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«He mory npeacrasuTtb cebe
XMMMUKA, HE3HAKOMOTrO

C BbICOTaMM NMO33UMU, C
KapTUHaMU KUBONUCH, |

C XopoLuei My3bIKOM.

BpsAa M OH cO3AacT YTo-1M6o
3HauuTenbHoe B cBoeun obnactn»

A.H. Ap6y3os



KpeMHu#



IETAJIIbBI

BOBLLUEHWUE







Cemen UcaakoBu4 BoubdroBuy B
O/IHOM 13 Jadoparopuil MOCKOBCKOIO
yHuBepcuTeTa HAa MoXoBO# MmoJy4ast
3TO BEIIECTBO B JICKTPUYCCKOU MEeYH
MPHU JIEKTPOTEPMHUYECKON BO3IrOHKE
dochopuron. Koraa on mo3agHo
BO3BPAIIAJICA JOMOU 0 TEMHbIM
yaunaM MocCKBbI, ero oaexaa u3Jjay4ajo
roJiy0ooBaToe CBe4eHue, a U3 Mol
0OTHHOK

BbICEKAJUCH UCKPBHI.
‘ Bcekope cpeau skuTesien
MoxoBOM YJUIbI CTAJH

~ nepeaaBarbecs
- “eoou. paACCKA3BI O
Boabpxosuy Cemen «CBergmemcs
HNcaakoBu4 MOHAXE.

(1896 — 1980)




Y bepnapa Kyprya ObL1 JIIOOMMBIN KOT,
KOTOPbI BO BpeMs 00e1a 00bIYHO
cuieJI HA IJIeYe CBOEro X03simHa.
KypTtya yacrto 00exaJ B j1aboparopuu.
OnaHaxabl, BO Bpems 00e1a, KOT 4€ro 1o
HCIMYTaBIIMChH, PBITHYJI HA 1OJI, HO
IOMAaJI HA OYTHIJIKH, CTOABIIHUE OKOJIO
CT0J1a. B 0THOM M3 HMX HAXOAUJIACH
CyCIIeH3MH 30JIbI BOAOPOCJIeil, a B
JAPYIoM KOHIEHTPUPOBAHHAS CepHAasi
KHCJa0Ta. ByThlIKN pa30uinch U ¢ moJja
CTAJIM MOAHMMATLCHA KJIYyObl CHHE-
(p10J1eTOBOIO Mapa, KOTOpPbIe 0CeNAIH
HA OKPY/KAIOIIUX MPeAMeTax B BHE
YepPHO-(PHO0JICTOBBIX | ,

KPHUCTAJJIOB C
METAJJIHYECKUM 0JIeCKOM.
Tak ObLII OTKPBLIT HOBBIU

bepnap Kyprya 3JIEMEHT...
(1777 — 1838)




B 1774 rony miBeACKHH anrekapb
K. llleesie Tak onuchbIBaJI CBOM
OmNbIT: «5 momMecTHJI cMeCh
YepHOl MarHe3uu (OKCHU/I
MapraHua) ¢ MypueBoH
(COJISTHOM) KHCJIOTON B PETOPTY, K
FOPJIBIIIKY KOTOPOM
NPUCOEeTUHUI MY3bIPb,
JIMIIIEHHBbIU BO31YXAa, U MOCTABUJI
ee Ha nmecuanyro 0aHr. I1y3nIipb

HATMOJIHHUJICS Ia30M,
KOTOPbIA UMeJI
7KeJITO-3eJICHbIN
IBET U
MPOH3UTEIbHbIN
3anax».




€TaJJIOB.
TeMaTU3UPOBATh 3HAHUS
IIAXCS O (PU3NYECKUX U
XUMHUYECKIAX CBOMCTBAX
HEMETAJIJIOB, X IOJYUYCHUU

U [IPUMEHECHUM.
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l'ajiorennr }-
Be 4 F ~ 10
2 9,0122 18,9982 20,183
Bepunuii ®dTop Heon
A 13 Cl 17 Ar 18
3 26,9815 35,453 39,948
AnroMUHUA Xnop Apron
Ti23 V24 Cr2 Mp 26 97 Co |28
50,942 51,996 44,956 55,847 58,9332 58,71
4 CxaHgui Banapgui XpoMm MapraHer Keneso Ko6anbT Hukenb
Ga Br Kr 36
26,9815 72,59 79,904 83,80
Tawnuii FepmaHuii Bpom Kpunton
Al Nb 42 Mo 8 Tc B4 Ry 145 16 Pq
92,906 95,94 [99] 101,07 102,905 106,4
5 Hupkonut | Huob6uit Mosubaen | TexHeruu PyTenuii Poaui [Masnnagui
17 Ag 18 Cd Sn 50Sb 51 I 53 Xe 54
107,868 112,40 118,69 121,75 126,9044 131,30
Cepebpo Kagmuit Os10B0 CypbpMa Hon KceHoH
72 Hf 73 74 75 Re 76 Qg 177 78 Pt
178.49 180,948 183.85 186,2 190,2 192,2 195,09
6 ladHuit TaHTan Bosbdpam | Penuit Ocmuit Upupui [lnaTrna
) Au 8 Hg Pb 82Bi 83Po S84At 8 86
196,967 200,59 207,19 208,980 [210] 210 [222]
3os10TO PtyTh CBuHern BucmyT [MosnoHum AcTat Pazon
104 105 106 107 108 109
7 [261] [262] Db [263] Sg [262] h [265] HS [266] Mt
Pesepdbopaul Jy6Huit Cuboprui Bopuit Xaccuu MeHTHepUH
B
orenme | R20 | RO | R2O03 | RO2 | R205 | RO3 | Re0O7 RO:
JIBC RH4 | RH3 | RH¢ RH
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Xapakmepucmuku Kucnopood Cepa
( XuMHue < HH 3HaK (9) S
PasMetjeHHe 316K TP OHOB .40 2e, 6e .16 S 2e, 8e, Ge
10 SHEPreTHUCKHM
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- HOpMa/IbHOM COCTOSHHH
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O6wWwan xapakTepucTUKa noarpynnbl azota

nepuon rpynna Onpepenute nonoxeHue anemeHTos B [1CX3.
[lepeyncnutre XMMnU4Yeckme anemMeHThl Nogrpynnbl
VA rpynna asora 1 ganTte UM KpaTKylo XapakTepucTuKy:
BbINULUUTE UX CUMBOMbI N HA3BaHWS.
N 7 OBDbACHUTE XapaKTep UsMeHeHU [(yBenndeHune),

2 230T 14,0067 (ycuneHue)] unu [(ymeHblUeHne), (ocnadneHue)]
B MOArpynne asora ¢ poCTOM MopAfKoBOro HoMmepa:

P 15 | 1. sapapaagpa (Z), yBenuinBaeTcsa
3 30,9738

CbOC(bOp 2. KONMUYEeCTBa 3/71eKMPOHO8 Ha BHELLHEM CIIOE€;

HE UBMEHAETCA

AS 33 | 3 paguyc atoma, Hu; yBENU4YUBaAETCA
4 149210 0,070 0,110 0,121 0,138 0,146

MbILLUBAK N — P —As — Sh —Bi

4. NPOYHOCTb CBA3N BaNEHTHbIX 3MNEeKTPOHOB
S b C AAPOM;  YMeHblUaeTcs

cypbma B, 3n3e%poo1?’R?\ﬂaTeﬁg-%CTb i:éé) %g\%gubu?%ce)%c;l

6 BI 6. HeMeTannu4eckune CBONCTBa; OCnabdbnArTcA

208, 980
BUCMYT

7. OKUCINUTENBHbIE CBOUCTBA, OCNabnAarkTCcH .




I. Xapakmepucmuka XuMmu4yecKkux 3/1IeMeHmos
IV epynnsi 21aB8HOU hod2pynnbl:

XHUMHY. NOPsj. CTpOeHHe YCHIL. BOIOPO/. KHCUIOTHI
/IeMeHT HOMep aroma paauyc Meu oKcuabl coeguHe- H,9a0,
aroma ocaab. HUS
HeMe CB.
C 6 ) ) 0,062 +4 -4 +1 +4
2 4 CO, CH, H,CO,
Si 340 ) 0,107 +4 -4 +1 +4
2 84 S10, SiH, H,S10,
Ge 32 Yies)a)ici) 0,109 H,GeO,
2 818 4 GeO, GeH, repmanmne
-Bas
Sn 50 JUY o) 8) ) 0,124 H,SnO,
2 818 184 Sn0O, SnH;, onossin-
Has
Pb 821 )iye Yy ey ) |01 At H,PbO,
2 8 18 3218 4 v PbO, PbH, CBHHILO-

Bas




(. InemeHmel IV epynnei [CX3
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Cumeon
nemenma/ Yenepoo Kpemnuii I'epmariuii
Xapaxmepucmuk (& Si Ge
a
ITopadxoeguii
"3‘""’” 3apRd 6 14 32 50 82
ACRG TN +6 +14 +32 +50 +82
Sty 6e 14e 32e 50e 82¢
INeKMPOHO8 6
amome
Cmpoenue
nocnedmnezo 252 2p? 3s23p? 4s 2 4p? 5s25p? 652 6p?
IHEPeOYPOBHA
Cmenenu -4, 0, -4, 0, 10 4 -4, 0, -4, 0,
OKUCTIeHUSA +2, +4 +2, +4 e +2, +4 +2, +4
Coedunenus c g
co, Sio, GeO, Sn0, PbO,

KUCTIOpOOOM
Coctigerunc CH, SiH, GeH, SnH, PbH,

6000p00OM



DOJIBIIOC KOJINYCCTBO
9JICKTPOHOB HAa BHCIIHCM

IEKTPOOTPHUIIATEIILHOCTD

EMETAIINYECKHUE
BEIECTBA U COCTUHECHUS
HEMETAJJIOB UMEIOT
KOBAJICHTHYIO IIPUPOTY
CTPOCHMUSA

ATOMaM HEMETALJIOB
CBOMCTBEHHBI HEOOJIBIIIHE
paauyCchl aTOMOB

Y HEKOTOPBIX HEMETAIJIOB
HaOJIFoAaeTCs IPOSBICHUE
aJIIOTPOIINU

Hemetaniasl nmeroT nBa
TUIA KPUCTATUIMYECKUX
PEILIETOK: MOJIEKYJIAPHBIE
1 aTOMHBIC
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PacyeTHas 3agayda

pacTBopa IMoTpeOyeTCs A MAacCCOBOH J10JIEH KapOOHaTa
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OataHca. YKaXHUTeE
OKUCJIUTENb U

pacctaBbTe KO3()PUIIMEHTHI
METO/IOM BJIEKTPOHHOTO

C HCIIPUATHBIM 3aIIaXOM.

ﬁH&HI/IIHI/ITG YpaBHEHUE
pEaKI[uu U PACCTABBLTE

BOCCTaHOBHUTEb. T—T ™7 Kod(QQHLUEHTH METOIOM

INCKTPOHHOTO OajlaHca.
' g.Te OKUCIIUTEIIb U
AHOBUTEIIb.




[Tonyyerue

docdop Npou3BoasT B
NEKTPUYECKMX neyax,

BOCCTaHaBN1Bas anatuT yrnem B
MPUCYTCTBMN KpEMHE3eMa:

Cas(P04)2+3S5i0245C=3
CaSi0s+5C0O+P2

[apbl hocchopa npu 310

Temnepatype Moyt NoHOCTbIO
COCTOAT 13 Monekyn Pz, koTopble
NPy OXNax AeHnu

dur, ) Uews 22 goSubauin $ocops.

Meub ana fobbiBanua ocdopa

oo

Puc. 104. Ilonyuenue

KOHAEHCUpYOTCS B MONeKy bl Pa

XJiopa J1abopaTopHbIM
cnocobom




Pacno3HaBaHue

XJIOpHU]I JKeJe3a _
~, B Kako¥ MpoOupke

Cynbdar HaTpus
AXOJIUTCS KXI0€ U3
Tl

~—-
CocTaBUTh YPaBHECHHUS erecTB. Hammmure

COOTBETCTBYIOLUX | | ypaBHEHH

pPCaKIHM B MOJICKYJIAPHOM, ( eTCTBYIOIUX
! \ / gL \

—
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MOHHOM BHAX. O OB e,




OnpeaesieHue rajjoreHua-UOHOB

[o6aBuM HUTpaT cepebpa.

-

YpaBHeHIA pearIuil:

AgNO; +MeCl —> Ag(Cl ‘+ MeNO,
AgNO;+MeBr —> AgBr b +MeN O,

AgNO,+Mel —> Agl} + MeNO;

1 Il HII 1OV scNo,+MeF — AgF + MeNO,

pacTBOpIM

" AgCl-6enbIn ocagok )
AgBr-cBeTno-xentbin

| Agl-xenTbin

AgCl AgBr Agl AgF | AoF bacteopum




Wi KayecTBeHHaa peakuun
KayecTBeHHasa peakuus
Ha CO;= kap6oHaT -

MOH "BCKkunaHue" npu neuUCTBUM
CUJILHOU KUCINOTHI:

Na,CO, + 2HCI =
2NacCl + H,0 + CO,1*

NMopTBepauTe, 4HTO MeJs - CoNb
YyrosibHOM KMUCJ/OThl.



KauecTBeHHanA peakuua Ha
cynbMar-noH

H,S0,+BaCl, = BaSO, , + 2HCI
Ba?*+ SO,> = BaSO, |




SRR,
UL,
SRR,
UL,
YRR
AR,
SRR,
U AR
PR
VAR

\\\\\\\\\\\\\

AN N

CRRARRRRZRR
YRR AR R,
R Ry
PR AR,
AR
VR R AR
SRR
(R
VR,
VR AR,
PR AR,
VAR R,
PR AR,
SRR,
VRARRRRRARRRRR,
AR AR R
YRR AR,
PR,
VAR,
PR,
VAR RRARRRAR,
PR AR,
R
AR AR AR
YRR,
PR,
PR,
VAR,
VAR,
VAR AR,
YRR,

AEAE AN LA LA NN
SNVATRANIRANMAANALY

-

2

z

z

2

VR
TR

AR,

/

/

”
ARy
R R,

;//!IIIIIIIIIIIIIII:
.

R AR
AR
R
AARRRAARARAAAAAA

YIXIIIITS

3
7.

7,

7

AR

ANNNNNY
ANNNNNNY

AN SRR

A A A L
AEAAIAL I LI NN LA NN AN AN

AN ARALANL LN LN LN N

R T T T T A Y -

NN

AANANNNNNNN N NN

RS \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ o
R T N

N ANNNNNN N

A

N
NN

N

S

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
NNNNN T T T T T T T T T T Y

AAAATAL ALY

ANNNANNNNNNNNNN

R

N
S
N NI R
A AN AN
AR ENLAN AN AN NN NN NN
R S
N R AN AN

B I e A A S
S

ez

AT
AR
R R R R R R R R R A R R R R R R R AR

SRR I Y
7!
7
7!
7
7!
7
7!

”
7
”
7
”
7
”
7
”
7

SN
NANNN
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
N AN

ANNNNNNN
N ATANINLENLNNLNNNNN NN AN NN NN NNNNNNNN
N ARALANLNNNNN AN ~ R o AANANNNNNNNNN
3 N t BINNN
SAIATRIIIANR LA LA LITATLLIAANNLNY N
AR ~
AN N AR LA TR AT TR LA TR TR LA TR LA AL LR A LA NN

~

N

~ ~

AN N N
ANNANNN N 3 \\\\\\ A L L r S

N ~

N

~

N

~

N

~

N

~

N

~

N

~

R R R R R R R R R R R R R R R R R R R R R R

<
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

A LA S
Y
A A LA ST LT a e

.
A
A

.
77!
.
77!
7!
7

R R R R R

~
~
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N

N
L A L A L AR T AR T AR T AR I AR LA LIAATNLITATLLIIATLLIINTNINN
N N N N N N N N NN

N
~
N
~
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~

W R
W R R R R R R R R
A AR AR AR AR AR AAA A APAAAAPA

N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~
N
~

W R R R R R R AR



Ilycte 311 nipeBpaleHus

JlanyT BaM ypaBHEHUA.

Kpacusbiii pocdop s cxuraro,

K apIMKy BOAy NpPUIIUBALO.
[IpoBepsito TakMyCcoM,

Craner cpa3y KpacHbIM OH!
Jlo6aBuM HaATpUs THAPOKCHU]T -
[[BeT (hMOJIETOBBIN B KOJIOE BO3HHUK,
[Torom nony4aro pocdar cepedpa,
LIBeTOoM - TMMOHHAsA KOXKYypa.
PacTBOpsr0 0Caq0OK XKEITHIN
JloOaBineHHEM KHCJIOTHI a30THOM.
W Ha nmocke npeBpallieHus 3TU

BrI 3anuimnre, yMHbIE 1ETH!



1,PO, + 3AgNO,=> Ag.PO,| + 3 Na NO,
5) Ag-PO, + 3HNO,=> H.PO, + 3AgNO,



ANNnoTponHbie

AnmMas dynnepeH [padwur Kap6buH

OrpaHeHHbIU asiMas —
6punnuaHT



AJIJIOTPOIIHA

Yrnepop obpasyer annorponHbie
MoaucpUKaLLMK : anmas, .
rpacput,cpynnepen. MpuymnHa storo

ABNEHNS COCTOUT B Pa3sHOM CTPOEHNH

KpUCTannnyecknx peLleTox . ke
l &
1) anma3 uMeer obrLeMHyio : A
TeTpadapnyecKylo aToMHYIo 7 'c-.? 5 [
] -l ! R 3
peLleTKy; VRt S
3 A%

2) rpaduT - NNOCKOCTHYIO aTOMHYlo & | |
KPUCTaNIMYECKYIO peLleTKy,

3) cynnepeH - chepnyeckyio.

Qynnepen




ATNOTPONNA VIJ1Iepoaa
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Uro ObL/IO TPY/HO YT10 HOBOI' O Y3HaA/I YTo BBI3BA/10 HHTEpec
3allOMHHUTH Ha YpoKe Ha ypoke Ha ypoke
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