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IIupoko pacnpocTHpaeT XMMMSA PYKH CBOH B fiefia
yenoseyeckue. Kyna am nocmorpum, Kyna HU
OrJNfiHEeMCS, — BCIOAY GpOcCAOTCA Iepex oYaMu
HAIIMMM YCIIeXH ee MPUIoKeHN .

M. B./JIOMOHOCOB, 1749 2.

OT ABTOPA

B nocobuu CHCTEMHO H B JOCTYIIHOM (popMe B BHie PUCYHKOB,
cxeM, Tabiani, GopMyJ U ypaBHEHUH XMMHYECKHX peaKIuii n3-
JIOMKEHBI CBeJIeHHA 110 Kypcy ob1ieil 1 HeOpraHHYeCcKOH XMMUH.
HMmenHo 61aroaaps Taxoii GopMe u3oxeHusa, Haubosee yno6-

‘HOH, MO MHEHMIO aBTOpa, AJA CHCTeMATH3aIHH MOJYYEeHHBIX
3HaHUH U 3aKpeIlJIeHUsi U3YYEeHHOro MaTepuaJa, HacTosmiee Io-
co0ue BRJIIOUaeT 00JIb1I0MH 00BeM TEOPETHYECKOr0 U CIIPABOYHOIO
MAaTepHaJja, KOTOPHIM YCIElTHO OBJIaZeBAl0T yyaluecs.

B nocoGuu npeicTaBiieHkI pa3Aesibl: OCHOBHbIE IOHATHA B XH-
MHH, aTOMHO-MOJIEK YIS PHOE YYeHHne U OCHOBHBIE 3aKOHbI XUMHUH,
KJacchl HEOPraHUYeCKHX COeAMHEeHHUil, mepHoJUUYeCKH 3aKOoH
¥ nepuoandeckasa cucrema [{. . MenaeneeBa, cTpoeHHe aToMa
M XMMHYeCKaf CBA3b, XHMHYECKHE PeaKIIH H 3aKOHOMEePHOCTH X
MPOTEeKaHMU s, PAaCTBOPHI U TEOPH A JIEKTPOJUTHYECKOM AUcCoIa-
1{H, OKHCJIUTEIBHO-BOCCTAHOBHUTEJILHEIE PEaKIIUH, 3JIeK TPOJIU3,
ofmue CBOMCTBA METAJIJIOB, METAJLILI IVIABHLIX U MOOGOYHBIX HOJ-
rpy1n, oIme cBoiicTBa HeMeTaJIoB ¥ HeMeTaJLanl VIII-TV rpynn
nepuoaudeckoii cuctemsul I[. . Menzaesneena.

B nocoGue BKJII0OUeH TaK ke pa3jes « XMMUA U 9KoJIoru4ecKue
Npo6JIeMEI COBPEMEHHOCTH». DTO BHIZBAHO TEM, UTO B HACTOSA-
lee BpeMsi B MUpe 0CO0eHHO OCTPO BCTasa npobsieMa 3aliUThH
OKPpY2Kalolneii cpeAbl OT XMMHYECKOr0 U APYrux BHJOB 3arpAs-
HeHuii. Y yuamuiicA, u3yvyaoniuid XUMHIO, AOJIKEH yiKe HA



aToM sTamne o6yyeHUA He TOJILKO IN1yGOKO OCO3HATL, KAK BIUAET
JAeATeJLHOCTh YeJIOBEKa Ha COCTOSTHUE OKDY KAIolIel ero cpeanl,
HO M B CBoeli eATeJIbHOCTH B KadyecTBe OyAyLIero crenuaiucTa
MHXXEeHEePHBIX, MEeAMKO-GHOJOrMYEeCKUX U APYTrHX CIELHAJb-
HOCTEH NMONBITATHLCA OTPAHHYMTL OTPHUIATEIEHOE BO3JEHCTBHE
YeJIOBeKa Ha IMPHPOAY.

IToco6ue MosxeT GRITE peKOMEHAOBAHO AJISA ILIIMPOKOro Kpyra
YyuTaTesei: yyaumxcsa CpeAHUX LIKOJ ¢ yrJay6JeHHBIM H3yuye-
HUEeM XUMHHM U GUOJIOrHH, aGUTYPHUEHTOB, CTYA€HTOB CPEAHHUX
cIelHaJLHEIX y4eGHHIX 3aBeJleHUH XMMUYECKOro M MeJHKO-
61onornyeckoro npoduiei, a Takike CTyAe HTOB HEXUMHUYECKHMX
BY30B M €CTECTBEHHEIX (aKyJIbTETOB YHUBEPCHTETOB.

Oco0rr1ii MFHTEpEC OHO IIPEeICTaBJIAET AJA HHOCTPAHHKIX CTYAEH-
TOB, 06yyarONIUXCest B POCCUHCKMX By3aX U Ha MOATOTOBUTENLHEIX
¢daryiabTeTax.

MaTtepuan HacTosiiero mocobus GLIJ YCHIelIHO HCIOJb30BaH
aBTOpPOM IpH 00yYeHUH WHOCTPAHHLIX CTYAE€HTOB HH2KE€HEepHOro
M MeJNKO0-0HoJ0ornyecKoro npohuis Ha s3Tane NpeJBy30BCKOit
MoAroToBKM B MHCTUTYTEe MeXAYHAPOAHBIX 00pasoBaTeIbHBIX
nporpaMMm (Cankr-IlerepOyprckuit rocyfapcTBeHHHH MOJH-
TeXHHYEeCKUIl YHUBEPCHUTET).

AsBTop 6yaeT BecbMa IIpU3HATEeJIeH BCEM, KTO B TOM MM HHOMK
tdopMe CBOMMH KPUTHYECKHMH 3aMeYaHMAMM M COBETAMH IIO-
MOJKeT BHECTH COOTBETCTBYIOIHE KOPPEKTHBLI B IOCJEAYIOIIHE
U3JaHMSA HACTOALEro mocobus.



1. OCHOBHBIE IIOHATHA
H 3AKOHBI XMMHH

1.1. MPEAMET XHMHH

XuMHua — Hayka, M3ydaioliasg coCTaB, CTPOEHHEe, CBOM-
CTBA U IpeBpallleHHe BeIeCTB H CIIOCOOn! YIIpaBJIeHNA 3THM
TIpeBpamieHHEeM.

Camasa Ba)KHasd 3ajlada XMMHH — [OJIyyeHHe BeliecTB
¥ MAaTEpPHAJIOB C ONIpeie/IEHHLIMH, Hallepe 3aJaHHBIMH CBOii-
CTBaMH.

1.2, BEECTBO M EI'0 CBONCTBA

Bewecmeo — arto ¢popMa MaTepuH, COCTOALIAA U3 4a-
cTun, obiagaonux Maccoii nokos. Kaskaoe BeljecTBo uMeeT
onpeaeieHHbI# coctaB. OHO COCTOMT M3 MOJIEKYJ, aTOMOB
HMJIA MOHOB.

Moaexyna — aTo HauMeHBIIAA YACTHUIIA BelllecTBa, KO-
TOpas COXpPaHAET XMMHYEeCKHe CBOMCTBa AaHHOIO BelllecTBa.

Amom — HauMeHbINasi XUMHUYECKH HeJeIuMas YacTHIia.

Hou — aToM uiu rpymnmna aToMoB, KOTOPbIE HMEIOT 3JIeK-
TpUUYeCKHUH 3apaA,

Bce BelrecTBa XapaKkTepU3YIOTCA OIpeZieJIeHHBIMM CBOH-
CTBaMH.

Ceoiicmeo — 3To KadyeCTBEHHAA M KOJWYeCTBEHHAS Xa-
PAKTEPUCTHKH BelECTBa, PU3UIECKOTO Tea UM SABJIeHHS.
BoT TONMBKO HEKOTOPBHIE CBOMCTBA, NMPHUCYIIHe BellecTBAM:
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1,3, XMMMYECKMH 3IEMEHT

Xumuueckuit anemenm — 3TO OZUHAKOBBIH BUJ aATOMOB,
XapaKTepPHU3YIOUINiicA ONPeAeI€eHHBIM 3apAA0OM A4pa U [IpH-
CYIIIM TOJIBKO €My CTPOEHHEM 3JIEKTPOHHEIX 000JI0YeK.

B HacTrosamee BpeMsi n3BecTHO 110 XUMHUYeCKUX 3JIeMeH-
ToB: 89 cyimecTsyeT B NIPHPOAE, OCTAJBHEIE IOJYYEHEI HC-
KyccTBeHHO., KaXARIH XMMHUYECKHNH 2JIeMEeHT UMeeT CMBOJI
u HagBaHue. CHMBOJI 3jieMeHTa 00o3HAUAeTCA ONHOHN MU
AByMA OYKBaMH ero JIATHHCKOro HasBaHusa. B Ta6u. 1 gaHbl
CHUMBOJIbI 1 HA3BAHUSA HEKOTOPBIX 3JIEMEHTOB.

Tab6aruya 1
CHMEONLI H HA3BAHHA HEKOTOPHIX 3/IEMEHTOB
Cumeon Kax wumamo Jlamuncxoe nasea- | Pyccroe nazeanue
nemema cumeon Hlite 3nemenma aemerma
H Am Hydrogenium Bonopéxn
0 0 Oxygenium Knucnopén
S 3¢ Sulfur Cépa
C [1E) Carboneum Vrnepén
Si Crmimym Silicium Kpémemrit
Cu Kynpym Cuprum Menr
Fe Déppym Ferrum Henéao
Ag Apréurym Argentum Cepebpd

B 1869 rony pycckmii yuenslii [I. 1. Mengeneen chopmy-
JUPOBAJ NMEPpHUOJNYECKHl 3aKOH M CO34aJl NEePHOAUYECKYIO
CHCTEMY XMMHUYECKUX IJIEMEHTOB, B KOTOpPOil KaKAbIil 3jie-
MEHT 3aHHMaeT CTPOTO OmpejieJieHHOe MeCTO, MMeeT CBOi
NIOPSAKOBBINI HOMep, CHMMBOJI, HA3BAHME, ATOMHYI0 Maccy,
XapaKTepH3yeTcss HOMepOM repuoAa u Homepom rpynnsi. Ha-
npumep, dhocdop nmeer nopsaAKOBLIi HoMep 15, HaxoauTCAa
B TPEThEM NepHuoje, B NATOH rpynne (rJiaBHOH NOArpymIe)
nepuoaudeckoi cucremsl [l. . Menzgeneena:

V———» Homep rpynnu
MopAaxoebiit Homep  <«——1—1 5P_—> Cumson
Homep nepnona  <4—3 30,9741—» Aromuan macca
(l)OC(l)Op T ™ Haasanue




ONeMeHTHI AeNAT Ha JBe rpynnsl: MeTayuis (>80% ) u He-
MeTasnkt (Tabn. 2 u 3).

Tabaruya 2
CHMBO/LI M HAZBAHMSA HEKOTOPLIX HEMETAIIOB »

58 58

® ¥ | Kak wumame | Pycckoe nazea- | © 5 | Kax wumams | Pyccxoe nasea-
§ x cumeon HUe InemMenma § x cumaon HUe dneMenma
&) H &) H
H Am Boaopén Br | Bpom Bpom
0 0 Kucnopén 1 Hon Hon
C N E) Vraepdn Se | Cenenu Cenen
N OH Asér B Bop Bop
P Il Déedop As | Apcennxkym | Mummsix
F Orop Drop Sb | Ctubuym Cypema
Cl | Xnop Xnop Si | Conuumym | Kpémunit

Tab6ruya 3
CHMBO/ILI H HA3BAHMA HEKOTOPLIX METAJIJI0B

58 58

23 Kax Pycckoe naasa- | @ & | Kax wumamp | Pycckoe nasea-
é § yumams CUM80Nl| Hue nemenma é § cuMmea Hue dnremenma

o

Li | JIdruit Jlvruit Cr | Xpom Xpom

Na | Harpu# Harpuit Ni | Hi¥kens Hukens

K Kasmin Kaun Co | Kébamsr KébamnT

Rb | PyGsigmis Py6uimui Mn | Mipranen, Mipranern,
Cs | Héaun Iéawmix Fe | ®éppym HKenéao

Ca | Kimpumit Kaypumit Cu | Kyopym Mens

Sr | Crpbuuuit Crpéumpit Ag | ApréaTym Cepebpd

Ba | Bipuit Bapmit Hg | Twapaprapym | Pryms

Mg | Méruuit Maruwmi Au | Aypym 3ém0T0

Zn | Hunax Iunx Pb | Muémbym Ceunén

Al | Amomiumit | Amomannit | Sn | Criuaym OoB0




1.4. XHMHYECKAA $OPMVJIA BEMECTBA

Xumuuecrkas dpopmyna — 3r0 M3o6paKeHne cocTaBa Be-
mecTBa IPH MOMOIIM CHMBOJIOB 3JIEMEHTOB H YHCJOBBIX
nHgexcoB. Hanpumep,

CO; H,CO,
\ - J/ -
hd Y
Xumuueckan hopMyna yrnexucnoro XumMuueckan OpPMyna yronbHon
rasa KUCNOTH!

Pr CUumMBONLI ](
1 ~

C02 H2C03

T [ YUCAOBLIE UHAEKCH! j:_l—i—l-r

Xumudeckas ¢hopMyJia MOKA3bIBAET, ATOMbI KaKHX 3Jie-
MEHTOB M B KAKMX OTHOCHTEJIbHEIX KOJIHYECTBAX COCTABJIAIOT
JaHHOE BeIecCTBO.

IIpumepn! uTennsa dopmy.r:

Al, O, —QJIFOMHHHI-Ba-0-TPH,

Cu(OH), ~KYNPyM-O-all-gBaM kI,

H;PO, —al-TpH-I9-0-4YeThIpPE,

Fe,(S0,); —¢eppyM-ABa-3c-0-4eThIpe-TPHUIKADI,
PbCO, ~mwIroMOyM-n9-0-TPH,

Co(OH), —KO0BaJIbT-0-alll-TPHK B,

Hg(NO;), —THApaprupyM-sH-0-TPHU-IBaAXKIbI.
NiCl, ~HHKeJb-XJIOp-ABa

AI(NO;),; ~ 8JIFOMMHHii-9H-0-TPH-TPHK AbI
Na3AsO, ~HaTPHI-TPU-aPCEHUKYM-0-4YeThipe
CaH,P,0, ~KaJbI[Hii-aIll-ABa-II3-1Ba-0-CEMb
Ca(Cl0,), —KaJIbIUH-XJIOP-0-4YeThIpe-IBaKAbI
Zny(PO,), ~IMHK-TPH-II3-0-YeThIpe-ABaAbl



1.5. NPOCTBIE H CJIOXKHBIE BEIECTRA

Harasanoe npeacraBjieHHe AaeT cleyIoUiad cxema:

BewectBa CnoxHote

MpocTbie

o XUMU4ECKOro INeMeHTa HBIX XUMUYECKUX INeMeHToB
—/

F,.Cl,.Br,1,,0,,0,,8,N,,P,C, Fe] [’HZO. Fe,0,, NaOH, HNO,, CuSO, AgNO,

r ~
COoCTOST U3 aTOMOB 0QHO- J [COCTORT U3 aTtoMoB paanuy-

Cno)XHble BellleCTBa HA3BLIBAIOTCA TAKIKE XUMUYECKUMU
coeduHeHuaMU.

CyliecTBYIOT coeJUHEHM A NOCTOAHHOIO COCTaBa (AaJIbTO-
HUABI) ¥ IepeMeHHOTr0 cocTaBa (6epTONIHALI).

CocTaB JaJIBTOHUAOB BBIpaj<aeTcAd GpMyJIaMH C HeJIbHO-
YHCJIEHHBIMH CTeXHoMeTpuuecKumu uuaexcamu (H,0, HCI,
CH, u 1p.), a coctaB 6epronnunos usmernsaercs (TiO, +~TiO, ;;
ZrNg9; ZrNogen 1p.).

1.6. AJINOTPONTHA

Annomponus — 3T0 CIOCOGHOCTh XMMHUYECKHX DJIEMEHTOB
CYILIIeCTBOBATh B BHJ€ HECKOJbLKUX IIPOCThIX BELIECTB.

Kak BuAHO M3 NMPUBEJAEHHOIl CXeMbl, ¥ KHCJOPOAa ABa
aJIJIOTPONNYEeCKHUX BUAOH3MeHEeHUs (MoANDUKAIIMK) — KHC-
aopozx (0,) n osou (0,), y yraeposa — anmas, rpadut, Kapoua
u dpyanepensi: Cqy, Crg, v docdhopa Tpu Mogudurkamumn — 6e-
JIBIi, KpacHBIi M YyepHbIil docdop.

[ Kap6uH ] [mynnepeubl: Ce Cm}
S
[ ) [ ]
v v v
m m [Anmaa] [I'pacbm} [Benbuﬂ @pacnbua [Hepubniﬂ




1.7. CTENIEHDb OKHCJIERHA JJIEMEHTA

Cmenenb oxucaerus (CT. OK.) — YCJOBHHIH 3apaAj aToMa

B COe{MHEHHH.

CTeneHb OKHCJIEHHUSA MOMKET MMETh IIOJIOMHTEJbHOE, OT-
punaTeJbHOEe HJIH HYJIeBO€ 3HAYEHHEe.

CreneHb OKNCIEHUSA ATOMOB B NPOCTHIX BeIOEeCTBAX DABHA HYJIO:
0

0 0 O

0 0 O

0 0 O

0, N,, H, Cl,, F;, Br,, I, O;, Cu, Fe, S, P,As

CreneHb OKHMCJIEHHA ATOMA B CJIOXKHOM BelLIleCTBE MOMKeT

OHITE MOCTOSAHHOI U NepeMeHHoi# (Tabia. 4 u 5).

Tabruya 4
IMocToAHEAA CTENeHL OKHACIeHHSA
OSITC;’;G;"H:}! Memannw: (+) osz‘;"ei‘";ﬂ Hememannbv: (+) u (<)
+1 Li, Na, K, Rb, Cs, Ag
+2 Be, Mg, Ca, Sr, Ba, Zn | -1 F
+3 Al -1,-2,+2 | O*
* HanGonee xapakTepHAda cTeneHs OKNCIEHUA —2.
Tabaruya 5
ITepemenBas cTemeHb OKHCACHHA
Cmenens oxucnenun| Memannse (+) Cmenenb okucnrenus He(»:;zr;:a(.f)nw
-1, +1 H
+1, +2 Cu, Hg .
. -4, +2, +4 C, Si
+2, +3 Fe, Co, Ni
-3, +3, +5 N, P, As
-1, +1, +3, +5, +7 Cl, Br, 1
+2,+3, +6 Cr, Mo
-2, +4, +6 S, Se, Te

ATOMBI METAJIJIOB B COeTHHE-
HHAX HMEIOT TIOJIOKATENBHYIO |
CcTeneHb OKUC/IeHNA '

ATOMEI HEMETAJLJIOB B coequHe-
HUAX MOI'YyT AMETH II0JI0¥HTE b~
HYI0 ¥ OTPHLIATENBHYIO CTENIEHN

OKHCJIEHHA

10



1.8. ONPENENEHHE CTENEHK OKMCJIEHHA ATOMA
B MOJIEKVIIE IO $OPMYVIIE BENIECTBA

Moanekyaa éeujecmea — 31€KTPOHEHTPAJIbHAA YACTHIA.
9To o3HavaeT, UYTO anredpanyecKad CyMMa CTEMeHeil OKuC-
JIEHUS BCeX ATOMOB, BXOAAINHMX B COCTAB COeINHEHNA, paBHA
Hyn10. Ucxoas u3 3Toro npaBuia, CTeleHb OKUCIeHUA aTOMa
B COeJMHEHHWH MOJYKHO HaiiTH 1o ¢GopmyJie BEIIECTBA.

Hanpumep, 0603HaYNB CTEMEHb OKUCJIEHHA CEPhI B COETH-

x -2

wenuax H}'S0;% u H;' §O4 Yepes X U Y, MOXHO COCTABUTh
YPaBHEHHA IS CYMMBEI cTelieHeH# okucaenusa: 2 - (+1) + x +
+3-(-2)=0(@EmaH,S0;)u2 - (+1)+y +4-(-2) =0 (ana
H,S0,).

PemuB sTn ypaBHeHuUs, noayunm x = +4 n y = +6 — aro
O3HAYAaeT, UTO CTelleHb OKUCJIeHndA aToMa S paBHa +4 B H,SO;,
un +6 B H,S0,.

1.9. ATOMHO-MONEKYJIAPHOE YIEHHE

OcCHOBHEIE IOJIOYKEHHA YUeHHA 00 aToMax M MoOJIeKYJIax
paspaboran pyccknii yuenntii M. B. JlomoHoCOB.

1. Bce BelecTBa COCTOAT U3 MOJIEKYJI, ATOMOB HJIH MOHOB.

2. ATOMBI U MOJIEKYJIBI HAXOAATCH B HEIPEPLIBHOM LBH-
JKeHHH, MX CKOPOCTh BO3PaCTAeT C YBeJIMUYeHHEM TeMIlepa-
TYPHL.

3. ATOMEI ¥ MOJIEKYJILI MMEIOT MACCy H pasMephl.

4, Mexxay MoJieKyJlaMH B BelIeCTBe CYIIeCTBYIOT CHJIBI
B3aMMHOTO NPUTAXKEHHUA ¥ OTTAJKNBAHHUA.

5. IIpocThie BelllecTBa COCTOAT M3 OAMHAKOBEIX ATOMOB,
a CJIOYKHBIE BelleCTBA — U3 PAa3HBIX aTOMOB.

ATOMHAA EOUWHULA MACCHDHI (a. e. m.)
paBHa '/,, 4HacTU Macchbl aTOMa yrnepoga

1,99268-10 26 kr

12
rae m(C)=1,99268 - 1072 xr — abcomoTHadA Macca aToMa
yrJjepoaa (152 C.

=1,6606-10"%"kr,

la.e.m.='/;,m(C)=

11



1.10. OTHOCKTEJIPHAR ATOMHAA MACCA

> Ob6o3Hauaercs A,

) ™ (" MokasbiBaer, BO CKONLKO pa3 )
OTHOCHTENLHAA aTOMHAA Macca — Macca aToMa AaHHOrO ANeMeHTa
OTHOWEeHWe MacChi aToMa 3NeMeHTa 3| Gonbwe 1/12 48CTH Maccs atoma
K aTOMHON eavHuLie MaceChl yrnepoaa “C, unn onHod
_J \_aTOMHOM eQnHWULI MacChl  /

' - ™
Ly EavHnys namepeHun.

Geapaamepuaﬂ BenNUUUHa
e

IIpumep: A (Fe)=56. 3To 3HAYUT, YTO MACCA ATOMA XKe-
ae3a B 56 pas 6oabmie !/, yacTH Macchl aToMa yriepoga 2C.

m, (3)

AQ@)y=r—"——
.r( ) l/lzma(C)

m,(3) — mMacca aToma gaHHOro 3jiemeHTa; m,(C) — Mmacca
aToMa yrjepoja.

ITo aToit dopMyse Jerko OonpefeaUTh OTHOCUTEIBHYIO
aTOMHYI0 Maccy Jjwoboro ainementa. Hanpumep, ecau abco-
JIIOTHASA Macca Kucjopoaa pasHa ~2,66 - 1072 kr, To ero

A m,(0) 2,66-10 2%kr
r(0)= 1 = 1 26
/12ma(C) /121,99310 Kr

=16.

Ona gropa
3,15481.10 ®kr _ 19.

A (F)= =
- (F) 1,66057-10 2" kr




1.11. OTHOCHTEIDHAA MOJIEKYJIAPHASA MACCA

— O6o3Havaetca M,

S

(" oKa3biBaet, B0 CKONLKO pa3
MAacca MONEKYnbl BewecTsa
P! Gonbiue 1/12 yactu Maccs atoma
yrmepona “C, unv ogHow
\___aTOMHOW eanHnubl Maccel  /

OTHOCHTeNnbHan MONBKYNAPHAR
macca — oTHoweHue abCoNTHOM Macch!
0AHON MONEeKYNbY BELLECTBA K aTOMHOMN J

eauHKue MaccCol

EavHuub naMepeHns:

GeapaaMepHaﬂ BenuyMHa
-/

Ipumeps::
m(H,0) 29,9738-10"*"r
la.e.Mm. 1,6606-10 *"xr

910 3HauuT, 4T0 Macca Mmonekyanl H,0 B 18 pa3s Gosabie
1/, 92CTH MacCHl ATOMa yriaepoia (MK OfHOM aTOMHOIL exu-
HHUIEI MACChI).

M, (H,0)= =18.

M, =Y A, (9)

M, (H;PO,) = 34,(H) + A4,(P) + 44,(0) =
=3-1+31+4-16=3+31+64=98.

m(X)
MX)y=—
A0 1/,m, (C)

m(X) — Macca MOJIeKYJEI JAaHHOI'O BelllecTBa;

m,(C) — mMacca aToMa yrjiepoaa;

M, (X) — oTHocHTeabHAs MOJIEKYJAApPHAS Macca JAaHHOI'O
BelleCTBa.

13



1.12. MACCOBAA [0NA IEMEHTA

O6o3HauvaeTca o3)

> {omera)

MaccoBsan 4ONA 3NeMeHTa B coCraBIReT OF B MACCE:

pewecrsa

Moxa3wiBaer, kakyo 40N
(4acTb) Macca AAHHOTO aneMeHTa
J - S/

EAUHULIB! U3MEPEHUR:
! 8 A0NAX eauHULL (AoNn
eAUHULLI ¥NK B NPoLeHTax)

n-4,(9)
M

r

[ o(3) =

n — YHCJIO aTOMOB; A, (9) — OTHOCHTEJbHAA ATOMHAA Macca
anemeHTa; M, — OTHOCHUTeJbHAA MOJIEKYJApPHadA Macca Be-
IEeCTBA.

Ilpumep 1. KakoBa MaccoBas JOJId YriiepoJa B yIJIeKHUCJIOM

rase CO,?
Pemenne:
A .
o(C) = n-A.(C) = 112 =0,273 mwaun =27,3%.
M_(CO,) 44
ITpumep 2. Kakosa maccoBas A0JA BOAOpPOAa B aMMHAKe
NH,?
Pemenue:
A (H .
o)=L AH) 31647647 -17,65%.
M_(NH3) 17

14



1.13, BHIBOJI XMMHYECKOH $O0PMYNBI BEIRECTBA
N0 K3BECTHOH MACCOBON AONE 3/IEMEHTOB

Pemenue 3agayM B 001meM BHAE (AJIrOPHTM pelIeHHA)
1. 3anucare popmMysy BellecTBa ¢ MHAEKCAMH X, lJ, 2 —

A.BC..
2. PaccunTaTh COOTHOIUEHME X . J : 2 Yepe3 MacCOBhIe
JOJIH 3JIEMEHTOB: x-A_(A) o(A)M,

A i@,8,0) " T A
vA® _ _oBM,
M.(AY,C,) A (B)
- z-A, (O = o(C)M,
M.(A,B,C)) A (O

3. ITonyuennsie UPPLI PA3AETHTDL HJIH YMHOXHUTh HA OJHO
M TO JKe YUCJIO AJIA MOJIYUeHUS IEeJLIX Yucen X, Y, 2.

4. 3anucate Gopmyary.
3apaga (mpumep) 1. BriBecTH XMMHUYecKyI0 GOpMYJIy Belie-
CTBA4, B KOTOpPOM cogep:xurcs 40% Ca, 12% Cu 48% O.

Pemenmne:

1. Ca,C,0,,

2. x:y:2= o(Ca) : @€ _ »(0) =i(—):—l—2:ﬁ=l:1:3.

A (Ca) A (C) A, (O) 40 12 16

3. lenuM Bce mOJIyYEHHEBIE UHNCJA HAa CaMOe MAaJIeHbKOe
upeao (1); x:y:z=1:1:3.

4. 3anuceiBaeM dopmyny: CaCO; — xapGoHaT Kanbous.

3agaua 2. BriBecTH XHMH4YecKyl0o GOpPMYJy BelljecTBa,
B KoTOopoM coaepxutca 39% K, 1% H, 12% C, 48% O.

Pemenue: '

1. K.H,C,0,
o) . oH) _ oC) _o0) 39112 48
A.(K) A.(H) AC) A (0) 3911216

3. llenum Bce mMOJyuEHHBIE YHCJA HA CAMOE MAaJIeHbKOe
yneao (1); x -y z:g=1:1:1: 3.

4. 3anuceiBaem ¢popmysy Bemecrsa: KHCO;,

o(B)=

o(C)

2. x:y:z:g= 1:1:1:3.

13



1.14. KOJINYECTBO BEIECTBA. MONTb

: O6o3navaetcs n

O3Hayuaer onpeneneHHoe
KONWYECTBO BEIWIECTBA =  YMCNO CTPYKTYPHLIX €AUHUL
{Monexyn, aToMoB, KOHOB)

EanHnut naMepeHna
i 8 MexayHapoaHoh cucreme
eauHny (CU): mons

Moab — 3T0 TaKOe KOIMYECTBO BELIeCTBA, KOTODPOE CO-
AEPIKUT CTOJNBLKO CTPYKTYPHBIX eMHHIL (MOJEKYJI, aTOMOB,
HOHOB), CKOJILKO COJI€PXXHUTCS aTOMOB H30TOIIA B yriepoje 2C
maccoi 0,012 xr. .

Tak xak abcomoTHas Macca 1 aToma yriaepoaa '2C paBHa
1,993 - 10726 Kr, TO YHCJIO aTOMOB, COJEPKAINXCA B yriaepoje,
Maccoit 0,012 kr cocTaBUT:

Macca yriepoza

macca 1l atoma yrieposa
0,012 kr

= W = 6,02 . 1023 aToOMOB.
N . KT

3naunr, 0,012 xr yraepona cogepxur 6,02 - 10?2 aromos.
Orcioaa 1 MoJIb — 3TO TaKO€e KOJIMYECTBO BelIeCTBa, KOTOpoe
cozepxuT 6,02 - 10?2 cTpyKTYpHBIX eguHNL (MOJEKYJ, aTo-
MOB, NOHOB). ITO BEIIlECTBO MOKET HAXOAUThCA B JII060M arpe-
FATHOM COCTOSIHHM — TBEPAOM, KHAKOM HJIH ra3o00pasHoM.
Hanpuwmep, 1 moas H,0O [BogsHbIe Dapsi, BOAA JXHAKAs, BOAA
B BUJe JbAa (1bgoo6pasHoe cocTosinue)] comepxknr 6,02 - 102
moxexkya H,0, 2 - 6,02 - 10?2 atromoB H u 6,02 - 102 aromoB
O. Takum obpasom, oruomienue 0,012 Kr mMaccul yriepoaa
12C k macce 1 aroma yraepoga, pasaoe 6,02 - 102, onpene-
JIAET YUCJIO CTPYKTYPHEIX eJHHHULL. coepKamuxcs B 1 Mmoie
BeIecTBa.

16



1.15. 9HC/I0 ABOTAZIPO

. O6o3Hauaetca Na

MoxkaswiBaer Yucno
ANOCTOAHHAA
1
ABOTAIPO T TPy erea e

EQVHAUBI UAMEPEHWST

» monb ™" (1/Monb)

ITocmosannas Asozadpo Ny — 3TO UMCJI0 CTPYKTYDPHRIX
enuHuI B 1 Mosie BemecTBa.

L N,=6,02 - 102 moap! }

ITocTrossmnaa ABoraspo — oxHa u3 BacHeHmux dyHza-
MEHTAJILHEIX QU3HUYECKHX ITOCTOSHHEIX.

Hanpumep, 1 monps okcuxa yraepoxa (IV) comepxkur
6,02 - 10®2 moaexyn CO,, conb KI KonuuectBoMm 1 Mok co-
nepxut 6,02 - 102 nomos K* u 6,02 - 102 uonos I".

N — ymncio YacTHUIL; N — KOJNYeCTBO BelllecTBa, MOJIb.

Ipumep. Jauo 18,06 - 10 monexyn O,. OnpeseauTs Ko-
audecTBo BetectBa O,.

Pemenue:

N 18,06-10*
SN, G0z 107 0 Mo
4 4

17



1.16. MOJIAPHAA MACCA

> O6o3navaetca M
MonspHas o MokaaviBaet maccy 1 mone
macca seujecrsa

EanHnub namepeHun:
Kkr/mone (r/mone)

/

M=ﬂ=>m=M-n=>n=ﬁ]
n M

m — Macca BemiecTBa, Kr (T); 7 — KOJIMYeCTBO BeIleCTBa, MOJIb.
Monaprasa macca BelllecTBa PaBHA OTHOMIEHHIO MACCHI
Bel[ecTBa K ero KOJIH4ecTBy.
MonsapHas macca BemecTsa M B r/MOJIb YHCIEHHO PaBHA
OTHOCHTEJIbHOH MOJIEKYJADHOW Macce JAHHOrO BeLIeCTBA:
Hanpumep:

A/ (Ca) = 40; M(Ca) = 40 r/moub;
M/(H,0) = 18; M(H,0) = 18 r/mMoab;
M [Fe(NO;);] = 242; M[Fe(NO;);] = 242 r/Mons.

iJpumep. Ilpu B3auMOAeiCTBHMM IepMaHraHaTa KaJusa
C COJIAHON KHCIO0TOM Ob1a0 nmoaydexHo 6,02-102° moJsexkyn
xJyopa Cl,. OnpegesnTs KOIMYECTBO U Maccy no.nyt{emloro
sBemgectsa Cl,.

Pemienue:

25
N 6’022310 — = 100 (monb),
N, 6,02 -10"momb
6,02-10% )
n=M‘n=35,5'2'm=71001'=7,1(KF).

18



1.17. MOJIAPHLIN OBBEM TA3A.

3AKOH ABOTAIPO
> O6o: TCA Vi
. MoxaswieaeT obuem,
Mc;g:;;l:‘bm - KOTOPLIA 3aHUMaeT
pr » 1 mone noboro rasa

- E,quruuu W3MEPEHKR
M/monb (n/Monb)

| %4 | 4
n M

V — o6weM rasa, M3 (JI); n — KOJIMYECTBO BELIECTBA, MOJIb,
MoansapHstii 06sem za3a V), paBeH OTHOIIEHHIO O0BeMa
ra3a V K KOJIMYeCTBY BellleCTBa 71 B 3TOM o0LeMe.

3axon ABoraapo GopMyJIHpYeTca TAK: B paBHLIX 00beMax
Pa3HEIX ra30oB OPH OAMHAKOBHIX BHEHNIHMX YCJOBHSAX (TEM-
nepatypa t’, JaBieHne P) cofep:KUTCA OJMHAKOBOE YHCJIO
MOJIEKYJI.

W3 3akora ABOrajgipo cieyeT, 4YTO «paBHbIe KOJUYECTBA
J0OLIX ra3oB OpH OAMHAKOBBIX BHEIIHHX ycjoBusx (t°, P)
3aHHMAIOT PaBHbIe 00 BEMBI» .

Hopmanawsnsie yejaopusa (H.y.): t° = 273 K (0C) u P =
= 101325 ITa (1 at™). ‘

(I'Ipn H.y.Vy=22,4 JI/MOJIL]

n=—s=xm—s =

v,

M

m_N
M N

A




1.18. OTHOCHTEJIDHAA N/IOTHOCTD 'A30B

O6o3Hauaetca D
MoxaasieaeT, 80 CKONLKO Pa3
OTHoCHTENLHAR «| 1Monu oaHoro raza Taxenee
NNOTHOCTL ra3oe unmn nerde 1 mons
ApYroro rasa
. EAuHuUL namepeHun:
GeapaamepHan eenuuuHa

Dy, =—X) _MX) _, M(x)= D, - M(H,)= 2D, ;
* M(H,) 2 ? 2
M(X)

=——=MX)=D__ M ) =29D
BOGAL. M(BOE]II) = ( ) BOGA. (BOSH)

BO3/.

Dy, — oTHOCHTeNbHAA ILIOTHOCTh rasa X mo BOAOPOAY;
D,,,,, — OTHOCHTeJbHAA IJIOTHOCTHL rasa X Io BO3AYXY;
M(X) — monsprasa macca rasa X; M(H,) — MoaapHas
Macca BoAopoJa; 29 — cpeAHAA MOJADHAA Macca BO3Ayxa.

IIpumep 1. BLiUNCANTE MOJAPHYIO Maccy rasa X, eCJi ero
OTHOCHTEJbHAA IVIOTHOCTH 110 BO3AYXY paBHa 1,517,

Pemernue:

M(X) = 29D,,,;

M(X)=29r/monb-1,517 = 44 r/Mons.

IIpumep 2. OnpefeTUTE OTHOCHUTENBHYIO MOJIEKYIADHYIO
Maccy a30Ta, €CJIM U3BECTHO, UTO €ro IJIOTHOCTD 110 BOZOPOAY
‘paBHa 13,89.

Pemenmne:

Haxoanm MONIADHYIO Maccy asora:

M(N;) = 2Dy,= 2 - 13,89 = 27,78 = 28 (r/moJ1b).

3uaunt, M (N,) = 28.



1.19. XHMHYECKOE YPABHEHME.
PEAKITHK

Xumuueckaa peaxKyus — 3TO TIpoliecC NpeBpaleHHA
OAHMX BeIIeCTB B ApYyrue BellecTsa,

Xumuuecroe ypasnenue — n3obpaxkenue (IoxKa3) XuMu-
YeCKOH peaKI[MU P MOMOIIM XUMHAYECKUX POPMYJI I MaTe-
MATHYEeCKUX 3HAKOB.

Xumunueckoe ypaBHeHHEe NOKA3LIBAET, KAKHNE BeIecTBa
¥ B KAKHUX KOJIMYECTBAX BCTYIIMJIN B PEAKIIHIO U TOJYYHUINCh
B pe3yJibTaTe 3TOM peaxkuun.

CuSO, + 2NaOH = Cu(OH), | +Na,SO,

HCXONHbiE BEHIECTBA
{(pearenTnt)

KOHeYHbie BellecTha
(npoayKTb peakuuu)

HIudpa 2 nepen NaOH — crexuomerpuuecknii Koaddu-
uueHnt. IIpaBuiia cocTaBieHUsS YpaBHEHUS XUMUYECKOLH
peaxknuy NpuBeAeHH! B Tabuile:

Ilpasuna cocmaenenun (anzopumm) | Ypasnenue xumuveckoli peaKyuu mexcoy

YPAB8HEHUR XUMU wecKou peaxyuu

HCEJLe30M U XIopomM

1. CocraBuTs cxemy B3aumMojel-
CTBHS: 3aIIMCATE cJIeBa (OPMYJIEI
BEINECTB, BCTYIIMBIIMX B PEAKIIMIO,

a crpaBa — B€IIeCTB, IIOJIy4YHB-

OIUXCA B pE€3YNbTATE pPEaKLIHH,
COeNAHNEB HX 3HAKOM «—»

1. Fe + Cl, > FeCl,

Ilaa TIPOCTRIX BEOECTBA BCTYNIAIOT
B peaKIH1I0, H I0OJy4YaeTcsa OIHO
CJIOKHOE BEIOEeCTBO

2. INomobGpaTs KoapdHLIIEHTH pea-
THDPYIOIMX BEMmECTB TAK, YTOOH
YHCJIO ATOMOB KaXI0ro 3JIEMeHTa
B JIEBOH M IIPaBO YaCTAX YpaBHe-
HUs OBLII0 OQUHAKOBRIM

2. a) ypaBHATH 4HCJIO ATOMOB
XJI0pa, NOCTABHB K03pdHIMEHT
2 nepen dopmysion xjopuaa Kxe-
neaa (11I) u koapuumenr 3 nepeg
dopmynoit xopa;

6) ypaBHATL YHCJIO ATOMOB IKe-
1e3a, MOCTaBMB KoagduLmeHT 2
nepen opMyJIoil kese3a:

2Fe + 3Cl, > 2FeCl,

3. IpoBeputs paBeHCTBO 4HMCIa
ATOMOB KAXKI0r'0 3JIEMEHTA B JIEBOH
M IIPaBOii YACTAX YPABHEHHAS H T10-
CTABHUTDH 3HAK PaBEHCTBA (™)

3.nClh)=23=32=86
nFe)=12=2
2Fe + 3Cl, = 2FeCl,




1.20. CTEXHOMETPHYIECKHE

SAKOHBI XHMMH
Dopmynuposica 3aK0HA *Asmop u 200 om- Hpumewanusn
KpbLmMUuA
3aK0H COXpaHEHHs MACCHI
Macca BemecTR, BCTYIIHB- Hc&mﬁa yuenbni | Hanpumep,
LIMX B PEaKIHIO, pABHA OMOHOCOB _
Macce BELIECTE, 00pa- (1748 r) H, + Cl, = 2HCl
3YIOIIMXCA B pe3ynbTaTe
peaumu 2r 71r 173r
3aKxoH NOCTOAHCTBA COCTaBA
Jlio6oe xumuueckn urctoe | OpaHuys- Hanpumep, manaxur,
BEINEeCTBO BCeraa aMeeT CKWIi YYeHBIi nobuiBaeMunit B Cu-
IOCTOSTHHEIN KaveCcTBEeH- K. JI. TIpyer 6oupy u B Ucnanuu,
HBIM B KOJIMYEeCTBeHHIH (1789 r) HMeeT OJHHAKOBRIM

COCTaB HE3aBHUCHUMO OT
¢cxoco6oB ero TIOJIy4eHUusa

coctas

3ax0H 3KBHBAJIEHTOB

Macch pearupyonmx
BelecTs (m,, mg) Mpomop-
HMOHAJBEHEI UX dKBHBA-
neuram (3,, Jp):

mA/mB = 3,4/33

Hemeuxmit xu-
vuk U. Puxrep
(1792-1794 rr)

Onpegenenne sKBH-
BaJIeHTAa TPHUBEAEHO
Ha ¢. 153

3akon

KPATHRIX OTHOMMEHHNH

B coemunennsx, obpaso-
BAHHBIX U3 ABYX /IEMEH-
TOB, MACCOBOE KOJITYECTBO
OJTHOTO 3JIeMeHTa, [IPH-
XoAfAIeecs Ha OJIHO X TO
e MaCCOBOE KOJIHYECTBO
ApYroro aJIeMeHTa, COOT-
HOCATCS MeXJy coboi Kak
Hebospmue 1ease yuca

Am‘.rmmcrcma XH-

(Il sosga)m'

Hanopumep, 8 CO

u CO, Ha ogny
MaccoByio yacts C
OPHEXOAATCA Pa3HbIe
MAaccOBhIE YACTH
OTHOCSITHECS MEXIY
coboit kak 1: 2

3axon HPpOCTHIX 00beMHBIX OTHOIIEHHIH

Ilpu oguHakoBEIX gaB-
JIEHHM M TeMIlepatype
00BbEMEI pearnpyomux
ra3oB M ra3co0pas3Hbx
TOPOAYKTOB PEaKiyM OT-
HOCSITCS MEXAY co6oit Kak
HeboJbIIHMe HesIEe YHea

Dparuys-

JTioccax (1808 r.)

Hanpam
H, + Clz = 2HCl
1V:1V: 2V

3akon Asoraapo

B paBunIX o0beMax J0o6ux
ra3oB OpH OJHHAKOBHIX
TeMuepaType 4 JaBJIeHHH
COEPIXMUTCS OHHAKOBOE
4YHUCII0 MOJIEKYJL

UramssHcknit
MIUK
. ABoranpo
(1811 r.

IMoxpobHo cm. ¢. 19




1.21, KIACCHOMKAIMA XHMHYECKMX PEAKIHE

Knaccuduranuio XUMHUYECKHX DEaKIMil MOMKHO IIDOBO-

AUTH IIO pPA3HBIM IIDH3HaAKaM.

1. Ilo uncay u cocTaBy MCXOAHEIX BEI[ECTB U IPOAYKTOB
PEaKIIMH DPA3JIHYAIOT PeaKIUH COeJHHEeHWs, 3aMeIleHUd,
pasnoxeHuA n obMeHa (CM. cxemy).

8 pesynerare

NPOCTbIM W CNOXHLIM

XUMWHECKUE
PEAKLIWU
[ 1] Y
COEAVHEHUA SAMELWEHNA PASNOXEHUA OBMEHA
Peakuun, Peakuua mexay Peaxuus, Peaxuua Mexay

B peaynsrarte

ABYMA CNOMHLIMU

KOTOpOH 86UEeCTBaMN, NpK KoTopoi 13 oaHOTO BBWeCcTBaMH,
W3 HBCKONLKUX KOTOpOW aroMbt CROXHOMO BeWecTsa NPy KOTOpOR
NPOCTLIX UK CROX- npocToro eewecTaa nonyvaevca BOWECcTBa
HbIX BeUeCTB nony- 3aMewalT aToMb! HECKONLKO NPOCTHLIX 0BGMEHUBAOTCA
428TCA OHO QOHOTO U3 ANEMeHTOB WNK CNOXHBIX CBOVMW COCTaBHbI-
CNOXHOS BOLLBCTBO CNOXHOTO BLLeCTBA asulecrs MH YBCTAMU
« 5 o
o~ o~ Py
~ o =9 | < 9 g e
Q9 T~ X & T T O
Ix] ' O (@] O + o~ z T o0
Z & (N7 v O &5 &8 = S
N o S r 5 9 RFD +
N e) T o~ [N T 5 - ov +
Q N ov 'Cj . T ~ O (72} [72] mﬂ
¥ T @) - ~ T 724 o0
S ¥ * 4 % v & §' @ = 3
Z Q 5048 S S %l = 0
N 8 P Q T 0
3 &~ O U«
N

PeakIiuy 3aMeIeHUA UAYT B COOTBETCTBHH C 3AMECTHUTEJIb-
HBIM PSJIOM METAJLIOB (MJIH T'aJIOTeHOB): MeTAJLI (UJIM TaJIOTeH),
CTOANHIA B pAZY JIeBEe, MOKET 3aMeIIaTh B peaKITUH MeTaJIJIbI
(MU raJioreHnl), cTosNniue B PsAAy IpaBee:



3aMeCTUTeNbHBIN DAL MEeTAJLIIOB
Me-1A, Me-I1A > Al, Zn, Fe, Ni, Sn, Pb,> H, Cu, Hg, Pt, Au
Ca +2H30 — Ca(0H)g + Hg T, Zn + FeSO4 — ZnS0y + Fe, no Ni + ZnSOy4 -»
3aMeCTUTENbHBI PAJ raJoreHOB
Fg >>Clg>Brg>1y
2KBr + Clg — 2KCl + Bry, 1o 2KF + Clg -»

XuMHUYecKye peaKM MOXKHO KJIacCU(pHIUPOBATHL U IO
JAPYTHM IpHU3HAKAM.

1. ITo BhIAEIEHUIO MJIM NMOTJIOHIEHUIO DHEPTrHH B XOje
peaKiuu;
2C + 0, > 2C0 + 220 x/Ix (sx30TepMHUYeCKaaA peaKIudA); .

C+H,0 (ra3) - CO+H, — 132 k/Ix (aH10TEpMUUECKasT PeaKLus).
2. Ilo Tuny pearenra:

hv
ranorenuposarue: CH,+ Cl, - CH,Cl +HCl;

ra3 XJ0pMeTaH

-
nutposanue: CH,+HNO, -CH,NO, +H,0;

HHTPOMETaH

ruapupoBanue: 2Na+H, — 2NaH,C,H, +H, - C,H,.

3. Ilo Tuny wactun (MOJIEKYJbl, HOHLI, PAANKAJLI), yUa-
CTBYIOLLUX B peaKkIuM:
2K,PO, + 3CuS0, — Cu,(PO,),l+ 3K,S0,;
nonnnte: 3Cu?* + 2P0, - Cuy(PO,),!;
TenHble, N pagukaisHiie: Cl, + Av — 2C1°, C1" + H,— HCI +
+H,H +Cl,>HCI+Cl'urT. a.

4. ITo Tuny sHepreTH4ecKOro BO3JeHCTBUA Ha BEIECTBO:
TEPMOXHUMHYECKHUE:
2H,(ra3) + Oy(ras) = 2H,0(xuak.) + 571,6 xJx;
JIEKTPOXHUMHUYECKHUE (IJIEKTPOJUS):
2NaCl+2H,0 2w L, | 1 4Cl, 1 +2NaOH;

doroxumuyeckue (GoTocuHTEs):
nCO, + mH,0—="-C, (H,0),+n0,

Yyraesox

5. Knaccuburanuua OKHMCIUTEILHO-BOCCTAHOBUTEIbHAIX
peak1uii npuBeAeHa B pasjeie 9.

24



1.22, PEIEKME 3AAY NO XHMMYECKHM YPABHEHMAM

Hopsadox (anzopumm) peutenusn THpumepo:

1. CocraBuTth ypasHenue xumude- | Onpeaenuts, kakoi o6beM asora
CKOM peakluu (H. y.) BCTYIIA€T B PEAKIUHIO C BOJO-
pozxoM Maccoit 60 r

OpaHoil 4epToM MOAYEpPKHYTL | P e meHHUE:

d)opmynu BEIEeCTB, MacChl KOTO- xa
PHIX YKA3aHH B YCJIOBHH 331344, 3H + N = 2NH. 1,23
M JByMa uepraMH — (OPMyJIH | o 3
BeINEeCTB, MACCH KOTOPHIX TPeby- r 2“"
eTCs ONpefeIuTh
3. HcxonHule naHHEe 3anmucats | b= 3 MOIb n =1 mosb
Han (opMyJaMH COOTBETCTBYIO- _ _ @
IOMX BEINECTB M=2 I‘/MOJ'IL VM— 22,4 a/
MOJIb

m=6r
4. Kommuectso BemectBa (n)| g x
onpenensiercsi KodguipenraMy | — = —— (5)
YpaBHeHMs peaKIIHH; 6 224
MossipHas macca (M) uucieHHo 60-22,4 6
paBHA OTHOCHTEJILHOH MoJIeKy- [ ¥ = 6 =224(m) C)

napHoit macce (Mo); B peaxuuio Beryiiaer 224 i1 azora (7)

Maccy BellecTBa (m) onpenesMTh

1o dopmyse m =M - n; Kakyro Maccy oxcina 6apus HyKHO
B3ATH JIS1 TOJTy9eHHA THAPOKCHIA

MoJIApHELI 06beM ras3os npu u. y. | 6apus macco#t 17,1 r?

Vu= 22,4 n/mons; P emenue: .

Obvewm rasa V= Vy- n BaO + H,0 — Ba(OH), (1, 2 3)
5. CocTaBUTEL IPOTIOPLIMIO 1x53r 17,1 171r

153171 ®
6. PenmTs nponopiuio = 153-17,1 - 15,3(r) BaO ©)

171

Jns monyyenus 17,1 r ruapok-
cuzia GapHa Hy»KHO
Bagrk 15,3 r BaO 7

7. 3anucaTs 0TBET

IIpuBeneHHEIH IOPAKOK PEIIeHUA 10 X HMHYECKHUM yYpaB-
HeHHAM IIHPOKO MCIOJL3YeTCS B pacuerax NPH pelleHHH
3ajgau.



IlpuBeseM HECKOJIBLKO MPHUMEPOB.

IIpumep 1. Kakoit o6wem Bogopoaa (H. y.) obpasyercs npu
B3auMojeiicTBuH 5,6 I xKele3a ¢ CONAHON KNCAOTON?

Pemenne:

56 XA
Fe+ 2HCl - FeCl, + H, T
561 m

56_ x  _56:224
56 22,4’ 56

IIpumep 2. Onmpegennts Maccy ¢Gocdara Kamxpuusa
Cay(PO,),, o6pasoBaBlIeroca B pe3yJabTaTe peakumuu Qoc-
data kamua K;PO, maccoit 42,4 r ¢ HUTPATOM KaJdbLuA
Ca(NO;),.

Pemenue:

=22,24 (1) H,.

424r

2K,PO, + 3Ca(NO, ), — Ca,(PO,), L + 6KNO,
424 ¢ 3t10r

424 _ x 424310
424 310" T 424
IIpumep 3. OnpeaennTs Maccy ocafika, KOTOphIA o6pasy-
eTCsl B pe3yJIbTaTe B3aUMOAEHCTBHA xyopuia senesa (III)
¢ 0,9 Mmonb ruapoKCHAA Kalnd.
Pemenne:

= 31(r) Ca,(PO,),.

0,9 mons xr
FeCl, + 3KOH — 3KCl+ Fe(OH), |
3 mone Slorr

0;9=L e 0,9-107
3 107 3

Ipumep 4. Kaxoit 06beM okcuga yriaepoga (IV) npn . y.
HAJ0 B3ATH JJA PEaKlMH C PTHAPOKCHAOM 6apudA, YTOOHI MO-
JYYUTh KapboraT 6apusa maccoii 19,7 r?

Pemeunne:

=32,1r Fe(OH),.

xa

197r¢
CO, +Ba(OH), - BaCO, | + H,0

2245 197 ¢

x 197 224197

2L =224 (1) CO,.
24 197 77 197 (1 €O,



2. OCHOBHBIE KJIACCHI

HEOPTAHMYECKMX COEXHHEHMH

2.1. OBHIAS KNNACCHOHKAIINA
HEOPTAHMMECKMX BEIIECTB

i

HEOPTAHWYECKWE BEILECTBA

'Y ™\ ™
MPOCTBHIE ( CNOXHbIE
\. J W,
‘ Y Y Y
{ 4 N\
. Heme- Oxcunasl: OcroBarun: KnenoTe: Conu:
MeTanne: Tann.: K0, Cao0, KOH, HCI H S KCI, Na,S,
('fé e || Hz 0. Cuo, Ca(OH),, N CuSO,,
Hg,Cr || F2 G Fe;0s, Cu(OH), SO, Cay(POu):,
Bry, S, CO;, P,0s, Fe(OH)s, . H23 p 044‘ CaHPO,,
P.C S0, “Cr(OH), CaOHCI
\. \, J

I

[ Coneo6paasyiowme ][ Heconeoﬁpaayloume]
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2.2, ORCHIIH.
OHPEIIEJIEHHE H KJIACCHOHKANMA

Oxcudb. — 3TO CHOMKHBIE BelleCTBA, B COCTAB KOTOPRIX
BXOJAT ATOMEI KMCJIOPOAA B CTEIIeHY OKHCJIeHU A, PABHOI —~2,
¥ Jpyroro sjieMeHTa (3) — MeTaslsla MJIM HeMeTaJlia.

oKCcunabl

ConeoGpa3yioue
( HeconeoGpasyloue )( K,O, Mg0, ZnO, A0, SO,, P,0,, Cu0, PbO, Mn,O, )

1

’
N,O, NO, CO
: ’ OCHOBHblE AmdoTepHbie Ksugnoguoble
K.0, MgO, Cu0 Zn0O, AlLO,, PbO Mn.O.
2T
\. ¢ J \\ * s \L i W
4 N\ 7 N\ ™\
CooTBeTcTayioT
m cooTBETCTBYIOT CoorseTcTByiOT
amoTepHbie
OCHOBaHUA FMAPOKCHAL! KMCNOTb!
- J J \ J
KOH, Mg(OH),, H,SO,, H,PO,,
Cu(OH), HMnO,
Zn(OH), Al(OH), H,0
Tl Tl

HZnO, H,Al0,}HAIO,

+ —~2
I,"0,° — obmas cdopmMya OKCUAOB
n — cTeneHb OKMCJIEHUA dJIeMeHTa
-2 — cTeneHb OKHCIEHUA KHCIOPOAa




2.3. XHMHYECKME CBOMCTBA
OKCHJIOB

Ochoehbie okcudse

Kucnommoie oxcuone

1. OcHoBHOIT nkcug* + Boga —
— IIeJIoYb

K,O + H,0 - 2KOH,
BaO + H,0 — Ba(OH),

1. KucnorHuiit okcuy +
BOJIa — KHCJIOTA

80;+ H,0 - H,80,,
C1,0,+ H,0 - 2HCIO,,

Si0, + H,O » Het peakuun
(ucksnoueHue)

2. OcHOBHOM OKCHJT + KHCIIOTA —
— coJib + BOna

CuO + H,S0,- CuSO,+ H,0

2. Kucnorient oxcup + mesaous —
— coJse + Bosia

S0, + 2NaOH — Na,S0,+ H;,0

3. OcHOBHOIT OKCHJT + KHMCJIOTHEIA
OKCHJ — COJIb

MgO + CO, - MgCO,,
3Ca0 + P,05;— Cay(POy),

3. KncnorHelit oxcHz + 0CHOBHOR
OKCHI — COJIb

Si0, + CaO = CaSi0,,
P,0; + 3K,0 - 2K,PO,

Amgbomephbie okcudve

C xHcI0TaMM pearupyioT Kak
OCHOBHHIE OKCHJBI

C ocHoBaHusaMH (LIesI04aMM)

PearvpyroT KaxK KACJIOTHBEIe OKCHAR

ZnO +2NaOH - Na,yZn0, +H,0

anokcouuHxat(Il)
1{221102 Hatpua

ZnO + H,80, - ZnSO, + H,0

* Tonbko okcun MeTasos I H yactuuno I rpynne raasueix noarpynn (IA u I1A) nepuo-
JAMYECKOH CHCTEMbI 3IeMeHTOB.

Ha3BaHKA OKCHIOB COCTABJIAIOT M3 CJIOBA «OKCHJ» U HA3BA-
HHUA 06pasyIoIero OKCHJ 9JIeMeHTa B POJUTEILHOM najeske:
Ca0 — oxcug kansund; Al,O; — okcua amovmuaud. Ecan
3jieMeHT o6pasyeT HeCKOJILKO OKCHJOB, TO HOCJEe Ha3BAaHMUA
OKCcHJAa B CKOOKax puMCKOil mudpoii ykashBalOT CcTeleHb
oxucjenuns anementa; FeO — okcup sxenesa (II); Fe,0; — ok-
cup sxenesa (III); P,O; — oxcun docdopa (I11); P,O; — oxcun
docdopa (V).



2.4. IONYIEHME OKCHIOB

IlouTn Bce XMMHUYECKHE 3JIEMEHTHl O6GpA3YIOT OKCHAHI.
He mosydeHsI [0 HACTOAIEr0 BPEMEHH TOJILKO OKCHAKN TPEX
3JIEMEHTOB — I'eJIuA, HEOHA M AProHa.

Cnocob nonywenus

Hpumepve

1. Merann + kuciopoa — okcus,

HeMeTaJUT + KHCJI0poH, — OKCHJ

2Mg + O, - 2MgO,
4P + 50, - 2P,0;

¢
2. HepacTBopumoe ocHOBaHHE —

¢
— OkcHa + Boga

Cu(OH),
2Fe(OH),

CuO + H,0,
Fe,0,+ 3H,0

¢
-
-

-

v
3. Conmp — okcmg + oxkcun*

CaCo, 5 Ca0O + CO,T

t° .
4, Kuciora - oxcup + Boga

H,CO,— CO,+ H,0,
H,8i10, 5 Si0,+ H,0

5. CrniosxHoe BemecTBo +
+ KHCJOPOR — OKCHJ, + OKCHUI

2H,S + 30, - 2H,0 + 280,T,
'CH, + 20, - 2H,0 + CO,T,
C.H,0H + 30, - 3H,0 + 2C0,T

* JIo cxeMe cOJb i) MOTYT UATH U 60Jiee C/I0KHBIE PeaK MK, HAIpHMep:
(NH,),Cr;0; > Cr,0;+ N, + 4H,0, 4FeSO, 55 2Fe,0, + 450, + O,,
2Cu(NO;), © 2Cu0+4NO0,+0,T; MgCO,+2HCI 5 MgCl,+H,0+CO,T;
4Cr0, 5 2Cr,0? +30,1; K,Cr,0, +8 5 Cr,0, +K,80,; 2KMnO, 5>

Y K,MnO, + MnO, + 0,T.



2,5. OCHOBAHHA. ONPEAENREHHE M KIACCHOHKALMA

OcHo8aHUA — 3TO CJI0KHEIE BE[eCTBA, B COCTAB KOTOPBHIX
BXOJAT aTOMBI MeTajljia ¥ rujpokcorpymns OH-,

_] -
Me™"(OH)," — o6mas ¢popmyna ocHoBaHHMI
Me — MeTaaa
n — cTelleHb OKHCJeHHS MeTalia

Hcrnouennem saBnsercsa ocHopanune NH,OH (ruaporcun
aMMOHUJ), KOTOPOE He COAePKUT ATOMOB MeTaJlja.

f— OCHOBAHMUA T

( AYd 7 \
racs [

B BOAE — WENOuM rMapoKCUAL! OCHOBAHUS

- + — \\ + \_ Y,

, $ w  —
LiOH, KOH, NaOH, Be%OH)z, anOH \ Cu(OH), — ruapokcua

RbOH, CsOH, Ca(OH),, Sn(OH).. Pb{OH)2. e (I

Sr(OH);, Ba(OH),,.. Al(OH)s, Cr(OH)s, .. Fe(OH), — ruapokcua

. J\. J weneaa (1),

Fe(OH); — ruppokcun
xenesa (l),..

HasBaHusA OCHOBAHH COCTABJIAIOT U3 CJIOBA «THAPOKCH»
M HA3BAHHUA MeTajla B poauTelbHOM nazexke: KOH — rn-
apoxcug kaausa; Mg(OH), — ruapoxkcug marausa; Ca(OH), —
ruapoxcug kanbiuus; AI(OH); — rugpoxkcuj aaioMUHASA.

Ecau s3n1eMeHT 06pa3yeT HeCKOJBLKO OCHOBAHMIL, TO IIOCJIe
Ha3BAHUA 3JIEMEHTa B CKOOKax pUMCKOH uudpoii yKa3rlBa-
eTcd creneHb ero okucaenns: Fe(OH), — ruapockun sxenesa (11);
Fe(OH); — rugpokcnyg xenesa (I1I); Cr(OH), — ruapokcup
xpoma (II); Cr(OH); — rugpoxkcupa xpoma (1II).
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2.6. XUMHYIECKME CBOXCTBA
OCHOBAMMNK

Henowu Hepacmeopumbie ochosanun

1. JleiicTBHe Ha HHIMKATOPHL
denondranenH -—— MAJUHOBEIHA 1{BET,
METHJIOPAHIK — JKeJITHIM LIBET,
JIAKMYC — CHHHH 11BEeT

2. OcHoBanue + kucsoTa - 1. OcHoBanme + KHcI0TA —
— cosb + BOfIA — cone + BOZA
2KOH + 2HCI] - 2KCl + H,0 2Fe(OH); + 3H,S0, >

— Fe,(S0,);+ 6H,0

3. Illesoup + KHCIOTHEIY OKCHI —
— conb + BOAa t
2. OcuoBanue — OKcmy +

Ba(OH) ,+ CO, - BaCO;+H,0 + Boma
4. Illenouw + w:, 1-ocom2+ omon:mde 2Fe(OH), l) Fe,0,+ 3H,0,
H
g Cu(0H), & Cu0 +H,0

2KOH+CuS0, - K;SO,+Cu(OH);!
p H

Ambomepnsie 2udporcuds

1. AmdoTepHsIA rHAPOKCHA + KHCIOTa — CONB + BOAA =
Zn( H),+ 2HC1 - ZnCl, + 2H,0

2. AmMdoTepHBI rHIPOKCH + IeJIoun —3 COMb + Boga =
Zn( H)2+ 2NaOH — Na,ZnO,** + 2H,0

* p — pacTBOPHMA COJIb, H — HEPACTBOPHMOE OCHOBaHME.

** g pacTBOpe 00pasyeTcs rUAPOKOMILIEKC TeTparuapokcornuukar (1I)
sarpusa — Na,[Zn(OH),].

Y aMmdoTepHBIX THAPOKCH/IOB B KHCIOH Cpe/ie pABHOBECHE
CcMen[aeTcs B CTOPOHY 00pa3oBaHnA CoJIeil, a B IIEJIOYHOH —
B CTOPOHY 06pa3oBaHMsA rHAPOKOMILIEKCOB:

AP+ + 30H- = AIl(OH), = Al(OH), +
+ 8H,0 = [Al(OH),(H,0),I + H*.

Mlenoan — egKue BemecTBa; OHH PA3BESAIOT KOXKY H TKA-
mH. IToaTOoMy co me09aMu ByKHO 00pamaThCA 0CTOPOFKHO!
IIpu nonagaEuH mMEj09H HA KOXKY HeoOX0THMO
CMBITH ee 00JBIIHM KOJAHIECTBOM BOJBI.
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2.7. MONYYEHHKE OCHOBAHMNA

Cnoco6 nonyuenus

1. AKTHBHBIH MeTas1 + BOa — IIEJIOYL + BOAOPOA
(Tonbko metasnsl Li, Na, K, Rb, Cs, Ca, Sr, Ba)

2. OcHoBHOM OKCHJ + BoJa — IIeJ0Yb
(ronwko okcuawl Li,0, Na,0O, K,0, Rb,0, Cs,0, CaO, SrO,
BaO0).

3. Cons 1 + menous — coab 2 + HEpaCTBOPHMOE OCHOBaHHME
p p p H

4, ONeKTPOIU3 PACTBOPOB COJIEH

Ipumepn: '

1. 2Na + 2H,0 - 2NaOH + H,T,
Ba + 2H,0 — Ba(OH), + H,T

2. K,0 + H,0 - 2KOH,
BaO + H,0 - Ba(OH),
3. CuS0, + 2NaOH — Na,S0,+ Cu(0OH),!,
p p p H
FeCl, + 3KOH — 3KCl + Fe(OH),!,
p p p H
Sn(NO,), + Ba(OH), —» Ba(NO,), + Sn(OH),J *
p p p " H

4. 2NaCl+2H,0 —=2z==ere g T 1.Cl, T+2NaOH; **

* IIpu HeaocTaTKe mesno4yu; opn m3buitke — Sn(OH), + Ba(OH), —
— BaSnO, + 2H,0.

**TTo cnoco6y 4 B TeXHHKe 00LIYHO MOJIYYAIOT INeJIOUH IIYyTEeM 3JIeKTPOJIN3a
BOJAHKEIX PACTBOPOB COJieil CONIAHON KUCIIOTHI:
2NaCl+2H,0 —2m% 5 9NaOH+H, +Cl,;
PacTBoph! miesoueii 06pa3yroTca TaKkKe OpH AelCTBHH BOJAEI Ha ePOK-
CHALI HATPUA M KaJINd, a TAKKe DN PA3JIO’KeHHU BOAOH aJKOroJAaTOB
MEeTAJLJIOB:
2Na,0; + 2H;0 — 4NaOH + O,.



2.8. KHCNIOTBI. ONIPEAENEHHE H KNACCHOHKAIMA

Kucnombt — 3T0 Cl0MHEIE BellleCTBA, B COCTAB KOTOPHIX
BXOJAAT aTOMEI BOJOPOa, CIIOCOOHEIE 3aMeIaThCA Ha MeTaJlI,
M KHCJIOTHBIH OCTATOK.

KUCNOTb!
i Y

4 N " ™ { ™
Kucnopoacoaepxauiue o ocHoeHoCTH: BeckucnopoaHsie
L y 0fIHO-, ABYX-, TPeX-, \ )
4eTLIPEXOCHOBHbI. ¢
+ OcHosHOCTL ~
4 B onpepenseTcs (
HNO3, HNO;, HCIO, — YUCHIOM aTOMOB
OQHOOCHOBHLIE, BOAOPOAa HCI, HBr, HF, HI —
H2CO3, HyS0; — B B KuCroTe, B 0QHOOCHOBHbI®,
[ABYXOCHOBHbIS, CNocoBHLIX H,S, H;Se, H.Te —
HyPO,, H3As0, — 3ameulaTeca ABYXOCHOBHbIEG
TPexoCHOBHbe MeTannom
. o . v . o

H,X™ — obmasa dopmMyna KUCIOT
X™ — KHCJOTHBIH OCTATOK

Haspaausa 6eCKUCIOPOIHBIX KUCIOT COCTABJIAIOT U3 HA3BA-
HHUA HeMeTasLIa + 6ykBa O + cioBo «BogopoaHas» : HCl — xJo-
poBoaopoaHas kucaora; HBr — 6pomMoBogopoaHAs KHCIOTA,
H,S — cepoBoaopoauas KHCJIOTA.

HaspaHnA KHCIOPOACOAEPKALINX KUCIOT COCTABJIAIOTCST U3
HAa3BaHNS dJIeMeHTa, 00pa3yIolero KMCIoTy, ¢ npubaBieHreM
OKOHYAHNA -Hasl, -Bas, eCJIH CTeNleHb OKHCJIeHNA 3JIeMeHTa CO-
OTBETCTBYeT HOMEDPY ero rpymkl (B IepHOgUYeCKOii cucreme),
&TI0 Mepe [IOHMKEeHU A CTeTIeHH OKUCIIeHU asemMenTa cybPpuK-

cel MeHAIOTCA BTakoM nopaake: HCl1O, — xysopHad KucI0Ta;
+5 +3
HCIlO, — XJIOPHOBATASA KMCIIOTA; H Cl O, — xJiopucras Kuc-
+

aora; HClIO — xnopuoBatucrasa kuciaora; HNO, — asotHan
kucyaora; HNO, — asotucras kuciaora; H;AsO, — MBIIIIBAKO-
BaA Kucjora; H;AsO; — MBINIBAKOBHCTAA KHCJIOTA.

Ecau aneMeHT 06pasyeT HECKOJBbKO KMCJIOPOACOAEPHKAIIIUX
KHCJIOT, TO K HA3BAHHUIO KHCJIOTEI C OOJBIIINM COgepXKaHNeM
aTOMOB KHCJIOpoJa Jo0aBiasieTcd NpePHKC «OpTO», a K Ha-
3BaHUIO KHUCJIOTHI C MEHBIIINM COZiep;KaHNeM aTOMOB KHCJIO-
poaa — npedukc «meras: H;PO, — oprodocthopuas kucora,
HPO; — meradocdhopras KucaoTa.

HoMmeHnkiaTypa KHCJIOT, NX AHTHAPHAOB M KHCJIOTHBIX
OCTATKOB IIpefcTaBjeHa B Tabi. 6 (cM. c. 36—37).
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2.9, XKMMYECKME CBOACTBA KHCJIOT

Xumuueckue ceolicmea

Ipumeps:

1. JeficTBre HA MHOUKATO-
PBI: METHJIOPAHK — PO30-
BBIA LIBET, JJAKMYC — Kpac-
HBII LBET .

HCl + nakmMyc — kpacHhiil ugeT
HC1 + H,0 + JI - H,0* + CI

2. Kacsora + ocHoBaHue —
— coJIb + BOOA

H,S0,+ Ca(OH), —» CaSO,+ 2H,0

3. Kuciora + ocHoBHO#M
OKCHI — COJIb + BOJA

2HNO; + Ag,0 —» 2AgNO; + H,0,
2HCI + Cu0 - CuCl,+ H,0

4. Kucsora + akTHBHEI!
MeTaJuI* — coJb + BOAOPOX
KHCJIOTA + HeaKTUBHEIMA
merawr**

2HC] + Mg —» MgClL, + H,T,
HCl + Cu »

5. Kucnora 1 + conp 1 >
— KHcJoTa 2 + conb 2
(ecou obpaayercs ocangok,
ras, cJadsli 3JIEKTPOJINT)

2HC1 + CaCO; —»
- CaCl,+ H,0 + CO,T,

H,S0, + 2NaCl - Na,S0,+ 2HCIT,

(xoHIL.) cyxas cosb

Ba(NO,), + H,SO, —» BasSO,! + 2HNO,

6. PaasniosxeHre HEKOTOPHIX
KHCJIOT OPH HATPEBaHUHU

H,Si0,
H,S0,

Si0, + H,0,
SO,+ H,0

¢

-
e

-

* Ipu psaumogeiicteuu HNO; ¢ MeTannaMu sogopoz He BrifienseTca (06pasyioTcs rashl
NO,;, NO, NH,). XapaxTep B3auMOACHCTEUA KHCAOPOACOAEDIKAIMX KUCOT C MeTalaMu
¥ HeMeTAJIIaMM Ha IIPHMepe pa3baBieHHLIX ¥ KOHUEHTPUPOBAHHEIX a30THOM M CepHOMH
KHCJIOT paccMaTpHMBaeTcH B pasjaenax 9.4 u 9.5.

** JTo cBOEli AKTHBHOCTH METAJIJIEI PacCOoRaralTCA B paj, Ha3hLIBAeMEIH PAJIOM AKTHBHOCTH,
UNU INEKMPOXUMULECKUM DROOM HANDANEHUT METAJJIOB.

INEeKTPOXUMHYECKHIH PAZ HANPSHKEHHUH METaJLIOB
LiRbKBaCaNaMgAIMnZnCrFeNiSnPbHCuHg Ag Pt Au

AKTHBHLIe MeTAIL

HeaxTupane
MeTaLTL

AXKTHBHOCTH METAJLJIOB BO3pacTaeT

AXTHBHOCTH METAJIJIOB YMéeHbIIaeTcA

BoapmIMHCTBO KHUCJIOT pacTBOpuMo B Boje. Hekoropnie
KUCJIopoJocoiepsKaliiue KuciaoTh (aanpumep, HNO;, HMnO,,
HC10,) B BoZHOM pacTBOpe ABJIAIOTCA CUJIbHBIMYU OKHUCIHTE-
JAMH, a TakHue 6ecKucaopogaksle Kucaotsl, kak HCl, H,S, —
CUJIbHLIMHM BOCCTAHOBHUTEJIAMH (cM. pasget 9.3).

35



Homenxnarypa

Kucnoma Kucnommnwiii ocmamox
Qopmyna Haasanue - Qopmyna Haasanue
®ropoBoaopomHan _
HF (nnaBUKOBAA) F Dropun
XnoposopopoaHas N
HCl (consEasn) Cl Xnopug
HBrx BpososoaoposHas Br - Bpomug
HI HonposonoponHas I- Hoaug
H.S CeposogoponHsas Hsi I‘m(x};; ‘;fgg;i’m
HSO, Tuapocynndat
H,SO, Cepnas SO‘Z" Cyasdar
H.S0, Cepuucran Ig%?{__ l‘u%;;o;zﬁg)m
HNO, Azoras NOy Hurpar
HNO, A3sotucran NO, Hurpur
HPO, Meradochopras PO, Meragocdar
H.PO,- Juruapodocdar
H,PO, (Opro)dochopuas HPO > ﬁmd?odyocd)aT
PO ocdart
H,P.0, Tpurunponudochar
H,P,O JHudochopuas H,P.0, Jurunponudocpar
ik (aupodocdoprasn) HP,0,* Tunpomadocdar
) PO~ Hudoedar
H,AsO,” Jurugpoapcerar
H,AsO, MumrbakoBas 0,> Iunpoapcenat
AsQ,* Apcenar
H,AsQ, Juruapoapcenur
H,As0, Mrunnakosucran }}XA?)O‘{_ I‘nﬁpoapceum
505 PCEHHT
HMnO, Maprauuosasn MnO, Ilepmanrauar
HCIO, Xsopuasn Clo,- Tlepxsopar
H,CrO, Xpomosas }(ll(r:()r(‘)’i- %":g‘:ggm
H,Cr.0, JBsyxpoMosas %95(7)27 I‘zip;:;?n;;:rar
HS,0,” Tugpomucynngar
H.S,0, I[ycepuan 826721 Tucynadar
H,MnO, Maprauuosucras }I{,}gr(‘)(‘)gf I‘nﬁ:}n?g:: art
H;BO Jurnapobopar
H,BO, Bopuasa HzBO;,g' Tunpo6opar.
BO,* - Bopar
H,CO; Vrommas HCOs Tegpokapbonat
3
H,Si0, Kpemuuesas 810> Cunukart
CH,COOH Vxeycuas CH,COO- Auerat
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Tab6ruya 6

KHCJ0T
Haaeanue conu Awnaudpud
no KUCIOMHOMY OCIMAMKY Popmyna Hazearue
Qropun, Her Her
Xoopun Her Her
Bpomun Her Her .
Homup Her Her
Tugpocynbdun Her Her
yrsdug Her Her
D e S0, Cepemutt
m‘cy‘ﬁlgﬁ) T SO, CepuucTrnit
Hatpar N,Oq AsoTHB
Hurpar N,0; AzoTucTaiit
MeTadocdar PO, Docdoprsnit
Hurunpogocdar
I‘u%lgcd;):? aT PO, Docdopubiit
Tparruapoandochart
JAurunpomadocdar
Tunpomudochar PO, DochopHrrnt
Hudocar
JrrugpoapceHar
frpoapcenar As,0, Msnsascos s
Huruppoapeenur
mﬁg’f;rm As,0, MrimsarosucTHIA
Ilepmanranar Mn,0, Mapraunossi
Tlepxnopat C1,0, XropHeEt
Fm;g’:nfgr ar CrO, Xpomopruit
D posmnepaaar Cro, Xpowosui
Tunponucymmbar
Tacymodar S0, Cepuunit
l"nﬁ:::;g :,:’ ar MnO, MapranuosacTaiil
lIIrgrmpggopaT
u%%‘;m,l? at B0, Bopmzuit
%056801;6:: at CO, VronsHbi
Cunmkar Si0, KpemuueBhiit
Auerat (CH,C0),0 VxcycHbii
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2.10. IOJIVYEHHE KMCNIOT

Cnocob nonyverus

Hpumepo:

1. KucnoTHrIi okcuy +
(aHrHapU)

+ BOga — KHCJIOTa

S0, + H,0 - H,S0,,
C1,0;+ H,0 —» 2HCIO,,
S0,+ H,0 - H,S0,

2. Cose 1 + kucisiora 1 >
— cosib 2 + kuchoTa 2

Ca,(PO,), + 3H,S0O, —
3CasS0,d + 2H,PO,,

2NaCl (reepgas conp) + H,SO, (xoHL) —>
Na,S0, + 2HCl(ras)T,

Na,Si0;+ 2HCl - 2NaCl+H,SiO0,l

3. Bonmopon +
+ HeMeTaJlNT > ras,

+H,0
raz ———=—> KHC-
Jiora

(pactBopeHwue rasa

B BOAE) — ITHUM
coocofoM moJLy4anT
TOJILKO 0eCKHUCIOpOHEIE
KHCJIOTHI

H,+Cl, » 2HCIT,H,+S — H,ST,

HCl (ras) — 2225 HCl (kucrora),

H,S (ras) —-—ﬁl—z(—)——) H,S (xuciora)

4. DneMeHT + CHILHEILA
oxucyuress [H,S0,
(xonut,) mix HNO,
(pa36.)] - xucnora +
+ OKCHARL

2P + 5H,S0, (xoun.) — 2H,PO, +
+ 580, + 2H,0
3P + 5HNO; (pas6.) + 2H,0 —
— 3H,PO, + 5NO

KucaoTsl pa3pymaT KOXKY M TKaHH.
IloaToMy C KMCJIOTAMH HY»KHO oOpamarsca
OYeHb OCTOPOXKHO!
Ilpu nonagaHuH KHCJIOTHI HA KOXKY HJIH OfeX Ay ee Heob-
XOAHMO HEeHTPaJIHU3OBATE PACTBOPOM COJBI,
a 3aTeM CMBITh BOJOMH.




2.11. CONH. ONPERENEHKE M KIACCHOHMKALMA

Coau — 3TO CJIOKHBIE BellEeCTBa, B COCTaB KOTOPBIX BXOAAT
aTOMBI MeTaJIJIOB 1 KMCJIOTHBIE OCTATKH.

[ OcCHOBHLI® ] l Cpea+ve (uopuanwueﬂ l Kucnete I fsoiHbie I
NpoaykT HenonHoA - .
o NpoayKT NonNHow He#- NpoaykT HenonHon
oz:s;g:ﬂ:’;“;‘t Tpanuaauun KUCnoTst HEWTPan13auumn Kuc- °°"",’a‘f§af,ﬁ'§:‘2$§f'
TOM (B OCHOBANMM 0CHOBaHMEM (NPOAYKT NOTb! OCHOBAHNEM npu = MO-
HO 808 TMAPOKCO- NONHOTO 3aMeLLEHAR (8 wrcnoTHOM ocTar- [ | MOB SOACPORA B WS-
rpynhbl 3aelere| | BCOX BTOMOB B0N0POTA | | K H B0 aTOMS 8O- nexynax kMcnor Aey
yH 3 KCHOTHLN aToMamm metanna B Mo- | | fopona aameleHb "::‘e:’:ﬁ:::‘:
ocTaToK) Nexynax Kucnor) Ha metann)
oo =1 caco, aarwo, | [FAS0, a0
rugpokcomean (i) kapBoHaT Kanbuun mapococdar Gapus KBacus!

M "X.™ — obmas ¢popMya cpeAHeil Coau

Me — Metasnn

X — KHCJOTHEI!l OCTATOK

n — CTemeHb OKHCJIEHUS MeTaJlia

m — CTeneHb OKHCJIEHHA KNCIOTHOrO OCTaTKa

Hassanue cpefHUX COJIeil COCTABJIAIOT U3 HA3BAHN A aHHOHA
(XHMCJIOTHOrO OCTATKA) B MMEHUTEJLHOM Majerxe U Ha3BaHue
KATHOHOB B poguTelpHOM nage:xe. Hampumep: NaCl — xyo-
pua xamusa; KNO; — murpar kaaunsa; CaCO; — xapGonar
kaasnusa; FeCl, — xuaopug xkenesa (II); FeCl; — xnopup
xkenesa (III); FeSO, — cyantar xkeneza (II); Fe,(SO); —
cyantdar xenesa (II1); CuOHNO,; — HUTpAT r'HAPOKCOMEAH;
NaH,P,0, — rpuruapodocdar narpusa, KCr(S0,),  12H,0 —
XPOMOKAJIbIIMEBHIE KBACIIEL.



2.12, XHMHYECKHME CBOMCTBA CPENHMX CONEMH

CBoiicTBa CpeJHHUX CcoOJell MOYKHO IIPeACTABHUTH B BHJIE
CJeJYIOIHUX CXeM:
1. Conn 1 + kucmora 1 — coas 2 + kucaora 2

(o6pasoBanue ocaaka | uam rasa T)
H,50, (H:PO,. H,S0,, H,CO;, H;S, H,Si0;) ¢

(xaxaasa npegblAyIiasd KHUCJOTA BEITECHAET U3 COJNH IIO-

Cleqyiomyio).
2.Coxns 1 + mienoys — conb 2 + HepacTBOPUMOE OCHOBAHHE

3. Coanp 1 + coap 2 — coap 3 + coan 4
p p H

4. Conb 1 + Merann 1 — cons 2 + merann 2

(Me'rap.u.n 1 goxeH GHITH axIc)TnBHee MeTaJLia 2)

5. Pagno)xeHne HEKOTOPKIX COJIeli IPY HarpeBaHMU*,

IIpumepn

1. Na,SiO; + 2HC] — 2NaCl + H,Si0; !,
Na,CO; + H,SO, — Na,S0, + H,0 + CO,T,
CuS + H,S0, — CuSO,+ H,ST

2. Mg(NO,), + 2KOH — 2KNO;+ Mg(OH), {,
Fe,(S0,); + 6NaOH — 3Na,S0,+ 2Fe(OH), {

3. 2AgNO, + BaCl, — Ba(NO;),+ 2AgCl {,
p p p H

CuSO0, + BaCl, — CuCl, + BaSO, {

P p P H

4. Hg(NO,),+ Cu — Cu(NO,),+ Hg {,
p p

CuCl;+ Zn — ZnCl,+ Cu {
P p
5. CaCO; —» Ca0O+CO,.

* BoJABIMINHCTBO CPEXHUX COJell NMpeACTaBJAT coboif KpucTaJauye-
CKHe BEINEeCTBA ¢ NOHHOH CTPYKTYPOii, NMeOT BLICOKHE TEMIEPaTyPhl
nJaBJIeHUA M KHOEHHA, NOITOMY OPH HArpeBaAHHH HE pas3jararTCH.
OJ.IHaKO COMH aAaMMOHHMA H MaJOAKTHBHBEIX METAJIJIOB cnaﬁux KHC-

JIOT U KHCJIOT, B KOTOPHIX 3JIEMEHTHI NPOABJIAKT BHICOKHE IMOJIOMKH-
Te.m:ume CTEeneHNn OKHCJIGHHH, YacTo pa3naranTcA npu HarpesaHuM:

NHC 55 NH4+HO, 2,00, 5> 4Ag + 200,+ O, 2KCIO, > 2KCl + 30,.



2.13. CIIOCOBBI MONYIEHHA CPERHHX CONEK

N W

( METANN 'L HEMETAMN )
Y Y

( OCHOBHOWM OKCMA KUCNOTHLI OKCKHA, ]
Y Y

( OCHOBAHVE KUCNOTA ]
v B

( Conb 1 Conb 2 ]

2Fe + 3Cl, — 2FeCl,

Mg + 2HC] —» MgCl,+ H,T

Zn + Sn(NO;), — Zn(NO;), + Sn

CaO + CO, — CaCO,

CuO + H,80, —» CuS0, + H,0
Ba(OH), + SO; - BaSO,! + H,0
2Fe(OH); + 3H,S0, — Fe,(SO,); + 6H,0
2NaOH + Mg(NO;), — 2NaNO; + Mg(OH),l
CaCO; + 2HCI — CaCl, + H,0 + CO,T
10 Na,S0,+ Ba(N03)2 - 2NaNO3+ BaSQ,l
p

© 0GR~

Tabanuy pacTBOPUMOCTH COJiell, OCHOBAHUH M KHCJIOT
B BoJle M. B npuioykeHuu 3 (¢. 276-277).

IIpn Hanucanuyn ypaBHEHUH peaKUuil B3amMoAelcTBUSA
MeTaJJIOB C pPacTBOpPaMH cojielf Heo6XOAUMO NOMHHTH, YTO
MeTaJIJl U3 pacTBOpa COJIM BHITEeCHsETCs Gojlee AaKTUBHBIM
mertasuiom. Hanpuwmep, B pagy meraaiaos Mg, Al, Mn, Zn, Cr,
Fe, Ni, Sn, Pb, Cu, Hg, Ag, siBasironierocs 4acThio 3JIeKTPOXH-
MHUYECKOr0 pAfa HAnIpAKeHNIH MeTaIoB (cM. ¢. 35), KarKabIi
NpeAbIAYIIHHA METAJJ BEITECHAET BCE IOCJIEAYIONINe B 3TOM
PAAY METAJJIE U3 BOAHBIX PACTBOPOB HX COJIEH.
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2.14. COCOBBI NONYYEHHA KHCHBIX CONEH

Cnocob nonywenus Hpumepo:

1. Peaxums nenonuoit 2H,PO, + Ba(OH), - Ba(H,PO,),+ 2H,0

HeHTpaSN3alMu KHCJIOTH urumpodocdar

OCHOBAHHEM: Gaprn

KHCII0Ta (M365ITOK) + ocHO- H,PO, + Ba(OH), — BaHPO, + 2H,0

BaHMe (HeJOCTATOK) —> rapodocdar

— KHCJIag coib + BOOA apus

2. Peakuus KacnoTa Na,SO, + H,SO, - 2NaHSO,,

M cpemHei coy To xe reapocybdaT

KHCJIOTEL: Harpud

COJIb CpeaHss + KHCJTIO- CaCO; + H,CO; > Ca(HCO,),

Ta — KHCJIafg colb rxpoxapGonaT
KAJILLUHA

3. Peakuusa runposmaa* Na,CO;+ H,O = NaHCO; + NaOH

HEKOTOPHIX CPeIHHX

coJtei:

cpenusas conb + H,0 = K.S + H,0 = KHS + KOH

= KHCJIas colib + HIEJIO4b rrapocy b

(3HaK = o3HAYAET, YTO Kanna

peaxus obpaTiHma)

Ha3sBaHHus KHCJBIX coJeif cocTaBadoT fo0aBJIeHHEM K Ha-
3BAHHIO0 AHMOHA COOTBETCTBYIOMEH cpeAHell COJIM MPHCTABKH
«THIpO-» H, NPH HE0OXOAUMOCTH, COOTBETCTBYIOIETO YNC-
aureasnoro: K,HPO, — rugpodocdar xanusa; KH,PO, —
znrngpocdochar kanna; Na(H;P,0;) — tpurmapodocdar
HATpHA. '

* B peayJsibTare TaKOi peaKnMH MoKeT GRITH MOJTyueHa KHCIad cOJb, HO
3T0 He ABIAETCA cOoco60M MOMYyYEHNA KUCJIOM COMTH.
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2,15, CTIOCOEH! NONMYIEHHA OCHOBHBIX COMEN

Cnoco6 nonywerus

Hpumepo:

1. Peakuusa HenosHOM
HeATpaJIu3anuM OCHOBA-
HHSA KHCJIOTOM:
ocHOBaHMe (M3OHTOK) +
+ gucsora (Heno-
CTaTOK) —> OCHOBHAS
coJip + BOoJa

Fe(OH),; + 2HNQ; —» FeOH(NO,), + 2H,0
HRTpaT
ruppoxcoxeneaa (III)

Cu(OH), + H,S0, — (CuOH),SO, + 2H,0
cynnar
HAPOKCOMERH

2. Peakmus HemosHOro
obMeHa CpemHel cou
¥ IIeSIOuH:

CpeHAA CONMb + 1me-
JI09b — OCHOBHAA
COJIb + CpegHAsS COJIb

2CuS0, + 2KOH - (CuOH),80,+ K,80,,
CaS0, + Ca(OH), - (CaOH),S0,,
FeCl,+ 2KOH — Fe(OH),Cl + 2KC]

3. Peaknusa rugponusa
HEKOTOPHIX CPeIHHUX
comne:

cpenHas cons + H,O =
= OCHOBHAs COJIb + KHC-
JoTa

ZnCl,+ H,0 = ZnOHCI + HC],
XI0pHL
rHAPOKCOLMHKA

Cu(NOy), + H,0 = CuOHNO, + HNO,
I'HJJPOKCO?:CHH

HassaHne OCHOBHBIX COJI€Hi COCTaBJIAIOT A0GaBIeHMEM
K Ha3BaHHIO AHUOHA (KMCJIOTHOTO OCTATKA) COOTBETCTBYIOIIETH
cpeAHeii COJIM IPUCTAaBKH « THAPOoKco-»: Mg(OH)Cl — xmopuz
rugpoxkcomaruus; Al(OH),Cl — xnopug JUrHAPOKCOATIOMH-
uua; (CuOH),CO; — kapbouar ruapoxcomenn; Fe(OH),NO; —
HUTPAT JUTHAPOKCOXKees3a.
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2.16. BJANMOCBA3b CPE[HMX,

KHCTIBIX X OCHOBHBIX COJEH
+ Wenous  f \ + Wenous N
KUCNbIE > CPEAHUE > OCHOBHbIE
com < com < con
" Kucnota + \, —’ Kucriora +
Hanpumep:

Ca(HS0,), =——"—2CaS0, e———(CaOH), S0,
2 4 2 4

B aT0if cxXeme HAYT ciaeAyOnINe peaKIINU:

1) CaSO,+ H,S0, —» Ca(HSO,),;

2) Ca(HSO,),+ Ca(OH), — 2CaS0,+ 2H,0;

3) CaS0O,+ Ca(OH), — (CaOH),SO,;

4) (CaOH),SO,+ H,SO, — 2CaS0,+ 2H,0;

5) (CaOH),SO,+ 3H,SO, —» 2Ca(HSO0,), + 2H,0;
6) Ca(HSO,),+ 3Ca(OH), —» 2(CaOH),S0,+ 2H,0.

IIpuBeneM ellje HECKOJIBKO IIPUMEPOB IEPEX0AA OT KMCJIBIX
¥ OCHOBHBIX COJIeil K CDEIHUM:

NaH,PO,+ 2NaOH — Na;PO, + 2H,0;

KHSO; + KOH - K,S0; + H,0;

FeOHCI, + HC1 — FeCl; + H,0; :

Al(OH),NO; + 2ZHNO,; —» AI(NO;); + 2H,0;

(CuOH),S + H,S — 2CuS + 2H,0; '

Sr(H,AsQ,), + 2Sr(OH), — Sr;(As0,), + 4H,0.

Takum o6pa3oM, KHCJIbIe COJMM MOMHO IIOJYYHUTh OPH
na3buiTKEe KUCHOTH (peaknuM 1, 5), a OCHOBHBIE COJIM — PN
uabriTKe ocHOBaHUA (peakuuu 3, 6). IIpn nosyuenun cpesg-
HHMX coJiell M3 KHNCJBIX HYKHO K KHCJIOH coJu nmpubaBHUTH
ocHoBaH¥e (peaknusa 2), a U3 OCHOBHEIX — K OCHOBHOI COJIH
npubaBuTs KNCAOTY (peaknus 4).



2.17. TEHETHYECKASA CBA3b

MEXTY PAS/IHIHBIME KIIACCAMM COEXNHERMI

HEMESTAIIH

——

KNCNOTHBIN
oKcug

A

(aHrmapua) SO

—¥

KUACNOTA
HzS0,4

—

—_—— CoNb
METAJ'IJ1 > BaS
I J—

. OCHOBHOWN
COnb
oKesn > BaSO,
P -
OCHOBAHUE
Ba(OH),
 ~ocnuaa )
N CPERHAA
CONb
BaSO,
ST TCEER
KUCNAS
> cons
Ba(HSO,),
PV YRR
OCHOBHARA
e > COnb
(BaOH),SO,

A

B npuBeaeHHOR cxeMe NOJIyYEeH M BENeCTB OAHOrO Kjiacca
M3 BELIECTB APYroro Kjacca MOKHO BBIAEJHUTH ABE JIMHUM
reHeTHUYeCKOl CBs3HM, OJHA M3 KOTOPHIX MAET OT MeTaja
(B manHOM cayuae ot Ba): Ba —» BaO — Ba(OH), —» BaSO, —
— Ba(HSO0,), —» (BaOH),S0,, a ipyraa — ot HeMeTaJia (B AaH-
HOM ciry4ae ot S): S — SO; - H,S0, —» BaSO, —» Ba(HSO,), —

— (BaOH),S0,.



3. NEPHOOAUYECKHMH 3AKOH
H. M. MEHAEJIEEBA

1. A. MeHgesieeB cCUUTAJ OCHOBHOH XapaKTEPUCTHKOH aJ1e-
MEHTOB HX aTOMHEI Bec (aTOMHYI0 Maccy). Pacmosioxkus Bce
HM3BECTHEIE 3JIEMEHTHI B IOPSA/KE BO3PACTAHUA UX aTOMHBIX
MAacc, OH OOHAPYKHUJI CBA3b CBOMCTB XUMHYECKHUX 3JIEMEHTOB
C MX aTOMHBIMH MaccaMH U B 1869 r. chopmyamponan Ile-
pHOAMYECKUIH 3aKO0H:

«...CBoiicTBa 2JIeMeHTOB, a IOTOMY U cBoiicTBa o6pasye-
MEIX HMH IPOCTHIX U CJIOMKHBIX TeJI, CTOAT B IIePHOJHYECKOl
3aBHCHMOCTH OT UX aTOMHOTI'O BeCa».

B Takoii ¢opMyJIHpPOBKe (HECMOTPA HA OrpPOMHOE €CTe-
CTBeHHOHayuHoe U ¢uyocodcKoe 3HaUEHHEe CaMOTo 3aKOHA)
tdusnuecknii cMbica 0606mensnix [. A. MenaeneeBbiM dbak-
TOB J|OJITOE BPEMSI OCTABAJICSI HEIIOHATHHIM (M3-32 OTCYTCTBHSA
B XIX B. KaKHUX-JIN0O IpeACTaABJIEHHH O CJIOKHOCTH CTPOEHUS
aTtoma). B 1913 r. yuenuk Pesepdopga I'. Moanu ycraHOBUI
3aKOH, COTJIACHO KOTOPOMY CTaJI0 BO3MOXKHBIM OJZHO3HAUHO
OmpeAensaTs 3apsAj sgpa Jio6oro 3jieMeHTa M TeM CaMbIM
€ro MOpAAKOBHI HOMED B MePHOANYECKO#l cucreMe. 3aKOH
I'. Mosnu noAgTBEpAUJ NPaBUJILHOCTH PACIIOJIOKEHHS 3Jie-
meHTOB B Tabiuue. Cospemennas opmyauposka Ilepnonn-
9eCKOro 3aK0OHA 3BYYHT CJIeAYIOIIMM 06pa3oM:

«CBoiicTBa XMMHUYECKHUX 3JIEMEHTOB, a TaKKe (POPMBI B
CBOICTBA CO€IMHEHUI 3JIEMEHTOB HAXOAATCA B MEePUOINUE-
CKO#l 3aBUCHMOCTH OT BeJIMYMHEI 3aPsAAa Aep UX aTOMOB» .

Ha ocuoBaunu Ilepuoguueckoro sakona . U. Mengenees
COCTaBHJI IEPHOAHUYECKYIO CUCTEMY 3JIEMEHTOB, T. €. CHCTEMY
KJacCHGHUKAITMA XUMHYECKHX 3JIEMEHTOB, IO3BOJISTIONIYIO BEI-
ABJIATH CBA3K MeKAY dJeMeHTaMH, XapaKTePU3YIOIMMH MX
pasauuue U cxoacTso. [lepuognuecknii 3aKOH 1 OCHOBAHHYIO
Ha HeM NePHOANYECKYIO CUCTEMY MOXKHO BHIpDA3UTh B hopMe
Tabaunel. Ileproguueckas tabaniia ABIAETCA rpadMIECKUM
us3obparkeHNeM MmepuofnuecKoii cucremel. Ileproanueckasn
cucTeMa eIHHA, a ee TAGJIHYHOE N300paxKeHHue MOYKeT UMETh
pasnuunble GopMbl (cM. mpuaoxkeHusa 1, 2) (c. 272-275).
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3.1, HEKOTOPBIE HCTOPHYECKME JATBI,
HMEIOIME OTHOIIEHME K OTKPBITHIO
H PASBHTHIO MEPHORHIECKOT0 3AXOHA

1. B 1829 r. nemenkuii ydensrit 1. B. JleGepeituep omy-
61rkoBan TaGauny, B KOTOPOil B rpymnnel mo 3 ajieMeHTa
00'be ANHANNCH 3JIEMEHTHI CO CXOAHBIMH CBOMCTBAMH (TPHAABI
IleGepeitnepa).

2. B 1863 r. aurnmiicknit yuensrii k. Helonenac pac-
DOJIOXKHI 1o 8 3/IeMEHTOB B KayKJ0il rpymne (3aKOH OKTAaB
Hsronenaca), moBropeHne cBocTB Habaoaa10ch Ha 8-M aJte-
MEHTe, CUYHTAA OT MCXOJHOrO.

3. B 1864 r. HeMenknii yuenslii 10. JI. Meiiep pacnoJioxni
44 anemeHTa B 6 BepTHKAJBLHBIX CTOJOIIAX B COOTBETCTBHM
€ MX BJIEHTHOCTHIO 10 BOAOPOAY.

4. B 1869 r. pycckuit yuensniit [I. 1. Mengenees OTKPHLI
MepUOAMYECKH 3aKOH M ONTYOJIHKOBAJ CBOii IepBLIil BADUAHT
nepruoAMYecKOoil CHCTEMBI XMMIUECKNX 3JIEMEHTOB.

5. B 1875 r. dpannyackmii yuensii I1. 3. Jlekok e Bya-
60apaH OTKPHLI HOBHIH 3JIEMEHT rajuIuii, CylUIeCTBOBaHHE
H cBoiicTBa KoToporo npeackasan . U. MengeneeB, Ha3BaB-
MK 3TOT 3JIEMEHT «3KAaaJIOMHHMMA» .

6. B 1879 r. mBeackmnii yuennii JI. @, HUMbCOH OTKPHLI
HOBBIH 3JIEMEHT CKAHAMIi, CYyIlleCTBOBAHNE U CBOMCTBA KOTO-
poro npeackasan [I. 1. MeHaenees, Ha3BaBIINIi 9TOT 3JIEMERT
«3Kabop».

7. B 1886 r. nemenkuit yuensrii K. BHHKJIEp OTKDBLI
HOBBII 3JIEMEHT repMaHHuii, CyIlecTBOBaHHNE K CBOHCTBAa KOTO-
poronpeackasan . 1. MeHaeneeB, Ha3BaBIIHI 9TOT 3JIEMEHT
«3KACHIIMIIMI» .

8. B 1893-1898 rr. aHrauiickuii yuenwrii B, Pamaaii
OTKPBLJ CHAYAJIA MHEPTHHI ras aproH, a mos)ke M ApyrHe
HWHePTHEIE ra3kl, KOTOpLIE B COBPEMEHHOM BapHaHTe DePHOIH-
YeCKOH CHCTEMBI XMMHYECKHX 3JIEMEHTOB 3aHUMAIOT MJIABHYIO
noarpynny VIII rpynne.

47



3.2, CTPAHHIBI XXM3HH M HAYYHOH AEATENBHOCTH
A. H. MEHJIEJIEEBA (1834-1907)

Jmurpuit Usanosuu Menjeseer poausics B ropoge To6ob-
cKe 27 auBapa 1834 r. B To00JbCKOM THMHA3MHA OH IMOJYIHJI
cpeaHee o6pa3oBaHue, MocJie yero noctynus B [lerepOyprekumit
MmeaarornyecKuii HHCTATYT H OKOHYHJI €T0 ¢ 30JI0TOi MeJAIbIO
B 1855 .

B 1856 r. 3am[MTHJ MACHCTEepPCKYI0 AHCCEPTALHIO,
a B 1865 r. 6nu1 usbpan npodeccopom IlerepGyprekoro yHu-
BEPCHTETA, B KOTOPOM B TedeHHe 25 JieT BeJl HAYUHYIO H 1e-
JAaroruyeckyo paboTy.

CaMBIM BasXHBIM pPe3yJbTATOM HAYYHOH AEATEIbHOCTH
. 1. Meuaeneena 66110 oTKPBITHE [IepnoguuecKoro 3akoHa 1
co3JaHKe MePHOJHYECKOH CHCTEeMBI XHMHYECKHX 3JIEMEHTOB.
HasBectnnt u apyrue pabotsi . U. Mengeneena: «Uccienosa-
HHe BOJHLIX PACTBOPOB II0 YAeJbHOMY Becy», «O coeTHHEHHH
CIHPTA C BOAoI»,, « [JoHHMaHKe pPaCTBOPOB KaK aCCOIHAIHE»,
kuura « OCHOBEI XMMHH » . TeopHA pacTBOpPOB, paspaboTaHHad
. . MengeneeBuIM, ABjasgeTcA GYHAAMEHTOM COBPeMEHHOM
TEOPHH O PACTBOPAX.

Hapaay ¢ HayuHOH M IeJarormnyecKoil AesTeJbHOCTBHIO
J. 1. MenjesneeB yaesisiji BHUMAHNE H DPa3BUTHIO IPOMBIITIIIEH-
HocTH PoccuM: M3yuiyl TEXHOJOTHIO AOORUN U IepepaboTKn
He(TH, BHEC ONpeAeJieHHBIH BKJAJL B PA3BUTHE METRJUIYPrHH
Ha BocToKe Poccuy, BHIABUHYJ 3aja4y MOJYyHeHUS IKeje3a
H CT&JIH U3 PYALL.

B 1892 r. . . MenpaesieeB HasHauaeTcs XpanureneM Ila-
JIaTHI Mep M BECOB H COYEeTaeT 3Ty paboTy ¢ GOJIbIIOH HayUHOH
JeATEJIBHOCTHIO 0 MOCJIeAHUX AHEH CBoeil YKHU3HH.

Orkpritue [lepuoauueckoro sakona 1. . MenjeneeBsiM u
CcO3AaHHE UM IIEPHOJUUECKOM CUCTEMBI XUMHYECKHX 9JI€MEH-
TOB ABHJINCH TPUYMPOM B pasBUTHH xuMHuH XIX cTonerns.
HakonuBminecs K 3ToMy BpeMeHH 3HaHHS 0 CBolicTBax 63 xu-
MHYEeCKHUX 31eMeHTOB 6b1iH nmpuBeAeHsl . 1. MengeneeBrIM
B cTporui nopanok (raéiu. 7). C orkpeiTHeM Ilepuoguueckoro
3aKOHA IMOABHJIACH BO3MOYKHOCTD NIpeIBHAETh H OMHCHIBATH
HOBBIE 3JIEMEHTHI ¥ X coeauHeHHud (cM. c. 46, 47).



Ta6aruya 7

daemenTHl, pacnojgoxkensnie [I. H. MenaeneeBnm
B HOPsAAKE BO3PACTAHUA HX ATOMHBIX MACC

2 g 3] 8

T HERE of | §3| 8318

3% 3 Il A 2% g § s8% | E3%

33 (33| 3| R B | §E| v |im

3 23 5| 83| &% | A% | &%8 (R
BOJOPOT, H 1 1 H,0 1 — —
resmi He 4 2 — — — —
JATHA Li 7 3 Li,0 1 — —
Sepruls Be 9 4 BeO 2 — —
6op B 11 5 B0, 3 — —
yIJIepos C 12 6 CO, 4 CH, 4
a3oTr N 14 7 N.O; 5 NH; . 3
KHUCJI0POS () 16 8 —_ — H,0 2
¢rop. F 19 | 9 — — HF 1
HEeOoH Ne 20 10 — — — —
HaTpH#i Na 23 11 Na,0 1 — —_
Maremi Mg | 24 12 MgO 2 — —
amomunnit | Al 27 13 Al,0, 3 — —
KpeMH#I Si 28 14 Si0, 4 SiH, 4
docdop P 31 15 PO, 5 PH, 3
cepa S 32 16 SO, 6 H.S 2
XJI0p Cl 35 | 17 CL0, 7 HCl 1
aprou Ar 40 | 18 — — — —
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3.3. CTPYKTYPA NEPHOHIECKOHR
CHCTEMBI XKMHYECKHX JJIEMEHTOB /. M. MEHAENEEBA

(cm. Ilpunoxxkernus 1, 2) (c. 272-275)

MANLIE

2 3nemeHTa
8 3nemeHTOB
8 3nemenTOB

nNEPUOAL
{06o3HauatoTCcR
apabcknumn
undpamn ot 1807)

ITepuod — 3T0 rOpU3OHTANIBHEIM DAL
3JIEMEHTOB, PACIIOI0XKEHHBIX B IIOPALKE
BO3pACTAHHSA HOPAAKOBOTO HOMEDPA OT
nepBoro s-aneMenta (ns') Ao uiecroro

p-anementa (ns?np®)

7

B
BONbWUE
4- — 18 3nemeHTOB
5-# — 18 3nemeHTOB
6-# — 32 snemeHTa
7-it — 19 (He3aBepiueH-

HbIA)
CocronT n3 2 pagos :
YETHOTO N HEUETHOr 0;
8 YETHBIX PAAABX HAXOAATCA
TONbKO MeTanny,
8 HEUETHLIX — MeTannbl
" HeMeTanNbi

Kaxaniit nepuos (kKpome NepBoro) HAYNHAETCH AKTHBHEIM
IEJIOYHBIM METAJIJIOM W 3aKaHYMBAETCA MHEPTHBLIM I'a3oM,
nepea KOTOPHIM CTONT AKTHBHEIH HeMeTaJlJ (TaJloreH).

fnaBHble NOArPyNNbI
(A-noarpynnb).

S~ NP-3NBMEHTLY;
COAepKAT INOMBHTLI
Mansix U Gonblunx
nepwoaoce (Metannbl

W HEMeTaNbI)

]

reynnat
(oboanavaiorcs
pumckumn uudpamm
ot i go V)

L)

MoGounbie noarpynnei
(B-noarpynnbt):
d-anemenTH;
coAepKaT 3NEMEHTH
ToNbKo GonbLnx
nepnoaos (TonbLko
mMeTanns)

I'pynna — 3T0 BepTUKAJBHBIM DAL 3JIeMeHTOB, 06J1a1ao-
IDAX OAHOTHIHBIM 3JIEKTPOHHBIM CTPOEHH EM H ABIAIOIIHXCA
XHMHYECKHMH SHAJIOTAMH.

B nepuoauueckoi cucTemMe KaX ALl 9JIeMEHT HMEeT CTPO-
ro ompejeJIeHHBIH IMOPAAKOBBEI# HOMep M 3aHHMAET CTPOTO
ompejeJeHHOE MeCTO.

VII

> Homep rpynnui

MopAaakoBbii HoMep  ~— -25Mn_ L » Cumeon

Homep nepuoga 4— 4

Mapraser |

54,938 +—> Atomnan macca

—— ™ Hassanune



4. CTPOEHME ATOMA H INIEPHOOHYEC-
KAl CMCTEMA . M. MEHAEJIEEBA

4.1. ATOMHOE AQPO. H30TONBI

ATOM COCTONT U3 /Ipa, B KOTOPOM COCPEAOTOYEHA OCHOBHAS
Macca aToMa, M ABMKYIIUXCSA BOKPYT HEro 3J1eKTPOHOB.

AmomHoe a0po 3apAKEHO TOJOMKUTEJLHO U COCTOUT U3
NMpPOTOHOB U HeiTpOoHOB. Takum o6pasoM, aTOM xapaKTepH-
3YIOT TPH 3JIeMeHTapPHEIE YacTHIEI (TabJ. 8).

Tab6ruya 8
XapakTepHCTHKH 3J1eMeHTAPHbIX 9ACTHI
Hassanue Cumeon 3apao . Macca
wacmuybt
Kynon Omnocu- Ke a.e M.
menshan

] eQuHUUQ

IIporon lp 1,610 +1 1,7-10°% 1
1
Heitrpon 1 0 0 1,7-10% 1
Onexrpon e 1,6-10°%° -1 9,1 } 10- | 0,0005486
1

(~(r)-2-N,, )

N ,‘ p) — YHCJIO IPOTOHOB B AApe aToMa; Z —3apaAj AApa;
N op. — TIOPAXKOBRI HOMED B TEpHOAMYECKOI cHCTEMe.

(¥Gr)=4-N(r)=a-2 )| W o)+ N (m)=2 |

A — MmaccoBoe yucsio; A = A, (esroe yucio).

ATOMEBI OJHOTO 2JIEMEHTa, KOTOPhIEe UMEIOT OAUHAKOBBIM
3apAx AAPa, HO PasHbIe MaCcCOBhHIE YHCJIA, HA3bIBAIOTCA U30-
monamu. U30TOnBI COAEpXaT OJMHAKOBOE UYMCJIO IIPOTOHOB
M pasHoe YHCJO HeliTpoHoB. HampuMmep, M3BeCTHHI aTOMBI
BOJOpOJa C MAcCOBHLIMH ymcjamu 1, 2 u 3: }H — NpOTHH,
’H — peftrepnit, SH — tpuruit ((H, 2D, 3T).

¥ xsiopa 2 usorona: 3Cl (A, = 85; 77,83%) u 3:Cl (4,=37;
22,7%). A.(Cl)ep = (85 * 77,3 + 37 * 22,7) : 100 = 35,454. Ita
BeJINYUHA ABJIAETCA CpeAHel 1) ABYX H30TOIOR XJIOpa; OHA PH-
BeJieHa JJIA XJiopa B mepuoaudeckoii cucreme . 1. MenzgeseeBa.
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4.2, COCTONHNE JNEKTPOHA B ATOME. KBAHTOBBIE IMCIA

dnexkTpon — OT zpey. elektron (suTaps).

O6o3HavaeTcs e (unne)

\,

3apag 2 =-1, T. . UnCneHHo
QNEKTPOH paeeH 3apsay NPOTOHa, HO
NPOTHBONONOXEH NO 3HAKY

r
\.

Macca m; =9, 109-10" '«r

N()=N(p)=N,,

N (¢) — amcrno aneKTPOHOB B aToMe
N (,’ p) — YHCJIO IPOTOHOB B ATOME

N, — NOpAAKOBBIA HOMED 2JIEMEHTA B IIEPUOANMYECKON

op.
cucreMme.

B 1924 r. JIyu ae Bpoiins ycTanoBUJ ABOHCTBEHHYIO IIPH-
POAY 3JIEKTPOHA: 3JIEKTPOH — YaCTHUIA ¥ BOJHA.

JIBu:KeHHe 2JIeKTPOHA B ATOME M3y4YaeT KBAHTOBAaH Me-
XaHUKa. '

CornacHo KBAHTOBO-MEXaHUYECKOH TEOPUH, 3JIEKTPOHBI,
ABUrasich B aToMe, o6pasyioT Tak Ha3BIBaéMOe 3JIEKTPOHHOe
obsaxo. Ha puc. 1 npuBesena dopma 371eKTpOHHOrO 061aKa
aToma BOJAOpOJA.

52



Pnc. 1
DNEKTPOHHOE
o6axo BogopoJa
¢ HepaBHOMEPHOI
ILIOTHOCTBIO

DaeKmpoHHoe 061aK0 — 3TO MOJEJb COCTOAHUA 3JIEKTPO-
HA B aTOMeE.

O6aacTh IPOCTPAaHCTBA BOKPYT ATOMHOTIO S/pa, /e 3Hepre-
THYECKH BRITOAHEE BCETO HAXOAUTHCH 3/IEKTPOHY, Ha3hIBAeTCA
opbumansio.

OHepreTHuecKoe COCTOSHHE 3JEKTPOHA B aTOME Xapak-
Tepuayercss HaGOpoM 4YeTHIpeX KBAHTOBBIX 4HceN: n, [, m,
m, (Tabu. 9). '

KBauTtoBrle umuciaa n, I, m;,, m, TO4HO XapaKTEepHU3YIOT
TOoBeJileHie 3JIeKTPOHA B ATOME BOAOPOAa. [lis MHOroajieK-
TPOHHBIX ATOMOB TOYHOTI'O PellleHHA KBAHTOBasA MexXaHUKa He
IaeT. 3aKOHBI ABIKEHNA 2IEKTPOHOB B KBAHTOBON MEXaHUKE
onuceiBaoTcsa ypapHeHueMm Illpemiiarepa, KoTopoe HrpaeTt
B KBAHTOBOH MeXaHHMKe TaKYIO ’Ke DPOJib, KaKYI0 3aKOHHI
HrioToHAa B Kaaccuyeckoil Mexanuke. IIOCKOJBKY 91eKTPOH
obsiaaeT cBOMCTBAMHM YAaCTHILI H BOJHBEI OJHOBPEMEHHO,
TO ero ABHKEHHE MOYKHO OIHMCATL € IMOMOIILI0O HEKO# BOJI-
HoBoi (yHkuum Y. PusndecKUil CMEICI BOJHOBOH (yHK-
o Y(X, Y, 2) 3aKJII09a€TCS B TOM, YTO KBaAPAT 9TOH QyHKIHH

y(x, y, z)|2 IPONOPIMOHANEH BEPOSATHOCTH HAXOXKJAEHHUA
3JICKTPOHA B TOYKE MPOCTPAHCTBA ¢ KOODAWHATAMH X, Y, 2.
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KBaRTOBRIE YHCJA

Ta6aruuya 9

Ne Haseanue Cumeon Kaxue Ymo xaparxmepusyem
Keanmogozo | (0603nave- 3HAYEHUA (onpedennem)
wucna Hue) npunumaem
1 T'nasnoe n n=1,2, 3, OHeprui sHepreTHye-
O ) CKOro ypoBHs (pa3Mep
AJIEKTPOHHOrO 00J1aKa)
2 Optiu- l 1=0,1,2, OHepruio sHepreTHye-
manshoe 3, ..(n-1) CKOro noxyposHs (dopmy
(noboynoe) 3JIEKTPOHHOIO 00/1aKa,
puc. 2).
3 | Maenumnoe m, m=-1,.., Hanpasnennocts (opu-
0,.., +1 €HTAIMIO) 3JIEKTPOHHOTO
o ofsiaka B IPOCTPaHCTBE
BCETro, uc. 2, 4
@l+1) (puc. 2, 4)
3HAYEHUH
4 Cnurosoe m, m,=+1, Crnoco6 gpusceHnsa
_ (COHH) aJIeKTPOHA BOKPYT
m,=— 1, cBoeit ocH (COGCTBEHHEIN
MOMEHT KOJIMYEeCTBA
OBMKEHUA IJIEKTPOHA
B aTOME)

Puc. 2
@opME ¥ OPOCTPABCTBEHHAS OPMEHTAIUSA
3/eKTPOHHRIX 061akos 1s, 2p, 3d



4.3, JIEKTPOHHA{ OBONOYKA ATOMA

A b
7
A ST af 4= 00 D:EEDSG m5'
% E]s DEE] 5d af
g  h o
5 = OT1T1T1]
: & b g
& O O1111
2 3
I
3 8]
8 2
[ =
g 4 e . 1s S’ D:h
OnepreTuueckne  [MoayposHu
YPOBHW [55
Puc. 3

CxeMa noapasjeseEus SHEPTreTHUeCKHUX YPOBHEH HA OAYPOBHK

A — anexTpoHHBe ofnaka ¢ 6IM3KOM 3Heprueli B aTroMe COCTABAAIOT 3AeKTPOHHBIN
cJI0i, aHepreTMIecKHii YPOBEES (3.Y.), KOTOpKIi o6o3Rauaerca nudpamu 1, 2, 3, 4...
3. Y. XapaKTepH3yeT 3HEPTHIO CBSA3M a/IEKTPOHA ¢ AApoM. J. Y. ofpa3yeT aHepreTHIecKHe
moaypoBHH (2.11.): 8, p, d, f.

B — 3.1, moryT 0603Ha9aTHCA B BUAE KBAHTOBBIX AYEEK: D — cpoboxnan,
3anoJIHeHHsIe HAOJIOBMHY ¥ MOJHOCTHIO 3aN0/IHeHHAA TUeliku.

n il

n
o

=1 1=2 1=3

R L L
A oA K| T
¥

"

o]

2 -7’4 d
Puc. 4
[ PopMa H HAIPABJAEBHOCTH 3JIEKTPOHHBIX
1 ﬁax p 00JI8KOB ATOMOB 3JIEMEHTOB IePBLIX 9eThiPex

IEPHOAOB NEePHOAHYECKOM CUCTEMBI 3JIEMEHTOB
I.H.Megaeneena

|

Yucso opbuTtaneil mo sHepreTMYeCKUM HOAYDPOBHAM OT-
BeuaeT popmyae 21 + 1.

2
N, =n",

N(@),,, =2n°

N, — ofmee uucao opbutaneit, N(e ),,, — obmee (MakcH-
MAaJIbHOE) YMCJIO 3J1eKTPOHOB B CJIOE, I — TJIaBHOE KBAHTOBOE
YmcJo.



4.4. JNEKTPOHHAA $OPMVIJIA ATOMA.
PACNPEJIENNEHHE JNEKTPOHOB B ATOME

ek TpoHHAA GOPMyJIa IOKA3LIBAET pacHpeeeHUe dIeK-

TPOHOB Ha OPOMTAJIAX B aTOME:
Yucno

INOKTPOHOB Ha

R sp I'EI I:EI l_'!:l noaypoBHe
162 C )y ) 1s?2s%2p? dneKmporHaAR POPMYAA
n=1  n=2 W ( «<nacnopm» ) amoma

yzaepoda(modens
vouep nonyposwy  PVEKMPOHHOL 060104 KU

ls 23 yYPOBHS amoma C)

T'paguueckoe uzobpaicernue 3AeKMPOHHOL
dopmynv. amoma yzaepoda
6 3
15P 15?2s*2p°3s”® 3p
1s 2s

] (1) [l () (FLTL

Modeav anexmponnoii o6or0iKu amoma dpocgopa

dopmMUpOBaHUE 3JIEKTPOHHO 060/I0YKH aTOMAa IIPOUCXOAUT
B COOTBETCTBHUY C TPEMA NPUHIUIIAMY: MPHHIMIIOM MUHHMYMa
3HEPrHH, ONpeAe/IAIIUM 3a0JIHEHHEe ATOMHEIX opOuTasiei
¢ HauMeHbIel sHeprueii (1s <25 <2p<3s<3p<4s=3d <
< 4p < 5s = 4d < Hp < 6s = 4f = 5d < 6p < Ts); npUALHIIOM
(zanper) Ilayam, ITMKTYIOMINIE IPUCYTCTBHE HA ATOMHOM Op-
Outasu He GoJsee 2 3JIEKTPOHOB ¢ IPOTHBOIIOJIOMHO HAIIPAB-
JIEHHBIMY CIIMHAMM; ¥ MPABUJIOM XyH/a, IPE/ITUCHIBAIOIIIUM
3aToJIHeHHe aTOMHEIX opOHTANeil 9/IeKTPOHAMH TaK, YTOOBI
HMX CyMMAapHBIH CIHH ORI MAKCUMAJIBLHEIM,

XuMuyecKHe 3JIEMEHTHI 110 CTPOEHHIO X aTOMOB MOXXHO
KJaccuduupoBaTh ciaeayiolmumM obpasom:

Tun anemenma Snexmponnas xonguzypayur
B8ANENMNKBIX INEXMPOHO8

§-3JIEMEHTHI — Me'ramlm IA, IIA rpynno ...ngt?
# Hemerasunl \H u ,He
P-3J1eMEHTHl — MeTaJUIHl U HEMEeTAaJLIL ...ns*np'*
or IIIA po VIIIA rpynn, uckrmouasn | H, ,He
d-anemeHTH — MeTaJutH ot IB o VIIIB (n—1)d-'°ns*"
rpynn
[-2MeMeHTHl — MeTaJIIbl JTAHTAHOUIEI (n-1)d ' (n-2)f ""*ns?, Ho
(NeNe 58-71) u axrumonas (NeNe 90-103) €CTh ¥ UCKJIIOUEeHHU
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Poccuiicknm yyensiM KireyKoBcKHM ObLIIO ChOpMYyINMPOBa-
HO npaBwio (mpaBuao KaeuKkoBcKoOro), coriacHo KOTOpOMY
«YPOBHH U MOAYPOBHU ATOMOB 3aIIOJHSAIOTCA BJIEKTPOHAMMU
B IOpAJAKE BO3PACTAHUA CYMMEI IJIABHOTO M OpOHTAJIBLHOTO
KBAaHTOBHIX uuces (n + ). Ilpn ogHOM 1 TOM e 3HaAUEHHU
CYMMEHI (7 + l) 3anosiHeHMe NOAYPOBHEH! IPOMCXOAUT B MO-
PAAKe YBeJINUEeHHUA IJIABHOMO KBAHTOBOrO YMCJIA 1.

Ilpumep. 1A sHepreTH4eCKoro NMoxypoBHA 4§ cyMMa
(n+1) =4, a nas nogyposusa 3d cymma (n +1) =3+ 2 = 5.
ITosTomy, o npasuny KieukoBckoro, cHayaJsia 3amoJIHAETCA
OAYypOBeHE 45, a 3aTeM 3d. Ha moaypoBHsax 3d, 4p u 58 cyMm-
Ma (n + I) = 5. B aToM cayuae 3amoJiHEeHHE HAET B MOPAJKE
3d 5 4p > 5s.

B ra6ia. 10, 11 1 Ha puc. 5 NOKa3aH MOPAZOK 3aNTOJTHEHUSA
3JIEKTPOHHBIX SHEPreTHYEeCKUX IIOAYPOBHE B ATOMAaX 3JIEMEH-
TOB B COOTBETCTBHH ¢ npasujioM Kiedykosckoro.

i
- OpburanbHoe KBaHTOBOB YMCNO I -

)

FnaeHoe KBaHTOBOE YUCNO n.
FS

\

Pue. 5
IlocienoBaTe/ILHOCTh 3aMIOMHEHUA JJIEKTPOHHBIX
3JHepreTHYEeCKUX IOyPOBHeil B aToMe

W3 npaBmia KieukoBCKOro BCTpe4yaloTeA HCKIIOYEHN A, KOT-
18 SHEPruH 6JIM3KKUX MOAYPOBHEHM HE3HAYNTENBHO OTIHYAIOTCH
apyr ot gpyra. Hanpumep, noaypoBeHb 5d 3aII0JIHAETCS OZHUM
a7eKTpoHOM (5d!) panbie, yem 4f, a 6d'~2 — pansIe, yem 57.

CorsiacHO MPMHIMIY HAMMEHbIIEH 3Hepruu, 3JEeKTPOHY
BHITOJlHEE 3aHATH MOAYPOBEHBb «BHIIIENE;KAIEr0» YPOBHA,
XOTHA NOAYPOBEHD « HUKeJIeKalllero» YPOBHA elle He 3aI0JI-
HeH (tabi. 11, puc. 5).
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Pacnpene.nerme 3JIEKTPOHOB B aTOME

Keanmoavie

2na8Hoe opbumanshoe ) MazHumHoe
n I m
n=1,2 3., 1=01223,..,Mn1) m=-l,..., 0,..,+

Yposens Hodyposers Op6umans

Kyn=1 1=0(s) m=0

Ln=2 1=0(2s) m=0
1=12p) m,;=-1,0,+1

Mn=3 1=0(3s) m=0
1=1(p) m=-1,0, +1
1=2(3d) m=-2,-1,0,+1,+2

Nn=4 1=0 (4s) m=0
1=1(4p) m,=-1,0, +1
=2 (4d) m;=-2,-1,0, +1, +2
1=334H m=-3,-2,-1,0,+1,+2, +3

Bce 3;1eMeHTEI B IEPHOANYECKOM CUCTEME AEJAT II0 XapaK-
Tepy 3alOJHEHHS UX ATOMOB 3JIEKTPOHAMH Ha 4 Tuna:

* $-3JIEMEHTHI: 3aTI0JHAETCH JIEKTPOHAMHY S-IIOAYPOBEHD
BHEIIIHero yposHA. K HMM OTHOCATCA mepBhie JBa 3j1€eMeHTa
Kaxxaoro nepuoja (scero 14 aimemenTon): H, He, Li, Be, Na,

Mg, K, Ca, Rb, Sr, Cs, Ba, Fr, Ra.

* p-3JIeMeHThI: 3aII0JHAETCSA JNIEeKTPOHAMH P-NMIOAY POBEHD
BHemHero ypoBHsa. K HUM oTHOCcATCA mocaegume 6 31eMeHTOB
Kaxkaoro nepuoga (scero 30 anementos): B, C, N, O, F, Ne,
Al, Si, P, S, Cl, Ar; Ga, Ge, As, Se, Br, Kr; In, Sn, Sb, Te, I,
Xe; T1, Pb, Bi, Po, At, Rn.



Ta6aruya 10

0 JHEPreTHIYeCKHM YPOBHAM H NOAYPOBHAM

Rucaa

cnunosoe Maxcumansroe Maxcumansroe wucno
m, YUCI0 AIEKMPOHO8 | ANeKMPOHO8 HQ IHepemu-
m, =+, -, Ha nodypogne Yeckom ypoare
N(€) e = N(€) pa = 2n?
I'pagpurecroe usobpasicerue 22+ 1)

3anoJiHeHH020 no&ypoa HA

1s 2 (159 1s2= 2e

2s 2(2sY 2s%2p°= 8¢
2p [Jurfur] | eem
3s 2 (357 35?3p°3d10 = 18

6 (3p°%)
Lurfurfur]irfer] 10 (3d)
TN
{

5
:

2 (457 4s*4pSadOafi= 32
T
T

THTL
[ufutfur] 6 (4p%)
110 (4d)

ar [urfefen]urfinferfun] 14 (47

3p
3d
4s
4p
4d

* d-3JIeMeHTHI: 3aMIOJTHAETCSH 3JIEKTPOHAMH d-IIOAYDPOBEHb
BTOPOro CHAPY:KH ypoBHS. K HUM OTHOCATCS 3/IeMeHTHI BCTaB-
HBIX JeKaJ OOJIbIINX HEePHOJ0B, PACHOJIATAIOIHECT MEXKIY
s- u p-anemenramu (Bcero 32 snemenra): Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn; Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd;
La, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg; Ac, Ku.

* f-37IeMEHTHI: 3aHOJHIETCS dIEKTPOHAMH [-IIOLYPOBEHD
TpPeThero CHaApy»KH ypoBHA. K HUM oTHOCATCA JaHTAHOMEI
u akTuHOMKI (Bcero 28 anementos): Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu (1auranouasi); Th, Pa, U,
Nb, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, Lr (axTnHOHABI)
(cM. npunoxxennd 1 u 2).
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4.5, NIEXKTPOHHAA KOHOHIVPALMA ATOMA
H NEPNOANYECKAA CHCTEMA .M. MEHJEJNIEEBA

IlonoxeHne XMMHUYECKOTO 3JeMEHTA B IePHOAUYECKOMH
CHCTeMe OIpefesifAeTca CTPOGHHUEM ATOMA U €I'0 CBOMCTBAMM.

B nepunonax ciesa HANIPaBO YCHIMBAIOTCA HEMETAJIHUYe-
CKHe CBOICTBA 3JIEMEHTOB M VBEeJHYMBAIOTCA 3HAYEHHA MX
030!, a B riIaBHBIX OOATPYINNAX Ta K€ TeHASHIUA Hab10a-
eTCs CHHM3Y BEEpX. '

HYucno IHepreTUHeCcKUX ypoBHen
B INEKTPOHHOM oBonouke aToma

( HOMEP NEPUOOA )

HuCNo BANEHTHLIX ANEKTPOHOB
( HOMEP YNkl J = (aatome 3neuemoguanuo1v?rpynnu ) =

Bbicwan cTeneHb OKMCNEHUA aToMa
Ta B COeANHe

BaaenmHbie aNeKMPOHbL — 3TO IJEKTPOHHI MOCJHEIHHUX
SHEpreTHYECKMX YPOBHEIl; OHM HMEIOT MAKCHMAJILHYIO 9HEpP-
TUI0 ¥ OIPMHHMAIOT y4YacTde B o6pa30BAaHHM XMMHYECKOMH
CBA3HM MEXXJAY aTOMaMHM B MOJIeKyJax (CM. paszen 5).

B aToMax 3JIeMEHTOB IJIaBHRIX moArpynn (A) BaJleHTHbIE
3JIEKTPOHHI (B. 3.) HAXOAATCA Ha IOCJIeJHEM (BAJIEHTHOM) 9HEp-
PeTHYECKOM YPOBHE (B.Y.), & B ATOMAX 3JIEMEHTOB IIOGOYHEIX
noarpyni (B) — Ha nocjieaHeM M NpeAnociAe HEM.

(N =+Z=N(ip)=-N@ )

N pop,— IIOPAAKOBLLI HOMED, Z — 3apaf Aaxpa, N 1‘ P ) — YHCJIO0
opoToHoB, N(€) — umciio 37eKTPOHOB.
IIpumep: Si N, =14, Z = +14,

N (,’p )= 14,N (o’n)= 28 — 14 = 14 (uucy0 HeHATPOHOB)

1451 — 3 mepuog = +14 )

1481 — IV noarpymna +4 ))) 1s?2s2p® 38s*3p?

—

B.3.(B. y.)
MaxkcuMalbHAasA CTeNeHb OKUCIeHud (+4) 1 MaKcIMaJIbHAS

+4 v
BAJICHTHOCTE B coefMHeHnaAx paBHa IV: 8i 0,;8i 0, (cm. pas-
Aen 4.6).

* 030 — oTHocHTe/NbHAA 3JE€KTPOOTPHIOATENBHOCTS (CM. passes 4.8).



4.6. BAJJEHTHOCTB.
OCHOBHOE M BO3BYXJEHHOE COCTOAHME ATOMA

Baaenmnocmb 31eMeHTA OLIpeAeIAETCS YHCJIOM HecHa-
PEHHEIX 3JIeKTPOHOB B aTOME, IIOCKOJBbKY OHH IIPHHUMAIOT
ydacTHe B 00pa30BaHHUH XMMUYECKOM CBA3H MEXKIY ATOMAMH
B MOJIEKYJIaX COeJHHEeHHMH.

OcHnogHoe cocmosrue aToMa (COCTOSTHHE ¢ MUHUMAJIbHOM
3Heprueii) xapaKTepu3yeTcs JIEKTPOHHOM KOHPHUTYpaIlHei
aToMa, KOTOPasd COOTBETCTBYET IMOJIOIKEHHUIO 3JIEeMEHTA B Ie-
PHOAMYECKOHA CHCTEME.

OcHOBHOE COCTOsIHHE aToMa XJIopa:

Cl... 3s?3p®
17Cl P Banewmnocms (B) xa0pa 8 0CHOBHOM
- cocmosanuu pasna edunuye, NOCKOLL
vee ! Ky amom umeem 00UH HeCnapeHHbill

CnapeHHbie HecnapeHHbsit INEKMPOH

ANEKTPOHL) 3NEKTPOH

Bo36yxcdennoe cocmosnue aroma — 3TO €ro HOBOE dHEpre-
THYECKOE COCTOSSHHE C HOBBIM pacIpefieleHUEM 3JIeKTPOHOB
B IIpefiesiaX BaJeHTHOTO ypoBHA (puc. 6—8).

17Cl... 3523p° OcHo8HOe cOCmOARUe X10pa

] [T
3s 3p

L | |soy-1
3d

1761". 3s23p*3d! Bosbyxdennvie cocmoanus xa0pa

Nl LD L1 ecdy-m;
OL... 3523p*342
eIl D T 10 ey -vs

,iCL... 3513p%34?

[ ele] Delalel | | s@h-vi

Puc. 6
OcHoBHoe 1 Bo36yJeHHBIe COCTOSHMA aToMa XJopa
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ATomMm ¢Topa
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r) ...4s'4p*44d?
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4.7. JHEPTETHMECKME XAPAKTEPHCTHKM ATOMA

Onepzus uonusayuu (I) — aHeprus, HeoOxoxuMas AJas
NpeBpAaIMeH A HeATPANBHOrO 8TOMA B IIOJIOYKHUTEJILHO 3aps-
JKEHHBI MOH WM JJfA OTPHIBA 3JIEKTPOHA OT HEHTPAJILHOTO

_ + .
aroma saemenra; I'—-é —» 3'.
I usMepsiercs B 3J€KTPO

aToM

JOMKOYAAX Ha Moab (kI /MOJb);
15B=1,60-10"22 . 6,02 - 10%3= 96,32 xJ[>x/MOJb.
B Tada. 12 npuBeAeHbl 3HEPruM MOHU3AIMM ATOMOB He-
KOTOPBIX 3JIEMEHTOB.

HAOH
HBOJIbTaXx (9B) Ha aToM MM KH-

Ta6aruya 12

3|1epnm HOHH3AIIMM ATOMOB HEKOTOPBIX JJIEMEHTOB

Onepeus uonuzauuu, 3B

Xapaxmepucmuka
npouecca I, L I, p a’.:;zlau Ha ; z:;:ma-

H-e—>H' 13,59 - - 13,59 13,59
Li-e - Li* 5,39 - - 5,39 5,39
Na-—e — Na* 5,14 - - 5,14 5,14
K-e—>K* 4,34 - - 4,34 4,34
Rb-—e - Rb* 4,17 - - 4,17 4,17
Cs—e o Cs* 3,89 - - 3,89 3,89
Ag-e— Ag* 7,57 - - 7,57 7,57
Cu - 2e — Cu?* 7,72 20,29 - 28,01 14,00
Mg - 2¢ —» Mg* 7,64 15,03 - 22,67 11,33
Ca —2¢ — Ca?* 6,11 11,86 - 17,97 8,98
Sr — 2¢ — Sr?* 5,69 11,03 - 16,73 8,36
Ba - 2¢ —» Ba® 5,21 10,00 - 15,21 7,60
7n — % — Zn2* 9,39 17,96 - 217,35 13,67
Al -3¢ > AI® 5,98 18,82 28,44 53,24 17,74
Sn - 2¢ — Sn** 7,34 14,62 - 22,03 11,01
Pb—2¢ — Pb? | T.41 15,03 - 22,45 11,22
Fe — 2¢ - Fe** ' 7,87 16,18 - 24,05 12,02
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JInepzusn cpodecmaa K aaexmpony (E ) — sHepPrud, BhIfe-
JsieMas WJIH norjolnaeMasi IPH NPUCOeNHEHNH 3JIeKTPOHA
K arToMy M IDEeBPAINEeHNHN €T0 B AHNOH:

9%+ 5D +E;
E n3mepsiercs B 3B/arom, kI /MOJb.

OTpunaTenbHOE 3HAUYEHHE SGHEPTHUN CPO/ICTBA K DIEKTPOHY
03HAYAET, YTO MpPUCOeINHEHNE IIEKTPOHA K aTOMYy TpebyeT
3aTPAaTHI ONIpeJieJIeHHOMH 3HePruu.

B ra6a. 13 npuBeeHbI 3HAYEHN S JHEPTUH CPOACTBA K 9JIEK -

TPOHY ATOMOB HEKOTOPLIX 3JIEMEHTOB.
Tab6auya 13

BHepnm CPOACTBA K 3JIEKTPOHY ATOMOB HEKOTODLIX 3JIEMEHTOB

Vpasnenue E, sB/amom Vpasuenue E, sB/amom

pearkyuu pearuuu |
Ar +e > Ar- -1,0 Li+e—-Li- +0,54
B+e—> B- +0,3 Mg +e > Mg -0,4
Be + ¢ - Be- -0,6 N+e-os N -0,69
Br +e - Br- +3,64 N + 3¢ - N* -23,7
C+e—o C +2,08 Na +e - Na- +1,21
C+4e - C+ -30,7 O+e—> 0 +2,33
Cl+e—>Cl +3,82 0 +2e > 0% -6,76
F+eo F +3,62 P+teos P +0,9
H+e—- H- +0,75 S+e-o S +1,04
Hg +e - Hg- +1,53 S +2e > S* -3,47
I+e>1I +3,23 Si+e—> Si- +2,0
K+e-s K +0,69

Kax ciaegyer m3 taba. 12, nas mesoOYHBIX METAJJIOB
XapaKTepHH HaMMEHBbIIHe 3HAUeHUs JHEPruM HMOHM3aIuH,
¥ OHH YMeHbmaloTcs B paay Li, Na, K, Rb, Cs. Hau6onsmum
CPOJACTEOM K 3JIEKTPOHY 00JaAaloT p-ajeMeHTh VII rpynnn
epHoANIecKOoii cucTeMl. JIyst GOIbUIMHCTBA METAJLIOB M 61a-
FOPOJHAIX ra30B XapaKTEePHLI MaJIkie U IajKe OTPHLIATEIbHEIE
3HAYEHUS DHEPrHM CPOACTBA K 2JeKTpoHy (cM. Taba. 13).
KoanuecTBeHHOI 3a BHCMMOCTH Me K1Y BeINUMHAMHU IEPBOTO
MOTEHIMAA HOHHU3ALUMY U CPOACTBA K 3JEKTPOHY HE yCTa-
HOBJIEHO.
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4.8. JNEKTPOOTPHIIATE/IBHOCTD

AaexmpoompuyamenbHocms — cIIocoGHOCTh ATOMA K IIPH-
ofpeTeHHIO OTPULIATEIBHOTO 3apAja Ipyu 00pa30BaHUU XMMHU-
4yecKoif cBA3M (CITOCOGHOCTD ATOM& B XUMHYECKOM COeJUHEHUH
NPUTATUBATE K ceGe 31eKTPOHKI),

AnexTpoorpuiiaTeabHOCTh (30) BrIpa)KaeTca Kax NOJy-
CyMMa 2HepPIHH MOHU3AILMY ¥ S3HEePTUM CPOACTBA K 3/IEKTPOHY:

50 = I+E .
2
SHaYeHUA 3JTEeKTPOOTPULIATEIBHOCTH 3meMeRTOB mo Ilo-
JIMHTY NpUBeleHH B Tabia. 14,
Ina yaobeTea Ha NPAK THKE NOJB3YIOTCA OTHOCUTEIbHBIMA
3HAYEHHAMHU 3JeKTpoorpunarenbHoct (030) (raba. 15).

030 snTHA NIpNHATA 38 €IUHULY.

ONeXTPOOTPHUATEABHOCTH 3NEMEHTOB

Ie- Tpynnu
puod IA IIA IIIA IVA VA VIA VIIA v
H
I
2,20
Li Be
I
0,98 | 1,57
Na Mg
I
0,93 | 1,31
v K Ca Se Ti \' Cr Mn Fe Co
082 | 100 | 1,36 | 1,64 | 1,63 | 1,66 | 1,656 | 1,83 1,88
v Rb Sr Y Zr Nb Mo Te Ru Rh
082 | 095 | 1,22 | 1,33 - 2,16 - - 2,28
vi Cs Ba La Hf Ta A Re Os Ir
0,79 | 0,89 | 1,10 - - 2,36 - - 2,20
Fr Ra Ac
viI
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Cs,K,Na,Ca, Mg, Al,Si,H,P,C,S,Br,C,N,O,F
030 Bospacraer

B nepuopax O30 BoaspacTaer cjieBa HAMpaBo, B INIABHBIX
OOATPYIIIAX OHA BO3PACTAeT CHU3Y BBepX. IIpu XHMHYeCKHX
peaxknuax 3jaeKTpoHH cMmemalores (H, + Cl, » 2HCl) unm
mepexoAAT K aTromam snemeHToB (2Na + Cl, — 2NaCl), 06-
Aagammux 6oapmeit 030.

JI. ITonnurom paspaGoTaHa TaK Ha3eIBaeMasi TEPMOXHMH-
YyecKasi CHCTeMa, COIJIACHO KOTOPOii 5/1eKTPOOTPHLIATEIbHOCTD
aToMOB A u B onpeaensaor ucxoas us sHepruii ceasu A—B,
A—A nB—B.

Ta6ruya 14
no IToxuery

Tpynnwu
v IB 1IB IIIB IVB VB VIB VIIB 0

2,04 | 2,55 | 3,44 | 3,44 | 3,98 -

1,61 1,90 | 2,19 | 2,68 | 3,16 -

1,91 1,90 | 1,65 | 1,81 { 2,01 | 2,18 | 2,55 | 2,96 -
Pd Ag Cd In Sn Sb Te I Xe

2,20 | 1,93 | 1,69 | 1,78 | 1,96 | 2,05 - 2,66 -
Pt Au Hg Tl Pb Bi Po At Rn

2,28 | 2,54 | 2,00 | 2,04 | 2,33 | 2,02 - - -
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DJIeK TPOOTPHIATENBLHOCTh ATOMOB HCIIOB3yeTcs B hu3n-
KO-XHMHYeCKHAX HCCAeNoBaHNAX. 3Haa 30, MOKHO onpeze-
JIUTh, HAIIPUMED, MOJAPHOCTh KOBAJIEHTHOI ¢BsA3KU. OTHOCH-
TeJbHAA 3JEeKTPOOTPHUIIATEBHOCTE MOMKET CJHYKHTH Mepoit
HeMeTAaJJINYHOCTH XMMHUYEeCKHX 3JIEMEHTOB: ueM OoJbine
030, TeM 3JeMeHT CHJIbHEe IPOABJISAET HEMETAJJINUYECKHE
csoiicrBa. Kak caenyer us tab6a. 15, y sanemMenTa asora, Ha-
npunmep (030 = 3,0) HeMeTaIINYECK € CBONCTBA BRIPAKEHBI
B 6ospImeii creneny, yem y cepsl (090 = 2,5).

Ta6auya 15
OraocuTensHas 3NEeKTPOOTPHNATENbHOCTE ATOMOB

I I i1 v 1% vi vii vii
H
2,1
Li Be B C N 0 F
1,0 1,5 2,0 2,6 3,0 3,6 4,0
Na | M Al Si P S Cl
0,9 l,g 1,5 1,8 2,1 2,6 3,0
K Ca Sc Ti Cr Mn Fe Co Ni
0,8 1,0 1,3 1,3 1,6 1,6 1,6 1,7 1,8
Zn Ga Ge As Se Br
1,6 1,6 2,0 2,0 2,4 2,8
Rb Sr Y Zr Nb Ru Rh Pb
0,8 1,0 1,3 1,5 1,7 2,0 2,1 2,1
A Cd In Sb Te I
l,g 1,7 1,7 1,8 2,1 2,6
s Ba La Hf Os Ir Pt
0,75 { 0,9 1,2 1,4 2,1 2,1 2,1
Hg Pb Bi Po At
1, 1,6 1,8 2,3 2,2
Fr Ra
0,7 0,9

Taxnm o6pasom, 030 onpexeseT NOJNIPHOCTE CBSA3M, KO-
TOPYIO TOM JaHHOTI'0 3JIEMEHTa MOXKeT 06pa3oBaTh C ATOMaMH
IPYTHUX 3JIEMEHTOB.
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4.9. XAPAKTEPMCTHKA JJIEMEHTA
10 ET0 MONOXEHKIO B NEPHOMHIECKON CHCTEME (IIC)

IInam XapaKTCPHCTHKH

1. Ilonoxkenue anementa B IIC (mopsiaxkoBELil HOMep, IIE-
pHoj, rpynna, NoArpynmna).

2. Crpoenue aToMa (3apaa sapa (Z) 4 ero CoCTaB) — YHCIO
poToHOB N( } P), HeHTpoHOB N ((1, n), aJeKTpoHoB N (€¢) B ato-
Me; CTPYKTypa 3JeKTPOHHOH 000JIOUKHM aToMa, 3JIE€KTPOH-
Has dopmyaa (KoHpHUrypanua) BAJIEHTHBIX YPOBHeil (B.Y.),
BAJICHTHOCTE B OCHOBHOM M BO30Y>KAEHHBIX COCTOAHUAX.

3. Tun snemenra (s-, p-, d-, f- anemenr), (MeTana, HeMe-
Tan), GopMy.Jia BeICHIEro OKCHAA B COOTBETCTBYIOLIETO €EMY
THAPOKCHA; YPaBHEHNs peakIMii, KOTOphle AOKAa3bIBAIOT
XapakKTep OKCHUJAA U F'MAPOKCHA (OCHOBHOM, KMCJIOTHERIHA MU
aM¢poTepHLIi).

IIpumep 1

JlaTh XxapakTepHCTHKY dJieMeHTOB Nt 56 u Ne 16 mo mux
nonoxkenuio B [1C,

1. Onement Ne 56 — 6Gapuii ;;Ba, mepunog 6, rpynna II,
riaaBHAS MOATPYIIIA.

2. Z = +56,N (}p)=56;N (€) = 56,

N (jn)=A-N (}p)=137-56 = 81.
OneKTpoHHaA ¢opMyna:
2
15225%2p°353p"3d104s4ps4d 05s75p0 05
s6Ba...6526p° — ocHOBHOE COCTOSTHHME aToMa

N .. - B(Ba)=0
+ 1
... -. — ::gis:ﬁ%x;ge:%cmmne
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3. Bapwuit — s-anemerT, MeTasi. Bercmuii okcng BaO —
ocHOBHOi okcun, Ba(OH), — ocHOBanue (111e104Bb).

OcHoBHoI#i xapaxkTep BaO u Ba(OH), M0oxHO [0Ka3aThb
CIIeYIOUIUMY peaKUsIMU:

BaO + H,0 — Ba(OH),,

BaO + H,SO, — BaSO,+ H,0,
BaO + CO, —» BaCO,,
Ba(OH), + 2HC] — BaCl, + 2H,0,
Ba(OH),+ CO, —» BaCO;+ H,0,
Ba(OH), + K,S0, — BaSO,J + 2KOH

Hpumep 2
1. dnemenTt Nt 16 — cepa ¢S, nmepunog 3, rpynna VI, rinas-
Hasf NoArpymima.

"2.Z=+16,N(}p)=16, N(€) =16;
N(;n)=32-16 =16.

‘DNeKTPOHHas dopmya: 1322s22p“§§;¥-
169... 3523p*3d°
o 0 Y I I O I I it
Ty l .
3523p33d! ) ]
g — 1-e Bo36yx-
2.[1d [TT0] [PL T T T ] smmmoecocromue
3523p33d?

— 2-e Bo36yxieHHOE

=[] [[t[r] [ole] | ] | cocromme sroma,

* BasieHTHBIH YPOBEHbD.
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3. Cepa — p-anement, HemeTas1. Cepa uMeeT IEPEMEHHYIO
BasientHocTh: II, IV, VI, Beicmnii okcng SO; — KHCIOTHBINA
okcup (aarmgpun), H,SO, — xucnaora. Kucnorueiit xapaxkrep
Beiciiero okcnga SO; u ero rugpata H,SO, MmoxHO f0Ka3aTh
CJIEeAYIOIINMH PEAaKIMAMU:

S0, + H;0 - H,S0,,

S0, + 2NaOH — Na,S0, + H,0,
S0, + BaO — BaSO,,
H,SO,+ Mn —» MnSO, + H,,
H,S0,+ Ca(OH), — CaSO, + 2H,0,
H,S0,+ CuO — CuSO, + H,0,
H,S0, + BaCl, - BaSO,l + 2HC1

IIpuBesieHHBIE XaPAKTEPHCTUKHM KOHKPETHHIX 3JIeMEH-
ToB— Gapusa (Ne 56) u cepu (N 16) moxasniBaloT, 4TO 3Jj€-
MeHT 0apHii ABIAETCH TUMIUYHLEIM METAJIJIOM, & €r0 BHICIOMIi
oxkcupx BaO m cooTBercTrBylommit emy ruapoxcua Ba(OH),
MPOSIBASAIOT CBOMCTBA TUIIMYHBIX OCHOBHOTO OKCHJA U OCHO-
BaHMA. JJIEMEHT cepa — 3TO THIIMYHRIA HEMeTAJL1, 4 ero
BeIciiuit okcug SO; u cooTBeTCTBYOIMAan eMy Kucaora H,SO,
MPOABJIAIOT CBOMCTBA TUIIHYHBIX KMCJIOTHOTO OKCHAA (aHIH-
Apuaa) ¥ kucaorsl. TakuMm 06pasoM, 1aBasg XapaKkTepPUCTUKY
3JIEMEHTY TI0 ero IOJIOXKEHUIO B IepHOAHYEecKOH cucreme,
MOKHO B OIIpeJieJIeHHOH Mepe IpeAcKa3aTh CBOHCTBA HEH3-
BECTHBIX 3JIEMEHTOB, CTOAIMX II0 COCEACTBY C HUIMH, — KaK
B rpyline, TaK U B mepuoje, kax aro caenan II. 1. Menaene-
€B, NPeJCKAa3aB CBOICTBA rajlinda, CKaHIUA ¥ FrepMaHus elle
B 1869 roay, aoTkphiTh oHM Ob1H B 1875, 1879 u 1886 rogax
COOTBETCTBEHHO (cM. pasgel 3.1).
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5. XHMHYECKAA CBA3b
M CTPOEHME BEIECTBA

Xumuuecrkas c6a3b — 3TO B3aMOAeICTBHE, KOTOpOe€e CBA-
3bIBAET OTAEJILHBIE ATOMBI B MOJIEKYJIbI, NOHBI, PAANKAJIBY,
KPpHUCTaJJIBbI.

XuMHuuyecKas CBA3b, OCYyILeCTBJAeMasa 06H.IPIMPI 9JIEKTPOH-
HBIMH IIapaMM, HA3BIBAE€TCA K0B8aneHmMHOI.

E, «x/mons

T3, HM
Paccrosnue
mexay aapaMu

i 0,3

JHeprus CBAan
Emn = 436x0x/mons

o =0,74 umB

Puc. 9
3aBNCHMOCTD IOTEHUNANIbHOM 3HepruH (E)
OT PacCCTOAHHUA Mex Ay Axpamu (r) gasa Mojekyaul H,

Kak BuaHO M3 puc. 9, MUHMMYM HA KpuMBOii I coorser-
CTBYET SHEpPTrHH CBA3H B MoJjekyjae H, (9To MakcuMalbHAA
3Heprufd, BhBIAeRsAeMasd NpH 00pasoBaHUU MOJEKYJbl H,,
CHOHHBI aHTHNapasieabHbl 14). Ecin CIMHBI mapasieabHbl
(B oxHOM HampaBieHuH 1 1) (KpuBas 2), TO MOTEeHIIUANbHAS
SHEPrUfd CUCTEMH H3 IBYX aTOMOB HENIPEePLIBHO BO3PacTaeT
npy UX cONMIKeHWH, U, CJIeJOBATeJIbHO, XMMHYeCKas CBA3b
He o6paayeTcH.
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S.1. KOBAJIEHTHASA HENONAPHAA CBA3b

OcymecTtBasercsa obmeiil 21eKTPOHHOM nmapoii, o6pasyio-
mel CHMMETPUYHOE 3JIEKTPOHHOEe 06JIaK0. ITOT BHUJ CBA3H
BO3HUKAET MEXJY ATOMaMH C OJMHAKOBOI 3JIEKTPOOTPHUIA-
reasHocthio: H,, O,, N,, F,, Cl,, Br,, I, C, P, As, PH;, CS,
(tab6xa. 16).

IIpumep o6pasoBasusa MoJeKyianl F, U3 aToMoB:

:F- + 'F: -

2s 2p
IMMMM[MMMM

Illl [y

ITo xapaKkTepy nepeKphIBAHHA 3JEKTPOHHHX 00JIaKOB
pa3juyaloT G- U N-CBA3H: NPH G-CBA3HM IPOMCXOAUT OJHO-
KPaTHOE IepeKkpHBanue 06JIaKOB p Ha TMHUHK, COeAUHAIOIMEH
eHTPH aromoB (puc. 10), a OpH N-CBA3U — ABYKPATHOE
IepeKpHIBAHHE JJIEKTPOHHEIX 00J1aK0OB 1Mo 06e CTOPOHHI OT
JIMHUM, COeAUHAMEN nmeHTpH atomoB (puc. 11). Ha puc. 12
n 13 nokasaHO cxeMaTHYeCKoe u3o0paKkeHne G- U N-CBA3eH
B MOJIEKYJIAX KHCJOPOAa H a30Ta.

Pnc. 10
IIpuMeph! 06pa3soBagna G-CBA3eH

d-s

Puc. 11
IIpumepnl 06pa3oBanud R-cBA3eH
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B monekyne kucnopoaa O, ogHa G-cBASH U OJHA N-CBA3b,
a B MOJIEKYJIe a30Ta 0JHa C-CBA3b U JBE T-CBA3H.

0 =0 — gsoiinas
CBA3b

Pre. 12
Jee p-p-ceasu (G- u N-c643b )8 MONEKYE KUCIOPOOA

- N=N— TpoitHAA
Ng— N cBA3bL
x .3
N N
N ] - -’
N ~ -
I
Puc. 13

CxemaTH4ecKoe H3obpaskeHne
G- U N-CBsA3eil B MOJIeKyJie a30Ta

Tab6aruya 16
IlapaMeTphl KOBAJCHTHOH HeNOXAPHOK cBA3M B Monekyaax H;, F, O, N,
Monexyna Canab Kpamnocms | Hnuna censu, | Fnepaus censu,
caA3u MM o /mons
H, H-H 1 0,074 436
F, - 1 0,142 139
0, = 2 0,121 494
N, N= 3 0,109 945




$.2. KOBA/IEHTHAA NONAPHAA CBA3b

O6pasyerca MeKAY aTOMaMH ¢ PasMYHOM 3IEKTPOOTPH-
LATEIBHOCTHIO (KK MPAaBHMJIO, MEXIY ATOMAMH Da3IMYHbIX
nemeranos): HC1, H,0, H,S, COZ, NH; u gp.

:Q:l- ... 3s23p° :Cl 4 “H o

H* 1s!
T T T
b

1s

'030(H)=2,1, 030(Cl) = 3,0. 030(Cl) > 030(H), nosromy

o6masn aNeKTpOHHAA IIapa cMellleHa B CTODOHY XJopa (ro-
Kas3aHO CTPeNKOit).

Cxema 06pasoBaHusl KOBAJEHTHOM IIOJAPHOA CBA3H B MO-

JeKyJaX HeKOTOPHIX COeAMHEHMI NoKasana Ha puc. 14,

a XxapakKTep KOBaJIeHTHOI ¢cBsA3KM — B Taba. 17.

 HC!

Cl

Pnc. 14
O6pasoBaHne KOBAJIEHTHOM NMOJAAPHOII CBA3M
B monexkynax HCl, H;0, NH;

Ta6aruya 17
XapakTep KOBaJeHTHOMH CBA3H B raJIOreHOBOAOPOAAX

Il B i 4090 Kosareumion sensi
H, H:H AO30(H-H)=0 Henonapuas
I S B | ‘A0B0(I-1)=0 Henonsipran
HI H I AO30H-I) =0,5 Caabononspuaa
HBr H: Br A O30(H-Br) = 0,7 | CpenHemonspHas
HCl H:Ci: AO30(H-Cl)= 0,9
HF H: F AO30(H-F)=1,9 CusmmHonoIApHASA




5.3. OBPASOBAHME KOBAJIEHTHON CBA3H
10 AOHOPHO-AKIENTOPHOMY MEXAHH3IMY

NH, + HCl - NH;Cl"

H +
HN*H + H:Cli—> | HsN+H +[x':('31:]_
H H

O6pasoBanue voHa NH; moxHO moxasaTe cxemoii:

HenodenenHasn JNeKXMPOHHAR napa

NH; - H*N*H

H
H+
Hom H > |:| — ceobodnas opbumane
1s
H + H +
CS. 1 G T
H *N* H +[ JH'> | H'N*H H-N-H
H H . H
e !

UOH GMMOHUAR

Atom N — noHOpD (mpemocTaBiAeT HEMOAEJNECHHYIO LIapy
3JeKTPOHOB @ ), moH H* — axknenTop (mpexocTaBiaaeT cBO-
6oanyio opbutans [ |).

O6pa3oBaHHYIO 10 YKA3AHHOMY MEXAHH3MY KOBAJIEHTHYIO
CBA3bL YACTO HA3KIBAIOT GOHOPHO-AKYENmMOpHOi, WIN KOOp-
OUHAYUOHHOLL, CBA3BIO, XOTA 3TO HA3BAHHE OTPAYKAET JUIIb
MeXAHM3M CBASH, HO He ee CBOMCTBA.



5.4. HOHHAA CBA3b

O6pasyercst B pe3yJibTaTe 3J€KTPOCTATHYECKOTO IIPUTH-
SKeHHUSA TPOTHBOIOJIOMHO 3aPAXKEHHBIX HOHOB.

Na® Na* _
1822822}76&1 ——————>182_2-§2226§0 +“T"
Fo K2 F
182§2_225 +e - lszbz_zpe :

r--"-""-""-""-"="-"=-""=-"=-"=-""=-"=-"=-"=-"=-"=-"=-=—-=—' = j
E I

uNa

A EA
3s 2p oF'1 2p
(2e8e 1e7) ls (2eTe ) |

Na® - 1e — Nat Fo+l1le 5 F

A

3

. "EQ-) Na* [xxli‘i]
l'é IR

Y xx

Na. + ;gi - [Na+]+[;x§:§] — [Na]*. [FT
(oOpasyercsa moHHASA peme'rlcé)

Na* — kartmon, K+, Na*, Ca?*, Fe3*, F-, S~ — npocTble
wonsl, F- — annon, NH;, H,0", OH", NO;, PO} — caox-
HbIe MOHBI.



Mertasnns! rnaBHbIXx noarpyni I u I rpynn ¢ HemeTaiiamn
raasHeIXx noarpyni VI n VII rpynn nepuognyecKkoi cucTeMbl
obpasyior Haubosee THNMHYHLIE HOHHEIE coeauHenuna: NaF,
K,O, BaO, Rb,S, LiCl, CaF, u ap.

Kak BuaHO U3 IpUBEeAEHHON paHee CXeMbl, MOHHYIO CBA3b
MOXKHO PACCMaTPUBATE KaK Ipe/ie/IbHbIH ciry4yaii KOBAJIEHTHOI
TIOJIAPHOMA CBA3H, NPH KOTOPOIl ofIas 3JIeKTPOHHAA Ilapa
NPKTHYECKH HOJHOCTBIO CMEIeHA K OJHOMY M3 aTOMOB.
Mepoii HOHHOI! CBA3H B COEAUHEHHH CIYIKHUT PA3HOCTh MEXAY
3JIEKTPOOTPHULATEILHOCTAMH ATOMOB 3JIEMEATOB, 00pa3yoIqux
ZaHHOe coeAuHeHUe. B MOHHOM COeJWHEHHH HMOHBI MOXYKHO
MPEeACTABUTH B BUJIE 3JIEKTPHYECKNX 3aPAAOB O chepHUuecKoii
cHMMeTpHell cuijoBoro nona. Takue 3apaabl MOryT IPH-
TATUBATh K cebe HeOrpaHMYEHHOE YKUCJIO 3apAAoB (MOHOB)
MPOTHUBOIOJOKHOrO 3HaKa. [[0aTOMY OCHOBHEIM OTIHYHEM
MOHHOH CBA3HM OT KOBAJIEHTHOM ABJIAETCA €e HeHaIpaBJieH-
HOCTb M HEeHACHLIIMIEHHOCTD.

$.5. BOROPOJHAA CBA3D

Bodopodnas céa3» BOSHMKAET MEKAY aTOMOM BOZOPO-
Aa M APYruM 0oJiee 3JIeKTPOOTPHIIATEIHLHBIM aATOMOM 34
CYeT CHJI 3JIEKTPOCTATHYECKOro NMPHTMXKEHHA II0 JOHOPHO-
AKI[eIITOPHOMY MEeXaHH3MY:

Poor
H—(i)IiI I‘II_H".ITI_H"'II‘L—H
H..O0O—H H H H
“ J “ : J
RS 3

CxemMa Me:XMOJEKYAAPHOH BOXOPOAHOM CBA3M:

1 — B MoJeKyJax Bojbl; 2 — B MOJEKyJaX aMMHaKa
(BXHAKOM COCTOSTHUH).

OHepTrUA BOJOPOAHOM CBA3H COCTABJAET IIO- i O
PAAKA JeCATKOB KHJIOAXKOYJIEH HA MOJIB. e/ If

CymecTByer M BHYTPHMOJEKYJAAPHAA BOJAO- 0
poHadA CBA3b (HAIPHMEDP, B CHIHIIMJIOBOM A&Jib-
Jerupe):



5.6. METAJINIMYECKAA CBA3b

Memaanuveckasn céa3b — 3To B3aMMoJeHCTBHE, YAEDIKY-
BaloIiee aTOMBI METAJIJIOB B e AMHOM pemeTKe. B o6pasosanuu
MeTaJUINYeCKO# CBSI3M Y4aCTBYIOT BAJIGHTHEIE 3JIEKTPOHBI
MeTaJljia, IpUHAAJIeKal e Bcemy o6 bemy metannia. B meras-
Jie OT ATOMOB IIOCTOSIHHO OTPHIBAIOTCA 3JIEKTPOHbI, KOTOPHIE
nepeMeIanTcs II0 Bceil Macce MeTaslia, Kak 3TO [TOKa3aHo
Ha puc. 15. AToMbl MeTajLa, JUIIeHHbBIE 3J1€eKTPOHOB, IIpe-
BpPAaIjaloTCA B MOJIOXKUTEJIBHO 3apAXKeHHbIe HOHBI, KOTODhIE
CHOBA CTPEMATCS NPUTAHYTH K cebe [BUMKY I eCH JIEKTPOHEIL.
OnHOBpPEMEHHO C 3THUM APYrHUe aTOMbI METAJIJIA OTAAIOT CBOM
3JICKTPOHBI, H, TAKUM 06pa30M, BHYTDH MeTAaJlJia IOCTOAHHO
IHPKYJIUDYET «3JIeKTPOHHBINA Ira3d» , KOTOPHIN MPOYHO CBA3LI-
BaeT Mexay co0oii Bce aTOMEI MeTaJlja.

Puc. 15
Cxema 06pa3oBaHuA METAIUYECKOH CBAZH

O — ATOMBI MeTaJja;
@ — HOHEI MeTaJL1a;
& — «3JIEKTPOBERIH ras».
Jnsa MeTaJlJIHYECKOIl CBA3M XapaKTEePHO OTCYTCTBHe Ha-
MPaBJIeHHOCTH, 00YCJIOBIHBAIONIEi IJIaCTUYHOCTE METAJLJIOB.
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5.7. BO3BY)XAEHHE ATOMA M THEPHIIM3ALIHA OPEHTANER

BoabysxaeHue aToMa IPUBOJUT, KAK IPABUJIO, K 00pas3oBa-
HHIO «THOpUAHBIX» opOuTaneii. 'ubpudusayus opbumaneii —
9TO MaTeMaTH4YeCKOe OIlicaHue ABJIEHUA, 3aKJI0YaIOIErocs
B BBIDABHUBAHUU dHEPTrHil HECKOJIBbKHNX 3JIEKTPOHHBIX IOA-
ypPOBHe# 1 00pa30BaHUH 34 CUET ITOT0 U3 BCEX PA3IHYHBIX
Y4acCTBYIOIIUX B ruGpuamnsanumn obpuraneil paBHOro 4mcia
OXMHAKOBBIX 2uOpudnbLx opbumaanei.

Hanpumep, atom Be B BO30yKI€HHOM COCTOSSHHH MMeEET
JABe opOuTanu — $ U p, obiajaoNiie PASHEIMHU SHEPrUAMH.
IIpu o6pasoBanMM XMMHUYECKHX CBA3ell 9HEPrHM YCpeaHS-
IOTCSI, U HOBBIe «'HOPHUAHEIE» OPOHUTAJH MMEIOT BHJ, IIOKa-
3aHHBIHN Ha puc. 16.

IlpencraBnenue o ruGpuausanuu aTOMHBIX opOuTasei
66110 BBeieHO B XxuMuio JI. IToauurom.

Bo3byxaenue ‘ Mbpragusauns q
—— -~ -

Be 2s?

Be 2s5'2p? Be 2¢?

Pue. 16
I'n6pugusanna opburaneii aroma Be

CorsacHO KOHIENMINH TMOPHAN3AIINN ATOMHEIX BAJIEHT-
HBIX opOuTayeii, B 00pasOBaHNH KOBAJIEHTHLIX CBA3€eH yya-
CTBYIOT He «YHCThIe» OpOMTANH, a TAK HA3bIBaeMble T'H-
6pupaHbIe, ycpeAHEeHHBIE 0 opMe U pasMepaM OpOHUTAIH.
Xumuueckada cBA3b, o0pasyeMasi ¢ yuacTHEM 3JIEKTPOHOB
ruOpUAHEIX opbuTaieil, 6oee npouyHas, 4eM CBA3b C YYacTH-
€M YHCTHIX $- U p-opOuTaseil, TaK KaK MPOUCXOAUT GoJblliee
nepeKpbIBaHUE 9JIEKTPOHHBIX 00/1aK0B.

CxeMBbI 1 HEKOTOpPbIE THIHI THOPHUAN3AIMH [TIOKA3aHbl Ha
puc. 17, 18 u B Tabx. 18.



IIpu oGpasoBaHNM XHUMHUYECKOil cBsA3u B MojaeKyie BCl,;
y aToma Gopa (3JIeKTPOHHAs CTPYKTYpa B BO30YKIeHHOM
cocroaunn 1s5?2s'2p?) B ru6puausanuu y4acTBYIOT opbu-
TAJu OJHOrO §- U ABYX p-3JEKTPOHOB (OCyMeCTBJAeTCH
sp?-rubpuansanus opbutaneil LeHTPaIbLHOrO aToMa). ITO
IPHUBOAUT K 00PA30BaHUIO TpeX rH6puAHEIX opbuTaseii nox
yraom 120° (puc. 17).

B Monexyne merana CH, npu o6pa3oBaHuH CBA3H aTOM
yriepofa B Bo36ysxaenHoM cocToannu (1s22s22p? — 1522s'2p?)
MOJYKEeT NPHUCOEANHATH YeThIPDE aToMa Bojopoga. IIpu aTom
y aToMa yrjepoja MmOABepraloTci rubpuausamum opbm-
TaJu OAHOI'O $- M TPeX p-3JeKTPOHOB — OCYyI[eCTBIAETCH
sp-rubpuausanmusa. Yroa Me:xAy OCAMH rHGpHAHBIX OpOHUTA-
Jeit cocrapaser 109°28’. ITepeKpuiBaHMeM YeThIpexX rHOpHUA-
HBIX sp®-opGHuTaseii aToMa yrijiepojsa u s-opouTaeii YeThIpex
aTOMOB BOJAOpOAa 0o0pa3yeTcsi IpoYHasi MOJIEKYJia MeTaHa
C YeThIpbMS OJMHAKOBLIMH CBA3AMH (puc. 17 u 18).

TubpudHsie
opbumanu Popma Mpumep
@ C><) - ——
OpHa OpHa
s-opbuTans p-opﬁmanb sp—opﬁmanu
st @ + OO % )\ BCl,
OpHa 11 Mnockas
s-opbutans p-opbutanu sp’—opﬁmanu TpUroHanbHas
B OR OO 5& J\
Yetbipe Tetpaappuieckas
OpHa Tpu TpalnP
s-opbutans p-opbutanu sp*-opbutann
Pue. 17

Cxema rubpuansanum O0pu o6pa3oBadHH
XMMHYECKOoit ¢cBa3H B Monekyaax BeCl;, Bel, u CH,
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Tab6aruya 18

Tunsl ru6puAH3aLHH

Tun monexynwt Tun 2ubpudusauuu Teomempuuecrkan gopma
AB, sp Jlumeitnas
p? Uaoruyrasn

AB, sp?, d%s Tpuronansuas

D’ pd? MupamunansHas
AB, sp’, d’s Terparonamnuas

dsp? Ksagparuunasn

AB; sp’d BunupavMupnansHas
ABg d?sp?, Oxrasgpuueckas
ABg spd? KyGuueckasn

(s + p + p +p)opburann

Puc. 18

Yetbipe sp*-opbutann

HexkoTopsle THNH rHOPHAMBATIMY BaJIEHTHRIX opOuTaieit
a — HCXOAHEIe opfuTanu; 6 — rubpuaAHEBIe OpOHTAIN



5.8. IOHATHA BANIEHTHOCTHH CTENEHHM OKMCIEHMA
B CBETE TEOPHM CTPOEHMA BEMECTBA

Banenmuocmb — 370 ciOCOGHOCTE XMMHUUECKOI0 JIEMEHTa

oﬁpasontaTL XHMHYEeCKHe CBA3N,

Yaie Bcero BaJ€HTHOCTh ATOM& ONPEAEJAETCH YNCJIOM
€ro HeCIlapEeHHKIX 3JIEKTPOHOB, YYaCTBYIOIUX B 06pa30BaHMH
O6IIMX 9JIEKTPOHHEIX AP € JIEKTPOHAMH APYTrHX ATOMOB.

Cmenenb oKucaerHuA — YCJIOBHEIH 3apsA] aToMa B CoeH-
HEHHH, €CJIH CYHUTATH, YTO COEJAMHEHHE COCTOMT M3 HOHOB.,

YncJeHHEIe 3HAUEHNA BaJIEHTHOCTH M CTEIIeHH OKNCJICHUSA
B COEAMHEHHAX MOT'YT K&K COBIIAJATD, TAK K OTJIMYATHCA APYT
ot gpyra (Tata. 19 u 20).

BaeHTHOCTS M CTeNeHb OKHCJIeHHA ATOMOB

B Bemectpax Hy, Oz, N;, NH;, NH,

Tab6aruya 19

Xumuueckas gpopmyna Ipaguueckas Banexwmnocms Cmeneny
U Ra38aNUe delyecmea dopmyna amoma oKucrenus
amoma
H; — sonopon I 0
0, — xucIopon = 11 0
F, — drrop I 0
N, — azor N=N III 0
NH; — ammuax H- 12} ~-H I -3
i
H
N,H, — rugpasun H.2 =2 H ITI -2
SN-N
H H




Tabaruya 20

BaJeHTHOCTD H CTeNeHh OKHCJICHHA aTOMa yriaepoja
B PA3THYHBIX COeAMHEHHAX

Xumuuecrkan gopmyra Tpaguneckasn Banenmmnocms Cmenenb
u Ha3eaKue OKUCIEHUR
coedumenus dopmuyna amama C amoma C

CO, — okcug —C—
yrnfapona aw 0=C=0 v +4
H H
CH, — meTan ¢ ¢ v -4
H” ™NH
CH,0 — (0]
Mypa;bmim‘i —c’ v 0
aMbAEruy ~H
H
CH;OH — |
METHJIOBBIH H—Cc—0—H v -2
crMpT |
H
HCOOH — c? v
MypaBbUHAasA H— +2
KACJIOTA ~NO0—H

YuceHHoe 3HaUY€HHE BLICIIEH CTelIeHN OKHUCJIeHUS aToMa

3JIeMeHTa PaBHO HOMEPY rpynmnsl, B KOTOPoil HAXOAUTCH dJie-
MeHT B epuoauydeckoil cucreme Ii. U. Mengeneena. IloaaTue
BaJICHTHOCTH 60Jiee IPUMEHNMO K OPraHMYeCKUM COeAMHEHN -
f1M, & HOHATHE CTENEeHH OKUCJIEHUA Yalile BCero NCI0IL3yeTCH
IpPH U3y4E€HNUH CBOMCTB HEOPraHMYECKUX coequHeHuil. B He-
OpraHWYeCKOH XMMHUHM MOHATHE BAJIEHTHOCTH HPUMEHSIOT,
yT106Bl NOKAa3aTh CHOCOGHOCTH JaHHOTO 3JeMeHTa K obpaso-
BaHMIO OIpE/JEIEHHOTO YUCIa XMMHYECKHNX CBA3e. '



5.9. ATPETATHOE COCTOSHME BEIECTBA.
KPHCTANNBI.
THIBI KPHCTANINMYECKMX PEIIETOK

BergecTBa MOTYT HaXOAUTHECA B ra3oo0pa3HoOM, JKHIKOM
¥ TBEPJOM COCTOSIHMH WJIH B BHAE mia3Mul (Tabi. 21).

Tab6aruya 21
ArperaTHoe COCTOSSHHE BelIecTBA

I'azoo6pasnoe cocroanue

B razax MoyeKyJIHI HAXONSTCA HA 3HAYMTENHHOM yJAJI€HHM APYT OT
Apyra, N HO3TOMY radoBoe COCTOAHHE XapAKTEpH3yeTcs CaMBIMH Ma-
JIBIMH CHJIAMM MEXKMOJIEKYJIAPHOIO B3aMMOJEHCTBUA N0 CPaBHEHHUIO
C MHAKNM M TBEPABIM COCTOSHUAMHE. ['a3 npuuuMaer obbem u dopmy
cocyna, B KOTOPOM OH HaXOOMTCA

Hunkoe cocToguHe

B sxpaxocTH CHIILI MeXKMOJIERYJIAPHOIO B3auMoeicTBHA GobIe, YeM
B ra3ax, HO ellle HEJOCTATOYHH IJIA COXpAHEeHHs obrbeMa M opMEI.
Jlns :RUOKOCTH XapaKkTepHH: OJIMYKHUM HOPSIOK, H30TPOIIHUA CBOMCTE,
TeKy4ecThb

TBepaoe cocroauue

KpUCMANAUYecKoe amopghroe

B tBepIoM BemiecTBe YACTUIIH HAXOAATCSA HA 0YeHD OJIM3KOM PACCTOSHMH
APYT OT JPYTA, ¥ CIUTH B3aUMOAEHCTBISA MeMIy HMMM HACTO/ILKO BEJIMKH,
YTO TBepIHe BeLIecTBA MMeEIOT OnpesesieHHEIe GopMy M 00beM

Jla xkpucraimrdeckoro cocros- Jlns amopdHOro cocTosTHNA XapaK-
HHA XapaKTepHH: JaJbHHH 110- TEPHEI: OJIMKHUHA HOPSOK, H30TPO-
PANOK, aHHU3OTPONHA CBOMCTB, OHsA CBOMCTB, OTCYTCTBHE KpH-
KpUCTaJUTIIecKas (YIOpAIOUeH- CTa//IM4YecKOR (yHOpAmOYeHHOLH)
Had) CTPYKTYDa, oIpefeseHHa s CTPYKTYDBI, OTCYTCTBHE ONpe/ie/IeH-
TeMIlepaTypa NJjaBJjeHus HOH TeMIepaTypH IJIaBJIeHUA

Ilnaamennoe cocroauue

I/Iormauponannuﬁ ras, B KOTOpoM offbeMHEIE ILTOTHOCTH MOJIOKHUTE -
HEIX H OTPHUIATEJIbHEIX JJIEKTPHYECKHX 3apsaAI0B PaBHHL. HawubGosnee
XapaxkTepHO A1 KOCMHYECKOro OpoCTpaHCTBA

Kpucmananvt — 970 buU3HUYECKHE TeNA, YACTUIEI KOTOPHIX
00pa3yoT KPHUCTANJIUYECKYIO PelleTKy, 00JiajaloT cCHMMe-
TpHUell ATOMHOM CTPYKTYPHI B AHU3OTPOMHUEH HEKOTOPHIX
GHU3NYeCKNX CBOMCTB.



B 3aBHCHMOCTH OT HPHUPOALI YACTHI[ KPUCTAJJIA Padiu-
Yal0T HOHHBIE, ATOMHBIE, MOJIEKYJIAPHbIE U MeTANINYECKHE
pewetrkH (puc. 19).

THOs KPUCTAAINYECKHX PENIETOK (CXeMa)

A, B — MoJleKyJspHEle HeNONAPRAaA U NOJAPHAA PelmeTKH;
B, I, T — aroMHas, MeTa/LITH4YeCKad H HOHHAA PElIeTKHU

Kpucraminueckne pemIeTKH, MMeEOINe KOHEYHBIH pas-
Mep, OIMHCHIBAIOTCA C ITOMOIIBIO TPeX Kpucrajajiorpapude-
cKHX oceil a, b, ¢, pacnojaraoIuxcs oL yriaamu o , § u v,
otanuHbIMHE 0T 90°. KpucrannuuecKas pelieTKa HOCTPOEHA K3
MEePHOJUYECKH TOBTOPAIOIUXCA OAUHAKOBBIX CTPYKTYDPHBIX
eIMHUII, Ha3bIBAEMBIX JJeMeHMaPHbIMU Avelikamu.

CuHrouns («CXOQHOYTOJBbHOCTEL») KPDHCTANJINYIECKOH pe-
IIEeTKH XapaKTepHa3yeTcsa yrjaamu o, [ u Yy, moJ KOTOPBIMH
pacrnosaralpTcsa KpucTaJutorpapudeckne ocu a, b u c. Ilo
3TOMY IPHHIMNOY Pa3IMYalOT CEMb BUAOB CHHIOHMII (Tabu. 22)
U YeTHIPHAAIATh THIIOB 3JIEMEHTAPHEIX fueeK (puc. 20).

BaxxHoi#l XapaKTepHCTHKON KPHCTAJJIHYECKHX BeINecTB
SARIAETCSA KOOPOUHAYUOHHOE LU0, OLIpeie/isieMoe B KPHUCTAJ-
JIOXMMHH KAK YHCJIO OIMXKaHIIHX COCEAHUX YACTHIL, KOTOpPEIE
BILUIOTHYIO IDEMBIKAIOT K JAaHHOH YacTHIE B KPUCTAJLJIE TN
B OoTAeJabHON Monexysne. Hanpumep, B pemerke NaCl koop-
AuHAIMOHHLIEe yKMcaa uoHoB Na* u Cl- paBuwm 6, mosromy
kpuctaan NaCl — 3To rHraHTCKHA KPHUCTANJ, COCTOAMMIUM
M3 oguHaKoBoro yucaa Na* u Cl-.



Ta6auya 22
XapaKkTepMCTHKH 3JIeMEHTAPHBIX AYeeK

Cuneonusn | Yeon mexcoy ocamu | [nuna Dopma Ne na
pebpa puc. 20
Ky6irge- | a = B=y=90° | a=b=c¢ Ky6 1
ckas
a=f=y=90° | a=b=c | ObvemHoueTPH- 2
POBaHHKIN KyO
a=Pp=y=90° | a=b=c¢ I'pasenierrrpupo- 3
BAHHEIH K]
Terparo- a=B=y=90° | a=b#c ITpuama 4
HaJbHAA HA KBaJpATHOM
OCHOBaHMM

a=B=y=90° | a=b#c | Obrermonentpn-
poBaHHAasA NpH-

3Ma Ha KBajpar- 5
HOM OCHOBAHHMH

Iekcaro- o=p=90° azrbzc IIpapunesuas 6
HaJbHAs ¥=120° IeCTHYTO/ILHAsA
npH3Ma
Pom6u- a=pB=y=90° | a#b#c | IIpamoyroneHsiit 7
YecKas napaJute/iermmnes
OpTOPOM-
myeckas) | a=f=y=90° | a#b#c Obnemouen-
TPHUPOBAHHEIN 8
TPSAMOYTOTLHAI
napasinesenumes

a=B=y=90° | axb=c | DBasouenrpupo-
BaHHBIN IIPAMO-

YTOJLHEIN napaJ- 9
JleslenAnex
a=P=y=90° | a#b#c I'pamenen-
TPHPOBAHHEINA 10
MPAMOYTOJILHEIH
napaJuiesienumnes
Pombo- oa=B=y£90° | a=b=c¢ PomGoanp 11
ampudeckast
TpHro-
HaJIBHAMA)
Moso- o=p=90°, a#b+c | Ilpamoit mapan- 12
KIHHHAA y# 90° JIiesienynesn,
— R = 90° azb#c BasoueHTprpo-
a=p 90900 ’ BaHHRIA IIPAMO- 13
T# YIOJLHBI Tapas-
JIeJIeIuIes
Tpmomas- azBzy azbzc | IlpoussombHbril 14
Had napaJulesIeTHes,
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OcCHOBEBIE THITH 3JIEMEHTapHEIX AYEeK

(pemrerku Bpase)

1-3 — kybuueckue; 4, 5 — reTparoHaybHble; 6 — reKcaroHajJdbHasfd;
7-10 — pombugeckne; 11 — pombosgpuueckan; 12, 13 — MOHOKJIMHHEIE;

14 — TpUKJIMHHASA



6. XMMHYECKME PEAKIIHH
H SAKOHOMEPHOCTH MX NMPOTEKAHHA

Knaccndpukanua OCHOBHBIX TUIOB XMMHYECKHX peak Uit
NpHBeAcHA Ha ¢. 23.

I10 BBIZEIEHHIO UM TIOTJIOLEHH IO DHEPTUH XHUMUIECKHe
Peaknuu JeJIAT HA IK3omepMUuLeckue, UAYIHE C BBIACIEHHN -
€M TEIUIOTH B OKPYKamInyio cpeay (+&), u andomepmuye-
CKue, MAYINNE C MOIVIOMIEHHWEM TeIJIOTHI M3 OKPYKAaloIlei

cpens (—Q).

O6o3nauaetca Q )
’
TENNOBOW Moka3wiBaeT TENNOTY, KOTOPan
QOOEKT Jom BbLIAENAETCA UNW NOTNOWAeTCA
PEAKLWWN B Pe3ynbTaTe XMMUYECKON pearkumn
\.
r
EAnHULL HaMepenus:
o, kx
o

6.1 SHTANBINA. CTAHAAPTHAA 3HTANBIMA
OBFPA3OBAHNMA BEINECTBA
OHTANBONA ABJACTCA PYHKIHUEH COCTOAHHA CHCTEMEI:
AH = H,— H,, rae AH — 3HTANbIINA XMMHYECKON peaKIlHH,
H, n H, — cyMMapHBEIe SHTAJbIONHN PEareHTOB M IPOAYKTOB
peakIMK COOTBETCTBEHHO.

Ob6oanauaetcs H (aw)

OnpepenseT Mepy dHeprum,
QHTANBNKUNA HakannNuBaemylo BEWeCTBOM
npu ero obpaszosaHuu

EanHnLe namepenns:
Ox




@, — remnoBOil 3ddeKT peaKLNH IPH IIOCTOAHHOM AaB-
JIEHHH CO 3HAKOM «—».

IIpn @,>0 n AH,<0 HuAYT 3K30TepPMUUYECKHE DEaKILHH,
npu Q,<0 u AH,>0 — 3ngoTepMHYECKHE.

HNsmenenue sHTANIBLNHUH (TENJIOBOH 3ddeKT) XMMMYECKOIt
peaKIIM¥ 3aBHCHT OT TeMIepaTyphl, AaBJeHNd, KOJHIEeCTBa
M ArperaTHOro COCTOAHMS BemecTBa. I10aToMy JOroBOpH-
JIECh IPHUBOLUTE €ro A CTAHAAPTHHIX ycsoBuii (T = 298K
u P=1,013.10°I1a). B aToM ciyuae TemioBoii adpdeKT peax-

nuu npuHATO 0603HauaTs AH 5, , win AH,

Hanpumep, 2H,(ras) + O,(ras) = 2H,0 (xknak.),
AH®= -571,6 x][Ix.

O6o3navaerca H

OnpenenseT KaMeHeHne
CTAHOAPTHARA 3HTanLNuM Npu oGpasopaquu
SHTANLMNA pewecTea B konuyecTse 1 MonL
OBPA30BAHNA 13 NPOCTLIX BEWECTB
BEWECTBA B WX YCTOMYUBLIX MOANPUKALMAX
NPY CTaHOAPTHLIX YCNOBMAX

EAvHULL! namapeHus:
/mons

AH (?Gp MPOCTOT'O BEIIECTBA IIPUHSATA PABHOM HYJIIO U IIPHIIH-
CHIBAETCH TOJBKO OAHOMY ArDETATHOMY COCTOSHHMIO BEIeCTBA
(] - ] - (]
(AH 5, (I(18.)) =0, AH o, (I(xuak.)) =22 Jlsx/mons, AH 4,
(I(ras)) = 62 x>k /MoaB).
ITo mMepe yBeamdesus mno abcosOTHOH BeIWUYMHE OTPH-
aTeJbHOro 3HadeBuA AH gﬁp BO3pacTaeT M yCTOAUMBOCTH

o6pa3yomeroca BenecTBa.



6.2. BBIYMCJ/IEHHME TENJIOBBIX 34PEKTOB

TenJoBele 3pPeKTh (M3MEHEHUS DHTANBINI) peaKIIHi
MOI'YT OBITh PACCUHTAHKI 110 HTAJBIUAM 00pa30BaHUA HC-
XOJHBIX BEmMeCTB (PeareHToB) U NPOAYKTOB B3aUMOAEeHCTBU S
Ha OCcHOBe 3akoHa I'ecca.

3axon I'ecca

TenoBoi 3hheKT (M3MEeHEHNe IHTAJIBIINN ) PeaKIINH PN

=const uau P=const He 3aBUCHT OT YHCJIA IIPOMEKYTOUHBIX

cTajguii, OT MyTH NPOIECCa U ONpeeisieTCS TOJIbKO HaYallb-
HBIM ¥ KOHEYHBIM COCTOSIHUEM CHCTEMBEI.

C (rpadbmt) AH® Cco,
AH® = AHY + AHY >}
I. C+0,=CO, AH® = —393,5 x]Jlx/Moas AHY AHY
1I. C+!'/,0,=CO AHY= -110,5 g I:x/Moab
Il CO +1/,0,=C0O, AH?— —283 k][ /Monn 1
cOo

-393,5=-110,5 — 283

umanvnuiinbie duazpammsb. — rpadudecKoe usobpaxe-
HHE U3MEHCHMI PHTAJLIHM B ONpPEAEICHHBIX XUMHYECKUX
npoueccax (puc. 21). Bepxauii yposens Ha auarpamMme s
9K30TepPMUYECKMX PEaKIUil HA3hIBAETCA HCXOAHLIM YPOBHEM,
OH COOTBeTCTBYeT 3HaueHHI0 H°=0 u ycioBHO maobpaskaer
MpPOCThIE BEeINeCTBA B MX CTAHJAPTHLIX cocToAHNAX, i 9H-
IOTEePMHUYECKHX peaKIHil HCXOAHBIH YpOBEeHb PacHoJIOKEH
B HH)KHeH YyacTH JHarpaMMBI.

0 C(78.) + O,(ra3) UcxoaHbit ypoBeHb
)
5 AHS = -110,0 xbx/mons
3 i
g 100 Y CO (ra3) + 1/2 0, (ra3)
=
T -2001 [AH°=-383,0
= kbx/Monk
c AHS = -283,0 «x/monb
[
© -300
&

00 LY Y

Puc. 21

OHTanpOuitHAA AuarpamMma obpasosanng CO,
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Caencreue u3 3axona I'ecca

TemwoBoii addeKT (H3MeHEeHHE SHTAJIBIIHH) PeaK K AH;’
paBeH pa3HOCTH MeXKy CyMMO#i sBHTanbsIui 06pasoBasusd npo-
ZYKTOB peaKIlM{ U CYMMOI 3HTAJILIN I 00pasoBaHUA peareHToB
C YYETOM CTEXHOMETPHUYECKUX KO3(DPHUIIHEeHTOB:

AH : = ZH ®(mpoayKTHI) — ZH °(peareHTH).

Tpumeper:  a) 4ANH;(ras) + 50,(ras) = 4NO(ra3) + 6H,0(ras)
n, MoJb 4 5 4 6
Hggg ’ xnm/uonb —46 0 +91 -242

AH® = [4(+91) + 6(~242)] - [4(-46) + 0] = ~904 xJlxx/ Mo
6) 3CaO(TB) + P,04(TB) = Cas(PO,),(TB)

n, MOJIb 3 1 1

HYs s “Mfiom  3635,50 1489,5 4112,9
AH;’ =4112,9 - (635,5-3 + 1489,5) = —716,9 xI:x/Monk.
B) CO(ras) + H,O(ras) = CO,(ra3) + H,*(ras)

n, MOJb 1 1 1 1
H)oo, fon. 110,50 241,82 393,51 0

AH:,’ = 393,51 — (110,50 + 241,82) = 41,19 x/[>x/™Moub.

TennoTsl oﬁpaaoBa}ma HEKOTOPDBIX XHMHYECKHX coeJnHe-
HUE**, k]{>x/MOJB:.

CaO(tB) — 635,5; CO(r) — 110,50; CaCly(tB) — 795,0;

P,0s(TB) — 1489,5; COy(r) — 393,51; CaCO;(TB) — 1206,9;

Cay(PO,),(TB) — 4112,9; H,O(r) — 241,82; Ca(OH),(TB) — 986,6.

I/IamepeHneM TeloJOBOI'O 3(1)(1)e1c'ra XHMHUYECKHX peaxunﬁ
H YCTAHOBJIEHHEM €TI0 3aBHCHMOCTH OT PaAa3JIHYHBIX Q)H3PIKO-
XHMHYECKHX napaMeTpoOB 3aHUMAaeTCA HAYKa TEpMOXHMMUA.
O6LI4HO TemIoBRIe 3(heKTh PeaKIIuH H3MePAIOT MeTOJaMHU
KaJJOpHMEeTDPHU IOPH OOCTOAHHOM obbemMe HMIH AaBJIeHHH.
Ka.nopnme’rpuﬂ — 3TO COBOKYIHOCTHP METOAOB N3MEPEeHHA
KOJIHYeCTBa TEeNJIOThI, KOTOPaA BHIAECIAETCA HJIH MNOrJola-
eTcA B KakoM-aubo apoilecce.

* Peaxnusa uger npu ¢t = 500°C B npucyrerBun Karaausaropa (Fe,0;).

** JHTAJBINH 06PA30BAHNS POCTHIX BEIECTB B MX YCTOHYHBEIX Arperar-
HBIX COCTOSHUAX NPHAKNMAITCA PABHBIMH HYJIIO.



6.3. SHTPONHA

Inmponuas Apasgercs QyHKIHeH COCTOAHNA CUCTEMBI, OT-
paskaroineil Mepy ee HeyIoOpAXOYEHHOCTH. B cTaTucTHYeCcKOH
TEepMOJUHAMUKE 9HTPONHA (S) IPOMOPIMOHAJbHA HATY DAJIb-
HOMY JiorapudmMmy TepMOAMHAMHUUYECKOii BeposTHocTH (W)
JaHHOH cucTteMbl: S = kInW, rae k — xoucraura Boasrnmana;
AS=S8,-8S,,rae S, uS; — 3HTPONHA HAYAJILHOIO U KOHEYHOr0
COCTOSIHUA CUCTEMBI, AS — H3MeHeHHe SHTPOIHNH,

O6o3Havaetcs S J

OnpepensieT Mepy XaoTUYHOCTH
SHTPONWA (6ecnopsaka ) B cucteme

EauHnubr namepenus: Ox/(K - MOnb)J

B cucreme, rae mer o6MeHa 3Heprueil MJH BEIIECTBOM
MeXKJy CHCTEMOM 1 OKPYKalomieii cpeioii, BOSMOX<XHEI TOJBKO
TaKkHe CaMOIIPOM3BOJIbHEIE NPOLECCHhI, KOTOPhIe IIPHUBOJAT
K yBeJIMYEeHMIO 9HTponuH (AS > 0). .

HanMeHbUIYIO 3JHTPOIIUIO HMEIOT HAEAJbHBIE IPABUIBHO
TIOCTPOE€HHEIE KPUCTAJLUIEL TpH a6COIFOTHOM HYJIe (OHH HMEIOT
HYJIEBYIO SHTPOIHIO). JHTPOOUA BO3PACTAET C MOBBILIIEHHEM
TEeMIIEpATYPbI, IPH OPEBPAIEHNH KPHCTAJJINUECKOro Bellfe-
CTBa B XKHJAKOE COCTOAHNE H 0COOEHHO CHJILHO BO3PACTAET IIPH
nepexoje U3 JKUAKOTO COCTOAHNA B razoobpasHoe.

ITIpoueccsl, ana koropeix AS>0: a) pacmupeHnune rasos;
6) dasoBrie mpeBparnieHns (TBepAOE — XKUAKOE — rasoofpasHoe
COCTOAHME); B) PACTBOPE€HHE KPUCTAIIIHYECKHUX BEIIECTB.

ITpoueccel, Aaa KoTophix AS < (: a) cokM)KeHHe ra3oB;
6) yBesiueHHe KOHIEHTPAIHHA U KPUCTAJIIN3AUA Bell[eCTB.

CranpgapTHas SHTPONMSA YHMCTHIX BEI[ECTB OTHOCHTCH
K 1 mosro Bemjecrsa npu P = 1,013-105Ila u T = 298 K

u obosHayaercs Sgga [Dox/(K-Moub)).



6.4. QHEPTHA I'MBBCA

O6o3navaetca G

Onpepenser pasHoCTb Mexay
3HTanbnnewn U NpoussefeHnem

SHEPIUA TMBBCA 3IHTpONNK Ha abContoTHy0

Temnepatypy: G=H-TS

7
\.

~
J

EanHnub nameperna x/monb

Ilpu T = const

(ag=am-Ta5 )

AG — usmenenue aHeprum I'u66ca; AH — naMeHeHUe 9HTANb-
oun; T — temneparypa, K.

CaMonpoun3BosbHblE XUMUYECKUE NpoLEecChbl nayT
B HanpasneHun ymeHblueHuns ateprumn Mb6ca: AG < 0.

AG® — ctaHaapTHOEe M3MeHeHue dHeprum I'mb66ca, Korza
peakuusa uAeT OpH cTaHAapTHRIX ycaoBuax (T = 298 K
u P=1,013-10°1IIa).

AG®= AH"- T-AS"
( )

AH® u AS® — craHAapTHLIE U3BMEHEHUA JHTAILIMY U 3H-
TPOIINH.

3Hak G yKasbIBaeT Ha BO3MOYKHOCTE IPOTEKaHUA PEaKI[HH,

Ecmm AG < 0, To npu 6oab110# abconioTHOH BesnunHe AG
PaBHOBecHE CABHHYTO B CTOPOHY OOpasoBaHHS HOPOAYKTOB
PeaKIyu.

Ecau AG >0, To mpu 6oab110ii abcomoTHOM Beanuune AG
PaBHOBECHE CABHHYTO B CTOPOHY 00pasOBaHHS peareHTOB.

Ecnun AG = 0, cucreMa HaXOAUTCA B COCTOSTHHH JMHAMH-
YEeCKOr'0 paBHOBECHA.



B psany coearHEeHNA OAHOTO THIIA YeM MeHbIle CTAHAADT-
Hasl 9HTAJIbINA 00pa30oBaHHs COEUHEHH I, TeM GoJblle ero
TEPMOAWHAMHUYECKAS YCTONUYMBOCTEL OTHOCHTEJILHO Pa3JIoXe-
HUA Ha 6oJiee IPOCTHIE BeliecTBa:

Coedunenus AH,, Gy,
kJ{x/Monb k% /Moab
Zn0 -850 “321 | Tepmtummmsecnes
CdOo -260 —-229 YMeNOUW.Aemcs
HgO -91 -58 Y om ZnO x HgO

W3 ypaBrenusa AG = AH — T - AS caenyet, 4To H3MeHeHHUE
1300apHOro HOTEHIINAJIA OTPAYKAET BJIMSHNE HA HAIIPaBJIeHNe
OPOTEeKaHMs NpOoILiecca KaK SHTaNbnuiiHoro AH, TaK M 9HTPO-
nuitoro T - AS ¢akTopos. IloaToMy B 3aBUCMMOCTH OT TEM-
NepaTyDHl BJIUAHNE OAHOTO N3 HUX HA BEJIMYHUHY ¥ 3HAK AG,
a cJel0BaTeJbHO, M HA HAaIpaBJeHHe Ipollecca MOXKeT ObITh
NpeAno4YTHTENbHBIM (onpeaenaomumM) (Taba. 23).

Tab6ruya 23

Hanpasienue npoTekaaus peakuuii B 3aBHCHMOCTH
or smaKoB AH, AS, AG

3naxu Boamoscrocms camonpo- Ipumepne
1L360J1bHO20 NPOMEKAHUR
AH | AS | AG peaxyui
- + - IIpn n060it Temre- 2CHg (k) + 150, (ras) =
paTtype =12C0, (raa) + 6H,0 (ra3s)
+ - + TepmogunaMugecku N, (raa) + 20,= 2NO, (ra3)

HeBo3MoxHa. Mo-

JKeT UATH B 00paT-
HOM HAIpaBJIeHHH
- - t Ipu Huakux TeMmIe- N, (ras) + 3H,= 2NH, (ras)
patypax
+ + t IIpu BRICOKHX TEM- N0, (raa) = 2NO, (ra3)
neparypax




6.5. CKOPOCTbD
XMMHYECKHMX PEAKI[MH

Cropocmb xumuyeckoil peakyuy — 3TO OTHOILIEHHE H3-
MeHeHH s KOHIEHTPAUH, MK JONH PEaredTa, MU IPOAYKTa
XMMHYECKOU peaKOHU K HHTEPBAJY BPEMEHH, B Te4eHHE
KOTOpOr'0 MIPOH3OIILIO0 3TO H3MEHEHHE.

Ob6o3Ha4aercr v J

. Onpenensetcs (WamepReTcr)
CKOPOCTb XUMUYECKOU ; N3MEHEHNEM KOHUEHTpaumu
PEAKLN pearwpyowux sewecrs
B @AUHNILYY BpeMeHu

Monb/{n - €}

EAuHULB! H3MEPEHHS: J

G -C oC
V=————"-"=—
t -t Ot

C, u C, — HavanbHada (BpeMd t;) U KOHeUHasA (BpeM4 t,) KOH-
LIEeHTPAaIlMH PEArupYIOIero BelecTBa.

XapaKTep H3MEHEHNs] KOHIOEHTPAIIUH PEareHTOB U IpO-
AYKTOB PEAKIIHH B 3aBUCHMOCTH OT BDEMEHH TIPH IOCTOSIHHOM
o6 beMe IIOKa3aH Ha puc. 22.

154 ¢ MMONb/N
s R C. ()

————— d C‘(Hl)
051_ /N : Ci(Hy)

______ LN CelH)

"""" bl

th20 t240 60  fMuH
Puc. 22

Hamenenue kounmeHTpanun peareHTa (H,) ¥ npoaykra peakuuu (H,)
oT BpeMenH ¢ (V = const)
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Tab6aruya 24

Cpeansas ¥ MrHOBeHHASA CKOPOCTH XHMHICCKOH PeaKkiuu

Cpednan cxopocmes, Maznoeennas ckopocme, IIpumeuanue
Ve U
C,-C, _,AC dac 3Hak «— OTHOCHTCS
=t —, =+—, K KOHIEHTPAUHH
t, -t At dt HCXOIHHIX BEIECTB,

C, u C, — Monsp-
HEIE KOHIIEHTpalMu
J13000ro y4acTHHKA
peaxidy B MOMEHT
BpeMeHH ¢, H L, cooT-

MOKeT ORITh ompee-
JleHa KaK TaHTeHC
yrjla HaK/IOHA KpH-
ot C = f(t) B nau-
HOit Touke (puc. 23)

AC <0, 3Hak «t» —
K KOHIIEHTPaluH
OPOLYKTOB peaKLMH,
AC>0

BETCTBEHHO

cA D

>
ARSI S, Y, .

T

-

Puc. 23
I'padrueckoe onpeseleHHe MIHOBEHHOH CKOPOCTH peaK iy

t‘ — MOMEHT BPeMEHH, JJid KOTOPOro onpexesseTrcd MrHOBEHHAA CKOPOCTDh
peaxKnuy, B — TouKa Ha KpEBOﬁ 3ABUCHMOCTH KOHOEHTPAOMH OPOAYKTA
OT BpeMeHH PeaKnuu t; c
AD — kacaTenbHAs K KPHBOH B Touke B: pra tgo.

PasanuaioT CpeJHIO U MIHOBEHHYIO CKOPOCTH XMMUYe-
cKHUX peaknuii (Tabu. 24). MrEOBeHHAA CKOPOCTE MOJKET ObITh
ompejenaeHa rpadudecku (cM. puc. 23).

@aKTOpL!, BAUAIOINE HR CKOPOCTb XMMHYECKUX PeaKii,
TIpUBEAEHH! B Tabu. 25,



Ta6ruya 25

¢8.I€T0pl-l, BIAHAIOIMHE HA CKOPOCTh XHMHIECKHX peammi

Beuwe-

emea Pearyun Xapaxmep enusnusn
1. Ilprpona pearmpyomero Bemecrsa
Peaxiuma nget GEICTPO (CO B3PHIBOM) HPH
F, H,+ F,— 2HF KOMHATHOH TeMIeparype
; Peakunsa uger MeaJieHHO Aase IIPH Ha-
Br, H,+ Br,— 2HBr rpeBasmy
Ca0 Ca0 +2H,0 » Peakumsa uaer npu KOMHATHOM Temie-
— Ca(0H),+ H,T | patype
CuO CuO + H,0 » Peakunsa He uger
2. KonnenTpanua pearupyiomux BemecTs
Bripaskaercss 3aKOHOM JAeMCTBYIOMMX
MACC: «CKOPOCTD 2JIEMEHTAPHON XUMHYe-
CKOH peaKLIUH PH AAHHOI TeMIepaType
[PAMO IPOIOPLIMOHA IGHA IPOUIBENEHHIO
mA +nB - C, KOHIIEHTPAIMi pEarupyonux BeImecTB
B CTENEHAX ¢ NOKA3aTeJIAMM, PaBHHEIMH
A B m 1 n — kodg- CTeXHOMEeTPHYECKHM Koa(pPUIHEeHTAM
’ duenTE B ypaBHeHum peaknumw». Jlna peaximu
B ypaBHEHHH .
peakiuu mA+nB=C ov=Fk-[A]" [B],
[A] u [B] — xouuexTpaumH BemecTB A
u B, monp/n; B — KOHCTaHTA CKOPOCTH
pearym, pu [A] = [B] =1, v =k
H,, v = E[H,]{L,] KHHeTHYeCcKHe
I: H,+1, 2 2HI ypaBHEHMs; B KHHe-
THYECKUE YDABHEHUS
NO, v= BXOASAT TOJIBKO KOH-
0, 2NO + 0, 2 2NO, | kINOJ*[O,] HEeHTPALHM Ta3000paa-
: HEIX M PaCTBOPEHHEIX
N = k[N 3 | BemeCTB W He BXOAAT
II\-JIZ’ N,+ 3H, & 2NH, | v~ *N:[H,] KOHIIEHTPALIMH TBEp-
2 ABIX BEINECTB
3. Temneparypa

mA+nB->C

IIpu moBrueHun TeMmepaTtypu Ha 10°C
CKOPOCTH GOJIBIIMHCTBA XHMHYECKHX pe-
aknmi Bo3pacraer B 2—4 pa3a (IpaBsuiio
Banr-T'odda):

v, =
MV, — CKODOCTH DeaKlMi NmpH Ha-
'-IaJ[bHOK (t) u xoueuno#t (f,) Temmoepa-
Type; Y — koahdHIMEAT CKOPOCTH pe-
AKIUH, IOKA3LIBAIOMINIA, BO CKOJIEKO Pa3
YBEJIMYMBAETCA CKOPOCTH PEAKLMH NpPH
MOBEIIIEHUH TEMIIEPATYPHl PearupyIomux
BemectB Ha 10°C

=v, -y,




IHpodoamenue maba. 25

Beuwecmea ]

Pearxyus

[

Xapakmep enusHus

4. Jasneune (s ra3os)

Hy, O,

2H,(ra3) + Oy(ras) o
2H,0(ra3)

Ilpu paBnenuu p;:

v; = k[Hy)%0,]); npu naBnenmn
P2= 2p,: vy = k[2H,)? [20,] =
=k 4[HyJ? - 2[0,) = 8k[H]*[O,].
v _ 8HH,FIO,] ¢

v,  K[H,T’[0,]

Ilpu yBenuueHum naBiIeHHA
B 2 pa3da CKOpPOCTH peaKLUH
Bo3pacraeT B 8 pas

5. IIpucyrcTeHie KaTanuaaropa

(kaTaTM3aTOP YBEJIMIHUBACT CKOPOCTb PEAKIMH, YIACTBYET B PeaKmuu,

HO OCTAETCA K KOHOY peaxnum HeHJMeHHLlM)

A+B f)AB+K

IIpucyrcTBHe kaTanuaaTopa
CHUXAeT JHeprui0 AKTHBA-
MM peardpyiomuX BemecTB

A+ K- AK, E, (MuHMManeHas sHeprus,
JOCTAaTOYHas MJIA IepeBoxa
A Bu AK + B — AKB, pPEAreHTOB B COCTOSIHHE aK-
THBHPOBAHHOIO KOMILIEKCA)
KaTasm- AKB + )
satop (K) —AB+K M TeM caMbIM, KaK OPaBHJIO,
A B A---A A A | YBeJIMYHBAETCA CKOPOCTH XH-
[+] - S| +| | Mordeckoli peakuMH. Karanu-
A B B..B p p | 32TOD HADABJIET PEAKIIO [0
HoBoMy nyTH (puc. 24, 25)
poiorem i v
Tomozennntii kamaauzamop
o Fomorennast peakuus mpote-
S0,. O S0,+ 4,0, — SO, KaeT BO BCeM ofbeMe CHCTEMEI
NG (KaTaIM3aTop M PEeareHTHl Ha-
KaTATH- NO + /,0,- NO,, XOiATCS B offHO# dase)
3arop S0, + NO, - SO; + NO
T'emepozennbiil xamanusamop
S0.. O I'eTeporeHHas peakuys opote-
2(2)’5 it S0y(ra3) + /,04(ras) KaeT HA HOBEPXHOCTH TBEPAOTO
. Tesa (KaTaJM3aTop M pearu-
KaTanm v,0,
3arop —E2— 80(ras) pyolnue BEIIECTBA HAXOIATCS
B_pa3HEIX ¢a3ax)
6. [IoBepxHOCTH KOHTAKTA PEATMPYIOLIMX BEHIECTB
Zn+HC1 Zn+2HC1-ZnCl,+H,T

CkopoCTb reTeporeHHON XUMH-
YeCKo¥# peaKIHuK BO3pacTaer mo
Mepe yBeJHdeHMs IJIOMAXH
KOHTAKTA TBEPJOrO TeJIa ¢ pea-
PeHTOM: YeM MeHblle pa3mep
gacTui Zn, TeM BhIe CKOPOCTh
peaxuuu Zn + HCI




Xon peanym

Puc. 24
HsMeHenne 9HEPTHH Pearnpyiomenl CRCTeMEl

H,,, — 3Heprua McXoaHOIO COCTOAHNAA (MCXOAHLIE BEN[ECTBA);
H,,» — 9HePTrHA KOHEYHOrO COCTOAHNA (IPORYKTH DeaKmMH);
. E, — omepraa aKTHBANAN NPAMOH peaknuu;
A-A E’, — aHeprua aktuBanuy o6paTHOA peaknam;
i i — akTMBHpoBaBHLIA KoMmuekc; AH — tennosolt adpeKT peaknuu.
B--B

JHTanbnus

A ) [
POareHTL! An
. &AB'UQ

PayKTH!

Koopannare: peaxumn
. Puc. 25
HaMeHeRMe 3HTANBIIMM CHCTEMB! JIA KATATATHIECKOH (1)
Hu HeKaTaautuyeckoi (2) peakuumit

Ocnosroit nponecc: A + B = AB (S0, + !/,0,= S0;); o6pasosanie HeCTOHKOTO
mpoMexXyTodHOro coeanaenna: A + K = AK(NO +1/,0, = NO,); saanmogeticreue
mpomMeXyTodHoro coefinresns AK c koMnoneETOM peakqUOHBEOK cMecH B:
AK + B = AB + K (SO, + NO, = SO, + NO). B cko6kax B KavecTse npumMepa
, OpABefileHK YPABHEHMSA Peaknuli, IPOTEKAIONIMX HPU KATATUTAYECKOM
okHcaennH SO, B SO; (romMoreBrntt kaTanuaatop NO).



IIpumepH PaBHOBECHEIX CHCTEM

Ta6aruya 26

Cropocmb Cropocms HKoncmanma
Pearxuun npamoii obpamwoii DpgeHosecun
Ppearxyuu v, peakyuu v, K, = k—‘(npu v, =v,)
2
[CY[DT
4D n=k(APBY | v,= kICPD) [AT'(BY
N,+ 3H,& v, = ky[N,] = 2 __[NHa]z
"oNH, HyJ* v:= ky[NH] N,IH, T
FeCl,+ 3BKCNS _ U= 3
=2 ‘—_? Fe(CNS), L) —deg‘sf(gla] kg[Fe(ZCNS)J] [Fe(CNS), J[KCl]
+ 3KCl [KCNS] [KCI)® [FeCl, IKCNST
H+ 1,2 2HI 0= ki [HIL) 02= I [HIY [HIY
2 2 — 1 1 2. 2 [Hzllzl
FeO(1s.) + CO(r)
= [CO,]
= Fe(Ts.) + v, = k,[CO] v, = k,[CO,] [col
COy(r)
CO+H, 0= v = k[CO) v2= k2[COy) [COL[H,]
= CO,+ H,* 2 2 [COIH,0] -
2NO + 0,2 v = _ . [NO,F
2NO, kINOJO,] v:= k[NO) NOTI0,]

* Peaknusa (MOKeT MATH) MAET C BOASHHIM APOM NPH HarpeBaHHH XO
500°C B npucyrereuu Kataamusatopa (Fe,0;) rnasasiv o6pagom.
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6.6. HEOBPATHMbBIE H OBPATHMBIE PEAKIIMH.
XHMRIECKOE PABHOBECHE

XumMuuecKHe peak UM MOKHO Pa3feJIUTh Ha ABe IPYIINLI:
HeoGpaTHMBbIe 1 0OGpATHMEIE.

Heobpamumbie peakyuu UAYT TOJbKO B OJHOM HAIIDaB-
JIeHHH ¥ 38BepIIAIOTCA IIOJHBIM IIpeBpalleHNeM UCXORHBIX
BELeCTB B KOHEUHBIE IPOAYKTHI.

Hampamep: 2KCIO; %5 2KCl + 30, (1)
O6pamumbie peakyuu OZHOBPEMEHHO IIPOTEKAIOT B ABYX
B3aMMHO IIPOTHBOIIOJOXKHBLIX HAIIpDABJIeHUAX.

Hanpumep, H,+ I, = 2HI + @, )
U,

v, — CKOpOCTb npamoifl2 peaxknum (v,,); Vs — CKOPOCTH 06-
PaTHOI PEAKIHA (Uegp ).

O6paTHMHe peakIU¥ HUAYT He A0 KOHIIA, a 40 YCTAHOB-
JIeHH A XHMHUYECKOro paBHOBECH A, KOTOpoe AJIA peaknmum (2)
HacTymaeT TOrAa, KOrja B €eJUHWLY BpemeHH obpasyercs
CTOJBLKO 3xe MoJiekyJ HI, ckoabKo X pacnagaeTcsa Ha MOJIe-
kyan Hy, n I,. CnegoBaTenbHo, xuMuieckoe pagHogecue — 310
COCTOSIHME CHCTEMEI, IIPX KOTOPOM CKOPOCTh IPsIMOif peak-
MU U, paBHA CKOPOCTH 06paTHOI peaknuu v, (puc. 26).

t—»
Puc. 26

Hamenenne ckopocTn npamoii (1) u o6paTtroit (2) peaxknmii
¢ TeYeHHMeM BpeMeHH



Jlnsa m060it paBHOBeCHO#H CHCTEMBI
P
K -LTDT,
[A]"[B]

rae K, — KoHcraHTa paBHoBecus, [A], [B], [C], [D] — paBHO-
BECHBbI€ KOHIIEHTPAIMK PEATEHTOB U IIPOAYKTOB PEAKI[MH,

IIpuBeneHHOE YpPaBHEeHME HABJISETCA MATEeMaTHYECKHM
BHIPa)KEHNEM 3aKOHA AeHCTBYOIIMX MAacC NPUMMEHHTEIbHO
K ofpaTuMeiM npoueccam. OHO 03HAYAET, YTO IIPH YCTAHO-
BUBIIIEMCS] DABHOBECHH IIPOM3BelcHNEe KOHIEHTpPanuii mpo-
AYKTOB PeaxluH, JejleHHOe Ha IpoN3BeieHNe KOHIeATPaIui
NCXOAHBIX BemecTs (AJaA HaHHOHN peaxknmuu npm T = const),
NpeACTaBAeT COG0H IIOCTOAHHAYIO BeJIMYMHY, Ha3hIBAEMYIO
Koncmanmoil pasnosecus. Benuunna K, onpeanenser riay-
6MAY IPOTEKAaHNA NMPOIECCA K MOMEHTY AOCTHIKEeHUA PABHO-
BECHOTO cOCTOAHHUA: yeM 6osbiie K, Tem Gosnbime creneHb
NIpeBPALlIEHUA PEareHTOB B IPOAYKTHI peakuun. IIpuMepsl
HEKOTOPBIX 00pATHMBIX peaKnuii npuBeneHu B Taba. 26.

Ha cocTogHNe XMMHYe€CKOT0 PABHOBECH A OKA3BLIBAIOT BJIHA-
HUEe KOHIEHTPAIUA PEeaTHPYIONINX BellecTB, TeMIleparTypa,
a 11a ra3aoo0pasHBIX BelecTB — M AaBJjieHHe B cucTeMe. Ilpu
N3MEeHEHHH OAHOr0 M3 YCJIOBHIl paBHOBecHe HApyMIaeTcd,
¥ KOHIIEHTPAIMH Pearupyonx BelecTs 6yayT H3aMeHATbHCA
[0 TeX IOp, IIOKA He YCTAHOBUTCA HOBOE IOJIOXKEHHE PABHOBe-
cnsd (paBHOBeCHBIE KOHIIEHTpanuu y:ke 6yayT apyrumn). Taxoit
TIepexof CHCTEMEI M3 0HOI'0 PABHOBECHOI'0 COCTOAHMA B APYroe
Ha3LIBAIOT CMelUjeHUeM, NI COBUZOM NOLONCEHUA PABHOBECUA.

HampasieHne cABUra XMMHYECKOro paBHOBECHA B pe-
3yJbTATE H3MeHEHMA BHEIIHHX YCJOBHMH ompenensdeTcs
NIPUHIUIIOM IIOJBHKHOIO pABHOBECHA, HJIN NPHHEKIOM Jle
Hlarense:

«Ecin Ha cucTeMy, HaXOoAAWIYVIOCSA B PABHOBECHH, IIPO-
H3BOJNTCA KaKoe-Tub0 BHEIllTHee BO3/eiicTBIe (H3MEeHAIOTCA
KOHIEHTPAIHs, TeMIIepaTypa, AasJeHNe), TO 3TO BO3AeiicTBHe
6aronpuATCTBYeT NMPOTEKAHMIO TOH M3 JBYX IPOTHBOIO-
JIO}XHBIX peakiui, KoTopasa ocjabiifgeT IPON3BEAeHAOE BO3-
JelCTBHE» .

mA+nB = pC+4¢D



Bianaane H3MeHeHHA YCJIOBMH HA NOJOKeHHE

O6pamumasn peaxyus

Koncmanma Xapaxmep
(zac::‘ogﬁlm’:)b‘e pasrosecun, K, 803delicmeusn
INoBrimenne
roHnentpanyuu H, nm N,
[NonmxeHue KOHIEHTPA-
muu H, nomu N,
Yucno

MoJiel NIPOAYKTOB
peakly MeHEIe
gucIa Mosei

INoBnimenne Temmepa-
TYpH

12
HMCXOQHEIX BEIeCTB: Kk = INH)Y :
*INIH, T TonnsxeHue Temnepa-
N,+ 3H, = 2NH,+ @ TYPHL
IMoBrimmeHue qaBpIeHNs
INoumxenue nasneHus
Yucro IMoBrIeHKe NapIeHAs
MOJIeH IIPOYKTOB
pearuym Gosbme [NO, T
qHcaa Monei K, = 2
HMCXOOHLIX BEINECTR: [N.O,]
TTonnxeHue naBIeHus
N,0, = 2NO,
Yucno
MoJiel NIPOAYKTOB [NOT?
peakiMA PaBHO THC- > = IN.T0
JIy MOJeil MCXOIHEIX [N, 1(0.]
BEIIECTB: IMopnmenue win
MOHIDKEHME JaBJICHHA
N+ 0, = 2NO x - HIF

H,+I,~= 2HI

? T H,]IL]
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Ta6auya 27
XHMHYECKOro paBHOBECHA coriaacHo NpuaRHny Jle llaTease

Coomnowenue Hanpaenenue cmeusenusn
Uno U Uy, Pasnosecus peaKyuy

PaBHoBecue cMemaerca B CTOPOHY 06pa3oBaHMA
Uny > Uog NH;, T. e. BoapacTaer CKOPOCTh PeaKIIMH, I0 KOTOpOii
v P BBOJIMMOE BEMIECTBO pacXoayerca

PasHoBecue cMemaerca BieBo, T. €. yMEHBbIIAETCS
Vup < Uog .| cxopocTs peaxiym, no xoropoit 06pasyerca BemecTso
P (xounenrpauna NH, ymensmaercs)

PasnoBecHe cMelliaeTcs BEBO, T. €. B CTOPOHY 3HJIO-
Unp < Vogp TepMHYECKOH peaKiu

PaBHoBecue cMemaercss BOpPABO, T. €. B CTOPOHY
Uny > Usg aK30TepMHYECKOH peakumu (B 60JbIIelH cTElIeHH No-
P P HMIKAETCH CKOPOCTh 3HI0TEPMUYECKON peaKlFH)

PasHoBecre cMemaercs BIPABO — B CTOPOHY MEHb-
IIero YmcJjia MoJjier ra3oo6pa3HhIxX BeIleCTB B CHCTEME
Unp > Uosp (c noBEIIEHMEM JABJIEHAS MEHBIIee YHUCIIO YACTHIL
3aHMMAeT MeHBIIH 00TeM)

PaBHoBecue cMemaeTcsa BIEBO, T. €. B CTOPOHY yBe-
v < JIMYEHHS YHCJIAa MOJIel ra3006pa3HEIX BEMECTB B CH-
me = Tofe cTeMe

< PaBHOBecme cMemaeTcs BJEBO, B CTOPOHY MEHEINEro
Unp < Uosp yHcJIa 4acTH,

PapHoBecHe cMemaeTes BIIpaBo, B CTOPOHY Gosbmero
YHcaa YacTHIY

Unp > Ussp
HameHeHue naBieHus He BJMAET Ha IOJIOKEHUE
XHUMMYECKOro PABHOBECHS, €CJIH B X0[€ PeaKiuu
00beM rasoo0pasHHIX BemIeCTB He U3MEHAETCS
(cyMMapHoe 9HcJI0 MOJIeli MCXOQHLIX BEIIECTB pas-
HO CyMMAPHOMY YHCJIY MOJIEH IIPOAYKTOB peaKIINm)
Unp = Ungp

IlpuMeuaHHe: IpH BBeAeHNN KATAIHIATOPA B CHCTEMY CKOPOCTH IPAMO# u 06-
paTROM peaknuit HAMEHAIOTCA OANHAKOBO (Uy, = Ugp).



B Tabn. 27 paccMOTpeHO BIMSAHHME PAa3JWYHBIX (haKTOpPOB
(KOHIIEHTpAIMH, TEMIIEPATYPHI, AaBJIEHUA) HA TIOJI0KEeHHEe XH-
MHYECKOr0 PABHOBECH S IIDH IPOTEKAHUH PAJIA PeaKIiyii.

AHanuaupya npuBeAeHHBIEe B Taba. 27 gaHHBIE, MOXKHO
cheaaTh CAeLyIolie BhIBOJBI:

1. IToBhIlIeHNE KOHIEHTPAIIUM OAHOI'O U3 PEATeHTOB CMe-
I[aeT PaBHOBECHE B CTOPOHY MPSMOil PEeaKIIHH, IOHHXKEeHHe
KOHIIEHTPALMM OJHOrO M3 PeareHTOB CMeIl[aeT PaBHOBecHe
B CTOPOHY O0OpaTHOM PeaKmuu.

2. IIpHu mOBHIIEHHUH TEMIIEPATYPHI pABHOBECHE CMEMIaeTCs
B CTOPOHY 3HAOTEPMHUYECKOIl peaKI[MH; IPU NIOHUKEeHUH TeM-
NepaTyphl — B CTOPOHY 3K30TePMHUYECKO peaKkIuu.

3. IloBrimenye JaBJIeHUA CMEIIaeT PaBHOBECHE B CTOPOHY
yMeHbIIeHHs 00'beMa pearupymoiieil cucTeMnl (B CTOPOHY
MeHbIIEero YHC/Ia YACTHIL); MOHHIKEHHe JAaBJEHHMs CMeliaeT
paBHOBECHE B CTOPOHY yBeJHMYeHHs o0meMa pearupymoiiei
cHCTeMHI (B CTOPOHY OOJIBIIETO YMCIA YACTHIL).

Ipuanun Jle Ilatenpe ObLI chopMyIHpOBaH B o0LLeM
Buge A. Jle Illarense B 1885 rogy n reopeTHuecKku 060CHOBAaH
&®. Bpayuowm B 1887 rogy. Cnesyer umers B BUAY, YTO IPUH-
nun Jle IllaTejabe NPUMEHUM He TOJBKO K XMMHUYECKHM, HO U
KO BceM (PM3UKO-XMMHYECKHM pPaBHOBeCHMAM. BuacTHOCTH, B
COOTBETCTBHH C 3THM IPHHITUIIOM IIPH BO3J€HCTBUH BHEIITHUX
YCJOBHIH CMelllaeTCA PaBHOBECHE B TAKMX IPOIleccax, KakK
KPHCTAJIIM3ANns, KHII€HWe, PAaCTBOpEeHMe, B3aUMHOE IIpe-
BpaHieHUe PA3JINYHBIX aJIIOTPOIHKIX MOAUGHUKAIINIA,

IIpuanun Jle IlIaTennbe TOJABKO KaUeCTBEHHO ONMMCHIBAET
3aBUCHMOCTb XHMHUYECKOr0 DABHOBECHUA OT BHEHIHUX YCJIO-
Buii. [[ns pacyeTa KOHKPETHRIX XMMHYECKMX DaBHOBECHMH
HeoOXO0JMMO 3HATH, B YUACTHOCTH, 3aBHCHMOCTh XHMHYECKHUX
IOTEeHNHAJIOB OT COCTABAa CMEeCH, TeMIepaTyphl U JaBJIeHUS.
Xumuuecrkuil nomenyuaa — 3To NapamMeTp TepMOgHHAMHYE-
CKOI'0 COCTOSHHA CUCTEMEI, NI'PAIOLIKI POJIb CUJILI IPH ITepe-
pacnpejejieHUM MacC KOMIIOHEHTOB. Pa3inune XHMMHYECKHUX
IOTEeHNUAJIOB KaKoro-JIM00 KOMIIOHEHTa B ABYX (hasax mpu-
BOJUT K IIepexoay ero (asnl ¢ G0JIbIIINM 3HAYEHHEM XUMHUYe-
CKOT0 IOTEeHIIHAIA B (a3y ¢ MEHBIINM 3HAYEHHUEM BILIOTH JO
YCTaAHOBJIEHUS B CUCTeMe (ha30BOTO PABHOBECHA.



7. PACTBOPBI

Pacmeopbt — 370 roMoreHHble (PUINKO-XUMHUECKHE CH-
CTEMEI, COCTOALINE U3 PACTBOPHTE/IfA, PACTBOPEHHOTO Bele-
CTBa M IPOAYKTOB X B3aUMOJEHCTBUA,

Hanpuwmep, pactsop H,SO, B H,O — ato cucrema, koropas
cocrout n3 H,SO, (pacTBopeHHoe BemectBo), H,O (pacTBo-
PHTeJb) ¥ NPOAYKTOB B3aMMOAEeHCTBH A PACTBOPHUTEA C pac-
TBOPeHHBIM BemjecTBoM: morul HY, HSOj, SO -, rmppatel
H,S0,-H,0, H,S0,-2H,0, H,S0,-4H,0.

B BOAHEIX pacTBOpax, pACTBOPHUTENEM B KOTOPKIX ABJACT-
cA Boja, MOTYT ObITH pacTBOpeHbI TBepakie (T), mugkue (FK)
u rasoobpasusie (I') BeutecTa:

JK—T (B ’XHIKOM pPaCTBOPAETCA TBEPAOE BellleCTBO, HAIIPH-
MEp COJIH, IIeJ0YH, caxap B BoJe); '

JK-K (B :KHAKOM pacTBOpAeTCHA XHAKOE, HanpuMep
CIINPT, alleTOH, cEPHAA WM a30THAA KHUCJOTa B BOJE);

JK-T (B :xuAKOM pacTBOpPAETCA ra3oo0pasHoe BeleCTBO,
HanmpuMep aMMHAaK, XJIOPDOBOJOPOX, okcuj yriaepoaa (IV)
B BoAe).

IToMuMO KMAKUX PACTBOPOB CYIIECTBYIOT TBEDALIE pac-
TBOpHBI (T—T', T—¥K 1 T—T) u razoBrie (I'—T"). IIpumepamn
TBEPABLIX PACTBOPOB MOTYT CIYKHTbh XeMOCOPOMPOBAHHBIM
Bogopox B miatuse (T—T'), pactBop pryTu B cepedpe (T—K)
n cepebpa B 3osote (T—T); npuMepoM razoBBEIX PacTBOPOB
(I'—T) aBnsercsa BO3AYX.

BoaHbie pacTBOpEI B 3aBUCHMOCTH OT COCTABA PACTBODEH-
HOTO BeIl[eCTBa MOT'YT MMETb KUCJIYIO, HEHTPAJIBLHYIO HJIH IIfe-
JIOUHYIO CpeLy, a TaK:Ke 06J1alaTh CIIOCOOHOCTHIO IPOBOAUTH
3JIEKTPUYECKHI TOK (PACTBOPHI 3JIEKTPOJIUTOB).

Hacviwennbiit pacmeop — pacTBop, B KOTOPOM IIpH AaH-
HOIl TeMnepaType BemlecTBO §0/bIlle He PACTBOPAETCH, T. €. .
PacTBOP, HAXOAALIUICA B PABHOBECHH C U3GBITOUHBIM KOJIH-
YeCTBOM CAMOCTOATEAbHOI ()a3hl PACTBOPEHHOrO BeEIleCTBa.



Henacoiwennotii pacmeop — pacTBOP, B KOTOPOM IIpH
RaHHOH TeMIepaType HAXOJUTCA MEHbIE PAaCTBOPAEMOro
BeIeCTBA, YeM B €0 HACHIIIEHHOM pacTBope.

Ilepenacviuyennblii pacmeop — pacTsBop, B KOTOPOM IpH
AaHHOI TeMIepaType B paCTBOPDEHHOM COCTOSHUM HAXOJUTCH
6onplue BelljecTBa, YeM B €r0 HACKHIIIEHHOM PacTBope HpH TeX
’Ke yeaosuax. Eciu m30BITOK BelljecTBa BBINAAET B 0CAAOK,
(HaTIpyMep, IIpH JIETKOM COTPSICEHHH COCYAa) IlepechilieH HbIi
PacTBOp NpPEBPATUTCA B HACHIIIIEHHEIH.

Paanuuaior Takxe pa3baBieHHbIe U KOHIIEHTDUPOBaHHbIE
pactBopsl. K pe36aé.ser Hbim OTHOCAT PACTBODEI ¢ HEGOIBIINM
COJIepKaHNeM PACTBOPEHHOTO BEIl[eCTBa 110 CPABHEHHIO C CO-
Jep:KaHueM DACTBODUTEJISI, & K KOHUeHMPUPOBAHHbIM —
pPacTBOpEI ¢ GOJIBIIMM CcOAep}KaHHEeM PacTBOPEHHOTO Belne-
cTBa. PasbaBiieHHBEIE PACTBOPHI MMEIOT CTPYKTYPY, OJHU3KYIO
K CTPYKTYpe PaCTBOPHUTE/A, A KOHUEHTPHPOBAHHEIE — CTPYK-
TVpy, OJIH3KYI0 K CTPYKTYPE PacTBOPEHHOrO BelllecTBa.

ITonAaTHA pasbasaeHHbLil U KOHUEHMPUPOBAHHbLI PACTBO-
PLI ABJAIOTCS OTHOCUTEJIbHBIMH, OTPAMKAIOI{UMHU COOTHOILIE-
HHe KOJMYECTB PACTBOPHUTENSI M DPACTBOPEHHOrO BEINecTBA
B pactrBope. IloaToMy MHOT/Ia BCTPEYAIOTCHA NOHATHUS KPEeNKUl
B 3HAQUYEHHH KOHUEHMPUPOBAHHbLI UIH CAAGbLl B 3HAUEeHUH
pa3baseHHbLil pACTBOP.
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7.1. OCHOBHBIE NNOJIOXEHKA
XHMHYECKOM TEOPMM PACTBOPOB 1. H. MEH/IENIEEBA

XuMudecKass TeOPUA PACTBOPOB GhLIa co3faHa M 060CHO-
BaHa 3KcnepumenTaiabHo II. . Mengeneesrim B 1887 roay.
OCHOBHEIE TI0JIOKEHUS 3TOU TEOPHUH CJIEAYIOIIHE,

1. PacTBopeHue ABIAETCS CIOKHBIM QUIHKO-X UMHYECKUM
Npo1eCcCOM, BKJIIOYAIOIIUM pa3pynieHne CTPYKTYPLI PACTBO-
pPfAEMOTO BelllecTBa, Tpebyoiee 3aTpaTsl 3Hepruu (AH, > 0),
M B3aHUMOJEICTBHE MOJIEKYJ PACTBOPHUTENA C MOJEKYJIAMH
PacTBOPEHHOT0 BEIIECTBA, CBSI3aHHOE C BbIfEJIEHUEM S9HEPTHH
(AH,< 0).

2. IIponecc pacTBOPEeHU A MOXKET ObITh 3K30TEPMHYECKUM
(c BrgenenueM Tensors, AH < Q) (manpumep, pacTBOpeHUe
NaOH wuiau H,SO, B BoAe) 1 3HAOTepMUYECKHUM (C IOTJIOIIE-
HueM remwnoTel, AH > 0) (Hanpumep, pacreopenne NH,NO;
B Boje). Tensnory, BeIZENAE€MYIO IPH PACTBOPEHUH BEIIECTB,
Ha3LIBAIOT Meniomoil pacmeopeus.

3. B pesysipTaTe XMMHYECKOTO B3aMMOJENCTBUA PACTBO-
pUTENd X PACTBOPEHHOIO BEIeCTBAa OGPa3yIOTCA COJMLBATHI
(ecyiu pacTBOpHTEJIEM ABJIAETCA CIHUPT) MJIH THAPATHI (ecjiu
pacTBOpHTeJieM ABJAAeTcA BOAa). FuapaThl, BhLAEIEHHEIE U3
BOJHLIX PaCTBOPOB, HA3LIBAIOT Kpucmaniozudpamamu:

CuSO0, - 5H,0 — MeaHBbIii Kymopoc;

FeS0, - TH,0 — kene3HHI Kynopoc;

ZnS0, - TH,0 — nuHKOBHII KYIIOpOC;

NiSO, - TH,0 — HuKeJeBHIl KyTIOPOC;

Na,S0, - 10H;0 — rnayGepoBa coss;

CaSO0, - 2H,0 — runc;

KAI(SO,), - 12H,0 — amoMuHUEeBOKAJINEBLIE KBACIEI;
KCr(S0,); - 12H,0 — XpoMoKaJIHeBbIe KBACLbI;
(NH,),Fe(SO,), - 12H,0 — xejie30aMMOHHERbIE KBACIIEI
(cyapdar guammonunsa-xenesa (I1)).



W3 npuBeAeHHBIX KPHCTAJUIOFHAPATOB Hanbosee MIAPO-
Koe IIpHMEHEHNe MMEIOT KeJIe3HhIil, MeAHKI, HUKeJIeBhIi
U UHKOBHIM KyIopoc.

O6GpasoBaHHe COJLBATOB M IHAPATOB MHOrJa HM3MEHA-
eT CcBOiicTBa pPACTBOPEHHOTO BemecTBa. Hampmmep, 6es-
BoaHadA cois CuSO, nmeer Genblil BeT, & KPUCTANJIOIUAPAT
CuSO0, - 5H,0 — cuuwnii; kpucrasaudeckuii itox GuonetToBoro
IIBETA, & €r0 PACTBOD B CITUPTeE (COJIbBAT) MMEET KOPUYHEBYIO
OKpAackKy.

Ha 6ase xumuueckoit Teopum pacrBopoB II. . MeH-
JAejieeBa BOSHHKJIHM TAKMEe HOBhIE HAYYHHIe HANIDABJIEHWA,
KaK QHINKO-XMMHYECKH# QHAIN3, XUMHA KOMILIEKCHBIX
COeINHEHHH, 3JIeKTDOXUMHUA HEBOAHKIX pacTBOpPOB. U3secrt-
HBEI# BKJAJ B Pa3sBUTHE XHMHYECKOHl TeOpHMH pacTBOPOB
BHecan pycckne yuyeHnie J. I1. Korosanos, U. A. Ka6aykos,
H. C. Kypnaxos, B. A. Kncrakosckuii.

Buoaornueckan poasn
BOJIHEIX PACTBOPOB

HckaounuTeIbHO BeIMKA OMOIOrMdyecKada pPoJjb BOAHBIX
PacTBOPOB, MOCKOJbKY MMEHHO BOAHEIE PACTBOPHI B IIPNpOAE
ABJIAIOTCA TOM eCTECTBEHHOM Cpeoii, B KOTOPOI pa3BHBAaiOTCA
BcCe KJIETOYHBIe mponecchl. CyniecTByeT TeOpUHA, YTBEPKAAI0-
mas, YTOo YKU3Hb BO3HUKJIA B BoAe. PacTeHns n3BjIeKaioT a3oT,
docdop, kanuit, MUK P0o3JieMeHTEI MCKJIFOYNTEIHHO U3 BOAHBIX
PacTBOPOB IIOYBHI.



7.2. PACTBOPHMOCTD BEIECTB B BOAE

Pacmeopumocms — crnocoOHOCTE BEII[ECTBA PACTBOPATH-
cA B BOJie MJM B JpyroM pacrtsopurese. KoaudecTBeHHO
BBIPAXKAETCA YHCJIOM IDAMMOB BEII[€CTBA, KOTOPOE MOXKHO
MaKCcHMAaJbHO pacTBOpUTH B 100 r pacTBOpHUTENA IPH JaHHOH
TeMIneparype.

Hanpuwmep, caxap, C;H;0H, H,SO,, NH;, HC] xopoino pac-
TBOPHUMBEI B BoZie. MHOrne MeTaJLibl, mHEpTHBIE rassl, CaCO;,
BaSO,, AgCl npaxkTuyeckH HepacTBOpUMEBI B Boje. N,, O,,
CaSQ0,, MgS0; maio pacTBOPHMBI B BOJE.

PacTBopuMOCTE GOJIBIIMACTBA TBEDABIX BEIECTB, KAK IIpa-
BWJIO, C IOBLIMIEHUEM TEMITEPATYPHI yBeTuUYuBaeTcsa (puc. 27),
a razoo6pasHbIXx — NMOHM)KaeTca (puc. 28).

O 5
IS o
, 160 LTARY. E 4
S1ao | A / P \\
s [1 4 82 AN
=] 2
2120 "'/ £52 H
g LA ge
- 100 1
5 y/ 4 g, N,
3 Puc. 27 3 D, 20 40 60 80 100
ABUCUMOCTD 3 60— o Temnepatypa, C
pactBopHMocTH £ | A
HEKOTODHIX coneit § 40 NgC Puc. 28
(TBepable BemecTBa) f,? /‘/ 3aBHCHMOCTB
' B Boje o 20 PacTBOPMMOCTH
OT TeMnepaTyphl 0 HEKOTOPLIX ra3oB B BojAe
20 40 60 80 100 OT TeMIIepaTyphI

Temnepatypa, C

C yBenmyeHHEM AaBJEHUSA PACTBOPHMOCTD ra3oB B YKHUAKO-
CTAX BO3pacTaeT. PACTBOpUMMOCTh pa3JINUHLIX ra30B, B IEPBYIO
ouepess KHCJIOpoAa, okcua yriepoga (IV) n asora, B dKHAKHX
cpesax uMeer 0OJbllloe 3HAYeHHE JJI HOPDMAJILHOTO NPOTe-
KaHNA (PU3NOIOrNYeCKMX IPOLECCOB B OPraHu3Me 4eIOBEKa.
Hanpumep, H3MeHEeHHE PACTBOPHMOCTH Ia30B B KPOBH B CBA3H
C M3MeHEeHHEeM JaBjeHHA IIPUBOAUT K TAKMM 3a001€eBAHUAM,
KAK «KecOHHas» M «ropHasa» Oonesuu. Taxkue 3aboseBanus
MOT'YT BO3HHMKATE V BOJIOJIA30B IIpH GLICTPOM HX IOAbeMe Ha
TIOBEPXHOCTh, KOTZla Pe3Koe CHUYKEHHe JaBJIEeHUs IPUBOAUT
K OypHOMY BBIZIEJIEHUIO PACTBOPEHHBIX B KDOBH ra3oB. AHa-
JOrudHble ABJeHNA HaGII0Aal0TCA U IIPM PasrepMeTH3alluHU
kopabueii U ckadaHAPOB KOCMOHABTOB.
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7.3. CIOCOBBI BBIPRAXEHMA
KOHRUEHTPALIMM PACTBOPOB

Maccosas xoada PaCcCTBOPEHHOTO BeIecTBa

Oboanavaetca ()

MACCOBAS A0nst flokasbisaeT OTHOWeHWe MaCChi

PacTBOPEHHOrO BewecTea
PacTBOpPEHHOro BeuwecTsa K Macce pacteopa

EavHuue nameperna: gonu, %

ms

o (%) = -100% Myo =m,—m,
mp
(%) = — 2 .100%
L s T Mupo |
0(%) =T .100% = m, = V2
\ oV 100 |
{ m B
m,=pV =2V =—+
P

m, — Macca pacTBOPeHHOTO BeIecTsa, /M, — Macca pacTBopa,
My o — Macca BOARI, p — ILIOTHOCTb pacTBopa, V — o0beM
pacTBopa.

IIpumep. OnpegesnTh Maccy colu, cojepakameiica B pac-
TBOpe 06 BeMoM 0,5 J1, eclim MaccoBas LOJIA COJM B 3TOM pac-
TBOpe ® = 20% , a MIOTHOCTS pacTBOpa p = 1,2 r/mi.

m

Pemenue. Usdopmyan 0(%) = Ij' -100% ompeje-

nAeM m,:

o _PV o _1,2-500-20
" 100 100

=120 r.
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MOJIﬂpHaﬂ KOHIEHTpAINA

~
O6o3navaerca C (ue)
J

~

MONAPHARA KOHUEHTPALUMS MokaseleaeT OTHOWEHKE KoNMYecTBa

pacTBOpeHHOro sewecTsa
pacraopeHHoro sewecraa  06LeMy pacTeopa

EauHuubl namepeHus: Monb/n

=) () )

n — KOJU4eCTBO PACTBOPEHHOro BeliecTBa (MoJb), V — 06b-
eM pacTBopa (J1), m — Macca pacTBOPeHHOI'0O BelmecTsa (Kr,
r), M — mMonspHas Macca PACTBOPEHHOro BemiecTBa (Kr/
MOJIb, I'/MOJIB).
" 1 M — oanomonsiprmIil pacTeop (B 1 ;1 pacTBOpa cozep-
JKMTCA 1 MOJIb PACTBOPEHHOrO BEIlleCTBA);

0,5 M — mosnyMonApHLIA pacTBOp;

0,1 M — aenmMoJApHLIA pacTBOpD;

0,01 M — caHTMMOJIAPHEIA PACTBOP;

0,001 M — munaumoaApHEIt pacTeop (B 1 1 pacrsopa
coaepsknresa 0,001 Moaa pacTBOPEeHHOrO BELECTBA).

IIprmep. OnpeaenTs MONAPHYIO KOHIIEHTPALUIO PACTBO-
pa, B 500 ma Koroporo cogep:kutca 0,5 r cepHO KHUCIOTHL.

Pewmenune. HWs ¢opmyru C, = onpezxendem
Cu(H;S0,):
C, (H,80,) = —HS0) 140905 1499- 0,01 MR/,

M(H,S0,) V "~ 98500



MoaanpHasa KOHLEHETPALMA

O6o3HaqaeTtcs b )

MONANLHAA KOHLlEHTPALlMH MokaskiBaeT OTHOWEHWE KONUYECTBa

pacTBOpEHHOrO BewecTsa
pacTBOpPEHHOro BewecTsa K Macce pactsopwiens

EamHMUEI N3MEPEHNA: MONL/KT J

R
m, Mm,

b=

n — YKCJIO MOJIeil PAaCTBOPEHHOTO BelllecTBa;

m, — Macca pacTBOPEHHOTO BellleCTBa;

m, — Macca pacCTBOPUTENA;

M — MonspHas Macca pacCTBOPEHHOIO BEIeCTEA.

IIpumep. OnpesennTh MOJAANLHYIO KOHIIEHTPAIMIO pac-
TBOpa, npurororseHnoro u3 4 r KOH u 200 r H,0.

Pemenne. W3 popmyaw b = ™

(KOH): my

b (KOH) = m(KOH)
" M(KOH)m(H,0) 56-0,2

onpegenseM b

= 0,36 (Moab/Kr).



Turp

O6oanavaetcs T

MokasbipaeT OTHOLLEeHUe MacCh!
TUTP pacTeopeHHOro seulecTsa
x obbemy pacteopa

EAavHrUL! nameperus: rimn

T=2
v

m — Macca PacTBOPEHHOTrO BelliecTBa (T);
V — o6bem pacTBopa (MJI).

IIpumep. OnpegenuTs TUTP pacTBopa, B 150 Mmir Koroporo
cogepxurca 7,5 r Na,CO,.

Pemenune. M3 dopMyan T=—r5— HAXOAUM:

T (Na,CO,) = '"(Nizcoa) = :5‘:’) = 0,05 (r/m1).

JIns IpHAroTOBJIEHNSA PACTBOPA ¢ H3BECTHHIM THUTPOM (TH-
TPOBAHHOI'Q PacTBOPA) HEOGXOAUMO B3SATh TOYHYIO HABECKY
BeIllecTBa, PACCYUMTAHHYIO Ha TpeByeMbiii 06HeM, pac'rBopn'rb
B BOJie M IOBECTH JO HYKHOro o0beMa.



8. INEKTPONHTHIYECKAS
AUCCOIHALIMA

8.1. JNEKTPOJTHTHI M HEJJIEKTPOJIHTBI

INEKTPONUTHI

BELIECTBA

HEQNEKTPONUTH

e/

BeuiecTtaa, BoAHbIE PAcTBOPLI
¥ pacnnaskl KOTOPLIX NPOBOAAT
anex'rpmeckuu TOK

Beuwecrsa, 8ogHLIe pacTeOpLl
W pacnnasebl KOTOPbLIX HE NPOBOART
3INEKTPUIECKWN TOK

Y

Xumunyeckas CBA3b. UOHHARA,
KOBarneHTHan CUNbHONONAPHaA

Xumuveckan CBA3b. KOBANEHTHAA
HENONAPHAaA, MANONONKPHaR

)

!

Hexoropue MUHBparbHbIe KACNOTh )
(HC!, HNO3, H;S04, HaPO4, HNO),
wenoyv (KOH, NaOH,
Ba(OH),, NHO,OH}),
conu (NaCl, AI(NOs)s, CuSO,)

C
[
(
|

o )

v

=

OfbLUMHCTBO OPraHU4ECKUX BeLLecT
(caxap, 6eH3nH, KEPOCUH, aLeTOH,

¢euon)

|
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8.2. TEOPHA
SNEKTPONKTHYECKOK AMCCOLMMALIMK

Aaexmpoaumuveckas duccoyuayus — Ipolece pacmnajia
(aucconuanus) sNEeKTPOANTA HA HOHBI IIPH €ro pacTBOPEHHUH
B BOJIe MJIN paciuiaBjieHnH. T'eopus sneKTposnTnyecKoH guc-
conuanuu (TIM]) o6ocuorana B 1887 roay meeackum yueHbBIM
C. Appennycom.

OcuoBHble nonoxennsa TI:

1. ONeKTPOJHTHI IPH UX PACTBOPEHHH B BOJe MJIH B pac-
IUIaBJIE€HHOM COCTOSTHHM DacnajfaioTcs (AHUCCOIMHPYIOT) Ha
HMOHEL: ITOJIOMKHUTENbHEIE — KATHOHHI M OTPHIATEJbHbIE —
aHNOHKI. MOHKI — 3TO aTOM HJIH rpymnma aToMOB, HMeIOIHue
TIOJIOYKUTENBHBIH (KATHOHBI) UM OTPULATENLHBIH (AHHOHEKI)
3apan:

KCl —=> K* +CI

JJIEKTPOJIAT KaTHoH AHHOH
+H,0 _
NH,NO, ————NH;+ NO,
ANEKTPONHAT KATHOH AHHOH

2. HoHEI OTIHYAIOTCS OT ATOMOB IO CTPOEHHIO M 110 CBOM-
CTBaAM:
,Na® 1s?25%2p®3s’
atoM 9JMEeKTPOHHAA Gopmysa
Aromul Nal jerko oraawT 3s!-5/1eKTPOHBI; XHMHYECKH
aToMel Na oueHb aKTHBHEI, OKHCJIAIOTCA HA BO3AyXe, pearu-
PVIOT ¢ BOJOH H T. X.
,Na' 15%2s%2p*®
HOH  3AEKTPOHHAA dopmyna nona Na™
Honnl Na' He OTHAIOT 3JIeKTPOHEI, He MOI'YT OKHCJATHCA
¥ He pearupyioT ¢ BOXOI.

3. B pacTBOpe M pacniaBe 3JeKTPOJHTA JBH)KeHUE HOHOB
xaotuueckoe (puc. 29), a nmpu DpONyCKaHHH IOCTOSHHOrO
3JIEKTPHYECKOro TOKa Yepe3 PacTBOp MJIM PACIlJIaB 3JIeKTPO-
JINTA KaTHOHBI @ JBHIKYTCA K KaToay (—), a aHMOHBI (9 —
K aHogy (+) (puc. 30).
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[ \'|\| RN
H | | |

!
1

q

. Puc. 29
XaoTHYeCKOe ABH)KEHUe MOHOB B DACTBOPAX M PACILIABAX

Puc. 30
HanpaBieHHoe ABH>XeHHe HOHOB IIPHM NPONYCKAHUH MOCTOAHHOTO TOKA
Yyepesd JIeKTPOJIUT

4. TIpo1iecc 3JIeK TPOJIUTHYECKOM JMCCOIMAIIMH — TIPOIlece
obpatumerii. HaupuMep, B 06paTUMBIX peaKIUAX:
NH,OH = NH, + OH"

KaTHOB aHHOH

HCl=H'+Cl”

IpsiMad peakIMs HasbIBaeTcsa duccoyuayueil 3j1eKTPOJINTA,
obpaTHasa peaKIMs — OpoLiecC o0pa3oBaHMsI MOJIEKY.J U3
MOHOB — Ha3wIBaeTcA (MoaApU3ayUell) acconuaned HOHOB.
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8.3. CTENIEHD 3NIEKTPOJIMTHYECKOK

RMCCONMAIIMK
~
(—b( OBo3anavaercs O

J
' ™

MoKa3biBaeT OTHOLWEHUe Yucna

CTENEHb
SNEKTPOSIATAYECKOM | wMmonekyn, pacnaewmxca Ha uoHbL,
K oBuiemy umcny monexyn
ANCCOLMALIMN & pacTeops

. y,
s ™

N—) EAnHULL uamepeHna: %, A0NW
\. J

N
a=—"%-100%
N,

obm

N,,.— 4HCJIO MOJIEKYJI, PACIaBIINXCS HA MOHKL, N 4, — OOLIee
YHCJIO MOJIEKYJI, BBeIeHHEIX B DACTBOP.

Ecan o = 100%, aro o3nauaer, 4T0 N, = Nygo, T. €. U3
100 MmonekyJ, HaXOASIAXCA B PacCTBOpe, AUCCOLMUPYIOT BCE
100 Mmonexryn;

ecau o = 50%, aTo o3HauaeT, 4To IPH N4, = 100 MoTE-
KyJa N .= 50 moneryu, T. e. 13 100 Mosekys aucconumnpyeTr
TOJABLKO H0;

ecau o = 0, 3T0 03HAYAET, YTO BEUIECTBO HE AMCCOIHH-
pyer.

B Ta6a. 28 npuBejeHEl 3HAYEHHUA O AJIA HEKOTOPHIX KHC-
JIOT, OCHOBAHMH U coJiei.



Ta6ruya 28

Crenens JHCCOMMAILIMH HEKOTOPHIX KHCJIOT, OCHOBAHMIA
H coJelf B BOXHBIX pacTBopax mpu 18°C

H KOHIEHTpanHu ¢ = 1 Moas/n

Xapaxmep Xapaxmep
@ 0 @o, 9
3Mkl:r€;:7ﬂama a, % M;:zgo- Mexrrzl}:gn":zama a % M;:zg 0-
HCl 92 Ba(OH), 92 CusmHble
HBr 92 KOH 89 o oA
HI 92 | Cummre NaOH 84 | (urenoum)
KHCJIOTHI
HNO, 92 NH.OH 3 Cnaboe
1, -
H,S0, 58 ! o
H,SO, 34 Kucrnoru KCl 86
H.PO, 97 | Bormen NH,Cl 85
HF 85 NaCl 81 | Sarenme
HNO, 6,4 KNO, 83 JIHTH
(6on-
CH,COOH 1,3 Cnas AgNO, 81 IIMHCTBO
nague -
H,CO, 0,17 KUCITOTED CH;COONa 79 l;i‘;z&
st 0,07 Zn012 73 coneﬁ)
HCN 0,01 Na,S0, 69
H;BO; 0,01 CuS0, 40

CreneHb 3JIEK TPOJTUTHYECKOM AUCCOMAIIUM ¢ 3ABHCHUT OT
KOHIEHTPAIMU PACTBOPA M TEMIepaTyphl (IPH YBEIHWYEHHAHN
TeMIOepaTypbl U pa3baBjJieHUH PAcTBOpa O YBEJIWUHBAETCH),
OT NPHUPOJHl JIEKTPOJINTA (CHJIH CBA3H MEXAY KATHOHOM
¥ aHHOHOM B MOJIEKYyJIe 3JIEKTPOJIUTA) U PACTBOPUTEAA (OT
€ro IM3JeKTPHUYECKOH POHUIaeMOCTH U CIIOCOGHEOCTH COJIb-
BATHPOBATH HOHEI).



8.4. CUIIBHDBIE M CIABBIE

" QNEKTPOJMTHI

QNEKTPONUTHI

~

CunbHble

7

: }
CpeaHue ) ( Cnabbie

Y

¥ Y

a>03

—

J

\.

Y

0,03 <a<0,3 J ( 0 <0< 0,03

¥

,

B pacvsope npakTu4eck
€CTb TONbKO UOHB!

.

\ e/

B pacTeope NpuCyTCTBYIOT W MOMEKYNbl, U UOHBI

v

A Y

-
Kucnorsi: HCI, HNO,,
HBr, HI, H,S0,, HCIO,;
wénouu:

LiOH, KOH, NaOH,
Sr(OH),, Ba(OH),;
GonbWwan 4acTs
pacTeopuUmMbix conen

~
Kucrnovb::

CH3COOH, H;CO3, H,S,
stio;, HgBO;,;
OCHOBaHUA:
HEepacTBOpUMbLI© B BOflE
¥ NH,OH (NHy-H,0),
Boaa

Kucnotbr: H.SO;, HF,
HNO2, HyPO,

\. .

CrerneHp AUCCOIHAIIMH CJIAbGoro 3J1e1ch0JmTa'; onpé,ue-
JIeHHAA Pa3JINYHBIMHM cIoco0aMu (HampuMep, o U3MEPEHHUI0
TeMIIepPaTypPhl KHIIEHUA WIH 3JIeKTPOIIPOBOJHOCTH), AT yA0-
BJIETBOPHUTEJIbHLIE COBIAeHUA. [[J1A CHIBHBIX 3JIEKTPOJIUTOB
aHaJIOTMYHOM 3aKOHOMEPHOCTH He HalJogaeTcs.

Tak Kak CTeneHb JTEeKTPOIUTHYECKON JUCCOIHAIIMH N3-
MeHAeTCs ¢ KOHIeHTpallMeld pacTBoOpa, TO CHJIY KHUCJOT
M OCHOBaHHIT ynoOHee XapaKTepu30BaTh II0 KOHCTAHTE HMX
auccoruamnuu (cM. pasgen 8.8).
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8.5. MEXAHM3MBI AMCCONHAIHH
JNIEKTPONIHTOB

MexaHH3MBI ANCCOIM AN 3JIEKTPOJHTOB C HOHHBIM H KO-
BAJICHTHBIM (IMOJAPHBIM) THIIOM CBA3H IpPeJCTaBJIeHHI Ha
puc. 31, 32, 33.

PacTtaop

Kpuctann
R

Puc. 31
Cxema mpouecca pacTBOPeHUA
kpucranna NaCl B Boge

PaapuiB retTepononasapHoii
ceasu Mexay Na* u Cl- aa
cyeT MOHHO-AMNOILHOTO
B3auMoJieiicTBuA HoHOB Na*
u Cl” ¢ nonApHHME MOJIEKY-
JIaMM BOABI: A — rujpatanus
TIOBEPXHOCTHOPACMONOKEH -
HBIX HOHOB (NpeABapUTeNLHAA
CTaAuA Opolecca pacTBOPEHUA
KpHcTaala B BoAe); B — cBo-
GogHEIE rHAPATHPOBAHHEIE
HMOHBI, npoauddyHANpOBaBOINE
B XXUAKYI0 da3y.

Puc. 32
Cxema auccoouanmu
kpucraana KCI

1 — opueHTAOMA DOJAPHBIX MO-
nexyn H,O Bokpyr Kpucraniia;
2, 3 — ofpasoBaHue rHAPATHDO-
BaHHKIX KaTuoHOB (K )

u anmonos (Cl ) Ao
B8
QUG
x> B,
AN
Katuon AHNOH

Puc. 33
MexaHH3M AUCCOIMALIUY NEKTPONHUTOB
C KOBAJIEHTHEIM THOOM cBaA3H (Ha npumepe HCl)

A — OpHMeHTAIMA DOJAPHEIX MOJIEKYJ BojAH BOKPyr monexya HCL;
B — nepexop (M3MeHeHNe) THIA CBA3H ¢ KOBAJIEHTHO MOJAPHOM Ha MOH-
Hyi10; B — aucconuanus kucaorel HCI ¢ o6pasoBarHeM ruagpaTHpoBaHHOIO
KaTHOHA ( Hf_m) M I'MJpaTHPOBAHHOIO AHMOHA (C];Mm ).



8.6. NIEKTPONIMTHYIECKAA
ANCCOIIMAIIHA KMCNIOT

HCl = H*+Cl-, HCI+H,0 = [H;0]*+Cl;
HNO, + H,0 = [H,0] + NO;
JTHCCOIMAIIHUA C YYETOM BOABI

HNO, = H*+NO;",

[H;O]* — noH ruapoKcoHus, o6pasyeTcs 0 peakmun:
H,0 + H* - [H;0]*.

MHOTr00CHOBHBEIE KHCJIOTHI AUCCOITMNDYIOT CTYII€HYATO:

H,SO, 2 H*+HSO,” — 1-g cTymens;
HSO, =2 H*+S0,> — 2-g cTyneHs;
H,S0, = 2H*+S0,%> — noJHasa JUCCOOMAINS.

CrymeHuaToif Aucconuanueif MHOTOOCHOBHBIX KHCJIOT
MOXKHO 00BACHUTHL o0pasoBaHMe KucJamulx coieit (KHSO,,
Mg(H,PO,),).

Huccounanua H,SO, ¢ yueToM Boabli:

H,S0,+ H,0 = [H,0)' + HSO,” — 1-a cTynens;
HSO, + H,0 = [H;0]* + SO,> — 2-g cTymneHs;
H,S0,+ 2H.0 < 2[H,0)" + SO,* — mosnas
JHUCCOLIMAIMA,

PacTBOopHMEIe KMCJIOTH B BOZHBIX PACTBOpPAX AUCCOIMH-
pPyIOT Ha MOHEI H* ¥ HOHBI KMCJIOTHREIX OCTATKOB.

O0ine xapaxkTepHBIE CBOMCTBA KHCJOT ONpPENeNATCH
MMEHHO IPUCYTCTBHEM NOHOB BOAOPOAa (H3MeHeHe OKPaCcKH
WHANKATOPA, PeakKmusd HeATpaJu3almuu U Ap.), ¥ IO ITOM
NpPHYKHE KMCJIOTe MOKHO JATh cjeJyiollee ompeaesieHue:

KUCJOMa — 3TO 3JIEKTPOJNT, KOTOPHIH B BOLHBIX PACTBO-
pax JuccoluupyeT ¢ o6pasoBaHreM KaTHOHOB Bogopoaa (H)
¥ AHMOHOB KHCJIOTHEIX OCTATKOB.



8.7. INEKTPONMTKIECKAN ANCCOIMALINS
OCHOBAHMN

PacTBopHNbIE OCHOBAHNSA (IEJIOYN) B BOAHLIX PACTBOPAxX
AUCCOIMUPYICT HA OTPHUIIATENbHO 3apsA>KEHHbIe THAPOKCHT-
HOHBI M ITOJIOKHTEJbHbIE HOHBI METAJLIIOB:

KOH = K"+ OH"
NaOH = Na'+ OH"

MHOrOKHCIOTHBIE OCHOBAHN A AHUCCOITMHUDYIOT CTYIIEHYATO.

} ~— OAHOKHCJIOTHBIE OCHOBaHMA

Ba(OH), =2 [BaOHJ"'+ OH™ — 1-s cTyneHs;
[BaOH]* 22 Ba%*+ OH™ — 2-a cTymeHb;
Ba(OH), 2 Ba?"+ 20H™ — noJHas ANCCOIMALMA.

CryneH4yaToii Jucconualneil OCHOBAHM i1 MHOT03aPAXHBIX
MeTaJLJIOB O0'BSICHAETCA X CIIOCOOHOCTH 06Pa30BEIBATH OCHOB-
arte coau (FeOHCl, A1(OH),NO; u ap.).

OObune xapaKTepPHBIE CBOMCTBA OCHOBAHUI OIIPEAEIAIOTCA
OPHCYTCTBMEM B PACTBOPaxX THAPOKCHA-MOHOB (M3MeHeHUe
OKpPacKH HMHIUKATOPOB, PeaKIus HeATpaJIM3anu, B3anMO-
JeiicTBME C PACTBODMMEIMH COJISIMH), U IO 3TOi NpPUYUHE
OCHOBAHMIO, KAK U KHCJOTE, MOXKHO AaTh ONPEeAEIeHUE, HC-
XOA M3 XapaKTepa JIEeKTPOJUTHYECKOM JUCCOI AL HH:

OCHOBAHUE — 3TO JIEKTPOJHUT, KOTOPLI B BOJHBIX pac-
TBOpax AUCCOIMUPYeET ¢ 06pa3oBaHMEM TOJBKO OAHOTO BHAA
aHWOHOB — ruApoxcua-noHoB (OH).

Amdorepanie ocaoBanusa (Zn(OH),, Al(OH),, Cr(OH),,
Pb(OH), 1 gp.) AMCCOIMUPYIOT B BOJHOM PACTBOpE KakK IO
THNY KHUCJOT, TAK M IO TUOY OCHOBaHWii. OHM BCTyHamwT
B PEaKIINIO U ¢ KUCJIOTAMH, K C OCHOBAHHUAMM:

OH"
20H" +[Zn(H,0),** = Zn(OH), + nH,0 = [Zn(OH),|* + 2H",
=

OH

OH™ -
AI** = Al(OH), = [ANOH),I" mma [ANOH),J".



8.8. KOHCTAHTA
BHCCOIHAIIMH

Ecsiu nponiece AUCCOLMAIIMHY IIPEJCTABUTH B BUJE YPABHE-
HUA 00paTHMOH peaKIUHU
KA2K'+A™,
TO CKOPOCTH NPSAMO# v; ¥ 00paTHOM v, peaKI[Mil MOYKHO 3a-
NHCATh B CJAEAYIOIEM BHJE:

Ul = kl[K—A]l U= kZ[K+][A_]’

rae [KA] — koHnenTpanus ajnektpoaura; [K*Ju[A"] — kon-
IEHTpAIMH KAaTHOHA U AaHHOHA COOTBETCTBEHHO.

Jisi o6paTMOro 1 pABHOBECHOTO MPOIECCA 3JIEK TPOJHTH -
YeCKOM AUCCOLHUAIMH CKOPOCTH IIPAMOI ¥ 06paTHOM peakIiuu
paBHHI (U, = U;), I09TOMY, IPUMEHAA 3aKOH AeHCTBYIOIINX
Macc K o6paTHMBIM cHCTeMaM (cM. paszen 6.6), mosyuum

xk =B _[KIAT]
£k [KA]

Benuuuna K, HassiBaeTCaA ioncmanmoil duccoyuayuu
anektponura. Uem 6onasire K, TeM MeHbIIIe HEJUCCOIMUPO-
BAHHKBIX MOJIEKYJI B PaCTBOpE, T. €. TeM CHJIbHee 3JIeKTPOJIUT;
yeM MeHEI1Ie K, TeM 60JIbIIIe HEAUCCOLMUPOBAHHBIX MOJIEKY T
M TeM 3JeKTpoauT ciabee. Hanpumep, ykcycHaa KucaoTa
(K, = 1,76 - 107°) npumepHo B 10 pa3 ciabee MypaBbHHOIA
kuciaoret HCOOH (K, = 1,8 - 107*). Cremosarennro K, sBid-
eTcda 60Jiee TOUHOM XaPAKTEPUCTHKOM «CHJIBI» 3JICKTPOJINTA,
YeM CTeNeHb AUCCOIHAIUH 0.

K BogHBIM pacTBOpaM cyabbIX 3JIEKTPOJHTOB, MOJIEKYJIbI
KOTOPBIX pacnagaioTca Ha ogHo3apagusie nousl (CH;COOH,
HCN, NH,OH), npumenuma popmyna K, = o - C, rze C —
001mas KOHIEHTpANHA 3JIEKTPoanTa (MOJIb/JI), O — CTelleHb
JAHUCCOIHMAILHH (IO eTHHHKIIBI).

IIpu cTyneHYaTo JUCCOUUATITMN MHOTOOCHOBHBIX KMCJIOT
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Ka)XJad CTYIIeHb XaPAKTePU3YETCA CBOEH KOHCTAHTOM AUCCO-
uuanui. [IpussieK TPONUTHYECKO# Aucconani hocdopHoit
KHCJIOTHI IO 1-# cTynmeHn

K
H,PO, 2H"'+H,PO,
KOHCTAHTY A¥CCOIHAI[MM MOYKHO BHIPA3UTD CHEAYIOIIMM 06-
pasom:
_ [H'][H,PO;]
=
- [H;PO,]
Ana 2-it cryneHn
K,
H,PO; 2H"+HPO”
2
k. = [HHPO/]
2 _
[H,PO;]
AnA 3-i cTyneHn
K
H,PO> =H'+PO*
_[H][PO;]
»= [HPOT)
H3 cpasmenusn K,, K, u K; sBuaHo, uto mo 1-it crynenu
auncconnauni H;PO, apnserca kucaoroil cpegHeii CHIIBL, a IO
2-it u 3-if crynmernam — caaboi u ouens caaboit: K,>K,> K.
KoHCTaHTH JMCCOLMAIIMN MMOKA3HIBAIOT, YTO B PacTBOpe
H,;PO, npucyrcTBy0OT B OCHOBHOM Auruapodocdar-uoHbI
H,PO, , B MenbIIei cTerieHH — ruapodocdar-uousr HPO,Z
M B OueHb Majioii docdar-uonsr. Takaa ocoGeHHOCTH MPO-
TeKaRNA nponecca nounsaunn H,PO, o6acHaAeT ciocoOHOCTH

Jerko o0pa3oBLIBATH KHCJbIe coan, Hanpumep NaH,PO, (zu-
ruapodocdar ratpus), CaHPO, (rmapodocdar kanbiius) u gp.

K

=7-10%(0, = 27%);

=6-10"(at, = 0,15%);

= 210" (o, = 0,005%)

132



8.9. ANEKTPO/IMTHYECKASR
AMCCONMALINA CONEN

Jduccomuanus CPpexERX coJiei
CpedHue coau — 3TO 3JEKTPOJUTHI, KOTOPLIE B BOAHEIX
pacTBopax AHCCOIMHUPYIOT HA KaTHOHEI METAJJIOB (4 TaKiKe
KaTHoH aMMoHuA NH}) u aHMOHBEI KMCJIOTHRIX OCTATKOB:

BaCl, = Ba*+ 2Cl-,
2~
Fe,(S0,); = 2Fe3* + 3S0+4 ,
3-
(NH,),PO, = 3NH;+ PO+ .
JduccoHanusa KHCHBIX CONel
Kucavie conu — 3TO 3NEKTPOJINTH, KOTOPhe B BOAHBIX

pacTBOpax JUCCOMHUPYIOT HA KATHOHH METAJIJIOB M1 BOAOPOAA
M AaHHOHBI KHCJIOTHBIX OCTATKOB:

KHSO, & K*+ HSO,",
HSO,” = H*+ S0O*.
Jduccounauusa OCHOBHBIX coeil
OcHO8Hble CONU — 3TO IJEKTPOJHUTHI, KOTOpbIE B BOJHBIX

pacTBOpax ANCCOIIMHUPYIOT HA KATHOHBI OCHOBHBIX OCTATKOB
M AaHMOHBI KHCJIOTHBIX OCTATKOB:

CuOHCI = CuOH"* + CI-,
MgOHNO, = MgOH* + NO,".

BoamosHA ¥ BTOpasA CTYNEHb JHUCCOIIMAIINH;
CuOH* = Cu®*+ OH",
MgOH* = Mg? + OH".

JAHccomHauna KOMJEKCHBIX CoJelf

KoMmekcHBIE cou AHCCOLIMHUDPYIOT TaKMKe CTYIIEHYAaTO:

Ag(NH,;),Cl = [Ag(NH;),]"+ CI” — 1-a crynens,
[Ag(NH;),]" = Ag*+ 2NH; — 2-a cTyneHb
(nget oueHsb cyabo).
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8.10. MOMHBIE YPABHEHMA
PEAKI[MA

BRICOKYI0 CKOPOCTh MHOI'MX XUMHYECKUX PeaKI[Hii B pac-
TBOpPAaX 3JIEKTPOJHTOB MOKHO OO'bACHUTH TEM, YUTO OHH IIPO-
TEeKaloT He MEeXKAY MOJIEKyJaMH, a MeKJy noHamu. Jisa Bei-
ABJICHUA CYII[HOCTH TAKHNX peaKIHil uX yao0Hee 3aIICLIBATh He
B MOJIEKYJIADHOM, a B HIOHHO-MOJIEKYJIAPHOM Buje (Tabux. 29).
TaKkue ypaBHEHHA Ha3BLIBAIOT €llle UOHHbLMU.

B HOHHO-MOJIEKYJAPHBIX YpaBHEHHAX B BHJEe MOHOB 3a-
NHCHIBAIOTCS CHJIbHBIE 3JIEKTPOJIHUTEI, & B BHJe MOJIEKYJ —
MaJIopacTBOPUMBIE COEJUHEHU S, Tashl M CJIa0bIe 3JIeKTPOJIUTEI.

Ta6auya 29
CocTaBJeHEHe HOHHOTO YPaBHEHHA

Hpaeu..na COCMAassieHuUR

UOHHO020 YDAGHEHUA PEGKUUY Hpumep

1. 3anucaTs ypaBHeHMe 1. BaCl, + Na,SO, — BaSO,! + 2NaCl
PeaKIMH B MOJIEKYJISPHOM
BHJIE

2. Ilo Tabnnie 2. BaCl, + Na,S0, - BaS0O,l + 2NaCl
pPacTBOPUMOCTH p p H P
(cM. mpusoxkeHue 3)
ompeie/IuTh PACTBOPUMOCTh
KaX0TO BeIlecTBa

3. BanucaTe ypaBHeHHA 3. BaCl, 2 Ba® + 2CI,
JAKCCOLMAIMH MCXOTHEIX
BelecTB M IPOAYKTOB Na,S0, 2 2Na* + SO,%,
peariny 2NaCl 2 2Na* +2CI-

4. CocraBuTh mosiHoe uoHHoe | 4. Ba?* + 2Cl- + 2Na* + SO -
ypaBHEHHE peaKlidu — BaS0d + 2Na* + 2CF

5. Haittu oauHaxoBEIe HOHEI 5. Ba?* + 2CF + 2Na* + SO> >
B JIEBOH W IpaBOM 4acCTaX, - BaSO,J + 2Nat + 2C)
COKPATUTD HX M 3aHCATD —
COKpAINEHHOE MOHHOE
ypaBHeHVe peaKIan Ba* + 80,2 - BaSO0,{

Bojbmaa npaKTHYeCKasas LEHHOCTh MOHHBIX ypaBHEHHH
peaknyii COCTOMT B MCIIOJIb30BAHUHU KAUeCTBEHHBIX peaKIuit
Ha pasjnYyHEe MOoHB. Hanpumep, NpH NOMOIIU MOHOB cepe-
6pa Ag* MOKHO OOHADPYIKHUTH IPUCYTCTBHE B PACTBOPE HOHOB
ranoreuos (Cl-, Br-, I'), a npu nomomu noxHos Ba?* MoxHO
00Hapy:KuTh HOHBI SO7 (cMm. ¢. 136—-137).
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8.14. YCNIOBHA NPOTEKAHMA
PEAK HOHHOr0 OBMEHA 10 KOHIIA

Peaknuu B BOAHEIX PACTBOPAX 3JIEKTPOJHTOB HAYT MEXAY
HOHAMH, 00pa3yIOINMICH B PE3yJIbTaTe UCCOIUAIIMH DJIeK-
TPOJINTOB, K IO3TOMY OHH HA3LIBAIOTCA PeAKYUAMU UOHHOZO0
obmena.

Peaxnuu MOHHOTO 06MeHA MAYT A0 KOHIA TOJBKO B Cle-
NYIOIMX TPEX Cay4aAx.,

1. Ecan o6pasyerca ocauok {:
CuSO0, + 2NaOH — Cu(OH),! + Na,SO0,
P P H P

Cu?* + 20H- - Cu(OH),!;
3CaCl, + 2Na,PO, — Cay(PO,),) + 6NaCl
p p H p

3Ca?* +2P03 — Cay(PO,),d

2. Ecau BrIfesieTcA ras T:
N%zs + 21301 - 2Iga01 + H,ST

S + 2H* > H,ST; O
P lit
Na,CO; + H,SO H,CO,+H
2,C0,4 280, - H,CO, 2003\'COZT

3. Ecnu o6pasyeTtca caabblii 2,1eKTpoJIUT (MAJIOAUCCOIIH M-
pyIoIiiee BEIIeCTBO):
CH,COONa + HCI —» CH,COOH + NaCl

p p caabbtit daexmpoaum

CH;CO0- + H* —» CH;COOH;
NaOH + HCl —» NaCl + H,0
OH + H' > HZO oxens caabbiil

saexmpoaum
IIpu OTCYTCTBMH HMOHOB, KOTOPEIE 06pa3yioT 0CaZOK, ra3
MM cJAaOBIA 3JEeKTPOJIHT, PeaKlusa ABAseTcA oOpaTHMOii
(TouHee, HeT peaKOuUH, HAYIIEH A0 KOHIA):
KNO, + NaCl = KC! + NaNO,
p p p p

K*+ NO; + Na* + CI" =2 K*'+ Cl" + Na* + NO;~
B Ta6a. 30 u 31 npuBeaeHbl KaueCcTBEHHBIEC PEaKIMH Ha
HEKOTOpEIe KATHOHRI M AHUOHHI (3Ta MHPOPMADMA MOIKET
0Ka3aThCA MOJIE3HOM IPH BLINOJIHEHMH J1abopaTopHBIX paboT
Ha 3aHATHAX B XMMHW4YeCKoii 1abopaTopun).
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Tab6aruya 30

KavecTBeHHEEIE PeAKIMH HA HEKOTOPhIe KATHOHBI

Kamuon Peaxmue Habniwodaemas peakyun
Agt Cl- Ag* + CI- - AgCll
GesIBIA TBOPOKHECTRIN
ocaackK
2+ - N
Ca oy Ca® + COg — CaCO,!
Gesmilt ocanox
Ba® 50+ Ba? + SO,> - BaS0,l
GesrbO KPHCT. 0CAAOK -
Cu* | Mlenous OH Cu?* + 20H- - Cu(OH), {
roy6oli ocagok
Al* +30H- - Al(OH),!
[leroun OH- GeJnilt XJI0MLeBRARKIN
AP (amdorepHHEe ocaziox
cBoficTBa
rHOPOKCHIA) Al(OH), pacTBopaerca B u3brrrke me-
IO
Fe* 1. lllexoun Fe?* + 20H- - Fe(OH), {
OH- 3e/IeHOBATRIA
_OCMOK
Fe(OH), 6ypeet ua Bo3myxe
2. Kpacuasn
KpOBSHAA COJIb 3Fe?* + 2[Fe(CN)e]> — Fey[Fe(CN)gJ,1
K. [Fe(CN)J] e o
Fe* (TypHOyJsIeBa CHHB)
L Mleno Fe** + 30H- - Fe(OH),l
Gypait ocanok
2. Ponaruz Fe* + 35CN- - Fe(SCN);
NH,SCN KPOBABO-KpaCcHRIA
pacTeop
8 Wemaz =~ | gFer + 3[Fe(CN)]* — Fe,[Fe(CN)glsl
i[Fe(CN)e] . nuno-ocgalﬂ:: uBera
(Gopsmmckan a3yps)
Brigesienue raza (aMMuaka) ¢ peakuM
3 l{leno% 3aMaxoM:
2. PeaxTas NH,* + OH- - NH,T + H,0
NH; Heccute- He
"pa.(cMech NH. + K,[Hgl,] + KOH - |0_ ,NH, |l
KOMIIJTeKCHO# Hg
€oJIx Kz[H gL] OCAfOK KpacHo-
¢ KOH) Gyporo mpera




Tab6aruya 31

KavecTBennnte PeaKIHH HA HeKOTOPhIe AHHOHLI

Anuon Peaxmue Habniodaeman peaxyus
Cr Hurpar cepe- Cl- + Ag* - AgCN
6pa Ag* Geurit
TBOPOXRACTHIHA 0CAJOK
Br- Hmrpar cepe- - +
6pa Ag’ Br +Ag' - AgBrl |
I H [e1:%:00):9
oba Ag I+ Ag' — Agll
WeTHE
0Ca ok
CO,?- Pacteopnt CO.= + 2H* - H,0 + CO,T
xaciaor H* )
BEIZIeNIeHHe raga 6e3 aamaxa, BHI3HI-
Ba(OH), BAIIEro NOMyTHEHHE THAPOKCHIA
688!82
CO,> + Ba? + 20H- -» BaCO,i+ H,0
Gesmrit ocamox
S*- Hurpar caumna S + Pb** - PbS{
(II) Pb(NO,), 9epHELY 0CAf0K
NO.- Cu + NO,~ + 2H* - Cu* + H,0 + NO,T
a H2804(R0551() + BRUIeJIeHMe ra3a Oyporo usera
+ Cu v
PO + 3Ag* - Ag,PO
PO HHggg‘l‘Acge"pe- npxo(;c*&eug‘m
2- 2+
cros | ComsSapus CrO + Ba® - BaCr O
Ag'+ SCN- - AgSCN!
_ Hn;?a'r
SCN cep a, 6e.v|oocl::1 l(.]v.l;e'ra
ot (I1) Cu® + 2 SCN- - Cu(SCN ),
0CamoK
WepHOTO UBeTa
NO, Hommn xams 2I-+ 2NO,~ + 4H* > L+ 2H,0 + 2NOT
KI B xucsoi
cpenae I, okpamuBaeT pacTBOp B OypHIi LBET
(mn o6pa3yeTcsl TeMHO-CEPHIi 0CaioK)
CH,C00- 3CH,COO+Fe™ — Fe(CH,COO),

Xnopuz mxeste-
3a &II) FeCl,

KpacHO-Oyphd
pacTBop
Fe(CH,C00),+2H,0 £
— Fe(OH),CH,CO0{ + 2CH,COOH

0CaI0K OCHOBHOH COMTH
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8.12. MHCCOLMMAI[HA BOABI. BOXOPOAHBIN MOKASATEND

Hounoe npoussedenue 6odvt (K,) — aT0 mpousseseHnue
KOHNEHTpanuid MoHOB Bogopoaa [H'] u rmapoKcHA-HOHOB
[OH): K,=[H*][OH]=10"7- 1077= 10714,

[H*] = 10 "Monb/n — HeliTpanbHEI pacTBOp, [H*] = [OH];
[H*] > 10""™Monb/n1 — kucastit pacteop, [H*] > [OH];
[H*] < 10""Monb/1 — mies0uHO# pacTBop, [H*] < [OH].

Bodopodnuiii noxazamens (pH) —aecaTuunsiii torapudm
KOHUEHTPAIKN BOJOPOAHEIX HOHOB, B3ATBIA ¢ 06paTHHIM

3HAKOM:
pH = -lg[H*], [H*]= 107"

pH = 7 — mefiTpanbHas cpena; pOH = 7 — nefiTpansHas cpeaa;
pH < 7 — xucnas cpeaa; pOH > 7 -— Kucaas cpena;
pH > 7 — menounada cpeza. pOH < 7 — memoynas cpeaa.

Haraszano B3aumocsass Mexay [HY], pH u peaknueii pac-
TBOPaA MOJYXHO BHIDASATH TAKOH cxeMoil (M. TaKkxke Tabu. 32):

" 10° 107 107 10° 10 10° 10° 107 10° 10° 107 107" 107 107907
M ) | | | H ] | | | ] | | |
MMOAL/A | 1 1 1 ¥
4———————— YBEfIUHEHUO KUCNOTHOCTH | YBeNUYBHHEe WeNOYHOCTH ————————>
pH! | ! | ! | I 1 1 ] 1 | ! )
{ P 1 T T T ] | | | | | |
Peaxuun o 1 2 3 4 5 6 8 9 10 11 12 13 14
pacreopa
CunbHoxucnan CnaGoxucnas l Cnatouwenounan CunbHoweno4Han
HEATPANLHAA

Tab6auya 32
H3MeHeHHe NBETAa HHAHKATOPA NPH NeHCTBHH KHCJAOT H MIeJI0uei

I{geem urnduxamopa 6 cpede
Hnduxamop Kucaol HelimpanvHoil wenouHoil
@EH<7) @®H=7) PH>7)
Jlaxmyc KpacHri ®uoseToBhIt Cunnit
Mernnopanx Pozosriit OpanskeBrlit HKenrorit
Qenondrranens BecuseTHrri BecuserHHit MamrHOBHI




8.13. THAPONMK3 CONEH

T'udpoarus — peaxkuusa 06MEHHOIrO PA3JIOXKeHHUS COJH BO-
Zo#, B pesyJbTaTe KoToporo o6pasyercs cabulii 3J1eKTPOJIHT.
I'uaposus cosn 3aBUCHT OT ee npupoasl. B Tabi. 33 npu-
Be/leHbI BO3MOKHBIE CJIy4aH THAPOIN3a COJIei B 3aBUCHMOCTH

OT UX COoCTaBa.
Tab6auya 33

I'mapoana coseil, 06pa3oBaBBBIX CHALHBIMH
M CIa0LIMH KHCAOTAMH M OCHOBAHMAMH

Conmu, oﬁpasonanﬂue cnabbiM OCHOBAHMEM
M CHJALHOM KHCJOTOM

a) NH,Cl - NH,*+ CI

NH,*+ Cl-+ H,0 =2 NH,OH + H*+ CI

NH4 + Cl‘+ H,0 =2 NH,OH + H*+ CI-

|~*— HOH

INonupie MOHHEIE M MOJIEKYJIApDHEIE YPABHEHHS:

NH,*+ CI"+ HOH = NH,OH + H*+ CI

NH,C]l + HOH = NH,OH + HCI
a=1,3%

6) ZnCl, — Zn* + 2CI-

Zn+2Ck+ H,0 = [ZnOH]" + H' + 2C-
l—"-HOH

ZnCl,+ H,0 2 ZnOHCl! + HCl

XJI0pHI
THAPOKCOLMHKA
B pacrsope B 06onx cnydasx — (a) u (6) — HakannmBaworcs wonsl HY,
auaumt, cpena kucaad, pH < 7, nHankaTOp JIakMyc OKpallMBaercs
B KpacHEI user. ['uaponua sener k obpasoBanuo c1aboro oCHOBAHMS
(M/IM OCHOBHOM COJIH), PACTBOPH TAKHUX COJIHM HPOABJAIT KUCIYIO
peaxIuio

139



Ipodorxenue maba. 33

Conu, 06pa3oBaHHEIE CH/IBHBIM OCHOBAHHEM
u cnaboit kHcnoTOM

a) CH,COONa — Na*+ CH,COO-

Na*+ CH,COO + H,0 = CH3C00H + Na*+ OH-

a=13%
HOH
——

ITonmsie HOHHEBIE H MOJIEKYJIAPHEIE YPABHEHHA:
Na*+ CH,COO-+ HOH = CH,COO-+ Na*+ OH-

CH;COONa + HOH = CH,COOH + NaOH

6) K,CO, = 2K* + CO;>

K+ CO2 + H,0 - HCO, + 2K* + OH-

L MO

TMomabie HOHHEIE M MOJIEKYJIAPHEIE YPABHEHHUA:
2K* + CO>+ HOH = K*+ HCo; + K*'+ OH-
K,CO;+ HOH = KHCO;+ KOH.

B ofoux ciayuyasx — (a) u (6) — Hakamusatorcs wonn OH-, amauur,
cpena menouxad, pH > 7, ungnkaTop deHondTaNenH OKpAIMBAETCH
B MaJIMHOBEIHN LBET, A METHJIOPAH®E — B JKeJTHIA. [Maposna seser k 06-
Pa30BAHUIO 12608 KHCIIOTH (WIIH KHCJION co.rm), PacTBOPH TAKHX COJIEH
NPOSBJISIOT MEJOYHYIO PEAKLIAID

Conn, o6pasosannme ci1aGriM OCHOBAHHEM
u cnaboit kucnoTOk

CH,COONH, = NH; + CH,COO-

NH,* + CH,CO0- + H,0 = CH,COOH + NH,0H

HOH
5
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ITpodoamenue maba. 33

INonutle HOHHEIE ¥ MOJIEKYIApHEIe YPABHEHHA:
NH,*+ CH,COO + HOH = CH;COOH + NH,OH

CH,COONH, + HOH = CH,COOH + NH,0H
o=1,3% o=1,3%

Tak kax o CH;COOH)=a(NH,OH), To cpena neiirpanbuasa, pH =7

6) NH,NO, —» NH*+ NO,

NH, + NO, + H,O =2 NH,OH + HNO,

HOH
IlonHEle HOHHEIE M MOJIEKYIAPHEIE YPAaBHEHHA:

NH,*+ NO,+ HOH = NH,OH + HNO,

NH,NO,+ HOH = NH,OH + HNO,
o=1,3% 0=6,4%

o(HNO,) > a(NH,OH).

Cpena cnaboxucnas, pH < 7, ungukaTop nakMyc okpaiuMBaetcs B ¢J1ab0-KpacHHIA
LBET .

B) PHAPONIN3 HEKOTOPERIX COJICH MOMET UATH IO KOHIIA:

AlLS,+ 6H,0 - 2A{OH),| + 3H,ST

B atoM ciiyuae o6pa3yorcs HepacTBOPUMOE BEINECTBO U Ta3, KOTOphIe YXOIOAT H3 cdrephl
XUMHYECKOM peaKLUH, I03TOMY PeaKIHsA MPAKTHYeCKH HeobpaTHMa, a 3HAYHT, TaKHe
COJIM HEBO3MOXHO MOJIYYHUTh B PacTsope

Conm, o6pasoBaHHBIE CHJIBHBIM OCHOBAHHEM M CHJIHLHOM
KHCJIOTOH, THAPOJHU3Y He IOABEPralOTCA.

KosinuecTBEHHO Tpolecc THAPOJIHA3a COJEH MOXKHO BHIpA-
3uTh cmenenbio zudpoauda P = [Cluy / [Cloes - 100%, rae
[Clizp — YMCIIO THAPOIN30BAHHBIX MOIEKY T, [Clser — 001LIEE
YMCJI0 PACTBOPEHHBIX MOJeKYJI. CTenneHb THAPOJIN3a 3aBUCUT
OT XMMMWYECKOH HPHUPOALI 00pa3yomMxcs IpH TUApOJIH3e
KHCJIOTHI MJIM OCHOBAaHHMA M OyAer TeM OoJiblue, yeM ciabee
KHCJIOTa ¥ OCHOBAHMeE IIPH TPOYMX PaBHEIX ycaopuax. Hanpu-
Mep, IJia coJieil, 06pa3oBaHHBIX c1a60i KUCI0TOM K crabrim
OCHOBaHMEM, 3HaueHus [ moryT cocrasaars ot 0,01% 1099%:
B(NH,C]) = 0,01%, B(KCN) = 3,7%; BI(NH,).CO;] = 77%;
BI(NH,),S] =99%.
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9. OKHCIIMTENIBHO-
BOCCTAHOBHTENBHBLIE PEAKIIHH

9.1. XAPAKTEPHCTHMKA M THIIbI .
OKMCNNTENbHO-BOCCTAHOBHTENBHBIX PEAKIHA

OxucaumenvHo-aoccmanosumenvusie peaxyuu (OBP) —
3TO peaKIuy, IPOTEKAIOIHe ¢ U3BMEHEHNeM CTelleHH OKHC-
JeHUA aTOMOB, BXOJAIMINUX B COCTAB PEATUPYIOMNX BEMIECTB.
IIpomeccel, npoucxoAsainue B HUX, U Tunsl OBP orpaxeHn

B Tabn. 34 u 35.
Tab6ruuya 34

Xapalc'repuc'rmca OKHCIHNTEJIbHO-BOCCTAHOBHTEIABHBIX peauum‘i

Haumernosarue Hpumepve Xaparxmepnovie
npoyecca ocobernocmu
Oxucnenue — Al -3¢ > Als’, Fe** — ¢ 5 Fe3+’ B mpouecce
npolece oTaa- OKHCJIEHHSA
YHM JJIEKTPOHOB HY-2e — 2H*, 2Cl--27 - Cl,, BOCCTA-
aTOMOM, MOJIe- HOBHTEJIb
KyJIOH MIn amecs Al°, Fe*, H,®, CI- — Boccra- | oxmcnsercs,
HOHOM HOBHTEJIH. M CTemeHb
B OKHCJICHHUSA
occmano8u-
B peax X Zn +Cu S0, - 2TOMOB 110~
meju — ato- peaxi? BHIIIAETCA
MBI, MOJIEKYJIhI 5 Zn S0, + Cu
HJIM UOHEL,
oTHamuMe nzn’ -2z - Zn
3JIeKTPOHEL (peaxiysi OKUCJIEHHS)
Zn° — BocCTaHOBMTEJNB
Boccmanosne- o B npouecce
Hue — IMpOLECC S+2z -5 8, Cl+2e - 2Cl, BOCCTA-
npucoeHHe- oy = 2 HOBJICHUSA
HHA 3JIeKTPO- Fe* + g — Fe*, OKHCJIHTENIb
HOB aTOMOW, anecs S°, Cl,, Fe%* — oxucmuresma. -| BOCCTAHAB:
MoJIeKy IOk L » LVl €M1, " | nypaercH,
M ¥ CTENeHb
HMOHOM . B peaxfzmmx OKHCNIeHHUSA
+
og + Cu° aTOMOB II0-
Oxucaume- | In®+CuSO, —» ZnSO, +Cu® =m AIRAETCS
s Cu + 27 - Ot
VIOHEL, TIpH- (peakIlUs BOCCTAHOBJIEHHS)
COEAMHAIOLINE Cu*? — oxucaHTeIb
3JIEKTPOHEI ’
CreneHb OKUCNOHUA
-4 -3 -3 -1 [1] +1 +2 +3 +4 +5 +6 +7 +8
[ N NN M | [ ] ] | |
T — & 1 1 T 1 1 1 1

OkucneHue

BoccranosneHue
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Tabaruya 35

THINEI OKHCJIAHTE/IbHO-BOCCTAHOBHTENLARIX PeaK KM

Tun OBP

IHpumepw:

Omauvumenshan
ocoberrocmy

Bayrpumo-
JIEKYJsAp-
HEIe

-3 +6 © 0 +3
(NH,), Cr, 0, > N,+Cr, O, +4H,0,

+5 -2 +3
2NaNOs; — 2NaNO, + 0°

MeHEeHHeM
cTedeHHu
OKHCJIEHAA
Pa3HEIX aTo-
MOB B OIHO#M
MOJIEKYJIEe

Mexmone-
KyJIApHEIE

+2 +2
Cu®+ Hg (NO,), » Cu (NO,), + Hg",
+3 +1
Fe, 0, +H) - 2Fe’ +3H,0,

-2 +4
2H,S + H,S 0, > 35° + 34,0

MEHEHHEeM
CTeneHm
OKMCJIEHHA
aATOMOB

B MOJIEKY-
Jax pasHaX
BEIECTB

Cawmo-
OKHC-
JIEHMA-CaMOo
BOCCTAHOB-
JIeHAs
(mucopo-
[OPLMOHH-
POBaHMA)

-1 +1
H,0+Cl; 2 HC1+HC10
+6 +7
3K,MnO, +2H,0 -5 2KMnO, +
+
+MnO, +4KOH,

Cl,+ 2KOH - KCl+ K610 + H,0

Peaxipm
HAYT C M3-
MeHEeHHUEM
cTemeHHu
OKHCJIEHHSA
OJHMHAKO-
BRIX 4TOMOB

B MOJIEKYJTe
OJIHOTO ¥ TOTO
’Ke BemecTBa

OKHCINTENBHO-BOCCTAHOBUTEIbHBIE PEAKITMH HIMPOKO pac-
NPOCTPAHEHEI B IPUPOJE M ABJAITCH OCHOBOH >XKM3Hexed-
TEJIBLHOCTH KMBBIX OPraHU3MOB, ITIOCKOJLKY C HUMH CBA3aHBI
0o0MeH BelllecTB, NPOLECCH ALIXaHHSA, OPO;KEHUA, THUEHU,
toTocHHTe3 B 3eJIeHBIX pacTeHHAX (cM. c. 24). [IInpoxoe npu-
merue OBP mosyuuiu B TeXHMKe, HAIIDHMED B IIpomeccax
KOpPO3WH METAJUIOB, TOPEHHMS Pa3JHYHLIX TOILJINB, METAJ-
JYPrU4ecKUX, 3JEKTPOJHTHYECKHX M APYrHX MpOIeccax.
Hau6onee apdexrnsro OBP ucnoas3yioTcd B 3JIeKTPOJH3e.
ITHM cr1ocofOM MOJAYyYalOT MHOTHE METAJLJIE (IeJIOYHEIe, IIe-
JIOUHO3EeMeJIbHEIe, AJTIOMUHMIT), a TaKKe TaKkue HeMeTAJLIH,
KaK BOAOPOA, KACJIOPOJ, XJIOP.
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9.2. COCTABJIEHNE YPABHEHMH OBP
(MeTop anexTpomHOro Ganamca)

Ilpasuna
cocmaesieHus
ypaenenuli OBP

ITpumepo:

1. Bamucarts cxemy
XAMHYIECKON
pearkunu

2. Oupenennrs
3JIEMEHTHI, ATOMEL
KOTOPHIX H3MEHIOT
CBOH CTEIEHH OKHC-
JneHus
B XOJl€ peaKLi

3. lloguepkHyTs
CHMBOJIBI 3JIeMeH-
TOB, ATOMBI KOTOPRIX
H3MEHAT CTEIeHH
OKHCJICHHSA

4. CocraBuTh ypas-
HEHMs1 3JIEKTPOH-
Horo fasiaHca, Ho-

KAa3aTh OKHACJIMTeNb
M BOCCTAHOBHTENE

5. YpaBHATH 9HCIO
3JIEKTPOHOB, OT-
JaHHBIX BOCCTAHO-
BHTEJIEM, H HHCNIO
3JIEKTPOHOB,
OPHCOeIHHEHHEIX
OKHCIIHTENIEM

6. Onpenenurs
k03 GHILMEHTH NpH
BOCCTAHOBHTENIE
K OKHCJIHTENe

7. 3anmcaTy OKOH-
YaTesJbHOE ypaBHe-
ume O

-1 +3 +2
I. KI + FeCl, - 13 + FeCl, +KCl (1, 2,3)

(BoccranoBurens) 1) 2I- -2 -1,
(mpoutece oxucrenns) (4, 5, 6)

2| Fe* + € — Fe?*
(npoLiecc BOCCTAHOBJIEHAS)

67

(oKHCHIUTEIB)

2KI + 2FeCl, = I, +2 FeCl, + 2KCl

+3 -2
11 &0+Q‘2’ - Al:0; (1,2, 3)

(BoccraHoBUTEND) 4] Al - 32 — Al*
(trpoutecc oxmcstenus) (4, 5, 6)

307 +4 - 20*

(oxucnuTenns)
(mpo1iecc BOCCTAHOBJIEHUS)

4A1 + 302 = 2A]203 (6y 7)

11I. Mg+ HNO,(p) - Mg(NO,), + N, T +H,0
(BoccraHoBuTeNB) 5| Mg — 27 —» Mg*
(mpoLiecC OKHCJICHHA)

1/ 2N* + 10 — N

(oxucIHTEND)
(mpo1iecc BOCCTAHOBJIEHHA)

5Mg° + 12HNO, (p) — 5Mg(NO,), + N T +6H,0

IIpoBepuTh NPABMJILHOCTL COCTABJEHHOTO ypaBHEHUA
OBP 110 4HcJIly aTOMOB OJHOTO H TOTO K€ 2JIeMEHTa B JE€BOM
u npaBoii yactax OBP. Ypasuenue OBP cocTaBaeno BepHo,
€CJIH YMCJIO ATOMOB BCEX 2JIEMEHTOB B IIPABO U JIEBOMH YacTAX
YPaBHEHUHA PABHH MeKAY CO0Oii.
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9.3. BAXXHEHINME BOCCTAHOBMTENK
M OKMCIANTENM

B nepuogax mepuoguueckoit cucremnr . 1. MenaeneeBa
cjleBa HANpaBO YCHJIMBAETCHA OKHCJIUTEILHAA CIIOCOGHOCTH
aTOMOB 3JIEMEHTOB U YMEHBIITAETCA HX BOCCTAHOBUTEILHASA CIIO-
COOHOCTB; B IVIABHBIX ODOATPYHIIaX CBEPXY BHU3 YCHIUBAETCH
BOCCTAHOBHTEJIbHAS CIIOCOGHOCTh ATOMOB 3JIEMEHTOB H YMEHb-
HIaeTCs X OKHCJINTENbHAA coco0HOoCcTh. Han6osee ak THBHEI -
MU BOCCTAHOBUTEJIAMU ABIAIOTCA MeTasusl I u I1 rpynn, nanbo-
Jiee AKTHBHBIMH OKHCIUTENIAMU — HeMeTaJbl VI u VII rpynn
(kucaopon, 030H, rajgoredbl). OCHOBHBEIE BOCCTAHOBHTENH
¥ OKMCJIATEIM NIPUBEJeHbl HIXKe:

BOCCMGHOBU.MCJIM OKUMMMCJIU
Meranmsl, BogOpOs, YTIEpox, Lanorenw; Cl,, O, 0;, KMnO,,
CO, H,S, SO,, H,80; u conu Kn6, :

CEePHMCTOM KHCIIOTHI . Comu xpomoBmux kucnor K,Cr,0,
H KzCl'04
Beckucnoponunte kuchaorer: HI, Kucnorar HNO,, H,SO (rcor{u ),

HBr, HCL H,8 H,Se0,, HCIO,, HMnO

Conn SnCl,, FeSO,, MnSO,,

r,(80,),

Coemunenna asora: HNO,, Oxenanr Metasuton: CuQ, Ag,0,

NH,, N,H, (ragpasus), NO PbO,, CrO,, MnO,
®ocdopucran kucnora H,PO, HoHmu 671aropoJHEIX METAJLIOB:

*, Au* u gp.

OpraHuyecKue COeMHEHHN: Xnopng xeneza (I111) FeCl,
CIMPTH, aNbJEerHakl, MypaBbHa- T'HII0XIOPUTEL, XJI0OpaTH | Nep-

Had ¥ NIABeJIeBas KHCIOTHL, XJIOpaTH

III0K03a «Iapckas Boaka»

(cMecr KOHLIEHTPUPOBAHHEIX a30T-
HOH M COJITHOHA KHUCJIOT)

Karon opu anexrponuse AHoJn IpH 3JIeKTpoIH3e

B meranaypruu HamboJblliee MpUMeHEHHE HAXOAAT CJie-
IyIOIle BOCCTAHOBHTENHU: yriepos u okcuj yraepoza (II),
AKTHBHBIE METAJJIBI  BOJAODOA, MCIIOJb3yEMBIE IJIA BOCCTA-
HOBJICHUA Me'ra.vmon M3 UX OKCHJOB N x.nopm[on.

FeO +C 5 Fe+COT: Cu0+CO 5 Cu +CO,;
TiCL + 4Na Y, Ti + 4NaCl; .
Cr,0;+ 2Al 5 Al,0; + 2Cr; GeO,+ 2H, - Ge + 2H,0.
BoopoioM BoCCTaHABINBAIOT TaKke BOJIb(paM 1 MOIub-
JeH U3 UX OKCHJOB.
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9.4, OKMCIKTENBHBIE CBOHCTBA A30THON KHCJIOTHI

Al, Cr, Fe

» Hert peaknan

HNO,() | o0 v omomne seuenoneee |

24 > N,0 ()]
npyme MeTannu ¥ HaMeTanb +4

» NO, 2,3
+5

HNO » AKTMBHbI® MBTANN H

HNO\(p) > NownN,
s 4 HeaxkTupHbie MeTannbt +2

W HemeTannu! » NO (5,6, 7)
-3 -3
HNO,(op) AKTHBHBIE MeTaNNb » NH,(NH,NO;) (8)

HNO,(x), HNO,(p), HNOy(op) —

a30TRAA KHCJI0TA KOHNEeATPHPOBAHHAA,

pa3faBleHHAN H O9eHL PA3faBIeHHAN

ITpn6anskeHHBIE CXEMBI PEaKIMIA:

+5 0 +2 +1
10HN O,(x) +4Ca - 4Ca(NO,), + N> O T + 5H,0

+5

¢))
+2
4H N Ou(x) + Cu — Cu(NO,), +2 N 0,T + 2H,0 2)
+5 +4
5HN03(x)+P—>H3P0,+5N02T+Hzo 3
12HN Oy4(p) + 5 Mg -5 Mg (NO,), + Nz T+ 6H,0 O
8H N O4(p) +3 Cu -3 Cu (NO,), + 2 N O+ 4H,0 )
+6 +2
2HN03(p)+S—>HzSo,+2No (6)
+5 0 +5 +2
5HN Oy(p) + 3P +2H,0 5 3H,PO,+5NO Q)
+3
30H N O4(op) +8 Al — 8 Al (NO,), + 3 N H,NO,+9H,0 (8
NO, NO N,0 N, NH, (NH,NO,)
AKTHBHOCTb METAJJIA YBEJMINBAETCHA .
» HNO, (op)

+5
HNO,(x)

KOHOEHTpaluA KHCJIOTh YMEHbIUACTCH
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9.5. OKHCNIHTENBHBIE CBOACTBA
CEPHOH KMCNOTBI

CxeMa npoTeKasus peakumii:

+6
1HH, S 0,(x) + HeaKTHBHBIA METAJIJI -, SO, + cosp + BOAA
+6
+ co +B
2)H, S O,(k) + aK THBHEBII MeTaJIIT 7 S cQIe oda
N H, S+ cosp + Boaa

+4
to A S O, + aurnapuj + Boja
3)H,SO (k) + HemeTaan +
t°\' SO0, + Kncno'ra + Bojia
H, SO(K)—)SO —)S—)H S

AKTHBHOCTDb BOCCTaAHOBHUTEIA
YBEJIHYHNBAETCA

4) H,SO,(p) + HeaKTHBHLIA METAJLT
5) H,SO,(p) + akTHBHEII MeTaL1 — coab + H,

I'Ipmwepu

1) 2H, so () + Cu 5 so +CuSO4+2H20

2) 4H, SO (K)+3Zn - Sl+32nSO4+4H20
5H, SO (K)+4Mg —>HZST+4Mgso,,+4H20

(BoccTaHOBnTenb) Mg 2z —) Mg*? (mpomece okucnerna) | x4
(oxncnm‘enb) S + 8 —) S (npouecc BOCCTAHOBJEHHA)
3) 2H, SO x)+ C - 2SO T+ CO T+2H20

5H, SO (K)+2P - SSO T+2H3PO +2H,0
(BOCCTAHOBHTEJIB) P 8e —» P (mporece oxucneuna) x2
(oxnucauTenn) +S6 +2e > +S4 (npomecc BOCCTAHOBJIEHHA) | XS

4) HZSO,,(p) +Cu +>
5)H ;' S0,(p) +. Zn > Zn so,+ HY T
(BoccraHoBHTENB) ZNn® — 22 — Zn?* (mpoliecc OKUCIEHHUSA)

(oxkncanTens) 2H' + 2 — Hg (mporecc BOCCTAHOBJIEHUA)
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9,6. BINAHHE CPENBI HA XAPAKTEP

NPOTEKAHHA OBP
N\  Kucnas cpega (H") Mn?* GecuseTHbIn
+7 - pacTeop
..
KMnO4 Hewitpanbhas cpena (H,0) .+ —
»! MnO yp
(MnO,) 2 0Canok
a \.
¢1oIeTOBBIM . o
pacTsop | llenoswas cpena (OH) MnO?: 3enembiii
no% pacteop

\

+7 +4
2K Mn O, + 5Na, S O, + 3H,S0, —
cpena

+2 +6
— 2Mn SO, + 5Na, SO, + K,S0; + 3H,0
+7 +4 +4 +8
2K Mn O, + 3Na, SO, + H,0 - 2Mn 0,! + 3Na, SO, + 2KOH

cpene +6

+7 +4 +68
2K Mn O, + Na, S 0, + 2KOH — 2K, Mn O, + Na, S O, +H,0

cpena
2MnO; +S0% +20H — 2MnO? +80% +H,0

4 ™\

+6

chr207

OpaHKeBhIH

CUHUIA
pacTBop

ya+

Y

aCTBO] N
p P ~}  Kvcnan cpena (H') =lrc

+6

K.,CrO,
SKEeNTHIH
pacTBop

\— >

+6 -2 +3 0
K,Cr, O, +3H, S +4H,S0, — Cr,(S0,), +3 S { +K,S0, +7H,0

cpena

+8 +4
2K,Cr0O, +3Na, S 0, +5H,S0,—

— Cr,(S0,), +3Na, 8 O, +2K,S0, +5H,0
] UlenouHan cpepa (OH-) [ +6
Cr,0 P
2vs | | K.CrO,

+3 +5 +6 +3
Cr,0,+3KNO,+4 KOH - 2K, Cr0, + 3Kk NO, + 2H,0

cpena
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9.7. INEKTPONIK3

Aaexmpoau3 — 3TO0 OKHUCINATENILHO-BOCCTAHOBUTEILHBIH
npormecc, MpOTeKalOIM{UA MmO AeHCTBHEM 3JEKTPHUYECKOro:
TOKA Ha 3JEeKTPoJax, IOMEemIEHHBIX B PACTBOP HJIM PacCIljIaB
3JIEKTPOJIHTA.

IIpu a1eKTpoin3e Ha KaTOe MPOUCXOJUT BOCCTAHOBJICHUE
(@™ +ne —I3%raed — sjgeMeHT), a Ha aHOLEe — OKHUCJIeHHne
(@™ —ne — I%. XapakTep HAYIIHUX [IPH 3JEKTPOJIU3E IIPO-
LECCOB 3aBHCHUT OT COCTABA 3JIEKTPOJINTA, MATEPHAJIA 3JIEKTPO-

JO0B, peXxHumMa JJIeKTpoJin3a H Ap. Pasanuaior JJIEKTPOJIHN3
pacijaBoB H PaCTBOPOB 3JIEKTPOJIHUTOB.

JNeKTPOIH3 PaciIaBa 3JIEeKTPOIUTA

g

(TN |

i +
o,
v
®
|V

K Puc. 34
- i CxeMa yCTaHOBKH
_ — s asekrponu3aa pacniaasa NaCl

B Katox — BocCTaHOBHTE B, AHOX —
= _ — OKHcJaUTEND (rpadHT, yroib,
pd MeTaJuibl Pt, Au — MHepTHHIH

= d L anektpox; Cu, Ag, Zn, Cd, Ni,
,:_F’.NL:"\C?B Cr — pacTBOpPHMEIil 3JIEKTPOR)

Iporecc smexkTpoansa pacmaaa NaCl (puc. 34) uger no
caeayIlen cxeme:

NaCl - Na* + CI-

(pacuiag)
Na* Cl-
Karox (<) , = » (+) Anon
Na*+¢ — Na 2Cl - 2€ > Cl,
(BoccTaHOBIIEHHE) (oxucieHue)
0
Karog (-): Nat+e —» Na 2
Awnog (+): 2Cl--2¢ »Cl, |1

2Na* +2C1- - 2Na + C1,T

JIeKTPOIN3

2NaC] —2exmem2 s 9Na +Cl, T

pacnjaB
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CxeMbl 3JIeKTPOJIN3A BOAHBIX PACTBOPOB
HEKOTOPBIX coJeit

1. Onexrponus pacrBopa NaCl (MHepTHEIE 3JIEKTPOALI).
(Boauwiit pactBop) NaCl = Na*+ Cl-
|

\)
Karog (-)=«—Na* + ClI- —» (+) Anozg (C)
Nat*, H,0 Cl, H,0
2H,0 + 2¢ - H,T +20H” 2C1 -2 =2C17T
(BOoCCTAaHOBJIEHHE) (okucnaeHue)

Karon (-): 2H,0 + 2CI" —» H,T +20H"
AHoa (+): 2C1 -2z =2C1 17
Cymmapras peaknua: 2H,0 + 2C1" —» H,T +20H" , uan

2NaCl + 2H,0 —2ZS¥TPOI8 5 11 1 4 Cl,T + 2NaOH.

B pacTBope octalorca nonsl Nat u OH™.
2. 9nextponns pacteopa K,SO, (MHePTHRIE 3JI€KTPOABI).

(BogHBIi pacTBOP) NaZISO4 = 2Na*+ SO%

Y
(Pt) Karog (-)=—2Na* + SO, (+) Anoza (Pt)
Na*, H,0 H,0 S0;, H,0
2H,0 + 2¢ — H,T + 20H™ 2H,0 - 4¢ - 0,7 +4H'
(okucaeHne)

(BoccTaHOBIEHHE)
B npukartoanoM mpocTpaHCTBe cobOmparwTcsa MOHH Na'
un OH-, 1. e. oOpasyerca 11eI04b, & OKOJIO AaHOAA CPeAa CTa-
HOBHMTCH KHCIOH 3a cueT 00pasoBaHMsA CEPHOM KHCIOTHI.
CyMMapHOe ypaBHEHUE:
2H,0 - 4¢ —» 0,7 +4H" |1

2H,0 + 26 = H,T +20H |2

6H,0 —2ITPoMB , oy T +0,T +40H™ +4H'



Ecin KaTojiHOe M aHOAHOE IPOCTPAHCTBO He pasjeseHbl
neperopojkoii, o uousl H+ n OH— o6pasyror Bogy, u Torga
ypaBHeHMe umeer Bux: 2H,0 —27eKtpoms , oy T 4 o, T,

Takxnm 06pa3zom, 3J1eKTPOJIHU3 BOSHOTO PACTBOPA CYJIb(aTa
HATPUA CBOSUTCH K 3JIETPOJN3Y BOABI, [IPH 3TOM PACTBOPEH-
HafA COJIb OCTAETCHA HeM3MEHHOM.,

3. 9nexrponus pacreopa ZnSO, (MHEPTHBIE 3JIEKTPOAR).
(BoauwIil pacreop) ZnSO,— 2Zn?* + SO%
|

Y
Karog (-)<—Zn?*" + SO 2 — (+) Anoz (C)
Zn?, H,0 H,0 S0#, H,0
Zn** +2¢ — Zn° 2H,0 - 4¢ - O,T +4H*
(BoccTaHOB/IEHHE) (oxucaenune)
2H,0+2¢ — H, + 20H"
(BoccTaHOBIIEHHE)

CyMMapHOe ypaBHEHHe PeaKIuu:
" Zn*? +2H,0 —2emoms 750+ H, T +0, T +2H*, uin

ZnSO, + 2H,0 —2emem 70 4 H,T + 0,7 +H,S0,.

4. 9nexrpouaus pacrsopa CuCl, (pacTBopuMEIil MeHBI

aHox).
(BoaHbIii pacTBOp) CulClz: Cu?*+ 2CI-

Y
Karoa (—)=— Cu?®" + 2Cl- —»(+) AHog

Cu?+, H,0 Cl, H,0
Cu?* + 2= Cu® Cu® - 2¢= Cu?*
(BOCCTaHOBJIEHHE) (oxkucnenue)

CyMMapHOe ypaBHEHHE PeaKI[uu:

Cu®* +Cu’ - Cu® + Cu*
CuCl, + Cu® — 27K, CyCl, + Cu’
aHoA Ha KaToje

Takum o6pa3om, 3J1eKTpoau3 Bogroro pactsopa CuCl; cBo-
JNTCA K PACTBOPEHHIO aHOJAA M OCAMAeHHUI0 MeAU Ha KaToje.



OKHCIANTeNBbHBIE CBOHCTBA KATHOHOB

Li*, Rb*, K*, Ba?, ...,
Mg2+, Al

Mn?*, Zn?, ...,
Cu2+, ng", Ag‘*, Au3+

Yeunueaemes oKucCIUMENbHAR CTLOCOOHOCM b UOHO8

ITpoucxoaur
BOCCTAHOBJIEHNE BOJBL:
2H,0 +2€¢ — H,+ 20H"
(2H*+2¢ — H,)

KaTrHoBH MeTasJIOB
OocTarnTCid B pacTBope

Y

Hpoucxoaur
BOCCTaHOBJIEHHE KAaTHOHOB
METAJIJIOB:

Me™ + ne — Me?,
Cut + 2¢ » Cu®

Pax aBEHOHOB, OKHCASIOMMXCA HA HEPACTBOPUMOM
(MHEpTHOM) aHOTE

S*, 1, Br, ClI-
OH-

S0%, S0,%, NO;3,
NOs, ..., F-
(kHucIoOpoAcCOogEpKaLIIE
aHUOHEI 1 F)

Boccmanosumenbhuoie ceoiicmsa ocaabesaom

IIpoucxoaur
OKHCJIEHHE aHMOHOB:

S -2€ »8°
2Br- -2¢ — Br}
2Cl"-2€ - C1,°

Hpoucxoaur
OKHCJIEHNe BOARI:

2H,0-4¢ - 4H*+0,
40H - 4€ - 2H,0 + O,

B pacTBOpE OCTaIOTCA
AHMOHEI KMCJIOTHEIX
OCTATKOB
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3axonnl Papanea

KonuyecTBa BeliecTB, BBIAENAIOMIMXCA Ha 3JEKTPOAAX,
NOAYWHAIOTCA 3aKonam dapajes.

1. Ilpu anekTponmnse aJeKTPOJIUTA KOJIHYECTBA BEIIeCTR,
BHIJEJSIOMUXCA HA 3JIEKTPOAAaX, IPAMO MPOIOPIHIOHATBHEL
KOJIMYECTBY JJEKTPHUECTBA, IIPOTEKIIEeMY uepe3 3JEeKTPO-
JIH3ep.

2. IIpu snexTposn3e PasjUYHLIX 3JEKTPOJHTOB OJHMHA-
KOBEI€ KOJIMUECTBA 3JIeKTPUYECTBA BLIACIAIOT HA 3JIEKTPOAAX
KOJIMYECTBA BEUIeCTB, MPAMO NPOIOPIHOHANBHEIE HX XMMH-
YeCKHM 3KBHBAJNIEHTAM*,

Macca MeTanna m (B rpaMMax), OCaKIQIOMAACH HA Ka-
ToZe, corjacHo 3akonaM dapajes, MOKeT GLITH BRHIUNCIEHA

o dopmye:

[ F e ww )
m=—.] 1T=——. q
F 96 500
rge 9 — 3KBHBAJICHTHAA Macca MeTajja, I'/MOJb,

- M

"N )
N(e) — uncyo 3JIeKTPOHOB, YYaCTBYIOLIIMX B IIponecce OKMC-
JIeHHMA MJIH BOCCTAHOBJIEHN A 1 MOJIb BeliecTBa Ha dIeKTpoje;
F — xoHncranra Mapages (F = 96 500 Kn); I — cuna Toka,
A; T — NpoJONKHUTENbHOCTh 3JEKTPOJH3a, C; ¢ — YHCIO
KynoHOB (A - ¢), COOTBETCTBYIOLiee CHUJe TOKAa I 1 BpeMeHH
T(g=I 1)

* XuMuuecKHii 9KBUBAJIEHT 3JIEMEHTAa — 3TO KOJHMYECTBO 3JIeMeHTa MJIN
BeIIecTBa, KOTOpPoe cOeAuHAETCA ¢ 1 MOJleM ATOMOB BOAODOZA MJIH 3a-
MeIIjaeT TO 3Ke KOJHYECTBO ero ATOMOB B XMMUYECKHX PeaKIusax:

3:—:——'

n n

rae 3 — 3KBHBAJIEHT; A, M — aTOMHasd M MOJIEKyJIAPHaA MACChl; n —
BAJIGHTHOCTb HMJIM OCHOBHOCTB.
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9.8. TAJIbBBAHHYECKMH 3/IEMENT

T'aavsanuveckuii anemenm — 310 npubop, KOTOPHIH npe-
ofpasyer XHMHUYECKYIO 9HEPTHIO B 3JIEKTPHYECKYIO.

CxemMa mpocTeiiniero raJibBaHuYeCKoOro sjieMenTa Jlannana
mpejAcTaBjieHa Ha puc. 35.

CxemaTHuecKoe H3o0pa)keHHe MeIHO-IHMHKOBOTO 3Jie-
menTa: Zn%Zn?*||Cu?|Cu’. B rakoii samucu oaHOH uepTOii
000o3HauaeTcs ABOWHOM 3JeKTpUUecKHni cioii (puc. 37), Ko-
TOPOMY COOTBETCTBYET 3JI€KTPOAHBI MOTEHIHAT, 8 ABOMHOMN
YepToif — 3JIEKTPOJIUTHUYECKHUH KJIIOU,

FanbBaHUYECKHIl 3JIEMEHT COCTOMT M3 ABYX 3JIEKTPOJOB,
KaXABIH U3 KOTOPHIX ONYINEH B COCYJ C COOTBETCTBYIOUINM
PacTBODPOM COJIM: HUHKOBBIN 9JIEKTPOJ IOTPYKEH B PACTBOD
coau ZnS0O,, a MegHBIH 3s1eKTpoA — B pacTBop CuSO,. Cocyanr
COEIMHEHLI BICKTPOJHATHYECKHMM MOCTHMKOM, 3aMOJHEHHBIM
KOHIEHTDHPOBAHHBIM PACTBOPOM 3JIEKTPOJINTA (HALpHMED,
NaCl, NH,NO; unu KNO;), KOTOpHI# CIYXHUT HOHHBIM IIPO-
BOJHMKOM MEKAY ABYMSA COCYJaMH.

HanpasneHMe ABWKEHUR 3NEeKTPOHOB

Moctuk Na*Cl- Cu-nmoc @4} A
’

ZnS0O,
1 monu/n

CuSO,
1 mons/n

Zn > Zn?* + 2e Cu®*+ 2¢ - Cu

Owcnenne BoccraHoeneHue

Puc. 35
CxeMa MEAHO-ITHHKOBOT'O rAIbBAHHYECKOTO 3JIEMEHTA;
— OyTh JIEKTPOHOB; —-—— NYTh HOHOB
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Ecnn anektponsl (Zn m Cu) CoefMHUTD MeTAIIHYECKOM
MPOBOJIOKOM, TO 3JEKTPOHBI ¢ Zn-3jJeKTpoAa 6yAyT Iepe-
xoauTh K Cu-sjieKTpoAy M B LEenH MOABUTCA 3JIEKTPHYE-
CKHIl TOK, KOTOPHI MOYXHO 3aperucTpUpPOBATL BOJbTME-
TpoM. CyMMapHOe ypaBHeHHE PEaK UM, UAYIIeH B 9JIEMEHTE:
Zn°+ Cu?" — Cu’+ Zn?*. OneKTpoHkI oT aHozAa (Zn), KOTOPHLIA
ABJIFETCA BOCCTAHOBHTEJEM U 3apsXXeH OTPHIATENbHO, IO
BHELIHeH nenu nepexoadar K Karogay (Cu), KoTopweld ABiIA-
€TCs OKHCJHNTEJEM M 3apsKeH nojaoxureabno. Ha anexkrpo-
Jax MAYT 3JeKTPOXMMHUYeCKHUe nponeccsl (Zn’— 2¢ — Zn?*
uCu?+2¢ — Cu®), u B pacTBOpe HaGMIOLAETCA HATIPABJIEHHOE
ABHYKEeHHEe HOHOB.

TakuM 06pa3oM, B rajJbBaHHYECKOM 3JIEMEHTEe 3JIeK-
TPHYECKHH TOK BO3HMKAET 32 CYET OKHUCJIHUTEJLHO-BOCCTA-
HOBHTEJLHOA PeaKIUH, M [O3TOMY B MPHHIHIE J06adA
OKHCJINTEIbHO-BOCCTAHOBUTEILHAN PEAKI[UA MOYKET CAYKUTh
MCTOYHHMKOM 3JIEKTPHUYECKOTO TOKA, €CJHM OHA HPOTEKAaeT
B TaJIbLBAHHYECKOM dJieMeHTe (CM. puc. 35).

Anexmpodsuxcyuan cura (SIC) ranbBaHHIECKOro 3Jie-
MeHTa (E,) paBHa anre6pandecKoii cymMe 3JeKTPOAHBIX MO-
TEHIUAJIOB DEAKIIUH OKHUCJIEHHS I PEAKIIUH BOCCTAHOBIEHUS
Ea = onuc.u - E:occ'r'

[ 'Eoon_Eo J

E? _ cranpapruas 3]IC aneMenTa;
E, _ craEgapTHBEIH 3JeKTPOAHBIA NOTEeHIMAJ KaTOAa;
E,; — craEpapTHHI 31eKTPOJHLI NOTEeHIMA aHOAA.

Jna megHO-IMHKOBOrO 3eMeHTa JJ]C npu cTaHAaPTHRIX
yenosusax ( E) pasna 1,1 B:

E , =E°, —-E°, =0,34-(-0,76)=1,1B.

Cu** /Cu Zn?* /Zn
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K ransBanuueckum saementram (I'9) orHocATca 3jemeHT
Haunsnsa—SAkobu, asrement Becrona u akKyMyiaTopsl. [anxs-
BaHMYECKHIH 3JIeMeHT BecToHa HCIONB3yIOT KaK HCTOYHHK
3TAJIOHHOIO HANpAXKeHust npu usmepenuu IJC ranepaunue-
CKHX 3JIEMEHTOB.

AKKYMyJIATOPBI NpeAHAa3HAYeHBl JJs1 MHOTOKDPATHOrO
HMCIIOJIb30BaHUA U COCTOAT M3 HecKoJbKuXx I'd, coeauueH-
HBIX TOCJeAoBaTeJbHO MM NapajyeabHo. Haubosee pac-
NPOCTPAHEHHBIMHA AKKYMYJATOPAMH ABJIAIOTCA CBUHIIOBLIE
Pb|H,SO,PbO,/Pb, xeneso-uurenessie Fe|KOH|NiOOH|Ni
u kaamuii-uukenessie CdJKOH|NiOOH|Ni (BepTukanbHbie
YepTOUYKH 0003HAUAIOT I'PAHHUIIEI MEXKAY 3JIEKTPOAAMH M JICK-
TPOJIUTaMH). B CBUHIIOBBIX KHUCJIOTHRIX aKKYMYJIATOPaX IO-
JIOMKHUTeJIbHAIM MOJIIOCOM ABJseTcA ajeKTpo u3 PbO, (B Buje
TACThI, HAMOJIHAET AYeHKH CBUHIOBOH peIIeTKH), OTPHIA-
TeJIbHBIM II0JIIOCOM CJIYKHUT CBUHIIOBBII 3JIEKTPOJ, a 3JIEKTPO-
autom — 20-30% -ii BOAHBI PACTBOP CEPHOM KHCJIOTHI.

ITpouecc reHepHPOBaHUA TOKA (Pa3pAAKa AKKYMYJIATOPA)
B CBUHIIOBOM aKKYMYJIATOpE MOKHO BHIPDA3UTh YpaBHEHHEM
peaKIuy, HAYIIEA cCIIpaBa HaJIeBO (Pas3pAAKa aKkKyMYJIATODA):
Pb + PbO, + 2H,80, ———**— 2PbSO0, + 2H,0. IIpn sapsaa-
Ke aKKYMYJISTOpa peaxﬁ%’[‘ﬁunne'r B 00paTHOM HAaIpaBJIEHUH.
Ha orpunarensnom nostoce: Pb = Pb?* + 2¢ ; obpasyromuecs
Housl Pb?* occaxpaiorcs Ha aHOJE B BHAE PbSO,. Ha nonoxurensnom
nontoce: PbO, + 4H*+ 22 = Pb?* + 2H,0; obpasyiomunecs
nonbl Pb?* ocaxxparorcs Ha Karoje B Bujae PbSO,. O crenenn
PaspAAKH aKKYMYJIATOpa CYAAT Nmo KoHueHtpauuu H,SO,,
3aMepAd ee IVIOTHOCTD.

B mie104HOM aKKYMYJIATOPE OTPHILIATEILHBIM IIOJIIOCOM CIIY-
JKHT 'KeJle3Has WIH KaJMueBas ILIaCTHHA, MOJIOMUTeNbHBII
TIOJIIOC M3rOTOBJIEH N3 HUKeJA, 3anojHeHHoro Ni,0;, a B Kaue-
CTBe aJIeKTposiuTa ucnossdyercs 20% -it pacrsop KOH. Ilporecc
3apAAKY U Da3paAKH (FeHepalusa TOKA) MPOHUCXOLAT B COOT-
BeT(fT]:”PIP[ ¢ ypaBHeHueM: Fe + NiO, Zﬁ:‘? Fe(OH), +
+ 2Ni(OH),. Ha oTpunaTeJbHOM MOJIOCE UAYT PeaKIUU:
Fe 2 Fe?' + 2¢ ; Fe?* + 20H™ = Fe(OH),. Ha nonoxurens-
Hom nomwoce: N,O; + 3H,0 + 2¢ = 2Ni** + 60H-; Ni** +
+ 20H™ = Ni(OH),.



9.9. NEKTPOAHBIE NOTEHI[MAJIBI
M JNEKTPOXHMHMYECKHE NMPOIECCHI B PACTBOPAX

Js onpeaeneHnsa HATPABJEHUA U MOJHOTHI IPOTEKAHU A
OBP B BOAHBIX PACTBOPAX OOBIYHO MOJBL3YIOTCH 3HAYEHUAMH
3JIEKTPOAHBIX MOTEHI[MAJIOB,

Aaexmpodusiii nomenyuanr (E) — 39TO pa3HOCThL IOTEH-
[MAJIOB MEXKAY METAJIJIOM M PACTBOPOM €ro COJIM, B KOTODBIi
OH IIOTPYKEH.

Hanuuune a/eKTpogHOro NoTeHnuaga O0BLACHAETCS TEM,
YTO [P HNOTPY;KeHHMH MeTaJLla B BOAY IIOJ AEMCTBHEM MmO-
JIAPHEIX MOJIEKYJ BOABI MOHBI MeTajlla HaUMHAIOT TMApDa-
THPOBATHCA M IEPeXOAUTH B pacTBop. Ilpm sToM MeTasia
3apSXKAETCA OTPHIATENBHO, MOCKOJLKY B HEM OCTAIOTCHA
3JIEKTPOHBI, & PACTBOD — HOJIOMHUTENAbHO (PHC. 36), U Mexay
METAJI/IOM M pacTBOPOM YCTAHABJMBAETCA OKHCJIMTEIBLHO-
BOCCTAHOBMTEJLHOE pABHOBECHE:

Me +mH,0 = Me(H,0)" + ne

miacTHHKa

OAACTHHKA pacTsop

)
Zn

TR
AT,
it ‘||"|‘|‘|‘?
ity

|

1
!
'ﬁ*l
il

}I
3
|
{

Pnec. 36
Cxema 00pa3oBaHusA 3apsA/ia HA INHKOBOM MJIACTHHKE

Ecsn MeTas onyckaTh He B BOAY, 4 B PACTBOP €ro COJIH, TO
aKTHBHBIE METAJLJILI B PACTBOPaX CBOMX COJIeil 3apAKalOTCA
OTPHMILIATEJbHO, & HEAKTHBHBIE — IOJIOKHUTEAbHO (puc. 37),
Ha rpaHMlie pasfesa MeTaJlI — pacTBOp o6pasyerca ABOMHOM
ajmeKTpudeckuii ciaoit (Me’/Me™) u Bo3aHMKaeT Pa3HOCTH I1O-
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Puc. 37 '

QO6pasoBaHue ABOHHOIO 3JIEKTPHYECKOrO CJIOH
OPH OOrPYyKEHUH MEeTaJJia B PACTBOP €ro cobCcTBEHHOM comu
A — axTHBHBII MeTaJn; B — MaJloaKTHMBHEIIT MeTaJn
TeHI[MAJIOB MEKAY METAJIJIOM U JKHAKOH (Pa30ii (3/IeK TPOAHEIH
TIOTeHI[HaJ), KOTOPHIH HENoCpPeACTBEHHO M3MEPHTh HEBO3-
MOKHO. Ilo3TOMYy M3MEpAIOT OTHOCHTEJBHEIN MOTEHI[NAJ,
HA3BIBAEMBIH CTAHAAPTHHIM IOTEHIIAJIOM.

Cmandapmnutii anexmpodnwviic nomernyuanr (E°) meran-
Jia — 3TO PasHOCTH NOTEHIHAJIOB MEKAY METAJJIOM, OIly-
MIeHHBIM B PACTBOP €ro COJH ¢ KOHIeHTpanueil 1 Moib/J,
M HOPMAJBLHEIM BOAOPOAHEIM 3JIEKTPOAOM IIPH AABJIEHHN
101,3 xIIa u remmepatype 298 K (+25°C).

BoaopoAHBI# 3J€eKTPOA COCTOHT M3 PBIXJIOH NJIaTHHO-
BOM IIACTMHKHM, HACHIIIEHHOH BOAOPOAOM NpH XABJIEHHUH
101,38 xITa u remnepatype 298 K u onymiennoit 8 1 M pactsop
CepHOil KACJOTHI.

IToTennua craH apTHOTO BOJOPOAHOIO 3JIEKTPOAA IIPUHAT
PaBHEIM HYJI}O IIPH TeMIilepaType 298 K:

E} =0
2/

CxeMa raJbBaHHYECKOTO 3JIEMEHTA JJI U3MEepPeHHUd CTaH-
JapTHOTO 3JIEKTPOAHOro MOTEeHIINAJa IIHHKOBOTO 3JIEKTPOAA
E;np /zn TIOKA3aHA HA puC. 38. NamepeHUA IIPOBOAATCA IIPH
cranfapraeix yerosuax (T = 298 K, P; = 101,3 klla, kon-
nenTpamusa noso H* u Zn?* pasua 1 Moas/x).
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ZnS0O4(p) H;SO4(p)

Prc. 38
CxeMa rajJlbBaHUYECKOTrO 2JIEMEeHTA,
COCTOAMIETO U3 LIMHKOBOT'O H BOROPOAHOTO 3JIEKTPOAOB

BesnuuHa CTAaHAAPTHOrO 3JEKTPOAHOrO moTeHmuaga E°
XapaKTepu3yeT BOCCTAHOBHUTEJLHEIE CBOMCTBA MeTalna: AJsA
aKTHBHBIX MeTtajoB E° < 0, ana HeakTusHmx E°> 0. Ecau
PACIOJIOKUTh BCE METAJLIEI B IOPAJKE YBEJIWIECHN I 3HAUYCHU I
E°, obpasyeTca paA CTaHAAPTHRIX 3J1€KTPOAHEIX ITOTEHIIHAJIOB
MeTaJ1sIoB (Taby. 36), KOTOPHI H3BeCTEH TAKKE KAaK 3IEeKTPO-
XMMWYEeCKHHl pAJ HanpaKeHHH MeTallIoB. JJIeKTPOXUMIYe-
CKHU pAJ HANIPAYKEHHI MOXXHO HCNOJIL30BATD JJIA OIpe/iejIeH s
(OpOrHO3HUPOBAHHNA) ITOCJIEAOBATEJIbHOCTH BOCCTAHOBJIEHHS
MOHOB METAJUIOB B IIPOIIECCE 3JIEKTPOJM3a U oIpelesieHHs
BoamoxxkHOCTH nporeKkanusa OBP samemniesns B BOZHOIM cpege.

3aBUCHMOCTD 3JIEKTPOAHOTO ITOTEHIIHAJIA OKHCIUTEIbHO-
BOCCTAHOBHTEJIbHOM CHCTEMEI OT KOHI[EHTPAI[MH OKMCJIEHHOM
¥ BOCCTAHOBMTEJbHOM (pOPM BemiecTBa MOKHO BRIDA3UTh
ypaBHeHneM HepHcTa:

E=E° —R—Tln—c”“‘”" s

nF C
rge E — 3eKTpoHHBIH NOTEHIHAJ TPH OAHOMOJISIPHOM KOH-
neurpanun pacrsopa; R = 8,314 [Ixx/(K:Mons) — yHHMBeD-
caJibHAaf ra3oBaf NOCTOAHHAsA; T — TeMIepaTypa Brpaaycax
KenpBuna; n — 4HCJI0 3J€KTPOHOB, IPHHUMAIOUIHNX YIaCTHE

B OBP; F — xoncranTra @apazes (F = 96500 Kui).
Ina sBogopoaHoro s3neKTpoaa ypasuenue HepHera nmeer

- sua: E =-0,059 pH.

BOCCT.



Tab6nruya 36

CraaaapTHAIE 3JIEKTPOAHBIE NOTeHI A npH 25°C

Snexmpod 1 Onexmpodrsili npoyece | Homenyuan, B
MetTannm
Li*/Li Li*+lz < Li -3,02
KK K+le 2K -2,92
Ca?/Ca Ca*+2€ 2 Ca -2,84
Na*/Na Na'+1Z < Na 2,71
Mg* /Mg Mg»+2e 2 Mg -2,38
Al*/Al AP*+37 2 Al -1,66
Mn?/Mn Mn*+2 2 Mn ~1,05
Zn*/Zn Zn*+2% 2 Zn -0,763
Cr*/Cr Cr*+3z 2 Cr -0,74
Fe*'/Fe Fe**+2% _ Fe -0,441
Co*/Co Co*+2% 2 Co -0,277
Ni?*/Ni Niz*+2¢ 2 Ni -0,23
Sn®/Sn Sn*+2% 2 Sn -0,136
Pb*/Pb Pb»+22 2 Pb -0,126
Fe**/Fe Fe*+32 _ Fe ~0,036
2H*/H, 2H*+2% ZH, $0,000
Cu?/Cu Cu+22 2 Cu +0,34
Hg*/Hg Hg»+22 _ Hg +0,70
Hg'/Hg Hg'+1e < Hg +0,798
Ag'/Ag Ag+17 2 Ag +0,799
Pt2*/Pt Pt»+2¢ 2 Pt +1,20
Au/Au Au+3% 2 Au +1,60
Au*/Au Au+1z ¢ Au +1,70
HeMerannau
Te/Te* Te+2€ 2 Tet -1,14
Se/Se? Se+2g 2 Se* -0,78
S/s*- S+2g 2 8* ~0,61
I/2I- IL+2e 2oI +0,536
Br,/2Br- Br,+2e 2 2Br- +1,06
Cly2CI- Cl,+2e 2 2CI- +1,358




10. OBIIKE CBOJ¥ICTBA METAJJOB

10.1. ®H3HYECKHE M XMMNYECKKE CBONCTBA METAJIJIOB

dusnyecKkne 1 XUMIYECKHe CBOMCTRBA METAJLJIOB OTpasKe-

HuI B Ta0a. 37 u 38.

Ddr3uaecKkHe CBOHCTBA MeTAJLIOB

Tab6aruya 37

o
o
nauenun Onn Hexomopbix
»g Onpedenerue e a Ipumevarue
o
3 In u Ag or-
$ CriocobHocTh Al .rxp a’f:eim cse'rx
¥e IOBEPXHOCTH » Ag yume IpyrH
38 MeTasLIa oTpa- YMeEbmenme MeTaJlJIoB,
g S TP: oTpaRaTenbHON O03TOMY HPpH-
3 KaTb CBETOBEIE crnocofEoCTH MEHSIOTCH AN
S Ayn HM3TOTOBJICHHSA
= 3epkan
§ Camplit Jerkui
2 DuamgecKas p < 5000 kr/m® — ser- MeTat — JH-
= BeTHYAHA, kue metasuie: Li, Ca, Tait: p(Li) =
S g Na, Mg, Al = 530 riv®
23 H3MepseMas » VB, :
§\\g OTHOIIEHHEM p>5000 Kr/mM® — Taxe- Cammiit TsxKe-
3 Maccu;:na Jinle Metaums: Zn, Fe, JIBIH — OCMUIA:
13 K €ro ovneMy Ni, Cr, Pb, Ag, Au, Os (Os) =
5 = 22600 xr/m®
[
TBeprocTb HEKOTOPHIX Camute marrue
o) Cmocobrocts METAJIJIOB 0 MIKAaJie MeTaJL1h:
N .
S (cBoiicTBO) ooca: K, Rb, Cs, Na
£ TBEpHOro Tesa H(Na) = 0.4: (pesyres
3 COIPOTHBJIATH- a) = U,4; HOXCOM)
3 €A TIPOHMKHO- H(Sn) = 1,8; -
& | semmo s mero H(Av) =25, Cammiit TBED-
JpyToro Teaa HISAI%_— 2,9; H% e) = 4; Jhrit — Cr
(Ni) =5, HCr) =9 (peKeT CTEKIIo)
£ CuoocoGHocTb
S TeJ1a H3MEHATH H3 nnacruuHo-
3 cBow ¢opmy Au, Ag, Cu, Sn, Pb, Zn, Fe ro Au MOXHO
3 OX eCTBHEM H3TOTOBHTH
£ BHEIIHAX CHJI rﬂh;e;ﬁ:f;; doasry ToJIIH-
] 6e3 paapyme- Hoit 0,003 mm
[~ HUSA




Hpodoaxmxenue maba. 37

TeJla Hepena-
BaTh TENJIOTY
ot Gonee Ha-

TPeTHIX ero ya-
cTelt K MEeHee

Tennonpo-
80dHoCMmD
o)

o .
E Onpedenenue 3nauenua dnr Hexomopbix ITpumenanue
S MEMAN08
cg
Teunepatypa, T,.>1000°C — TyroO-
g % IpH KOTOPOit ILIaBKHE METAJUIEL C%Maa HU3KaA
= OCyHIeCTBJISA- Ay, Cu, Ni, Fe, Pt, Ta, na ¥ PTYTH:
£ 9| erca mponece Nb, Mo, W. T..(Hg) = -39°C,
& § =3 nepexona a caMas BHI-
S oK BEMIeCTBA T.,<1000°C — nerko- coKasg —
3R U3 TBEPOOro JIaBKHE MeTaJUIbL: y BoJIstbpama:
&~ COCTOSHHA Hg, K, Na, Sn, Pb, Zn, T..(W)=3410°C
B KHIKOE Mg, Al Ca
CnocobHocTs

Ag, Cu, Au, Al, W, Fe

VYMennuenue A

HATPETHIM
Caofierno Ml zerpenasion
? BEWECTBA Ipo- eTCs, TAK KaK
S~ BOIHUTE 3JI€K- 4
ph YCHRJIMBAETCH
¥ | Tpmueckmi TOk komebaTe Ts.
Ss 00yC/I0BI€HO Ag, Cu, Au, Al, W, Pe
SE 8 e HOe JBHXEHMEe
ES aynf moﬁ VYMensmenue ¢ aTOMOB M HOHOB
23 B HEM cBO0OI- :
3 SITEKTDO- B y3J1aX peleTKH
3 HOB wl::xp ¥ 3aTpyAHdAeT-
HAoHOB) ¢ ABHKEHHE
3JIEKTPOHOB

CBA3b ATOMOB B METAJLJIMIECKHX KpHucrajuiax oﬁycnon.nena

HaJIHYHEeM DJIEKTPOHOB, KOTOpEIC 00J1afal0T 3HAYHUTENBHON
cB00O0M IBHKEHHUA B KPUCTAJLINYECKOI pelleTKe, o0pasye-
MOii HOJIOXKUTeILHEIMH HOHAMH MeTaJsLIa (cM. puc. 15, c. 85).
910 00ecneuynBaeT BHICOKYIO TEILIONPOBOJHOCTh H 3JIEKTPO-
OPOBOAHOCTh METAJLIOB.

MEorue sKCILTyaTafMOHHBIE CBOMCTBAa METAJJIOB 3aBHCAT
OT UX CTPYKTYDHI, OIPEeJAeMOi YCJIOBHAMH NOJYYEHUA
M NOCJIeAYIoImed TepMIrdecKoil 00paborkoii. ITo co3zaer BO3-
MOKHOCTb U3MEHATh CBOMCTBA METAJLIIOB B IIMPOKKX IIpeJeiax
H HO3BOJIAET NOAPa3AeIATE UX Ha KOHCTPYKIIMOHHEIE, 3JIEKTPO-
TeXHUYECKHE, JKaPONPOYHbIe U APYTrUe MATEePHAJLI.



XumMuyeCcKHe CBOHCTBA METALN0B

Ta6aruya 38

Peazenmo: Pearxyuu Hpumevarue
Li(K, Na, Ca, Ba) + O, > Li,0(K,0, Na,0,
Ca0, Ba0) npu koMHaTHOK TeMnepaType # K, Ba, Ca,
2Cu + 0, &, 2Cu0, 2Fe + 3CL, ¥, 2FeCl,, | cs mpo obamr.
pocrrte HEIX YCJIOBMAX,
BelecTsa Zn+8S Y ZnS, 3Mg + N, £ MgN,, Cu, Hg — opu
HarpeBaHHH;
4Al +3C ¥, AL, Ag, Pt, Au ne
3Ca + 2P - Ca;P,, Ca + H, - CaH,
Cnoxurnle
2Na + 2H;0 - 2NaOH + H,T
(:f,?:c,:ac. (Metayum rpymnst | A u Ca, Sr u Ba)
JIOTEL, COJIH)
Zn + H,S0,(p) - ZnSO,+ H,T,
Cu + H,8Q,(p) +»
Mg + 2HCl - MgCL, + H,T Li, K, Ba, Ca,
Na, Sr pearn-
pyior ¢ H;O
H;S0,(x) opH OBBITHEX
u HNO@) | Cu + 2H, SO (&) - CuSO,+ so + 2H,0, | yenosuax; Mg,
(KOHIIEHTDH- S+ _, G+ Al, Mn, Zn, Fe,
pOBaHHRKIe Ni peampﬁl%r
M0 | 97n + 4H,80,(x) — 3ZnS0,+S) + 4H,0, | SmBe B b,
St §° Ag, Pt, Au e
s 2 H0 tpn sa
4Ba + 5H,SO,(x) - 4BaSO,+ HST + it g
o o s e rpesanm
+5 +4
Cu + 4H,S0,(x) - Cu(NO;),+ 2NOZT +
+ 2H,0, N*t » N*
4Zn + 10H SO (®) > 4Zn(NO,), + N OT +
+ 5H20 N* 5 N*
Merasum ot
Fe + 4HNO4(p) > Fe(NO,), + NOT +2H,0, [LizmoPb pearn-
N* 5 N°2 pY®oT ¢ pas-
barneHHREMH
H,S0,(x) KHCJI0TAMH;
u HNO4(1) 5Mg + 12HNO,(p) - 5Mg(NO,), + Cu, Hg, Ag, Pt,
(KOHIIEHTDH- +N T+ 6H,0, N** — N° Au He pearn-
pOBaHHBIE 2 2V, pyIT ¢ pac-
KHCIIOTE) * 6aBeHHEMH
4Ca + 10HNO;(op)* — 4Ca(NOy, + KHCROTAMI
+ NH,NO; + 3H,0, N* > N3 (ucrotoueHMe

3,

* (op) — ovyeHb pa3baBieHHHH PaCTBOp



IHpodoarxeHue maba. 38

Peazenmo. Pearyuu

Zn + CuCl; - ZnCl, + Cul
(6onee aKTUBHEIA MeTaJUT BLITECHSET U3
PAacTBOpA COJIM MeHee AKTHBHEIA MeTauT)
Ba + CuCl,—» ?

Ipumevanue

Tak pearupyr

P C BOXHBIMH
pacTBopaMK
a) Ba + 2H,0 — Ba(OH), + H,T coJeil 04eHs
AKTHBHBIE
Pactsoprt | 6) Ba(OH), + CuCl, - BaCl, + Cu(OH),! MeTaLI5
conen p (Li, Na, K, Rb,
Cs, Ca, Sr, Ba)
B) Cu(OH), = CuO + H,0
a) n 6) — aro
r) Ba + CuCl,+ 2H,0 —» CTaAUM OLHOM
— Cu(OH),{ + H,T + BaCl, peaxnuu

(cymmapHas peaxums Ba + pacreop conn)

) CuO +H, » Cu + H,O

Bocemanogumensras cnocobrocms NPOCMbLY 8EUeCME NOHUNAEMCR
Li, K, Ca, Na, Mg, Al, Zn, Cr, Fe, Pb, (H,), Cu, Ag, Hg, Au

Li*, K*, Ca¥, N, Mg®, Al*", Zn*, Cr™, Fe?, Pb*, (2H'), Cu®, Ag’, Hg?, Au®*
OxucaumerbHas cnoco6HOCMb 2udPamupPoBaAHHbIX UOHOE YCUILEAeMCH

ITo cXOAHBIM XMMHUYECKHMM CBOHCTBAM Bce METAJLILI IOJ-
pasgesaoTca Ha MIeJIOUHBIE, 11eJI0YHO3eMeJIbHEIe, IEPEeX0/-
HBIe, IJIATHHOBEIE H 6JIarOpOAHLIE.

K mres104HBIM MeTasjiaM OTHOCATCS METAJLIBL rpynnet [ A
epHUOANYeCKO CHCTEMBI; INTHH, HATPHI, Kannil, pyonaui,
He3uii, QpaHIuii.

IIlenoyHO3eMENBHEIE METAJJIBI — 3TO METAJJIBI I'DyI-
nnl I A meprnoanueckoii CHCTeMBI, KpOMe GepHILINA.

IlepexoaHbie MeTaNJIbl (IIepexoAHEIE 3JIEMEHTHI) — 3TO
rpynna XUMHYeCKHX 3JIEMEHTOB, B ATOMaX KOTOPhIX IPOHC-
XOAUT 3amOJIHeHHe d- 1 f-TIoAypoBHeii. Bcero Takux ajieMeH-
ToB 58. B 3T0 4NCJIO BXOAST JJAHTAHOULI 1 AKTHHOU/ILI.

IT1aTHHOBHIMM MeTANJaMH HA3LIBAIOT IIECTh METAJIJIOB
VIII B — pyTenuii, poauii, majaagnil, ocMHit, ApDUAMIL,
IJIaTHHA. :

K 01aropoHEIM MeTaAJIaM OTHOCAT XMMHUYECKH CTOMKUEe

METaJIbl — 30JI0TO, cepefpo, BKIOYAad U MeTAJbI mIaTH-
HOBOH PpyINEI.



10.2. KOPPO3MA METAJNNIOB M METO/IbI SANIKTEI

Kopposusa memannog — 3T0 IPOLECC UX XHUMUYECKOTO
paspyllieHus IOA AeiicTBHEM OKpYKaroIeii cpeqnl (Tabu. 39).
Kopposus yuuutoxxaet !/; Macchl MeTAJLJIOB, IMOJYy4YAeMbIX
€XKerofHo B Mupe. MeToAHl 3aIUTHI OT KOPPO3HUHM PaccMo-
TpeHHI B Tabu. 40.

OueHb onaceH Takoil BUA KOPPO3UH, KAK MeNKpUCMAT-
AUMHAA KOPPO3us, CBA3AHHASA C YCHUJIEHHOH Kopposuei
rpaHuIl 3epeH B CILJIABaX. JTOT BHJ KOPPO3MM MeTalia Ha-
6ar01aeTcA 0OBIYHO B CBAPHLIX IHBAX.

PasznuyaroT TaKkke Wenesy U KOHMAKMHYIO KOPPO3Uuio,
BO3HUKHOBEHHWE KOTOPHIX CBA3AHO C KOHCTPYKTHUBHEIMH 0CO-
0EeHHOCTAMH METAJLIMYEeCKHX U3AeJIHI.

Kopposus MeTassIoB yCKOpseTCA HOJ BO3JAEHCTBHEM Ta-
KUX 3KCILUIyaTallMOHHEIX (aKTOPOB, KaK TpeHue, paguanus,
BHICOKAf CKOPOCTL HOTOKA cPeAkl. B 3aBHCUMOCTH OT Xapak-
Tepa cpefbl Pa3MYAlOT TAKHME BUALI KOPPO3MH METAJLJIOB
B XUMHYECKH aKTMBHEIX CDeJlaX, KaK 2d306ds KOppO3us,
(oxucieHue MeTasi1a ra3000pasHbEIMU OKMCIUTENSAMM: KUCJIO-
poaom Bogayxa, COu ap.), ammocgpeprasn kopposus (Koppo3us
METAJJIOB B aTMOC(HEDPHBIX YCIOBUAX), NOYEEHHASR KOPPO3US
(KOppO3HA METAJJIOB B II04YBE), 6uoKOppo3us (paspylieHue
METAaJUJIOB [IPOAYKTAMM KUIHEAEATEILHOCTH HEKOTODBIX MR-
KDOOPraHU3MOB), MOpPCKaAs KOppo3us (KODPPO3HS MeTajljIoB
B MOPCKOI1 BOJIe), KOpPO3us 8 moniuée (KOppo3usa MeTaJJO0B,
HaXOJSAIIUXCS B 30HE rOPEHMs TOILJIMBA) U AD.
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Buaex

Budvt xopposuu

Onucanue KOPPO3UOKHOZO Npoyecca

Xumrveckasd
(paspymenne MeTa-
Jla OpH B3aUMoOZgei-
CTBHH €ro
C CYXMMH ra3aMu
I JKUKOCTAMH,
He OPOBOAAIIMMH
3JIeKTPUIECKMIl TOK)

IIpouece uaeT ¢ paspymaomuM Me-
TaJIJI BeIMeCTBOM (KNCJIOPOAOM BO3yXa,
Bogoit, H,S, SO, n ap.). HanpnMep,
3Fe + 20, > Fe0*

(Ip¥ HarpeBaHHH Ha BO3AYXeE),
4Fe + 30,+ 6H,0 = 4Fe(OH),
(BO BNaXXHOM Bo:myxe%,
Fe + H,S — FeS + H, T,
3Fe + 4H,0 — Fe,0,+ H,T

(¢ BogaHEEIM mapoM npu 700-900°C)

OIeKTPOXUMHAYCCKAN
(paspymenue MeTayia
B Cpejie 3JIEKTPOJIUTA).
IIpu KOHTaKTE ABYX
MEeTAJIJIOB PasJINIHOMi
AKTUBHOCTH C 3JIEKTPO-
auToM obpasyeTrcs
rajbBaHEMYECKAA mapa.
OneKTPOHKI NEPEXOAAT
ot 6onee AKTHBHOTO
MeTasna K Mesee
aKTHBHOMY, U Gostee
aKTMHHEIA MeTaJ1 pas-
pyumaeTrca

PaccMOTpPHM 3/1eKTPOX MIMHYECKYIO KOPPO-
3MIO JKeJie3a, HAaXOAAINEeroca B KOHTaKTe
’ CMeAbIo.

H3BecTHO, 4TO B IPUPOHOI BOZE IPUCYT-
crByoT morul H*, OH-, HCO,~, Cl™ u ap.
OnexTpoHH OT 60Nee AKTUBHOrO MeTAJLIA,
JKeJe3a, DEPEXOJAT B MeHee AKTHBHBINA —
Meflb, T.e. MeJb CTAHOBHUTCH KATOAOM,
axene30 — aHOAOM

Ha noBepxHOCTH keJe3a. (aBOA)
06pasyoTca KaTHOHEI HU3KOH CTemeHNn
oxucaenud (+1): Fe** + OH - (FeOH)",
3aTeM
(FeOH)* + OH™ > Fe(OH),,
(FeOH)* + Fe(OH), + HCO;” —

— (FeOH),CO; + H,0.

Tlon peitctBuem H,O u O, HaeT peaknus
4Fe(OH), + O, + 2H,0 — 4Fe(OH),.
Ha moBepxHOCTH Mefu (KaToA) Opouc-
XOJUT BOCCTAHOBJIEHHE HOHOB BOAOPOAA:

H*+ & - H°.

Ecau K KaToAy DOAXOSUT KUCJIOPOX, TO
obpasyercsa Boga: 4H® + 0, - 2H,0.
TaxnM o6pa3oM, skeneso Kak 6oJee aKTHUB-
HBII MeTaJL1 paspymaeTcs, TaK Kak o0pasy-
©eTCA CJIOi PHIXJION PyKABYMHLI, He 3aIMIa-
JoImelt Jxeseso oT JasbHelinel KoOppo3uK

* Peakumsa OpoXaJHBaAHHA ejreda Ha Bo3ayxe.



Tab6auya 39

KOPPO3HH MeTallloB

Cxema KOpPO3UOHHKOZO npoyecca

o,
¥

Y

\

Cxema pocma 0KCuUdHO02Z0 CROA Ha nosepxHocmu memaaaa.

A — npeamymecTsernan nudupysun 0%
B — npeumymiecTeenaan nuddysua Me*

0, CO;

— HCO,__

3

o,
J.

=

o= —— \,

_OHFe OH)’

[ AHor  Fe

Fe*

_ _  Fe?
28 /;E 22 " ko e
e

Cxema INReKXMpoxXuMULecKoll Koppo3uu
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MeToakl 3a1DMTH METAJLI0B

Memod Cxema pearusayuu
Mpasni
MoBepXHOCTL 36MNK
7e s eAsh SR b B
< g Mg - akoa
\ )Kens:mu: / 3apoiTHin =
Karonnasa " i QrAnLHOS B NBCOK ¥ IPaBWA
3aIMUTa 2 Tpy6onposon
(xavon) T~ Mg2*
Cxema xamodHoil 3auumsL Om Koppo3ulU
M Bsenenne B cocTaB CTAIH B MPOILiEcce ee IIABKH Jie-
€TaJyp- rHpyIOIIMX aaemenTtos: Cr, Ni, Al, Mn, 8i, V, W
THYEeCKHIt
Hagecerne AuoaBHoe mokpeiTHe (QUHEKOBaHHe). Katogroe mo-
METEIHN KPHTHE (JyXXeHUe — HOKDHITHE OJIOBOM), XPOMM-
TECHRUX poBaHHE M Ap.
OKeH HI:.I’X OxcuaupoBaHue (IOrpyXeHue Kee3a B me.noqb
o ﬁann C OKHCIIUTENIEM).
qel::xnx AnoaupoBaHHe B ralbBAHNYECKHX BAHHAX.
. Iokpacka M JAKUPOBKA
MOKPLITHIA

OauH M3 OCHOBHBIX BHJOB 3AM[HTHI XHMHUYECKOM anmna-
paTypH OT BO3JEHCTBUA KHUCJIOT U INeo4yell — HaHeceHUe
PE3MHOBHIX HOKDHITHH (rymmupoBaHHe). Takoe moxkpriTne
B OJarOOPMATHHEIX YCJIOBHAX COXPAaHAET CBOH 3al[UTHEIE
CBOIiCTBA JO CEMH JIET.

W3 HeopraHMYeCKHMX TOBEPXHOCTHRIX MOKPBITHI Ha JKeJjle-
3e M ero CIJIaBax NPUMeHAIT GochaTHELE MIEHKH.

s mojrydeHnsi MJIACTMACCOBLIX MOKPEITHI HCIONB3YIOT
BUHMINJAcT (toamuuoi 0,5—-1 mm), maacrukar (1-3 mm),



OT KOPPO3HH

Tabaruya

40

Onucanue npunyuna deiicmeus

Ob6racmu npumenerus

Ha Bex0OTOpOM pPACCTOAHUHM OT
TpyGOIpoBOJa B 3€MJTIO 3aDhI-
BaeTCA UAYLIMII NapaielsHo
eMy MarEMeBblil aHOM, KOTOP.Iii
o6pasyer ¢ TpyGonpoBoAOM
raJsBAHAYECKYIO Hapy

3aiquTa DOJ3eMHBIX CTAJNBHKIX
TpyGOIPOBOAOB U MeTalJInye-
ckax eMKocreil. Tak peannso-
BAHA 3aUIUTA CTAJLHOrO TPY-
GompoBoaa (auamerp 50 cm),
NPOJIOXKEHHOTO N0 JHY OKeaHA
U CITyIKamero Juia cGpachl-
BAHUSA CTOYHLIX BOA T. Jloc-
Anmxeneca (CIIIA) B okean

B pacniaBieHHYIO MKXTY,
HAXOAAMYIOCA B IJIABHJILHOM
arperare, JO3UPOBAHHO BBO-
IAT 0O cUenuanbLHo paspabo-
TAHHOU TEXHOJIOTHH JIErHPYIO-
1{He 3JeMeHTHI

B MamuHOCTPOEHUH AJIS CO3-
JAaHUA KOPPO3MOHHOCTOMKMNX
craeif U CIJIABOB

Ilorpyxenue »xejle3BBIX AeTA-
neii B pacuyiaB. OUMHEKOBAHKE
M XPOMHMPOBaHHe JKeJe3HbIX

M CTAJIbHBIX H3JeJHii.
HanmeceHue NOKPHITHII IyTEM
3JIeKTPOJIN3a

Harecenne Kpacok M JaKOB Ha
HOBEPXHOCTH METAJLJIA C IOMO-
mbI0 OyJ1LBEPH3ATOPA

B obuiem, 3HepreTHYeCcKOM

M XMMHYeCcKOM MaIIHHOCTpoe-
HHH, 8 TaK)Ke B aBTOMOOHIe-
CTPOEHMH, aBHA- K Kopabiie-
CTPOEHNA

nAacTUGUIMPOBAHHEIA NOJAMBHHMIAXJOPH] (2—-3 MM). OMa-
JIApOBaHHE NPOH3BOAAT HAIIABJIEHUEM Ha MeTAIMYECKUi
maTepHal (BOCHOBHOM CTajb M YYyryH) OpO3pavyHbIX, Oec-
IBETHBIX MJIK OKPAITIEHHBIX CTEKOJ OJHUM HUJIY HECKOJBKUMHU
CcJI0oAMH (3MAaJIN).

CocTaB sMaJIH JJIs 3KeJjie3a B CTAJIH (B IPOLEHTAaX 10 Macce):
50-60 Si0,; 2—8 Al,05; 4~-10 Ca0; 12—-30 Na,0; 0—-30 Ba,0;;
7-9 F; 0,2-0,3 CoO (unu NiO).



10.3. NONYIEHHKE METANNOB H3 PYQ

Memaanypzus — 3TO HayKa O NMPOMHILJIEHHKX CIIOCO-
6ax moJiyueHHA MeTaJJIOB B3 pya. BasupyeTca Ha peaKuuax
OKHCJIEHUA-BOCCTAHOBNeHNA. C NMOMOTIHI0 METAJJIypPrun
noay4armT 0Kojso 80 MeTayyIoB M1 MHOXKECTBO CILIaBOB. Pa3-
JHYAIOT NHPO-, THAPO-, IEKTPOMETAJ/JIYPTrHIO, 8 TaKXKe
MeTaJlIo- H BogopoaoTepMuio (Tadi. 41).

Paznu9aior DOPOIIKOBYIO, IBETHYIO M YEPHYIO METAJLIYD-
ruio. [TopomkoBas MeTALIYPrusa — 3TO OTPACIb METAJLIYP-
I'Y¥, CBA38HHAA C HIPOU3BOACTBOM MOPOMIKOB H MOJYYEeHNEM
M3 HUX U3ACJIHUH C 3afaHHEIMH CBOMCTBAMH.

Tabaruya 41

Haume-
uosaug: Cz :g:zg;"b Ipumepor HMpumeuanue
€noco!
©
Cu,0 +C - 2Cu+CO, Boccra-

| Momysomme 0 e Ronncrme

> ¢ TOMOIIBI0 Cu,0 + CO > 2Cu + CO, yraem:

3 peaKImii Boc- P IoJTyalor

§ CTAaHOBJICHHS, Fe,0, + 4CO > 3Fe + 4CO, %GTBZMH

2 [POTEKAOIIHIX © C:i" Glg’

[ TIPH BHICOKHX 2ZnS + 30, — 2Zn0 + 280, Sn’ Bb’

S TeMmepaTypax © n,

Zn0+C—>Zn+CO H Ip.

-~ Boccranosie- Ilo-

P HHE MeTaJ- © JIy4aIoT
§2 JIOB M3 MX Cr,0, + 2Al - 2Cr + ALQ, MeTAaJLIHI
R CcoeqUHEHHH Mn, Cr,
& RpyTAMH Ti, W
S 3 MeTaJUIaMH, ', ¥ 1p.
i3 XiMmieckH 6o- 3MnO, + 4A1 - 3Mn +
g 3 Jiee AKTHBHEI-
$2% | mm. Ilpouecc + 2A1,0,

33 § | Hasmmaercs
$a33 aniomuromep- : e
E 3 Mueti, ecm TiCl, + 2Mg > Ti + 2MgCl,
§% 3 | moccranommre-
B g b JIEM ABJIAETCH
3 TIOMAHUI,
é 5 ¥ mazHulimep-
£ Mueti, ecym
S : BOCCTAHOBHUTE-
3 JIeM ABNIAeTCA
& Marami
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IIBeTHasA MeTAJIYyPrUA OXBATHIBAET IIPOU3BOACTBO I[BET-
HBIX METAJJIOB M UX CIIJIABOB, HAYHHAA OT JOOLIYH M Iepe-
paboTKM PYAHOroO CHIPHA ¥ 32aKaHYNBAA NOJYYeHHNEeM FOTOBOH
IPOAYKIIMH.

YepHoil MeTaNIyprueii Ha3pIBaIOT OTPACJb METAJIYPruH,
KOTOpAasd OXBaTHIBAET IPOU3BOJCTRO YEPHBIX METAJIJIOB, HAYH-
Had OT JOORIYH U HepepaboTKH PYAHOrO CHIPhA X 3aKAHYUBAA
MoJIyYeHreM YyTyHa, cTaNu (cM. pasge 15.2), deppocniasos,
NpoKaTa M HEKOTOPHIX M3JeJHil JaJbHeimero mepegenia.

CymecTByeT TaKkke BAKYYMHA METAJLIYDPIrus, IpeaycMa-
TPHUBAIOWIAA IUIABKY K 06paboTKyY MEeTaJIOB M CIIJIABOB B pa3-
peXXeHHoil aTrMocdepe.

IIpodoamenue madbr. 41

Boccranose- Iosy4ator
3| Hume merasnos t MeTaIE
3| 13 ux oxcuaoB MoO, + 3H, - Mo + 3H,0 BBICOKOH
2 | BOmopomoM t° YHUCTOTH
5 HopoR WO, + 3H, > W + 3H;0
2
8
o
o

Hapnedenne (CuOH),CO, + 2H,S0,-2CuS0, + Egrﬂ}"lam

CcoeTMHEeHMH + + AJLITHL

MeTaJLJIOB U3 3H,0 + CO.T, Cu, Au,

§ | Py c momomio CuS0, + Fe - FeSO,+ Cul Aﬁy Zn,
3 | pasauyHEIX Cd,
S | peareHTOB Mo, V
3 B BHJIE COEIH-
HeHHUH, pacTBoO-
§ | pumex B BogE,
2 | cmocjaenyomeit
& | obpaborkoi
2 | oTHxX pacTBOpOB

IS BHEJTe-

HHS METAJLJIOB

B CBOOOAHOM

BUJTE

BoccraHoBte- NaCl - Na*+ Cl- Homygasor
% HU€e aKTABHBIX (pacniiaB) nﬁe'lﬁ:nm
2 | merastoB u2 ) 5
g paciUIaBiIeH- Karox (-) Na* « — ClI-(+) Anox | Ca, Al

H Ip.
§ HBIX XIODWIOB, | Ng»+ g 5Na® 2Cl'~22 —>Cl% | © 7P
i mnl;glccunoa (BOCCTAHOBJIEHHE) (ormcne}me§
g | cnomoumpmo
£ | anexkrpuueckoro
2 | Toka (a;eKTpo-

O rma)

171



10.4. CIL/IABBI

Cnaagbt — 3TO CHCTEMEI, COCTOANIHEe M3 ABYX u OoJee
METAJIJIOB MM METAJJIOB M HeMeTasioB (Tab. 42). Boabmoit
BKJIaJ B HayKy o ciiaBax BHec 1. C. Kyprakos (1860-1941).

Cpeau cnj1aBOB Ha OCHOBe JKeJjie3a PA3JIUJYAIOT I'JIABHBIM
06pa3oM KoppO3MOHHOCTOlKMe M MarHuTHrle. KoppoauoH-

XapaKkTepHCTHKA
nge:::;z;e Cocmas Cnoco6vr nonytenus
Cramn Fe + C(no 1,7%) + Ilepepa6orka uyryua
+ nempﬁo %6&13- MapTeHOBCKAM M 3JIEKTPO-
xm (Cr, Mo, TepMHYecKUM crocobaMm,
Mn) + meranayprie- OCHOBAHHEIMM HA BHIKHATA-
CKHMe ngﬂmecu HHUHM (OKHCTIEHHH) yTIIeposa.
(Si, ) Maprenosckum criocofom
nosyyawTt 15% cranu,
3JIEKTPOTEPMHYECKUM —
crain, cogepskamue W, Mo
U ap.
Yyryu Fe + C(>2%) + Si, Mn, BrinnaBska B moMeHHBIX
P,S neyax (93% Fe + 45% C +
+0,5-2% Si, 1-3% Mn,
0,02-2% P n no 0,08% S)
Bponaa omo- | Cu + Sn CnnasnexHuem B cHeLMATD-
BAHACTAA, Cu + Al HHIX ITeYax
CBHHIIOBAS, Cu+Pb
KpeMHueBas Cu + Si
Jlatyns Cu+2Zn CunasniieHueM B crielasb-
HBIX MeYax
Dopanromus Al 95%) + Mg + To sxe
: u + Mn
Hmxpom Nl +Cr+Fe+ Mn To xe
Cunymun 86-88% Al + To xe
+12-14% Si
Manrannn Cu + Mn(11-14%) + To xe
+ Ni(2—-4%)
Mownens- Ni + Cu(23-27%) + To xe
merann + Fe(2-3%) + Mn(1-2%)
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HOCTOHKNE — 3TO YCTOWUYMBBIe K KOPPO3WH CILIABBI )Keje3a
¢ cofep:KaHueM B HUX He MeHee 12% xpoma. MaruuTHBIE —
CILIIaBLI HA OCHOBE )XeJje3a, KoGanbTa ¥ HUKeJs1, obnagaonine
BBICOKOM OCTATOYHOIf HAMATHWYEHHOCThIO M HCIIOJIb3yeMbIe

AJIA U3roTOBJIEHUA MArHuToB.

CILIABOB

Tab6auya 42

Xaparxmepnuie caoticmea

Ob6nacmu npumererun

O6aapator 6o/pImeil TBEpAOCTHIO O
CPAaBHEHHK C YHCTHIM KeJIe30M I
HMEIOT B CBOeM cocTase 10 10 paa-
JIMYHABIX 3JIEMEHTOB.

Craym, nerupoBaHHEIE XPOMOM,
HHKeJeM, BOTb(PaMOM M OPyTHMH
aJieMeHTaMH, 00JIaARI0T CTOMKOCTHIO
[IPOTHE KOPPO3HH

OcHoBHON MaTepHas, IpHMe-
HAEMEHI! B MaIMMHOCTPOSHTHA,
CTPOMTEBLCTBE H BO MHOTHX
OTPAC/ISIX TEXHHKHM A HAYKH

OueHb TBEpA M XPYyHoOK M0 CpaBHe-
HHIO ¢ YUCTHIM KEJIe30M

MaccuBHbe JeTanu pas-
JIMYHBIX M&OIMH H CHpbe JIf
MIOIyYEeHHS CTaIH

O6nagaer BEICOKOH CTOMKOCTBIO K
aTMocGepHO KOppo3uH

Yacry MamImH B Xyaoxe-
CTBEHHEIE OTJINBKH

O6nanaeT BRICOKOH MJIACTHYHOCTBIO
M CTOMKOCTBIO K aTMOChepHOH Kop-
po3uH

IIpuGoprl, nerann MamuH,
NpeAMEeTHl JOMAIIHEro o0H-
XoIa, HaXOAWT IIPUMEeHEeHHe
B MOTOPOCTPOSHUH

ITo mpoyHoCTH paBeH cTaaH, HO
B 3 pasa Jierue ee

,IleTa.rm B CaMOJIETOCTPOEHAH

O61anaer BRICOKOM KapOCTORKOCTHIO
H GOJIBIIKM 3JTIEKTPOCOIIPOTHRIIEHHEM

OeKTpUUecKHe HarpeBaTesb-
HEle IPHGOPH

ObsapaeT XOpOMIMMH JIXTEAHBIMHU
CcBOMCTBaMH

Herann mammuu

O6nanaer HU3KMM K0ddhPuLMEeHTOM
3JIEKTPUYECKOr0 COIPOTHBIICHHUSA
upu 15-35°C

OTaI0HHbIE COIMPOTHBJICHHA
B npuﬁopax BREICOKOI'O KJacca
TOYHOCTH

OT/MuaeTcss BHICOKOH YCTOMUYMBO-
CTBIO B ATMOC(EPHEIX YCIOBHSX, B
KHCJIOT2X, He 00JIafalommx OKHC-
JINTEJIBHRIMHU CBOMCTBAMH, KPEIIKHX

aCTBOPAX MiesIo4eil; BRICOKONpPoYeH
~700 leﬂ'la) M NJIaCTHYEH

KoneTpykumoHHEL MaTepRast
B CyZOCTPOCHHH, XUMHYECKOH
MpOMBINIJIEHHOCTH, MEIHIIMHE
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11. METAJJIBI TPYIINIBI IA
11.1. OBIIAA XAPAKTEPHCTHKA

OcHOBHBIE CBeJeHHA

Cumeon anemenma Li Na
JlaTuackoe Ty .
HAasBAHMe Lithium Natrium
Pycckoe . .
HASBAHHE Jlwrmia Harpuit
Ton
OTKpEITES 1817 1807
ABTOpPHI OTKPHITHSA N. Apdrencon I'. HoBu
Conepxanue
B 3eMHOM Kope, 6,510 2,5
MaccoBas gous, %
. NaCl
Li,0 - ALO;- (noBapeHHas,
OcHoBHEle 4810.2 (cogyMmeHn); KaMeHHAas COJIb);
HpPHUPOJHEIE Li1AI(PO)F, Na,SO, - 10H,
COelMHEeHHSA LiAl(PO,)OH (Mupabmnwur,
(amMbsmronuT) I‘mﬁﬁe&msa COJIB);
KCl - NaCl (cumsBunMT)
ATtoMHEIE
Onemenm Li Na
Amomubul (nopadkoebiit) Homep 3 11
Omnocumensnan GmoMHan macca 6,941 22,990
Cmpoenue snewnux anekmporHsix 060-
JIO4EK amomos
Onexmpornas Gopmyna eanenmnozo
ypoers .. 2s! .. 3st
Cpodcmeo x snexmpony, 3B 0,591 0,540
DnexmpoompuyamensHoCms 0,97 1,01
Cmenens oxucrenun +1 +1
J/IeKTPOHHRIE JLi — 15228
KouEpRrypannn Na — 122s22p°3s!
aToMOB n

B OCHOBHOM COCTOAHHH
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(s-9JIEMEHTHI)

JNEMENTOB

06 3nemeHTaX

Tab6ruya 43

K Rb Cs Fr
Kalium Rubidium Caesium Francium
Kanuit PyOummit 1earmt Opanmmit
1807 1861 1860 1939
P. Bynaen, P. Bynaen, o
I'. {aBn P. Kupxrod P. Kupxrod M. Ilepeii
~2,6 1,510 3,7 - 10 —
KCl cmmnnn),
KCl - NaC B kayecrse 4Cs
(CIUIBBHHHT), uaomMopdHoi élO2 Zli d ponyxT
K[AlSi,04] (xa- OpHAMeCH B (HOJUIYH.HT), a-pacmafa
JIMEBRIH NO0JIEBOH MAHepaJjiax COYTHHK AKTHHHAA:
AT, OPTOKJIA3); Kaaua — MHEHepaJoB
KCl - MgCl, - CUJILBHHHTE KaJIMa THIAa 2T Ac >
6H.0 (xapuan- H KapHAaJ- (KCs) [BFA:B 223 .
JINT) — COepPKUT- JIATE (aBoragpur, - ‘5 Fr + ;He
¢l B PACTEHHAX
XAPaKTePHCTHKH Tabruya 44
K Rb Cs Fr
19 37 55 87
39,098 85,468 132,905 223,020
ns_ n
1 , Te n (Homep mepmozna) = 2,3,4,5,6,7
.. 48! .. bs! .. Bs .. 75!
0,47 0,42 0,39 _
0,91 0,89 0,86 0,86
+1 +1 +1 +1

srRb — 13%2522p®3523p®3d1°4524p°5s!
35Cs — 15%28%2p°3523p®3d*°45%4p°4d*°5525p°6s!
arFr — 15%2822p%3523p®3d'°4524p®4d'°4 15525 p°5d'°65%6p®7 8!

173



11.2. KAJIMH, HATPHH ~

OcroBHBIE CBOliCTBa,

Quauueckue ceolicmea

Xumuvecrue ceolicmea

Kanuit 1 Hatpuit — MArkue
cepebpHCThIe METAJIIH (PexyTCsS
HOMKOM);

Pan = 860 IC[‘/MS,
T..K) = 63,7°C;
Pow = 970 KT/,

T..(Na) = 97,8°C.

" O6n1a8a10T BHCOKOI TEIUI0- M 3JIeK-
TPOIPOBOJHOCTHIO, IVIACTHYHOCTEIO;
OKpAmMBalT MmJIaMsA B Xapak-
TepHanle upera: K — B 6aenHo-
duosreToBRI! 11BET, Na — B scesThOl
LBET.

Kaunuit ¥ HaTpHit — CHIIBHEIE BOC-
cranosrrenn. Ha Boagyxe oueHn
AKTHBHO PEArupyloT ¢ KHCJIOPO-
OOM M MapaMP BOIH, MO3TOMY
HX XPAHAT B-3aMasgHHHX COCYAaX
i B KepocaHe. BsanmoneiicTere
C TIPOCTHIMH BeIIecTBaMM (HeMe-
TaNIaMu):

2Na + Cl, £, 2NaCl,

2K + Br, - 2KBr,
2Na + H, -» 2NaH,

TEApUA HATPHA
6Na + N, > 2Na;N,

HETPHUA HATPHA
2Na + 28 — Na,S,,

mAcynegun HATPHA

2Na + S - Na,S;

cynugua HaTpUs
2K + H, - 2KH,
2K + 55 - K,S,,

meHTacy nbeu
KaaHA

2K+ 8 -5 K,S,
K+ 0,- KO,,
2Na + O, - Na,0,.

BaaumMoseiicrBae o CI0MHBIME

BeIEeCTBAMM:
2Na + 2H,0 — 2NaOH + H,T,

2Na + Na,0,— 2Na,0,
epoKCHA

HaTpHA

2Na + 2HC] — 2NaCl + H,T
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OPOCTBIE BEECTBA

noJyYeHHe, IPHMEHeHHE

Tab6ruya 45

Cnocobbt nonyvenun

O6nacmu npumererHus

B opombmnennocru K u Na
[OJTYYAIOT 3JIEKTPOJTH30M pac-
MJIABOB HMX XJIOPHIAOB H TH-
apoxcnaos. Ilpm nmosryyernm

a k paciinaBy NaCl nobas-
nsor cous NaF unu CaF, nns
CHMYKEHHUA TEMIEpaTyphI pac-
nnapa:

Ha KaToje:
2Na*+ 2 — 2Na?,
Ha aHoje:
2Cl-- 2 - Cl,,

3JIeKTPOJIE3

2NaCl > 9Na+
+Cl,

IIpyn ucoonp3oBaHMM pacTBO-

pa NaOH anekrponna uuer

o cxeme:

Ha KaTone:
4Na*+ 4¢ — 4Na°,
Ha aHoOe:
40H-— 4 - 2H,0 + O,T.

AnanormuHeiM 06pa3oM uaeT
3/IeKTPOJIN3 Bacnnana KCl
u pacreopa KOH

Paconnasm K m Na ucmonssyiorcs
B Ka4eCTBe TeIUIOHOCUTE I B ATOMHEIX
PEAKTOPAX H B ABHALMOHHEIX ABHIa-
Tessx. ITapu Na ucnons3ayror B yimuy-
HEIX IIOMUHECHEHTHRIX CBeTHILHUKAX.
Merasummgecknit K 1 Na npumensior
IJId TOJIyYeHHs NepOKCHAA HaTpHsA
(Na,0,) u cyneporcuna kamma (KO,),
KOTOpEIE MCIIOJIB3YIOTCA B HOJBONHBIX
JIOOKAaX ¥ KOCMUYECKHX Kopaliax ais
pereHepanuy Kuciaopoaa:

2Na,0, + 2C0, — 2Na,CO, + O,T,

Na,0. + 2KO, + 2C0, — Na,CO; +
+ K,CO; + 20,

Na ciy:uT KaTaJin3aTopoM B IPOH3-
BOACTBE KaydJyKa. '

B cocraBe psima coeAHMHEHHI IIHPOKO
HCHOJIL3YIOTCA B KadecTBe ymoOpe-
HAMN.

Hanpumep, KCl, munepanu

K,SO, - 2MgSO0, (neurGeiiuur); .
KCl1 - MgS0, - 3H,0 (kaunmmr), cogep-
scanmin 28-30% K,O u 8-10% MgO,
He Gonee 8% Bnaru. i
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11.3. COEAMHEHKA

OcHOBHBIE CBOMCTBA,

y Quauueckue Xumuueckue
Coedunerus ceolicmea ceoticmea
IIposBASIOT CBOMCTBA OCHOBHEIX
K,0 — OKCHIOB:
OHCHI kaus, Teepmme K,0 + H,0 - 2KOH
Na,0 — BefmecTsa K,O + 2HCI - 2KCl + H,0
OKCHA HATPHA K,0 + C1,0, - 2KCIO,
Na,0, — Teepaoe xpu- Na,0,+ 2H,0 — 2NaOH+H,0,,
TIEPOKCHT cTasIMyecKoe
HaTpus BemecTso 2Na,0, + 2C0, - 2Na,CO; + O,
KOH un NaOH Ha3eIBaOT eIKAMH
1LIeJI0OYaMH, TAK KaK OHHU pa3bpenanT
6ymary, KO)K%’), TKAHU. B BOAHEIX
pacrsopax KOH u NaOH nposs-
JISIOT BCE XapaKTepHEE CBOMCTBA
OCHOBaHMI (11e104eii):
KOH — Besnrle NaOH + HCl - NaCl + H,0
THIPOKCHJ KpHcTas-
- KRIHE, Bomoorna 2NaOH + CO; — Na,CO, + H,0
NaOH (4] Bp)me rpa-
aOH — HYJI), JIETKO
THAPOKCHS pACTBOPSAOT- | 2KOH + €O, — K;CO, + H;0
HaTpusa ¢Sl B BOJE C
(kaycruue- BRIIEJIEHAEM
cwad coaa) TEILTIOTHI 6KOH + Fe,(S0,); — 3K;S0, +

+ 2Fe(OH),!
2KOH + ZnO — K,Zn0, + H,0

NaOH + Al(OH); —» NaAlO, + 2H,0
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KAJTHA M HATPHA

noaydyeHHe, NpaMeHeHHe

Ta6ruya 46

Cnocobt
nonyuenun

Obnacmu npumenenus

Baaumoneiicteue CyIIepoKCHIa KaJIuAa
C KaJIieM:

KO, + 3K £2 2K,0.

BaaumopeiicTBue nepokcHaa HaTpHA C Ha-
TpHeM:

- o]
Na,O, + 2Na ¢ 2Na,0.

K0 + 2H,0 — 2KOH
Na,O + H,0 — 2NaOH

2Na + O, - Na,0,

(cropanHe HATPHA B KUCJIOpoOe)

B cMecn ¢ KO, ons
pereHepanMy BO3XyXa
B HOJBOTHEIX JIOAKAX
H KOCMAYECKHX KOpa-
611ax, oTGeTUBaHHE
pPa3HbIX MATEPHATIOB

B mpomumiensocty KOH 1 NaOH mo-
JIY4aIOT 3JIEKTPOsIH30M pacTeopoB KCl
u NaCl: 2NaCl = 2Na*+ 2Cl-.

Ha katome: 2H,0 + 2¢ —20H-+H,T

Ha aHoge: 2CI-— 2 —CLT

2C1- + 2H,0 PISKTROI , 90H-+ H,T +
2
2NaCl + 2H,Q —2ZEKTROIRI ., oN,OH +
+H,T+CLT

Moo nosyyrrs KOH u NaOH nasecr-
KOBBIM METOIOM:

Na,CO,+ CaO + H,0 —»
— CaCO,l + 2NaOH

KOH wucnoasayercs,
raaBHEIM 06pasoM, I7d -
OOJIy4eHHS KHAKOTO
Meuta M crexkna. NaOH
OpHMeHAeTca ANA nOpo-
u3BoacTBa OGymarm, Hc-
KYCCTBEHHEIX TKaHeH,
MELIA, OJIS OYMCTKH He-
¢drenposonos, B Ipons-
BOJICTBE HCKYCCTBEHHOTO
BOJIOKHA, B INEJOYHEIX
AKKYMYJIATOpaXx.

KOH — xoponmmit ancop-
6ent H,S u CO,, a Taxxe
OCyLIalUIMH areHT.
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QDusuveckue

Coedumenun ceotcmea Xumuueckue ceolicmea
NaCl — Comu ka- Cosn KayMsa M HATPHSA OpPO-
XJIopua HATPHSA JIUsT ¥ Ha- SABJISTIOT XapaKTepHEIe CBOMCTBA

TPHA — CpeHHUX COJIeH:
NaNO, — xpucraz- | T
HHUTPAT HATPUA JTHYeCKue 2NaCl(ts) + H,S0,(x) —»
(mmitcxasn HOHHEBIE Na,SO, + 2HC]
cenuTpa) BellecTBa
Na,CO Moyt BCE KCl+AgNO,—»KNO,+ +AgCll
3T -
kapboHar Ha- ggpﬁicm Na,CO,+2HCl->2NaCl+
Tpusa (coxa) B BOJE +H,0+CO,T
NaHCO, — K.CO,+H,0 _ KHCO,+ +KOH

TRAPOKA] HaT
HaTpHuA (OUTHE-

CO;¥+H,0 : HCO,+0OH-

BadA coma) ( H>7
>
N8,S0,— cpena LENOYHAsA, P )
cynegar Harpus, Na,SO, +lBa(0H)2 —
Na,SO, 10H,0 — — BaSO,l + 2NaOH,
ray6epoBa cotb K,SO, + BaCl, — BaS0O,l 2KCl
KCl —

XJIOpML KaJns
KNO; — uurpar
Kayms (Kaami-
Had CeJIHUTpA)
K,SO, — cyan-
dar kaman
K,CO; —

kapOoHaT xKaxusa
(noram)

11.4. BHONIOTHYECKAA POJIb K* H Na*

Kasnii BajxkeH A5 BCeX XMBBIX opranuamoB. O Heo6xo0-
MM IS HOPMAJIbHOI paGoThl MEIEYHBIX KJIETOK M HEPBHOHM
CHCTEMEI JXMBOTHEIX M UeJIOBeKa, B PACTEHHAX criocobeTByeT
npouneccy GOTOCHHTE3a M CTUMYJIHPYET TPOLEecC IpopacTaHuA
cemsaH. B opranname yenoBexa npu Macce tesaa 80 kr coxep-
sxureda okono 160 r kaamsa (B KpoBH, MEIMIEYHON U KOCTHOM
TKaHAX).



IIpodoamxenue madba. 46

Cnocobbt nonyuenus

O6nracmu npumenenus

BoymmmuHcTBO coneit kanua
U HaTpus HobuiBaerca U3
MPUPOSHBIX MUHEPAJIOB,
BaXHEHMININMH U3 KOTOPRIX
SIBJISTIIOTCS:

kaMeHHasn cob (NaCl),

rJiaybeposa cosis
(Na,S0,-10H,0),

kpuosmt (Na,AlFy),
cumsanut (NaCl-KCl),

KapHaJIJINT

(KC1-MgCl, 6H,0).

Conut HATpHA coaepkaTca
TaK:ke B MOPCKOH H HEKOTO-
PHIX 03ePHEIX BOAAX

NaCl — cripse ans nonydenns Na,
NaOH, Cl,, HCl; 8 numesoii npo-
MEIIIJIEHHOCTH — KOHCEPBUPOBaHUE
TNPOAYKTOB M IIPUMpAaBa K MHIe; B Me-
OUUMHE O/ NPUroTOBJIEHHS (PH3HO-
JIOTHYecKoro pacteopa (~1%-i pacTeop
NaCl 8 H,0).

Na,CO; — nna nponasoucraa 6ymarm,
MBLJIa, CTEKJIA.

NaHCO,(mrrreBas cona) — B MERHIM-
He, Ky THHaPHH, B IIPOA3BOJICTBE MUHE-
paybHABIX BOJ, B OIHETYIIHTEJISX.

K;CO, — nnsa monydyeHHs KHAKOTO
MELJIA M CTEKJIA.

NaNO,, KNO,, KCl, K,SO, — Basxkueii-
mye KaJuiiHele ynobpeHus

Hartpuii Tak:Ke o4eHb Ba)XeH IaA GoJbIIMHCTBA (OopM
JKU3HHU, B TOM YHUCJE U JIA KU3HU uesnoBeKa. loHw HaTpus
obecriednBalOT NMOAAEPKAHNE BOJROTO PEyKUMa OPraHU3Ma.
Pacreop NaCl (0,85-0,9% -it), HaseiBaeMblit hu3uoIoruye-
CKHMM pacTBOPOM, NpUMEHAETCHA AJA BHYTPUBEHHBIX BJIH-
BaHMii mpyn GoabmKux KpoBomorepax. Coaep:kaHue HATPUA
B opraHusMe uejoBeka npm macce 70 xr cocraBager 100 r
(B KpOBM, MBILLIEYHOH ¥ KOCTHOM TKaHAX).




12. JJIEMEHTHI I'PYIIIIBI IIA

12.1. OBIIAA XAPAKTEPHCTHKA

OcHOBHEIC CBeJeHHs

Cumaon snemenma

Be Mg
Jlamunckoe nasearue Beryllium Magnesium
Pyccroe nasearue Bepunauit Marnwit
I'00 omxpotmus 1798 1808
Aemopy: omkpyimusa J1. Boknen I'. Ham
Codepacarue 8 3emnol Kope,
Mmaccosas donn, % 610~ 21
2MgO - SiO,
(onuBun), MgCO,
3BeO - ALO;- 6Si0 (MarHesur),
Ocnogrbte rz::‘itfubte coedu- © epHJL'l),ZBez Si0 j MgCO, - CaCO,
(dbenaxnt (ostoMHT),
MgCl;- KCl - 6H,0
(xapHasLTHT)
ATtomunte
Onemenm Be Mg
Amomnwii (nopadxosbtii) Homep 4 12
Omnocumenshas amomhaa macca 9,012 24,305
Cmpoenue HelHUX 31K MPOHHBIX 0607104EK AMOMO8
Bnexmponnan GopMyna 6aneHmMHO20 YyPOBHA ... 2822p° ... 3s23p°
Memannuveckuii paduyc amoma, HM 0,112 0,160
Paduyc uona Me?, nm 0,045 0,072 -
Iepeaniii nomenyuan uorusayuu, 3B 9,32 7,65
Cpodcmeo x snexkmpory, 5B 0,38 -0,22
Snexmpoompuyamenstocms 1,47 1,23
Cmenens oxucnenun +2 +2
JnexTponsnIe «Be — 1s%2¢*
- 29429163 42
KOHGHTypaluHH 12Mg — 15225%2p€3s

aTOMOB B OCHOBHOM COCTOSHHM 20Ca — 15%25%2p°3523p°4s?



(s-9JIEMEHTbI)
INEMEHTOB

o6 3nemeHTAX

Tab6ruya 47

Ca Sr Ba Ra
Calcium Strontium Barium Radium
Kanbimi Crponumit Bapwuit Pammit
1808 1790 1774 1898
M. Cxino-
A. Kpo-
I'. JlaBu K. Hleene JOBCKAS,
cdopn K. Bemon
3,6 4.10°2 51072 1-10°°
SR
a()- -2810, (aBop- BaCO
THT), Ca2864~2H2(2) (rumc), SrCO;, (m;e n';, B
MgCO,CaCO; (momomur), (mwa' BaSO, cocrase
CaF, — ¢mooparT, SrS0 (H.e- (bapur, yp aﬂo;ux
Cay(PO,), — docdopur, nec;HH) THAMEBIH py
Ca,(PO,).XX =F, Cl, 1IHaT)
OH) — anatur

Tab6aruya 48

XapaKTePACTHKHA
Ca Sr Ba Ra
20 38 56 88
40,078 87,620 137,327 226,025
ns

... , rae n (Homep nepuoga) = 2, 3,4, 5,6, 7

np

... 4s24p° ... bs?5p° ... 6s%6p° ... 1s¥Tp°
0,197 0,215 0,222 0,235
0,100 0,118 0,135 0,144
6,11 5,69 5,21 5,28
-1,93 -1,51 -0,48 —
1,04 0,99 0,97 0,97

+2 +2 +2 +2

1wSr — 1522522p°3523p?3d104 524 p®5s?
ssBa — 1522522p%3528p°3d1°4524 p°4d 95525657
ssRa — 13522522p83523p®3d1°4524pf4d 04 f145525p55d1%65%6p5Ts?



12,2, KANIBIIHH — MPOCTOE BEMIECTBO

Tabnuya 49

OcHOBHEIE CBOHCTBA, IOJIyYeHHE

Quauvecrue caolicmea

Cepebpucro-6enniii Meram, p = 1550 wr/m3, T, = 839°C, ymenvHoe
anexrpoconporupienune 0,038 mxOm-M. Coenunenusa Ca oxpammsaoT
IUIaMA B OPAHIKEBO-KPACHELA LBET

Xumuvecxue ceoiicmea

BaauMozeiicTBHe C IPOCTHIMM BeILECTBAMU (HEMETa/IIaMM):
Ca+H, ¥, CaH, — THAPHA KaJTbUMsA
Ca + 2C Y, CaC, — rapbuz xansuus
3Ca + N, ¥ Ca,N, — aurpua kansuus
3Ca+2P & CasP, — docdun kamsuus
2Ca + 0, > 2Ca0 — okcua xaabIHMA
Ca + Cl, t_> CaCl, — xsopua xaJbumus
BaaumopeiicTBHE CO CJIOMHEIMM BELIECTBAMM:
Ca + 2H,0 — Ca(OH), + H,T
2Ca + CO, & 2Ca0 + C
2Ca + Si0, & Si+2Ca0

2Ca+ UF, % U+2CsF,

TeTPAXNOPHA
ypama

Cnocobs: nonyuerus

Onexrponua pacriasa CaCl, ¢ no6asnenuem CaF, nna cumennsa
Temmeparyps wiasnennsa CaCl,.

Meton JNEKTPOTEepMHUHM.:

14Ca0 + 6Al Y, 5Ca0 - 3A1,0,+ 9Ca




12.3. COENMHEHMA KAJNBIMA

XHMHYeCKHe CBOHCTBA, MOJydeHHe

Tab6ruya 50

Cozdul;ne- Xumunecxue ceolicmea Cnocobvt nonyuenus
Ca0 + H,0 — Ca(OH), TIpoxanuBaHueM Ha-
Ca0 — ok Ca0 + HC1 — CaCl, + H,0 BeCTHAKA:

CHI KaJIbILMsA

Ca0 + 80, > CaSO,
CaO + 3C Y, CaC,+ CO

CaCo, ¥, Ca0 + CO,T

O6nanaer cBOMCTBaMM LIeJIOYEHt:
Ca(OH), + H,S0O, - CaSO,+ 2H,0

BaanmoneiicrBueM

Ca(OH), — | Ca(OH),+ CO,— CaCO,! + H,0 CaO ¢ Bonoit:
THAPOKCHI
KanbLus Ca(OH), + Si0, — CaSiO.l + H,0
3Ca(OH), + 2K,PO, — Ca0 +H,0 — Ca(OH),*
— Ca,(PO,),4 + 6KOH
' BaaumoneiicreueM
Calle s | CasNy+ 6H,0 — 3Ca(OH), + 2NH,T | TPOCTRIX BOmecTs:
KATBLHAS aMMRaK .
3Ca +N, Y, Ca,N,
‘ Baaumoneiictsuem
i | CasPy+ 6H,0 — 3Ca(OH), + golzgg TPOCTEIX BEIIECTB:
KAJBLIAA

3Ca + 2P Y, Ca,P,

* Ca(OH), B NpOMHILUIEHHOCTH. Ha3hIBAIOT rameHoi naBecthio. ['ammenas
M3BeCTh MINPOKO NMPHMEHAETCA B CTPOMTENBCTBE AJA NPHUIOTOBJIEHUA
HU3BeCTKOBOro pacteopa (cMemusanneM Ca(OH), ¢ meckoM m BOaoit),
KOTOpHLi1 3aTBepAeBaeT Ha BO3AyXe:

Ca(OH), + Si0, — CaSiOs+ H,0,

Oecox

Ca(OH), + CO, — CaCO,+ H,0.

M3 BO3AyXxa

1)
2)

Peaxuun (1) 1 (2) MCHONB3YIOTCS IPH KUPIMHYHOH KIafKe H IITYKATYP-
HEIX paboTax.



IIpodoaxernue maba. 50

Coedunenun Xumuueckue ceoiicmea Cnocobbt nonywerus
BaaumopeitcrsneM
CaC, — kap- | CaC;+ 2H,0 - Ca(OH),+ C,H,T R edlale
66U KanbuMsa aueTwren 1 .
Ca+2C5 CaC,
CaH, — H.+ 2H.0 1 Baaumoaeiicterem
2 + .
s o | CoTh IO 7 CaOMT AT | "OTH, SR,
CaCl; — xun0- CaCl,, CaNOy) B .
PHA KaJbIMA, ally, Ca 3)2 — PacTBOpH- 3aNMMOIeUCTBHEM
. - H
Ca,(,I:-.-OPS;)ﬁ, msie coi; CaSO,” manopacrso- cC &%rx;gc%‘;(gmk_
KasbLuA, pumas cons, a CaCO,, Cay(POy), MM KHCJIOTAMH:
CaS0O, — cyns- u CaSiO; — nepacTBopuMEIe
dar kaneuns, Ca0 + 2HCl >
CaCO, — cosmu.
KapboHaT — CaCl,+ H,0,
KaJabIus, IIposmnsaior
C“&g’c%gfr - XMMHYECKHe CBOMCTBA COJIet. Ca(OH), + 2HNO, —»
KaJIbLIMs, ¢ — Ca(NOy), +
CaSi0, — cu- CaC0, & Ca0 + CO,T 2H,0
JIUKAT KaJIbL|aA
CaSO&?uI-CIZO— . 2[CaSO0, - 2H,0} 5 CnnaBneHue
5 2CaS0,- H,0 + 3H,01 CaCl ¢ K,S0,
2CaS0,H,0 — . Harpesauuem rumn-
anebacTp ca go 150-180°C

**B npomuiuiienHocTH CaC, mony4aloT B3auMOJeiCTBHEM HerameHOH
(xxenoil) ussectn (Ca0) ¢ anTpanyTOM MU KOKCOM B 3JIEKTPUYECKHX
meyax opH remoepatype okono 1900°C mo peaxknun:

Ca0 + 3C — CaC, + CO

Hpumenserca CaC, ana nonyyenus anernnena. I'moc (CaSO, - 2H,0)
n anebactp (2CaSO,- H,0) Imupoko OpHMEeHAIOTCA B CTPOMTENLCTBE.



12.4. XXECTKOCTD BOMBI

JKecTkana Boja ob6pasyeT HAKHMIb Ha KOTJAaX, KOTOpas
MPUBOJUT K KOPPO3UH CTEHOK KOTJIOB M IOBHIIIAET PACXO],
ronyuBa. JiecTkada Boja HeIPHUroAHA JJs CTHPKH (MBIJIO
IJI0XO MEHUTCA), B Hell IJI0X0 Pa3sBapHBAIOTCA MACO, OBOILH,
a OYeHb KeCTKAaA BOJia HeIIPUTOJHA JJid IUThA.

O6man kecTKOCTh BOJHEI IPeACTaBAAET COGOH CyMMY Bpe-

MEHHOM M MOCTOAHHOM KeCTKOCTH.
Ta6aruya 51

Cmoco6bl yeTpaHeHHSA #EeCTKOCTH BOABI

Bué Conu,
06)’(.'1!0611”60'0' CnOCO6bL CMPaHeHUR HecmKrocmu
:2?’;"1; wue xcecm- (ymazuenue) 800vt
Kocmb 600ut
Harpesaunem g0 70-80°C (xunsruenuem):
KapGo. ﬁa(}}ll%(())a))” Ca(HCOy), ‘_, CaCO,! + CO,T + H,0;
(spener FEHCOY: | MgHCO, & MgCO,L + COT + H,0
mwm Ca(HCO,),+ Ca(OH), —» 2CaCO,! + 2H,0
1. XHMHYEeCKHMH METONAMM:
CaS0, + Na,CO, - CaCO,l + Na,SO,
HexkapGo- CaS0O,
HaTHAsN MgSO, 3CaS0, + 2Na,P0O, - Ca,(PO,),| + 3Na,S0,
(“m;m' ﬁa%lf 2. Hcnom3oBaHue HOHOOGMEHHEIX CMOJT (Ka-
ghlz THOHHTOB, AHUOHUTOB) (kaTtHoHs Ca® u Mg?*
o0MeHUBAIOTCA Ha KaTHOHH Na*, comepaanmy-
ecfl B IPEMEHAEMOM KaTHOHHTE)

12.5. BHONOrHYECKAA POND KANDIHA

KaubLiuii BRIIOJIHAET pa3iuyHble Guosormyeckne QyHKIMu
M Ba)KeH JJiA BceX GopM skua3uu. VOHBI KaNbLUUs cOfep/HaATCA B
HEKOTOPHIX OesKax, BINSAIT HAa PaGoTy GepMEHTHHIX CHCTEM,
Ha NPOIeCCH CBEPTHIBAHNA KPOBH M PETYJIHPOBAaHUA HOPMAJIb-
HOr'0 PMTMAa COKpAIlleHUA cep/La. _

Kanbouii BXOGHUT B COCTAB OMIOPHEIX YacTel 4YeJ10BEeYECKOT0
opraEnaMa. CoeiMHEHUA KaJlbLiua 06pa3yioT OCHOBY TBepAOH
4yacTH 3yOHOM TKAHH M AWYHOH cCKOPAYIEL. leduuut Kaasus
B OpraHU3Me YeJIOBeKa BHI3HLIBAET 3aMEJICHHE POCTA CKeJIeTa U
XPYTKOCTh KocTeil. B oprarusme uesoBeka maccoii 70 Kr coaep-
sKHTeo ~1 Kr Kaabmus (B KPOBU, KOCTHOH U MBIIIIEYHOU TKAHAX).
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13. 3JIEMEHTHI IPYNNBI INIA
(p-3NEMEHTABI)

13.1. OBIIAA XAPAKTEPHCTHMKA JJIEMEHTOB

Tab6ruya 52

OcHoBHBIE cBeleANA 006 3IeMeHTaX

Cumson
aneMenma B Al Ga In T!
Jlamun- .
cKoe Borum Al}xmm- Gallium Indium Thallium
Ha3eanue lum
Hzfz‘:’: " Bop An}:lzu lannuit Unpait Tannuit
TI'od om-
Kpotmun 1808 1825 1875 1863 1861
Asmopy | . ]I Tei- X K. Bp- IL. 3. Jle- ®@. Paiix
omKpbL- Jwoccak, cre P KOK Je T i’ux'rey ¥. Kpyxc
mus J1. XK. Tenap A Bya6oapaux : P
Codepaxca-
Hue @ 3eM-
HOU Kkope, 5107 8,8 1,5-10°% 1,410 310
maccoeas
donn, %
A TIOMOCH- CuGa$,
o Na,B,0, uKaTEY (ra:;::_")’ (ulnzi;_) T1AsS,
cnoskbiel 10H,0 (®ypa), | ALOyrHO | Pras C‘:l?nS ' (nopau-’
npu- | Na,B,0,4H,0 | (Goxcurw), P ? nwT),
DOOKbie (xepHuT) ALO npHMech (pokeswur), (TL.Cu.Ag)
coedume- P! ’ 23 B MHHe- opuMech q €):
H;BO S -
Hus acse (opyrn), panax B MHHepa- e (spyx
{caccosnH) Na,AlF, cHT)
(kpuomnT) amoMHEHHA, | nax uuHKa
LMHKA

*  Amomocunukarn:: AlO,- 28i0,- 2H;0 — 6enasa rauna, K;0- Al,0,- Si0O; — nonesoii
moat, K;0- 3AL,0,- 6Si0,- 2H,0 — cnioga.

OJeKTPOHHBIe KOH(UIypaluu aTOMOB B OCHOBHOM COCTO-

AHHUH

;B — 15%2s22p?
1sAl — 15225%22p53s%3p!
21Ga — 15225%2p53s23p®3d1%4s24p?
woIn — 1522522p€3523p3d104524p%4d1%55%5p!
s1T] — 15225%2p53s23p®3d'°45%4p®4d 04 f145525p%5d %6526 p*
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Ta6aruya 53
ATOMHEIC X8PAKTePHCTHKH

Snemernm B Al Ga In Tl

Amomuniil (no-
padKosbili) HOMED 5 13 31 49 81

Omrocumensrasn
AMOMHGR MACC 10,81 26,98 69,72 114,82 204,38

Cmpoenue enew- ns

np
HUX QIEKMPOK- .. , n(uomep mepuopaa) =2,3,4,5,6

Hbix obonovuex
amomos

3ﬂ¢:gmpon-

Har opmyna

CaneHmt0z0 ..2s%2p! 1 ..3s%3p' | ..4s%p! ...bs?5p! | ...6s%6p?
YPOBHA

Koaanenmnuiii
paduyc amoma, 0,081 0,118 0,126 0,114 0,148

HM

Memannuuxeckuii
paduyc amoma, 0,098 0,143 0,139 0,166 0,171

HM

Paguyc uona,
o P 0,027 0,0535 0,062 0,080 0,089

c - - - 0,130 0,144

Hepaviii nomen-
yuan uonusayuu,| 8,2981 5,9858 5,998 5,7864 6,1080

aB

Cpodemeo
K anexmpony, 0,30 0,20 0,39 0,20 0,32

aB

Anexkmpoompuya-
measHoCTS 2,01 1,47 1,82 1,49 1,44

Cmenenu
 onten +3-3 +3 +1,42+3 | +1,42+3 | +1,+3

Bce snementsl IIIA-rpynnkl, 3a HCcKJIOUEeHHEM, 6opa ABNA-
IOTCS THITHYHLIMHY MeTaJL1aMi. Bop nposiBisieT HeMeTaLInde-
CKHe cBoiicTBa; ruapokcuy 6opa H;BO; apnsieTcss KUCIOTOM,
T'uapokcugur Al(OH);, Ga(OH); — Tunuusble aMpoTepHEIe
coenunenusn, y In(OH); npeobnasaroT 0CHOBHEIE CBOMCTBa,
kuciaotraule ceoitictsa T1(OH), Bripa)keHkl oueHb caabo. U3
MeTasioB III A-rpynnu HauGoJibmee 3HAUYEHNE HMEET AJII0-
MUHUH, OCHOBHbIE CBOMCTBA ¥ CIOCOOLI MOJIy4eHHEe KOTOPOTro
npHuBeJeHEl B TalJI. _54, a ero coexuHeHuit — B TabJ. 55.
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13.2. ANIOMNHN{ - NPOCTOE BEIIECTBO

Tab6aruya 54
OcHoBHBIE CBOMCTBA, MOJXYyIeHHE

. Quauueckue ceoiicmea

Cepebprcro-6epni NIaCTHYHBIH Jerkuil MeTast,
p = 2700 kr/m®, T,,= 660°C.
VnremsHoe anextpoconporusienue 0,029 MxOM-M

Xumuueckue caolicmea

BaaumopeiicTBue ¢ OPOCTHIMHE BemeCTBAMH (HEMETAJIJIAMHU):
4A1 + 30, Y 2A1,0,, 241 + 3CL, 5 241CL,,
2A1 + 38 5 ALS,, 2A1 + N, 5 2AIN,
4A1 + 3¢ 5 ALC,
BaaumMoneicTBHE €O CII0KHEBIMI BEIIECTBAMM:
2Al + 6H,0 — 2A1(OH), + 3H,T
(peakuus uner, eciM cHATH wieHKy Al,O;),
2Al + 6HCl — 2AICL, + 3H,T,
2Al + 3H,S0,(p) - Al(SO),+ 3H,T,
2A1 + 4H,S0,() 5 AL(SOY,+ S + 4H,0,
8Al + 30HNO,(p) 5 BAI(NOy); + 3N,0 + 15H,0,
2A1 + 2NaOH + 6H,0 — 2Na[Al(OH),] + 3H,T,

2Al + Fe,0, 5 2Fe + ALO,+ @
(peaxuus Bexerosa)

Cnocob6 nonywenun

OnexTposns pacrtsopa Al,O; B paciasnensom kpuonure Na,AlF,
¢ nobaskoit CaF,

(napametpn npouecca: T = 950-980°C, I = 80 000 A, U = 5-8 B):
AlLO; = 2A1+ 30
APt 432 - AI° 207 -42-0,

peaknus Ha KATOAE peaknus Ha aHOAE
(op BOCC aesns) (op OKHUCNEHHA)

C + 0, - CO, (oxucneHne asona).
CxeMa YCTAHOBKH JJ1f DOJTy4eHHsA QTIOMHHNSA NOKa3aHa Ha pHC. 39




13.3. COEMMHENNMA AMIOMHHHA

Tab6ruya 55
OcHoBHBIE CBOHCTBA, MOJYyIeHHE

q)c';‘;'l‘zz;f:ge Xumuveckue caoiicmea Cnogo6b: nonywenus
Al,O, — oxcua anmomMuHHA (B NpUpoae KOPYHA, pyOHH)
p = 3960 O6nanaer amdoTepHEIMH
xr/vd, T, CBOMCTBaMM:
=2050°C
ALQO,+ 6HCl - 2AICI; + 3H,0,
Ouens 4A1 + 30 °—°> 2A1,0
TBepzoe Al,0,+ 2NaOH +7H,0 — 2 e
BEIECTBO,
HepacTso- — 2Na{Al(OH),(H.0),], _2A10H), AN
peMoe B AlLLO3+2NaOH v 5 Al,0,+ 3H,0
Hzo (TRepanfA) cnnapjieHHe
2NaAlQ, + H,0T
Al(OH), — rHAPOKCHA ANOMUHMA
Teepnoe Ob6nanaer amdoreprrmMu AlCl; + 3NaOH -
B%gfg:'go cBOMCTBAMM: = AOH), b +
Bera, 2A1(OH),; + 3H,SO, —» 3NaCl,
HEepacTeo- | - Al(SO,); + 6H,0
"G AIOH), + 3H' > Al + 3,0, | ‘2500 6KOH >
(OH)o+ 3H' 0, - 2AOH), ! +
Al(OH); + NaOH + 2H,0 — 3K;S0,
— Na[Al(OH)(H,0),]
AI(OH), + OH- + 2H,0 A"+ 3005
3 . PAS g
— [AlOH),(H,0),, ~ AOH),!
2AI(OH), > A1,0, + 3H,0

m aynomanns: Al (I'= Cl, Br, 1, F), Al,(SO,); — cynsdar amomumms,
KAl(SO,,)z 12H,0 — aJI!OMOKaJl}IeBhIe KBACHHL, NaAl g D2 12H,0 — amo-
moHatpueBHe kacun, AI(CH,C aleTaT aJIOMHHHA, Azl )3
uuTpaT amomuHuda, AIPO, &)ocdha'r anomunas, Aly,(S10;); — cuymkar
amomunus, Al,S; — cym,d)m: ATIOMMHHUSA

Bce comu amomunus, xpome AIPO, 1 Aly(SiO;);, xopomo pacTBopuMH
B BOJZI€ H NMPOSIBJIAIOT BCE CBOMCTRA coJiell. XapaKTepHAIM CBOMCTBOM COJIeH
AJHOMHEHASA ABJIAeTCA HeoOpaTuMeni ux ruxpoma. [To aToit npudmte Hestn-
35 DOJIYYHTH COMH cNabEX Neryunx kueoT (Al,(CO;);, Al gf) B pacTBOpe:

ALS, + 6H,0 — 2AI(OH),! + 3H,ST,
AlCO,), + 6H,0 - 2A1(OH),! + 3H3g03
3H,0 + 3CO,
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B QX OIAL IS XY

Cxema IEKTPONUTHIECKOr0 NOJYUYECEUA AJIIOMHHUA

1 — cranpAasa BaHHA; 2 — KAHAJ A CTOKA PACIJIABICHHOrO ATIOMUENS;
3 — TepMMYecKas H3OJANUA U3 OrHEyIOPHOro MaTepHaia; 4 — yroJabHHI aHOA;
5 — kaTOA M3 YroJILHBIX HPYCKOB B PACHJIABICHHOrO AJIOMUEH;
6 — oxcHA aNIOMHHAA B PACIJIABJICEHOM KPHOJHTE

Tabruya 56

l'[pumenenue AJIOMMHMA, €ro CIJABOB H COeAMHEHHI

Beuecmso

Obnacmu npumerenus

AmoMUMHMIT KaK

OnexTporexHuKa (IPOBOAA), METAJLIIYPIUs (AJIOMH-

pocToe HOTEpMHA), MAITAHOCTPOEHHE, B OBITY (TIOCyAa)

BEIIIECTBO

Cnnasmr CymocTpoeHHe, pakeTo- H aBUACTpOSHHe, ABTOMO-

aJIOMUHUS 6une- H NpHOOPOCTPOEHNUE, CTPOMTELCTBO 3TAHMH,
BOGHHAA TeXHUKa

Oxcun Jlna mony4yeHus a/moMuHHS U aOpa3UBHBIX M3[Ie-

AJHOMIHUS JIMii, JparolieHHLX kKaMHel (pyOus, cangup)

T'ugpoxcun J71s1 OUNCTKY BOIEI

AOMHUHHUSA

Cosmu AlCI,, B kayecTBe KaTa/JM3aTOPOB NpH nepepaboTke

AlBr; u All, HedTH

AlF, BxoguT B COCTAB KPHOMTA M HCHOLIYETCH IJIS
TOJIyYEHHA AJTIOMHHNSA

KAI(SO,), 12H,0 | Hnsa nyGieHus KoKH U B IPOU3BOACTBE XJIOMYATO-

6yMasKHbBIX TKaHEH

Al(80,);-18H,0

B npouaroacTee Gymaru, OJ1 0O4HCTKH BOIE

13.4. BHONOTHIECKAA PONIb AMIOMMHHA

AnOMUHUIT BXOTUT B COCTAB MEYKKJIETOUHEIX PACTBOPOB
M TKaHel JXMBHIX OPTaHM3MOB. BoJjiblie Bcero aJIlOMUHUSA,
B OCHOBHOM B CBA32aHHOM BHJe ¢ 6eJIKaMi, KOHIIeHTPUDPYeTCsa
B MO3Te, NneueHu U Jierkux. 3 pacrenuii Haubosee 6oraThl
aJIIOMUHHEM IIepell, OrypIkl, abpUMKOCH M YepHad CMOPOAH-
Ha. OgHaKo H3ORITOK AJIIOMHHUA B IIMIIle OKA3LIBAET BPeAHOE
BJINSHUE HA OPTaHU3M.



14. 3NEMEHTHI IPYNINLI VIB
(d-3NIEMEHTBI)

14.1. OBINAA XAPAKTEPHCTHKA J/IEMEHTOB

OcHoBHBIEe cBeRenusA 006 31eMeHTAX

Ta6auya 57

Cumeon
anemenma Cr Mo w
Jlamuncxoe . .
" naseanue Chromium Molybdaenum Wolframium
Pyceroe
Ka3earue XPOM Mosmbznen Bo.rm(bpam
I'o0 omxpuimus 1797 1778 1781
Aemop
omKpsimusn JI. H. Boknen K. lleene K. Hleene
Coaepa:cauue
9 3emHOl kope,
Maccoe$n dona, 3,5-10° 1,110+ 1-10
FeCr,0, (xpo-
PbcMST)( MoS
rO, (xpo- o
o N xouT), (MombaekuT), (n?::VO
npupodsie g Fe)trO, 00, (Fe, Mm)WO,
MATHOXPOMHET), HOBEJLJIUT, ’ N
coedunenun obHApyeH HA %M 00057 51’_120 (Bo.rm(bpa
Conuite, B 3Bea- MOJ’ng
Iax ¥ MeTeo-
puTax

B cooTBeTCTBMM C YHCJIOM BAJIEHTHHIX JJIEKTPOHOB JJIe-

MeHTH rpynne VI B nposaBaAoT MakCHMAJIBHYIO CTeOeHb
oxncyesua +6 u o6pasyroT okcugel Tuna RO;, KOTOPEIM CO-
oTBeTcTBIOT KNcJaoTH H,RO,. Cuna sTux KHUCIOT CHMMKAaETCH

OT XpoMma K Boasdpamy.
OJIeKTPOHHBIEe KOHGUTYypaly ATOMOB B OCHOBHOM COCTO-

SAHUM:
2Cr — 1522522p®3523p®3d°4s!
Mo — 1522822p°®3523p°3d1°4s%24p®4d>5s?
W — 1522522p®3s23p°3d'°4324p®4d °4 14 55%5p85d46s®



IToGounyio moarpynny VI rpynnel nepuognyecKoii cucre-
mul JI. A. Mengeneera cocTaBaAwT d-aneMeHTH xpom Cr,
mMonubaeH Mo u Boabgppam W. ¥V xpoma u mMonubaeHa 3a
CUeT OPOCKOKA 3JIEKTPOHA C MOAYPOBHA $§ HA HOAYPOBEHL d
HaOnogaeTcd OTKJOHEHUWe OT 00Inei 3NeKTPOHHOH dopmy-
JIn d*s?, xapaKTepHOM AJNA 3JIeMEeHTOB JAHHOM NOArPYIIEI.
Kax M0HO BHAETH M3 CTPOEHHS BHEMIHHUX 3JIEKTPOHHRIX
000J104eK aTOMOB XpOoMa, Moin6aeHa 1 BoJb(ppama, OHH IPO-
ABJAIOT MAKCHMAJIBHYIO CTElIeHb OKHUCJIeHHd +6 1 o6pasyioT
okcuasl coctaBa RO;, KOTOPEIM COOTBETCTBYIOT KMCJIOTHI CO-
crasa H,RO,; cuia KucioT yOrBaeT or XpoMa K BoJIb(ppamy.
Boapmas 9acTh cosleif 3TUX KUCJIOT MaJI0OPacTBOPUMA B BOJE,
3a HCKJIOUeHHEM COJieii AMMOHMSA M IMEJIOYHEIX MEeTaJJIOB.
Coau xpomoBrix Kucior Na,Cr,0; 1 K,Cr,0; B Kucyoii cpese
ABASIOTCA CHJIBHEIMYA OKHcAHTeNAMH (Taba. 61).

Tab6auya 58
AToMHRIE XapaKTePHCTHKHA

Onemenm Cr Mo w
Amommbiil (nopaoxoasiil) Homep 24 42 74
OmHuocumensHan amomMHAR MACCa 51,996 95,940 183,850
Onexmponnas gopmyna eanenm-
1020 yposita ... 3d 54s? ... 4d 558! ... bd *6s?
Homenyuar uonusayuu, sB 6,65 7,10 7,98
Cpodecmeo k anexmpony, 3B 0,98 1,18 1,23
Snexmpoompuuamensiocms 1,56 1,30 1,40
Cmenenu oxucnenus +2,+3;+6 +2_,:;§:;4’ +2_,’,;%’,;4’

CTpoeHNe BHEITHUX 3JIEKTPOHHKIX 000JI04E€K ATOMOB:
4p

3d 48
crititititlsl L1 11|

4d 58 5p
Mol tItIt]t] (7L 1 11

5d 63 6p
wititlrirel e 1]

XuMHYecKas aKTHUBHOCTh METAJIJIOB IOHHIKAETCHA B DALY
orCrk W.




14.2. XPOM — NNPOCTOE BEIRECTBO

Tab6ruya 59
OcHOBHBIE CBOIHCTBA, NOJYICHNE, IPUMEHEHHE

Quauveckue ceoiicmea

Merann cepebpucTo-6esoro 1iseTa, 0O4€Hb TBEPABIA U XPYIKMI;
p = 7190 kr/m3, T,,= 1857°C, T,.,= 2672°C.
YnennHoe 3Jek npocouponmnexme 0,15 mxOm-M. Xopomo mpoBomuT

TOK M TEIIOTY. ngonm;m XpOM COCTOMT H3 4 H30TOIOB ¢ MACCOBBIMH
upcnamu 52-54 u 5

Xumunecrue ceolicmea

XUMHYECKH MAJIO AKTUBEH IPH OOBLIYHEIX YCJIOBHAX H [IOYTH HE MOJBEP-
3K€H KOPPO3UH, IIOCKOJIBKY €T0 NOBEPXHOCTL NOKPHTA TOHKOH U MPOYHOH
IJIEHKOHM OKCHAA XpoMa

BaaumozneiicTeue ¢ upocmﬁn BEIMECTBAMH (HEMETAJUIAMHE):
2Cr + 3F,— 2CrF; (upu KOMHa’l‘HOH TeMﬂepaType),
2Cr+3Cl, A 2CrCl,, 4Cr + 30, AN 2Cr203, 2Cr+38 % Cr,S,,
2Cr + N, AN 2CrN, Cr + Si % crsi
Baaumopeiictue co cnoxkHEmMHE BemtecrBamu: Cr + 2HCl — CrCl, + H,.
Xonomunte H,S0,(x) 1 HNO; maccuBupyioT xpoM:
2Cr + 2HNO;(x0n) - Cr,0;+ 2NO + H,0.

Tomeko npu Harpepatiuy Cr pearnpyeT ¢ KOHIIEHTPHPOBAHHEIME CEPHOH
H,SO(x) u asornoit HNOa(rs KHCJIOTAMH:

2Cr + 6H;80,5 5 Cry(S0);+ 3S0,T + 6H,0.

2Cr + 3H,0 — Cr,0,+ 3H, (packasienHErii xpom pearupyer ¢ napavu H,0),
Cr + 2HF > CrF,+ H,T

Cnoco6bt nonyverus

B npoMumneHHoCTH:
¢
a) meton amomaaoTepmun: Cr,0;+ 2A1 - 2Cr + ALO;;

6) 3JIEKTPOJIK3 KOHIUEHTPUPOBAHHEIX PACTBOPOB COJIEH XpoMa MJIH CrOa
¢ BBLIEJIeHHEM (0CaKIeHHEM) XpOMa Ha KaTome;

B) ocofo yncrri Cr mony4aior HoaxAHBM coocobom (pa3noxeHHe Crl,
uwmu Crl; Ha Harperoit XpoMoBoOi HETH);

r) VIS METAJUTYPTHH XpOM IOJIy4aloT B BH/AE CIIABA C XeJe3oM, Ha-
3BIBAEMOTO (heppOXpOMOM M HCIIOJIL3YEMOTO B IIPOM3BOICTBE BHICOKO-
KayeCTBeHHRIX COEIMAILHEIX CTaIeH

Ob6nacmu npumerenus

1. B MeTasutypruu Kax BaskHeHHil KOMIIOHEHT B IIPOA3BOZICTBE CIIELIHA/h-
HEIX COPTOB CTAJIeH /1% HPUAAHHS HM BRICOKOH KOPPO3HOHHOH CTOMKOCTH,
HM3HOCOYCTOMYHUBOCTH, TBEPIOCTH H A PONPOYHOCTH.

2. Jlna nosry4yeHus ralbBAHHYECKUX 3AIUTHEIX TOKPHTHH (XpOMHpoOBaHHe
MEeTAJIJIOB)




14.3. COENMHEHHA XPOMA

Tab6ruya 60

OcHoBHBIC CBOHCTBA H HOJydeHHEe OKCHI0B M THAPOKCHAO0B XpoMa

Quau-
ueckue
ceoticmea

Xumuueckue caoticmsa

Cnoco6b: nonyverusn

CrO — oxcun xpoma (II)

Trep-
JAoe Be-
IIEeCTBO

gep-
HOro
BeTa

CrO — ocroBHOI OKCHA;

> 373K

4Cr0 + 0, 2Cr,0;,
CrO + 2HCl —» CrCl,+ H,O

CrO + 2H*—> Cr*+ H,0

OxucsieHne aMaabra-
MEI XxpoMa (pacTsopa
XpoMa B PTYTH) Ha
BO3AyXeE:

2Cr + 0,- 2Cr0O

Cr(OH), — ruapokcHa xpom

a (II)

Cr(OH), oposiBiisieT cBoiicTBa
OCHOBAHMS M 006/18/1a€T BOCCTAHO-
BUTEJIbHEIMHU CBOMCTBAMU:

OKHCJICHHE Ha BO3/yXe:

2Cr(OH), + %0, + H,0 — 2Cr(OH),

CrCl, + 2N%OH -
P
— Cr(OH),! + 2NgCl
Cr?*+ 20H- - Cr(OH),

Cr,0; — okcup xpoma (III)

Trep-
noe
noponI-
K0O-
Opaa-
Hoe
Beme-
CTBO
3este-
HOro
nBeTa,

minaB-
Koe

Cr,0; — amdoTepHsId okenzg:

Cr,0;+ 6HNO; >
- 2Cr(NO;); + 3H,0,
Cran + 2N80H#-:m)
2NaCrO, +H,0,

XPOMHT HATPHA

Cr,0;+ H,;0 -p peakimu Her

4Cr + 30, 5 2Cr,0,,
2CrOH), & Cr,0,+
3H,0,
(NH),Cr,0, &
% Cr,0,+N;T +4H,0,
4Cr0, 5 2Cr,0,+ 30,,

K,Cr,0,+85

% Cr,0,+ K,S0,




HIpodoarnxenue mabar. 60

D .
Cl;f)'lézf’f::e Xluuuuecxue caoucmsaa CnOCOﬁbl noy4eHul
Cr(OH), — rugpokcux xpoma (IH)
Cr(OH); — amdoTrepHHIt rUIpoK-
CHJI, PEarupyeT C KHCJIOTAMH M €O CrCl.+ 3NaOH —
Tsepioe ImeJIoYaMu: 3
Belne- — Cr(OH);d +
CTBO Cr(OH); + 3HCl] - CrCl; + 3H,0, + 3NaCl
cepo- B
3€JICHOTO CI‘(OH)3 + NaOH ConapienEe
upera, NaCrO, + 2H,0, Cr(OH); + Cr,(80y;+
TRopH- + NaOH + 2H,0 — + 6NH,OH >
Moe B — Na[Cr(OH),(H.0),] - 2Cr(OH);d +
BOJIE
(8 pacTBOpe) + 3(NH).SO,

CrO; — okcng xpoma (VI), XxpoMOBEIt aHIHAPUA

Tsepnoe
KpH-
cTajm-
YecKoe
BEIIECTBO
TEeMHO-
KpacHoro
uBeTa,
XOpOoImo

pacTBo- -

paMoe’
B BOAE

Cr0O; — TUOHYHEH KUCJIOTHRIA
OKCHX (aHTHAPUN);

CrO;+ H,0 - H,CrO, (uaburrox
H,0), 2Cr0; + H,0 —» H,Cr,0,
(u36rrrox CrOyj),

CrO; + Ba(OH),—»

— BaCrO, + H,0,
Cr0O;+ CaO — CaCrQg
4Cr0, + 38 - 2Cr,0, + 350,T,
4Cr0, + 3C - 2Cr,0, + 3CO,T,
4Cr0, 5 2Cr,0,+ 30,7

K,Cr,0,+ H,80,,, -
- 2Cr0;l + K,;S0,+
+ H,0;

CrO, B peaysmTaTe
3TOH peaKIH¥ BHIIA-
[aeT B BHJE TEMHO-
KPACHEIX HMroJbya-
THIX KPHCTAJLIOB

H;CrO, — xpomoBasa KHCJIOTA

H,CrO, — Hecroitkas kucJoTa,
CYIIECTBYET TOJIBKO B BOZHOM pac-
TBOpe; OPOSABJSET CBOMCTBA KHC-
10T, 00pa3yeT COMM XPOMATE

CrO;+ H,0 >
— H,CrO, (#36urmox
BOZBI)

H;Cr.0; — nsyxpomopas KHCJIOTA v

H,Cr,0; — HecTo#kas kHcJIOTA,
CYILECTBYET TOJIBKO B BOJHOM pac-
TBOpE; HPOSABJISET CBOMCTBA KHC-
JioT, 06pasyer coau UXPOMATE

2CrO;+ H,0 »
- H,Cr,0,
(u3burrox CrOy),
H,Cr,0,+ H,0 —»

- 2H,Cr0,

197




Tabruya 61

OcHOBHELIe CBONCTBA M NOJXYIeHHE COJNeH
XPOMOBBIX KACJIOT

Qu3auvecxue .
caoiicmea Xumuwveckue ceoiicmea Cnocobbt nosywerus
PbCrO, — xpomart ceuuna (II) (xenTmit kpou)
Tsepaoe
BeIIecTBO [IposBnser cBoiicTBa conei, _
KEJITOr0 B BOJIE HEPACTBOPHUM
uBeTa
K,CrO, — xpomar xanus
c : Cr,0;+ 4KOH + KCI10,
VIIECTBYET TOJILKO B Iie-
Kpa- 0w cpene: —2K,Cr0O,+ KC1 + 2H,0,
CTAILTH
EJITOro CrO; +20H =2CrO7 +H,0. 2K,[Cr(OH)q] +
usera iasrriis ot ReTTLH + 3Br,+ 4KOH -
- 2K,CrO,+ 6KBr + 8H,0
K,Cr,0; — nuxpomar kanus (XpoMnHK)
CymecTByeT TOJILKO B KMCJION cpese:
2K,Cr0, + H,80, = K,Cr,0;+ K;S0,+ H,0
Teepaoe 2Cr0 % + 2H* = Cr,0 % + H,0.
KpHCTAJI- "
IETECKOe B xucnoit cpene conm XPOMOBEIX KHCJIOT —
Bemectno CHJIbHBIE OKMCJIATE N
Sepaceoro Na,Cr,0,+ 3Na;§ + TH,S0, -
useTa — 38%°+ Cr,(S0,); + 4Na,S0,+ 7TH,0,
K.Cr,0;+ 35S0, + H,S0,— Cr,(S0);+ K,S0,+ H,0,
K,Cr,0,+ 14HCI - 2CrCl,+ 3C),T + 2KCI + 7H,0
Na,Cr;0,°'2H,0 — nuxpomar RaTpus (XpOMOMK)
CmMecHE BOHEIX PACTBOPOB
Kpn- muxpomaToB ¢ H,SO,(x)
CTRJUTEL (K,Cr,0,+ H,SO,(x)
OpAK>KeRo- u Na,Cr,0,+ H,S0,(x)) —
KpPAacHOro ABJIAITCA OYEHE CHJILHEIMH
1BeTa OKECJMTENAME («XpoMOoBast

cMecH”)

KCr(S0,),'12H,0 — xpoMOBOKaIHNEBRE KBACIIL

Brmapusanue Bo-
— JHOTO PacTBOpa COJHU
KCr(S0). 12H,0




Tab6auya 62

Ob6nacTa NpUMeHeHH COTHHOHHI XpoMa

Coedunenusn

Ob6racmu npumenerus

CrO; u K,Cr,0,

Kax okncyuresu B Pa3IMHBIX XAMHYECKHX
OPOH3BOOCTBAX

le{ I0JTHPOBKE CTEKJIAHHLIX H METAJUTAYE-

Cr,0; CKHX OBEPXHOCTel, KaK 3eJIeHbli I MEeHT
B COCTaBe KPacKH
PbCrO, JI7iA OpUroTOBEHMS KEJITOR MAaCASHOMN
KPacKu
(PbOH),CrO, Jl/1a DPHUIOTOB/IEHUA KPACHOH KPacKH
KCr(S0y, 12H,0 B texcramHo npoMEmUIenHocTH (3aKpe-
Na.Cr.0 IUIHEE KPACOK), B KOMKeBEHHO#H ITPOMEMILIEH-
H Na,Lr,U, HOCTH (qy6/ieHHe KoxH), B THIOrpadmm

XpoMmoBas cMech
(8%-uu1it pacTBOp
chl'201 + HZSO4(K))

Kax oueHs CHIIbHBIE OKMCIIMTEIH — B 1a60-
PaTOPHH 0714 MBIThA XUMIYeCKOH oocyanl

Kaxk cuibHEIE OKHCIHTENH — B XMMHYECKOHN

Hpyrure coequueHus
Cr (VD) OpPOMEIIIIEHHOCTH

14.4. BHOJIOTHIECKAA POJIb XPOMA

XpoMm ABJsIEeTCA COCTABHOM YACTHIO PACTHTEJNbHEIX M HHU-
BOTHHIX OPraHH3MOB, y4acTBYeT B JeATeNbHOCTH (hepmen-
ToB (mencuua). XpoM HapaLy C MapraaneM, KobajibToM,
MeJbI0 U HHKeJleM YYaCTByeT B CHHTe3e 6eJIKOB, a HApAAY
¢ KoGaJbTOM, MeAbl0, MOAOM, MapraHoeMm, MoJubmeHOM,
HHKeJieM, BaHaJHeM M OUHKOM OKAa3bIBAET BIMSHHME HA
cepIeYHO-COCYAUCTYIO CUCTeMY YeroBeka. HefmocraTok xpoMa
3aMe/JIfAeT POCT }KMBOTHBIX, HAPYMIaeT yrieBOAHBII o6MeH,
BHEI3BbIBaeT 60Jie3Hb I1a3, CUMITOMEI Anabeta. PacTBoprMEle
coeIUHEHNA XpoMa AA0OBUTEHI. B opraEnsme uesioBeKka cogep-
JKUTCHA B KPOBH, MEIIIIEYHOI 1 KOCTHOM TKaHAX.



15. 3JIEMEHTBI TPYIINBI VIIIB
(d-3JIEMEHTBI)

15.1, OBIAA XAPAKTEPHCTHKA JJIEMEHTOB

OcHoBHBIE cCBeleHHA 00 31eMeHTaxX

Tab6ruya 63

Cumeon anemenma Fe Co Ni
JI“"'"":";": hasea- Ferrum Cobaltum Niccolum
Pyccroe naseanue HKeseao KofannT Huxesnn
HasectHO
TI'od omxpoimus ¢ ApeBHHUX 1735 1751
BpeMeH
Aemop omkpsimus - I'. Bpaunr A. Kpoucrear
Codepacarue 6 3em-
HOUL KOpE, Maccoean 4,65 4103 8103
, %
CoAsS (Fe,Ni),S,
Hl:f_;% Mar. (xobassTHH), (neHTIaH-
Ocrosnbie npupod- o ema’mﬁ 3 (Co Fe)As, . auT),
Mbie coeOuHenUR 0,0.-H,0 (ca Jxopm) NiAs (uuxe-
(JIEzl\ll?)HHZT) 83 (CK mn), Ni;S,
Tepyxm'r (monuuMuT)

AToMEBIE XapaKkTepHCTHKH

Tab6ruya 64

Onemenm Fe Co Ni
Amomnuil (nopaoxossiii) Homep 26 27 28
OmHuocumenbHar GMOMHAR MACCA 55,85 58,93 58,69
Onexmpornas %’&m’m 6aNeKMHO20 ..3d %4s? .3d "4s? ..3d 84s?
Cpodcmeo x anexmpony, 3B 0,58 0,94 1,28
Gnexmpoompuyamensrocms 1,64 1,70 1,75
Cmenexu oxucnerus +2,+3,+6 +2,+3 +2,+3,+4

OJNeKTPOHHBIe KOHGUrypamuu ATOMOB B OCHOBHOM CO-

CTOAHHUM:

sFe — 18%22822p®3523p®3de4s?
27Co — 18%28%22p%3523p®3d74 5%
2sNi — 1522522p®3523p®3d®4 s?

3d 48
mNEBERE

JTHINTTIT

cmpoeKue
BREWRUX
aaeKmpoX-
Hoex
obonrovex
amomos



15.2. XENE30 ~ NPOCTOE BEMECTBO

Ta6aruya 65
OcHoBHBIe CBOICTBA, IONYyUeHHE H IPUMEHEHHnE

Quauvecxue ceolicmea

Mertann cepebpucro-ceporo usera (pemeTka kybmdeckas, 0GbeMHOLIEH-
TPUpOBaHHa#), yaensHoe anexkrpoconporuBienue 0,008 mxOMm - M.

p = 7874 xrim®, T,,= 1535°C, T, = 2750°C.

OcHoBHEIE CIJIABH KeJse3a — 4 (conepkauue yrnepona 1,7—4,0%),
YTJIEPOSUCTEIE CTAJH 0,3—1,7%;. JlernpoBaHHEIe CTAJIH COAEPMAT Jie-
rupyomue nobasku (Cr, Ni, Mn, V, Mj()) u 1ap.). Bpegune npumecn —
¢ocdop, cepa

Xumuweckue ceolicmea

Baaumopeticreme ¢ [POCTHIME BemIeCTBgMH (Heme'rannatmu):

3Fe+20, > Fe;0,, 2Fe+3Cl, - 2FeCl,, Fe+S - FeS
o (cymsipr senesa (1)),
t

3Fe+C i) Fe;C (xapbun xesneaa, nementur), 2Fe+N, - 2FeN.
BaanmozneiicTBre €O CIIOKHBIMY BEINECTBAMM:
3Fe + 4H,0 (BoasHo# nap) : Fe;0,+ 4H,T, Fe + 2HC1 > FeCl, + H,T,
4Fe + 30,+ nH,0 — 2Fe,0;- nH,0,
4Fe + 30, + 6H,0 — 4Fe(OH); (peakimsa xoppo3mu ’kese3a Ha BO3AyXe),
Fe + H,SO,(p) — FeSO, + H,T,
2Fe + 6H,S0,(x) - Fey(S0),+ 3501 + 6H,0,
Fe + 4HNO,(p) —» Fe(NO,); + NOT + 2H,0,
Fe + CuS0, - FeSO,+ Cul (Fe®+ Cu® — Fe?+ Cu?),
Fe + SnCl, > FeCl,+ Snl . (Fe®+ Sn* — Fe* + 8n),
Fe + CO, - FeO + CO

Cnocobv: nonywerus

Yucroe JKeJIE30 MOXKET ORITE OOJIY4€HO METOAOM JJICKTPOJIHM3a pacma-
Ba COJIEH JKeJle3a WM BOCCTAHOBJICHMEM OKCHZIOB BOXOPOOOM:

Fe,0, + 3H, - 2Fe + 3H,0.

B npoMuImsIeHHOCTH %€eJ1e30 TIOIY4aloT B BUAE ero CIUIABOB C YT/IEPOXOM
M OPYTHMH KOMIOHEeHTaMM (4YTYHH M cTanad). UyryH mosxydamoT B X0-
MeHHBIX Iedax (puc. 40), a cTajlu — B KOHBEPTOpax H 3JIeKTpomedax
(pHc. 41, 42) nmyteM yraneHus H30LITKA YT/IePoaa ¥ OKACJIeHHs OIpuMecei
KHCJIOPOZOM

Ob6nacmu npumenenun

ese3o u ero cniaBH IMMAPOKO HMCHOJIH3YIOTCA B OPOHU3BOXCTBE JJIEKT-
POBO30B, ABTOMANIAH, TPAKTOPOB, METAJIOO0pAGATHBAIOINNX CTAHKOB,
MOXBEMHEIX KPaHOB, KeJIe3HOMOPOMHELX PEIbCOB | T. I CILIaBH *KeJle-
3a — 9TO OCHOBA BCEX OTPacjiel COBPEMEHHOH MPOMEBINUIEHHOCTA
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Pyna, xoKc,u3BecTHsIK
(aanomur)

~— [lomenHbte raas!
3Fe,0; + CO 5> o
3Fe,0,+CO, |430°C

500°C
Fe,0,+CO 5 | 600°C
3Fe0 + CO, 700°C
FeO + CO - Fe+ CO, 800°C
CaCO,; +Si0, -» —»
CaSiO,+ CO,T
1000°C
MgCO, + Si0; — -
MgSio, + CO,T
Kokc 1 Teepaoe weneso
OKC 11 TRSRA 1300°C

Kokc, winax, Xuakwis uyryn

C+C0, 52C0C+0, [ 1500°C

Toprunit Boanyx X -COo,
T Twna | =
e T
Puc. 40
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S
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Pac. 41 Pac. 42
Cxema ycrpoiicTsa Cxema sneKkTponeyy
KoHBepropa Beccemepa JUISL BRIIUIABKY CTATH

AN BRIIJIABKH CTalIn



15.3. COENMHEHNA XENE3A

Tab6auya 66

OcHoBHRIE CBOHCTBA H noJIyseHHe OKCHIAOB H THEPOKCHIOB JKejie3a

qz’;‘zl:'z:f::ge Xumuuecxue caolicmea Cnoco6ve nonyvenus
FeO — oxcug xeneaa (II
Teepaoe FeO — ocHoBHO# oxcHz; FeCO FeO + COA
eImecTBO - +
Neeproro FeO + H,S0,—FeSO,+ H0, | (5e3 n{.;’_yuaemm 5.
p;‘:::;";:ée FeO + 2HC] - FeCl, + H,0 Fe(OH), 5 FeO + H,0
» Boze (6ea mocryna Boayxa),
Fe,0,+ CO - 3Fe0 + CO,
Fe(OH), — mapoxcupg xeiesa (II)
Crynaneobpas- Tuammrasce ocHoBaHME: FeSO,+ 2NH,OH -
HO€ BEemEeCTBO
ceerno. | Fe(OH),+ 2HCI » FeCl+2H,0, | ~ I;e(gﬂflz;aoﬁﬂmﬁo"
sefencro | Fe(OH), + H,S0, FeSO, + 2H,0, r (OH) L+ 9NaCl
4Fe(OH), + O, + = re &
+ 2H,Q ___oxmcrerme . gAFe(OH),
Fe,0, — oxcug xeneaa (I1)
Teepaoe Fe,0,+ 6HNOﬁ—> 2Fe(NO,); +
BEMmecTBO + A
KpacHo- Fe,0; +Na,CO, " canasnesme 4Fe + 30, —} Fe,0,,
6yporo ugera, 4FeS, + 110, 5 2Fe,0,+
HepacTBOPH- 2NaFeQ, +CO, T + §S0
Moe B BOJE deppar HaTpis 9Fe(OH), _) Fei03+ H,0
.Fe(OH), — mpapoxcug xeneaa (II)
Crymueobpas- Fe(OH); — cnaboe ocHoBaHue FeCl;+ 3NaOH -
HOE BEmecTBO ¢ IIpeocbIagaHMeM OCHOBHEIX - Fe(OH)4l+ 3NaCl
KpacHo- CBOMCTB M cinabrmMu amdoTep- 8 ’
6Gyporo ugera, HEIMHM CBOMCTBAMH: Fe,(S0,);+ 6KOH -
HepacTBopH-
Moe B BOjfie 2Fe(OH), + 3H,S0, - — 2Fe(0H).,4+3K,S0,
— Fe (SO, + 6H,0,
Fe(OH),+ KOH(x) »
KFeO, +2H,0
deppeET KaEA
Fe,0, — cmemanunii oxcnn xesneaa (I, I1I)
Teepace Fe,0,+ 8[3{31 —)H o
BeMIEeCTBO 2FeCl,; + F +4 3
9epHOro = RO T EEVS : 3Fe+20, W
1BeTa, He- Fe,0,+ 4H,; — 3Fe + 4H,0 —Fe.0
pacTBopaMoe 3y
B BOfie A 00-
Jagapliiee
MAara#aTHBEIMHA
CBOACTBAMH
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Tabruya 67
XuMHIecKHe CBOMCTBA H NpHMeHEHHE CoJieH xese3a

Xumuveckue caoticmea npoﬁgrz':;ﬂ
FeSO, - TH,0 — xeneanniit kynopoc
Jns ua-
Hpossaser ofmue cBoicTBa comeit M;szm
W KDPacoK
FeCl, — xnopun xeneaa (I1I)
Comu xeneaa (III) yeroitumeu Ha Bo3ayxe, rHAPOM3YIOTCH
BOJOY, M MX BOJHBIE PACTBOPRI HMEIOT KHCIYIO PEaKIIHIO: Hns oqucrxn
BOOH M A7
FeC13+ H,0 =2 FeOHCl, + HCl, Fe** + H,0 2 [FeOH]* + H*, HpOTPABH
FeCl, + 3NH,CNS — Fe(CNS);+ 3NH,Cl. TIpH Kpare-
! ponaHH[ Rejeda, HHH TKaHeH
ai uBer

Fey(S0,), 90,0 — cynndar menbaa (1)
Anvon popammg CNS- chyxmr gna ompefeneHHs HOHOB Hns pasue-

Fe¥* B pacTBOpax; 370 KAUeCTBEHHAS DEAKIMA Ha HOH | ‘oo METaT
Fe* + 3CNS - Fe(CNS), OBy
Fe(NO,), 9H,;0 — murpar sxenesa (IIT)

Fe(NOy; + 3NaOH —» Fe(OH),! + 3NaNO,, e
Fe(NO,); + K;PO, - FePO,{ + 3KNO, KpameHnR

TKaHeH
K. [Fe(CN),] — rexcanuanodeppar (II) kanus (xentas KpoBsHas COIb)

K[Fe(CN)q] = 4K* + [Fe(CN){]*.

Honn [Fe(CN)]* BsaumogeiicTByIoT ¢ monamu Fe®:

B xomu-
4Fe* + 3{Fe(CN)6)* — Fe,,[Fe(CN)G]3 9eCKOl
GeprHCKas J1a3yphb naBopaTopun
JTO KAYEeCTBEHHAA PeaKiMa Ha uoH Fe* [pH aHa/IA-
K;[Fe(CN)¢] — rexcannanodeppar (III) kanus o%";: CK::;-
(xpacaas XpoBAHAS COIb) pon g(}),HOB
K;{Fe(CN),] = 3K* + [Fe(CN)¢]* (B BomHom pacTsope). CN-,
HUormt [Fe(CN)]* B3ammopeiicteyior ¢ Fe?": Fe?, Fe¥,
3Fe?*+ 2[Fe(CN)s|* — Fe,[Fe(CN),], 1 — (Fe(CN)eJ™

TYpHOGy/IeBa CUHE
JTO KAYECTBEHHAA peakimda Ha uMoH Fe?t

15.4. BHOJIOTHYECKASA POJb XEJIE3A

Hese30 BXOAUT B cOCTaB (PepMEHTOB, KOTOPBIE KATAIN3H-
PYIOT OKHCINTENHHO-BOCCTAHOBUTENLHEIE IIPOIECCH] B Opra-
HHU3Me YeJIOBeKa M JKMBOTHHIX ; BXOAMUT B COCTAB reMorsobuna,
ABJIAIONIErocs MepeHoCYMKOM Kuciopoga. Mleneso urpaer
TaK’Ke BasKHYIO POJIb B CHHTe3e GeJIKOB, Iponeccax (poTocun-
Te3a U AbIxaHKA pacTeHuil. HegocTaTok Kejiesa B opranusme
4eJIOBEeKAa IPUBOAUT K 60J1e3HM KPOBH (aHEMHUH ) ¥ HADYTLIEHHIO
MMMYHHOH CHCTeMBEI.



16. OBIIIME CBOMCTBA
HEMETAJJIOB

Tabruya 68
IMonoxkenne HeMETANNOB B IEPHOANTICCKON CHCTEME 3/IEMEHTOB

I'pynna snemenmos
Hepuod
1A VA VA VIA VIIA VIIIA
1 — — — — H .He
2 B C N s0 oF wNe
3 — 14Si 15P IGS 1701 laAr
4 — — wAs | .Se | Br | Kr
5 - —_ —_ s21€ 53l s ke
6 — — — — ssAt gRn
7 — — — _ — _
Dopym smewus | RO, | RO, | ROs | RO, | RO, | RO,
(Dog).uynw nemywux
6000p00HbIX coedu- — RH, RH, H;R HR —
HeHull

Hpumeuanue

Hs III&G,E[CTBBJIGHHLIX sneck 22 Hemerasnos H,, O,, Ny, F,, Cl,, He, Ne,
Ar, Kr, Xe — rasm, Br, — sxuaxocts, B, C, Si, I;, As, S, Se, Te, I, —
TBepAnle BeiiecTBa (IPH OOKIYHEIX YCIOBHAX).

He, Ne, Ar, Kr, Xe — uHepTHEIE ra3bl, HX MOJIEKY/JE OJHOATOMHEL
Monexkynn Bogopona, KHcjiopoaa, a3ora, gropa, xjopa, Opoma, uoza
COCTOAT A3 2 aTOMOB.

Monekysna docdopa cocrosT u3 4 (P, Monexyan cepur — u3 8 aro-
MoB (S;). Bemectea C 7 Si mocTpoeHE M3 ATOMHBEIX KPHCTAJIJIAYECKHX
PpeieTox

Kak cieayer u3 tabn. 68, HeMeTaANJIB PACNONATAIOTCHA
B KOHIIE MAJBIX M GOJNBIINX NMEPHOXOB. ATOMEI HEMETAJJIOB
NPHCOEAHHSAIOT 3JIEKTPOHKI (/1 3aBEPIIICHHUA BHEIITHUX 3JIeK-
TPOHHEIX YPOBHE#) H ABAAIOTCA OKUCAuTeNaMHu. Crioco6HOCTH
IPHCOEANHATEL JEKTPOHK HauboJiee BhIpaKeHa y (ropa
H YMeHbImaeTcsa B pagy ot F k Si:

F, O Cl, N, S8 €, P, H, 8Si
YMeHbIIEeHME COOCOOHOCTH MPHUCOETHHATE 3JEKTPOHL

?



C MeTaysIaMM THUIHUYHBIE HEMETANJIBI 06Pa3yIoT cCoeuHe-
HHUA ¢ HoHHOM cBaswio: NaCl, KI, BaO, Na,S u ap. Pearupysa
Mexay coboii, HeMeTaJJIbI 06pa3yIOT COeAUHEHUA C KOBAJIEHT-
Hoii noxapnoii (H,0, HCl, NH;, HF u ap.) n HenoxapHoii (O,,
H,, Cl,) xuMuueckoi cBA3bIO.

C BOZOPOIOM HEMETAJLJIBI 00Pa3YIOT JIETYYUE COEAUHEHHS
obreit dopmyasl RH, (cm. Taba. 68): HF, HCI1, HBr, HI, H,S,
NH,, CH, u 1p. Bogoponnsie coequnenua HF, HCl, HBr, HI,
H.S, H,Se, H,Te npu pacTBOpeHMH B BoJe AAIOT KHCJIOTHI
uaenTuuHOoM dhopmyinl, a NH,, pacTBopascs B Boge, o0pasyer
aMMHUAYHYIO BOAY, 0003HaYaemyio dopmynoit NH,OH (ruapok-
cug aMmMmoHudA, 10% -ii BogHEIM pacTBOP AMMHAKA HA3BIBAIOT
HamaTthIpAsiM criuproM) wiau NH,-H,O (ruapat ammuaka).

C KHCJI0pPOIOM HeMeTaJUIBl 06pasyoT KMCJIOTHEIE OKCHABI
(80,, S0, P04, P,0;, CO,, N,O;, N,O; 1 ApD.), KOTOPEIM CO-
orBeTcTBYIOT KMeaoTsl (H,SO;, H,S0,, H;PO,;, H;PO,, H,CO,,
HNO,, HNO;), u3 aux mambojiee cHUJbHbIE T€, B KOTOPBIX
HeMeTaJll UMeeT GoJiee BRICOKYIO cTeneHb okucaenusa: H,SO,
cuabnHee H,S0;; HNO; cunsuee HNO, u . a.

Xumusa 61aropoaasix rasos (VIILA-rpynna) 3aHuMaer oco-
60e mMecTo. AToMnI GiaropoaHsix razos (Kpome He) cogep:rar
Ha BHEIIHEM YPOBHE 10 8 9JIEKTPOHOB, II03TOMY A0JIT0€ BpeMsA
CUHTAJIH, YTO OHHM He CIIOCOOHBI HH OTAAaBaTh, HA IPUHUMATH
aneKkTpoHkl Tonbko ¢ 1962 roga, xorga 6pL1 nosydeH rerpadro-
puj KceHoHa XeF,, xumus 61aropogHBIX ra3oB cTaja GuicTpo
pasBuBatbcA. Haubosee nayueHsl coeAUHEHNA KceHoHa., U3-
BECTHHI M u3yueHnl rajoreangu XeF,, XeF,, XeF, (tBepabie
BelecTBa), okcuanl XeO; (TBepaoe Gesloe HeleTydee Bellle-
ctBo) u XeO, (ras cBeTJIO-’KEJITOrO I[BETA), MPOABIAIINE
CBOHICTBA KMCJOTHBIX OKCHJIOB, KOTOPBIM COOTBETCTBYIOT
KucaoTH cpegueit cuibl (H,XeO, u HgXeOq).

B BoaHOM pacTBOpE CYILI[eCTBYET paBHOBECHE:

XeOg+H,0 = H,XeO, = H'+HXeO]
PasBOBECHe 3HAYHTENLHO CABHHYTO BJI€BO

&

WI3BeCTHBI TaK3Ke COJH 3THX KHUCAO0T: KceHaThl (Na,XeO,,
BaXeO, u ap.) u nepkcenatsl (BazXeOg).



17. BOOOPOQ

Bozopoa mo cBoMM XMMHYECKHM CBOMCTBAM CXOJEH Kak
€ MeTaJUIaMHM (OTZAET 3JIeKTPOH, 06pa3ys THAPUALI IeJIOYHEIX
MEeTalJIOB), TAK M C HEMeTa/UlaMHu (OPHHHMAET 3JIEKTPOH),
HO BCe ke OH 6JmKe II0 CBOMCTBAM K TaJOTeHAM H IIO3TOMY
nomemeH B VII rpynny mepmoaudecKoil CHCTEMEl BMeECTe
¢ rajoreHaMu (cM. ta6i. 68).

17.1. BOROPON KAK NPOCTOE BEIRECTBO

Tab6aruya 69
OcHoBHEIe CBOHCTBA, IOJYUCHHE, NPHMEHCHAE

Quauveckue ceolicmea

I'aa 6e3 BKyca, 3amaxa ® upera, B 14,4 pasa Jierde BO3Ayxa, IJI0X0 PacTBOPAM
B Boge. Ilpm -252,8°C m atmochepHOM nmaBieHHA _TEPEXOJT B IRAKOE CO-
crosHme. B nprpone cymecrayer 2 m3oTOmA: IMpoTHE : (99,98%), ZedrepHit
D (3H) (0, 02/o) rperet T (1H ) — paguoaxTwsHEI® H30TON, MOMy9YeHHEIR
HACKYCCTBEHHO

Xumuveckue ceolicmea

BsamMozeRcTBEE ¢ DPOCTHIMA BEILECTBAMH:
a) O IIeJIOYHEIMY ¥ IIeI0aHo3eMeNnbHrMA Metannamu: H, + 2Na - 2NaH,
H,+Ca—> CaHz, 6) ¢ ranorenamm: H, + Cl, > 2HCI; B) ¢ kucoponom:

2 obsema H, +1 06mem O,
9H,+0, Y 2H,0, ema 17, + 7 0omem

rpeMyqaf CMech IIPHA NOKATAHEH BapHIBaeTCH

r) ¢ cepoit: H, + S N H,S; n) ¢ asorom: 3H,+ N, —t) 2NH3

BaammoneiicTae co coxHeIMA Bemectsamu: H; + CuO Y Cu+ H,0

Cnocobbt nonywenus

B opomeumutensoctn: 1) amexrponud Bogusrx pacteopoB KCl m NaCl (kax mo-
Gourrri mpoayxT); [cM. paamen 11.3]; 2) C + H,0 —t=1000C , 09 4 H,,

t=850°C

3) CH, + 2H,0(nap) —=239°C , 00, + 4H,T; 4) CH,—=59C , ¢ 4 2H,T;

5) rimy6oxkoe oxnaxaennae Kokcoporo rasa (-196°C).
B natoparopem: 1) Zn + 2HCl - ZnCl, + H,T; 2) CaH, + 2H,0 - Ca(OH), +
+ 2H,T; 3) Si + 2KOH + H,0 - K,Si0, + 2H,T, 2Al + 2NaOH + 6H,0 -
— 2Na[Al(OH),] + 3H,T; 4) anextponma Bomuoro pacrsopa NaOH: Ha katone
supenserca H,, a Ha asone O,

Obnacmu npumenenus
B xmMmA9eckoil MPOMBINIJIEHHOCTH A1 cHHTe3a aMmuaka NH,, xnoposogoposa
HCl, merarona CH,OH. B npmeBo#l npoOMKITUIEHHOCTH /1A THAPOTEHU3aHI
%ApOB. B MeTayTyprem [Uis BOCCTAHOB/IGHHs MeTaJoB (BOibGdpam, Monb-
JeH H Op.) U3 BX coequHeHMH. B aToMHO aHepreTHKe HCHOB3YIOTCA H30TOMEL
neifTeprii B TPHTAMN (TepMOsepHOe ropioyee). B cBapoasHOM MPOM3BOACTBE ANA
CBApKH H PE3KH METAJUIOB
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17.2, COENMHEHNA BOIOPOA

Ta6aruya 70

OcHOBHEIE cnoi’lcrna, noJyuyeHue H NpAiMeHeHue

Cnocobbt nonyvenus

Quauveckue .
ceolicmaa Xu.uu‘tecxue ceoucmea u odnacn:‘l;:pwuene-
H;O0 — Boga
Hunxocrs | BaammopeiicTeue co mesouHEIME B npupozne 3ana-
6e3 Bkyca, | M IeIOYHO3EMETLHEIMH MeTal- CHI BOJH OTPOMHEL
1BEeTA JIAMH: (1,4-10° xm° B MO-
H 3anaxa X U OKeaHaXx,
0-10° xm® B J1en-
2H,0 + 2Na — 2NaOH + H,T, Hukax; 14-10° km?
T..=0°C B aTMocdepe;
XBEMEYeC
2H,0 + Ca — CaOH),+ H;T. | opuanantons co-
T = CTOSIHHH, B ocaj-
100°C, KaX M KpHACTaJLIA-
Baammopelicreue ¢ 0CHOBHRIMH YeCKHX Opoaax
H KHCJIOTHHIMM OKCHIAMH: TARKE COmep-
p (H,0) = HUTCH orpox;maa
1000 kr/m® Macca BOZIRI),
(upu 4°C) H,0 + K.0 — 2KOH, HO YHCTOM BOIBI
B IIpupoje HeT
P H,0 + CaO — Ca(OH),;
920 Kriv® Tosyuaior qHcTyio
H,0 + SO, —» H,S0,, BO/ty METONOM
meperoHkKM (auc-
Terwio- . THJUISIEH); TAKAA
€MKOCTb H,0 + C1,0, - 2HC10,. BOZA HA3RIBAETCH
B 3100 paa uCMuUARUDO8aH-
6osmme, R hou u corep-
ueM y BO3- 0§paaonarme TaApAaTOB; ;clgg ,18 11,0/109 éa H
ayxa 0 Macce
H,0 + nH,SO, - H,S0, - nH,0,
Xopommit O6nactu opu-
pacTBopH- H,0 + NaOH — NaOH - H,0, MEHEHHS BOIB
TeJb 6earpaHuyHEI.

5H,0 + CuSO, - CuSO0, - 5H,0,
10H,0 + Na,CO, — Na,CO,- 10H,0,
10H,0 + Na,S0, - Na,S0, - 10H,0,

TH,0 + FeSO, — FeSO,- TH,0

Bona — ocuosa
JKHM3HE Ha SeMite.
Tsamenasn Boga
D,0 ucronsay-
eTCA B ATOMHOM
JHEPreTHKe KaK
3aMeTMTe b Hel-
TPOHOB B ATOMHEIX
peaxTopax




IIpodoaxenue mabn. 70

Quasuueckue : . Croco6bt nonywenur
ceolicmea Xumuneckue ceoiicmaa u ofnacmu npu?lueuenu.u
H,0; — nepoxcun soaopona. Crenenn okucienns kuciopona passa -1,
CrpykrypHas dopmyna: H-O-0O-H
H,0, — HempouHoe BemecTBO, B npoMuIIeHHOCTH
coocofuoe paanararscs co Bape- | H;O, monydalor nei-
BOM: cTBHeM pa3bapiieHHOH
CEepHON KHCJIOTH Ha
2H202<x+¢ I;D ’?Igzo wt+ 0T + nepoxcny 6apust
, K.
Ba0,+ H,S0, = BaSO, +
Bec- Oxucrmurenshile cofictsa H,0,: + H;0..
uBerHas
cupomo- KNO, + H,0, > KNO, + H,0, B MemnmmH (e) 3%-i
obpaanan pacTBop HCOOJIb-
o 2HI + H,0, - I, + 2H,0, ayerest KAk JeavEdH-
KOCTB, 1LMpYyomee CPeCTBo,
p =1450 PbS + 4H,0, - PbSO,+ 4H,0. B XUMITIeCKIX 1860pa-
kr/m®; Boccranosurensurie croficraa TOPHAX — KAK PEAKTHE;
3aTBep- H,0,: 1A 01GeIHBAHNA
nesaer TeKCTUJIHLHBIX MATE-
npu Ag,0 + H;0,- 2Ag + H,0 + 0,1, | puanos, 6ymaru u p.;
-0,48°C OKHMCJINTE]IH B peak-
2KMnO, + 5H,0, + 3H,80, - THBHEIX TOIUTHBAX, OPH
— 2MnSO, + TIOJTYYeHHH T/IMIIEPHHA
+ 50,+ K,S0,+ 8H,0 M JIp.
30%-# pacreop H,0, Ha-
3RIBAIOT IEPTAAPOTIEM

17.3. BHOJIOTHYECKAR POJIb BOZOPONIA H BOMIbI

Bozopoa B MOJIEKYJIAPHOM COCTOAHUM ABJSIETCS HETOKCHY-
HBIM ra3oM, HO ¥ He IOAJAepKHUBaeT *xusuu. Ero ;xusHeTsop-
HadA POJIb NPOABJIAETCS B €T0 COeJUHEHHAX.

BoJ0pOA BXOAUT B COCTAB BOABI, KMPOB, GEJIKOB M ellle
MHOTHX OPraHHUYeCKHX BellleCTB, PACTEHHH M KHUBOTHBIX.

Monekysy BOABI C TOYKH 3peHUA ee GMoIOrud4ecKoil Bax-
HOCTH MOJKHO HA3BATh MOJIEKYJIOH HOMEp OAHH, IIOCKOJBKY
MMEHHO BOJa COCTABJISIET OCHOBHYIO Maccy Jo6oro »XHUBOro
opranuama. Coepsxanue BOJbI B TeJIe TOJABKO UTO POAHBIIIETO-
cs yeJIOBeKA cocTasiaseT 77%, a B apesiom Boapacte 50-62%
(50% y sxenmuH n 60—-62% y My»xkunH). Bojbmiasa yacTb BOABI
(~70%) B opraEn3Me HaXOAUTCA BHYTPH KJIETOK, HPUMEPHO
23% npuXoANTCA HA BHEKJIETOUHYIO BOAY (OMBIBAET KJIETKH)
u 7% BOABI HAXOAUTCA BHYTPH KPOBEHOCHBIX COCYAOB B COCTA-
Be I1a3Mbl KPOBH. BKJIeTO9HOI BOE COEePIKATCA B OCHOBHOM
KATHOHKI Kaauda ¥ aHHOHBI ¢ocdara. B opraHusme HenpephIB-
HO IIPOMCXOANT 0OMEH BOALI M PACTBOPEHHAIX B Heil BEIleCTB.



18. 3JIEMEHTBI TPYNINBI VIIIA
(s- u p-3NEMEHTBI)

Tab6auya 71
OcHoBHBIE CBefeRRH 006 31eMeHTax
Cumeon
ma He Ne Ar Kr Xe Rn
Jlamun-
cxoe Helium | Neanum on Krypto- Xe- Ra-
nazeanue Arg num nonum donum
Pyccroe o Kpmn- .
naseanue | e Heon Apron TOH Kcenou Panon
T'od om-
Kpwmus 1868 1898 1894 1898 1898 1899
H. Jloxs- Y. Pam- V. Pam- V. Pam- 3P
Asmopbi ep, 3ait, 3af, V. Pamaait, 3aii, 'd,:up'
omupumus| ¥ Kam- | M. Tpa- i 2™ M Tpasepc | M.Tpa- | p Oy“:m
ces Bepc Panest BEpC :
Dopmyna
aMelHe20
sHepeemu- 1s* .2s%2p% | ..3s%3p° ... 4s24p® ...Bsps ...6s%6p°
YeCcKo20
YPOSHR
Codeparca-
HUe g 3eM-
noti xope, | 52410* | 1810° 0,93 3-10¢ 9-10° 61018
Maccosan
dans, %
Zeaxgmcde-_ BerpedaoTes B OpEpOfe MCKINYHTEILHO B CBOGOAHOM COCTOSHMH,
poae"p“ OpeAMyNIECTBEHHO B aTMocdepe

BosmoskHbIE BaJIEHTHEIE COCTOSIHUSA:

18AT ...3523p® B(Ar)=0,
sart.3s3ps3at W] [Tl T T T T ] sarw-n,
BAT**. . 3523p13d? LI L T T ] sar =,
wAreee 3e23p3as [ [r [0 [t] [P T2 e [ ] mar=n-vi,

wareees, 3s3p3as[1] [1 1] 1211 ] Bar=+»-vm.




Tabauya 72
OcHoBHbIe XapakTepHcTHkn HemeTannos VIII A-rpynns

KaK NpoCThIX BeIeCTB

Onemenm He [ Ne ] 4 1T ¥ | x Rn
Azpezam-
Koe co- BecuseTHnwne rasmu
cmoshue
Cocmas
Monexyn Monexkynum OXHOAQTOMHEE
IInom-
"°°;";(P)’ 0,1785 0,89994 1,784 | 3,7493 | 58971 9,73
(293 K)
Temne-
pamypa _ _ _ _ _ _
nRGsReHUA 272,05 248,52 189,22 156,4 111,7 /i !
T, °C
Pacmeo-
pumocmy
e 1.1 H,0 10 — 60 — 500 —
npu (°C,
ML
HnepTrH B 00br4HBIX yenoBuax. He O6paayT coeIHHEHMA
u Ne ofpasyroT MonexysapHEe coeu- €O CTENIeHAMH OKHCJIeHUA
HEeHMH ¢ BOXO, heHOoI0M, TOJTYO/IOM. +2,+4,+6,+8. Henocpen-
Xumu- Ne n Ar 06pa3yioT TONBKO COEHHEHHS CTBEHHO PearupyioT TOJbKO
HecKue BKJTIOYEHHA co GTOPOM B HEKOTOPBIMHE
ceoucmea dropHmaMu, qpyTHEE COemH-
nennd Kr, Xe u Rn nony-
YaIOT KOCBEHHRIM IyTeM
Pamuo-
aKTHBHBI
pacoan
panzs:
Cnocobbt He, Ne, Ar, Kr, Xe apnanorcs noG04HBMY IPOAYKTaMMU TIPY 226
noJiywenus pexTHdHKAIKM KUAKOTO BO3AYXA wRa —
’ - %Rn +
+ ;He.
B metamnyp- Banextpo- | B me- B anexrtpo- B memm-
MYECKMX BaKy- TAUTYp- | BAKYyMHOM iHHe (pa-
M XMMHYECKHX YMHOH M ¥ TEXHNKe; coe- JIOHOBHIE
Opoleccax TEXHMKE XIMM- puuenud KrF, | BaHmel)
01 CO3MaHMA [:5,0: 1 yecknx. | XeF u XeBr H aTOM-
HMHEePTHOH 3amoJiHe- oporec- HCHONML3YIOTCS HO#M 3Hep-
atMocdephl. HHA JIaMII | cax i | B ra3oBhIX reTHKe
Ofnacmu Cospanme HaKa- coapa- V®-nasepax
. | cBepxEEaKMX JTABAHM) HMA
npm TeMrieparyp . HHEPT-
(xumxemi Ho#
resmit). Temait aTMoC-
B cmecu ¢ 02 eprr;
HCOOJB3YeTCH B JNeK-
1A ORXaHAA TpO-
NPH IOBOTHEIX Baxy-
paborax YMHOH
TEXHUKe




19. JNIEMEHTBI I'PVIIIIBI VIIA

19.1. OBIIAA XAPAKTEPHCTHKA
OcHoOBHEIe CBeJeHHS
Cumeon anemenma H F
Jlamuwcxoe naseanue Hydrogenium Fluorum
Pyccroe nassanue Bonopox Orop
Tod omkpumus 1766 1771
Aemopw omKpomus I'. Kaseramm K. Hleene
Codepxcanue 8 3emHOlL
Kope, maccosan dons, % 1,0 6,25-10°
B He6onpmmx KoMgecTBax CaF,
B CBOGOHOM COCTOSTHWM COZED- ( %m)’
HKUTCA B BYJIKAHHIECKAX H a;[AlF]
MPHMPOAHEIX rasdax. BxoauT B xpno.rm13,
Ocnoennie npupodroie cocraB H,0, 6yprx u kameH- a,F(PO,),
coedunenur HEIX yrielt, nedTr, pacTUTens- (dropanaTar)
HEIX B *KMBOTHEIX OPraHK3MOB,
HEKOTOPHX MHUHEDPAJIOB
ATOMHLIE XaPAKTEPHCTHKH
Onemenm H F
Amomnwiii (nopadxosviii) HoMmep 1 9
Omnocumenbras amoMHAR macea 1,008 18,998
Inexmponnan popmyna Ls! - 25°2p°
8aneimmo20 YpoeHR
Iepebiti yuan uoruaayuu, 3B 13,5986 17,4231
Cpodcmeo k anexmpony, 3B - 10,7542 3,448
Onexmpoompuyamensrocms 2,10 4,10
Cmenenu oxucnenus -1,+1 -1

OnexTpoEHble KORGUIYPALRA ATOMOB B OCHOBHOM COCTOSIHWH:

H —1s!

oF  — 18%2822p°

11Cl — 18%23%2p°3523p®

2sBr — 1822s22p%3323p°3d1°4s%4p°

ssl  — 18%2822p%3s23p®3d'%°45%4p*4d °55%5p°

ssAt — 18225%2p®3323p°3d1°43%4p%4d1941455%5p%5d °6526p°



(s- 1 p-JJIEMEHTBI)

TAJIOTEHOB
06 aJleMeHTaX Ta6ruya 73
Cl Br I At
Chlorum Bromum Todum Astatium
Xnop Bpom Hon Acrat
1774 1826 1811 1940
T. Kopcon,
K. [eene A. Banap B. Kyprya K. Makkenan,
3. Cerpe
1,710 1,610 4105 —
NaCl (xamen- B ornosxenu- KIO, u KIO, | IlpaxTuuecku
Has coup), KC1 AX XJIOPHAOB B 3aJIeax B IIPpUpOAE HE
(cuiBBHH), B suge NaBr, CEJIMTPHI, BCTpeYaeTca
NaClKC KBr, MgBr,. OA3eMHEBIX (8 moBepxHOCT-
CHJILBHHUT) Coneprur- OypoBaIX HOM CJI0€ 3€MHOH
C1-MgCl, ~6H20 cA TaKKe BOIAX, KOPHI TOJIIHOMN
(xapHaIHT) B MOPCKOM Boie | B MOPCKHX 1,6 kM comep-
M TOA3EMHBIX pacTeHusax skuTea 70 Mr At)
paccoJiax
raJIoreHos Ta6ruya 74
Cl Br 1 At
17 35 53 85
35,453 79,904 126,905 209,987
...3s%3p° ...45%4p° ...bs%5p° ...6s%6p°
12,9678 11,84 10,4514 9,20
3,614 3,37 3,08 0,145
2,83 2,74 2,21 1,96
—1,+1,+3,+5,+7 —1,+1,+3,+5,+7 ~1,+1,+3,+5,+7 —1,+1,+3,+5,+7

AcTat ABIfAETCA PANHOAKTHBHEIM 3jJeMeHTOM. Elnie pas oTMeTHM,
YTO OOM{HOCTH CBOMCTB I'aJIOT€HOB ONpEAENAETCH OAMHAKOBBIM
CTPOEHHEM HX BHEITHETO dHEPTeTHYECKOr0 YPOBHA (KOHDHUTrypanud
BAJICHTHBIX 3JIEKTPOHOB B OCHOBHOM COCTOAHHH ...ns’np”). Bee ra-
JIOTeHbl NPOABIAIOT OAMHAKOBYIO CTEIEHb OKMCJIeHUA — 1 B coeliu-
HeHHAX ¢ BogopoaoM u metannamu (NaF, CaCl,, Fel;).

213




19.2. TAJIOTEHBI KAK NTPOCTHIE BEIIECTBA

Ta6aruya 75
OcBoBHBIC (PHIHIECKHE CBOMCTBA

Inemenm H F Cl Br 1 At
Taa Taa Homr- K] Kpue-
Bec- KOCTB PHCTAIIE | g niyr
Aezpezamnoe upeTHsmy | CBETIO- | memro- | Lo oo YEpPHO- qepHO-
cocmoRHue sxesrroro | senenoro | XP p
ra3 LBeTa BeTa Oyporo CHHEro
peTa 1pera ugeta
C
v gﬁ;’:’c‘;; H, F, Cl, Br, I, At,
ITnomnocms
o, K2/M3 89,88 1696 3214 3123 4930 —
Temnepamypa .
Maaneréuﬂ 25899 —21947 -100,83 -7,1 - 113,7 302
Temnepamypa
xunem&ﬂ Teun | 25272 | -1879 -33,82 58,93 184,5 337
Yoensroe
anexmpoco- _ . . , _
npomuenenue, 10" 1,310 1,3-10*®
MmeOm - m

Ycunuesaomesa memaanuvecxkue ceolicmea

Oxucrumeavhvie ceolicmaa ocaabesarom

F, CI, Br, I

Yeuausarwmes soccmanosumenvrbie caoiicmaea

B noarpynny rajoresos BXogaT ¢Top, xaop, 6pom, ioa,
acTarT, ABjgonnecd p-aaeMestamu VII rpynns raaBHOI HoA-
rpynnos! nepuogndeckoi cucremu . . Mengeneena.
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19.3. XNIOP — IPOCTOE BEMECTBO

) Tab6aruya 76
OcHoBHRIe CBOMCTBA, NONyYeHRE, IPHMEHCHHAE

QDuauneckue ceolicmea

SIROBATEIIA ra3 #eJITo-3eIeHOTO LIBETA C PE3KAM 3a11axoM, B 2,5 pa3a Thxesee

BO3/yXa, PACTBOPHMEY B Boae (XJI0pHAS Bonag ¥ OPTrAHHYECKHX paCTBOPHTe-
susx. [TpEpomseit xmnop conepacr 2 maorona: 33C1 (77,3%) 1 ;’;Cl Cl(22,7%)

Xumuuecxue ceoiicmsa

XJ10p — CHUTHHHIL OKHCITHTETH,
Baamvopeiicrere ¢ merasutamu: 2Na + Cl; —» 2NaCl — xnopun natpus;
2Fe + 3Cl, 2% 2FeCl, — xnopun xeneaa (III);
Cu + Cl, i) CuCl, — xnopux mean (II).

Baaumogeiicreue ¢ nemerasamn: Cl, + H, E]) 2HCIT,
Cl,+ 28 - 8,Cl,, Cl, + 8,Cl, - 28Cl,, Cl,+ SCl,— SCl,,
3Cl,+ 2P — 3PCl,, 5Cl,+ 2P — 2PCl,.

Baammoneiictaue co cnoxanmu pemecrsamu: Cl,+CH,—»CH,;Cl+HCI,

Cl,+H,0 2 HCl+ HClo  Cla +NaOH o NaCl 5 = NaClQ e,

X/I0OpHAA BOAA JKapeJieBana BOA

2Cl; + 2Ca(OH), — Ca(Cl0), + CaCl, + 2H,0,

(mopomox)

3Cl; + 6KOH — 5KCl + KCIO;+ 3H,0

TOpATAHA PacTBOp XJIOPHX KANMASA XJOPAT KATAS

Cnoco6bt norywenus

B mpoMEIMLIEHHOCTH: 3JIEKTPOJIN3 KOHIEHTpUpoBauHoro pacreopa NaCl:
XJIOp BHIENIAETCA Ha aHoae, Bonopoa — Ha karone, NaOH ocraetca

AIEKTPOJTA3

B pacreope: NaCl+H,0 222, [, T+Cl, T +NaOH .

B na6oparopun: nevicraue xucaotet HCl Ha oxknermresm MnO, mmm KMnO,,
a taoxe PbO,, K,Cr,0, n ap.: 4HCl + MnO, — Cl,+ MnCl,+ 2H,0,

16HCI1 + 2KMnO, — 5Cl, + 2MnCl, + 2KC1 + 8H,0
14HCI + K,Cr;0, — 3Cl, + 2KCl + 2CrCl; + 7TH,0

Ob6nracmu npumeHerHus

B xumirdeckoif mpoMEIILIEHHOCTH JUIA IOJTydeHus consHoi kuciors HCl,
xnopaoit masecta Ca(ClO),, BUHMIXIOpPHAA, XJIOPOIPEHOBOTO KaydyKa,
IAXJI0PITAHA, IePXJIOPITIIEHA, XNop6eH30/14a, 1/14 NoayYeHns oT0eHBa-
Teneit, B TexcTHbHOA M 6yMakHOE IPOMEIILIEHHOCTH AJIA 0TOS/MBAHHUA
TKaHed H GymamHoit Macch. B GrIToBOM xvMmm Asa 0Ge33apaKEBAHMSA
OMTHEBOH BOJBI (XJIOPHPOBAHME BOJEI)




19.4. XJIOPOBOOPON,

OcHOBHREIE CBOIiCTBA, NnoJsy4eHHe

Qu3auueciue

Coedunenue ceoiicmea

Xumuueckue ceolicmea

I'a3 Ge3 upera ¢ pes-
KEM 3a0aX0M, B
HCl — xno- 1,3 pasa Taxenee

IIpu pacreoperuu rasa HCI
B BoJe obpasyeTca kuciora:

P080dopod | pisnia ' HCl(ras) —H2%, HCl
mopaem’;ogo:;gg o ( ) COJLAHAS KHEC/IOTA
BeCuBeTH}%ﬁ WHT- CuibHasa KHCI0TA:
KOCTB. penkas
comsmas xmcmora | 2HCl+Zn — ZnCl+ H,T, Q)

“ARIMUT? H& B03- [ 2HC] + CuO — CuCl,+ H,0, (2)
nyxe. IlmoTHocTh

aBua 1180 kr/m® | SHCI+ Fe(OH), - FeCl,+ 3H,0, (3)

OpH  KOHIEHTpa-
x{-zlf lo;;. 1 pacrsopa HCI | 2HCL* Ca%Oa_) g%((j)lz; @
aOp(fauau 350{?) u 1190 rr/m® + ZCOa\HZ 3
G KO+ AQNO, » g+ FINO, )

KavecTBeHHoO# peakumein
Ha uoH Cl- sBnsercs uoH Ag*:
Ag*+ Cl-- AgCl
€JTLIA TBOPOXKH-
CTHIY oCcagOK

HCl + NH; - NH,Cl

Conu conaHoi KHCAOTEL

Coedunenue

NaCl — xnopuns HATpHUA, KaMEHHASA COJIb, TAJIAT

KCl — xnopun kanusa

BaCl, — xsopun 6apus

ZnCl, — xnopun muiaka

CaCl, — xopug xapuus (6e3BOgHELH)

AlCl; — xnopup asntoMuuus (6e3BogHELL)

HgCl, — xnopun pryru (II), cysema

AgCl — xnopun cepefpa (HepacTBOPUMAS COJIb)

Hg,Cl, xnopax pryra (I)
(xanomens) HepacTBOpHMEIE COJIR
CuCl xnopun menu (I)

PbCl, — xnopup ceunua (II) (MasopacTsopuMasn coJb)




COJIAHAA KHCJIOTA M EE CONIK

" Ta6ruya 77
H NpHUMeHeHHe BOAOPOAHLIX COeAHHEHHIH XIopa

Cnocoby nonyvenus O6nacmu npumerenus
B 186 . B xumMunueckoit opoMmuim-
nabopaTopuu: JICHHOCTH JJIs LOJy4eHHA
2NaCl 'm& + H.SO éx) — Na,S0, + XJIOPOBOAOPOAHOIM (COIAHOM)
+ 2HCIT, I'fz+ 1, —> ZHélT KHCJIOTH

B cmenuanbHHIX NOTJIOTHTENBHEX | B xmMmuueckoit mpoMumieH-
fbamuax, roe HCl ras mornomaercs | HOCTH AJA MOJIydYeHUs ee€
H,0. HCl u H,O gpuxyrca nporuso- | coneit (BaCl,, ZnCl, u ap.)
TIOTOKOM. H KK PEAreHT B XUMUYECKHX

nabopaTopHax, a TAKKe IJIA
IpoMenruensoe noxyyenne raza HCl s 06paGoTKH pYX, TpaBIeHUS

3TOM IpOlIeCCe OCYMECTBAETCA B CI€- | yorannop: B XMMHYECKOM
HMATLHBIX yc'ralgonx(a:x, TAe IPOMCXOMHT | cpyrede mUmeBOR MpOMAII-
ero cunred U3 H, u Cly: JIEHHOCTH, MEJTUITAHE

H,+ Cl;- 2HCI]
Ionyyennrut rasa HCl nepememaercsa

cHu3y BBepx HaBcrpedy ¢ H,0, monasae-
MYI0 cBepXy (cnoco® mpoTuBOTOKA)

Tabruya 78
M MX OpHMMEHeHHe

O6racmu npumerenus

Cuipre ana noaydenus NaOH, Cl,, HCl, Na,CO; u ap. IIpumensierca
B MBUIOBADEHMH M KPACHJIBLHOM JeJie,"a TaKiKe KaK OIpHOpaBa K mUme

Ilennoe ynoOpeHne ¥ KaK peaKTHB B XHMHYECKHX JIabopaTopusax

B 6opsbe ¢ BpeguTENnsIMU CEMBCKOTO X03THCTBA (JIyTOBRIM MOTEUIBKOM,
CBEKJIOBHYHEIM JOJIFOHOCHKOM)

IIponuTka TenerpadgHEIX CTOJGOB M XeJE€3HONOPOMKHKIX INNAJ AJIA
OpesoXpaHeHNs HX OT THHEeHAS

Jns cymxu raaos (CaCl,+ 6H,0 —» CaCl, - 6H,0) u B Menuumue
KaranuzaTop B OpradmdeckoM CHHTE3€e

CuwyibHHH a7; oueHb pa3dbasnennnie pacteopu HgCl, ucnomeayiores xax
CHJIBHO JMe3MH(HUUpylomee CPeCTBO; AJIS NPOTPABJIHUBAHUA CEMSH,
IyOIeHus KOMKH, B OPTaHMYECKOM CHHTe3e

B ¢ororpaduu

Hg.Cl, ucmonsayercsa 41 M3TOTOBJIEHAA JIEKTPOOB, KAK KATAIM3ATO
B OpraHMYecKHX peaxnuax u Kak anrucenTnk. CuCl — nornoraress C
B ra30BOM CHHTE3€, KaTAaJIu3aTOp B OPraHWYeCKOM CHHTE3e.

B xummyeckoit 1aboparopun
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19.5. KNC/IOPOZIHBIE COENMHEHNA XJIOPA

Tabaruya 79

Hassagna
. Kucnopodcodepacawdsn | Conu xucnopodcodep-
§ ga Oxeud xropa Kucroma Heauyux Kuciom
§ g % Qopry- | g Do H Dop- He
na a3eaHrue PMYTQ a36aHrue Myna as3eaHue
Iumo-
Oxcupg
xnopa (1), XnopHo- X7ioput
+1 CLO0 XJIOPHO- HCIO | Bartucras CI;((((JJI(())) Ka‘:m
BaTHCTRIH KHCJIoTa 1 eam-
AHTHPH s
Xno-
Xnopar
+ —_— —_—
3 ;-ICIOz l?;:c;:; KC10, KATHS
Oxcun
xJiopa
w | co, | “aW,
VIOKC
XxJ0pa
N Xnopar
Xnop- Kaus
+5 — — HCIO; | wmosaTas KC10,4 (GepTo-
KHCJI0Ta . JIeTOBA
comm)**
Oxcup : -
xJiopa - Ilep-
+ | oyo, | Wi | HCO, Xnopras | g(l0, | wiopar
XJIOPHBIH KaJTusa
AHTHADHI

* Ca(Cl0), monyuaior geiicTBHeM xJopa Ha nopomok Ca(OH),:
2Cl, + 2Ca(OH), — Ca(Cl0), + CaCl, + 2H,0.

GesanbHAA (XI0PHAS) AIBECTD

IIprMenRseTca ALA 0TGEMMBARAA XJA0MIaTOOYMaXKHLIX TKAHEH, 6yMaru,
XJIOpHPOBaHM A BoAKL, Aesuadeknuu. Ca(ClO), — ouens cunmmn OKHC-'
TUTeb. oo

** 4RKClI0, ——— > 3KCIO, + KCl, 2KCIO, —) 2KCl + 30,.
xar. (MnO,)

HCI0, HClO,, HCIO,, HCIO,,

Yeeauvenue cunbvt Kuciombe
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19.6. KPATKAA XAPAKTEPNCTHKA $TOPA,EPOMA ¥ HOZIA

Ta6aruya 80

OcHOBHBI® CBOMCTBA, IONYYOHHE H IPHMEHEHHE

®mop (F) ] Bpom (Br,) | Hod (1)
Quauneckue ceolicmea
Ceposaro-
YepHoe TBepoe
Temuo-kpacuas BeIIecTBO,

Caerno-xesrTaiif ras, pas-
JIaTalmEd BOAY

SKMIKOCTB, pac-
TBopuMmas B H,0,
coupre, agupe

XOpOIO pacTBo-
pHMoOE B CITHD-
Te, aupe, HO

OYeHB ILIOX0
PACTBOPHMOE
B BOJIe

Xumuvecxue ceoiicmea

F,+H, - 2HF (co Baprisom
NpH JIOORX YCIIOBUSX),

3F,+8 - SF,, 2F, + Xe - XeF,

Br, + H, > 2HBr,
Br,+2S - S,Br,

©

L+ H, = 2HI,
+1

I, +28 - §,1,

C apyrumu npocreMu BemectBamu F,, Br,, I, pearupyior, kak xJop

(cM. Tabs. 76)

2F, + 2H,0 —» 4HF + O,
(«ropeHme BogH BO (rrope»).

OTa peaKImd UMeeT He-
CKOJTbKO CTaHAH:
H,0+F, - 2HF+(0],
H,0 + [0] - H,0, 2Nal + Br,> .
(mepoxcmy Bomopona) 2NaBr +1,
F.+ [0] - OF, —
(dropmn kEcTOpOsA)
0, + {0] > O3 — o30H.
2Na(Cl + F, - 2NaF + Cl,
Cnocobw nonywenus
B naGopaTopun aHaI0rH4YHO DOTyYe-
HHIO XJI0pa.
OuekTpom|3 pacmur B npomeininen-
OPOMBIHUTCHHOCTH: .
6udropuna l&anl;m KI?B%-IF B HOCTH:
B CBHHIIOBOH anmapaTrype
paTyp 2KBr + Clz—) 2KI + Cl, »
— 2KCl + Br, SKCl+1,
Obnacmu npumerenus
B ceEmTe3e nojmMepHEIX Jns aparoros- Jlns npuroTos-
MAaTepHUAIOB (drmpglma- %nem&gﬁ JIeHnsA gexapcm
CTHI), KAK OKHCJIHTEJIE Oy eHIST HomHasn Ha-
PA3JIMYHEIX Opra CTOMeR o Boh-ii
PAKETHODO TOILIUBA, HMYECKHX BEHIECTS,
JKEKOCTH ((DpeoHsl) s o Jraxoxpacol?moﬁ’ pactBop L,
XOJIOXHIBLHEIX MAITHH IPOMEITLneHHOCTH B CIIMpTe).




19.7. BHOJIOTHYECKAA POJIb TAJIOTEHOB

dTop MrpaeT oYeHb BaYKHYIO POJIb B JKM3HHU DacTeHUIH,
JKUBOTHBIX U 9eioBeKa. Bea ¢ Topa HeBO3MOXKHO HOPMAJILHOE
PasBHUTHE KOCTHOTO CKeJieTa ¥ ocobeHHOo 3y0oB. ComepixaHune
dropa B Kocrax cocrasiasger 80-100 mr ma 100 r cyxoro
BellleCTBa, a B cocTaBe aMaau 3y6oB — 100-180 mr Ha 100 r
cyxoro Berecrsa. B aMaiu ¢Top NpUCYTCTBYET B BUAE COELH-
uenusa Ca,F,(PO,),; n npugaer eit TBepaocTs n Genusny. Ilpn
HeZOoCTaTKe (TOpa B OPraHH3Me YeJI0BeKa IPOHUCXOANT mopa-
JKeHMe 3yOHOH TKaHM (KapHec), a H3OLITOK ero CocoOCTBYET
3abosieBannic 3y60B duroopesoM. ONTHMANBHBIM CUUTAETCHA
comep:xanue ¢ropa B npecHoit Boge 0,7-1,0 mr/n. MHOro
tropa cosrepRUTCA B 3NaKAX, YAIHOM JIUCTE, IaBEJEe, rOpoXe,
rpubax, cajaTe, KamycTe, CBeKJe, pelbKe, 3€JIEHOM JIYKe,
MOPKOBH, (hacosn, uepenite, BUHOrpajae, orypuax. Cyrounas
noTpeGHOCTE YeJIOBeKa Bo dTope cocTasiseT 2—3 mr.

Xnop (xn0p-HOH) OoJiee BayKeH AJIA KU3HEAEATEIbHOCTH
JKHBOTHBIX M YeJIOBEKAa, YeM JJIf pac'renm‘fl. OH BXOJHT B CO-
CTaB MOYEK, JErKuX, CeJe3eHKH, KPOBH, CJIOHBI, XpAmiei,
BoJioc. MoHEI XJI0pa peryaupyioT 6ydepHy:o cUCTeMY KPOBH.
Xopuj HATPHA ABJISETCS COCTABHOM YaCTHIO ILJIa3MEI KDOBH
H CIIMHHOMO3I'OBOM KHAKOCTH U YUACTBYET B PETrYJIALUH BO-
auoro obmeHa B opraHmame. CBoGojgHas coNAHaAA KHCIOTa
BXOMHUT B COCTAB JKEJYAOUHOTO COKA BCEX MJICKOMMTAIOMIHX
¥ AaKTHBHO YYaCTBYET B aKTe MHUILEeBapeHUA. ¥ 3[0POBOro ye-
JIOBeKa B iKenyake cogepxurcd 0,2—-0,3% cosaHOH KUCIIOTHI.
HepgocraTox xJjopa B oprain3Me HPHBOAUT K TAXUKADAHH,
CHHXKEHHIO apTepHabHOro JaBJIeHUs, CYA0pOraM.

JlocTaTouHOE KOJMYECTBO XJIOPA COAEPIKHTCI B TAKHUX
0BOLLIAaX, KaK ceJibJepeii, peJuc, orypIhl, Kanycra 0eIoKo-
YyaHHafA, YKPOII, Iepel, JYK, apTHUIIOK.

BpoM Takke BXOAUT B YHCJIO HEOOXOJMMEIX MHKPOJJie-
MEHTOB, OOJLIIIE BCETO €r'0 COAEePXKUTCS B runoduse, KpOBH,
IMUTOBUHOI JKeJiede, HAAIOUEeUHUKAaX. BpOMHAKI B HeGOIE-
mux posax (0,1-0,3 r gua B3pocoro 4esoBeKa) MOJIOMKH-
TeJBHO JEeHCTBYIOT HA EHTPAJILHYIO HEPBHYIO CUCTEMY KaK



YCHJINTEJH NPOLECCOB TOPMOYKEHHUA B KOPE MOJIOBHOI'0 MO3ra.
B npupoje 6poMHAR HAKANJIMBAIOTCA B TAKHX DACTEHHAX,
KaK pO’Kb, NUIEHNNa, AYMEHb, KapTodeas, MODKOBbL, 4e-
peniHsd, a010Kku. MHOro 6poMa coepKHTCA B roJJIAHACKOM
chIpe.

Hon B opranmame uenoBeka HAYMHAET HAKAIIMBATHLCH
eme B yTpoGe mMatepu. B ropMoHe IIMTOBHAHOH Keje3bl
YyeJIOBeKA — TMPOKCHHe — cojepKutca 60% cBsaszanHOTO
#ona. ITOT TOPMOH C -TOKOM KPOBHM IOCTyHmaeT B IMe4Y€Hb,
NOYKHM, MOJIOYHEIE JKeJIe3hl, JKeJyAOUYHOKHUINeIHRIH TPaKT.
HenmocraTok HoAa B Oprann3Me YeJIOBEKA BBIZHIBAET TAKHE
3a00JIeBaHUA, KaK 3HAeMHUYECKHNi 300 ¥ KpeTHHHM3M, IIPH
KOTOPOM 3aMeAJIAETCA POCT M Pa3sBHBAETCHA YMCTBEHHAA
OTCTANOCTh. B COYEeTAHMHM C APYTMMM 3JIeMEHTAMH HOJ CIIO-
coOCTBYeT POCTY M YINTAHHOCTH KUBOTHHIX, YJIYYIIaeT UX
30pOBLE U IJIOJOBHUTOCTD.

OCHOBHRIMHM IMOCTABIMHKAMH HOJA AJIA YeJIOBEKA CIYKAT
3JIaKH, GaKJaaxKaHsl, Gacons, KanycTta 6eJJOKO9aHHAA U IBET-
Haf, KapTodens, JYK, MODKOBB, OTYDIIHl, ThiKBa, CAJAT,
MOpcKasg Kanycra, KajJbMaphl.



20. 37IEMEHTHI TPYINBI VIA
(p-3NMEMEHTBI)

20.1. OBHIAS XAPAKTEPMCTHKA SNEMEHTOB

Tabauya 81
OcHOBHBIE CBeXeHUs 00 31eMeHTax
Cumeon 0 S Se Te Po
anemenma
Jamun-
croe na- Oxyi(: ; Sulfur Siel: 1:“;' Polonium
3eanue nu u u
Pyccroe Kuenopon Cepa Cenen Tes; Tonoruit
Hasearue yP
Tod om- HNaBectna
KDBIMUR 1770-1774 C IpeBHHUX 1817 , 1782 1898
BpeMeH
I1. Kiopu
Asmopu | K. lleene, .
omkpue- | A. XK. Ipu- —_ nénB:p(; Mion- H M'c(li:";‘mno'
mus T ley nep B -
Kwopu
Coodep-
acanue
6 semrol 47,0 5-102 810" 1107 210
Kope,
maccoean
dons, %
Camopoanas
B cBoSon- cepa, B ByJI-
HOM CO- KaHHYECKHX Cc:BHyT
CTOSTHMH — razax — B Buge Yi0-
B aTMOC- B Buge H,S npu- K(;":;:)_ o
OcHroekbie depe, u 80,; FeS, Mecelt HEHT B anﬁo?ﬂm.
npu- B CBA3aH- (mupur); PbS CeJIeHH- poro ac
POoOHbLe HOM BXO- (raneHur); JOB B MHe- HOro pacoana
coedune- auT B ZnS pyaax Aﬁa_A?ﬂg?I‘x B MHHEpAIAX
HuA cocTaB (cdanepmr); FeS,, - p _e‘ 'mp::au
B,0, 8Si0,, CaS0,2H,0 CuFeS,, m'n') yp
CHJIMKATOB, (rumnc); ZnS wAngie
AMIOMOCH - Na,SO, - 10H;0 (mczcm)
JIMKATOB (rnay6epoBa
COJIb)




Tab6aruya 82
AToMEHRIE XaPAKTePHCTHKM

Snemenm (] S Se Te Po

Amomnbiil

(nopadxo- 8 16 34 52 84
8buli) HoMep .

Ommnocu-

menvHas

amamnas 15,9994 32,066 78,96 127,60 208,9824
Mmacca

Snexmpon- S, Se, Te, Po, n (momep mepuona) = 3, 4, 5, 6
Har 28 ns n, nd

2p
empyemypa ([1211] 1 [ 7] wrlarfrfel TTT T

eanenmmozo
YPOSHA

Paduyc amo-
Gupcamo- | 0,073 | 0102 | 0116 | 0,136 0,146

Iepaviti
nomenyuan 13,618 10,360 9,752 9,010 8,430

K anexmpo- 1,467 2,077 2,020 1,960 1,320

ompu- 3,50 2,60 2,48 2,01 1,76

Cmenenu -1,-2, -2, 42, -2, +2, -2, +2, -2, +2,
OKUCNEHUR +2* +4, +6 +4, +6 +4, +6 +4

* Toabko B okcuge dropa F,0.

3Jle!c'rponnme Konq)urypannn a4TOMOB B OCHOBHOM CO-
CTOAHHNH:

30 — 1s22522p*

165 — 1522522p83523p*

sa5e — 1522522p53523p%3d'1°4s%4p*

s2Te — 15225%2p°3523p®3d'%4 s24p°4d 5525 p*

3sP0 — 18%2522p®3523p°3d'°4524p®4d 4 f145525p%5d 6 5?6 p*

AneMeHTH rpynns VI A umelor objee HA3BAHUE «XAaJlb-
KOT'€HBI», 9YTO 03HAYAET «06pasyoinque pyasi». CX0ACTBO XH-
MHYeCKHX CBOMCTB XaJbKOreHOB 00'bACHACTCA OQUHAKOBEIM

CTpOeHHEM BHEITHEI0 9HEPreTHYeCKOro YPOBHSA NX ATOMOB —
...ns’np* (cM. Tabn. 82).



20.2. XAJIBKOTEHBI - NMPOCTHIE BEMECTBA

Ta6au ya 83
HexoTopsle cBoiCTBA XaJAEKOreHOB

Onemenm 0 S Se Te Po
a-S
(poMGu-
yeckad B.Se 'Y.Te
Annompo- | Kucno- cepa), (rexca- (rekca-
nuvweckue pox O, B-S — TFOHAJIB- TrOHAJIb- a-Po
gopmbt 030H 63 MOHO- HBLA HBIH
KJHH- CeJIeH) | TeJTyp)
HAH
cepa
Kpu-
cTasum- Meran-
eg;lp:(;e Kpu- Yyeckoe n%no-
crayum- Belne- IobHoe
e Taaut HecKoe CTBO KpHCTAa- I\N/{g:::f
osu%’;u Bemie- ¢ Me- JorYeckoe
yenoaunx CTBO TAJIH- Beme-
YEeCKUM CTBO
6;1ecxoM
B
-~ Cepe- "~ Cepe-
Heem | TESTHET )Kenﬁ- Cepsrit 6pucro- | Gpucro-
cBOTTIO- ©JIbIH eJTEI
roayboi
ooemae | 0.0, Ss Se. Te. —
Moune- Uenxas Ilennasa
Kpucman- Kynsp- MOJIEKy- MOJEeKy- ATg;"
e |~ | Vg | e | g | en
peuwiemxa pom6u- FOHATE TeKcaro- )(Izlcaa
yeckas o HaTLHAS
ITnom-
wocms ©), | 1429 (0,) 2070 4790 6240 9320
(293 K)
Temne-
pamypa | 23B2 113 217 449,7 254
nus, °C
Temne-
pomee | 105512 | 444824 | 685100 | 990,000 | 962,000
°C
Voenvroe
anexmpu-
weckoe
posions - 1,91.10% | 8010¢ | 37.10° —
muanerue,
meOM M
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Tab6aruya 84
CBoiicTBa, MOJyJeHHe, NpUMEHEeHHE KHCAOPOAA H 030HA

Quauueckue ceoiicmea

O, — GecupeTHELA ras (ero cBOMCTBA cM. B Tabu. 83).

0O; — ra3 cBeTJI0-ro/Iy0oro 1BeTa ¢ XapakTepHLIM 3a[IaX0M, PACTBOPHM
B Boze Jiyume kuciaopoaa; T, = -251°C, T, =-112°

Xumuveckue ceolicmea

Oxucnure/bHEE CBOMCTBA:
0, +2Ca - 2Ca0, 50, + 4P - 2P,0;.

I'Cncnopoz( HeIIoCpeaACTBEHHO Bsa.umoneiicmye'r €0 BCEMH MeTaJllIaMHu
H HEMETAJUIaMH, KpOMe 30JI0Ta, HJIATHHH KU raJIOT€HOB.

Bsamwo;(eﬁmue CO CIIOKHKMHN BEIIECTBAMH:
CH,+20, 5 CO,T+2H,0,  4NH,+ 30, & 6H,0 + 2N,T
C,H,0H + 30, - 3H,0 + 2CO,T.
20, + PbS = PbSO, + 0,,
0,+ 2KI + H,0 - I+ 2KOH + 0,.

O30H pa3pymaeT pe3uHy, BocILT1aMeHsAeT abup, coapr, ckummaap. O30 —
CHJIBHEIA OKHCJIATENH (CHIIbHee, yeM ()

Cnocobv nonywenus

B npomuimuienHocTH:
a) |3 KAIKOr0 BO3AYXA;

6) 3IEeKTPOA30M BOIEL 2H20 —_ 2H,T + OZT
B na6oparopun: 2NaNQ, —) 2NaN02 + 0, 2KCIOS 2KCl1 + 30,
2KMnO, 5 K.MnO,+ MnO, + O,

O30H DOTY4AIOT A€ACTBAEM THXOIO JJIEKTPHYECKOr0 pa3psaa B mpH-
6ope oaonarope: 30, = 20,.

B npupoge 030H 00pa3yercs npu I'PO30BHIX pa3psagax U NpHU OKHCIIe-
HHMM CMOJIB XBOMHEIX J€pPeBLEB

O6racmu npumenenus

Kacriopox MCIons3yloT OpH CKETAHHA TOIUIMBA B METAJUTYPrHH OpH
IUTABKE YyTyHA M CTAa)IH; B COEIMAIBHEIX I'a30BHX MOpeIKax JJis CBapKH
M Pe3KM METAJUIOB; B KHMCJIOPOOHEIX mprbopax (aKBajaHTaX, MacKax).
Kuacnopos Heo6X0MHM LA QEXAHUA XKHBEIX OPTaHU3MOB, IJ1S1 OKMCICHAS
YIJIEBOJIOB, JKUPOB U OEJIKOB

O30oH mpEMeHseTCs Kak Ae3MHpHIMpyomee CpefCcTBO JJIA OYHCTKH
nuTHeBO# BoAk (YéuBaeT MukpoopraamaMel). O61anaet Taxke oréem-
BaIOIMMM AeHCTBHEM




Tab6xruya 856
OcHoRER® CRONCTBA, NOAYYOHHE M NPHMEHOHHE CePhl

Quauveckue ceoicmea

Obpa3syer HECKOILKO AJIOTPONMYECKHX MomudHKaumit: pomGuueckasn
(upu KOMHaTHOHX 'reMnepa'rypez; MoHOKuEHAA (96°C); nnactuyeckas
cepa (pacmias cepHl, Harp o 260°C ¥ 3aTeM GHICTPO BHUIMTHIA B
XOJIOAHY® Bozy). Monekyari cocroaT u3 8 aToMoB (Sg). Cepa — xpynxoe
BEMECTBO, He MPOBOAUT JIeKTPHMYecKHl TOR, HepacTBopuMa B H,0, Ho
pacreopuMa B CS; (cepoyrnepon)

Xumuveckue ceolicmea

Cepa — THOMIHEIA HeMeTaJlJI, HHEPTHHIA NPH KOMHATHOH TeMuepa-
Type.

Baaumopgeitcraue ¢ HeMeTALIAMY:
S+ H, gl{, -Sz, 28+C 5 CS;, 3S + 2P 5 P.S; (cepa aBnsercs
OKMC/IMTEJIEM)
é +0, 5 HSO, , (cepa smBITETCH BOCCTAHOBMTEIIEM)

S + rasoren — (SF,, SF,, SCl,, SCl,, u ap.).
BaaumoneitcTaue ¢ MeTannamu:
35+ 281 & ALS,, S+Fe & FeS,§+2Cu & Cu,S, S+Hg— HgS.
BaaumoneiicTaue CO C/IOKHEIMY BeINeCTBAMU:

§ + 2H,80,0 & 380, + 2H,0,
3§ + 6NaOH - 2Na2-Sa + Na,“S4O3 + 3H,0

Cnocobv nonyverus

B npoMBUmIeHHOCTH:
8) H3 THPHATA OPH €ro Harpesanuu 0e3 DOCTyma BO3AyXa:
FeS, & FeS +S;
6) oxuC/IeHMeM CEPOBOAOPORA OPH HEJOCTATKE KHCI0pOa:
2H,S + 0, & 28 + 2H,0;
B) B3 CAMOPOJHLIX PYX;

r) B MeTaJUTypra4yeckux mpoueccax opu moaydenum Cu, Ni » apyrux
METAJLIIOB

O6nacmu npumerexus

Cepy ECOOIB3YIT AN NOJYYEHHA CEPHOK KHUCIIOTEI, H3TOTOB/IGHAH CIH-
4yeK, YepPHOro rmopoxa, GeHrannckux oruelt, ans GopsOu ¢ BpeguTeIMHU
CeJILCKOTO XO3MCTRA | A8 JIeYeHUs HEKOTOPHIX Gonteaneit; B npouasoa-
CTBe KpacHTesiel, B3pHBYATHIX BeIIeCTB, JIOMMHOMOPOR, cepoyriiepona
CS;, Kax BYJIKAaHM3UPYIOLIUI AreHT




20.3. CEPOBOMIOPON H CYNIb®HABI

Tab6auya 86
OcHOBHbIe CBOMCTBA, HOJyIeHHE

Quauveckue

ceoticmea Cnoco6bt nonysenun

Xumuveckue ceolicmea

CoennmHeHnns

H,S — ceposogopon, CuS — cyasdun meau (II) (uepsrri), PbS — cyns-
bun ceununa (II) (yepasni), CXS — cynbdug kagMHaA (3KeJIThnT), an —
cympény upHka (6esasnt), MnS — cymngmn maprasua (IT) (pososkii)
SnS — cymbéux onosa (1) (xopiraHesEnt), Sb,S; — cymbdun cypsMet d

g)paﬂmesmﬁ)

Topur Ha Bo3ayxe:
-2 . 4 S+H,- H,S
2H, S + 30, 2H,0 + 280,. (aponyckanue H, yepes
KATSAIIYIO KUAKYI0 cepy).
H,S — cunwuenit
BOCCTAHOBHTEJIb: B naGopatopun:
B ammapare Rumma
H,S — 6ec- H,S + Br,—» S + 2HBr, BO3[[eHCTBUEM COMSHOM
LIBeTHEIX KHCJIOTH Ha CyJIbMHA
rasc xa- HsS +1,- S+ 2HI wenesa (II):
PaKTepHEM
3amaxoM Mpu pacteopensm rasa H,S | FeS+ 2ZHCl - FeCl,+ HST.
TYXIBIX M, B BoZie TOJTY4aeTcs cepoBo-
ANIOBHT, mopoxHasa kuciota (cirabas, Cynedbras nomydaior
PacTBo- ABYXOCHOBHA): JleficTBHEM CEPOBOJIO-
pHM B BOAE pola Ha COJTH JPYTHX
u comEpTe HS = H'+HS — KHCJIOT:
T 1-1 ctynens, K;= 9,510
_85:"{-";4°C HS- = H*+ §* — 2-7 c1y- H,S + CuSO, - CuS! +
T : mess, K,=1,0-10714, + H,80,,
—60,35°C Ceposonoporas kucnota | H,S + Pb{NO,), - PbSL +
ofpasyer gBa pAfa coxei:
B pu- b mge Sy mbame) + 2HNO,.
pone H,S M CpeHHe Ecymﬁbrmu). Hefrrpamaauus me-
Bhuesered pocy LAl PACTBO- JIoueii CcepoOBOLOPOHON
B COCTaBe PHMEHI B BOJe H CYIMIECTBYIOT KEHCTOTOR:
BYJKaHHIe- TOJIBKO .
CKHX T'a30B; B pacTBope.
obGpasyerca 2NaOH + H,S - Na,S +
OpH rHEE- Cynpuanl menoyHsx + 2H,0.
HHH pac- METaNN0B H aMMOHUSA pAac-
THTEJIbHBIX TBOPHMHI B BOJE H MO/BEp- CHHTe3 U3 mpOCTHIX
H HUBOTHLIX TaroTCA BemIeCTE H 06MeHHLIe
OpraHm3MoB THOPOJIH3Y: peakiymH:
Na,S+H,0 = NaHS + NaOH, Zn+S % 7ns,
§*+ HOH = HS + OH;
FeCL+ (NH,),S — FeSl +
Al,S;+ 6H,0 - + 2NH,CI
- 2A1(0H),! + 3H,ST
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20.4. KHCIIOPOHBIE

OcnosHsie cBOlICTBA, NOMyIeHME H NPHMOHEHNE

Coedune- Qusuveckue .
of‘u':ue N cl:;uﬁcmaa Xu.uuwecxue ceoucmea
80, — I'a3 6e3 uge- THOUYHELT KUCTOTHBIR OKCHI:
okcud TA, ¢ Pe3SKUM
“%E,fgo’ sarazo, S0,+ H,0 = H,80,, SO, + K,0 - K,SO0,,
bl -
aHeu- M];:Kg'r:(;%;e‘ SO, + NaOH — NaHSO,,
dpuo IIpa -10°C
nepexoasT SO, + 2NaOH — Na,SO,+ H,0.
B xmmcocx;xa " "
a mpx —73 S0, + 2H,S - 2H,0 + 38°,
Ipespamaer- 4 0 +6 -1
ot o SO, + 2H,0 + Br,— H,SO, + 2HBr
250,+0, = 250,+ 198 xJlx.
HSO; —| Becuperuas H,SO; — kucnora cnabas, merydas:
cepru- HKHUOKOCTE
mf({.n'l.g;lna H,S0; = H,0 + SOZT
Iposmnser Bee xapaxTepHEIe 1A KACJIOT
cBOHCTBA:
H,S0;+ 2KOH - K,S0,+ 2H,0,
H,S0, + Na,SiO, - Na,S0,+ H,SiO,!,
H,S0;+ Ca0 - CaS0;+ H,0.
SO; — Becipernas TUmWIHRIE KUCJIOTHRIA OKCHJT:
okcud IKHIKOCTD
com | Top=45°C; SO, + H,0 — H,S0, + 302,8 1]l
‘oo | mpuT< SO, + Ca0 — CaSO
e | 176 mpe- s+ Ca0 - CaSO0,
ol B A SO, + 2NaOH — Na,SO, + H,0,
cepbi) KpHCTAJ-
JIMYECKYI0 SO, + H,S0,(x) - H,S,0,
Maccy oneyM




COEAMHEHHSA CEPBI

OKCHI0B M 'HAPOKCHIOB Cephl

Tab6auya 87

Cnocobb: nonyvenus

Obnacmu npumenenun

B npoMuunnennocTu:
CHRUraHue cephl WM o0ur mupuTa:
s+0, % so,
4FeS, + 110, . > 2Fe,0, + 850,.

B na6opatopuis:

Na,SO,+ H,S0,(x) —

— Na,S0, + H,0 + SO,T,
Cu + 2H;80,60 5 CuSO, + 2H,0 + S0,

B npoussoncrse cep-
HOM KMCJIOTHL, S
a TaKXke CyJIb u-mn,
FHAPOCYNHPHTOB,
THOCYILQATOB H Ap.;
anA orbemuBaHMsA
meJsika, MEepCTH, CO-
JIOMBI, KK CPEACTBO
s geaudgexumy,
JAJA KOHCEPBHPOBA-
HMA (PPYKTOB, ATOX
M ap.

S0, + H,0 - H,S0, — CYIIeCTBYeT
TOJIbKO B pa3faBleHHLEIX pacTBopax

Mo orbenuanmnsn
IMepCTH, MEJIKA,
COJIOMH H Jp.

250, + 0, L"C» 250,;

npokanusanue Fe,(SO), u Na,S,0;:

‘FelS0); 5 Fe,0,+ 350,T

Hns nomyyenus
CEPHOM KHUCJIOTHL B
oJieyMa, XJIopcyasgo-
HOBOM KMCJIOTHI; KaK
JeruapaTupyomui

AreHT OpH I
GeamopHol ENO3




Coedunenue d:;.zz;:e"f::e Xumuueckue ceoiicmea
H,80,— Taxenas, Pas6asnennas H,SO, npoasnser xa-
cepnan BHI3KAA, paxTepHnie cBoiicrBa kucnor. CrapHas
Kucnoma Geciper- JBYXOCHOBHAS KHCJIOTA:
Had XKAg-
KOCTB 0ea H,SO0,=H* + HSO,,
3amaxa.
. HSO; = H* + 80%;
Inorsocrs
1840 xr/m’ H,S0, + Zn - ZnSO, + H,T,
opnr
Oy~ 96% 3H,S0, + Fe,0;— Fey(S80); + 3H,0,

3H,SO, + 2Fe(OH), —» Fe,(SOy; + 6H.0,
H,SO, + BaCl,— BaSO,l + 2HCI

Kouuenrpupopannas H,SO, asepruyno
nornomaer Bogy. HoSO,(x) pearmpyer noy-
TH O BceMnA MeTasuiamnm (kpome Au u Pt)
M HEKOTOPHIMM HeMeTaJIaMu:

Cu + 2H,S0,x) > CuS0, + 80,1 +2H,0,
Zn + 2H,S0,(0) & ZnSO, + SO,T + 2H,0,
3Zn + 4H,S0,) > 3ZnSO, + S + 4H,0,
4Zn +5H,80,) 5> 4ZnSO, + H,ST + 4H,0.
5H,S0,(x) + 2P — 5S0,T + 2H,PO, + 2H,0,
2H,80,(x) + C - 280,T + CO,T + 2H,0,
2H,S0,(x) + S - 3S0,T + 2H,0.

H,S0,(x) o6yrimBaer npeBecuHy,
Oymary, caxap:

CoH;,0,; + H,80,(x) > 12C +
+ H,S0,11H,0.

C Bomoit H,SO, o6pasyer ruapars:

H.SO,-H,0, H,S0,2H.;0, H,SO,.-nH,0




IIpodoaxernue maba. 87

Cnocobu nonywerur

O6racmu npuMmererus

KonraxTuuii coocob nosydeHus
20Uy

1) monyyerue SO,:
4FeS + 110, & 2Fe,0, + 8S0,T;
2) orkucnenne SO, B SO
250, + 0, — Va5 2504
3) pacreoperue SO,

B H;S0,(x):

SO, + H,S0,(x) — H,S,0,
oneym
Pasbasnenne H;S,0, ponot 1 no-
nyuenne H,SO, HyxHOH KoHIIEH-
TPALHK:

H,S;0, + H,0 - 2H,;S0,

IIpumenserca mouTH Bo Beex
OTPAC/IAX NPOMEIMIICHHOCTH,
JISL HOJTy4eHus a30THHIX M
docaTurx ynobpermit (cynep-
tdocdar, cynsdar aMMoHuSA);
nna nonydenus FeSO, - TH,
SKeJIO3HBI Kymopoc)
u CuS0,5H,0 (Megrrit Kymo-
poc); KpacuTesielf, niaacTMace,
B3PHIBUATHIX BEINECTB U Ip.

Jlna npouasoncTBa
mcnog (HF, H,PO,, ﬁCl,
CH,COOH u ap.) u ynobpeHust.

JIS1 OWHCTKY HepTeIpOAYKTOB
(CenauH, KEpPOCHH, CMa304HbIE
Macnas, IOJIy4eHHSA JHIMO-

Pa3ymoILIMX A B3PRIBYATHIX
BeMecTB, 3pApPOB, ITAHOJIA, Ka-
npoJiaKTaMa; OJIs Pa3iodkeHnsa
KOMIIVIOKCHRIX PyAd B ruipoMe-

TAJUTYPTHH B Op.

23t



Tab6ruya 88

Cony cepHOH KHCJIOTBI, HX CBOMCTBAa H IPHMeHEHHE

Coedunenue Xumuveckue ceoiicmea O6racmu npumenenusn
PbSO, — Conb CaSO, manopacrso- 1
cynvgpam paMa B Boxte, a BaSO, CaS0, EHzO

caunya (II)

CaSO, —
cynsgpam
Kanbyus

CaS0,2H,0 —
aunc

2CaS0,H,0 —
anebacmp

Na,S0, —
cynsgpam Hampus

Na,S0, 10H;0 —
anaybepoea cons

BaS0O, —
cyavgpam Gapus

CuSO;5H;0 —
MeOnbLil Kynopoc
2ZnSO,7H,0 —
LUNKOBYLT Kynopoc

FeSO,7H,0 —
Jncene3nbeil
Kxynopoc

KAI(SO)y12H,0 —
QIOMOKQNLUEBbIE
KxeacubL

KFe(SO/12H,0 —
Jcenedonanuesasie
KeacUbL

KCr(SO)s12H,0 —
XDOMOBOKQNUECBbIE
Kreacubt

uPbSO, — HepacTBOpUME
B BOJ€; GOJILIIMHCTBO CYJIb-
¢aToB B Boe pacTBOPHMEL.
MHorue com Kpucraaiim-
3yI0TCA B BHfIe KPHUCTAJLIIO-
rMOpaToB, KOTOpEIE OPH
HarpeBaHUM TEPSOT BOAY:

CuS0, -5H,0%
CHHIIA LIBET

% CuS0, +5H,0 .

6esmIi nper

H,SO, obpasyer aBa pana
coJieit:

xucauie — NaHSO,
(ruapocynnsdar HaTpus),

cpenHue — Na,SO,
(cysmsdaT HaTpus).

CynbdaTh nposBisTIOT BCe
XapaKTepHEIEe CBOHCTBa
coeit:

CuSO, + 2NaOH -
— Cu(OH).{ + Na,SO,,

CuS0, + BaCl, » BaSO,{
+

+ CuCl,,
SnSO,+ Zn —» ZnSO, + Sn,

BaCl, + H,S0, - BaSO,! +
+ 2HC},

Ba?* +S02" » BaSO,l

GemIt KpUCT.
0CanoK

IpUMEHSAETCA 1A
H3rOTOBJIEHUA OT-
JIMBOYHEHIX (opM,
JUTA IOTYKATYPHEIX
pabor, HakIagkI-
BaHMUA MOBA30K

B XMpPYPTHH.

CuS0,-5H,0 uc-
MOJIb3yeTes AJis
IIPHUrOTOBJICHUA
MHHEPATbHEIX
Kpacok H ImpoTpaB-
JIMBAHMA 3epHA.

FeSO, 7H,0
NPUMEHAIT I
IPONUTKY JiepeBa,
I PHUTOTOBJICHHA
uyepHUI, GOPBORL ¢
BpeIUTENIAMH CeJIb-
CKOro Xo3gicrea.

KAI(SO,),12H,0 u
KCr(80O,), 12H,0 —
npy aybienuu
KOXH ¥ B IPOU3-
BOJICTBE KPacoK;
Na,SO, — miaa
MPOU3BOACTBA
COIEL ¥ CTEKJIA;
Na,S0,10H,0 —
B MEJHLHHE;
(NH,,S0, u K,SO,
(cysnbdar ammoHuS
H cyJabgdaT Ka-
JIUA) — MHHEpaJlb-
HBIe yI00peHus;
CaS0O,2H,0 —

B CTPOMTEJILCTBE

M MeaWIHe




20.5. BHOJIOTMYECKAA POJIb XAJIBKOTEHOB

Cepa HTpaeT BaXXHYIO POJIb B )KUSHH PACTEHHU 1, SKUBOTHBIX
H 4eJIOBEKa. B (KMBOTHBIX OPraHM3Max cepa BXOJNT B COCTAB
MOYTH BCeX OEJIKOB, B CEPOCOAEPKAIINE AMUHOKHUCIOTEL —
IUCTHH M METHOHHH, a TaKXe B COCTaB BUTaMHHAa B, u rop-
moHa nHeyauHa. Ilpu HefocTaTKe cephl y OBell 3aMeAIAeTCA
POCT LIEPCTH, 4 y IITHI, OTMedeHA IIJIOXAs OINepPsAeMOCTh.

N3 pacTennii 60sbIile BCETO MHOIO Cephl COAEPKHUT Kany-
cTa, cajar, INnuHAT. BoraTel cepoil TakKe CTPYYKH ropoxa
n dacosu, 6proKBa, peauc, pemna, JyK, XpeH, THIKBA, OTYPILbI;
6eHBI cepoil ap0y3 U KpacHas cBeKJia.

CeJieH u TeJYyp 10 XUMHUYECKHUM CBOMCTBAM OUEeHb II0XO0-
JKH Ha Cepy, HO 10 GU3HNOJIOrHUYECKHM ABJIAIOTCS €€ AaHTaro-
HUcTaMH. [Ina HopMaabHOro GyHKIIMOHNPOBAHUA OPraHU3-
Ma HeoOXOAMMEI OYeHb MaJble KOoJudecTBa cejeHa. CejieH
MOJIOKHUTENBHO BJIHAAET HA COCTOAHHE CepPAeUYHO-COCYAUCTONM
CHCTEMBI, 00pa30BaHUE KPACHBIX KPOBAHEIX TEJIEll, IOBBIIIAET
HMMMYHHBIE CBOMcTBa opranuama. IloBeillleHHOE KOJIHUYECTBO
ceJieHa BBIBBIBAET Y >KMBOTHBIX 3abojeBaHme (ajJKajioas),
NpOABJAAIOIIeeca B HCXYAaHUH U cOHIHUBOCTH. HemnocraTox
cejleHa B OpraHN3Me JKXMBOTHBIX BeJeT K HAPYIIeHH O PaGOThI
cepAla, OPraHoB JbIXaHus, IOBLIIIAETCSA TEMIIEPATYPAa TeJia
M MOKeT Aaske HAaCTYIMHUTh cMepTh. CyliecTBEeHHOE BINSTHHE
ceJieH OKa3bIBAET HA 3peHHe KMBOTHRIX. Hanmpumep, y oJe-
Heii, KOTOpbIe OTJHMYAIOTCA BBICOKOH OCTPOTOI 3peHHd,
B CeTYaTKe IJ1a3 cejeHa cogepaxutca B 100 pas Goablue, yuem
B IPYTHX 4acTAX TeJa. B pacTUTEeNTBHOM MHPE MHOTO CeJIeHa
cogep:kat Bce 6000Bble pacTeHHudA. OcoOeHHO GOJIBLIIOE €ro
KOJINUECTBO HAKAIIJIMBAET pacTeHHe acTparal.

®u3noJornuecKas pojb TeJaypa 4Js PaCTeHU, *KUBOT-
HBIX ¥ UeJIOBEKA H3yueHa MeHbIIe, yeM cejieHa. FI3BecTHO, uTO
TeJIJIYP MEHee TOKCHYEH 110 CDABHEHHIO C CeJIEHOM M COeau-
HEHMs TeJJIypa B OPraHU3Me OBICTPO BOCCTAHABINBAIOTCA A0
3JIEMEHTAPHOTO TeJIJypa, KOTOPHII B CBOIO 0Uepeib COeAUHSA-
€TCsA C OpraHNn4YeCKMMH BelecTBaMH,



21. ANEMEHTBI I'PVIIIIBI VA

(p-3JIEMEHTBI)
21.1. OBIIAA XAPAKTEPNCTNKA 3/IEMEHTOB
Tabruya 89
O6mme cBegeHHsA 00 3/16MEHTAX
Cumson
anemen- N P As Sb Bi
ma
Mamuk- | Nierg i i
g roge- | phosph Arseni- | g Bismuth-
cxoe na osphorus tibium
e nium P cum um
Pyccxoe
naseanue Asor Qocdop Mbmmeax | CypeMma BucmyT
Ilo-
HNosyaen | ayvena
Tod om-
1772 1669 B Cpen- B Cpen- 1739
Kpumus HHe BeKa HEe
BeRa
Asmop 1. Peaep- '
omxpot- ¥ I'. Bpaun - - . Iorr
mus | opa P
Codep-
acanue 8
aemnol w
xope, 0,04 8,010 510 5.10°° 2108
.Maccoet;n
dons, %
OcHosHOR Bi,S,
o pas g
Cay(PO), (aypn- "
Ocuce- | T@2600 | (wochopm), | marmerm), P - o
Hbie npu- NaNO ! Cay(PO)s(0H) As S, HAT, WA Bi,O ’
DoOnBie ¢ a q (rMapOKCH- (peans- ¢ 4 5 (6uc:m:'r
coedunme- cran JIANAaTAT), rap), ) Myp A ATH ’
huR ce. a) Cas(PO),F FeAsS 61eck) BHC -
KNHST?HA- (bTopanatiT) (apcemo- pas tg;:)
maticxan mepHT) (Bi0),CO,
cesmTpa) ’ (BHCMYTHT)

OseKTPOERBIe KOHGUIYypanuu aTOMOB B OCHOBHOM CO-
CTOAHMM:

N — 15228%2p3

P — 18%2822p°3523p®

asAs — 15%2522p3323p°3d'°43%4p®

515b — 15%2522p®3523p®3d1°45?4p®4d1°58%5p®

ssBl — 18%25%2p®3523p®3d'°4324p4d'° 4f145525p%5d °6s%6p®



ATOMEBIC XapaKTEPHCTHKA

Tabauya 90

Snemenm P As Sb B
Amomnbiii (no-
DAOKOBbLIL) HOMED 7 15 33 51 83
Omnocumensras
amomuas macca 14,01 30,97 74,92 121,75 208,98
Onexmponnan
dopmyna ea- ...2s%22p% | ..3s%3p® | ...45%4p® | ...5s%65p® | ...65%p?
JIEHMHO20 YDOBHA
Cpodcmeo x
anexmpony, 3B 0,21 08 1,07 0,94 0,95
Inexmpoompu-
yamensrocms 3,07 2,10 2,20 1,82 1,67
-3, -2,~1, —3,+1,
Cmenenu oxuc- +1, 42, +3,+4, 34345 | —3+43+5 | —8,+3,+45
nenun +3, +4,+5 +5 ,

Tab6ruya 91
OcHoBHBIe PH3AYECKHE CEBOMCTBA MPOCTHIX BEIECTB

Inemenm

N P As Sb Bi
Cocmas
MOREKYNL N, P, - B B
Annompo-
nuueckue Aszor Benmui, Meran- Buc
popmbe (omma KPAacHHIH, | JHYecKuit Cepaa (© MZT
npu A gepHEIH (cepnrit) cypbMa 2H )
obbrunex | DOPMA) docdop METITBAR dopma
YEROBUAX
K Me'r(;aémo- Me'raﬁJmo-
Azpezam- pHaCTaJI- nonobHoe monobroe o
Hoe co- las JTHIecKHe KPHCTAJ-’ KpHCTAJI- %m
cmosKue BemecTsa | JIHIecKoe JIHIECKOoe
BEHIECTBO BEIIEeCTBO
Bernmrii
Becuser- 2 . Cepebpn- Cepebpn-
Loem HELX “g:;m@, Cepsut cro-6embrit | cro-6ennit
nom- 1820
wocms, | 1250,6 | 2200 (P 5780 6691 9747
Ke/m® 2690
(P-upn)
Temne-
817 (mox
pomope | 209,71 | 4t 8 | masnemw | 630,89 271,5
HuA, °C N XP eM)

Ycunenue memannuveckux ceéoiicms

N, P — TAnAYHEbe HeMeTALIH, As 1 Sb IposBIAI0T HEKOTOPHIE MeTalINIe-

CKHHe CBOHCTBa, y Bi npeobiagaioT MeTannmaeckue cBoficTBa



21.2. A30T KAK TPOCTOE BEIECTBO

Tab6ruya 92
OcHoBHEIE CBOHCTBR, MONYyIeHHE

Quiuveckue ceolicmea

Yucthit asor — GecuperHurit ras, 6ea samaxa, mfI0X0 pacTBOPHMEIH
B BOJE; [IpH CHMJTHHOM OXJIAXIEHHHU IIOA BHICOKUM IABJIEHHEM NpeBpa-
maercd B HHEIKOCTb.

T..=-210°C,
Ty =—195,8°C.

B npupone 2 crabunbrrx usorona: N u N

Xumuuecrue ceolicmsa

B monexyne N, Tpoftuas cBa3b Meaug' aromamn (N=N), cocroamaa u3
OmHOHU O- M ABYX T-cBAdel (cMm. puc. 13, c. 80).

Monekyna N, aMeer BrIcOKyI0 aHepruio cBsaau (946 xJlx/mons), 1 3ruM
ofpsicHsIeTCs MAJIad peaKLMOHHAfA CIOCOGHOCTH a30Ta IpH OORIYHOMN
TeMmepaType.

6Li + N, - 2Li;N (npun xomHaTHOi TeMmeparype);
2A1+ N, & 2AIN, 3Ca + N, & Ca,N,,

t t.

3Mg + N, —» MgN,, 2B+ N, = 2BN,
BATpHA Gopa
N2+ 02 < t° anexrpraeckoft > 9NO
myra (~3000-4000°C)
(8 aTMOcdepe Dpa IpO30BHIX pa3psanax)

N,+ 3H, __t-P_, 2NH,

Kart.

Cnocobb nonyvwenus

B npommmnenHocTR: MpaKUMOHHAS NEPErOHKA XEAKOTO BO3IyXA.
Cnaqan(a:)omnae'rcn a30T (T = —195,8°C), a 3arem xncnopoa (T, =
=-183°C).

B na6opaTopau;
a) peaxuwn oxrcnennass NH,:
2NH,+ 3Cu0 & N,T+3Cu+3H,0, 4NH,+30, % 2N,+ 6H,0;
6) peaKLMH BHYTPAMOJIEKYJIAPHOTO OKHUCJICHUA-BOCCTAHOBECHHMS:
NH,NO, 5 N,T+ 2H,0, (NH),Cr,0; ¥ N,T+ Cr,0,+ 4H,0;
B) BoccTanosaeume HNO;:
12HNO,,, + 5Mg &, N,T+ 5Mg(NO,), + 6H,0




21.3. AMMNAK H ETO COENNHEHNSA

OcHOBHBIE CBOCcTBA B noaxydeHue

Tab6auya 93

Quauveckue .
ceoiicmaa Xu.uuuecrme ceoucmeaa Cﬂ0006bt ROAY4EHUA
NH,; — ammuax
Ho 10% NH;, B BOJ€ — HAIIATHIPHBIA CIHPT,
18-25%-it pactBop NH, — amMnraynas sozga
B npomrimten-
HOCTA:
NH,+ HCI = NH,CI a) N, + 3H,
t° = 460°C
c p(la;‘:cam, p=towila ~ 2NHs
yaym- (xaTamH3aTop —
JIABEIM H T ry6uaToe xereao
3anaxom; M ) c no6amca1vm Alzoa,
gopomo  H-H-H+H'»{H-H-H| ,[NH,] KO =n
pacTBOpAM Ill Ifl
B BONle B n1a6opaTopus: ©
B 1 obpeme (06 o6pa3oBaHNA KOBAJIEHT- a) 2NH,Cl +
H.0 pac- HOH CBA3U 10 JOHODHO- Ca(OH
TBOpAETCS AKLIEITOPHOMY MEXaHA3MY a(OH), -
700 obpe- cm. paszen 5.3) — 2NH,T + CaCl,+
mos NH + 2H,0;
mpn 20°¢ 2NH ¢ H,S0, = (NH,),S0,
- ABHOBECHE PEaKLMIA C xnc- t°
p= 101 ,325 JIOTAMHY CABHATAETCH BJIEBO 6) AIN +3H,0 -
K a) MOBHIMIEHHWH TEMIIEPATYPHI). LN AlOH),! + NH,T:
T = + —
_35",';"@0, NH, H:? = NH,OH, BRIITyCKAIOTCS TAKOIKE
. 2NH; & N+ 3H,, A ero BOfHEIE pac-
M8°_ TBOPHL
-T71,8°C. 4NH, + 30, - 2N, + 6H,0, 1) HAmATEPHET!
—_— e -
Temmepa- | mme %Hs m
Typa camo- 4NH, + 50, =X 4NO + 6H,0, 10% o Macce);
BoCILIaMe- ) aMMuAuHAs Bqua
HEHU 8NH, + 3Br, - N, + 6NH,Br, (coz( g}xcax-m
650°C : : ? ! 28-29% mo Mawe s
2NH, + 3CuO — 3Cu + N, + 3H,0 mxymaxnayn pe-
NH,OH — runpoxcun aAMMOHHSA
Cnaboe ocHoBaHUe (CTeNeHb
JHCCOLMALME O = 1,3%3:
Kuagxocrs t:_* —
& Sanaxom NH,+ H,0 = NHyH,0 = NH; + H,0 = NH,OH
aMMAaKa = NH: +OH;
NH,OH + HCl - NH,Cl + H,0

237



IIpodoaxenue mabnrn. 93

Duauvecrue

” Xumuwneckue ceoiicmea Cnocobb. nonywenus
ceolicmea

Conn amMoHNs:
NH,Cl — xnopun ammorus, NH,NO; — uurpar aMmmonus,
NH,NO, — unrpur ammorus, (NH,),Cr,0, — nuxpomar ammorus, (NH,),CO, —
kxapBouar ammorms, (NH),SO, — cysmedar ammonus,
(NH,),S — cynnpun ammonua, CH;,COONH, — anerar ammonus,
NH,HCO; — ruaporapbouar ammonns,
NH,H,PO, — nurugpooprodochar amMmoHus

Teep- CrIbHEE 2JIeKTPONUTH, 00/1a8a10T Baaumogeitctue
AaBle BCEMH CBOMCTBaMnA coneii; npn Ha- aMMHaKa ¢ CooT-
KpH- TpEeBaHAH PA3JIATAIOTCS: BETCTBYIOIIMMH

cTannu- v KHUCJIOTAMU:

Jeckue NH,C1 & NH,T+ HCIT,

Belne- - NH;+ HCl -»

*opomo NH,NO, & N,0 + 2H,0T, NH,C],
Prmme NH,NO, 5 N,T +2H,01
Vi | NNO. D NTUMOT ) e o,
(NH),Cr,0, > N,T+ Cr,0,+4H,0T, — NH,NO,
(NH,),CO, 5 2NH,T + H,0 + CO,T, w Ip.
(NH),S 5 H,ST + 2NH,T

Bricoras pacrsopumocte NH; B Boge oGycioBinena obpa-
30BaHEMEM BOJOPOAHBIX CBA3eil MEXKAY MONEKYJIaMHN aMMHUaKa
H BOAHI:

H3N+H—(?:—> H,N.-H- (?:

YacTe aMMBaxKa HaXoAUTCA B Buje monekys NH,, coean-
HEeHHHIX BOJOPOJHO CBASLIO ¢ MOJEKYJIAMM BOJKI:

NH, + H,0 = NH; H,0 = NH,* + OH"

U xoTA pasHOBecHe 3Toii 00paTHMOIl peakIMy CABHHYTO
BJIEBO, TPAANIINOHHO PACTBOD aMMMaKa B Bojie 0003HAYAIOT
dopmyaoit NHOH (ruppoxcun ammonusa). Oaaako mpa-
BUJIbHee ObLIO OBl H306paskaTh AMMHUAYHYIO BOAy dopmyioi
NH; - H,0 (rnapar). PacTrBop aMMHaKka B Bojie uMeeT ciabomre-
JIOYHYIO PeAKIHI0, YT0 00bsacHAeTcA Ancconuanueiit NH,OH
Kak cj1aboro oCHOBaHHA.



21.4. KNC/IOPORHBIE COENNHEHNSA ASOTA

Tabruya 94

OcHOBHBIE CBOICTBA N MOJYICHHE OKCRIOB A30TA

Quauveckue

I Xumuveckue ceolicmea I

Cnocobvs noayuenus

ceolicmea
1
N;O0 — oxcun azora (1), Becenrgmmuik raa
Becupernniit
T80, ob Heconeglﬁcg;;ymmnﬁ
CIAIKOBATRIM
3anaxoMm 2N,0 >500°C
T = — 2N, + O, NHNO, ~280C_, NO+2H0
= _88,6°C; . ’
'?»’: ’ N0+ H; 5 N+
=-18%,4°C H,0
1&) — oxcun aszota (1)
Hecoeo6paaymomutt B npoMuImieHEOCTH:
Becupersnit owena 4ANH,+ 50, —8%°C_, 4NO+
ras 2NO + 062 = 2NO, + 6H,0.
npu OOLIMHEIX
_ _{E.i, Z°C ( )l,)c NOBHSX). B na6opaTopuu:
a) 3Cu + 8HNO4(p) = 2NO +
.= 2NO + 2§(1)~f_’ 250, + eSO a)’,(g re)
=-163,6°C B
- NaNO, + FeCl; + 2HC] —
NO+NO, = N,O, | O ReA % TGS Raci » 10

+8
N,0, — okcua asora (I1I), asoTRcTH aRruaAPHA

Temuo-cunsas
SKAIKOCTE

Ty =4°C

Kucnorunnt oxcun,
OpPOABJIAET BCe
CBOMCTBA KHCJIOTHEIX
OKCHJIOB

N0, & NO +NO,
(opn rKoMHaTHOHK
TEMIIEPATYPE)

NO;+ NO - N,0,,

NaNO, + H,;S80,,,— NaHSO,+
+ HNO,

2HNO; —» N;0,+ H,0




HHpodoaxenue madbar. 94

Quauueckue
ceolicmea

+4

Xumuueckue ceoticmea

Cnocobys nonywenus

NO,; — okcup aaora (IV), auokena a3ora, «Gypaiii raa»

I'a3 Gyporo 2NO, = N,O B npomemmreHsHocTH:
npera ¢ l(;[méepuaaxilmi c
€3KHM +140° 11,20
yml')mzmram 0 ’ 2NO + 0, 2NO,.
3amaxoM, > 500°C
SIOBHT, 2NO, ————
TAXeee — 2NO + O, B na6opatopuu:
BO3OyXa ?
a) Cu + 4HNO,(x) —
N - Cu(NO), + 2NOy + 2H,0;
(m3brrTok Oy .
6) 2Pb(NO,), & 2PbO +
2NO, + 2KOH — KNO, + +4NO, +0;;
+KNO, + H,0,
B) 2NaNO, + H,S0O, —»
— Na,SO,+ NO + NO,+
2NO, + H,0 > +H,0
— HNO, + HNO,,
3NO,+ H,0 -» 2HNO, +
+ NO

(8 ropsiueit Boae)

+6

N,;0; — oxcun aaota (V), a30THBIH aHTHAPHL

Teepnoe Kucorwetit oxcun: 2NO,+ 0,5 N,O;+ 0,,
BEHIECTBO
(6esmpie xpH-
CTaJLIEL), N,O; + Ca0 — Ca(NO,),, 2HNO, + P,0, - 2HPO, +
HeyCTONYM- N0,
BOE H JIe-
Tygee (upn N,0; + H,0 - 2HNO;,,
KOMHATHOH
el oty N,0;+ 2NaOH -
- 2
Tren 5a NO, - 2NaNO,+ H,0
n 0,
2N,0; > 4NO,T + O,T,
(Ipm KOMHATHOM
TeMIeparype)




Ta6auya 95
OcHOBHBIE CBOMCTBA H NOJIy4YeHHEe A30THOH KKCIOTHI

Quauueckue ceolicmea

Kuakocrs, prmsamas Ha Bo3ayxe, p = 1520 xr/m?, Ty = 86°C, ¢ Bogoit
cMellnBaercsa B MOOBX cootHomennsx; npu T = —42°C HNO; npespa-
LIAETCHA B NPO3PAYHYI0 KPUCTAIIIMYECKYI0 MACCY

Xumuveckue ceolicmea

CunbHasa xucnora (8 BoaHoM pacrsope HNO, = H* + NO;), »
4HNO; - 4NO, + 2H,0 + O, (ua cBery non neiicTBAEM TENJIOTHI).
4HNO,G) + Cu - Cu(NOy, +2NO, + 2H,0,
8HNO,(p) + 3Cu — 3Cu(NO,), + 2NO + 4H,0,
10HNO,(p) + 4Ca — 4Ca(NO;), + NH,NO; + 3H,0,
36HNO;(p) + 10Fe — 10Fe(NO,); + 3N, + 18H,0,
4HNOy(x) + C - CO, + 4NO, + 2H,0,

HNO;(x)+3HCl +Au — AuCl, + NO + 2H,0,

«LIAPCKAasA BOAKA»

8HNO,(p) + 3PbS — 3PbSO, + 8NO + 4H,0

Cnocobbv nonyuernus

B npomruumieHHOCTH (aMMHAYHELA cmocof):

NH, 9% _, No —%, No, —0*%: , yNo,;
t, Pt .

4NO + 30, + 2H,0 —» 4HNO,

B na6opatopun:
2KNO, + H,80, ¥, 2HNO, + K,S0, —
pa3yioKeHne HUTPATOB KOHLEHTPHPOBAHHOHA CEepHOM KHCIOTON IpH

cnabom Harpeeauuu. [onyuennaa HNO; meperonsierca B kos0y, 0XIasx-
JEHHYI0 BOJIOH CO CHEroM WJIH JIbJAOM




Tab6ruya 96

XapakTepHsle cBolicTBA A30THHIX yaolpennii

Codep- Peaxyun
Hemovnuku u cnocobvt npomoviiu-
ospee |t ronanin | g, | rosaasizo
Hudweuis Xmmqecxas uKca eJI04Has
ﬁ,’_’,‘:x‘lfl’fo asora: N, + 3 Kfll-ls 82,4 ]ﬁ-l < 11,5
Ammuaunan IToGoyuHslit DPOayKT HpM
goda KOKCOBAHHHM KaMEeHHOTO 20-22 engqllq{ué,
NH, + H,0 yrois P s
TToGowHEIA IIPOAYKT B IIpo-
Xropud H3BOZICTBE COZRI: Cnaboxucnas,
ARAOUR | NH,+NaCl+CO,+H0— | 20 pH 2 5,0
— NH,C1 + NaHCO,
Cynvgpam IIpooyxT HefrpaM3aIM
AMMOHUR aMMMAYHOM! BOXEI KUCJIO- 21 Cna}GIogngngs,
(NH 9,80, roit H,SO, p »
Movesuna, .
| noptiamus 2NH, + CO, 2, 46,5 | Hedtpamwuas,
I (NHY,CO pH=
(NH,),CO + H,0
A.wnuauuan .
cenum, NH, + HNO, - NH,NO, 35 | Crabowucras,
NH, p
G "em) N 2HNO, H
yuaulicxan, 2,00, + —9 € IBHAA,
ce./mmga - 2Naa 6 + CO, + : 16 ﬂ;)rﬁ =7
Humpam
KGAbYLR, CaCO,+ 2HNO, - 15— Heitrpanenas,
"‘;;‘,':}j““‘“ - Ca(NOy, + H,0+CO, | 156 e
L. Ca(N

MupoBoe Npon3BOACTBO a30THEIX yA0OpeHnii (B mepecuere
Ha a30T) cocTaBiseT ~53,8 MJIH TOHH €XKerogHo.

IIpuMereHNe a30THRIX y00peHuit 3pheKTHBHO Ha pa3HEIX
1Mo4BaX MO pasJINYHbIe CEeIbCKOX03AHCTBEHHEIE KYILTYPHI,
ocoGeHHO B HeuepHO3eMHOI 30He Poccnu 1 B paiioHaX opo-
OIaeMoro 3eMJaeAeaIus.



Tab6auya 97

I[IpamMeBeHne a30Ta U €ro CoeJHHEHHI

O6nacms npumenenun

Henu

B xumuyeckoit npo-
MBIILIEHHOCTH

Cunres ammuara N, + 3H, %) 2NH,,

TIPON3BOACTBO a30THOM KHCJIOTHI

B anexrporexuuye-
CKOM NMpOMEIMIJIEH-
HOCTH

CosnaHne HHEPTHOHN cpefbl NPH 3aI0JIHEHHH
a430TOM 3JIEKTPUYECKHX JIAMII

B xumuxorepmu-
YeckoH 06paboTke

A30THpOBaHHMe IIOBEPXHOCTH CTaJIbHHIX H3fe-
JHA IMyTeM HACHINEHHA A30TOM IIPH BHICOKOH

METAJIJIOB TeMmeparype
B cemncrom Aasorcogepxamue coequnenns (NaNO;, KNO,,
xoaslicTee NH,NO,, (NH)),SO0,) B kauecTBe yaobpenuit

B BoeuHOM nmene
H B re0JIoropaase-
JouyHEX paborax

KNO; — cocraBHas yacts mopoxa (KNO; + S +
+ C); NH,NO,; — cocrapHas yacts BapHIBYATOrO
semecTBa ammoHana (NH,NO, + C + Al)

B mepumiune

AmuHOKMCO0TH, 6eIKH, HUTPOTJIMIEPHH U IP.

IIpu peificTBHH 3JeKTPHYECKHMX DPAa3PAAOB, a TaKKe IIpH
pasnokxeHun HuTpuaoB Gopa (BN), turana (TiN), maraua
(Mg;N,) n kaannusa (Ca;N,) o6pasyercsa ak THBHHIH (aToMap-
HEIiT) 30T, KOTOPLIA OPH HATPEBAHMH SHEPIHYHO B3auMOAeki-
CTBYET C BOAOPOAOM, IapaMH cepHl U docdopa H HEKOTOPHIMHA
MeTAJIJIAMH.

Pasanualor a3oT Kak XHUMHUYeCKHil snemeHT N ¢ mopaAa-
KOBBIM HOMEpOM 7; MOJEKYJAApPHBIHA asor N, Kak mpoctoe
rasoobpasHoe BemlecTBO; DeJIKOBBHII 430T, coAep)Kamguiics
B OeJIKaX; HUTPATHEI a30T, BXOAAMINI B COCTAB COeAHHEHHH
B BHJEe HUTPOrPYNMbI; CBA3aHHLIN a30T, BXORAIIHH B Ni060e
XMMHYECKOoe cOeANHeHHe (MCKIII0OYasa MOJEeKYJIAPHEIH a30T);
M yCBaMBaeMuIil a30T, HaxoAAlHicA B popme, ycBanBaeMoH
pacTeHHAMH.

Obmyee cogepxaHne a30Ta B 3eMHOM KOpe B BHle ero coeu-
HeHui coctasasetr 0,01%.



21.5. $0C$0P — NPOCTOE BEMECTBO

Ta6aruya 98
OcHOBHRIE CBONHCTBA, NOJTYIeHHE

mentus | Cuwwme | Xuweou cperm
¢0prl YHEHUR
. Cay(POy,+ 5C +
Becugeroe sno- Poonun 260°C 3810, 5
BATOE BEMECTBO, 3CaSiO,+ 5COT
p = 820 kr/m?, +9P
Benwiii Ton= 44,2°C, ne- SP 400°C
docghop PacTBOpAMOE B wpacHaR (cumTes mxer
H.0; okucnserca p B JJIeKTpoNe-
Ha BO3AyXe, CBe- = Lacpran 9ax; napu P
THTCA B TEMHOTE . yJ1aBJIABAIOT
4P + 30, Y, 2P,0, | B CnemmpmeMH®|-
Ke ¢ Bofoi)
Ilopomox - (mepoctatok Oy),
KpacHo-
6yporo ueera, t
HOSLIOBHT, 4P + 50, Y, 2P,0,, Tpy smress-
HOM Harpesa-
Hepacrnopmv'l 2P + 3Cl, - 2PCl,, Hun 6estoro
. B H,0 n CS;; 6
Kpacreat | '~ 9900 sep/yd eecdope b a
ocpop Bosronserca 2P +5Cl, > 31;()“;5, pu 286-300°C:
IPH CHJIBHOM docdopa (V)
HATpeBaHWH H, P Y P,
OXJIAKAACD, 2P + 3Mg —> 1;/)[0%3)1)2’ Gomih > T pacrach
apeBpamaerca MBI'H;?I
B Gennnit docdop
2P + 3H, ¥, 2PH,,
I bocpun IIpa pn-
0X0% Ha . TOJTEHOM
rpadumr, Ty, 2P + 38 4 P,S,, HArpeBaHMH
= 100°C (upm Geinz%rg_ g(c)d)é)pa
Yepruouii p = 1,810° I1a), 9P +58 %, P.S °C,
gocop HepacTBOPHM o e 1203 mbfl;l:) uo-ﬂ
B Boge, obnanaer b d)ocdaog
cBoffcTBaMA mO- "3P + 5HNO, +
JYIIPOBOMHAKA 2H,0 — 3H;PO,+ P £ p
+ 5NO ety —> L qepmuit

Paanuuaior TaksKe KeaThIi dpochop. ITo TOprosoe Ha3Ba-
HHe TOBApHOro IpoAyKTa — Gesoro ¢ocdopa, coaepramiero
IPHMECH.



21.6. COENMHEHHA $0C$OPA

Tab6auya 99

OcHOBHEIE cBoiicTBa, NnoIydeHue

Quauveckue
ceoiicmea

Xumuvweckue ceolicmea

Cnocobbt nonytenun

l;i{, — cbocc‘mu

Anosutwiii raa
€ YeCHOYHRIM
3anaxom,
T,,=-133,8°C;
MaJIopacTso-
pum B H,O

- PH3; — cunbHEIi BOCCTAHO-
BHTEJIb, CAMOBOCILIAMEHSA-
eTcA Ha BO3IyXe:

2PH, + 40, - P,0; + 3H,0;
2PH, %, 2P+3H,,

PH,+ HI - PH,I
nomnn docdonma

2P+3H, t°=300°C
—2PH,,

Ca;P,+ 6H,0 —
— 3Ca(OH), + 2PH,T,

Ca,P,+ 6HCI »
— 3CaCl, + 2PH,T

+3

P,0; — oxcun docdopa (III), bochopucTriiz arruapun

P,0;=
= P,,be — BoC-
koobpa3Has
KpHCTaJLIHYe-
ckas Macca
T, = 22,5°C,
SIOBAT

CH/ILHEIH BOCCTAHOBHTEIE!

. P,0;+ 0,-> P,0;. I[Ipossnsa-

€T Bce CBOHMCTBA KHCJIOTHBIX
OKCHZOB (AHTHAPANIOB)

4P + 30, 2P,0,

(roperue ¢ocgopa
PR HEAOCTaTKe
KHACJI0poja)

+5
P;0;, — oxcup docdopa (V), docdopnsiii anrmnpus

P,O; + H,O - 2HPO,
(aa xonope),

P05+ 3H,0 — 2H,PO,

(opm HarpeBaHU®).

4P + 50, > 2P,0,

P,0;= PO,

— Gennrit ITpoasnser Bce cpoficTBa (mgelme docdopa B
THCPOCKONAY- KHCJIOTHBIX OKCHIOB HM30BITKE KMCIOpoaa
HEIH ITOPOIIOK (aHTROpAOOB): HI| cyxor;) BO3-

a

P;0,+ 3Ca0 — Ca(PO,),, X

P,0; + 6NaOH — 2Na,PO, +
+ 3H,0

+5

HPO, — meradocdopHaa kucnora:
[Hs(POg)s] — rpumeradochopras kucnora
HPO,; + H,0 - H,;PO,
(npu HarpeBaHum), P,0;+ H,O >

HPO,+ NaOH -
— H,0 + NaPO,
meradochar RaTpHEE
IIposeaser Bce cpoiicrBa
KHCJIOT

2HPO, (ua xosone),

3P0, + 6H,0 >
— 4H;4(PO,);




IIpodorxenue mabar. 99

Dusuveckue

Xumuueckue ceolicmea

Cno¢obbe nonywenusn

ceoiicmea
H;PO, — oprodocdopras kucaora
Kucnora cpepneit cuisl,
B BOJHOM PacTBOpE HHCCO-
UHHUPpYeT B TPH CTyIIeHH: B npoMruunurennocTu:
H;PO,=H*+ H,PO,, 1) axﬂpa}cugommrﬁ
I TN _ coco®:
Becuser- H,PO,- = H*+ HPO,*,
HEIE IpOo- HPO = H*+ PO Cay(POy + 3H,SO, +
3paviHEe . + 2H,0 - 2H,PO, +
up;lc;fm- Hpomnﬁ:;c?lcoi :csoncrna + 3CaS0,2H,0,
= 42°C, 2H,PO, + 3Ba0 — 2) Tepmudeckuit cmocob:
HeJe-
Tyu4a, — Bay(POY,! + 3H,0, 2P + 50, - P,0;,
i oo 2H,PO, + 3Ca(OH), >
pacTBo- 3l Uy a 2 P,0;+ 3H,0 - 2H,PO,.
puMa B — Cay(PO).4 + 6H,0,
BOZE B sna6opatopun:
2H,PO,+ 3Zn — Zn,(POy),| +
+ 3H,T, 3P + 5HNO, + 2H,0 —»
- 3H,PO,+ 5NOT
H;PO,+ 3CH;CO0Ag —»
- Ag,P0,| + 3CH,COOH
H,P,0, — oapodochopras (audochopran) kucaora
Kpn-
CTaJLIbI, I .
XOpomo posBJIAET BCe CBOMCTBA 260°C
pacTBo- KHCJIOT 2H3POI; —
PHMEIE B - H[P,0,+ H,0
BOJZIE
NaH,;PO, — nurunpodocdar sarpus, Na,;HPO, — runpodocdar narpus,

Na,PO, — docdar rarpus, Ca(H,;P0O,),, CaHPO,, Ca,(PO,),

Hposeasior Bee croiicTBa
coneir. QocdaThl MEJOUHBIX
merasuros 1 (NH,),PO, xo-

NaOH + H;P0, >
— NaH,PO,+ H,0,

2NaOH + H,PO, >

:g:l(&g;éi;&%ﬁ% Eﬂ%‘;ﬁ - Na,HPO, + 2H,0,
) TROpHN, g:&()fgf)z Hepac. ?%23»5,}13532&)
Na,PO,+ H,0 = NaOH + | PO+ NH;—NHH,PO,
+ Na,HPO, H,PO, + 2NH, -
PO} +HO= gpoj +OH | (_;(()I:I)H;) ;PII{IZ(S)& N
(H > 7, cpepa menownas) | 5050 1+ Ca(H,PO,),




Ta6auya 100
XapaxTepucTHRa HeKOTOPBIX doctopHEIX yaoSpenntt

Pacmaeo-
Hemounuxu u cnocobbs npossiwnen- | Codepacanue LMOCTY
Yaobpenue Ho20 nanyueuui o OP,%,, % a’;ode, npu-
Mecu
I noxo
Pocopas u HUamenpuenue bocdo
PHTOB pacTeo-
ananbl;r,n(;aoi:) :uyxa M ANIATHTOR 16-36 KMX;
PactBo-
Tpocmots cynepdboc- | g Q). + 2H,S0,+ H,0 — v
;"Z‘cf‘ég%m i+ | SCahbo), + 2CasOiH0 | 140 P,
remc
JMeoitnod cynepgoc- Cay(PO,). + 4H,PO, - PactBo-
gam Cﬂ?ff s - 3ta@,Pd,),’ Ho 35 paEM
Inoxo
Obecpmopennwis Vaanenne HF ua anatmros, g
docgam, mej oc- 0c(OPETOB BOASHEIM [APOM: 20-32 p;:;o
am Ca (PO, aF, + 2H,0 - Ca(OH), + 2HF Ca(OH),
Hpeyunumam H,PO, + Ca(OH), » Pacreo-
CaHPOL2H,0 5 C:;HPO(.-Z 0 27-36 prM
36-60%
¢ NH H,PO, Pacrso-
(ocnosa + npujmu)l H,PO,+ NH, - NH,H,PO, o x& ] prM
Humpogocka Cmemusamue HNO,, KC1 10?,/° P,0s, Pacrzo-
(NH‘),ﬁ KNO, # docdaTHOrO CHIpEA l%f’%ﬁ&?’ CP:@&
14-27% Pacrso-
Humpogocgham Paanoxenne ¢ocharHoro cu-
CaHP%,‘Ca&GO,). pus adoTHo#t kucsoros HNO, 9_122.;0 ?\12 &g’&

* C npunecso (NH,);HPO, n nebonninnx xoangecrs MgNH, PO, n CaHPO,.

Tab6auya 101

Ipnmenenue pochopa u ero coegunennit

Bewecmaa O6nacmys npumenenus
Tomy4erne xpacHoro doctopa, samura-
Benit docgop TeJLHEX ¥ A:M006pA3ynMMX BeIiecTs,
B METAJUTYPTHE
B nponasoacTBe CInTdeK:
Kpacusu pocihop P+ KO0, + § + MnO, + Fe,0,
P,0, Tonyuenue gocdopHolt KuCAOTH
Tonyuerne dochopHxX conedt H yno-
H,PO, Gpennlt
Cay(PO,),, Ca(H,PO,),;
Ca(H,PO,), + 2CaSO,H,0, Henonpayiorca B xauecrse GocopHEIX
CaHPO,, (II:IIH.),HPO., ynoGpenuit B ce/IbCKOM X03alicTe
4422
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21.7. BHOIIOTHYECKAA PONb A30TA H $0CS0PA

A30T UrpaeT HCKJIOUYHTEILHO BAKHYIO POJIH B JKHU3HH pac-
TEHHIi, NOCKOJbKY OH BXOJHUT B COCTAB aMHHOKHCJIOT, OEJIKOB,
XJopodnIIa, BATAMUHOB rpynnsl B, depMeHTOB, aKTUBHUIHU-
pywoiux o6meH BemecTB, I103TOMy HeJOCTATOK a30Ta B II0YBE
OTPHIIATEILHO CKA3LIBAETCS Ha PACTEHNAX, U B IEPBYIO OUepensh
Ha COfIepIKaHHM XJIOPOdHUIIIa B INCTHAX, N3-3a YEro OHHU OJef-
HEIOT M NpNoOPeTaIOT CBETI0-3€JIeHbIH [BET («a30THOE roJIofia-
HHUe» ). OBoIHbIe pacTeHNs noTpedasaior ot 50 xo 250 Kr azoTa
Ha 1 rekTap njomaau No4Bsl. Bosbiie Bcero a3zora HaX0AUTCA
B IIBETaX, MOJOABIX JUCTHAX M IIOAaX. BaxkHeH IMUM MCTOYHH-
KOM a30Ta AJIA paCTeHWi ABAAIOTCA a30THEIEe YA06GpeHHA — 3TO
B ocHoBHoM NH,NO;, (NH,),SO, u ap. (cM. Taba. 96). Cneayer
OTMETHTH TaK Ke 0CO0YIO POJIb a30Ta KAK COCTABHOM YacTH BO3-
JAyXa — BajkHeMIIero KOMIOHEHTAa ¥XHBO MPUPOALI.

Hun oguH A3 XUMHUYECKHUX 3JIEMEHTOB He IPHHUMAET CTOJb
AKTHBHOI'O ¥ MHOTOOOPAa3HOI'0 YYaCTHA B dKM3HEHHBIX MpOIIec-
cax pacTHTeAbLHEIX M KHBOTHEIX OPraHM3MOB, Kak ¢ocdop.
OH BXOJHT B COCTaB HYKJEHHOBEIX KHCJIOT, BXOAUT B COCTAB
HEKOTOPHIX (PEPMEHTOB M BUTAMHUHOB, COJEPXKUTCA B GUTHHE.

¥V XKMBOTHBIX M Y€JOBEKa B KOCTAX cocpefoToueHo a0 90%
docdopa, B mermnax — A0 10%, B HepBHOI TKaHM OKOJIO
1% (B BuAE HEOPraHWYECKHMX M OPraHUYecKHX coeqUHeHWUil).
B MuIIInax, medyeHH, Mo3re M APYrux opraHax ¢ocdop Haxo-
autcA B Buje hochaTunos u ochopHbIX ahupos. Pocdop npu-
HUMAaeT yYacTHe B MBIIIEYHbIX COKPAIIEHUAX U B noc'rpoe}mn
MBILIEYHOHN U KOCTHOM TKaHH.

Axagemux A. E. ®epcman HasBaa docdop «3JeMEHTOM
JKU3HH U MbIcaM». JllogAM, 3aHHMAKIIHUMCA YMCTBEHHBIM
TPYAOM, Heo0XOAHMMO NOTPeOJIATH MOBBHIIMEHHOE KOJHUYECTBO
docdopa, 4TOGH He AONMYCTUTh HCTOIEHHA HEPBHBIX KJIETOK,
KOTOpbIe DYHKIIHOHUPYIOT C IIOBLIIIIEHHOH HArpy3Koil MMEHHO
npu ymctBeHHoOM Tpyae. IIpu HegocraTke dochopa noHMKaeTCA
paboTocniocobHOCTh, pa3BUBaeTCs HEBPO3, HapymaeTcsa o6MeH
BeitiecTB. HemocTaTok docdopa B opraHnaMe MOKeT OLITE IO-
MOJIHeH ynoTpebieHneM TaKHUX OBoIeH u @pYyKTOB, KaK cajar,
OITAHAT, IaBeJib, (acosb, MOPKOBb, TOMAaThl, GaKJa’KaHBI,
OrypiIHl, CJIafKMii mepel, KAyOHNKa, abpukockl. 3 mpoaykTos
JKHMBOTHOI'O NPOHCXOKAeHNA HanboJiee Gorarsl ochopom Msco,
MO3r, rOBSAYKbA IIeUeHb, pbifa, Alla, MOJOKONIPOAYKTEI.



22. 3NEMEHTHI IPYNIBI IVA
(p-3MEMEHTHI)

22.1. OFIMAA XAPAKTEPHCTHKA JJIEMEHRTOB

Tab6ruya 102
OcHoBHBIE cBeeHus 06 aaeMeHTaX

Cumson :
nemenma C Si Ge Sn Pb
Jlamun- Carboneum Silicium Germa- Stannum | Plumbum
ckoe Ha- nium
3eanue
Pyccroe Yraepon Kpemumit | epmanmnit Osnoso CauHel,
Ha3eanue
T'od om- HUagecren 1825 1886 Hase- Hage-
Kpbimus C ApeBHUX CTEH C CTEH C
BpeMeH JPEBHUX IPEeBHHX
BpeMeH BpeMeH
Asmop - #. Bepue- | K. A. Bun- - -
OmKpbi- ' JHHyC Kjep
mus :
Codepaca- 0,35 27,6 7-10 4102 1,6:10-3
Hue 8 3em- .
HoOU Kope,
MacCcos8as
dona, % )
Ocroshbie B cBoGogHOM Si0, Ag,GeS, Sn0, PbS
npupog- COCTOSIHUH — (xpemHe- (aprupo- (xaccure- (raneHur),
Hbie c0e0u- | amma3, rpaduT; 3em), 2uT), par),
Hehua B CBA3AHHOM — PbSO,
YTOJIb, HedTD. MHHEpaJIb Cu,(Fe, Cu,FeSnS, (aurne-
CaCO, MJAISi,04), Ge)S, (cTaHHHH) 3uT),
(M3BECTHAK), roe M = (repMaHuT)
CuCO,-Cu(OH), Na, PbCO,
(Manaxur), K, Ba (uepyceur)
MgCO,
(Marze3ur)

DeKTPOHHBIE KOHMHUTYDAIMM ATOMOB B OCHOBHOM CO-
CTOSIHUH:

&C — 1s%2s522p?

151 — 15%25%2p53s%3p?

32Ge — 1522522p53523p53d1°4s24p?

soon — 15%22522p®3523p®3d1%4524pS4d'*5s25p?

g2Pb — 1322322p‘53sz3p63d1"4sz4p64d“’4f1“5sz5p‘35d"’6sz6p2
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ATOMEHEI® XaPAKTOPHCTHKHR

Tabauya 103

Onemenm c St Ge Sn Pb
Amonnadd (no. | g 14 32 50 82
| pAdicosbLli) Homep)
Omnocumensvras
AMOMKAR MaCea 12,011 28,086 72,610 | 118,710 | 207,200
Onexmpornras
cmpykmypa ns np
me;;f"ﬁ:f:fc‘;‘oao L]t 1] | rae n (somep nepuona) = 2, 3, 4, 5, 6
Hepaviii nomex-
yuan uoruaa- 11,26 - 8,156 7,90 7,34 7,42
yuu, 3B
Cpodcmeo x
anexmpony, 3B 1,27 1,36 1,74 1,03 1,03
Anexmpoompu-
uamejwuocrﬁb 2,50 1,74 2,02 1,72 1,55
Cmenenu oxuc- —4,
TeHuA +2,44 —4, +2,+4 | +2,+4 +2,+4 +2,+4

¥Vriepoa ¥ KpeMHUIl ABIAIOTCA THONYHLIMM HEMETAJIA-
MM, FepMaH{I OPOABIAeT CBOMCTBA MeTaJLIa H HeMeTaJla,
2 0JIOBO M CBMHEL, — 3TO THOHMYHBEIE METAJLJIEL,

Kax Buano us ta6a. 103, Bce aTH 3JIeMEHTBI ABIAIOTCH
Pp-d/leMeHTaMi. ATOMBI 3THX 3JIEMEHTOB B OCHOBHOM COCTOS-
HHUH JBYXBAJEHTHBHI, 8 UX MAKCHMAJIbHAA BAJIEHTHOCTb PABHA
yeTrIpeM (upyn Bo30yKAEHHOM COCTOAHHH).



22.2. YITIEPOQ
KAK IHPOCTOE BEINECTBO

Ta6aruya 104
OcHOBHBIC CBOﬁCTBB, OpHMEHEHHE

Quauvecrkue ceolicmea

Amva3 — GeciiBeTHOE, IPO3PadHOE, OYEHD TBEPAOE BEMECTBO, IIJIOXO I1PO-
BOJAT TEIUIOTY M He OPOBOAWT. JIEKTPHUECKHH TOK.

I'padur — TemHO-cepoe Hempo3payHOe BEMECTBO C MeTa/ITHYeCcKuM Gie-
CKOM, TPOBOIAT JJIEKTPHUECKMIH TOK H TenJIoTy.

AmopdHEi yraepos (ApeBecHBIH yroib, caska) — IPOAYKT HEIOJIHOI'O
CrOpaHHs OPTAHMYECKUX BEmecTs.

Kap6un — BemecTso, cocTosmee B3 MOMMMEpHEX Mostekyn (—C=C—C=C—),

Xumuuecrue ceolicmea

Baaumozeiicreue ¢ HeMeTaiaMu (BOCCTAHOBUTEILHEIE CBOICTBA):
C+0, ¥, CO,+ 393 xJls (nabsrrok Oy),
2C+0; ¥, 2C0 - 174 x/lx (senocrarok O,):

C +2F,— CF,,C+ 28 % CS, (cepoyrnepon), 2C + H, Y CH, (aue-
THJIEH);

C+2H, ¥ , CH,(meran).
KaT.
BaaumopeitcTere ¢ MeTasLIaMu (OKHC/IMTE/ILHEIE CBOMCTBA):

2C + Ca ¥, CaC, (xapbun kaymmas), 3C + 4Al Y AlC, (kapbun
AMOMUHHS),

C+W Y WC (kapbun sonnsdpama).
. Baaumopeiicrsre cO CJIOMHEIMHE BemeCTBAMH:
°
C+H,0 2 CO+H, (geificTBie BOAAHOrO Iapa HA PACKAJIEHHBLH yTom1.)
2
BOAAHOMA raa

C +2Cu0 % 2Cu+CO,, C+Zn0 Y Zn+CO,
3C + CaO Y CaC,+ CO, C + 4HNO,,, - CO,+ 4NO, + 2H,0,
3C + 4HNO,(p) - 3CO, + 4NO + 2H,0,
C + 2H,80,(x) — CO,+ 280,+ 2H,0

O6nacmu npumenenusn

AmMa3s rcnosmbayercs 1J1d 00paboTKE TBEpABIX MATEPHAJIOB, PE3KH CTEeKa,
B OypoBBIX paGorax, a TaKkKe B I0BEJIAPHOM JeJIe.

I'paduT DpaMeHseTCa A H3TOTOBJIEHHA 3JIEKTPOAOB, INETOK JJIEKTPO-
MOTOpOB, THTJIEH [JIA NJIaBKH MeTaJUIOB, B IPOH3BOJACTBE KapaHAaile
H B COCTaBe CMAa30K, paGoTaompx NpH DOBEIMIEHHEIX TeMOepaTypax.
AmopodbHEL! yriiepon — B POM3BOACTBE KPACOK, PE3HHEI, KAK aJICOPOEHT
B OPOTHBOra3ax H B MeJHIUHE.

Kap6ma uHTEepecem Kak MaTepuas JJIA CBEPXHPOYHEIX BOJIOKOH H Kal:
OJIYTIPOBOJHUE.




22.3. COEANHEHHA YTNIEPOQA

Ta6ruya 105

OcHoBHBIE CBONHCTBA, noJyieHHue H NIpHMeHeHHe

Quauveckue
ceolicmea

Xumuveckue ceolicmea

Cnocobte nonywenus

Obnacmu
npUMEeHEHUR

CO — okcua yrnepona (II), TexAMIecKoe Ha3BAHME «reHEPATOPHBIA rad»,
yrapHuIi raa

laa Gea
1BeTa

| 3amaxa,
nierde
BO3yXA,
MaJo
pacTBOpHM
B BOJIE,
pacTBOpHM
B CIIHDTE,
Benaone;

Tu=
-205,02°C,

Tyn=
-191,5°C

Heconeobpasyrompii oxcuys.

2C0 +0, & 2C0,
(ropeHue Ha BO3AyXe
U B KUCJIOPOAE),

CO+Cu0 5 Cu+CO,

4CO + Fe,0, & 3Fe +
+

2

CO+2H, —* , CHOH,
KaT. MeTHJOBHEA
COHpT

CO + Cl, - COCl,
docres

B opoMuinuten-
HOCTH: B ra3o-
reHepaTopax
mpomycKaHueM
BO3/yXa Yepe3
c/I08 packaneH-
HOTO yTs:

c+0, 5 Co,,
Co,+C S 2c0
B na6oparopuu:

HCOOH L H0+
MypaBbHHAA
KHCIoTa +CO
(8 mpuCyTCTBHI
lcomeil_‘fm%oaan-
uuoit H,80,, ko-
TOpas OTHUMAET
BOZY)

CO+H,
HCIONB3Y-
€TCA KaK
TOILTHBO,
B MeTa-
Jyprum,
ana
CHHTE3a
H,OH,
¢otl, u
ap.; s
BOCCTaHOB-
JIeHH A He-
KOTOPBIX
OKCHJIOB
MeTaJLNoB
H monyye-
HHA Kap-
6oHHIOB
MEeTaJIoB

CO; — okcup yraepoaa (IV), yronsHeiit aHruapwi, yriIeKHCIRIA a3

la3 Gea
sera

| 3amaxa,
TDREJIee

BO3OyXa. -
[Ipu 20°C

H JaBs-

JICHMH
5,76-10°[1a
OpeBpa-
miaercs

B becwt-
BETHYIO
KMJKOCT.
Teepapi
CO, — «cy-
XOH e

CO, — KMCNOTHRI
OKCHJI, IPOSIBIIAET BCE
CBOMCTBA AHIHAPHIOB:

CO,+ H,0 = H,CO,,

CO,+ Ba(OH), - BaCO, +
+

2%y
CO,+ Ca0 ¥ CaCO;;
CO,+2Mg & 2MgO +C,

CO,+2Zn Y, Zn0+CO

B opomuimuten-
HOCTH:

CaCo, Y Ca0 +
+ CO,.
B naGoparopun:

CaC0,+ 2HCl -»

- CaCl,+ H,0 +

+ CO, (B anmmapa-
te Kunmna)

B ornery-
DIUTeNAX,
B IIHIIe-
BO#i mpo-
MBIII/IeH-
HOCTH IpH
M3rOTOB-
JIeHuH
HAITUTKOB,
B ra30BRIX
Jla3epax.
Teep-
auit CO,
(«cyxoit
nem) —
xJ1a0-
areHT




IIpodoamxenue maba. 105

‘Quaunecxue . Obnacmu
ceolicmea Xu.uuuecxue G G NOJy4eRuR NPpMEHEHUR
H,CO, — yroaruag xucjaora
Bec- Henpousoe coenpmenue; Pacreopenue Ipumens-
uperHasi | B BogHoM pacrsope CO, CO, B Boge: eTcs B BHAE
WUl CyIecTBYeT paBHOBECHE: conei,
KOCTh CO,+H,0 = a TaKKe
HQ+ coz CO, = = 1,60, mprcyT-
= 2i"+Co? i crByer
B TA3HpO-
o BaHHBIX
* BaauMogelCTBY €T TOJLLKO HAIETKAX
¢ OKCHAAMM B T'EJPOKCHAA-
MM IEI0YHEX B MEN0YHO-
3eMeJIbHEX METAJLIOB:
BaO + H2003—> BaCO, +
Yindl
2NaOH + H,CO, - Na,CO, +
+2H,0
Coam yrosHOM KHCIOTHI:
CaC0,, Na,C0O,, (NH),CO, — rapfonatw;
Ca(HCO,),, Mg(HCO,),, NaHCO, — riugpoxapboraTsl
Teep- ¢ " |. BaammMopeiicrBue CaCO
nele CaCO, *» CaO + CO,T, CO, co meno- nga
KpH- ‘gaMu; n MeTa-
cranm- CaCO, + H,0 + CO, = Jyprae
deckme = Ca(fICOy,, 9NaOH + CQ,— | H ctpour
g;anu;e- — Na,CO, + H,0, B ceJ:bc:t’m
Na,CO; + H,SO, —» Na,SO, + -
RO+ 00,T, | CaOH),+ €O | Moo
— CaCo,l + B Mo 3
2NaHCO, Y5 Na,CO,+ 0, B B
+H,0 + COJ, Ba(OH.) + CO IATHEBOH
a + - | nopoMbun-
(NH ‘)20 ___) 2]\?{ T+ - S&a(%al + Ii20 JIEHHOCTH
NaHCO, + HCl - NaCl +
+ H,0 + CO,




22.4. KPEMHNH KAK NNPOCTOE BEMIECTBO

Tab6ruya 106
OcHOBHBIE CBOHCTRA, NOMYIEeHNE H MPAMEHEHHE

Qusuveckue caolicmea

OﬁpaayeT ABe aJUIOTPOIAYEcKHe d)oplvm KPHCTAJIMYECKUH B amMopd-
HBEIHA KpeMHUA.

Kpucranmmyecknit kpeMHWIt MMeeT Cepo-CTANBHOM BT U MeTaLTHYe-
ckuit 6reck; p = 2420 kv, T, = 1420°C, T,.,= 2600°C.

O61anaeT HOMYPOBOHMKOBEIMY CBOHCTBAMH
) Xu.Mu.uecxu.e ceolicmea

Si + 2Mg 5 Mg,Si,
orinid

Si + 2Cl, 5 SiCl, (Terpaxyiopua KpeMHHUA),

Si + 2F, - SiF,, Si + 2Br, > SiBr,, Si+0, Y Si0, + 861 xlx,
si+C % sic (xap6mn kpeMuHEA)
si+28 5 SiS, (cymudpun kpemuus (IV)),
Si+2Fe0 Y, 2Fe + Si0,,
Si + 2KOH + H,0 — K,Si0, + 2H,T

Cnocobbt nonywenun

B mpomumnennocty: Si0, + 2C X, 2CO + Si.
Bonee ancThit kpeMumii noxy4dalor Tak: 2Zn + SiCl, » 2ZnCl, + Si.

Kpemumil, mosiydeHHEIA 0 9TOM peakUyH, HCOOJb3YIOT KAK HOJTY-
OPOBOLHUK.

B na6oparopun: SiO; + 2Mg Y, 2MgO + Si, Si0, + 2C % 2CO + Si,
3Si0, + 4A1 Y, 2AL0, + 3Si

O6racmu npumenenusn

B metamnyprum B kadecTse HOGABKH K CTa/JM JUIA YJIyYIIEHHs ee
CBOMCTB M B IPOM3BOACTBE CILUIABOB. B a/eKTPOHMKE NOIYIPOBOJHMAKO-
BEIH KpeMHHI HCOOJb3YIOT AJIA M3TOTOBJIEHAA TUOAOB, TPAH3MCTOPOB,
BEICOKOBOJIBTHBEIX TUPUCTOPOB U JAD.




22.5. COEANHEHHA KPENHHS

CsolicTBa, NOXYIeHMe H NPHMEHOHHE
GeCKMCIOPOAHLIX COSHHEHHHA KPOMHEHSA

.~

Ta6aruya 107

Quauxeckue

. O6racmu
cacliemea I Xumuveckue caoticmea Crocolb nonyvenur npu
SiH, — cunan
BeciperHbilt X¥MUYeCKH aKTHB-
T3 C Xapax- Hee YTIIeBOROPOIOB: Mg,Si + 4HCl -
TepHHM 3ana- . . HT —
XOM, BEICOKO- SiH, + 20, Si0, + | — 2MgCl, + SiH,
TOKC! + 2H,0
SiC — xap6bun xpemuusn (vapSopymwn)
Bffp’,ﬁ“ﬂe'u““‘_ € 1. 8i0, + B a6pa.
s © s 3UBHO!
mimere | sic+20, % 8i0,+ | +3C 5 SC+ | mpowsm.
: +2C0T + 527 vl | neHHocTH,
e |+ 00, ]
- 2. Iuporma
Ceporo 1o Veroluus k gedt- upemnm}c?pranme- B‘;’é'mxm“ml?ﬂ
4epHOro HBeTa CTBHIO MHHEpaJIb CKHX COSIUHEHHEN RAK KOM.
méc)x-mqecxug HEIX KHCTOT (Kpome Hﬁ iCl,, HOHEHT
iC) BBICOKO! KOHIEHTPHPOBAHHRIX ;
TBEPIOCTH HL}-IF B I-fNOa) CH,SiHCl, 1 ap. OrHeynopos
SiCl, — Terpaxnopun KpeMHus (1eTHPEXXJIOPHCTRINE KpeMHMIT)
B npoua-
B?;:u,ae'::ﬁm SiCl, + 3H,0 - Si0, + 2C + 2Cl; > ;oéuMCTH;; :
N il - H,8i0 +4HC | - sicl, + 2c0T A
YHCTOTHI

M3 6eckncIOpoAHEIX cOeIMHEHNI KpeMHUA HanboJiee BasK-
HBIMM ABaATCA Kapouz (SiC) u nurpng (SigN,) kpemuusa. Ot
coelMHEHNH B II0CJIeJHIE FOABI HAIIY IIMPOKOE NIPUMEeHEeHne
IIPYM U3roTOBJIEHNHU HA UX OCHOBe AieTajeli 1A CeJIbCKOX03AH-
CTBEHHOro, He)TAHOro ¥ XMMMYECKOI0 MAIIMHOCTPOEHUH.
Kpowme Toro, nasesing Ha OCHOBe HUTPHUAA KpeMHUA (HUTPNA-
Hafd KepaMMKa) IPHMEHAIOT B ra30TypPOMHHBIX ABUraTeasx
JJIA U3rOTOBJIEHUA TAKMX JleTajeil, Kak popKamMephl, HaJbI[bl
TOJIKaTeNfA, KPhJIbYaTKU TypGoKoMIIpeccopa ¥ Ap.



Ta6aruya 108

OcHoBHEIE cnoﬁcrna, noaydenne u IpUMeHeHHe
KHCJOPOXHBIX COeAHHEHHH KPpEMHHSA

Quauueckue . Ob6racmu npu-
ceoticmaa Xumunecrue ceoticmea Cnocob: nosywenus Menenun
Si0 — oxcun kpemuns (II), MoHoOKcHZ KpeMHuSA
Teepaoe Heconeo6paaytonmmit 8i0, + Si &5 98i0 B meran-
Beme- OKCHL 2 ’ nyprau
CTBO 9510, + SiC £ KaK
JKEJITOBA- . 510, + 510 5 BOCCTA-
1o Si0 + 2NaOH % 38i0 + cO? HOBUTe. T,
KOpHY- — Na,8i0, + H,T xeseaa
HEBOIO H3 pyant
LIBeTa
Si0; — oxcuna kpemuums (IV), kpemae3eM, KpeMHNEBLI aHTrHAPUA,
JAMOKCHA KpeMHIs
Bec- Kacnornstit oxcrn, 06.1a- 1. H,8i0, LN H,0 + B orrrrxe
1IBETHOE €T BCEMH CBOHCTBAMH + Si0, !gnm'm‘i
TBEpJOe KHCJIOTHBIX OKCHJIOB: 10,);
Belme- . . . . Brpamms _ | amna uaro-
CTBO, §i0, + Ca0 , CaSiO0,, ioxli%?ran n::gfofo TOBJIEHAS
Hepac. CRJEKAT s XAMH-
o KATbIRS u3a pacmwiaea Si0, qecKofi
pimoe 3. Pasnoxenne o
;i&%‘_’ Si0, + 2NaOH &, i]{a o;pS;Cl, B Omapax ﬁe%eza;n_
JI0Tax ¥ Na,SiO. + H,01 2 MHYeCKO
g ome — NaOIU, 2V, T = 1100-1400°C ——
B) . JIEHHOCTH
8i0, + Na,C0, %
¥, Na,Si0, + CO,T,
Si0, + 4HF - SiF, T +
+ 2H,0
mSiO, nH;0 — xpemaneBnie KMCAOTHI:
H,Si0, — Meraxkpemuuesas, H,SiO, — oprokpemunesas,
H,8i,0; — nuxpemanesas
Ipo- {I,Siﬁ()a — cnaﬁag) Na,Si0; + 2HCl - B opowus-
3pavHaa cnabee yroqpHOH . BOJCTBE
cTyne- MAJIOyCTOHIHBAS - 2NaCl + H,8i0,1, CTEKRNIa,
HucTasd IIBYXOCHOBHAA KHMCJIOTA, KepaMu-
Macea, HepacTBOpHMas B BOJe, Na,Si0, + H,0 + KH.
upe PacTBOpAETCH TONBKO T+ CO Camka-
BHICH- B MeJIoYax: 2= reJ —
XaHWH - Na,CO0, + H,Si0,d | mormo-
oopar H,Si0, + 2NaOH - Tapos.
3yercA — Na,5i0; + 2H,0, H Ta3oB
cr- B IIpo-
Karein i0. Y Si0. + MBIII-
Sio, H,Si0, =5 Si0, + H,0 MO
anmapa-
Tax




IIpodoaxenue mabxr. 108

Quiuveckue
caolicmea

Xumuyeckue ceolicmea Cnocobb: nosyuerus

O6nacmu
NPUMEHEHUR

Conn KPeMHHEeBRIX KHCJIOT:

Ca0-Si0, — cunuxar xansima, K,0-Al,0,-6510, — nonesoit mmar,
Al0,28i0,.2H,0 — kaoymH (rmana), K,8i0, — cunmkar kanus,

Na,Si0; — cunukat HaTpHs

Teep- BuiBerpupauue noseBoro . 3 Boguzie
bie Imara: Si0, + 2KOH - %agr?)opu
KpH- e . 1
CTaJUTH- . = K;8i0; + H.0, NZBZSI
Yeckne K;0-AL,0,68i0; + CO, + ) e . uenom3y-
Bemie- +2H,0 - K,CO, + Si0, + CaO > CaSi0;, | worea ga
cTBa : - H3rOTOB-
+ Al,04 - 2810, - 2H,0 + 8i0, + Na,C0, > JIeHRA
. KMCJIOTO-
KA0JMH t .
. = Na,Si0, +CO,T | ymopsoro
+ 4810, LEMEHTa
u BertoHa,
. ¢ 3aMaaok,
A1203-23102-2H20 - B CTpOU-
5 AL0,28i0, + 2H,0 oo
B Boge pacreopsaTca
TO/MBKO CITHKATH MEJN0Y- Hemen;rm'r
HBIX METaJLIOB. gggl);:nn-
BaHHEM |
cMecH
[JIMHE], U3-
BECTHAKA
M KpeMHe-
3eMa, HC-
HOBL3YIOT
JU1A M3ro-
TOBJIEHUS
Herona
Na,0'Ca0°6Si0, — oxonHoe crexyio
Tpo- a b Ca0.6S; Crexio
apaiHoe Na,CO, + CaCO, + 6Si0, —> Na,0-Ca0-68i0, + 2CO,T mpume.
aMopd) cona H3IBeCTHAK KpeMHedeM HAIOT B
Hoe CTPOMTEb-
Teno (t° = 1400°C). H.l(;l:‘fl HH-
f)l;;l:;‘_ Z[o6anén (())rOa, Fe;0,, Ag (B xonnouaHOM cocTos- %ggfd ’
SHHA wuu), Ce, % OPHAAIOT CTEKITy e, OKpacKy; 6
f:mlﬁ A Crz(; Cu 3 PrzO — aenenymw; CoO — canwow; NiO, BTy
KOCTB) &mone'mnylo MnO, Se, Er,0;, —

poaonylo, I\ini) ~— KPAacHO-JIFIOBYIO
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22.6. BHOJNIOTHYECKAA POJIb
YINIEPOAA M KPEMHMA

CoeaHHEeHUs Yyriepoaa ABJIAIOTCA OCHOBOM PaCTHTEIbHBIX
H YKHBOTHBIX OPraHN3MoB (~45% yriiepofia cConep>KHTCs B pac-
TeHusiX U ~26% — B YKMBOTHBIX OPraHM3Max).

XapaKkTepHble OMOJIOrHYECKUE CBOMCTBA MPOABJIAIOT
okcuy yraepoga (II) m oxcug yraepoaa (IV). Okcun yrie-
poxa (II) CO — oueHb TOKCHYHBIN a3, TaK KaK OH MPOYHO
coeIMHsIEeTCA C FeMOrJIOOMHOM KPOBH H JIMINAET MeMOIJIOOH H
BO3MOXHOCTH IIEPEHOCHTE KHCJIOPOJ OT JIECKHX K KaIlHJLJIA-
pam. IIpu Bapixanuu CO yeOBEK MOXKET MOJYYHNTEL OTPABJIe-
HHe, BO3MOXEH Ja)ke cMepTeJabHbIH Hexox. OKeux yriepo-
na (IV) CO, ocobeHHO BarkeH AJIA PACTUTENbHBIX OPTaHH3MOB.
B kieTkax pacTeHH# (0COGEHHO B JINCTHAX) B IPHUCYTCTBHH
XJIOPOOHJLIA U MO/ AEHUCTBHEM COJHEUYHOM HEePrHH IIPOHC-
XOAUT (POTOCHHTE3 I'JIIOKO3bI U3 YIVIEKHCJIOrO rasa M BOJEI
¢ BeIAIeJIEHHEeM Kuciaopoaa (cMm. pasgen 1.21, c. 24).

B pesyibTare OTOCHHTE3a PACTEHHS €KErofHO CBA3LI-
BaloT 10 150 MJIpJ TOHH yriiepoja ¥ 25 MJIpPJA TOHH BoAopoJa
H BbIAEAAI0T B aTMocgepy Ao 400 Mapa T Kucaopoga. Y YeHble
YCTAHOBMJIM, YTO PACTEHHS NOJy4aloT oKoyo 25% CO, uepes
KODPHEBYIO CHCTEMY M3 PACTBOPEHHBIX B IOYBe Kap6OHATOB.

KpeMHuuii pacTeHHsA HCIOOJBL3YIOT AJS MOCTPOEHHS IIO-
KPOBHBIX TKaHei; coep Kalliiicad B PACTEHHAX KPeMHHIi,
TIPONHUTHIBasA KJIETOYHBIE CTEHKH, JejIaeT HX 6oJiee TBepABIMHA
H YCTOMYMBLEIMH K IIOBPEKICHUAM HACEKOMBIMH, IIPEAOXpa-
HseT UX OT IPOHNUKHOBeHUA rpubHoi nHbekun. Kpemunii
HaXOAMTCH MOYTH BO BCE€X TKAHAX JXMBOTHBIX M YEJIOBEKaA,
ocobeHHO MM GoraThl HOJJKeJYLOYHafA kKeje3a, NedeHb,
BOJIOCHI, IIEPCTh, KOXKa, KOCTH, 3yObl, XpAIIH. ¥ TyOep-
KYJe3HEIX GOJNBHEIX B KOCTAX, 3y0ax M XpAmax KPpeMHHA
3HAYHTEJLHO MEHbIIIE, YEM Y 3AOPOBLIX JioAeii. IIpu takux
3a00JIeBaHKAX, KAK 3K3eMa, YellyiuaTeIil auimaii, 601e3Hb
BoTkuHa, oTMeuaeTcad yMeHbIIeHHE COAEPKAHNA KPEMHUA
B KPOBH, a IIPH IIOpaK€eHUH TOJICTOH KMIIKM — Haobopor,
YBeJIMUEHHEe €ro COAeP)XaHuA B KPOBH.



23. XHMHA
H 3KOJIOTHYECKME INPOBJIEMBI
COBPEMEHHOCTH

JKxos0zus — HaAYKa 00 OTHOLIEHHM OHOJOTHYECKHX CO-
o0mecTB MesKAY coboii U ¢ okpysKamwet cpeoii. I1pombiu-
JeHHAs 3K0A02Us — HAYKA 0 B3AUMOCBA3H 00BEKTOB X035ii-
CTBEHHOH AeATeJILHOCTH YeJOBEKA € OKPY’Kalolleil cpeaoii.

C pasBuTHEM XHMHUYECKOU IPOMBILIUIEHHOCTH, METaJI-
JIyprUH U APYTHAX IPOU3BOJCTB B OKPYKAIIYIO CpPeAy IOo-
NajalT BPpeJHEIE JJIs JKMBOI NPHUPOALI BellecTBa, KOTOPEIEe
HapyLIaT IPUPOJHOE SKOJIOrHYecKoe paBHOBecHe. Cerogna
cyuiecTByeT nNpofieMa 3alUThl OKPYIKAaIoeil cpeanl OT XH-
MHYECKOr0o 3arpA3HeHU, a aTO TpedyeT yCKOPEeHNs Pa3BUTHA
NPOMBIILIEHHOM 9KOJIOPHH, KOTOPOEe HEMEBICINMO 6e3 yyacTusa
B 3TOM XMMHH, Hrpaionieil JBOAKYIO POJIb B }KM3HH YeJIOBe-
YeCcKOoro o0IecTsa: ¢ OAHOH CTOPOHEI, OTXOAbl XUMHUYECKHX
TIPOH3BOJACTB 3arpA3HAIOT IPHPOAY, a ¢ Apyroi — 6aarogapa
3HAHHUAM XMMHH YAAETCA IYTEM COOTBETCTBYIOIUX XUMHAYe-
CKHX PeaKIHii yCTPAHUTE BhI/ieJIeHHE B OKPYIKAIOIYIO CPEAY
BPeJHHIX JJIA XHMBOH NPHPOJEI BerlecTB. B KauecTBe mpn-
MEPOB KPATKO PACCMOTPHM BHALI ¥ KOHTDPOJIb 3arpsA3HeHU
BO3AyXa M MPHPOAHLIX BOAHEIX PECypCOB.
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23.1. BO3QYX,KOTOPBIM MBI ABIIIMM.
BNJbI 3ATPASHEHNN BOSAYXA M NYTH MX YCTPAHEHHA

CocTaB CyXoro BO3AyXa M OCHOBHEIE MCTOUHHKH €ro 3a-
rpasHeHuii npuBeaeHs B Tabn. 109-114.

Tab6aruya 109

CocTas cyxoro BO3xyxa
Komnonenm Cpednee codepacanue, 06, %

N, 78,09

0, 20,95

Ar 0,93
CO, 0,03

Ne 0,0018

He 0,0005

CH,, Kr, Nzoﬁg:& Xe, NO,, O,, _

* B nopanke y6 uX HA B BO3AYXe.

Ta6auya 110
THOWIHERIE COHHECHUA-3ATPASHUTEH FOPOACKOro Bo3ayxa

Coedunerun Codepocanue, %
Oxcup yraepoga (II) CO 48,5
Oxcumm aszora NO, 15,0
Oxcaant ceput SO, ‘ 14,9
Teepasie YacTHIIEL 13,7
VYraesomoponsr C,H, 8,0




Tab6aruya 111

OcHoBHEIE HCTOYHMKH 3arpAIHEeHH BO3AYXA
B THNHYHOMK ropoxackoi armMochepe (Mo JaHALIM
Hanuonaasnoro ynpasiesns CIIIA mo 3arpssseHHio BO3xyxa)

Hemounuk 3azpasnenus

Omnocumenshas urnmencusrocms, %

TparcoopT 44
Oronnenne 20
[IpomsrmeHHOCTD 14
Csxuranue Mycopa 5
IIpoune 17

Tab6aruya 112

Hcrounnkn nossneana xuoxkcHuaa cepsl SO, B atmocdepe

Hemouwnux Omnocumensras unmercushocms, %
Cruranue yras 63
IIpouzsoacTBEeHHEIE IPOLIECCHI 22
Coxcuranue HedTH 14
Cxxuranue OeH3MHA 0,7

Tab6aruya 113

CocTaB aBTOMOGHILHBIX BHIXJIONMHBIX ra3os

Konuvecmeo zazpaanenuil, ui0enembix npU PAISIUHYX
Coedurnerue — YCROSUAE
Xgﬁgg'zmt) Huaxasn cxopocms | Buicokaa cxopocms
NO, 0~50 Moty 1* 1000 ms ! - 4000 mant
CO 3-10 06. % 3-800. % 1-5 06. %
(ymegfgimm) 300-800 mm~ | 200-500 smer? | 100-300 M
CO, 6,5-8,0 06. % 7-11 06. % 12-13 06. %

* Mar"! = Mr/a,




Tabruya 114

KoMIoEeHTHI ra3oBBIX ByﬁpOCOB OCHOBHBIX HPpOH3BOACTB
XHMH9€CKOM HPDOMRIIJIeHHOCTH

Coedunenusn, 6b16pacobieaembie

Ipousaodcmeo o ammocgepy
Kncior:
a30THOM NO, NO,, NH,
CepHOM:

HHTPO3HEIA cIoco0

KOHTAKTHERIA COCo0

Fe,O; (mrus), NO, NO,, SO,, SO,,
H,SO

2 4

S0,, S0, H,SO,, Fe,0, (msi1n)

COJIAHOM HC), C),

IaBeJIeBoi NO, NO,, C;H;0, (meumn)

Ccy’15gaMEHOBOH NH,, NH(SO,NH,),, H,S0,

docdoproit u dochopa P,0;, H,PO,, HF, Ca,F(POy), (uns)
Y nobpenwii: NO, NO,, NH;, HF, H,SO,, P,O;,

63, oeUTh yaobpesuit

Cyuepdocdara H,SO,, HF, nrute cynepdocdara
FKunxoro xsopa HC), Cl,, Hg

X opHo#t uasecTu

ITo/max nOpBHUHIIOBOI CMOJIEL

Cl,, CaCl, (anuin)
Hg, HgCl,, NH,

OnexTpoau3 NaCl, Cl,, NaOH
Auerona CH,CHO, (CH,),CO
AmMmuaka NH,, CO

Meranona CH,0H, CO
Kanposaxrama NO, NO,, S0,, H,S, CO
Karamazaropos NO, NO,, nsu1s ¥aTanu3aTopos

I/lc!cyccmem{w( BOJIOKOH

H,S, CS,

IIpecc-mopomkoB

CsH;OH, CH,0, CH,OH, mu1s1e mo-

PONIKOB M CMOJIEI

DenopopMaTIbAe FTATHEIX
cMON

CH;OH, CH,O

AOpasMBHEX MaTepUasoB
H EHCTPYMEHTOB H MAIIHHO-
CTPOMTENILHOM KepaMHKH

Al?waammaﬂ meue Al,O,, SiC, Si0,,

BN, Zr0,, Si;N,, B,C; rasut CO, CO,,

80,; denon, bopmanenernn, bypdy-
POJI, KCHJI0




AnTtponorenHsie cymmapHble BeIGpockl SO, B MHpe Co-
craBasioT okoiao 150-10° TomH/rox, m ocHOBHAS ero Macca
(zo 70%) BeIOpacHIBaeTCA ¢ JHIMOBLIMH Ta3aMU TOILIHMBHO-
3HepreTM4YeCKUX YCTAHOBOK, paGoTalOUIMX HA yrjie H Ma3yTe
¢ 6oJIbIINM coZepIKaHMEM Cephl, a TaKMKe IpeJIPUATHAMHA
IBETHOM U yepHOit MeTannypru (o 15% ) npu mepepaGoTke
cyIbPUAHBIX PYA:

Cu,S + 20,— 2CuO + S0,T,
4FeS, + 110, - 2Fe,0, + 8S0,T.

Bri6pacsiBaeMblil B aTMOC(epy CEPHHUCTHINM ra3 SBIAETCA
NPUYMHON BOSHMKHOBEHUA KHUCJIOTHBIX KOMXKIeH, TOCKOJbKY
SO, BzauMogeiicTByeT ¢ aTMOCchepHOii BAaroii ¥ co3JaeT KUc-

JIOTHYIO Cpeay:

S0, + H,0 = H,S0; = H*+ HSO;” = 2H"* + SO%,
H,S0;+ H,0-2¢ — SO} + 4H*

Ananornunsim o6pasom rasel NO,, BeiGpackiBaeMEble IPO-
MBINUJIEHHBIMHM NPeJIPHATHAME ¥ aBTOTPAHCIOPTOM, 3a-
paxkaioT aTMocdepy H BBIZLIBAIOT BEITIaJleHWE KMCJIOTHEHIX
IO AeH, coep Kaliux a3oTHYIO KHCJIOTY.

B npoMEInIeHHBIX paiioHax 60% KHCJIOTHBIX AOXKAeil
JaeT cepHasaA KHcJoTa, 30% — asorHasd, 5% — coasHada
¥ 2% — yriaeKucblil ras.

B paifoHax, yAaJIeHHBIX OT IOPOMBIIIJIEHHBIX 00bEKTOB,
xouaa CO, B cO3ZaHUU KHUCJION cpelbl aTMOCGHEPHBIX 0CAAKOB
cocraBiaser 80% 3a cueT 06pPaTHMOro B3aMMOAEHCTBUA €ro
C BOJOH:

CO,+ H,0 =2 H,CO; = H*+ HCO;~ = 2H*+ CO% .

Ha Teppunropun CHI' oTMeuaerca yMeHbIIEHHE KHUCJOT-
HocTH (pocT pH) BrImazaommux ocagKoB ¢ 3a1ala Ha BOCTOK.
CoryiacHO Za HHBIM CTAHIIMI KOHTPOJIS KHCJIOTHOCTH 0CATKOB,
npuBeJeHHBIM Ha puc. 43, mpoce;KUBalOTCA JBE€ OCHOBHEIE
TeHJeHIINH IPOCTPAHCTBEHHOT0 pacipeaeJeH!s KUCJIOTHOCTH
Bemanaoomux ocaakos B CHI': 1) ormeuaercs poct pH BHa-



oTcyTCTBMe
F==]55#65 YCTOR4MBOID
CHEXHOTO NOKPOBA

Puc. 43
Pacopepenenne pH B cHexxHOM nokpoBe Ha Teppuropuu CCCP
o AaHHbBIM 1988 r.

NpaBJIeHUH ¢ 3a0a/ia HA BOCTOK C HEKOTOPLIM OTKJIOHEHHEM,
CBSI3aHHAIM C BIUAHAEM NPOMBILJIEHHBIX IIEHTPOB H pejbeda
MECTHOCTH; 2) K CEBEPY H IOTY KHCIOTHOCTb OCAJIKOB B I[eJIOM
ymeHbmaercA. Hanbosiee KHcable ocafik B BBINAAAIOT B XOJIO/-
HHII TepHoj roja u ocofeHHO B peBpaie—MaprTe.

TakuM o0pasoM, B BO3AYX, KOTOPRIM MhI ABIIIHM, II0-
majlaeT MHOTO BPEJHBIX BEeNIeCTB, CPeH KOTOPhIX HEMAJYIO
OMACHOCTh IPEeACTaBAAIT OKcuAkl asora (NO,), kaTanusu-
pyiouide (YCKODSAIOIIHE) IPOLECC Pa3NoKeHUA 030HOBOTO
cJIOA B cTpaTocdepe, U cepHHCTHIH ras (SO,), BeidpackiBaeMble
B OKPY’KalomyI0 CPeAy B COCTaBe ALIMOBLIX I'a30B.

OunCTUTL ABIMOBBIE Ma3kl 0T OKCHAOB A30TA U CEPHUCTOTO
rasza noMoraet xumus. Tak, JnA ounctkH razos ot NO, npu-
MEHAIOT:

1) cBaseiBanue NO, rHAPOKCHIOM KAJbI[U:

2Ca(OH), + 4NO, — Ca(NO,), + Ca(NO,), + 2H,0,
2Ca(OH), + 4NO + 30, — 2Ca(NO,), + 2H,0;
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2) KaTaJHUTHYeCKOe CeJIeKTHBHOe BoccTaHoBiaeHme NO,
aMMHAKOM:

NO,+ NO + 2NH; — 2N, + 3H,0;
3) okucIeHHE K0 A30THOM KUCJIOTHI C II0JYYEHHEM B KOHEU-
HoM nrore NH,NO;, ncnonssayemoro kak yaodpeHmne:
2NO + 0, — 2NO,,
4NO,+ 0,+ 2H,0 — 4HNO;,
HNO; + NH; - NH,NO,.

OuncTKa ALIMOBHIX ra3oB oT SO, MOXKeT OCYINeCTBAATHCA
TpeMsd crrocobaMu:

1) aMMHAYHBEIM METOJO0M, OCHOBAHHBIM HA IPOTEKAHHHU
peaxmi
S0, + (NH,),S0; + H,0 = 2NH,HSO,,
2NH HSO,;+ H,S0,= (NH,),SO, + 2H,0 + 2S0,,
(NH,),SO; + 2NH ,HSO; = 2(NH,),S0,+ S + H,0;

2) MeTOAOM HeITPaTIH3AI Y, OCHOBY KOTOPOTO COCTABJIAIOT
peaxiuu
2Na,CO; + SO, + H,0 = 2NaHCO; + Na,S0,,
2NaHCO; + SO, = Na,SO; + 2CO, + H,0,
2Na,S0;+ CO, + H,0 = 2NaHSO; + Na,CO,,

nin
CaO + SO, + 2H,0 = CaS0; - 2H,01,
CaSO3'2H20 + 1/202= Ca.S04 . 2H20,
aunbo
MgO + SOz+ 6H20 + 1/202 = MgSO4 - 6H20,
ZnO + SOZ+ 2,5H20 = ZnSO3 . 2,5H20;

3) KaTATNTHYECKUM METOJ0M, OCHOBAHHBIM Ha OKUCJIEHHU
SO, B mpuCyTCTBHH KaTaauzaropa u noayvyeauu H,SO,.

MoskeT HCIIONIb30BATLCA H TAKOM cmocob:
S0, + CaCO;+ !/,0,— CaS0,+CO,T.



23.2. BO[IA KAK O{MH M3 NNIPHPOHBIX PECYPCOB.
HCTOYHHMKM 3AIPASHEHHA BOJBI

IIpuBeZieM HEKOTOPEIE CBEAEHHSA O 3aIIaCaX U IMOTPeOJIeH U
IIpeCcHBIX BOJ COrMIacHO JaHHBIM pabotel U. A. IllnknomaHoBa™:

MupoBHe 3anach! DpecHOit BOAEI 34 980-10°% km?®
ExxeroaHo Bo3o6HOBIsieMbIe 3anackl (rofoBoii cTok pexk) 46 800 km?/rog
ITonsoe MUpPOBOE NOTpeGaeHHe BOABI 4130 xm3/rox
BespoasparHOe MUPOBOE NOTpebieHne BOAR 2360 kM3 /rox
3amachl IpecHoit BoABI Ha Teppuropun Poccuu > 2-10% km?
Esxeroaso Bo3ofHOBIseMEIe BOAHEIE pecypchl B Poccnu 4270 xm®/rox
Cpeaussa ofecneueHHOCTb BOAOH DEYHOTO CTOKA HA

oauoro xurens Poccuun ~ 31 000 m3/rox

ITo nanHnM UHCTUTYTAa MHPOBBIX PECYPCOB, AJIS 4eJIO-
BEUECKOIl JieATeIbHOCTH ACCTYIIHO oKoJio 9000 km? npecHoit
BOZBI. ATOro 00'beMa JOCTATOYHO AJA obecnmedyeHMs BOAOI
20 mapn yesoBek B rof. OgHakKo noTpebiieHNe BOAB ¢ KaXK-
AbIM rogoMm pacret (puc. 44). Cpegnee cyTouHoe notpebiienue
BOJHI B ropoze coctanJsieT ot 30 a0 400 j1 Ha 0JHOrO YeJIOBEKa
(Heio-Hopk — 600 j1/cyTkn, MockBa — 560, JIongon — 260,
Musnck — 320). I3 Bcero o6bema norpebiaeMoil ropoJcKoit
Boael 50% naeT Ha XO03ANUCTBEHHBIE HYXKIbI H JJIA IIHTA-
Husa; 30% — Ha NpoOH3BOACTBEHHbIe HYXAHI U 20% — Ha
KOMMYHAaJIbHO-OLITOBEIE.

IIpu mpoxokAeHNH Yyepe3 BeCh rMAPOJOTHYECKHIM IHKJ,
caaraeMblif U3 Tpex OCHOBHBIX IIOTOKOB — OCaJKOB, HCIIa-
peHns U BiaaromepeHoca (puc. 45), Boja 3arpsasHsaeTcAd Kak
NPUPOAHEIMA KOMIIOHEHTAMH, TAK M OTXOAaMH 4eJIOBeYeCKOM
IeATeJILHOCTH, MOCKOJIBKY OCHOBHAA YACTH HMCIOJb3yeMOM
B IIDOMAIIILIEHHOCTH BOA bl BO3BPAIIaeTCA B €CTeCTBeHHbIE BO-
IOEMEbI B BHAE CTOKOB, 3arpA3HeHHbIX IPHMECIMH Pa3JIHMUHbIX
COeIMHEeHHI, B TOM YHcje H TOKCHYHEIX. Ocobylo onmacHOCTL
TIPeACTABJIAIOT CTOYHEIE BOALI XUMUYECKHX U HedTeXuMude-
CKHX NpeAnpuATHHA. J{oJs MPOMBINIIEHHOCTH B 3arpA3HeHHH
MOBEPXHOCTHEIX MPHUPOAHKIX BoJ cocTaBidAeT 70—-80%.

* Mlukaomanos H. A. UccnenoBaHue BOJHLIX PECYpPCOB CYINH: MTOIH,
npob6iemnl, nepcnekTuBHl. JI.: M'ugpomereonsnar, 1988.
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I'maponoruuecKnif NMKJ, BKIIOYAIOINIA TPH OCHOBHEIX IIOTOKA:
0oCagKH, MCIApeHue U BJIaronepesoc

Iudpu Ha pUCYyBKe — 00beMHB BOAK! B KM /TOJ.

BTa6a. 1151116 npuBeseHbl OCHOBHBIE THIIBI I JONYCTHU-
MBIe Ipefesbl 3arpA3HeHHl BOALI Pa3JMYHBIMM BDEJHBIMH
IS JKMBOM IPUPOAHI BelllecTBamMy. IIpu npeBrImesny aony-
CTHMBIX KOHLeHTpAIMii 3arpsA3HeHHl CTOYHEIe BOABI AOJI3XHEI
NOABEPraThCA OYHCTKE.
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Ta6ruya 115

THIOEI 3arpA3HEHAH BOIRI
(o RaHEBIM cMyx611 3npaBooxpanenus CHIA)

Bewecmaea, 0na oKUCIEHUA KOMOPbIX He0bx00uM Kucai0pod

Boa6yaurens nHderunn BaxTtepus u BUPYCH (CTOYHEIE BOIHI,
OTXOAKI KHBOTHOTO [POHCXOMNKACHMS)

ITurareimHEEe BemecTBa Hurpatn u docdatr (yaobpenus,
1A pacTeHmit MPOMEIIJIEHHEIE OTXOTHI)
OpranmyecKkue CoeAMHEHUA JleTepreHTEl, MHCEKTUIMAEL, repouim-

ARl, CTOYHLIE BOIKI

Jpyaue munbt 3azpraveruil

Munepass 1 XHMHKATH Kucsoth, 0OCHOBaHMA M COMH (IDAXT-
HEI€ BOJEI, HEOPraHWYEeCKHe NPOMEIIT-
JIEHHBIE OTXOJHI)

Ocaaxu Hn (apoLyKTH 3p03uH IOYBHI)

PB}IHO&RTHBHHG BelnecTea Pa,zmoamm-rme H30TOIIkI, IMOJIyYae-
MEI€ B OIpoLecce JOGEIMU WM H3rOTOB-
JIEHWH DaJHOAKTABHEIX BEIIECTB

Tennosoe 3arps3nenue Tennocopoc (ocTaBmasica Boga U3 na-
POBBHIX TYPOMH 3JI€KTPOCTAHIIMIL)

B OOBIYHHIX YCJIOBHAX XHM3Hb PACTE€HHH M KHUBOTHBIX
B BoZe (MOpPCKHMX Bogopociieit m 6axrepmuii, pei6 M APYyrux
oburareseit BogHHX 6acceiiHOB) BO3MOXKHA TOJBKO IPHU HO-
CTATOYHOM KOJIMYECTBE DPacTBOPEHHOro B Hell KmMciopoja.
CoBepnieHHO ACHO, YTO MHOro4YucjieHHBIe cOpochkl He0O6-
paboTaHBRIX NMPOMBINIJIEHHBIX M KAHAJMHU3AIMOHHBIX OTXO-
OB B €CTeCTBEHHEIE BOXHBIE HCTOYHUKH (PYYLH HJIN PEKH)
NPUBORAT K CHHIKEHHIO0 KOJHYECTBA PACTBOPEHHOIO B HUX
KHCJ0POJa A0 YPOBHA, UCKJIIOYAIONIEr0 IOAAEPKAHNE KHN3-
HE B Boge. OTciofa BOSHMKaeT HEOOXOAMMOCTL OYMCTKH
CTOYHBIX BOJ, 3arPA3HEHHBIX OLITOBHIMH (X03AHCTBeHHEIMH
M peKATBHBIMHU) U TIPON3BOACTBEHHLIMH (IIPOMBIIIJIEHHBIMH )
orxozamu. K crounsiM BofiaM TaKIKe OTHOCAT U aTMOc(epHbIe
BOJZBI, yAaNsieMbl€, KAK U 3arpsA3HEeHHEIe BOABI, C TEPPUTOPHH
HACEJIEHHLIX MECT Pa3/IMYHLIMH CHCTEMAMH KaHAJIN3AIUN.



Ta6auya 116

JonmycTHMBIe NpeRebl 3arpA3HEEHHA BOXBI
Pa3aHYHBIMH BelleCTBAMH, PeKoMeH yeMule cayxGoii
sapaBooxpaHenun CIIIA (1962 ron)

Bazpasnaouui Konyenmpayus, Ihgpercm, sviavieaembiii
azeum MAn! 3a2DAR3INEHUCM
As Haxannusasice B opranuame,
(B M06BIX 0,01 OKa3LBaeT o0mee TOKCHYHOE
BHIAX) nelcreue

B BHICOKHX KOHIIEHTPAIMAX

(B n(;‘ouﬁux 1.0 HapymaeT GbyHKImO neyeHn.*
BHIAX) ’ Ucnomeayercs aisa orpasimdeHus

pocta Boaopocsiel

Pb Haxarusasce B OpraHraMe,
OKaaeIBaeT o0IIee TOKCHYHOE

(BB:LOaGSx 0,05 ZOeiicTeHe; noaaBnsgeT GQyHKLMIO
KOCTHOI'O MO3ra
Zn fAsnnercs HeoOXOQUMEIM IUTA
(B mob6EIX 5,0 OpraHu3Ma ajieMeHToM**
BAZAX)
Bri3sBaeTr oTpaBneHne co cMep-
0,01 TEJLHBEIM HCXOAOM IPH KOHIIEH-
CN- Tpanun 1 man!
45.0 Brtanpaer 3afosieBaHue KpOBH
4 (MeTTeMOrI00HHEMHIO) ¥ AeTel
IIpn xoHueHTpal Y Brime
F- < 1,0 1,2 max! paspymaer 3yOHy10

aMamp***

* Hsnserca neobxonEMEIM AJIA OpraHKaMa asteMeHToM (1 Mr/cyTrE).

" -

** JluEK B OpEAENax y KC OPraHAIMY, HOCKOALKY OH BXOAAT
B COCTAB FOPMOHA MHCYJIFEA, xoropuﬁ perynupyer ypoBeHb CaXapa b KPOBH.

*** Hemompayercsa mid npoduIakTiKE Kapueca 3yGoB.




23.3. OYHCTKA CTOYHBIX BOJ

OueHb IIeHHOE CBOMCTBO IIPHPOAHEIX BOJ — HX CIIOCOOHOCTH
K CAMOOYHILIEHHIO, SBJISAIONIAACA Pe3yJbTATOM B3aHMOCBA-
3aHHBEIX (N3NKO-XHUMHYECKNX U OMOXMMHUYECKHUX IIPOLECCOB
(peaxkuu ruApoOIN3a, aacopoINH, HeHTPATN3ANH, HOHHOIO
obmena u ap.). Hanpumep, noust megu Cu®** B mpHCyTCTBHH
pactBopumoro CO,; 06pa3yioT ocaok ocHOBHO#M con: 2Cu?t +
+ 3H,0 + CO, - (CuOH),CO,; + 4H*; moust CN- okucasiorcs
KHCJIOPOAOM BO3AyXa ¢ 00pasoBannem nuaHaToB: 2CN~+ 0,=
= 2CNO".

IIpn yuacTun aHa3pOOGHEIX 6aKTepHii OCTATKH JKUBOTHBIX
¥ PACTHTEJLHEIX OPraHU3MOB OKHCJISIIOTCS C 00pa3oBaHHEM
CO,, H,0, NO;, SO}, PO,*. Ho Hapsay ¢ 3THMHM PO ECCAMHU
npu u30BITKe 3arpA3HEeHNH (0COOEHHO OpraHMYEeCKUMH Be-
IEeCTBAMHU) B KayeCTBe NMPOAYKTOB Pa3JIoyKeHHdA 06pasyioTesa
TaKHe BpeAHEle BemjecTBa, kak H,S, NH;, PH,, CH,, xoToprie
MOTYT IIDHBECTH K MaccoBoil rufenu oburareseil BOJOEMOB.
Ocob6erHO 3T0 OMACHO AJIA TPYHTOBHIX BOJ.

IIpu HeOOnbIIOM 3arpsA3HEHNH PEK M 03ep BOCCTAHOBJIE-
HHEe Ka4eCcTBa UX BOJ BO3MOXKHO 34 CUET €CTECTBEHHHIX IIPO-
EeCCOB CAMOOYNINEHUA, YTO ABJAETCA HEBO3MOKHBIM AJIA
TPYHTOBBIX BOJ, JHUIIEHHBIX HEeOOCPEACTBEHHOTO KOHTAKTA
¢ aTMoC(EepHBIM KHUCJIOPOAOM, KOTODEI# HE0O0XOoAUM AJA
bYHKOHMOHUDPOBAHNA MUKPOOPTaHHU3MOB.

JInKkBuAauusa 3arpAsHeHUid BoAHOro 6acceifiHa IIPOMBIIII-
JICHHBIMHM CTOKaMM MOKeT OBITh OCYyllecTBJIeHA NMyTEM CO3-
OaHUA 3AMKHYTHIX BOJZOOOODOTHBIX IHMKJOB, B KOTODHIX
IIPOMCXOANUT [IEePUOANYECKAS OUHUCTKA BOABI.

OuncTKka CTOYHBIX BOJ BKJIOUAET TPH I10CJIE[0BATEJb-
Hele craguu., IlepBuuHas cragus — OTHHUILTPOBHIBAHHE
TBEPABIX NPHUMeceii, IlecKa M MJa M XJOPHPOBAHHE BOABI
AiA o6e3Bpe:KMBAHKMSA HAXOAAINXCA B Heil nHbEeKITUOHHEIX
6axrepuit. Ilpu xsopupoBanun (obaBJeHNH XJI0pa B BOAY)
MeXKAY BOAOH M XJIODOM HPOTEKaeT PeaKIHUsd AHCIIPOIOP-
nunoanpopanua: H,0 + Cl, - HCIO + Cl- + H*. Cnabaa
kucaora HCIO mMeayienno passaraercs, BoIiesiAs KHUCJIOPOJ;:
2HCIO - 2H*+ 2C1" + O,.
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OxucaurensHas ciocobHocts HCIO oueHs BricOKas (BhILLE,

yem y MnO}), u aTHUM 00'bsiICHAETCS €€ Bo3AeiicTBHe HA GaKTe-
PHH U BHPYCHI, JINIIAIONIEE HX OIACHLIX CBOMCTB. B KaHanu-
3aIlMOHHBIE BOJALI B 3aBHCHMOCTH OT CTelleHH MX 3arpsa3HeH-
HOCTH f00asaaioT ot 2 10 5 mr/xa Cl,. Xyop Takxke 406aBAAIOT
U B BOJY IaBaTeNbHEIX OacceiiHoOB. BmocieaHee BpeMsa
XJIOPHPOBaHHE BOALI 3aMEeHAeTCA INpHMeHeHUeM o30Ha (0O,)
u nepoxcuga sogopoaa (H,0,), MOCKOJBLKY OCHOBHBEIMH IIPO-
AYKTaMH IIPOTEKAIOMNX B 9TOM CJIYyYae XMMHYECKHUX PeaKk Uil
ABNAIOTCA TakHWe 6e3BpegHEle BellecTBa, Kak H,0, CO,, O,,
B TO BpeMdA KaK IIPHU XJOPHPOBAHHH MOrYT 00pa3oBBIBATHCA
XJIOPYI'JIEBOOPOALI, BpeAHbIe AJIS 3A0POBhS YEJIOBEKA.
Bropuunasa oumcTka — MeAJIeHHaA (QUIbTpanua Jubo
aspanusA, Npu 3TOM CTOYHBIE BOABI IIPOCAYMBAIOTCA Uyepes
CJIOH rpaBys, B KOTOPOM HaxXoAATCA 6aK TepHH, pasjiaraiolime
75% copepskalIUXCsA B BOAE OpraHMdYecKux pergects. O6es-
Bpe’XKeHHEIe TAKMM 06pa3oM CTOYHEIE BOABI OOOrallal0T BO3-
AYXOM M JAIOT UM OTCTOATHCA AJIA YAAJIEHHU A OCAXK JAIOIUXCSA
npumeceii. ITotT metof ob6nafaet 90% -Hoit 3 dHEeK THBHOCTHIO.
~ TpeTH4HAA OYMCTKA BOABI CBA3aHA C yAAJIeHHEM K3 Hee
OCTATKOB OPraHMYEeCKUX BEIIeCTB U HOHOB U 3aBUCHUT OT KOH-
KPETHOrO XapaxKTepa CTOYHLIX BOA. B HEKOTOPBIX CAyYaaX AN
TPEeTHYHOM OYHMCTKH HCIIOJNb3YIOT GUILTPHI H3 AKTHUBHPOBAH-

HOT'0 JPEBECHOrO0 yIJis, a AJS OCAXKACHUS HOHOB POi’ — ra-
apokcng Kaiasnusa Ca(OH),. Bo3aMoXHO Tak:Ke IPpUMEHEHUE
3JIEKTPO/HAIN3a.

B Hacrosllee BpeMA KpoMme OHoJIorHYecKoro paspabo-
TaHB XMMHWYECKHE, COPOIMOHHEIE, 3JIEKTPOXHMHUYECKHeE,
paaualoHHO-XMMHYECKHAEe MeTOAbl OYMCTKH CTOYHBIX BOJ.
OaHaxko BOAOOYHCTHTEJNbHBIE TEXHOJOTHH BCE BPEeMs YCO-
BEPIIEHCTBYIOTCA U, COOTBETCTBEHHO, A0p0oXaioT. [loaromy
HauboJiee MepCNEeKTUBHLIMHA ABJAIOTCA IPOEKTHI, IIPEAOT-
Bpalamlie IoNajaHue 3arpsasHeHnii B Bogoemsl. K uncry
TaKHX IMPOEKTOB OTHOCHTCHA CO3faHUe 0e30TXOAHBIX TEXHO-
aoruii. [IpuMepoM MOXKeT CayKUTh paspaboranHaa B CaHKT-
IleTep6yprcKoM TeXHOJOrHYEeCKOM HHCTHUTYTe 6e30TX0JHAaA
TEXHOJIOTHSI IPOU3BOACTBA CEPHOM KHCJIOTHI.
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NEPMOAMYMECKAA CHCTEMA J/IEMEHTOB
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NEPNOANYECKAA CNCTEMA 3/IEMEHTOB
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5 |Ro% | &r® | Y¥® | Zr® | Nb* | Mo*? | Tc® | Ru® Rd*®

6 : 0555 BaSG La* I‘If72 Ta73 w74 Re75A 0576 I!‘77

7 | ¥ | Ra® | Ac™ | Ku™

* Jlanmanoudu

[ Se® [ Pr%® | Nd® | Pm® | Sm® | Eu® | Gd® |

** Axmurouos:

‘LThQO‘I Pa 9! | U % I Np % | Pu % | Am % l Gm%L

Oco6eHHOCTH JIMHHOIEPHOLHOTO BAPMAHTA TAGIHIIkL:
1. BcA COBOKYIHOCTD 9JIEMEHTOB pasjejsercs Ha §-, p-,
d-u f-31eMenThI.

-3, 8-3JIeMEHTHl 00pa3yIlOT ABa BEPTHKAJBHBIX CTOJG-
na— rpynnsl I A u ITA, p-aeMeHTH — IIECTH Tpynm —
ITT A-VIIIA; d-3/1eMEHTHI — JE€CATH BePTUKAJBHBIX CTOJIOIOB;
f-aMeMeHTH — YeThIPpHAAIATD.
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ITPHIOMEHHE 2

8. N. MEHRENEEBA (anumEas Gopna)

I'pynns:
VIIIB| IB IIB INTA | IVA VA VIA | VIIA |VIIIA

(H'Y) | He 2

Al 13 Si 14 P 15 S 16 Cl 17 Ar 18

Ni? | Cu?|Zn 3 |Ga® |Ge? |As 3 |Se® |Br3 |Kr®

Pd 46 Ag 47 Cd 48 In 49, Sn 50 Sh 51 Te 52 I 53 Xe 54

Pt 78 Au 79 Hg 80 Tl 81 Pb 82 Bi 83 Po 84 At 86 Rn 86

Y

d-3eMeHTE ——————I=Ja( p-3 TH

(f-anemenmer)

[ 1% | Dy% | Ho® | Er® | Tm® | vb™ [ Tu” |

(f-anemernmst)

I Bk ¥ I Cf % I Es 9 J Fm!® l Mo l Noloz l Lr103 I

3. Hemerasbl 06pasyloT «TPEYTOJNBHUK » U3 §- U P-3JIeMeH-
TOB. deMeHTHI B, Si, As, Te u At, xoTopnie JexaT Ha AUATO-
HaJLHOM FPaHHIle TPEYTOJLHNKA, Ha3hIBAIOT IOTyMeTaLIaMu
M3-32 UX ABOMCTBEHHBIX (METAJNIMYECKHUX M HeMeTajlu4ye-
CKHX CBOMCTB).
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TABJINIA PACTBOPNMOCTX CONER,

H* [ NH; | K* | Na* | Ag’ | Ba® | Ca® | Mg*

OH- P| P P|M|H
No; | P P|P|P|P|P|P
Cr P|P | P|P|H|P|[P]|P

S p|lPp|lP|P|lH|-]-]-

so- |P|P|P|P|M|M|M M
M|H|M|P

SOZ_ P P P P

co- |P|P|P|P|H|H|H|H

sio- |H| - |P|P|H|H|HH

PO* P p P P H H H H
4

CH,COO | P P P P P P P P

P — pacTrBopuMOe BEHIECTBO;
M — manopacTBopHMOE BEHIECTBO;
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ITPHITOXEHHE 3

OCHOBAHIGK X KNC/IOT B BOJIE
Zo®* | So#* | Cu* | Hg* | Pb>* | Fer* | Fe* | AP | Cr*
H H H - H H H H H
P P P |.P P P P P P
P P P P M P P P P
H H H H H H H — -
M|H| -] -|H|M]|-]|-]-
P P P P H P P P P
_ _ _ - H H - _ -
H|{H|-|-|H|H| -] -] -
H H H H H H H H H
P P P P P P P P P

H — HepacTBODHMOE B BO/ie BeIIeCTBO; .
(—) — BemiecTBO pa3jiaraercs B BoJie HJIX He CYLeCTBYeT.
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IIPHIOXEHHE 4
Jamurckuil u zpevecxuii argpasumust

JlaTuaCcKME aadasuT I'peveckuit andasnT
nponuc- cmpoy- Haseanue nponuc- { cmpoy- Ha3eanue
Hble Hble Hble Hbie

A a |a A o {aasba

B b |62 B B |6era

C ¢ |o3 r Y |[ramma
D d |[n» A 8 |nmenwra
E e |9 E € 3ICHJIO H
F f |ad Z { |msera

G g | ra(xe) H n |ora

H h |xa(am) 3] 0 |Tera

I i n I 1 HO Ta

J j #or (3xu) K X | kanma
K k ika A A | mam6aa
L 1 A M ‘W | mu (M10)
M m |3M N Vv | o (H10)
N n |3H Z € | ke

o o |o 0] 0 | 0 MEKPOH
P p |m Il T |om

Q q |ky p p |po

R r |{ap X o |cu'rMa

S s |ac T T |Ta'y

T t | Y V | 1 ncnaoH
U u |y L)) ¢ |dn

A% v |B3 X X | xm

w w | zyQuib B3 b g ¥ |nocum

X X | HKC Q ® |omera

Y y | HTDEK

Z zZ |a33r
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