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PABWJ1A TEXHUKWU BE3OMNACHOCTH

npv padbote B KabnHeTe XxXumMumn
(nabopatopum)

1.

10

11.

12.

13

Ilepen Hawyamom paboOThl HajeHb paboOuUMil XanaT; MO yKa3aHUIO
YUUTES] MOXHO HCMOIb30BaTh U APYrHe CPEACTBa 3alIUTHI (OUKH,
crielMajIbHbIe MEPUATKU U T. 1.).

. BHnmaTenbHO npoqmaﬁ 9THUKETKY Ha CKJIAHKE, MPEXI€ YEM OTJINTb

HJIN OTCHINATh H€O6XO,[LPIMI>II>1 PCaKkTuB.

. He ocTtaBnsiii OTKpBITBIMU CKIISIHKM ¢ peakTuBaMu. He nmyTtaif npo0-

KM U UINETKU AJI1s1 0TOOpa PEaKTUBOB.

. bepu cronpko peakTuBa, CKOJIbKO YKa3aHO B MHCTPYKUMHU. OObIYHO

paboTaroT ¢ HeOOJBUIMMHU KOIUYECTBAMU PEaKTUBOB (Mo 1 T s
TBEPABIX BELIECTB U 1 MJT [T )KUIKOCTEH).

. Hencrnonb3oBaHHbIE peaKTUBBI HE BbUIMBAM U HE BbICBINAl 0OpaTHO

B CKJISIHKHM, a MOMelaif UX B CIELMAIbHO NMpeJHA3HAUCHHbIN s
3TOr0 COCY[ WM c/lail TabopaHTy.

. TBepable peakTUBbI HE Oepy pyKaMM, a TOJIBKO CIEeLHUaIbHBIMU MH-

CTpYMEHTaMHU (JIO)KEUKOH, IITaTeem).

. Kareropuuecku 3anperjaercss mpoOoBaTh peaKTUBBl Ha BKYC, Tak

Kak OOJILIIMHCTBO U3 HUX AAOBUTHI U OIMTaCHBI.

. ITpoBepsiit 3amax cieayolUuM oOpa3oM: JETKUM JABUKEHUEM PYKU

HAaJ COCYZOM HaIpaBJIsiid BbIACIISIOLIMICS a3 K HOCY.

. dns Toro, 4yToObl HarpeTh B MiaMeHU MPOOUPKY C BEILECTBOM, 3a-

Kpenu NpoOupKy B JepkaTese JJis MpoOUPOK, OCTOPOKHO oborpeit
BCIO MOBEPXHOCTb MPOOUPKH, a 3aTEM €€ HY)KHYIO YacCTh.

. Ilpu HarpeBaHMM MPOOUPKH AEPHKH €€ B HAKJIOHHOM IMOJIOKEHUH U
HE HaIpaBisii OTBEPCTUE MPOOUPKHU B CTOPOHY ceOsl UM TOBapH-
11ei; MHOTJa MPH KUMEHUM KHUIKOCTh 00pa3yeT OpbI3rd U MOKET
BBITJICCHYThCSl U3 TPOOUPKH.

Ecnu peakTuB ciayyaiiHo momaji Ha KOXY WM ONEKIY, HEMeIJIeH-
HO COOOIIM YUUTENIO (MU JIaOOPaHTY).

Iopsiune mpeaMeThl He CTaBb Ha CTOJ, & TOJBKO Ha CIELHUANbHYIO
MOJICTaBKY.

. He mpoBoau onbIThI, HE MPelyCMOTPEHHbIE JAHHOW paboTOM.

ITo oxoH4YaHMM 3KCMEpPUMEHTOB ybepu pabouee MecTo. Brimoii

MOCY/Zly BOAOM, UCIMONB3YS ISl JYULIEro €€ OYMILEHHUS CHEUaIbHYIO
HIETKY-EpPLIUK.

yu

CobmroieHre 3TUX MNpaBUJl SIBIIIETCS 00SI3aTENbHBIM JJISI BCEX
aluxcs; npeHeOpeKeHue UMU MOXKET MPUBECTU K CEPhe3HBIM TOC-

JICACTBUSAM — OKoraM, mnopesaM, OTpaBJICHUSM.
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MpoTOHbI

ONeKTPOHBI

HenTpoHsbI

ApHecT Pesepdopa

(1871-1937)
AHrnicknin dGusnk. B
1911 r. cBOMM 3HAMEHU-
TbIM OMbITOM pacceun-
BaHWS YacTuL, fokasan
CyLLeCcTBOBaHWE Moso-
XUTENbHO 3apsKEHHOTO
a4pa B aTomax.
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NMoBTOpPEHME OCHOBHbLIX pa3aesioB
Kypca xumum VIl knacca

XUMUYECKMIA 3N1eMEHT — 3TO OnpeaesieHHbIA BUpg aTOMOB C
OOMHaKOBbIM 3apaAaoM agpa.

ATOoM — 3TO Menbyallas 4YacTula XMMUYECKOro 3JieMeHTa,
HOCUTEJIb €ero CBOMCTB.

B VII kitacce Mbl y3Haiu, 4TO aTOM — cllo)kHas yactuua. Ipe-
JICTAaBMM Hallli 3HAHMSI O CTPOEHUU aTOMa B BUJIE CXEMBI:

Cxema 1.1
CTpoeHue aTtoma

ATom
macca A, = N+Z
3apsg =0
NOpPsAKOBLIN HOMeEpP Z

P ~a

SAnpo D1eKTpoHBI €
macca A, =N + Z macca 0,0005  o6buwee yncno N; = Z
3apag = +Z 3apag = —1 o6 3apsag = —Z
/ \ Yucio 3J1eKTPOHOB U pac-
a . " npeaeeHrue ux o CIosiM
IMporoust | P  HeiTponnt ol n Ne=2n°
macca = 1 macca = 1 1 cnoit Makc. 2
3apsg, = +1 3apsan = 0 2 ciou Makc. 8¢
obuee ynicno = Z o6uiee 4mcno N 3 croii Mmakc. 18¢
o6wwmin 3apan =+Z N=A-Z 4 cioi Makc. 328

[TosicHum cxemy.

ATOM COCTOUT W3 siJipa U 3JIEKTPOHOB. 3apsn sapa (+7Z) pa-
BEH MOPSAKOBOMY HOMepy 3j1eMeHTa B Ilepuonnyeckoil cucreme
(Z) v uncity npoTOHOB B sifpe (Z).

O0111ee YMCIIo 3JIEKTPOHOB PABHO 3apsy sapa (7).

3apsa aToMa paBeH HYIIO 3a CYET TOTO, UTO MONOKHUTEIbHbBIN
3apsia snapa (+7) HelTpanusyercs oOIUM OTpULIATENbHBIM 3apsi-
JIOM BCEX DIIEKTPOHOB (—Z).

Uucno 3/MEeKTPOHHBIX CIIOEB PaBHO HOMEpY mepuoaa (ropu-
30HTaNbHBIN psiA). MakcuMaabHOE YHMCIO SJICKTPOHOB Ha CIIOE
paBHO 2n’, rae n — HOMep ciosl. Yncno 31eKTpOHOB Ha BHEILIHEM
Clloe KaXJIOTO 3JIEMEHTa TIJIaBHOM MOATPYIIBEl PAaBHO HOMEPY
IPYNMNbI (BEPTUKAIBHBIN PsifT), 3TO BAJICHTHBIC JICKTPOHBI.



W XuMmunyeckasi CBi3b

Cesa3biBaHME aTOMOB 3a CHET CUJ MPUTSHKEHUS Ha3biBaeTCH
XUMUYECKOUN CBA3bIO.

B VII kiiacce Bbl MO3HAKOMWIMChH C TpeMsl TUMIAMU XuMudec-
KOUl C853U. KOBANCHMHO, UOHHO, Memaniudeckoi. B oOpa3oBaHUU
XUMHUYECKON CBSI3M yYacTBYIOT BHEIIHHME BAaJIEHTHBIE 3JIEKTPOHBI
ATOMOB 3JIEMEHTOB IJIABHBIX MTOATPYIMII.

1.2.1. KoBaneHTHasa cBS3b

KoBaneHTHass cBSI3b — 3TO CBSI3b MeXAy aTOMaMu 3a CYeT
06LLMX 3/IEKTPOHHbIX Nap.

[TonoxutenpbHo 3apskeHHblE siApa ABYX aTOMOB MPUTATH-
BaIOTCSl K 3TOM oOuleil nape U B pe3yabTaTe oOpasyercs npoyHas
MoOJIEKYJ1a.

KoBaneHTHOI CBSI3bIO COEIMHSIIOTCS Yalle BCEro aTOMbI He-
METaJUIMYeCKMX 3JeMeHTOB. KoBajleHTHast CBsi3b MOXET ObITb
MOJISIPHOM Y HEMOJIAPHOM.

Kosanenmmnas nenonspuas cea3v odpaszyercs MEXIy aTOMaMu
C OJMHAKOBOH 3JIEKTPOOTPULIATENIBHOCTBIO — aTOMaMH OJHOIO
nemerayia: H,, Cly, Os, Na.

Kosanenmnas nonapuaa ceaze odpaszyercs MEXIy aTOMaMu
HEMETAJJIOB C pa3InuHOM 3nekTpooTpunatenbHocThio: HCI, H,O.

B Monekynax, cocTosIIMX M3 aTOMOB OJHOIO 3JeMeHTa (C
OIMHAKOBOM 3JIEKTPOOTpHULIATENBHOCTHIO D0), 00IIMe 3IIeKTPOH-
HblE€ Napbl PacCHOJIOKEHbl CUMMETPUUYHO M KOBAJEHTHAsl CBS3b
SIBJISIETCS. HEMOJISIPHOM, HAlTpUMED:

Amomwt M onexynvi
He+-H —> HQH wm H-H
ONEKNIPOHHASL epaguueckas
Gopmyaa (cmpyxmypuas) gpopmyaa
2¢1 O Cl : %:él QCI : wim Cl-Cl
uit 0=0
N N NQN wm N=N

B Monexynax, cocTosIUX U3 aTOMOB pa3HBIX 3JIEMEHTOB (C
paznoii D0), ob1IMe 3IEeKTPOHHBIE TTAPbl PACIIONOXKEHbI OJIMKE K
aToMy ¢ OOJbBILEH MeKTPOOTPUIATENFHOCTRIO. Takast KOBalleHT-
Hasl CBSI3b — MOJISIpHASI.

5+ b
He—Cl: — H :Cl: WIIN (}{—él
) o & TR -
H- -0: —> H 10 15R 051 H_(l)
H6+ H5+

i

V.
nombsl cmpe-

MAME 0mMOamv Uiy
NPUHAMb BATICHIN-
Hble DNIeKMPOHbL UTU
00beOUHUMb UX 015
docmudiceHus: cma-
OUNLHOL CMPYK-
Mypbl UHEPMHO2O0
2asza.

KoBaneHTHas
HenonspHasa CBsA3b

Onexmpoompu-
YamenbHoCm —
CcnocobHoCmb
amomos 00H020
onemenma
npums2UEANs K
cebe dIeKmpoisL 0m
amomog opyaux
OJIeMEeHIN08.

KoBaneHTHas
nonsipHasi CBs3b
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MoHHasa cBA3b

MeTtannunyeckasa
CBS3b

Xumunyeckas
¢opmyna Boabl
3HaKN XUMUYECKUNX

3N1eMEeHTOB

% * (eonHnua
H,O —te

A & nuwercs!)

NHaekcobl

OpnHa o01ast mapa 3J1eKTPOHOB — 3TO 0OUHAPHAS, WU TIPOC-
Tasl, CBsI3b, JIBe OOIIME Tapbl — 080iHAs, TPU TAPbl — MPOUHAS
cBsi3b. UeM Oolrbliie CBsi3ell MEXIy aTOMaMU, TeM MPOYHEe MOJie-
kyna. Camasi mpouyHasi B HallleM MpuUMepe — MOJIeKyJa azoTa. B
rpaduyeckux opmyrnax o/lHa 4YepTOUKa 3aMEHSET OAHY OOILIYIO
napy 3JeKTPOHOB.

1.2.2. NoHHaga cBA3b

WUoHHaa cBsi3b — 3TO CBSI3b 3a CYeT NMPUTAXXKEHUSA MOJIOXKU-
TeJIbHOro U oTpuuaTesibHoro MOHOB.

HMonHasi cBsi3b 00pazyercst MeXxly aToMaMH TUITUYHBIX Me-
TaJJIOB U TUMTAYHBIX HEMETAJUIOB MPU PA3HULIE B JIEKTPOOTPULIA-
TELHOCTSAX Oojblie NByX. VIOHHasi CBSI3b — KpaWHUil ciaydait
MOJISIPHOM KOBAJICHTHOM CBS3U.

Honbl 00pa3yroTcsi Mpu MEpexo/ie BHEUIHUX 3JIEKTPOHOB OT
aToMa MeTaJlla K aTOMY HeMeTaJla:

. + e —
Na: + ~Cl: ——> Na :Cl:
G 1le 6@1% @)10@ @18@
“11) C17) (10) 18)
F11-11=0 +17-17=0 F11-10=+1 +17-18=-1

[TOOKUTENBHBI M OTPULIATEIbHBINH HOHBI MPUTSATUBAIOTCS
JPYT K APYTY U 06Pa3yioT B MapooOpa3sHOM COCTOSHUU MOJIEKYJIbI
¢ noHHoii cesi3bio Na'Cl', a B TBEP/IOM BUJIE — MOHHBIE KPUCTAILTBI
6e3 OT/EIbHBIX MOJEKYJ C MPaBHIBHBIM YePEIOBAHMEM HOHOB
Na'uCl.

1.2.3. MeTtannunyeckasq cBa3b

MeTtannuyeckas cBa3b — 3TO CBA3b MeXAYy aTOMaMu MeTal-
JIOB 32 CYEeT OOLUNX BaJIEHTHbIX SJIEKTPOHOB.

KpI/ICTaJ'IJ'I METajlyla — 3TO OrpoOMHas MOJIEKYJia, B KOTOpOﬁ
obume OJICKTPOHBI CITOCOOHEBI CBO6OILHO nepeaBuraTbCs, obecrie-
YuBasi BBICOKYIO JJICKTPUYECKYIO W TEIJIOBYIO MNPOBOJAWMOCTD,
MIACTUYHOCTBb M KOBKOCTb METAJIJIOB.

1 W Xumunueckasa ¢dopmyna

MBI yke 3HaeM, YTO MHOTHE BEIECTBA COCTOSIT U3 MOJIEKYJT —
MeNTbYaMIUX YacCTHUI[ BEIIECTBA, COXPAHSIONIMX €ro XUMUYECKHE
CBOJICTBA.

CocTaB MOJICKYJIBI BEIECTBA MEPEIAETCSI ¢ MOMOIIBIO XUMU-
yeckoi popmysiel. i1 MPOCTHIX BELIECTB METAJIOB U HEKOTOPBIX
HEMETAJNIOB XUMHUYeckasi (opmysia COBMAJAET C¢ XUMUYECKHM
3HakoMm 3jeMmeHTa (Na, Al, Fe, Au, C, Si u T.1.). JInsg MHOTUX
MPOCTHIX BELICCTB HEMETAIIJIOB XHMMHYecKas (Gopmysa Mokasbl-
BaeT elle M YMCIIO aTOMOB B MOJIEKYJIe (C TOMONIbIO MHAeKca): Ho,
0,, O3, Ny 1 1.1, Tak ke 3amUCBIBAIOTCS U XUMUYECKHe (HOPMYIThI



CIIOHBIX BELIECTB, COCTOSIIMX M3 aTOMOB Pa3HBIX 3JIEMEHTOB:
HCI, H,O, COnu . o.

Xumuyeckas ¢popmyna — 3TO yC/noBHas 3anUCb COCTaBa Be-
LWecTBa C NOMOLLbIO 3HAKOB XUMUYECKUX INIEMEHTOB U UH-
DEKCOB.

1 W8 OTHOCUTEeNbHas MONeKynsapHas macca

IToCKOITBKY MOJEKYJIBI COCTOSIT U3 aTOMOB, 3HAYUT, U Macca
MOJICKYJIbl BEIIeCTBA paBHA CyMMe ATOMHBIX MacC 3JIEMEHTOB,
BXOJISIIIIUX B €€ COCTAB.

Panee MBI YCTAHOBWIIM, UTO Macca Ka)XJ0ro aToMa BBIYHC-
JISIETCSI TIO0 OTHOIIEHUIO K aTOMHOM equHuile Maccol (1 a.e.Mm.), Ko-
Topast paBHa 1/12 peanbHOI Maccel atoma yrirepoaa. OTHOCUTEThb-
Hasi aTOMHasi Macca A, TOKa3bIBaeT, BO CKOJIBKO pa3 Macca aToMa
Gompiie 1/12 macchl aToMa yriepoja.

IIpu c10KEeHUU OTHOCUTENbHBIX ATOMHBIX MACC 3JIEMEHTOB,
00pa3yomuX MOJIEKYy, TOIYYNM OTHOCHUTEIBHYIO MOJIEKYJIISpP-
Hyto Maccy M, (M — Moliekyia, r — OTHOCUTENbHBI).

Botuucienue ommnocumenbnoii MoAeKyaaphoii maccel. 3Haue-
HUE OTHOCHTEIBHON MOJIEKYJISIPHOM MacChl M, paccCUMTBIBaeTCs
MO0 XMMHUYECKOH (opMylle KaK CyMMa OTHOCHTEIbHBIX ATOMHBIX
Macc BCEX 3JIEMEHTOB B MOJIEKYJIE C yUETOM YHUCIa HX aTOMOB.
Tak, mts mpocToro BemecTBa azoTa N» (a) M CJIOKHOTO BElecTBa
yrirekuciioro raza CO, (6) 3HaueHue M, pacCUUTHIBAETCS CIIEyIO-
UM 00pa3oM:

a) Mi;(N,) =2 A, (N)=2-14=28;

M, (N,) = 28;
6) Mi(COy) = A(C)+ 2-A(0)=12+ 2-16=12+32=44;
M, (CO,) =44



1 ¥ BaneHTHOCTb 3/IEMEHTOB

ITpu oOpazoBaHMM MOJIEKYJ BElleCTBA ATOMbI 3JEMEHTOB COEAUHSIIOTCS 3a CYET
B3aUMO/ICHCTBHUSI BAJIEHTHBIX 3JIEKTPOHOB.

BaneHTHOCTL — 3TO CBOWMCTBO aTOMOB OAHOr0 3JIEMEHTa MPUCOEAUHSATbL CTPOro
onpepesieHHoe 4Y1CJyio aTOMOB APYroro 3JieMeHTa.

BaneHtHOCTh OBIBAET nocmosinoti M nepemennoi (mabon. 1.1). DIeMEHTBl YeTHBIX
CPYI OPOSBIISIOT Yallle BCErO YETHYIO BaJIEGHTHOCTh, & HEYETHBIX — HEYETHYIO.

Tak, B coemUHEHUsIX ¢ IpYruMu meMeHTamu cepa (VI rpymma) MoxeT OBITh BYX-,
YyeTblpex-, leCTUBAJIEHTHA, a hocdop (V rpymnmna) — naTu- U TpexBaJeHTEH.

BaneHTHOCTB Takxe ObIBAET gbicuueil U Huzuiedl. Bpiclias BaIEeHTHOCTb 3JIEMEHTOB PaB-
Ha HoMmepy rpynmnbl B Ilepuoanueckoil cucreme. Husluiasi BaneHTHOCTH (BalleHTHOCTD
M0 BOJIOPOAY) MPOSIBIISETCS Y HEMETAJIJIOB U PaBHA Pa3HOCTU 8 MUHYC HOMEp I'PYIIbl”.

Hanpumep, cepa — a1eMeHT TlTaBHOM noArpymnmnbl VI rpynimbl, HeMeTaNIMYECKUiA 3JIEMEHT,
VI 11
HMMeET BBICIIYIO BaJIEGHTHOCTD, paBHYIO 11ecTH (S), a Hu3Myto 8 — 6 = 2 (S).

Tabnmua 1.1

BaneHTHOCTb HEKOTOPbLIX 3/IEMEHTOB
AIEHTHOCTE HEKOTOPBIX NEMEHTO 1.5.1. OnpepeneHuve BaneHT-

XUMUYecKme anemeHTbl | BaneHTHOCTb HOCTU 3/1IeMEHTOB Mo
C NOCTOSIHHOV Bai€HTHOCTBIO XumMmuyeckom ¢popmyne
H, Li, Na, K, F I

W3 mabruyer 1.1 BUAHO, YTO OIHU
3JIEMEHThl WMEIOT TOCTOSIHHYIO BaJIeHT-

O, Mg, Ca, Ba, Zn Il

Al I HOCTB (KOTOPYIO XOPOIIO ObIJIO ObI 3aMTOM-
C nepemeHHOV BaJleHTHOCTbIO HUTb), a JApYrue — MEepPeMEHHYIO BaJIeHT-
Cu Iwll HOoCcTh. Kak MOXHO OIpenenuTh mepe-
Fe TP MEHHYIO BaJICHTHOCTb, a TaKXe MOCTOSH-
HYIO BaJIeHTHOCTBH - JUIsI 3JIEMEHTOB, He
C,Sn, Pb llnIv Y A »

BKJIIOUEHHBIX B mabauyy 1.17

c linv B ¢dopmynie GuHapHOro coemuHeHUs
N 1,0, 1, 1V HEU3BECTHYIO BaJlEHTHOCTh OJHOTO 3Jie-
S I, IV, VI MEHTa MOHO OINPEIEIUTh M0 M3BECTHOM
Cl I, 1Il, V, VII BAJIEHTHOCTU BTOPOT'O 3JIEMEHTA.

Aneopumm 6b14ucIeHUs: 6ANCHIMHOCIU DTIEMEHIN 08  lpuieps|
y I pumepol
10 XUMU4eckoil gopmyre. putep

3anuckiBaeM hopMmyiy. 1. P,Os SO,
IpocTapisieM W3BECTHYIO BaJEHTHOCTb Hajl

3HAKOM 2JIEMEHTA. 1

11
2. P205 SO3

YMHOXaeM U3BECTHYIO BAJICHTHOCTh Ha YMCIIO i} II
aTOMOB 3TOT0 3JIEMEHTa M IOJydaeM oOIIee 3. P Os S %
YKUCIIO €AVHUL BAJIEHTHOCTH 3TOI'O 3JIEMEHTA. 2.5=10 2.3=6

n Il pasuno: oOlee YUCIIO €AUHMI] BaJEHTHOCTH
B (popMyJie U3 JABYX JIEMEHTOB €CTh BeJIMYUHA, I I
OJIMHAKOBas I 000ux 351eMeHToB. Ha ocHo- 4. P Os S O;
BaHUM 3TOrO MpaBujia MpPeJICTaBiisieM oOliee 10 2-5=10 6 |2:3=6

YKCJIO €AMHHUI BAJICHTHOCTH APYI'Oro 3JIEMEHTA.
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E HGHI/IM 9TO YMCJIO Ha MHACKC 3JIEMCHTA, ITOJYy-
YaeM 3HAaUY€HHUE BaJICHTHOCTH BTOPOIrO JSJIC-
MCHTA, MNpPOCTAaBJIsICEM €ro HaJd 3HaKOM

OJICMCHTA.

A% II
5 P | Os

VI I

S |O3

10:2=5

2:5=10 6:1=6

2:3=6

1.5.2. CocTaBneHue xummnyeckux ¢popmMyn rno BasieHTHOCTU

AJZZOleWUVl cocmaesieHus XumMudecKkux

Gopmyn no eanenmuocmu.

3anuceiBaeM 3HAKU 3JIEMEHTOB, IMPUYCM
Ha TEPBOM MECTE DBJIEMEHT C MEHBILEN
SJIEKTPOOTPHULATEIIBHOCTBIO, W YKa3bl-
Bac€M 3HA4Y€HHUsA BaJICHTHOCTH aTOMOB
3JIEMEHTA WX I'pyIIl aTOMOB.

Haxonum HanMeHbliiee oOliee KpaTHOE
(HOK) nnst 3HaYeHWH BaJCHTHOCTU U
3aliChbIBAEM €ro HajJ BaJICHTHOCTSIMU
3JIEMEHTOB.

Henum HOK Ha 3HaueHue BajeHTHOC-
TH TIEPBOTO 3JEMEHTa U MOJYyYaeM €ro
MHJEKC, 3aTEM TO K€ caMoe JieJIaeM JJIsl

vV I 11

I

I I

1.PO Ca OH H PO,
10 2 3
vV 1 11 1 1 11
2.PO Ca OH H PO,
10 2 3
A% 11 11 1 1 111
3. P2 05 Ca |(OH)2 H3 | PO4

|
10:5=2 10:2=:7 2:2=1‘2:1:2 7@3‘3:3:1

JIPYTOro 3JIEMEHTA WM T'PYNIbl aTOMOB. MIHAEKC, paBHBIN equHuIe, He uieTcs. [lepen
0003HaYeHUEM MHJIEKCa TPYIIITY aTOMOB OEpeM B CKOOKH.
B ocHoBe aToro crocoba JIEKHUT MPABUIIO: oOujee Yucio eOuHuy GaIeHMHOCIIU BCeX
amomos 00H020 dNEMEHMA O0NNCHO ObINb PAGHO OOUEMY YUCTY eOUHUY BATCHIMHOCIIU 6CeX
amomog 0py2020 diemenma (uiu 2pynnol amomog). DTO UNCIO PaBHO HAWMEHBIIEMY
obmmeMy kpaTHoMy 3HaueHMi BameHTHOCTH (HOK) uam mpoun3BeneHNIO BaJEHTHOCTH Ha
YICIIO ATOMOB TAHHOTO JJIEMEHTA.
IMocme coctaBieHuss XUMHUYecKoW (GOpPMYIBI YMTaeM €€ W Ha3blBaeM BEIECTBO,
YKa3bIBasl BAJICHTHOCTD 3JIEMEHTa, €CITA OHa TiepeMeHHast:

Xumnyeckasa dop- YTeHne xmMMmnyeckonm 3anucb HasBaHus YTeHne Ha3BaHus
MyJia BeLLecTBa dopmynbl BELLECTBA BeLLEeCcTBa
P,0s na-aBa-0-naTb okecuna docodopa (V) okena dochopa-naTb
Ca(OH), KanbLMN-0-aLl ABax bl rMopoKcu, Kanbums rMOPOKCUA, KasbLns
H3;PO4 all-TpKU-na-o-4eTbipe docoopHasa kucnota docohopHasa kmucnota

JIbl Ha3bIBaA€M U YU CJIO MOJICKYJI. Haan/IMep:

Ecmu MBI XOTHM 3ammucaTh [IBe, TPH MOJIEKYJIIBI, TO reper dhop-
MYJIOW THIIEM COOTBETCTBYIOIIYIO LU(PY U MPH UTeHUH (popmy-

3Cl, — Tpu-xmop-nBa,
2H;PQO,4 — aBa-am-Tpu-ni-o-4eThipe.

B mepBom ciydae 3amuck «3Cly» o3HawaeT He TONBKO TpU
MOJIEKYJIBI XJIOpA, HO U 1IECTh aTOMOB XJj1opa (3 - 2=6). Bo BTopoMm
cirydae (2H5;POs,) sTo aBe monekynbl GpocdopHOit KHCTOTEHI, KOTO-
pble coziepXkart 1mecTh aTOMOB Bogopoa (2 - 3=6), 1Ba atoma ¢oc-
¢dopa (2 - 1=2) 1 BoceMb aTOMOB Kuciopoja (2 - 4=8).
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| SR dusmnyeckne n Xmumumyeckue BneHus

Bce u3ameHeHus, npoucxogsaiwie B npupope, Ha3biBalOTCHA
SIBJICHUSIMU .

SIBneHus pPa3aciIsAroT Ha (1)I/I3I/I'—ICCKI/IG N XUMHWYECKUE.

fABneHuns, KOTopble NPoMCXogaT 6e3 U3MEHEeHMs cocTaBa
BeLLeCTBa, Ha3blBAIOTCA (PU3UYECKUMU BJIEHUSIMU.

Hanpumep, ucnapeHne BoAbl MPYU HarpeBaHUU, KOHAEHCALUS
MapoB BOJBI MPH OXJIAXKICHUU, CTHOaHNE METAJNTIMYECKOM MPOBO-
JIOKH, paCTUpaHKe CTEKJIa B OPOLIOK — BCE 3TO (PU3HUECKHE SIBITE-
Husl. B pesynbTare 3THMX SIBIEHHI BEIIECTBA HE MEHSIOT CBOM
COCTaB.

Ho eciii MbI HarpeeM MeIHYIO MJIACTHHKY KPACHOBATOI'O I[Be-
Ta B IUIAMEHHU CMHUPTOBKH, TO YBUAMM, YTO IUIACTHHKA MOYEp-
Helma. B 3TOM ciyuyae BellecTBO Medb MPEBPAaTUIOCh B APYroe
BelecTBO — okeua Meau (CuO).

ABneHus, Npu KOTOPbIX NMPOMCXOAUT MpPeBpalleHUue OOHUX
BELLECTB B Apyrue, Ha3biBalOTCA XMMUYECKUMMU SIBJICHUSIMU.

Xumunyeckue 9BIEHUS Ha3bIBalOTCA XUMUYECKUMU peakunsamu.

BewecTBa, KOTOpbie BCTYMalOT B XMMUYECKYIO peakumio,
Ha3bIBalOTCA MCXOAHbIMU BeljecTBamMyu, a BellecTBa,
KOTOpble MOJIy4aloTcs B peadynbTaTe peakuuu, Ha3blBaloTCS
npoAyKTamun peaxumm.

B xypce xuMuu Mbl OyJieM U3ydaTh pa3iiMuHble BEeCTBa, Mpoc-
ThIE U CIIO)KHbIE, HEOPTaHUYECKHUE U OpraHuYecKUe, paccMaTpuBas
B TOM UMCII€ U XUMUUYECKHE PEaKLIMU C UX yyacThueM. Mbl paccMoT-
PYM U HEKOTOPbIE XapaKTepHble MPU3HAKU XUMUUECKUX PEAKLIMIA.



XumMmunyeckmne peakumm

728 M KonuyecTBO BellecTBa

2.1.1. Monb — eguHULa KONMYeCTBa BellecTBa

W3 ¢pusrku HaM U3BECTHO, UTO BCSIKOE (DU3MUECKOE TEJIO MOXK-
HO OXapaKTepHu30BaTh (U3MUECKUMM BennyuHamu. Hampuwmep,
MOYKHO JIETKO M3MEPHUTh Maccy M o0beM Kycka yris. Ho Bcskoe
TEJIO COCTOUT M3 BellecTBa. CKOIBKO BEIIECTBA yIiepoaa B KycKe
yrias1? Ha 3TOT BOnpoc Mo3BOJISIET OTBETUTD (pU3MUEcKas BETMUMHA
KONU4ecmeo geujecmad.

Konuuecmso sewjecmsa — 310 pusnueckasi BeIMUMHA, KOTOpast
OTIPENIENISIETCSl YUCTIOM CTPYKTYPHBIX YacTHI] (MOJEKYJ, aTOMOB,
VIOHOB).

KomnuuecTBo BemectBa 0003HauaeTcsl Tpeyeckoil OyKBOM v
(“Hr0”). Hanmpumep, v(0,), v(H-0), v(C).

EnnHuna n3mepeHns KOIM4yecTBa BELIECTBA — MOlb.

Mosib — 3TO KOJIMYECTBO BeLLEeCTBa, copepXxalliee CTOJIbKO
)Xe YacTtuy, (aToMOB, MOJIEKYJl, MIOHOB), CKOJIbKO COAEpPXUT-
csa atomoB yrnepoaa B 12 r (0,012 kr) yrnepoaa.

23
B 12 r yrnepona copepxurcs 6,02 - 10~ atomoB yriiepoaa.
23
Yucno 6,02 - 107 HazbBaercs uuciom Asoeadpo, B 4eCTh UTa-
TBSTHCKOTO YYeHOTO AMenieo ABOTaapo.

Monb — 3T0 KONIMYECTBO BelLecTBa, coaepxaiee 6,02 - 10%
MOJ1eKyJl, aTOMOB WU APYrux 4Yactuu,.

B KM3HU MBI BCTpeyaeMmcsi ¢ TeM, UYTO MHOTO-MHOI'O Mpej-
METOB pa30UBAIOT Ha TPYIIBI ¢ OJJUHAKOBBIM YHCIIOM MPEIMETOB
W Ha3bIBAIOT O3TW TIpymnmnbl. Hampumep, eciu XOTUM KYIUTh
TPUIILATSH SIULI, TO CKaXKeM: “JlaiiTe Tpu ecsiTka auil”.

Tax orpoMHOE YMCII0 ATOMOB WJIM MOJIEKYJ Kak Obl pa3OuBa-
10T Ha rpynmsl mo 6,02 - 10 mryk. Oxua rpynma u3 6,02 - 107
aATOMOB YIJIEpO/ia COCTaBIsAeT | MOJIb aTOMOB YIJIepoja WM OJIMH
MOJIb BelecTBa yriepona. I'pymma u3s 6,02 - 10° momexyn H,O —
3T0 1 MOJIb BeliecTBa BOJHI.

2.1.2. MonspHasa macca

Bennunna 6,02 - 107 OTpOMHA, OHA 3HAYUTEIHLHO OOJIbIIIE, YeM
YHCJIO BOJIOC HA TOJIOBE y BCEX JIIOJICH, )KUBYIIUX HAa 3€MHOM Illa-
pe. KonuuecTBo BeliecTBa Hellb3s U3MEPHUTh, TaK KakK Ha IMpak-
THKE HET BO3MOXXHOCTH CUMTATh aTOMBI WJIM MOJIeKyJIbl. Haligem
CBSI3b HEM3MEPSIeMOW BEJIMUMHBI “‘KOJIMYECTBO BellecTBa’ C M3Me-
psemMoii puzrueckoit BeTMUUHOMN - Maccoi BelllecTBa.

Mocne usyyenus aToii
rnasbl Tbl OyAeLb
Cnoco0eH:

* ONpeaensiTb NOHATHS:
KONINYECTBO BELLECTBa,
MOJIb, MONSIPHas Macca,
XUMUYecKas peakuus,
XUMUYECKOE ypaBHEHME,
MCXOAHOE BELLEeCTBO,
NPORYKT peakuum, koad-
duumenT, peakums coe-
OMHEHUs, peakumst
pasnoxeHus;

* 00BACHATb 3aKOH CO-
XpaHeHus MaccCbl BeLLeCT-
Ba; YCNOBMS BO3HUKHO-
BEHUs U npoTeKaHusg
XUMUYECKUX peaxuuﬁ;

* COCTaBNAITb, 0OBLACHATL
U YnTaTh yPaBHEHNS Xu-
MUYECKUX peakLuit;

* CPaBHMBATb peaKuum
COEAMHEHUS U pa3noxe-
HUS; * 9K30TEpMUYECKUE
1 3HBOTEPMUYECKME
peakuum;

* OCYLLECTBAATb pacyeTbl
no Xumuyeckomn popmyne
U XUMUYECKOMY YpaBHe-
Huio, ucnonb3ys: Mr, M,
v, m.

6-10%* atomos
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V)

Yucno Asozaopo
pasho 6,02 - 107,

H.O
18r

4

I
3

100

e—

6,02 - 10*° monekyn

ITo ompeneneHuIo MoJIs, €CIIU B3STh MOPLUIO yriepoaa KoJu-
4ecTBOM BelecTBa | MOJIb, B Heil Gyaer comepxkatbes 6,02 - 107
aTOMOB yriiepojia U ee macca coctaBuT 12 r, mopuus 0,5 Moib
Oyzaet uMeThb Maccy 6 1, mopuus 2 Mojib — Maccy 24 1.

CocTaBuM Ta0IUILy:

BewectBo v, MO/b N (atomoB) m, r
Yrnepog 1 mMonb 6,02 - 10% 12
Yrnepon 0,5 monb 0,5-6,02-10*° | 6
Yrnepog 2 MOfb 2-6,02-10% 24

@

—_m

=5, 2/monb

=5

M — monspnas macca;
m — Macca seujecmaed,
V — KOAUYeCcmaeo

eeujecmed.

Amepeo ABoraapo
(1776-1856)

NTanbSHCKNIN YHEHBIN.

B 1811 r. OTKpbIN 3aKOH,
Ha3BaHHbIA €ro MMEHEM.

14

Haiigem oTHoIeHre Macchl (m) K KOJIMYECTBY BelliecTBa (V) B
9TOM MpUMepe:

m_ 12r _ 6T _ 24r

v~ 1wmomp 0,5Momb 2 MOJb

Kak BUOIWUM, OJIs1 BCEX TPEX CIIydYacB OAWH OTBCT: 12 F/MOJ'II),
T.C. BCJIMYMHA, MOCTOAAHHAA AJId yrjiepoaa.

OTHOWEHNe MacChl BELLeCTBa K KOJIMYECTBY BELLECTBA €CTb
BeJINYMHA NOCTOSIHHASA AN AAHHOro BeLLecTBa U Ha3blBaeT-
CS MOJISIPHOM Maccoli BellecTBa.

Monspnas macca obo3Hauaetcsa — M. Ee enuHuiia usmepeHust
r/MOJIb:

m
M= -~ r/MoJjb

3HauUT, MOXKHO 3amucaTh, YTO MOJSIpHAs Macca yriepoaa
M(C) = 12 r/monb. CpaBHUM 3Ty BEIIMYMHY C OTHOCUTEIIBHOMN
aToMHO# Maccoii yraepoaa A«C) = 12. Kak BUIMM, OHU paBHBI
0 BEIMYMHE U PA3IMUalOTCs TOIBKO M0 eAMHULIAM U3MEPEHUSI.

Botuucnenue monapnoii maccol no xumuyueckoii gpopmyie. Mo-
JSpHasi Macca BELIECTB, COCTOSIIIMX U3 OIHOATOMHBIX MOJEKYI,
paBHa OTHOCUTEIILHOM aTOMHOW Macce:

A(C)=12 A(Fe) =56

M(C) = 12 r/monb - M(Fe) = 56 r/moib

MonsipHast Macca CIIOKHBIX BEUIECTB W MPOCTHIX BEILECTB,
COCTOSIIIMX M3 MHOTOATOMHBIX MOJIEKYJ, paBHa OTHOCHUTEIbHOMU
MOJIEKYJISIpHON Macce M.

Hanpuwmep, qist kucimopoa, Bojibl, okcuaa ¢pocedopa (V):

M(O,) =32 M.(H-0) = 18 M,(P,0s) = 142

M(O») = 32 r/mons M(H,0) = 18 r/monb M(P,Os) = 142 r/moib

Ha npakTuke cHayaja BBIYMCISIOT Maccy BelIECTBa, KOTO-
pasi COOTBETCTBYET JaHHOMY KOJIMYECTBY BellecTBa Mo (opmyse
m = M - v, a 3aTeM OTBEUIMBAIOT 3Ty MOpLMIO BellecTBa. Hanpu-
Mep, JUIsl TOrO, YTOOBI B3ATh MOPLUIO YIJIEPOa, JKeje3a, KUCIOPO-
Ia, Boasl wim okeraa ¢ocdopa (V) KomrdyecTBoM BelecTBa 1 MOIb




Ha ocHOBe (opMyJbl m = M - v, HaXOAUM MacChl 3THUX BEILECTB,
paBHBIE MOJISIPHOIN Macce Kak/I0Tr0 U3 HUX:

Belyectso dopmyna | M v m
Yrnepon, C 12 r/monb | 1 monb 12r
Xeneso Fe 56 r/monb | 1 Mosib 56 r
Kucnopog (O} 32 r/monb | 1 Monb 32r
Bopa H.0 18 r/monb | 1 Monb 18r
Okenp,

docdopa (V) | P.0s 142 r/monb | 1 Mosb 142 r

AHaJIOrMYHBIM 00pa3oM MOXXEM B3BECHUTBH (B rpaMMax) Mop-
LIMIO [IMHKA, aJTFOMUHMSI, TOBAPEHHOM COJIM MJTK caxapa KOJIUYeCT-
BOM BellecTBa 1 MOJIb, MAacChl KOTOPBIX COOTBETCTBEHHO PaBHbI:
651;2771;58,51; 3421 (puc. 2.1).

Teneppb, Koraa Mbl MO3HAKOMUJIMCH C MOHATHSAMU “KOJIMYECT-
BO BelecTBa” M “MoJIsipHasi Macca’, MOKHO BBECTU JIOTIOJIHUTEb-
HYIO MH(POPMALIMIO IO XUMUYECKOH (opMyJie.

MpbI 3HaeM, 4To, Hanpumep, popmyiaa H.O o3Havaer: BeriecT-
BO BOJIa; OJIHA MOJIEKYJa BOJbI, COCTOSIAs M3 JIBYyX aTOMOB
BOZOpO/IAa U OJTHOTO aToma Kuciopoaa. Ee oTHocUTelbHasi MO-
nexysipHas macca M, (H,O)=18.

HononHurenbHas uHGopmalus — 3To 1 MOJIb MOJIEKYJI BOJIbI,
00pa30BaHHOM W3 2 MOJIb ATOMOB BOJIOPO/A U 1 MOJIb aTOMOB KHC-
nopoja. MossipHas macca Boabl M(H,O)=18 r/mMomnsb.

B Tom citydae, ecniu XOTUM yKaszaTb 2 WIM S5 MOJb MOJIEKYJI
BOJIbI, MUILEM Tiepel GOPMYJION COOTBECTBYIOLINN Kodghpuyuenm
(2 wim 5). 3anuch SH,O uwurtaercs “nsath ami-aBa-o”. Koad-
¢unuenT nepen GopMyJIol 03HAYAET HE TOJBKO 5 MOJIb MOJIEKYJI
Bozbl, HO U 10 Moab aTomoB Bojmopoaa (5 - 2=10) u naTh MOJIb
aToMOB Kucnopoja (5 - 1=5).

4
4

H, ml H, ml H, mi
100

100 — 100

NaCl
58,5r

Zn
65r

Al
27 r

Caxap
342 r

3

e

6,02 - 10> atomoB

E

6,02-10% atomoB 6,02 10** monekyn

Xumunyeckaa popmyna
BELLECTBa 03HA4aeT:

1. HasBaHnve

2. OpHy Monekyny

3. KayecTBeHHbIN cOCTaB
(M3 KaKMX XUMNYECKMX
3/1EMEHTOB COCTOUT
Mosiekyna)

4. KonnyeCTBEHHBIN COC-
TaB (CKO/bKO aTOMOB
Ka&XA0ro anemMeHTa
BXOAMT B COCTaB
MONEKYbl)

5. OTHOCWTENBHYIO MOnEe-
KYNIPHYIO Maccy

6. OTHOLIEHME mMace ane-
MEHTOB B MOJEKyJe

7. OguH Monb Monekyn

8. MongpHyio maccy

Kosq)cbmumeHT

5H20

()]

H,0

I/IH,EI,eKC

5.1=5 (0)

5.2=10 (H)

™
)
)
)
)

=

O e

o
=

ﬁ

6,02 10%® monekyn

Puc. 2.1. Macchl UMHKa, antoMUHKS, Xnopuaa HaTpust 1 caxapa, COOTBETCTBYHOLLIME

KonuyecTay BellecTa 1 MOnb.
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2.1.3. BbluncneHus ¢ ucnonb3oBaHMEM NOHATUI “KONU4YecTBO
BewecTBa” u “monsapHaa macca”

a) Buoruucaenue maccol ewjecmea no u36ecMHOMY KOJIUYECMEY 6eUieCHGa
3agaua. Omnpenenure maccy kenesa, okcuaa xene3a (II1) Fe,Os, B3sThIX KOMMYeCT-
BOM BellleCTBa 2 MOJIb.

16



M, (FexO3) =2-56 + 3 -16 = 160;
M (Fe,05) = 160 r/monb
3. Beruucium maccy xenesa u okcupa xenesa (I11):
m (Fe) = 56 r/monb -2 Mmonb = 1121
m (Fe,O3) = 160 r/monb - 2 monbs = 320 T
Omeem: a) macca xeneza 112 r; 6) macca okcuaa
xeneza (IIT) 320 r.

Ecnu B3Becuth 112 1 3xenes3a u 320 r okenga xenesa (I11), 3To OyaeTr cooTBeTCTBOBATD
2 MOJIb kele3a U 2 MoJib okcrja xenesa (I11).

6) Buvruucnenue xonuuecmea eeuiecmea no uzeecmmoil macce e2o.

3anaua. Beruucnure konmuecTBO BellecTBa okcuaa docedopa (V), ecnm ero macca 284 r.

HaHo:
m (P205) =284r

v (P:05) — ?

Pemenne:
1. 3anunieM Gopmysy I MOJISIPHOW MaccChl U BBIBEJIEM U3

Hee KOJIMYECTBO BellleCTBa:
M="" y=
v’ M
2. PaccuntaeMm mMomsapHyro Maccy okcuaa dochopa (V):
M.(P,0s) = 142; M(P,0s) = 142 r/monb

3. Bbrurciaum KoJIMuecTBo BellecTBa okcuaa gocegopa (V):

142 r/monb
Omeem. XOIIMYECTBO BelllecTBa okcua gochopa (V) 2 Mob.



Muxaun BacunbeBuy

JlomoHOCOB
(1711-1765)

Bblgalowmiics pycckuin
yyeHblli. IcTopuk, cTuxo-
TBOPELL, MEXaHVK, XUMUK,
MUHEPanor, XyAOXHUK.
OTKPbIT 3aKOH COXpaHe-
HMS MacCbl TEOPETUYECKN
B 1748 r., akcnepumeH-

TanbHo — B 1756 1.

OH aBnsieTcs OfHUM 13

OCHOBOMOJI0XXHNKOB

ATOMHO-MONEKYNapHoOro

yyeHus.

18

P2y 3aKOH COXpaHEeHUs! MaccChbl

3Has MPHU3HAKM XMUMHMUYECKUX PEeakIdid, Mbl MOXEM TOJIbKO
YCTaBHOBHUTH TOT (DaKT, UTO peakiius mpousonnuia. OaHAKO Mbl He
3HaeM, UTO MPOUCXOJUT C MOJIEKYJIAMU M aTOMaMU MPU XUMHUYEC-
KUX peakuusx. M3MeHseTcst T Macca BEIeCTB B Pe3yJIbTaTe peak-
uuu? [pu kakKuxX YCIIOBUAX OYIyT MPOXOJANTH pa3Hble XUMUYCCKHUE
peaknuun? Kak 3anuceiBaTh XUMHU4eckue peakiuu? Ha sTu Bompo-
CbI HAM HaJIO0 HAWTU OTBETHI.

Oxoo 250-300 et Tomy Ha3a xuMusl Hanbosee TecHO ObLIa
CBSI3aHA ¢ METAJUTYyPrHMUECKOM MPOMBIIIIEHHOCTBIO. XUMUKH H3Y-
YaJjiu sSIBJICHUS, KOTOPbIE MPOUCXOAT C PYJaMU U C UACTBIMU Me-
tautamu. OQHAKO TOT/Ia elle He OBUIM W3BECTHBI KUCTIOPO/I, BOJIO-
poIl, cocTaB BO3MyXa, COCTaB BEIIECTB, KOTOPBIC MOIYYAUCh TTPU
MPOKAJIMBAHUU METAJUIOB Ha BO3/IyXE.

Panee, uzyuast Xumudeckue SIBJICHHsI, Mbl TTPOKaJIUBAIN Me/I-
HYIO TUTACTMHKY B TJIAMEHU CIUPTOBKU IO MOSIBICHUS] YEPHOTO
HajleTa okcuaa Menu. Eciii B3BeCUTH TITACTUHKY IO U MOCTE MPO-
KaJINBaHUsI, TO OKaXKeTCs, YTO €€ Macca yBeIM4Ymiack. 3Hast Gop-

MYJIbl BELIECTB: Cu N Cu0
Meob oxcuo meou (11),

MBI JIETKO MOXEM OOBSICHUTD, UTO Macca MIACTUHKH YBEIUUMIACh
3a CUeT MPUCOEAMHEHMs KUCIopoaa u3 Bo3nyxa. OIHAKO NEepBbIe
yueHble, KOTOpbIE MPOBOAMUIN TaKHe OMNBITHI, HE MOHUMAJH, 3a
CUET 4Yero YBEIMUMBETCS Macca IUIACTUHKU. Pycckuii ydeHbIi
M.B. JIoMOHOCOB MpoKaJiMBajd MeTaJIbl HE HAa OTKPBITOM BO3-
JlyXe, a B 3amastHHO# petopTe (puc. 2.2). Okas3anock, UTO Macca
peTOPTHl C BELIECTBAMU TIOCJIE HATPEBaHUS HE H3MEHSETCS.
Taxum o6pazom M.B. JIoMOHOCOB 3KCIIepUMEHTATBHO JOKa3all,
YTO Macca BEIIeCTB 0 M MOCie peaklUMH ocTaeTcs 0e3 u3Mme-
HeHusl. OH YCTaHOBUII 3AKOH COXPAHEHUsL MACCDL.

Macca BewiecTB, BCTYNMBILUMX B peakuuio, BCeraa pasHa
Macce 06pa30BaBLUMXCS BELLECTB,

nIn

Macca UCXOAHbIX BelleCTB paBHa Macce NpPoAYKTOB peaKuuu.

Puc. 2.2. OnbIT
M.B. JlomoHocoBa



HezaBucumo ot M.B. JIoMOHOCOBa 3TOT 3aKOH ObLT OTKPBIT
(dpaHLy3ckuM yueHbIM AHTyaHoM JlaByasbe (1789).

Jlerko MoATBEpIUTH MPABWIBHOCTH 3TOTO 3aKOHA B pas3iiny-
HBIX peakiusix. Hampumep, Ha JHO CyXO#l KOJOBI C KUCIOPOIOM
MOMEIIAIOT HEMHOTOo KpacHoro ¢ocdopa, 3aKpbIBAIOT KOJIOY
MpoOKol 1 B3BelnBaroT. OCTOPOKHO HarpeBaroT koyidy. Dochop
3aropaeTtcs, U MosIBJIsieTcs1 0eblil 1biM okcuia hocdopa (V) — mpo-
u30IIa XUMUYeckass peakiusi. OCTBHIBIIYIO KOJIOY CHOBa B3Be-
[IMBAIOT ¥ YOSKTATOTCS, UYTO €€ Macca He M3MEHUIACh.

Bce omnrcaHHBIE OMBITHI OOBSICHSIOTCSI HA OCHOBE aTOMHO-MO-
JEKYJSIPHOTO YUCHUS. B XuMuueckux peakyusx amomvl He uc-
ue3aom U He B03HUKAIOM 8HOBb, NPOUCXOOUM MOTBKO UX nepe-
epynnuposka. Tlpu meperpynmupoBKe Pa3pbIBAIOTCS XUMUYECKUE
CBSI3U MEXIy aTOMaMH B WCXOIHBIX BEIECTBaX U 00Opa3yroTcs
HOBBIC XMMUYECKHUE CBSI3U B MOJICKYJIaX MPOIYKTOB PEAKIUH.

Hucno amomos Kasxic0020 dneMeHma 00 u nocie peaKyuu He u3-
MeHemcsl, NOIMOMY U MACCA 8CEX UCXOOHBLX BeLyecns PagHa Macce
6cex nPOOYKMOs8 peaKyuu.

OpHako BaXKHO 3HATh, YTO XUMHUYECKAsl Peakiys — 3TO He
MPOCTOE TIepeMeIlleHue aTOMOB U3 OJHON MOJEKYJBI B JPYTYIO.
Mortekyia — He TIpocTasi cyMMa aTOMOB. Hampumep, y MOJIEKYITbI
okcuga Qocehopa (V) P,Os Henmb3ss oOHApyKUTh HHM CBOWCTB
cBoboHOrO (hocdopa, HU CBOUCTB CBOOOTHOTO KUCIOPO/IA.

3aKOH COXpaHEHHs] MAacChl MMeeT OOJbIIoe MPaKTHIECKOe
3HaueHHe sl XUMUK. Ha ero ocHOBe COCTAaBIISIFOT U 3aIHCHIBAIOT
ypaBHEHMsI XUMUYECKUX PEeaKIIHii, AeIat0T BCe TPONU3BOICTBEHHBIC
pacuetsl. Hampumep, Ha XUMHUYECKOM 3aBOJie MOJYYarOT IIWH-
koBble Oemmma ZnO. Ha ocHOBaHMM 3aKOHa COXpaHEHHs] MacChl
JIETKO TOJICYUTATh, YTO TMPU CKUTAHUM IIMHKA Maccoll 65 Kr B
KHCIIOpOJie Maccoll 16 Kr oOpa3yroTcsl IIMHKOBEIE OeTiiia Maccoi
65 kr + 16 xr = 81 kr:

Zn > ZnO
Ar =65 Mr =65+ 16 =81
(m = 65 k1) (m = 65 xr + 16 xr = 81 k1)

3akoH COXPaHCHUsI MAaCCbl OTHOCUTCA KO BCEM XHMHYCCKHUM
SIBJICHHAM, KOTOPBIC MTPOUCXOAAT B OKPYXKAIOIIEM HAC MUPE. I1oo-
TOMY OH SBJISICTCA OJAHUM U3 Ba)KHEHUIIMX €CTeCTBEHHBIX 3aKOHOB

MPUPOJIBI.

P + 02 = P205
docdop kucnopop okcma
docdopa

V)

AuTyaH JlaByasbe
(1743-1794)
®paHLy3CKUiA XUMUK.
OTKpbIN 3aKOH COXpa-
HEHUs Macchl.



Pa6oTa B rpynmne

1. IIpu Harpesanuu okcuga prytu (HgO) obpasyiorcs pTyTh M KUCIAOPOA. Bhiumcaure
Maccy KWCNOpOZa, eCnu IpPWU pPasnoxeHuun 4,32 T oKCupa PTYTU IMONYyYMlach PTYTb
Maccom 4 r.

2. IlombiTaliTech HATU aHANOTUWN MEXZIY 3aKOHOM COXPaHEHUA MacChl B XUMUU U 3aKOHaMU B APYTUX
HayKax: MaTeMaTuke, usnke u.t.p.

3. [lepemuunTe B TETPaZb U 3aIOJIHUTE TAONULY:

®dusnueckaa sennunna | 0603HaveHue Eanuunnbt usMmepenua dopmyna ana pacyera

Monspxas macca

OTHOCUTENbHAA
MOJIEKY/IPHAA Macca

Macca BemjecTBa

Konuuectso BemecTsa

CoBpemeHHble Y4eHble MPOBOAST HAyyHble 3KCMEPUMEHTbI, CobupaloT K
) = BbIOMPAIOT MHDOPMaLMIO, BbIABAMAIOT M NOATBEPXAAOT HayyHble naen. HayyHas

~ LD [edTenbHOCTb TPebyeT OT YyenoBeka MONHOWM OTAAa4M, CamMoOTBEPXEHHOCTU. Kak
nEﬂTE H Tb MOXHO OLLeHUTb TPYA, Y4eHbIX? YYpeXaeHO MHOro MexAyHapOoAHbIX NMpeMuin 3a
Hay4yHble OOCTMXEHWUS, HO CaMOil rnaBHOM M3 HuX sBnsetca Hobenesckas
npemMus, KOTOPYIO BPYHalOT eXeroaHo.

oS ws

Jlaypeatbi HobeneBckovi npemumn no Xummu:

Mapusa Kiopu (7.11.1867 — 4.07.1934) - nepBas XeHLUMHA B Mype, KOTOpas Oblia HarpaxzaeHa
HobGeneBckoli npemuei, NPUYEM €OMHCTBEHHBIN YYeHbI, KOTOPbIA ABaxabl nonyyun Hobenesckyio
npemuio (no ¢uanke 1 no xumun). Ee myx lMNbep Kiopn 1 gous UpaH Xonmo-Kiopy Takxe 6biin
naypeatamu HobeneBckow npemuu.

3apaHue: Hangn (B sHuumknoneauu, B MHTepHete) uHdopmaumio o gerctee Mapum Kiopu, o
CJIOKHOCTM €€ Hay4yHOro nyTu, O ee BKNaae B Hayky.

Ha ocHoBe 3akoHa COXpaHCHHA MACChl IMMPOBOJAT 3allUCh XU-

Saron coxpanenus | \yqecknx peakiuii IIyTeM COCTABICHHSI XUMUYECKHX YPABHEHHIL.
Mdaccol seugecms.
T PR T Xummnyeckoe ypaBHeHMe — 3TO YCJIOBHas 3anucCb XMMUYEC-

gewjecme pagha macce KoM peakuun C NOMOLWbIO XMMU4YECKUX 3HaAKOB, ¢0pMyJ'I n
NPOOYKMOE peaxyuiul. K03 brUMEeHTOB.

XHUMUYECKOe ypaBHEHHE HA3bIBAIOT TAKXKE ypaBHEHHUEM XH-
MMYECKOM PEAKLIMH.

HOpﬂdOK COCMAeaenus XumuiecKkoco ypaeuenus

1. Onpedensiem, Kaxue sewjecmea 6CMynaiom 6 peaKyuio u Ka-
Kue NOLYYAOmcst 6 pe3yavimaime peaxkyuil.

Hanpumep, npoctoe BeriectBo MeAbr Cu mpu MpoKaTuBaHUU
Ha BO3yXe pearupyeT ¢ MPOCThIM BelllecTBOM Kuciopoaom O, 1 B
pesynbrate mnojydaercs okcug wmeau (II) CuO - crioxHoe
BEILECTBO.

20



2. Xumuueckoe ypaguenue cocmoum u3 08yx uac-
metl — J1e60il U nPAagoll.

B nesoti uacmu ypagnenus nuwiym @opmynsl uc-
XOOHBIX 6eujecms, a 6 npasoil — PopMYIbl NOTYUEHHBLX
seujecme  (npooykmog peaxyuu). Mexay ucxon-
HBIMHU M MOJYYEHHbIMU BEILIECTBAMU CTABST CTPEIIKY
— (3Hak mpeBpanienus). Eciu B eBoi uim mpaBoi
YacTH MO HECKOJIbKY BEIIECTB, TO MeXay uX ¢op-
MyJaMU CTaBAT 3HaK Iuitoc (+).

B namem npumepe Meap U KUCIOPOA — MCXO[-
HbIe BEIIECTBA, UX (OPMYIIBI 3amKChIBAEM B JIEBOIA
yactu ypaBHeHus. Okcua meau (II) — npoaykTt peak-
UMy, ero ¢Gopmylly 3aluchlBaeM B MpaBOil yacTu
YpaBHEHHUSI.

Puc. 2.3. ObpasoBaHue
okcunaa meam (Il)
3anucbiBaeM JIEBYIO M MPaBYIO YACTU YPAaBHEHMsI, COEAUHSI  (4EPHOro LBeTa) npw
X CTPEITKOIA: npokanneBaHun mMeau B
Kncnopoze Bo3ayxa

Xumuueckoe /M cxoouvie geujecmeda I podyxmul peaxyuu
ypaBHeHHe Cu + O, - CuO
J1e6ast uacme npasas wacmy

3. Paccmasnsem xodpuyuenmol (yugpwvt neped gopmynamu
gewecme) mak, Ymoobl YUCLO AIMOMO8 KAJICO020 deMEeHMA 8 00eux
uacmsax ypasHenust 0bL10 0oduHakoso. Takoe JieficTBUE Ha3bIBAIOT
nooOOpoM KOIPPUYUeHMos Ul YpasHUSAHUEM.

I1pu coeqHeHUM MeIU ¢ KUCITIOPOAOM B JIEBOW YACTU ypaBHE-
HUsI [IBa aTOMa KMCIIOpOJa, a B MPaBOM 4acTH — TOJBKO OMH.
YTOoObl YKMCIO aTOMOB KHCIOPO/AA CTAJIO OJMHAKOBBIM, 3aIUChI-
BaeM niepes] popmyioit CuO koadpduumeHt 2:

Cu+ 0, - 2Cu0 Xumuueckoe ypaBHeHne

OTOT KO3(PULMEHT OTHOCUTCSI HE TOJNBKO K KHUCIIO- KoodduumenTs!

poay, HO M K MeaM. B mpaBoii yactu crano apa

aToMa Menu, Mo3ToMy nuieM koddduiueHt 2 mne- 2Cu +70, = 2CuO
pell aTOMOM MEZM B JIeBOM yacTu ypaBHenus. Ilepen  2.q=pcu)  12=200)  2:1=2(Cu)
monekysnoi O, ko3h(UIMEHT paBeH eauHUIIE. 2-1=2(0)
Enunnna He 3anuceiBaercs. Iloiaydaem ypaBHeHMe Je6as Hacmo npasas wacmo

PEaKLMH COSAMHEHHS MEU C KUCTOPOIOM: UCXOO0HbIe sewecmsa  NPOOYKIMbL PeaKyui

2Cu + O, =2Cu0O

Mps1 nomoOpany Ko3(pUIMEHTE, T.€. YPaBHIIA peakiro. Te-
Mephb YHUCIO ATOMOB BCEX JIIEMEHTOB IO PEaKLIUU PAaBHSETCS YUCTY
aTOMOB IIOCJI€ PEaKLWHU: MO JABa aToMa Menud M MO JBa aToMa
KHUCIIOPOJIa. 3amensiem cmpeiKy — 3HaKOM paseHcmed (= umu =2).

3HaK paBeHCTBA O3HAYaeT, YTO YMCIO aTOMOB M UX Macca
clIeBa ¥ CIIpaBa OT HErO OJIUHAKOBBI.

4. Ilpouumvisaem cocmasieHHoe XUMUYECKOe YpasHe e Peak-
LMY B3aMMOACUCTBHS MEIU C KUCIOPOAOM ABYMsI ClIOcO0aMu:
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CocTaBneHme a) Mo XMMUYECKUM 3HakaM W (popmymnaM: ~dea-kynpym nuoc
YPaBHEHMIA 0-06a pasHaemcs 06a-Kynpym-o’’;
0) Ha3bIBasl BELIECTBA: ~06d amoma medu nioc 00Ha MOJeKYad

3anvcuIBagM neBylo 1 ”
KUCAOPOOQ, NOJLYYAIOMCst 08¢ MOJIEK Vbl OKCUOA MeOu-08a .

MpaByio YacTu

4 Xumuueckoe ypasnenue noKazvleaem:
YpaBH/BagM YnCIo aToMoB a) KaKue BeIlECTBAa BCTYMAIOT B PEAKIMIO U KAKUE BEIIECT-
KaXzoro anemeHTa cesa i Ba MOJIy4aIOTCs B pe3yJIbTaTe €e;
Cnpaga: paccTaBnsem 0) YMCIIO MOJIEKYJI (ATOMOB) BCEX BEIIECTB;
K03 dULMEHTHI, @ He B) KOJIMYECTBO BCEX BEHICCTB (UMCIO MOJICH KaXJI0ro Be-
MEHSIEM MHOEKChI 1ECTBA).
4 Kooppuyuernmpr B ypaBHEHUU PEaKLIMU MOKA3bIBAIOT YKMCIIO
MpoBepsieM Y1C/0 aToMOB MOJIEKYJT MU KOJIMYECTBO (YUCIIO MOJICH) Ka)KI0TO BEIllEeCTRa.

[10 1 nocne peakLmun
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7'M Tunbl XMMUYECKUX peakumi

B Hacrosiee BpeMst U3BECTHO OIPOMHOE UUCIIO XUMHUUYECKUX
peakuuii. [To o0mKM MpU3HAKAM UX PA3OEISIIOT HA TPYIIIEL, TO
ecTb KiaccupuuupyioT. Eciu 3a OCHOBY B3ATHb YHMCIO U COCTaB
UCXOOHBIX BEUIECTB W MPOAYKTOB pEaKIUH, TO XUMHUUYECKUE
peakuru MOXKHO Pa3AelIuTh Ha HECKOIBKO munog. OcHogivle mu-
nbl XAMUUECKHUX PeaKuil CIeayIomIye:

1) coenunenus; 2) pasznoxenus; 3) 3amerenus; 4) ooMeHa.

MBI TO3HAKOMUMCS C PEaKLUSIMUA COSIUHEHUS U PA3IIOKEHUSL.

2.4.1. Peakuun coeguHeHua

Ecnu cmemaTh mopomok cepbl (KENTBHIN) U jKelie3a (Cephiit),
MOJYYUTCSl CMECh, KOTOPYIO JIETKO Pa3felNUTh (PU3NYECKUM CIIO-
cO0OM — C MOMOIIBIO MarHuTa. JKee3o NpUTITUBaeTCsl K MATHUTY
U OTAEJSIETCS OT Cephl. 3HAUMT, cepa U XKeJIe30 B CMECH COXPAHUITU
CBOU CBOMCTBA MPOCTHIX BEIIECTB.

B cmecsx BelwecTBa COXpPaHAOT CBOU CBOMCTBA.

ITepeHecem 3Ty cMechb B MPOOMPKY M ClIerka HarpeeMm ee Hajl
MJaMeHeM CIUPTOBKU (puc. 2.4). HabmonaeTcst cuiabHOe packa-
nuBanue. Eciau mocie ocTbiBaHUA pa3dUTh MPOOUPKY, YBUAUM
BELIECTBO TEMHO-CEPOro LBETA. DTO HOBOE BELIECTBO — CYJIb(U
wenesa (II). XKenezo u cepy Henb3si BbIAEIUTH U3 Hero (uznyec-
KHMHU CIOCOOaMHM, MPOAYKT peakiMy He MPUTSITHBAETCS K Mar-
HUTY. 3HAYUT, OHU MOTEPsUIM CBOM CBOWCTBA U B KauecTBe
XMUMUYECKUX 3JIEMEHTOB XeJie3a M Cepbl COSTUHIIUCH U BOILLIH B
coCcTaB XuMHuueckoro coenuHenus FeS.

B pesynbrare peaxyuu coedunenus IBYX MPOCTBIX BELIECTB
kKeJe3a U cepbl MOYUUIIOCh C0JICHOe 6eujecmso — CyabpUL xKe-
ne3a (IT).

Fe + S = FeS — peaxyus coedunenus

Peakuns coeanHeHusi — 3TO peakuus, Npu KOTOPOi 13 ABYX
(vnn Gonee) NPOCTbIX WM CHOXHbIX BELLECTB obGpa3syeTcs
OOHO CJIOXXHOE BELLEeCTEO.

OO011as cxema peakiuyi COeIUHEHMUS:
A+B+..=C

Wcxonnbie BCIICCTBA MOT'YT OBbITh MPOCTBIMU WUJIN CITIOXKHBIMH, a
MPOAYKT pCakKlMn COCAUHEHUSA — BCErJa CJIOXKHOE BEUIECTBO.
TTo3Hakomumcs ¢ APYIruMU NpuMepaMun peaKum?I COCAUHCHMS.

Koncynemanyus
ITpu cropanuu Maruus uiau dochopa (puc. 2.5) B KUCIOPOIE
OHU COENIMHSIFOTCS C KUCIIOPOIOM:
2Mg + O, = 2MgO
peaxyust coeounenus

Kakoe sBnenne
npoucxoanTt npu
CcMeLUnBaHUM no-
POLLKOB Xene3a
u cepbi?

Fe + S = FeS

Puc. 2.4. Peakuus
COeONHEHNS Xenesa
C cepon

4P + 50, = 2P,05
Puc. 2.5. Peakuus

coegmHeHuns docdopa
C KMCNOPOAOM
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Fe 4P + 50, = 2P,0s
peaxkyus ConuHeHu}Z

i HpI/I NpOKaJIMBAaHUK METAJIJIOB Ha BO3AYyXE€ OHH TAKXKEC COCOU-

HSIFOTCS C KUCIIOpoAoM (puc. 2.3, cmp. 21):
2Cu + O, = 2CuO.

IToutn Bce MeTamibl W OOJBIIMHCTBO HEMETAJIOB (KpOMe

FeCli—] ¢ropa, ximopa, 6poMa, fojia) BCTyMalOT B PEaKIMIO COECAUHEHUS C
TCk kucimopogoM. O60061asi, MOXKHO CKa3aTh, YTO MOYTH BCE MPOCTHIE
WE fIECoK BelleCTBa METaJTbl COSTUMHSIOTCS ¢ HeMeTatamu. Hanmpuwmep:
a) JKeJe30 ¢ XJIOpoM (puc. 2.6):
Puc. 2.6. Peakuus 2Fe + 3Cl, = 2FeCly
coefMHeHNs xenesa
C XJIOPOM 0) MarHMiA ¢ a30TOM:

3Mg + N, = Mg:N,.

,Z[Ba HJIN HECKOJIBKO CJIOKHBIX BEUIECTB TaAKXKE MOT'YT

COGIMHATBECS JPYT C JpPYroMm, obpasys CIOXHOE Be-

Boga niectBo. Hanpumep, npu 7o0aBIeHUH BOJIBI K HETaIlleHOH

u3BecTH (okcuay kanbiusi CaO) MpOUCXOUT OUEHb CHUITb-

a0 HOe pa3orpeBaHue. B pesynbraTe oOpasyeTcsi rauieHas
& usBecTb  (ruppokcup  kambuus Ca(OH),), koTopyro

NPUMEHSIOT NMpH mnodenke (puc. 2.7). YpaBHEHHE 3TOM
peaxkLuu:

nap

Ca(OH),

CaO + H,0 = Ca(OH), — peaxyus coedunenus.
Ca0 + Hy0 = Ca(OH)
’ ? Eme mpumep: 2SO, + O, = 2SOs, 3mech coenu-

Puc. 2.7. Peakuus COeaMHeHus HAIOTCST ITPOCTOE U CTI0KHOE BEIIECTBO.
oKCcuaa KanbLus ¢ BOAOK

2.4.2. Peakuuu pasnoxeHus

Ecin uepe3 Boay mporyckaTb MOCTOSIHHBIA 3J1€KTPUUECKUA
TOK, TO POMCXOAUT Pa3loKeHNE BOJAbl HA BOAOPOA U KUCIIOPOA;:

INIEKTPUYECKHUI TOK

2H,0 =——=2H,T + 0,1 - pearyus
PA3N0JICEHUSI.

Takas jxe peaklusi MPOUCXOANT MPH CHUIIBHOM HarpeBaHUU BOJISI-
HBIX MapOB.

ITomecTM B MpOOHMPKY C Tra300TBOAHON TPYOKOW 3eJICHBIH
nopoiok majgaxuta (CuOH),COs u Harpeem ee (puc. 2.8). Konen
ra300TBO/IHOM TPYOKHU OMyCTUM B MPOOUPKY C N3BECTKOBOM BOIOM
Ca(OH)..

Uepes HEKOTOPOE BpeMsI 3elIeHBIH MOPOIIOK MaJlaXHUTa IMovep-
HeeT — 3TO oOpasyercsa okcua meau (II). Ha crenkax mpoOupku
MOSIBATCSl KameJdbKU BONBI, a M3BECTKOBAsl BoJa MomyTHeeT. U3
OUMOJIOTMU BbI 3HAETE, YTO YEJOBEK BBIIBIXACT YIJICKUCIBIN ra3 —
CO,. Eciiu noayTh uepe3 TpyOOUuKy B U3BECTKOBYIO BOJY, OHA IO-
MyTHeeT. 3HAUuT, B HAIlleM OMBITE TaKXKe 0Opa30BajiCs YIIIEKUC-
Jbli Ta3 — okeup yriaeposaa (IV) CO..
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Ml pacno3Hajin BCE€ TMPOAYKTBI PCaKIUH PaA3JT0KCHUA
MaJlaXxuTa U MOXKXEM HalucaTb €€ YpaBHCHUE!

o

(CuOH),CO, = 2Cu0 + HO + ol

3e/1eHblil NOPOULOK uepHblil NOPOULOK Kanmuu 600bl nomymmenue
manaxum oxcuo meou (1) 600a U38eCMKO0B0II
60001

oKCuUo

yenepooa (IV)
Peaxyus pasnodicenus

Eciu B npaBoii yacTu ypaBHEHUSI OJMH W3
NPOAYKTOB Ta3, 3TO OTMEYarT CTPENKOW BBEPX

(CUOH);CO3
cripaBa OT (hOPMYJIbI.

Peakuusi pa3noxeHuss — 3TO Takas peakuus,
npyu KOTOPOW U3 OLHOrO C/IOXHOrO BELLECTBa
o6pasylotca aBa (Mnu 6onee) HOBbIX MPOCThIX
WNW CNOXHBIX BELLEeCTBa.

OOwas cxema peakiuu paziokKeHUsI:
C=A+B+..

H20
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Kakue npusHakm

XUMUYECKUX peak-
uunii HabnogarTcs

npy passioxeHun
manaxura?




Ycnosus BO3HUKHOBEHUS

2.5.

N Te4YeHnqd Xmmmnyeckmx peaKLl,I/IVI

UToOBl XMMMYECKasl peaklys Hayanach (BO3HMKIIA), HYXHO
BELIECTBA MPUBECTH B TECHOE CONMPUKOCHOBEHUE APYI C APYIOM.
JJ1s1 3TOro BELIECTBA U3MEabUaAIOM U NepeMeuiusarom.

Hanpumep, s peakiuu cepbl C IKEIe30M

Ccepy pacTUparoT B CTYyIKe, a TOPOIIOK Keje3a
TOTOBAT CIEIUAIbHBIM ~ 00pa3oM. 3aTeM 3Tu
MOPOIIKN THIATEIBHO TEPEeMEIINBAIOT T OoJiee
paBHOMEpHOTrO pacrpezenenust yactuil. Hanboee
TOHKOE ApoOJIeHUE BEHIECTB /10 MOJIEKYJ U MOHOB
MPOUCXOAUT TIpU uX pacTBopeHnu. I[loaTomy
MHOTHE PeaKINK MPOBOST B PACTBOPAX.

st Toro, 4TtoObl peakius Hayajaach, Haao
Kak Obl J1aTh €l TONYOK, MOMOYb ~pa3dyauTh”
xumuueckre cBsizu. [1oaToMy MHOTHE XMMHUYECKHUE
peakiMu TpeOYIOT HarpeBaHus. B ypaBHeHHM
PeaKLUU Hazpesanue Kax yciogue peakyuu 0003Ha-

uaemest 3Haukom t° (memnepamypa) HAO 3HAKOM
pasercmea. Hanpumep:

tO
Y10 nerye 3axeyb: Fe + S = FeS.
Lesioe nosaeHo uin
HECKOJIbKO MESTKNX Takum 00pa3oM, ycrosust 803HUKHOBEHUS U MeYeHUs] PedK-
wenok? Mo4yemy? Yuu CIeayIolue:
1) u3amenbueHue, 2) nepeMelninBanue, 3) HarpeBaHue, 4) pac-
TBOpEHHUE.

Janpiie Mbl TO3HAKOMUMCS C APYTUMH YCIOBUSIMH BO3HHUK-
HOBEHUS U TCUCHUSI PEAKIIMIA.

Crenyer pasznuyaTh MOHSITUS ~yCIOBUS BO3HUKHOBEHHUS U
”YCIIOBUSI TEUEHUST XUMUYECKUX PEaKIUi.

s pa3noxeHust BOABI HAZI0 MPOIMYCKaTh AMEKTPHUESCKHI TOK B
TEUeHHE BCErO BPEMEHM peaklyy, a He TONbKO BHayale, MHaye
pasnoxxeHnue npekpaTutcs. Ecim npoBoauTs pasnoskeHne BOAbI MPH
OUCHb CHUIIBHOM HArpeBaHHMM €€ MapoB, TO 3TO HArpeBaHUE HAII0
MPOBOIUTH B TEUEHHE BCETO BPEMEHHM PeakiMK, MHaue OHa Tpe-
KpaTUTCs. 3/IeCh HarpeBaHUE — 3TO YCIOBHUE BO3HUKHOBEHHS U
TEUeHHsI peaklnu, TOTOMY UTO NP PeaKLUU TEIIO MOTTIOL[AETCS.
A 1715 peakiyu xemnesa ¢ cepoil TpeOyeTcs TOMbKO HauaabHOe Ha-
TpeBaHue, NaJblle UIET PEaKLUs C gbloeaeHUeM DONbULO20 KOIUYeCH-
6a TETUIa W CBETa U HarpeBaHue He Tpedyetcs (puc. 2.4, cmp. 23). B
9TOM CIIydae HarpeBaHUE — YCIIOBHE BOSHUKHOBEHUS PEAKLIMH.

* Bovloenenue menia NMpU XUMHYECKOW peaKUUU 00O03Ha-
yaeTcsi 3HakoM +Q “Kio” B MpaBoOW 4YaCTU YpPaBHEHMUSI:

Fe+S=FeS+Q
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Peakuuu, naywme c BoigesieHMeM dHeprum (Tenna, cBeTta), HasblBalOTC 3K30Tep-
MUYECKUMMU.

”JK30” B MEPEBOJIe C IPEUYECKOro o3HauaeT ~cHapyxu’ . Peakius mosydeHuUs Cyib-
¢duna xenesa (I1) — sk3oTepMHuUecKas.

Il o2nowjenue sHepeuu (Tera, AMEKTPUUECTBA), HATTPUMED MPHU Pa3I0XEHUH BOJBI,

obo3Havaetcs —Q: ° (ar1. ToK)
2H,0———2H,T+0,T-Q

Peakuuu, ugywme c norsoweHneM dHepruu (Tenna, CBeTa), Ha3blBAlOTCA 9HAOO-
TEPMUYECKUMMU.

”OHA0” B MEPEeBOJIe C TPEUYECKOro o3HauaeT “sxympu”. Peakuust pa3noKeHUs] BOAbI —
9HI0TEpPMHUYECKasl.

MornoweHne wnu BblgeneHUne TennoTbl Ha3biBaeTc TemnnoBbiM 3PdeKkTom
XUMUYECKOWN peakuuu.

O060061IKM TO, UTO MBI Y3HAIIU O TEMJIOBOM 3(PPEKTe peaKlnu.

JItobasg xumuueckas peakuusi MpoTeKaeT JMOO C BbIAEIEHUEM TeIuia, JIMOO ¢ €ero
MOTJIOLIeHUEM (mab.. 2.1). Peakuiuu pas3ioxxeHus — SHI0TepMUYecKre, OHU TPeOyIoT 3aTpa-
Thbl Terjia. BoaplIMHCTBO peakuuii coelMHEeHusl — aK30Tepmuyeckie. OHU UMEIOT OOJIbllIoe
npaxkTuyeckoe 3HaueHue. Hanpumep, peaxuusi cropaius yriis Ha BO3AyXe — 3TO peakLus B3a-
HMMOJIEICTBHUSI MPOCTOrO BEILECTBA YIJIEpoJa ¢ KMCIOPOAOM BO3[yXa, UAYyLIasi C BblIEIEHUEM
Terla v cBeTa:

C+ 02 = C02 + Q

Teruiom, KOTOpOE BbIIIENSETCS MPU 3TOM IKZ0TEPMUUECKON peaKkilliu, YeJIOBEK MOJIb3YeT-

sl C APEBHUX BPEMEHMU JJIsl COTPEBAHMSI, TPUTOTOBIIEHUS MULIH, BHITUIABKA METAJLJIOB U T.JI.

Tabnuua 2.1. TennoBble 3OPEKTbI XUMUHECKUX PeaKLI

TennoBowi 0O603Ha4eHne HasBaHune peakumy ¢ aaH- lpumepsi
appeKT peakuymy | Ten10Boro appekTa | HoiM TEMI0BLIM 3PHEKTOM peakuuni
.
Bbigenexuve +Q AK30TEPMUMYECKas Fe+S=FeS+Q
Tenna
=
MornoweHve -Q SHAoTepMMYECcKas 2H,0 = 2H,T+0.T-Q
Tenna (911 TOK)
F- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
I SSSSSSeeSsSSSSSsSssSaSSSsSSS—S———————————————————— ]
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ITo ycnosuro: 4 moinb Y
2Cu + O, = 2CuO

ITo ypaBHeHMIO: 2 Momb 1 Momb 2 MOITb

Jlerxo noacuurath, yto v(O,) OyneT B 1Ba paza MEHbLUE, YEM
v(Cu). OueBugHo, uro v(0,) mponopuuonaibHo v(Cu). MoxHO
3anucaTh MPONOPLMIO:

2 MoJb : 1 Moitb = 4 Mok : V(O,) uim

4 MoITb v(O»)

= ; OTKyIa
2 MOJb 1 Mmonb a
4 Monb - 1 Mob
v(0,) = =2 MoJIb
2 MOJIb

IToctaBuMm euie 0AMH BOITPOC.
Kaxoe konuuectBo BelectBa okcuna meau (1) oOpasyercs
[P 3TOM YCIIOBUHU?

ITo ycioButo: 4 MoJIb Y
2Cu + O, = 2Cu0O
ITo ypaBHeHuMIO: 2 MoOIIB 2 MoJb

ITo ypaBHenuro v(Cu) = v(CuO)
3HAYUT, U 1O YCIOBUIO, ECIIH MTPOKAIUTH Meb KOJTUYECTBOM
4 monb, obpasyetcst okeua meau (1) konnuecTsoM 4 MOJTb.

MBI peliniii pacyeTHyIo 3aady Mo XuMuu. B Takux 3aga-
Yax BCErjla €CThb JIBE YACTHU: XUMUUECKAs N MAMeMAMUYeCKdsl.

X umuueckas yacmov BKIIOYAET:

a) KpaTKYIO 3aIKCh YCIIOBUS 3aaul;

0) ypaBHEHHUSI BCEX XUMUYECKUX PEaKINii, 0 KOTOPBIX TOBO-
pUTCS B yCIIOBUM 3a1aUH.

M amemamuueckas 4acms — 3TO PELIEHUE 3aJa4d C TIOMO-
B0 (POPMYII, MPOMOPIUIA, TOTUUECKUX CXEM.

Pazbepem mopsimok JAeHCTBUNM MPU PEHICHUH XUMHYECKOM
3a1a4M.

3apaua B peakunio coeamHeHnst ¢ XJIOPOM BCTYNaeT aflOMUHUIA KONIMYECTBOM
BewecTea 4 monb. PaccuntanTte KONMYECTBO BELLECTBA X/10PA,
HeobxoaMMoro ans peaxumu.

Anroputm
3anucelBa€M KpaTKoOe YCJIOBUE 3a- 1. HaHo:

Aaqu. Vv(Al) = 4 monb
3anucbiBaeM ypaBHEHHE peaklud U Haiitu: v(Cly) uim v(Cl) — 2

paccraBisieM K03(hGUITMEHTHI.

11 0o0uepxusaem GHOpMyJibl BEILIECTB, O 2.5

KOTOPBIX TOBOPUTCS B YCIIOBUU.
4 moJb \%

ER 1100 ypasnenuem 3anucbiBaeM KoIu- 2Al + 3Cl, = 2AICl

HYCCTBO BCUICCTBA 10 YpA6HEeHUIO. A ST
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ER Hao ypasnenuem zanvcwiBaem xonu-
YeCTBO BEIECTBA 110 YCI06UIO.

[A Cocrasnsiem nporopuuo U pelraem

4 MoJib _ v(Cly)

ee. 2 Monb 3 MOIIb

2 X v(Cly) = 4 X 3 momib

12 Mmob
v(Cl) = ———— = 6 MmoJIb
2
A 3anuceiBaem oteer. Omeem. KOJIMYECTBO BEIIECTBA XJIOPa,

HEOOXOIMMOTO /ISl peaKklnu ¢
aJIFOMUHNAEM, PABHO 6 MOJIb.

PaccTaBp k03¢ UIIIEHTH:
KMnO, - K;MnO, + MnO; + 0,7 i

Ilo YPABHCHHUIO pC€aKLIHH pacchTaﬁ KOJIMYECTBO BEIICCTBA MEpMaHIraHaTa Ka-
JIus, HCO6XOZ[I/IMOFO JJIA TIOJTYUCHUA KUCIIOpOoda KOJIUYCCTBOM BCIICCTBA 2 MOITb.
VYkaxu Tun pPCaKru.

ITonGepu KO3 GULIMEHTHI B CIAEAYIONIUX YPABHEHUSX PEaKIIMiA:

4 Monb 3 monb

a) CH; + 0, — CO, + H,0 + Q r) P + 0, - P;0; E
4 moinb 3 MoJTb o i
6) C;Hs + 0, — CO, + H,0 + Q 1) SOz + 0, 5 SO;
S Monb to 5 Monb N
B) KCIO; — KCl + 0,1 e) H,0, > H,0 + 0,7

Bbrumcnm KoaWdecTBO BellecTBa KUCIOpoda IS KaKIOW peakiMH, MpeaBapu-
TeIbHO C(hOPMYITUPOBAB YCIOBUE 3aIaUU.

Bribepu 110060€ ypaBHEHHE peaKMu U3 YIIPaKHEHUH Ha CTP. 25, COCTaBb U pPellu |
3a/1a4y Ha ero OCHOBE. '

BbIunciiv KOJIMYECTBO BEIECTBA CEPbl, HEOOXOAMMOM I MOJIYYEHHs OKCHIA
cepsl (IV) SO, KOIMYECTBOM 5 MOJIb MO PeaKIUHU:

S+Oz%SOz

Bbruunciiu Taxxke maccy cephl.

BbluKciM KOJTMUYECTBO BELIECTBA JKelle3a, HEOOXOAMMOTrO ISl MOJYYeHHs XJIO- |
puna xenesa (I11) FeCls, konuuecTBOM 6 MOJIb MO peaKkLUu:

Fe + Cl, — FeCls.

Berumcnu Taxke Maccy xmopuaa ckenesa (III) m xemeza. Xmopun skenesa (I1D)
WCIIOJIB3YETCsI 1Tl TPABIIEHUsI MEAHBIX TUIAT.
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------------------ MTOTOBOE OL[EHUBAHUE |-

I. 3axoxuwm cnepyomme NpeioKeHNUA:

a) BeWECTBa, KOTOPbIE BCTYITAOT B PeaKnio, Ha3blBAOTCA...;
6) BeMWECTBAd, KOTOPbIE ITI0JIYIATCA B PE€3YJlbTATe PeaKIUW, HAa3bIBAOTCA...

II. K moHATUAM U3 KOJIOHKU A monbepn COOTBETCTBYIOWUE YPAaBHEHUA peak-
U U3 Konoxuku b n mopxopamyto 6yKBy HAIUIIU HA IUHUWU CJleBa:

A B
1. Peakuus pasnoxexus a) H, + Cl, = 2HCL
2. Peakuus coepunenus 6) CaCo; £ a0 + €0,
B) 2H20 7. 109 2H2T eE OzT

*III. Knaccuduumpyit peakijum, 3armmcas COOTBETCBYIOUE OYKBLL:
JK30TEPMUUECKIE PEAKLIUN:
JHLO0TEPMUYECKUE PeAKLUU:

a) 2H,0 = 26,7 +0,T - Q 8) N, + 3H, 2 2NH; + Q
6) Fe+S < FeS+Q r) €0, + C = 2C0 - Q
IV. 3 mpuBeLeHHBIX HWXE BEIPAXEHWUN BEIOEPU TPU3HAKU XUMUUECKUX PEaKLNiA:
a) U3MEeHeHMe 1BeTa; T') TafHWUe NbJA;
0) nedopmauma MeAHON IPOBOJLOKY; 1) 06pa3oBaHue 0CaZKa;
B) BbILEJIEHNE T'a3a; €) TIosiB/IeHMe 3amaxa.

V.IIon6epn K03bGUIMEHTE B yPaBHEHUAX, YKA3aHHBIX HUKE:
a) ?Fe + ?02 — Fe304 6) ?KC103 — ?KCl + ?OzT B) P+ ?02 — ?P205
VI. Pewu 3a0auy. Beruncan KOnMYECTBO BelleCTBA OKCUAA allOMUHMSA, KOTOPHIN 06pasyercs mpu
CUT'AaHUU B KUCJIOPOJE AlIOMUHUA KOJIMYECTBOM BelleCTBa 2,5 MOJb.
VII.PaccraBb Ko3hduunenTst B cnepytoweii cxeme: Al + HCL — AlCL; + H,T
Cymma BCcex K03 duuneHTOB paBHa:
a) 6 0) 8 B) 10 r) 13
VIIL. B kakoM cnyvae pacxonyercs 6ojibliee KONIUYECTBO BELIECTBA KNCL10POAA:
a) IIPU CrOpaHUW MeIW KOAUYEeCTBOM BelecTBa 2 Mob o cxeMe Cu + 0, — Cu0;
0) mpu cropaHun hocdopa KONUIECTBOM BelecTBa 2 Mob 10 cxeMe P + 0, — P,05?

ApryMeHTUPYii OTBET BLIYUCIIEHUAMM.
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Mocne n3yyenus aton
rnaBbl Tl Oyaewb
croco0eH:

* OMUCHIBATb U 06BAC-
HSTb COCTaB, 0OHapyXe-
HWe U MeToZpl nony-
YeHUs KMCNIopoAaa U BO-
[OPOAa B NPOMbILLAEH-
HOCTH 1 B nabopaTopuu;
* ONpeaensiTb NOHATHS:
annoTponus, katanusa-
TOp, OKCWA, UHANKATOP,
peakuus 3ameLLeHus:;

* UNAICTPUPOBATL NpU-
mepamu Gu3n4eckue n
XUMUYecKne CBOICTBA
KMcopoga u Bofoposa,
reHeTu4eckue pagsl me-
TaNNoB U HEMETAOB;

* yCTaHaBNMBaTb CBS3M
MeXnay CTPOEHUEM,
CBOMCTBaMM, pacnpoc-
TpaHeHWeM B Npupoge,
npUMEHEHUeM Kncno-
popa n BOAOPOAa;

* pasnuyatb OKCUAbI,
OCHOBaHUS, KUCNOTbI
(kmcnopoacoaepxatume
1 GECKMUCNOPOAHbIE) U
COMK MO COCTaBY;

* UCcnegoBathb aKcne-
PUMEHTanNbLHO nony4yeHne
1 00HapyxeHne
Kucnopoaa, fencTeue
KWUCNOT U Lenoyeit Ha
MHOMKATOPbI;

* peLaTh pacyeTHble
3aa4n No ypaBHEHUAM
XUMMYECKUX peakuui no
Teme «Kucnopog,.
Bogopopy.
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Kucnopop. Bogopon

<M M Bo3ayx BoKpyr Hac

Mbl KMBeM Ha JIHE BO3AYLIHOI'O OKeaHa W JOJDKHBI 3HAThb O
HEM Kak MOXHO Oojbuie. be3 eabl u 06e3 BOAbBI UEIOBEK MOXKET
MPO’KUTb MHOI'O YacoB, a 0e3 Bo3/yXa yMPET Uepe3 HECKOJIbKO MU-
HyT. I'maBHOE 111 AbIXaHUs — 3TO Kuciaopod. Ho uucTeiM Kuc-
JIOPOAOM JbllIATh OMNAcHO, MO3TOMY MNpUpoAa M pazdaBuia
KUCJIOpO/ a30TOM U [Jajla HaM YJAMBUTENIbHYIO CMEChb ra3oB —
6030)X.

Honroe BpeMs BO31yX cUMTald NPOCTHIM BELIECTBOM. Pyc-
ckui yueHbli M.B. JIoMOHOCOB Mokasaii, YTo Npu MPOKaJIUBAHUHU
METAJUIOB B 3aKPBITOM COCYJ€ K HUM MPUCOEAUHSIETCS TOJIBKO
yacTh Bo3ayxa. TakuMm oOpa3oM, BO31yX — 3TO CMECh I'a30B.

Kucnopoo — cocmagnaa wacms 6030yxa. boiee ToO4HO cocTaB
BO3/IyXa ycTaHOBWI (paHIy3ckuii xuMuk AHTyaH Jlopan JlaBy-
aszbe. OH yCTaHOBHII, YTO KUCIOPOAA B BO3AyXe MpuMepHo 1/5 mo
00Bemy (21%), ocTanbHOe — a30T U APYIUe ra3bl.

OTOT BBIBOJ MOKHO JIETKO MOJABEPAUTD C TOMOLLBIO MPOCTOrO
sKcriepuMeHTa (puc. 3.1).

BosbMmeM crekisiHHBIN cocy 0e3 AHa (CTEKIISIHHBINA KOJIOKOJ C
MSITBIO JIETIEHUSIMU U MPOOKOH ¢ JToxkeukoi). OTkpoeM mpoOKy u
OIYCTUM KOJIOKOJI B KPUCTAJUIM3ATOP, B KOTOPbIA HalbeM BOJbI
no nepBoro aeieHus. [lomectuM B noxeuky Qochop m Harpeem
ero Ha crimpToBke. Korma ¢ocdop 3aropurcs, 66ICTpO BHECEM TTO-
JKEUKY B KOJIOKOJI M TUTOTHO 3aKpoeM ero (puc. 3.1,a). Obpasyercs
O€JIblil IbIM MO peaKuuu.

4P + 50, = 2P,0s

Uepes HekoTOpoe BpeMsi Oelblil AbIM Hcye3aeT (pacTBopsieTcs
B BOJE) M YPOBEHb BOABI B KOJOKOJE MOJHUMAETCS Ha OFHO
nenenue (1/5) (puc. 3.1,6). JlonmbeM BOIBI B KPUCTAJIM3ATOP 10
YPOBHSI B KOJIOKOJIE, YTOObl MOYHO OBLIO OTKPBITH cocyj Oe3
M3MEHEHUS YPOBHS BOJBI B HEM. 3aTeM OTKpOeM MPOOKY M BHECEM
rOpSIIIYIO IyYMHKY. JIydrHKa TacHET, 3HaAUUT B KOJIOKOJIE OCTAaJCs
a30T W Jpyrue rasbl, He MOJJiepXuBaroiiue ropenue (4/5 mo
o0Bemy).



W3 kypca ceapMoro kjacca Mbl 3HaeM, 4TO TEPMHUH “‘a30T”’
o3HayaeT ~Oedxku3HeHHbIH”. Ero B Bozayxe 78% mno obbemy. B
COCTaB BO3MyXa BXO/ST TaK)KE MHEPTHBIC Ta3bl aproH Ar, HEOH
Ne, xpunton Kr, xceHon Xe, renuii He, koTopble cOCTaBISIOT
0,94%, yrnekucnplit raz — 0,03%, Apyrue rassl U BOJsSHbIE Mapbl —
0,03% (puc. 3.2).

Kak BugHO U3 puc. 3.2, Mo Mepe yaajaeHUs OT MOBEPXHOCTU
3emin cocTaB aTMoc(epHOro BO3Ayxa MeHseTcs. B HUXKHUX
CIIOSIX COCTaB TaKOM, KaK MBI M3YYHMJIU, a B BEPXHUX CJIOSIX TIpe-
00J1a/1a10T BOJIOPO/ U CaMblii JIETKUI MHEPTHBIN a3 reiauil He.

Bo3myx — 3TO TpUPOIHBIA pecypc Halleidl IIaHeTbl. JTO
0OoraTcTBO, KOTOPBIM BJaJieeT Jtoboe ceino, ropoj, crpaHa. U3
BO3/yXa MOJIy4alOT JiBa U3 JeCcATH Haubojee BaXHbIX BELIECTB:
KUCIIOPOJI U a30T.

Kaxosa macca 6030yxa? CoctaB 4HUCTOTO BO3AyXa MOYTH
MocTOSTHHBIA. [loaToMy OBITa BBIYMCIICHA BEIMYMHA CpeaHei
OTHOCUTEJIbHOW MOJIEKYJIPHOM Macchl BO3AyXa, OHa paBHa 29.
YucTele ra3000pa3Hblie BEIIECTBA YaCTO CPABHHUBAIOT C BO3YXOM
— Jlerde WU TsDKenee Bosayxa. CpaBHUM OTHOCHUTETBHBIE MO-
JIeKyJIsipHble Macchl M3BecTHbIX HaM ra3zoB (H,, O, CO,) c
OTHOCHUTEJILHOW MOJIEKYJISIPHOM Maccou BO3AyXa:

M:(H,) = 2; M(O,) = 32; M{(CO») = 44; M(Bo3myxa) = 29.

Kak BuauM, BOAOPO/I HAMHOTO Jierdye Bo3/1yXa, a yrJIeKUCIIbIN
ra3 W KUCIIOpojd — Tsbkellee. TakuM oOpa3oM, He MNPOU3BOJIS
HUKAKUX U3MEpPEHUI, Mbl CMOTJIM ONPEACIUTDh, KaK1e Ta3bl Jierye,
a KaKue — TsbKejlee Bo3ayXa.

2!

Puc. 3.1. OnpenenexHve
coaepxaHus
KMCNOpOJa B BO3AyXe

H;He= 1000 km

N; O; H; He— 700 km

A

2; O; O2; He™ 200 km

\

Nz; Oz; O; Os; He— 100 km

N
e\

5 033 N2y 30 km

o
Ng; O

2; H20; Ar; CO.~ 10 km

Puc. 3.2. CocTtaB ra3oBoi
060/104kM 3emnn Ha pasHbIx
BbICOTax
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<#H O6Laq xapakTepucTvKa Kucnopoaa

3.2.1. Kucnopop — XumMn4eCkuii 3n1eMeHT

PaccmMoTpuM XapakTepUCTUKY XMMHYECKOTO 3JIeMEeHTa KHCIO-
poaa no ero nojoxxeHuto B [lepuoanyeckoii cucreMe 371eMEHTOB:

1. Xumuueckuii snax xucimopoga O (ot mat. “Oxigenium”). B
PYCCKOM SI3bIKE 3TOT 3JIEMEHT Ha3BalIu ~KUCIOPOA~, TO €CTh ~KHC-
JIOTY pOXAAIOIIMI”.

2. Omuocumensias amomuas macca A, (0O) = 16.

3. Honooxcenue ¢ Ilepuoduueckoil cucmeme: NOPSIAKOBbIA HOMED
8, II mepuon, VI rpynmna, rmaBHasi moArpymnmna.

4. Xapaxmep: XKUCIOPOJ — 3TO HEMETAJUIMYECKUN XUMUUECKUI
9JIEMEHT.

5. Cmpoenue amoma Kuciopooa:

3apsina siapa Z = +8;

4yuciio npoToHoB N, = 8p;

yucno HeUTpoHoB (N = A, —Z) N, = 16 — 8 = 8n;

o011ee Yncio 31eKTpoHoB N, = §€;

YHCJIO SHEPTETUUECKUX YPOBHEH PaBHO HOMEPY Meproa — ABYM;

pacnpeseneHue EeKTPOHOB 10 YPOBHSIM: Ha MIEPBOM /1Ba JJIEKT-
poHa, Ha BTOPOM (BHEILIHEM) ILIECTh JIEKTPOHOB.

DIEKTPOHHAs CXeMa CTPOCHHUS aTOMa KUCIOPOa:

o) ) )
8
8 2& 68
5. Banenmmocms KUCIOpOAa paBHA pa3HOCTH ~BOCEMb MUHYC

11
HoMmep Ipynnbl” 8§ — 6 = 2 (O). Kucnoposa aByXBanieHTEH.

3.2.2. Kucnopop — npoctoe BeL,ecTBO

HemeTananyecknii XUMUYECKUN 3JIEMEHT KUCIIOpo oOpa3yer
MPOCTOE BELUIECTBO KUCIOPO/ HEMETAILI.
Xumuueckas gopmyna xuciopooa O, — 3TO MOJEKYIsIpHAs

dbopmyia. . .
Dnexmponnas popmyna monexyavt kucnopoaa :0 Q O:unu
O = O, cBsI3b 1BOIHAs KOBAJIEHTHAs HEMOJIPHAsl.
Ommuocumenvias moaexyasapHas macca M, (Oz) = 32.
M onspras macca M(O,) = 32 r/mMoib.

3.2.3. Kucnopopg B npupoge

Kucnopon — camblii paCIpOCTPAHEHHBIN 3JIEMEHT Ha Hallleil
niaHete. IIpoctoro BemiecTBa — KHUCIOpoda B Bozayxe 1/5 mo
obbemy (~21%).

Kax XxuMuyeckuil 371eMEHT KUCIOPOA BXOAUT B COCTaB 0OJIb-
IIMHCTBAa BelIeCTB 3eMHOM Kopbl (49,13%) mo macce. DTo Boaa
H-0, necoxk SiO; u pa3nuuHble MUHEPAIbI.

B opranusme yenoseka 62% KuCIOpoia, OH BXOAUT B COCTAB
BOJIbI, )KUPOB, OEJIKOB, YIJIEBOJOB. TakuM 00pa3oM, KHUCIOPOJ
HaXOJIUTCS BOKPYT HAC U B HAC caMMX (puc. 3.3).
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g
( 10 km
N2; Oz; H20;

COg; Ar v oip.

030HOBBIV crioit Ha 25-30 kM

Puc. 3.4. O30HOBbII
LWMT 3emnm

30, =20,

Puc. 3.5. O30HMpoBa-
HVe BO3Myxa KBapLLEeBOi
NaMnoi B 6ONbHUYHOA

nanarte

Puc. 3.6. OueHute
nosb3y 1 Bpep aTux
TOBapOB
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Kucnopon O, 1 030H O3 — aJIIOTPOIHBIE BUIOU3MEHEHUS 3J1e-
MeHTa Kuciaoposa. TouHo Takke anMa3s ¥ rpaduT — aTOTPOITHBIE
BUIOU3MEHEHUS IJIeMEHTa yIiIepo/a.

V xucnopona O, u o3ona O3 pa3HbI COCTaB MOJIEKYJI, O3~
TOMY U pa3Hble CBoiicTBa. Tak, KUCIOpOA HEe MMeeT 3amaxa, a y
030Ha 3amnax cretuduueckuit (“o30n” B MepeBojie ¢ IPEUYECKOro
O3HAYACT NAXHYUULL).

Buonozuueckasn ponv kucaopoda. VI3BeCTHO, UTO KHCIOPOJIOM
BO3/yXa ABIIIAT BCE JKMBbIE OpraHWU3MBlI Hallell TuraHeThl. Bce
XUMUYECKUe MPEBPAICHUS B OpraHU3Me, BKITIOYasi Te, YTO obec-
MEYNBAIOT €0 HEOOXOIUMO IHEeprueil, MPOUCXOST C yUacTHEeM
KHCIOpoaa. BoOT modyeMy KHUCIOPOI — 3TO BEIIECTBO, KpaiiHe He-
obxomuMoe [Isi Ku3HM. Ho okasamoch, 4TO [IOJNTO MABIIIATH
YHUCTBIM KHCIOPOJIOM Helb3s. IT0 BpeaHo. OIHAKO MaJBIMU ITOP-
[USIMH, B 3KCTPEMAJIbHBIX CIIyYasix, OH HEOOXOIUM [IJIsl CIIaCeHUsI
YeJIoBeUeCKuX Km3Hed. KUcIopon MNpUMEHSIOT Tpu OOJIe3HsIX,
3aTPyIHSIOMIMX JbIXaHKe. B crielnaabHBIX KUCITOPOIHBIX MacKax
paboTarT MOXAPHWKH, JICTYMKU-BBICOTHUKU. [  BOmOIIa30B
TOTOBSIT CIICNUAIBHBIE CMECH W3 KHCIIOPOAa W MHEPTHBIX Ta30B, a
JUTSI KOCMOHABTOB — CMECH T'a30B, COCTaB KOTOPBIX OJIM30K K COCTaBY
aTMoc(hepHOro BO3IyXa.

Buonocuueckaa ponv ozona. I3 xypca 7 kjacca Mbl 3HAaEM,
YTO 030H HaXOAUTCS B BO3AYIIHOW oOojtouke 3emin. Cioii 030Ha,
€CJTU €ro coOpaTh y TOBEPXHOCTH 3eMJIH, UMeJT ObI TONIIUHY 3 MM.
U 3TOT TOHKHUH CJI0W HA3BIBAIOT O30HOBBIM «IIUTOM» 3eMiu. OH
KU3HEHHO BaXKeH JUTs HAILISH MIaHEeTHhI, TAK KaK 3al[UIlaeT Hac OT
TYOUTEIBHOTO YIbTpaduoIeToBOro m3mydeHust. O30HOBBIN cioi
pacronoxeH Ha BbicoTe 25-30 KM OT MOBEPXHOCTH 3eMJIM U UMEET
toiuuny ~10 km (puc. 3.4).

O30H MoXxeT 00pa3oBaThCs Uy MoBepxHOcTH 3emid. Tak, BO
BpeMs P03, MPHU IMEKTPUUECKUX paspsalax oOpa3yroTcs HeOOIb-
IMe KOJIMYeCTBa 030Ha M3 KUCIOPOIa:

30, 1. pa3ps 20,

Bot mouemy mocie JoX st MBI OIIYIIIAEM 3amax cBexecTH. Ta-
KOH 3amax ecTb U B COCHOBOM JIeCy, U Ha MOPCKOM Oepery, moToMy
YTO COCHOBAasl CMOJIa U BBIOPOIIEHHBIE HA Oeper BOAOPOCIH MpU
B3aMIMOJIEHCTBHHU C KHCIOPOJOM BO3IIyXa 00pa3yIoT 030H.

O30H MOXET OBITH MOJyUeH U C MOMOIIBIO KBaPLIEBBIX JTaMIT
(puc. 3.5), npuMeHsieMbIX B OOJIbHUUHBIX MaynaTax. [Ipu cogepxka-
Hum o3oHa B Bo3ayxe 0,00001% (0,1 MF/M3) OakTepuu MornodaroT,
OKHCTISTIOTCST 030HOM.

IIpu uccrnenoBaHuy OMOIOTUYECKOM PONU BEIIECTB OIpee-
JISIOT, KaKOe KOJIMYECTBO BEIIECTBA HEOOXOAMMO OpPTraHmu3My (Cy-
TouHast HopMma). [lpeBbllleHHe 3TOH HOPMBI JENaeT BEIIECTBO
BPEIHBIM JIJI51 30POBBSI.

B GonblUMX KONMYECTBaX 030H O4YEHb OMAaCEH ANS YesioBeka.



Jltou moruOHYT, eciiu cofepKaHue 030HA B BO3IyXe CTaHET
6ombie 1%. IpenenbHo gonyctumast konueHtpanus (ITAK) o3o-
Ha B Bo3Iyxe cocTaniset 0,5 Mr/M .

JesTeTbHOCTh YeJIOBEKa MOYKET HAPYIIUTHh O30HOBBIN CIIOM.
B pesynbraTe 00pa3yroTCs «O30HOBBIE BIPEI» B BO3MYIIHOW 000-
JIouKe 3eMJIu.

Jlitst 3a1uThl 030HOBOTO ciiosi BeHckast konBeHiust (1985 r)
u Monpeanbckuii poTokoi (1988 r) 00s13pIBaIOT MoOMKUCABIINE
CTOPOHBI UCKJTIOYHUTH M3 MPOU3BOJICTBA BEIIECTBA, pa3pylIaIolIye
O30HOBBIN CJIOH, WM (€Clu BelleCTBA WMEIOT MPOMBIIIJIEHHOE
3HaYeHUE) He JIONYyCKaTh UX BBIOpOCHl B aTMmocdepy. Hauboree
OITACHBI IS 030HOBOT'O CJIOSI (PPEOHBI — OPraHUYECKUE COCIUHE-
HUsl TajioreHoB (dTopa, xjiopa, OpoMa), KOTOpbIe T00aBIISIOT JJIsI
pacrnbuleHUs B a3p030JibHble 0ajUIOHYMKU (puc. 3.6), MPUMEHSIOT
KakK XJIaJIaTr€HThI B XOJIOJMIIbHBIX YCTAHOBKAX U JIp.
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Kapn Bunbrensm
LWeene (1742-1786)
LLIBeacknin xumunk. B
1772 r. ycTaHoBuin, 4T0
BO3[yX COCTOUT U3 KNC-
nopoja v asora.

A
Puc. 3.7. Xpa-

HeHune Xnakoro
Kncnopoga
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3.4. NMonyyeHne u pusnyeckme

CBOMCTBa Kucnopopaa

3.4.1. Nony4yeHue Kucnopoaa

YUToOBbI M3yUYHUTH CBOMCTBA KUCIOPOAA, M0 HAJ0 MOJIYYUTh B
yuctoM Buze. [lonyyaroT KHUCIOpPOXA W3 BELIECTB, KOTOPBIE €ro
coaepxkaT. BriepBble OH ObLI MOJy4YeH MPHU PA3IOKEHUU OKCU[IA
prytu HgO B 1771 rony mBeackum yuenbim Ileene, a 3aTem aHr-
JmickuM xumukoM Ilpuctiu no peakuuu:

P
2HgO = 2Hg + O,T

IMo3nHee dpanmysckuit xumuk A. JIaByasbe U3ydni cBOMCTBa
9TOrO BelllecTBa M Ha3Bas ero Oxigenium (KMCI0OpO).

B obuiem ciywae pasnuualoT TpU criocoda MOJyyeHMs Be-
1iecTB: 1) B eCTECTBEHHBIX YCIOBUSX (B MPUPOJIE), 2) B MPOMBIIII-
JIeHHOCTH, 3) B JabopaTopuu. 1 KUCIOpO1a BOSMOXKHBI BCE 3TU
CIOCOOBI.

o Obpasoeanue 6 npupooe

OTtkyna kuciaopos B atMmochepe?

W3 n3ydyeHHOTr0 paHee Ha YPOKaX XUMHUU U OMOIIOTUN MBI 3HA-
€M, UYTO PacCTEeHHUs Ha CBETY MOTJIOIIAIOT YIJIEKUCITBIN Ta3 U BBIe-
10T kuciaopoa. Takum oOpas3oM, B MpUpoIe KUCIOpod oOpasy-
eTCs B pe3yJIbTaTe mpoiecca (OTOCUHTE3a, KOTOPBIN MPOUCXOIUT
B 3€JIEHBIX PACTEHMSIX MO/ IEUCTBUEM COJIHEUHOI'O CBETA U Terlja:

CBET

6CO, + 6H,0 ——— C¢Hpn0s +60,T - Q

. XJIIPOPUILT
Yyenekucislu eds p (b 2JIIK03a Kuc‘ﬂopod

GHOle‘leHIle KllCJlOpOda 6 npoMblUlIeHHOCMU

U3 6030yxa. B cocraB Bo3nyxa Bxoadar azotT (78%), kucio-
poa (21%) m HekoTopble apyrue rasbl. IIpu CUIBHOM OXJax-
JIEHUW W CXKATUM BO3AYX MEPEXOAUT B kuAKoe cocTosiHue. Ecnu
HarpeBaTh XUAKUM BO3AYX, TO MEPBbIM HcHapsercss a3oT (npu
—196°C), a xucnopon octaercsi B XUAKOM cocTostHuu 1o —183°C, a
3aTeM McHapsieTcsl U KUCIOPOL.

Pasznoscenue 600w nexmpuueckum moxom. Tak noaydaror
HaunboJiee YUCTHIN KUCITIOpo. Peakiys npoTekaeT no ypaBHEHUIO:

H,0 ——— 21,1 + 0,1

XpaHAT W NepeBO3AT ra3000pa3Hblii KUCIOPOJ B CTalbHBIX
OanoHax roiryooro uBera (puc. 3.7) nona naBiaeHuem B 150 pas
0omp11e 00bIYHOrO aTMochepHoro aasienus (15 Mlla). Kuakuid
KUCIIOPOJ XPaHSAT U MEPEBO3ST B cOcyAax C IBOMHBIMU CTEHKAMHU,
MEX/y KOTOPBIMM BbIKayaH BO31YyX (Takoi jke MPUHLMI UCTIOJIb-
3yercs B TepMmoce). Terno n3BHe He MPOHUKAET B COCY/, U KUCIIO-
PO ocTaeTcs KUAKUM.



9 Il onyuenue kuciopooa 6 r1abopamopuu

Paznoscenue nepmanzanama kanus KMnO,

Bo3moskHocTel 11st paboThl B J1abopaTopuu (MO CPaBHEHHIO
C MPOMBIIIEHHOCTHIO) MeHbIle. OOBIYHO B 1a00paTOPHUU UCTIONb-
3yI0T HEOOJIbLIME KOJIMYECTBA BELLECTB, MPUMEHss OoJiee MpoCcThie
YCIOBUS 1J1d MpoBeaeHusl peakuuid. OauH U3 1a00paTOPHBIX Me-
TOAOB MOJYYEHUs KUCIOpOJa — Pa3joKE€HUE MepMaHraHaTa Ka-
JIMs IpU HarpeBaHuu (puc. 3.8):

i
2KMnO,; = K;MnO; + MnO, + O,T
nepmaneanam - MameaHam OKcuo Map- Kuciopoo

Kanus Kanus eanya (1IV)

3Hauok t° HAJl 3HAKOM PaBEHCTBA YKa3bIBaeT YCIOBUE MIPOTE-
KaHMS PeaklMM — HaTpeBaHHe, a CTPEeIOoYKa | O3HAuyaeT, uTo Be-
mecTBo (O,) BIIETISETCS B BUIE Ta3a.

Pasznoscenue nepoxcuda sooopoda H>O;

Ecnmu mpobupky ¢ pacTBOpoM MepoKcuaa BOIOPOAa HATPETh
PYKO#, HauWHAETCs peakIUs pas3lIokKeHUs, KOTopasi COMmpo-
BOJKIAeTCs CTa0BIM BBIZIEIIEHIEM OeCIBETHOTO Ta3a:

2H,0, = 2H,0 + O,T

ITpu nobaBIeHUH B 3Ty MPOOUPKY MOPOIIIKA OKCHIa MapraH-
na (IV) mpoucxoauT OypHasi peakius ¢ BBIJACIIEHUEM KUCIIOPOJIA.
CrnenoBatenbHo, gobaBieHue oxcuma mapranmna (IV) yckopsiet
peakIuio pasoKeHus IepoOKCHIa BOJOPOA.

BewlecTBa, KOTOpbIE YCKOPSIOT XMMUYECKYIO peakuuio, Ha-
3bIBalOT KaTam3aTopamu.

Ecnu nocne peakiuu oTGUIBTPOBATh W B3BECUTH MOPOILOK
okcuja mapranua (IV), To oxaxercs, 4To ero mMacca He yMEHb-
HIWIIach, T.e. okcua Maprania (IV) He uspacxomosarics.

KaTtanusaTtop He pacxopyeTcsl B XMMUYECKOIN peakLun.

IIpucyTcTBrE KaTaan3aTopa — 3TO OJHO W3 YCIOBUH MpoTe-
KaHMs PeakIy pas3IoXKeHUs IepoKcuaa Bogopoaa. B ypaBHeHUN
peakuuu KaTajau3aTop 3allMCHIBAIOT HAJ 3HAKOM DPaBEHCTBA B
KBaJIPATHBIX CKOOKaX:

[MnO»]
2H,0, ———2H,0 + O,T
NnepoKcuUd 8000pooa KUCI0pOO

3.4.2. ®dusunyeckue CBOICTBa KMCnopoaa

Kucnopon — ato ra3z 6e3 uBera, 3anmaxa v Bkyca. OH majo
PacTBOPUM B BOJIE: B OJTHOM JIUTPE BOJIBI pacTBOpsieTcst Bcero 30 Mt
kuciopoaa. Ho aToro mocraToyHo isi MOAJAEPKAHUS JIbIXaHUS
obuTareJeii BomHOM cpenbl. Kucinopoa HeMHOTo Tsikesiee Bo3Lyxa.

CpaBHu meToAabl
nonyyeHus
Kkucnopoga B npo-
MBbILLIEHHOCTU U
na6oparopun.

Q

KMnO4

o))

Puc. 3.8. CobupaHue
KMCNOpOLa BbITECHEHN-
em a) Bo3ayxa; 6) Boabl
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JIABOPATOPHbI OMNbIT Ne 1
Il onyuenue u oonapysicenue Kuciopooa

H 3yyume u cobmooaiime ,,I1pasuna mexnuxu 6ezonacnocmu npu
pabome 6 kabuneme xumuu* (cmp. 5).

MIpu60opLI U peaKTUBLI:
® pacTBOP Iepokcuaa Bogoponaa (3%), ® opourok Mn0,,

® LITAaTWB C TPOBUPKAMMY, ITATENb, IYIUHKA, ® MPOo6Ka C ra300TBOAHOI TPYOKO.

B npobupky (1) HaneilTe 2 Mn pacTBopa Mepokcuaa BOAOPOAa.
3atem [006aBbTe HA KOHYMKE LUMaTens MOpOLOK OKCWAa MapraH-
ua (IV) m 3akpoite mpobkoi C raso0TBOAHON TPyOKoiA. KoHel,
ra300TBOLHOI TPYyOKM OnycTUTE B APYrytd Npobupky (2) o AHa.
Korma npekparutcs BbloeneHve rasa B npobupke 1, BbiTawmTe
KOHeL, ra300TBOAHOM TPYOKM 13 NpPobMpKM 2 W BHECWUTE B Hee
TNEIOLLYI0 Ny4nHKY. Y10 HabniopaeTe?

Hanuwwute ypaHeHWe peakuum noaydeHus kucnopoda. Kakyio
ponb B 31O peakumn urpaet Mn0.? Kak 06HapyxmTb kucnopon?
Cpenaiite BbIBOAbI.

BbimoiiTe nocyay. MpuBeante B nopsiook paboyee MecTo.

<#¥ XuMmunueckmne cBoicTBa Kucnopopa

Kucnopoa xumuuecku oueHb aktueH. OH pearupyer ¢ npoc-
TBIMU BELLECTBAMM — HEMETajUulaMHW M MeTajulaMH, a TaKkKe Co
CJIOKHBIMM BELLIECTBAMM.

3.5.1. Peakuumn ropeHus (OKucneHus)

B noBceHEBHOM )W3HU MBI 4YaCTO HAaOJI0/1aeM, Kak TOPST Ha
BO3/IyXe (C BbIJICJICHHEM TeIjla U CBETa) MPUPOJHBIN ras3, bymara,
JIPOBa U T.J. DTO MPOUCXOIUT OIaroapsi MPUCYTCTBUIO KUCIOPO-
Jla B BO3MyXE.

XUMHUUECKUI mpouecc B3aMMOJEUCTBHUS BEIIECTB C KHUCJIIOPO-
JOM Ha3bIBAC€TCA OKUCTIeHUEM.

Xumuueckast peakuusi, B KOTOpOI71 OKHUCJICHUEC BCIICCTB COIPO-
BOXIAACTCs BbIACIICHUEM TEIJIa U CBETA, HA3bIBACTCA copeHuem.

HMHoraa B npupoie MOXKET MPOUCKXOAUTH MEJICHHOE OKHUCIIe-
HUE KHCJIOPOJIOM, COIPOBOXKIAOIIEECS BbIJEICHUEM Teria, HO
6e3 BblJeJeHUsl cBeTa. Hampumep, THHEHHME — 3TO MeEJJIEHHOE
OKHCJICHHE CIIOKHBIX OpraHUYeCKHX BellecTB. Tak, THUEHUE OTaB-
HIUX JINCTBEB COMPOBOX/AAETCS BbIJCIEHUEM Terla.

3.5.2. Bsaumogeincrteume Kucnopoga
C HeMeTaanamm

C KHUCIIOPOJIOM B3aUMOJEUCTBYIOT IMOYTH BCE HEMETaJlIbl,
Kpome ¢pTopa, Opoma, XIopa u Hoza.

(i

Puc. 3.10. Topenne
cepsbl (@) n dpocodopa
(6) B kcnopoge
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Puc. 3.11. TopeHne
yrna B Kucnopoge

Mone3ysce Mepuo-
ANYeCcKol cucte-
MOVJi 3/1eMEHTOB,
Ha30BU Heme-
Tasbl, KOTOPbIE
B3auMoAeNCcTBYIOT
C KUCJIOPOAOM.

a) Bzaumooeiicmeue ¢ 6000opodom. CaMblii JIETKUI HEMETaJIT
BOJIOPOJI TOPUT OECLIBETHBIM IIaMeHeM. B pesysibpTate peakuuu
oOpasyeTcsi Bojia U BblIeIsIeTCsl O0IbIIOE KOTUYECTBO SHEPTUU:

2H, + 0, = 2HO0 + Q
8000p00  KUCIOPOO 800a

0) B3aumooeiicmeue ¢ cepoii. HarpeeMm B xeJe3HON JIOXKeUKe He-
MHOrO cepbl. Cepa 3aropurcs cinadbIM roflyboBaThIM MtaMeHeM. Omyc-
THM JIOKEUKY C ropsillieil cepoid B cocy] ¢ KUCIopoaoM (puc. 3.10,a).
T'opeHue cepbl yCUIIUTCS U MOABUTCS SIPKO-TOJy00€ Miiams.

B cocyzne oOpasyercst OecUBETHBIN ra3 ¢ pe3KuM pas3apaxato-
M 3anaxom — okeugi cepsl (IV) SOq:

t° v
S + 02 = SOz + Q
oxcud cepot (IV)

6) Bzaumooeiicmeue ¢ gpocghopom. BozbMeM B KeJIE3HYIO JIO-
keuky HemHoro ¢ocdopa u Harpeem. Docdop 3aropaercsi. Bhe-
ceM ropsiuuid docdop (puc. 3.10,6) B OaHKY C KHUCIOPOJAOM —
TOpeHue yCUIUTCS U 6aHKa OBICTPO 3aMOJHUTCS TYCTHIM OelbIM
JBIMOM — okcuoM ocdopa (V):

O, v

\4
4P + 50, = 2P,0Os + Q
oxcud gocghopa (V)

2) Bzaumooeiicmeue ¢ yzaepodom. Ecinu packaiauMm B riaMeHu
CIIPTOBKHU YTOJIEK, 3aMETUM, UTO OH HE TOPUT, a TOJBKO TIIEET.
BHeceM Tnerouuii yroyiek B OaHKY ¢ KUCIOpoJoM (puc. 3.11). On
packansieTcss gobena M OBICTPO cropaeT Oe3 MJIaMEHHM C BbIJie-
JIeHreM Teruia. HajabeM B cocyT M3BECTKOBYIO BOJIY — OHA 3aMETHO
MOMYTHEET. 3HAUUT, B Pe3yJIbTaTe PEaKIMU TMOIYUYHUIICS YTIJie-
Kkuciblii a3 — okcuy yriepoaa (IV) CO,. 3anumem ypaBHeHUE
peaxkuuu CropaHusi yIisl B KUCIOPO/IE:

t° IVII
C + O, = CO; + Q—»sK30TepMHUUECKast peaKIlusl.
okcuo yenepooa (IV)
IIpu HemocTaTke KHUCIOpOIa 0Opasyercss OUYeHb OMAaCHBIN

yrapubiii raz CO — okcup yrirepoaa (11):
t° 11
2C + 0O, = 2CO
oxcud yenepooa (II)
0) Bzaumooeiicmeue ¢ azomom. Ilpu onpeneeHHbIX YCIO-
BUSX (TIPU 3JIEKTPUYECKOM paspsifie) Jake a30T, KOTOPbI OYeHb
MaCcCUBEH, B3aUMOJICHCTBYET ¢ KMCIOPOJAOM ¢ oOpa3oBaHHeM Oec-

LBeTHOr 0 ra3a okcuaa a3zorta (II):
3]1. pasps 11

N2+02:2N07Q

oxcuo azoma (1)

3.5.3. Baaumopeincrteue Kucnopoga ¢ Metannamm

BoNbIIMHCTBO MeTaJIOB, KpoMe OJIaropo/iHbIX (3010Ta, TJia-
TUHBI U Jp.) TAKXKE PearupyeT ¢ KUCIOPOIOM, HEKOTOPBIE — OYCHb
aktuBHo (Li, Na, K, Ca), apyrue — menee axtuBHo (Fe, Cu).
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OOBIYHO JIJIS1 BOBHUKHOBEHUSI peaklluu TpeOyeTcs HarpeBaHue, a
Jlajyiee peakiny UIyT CaMOMPOU3BOJIBHO C BBIJCIICHUEM CBETa WU
Teria.

a) Bzaumooeiicmeue ¢ macnuem u Karvyuem. Marnuii u B
BO3JIyX€ CropaeT OCIIENMUTEIbHBIM ITaMeHeM (puc. 3.12.), a ecnu
3a%COKEHHYIO MarHUEBYIO JIGHTY OMYCTUTh B COCYJ C KMUCIIOPOOM,
SIPKOCTh TUTAMEHU YCUJIUTCSA. B pe3yiabTaTe peakuuu oOpasyercs
OeITbIii MOPOIIIOK OKCHUIa MarHUsI:

Mg + O, = 2MgO + Q
OKCUO MAHIUSL

Kanpuuii uMeeT MHOTO OOIIETr0 ¢ MarHueM, MOTOMY 4TO, Kak
W MarHui, HaXoAuTcs B riaBHOM noarpynre 11 rpynmsl [Tepuoan-
YECKOW CHCTEMbI XMMHUYECKMX 3JeMEHTOB. Kanblinii XUMUYECKH
0oJice aKTUBEH, YeM MarHuil, 1 MOXET CaMOBOCIJIAMEHSATBCS Ha
Bozayxe. [103TOMy €ro XpaHSIT B 3aKPBIThIX COCYJax MOJ CIIOeM
KEepOCHHa.

0) Bzaumoociicmeue ¢ anomunuem. Ha Bo3nyxe, naxe 6e3 Ha-
IpEBaHMs, KYCOYEK aTFOMUHMS MOKPBIT TOHKOW 3aIllUTHOM TJIEH-
Ko okcuaa amoMuHusa. Ho ecnu momkeub MOPOIIOK aTlOMUHUS,
TO OH TOPUT SIPKUM TTaMeHeM, 00pa3yst OKCH/T aTFOMUHUS:

4A + 30, = 2ALO; + Q
OKCUO AMIOMUNUSL
6) Bzaumooeiicmeue c sncenezom u meovio. Ecniu Ha KOHel] xKe-
JIE3HOM WIJIBI HAacaauTh MAJCHbKUN KYCOYEK IUIOTHOTO JepeBa,
MOJKEYb €r0 M BHECTU B COCY/ C KUCIOPOAOM, AEPEBO CropaeT, a
3aTeM 3aropaertcs xene30. OHo TopUuT 6e3 TIaMeHu, pazopachiBasi
SIPKUE UCKPBI PACKAJIEHHOW JKEJIE3HOM OKAJIMHBIL:

t 1 11
3Fe + 20, = Fe;04 (FeO . F€203) + Q
JHCene3Hds OKaiuHa

Jlydiie mpoBecTH OMBIT, KaK MokKa3aHo Ha puc. 3.13. Kenezo
Cropaer B TOKE KMCIIOpOJa, KOTOpPbIA oOpa3yercs Mpu pazioxe-
HUU B IpoOupke nepMaHraHata kaiaust KMnOs.

ITpu xoMHaTHOW TeMmmepaType MeAb KaK MaJlOaKTUBHBIN
METaJul He B3auMOJeHcTByeT ¢ kuciopogoM. Ho ecinum Harperb
MEJIHYIO TUIACTMHKY B IUJIAMEHHU CHUPTOBKHM, KpacHoBaTas Iulac-
THHKa MOKPbIBAETCS YepHbIM HajeToM okcuaa meau (11):

2Cu + 0, = 2Cu0
oxcuo meou (1)

CpaBHUM MEXy cO00M MPOAYKTHI BCEX peakInii KUCIOpoaa
¢ HeMeTaJJlaMu ¥ MeTajuiaMu. Bce OHM COCTOSIT U3 JIBYX BJIEMEH-
TOB: KMCJIOpO/Ia U aTOMa MeTaJjljla uin HemeTasa. Ooiee y HUX —
HaJIM4KMe aToMa KUCIIOpo/ia, OTCIola U 00l11lee Ha3BaHUE — OKCUObL.

XuMnyeckue coepguHEeHUs1, CoCcTosLmne U3 ABYX 3JIEMEHTOB,
OAMH U3 KOTOPbIX KUCNIOPOA, Ha3blBalOTCA OKCHO4aMU.

B peakuusx xuciopoga ¢ MOPOCTHIMM BellleCTBaMM oOpa-
3YIOTCSl OKCUJIBI HEMETAJIJIOB U OKCU/Ibl METAJIJIOB.

2Mg + O, = 2MgO

Puc. 3.12. Topenne
MarHusi B KUCNopoae

Puc. 3.13. Topenne
Xenesa B KUCNOPOAE
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Puc. 3.14. Yto Tbl - Y mobwl 6vi36amv 2operue, mpeoyemcsi.
BbiGepelUb, 4TOGb! 1 a) HarpeTh BEIIECTBO A0 TEMIEpaTyphbl BOCILUIaAME-

CnacTy 4YenoBeky ﬂ P
XW3Hb: 0Jedano, ’
Mecok, Boay, xanar? 0) oOecreunThb JOCTYI K HEMY KUCITOPO/Ia.

Y mobvl nocacums niamsi, Ha0o 6ce cOenantv HA0O Opom.

a) OXJTaJINTh BEIIECTBO HIKE TEMIEpaTyphbl BoCIIaMe-
HEHMSI;

0) MpexpaTUTh JOCTYM KHCIOPOAA K TOpSINEMY Be-
IIECTBY.

OroHb TacsiT, 3achllasi MECKOM, HAKpbIBasi ropsiiee
MECTO OpE3CHTOM, OJICSITIOM WIIM TeM, YTO OKaXeTCS MO
pykoii. JIelicTBOBaTh HYKHO OBICTPO M pelIuTeNbHO. Bo-
JIOH TylIaT TO, YTO CMAa4yMBacTCs k0, HAMpUMeEp ApeBe-
CUHY, yroiib M Jp. Boma oxmaxaaer ropsiuid mpeaMer,
napbl BOJbI MPEKPALIAIOT TOCTYIT BO3/yXa K HEMY.

Mpu pasxuraHum KOCTPOB He 3a0yabTe: KOCTEP HesNb3s OC-
TaBngaTb 6e3 npucmotpa. Mpu TyweHun ero Hapo o6sA3a-
TenbHO 3anuBaTbh BOAOW WM 3acbiNaTb 3eMeil, YToObl He
clyymnics noxap.

Bomoii Henb3st racuTh TOPSIYI0 HEPTh, OCH3UH U JIpyTUe Be-
I[ECTBA, KOTOpbIE HE CcMellnBaroTcs ¢ Bojiod. Hedth u OeH3uH
JIerde BOJIbI, OHU PACTEKYTCs MO TTOBEPXHOCTH BOJIbI, U IIJIAMSI yBe-
JINUNTCSI, @ HE YMEHBIIIUTCS.

WMHorna Mbl CHBIIIKAM pa3roBOPbI, UTO OFOHb 3arOpelics CaM.
JlelicTBUTEIBbHO, MPU MEIJICHHOM OKHWCIIEHUU, HAMpUMEp Mpomac-
JIEHHBIX TPAIOK, CJIOKEHHBIX B Ky4y, TEIUIO HE YXOJIUT, TEMIIEPATypa

MOCTEMEHHO MOBBIIIAETCS U MOXKET MPOU30MTU CAMOBO3TOpaHUE.

l JlydimiuMm cpeicTBOM MOXKAPOTYILIEHUST SIBIISIETCS OTHETYLIHU-
Puc. 3.15. Mosemy Tenb (puc. 3.15). OH 3aMojHeH Mo/ JaBJIeHUEM MEHSIIUMUCS Be-
BOAA W yrnekucnuii ras  LIECTBAMH, KOTOpbIE HE TMOMJIEPKMBAIOT T[OPEHHME, Hanpumep,
13 OrHeTyWwmMTens MorytT  yrJIeKucibiM razoM. [Ipu o6padoTke ropsiero mMecra rneHa mnepe-
rnoracuTb nnams? KPpbIBAET JOCTYII BO3/lyXa U OI'OHb I'aCHET.

Xpanenue u npumenenue 1e2K080CNIAMEHAIOUWUXCA BEUJECINE.
BaxkxHO oco3HaBaTh, YTO JIETKOBOCIUJIAMEHSIOLIUECS XUMHUUYECKHUE
BEIECTBA MOTYT OBbITh HE TOJILKO B KaOMHETe XUMUM ([IJIs1 Orpe-
JIEJIEHHBIX JKCIepruMeHTOB). OHU MCMOIB3YIOTCS U B JOMAIIHUX
YCIIOBUSIX, U BHE JIOMa. DTO B YaCTHOCTHU: O€H3UH, HE(PTH, TOPIO-
4yre CMEeCH, MPUPOIHBIN T'a3, KPACUTENHU, TAKU, KPACKU U T.1.
YtoObI roproure BellecTBa He YIPOXKaJli HallleMy 3/I0POBBIO,
UX HEOOXOAMMO XPaHUTh B OE30MACHBIX YCIOBUSX: B TEPMETUIHO
OrHeonacHble  BapuiBuatbie 3aKPBITHIX METAJIMYECKUX OajlyIoHaX, B MaJIbIX KOJIMYECTBAaX, Ha
Belliectea BelliecTea xojiofe. Ha ymakoBke Jo/KHA OBITH crieliMajibHasi MapKUPOBKA:
3HAKHU OMACHOCTH.
I[TpuMeHeHHEe TOPIOUMX BEIIECTB TPeOyeT MaKCUMaJIbHOU
OCTOPOXHOCTHU. VX He clle/lyeT XpaHUTh BOJIU3U OTKPBITOTO OTHS
OnacHo! Ui B Terie. MBI MOXeM HM30eXaTh ClydaeB B3pbIBa, Y/YIIbS,
OTpaBJIeHUsI, MOXKapa, eciii OyJIeM OTBETCTBEHHBI U BE3/Ie U BCETr/a
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OymeM coOTIoAaTh MPABIIIA XPaHEHHSI U UCTIOTH30BAHUS TOPIOYMX
BEIIIECTB.

3aepsasnenue 6030yxa. 17 ApIXaHYSI YSTOBEKY HY)KEH YHCTBIN
Bo3nyx. Kaxprii Bmox — 3to 500 mu Bo3ayxa, u3 Hux 100 mit kuc-
Jopoaa. 3a MUHYTY uenoBek jenaeT 14-15 BmoxoB. OpgHako He
BCEr/Ia 3TOT BO3MYX YMCTBIA. UTO Ke 3arps3HseT BO3AyX? ODTO
ras3sl — okcubl cepbl (IV) u (VI) SO, u SOs, okeuasl azota (1),
(IV) NO u NO,, yrnepona (II) CO — yrapnsiii ra3, H.S — ce-
POBOIOPO/I, @ TAK)KE YACTUIKHU CaKU, BLIU. [ TaBHbIE UCTOYHUKH
3arpsi3HEHUsT BO3AyXa Te, KOTOpbIe CKUTAIOT TOIUIMBO — YrOJIb,
HedTh, OEH3UH. DTO, B MEPBYIO OYepe/lb, TPAHCIOPT, a 3aTeM
TETUTOBBIC 3JICKTPOCTAHIIMM W IPOMBIIIJICHHBIE TPEITPHSITHS.
3arpsi3HeHre BO3IyXa IMPOUCXOAUT TaKXKe 3a CYET MPHPOIHBIX
SIBJICHUH, HaANpuMep TpH U3BEPXKEHUU BYIKAaHOB. I30BITOK
YIJIEKHCIIOTO Ta3a B BO3MyXe TaKKe 3arpsi3HseT ero. BoT mouemy
HAJ0 TMEPUOAMYECKA TMPOBETPUBATH KUIbIE U paboune MoMe-
IICHUSI.

B coBpeMeHHOH MTPOMBIIIEHHOCTH TPUOPUTETHBIMU, TO €CTh
MMEIOIIMMU TIEPBOCTEIIEHHOE 3HAYEHUE, SIBIISTIOTCS 0E€30TXOIHBIC
TEXHOJIOTUU TIOJMYYCHUs] BEIECTB, MPU KOTOPBIX BOOOIIE HET
BBIOPOCOB B aTMochepy.

Puc. 3.16. CnupomeTp —
annapar A usaMepeHus
o6bema BObIXaeMoro
BO3/yXa B NIErkmx

Puc. 3.17. \cTo4YHMKK
3arps3HeHus atmocoe-
pbl Hallel NnaHeTbl: ca-
MONEeThI, 3aBOJb,
aBTOMOOWAN, By/KaHbI



Henv3zsi cmompema
Ha NAaMa ayemuie-
HOBOIL 20penKu be3
TMEMHBLX OYKO8 UL
MACKU ¢ MEMHbIMU
Ccmexamu. yavmpa-
Quonemosnle nyuu
oborcueaiom 2nasa.
Omo onacno!

Puc. 3.18. Obnactu
NPUMEHeHUs Kucnopoaa
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3.7. MpumeHeHue kucnopoaa.

KpyroeopoT kucnopoga B npupope

Kucnopoa — oxucnutens. OH MoAJepKUBAET MPOLIECChl rope-
HUS, MEJJIEHHOT'O OKWCIIeHHUs, JblxaHus. Ha 3ToM OocHOBaHO ero
npumeHenue. Ha puc. 3.18 uzobpaxxkeHbl 00JacTU NMPUMEHEHUs
KHCIIOpOAa.

lopeHue B KHUCIIOpOJe MPOUCXOAUT 3HAUUTEIBHO CHUIIbHEE,
yeM B Bo3ayxe. [103TOMy KHCIIOPO/ UCMONB3YETCsl TaM, IAe HeoO-
XOJIMMO CO3/1aTh BBICOKUE TEMIEPATYyPHhI.

Hanpumep, npu cBapke 3Kele3HbIX (CTallbHbIX) HW3/EIHIA
HCIOJIB3YIOT alleTUJIEHOBBIE TOPENIKH, B KOTOPbIe MOXET OJHOBpE-
MEHHO MO JBYM TPyOKaM MOJaBaThCsl KUCIOPOA M Ta3 aleThlIeH
C;Hs. D1y cMech MOMKUTAIOT, U MPOUCXOJUT peakius, Mpu KOTO-
po¥i BbLJIINISIETCS MHOTO Tera.

2C,H, + 50, = 4CO; + 2H,0 + Q
Temnepatypa gocturaet 3000°C, npu 5TOM Ha CTHIKE A€Tallei xKe-
TIe30 TUTABUTCS, CITUBAETCSl K 00pa3yeTcsl IOB.

B nmoMeHHBIX Te4yaxX BBITUIABISIOT YYTYH, a B Ie4YaxX-KOH-
BepTOpax — cTaidb. B oboux mporeccax MPUMEHSIOT MOIAYB BO3-
Iyxa, 00OTalleHHOro KUCIOPOAOM. DTO YCKOPSET MPOLECCH U
MOBBIIIIAET MPOU3BOIUTEIBHOCTD Tieueit (puc. 3.18).

B aBuraTensx caMoIeToOB TOIUTMBO CTOPAET B KUCIOPOE BO3-
nyxa. s paboTel aBuraTenell pakeT, KOCMUYECKHUX Kopabeid,
KOTOpBIE JIETAaIOT B O€3BO3MYIIHOM IPOCTPAHCTBE, KPOME TO-
MJIMBa, TpedyeTcst OpaTh HA OOPT U KUCITIOPO/.

ITpu cropanuu TonauBa, NpU JbIXaHUU WA JPYTUX OKHUC-
JIUTENbHBIX MPOLIECCaX PACXOMYETCSl KUCIOPOA U BbIAEISETCS
yrieKkucibiii ra3. Kazamock Obl, BeCh KUCIOPO Ha HAIIeH ma-
HEeTe NOJIKEH U3PACX0I0BAThCs. DTO HE MPOUCXOAUT Onaronapst
TOMY, YTO 3€JIeHble PACTEHUS CYLIM U MOPS Ha CBETY MOIJIO-
LWAIOT YIJIEKUCIIBIM Ta3 U BBLACISIOT KUCIopoa. Bel yxe 3Haere
U3 Kypca OWOJIOTMHM, YTO 3TOT MPOLIECC HA3BIBAIOT pomo-
cunme3om. Tax MPOUCXOIUT BEUHBIM KPYTrOBOPOT KUCIOpoOAa
Ha 3eMJIe.

JBbIXAHUE
HUHAdOJ
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[aHo:
v (P) = 0,4 monb
m(P,Os) —?

Peluenue:

)

3anuiieM ypaBHEHUE PeaklMU, paccTaBUM KOI(h(GUIIUEHTHI,
MOIUepKHEM HYXKHBIE BEIIECTBa; yKaXkeM MOJl ypaBHEHHEM
KOJIMYECTBO KAaXJOTO U3 BEIECTB MO YPABHEHUIO; YKaXKEM
HaJl ypaBHEHNEM KOJIMYECTBO BEIllECTBa, JAHHOE B YCIIOBHUHU:

0,4 MoJIb \Y
4P + 502 = 2P205
4 moib 2 MOJIb

CoctauM nponopuuto u HaijieM v(P2Os):
0,4%@ _ V(PzOs) .

4 Mreap ~ 2wmomb
4 - v(P,0s) = 0,4 - 2 MOTIB;
v(P,Os) = 0,2 mosib
MoXHO crenaTh 3TOT pacueT B yMe, Tak kak v(P,Os) B qBa
paza menblie, yeM V(P):

v(P,Os) = v(P): 2 = 0,4 monb : 2 = 0,2 MOJIb
BbIurcIuM OTHOCHTEIIBHYIO MOJIEKYIISIPHYIO M MOJISIPHYIO
maccy P>Os:
M,(P,Os)=2-31+5-16=142; M (P,Os) = 142 r/mo1b

Borunciaum maccy P,Os o ¢popmyie:
M = ﬂ’ m=M - V;
v

m(P,Os) = 142 r/moib - 0,2 monb = 28,4 T
Omesem. Macca okcuaa dochopa (V) paBHa 28,4 1.

Hay‘{VlMCH MNPOBOAUTL BBIYMCIICHHUE MaACChbl OJHOI'O M3 p€arvpyroumux BEUICCTB I1O
WU3BECTHOW Macce ApyTroro BeuIeCTBa. Bo3MoxxHBI JABa criocoba PEUICHHMA TaKUX 3a1a4.

Bblumcnm maccy okeupga docdopa (V), KOTopbit 06pasyeTcs
npu cxuradum ¢ocdopa maccon 186 r.

[aHo:
m(P) =186
m(P,Os) - ?
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I cnoco6
PeleHue:
Beruncaum xommdecTBo BeliecTBa dochopa mo hopmyre
V= %; A.(P) =31, M(P) = 31 r/™monb;
v(P) = _186r = 6 MOJTb
31 r/monb
3anuiieM ypaBHEHME M BBIYMCIMM KOJIMYECTBO BEILECTBA
PzOs .
6 MoJIb v
4P + 502 = 2P205
4 Monb 2 MOTb
6 b v (P,05) 6 - 2 Moib
M= = ; v (P,Os5) = ———— =3 Mo
4 Mreap 2 Mob 4



Boruncnum maccy okcuaa dochopa (V) no popmyne
m=M-v
M, (P,Os)=2-31+5-16 = 142;
M(P,Os) = 142 r/momnb;
m(P,Os) = 142 r/monb - 3 Moib = 426 T
Omeem. Macca okcuaa ¢ocdopa (V) paBHa 426 T.
IT cnoco6. Haj ypaBHEHHEM 3alilieM MacCy BeELeCcTBa IO
YCJIOBUIO, TOJI YpaBHEHMEM — MaccChl BEIECTB MO ypaBHe-
HUIO: Myp, = Vyp - M

1861 m
4P + 50, = 2P,0Os .
4 MoJib 2 MoJip  °
my,=4-31r my,=2-1421
CocrtasuM mpornopiuio 1 Hatimem m(P,Os):
186T m(P,05) 186-2-142r

= ; m(PyOs) = ———————— =426rT.

4.31r 2-142r 4.31
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NaKMyC

HgPO,

Puc. 3.19. Baaumo-
CBSI3b KUCNOTHBINA OKCUL,
— KMCnoTa: ropeHue
docdopa B kucnopoae
1 pacTBOPeHWE okcuaa
docdopa (V) B BOZE C
06pasoBaHremM ¢oc-
GOpPHOW KMCNOTI;
OKpalLMBaHue nakmyca
B KUCONM cpene

KucnotHble okcuabl
SO,
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HBIX, Ka3aJ0Ch Obl, HUYETro He mpoucxoauT, Tak kak CO, u SO, —
OeclIBeTHBIE Ta3bl.

ITpu pactBopenuun oxcuma (ocehopa (V) mpoucxoauT peak-
LUsI COEJIUHEHMSI €TI0 C BOJIOM: -

PzOs + 3H20 = 2H3PO4
oxcud gocghopa (V) @ocghopnas kucioma

B pesynbTaTe nojydaeTcsi HOBOe BellecTBO — (hochopHas Kuc-
nora (puc. 3.19).

Kucnomy 6 pacmeope moiicHo pacnosnanv ¢ nOMOwblo cneyu-
AbHbIX ewjecme — uHOuKamopos. IHIMKATOP — 3TO JIATUHCKOE
CJIOBO, OHO O3HA4aeT ~yKazaTelb .

MH,QMKaTOpr — 9TO BelwecTBa, KOTOpble U3MEHAIT CBOW
uBeT nop feucTBUeM KUCNOT.

WNunuxaTtop rakmyc B Boae GpUONETOBBIN, a B KUCTIOTE — Kpac-
HBII; Memuiopansc B BOAE OPAHKEBBIN, a B KUCIIOTE — PO30BbIM.

Hob6aBum 1-2 xamim pacTBopa jJakmyca BO BCE CKJISIHKU Ha-
wero onelta. Bee pacTBOphl okpacsiTcsl B KpacHbIM LIBET. 3HAUUT,
B 3TUX ONbITax MOJYUYMUIIMCh PACTBOPbI KUCIOT. MOXKHO 3amucaTh
YPABHEHUS PEAKLIMI:

H,O + SO, = H,SO;
oxcuo cepvl (IV)  cepnucmasn kucroma
H,O + CO, = H,CO;

oxcud yenepooa (IV)  yeorvnas kucioma

OKCVIAI:I, KOTOPbIM COOTBETCTBYIOT KWUCJIOTbl, Ha3bIBalOTCHA
KUCJIOTHbIMU OKCugaMu.

Hewmeranabl o0Opa3yroT TOJNBKO KUCIOTHBIE OKCUABI. P,Os,
SO,, CO; — 93TO KUCIIOTHBIE OKCUBI.

WM cootsetcTBytoT kucinotel H3PO4, H.SO5 u H,COs. Takoke
okcuabl SOs3;, N>Os (BbICILIME OKCHbI) B3aUMOACHCTBYIOT ¢ BOIOU
1 00pa3yIoOT KUCIIOTHI:

SO; + H,O = H,S0,
oxcuo cepovl (VI) CepHast KUCI0ma
NzOs + H20 = 2HNO}
oxcud azoma (V) aA30MHAsE KUCTIOMA

OJ1HaKO He Bce KUCIOTHbIE OKCUIBI pearupyroT ¢ Boaoil. Bl
3HAETE, UYTO TMECOK HEe B3aMMOJICHCTBYET C BOJIOM. 3alTIOMHUM, YTO
OCHOBHOE BeIlIeCTBO Mecka — 3To okcua kpemuus (IV) SiO,. Ho
9TO TOXE KUCTOTHBINA OKCUJI, TAK KaK €My COOTBETCTBYET KUCIIOTa
H,Si0; — 3T0 KpemHMeBasi KHUCIOTa, HE PacTBOpUMasi B BOJE.
[To3ke BBI y3HaeTe, Kak ee MOXKHO TOJYy4uTh. A ceifuac /il Hac
BaXXHO, YTO TMPH €€ pa3ioKeHUH norydaercs: okcua kpemuus (I1V),
YTO yKa3bIBAET Ha CBSI3b KUCIOTHOTO OKCU/A U KUCIIOTHI:

o

H.Si0; = H,0 +  SiO,

KpeMHUesds KUcioma oxcuod kpemuust (1V)
Jlerko pasnararoTcs Ha OKCHUJ U BOAY W HEKOTOpPbIC JPyrue

KMCJIOTHI;
H2C03 = HzO + C02
Y2OnbHAsL KUCIOMA oxcuo yenepooa (1V)
HzSO3 = Hzo + SO2
cepHucmas Kucaoma oxcuo cepuvl (IV)



YroneHasi KMCII0Ta 06pa3yeTcsl B I“a3PIpOBaHHOI>i BOJE, HO €€
OYCHb MaJIOo, MOTOMY YTO €€ MOJICKYJIbI HEMPOYHBIC U JICTKO pa3-
JJararoTcs.

Peakuuu, KoTopbie QYT OQHOBPEMEHHO B OAHOM U TOM Xe
MecTe B ABYX NPOTUBONOJIOXHbIX HanpaBNeHUsX, Ha3blBalOT-
csl 00paTUMbIMMU.

lpoaHannsunpyii
ypaBHeHUs
peakuuii Ha cTp.
51-53 n onpege-
JIN TUN KaXxgon

3HaK paBEeHCTBA MPU ITOM 3aMEHSETCS 3HAKOM 00paTUMOCTH peakunu.
2 . MoXHO 3aMucaTh:
H,O + CO, Z H,CO;
H,O + SO, ﬁ H,SO;
A paznoxxeHue KpPeMHMEBOM KHCIOTBI — 3TO HeoOpaTumasi pe-
aKlus, OHa UJET TOJIBKO B OAHOM HallpaBJICHHUH.
3anuiieM KUCIOTHBIE OKCHUAbI 1 COOTBETCTBYIOUIUE UM KHC-
JIOTBI, C KOTOPBIMU MbI MIO3HAKOMWINCH (mab. 3.1):
Tabsmuya 3.1. KncnotHble oKCuabl 1 COOTBETCTBYIOLLME UM KUCNOTI
KncnoTtHble okcuapl Kncnotsl
HassaHne ®Dopmyna ®dopmyna Ha3ssaHne
Okenp, cepsl (V) SO, H.SO; CepHucTag kucnota
Oxcupg, cepsbl (VI) SO; H.SO4 CepHasl kucnota
Oxcunp, pocdopa (V) P>0s HsPO4 docdopHas kucnoTa
Oxcmp, asoTa (V) N2Os HNO; A30THag kucnota
Okecnpg yrnepopa (1V) CO, H.COs YronbHas kucnota
Oxcup, kpemHus (1V) SiO, H2SiO3 KpemHueBas kucnota

I"enemuueckuti psio Hememannos. Ha ocHOBaHUM BBILIEU3IIO-
KEHHOT'O MOXHO CJeNIaTh BBIBOJ, YTO MEX]Y HeMemaiiamu, Kuc-
JIOMHBIMU OKCUOAMU W KUCLOMAMU — €CThb POJICTBEHHAsl CBSI3b: OT
OJIHOTO MOXHO MepeiTH k apyromy. Hanmpumep:

S — SO, — H,SO;
cepa oxcuo cepol (1V) cepHucmas Kucioma
P —> P205 —> H3PO4
gocghop oxcuo gocghopa (V) Gocghopnas kucioma
HemMeTann —> KUCJIOTHbIN okcupg —> Kucnorta

TaKyIO POACTBEHHYIO CBsA3b Ha3bIBAIOT 2eHEeMUYeCKOU CB8A3bH)
WJIN ceHemu4decKkum p}lC)OJl/l Hememdainioe.

Kucnomel. BOIBIIMHCTBO KUCIOT — 3TO JKHMIKHE BELIECTBA,
pacTBOpUMBIC B BOJIE, U TOJIBKO HEKOTOPBIE, HATTPUMEP KPeMHHe-
Basi, — TBEp/IbIC BEIIeCTBA, HEPACTBOPHMBIE B BOJIC.

PaccMmoTtpum cocmas kucrom uz mabauyst 3.1. Y BceX KUCIOT
B MOJICKYJIAX €CTh 00uWds 4acnmp — 00UH UlU HECKOILKO amMOMO8 60~
0opooa. OOI1ast YacTh COCTaBa — aTOMbI BOJIOPOJIA — ONPEAEISIOT
obwue ceoticmea Kuciom.

1. Bce KMCIOTBI, pacCTBOPUMBIE B BOJIE, UMEIOT KUCIIBIN BKYC.

2. Bce KHMCI0THI, paCTBOPUMBIE B BOZE, OJIMHAKOBO M3MEHSIFOT OK-
pacKy OJIHOTO M TOTO K€ MHAUKaTopa. HepacTBopuMble KHCIIO-
ThI HE MPOSIBIISIFOT TAKUX CBOWCTB.

Okpacka nHaMKaTopoB
B KWUCNOW 1 Hen-
TpanbHOM cpeae

Cpepa
Havkatop

1
Kucnas

E

Jlakmyc

KpacHbiil | dmoneTosbit

MeTunopax

(S

PO30BbIit | OparXesbit

DeHondranenH

]

GecuBeTHbIM | BecuBeTHbI
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. 06BACHK, KaK1e OKCUAbL Ha3bIBAIOTCA KUCOTHLIMU. [[pUBEAMN IIpUMepHL.
. YKaxu, Kakue u3 ImepeuncieHHbIX KUCJOTHBIX OKCUZL0B B3auMoOZencTByoT ¢ Bogpoii: SO, CO,,

Si0z, P05, N20s.

Hammum COOTBETCTBYHOIINE YPABHEHUA pea}(umﬁ W HAa30BU ITPOAYKTHIL.

B cocTaB MoITeKyJT KHCIOT, KpOMe aTOMOB BOJOPO/Ia, BXOIUT
0cOoOeHHas 4acTh — Ta, YTO OCTAETCSl, €CTIU U3 MOJNEK).Ibl KUCTONbL
Yopamv amomvl 6000pood. ITa 4acTh TaK U Ha3bIBAETCS ~Kuc10m-
Hotii ocmamok”’. KUCIOTHBIE OCTaTKM HWMEIOT OMNpEIeIeHHBII
COCTaB W BaJICHTHOCTh (mab. 3.2). Hanpumep, B MoJeKyJe cep-
HOM KHCIIOTBHI €CTh [IBa aTOMa BOJOPOAA M KUCIOTHBIA OCTaTOK
SOs. BaneHTHOCTh KMCIOTHOTO OCTaTKa paBHA YHUCIY aTOMOB
BOJOPO/A, CBSA3aHHBIX C HUM, MOITOMY rpymnmna atomMoB SOy (13
H>S0,) umeer BanentHocTs 11, octaTok NOs, (u3 kucinorst HNOs)
— BajieHTHocTb I, a PO, (u3 H3PO,) — BanentHocTs 111

Tabnvua 3.2. HaszBaHMe 1 BaneHTHOCTb KUCNOTHbIX OCTaTKOB

Kuenotsl KucnotHble ocTatkn
HasBaHne dopmyna dopmyna Ha3ssaHne
A30THas HNO; NIOs Hutpar
CepHucTas H,SO4 SHOs Cynbput
CepHas H.SO, 8164 Cynbdar
YronbHas H.COs CHOa KapboHat
KpemHvesas H.SiOs SIiIOs Cunukar
®dochopHas HsPO, FI’I(I)4 ®docoat

W3 tabmuiet 3.2 BUHO, YTO B COCTAB 3TUX KUCIOTHBIX OCTAT-
KOB BXOJSIT aTOMbI KMCJIOpO/ia, MO3TOMY BCE 3TU KUCJIOThI HA3bI-
BAIOTCSI KUCAOPOOCOOEPIHCAUUMU.

I pumeyanue: NOIKe MbI MO3HAKOMUMCS C KMCIIOTAMH, B MOJIEKYJIaX KO-
TOPBIX B KUCIIOTHOM OCTATKE HET KUCI0poa (0eCKUCTOPOIHbIE KUCTOTHI).

Tenepb MOXKHO AATh OMPEACICHUE KUCIIOTaM:

Kucnotel — 3TO CNOXHbIE BELeCTBa, COCTOSLWME U3 OQHOIO
W HECKOJIbKUX aTOMOB BOAOPOAA U KUCJIOTHOIO ocTaTkKa.

KucnoTsl — 3T0 emie oAMH KJIacC HEOPraHUYECKUX COCTUHE-
Huii. Tenepb HAM M3BECTHO JBa Kjlacca, CBSI3aHHBIX MEXIy COOOi:
KUCITOTHBIE OKCU/Ibl U KUCIIOTHI.

Pazbepemcsi, moueMy HazBaHUsI OTHHUX KHUCIOT 3aKaHUUBAIOT-
csl Ha -Hasi(-6as), a APYTUX Ha —ucmas (mabauyst 3.1, 3.2).

Ecnu xucnora odpasyercs npy B3aUMOJIEHCTBUM BOJIbI C BbIC-
wuM okcuaoM (Hanmpumep SOs), TO Ha3BaHUE KUCIOThI 3aKaHYM-
BaeTcsl Ha —wHas uau —eas (cepHast kucinora H>SO4, kpemHMEBas
kucnota H>Si0s5). Ecnu kucnora obpasyeTcsi mpu B3auMOJIEHCT-
BUU BOJIbI C APYTUM OKCHIOM, B KOTOPOM BaJIGHTHOCTH 3JIEMEHTa
HUXke MakcuMainbHoi (Hanpumep SO»), TO Ha3BaHUE KUCIOTHI 3a-
KaHuMBaeTcst Ha —ucmasi (cepauctast kucinora H,SOs).
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V)
\JM emannvl, pacno-
JI0JICeHHbLe 8 271a6-
Hoti nooepynne I
epynnut Il epuo-
OUYeCKOll Cucmembl
XUMUHECKUX dTie-
MeHmos, Ha3vl8a-
10MCsl WeTOUHBIMU
memaniamu.
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BosbmuTe 4eTbipe npobupku. B nepeyi Haneite ~1 mMn BoAbl, B
oCTanbHble TP — no 1 ma pacTBOPOB KWCAOT: CEepPHOM HpSOs,
docdopHoii HsPO,s 1 azotHoit HNOs. B kaxayio mpobupky nobaBbte
no 1-2 kanau pactBopa nakmyca. Kak wu3MeHunacb okpacka
nHavkatopa? 3anuwnte B Tabauuy LBET flakMyca B pacTBOpax
KaXmon 13 aTux kiucnot. Caenaite BbiBOAbI N0 00paaLLy:

"Kncnotbl OKpaLLumBaKoT 1akMyC B KPACHBIN LIBET”,
lMoBTOPUTE OMbLIT C APYruMK nHAykaTopamu. CaenaiiTe BbIBOAbI.

MpuBeouTe B nopsaaok paboyee mecto. BeimoiiTe nocyay.

3.10 Okcuabl MeTannoB — OCHOBHbIE
gl okcuabl. OcHoBaHUS

BCrOMHUM OMBIT B3aMMOACHCTBHSI METAJIOB ¢ KMCIOPOAOM
(puc. 3.12u 3.13).

IIpu CXKUTaHMKM WM HATPEBAHUU MHOTMX METAJIJIOB B KUCIIO-
pone o0pasyroTcsl OKCHUIbI METAJIOB, HAMPUMEDP OKCHI KallbLIMs
CaO, oxcua maruus MgO, oxcua meau (I1T) CuO.

Tax ke, Kak U KMCIOTHBbIE OKCH/bI, HEKOTOPbIC U3 OKCHUIOB
METAJIOB B3aUMOEUCTBYIOT C BOJOM, B pe3ybTaTe PEaKLUU BbI-
Jensiercss Teriao. ITpoayKThl 3THX peakLMii Ha3bIBAKOTCS THUAPO-
KCUbI [“Tuapo” — Boaa + okcul:

Na,O + H,O =2NaOH + Q
2UOPOKCUO Hampus

K>,O + H,O =2KOH + Q
2UOPOKCUO KATUs

CaO + H,O = Ca(OH), + Q
2UOPOKCUO KATLYUS
OHU NpeACTaBISIOT APYrol Kiacc HEOPraHMYECKUX BELEeCTB
— OCHOBAHHUSs1, TAKOM ke BasKHbIN, KaK KJIacc OKCUA08 U KUCTOM.

OcHoBaHMsl — 3TO CJIOXHbIE BELLECTBa, COCTOsILLME U3 aTo-
Ma MeTanna u ogHoi unu 6onee rupapokcunbHbix rpynn OH.

3Ha"ll/lT, OKCHAY METallla MOXKXET COOTBETCTBOBATL OCHO-
BaHueE.

Okcuapbl, KOTOPbIM COOTBETCTBYIOT OCHOBaHWUS, Ha3bIBaIOTCS
OCHOBHBIMM OKCUZAMMU.

Oxkcudy, 83aumooeticmsyloujemy ¢ 8000, COOMBEENMCcmeyent
pacmeopumoe ocHoganue — melrodb (maon. 3.4).

Takum obpazom NaOH, KOH, Ca(OH), — 370 memnoun.

B tabmuie 3.4 npencTaBieHbl HEKOTOPBIE OCHOBHBIE OKCH/IBI
Y COOTBETCTBYIOIINE UM IIEITOYH.



Tabnmua 3.4. OCHOBHble OKCKUAbl 1 COOTBETCTBYOLLNE UM PACTBOPUMbIE OCHOBaHUA — LLESIOYN

OcHoBHble oKcUabl PacTBOpMMbIE OCHOBaHVS — LLEI0YM
HasBaHne ®opmyna ®dopmyna Ha3ssaHne
*Okenp, nnTna Li-O LiOH 'mopokeng, nnuTus
Okcunp HaTpus Na.O NaOH 'mopokcug, HaTpus
Okeunpg, kanus K20 KOH mopokcua, kanus
Okcmna, kanbums Ca0 Ca(OH), fmapokcua, kanbLms
Oxcunp, 6apus BaO Ba(OH), mopokeunn, 6apus

Kaxk Bumum, anemenTsI riiaBHbix noarpymni I u I rpynm obpa-
3YIOT OKCHJIbI, B3aMMOJECHCTBYIOIIME C BOJIOW U PACTBOPUMBIE
(MM MaJlopacTBOpUMbIE) B BOAE OCHOBaHHUsA (CM. TabJuLy pact-
BOPHMMOCTH B MPUIIOKEHUN). Bce ocTaibHble MeTauibl (32 HEKOTO-
PBIMU HCKITFOUEHUSIMU) O0pa3yloT OKCHJIbI, HE B3aUMOJICHCTBYIO-
e ¢ Bojoil. OJJHAKO UM TOXE COOTBETCTBYIOT OCHOBAaHMS, HO
HepacTBOpUMBIe B Bojie. Hanpumep:

okcug menu (IT) CuO — Cu(OH), — 2udpoxcud meou (11).

okcup xenesa (II) FeO — Fe(OH), — audpokcuo sicenesza (11).

Kak moy4aroTcst 3TU OCHOBaHMS, MbI y3HaeM mo3xe. CBs3b
MEXIy 3TUMHU OKCHIaMU Y OCHOBAHMSIMU TOJITBEPK/IACT pEaKIs
Pa3IoKEeHHUs] HEPAaCTBOPUMBIX OCHOBAHUI MPU HaTpeBaHUU:

o

Cu(OH), = CuO + H,0

.
Fe(OH), = FeO + H,0

PaCTBOpI/IMLIe OCHOBaHUs — MICJIIOYH HE pasjiararoTcsa IMnpu
Harp€BaHuUN.

B cocTtaB Bcex OCHOIBaHVIVI BXOAUT OoAHOBaJIeEHTHas rmapo-

kcunbHag rpynna OH. OHa onpepensieT Bce o6Liue CBOMC-
TBa OCHOBaHWIA.

O0HO U3 00UUX C8OLLCME Wenoqell — 9o UX deticmeue Ha UHOU-
xamopwl. Tax, ecnn mobaBuTh K pactBopy Ienoun Ca(OH),,
KOH wmnu NaOH kammo deHondTanemHa, pacTBOp CTAHOBUTCS
MaJIMHOBBIM, €CIIM JlaKMyca — TO CHHHMM, METHUJIOpaHxka —
JKEITHIM.

Ienemuueckuit psi0 memannog. OOOOIIUB BCE WN3yUEHHOE,
MOYEM CKa3aTh, YTO MEXKAY METAJUIOM, OKCUIOM MeTajlia (OCHOB-
HBIM OKCHJIOM) U OCHOBaHHEM (THIPOKCHJIOM) €CTh POJICTBEHHAsI
(reHetuueckasi) cBsi3b. Hanpumep:

Ca - CaO
Kanvyuil OKCUO Kambyusl

—  Ca(OH),

2UOPOKCUO KATbUYUS

MeTann — OCHOBHbI OKCUA, — OCHOBaHUe
I enemuueckuit pao memanios

rPYMMNbl AJIEMEHTOB

3

BOAOOPOL
1,008

3 = a

4
T
6,939

BEPUJIINA
9,012

Na | Mg

HATPUN MArHUM
22,990

19 20

KANUn
39,10

Cu 29

MEAb
63,55

11

2
Ca
KAbUWNA

r 30
/Zn

LIMHK

65,39

37 38

o
PYBUANM CTPOHUNI
85, 87.62

47

a7 | 48
Cd
CEPEBPO, KAAMNA
107,87 112,41

55 Yo |56 .
i}

LE3UIN BAPU
132,91 137.33

All 79 l_lg 80

3051070 PTYTH
196,07 200,59

Cpega

Kucnas
WHavkaTop

Heiftpanshasi

LLlenoynas

Jlakmyc

KpacHbiii | puoneTosuiii

CHHMA

MeTunopanx

PO30BLIi | OpaHXeBbii

Xentbit

®eHondranenH

GecLBeTHbIit | GecLBeTHbIit

MaIMHOBbI

Puc. 3.20. Oxkpacka
WNHAMKATOPOB B KMCIIOMN,
HenTpanbHOM,
LLIeNI0YHON cpede
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JIABOPATOPHbI ONbIT Ne 3
J eiicmeue pacmeopos wienoueii na unOUKamopvl

Bcenomnume | I1 pasuna mexnuxu 6ezonacnocmu npu pabome 8
rkabuneme xumuu* (cmp. 5).

TIpn60opsLI U peaKTUBLI:
® LWITAaTUB C TPOGUPKAMHK, JIaKMyCa,
e pacreopst NaOH, KOH, Ca(OH),, ® COCYZ C BOLOVA.
tdbeHondTranenna, METUI0PAHKa,

Haueptute B TeTpagm 1abs. 3.5.
Tabmua 3.5. Okpacka MHOMKATOPOB B PaCcTBOPaXx LLENoYen

BeliectBa H.0 LLlenoun BeiBoabi
WHankaTtop NaOH KOH Ca(OH).
®deHondTanenH
MeTunopaHnx
Jlakmyc

BosbmuTe 4eTbipe npobupku. B nepsyto Haneite ~1 mn BoAbl, B
octanbHble Tp — mo 1 mn pacteopoB NaOH, KOH, Ca(OH).. B
Kaxagyto 13 Hux pobaebTe Mo 1-2 kanau pacteopa GeHondranenHa.
Kak n3meHseTcs okpacka vHaukatopa? 3anuwwute B Tabauly LBET
deHondTanenHa B pacTBopax Lienovei. Cpenaiite  BbIBOL:
"LLlenoymn okpalumsatoT GeHoNdTanenH B ... LBET”.

loBTOPUTE OMLIT C APYrUMW WHOMKATOPAMU — METWUNOPAHXEM W
NaKMYCOM.

CpaBHWUTE OKPacKy MHOMKATOPOB B PacTBOPax LUENOYen M KUCIOT
(13 nab. onbita Ne 2). Caenaiite BbIBOA,

MpviBeauTe B NOpsLok paboyee MecTo. BeiMoiiTe nocymy.
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| 9. Buibepu peakuuu coegurienus (1) u peakuuu pasnoxenus (2): !
i a) NaOH + HCl — NaCl + H,0 B) Cu(OH), — CuO + H.0 1) P+ 0, — P,0s i
I I
! 6) Zn + H,S0, — ZnS0, + H,T r) Fe + H,0 — Fe;0, + H,T e) NO; + 0, + H,0 — HNO; |
i |
L

PaccraBb kK03bduULMeHTH. YKaX)U OKCUALL N UX XapaKTep.

Pa6ora B rpymme

1. /I3 mepeYncneHHEIX HUKE OKCUL0B BEIOEPUTE Te, KOTOPHIE PEarupyIOT C BOAOW:

a) Fe0; 6)Li;0; B)ZnO; r)Ca0; p)CuO; e)Na,0; x)K.0; 3)Ag.0; n)BaO.
OmpenennTe BaleHTHOCTb 37IEMEHTOB B HUX. Hamuumre ypaBHeHuUs peakuuii, Ha3oBuUTe
TIPOAYKTHL.

2. U3 mpuBeneHHLIX HUKE OCHOBAHWUMN BLIOEPUTE 1€104U:
a) Ca(OH); 6) Cu(OH).; B) Fe(OH),; r) KOH; n) Fe(OH);; e) NaOH; x) Al(OH)s.
3. U3 nmpuBeneHHLIX HUXE 0CHOBAHWU BLIOEPUTE HEPACTBOPUMBIE OCHOBAHUA:
a) Ca(0H),; 6) Cu(OH),; B) Fe(0H),; r) KOH; n) Fe(OH); e) NaOH; x) Al (OH)s,.
Hanuunre ypaBHeHUA peakuuii pasnoxeHua 3TUX 0CHOBaHW PN HarpeBaHUMU.
4. IlpepcTaBbTe C MOMOWBIO AMarpaMMbl BeHHa CXOACTBO Y pasnnune MexXay:
a) KNCJIOTHLIMWU W OCHOBHBIMU OKCUZLAMU;
6) KNCTI0TAMU U OCHOBaHUAMMU;
B) le7104¥aMU U HEPACTBOPUMBIMWU OCHOBAHUAMM.




< EW Bopopon — anemeHT BceneHHomn

3.11.1. HaxoxpeHue B npupone
M 3Ha4YeHue Bogopoaa

Bomopon — 3TO riaBHBIA  XUMMYECKHI
sjieMeHT BceenenHoi. Tak, 0Oojee MOJIOBHUHBI
maccbl ColHUA NPUXOAUTCS Ha JIOJIIO0 BOJMO-
pona. Bogopoa — 3To ri1aBHasi cocTaBHas 4acTh
MHOTHX 3Be3l. B HWKHHMX ClIOAX aTMocdepsl
3eMyi1  CBOOOAHOTO BOAOPOJA MPAKTUUYECKU
HeT (puc. 3.21.), a Ha BbicoTe 1000 KM OH coc-
TaBJIsIeT MouTH 95% no oobeMy.

B npupone Bomopoa  HaxoauTcs B
OCHOBHOM B BMJI€ coelMHeHUil. B 3eMHOIi Kope
MaccoBasi J0JIs BOJAOPOJA COCTaBIISIET BCETO
1%, HO ero CcoeguHEHMs] PacCIpPOCTPAHEHBI

Puc. 3.21. PacnpocTtpaHeHre Bogopoaa B oueHb HHpoko. CamMoe BaXKHOE U3 HUX — Boja

atmocdepe

I VI
. (H)
BO,CI,OPO,E!,CIOES
" Li |° F
TN dTOP

: 18,998
" Nal||” (I
HATPUM XJIOP

22,990 35,453
° K |[Mn_*
KANNIA MAPTAHEL],

39,10 54,94
Cu 29 35 Bl.
MEOb EPOM

63,55 79,90
37 Rb Tc 43
PYEVAUI TEXHELMI

85,47 98,91
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H,0O. Boaopoa BXoAUT B cOoCTaB BCEX OpraHU-
YEeCKUX COEIMHEHWM, HalpuMep MNPUPOIHOTO
raza (ocHoBHoe BeniectBo MetaH CHy), HedTH,
TJIFOKO3bI, )KUPOB U T.J. B opranusme yenoBeka
(puc. 3.3) maccoBast jonst Bogopoaa 10% (B
COCTaBe BO/Ibl U OPTAaHUYECKUX BEILECTB).

3.11.2. Bopopoa — XMMUYECKUIA DNEMEHT

PaccMoTpuM XapakTepuUCTUKY XMMHUYECKOI'O 3JIEMEHTa BOAO-
poaa no ero nojoxeHuto B Ilepuoanueckoii cucreMe 371eMEHTOB.

1. Xumuueckuii 3nax H.

2. Omnocumenvras amomnas macca A,(H)=1,008(=1). Bomo-
PO — CaMbIil JIETKUM XUMUYECKUI DJIEMEHT.

3. I onooicenue 6 11 epuoouueckoii cucmeme:

nopsiakoBelid Homep — 1, I mepuon, rnaBHasi moarpynna I
rpynnsl ¥ riaaBHas noarpynna VII rpynmnel. Bogopona, pacnoso-
*eH B I rpynne, notomy 4to, Kak U LIEJTOYHbIE METAJUIbI, OH UMEET
OJIMH BAJIEHTHBIM 3JIEKTPOH, KOTOPbIH MOXET OTAaBaTb aToMaM
Jpyrux aneMmeHToB. Takxke oH pacronoxxeH v B VII rpymnmne, Tak
Kak MOJOOHO rajoreHaMu €My HeOOXOOMM OIMH 3JIEKTPOH AJis
3aBepILEHUSI EPBOTO (M €AMHCBEHHOT'0) 3JIEKTPOHHOTO CITOSI.

4. Xapaxmep. Bonopoja — 3TO HEMETAJNTMUECKUI XUMUUECKUI
JJIEMEHT.

5. Cmpoenue amoma BOIOPOAA:

3apsan sigpa +1, yucino mpoToHOB B sjape 1, oOuiee yucio
3JIEKTPOHOB 1, UMCITO 3IEKTPOHHBIX CIIOEB PaBHO 1.

CiienoBaTeslbHO, €IMHCTBEHHBIM 2JIEKTPOH aToMa BOLOpOJa
pacrionaraercsi B IEpBOM 3JIEKTPOHHOM CIIO€.
HEGD )

le

le






2. CocTaBbTe (HOPMYLI BELECTB IO BaJIEHTHOCTU:

I1I I 1 I I

a) HSO,; ZnS0,;  FeSO,;

1 1 1 it
B) HCl;, HBr; HI; HS;

III/I_I\ v v III III
FeSO0, 6) CH; CO; NH; PH
m m m
r) HPO,; NaP0O,; CaPO,

3.A3m. 2 BbI6eleTe KUCNOTHL U BBIYUCINTE UX OTHOCUTEJIbHbIE MOJIEKYIIAPHBLIE MACChI.

i. -
Fenpu KaBengnwu
(1731-1810)
AHFNACKNI YYEHbIN.
B 1766 r. nonyunn
BOAOPOA, B YACTOM BUAE.
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3.12. MonyyeHne u pusnyeckme

CBOMCTBa BOogopoAaa

B 1766 r. anrnmiickuii yuenbiii I'enpu KaBenauun Bnepsbie B
pe3ysibTaTe peakluu MeTajula ¢ KUCIOTOW moiy4yus ra3. Msyuas
€ro CBOMCTBA, YYEHbIH BBISICHWII, UTO TMOJyUYEHHBIN ra3 Jerko 3a-
ropaetcsl, 1 Ha3Bay ero “roprouuii Bo3ayx”. B 1787 r ¢paHiysc-
KU XMMUK AHTyaH JlaByasbe YyCTaHOBWJI, UYTO  «TOPIOYUNA
Bo3nyx» Kaenauiia B3aMMOJEHCTBYET C KUCIOPOAOM, 00paszysi
Boay. [Tostomy JlaByaswe HazBan ero Hidrogenium — poxiaro-
it Boay (ot rpedeckoro hidro — Boia, genio — pox/aaTh).

B HacTosiliee BpeMsi M3BECTHO MHOTO CIOCOOOB IMOJTyYeHHs
BOJIOpO/IA.

13.12.1. Nony4yeHue BOgoOpOAa
B MPOMBILLUIEHHOCTHN

OOBIYHO B MPOMBIIIJIEHHOCTU NMPUMEHAKOTCA TE€ METOABI I10-
JIYY€HHsA, KOTOPBIEC MCIIOJIB3YIOT JCIICBOC CbIPbEC W TCXHOJIOTU-
yecku peHTabenbHbl. Haubosee 4OCTyNMHBIM ChIpbeM OIS Mojyye-
HUST BOJOPOA SIBISICTCS BOAA.

le/l Pa3I0XXCHHUHU BOABI JIECKTPUUYECCKUM TOKOM MJIM IPHU Ha-
rpeBaHuM J10 BbicOkuX TemmnepaTyp (2000°C) oOpa3syroTcs BOaO-
POl U KUCTIOPO/I:

9J1. MOK

2H,0 ——2H,T + O,T

B apyrom mpoMBIIIIEHHOM criocobe MoTy4YeHus BOAOpoaa B
KauecTBEe ChIPbsI MCIONB3YeTCsl MPUPOAHLIH ra3. OH COOepKUT 10
98% wmerana CHi. Ilpu nHarpeBanuu MeTaHa B NPUCYTCTBUU
KEJTIe3HOT'O MIIM HUKEJIEBOT'O KaTalnu3aTopa 00pa3yeTcs BOLOPOI:

[Ni]
CH; = C + 2H,T

3.12.2. MNMony4yeHne Bogopopa B naboparopum

B naGopaTopHbIX YCIOBUAX BOAOPOJ MOXKHO MOJNYUYWUTb MPU
ANIEKTPOIU3E BOAHBIX PACTBOPOB (1enoveid unu kucior). Ho nan-



OoJtee JOCTYITHBIM METOJIOM BIISIETCSI 83AUMOOEliCIEUe Memaniog ¢
kucromamu. HampumMep, mpu 1o0aBIeHUN K IIMHKY pacTBopa pas-
OaBJICHHON CEPHOM KUCIIOTHI MTPOUCXOAUT PEAKIIMsl C BbIJICJICHUEM
OecCIIBeTHOTO Ta3a:

Zn + H,SO, = HT + ZnSO.
LIMHK CepHasl KucjioTa BOJIOPO/L cynbdaT UMHKa
npocmoe CJIOJHCHOEe npocmoe CJIIOJHCHOE
sewecmeso seuecneo eewecmeo sewecmeo

B pesynbpTaTe peakunu o0pa3yroTcsi HOBOE MPOCTOE BELIECTBO
Bonmopoxa H, u HoBoe cltoxkHOe BelecTBO cyIb(aT nuHKa ZnSO4.

B naHHO# peakIIuu aTOMbBI MPOCTOTO BELIECTBA [IUHKA BBITEC-
HSIIOT U 3aMEIal0T aTOMBI BOJOPO/Ia B CJIOKHOM BEIIECTBE CEPHOM
KHCJIOTE.

Peakuus Mexpay nNpocCTbiM U C/OXHbIM BeLW,eCTBOM, MpU KO-
TOPOI aTOMbl NPOCTOro0 BelleCcTBa 3amMeLlaloT aTOMbl OHO-
ro U3 9JIEMEHTOB B CJIOXXHOM BellecTBe, Ha3blBaeTCs
peakuueri 3ameLLeHus.

s 9Toi peakuuu BMECTO LIMHKA MOXHO B3SITh JAPYroil Mme-
tan (Fe, Mg, Al), a BMecTo cepHOI KUCIOTBI — APYTYIO KUCIOTY
(H5sPO4, HCI). Bo Bcex ciyuasix B pe3yJibTaTe peakluy 3aMelleHu s
0o0pasyloTcsi HOBOE MPOCTOE BEUIECTBO M HOBOE CIIOXHOE Be-
LIECTBO.

OmBIT MO MOJIYYEHUIO BOJIOPOJA MPOBOAUTCS B MPOOUpPKE C
MPSIMO Ta300TBOJIHOM TPYOKOH € OTTSHYTBIM KOHIIOM (puc. 3.22.)
WM B CielMajbHOM MpoOUpKe AJIS MOJIy4YeHHUsS MalibiX 0O0beMOB
rasos.

3.12.3. dusnyeckue cBoiicTBa BOAOpoAa

Bonopos — aTo ra3 6e3 1BeTa, Bkyca, 3anaxa. OH oueHb ci1abo
pacTBoOpsieTcs B BOJIE, CKUXKAETCS TPU OYeHb HU3KOW TeMIepaType
(-252,6°C).

OnycTyuM KOHell Ta300TBOIHOM TPpyOKH nmpubopa s Mmomyve-
HHUS BOAOPO/a B MBbUIBbHYIO BOAYy (11aMmyHb : Boaa = 1:1). Ha xoH-
e TpyOKM BBIJYBaeTCs MBUIbHBINA My3bIpb (puc. 3.23). CTpsixHeM
€ro ¢ TpyOKHM — My3bIpb B3NETUT BBepX. Clie0BaTeNbHO, BOAOPO/I
Jierye Bo3/yxa.

Cobupaiom 6000pod, KaK U KUCIIOPOJ, IBYMsI METOJIAMU: Gbl-
mecHeHueM 600bl, TAaK KaK OH MJIOXO B HEl pacTBOPHM, a TaKxke
ebimecHenuem 6030yxa (puc. 3.22.).

OOpaTuTe BHUMaHHWE: MPOOUPKY [JIsi coOMpaHusi BOIOPOJA
BBITECHEHHEM BO3/yXa 3aKPEIUISIIOT OHOM 68epX, TaK KaK BOAOPOL
Jierue Bo3/yxa.

Ans obnapyacenus 6000poda TMOMHOCSAT TOPALIYIO CIUYKY
(WM JIYYMHKY) K OTBEPCTHUIO MPOOUPKH, MPU 3TOM pa3gaeTcs xa-
paxkmepnoiii xnonox (Unmax’!). UUCTBIA BOJOPOJ 3aropaercs ¢

P

Ho

H,SO,

| Zn
&

Puc. 3.22. CobupaHue
BOAOPOJA METOAOM
BbITECHEHUS BO3AyXa

a

Puc. 3.23. a — MblnbHble
ny3blpy, HanoJIHeHHbIe
BOOPOAOM, NMOAHMMA-
oTcsa BBEpX; 6 — konba ¢
BOZIOPOAOM Jierye Konbbl
C BO3IYXOM

Bbiuucinn, Bo
CKOJIbKO pa3
BOAOpPOA Nierye
a) sosayxa;

6) kucnopopga.
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3.13 Xummnyeckune CBOMCTBA
I ¥ NpUMEeHeHue Bogopoaa

Bopopon xuMuueckn akTuBeH. OH B3aMMOJICHCTBYET ¢ HeMe-
TaJulaMU, HEKOTOPBIMM MeTajlaMM M CIIOXHBIMU BelECTBAMM.
Oco0eHHO aKTHUBEH aTOMapPHbIN BOIOPO/I.

3.13.1. BaaumogpeiictBue Bogopoaa
C KUCNopoaom

ITomyuum BogoOpoAd, Kak ykazaHo Ha puc. 3.25, IpOBEPUM Ha
YUCTOTY U MOJOXKIKEM €0 Ha BbIXOJI€ Ta300TBOJIHOM TPYOKH C kKe-
JIE3HBIM HaKOHEYHUKOM. OH 3aropaercst U TOpUT CIIOKOMHBIM Oec-
LUBETHBIM TiaMeHeM. Eciii mojkuraTh BOJOPOJA Ha BbIXOAE M3
CTEKJISHHOM TpyOKM, MilaMsi OKpallluBaeTcs B JKEITOBATBHIM LIBET
COJIAIMU HATPUsl, BXOASIUMU B cocTaB crekiia. (Ecau 6pocuts 2-3
Kpuctaiika noapeHHoil conn NaCl B miaaMs COMPTOBKH, OHO
OKpacuTCsl B KeJNTblil 1BeT.) BHecemM TpyOKy ¢ ropsiuM BOAO-
PoaOM B CyXoil XONOAHBIHM cTakaH. 'opeHure npogoxkaercs, a Ha
CTEHKaxX cTakaHa MOSBIIAIOTCS KalelbKy BOJIbIL:

o

2H, + O, = 2H0 + Q
BOAOPOI KHUCIIOPOA BOMIA
B aT0i1 peakuuu BblaesieTCsl OOJBLIOE KOJIUYECTBO Tera.

TemmepaTypa BOIOPOAHO-KUCIOPOIHOTO IUTAMEHU JOCTUTaeT
3000°C. Bomopoa — 3TO 3KOJOTMYECKH YUCTOe TOruinBo. OIHAKO
OH JOpOT, TO3TOMY IPUMEHSIETCS] KaK TOIUTMBO TMOKa TONBKO B
KOCMHUYECKHUX ammapaTax. B OyayiieM MOTOpsI aBTOMOOMIIEH OyayT
paboraTth Ha Bomopome. UWCTBII BOAOPOI CroOpaeT CIOKOWHO.
CMech BOIOpOMIAa € KHCIOPOIOM B3pbIBaeTcsl. BoT mouemy Tak
Ba)XKHO TMPOBepsITh Bogopo Ha uuctoTy! Koaddunment 2 nepen
H, moka3sbeiBaeT, 4To 3TO ABa 00BEMa BOJI0poIa, a kodaduiueHT |
nepeT KUCIOPOIOM — OJIUH 00bEM KHCIOPO/IA.

CMmecb U3 gBYX 00bEMOB BOAOPOAA U OOQHOrO 06beMa Kuc-
nopoaa Ha3biBaeTCA rpeMyyMM ra3oM, KOTOPbIA Jerko
B3pbIBaeTCs NPU NOAXMUraHUN.

3.13.2. Baaumopeiictene Bogopoaa ¢ cepoii

Ecnu BnycTuTh CTpyIo BoJOpOIa B MPOOUPKY C pacriiaBieH-
HOM cepoii (puc. 3.26), TO MosIBIISIETCA 3amax TYXJIbIX WLl JTO 3a-
nax razoobpasHoro cepoogopoaa H,S:

o

t I 11
BOJIOPOA cepa CEPOBOAOPOA
Kucnopon n cepa — 3T0 31eMeHTHI IJ1aBHOW moarpynmnsl VI
TPYNIbl, OHY ABYXBAJIEHTHBI B COEAMHEHUSIX C BOJIOPOIOM.

HCI
Zn

Puc. 3.25. TopeHne
BOJOPOAA.

Kto “okpectun”
Bogoposa?
lMoyemy Ha3Ban
UMEHHO Tak?

Puc. 3.26. CuHTes ce-
pOBOAOPOAA U PaCTBO-
peHve ero B Boae
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_—Hcl

Ha

Clp

Puc. 3.27. TopeHne
BOZOPOAA B XN0Ope
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Koncynomauus
Bopopon obpasyer co BceMu 3jeMEeHTaMu TJIaBHOW moarpymmbl VI

CPYIIIBL JIETY4YKE BOLOPOAHBIE COEAUHEHMUS:

I I
H,O — Bona H,S — cepoBonopon

11 11
H,Se — ceneHoBoopo H,Te — tertypoBoaopo

O61mast hopmyna BOTOPOAHBIX coennHeHnit HemetauioB VI rpynmsr HoR.

4.13.3. Bsaumopeincteme Bogopona
C XJIOpOM

Ecnu TpyOKy ¢ ropsium BOAOPOAOM BHECTH B COCYA, 3aMoJ-
HEHHBIN KeNTOo-3eJIeHbIM Ta3oM xjiopom Cly (puc. 3.27), TO MOXKHO
HaOI0JaTh ropeHue BojopoAa B Xsope. KenTo-3eleHbld LBET
MocTeneHHo OJieIHeeT M 3aTeM ucye3aeT coBceM. Bomopon coe-
JIMHAETCSl C XJIOpOM M oOpasyercst OecliBETHbIM ra3 (Oesblil 1bIM)
xsoposogopoa (HCI), pasnpaxxarouinii camznucteie 000JI0YKH HO-
ca, TopJjia U rias.

H.

BOJIOPOJL

o

+C12t:

XJj1op

11
2JHCI + Q
XJIOPOBO1OPO/L
Koncyrvmauus

Bonoposa obpasyer jeryure BOJOPOJHbIE COEAMHEHHS CO BCEMH
HEeMeTaJIMYECKMMHU 3JIEMEHTaMU T1aBHOM noarpynms! VII rpynmsl (ra-
JoreHaMu). Mx Ha3bIBAIOT rajioreHOBOIOPOAAMH.

H, + Feo, = 2HF + Q
BOAOPOA ¢drop (roposogopos
H 2 + Cl 2 S 2HC1 + Q
BOJIOPOJL XJI0p XJIOPOBOJIOPOJL
H, + Br, = 2HBr + Q
BOJIOPOJL Opom OpOMOBOOPOSL
H, + L = 2HI — Q

OI0BOOPO

coequHeHnid HemeTasuioB VII rpynmsl

BOIOPOA
O6masi popmysia BOZOPOIHBIX
HR.

3.13.4. BaanmopgeiictBue Bogopoaa ¢ a3otom

MEI 3HaeM, 4TO a30T — 3TO OSCLBETHBIN a3, KOTOPHIA BXOIUT
B cocTaB Bo3ayxa. [Ipy OOBIUHBIX YCIIOBHUSIX OH OYEHb IMAaCCHUBEH.
Ho npu Beicokux Temmnepatypax (~450-500°C), BbICOKMX AaBIie-
Husx (mpumepHo B 300 pa3 BbIlie aTMOC(HEPHOT0) U B MPUCYTCT-
BUU JKEJIE3HOTO KaTaJu3aTopa B MPOMBIIIJICHHOCTH MPOBOIST
peaxkuuio coeMHeHMsI a30Ta ¢ BomoponoM. [lomyuaercs ras ¢ pes-
KHM 3aI1aXxoM (3arax HallaTBIPHOTO crnupTa) aMMuak NHs:

t°, P m 1
N2 + 3H2 ;) 2NH3 + Q
asoT BOAOPOA aMMHaK



AMMuax npn paCTBOPECHUHN B BOAC XUMUYECCKU B3aMMOJIEHCT-

BYET C Hel ¢ O6pa3OBaHI/I€M PacTBOPUMOTO OCHOBaHMA:
1 1

NH: + HOH = NH.OH

aMMHuakKk BOoJa TUAPOKCHUA aMMOHUA

Koncynomauus

Jleryuee BomopoaHoe coeaunenne docdopa — dochun PH; momy-
YaroT KOCBEHHBIM myTeM. MocdrH He B3aUMOJEHCTBYET C BOIOH.

Taxum o06pa3oM, C JIEMEHTaMM IJIaBHOW MOArpYMNbl V I'PYMIbl
BOJIOPOJI 00pA3yeT JIETy4une BOJOPOAHbIE coeauHeHus: NH; — ammuax,
PH; — dochun ¢ obmeii popmynoii RH;.

Hemerannuueckue smeMeHThl IIaBHOW noarpymnmbel IV rpymnmsl
Tak)ke 00pas3yIoT JeTyune BogopoaHbie coennHenns: CHy — meraH, SiHy
— cunaH ¢ obmeid popmynoi RHs.

3.13.5. BaaumopeiictBue Bogopoga co
CJI0XXHbIMM BeLLeCTBaMM — HEKOTOPbIMU
oKcCupamMm MeTannoB

Ecnu cTpyro Bogopoaia NpoIyCcTUTh Yepe3 HarpeTyro Npooup-
KY C YEPHBIM MOPOIIKOM OKCHJa MEAW, TO Ha CTEHKaX MOSIBSITCA
Karii BOJbI, a YEPHBIA MOPOLIOK IMOKpacHeeT. B 3Tom omnbiTe
MOJKHO TaK)Xe MOJyunuTh “MeIHOE 3epKajio’”’ Ha CTEHKaX MPOOUPKHU
(puc. 3.28).

o

CuO + H, = Cu + H,O0 - Q Peaxuw

oxeua meau (II) BOZIOPOJL MeJlb BOIA 3ameuerus
YEPHBII MOPOLIOK KpacHbIi Karuim
MOPOILIOK

B peakumu ¢ okcuom meau (I11) Bogopon “3abupaet” KUCIO-
pon u3z CuO, BoccTraHaBiauBasi MeAb. Bogopo MCMONB3YIOT Kak
soccmanosumens AJ1s TOJyYeHUs] YUCTHIX METAJNIOB U3 UX OKCHUIOB,
Hanpumep, xkene3a u3 Fe,O;. Cremyer OTMETHUTb, UTO TaKUM
METOJIOM HeJlb3sl MOJydaTh aKTMBHBIE METaJUIbl TJIaBHBIX IOJ-
rpynn [ u Il rpynn u antoMuHuii.

3.13.6. NMpumeHeHne sogopopa

Bomopo/i puMeHsItoT 17151 OJIy4eHUsl COITHOMW KUCTIOThI, aM-
MHUakKa, y100peHul, CIUPTOB, IS OBBILIEHUS KauecTBa KHUJAKOTO
TOIUIMBA, PE3KU U CBAPKW METAJIJIOB, HAMOJIHEHUS 30HI0B, ad9pOC-
TAaTOB, JUISl TMOJYYEHUS] YUCTBIX METAJIJIOB, MPU MPOU3BOACTBE
MaprapuHa v mbuia (puc. 3.29).

Boaopoa Ha3piBarT TOmImBOM Oyayuiero. OH OyaeT nmpume-
HSTBCS KaK 9KOJIOTMYECKH YMCTOE TOIIMBO JIJIsl aBTOMOOWIIEH, Tak
KaK BBIXJIOTHbIE Ta3bl — 3TO MPOCTO BOASHOM nap.

3anackl HepTH U ra3a orpaHUUeHbI, a 3aMachl BOJOPO/ia B BO-
Jle MOpell U OKeaHOB MpaKTHYecKW Heucueprnaembl. Korga crou-
MOCTb MOJIyYEHHUSI BOJIOPO/ia CTAHET OJJMHAKOBOW CO CTOMMOCTBIO

Puc.
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3.28. BoccTaHo-
BNIEHME oKcuaa Meam
BOAOPOAOM

Hanuwn ypaBHe-
HUe peakuum BO-
Aopoaa ¢ oKcu-

Aom xene3sa (lll).
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3. CocraBbre (bOpMlebI BCEX BO3MOXHBIX OKCUJIOB U3 YaCTeN, YKa3aHHbIX Ha KapTO4YKax:

[G] [s] [0] [o] [c] [a]

Konuuectso oxcupos PaBHO KOJNINYECTBY KapTOUYEK. YKaxure, Kakue U3 3TMX OKCUZOB MOTYT pearnposarb C

BOZLOPOAOM C 06pa3013aHvteM MeTanna.

4. YcraHoBuTe CBA3Db “CBOMCTBa-IIpUMeHeHUe” BOLOPOAaA.

5. Pemute kpoccBopa. Kakoe oTHowmeHME K BOBOPOAY UMEET TO, YTO 0603HAYEHO KIIIOUEBLIM CLOBOM?

1. ...B3aMMOJENCTBYIOT C BOLOPOLOM C 06pa3o-

BaHWEM YWUCTHIX MeTamnoB. 2. IIpu ropexHum 1

BOLOPOJA B KUCIOPOAe obpasyercsi... 3. ...KUC- 2

JIOTHL COCTOAT W3 BOZopoja W Hemeranna VI 3

wiv VII rpymmel. 4.  ...KUCNOTAQ JleTKO
pasnaraeTcs Ha VIJIEKUCHHIE ra3 U BOAY.

5. [Ipu pencTBUU CONAHON KUCIOTHL HA ... TIO- 5

Jy4alT BOAOPOZ B naboparopum. 6. ... Kuc- 6 |

710Ta — "x71€6” XMMWYECKON MPOMBILIIEHHOCTU.

3.14. MoHaTne o 6eCKMUCNOPOAHbIX

kucnortax. Conu

3.14.1. BeckucnopopgHbie KACNOTbI

AHanusupys XMMHUUYECKHE CBOKMCTBAa BOJOPOAA, Mbl BUIHUM,
YTO MPHU B3aUMOACHCTBUU BOJOPOJA C TajloreHaMu oOpasyroTcs
rajJoreHOBOJIOpO/bl. Takxke Mpu B3aUMOJIEHCTBUU BOJOpPOAA C
cepoii obpasyeTcsi cepoBoAOpoa. DTH coeauHeHus Bogopoaa (HF,
HCI, HBr, HI u H,S) pactBopsitoTcsi B Boge. BoaHblie pacTBOpbI
9TUX BEUIECTB OKPAIMBAIOT JIAKMYC B KpACHBIH LIBET, METHJI-
OpaHX — B PO30BBI. 3HAUUT, 3TO — KUCIOThL. Hanmpumep, BoAHbI
pacTBOp XJOPOBOJOPOJIa — 3TO XJopoBogopoaHas kuciaota HCI,
yalie ee Has3bIBAIOT coasiHoll Kucnomoi. CONSHYI KUCIOTY TpH-
MEHSIIOT B JIaOOpATOPHUU [IJIs TIOJTyUeHUs! BOJIOPO/ia, TPUYIEM Yallle,
yeM cepHyto. [TpoucxoauT peakius 3aMelieHUs:

Zn + 2HCI = ZnCL, + HT
YunK COMANAS KUCTIOMA — XJI0OPUO YUHKA 6000p00

PaccmoTpum nanee coctaB KUCIOT U ux Ha3BaHus. ColsiHas
KHMCIIOTa COCTOMT M3 aToMa BOJOPOJa W KUCIOTHOI'O OCTaTKa —
xaopuoa.

KucinoTHblil ocTaTOK CONIHON KI/ICHOTbII — XJIOpUI — OJHOBa-

JIEHTEH, COCTOUT U3 oJiHOro aTtoma xyopa Cl, a KUCIIOTHBIN ocTa-
11

TOK CepOBOJIOPO/IHOM KucoThl HoS nByxBasneHTeH S.

Kucnorbl, Y KOTOPbIX B COCTAaB KMUCJIOTHbIX OCTAaTKOB HE BXO-
AUT Kncnopoa, Ha3biBaloTCA 6eCKMCﬂ0pO,QHbIMM.

HazBaHus OeckucIopoAHBIX KUCIOT 00pa3yloTCsl U3 Ha3BaHUSI
HeMmeTaJlsla ¢ jo0aBieHreM cyddukca o U OKOHUAHUS -8000p00-
Hasl, a HA3BaHMSI KUCIOTHBIX OCTATKOB OECKMCIOPOIHBIX KHMCIOT
3aKaH4MBarOTCs cyhdukcom -ua (maoa. 3.6).

6 Banenmmuocms xuc-

JIOMHO20 ocmanKda

DABHA YUCTY AMOMO8
8000p00a 8 MONEKYe

KUCIOMbl.
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Tabmua 3.6. HazaHus HEKOTOPbIX 6eCKI/ICJ'IOpO,D,HbIX KMNCNOT N NX KNCNOTHbIX OCTAaTKOB

Kucnotsi KucnotHele octatku
HassaHne ®dopmyna ®opmyna v BaneHTHOCTb HasaHne
dTOpPOBOAOPOOHAS, I
WY M1aBrkoBas HF F Propug
XnopoBoaopoaHas, I
nIm congHas HCI Cl Xnopwup,
[
BpomoBogopoaHas HBr Br Bpomng
. I .
MNopoBogopoaHas HI | WNoauna
I
CepoBogopoaHas H.S S Cynbdua,

JIABOPATOPHbI/ OMbIT Ne 4
/ eiicmeue 6ecKkuciopooOHsIX KUCI0M HA UHOUKAMOPbL

Benomnume Il pasuna mexnuxu 6ezonacrnocmu npu pabome 8
rkabuneme xumuu* (cmp. 5).

TIpn6opst n peaKTUBLL:
® IITATUB C TPOOUPKAMY,
e pacreop HCl, napukaropst (hexHondranent, METUIOPAHK, TaKMYC),
® CKJISIHKA C BOZOMN.

HauepTute B TeTpaau Tabsn. 3.7.

nakmyc METMIOpaHX eHondranenH

Tabnumua 3.7. Okpacka MHAMKATOPOB B PaCTBOPE COMSIHON KUCOThI

BeuyectBa
H-0 HCI
Unankatop

Jlakmyc
HCl HCl HCI MeTtunopaHx
pactsop pacTsop pactsop
deHondTaneunH

Puc. 3.30. Nabopatop-

HbI onbIT Ne 4 .
BosbMuTE ABE NpobUpkK. B opHy Haneitte ~1mn BoAbl, a B Apy-

ryto ~1mn pactBopa consHoii kucnotsl HCI. B kaxayio npobupky
nobasbTe Mo 1-2 kanau pacTBopa flakMyca. Kak nuameHuncs Lpet
MHOVKATOPa B KMCNOi cpeae? 3anuinte B TabnuLly LUBET lakmy-
ca B Kaxaoin npodupke.

MosTOpUTE OMBLIT C APYruMK nHAMkaTopamm (puc. 3.30). Caenai-
T€ BbIBOAbI.

Bbimoiite nocyay. [NpvBeante B nopsmok paboyee MecTo.

3.14.2. Conmn

ITpu B3aumMonelicTBUM IIMHKA C CEPHOMN M COJISTHOM KHCIOTaMu
obpasyroTcst HoBble BeriecTBa ZnSO, u ZnCl,. D10 npeacTaBUTeNN
YeTBEepTOro Kjlacca HEOPraHWYECKMX COeqUHEHUH — Ki1acca coeli.
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Conb — 3TO CNOXHOE BELLECTBO, COCTOSILLLEEe U3 aTOMOB
MeTajizia U KUCJIOTHOIro octaTKa.

ITo cocmasy KMCIIOTHOTO OCTaTKA Pa3InyaloT COIU KUCIOPO/I-
cofiepKalux u 6eckucIopoanbix kucnot. Hanpumep, ZnSOy4 — conb
KUCIIopojcoaepkaieid Kuenotsl, a ZnCl, — colib 6eCKUCIOPOIHOM
KHCTIOTBHI.

KucnoTHblil 0cTaTOK MEpexoUT U3 KUCIOTHI B COJIb O3 u3-
MeHeHus1 cocTaBa. DOpMyJia COIMU COCTABIISIETCS MO BAJIEHTHOCTU
C YYE€TOM TOTO, UTO CIOXKHBIE KUCITOTHBIE OCTATKM UMEIOT OOIIYIO

BAaJICHTHOCTb:
111 11 1T 11

11 1 m I
ZD(NO3)2; FCQ(SO4)3; ZIlClz; Ale}.
HazBaHue conu cOCTOMT U3 Ha3BaHUSI KUCIIOTHOIO OCTaTKa B

MMEHUTEIBHOM MMaeKe U Ha3BaHUSI METajula B POAUTEILHOM Ia-
nexe (mab. 3.8):

Tabmua 3.8. HazBaHus HEKOTOPbIX CONEt U MX KUCNOTHBIX OCTAaTKOB

Conn KncnotHble ocTatkm
®dopmyna HasBaHne dopmyna HassaHue
M BaJIEHTHOCTb
I
Zn(NOs)2 HUTPAT LIMHKA NOs HUTpaT
11T
Caz(PO4)2 docdart kanbLms PO, docdar
II
Fes(S04)3 | cynbdat xenesa (ll) SO, cynbdar
I
ZnCl, XNopua, LpHKa Cl xnopw,
II
Al,S;3 cynbdua, antoMmHns S cynbdug,

XuMHUUecKasi CBsI3b MEXJY METAJJIOM M KHUCIOTHBIM OCTaT-
KOM UOHHAA.

Buimecnumenwnwiii pao memannos. Panee Mbl BBISICHWIN, YTO
colld 00pa3zyloTcsl MpU B3aUMOAEHCTBUM METAJIJIOB C KUCIIOTAMU.
OpHako He BCe MeTalllIbl pearupyrorT ¢ KUCIOTaMU OAMHAKOBO.
Hanpumep, npu B3aUMOIEUCTBUM LIMHKA C CEPHOM WJIU COJISTHOM
KUCIIOTOW HabmrojaeTcsi OypHoe BblaeieHue raza Bogopoaa. Ke-
JIe30 TaKXKe pearupyeT ¢ ITUMMU KHUCIOTAMM, OIHAKO peaklus UAeT
HaMHoro meajeHHee. Cie0BaTENbHO, JKENe30 — MEHEE aKTUBHBIH
METAaJUI [0 CPABHEHHIO C LIMHKOM.

B pe3ynabpTate peakuuii 3aMellleHUs] Mbl MOJTYYWIM BOJOPOI U
COJIM LIMHKA U XKele3a:

Zn + 2HCl = ZnCL, + H-T;  Zn + H,SO, = ZnSO, + H,T
XJIOpHUJ LIMHKa cynbdar quHKa
Fe + 2HCI = FeCl, + H,T;  Fe + H,SO4 = FeSO, + H,T
xytopu kenesa (11) cynbdar xenesa (1)

ITpu 06paboTke Meau pacTBOPOM COJIIHOW WIIM CEpPHOM KHC-
JIOTBI BOAOPOA HE BBIACIIACTCA, pCaKIUA HE UICT. CJ‘IeIIOBaTeJ'ILHO,
MEOb — MaHoaKTI/IBHLIﬁ METaJIJI U HEC BBITCCHSCT BOILOpOI[ n3 paCT-
BOPOB KHCJIOT.

KNCNOPOA-
conep-
Xavuui

MeTann

*kucnas

pacTBo-
pumas
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6eckuc-
NOPOAHbIN

KUCNOTHbIN
0CTaToK

cpenHas

HepacTBo-
pumasi



Fe

CuS0, FeSO,

Puc. 3.31. Peakuuns 3a-
MeLLEHNS (ONnLWK Ha-
6I04eHNS MO PUCYHKY,
npuayman gpyryto 3a-
Jayy no sTomy 06-
pasuy)

6 B peaxyuu 3ame-

WeHus Memaini 3ame-
waem 8000poo unu
Opy20il Memal.

Pycckuii yuensiii H.H. bekeToB Ha OCHOBAaHUU OMBITOB MO
B3aMMO/ICHCTBUAIO METAIIJIOB C KUCIIOTAMHU COCTaBUJI BBITECHUTEb-
HBIN P METAJIOB.

BbiTecHUTEILHBIN PSIi METAJLIOB
K, Na, Mg, Al, Zn, Fe, Ni, Sn, Pb, (H) Cu, Hg, Ag, Pt, Au

BoeiTecHsitoT BOAOPOJ U3 KHUCIIOT He BbiTecHstoT BOAOPOA
U3 KHUCIIOT

DTO MpaBuIO AEUCTBUTENBHO JJIsI BCEX M3BECTHBIX BaM KHC-
JIOT, 32 UCKJIIOUEHHEM a30THOM KUCIOTHI.

B BbITECHUTETBLHOM DSy METAJUIbl PaclojiaratoTcs Tak, 4To
OT Havalla K KOHIIY psiia aKTUBHOCTbh METAJLJIOB yMEHbIIIAETCSI.

Orcrofa cienyioT /iBa mpaBuia:

1. MeTtannbl, cTofilMe [0 BOAOPOLA, BbITECHAIOT BOAOPOA,
M3 KUCNOT (KpoMe a30THOM).

2. Kaxpgplii meTann BbITECHSET BCe Mocsiegylowime u3 pac-
TBOPOB UX CONeMn.

Hanpumep, eciu xene3Hblii TBO3/1b OMYCTUTH B rO1y00ii pacT-
Bop coiu cyibdara Meau (II), oH ObICTPO MOKPLIBAETCS KPACHBIM
HaJleToOM Meau (puc. 3.31), a pacTBOp CTAHOBUTCS 3eJICHOBAThIM
3a CUeT PACTBOPEHUS JKele3a M MPEeBpalleHHs ero B CONb CyabdaT
xenesa (II). [Tpoucxoaut peakiusi 3aMelleHUs:

1P + CuSO; = Cu + FeSO4
MPOCTOE BEIECTBO  CJIOXKHOE BEIIECTBO TPOCTOE BELLECTBO  CIIOXKHOE BELLIECTBO
cynbdat meau (11) cynbdart xemesa (II)

I' enemuueckue psaovl memanios u nememannos. Panee Mbl
YCTAHOBWJIM, 4YTO TEHETUYECKUH psd MeTajula BKIIOYaeT
OocHOBaHUe (cTp.57), a TEHeTUYECKUI psJi HEMeTalla - KUCIOTY
(ctp.53). Tenepb MOXHO CAETIATH BBIBOJI, YTO B 3TU PSAbI MOXHO
BKJIFOUMTDH U COJIU:

METaJlJl — OCHOBHBINA OKCH — OCHOBaHHE — COJIb

Hanpumep: Ca — CaO — Ca(OH), — CaCl,

HeMeTaJIJI — KUCIIOTHBIA OKCU — KHUCIIOTa — COJIb

Hanpumep: S — SO, — H>SO3 — CaSOs
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JIABOPATOPHbIW ONbIT Ne 5
O3naxomaenue ¢ oopazuamu coneii

Bcenomnume I pasuna mexnuxu 6ezonacrocmu npu pabome 8
Kabuneme xumuu* (cmp. 5 ).

TIpn6opst n peaKTUBLL:
® IITATUB C TPOOUPKAMU; ® Kap6oHaT HaTPUSA;
® uImarerns; ® Kap6oHaT KanbLUsA;
© X710pW], HaTPUs; ® COCYZ C BOZOIA.

MpoHyMepyiiTe TpK NPOGUPKM 1 BHECUTE B HUX HA KOHYMKE LuMa-
TENA COMM: XNOpWUA HaTpus — B MepBylo, kapOoHaT HaTpus — BO
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CnoxHble BewecTBa.
OCHOBHbIE KJlacCbl HEOPraHU4YeCKnX
coeauHeHuM

Knaccupwmkauua HeopraHn4yeckmx Be-

LLLeCTB MO COCTaBy U paCTBOPMMOCTH

HCOpFaHI/I‘ISCKI/Ie BELIECTBA ACTIATCS HA npocnivie U CI0HCHDLE.

MEeTaJlIbI
poCThIE
HEMETaJUTBI
Heoprannyeckue BeliecTBa
OKCH/TBI
OCHOBaHMUsI
KHUCTIOTHI
coJH

CJIOKHBIC

ITpocThie BelllecTBa B CBOIO OYepe/b JENSTCS Ha Memanivl 1
HeMemaiiibl.

HaMm u3BecTHBI 4YeThIpe Kiacca CIOXHBIX HEOPraHUYECKHX
BELLECTB: OKCUbI, KUCIOThI, OCHOBAHMS U COIU (cxema 4.1).

Kaxapiii U3 3THX KJIACCOB MMEET HEKOTOpPble OCOOEHHOCTU
kiaccuduxanmu.

Tax okeuapl [AETATCS HA  Heconeodpasywwue W Coneo-
opazyrowue. B cBor0 odepenb coiaeo0pa3yrolire OKCUIbI ACTISTCS
Ha 0CHOBHbIE Y KUCTOMHbIE.

OcHoBaHusl JIENSTCS: a) M0 PacTBOPUMOCTH — Ha pacmeopu-
Mvle  (LIETIOUM) U Hepacmeopumvle; 0) MO CUJIe — HA CuibHble W

crnabvle.
Cxema 4.1
KJACCbl HEOPFAHUYECKUX COEAUHEHUIA
KUCNOTbI OKCMAbI conu
6eckucnopoa-
ggtl:mcnopop,uue coneobpa- Heconeobpa- HbIX kucnot NaCl,
KMCNOPOACO- e sylowme Kucnopoacoaep-
aepxauwme H,SO, NO, CO XaLmx Kucnor
cunbHble HCI, Na>S04
HNO, H,S04 OCHOBHBIE Kucnor-
HOBHbI

ﬁ'jsgf"e L Ca0 o OCHOBAHMS

Bbie HoS J pacteopumbie NaOH
ﬁngoble > HepacTBOpUMbIe

2 3y

Fe(OH);
cunbHbie NaOH
cnabble Fe(OH),

Mocne n3yyexus aron
rnasbl Tbl OyaeLb
Cnoco0eH:

* onpeaensgaTb NOHATUS:
OKCUAbl, KNCNOTHbIE
OKCUAbl, OCHOBHbIE€ OKCU-
Abl, KNCOTbl, OCHOBA-
HWS, CONK, peakLms
00MeHa;

* KnaccuuumMpoBaTb
HeopraHuyeckue Be-
LecTBa no CocTasy 1
pacTBOPUMOCTH;

* UANKOCTPUPOBATH XVUMM-
yeckue CBONCTBA M MO~
NyyeHue OKCUAO0B, KMC-
0T, OCHOBaHMiA, COnei;

* COCTaBNSATb CXeMy re-
HeTUYeCKUX cBa3eit
MeXay Knaccamu Heop-
raHMYecKuxX BELLECTB;

* NPUMEHSATb CXeMy
reHeTUYecKux cBa3ei
HeopraHM4eckux Be-
LECTB [19 ONpeAenexuns
XUMNYECKNX CBOICTB U
METO[,0B NONy4eHuns
OKCMA0B, KUCIIOT,
OCHOBaHMWiA, conei;

* pelatb 3apayn no
onpenenexunio Macchl Be-
LeCTBa Ha OCHOBE XVUMK-
YeCKOro ypaBHeHus,
UCX0As M3 KONNYecTBa/
Maccbl Apyroro BeLecT-
Ba-y4yaCTHMKA peakuum;

* 3KCMEepPUMEHTaNbHO
UccneaoBath obwme
XMMUYeCKue CBOICTBA
KMCNOT, OCHOBAHMiA,
conei.
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KucoTel 1eTCs: a) Mo COCTaBy — Ha OECKUCI0POOHbIe N Kil-
copoocodepaicawyue; 0) IO OCHOBHOCTH (YMCTy aTOMOB BOJIOPO/IA)
— Ha 00HOOCHOBHDbLE, 08YXOCHOBHbIE, MPEXOCHOGHbIE, B) TIO CUJIE — HA
CUbHbIE, CPeOHell CUlbl U clabble.

Couu JensATCs: a) MO0 PACTBOPUMOCTH Ha PACmMEopuMble U He-
pacmeopumbvle, 0) O BUJLy KUCIIOTHOT'O OCTATKa Ha KUCIOPOOCOOep-
Jlcawyue u Oeckuciopoombvle.

MBI TO3HAKOMUITUCH TAKKE C HOMEHKAAMYpPOll BCEX YETBIPEX
KJIACCOB, TO €CTh HAYUMJINCh HA3bI6AIMb BEIIECTBA.

MBI 3HaeM HEMHOT'O O MOJYUYCHUH U XMMHUYECKHUX CBOMCTBaX
HEKOTOPBIX BEIECTB.

XUMHUYECKHE CBONCTBA BEIECTBA MPOSIBISIOTCS B XUMHUEC-
KUX PeakiusixX, B KOTOPbIE OHO BCTyMaeT. B yCTaHOBIIEHHU XH-
MUYECKHX CBOWCTB TOTO WJIM WHOT'O BelIeCTBA HaM TTOMOXET
TeHEeTHYEeCKasi CBSI3b MEXAY KllacCaMM HEOPTraHUYECKHUX COCIIH-
HEHMIA:

I'eneruueckue PAAbI METaJIJIa 1 HEMETAJJIa

Metana — OCHOBHBIH OKCHI —> OCHOBaHHE —> COJIb
HemeTana — KHCIOTHBIH OKCH —> KHCJI0OTa —> COJIb

Ilepen Hamu ABa psiga “poJcTBeHHUKOB™. ITo cBOMM CBOMCT-
BaM PSAbl MPOTUBOMOJIOXKHBI IPYT APYTY.

3anomnum: npedcmasumenu oono2o psoa (poocmeennuxu’’)
He pea2upytom opye ¢ Opyeom. B peaxyuro ecmynaron moabko npeo-
CMasumenu PAasHvlX 2eHemu4eckux psaoos (npomueononodicHoc-
mu”). TIpy 3TOM XOTS1 OBl 00U U3 NPOOYKNOE pearkyuu — cob (3a
WCKITFOUEHHEM B3aUMO/ICHCTBUSI METAJIOB C KMUCIIOPOJIOM).

ITo pacTBOPMMOCTH B BOJIE BEILIECTBA ACIST Ha pacmeopumble,
Hepacmeopumbvie 1 Maiopacmeopumble.

PacTBOpHMMOCTH KHCIOT, OCHOBAHUI M COJICH MpeacTaBlieHa B
Tabauue pacTBopuMocTU. O pacTBOPUMOCTU CIIOXKHBIX BEIIECTB
MBI MTOJIpOOHEee MOTOBOPUM B CIIEAYIOLIEH IIaBe.

88 Kucnotbl

4. 2.1. Kucnotbl B Hawle XU3HU.
Knaccudukaumsa kucnor

Kucnomor — 310 Cl10XKHBIE BEIIECTBA, COCTOSIIINE U3 OTHOTO
WJIA HECKOJIBKMX aTOMOB BOJIOPOZA M KUCIIOTHOTO OCTATKA.

KuciaoTel UMEIOT 60J1bIlIOE 3HAYEHUE JIJTS )KU3HU UeloBeKa U
OKPYIKaroIlei Cpebl.

Hanpuwmep, consnas kucioma BXOIUT B COCTAB JKEITYIOYHOTO
coka. OHa co3maeT KUCIYIO Cpely, HEOOXOIUMYIO TS pacilersie-
HUSI MHILEBBIX OEJIKOB; yUacTBYET B aHTUOAKTEPUATILHOM JCHCT-
BUU JKEITYJIOYHOTO COKA W B PEryISLMMU JIESTEIbHOCTU MUIIeBa-



pUTEIBHOrO TpakTa (YHUUTOXAET THUIOCTHbIE OaKTepyuu U MaTo-
TeHHbIE MUKPOOPTaHU3MBI).

DocghopHas Kucroma UCTONb3YETCs I MPOU3BOJCTBA (hoc-
(dhopHbIX y100peHuit (1181 celibckoro xo3siicta). Boaa, coaepika-
was cepoogopo H,S, sBisiercs neueOHo. PacTBopbI ceprucmoil
xucnomsr H,SO; 061agaroT oTOENMBAIOIIUM JIEHCTBUEM, a TaKKe
MPUMEHSIIOTCSl B KAUECTBE KOHCEPBAHTOB, 3aME/ISIOLIMX MOTEM-
HeHue GPYKTOB U OBOLIEH.

BoJbIIMHCTBO KUCIOT — XKMJKUE BelllecTBa, PACTBOPUMbIE B
BOJ/Ie, KPOME KPEMHHMEBOM KHCIIOTBI, KOTOpasi SBISeTCS TBEPAbIM

Kucnotbi

BEIIIECTBOM, HEPACTBOPUMBIM B BOJIE.
ITo cocTaBy KHCIOTBHI AENATCA Ha KHUCIOPOJCOAEpXKAllre W
6eckuciaopoaHbie. KUCTOTBI, KOTOpbIe HE COAEp)AT KUCIOPO B H2S04
KHUCJIOTHOM OCTaTKe, Ha3bIBAIOTCS OECCKUCTIOPOOHBIMU. >
HaspaHusi KHUCIOTHBIX OCTATKOB OECKUCIOPOAHBIX KHUCIOT
3aKaH4YMBAIOTCS Ha cyhdUKe —ud (Hampumep, XJIOpua). E
KuciaoTel, KOTOpble COAEPKAT KUCIOPO B KUCIOTHOM OC- ~——
TaTKe, HA3BIBAIOTCS KUCIOPOOCOOCPIHCAUUMIL.
HasBaHusi KUCIIOTHBIX OCTATKOB KUCIOPOACOAEPKAIUX KHC- H3PO4

JIOT 3aKaHYMBAIOTCS Ha cyh(UKC —am B Cllydae BBICIIEH BaJleHT- —
HOCTHU TleHTpaJibHOro atoMa (Hampumep, SO — cyasgpam) n Ha
cypdukc — um B ciiydae Jpyroi BaJIGHTHOCTU, HUXKE MaKCUMaJlb-
Hol (Hanpumep, SOs — cyavgpum) (mabauyst 3.2 v 3.6).

Kax yrmomuHamaoch paHee, KUCIOThI KIACCUPUIUPYIOT U IO
OCHOBHOCTH — KOJIMUECTBY aTOMOB BOJIOpOAa. Tak, KUCIOTHI MO-
TYT ObITh:

oonoocnosnvimu (HCl, HBr, HNOs);

0syxocrosHvimu (HaS, HaSOs);

mpexocnostvimu (H3POy).

PasnmuuaroTcst KUCITIOTHI U 1o cujie (cxema 4.1.). Ho 3ty kiac-
cUUKAIUIO MbI TOAPOOHO PACCMOTPUM B CIIEIYIOIIEH TTTaBe.

4.2.2. Xummnyeckme cBomcTtesa KUCNOT

. Yro Takoe nHankaTopbl?
‘ H eiicmeue kucaiom na unoukamopul

Hawm yxe 3HaKoMo mepBoe o0liiee CBOWCTBO KUCIIOT — JeiCT-
BH€ Ha MHAMKATOPBI. BCTOMHUM, UTO B paCTBOpPaX KUCIIOT JIAKMYC
OKpAIIIMBAETCS] B KPACHBIM 1[BET, METHIIOPAHX — B PO30OBBIN, a ¢e-
HoJTanenH OecuBeTeH (puc. 4.1).

NakMyc  MeTunopaHx ¢eHondranent

¥\ ¥\ ¥\
ITonbITaeMcs BBIUMCIUTL XMUMHUYECKHUE CBOMCTBA KHUCIOT Ha
OCHOBE CXEMbI T'€HETUYECKUX PATOB. Byz[eM IIOMHHUTb, UTO KuUCl0-
mbl peazupyrom moJibKo ¢ npedcmaeumeﬂimu ()pyzoeo ceHeMuU4ecKo-
20 psoal
Mertainin — OCHOBHBIH OKCHUJI —> OCHOBAHUE —> COJIb HCl HCl Hel

© © ° ° Puc. 4.1. Oenictne

HemeTann — KUCIOTHBIM OKCUJ, —> KHCJIOTAa —> COJb KUCOT Ha NHANKATOPL!
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CunbHbIe KUCNOThI

HCI
HNO;
H.S0,4
CnaoOblie KACNOThI
H,S
H,COs3
HCI
T
NaOH
| ¢t?n¢ranem| NaCl
= )
Puc. 4.2. Peakuus
HenTpanusauum

3ANOMHUM!

To, yto cTOMT Ha
nepBom mMecTe B
onHoun popmyne,
oOMeHMBaeTcs Ha
TO, YTO CTOMT Ha
nepBom mMecTe B
npyroii dopmyne.
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M3 cxeMbl BUJIHO, YTO KUCJIOThI PearupyroT c¢: 1) ocHOBaHUs-
MU; 2) OCHOBHBIMHM OKcuJaMu; 3) metaiamu; 4) colsiMu (MOXXHO
paccMaTpUBaTh Peakiuu B JIIOOOM MOPSIJIKE).

PaccMoTpum kaxaoe cBOMCTBO B OT/eIbHOCTH. BbiOepem Be-
LIeCTBa U 3aMUIIeM MPOJYKTHI peakluH, MOMHS, YTO OJMH U3 MPO-
JIYKTOB — 0053aTEJILHO COJb.

G Bzaumooeiicmeue xuciom c¢ ocnosanusmu. Peaxuysi Mexmy
KHCIIOTOM M OCHOBaHHMEM, B pe3yJbTaTe KOTOpOil oOpa3zyroTcs
COTb M BOZAA, — 3TO peakyus Hetimpanuzayuu. B TO ke BpeMs 3TO
peaxkyus 06 mena.

Peakuns obMeHa — 3TO TakKas XUMMUYecKasl peakuus, npu
KOTOPOW [Ba CIIOXHbIX BellecTBa OOMEHMBAIOTCA CBOUMU
COCTaBHbIMU YaCTAMM.

Peakumua oGmeHa MeXxay KMCNOTOAW UM OCHOBAaHMEM HOCUT
cneuuanbHOe Ha3BaHWUe — peakuyus HerTpaan3auuu.

st Toro, UToOBI peakius oOMeHa Obljia ocyliecTBUMa (Mpo-
TeKaja OO0 KOHIA), HeOOXOAMMO, UTOOBI B pe3yjbTaTe peaKlUu
WM BBIMAAall OCaOK, WU BBIACTSUICS Ta3, UM 00pa30BhIBAIACh
Bona (Ooree AeTaIbHO PACCMOTPUM B CIIEIYIOIIEH ITaBe).

Paccmotpum moppoOHee, Kak MpPOTEKaeT peakUus MEXIy
KHCIIOTAMA Y OCHOBAHHMSIMU (PacTBOPUMBIMH M HEPacTBOPH-
MBIMH).

a) Bzaumoodeiicmesue Kuciom ¢ pacmeopumviMu 0CHOBAHUSIMU —
wenowamu (puc. 4.2):

NaOH + HClI = NaCl + H-O

PacTBOPUMO pacTBOPUMO  PacTBOPUMO

0 ) Bsaumooeiicmsue Kucionm ¢ HepacmeopuUMbIMU OCHOBAHUSIMU.

2HCI + Cu(OH), = CuClL + 2H,0

PacTBOPMMO  HEPacTBOPMMO  pPAacTBOPHUMO

Peaxuun obmena (a) u (0) uayT A0 KOHLA, MOTOMY 4YTO
OJIHUM U3 MTPOJIyKTOB PeaKI1U SIBIIIETCS BOJIA.

eBmuM()delZcmeue Kuciom ¢ 0cHOGnblmu okcuoamu. Peaxuus
MKy KMCIOTOM M OCHOBHBIM OKCHOM NPOTEKaeT ¢ oOpa3oBa-
HMEM COJIU U BOJbI:

CaO + 2HClI = CaCl, + H>O (peaxuus

HEPaCTBOPUMO PACTBOPUMO  PACTBOPUMO oOMeHa)

e Bzaumooeiicmeue kucnom c¢ memannamu. B pesynbrate
peakuuii Mexay KUcIoTaMWM W MeTajulaMu oOpasyeTcsl cojlb U
BBIIEJISIETCSl BOAOPOA. B peakuuio ¢ pacTBopaMy KUCIOT (Kpome
A30THOM) ¢ BBITECHEHUEM BOJAOPOAA BCTYMAIOT METAJUIbI, CTOSIILINE
B BBITECHUTEIBHOM PSILY /10 BOAOPOJA:



K, Na, Mg, Al, Zn, Fe, Ni, Sn, Pb,[H] Cu, Hg, Ag, Pt, Au
Britecusiror BOJOPOJ U3 KUCIIOT He BrITECHSIIOT
BOIOPOA U3 KUCIIOT

I pumep:
Zn + 2HCI =

HEpacTBOPUMO  PacTBOP

ZnCl, + HQT peaxyusi 3ameuyeHus
pacTtBop ras

GB3auM00eﬁcmeue Kuciom c¢ coaamu. B pesynprate peakuuu
MEX/Ty KHUCJIOTON M COJIbI0 00pas3yloTcs HOBasi KUCIOTa W HOBas
COJTb.

BeuecTBa /151 peakiiMK BbIOMpaeM Tak, YTOObI B pe3yJibTaTe
MOJIy4anochk:

a) HepacTBOpMMasi KMCJIOTa WK 0) HeycTOW4YMBas KUCIIOTa
WJIU B) HEpacTBOpUMas COJIb:

I pumep:
a) 2HCI + Na,SiO; = 2NaCl + H.SiOsl
pacTBOpUMO  PaCTBOPUMO  PACTBOPUMO HEPACTBOPUMO

Peakiyst oOMeHa OCyILIECTBUMA M MAET 0 KOHIIA, TaK Kak B pe-
3yJabTaTe 00pa3yeTcsi HEpacTBOPUMOE BELIECTBO — KpPEMHHUEBas
kuciaora HaSi0s (puc. 4.3).

Co,T
ras

6) 2HCI + Na,CO; = 2NaCl + H,CO;
pacTBOPUMO  PAacTBOPUMO  PACTBOPUMO  HEYCTOMU. H,O
KHCIIOTa B0211a

Peakiusi oOMeHa ocylecTBUMa M WJIET J0 KOHIIA 3a cyeT obpa-
30BaHUsl HEYCTOMUMBOM YIOJIBHOW KMCIIOTBHI, KOTOpas pacrna-
Jaercd Ha BOAY M YIVIEKMCIBIA ra3, BBIAEISIOLMICT U3
peakunoHHOM cMecH (puc. 4.4).
B) HClI + AgNO; = AgCll + HNO;
PacTBOPpUMO PaCcTBOPUMO HEPACTBOPUMO PACTBOPHUMO
0ocago0K

Peakuus oOMeHa ocyliecTBUMa M MJIET 10 KOHLA 3a cYeT o0pa3oBa-
HUSI HEPaCTBOPUMOTO BellecTBa xjopuaa cepedbpa AgCl. Dto ka-
YEeCTBEHHAsl peakLMsl Ha COJISIHYIO KUCIIOTY U €e COlu (puc. 4.5).

H2SiO3
cTyAeHb

HCI
pacTteop

HsSiO3
CTyAeHb

NapSiO3
pacTBop

Puc. 4.3. ObpasoBaHue
CTYAEHNCTOro ocazka
KPEMHMEBOI KNCOThI
npv peakumm ConsHow
KWCOTbI C CUMKATOM
HaTpust

pacTeop

NapCO3
pacTeop

Puc. 4.4. BolgeneHue
YrNeKMCNoro rasa npu
peakuum ConsiHOM

KMCNOTbI C KapboHaTOM
HaTpua

AgNO3
pacTeop

AgCly

HCI
pactsop

Puc. 4.5. Peakuma mex-
[y CONSHOM KMCNOTOM 1
HUTpaTOM cepebpa
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4.2.3. Nony4yeHue kucnot

B rnaBe 3 npu u3yueHUM XMMHUYECKUX CBOWCTB KUCIIOpOAA U
BOJIOPO/Ia MBI PACCMOTPENIM HEKOTOpPbIE CIOCOOBI TMOJTy4YEeHUS
KUCIIOT.

Tak, OecKUCIIOPOAHBIE KMUCIOTHI MOTYyYatoT MPU B3aMMOICHCT-
BUU HEMETAJIJIOB C BOJIOPOJIOM C MOCIIEAYIOIIUM PAaCTBOPEHUEM B
BOJIe MPOJIYKTOB peakluu. B ciyudae KUCIOpOoacOoaepkKalluX KUC-
JIOT MX MOJIy4aroT, TJIaBHBIM 00pa3oM, B3aUMOJICMCTBUEM KUCIIOT-
HBIX OKCHUJIOB C BOJOM.

Taxe KUCIOThI MOJYYalOT MPU B3aUMOJCHCTBUU UX COJIEH ¢
JPYTUMM KUCIOTaMU. PaccMOTpUM HECKOJIbKO KOHKPETHBIX MpPU-
MEPOB MOJYYEHUS KUCTIOT.

a I onyuenue decxucnopoonvix xKuciom

I sTan. BzaumopaeincTBre HEMETAILJIOB C BOJIOPOOM.
H, + Cl,=2HCI + Q
X10p08000PO0
Hz +S= st + Q
€eposoo0opoo
II sTan. PactBopeHue rajioreHoBO1I0OPO/IOB U CEPOBOAOPOIA B
BOJIE.

e Il onyuenue Kucaopoocooepiicauux Kuciom

Kucnopoacoaepxaliue KUCIOTbI OOBIYHO TMOJIYYAIOT MPU
B3aUMO/ICHCTBUU KUCIIOTHBIX OKCUJIOB C BOJIOH.

H>COs — yzoavnas xkucaoma. Takoro peakTuBa HeT HU B O/I-
HOM xumuueckoi nabopatopuu, noromy uro H,CO; oueHb Heyc-



TolunBa. MBI nbem PacTBOp yl"OJ'II;HOﬁ KHUCJIOTBI, KOorga OTKPbI-
BacM 6yTI)IJ'IKy C FaSI/IpOBaHHOﬁ BOHOﬁ, KOTOPYIO HACBbITUIN
YIJICKHCIIBIM I'a30M MOA AABJICHUEM.

3Ha‘{I/IT, MOXXHO MPUIOTOBUTH TOJIBKO pa36aBJ’[€HHbII71 pact-
BOp erHI)HOfI KHCJIOTHI IO p€aKInun

CO, + H:0 2 H,CO;

H,SO; — cepnucmasn kucnoma. Ona ToXe HEyCTOHUYMBA, HO ee
pacTBop TMoay4yalT B JabopaTopuu Mepes ynoTpebdieHueM,
nponyckas cepHUCThIHN ra3z SO, uepes3 Boay:

SO, + H,O 2 H,S03

H,SO, — cepnasa kucroma — ’x1e0” XMMUYECKON MPOMBIIIIIIEH-

HOCTH. B OCHOBe ee moJTyueHus JiexKaT peakiuu:
[V204] Puc. 4.6. OcywecT-
280, + O, Z 2S0Os BJIEHME B MPOMBbILL-

JIEHHOCTU peakunmn
SO; + H,O = H,SO
3 2 2 4 803 + Hzo = H2$O4
HNO3 — azomnasa kuciroma. OHa MPOU3BOAUTCA B IMPOMBIII-
JIECHHOCTHU B HECKOJIBKO CTa,[[I/Iﬁ, M3 KOTOPBIX B [ABYX IMOCIICAHUX
MPOUCXOIAT pCaKINN

2NO + Oz = 2N02
4N02 + Oz + ZHzo = 4HNO}

e Il onyuenue Kuciom no peaxyuu coneii ¢ Opy2umu Kuc-

Jgomamu.
BaCl, + H,SO, = BaSO.l + 2HCI
?V\HT 3& B npmnpoae cepHad M a30THaAaA KUCNOTbl — rNnaBHble KOMMOHEHTDI
13“ 4'9 KUCNOTHBIX JOXAEN, KOTOpble paspylatoT npupomy. It K1cnoTbl obpa-
< s 3YIOTCA NO cnegywwmm peakumnam. an CXUraHmnm tonsnea o6pa3yeTc9|

=¢ okcug, cepsbl (IV) SO,. Ho B KNCNOTHBIX AOXASX MPUCYTCTBYET HE CEPHMUC-
Tas KMcnoTa, kak MOXHO 6bifo 6bl oxuaaTh, a cepHas. CnenoBaTesibHO,

nponcxoauT peakums
[kaT.]

280, + 0, & 2S0;

YTo cnyxut katanms3aTopom 3TOM peakumn B aTMocdepe, AS YYeHbIX noka OCTaeTcs
3aragkoi. lNpegnonaraioT, Y4TO 3TO COEAVNHEHUS TSXKENbIX METANIOB B COCTaBe aTtMOC(EpPHOW
nbinu. A pnanslue o6pasyeTcs cepHas KucnoTa:

803 aly Hzo = HQSO4
A30THas kucnoTta B atMocdepe 06pasyeTca U3 a3oTa BO3ayxa, KUCNOPoAa 1 BOAbI.
Mpwn rpo3oBoM paspsae NPOUCXOOUT peakums Mexay a3oToM U KMCI0POA0M

aneKTp. pasp

N + O, ——— 2NO - Q
okecug, asota (Il)

Hanble NO nerko okucngercs 0o NO2 KUCNOPOLOM BO3ayXa:
2NO + 0O, = 2NO,

okemp, asoTa (1) okecmpg, asota (IV)
B npucyTcTBUM Kncnopoga Bo3ayxa M BoAbl NOET peakums O6paSOBaHVIF| QA30THOW KMCNOTbI:
4NO, + 0O, + 2H.0 = 4HNO;

al30THasg kucnota
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|. B3aumopencTeme KUCIOT C MeTannamm.

B Tpu npobupku Haneite no 1 Mn pactBopa CONSIHOW KUCNOThI. B
nepByl0 MPOBUPKY OMYCTUTE rpaHyay LiHKa, BO BTOPYIO — KyCO-
Yek xenesa, B TPEThbID — Kycodyek meaun. Yto Habnopaete? B ka-
KO nMpobupke ra3 BbloenseTcs Gonee MHTEHCMBHO? 3anuwinTte
HabNIOAEHNS 1 YPABHEHUS PeakLmii.

AHanNOTMYHbLIA  OMbIT NPOBEAUTE C PACTBOPOM CEPHOM KMCNOTI.
3anuwmnte HabNIOAEHUS U yPaBHEHWS peakuuii. YTo obLiero
MEXZy MepBbiM W BTOPbIM OMbiToM? Kak BepeT cebsa meab no
OTHOLLEHMIO K KucnoTam?

CoenaiiTe BbIBOAbI, PACMONOXMTE METaNbI B NOPSAKE YObIBaHUS
VX BbITECHUTESIEHON aKTUBHOCTY MO OTHOLLEHUIO K BOLOPOAY.

Il. B3aumopencTene KUCNOT C OCHOBHbIMU OKCHAAMM.

B nmpobupky MOMEcTUTe HEMHOro okcuaa MarHus U nobaebTe
pacTBOP CONSHOW KMcnoThl. YTo Habniopaete? Hanuwute ypas-
HEHVE peakLmm.

lll. B3aumopeitcTBue KUCNOT C OCHOBAHNSIMM.
BsanmopencTBe ¢ PacTBOPUMBbIMK OCHOBaHUAMW. B npobupky
HanenTe pPacTBOp ruopokcuaa Hatpus (~1Mn) M Heckonbko ka-
nenb GeHondTanenHa. B kakow uget okpacuncs pacteop? Lo-
©aBbTE PACTBOP CEPHOIA KMcnoTkl. YTo Habnogaete? Hanuwwte
yPaBHEHWE pPeakLmu.

lMonyyute HepacTBOpMMOE OCHOBaHMe — rugpokcug meom (lI),
no06aBMB PacTBOP rMAPOKCKAA HATPKS B MPOOMPKY C PacTBOPOM
xnopuga wnu cynbdarta meay (I1). Yto HabnogaeTe?

Mpuneiite pacTBOP CONSHOW KNCAOTbI B MPOOMPKY C NOAYYEHHBIM
BeLLecTBOM. 4710 HabnogaeTe? Hanuwute ypaBHEHUS NPOBEAEH-
HbIX pPeaKLi.

IV. BsaumopeicTeue KUCNOT C CONSAMU.

B npo6upky Haneite 1-2 mn pactBopa Hutpata cepebpa AgNO;
1 [o6aBbTe HECKOJbKO Kanenb PacTBOpa CONSHOW KMCIOThI. YTO
Habnopaete? Hanuwumte ypaBHeHWe peakLmy.

BbimoiiTe mocymy v NpoOMOITe BOLOW OCTABLUMECS KYCOYKM Me-
Tanno.. MpreeauTe B NOPSLOK paboyee MecTo.

4.3.1. 3HayeHue n knaccudpukauma oCHOBaHUM

OCHOBaHMS UTPAIOT BaXKHYIO POJIb B XKU3HU YenoBeka. I udpo-
kceuo Hampuss NaOH npumeHsieTcs B MPOU3BOACTBE Mbljla, CHH-
TETUYECKUX MOIOIIMX CPEACTB, UCKYCCTBEHHBIX BOJIOKOH. ["of0BOE
MPOU3BOJICTBO THAPOKCHUIA HATPHUS COCTaBIsET OKoJo 30 MIH.
ToHH. Bonbloe konnyecTBo ruapokcuaa HaTpus (10 MIIH. TOHH B

S _ S
HCI HCI HCI
pacteop pacteop pacteop
../ \&s/ \go/

ZnCl, FeCl, HCI

pacteop pacteop pacteop

Puc. 4.8. Bsanmopeiictene
METanNoB C KUCNoTamu

Haiign 6onblie
nH¢opmauun o
pPOJIn OCHOBaHWA.
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@ OcHosamust — 95mo

CI0JiCHbIE Beujecmad,
cocmosuue u3 amoma
Memanna u 00HOU unu

HeCKONbKUX 2UOPO-
Keunvhsrx epynn OH.

Hel
HpS04
HaPO4
HNOg

€ A
NaOH + HCI = NaCl + Ho0
[ N |

Puc. 4.9. Y10 nonyuut-
Csl NpU B3aMMOLENCT-
BUW yKa3aHHbIX

Ha PUCYHKe KMCNOoT

1 wenoyen?
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TOJl) pacxojyeTcs Ha TOJIy4YeHUE KaJbIUHUPOBAHHOW COMIBI —
OCHOBHOT'O KOMITOHEHTA JIJTsI IPON3BOJICTBA CTEKIIA.

ITo pacTBOpUMOCTH OCHOBAHUS IEISATCS HA  PACMEOPUMDbLE
(IeIoum) U Hepacmeopumbie.

Oo6mas ¢popmyina ocHoBanuit Me(OH),, rie Me — MeTtasi, n-
BaJICHTHOCTH MeTaiia, OH — rugpokcuibHast rpymmna.

Ha3zBanusi ocHoBaHHil 00pa3yroTcsl MOOAaBIEHUEM K CIOBY
2udpoKcud Ha3BaHUS MeTalljla B POJAMTENbHOM majexe. Hampu-
mep, NaOH — rugpokcun Hatpust, Fe(OH), — ruapokcuy xene-
3a (Il) u T.1.

Ilemoun — onacHble BemiecTBa. [Ipy HempaBUIIEHOM UCIIOJNb-
30BAaHUM OHM BBI3BIBAIOT XMMHUYECKHE OXKOTH, 3a)KMBAIOIIME C
OompmuM TpymoM. Hampumep, BceM M3BecTHas TallleHasl M3BECTh
Ca(OH), npu nomagaHuu o0XKUTaeT TJia3a v pazbeaaeT KOXKY.

4.3.2. Xumnyeckue CBOMiCcTBa OCHOBaHUM

M eiicmeue na unouxkamopul. Ham yxxe u3BeCTHO oOllee XUMU-
YECKOE CBOMCTBO PacTBOPUMMBIX OCHOBAaHMH (1uenoueit) — u3Me-
HSATb OKPAaCKy MHIAMKATOPOB.

B pactBopax mienoueld QeHoIpTATCUH CTAHOBUTCS MallU-
HOBBIM, JJAKMYC — CHHUM, & METUJIOPAHXK — JKEJThIM.

Obwue xumuueckue cgoiicmea ocrnosanuii. 110 cxeMe reHeTu-
YECKOI CBSI3M ONMPEAEINM, C YeM MOTYT pearupoBaTh OCHOBAHUSI:

Mertamr — OCHOBHBIN OKCHUJ, —> OCHOBaHHE —> COJIb

o () o ©

Hemerann — KMUCIOTHBIM OKCUJ —> KUCIOTa —> COJIb

3anoMHUM clieytoliee: Bce OCHOBaHUS (pacTBOpUMBIE U He-
pacTBOpuMBI€) B3aUMOJIEHCTBYIOT ¢ kuciotamu (1). OcTtanbHble
peakuuu: (2) ¢ KUCIOTHBIMU OoKcuaamu; (3) ¢ consimu; (4) ¢ Heme-
TajulaMU BO3MOXHBI TOJIbKO JUIs1 Lienoueidl. HepacTBoprmele oc-
HOBaHMS MOTYT paszjaratbCsd MpU HAarpeBaHUM, a UIeJIOYU
M1aBsITCs 6e3 pasaokKeHHUs.

PaccMoTpuM kaxjoe CBOWCTBO OCHOBAHUI Ha MpUMepax.

o Bszaumooeiicmeue ocnoeanuii ¢ kucaiomamu (peakuus HeHTpa-
JIM3allui) ¢ 00pa30BaHUEM COJIM U BOJBI. BO3MOXHO HECKOJIBKO
BapUaHTOB peaKIMW, B 3aBHUCHUMOCTH OT THUIA OCHOBaHMS WIIU
KUCIIOTHI (puc. 4.9).

a) Bzaumooeiicmaue wjeaoueti ¢ CUTbHbIMU KUCTOMAMU.

2KOH + H,SO, = K-S0, + 2H,0

0) Bzaumodeticmgue HepacmeopuMblX OCHOBAHULL ¢ CUNbHLIMU
KUCTOMAaMU:

2A1(0H):d + 3H,SO, = Al(SO.);

HEpacTB.

+ 6H,0



B oboux cIydasax p€aKuus oCymeCTBMMa U UAET JO KOHLA 3a CUHET

——
00pa3oBaHUs BOJBI.
\ CO,
eBmumodeﬁcmsue wienouell ¢ Kuciomuvimu okcuoamu ¢ oopaso- =
BaHMEM coJii U Boabl. Hanpumep, npu nponyckaHuu yrieKUucioro \
raza CO, uepe3 usBecTkoByto Boay (pactBop Ca(OH),) HaGmro- Hel
Jaetcst oOpa3oBaHue Oellol MyTH — 3TO KayeCTBEHHAs Peaklusi Ha e
yraekucibiid 1az CO; (puc. 4.10). JleBast 4acTb ypaBHEHHUs peaKIUu: > B
-
Ca(OH), + CO, —? et

Kak onpenenuts, yto nomyuuntcsi? Bcnomrnuaem, uto oguH u3  Puc. 4.10. B3aumo-

MPOAYKTOB PEAKLUM MEXIY MpPEeACTaBUTENIMU NPOTUBOMONIOXK- AEACTBUE N3BECTKOBON
BOAbl C OKCMAOM

yrnepoga (V)

HBIX TEHETHYECKUX PSAOOB — 3TO CONb. 3HAYHUT, B MPaBOH YACTH
JOIKHA OBITH CONb KaJblMsl. KUCITOTHBIN OCTATOK COMM ompere-
nsieM Tak: okenay CO, coorBerctByer kuciora H,COs;, 3HaUMT,
nonyuutcs kapoonat kajablus CaCOs. 3anuceiBaeM ypaBHEHUE:

Ca(OH)z + CO, = CaC03~L + H,0
(H,CO;)  Oenblit ocagok
Pealcum{ NACT A0 KOHLA 3a CUYET O6pa30BaHI/Iﬂ ocaaKa HEpacTBO-
PUMOTro B BoJie KapOOHaTa KaJIbLMsl.

AHaJOrnYHBIM 00pa3oM npoTekaeT peakuust mexay NaOH u
SO, (ra3):

2NaOH + SOz = Na2803 + H20
(H2SO5)

e Bsaumooeiicmeue wenoueii ¢ conamu ¢ 00pa3oBaHUEM HOBOTO
HEpacTBOPUMOI'O OCHOBaHHUS U HOBOM conu. MlcxoiHast cofb 1071-
KHa OBITH pacTBOpPHUMa B BOJIE, HO €l TOJDKHO COOTBETCTBOBATH
HepacTBopuMoe ocHoBaHue. Hampumep: CuSO,; — pactBopumas
conmb, Cu(OH), — HepacTBOpuMOe OCHOBaHHE. PacTBop Tuapok-
cujia KaJlbLiMs B3aUMO/JICHCTBYET C COJIBIO:

Ca(OH), + CuSO, = CaSO, + Cu(OH)»l

Cwmech usBectkoBoro mojoka Ca(OH), u pacrsopa cynbga-  Puc. 4.11. Onpbicku-

ta Meau CuSO, HazbIBaeTCs 60OPOOCCKOll AHCUOKOCTILIO U UCTION-  Darie BIHOTDaAHnkos

60pO0CCKO XNAKOC-

3yetcst Juisi 00pbObI ¢ OOJIE3HIMU BUHOTPAIHUKOB (puc. 4.11). Tbio (CMeChio Ca(OH)s
CuS04-5H:0).

e Pa3znoosicenue Hepacmeopumbsblx ocHoganuil. HpI/I Harp€BaHuu
NPOUCXOOAT PEAKLIUN PA3JIOKCHHW A, HAITPUMED:

Cu(OH), = CuO + H,0
2AI(OH); = ALO; + 3H,0

?v“-rr 3 4 B3aumopeiicTBue wenoveit ¢ HeMmeTannamu ¢ oopasoBaHuemM coneii u
‘7

‘04\ BoAbl. Takvx peakuuii mMano. Hanmpumep, mpy pacTBOPeHWM xyiopa B BOfe
E!' é MPOUCXOANT XUMUYECKas peakums ¢ 06pa3oBaHEM [IBYX KUCIIOT:
Ch + HO 2 HCI + HCIO
consgHasa Kucnota XNIOPHOBATUCTAsA KNCnoTa
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r)K+H,0—>?+7?

Fe ,

1

2. CpaBHUTe MONyYEHWE HEPACTBOPUMBLIX W PACTBOPUMBIX Cu :
OCHOBAHWUM, IIOb3YACh CXEMON: Al !

1

Pa6ora B rpymnme

1. Kax mpaKTuuecku oCymecTBUTb IIpO- Na |
11eCChl, BHIPaXeHHbIE CXeMaMu: K : I

a) Cu(0H); =7 +? I

6) Ca0 + H,0 —? Ca | LK )

B) Cuclz +NaOH - ?+? so'i:\a ;;(:‘;a:a

NaOH
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JNIABOPATOPHbIH OMNbIT Ne 7

Oobuue xumuueckue ceolicmea OCHOBaHUIl

Bcenomnume | 11 pasuna mexnuxu 6ezonacHocmu npu pabome @
Kabuneme xumuu* (cmp. 5 ).

TIpn60psLI U peaKTUBLI:

® LITAaTUB C TPOOUPKaMK; e pacreopst  NaOH, KOH, Ca(0H).,
® CIIUPTOBKA; HCL, CuCl, (CuS0y).

® nepxaTeb ANA IPO6UPOK; ® heHongraneuy;

® cTeknAHHAsA TPyOKa; ® CKIAHKa C BOZOiA.

|. B3aumopeincTeume Lenoyein ¢ KUCNOTHLIMA OKCUaamMu

B npobupky Haneiite M3BECTKOBYIO BOAY (CBEXEMPUrOTOBAEHHbIA
pacteop Ca(OH),) n npogayiite yepe3 Hee yrnekucablii ra3 CO,.
Y10 HabnopaeTe? Hanuiwmte ypaBHEHWE peakumw.

Il. BsaumopeincTeme 0CHOBaHWiIA ¢ KUCNOTaMM

B npobupky Haneite pacTBop ruapokcupa kanus (~1mn) u Hec-
KOnbkO Kanenb deHondTanemHa. B kakon LBeT okpacuncs pact-
Bop? [oGaBbTe pacTBOP COMSHOM KucnoTel. Y10 Habniopaete?
HanuwumTe ypaBHeHWE peakuym.

lll. PasnoxeHue HepacTBOPUMbIX OCHOBaHUI

1 atan. [obaBbTe pacTBOP rMapoKCuaa HaTtpus B MPOOMpKY C
pacTBopoM xnopupa wunu cynbdata meau (Il). Yro Habniopaete?

2 atan. Harpeiite npobupky ¢ Noy4eHHbIM BELLECTBOM Haf, nia-
MEHEM CMMPTOBKKM. YTO HabnoaaeTe? HanuwmTe ypaBHEHUS npo-
BEAEHHbIX PeaKLIni.

BbimMoiiTe nocyy M npuBeauTe B NOPAAOK paboyee MECTO.




4.4.1 Okcuabl B HaLLEr XU3HU.
Knaccudukaumsa okcnaos

Oxcupl — 3TO 0COOBIN KJIacC HEOPraHUUECKUX BEILIECTB.

ITo cBolicTBaM OKCH/IBI AENSATCS HA OCHOBHBIE M KMCIIOTHBIE.

Oxcupl, KOTOPbIM COOTBETCTBYIOT KHCJIOTBI, Ha3bIBAIOTCS
KUCTIOMHbIMU OKCUOAMIUL.

Oxcuipl, KOTOPbIM COOTBETCTBYIOT OCHOBaHMSI, Ha3bIBAIOTCS
OCHOBHBIMU OKCUOAMIL.

OKcuipl UTPAIOT BaXKHYIO POJIb B HAILEH )KU3HU.

OKkcud Kamvyusi — HeralleHas U3BeCThb, UCTIONb3YEeTCs IS T0-
JIy4eHMsl TallleHOW u3BecTH, mpu npoussojacTBe Na,COs;, NaOH,
CaClz.

OKcuod anomurusi UICTIONb3yeTcsl Kak abpa3uBHBINA MOPOIIOK, a
TaK)Ke MPUMEHSIETCS] B MPOW3BOJICTBE OTHEYMOPHBIX MaTepUAsIOB,
JIa3epoB M B KAUECTBE KaTajlu3aTopa B XUMHUYECKOH MPOMBIIII-
JIEHHOCTH.

Okcud yunka MPUMEHSIOT Kak OeJIblii MUTMEHT B Kpackax, a
TaK)ke B MEAUIMHE.

Oxcuod azsoma(1) NoO UCTIONB3YIOT KaK aHECTETHK. H
anuwn ypaBHe-

Oxkcuo yenepooda (IV) CO, urpaet BaXXHYIO poJib B Ipoliecce HWe peakuuu, ne-
(oTocuHTe3a, MPUMEHSETCS KaK XIaJAareHT — CyXOu Jief. Xaleii B ocHoBe
Oxkcuod gocopa (V) P,Os UCTIONB3YIOT KaK OCYIIMTEb Ta30B npouecca
¢orocunTesa.

U )KUIKOCTEH.

Oxcuo cepwt (IV) SO> npuMeHsieTcsl Kak 0TOeIUBAIOLIUHI U Jie-
3UHGUUMpPYIOLIMI areHT. Takxke OH SIBISIETCS ChIPbEM IS MOJTyYe-
Hus okcujia cepol (VI), U3 KOTOPOTo MOyyaroT CEPHYIO KUCIIOTY.

eYEC
,ibo 4:7 PaspaboTaiiTe 1 npeactaBbTe UCCNenoBaTenbeckyo paboTty no Teme «Okcuapl
B HaLLEN XU3HN».

AEATE/BHOETD

4.4.2. Xumuyeckme cBoMcTBa OKCUO0B

0 Bsaumooeiicmeue oxcuooe c 6000ii
a) OcHoseHble OKcuObl, OOpa30BaHHbIE METaJNIaMM TIJIaBHbBIX
noarpymnm I u II rpynmsl (kpome Oepuiivs), B3aUMOAEHCTBYIOT ¢ OCHOBHbIM OKcMaam

BOJION ¢ 00pa30BaHUEM PACTBOPMMBIX HIIM MAJIOPACTBOPUMBIX OC- COOTBETCTBYIOT
HOBaHMI, HATIPUMED: OCHOBaHMS
CaO + H,0 = Ca(OH), Na0 - NaOH
) . Ca0 - Ca(OH),
0) Kucrnommuvie oxcudvt (kpome SiO;) B3aMMOACHCTBYIOT C
- ) MgO - Mg(OH),
BOJIOH ¢ 0Opa30BaHNEM KHCIIOT, HATIPUMED:
CuO - Cu(OH),

SO, + H,O = H,SO;
P205 + 3H20 = 2H3PO4
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KnucnotHbiM
okcugam
COOTBETCTBYIOT
KUC/IOTbI
SO, H.SO;
SOs H.SO,

N2Os HNO;

P05 HsPO,
CO, H2COs3
SiO, H,SiO;

Puc. 4.

12. Kakne 13

YKa3aHHbIX BELeCTB
MOryT pearmpoBaTb
¢ okcupgom XO?
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Jpyrue BaxHeNIINEe CBOMCTBA OKCH/IOB ONMPEAEIUM MO CXEME
FeHETUYECKUX CBsI3eH. 3alOMHHM, YTO OKCHJ/bl HE PEarupyroT c
BElIECTBAMM, CTOALIMMHU Ha KOHLAX CXEMbI (KaK UCKJIIOYEHUE, He-
KOTOpBIE OCHOBHBIE OKCHUJbl PEarupyloT C HeMeTaalaMu — BOC-
CTAHOBUTEJISIMU).

Mertann OCHOBHBIH OKCH]L OCHOBaHME COJIb
(2]
(4]
©
Hemerann KHCJIOTHBI OKCHJ KHUCIIOTa COJIb

eBs'auMOOeﬁcmeue OCHOBHBIX OKCUO06 ¢ Kuciomamu ¢ oopa-
306anUeM CONU U 600bL:

CaO + 2HNO; = Ca(NOs), + H,0

Peaxuus ocyiiecTBMMa M JOXOAMT A0 KOHIA 3a cYeT oOpaso-
BaHUs BOMBI.

e B3zaumooeiicmeue kuciommvlx okcudosé co wenovamu —
PacmeopumvimMu  OCHOGAHUAMU ¢ 00pazoeanuem coau u 600vl.
Hanpuwmep:

2NaOH + CO, = N3.2CO3 + H,O
(H.COs)

eBmumodeﬁcmsue OCHOBHBIX OKCUOO08 U KUCTOMHBIX OKCUOO08
opye ¢ opyzom ¢ obpaszosanuem coaeii. Hampumep:

CaO + CO; = CaCOs; — Ha BO3/IyXE
(H.CO3)

CaO + Si0, = CaSiO; — MPH CITIaBIICHUN
(H:Si05)

3Ca0 + P,Os = Ca;(POy), — mipu crimaBieHnn
(H:PO.)

3arnoMHUM, YTO B TaKME PEAKLMN BCTYMAIOT TOJIBKO OKCHIbI
MeTayioB riaaBHbiX noarpynmn [ u I1 rpynnel (kpome Be u Mg).

@ Ocnoenvie OKCUObL 83AUMOO0CICMEYIOM ¢ HeMemaliamu-
60CCMAHOGUMENAMIUL, KOMOPbLE OMHUMAIOM Y OKCUO08 KUCTIOPOO:

o

Cu0O + H, = Cu + HO0

BOCCTAHOBUTEJIb

.
2FeO + C = 2Fe + CO,T

BOCCTAHOBUTCIIb
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NPOMBbILLNIEHHOCTN

Puc. 4.13. MonyyeHne
HeralleHol 13BecCTu B



?\'\HT 3& B noBcegHEBHOM XM3HN Mbl BCTPEYaeMCS C BellecTBammn (okcmaamm
losX\ ‘V,; 1 rmgpokcupamu), Kotopble OAHOBPEMEHHO MPOSBASIOT U KUCNOTHbIE, U
< S OCHOBHble CBOWCTBa. ATV BeLLECTBA HA3bIBAOTCS aMPOTEPHbIMU. AMDO-
s S=‘ TepHocTb - 3TO CMOCOGHOCTb BELECTB  B3aWMOAENCTBOBATH W C

KMUCNoTamu, U CO LWenoYyamm, nposiBasisa npu 9TOM Kak OCHOBHbIE, TakK ©
KUCNOTHbIe CBONCTBA. B nepeBoge C  rpeyeckoro: «aM@pOTEepHOCTb»
(amphoteros) — v TOT, 1 Opyrow.

K ambOoTepHbIM rMapoKCMaaM OTHOCATCS TMAPOKCUA, LUMHKA U TUAPOKCWUE antoMUHWUS,

KOTOPbIM COOTBETCTBYIOT OKCUA, LIMHKA U OKCUL, altOMUHKS.

4.5.

4.5.1. Ponb conen B XXU3HU YenoBekKka

AHaJ'II/I3I/Ipy$[ CBONCTBa KJIaCCOB HEOPraHMYCCKHUX BELIECTB,
Mbl BUJAUM, UYTO OOJIBIIMHCTBO KUCIOT U OCHOBAaHHWH — BCIICCTBA,
OMacCHbIC JIsd 3J0POBbs, OHU PA3BEAAIOT TKaHH, KOXY >KHBBIX

Kakon tun xumm-
4YeCKOU CBSI3n

opraHusmoB. Cie10BaTelbHO, KUCIOTbl U OCHOBAaHMs OOJblle peanusyercs B
MPUMEHSIIOT B MPOMBILIIEHHBbIX MpoLeccax. Colu — 3TO BELIeCTBa, consx mexay
oOnajaarolme CoCOOHOCTBIO Helmpani306ams HU3N0IOrHUECcKoe meTannom n
JIEVICTBUE KHUCIIOT U OCHOBaHU. BOT moyeMy conu npuMeHsoTcs KUCNIOTHbIM
ocratkom?

HE TOJBKO B XMMHYECKOW MPOMBIIIIEHHOCTH; OHU y4YacTBYIOT B
pa3nuuHbIX (UBHOIOTMYECKUX MPOLECCax, SIBISISICh KU3HEHHO
Ba)XKHBIMU BelllecTBaMu (puc. 4.14).

Il pumenenue coneii 6 meduyune. VI3BeCTHO, UTO HUTPAT aJTIO-
muHusl  Al(NOs;); nmoBbillIaeT B OpraHU3Me KUCIOTHOCTb U (ep-
MEHTATUBHYIO AaKTUBHOCTb JKEIYJOYHOIO COKa. MUKPOI03bI
ATIOMOCWIIMKATOB U [JIMH, COJEPXKAILUX ATIOMUHUIN, MPUMEHSIOT-
Csl MpU JiIeYeHUU OpOHXMTA, racTpuTa, MOIYT Ha3HauyaTbcsl U B
cilyyae LIeNylleHUsl HOT'TeH, BblaIeHus BOJIOC.

bpomuos: TpUMEHSAIOTCSI KaK MEAUUMHCKUE Mpenapartbl Mpu
0O0JIe3HSIX HEPBHOM CUCTEMBI.

Xumnyeckas

MepnumHa

NPOMBbILL-

JIEHHOCTb

cosu

JIMEEES) CT| %I:/:‘F:gﬁb?-loﬂ
NPOMBbILL- E OMbILL
JIEHHOCTb P

JIEHHOCTU

Puc.4.14. ObnacTv NpUMeHeHWs conen
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\)! HoeapeHHaﬂ COJlb

NaCl oobvieaemes uz
COMAHBIX WAXT U
03ep, KOmopbvie Haxo-
osImest Ha meppu-
mopuu Pymviruu,

I onvuuu, Y kpaunot.
Il ocne 00ObIuu conu 6
waxmax oopazyomest
O onbuLUe No03eMHblLe
nycmomol, 8 KOmo-
PBIX UMETOMCs Onimil-
ManpHble YCL08ust Ost
JleueHust pecnupamop-
HbIX 3a001e6aHUII.
Bo30yx, nacviuyenmoiii
convio, 06a0aem
VOUBUMETbHBIMU Jie-
4eOHBIMU CEOLICMBA-
MU, 80CCMAHABIUBAS
DICUSHEHHbIE CUTbL
Ye08e4ecK020
opeanuzma.

UEc

2
O, 4
N %
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Paspa6oTaiiTe 1 npencrasbTe paboTy Ha Temy

Conu kamvyuss B OPraHu3Me  HUrParoOT POJIb «CTPOUTEITHLHOTO
MaTepualay JUisl KOCTel U 3y00B, UMEIOT Ba)KHOE 3HAUCHUE B MPO-
ecce MeraboiauszMa, 00ecreyMBalOT HOPMallbHYHO CBepThIBae-
MOCTB KPOBH H T.JI.

I pumenenue coneil 8 nuwyegoii npomviuLieHHocmu. XIJIOPUL
Hatpus NaCl, Gostee U3BECTHBIN KaK nogapeHHas cob, HE3AMEHUM
B uTaHuM. ECii KoM4ecTBO HATPUsT (KOTOPBIH OOJIBIIEH YaCThIO
MoMaiaeT B OPraHU3M C MHUIIeH) MeHbIIle, Y4eM HeoOXoIuMast Hop-
Ma, TO 3TO MOXKET HETaTUBHO OTPA3UTHCS Ha COCTOSIHUU 3[I0POBBSI.
Ho u u30BITOK COMHM BpeleH JJII OpraHu3Ma, MPOBOIUPYSI POCT
apTepUaTbHOTO TaBIICHUSI.

W3BecTHO, YTO KIIETKUA  CIU3UCTONW OOOJIOYKH KHUIIIEYHUKA
JIETKO YCBaMBAIOT JIByXBaJIEHTHOE KeJe30 B (hopMe XJIopuia xele-
3a (IT) FeCl, wim cynbdara xenesa (II) FeSO4. B npoaykrax nu-
TaHUS KeJIe30 HAXOUTCSI B TPEXBAJICHTHOM COCTOSIHHH.

Comsimu kene3a OoraThl TaKue MPOMYKTHI, KAK MOPCKasl Ka-
nycra, Kypara (CylieHble aOpUKOCHI), TOBSKbSI TIeUeHb, (acoib,
MIETPYIIKA, OBCSHASI KPYTIa, IEPCUKH, (GUHHIKH U JIP.

Comnm Kanmusi cofepKaTcsl B IPOAYKTAaX PACTHTEIBHOTO MPO-
HCXOXICHUS, TAKUX KaK JBIHS, allelIbCHHBI, MAHIapUHBI, OaHAHBI,
KITIOKBa, MaJIiHa, pUC U JIp.

1 pumenenue coneil 6 XumudecKoli u CMpOUMeEnbHOU NPOMbILUUL-
aenHocmu. Elle apeBHUE PUMIISIHE HCIOJIB30BAlId B CTPOU-
TenbcTBe M3BecTh. Lllupoxko wusBecTHbl Tunc CaSO, - 2H,O u
anebactp CaSOy - 0,5H,0. DTU conu MpUMEHSIOTCS MPU U3TO-
TOBJICHUU THIICOBBIX CKYJIbNTYp. LleMeHT, HeoOXomuMmblii B
CTPOUTEIBCTBE, COCTOUT W3 CUJIMKATOB U ATFOMOCWIMKATOB
KatbIusi. JIeCTHUIBI, TTOJIOKOHHUKU MPOU3BOMST W3 MarHe3ua-
JBHOTO I[EMEHTa, B COCTaB KOTOPOTO BXOMST OKCHJII MarHWs W
XJIOPH]T MarHUSI.

Cynopam 6apus BaSO, npuMeHsieTcst [T TPOU3BOJICTBA J10-
porocrosiel Oymaru (IeHbI'd, JOKYMEHTHI).

Boublioe mpoOMBIILIIEHHOE 3HAUYE€HUE UMEET KapOoHam Ham-
pusa Na,COs, Ha3pIBaeMblii Takke co0oil. ExxeronHo B Mupe npo-
u3BoaAT 10 MIH. TOHH KapOoHaTa HaTpus. XHUMHUYecKas
dopmyna kanpiuHUpoBaHHOW combl  Na,CO;,  kpucTalu-
yeckoit coapl — Na,COs - 10H,O, a nuiueBoi (MUTheBoOit) coabl —
NaHCOs;. KagpiuaupoBanHasi cofa MIHPOKO UCTIOTB3YeTCs TS
MPOM3BOJICTBA CTEKJIa, MbLIIA, CyJIb(aTa HATPHS, OPraHUUECKUX
KpacuTeliei.

«bnonornyeckas ponb K

NPUMEHEHNE CONemn».
JEATENBHOET ™



4.5.2. Xumunyeckme cBomcTBa cosiei

OxapakTepusyeM XUMHUYECKUe CBOMCTBa cojieil. Omnupasich Ha
CXEeMbI TEHETUUECKO CBSI3U KJIACCOB HEOPTraHUYECKUX COSAUHEHUI,
OomnpeneauM, ¢ YeM MOTYT pearupoBaTh cojid. by/ieM MOMHUTb, YTO
COJIM C OKCHUJIaMU HE pearupyior (3a HEKOTOPBIMHU UCKITIOUEHUSIMH,
KOTOpbIE MBI OyJIeM U3ydaTh MMO3KE).

Merann OCHOBHBIN OKCUJT OCHOBaHHE COJIb

@ o
o o
&

Hemerann KMCIIOTHBIM OKCH KHcjiaora COJIb

Taxum 06pa3oM, oMU B3aUMOJCHCTBYIOT C: 1) MeTayuiaMu,
2) OCHOBaHUAMH, 3) KUCIIOTaMHu, 4) cosiMU, 5*) HeMeTaIaMu.
PaccmoTpuM kaxxaoe CBOMCTBO B OTAEIBHOCTH.

G B3zaumooeiicmeue coneii ¢ memannamu. Beuectsa BblOUpa-
€M Ha OCHOBE BBITECHUTEIBHOT'O pPsifa: KaXIbld MeTasl BbITEC-
HSET BCE IOCJIEAYIOLIME METa/lJIbl M3 PacTBOPOB MX COJIEH.
Hamnpuwmep, ¢ cynbpaToMm Menu MOTyT pearupoBaTh BCe METaJUIbI,
CTOSILIME B BBITECHUTEIIBHOM PSIY 10 MEAU:

Fe + CuSO, = FeSO, + Cu

eBsaumooeﬂcmeue coneii ¢ ocnoganuamu (CM. XUMUYECKHE
CBOICTBAa OCHOBaHUIA).

eBmumooeﬁcmsue coneii ¢ kucaomamu (CM. XUMHUUYECKHUE
CBOICTBA KUCIIOT).

QBzauMOOeticmeue coneii opyz ¢ Opyeom C oOpa3oBaHUEM
JIBYX HOBBIX coyeil. [Tpu momGope BelecTB clienyeT YIYUThIBAT:

a) UCXOJIHBIE COJIH JOJDKHBI ObITh PACTBOPUMBI;

0) oHa U3 coJiel B MPOAYKTaX peaKIMH JIOJDKHA ObITh HEPACT-
BOpUMa.

Hanpumep, BbiOMpaem nepByto coib Na,SOs Bropas cosb
JIOJDKHA CONIEP)KaTh MeTalll, o0pa3ylolui ¢ KUCIOTHBIM OCTaT-
koM SOs HepacTBOPUMYIO WM MajOPACTBOPUMYIO CONb. ITO
MOTYT OBITh PACTBOPHMMEIC COJU Oapusl WIM CBHHIIA, HAIpUMEp
BaCl,, Pb(INOs),. Bce conu HaTpusi pacTBOPUMBI, MO3TOMY KHUC-
JIOTHBI OCTATOK BTOPOH COJM HE WMEET 3HA4YCHHUs. 3aruilieM
yYPaBHEHHUSI PEaKI[IH:

Na,SO, + BaCl, = BaSO4l + 2NaCl

Puc. 4.14. Bzanmopen-

BaCI2

Na2$O4

CTBUE MexXay COonamMun
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Hanuww ypaB-
HeHUs1 peakuymi,
WAIOCTPUPYIO-
Lunx B3anMo-
Aevicteue conen
C OCHOBaHUSIMUN
W KUCnoTamu.

BaSO4¢






2. OmuunTe mpoueccsl, MpeACcTaBleHHbe Ha pUcyHKax a u 6. Hasosute conu. CocTaBbTe aHanorMyHyo
3a7iauy C APYTMMW METaNaMu U CONAMMU.

a CepHas kucnota 6
PacTsop wenouu ?
L == -— Cu Fe
L& y
9
Cynbdar meawm (I1) v
@ CuC
?
3. Pacripepenure
yKa3aHHbIe HUXe BELLECTBA
(bopMyns BelecTs B /
COOTBETCTBUN C
TIpeAoXeHHOM crpasa |'|POCTb|E CHO)KH blE
cxemoint: SO,, Na,0, HCl, CO,, / AN / e A \
H,, Al, KOH, NaCl, HNOs, Fe,  merannsl Hemetanmsl OKCWAbl  KUCMOTBI  OCHOBAHMS conm
0., Na, Fe(0H)s;, CuSO0,, {]
NaOH, H.COs;, NaNOs, P-0s, OCHOBHbIE kucnopoa- Kucnopopco-
P, Cu(OH),, H.S0,, S, Zn, kicnoTHLe  COMEpXaule RepXaLlix
H,S, FeO, K1, Ca0. pacteo-  MeneT
Oeckucno-  pumble *
poaHbie 6eckucno-
HepacTBOPUMbIe p,?ﬁc”n":;

4. OmperienuTe KaXzioe BellecTBO B TPeX
CKNAHKaX (a) ¢ TOMOIbI0 MHAUKATOPOB (6).

a
H,0 KOH HCI
° H
beHom  yerunopanx  nakmyc
¢ranemn

5. Kakve conu MOXHO MONLYYUTb U3 STUX LIECTU
BemecTB? CocTaBbTe ypaBHEHUA COOTBETCTBYIOUX
peaxumii mo o6pasuy.

1 L 1
CaCl, + Na,CO, = CaCO;l+ 2NaCl

g
516
foc)
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Metann

o

Hemerann

(S
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JIABOPATOPHbI OMNbIT Ne 8

Obuue xumuueckue ceoiicmea coieil

Bcenomnume |11 pasuna mexnuxu 6ezonacHocmu npu pabome 6
Kabuneme xumuu* (cmp. 5).

TIpu60pLT U peaKTUBLI:

® LITAaTUB C IPOOUPKAMU; ® CTeKAHHAs [IACTUHKA;
® CIIUPTOBKA; ® Ha6op PeaKTUBOB ( B COOTBETCTBUN
® fiepaTenb Ajs IpobUpoK; C TIPELJ10KEHHBIMU 3a7a4aML).

|. B3aumopericTBue cosieil ¢ metannamm

B npobupky Haneite ~Imn pactBopa cynbdata meau (II).
OnycTute B pacTBOp XenesHblil rBo3ab. Y10 Habnogaete yepes
HECKOMbKO MUHYT? HanuwuTte ypaBHEHVE peakLyu.

Il. BaumopencTeue coseil Co Liesoyamm

B npobupky HaneiiTe pactBop cynbdata Meau (Il) (~1mn) n go-
GaBbTe MO KanjsM pacTBOP ruapokcupa Hatpus. Y10 Habnio-
Jaete? HanuwmTe ypaBHEHME peakumu.

lll. B3anmogeiicTeue conein ¢ Kucnotamm

B npobupky Haneite pacTeop xnopuaa 6apusa (~1mn) n pobaebTe
Mo KannisiM PacTBOP CEpHOi kucnoTel. Y10 Habnopaete? Hanu-
LUMTE YPaBHEHWE PEAKLIMN.

IV. BsaumopeiicTBue conei apyr ¢ Apyrom

B npobupky Haneite pacTtBop cynbdara Hatpus (~1mn) n go-
GaBbTe MO KkanigM pacTBOp xnaopuaa Gapus. Yto Habnogaete?
Hanuwwute ypaBHEHVE peakLmm.

Cpenaiite BbIBOAbI.

BbimoiiTe nocyay ¥ npuBeauTe B NOPSAOK paboyee MecTo.

4.5.3. Nony4yeHue conen

CrniocoObl MOy4YeHUsl COe MOXHO BbIOpATh HA OCHOBE CXEM
reHeTUUYeCcKoi cBs3u. JIroboe B3aMMOJEHCTBHE MEXAY WIEHAMM
psila MeTalljia M psiia HeMeTalljla MPUBOJANT K 00pa30BaHUIO COJIU
KaK OJIHOTO U3 MPOJIYKTOB PEaKII1H.

BemecTBa cienyer nogoMpaTh Tak, YTOOBI TIOJTYUYSHHYIO COJIb
MOJHO OBIIIO OT/IEJIUTh OT APYTUX BEILECTB.

[Tpoananusupyem cxemy, MPOHYMEPYeM CIOCOOBI MOTyYeHHUs
coJlel, moadepeM KOHKpPETHBIC BElIeCcTBa W 3allvllIeM ypaBHEHHUS
peaxunii. O6cy1MM, KaK BBIACTUTH HEOOXOAUMYIO COJIb.

OCHOBHBIM OKCH[T OCHOBaHUEC COJIb
o © L9 2 10)
© (4]
2] (6]
KMCJIOTHBIM OKCH]T KHCJIOTa COJIb




ITomumo BapuaHTOB B3aumojeicTBuil 1-10, ykazaHHBIX B
cXeMme, ecThb ellle TpU crocoda MoyyuyeHus coyieil (ocHoBaHUE +
HEeMeTaJll, COJlb + KUCIIOTHBII OKCU, COJIb + HEMETAJL), KOTOPbIE
MBI OyJIeM U3y4aTb MO3KeE.

a Bzaumooeiicmeue npocmeix eeugecme memanioe u Heme-
mannog

Hanpuwmep, npu B3anMoneicTBUN JKeNe3HBIX OIMUIOK C Cepoit
obpa3syeTcst conb cyabdua xenesa (I1):

Fe+St=FeS

N30bITOK Kee3a MOKET ObITh yAajeH MPHU MOMOIIM MarHu-
Ta, a U30BITOK CEPbl — MPU 00PaOOTKE peaKLMOHHON CMECH BOAOM
(cepa BCIUIbIBAET HA TTOBEPXHOCTH BOJIBI).

e B3zaumooeiicmeue o0cnoenvlx O0Kcuo06 ¢ KUCIOMHBIMU
oKkcuoamu

Hanpumep, HeralieHasi U3BECTb MPU XPAHEHUU Ha BO3IYyXE
MpeBpallaeTcs B KapOOHAT KallbLIMs:

CaO + CO, = CaCO;s
e Bzaumooeiicmeue ocnosanuii ¢ kuciomamu
a) Ba(OH), + H,SO, = BaSO.l + 2H,0
OcaJiok cynbdaTa Gapusi MOKHO OTACITUTH (PUIBTPOBAHUEM.
6) 2KOH + H,SO, = K,SO, + 2H,0

IlpoucxoauT peakuusi HeWTpanu3alyu, KoTopas HIAET OO0
KOHIIa 3a cueT obpazoBaHus Boabl. Conb K»,SO4 MOXKET ObITH BbI-
JieJIeHa TPy BbIMapUBaHUM JOCYXa MOJyYEHHOT O pacTBoOpa.

@Bmtmot)eﬁcmsue coau ¢ convlo ¢ 00pa3oBaHUEM NIBYX HO-
BBIX COJIEH MPOUCXOUT TOJBKO B CiIydae, KOria OJUH U3 MPOIYK-
TOB peakIMu HepacTBOPUM B Bojie. Hampumep,

Na,SO, + BaCl, = BaSO4l + 2NaCl

Ocanok cynbdara Oapusi MOKHO BBIIECIUTh U3 PEeaKLIMOHHON
cMmecH puiabTpoBaHueM. Jlpyras coiab — XJIOPHUI HATPUSI OCTaHETCs
B pactBope. OHa MOKET OBbITh BbIAETIEHA U3 PacTBOpa BblTapUBAHU-
€M IPM YCIIOBUH, YTO HET U30bITKA HU OJHOW M3 UCXOIHBIX COJIEH.

ewanodeﬁcmeue memannoe c¢ kucaomamu. Coyu xenesa
(IT) monmyyaroT pacTBOPEHUEM JKejle3a B pa30aBIIEHHBIX KUCIIOTaX,
HaTnpuMmep:

Fe + H,SO, = FeSO, + H,T

Hns peaxumn OepyT M30BITOK xeje3a. [1o okoHYaHUU peak-
IIUU 3TOT U30BITOK OTHUILTPOBBIBAIOT. DUILTpAT (pacTBOp, MPO-
e Iuii yepe3 GUIBTP) BBIMAPUBAIOT JIOCYyXa U TaKUM 00pa3oMm
MOJTyYaroT KpUCTaThl cysbdaTta xemnesa (11).

@Bzaumodeﬁcmsue Mmemannoe ¢ coaamu. Hanpumep, cyib-
¢dat xenesza (II) MOXKHO MOMYUUTD, €CIIM BBIAEPKATH N30BITOK HKe-
Jie3a B pactBope cysibdarta meau (I1):

Fe + CuSO, = FeSO, + Cu
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ITo oxoHUaHUM peaKkIUy 3aMelleHUs Mellb U Xene30 (M30bI-
TOK) OT(PUIIBTPOBBIBAIOT, a CyJibdaT xeine3a (II) BbIaenstoT BhINa-
pUBaHUEM pacTBOpaA.

7. Bszaumooeiicmeue ocnoémvblx OKcuoo8 ¢ KuCI0mamu.
Hanpuwmep, ©
CuO + HzSO4 = CUSO4 + HzO

ITocne BbIMmapuBaHUsI MOTYUYEHHOT'O PAacTBOpa OCTAIOTCSl CH-
HUeE KpucTamuibl MegHoro kynopoca CuSOy - SH>0.

8. Bzaumooeiicmeue xuciomuvix okcuoos co wierouamu. Ilpu
MPONYCKaHUM YTJIEKMCIIOro Ta3a uyepe3 M3BECTKOBYIO BOAY MOXKHO
MOJIYYUTh KapOOHAT KaJIbLIUs:

Ca(OH), + CO, = CaCOs! + H,0
9. Bzaumooeiicmeue wenoueil ¢ conamu
Ba(OH), + Na,SO, = BaSO,! + 2NaOH
Benblii ocamok cynbdata 6apust OTACISIIOT GUIBTPOBAHUEM.
10. B3aumooeiicmeue Kuciom ¢ conamu
H,SO; + BaCl, = BaSO.4! + 2HCl

Cob, BBIMABIIYIO B 0OCAJIOK, OTACISIOT OT pacTBopa (puiib-

TPOBaHUEM.



NPAKTUYECKASl PABOTA Ne 1

B3zaumoceasw knaccos HeopzanuuecKux eeuwjecme

Bcenomnume ,, I pasuna mexuuxu 6ezonacHocmu npu pabome 6
Kabuneme xumuu* (cmp. 5).

TIpu60opst U peaKTUBLI:

® LITATUB C TPOOGUPKAMMK, ® CITUPTOBKA,
® cTeKJAHHAA TPYOKa, ® Habop pPeaKkTUBOB (B COOTBETCTBUN
® cTekNAHHaA MACTUHKA, C BHIOpAHHLIMW BapUaHTaMM).

[0 cvix nop Bbl BLIMOJHSAAM TaOOPATOPHBIE OMbITHI MO VHCTPYKLMY,
B KOTOPOIA ObINIO TOYHO YKa3aHO, Kakie BelecTBa 6path, CKObKO
B3Tb KaX/A0ro 13 HIX. B 370l paboTe Bbl HAYYMTECH peLlaTh 3KC-
nepuMeHTanbHble 3adadqn. B akcnepumeHTanbHOW 3apade naetcs
TOMbKO YCNOBKe. Bce octanbHOe BaM MPEACTOMT chenatb camo-
CTOSITENBHO.

Mpumep. OnbITHBIM NyTEM ONPefennTe, B KaKOM 13 TPEX MPOHY-
MEPOBAaHHbIX MPOBMPOK HAXOAATCS: @) KucnoTa; 6) LWenoyb; B) auc-
TUNNNPOBaHHas BOAA.

MonbiTaeMcs MPOBECTU «MbICTIEHHbI» 3KCMEPUMEHT. Bhibepem
BELLEeCTBO, KOTOPOE Pearvpyet U C KUCIOTOIA, U CO LLIEN0YbIO, HO
M0-pasHoMmy.

TakmM BeLLECTBOM SIBASETCS MHAMKATOP, Hanpumep, nakvyc. B
KMCNOTax flakMyc KpacHEET, B LLEeNoYax — CUHEET, a B BOAE MMeeT
$UONeToByi0 OKpacky. Takum 00pa3om, C MOMOLLbID Nakmyca
MOXHO OMPEeAennTb KUCOTY, LWEN0Yb 1 BOAY.

MpoBenem aKcnepuMeHT. [nsg aToro B Kaxayl npobupky ¢ pacT-
BOPOM [006aBMM 2-3 kanam pacTBopa JlakmMyca Uav BHECEM MO Ky-
COYKY NTaKMyCOBOV Bymaru.

3anuiuem B TeTpadb HabnioaeHUs N BbIBOAbI:

Mpobupka Nel — nakmyc mnokpacHen, 3HauyuT, B 3TOW Mpobupke
Kucnora.

Mpobupka Ne2 - nakMyC MOCUHEN, 3HA4YMT, B 3TOW Npodupke
LLenoub.

pobupka Ne3 - GUONETOBLIV LIBET MHAMKATOPA HE W3MEHWUNCS,
3HaumT, B 37OV NPOBMPKE AUCTUNNMPOBaHHAS BOAA.

3 npeanoxeHHbIX aKCNepUMEHTabHbIX 3a[a4 BbINOMHUTE Te, KO-
TOPbIE YKAXET Y4NTENb.

Cnepnyiite nnany:

CocTaBbTe MnnaH 9SKCMepuWMeHTa, B KOTOPOM YKaxwuTe, Kakue
BELecTBa 1 B KakoM MocnefoBaTeNbHOCTV OyayT pearnpoBaTth
JpYr C Opyrom. ing aToro coctaBbTe LENoYKy NpespaLLeHuii.

Hanuwmte ypaBHEHUS peakuyi.
MpoBeauTe OMbIT. 3anuiinTe B TeTPaab HABMOAEHMS.
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3KCI'IepVIMEHTaIIbeIe 3ajaiu

1.

Onpepnenute, B Kakoii 13 ABYX MPOBMPOK HAXOAMTCSt PacTBOP XOPUAA HATPUS, a B Kakoi —
OVCTVUANPOBaHHas BOAA.

. ONbITHBIM MyTEM ONPEefenuTe, B KaKO W3 BblOaHHbIX BaM TPEX MPOHYMEPOBaHHbIX MPO-

6VIpOK HaxomoaTCqa cepHas, CongHaa 1N a30THasd KUCIOThI.

. OnbITHBIM nytem nogreepauTe, Yto rnuapokcua KanibLng obnagaeT OCHOBHbIMW CBOIA-

CTBaMW.

. OnbITHBIM nyTem nogrsepanTe, 4To okCua MarHng OTHOCUTCA K OCHOBHbBIM OKChAAM.

5. OnbITHBIM NYTEM NOATBEPAMTE, YTO CEPHAs KuCNoTa 00NaaaeT KUCHOTHbIMA CBOMCTBAMU.
6. Onpenenute, B Kakoi 13 TPEX MPOHYMEPOBAHHbIX MPOBMPOK HAXOAATCS OKCWI, KambLus,

7.
8.
9.

okent meay (Il), okeua, uyHka.

Ncxops ns okenpa meau (1), nonyunte: a) Hutpat meau (11); 6) xnopug meam (Il).
Mcxons 13 xenesa, nonyuute rugpokens xenesa (I1).

Monyyute n otgenute rugpokeus meam (Il), ncxons n3 okenaa mepu (I1).

10. Vicxops 3 pacteopa cynbdarta meam (Il), nonyunte okeng meau (I1).
11. iMes B CBOEM pacnopsikeHUM pacTBOp kapboHaTa HaTpusa (Coabl), MONy4MTe yrnekuc-

NbIi ra3 1 AOKAXWTE, Y4TO OH ABASETCS KUCNOTHBIM OKCUIOM.

12. Vicxoms 3 METANIMYECKOTO LIMHKA, NONYYNTE MAAPOKCUA, LiHKA.

13. 3 pacTBOpOB kapboHaTa HaTpusl, rMapoKcMaa KanbLus, a30THOM KWCNOTbI MOSy4uTe

Tpemsa crnocobamu kapOoHaTt kanbLys. Kakoi 13 cnocoboB Hambonee pawyoHanbHbIn?

14. [laHbl pacTBOPbI CEPHON KMNCNOThI, HUTPaTa 6apus U rpaHynbl LMHKA. Monyynte HUTpaT

LIMHKa 1 BblaennuTe ero U3 cMecu.

15. ONbITHLIM NYTEM OCYLLECTBITE CReayloLLye NPeBpalleHus:

a) Ca(OH), — CaCO; — CaCl,
6) FeCl; » ? — Fe,03
B) CuCl; » ? - CuO

Cpenaiite BbiBOA, 0 paboTe. BuiMoiiTe nocydy v npuBeauTe B Nopsaok paboyee MecTo.

FeHeTUyeckasa CBA3b U B3aMMOCBS3b
75 OCHOBHbIX K/1aCCOB HEOpraHu4eckux
BellecTB

Kax ™Mbl 3Haem, Mexay HEOPraHUYECKHMH BeUIeCTBAMM,
MPOCTBIMU U CJIIOKHBIMU (OKCUIAMU, KUCIIOTAMU, OCHOBAHUSAMU,
COJIIMU), CYLIECTBYET TIeHeTUuecKkas CBs3b, KOTOpasi OOBSCHSET
BO3MOXXHOCTb B3aUMHBIX MpeBpallieHnid. Tak, mpocToe BeuecTBo —
MeTaJjll, HalpUMep KallbLKM{, TPU B3aUMOAEHCTBUN C KUCIIOPOJIOM
MpeBpallaeTcsi B OKCU/ KaJIbLUs U 3aTEM, MO/ JeHCTBUEM BOMbI, —
B TUAPOKCUJ KaiblMsl. ['MIPOKCUI KaJbLUs, B3aUMOACHUCTBYS C
KHUCJIOTOM, 1aeT COJIb. DT MpeBPAllEHUS] MOXKHO MPEICTABUTD Clie-
JIyIOLIMM 00pa3oMm:

Ca — CaO — Ca(OH), — Cas(PO,),
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Koneunslit mpoayKT, dpocdaT KambIisl, MOXET ObITh MOIYy4YeH
W JIPYTUM MyTeM, UCXOAS U3 HEMeTaJsla:

P— P205 — H3PO4 — Ca3(PO4)2

Takum oOpa3om, pa3HbIMU TYTSIMU OblJIa MOJTyueHa OfHA U Ta
ke colib. MOKHO OCYIIECTBUTH U 00OpaTHOE MpeBpallieHUe: NCXO IS
W3 COJIM, TIOJIYYUTDH BEIIECTBA, OTHOCSIIMECS K JIPYTUM Kjlaccam
HEOpPraHWYECKUX BELLECTB.

Takue oTHOIIEHUS] MEXJY OCHOBHBIMU KJIaCCAMH HEOPTaHU-
YECKUX BEIIECTB MPEICTABIIEHBI B CXeMaX F'eHeTU4eckou cBsizu. U3
3THUX CXEM MOXKHO BBIBECTH XUMUYECKHUE CBOMCTBA KJIACCOB.

B3anMocBsI3b KJTaCCOB HEOPTaHUUECKUX BEIIECTB MOYKHO Mpe/-
CTaBUTH CIEAYIOLIEH CXEMOM:

H20
MeTann HemeTan
COJlby
oKcuna Metasnsa oKCunAa HemeTannia
OCHOBaHue KNUcnoTta
COJ1bq







Bopa. PacTtBopbl.
ANeKTponuTuYecKas auccoumaums

5P M Bopoa BOKpYr Hac. 3HavyeHue Boabl

Bona HyxHa BceM — 4YeNOBEKY, JKMBOTHBIM, pacTeHusiM. B
opranusme uesnoseka 80% Boabl. [ToaTOMy yeloBEK MOXKET Mpo-
)KUTB 0e3 uiu 50-60 queid, a 6e3 Boabl ToJIbKO 5-10 mHeii. Exen-
HEBHO KaXKIBI M3 HAC AOJDKEH MOTPeOIsATh MPUMEPHO ABa JTUTpPa
BOIBI B pa3HbIX BUIax nuiud. Kpome 3Toro, Mbl TpaTUM MHOTO
BOJBI HA OBITOBBIC HYKIBL. DTO npsimoe nompebdetue 600vl. B 1u-
BIWJIM30BAaHHBIX CTpaHaXx MpsiMoe MOTpebieHre cCocTaBisieT Oolee
200 1 Ha yeloBeKa B /IeHb, a B cJ1a00Pa3BUTHIX CTpaHax — 2-5 1.

OpnHaKo ecTh elle KocgeHHoe nompeb.ietie, Ha TIEPBBIN B3I
He3aMEeTHOe, HO OYeHb 3HAuyuTelnbHOe. Tak, HAa MPOM3BOJACTBO
OIHOTO Kujorpamma caxapa tpedyercst mpumepHo 1000 11 Bojbl,
puca — 4000 1, roBsaauHel — 20000 1 (kopoBa NMbET BOJY, Ha BbI-
paiuBaHue KopMa TOXe TpeOyeTcss MHOTO BOJIbI — BOT OTKYy/1a Ta-
Kue OoJblIre UuppsI).

LuBunuzauust He MOXKET pa3BUBAThcsl 0e€3 yBeIUUEHUS
pacxona Boabl! XBaTUT JIM BOAKI yenoBeuecTBY? UTOOBI OTBETUTH
Ha 3TOT BOIPOC, HAJO 3HATh, KAKOBBI 3amachl BOABI Ha 3emIe.
O0wwumii 3amac Boabl Ha 3eMute cocrasiisieT 1454 MitH kM®.

/_GT\. NeHUKM U No-

~ —_— | napHble nenqa- noa3emMHble aTMOCq)epHaﬂ
Hble Wankn BOAbI 03epa Bnara pekun
O eTi% 224%  0,611%
B B < il 0,0029%
]‘y ’ 0,0001%
N —— y Y —

Puc. 5.1. PacnpocTpaHeHune Boabl Ha 3emne

Bonbmas yacts Boawt (97%) HaxoauTcst B okeaHax (puc. 5.1,
5.2). Ha BTOpOM MecTe — JieJl B TOpax U B MOJISIPHBIX 00JIACTSIX, HO
3Ta BOJIA HE MCMOJIb3YETCs M3-3a HepeHTabeabHOCTH. Jlajiee UayT
MOJI3eMHBIE BOJ/bI, aTMOC(EpPHbIE OCaJIKH, BoAa pek U o3ep. Bor
3Ty BOJLY JIFOJW MUCTIOJIB3YIOT JJIsl BCEX HYXKJ[ — OBITOBBIX U TEXHH-
YeCKUX, UTO cocTaBiisieT Bcero yuib 0,4% oT obuiero 3amaca Bo-
Jbl. OTMETUM, UTO aTMOC(hepHbIe Ocaaku (0¥ Ib, CHET) WUCIOJb-
3ytorcs Tonbko vacTuuHo (10%), octanpHas Biara ucnapsiercs,
TeYeT TMOj 3eMIIo, B pekru M Mopsi. ['J1aBHas mpoOiema s
KUTeleld 3eMyiM — HepaBHOMEpPHOE pacrpefielieHre Bojbl. B
MYCTBIHSIX €e MPAaKTHUECKU HET, a B AHTApKTHUJIE COCPEIO0TOoUeHa
MOYTH TOJIOBUHA BCEU MPECHOM BOIBI 3eMJTHU.

Mocne u3yyeHus 3Toi
rnasbl Tbl 6ynemb
Cnoco0eH:

* OMUCbIBaTb COCTaB, u-
3KYecKkme N Xummyeckue
CBOIACTBA, NPUMEHEHMNE
BOAbI M YCTaHABNNBATb
CBSI3U MEXAY HUMM;

* OLEHNBATb XNU3HEHHO
Ba)HYI0 POsib BOAbI N
pacTBOpOB;

* 00BACHATbL COCTaB NpU-
POAHOIA BOAbI U ee 3a-
rPA3HEHNI, Crocoodbl ee
OYUCTKU, CMArYEHNs U
NpUMEHEHNS;

* OLeHUBaTb PacTBOPU-
MOCTb BELLECTB, XapaKTe-
p130BaTb COCTAB BOAHbIX
PacTBOPOB C NOMOLLbIO
MaccoBOii JONN pacT-
BOPEHHOrO BELLECTBa,
NPOBOAUTL BbIYUCICHUS
Ha 6a3e 3TOro NOHATS;

* pasnuyatb 3NEeKTPONUTI
1 HE3NEKTPONUTLI, OLe-
HMBaTb KAYECTBEHHO X
cuny, CocTaBngTb ypas-
HEHUs ANEKTPONNTHYEC-
KOl AMCCOLMaLMN KUCNOT,
Lenoyei 1 conen,
3anuCbIBaTh MOHHbIE
YPaBHEHUS peakuvii;

* OCYWLECTBNATb 3KCNEpH-
MEHTaNbHO HEKOTOpble
peakuwu B pacTBopax
3NEKTPO/UTOB;

* OLieHMBaTh NPoGNEMbI
o0Gecneyenns BOAHBIMM
pecypcamu 1 KayecTBa
NUTbLEBON BOAbI B
Pecny6nuke Mongoga.
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Q

22 mapma —
Bcemupnuiii oens
3augumaol 006bl.

o0naka razoobpasHoe

TyMaH

XUaKoe

JEAHUKNA

TBEPAOE
e CHer

Puc. 5.3. ArperaTHble
COCTOSIHMS! BOAbI B
npupoae

Puc. 5.2. Pacnpe-
[eneHne Mnpo-
BbIX 3aMacoB
BOAbI

B Hameli pecnyOiuke BbICOKasl MJIOTHOCTh HaceneHus. OO-
M 3anac Boasl Beero 1,31 km’, mosTomy Boabl He XxBaTaeT. Mbl
JIOJDKHBI OUeHb OepexHo pacxomoBaTh ee! Boma — camoe 1ieHHOE,
YTO €CTh Ha Halllel TUTaHEeTE.

Hns pasHeIx 1enedl TpeOyeTcs Boja pasHOrO KauecTea.
Hanpumep, Mbl MbeM MUTLEBYIO BO/Y, TUCTUIUIMPOBAHHAS BOJA
WCTONIB3YETCSl  JUIsI  TIPUTOTOBJIEHUST XUMWYECKMX PacTBOPOB,
MEJIMKAMEHTOB, a JUISi HEKOTOPBIX MPOMBIIIJIEHHBIX TPOLIECCOB
HYy’KHa TeXHUYecKasi Boaa. [Ij1st TOro, 4ToObl MOHSATh, KAKYIO BOJY
MBI TIbEM, YTO TaKO€ ~“KauyecTBO  BOJIbI, HAJ0 Y3HATh O HEW Kak
MOHO OoJbiiie. CHavaia Mbl U3y4YUM (PU3NYECKHE U XUMUYECKHE
CBOMCTBA BOJIbI, CBOOO/IHON OT JIIOOBIX MpUMeEceH — ~XUMHYECKH
YUCTOU (MUCTUILTUPOBaHHOM) Boasl — H,O”.

S du3nyeckue CBOMCTBA BOAbI

Boma — 310 camoe HeoObIUHOE M3 OOBIYHBIX BEIECTB. Y Hee
MHOT'O CTPaHHOCTEH B (PM3NUECKUX CBOMCTBAX.

1. Aepecamnvte cocmosanus 600vl. Mbl 3HaeM, UTO BO/Ia MOXKET
CYIIECTBOBATh B TPEX arperaTHBIX COCTOSIHUSIX: dicudkom (Boma),
meepoom (Jieql, CHET) U 2a3000pazrom (BOJSTHOHU map).

Bona mpeBpamaercs B nen mpu Temmnepatype 0°C — 3To Tem-
nepatypa 3aMep3anust Bogsl. [Ipu TemmnepaType KUTIeHUs, paBHOU
100°C, ona mnpeBpamaercss B nap. B mpomexytke ot 0°C 0o
100°C 600a — xncuokocms. BOT 3TO mepBasi CTPaAaHHOCTb BOJIBI.
Benp Bce BoopomHbIe COeAMHEHMSI HEMETAIIIIOB MTPH TeMIIepaType
Boiie 20°C — rasel (cm. mabn. 5.1.) — v Te, 4TO Jierdye BOIbBI, U
JaXxKe Te, UTO TsDKEIee.

Tabsmua 5.1. BooopoaHble COeAUHEHNS HEMETasIoB

Mpynna IV pynna V Mpynna Vi Mpynna Vil
®dopmyna M: ®dopmyna M. ®dopmyna M: ®dopmyna M:;
CH,4 16 NHs 17 H.0 18 HF 20
SiH4 32 PH; 34 H.S 34 HCI 36,5
AsHs 78 H.Se 81 HBr 81
HaTe 130 HI 128

106



2. ITnomnocms 600w1. Bel 3HaeTe U3 (PU3UKU, YTO MIOTHOCTD

m
BEILIECTBA PACCUUTHIBAETCS MO (POpMYyIIe P= V- Camy1o BBICOKYIO

MJIOTHOCTH Bojia umeeT npu +4°C. 3anuiieM 3HaueHUsl MIIOTHOCTH
BOJIbI, BEIPA)KEHHBIC B Pa3HbIX ¢IMHULIAX:

P(HL0) == 1000 = 1 —— | == 1 —— [
Vv M oM™ \ I cM” | MII
DTO MOXXHO MPEICTAaBUTh MHAYE:
O6bem BoABl 1 M’ 1 v’ (1 71) 1em’ (1 mo)
Macca Boabl 1000 xr 1 xr Ir

ITpoananusupyeM 3T0 CBOMCTBO BOAbl. OOBIUHO MPU OXJIAXK-
JICHUHU BEIlleCTBa CKMUMAIOTCS. Boma cykmmaeTcst TOIBKO A0 TeMIIe-
patypel +4°C, a HWKe 3TOW TeMIepaTypsl pacimupsiercs. Jlem
jlerde BOJIbI, €ro mioTHOcTh 0,92 r/eM’. OBbsCHeHHE 3TOMY (aKTy
MBI HaliJieM, MpOaHaJIU3UPOBAB CTPYKTYPY Jbaa (puc. 5.6, 6): B
€ro KPUCTAJTUYECKON CTPYKTYPE eCTh MYCTOTHI, TOITOMY JIEH 3a-
HUMaeT OONBIINI 00beM, YeM JKUAKAS BOJIA.

[pu oxmaxkaeHUN O3ep U peK caMas TsDKellasi BoJa TeMriepa-
Typoii 4°C ornyckaeTcss Ha JIHO, a Y TIOBEPXHOCTU 00OpazyeTcs Jie
temnepartypoit 0°C. biiarogaps 3TuM cBOMCTBaM BOZbI U JIbja BO-
JTOEMBI HE TTPOMEP3ato0T 10 JTHA.

3. Tpemve sarcnoe ceolicmeo — uucmas 600a He nPoeoOUmM
INeKmMpuuecKuii mox.

|_Bopa
t'=+4°C

Puc. 5.4. ApeomeTp
nokasblBaeT MIOTHOCTb
Boabl 1 r/mn npu +4°C
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3. 3amonHuUTe MPOIMYCKU B TEKCTE:

g K Ar/mn 3
Mnowads Pecny6nuxu Mondosa ... km’. 3anacsl 800wl £ ! . 8 5
cocmasnaom ... kM. CpedHuil o6vem 800b, Komopbll g o 8
npuxooumcs Ha Kax0020 XUMes ... . g 301011_511 — = 10 §
< EHb
Mp1 usem 8 cene ... (20pode ...). 30ecb ecmb ... (uucmele, = . nonp. M8 § HugHug 4
3a2pA3HeHHble) UCMOYHUKU 800l (KO00ybl, POOHUKU, 03epa,) 2 HO: xX 4 ¢4 s
- o o H H
ona obecneveHus )xumenell 60001 e H 0 DL Wt + 0t 8
Ucmonb3yiite yuebuuk reorpadhun MonsoBbl, TOCOBETYITECH C @ npupoaHoi §
yunTeneM. 3alUIINTe TEKCT B TETPazb. o som Me—Me(OH),+H,T ©
2 EEN =
4. CocTaBbTe IJIaH OYUCTKU POAHUKA, KOJ0AL], 03epa TaM, Iae B Fepraas + Meo:“;Z(OH)" g
BB XWBeTe. Peanusyiire 3TOT mnan! AvCTAnAMRO- 90=H30, =
He 3a6yabTe! 22 MapTa — BceMUpHLI fieHb 3a1UTH BOAL. e Eona S
Puc. 5.5. ONopHbIN KOHCMEKT
eWiT 34,
Q ‘7,;, Bbl 3HaeTe, 4TO Mexady Monekynamu BCex BeLLeCTB OeNCTBy- s ot
g é 0T CUNbl B3aWMHOTO NPUTSKEHUS. A MeXZy MOneKynamu BOZbl, B H
KpOMe 3TOro, BO3HUKAET BOAOPOAHAs CBA3b. 3Has, 4To Gopmy-  “.=°
5+
na sogbl H.O, n306pa3um anekTpoHHOE CTPOEHNE ee MOMNEKYbI: H
ATOM KUCNOpOLa WMEEeT BbICOKYIO 3NEeKTPOOTPULLATENBHOCTb, MO3TOMY
CUNBHO CMellaeT K cebe 06LuMe aNeKTPOHHbIE Mapbl. B pesynbTate nonyyaet-
csl 13ObITOYHBIN OTpULATENBHBIN 3apsg, (5—) Ha aTome Kucnoposa U Monoxm- = &+ 5 ot
TenbHbIN (3+) — Ha atome Bogopopa. Korpa Ase Monekynbl okasbiBaltes . O —H ... O —H
psiooM, aToM BOLOPOAA OZLHOW MOJEKyNbl NPUTArMBaeTCs K aToMy KMCnopona |6+ |5+
opyroi Monekynel. O6pa3yeTcs BOAOPOAHAs CBS3b, KOTOPYD 0603HayatoT H™ ... H™...
Tpems To4kamm:
6
- O EE
BooopogHas cBs3b (puc. 5.6) cunb '(\) - 7 4 - Tem
Hee O0ObLIYHOMO MPUTSKEHUST  MONEKy, b = : - D ™=
noatomy ot 0° go 100°C Boma — wua- ’ (\ 00 =b ---
KOCTb. BopopoaHas CBA3b MPUMEPHO B 4 H H =

15-20 pa3 cnabee KOBANEHTHOW CBSA3N.
MoaTomy paspylnTb MOMeKyNbl  BOAbI
O4YeHb TPYAHO, @ OTOpBaTb WX OPYyr OT
[pyra 3HauuTenbHO nerye. 910 Habnto-
[aeTca nNpu UcnapeHnn Xuakow BOAbl U
nbaa (6enbe COXHET U Ha MOpo3e!).

S XuMmunyeckue cBOMCTBA BOAbI

“‘t:t‘:‘ H/O\H " ‘:&‘:&‘:
2522 A 5 2 2

Puc. 5.6. BogpopoaHas CB3b U CTPYKTypa BOAbI B
XNOKOM () 1 TBEPAOM COCTOSAHUM (6)

Bona BCTYINAcT B p33H006p33HI>I€ XUMHWYECKHUE pCaKlMu: pas-
JIOXXECHUA, COCAMHECHHA, 3aMCIICHMS, obmeHa. OHa B3aMMOJEUCT-
BYET C NIPOCTBIMU M CIIO)KHBIMHA BEIIECTBAMMU.

a Pasznoorcenue 600wt

[Ipu mpormyckaHUM 3TEKTPUYECKOTO TOKA WU TMOBBIIICHUN
temnepatypsl 10 2000°C Boja pasznaraercst Ha NPOCThIe BElIeCTBA
BOJIOPOJI X KUCTIOPOZ:
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e Bsaumooeiicmeue 600wt ¢ npocmuvimu éewjecmeamu

a) Bzaumooeiicmeue ¢ memannamu. OTpexeM KyCOUeK HaT-
pYst BETMUWHOM € TOJIOBKY CITUYKU M OMYCTHUM €ro B CTakaH ¢ BO-
JIOl — HauMHaeTcs peakuus. HaTpuili pacriaBisieTcss 3a cyer
Teryia peaxkiiny, a BhIACISIIOIIUIACS Ta3 3aCTaBIseT ero ~"o6erath’” Mo
MOBEPXHOCTH BOJBI. 3aKPOEM CTaKaH BOPOHKOM, Ha ee KOHEll Ha/le-
HeM MpoOUpKy (puc. 5.7). Uepe3 HEKOTOpOe BpeMsl CHUMEM Mpo-
OMPKY W K ee OTBEpCTHIO MojaHeceM cruuky. [lo xapakTepHOMY
XJIOTKY OIpeIeUM, YTO BbIJICTUBIINICS ra3 — Bogopo. B crakan
K TMOJIyYeHHOMY PacTBOPY KaIllHeM pacTBOp (eHosraienHa — oH
OKpacuTcsi B MajuHOBBIN 1BeT. CliefoBaTelibHO, OOpa3oBajiach
niesioub NaOH. 3anuiiieM ypaBHeHHE peaklnu:

2Na + 2HOH = 2NaOH + H,T + Q
L1
AHAIOTUYHO MPOTEKAET PeaKilvsl BOMAbI C KaiblueM (puc. 5.8):

Ca + 2HOH = Ca(OH), + H,T + Q

MeTtanibl, CTOSIIIKME 10 aJTIOMUHHUS B BBITECHUTEIILHOM PSLY,
BBITECHSIFOT BOJIOPO/I U3 BOJIbI MPU OOBIYHBIX YCTOBUSIX.

Hpyrue MeTanibl, CTOSIIME B BBITECHUTEIIBHOM Py IMOCIe
aJIOMUHUS U 10 BOAOPO/A, MOTYT pearupoBaTh ¢ BOJIOH MPHU BbI-
COKHX TeMIlepaTypax, HO MPU STOM MOJYUYAIOTCs] OKCHbI MeTal-
noB. Hanpumep:

t°=950°
3Fe + 4H,0 (map) == Fe;0, + 4H,T

DTO Jrcene30-naposoii cnocod MoaydyeHus BOJOpoaa.

0) Bzaumoociicmeue c¢ nememannamu. YXU3HEHHO BakxHOE
3HAYEHUE UMEET PeaKLvs B3AUMOAEUCTBUS X.10pd C BOJOW:

HCl
C,b, + HO & HCl + HCO
CoJIAHasA XJIOPHOBATUCTAA

KHUcCJI0Ta KHcjiiota [O]

ITpu xnOpUpOBaHUM BOAOMPOBOIHON BOABI 00pa3yercs aTo-
MapHbIi Kuciiopos, youBaromuid 6aktepuu. Takum obOpa3om obe3-
3apa)KUBaeTCcsl BOAA.

C yanepooom peaxuusi MOXKET UATH MO-Pa3HOMY B 3aBUCUMOC-
TU OT YCIIOBUH, HATTPUMED:

B
C+ 2H20 = COZT + 2H2T
ITo 3Toi peakuuu MNOTy4alOT MPUMEPHO TOJIOBHHY BCETO
NPOMBIIIJIEHHOTO BOAOPO/A.
e Bsaumooeiicmeue 600w co crodcuvimu eeuecmeamu

ITpu B3auUMONEHCTBUU BOJBI C OCHOBHbIMU OKCUOAMU OOpa-
3YIOTCSl OCHOBaHUs, a TIPU B3aUMOJACHCTBUU BOABI C KUCIOMHBIMU
oxcudamu 00pa3yroTcst KUCIOTHI.

Hp

pi A

NaOH-|_ & —1—Na

BOAA

deHondTanenH

Eeeee—

Puc. 5.7. B3anmopeir-
CTBUWE BOAbI C HATPMEM

H, Ca
H:0 Ca(0H),

Puc. 5.8. Bsaumopeii-
CTBME KanbLUusa C BOAON

Puc. 5.9. TaweHne
N3BECTU
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06bsicHU, no4emy B

peakuynn

H-0 + CO- 2 H-CO;

nocrassieH 3HaK
ob6parumocTy.

110

Bopna pearupyet ¢ OkCHAaM1 METaJJIOB TOJILKO TJIABHBIX MO/I-
rpynn I (Li — Fr) u II rpynnet (Ca — Ba) ¢ oOpa3zoBaHueM lie-
noueid. Peakiu UAyT C BbIJEJIEHUEM Terjla (3K30TEPMUYECKUE):

Na,O + H,O = 2NaOH + Q
CaO + H,O = Ca(OH), + Q
Bopma pearupyer ¢ KMCIOTHBIMU OKCHAAMHU C OOpa30BAHUEM
KUCJIIOT:
H,0 + SO; = H,SO4
3H20 + PzOs = 2H3PO4
H,O+ CO, &2 H,CO;



QV\HT 3 % B3aumopeiicTBue BOAbl CO CZI0XXHbIMU BeLlecTBaMu
-, c o6pa3oBaHueM KpucTannornapaToB

Er = PactBopum 6enbiii nopolwok cynbdata megn CuSO4 B Boge. lNMonyymm
ronybovi pacTBOp. M3meHeHMe UBeTa - 3TO MPU3HaK XUMUYECKOrO
aBneHus. OctaBuM 3TOT pacTtBOp B GapdOpOoBON yallke Ha HECKOJIbKO
[Hei. Bopa ncnaputces, a Ha AHe Yallky Mbl YBUAUM He Genble, a ronybble

kpuctannsl. Mx coctaB CuSO; - 5H20. 3HaunT, Natb Monekyn BoAbl NpucoeaMHunncs, k 6e3Boa-

HOMY cynbdaTy Meau B pactBope WM obpasoBanu rugpar. B TBepaoM Buae 3TO BELLECTBO

Ha3bIBAETCS KPUCTAIOrAPAaTOM, @ BOAA B €ro COCTaBe — KpUCTaIM3aUMOHHOM BOAON. YpaB-

HeHWe peakumn 0bpasoBaHUa KpucTannornapara:

CuSQ4 + 5H,0 = CuS0O, - 5H.0 + Q
MeAHbIV Kyrnopoc

[pyrvie BelllecTsa Takke MOTYT NPUCOedNHSTL BOAY, HanpuMep:

NaQSO4 + 10H20 = NaZSO4 o 10H20 +Q
rnaybepoBa coJib

Kpuctannormgpatsl HeycToiumBbl U Npu HarpeeaHun 0o 105°C TepsioT KpucTanam3auyoH-
HYI0 BOZY.

CuSO0, - 5H,0 = CuSO, + 5H:0 - Q

S Bopa Kak pactesoputenb. PacTBopbl

5.4.1. Cmecu n pacTteopbl

Pa3mMemaem mopoiok mena B Boje. Ilomyuum cmech mof
Ha3BaHUEM cycnensusi (TBEPAOE BEIIECTBO — KHUAKOE BEILECTBO)

(puc. 5.10).
Bzbontaem xxuakoe Maciao ¢ Bogoi — obpasyeTrcs OeoBaTas Boaa
MyTHasl JXUJAKOCTb. [TodydynuM cMech XUJKOCTh — YKMIAKOCTb, 3TO wen

omyavcust (puc. 5.11).
Yacruukn Mena 1 Maciaa pasmuuuMbl. IIpu crostinm obe eMe-  pyc. 5 10, Cycnenaus
CH JIETKO Pa3eliItoTCs: Me OMYyCTUTCSA Ha JHO, Macjo BCIUIBIBET — Mena B BOAE
Ha MOBEPXHOCTH BO/IbI.
PasMmernaem HemHoro caxapa B Boje. YacTMUKM caxapa He
BUJIHBI Jla)ke MOJi MUKPOCKOIOM. 3HAYMT, MOJIEKYJIbl caxapa paB-
HOMEPHO paclpeleIuINCh MEeXIy MOJIEKYyJIaMu BOJbl. B 3akpbi-
TOH mocylie 3Ta CMeCh MOXET CTOSITh JIOJATO W HE Pa3AeNsThCs.
PazaenuThb 3Ty cMech MOXHO, JIUIIbL BbIIAPUB BOAY. Takyr cMech aono
Ha3bIBAIOT pacmeopom caxapa B Boje. 3[1eCh caxap — pacmeopeH- sona
Hoe elyecmao, BOAA — PACIEopumev.
[Tpn pacTBOpeHMH TBEPABIX BELIECTB B BOJE PA3PYLIAETCS  Pyc. 5.11. SMynbcus
KpUCTaJNIMYecKasi CTPYKTypa BellecTBa. DTo (U3UUECKUI MpoLiecC.  Macna B Boae
ITpoucxoauT M1 XUMUYECKOe B3aMMOJCHCTBUE BO/ABI C PaCT-
BOPEHHBIMHU BelleCTBaMU ¢ oOpa3zoBaHueM ruapatos? Ilpu pact-
BOPEHUU, KaK M TMPU XMMHUYECKMX PEaKLMsIX, BBIACIACTCS WIK
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pactsop

Puc. 5.12. PactBop nep-
MaHraHata kanus B Boae

H2SO4
Ho0
~ 7z
~ 7
A
“ H0
S Nz i’ 2
7N
7’ ~
~
e ~
’ i H2S04 S N

Puc. 5.13. MNpasuna npu-
rOTOBNEHNS pacTBOpa
CEPHOWN KMCNOTbI B BOAE

Puc. 5.14. PactBopu-
MOCTb TBEPAbIX
BELLECTB B BOAE
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MOTJIOIIAETCSl TEIIO — 3TO MPHU3HAK XMMHUYECKOro siBieHus. Ha-
MPUMEP, €CJIIM B CTAKAH C BOJOW OCTOPOXKHO, TOHKOW CTPYMKOH
OyZeM BIWBaTh, TMEpPEMEIIMBAs, CEPHYIO KHUCIIOTY, TO PacTBOP
OUeHb CHJIBHO pasorpeercst. [IpoucxomuT obpa3oBaHUe TUApATa
H,SO, - H,O. Tenepsb naanm orpeaeeHne MOHSITUIO PacTBOP.

PaCTBOp — 3TO oAgHopoaHas CMeCb, B KOT0p0l7I YacTtuubl
PacTBOPEHHOro BewecTBa He BUAHbI AaXe nog MUKPOCKO-
nom. PaCTBop COCTOMUT U3 pacTBopuTens, pPacTBOPEHHOro
BewecTBa U NPOAYKTOB UX B3aMMOAEeACTBUS.

ITpuroroBienne pacTBOpoB — OOBIUBIN Mpoliecc: J100aBsIeM
MpU MepeMelIMBaHUN BEIIECTBO K paCTBOPUTEIIO MJIH, HA00OPOT,
JI00aBIIsIeM pacTBOPUTEIIb K BEIIECTBY (puc. 5.12).

Ho ecTp uckitoyeHue, Koraa Hy»kKHO cOOIOaTh MOCe0Ba-
TETbHOCTD: MPUTOTOBJIEHHE PACTBOPA CEPHOM KUCIIOTHI, MPU KOTO-
poM (KakK YMOMMHAJIOCh BBIIIE) MPOUCXOAUT CUIIBHOE pa3orpe-
BaHME pacTBOpA.

[ng NnpuroToBsieHNs PpacTBOPOB CEPHOI KMCNOTbI CYLLECTBY-
€T NPaBuJIo: NINTb KACJIOTY B Boay (HO He Hao6opoT!).

IIpu HapyllleHUM STOro MpaBwiia pacTBOp oOpasyeTcs Ha
MOBEPXHOCTU TSDKEITON BS3KOM KOHLEHTPUPOBAHHON KHCIOTHI.
[Ipu sTOM BBIAEISCTCS TaK MHOTO TEIUIa, YTO PACTBOP MOXKET
3aKMUIETh, a KOJI0A WIIM cTakaH TPEeCHYThb (puc. 5.13). DTO O4YeHb
onacHo!

Bcst Hata ku3Hb cBsi3aHa ¢ pacTBOpaMu. BaxkHeHumii n3 HUX
— npuponaHass Boma. B Heil pactBopeHbl conu: CaCl,, MgCls,
CaSO,4, MgS0O4, Ca(HCOs),, Mg(HCOs),, FeSOy; raser: yriekuc-
neiil raz CO,, kucnopon Os; yronbHas kuciora H,COs; u MHorHe
JIpyTHe BellecTBa.

KneTtku yenoBeka, )UBOTHBIX, PACTEHUI HAIMOIHEHBI BOIHBI-
MU pacTBOpaMu OPraHMYCCKUX U MUHEPAJbHBIX BEUICCTB.

5.4.2. PacTBOpPUMOCTb

Hanbewm B 1Ba crakaHa BOABI /10 MOJOBUHBI MX oO0bema (100 r).
B o/1MH cTakaH BChIIIEM JIBE CTOJIOBBIE JIOKKH caxapa, B Ipyroi —
noBapeHHoi conu. IlepemelniaeM W yBUIMM, UTO MPU OOBIYHOI
temrniepatype (20°C) caxap pacTBOpWIICS TIOJIHOCTBIO, a COJIb
JIMIIb YACTUYHO. DTO 03HAYAET, YTO caXxap M COJIb UMEIOT Pa3HYIO
pacmeopumocms P TAHHOM Temnepatype (puc. 5.14).

ITo pacTtBOpHMMOCTH B BOJE BELIECTBA JACNSATCS CIEAYIOLIMM
obpazom:

pacmeopumvie (p) — pactBopsiercs dosbiie 1 T B 100 r BofwI;

manopacmsopumvie (M) — ot 0,001 r 1o 1 r B 100 T BofHI;

npaxmudecku Hepacmesopumvle (H) — menblie 0,001 r 8 100 r Bo-
nbl. [Tocmotpute B [Ipunoxenusix Tabiauiy pactBopumoctu. B Heit
PpacTBOPUMOCTD BELIECTB B BoJIe ykazaHa OykBamu "P”, "M”, "H”.



PacTBOpMMOCTb MHOIMX TBEPAbIX BELLECTB YBEJMYUBAETCS
npu HarpeBaHuu.

IIpu HarpeBaHUM PACTBOPUMOCTH OOJBIIMHCTBA CONEN yBe-
JINYMBAETCS CHJIbHO, a TIOBAPEHHOM COJNM — He3HA4YMTeIbHO. BoT
[MOYEeMy XO3SIMKM He HarpeBalOT BOIY, KOIJa TOTOBSIT PacCOJIbI-
pacTBOPBI MOBAPEHHOM CONM (HAMpUMeEp, Ui XpaHEHHsI OBEUYbeii
OpPBIH3bI MIIM 3aCOJIKH OBOILICH).

PaCTBOPVIMOCTb ra3oB ymMeHbLlaeTcd npu HarpeBaHUn w"
yBeJiniynBaeTcs npu noBbilLLeHUU AaBJieHUS.

l'a3supoBaHHYIO BOJAY M Ta3UpOBaHHbIE HATMUTKU TOTOBST,
HacChIlasi OOBIYHYIO BOJAY MM HAMMUTOK YIJIEKUCIBIM Ta30M MO
GonbiiuM aaBieHrneM. Korjga Mbl OTKpbIBaeM OYTBIIKY, 1aBICHHE
YMEHBIIAETCS U YacTh ra3a ¢ IIUICHUEM BBIXOJMT M3 pacTBOpa
(puc. 5.15).

Ecnu B 03epo WM npy/ MonaaarT ropsiuue CTOKH, TeMIepa-
Typa BOIbI MOBbIIIAETCs. IIpu 3TOM pacTBOPMMOCTh KHCIOPOIA
YMEHBIIAETCS U YMEHBIIAETCSl ero KOJWYeCTBO B Boje. Priba u
JIpYTHUe KUBbIe OPraHU3Mbl B TAKOM BOJOEME MOT'YT MOTUOHY Th.

-

Puc. 5.15. MNpun

YMEHbLUEHWUWN OaBNEeHNS
pPacTBOPEHHbLIN ra3 Bbl-
LenseTcs u3 XuakocTtu



CocTtaB pacteopoB. MaccoBas

2.5. A0NS PaCTBOPEHHOr0 BellecTBa

PacTBOp cocTouT M3 pacTBOpUTENs (BOABI) U PACTBOPEHHOTO
BellecTBa. Macca pacTBOpa CKIIa/IbIBA€TCS U3 MacChl PACTBOPEH-
HOT'0 BEILI[ECTBA U MAaCChl BOJIBI:

m (p-pa) = m (p-peH. B-Ba) + m (H,0)

nemoe HacTb HacTb

CocTaB pacTBOPOB XapaKTEpU3YIOT MacCOBOM J10JIel pacTBo-
pPEHHOTO BelllecTBa B pacTBope. MaccoBast 10711 — 3TO OTHOILICHHUE
Macchl yacTu kK Macce 1enoro. Ee o603Hauaror rpeueckoi OykBoii
o ("omera”).

MaccogBas oonsi paCTBOPEHHOro BelecTBa B pacTBOpe pas-
Ha OTHOLUEHUIO MaCChl PacTBOPEHHOro BellecTBa K Macce
pacTBopa.

m (p-peH. B-Ba)
m (p-pa)

 (p-peH. B-Ba) =

B nmponenrax:
m (p-peH. B-Ba)
o (p-peH. B-Ba) = - 100%
m (p-pa)

Pasnunuaror pazbaBieHHble U KOHLIEGHTPUPOBAHHBIE PACTBO-
pel. PasbaBieHHbIe comepKaT Majlo pacCTBOPEHHOTO BELIECTBA, a
KOHLICHTPUPOBAHHBIE — MHOTO.

[IpoBeneM HEKOTOPBIE pacyeThl, BaJKHBIC KaK JJI1 XUMHH, TaK
U 0151 OOBIYHON KU3HU.

@ Pacuem maccwr pacmeopa

m Bbluncnute maccy pactBopa, ecnv B Boge maccor 100 r pacteopunu

NMOBapPEHHYID CONb Maccom 36 T.

[aHo:
m (H,0)=100r
m (NaCl)=36T

PeweHne:

Macca pacTBopa paBHa CyMMe€ Macc pacTBOPEHHOI'O Be-
[IeCTBA U BOJBI.

m (p-pa. NaCl) —?
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m (p-pa) = m (p.B-Ba) + m (H,O)
m (p-pa NaCl)=36r+100r=136T



@ Pacuem maccooit dou pacmeopennozo eewecmea é pacmeope

m B Boge maccon 100 r pacTtBOpuAM MOBapeHHYD CONMb Maccon 36 T.

Boeiuncnute maccosyto gonto NaCl B pacteope.

[aHo: PelieHne:

NaCl)=36T
m ( ) 3anuiem Gpopmysy s MAaCCOBOM TOJH:

m (H,0) = 100
NaCl NacCl
o (NaCl) -? o (NaCl) = M, i o (NaCl) =M - 100%
m (p-pa) m (p-pa)

3I[€Cb MbI HC 3Ha€M MacCy pacTBopa.

BbluKcIuM Maccy pacTBopa:
m(p-pa)=36r+100r=136T

BLIYKMCIIMM MACCOBYIO JI0MTIO B PACTBOPE:

m(NaCl)  36r

o (NaCl) = =
m (p-pa.) 1361

=0,265
EN Buipasum ee B MPOLEHTAX:
o (NaCl) = 0,265 - 100% = 26,5%.

MosHO clienaTh pacyet rno Gopmysie:
m (NaCl)

o (NaCl)= ——— - 100%
m (p-pa)
36T - 100%
o (NaCl)= ——— =26,5%
136

@ Pacuem maccer pacmeopennozo eewecmea no ezo
Maccoeoii 00.1e u macce pacmeopa

m Bbluncnnte mMaccy noBapeHHON COnv, HeOOXOAMMOW Ons NMpPUroToBe-

Hus pactBopa Maccor 1000 r ¢ mMaccoBOi Oonei xnopuaa HaTpus B
Hem 3%. Takoin pacTBOP NMPUMEHSIOT A1 KOHCEPBMPOBAHUS TOMATOB.

JaHo: PelieHne:
m (p-pa.) = 1000 r
o (NaCl) = 3%

m (NaCl) — ? o (NaCl) =

3anuiueM Gopmyy:
m (NaCl)
m (p-pa)

,umi o (NaCl) =%(%gl- 100%.
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Pa6ora B rpymnme

ITo Ta6nmue COCTaBbTE N PELINTE 3a[aUN:

Homep Macca Macca pactBop. Macca Boabl B pacTBo- Maccosas gons
3afayn pactsopa (r) BelyecTsa (r) pe (r) n ee obbem (Mmn) pacT. Bell-Ba B
pactsope (%)

1 200 40 m (Hz0), V (H:0) o

2 500 100 m (H20), V (H.0) ®

3 25 4 m (H20), V (H.0) ®

4 m (p-pa.) 40 160 [0}

5 m (p-pa.) 30 270 [0}

6 m (p-pa.) 15 485 ®

7 400 m (p. B-Ba) m (H20), V (H20) 20

8 500 m (p. B-Ba) m (H20), V (H.0) 15

9 200 m (p. B-Ba) m (H20), V (Hx0) 5

10 m (p-pa.) 500 m (H20), V (H20) 10

11 m (p-pa.) 300 m (H20), V (H20) 20

12 m (p-pa.) 400 m (H20), V (H20) 25

13 m (p-pa.) m (p. B-Ba) 450 10

14 m (p-pa.) m (p. B-Ba) 400 20

15 m (p-pa.) m (p. B-Ba) 1200 25
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MPAKTUHECKAY PABOTA Ne 2
I puzomoenenue pacmeopa conu ¢ onpedenennoil Maccogoil 0o.iei ee
6 pacmeope
Benomnume | I1 pasuna mexuuxu 6ezonacrocmu npu pabome 6
Kabuneme xumuu* (cmp. 5).
IIpn6opst U peaKTUBLL:
® MepPHBIV WAMHAD Ha 25 M7, ® CTeKnAHHasA TPyOKa,

® MeTaNUYeCcKUN LITATUB C KONbLLOM, © GyMara, HOXHULHL,
® XVUMUYECKUN CTaKaH Ha 150-200 mn, ® moBapeHHasA COJlb,

® BeChl, pa3HOBECH], ® Konba c BOLON,
® CTEKNAHHAA [TAJI0YKa C PE3NHOBLIM  © [1ACTUHKA.
HaKOHEYHUKOM,

3aganue: Mpurotoutb 80 I pacTBOpa NOBapPEHHON
COMM C MaCcCOBOI oone xnopuaa Hatpua B Hem 2% (0,02).

™ ~ Bbinonnexmne pabotei:
% Bbluucnnte Maccy conu, Maccy M 06bem Bofpbl.
MoarotoBbTe OymMaxHyld “noAoyKy” NS B3BELUMBAHMS cOnu. [ns
Puc. 5.16. Bagelunsanme 3TOr0 BO3bMWUTE MPSIMOYrOMbHLIA NUCTOK Gymary no pasmepam,

GNN3KNM K Yallike BECOB. 3arHuTe no kpasm npumMepHo no 1 cm, a
YrONKW COXMUTE MO AMAaroHaamM noyyalolyxcs KBaapaTukoB.

lMonoxmte Gymary Ha BECbl 1 YPaBHOBECbTE BECHI Kyco4Ykamu OGyma-
rn. MoxHo caenatb [1Be OAMHAKOBLIE JIOJOYKM 1 MOMOXWUTb UX Ha
06e yallku BecoB. Toraa nerye GyaeT ypaBHOBECUTb BECHI.

Ha npaBylo Yallky BECOB MONOXMTE PA3HOBECHI, @ HA NEBYIO HAChI-
MaHHYt0 B ByMaxHY0 N0404Ky conb. OTBECHTE PaCcCUMTaHHYI0 Maccy
conu. 9TO Ha3bIBAETCS B3ATb HABECKY COMM (puc. 5.16).

BhIChbiNbTE COMb B CTaKaH.

C NoOMOLLbI0 MEPHOTO LMHAPA HA 25 MA OTMEPbTE PACCYMTaHHBIN
06bem Boapl. MomymaiiTe, CKONbKO pa3 Bam MPUAETCS OTMepuBaTh
no 25 MmN 1 MeHblUe (He mocTatoLwwii 0b6bem [0 Tpebyemoro). Ypo-
BEHb XMOKOCTW B LUIMHAPE LOMKEH HAXOAMTLCS HA YPOBHE rnas.
Vi3amepeHne NpoBOANTCA MO HUXHEMY MeHWCKY. [ng 3Toro ykpenu-
T€ B LUTATVBE METANINYECKOE KOMbLIO, NONOXMTE Ha HEero naacTuH-
Ky, MOCTaBbTE HAa Hee LMAMHAD W MPOBOAUTE W3MEPEHMs, Kak
ykas3aHo Ha puc. 5.17. [JoBOOMTb YPOBEHb BOLbl TOYHO O HYXHOrO
[EeNeHNs MOXHO C MOMOLLBID MUNETKA WK CTEKNSHHON TPyoKu.
Breinte Boay B CTakaH C COJiblO.

[lepemeluante cooepXxuMMoe cTakaHa C MOMOLLBID CTEKNIIHHOW na-
NOYKM C PE3MHOBBLIM HAKOHEYHUKOM [0 MOJIHOTO PACTBOPEHMS COMN.

Od)OpMVITe B TETpagn 3STUKETKY Aangd noay4eHHOro pacrteopa no

obpasLy: B i
= > NaCl
=S Xnopup, Hatpus (pacTeop)
o (NaCl) = 2% 4 cm
Puc. 5.17. 'amepeHne
obbema XuaKocTu no yd. Vil k. nangEE)SHéO l
HUXXHEMY MEHUCKY .03.2019
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Cpaiite pacTBOp NabopaHTy WAW YYUTEN0 AN NPOBEPKU TOYHOCTM
€ro NpuroToBneHus (06bem Takoro pacteopa 78,5-78,6 mn).

3anuwwmte xon paboThbl, CAENanTe PUCYHKK, CHOPMYIMPYITE BbIBO-
Abl no pabore.

BeiMoiiTe nocyay, npyBeauTe B NOPsLoK paboyee MecTo.

ANeKTpPonpPoBOAHOCTb PaCTBOPOB
SHSH 1 pacnnaBoB. AneKkTponuTuyeckas
auccoumaums

5.6.1. dnekTponnUTbl U HEINEKTPONUTDI
BewectBa moryt

ITposenem ombIT. IlooyepeaHO OMYCTHUM 3JIEKTPOIBI, COEoU- 6bITb Ha3BaHbl 3J1e-
HEHHBIE C JIAMIIOYKOW M MCTOYHUKOM ToKa (puc. 5.18), B Belec- KTPO/IUTaMy TOJIbKO
TBa, yKa3aHHbIe B TMEpPBOM KOJIOHKe mabauyvt 5.2. Bo BTOpOI 1o nx nosefeHunio B
KOJIOHKE OTMETUM, KaK TOPUT JIaMIO4YKa, a B TPEThEil 3amuiiem g:g;i‘;’;;’; nm B
BBIBO/J] 00 SJICKTPHUYCECKOU IMPOBOAMMOCTH B KAXXKIAOM Cliydac. noquy?

Tabnuua 5.2. AnekTpuyeckas NPOBOANMOCTb HEKOTOPbIX BELLECTB

Ne n/n | Bewjectso 'opeHne namribl| AnekTp. XapakTtepucTtuka
MPOBOAMMOCTb | BELLIECTBA

1 Caxap (kpucT.) He roput HeT

2 NaCl (kpucT.) He roput HeT

3 NaOH (kpwucT.) He roput HeT

4 NaOH (pacnnaB) roput eCTb ANEKTPONT

B H.O (aucTtunnmp.) He roput HeT 04eHb cnabblil aNeKTponuT

6 Caxap (pactBop) He roput HeT HEeaNeKTponuT

7 NaCl (pactsop) ropuT 9pKo BbICOKas 9NEKTPONUT CUJbHBIN

8 NaOH (pacTtsop) ropuT 9pKo BbICOKas 9NEKTPONUT CUJbHBIN

9 HCI (pactBop) rOpuUT SPKO BbiCOKas SNEKTPONUT CUNbHBIN

10 CH3;COOH (pactBop)| roput cnabo HeBbICOKas 3NEKTPONUT cnaobsbiii

B 3aBucuMmoctu ot SHCKTpI/I‘{eCKOﬁ MNpOBOAUMOCTHU
pacTBOPOB M pacIIaBOB BEIlleCTBa JIEIATCS Ha 3JIEKTPO-

JIUTEI ¥ HESJIEKTPOJIUTEL. y ¥, N

BewecTtBa, pacTBOpbl AU pacnnaBbl KOTOPbIX MPO-
BOASIT 3NEKTPUYECKUA TOK, Ha3bIBAOTCH 3JIeKTPO- pacy

JInTamu. 4 /

BewecTBa, pacTBOpbl MU pacnjaBbl KOTOPbIX He

npoBOAAT 3NEKTPUYECKUA TOK, Ha3biBalOTCA Hease- 3 4 9 8§ ® BH B iy
erpomrans R0
CuiabHbIE OJICKTPOJIMTBI XOPOLIO HNPOBOAAT TOK, a NaOH HyO caxap NaCl NaOH HCI CH3COOH

cnabble 3JEKTPONIUTHI III0XO0. 3aMulleM 3Ty XapaKTepuc-
TUKY BCEX BEILECTB, KPOME BObI, B ITOCIIEIHIO0 KOJIOHKY Puc. 5.18. Viccnenosarune anekt-

mabauyst 5.2 (U1 BOABI Mbl 3aMUIIEM 3Ty XapakTepucTu- PY1ECKOM NPOBOAVMOCTM
PaCcTBOPOB 11 PACrNaBOB
Ky TIO3XKe).
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Katop, AHopn
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KaTMOHbI
HaTpus

AHWOHI
xnopa

Puc. 5.19. B3anmopeir-
CTBME MeXAy MoHaMK 1
anekTpogamm

[ Q. S

Puc. 5.20. Mopenu no-
NIIPHOI MOJNIEKYbI BOAbI

vels vy
02020- -0

A 7 )
952537 5+
W é .

Puc. 5.21. Pacteope-
HVe B BO4E MOHHbIX
KpucTannos xnopuaa
HaTpua

Katon AHop
(_)<| r("‘)

7 %
Na Cl
KatnoH AHMOH

NP '

SN SN

Puc. 5.22. Mopenn ru-
paTVPOBaHHbIX NOHOB

5.6.2. MexaHU3M 31eKTPOSIMTUYECKON AnUCCOoLMaLmn

Tenepb BBISICHUM, YTO MPOMCXOJIUT C KaXIbIM W3 ITHUX Be-
IeCTB MPHU pacTBOpeHUU. [TonbiTaeMcsi OOBICHUTD, MOYEMY pacT-
BOpbl KMCIJIOT, OCHOBAaHMI M COJell M MX pacIjiaBbl MPOBOIST
JIEKTPUUYECKUI TOK.

Korna siekTponsl morpyeHsl B CyXHe BeIecTBa (caxap, XJo-
pYA HATPUsl, TUIPOKCUIL HATPUS), JaMIIOUKa HE TOPUT, 3HAYMUT, TOK
HE MPOXOJAMT Yepe3 3TU BellecTBa. HarpeeM rugpoKcul HaTpus B
dapdopoBoii yHarike, B KOTOPYIO BHECEHBI 3IIEKTPOIbL. Jlammouka
3aropaercs. 3HauuT, B pacriiaBe NaOH nosiBuiiich cBOOOIHbIE MOA-
BUKHBIE 3apskeHHble yacTuilbl — HoHbsl Na® u OH . Bnaropaps
MOJABU)KHBIM MOHAM PACIIaB MPOBOAUT JIEKTPUUECKUM TOK.

Mpouecc pacnaga aNeKTPOAUTA HA UOHbI HA3bIBETCSH 3JIEKT-
POJINTUYECKOI ANCCOLMNaLNEN.

I'uapoxkcua HaTpuUsl IUCCOLMUPYET Ha MOHBI HATPUS U TUIPO-
KCU/I-MOHBI. MOKHO 3anucaTh ypaBHEHUE:

NaOH = Na" + OH"

DTO ypasHenue s1eKmpoIumuyeckoti OUccoyuayull.

Xopua HaTpUsI TUIABUTCS TTPU OYEHb BBHICOKOM TeMIIepaType U
€ro pacruiaB MPOBOJIUT 3JIEKTpUUeCcKui ToK. [IpuunHa — Ta xe.

Kpucranisl Xjopuaa HaTpus cocTosT n3 noHos Na' u CI'. B
pacruiaBe 3TH MOHBI BBICBOOOXKIAIOTCS, CTAHOBSITCS MOJIBHXKHbI-
mu. [ToaTomy pacrjiaB Xjgopuaa HATPUs MPOBOAUT 3JIEKTpUUEC-
KWl TOK. MOXHO 3anucaTh ypaBHEHHUE JIUCCOLMALINU:

NaCl=Na" + CI'

CnoBo “uoH” o3HayaeT ~uaywuil”. I1onosicumenvhvie uOHBL
(Na") uayT K oTpUIIATETBHOMY MEKTPOIY — KaTOAY (—), T0ITOMY
WX Has3bIBAlOT Kamuonamu ("Wayumye K katony”). Ompuyamens-
note uonvt (CI', OH') uayT K MOJOXHUTEIBHOMY 3JIEKTPOIY —
aHopy (+), MO3TOMY OHU Ha3bIBAIOTCS anuoramu (CUaylIue K aHO-
ny”) (puc. 5.19).

JucTruipoBaHHasi Bojia HE TMPOBOMT 3JIEKTPUUYECKUI TOK,
a BojHble pacTBopbl NaCl, NaOH, HCI nposoasT ero. 3HauuT, B
BOJIHBIX PAaCTBOpax COJied, OCHOBAHWUW W KHUCIIOT TMOSIBIISIIOTCS
MOBMKHBIE NOHBI. [TombITaeMcsl 0OBSICHUTB 3TO TIPEATIONOKEHUE.
ITpu pacTBopeHUM B BOJEC MOHHBIX KPHUCTAJIOB MOJISIPHBIE MOJIe-
KYJIbI BOABI (puc. 5.20) BBIPIBAIOT MOHBI U3 KpUcTasuia (puc. 5.21)
U TIEPEBOAT UX B pacTBOP. MOJIEKYJIbI BOJIBI OKPYIKAIOT KaXAbIit
HMOH 000JIOYKOM, KOTOpasi Ha3bIBaeTcsl eudpamuoti. Kaxaplii MoH
COXpaHseT TUPaTHYIO 000JIOUKY B pacTBope (puc. 5.22).

W3 xpucramnoB NaOH moj geiicTBHEM TOJISIPHBIX MOJIEKYJT BOBI BRICBOOOXKIAIOTCS
wonsl Na™ u OH . Bes ydera ruapaTHor 000j0uku ypaBHeHusi auccoumanuu NaCl u
NaOH MoxHO 3anucaTh Tax:
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NaCl = Na® + Cl
KaTWOH HaTpusa XJIOpUA-UOH
AaHMOH XJI0pa
NaOH = Na' + OH

KaTUOH HaTpus TUAPOKCHUA-NOH

TUAPOKCUI-aHUOH

Kax BuaHO U3 ypaBHEHUI JUCCOUMALIMU, 3aps/l KATUOHA Me-
Tajla paBeH BAJEHTHOCTU MeTajlla, a 3apsj aHMOHA paBeH Ba-
JICHTHOCTH KHUCJIOTHOro ocazaka, uiau ana OH  3apsa paseH
BaJleHTHOCTH rpynmbl OH.

Jlo cux mop Mbl paccMaTpHUBaJIM MPOLECC AUCCOLMALUM ISl
BenlecTB ¢ MoHHOHM cBsa3bto (NaOH, NaCl). A kak BeayT ce0st B
BOJHBIX PACTBOpax BEILECTBA C MOJSAPHON KOBaJEHTHOW CBA3bIO?
Hanpumep, nmouemy NpoBOAUT TOK PacTBOP COJSTHOM KHUCIOTHI

(mab. 5.2)?7 Benb B MOJIEKYJIE XJIOPOBOIOPO/IA CBS3b HE MOHHAS, a
3+ .. 8-
xoBajieHTHas noysipHas H :Cl: .

Paccmotpum pucyrnox 5.23. IlpenctaBum cede, 4TO MOJIEKYJia
XJIOpoBOJlOpoAa nonajna B Boay. Uto ¢ Heil mpoucxoaut? Ilo-
JIApHbIE MOJIEKYJIbl BOJbl MPUTATUBAIOTCA MOJOXKUTEIbHBIMU
KOHLIAMU K OTPULIATEIbHOMY KOHILY MOJIEKYJIbl XJIOPOBOJOPOAA,

a OTpULATECIIBHBIMU — K IMMOJIOKHUTCIBbHOMY KOHIY MOJIEKYJIbI
3+ 8-

XJIOpOBOIOPOa U pa3pbiBatoT Monekyay HCl a nonst H' u Cl.
[Tpu 3TOM 3MeKTpOHHAs Mapa, CMelleHHas K aTOMy XJopa, cTa-
HOBUTCSA €ro COOCTBEHHOCTbIO. ATOM XJopa MpeBpallaercs B
voH CI', a aToM BOJIOpOJa — B MOH H'. Kaxaplii U3 HOHOB TH-
JIpaTUPOBAH, TO €CTh OKPYXXEH OOOJIOUKOW M3 MOJIEKYJ BOJBI.
VYpaBHEHHE TUCCOIMALIMM COJISTHOM KUCIOTHI 0€3 yueTa MOJeKyJI
BOJIbI:

S B e G- g
4 '\ ’l' (N N VAN

HCl = H" + CCI
KAaTUuOH XJIOPpUA-UOH
BOJOopoaa AHUOH XJIopa

B MOJIEKYJIaX KUCITIOPOACOACPIKAIINX KUCIIOT pa3pbIBarOTCA
3+ &
NOJIAPHBIC KOBAJICHTHBIC CBA3U H-O Tak, 4To O6H13.5{ napa 3JICK-

TPOHOB TEPEXOIUT K aTOMYy KHUCIOPOIa, a aTOM BOIOpoda Iipe-
Bpaiaercsi B MOH Bomopoda. Hampumep, B cepHON KUCIIOTE 3TO
MPOUCXOJIUT TaK:

5+ &

H-O_ O . Oo_ 0
NN s 2H" + /S s
H-O O 0O O

Kucnopojconepxaliiiye KUCIOThl JUCCOLMUPYIOT HAa HOHBI
9 2—
BOZOPO/IA U CIIOXKHBIM MOH KMCTIOTHOTO ocTtaTKa (SOs — cynbdar-
HOH).

d OcHosaHusi 6 pacm-
8ope OuccoyuupyIom

HA KAmuoHsl Memasia
U 2UOPOKCUO-UOHBL —
AHUOHDL.

Puc. 5.23. Pacteope-
HVe XN0POBOAOPOAA U
Jmccoupauns ConsiHon
KMCNOTbI

g) Kucnomul ducco-

yuupyom Ha
KamuoHsl 8000pooa u
AHUOHBL KUCTIOMHO20
ocmamxa.
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CeaHTe AppeHuyc
(1859-1927)
LLIseacknin xumunk. Paspa-
6oTan TeOPUID NEKTPONU-
TUYECKON Auccoumaumm.
Ho6enesckas npemus no
xumun (1903).
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5.6.3. CunbHbie n cnabble 3NeKTPONUTbI

CpaBHUM Tenepb SIPKOCTh TOPEHUS JIAMIIOUKU (mabi. 5.2) nis
PasHbIX AEKTPOIUTOB.

B pactBopax NaCl, NaOH, HCI naMmmnouyka ropuT SpKo,
3HAYUT, MOHOB B 3TUX PACTBOPAaX MHOIO, a LIEJIbIX HEAUCCOLIMUPO-
BaHHBIX MOJIEKYJ MPAaKTHUYECKH HET. Takue 3JIeKTPOIUThI Ha3bl-
BAIOTCS CUIbHBIMU INEKMPOAUMAMU.

B ypaBHEHMSIX AMCCOLMALMN CUIIBHBIX 3JEKTPOIMTOB IMHUILIYT
3HaK PaBeHCTBA (=), KOTOPbI O3HAYACT MOJIHBIM pacra/i Ha MOHBI.

151 onpiTa MBI Opaiiu pacTBOP YKCYCHOM KUCIOTBI C TAKUM
K€ YKMCIOM PACTBOPEHHBIX MOJIEKYJ, KaK M COJISIHOW KUCIOTHL. B
pacTBOpe YKCYCHOW KHCIOTBI Jamnouka 2opum ciabo. 3Ha4uT, B
pacTBOpe YKCYCHOM KHCIOTBI TOJIBKO YacTh MOJIEKYJ MPOAMCCO-
LMUPOBaa Ha HOHBI. YKCYCHAasl KHUCIOTa — 3TO C1advlii ieK-
mpoaum. B pacTBOpe OAHOBPEMEHHO €CTh MHOT'O LIENbIX MOJEKYI
CH;COOH u mano nonos H u CH;COO (auerat-uoH). B ypas-
HEHUSIX JUCCOLMALMU CIAaOBbIX 3MEKTPOJIUTOB 3AMMCBIBAEM 3HAK
00paTUMOCTH (&2).

CH:COOH & H' + CH;COO
KaTUOH BOAOpOda alueraT-aHuOH

3HauUT, OMHOBPEMEHHO MPOUCXOIUT U AUCCOLMAIIHAS MOJICKYIT
U CBSI3BIBAHNE WOHOB B MOJICKYJIBI. Y CHJIEHHAsI CTpEIKa, HaIpaB-
JICHHAs1 BIICBO (¢—), TOBOPUT O TOM, UTO HCCOIMALINS OYCHB Cla-
6ast, TUIITs HeOOMbINAsT YACTh MOJIEKYJT TUCCOLIMUPYET Ha NOHEI.

BwMmecte ¢ TeM B ciiyyae Boabl (mad. 5.2) 1amMmnoyka He TOpUT,
HO BOIY HENb3sl CUATATH HEIIEKTPOIUTOM. Kak BEISICHUIOCH B
0oylee TOYHBIX OMBITAX, 600 TOXKE DACKMPOAUM, TOIBKO OYeidb
cnabwiii. Ee nuccormanust:

HO & H* + OH
KaTHOH BOAOpOaAa TUAPOKCHUA-NOH

BHeceM 3Ty XapakTepuUCTUKY BOIbI B mabauyy 5.2 (ouens
CaAbbII d2NeKMpoaum,).

B mab.nuye 5.3. nokazaHbl MPpUMEPhI CUITBHBIX U CITA0bIX 3JIeKT-
pOJUTOB.

Kucnotet H,SO3, H;PO4 — 3T0 351€KTPOIUTHI CpeHE CHITbI.

Taxum oOpasoM, sekmpoaumvt — 3TO KUCJIOTHI (B pacTBOpe),
OCHOBaHMsI B (pacruiaBe W pacTBope), coiu (B pacrjaBe W
pactBope). XuUMHUUECKasl CBsI3b, KOTOpasi pa3pbIBaeTCs MPHU IUC-
COLIMALIMU B KUCIIOTaX, — CUIBHOMOJSIPHAS] KOBAJICHTHAs, B COJSX
U IIeJToYax — MOHHasl.

MBI M3yunnIM MpoLecc, KOTOPBI Ha3bIBaeTCsl 3IEKTPOIUTHU-
YeCcKOM AUCCOLMaILIUEH.

AnekTponuTuyeckas AuccouMauus BeliecTBa — 3TO 06pa-
30BaHMe NMOABUXHBIX MOHOB B PacTBOpe WM pacnsiaBe 3To-
ro BellecTBa.

OTKpPBITHE SJIEKTPOIUTUUECKON TUCCOLUAIIMU CAETaHO IBE/I-
ckuM yudeHbiM CBaHTe AppeHuycom B 1887 romy. Teopus anek-
TPOJIMTUYECKOM JIMCCOLMAlIMM HAa3BaHA €r0 UMEHEM.



123




% 5.7 Ouccounauuns KUCNOT B BOAHbIX
I pacTBOpax

Ml YK€ 3HA€M, 4YTO BOIAHBLIC PaCTBOPbI KUCJIOT MPOBOIAAT

= EKTPUUECKUI TOK, TOTOMY UTO MX MOJIEKYJIbI JUCCOLIMUPYIOT Ha

E\ roHbl. HanuuieMm ypaBHeHHs AMCCOLMALMH HEKOTOPBIX KUCIIOT, C

—— KOTOPBIMU MBI YK€ O3HAKOMUIIUCH (maba. 5.3).

HEr a) CunvHule Kuciomol

ConsiHast KHCI0Ta HCl=H"+Cl' — XJIOPUA-UOH
BpomoBonoponHas kuciota HBr=H'™ + Br- — OpOMHI-MOH
s + — )
WNonosonoponnas kuciora HI=H +1 — MOAUI-UOH
A30THas Kuciiora HNO;=H"+NO; - HUTpPaT-uOH

Mounexkyina cepHoit kuciaotel H.SO4 conepkut n8a atoma Bo-
Jlopoja. 3anvuieM ypaBHEHMs CTYMEeHYaTOl JUCCOLMALMU CEPHOM
kuciaotbl. CHauana OTpbIBaeTcs OAMH MOH BoJopoAa (mepsas
CTYIEHb IUCCOLIMALIMM), a 3aTeM — BTOPOM MOH BOJIOpoAa (BTopas
CTYIEHb AUCCOLUALIMN):

* [ emynens  H,SO,=H' + HSO;  — ruapocyibhar-1oH,
Puc. 5.24. CunbHble *I1 cmynens  HSO4 22 H' + SO — cynbdar-uon

KUCMOTbI Cymmapnoe

ypasHenue H:80; 22H" + SOi-

B ypaBHEeHUU OUCCOLMALIMU CYMMA 3Apsi008 8CeX UOHOB Clledd
00712ICHA OBINb PABHA CYMME 3APsL008 BCEX UOHO8 CNPABA.

Ilpu nucconmamuy CepHOW KHUCIOTHI 1O TEPBOW CTYTEHH
obpasyetcst annon HSOs. Ero HazBaHue cocTaBisieTCsl U3 IBYX
vacreii: eudpo (Bomopon H') u cymwgpam (SOL ), a 3apsia HoHa pa-
BeH cymme 3apsinoB H' 1 SO 1 +1 + (-2) = -1.

B ypaBuenuu I cTynenn quccolMaliii HAMICAH 3HAK O6PATUMOCTH =2 , TOTOMY UTO
BTOPOI MOH BOAOPOAA OTphIBaeTCs Tpy/Hee OT oTpuuartenbHoro nona HSO,, yem oT Heil-
TPaJIbHOW MOJIEKYJIbl. DTOT 3HaK YKa3bIBaeT Ha TO, YTO B PACTBOPE MJIET OJTHOBPEMEHHO U
JUccolranusi 1 o0belMHeHHe MOHOB — 9TO 00paTUMBIH Mpoliecc. B pacTBope ogHOBpe-
MEHHO CYIIECTBYIOT BCE YACTHIIbI, UTO HAMMCAHBI ClieBa OT 3HAKa 0OPaTUMOCTH U CIipaBa
oT Hero. JlJIst CUITBHOTO 3JIEKTPOJINTA — CEPHON KUCIIOTHI — JUCCOLMALUS T B OOJIbLIeH
Mepe, ueM 0ObeAMHEHHE HOHOB, [TOITOMY CTpEJIKa ClieBa HalpaBo B 3HaKe 00OpaTHMMOCTH
ycuieHa =2 .

0) Crabvie kuciomol
B pacTBOpax cialbIX 3JIEKTPOIMTOB Majlo MOHOB U MHOI'O HEIMCCOLIMMPOBAHHBIX MO-
aexyi. [103TOMy Ha BCeX CTYMEHSIX TUCCOLMALIU MUIIEM 3HAK 00paTUMOCTHU (& ).

Yeonvnas kucnoma

*[ cmyneHb H,CO; &H" + HCO; — ruapokap6oHaT-HOH
*I1 cmyneno HCO; &H"+CO; - kapGoHAT-HOH
Cymmaproe

pasnene H,CO; &2H" + CO; (TBYXOCHOBHASI KMCITOTA)
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ITpoaHanusupyem Bce YypaBHEHUS TUCCOLMALIMM KUCIOT. UTo
y HUX 00111ero?

Mpu auccoumaumm KMCNoT obwum sBnseTcs oBpasoBaHue
KaTMoHa sogopona H'.

Bce u3BecTHBIE HaM OOIME CBOMCTBA KMCIIOT: KUCIIBIA BKYC,
OKpAacKa UHAMKATOPOB (JITAKMYC — KpacHbIH, METUIIOPaHK — PO-
30BbIM, (eHoldTadenH — OeCHBETHBIA) — OOYCIIOBIEHBI
HaJMuieM HOHOB Bogopoaa H'.

Paznuunst Y KUCJIOT UX KUCTOMHbIe OCMAMKU.
Mo’KHO AaTh ONPECACIICHNE KUCITOTaM C TOYKH 3PpCHUA TEOPUN
3JTCKTpOHHTI/I‘ICCKOﬁ Jucconuranuu.

Kucnotbl — 310 3neKTpPOnNUTbI, KOTOPble AUCCOLUUPYIOT C
o6pa3oBaHmem KaTMoHOB Bopopoaa (H') u aHnoHoB kucnot-
HbIX OCTaTKOB.

Yucno MOHOB BOAoOpoaa, KOTOpble 06pasyloTcsl Npy AUCCO-
LMaLMUn OJHOM MONEKYNbl KUCNOTbl, Ha3blBaeTC OCHOBHOC-
TbIO KNCJIOTBI.

Hanpwmep, consnas xkuciora HCl — oonoocnosnas, cepHas
kucnora HoSOy4 — 0s8yxocnosnas.

ByabTe ocTOpOXHBI Mpu paboTe ¢ KUCIOTaMH, TaK KakK Bce
KHUCIIOTBI OMAacHBI ISl 340pOoBbs. Jlaxke cToNoBbIN ykeyc (3-6%0-i
PacTBOp YKCYCHOI KHCJIOTBHI B BOJIE) OMAceH, OH pa3bedaeT TKaHU
pTa, ropia, xenyaka. s nuuieBbIx 1eseid ero pazoaBisitoT BOJOH.

ITpu nonagaHUK KUCIOT HA KOXKY WUJIM B TJla3a HAJl0 cpa3y xKe
MPOMBITH 0O00XIKEHHOE MECTO MPOTOUYHON BOJION U OOPATUTHCS K
MPEenoaBaTeIio. DTO MPaBUIO MPUTOAUTCS BaM M B IIKOJIBHOM
KaOuHeTe M 1oMa. BHUMaTenbHO UMTalTe ITUKETKU Ha OBITOBBIX
MOIOLMX U YUCTALIUX CPECTBAX.



Pa6ora B rpymnme
1. CocraBbTe ypaBHEHWA Auccoumauuu us nesbix (A) u mpasbix (B) wacreil, ykasaHHbBIX

HUXe:
A B

1. H,S0, *7. HPO; a) 2H" + S0% u) H' + PO,

*2. HSO; 8. H,C0, *6) H' + HSO; k) 2H' + §*

3. HCl *9, HCO; 8) H' + 507 *n) H' + HCO;
4. HNO, 10. H,S r) H' + NO; M) H' + 0%

5. H;P0, *11. HS” ) H +CU H) 2H" + CO5”
*6. H,P0; 12. CH,CO0H e) 3H" + P0; *0)H' + HS

*x) H" + H,PO;, m) H + S
HasoBuTe BCe aHMOHL. *3) H" + HPO;~ p) CH;CO0™ + H'
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Okpacka MHAMKATOPOB (IakMyc — CHHUH, QeHosndTanenH —
MaJIMHOBBIM, METUIIOPAHK — KEITbIN), MBLIKOCTb, €1KOCTb U JIPY-
rue oOlue CBOWCTBA IIEJIOYel OMpelelsIFoTCs MPUCYTCTBUEM B
pactBope runpokcua-uonoB OH . Eciu B pacTBope MHOIO MOHOB
OH', To roBopsT, YTO Ccpe/ia LesIoYHasl.

LLienoun — 31O SNEKTPONIUTbI, KOTOPbIE AUCCOLUMNPYIOT C 00-
pa3oBaHueM aHMoHoB OH™ 1 KaTMOHOB MeTanna.
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PaCTBOpI/IMLIC CpE€AHNE COJIN JUCCOUMUPYIOT MOJHOCTBIO KaK
CUJIBHBIC DJICKTPOJIMTBI, HAITPUMED!

Xnopun HaTpus NaCl=Na" + CI
Cynbbua HaTpust Na,S =2Na" +§*
Cynbdat HaTpuUd NaSO, =2Na’ + SO;
CynbhuT HaTpUs Na,SO; = 2Na" + SO3

KapbOonat HaTpus Na,CO; = 2Na" + CO3

CpegHue conv — 3TO INEKTPONNTbI, KOTOPbie AUCCOLUMUPY-
I0T Ha KaTUOHbI MeTaJl/la U aHUOHbI KUCJIOTHOrO OCTaTKa.

CpenHue conu Haubolsee pacnpocTpaHeHsl B nmpupozae. Ha-
npumep, CaCO;3 — Mmeln, MpamMop, U3BECTHSK, MCIAHACKMHI LIMNaT,
NaCl — noBapeHHas conb. [Ipuponnast Boga — 3TO pacTBOpP CYJIb-
(haToB U XJIOPHUIOB KaNbLIMs, MATHUS, XKele3a 1 ap.

Kucnble conu cocToaT N3 aTOMOB MeTaJlsila U KUCIOTHbIX OC-
TaTKOB C OAHMM UKW OBYyMS aTOMaMU Bogopopa, oCcTtaBLUu-
MUCea oT COOTBETCTBVIOLI.I,Eﬁ KUCNOTbI.

Kucnbie conu JAUCCOLIMMUPYIOT Ha KaTHUOHBI ME€Tajllla 1 aHUO-
HBI KUCJIOTHOI'O OCTaTKa IMOJIHOCTBIO KaK CUJIBHBIC SJICKTPOJIMTHI.

B cBoro O4Yepe€aAb KHUCIIOTHBIE OCTATKHW AUCCOLMUPYIOT JOIMOJI-
HHUTEILHO KaK clIaOble QJICKTPOJIUTHI.

Tuapokapbonat kamsimst  Ca(HCO;), = Ca’™ + 2HCO;
HCO; 2 H" + CO3
Bo Bcex ypaBHEHMSIX AHMCCOLMALMM CYMMBI 3apsIOB MOHOB
clieBa M CIpaBa paBHbI MEXy COOOM.

Kucnbie conv — 3T0 3N1E€KTPOUTbI, KOTOPbIE AUCCOLUMNPYIOT
Ha KaTMOHbl MeTasjna, KaTUOHbI BOLOPOAAa M aHMOHbI KUC-
JIOTHOro ocTaTkKa.



Pa6ora B rpynme
CocTraBbTe ypaBHEHUWE LUCCOLMAUUW CONEl, eCU JleBas YacTb ITPEeLCTaBeHa B KO-
JI0HKe A, a mpaBas — B KoJOHKe b.

A B
1) KNO; (8) FeSO0, (a) Na'+Cl (3) 2Fe* + 3505
2) NaCl (9) Fey(S0.)s (6) K" + NO3 (u) Ba™ + 2C1°
3) NH,CL (10) AlCl; (8) AL + 3CU (k) Fe* + SO
4) BaCl, (11) Na,CO; (r) Ca”* + 2C° (n) 2Na* + C0%”
5) Ba (NOs); (12) X5PO, (n) Ba® + 2NO; (M) 3K + PO
6) CaCl, (13) Ca(HCOs), (e) NH; + Cl” (1) Ca** + 2HCO;
7) CaSo, (%) Ca*" +S0;

5.10.1. CocTaB u Ka4eCcTBO NPUPOAHOI BOAbI

Kaxapiii yegoBek 3HAET, YTO MOXKHO TMUTh TOJIBKO YHUCTYIO
Boay. CrieyeT pasinuyaTh JIBa TOHITUS: "XUMUYECKU YUCTas BO-
na” v mpocTo ’unctas Bojaa”. XMMHUYECKH UMCTasl BOJa JOJDKHA
collepkaTh ToJibko MoJiekysnbl H,O. Yucras Boga B oblieuenose-
YECKOM CMBICIIE — 3TO BOJIa, KOTOPYIO NMPUMEHSIIOT B JKHU3HU. Ta-
KYIO BOJly Ha3bIBAIOT numwvesoil 6000i. [IUThEBYIO BOJY JIIOIM
OepyT U3 MPUPOAHBIX UCTOYHUKOB: PEK, 03ep, POJHUKOB, KOJIO/I-
1eB. OueHb Ba)XKHO 3HATh, MPU KAKUX YCIIOBUSX BOAA MOXKET CUM-
TaThCSl UACTOM, MPUTOHOM 11 UThs. JIJIsi 3TOrO Haja0 U3YyUUTh
COCTaB MPUPOJIHON BOJIBI, y3HATH, KAKUMHU MOTYT OBITH €€ 3arpsi3-
HUTENN U METOIbI OYNCTKH.

MpupopHaa Boga — 3TO paCTBOP MHOMMX HEOPraHU4eCKUuX u
opraHuM4eckux BelecTs B coocTeeHHO Boge (H-0).

Heopranuyeckue BellecTBa — 3TO ras3bl M3 BO3AyXa: KUCIO-
PO, a30T, YIJIEKUCIIbIA Ta3; COJM, B OCHOBHOM XJIOPUJBI U CYJIb-
dbaThl HaTpusl, KaJaus, MarHus, Kanblus, xenesa (I1), xxenesa (I11),
a TaKKe TUIPOKapOOHATHI KaJbLIUs U MarHUsI.

Bce comnu B Bozie AMCCOLMUPOBAHBI HA HOHBI:

X nopuovt Cyavhamut
NaCl=Na" + Cl' Na,SO, =2Na" + SO;
KCl=K"+CI' K>S0, = 2K" + SO;
CaCl, = Ca’" + 2CI' CaSO, = Ca’* + SO;
MgCl, = Mg™" + 2CI' MgSO, = Mg™* + SO;
FeCl, = Fe’* + 2CI FeSO, = Fe’* + SO;
FeCl; = Fe** + 3Cl Fex(SO,); = 2Fe™ + 3S0;

T"udpoxapdonamot

Ca(HCOs), = Ca™ + 2HCO; Mg(HCOs), = Mg™" + 2HCO;

Hanpumep, Mo TaHHBIM yYEHBIX, COCTaB BOABI B peke JHecTp
B paiioHe Banyn-nmyi-Boms mpuMmepHO TakoH, Kak MOKa3aHO B
maobnuye 5.4.

YTo nomKHaA coAepKaTh MUTHEBASI BOA W YETO B HEW HE JT07I-
HO OBITH?

OTBeyast Ha 3TOT BOMPOC, MbI BBISICHUM, KAKUM JI0JDKHO OBITh
Kayecmaso 800bl.
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Tabnnua 5.4. CopepxaHne MOHOB B Boae peku [lHecTp (Mmr/n)

NoHbI K* Na* Ca** | Mg* S0%” cr HCO;
CopepxaHve MOHOB
mr/n (1 mr = 0,001 r) 9-11 33-58 | 54-70 | 12-17 |76-108 | 60-68 | 168-220

in ir

HopmanbHas nutbesas
BOJA.

171 = 1000 kr BOAbI

35k
conen

MOpCKas BoAa

25 kr
conew, . -

BOAA U3 KOOALEes

20 kr
conei....

BOAa 13 03ep

1,6 xr
conen

BOJA U3 pek
50 r
conen

[oxaesasi Boga

Puc. 5.25. CopepxaHue
PacTBOPEHHbIX BELLECTB

B 1 ToHHe (1000 «r)
BOJbl Pa3HbIX BUIOB
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B cootBerctBun ¢ ['ocymapcTBeHHBIM cTaHmaptoMm, 1 JuTp
MHTHeBOI BOJIbI MOXKeT colep:xkaThb He 0oJiee 1 r comeii (1000 mr),
BKITFOUAST:

500 mr cynbhaToB

350 mMr x10pH10B

45 MT HUTPATOB

0,3 MI MOHOB ee3a
0,1 Mr noHOB MapraHua
1 Mr MOHOB Mean

CymmapHoe copepXaHue BCEX CoJied B BOoge Ha3blBaeTcs
MuUHepann3saymnen.

B 0co0bIX ciyuasix, Korja HET JpPyrod BOJbI, CAHUTApHBIC
CIIY’KOBbI MMEIOT MPAaBO BPEMEHHO Pa3pelliuTh JJIsl MUThsl BOAY C
coaepxxanuem cojeit 1o 1500 mr B ogHoM nutpe. Creayer 3HATh,
41O BoJa TONbKO 50% Kojo/1eB B MONJIOBE COOTBETCTBYET HOP-
MaM. B GONTBIIMHCTBE ClTydaeB MUHEpATU3aIusl KOJIOIe3HOW BOJIBI
6ombie 1,5 r Ha TUTP.

Honsr Fe™, K*, Ca™, Mg™" HeoGXoauMbl uIsl 30pPOBbsSI Ue-
noseka. 1o 10% noTpeGHOCTH B HUX YAOBJIETBOPSIETCS 32 CUET CO-
JIel, paCTBOPEHHBIX B MUTHEBOM BOJIe. 3HAUUT, 3TH MOHBI JIOJIKHBI
OBITH B IIMTHEBOI BOJIE.

MutbeBaa Boga [OMKHA ObITb CNabOKUCIION, HEUTpanbHOM
Unu cnaboLenoYyHoii.

IToMHUMO MOHOB METAIUIOB M KUCIOTHBIX OCTATKOB, MTUTHEBAS
BOJA TAaKXKe MOXKET CoAepKaThb MOHBI Bomopoxa (H') m rumpo-
keua-uonbl (OH'). HeliTpanbHas Boja cOIEepKUT paBHOE KOJIM-
yectBOo noHos H™ 1 OH ', cnaGokucnasi Boga COMEPKUT HEOOTb-
1oii n36eIToK noHoB H', a criaboienoynast — HeGONBIION M36bI-
Tok noHos OH .

ConepkaHue MOHOB B IMUTbEBOM BOJE MOXET MEHSTBHCS IO
pa3HBIM NMPUYMHAM: YMEHBILAThCS 32 CYET JIMBHEH M CHEroB, yBe-
JINYUBATBCSA TIPU 3acCyXe M MPU HEKOHTPOJIUPYEMBIX cOpocax B
PEKH U 03epa OTXO0B MPOMBILIJIEHHOCTH, CEJIbCKOTO X03siCTBa 1
JIPYTUX BUJIOB JIESITEIbBHOCTH UeJIOBEKaA.

MutbeBas Boga [OJKHA ObiTb A0CONIOTHO Oe3BpenHOW Ans
300POBbSl YeJsioBeKa U XMBOTHbIX, He 00nagaTb 3anaxom,
ObITb NPUATHOM Ha BKYC M NMPUroAHON ANS BCEX XO3ANCTBEH-
HO-ObITOBbIX HYXA,.

Bkyc u 3anmax mMUTbEBOI BOJBI TaKKe ONPEENSIIOTCS PacTBO-
peHHBIMU B Hell BelllecTBAMU. DTO XOPOILO BUHO U3 Madauybl 3.35.

HenpusiTHeIi BKyc W 3amax npuaaeT Boje MPUCYTCTBHUE CEepo-
Bonopoaa HsS, HedTenpoiyKTOB, COeIMHEHMI TSKENbIX METAJITIOB,
MPOYKTOB Pa3IOKEHUS IKUBOTHBIX U PACTUTEIBHBIX OPraHU3MOB.




PacTBopeHHbIii B BoAe Kucnopon obecneunsaeT BbhKMBaHUE
pbi6 U APYrMX BOAHbLIX OPraHM3MOB.

Tabnmua 5.5. KoHUEHTpaLUmmn OTAeNbHbIX CONEN, Bbi3blBalOLLME BKYCOBbIE OLLYLLEHMS

KoHueHTpauws conevi (Mr/n)

Conb BKYC eJ1e OLLYTUMBbIH, HEOMPEAEIEHHBIV | BKYC BOCIHPUHUMAEMBIV, HEMPUSTHBIN
NaCl 150 500 (coneHbiin)

KCI 350 700 (ropbkuin)

CaS0, 70 150 (BsXKYLLWIA)

MgCl, 100 400 (ropbkuit)

MgSO, 200 500 (ropbkuii)

FeSO, 1,5 5,0 (>xenesucThiin)

FeCl, 0,3 0,5 (60NOTHbIN)

5.10.2. 3arpsisHeHue NnpupoaHO BOAbI

Hawuboiee pacripocTpaHeHbl KHCIOTHBIE, OMOJIOIMUYECKHE 3a-
CPSI3HUTENH, @ TAK)KE MOHBI TSDKEJIBIX METaJIIOB.

Kucromnoe 3azpasnenue. J10xaeBasi Boga uMeeT cJ1abOKHCITbIE
CBOMCTBA M3-3a pACTBOPEHHOI'O B Hell yritekucioro raza CO,:

CO; + H,0 2 H,CO;

JIi1st )KMBBIX OPraHU3MOB Takasi cpefa OnaronpusitHa. OnHa-
KO B pe3yJibTaTe ACSITEIbHOCTH YelIOBEKa B BOAY MOTYT IOMAaCTh
cepHasi, a3oTHas, ¢ochopHass M APYrue KHUCIOThI. DTO OYEHb
OMACHO JIJIs1 YeJIOBEKa, dKUBOTHBIX U pacTeHui. PpIObI, Hanmpumep,
MOTYT CYIIECTBOBATH TOJBKO B CIIA0OKWCION, HEUTpPATbHOU U
c1aboMIeIOuHOM cpefe.

3acpaznenue uonamu msaduceablx memainog. VI3 TKenbx me-
TaJUIOB Haubojiee BpPEAHbI HMOHBI Pb™, Hg2+, Ccd™, KOTOpbIE
CBSI3BIBAIOTCSI OeTKaMU B OpraHU3Me 4YejloBeKa U HapyllaloT ero
(GyHKIIMU. DTO NPUBOAUT K TOBPEXKICHUIO HEPBHON CUCTEMBI,
MoYeK, MeveHu, cIaboyMUIo.

HMoHbl TsDKETBIX METAJIOB IMOMNAaaaloT B BOAY B pe3ysbTaTte
JIeATeIbHOCTU METaJUTypruieckux KoMOuHaToB. BemectBa mpo-
HUKAIOT B PEKH U 03epa CO CTOYHBIMHU BOAAMM W3 MOYBHI U JIPY-
TUMHU My TSAMU (puc. 5.26).

Woubl apyrux MeTassioB, HampuMeEp JKejle3a, BBIMBIBAIOTCS
BOJIOM M3 KEJNEe3HBIX TPYyO: MOJSPHBIE MOJIEKYJIbl BOABI ~BBIPHI-
BatOT” MOHBI Kkene3za Fe™ ¢ MOBEPXHOCTU METaJLIA.

Bbuonozuueckoe 3acpasnenue. B Bogy pex u o3ep momnaaaroT
OTXO/bI KU3HEESTEIbHOCTH JKUBOTHBIX U YEIOBEKA. DTO CMBIBBI
C )KMBOTHOBOJIUECKUX (pepM, CTOUYHBIE BOABI M3 KaHaJM3allWH,
JIUBHEBbIE CMBIBBI. Tak B BOJie OKa3bIBAIOTCS pPa3IUUHBIE BPE/I-
HbIE OpraHUYecKue BelllecTBa M O0JIe3HEeTBOpHLIE OakTepun. [1pu
9TOM B BOJI€ YBEIMUMBAETCs cofiepkanne ammuaka NH; u autpu-
TOB — coneli azotuctoi kuciorsel HNO,.

ll Wi
" o~
—

Puc. 5.26. 3arpasHe-
HVe aTMocdepbl K1Cno-
Tamun 1 TEKeNbIMU
meTannamu

Puc. 5.27. buonornyec-
Kne 3arpsisHeHns
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5.11 XKecTKOCTb BOAbI U €e YyCTPaHeHue.
g oHHbIE peakuum

5.11.1. XXecTtkocTb BOAbI

Bb1, HaBepHOE, 0Opallaiy BHUMaHKUE Ha XJIOMbs, KOTOPhIe 00-
pa3yloTcst B BOJIE MOCTE MBIThSI UM CTUPKU C TPUMEHEHUEM MbLIIa.
Cryualnoch, BEpOSITHO, CIBIIIATh: Kakasl Ijoxasi, jxecTkasi Boja!
MpbuioM Bojiockl He mpomoelib! YKecTkasi Boga COAEpKUT MHOTO

2+ 2+
noHoB kanblius (Ca™") u maraust (Mg ). JKecmkocmb 600b1 — 3TO
o 2 2
TMpUCYTCTBHUE B Heil HoHOB kanbuus Ca” u Maraus Mg
JKecTKocTh BO/IBI OBIBACT 6peMeH O, NOCMOSAHHOI U 0Ouyell.

O0mas xKecTKOCTb (BCE COJIM KaJIbLIUSI U MarHMSI)

s

BpemenHnasi :kecTKOCTh
(ruapoxapOOHATHI)
Ca(HCO:3), = Ca™ + 2HCO;

ITocTosinHAs KECTKOCTh
(xJI0pUIBI U CYTb(ATHI)
CaCl, = Ca™ + 2CI

Mg(HCOs), = Mg™* + 2HCO; MgCl, = Mg™ + 2CI°
CaSO, = Ca™ + SO;

MgSO, = Mg™* + SO;

YKecTkocTh BOJIBI M3MEPSIIOT B CIICIIMANIBHBIX SAMHUIIAX KECT-
KOCTU. Msrkas Boja MMeeT IMOoKa3aTelb »XEeCTKOCTU MeHbIe 4,
BOJIa CpeaHEeN )KeCTKOCTH — OT 4 110 8, *ecTkasi Boja — oT 8 10 12,
OYEHb JKecTKas Boja — Bble 12.

Hawnbosee msirkast Bojia — 3To J0XK/AeBasi U Tajas. A Mopckas
BOJla OuYeHb JXecTkas. Tak, Hampumep, 00Ias KeCTKOCTh BOJIbI
YepHoro mMops 65,5, mpuyeM 53,5 eNMHULIBI )KECTKOCTH MPUXOAST-
¢ Ha MOHBI MarHus M TOJbKO 12 Ha MOHBI KaJblHs, MO3TOMY
MOpcKasi Boja Topbkasi. Boma pek, o3ep Mmsrde, 4yeM Boja KOJIO/-
LIeB M pOAHUKOB. Tak, )KecTKOCTh BOJIbI peku JIHecTp Kojebercs
ot 3,5 no 8.

B MonaoBe cyliecTBYIOT ClIeAyIOIue JONMYCTUMbIEC MPeaesbl
JKECTKOCTH MUTHEBON BOJIBI:

H azunauenue Kecmrocmop
TSl TIOJIer 7-10 eTUHMIL )KECTKOCTH,
JJIS1 CBUHEN 12-14 en.x.,
181 JIoLIaaei 12-15 em.x.,
JUJTSL KPYITHOT'O pOraToro cKkota 14-18 en.x,
TIJIs OBEL] 30-45 en.x.

5.11.2. YcTpaHeHue XeCcTKOCTH

Kax cmsaruuts Boay? s 3TOro Hajo yCTPaHUTD JKECTKOCTh,
TO ecTh ybpaTh M3 Boabl Mombl Ca’’, Mg™". Kaxaoe yTpo Mbl
KUISITUM BOJY B yaiiHuke. Oka3bIBaeTcs, MPU 3TOM Mbl yCTpaHsIeM
BPEMEHHYI)  HcecmKOCmb, OOYCIOBIEHHYIO THApOoKapOOHaTaMu

KaJdblusd W  MarHwus.

Hanumem ypaBHeHue

peakuuu ISt

Pa310KCHUA FI/II[pOKap6OHaTa KaJlblUA:

Ca(HCOs), = CaCOsl + H;0 + CO,T

1 -
2 s
3 4 wmdrkas sopa
4 i E—
5 T ~
6 + BOOa cpenHen
7 4+ XecTtkocTn
8 4
9 +
10 + >XecTkas Boga
11 1
12 +—
13 1 04eHb
14 1 >ecTkas Boaa
15 +
16 1

Y

Kak Tb1 gymaeLub,
Korga xecTkoCTb
Boabl B JHecTpe
MeHbLUe, BO Bpe-
Ms1 BECeHHero
nosioBoAbS WIN B
3acywnnsoe
Bpemsi?
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3ANOMHMN!

Mocne ycTpaHeHus
)XECTKOCTU C NOMO-
LWbIO COAbl U
APYyrux BewecTB
NUTb BOAY HENb31,
€e MOXHO npume-
HATb TOJIbKO Ang
TEXHUYECKUX HYXA.

T onvko cunvivle
SJIeKmMpoJiumasl 3anu-
cblBaAeM 8 UOe UOHOS.

CunbHble
3NEeKTPONUTI

Kucnotbi
HCI, HBr, HI,
HNO3, H,SO,

OcHoBaHus
NaOH, KOH,
Ba(OH),, Ca(OH).

Conu
Bce pactBopumble
conu
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Kapb6onart xanpiust CaCOs BbInaiaeT B 0CaJIOK B BUJIE HAKU-
My Ha cTeHkax. To ke camoe MPOUCXOJUT B MapoOBbIX KOTIIAX W
Jlaxe B OOBIYHBIX OTOMUTENBHBIX U BOJIOMPOBOAHBIX TPyOax.

Obwyro scecmkocms MOXKHO YCTPAHUTH J00aBJIEHUEM Be-
IECTB, 00pa3yIOUIUX 0CA00K C NOHAMM KaJIbIIUSI U MarHUS.

Hanpuwmep, npu godasneHuu cogpl Na>COs3 Bojia cTaHOBUTCSA
MSTKOH. TIpu 3TOM MPOMCXOIAT peakluu oOMeHa MEXAY JBYMs
coJIsIMU ¢ 0Opa3oBaHMEM JIByX HOBBIX cCOJieH. 3amuileM ypas-
HEHUs peaKLMi IS COJIEN KaJIbLUSL:

1. CaCl, + Na,CO; = CaCOsl + 2NaCl

OeJIblii 0caI0K

2. CaSO;, + Na,CO; = CaCOsd + Na,SO,

OeJIblii 0caioK

3. Ca(HCO3)2 + N32C03 = CaCO;J/ + 2N3_HCO3

OeJIblii 0caioK

5.11.3. UoHHbIE peakuun

B aTux Tpex peakiusix oOMeHa 0O0pa30Bajics HEPaCTBOPUMEIH
B BOJIe KapOOHAT KaJbIHsl, KOTOPBIA BBINAIAET B OCAZAOK. DTO MO-
nexyaapHvie ypasnenuss (MY'), KOTOpbIE OKA3bIBAIOT, KAKUE BeLe-
CTBa BCTYNAIOT B PEAKLMIO M KaKWE MOJIy4yaloTCs B pe3yJibTaTe
Hee. Ho Bemp MBI yXKe 3HaeM, UTO BOXE MPHUIAIOT KECTKOCTH He
morekyasl Ca(HCOs),, CaCl,, CaSO,, a monsl Ca’*, koTopbie
MOSIBJISIIOTCS B HEM Mpu Auccouualuu 3Tux cojeil. CienoBaTenb-
HO, U B XMMUYECKOH peaklUd yCTpaHEHHUs KECTKOCTU TOJIKHBI
yuacTBOBaTh MOHEI Ca’ "

Boopyxumcs Tabauueil pactBopuMocTH (Ilpunoscenue) u
TaOJMLEH CUITBHBIX U CIA0BIX JIEKTPOJIUTOB (mab. 5.3, ¢. 123) n
MONBITAEMCS TIEPEUTH OT MOJIEKYJISIPHBIX YpaBHEHUH K WOHHBIM
ypaBHeHusiM. Ho cHayasa 10roBopuMcst O ClIeAYIOLLEM:

1. CunbHble 3N1IEKTPONUTBI 3aNUCbIBaTb B BUAE NOHOB.
2. CnaGble 3nNeKTponuTbl, HEPaCTBOPUMbIE B BOAE BeLyec-
TBa U rasbl OCTaBNATb B MONeKynsipHon dopme.

PaccmoTpuM nepBoe ypaBHEHUE.
1. CaCl, + Na,CO; = CaCOsl + 2NaCl

OOG6cyaum kaxaoe BemiecTBO. UToOBI yOepeub cedst OT oliu-
00K, OyZieM MpH 3TOM 33/1aBaTh ceOe JIBa BOMpoca:

1. PacTBOprMO BEIIECTBO UIN HET?
2. CUnbHBIN WU CITa0bIN 37EKTPOIUT JAHHOE BEIIECTBO?

Hcnonb3yst TabIuIbl, 0OCYIUM KaXJ10e BEIECTBO B MOJIEKY-
JIIPHOM YPaBHEHUH:
CaCl, — conb, pacTBOpUMa B BOJIC, CUJIbHBIM 3JIEKTPOJIUT, MHUIIEM
B HOHHOIT popme (Ca™* + 2CI).
Na,CO; — conb, pacTBOpUMa B BOJIE, CUIbHBIN 3JIEKTPOJIUT, TMH-
1emM B MoHHO#t popme (2Na” + CO3).



CaCOs; — comb, HEpacTBOpMMA B BOJIE, OCTaBIIsieM Oe3 M3MEHEHUI
B MOJIEKYJISIPHOM opMe.
2NaCl — comb, pacTBOpUMa B BOJE, CUJIbHBIN AJIEKTPOJIUT, 3aITUCHI-
BaeM B HOHHOI#1 (hopMe ¢ yueTom Kospduumenta (2Na* + 2CI).
3anwuiieM ypaBHEHHE:

Ca™ +2CI + 2Na" + CO3 = CaCOsl + 2Na* + 2CI°

Taxoe ypaBHEHHE HA3BIBACTCS MONHbIM UOHHIM YPABHEHUCM
(ITNY), XOTs B HETO BXOAT M BEIIECTBA, 3aIHCAHHBIC B MOJIEKY-
nspHoit popme. CokpaTuM clieBa U CIpaBa OJWHAKOBOE YHUCIIO
OMHAKOBBLIX MOHOB, 3TO MOHBI 2CI 1 ONa':

1. Ca™ #2CI" + 2Na" + CO3 = CaCOsl + 2Na” + 261

DTU MOHBI HE UCYE3aIOT, OHU MPOCTO COCYUIECTBYIOT PSJIOM
JIPYT € IPyTOM B PAacTBOpE, HO HE BCTYMAIOT B XMMHUUYECKYIO peax-
uuto. TakoB cMmbich cokpauleHus. IlepenuiinemM To, 4TO OCTanoCh
MocCJie COKpaIEHUs:

1. Ca’" + CO: = CaCOsl

D10 coxpawenroe uonnoe ypasuerue (CY).

7151 BTOPOro M TPEThEro MOJEKYJISIPHBIX YpaBHEHUN MPOBO-
JIMM Te€ K€ OTepaLunu:

2. (MNY) Ca™ +5Q; +2Na’ +CO3; =CaCO:l +2Na*+ 364
(CHY) Ca™ + CO; = CaCOsl

3.(IINY) Ca’* +2HEQ;+2Na’ +CO; =CaCO:l +2Na +2H€0;
(CHY) Ca™ + CO3 = CaCOsl

Bce Tpu peakiun oOMeHa HIIyT 0 KOHIIA 3a CUET CBS3bIBAHUS
noHoB Kaibims Ca’ u kap6oHaT-noHOB CO3 B HEPACTBOPUMOE
BeniectBo CaCOs. [Tpu 3TOM KECTKOCTb BO/IbI YCTPAHSETCSI.

CokpallleHHOe MOHHOE YpaBHEHHE IMOKa3bIBACT, KAKUE HMOHBI
BCTYIIJIN B PEAKLUIO. 3HAUUT, KECTKOCTh MOKHO YCTaHUTh, €CITU
00AaBUTh B BOJAY BEIIECTBO, Jafolllee MpH AUCCOLUALINN KapOo-
HaT-roH CO3 . DTO JOKHO GBITH PACTBOPHMOE B BOJIE BEILIECTBO,
cubHbIN AnekTponuT. [TonpoOyem 3aMeHuTh comxy Na,CO; Ha
K>COs (moTaun), To ecTh NEPEUTH OT MOHHOTO K MOJIEKYJISIPHOMY
yYPaBHEHHIO:

(MY) CaCl, + K,CO; = CaCO;l + 2KCl

}1_]’[5[ MPOBEPKH COCTaAaBUM MOHHBIC YPABHEHUSA

(ITAY) Ca® + 261 +2K + CO; = CaCOsd + 2K +2€[
(CUY) Ca™* + CO3 = CaCOsd

ITonmyunnau Takoe xe COKpallleHHOe MOHHOe ypaBHeHue. Ciie-
nosatenbHO, BemectBo K,CO; BMecto Na,CO; BbiOpaHO mpa-
BUIbHO. ClielyeT MOMHMTb, UTO TOCIIE YCTPAHEHUS JKECTKOCTH C
MOMOIIBIO COJIbI WJIM JPYTMX BEUISCTB MUTh BOJY HEJb3d, €e
MOJHO MPUMEHSTH TOJIBKO ISl TEXHUYECKUX HYK/I.

Kax ycrpanuth Hakumnb B yalinuke? Hamgo mpoBecTd XUMU-
YECKYIO PeaKIMIo, B pe3yibTaTe KOTOPOH HEpacTBOPUMBIM KapOo-
Hat Kajbpiusi CaCO; paspyliuTes U MPEeBpaTUTCS B PACTBOPUMOE

Cnaoble
3NeKTPONUTbI

Kucnotbi
H2S, HaCOs,
CH;COQH, H,SiOs

OcHoBaHus
NH,OH
1 BCe
HepacTBOpPUMbIe
0CHOBaHUs

H.0

Crabvle anexmpo-
JUIMbL, HePACIMeEopuU-
Mble 6 600e seujecmada,
2a3bl 3ANUCHIBACM 8
Monekynapnoti hopme.

V)

MY — monexy-
JIAAPHOE YpasHeHue
Y — nonnoe
UoHHOe ypagHeHue
CHY — cokpawenroe
uoHHoe ypagreHue.

135



CaCO;

co,t

Puc. 5.29. Takasa xe
peakLmsi NPOMCXoanT
npu pacTBOPEHUN
HaKunu B KUCNOTE

Q

BelecTBo. JJobaBum k kycouky Mena (Toxxe CaCQOs;) HEMHOTO pacT-
BOpa COJISTHOW KUCIOTHI (puc. 5.29). Habmomaem OypHoe BbIjele-
Hue OeclIBETHOIO ra3a. 3anuuieM ypaBHEHHUE peaKi1u:

(MY) CaCO; + 2HCl = CaCl, + H,CO;
HEpacTBOPHMO PacTBOPUMO, pacTBOpPHMO,
CUJTbHBIN CUJTbHBIN
INMEKTPOTUT IMEKTPOIIUT

CocTaBrUM MOHHbBIE YpaBHCHHA (B BUJIE MOHOB MMHUILIEM TOJIBKO
CHJIBHBIC BHCKTPOHI/ITBI)Z

(IINY) CaCO; + 2H" +2CI = Ca™ +2CI + CO,T + H,O
(CHUY) CaCO; + 2H" = Ca™* + CO,T + H,0

Peakuust nger no xoHua, noromy uro nonydaercst raz COs,
KOTOPBIN YXOAUT U3 PEAKIMOHHON CMECH, M CIabbIil 3JEKTPOIUT
Boaa H,O. I'oBopst: "KapOoHaT kajbLusi pacTBOPSIETCS] B KUCIIO-
te”. Tak ke MOXHO MOCTYMUTb U ¢ HaKUMbo. Hajo HamuTh B vaii-
HUK PacTBOP COJISHOW KHCIIOTBI MJIM 3a]IUTh YKCYCOM (yKCYCHas
KUcioTa). Hakumb paspeIXJMTCsS M ee JIeTKO MOXHO Oyjer
yaanuthb. IOHHBbIE ypaBHEHUS PeaklMy co cl1aboil YKCYCHON Kuc-

JIOTOM Oy/TyT HEMHOTO JIPYTUMHU: co,t
ras
(MY) CaCO; + 2CH3COOH = Ca(CH;CO0), + H,COs
HEpacTBOPHMO  PACTBOPUMO, pacTBOpPHMO, H,O
cia0bIit CUJTbHBIT ca0bIii
3MEKTPOJIHUT 3MEKTPOJIHUT IMEKTPOIUT

(ITNY)CaCO;+2CH;COOH= Ca”*+2CH,COO +CO,T+H,0

DTO MOHHOE ypaBHEHHE OJTHOBPEMEHHO U TIOJIHOE, M COKpa-
IIEHHOE.

Taxum 00pa3oM, MbI y3HAJIU ClIeyoiee:

JKECTKOCTD BOABI — 3TO HaJIMYKME B HEM MOHOB KaJIbLIUS (Ca2+)
v Maruus (Mg™");

YCTPaHUTh )KECTKOCTb — 3HAYUT YAAJUTh U3 BOJBI MOHBI Ca**
u Mg2+.

Peaxyuu 6 pacmeopax npoucxoosim ¢ yuacmuem UOHO8 U HA-
Npasnervl 8 CNOPOHY C653bI8AHUSL UOHOS.



Pa6ora B rpymnmne
1. CocTaBbTe MONEKYNADHLIE YPAaBHEHUS, BLIOEPUTE BELIECTBA, MEXKAY KOTOPLIMU MOTYT
TIPOU30MTU peakuun, BEipaxeHHble COKPalleHHEIMU MOHHBIMU YPaBHEHUAMMU:
a) Ca® + €03 = CaCO,l 8) Cu® + 20H™ = Cu(OH).
6) CaCO; + 2H" = Ca*" + H,0 + CO,T r) 2H" + €05 = H,0 + C0,T

2. IIpoBepuTe fOMaUIHUMI SKcIiepuMeHT. Hanetite B 0avH cTakaH BOAY U3 KOJOAUA UM KPaHa, a B APYroit —
MIPOKUTIAYEHHYI0 BOZY. OMyCcTUTe B KaXKALIA CTAKaH IO KYCOYKY Mbla U XOpOLIO IepeMenraiire. Yro Ha-
Gnionaere? B KakoM cTakaHe xn0mbeB obpasyercs 6onbuie? Cuenaiire BuiBog. OTAENANTE XJOMbA OT BOALL
W OMyCTUTE B OUWIEHHYI0 BOAY IO KYyCOuKy Mbuna. Uto Habniopaerca? Kakyio ponb CHIrpano MU0 B
mepBoM ombiTe? Bo3bMuTe HOBbie mopumu Bopbl, pob6asbre copmy (Na.CO;), a 3arem Mbino. Yro
Habnwopaetcs B 3ToM cnyvae? CnenanTe BHIBOLLL.

5.12.1. MpupopHas ounctka

Bekamu mrom nuiiv Boaly pex, 03ep, pOJHUKOB 0e3 Bpeaa Jist
310pOBbsl. BBIIO AOCTATOYHO MPUPOAHOM OUUCTKU (puc. 5.30),
KOTOpast MPOUCXOIUT TPeMsi CIocoOaMu:
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Puc. 5.31. Cxema ro-
POACKON 04YMCTUTENb-
HOW CTaHUuK

1 - Hacoc; 2 — oTCcTON-
HUK; 3 — GUnbTP;

4 — ycTaHoBKa OJisl
XNOPUPOBaHWS BOAbI;
5 - Hacoc, nogawowmnin
BOZy noTpebutenio

OuucTka Boabl
Otnenexvie KpynHbIX
npumecen

1 Cl
[MpengapuTenbHas
nesnHdekums

l AI3+

Ca(OH),

YcTpaHeHue myTtu
}

OTcTanBaHue

2
®unbTpaums Yepes
necok

l

MoBTOpHas
nesnHdekums
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KPYrOBOPOT MAPOB

WCNAPEHUE BJIATU

WCNAPEHUE

- -
WCNAPEHUE | l |

OCALKM

-y

. romowessesoms

Puc. 57.30. KpyroBopoT BoAbl B Npupoae

I. Cnauana ucnapenue, 3ateM kounoencayus. JLOXaAb U CHET
MHOTHE BeKa ObLJIM YncTeiiel GopMoit BOAbI.

I1. Ouucmra om opeanuveckux zaepsznumenei. B HeCKOJIbKUX
CaHTUMETpaXx MOJ CJIOeM MOYBbI HAXOAATCS OaKTEpUHU, KOTOpBIE
“noeAaroT” 3TU OpraHUYecKHUe BelleCTBA W MPEBpAlllalOT UX B
Habop Oe3BPETHBIX COSAUHEHUN.

1. @unvmpayus npupoIHBIX BOJ Yepe3 MecoK U rpasuil. [1pu
9TOM M3 BO/bI YJIAJIIOTCS BCE MEIKHUE YaCTULIbI.

5.12.2. Ounctka BOAONPOBOAHON BOAbI

B Haie Bpemst iroau 6epyT BOJy PeK U TYJa JKe CIIMBAIOT MC-
MOJIL30BAHHYIO BOJy. Tak peuHasi BoJla okazajlach CUIIbHO 3arpsi3-
HeHHOU. [ToaTomMy mpupoaHoii ouncTky He XxBaTtaer. M3 kypca 7
KJlacca Mbl 3HA€M, YTO Ha BOJIOOYMCTUTEILHON CTAHIIMU TOPOICKO-
T'0 BOJIONIPOBO/Ia BO/IY OUMILAIOT B HECKOJIBKO CTaauit (puc. 5.31).

I cmaodus. Omoenenue kpynuvix npumecei. Ha mytu Boabl u3
B0/103a00pa CTaBIT METANIMYECKYIO CETKY, KOTOpasi 3a/1epKUBaeT
BCE KPYITHBIE ITPEIMETHI: PHIOY, MAaJIKH, MyCThie Oy THIJIKKA U T.JI.

11 emaous. I1peosapumenviias desungexyus. B Bogy npodasis-
etcst x0p (Cly) unu runoxioput Hatpus (NaClO) qst ge3suHdpek-
MU, XJI0p — HEMOJSIPHOE BEILIECTBO, OH TIOXO PACTBOPUM B BOJIE,
HO 3aTO pearupyer ¢ Heil

HCI
Cl, + HO 2 HCl + HCIO <
XJIOpHOBaTUCTast [O]

KHUCIIOTa

XmopHoBaTuctasi kucinorta pasiaraercs Ha HCl u atomap-
HBII KUCIIOPOJ — OY€Hb CUJIbHBII okucauTenb. OH youBaeT OaxTe-
puu B BOJE.

I'mmoxnoput Hatpus NaClO pactBopsieTcst B Bojie M, pearu-
pys ¢ Hell, Takke oOpa3yeT XJIOPHOBATHUCTYIO KMCIOTY, KOTOpas
JlaeT aTOMapHbIH KUCIOPOI.

111 cmaous. Yempanernue mymu. J11s1 5T0r0 B BOAY J0OABIISIOT
kBacipl KAI(SO,), - 12H,0 u ramenyro n3sectb Ca(OH)..

B pesyibraTte 0oOpasyeTcsi CTyAEHUCTBII 0caloK FMAPOKCHIA
AJIOMUHUS:

A’ + 30H = AI(OH);!



OTOT cTyJleHb 00BOJIAKMBAET MEJIKMEe YACTUUYKKM MYTU U o0pasyer
XJIOMBS.

1V cmaoua. Omemausanue. XJ0Mbsl TUAPOKCUAA ATIOMUHUS
AI(OH); BMecTe ¢ yacTUYKaMU MyTH OCeJlaloT Ha IHO OacceiiHa.

V emaoua. @unempayus uyepe3 necox. Kak U B MPUPOIHBIX ycC-
JIOBUSIX, Ha 3TOM CTaJMU B MECKe 3aJ€P)KUBAIOTCS] BCE OCTABLIMECS
TBEP/blE YaCTULIBI.

VI cmaoua. Ilosmopnas oezungexyus. Tlpu npoaBUXKEHUN
BO/Ibl MO BOJOMPOBOJY B HeE MOTYT MOMAacTb HOBble OAKTEPUU.
ITosTomy mnepen nopaueil MOTPEOUTENIO BOAY JOMNOITHUTEIBHO
J1e3uHDULHPYIOT.

 onoanumenvnaa oopabomka

KoneuHo, ecTs U Apyrue, JOMOIHUTEIBHBIE CIIOCOOBI OYHCT-
KW BOABI. Aopayus — yJaaleHUe HEMPUSITHBIX 3aMaxoB MPoyBaHH-
eM Bo3ayxa. [Ipu 3ToM yiIydIaeTcst BKYC BOJIBI.

Dmopuposarue. B HEKOTOPBIX pPerMOHAxX B BOY J00aBJISIOT
BelllecTBa, cojepxaiue Gpropua-uon F . Dto HeoOXoaumo aJist | .
yKpemeHus: 3y00B U cocymoB. OmHako W30LITOK (TOpa BpedeH e
JUIS 310poBbs. B MoOJIoBe MpUpOAHbIE BOABI COfiepkKatT gocra- F4C- 5.32. Annapartbi
TOYHO (Topa (MHOrIa Aa)e U30BITOK!), MO3ITOMY Y HAC HE MPOBO- AR UALTPALMN BORH
AT hTOpUpOBaHUE BOJIBI.

O3onuposanue. BMecTo XJTOPUPOBAHUS MOXHO TPOMYCTHUTH
4yepe3 BOAY 030H, KOTOPBIN YObET Bce OOJIE3HETBOPHBIC OAKTEPHUH.

OJHakKo 3TOT crnocod oueHb JOPOroi M AEUCTBYET TOJIBKO B MO-
MEHT MPUMEHECHHSI.

H cnonvzosanue  axmusuposanno2o yeius. AKTUBHPOBAHHBIN
yrojib — 3TO yroJib, MPUTOTOBJIEHHBIH 0COOBIM 00pa3oM. OH co-
JIEPKUT MHOXKECTBO MEJBUYANIINX IBIPOUCK-MIOP. 3a CUET Mop
OUCHb CHJIBHO YBEIIMYMBACTCS MOBEPXHOCTH COMPHUKOCHOBEHUS
TaKOIo YIJs C XMAKOCTbIO. ECTM MponycTUTh MPUPOAHYIO BOY
yepes YroJibHbIA (UIBTP, TO MOHBI TSKEIbIX METAJJIOB, MHOTHE
BpeHbIE OpraHUYECKHEe BEIEeCTBAa ~MPUINMNAIOT K MOBEPXHOCTH
yriasi. Takoe morIonieHe MOBEPXHOCTHIO Ha3bIBACTCS adcopbyueil.
BriTOBBIC QUIBTPHI B HaIllC pecryOIMKe B OCHOBHOM pabOTaroT
Ha aKTUBUPOBAHHOM yTJie (puc. 5.32).




Pa6ora B rpymnmne

1. Bbl 3HAaKOMBI C COCTABOM BO3AyXa KPYIIHLIX FOPOLOB. Kak BLl LyMaeTe, MOXHO U B
COBPEMEHHOM TOPOJie CYUTATh LOXLEBYIO U CHETOBYI BOZY ee uucrenueir Gop-
Moii? IlosicHWUTE CBOV OTBET XMMUYECKUMU PEAKLUAMMU.

2. Kak MOXHO 0YUCTUTH BOAY U3 IIPUPOAHOr'0O UCTOYHWUKA B AOMAUIHUX YCIOBUAX.
Hpennomme CXeMy OUUCTKWU. Omuurnte KaXIyw CTaguio.

3. Kak ouumaioT Bony Ans rOpOACKOT0 BOZOMPOBOZLA Ha BOJOOYUCTUTENLHLIX CTAH-
UMAX (CTAaHLUAX BOAOIIOATOTOBKY)?

MpoBeguTe nccnegoBaHve:
0 a) YTO 3arps3HaeT BOAY B BalleM ropoge wunm cene?

~
nEﬂT HOETb 6) ak ounwaioT Bomy Tam, roe Bbl X1BETE?

/ xononuas
BoAa

AvcTunMpo-
BaHHas BoAa

Puc. 5.33. Nabopa-
TOpHag ycTaHoBKa 414
neperoHkn oAbl

Puc. 5.34.
Ouctunnartop
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9 KB MonyyeHne ANCTUNNNPOBAHHON BOAbI

B xumuueckux jpabopaTopusx MPUMEHSIIOT BOAY, B KOTOpPOMH
HET PACTBOPEHHBIX CoJei. OcHO6HOIU cnocod noayuenusi 4ucmoil
800bl — DMA NOAHASI OUUCTIKA NPUPOOHOIL 800bL NYMeM NePe2oHKU —
Oucmuansyuu. J17si 3TOro MPUMEHSIOT 1a00paTOpHbIE U MTPOMBIIII-
JIEHHbIEe TUCTUILISATOPBI (puc. 5.33, 5.34).

ITpu nucTuIsALMKM BOAA B KOJIOE KUIUT, UCapsieTcs, a napsl
BOJIbI KOHJICHCUPYIOTCS B IPYTOM MECTE — B TPUEMHUKE (puc. 5.33).
Ha nHe xonObl ocTaroTcst Bce pacTBOPEHHbIE COIU, OPraHUYecKUe
BELIECTBA U HepacTBOpUMbIE puMecu. Bona, koTopyto nonyyaror
MyTeM TUCTUULSIIMU TPUPOTHON BOJBI, HARBIBACTCS OUCHIULIUPO-
BAHHOIL BOOOIL.

B nuctunnvpoBaHHOW Boje, Kak U B MPUPOIHON, pacTBOpe-
HbI KUCJIIOPOA U YIJIEKUCIIBIA ra3. DTu rasel nonagaroT B BOLYy U3
BO3Myxa myTeM nuddy3nu. 3a cyeT 3TOr0 IUCTUIIIMPOBAHHAs
BOZa MMEET CIIaDOKUCIIYI0 peakuuio. JMCTUIIIMPOBAHHYIO BOLY
MPUMEHSIIOT AJI1s1 IPUTOTOBJIEHUS] PAaCTBOPOB B XUMUUECKUX J1a00-
patopusix. Takxke ee UCMOIB3YIOT AJIsI MPUTOTOBJIEHUS JIEKAPCTB,
M03TOMY OHa MPOJAETCS B alTeKax.

Pa6ora B rpynme

g x o Ar/mn 8
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NPAKTUYECKASl PABOTA Ne 3

Peakuuu uonnozo oomena

Bcenomnume | I1 pasuna mexnuxu 6ezonacnocmu npu pabome 8
Kabuneme xumuu* (cmp. 5).

IIpn6opst n peakTUBLL:
® LITATUB C IPOOUPKAMMK, KUCJLOTHI, TUAPOKCUAA HATPWA,
® BOZIOIIPOBOAHAA UM KOJLOAie3HAA HWTpaTa cepebpa, XN0pUza Kanblus,
BOZa, cynbdara Kanbuus, kapboHara
® PACTBOPHI CONIAHON KUCJIOTH, CEPHO HaTpua, heHondranenHa, Mbina.

OnbiT 1. Peakuuu, npotekaiowme ¢ 06pa3oBaHMeM ocagka

B npobupky Haneitte 1-2 mn pacteopa xnopuaa kanbuus (CaCly),

nobaebTe Tyoa 3-4 kanam pacTBopa Hutpata cepebpa (AgNOs). fones
lMepemeLuaite comepxumoe npobupku. Habniopaiite obpa3oBaHue
©enoro TBOPOXMCTOrO 0CafKa. 3arnuiinMTe MONEeKYNSpHOE U WOH- CaCl
Hble YpaBHEHWs! MPOBEAEHHOI peakLyn 0bMeHa:
(MY) 2AgNO; + CaCl, = 2AgCN + Ca(NOs), -
2mn AgCH

(MKY) 2Ag” + 2NQs +6a%" + 2CI™ = 2AgCH +Ca%" + 2NQs
(CY)8Ag" + RCI™ = RAGCH ( cokpataem KoahOULMEHTHI)

6enbiii TBOPOXMUCTHINA
ocafok

3anuwute HabOLEHNS W BIBOAbI.
OnbiT 2. Peakuuu, npoTtekaiowme ¢ BbigeneHneM rasa

B npo6upky Haneiite 1-2 mn pactBopa kapboHata Hatpusi (Na,COs),
pobaBbTe Tyda MO Kamnsm pactBop consHoit kucnotsl (HCI). Hel
Habniopaiite MHTEHCMBHOE BbiAeneHue rasa 06e3 LiBeTa 4 3anaxa.
3anuwuTte MONEKyNIpHOE U MOHHbIEe YPaBHEHWS MPOBEAEHHON

N
peakLum obmeHa: a,C03

Co,T
(MY) 2HCI + Na,CO; = 2NaCl + H,COs 2 e
H,0
(MNY) 2H" +7261 +2Na” +CO3" =2Na’ +26L + CO,T + H,0
(CUY) 2H" + COZ = CO.T + H,0
raa 6e3 upeta

u 3anaxa

Y10 MPOM30MAET, ecnyi 3aMEHUTb CONMSHYIO KUCMOTY Ha CEepHYyl0?
Kakum OymeT CcokpalleHHOE WOHHOe YpaBHeHune? Cpaenaite
BbIBOAbI.
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heHondTan

HCI
eUH
NaOH
— —
2vn

MarnuHoBbIN p-p

Hanusaem pacTBopbi

1)2 mn CaClp 1,2 mn CaSO,
[Im1Na,C0s(2) | [1mnNa,COs(2)

)

2 M UTbe-
BOI BOAbI

q

M

[IwiNa,CO5(2)

-~

@

1 M1 MblIbHO-
T0 pacTeopa

|
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OnbiT 3. Peakuuu, npotekaiowme ¢ o6pa3oBaHneM cnaboro
anekTponuta

B npobupky Haneitte 1-2 mMn pacTBopa ruapokcuaa HaTpus
(NaOH), pobasbTe Tyma 1-2 kannu pacTBopa deHondTanemnHa.
PacTBop npuobpetaeT ManmMHOBYIO Okpacky. 3aTem npubasbTe Mo
kannam pacteop consHoi kucnotel (HCI) mo obecupeymBaHus
pacTeopa.  3anuiinTe MOJEKYNIPHOE W WOHHBLIE YPaBHEHUS
NPOBeeHHO peakLm ooMeHa:

(MY) HCl + NaOH = NaCl + H;0
(MNY) H" 6K+ Nal+OH = Nal + 6L+ H,0
(CUY)H' + OH = H,0

Y10 NpOM30MAET, €Cnn 3aMEHUTb COMSHYIO KUCIOTY Ha CEpHylo?
Kakum ©OymeT cokpalleHHOe WOHHOe YpaBHeHue? Cpenaite
BbIBOAbI.

OnbIT 4. YcTpaHeHne XeCTKOCTU BOAbI

B oaHy npobupky Haneite 1-2 mn pacTBopa Xnopuaa Kanbuusl, B
LPYryl0 — CTOMbKO Xe pacTBopa cynbdara KanbLms, B TPETHIO —
2-3 MN BOAOMPOBOAHOW WM MPUPOOHOM BOAbl. B kaxaywo u3
npobupok [obaBbTe no 1 Mn pacTtBopa coapl (kapboHata
HaTpus). 3anuwuTe HabMoaeHNS N YPaBHEHUS PEaKLIMIA.

B npobupky, kyaa ObinM HanuThl NPUMPOAHAs Boda M PacTBOP
copbl, npunente 1 M pacTeopa Mblna. s cpaBHEHWS HanemnTe B
4eTBEepTY0 NPo6UPKY 2-3 M NPUPOAHO BOAbl U A06aBbTE B Hee
1 mMn pacTBopa Mbina. 3anuiinMte HabntoaeHus.

Coenaiite BbIBOIbI.

BbimoiiTe nocyay. MpuBeante B nopsiaok paboyee MecTo.
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Mocne nayyenus aton
rnaBbl Tbl OyaeLb
Cnoco0eH:

* MPUBOANTL NPUMEPDI
BELLECTB, KOTOPbIE CO-
Jepxarcs B OKpyxaro-
Leit cpene, COOTHOCS
WX C KIaccom coeau-
HEHWI, BO3MOXHbIMU
peakumsmMu u npume-
HEHneM;

* aprymMeHTUpoBaTh
3HayeHne n 00bACHATb
SiBJieHus, XMuMU4eckue
npeBpaLLeHns Heopra-
HU4YEeCKUX BeLLeCTB B
MOBCEAHEBHOI XN3HU;

* MPeACTaBN[Tb WH-
dopmaumio o knaccax
HeopraHU4ecKux Be-
LLeCTB B BuAe Tabnuu,
CXEM, PUCYHKOB W T.L.;

* OLEHMBATb BaXHOCTb
U3y4eHus BELLECTB U
WX npeBpaLLeHnit; npe-
UMyLLLECTBA, KOTOPbIE
NpeAoCTaBNsAeT XuMus
ANs NOBCEAHEBHOI
XM3HU, ANS peLLeHns
npoGniem 3awuThl
OKpYXaloLeii cpeapl.

\JF uoporapb onaml —
910 CONU Y20NbHOT
KUCTIONbL, COOEPAHCA-
wue KUCIOmHblil
ocmamox HCO;,
Hanpumep, NaHCO;,

Ca(HCO);.
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BewiecTBa BOKpPYr Hac

S M BelwiecTtBa B BO3ayxe, BOAE U NO4YBe

B nacrosiiee Bpemsi uzBecTHO Oosee 17 MIIH. XUMHUYECKHX
BeulecTB. bonbluast yacTb U3 HUX ObLla OTKPBITA M MOJy4YeHa W3
NPUPOIHBIX UCTOYHUKOB (BO3MyXa, BOJABI M MOYBHI). Takke ecTh
BEILIECTBA, TMOJTYYEHHBbIC CHHTETUYECKUM IMyTeM (C TOMOIIBIO XH-
MUYECKUX peaKLMii), TaK KaK OHU HE CYLIECTBYIOT B MPUPOJIE.

KoHneuHo, He Bce BellecTBa MPUMEHSIIOTCS B MOBCEIHEBHOM
*u3HU. CaMble H3BECTHbIE — 3TO BEILUECTBA W3 OKpYKaroulen
Cpellbl, @ TAK)KE T€, KOTOPbIE Mbl MCIIOJIb3YEM B OIPEIETIEHHbIX Lie-
75X (O7151 MTUTaHWs], TPAHCTIOPTA, MEAUIIMHCKOTO JICUCHUSI, Pa3Iny-
HOM JAeSITeNIbHOCTH).

Onupasicb Ha U3y4yeHHbIH MaTepual, Mbl MOXXEM Ha3BaTb U
POAHAIM3NPOBATH HEKOTOPBIE U3 OKPYXKAIOLIMX HAC BELLIECTB.

Ammocghepuwtii 6030yx BO371€ MOBEPXHOCTU 3EMIIM — 9TO CMECh
Ppa3MuHbIX Ta30B. Bo3ayx cooepKUT NOCTOSHHBIE U MEPEMEHHbIE
KOMIOHEHTBI. [lOCTOSIHHBIE KOMMOHEHTBl — 3TO KHUCIOPOA —
20,95%, azot —78,09%, yrinekucnslii ra3 — 0,03%, uHepTHbIE ra3bl
0,94%. Taxxke BO3LyX MOXET COIAEPKAThb NEPEMEHHbIE KOMITOHEH-
ThI: O30H, Mapbl BOAbl, aMMUAK, OKCHbl a30Ta, CEPbl, OKCUAbI
yriaepoaa, nbulb, caxy. [IpucyrcTBue aMMuaka U OKCUIOB yIJie-
poaa, a3oTa U cepbl B BO3AYyX€ OLLYLIAETCs B 3arPsI3HEHHBIX MPO-
MBILLIJIEHHBIX 30HAX.

Il pupoonas éooa. KonuuecTBeHHBIN U Ka4eCTBEHHbIN COCTaB
MPUPOJHON BOABI Pa3iMyeH B 3aBUCHUMOCTM OT €€ TuMa, MpOoucC-
XOXKAECHUS, KOHTAKTa C OKpy’)Karollel cpeloi, KIMMaTHUUECKUX
YCIIOBUU U T.J,.

[TpupoaHas Boxa CONEPKUT MHOXKECTBO BELIECTB, B3BELLIEH-
HBIX WJIM PACTBOPEHHBIX B Hell. Cpelin 3TUX BELIECTB €CTh U rasbl:
a30T, KUCIOPO/, YIJIEKUCIIbII ra3, CepoBOAOPO/, OKCUIbI a30Ta U
cepbl. Takxe BoJa COAEPKUT U HEKOTOPbIE PACTBOPEHHbIE B HE
COJIM: TUAPOKAPOOHATHI KAJbLUS U MarHus, CyIb(paThl KalIbLUs U
MarHusi, XJOpuAbl HATPUS, KaJIusl U APYTUX METalJIOB.

[TpupoaHnas Boga O6aaronpusiTHa 1Jisl pa3BUTHS KUBBIX opra-
HU3MOB, TOJBKO €CIIM COAEpXKaHWE B HEW BblLIENEPEUHCIEHHbIX
KOMITOHEHTOB HE MPEBBILIAET MPEAEIbHO JOMYCTUMYIO KOHLIEH-
TpaLMuIo.

I1 ousa — 310 TaK)Ke CMECh MHOTMX KOMITOHEHTOB, BKJIIOUasl:

® 2ymyc, COAEPKAILUA MHOKECTBO OPraHUUECKMX BELIECTB;

® 71ecOK, OCHOBHOW KOMITOHEHT KOTOPOI'O — OKCHUJT KPEMHMUS;

® °nuHa, CoJepKalllash CUJIMKAaTbl aJIOMUHMS, KaJjbLus,
MarHus, xeje3a (II), okcuapl aTFOMUHMS U JKelle3a;

® JuHepanvl, B COCTaB KOTOPbIX BXOAUT 23 MaJOaKTUBHBIX
3JIEMEHTA, BCTPEUAIOLIMXCSI B CAMOPOJHOM COCTOSIHMM, B
toMm uncie Cu, Ag, Au, C, a Takke CIOXKHBIE BEIECTBA:



OKCHUJIBl AJIOMHUHMS, JKele3a, XJOpUI HaTpus, (GpTopum
KaJbLiMsl, KapOoHAT U Cynb(daTt KaabLus U APYyTHUE.
KauecTBeHHBIH U KOMTMYECTBEHHBIN COCTAaB MOYB 3aBUCUT OT
reorpauyeckoii 30HbI, penbeda, BpeMeHU rofia, TUIA CeTbCKOXO0-
3sIUCTBEHHBIX paboT.

MpupoaHbie BewecTBa, UCNOJb3Yye-

6.2.

Mble B NOBCEAHEBHOMN XXU3HU

OTKpBIThIE XMMHMUECKHE BEIECTBA CO BPEMEHEM HAXOMST
MpUMEHEHNE B pa3inYHbIX obmacTsx. KoHeuHo, He Bce BelllecTBa
MOTYT MPUMEHSIThCS B TOBCEAHEBHOM *kU3HU. [ToJie3Hble cBOMCTBA
[T MHOTMX M3 HUX elle He HakijaeHbl. HexoTopwle BelllecTBa
TPYAHOAOCTYMHBI U OYEHb JOPOTOCTOSIIU, APYTME — TOKCUYHBI
WM XUMUYECKH HeyCcTouMBbl. OHAKO 3TH BEIECTBA MOT'YT ObITh
WCTONTb30BaHbl B XMMHUYECKOH MPOMBIIUIEHHOCTH B KauecTBe
CBIPbsI B MPOU3BOJICTBE PA3IMUHBIX MPOAYKTOB: KpacuTelei, Me-
JUKAMEHTOB, KaydyKoB (JJi1 aBTOMOOMJIbHBIX IIIMH), CUHTETH-
YECKMX BOJIOKOH ([JIsI pas3iIMYHBIX TEKCTUIIBHBIX M3METU),
rJracTMacce ([ TeXHUUIEeCKHUX JieTalieid, obopynoBaHus, Tpyo). Bee
3TH MPOAYKTHI CHHTECTUYECKHE.

Kakue e BeliectBa MNPUPOIHOTO MPOUCXOKACHHUS MBI
HCTOJTb3YEM B MTOBCEAHEBHOM KU3HU?

M3 mpoCThIX BELIECTB 3TO OTHOCUTEIBHO YCTOMYMBBIE HEKOTO-
pble METaIIJIbl U HEMETAJUIBI, & M3 CITOKHBIX BEIIECTB — pasInuHbIC
HEOpraHWYeCKHe BEIIeCTBA: OKCU/IbI, OCHOBAHMS, KUCITOTBI U COJIH.

6.2.1. MpocTbie BewecTBa

Ananuzupys Ilepuonnyeckyio cucTeMy XMMHUYECKUX 3JEMEH-
TOB, Mbl 3aM€YaeM, YTO HEKOTOPbIE€ HAa3BaHUsl MBI CIABIILAJIN €Ll1e
J10 uzyudeHust xumuu. Hanpumep: 3010T0, cepedpo, xkene3o, Meap,
AJIIOMUHUN, KUCITOPO/, BOAOPOI, YIJIepod, WOA U T. A. ITU Be-
LIeCTBa  LUMPOKO NPUMEHSAIOTCS B MOBCEAHEBHOM JKM3HU OJaro-
Japsi CBOMM (PU3UYECKUM U XUMHUECKUM CBOHCTBAM.

3on0mo (Au) — 61aropoiHbI MeTalJI )KeJITOro 1BeTa, YyCTOM-
YUBBIN Ha BO3/yXe U B BOJIE. DTO MSITKUN METaJJ, UMEIOLUIA BbI-
COKYIO 3JIEKTPONPOBOAHOCTb U CaMyl0 BBICOKYIO IMJIACTUYHOCTD;
M3 HErO MOYKHO BBITSIHYTb MPOBOJIOKY MJIM MPOKATATh JIUCTbI TOJ-
mrHoi 0,1 MUKpOH.

IIpumensercs naJie M3COTOBIIEHMS IOBEIMPHBIX M3MEIUH,
MOHET, Menajied, 3yOHBIX MPOTE30B, MEKTPUUYECKUX KOHTAKTOB
(puc. 6.1). MakcumanbHas CTENeHb YMUCTOTHI 30J10Ta 24 KapaTa.

Cepebpo (Ag) — Genwiit OGnectsimii Metania. Kak u 30510T0,
cepeOpo YCTOHUYMBO Ha BO3/1yXE U B BOJIE U MMEET Takue *ke odac-
TU IpUMeHeHus (puc.6.1). Bonblue koandyecTBa cepedpa UCTOb-
3YIOTCS /1S TPOM3BOJICTBA 3epKal U B oTorpaduu.

Bnaronaps nesuHGUUUPYIOIIUM CBOMCTBaM cepeOpo  wuc-
MOJIb3YETCs1 B MPOM3BOACTBE MPEAMETOB [OMAlIHEro obuxona
(cTONOBBIX MPUOOPOB, MOCYABI U T.JI.)

BewectBa, nony-
YeHHble U3 npu-
POAHBIX UCTOY-
HUKOB (BO3AyXa,
BOAbI U MOYBbI) —
9T0 BelecTBa
npupoaHOro npo-
UCXOXAEHMs, a
nosiy4eHHbIe Xu-
MUYECKUM nytem
— 3TO CUHTETU-
4Yeckue BeljecTBa.
MoxeTt nu ogHo n
TO Xe BeljecTBo
cynTaTbCca n
npupoAHbIM U
CUHTETU4YeCcKkum?

@ Ha cecoonsiumnuii

oerb uzsecmio 118 xu-
MUYECKUX DNCMEHINO8,
U3 KOMopbLx

89 ecmpeuaromcs 6
npupode. Dmo one-
menmut No - 92, 3a
UCKTIIOYCHUCM DTICMEH-
moe No 43, 85, 87.
Ocmanvivle dnemen-
Mol NOYYEHbL CUH-
Memu4ecKum nymem.

@ 11 nacmuurnocms —

CnocobHOCMb HEKO-
TOPbLX MEMANNO08 bl
MAUBAMbBCSL 6
MOHKYIO NPOBONLOKY
100 MexaHu4ecKum
6o30eticmauen.
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Puc. 6.1. 3penus n3
30/10Ta 1 cepebpa

dy UCHbIMU ) CINAN0G-
JIeHO, Umo s10po 3emau
cocmoum u3 cmecu
Jicene3a u HUKes.

Puc. 6.2. Obnactu
NPUMeHeHns xenesa
(4yryHa, ctanu)

1 anioMUHNS
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WMHorma MBI 3aMeuaeM, uTo U3Ieus U3 cepedbpa TyCKHe-
0T U uepHeoT. [louemy? Iloromy uto cepebpo umeeT
00JIb1I0E CPOJICTBO K Cepe U Jierko coenunsiercs ¢ Heid. Coe-
JIMHEHUST Cepbl HAXOJATCS B HEOONBIIMX KOJMUECTBAX B
Bozme. [lpu koHTakTe cepeOpa ¢ Bomoit obpa3syercs cyibhu
cepebpa Ag,S 4epHOro 1BeTA.

JKeneso (Fe) — 310 cepeOpUCTO-CepbIii MeTajll, UMEeT
BBICOKYIO 3JIEKTPOMPOBOAHOCTh, JETKO HaMarHUYMBAeTCsl.
Bo BIa)XXHOM BO3IyXe XeJe30 JErKO OKHCISEeTCs, TOKphIBa-
SICh TOPUCTON OKCUHOM TUIEHKOH (pyKaBUMHOM).

OdeHb OOJBIINE KOJMUYECTBA Kejle3a HCIONB3YIOTCS B
BUJIC CIUTABOB (UyT'yHa ¥ CTaJH), KOTOPBIE TAKXKe SBIISIOTCS
XOPOILKMMHU MPOBOJIHUKAMU Terta. M3 4yyryHa M3roraBiivBa-
FOT KYXOHHYIO TMocyny (Ka3aHbl, CKOBOPOJKH), HHCTPYMEH-
ThI, pa3IMYHbIE IETAJU ISl MalllkH, 6aTapen oTorieHus. M3 cra-
JU fenaroT TpyOs! (1 HeTH, ra3a, Topsiuell BOMBI), CTPOUTENb-
Hble MaTepuajbl, apMaTypy sl OeTOHA, NETalu sl MalluH
(puc. 6.2). B coueraHuu ¢ APYTrMMHU JIEMEHTAMM JKeJIe30 BXOAUT B
COCTaB TEMOIJIOOMHA KPACHOW KPOBH.

Amomunuii (Al) — Hanbojee pacrnpoCTpaHEHHBIM MeTalJIu-
YeCKUH JIIEMEHT B 3eMHOM KOpe, BCTPEUaeTCsl TOJIBKO B BUJIE
coeIMHEeHMI (pya). DTO cepeOpUcTo-Oeblii MeTalsl, KOBKHIA,
MMEET BBICOKYIO 3JIEKTPO- U TETIONPOBOTHOCTb.

AHaIM3UPYs MOJOKEHHE aTIOMUHUS B BBITECHUTEITBHOM PSITY
MEeTaJUTOB (OH HAXOMIUTCSI Cpa3y MOCIe MarHus, CTP. 72), MBI BUIVM,
YTO aJIOMUHUI — JIOBOJIbHO aKTUBHBIA MeTalll. B peambHOCTH ke
amoMuHmii maccuBeH. [Touemy? [ToToMy 4TO Ha €ro MOBEPXHOCTH
obpa3syeTcsl OueHb TOHKasl MJICHKA OKCHIa aJTFOMUHUS, KOTOPBIA
XMUMUYECKH YCTONHYMB M 3aIMUIIACT METAJII OT Pa3pyIICHISL:

4A1 + 302 = 2A1203

Bymyuu 1erkuM MeTajuioM, aTFOMUHUIA U €0 CIUIABHI YCIIEIIHO
MIPUMEHSTIOTCST B aBUACTPOeHUH. Taxke alfOMUHHIN UCIOTIB3YETCsI B
MIPOU3BOACTBE MEKTPUUECKUX Kabelneid, MoCcyAabl U TOMAITHErO U
MIPOMBIIIJICHHOTO IPUMEHEHUST, TOHKO# (hOTBTH TS YITAKOBKH.

Kucnopoo (0,) — ¥ak mpocToe BEIIeCTBO BXOAUT B COCTaB
Bo3myxa (1/5 yactp). 3TO aKTUBHBIN HEMeTall1, B3aUMOIEHCTBYET
MOUTH CO BCEMM METaJNIaMU M HeMeTaulaMHu (KpOMe MHEPTHBIX
ra30B, TAJIOTCHOB U OJIaTOPOIHBIX METAJLIIOB).

W3yunB CBOHCTBa MPOCTOrO BelleCTBAa KHUCIOpoHa (CM. Tpe-
TBIO TJIaBy  y4eOHHKA), Mbl YOSOUIIUCH, UYTO OH MUMEET KU3HEHHO
Ba)XKHOE 3HAUCHHE /IS YeIOBeKa, TaK )K€ KaK U ero auIOTPOITHOE
BUAOU3MeHeHue 030H Os.

Booopoo (H>) B BUJIe IPOCTOTO BEIleCTBA B MPHUPOJE HE
BcTpeuaercs. Kak XMMUYecKuit 3J1eMEHT BXOIUT B COCTaB COEH-
HeHMid. Bomopox MBI MOmpoOHO OXapaKTepU30BaIU B TpEThei
riaBe. [103HaAKOMBTECH C TOMOTHUTEIBHON NHpOpMALUEl O poln
BOIOpOAA B Pa3BUTHM XMMUU M HaYKU B LeTIOM B pyOpuke «UH-
TepecHast UH(GOpMALIUs 17151 TBOPUECKOU PabOThI».




Venepoo (C) — 3to Hemetamn. B cBOOOTHOM COCTOSIHUM
9TOT 3JIEMEHT BCTPEYaeTcsl B MPUPO/Ie B BUJE aiMasa, rpadu-
Ta, yrost. M3 rpaduTa M3roTaBIuBaIOT 3MIEKTPOJIBI, CTEPKHU
KapaHJallen.

Vroib B OCHOBHOM HCTOJIB3YETCS B KAUeCTBE TOILIMBA B
OBITY ¥ B MPOMBIIIJICHHOCTH, TaK KaK MPH PEaKIFK TOPEHUs
YIJIs BBLAEISIETCST OOJTBIIIOE KOJTMYECTBO Teria:

C+ Oz = C02 + Q
Yroap Takxke IMUPOKO IMPUMECHAIETCSI B IMPOU3BOACTBE
aBTOMOOWJILHBIX IIHH, TPIHOFpa(i)CKOﬁ KpaCcku u T.AO. %K

JPEBECHMHBI WIIM U3 KOCTOUYEK NIPU TEPMUYECKOM Pa3iloKEeHUN
0e3 10CTyNa KUCIOpOoAa MOJydyaroT MOPUCTBIA JIpEeBECHBIH

yTOJIb, 13 KOTOPOTO 3aTEM MOIYUAIOT AKMUBUPOBAHHDBII Y2O0.lb.

AXTHUBUPOBAHHBIN Yrollb UCIONIb3YyeTCs B (pUibTpax s Boabl, a  Puc. 6.3. O6bnactu

TaK)Ke B KAUECTBE JIEKAPCTBA MPU OTPABICHUSIX. nNpumeHenns yrnepona
Anma3s — 3TO OYeHb TBepAblii MaTepuall. M3 Hero mpou3BoasiT

UHCTPYMEHTBI IJI PE3KU METaJUIOB, OYpeHHs] TOPHBIX MOPO/I.

Kpucramn anmasa CHIbHO MPEIOMIISIET JIydd cBeTa (MrpaeT Ha

CBETY), MOITOMY ajiMa3 MCIOJb3YIOT KaK JParoleHHbI KaMeHb B

MPOM3BOJICTBE IOBEJIMPHBIX YKpallIeHUH (puc.6.3.).
Hoo (I,) — nemerann, TBepoe (pUOIETOBO-YEPHOE BEILECTBO

C MeTaJuTmyeckuM OjieckoM W crenrduyeckum 3anaxom. [lpu

HEeOOJIBIIIOM HarpeBaHuM oOpa3yeT Mapbl (HUOJIETOBOTO IIBETA.

Ecnu xanHyTh pacTBOp Homa Ha cpe3 kapTodels, TO OH OKpa-

IIMBAETCs B CUHMIA 11BeT. VOf — OIMH U3 )KU3HEHHO BaKHBIX JJIe-

MEHTOB; Y YeJIOBeKa U BBICIINX )KMBOTHBIX OH KOHIICHTPUPYETCS B

WUTOBUAHON kene3e. CriupTOBON pacTBOp Hoaa HCIOJb3yeTcs

KaK aHTUCENTHUK NMpHU 00paboTKe paH.

ol UE s Boaopoa — aneMeHT, 6narogapsi KOTOPOMY 6bluM CAENaHbl MHOTMEe OTKPbITUS

13’ ?.c MN3BeCTHble yyeHble xumukn 1 duaunkm XIX — XX BeKOB NpULLAY K BbIBOAY, 4TO, €Civ

AEﬂTE H b Obl BOAOPOL, He Obli OTKPLIT B 1766 romy, a HamHOro nosxe, TO MPOrPecc B XMMUK
)4 3agepxanca 6bl Ha fonroe Bpems. ECTb MHOXECTBO aprymMeHTOB B MOJb3Yy 3TOr0 Bbl-
CKasblBaHUS:

1. Bnarogaps OTKPbITMIO BOAOPOAA CTaNio BO3MOXHbLIM OObSCHEHWE COCTaBa M CTPOEHUSt KUCIOT WU
ocHoBaHwuiA. (Moyemy? Y10 06LLero B coctaBe KACNOT, OCHOBaHWA?)

2. ATom Bomopoaa no3eonun dusmky Hunbcy Bopy paspaboTtaTtb TEOPUIO SNEKTPOHHOIO CTPOEHUs aTo-
MOB XMMUWYECKMX 3neMeHToB. be3 atoii Teopun He Bbin Bbl 06BLACHEH U apryMEHTUPOBaH CMbicn Mepuro-
Ov4eckoro 3akoHa. (Movyemy? Kakoi npoCTenLLNA 3NIeMEHT MOXET MCNOb30BaTbCS A/S CPaBHEHUSA?)

3. Bogopon BHeC Bknaf B COBEPLLEHME OTKPbITWIA 1 B APYrX 061acTaX, SBASSCb CaMblM PACNpPOCTPaHEH-
HbIM 3n1eMeHTOM BO BceneHHon, Ha ConHue, 3Be3nax, B MEX3BE3OHOM NPOCTPaHCTBE. (B kakon ¢popme?)

4. B nonbiTke 06BACHWTL Ha4Yano v pa3BUTHE MMPa Y4eHble MPUHSAM BOLOPOL 3a TOYKYy OTcyeTa Ans
L/IMHHOM Lenu npeBpalleHnii aToMHOro s4pa, KOTopas BrMOCMEACTBUM MpuBena K 06pa3oBaHUi0 XUMU-
YECKUX 3NEMEHTOB, a Aanee pasfnyHbIX TUMNOB COeAMHEHWIA, Aoas B peadynbtate A0 6esnkos. (410 3To 3a
BeLecTsa?)

5. ConHue 1 3Be3apl CBETAT Gnarofgapsi NpeBpalleHnio Bogopoaa B renuid. 3TOT npoLuecc — saepHas
peakuus, CONpPOBOXAAOLLAACS BbIAENEHNEM OFPOMHOMO KOJIMYECTBA 3HEPTUM.

Takum 006pa3oM, Mbl MOXEM CuMTaTb, YTO BOAOPOL — 9TO YAUBUTESbHBIA XUMWUYECKUIA 3NEMEHT He
TONbKO Ha 3emne, HO 1 B KOCMUYECKOM MPOCTPaHCTBE.

3aganue. Hanvwmte acce 0 ponv BOOOPOJA B PasBUTUM Hayku: OTBETbTE HA BOMPOCHI, AaHHblE B
ckobKax, nouwyTe AoN0IHUTENBHYIO NHDOPMALMIO.
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6.2.2. MNpepcTaBuTenun KNaccoB HEOPraHNYECKUX
coeanHeHun

Hu1st mydiiiero noHUMaHUsI XMMUYECKUX SIBIICHUI B OKPY KaroIIeM
MUpE MPOaHAIU3UPYEM HEKOTOPBIE YYaCTBYIOIINE B HUX BEIIECTBA.

Okcuowt. Yaille Bcero BCTPEUaroTCsl B MPUPOJIE OKCUIBI HKe-
Jie3a, KaJiblysl, alTlFOMUHMS, KPEMHUS, YIJIepoia U BOAOpo/a.

Kax ynomunanoch panee, oxcuowt sicenesa (Fe>Os Fe;04) BXO-
JIAT B COCTAB MUHEPATIOB — KeJe3HbIX pyA. sl moayueHus: yuc-
TOTO XeJie3a PyAy WU PHKaBoe JkKelle30 MOJABEpraroT MPOMBIIILIEH-
HOMY BOCCTaHOBJICHUIO ITPpU 00paboTKe BOJOPOIOM UJIU YIJIEM:

p

F6203 + 3H2 = 2Fe + 3H20

R

2Fe,0; + 3C = 4Fe + 3CO,T
Oxkcuo kamvyus (CaQ) Ha3bIBACTCA TAKKE He2AULeHOL U38ec-
muio. Tlonyyaercst npy BbICOKOTEMIIEPATYPHOM Pa3JIoKEHNH KapOo-
HaTa kajabius (rmpu temrepatype 1200°C) B crienuaiabHBIX Mevyax

(puc. 4.13, cmp. 92): .
CaCO; = CaO + CO,T

KapOoHnaT kanpuusi, Ha3bIBAEMbIi TAKKE U3BECINHAKOM, BXO-
JIUT B COCTaB TOPHBIX Mopoja u MuHepasnos. Ha teppuropun Pec-



nyoauku MoJijioBa BO MHOTHX HAaCEJIEHHBIX MyHKTaX eCTh
Kapbepbl MO A00bIYe KaMHS, B KOTOPBIX JOOBIBAIOT
WU3BECTHSIK (puc. 6.5).

OKCH/JT KaJTbIUsl TPUMEHSIETCS] B TPOU3BOCTBE rallie-

HOM M3BeCcTH (THAPOKCHU/IA KAJIbIIUs):
CaO + H,O = Ca(OH)

Oxcuo amomunust AL,O;. B mpupojie okcua aixroMu-
HUS BCTpEYaeTcss B BUAE IIECTUYTOJbHBIX KPHUCTAIIOB
pa3IUYHBIX 1IBETOB, KOTOPBIE Moce 00pabOTKU UCIOb-
3YIOTCS KaK JparolieHHble KaMHHu (puc. 6.6.). IT0:

KopyHO, OECLIBETHBIN WIIH KEeITOBATHIM;

pyoun, KpacHbIi, 6J1arogapst HeOOJIBIIOMY KOJTUYECT-
By Cr,053;

cangup, CHHHM 13-3a IpUMecei oKkcuaa TUTaHa.

Yenexucmoui 2az (oxcuo yenepooa (1V)) COs, obpasyercs B pe-
3yJbTaTe MPOLIECCOB JbIXaHMS, THUEHUS OCTATKOB JXMBOTHBIX M
PACTUTENBHBIX OPraHM3MOB, TOPEHUsS MPUPOJHOIO rasza, HedTH,
JIPEBECHHBI, Pa3lIOKEHUs] KapOOHATOB, (hepMEeHTAI[UM BHUHOTPAI-
HOTO COKa.

Byayun KUCITOTHBIM OKCHIOM, MPU PACTBOPEHHUH B BOJIE
YIJIGKUCITBINA Ta3 o0pa3yeT HEYCTOWYMBYIO YIOJBHYIO KUCIIOTY
H,COs, koTopast 0OpaTUMO pa3iiaraeTcsi:

C02 + HQO ﬁ H2C03

PaBnoBecue mexay CO, u H,CO; nomiepkuBaercst U B ra3u-
POBaHHOU BOJIe, KOTOPYIO MBI TThEM.

Oxkcuo 60dopoda — eoda (H-O). B cenbMOM ¥ BOCBMOM KJlac-
cax Mbl MHOTOE y3HaJli O BOJIe: PACIpOCTpaHEHUE B TMPUPOJIE,
(du3MUYecKMe U XUMHUYECKHE CBOMCTBA, MPUMEHEHUE W 3HAUYCHHE
JUTSI )KU3HU. 3Hasi O TIOCIIEACTBUSIX 3aTPsSI3HEHUSI IPUPOIHBIX BOJ,
MBI JIOJDKHBI aKTHMBHO BKITIOUMTHLCSI B JIESITEJIBHOCTH IO 3alllUTe
BOJIHBIX PECYPCOB, a TAKXke IKOHOMHO PACX0J/I0BaTh BOY.

K kakoMmy Tumy OKCHUJOB OTHOCUTCS Bojaa? YUUThIBask TOT
(baxT, 4TO OHA pearupyer ¢ aKTMBHLIMU OCHOBHBIMU OKCHUIAMHU,
MBI MOKEM CJIeJIaTh BBIBOJI, UTO BOJIA — KUCIIOTHBIN OKCHI;

H,0 + CaO = Ca(OH),

B T0 e BpeMst Bofga coelMHsIeTCsl U ¢ KUCIOTHBIMU OKCU/1a-

MU, TIPOSIBIISISE [TPU 9TOM CBOMCTBA OCHOBHOT'O OKCHJIA:
HZO + SO} = H2S04

CrenoBaTenbHO, B XMMHUU, KaK U B MPUPOJIE, BOJa SIBIISIETCS
0Cc000 LIEHHBIM BEUIECTBOM, KOTOPOE MO3BOJISIET MEPEHTH OT OKCH-
JIOB K KMCJIOTaM U OCHOBAHUSIM, UTpas pojib «MOJIepaTopay» Kiac-
COB COEIMHEHUM.

bnaronapsi cBoemy coctaBy BoJla — MCXOJHOE BEILIECTBO IS

MOJIy4eHUs1 BOAOPOAA U KUCIOpOoaa:
9JIEKTPOIIN3

2H,0 = 2H,T + 0,7
Kucnomur u ocnosanua. B nosceqHEBHOM KU3HU Yallle BCETO
HCIIOJIB3YIOTCS YKCYyCHAasl U consiHasi KucnoThl. [lepBast — 3To opra-

Puc. 6.6. lparoueHHble
KaMHW, cofepxatimne
OKCW[, antoMUHNS

Camblii LeHHbI
npoAayKT NUTaHUs
— 9T0 BOAa.
Moyemy?
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Hanuww ypaB-
HeHus peak-
ynii obpaso-

BaHus B
armocgepe
9TUX KUCIIOT.

(<}

B earceonesrom
AUMAHUU MbL UCHOITb-
3yeM npooyKmbvl, 6
€OCMag KOMopyLx
6X0051M HEKOMopbie
ruciomol. Hanpumep,
A0710KU coodeparcam
AONOUHYIO KUCTIOMY),
yumpycoswie — -
MOHHYI0 KUCTOMY,
waseib — waeenesyro
KUCIOMY, YKCYC — VK-
CYCHYIO KUCTLOMY.
Omu kucnomul
ABNAIOMCA OP2AHUYEC-
KUMU 8etyecmeamu,
HO, KAK U HeOPeaHU-
uecKue Kuciomol,
cooepaicam 6 moie-
KyJle akmuegHvle
amomul 8000p00a u
NPOABTISAION CEOUICMBA
KUCL0M.
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HUYECKOE BeleCTBO. BOIHBIN pacTBOp YKCYCHOW KHMCIOThI U3BEC-
TEH TOJI Ha3BaHUEM YKCYC, KOTOPBIA SIBISIETCS KOHCEPBAHTOM M
xopotuei npunpasoit k nuuie. ConstHast kuciaora HCI — 3To eaun-
CTBEHHAsl HEOpPraHWJecKasi KUCJI0Ta, KOTOpasi BBIMOJHSET BaXKHEM-
yI0 (GYHKIHUIO B HAILIEM OPraHU3ME — CITOCOOCTBYET MUIIEBAPEHUTO
B JKEITyIKE.

B 60ibIIMX MPOMBIIIJIEHHBIX TOPOJax B aTMochepe Hakar-
JIMBAIOTCSl OKCUJIBI YTJIEPOJa, CEPhl U a30Ta, KOTOPhIE BO BpeMs
JIOKJIeH MPEeBpaIalOTCs B KUCIOThI (KUCIIOTHBIE TOXK/IN).

M3 ocHOBaHMII MOXXHO BCIOMHHUTH THAPOKCUJ KallbLIUs
Ca(OH), — raiieHyto M3BeCThb, UCTIOJB3YEMYIO ISl TTIOOETTKU CTEH.
IIpu BBICBIXaHUW TUAPOKCHI KaJblWs B3aUMOJEHUCTBYET C
YIJIEKHUCITBIM Ta30M BO3IyXa, oOpasysi Oelylo HepacTBOPUMYIO B
BOJIE COJTb — KapOOHAT KaJbIUS:

Ca(OH), + CO, = CaCO;! + H,0

B HEKOTOPBIX HENMpeABHICHHBIX CHUTyalusXx (0OMOpoKax)
WCTONB3YeTCsl HAIIATBIPHBIN CIIUPT — PACTBOP THAPOKCHAA AMMO-
Hust NH4,OH, cmaboro ocHOBaHMS ¢ Pe3KMM 3allaxoM aMMHaKa.
Peaknust momy4yeHust 3TOro OCHOBaHUST 00paTuMa:

NH; + H,O 2 NHOH
amMmMuax 2UOPOKCUO AMMOHUS

Conu. Conu cocTOSIT U3 MeTa/jla U KUCJIOTHOIO OCTaTKa.
Hawm xopoto 3Hakoma noBapeHHas cojib NaCl — camas u3BecTHas
MpunpaBa K MUIlE W KOHCEPBAHT. B MPUPOJHBIX MECTOPOXK/e-
HUAX BcTpevaeTcs B opMe KaMEHHOW COJIM UM MOPCKOii conu. B
COCTaB KaMEHHOHW coJM Hapsigy ¢ XjopuaoMm HaTpus (97-98%)
BXOJIAT HEOOJIbIlIMe KOJIMYECTBA XJIOPUIOB KaJblMsl, MarHUs U
KaJus, a TakkKe cyJb(aToB KalblUs U MATHUS.

Xiiopuj HaTpus KpaiiHe HEOOXOAUM AJist )ku3HU. OH UCTONb-
3yercs Il MPOU3BOJICTBA (DU3MOTIOTHYECKOTO pacTBOpa, TaK Kak
MO/JIEP)KUBAET COOTBETCTBYIOIIEE KPOBSIHOE /IaBIeHWE B Opra-
HU3ME yelloBeka. EjxeIHEBHO 4eoBeKy HEeOOXOAMMO OKOJO 5 T
conu. lpyrue coeMHEHUs, KOTOpble OPraHU3M MOJIyyaeT C Iu-
el — 9TO CoNM Kajusl, KaJblusl, MarHUS U JIP.

Eule ofHa WIMPOKO HCHOJb3yeMasi YeJIOBEKOM COJlb — 3TO
ruapokapboHat Hatpus NaHCOs, Ha3pIBaeMblil Takxke nuuyesoil
€00oti. ITo Kucaas cosb. A cpefusis coiib Na,COs — 3T0 cTUpaib-
Has coia. ITU JIBE COJIM MOXOXKHU MO COCTaBy, HO OYEHb OTJIMYa-
10TCs O PU3MONIOTMYECKOMY AeicTBUIO; cosib Na,COs BpeaHa ajis
BHYTPEHHET O MPUMEHEHUSI.

Conp kapOoHaT kanblusg CaCO; (onucaHHas Bblllie) SBISET-
C OCHOBHBIM KOMIIOHEHTOM MHHEpalioB: Meja, W3BECTHSIKA,
Mpamopa.

HMuoraa B npupojie HabI01a10TCs HEOOBSICHUMBbIE SIBJICHUSI: B
HEKOTOPBbIX MecTax OOJIbLlIME KaMEHHbIE CKajbl MOCTENEHHO MC-
ye3atoT. [1o kakoi mpuunHe?

KamHu, To ecTb HepacTBopuMasi cojib KapOOHAT KasblMs,
MoJ1 JeicTBUEM BOJIbI M YIJIEKUCIIOrO ra3a MmpeBpallaroTcsl B pac-



TBOPUMYIO KUCITYIO coiib TuapokapboHat kanbius Ca(HCOs),:
CaCO;l + CO, + H,0 = Ca(HCO:),

Kapb oHam Kanvyus 2udpoxapbonam
(Hepacmeopum) Kanyus (pacmeopum,)
3atem pactBop Ca(HCOs), nepeHocUTCs MPOTOYHBIMU BOfA-
MU B ApPYruec MecTta, rc rnocjc ucrnapeHus BOJAbl MpeBpallacTcsa
B Kap6OHaT KaJlbliUd B BUOC KaMHCfI, CTAJIAKTUTOB B INeEUIcpax
(puc. 6.7):

Ca(HCO;), 2 CaCOsl + CO,T + H:0 Puc. 6.7. CTanakTutel 13
DTH NpeBpalleHns SIBISIOTCS MPUPOAHBIME oOpaTumbiMu  KapOoHaTa kanbuus

MPOLIECCAMH.
i
1 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
1 1
1 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
1 1
1 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
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Kakosbl ycnosusi ocy-
wjecTs/eHus npowuec-
ca ¢porocuHTe3a?
MoxerT nin aTOT Npo-
yecc npoucxoanTb
HoYbl0? Kakoii npo-
yecc nporekaet B
HOYHOe Bpems?

Hanuwn ypaBHe-
HUSI YTOMSIHYTbIX
peakuui 3ame-
LeHusl.

Kakas n3 atux
ABYX peakuui
obpatuma B npu-
POAHBIX YCIOBUSIX?
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To ke MOKHO CKa3aTh U O XUMU4ecKux seaeHusx. Mbl HaOIro-
JlaeM, KaK TOpSIT MPUPO/IHBINA T'a3 WIIK JIPOBA U YTOJIb B TIEUN; MOEM
MOCY/1y U CTUPAEM OJICK/Ty C TTOMOIIBIO MOOIIUX CPE/ICTB (YKUPBI
B3aUMOJICHCTBYIOT CO IIEJIOYHBIMU areHTaMH); HEeUTpaIuzyem
YKCYCOM (KOTOPBII SIBJISIETCS KUCIOTOMN) MUIIEBYIO COMY MPU TTPU-
TOTOBJICHUM TECTa ISl BBIMEUYKU W MHOTOE JAPYroe. XMMUYeCKue
SIBIICHUSI TIPOMCXO/ISIT, HATIPUMED, W TIPU PKaBIICHUM JKejie3a WIIN
npu GOTOCUHTE3E - MPUPOJAHOM Tpollecce, KOTja 3ejieHble pac-
TEHUSI MOTJIOIIAIOT YTJIEKUCITBIN Ta3 U BBIJEISIOT KUCIOPO/I.

Knaccudpukaums xmmumyeckux peakuum

OxpyKarolye Hac XUMHUYECKHUE MpeBpallieHUs] MOTYT ObITh
KJIacCU(UUMPOBAHBI IO YUCIY M COCTABY MCXOJHBIX BEUIECTB U
MPOAYKTOB peaKklUU Ha YEThIPE TUIA: peaKLUHU COEANHEHNs, pa3-
JIOKEHUS, 3aMelleHUs U oOMeHa.

Peaxyuu coedunenus. TIpolieccbl OKHCIEHHS KHUCIOPOIOM
BO3/lyXa METAJJIOB MJIM HEMETAJJIOB MPU OOBIYHBIX YCIOBUSIX WIIN
Npu COKUraHuM (¢ 0Opa3oBaHMEM OKCHJIOB) — 3TO PEaKLUU COeIU-
Henusi. Hanpuwmep:

3Fe + 202 = Fe304 (F6203 . FCO)
4Al + 30, = 2A1,0;
C+ 02 = COz

B peakumsix coequHEHUs] MOTYT y4acTBOBAaTb U HEKOTOPBIE

CJIO’KHBIE BEllleCTBa, HaMPUMep, OCHOBHOM U KUCIIOTHBIM OKCHJIBI:
CaO + CO, = CaCO;

OOpa3zoBaHMe THUAPOKCHAA AaMMOHMSI TPU PACTBOPEHUU

aMMMaKa B BOJIE — TAKKE peaKlUsi COeTUHEHUSI:
NH; + H,O 2 NH,OH

Pearxyuu 3ameuenus. B peakuusx 3aMelieHUsi aTOMbI TPOCTO-
IO BellleCTBa CTAHOBSITCS HA MECTO aTOMOB OJIHOT'O M3 3JIEMEHTOB B
CIIO’)KHOM BEIIIeCTBeE.

Hanpumep, nonyyenue Boaopoda mNpu oOpabOTKe LMHKA
COJISTHOM KHUCIIOTOW WJIM MPOMBIIIEHHOE MOJyUYeHHe Keme3a Mpu
B3aumoielicTBun okcunaa xenesa (I1I) ¢ BogopomaoM umu yriepo-
JIOM — BC€ 3TO peaKLMU 3aMEelIeHHUSI.

Ecnu BHeceM JKelle3HbIH TBO3[b B CMHMI pacTBOp cysbdaTa
menu (II), To yepe3 HeKkOTOpoe Bpemsi cepeOPUCTHIN JKelle3HbIN
TBO3/Ib MTOKPOETCSl KPACHOBATHIM HajeToM Meau. B aTom ciyuae
0OoJiee aKTUBHOE KeJie30 3aMelaeT aToMbl Meau B coiin CuSOq.

Peaxyuu pasnoosicenusi. B peaxuusix pasioXeHUs] MOA Aeil-
CTBHEM BBICOKMX TEMIIEpaTyp, CBETa M3 OJHOIO CI0XHOTO Be-
LIECTBA TMOJYYalOTCs ABA-TPU TMPOCTBIX MM MEHEE CIIOKHBIX

BeulecTBa. Hanpumep:
BJIEKTPOJIN3

2H,0 = 2H,T + 20,7
Ca(HCOs), = CaCOsd + CO,T + H,O
Peakuuu obmena — 3TO peakirur, B KOTOPBIX [Ba CIIOXKHBIX

BE€IICCTBA OOMEHUBAIOTCSI COCTaBHBIMH HacTsIMH, NMpeBpaliasichb B
APYTHUEC CIIOXKHBIC BEIICCTBA.



Tak, peaknusi Mexay OCHOBAaHMEM M KHMCIIOTOM — 3TO peak-

W 0OMeHA: N\ OH + HCI = NaCl + H,0

DTa peaxius TaK)Ke Ha3bIBACTCS peaKyueti Hellmpanusayuil.

B cityyae nMoBbIIIEHHON KUCTOTHOCTH JKEJTyI0YHOTO COKa MO-
I'YT MOSIBUTBCS Takue 3a00JIeBaHUsl KaK FACTPUT U s3Ba XKEIYIKa.
JI71s1 edeHnst pEKOMEHAYIOTCSI MEIULIMHCKHE MPEenapaThl aiMd2ey,
maanoxe v T.0. OHU copepxat ocHoBaHust Al(OH); u Mg(OH),,
KOTOpbIE HEUTPAIM3YIOT U3OBITOK COJISTHON KMCIIOTBI B JKEITYIKE:

Al(OH); + 3HCI1 = AICI; + 3H,0
Mg(OH), + 2HCI = MgCl, + 2H,0

Hpyaue munvi peaxyuii. B 3aBUCUMOCTH OT YCIIOBHUI MIPOBeE/Ie-
HUSI CYIIECTBYIOT U JPYTUe KPUTEPUH KIacCUPUKALNUA XUMHUIEC-
KUX peakiuii. [IpuBeeM HECKOIBKO MPUMEPOB.

Pearxyuu sxzomepmudeckue u sHOOmMepMuiecKue.

CH,4 + 20, = CO; + 2H,0 + Q (3x30TepMHUecKas)
CaCO; = CaO + CO; — Q (3HgoTepmMuyecKas)
Peaxyuu obpamumvie u Heobpamumvie:

CO; + H,O & H,COs; (obpaTtumas)
Zn + 2HCI = ZnCl, + H,T (neobpatumas)
Peaxyuu xkamanumuueckue u Hekamanumudeckue:

[MnO]
2H,0, == 2H,0 + O, T (xaramuTnueckas)

4P + 50, = 2P,0Os (HexaTanmuTuieckas)
Pearxyuu meonennvie u bvicmpoie.
2H,0, = 2H,0 + O, T (6e3 kaTanmu3aTopa — MeIIeHHAs)
NaOH + HCI = NaCl + H,O (6bicTpas)

6.4 FeHeTU4YecKkaa CBSA3b MeXay Knac-

caMun HeopraHU4eCckux coeanHeHun

B xumuueckux peaxkuusix, MpeAcTaBICHHBIX B 6 TiiaBe, ObLIN
MOKa3aHbl MHOTOYMCIIEHHBIE BO3MOKHOCTHU 151 MpEBPallleHUI He-
opraHuyeckux BeiiecTB. OHU XapaKTEPU3YIOT METO/IBI IMOJTyUEHUS
HEKOTOPBIX MPOCTBIX U CIOXHBIX BEIIECTB, a TAKXKe UX XUMHUYEC-
KHE CBOMCTBA.

T'eHeTuyeckuil psii — 3TO COBOKYITHOCTh BEIIECTB, MPUHAJIE-
JKAIMX K pa3HBIM KJlaccaM, OObEIMHEHHBIX OJTHUM 3JIEeMEHTOM. B
pe3yJibTaTe XUMHUYECKUX peaklMil BellecTBa OJHOTO Kilacca
MIPEBpALAIOTCsT B BEIIECTBA APYroro Kjacca: U3 IPOCTOrO Be-
ecTBa oopas3yeTcsi OKCUI, U3 OKCHUJIa — KUCJIOTa WM OCHOBAaHUE,
Jlajgee — COOTBETCTBYIOLIAS COJb.

PaccmoTpum Lienouku mpeBpallieHuit 1151 MeTajuia U HeMeTasuia:

Mg — MgO — Mg(OH), —» MgCl,
P— P205 — H3PO4 — Na3P04

JlaHHbIe LIEMOYKK — TEeHETUYECKHE PsIibl MeTalla (MarHus) u
HemeTtaia (pochopa).

@ )
Xumuueckuii npo-

yecc, 6 pezynvmame
KOMOopo20 00HO U
HeCKOMbKO XUumuyec-
KUX eeujecma npe-
spawaomcesi 8 opyaue
seujecmed ¢ HogbIMuU
ceoticmeamu Hazvl-
6aemcst XMAMUIECKOM
peakiuen.

Hanuwwm ypasHe-
HUSl peakuuii ans
reHeTn4eckux
psaos Mg, P.
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Panee (cmp. 72) MBI yXKe COCTaBIISIIN IBAa TEHETUUECKUX Psifia:
P50 memanna: METa1 — OCHOBHBIN OKCUJ — OCHOBaHHE — COJIb
P50 nememanna: HEMETAIUT — KUCIIOTHBIM OKCHJT — KMCIIOTA — COITb
OTHU TeHeTUUECKUE PSIZIbI MOKHO OObEIMHUTD:

METaJJI — OCHOBHBIM OKCUJT — OCHOBaHUE
COJIb

HEMeTaJI — KHUCJIIOTHBIA OKCU — KUCIO0Ta

BribepeM mnpeBpallieHUs, € TMOMOIIBIO KOTOPBIX MOJYyYUM
OJIHY U Ty ke collb. Hanmpumep, a1 nojiyueHus: OTHON M TOH xe
obeii conn CaSO; cocTaBUM CleIyIOLINE PSIAbL:

1 2
Ca — Ca0O — Ca(OH),
\55
/
S 3 S0, % H,S0s

Kak wmbl BuguMm, comb CaSO; oOpasyeTcss U3 OCHOBAaHUS
Ca(OH), u xucnotst H>SO:s.
CyIIeCTBYIOT ¥ JPYTHE CITOCOOBI MOTyUSHUsT COJIEH, a TakKe
KUCIIOT, OCHOBaHUI M OKCHIOB.
B o0uieM BUje B3aMMOCBSI3b MEXJy KIIacCaMHU COEIUHEHUIA,
OCHOBaHHAasI Ha TEHETHUECKHUX pPsaX MeTajula M HeMeTayia, Mo-
KeT OBITh MPENICTaBICHA CIICAYIOMUM 00pa3oM:

CaS0;

Cxema 6.1. T'eHeTyeckas CBA3b MEXAY KlaCcCaMy HEOPraHNYeCKUX COeANHEHWI

+H,0 (WenoyHble 1 LWENOYHOIEMENBHbIE METANbI)

Y

3/1IEKTPONN3 LLENIoYn (B pacnniaBe)

Y
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NMPUNOXEHUSA

Tabimuya 1. OTHOCUTENbHbIE MOJIEKYNSIPHbIE MaCChbl

Wowbl | H* |NH,*| K* | Na* | Ag* | Ba®* | Ca?* | Mg?* | Zn?* | Cu®* | Hg?* | Pb2* | Fe?* | AP+ | Fe3+

OH- 18 | 35 | 56 | 40 | — | 171 | 74 | 58 | 99 | 98 | — | 241 | 90 | 78 | 107

NO; | 63 | 80 | 101 | 85 | 170 | 261 | 164 | 148 | 189 | 188 | 325 | 331 | 180 | 213 | 242

C- |36,5|53,5|74,5|58,5(143,5/ 208 | 111 | 95 | 136 | 135 | 272 | 278 | 127 |133,5/162,5

8% 34 | 68 |110 | 78 (248 | 169 | 72 | 56 | 97 | 96 | 233 | 239 | 88 | 150 | —

S0,> | 82 | 116 | 158 | 126 | 296 | 217 | 120 | 104 | 145 | — | — | 287 | 136 | — | —

$0,> | 98 | 132 | 174 | 142 | 312 | 233 | 136 | 120 | 161 | 160 | 297 | 303 | 152 | 342 | 400

C0.> | 62 | 96 | 138 | 106 | 276 | 197 | 100 | 84 | 125 | — | — | 267 | 116 | — | —
Si0,>| 78 | — | 154 | 122 | 292 | 213 | 116 | 100 | 141 | — | — 283 | 132 | — | —
PO | 98 | — | 212 | 164 | 419 | 601 | 310 | 262 | 385 | 382 | 793 | 811 | 358 | 122 | 151

(H0001 60 | 77 | 98 | 82 | 167 | 255 | 158 | 142 | 183 | 182 | 319 | 325 | 174 | 204 | 233

Tabivua 2. PacCTBOPUMOCTb KUCJIOT, OCHOBaHUIA U CONen B Boae

WoHbl | H* NH4+ K* Na+ Ag+ Ba%t*| Ca?* Mgz+ Zn%* | Cu?* ng+ Ph2+ Fe2+ A3+ | Fed+

OH- pr/P | P|-|P M|M|H|H |- |H |H|H|H

N [P PP P|P|P|P|P|P|P|P|P|P|P P

¢cc |p|/P|P|P|H|P|P|/P | P|P|P|M|P|P|P

s |Pt/P|P|P|H| M| -|~-|H|H|H|H|H| -]|-
0| PT/P|P|P M| H H/ M/ M|-|-|H|M| -]|-
so*| P | P|P|/P|M|H M/P P|P|-|M|/P|P|P
¢+ P/ P|P|P M| H| H/ M| H|H|-|H|H| -]|-
$o | H | - | P P|H|H|H|H|H|-|-|H|H|-]|-
PO | P | -|P|P|H|H| H M H|H| H|H | H|HH

ey P |P|P | P|P|P| PP |P|P|P P|P|-]-

P — pactBopumo (6onbiie 1 r Ha 100 r Boapl); M — manopacteopumo (o1 1 1 go 0,001 r8 100 r
BoAbl); H — npaktudecku HepactBopumo (meHbie 0,001 r B 100 r Bogwl); T — pasnaraetca ¢
BbleNIeHMeM rasa, camo — ras.
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Tabmmuya 3. HasBaHua u GopMysibl HEKOTOPbIX OKCUAOB U TMAPOKCUAOB

MeTannoB
Okcvabl MeTansioB lvapokcuasl MeTanios
HasBaHune | ®dopmyna ®dopmyna HasBaHune
OcCHOBHbIe OKCHAbI PacTBOpuMbIE OCHOBaHMSI — LLEI0YYN
Oxcung nutus Li.O LiOH 'mppokeung, nutns
Okewnp, HaTpus Na.O NaOH 'mapokeng, HaTpus
Okcup kanus K20 KOH M'maopokeng, kanus
Okcmnpa, kanbums Ca0 Ca(OH), Mmapokeung, kanbums
Okewng 6apus BaO Ba(OH) Mmopokeung 6apws
HepacTtBopnMbie 0CHOBaHUS
Oxcug xenesa (Il) FeO Fe(OH) Mopokeng xenesa (Il)
Oxeunp, mean (1) CuO Cu(OH), Mapokeng meam (1)
*AMPOTEPHBIE OKCULbI *AM@POTEPHBIE OCHOBAHUS
Oxcug xenesa (Ill) Fe20s; Fe(OH)s Mpopokeung, xenesa (1)
Okenp, umHka Zn0O Zn(OH), 'vaopokeung, umHka
Okewng anioMyHmg Al,O3 Al(OH)3 'maopokeung, antoMmHUS

Tabmuya 4. HassaHusa u GopMyibl HEKOTOPbIX KUCNOT
M KAUCJIOTHbIX OCTaTKOB

Kuenotsl KucnotHble ocTatku
HassaHue | dopmyna ®opmyna | Haseamme
Kncnopoacoaepxaiyme KucaoTbl
AsoTHag HNOs N|03 Hutpat
CepHucTas H2S0s 863 Cynbout
CepHas H.SO, 864 Cynbdar
YronbHas H.COs CBS Kap6oHat
KpemHuneBas H,SiO3 Si"03 Cunukat
docdopHasn HsPO4 P%‘; ®docdat
BeckncnopoaHsie KUCIOTb!
PTopoBogopoSHas (nnaBukoBas) HF II: dropug,
XnopoBogopoHas (consHas) HCI CI)I Xnopug,
BpomoBogopoaHas HBr Blr Bpomng,
MoposogopogHas HI | Noowp,
CepoBopopoaHas H.S g Cynbdun,
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Mepuoanyeckasa cucrtema

n— rPyrirnbli
la lla lllb Vb \b Vib Viib Villb
" H
| BOJJ.OPOLE -
s |4
” Li Be
JUTURA BEPUNIAN
6,939 9,012
11 Na 12 Mg
”l HATPUIA MATH
22,990 24,312
19 20 21 4 22|\/ 23 241N/ 25 26 27
I\ K Ca |Se Ti \ Cr Mn ?|Fe Co
KA KA CKAHAWI TUTAH BAHAZNN XPOM MAPTAHEL, | XENE30 KOBANBT
39,10 40,08 44,96 47,88 50,94 52,00 54,94 55,85 58,93
37 38 39 40 ALY 42 43 44 45
V Rb|* Sr |Y Ir “Nb “Mo *Te¢ *“Ru *“Rh
PYEUANIA CTPOHUM | UTTPWWA LIMPKOHWA | HOBWI MONBAEH | TEXHELWA  |PYTEHWIA POLMN
8547 87,62 88,91 91,22 92,91 95,94 [98,91] 101,07 102,91
55 56 *® 57 72 73 [\ 74 75 . 76 77
Vi Cs Ba|lLa® “|Hf ™Ta "W Re 7|0s Ir
LIE3NI BAPUIA JIAHTAH TAGHUN TAHTAN BOJIb®PAM | PEHI OCMUR VPUINRA
132,91 137,33 138,91 178,49 180,95 183,85 186,21 190,20 192,22
87 88 *%  go 104 105 106 107 108 109
Vil Fr Ra [Ac Rf Db "Sg Bh "|Hs Mt
OPAHLMAA | PAIMIA AKTUHII PESEPOOPIVIA| AYEHV CUBOPIUN | BOPUI XACCWUW MENTHEPWV
[223,02] [226,03] [227,03] [261,11] [262,11] 263,12] [264,12] [267,13] [268,14]
Bicwme
Jleyune
BOAOPOAHbIE
COoeauHenns
J;AHTAHOM Ce 58 Pl. 59 Nd 60 Pm 61 Sm 62 Eu 63 Gd 64 Tb 65 Dy 66 H0 67 El, 68
b LIEPUI MPASEOAVM| HEOAMM  [MPOMETUA | CAMAPUI | EBPOMWIA | TALONMHWIA| TEPBIIA QIMCMPO3WIA| TONIbMUIA | SPBEMIA
140,12 140,91 144,24 [144,91] 150,36 151,96 157,25 158,93 162,50 164,93 167,26
** Th 920 l)a 91 U 92 Np 93 Pu 94 Am 95 Cm 96 Bk 97 Cf 98 Es 99 Fm 100
AKTHHOAEH TOPUI MPOTAKTUHWIA| YPAH HEMTYHUA | NIIYTOHWIA | AMEPULIAY | KIOPU BEPKINAV  |KAMAOPHM | SIHLLTENHWI| DEPMUIA
232,04 [231,04] 238,03 [237,08] [239,10] [243,06] [247,07] [247,07] [251,08] [252,08] [257,01]
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XNMU4YeCKUux aJjieMeHTOoB

SJIEMEHTOB

Vill

Ib IIb

lll2

IVa

Va

Via

Vila

(H)

F'EJTNA
4,003
5 6 7 8 9 10
B C N 0 F Ne
BOP YINEPOL A30T KMCNOPOL | dTOP HEOH
10,811 12,011 14,007 15,999 18,998 20,183
13 14 ] 15 16 17 18
Al Si P S Cl Ar
AMOMUHAI | KPEMHWN dOCDOP CEPA XJ10P APIOH
26,982 28,086 30,974 32,064 35,453 39,948
J 28 29 30| 31 A 32 A 33 34 \ 35 36
Ni Cu In Ga Ge|® As Se Br Kr
HUKEJb MEZb LIMHK TANNIAN TEPMAHUI | MbILUBSAK CENEH BEPOM KPUMNTOH
58,69 63,55 65,39 69,72 72,61 7492 78,96 79,90 83,80
46 47 48] 49 50 R 51 N 52 53 54
Pd Ag Cd In Sn Sh Te ® 1 Xe
I'IAJ'IJ'IALI,VIVI CEPEEPO KALI,MI/IVI VIH,EI,VIVI 0NoBO CYPbMA TENNYP noa KCEHOH
106,42 107,87 11241 114,82 118,71 121,75 127,60 126,90 131,29
78 79 80| 81 82 83 s |84 85 86
Pt Au_ */Hg Tl Pb Bi Po At Rn
MNATUHA 301070 PTYTb TANIA CBWHEL, BUCMYT MOMOHUN ACTAT OH
195,09 196,97 200,59 204,37 207,19 208,98 [208,98] [209,99] [222,02]
110 111 112 113 114 115 116 117 118
Ds R§ Cn Nh FI|'™® Me|™ Lv|" Ts Og
JAPMLUTAATWW| PE TEHUI | K I'|EPH|/|L|.|/|I7| HUXOHW ®JIEPOBUA | MOCKOBWW | IMBEPMOPWA | TEHHECCWH | OTAHECCOH
I 0
[281] 280] [285] [284] [289] 288] 1293] 294] [294]

R,0 | RO

RO,

RO,

RII,

RH,

IR

HR

Tm 69

TYNA
168,93

Yb 70 Lu il

UTTEPBUIA | NIOTELMNA

173,04 17497

Nld 101

MEHENEBUN

NO 102 Ll. 103

HOBESMA | IOYPEHCUI

[258,10]

[259,10] [261,11]
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Descrierea CIP a Camerei Nationale a Cartii
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