IlnaTtuuHa

Ru Rh Pd HE G
Os Ir Pt

41145 ¢%s"



Mpynna

| Mepuopn

2

17 (VIIA)

9 Orop

F 18,998
2322p5

17 Xnop
Cl 35,452
3323|)5

35 bpom
Br 79,904
3d"%4s%4p°

53 Mon

| | 126,905
4d"55%5p°

85 Acrtar

At (210)

1f"54"6s%6p°

117 YuyHcenTHi

Uus (294)

5f1%6d"°75%7p°

[ anoreHbi

* XMMWUYECKUE BNTIEMEHTbLI MaBHOW
noarpynnel VII rpynnel (no
HoOBOW Knaccudpukauum 17-n
rpynnbl) Nepnoanyeckon
Tabnuubl XMMNYECKUX
anemeHTOoB : ptop F, xnop Cl,
6pom Br, nog |, actat At, 117
aNeMeHT YHYHCENTUN.



Fpynna —
| Mepuon

1

18

2 Fenun

He 40026

152

HeoH

10
Ne 20179
2522p5

18 AproH

A_l’ 39.948
3523p6

36 KpuntoH

Kl’ 83.80
3d104524p5
54 KceHoH

Xe 13129
4d1%5525p5

86 PapoH

Rn @22
4t1454 1065265

118 YHYHOKTHII

Uuo 294
5f1464107527p 0

VIHepTHbIe rasbl

* XMMWUYECKUEe 3MeMEHTbI IMaBHOU
noarpynnel VIl rpynnel ( no HoBoW
Krnaccudpukaunm18-u rpynneol)
nepunoan4veckon Tabnunubl
XUMUYECKUX aN1eMeHTOoB. B rpynny
BXoAAT renun He, HeoH Ne, aproH
Ar, KounToH Kr, KceHoH Xe, pagoH
Rn, 118 anemMeHT YHYHOKTUMN.



[TonymeTannsl (MeTannonabl)

= * XUMNYECKHNE

N O SMNEeMeHTHlI,
A30T Kucnopon paC”OnO)KeHHb|e B
D S nepnogmn4eckoun
ATHOMUHIK Docgop Cepa cricteme Ha rp ann L"e

MeXy MeTallJiaMn "

4| 22 HeMeTannamm :
[annui FepMaHMIZ Ge,
I cypbMa Sb, NonoHnn
5 i | e Po (meTannbl) n bop
. B, KpemMHun Si,
5 Tl P B MbILLbSK AS, TENNyp
Tannmuia ~ CeuHel  BucmyT Te (HeMeTa nn bl).




