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Knaccudoukauua
HeopraHn4Yeckux BeLllecTB

J1ns1 cucTeMaTMYecKoro ornncaHusl CBOMCTB BelllecTB HeoOXoauMa UX KJIacCu-
dbuxkayus. B oTiMuMe OT opraHMuecKoi XUMUU, IIe Kiaccupukauus coeIMHe-
HWUH OCHOBaHa HAa ONHOM OOILEM MPU3HAKE — HATUUYMU OOHON NAU HECKONBKHX
(PYHKLUMOHANBHLIX TPYNI, B clydyae HeOpraHUUYeCKUX coeAMHEeHUN NPUXOINUTCS
paccMaTpUBaTh Cpa3y Leabli psia NPU3HAKOB, OOYCIOBAMBAIOLINX Te UK UHbIE
xMMuueckue cBoiicTa. [losToMy npodiema knaccudukaluy HeopraH MuYeCcKUXx
BELLIECTB JIO CUX IOP OCTAETCS He A0 KOHLIA pelleHHOMH.

B Heopranuvuyeckoll XMMMUM BeuwlecTBa JAeJsAT Ha KJjaccbl. OAHaKO rpaHu-
bl MEXKIY KJacCaMM HeuyeTKUe, MOCKOJbKY YacToO MMO3BOJUTENbHO TPUHUMATD
BO BHMUMaHHe pa3inuHble XapakTepucTUKU BeulecTs. [locTapaeMcs npaBuUibHO
OLIEHUTb NOCTOMHCTBA U HEJOCTATKHU pa3IMUYHbIX CITIOCO00B Kiaccudrukalum.

1.1. Pa3Butmne NOHATUN O XUMUNYECKUX INIEMEHTAaX,
BellecTBaxX NPOCTbIX U CZTIOXKHbIX

Yxe B apeBHOCTU pUI0CO(dBl Noaaraiu, 4To BCe TeJjla COCTOSIT U3 3JIEMEHTOB.
Ho BnepBbie caMO NOHSITUE XUMUUYECKOTO 3JIeMEHTa BO3HUKIIO Avub B XVII B.
AHrIuiickuil yuenblit Boitib' B 1661 . B KHUTe «XUMUK-CKETITUK» ONMPEASTNI
2JIEMEHTbI KaK «IlepBOoHayajJbHble U MPOCTHLIE, BIIOJHE HE CMELUaHHble Teaa, KO-
TOPbIE HE COCTABJIEHbI APYT U3 APYTra, HO NpeacTaBasiioT cOOOM T€ YaCTH, U3 KO-
TOPbIX COCTABJICHbI BCe TAK Ha3blBaeMble «CMelUaHHbIe Teda» U Ha KOTOpble MO-
CJICAHUE MOTYT ObITb B KOHLIE KOHUOB pa3joXXeHbl». OH BBEJ MNpeacTaBIeHHUE
O MEPBUUHBLIX KOPMycKyaax (MeabyalluMX 4yacTULAX) KaK 3JIEMEHTaxX U O BTO-
PUUHbIX KOPMNYCKYJax KaK CJI0XHbIX Tejaax. boilib cuuTan a1eMeHTbl MMEHHO
BewlecTBaMu. OOHAKO OH OLIMOOUYHO (KAK Mbl TeIepb 3HAaeM) OTHOCWUJ BOIY
K 3JIeMEHTAaM, a 30JI0TO, Meb, PTYTb U CEPY — K COSIMHEHUSIM UM CMECSIM.
Beaukui pycCKUM yuyeHbIN JIoMoHoCOB® B pa6oTe «DjeMeHTbl MaTeMaTH-
yeckor xuMuur» B 1741 r. BBea npelcTaBicHUE 00 aToMax Kak o MeJbyalliux

' BOWJIb Po6Gept (1627—1691) — dhU3uK, XMMUK U 6orocios. OJUH U3 OCHOBOMOIOXKHUKOB HAYTHOTO
obl11ecTBa, KoTopoe B 1662 1. npeobpasosanoch B JIoHnoHcKoe KoponeBckoe ob11ecTBO. boilnb skcnepy-
MEHTaAbHO 000CHOBAI ATOMUCTUYECKYIO TEOPU IO, CNOCODCTBOBA CTAHOBASHUIO XUMHUH KaK HAYKH, BBEJ
3KCIepUMEHTAJIbHBIA METOA UCCAEeNOBAHUA B XUMUI0, 3a70XIUT HaUuala XMUMHYECKOTO aHaIu3a.

2 TIOMOHOCOB Muxaun Bacunbesuu (1711—1765) — pycckuit yaeHbil-3HUMKIONEIUCT, NTEPBbIii poc-
CUMCKUH akaneMuK. Ero uccinenoBaHusi OTHOCIWIHMCH K MaTeMaTrKe, GU3MKe, XMMUU, T€0JIOTHUH, MOYBO-
BeJeHNI0, aCTpOHOMHUMU. [TepBbIM U3 PYCCKUX YUEHBIX MPUCTYINUA K NOATOTOBKE YUeOHUKOB 10 XMMUH
1 MeTaJTyprud. EMy npuHaanexXuT 3acnyra co3gaHusa MocKoBcKoro yuusepcuTtera (1755), ansi Kotoporo
OH COCTaBWI MpPOeKT 1 yueOHy1o nporpammy. KpoMe Toro, JIoMOHOCOB HaMUcal psil TPYAOB MO UCTOPUU,
3KOHOMUKE, (GUIIONOTUHU, 3a10KHJ OCHOBBI PYCCKOTO JIUTEPATYPHOTO A3bIKA.
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yacTULIAX BELIECTB, CIOCOOHBIX CBSI3bIBATLCS B 00J1ee KPYIMHbIC YaCTULIbI {KOp-
MYCKYJbl) — MO HALUMM TNPEACTABIECHHSIM, B MOJIEKY/Jbl, U3 KOTOPBLIX COCTOST
CJIOXKHbIE BellEeCTBA.

MDpaHily3cKUiil yUeHbI-ecTeCTBOUCTIBITATE b JlaByasbe' nepBbiM HayuuiIcs
BbIJICASATh M3 COCAUHEHUN mpocTbie BellecTBa. OH NPEAnoaoXUI, UTO «3Je-
MEHT» BECHUT MEHbLUE, YeM coeauHeHUe. JlaByasbe, npeaJoXuBIUHMA B 1789 T.
«Tabauily MpocCThIX TEJI» — 10 CYLUECTBY MEPBYIO KJIacCUPUKALUIO 21EMEHTOB,
NPUMEHSI BJEMEHT U IPOCTOE TEJO KaK OAMHAKOBbIE TSPMUHBbI.

B Hauane XIX B. aHrIMicKuil yueHblit JalbToOH® ONpeaeina 3JeMeHT Kak
BELLUECTBO, COCTOSILICE M3 aTOMOB OJHOIro Buaa. B pa3HbiX BelecTBax NpUCyT-
CTBYIOT aTOMBbI, OTJIMUAIOLLIMUECS MO Macce; NPpU NPeBpaLLEHUIX BELLECTB aTOMbI
HE U3MEHSIIOTCH, a TOJIBKO neperpynnuposbiBatoTes. JasbToH nucan: « Ml ¢ Ta-
KUM K€ YCIIeXOM MOXEeM CTapaTbCsl NnpubdaByuTh HOBYIO T1aHeTy B COJIHEUHYIO
CUCTEMY, KAK YHUUTOXXHUTb UJIHU CO3AaTb ATOM BOJOpOAa». [JajibTOH OTKPbLI 3aKOH
KPAamHbixX OMHOUEHUU

eC/IM /1BA 3JIeMeHTa 00pa3yl0T HECKOJIbKO COeIMHEHU, TO B 3TUX COEJMHEHUAX
MACChI OAHOrO 3JeMEeHTAa, NPUXOoAAIIHECs HA OJHY U TY 2Ke MACCY ApYyroro, OTHOCAT-
CSl KaK 1iejble YucJia.

Lpenckuii yuenslit Bepuenuyc® B 1814—1818 rr. omy6aukosan TaGauiy,
B KOTOPOH yKa3al aTOMHble Macchl (Beca) 46 31eMeHTOB U JaHHbIE O NPOLIEHT-
HOM cocTaBe 0koJ10 2000 npoaHannu3npoBaHHbIX UM coeauHeHU. B 1841 . bep-
LeUYC MPeaJIOXKUII TOHITUE astomponiii. TaK Ha3bIBAlOT CBOMCTBO HEKOTOPDIX
3JIEMEHTOB (HarpuMep, yrjiepoaa M cepbl) CYILIECTBOBATb B BUJAE Pa3/IMUHbIX
MPOCTbIX BELLUECTB.

TakuM 00pa3oM, yuyeHble MHOIMX CTpPaH BHECJU CBOM BKIaJd B pa3sBUTHUE
npeacTaBieHUil 0 XMMHUUYeCcKHX 3JieMeHTax. Ho Bce Xe peliarolnyio poJb 31eCh
Chirpajiv paboThl BETUKOrO PYCCKOro yueHoro Menneneesa®. OH rnepBbIM Haual

' IABYA3LE Antyan-JTopaH (1743—1794) — dpaHuy3ckuii XuMUK. B cBoeii nabopatopuu JlaByasbe
NpoBeJI MHOTOMUCIIEHHBIE ONbITHI, B KOTOPbIX OH ONpeaensa U3MeHEHHs1 MacC BELLECTB ITPH UX NTPOKAIU-
BaHUU U ropeHUU. OH TaKKe 3aJ10XKIWI OCHOBBI OpraHuyeckoro aHanusa. Kpome toro, JIaByasbe — OIMH
M3 OCHOBaTeeld TEPMOXUMMH.

? TAJTBTOH JxoH (1766—1844) — aHrMUICKUHA XUMMK U (DU3UK; CUUTAETCS CO3MATeTeM XUMUUECKOi
aTOMUCTUKHU. TlpoBoaua HaGAOAEHU U 3KCNEePUMEHTHI 10 IPETOMIEHUIO CBeTa, U3y4dall MpUpoay Te-
IIJIOTHI, TIPEATOXMII TEOPUIO UCTIapEeHUsT U cMellleHus ra3oB. B 1802 . oTKpbil OOMH U3 OCHOBHbIX 3aKO-
HOB razoBoro coctosiHust. CHopMyJIUpOBan H 000CHOBAT OCHOBHbLIE MOJTOXKEHUS] AaTOMHO-MOJIEKYASIPHO-
ro y4eHHsl. ABTOp OJHOI0 U3 PyHIaAMEHTAIbHBIX 3aKOHOB XMMUM — 3aKOHA4 KpaTHbIX OTHOUIeHUH (1803).

> BEPLEJIMYC Menc ko6 (1779—1848) — miBeackuil XUMUK 1 MUHepanor OTKpPbLUT 3MeMeHThI Liepuit
(1803), ceneH (1817), Topuii (1828). B 1824—1825 rogax snepsble NMOAYYHUI B CBODOIHOM COCTOSIHUU KpeM-
HUIA, TUTAH, TaHTad U UMpKOHUIA. Co3aan (1812—1819) 3neKTpoXMMUUYECKYIO TEOPUIO CPOIACTBA, ChIrpaB-
IIYI0 TNPOTPEeCCUBHYIO POJib B pa3BUTUM XMMUU. Ha ee ocHoOBe MOCTPOMI KIACCUPUKALMIO 3MEMEHTOB
1 MX coenrHeHU . BBen coBpeMeHHbIe CUMBOJIBI aTOMOB XMMHYECKUX 3JIEMEHTOB U (POPMYbI COETUHEH U
(1814). PazpaboTan psia MeToA0B XUMUYECKOTo aHanu3a. Onpeaenit aTOMHbIe Maccehl (Beca) 46 31eMeHTOB.

* MEHAEJIEEB Jdmutpuii MiBanosuy (1834—1907) — pycckuii yueHbiil. B 1861 & co3man nepBblit pyccKuii
yyeOHUK no opranuyeckoi xumud. B 1868 . npuctymn K padote Haa KHUToM «OcHOBbLI XMMUL». [1pu co3na-
HHMHM 3TOro yueOHHMKA OH 1 OTKPBLT MepHoaAnYEecK il 3aKOH 1 cocTaBun Tlepuoanueckyto CUCTEMY S71IeMEHTOB.
B 5TH e roabl MeHaeneeB aKTMBHO 3aHMMANCA MpodaeMaMHy TaK Ha3bIBaeMbIX HEeoMpeaeaeHHbLIX XUMUYECKHUX
COSOMHEHUH, cO30aT XMMHUECKYIO (TMAPATHYIO) TEOPUIO BOAHBIX PaCTBOPOB, HAalllea oDllee ypaBHEHUE CO-
CTOSIHUS Ta30B. MeHaemeeB co3nal hU3MUeCKYIo TEOPUIO BECOB, pa3paboTal MeTOAbl TOUHOIO B3BELLIMBAHUAL.
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pa3inyaTthb TEPMUHBI «3JIEMEHT» U «[IPOCTOE TeJ0». B KayecTBe 0AHOMN U3 SIpKUX
WUTIOCTPALMi OH Ha3biBal 3J1eMEHT YIJIEPOA U MPOCTbIE BELISCTBA YIOdb, I'Pa-
dut 1 anmas. Menaenees cosnan Ilepruoanueckyro CUCTEMY 3IEMEHTOB, KOTO-
past OTpaxajaa CBOMCTBA MPOCThIX U CJIOXHBIX BELLIECTB (B 3aBUCUMOCTH OT ATOM -
HOI Macchl XUMUYECKOTro aaeMeHTa). CorlnacHo cogpeMeHHbIM npeocmasieHusm,
XUMHYECKHH DNEMEHT — ITO COBOKYMHOCTb OJAMHAKOBBIX ATOMOB.

Ecnan xMMHUYeckMe CBSI3W CYLIECTBYIOT MeXAY aToOMaMU OJHOIO U TOTrO Ke
3JlIeMeHTa — 3TO NpocToe BellecTBO. IToCcKOAbKY aTOMbI MOTYT OBLITh CBSI3aHbl
JAPYT C APYTOM Pa3INYHbIM 00pa3oM, 3JIEMEHT UHOT1a 00pa3yeT HECKOJIbKO NPO-
CTbIX BElECTB — aJJIOTPOMNHbIX MOANDUKALIMIA.

Bonpocobi

1.1. Kakue amoTporntsbie MoaAU(dUKaALMU yrjepoia U3BeCTHbI? PacCMOTpU-
Te CIOCOObI CBSI3bIBAHUSI aTOMOB B pa3arMuHbIX Moo ukalusax. CpaBHute ¢pu-
3UYECKHME U XUMHUYECKUE CBOMCTBA pa3audHbIX (pOpM yriiepoaa.

1.2. TlokaxuTe, KaK MEHSIIOTCSI CBOMCTBA MPOCTLIX BELLISCTB MPH U3MEHEHUH
NnopsiAKOBOro HoMepa 3jJeMeHTa B [leproaudyeckoin cucreMe. Kakue 3aKOHO-
MEPHOCTHU INPH 3TOM HaA0I10Aa10TCs1?

1.3. Mexny atomaMu 06J1aropoaHoOro rasa (B ripocToM BELUIECTBE) HET XUMM-
YeCKHUX cBsi3eid. MOXHO JIU CHUTATh XUMHUYECKUMU COSAMHEHUSIMHA JIPYTUE NPO-
CThiE BellecTBa?

1.2. Knaccudukauma Ha OCHOBe NoBefeHus
B BOAHbIX pacTBOpax

OnHa 13 kjaccupukKauil CA10XHBIX BellleCTB OCHOBaHa Ha CBOMCTBAaX UX BO/I-
HbIX pacTBopoB. B 1887 I 1uBeACKUM XUMUKOM AppeHMyCOMl Oblla npen-
JIOXKEHA Teopus 3JEeKTPOJUTHYECKONA AUCCONMALIMHM, COTIJTAaCHO KOTOPOM IIpH
PACTBOPEHUW MHOIMX HEOpPraHUUYEeCKUX BeUIeCTB (3JEKTPOJIUTOB) MNOSBJSI-
IOTCSI 3apsIKEHHbIE YacTULlbl (MOHBI), CIIOCOOHbBIE MepeMellaThCsl B pacTBope
U NPOBOAUTh 3JIECKTPUUECKUHU TOK. DIEKTPOAUTbI, KOTOPbIC AUCCOLMUUPYIOT
(pacragaloTcsi) Ha UOHbI MOJHOCTbLIO (HEOOpAaTUMO), HA3bIBAIOT CMJIbHbLIMM.
B pa306aBieHHbIX BOAHbLIX pacTBOpax CUJIbHbLIX 3JCKTPOJINUTOB NPUCYTCTBYIOT
TOJIBKO IMPOAYKThHI AUCCOLMALIMA — KATUOHbLI M aHUOHbI. B pacTBopax ¢aadbix
3JIEKTPOJUTOB HAPSIAY ¢ MOHAMU COAEPKATCS TaKXe HEIUCCOLUHNPOBAHHDbIE
MOJIEKYJIbI.
DJEKTPOJMUTHI JEAST Ha KUCIOTbl, OCHOBaAHUS, coyu (Tadt. 1.1.).

' APPEHUYC Caanre AgrycT (1859—1927) — miBenckuii yueHblit, OIMH U3 OCHOBAaTeNel (hU3MuecKoil
XUMUU U 3MEKTPOXUMUKA. OCHOBHBIE pabOTHI MOCBAILEHbI YYEHUIO O PACTBOPAX U KUHETHKE XUMUYECKHUX
peakliiid. Ha oCHOBe 3KCnepUMEHTANbHBIX JAHHBIX MO 3JIEKTPONPOBOAHOCTH CUWIBHO pa30aBlIeHHbIX
pacTBOPOB pa3paboTal TEOPUIO MEKTPOIUTHYECKOH AUCCOUMALIMU. AKTUBHO U3YV4al KMHETUKY XUMUYe-
CKUX peakuuii. Jlaypear Hobenesckoi npeMuy no xumuu (1903 ).
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CuabHble ocHOBaHUY (Tada. 1.2 u 1.4), HanpuMep TUAPOKCUI HATpUsl, He-
00paTUMO AUCCOUUMPYIOLLME B BOAHOM pacTBOpE ¢ 00pa30BaHHUEM I'MAPOKCHU-
MOHOB, CO31a10T CUAbHOLLIETIOUHYIO Cpeay:

NaOH =Na"+ OH~

Tabauya 1.4

XUMHYecKHue CBOMCTBA OCHOBAHMM

PacTBopyMble ocHOBaHMS (IIEJI0YH)

Maﬂopacmopumue OCHOBAHHA

PeampleT C KHUCJIOTaAaMH U KUCJIOTHBIMHA
OKCHUIaMH, a4 TAKXKC C aM(]JOTeprIMI/l
OKCHIaMHU U THAPOKCUIdAMU.
2KOH + H,S0, = K,SO, + H,0
2KOH + CO, = K,CO, + H,0
2KOH + Be(OH), = K,[Be(OH),]

PeampyIOT C KHUCJIOTaMUI U KUCJIOTHBIMHA
OKCHUJIaMH.
Mg(OH), + H,SO, = MgSO, + 2H,0
Mg(OH), + CO, = MgCO, + H,O

[1pu ymMepeHHOM HarpeBaHUU
He pazJjararoTcsl.

[Tpy ymMepeHHOM HarpeBaHUHW MOTYT
pas3jiaratbcsl.

Mg(OH), —————— MgO + H,0

PearmpyroT ¢ pacTBOpaMu coJiei
(ECJU B COCTAB COJIM BXOJUT

Peakuimu ¢ pactBopaMu coJjiei
HE XapaKTepHH.

METAaJLJ1, CITOCOOHBI 0O0OPa30BbIBATH

MaJIopacTBOPUMBIH TMAPOKCHU).
FeSO,+ 2KOH = Fe(OH),! + K,SO,

Cnabble ocCHOBaHUSI, OOpaTUMO JIUCCOLMUPYS B BOAE, TAKXKE CO3JAl0T Lle-
JouHVY10 cpeny. B ux pactBopax (HanpuMep, B pacTBOpe aMMHaKa) UMEIOTCH Kak
UCXOOHble TUAPATUPOBAHHbIE MOJEKYAbL (He caeayeT ynoTpedasiTb TEPMUH «T'U-
NPOKCHUJ, AMMOHUSI» — TaKOro coeJUHEeHMsl He CYIUSCTBYET), TaK U MPOAYKTHI
AUCCOLUAlIUU;

NH, - H,0 = NH} + OH™

MHoOrue KaTMOHbI METAJIOB U AaHUOHbI KMUCJIOT, 00pa3yIoLHeEcs IpU pacTBOpE-
HUM COJIM B BOJE, MOI'YT ITOJIBEPraThCsl OOpATUMOMY THAPOJIN3Y, B pE3YJIbTATE Yero
B pacTBOpE COJIU cpea cTaHOBUTCSI kucion (pH < 7)1 uin weaouHou (pH > 7),
T. €. IPOUCXOAMUT TaK HA3bIBAEMbIH «TUAPOJAN3 COJNU 110 KATUOHY WU 10 AHUOHY».

B nanbHereM ObUTH NpeyoXKEHbl U APYTHE TEOPUMU KUCIIOT U OCHOBAHMIA.
Haubosbliee pacnpocTpaHeHUE NMoaydusia «[IpoTOHHAas (IIPOTOJAUTHYECKAs ) Te-
OpUsl KUCJIOT U OCHOBAHUH», cO3JaHHasl AaTCKUM (PU3MKOXUMUKOM bpeHcTe-
NOM? 1 HE3aBUCHUMO aHTTUHCKMM XMMUKOM .Haypn3 . B ocHOBY 3TOI TEOpHU NO-

' BomoponHslit nokasartenb, WK «pH», HCMOMb3YIOT A1l KOJMUYECTBEHHON OLIEHKU KUCIOTHOCTH cpensbl
(pPaBHOBECHOI KOHIIEHTpallMM KaTUOHOB OKcoHUs H4O" B pactBOpe). pH = —Ig[H,07].

 BPEHCTEI HMoxannec Huxonaye (1879—1947) — natckuii huzanKoxuMuK. OMUH U3 aBTOPOB MPOTOH-
HOW TEOPUM KUCIAOT M OCHOBAHMIA; pa3BHBal TEOPUIO KMCIOTHO-OCHOBHOTO KaTaau3a.

> IAVPU (JTOYPU) Tomac Maptun (1874—1936) — anrnuitckuit xuMuk. OCHOBHbIE HayuHble pabOThHI
MOCBSILIEHDbl OPraHUYeCKO XUMHHM, TIpexXJae BCEro M3y4eHUl0 ONTUYEeCKOH aKTUBHOCTH OpPraHUYeCKUX
coeIMHEHU . ABTOP HECKOAbKUX padOT IO TEOPHU BOAHBIX U HEBOIHBIX pAaCTBOPOB KMCJIOT H OCHOBaHMIA.
B 1928 . npe1oXWI NpOTOHHYIO TEOPUIO KMCIOT U OCHOBAHUIA.
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CBoiicTBA MOHHbIX COECNUHEHUN MOXXHO OOBSICHUTH MUCXOJSI U3 UX CTpoe-
HUst. HanpuMep, B TBEpAOM COCTOSSHMU MOHHbIE COEAMHEHMS], KaK NpaBuio,
JI0XO NPOBOASIT JEKTPHUUECKUN TOK, a B pacnjaBaX UMEIOT BbICOKYIO HOHHYIO
2JIEKTPOINPOBOJIHOCTb. DTO OOBSICHSIETCS TEM, UTO B KPUCTAIIUYESCKUX CTPYKTY-
pax MOHbI 3aKperjieHbl B ONpeleeHHbIX MO3ULIMAX U HE MOTYT NepeMellaThes
Ha 3aMeTHble PacCTOsIHUsS, a B pacIulaBe OHU MOTIYT CBOOOAHO JBUIraThbCs Noj
JNIeCTBUEM BJIEKTPUUECKOTO I10JIS.

MoHHble KpUCTALAbl UMEIOT BbICOKUE TeMIlepaTypbl MJIaBAeHUSI U HU3KYIO
JIETYYECTh, [TOCKOJBLKY MNP TJIaBJAEHUW WM MCIIApEHUU 3TUX BELIECTB IPOUC-
XOAUT pa3pblB MHOTUX CBSI3€H: Bedb TaM OYeHb MHOI'O ITPOTUBOITOJOXHO 3apsi-
>)KEHHbIX MOHOB, KOTOpbIe NPUTSITUMBAIOTCSI APYT K IPYTY.

MoHHble KpUCTalJIbl OObIYHO OYEeHb TBEPAbIE, UX KPUCTAIIMYECKYIO PELLCT-
Ky TpyAHO dedopMuposaTh. Eciu 3T0 BCe Xe yaanoch ¢aeaaThb, KpUCTAMIbl pas3-
pYLIAIOTCS. XPYNKOCTb TAKUX COeAUHEHUI 00BSICHSIETCSI OCOOEHHOCTSIMU UOH-
HOI CBSI3U: KaK TOJbKO MOHbI XOTb HEMHOI'O CABUHY/JIUCH CO CBOUX MECT, BMECTO
CUJI NPUTSAXKEHHUSI HAUUHAIOT JeUCTBOBATL CUJILI OTTAJKMBAHUSI, U KPUCTA
pacKaJlblBaeTcsl.

MHorue MoHHble cOeAUHEHUST XOPOLLO pacTBOPUMbI B Boje. [1pu pacTBope-
HUU 3JEKTPOJAUTA B BOAE €r0 UOHbI TUAPATUPYIOTCS {B3aMMOIEHUCTBYIOT C MO-
JIEKYJAaMU BOAbl) — BblIAESIETCS] HEPrusl, KOMIIEHCUPYIOLAsl 3aTpaThl HA pas-
pylUeHWe KpUCTalIMuecKoi pelueTku. B paszbaBlleHHOM BOAHOM pacTBOpE
KATUOHbl 1 aHUOHbLI PaBHOMEPHO pachnpeacJeHbl cpear MOJEKYJ BOAbl (pac-
TBOPUTEJIS) U yAaleHbl ApYr OT Apyra. B oueHb KOHLUEHTPUPOBAHHbIX PACTBO-
pax OHU 0OPa3yloT accoUMATbl, CTPOEHHE KOTOPbLIX NOX0Xe HA TO, KAK YACTULLbI
pacroaoXeHbl B KpUcTa1ax.

MoJaexkyasipHbie BelecTBa rocTPOSHbl U3 MOJIEKYJI, AaTOMbI B MOJIEKYJ1aX CBSI-
3aHbl KOBAJICHTHLIMU CBSI3sIMU. B TBEpIOM WM XKUIKOM COCTOSIHUM MEXIY MO-
JIEKyJaMH AeHCTBYIOT MEXMOJIEKYIsIpHble ciabl. K MOJIEKYJISIDHBIM BellecTBaMm
OTHOCSITCSI IPOCTble BelIECTBa-HEeMeTallbl (BOAOPOA, KUCJAOPOA, a30T, rajao-
reHbl), a TAaKKe MHOrMe CoeIMHEHUS 2AEMEHTOB ¢ OJIU3KUMU J1EKTPOOTpULA-
TeJAbHOCTSIMH (HanpuMep, rajloreHuabl U OKCHUAbl HEMETALIOB).

CBoiicTBa MOJIEKYJISPHBIX BellIECTB TAKXKe ONpeneisilioTcsl 0cO0EeHHOCTIMU
CTpoeHUsl. boNbLIMHCTBO 3TUX BELWECTB AETYUU U OTIMUYAIOTCS HU3KHMMHU TEMIIE-
paTypaMU I1aBjJeHUs U KuneHus. B TBepaoM COCTOSIHMU MOJEKYJIsIPHbIE CJI0U
JIETKO CABUIaloTCsl OTHOCHUTEJbHO APYr Apyra rnoa AeldCTBUEM MeXaHWUeCcKMX
cul. MojeKkynsipHble COeAMHEHUSI — TUIMTMYHbIE IUJIECKTPHUKU.

JIOMONHUTENbHbIE CUJbI TIPUTSIKEHUSI MEXAY MOJIEKYJIAMU MOI'YT ObITh 00-
YCJIOBJEHbl 00pa3oBaHUEM BOJOPOAHbLIX cBsizeil. CoeaMHEHUS ¢ BOAOPOAHOMN
CBA3bIO (BoAa, (hTOPOBOAOPOA, aMMMUAK, KUCJIOPOACOAEpXKALIUEe HEOpraHuue-
CKHe KMCJIOTbI) MO CBOEMY CTPOSCHHMIO 3aHUMAIOT NPOMEXYTOUHOE MOJOXEeHUE
MeXAy HU3KOMOJIEKYISIPHbIMU BELLIECTBAMU U TMOJTUMEPAMMU.
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B noimmepax (BbICOKOMOJIEKYASIPHbIX CO€AUHEHUSIX) ATOMbI MOI'YT COCIUHSTh-
Cs1 KOBAJEHTHBLIMUM CBSI3SIMU C O0pa3OBAHWEM «MaKpOMOJIEKY/» — IMPOCTpPaH-
CTBEHHON pelueTKHU (KapkKaca), CeTOK WU Liene.

[TonuMepHVYIO Kapkachyro cmpykmypy UMEIOT, HalpuUMep, ajMa3 U KBapu
(0oaHa U3 MoaU(pUKaAUUHN THOKcHUAA KpeMHMs). [1s1 alMasa xapakTepHa TeTpa-
5JIpUYECKas KOOpAMHALMS BCEX ATOMOB YIJIEPOJa U BICOKOCUMMETPUYHAS 10-
BOJILHO ITJIOTHAsl YIIAKOBKA. AHAJIOTUYHOE CTPOCHUE UMEIOT KPEMHUM, repMa-
HUI1, KapOUa KPEMHMUS, CyJbpUa LMHKA U MHOTUE APYTUE NPOCTbIE U CIOXKHbIE
BewecTBa. OOHHU KapKacHble CTPYKTYPbl MOCTPOSHbI U3 aTOMOB OJHOI0 BMUAA,
ApYyrue — U3 aTOMOB pa3HbIX BUJOB. B CTpyKTYype KBapLa KaXXAblid AaTOM KpeM-
HUSI COCIUHEH C YETbIPbMSI aTOMaMM KUCJI0pOaa, a KaXXAblH aTOM KUCJIopoJa —
C IBYMSI aTOMaMM KPEeMHMSI.

Hanuuue TpexmMepHOIro Kapkaca B CTPYKTYpe TaKMX COSAUMHEHUN OOBSICHSIET
MX BA’KHEMIIWE CBOMCTBA: BbICOKYIO TBEPAOCTb M IMPOYHOCTb, OYEHb BbICOKHE
TEMIIEPATYPHI TJIABJICHUSI H KUITEHUSI, HEPACTBOPUMOCTD B JIIOOLIX PACTBOPUTE-
Js1X. TlepeBecTy Takoe BelECTBO B pacTBOP MOXHO JIMllb NMYTEM NPOBEACHMUS
XUMHUYECKOUN peaKIUM C pa3pylUeHUEM KOBAJIEHTHBIX CBSI3€M MEXKIY aTOMaMMU.

Caoucmasn NMOJUMEpPHaAsl cmpykmypa peaiM30oBaHa, HarnpuMmep, B KpUCTal-
Jax rpagpura. Iliiockue 1iecTUYrolbHUKNA U3 aTOMOB YIVIepoJa OObeIUHEHDI
B TJIOCKWE CETKU, HanoMuHallide coTbl. PacCToOssHHUE MEXAY CIOSIMU IOUTU
B 2,5 pa3 0oJiblle, YEM pacCTOSIHUE MEXIY aTOMaMU yIJaepoaa B CJ10€, YTO YKa-
3bIBAET Ha CJIA0VIO CBSI3b MEXIY CA0SIMU. CIOUCTYIO CTPYKTYPY UMEIOT TaKXKe
MOJUJbl KAAMMS, CBUHLIA U HEKOTOPbIX JPYIrUX METAJIOB, HEKOTOPbIE CHIU-
KaTbhl — MWHepaJbl TajlbKa, INMTUHBI, CA0Abl. Tak, CrioCOOHOCTb INIMH K Ha0yXxa-
HUIO U MX TJIACTUYHOCTL OOYCIOBJIEHA TEM, UTO MEXKIY HEIPEPbIBHBIMU CJIOSIMMU
KPEMHEKUCIOPOAHBIX TETPASIPOB MOTYT BHEAPSTHCS MOJIEKYJIbl BOJbI.

CoeIMHEHMUSI C YenoueuHoll CmpyKmypoii 0 CBOUM CBOMCTBAM NPUOJINKAIOT-
Cs1 K HU3KOMOJIEKY/ISIDHBIM BELWIECTBaAM. Takoe CTpOeHUE UMEIOT HEKOTOPbIE CU-
JIMKATHI (achecT), 0AHa U3 MoAU(PpUKALUKA TPUOKCHAA cepbl, CYAbPUI KPEMHUSI.

Meraiauuyeckue CTPYKTYpbI ITOCTPOSHbBI M3 aTOMOB METaL10B. K MeTassiaM
OTHOCSITCH 3JIEMEHTbLI ¢ HU3KOH 3JIEKTPOOTPULIATEILHOCTHIO; 3TH aTOMBbI Cla-
00 yoepKUBAIOT CBOM BAJIEHTHbIE 3JCKTPOHbI. MeTaminuecke CBOMCTBA IPO-
SIBJASIOT OOJbLIMHCTBO METANJI0OB — IMPOCTbIX BEWIECTB, CIJIaBbl METAIIOB, CO-
eAMHEHUSI METAIOB MeXAy cOOOM U ¢ HEKOTOPLIMU HeMmeTaaaMU. CorjlacHO
NPUHSTBLIM TPEACTABJACHUAM, METALIUUECKUE CTPYKTYPbl XapaKTEpU3YIOTCS
HAaJTHYHEM IOJIOKUTENbHO 3apsiXKEHHOI'0 OCTOBA, B KOTOPOM YAaCTULIbI CBSI3aHbl
oJ1aroaapsi B3aUMOJEHUCTBUIO C «JEKTPOHHBIM ra3zoM» — J1eJOKaJIU30BAHHbIMH
3JIEKTpoHaAMU. Takasi CBsi3b MEXKIY aTOMaMU B XKUJIKUX W TBEPAbIX MeTajljlax Ha-
3bIBAECTCSI MEMAARUUECKOU.

brarogapst HAIUYKUIO O0OOWIECTBISHHbIX JIETKO MUTPUPYIOLIUX 3JIEKTPOHOB
MeTalIbl (MeTa/JIMYeCKHEe BellecTBa) 00J1aJal0T BLICOKOU TEIUIO- U 2JEKTPO-
NpOBOAHOCTLIO. [1pKU HArpeBaHUKM TBEPIOro MeTaljia KojaebaHUs KATUOHOB B Y3-
JlaxX KPpUCTAJIMUECKOM pelleTKU yeuausaloresl. I103ToMy ¢ noBbllIeHUEM TEM-
nepaTypbl 3JEKTPUUECKOE CONPOTUBICHUE METANIOB YBeIMUUBaeTcsl. Boicokast
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[NJIACTUYHOCTb 1 KOBKOCTb MCTAJJIOB CBf3dHAa € TCM, UHTO MCTAJUIMYCCKAsl CBA3b
JOITYCKACT AOBOJIBHO 0O0J1bILIOE CMELLEHUE KATUOHOB 0€3 Pa3pPVILUCHUA KPpUCTA-
JIMYEeCKOH PELLHECTKH.

Bonpocobi

1.7. TlpuBenuTte npuMepbl NPOCTbIX BElLeCTB, 00pa3vyIoLIUX alA0TPOIHbIE
MoaudUKaALIMU C pa3HbIMU TUIIAMU CBA3U. CpaBHUTEe UX (hU3UUECKHE U XUMMU-
yecKue CBOMCTBA.

1.8. Hazosute OKCHUAbI, OTHOCALINUCCH K HOHHbLIM, MOJCKYJIAPHbBIM A IMTOJIH-
MEPHbLIM COCAUHCHUAM. MOFyT JM CYIUCCTBOBATL OKCHIbI, oOJiagaroIMe CBOU-
CTBAMM MeTA/UIMYECKHUX COeAUHEHUI?

1.9. K kakuM BewlecTBaM cjieAyeT OTHECTH cyabdaT aMMOHHSI B paMKax
KJ1accudUuKaly 110 CTPOSHUIO U TUILY CBsI3ei?

1.4. Knaccudukauuma no cocrasy

[lo 371eMEHTHOMY COCTaBY HEOpPraHMUeCKME BEUISCTBA MOXHO pa3feUuThb
Ha MpOCTble BeulecTBa (COCTOSIT U3 ATOMOB OJHOIO BMAA) U XMMHYECKHE CO-
elMHeHus (T. €. CJIOKHbIe BelllecTBa, KOTOpble 00pa30BaHbl ATOMaMU HECKOJIb-
KUX BUAOB). OObIUHO OTAEJAbHO pacCMATPUBAIOT OUCHb CJIOXHbIE BellleCTBA —
KOMILJIEKCHbIE COEJUHEH USI.

Cpely NpOCThIX BEIUECTB BbLACISAIOT TUITMUHBIE METAIbI (LUEAOUYHbIC U LIE-
JIOYHO3EMeEJIbHbIE), HeMeTaJibl (OOJAbIIMHCTBO p-31EMEHTOB), aM@OTEpPHbIE
2JIEMEHTBI U 6J1aropoaHble ra3bl. AMGMOTEpPHbIE 3JIEMEHTDI MPOSIBASIIOT XUMUHUYE-
CKMe CBOMNCTBa, XapakTepHble KaK s METAI0B, TaK WU Aad HeMeTawios (Be;
P-3J1EMEHTbI-METANIbI; BCE d-2JIEMEHTHI ).

OCHOBOM 15151 KJTacCU(PUKALLIMU NMPOCThIX BELISCTB CAYKUT OTHOLIEHUE K KHUC-
jJopoay (caMoOMy pacripoCTpaHEHHOMY B IIPUPOAE 3JIEMEHTY) U BoJe (CaMOMY
pacnpoCTPpaHEHHOMY COEAUHEHUIO KUCTIOPOaa).

Kuciaopoa oopasyeT COeIMHEHUS CO BCEMU 3JIEMEHTAMU, KPOME TeJIMSI, HEO-
Ha U aproHa. CoeanHeHMsI, COCTOSIIUME U3 AaTOMOB ABYX 3JIEMEHTOB, O1UH U3 KO-
TOPbIX — KHUCJOPO B cTeleHU okucaeHus (—11), Ha3biBaloTcsl okenpamu. K ok-
CUAaM He OTHOCSTCS (pbTOopHUAbl KUCAOPOAA, MEPOKCUIbl U IPYyrie COeAUHEHHS,
rae y KUCIopoaa CTeNeHb OKUCTeHUs oTar4dHa o1 (—11).

[IpucoeaMHeHUE BOAbLI K OKCUAaM ((popMaabHOE WM pealibHOE) INPUBO-
AUT K 00pa30oBaHUIO THAPOKCHAOB. CYIIECTBYIOT OPTO- U METAaruapoKCHIbI
(Taba. 1.5).

B 3aBUCHUMOCTH OT XUMMUYECKUX CBOMCTB OKCHUAbI U TMAPOKCHAbI IOApa3-
NeaAs0T Ha OCHOBHbIe (HanpuMep, K,O, KOH), kuciaorHeie (Hanpumep, SO,
H,SO,) u amgotepHbie (Hanpumep, ZnO, Zn(OH),).
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Tabauua 1.5
@ opmbl THAPOKCH/IOB
OpTo- B(0OH), S(OH), nnu B0O(OH), unum (OH)¢ unu
THAPOKCH/IbI H,30, H,90, H D0,
Meta- S0(0OH) i | BO(OH), umu | 30,(OH) unu | 30,(0OH), unu
THAPOKCH/IbI H30, H,30; HBO0; H,90,

OcHoeHbie okcuobl U cUOPOKCUObl O0PA3YIOT LUEAOYHbIE U ILIETOYHO3EMENbHbIE
3JIEMEHThI, MarHui, Tanui(l), a Takke d-31eMeHTbl B HU3IUHUX CTEINEHSIX OKUC-
JeHusi. Ux rmasHoe cBOMCTBO — CMOCOOHOCTD K B3aUMOAENCTBUIO C KUCIOTaAMU
U KUCAOTHBIMH OKCcHAaMH. OKCHUADBI LLEJOUYHBIX U 1UIEJTOUYHO3EMEJIbHbIX SJIEMEH-
TOB, Marius u taaaus(l) pearupylot ¢ Boaoil, od0pa3ys COOTBETCTBYIOLLIME TH/I-
POKCU/Ibl. XOPOLIO PAaCTBOPUMBIE B BOJE T'MAPOKCUADLI LIEA0YHbBIX 2JIEMESHTOB,
CTpOHLUUA, 0apus U Taiusi(l) Ha3bIBaIOT werouamu. a1 HUX XapaKTepHbl peak-
LMY HE TOJAbKO C KUCJIOTHLIMU, HO U ¢ aM(POTEPHBIMU COeJUHEHHUSIMU.

Kucaomusie oxcuost u euopokcudst 00pa3yloT HEMETANbI, a TAKXKE HEKOTOPbIE
p-METaJlIbl U d-27€MEHTb] B BbICILIMX CTEMEHIX OKUCAeHUS. boJIbLUIMHCTBO KUC-
JIOTHBIX THAPOKCHI0B XOPOLLIO PAaCTBOPSIIOTCS B BOAE U MOIYT ObITh MOJIyYEHbI
NpPsIMbIM B3aUMOJAEUCTBUEM COOTBETCTBYIOLIUX PACTBOPUMbIX OKCUAOB C BOJAOM.
OHH aKTUBHO pearupytoT ¢ OCHOBHBIMHM 1 aM(pOTEpHbIMU OKCHUAAMU U TMAPOK-
cuagaMu. ManopacTBopuUMble KMCJIOTHbIE THAPOKCUALI (THAPOKCHUAbl KPEMHUS,
MOJMOAeHA, BoJbppaMa U IPpYIruxX 3JeMEHTOB) U COOTBETCTBYIOILME UM OKCHUbl
B3aUMOAEUCTBYIOT TOJAbKO C OKCHUAAMH U TUAPOKCHUAAMU aKTHBHbIX METaJl/10B
(NpH CIaBAeHUU TUO0 B KOHUSHTPUPOBAHHbIX PACTBOPAX).

OcTanbHble TUAPOKCUIAbLI U COOTBETCTBYIOLIUE UM OKCHUAbl am@omepHsie.
OHU MajlopacTBOPUMbI B BoJe (KakK U Apyrue aM@PoTepHbIe BELWECTBA) U HE pe-
arupy1oT ¢ Hel, HO MPHU B3aUMOACHCTBUM C KMCIOTAMU U LIeI0UaMM o0pa3yloT
pPaAaCTBOPUMbIE MPOAYKTHI.

OCHOBHbIE U KHUCAOTHbIC CBOMCTBA OKCUAOB U TUAPOKCUIOB MOXKHO CpaB-
HWBAaTb, PYKOBOJCTBYSICb ITOJOXEHHUEM 37eMeHTOB B Ilepnoanuyeckon cucTe-
Me. [lo nepuoay ciaeBa HaripaBo YCHJIWBAIOTCS KUCIOTHbLIE CBOMCTBA OKCU-
N0B U COOTBETCTBYIOLLIMX TUAPOKCUAOB, IO IPYIINe CBEPXY BHU3 YCHJIMBAIOTCS
UX OCHOBHbIE CBOUCTBA.

KucaoTHble, OCHOBHbIE U aM(POTEPHbIE OKCHUABL! UIH TUAPOKCUADBI (KUCAOTHI
M OCHOBAHMUSI) B3aUMOJEHCTBYIOT APYT C ApYroM, obpasys coqu. Peakuiuss Mexny
KUCJIOTON U OCHOBAHMEM Ha3bIBACTCS peakyueir Heiimpaasudayuu. B peakuuu
HeUTpaau3alUU ¢ ydacTHEeM XOTS Obl OAHOrO TMAPOKCHIA Bceraa oopa3yeTcsl Ha-
psiAy C COJIbIO MATOAUCCOLMUPOBAHHOE COeAMHEHWE Boaa. Bulaeasilior cpeaHue
(HanpuMep, CaSQOy,), kucabie (Ca(HSOy,),), ocHOBHBIE ((CuOH),S0,), nBoi-
Hbie (KAI(SO,),), cmewandbie (HgCIF) coan.

Cpeonue coau COCTOSIT U3 KATHOHA OJHOro Metamia (OJHOro »JIeMEHTAa)
M aHUOHA KUCJIOThl. ECcAM B cOCTaB COJU BXOAMWT /1BA Pa3HbIX KATUOHA (3JIeMEeH-
Ta) — 3TO 080iiHas co1b. [1pU HATMUUK B cOCTaBe aHMOHA aTOMOB BOJA0OPO/1a COMb
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MHoruve BellecTBa NnposiBJISIIOT (B TOH UKW UHOM CTEIMEHU) CBOMCTBA U METa-
JIOB, M HEMETA/IOB. Takue npoCThie BELECTBA OTHOCITCS K aM(POTEPHBIM (0 epeu.
aM@PoTepoc — W TOT U Apyrou). [isi 9TUX DJIEMEHTOB XapaKTepHO 00pa30oBaHUeE
Kak KaTUOHOB, TakK U aHUOHOB. K aM@$oTepHbIM MOXHO OTHECTHU S-3JIEMEHT Oe-
puwiIuii Be, p-3J1eMeHTbl, KOTOPbIE HEJb3sl CUHUTATb TUNUYHBIMH HEMETAIaMU,
U BCe d-a71eMeHTbl. OHU XapaKTepU3YIOTCS NPOMEXYTOUHBIMH (MEXAY MeTala-
MM U HEMETAJIaMW) 3HAUEHUSIMU DJIEKTPOOTpULATEIbHOCTH (1,25—2,00), HO no-
CKOJILKY COOTBETCTBYIOLUME ITPOCTbIE BELECTBA 001a4a10T XOPOLIEH BIECKTPONpPO-
BOJHOCTbIO, 3TH 3JIEMEHTbI HEPEAKO OTHOCAT TAKXKE K MeTal1aM.

Jns1 HarasitaHocTU B [leproanueckoi cUcTeMe 3J1eMEHTOB MOJKHO INPOBECTHU
«aAraroHaab aMdoTepHOCTU» yepe3 aneMeHThl Be, Al, Ge, Sb, Po, otaensiiolnyio
MeTalJlbl OT HEMETaJJIOB.

[a3000pas3Hbie NpocTbie BewecTBa 37eMeHTOB VIIIA (18-11) rpyrinbl goaroe
BpEMS1 HE MOTJIM 3aCTaABUTL pearupoBaTh ¢ JPYrMMU, JaKEe OUeHb peaKLIMOHHO-
CIOCOOHbIMM, BELUESCTBAMU, [TO3TOMY ATHU CTOJIb HEAKTUBHbIE 3JIEMEHTbI Ha3Ba-
JIU «HHEePTHbLIMU razamu». Ho nosxe okazanoch, YTo 3TH rasbl Bee Ke CIIOCOOHbI
00pa30BbLIBATL XUMHUECKUE COETUHEHUS, HanpuMep ¢ gropoM. [1osTomMy celi-
4yac 3TU BJIEMEHTbI Ha3blBaAIOT «01aropoJHbIMU ra3aMu» U OOBEAUHSIIOT C HEME-
TaJlaMy (OJHAKO MHOTJA pacCMaTPUBAIOT OTAEAbLHO, CJIEAYS TPAIULIUU).

Jlaxke 1pu kinaccu(pUKaUKMM MPOCTHIX BELIECTB BO3HUKAIOT OIpeae/ieHHbIE
npo6seMbl. Tak, r1aBHOe (pU3UUECKOE CBOHCTBO META/IOB, OTJAMYAloLIee
MX OT HEMETAJJIOB, — 3TO BbICOKAsl 3JeKTPONPOBOAHOCTb, YMEHbILIAKOLIASICS
C POCTOM TeMIlepaTypbl (3JeKTPOHHAS MPOBOAUMOCTb). OJHAKO B IOCJIEIHUE
roabl ObIJIO [10Ka3aHO, UTO HEKOTOpble BelllecTBa, TPaAULIMOHHO OTHOCUMBIE
K HeMeTaataM (Bogopoa, (pocdop), TakKKe MOIYT CYILECTBOBATh B METAJIMYE-
CKOM COCTOSIHUM. HoJaroe BpeMsl CUMTATOCh, YTO HEeMeETalIbl, AJS KOTOPbIX
OoJiblle XapaKTEepHbl OKUCIUTEbHbIC CBOWCTBA, HE CIIOCOOHBLI O0OPA30BLIBATL
MPOCTbIE KATUOHBI (B OTJIMYUE OT METAJIJIOB, ITPOSBIASIOLLINX BOCCTAHOBUTEIb-
Hble cBOMCTBA). OKa3zanoch, UTO 3TO He Tak. bblaM MoJiyuyeHbl COEAUHEHUS, CO-

ACPKAUIHUC KATHUOHbI HEMETAJIJIOB, HAIIPpUMEDP KaTHOH JHUHUOAA4 l;, KATHUOH JHOK-

cureHwia Os.

1.5.1. MeTtannbl

CBolicTBa METAJIOB COBEPLUEHHO HE ITOXOXU HAa CBOMCTBA BCEX OCTAIbHbIX BE-
ILECTB — ATO 3aMETUJIM elle HalluM JaJiekue npeaku. He cayyaHo, ripu riepBoi
NONbLITKE KJacCU(PUKALKMMK TNPOCTLIX BEWECTB UX pa3ie/JUuiaM Ha METAJJIbl U He-
MeTaibl. MeTtamabl (96 sneMeHTOoB [leproanueckoil cMCTeMbl) UMEIOT MHOTO
OOLLUX CBOMCTB, OOYCAOBAEHHBIX OCOOCHHOCTSIMH CTPOEHUSI UX AaTOMOB U IpU-
POAOUN XUMUYECKOH CBSI3N.

ATOMbl «TUIMUUYHbIX METAJJIOB» UMEIOT CaMblé HU3KME 3HAUYCHUS IJIEKTPO-
OTpHLIATEeILHOCTU. K TUNMHUYHBIM MeTallaM OTHOCST |1 31eMeHTOB: 11e/10UHbIe
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MU LIEeJTOYHO3eMeNbHblE 2JIEMEHTHI, a TakKe MarHuil. ATOMBl DTHUX 2JIEMEHTOB
JIETKO TepsIlOT BHEllIHKe (BaJIeHTHbIE) 2JeKTpOoHbl. MMEeHHO cTpeMIeHHUEM aTo-
MOB 3THUX METa/JIOB 0Opa30BbIBATH KATUOHbLI OOBICHSIETCS] UX BbICOKAsl BOCCTA-
HOBUTeEJbHAasl CIIOCOOHOCTD.

[Ipu 06pa3zoBaHUKN XMMHUECKUX CBsI3el TUMUUHbIE MeTa/lJIbl UCTIOAB3YIOT BCe
CBOW BHELLIHUE B3JCKTPOHBI, ITO3TOMY UX CTEIMEHN OKHUCJIEHUST COBMNAAAaloT C HO-
MepaMH I'PYIII, B KOTOPLIX OHU PACIOI0XKEHHI.

TUnUuHbIe MeTa/1bl B OOBIYHBIX YCAOBUSIX pearupyloT CO MHOTHMMU HEMETal-
JaMU (HanpuMep, ¢ ¢ptopom, HoaoM, cepoii). OHU JIErKO OKUCTSIOTCSI KUCTIOPO-
AoM {OOJBIIMHCTBO — IPU KOMHATHOM TeMIlepaType), B3aUMOJAEHCTBYIOT C BO-
noH (Ipy 3TOM BBLLIEISIETCS TakKoe KOJIUYECTBO TEIIOThI, YTO HATPUH I1aBUTCH,
a KalMi MOXET 3aropeThest):

2Na + 2H,0 = 2NaOH + H,T

[ToaTOMY npU XpaHEHMM aKTUBHbIE META/JIbl (KpOME MarHwsi) U30JUPYIOT
OT BO3AyXa U Blaru, rnorpy:Kast B MHEPTHYIO JKUAKOCTb — Ba3€JIMH, Macao, KEpo-
CUH. Peakll¥ aKTUBHbIX METAJJIOB C KUCIOTAMM TaKXKe ITPOTEKAIOT OUeHDb Oyp-
HO. [Ipu 5TOM BBLIEJISIETCSI BOAOPOI U 00pa3yIoTCsl COJMU (HAaNpUMeEDP, XJIOPUIbI
MPU B3aMMOJECHUCTBUU C XJIOPOBOJOPOIHOM KUCIOTOM):

2Na +2HCI = 2NaCl + H,1

[TonobHbLIM 00pa3oM NMPOTEKAIOT peaKUMU TUITMYHBIX METAI10B C KAPOOHO-
BbIMU KUCAOTaMU U heHOJIOM:

INa + 2CH.OH = 2Na(CH.0) + H, 1

AKTHUBHBIE MeTa/lbl TAakKlKe BOCCTAHABJUBAIOT TajloreHajlkaHbl (peakLiysl
Bropua):

2CH;Cl + 2Na = C,H, + 2NaCl

Y100b1 OOHAPYXUTL NPUCYTCTBHE KATUOHOB HEKOTOPBIX aKTUBHbIX MeTall-
JOB, UX COeAUHEHUsI BHOCAT B OecliBeTHOe I1aMsl Ta30BOi ropeiky. KaTuoHbl
HATPUSI OKPALLIMBAIOT IJIaMsl B XKENTbIM LIBET, KAAUsI — B JIWJIOBbIN, KaJbLUsSI —
B KUPMUYHO-KPACHBIH, JUTHS — B MAJIUHOBBI.

B coennMHeHUsIX MeTalsIbl — 3TO BCeraa KaTMOHbI, OHU HE MOTYT BXOOUTb
B COCTaB HU MPOCTBIX, HY CIOKHBIX aHUOHOB.

Bonpocnbl

1.13. OxapakTepusynTe (KpaTKO) pacrojioXeHUe TUIMMUYHBLIX MeTalJIoB (a)
B [lepronrueckoi cucteMe U (0) B 3JAeKTPOXUMHUYSCKOM PsiAy HaTnpsiKeHU?

1.14. Y10 MOXHO cKa3aTb O CTPOEHUM IPOCTLIX BELISCTB, O0Opa30BaHHBIX
MeTa1aMH? Kakoil TUN XMMHWYECKOM CBSI3U peajlu3yeTCsl B TBEpAbIX MeTaaax?

1.15. Kakune ocOGEHHOCTH CTPOCHHUA ATOMOB TUIIUMYHLIX METAJIJIOB ACAAlOT
X CHJAbHBIMU BOCCTAHOBUTECISIMU?



1.5. Knaccugpumkauma npocThiX BELLECTB 17

1.5.2. HemeTtannbi

Bce seMeHTBI, aTOMbl KOTOPbIX 00pa3yloT NPOCThI€ BELLIECTBA, HE MNPOSIBIISI-
[OlME MeTaJIMYEeCKUX CBOMCTB, OTHOCAT K HeMeTa/slaM. ATOMbl HEMETANJIOB
OTJMYAIOTCSI OT MeTa/10B OOJbLIMMHU 3HAUEHUSIMH SJIEKTPOOTPULIATEAbHOCTH
M He CKJIOHHBI TEPSTh 3JIEKTPOHbI, IpeBpallasicb B KATHOHbLI. DTUM OOYCJIOB-
JIEHbI CBOMCTBA UX NPOCTbIX BEILECTB U XUMUUYSCKUX COSAUHEHUN. DIEMEHTbI-
HEMETALIbl pacrno/iaraloTcst B BepxHeM npasoMm yriay Ilepruoandyeckoin CUCTEMBI.

K HeMeTasnaM oTHOCAT 22 3JeMeHTa (BKIUas 1WecTh 6J1aropoJHbIX ra3os).
XapakTepHble 1L HUX BBICOKMWE 3HAUYSHUS SJIEKTPOOTPULIATEIbHOCTE CBSI3aHbl
C MaJIbIM paJuycoM aTOMOB (10 CpaBHEHU IO C aTOMAMH MeTa/JIOB). MaKCHUMalb-
Hbl€ 3HAUYEHMUS 2JEKTPOOTPULATEIbHOCTH AOMXKHBI ObITh Y 0JIJarOpOAHbIX [A30B
reJiusl U HeoHa; OJIHAKO JIJs1 HUX A0 CUX TMOP HE NOJYYEHO HU OAHOI0 XUMHUE-
CKOro coequHeHust. I1osToMy oObIYHO HauboJiee IECKTPOOTPULIATEIbHBIM DJIe-
MEHTOM CYUTAIOT (PTOD.

Y 00JIbILIMHCTBA HEMETAIOB (KpOMe BOAOPOaA, reunst U1 6opa) Ha BHELIHEM
SHEPreTUYeCKOM YPOBHE aTOMAa 00J1e¢ TpeX 2JAEKTPOHOB.

B oTanuue oT MeTa/10B AUISI HEMETALIOB XapaKTepPHbl KakK MOJOXUTEIbHbIEC,
TaK U OTpHLUATEbHbIE CTEIIEHU OKUCAEHUS. BOABLIMHCTBO HEMETAJIOB ITPOSIB-
JISIeT HECKOJbKO MOJOXUTENbHbIX CTeIIeHEe OKUCAeHUS, MAKCUMabHasl U3 KO-
TOPbIX, KAK NPaBUI0, COBIIAJAET C HOMEPOM I'pyniibl. McKioueHUe COCTaBIsIIOT
(bTOp, A5l KOTOPOro MnoJOXHUTEAbHbIE CTEIIEHU OKMUCIEHUS HEU3BECTHDbI, KHC-
JIOPOA, UMEIOUIMU MAKCUMAJbHYIO TOJOXUTEIbHYIO CTeIIeHb OKUCAeHUST +l1,
M HEKOTOpble OaaropoaHble rasbl. OTpULATEAbHBIX CTENCHEN OKUCIEHUS Y He-
METAJJIOB TakKXKe MOXET ObiTb HECKOJbKO, HAaMMeHbLUas CTeleHb OKUCIEHUS
paBHa HOMeEpY I'pyImnbl MUHYC 8§ (32 UCKJIIOUEHUEM Oopa, A1 KOTOPOIro MUHU-
MaJibHasl CTeNeHb OKUCIeHUS B coeauHeHUusX ¢ MeTtaiamu —l111). B coennHe-
HUSIX APYT ¢ APYTOM HEMeTaJZIbl 00pa3yIoT KOBAJICHTHLIE CBSI3U, 4 B COSIMHE-
HUSIX ¢ METaJlJIaMM BLICTYIAIOT B POJH NPOCTHIX AHUOHOB MU BXOJISIT B COCTaB
CJIOXKHbIX aHUOHOB.

B Ilepuoamyeckoil cucTeMe 3JIEKTPOOTPULIATEIbHOCTb 3JEMEHTOB YBEJIU-
YUBACTCS NO MEPUOY CAeBa HArlpaBO, a YMEHbIUASTCS I10 IPYIIe CBEpXy BHU3.
C yBeJIMYEHUEM JICKTPOOTPULATEIBbHOCTH B PSIY 3JAEMEHTOB OKMCIUTEAbHbIC
CBOICTBA aTOMOB YCUJIMBAIOTCS, a BOCCTAHOBUTEIbHBIE — ocinabesaloT. [103To-
MY IIpU CPaBHEHUW OKUCIUTENAbHbIX U BOCCTAHOBUTEbHbBIX CBOMCTB HEMETAJI-
JIOB MOXHO HCII0Ab30BaTh 3HAYEHUS UX 3J1eKTPOOTPHULIATEIbHOCTEH.

[1pocTbie BelecTBa-HeMeTalIbl (rajJoreHbl, KUCA0POA, a30T, Ocjblil doc-
(op, cepa), UMeroLLHE MOJIEKYISIDHOE CTPOEHUE, B TBEPAOM COCTOSIHUM JIETKO-
NJ1aBKU M CIIOCOOHBI K BO3roHke. BeuiectBa ¢ aTOMHBIMU KpUCTATLIMYECKHUMMU
peuieTkaMu (0op, aamas, KpeMHUM, YepHbIld (pocdop), KaK npaBuIo, OUYEHb
TBEP/ble, UMEIOT BLICOKHE TEMIMEPATYPh! INJIABJACHUSI U KMITEHUWSI U HU3KYIO JIETY-
YeCTb. Y NMPOCTbIX BELIECTB LEMOYeYHOro (IiacTuyeckas cepa) Uiu Ca0UCTOTO
(rpadUT) CTPOCHUS TTPOMEXKYTOUHBIE (PU3NYESCKUE CBOMCTBA.
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B ominune ot cepedpUcTo-06ebiX (KaK NMpaBHJIO) METALIOB OKpacKa MpOCThIX
BELLICCTB-HEMETA/UVIOB OUEHb pa3sHOOOpa3Ha, HAIIpUMEp CpeaUu TBEPALIX BELLUCCTB
MOKHO OTMETUTD OebIM, YSPpHbIA U KpaCHBLIN (PoCcop, KEATYIO CEPY, Cepble KpeM-
HUH Y KPUCTAJUTMUECKUI UOM; CPpeaU XXKUAKOCTEN OYpbIil OpoM, ToJy00il KUCIOPOoA
1 CUHUH O30H; CpeaU ra3oB 3eJeHOBAThLIN XJ10p U (PUOAETOBbLIE Napbl UOAA.

[IpocThie BelllecTBa-HEMETA1bl [1POSIBASIIOT OKUCIUTEAbHBIE CBOMCTBA B pe-
aK1IMSIX C MEHEE DIEKTPOOTPULIATEAbHBIMU 3JIEMEHTAMUY U BOCCTAHOBUTEJIbHBIC
CBOMCTBA — B peakKUUSIX ¢ Bojee 3JIeKTpoOTpULlaTeAbHBIMU. MHOrue HemeTall-
Jbl TIpU JEHCTBUU BOJbLI UJIN LUEJIOUYEH MOABEPTAIOTCS OUCHPONOPUUOHUPOBAHUIO
(Quemymauuu), NPosIBsISL OJHOBPEMEHHO U OKUCAUTENbHbIE, U BOCCTAHOBU-
TE€JAbHbIE CBOMCTBA:

Cl; + H,0 = HCI™' + HCI'O

3Cl5 + 6NaOH —% 5 sNaCI™! + NaCI1Y0, + 3H,0

JI151 HeMeTaJ1OB XapaKTepHO 00pa3oBaHUeE KaK MPOCTBIX, TaK U CIOXHDbIX aHH-
oHoB. HekoTopble HeMeTalabl (MO, KUCIOPO/1) CNOCOOHDI JaBaTh MPOCThIe KATH-
OHBbI, HO TOJBKO IPU ASHCTBUU OU€Hb CUIbHBIX OKUCIUTeNAeil. MHOrue HeMeTa-
Jbl 00PAa3yIOT CJIOKHbIE KATUOHDI (TIpUMEPBl — KATUOHBI AMMOHMUSI U OKCOHMUSI).

Bonpocnbl

1.16. Kakoe cTpoeHUe UMEIOT IPOCThie BelllecTBa-HeMeTa/uibl? Kakosbl
TUIILI CBSI3U B KpUCTALJIaxX aaMa3sa (a), rpagpura (0), KapOHHa (B), KpUCTaLIUYE-
CKOro KpeMHHU4 (1), 6enoro pocdopa (1), cepsl (¢), o30Ha (K)?

1.17. Tlouemy B peakLMsIX ¢ MeTa/lJITaMU HEMETAJLJ1bl BCeraa OKUCTIUTEIN?

1.18. IlpuBeauTe 1o Tpu npumMepa peakliii, B KOTOpPbIX HEMETaJ1 BLICTYIA-
€T B pOJU (a) OKUCIAUTEIS, (0) BOCCTAHOBUTEISI.

1.5.3. MpocTble BewecTBa ¢ amPpoTepHbLIMU CBONCTBAMMN

AMd)OTeprlel 3JE€MEHTbl TIPOSIBJASIIOT CBOWCTBA METalJIOB, U HEMETallOB.
Hasi HUX XapakKTepHbl IIPOMEXYTOUHbIe 3HAUEHMS DJISKTPOOTPHLIATEIbHO-
cTU (). K aM@OTepHbIM OTHOCUTCS OOJbILIUHCTBO 3JI€MEHTOB: OCPUILIUNA, BCE
d-31eMeHTbI, a TAKXKE p-d3JIeMeHTbl, He OTHOCsIIIMeCs] K HeMeTa/iaM. Kak yxe
TOBOPUJIOCH B Hadaje 2Toro pasaena, B Ilepvoanueckoil cucteMe 2JEeMEHTOB
MO>KHO BbLAEJIUTb «AUMaroHajJb aM@pPOTePHOCTH», MPOXOISIIYIO Yepe3 JIEMEHTHI
Be, Al, Ge, Sb, Po. Broliiie 3Tol AvaroHaau HaxXo[sTCs 2JeMeHThl-HeMeTalllbl,
Ha caMoU fuaroHaiu — aM@poTepHble, HUXe ee — aMdoTepHble U MEeTaIbI.
[IpocThbie BelllecTBa, 00Opa3oBaHHbIE AM(OTEPHBIMHU 3JIeMEeHTAMU, Yalle BCce-
ro NMposBASIOT BOCCTAHOBUTEIbHbBIE CcBOMCTBA. [e BelllecTBa, KOTOPLIE B 2JIEK-

'Cum. c. 13.
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TPOXUMHUUCCKOM pPAAY HEIl'[pSI)KCHl/Iﬁ HaXOOATCA JICBEC BOAOPOHA4d, OKHUCIAKTCA
KaTUOHAMHM BOJOPOA4d B BOJHLIX PaCTBOPaX KHCJIIOT.

Zn +2HCl=ZnCl, + H,T

SHGMGHTH, COCONHCHUA KOTOPLIX NPOABJIAKOT aM(bOTe-prle CBOFICTB&, pca-
IT'NPYIOT C BOOHBIMH PaCTBOPaMH LLIECJTOUYEH C O6pa3OBaHI/I€M IT'MAPOKCOKOMIJICK-

COB U BbIACJICHHUEM BOAOPO/A.
Zn + 2NaOH + 2H,0 = Na,[Zn(OH),] + H,T

[Ipy B3aUMOJEMCTBUU C AKTHBHBIMU MeTa/llaMU aMdoTepHbIEe DIEMEHTHI
MOTYT BBLICTYIIATb B POJU OKMUCIUTeNell (oOpa3ysl, Harpumep, CTUHOUA HATPHUs
Na;Sb).

B coenuHeHussx ampoTtepHble 371eMeHTbl BXOJSIT B COCTaB KaK KAaTUOHOB
(MPOCTBIX WU CJIOXKHBIX), TAK U aHUOHOB (OOBIYHO CJIOXHbIX).

Bonpocobl

1.19. Kakoe cTpoeHHe UMEIOT IIPOCThIE BellleCcTBa, 00pa30oBaHHbIe aMPOTep-
HBIMU 31eMeHTaMU? KakoBa rnpupoja ¢Bsi31 B 9TUX BelllecTBax?

1.20. Hexkotopble ripoctbie BelliecTBa, objanarolimve PU3NIECKUMU CBOM-
CTBAMU METAJIOB, 10 CBOUM XMMUUYECKUM CBOMCTBAM HE OTHOCSITCSI K TUMMHU-

HBIM MeTal1aM. C yeM 3TO CBsI3aHO?

1.21. Hanwumimure ypaBHEHUS peaKlIUM ¢ ydacTUEM aM(POTEPHBIX 3JIEMEHTOB,
XapaKTepHU3YIolIUe UX MEeTALJIMYeCKHe U HEMeTalIMYeCK1e CBOMCTBA.

1.5.4. bnaropoaHbie ra3sbl

braaropoaHsbie rasel HaxoasTcst B VIIIA (18-11) rpynine Ileproanyeckon cucre-
Mbl 3JeMeHTOB. B atoMmax 0aaropoaHblX ra3oB BaJIeHTHble OpOUTAAU MOJTHO-
CTbIO 3acejIeHbl 3JIeKTPOHAMHU, MTOITOMY aTOMBI 3TUX 2JIEMEHTOB HE MPOSIBJISIIOT
CKJIOHHOCTH K 00pa30BaHUI0 XUMHUYECKHUX CBSI3EU U, B YaCTHOCTH, HE MOTYT 00-
pa30BbIBATh KOBAJEHTHbIE CBSI3W Jaxe APYr ¢ IPpYyroM — MOJIEKYJIbl 0J1aropo-
HBbIX Ta30B OJAHOATOMHBI.

BHU3 o rpynne ¢ yBeJUMYEHHMEM aTOMHOIO paauyca 3JIE€MEHTOB YCTOWUM-
BOCTb 3aBEpPILUEHHOr0 BHELIHEro 2HepreTUYeCcKOro ypoBHS Y KaXXOIOro IOC/ie-
AVIOLIEro 3JieMeHTa YMeHblIaeTCsl (2AeKTpOoHbl Xe U Kr yaepXuBaloTcs siApoM
MeHee Ipo4yHo, yeM y He 1 Ne), nosToMy XMuMUUecKasi aKTUBHOCTb 2JIEMEHTOB
B 3TOM K€ HarpaBJeHWUH YBEJIUUMUBACTCS.

CoeanHeHUs 0J1aropoJaHbIX ra30B ObLIM MOAYUYEHbI JIU1b BO BTOPOH MOJIOBU-
He XX B. B 1960-¢ roabl amepukaHckuii xuMuk H. Baptiert', CYMEBILUMHIA OKUC-
JUTb MOJIEKYISIPHBIM KUCAOPOA € NMOMOLLBIO rekcadpTopuaa TIaTUHbI, 00paTHI

' BAPTJIETT Huun (1932—2008) — aMepukaHckuil XuMuK. [1epBOOTKPHIBATENb COSMUHEHU GIaropo-
HbIX ra30B; U3BECTEH TAKXKe UCCIeA0BaHUSIMU XUMUUECKUX CBOICTB (PTOPA.
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BHMMaHHe Ha 0J1U30CTh pa3MepoB U MOTEeHUMAA0B HOHU3aLUU MoJieKy O, 1 Xe.
OH cHUHTe3UpoBaJ IIEPBOE XUMUYECKOE CoeIMHEeHe 01aropoJHOro rasa (MMelo-
lllee riepeMeHHbIN cocTaB) IO peaKluu:

Xe + Ptly — Xe| PtEF],

rne 1 < x < 2. B nanpHelilieM B KayecTBe OKMCIUTENS CTaIU IPUMEHSIThL PTOP,
HCIIOJIb3Ysl TEPMHUUECKYIO, POTOXUMHUECKYIO UM APYIVIO aKTHBalLWio. B HacTo-
silee BpeMsl MOJAYYeHbl JOCTATOUHO YCTOMUYMBLIE coeAUHEeHUS Xe U Kr: pTopuab
(Xel,, Xely, Xelg, KrL,), ux cMecu, a Takke KUCIOpoAHbIE coeaMHEHUs Xe( V)
n Xe(VIII). s xpuntoHa noJjiydeHbl TOALKO IUPTOPUI U €TO MPOU3BOJHLIC.
XMMHUYECKHE CBOMCTBA paJJoHa U3YUYEHBI B MEHbILIEH CTEMEHU (U3-3a €ro paJuo-
AKTUBHOCTH). XOPOLLUO OXapaKTepU30BaHbl TOJbLKO (BPTOPUABI paJOHa, aHald0-
rMYHbIE MO cocTaBy PTOPHIAM KCEHOHA.
CoedHeHWH rejidsi, HeoHa U aproHa CUHTEe3UpOBaTh MOKa He YAAI0Ch.

Bonpocsbl

1.22. Kakoe cTpoeHHe UMElOT MPOCThiE€ BellecTBa, o0pa3oBaHHbLIe OJaro-
POJHLIMM razamMu? Kakue CBsI3U B TBEPJBIX U >KUJIKWUX 0J1aropoaHbIX ra3ax?

1.23. K KakoMy TUMNY OTHOCSTCSI XMUMHUUYECKUE CBSI3U B COCITMHEHUSIX OJaro-
POAHBIX Ta30B?

1.24. K KakuM 3jeMeHTaM OJINKe BCero o XMMHUYeCKUM CBOWMCTBaAM OJ1aro-
POAHBIE Ta3bl?

1.6. Knaccuopukauma HeopraHnyeckux coeanHeHum
1.6.1. Tmapokecnabl

OcHOBHBIE 'MAPOKCHABLI 0Opa30BaHbl TUITMYHBIMU MeTalJlaMU U aM(OTepHBIMHU
3JIEMEHTAMU B HU3LIMX CTEMEHSIX OKUCIeHUs. OHu umeroT gopmyny M(OH),,
rone M — MeTtaia. Y TaKUX BELUECTB IMPOCThIe HA3BAHUS: K CIIOBY «TUAPOKCUI»
n100aBIsIOT Ha3BaHUe MeTasia. Ec/ii MeTanl MOXKET MPOSIBJISITh pa3jiMuHbIE CTE-
MEHU OKUCTEHUSI, CTeIIEHb OKUCIEHUsI YKa3biBaloT B cKoOKax: LIOH — ruapok-
cua autud, Cr(OH), — ruapokcun xpoma(ll).

[MapoKcHUabl LIETOYHBLIX METAJIOB (JIMTUSI, HATpUs, Kalusl, pyOUIMsI, Lie-
3Usl, (ppaHuUsl), ILEAOYHO3EMEJIbHBIX METAII0B (CTPOHLMS, Oapusl, paausl)
1 TaJ1usi(1) XopoLo pacTBOPSIIOTCSI B BOJE. DTH BeLLISCTBA HA3bIBAIOT LIEI04YaMMU.

[Uapoxkcua Kaabuus (Takxke I1IeJI0YHO3eMeIbHbIH METal1) MalopacTBOPUM
B BoAe: 0,16 r B 100 r Boabl npy KoOMHaTHOM TeMIiepaTtype. OCHOBHBIE TUAPOKCU -
Nbl, HE OTHOCSIIMECS K LIejoYyaM, ellle MeHee paCTBOPHMBI B BOJE.

MHoruve €044 UMeIOT TpadullMOHHble Ha3BaHUs: NaOH — eakuil HaTp,
KOH — eakoe kanu, Ca(OH), — raimmenas ussectb, Ba(OH), — eakuit 6apur.
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OcHOBHbIE THUAPOKCUABLI B TBEPAOM COCTOSIHMM COCTOSIT U3 KATHOHOB
M AaHUOHOB, MO3TOMY NPH PACTBOPEHUU B BOAE OHM JIETKO AUCCOLUMUPYIOT
C BbIACJAEHUEM TMAPOKCHUI-UOHOB, B PE3VJbLTATE UEI0 CPpeaa CTAHOBUTCS LUE-
JOYHOM.

LiOH=Li"+ OH™
OCHOBHbIE rTMIPOKCHUIADLI PCarupyroT ¢ KUCJIOTaAMH C OGp’dSOBaHMeM COJIEH.
Cﬁ(OH)z + HzSO4 = CaSO4~L + 2H20

Takue peakliMy UMEIOT O0LIee Ha3BaHUE — peak it Helimpaauzayuu (LI CO-
Jleo0pa3oBaHMsl).

OCHOBHbBIE TUAPOKCUAbl PEATUPYIOT ¢ KUCAOTHBIMU OKCHAAMU KaK B OT-
CYTCTBME BOJAbl, TAK U B BOJHOM pPAaCTBOPE; NPOAYKTHI 3TUX peakKLMUK TaK>Ke
COJIM.

2KOH + CO, = K,CO, + H,0

PacTBopuMble B BoAe OCHOBHbIE T'MAPOKCUAbLI pearupyloT ¢ COJSIMU, €CJIU
B pe3yJibTaTe 00pa3yeTcst XOTs1 Obl OIHO MaJIopacTBOPHUMOE BellleCTBO (OCHOBHbIN
TMAPOKCHI WU COJb).

2KOH + MgCl, = Mg(OH),J + 2KCI
Ba(OH), + Na,SO, = BaSO,l + 2NaOH
B PCaKUHUAX Luenoqeiil C COJISIMHA aMMOHMHA BbIACITACTCH aMMUAK.:

NaOH + NH,Cl = NaCl + H,0 + NH,T

HexkoTopble OCHOBHble THUAPOKCHIbLI MOTIYT INOABEpraTtbcslt Aeruapartalun
(OTLUETIIEHWEe MOJIEKYJ BOAbI), HanpuMep NpU HarpesaHUU, ¢ oOpa3oBaHUEM
OCHOBHBIX OKCUIOB:

2LiIOH ——> Li,0+ H,0

Ca(OH), —2Pesie , 20+ H,0

OaHaKo 60JbIUMHCTBO LIeJIoYel [1J1aBITCSI U KUIIAT 0e3 pa3/1oXKeHUs!.
LLIe1oun o0pa3yoTcs rpy B3aUMOAENCTBUA aKTUBHbBIX METANIOB U UX OKCH-
OB C BOJIOMH.

2Li+2H,0 =2LiOH + H,T
Ba + 2H,0 = Ba(OH), + H,T
Li,O + H,0 =2LiOH

KpOM@ TOI'O, TMAPOKCHAbl AKTUBHLIX MCTAJJI0B IMMOJIYYalOT JJICKTPOJIHWU30M BOI-
HbIX paCTBOPOB HUX COJICH:

2NaCl + 2H,0 ——>=- 2NaOH + CI,T + H,T
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IJICMCECHTA (BJ'leMeHT, ATOMbI KOTOPOI'O BMECTC C ATOMdAMH BOAOPOAd U KUCJIOPOda
06p33y10T MOJICKYITY KI/ICJ]ODOI[COIlep)KaLLLGﬁ KI/ICJ'IOTbl) nO0aBISIIOT pPa3JIM4YHLIC

cyhdukcsl (Tadu. 1.6).

Tabauua 1.6
Ha3paHus HEKOTOPBIX KHCA0POACOAEPKAIMX KUCIAOT U UX AHUOHOB

KucJaora

AHHOH (KMCJOTHBINA OCTATOK)

H,CO; — yroabHas

COf — kapGoHar

HCO3; — ruapokap6oHar

HCIO — xnopHoBaTucras

ClIO™ — runoxyiopur

HCIO, — xnopucras

ClO; — xnopurt

HCI10,; — xnopHoBaras

ClO3; — xnopart

HClO, — xnopHas

ClO; — nepxiopart

H,CrO, — xpomoBgas

CrO; — XpoMar

H,Cr,0; — nuxpomoBas

Cr,07 — AUXpoMaT

HMnO, — mapranuoBas

MnQOj; — nepmanranar

2—
MnOj;" — maHranar

HNO, — azotucras

NO; — uutpur

HNO,; — a3oTHas

NO3 — uutpar

HPO,; — metadochopHas

PO; — meradocdar

H,PO, — oprodocdopHasn

PO; — opTodocdar

HPO?{ — ruapooptodocdar

H,PO; — aurunpooprodocdar

H,P,0, — nudocdopHas

P,OF — nudocdar

H,SO; — cepHucTasn

SO, - nH,O — noauruapat AMOKCUIA CEPBI

SO%‘ — cyAb(UT

H,SO, — cepHas

SO; — cylbgat

H,S,0, — nrcepHas

SZO%_ — Iucyabdar

H,SiO; — MeTakpemMHueBas

S1037 — mMeTtacuwiukar

H,S10, — opToKkpemMHueBas

. ~d—
S10; — oprocuamkar
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Ecan KUCIOTOOOPA3YIOUIUNA 3JIEMEHT NPOSBAsieT MAaKCUMAJbHYIO CTeIeHb
OKUCJEHUSI (OHA COOTBETCTBYET HOMEPY I'PYIIIbl), K HA3BAHUIO 3JIEMEHTA MPH-
0aBJILIOT «-Has» WU «-oBasg»: HNO; — aszornas kucnora, H,SeO, — ceyieHoBas
KUCJI0TA.

Ecay cTeneHb OKMCIACHUS 3JIEMEHTA HUXKE MAKCUMAJbHOU — «-HCTasA»:
HNO, — azotucraa kuciaora, H,S¢0; — cenenmeras KUcaora.

Ecau sneMeHT 00pa3yeT 00J1ee ABYX KMCIOPOACOASPKALUMX KUCIOT B pas3iny-
HbIX CTEMNEHSIX OKUCICHUS, UCNONB3YIOT TakKe Cy(pPpuKke «-Hopar-»: HCIO; —
xaopnoearasi kuciaora, HCIO — xaopHoBaTucTasi KUCaAO0TA.

HekoTropble 3JIeMEHTBl B OJJHOM M TOM K€ CTEINEHMW OKUCJIEHUS 0Dpa3yloT
HECKOJAbKO KMUCAOPOJACOoAepKalIUX KUCIOT. K Ha3zBaHUIO KUCJIOTbI, COOepKa-
e HAUOOJbLUEE YUCTO aTOMOB KUCIOPOJa, N00ABASIOT NPUCTABKY «OpHO-»
(H;PO, — oprodochopHasi K1Uca0Ta), a K HA3BAHUIKO KUCIOThI, COAEPKALLEH
HauMeEHbIlIEe YUCA0 aTOMOB KUCJI0pOJa — MNPUCTaBKyY «mema-» (HPO; — mera-
ocdopHas KHUcaoTa).

B Ha3zBaHMSIX KUCAOTHbIX OCTATKOB {AHUOHOB KUCIOT) MUCIIOAb3VIOT JTATHUH-
CKME Ha3BaHUS KMCIOTOOOPA3YIOLLEro 3JIEMEHTA.

bOJILHLIMHCTBO KUCIOPOACOACPXKALIMX KUCIOT XOPOLIO pacTBOPUMBI B BO-
1€; UCKINIOYEHUsI — HanpUuMep, YroJibHast KUCA0Ta U pas3iuyHbie KPEMHUEBLIE
KUCTOTHI.

[1py noaHon aernapatalMu (Ipy BbICOKHUX TEMITEpATYpax UAU MO IEHUCTBM -
€M BOJOOTHUMAIOIUUX PEAreHTOB) KUCAOPOACOAepKALLME KUCAOTbI NEPEXoasT
B KMCJOTHbIE OKCHAbLI. Hanpumep, ¢ noMollbio CEpHOH KUCJIOTHLI IOJYYarOT
okcua MapraHua( VII):

2HMnO, —22%5 Mn,O, + H,0

Kucnopoacoaepxalliiye KUCJAOTbI BCTYIAIOT B peaklMK ¢ MeTa/lJIaMM, a TaK-
K€ ¢ OCHOBHBIMU U aM@OTEepHbIMU OKCUAAMU U TUAPOKCHUAAMU (C 0Opa30BaHU-
eM CcoJiei):

Mg + H,SO,(pa36.) = MgSO, + H,T
MgO + H,S0,(pa36.) = MgSO, + H,0O

PeakliMy paCTBOPUMBbBIX KUCJIOPOACOAEPAKALUMX KUCIOT C COJSIMU IIPOTEKAIOT
JO KOHIIa, €C/IK 00pa3yeTcs razoo0pasHbli Uik MaJlopacTBOPUMBbIH NPOAYKT:

BaCO, + 2HNO, = Ba(NO,), + H,0 + CO,T
Ba(NO,), + H,SO, = BaSO,! + 2HNO,

PaCTBOpHMble KHUCJTOpOACOACPKALIUC KHUCJTOTbI MOI'YT ObITh NOJIVHCHBI ITPA-
MbIM B3aUMOICICTBUEM COOTBCTCTBYIOLIUX OKCHUIOB C BOOOMU:

P4010 + 6H20 = 4H3PO4

ManopacTBopUMble KUCIOpoAcoAepKallue KUCJIOThbl (0oOpa3oBaHHbIE Si,
Mo, W u T. A.) B3aUMOJIeICTBYIOT TOJbKO C OKCHJIaMM U TMAPOKCHIAMU HANOO-



1.6. Knaccugpumkauma HeoOpraHM4eCcknx CoeanHeHNM 25

Jlee aKTMBHBIX METAJIOB JUIbL NPU CIJIaBASHUU JTUOO B KOHLIEHTPUPOBAHHbIX
pacTBOpax.

Kpome B3auMoaeiCcTBUSI KUCAOTHBIX OKCUAOB ¢ BOJAOU IJIsI MOJYUEHUS] KMC-
JIOpOACOASP KALUMX KUCAOT UCTTOIB3VIOT U ApYyrue crnocodbl. HekoTopbie KMCTO-
Tbl MOJYYAIOT B pe3yAbTaTe OKUCIAUTE1bHO-BOCCTAHOBUTENbHbIX peaKLMid HeCo-
J1e00pa3yIolIMX OKCUIO0B ¢ BOAOW (MHOrAA B MPUCYTCTBUH OKHUCIWUTENEH):

ANO, + O, + 2H,0 = 4HNO,

MHorue KHUCJIIOPOACOACPKAWNE KUCTOTDI 06p33y10TC51 I[Npru OKUCJIICHNUHU HE-
MCTAJ1J10B KOHL[CHTDMDOBEIHHOP] a30THOH U CepHOﬁ KHUCJIOTAMMU.

S + 6HNO;(koH1.) = H,SO, + 6NO,T + 2H,0

Cnadble KUCJAOTbl MOXHO [MMOJAYYUHNUTD JEUCTBHEM CUJIbHBIX KHMCAOT Ha COOT-
BETCTBYIOLLIMC COJH.

2KNO, + H,S0,(pa36.) = K,SO, + 2HNO,

AmdoTepHbie TMAPOKCHIABI O0PA3YIOT OCPUIIIHUIA, p-2JIEMEHTbI, PACITOJTOXKEH -
Hble B [lepuoanueckoil cucteMe Ha «auMaroHaau aM@poTepHOCTU» U HUXKE ee,
a TakKKe OOJIbLUMHCTBO d-3JIEMEHTOB; d-3JEMEHThI, AJ1s1 KOTOPbIX XapaKTepPHbI
HECKOJILKO CTEIEHEN OKMCIEHHUS, OObIUHO 00pa3yioT aM(POTEPHbIE THAPOKCHUALI
B NPOMEXYTOUHbIX CTENEHSIX OKUCAeHUsI. [TpuMepoM MOXET CAYXKUTb aM(Po-
TepHbI ruapokeua xpoma(lll).

AM@POTEPHBIE TUAPOKCHUIbLI TPOSIBASIOT KAaK KUCJOTHbLIE, TaK U OCHOBHbIE
CBOMCTBA, HAITPUMEP OHU MOTYT BCTYNATb B PEAKIMIO U C KUCJIOTAMHU, U CO LUE-
JjoyaMH, a TakXke CO MHOTMMU okcugamu. [1pu 3ToM 00pasyloTcst COaU, B KOTO-
pbIX aM(OTEPHBIA 2JIEMEHT BXOJUT B COCTaB JUOO KAaTUOHA, IMOO aHUOHA:

AI(OH), + 3HCl = AICL, + 3H,0

Al(OH);+ NaOH ——— NaAlO, + 2H,0

Hpn B3aMMOJECHCTBHU aM(bOTCDHle r’mApOKCHIOB CO LIE/I0OUaMHW B BOAHOM
pPacTBOpPEC 06pa3yIOTCH KOMIUIEKCHLIC COJIN.

Al(OH); + NaOH —===— Na[Al(OH),]

Ha3zpaHust aMm@oTepHbIX THAPOKCHUAOB O0OPa3yIOTCs TaK 3Ke, KaK /17151 OCHOBHbIX
TMIPOKCHUAOB. ¥ HEKOTOPbIX aM(POTEPHbBIX TUAPOKCUIOB eCTh OpTO- U MeTapop-
Mbl: HanpuMmep, AI(OH); — oproruapokceua anromuHug, AIO(OH) — metarua-
POKCUA aNntoMUHHSI. OOLIYHO OPTOTMAPOKCUALI NPHU HarpeBaHUMW IMepexonsiT
B MeTaruapokKcuabl. s HeKOTopblX aM(POTEPHBIX 3IEMEHTOB TMAPOKCHUAbI He-
M3BECTHDI, a NOJYYEHbI JINILIb MAJTOPACTBOPHUMbBIE TUAPATHI OKCHUAOB, HANPUMED
Sb,0; - nH,0O — nonuruapar okcuaa cypoMbi(111).

[IpakTHuecKkH BCce aM(pOTEPHbIE TUAPOKCUILI B BOJIE HEPACTBOPUMBI.

AMPOTEPHBIE TUAPOKCUIBI TEPMHUYECCKH HEYCTOMUUBbLI M J1aXKe NpPU HEOOb-
LLIOM HarpeBaHUM TEPSIOT BOAY, npeBpailasicb B aM(poTepHbie OKCUADI:

Zn(OH), = ZnO + H,0
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AM@oTepHbIe THAPOKCUAbLI CIOXHO MOJYYUTL MNpU AOEHCTBUM LUETOUEH
M CUJIBHBIX KUCIOT Ha COJHU, coaepxKalyre aM@OTepHbI 3JIEMEHT B BUJE KaTUO-
Ha WJIU B COCTaBe CJA0XHOro aHWoHa — NMPU BBeAeHUU U30bITKA peareHTa ocaaok
amM@OTEepHOTro rUApoKcHaa Jerko pactpopsiercsi. [1oaToMy A1 UX MOaydyeHUsI
Mo OOMEHHBIM peaklMSIM B BOAHOM pacTBOpe UCMOAb3YIOT c1abble OCHOBAHMUS
U KUCAOTHI {UJIK COOTBETCTBYIOLLIME KUCTOTHBIE OKCHbI ):

AINO,), + 3NH, - H,0 = AI(OH)-4 + 3NH,NO,
INa[AI(OH),] + CO, = 2A(OH);{ + Na,CO, + H,0

Bonpocpl

1.25. M3 cieaylouiero CnuckKa BELIECTB BLIOEPUTE IIEJIOUYM U COCTABLTE
ypaBHEHUSI UX peaKLIUi ¢ COJSIHOM KUCIOTON: THAPOKCHI pYOUIUSI, THAPOKCHU
meau(ll), ruapoxkcua auTusg, TUAPOKCUA HaTpusl, ruapokcua xeaesa(ll), ru-
APOKCUI LUMHKA, THAPOKCH Kadusl, TMAPOKCUI dapusl.

1.26. Vicnonb3ya npasuio IlonuHra, onpenennure, Kakue U3 MepeuMUCIeH-

HbIX KHUCJIOT CUJIbHBbIE, a KaKue — ciaaobie: a) H,SeOy; 6) HCIO;5; B) HBrO,;
r) H,TeOs; n) HIO;5; x) H,S105; 3) H;AsO,4; 1) HCIO.

1.27. Boibepute am@otepHbie ruapokcuabl: a) Be(OH),; 0) B(OH)j;
B) Mg(OH),; r) AI(OH);; 1) TIOH; ¢) Zn(OH),.

1.6.2. Okcuapl

HaszBaHus1 oKCHA0B 00pa3yloT MPOCTO: K CIOBY «OKCUA» (oM 1am. oXygenium — KHUC-
J0poa) 100ABISIIOT HA3BaHUE BTOPOro v1eMeHTa (T1ad:1. 1.7). B Ha3BaHUsIX OCHOBHBIX
1 aM(poTepHBIX OKCUIOB, 00pa30BaHHBIX JAEMEHTAMU, JJIs1 KOTOPHLIX XapaKTepHbl
HECKOJILKO CTeNeHel OKUCIEHUS, YKA3bIBAIOT CTeNeHb OKUCIEHWSI, HAalIpUMEP OK-
cua MapraHua(ll). B Ha3zBaHHUsIX KUCJIOTHBIX OKCHIOB NMPUHSTO UCIOAb30BaTh YUHC-
J0BbIe NpUcTaBKU: SO; — TpUOKCcUA cepbl, N,Os — NeHTAOKCHUa AUA30TA.
OcHOBHbIE OKCHABI PEATUPYIOT ¢ KUCTIOTaMH, 00pa3yst coau (TadJ. 1.8):

CaO + H,80, = CaSO,¥ + H,0

OCHOBHBIE OKCUADI MOTI'YT pcarupoBaTtb ¢ OKCHMAaMH HCMCTAJIJIOB. ITU pe-
dAKIIMH TPOTCKAKOT U B OTCYTCTBUC BOALI, 1 B BOAHOM PACTBOPC, UX IIPOAYVKTHI
TAKXKEC COJIN.

Ca0 + CO, = CaCO,

OKCHIBI 1IETOYHBIX U LIEJTOYHO3eMEIbHbIX MeTaNI0B U Taausi(l) pearupy-
I0T C BOAOMH:

Na,O + H,0 = 2NaOH
CaO + H,0 = Ca(OH),
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OIHaKO UCMOJBb3VIOT U APYTUEe METOAbl, HAIIPUMEP TEPMHUUECKOE Pa3IoXKe-
HHEe TUAPOKCUAOB, KAPOOHATOB, HUTPATOB U APYIUX CIOKHbIX BELLIECTB:

Cu(OH), —>>- CuO + H,07T
CaCO, —"— Ca0 + CO,T

2Pb(NO,), —2=— 2PbO +4NO,T + 0,1

HGKOTOpble OKCHUAblI MOI'YT OKHUCJIATDLCA WMJAW BOCCTAHABJIHWUBATLCA JO APYIUX
OKCHIOOB.

4CrO;, — 2Cr, 05+ 30,7
4FeO + 02 — 2F€203

Bonpocobl

1.28. K KakoMy KJaccy OTHOCUTCS OKCUJ, €CJIU OH He pearupyeTt ¢ BOAON?
Kaxk 3To onpeaeauts?

1.29. CocTtaBbTe ypaBHEHHUSI peakLMi, B pe3yabTaTe KOTOPbIX MOXHO MOJaY-
YUTb: a) AMOKCU] yrjepoaa; 0) OKCH/I KaJlbLMs; B) OKCUA MarHusl; r) AeKaOKCUI
TeTpadocdopa. K KakoMy KJ1acCy OTHOCUTCSI KaXXKAbIH U3 3TUX OKCUIOB?

1.30. CoctaBbre ypaBHEHUS peaKlivil, C MOMOLIbIO KOTOPbIX MOXHO OCYIIE-
CTBUTD CJIeYIOLLME ITPEeBpaLlleHUSI:

a) SO, - S0O; > H,5S0, - BaS0O,

6) NO —> NO, > HNO; > NH;NO;

By P,—> P,0,,— H,PO, > NaH,PO, > Na,HPO, —» Na;PO,

1.6.3. Conu

BaskHoe CBOUCTBO KUCJIOTHBIX U OCHOBHBIX TUAPOKCHUIOB COCTOUT B TOM, UYTO
OHU CINOCOOHBI BCTYNATh APYT ¢ APYTOM B peaKliUio HEUTpaJIU3aLMU ¢ 00pa3oBa-
HUEM COJU U BOAbL. COJMU MOIYT ObITb CPeAHUE, KUCIble, OCHOBHbIE, JBOMHbIEC
MU CMELIaHHbIE.

OOBbIYHO K COJISIM OTHOCSIT ITPOAYKTHI B3aUMOACHUCTBUSI HE TOJAbKO KHUCIOT-
HBIX U OCHOBHBIX TUAPOKCHUIOB WU OKCUIOB, HO U JIOOBIX KUCJIOT U OCHOBA-
HWUM, B TOM UYMUCJIe OpraHuyeckux. Cpedrnue coau 00pa3yloTCs MpU MOJHOM HEH-
TpaJUu3alluu OCHOBAHUM KUCJIOTAMMU:

3Ba(OH)2 + 2H3PO4 = Ba3(PO4)2 + 6H20

B KPUCTATJIHNYCCKOM COCTOAHHWUNM COJTH UMCIOT HMOHHYIO CTPYKTYPY. KDHCTEU'I-
JIbl COJIKM MOI'VT COACPKATL KAdK IIPOCTLIC KATUOHLI MCTAJIJIOB, TAK U CJIIO2KHBIC
HECOPIraHNYCCKHUC HJIN OPraHHYUYCCKHUC KATHUOHDLI, HAIIpUMEDP KATHUOH aMMOHMWA.
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Kuciable coiu coaepxaTr KUMCJIOTHbIE OCTAaTKU ¢ He3aMellleHHbIMU aTOMaMU
Bogopoaa. B HazBaHMe aHMOHA BKJIIOYAalOT Ha3BaHKMe aTOMa BOAOPOAA — «THPO»
¢ uicaosoil npuctasko: BaHPO, — runpooprodocdar 6apusi, Ba(H,PO,), —
auruapooptodocdar dapusl.

Kucibie coin MOTYT ObITb MOJAYUEHbI TAKKE MPU AEUCTBUH U30bITKA KUCIO-
Tbl UM KUCJIOTHOIO OKCHUAA HA CPEAHION COJb, aM(pOTEPpHbIII OKCHI WU TU-
APOKCUJL, HATTpUMED:

BaCO; + CO, + H,0 = Ba(HCO,),

BOonbUIMHCTBO KUCABIX COJIEN, 32 NUCKIIOUEHUEM HEKOTOPBIX r'HApoopTodOC-
(baToB, B BOJE XOPOILIO pacTBOPUMbI. B BOAHOM pacTBOpe aHWOHbI KUCJIbIX CO-
JIEU MOABEPraloTCst TMAPOAN3Y. B 3aBUCUMOCTHU OT CBOMCTB KUCJIOTHOTI'O OCTATKAa
B paCTBOpPE KUCION COJMU MOXKET BO3ZHUKHYTH JIUOO caabokucaasl cpeaa (B pac-
TBOpaxX TIUApPOCYIb(PaToOB, TUAPOCYAbPUTOB, AUrUApoopTodochaToB), AHO0
cjadouieaoyHas (B pacTBopax ruapokapooHaATOB, T'MAPOCYAb(PUIOB, THAPOOD-
TodochaToB).

[Ipu nobabaeHHUM OCHOBAHUS KUCJAbIe COJW I1OABEPraroTcs AajbHeNluen
HEUTpaJIn3aluu.

Ba(OH), + Ba(H,PO,), = 2BaHPO,! + 2H,0
Ba(OH), + 2BaHPO, = Ba;(PO,),4 + 2H,0
l_[QIl IICI‘;ICTBMQM CUJBbHbBIX KUCAOT KUCJIble COJIU OOBIYHO Pa3pyILLUAIOTCAH .
Ba(H,PO,), + H,SO, = BaS0O,! + 3H,PO,

OcHOBHBIE O O0Opa3yloTCsl NMPU B3aUMOACHCTBUU LUEI0OUYEH ¢ pacTBOPU-
MbIMU CpeIHUMU COJAsIMU. OCHOBHbIE COJU COAEPXKAT TMAPOKCOIPYIINbl WUIH
aToMbl kKcaopoga(—II).

CyleCTBYIOT pasHble CrocoO0bl 3anUMCU cocTaBa OCHOBHBLIX cojeid. Ha-
npuMmep, GopMyJy OCHOBHOIO HUTpaTa KodajbTa MOXHO 3anMcaTh Kak
CoNO;(OH) — ruapokcua-nutpat kodansra(ll) unm (CoOH)YNO; — HuTtpart
ruapokcokodansra(ll). I'lepsas popmyna oTpaxaeT COCTaB TBEPAOU COJIU, B Y3-
JlaX KpUCTANIMUeCKOU pellieTKU KOTOPOH HaXoAsITCSI KATUOHbI KObanbTa, HUTpAaT-
MOHbl MU TUAPOKCHUA-UOHBI; BTOpast (popMyJjia MMOKa3blBaeT, UTO B HACbILLIEHHOM
BOJHOM pacTBOPE NMPUCYTCTBYIOT KATUOHbI TMAPOKCOKODAIBTAa U HUTPAT-UOHBbI.

[ToayduTb OCHOBHYIO COJIb MOXKHO TPU ACUCTBUH OCHOBAHUS { B3SITOTO B HE-
JOCTATKE) Ha CPEJAHIOIO COMb:

Co(NO,), + NaOH = CoNO,(OH)! + NaNO,

ﬂpu n00aBAeHUN KUCI0THI OCHOBHbIE COJU NnpeBpaniarTcs B CpCcIHUE COJTN,
a [1pH 1nmoauicaia4ymBaH CpCabl — B THAPOKCHU LI

CoNO,(OH)(1) + HNO, = Co(NO,), + H,0
CoNO,;(OH)(T) + NaOH = Co(OH),{4 + NaNO,
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e BbLIOpATh YaCTULIbl, B3aUMOAEHCTBUE KOTOPLIX MPUBOAUT K BbIMAJEHHUIO
ocajJKa, BblAeJIEeHUIO raza UK 0o0pa30BaHUIO ¢1adoro 3JeKTPOIUTA; 3aIlu-
CaTb COOTBETCTBYIOLLIME TNPOAYKTHI B TPaBOX 4aCTH MOHHOIO ypaBHEHMUSI,
oTMeuasi 06pa3oBaHUe ocanka 3HaKoM |, o6pa3oBaHue raza — 3HaKOM |
e 1oa06patb kKo3hPUUHUEHTL B MOHHOM YpaBHEHUM peakUWUU: B JIEBOM
W MpaBoOil 4acTIX MOHHOI0O ypaBHEHHS! JOJXKHBI ObITb paBHbl HE TOJbLKO
YMUCJI0 ATOMOB OJHOTO THIIA, HO U CYMMApPHbBIH 3apsii BcEX HOHOB

e 3arnucaTb [POAYKTHI peaKLUU B [IPABOM YaCTU MOJEKYJISIPHOTO YpaBHEHUSI
W [IepEHECTH B Hero noJiydeHHble KO3 ULIMEeHTHI.

YT1o0Obl onpeneauTb, HACKOJbKO PAaCTBOPHUMbI B BOJE TPOAYKTHl peaklLMU
WOHHOro OOMeHa, MCIOJb3YIOT TAOJMLY pacTBOPUMOCTH (CM. TPUJIOXEHUE
Ha caiiTe u3naTteabcTBa). Ecnu Ha nepecedyeHUU CTPOKU, OTBeUalolleil KaTUO-
HY, 1 cTOJI0LA, OTBEYAIOLIEr0 aHUOHY, YKA3aHO, YTO BEllIeCTBO MaJl0opacTBOPHUMO
WU HEPACTBOPUMO, peaklius ero obpa3zoBaHUs U3 PACTBOPUMBIX 3J€KTPOJUTOB
UIET A0 KOHILA.

Oco0oe 3HauYeHUe UMEIOT peaKLMKW HelTpaau3aluuy MeKI1y KUCA0TaMU U OC-
HOBaHUSIMU, B pe3yabTaTe KOTOPbIX Bceraa odpasyeTcsl MaJloAUCCOLUUpYIOLLIee
BELIECTBO BOJA, U, TaK KaK Mpu AUCCoLMaliM KUCJIOT 00pa3yioTCsl KATUOHbI BO-
aopoaa, a npu J1UCcolMaliMi OCHOBaHU — FHAPOKCUA-UOHBI, peaKlius PaKTU-
YeCKM WAEST MeXAy 3TUMU YacTULIAMU:

H*+OH™ = H,0

Bonpochbl

2.1. CocTtaBbTe MOJICKVYJIAIPDHOC U HOHHOC YPABHCHUSA PCAKLMHW MCXKIAY Kap-
OOHATOM HATpHUA U COJISTHOW KHUCJTOTOM.

2.2. Hanummurte ypaBHEHHE peakKUUMK, OTBEUAlOLIEH NpeBpalleHHUIO:
Mg(OH), —» Mg*

2.3. Hoqemy NMOHHbLIC YPAaBHCHHUA COCTABJIATDL JCIYC, UCM MOJ]eKy.}'lH'prle?
[Tokaxkute Ha KOHKPETHOM IIPpUMEPC.

2.1.2. OkuncnuTenbHO-BOCCTAHOBUTEJIbHbIE peaKuumn

OxucaureIbHO-BOCCTAHOBUTENbHbIMU peakuusavu (OBP) Ha3biBaloT peakluu,
NpyA KOTOPLIX NPOUCXOIUT OOMEH 2JICKTPOHAMU MEXKIY aTOMAMU OJHOI0O UM
HECKOJIbKMX BellecTB. PazdepeM HECKOJIbKO NPUMEPOB.

[opeHMe MeTalIMYeCKOro HAaTpUs B aTMOocdeEpe XJ1opa NPpUBOAUT K 00pa30-
BaHUIO XJIOpUIA HATPUSI:

2Na + Cl, = 2NaCl

B XJTOPpHUIC HATPHUA CBA3b MCXKIAY aTOMdMH XJIOPA U HATPUS MOHHAM, CIACIO-
BATCJIAbHO, pCcaKlUus Cro O6pa3OBaHl/lH COIIPOBOXIACTCAHA INOJIHbLIM TIEPEXOCAOM
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[Ipn onpeaeneHun cterieHUW okucaeHust (CO) aToMoOB PYKOBOACTBYIOTCS
CJCAYIOLLMMU NpaBUJiaMH, KOTOPbI€ HAO 3a[1OMHHTb.

1) B nipocThix BelIeCTBAX aTOMbl HAXOJSITCS B HYJI€BOM CTeIIeHU OKUCIECHUSI.

2) B OuMHapHbIX COEAUHEHUIX aTOMbl Dojiee BIEKTPOOTPULATEIbHbIX 3Jie-
MEHTOB WMEIOT OTpMLIATE/IbHbIE CTeNeHU OKUcIeHUsl. CTerneHb OKUCIeHUS
(pTopa B CoOeAMHEHUSIX C APYTUMU 31eMeHTaMu —I, kucaoponaa yauwe Bcero —I1,
rajioreHoB (Cl, Br, 1) B coeaAMHEeHWH ¢ MeHee 3AeKTPOOTPULIATEIbHbIMH 2J1EMEH -
TaMU —I. ¥ KUcaopoaa B nepoKCUAHbIX coeaHeHUsIx CO —I, B coeaMHeHUsIX
dTopa CO +11 unu +1. Y Bogopona B coeAMHEHUSIX ¢ 00J1ee 3AeKTPOOTPULIATE I b-
HbIMU 3eMeHTaMU CO +I, B coefUHEHUSIX ¢ MeHee IEKTPOOTPULIATEIbHBIMU
aneMeHTaMu CO —I. MeTaibl UMEIOT, KaK MpaBUI0, MOJOXUTEAbHYIO CTEINEHD
OKUCJIEHUS B COeAUNHEHMUSIX.

3) B Monekyjie cyMMa CTeleHel OKMUCIEHUSI BCEX aTOMOB paBHa HYIIO,
a B MOHE OHAa COBMNAJacT C 3apsa/ioOM UOHA.

B coeaumHeHUsIX MaKcUMaJlbHasl MOJOXUTEAbHAS WU OTpULIATE/IbHASI CTe-
MeHb OKUCJIEeHUS aToMa oIrpeaeasieTcsl moaoxeHueM B [leprmoanueckKon cucte-
Me: Bbiciiasi CO aToMa 3JieMeHTa paBHa HOMEPY I'PYIlNbl, B KOTOPOW OH HaXo-
AUTCSE (MCKJTIOUEHMSI U3 3TOTO MpaBua — (pTop U KUcaopon), a Hu3wast CO (s
HEMETaJJIOB) — Pa3HOCTH HOMepa rpyIribl U HUPphI 8.

Crnenyetr NOHUMATb, YTO CTEIIEHb OKUCJIEHUsI aTOMA HE COBITAJAET ¢ €ro UC-
TUHHBIM 3apsinoM. Hanpumep B moaekyie HCl uCTHHHBIE 3apsiibl aTOMOB BO-
nopoaa v xJjopa paBHbl +0,17 n1 —0,17 cooTBeTcTBeHHO. CTCIIeHb OKUCICHUS
HE COBIIAJAeT U C BAIEHTHOCTbLIO aToMa (YUCJI0M KOBaJIeHTHbIX CBs13¢eil). Hanpu-
MeEp, B MOJIeKyJe MepoKCHIa BOAOPOAA BaJIEHTHOCTh KUCAOpoaa 2, a CTereHb
okucjaeHuda —I:

H-—O'—0'-H

[Ipy OKUCIUTEIbHO-BOCCTAHOBUTEAbHbLIX peaKLUsAX INPOUCXOAAT OAHO-
BpeMEHHO J1Ba Irpouecca — oTjada U npuHsATUE 3J1eKTpoHoB. [Ipouecc oTnaun
3JIEKTPOHOB Ha3blBaeTCsl OKUCJAEHUEM, a BEILIECTBO, aTOMbI UJIM MOHbI KOTOPOTO
OTAAIOT 3JIEKTPOHBI, — BOCCTaHOBUTENEeM. OOpaTHBIF NpouecC NPUHSITHS IJTeK-
TPOHOB Ha3blBAETCS] BOCCTAHOB/IEHHEM, a BELLIECTBO, AaTOMbl UJIM MOHBI KOTOPOTO
MPUHUMAIOT JIEKTPOHbI, — OKHCJIUTENEM.

[Tpouecchl OTIAYM U NIPUHSITHS] DJIEKTPOHOB B OKHUCIHTEIbHO-BOCCTAHOBH-
TeJbHBIX peaKlMsiX B3aMMOCBSI3aHbl: BOCCTAHOBJIEHUE OKUCIUTE/s1 00513aTEIbHO
CONPOBOXIAETCS OKHUCJIeHUEeM BOoccTaHOBUTENS. TIpoliecchl OKUCIEHUSI U BOC-
CTAHOBJIEHUS MOXHO MPEACTAaBUTb KAaK OOMEH 3JIEKTPOHAMU B COMNPSIKEHHbIX
OKUCJIUTENbHO-BOCCTAHOBUTEIbHBIX Mapax OKHCICHHasA ¢opMa — BOCCTAHOB-
neHHast dopma: Na'/Na, Cl,/2CI™, Fe’*/Fe*", 1,/21™ u apyrue (ta6n. 2.2). dns
OMUCAHMS MPOLECCOB OKUCACHNSI — BOCCTAHOBJIEHMST UCMOJIB3YIOT YpaBHEHMUS
NnoJiypeakumm.

[Ipy OKMCAUTENbLHO-BOCCTAHOBUTEbHBIX peaKLIMUsIX cO01101aeTCsI DNEeKTPOH-
Hblii 0ajJaHc, T. €. UMCI0 3JeKTPOHOB, OTAABAEMbIX BOCCTAHOBUTENIEM, PABHO
YUCJY MEKTPOHOB, IPUHUMAEMbIX OKHUCIHUTETEM.
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Tabauua 2.2

ITpumepbl npoLeccoB OKMCIEHUSI U BOCCTAHOBIEHUS

Hpoueccm OKHCJIEHHA

BoccranoBurenb IHoaypeakuus Oxkuciaennas ¢popma
(BoccranoBaeHHas dopma, OKHCJIEHHS (MOTeHIMAIBHBIM OKUCIHTEIb,
B OBP okucisercs) B OBP BoccTanaBMBaeTcs)
Na’ Na’ — € =Na* Na*
CU C _ 46 _ C+IV C+IV
I 217 = 2¢e =1, I,
IIpouecchl BOCCTAHOBIEHHS
OkucJurens (OKUCIeHHAA IHoaypeakuus Boccranosaennas ¢gpopma
¢dopma, B OBP BOCCTAHOBJIEHHS (MOTeHUHAJBbHBIH BOCCTAHOBHTE b,
BOCCTAHAB.,IUBAETCS) B OBP okucnsercs)
ClS Cl} + 28 =2CI Cl-
Fe'* Fe’* + € = Fe** Fe*
— _ 11
O} 0) + 48 =207! O

B YPAaBHCHUAX OKHUCITINUTC/IIbHO-BOCCTAHOBHUTCJ/IbHDLIX peakunﬁ KOS(I)(I)I/IL[HCH—
Tbhl MO2KHO I]Oﬂ6l/l'paTb MCTOAOM JJIEKTPOHHOI'O Oananca.

1)} 3anucatb GOpMYJIbI peareHTOB U NPOIYKTOB
U HAWUTU 3J€MEHTbI, KOTOPbIE MOHUXAIOT/NOBbI-
11a}OT CTeIleHb OKUCAEHUSI.

2) Ilpu atomax, UBMEHSIOLIUX CTEIIEHU OKUC-
JIEHUS1, YKa3aTb pPUMCKUMU LIU(ppaMU CTEINEHb
OKUCJIEHMUS].

3) CocTaBUTb ypaBHEHMSI MoaypeakLi BoccTa-
HOBJICHUSI U OKUCAEHUS, COONI0/1as1 3aKOH coXpa-
HEeHMsI BelllecTBa (YMCI0 aTOMOB 2JIeMeHTa cJieBa
M cripaBa OT 3HAaKa paBEHCTBA PABHbI )} U 2JIEKTPO-
HEUTPANbHOCTDL (CJieBa U crnpasa CyMMapHbIid
3apsi OAUHAKOB).

4) B kaxnoi nmojypeakunM HAMTHU HAUMEHbILEE
ooluIee KpaTHOE (H. 0. K.) JJIs1 UMcaa SJIeKTPOHOB.
[TonoGpaTh MHOXXWUTENU AT YPABHEHU M MTOJYPE-
aKUWW, YTOObI YPABHATL CYMMAapPHOE YHUCAO IMPU-
HSITbIX U OTOAHHBIX 3JIEKTPOHOB.

5) IloayyeHHble KO3(PPULMEHTHI TPOCTABUTD
B CXeMe peaKLM1U.

6) YpaBHATbL 4UCJIO OCTAJbHBIX ATOMOB, YYACTBYIO-
IIMX B peaKliMK, U HaKOHel, HanucaTb ypaBHEH e
peakluy ¢ 11oaodpaHHbIMU KodhduLIMeHTaMU.

MnQO, + O, + KOH —
— KyMnQO, + ...

Mn™Y = Mn™
0) - o™

Mn™ = 28 = Mn™!

) + 4 =207"
H.0.K.=4

Mn*™Y —2e=Mn*" | 2
O) +4e=207" 1

2MnO, + O, + KOH —
5 2K,MnO, + ...

2MnO, + O, + 4KOH =
— 2K2MHO4 + 2H20






2.1. CocTaBneHmne ypaBHEHUIN peakunii 39

]_lpl/l YPaBHHMBaHWUN YHUC]Ia ATOMOB BOJOPOdad H KHCJI0OPOAd B YPABHCHMAX T10-
nypeaKuMﬁ HaaA0 UMCTbL B BUAY, YTO B PA3HbIX YCJIOBUAX y,[lOGHO HUCITOJIb30BaATb
CJICAVIOILINC COOTHOLUCHMUNA .

1) 6 kucaoit cpeoe:

[H']=H"
[0+ 2H"=H,0

2) 8 WeaouHoIll cpeoe:

[H']+ OH™ = H,0
[0~ + H,0=20H"

PaznuuyaT HeCKOALKO TUIMOB OKUCTIUTEAbLHO-BOCCTAHOBUTEN bHbIX peaKLll/IF'I.

BHyT PUMOJECKY/IAPHDBIE PEeAKIUKH COIIPpOBOXIAIOTCA HU3IMCHCHHMCM cTerneHeu
OKHUCJIICHUA JICMCHTOB, HAXOIAALINXCA B COCTABC OJJHOI'O BCLICCTBA:

2H"O = Of + 2Hg"

K 4acTHbIM ciay4dasiM BHYTPUMOJIEKYASIPHbIX OKHUCIUTEIbHO-BOCCTAHOBMU--
TEJbHbLIX peakKUMM OTHOCATCH peaKLUU AMCMYTAIMH (AUCNPOnoOPIuHUOHUPOBAHUSA )
M KOHMyTauun {(conponopuuonmpoBanus). Ilpu ducnponopuyuonuposanuu mpo-
MCXOIMUT IpeBpalle¢HUEe aTOMOB OJIHOIO U TOI'O XK€ 3JIEMEHTA — OHMU IEPEXOAST
M3 OAHOM CTEIIEHU OKHUCAEHU B IBE PA3HbIE CTENMEHU OKUCTIEHUS !

3AU'F = Au''F; + 2A0°

[1pu conponopyionuposearuu U3 aTOMOB OJHOTO 3JeMEHTA B ABYX CTEIEHSIX
OKUCJEHUSI MOJAYyYaloTCsl aTOMBI TOTO 3JIEMEHTA B OMHOM CTENEHU OKUCIEHUS:

N-H,N"O, = N} + 2H,0

Me)KMO.I[eKyJ]ﬂprle peakiunu  COIIPOBOXKIAKOTCA HW3MCHCHUCM CTEINEeHEU
OKHCJIICHUSA IJIEMCHTOB, HAXOIAUINXCH B COCTABC PA3HBIX BECLIECCTB (M.}]M B pPa3-
HblX MOJICKYJIaX OAHOTI'O BGLH@CTB&)Z

2Mg’ + 0) = 2Mmgo!
PbS™ + 4H,0;' = PbSV'O, + 4H,07"
B Takux PCaAKLIHUAX TAKXKE BO3MOXKHbLI KOHMYTALIUA.
2H,S™+s%0,=38"+2H,0
U ANUCMYTAllNA .
>NY0, + H,0 = HN"0, + HNYO,

OKMCJ’IHTGJ’[bHy}O NJIN BOCCTAHOBUTC/ILbHYIO CITOCOOHOCTDb I[TPOCTLIX BCLUCCTB
MO>XKHO OUCHHUTDL MCXOAA U3 IMTOJOKCHNWSA 3JACMEHTA B nepHO,ﬂ,l/lLIGCKOfI CUCTCMC.
M3BecTHO, YTO 3HauyeHMUs SJNEKTPOOTPUUATCIABbHOCTH 3JJIEMCHTOB B IIEPHUOAAX
BO3pPaACTaAlOT CJACBa HAllpdBO, a B I'PYIIIIdaX — CHU3Y BBCPX. Takas xe 3aKOHOMCEP-
HOCTb U3MEHEHUS HEMETAINYECKUX CBOUCTB 3JIEMEHTOB — B I'pyIIIax CHHU3Yy
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BBEPX, METANIMYECKHUX CBOMCTB — B OOpPATHOM HarpaBjleHWU, T. €. CBEPXY BHU3
(CM. IPUJIOKEHHE).

[IpocTble BelleCcTBa 3J1€MEHTOB C BLICOKOM 3JICKTPOOTPULIATEIbHOCTDIO (aTO-
Mbl KOTOPbIX CTPEMSITCSI TIOJHOCTbIO UM YaCTHUUHO IMPUHSITh 3JIEKTPOHbI HA Ba-
JIECHTHbIE MOAYPOBHU) NPOSBISAIOT OKUCIUTEIbHbBIE ¢BOMCTBA. [1pocThie Belle-
CTBa, COCTOSIILME U3 aTOMOB 3J€MEHTa C HU3KOHM 2JeKTPOOTPULATEAbHOCTHIO,
OTHOCSTCS! K BOCCTAHOBUTEJIIM, TaK KaK UX aTOMbl CKJIOHHBI OTJaBaThb (ITOJHO-
CTbIO WM YaCTHYHO) CBOU BaJIEHTHbIE 3JeKTpOHbl. CiaenoBaTe/lbHO, MPOCTLIE
BelleCTBA HaudoJee 3JeKTPOOTpULIATEeAbHbIX 3JeMeHTOB ((PpTOp, KUCIOPO,
XJ0p) NPOSIBASIOT CUABbHO Bblpa’k€HHbIE OKUCIWUTEIbHbIE CBOMCTBA, a LIea04-
Hble U LIEA0YHO3EeMeNbHbIEe METANIbl — SIPKO BbIpaXX€HHbIE BOCCTAHOBUTE/ b-
Hble CBOWUCTBA.

[IpocTble BellleCcTBa MHOTUX 3JI€MEHTOB-HEMETANI0B MOIYT MPOSIBISITh KaK
OKUCJAUTENbHbIE, TAK U BOCCTAHOBUTE/IbHbIE CBOMCTBA B 3aBUCUMOCTU OT YC-
JIOBUM NpoBedeHUs] peakuUM U OKUCIUTEJbHO-BOCCTAHOBUTEIbHBIX CBOWCTB
Broporo yyactTHuka OBP. Tak, Bonopos B peakuHsix ¢ raJloreHaMu, KUCI0pOa0OM
W IPYTUMH HEMETAJIAMU BbLICTYNAET B POJIHM BOCCTAHOBUTEI

H, + Cl, = 2HCI
d B pCakKllUiax ¢ MECTAJIIAMHU — B POJIN OKHUCJIUTEJIA.
OLi+ H,=2LiH

Hast npeacka3zaHusl OKUCIUTEIbHO-BOCCTAHOBUTEILHBIX CBOMCTB CJA0XKHbIX
BeLIECTB (KOTOPOE JaJeKO He BCeraa ObiBaeT NPOCTbIM U OJTHO3HAUHbIM) I10J1€3-
HO 3HaTh CTENECHU OKUCIEHUS BJIEMEHTOB, BXOASILLIUX B COCTAaB COSAUHEHUS.

B cnydyae ClOXHBIX BELWECTB, UMEIOLIUX B CBOEM COCTaBe aToM (HeMeTasll
MU aM@oTepHbIN 3JIEMEHT) B BbICOKOM CTeNEeHU OKWUCIEH U (HN*VO}, HCI+VO3,

VI
H,S™0,(xon1t.), K;Cr; V'O, KMn™10,), MO3XHO 0XHIATh NPOsIBISHUS OKUC-

JINTeJIbHbIX CBOMCTB, a B cay4yae COeJMHEHUM, B COCTABE KOTOPbLIX UMECTCS JIe-
MEHT B HU3KOM CTEIeHU OKUCICHMWS (HZS"H, HC]‘I, HI™, N_I“H3), BOCCTAHO-
BUTEJbHbIX.

BeluecTtBa, KoTopble coaepKaT HeMeTall Wi aM@POTepHbIN 3JIEMEHT B BbIC-
[11eil cTelreHW OKUCIEHUS, CTIOCOOHBI NPOSABAIThL TOAbKO OKUCIUTEIAbHbBIE CBOM-
CTBa, HAfIpyuMep a30THasl KUCJI0Ta UMeeT a30T (+V), IepMaHraHaT KajJausi — Map-
raHeu (+VII).

YacTulbl BellecTBa, cCoAep:Kallero 3J1eMeHT B HU31el cTereHU OKUCISHMUS,
MPOSIBISIIOT TOJBKO BOCCTAHOBUTENbHbIE CBOMUCTBA, Hanpumep K,S, B KOTOpoM
cepa HaAXOAMTCs B HU3LUEH CTEIIEHU OKUCIeHHUs, Uiy amMuak NH, — nmeetcs
atoM azota (—I1I).

Beuiectsa, B COCTaB KOTOPbIX BXOAMT 3JI€MEHT B NPOMEXYTOUHOH CTErNeH!
OKUCJAECHUS, MOTYT MPOSABISITH KAK OKHMCAUTEIbHbIE, TAK U BOCCTAHOBUTEJIbHbIE
CBOWMCTBA B 3aBUCUMOCTU OT YCJAOBUM NpoOBeAeHUSI peaKlIMU U OKUCIUTEIbHO-
BOCCTAHOBHTEbHbIX CBOMCTB BTOPOro ydacTHUKA peakuMu. Hanpumep, nepok-
cua Boaopoaa H,O,, B KOTOpOM y KUCI0Opoaa CTereHb okucaeHus —I, B peak-
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Tabauua 2.3
BaxHelue OKUCAUTENN U BOCCTAHOBUTEIH
OKucauTeIbHbIE OKucauTEIBHbIE BoccranoBuTebHbIe
CBOMCTBA (110.16K0) H BOCCTAHOBHTEJIbHbIE cBolicTBa (M0.abK0)
CBOMCTBA
Huprop F, Hwusonopon H, MeTtasabl
Hukuciaopoa O, Huxnop Cl,
Huopom Br,
Huunon I,
AzoTHas kucaota HNO, XJIOpHOBaTHCTasl KUCJIoTa | Xiaopua-uoH Cl™

HCIO

Cepnas kucaora H,SO,(koHu.) | XsopHast kucaota HCIO,; | bpomun-non Bro

[Tepmaxranar-uon MnQOjy Azotucrtag kuciaora HNO, | Moaua-voH I~

Hutpur-uon NO;

Jduxpomar-uoH CFQO%_ [lepokcua Bogopona H,O, | Cyabdpua-mnoH S*”

Xpomat-uon CrOj

Jdunokcua ceuHua PbO, Nuoxcua mapranua MnO, | Katron ammonusa NH;
KartuoH okconuss H,O" MoHookcua yrinepoga CO | —
KatuoH cepebpa(l) Ag” Huvoxcun cepol SO, —

CyabpUT-UOH SO%'

daToB (SO?{); dbochop — no bocdartos. TakuM 00pa3oM, CTerneHb OKUCICHUS

2JIEMEHTAa B IPUPOIAHBLIX COSAMHEHUSIX YaCTO [MO3BOASET Ipeacka3aTb OKUCIN-
TeJIbHO-BOCCTAHOBUTEAbHbIE CBOMCTBA APYTHX BellIeCTB.

OxucauTesbHast akTUBHOCTD BellleCTB BO3pacTaeT B KUCJIO0H cpelie, a BoccTa-
HOBUTeJAbHAasA — B LIeJouHO. KpoMe Toro, cpeaa MoxeT BAUATh Ha (hOpMbl UC-
XOAHbIX peareHToB, HanpaBJleHUe OKUCIUTEIbHO-BOCCTAHOBUTENbLHOM peaklIuu
W COCTaB €e NMPOA