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IIpenogaBarteas llasakuc A.A.
YBaxkaeMmble CTY/IeHTbl, BAM HE00X0IUMO COCTABUTH KOHCHEKT JIEKIHH HA
OCHOBAHUM MPEIOCTABJIEHHOT0 MaTepHaJia.

Jleknusa
Tema: HemeTa/sibl, 0CO0€HHOCTH CTPOEHNUSI AaTOMOB, OKMCJIUTEIbHbIE
M BOCCTAHOBUTEJbHBIE CBOHCTBA

IInan

1. Hemerainbl, 0COOEHHOCTH CTPOEHUS U U3MeHeHue cBoicTB B [ICXD.
2. HaxoxeHre HeMeTauIoB B TIPUPOJIC.

3. CriocoObl MoTy4YeHus HEMETaJIOB.

4. ®dusnueckre CBOWCTBa HEMETAIIOB.

5. X¥MMHYECKHE CBOWCTBA HEMETAJUIOB.

1. HemeTassibl, 0COOEHHOCTH CTPOEHUS, H3MeHeHne cBoiicTB B IICXD

Hememannwvt — 3mo npocmoule  geujecmsad, obpaszosanuvie  p-31eMeHMAMU
(ucknouenue — 6000po0 u eeautl, obpazosamvl S-31emenmamu). B Ilepuoamaeckoit
CHUCTEME DJICMCHTOB OHM PACIIOJIOXCHBI B KOHIIE MajblX M OOJBIIUX TEPUOIOB, T. €.
3aHUMAFOT MPABBIH BEPXHUN yTOJI B TJIABHBIX TIOTPYTIIaX.

Ceoticmea Hememannog 00yciognensbl 0COOEHHOCMAMU CMPOEHUs UX amomos. Bnewnuii
INEKMPOHHBLIL CI0Ul AMOMOE HEMEmannoe cooepxycum 4-8 rnekmponos (ucknouenue
cocmasnsam 60p, 6000po0, 2enull).

BaneHTHBIME SIBIISIFOTCSI AJIEKTPOHBI S- U P-TIOAYPOBHEH BHEITHETO JHEPTeTHYECKOTO
ypoBHsA. OOI1iee 4YMCIO0 MX COOTBETCTBYET HOMEpY TPYMIbI, B KOTOPOH pPaCIOIOKEH
AIIEMEHT.

Oonako  MakCumManvbHAsi — BAJIGHMHOCMb — AMOMO8  HEeMemallo8  ModJicem  He
COOMBEmMCcme08ams HoMepy 2epynnsl, B KOTOPOH paCIOJIOKEH »JJIeMeHT. Tak, BaM
U3BECTHO, YTO JUIsl aTOMOB HEMETAJUIOB BTOPOTO MEPHOJIa MaKCHMallbHAs BaJCHTHOCTH
paBHA YEThIpEM, TaK KaK Ha BHEIIHEM YpPOBHE aTOMBI 2p-3JICMCHTOB WUMEIOT YETHIPE
BaJICHTHBIE OPOUTAIIN.

Maxcumanvhas nonodicUmMenbHAs CMeneHb OKUCIEeHUsT COOmeemcmeyem Homepy
epynnvl (UICKJIIOYEHUE — KHUCIOopoA, GTOp W Tenuil), a MUHUMAJIbHAS OMpPEAeNIeTCs IO
Pa3HOCTH: HOMEp TPYIIIHI - 8.

B npocmuix eewjecmeax amomvl HeMemansioé HAXO0AMCA 6 NPOMENCYMOUHOU
cmenenu OKUC/eHUs, NOIMOMY OHU NPOAGIAIOM KAK OKUC/IUmMENbHble, MAK U
eoccmanosumenvHole ceolicmea (UCKa0Yenue — hmop u 6.:1a20poonbvle 2azwl).

B nepuooax c yeenuuenuem amomnozo Homepa p-31EMEHTOB YMEHbULAIOMCS PAOUYCH
amomos, Y8enuuUueaemcs YUcio INeKMPOHO8 HA GHEUIHeM YPOBHE U 803pacmaem
NeKMPOOMPUYAmMeIbHOCmb, TIOATOMY ocliabesarom 80CCMAHOBUMETIbHBLE u
VCUNUBAIOMCST OKUCTUMENbHBLE CBOLICNBA NPOCMBIX 8eujecms, 00pa308aHHbIX aAMoOMamu
SMUX DJIEMEHMO8, 803PACMAIOM UX HEMEMAlIuiecKue ceotuCmad.



B noozpynnax ¢ yeenuuenuem amommnozo Homepa p->IEMEHTOB paouycbl amomos
VBEIUUUBAIOMCS,  INEKMPOOMPUYAMETbHOCHb — YMEHbULAeNCsl, TIOITOMY YCUTUBAIOMCSL
s0CCmMano8umMenbHble CEOUCMEA U 0C1abesarom OKUCIUMENbHble U HeMeMmAalIuyecKue
CBOLICMBA NPOCMbIX BeUeCma.

Taxum 00pazoM, amomsi Hememanios cooeparcam 6onvuLee, Yem amomvl MEMAI08, YUCILO
9NEKMPOHOB HA GHEUHEM YPO8He, UMeiom 0ojee 8blcoKUe 3apsobl 10ep U 3HAYUMETbHO
MeHbluue  paouycwl, ecrnedcmeue Moo bonee 8blCOKUE 3HaAYeHUs
INEKMPOOMPUYAMETbHOCMU U DOILUYI0 CNOCOOHOCIb K NPUCOEOUHEHUIO DJIeKIMPOHO8
(oKucIumenbHy cnocoOHOCMY).

2. HaxoieHne HeMeTaJUIOB B IPHUPO/IE

HGKOTOpBIe HEMCTAJJIbI B IIPUPOJAC BCTPCUHAIOTCA KaK B BUJC IIPOCTLIX BCIICCTB, TAK U B

BHUJIC COCIWHEHHMH (KHUCIOpOJ, a30T, cepa, yriIepona), Ipyrue — TOJIbKO B BHJE
COEIMHEHUN.
Kucnopoo u  Kpemuuit —  naubonee  pacnpocmpaneHHvle — IJ1eMeHMbl, HA UX

0ozto npuxooumca okono 70% maccol 3emnon kopwvl. K duciny peokux znemenmos
OMHOCAMCA UO0O, Ce/leH, Mmelyp U HEKOTOphIe Ipyrue, Ha WX JOTI0 TPUXOAATCS
TBICSTYHBIE JIOJIM TPOILIEHTAa MAacChl 3€MHOW KOphl. MHOTHE COEIUHEHUS HEMETAJJIOB
SBJISIIOTCS 00S13aTEIbHOM COCTABHOM YACThIO PACTUTENIBHBIX M JKMBOTHBIX OPTaHU3MOB.
K asiemeHTam-opzanozenam («poXxaaromuM» OPTaHUYECKHE BEIIeCTBA: OCNKH, >KHPBHI,
YIJIEBO/IbI, HYKJICHMHOBBIC KHCIOTBI) OTHOCSTCS KHUCIOPOJ (HAa €ro JOJII0 MPUXOIUTCS
okoimo 60% wmaccel Tema dYenoBeKa), yriepoj, Bojmopond, aszor, dochop m cepa. B
HEOOJIBIIINX KOJIMYECTBaX B OPraHU3MaxX KMBOTHBIX M PAacTeHHUH coaepkarcs Gprop, Xiop
1 O/,

3. Cnioco0bl moJrydyeHnsi HEMETAJJIOB

1. BzaumoneiictBue meramios ¢ pactBopamu HCI, H2SO4:
Zn + 2HCI = ZnCl; + H2

2. DNEeKTPOIU3 BOJIBI:

2H20 N30, 2H, + O3

1. DyeKTpoau3 BOJIbI

2. KonBepcus meTaHa:

CHy + 2H,0 M Ha + CO;

3. KonBepcus yranepona

C +H:0 %% CO + H

C + H20 19 CO + Hy

4. PaznoxeHue MeTaHa:

CH4 Ni, Fe, 800 C + 2H2

5. BhlzienieHrue u3 KOKCOBOIO Ta3a

Kucnopon

Paznoxxenue coneit KUCIOPOACOAEPIKAIINX KACTOT:

2KClO3 "M9, 2KCI + 30,

2KMnO4 = KoaMnO4 + MnO2 + Oz

2NaNOs = NaNO; + O2

1. DnexkTpoau3 BoJIbI

2. dpakMoHHAsA TepPeroHKa KHAKOTO BO3AyXa: a30T (tum = -196°C) mcmapsiercs, a KHCIOPOJ
(tam = -183°C) ocTaercs B KHIKOM COCTOSHUM

Xiop

B3aumoneiicTBre XTTOpOBOIOPOTHOMN KUCIOTHI C OKUCIUTEISIMHE:
4HCI + MnOz = Cl; + MnCl; + 2H20



16HCI + 2KMnQO4 =5Cl; +2MnCl; + 2KCI + 8H.0
14HCI + K2Cr207 = 3Cl, + 2KCI + 2CrClz + 7H20

6HCI + KCIO3 = 3Cl; + 3H20
DNEKTPOIN3 KOHIIEHTPUPOBAHHOI'O pacTBOpa XJIOpUAa HaTPUSL:

2NaCl + 2H,0 = Clz + H2 + 2NaOH
bpowm, non
Oxkwucnenrie OpOMHUIOB U UOAUAOB PA3IMYHBIMU OKUCIUTEIISIMHU:

2NaBr + MnO2 + 2H2S04 = Brz2 + MnSO4 + Na S04 + 2H20

10KI1 + 2KMnOg + 8H2S04 = 512 + 2MnSQO4 + 6K2SO4 + 8H20
Oxucnenue OpOMHIOB M HOIUAOB HPUPOAHBIX BOJ (OYpOBBIX, COIMYTCTBYIOIIUM HE(TAHBIM
MECTOPOKIAECHUSIM) XJIOPOM:

2Nal + Clo =T» + 2NaCl

Aszor

PasnoxxeHne cosieii aMMOHHSL:

autputa: NHsNO2 = N2 + H20

JMXpOMaTa:

(NH34)2Cr2.07 = Cr203+ N2 + 4H,0

dpakiMOHHAS MEPErOHKa KUIKOTO BO3IyXa

Cepa

Boccranoenenue okcuna cepsl (IV) cepoBomopoom:

SOz + 2H2S = 3S + 2H20

1. HarpeBanue cepHoro koiadeaaHa (mupura) 0e3 JocTyma Bo3ayxa:

+2-1+2-20

FeS:=FeS+S

2. BoccranoBnenue okcupa cepbl (IV) (moOOYHBINH MPOIYKT METAIITypruueckoil U KOKCOBOM
HNPOMBIIIJICHHOCTH) YIJIEPOIOM U CEPOBOJOPOAOM

SO2+C=C0O2+S

SOz + 2H2S = 3S + 2H20

®dochop

[IpokanuBaHue B dIeKTporedyax cmecu Qocdopura winm anatura (OCHOBHOM KOMIIOHEHT
— Ca3(P0a)2) ¢ meckoM u yriem

2Caz(P0s)2 + 10C + 6SiO2 = 6CaSiOz + P4 + 10CO

KpemHnii

BoccraHoBlieHHE OKCH/Ia KPEMHUSI MATHUEM HITH QTFOMUHHEM B 3JICKTPOIeYax:

SiO2 + 2Mg = Si + 2MgO

1. BoccTaHOoBJIEHHE OKCH/IA KPEMHHUS KOKCOM B 3JICKTPOIIeYax:

SiO2 +2C = Si + 2CO

2. BoccraHoBJIGHHE TETPAXJIOPHIa KPEMHUS MTapaMH [IUHKA:

SiCls + 2Zn = Si + 2ZnCl;

4. du3uyecKue CBOICTBA HEMETAJLIIOB

Kak  Bbl  3HaeTe, Monekynibl  NpoCcmbIX — 8ewecmse  —  HeMemanlog MOTYT
OBITb 0OHOAMOMHBIMU (O1A20POOHBIE 2a3bl), 08YXAMOMHbIMU (TAJIOTEHBI, KHUCIOPO/I,



a30T U BOJOPOJ), & TAKXKE COJEPKAThb HoJibuiee uucio amomos (o3on 03, pocghop Pu,
cepa Sg). ATOMBI HEKOTOPBIX HEMETaJIOB (yriiepo, KpeMuuid, hocdop, cepa) CriocoOHbI
oOpa3oBbIBaTh 1enu. Hampumep, aToMbl yriepoja oO0Opa3yroT MLeNu TPaKTUYECKU
HEOTPAHWYCHHOH JUTHMHBI, KPEMHUS — KOPOTKHE (JI0 IMECTH aTOMOB). Takue HEMETaLIbI,
KaK cepa, y2nepoo, KpemHuuil, ocghop, Kuciopoo, cywyecmeyrom 6 6ude HecKoIbKUX
aniomponnvix moouguxayuit. Tak, Gochop ObIBacT Oemblif, KpacHBIH W YCPHBIN;
yIIepo U3BECTEH B BUJIE aJiMa3a U rpadura.

[ToMMMO WM3BECTHBIX BaM aimasa u zpaguma CylieCTBYIOT U APYTHE A10MPOnHbLE
Moougukayuu yznepooa — KapouH u gyanepenst.

Kapo6un npencrasisier coboit 0enoe KpUCTaUTMUEeCKOe BEIIECTBO (MHOTIa BCTPEYaeTCs B
rpaguTe B BUAEC OCNBIX MPOXKUIOK) WM METKOKPUCTAINTMYECKUN YEpHBIA IMOPOIIOK.
Kpucrannmyeckasi pelierka ero MmocTpoeHa W3 JMHEHHBIX YTIEPOJIHBIX IEMOYEK JIBYX
BUJIOB:

=C=C=C=C=um—C=C—C=C—

Bnepsrie kapOuH OBLT MOJIy4eH CHHTETHYCCKH, a YK€ TMo37Hee HaijaeH B mpupoae. Ilo
AIIEKTPUYECKON MPOBOJAMMOCTH KapOWH 3aHMMAET MPOMEXYTOUHOE TOJOKEHUE MEXKIY
aMa3oM (IMAIEKTPUK) U rpaguToM (MPOBOJHHUK): OH MOIXYIpoBoAHUK. KapOuH obnagaet
pPSAZIOM CBOWCTB, BECbMa IICHHBIX JUIS HCIIOJIB30BAaHUS B MEIUIIMHE: OTCYTCTBHUEM
TOKCHYHOCTH, BBICOKOH OHMOJOTHMYECKOH COBMECTHMOCTBIO. DTO JElaeT €ro
NEPCIEKTUBHBIM  JII1  TPUMEHEHHS B PEKOHCTPYKTUBHOM XHUPYpPrUH, YpOJIOTHUH,
CTOMATOJIOTHH.

Dynnepensvt — CEMENCTBO BEIIECTB, COCTOSIIUX U3 C(HepooOpa3HbIX HIIHA IILTUTICOUTHBIX
MOJIEKYJI, TOCTPOCHHBIX U3 MSTH- U MIECTUYTOJILHUKOB, KOTOPhIE 00pa3oBaHbl aTOMaMHU
yraepoga. CocraB moiiekyn orBedaeT (opmynam Ceo, Cro, Cr6 u np. OOHapyKeHBI
MOJIEKYJIbI, COAEpIKalIUe JI0 JBYXCOT aTOMOB yriiepoja. DynnepeHsl CHHTE3UPOBAHbBI U3
rpajuta B 80-x rr. mpomnuioro Beka. Hambonee ycToHYMBOE BEIIECTBO COCTOUT W3
chepuueckux ™onekyn Ceo, 1o Qopme HanmoMuHawmMUX GyTOONBHBIA M4, B
HE3HAYMTENIbHBIX KOJWYeCTBax (yJuiepeHbl 00pa3yrTCs MPHU MEpexojie raz000pa3HOro
yriiepoja B TBepioe coctosinie. C MOMEHTA OTKPBITHS U 110 HACTOSAIIEE BPEMSI IIPOBOSTCS
MHOTOYHCIIEHHBIE UCCIIEOBAHMSI TIO TMOTYUYEHUIO (PyIUIepEHOB, OMMCAHUIO UX CTPYKTYpP U
cBoiicTB. B 1996 r. yueHsie, OTKpBIBIINE UX, ObLITH ya0cTOeHBI HoOeneBckoii mpeMuu 1o
XUMHH.

OynaepeHsl MPeACTaBIAIOT cOO0N TBEpbIe KPUCTANIMUECKUE BelecTBa. B otnuuue ot
JIPYTUX aJUIOTPOMHBIX MOAM(UKALUN yriiepoja — anMasa, rpagura u kapbuHa — OHHU
pacTBOPUMEBI B OPTaHUUYECKUX PACTBOPUTEIISX, MPU ITOM 00Pa3yIOTCS SIPKO OKpaIICHHBIC
pacTBOpBI.

Kak BbIsicHWIIOCH, (yiuiepeHsl coaepxkarcs U B 3eMHBIX mopopaax. [IpaBma, 3To crano
U3BECTHO YK€ MOcie WX OTKpbITUsA. CuuTaror, 4To Hamboiee OoraThl (ysuiepeHaMu
IIYHTUTOBBIC MTOPOJIBI, 3AJIEKU KOTOPhIX HaxoasTcs B Kapemuu. IMeHHO B KapeimbCKHX
HIYHTUTaX ObLIN BIIEpBble OOHApYKEHBI 3eMHbIe (pyriepeHsl. B HacTosee BpeMst ¢ 3Toi
OCOOCHHOCTBIO IIYHTUTOB CBS3BIBAIOT IIeJeOHOE JelCTBUE OTKPHITRIX B 1714 T.
MapIHalIbHbIX BOJ, KOTOpbIMU jeumics emnie [letp Benwkuii (mocemox MapimanbHbie
BojIbI HaxoAuTcs B 50 kM oT [leTpo3aBojcka).

IIpy  OOBIYHBIX  YCIIOBUSIX HEMEMANIbl HAXO00AMCA 6 PA3ZHbIX  ACPE2AMHBIX
COCMOAHUAX. 2a3000pa3zHom (BOJIOPOJ, KHUCIOPOJ, a30T, (Top, XJIOp, HEOH, TCIHA M
Ip.), #cuokom (6pom), meepoom (uoj, 60p, yrieposa, KpeMHui, cepa, hocdop u ap.).
[Tpy HU3KO#M TeMmIlepaType M TOBBINICHHOM JIaBJICHUU BCE HEMETaUIbl MOTYT OBITh
IOJIyYE€Hbl B KPUCTAJUNIMYECKOM cocTosiHuU. OxHu u3 Hux (0op, yriepona, KpeMHHUM)



UMEIOT AMOMHble  KPUCIMALIUYECKUEe  peulemKu, TIOdTOMYy  00NafgaroT  OOJBIION
TBEPJIOCTBIO,  BBICOKMMHM  TeMIepaTypaMud KWIEHUs W  [UiaBleHus.  [pyrue
UMCIOT MOJIEKYAAPHble Kpucmaiiuueckue peuwiemku (KACIOPOJ, O30H, BOJOPOI,
rajoreHsl, a3oT, cepa), OHU MPU OOBIYHBIX YCIOBHSX Ta3bl, XKUAKOCTH WM TBEPIAbIC
BEILIECTBA C HM3KUMHU TEMIIEpaTypaMH KHUIICHHS M TUIaBJICHUS. B KpUCTaTIMYeCKUX
pelieTkax HEeMETaJIOB, KaK MpPaBUJIO, HET CBOOOJHBIX JJIEKTPOHOB. B CBs3M ¢ 3TUM
OOJBIIMHCTBO TBEPABIX HEMETAJUIOB HE NP0OB0OAm menao u nekmpuuecmeo. OIHAKO
KpeMHHUI 1 uepHbIil hochop 001a1ar0T MOITYITPOBOAHUKOBEIMU CBOMCTBAMU, a TpaduT —
TEIJIO- W DJEKTPOINPOBOJHOCTBIO. TBepapie  HEMETaUlbl He  obnadarom  u
RIACMUYHOCHBIO.

B 600e onu nepacmeopumul unu manopacmeopumst. Hekotopbie u3 HUX (TaJIOTCHBI,
cepa) JIydIille pacTBOPSIOTCS B OPraHMYECKHX PACTBOPHUTENAX, a Oenbiid dochop — B
cepoyriepoze. @mop 6 800e pacmeopsms Hellb3sl, MAaK Kak oH OYpHO peazupyem ¢ Hell.
Hememannvt umerom paznuunyro okpacky (kenras cepa, YepHbId TpaduT, KpacHBIA U
oenbiit hochop U T. 1.), IPUYEM B MOJATPYIIAX CBEPXY BHU3 MHTEHCHUBHOCTH OKPACKH

ycuiuBaeTcs: (TOp — CBETJIO- 3€JICHBIN ra3, XJOp — JKENTO-3eJIeHbIN Ta3, OpoM —
KpacHO-0ypast ®KHUAKOCTb, HOJI — TEMHO-(HOJIETOBbIC KPUCTAILIBI.
CnenoBareiabHO, NPOCTHIE BELIECTBA — HEMETAUIBl XapaKTepU3YIOTCS OOJBIINM

pazHooOpazneM (pU3NIECKUX CBOUCTB, YTO OOYCIIOBICHO PA3IUYHBIM UX CIPOEHUEM.
5. XuMuueckue CBOMCTBA HEMETAJLJIOB

B oxuciHuTebHO-BOCCTAHOBUTEIBHBIX PEAKIIUSAX HEMETAJLTBI MOTYT BBICTYIIATh KaK 6 poJiu
oxucaumenel, TaKk W 8 poaU B0CCMAaHo8umesiell B 3aBUICUMOCTH  OT TOTO, C KaKUM
BEIIECTBOM OHH  BCTYMAlOT BO  B3aUMOJCUCTBHE  (HMCKIIOUYCHHE — ¢pmop H
HEKOTOPBIC O1a20pooHble 2a3bl). Takne HEeMETalIbl, KaK KHCJIOpPOJ, a30T, XJop, Opowm,
SIBIISTFOTCS IPEUMYIIIECTBEHHO OKUCIIUTEIISIMU, BOJJOPOJT M YTIIEPO]] — BOCCTAHOBHUTEIISIMH.
[Tpu B3auMoOIEHCTBHH C METAJZIAMH HEMETAJUTbl, KaK MPAaBHIIO, 00Pa3ylOT COCTUHCHUS C
noHHbIM BujgoM cBs3u (CaO, MgClp), ¢ apyruMu HemeramamMu — COCTUHEHUS C
KOBAJICHTHBIMHU NOJIsIpHBIME cBsi3simu (S02, PCl3, CS»).

OxucanTeabHbIe CBOICTBA

HemeTamisl Kak OKUCITUTENN PearupyroT:

1. C memannamu u 6000pooom:

3Mg + 2P = MgsP2 2H> + 0. = 2H20

Zn+ S =127nS 2Ca + Si = CaSi

3Ca + N2 = CasN2 2Fe + 2C1, = 2FeCls

Booopoo pearupyet co HIeIOYHBIMU U IIETOYHO-3eMETbHBIMA METaJIAMH:
2Na + Hz = 2NaH Ba + H> = BaH»

2. C Hememannamu, aTOMbl KOTOPBIX HMEIOT 0Oojiee HHU3KOE 3HAUYCHUE

BHGKTpOOTpI/IIIaTeJ'IBHOCTI/IZ
00+42-100+4 -2

S+Cl12=5C122S+C=CS2

00+4-100+3-1+5-1

Si+2C12 = SiCls 2P + 3C12 = 2PC13 (mm PCl5s)
00+4-400+3-2+45-2

Si + C = SiC 3S + 2P = P,S (im P2Ss)
XJ'IOp HC pearupyeTt HECIIOCPECACTBCHHO C KHUCJIOPOAOM, a30TOM U YIJIICPOAOM.



3.C HeKomopoimu CJi1OHCHbIMU seuiecmeamnu.
4NH3 + 302 = 2N2 + 6H20

CHs4 + 202, = C02 + 2H20

2FeCl, + Cl> = 2FeCls

Onan HeMeTaiuibl (00JIee CHIIbHBIC OKHUCIUTENIN) CIIOCOOHBI BBITECHATH Apyrue (ciadbie
OKHCJIMTEIN) U3 PAaCTBOPOB MX cojie. Tak, BaM M3BECTHO, YTO KaXKABIM MPEIBI YU
raJIOTeH BBITECHSET MOCICAYIOIINN U3 €r0 COSTUHEHUH ¢ METAJIJIOM M BOJOPOJIOM:

2Kl + Br2 =2KBr + 12

[Ipu B3auMoaeHCTBHHM MOJa C OPOMHJIOM Kajausi OpoM He BbIAENsAeTCA. Takoil CHUIbHBIN
OKHCITUTENh, KaK (TOP, BBITECHSIET 1a)Ke€ KUCIOPOI U3 BOIBI:

2H20 + 2F2 = 4HF + 02

Bona ropur Bo ¢Tope KpacuBBIM TONYObIM IIJJaMEHEM, MO3TOMY (TOp HeIb3s
WCIIOJIb30BaTh /ISl BRITECHEHUSI MEHEE aKTHBHOTO rajioreHa U3 pacTBOpa €ro COJIU.

BoccTtaHoBuTEILHDBIE CBOIICTBA

1. HemeTaiibl KaK BOCCTaHOBMTEIIN pearupyroTr ¢ APyIruMH HEMCTAlllaMH, AaTOMBI
KOTOPBIX Ooiee QJICKTPOOTPULATCIILHBI:

2C+02=2CO C+ 2F2 = CF4

HenocraTok

S+ 02=S02Si + 2F2 = SiF4
4P + 50, = 2P203 S + 3F2 = SF¢

["anmorens! (3a uckIOUYeHHEM (GTOpa) HEMOCPEACTBEHHO C KHCIOPOJOM HE PEarupyroT.
KucnopoiHbie coeTMHEHUS TAJIOTEHOB MOTY4Yal0T KOCBEHHBIM ITyTEM.

2. Yruaepoa, cepa, ¢pochop u npyrue HEMETALIBI 83AUMOOCUCHEYION C KUCTOMAMU-
oKucaumenamu (A30mMHasa U KOHYEHMPUPOBAHHASA CEPHAA).

Konyenmpuposannas cepunas xucioma BOCCTAaHABIUBACTCS TIPU OTOM JO OKCHIA
cepri(1VY):

C + 2H2S04 = 2502 + CO2 + 2H20

KOHII,

S + 2H2S04 = 3S0; + 2H20

KOHII.

2P + 5H,S04 = 2H3P04 + 5S0, + 2H20

KOHII.

[Ipu oxucneHnn cepbl KOHLIEHTPUPOBAHHON CEpHOM KUCIOTOM okcul cepri(1Y) sBisiercs
MPOJIYKTOM U OKHMCIICHHS], © BOCCTAHOBJICHHUSI.

A3zomuas Kucioma OKUCHseT cepy, yriepon, (ochop u apyrue HeEMETaUIBl 10
COOTBETCTBYIOIIUX KUCJIOT, @ CTETICHh BOCCTAHOBJICHHS a30THOM KHMCIJIOTHI 3aBUCUT OT €€
KOHIIeHTpaluu. KoHIleHTpupoBaHHas a30THas KUCIIOTa, KaK MPaBUilo, BOCCTAHABIMBAETCS
1o okcuaa azota(1V) NO2:

S + 6HNO3 = H2S04 + 6N0O2 + 2H20

Komn.

P + 5HNO3 = H3P04 + 5NO> + H20
Komni.

C + 4HNO3 = CO2 + 4NO> + 2H.O

KOHII.



BoccraHoBiieHne KOHIIEHTPUPOBAHHOM a30THOM KHCJIOTHI TOJIBKO 10 oKcuaa azoTa(ly)
0OBSCHSIETCA TEM, YTO HHU3IIME OKCHUIBl a30Ta KOHIICHTPUPOBAHHAS a30THAas KHUCJIOTa
MoxeT okuciuTb 10 NO2:

NO + 2HNOsz = 3NO2 + H20

Pa3baBiieHHas a30THas KUCJIOTAa BOCCTaHABIMBAeTCs 10 okcuaa azora (I1):

3C + 4HNO3 = 3C02 + 4NO + 2H20

paso.

3P + 5HNOs + 2H20 = 3H3P04 + 5NO
pas0.

S + 2HNO3z = H2S04 + 2NO

paso.

KucnoTel-okucaurenu He AEUCTBYIOT HA KpeMHul, TaK KaK P KOHTAKTE C HUMHU Ha €ro
IIOBEPXHOCTH 00pa3yeTcs IUIOTHAs OKCHaHas tuieHka Si0y:

3Si + 4HNO3z = 3Si02 + 4NO + 2H20

paso.

DTy IJICHKY PacTBOPSET TOJIbKO GTOpOBOAOpOAHAS (TUTABUKOBAs) KUCIIOTA:

Si02 + 4HF = SiF4 + 2H20

TerpadpTopu
KpEeMHHS

Ecnu npocymMmupoBaTh MocieiHre 1Ba ypaBHEHUS (IPEABAPUTEILHO YMHOKUB BTOPOE HA
TpU ISl YpaBHUBaHUsI KOJMYECTBA BeIlIecTBAa oOKcuja kpemHusA(lY), To momydum
ypaBHEHHUE PEAKIIMU KPEMHHUSI CO CMEChIO a30THOU U MJIABUKOBOM KUCIIOT:

3Si + 12HF + 4HNO3 = 3SiF4 + 4NO + 8H20

C u30bITKOM  (PTOPOBOAOPOMHONM  KHCIOTHI  TeTpaTOpua KpeMHHUS 00pasyeT
rekcadropocunukart (1Y) Bomopoma Hz[SiFs]:

SiF4 + 2HF = H[SiF¢]

CrnenoBateiabHO, KpeMHUL 8 OMauyUe om Opy2ux Hememaiios 83aumooeLicmeyem moibKo
co cmecwvio kuciom HNO3z u HF.

3. Kpemnuit pearupyer ¢ pacTBOpaMHu IIEIOYECH:

Si + 2NaOH + H20 = NazSi0z + 2H>

4. /lna yenepooa u 6000pooa Kak 60ccmanosumelieil XapakmepHo eé3aumooeiicmeue ¢
oKkcuoamu:

CaO + 3C =CaC; + CO P05 + 5C =2P + 5CO

2Fe203 + 3C = 4Fe + 3C02 W03 + 3H2 = W + 3H20

C02,+ C=2CO 2NO + 2H2 = N2 + 2H20

H20+ C=CO + H2 CuO + H2 = Cu + H20



