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NPEAUCIIOBUE

B mocieanue roapl OOJBINOE YHUCIO aTbTePHATUBHBIX ITKOJIBHBIX
yUeOHUKOB M y4eOHBIX MporpaMMm IO XUMHUU MPUBEIO K TOMY, UTO
BBIMMYCKHUKU IIKOJ, MOCTYHAIIUe B cpelHue MpodecCuoHaTbHbIE
yueOHbIe 3aBeieHUsT Ha 6a3e OCHOBHOIO 0011ero oopa3oBaHUs, UMEIOT
pa3HBIfl YPOBEHb MOATOTOBKHU MO 3TOMY IpeaMeTy.

JaHHBIN yUeOHUK, TpeJHa3HAYCHHBIN LTS CTYISHTOB CPEeIHUX MPO-
¢heccHOHANBHBIX YUEeOHBIX 3aBENeHUN BceX CMelUaTbHOCTEH U HAIHU-
CaHHBIW B COOTBETCTRUW C JIEUCTBYIOIIEH TPUMEPHOW MpOrpaMMon
MO XUMHUM, HE TOJBKO AAeT MaTepual B o0beMe cpeaHero (IOJIHOro)
o011iero oopa3oBaHUsI, HO U TIOMOTaeT CTyJeHTaM CUCTeMaTU3UPOBaTh
U pacIIUPUTL 3HAHUS MO XUMHUU, IPUOOPETEHHBIE B IIKOJIE.

B yuebHmMKe Tpu pasmena: «O6maa xumus», «HeopraHnaeckast Xu-
MUsT», «OpraHuvyeckass XUMUS».

B paszpene «O0masa xumMuss» KOHCIIEKTUBHO, HO Oojee yriyOiaeHHO,
YeM COTJIACHO MIKOJbHOM MporpaMmMe, pacCMOTPEHBI OCHOBHBIE MOHSI -
THUA W 3aKOHBI xumuu, [lepmommueckaa cucrtema . 1. MeHaeneena,
TUIBI XUMUYECKUX CBSI3€H, 3aKOHOMEPHOCTHU MPOTEKaHUS XUMUUECKUX
peakuu u ap.

Pazmen «Heopranmdeckasgs XuMus» MIpeAycMaTpUBAeT CHUCTEMATH-
3UPOBAaHHOE M3YyUeHHE METAIIOB U HEMETAIJIOB U MX COSAUHEHUU B
paciiupeHHOM oObeMe MO CPaBHEHUIO CO MKOJIBHBIM KYPCOM.

Pazngen «Opranmyeckass XuMus» — 3TO, IO CYIIECTBY, HOBBIM IS
ctyneHToB Matepuan. Ocoboe BHUMaHUE YACTSETCS 3MeKTPOHHOMY CTPO-
€HUI0 OpPraHMYeCKUX BeIIeCTB, CBOHUCTBaM (DYHKIIMOHAIBHBIX TPYIIIT
OpraHUYecKUX coeMHeHU . PaccMOTpeHBI OCHOBHBIE METOMBI MOTyYe-
Hud, (pU3nUecKue, XUMUUeCKre CBOHCTBA U MPOMBIIIEHHbBIE CIIOCO-
OBl MPOU3BOACTBA BAXHEUIITUX MPOAYKTOB OCHOBHOTO OPraHUYECKOro
CHUHTE3Aa.

s 6osiee MOJHOTO YCBOGHUSI MaTepuaia MpUBeAeHBI MHOTOUKC-
JICHHBIE MPUMEPHI BEIMOMIHEHUS YIIPpaXXHEHUM, pelleHus 3a1a4, Moa0-
OpaHBI BOMPOCKHI U 3aaHUS.

Martepual, He MpeayCMOTPEHHBIN MPUMEPHON MporpaMmmMoii, 060-
3Ha4YeH 3BE3M0YKOM (+). [AByMs 3Be3MOUYKAMH (**) OTMEUECHEBI ITOApAa3-
JIeNbl, MpeaaaraeMbie Il U3YUYeHUS ¢ YIeTOM MPpOoGUWIs MoaydyaeMoro
npoeCCUOHATBHOIO 00pa30BaHus (IIPOGUIBHEIN YPOBCHD).



PA3JEJ1 |. OBLUAA XUMU4A

NnaBa 1
OCHOBHbLIE MOHATUA U SAKOHbI XUMUUA

U3yuunB rnaey, cneayer:

3HaTb OnpefeneHns NOHATUIA «aTOM», «<3JIEMEHT», «MOJieKysia»; GopMynun-
POBKW OCHOBHbIX 3aKOHOB XMMWUW; COCTaB, HA3BaHMWSA U XapaKkTepHble CBOMCTBA
OCHOBHbIX KJTACCOB HEOPraHUYEeCKUX COeAMHEHWIA;

yMeTb MPOBOAMTL PacHeThl MO XMMUYECKUM HOPMYNaM U ypaBHEHUSM
peakumii; xapakTepn3oBaTb CBOWCTBA KNTACCOB HEOPraHUYECKUX COEAMHEHWUIA;
COCTaBNATb FreHEeTUMYECKME PsAabl, 06pa30BaHHbIE HEOPTraHMYECKMMU COeN-
HEHUSMW Pa3HbIX KNaCCOB.

1.1. OCHOBHbIE NOHATUS XUMUM

Bce Tena, KoTopble Hac OKpYXaloT, OTIMYAIOTCS Mo ¢opme, pa3me-
paM, IIBeTY U IpYruM Mpu3HakaM (KadectBam). Hampumep, mpobupka u
XUMUYECKUI CcTaKaH MMEIOT pasHyr (Gopmy, a MaJdeHbKas U OoJbliast
KOJIOBI — pa3Hble pa3Mepbl. Ho y Bcex Ha3BaHHBIX (PU3UYECKUX TET €CTh
o011iee CBOMCTBO: BCe OHU CAeTaHbl U3 OHOTO MaTepHraia — cTekia. To,
U3 YeTro COCTOST (hU3MUeCKue Teaa, HA3bIBAIOT 8elecmeom.

IIpenmeT, KOTOPHINT COCTOUT M3 BEIIECTBA U UMEET OMpPEAETECHHBIN
obbeM, maccy, (popMy, HA3BIBAIOT MeA0M.

Tena MoryT OBITH OAMHAKOBOI (hOPMBI, pa3Mepa, IIBeTa, HO COCTO-
SITh M3 pa3HBIX BellecTB. HampumMep, MOXHO caeaaTh abCOMIOTHO 01~
HAKOBbIE MTACTUHKU W3 MEAU W 3010Ta. Ho y Menu m 3omota pa3Has
IIOTHOCTh, pa3Hasl 3MeKTpUIECKas MPOBOANUMOCTD | T. 4. [1osTomy Be-
LIecTBa, TaK ¥Xe Kak Y Tejla, UMEIT CBOU Pa3IMyHbIE MPU3HAKU.

Menb ¥ amOMUHUI OTAXYAIOTCA APYT OT APYyTa IO IBETY, IIOTHO-
CTH, 3JEKTPUYECKOU MPOBOAUMOCTU U MO APYTUM MPU3HAKAM, BOOA U
CIUpT — IO 3aMmaxy, COJb U caxap — IO BKYCY.

IIpru3HaKM, IO KOTOPHEIM BEIIECTBA OTIMYAKOTCA APYr OT Apyra,
HA3BIBAIOT CEOUCHMBAMU GEUIECS.

Kaxaomy BelecTBY OPUCYILU CBOU CBOMCTBA.

Bona — xuakoe BemiecTtBo, 6e3 3amaxa, IBeTa M BKyca. Caxap —
TBEPIOE BEIIECTBO OEJIOTO IIBETA, XOPOIIO PACTBOPSETCS B BoJeE, Clall-
KO€ Ha BKYC.
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Kucnopon — razoobpasHoe BellecTBo, 6e3 IIBeTa, 3amaxa, II0X0
pacTBOpPSETCH B BOJIE.

K cBoiictBam BCIICCTB OTHOCATCA: arperaTHoc COCTOAHHC (TBep—
noe, XUAKoe, ra3o00pa3Hoe), B KOTOPOM HAaXOAMTCS BeIeCTBO MpHU
NAHHBIX YCIOBUSX, LIBET, OJIecK, 3amax, BKYyC, paCTBOPUMOCTb U MHO-
ruc apyrue.

Bce BemecTsa moa AeCTBUEM BHEIITHUX YCIOBUU U3MEHSIIOTCS: BOIA
MpeBpalllaeTcs B Je[ MpU OXJIaXIAeHUU, MeIb TepsieT CBOl OJieCK BO
BIAXXHOM BO3MAYyXE.

Bce n3MeHeHUs, KOTOPHIE MTPOUCXOMST B OKPYXKAIOIIEM HAC MUpE,
HAa3BIBAIOT A6ACHUAMU.

Korna Bonma mipeBpaiiiaercs B Jie[l, OHa U3MEHSIET CBoe (pU3UIecKoe
CBOHCTBO — arperaTHoe COCTOSIHHME, HO HOBBIX BeIllleCTB He oOpa3yer-
cs1. To Xe MPOUCXOAUT MPU HArpEBAHUM BOJIBI: U3 XUJAKOTO COCTOTHUS
OHa TEepexXoauT B Ta3oobpasHoe.

MN3MeHeHUsT arperaTHOro COCTOSHUST BOIBI SBISTIOTCST MIPUMEPAMA
U3nIecKUX SIBICHUMA.

SABieHus, TpU KOTOPBIX HE MPOUCXOAUT OOpa30BaHUS HOBBIX Be-
IIECTB, HA3BIBAIOT (usuteckumu.

OnHako OBIBAIOT MpeBpallleHUsI OAHUX BellecTB B Apyrue. Hampu-
Mep, MEAb MPU HATrPEBAHUU CTAHOBUTCS YepHOU. Ha ee moBepxHOCTH
o0pasyeTcs HOBOE BEIECTBO UYEPHOTO IIBEeTa.

Cepa npeactapiseT coboi TBepJoe BEIIEeCTBO XeaToro 1pera. [Ipu
HarpeBaHUU Ha BO3[yXe OHA FOPUT U MpeBpallaeTcs B HOBOE, ra3000-
pa3HOE BEIIECTBO C HETIPUATHBIM 3aITaXOM.

[MpeBpamieHuss MeOu W CePHl B IPYTHe BEIICCTBA IMPEIACTABIIAIOT
CcO0OI XUMUUYECKUE SIBICHMUSI.

SABneHust, Ipu KOTOPBIX MPOUCXOAUT 0Opa30BaHUE HOBBIX BEIIECTB,
HA3BIBAIOT XUMUYECKUMU ABACHUAMU WU XUMUUECKUMU PeaKyuami.

MHorue BemecTBa MPU HATPEBAHWW WIW MPU XPAaHEHUW pasnara-
I0TCSL Ha Apyrue BemectBa. Tak, ecnu Harpeem okcupn pryTtu(Il), Be-
IIECTBO XEITOTO IBETA, TO MOIYYUM JBAa HOBBIX BEIIECTBA — PTYTh U
KHUCITOPOSI;

2HgO = 2Hg + O,

a €CJIM Harpe€cM BCIHICCTBO 3€JICHOI0 IBE€Ta MaJlaxXuT, TO ITOJIYUYHMM TpHU
HOBBIX BEIICCTBA:

(CuOH),CO; =  2Cu0 +  CO, + HO0
MaJaxuT okcun Menu(1l) okcun yraepoma(IV)  Boma
(TBepmoe BelllecTBO  (TBepIOe BEIIECTBO (GecITBETHLII Ta3)
3eJIEHOTO ITBETA) JepHOTO IIBETa)

XuMHAYECKAe peakmud, MPH KOTOPLIX H3 OJHOTO BEleCcTBa 00pa-
3YIOTCA ABA WJIH HECKOJbKO HOBBIX BEHIECTB, HA3BIBAOT peaxui -
AMU PA3A0INCEHUA.



CylecTBYIOT U Apyrue peakiuu. Tak, eciu cepa TOpUT B KUCIOPO-
Jie, TO B pe3yJbTaTe 3TON peakiuy MoJIyIaeTcs HOBOE BEIeCTBO — ra3
¢ HEIIPUATHBIM 3aIlaXoM — CepHHCTHIN raz (okcun cepri(IV)). Cepa
COCIUHUIACH ¢ KUCIOPOJAOM, U MOJYYMIOCH HOBOE BEIECTBO:

HarpeBaHue
S + 02 _— 802
cepa KHCIIOPOTT CEpHUCTHIN Ta3
(kxenToe (GecIBETHRIM (GecIBETHLIN Ta3
KPUCTAIUTHIECKOE ra3 Oe3 3amaxa) C HENPUSITHBIM 3aTTaXOM)

BEIIECTBO)

XUMHYECKHE PEAKIHMH, IPH KOTOPBIX M3 JBYX HJIH HECKOJbKHX
BENIECTB MOJAYYAETCA OJHO HOBOE BEHIECTBO, HA3BIBAIOT peaxuis-
MU coeounenus.

Ecnu B GeciuiBeTHBIN pacTBop HUTpaTa pTyTU(Il) OMycTUTH MENHYIO
IUTACTAHY, TO Ha ee IMOBEPXHOCTH obOpasyeTcs cepeOpUCTBIN HaleT
PTYTH, a pacTBOP OKpaIllUBaeTcs B TOIYOOl [IBET:

Hg(NO3)2 + Cu = Cu(NO3)2 + Hg
aurpat pryta(ll) Menb aurpar Meau(ll) PIVTH
(GecIBETHRIM (pacTBOp
pacTBop) roiyboro 1mBera)

[IpocToe BelecTBO MeAb BHITECHUIO U3 CIOXHOTO BEIIECTBA HUT-
pata prytu(ll) apyroe mpocroe BemIeCTBO — PTYTh.

Peakuyn, npu KOTOPLIX ATOMBI, COCTABISIOMHE NPOCTOE Bele-
CTBO, 3aMENAI0T ATOMbI OJAHOIO H3 JEMEHTOB CJI0XKHOIO Belie-
CTBA, HA3LIBAIOT PEaryusAMU 3aMelenus.

Ecam cMmemaeM GecliBeTHHINM pacTBOp coiau HuUTpaTta cBuHMa(ll) m
OecIIBeTHBIN pacTBOp MOAMAA KalWd, TO o0pa3yercsd 0camoK XeITOro
nseta — mommn ceuHIA(ll), a B pactBope — GecliBeTHAsS COMb — HUT-
paT Kanaus. /IBa CIOXHBIX BElIeCTBa OOMEHSTNCH aTOMaMU WX aTOM-
HBIMHU TPYIITAMU:

Pb(NO3)2 + 2KI = 2KNO3 + PbIQsl/
HUTpAT WOIWI, KaTus HUTpPAT Kalusd VOIHT
cuama(Il) (GecIIBETHERIM (GecIIBETHEIM cuama(Il)
(GecIIBETHRIM pacTBop) pacTBop) (ocamox
pacTBop) KeJITOTO ITBETa)

Peakuuu, npu KOTOPBIX MOJIEKYJIbI ABYX CJOXKHBIX BEHIECTB 00-
MEHHBAIOTCHA ATOMAMH WJIH ATOMHBIMH TPYNNAMH, HA3ZBIBAIOT pe-
akuuamu oomena.

HmMeroTcst U apyrue TUMBI XUMUYECKUX peakidil, KoTopble OyayT
paccMOTpeHBI To3Xe.
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Bonpocb n 3apaHug

1. TatiTe ompeneneHus MOHATUN «BEIIECTBO», «TENO», «CBOUCTBO Bellle-
cTBa». [IpuBeauTe IpUMEPHI.

2. Kakve mpu3Haky OTHOCSTCS K CBOMCTRAM BerecTRa? OxapakTepusynTe
(usnyeckne cBOWCTBA MENU, 307I0Ta, MENa, YKCYCHON KUCITOTHI.

3. K kakuM ABICHUSAM OTHOCSATCH: pPXaBICHUE Xee3a, paCTUINBaAHUE Jie-
peBa, pa3buBaHUE CTEKJA, MOUCpHEHUE cepedpa, moTepsa O1ecka amtoMUHU--
€M Ha BO3Jyxe, TpeBpalieHue rpadura B anMas, Iepexo/l cepbl U3 KpUcTam-
JMUICCKON B INIACTUIECKYIO popMy?

4. Kakne u3 crenyronux Ha3BaHUN OTHOCATCH K (hU3UIECKUM TellaM, Ka-
K€ — K BeIecTBaM: XUMUWYECKUH CTakaH, CIUPTOBKA, XKEIe30, Mpamop,
30JI0TOE KOJNBIIO, CHET, MEPEBSIHHBIN INTATUB, CTEKISHHAS TPyOKa?

5. K KakoMy THUITY MOXHO OTHECTH PEaKITUU, KOTOPBIE OMHUCHIBAIOTCS Clie-
JNYIOIAMHU YPaBHEHUSIMU:

a) CuSO, + Zn = ZnS0O, + Cu;

6) Si+ O, = Si0,;

B) 2K2803 + 02 = 2K2804,

r) NH; + H,O = NH,OH;

,Z[) NH4N02 = N2 + 2H20,

e) 2AgNO; = 2Ag + 2NO, + Oy;

x) 2HCI + Fe = FeCl, + Hy;

3) HzSO4 + Ba(OH)2 = BaSO4 + 2H20,

n) HCl + NaOH = NaCl + H,0?

1.2. ATOMHO-MONEKYNsipHOEe yYeHue

[lepBoe yueHHMEe O CTPOCHHMH BEIISCTBA — 3TO GMOMHO-MOACKYAAD-
HOe yueHue.

HJaHHoe yueHHWe pa3BUBATIOCh B TeUCHHWE MHOTHX CTOJETHI Ha OC-
HOBe OOJBIITOrO OMBITHOTO MaTepuaia U KOTWIeCTBEHHBIX IPEICTaB-
JIEHUI TJTaBHBIM 00pa3oM GU3NKI U XUMUU.

Ocoboe 3HaUeHWE B Pa3BUTUH ATOMHO-MOJEKYIAPHOIO YUESHUS
AMEIOT paboTH pyccKoro yueHoro M. B. JJoMmoHocoBa. CYIITHOCTH 3TOTO
VUCHUA XapaKTepU3YIOT YeTHIPe MTOTOXKCHHUS.

1. Bce BemecTBa COCTOAT U3 MOJIEKYJ, AaTOMOB I MOHOB. MoJeKy-
JIa ABISIeTCA HaWMMeEHBINeH JacTHIleif, KOTopas COXpaHSAeT CBOICTBa
MAHHOTO XUMUYECKOTO COCTUHEHMS.

2. MoneKkyasl HAXOOATCA B TTOCTOAHHOM ABIKeHNH. C TOBBIIIIEHIEM
TEMIIePATYPEl CKOPOCTh ABIDKEHUA MOJEKYN YBEIUUUBACTCH.

3. Monekyanl pa3MMYHEBIX BEMISCTB OTIMYAIOTCS IPYT OT ApyTra Mac-
COI, pa3MepoM, COCTAaBOM, CTPOSHUEM M XUMHICCKMMHU CBOMCTBAMU.

4. MoaeKyasl MOTYT COCTOATE M3 aTOMOB KaK OTHOTO 3JeMeHTa ( Hpo-
cmole eeujecmea), Tak U Pa3HEBIX 3JIEMEHTOB (caoxchbie geujecmea). Cy-
[MeCTBEHHOE 3HAUeHMEe UMEIOT YHCIIO W B3aMMHOE pacoIOXeHHUE aTo-
MOB B MOJEKYIIE.



Ha mepoM MexayHaponHOM cheslie XUMUKOB B 1860 1. 6BLTH IIpH-
HATHl OTNpeneleHNs MOHITHIT aToMa M MOJEKYJIRl B OCHOBHBIC ITONO-
JKEeHUsI aTOMHO-MOJIEKY/ISIPHOTO YIeHHL.

Moaexya0ii Ha3BIBACTCS MEJIbYAMMIAA YACTHIA BEMECTBA, 00J1a-
JAI0IAs ONpeNeJeHHO MACCOH H BCEMH XHMHYECKUMH CBOMCTBAMH
3TOro BelecTna.

B xummueckmnx PCaKIIMAX MOJCKYIIBI ACTATCA Ha COCTABIAKOIIMNEC UX
aTOMBI. ATOM XUMUYECKUM IIYTEM HE MOXKECT OBITD Pas3I0kKEH Ha Gonee
MCJIKHUEC YaCTUIIEI. HOC—)TOMY aTOMBI MOXHO pacCMaTpHUBaTh KakK IIpEACI
XUMHUYECCKOTO OCICHUA.

Meapyaiimpae XUMAYECKH HeOeIUMbIE YJACTHIBI, H3 KOTOPBIX CO-
CTOAT MOJICKYJIbI, HA3BIBAIOT amomamu.

Macchl aTOMOB U MOJIEKYJI OUYeHb Majibl. Hampumep, Macca oaHOro
13 Haubosee TSOKEIbIX aTOMOB — aTOMA ypaHa cocTasisieT 39,54 1072 r,
a caMoro JIETKOro — aromMa Bogopona — 1,67 - 1072 r. I[loHgaTHO, 4TO
MPpU XUMUAYECKUX pacueTax IMOJb30BaThCd TAKMMM MaJbIMU YUCIAMU
OUYEeHb TPYAHO, TTO3TOMY MPU OMpPeNeTeHUN MAacChl aTOMOB paboTaIoT ¢
OTHOCUTEIbHBIMM MaccaMU. 3a eNUHUILY aTOMHON MacChl B XUMUU U
dusuke ¢ 1961 T. mpuHATa amomnasn eduruya macce (a.¢.M.), KOTOpas
paBHa /|, Maccel aToma u3oromna yraepoaa '°C; ob6ozHauaerca m,. Ee
cienyeT OTIMYaTh OT Oe3pa3MepHON BETUUUHBI — OMHOCUMEAbHOU amom-
Hou maccel A.. HarmpumMep, oTHOcUTeNbHAsE aTOMHasi Macca 3JeMeHTa
cepnl A,(S) = 32, a Mmacca atoma cephl m,(S) =32-1a.e.m. =32 a.e. M.,
T.€. Macca aToMa paBHa MPOU3BEACHUIO OTHOCUTEIBHOM aTOMHOM Mac-
CBI BJIeMEHTa Ha OIHY aTOMHYIO eIUHUILY MACCHI.

OTHolIeHNE MacCchl MOJIEKYIB! K !/, Macchl aToMa M30TOMA yrile-
poma >C Ha3BIBAIOT 0MHOCUMENbHOU MOACKYAAPHOU MACCOU 6euecmea
M,; oHa paBHa CyMM€ OTHOCHUTEIbHBIX aTOMHBIX MAacc C y4eTOM UHCIa
aTOMOB KaxXIo0To aJeMeHTa. Hampumep, OTHOCUTENBHYIO MOJEKYIISp-
HYIO MacCy MOJIEKYJIbI CEpHOM KUCTOTB MOXHO PACCUMTATh CAEAYIOIITUM
obpaszoM:

2A4(H) =2-1=2
14(S) = 1-32 = 32
44,(0) = 4-16 = 64

Mr(stO4) = 98
CoOOTBETCTBEHHO HAXOAAT U MACCy MOJCKYIBI:
m(H,SO,) =2-1Taem +32aeM +4-16a.e.m. =98 a.e.m.

Koauuecmeo eeulecmea Vv XapakKTCpU3yIOT YMCJIOM aTOMOB, MOJICKYJI
I ApyYIruX CTPYKTYPHBIX CAMHUIT AaHHOTO BEIIECCTBA. 3a CIMHULY U3-
MEPCHHA KOIMYCCTBA BEIICCTBA IMPUHAT MOJIb.
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Moab — 3TO KOJIMYECTBO BEIECTBA, KOTOPOE COAECPKHT CTOIBKO
€ro CTPYKTYDHBIX €IHMHHI], CKOJbKO ATOMOB coiaepxkurca B 12 r
n3orona yraepoaa 2C.

Brrumcieno, uro B 12 r uzorona yriepona >C comepxurcs 6,02 - 1023
aromoB. Hampumep, ruapokeun Kanua KOH konnuecTBoM BellecTsa
1 Moab comepxut 6,02 - 10?2 momekysr. Yucio 6,02 - 10?3 HazBaHO uuc-
n0m A602adpo B 4eCTh UTATLAHCKOLO YUEHOTO A.ABOraipo, a YMCiIo
yactun 6,02 - 102, comepxkamuxcsa B OTHOM MOJE JIODOIO BellecTsa,
HA3EBIBAIOT ROCMOSHHOU A602adpo.

TakuM 06pa3oM, Macca BELIECTBA U KOIUYECTBO BEIIECTBA — Pas-
HbIE TTOHATUA.

Jlns pelieHus MPaKTHYECKUX BOMPOCOB O KOMUYECTBEHHOM yda-
CTUU BEILECTB B XUMUYECKUX PEAKLMAX UCIIONB3YIOT MOAAPHYIO MACCY
sewecmea.

Moasaprnas macca M BemecTBa — 3TO OTHONIEHHE €r0 MaccChl K
KOJIMYECTBY BENIeCTBA:

M=2,
A

Ine m — Mmacca, I'; Vv — KOJMYECTBO BeIecTBa, MOJIb.

CraenoBarelbHO, MOJISIpDHAs Macca MUMeeT pa3MepHOCTh rpaMM Ha
MoOJIb (T/MOJIb). YucIeHHOe 3HaueHue MOJISIPHON MacChl BeIecTBa Co-
BIaJaeT ¢ YNCAEHHBIM 3HAaUeHUEeM OTHOCUTEIbHOU MOJEKYIApHO# Mac-
cbl. Hampumep, oTHOCUTeIbHAA MOJIEKYIsipHas Macca MoseKynsl KOH
(BemnunHa GezpasmepHast) M (KOH) = 56. 3anuiieM Maccy MOIEKy-
a6l KOH B pazsnuyHbIX eAMHULIAX U3MEPEHUS:

« Macca Monekyasl KOH (r) m(KOH) = 56 r;

« Macca monekynel KOH (a.e.m.) m (KOH) = 56 a.e.Mm.;

m 56T

« MomsipHas macca KOH (r/mons) M(KOH) = —=———=
v 1 moiub

=56 I/MOIb.

IIpumep 1. Kakoe konmmuecTBO BerecTBa MgO comepkuTtes B ero obpasiie
Maccort 160 r?

Pemenue. OTHOCUTENbHAS MOIEKYIsIpHas Macca M, (MgO) =24 + 16 =
= 40; cnenoBatenbHO, MomsgpHasad Macca M(MgO) = 40 r/monb. [lonb3ysch
COOTHOIIIeHUEM M = m/v, HaXOANM KOTMIECTBO BelllecTBa:

m 160 T

— v=—"" =4 MOIb.
M 40 r/monb

Vv =

IIpumep 2. Onpenennte Maccy 0,2 Monelt THAPOKCUAA HATPUS.
Pemenue. MomsipHas macca M(NaOH) = 23 + 16 + 1 = 40 r/MoJb.



Macca Bemectea NaOH komuuectsoM 0,2 MOJSI COCTABISIET

m= Mv; m =40 r/monb - 0,2 MOIb = 8 T.

g pacueta ob6beMa Taza MCHONB3VIOT 3aKOH ABOTampo W Clel-
CTBUA U3 HETO. 3akon Aéoeadpo (hOpMyIHPYeTCs CISIYIONIIM 00pa3oM:

B paBHBIX 00beMaxX pa3sHBIX ra30B IPH OJHAX H TEX XKe YCJIOBHAX
COEPKUTCHA OJUHAKOBOE YHCIAO MOJIEKYJ.

g ompenenennsa obbeMa Ta3000pa3HBIX BEIIECTB UCIIOIB3VIOT
MOJISIPHEI 00BbeM V.

Moaspubiii 06sem 2a3a — 3T0 OTHONIEHHE €70 00bEMA K KOJIHYE-
CTBY BellleCTBa:

V, =

< |

rme V' — obbeM, J1; v — KOJIUYECTBO BellecTBa, MOJb.

MonsapHEIit 06beM Ta30B I BeeX ra3000pa3HBIX BEIISCTB, B3ATHIX
P HOPMAJIBHBIX YCIOBUIX (H.y.), T.e. IIpu Temmeparype 273 K u
nmasaeHun 101,325 xIla, pasen 22,4 1/monb. Ecim ra3sl 3aHIMAIOT OH-
HAKOBEI 00beM, TO JTI000H ra3 KOIUIeCTBOM BelllecTBa 1 MOJIb (H.V.)
CONEPKUT OMMHAKOBOE YHUCIO MOJEKYI.

IIpumep 3. OmnpenenuTe KOMUIECTBO BelllecTBa okcuaa yrnepona(lVv), sa-
HUMAIOIIETo 006heM 5,6 T TIpu HOPMATBHBIX YCITOBHUSIX.

PemeHue. Mcmonb3yss MOTSIPHBIT 06BeM V,,, MOCTOSTHHEIN TSI BCEX Ta-
3000Pa3HBIX BEIECTB, B3STHIX TP HOPMATHHEBIX YCIOBUSIX, HAXOIUM

V. 561

—v=—-—"""_ =10,25 MOIb.
V. 22,4 m/mMonb

V=

MOJIeKYHHpHYIO MacCCy ra3oB MOXKHO pacCHHUTAaTb IO OTHOCHUTCIb-
HOH ILTOTHOCTH D. OmHocumenvHas HAOMHOCMb 24306 — 3TO OTHOIIIE-
HHE MaCC paBHBIX 00beMOB PAa3HLBIX Ira30B, HAIIpUMCED:

mV(S0,)) _
m(V (H,))

OTHOCHTeNbHASA TDIOTHOCTD ra3a — BeIMYHMHA Ge3pasMepHast.

OTHOCUTENBHYIO IUTOTHOCTH Ha OCHOBAHUHT 3aKOHA ABOTAIpO MOX-
HO OMpeleTuTh KaK OTHOIIEHHE MacC PaBHBEIX 00HEMOB pa3IMIHBIX
ra3oB K MX MOJISIPHEIM MaccaM (MJIM OTHOCHTEIBHBIM MOIEKVISIPHBIM
MaccaM):

Hy-

ml_Ml
m M,
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[Oe my, M, — MACCHl OIpeIeIcHHBIX 00hEMOB MEPBOrO U BTOPOTO Ta-
30B; M|, M, — MOIIpHBEIE MAaCcCHl TIEPBOTO U BTOPOTO Ta30B.

Or™ortenue m,;/m, Ha3EIBaeTCs IUIOTHOCTLIO MEPBOTO rasa Mo BTO-
poMy U o6o3HavaeTcs 6ykBoii D. OTcroma HaXOOUM ILTOTHOCTL JAaHHO-
ro rasa

M
D=L
M,
IIpumep 4. PaccuuTaliTe OTHOCUTEIBHYIO TUIOTHOCTH XJIOPa MO aMMUAKY.
Pemenue. Umeem M(Cl,) = 71 r/monb, M(NH,) = 17 r/mMonb, cineno-
BaTeIbHO

71 r/Monb 418,

D(NH;) = =
(NH,) 17 r/Momnb

IIpumep 5. OTHOCUTENBbHAA TIOTHOCTh AMMUAKa IO BO3myxy pasHa 0,586.
Paccunraiite MOISPHYIO MACCy aMMHUaKa.

Pemenwe. Mmeem M(so3myx) = 29 r/Monb, Dy, (NH;3) = 0,586, cre-
JOBATEIHHO

M(NH3) = 29 v/mMonb- 0,586 = 17 r/Momb.

Bonpocbl n 3agaHu4

1. JdafiTe ompeneneHNs MOHATHN «OTHOCUTEIbHAA aTOMHAs Macca», «OT-
HOCUTETbHAS MOJCKYTSPHAS Macca».

2. B 1ueM CXOICTBO U pa3uvre TTOHSITHHA «Macca aToMa» M «OTHOCUTETBHAS
aToMHas Macca»?

3. Kak paccuuThIBAIOT MOJSPHYIO Maccy BelecTBa? B Kakux enmHUIAX OHA
BBIPAXKAETCS?

4. Kak paccunTHIBAIOT MONSPHBIA 00beM? B KakKux eTMHUTIAX OH BhIpaXa-
erca?

5. Kakas cBfI3b MEXJTy OTHOCUTEIBHON MOJIEKYISIPHON Maccoii rasa u or-
HOCUTENbHON TINMOTHOCTHhIO? Kakylo BeMWYMHY HAa3bIBAOT OTHOCHUTETBHON
IOTHOCTHI0? Kak HaXoAsT MIIOTHOCTH OJTHOTO Ta3a Mo OTHOIIEHUIO K JIPYTo-
my?

6. Ckonmbko Monel cocTaBmstoT: a)14 1 azota; 6) 48 r kucnoponaa; ) 112 r
xemesa?

7. Onpenenute maccy: a) 0,1 mona NaOH; 6) 2 moneit HCI; B) 1 mons
H,50,.

8. Kakoe konnuecTBO BelecTBa cofepxures: a) B 3,7 r Ca(OH),; 6) 0,2 xr
Cu(OH),; B) 0,056 T KOH?

9. CKOIBKO MOJMEKYT cofepxutcd: a) B 4 kr NaOH; 6) 5,6 T CaO; B) 10,6 T
N3.2CO3?

10. Ompenennte, BO CKOIBKO pa3 Taxenee Bosayxa: a) SO, 6) CO,;
B) NH3

11. OTHOCHUTENBHAS TITOTHOCTH ra3a 10 KUCIOPOAy paBHa AByM. Ompenenn-
T€ IJIOTHOCTh BTOTO Tasza 1o BOJOPOIY.

11



12. TazoBag cMech comepXuT Bofopo (o6bemHast nosst 30 %), azot (06beM-
Has goas 35 %) u kucnopon (o6beMHag gond 35 %). Onpeaeanute Maccy cMe-

cu1 obreMoM 10 1.
13. Wcnonb3ys manHble Tadn. 1.1, mpoBeauTe pacuyeThl ¢ MPUMEHECHUEM

TIOHATHUST «MOJIAPHEBIN 0OBEM Ta3oB».
Ta6nwma 1.1. Jlanasle ans BbimoJdHeHns 3axanms 13

HcxomHple maHHbIE Ycnosus 3amaHus
(ITOCTOSIHHEIE 3HAYEHUS ) (IIpOU3BOJILHO B3AThIE 3HAYCHUS )
OTtHOCH-
Bete- | rennmas Monsip- | Monsp- Yyeno Komu- Macca Yucno
CTBO | yromexy- Haq HBIH qactn N | TECTBO | Lo O6weM |gacturr N
XY | macca | obmem 1 Belle- m raza |BTaHHOM
NsSIpHAT B 1 Mome cTBa
Macea M, Vs rasa crRav, | V,n | obneme
M T/MOIb | J1/MOTb MOJb > rasa
A
N, 28 28 22,4 16,02-10**| 0,5 X y N
H,S 34 34 224 [6,02-10% X 68 y N
CO, 44 44 22,4 16,02-10% X y 5,6 N

14. Wcnonb3ys manHble Tabn. 1.2, mpoBeauTe pacdeTsl ¢ NMPUMEHEHHUEM
TTOHATUN «KOMUYIECTBO BEIIECTBA», «MACCa» W «MOJSIPHAS Maccar.

Ta6nunoa 1.2. Jlanable A0 BRINOJIHEHHA 3axanng 14

HcxonHble TaHHbIE YcnoBus 3agagu
(ITOCTOSHHBIE 3HAYESHHS ) (IIpOM3BOJILHO B3ATHIE 3HAUCHUS )
OtHOCH-
TEJIbHAS Yucno Konuae- Macca Hucio
Beecrso MonsipHas qactuit N
MOJIEKY - JACTHUIL CTBO TOPITUH M
Macca B JTaHHOM
JIIpHAST M, /o B 1 Mose | BemiecTsa | BellecTsa Hopiu
(aToMHasT) ’ BelllecTBa | v, MOJIb m, T
BelllecTBa
macca M,
Maruuii 24 24 6,02 - 10% 2 x N
Cepa 32 32 6,02 - 10% x 16 N
Oxcun 80 80 6,02 - 10% x ¥ 12-10%
meam (1)

1.3. 3aKoHbl xXumumn

HM3yuas cocTaB pa3jIMUYHBIX BelleCTB, (ppaHIY3CKUU yUEHBINH
K. TIpycT mpuilen K BBIBOAY, YTO MAaCCOBBIE COOTHOIUEHUA MEXIY
3JIEMEHTAMHU B CIOXHBIX BEIIECTBAX BCETLa MOCTOAHHEI, HE3ABUCUMO
OT cmocoba X ModydyeHus. DTO 3HAUUT, YTO aTOMBI XUMUUYECKUX 3Je-
MEHTOB B3aUMOIEUCTBYIOT OPYTL € APYTOM TOJIBKO B OMPEACIEHHBIX
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KOTUUYECTBEHHBIX cooTHoIeHUsX. Hanpumep, mosapeHHast coab NaCl
MOXET OHITh ITOIYyYeHA pa3HBIMU coco0aMM, HO OHA BCETIAa COCTOUT
M3 aTOMOB HATPHA M XJIOpa, IIPH 3TOM MAacCOBOE COOTHOIIEHUE DTHUX
2JIEMEHTOB OyIeT Bcerma mocTodaHHoe — 23: 35,5,

Ha ocHoBaHWH 3KCIIEpUMEHTOB OBUT CHOPMYTHUPOBAH 3AKOH HO-
cmosaucmea cocmasa (K. Ipyct, 1799):

Bcsikoe 4HCTOE BEMECTBO HE3aBHCHMO OT COCO0a €ro moJjayde-
HHA BCEraa MMeeT NOCTOIHHBIM KaYeCTBEHHLIA M KOJUYECTBEH-
HBbIH COCTAB.

3Has (bOpMy.T[y BC€IIECTBA U aTOMHBIC MAaCChl 3JIEMEHTOB, MOXHO
MIPOBOAUTL PA3IMYHBIC BEIYUCICHUA IO XUMHUYCCKHUM (bOpMYHaM.

IIpumep 1. Boruncaute MaccoByo nomo o (%) menn B okcume mMemu(IT)
CuO.
Pemenue. Umeem M, (CuO) = 64 + 16 = 80, Torna

®(Cu) = 2—3100 % =80 %.

IIpumep 2. Beruncnure coctaB ruppokcuaa Meau(1l) Cu(OH), B MaccoBbIx
nonax o (%).
Pemenue. Mmeem M,(Cu(OH),) = 98, Torma

o(Cu) = 64 : 98100 % = 65,4 % Cu,
®(0)=2-16:98-100 % = 32,6 % O,
o(H)=2-1:98-100 % = 2 % H.

IIpumep 3. Brienute opMyny BelecTra, coaepxariero gocdop (Macco-
Bag nonda 56,4 %) m kucaopon (Maccopas goms 43,6 %).

Pemenue. Ilycts x — gucimo aToMoB (ocdopa B COeTUHEHNUN, Y — UINC-
JI0 aToMOB KHciaopoja. Tak kak Mmacca atoMa ¢ocdopa pasHa 31 a.e.M.,
a Macca aToMa Kucropoma — 16 a.e. M., Macca Bcex aTOMOB ¢ochopa, comep-
KAIMUXCI B MOJEKyle, 6yaeT papHa 31x, aToMoB Kuciaopoga — 16y. OTHorle-
HUE 3TUX MACC BBIPAXKAET COCTAB BCETO BEIMECTBA. DTOT K€ COCTAB BRIpAXKACT-
Cs COOTHOIICHUEM 56,4 :43,6.

IIpupaBHAB 062 OTHOIICHU, TTOMYIAEM MIPOIIOPIIIO:

56,4 43,6
3lx:16y = 56,4:43,6; X1y ="

Y1o6H BBIPA3UTL OTHOIICHUE Xy LCIBIMY YHUCIaMU, pasaciInM oba wre-
Ha OTHOIICHUS HAa MEHBINUU U3 HUX:

1,82 2,72
y = M = 1
1,82 1,82
HpI/IBC,Z[CM 9T COOTHOHICHUA K ICJIbIM YMCIIaM — 2:3.

TakuMm obpazom, x = 2, y = 3. B MoJeKyre BelllecTBa Ha KaXXIble ABa aTOMa
dochopa mpuxoaUTCS TpU aTOMa KUCIOpoAa; monydaeM dpopmyny — P,O;.

-1,82:2,72.

1,5.
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OCHOBBIBasICh Ha KOTUYECCTBEHHOM METO/E U3YUEHUS XUMUIECKUX
peakuuii, M. B.JlJomoHOCOB B 1748 T. OTKDEII 3aKOH COXPAHCHUS 6eCa
sewecms. B HacTodIIIee BpeMs TOBOPAT O COXpAaHEHUH MPU XUMUIECKUX
peaKkIUsaX Macchl BelleCTB, U 3aKOH (hopMyIupyeTcs CIeAyIIuM 00-
pasoM:

Macca BemecTs, BCTYNIHBIIAX B PEAKIHAIO, PABHA MACCE BENIECTB,
00pasylomuxca B pesyabTaTe PeaKiuu.

HpI/I XUMHUYCCKHUX pC€aKIIAX U3MCHAKTCA BCIIECCTBa, T. €. OOJHHU MO-
JICKYJIBI MMPEBPAIlalOTCA B APYIrMe, HO YUCIIO aTOMOB U UX 06]]_[8.51 Mac-
ca HC M3MCHAKOTCA. HpaBI/U[BHO COCTAaBJICHHOC YpaBHCHUE pPCaKIUH
nMeeT Ooapmoe 3HaueHue. [lo YPaBHCHUIO PCAKIIMM MOXHO paCCUM-
TaTb, CKOJBKO HY2KHO B34ATb NCXOAHOI'O BEIICCTBA OJIA ITOJIYYCHU A CTPOro
OIIPCACICHHOI0 KOJINYECTBA H€06XO,I[I/IMOI‘O npoayKTa, WJIKW Y3HAaTb,
CKOJIBKO IMOJXYUYHUTCA HOBOI'O IMPOAYKTA M3 JAHHOTO KOJIHMYCCTBA BCIIC-
CTBa.

IIpumep 4. [Ipu pacTBOpeHUHU B CEpPHON KHUCIOTE 3aTrPsSI3HEHHOTO MArHUs
Maccoll 6 r moaydueH Bomopod o6beMoM 4,48 1T IIpu HOPMATIBHBIX YCIOBUIX.
OnpenenuTe MacCoBYIO A0TI0 ® (%) TIpuMeceii.

PemeHue. 3anmuchiBacM YpaBHECHUE peakInT

Mg + HzSO4 = MgSO4 + H2

ITo ypaBHEeHUIO peakIMy BUAHO, YTO TIPU PACTBOPEHUU 1 MOJS MAarHUs
BeImensgerca 1 monb, win 22,4 m, Bogopona (H.y.), TOTaa

1 Mmoms Mg — 22,4 1 H, _ 1 monb-4,48 1t

=0,2 ;
x Monp Mg — 4,48 m H, x 22,4 1 o MOTB:

m(Mg) = Mv, tme v = x;
m(Mg) = 24 r/monb-0,2 Monb = 4,8 T.

CrnenoBatenbHo, B 6 T cMecu cofepXutcst 6 T — 4,8 r = 1,2 r ipumMeceii,
YTO COCTABISICT:

o(tmpumeceit) = 12:6-100% = 20 %.

Bonpocbl n 3agaHud

1. ChopMmyaupyiiTe 3aKOH ITOCTOIHCTBA COCTABA 1 3aKOH COXPaHEHUS MACCHI
BeEIECTBA.

2. Kak mcrnoanp3yloT HA IPaKTUKE 3aKOH ITOCTOJHCTBA COCTaBa M 3aKOH
COXpAaHEHUSI MACCHI BellecTBa?

3. Kakyio nH(pOpMAIIIIO JAI0T XUMIIecKasd GOpMyIa U XUMHICCKOE YpaB-
HeHue?
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4. Beramenute Maccoryio aono o (%) cremyrommx BetmecTs: a) Na,COs;
6) Ca(H,PO,),.

5. B kakoMm xommuectBe BerectBa Na,PO, comepxkutcs: a) 23 r HaTpud,
6) 93 r docdopa?

6. CKonmbKO rpaMMOB Mean cofiepxutes B 5 Momsix: a) CuQ; 6) Cu(OH),?

7. Onpenenute TpoCTeHIyw (GopMyny TUAPOCYIHPUTA KA, €CIU CO-
CTaB 3TOTO COCAWHEHUS CIeIYIOMMUN: MaccoBasd maomst Kamus 54,2 %, cepbl
44,4 %, Bomopona 1,4 %.

8. CKOMBKO MUJITUIUTPOB BO3MyXa (H.y.) TOTpeOyETCS IS CKUTAHUS CePhl
Maccoii 4 T 10 SO, (comepXaHue KACIOPOAA B BO3IYXE CUUTAITE PABHBIM /s
no o6nemy)?

9. CKOIBKO TpaMMOB THAPOKCHIA HATpUS TpeOyeTcs I TpeBparieHUs
cynbdara mequ(Il) maccoit 16 © B ruapokcun Meau(11)?

1.4. OCHOBHbI€ KNAacCbl HEOPraHNYECKNX COeauHEeHUNn

Kak n3BecTHO, BCe BelllecTBa AeAATCI Ha IBE OCHOBHBIC TPYIIIE —
BellleCTBa IIPOCTHIE U CIoXHEBIe. Ecan BemecTBo 00pa3oBaHO ONMHAKO-
BEIMH aTOMaMM, TO €TO HAa3BIBAIOT APOCMbIM, €CTH PA3HBEIMU — CA0XMC-
HbLM.

CloxHBIe BellleCTBa MOAPA3NCISIIOT Ha OCHOBHEIE KIACCH XUMM-
YeCKUX COeNWHEHUN WM Ha HeocHOBHEIE. K ocrosnbim KiaccaM XUMH-
YeCKUX COCTUHEHMI OTHOCATCI OKCHUABI, OCHOBAHUA (TUIPOKCHUIEI),
KHCIOTH, comu. K neocnosnbim OTHOCITCA, HApUMeEp, MEPOKCHIHI,
raTOTeHAHTUAPUALI 1 MHOTHME OPYTHe; M3YUYeHNEe NX He BXOOUT B IIPO-
rpaMMmy.

Okcunabi

Oxcuodbt — 3TO CJIOKHBIE BEIMIECTBA, COCTOAIHAE U3 ATOMOB KHC-
JIOpoAa M KAKOro-jaudo APYroro 3>JeMeHTA,

K okxcumam otHocsaTca, Hanpumep, K,O, CaO, Fe,0,, CO,, P,0s,
SO;, Cl,0,, 0sO,. Okcuabl 00pa3yIoT BCe XUMUIESCKIE 2JIEMEHTE KPOME
He, Ne, Ar.

JlaBas HazBaHUS OKCHUAAM, MPUAEPKUBAIOTCS CASAYIOMINX MTPABUIL:

1) BHauaje yKa3wIBalOT CIOBO «OKCHI», 3aTeM B POMUTEIBLHOM TIa-
nexe — Ha3BaHUe BToporo amemeHTa: BaO — okcua Gapus, K,O —
OKCUJI KaJlHS;

2) ecniu 3MeMEeHT MOXeT 0o0pa30BBIBATh HECKOIBKO OKCHAOB, TO
Mmocjie Ha3BaHUS 3JEeMEHTa B CKOOKaX YKa3bIBalOT €ro BaJeHTHOCT,
Hampumep: N,Os; — okcun azota(V), N,O — okcun azorta(l), FeOQO —
okcun xemne3a(ll), Fe,O; — okcun xeme3a(Ill);

3) mpu HanmucaHuM (HOPMYJ OKCUIOB KUCIOPOHA BCeraa CTaBsAT Ha
BTOpoe MecTo, Hampumep NO, kpome OF,.
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ITo xuMuyecKUM CBOMCTBAM OKCHBI AEIATCS Ha cOoleobpasyroIue
U HecodeoOpasylomue. K mocienHUuM oTHocsSTcs, Hampumep, N,O,
NO, SiO — oHH He B3aUMOIEHCTBYIOT ¢ OCHOBAHUAMH U He 00pasy-
IOT COJIEH.

Coneobpasyolime OKCHAB OelITCs Ha OCHOBHEIE, KHUCIOTHBIE U
ampoTepHEBIE.

OcuoHble OKcHAbl. OKCUIBI, THAPATH KOTOPHIX ABISIIOTCA OCHOBA-
HHSAMH, HAa3BIBAIOT ocHosHbimu. Hampumep, okcuasl Na,O, CuO saBis-
IOTCS OCHOBHEIMH, TaK KaK MM COOTBETCTBYIOT ocHoBaHHs NaOH,
Cu(OH),. Kak mpaBuio, OCHOBHBIMA OKCHIAMHU MOTYT OBITH OKCUIBI
METAJTOB ¢ BajgeHTHOCTHIO 1 m I1.

11 OCHOBHBIX OKCHAOB XapaKTEPHBI CIEAYIOIIHE CBOMCTRA:

1) okcunel menouHbx (Li, Na, K, Rb, Cs, Fr) m memouHose-
mensHEIX (Ca, Sr, Ba, Ra) MerawioB mpu B3auMOAeHCTBUH C BOIOK
00pa3yloT OCHOBaHUS, HAIpUMED:

KQO + HQO = ZKOH
BaO + HQO = Ba(OH)2
OCTaJIbHbBIC OCHéBHBIe OKCHIEBI C BO,[[Oﬁ IPaKTUYCCKU HE BSaHMOﬂeﬁ—
CTBVIOT,

2) OCHOBHEIE OKCHIOH B3aMMOAEHCTBYIOT ¢ KHUCIOTAMHU, 06pasyd
COJb U BOMY:

F6203 + 3HQSO4 = FeQ(SO4)3 + 3H20

Kuciotnbie okcuabl. OKCHIE, THAPATE KOTOPHIX SIBISIIOTCS KUCTO-
TaMU, Ha3bIBAIOT kucaomHbimu. K KUCIOTHBIM OTHOCSTCS OKCHBI He-
MeTalioB U MeTauioB. Hampumep, N,O;, P,Os5, CrO;, Mn,0,, CO,,
V,0s, Cl,O; — KHACIOTHBEIE OKCHUIBI, TAK KAK UM COOTBETCTBYIOT KHC-
moret HNO,, H;PO,, H,CrO,, HMnO, u T.n.

KuciaoTHble OKCUIBI MPOSIBISIOT CAEAYIONINE CBOHCTBA:

1) B3auMOIEUCTBYIOT ¢ BOAOH ¢ oOpa3oBaHMEM KUCIOT, HapH-
Mep:

SO; + H,0 = H,S0,
Mn,0; + H,O = 2HMnO,
2) pearupyioT ¢ OCHOBAaHHUIMH (IIeIo9aMm), o0pa3ys COIb U BOAOY:
N,O5 + Ca(OH), = Ca(NO;), + H,O
3) B3aMMOJEHCTBYIOT ¢ OCHOBHBEIMH OKCHAAMU, 00pa3ys COIU:
Si0, + FeO = FeSiO,

AM(i)OTepH])Ie okcHabl. OKCHUIBI METALIOB, KOTOPBIC B 3aBUCHMMO-
CTH OT CpEAbl IMPOABIAIOT OCHOBHBIE W KUCIOTHBIE CBOﬁCTBa, T.€.
PEarupyroT ¢ KUCI0TaMM M OCHOBAHMAMHK, HA3bBIBAlOT aMd)omeprzMu.
Nm COOTBECTCTBYIOT U KHUCJIIOThI, 1 OCHOBaHMA, HAIIpUMED:
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Zn(OH), « ZnO — H,Zn0,
AI(OH)3 — A1203 —> HA102

AM@oTepHBIe OKCHIB TIPOABIIIOT CISOYIONINEe CBOMCTBRA:
1) pearmpyioT ¢ KACIOTAMH W OCHOBAHWAMM:

A1203 + 3HQSO4 = AIQ(SO4)3 + 3H20
ALO; + 2NaOH + 3H,0 = 2Na[Al(OH),]

MIpU CITIABAeHUN OKchaa amtoMuHusa Al,O; ¢ memouaMu obpas3yroTes
MeTaaTiOMIHATHL:

CIIJIABJICHUEC

ALO; + 2NaOH — 5 2NaAlO, + H,0
MeTaalIoMUuHaAT
HATpHS

2) ¢ BOJOM HEIMOCPEACTBEHHO HE B3aUMOJICHCTBYIOT.

IMonyyenne oKCHIOB. [17151 MOTYICHAS OKCHIOB MOTYT OBITh UCIIOIB-
30BaHbl HECKOJIBKO CIIOCO0OB.

1. BzaumopeiicTBIE MPOCTHIX BEIIECTB ¢ KUCIOPOIOM IIPHA HAarpeBa-
HUU:

S + 0, — SO,; 2Cu + 0, — 2Cu0

[Ipu ropeHNHN IIETOYHBIX METAIOB B KHCIOPOAe 0Gpa3yloTes Tep-
okcunnl, HarpuMmep Na,O,, K,O,; Torbko muruii o6pasyer Li,O.
2. ['opeHNE CIOXHBIX BEIIECTB B KUCIOPOE:

CH4 + 202 = C02 + 2H20

3. PaznoxeHue CIOXKHBIX BCHICCTB:
2BaSO, £ 2Ba0 + 280, + O,
2Fe(OH); = Fe,0; + 3H,0

MgCO, £ MgO + CO,
4. BBBHMOﬂeﬁCTBHe OKCHOOB MCTAJLZIOB C APDYITUM METAJJIOM:
3Mn;0, + 8Al = 9Mn + 4ALO,
2Al + Cr,05 = 2Cr + ALO;

5. PazmoxeHHe OKCUIAOB ¢ BEICIICH BAaT€HTHOCTBIO 3JICMEHTA WIHA
OKHMCJIICHWUE OKCHOB C HU3IIEU BAJTEHTHOCTBIO:

2Mn207 = 4Mn02 + 302
2CO + 0, = 2CO,
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OcHoBaHusa (rugpokcugbi)

Ocnoeanusa (2udporxcudst) — 3TO CJIOXKHBIE BENIECTBA, KOTOPBIE
COCTOSAT W3 ATOMOB METAJIA M OJHOH MJIH HECKOJBKHX THIApPO-
kcorpynn OH~.

CormacHo MeXAYHApOAHONW HOMEHKIATYpe COeNMHEeHUSI, coaepka-
e TUAPOKCOTPYIITY, HAa3bIBAIOT 2UOpoKCUOaMU.

Ecnu meTann nMeeT mepeMEHHYIO BaIEHTHOCTD, TO TIOCAE HAa3BaHUS
TUAPOKCUIA B CKODKAaxX YKAa3bIBalOT BaJEHTHOCTh MeTaylla; HApUMep,
CuOH — runpokcun meau(l); Cu(OH), — rumpokcmn meau(1l).

T'mapokcuapl AEAATCA HA THAPOKCHUIBI, KOTOPBIE PACTBOPSIIOTCS B
Bofie (pacmeopumbie), U TUAPOKCHUABI, KOTOpPbIe HE PACTBOPSIOTCSA B
Bojie (Hepacmaopumbie). PacTBOpUMBIE TUAPOKCUIBI HA3BIBAIOT Ujeao4a-
mu. lexoun obpa3yrOTcs MIETOUYHBIMU U IETOYHO3EMEIBHBIMU Me-
TaJLTAMU.

CaoiicTBa ocHoBanmii. 1. OcHoBaHUST — TBepAble BelllecTBa (KpoMe
ruapata ammoHuss NH,OH). OHu uMeroT pa3HbIi [IBET U pa3IuyHYIO
PACcCTBOPUMOCTE B Bojie. PacTBOPHI eT04Yeil U3MEHSIOT OKPACKY UHAN-
KaToOpoB: OeCIIBETHRIHU (heHON(PTANeMH NepeXoAuT B MATUHOBHBIH, Kpac-
HBI TaKMyC — B CUHHWI, METWJIOBEIM opaHXeBhEIA — B XeaThid. 1lle-
JIOUM MOTYT pa3pylliaTh TKAHU U KOXY, IMO3TOMY 00paIaThcs ¢ HUMU
CIEYET OCTOPOXKHO.

2. Hlexouu pearupyoT ¢ KUCIOTHBIMU U aM(OTEPHBIMU OKCUTAMU:

2NaOH + 802 = Nast3 + H20

2KOH + ALO, £ 2KAIO, + H,0
3. PacTBOpHI 1IeI0Y€Ei B3aUMOIEHCTBYIOT ¢ PACTBOPAMU COMEN:
Pb(NO5), + 2NaOH = 2NaNO; + Pb(OH),l

4. Bce ocHOBaHUS MOTYT PearupoBaTh ¢ KHCIOTAMM (peakKIus Hell-
TpaTU3aIuin);

2Fe(OH)3 + 3HQSO4 = FeQ(SO4)3 + 6H20

5. HepacTBopuMEIe B BoIe THAPOKCUARI IIPHU HATpeBaHWUH pasiara-
IOTCH, a MIeT0YH, KaK MPaBUiIo, IUIABATCI 0e3 paslIoKeHUs (MCKITIO-
yeHne coctapister LiOH):

2Fe(OH)3 = F6203 + 3H20
2LiOH = Li,O + H,0

6. H.[eJ'[O‘-II/I MOIYT B3aMMOJECUCTBOBATL C HECKOTOPBIMH ITPOCTBIMHA
BCIIECTBaAMM:

Zn + 2NaOH = Na,ZnO, + H,

ITUMHKAT HaTpug
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Si+ 2NaOH + HQO = NaQSiO3 + 2H2

7. Tmnpokcuabl, KOTOpEIe B 3aBUCUMOCTH OT YCIOBHIU CPemBl IIPO-
SABIAIOT CBOMCTBA KUCIOT U OCHOBAHWI, HA3BIBAIOT AMBPOMEPHbIMU.

K amporepHbsIM ocHOBaHUAM MOXHO oTHectu Zn(OH),, AI(OH);,
Pb(OH),, Sn(OH),, Cr(OH);, Mn(OH), u np.

AMdoTepHBIC THOPOKCUABI B3aMMOACHCTBYIOT ¢ pacTBOpaMM IIe-
JoYelt W KUCIOT, HAIIPUMeED:

Zn(OH)2 + 2HNO3 = Zn(NO3)2 + 2H20

OCHOBaHUEC KHUcCJI0Ta COJIb
HQZHOQ + 2NaOH = NaQZnOQ + 2H20
KHUCJIoTa OCHOBaHUEC COJIb

BzanMonelicTBUe ¢ IIeT0YaMi MOXKET IpOXOAUTh C 06p330BaHI/I€M
KOMILIEKCHBIX COJIC:

Zn(OH), + 2NaOH = Na,[Zn(OH),]

TETPATUIPOKCOITUHKAT
HaTPUST

AI(OH); + NaOH = Na[Al(OH),]
TETPATUAPOKCOAITIOMUHAT
HaTpHS

Moayyenne ocaoBanmid. 1. [llea1oun MOXHO DOTYYUTh MPU B3aUMO-
NEeHCTBUU IIETOYHBIX U IeJTOYHO3eMEeIbHBIX METAUIOB, a TakKXe HX
OKCHUIOB C BOJOI:

2Na + 2H20 = 2NaOH + H2T

2. HepacTBOpUMEIE B BOIE OCHOBAHUS MOIYYAIOT B PE3yAbTaTe pe-
Ak o0MeHa MeXIY CONBIO U MICTOYLIO;

Cu(NO;), + 2KOH = 2KNO; + Cu(OH),J

Kucnorwi

Kucaomot — 370 CI0XKHBIE BEMECTBA, COAECPKAMHAE ATOMBI BOJO-
poaa, CHOCOOHbIE 3aMeNMATLC HA ATOMBI METAaJLIA.

I'padpuueckne GHopMyIBl KHUCIOT:

H—0—NZ sZ H—O0—~P=0

X P

(0] H—O O H_O/
HNO3 HzSO4 H3PO4
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Haszpanme xucaopoacomepxkalieif KNCIOTH 3aBUCHT OT BaJeHTHO-
CTH 2JeMEeHTa e¢ 00OpasyIoIero: eCiIm KUCIOTa CONEPKUT SJIEMEHT B
BEICIIIEM BAaJE€HTHOCTH, TO K HA3BAHUIO ITOTC JJeMEHTAa HOGABIIIOT
-Has WIIN -6as U CIOBO kucaoma. HazpaHne KUCIOTH, KOTOpas CoOIep-
KAT 37eMEHT B MCHBIEH BaTCHTHOCTH, UMeeT cyhIUKC U OKOHYA-
HUe -ucmas. [IpuBeneM mpumep:

VI v

H,S0, — cepHas kucnota; H,SO; — cepHUCTas KHUCIOTa,
v m

HNQO; — a3orHag KKCIOTa, HNOQO, — asorucras KHCIOTa,
VIl VI

HMnO, — MapraHnosas kucxota, H,MnO, — MapraHiioBartas KHCJIOTA.

Hazpanme 6ecKMCIOPOAHBIX KUCIOT COCTOUT M3 HA3BaHWUSA HEMeE-
Tayuta ¢ nobaBIeHreM OYKBEI 0 U CIOBa 600opoduas, Hanpumep: HCl —
xXJIopoBomopomHasa kucnota; H,S — cepoBomopomHas KUCIoTa.

[To cmocoOHOCTH aTOMOB BOIOPONA 3aMeIaThCs Ha aTOM MeTajlla
KHACIOTEI MOTYT OBITH OMHOOCHOBHEIS, IBYXOCHOBHEIC, TPEXOCHOBHEIE,
YeTHIPEXOCHOBHEIC U T. 1. [IpuBegeM mpuMep KHUCIOT:

OOHOOCHOGHbBLE 08YXOCHOBHbLE
HI — momoBomopomHas H,S0O; — cepHucrasa
HNO, — a3ortucras H,Si0; — kpemHueBas
MPexXOCHOBHbLE UM bIPEXOCHOBHDIE
H;PO, — optodocdopHas H,P,0, — mupodochopHas
H;BO; — GopHas H,;Sb,0, — mupocypbMsiHas

CsoiictBa kucaotT. 1. Kuciaotel moryT 66ITh TBepasiMu (H;PQO,,
H;BO;, H,Si0;, HPO;) u xunkumu (H,SO,, HNQO;, HCl u T1.1.),
cuneHeiMU (H,SO,, HNO;, HCI) u cmabeiMmu (H,SiO;, H,COs;,
HQSO3, CH3COOH, HQS), JICTYYUMHA (H2C03, HQSO3, HNO3, MHO-
rue OeCcKUCIOpOAHBIe KUCIOTH) U Hedaetyuumu (H,SO,, H;PO,).

2. PacTBOpBI KHUCIOT U3MEHSIOT 1IBET WHAUKATOPOB: CUHUMN JaK-
MYC — B KpPacHBIH, METUJIOBBIA OpaHXEBBIH — TakKe B KpPaCHBIN.

3. PacTBOpBI CUJIBHBIX KUCIOT MOTYT pa3pyliaTh TKAHU U KOXY.

4. KuciaoTel pearupyioT ¢ MeTaiamu. B3aumozneicTBrue KUCIOT C
MeTallaMi 3aBUCUT OT KOHLEHTPAllUu KHUCIOTBI U aKTUBHOCTU Me-
Taja (CM. JIeKTPOXUMUUECKUN P HalpsSsKeHUH MEeTaJLTOB):

a) kucaorel HCl, H,PO,, H,SO,(pa30.) pearupyioT co BCEeMU Me-
TamaMu (Kpome Pb), KoTophle CTOAT B psay HANpsKeHUMH 10 BOAOPO-
Jla, TIpU 3TOM BBIAEISAETCS BONOPO; HAIpUMeED:

Fe + H,S0,(pa36.) = FeSO, + H,T

0) xkoHueHTpupoBaHHasd H,SO, mpu HarpeBaHUM pearupyer: co
BceMU MeTammaMu (Kpome Pt m Au), TIpr 3TOM BOZOPOI HE BEIIETACT-
¢S, ¢ TSKEIBIMU (IUIOTHOCTB > 5 I/cM’) MeTaulaMH obpasyeTcs ras
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SO, (okcug cepri(IV)); ¢ Oomee aKTUBHBIMHU JEeTKUMHU (IDIOTHOCTH
< 5 r/cm?®) metammtamu Beigeasterca H,S (ceposomopon):

Cu + 2H,SO,(xon1.) = CuSO, + SO,T + 2H,0
8Na + SHQSO4(KOHH) = 4NaQSO4 + HQST + 4H20

B) KoHleHTpupoBaHHas1 HNO; ¢ MeToUYHBIMA U IIETOYHO3EMETb-
HEIMH MeTaiaMu oGpasyeT ra3 N,O — okcmn azota(l), ¢ apyrumu
TSCKETBIMA MeTautaMu — okcun azoTta(lV) NO,:

4Ca + 10HNO;(koHi1r.) = 4Ca(NGO;), + N,O + 5SH,O
Cu + 4HNOs(koHi11.) = Cu(NO;), + 2NO, + 2H,0

r) pasz6apmeHHags HNOQO; BzamMomeicTBYeT ¢ IIeTOYHBEIMU W IIe-
JIOYHO3eMEIBHEIMA MeTa/TaMi, a Takke ¢ Zn, Fe, Sn, mpu stom
BeIAensieTcs ra3 NH, (aMmmuak) unu obpasyercs conb aMMoHus (NH; +
+ HNO; = NH,NO;), 1IpH peaklid ¢ OCTATbHBIMHI TSDKETBIMI MeTall-
JamMu (IUIOTHOCTB > 5 r/eM®) obpasyercst okerg azota(ll) NO:

4Ca + 10HNO4(pas6.) = 4Ca(NO,), + NH,NO, + 3H,0
3Cu + SHNO,(pas6.) = 3Cu(NO,), + 2NO + 4H,0

n) kucnotel H,CO,, H,SO;, CH,COOH — cnabGeie, B3aumMonaeii-
CTBYIOT TONBKO C AKTUBHBIMH MeETaJLTAMMU:

2CH,COOH + Mg = Mg(CH,CO0O0), + H,

5. KucIoTel pearpyior ¢ 0CHOBHBEIMUI 1 aM(pOTEPHEIMYA OKCHIAMH,
0o6pa3ys coib U BOAY:

2HNO3 + CaO = Ca(NO3)2 + HQO
3HQSO4 + F6203 = FeQ(SO4)3 + 3H20

6. KrcmoTel B3aUMOIEHCTBYIOT ¢ THAPOKCUIAMHA, 06Gpa3ysd Colb 1

BOIY:
Cu(OH), + 2HCI = CuCl, + 2H,0

2A1(OH); + 3H,S0, = Al,(80,); + 6H,0
7. KucmoTel B3aUMOAEHCTBYIOT C COJISIMHU, MPU 3TOM 0OOpasyrTCcs
HOBas CONb WU HOBasA KUCITOTa. Peakiimu MOTYT MpOTeKaTh C pacTBOpa-
MM coJieil (Torma OofHO U3 BEIleCTB JOKHO BBIMAAAaTh B OCANOK WU
BBIACTATRCS B BUAE Ta3a), a TakKKe ¢ TBEpPABIMU COJNSIMHU (TOTHAA 3TO
MOTXKHA OBITH COJIb MeHee CUIbHON WK Gosee JeTyueil KUCIOThI):
t
H,SO4(koH1.) + 2NaCl(tB.) = Na,SO, + 2HCIT
2HCI + K,CO, = 2KCI + H,0 + CO,T
KzSiO3 + 2HNO3 = 2KNO3 + H28103~L
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8. Kucnorei-okucmurenn — KoHIeHTpuposanHas H,SO, 1 KoHIIEH-
TpupoBaHHag W paszbaBreHHags HNO; Moryr B3amMomeiCTBOBATH ¢

HEMETALTaMU !
2H,SO,(koHL.) + C = CO, + 2S0,T + 2H,0

9. IIpu HarpeBaHUN HEKOTOPBIC KUCIOTH pa3laraloTcs:
4HNO; = 4NO,T + 2H,0 + O,T
Ioayuenne Kucaot. 1. Krcmoponmconepxaiine KACIOTH MOTYYAlOT
P B3aMMOACHCTBUM KUCIOTHBIX OKCUIOB C BOIOIL:
P,0Os5 + 3H,0 = 2H;PO,
SO; + H,0 = H,S0,

nimn peaKHI/Ieﬁ obMeHa MEXAY COJbIO U KHUCIIOTOM:
Ca3(PO4)2 + 3HQSO4 = 2H3PO4 + 3CaSO4~L
NaQSiO3 + 2HCI = 2NaCl + HQSIO3~L
2. BeCKI/ICJIOpO,I[HLIe KHUCIOTHI IMOJYYalOT CMHTC30M M3 IMTPOCTHIX BE-
mMECTB € MOCIACAYIOIINM paCTBOPECHUEM IMOJIYUYCHHEBIX Ia30B B BOAC!
XJIOpPOBOIOPOIL
S + H2 = HQST
CEpOBOIOPOLL
nimn peaKHI/Ieﬁ obMeHa MEXAY COJbIO U KHUCIOTOM:
NaCl + H,S0, = NaHSO, + HCIT

Fes + H2$O4 = FeSO4+ stT

Conun

Coau — 3710 OPOAYKT NOJHOI0 HJAH YACTHYHOTO 3aMEICHHA aTO-
MOB BOJOPOJA B MOJEKYJIE KHCJAOTHI HA ATOMBI ME€TAJLJIA HJIHA NPO-
AYKT INOJHOr0 WIH YaCTHYHOTO 3aMCIICHHAA THAPOKCOrpynn B MO-
JieKyJle OCHOBAHUSA HA KHUCJOTHBIA OCTATOK.

Knaccundukanus conaeii. 1. Cpeduue (Hopmaashbie) coau — 3TO TPO-
IYKT IOJTHOTO 3aMEIIeHNA aTOMOB BOIOPOIA B MOJIEKYIe KUCIOTEI aTO-

MaMH METajLia:
2KOH + H2CO3 = K2C03 + 2H20
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0L
+ SCc=0 - O/C=O + 2H,0

Ba(OH)2 + 802 = BaSO3 + HZO

2. Kucavte conu — 310 MIPOAYKT HEITOJIHOIO 3aMCIICHUA aTOMOB BOAO-
Poda B MOJECKYJIC KHCIOThEI aTOMaMM METajlaa:

NaOH + H2CO3 = NaHCO3 + HQO

-------- C=O N >C=O + 2H20
O

Ca(OH), + 250,(u36m1TOK) = Ca(HSO;5),

3. Ocuognuie coau — 3TO MPOAYKT HETIOIHOTO 3aMelneHus rpymn OH
MOJEKYIBl OCHOBAaHMA Ha KUCIOTHHIM OCTAaTOK:

Mg(OH), + HCI = Mg(OH)CI + H,0

LOH + H-Cl _cl
MgZ-------- > Mgl +HO
OH

Al(OH); + H,80, = A(OH)SO, + 2H,0

O HI0_ __oO
/ >sZ A>s520

AliOH + HH0” SN0 - - AIZ0” S0 +2H,0
OH OH

4, ,ﬂGOﬁHble coau — COJIH, COCTOAIIINE U3 KaTUOHOB pasHbIX MCTaJl-
JIOB U 06]]_[61"0 KHCIOTHOT'O OCTaTKa:

K>SO, + Al(SO,); = 2KAI(SO,),
KaJIui-anioMUHUR
cynbdar

Bmecto aToMa Kaius MOXeT OBITh aTOM JIFDOOTO 3JIeMeHTa IJTaBHOU
moarpymnmbl I rpymmel, a BMECTO aToMa allOMUHUS — aToM J00ro
anemenTa I1I rpyrmel. BMecTo aroMa 0gHOTO M3 METAJLIOB B 0Opa3oBa-
HUM JBOUHON COJIM MOTYT y4acTBOBAaTh MOHBI aMMOHUS:

NaHCO3 + NH4OH = NaNH4CO3 + HQO
HaTpUN-aMMOHU T
KapboHaT
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5. Cmewannvie coau — COJIK, COCTOAIIME M3 KaTHOHa METalla H
Pa3HbIX KUCJIOTHEBIX OCTAaTKOB:

/Cl

a
~N
0—Cl
XJIOPUI-TUTIOXJIOPU]T, KaJIBITHST
(xJ10pHasT U3BECTD)

Cu(OH)NO; + CH;COOH = Cu(CH,;COO)NO; + H,0

HUTpaT-anmeraT

Ca(OH)2 + C12 = C + HQO

memu(1l)
e 40
JOH T Ho _O—NZ
Cu\0 _0 ,C—C—H - Cu\0 c C/H + H,0
—N. —C—C—H
S0 H i
O H

Hazpanms comeit 06pa3oBaHBI M3 Ha3BaHUI KUCIOTHREIX OCTATKOB 1
Ha3BaHWI 37I¢MEHTOB METAJUTOB ¢ YKa3aHWEM BaJEHTHOCTH MeTaia
puMcKoit mdpoif B cKkobKax, HaIpUMeD:

NaNOQO; — aurpam Hatpusda; FeSO, — cyabpam xenesa(ll);
NaNO, — aurpum Hatpust, Fe,(SO,);— cynabsbham xemesa(lll).

Hazpanms comeii 6eCKUCIOPONHBIX KUCAOT M COeAMHECHUM MeTal-
JIOB ¢ HeMeTalIaMH 06pa3yioT OT Ha3BaHUSA HeMeTalla ¢ MoGaBIeHM -
eM cy(dpdukca -ud, gajgee maroT Ha3BaHUE MeTajla:

NaCl — xmopun HaTpHUA,;
CaS — cynpunm Karblmd;
CaC, — xapOun KanabITHs.

B T1a6n. 1.3, 1.4 mpencraBaeHB Ha3BaHUSI U CTPOCHHE HEKOTOPHIX
CoJeH.

Ta6nwuma 1.3. CrpoeHne cojieii © HA3BAHHASA MX KUCJIOTHBIX OCTATKOB

Hazspanne
KHUCIIOTHOTO
Haspanme n ®opmyria cou | OCTaTKa COTNIACHO T'pacpuraeckas dopmyna
¢opMyNna KUCIOTHI . CcOnu
MeKIyHapOIHOM
HOMEHKIIAType

AzorHag HNO; Ba(\NO;), Hwutpatr NO3 _0

O—NZ
20 Ba/ 0

O O—Ng
=0
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IIpodoancenue maba. 1.3

Hazspanne
H KHCJIOTHOTO r (1) (1)
AsBaHNe 1 (DOpMyJ'Ia colmm OCTATKa COTJIACHO patrieckas (GopMyIa
¢opMyNna KUCIOTH . conu
MEXTYHAPOTHOM
HOMEHKIIATYPE
Aszotuctas HNO, Ca(NO»), Hwutput NO;
O—N=0
H—O—N=0 C a/
NO—N=0
X1opoBogopomHas Mg(l, Xiopun Cl-
HCI /Cl
H—CI Mg
Cl
YkcycHasg Fe(CH;COO0), Arretat
CH,COOH CH,COO-
0)
H Ne—
-l L9
| ~OH O —//C —CH,
H O
Cepnasz H,S0, Na,SO, Cynbdar SO3-
Na—0__ S ¢O
P
S < NaHSO, Tuppocynbgar Na—O o
H—0" Yo HSO; U s?Z
x
H—0" O
Cepaucrag H,SO; MgSO; Cynsdur SO3- /O\
Mgl _S=0
O
H— O\
>S$=0 Ca(HSO3), T'unpocynbgur H—O;S=O
H—0 HSO;3 0O
caZ-0._
S=0
H—0"
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Oxonuanue maoa. 1.3

Hazspanne
HazBanme u o KUCITOTHOTO I'padugeckasa popmymna
OpMyJia COJIu OCTaTKa COTJIaCHO
¢opMyNna KUCIOTHI . CcOnu
MeKIyHapOIHOM
HOMEHKIIAType
CeporomopomHas CuS Cymbhun S Cu=S
Ca(HS) T'unpocynsd Ho
H 2 ApOCYIbPUI P S
~ HS™ Ca
S ~gq
H -
H
Yrompaag H,CO; CaCO;, Kap6onar CO3- 0
cal >C=0
H—0_ ~o7
/C=O Ca(HCO;3), I'mapoxkap6onat
H—0O HCO3; H—O\C_O
/O/
CaT_
O\
H—0 _C=0
Kpemunenas Na,Si0; Cunukar SiO3~
H,Si0; Na—O\S_ o
— 1=
H O\Si=0 Na—0~
-~
®docdopHas Ca,;(PO,), ®ochar PO3- 0
H,PO, Ca_ ;P o}
HO\ c _0
HO 7P=O A 0
HO O\
C AN
a\O ~P=0

CaoiicTa coaeii. 1. Bce conmu aBasitoTcss TBEpABIMU KpUCTATLUTHNYE -
CKMMM BeIleCTBAaMM Pa3HOTO [BeTa ¢ pas3iuyHON PacTBOPUMOCTBIO B
Boje. [To paCTBOPUMOCTH B BOJE COTU MOXHO pa3AejnuTh Ha pacTBOPU-
MbI€, MAJIOPACTBOPUMBIE U MPaKTUYECKU HEpacTBOPUMEBIE B BOJE:

a) IMOYTH BCe COIM, comepxamue KatnoHE Na', K'Y, NH n anm-
oHBl NO3, CH;COO™ pacTBOpSIOTCI B BOJE;

6) pactBopsiorca B Boge conu kuciaotel HCI, kpome AgCl, Hg,Cl,,

CuCl, PbCly;

B) PacTBOPHUMEI COIHM CEpHOM KHCIOTH, KpoMe BaSQ,, PbSO,;

26



Ta6muma 1.4. HaspaHua U cTpoeHHe coJieii

Dopmyna conu Haspamue comu cornaco I'padpuaeckas popmyia conu
DMy MeXIYHapoAHOM HOMEHKIIATYpe b DMY-
Ca(H,PO,), Juruapodocdar Kaapus H—0_
H—0O /
CaC 0
~0
H_OSP—O
H—0"
CaHPO, T'mapodocdar kaxbIImsa H—O\
0—P=0
Gl
Bi(OH),NO; JuruaporcoHuTpaT
pucmyTa(11l) ./OI—I 40
Bl'{‘O— N
OH O
Bi(OH)(NO3), I'mapoxkconuTpat OH /O
pucmyTa(11l) AN
Bi—O N\
\ 0
O\ N 40
X
~o

r) comu kuciaor H,S, H,CO;, H,SO;, H,S10,, H;PO, He pacTBO-
pIIOTCS B BOAE, KpOME CONel, comepxXkamux kathoHel Na', K, NHj,
a Takke BaS, MgS.

CienyeT yMeTh MOJNIB30BaThCS TabIUIIEll PAaCTBOPUMOCTHU COJEH U
OCHOBaHUH B Boje, MPUBEACHHOM B MmMpui. 1.

2. PacTBOpHI coJieit pearupyroT APYT ¢ APpYyroM, IpU 3TOM 0 Havyama
peakiimu obe CONMM HOKHEI OBRITH PACTBOPHUMEI (p.) B BOHE, a IIOCHE
peakIuu OfHA U3 cojleil JoKHA OBITh B ocanke (), T.e. HepacTBOpHU-
Mma:

CaCly(p.) + K,COs5(p.) = CaCO;l + 2KCI(p.)
3. PacTBOpHI coieif pearupyoT ¢ THAPOKCHIAME (IIeTOYaMI7):
Pb(NO;),(p.) + 2KOH(p.) = Pb(OH),l + 2KNO4(p.)

4. Conu pearupyior ¢ KUCIOTaMHU, TP 3TOM HeOOXOIUMO IIOMHHTE
0 JIETYYeCTH KUCIOT. TaK, cIbHas HeleTydasd KHCIOTa BEITECHACT U3
TBEPABIX (TB.) CONEi ApYyrue JeTyYrue KUCIOTHL:

27



°

80°C
NaNOs(18.) + H,SO4(koHIL) —— > NaHSO, + HNO;T

C pacTBOpaMHn COJIEH BRITECHEHUE KUCIIOT HE IIPOUCXOIUT. Ho 6o-
JICC CJIBHBIC ICTYUNC KUCJIOTBI MOI'YT BRITCCHUTDL M3 coneit bomee cia-
Oble JICTYUYMEC KUCJIOTHBI:

CaCO; + 2HCI = CaCl, + H,0 + CO,T
nin, €CiIn 06pasyeTc51 HEpacTBOpUMaA KHUCIOTa WIK COJb!
N2a,SiO; + 2HCI = 2NaCl + H,Si0;
AgNO, + HCI = AgCll + HNO,

5. PacTBOpHI coieit pearupyioT ¢ MeTaJlIaMU, TIpA 9TOM HeoOGXOmm -
MO TIONTB30BATLCS PANOM HANpPSOKCHWM MeTaloB (Oolee aKTUBHEIS
METaUTH BEITECHAIOT U3 CONel MeHee aKTUBHEIE):

Fe(NO;), + Mg = Mg(NO,), + Fel

He CIIEAYECT HMCIIOJAb30BaTh IICIOYHLBIC U IICIOYHO3EMECIBHBIE MC-
TaJlsIbl, TaK KaK OHH pCarupyroT C BOOOM.
6. HpI/I Harp€BaHNMM MHOI'UEC COJIN pas3jararoTCAa:

CaCO; = Ca0 + CO,T
2Pb(NO;), = 2PbO + 4NO, + 0,1
7. Conu JICTYUYMX KHUCJIOTHBIX OKCHAOB PCAarupyroT ¢ HEJICTYYUMH
KHUCIOTHBIMHA OKCHUIAAMM:

t
CaCO3 + 8102 = Cale3 + COQT

t
N32C03 + 803 = Nast4 + COzT

Ioxyuenne coueii. [Ipy moxyIeHUN COJeil B KaXIOM KOHKPETHOM
caydyae HeoOGXONMMO VUWTHIBATH YCIOBHUSA PEeaKIIMM W CBOMCTBA yda-
CTBYIOIIUX B HEll BEIIECTB.

1. Kucasie coa MOTyT OBITH TTOTYYEHB MPU B3aUMONEHCTBUI OC-
HOBAaHHMA ¢ U3OBITKOM KUCIOTEHI

NaOH + H,SO;(u36m1T0K) = NaHSO; + H,O
WIA CpeaHeil COMM ¢ M3OBITKOM KUCITOTEI:
Ca;(PO,), + 4H;PO,(130mTOK) = 3Ca(H,P0,),

Jms mepeBofia KUCION COMA B CPEOHION HEOOXOAUMO M0GABUTH
OCHOBaHUE:

Ca(H2P04)2 + 2C3(OH)2 = Ca3(PO4)2+ 4H20

2. OCHOBHEIE COTH MOTYT GHITH IOAYYEHEl IIPU B3aUMOAEHCTBUI
M30BITKA OCHOBAHUA C KUCIOTOM:
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Ca(OH),(n36mTOK) + HCI = Ca(OH)Cl1 + H,O

WIN HEeOCTaTKa OCHOBAHUS CO CpelHel COJbBIO:
2CoS0, + 2NaOH(seaocraTok) = (CoOH),S0, + Na,S0O,

s nmepeBona 0CHOBHOM COMH B CPEIHIOI HY:KHO NO0ABUTH KHC-

JIOTY:
(COOH)QSO4 + HQSO4 = 2COSO4+ 2H20

Heo6xoquMo OTMETHTB, YTO OCHOBHBIE COTH O0IANalOT MEHBIIEH
PacTBOPUMOCTEBIO, UeM cpedHue. [Togo6HO cpefHUM CONISIM OHM B3au-
MOJEUCTBYIOT ¢ KHUCIOTaMU U coisamu. Kucielie xe coau obaagamT
OoJbINel PACTBOPUMOCTBIO, UeM cpellHue: Hampumep, coib Ca(POy),

HepacTtBopuMa B Bome, CaHPO, manopactBopuma, Ca(H,PO,), pac-
TBOpHMA.

FeHeTn4yeckas cBA3b MeXAY KnaccamMu
HEeopraHNn4Yeckmux coeanHeHumn

[IpocTrle BelecTBa U OTASTLHEIC KIACCH HEOPTAHUYECKUX COSIM-
HEeHHWI MOTYT B3aUMOeiCTBOBATh MEXIY COGOM, T.e. MeXIY TPOCTHI-
MU U CIOXHBIMU BEIIeCTBAMU CYIIECTBYET eenemuueckasn ca3b. [1po-
CIenUM 3Ty CBA3b Ha MpHUMepe CASAYIONISro pAna MpeBpalleHM:

Cu —» CuO — CuSO, —» Cu(OH), —» CuO —» Cu

Oxkcun CuQ MOXHO MOJXYYUATD IO peakKIImu

2Cu + O, i 2Cu0

W3 okcupa CuQ momygaem CuSQO, mo peakmuu

CuO + H,S80, = CuSO, + H,0
Cymedar meau(1l) CuSO, MoxHO npeBpatuTh B Tuapokcua Meam(11):

CuSQ, + 2NaOH = Cu(OH), + Na,S0,
I'mapokcun Cu(OH), merko mepexoAuT MPpU HarpeBaHUU B OKCHUI
memu(1l):
Cu(OH), [: CuO + H,0

Oxkcun CuO MOXHO BOCCTAHOBUTE BOTOPOIOM 0 CBOOOTHOM MEII:

t
CuO + H, = Cu + H,O

Takas mociaenoBaTeIbHOCTh XUMIUYECKIX PEaKIInii, KOTIa OMHO Be-
LIECTBO MEPEXOAUT B APYTO€, HABBIBAIOT UUKAOM XUMUUECKUX Npespa-
UeHU.
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an/IMep BbIMOJTHEHNA 3agaHU4d

3aganue. Hanuinure ypaBHeHUS PEAKIIUN, TP IIOMOIIM KOTOPBIX MOXHO
OCVIIECTBUTH CIACAYIONINAE IPeBpaIlcHUS:

1 2 3 4
CuSO, — Cu(NOs), - Pb(NO;), — K,PbO, - Pb(OH),

Pemenwne. 1. dng monyaerauns Cu(NO;), Henb3sg 6patb HNO;, Tak Kak
oHa jeTydas, a H,SO, — HemeTyTas, cleI0BaTEIbHO HEOOXOMMMO B3SITh COMb!

CuSO4 + Ba(NO3)2 = Cu(NO3)2 + BaSO4~L

2. Jnsg monyuenusi Pb(NO;), 6path conb cuHna(ll) HexenaTenbHO, Tak
Kak TouTH Bee conn cBuHIA(I]) HepacTROpUMBI B Bome. HyXHO B3sATh HUTpAT
MeTaJIa, CTOAIICTO B PSITy HANIPSKCHUMA TIepel CBIHITOM:

CU(NO3)2+ Pb = Pb(NO3)2+ Cul/

3. CoenuHeHns CBUHIIA BameHTHOCTHI0 11 1 IV mpogapaaioT amdoTepHDIS
CBOMCTBA:

Pb(NO;), + 4KOH (13651TOK) = K,PbO, + 2KNO5 + 2H,0
4. JIna BBIACTCHUS THAPOKCHAA U3 COMA HEOOXOMUMO B3ATH KUCIOTY:

KszOz + 2HNO3 = HszOZ\L + 2KNO3
(Pb(OH),)

Bonpocbl n 3agaHug

1. IlpuBenure IpUMephl OKCHUIOB: a) KHACIOTHBIX; 6) OCHOBHBIX; B) aM-
¢oTepHEIX; T) Hecomeobpasymux (6e3pa3TnIHbIX).

2. Haszorute crneaywotiue okcuabl: N,O, SO,, Mn,O,, SnO, Cr,0;, CaO,
0s0,, K,0.

3. Kakwve okcuibl BCTpeUaroTcs: B mpupoje?

4. [Touemy He MOTYT CYIIECTBOBATH B TIPHUPOJIE TAKKME OKCHUIBI, KaK OKCUT
Kanpua u okcun gocdopa(V)?

5. Beienute (hOpMyITbl KUCTOTHBIX OKCHUIOB U3 (POPMYIT CIETYIOIIAX KUC-
mot: HNO,, H,MnO,, H;PO,, H,Sb,0,, HNO,, H;BO;.

6. Hanummure dhopMynsl OKCHAOB, KOTOPBIE MOXHO TIOIYYUTb, pasiaras
HarpeBaHueM crueaytorue ruapokcuas: LiOH, Cu(OH),, H;AsO,, Cr(OH)s,

7. HanmummTe ypaBHEHWS peakIIi MEeXTy CIEeIYIOIUMI OKCUIAMU:

a) OKCHIOM Kanblims 1 okcumoM azorta(V);

6) okcunoMm cepui(VI) u okcumom meau(1l);

B) okcumoM ¢ochopa(V) 1 OKCHIOM Kaus;

r) okcuaoM xene3a(lll) u oxkcumom xpemaMA(IV).

8. Kakwue u3 crmemyromux BelecTB OyIyT pearupoBarh ¢ OKCUaoM azota(V):
a) Ca(OH),; 6) H,SO,; B) MgCl,; r) K,O; 1) H,0; e) SO,?

9. 3akoHUYNTE YPaBHEHUS CIEIYIONINX PEAKITAN MMOTYUCHUS CONCH:

a) KOH + SO; —

6) LiOH + Cl,0; —
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B) Ca(OH), + CO, —

r) Fe,O; + H,S0O, —

) MgO + CO, —

e) Na,O + CO; —»

10. HazoBure ruapoxcuabl, (GopMynbl KOTOpbIX mpuBeneHbl: NaOH,
Fe(OH);, Fe(OH),, Cu(OH),, Ba(OH),, CsOH, KOH, Mg(OH),, Ca(OH),.
Kakue 13 HUX pacTBOPWMBI, KaKue — HeT?

11. C xakuMu U3 TTepEeUNCICHHBIX BEIIECTB BCTYIUT B PEAKITAIO THAPOKCHT
bapus: SO;, O,, HNO,, Fe,04, Fe(OH),, H,SO;, Al,0;? CocraBsTe ypaBHe-
HUS peakIiui.

12. Kakue 13 mepeuncieHHbIX OCHOBAHUH MOTYT OBITh ITOTYYEHbBI B3aUMO-
nericteuemM okcuaa ¢ Bogoii: KOH, Cu(OH),, Pb(OH),, Ca(OH),, Cr(OH);?
Harnummure ypaBHeHUST peakIiaii.

13. Hazosute cneaytomue kucnotsl: HBr, H;PO;, H,S, H,Si05;, H,S0;,

14. Kakue okcuibl cOOTBETCTBYIOT Kuciotam: H,SO;, HNO,, HCIO,,
H;PO,, H,;Sb,0,, HCIO?

15. C kakuUMHU U3 TIEPEUUCTCHHBIX BEIECTB BCTYIIUT B PEaKIIAI0 CepHas
kucnora: Ba(OH),, Fe,0;, Al,O;, CO,, SiO,, PbO, H;PO,, Cu, Fe, H,0?
CocTaBbTe YpaBHEHUS PeaKITUiA.

16. HazoBuTte creayooInue COIU:

a) Aly(50,)3, FeCly, Ca(NO3)s;

6) KHS, NaH,P0O,, Ca(HCO,),;

B) Pb(OH)NO;, AI(OH)SO,, Bi(OH)(NO;),.

17. Hanuniire ypaBHeHM peakiuii o6pasoBaHusl OCHOBHBIX CONEN:

a) Bi(OH); + HNO; —

6) Bi(NO3); + NaOH —

B) Mg(OH), + HCI —

r) Cu(OH), + HNO; —

18. Hanmmmmte ypagHeHWS peakiiuii o6pa3oBaHUs KACIBIX CONEH:

a) NaOH + H,CO; —

6) KOH + H3PO4 —

B) Ba(OH), + H;PO, —

r) NaOH + H,S —

19. Hanummute MoneKyIsipHble U rpadudeckue HopMynbl KUCTBIX dapue-
BBIX conelt hochopHON KrenoThl. Kak mpeBpaTUTh 3TH COMUA B HOPMAJbHbBIC?

20. Hanumute ypaBHEHUsS peakIinii, IPU TTOMOIIKA KOTOPBIX MOXHO OCY-
IMEeCTBUTD CIEAYIOIINE IPeBPaIeHU:

a) CuS0O, — CuCl, —» ZnCl, —» Na,Zn0O, — Zn(OH), —» Zn(OH)NO;;

6) Hg(NO;), — AI(NO;); — NaAlO, — Al(OH); — AI(OH)Cl, — AICl,.



FnaBa 2

NEPUOAUYECKUA 3AKOH U NEPUOAUYECKASA
CUCTEMA O0.U.MEHAEJIEEBA B CBETE Y4YEHWU4
O CTPOEHUN ATOMA

M3yuumB rnaey, cnenyert:

3HaTb COBPEMEHHYIO GOPMYNUPOBKY NepMoanyeckoro 3akoHa, CTRYKTY-
py Mepunoanyeckon cuctemol . N. MeHneneeBa, CTpOEHWE aTOMa,;

yMeTb OnpedensTb 3/IEMEHT MO 3NIeKTPOHHOW bopMyne; ycTaHaBIMBaTb
Mo NOPSAKOBOMY HOMEPY 3/IeMEeHTa HOMeEpP NeprMoaa u HoOMep rpynnbl, B KO-
TOPbIX OH HAXOAUTCHA, a Takke GOPMYIY M XapakTep BbICLIEro oKcmaa u co-
OTBETCTBYIOLLErO eMY rMOPOKCNOA; 3anNMChiBaTb 3NIEKTPOHHYIO GOPMYNY AaH-
HOro 3JIeMeHTa M CPaBHUBATL €ro C COCEAHMMM BNEeMEeHTaMn B nepuoae u
rpynne.

2.1. Uctopua cospanusa NMNepnognueckomnm cucrembl

B uctopuu kaxaoro HaydHOro OTKPBITHAS MOXHO BBIAEIUTH /IBa 3Tara:
MepPBbIlf — YCTaAHOBIEHUE YaCTHBIX 3aKOHOMEPHOCTEH U BTOPOIt — caM
aKT OTKPBITUS U MPU3HAHUE 3TOT0 OTKPBITHUS.

J. . MenaeneeB B CBSI3U ¢ 9TUM IMUCA, YTO HET HU OAHOTO, CKOJIb-
6o obIIero 3aKkoHa IMPUPOALI, KOTOPHIM OBl OCHOBAJICS cpa3y; Bceraa
€ro YTBEPXIEHHUIO TPEAIIEeCTBYET «MHOTO IPETYYBCTBUIA...». MHOIMe
npeamectBeHHUKH 1. 1. MeHaeneesa mpenjgarajid CBOU TabJIUIIBl U Tpa-
¢uku amemMeHTOB. HekoTOphle M3 HUX BCKOPE MOCTE OTKPBITUS U YT-
BepxaeHus [lepuoanueckKoro 3akOHa BBICTYIMHINA € MpeTEH3USIMU Ha
MpaBo MePBEHCTBA OTKPBITUS. [1039TOMY KpaTKO pacCMOTPHUM [JIaBHBIE
UIeU TpeAIeCTBEHHUKOB OTKPHITUS [leproanueckoro 3akoHa.

B nauvane XIX B. ocHOBaTendb aTOMUCTUKH JIK. JladbTOH BBEJI BaX-
HEHIIYIO XapaKTepUCTUKY SIEMEHTOB — aTOMHBIU Bec (Mo3aHee ObLIO
BBENEHO MOHATHE «aTOMHas Maccar). C BBeJeHUEM 3TOTO MOHATHS XU-
MU TOIYYUIa B CBOE paclopsiKeHUe BaxkHellee cpeacTBO I U3y-
YEHUS KOJIUYECTBEHHOI'0 COCTaBa CIOXHBIX Tell. [1epBhlit, KTO IpUMe-
HUJI KOJIWUYECTBEHHBIC XapaKTepUCTUKHU ameMeHToB, Obl1 M. B. JlebGe-
peitHep (1829). OH ycTaHOBWJI TaK Ha3bIBaeMBIU 3axkoH mpuad, T.e.
IPYIIH, COCTOSIIIMUX U3 TPEX CXOAHBIX 3JEMEHTOB, Ille MOMUMO XUMMU-
YeCKOro CXOACTBAa UMEET MECTO U 3aKOHOMEPHOCTD B OTHOILIIEHUU MACC
aTOMOB: aTOMHAasl Macca CpeHero B Tpuale 3JeMeHTa MpUbIU3UTEb-
HO paBHa cpelHeMy apu(pMeTHUeCKOMY aTOMHBIX Macc ABYX KpalHUX
9JIEMEHTOB.

Hampumep, atomHass mMacca autusa B Tpuaae Li— Na—K papHa 7,
Kanust — 39, ciaegoBareabHo Mo JlebGepeliHepy aToMHas Macca HaTpUs
paBHa (7 + 39):2 = 23.
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IMozgnee M.Iletrenkogdep (1850) m XK. b. droma (1857) obbemu-
HIWIN OOJIBINee YHUCIO 3MEMEHTOB B Tpuambl. PpaHIy3CKUil YIeHHBIH
3. 1. ne lankyprya (1862) BBICTYIMIUI ¢ CUCTEMON 3JIEMEHTOB, Mpe-
cTaBleHHOl B BuAe rpacduka. DTo TaK Ha3bIBaeMasl GUHMOBas AUHUS
Hlankypmya. OH pa3MecTUI BCe U3BECTHBIE AJIEMEHTHI B IMTOPSAKE YBe-
JIMUEHUST MacChl aToMa 0 BUHTOBOI JTMHUM, OMUCAHHOU BOKPYT LK~
muHApa. CXomHBIEe 3JeMEHTHI pacioiaraluch ApyT Iod APYroM, HO Kiac-
cudukanums ae [lankypTya okazaaach CIUIIKOM IMTPOCTpaHHOU U Mpe-
CTaBIsija HEOOBSITHBIE MPOCTOPHI A1 (haHTA3UPOBAHMUS.

Jx. A. Hetomsnaac (1863) ompeaeani, YTO eCIU CXOOHBIE 3IeMEH-
TBEl PACTIONIOXUTh APYT MOHA OPYLOM, TO KaXIBIA BOCBMOW 3JTEMEHT B
psaay pacrmosiaraeTcs Moj, MepBbIM, CBOMCTBA 3JIEMEHTOB MOBTOPSIOT-
cs; TaKUM 00pa3oM, MOAO0OHO OKTaBaM B MY3bIKe — 3Ta OCOOEHHOCTh
OblTa Ha3BaHa 3axkoHomM oxmaebl. CaM MPUHIUI MTOCIEA0BATEIBHOIO
pacrpeneneHuss 9JIeMEHTOB 0e3 KaKUx-JIU0O MPOIyCKOB MUCKIIHOYa
BO3MOXHOCTb OTKPBITHUSI HOBBIX 3JIEMEHTOB; KpOME TOTO, MHOTHE 3Jie-
MEHTHI MMoMajald Ha He COOTBETCTBYIOIIUE UM MecTa, HallpUuMep:

Hemenkmm xumurom JI. Meiiepom (1864) Ovlma cocTaBieHa Tab-
JTUIA XUMAYECKUX 3IeMeHTOB. B Tabauie Meiiepa 44 snemenTa (13 62
HM3BECTHBIX B TO BpeMsl) pacCTaBICHEI B MIECTH CTOJOIIAX IO MPHU3HAKY
BaJICHTHOCTH 3JEMEHTOB II0 Bogopoay. Tabanma 3Ta HUKaKO Imepuo-
JUYHOCTH 2JIEMEHTOB He BhIpaxana. B 1868 r. JI. Meiiep cocTaBu e1ie
OIHY TabIWIly, MAIO OTAMYABIIYIOCA OT IepBoil. OH He omydIMKOBal
ee, M OHa yBUIeTa CBeT ToJbKo B 1895 r. (mocie cMepTH aBTOpa).
C mosBrAcHUEM IIEpPBOro coobImeHnsa ob oTkpeitnu Ilepmogudeckoro
3akoHa /1. 1. MenneneesriM JI. Meiiep B 1870 I. BEICTYIIII CO CTAThEH,
B KOTOPOIT OblIa IpHBeacHA HOBas TabIuIa 3J1eMeHTOB U rpaduk Ie-
pUoOOUYIeCKON 3aBUCHUMOCTH aTOMHEIX 00beMOB. B aToii ctathe J1. Meii-
ep yTBepxaan, uTo oH panbline .. MenaenceBa mpuiien K Ilepuo-
JUUYECKOM CHCTEME.

J1.1.MeHaemeeB B HeCKOABKHAX CTAThAX, a TakKXKe B «OCHOBaxX XH-
MHUI» ITOKA3aJl IOJHYI0 HECOCTOSATEILHOCTh apryMeHTOB JI. Meiiepa.

2.2. Nepuopnuecknin 3akoH . U. MenpeneeBa

O0600IIUB U3BICKAHUA XUMHUKOB U CBedeHUSI 00 U3BECTHBLIX B TO
BpeMs aneMeHTax, .M. Mennenees B 1869 1. copmyauponan Ilepu-
00UHeCKULl 3aK0OH XUMUHECKUX INeMEHMOE:
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CnoiicTBa NpPOCTBIX TeJ, a TaKXke (OpMBI H CBOMCTBA COeIHHE-
HHA JJIEMEHTOB HAXOMATCH B NMEPHOAHYECKON 3aBHCHMOCTH OT
BC€JIAYHHLI ATOMHBLIX B€COB JJIEMEHTOB.

3a ocuoBy Ilepmogmueckoii cucreMnul /1. 1. MeHaeaeeB OepeT HE
TOJBKO aTOMHYIO Maccy, HO M XUMUUECKHE CBOMCTBA 3JIeMEHTOB; MHaue
U He OOBICHUTH, MToueMy Kaauit pacrmonoxeH B [lepuonndeckoit cu-
cTeMe mociae aproda, HUKejidb — Iocjie KobaabTa, MO — IMOoCae Te-
Jypa, XOTS aTOMHasi Macca MepBBIX MEHBIIEe; TaKOe PACIIONIOXEHUE
9JIEMEHTOB KaK OBl MPOTUBOPEUUT OCHOBHOU (hOPMYITUPOBKE 3aKOHA.
Ha u cam [1. 1. MeHaenees myOInKyeT CBOIO IIepByIo Tabmuiy (1 Map-
Ta 1869 r.) mom HaszpaHueM «OMBIT CHCTEMBI 3JEMEHTOB, OCHOBAH-
HBIIT Ha UX aTOMHOM BeCe M XUMHUUYECKOM CXOJNICTBE».

B yem xe cymHocTh Ileproandeckoro 3akoHa, oTKpeiToro 1. M. MeH-
JemeeBEIM B 1869 1.? KakoBBI ero OCHOBHEIE YePThI?

PaccmoTpum mmg mpumMepa (Tada. 2.1) cBoiicTBa 31eMEHTOB OTHOTO
psdaa B MOpsAKe YBEIUUEHUS UX aTOMHOU MAcCCHI.

Takum obpa3zoM, ¢ yBeIUUYEHUEM aTOMHOM MAcChl 3JIeMEHTOB:

1) mepuognuecKu ocIabasATCd MeTaLITNUeCKUe CBOMCTBA U YCH-
JIMBAIOTCA HeMETALTUUeCKUe;

2) MepuoAUYeCKHU YBEIMUMBAETCS BaJIeHTHOCTh aTOMOB 3JIEMEHTOB
MO KUCIOPONY;

Ta6nuna 2.1. CpoiicTBa 31€eMeHTOB OJHOIO pAIa

Xapakre- |\ Mg Al S P S a |ar
pUCTHUKA

ITopsoko- 11 12 13 14 15 16 17 18

BBIIT HO-

Mep

ATtoMHas 23 24 27 28 31 32 35,5 |40

Macca

(DOpMyJIa Nazo MgO A1203 SIOZ PzOS SO3 C1207 —
BBICIIETO
oxKcuaa

CsotictBo | OcHoB- | Cmabo- | Amdo- | Cnabo- | Kucior- | CunbHo- | CHitbHO- | —

BBICIIIETO HBIA OCHOB- | TEpHBIN | KUCNOT- | HBIA KHCIIOT- | KUCIOT-

OKcHUIa HBII HBII HBII HBII

®opmyna | NaOH | Mg(OH), | AI(OH), | H,SiO5 | H;PO, | H,SO, | HCIO, | —

THApP-

oKcHuIa

CpoiictBo | Cunb- | Cnaboe | Ampo- | Cnadag | Kucnora| Cunb- Camaga | —

TUIp- HOE OCHOBa- | TEpHOE | KUCIO- | CpemHeN Has CHUJILHAS

oKcHuIa OCHO- HUE OCHOBa- Ta CHJIBI | KHCIIOTA | KHMcloTa
BaHUE HUE
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3) mepuoAMYECKU YMEHBIIAeTCs BAICHTHOCTD [0 BOAOpOAY, HAUM-
Has ¢ IV rpynmer:
1A% 81 1 I

H,Si H;P H,S HCI

HM3MeHeHEe XUMWYECKHUX CBOMCTB IPH MOCAeTOBATSILHOM TIEPEX0-
e OT BJeMEHTa K 3JIeMEHTY TPOUCXOMAUT ITOCPEACTBOM OTPHUITAHMS.
BHyTpu mepuoma IpOUCXOAUT OTPHUIIAHUE OTHHUX CBOMCTB (MeTalIn-
YeCKHUX) APYTUMU, MPOTUBOIIOIOXKHBEIMHA (HeMeTAINYeCKIMM).

Kaxnerit mepmon 3aBeplraeTcsa OMaropoOIHBEIM 3IeMEHTOM, KOTO-
PHIN TaKXKe IBIACTCA OTPHITAHUEM IPEIABITYIINETO.

Hosmrit mepron HauwMHaeTcd ¢ 2JeMeHTa, KaK OBl IOBTOPAOIIETO
CBOICTBA TIEPBOTO 3MIeMEHTA MPEIIISCTBYIONIErO Ieprona, HO 3TO
ITOBTOpPEHNE MMPOUCXOIUT Ha WHOM, Goilee BEHICOKOU CTYIIEHM.

[Meprogmueckasg cucTeMa MEMOHCTPHUPYET, KaK KOIMYSCTBEHHBIC
W3MEHEHUS — POCT aTOMHOIN MAacChl — MPHUBOIAT K KaUeCTBEHHBIM —
W3MECHEHUI0 XUMUISCKUX CBOMCTB, W TpH OIpeAdcTeHHOM He3HAauM-
TeTbHOM M3MEHEHNN aTOMHOM MacCH MMPOMCXOMNUT pe3Koe N3MeHEHHE
KadecTBa — CKayoK, HampuMep oT ¢Topa K HEOHY, OT HeOHa K HaT-
pHIO.

Takum 06pa3oM, CBOMCTBA XUMUYECKIX IMEMEHTOB IO MEpe BO3-
pacTaHUS WX aTOMHBIX MAacc U3MEHAIOTCS TIEPHOIMICCK.

2.3. MNepuoauyeckans cuctema 3/1€eMEHTOB
A.U.MenpeneeBa

IMepumomnueckmii 3aKoH ORI ocopmiaeH . . MeHneneeBEIM B BUIE
IMepuomnaeckoit cucTeMBl 21eMeHTOB. CyIIecTBYeT MHOTO BApUAHTOB
IMepuogmueckoit cucteMbl. B Poccui oab3yI0TCS KOPOTKOU IIPSAMO-
YroabHOMI (popMOil B BHIE TaGIUIIE, TIe IO TOPU30HTAIN PACIIOI0KE-
HEI IEepHOMAEI, II0 BEPTUKAIN — TPYIIIIEL.

Ilepuod — 3TO TOPU3OHTANBHEBIN PAN 9IEMEHTOB, B KOTOPOM CBOM-
CTBa U3MEHSIIOTCA OT TUIIUYHOTI'O MeTaIa 10 TUIUYHOTO HeMeTala 1
3aKaHYMBAIOTCS 01arOpOTHBEIM ra3oM (IIoKa 3a UCKIIOUeHUEM CelIbMO-
ro Imepruoma).

Bcero ceMb mmeproios:

1-11 HEPUO COMEPKUT 2 3IeMeHTa

2-11 — 8 MaJble IEPUOIEI

3-i1 — 8

4-11 — 18

5-11 — 18 OOJbIINEe TIEPUOIBI

6-i1 — 32

7-11 — 18 | HesaKOHUYEHHBIH TEpPUON

I[J'[S'I KOMITaKTHOCTHU U y,I[O6CTBa IIOJb30BaHUA HepHO,I[H‘-IeCKOfI CH-
cTeMoil 14 3]IeMEHTOB IIECTOTO nepnoaga, O4€Hb CXOAHBIX ITO XUMH-
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YeCKHM CBOMCTBAM C JIAHTAHOM, BBEIHECCHBI B OTHCILHBIA P IO
Ha3BaHUEM AaHMAHOUObL.

I[Mogo6GHO MaHTaHOHUAAM B OTAEIBHBINA PAA BBIHECEHBI 2JI€MEHTEI,
UAYIOHE 3a aKTUHHUEM, IO Ha3BaHUEM akmuHoudsl; TIpaBOa, pa3HbIC
10 XUMUYECKUM CBOMCTBaM (eciad I JaHTAHOMIOB XapaKTepHa Ba-
neHTHOCTE 111, TO B cryyae aKTMHOMIOB BaJICHTHOCTH MEHSAECTCS; TOIb-
KO 2JIEMEHTHI, CTOSINNE B PAAY MHOCHe KIOpHUSA, MPOSIBILIOT BaICHT-
HocTh I1I).

Ipynna — BepTHKAIBHBEIN PAI, B KOTOPOM OOWH ITIOA OPYTHM pa3-
MEIIEeHBI CXOMHBIE MEXIy COOOM 37IeMEeHTHI.

B coBpemenHoit [Ieprogmueckoii CHCTEMe BCEro BoceMb rpymmr. Kaxk-
Jasd U3 HUX OSIUTCA Ha IIaBHYIO U IIO0OYHYIO ITOATPYIIIIEL.

['maBHBIE ITOATPYIIIEI 06pa30BaHEl BEPTUKAIBHEIMU PSIOaMU, HAYM-
HAIOIMIUMHUCS C 3JIEMEHTOB MAJBIX IIEPHONOB, B KOTOPHIX CBEPXY BHH3
HapacTalT MeTaLIMYecKue cBoMcTBAa. Tak, B INIAaBHOW IIOATPYIIIIC
VII rpymmmel dtop F, u ximop Cl, — rassl, 6poM Br, — XXHUIKOCTB, U0
I, — TBepmoe KpUCTAIMYECKOE BEIECTBO ¢ METAUIMISCKAM GICCKOM.

I[TobouHEIE MMOATPYIIIEI COCTOAT M3 3JIEMEHTOB TONBKO OOIBIINX
nmepuoaoB. [IpakKTHIeCK BCe 3TH IMEMEHTHI ABISIOTCSI MeTaUIaMUA U
O0BEeIUHAIOTCA IO CXOAHEIM MpHU3HAKaM.

Bemuko snauenue Ilepmonmueckoii cucTreMbl. BOT HEKOTOpEIE BEI-
CKa3LIBAHMUS aBTOPUTETHEIX XUMUKOB U (DU3UKOB.

«[lepuonnueckas cucremMa MeHaeneeBa SIBUIACh CAMBIM OOJBIITAM
BKJIAJ0M OJHOTO YeI0BeKa B ODIITYIO XUMUIO BCeX aJaeMeHToB. OHa 00-
Jamana o4eHb BaXXHEBEIM 3HaUYeHUeM KaK o000MIeHe UMEIMINXCI B TO
BpeMs 3HAHMIU, a TakKKe OONBIION MpeiacKa3aTedbHON CHION, YTO C
caMoro Havajaa OBLIO JOKa3aHO OTKPBITHEM HOBBIX 3JI¢MEHTOB»
(Ix.Y.JlunHer, AHIIUA).

«Ilepmognueckas cuctema no3poawna . . MeHaeneeBy npeacka-
3aTh HOBEIC 3JIEMEHTHI M MX CBOHCTBA, MCIPaBUTh aTOMHEIE Beca U
¢dhopMmyns xuMudecKux coeaunHeHui» (5. K. CeIpkuH).

«[lepuonmuecKuii 3aKOH, BCKPHBIINU TIy0OYaMINNE ITPUHITAIILL
CTPOCHUS BEIleCTBA, MO3BOSIET CUCTeMAaTU3UPOBATh BCe MHOrooGpa-
3ue (PUINKO-XUMUUECKUX CBOMCTB OTAEILHEIX 2IEMEHTOB 1 X COEII-
Henwmit» (I'. H. ®repos).

Takum oOpa3zoMm, ¢ OTKpeITHEM [leprommyecKoro 3akKoHa IIOSBH-
J1ach BO3MOXHOCTh IPEACKa3bIBaTh M OIMHACHIBATHE HOBBLIE SIIEMEHTHI 1
nx coemmHeHns. Ha ocHoBe atoro 3akoHa /1. M. MeHmeneeBEIM OBLIH
HUCIIpaBICHE aTOMHEIE MAacChl MHOTUX 3J€MEHTOB, 3aIlONHEHEI BCE
«IIYCTBIE KIETKI» 00 92-TO 3/IeMEHTa, a TAKXKe OTKPHITH TpaHCYpPaHO-
BEIe 3neMeHTH. [leprmonueckuii 3aKOH OKa3ajl BIMSHUE Ha pa3BUTHE
pa3IMYHEIX o0xacTeit xuMuun. [lepronmyecKuii 3aKOH IMeeT OTPOMHOE
¢unocodckoe 3HaAYCHNEe — MOOATBepXAaeT OOINEe 3aKOHEI Pa3BUTHS
IIPHUPOJIEL.

B mae 2006 r. B O6beTUHEHHOM HHCTATYTE SIACPHBIX UCCIETOBAHUI
moJ, pyKoBoACTBOM akagemuKa [O. OraHecsHa OIBITHBIM XUMUYICCKIM
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MyTeM IMOATBEPKAEHO CYIlleCTBOBaHUE 37eMeHTa 112. DTo OTKphITHE
OJHOBPEMEHHO CIYXUT MOATBEpXKICHUEM CHUHTe3a 0oyiee TIXKEIbIX
asnmeMeHToB 114 1 116. MuieHs U3 IWIyTOHUA-242 00Iy4anach YCKO-
peaaEME 10 0,1c (¢ — CKOPOCTH CBeTa) mMOHAMU Kanbiua-48. B peak-
MU oOpa3oBaics U30Tol 3aeMeHTa 114. Yepes MoaCeKyHAB U30TOI
Mociie ¢-paciana MmpeBpalaics B U30TOI aaeMeHTa 112,

B atom xe rony B Poccum oTKpHIT 21eMeHT 118. OnmHAaKO Mpu3HaHTE
MexayHapOIHBIM COIO30M TEOPETUUECKON U MPUKIAAHOU XUMUHU Kaxk-
JIOTO 9JeMeHTa — JIMTeNbHas mpoueaypa. OTKpbiThie B O0beIuHEeH-
HOM MHCTHUTYTE SAACPHBIX UCCIEeNOBAaHUM CBEPXTKEIbIe 3IeMeHTH 112,
113, 114, 115, 116 u 118 momanyT B [leprommuecKyr TaOIHILy HeE
pasee 2009 T.

2.4. CtpoeHmne atoma. Passutue Nepunopnyveckoro
3akoHa 1. 1. MeHneneeBa

Ilepronnueckuii 3akoH . . MeHaeneeBa BEISIBII B3aUMHYIO CBSI3b
XUMHAYECKUX 2aeMeHToB. M3yuenue Ilepmomnyeckoro 3aKoHa IIOCTa-
BILUIO PSII BOIIPOCOB.

1. B yeM mprYmHA CXOACTBA U PA3IMINA 3IEMECHTOB?

2. YeMm oOBACHSIETCA IMEPUOANISCKOE N3MECHEHIE CBOMCTB 3JIeMeH -
TOB?

3. IToueMy cocemHue 3IeMEHTH OJHOIO IEPHUOAA OTIMYAIOTCI IIO
CBOMCTBaM, B TO BpeMs KaK WX aTOMHEIE MacChl OIM3KH, U Hao0OpoT,
B IIOATrPYIIIIaX aTOMHEIE MacChl COCETHUX 3JIEMEHTOB CYIIeCTBEHHO
pa3IuyaioTcs, a CBOMCTBA CXOOHEIE?

4. [TogeMy pacHoJIOXEHHE TEMEHTOB B IIOPSIIKE BO3pacTaHUSI aTOM-
HEIX Macc Hapymaercsa anemeHTamu Ar, K; Co, Ni; Te, 1?

Ha Bce 3TH BOIIpOCH HayKa HalllJla OTBET, BEISICHUB CTPOCHHUE aTO-
MOB 3JIEMEHTOB.

BoIBIMHCTBO YUEHHIX IIPU3HABAIN PeajJbHOE CYIIECTBOBAHUE aTO-
moB. Ho mousaTie o Hux OBLIO HelpaBuiabHOE (MeTapu3ndeckoe). ATOM
IMOHUMAIH KaK CaMyI0 MeIbUalIIyio YacTUIY BelllecTBa, TBEPOBI He-
IIPOHUIAEMBIN IApUK, HENCINMBIH HU NpH KaKWX YCIOBHUAX. JIWImb
HEKOTOPHIE IIEPeAOBEIe YUEHBIC IIPEAIoaaraand, YTo aTOM UMEET CITOXK-
HOE CTPOCHHE U IIPU OIPEASICHHBIX YCIOBHSIX MOXKET OBITH JIETUM.

JInmp B Konne XIX B. OBUIH cAeIaHbl OTKPEITHA, TOKA3aBIINE CIIOXK-
HOCTBh CTPOCHHUS aTOMOB M BO3MOXKHOCTH IIPEBPAIIEHHS IIPHU HM3BECT-
HBIX YCIOBUAX OJHUX aTOMOB B Apyrue. Ha OoCHOBE 5TUX OTKPBITHMA
OBICTPO Pa3BUBAIOCH yUeHlUEe 0 CMPOCHUU amoma. ATOM JIeiCTBATEIBEHO
oKazaicsa CIOXHOM CHUCTeMOH: NMepBHIMH OOHApYyXKeHHBIMH B aTOME
YaCTHUIIAMHU OBLIN 31eKIMPOHbL.

Yxe maBHO OBUIO M3BECTHO, UTO IIPU CHJIBHOM HAaKalWBAaHUU,
a TaKKe MpH OCBEIICHUM VILTpaUOIECTOBEIMU JIyYaMHU ¢ ITOBEPXHO-
CTH METAJIOB OTIEISIIOTCSI OTPUIATEIFHO 3apsKeHHEBIC YaCTHIIE U ME-
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TaJUIBI 3apsIKAIOTCSA MTOJOXUTEIBbHO. B BRISCHEHUU TIPUPOJIBI 3TOTO SIBIIE-
HUs OoJbllloe 3HAUEHUEe UMeTu paboThl pycckoro ydeHoro A.I.Cro-
JleToBa W aHTIHHCKoro yieHoro Y. Kpykca.

B 1879 r. ¥.Kpykc uccnegopan noBefeHUe 3JIeKTPOHHBIX Jyueit B
MaArHAUTHOM WJIM 3JeKTpUUECKOM ITOoJie, a TakxKe BpallleHUe BepTyIl-
KU, TTOMEIIEHHOW BHYTPU KATOAHOU TpyOKU, IO NEeHCTBUEM 3EKT-
PUYECKOTO TOKA BBICOKOTO HAMPSTKEHUS.

CBOHCTBO KATOOHEIX YUY€ IPUBOAUTE B NBIKCHHUE T€Id U OTKIO-
HATBCA B MArHUTHOM M SJIEKTPUYECKOM ITOJSIX MO3BOJIUIO CAENaTh
BBIBOJ, UTO 3TO MaTepUalbHbIC YACTUIIBI, HECYIIIUe HAUMEHBIIHUH OT-
pUlaTeIbHBIN 3apsa. BrocaencTBuy STU YaCTULIBI OBUTH Ha3BaHBI AJIeK-
TpoHaMu. Tak KakK 3JeKTPOHBI MOTYT OBITh MOJIYYEHBI HE3aBUCUMO OT
BEIEeCTBA, M3 KOTOPOTO COCTOSAT SJMEKTPONBI, 3TO A0KAa3bIBAeT, UTO
9JIEKTPOHBI BXOAAT B COCTAB aTOMOB JIO0OTO 3JeMEHTA.

B 1896 1. A. bexkkeperb 00HapYKWII, IYTO COCTMHESHUS ypaHa obma-
AT CIMOCOOHOCTBIO HCIYCKATh KaKWe-TO HEBUAUMBIC JTy4Yd, Aeli-
CTBYWOIIME Ha (poTorpacuuecKkyro MIacTUHKY, 3aBEPHYTYIO B UEPHYIO
Oymary.

M. Kopu-Ckinonosckasa u [1.Kiopu, mpomoiaxas ucciaemoBaHUS
A.bekkepens, B 1898 r. oTKpbIIU B ypaHOBOI pyie 1Ba HOBBIX 3JIEMEH-
Ta — paguil U MOJIOHUU, obMamamIue U3TyYeHUEeM OUeHb OOJbIION
akTUBHOCTU. OHM YCTAaHOBWIM, YTO 3TUM CBONCTBOM 00JaAaIOT U ApY-
rue 3JAeMEHTBI, Haxomsiuecs B ceabMoM mepuoje Ilepuommueckoit
CUCTeMEl (TOpHI, aKTUHUIL).

CBoiicTBO aTOMOB 3JIeMEHTOB CAMONPON3BOJLHO NMPEBPAMATLCA B
aTOMBI JAPYIHX JJIEMEHTOB, HCMYCKasA NMPH 3TOM JYy4YH, He BHIH-
MBI€ HEBOOPYXKEHHBIM IJIa30M, HA3BIBAIOT pPaouoaKmueHOCMbIO.

DIIEKTPOHEI ABIAIOTCSA COCTABHON YaCThIO aTOMOB BCEX 3JIEMEHTOB.
Ho Tak Kak ameKTPOHBI 3apsXeHBl OTPHUIATENIBHO, a aTOM B IIEIOM
SIIeKTpOHeHTpaieH, TO, OYEBUAHO, BHYTPH aTOMa HAXOOUTCSA ITONO-
XKUTESNBHO 3apsoKeHHAsA YacTh, KOTOpasd CBOUM 3apAIoM KOMIEHCHUPY-
€T OTPUMATeNBHEIN 3apsad 2IeKTPOHOB.

DKcHepUMeHTATBHBIC TAHHBIC 0 HATMINHT ITOJIOKUTEIHHO 3apsKeH -
HOTO fANpa W ero PacHoNOXeHWN B aToMe OBIIHM TOMYYeHBl aHTIUL-
CKHUM yIeHBEIM 3. Pe3epdopnoM coBMeCcTHO ¢ ero ydeHUKaMu B 1911 r.
MIpA UCCAeTOBAaHUHT OBIDKCHUS oi-YacTHIT B ra3ax 1 APYTHUX BellecTBax.
o-YacTullBl pamroaKTHBHOTO BeIIeCTBA HAIPABIAIM W3 CBUHIIOBOM
KOPOOOYKH Yepe3 Y3KOe OTBEPCTHE Ha TOHKYIO METAUTHYECKYIO TIIac-
THHKY. [lepen mIacTUHKOM W MOCiIe Hee MOMeIand 2KPaHbl, TTOKPEI-
THIe cyrbdumnoM muHKa. [IpocoexknBasg OBIKeHUE 0.-JACTHII, YISHBIH
VCTAHOBWJI, YTO OOIBITUHCTBO YACTHII He OTKJIOHSETCI OT IMepBOHA-
yanpHoro mytu. CleqoBareabHo, 60IbIIasg YacTh IIPOCTPAHCTBA, 3aHU-
MaeMoTO aToMaMH, MpOoHUIaeMa I HuX. YacTh o-9acTHUIT OTKIOHU-
JTach OT MPSIMOTUHEHHOTO ABIKeHNA, a HEKOTOpasd HUYTOXHAS JOI,

38



ImpuMepHO ogHa vactuira Ha Kaxapie 10 000, orckakuBaia B IIPOTHUBO-
MMOTOXKHOM HAIIpaBIeHUH 1 JaBalia BCIILIIIKKA HAa BTOPOM 3KpaHe. Pes-
KO€ OTKJIOHEHHE ¢/-4ACTUL HAGIIOJATI0Ch OYE€HB PEIKO. DTO IIO3BOIIIO
MPEeANONIOXUTE, YTO BHYTPU KAXXAOTO aToOMAa B SIApe CKOHIIEHTPUPOBA-
HBI TOOXUTEILHBIN 3apg] U Macca aToMa.

Slapo atoMa Bogopoaa ABASIETCS CaMBIM MPOCTEIM — HMeEET 3apsi +1
" Maccy, 0au3Kylo eguHnAire. OHO HA3BIBACTCS HPOMOHOM, UTO O3HAYA-
eT «rpocreimuiis. TakuMm oGpa3oM, IPOTOH UMeeT 3apsan +1 U Maccey,
OIM3KYIO eOUHMUIIC.

B 1930 r. 66110 3aMeUYeHO, YTO MpU GOMOApAUPOBKE ¢-4aCTUIIAMU
aTOMOB GEpHILTHS MCIYCKAIOTCA HOBBIC JTY4YH, O0NAamaroline OTrpOM-
Holi mpoHuKarwIeh crmocobHocThio. B 1932 r. aHrmuiickuit ¢pusuk
J.H.YeasBuk yCcTAaHOBUI, YTO 3TH JIYYU MPEACTABISIOT cOGOI MOTOK
SIIEKTPOHEUTPANTBHBIX YACTHIl, HA3BAHHEIX BIOCICACTBUN HEUMPOHAMU.
Ha ocHOBaHWUH TIDATENTBHOIO HM3YUCHUS SIMEPHBIX peakKuil (HU3NKU
J.1.Neanenko u E. H.T'arton n onHOBpeMeHHO B. 'eitzentepr s 1932 1.
MIPSIIOXKUITHA HPOMOHHO- HCUMPOHHYIO Meopuio CTPOESHUS aTOMHOTO SIpa.
CormacHo 3Toi TEOPHH aTOMHEIE SIIpa COCTOAT U3 MPOTOHOB U HEHT-
posoB. O6a BuIa yacTUI, O0bSAMHIEMEIX OA OOITUM Ha3BaHUEM HYK-
A0HbL, OBIANAIOT MOUTH OJUHAKOBOI Maccoit, paBHoii 1. Tak Kak Mac-
€a 3JeKTPOHOB B aToMe OYeHb Maja, MO Pa3HOCTH MEXIY aTOMHONI
Maccoil U Maccoi MPOTOHOB PACCUUTHIBAIOT YHUCIO HEHATPOHOB.

TakuMm 06pa3zoM, MAcCOBOE YHACIO OMpeAeaseT oblnee YUCIO MPo-
TOHOB W HEUTPOHOB, a MOPSIAKOBBII HOMEP — YHCIO IPOTOHOB B SIApe
H 3JIEKTPOHOB B aroMe. OOHAKO B MPUPOAE aTOMBI OJHOTO U TOTO XK€
SIeMEHTa UMEIOT pPa3IUYHEBIe aTOMHEIE MaccHl. Tak, aToMBI Bogopoaa
nuMeloT Macey 1, 2, 3:

'H, iH, iH wm 'H iD 3T
TPOTUH  NECUTEPUHN TpUTUHA
}I;[pa 3THUX aTOMOB COACpXaT OOMHAKOBOC YHUCIO IIPOTOHOB, HO
Pa3sHOE YUCIO HEWTPOHOB: SAPO IIPOTUSA COAEPXKUT 1 IIPpOTOH, SAApO

gedrepuss — 1 mMpoToH W 1 HEUTPOH, SAAPO TPUTHUS — | MPOTOH H
2 HeHTpoHA.

Pa3HOBHIHOCTH ATOMOB, HMEIOIIHE OJHHAKOBEIA 3apaa Aapa, HO
pa3Hble MACCOBbIE€ YHC/IA, HA3BIBAT U30monamu.

B Ilepuomuueckoii cucteme JI.M.MeHaeneeBa ykazaHa CpeaHsIS
aToMHag Macca 3JeMeHTa II0 MAacCOBBEIM YHCJIAM BCEX €T0 M30TOIOB,
KOTOPEBIE B3SITHI B HPOLIEHTHOM COOTHOIIEHUH HX PacIpOCTPaHEHHO-
ctu B mpupoae. Tak, aToMHas Macca XJopa paBHa 35,5, Tak Kak IIpH-
POIHEI XJIOp COCTOUT Ha 75,4 % W3 U30TOIIOB ¢ MACCOBBIM UYHMCIOM 35
" Ha 24,6 % 13 U30TOIOB ¢ MACCOBEIM YHCIOM 37.

ATOMEI pa3IMYHEIX N30TOIIOB OJJHOTO U TOT'O XK€ XUMUISCKOTO 2JIe-
MEHTAa Hapsamy ¢ pa3HBIMHU SI¢PHBIMH CBOHCTBAMHU HMMEIOT OMMHAKO-
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BO€ CTPOEHME INMEKTPOHHON OOOJIOUKH, TTOITOMY XUMHUYeCKUe U (pu-
3UYECKUE CBOMCTBA U30TOMOB MOYTH OAMHAKOBEIE.

TakumMm ob6pazoM, OTKPHTHA B KoHIle XIX B. IToKazaaW CIOXHOCTE
cTpoeHud aToMa. Ha oCHOBE 9THUX OTKPBITUI OBICTPO pa3BUBAIOCH yue-
HHUEe 0 cTpoeHUM aToMma. OCTaHOBUMCS Ha HEKOTOPBIX SAEPHBIX MOJE-
JISTX.

Ha ocHoBaHmu 3KcIIe pUMeHTAIBHEIX paboT B 1911 1. D. Pesepdopn
BBICKA3aJ TUIIOTE3Y O nAaHemapHom cmpoeduu amoma. COTIaCHO 3TOU
TUIIOTE3¢ aTOM MpeAcTaBIseT cCODOU cUuCcTeMy U3 OUeHb MaJoTo IO pa3-
mepam (103 —10"'2 ¢M) s1apa, BOKPYT KOTOPOTO II0 KPYTOBBIM OpOH-
TaM JBUTAIOTCS MEKTPOHBI. YUCIO 3eKTPOHOB TaKOe, YTO OHU CBOUM
OTpHULIATEIEHBIM 3apSAIOM HEHTPaATU3YIOT MOJOXUTETbHBIN 3apsas aapa.

Hixe npuBeaeHbl Moaeau aToMoB Mo Pesepdopay:

1H 2HC 3Li

) @

IMpeanoxenHasa 3. PesepdopnomM saepHas TEOpUSI CTPOSHUS aToMa
MOTYyYnIa MIUPOKOE PACIPOCTPAHEHHWE, HO B JANbHEWIIEM WCCIEN0-
BaTEIW CTONKHYIUCH C MPUHIUMUAIBHBIMUA TPYAHOCTSAMHU. Tak, co-
ITTAaCHO KIACCUYECKOU 3MEKTPOAUHAMHUKE SIEKTPOH AOJKEH U3MYYaTh
SHEPTUIO U JBUTATHCA HE M0 OKPYXKHOCTH, a4 MO COUPATCBAIHOU KpHU-
BOW M B KOHIIE KOHIIOB VITACTh Ha SIAPO.

Ha cmeny Teopun 3. Pesepdopna npuniia teopuss H. bopa.

B 1913 1. garckuit yueHwtt H. bop Ha ocHOBe KBAaHTOBOW TEOpUU
nanyueHus M.IInaHKa pa3BUI K8AHMOBYI0 MEOPUI0 CHIPOCHUS amoMa.

HMcxonsa u3 kBaHnToBOoUM Teopuu H.bop Teoperuuecku obGOCHOBAT
MOJIETTb CAMOTO MTPOCTOTO U3 BCEX AaTOMOB — aToMa BoJiopoaa. B ocHOBY
cBoett Teopun H. bop monoxun caeayomuil mocTyaaT: 3IeKTPOH MO-
XKeT ABUTAThCS BOKPYT s/ipa aToMa He Mo JIOBIM opOuTaM, a TOIbKO
MO BOOJHE OMPEACICHHBIM — MO3BOJICHHBIM.

CxeMbl aTOMOB MO0 bopy UMEIOT CAeAYIOMIUN BUM;

11Na

3Li
lH 2He ‘
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OGo3Hayas opOUTy Ayroi, a YHUCIO 3IeKTPOHOB MUPpPaMU, CXeMBI
atoMoB 1o Koccemo MoxXHO n306pa3uTh Tak:

1nNa s2Te

+1 +2 +3 +11 +52

[Ipu mBUXeHWN 3IEKTPOHOB IO HO3BOJICHHBIM OpOHWTAM aToM He
H3IYIaeT SHEPIuio. MaaydeHne W MOTIoMIeHUE SHEPTHH IIPOUCXOINUT
TIpH TIepexoe 2IeKTPOHA ¢ OTHOI opOUTH Ha mpyryio. [Ipm 3ToM sHep-
U U3AYIeHWA MEHSIEeTCd MOPIUSIMH, WIM KBaHTAaMM, KaXIOMy U3
KOTOPHIX COOTBETCTBYET OIpeeIeHHAsd JacToTa.

[MoroxeHWIO 3MEKTpOHA HA KAaXXIOM M3 CTAIIMOHAPHEIX OPOUT CO-
OTBETCTBYET ONpeNcleHHEIN 3amac sHeprum aroma. Korma smeKTpoH
IBUXETCS IO TepBOM OpOUTEe, MPOYHOCTE €T0 CBSA3U C SINpOM MaKCH-
ManbHas, a 3alac SHePIMd MWUHUMANLHEIN; TaKOe COCTOAHWE aToMa
HA3BIBAIOT HOPMAAbHBIM.

Ecnu momBecTH sHEpPIWio K aTOMY, TO 3JeKTPOH MepeMeCTUTCS Ha
omHy u3 Oolee YIATeHHEBIX OpOUT; MPH 3TOM IIPOYHOCTH CBA3U €T0 C
ATPOM YMEHBITIUTCS, a 3amac SHepPTUM aTOMa YBEMWYHUTC; TaKOe CO-
CTOAHUE aTOMa HA3BIBAIOT G030YHCOCHHBIM.

B B030yXIeHHOM COCTOSHHUM aTOM HAXOAUTCA Wb MUJUTHOHHEBIC
MOTN CeKYHIBI, ITOCTE Yero 3MeKTPOH CHOBA BO3BpAIaeTCs Ha MCXOMI-
HYIO opouTty. Ilepexon aaeKTpoHa ¢ yIaleHHON opOUTH Ha 0ojee OIM3-
KYIO COMPOBOXIACTCA BEIACTICHNEM KBAaHTA JIYIUCTOM SHEPIHH.

Jma xapakrepuctuku opoutsl H. bop BBen xeanmogoe uucao, BIo-
CIIeICTBUH TIOMYUMBITIce HA3BAHUE 22d6H020 KGAHM06020 uucaa n. Uncio
OpOUT 3TeMeHTa OIIpeneIIeTCsI HOMepoM Ieproa. Tak Kak IepHoaoB
ceMb, To pasmmyaroT 1, 2, 3, 4, 5, 6, 7-if ypOBHH 3HEpPIUH, KOTOPEIE
HAa3bIBAOT TaKXKe KBAHTOBBIMU CITOAMH W 0003HAYAIOT COOTBETCTBEHHO
K L, M, N, O, P, Q. OCmiee 4ncimo 3ISKTPOHOB B KBAaHTOBOM CJIOC
(3HEPreTUYECKOM YPOBHE) COOTBETCTBYET 2n%, L€ # — HOMEDP CIOM.

VY 371eMeHTOB ITIaBHBIX TOATPYIIIT YHACIO IeKTPOHOB Ha MOCAeTHEM
KBAaHTOBOM CJIO¢ paBHO HOMEPY TPVIIINEI, MPEATOCTeIHIN cI1oit — 3a-
KOHYEHHHIN (2, 8, 18 3/IeKTpOHOB), Ha OCTAaNbHEIX YHUCIO 3IEKTPOHOB
paBHO 2n°. Hampumep, a1eMeHT ;P paclonoxeH B TPETbEM MEPUOIE
(3HAYNT, UMeeT TPU KBAHTOBHIX CITIOA), B IIATOM TPYIIIe, TIABHOI MO~
IpYIITe; CIeaoBaTelbHO, HAa MOCIeTHEM cloe aToM (dochopa mMeeT
IIATh 37¢KTPOHOB, HAIIPUMED:

15P s2Te gsAt

2 85 2 818186 2 81832187
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Y 371eMeHTOB MOOOUYHBIX MOATPYIIIT YHUCIO 3IEKTPOHOB Ha MOCHeN-
HeM KBAaHTOBOM cloe paBHO aByM (mckmioueHme Cu, Ag, Au, Nb,
Mo, Cr, Ru, Rh, Pt — 1 anexkrpoH, Pd — 0), npenmociaenaunii KeaH-
TOBBII CIIOM HE 3aKOHYEH, HA OCTANBHEIX CIOAX IO 21’ 3JIEKTPOHOB;
HaIpuMmep:

215¢ ©Mo 75Re

2 892 2 818131 2 81832132

B 1915— 1916 rT. Teoputo H. bopa pa3sun HemMelkuii pusuk A. 30M-
Mepdensa. OH JOMYCTU CYIIECTBOBAaHUE HE TOJIBKO KPYTOBBIX, HO U
SIUTUNTAYECKUX JEKTPOHHBIX OPOUT, MO3TOMY ST XapaKTePUCTUKU
NBICKEHUS 3JeKTPOHA B aTOME OJHOTO KBAHTOBOIO YHCIA YK€ OBLIO
HeaocTaTouHo. A. 3omMepdeabl BBE BTOPOEe KBAHTOBOE UUCIO — 0p-
bumanvHoe 1.

Teopus atoma, paspaboranHas H.BbopoMm u passurag A.3ommep-
¢eapaoM, HECMOTpPS Ha Psll NOCTUXKEHMH, BCe Ke oKa3alach HeCOCTO-
sareiapbHO. B Teopuu atoma bopa— 3oMMepdenbaa mpenmnoaaraioch,
YTO, BO-TMEPBBIX, MOXHO OIMPEASIUTh MOMOXEeHUEe U CKOPOCTh KaXno-
ro 9JeKTpOHa M, BO-BTOPHIX, MPOCIEAUTH ero ABUXEeHUEe IO opbure.
0O0a 3TUX MPEeNNONOXEeHUS OKa3IUCh HEBEPHBIMU.

B 1927 r. nemenkuii pusuk B. ['efizenbepr chopMyIupoBall npuHyUun
HeonpedeseHHocmU: HEBO3MOXHO KaK-TU0O YCTaHOBUTH MECTOHAXOXK-
JIeHUe 9JIEKTPOHA B aTOMe, U CTPOTO ompeAeieHHas opObuTa Ajisi Hero
HUKOI/Ia HEe MOXET cTaTh (pU3NUECKOU pearbHOCThIO.

B ocHOBe HOBOTO KBaHTOBO-MEXaHUUECKOTO MOAX0Ja K CTPOSHUIO
aToMa JieXaao ABa OCHOBHBIX MocTynara: 1) 3JeKTpOH MOXHO OAHO-
BPEMEHHO paccMaTpUBaTh M KaK YacCTUILy, U KaK BOJHY; 2) 3JIeKTPOH
MOXET HaXOAUThCA Ha JKOOM PACCTOSHUU OT siApa, OMHAKO BEpOST-
HOCTb ero mpeObIBaHUS B pa3HBIX 00JIacTIX aToMa pa3iuyHa.

Pa3BuTre BOJIHOBOM MeXaHUKHU ITPUBENIO K OTKA3y OT MPeXHUX TTpe-
CTaBJIeHUIt 00 ompeaeNeHHBIX AIeKTPOHHBIX opOuTax. Eciu B Teopuu
bopa— 3omMepdensna opbuta paccMaTpuBaiach B KauecTBe JUHUM,
TO KBaHTOBasi MeXaHUKa BBOAUT MOHSATHUE MMPOCTPAHCTBEHHOU OpOUTHI
(opbutanu), mpeAcTaBiIsSsad ee KakK OMpeAeleHHYI COBOKYMHOCTH IMO-
JIOXXEHUU 2JeKTpOHA B aTOME.

DIEKTPOH MOXET HaXOAUThCS B JNIOOOH TOUKE MPOCTpaHCTBA BO-
Kpyr sapa. [TosToMy KBaHTOBast MeXaHUKA BBOJAUT MOHSTUE 3A€KMPOH-
Hoeo obaaka. 3apsj MEeKTPOoHA KakK Obl pa3Ma3biBaeTcsl, pacIIbIBaeTCs
Mo Bcemy o0beMy 3Toro obiaaka. DIeKTpOHHOE 0BJaKo MOXeT UMETh
pasHyl reoMerpuyueckyro (opmy. ¥ aroma Boaopoia, 06J1aaaroliero
OOHUM BJIEKTPOHOM, OpOUTAJIb c(hepuuecKu CUMMETpUYHA U Ha3bIBa-
erca ls-opbumaneio (1 — KBaHTOBOE YHCIO, S — THUII OpOUTAIN).
B aTome renus aBa a5mekKTpoHa 00pa3yroT o0I1ee ABYX3IeKTPOHHOE 001a-
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KO chepmdaeckoit hopMbl. Takoe Ke IBYX2JIEKTPOHHOE 00JaKO COmep-
XKUATCA BO BHYTpeHHeH opOUTAIN B aTOMAaX BCeX CISTVIOIINX 3a TeTueM
97IEMEHTOB — 3TO TaK Ha3bIBaeMble OPOUTAIM MEPBOrO THUIA — S-0p-
bumanu. B KaXXmoM aToMe CYIIeCTBYeT He Goree IBYX 3MIeKTPOHOB, 00-
JTaKa KOTOPBIX OMWHAKOBEI.

Opbutanu BTOPOTO THMA — p-0pbumanu ABISIOTCI BHITSIHYTBIMIA.
061acTh HAXOXNEHUS TEKTPOHA — TO II0 ONHY, TO II0 APYTYIO CTOPO-
Hy OT Ampa. DTU cCMEXKHEBIe 06Iaka 06pa3yioT BMECTe HeUTO BpOIe TaH-
teaun. Jms yno6GeTBa TaKylo TaHTEIb M300pakaloT B BHUOE ABYX IApOB
WIA BOCBMEPKH.

OpOuranm TpeThero THIIA — d-opbumany UMEIOT 0ojee CIOXKHYIO
¢dopMy — OHHU TIPEACTABIAIOT COOOM KaK OBl MBe CKpellleHHEBIe TaHTe-
m, a f~opbumanu o6Gpa3yoOT ele Ooilee CIOXHBEIE obOmaka (opOHUTaInd
YETBEPTOTO THUIIA):

() &2 08

2p 3d 4f

TakuMm obGpasom, ¢dopma 3IEKTPOHHOIO 0O0laKa He MOXET OBITh
ITPOU3BOILHOM, OHA OIIPENeIACTC BTOPEIM OpOUTATBEHEIM KBAHTOBEIM
YHUCITIOM /, KOTOpOe HA3BIBAIOT TaKKe nobounbin. COCTOSHIE 3TeKTPOHA
MIPY Pa3TINIHBIX 3HAUCHUAX / HA3BIBAIOT SHEp2einudeckumu no0ypogHImU
3JIEKTpOHA B aToMe U 0003HavaloT OyKBaMmu s, p, d, f.

MaxkcuManbHOe YMCIO 2MEKTPOHOB, Pa3MEMIaloNIuXcad Ha KaXKIoM
MMOOYpPOBHE, PaBHO:

e s — 2 3IEKTPOHA (s?);

e p — 6 3mekTpoHOB  (p°);

e d — 10 smexkrpoHoB (d');

e f — 14 sanextpoHoB (f').

PacmipeneneHme 31eKTpOHOB B aTOMaX MO 3HEPIeTHYESCKUM YPOB-
HAM W HDOOYPOBHAM M300paXxaloT B BUAC TaK HA3BEIBACMBIX 2/1€KMPOH-
Hbix popmyn (anexkmponHbix KoHGueypauuil). HammpuMep, a/1eKTpoOHHAS
¢dopmyna (koHUTypallusd) aToMa HATPUs, 3aHUMamIero 11-e Mecto
B [lepmommyeckoif cucTeMe, UMEET BUI

1Na 1522s22p63s!

CTpyKTYpy 3MEKTPOHHEBIX 060I0UeK aTOMOB YaCcTO M300pakaloT Ipa-
$UUeCKN TPHU TIOMOIIU SHepemu4eckux aueex (IeKmpoHHbIX CIPYK-
myp). [loHATHE 00 3HEPTETUICCKOM AYEiKe COOTBETCTBYET ITOHATHIO
00 3HEePTEeTIeCKOM COCTOSHUM 2JeKTPOHA, XapaKTepru3yeMoOM KBaH-
TOBBEIMM YHCIaMU #, [, m. Sldeiika 0603HaTaeTCa KBampaTUKOM, a 21eK-
TPOH BHYTPH SUeliKi — cTpenkoil. Kaxmas sadeiika MOXeT BMECTUTD
OIHY 3JeKTPOHHYIO TAapy, MaKCUMAaIbHOe YHUCIO SIeeK IS S-TIOH-
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ypoBHS cocTaBmaeT 1, mist p — 3, nua d — 5, nna f — 7. Hampumep,
CTPYKTYpa 3JeKTPOHHOU OOOJOUKH aToMa allOMHUHUS OylAeT UMEeTh
CIenyoIu BUI;

32 3pl

vl ]

2p6
252 ?

2| NN NN
K

IMo 3HepreTMYeCKUM COOOpaXeHUSAM 1s-OpOUTaIb 3aMOIHSIETCS
paHbIIE, YeM 2s-OpOUTANb; MOCAEOHAS B CBOI OYEPEAb 3aIlOIHACTCS
paHbIle, yeM 2p-opbutanb. [lopsgnok 3amoaHeHUA TpeX 2p-opOuraei
ompeaenseTca npasurom Xynoa, COIaCHO KOTOPOMY HU OIHA U3 p-OpOu-
Tajeil JAHHOM 0GOIOYKU HE MOXET OBITh 3aHATA ABYMS 3JICKTPOHAMMU
10 TeX TOP, ITOKA BCE p-OpOUTAIM 3TOI 060I0YKHM He GYAYT COAepXKaTh
mo ogHOMY 31eKTpoHy. Hampumep, mra atoma ¢ocdopa, 31eKTPOH-
Has opMyaa kKotoporo 1s22s?2p°3s?3p°, pacnpeneneHue Mo Auyeikam
Oy[eT UMETh CICAYIOIINIA BUL:

s

n=1| 1 2
n=2| NN NN 4

nesln o2 ] ] ] ]

OcHoBHOe cocTosiHMe aToMa (docdopa

Haxomnsich B ogHol g4eiike, 2IeKTPOHEI CBI3aHEI APYT C IPYTOM B
CHITy 3aMBIKAHWS WX MAarHUTHBIX MoJieli, 06pa30BaHHBIX IPU IBITKE-
HUHU 3IeKTPOHA IO 3aMKHYTOM OpOUTATH; SHEPTeTHISCKOE COCTOSHIE
37IeKTpPOHA, OGYCIOBICHHOE €r0 OpOHUTATbHBIM MATHUTHBEIM MOMEH-
TOM, XapaKTepH3yeTCsA TPETHUM KBAHTOBHEIM YHUCIOM — MACHUMHBIM

(m;).
[Ipn coolmeHnn 3HEPTrUN U3BHE 3Ty Iapy MOXHO Pa3beIUHUTH U
HYJIBBAaJICHTHOE COCTOSHHE CAEIATh BaJICHTHEIM:

s

n=1| 1 X
n=2| NN NN 4 .

n=ala [ r o] | ] | ]

IIarnBaseHTHOE BO30OYXACHHOE COCTOSHUE aToMa docdopa

Kaxnmeiif 21eKTpoH o61amaer eile U BHYTPSHHUM IBIKeHreM. Dd-
¢eKT, BEI3BAHHBIN BHYTPECHHUM NBIKeHHEM 3JICKTPOHA BOKPYT COO-
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CTBEHHON OCH, XapaKTepu3yeTcs YeTBEPTHIM KBAaHTOBBIM UUCIOM —
CHUHOBbIM My DTO BpallleHUE 3JeKTPOHA MOXET MPOUCXOAUTH B ABYX
MMPOTUBOMOIOXKHBEIX HAMPABICHUAX: MO YacOBOM CTpeNKe W MPOTHB
YaCOBOM CTPEJIKU.

Takum obGpa3oM, KaXIblii 9JIEKTPOH B aTOMe XapaKTepU3yeTcs ue-
THIPbMST KBAaHTOBBIMM YHcIaMu. I3yIUB CITEKTPBI MHOTO3JEKTPOHHBIX
aToMOB, mBeitapckuit puzuk B. [Tayru yeranosun (1927), uro B aToMe
He MOXeT OBITh ABYX SJIEKTPOHOB C YETHIPbMS OJUHAKOBBIMU KBAHTO-
BBIMM UYMCIaMHW; 3TO MPaBUJIO WU3BECTHO MOJA Ha3BaHUEM HPUHUUNA
Ilayau.

IMpunnun [Tayau TeXuT B OCHOBE CXeM 3alOJIHEHUS SJIeKTPOHHBIX
obonouek. [To aToMy MPUHIUIY, ONHAKO, HEBO3MOXHO OIMPEACIUTH
MOCAeN0OBATENILHOCTD 3allOIHEHUSI O0OJ0UeK U PaccuuTaTh YPOBHU
SHEPTUU JIS1 AaTOMOB TSIKEJIBIX 3JIEeMEHTOB.

Takum 06pa3oM, aTOM COCTOUT U3 SiApa U JNEKTPOHOB, SIAPO — U3
MMPOTOHOB U HEUTPOHOB. YHUCIO 3MEKTPOHOB ¢~ U MIPOTOHOB p', a TakK-
XKe 3apsl sSApa ONMpeneasoTcs MOPSAKOBEIM HOMEPOM 3jIeMeHTa (ycTa-
HoBieH [.Mosznu B 1913 r.), a yuCIO0 HEUTPOHOB # — IO Pa3HOCTU
MEXIy aTOMHOU Maccoil M MOPSIKOBBIM HOMEPOM;, HAITpUMED JUIST aToMa
3LP — 15p+, 15¢7; 31 — 15 = 16 HelTpPOHOB.

AnemeHTH B Ilepuommueckoii cucteMe /1. M. MeHaeneeBa pacio-
JIOXKEHBI CTPOTO MoCcIe0oBaTeIbHO B MMOPSAKE BO3pacTaHUS 3apsaa saep
ux aToMOB. [TOJOXUTENBHBIN 3apsil aTOMHOIO SiApa, a CIef0BaTeIbHO,
U YHCIIO 3JeKTPOHOB, ABMKYIIUXCS BOKPYT SIIpa, BO3pacTaioT OT dJjie-
MEHTa K 9JIEMEHTY Ha eIMHUILY. DTU KOTUISCTBEHHbIE U3MEHEHUS 00Y-
CITOBIUBAIOT KaueCTBEHHBbIE U3MEHEHUS, MOBTOPEHUE CBOUCTB B HO-
BOM IIEpUOJie MTPOUCXOAUT Ha Oosiee BHICOKOM ypoBHe. [Toatomy Ile-
puonuyeckuil 3akoH /1. V. MeHaeneeBa B HacTosIee BpeMs popmy-
JIUpyeTCcs Tak:

CpoiicTBa XHMHYECKHX JJIEMEHTOB HAXOAATCS B nepnonnqecxoﬁ
3aBHCHMOCTH OT 3apAda HX aTOMHBIX Aaep.

CpaBHeHl/Ie CBOWCTB 3JIEMEHTOB B Irpymnmax 1 rnmepuoaax u CormocraB-
JICHHUEC UX CO CTPOCHUEM aToMa IMO3BOIAIOT IMMPOACMOHCTPHUPOBATL 3a-
KOHBI TUAJTCKTUKHA.

MpuMepsb BbINONHEHUSA 3a4aHWUN

3aganue 1. Yto oOIero u B UeM pasIudns B CBOMCTBAX COCAMHEHUN 1OIa
u Maprafamna?

Pemenue. PacnomoXeHHBI B OJHOU IPYIIEe ¢ MOAOM MapraHell Ha
MOCIEIHEM SHEPreTUIECKOM YPOBHE MMEET IBA SICKTPOHA, T.€. MApraHel] —
5TO METaNI (BCE BIECMEHTHI MOGOYHBIX ITOATPYIIT SBILSIOTCS METAIAMU).
B HusIIell BaTeHTHOCTH (IBa) MapraHel] oGpasyeT ¢ KUCIOPOIOM COECIUHE-
Husg MnO — ocHoBHBIN okcun 1 Mn(OH), — ocHoBanue. BogopoaHoe co-
e¢OMHEHME I METAILTOB HexapakTepHo. CeMUBATCHTHEINA MapTaHell IOoJ00HO0
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XJI0py 06pa3yeT KUCIOTHBIN okcua Mn,0O; u kucrory HMnO,. KucnopomHasie
COCJIMHEHWSI MapTaHila ¢ BaleHTHOCThio IV GymyT obmamath aMbOTepHBIMU
CBOWCTBaMMU.

3apanme 2. JlatiTe OOIYyI0 XapaKTEPUCTUKY 3JEMEHTA ¢ TTOPSAKOBBIM HO-
MepoM 33. YKaXHUTe ero OCHOBHBIC XUMUIECKIE CBONCTBA.

Pemennme. DneMeHT MBIMIBIK (HOPSOKOBEIE HoMep 33) HaxXomawTcs B
YeTBEPTOM IIEPUONe, B TIABHON IMOATPYIIEe V TPYINBI, €ro OTHOCUTEIBHAI
atroMHasa Macca — 75. dnapo atoMa coctouT n3 33 IpoTOHOB U 42 HEATPOHORB.
DneKTpoHbI (X 33) pacHoNoXeHBI BOKPYT sAApa Ha YeThIpeX SHEPreTHICCKUX
VPOBHAX. MBIMIBIK — p-3JEMEHT, €T0 3IeKTpOHHAs (HopMyIa CIEAYIOINas:
1522522p63523p®3d1%4s24p3. Hanuuue mATH 3J1¢KTPOHOB Ha BHEIIHEM KBaHTO-
BOM clloe (3HEepPreTUIECKOM YPOBHE) aTOMa MBIIIBSIKA YKA3bIBACT HA TO, UTO
MBIIIBAK — HeMeTanmn. OaHako oH 061amacT ¢1abo BRIpAKeHHBIMYI METaJLTH-
JECKUMU CBOMCTBAMH, ITOCKONBKY B IPYIIIE CBEPXY BHU3 MIPOUCXOMAUT OCIAb-
JicHIe HEMETAUTTIeCKIX CBOMCTB. BhICIIast cTeIeHh OKMCICHNS MEITIBIKA + 5.
®opmyma BeICIIEro OKCHaa — As,Os, a ra3o06pa3sHOro CoeIMHEHNs ¢ BOIO-
pomoM — AsH;.

Bonpocbl n 3agaHug

1. Kak m3MeHA0TCS CRBOWCTBA BIEMEHTOR € YBEIMUYCHHUEM TTOPSIKOBOTO
HOMepa?

2. HazoBuTte sneMeHT X IO CIEAYIOIINM TaHHBIM: a) BIEMEHT YeTBEPTOTO
nepuona, Buicmit okcun X,0;, ¢ BomopoaoM obpasyeT ra3zoobpasHoe co-
envHeHne HX; 6) srneMeHT mATOro mepuoja, Beicmmit okeug XO,, ¢ BOJO-
POIOM Ta3000pa3HBIX COCUHEHUH He oOpasyerT.

3. Onun us snementoB 11 rpynmel, npenckaszanubix . M. MeHeneeRbiM,
obpasyeT okcum, comepxamuit 25,5 % kucmopona. HazoBuTe 3TOT SICMEHT.
(Omeem: rammmii.)

4. Kem 1 koryia ObITH OTKPBITHI 3I€KTPOHBI, TPOTOHBI, HEUTPOHBI? Kako-
BBI UX Macca W 3apsin?

5. OxapakTepusyiTe CyIHOCTh SJePHBIX TCOPUH CTPOCHUS aToMa. YKaXW-
Te WX HEAOCTATKHU. B ueM CyIHOCTh KBAHTOBO-MEXaHUUECKOW TEOPUU CTPOE-
Hus atoma?

6. B xakux rpynmnax u noarpynnax [leproandeckolt cucTeMbl HAXOISATCS
§- U p-3IEMEHTHI?

7. UeMmy paBHA SHEPTETUUECKAA €MKOCTh: a) SHEPreTUUECKUX YpOBHEH K
u N, 6) sHepreTUIecKUX HOAYPOBHEH s 1 d?

8. Kakoe cocrosHre aroMa Ha3BIBAIOT HOPMANbHBIM, KaKOe — BO30YXK-
JeHHBIM?

9. Kak Teopusi cTpoeHUS atoMa OOBACHSET YCUJICHUE HeMeTATAYECKUX
CBOMCTB BIEMEHTOR B Mpejeiax Iepruoia ¢ yBeTUIeHUEM aTOMHOTO HoMepa?

10. O6pasyer nmu 31eMeHT X ra3000pa3HOE COSIMHEHUE C BOJOPOIOM, €CITH
dopmyna BeIciiero okcuaa X,0;, a BHENIHUNA KBAHTOBBIA CION COMEPKUT
4p*-51mexTpoHbl? HamuIlNTe 3IeKTPOHHYI (DOPMYILY STOrO SIeMEHTA.



naBa 3
XUMNYECKASA CBYA3b. CTPOEHUE BELLECTBA

Mayuue rnasy, cnenyert:

3HaTb BMObLl XMMUYECKOI CBA3W (KOBaNeHTHasa NonspHas U KoBaJieHTHas
HenossApHas, NoOHHasA, BOOOPOAHas, MeTannn4eckas);

yMeTb onpefenaTh XxapakTep XMMNUYeCKON CBA3W B pasfiMiHbIX coeauHe-
HUAX U CTeNeHb OKUCNIEHUS 3NeMeHTa; COCTaBNATb CTPYKTYPHLIE (hOopMYyIbl
MONEKYNAPHLIX COEOANHEHUA.

3.1. Tunbl XUMHYECKON CBA3M

C pasBuTHEM YYEHUS O CTPOCHUU aToOMa MOSIBUIUCH pa3iUuHbIe
TeOpUHr, OOBICHAIINUE MPUUUHBI 00pa30BaHUS XUMUUYECKUX COSIU-
HEHUM.

OaHa U3 HUX OOBICHSAET 00pa3oBaHUE XUMUUECKOH CBSI3U MeEXAY
aTOMaMM 32 CUET BAJCHMHBIX 3ACKMPOH08 — SICKTPOHOB, PaCIoyio-
XKEHHBIX Ha BBICIIUX OPOUTANSAX U MO3TOMY CBSI3aHHBIX C SAPOM HaM-
MeHee MpouHo. [ToBeaeHre aTOMOB B XMMUUYECKUX MTPOIIeccax 3aBUCUT
OT TOTO, HACKOJBKO MPOYHO UX JTEKTPOHBI YAECPKUBAIOTCI HA CBOMX
opbutanax. I1lpu 3ToM GobIlIoe 3HAUEHUE UMEIOT CIASAYIOIINe BeIu-
YUHBI: JAUHA 843U, T.€. PACCTOSTHUE MEXIY CBSI3aHHBIMU aTOMaMH, U
SHepeus IJEKTPOHA B aTOME (3Hepeus UoHu3Quuu) — 3HEpPrus, KoTo-
PYIO HEOOXOMUMO 3aTPaTUTh JJIST OTPBIBA 3JEKTPOHA OT aTOMA.

JLJIst MHOTO3JIEKTPOHHBIX aTOMOB CYIIECTBYET HECKOIBKO SHEPTHUid
MOHU3AIUHU, COOTBETCTBYIOIIUX OTPBIBY MEPBOTO, BTOPOIrO U MOCTEay-
IOIIUX 3JEKTPOHOB A0 TEX MOpP, MOKa Yy aTOMa HE OCTaHeTCS BOCHBMMU-
3JIeKTpOHHAS 000109Ka (OKTET) WIN ABYX3JICKTPOHHAA 000I0UKa (Iy0-
JIET).

BmonHe ecrecTBeHHO, YTO aTOMEI ¢ HebombmmM (1— 3) unciaoMm
9JIEKTPOHOB Ha BHEIIHEH opOuTe OYAYyT CTpeMUThCS OTHATh UX, OOHA-
XKUB MPEeANOCIeAHION, YCTONUNBYIO BOCBMHUSJIEKTPOHHYIO O0O0IOUKY.
ATOMBI, Ha BHEIIHEH OpOUTEe KOTOPBIX YMCIO 3MEKTPOHOB OJIU3KO K
BOCBMH, HAIIPUMED aTOMBI JIEMEHTOB IMaBHBIX moAarpynn V— VII rpymm
IMepuonuueckoit CUCTEMBI, OYAYT CTPEMUTHCI MPUHATH HEMOCTAIOIIUE
9JIEKTPOHBI. DTU aTOMBI, IPUCOSAUHSS SMEKTPOHBI, 00pa3yOT YCTOM -
YUBBIC OTPHUIIATEIbHBIC MOHBL. DHEPrUusl OTPHIBA 3JEKTPOHA OT TAKOTO
HOHA OIpeNensaeT cpodcmes amoma K IAeKmpoHy.

B Momnekyne aToM, OTAABIIWU WIKM MPUHSBIINKA 3JIEKTPOHBI, UMEeT
YCTOHUUBYKD BOCBMUAJIEKTPOHHYIO UM ABYX3JIEKTPOHHYIO 0DOIOUKY.
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DTO MOXET MIPOUCXOIUTh HECKOJIBKNUMHA CHOCO68.MI/I, IIOBTOMY pa3ian-
YalT HECKOJIBKO TUIIOB XUMUYECKONA CBI3H. PaCCMOTpI/IM HEKOTOPEBIC
U3 HHUX.

HUonHasa cBa3b

H3BectHO, uTO 21meMeHTH 1 1 11 rpynm IlepuoanyecKoil CHUCTEMEBI
HEMOCPEACTBEHHO COeAUHIOTCS ¢ ameMeHTaMu V — VIII rpyom. Ilpu
3TOM METAJIBI MOJTHOCTBIO TEPSIOT CBOU 3JIEKTPOHHI.

B kauecTBe mpuMepa pacCMOTPUM 00pa3oBaHUE MOJEKYJIBI XI0pUaa
Hatpusa NaCl. DirekTpoH Ha mocienHeM cioe (M-cioe) aToMa HaTpUSI
CBsI3aH HE OUeHb MPOUYHO. B TO Xe BpeMs aToM XJIopa Ha M-cioe uMeeT
CeMb 3JIEKTPOHOB, W J0 3aBepIleHUsT BHEIIIHEro CI0s eMy He XBaTaeT
OIHOTO0 3JeKTpoHa. JlelcTBUTEIbHO, €CIU aTOM HATpUSI U aTOM XJIopa
OIU3KO MOAXOAAT APYT K APYTY, MOCIEAHUU 3EKTPOH HATPUA MOXET
MmepeliTH K aTOMY XJIopa, B pe3yabTare oGpasyeTcs MoJeKyla XIopuaa
HaTpHs, COCTOSIIAS U3 MOJOXUTEIBHOr0 HOHA HATPUS U OTpULIATEb-
HOTO MOHA XJIOpa, UCIBITHIBAKIIUX MPUTSIKEHUE APYT K APYTY 3a CUeT
KYJTOHOBCKUX CUJT:

0 0 +1 -1
llNa + 17C1 — NacCl

aToM aToM MOJICKYJIa

KLM KLM
2 81 2 87
N~N—

HpeBpameHI/Ie aToOMa B ITOJOXKHUTCIBHO Sapﬂ}KeHHLIﬁ HMOH IMPHUBO-
JUT K YMCHBIICHHUIO €TI0 Pa3sMEpPOB. PaBMep OTpHUIATCIbHO 3apAKCHHO-
'O MOHa YyBCIMYUYUBACTCA IIO CpaBHCHHUIO C pasMEpPOM aTOMa, TaK KakK
ocmabaaeTcsa CBA3b SJIEKTPOHOB C AAPOM.

XHMHYECKYIO CBSA3b MEXKIY HOHAMH HA3BIBAIOT UOHHOI.

Honbvi — 3TO 3apsKeHHBIC YAaCTHUIBI, B KOTOPEIC MpPEeBpaIlalTCs
aTOMBI B PEe3yJIbTAaTe OTAAYM WM IMIPUCOCTUHCHUS 3ACKTPOHOB.

HonHas cBsI3b o0paszyeTcsa MeXIy aToOMaMH METaIOB U HeMeTal-
JIOB, IIPH 3TOM 3JEKTPOHEI IIEPEMEIIAalTCI U3 BHEITHETO CIOS MeTal-
JOB Ha BHEIIHUHN CI0U HEMETaJLIOB.

Te aToMBbl, KOTOPBIE JIETKO TEPSIOT JCKTPOHBI U CTAHOBATCS ITO-
JOXHATEABHBEIMUA MOHAMU, YCIOBHO HA3BIBAIOT 31€KMPONOAOHCUMECAbHBL -
Mu, TOTAA KaK aTOMEI, IIPUHUMAIOIINAE 3AeKTPOHEBI, YCIOBHO Ha3bIBa-
0T 21eKmMpoompuyamebHbimMu; HalpuMep:
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0 0 +2 -2
12Mg + gO - MgO

aToM 4daTOM MOJICKYyla

KLM K L
2 82 2 6
N—

9JI€KTpOHOJIO}KI/IT€JIBHOCTB aTOMa MarHusA paBHa +2, SIIEKTPOOTPpU-
OaT€JIbHOCTb aTOMa KHCJIOPOAa paBHaA 2.

M oHHEBIX CoeaMHEHUIT CpaBHUTCIBHO HEMHOI'O. bonpmmHCTBO opra-
HHUYCCKHNX, a TAKXKC MHOTMC HCOPraHMYCCKUE COCAMHCHNA HE UMCIOT
B COCTaBE€ MOHOB.

KoBaneHTHass cBA3b

B 1916 r. amepukanckuii yueHbri I.JIsionc pa3paboTaa Teopuio
KOBaJIEHTHOI xuMHueckoi cBsa3u. OH, Tak ke kak u B.Koccenb, uc-
XOOWI U3 TOJOXEHHUS, YTO aTOMBI CTPEMSTCS UMETh BOCBMHUOJIECKT-
POHHBIA BHEIIHWUU CIOH — 3JE€KTPOHHBIA OKTET WU 3JIEKTPOHHBIA
OyIureT (B clIyyae aToMa BOOOpPOa).

MexaHu3M o0Gpa3oBaHUS MOJEKYI U3 aTOMOB HEMETaJUIOB COBEp-
IIeHHO MHOM, YeM B ciyuyae oOpa30BaHUS MOJEKYI U3 aTOMOB MeTa-
Ja 1 HemeTtaia. Ho mpuHIIKMI ocTaeTcs MpesXXHUM — CTpeMJIeHUe aTo-
MOB MUMETh SJEKTPOHHBIN OKTET WU IMEKTPOHHBIN AYILIET (B ciayvyae
aToMa BOJOPOJA).

O6pa3oBaHUe YCTOMYUBOU 3JIeKTPOHHOU KOHMUTYPAITAN TTPOUCKO-
JIUT IIyTeM 00O0OIIeCTBICHHUS 3JISKTPOHOB ¢ 00pa3oBaHUEM IIaphl, 00-
meit s oboux atoMoB. Tak, IpU CTOJIKHOBEHUU JBYX aTOMOB BOJO-
pola 3J1eKTPOHBI, paHee MIpUHaIeXalue IByM pa3HbBIM aToMaM, 0000~
MIECTBISIOTCS, 00pa3ys eanHOoe NMEKTPOHHOE 00IaKo:

H- +H- HH H,
1s
]
+ - | | H,
i t
1s 1s 1s

JIByX3/IeKTPOHHAS CBS3b, MPHHALIEKAMAA OJHOBPEMEHHO IABYM
siIpaM, HA3LIBAETCS KOGAACHMHOIU.
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YciaoBHO oHa o0o3HavaeTcsl yepToukamu, Hanpumep: F—F; O=0
U T.TL.

[Ipu o6pazopaHUM MOJEKYIBE U3 OJUHAKOBBIX ATOMOB IDIOTHOCTH
9JEKTPOHHOTO 00J1aKa OKa3bIBAeTCd CUMMETPHUUHA OTHOCUTEIBHO SiAep
oboux aroMoB. Takasi KOBaJlieHTHAS CBSI3b HA3BIBACTCS HEHOAAPHOU, UITA
20MEONO0ASAPHOI.

Ecnu mMonekymna obpa3oBaHa pa3HBIMUA aTOMaMU, TO MOJEKYJISIpPHOE
9JIEKTPOHHOE 00JaKO CMeEIaeTcsd B CTOPOHY aToMa, UMEIOIIEero Hau-
OOJIBIIYIO 3MEKTPOOTPUIIATEIEHOCTD. Takas KoBaJeHTHAs CBSI3b Ha3bl-
BAaeTCS HOASIPHOU, WIN eemMeponoAspHOU; HallpUMeDp:

B+ -8k > HQCE HCl

1s 3p

B Monekyiae xmopoBomgopoaa o61Iasa aIeKTpoHHAs mapa cMellleHa K
atoMy XJ1opa. B pe3ynbrare Ha aToMe XI0pa BOZHUKAeT HEKOTOPBIA 13-
OBITOYHBINM OTPUIIATETLHEIN 3apsad, KOTOPHIM HA3BIBAIOT 2¢ghexmue-
HbiM, a HA aTOMe BOOOPOIA — 3apsd, PaBHEIM IO BeIWYWHE, HO MPO-
THBOTIOIOXHEBIN MO 3HAKY — 2(PpeKTUBHBIN MOTOKUTETLHBIN 3apsi.

BMmecTo TepMUHOB «ITOTOXUTEIBHEIN» U «OTPHUIIATeTBHEIN> a¢hdeK-
TUBHHBIM 3apsn WHOTIA YIOTPEGIAI0T TEPMHUHEl «ITOTOXHUTEeIbHAS» T
«OTpHULATENBHAS» KOBAIEHTHOCTD.

Tak, B Moxekyne F,O ¢ KOBaIeHTHOH IOMSIPHOIN CBS3BIO 3IIEKT-
pOHHAsA Tapa cMellleHa K Hambojee 3IeKTpOOTPUIATEILEHOMY aTOMY
¢dTopa, TO3TOMY KOBATCHTHOCTE ¢hTopa OyIeT paBHa —1, a KOBaJIeHT-

HOCTb KHCIIOpOAa +2:

B 3zaBucuMocTH OT TOro, KaKhue UMEHHO 3JCKTPOHH (s, p UIH d)
0GO6IIECTBIIIOTCS, BO3MOXHEl PA3TAYHEIC TUMHI KOBAJCHTHOMU CBS-
3W.

JlBa s-aMeKTpoOHA MOTYT OOpa30BBIBATE TONBKO TAKYI CBS3b, IPU
KOTOPOH TIepeKpBIBAHUE SIEKTPOHHEIX OOIAKOB MPOHUCXOAUT BAONIb
MIPIMOI, COeTUHIIONICH IEHTPH B3aUMOICHCTBYIOIIAX aTOMOB; TAKYIO
CBSI3b HABBIBAIOT CU2MA-CE53bi0 (G-C8S3bI10):

s S

50



o-CBs3b MOXET BO3HUKHYTD U ITPU B3aUMOJEUCTBUU OAHOTO S-3J1eK-
TPOHA U OJHOTO p-3JeKTPOHA, a TaKkKe MpU COMMKEHUU ABYX p-dJeK-
TPOHOB:

LN ’ ’
<G —><

OpnHako 1Ba p-3JeKTpoHA HAPANY ¢ G-CBI3BI0 MOTYT 00pa30BEIBAThH
ellle OOWH THUM cBA3u. Ecam ocu p-opbuTaneil IByX aTOMOB PacIIoIoXe-
HEI TTApaIeTbHO, IPOUCXOMUT X GOKOBOE MepeKpLIBaHUE HAN U ITOJ
TUTOCKOCTBIO G-CBSI3U:

Takoii THIIA MepeKpEIBAHUS HA3BIBAIOT NU-C823b10 (T-C8A3b10).

Takoe IByKpaTHOe TepeKpHIBaHUe 3MEKTPOHHBIX 0GIaKOB HE Clle-
IyeT paccMaTpUBaTh KaK ABOMHYIO CBA3b. DTO CBA3L OAWHapHAas, n60
OHa o6pa3oBaHa 00006IeCTBICHIEM OMHOM Haphl p-3J1eKTPOHOB.

[lepexkpriBanne p-opOuTaneil IpH 00pa30BaHUU T-CBA3eil MPOMC-
XOIOWUT BHe 00JaCTH MaKCUMANBHEIX IDIOTHOCTEH 3IeKTPOHHEIX 061a-
KOB, MTO3TOMY TIPOYHOCTE T-CBI3M MEHBIIE TIPOYHOCTH G-CBI3M.

JBa d-amexTpoHA MOIYT OGpa30BBIBATL HAPANY C OG- M T-CBA3BIO
elIlle OIUH TUIT — deavma-cea3s (8-ces3v). B aTOM ciydae mepeKphIBaHTe
3JIEKTPOHHEBIX 00JIAKOB MMPOUCXOIUT IeTEIPEXKPATHO.

DIEeKTpOH B MOJEKYIC YXKe He XapaKTepH3yeTcs OIpencIeHHBIM
OpOUTANTBHBEIM YACIOM. B 3TOM clydae COCTOSHUS SJEKTPOHA B MOJIe-
KyJie pacCMaTpUBAaIOT KaK HeKWe THOPUIHBIC COCTOAHU. [mbpunmnza-
s yBermamBaeT 3¢hdeKT mepeKphIBaHI 3JIeKTPOHHBIX O0IaKOB M,
ClemoBaTeIbHO, AeTacT CBA3D OoMlee MMPOYHOI, a 3HAYUT, U HoIee Hep-
TeTHYeCKU BEITOTHOM.

MeTtannn4yeckas cBa3b

9JI€M€HTBI, aTOMBbI KOTODPBIX JCTKO TEPAIOT SJICKTPOHEI, 06pa.3y}OT
METALTUICCKYIO CBA3b. Takum cBoiiCTBOM 06J'[a,I[aIOT METaJLIbI.
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IIpu moctaTouHOM COMMKEHUHM aTOMOB MeTala MPOUCXOAUT UX
B3aUMOAEUCTBUE, IPU ITOM INEKTPOHEI YTPAUUBAIOT CBA3b CO CBOUMU
aToOMaM{ U CTAHOBATCA OOIUMH.

Takum obpa3zoM, MeTALTUUECKasd CBA3b MPOSBISIETCS B TBEPAOM U
KUIKOM COCTOSTHUM MeTajlla, TOrJa Kak B ra3000pa3HOM COCTOSTHUU
MOJIEKYJIBI MeTaJlIa MpeACTaBIIIOT cODOM OTAeIbHBIE ATOMBI, MPAKTH-
YeCKU HE B3aMMOJACUCTBYIOIINE APYT C APYTOM.

B MeTannax UMerOTCA MONIOXUTEIBHO 3apsSKeHHBIE HOHBI, ATOMBI U
nepeMelarmuecs MexXny HUMHU OOIIHUe «TOJIyCBODOJHBIC IEKTPO-
HBI. OTU «ITOJYCBOOOMHBIE» 3MEKTPOHBI MOABUXHBI, HEITPOYHO CBSI3a-
HBI C aTOMOM M CTAHOBSTCS OJHOBPEMEHHO OOIIUMU AJIST BCEX aTOMOB.
IMosToMy MeTammbl XapaKTepU3YIOTCS BBICOKOU 3IEeKTPUUYECKON MpPo-
BOOUMOCTEIO U TEIUIONPOBOAHOCTLIO, CPABHUTEIBHO JIETKO U3IYYAIOT
9JIEKTPOHBI MIPpU HAarpeBaHUU U OOIYUYEHUM UX CBETOM.

XuMuueckasd cB493b, OCHOBAHHASA HA 0000MEeCTBICEHAN BATEHTHBIX
JICEKTPOHOB, IPHHALJICIKANMAX BCEM ATOMAM B KPHUCTAJLIE, MOJIY-
YWIA HA3BAHHE Memdaliu4ecKkol.

MeTaninuyeckas CBSI3b JOBOJBHO IIpoyYHasd, 0CODEHHO Y TsEKEIBIX
METAIIOB. DTUM OOBACHSIIOTCA MX BBICOKHE TEMIIEPATYPHI ILTIaBJICHUA
1 TEMIIEPATyphbl KUIICHUW .

BogopogHasa ¢cBA3b

Ecnn moHHas, KoBaJeHTHAd, MeTAIIMYeCKass XUMHUCCKHAE CBSI3H
ABIIIOTCS BHYTPUMOIEKYISIPHBIMU, TO OCOOBIH BHI MEXMOIEKYISIP-
HOTO B3aUMOJCHCTBHS MPEACTABISACT 8000POOHAS CESA3b.

HasBanme sToro THMa CBSI3W ITOKA3EIBAcT, UTO B e¢ 00pa3oBaHUU
MIPUHUMAIOT yJacTHEe aTOMBI BOOOPOAA.

BonopomHyo ¢BI3b MOXHO pacCMATPHUBATh KaK HEKOTOPYIO JOITOM-
HUTEIBHYIO CBI3b, KOTOPYIO IIPOSBILACT aTOM BOAOPOAA, VKe CBI3aH-
HBII B MOJIEKyJIe KOBATCHTHOHN CBSI3BIO C APYTHMM ATOMOM.

AToM Bomopoaa 006pa3yeT BOOJOPOIHYIO CBS3b NI ¢ aTOMAMH OITpe-
JIeICHHEIX 2JIEMEHTOB, K KOTOPBIM oTHocarca atomul F, Cl, O, S, N.
DTH aTOMEI CHJIEHO MPUTSITUBAKOT K ¢ebe 061y 3IeKTPOHHYIO Mapy,
YTO BBI3BEIBACT IMOSBICHUE V HUX 3((EKTUBHOIO OTPHIIATEIBHOIO 3a-
psifia U IPUBOAUT K MPEBPAIcHAIO aTOMA BOAOPOAA B IIPOTOH, MOUTH
JMAIICHHBIN 3IeKTPOHA.

B oTnmmume oT Apyrux MOIOXKUATEIBHEIX HOHOB ITOIOXUTEIRHEII HOH
BOIOPOAA HE MMEET 3JICKTPOHOB, ITO3TOMY HE OTTANIKHBACTCH JIEKT-
POHHBIMH OGJaKaMH YKA3aHHEBIX BBIIIE OTPUIIATEIBHO 3apsSKeHHBIX
aTOMOB, a TOIBKO MPUTATHBaeTCA. TaK Kak pasMephl IIPOTOHA BO MHO-
[0 pa3 MEHbIIE Pa3MEPOB APYTUX MOHOB, 3TO IMO3BOJSICT €My OIMXe
MOAXOOUTh K APYTAM YacTUOaM. BomopomHag ¢BI3b ABISETCS MPUIH-
HOH accoIMaIli MOJIEKYI HEKOTOPHIX BOTOPOIHEIX coeanHeHuiA. Ha-
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puMep, Bo (PTOPOBOIOPOAE CYIIECTBYIOT He TONBKO MOJeKyasl HF,
HO 1 accomuupoBanHbie arperatel (HF), u (HF);:

B o06BIYHOM BomE 3a CUET BOMOPOTHOM CBSI3U CYIMISCTBYIOT ACCOITUM -
poBaHHbIe MoJeKyabsl coctaBa (H,0),, rme » = 2—15; mpocTele MoJe-
Kyasl H,O cyIecTByIOT B mapoo6pa3sHOM COCTOSHUM:

O---H H O---
AN N/ 7\
-++H H O---H H

CyIiecTBOBaHHUE aCCOITMATOB MOJCKYIE BOAB U ABISICTCA IIPUIM-

HOI ee pa3TNYHBIX aHOMATLHEIX CBOMCTB.

Boodopoonoii ceazvro Ha3BLIBAIOT XAMHYECKYIO CBSA3b, 00pa3oBaH-
HYI0 aTOMOM BOJOPOJA ¢ ATOMOM Jpyroro Goee 31eKTpooTpUANA-
TEJBHOTO JJIEMEHTA.

O0603HAYaOT BOIOPOIHYIO CBA3b TOUKAMH (- - +).
BomoponHast ¢BI3b MOXKeT OBITH 0OpazoBaHa MOJCKyIaMU pPa3HOM
MIPUPOIEI, HAIpIMep MOJIEKYIAMHA BONB M CITHAPTA:

CH,—0---H H
N\ N/ "
H---O .

BO,Z[OpO,Z[HaH CBA3b MEHEC IMpOYHasdA, YCEM KOBaJICHTHAaA.

Bonpocb n 3apaHug

1. Mexay aToMaM#u KakvxX 5JIEMEHTOB BOSHUKAET MOHHAs cBA3b? Kakyio
XUMUYECKYI0 CBSI3b HA3BIBAIOT MOHHOW WJIW 3IEKTPOBATCHTHOM?

2. M300pasnTe 5NEeKTPOHHBIMU YPABHEHUSIMH MPOIECChl 0OPa30BaHUS U3
aTOMOB CIENYIONAX COeAUHEHUHN ¢ MOHHOU cBs3bw: ZnS, Mgl,, PbO,.

3. OxapakTepusyliTe KOBaJIeHTHYIO CBI3b. Ha Kakue BUIBI OHA MOpas/e-
nsgetcsa? Mexny aToMaMd KaKuX 3JIEMEHTOB BO3HUKAET KOBAJNCHTHAS CBI3H?

4. JlaiiTe XapakTepUCTUKY - U G-CBSI3U.

5. CocTaBbTe CTPYKTYpHBIC (DOPMYINBI U MTOKAXKUATE 0OPA30BaAHUE OKTETA B
crenyiommx coequHeHnsax: NH;, N,, H,COs.

3.2. CteneHb oKucneHus

I[J'[H XapaKTCPUCTUKHU COCTOAHHA aTOMa B MOJIEKYJIC BMECCTO ITOHS-
TUA «3JICKTPOIMOJIOXUTECIIBHOCTE» U «3JICKTPOOTPULIATEIABHOCTE» aTO-
Ma, «<KOBAJCHTHOCTL» BBCIACHO ITOHATHUC CHIeNEeHb OKUCACHUA.
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HpI/I OIMMPEACICHUN OTOI0 IMOHATHUA YCIOBHO IMPHMHMMAKOT, YTO B
COCAMHCHHNHN BAaJICHTHBLIC 3JICKTPOHLBI IIECPCIIIN K Gonee SIIEKTPOOTPpU-
oaTeaIbHOMY aToOMy (KaK IpaBUIO, K aTOMY JJICMCHTA, PaCITOIOZKCH-
HOTO IMpaBE€€ 1 BLHILIC B HepHO,Z[PI‘-IeCKOfI CI/ICTeMe), IIOSTOMY COCIMHE-
HHA COCTOAT TOJBKO M3 IMOJOXMUTCIBbHO WIK OTPULATCIBHO 3apsKEH-
HBIX HOHOB.

Cmenens oxucienus — 3T0 YCJIOBHBI 3apsd aTOMAa B MOJIEKY.Ie,
BBIYHCJEHHBI COIIACHO MPEAN0J0KEHHI0, YTO MOJIEKYJIA COCTO-
HT TOJBKO W3 HOHOB.

CreneHN OKHUCICHUS 0003HAYAOT apabCKUMU I paMu CO 3HAKOM
QUIOC» (+) WA «MHHYC» (—) Tepen mudpoii. Aarebpandeckas cyMMa
cTeneHell OKHUCIIEHHSI aTOMOB B MOJIEKYIIe BCEra paBHA HYIIO.

Hampumep, B Momekyne K,SO; cremeHb OKUCICHUS aTOMAa KA
paBHa +1, cepsl +4, Kuciaoponga —2

+1 +S4 (-)2

K

+1 22 R ) g 3
+6 -6

Jas ompeneaeHNs CTeNeHN OKUCICHUS SJIeMCHTOB B COSTMHEHUSX
clenyeT YUATHIBATh AJIEKTPOOTPUIATEIBHOCTE* AIEMEHTOB, IPUBEICH-
HyIO B Tabm. 3.1.

Tak, B coequnennu PCl; creneHp okuciaeHus atoma docdopa +3,
atoMa xjaopa —1, MOCKOJBKY 3JeKTPOOTPUIIATEILHOCTh aToMa Xjaopa
paBHa 3,0, a atoma ¢ocdopa 2,2; B coenuHenun F,O amexTpooTpuna-
TeIbHOCTEh aToMa ¢ropa (4,0) Gomellie, yeM aToMa Kucaopona (3,5),

Ta6nuna 3.1. OTHocHTEIbHAA IJIEKTPOOTPHNATEIBHOCTb 3JIEMEHTOB

H

2,1

Li Be B C N (0] F

0,98 1,5 2,0 2,5 3,07 3,5 4,0
Na Mg Al Si P S Cl
0,93 1,2 1,6 1,9 2,2 2,6 3,0
K Ca Ga Ge As Se Br
0,91 1,04 1,8 2,0 2,1 2,5 2.8
Rb Sr In Sn Sb Te I

0,89 0,99 1,5 1,7 1,8 2,1 2,6

* Dpexmpoompuyamenviocms — BEIWIMHA, XapaKTepHU3YIOIIas OTHOCHUTEILHYIO
CIIOCOGHOCTh ATOMAa B MOJIEKYJIE CMeIlaTh K ceGe OBIIyIo 2JIEKTPOHHYIO Tapy.
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MMO3TOMY CTEIIeHb OKUCICHUI aToMa ¢hropa GydeT paBHa —1, a aToMa
KHucaopoda +2.

Bo MHorux ciaydasx cremeHL OKHCIEHHSA He paBHA BATEHTHOCTH
JaHHOTO aleMeHTa. Hampumep, B coequHEHUIX

-2 -1 0 +1 +2
H2Oa H2O2a 023 O2F2a OF2
CTeleHb OKUCICHUSI KUCIOPOaa pa3InyHa.

Jnst ompeneneHUs BaJeHTHOCTH U CTEIEHU OKMUCICHUS B TaKHUX
cayJasx, Kak ¢ KUCIOPOAOM, HEOOXOAUMO CTPOUTE Ipadudeckue hop-
myiael. Hampumep, ais coeauneHust FeS, ucxonss u3 rpacduueckoit
(hopMYIIBL
S
/

Fel |
~
S
MOJYYUM: BAICHTHOCTb CEPHI U Xeje3a paBHaA ABYM, a CTeleHb OKHUC-
JeHus: ceprl —1, Xemesa +2.
B coemgunennax Hg,Cl, u HgCl,

+1

Hg'—CI +2 /Cl
+1| Hg\
Hg—Cl cl

BAJICHTHOCTDL PTYTH paBHa ABYM, a CTCIICHb OKHUCJIICHMA pa3Hasd: +1 m+2.

Bonpocb n 3apaHug

1. Yto obrero MexXay CTETICHBbI0 OKHUCICHUS W BATCHTHOCTHIO U B UeM
pasmure? YKAaXKWUTE BATCHTHOCTh M CTEIIeHb OKHWCICHUA KaXIOro aToMa B
monekynax: Cl,, H,O, N,, NH;, H,S. OtBeT 060CHYyliTE, MONB3YICh TEOPUEH
CTPOCHUS BelleCTBA.

2. OmpefieNnTe CTENEH OKUCIEHNS aTOMOB B CoeqUHEHMAX 1 noHax: CrO7,
HNO,, KCIO,, SO}, PO}, K,PO,, SiH,, NHj.

3. OnpenennTe CTeNeHb OKUCTEHUS:

a) ¢ocdopa B H;PO,, Ca(H,PO,),, P,Os;

6) Mmemn B Cu,O, Cu(NOj),, (CuOH),CO5;

B) cepel B K,S0;, Mg(HS),, KAI(SO,),.

TToctpoiite rpadudeckue GOpMYIbl COSANHCHNIN.



naBa 4

OKUCJINTENbHO-BOCCTAHOBUTEJIbHbIE
PEAKLUU

U3yuunB rnaey, cneayer:

3HATb OCHOBHLIE MOHATUSA U CYLLLHOCTb OKUCTUTENIbHO-BOCCTAHOBUTENbHbIX
peakuuii, NpaBuna CocTarNeHUsA OKUCIIMTESIbBHO-BOCCTAHOBUTESbHbBIX PeaKLnii
MEeTO[OM 3NIeKTPOHHOro BanaHca;

yMeTb KNaccubuUMpoBaTh peakumm ¢ TOHKM 3PEHUS CTENEHUN OKUCIIEHUS
OnpefensTb U NMPUMEHATb NMOHATUSA: «CTEMNEHb OKUCTIEHUSA», «OKUCTTUTENN U
BOCCTAHOBMUTENMU», «MPOLECCHI OKUCIIEHUS U BOCCTAHOBJEHUS»; COCTABNATh
3NEeKTPOHHbIN 6GanaHc OJ151 OKUCUTENIbHO-BOCCTAHOBUTENBHbLIX peaKLUA U Npu-
MEHSATb €ro A1 PACCTaHOBKM KO3 MUUMEHTOB B MONEKYISPHOM YPaBHEHUM.

4.1. N3meHeHue CBOMCTB 3N1IeMEeHTOB
B 3aBUCUMMOCTM OT CTPOEHUA UX aTOMOB

I/ISYT-II/IB THUIIBI XUMHUYCCKHUX peaKHHﬁ, CTPOCHUE MOJIEKYII, B3aUMO-
CBA3b OCHOBHBIX KTaCcCOB XUMHWYCCKHUX COe,I[PIHeHPIﬁ, MOXHO CKa3aTb,
YTO OONBIIUHCTBO peaKHI/Iﬁ OPpUCOCANHCHMA, PA3JIOKECHUA U 3aMCIIIC-
HHA MIPOTCKAKOT ¢ UISMCHCHUEM CTCIICHHW OKUCICHUA aTOMOB p€armpy-
OIKUX BEIMICCTB, U TOJIBKO B pCaKIMAX o0MeHa 3TOro He IPpOUCXOOUT.

PeaKIIHH, B PE3YJbTAaTE KOTOPBIX H3MECHAKTCA CTCICHU OKHCJIE-
HHA JJCMCHTOB, HA3BIBAIOT OKUCAUMEALBHO-G0CCMAHOBUMEAL-
HbIMU.

CymeCTByeT HECKOJILKO CIIOCODOB COCTABICHUS ypaBHeHI/Iﬁ OKHC-
JIUTCJIBbHO-BOCCTAHOBUTCIBbHBIX peaKHHﬁ.

MeTog anekTpoHHOro 6anarHca

PaCCMOTpI/IM Memod NCKMPOHHO20 6a/zcha, OCHOBAaHHBII Ha OIIpe-
JCICHUN 06H_I€I‘0 qucaa IepeMemarImmuxcAa 3JJCKTPOHOB, Ha ITPUMEDPE
pC€aknoun

OHpe,Z[eJIHeM, aTOMBbI KaKHX 3JICMECHTOB U3MCHMWIN CTCIICHbL OKHC-
JICHHUS

+4 +6 +5 -1
Mn — Mn; Cl - Cl
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HaxonuMm 9mcao mMOTepAHHEBIX (—) W MOXYICHHEBIX (+) 2I€KTPOHOB:

+4 +6 +5 -1
Mn-2e~ - Mn; Cl+6e” - Cl

Yucmo moTepaHHBIX 31eKTPOHOB TODKHO OBITH paBHO YHCTY ITOTY-
YeHHEIX 2JIeKTpoHOoB. Oba mpolecca n306pa3uM B BUIe MOTypeaKITnit

+4 +6 +4 +6
BOCCTaHOBUTENh Mn-—2e~ — Mn (3| 3Mn-6e” — 3Mn oKucieHue

+5 -1 +5 -1
OKUCITUTEITH Cl +6e- =Cl |1 Cl +6e = Cl BOCCTAaHORIICHUE

OCHOBHEBIC KOC—)(I)(I)I/H_H/IeHTLI Opru OKHUCIUTEIC U BOCCTAHOBUTCIIC
INEPCHOCUM B YPpaBHCHHUE pPCAKIIUN

[Ipomecc mpeppanieHAS I\J/rl4n B 1\J/r[6n eCThb npoyecc omoauu (nomepu)
+5 -1

2NEKMPOHO8, T.€. npoyecc okucarenus; mponecc npespariennsa Cl B Cl
€CTb NPOUEecc NOAYHeHUs IACKMPOHOE, T. €. hpouecc soccmanogienus. Be-
mectBo MnQ, mpu 3ToM aBisgeTca eoccmarnosumenem, a KC10; — oxuc-
Aumenem.

HMHorma omHO M3 BelIeCTB, YIACTBYIOIINX B pPeakKIIUM, BHITIOTHSCT
cpasy nBe (PYHKIOUHN: OKUCIUTENSA (MIA BOCCTAHOBUTENS) U Coleobpa-
30BaTeNd. PaccMOTpHM B KauecTBE IIpUMeEpa PeaKITnio

+2  +5 -3

0 +5 +5
Zn+HNO; = Zn(NO;), + NH,NO; + H,0
0
CocraBUM IOJayp€aKln AJIsI OKUCIUTEIA U BOCCTAHOBUTCIIAL n
+5
TEPACT ABa SJICKTPpOHA, a a30T N HpI/I06p€Ta€T BOCEMDb 3JICKTPOHOB!
0 +2
Zn-2e” — 7Zn|8|4
+5 -3
N+8~ - N |21

Takum oGpa3oM, Ha OKUCIECHHE YEThIpeX aTOMOB IIMHKA HEeobX0-
JuMo BoceMb Moekyil HNQO; u nBe monxexkyasl HNQO; Ha comeobpa3so-
BaHUe:

47n + 2HNO3 + 8HNO3 = 4Zn(NO3)2 + NH4NO3 + 3H20
B urtore moxyuum

47Zn + 10HNO3 = 4Zn(NO3)2 + NH4NO3 + 3H20
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**MeToa 3/1eKTPOHHO-UOHHOIO 6anaHca

IIpu paccMoTpeHHM METOAA IEKTPOHHOTO GalaHca COCTABIECHUS
ypaBHEHHH OKHUCIUTEIBHO-BOCCTAHOBUTEIBHEIX pEaKIIMi 3a4acTyIo
B3STHI YCIOBHEIE MOHEI 0€3 yueTa BO3MOXHOCTH JUCCOIUAITNN BEIIECTB.

Tak, azotHas kucimora HNO; aucconmupyer Ha uoHsl H* u NOj
(B pacTBOpE YacTULEI N> OTCYTCTBYIOT); IepMaHraHaT Kauust KMnO,
aucconuupyeT Ha noHsl K™ 1 MnO7 (yactuisl Mn™’ He CYIIECTBYIOT).

[Ipyn mcmonb3oBaHUK MeTOHA 3IEKTPOHHO-MOHHOTO OajgaHca, BO-
IIEPBBIX, PACCMATPUBAIOT MOHEI, PEAlbHO CYIISCTBYIOINE B PACTBOpPE
(ecm BeIIECTBO HERIEKTPOIUT, TO €r0 0epyT B MOJEKYIIPHOI (op-
M¢); BO-BTOPBIX, HET HEOOXOAUMOCTH OIpeAeiaaTh BaIeHTHOCTh WINA
CTeIleHb OKUCICHUS 3JIEMEHTOB, MHOINA 3TO IMIPOCTO HEBO3MOXKHO.

PaccMoTprM OKHICTIUTETEHO-BOCCTAHOBUATEIBHYIO PEAKITIIO THOCYIh-
¢haTa HaATpHUA C MOOOM:

2N328203 + 12 —> NaQS406 + 2Nal
Tuocynbdar HaTpusa Na,S,0; MOXeT UMETh CIEAYIOIee CTPOEHHE:
Na—-O\ /O Na—-O\ /O
Na—0" 8§ Na—S~~ SO
OHpe,I[eJ'[I/ITB CTCIICHDb OKUCICHWA B JAHHOM CJIy4dac€ TPYAHO, II0O3TO-

MY HCXOIUM M3 HOHOB S,03", Haxonamuxcs B pactBope (Na,S,0; &=
= 2Na' + S,0%):

BoccraHoBuTenb 28,03 —2e” — S0 | oxucneHue
OKUCIIATEND L +2¢e — 21 BOCCTAHOBJIEHIE

BmecTo 271eKTpOHHOTO YpaBHEHUSI COCTABISIOT 3JEKTPOHHO-UOH-
HbIe YpaBHEHUS I OKUCIUTENS U BOCCTAHOBUTEIS, ITPU 3TOM 0DIIee
YUCIO BJEKTPOHOB, MEpelIeAINX OKUCIUTETIO, JOIKHO OBITh PaBHO
o0IIeMy YHCTY 9JeKTPOHOB, MOTEPSIHHBIX BOCCTAHOBUTEIEM.

PaccmoTpuM psn peakiinii, MpOTeKAKIINUX B KUCIOU, METOUYHOU U
HEWUTpaJdbHOM Cpele.

Peaknusi B KHcaoii cpeae. B kauecTBe OKUCIUTENS BO3BMEM AUXPO-
mat kanusi K,Cr,O5, a B KauecTBe BOCCTAHOBUTENIS — HUTPUT HATPUS
NaNGQO,; oHI AUCCOLUUPYIOT ¢ 0OpazoBaHUEeM AuxpoMar-uoHoB Cr,05~
u HuTpuT-uoHos NO;.

B kxucnoit cpene uon Cr,O7 mpespamiaerca B uoH Cr:

Cr,07 —» Cr**

B HpaBOﬁ YaCTHU HE3AKOHUYEHHOMN CXEMBI IIOJaypC€aKu OJIsI ITpOoLHeEC-
Ca BOCCTAHOBJIICHHUA HEC XBaTa€T aTOMOB KHCIOpPOAa, KCTOYHHUKOM KO-
TOPBIX MOXKET OBITH Boga:
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Cr2072_ e C:ISJr + HQO

B mepoit yacTH OTCYTCTBYIOT aTOMEI BOAOPOJA: YVUUTHIBAL, UTO pe-
aKIUI IPOXOANUT B KUCIOH cpefie, J06GaBIsgeM HOHB BOAOPOIA:

Cr2072_ +H —> C:ISJr + HQO

PaccraBnM K03 (pDUIIUEHTEI, OIIpeaeINM YHUCIO ITOIYICHHEIX 2JICKT-
POHOB, TOTHA YpasHeHUe NOAYpeaKuyuu 048 OKUucaumens IPUMET CIAEOy-
OMIUN BUAO:

Cr,07 + 14H* + 6~ — 2Cr* + 7H,0
Ternephb COCTABUM YPaBHEHUE TOTYPEAKIIUN TSI BOCCTAHOBUTENST —
noHa NOj, KOTOPBI B KUCIOM Cpefie MpeBpaIiacTcss B HUTPAT-HOH
NOs3:
NO; - NO3z
B neBOii yacTH HE3aKOHYCHHOW CXEMBI MOJYPEaKIUU HETOCTAET

aToMa Kuciaopoga, Aj1d €ro KOMIICHCallun ,Z[O6aBI/IM BO4y, a B MMpaBYIO
qJaCTb — HMOHEI BOOOpOAA:

NO; + H,O - NO3 + H*

PacctaBumM KoahGUITMEHTEI, OIIPEICIMM YUCIO ITOTEPIHHEBIX 371EKT-
POHOB, TOTNIA ypasHeHue NOAYPeaKuuu 041 80CCMAHOBUMENs TIPUMET
CIEAVIOIIANA BUI;

NO; + H,0 - 2¢- - NOjz + 2H"*

YpaBHsIeM YHCIO MOMYYeHHEBIX U MTOTePIHHBIX ICKTPOHOB U CYM-
MUpPYeM YpaBHEHUA 3TUX IBYX IMOTYpeaKIIHIA:

Cr,07 + 14H* + 6¢- — 2Cr* + 7H,0 1
NO;5 + H,O - 2¢- — NOj + 2H" 3
Cr,07 + 14H" + 3NO;5 + 3H,0 — 2Cr* + 7H,0 + 3NO; + 6H"

[MomoGHEBIe YWieHH B MPaBOil W JIeBOI YacTIX ypaBHEHUS COKpalra-
eM; B TTOTHOI MOHHON ¢opMe ypaBHEHHE OKUCIUTEILHO-BOCCTAHO-
BUTENBHON peakIInW MPHUMET BUI

Cr,0% + 8H' + 3NOj — 2Cr* + 4H,0 + 3NO;3

Hcrmonp3ysa B KauecTBe Cpelbl CEPHYIO KHUCIOTY, MOIyYaeM CIICIy-
folllee MOJMIEKYIApHOE YpaBHEHUE PeaKITUM:

chr207 + 3N3N02 + 4HQSO4 e Crz(SO4)3 + 3NaNO3 + 4H20 +
+ K580,

Peaknnsa B menounoii cpeme. Eciu mpu HammcaHWW ypaBHEHUS pe-
aKIINK B KUCIOHN cpele HEMOCTAIOIINE aTOMBI KHCIOPOIa KOMITCHCH-
pPOBalH 3a CUET MOJEKYT BOILI, TO B MICIOTHON Cpele 3Ta KOMIIeHCa-
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must mpoucxogut 3a caeT moHoB OH™. Ilycrs xmopar kamma KCIO; —
OKUCTUTEIh, TUOKCHA Mapradima MnQO, — BOCCTAaHOBUTEINb.

Boccranosutens MnQ, B MIieI0IHON cpele MpeBpaIaeTcs B MaH-
raHaT-uoH MnQOj;:

MHOQ e Mn04_

Tak kak Cp€aa meao4yHad, a1 KOMIICHCAaIuK aTOMOB KHUCJI0pOoda B
JICBYIO YaCTb YpaBHCHUA (,Z[J'[H BOCCTaHOBI/ITeJ'[H) BBOIUM THIPOKCHI-
HMOHBLI, a B ITpaBYIO YaCThb AJA KOMIICHCAIIMK aTOMOB BOAOPOda — BOAY:

MnO, + 40H- - 2¢- - MnO7 + 2H,0

Okucaurensb xaopar-uoH ClOj3 B HIeTOYHON cpefie peBpaliaeTcs B
xinopun-uon Cl:

Cl0; — CI-
I[J'[SI OKHCIUTEIA IMMOIYypCaKIM:A 6y,I[€T UMETH BUL

CIO; + 3H,0 + 6e — CI"+ 60H~

YPaBHﬂeM HYUCIO0 ITOJYYCHHBIX U IMMOTCPAHHBIX 3JICKTPOHOB U CyM-
MHUDPYEM OJICKTPOHHO-MOHHBIC YpaBHCHUWA 1JIA OKHUCIUTCIA N BOCCTa-
HOBUTCIIA:

MnO, + 40H™ — 2¢- - MnO7 + 2H,0 3
ClO5 + 3H,0 + 6¢ — CI"+ 60H" 1
3MnO, + 120H™ + CIO; + 3H,0 — 3MnO; + 6H,0 + Cl-+ 60H"-

Coxparus Iono6GHEIC WICHE B IIPABOH 1 JIeBOI YacTSIX CYMMapHOTO
ypaBHEHU, MOIyYaeM

3MnO, + 60H" + CIO5 - 3MnOZ + CI + 3H,0

Ecmu B3ate B KauectBe cpeabl KOH mau NaOH, 1o peakuma B
MOJIEKYIIpHOU popMe IIpUMET CASAVIOIINI BUI;

3MnO, + KCIO;+ 6KOH — 3K,MnO, + KCl + 3H,0

Peaknus B HeliTpansHoO# cpene. /11 peakiinil, IpOTEKAIOMINX B HEM-
TpajJbHOU cpede (B clyyae KUCIOPOACOASPKAIIUX BeIlleCTB WJIM HOHOB),
B JIEBYIO YaCTh 3JICKTPOHHO-UOHHOTO YPAaBHEHUS KaK TSI OKUCITHATE-
NI, TAK U AAS BOCCTAHOBUTENS AOMUCHIBAEM MOIEKYIH BONBI, a B
MPaByIO YacTh (B 3aBUCUMOCTH OT YMCJIa aTOMOB KUCIOpOAa) 3alUCh -
BaEM HOHBI BONOPOJA WIW THAPOKCHUI-UOHKEL. EcCnW MCXONHBIE Belle-
CTBa WU UOHBI COAEPXKAT OOMBINE aTOMOB KHUCITOPOAA, YeM TTPOAYKTHI
WX BOCCTAHOBIEHUS, TO B TIPABYIO YaCTh MOIYpPEAKIIUU TTOACTABIIEM
TUAPOKCUII-UOHBI, a €ClId HAao0OpOT, TO K OKMCIEHHBIM IMPOAYKTaM
nobaBisieM MOHBI BOAOPOAA.
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BosbMmeMm B kauecTBe okuciautens uoH MnQOj, KOTOpBINT B HeUT-
palbHOM cpefe MpeBpalaeTcs B Moidekyny MnQO,, a B KauecTBe BOC-
craHoBuTensT — HoH NO3, KOTOpHIH Tpeppamaercsa B noH NO3:

MnO; - MnO,; NO; —» NOj3

Tak Kak B HCXOMHOM MOHE COIEPKUTCSA OOMBIIE aTOMOB KHCIOPO-
Ila, B TIPaBYIO YaCTh HEITOTHOMN CXeMBI ITOTYPEaKIINK MOACTABISICM HOHEI
OH~ (a B 1eBYI0, KaK CKa3aHO BEIIIE, — MOJIEKYIBI BoAwl). Torma mo-
JypeakIug TS OKUCIUTENS TIPUMET CAeAYIONTHi BI:

MnO; + 2H,0 + 3¢ — MnO, + 40H"

I[J'[H BOCCTAHOBUTCIA B IMPaBYIO 4YaCTbhb IMOJAYPCAKIHUH ,Z[068.BJI$I€M
MOJICKYJIY BOAHBI:

NOj; + 20H™ - 2¢- - NO3 + H,0
CyMMUpYS 3TH [IB€ MOJTYPEaKIUH, MOTYIAM
MnOj; + 2H,0 + 3¢ —» MnO, + 40H" 2
NOj; + 20H™ - 2¢ - NO3+ H,O 3
2MnOj; + 4H,0 + 3NO; + 60H™ — 2MnO, + 8OH™ + 3NO; + 3H,0

[Mocme cokpatieHUS MOTOOHBIX WICHOB UMeeM
2MnO; + 3NO; + H,O — 2MnO, + 3NO3; + 20H"~
3ammineM YpaBHEHUE PEeaKIIN B MOJEKYIAPHOUN dopMe
2KMnO, + 3NaNO, + H,O0 — 2MnO, + 2KOH + 3NaNO,
ITH
2KMnO, + 3KNO, + H,0 — 2MnO, + 2KOH + 3KNO;

Bonpocb n 3apaHug

1. Kakure peakimmu Ha3bIBAIOT OKUCIUTEIBHO-BOCCTAHOBUTENBHBIMU? Yem
OTIUYAIOTCS OKUCTUTESTBHO-BOCCTAHOBUTENBHBIC PEAKITAN OT APYTUX XUMHU-
JeCKUX peakIimii?

2. [ToueMy aTOMBI METAIIIOB B COCIMHEHUSIX MPOSBISIOT TONBKO TTONIOXM -
TeIbHBIC CTEIICHN OKUCICHUsI, 4 aTOMBI HEMETAIOB — KaK IMOJOXUTEIbHBIC,
TaK 1 OTPUIIATEIHHEIC?

3. Kakwne BerecTBa HA3bIBAIOT OKUCTUTENSIMY, KAKME — BOCCTAHOBUTENS -
mu?

4. Kak 11o OTHOCUTENBHON 3MIEKTPOOTPUIIATEIFHOCTA MOXHO CYJIUTh O Xa-
paKkTepe CBI3W MEXIY aTOMAaMM B MOJEKyme?

5. KakoBa cBsI3b MEXJly SHEpPIUCH CPOJICTBA K 3MEKTPOHY U OKUCTUTEIb-
HOW CITOCOGHOCTBI0 XUMUIECKOTO 3IeMeHTa?
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6. /{51 KaKMX CIIOXKHBIX BEIECTB XapaKTEPHBI TOIBKO OKUCIUTEILHBIE CBO -
ctBa? B KaKUX caydasx CIIOXKHEIE BEIIeCTBA MOTYT BEICTYIIATH B POJIU OKUCITH-
TeJell 1 BOCCTAHOBUTEITEM?

4.2. Knaccudpukauuns
OKUCIIMTENbHO-BOCCTAHOBUTENIbHbIX PeaKLuid.
OCHOBHbIE OKMCJIUTENIN U BOCCTAHOBUTENM

OKHCTIATETbHO-BOCCTAHOBUTEABHEIC PeaKIIUM pa3neiaioT Ha TpH
TPYIITE: MEXMOICKYIApHEIE, BHYTPUMOICKYIAPHEIC W PeaKIuN IHC-
MIPOITOPITMOHNPOBAHMS.

Peakmiun, B KOTOPBIX OTHO BEIIECTBO CIYXHUT OKMCIUTEIEM, IPY-
roe — BOCCTAHOBUTEIEM, HA3HIBAIOT MEHCMOACKYAAPHbIMU; HATIPEMED:

+7 -1 +2 0
2KMnO,+ 16HCI=2MnCl, + 5Cl, + 2KCl + 8H,0

K MEKMOJICEKYITAPHBIM OTHOCATCA TaKKE PCAKIMHU MCEXKIY BEIIIC-
CTBaMH, B KOTOPBIX B38.PIMO,Z[€I>1CTBYIOH.IPI€ aTOMBbI OJHOI'0O M TOI'0 XK€
SQJIEMCHTA MMCIOT PasHBIC CTCIICHN OKUCICHUA!

2 4 0

2H,S+S02 =35+ 2H,0

Peakmium, KoTophle MPOTEKAIOT ¢ WU3MEHEHMEM CTEIeHH OKUCIE-
HUSA aTOMOB ONHOI M TOHM Xe MOJeKYTBI, HA3LIBAIOT 8HYMPUMOACKY-
AAPHLIMU;, HATIPEMED:

+5-2 -1

0
2KCl0O; = 2KCI+ 302

K BHYTPUMOICKYIIAPHBEIM MOZKHO OTHCCTH PCAKIOMH, B KOTOPHIX
Y4aCTBYIOT COCOIMHCHMUAA, 06p330BaHHBI€ aTOMaMH OJHOI'0O U TOIoO XK€
SJIEMCHTA B Pa3HBIX CTCIICHAX OKUCICHUA!

-3 +5 +1

NH4NO3 = N20+ HQO

PeaKL[I/II/I, B KOTOPBIX OKHUCJIUTCIBHBLIE 1 BOCCTAHOBUTCIBHBIC (bYHK—
WX BBIMIOJHAIOT aTOMBI OOHOIO 3JIEMEHTA B ONHOM W TOH XK€ CTEIIEHU
OKHMCJICHHA, HAa3bIBAOT pCaKIIMAMKU C)LICHPOHOPL(LIOHMPOGGHLM; HaIrpumep:

-1 -2 0
2Na,0, + 2C0O; =2Na,CO; + O2

Okucnurenu

MepOﬁ OKHUCIUTEIbHON CIIOCOOHOCTH aToMa WIN HOHa, KaK YyX¢€
TOBOPHUIIOCH, ABJIACTCA CPOACTBO K 3JICKTPOHY, T.€. CIIOCOOHOCTD opu-
HHUMATb 3JICKTPOHEIL.
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[MepeunciuM OCHOBHBIE TPYIITBI OKUCIUTENCH.

1. Bce Hemeramnibl. CaMble CUJIBHBIE OKUCIUTENU — TalOTeHBI.
C yMeHBIIIeHHEM HOMepa TPYIITE OKHCIUTETbHBIC CITOCOOHOCTH He-
MeTawioB ocinabepaioT. Hemeramns 1V rpymmer [lepumogndeckoii crc-
TeMBl — caMble clabble OKUCIUTENU. B rpymnmax cBepxXy BHU3 OKUCIH-
TeJbHBIE CBOMCTBA HEMETAUIOB TakXke ociabeBaloT BCICACTBUE YBe-
JIMYEHUST PaJUyCoOB aTOMOB.

2. MeTainsl B COCTOSTHUU BBICIIICH CTEMeHU OKUCICHUS, HAITPUMED:

+7 +6 +5
KMHO4, KQCI‘O4, V205 " ap.

3. MeTtaniel B COCTOSIHUA HpOMe}KYTO‘{HOﬁ CTENMCHN OKUCICHUA,
+1 +1 +2 41

Hampumep: Ag, Hg, Fe, Cu u mp.
4. KonnenrpupoBaHHbie azotHad HNQO; u cepraa H,SO, KuCIoTHL.

BoccraHoBurenu

YKaxeM OCHOBHEIE T'PYIITE BOCCTAHOBUTEICH.

1. Meramasl — TpocThIe BellecTBa. HamGomee TerkKo TepsaioT aaeK-
TPOHEI aTOMBI T€X 2JEMEHTOB, KOTOpEIE Ha ITOCTHEHHEM CI0¢ MMEIOT
1— 3 amekTpoHa.

2. MeTamwibl B COCTOTHUU HpOMe}I(YTO‘{HOﬁ CTCIMCHN OKUCICHUA,
+2 12 +2 +2 41

Hampumep: Fe, Cr, Mn, Sn, Cu

3. HemeTaxwibl B COCTOSHUM HU3IMIESH CTeTICHN OKUCISHUS, HATIPU-
1 -1 -1 2
mep: CL,Br, I, S.
4. Cnabblie KHCIOTHI M UX COJIM, HampuMep: cepHucTasg kuciaora H,SO,
u cyabpar kaaus K,SO;; azorucras kucnora HNO, u HUTpUT Kanus
KNO.,.

Bonpocb n 3apaHug

1. B crmenyrommx ypaBHEHUSIX PEeaKIINA YKAKNUTE OKUCITUTENh U BOCCTAHO-
BUTEb, UX CTENECHb OKUCIEHUS, PACCTaBbTe KO3 PUIIMEHTHI:

a) HegS + HNO; + HCI — HgCl, + S + NO + H,0;

6) SnC12 + chr207 + HzSO4 — SH(SO4)2 + SI’IC14 + Crz(SO4)3 + KzSO4 +
+ H,0;

B) ASH3 + AgNO3 + Hzo — H3ASO4 + Ag + HNO3

2. B creayromux peakiysix, B KOTOPBIX OKUCIATETh M BOCCTAHOBUTEND OTHO
U TO XK€ BEIEeCTBO (peaKuyuil HYMPUMONCKYAAPHOLO OKUCACHUSL — 80CCHMAHOBAE-
HUs), PAcCTaBbTe KO(MPUITICHTHI:

a) NH,NO; — N,O + H,0;

6) KCIO; — KCI + Oy

B) Ag,O — Ag + O,.

3. Ing peakiuii TUCTIPOTIOPIIMOHUPOBAHUS (CAMOOKUCICHUS — CaMOBOC-
CTAHOBJICHM ) HAITUIIIUTE SJIEKTPOHHBIE CXEMBbl U PACCTABbTE KOIDPUITIECHTHI:

a) K,;MnO, + H,O - KMnO, + MnO, + KOH;
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6) HCIO; — CIO, + HCIOy;

B) HNO, — HNO; + NO + H,0.

4. Kakuve 13 NpUBEICHHBIX PEAKIIUY OTHOCSITCS K BHYTPUMOIECKYISIPHBIM,
Kakde — K PeakiusM AUCIPOITOPITHOHUPOBAHUS:

a) Hg(NO3);, — Hg + NO, + Oy;

6) CU(NO3)2 — CuO + N02 + 02,

B) K,S0O; — K,80, + K,S;

r) (NH4)2CI‘207 — N2 + Cr203 + HzO"

ITon6epure K03hGUITIEHTHI IS KAKIONU peakIIniy.



FnaBa 5

SAKOHOMEPHOCTU NPOTEKAHUA
XUMUYECKUX PEAKLMUN

U3yuue rnasy, cneayer:

3HaThk onpejeneHne U1 MaTeMaTMHeCcKOe BbIpaXeHne CKOPOCTU XUMUye-
cKkoli peakumu; dhakTopbl, onpeaensiouMe CKOPOCTb XMMUYECKOW peakuunu;
NnpaBuJIo CMELLEHUS XMMUYECKOrO PABHOBECUS;

yMeTb BbIBO[UTb YPaBHEHWE 3aKOHA AeNCTRYIOLMX MAcC; MPOBOANUTL pac-
YeTbl C UCMOMb30BaHUEM MAaTEMATUHECKOMO BhIPaXeHWs 3aKOoHa JeACTBYIOLLIMX
Macc.

5.1. CKOpPOCTb XMMUYECKUX peaKuuii

XUMIYeCcKHAe PeakIIiy IMIPOUCXOIAT BO BpeMeHH M MTO3TOMY XapaK-
TEPU3YIOTCA TOM WM MHON CKOPOCTHIO.

YToOBI CYOIUTHh O CKOPOCTH XHUMUYeCKON peakinu, HyXHO 3HATh,
KaK W3MEHAETCS KOHIIEHTPANs B OIpeAeIeHHEBIE TTPOMEXKYTKI Bpe-
MeHU. KOHIIEHTpaIiio B JaHHOM CIIyYae BEIPAXKAIOT KOTUIECTBOM Be-
mecTBa (MONB), comepsKalerocd B 1 1 pacTBopa.

Ecnu B TeweHMe MpOMEXYTKA BpeMeHH f KoHIeHTpanusa C OmHOTO
W3 pearupyiolnx BellecTB YMeHbIUnack or C; mo C,, TO cpemHad
CKOPOCTh v PeaKIINH 3a 3TOT MPOMEXKYTOK BpeMeHU paBHa

G -G

v = 7‘ [MoaB/(1- C)].
Hampumep, peakius mexay okcuaom yriaepona(ll) u xamopom mpo-
TeKaeT ¢ obpaszoBaHueM (hocTeHa MO YypaBHEHUIO

CO + Cl, - COCl,

B omaoM 13 ombITOB OBLTA ONpeneneHa HavadbHAS KOHIIEHTPAIIHA
XJI0opa, KoTopasa oKazaiachk papHoil 0,0187 Moxb/m, a cmycTd 2 MHH,
T.¢. yepe3 120 ¢, KoHIIeHTpaus XJropa oKasaiach pasHoit 0,0133 Moip/m.
CremoBarelbHO, CPeTHAS CKOPOCTh pacCMaTpUBAaeMOM peakIny 6yaeT
paBHa

Y C -G, Y 0,0187 - 0,0133
oy 120
I[J'[SI OIMPEACICHUA CKOPOCTH pPCAKIIMM HET H606X0,Z[I/IMOCTI/I CJIc-

JAUTb 3a M3MCHCHUEM KOHICHTpAallUKM BCEX PCArUPYIOIMHNUX BCHICCTB,
JOCTAaTOYHO IIPOCICAUTL 3a M3MCHCHUEM KOHICHTpalluK OAHOIO M3
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HUX, TaK KaK BCe BellleCTBa PaCXOAYIOTCI U 00pa3yioTCs B 9KBUBATCHT-
HBEIX KonmuecTBax. Tak, B yKazaHHoM Ipumepe pacxon 0,0054 momns
xaopa (0,0187 — 0,0133) cooTBeTCTBYeT VOBLIM TAaKOro K¢ KOJIMUE-
cTBa okcuma yriaepoda(ll). DTo BUAHO U3 ypaBHEHHUS peakiluM, Tak
KakK mpu obpa3oBaHuM hocreHa Ha OJHY MOJIEKYIY XJopa TpebyeTcs
omHa MoJeKyina okcuma yriaepoma(ll).

CKOpOCTh XUMUUYECKUX PEaKIMi 3aBUCUT OT KOHIEHTpAIllUU yda-
CTBYIOIIIUX B HUX BEIIECTB, TEMIIEpAaTyphbl, KaTaau3aTopa, MPUPOIbI
pearupymoIiiux BellecTB, IUIOMIAAN MOBEPXHOCTU COMPUKOCHOBEHUS
BelecTB. /JlaBieHue BIUsAET Ha CKOPOCTh XUMUUYECKUX PeakIInuii He He-
MOCPENCTBEHHO, a Yepe3 YBeIUUYCHUEe KOHIEHTpallud pearupyrorimux
BEIIECTB, HAXOAAIIUXCSA B Ta3000pa3HOM COCTOSTHUU.

Yewm Gomblile KOHIEHTPAIIUS PEarupyroluX BeIlecTB, TeM OOoblie
MOJIEKYJT HAXOJUTCS B eNUHUIIe O0beMa, TeM Yallle OHU CTAIKUBAIOT-
csl, TIpeBpalasich B MPOAYKTHI peakiluu, U, clIeAoBaTeIbHO, TeM ObI-
cTpee mpotekaeT peakis. C TeueHHUEeM BPEeMEHHU CKOPOCTh XUMUYE-
CKOU peakliMyi YMEHBIIAeTCs, 3TO BBI3BAHO T€M, UTO B pacTBOpE CTa-
HOBUTCSI BCe MEHBIIIE U MEHbIIIe pearupyrolnx MOJIEKY;, CTOIKHOBE-
HUS OYAyT OPOUCXOOUTH pPeXe, MeHbIIIe 00pa3yeTcsi HOBBIX BEIIECTB.

3aBUCUMOCTb CKOPOCTH XUMUYECKON peakIUM OT KOHIIEHTpalluu
pearupymoux BelecTB MOXHO BBIPa3UTh MaTeMaTUYECKHUM YpaBHE-
HUEM COTJIACHO 3dKOHY 0eliCI8YIouux mMacc:

IIpn nocTosiHHOW TeMmepaTtype CKOPOCTh XMMHYECKOH peaknum
NPAMO NPONOPUHOHAJIBHA NPOU3BCACHUI0 MOJAPHBIX KOHIEHTPA-
IMA peardpyomux BemecTs.

DT0T 3aK0H 0BT OTKPHT K. 'yapa6eprom u I1. Baare B 1867 T.
Hna peakinu A + B = C ¢cKOpoCTb MOXHO PacCUUTATh IO ypaBHE-
HUO

v = k[A][B],

rme k — KoadhPUIMeHT TpOTOPIIOHATBHOCTH, WX KOHCTAHTA CKO-
POCTH — BeJIMYMHA MMOCTOSHHASA I TaHHOM peakIny; OHa He 3aBH-
CHT OT BpeMEHHU W KOHIIEHTPAIINH, a 3aBUCUT OT MPUPOILI pearnupyro-
IIUX BelleCTB M TeMIIePATyPHL.

Ecm Bo B3auMoeiicTBIIE BCTYITAST HECKOIBKO YACTHIT KAaKOTO-IMO0
BellleCTBa, TO eT0 KOHIIEHTPAITUS NOKHA OBITh BO3BelleHA B CTEIICHD C
ImoKazaTelIeM, YHUCIeHHO PaBHEIM Koa¢h(PUIMeHTy mpu (HOopMyIe Be-
IIeCcTBa B XMMHUYECKOM YpaBHEHWM.

Mamemamuueckoe vipacenue 3aK0Ha 0eliCMEYIOWUX MACC C YISTOM
CTEXHOMETPUIECKUX KO3 PUIINEHTOB UMeeT BUI

v = k[A]"[B]",

Ime m, n — CTeXHOMeTpHUYecKrne Koa(pDHUIIMeHTH YpaBHeHHA peak-
TN,
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IIpumep 1. Kak usMenutcs ckopocth peakiuu 3H, + N, = 2NHj3, ecnu
KOHIICHTPAIIAIO BOJAOPOAA YBEININTH B 3 paza?
Pemenue. Ilocre yBemuueHNsT KOHIIEHTPAIIMYA BOAOPOAa B 3 pasa

v, = K(GIH, 1IN, ] = 27K[H, PIN, .
CJIG,Z[OB&TGIH)HO, CKOpPOCTDb pCaKIINM U3MCHUTCA CICAYIOINNM 06p3.30MZ
vy _ 27HH, PIN,T

Uy k[H, ]3 [N;] ’

T.€. YBeIUUIUTCS B 27 pas.

PaccMoTrpeHHBIC BEIpaXXeHNS 3aK0HA AeHCTBYIOMINX MAacC OTHOCHT-
¢ K TOMOTeHHBEIM CHCTeMaM, KoTna BCe KOMIIOHEHTH HAXOmATCA B
OIMHAKOBOM (PU3MICCKOM COCTOSHHUM — B Ta3000pa3HOM WIH PACTBO-
peaHoM. Ecnu Hapsamy ¢ HUMM B peaKIINH YYACTBYIOT TBepABIC Bellle-
CTBa, TO CKOPOCTHb PEaKIMU M3MEHAETCA TONBKO B 3aBUCHMOCTH OT
KOHITEHTpAIIMI Ta30B WIHW PAcTBOPEHHHIX BelllecTB. Hampumep, cko-
POCTB peakinu ropeHns pochopa B KUCIOpOnIe

4P + 502 = 2P205
IpOoMmopunoHadIbHa TOJbBKO KOHLHCHTpalWMKW KUCJI0pOoaa:
v = k[02]5

CKOpPOCTh peakIiN 3aBUCHUT OT ITUIOMIAAN MMOBEPXHOCTH COTIPUKOC-
HOBEHU BelllecTB. Tak, YeM MeHBIIIe pasMep KycoukoB Mema CaCQOs;,
B3aMMOACHCTBYIOMIETO ¢ COMTHOM KHUCIOTOM, TeM OBICTpee HadyHET
BBIICIATRCI okcun yraepona(lV):

CaCO; + 2HCI = CaCl, + CO,T + H,07

3aBHCHMOCTh CKOPOCTH PeaklHH OT TemMmepaTtypbl. MI3BeCTHO, YTO
TeUeHNE MHOIMX XUMITUeCKIX IPOIIeCCOB 3HATUTEILHO YCKOPSSTCS IIPH
MMOBBIIICHUHN TeMIIePATYPEI, POCT KOTOPOU IOBBIMIAET CKOPOCTL IBH-
KEeHUS MOJIEKY, YBETUIHUBasA TeM CaMBIM UUCIO CTOTKHOBECHUI MEXK-
Iy HAMM.

OpHako He KaXImoe CTOJKHOBEHHE MEXKNY MOJICKYIaMU TTPUBOINAT
K XUMIUeCKOMY B3auMoeiicTBHI0. UTOGH peakins OCyIIecTBIUIACE,
CTAIKMBAIONTIEC MOJIEKYIbI JOJDKHEI 00IanaTh ONpeneacHHEIM U30BIT-
KOM 2Hepruu (IO CPaBHEHUIO CO CpeoHel SHeprueil BceX MONEKVI,
XapaKTepHOM I MaHHOI TeMmepaTyphl). Takue MOJIeKyabl Ha3EIBaIoOT
akTUBHBIMU. [1OBBIIIIEHNE TeMIIEPATyPHl YBETMIMBAET YMCIO AKTHBHEIX
MOJEKYI, a CIeNOBaTeIBHO, YBEININBACT CKOPOCTh PeaKITHH.

Kak mpaBuino, B OOIBITUHCTBE CIVYAcB ¢ ITOBHIIICHUEM TeMITepa-
TYpH Ha 10 IrpagycoB CKOPOCTh peakKIInH yBeIMIMBaeTcs B 2—4 pasa
(npasuno Banm-Togga). Yucio, xapakrepusymollee YCKOPEHHE peak-
U TIpA HarpeBaHW®W Ha 10 rpamycoB, HA3BIBAIOT MeMHepAMYpPHbIM
Ko3uyuenmom cxkopocmu.
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Maremataeckn npasmwro Banr-I'odda BeIpasuTcs Tax:

h-4
vtz = vt]’Y 10 ’

[Ae v, — CKOPOCTb PeaKLUU [OCIE MOBLIIEHUS TeEMIEPATYPHL A0 b);
v, — HavaJdbHas CKOPOCTb PeakLUU MPH TeMIIepaType f; Y — TeMIle-
PATYPHHIM KO2(UITHESHT peakiluu, T.¢. YUCIO0, MOKA3eIBaloliee, BO
CKOJIBKO Pa3 YBeIHMIUBASTCA CKOPOCTE PEaKIIMH TIPH ITOBBIIICHUH TeM-
MepaTyphl pearupyomnux BemecTB Ha 10 rpamycoB.

IIpumep 2. Kak U3MEHUTCS CKOPOCTh PEAKITNN MPY MOBBIINICHIYT TeMIIepa-

Typel oT 20 mo 50 °C, ecmu TeMIeparypHbIil Koa(hpUIIneHT peakIiun paseH 37
50-20

Pemenne. Bocnonsdyemcs mpasuinoM BaHT-Todda: vsy = vy -3 10 =

= 1y - 3% = 271y, T.€. CKOPOCTb PEaKIIUU BO3pacTaeT B 27 pas.

3aBHCHMOCTb CKOPOCTH peaknud oT KaTammsatopa. B 1812 r. pyc-
ckuii xuMuK K. C.Kupxrod oOHapyXwuiI, 4To IpH HarpeBaHUHM Kpax-
Mana ¢ pa30aBIeHHOM CepHOU KHCIOTON Kpaxmajl obpalllaeTcsd B ca-
Xap, B TO BpEMA KaK CEpHasdaA KUCJI0Ta IO 3aBEPIICHUN pCaKIUM OCTa-
€TCA HeHBpaCXOEOBaHHOﬁ. CYHJeCTByeT MHOI'0 TaKHUX BECIIECTB, KOTO-
PBIE USMCHAKT CKOPOCTHb XUMHUYECKON p€aknuu, a CaMM I10 OKOHYa-
HHUM pC€aKlMHu XUMHUYCCKHM HE MCHAKTCA. Takue pPC€akKnn IMOJaydInin
Ha3BaHUEC kKamaiumuveckKkux, a BEICCTBAa, KOTOPBIC U3MECHAIOT NX CKO-
POCTh, OBLTU Ha3BaHHI Kamaauzamopamu.

N3MeHeHne CKOPOCTH PEAKIHHA MO NeHCTBAEM KATA/IH3ATOPA HA-
3BIBAOT KAMAau3om.

PazmuuaioT Karaam3 TOMOTCHHEIH (OJHOPOMHEIN) U TeTEpOTCH-
HBIN.

K eomoeennomy kamaauzy OTHOCAT TaKue IPOLECCH], B KOTOPHIX
KaTaau3aTop HAXOAUTCSA B TOM XK€ arperaTHOM COCTOSHHUM, YTO U pea-
TUPYIOIIKE BellecTBa. JeificTBe TOMOTeHHOIO KaTaan3aTopa 3aKIrda-
ercsa B 06pa3zoBaHUM OoJiee WX MeHee IIPOYHEBIX ITPOMEXYTOUHEIX CO-
€IUHCHUI, U3 KOTOPBIX OH 3aTeM MOJHOCTBIO pereHepupyerT.

K eemepocennomy kamaauzy OTHOCSATCS TaKH€ IIPOIIECCHI, B KOTO-
PBIX KAaTaau3aTop U pearupyrollne BellleCTBa HaXOAATCSA B pa3HBIX ar-
pEeraTHEIX COCTOSHHUSX, a peaKIUs MpoTeKaeT Ha IMOBEPXHOCTH KaTa-
nu3aTopa. MexaHW3M TeTepOreHHOro KaTalu3a CIOXHEe, YeM TOMO-
TeHHOTO. 3HAYUTEIBHYIO POJIb B 3TUX MpoHeccax UrpacT ABICHHUE ad-
copbyuu, T.e. TOTIOIISHNUS Ta3000pa3HbIX U XKUIKUX BEIISCTB Ha I10-
BEPXHOCTHU TBEPAOrO BEIICCTRA.

B pesynbrare agcopOuum yBeIUMINBACTCS KOHIICHTPAIIUSA Pearupy-
IOIIUX BEIIEeCTB, MOBHIIIACTCI UX XUMHUYECKasE aKTUBHOCTb, UTO IIPH-
BOOUT K VBEIWYCHUK CKOPOCTH PEeaKIIUH.
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5.2. Xumuueckoe paBHOBecUue

Muorue XUMHYeCKHE DEaKIIUKM COIMPOBOXIAITCI OOpasoBaHUEM
TaKWX MPOAYKTOB, KOTOPEIC HE MOTYT OBITH IpeBpallleHB 0O0paTHO B
HCXOMHBIC BeliecTBa. Tak, IpH rOpeHUH MarHWA B KUCIOPONe WK Ha
BO3IyXe TOMYyYaeTCa OKCHI MarHHs, KOTOPHII Taxe MPH BEICOKUX TeM-
Imeparypax He MOXeT OBITh NMpeBpalieH B MPOAYKTHEI, U3 KOTOPHIX OH
o6pazoBaics, T.e¢. B MAaTHUM W KUCIOPOI,.

OnHako ecad peaKIMA MPOTEKaeT B 3aMKHYTOM HPOCTPAHCTBE U
IMOMyUeHHEIE BEIECTBA TIPU TeX XK€ YCAOBHUAX MOTYT pearuipoBaTh MeX-
Iy coboif ¢ obpazoBaHNeM MCXOMHBIX, TO TaKas PeakKITus Ha3bIBAeTCA
obpamumoii. B oGpaTUMBIX peaKITHIX 3HAK paBeHCTBA 3aMeHEH CTpeTKa-
MM, HAMIPABICHHBEIMA B IPOTUBOIIOIOXHEIE CTOPOHEI, HAIIpUMED:

N, + 3H, 2 2NH,

IIpolecc, mpoTeKaroIuii B HalpaBlIeHUU (YKAa3aHHOM CTPENKOM)
clieBa HAIIpaBO, HA3bIBAIOT NPAMOLL peakyuell, TPOTUBOMONOXHBIN MPO-
mecc — obpamuoil peakyueil.

YToObI MpoaHATU3UPOBATE TeUeHUE OOpaTUMON peakIIuu, Mpeamno-
JIOXKHUM, YTO B 3aKPBITOM COCYJe MpOTeKaeT peakius, u3sodbpaxaemas
CIEAYIONIUM OBIIUM YpaBHEHUEM:

mA +nB &2 pC + gD

CornacHo 3aKOHY AEHCTBYIOIIUX MAacC CKOPOCTU IMPAMOM vy, ¥ 00-
PaTHOM Vo, PEAKLIUI COOTBETCTBEHHO PABHBI

p— np[A]m[B]na
Vogp = oGp[C]p[D]ga

rae ky,, Kosp — KOHCTAHTBI CKOPOCTH MPSIMOi M OBpaTHON peakIuu
COOTBETCTBEHHO.

B MoMeHT cMeITBaHUA BelecTB A 1 B CKOpOCTh IpsIMO peaKIInn
OymeT MaKCUMATBbHOM. 3aTeM M3-3a HeIPEePHIBHOTO YMEHBIICHUS KOH-
IMeHTpalnit BelecTB A M B (Tak Kak OHH IMOCTEIeHHO PAcXOAYIOTCS Ha
obpazoBanue BemecTB C 1 D) CKOpOCTh IpIMOil peaKIini 6yaeT YMeHb-
AaThCS.

O6pazopapmmuecd BermecTsa C 1 D HAYHYT pearmpoBaTh APYT € Ipy-
T'OM U TIpeBpamaThcs B BemectBa A 1 B. CKOpocTh 06paTHOTO IIpoliec-
ca, paBHas HYIIO B HaYadbHBIM MOMEHT, GyIeT HEIpepBIBHO BO3pa-
CTaTh IO Mepe VBeImIeHU KoHIleHTpanuii Bemects C u D, u Moxer
HACTYIIUThF MOMEHT, KOTHa CKOPOCTH MPAMOMN M oGpaTHOH peakKiimit
CTaHYT PaBHEIMU:

vl'[p = UOGp .

Takoe COCTOSIHHWE CUCTEMBI HAa3BIBAKOT XUMUUHECKUM pasHoesecuem.
HpI/I COCTOAHHMHN XMMHUYCCKOIO PAaBHOBECHA B €AWMHHUIY BPEMCHHU
pacxoayeTrca CTOJbKO K€ MOJIeif BEIIECTB A U B, CKOJIbKO HMX BHOBb
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ob6pasyercsa u3 semects C u D, T.e. ¢ MOMeHTa HACTYIDICHUS XUMMWYIE-
CKOT'O paBHOBeCHS KOHIICHTPAIIUM BCEX YETHIPEX BEIIECTB OCTAIOTCI
0e3 M3MEHEeHWA, HECMOTPSA HA TO YTO IpAMasg U obpaTHAsS peakiluu
MPOAOIKAIOT MpoTeKaTh. Torma MpH YCTAHOBUBIIEMCS PaBHOBECHH
Vnp = Vogp UMEEM
kap[A]"[B]" = kosp[CIP[D]S,

OTKyZa

ks _ [CIP[DE _

T bl
kosp  [A1"[B]"

Ime BemmurHa K paBHA OTHOIIEHWIO KOHCTAHT CKOPOCTEM TMpAMOIT u
00paTHON peakUMii knp/kq,, OHA IMpecTaBisgeT co0Oi XapaKTepHYIO
IUIA KaXXIOoM oGpaTUMON peaKIMi BEIUYUHY, MOTYINBIIYIO Ha3BaHUE
KOHCIAHMbl XUMUHECK020 PpagHOsecUs; HATIPUMED, IS peaKIny

. [NH; [
N, + 3H, & 2NH;; K = ———,
[N, ][H;]
IUI peaKIInu
L
3Fe(tB.) + 4H,0(r.) & Fe;04(tB.) + 4Hy(r.); K = ——.
[H,0]

CocTrossHUEe XUMUUECKOT0 PABHOBECUS COXPAHSETCS TOJBKO M0 TeX
mop, MOoKa OCTATCI HEU3MEHHBIMHU YCIOBUS paBHOBECUd, T.€. KOH-
LEHTPALUN PEArUPYIOIINX BEIIECTB W TEMIIEpaTypa, a AT peakiuil ¢
YUacTHEM Ta30B — MaBIeHUE. BCIkoe U3MEHEHWE YKA3aHHBIX YCITOBUHU
MPUBOAUT K HAPYIICHUIO PaBHOBecHUs. B crcTeMe HapylmaeTcs paBeH-
CTBO CKOPOCTEH IIPSIMOM M O0paTHOM peakiiMii 1 HauMHAeT Impeobia-
IaTh OfHA W3 HUX. Tak MPONOIIKAEeTCd A0 TeX MOp, MOKa CHOBA HE
HACTYIIUT PaBEHCTBO CKOPOCTEH MpPAMOM 1 00paTHOU peaKIInii 1 OIATh
HE YCTAHOBUTCSI COCTOSTHUE PABHOBECHS, OTBEYAIOIIEE HOBBIM YCITO-
BusM. [lepexol cUCTEMBI U3 OJHOTO COCTOSTHUS PAaBHOBECUS B IPYroe
HA3BIBAIOT CMEUjeHUeM XUMUHECK020 DABHOBECUs.

IMpaBuio cMelmeHUS XUMUYECKOTO PABHOBECHS MO BIUSHUEM H3-
MEHEeHUsSI BHEITHUX YCIoBHUI ObITO chopmyaupoBaHo A.Jle Illarennbe
(npunuyun Je llamenve):

Eciam Ha cHCTEMY, HAXOOAMYIOCA B PABHOBECHH, IMPOH3IBOTHTCS
KaKoe-1u00 BO3IeiiCTBHE, TO B CHCTEMEe BO3IHHKAIOT NMPOIECCHI,
NPOTEKAIINE B HANPABJICHAH, NPENATCTBYIONIEM STOMY BO3JAeii-
CTBHIO.

Takum 06p330M, €CJIN UBMECHUTL OOHO M3 yc.]'[OBHfI, IIpHU KOTOPBIX
CHUCTEMA HAXOOUTCA B COCTOSAHHUUN XUMHUYCCKOIo0 paBHOBCCHA, HAIIpU-
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Mep KOHIEHTpAIlMIO, TeMIlepaTypy WM JaBieHHe, TO paBHOBeCHE
CMeIIaeTCs B CTOPOHY TOM peakliuu, KoTopasi MpOTUBOACHCTBYET MPO-
HW3BeICHHOMY U3MEHEHHIO.

YBeauueHUe KOHIIEHTpaAllMU OJHOrO M3 YUacTBYIOIIUX B peakiuu
BEIIECTB BHI3BIBAET B CHUCTeME IPOLECC, BEAVIIUU K YMEHBIIEHUIO
KOHIIEHTpAIIMKA 3TOro BellecTBa. Tak, €CliM B PaBHOBECHYIO CUCTEMY
N, + 3H, & 2NH; BBeCTH AOMOIHUTEIBHOE KOIUUECTBO BOAOPOIA,
TO TaKo€ BO3AeHCTBUE MPUBEAECT K YCKOPEHUIO PEeakIMU B3auMOoaei-
CTBHUS BOJOpOAa ¢ a30TOM. B pe3yiabTare KOHLEHTpalluu Boaopoda U
a30Ta OyAyT YMEHBIIATLCS, a KOHIIEHTpallUsI aMMHUaKa YBeIUIUBATHCS.
YBeauueHUe KOHIEHTpallMd aMMHUakKa B CBOIO ouepelb MPUBEAET K
YCKOPEHUIO PeakIiM ero pa3noxeHus. B KoHIle KOHIIOB ycTaHABIUBa-
€TCSI HOBOE COCTOSTHUE PaBHOBECUS, B KOTOPOM KOHIIEHTPAIIUS aMMU--
aKa OoJibIlle, YeM 10 BBEACHUS AOMOJIHUTEIBHOIO KOIUYECTBA BOMO-
poaa. Takum oO6pa3oM, MPOUCXOJUT CABUT PAaBHOBECHUS B CTOPOHY IpSi-
MOM peakIiiuu, T.e. YBeJIWUeHHe BeIXoma aMMuaka. [1pu yMeHbIeHUU
KOHIIEHTpAIIMK OJHOT'O U3 UCXOJHBIX BEIIECTB PABHOBECUE CABUTAETCS
B CTOPOHY OOpaTHOI peakiiuu, T.€. B CTOPOHY Pa3IoXeHUs aMMUaKa.

Bce xumuyueckue peakiiui MpoTeKarT JU00 ¢ BBIASICHUEM TEeIIO-
TH (3K30mepmuxeckuii npoyecc), TMOO ¢ TIOLIOIICHUEM (3Hdomepmu-
ueckuil npouecc).

Ecnu nmpsamast peakiust 9K30TepMuuecKasi, To odpaTHas OyaeT 3H-
JMOTEpPMUYECKOM, HampUMep:

3K30TCpMHYICCKAA
2NO + 0, INO, + AH: AH = 113,1 kIIX

SHAOTCPMHUYICCKAL

Harpepanne cucTeMBl, HaXONAMIEHCA B COCTOSHUU XUMHUYECKOTO
paBHOBeCHSI, BEI3EIBAeT B HEM Mpollece, MOMTOIMMAKIIWN TeTuIoTy, T. €.
SHAOTEPMHUICCKYIO PEAKITHIO, a OXJIAKICHUE CUCTeMEI BEI3EIBAeT B Helt
MIPoIiecC, BEACTIIOMMWN TeTUIOTY, T.€. 9K30TePMUIECKYIO PEaKIIHIO.

CremoBareIbHO, IIPU TMOBEIIICHIH TEMITEPATYPEl PABHOBECHE CMe-
aeTcs B CTOPOHY HAOTEPMHUYECKOM peakIlnM, a MPH IMOHIKCHIN —
B CTOPOHY 3K30TePMUICCKOM PeaKITHH.

BaxHBIM (akTOpOM, BIUIIONINM Ha COCTOSHUE DPABHOBECHS CH-
CTEMHI, coflepKalleil ra3oo00pa3HEIe BellleCTBA, SABIACTCS NaBICHHE.
B wacTHOCTH, maBIeHIE UMEET OTPOMHOE 3HAUCHHE TIPU OCYIIECTBIIe-
HUW CUHTE3a aMMHAaKa B TPOMBIIIUTICHHOCTH, TIPOUCXONAIICTO IO Pe-
aKIINHU;

N, + 3H, 2 2NH,

4 MOJIEKYAIBI 2 MOJEKYJIIBI

Hpouecc OpoUuCXOAUT ¢ U3BMECHCHUEM YHCTIa MOJECKYII. Eciu 651
BECH a30T U BOOOPOA U3pacXoaoBalIuCh Ha 06p330BaHI/I€ aMMHakKa, TO
cucTeMa 3aHsa Obl ABa 06’b€Ma, a ecnu OB BeCh aMMHaK Pa3iIoXuniI-
Cd Ha a3oT M BOOOpOd, TO CHUCTEMaA 3aHAIAa OBl YETHBIPE obbema. Ha
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caMOM Jejle YHUCIO 0O0bEeMOB MOKHO OBITH IMPOMEKYTOUYHBIM, 3aBU-
CSIITAM OT TTOJIOKEHUS paBHOBecHA. M3MeHeHNe MaBIeHUA B CHCTEMe
MIPUBOIUT K M3MeHeHHIO drcia Moei. [Ipu yBeIudeHUH naBIeHUA B
MIPUBEICHHOM IIpUMepe PAaBHOBECHE CMECTUTCS B CTOPOHY 06Gpa3oBa-
HUA aMMHaKa; YMeHBIIeHWe JaBICHUSI CIOCOOCTBYET Pa3TOXCHUIO
aMMHaKa.

B Tex cmyuasx, Korma YICIO MOJEKYT Ta3000pa3HBIX BEMIECTB TIpH
XUMHAYECKOM peakiinu He W3MEHSASTCS, BapbHpOBaHWe NABICHHWA HE
BEI3BIBACT CMEIEHU XUMIUUECKOTO PaBHOBECHS.

Boxpmoe 3HaueHWe MPHW MPOMEBINIICHHOM HCIIOIB30BAHUH 06pa-
THMBIX XUMAYeCKIX PeakIIni MMeIoT KaTarnu3aTophl. OoHaKO KaTaan-
3aTOPHI HUKOTA He CMEIA0T XUMUIECKOTro paBHOBecHsI. OHU YMeHb-
AT BpeMs, HeoOXoauMoe IS ero MOCTIDKeHWsA. Bo CKOMBKO pa3
KaTaJdn3aToOphl YCKOPSIOT MPAMYIO PeaKIInIo, BO CTOIBKO Xe pa3 OHH
VCKOPAIOT W 0OpaTHYIO.

**5.3. DHepreTuka XuMMUYeCKUX peakumi

OaTanbnus. [IpUpocT UK MOTEPIO TEIUIOTH MOXXHO paccMaTpUBATh
KaK W3MEHEHWE «TeIUIOCOAEPKAHUS» BEIECTB, MPUHUMAIOIINAX yYac-
THE B Ipollecce. MI3MeHeHMe «TeITOCOmepKaHUg» MPU TMOCTOTHHOM
MABICHUH HA3BIBAIOT U3MEHEHUEM SHmaibnuu N 0003HaYatoT AH.

Enmnuita uaMepeHus SHTAIBIAA — KOYAL ([IX).

DHTATLINIO peakKIuu o0pa30BaHUA CIOXHOTO BeIleCTBAa U3 IIPO-
CTHIX BEIIECTB, OTHECEHHYIO K 1 MOJIO TIPOMYKTA PeaKIny, HAa3EBAIOT
sumanvnuei 0bpazosanus eewjecmea U 0603HAYAIOT AH 5.

IIpamep 3. Paccuuraiite sHTANbNMO peakunu AH,:
CH, + 20, = CO, + 2H,0(x.)
€CJTU U3BECTHBI SHTANBINN OOPa30BAHU
AH5,(CH,) = =75 x/Ix/Monb; AH 56,(05) = 0;
AH 56,(COy) = =393 xJIx/Momb; AH 56,(H,0) = =286 k/X/MOmb.
Pemenue. [IpuBencHHbBIE JaHHBIC TIPEACTABAM CIEAYIOIAM 00Opa3oM:
CH, + 20, = CO, + 2H,0(x.)

T, MOJID c.ooeiiiiiieeiiiieeeeiietite e e e eaeaeenaens 1 2 1 2
AH g5, KIX/MOTD oo -75 0 -393 -286

Pacuer sHTaTRIUU pCakny MIpoOBCACM T1I0 YPABHCHUIO
AH | = [n(CO,)AH 5, (CO,) + n(H,0)AH 55,(H,0)] —
— [n(CHYAH 55,(CHy) + n(O)AH 55,(05)] = [1-(=393) + 2+ (-286)] —
~ [1-(=75) + 2-0] = -890 KIIk.
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Paznen xumMuu, KOTOPBIH MOCBSIIEH KOIUUECTBEHHOMY OIpenesne-
HUIO TeIUIOBBIX 3 (HEeKTOB XUMUUECKUX PeaKIui, Ha3bIBAIOT MepMOXU-
Mmuei.

OCHOBHO#1 3aKOH TEpMOXUMHHU ORI OTKPHIT B 1840 I. pycCKUM XH-
mukoMm . W.Teccom (3axon lecca):

CyMMa SHTAJBLNMIA IBYX H 00Jee MPOMEeXKYTOYHBIX peaknumii (cTa-
JIHii) MpH nepexo/ie OT HCXOAHOTO COCTOSIHAA K KOHEYHOMY PaBHA
SHTAJBINHA PeaAKIMH, KOTOPasA HEMOCPEACTBEHHO BeJAEeT OT HCXOA-
HOT0 K KOHEYHOMY COCTOSIHHIO.

OuTponus. Kak ycTaHOBIEHO BBIIIE, MEpPOH M3MEHEHUS SHEPTUU
CHCTEMBI ABIACTCA HTANBINA. CTaTHCTUUECKAS BEPOATHOCTE JAHHOTO
COCTOSHUS CUCTEMBI XapaKTepU3VIOT sumponueli, KOTOPy obo3Hada-
10T OykBoIi 5. YeM OoibIlie 3HaUeHHE .5, TeM 0ojlee HEYIIOPSIIOUYeHHEIM
SABISICTCI COCTOSHHE CUCTEMEL.

DHTpOTUS ABIISTCSI KOTMIeCTBEHHOIT Mepoit Gecrmopsanka. Harmpmn-
Mep, TTonyIeHrue Gomee uncToro ¢ocdopa BOCCTAHOBICHHUEM OKCHAA
¢ocdopa(V) yriieM mpu BEICOKOI TeMIIepaType:

P205 + SC = SCO + 2P

MIPUBOINT K TOMY, YTO M3 MIECTH MOJEKYT 00pa3yercs ceMb, T.¢. SHT-
pPOIHA MOBBICIIACKH, 3HAUCHUE AS 3TOM peaKIInM ITOIOXUTEIBHOE.

O6pazoBanne okcuga docdopa(V) npu ropeHun ¢ocdopa B Kuc-
Jopoe:

4P + 502 = 2P205

IIPOUCXOOUT ¢ IMoHmXKeHUeM HTponun (AS < 0), Tak KakK U3 JIeBITH
MOJIEKYI 0b6pasyeTcs JHUITD Be.

Dueprusa I'nd0ca. Ob6e BenmunHE AH 1 AS BAUSIOT Ha HaIIpaBIcHUE
1 DIyOMHY XUMUYECKOTO Mpollecca U CBI3aHbl COOTHONMICHUEM

AG = AH — TAS,

roe AG — suepeus Tubbca (ceobodnas 3nepeus) — Mepa IBUXYIIEH
CWJIBl XUMHUYecKoM peakumu, Hx; AH — sHTanenusa, Hx; AS — 2HT-
ponma, JIx/K; T — abcomorHas Temneparypa, K.

MpuMepsb BbINONHEHUSA 3a4aHWUN

3apanme 1. [Ipu HekOTOPOU TeMmepaType paBHOBECHBIC KOHIICHTPAIIUU B
cucreme 2SO0, + O, = 280; cocraBunu [SO,] = 0,04 mons/n, [O,] =
= 0,06 Momn/1, [SO3] = 0,02 Moab/1. BEMUCINTE KOHCTAHTY PABHOBECHS pe-
aKkIU 1 UCXoaHble KoHIeHTparuu SO, u O,.

Pemenue. M3 ypaBHEHUsS peaklIMd BUAHO, YTO AT 0OGpa3oBaHUS
0,02 monbs/n SO, pacxoayetcs o 0,02 mons/n1 SO, u 0,01 Mons/m O,. Cneno-
BaTeNbHO, MCcXoaHas KoHneHTparms SO, pasHa 0,02 monb/n1 + 0,04 Monb/m =
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= 0,06 Mo/, ncxoaHasa KoHreHntparus O, pasHa 0,01 Moms/1 + 0,06 MoIb/1 =
= 0,07 Monp/n.
KoHcTaHTa paBHOBECHS PEAKITUN COCTABUT

_O[SOs 0,022
" [SO,[0,] 0,042.0,06

4,2.

3aganme 2. O6paTuMas peakilys MPOTEeKaeT Mo ypaBHeHNIO 2NO + O, 2
= 2NO,. B cTopoHy Kakoi#l peakiuu (TIpAMO#N WM OOPATHOM) CMECTHUTCS
XUMUYIECKOE PaBHOBECHE, €CIA JaBIcHUE YBEIUINTD B 2 pa3a?

PemeHue. ITycTh paBHOBECHBIC KOHIICHTPAIIUY A0 YBEIUICHUS HaBIe-
Hus coctapnsuiu: [NO] = a monw/n, [O,] = b Monb/n, [NO,] = ¢ Monb/n. CKO-
POCTD IIPAMOIL peakIlu v;, CKOPOCTh OOPATHOI peaklnu v,. Torna v, = kya’h;
vy = kyc?.

IIpu yBenmuenun gasneHus B 2 paza [NO] = 2a monb/m, [O,] = 2b Monb/1,
[NO,] = 2¢ MOTB/1T; CKOPOCTH TIPSIMOY 1 OOPaTHOM peaklnii IpA HOBBIX YCIO-
BUAX PABHBI:

v} = ky(2a)*2b = 8k,a’h,
5 = ky(2¢)? = 4k,

OTCrOa
v _Ska’h
L% klazb ’
ﬁ _ 4k2C2 _
(%) k2C2

CrnemoBaTenbHO, TIPW YBETWUCHWW MABICHWS B PaBHOBECHOW cHCTEMe B
2 pasa CKOpOCTb TIPIMOH peakIny BO3pacTacT B 8 pas, a CKOPOCTh OOPaTHOMU
peaknuu — B 4 pasa, T.¢. paBHOBECHE CMECTUTCS BIIPARO — B CTOPOHY 0Opa-
3oBaHusg NO,.

Bonpocbl n 3agaHu4

1. Kak omnpeaenstoT cKOpoCcTbh XUMUYECKOW peakIium?

2. Kakwe (hakTOpHI BAUSIOT HA CKOPOCTh XUMUUECKUX PEaKITii?

3. Kak 3aBUCHUT CKOPOCTh XUMUUECKOW peaKIInA OT KOHIICHTPAITUM pearn-
pytomux BernecTs? Hamummte MaTeMaTUIeCKUe BRIPAXKCHUS I CKOPOCTE
PeaKkInii, MPOTEKAINX IO YpaBHEHUAM:

a) 4NH; + 50, = 4NO + 6H,0;

6) 2H,S + SO, = 38 + 2H,0;

B) Fe;0, + 4H, = 3Fe + 4H,0.

4. IlpuBeanTe MpuUMepbl KATAMATUYECKUX peakInii. MOXHO TH ¢ TTOMO-
IIBI0 KaTATU3aTOPOB CMECTUTh XUMITIeCKOe paBHOBecre? KakoBa X porb pu
00paTUMBIX PeaKITIsaX?

5. Yemy paBeH TeMIlepaTypHbIi KO GUITUEHT peakiiny, eCu TIpY yBEIN -
YeHUM TeMIIepaTyphl Ha 60 rpagycoB CKOpPOCTh peakiuy Bodpocaa B 10 pas?
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6. Kak uameHutcsa ckopocts peakiiuu 2NO + O, = 2NQO,, ecnmu KOHIIEHT-
Al UCXOIHBIX BEIECTB YBEIUINUTH B 4 paza?

7. Bo CKOJBKO pa3 YBEIUUUTCSA CKOPOCTh PEAKIIMU TIPU TTOBBIITICHUY TEM-
nepatypsl ot 40 no 70°C, ecnu TeMIlepaTypHBIH KO3(PEOUIIIEHT peakIIul pa-
BEH TpeM?

8. Kak Brmser miomaas MOBEepXHOCTHA TREP/BIX BEIIECTB HA CKOPOCTh UX
B3anMojeiicTeus? [IpuBenuTe MPUMEPHI UCIIONL30OBAHUS STOU 3aBUCHMOCTU
B XUMUYECKON TIPOMBINLICHHOCTH.

9. Peakrus Mexay BemecTBaMu A 1 B mipotekaeT 1o ypagHeHNO A + 2B =
= C. HauanbHas koHIIeHTpaIus BerecTBa A paBHa 0,3 Moib/1, BemecTBa B —
0,5 monb/n. KoHcTanTa ckopoctu JaHHou peakimy 0,4. Beraucanre Havamb-
HYIO CKOPOCTH PEaKIINH 1 CKOPOCTh PEAKIINH IO UCTEUCHUN HEKOTOPOTO Bpe-
MEHHM, KOTJIa KOHIICHTpAIIUs BellecTBa A yMeHbInmnach Ha 0,1 Momb/m.

10. Onpenenute ucxonHbie KOHIEHTpanyu razoB NO 1 O, 1 KOHCTaHTY
paBHOBecus obpatumoii peaknmu 2NO + O, & 2NO,, ecnum paBHOBecue
VCTAaHOBUIOCH TIPU CIACAYIOMMUX KOHIICHTPAIIUSIX PEaTUPYIONIUX BEIECTB:
INO,] = 0,12 monp/n, [NO] = 0,48 monn/1, [O,] = 0,24 Monb/1I.



FnaBa 6

BOAHbIE PACTBOPbI U 3JIEKTPOJIMTUYHECKASA
AUccoumALna. TMAPONIU3 CONEN.
KOHLEEHTPALMA PACTBOPOB. 3JIEKTPOJIU3 COJIEN

U3yuunB rnaey, cneayer:

3HaTb TEOPUIO 3NIEKTPONUTUYECKON AMccoumauum AppeHnyca;

UMeThk NpeacTaBlieHne O COBPEMEHHOW TEOPUU KUCIOT U OCHOBAHWUNA,
0 MMAPONM3e CoNei 1 BNeKTPOoNM3e PaciaBoB U PacTBOPOB CONEN;

yMeTb 3aMUChIBaTb YPAaBHEHUSA peakuMii MOHHOro o6MeHa; onpenensTb
KWGNIOTHOGTb PacTBOPOB KMGNOTHO-OCHOBHBIMU MHOMKATOPAMMU; COCTaBNATh
NOJIHbIE U COKPALLEHHBIE MOHHbIE YPABHEHUS FMAPOSIM3a CONeit; npeackasbl-
BaTb peakLuMio cpefibl B paCTBOPAaXx COJel; PACCHUTHLIBATH KOHUEHTPaLMIO pac-
TBOPOB.

6.1. PacTBOopbl. KOHUEHTpauua pacTBOpoB

Kak n3BecTHO, MHOTHE BellleCcTBa, HATIpUMEP COJIb, caxap, PacTBO-
pAtoTcA B Bofe. ECTh Takme BelllecTBa, KOTOPEIE B BOIE HE PacTBOPSI-
IOTCSI, HO XOpOIIO PacTBOPAIOTCA B crmpTe. Hampumep, pasmuaHbIe
JIAaK’ B BoZI¢ He PaCTBOPAIOTCS, HO OYCHB JIETKO PACTBOPAIOTCA B CITAPTE.
Cepa B BOle M CHUPTE HE PACTBOPAETCI, HO XOPOIIO PACTBOPSETCS B
cepoyraepone. B pesyrbTaTe pacTBOpeHH IMOIYIAIOTCS PACTBOPEL.

Pacmeopst — 310 OTHOPOIHBIE CHCTEMBI, COCTOSAINIHE H3 IBYX H
foJIee CaMOCTOATENbHBIX BEHMIECTB H MPOAYKTOB HX B3aHMMOJIEii-
CTBHA.

BermecTBo, B3sATOEC B M30BITKE U CAYXAaIllee Cpedoi, B KOTOPOIf UaeT
pacTBOpeHMe, Ha3EIBAIOT pacmeopumenem. BelecTBo, KOTOPOE PacTBO-
pAeTC, HA3BIBAIOT PaCMBOPEHHbIM GeU{eCNEOM.

[Ipomecc pacTBOpeHUS BelllecTBA COMPOBOXIACTCA IOTTIOIIECHUEM
WA BRIIEICHUEM TEIDIOTHI, YTO XapaKTepHO IS XUMUYeCKOTO B3aM-
Moneiicteus. J. M. MeHneneeB, u3ydas COCTOSTHIE BEIECTB B pACTBO-
pax, pa3BUJI MpeacTaBIcHNe 0 XUMIUISCKOM XapaKTepe Impollecca pac-
TBOpPEHU:A, MIPOTUBOMOCTABIAI 3TO VUeHHe (PU3MUIeCKON TeopruH pac-
TBOpPEHUA, COTTIACHO KOTOPOM PACTBOPH — YHCTO MeXaHUIECKIE CMe-
CH YaCTHIl PACTBOPHUTEIS U PACTBOPEHHOIO BelecTBa. OH TpHUIIET K
BBEIBOAY, YTO B PACTBOPE 00PA3yIOTCA COCTMHEHUSI, COCTOAIINE M3 Pac-
TBOPEHHOTO BellleCTBA U pacTBOPHUTENA. Takne coequnHeHUS TOTYIIIN
Ha3BaHUe coaveamog. ECIM pacTBopHTeIeM ABISIETCSA BOAA, TO COCMU-
HeHHA, oOpa3yloluecsa B pacTBOPe, HA3BIBAIOT eudpamami.
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Pasputas 1. 1. MeHaenceBEIM XUMWYCCKasd, WM TAApPaTHAs, TECO-
PHS PACTBOPECHUS JIEXUT B OCHOBE BCETO COBPEMEHHOIO YISHUS O pac-
TBOpAXx.

B 3aBICHMMOCTH OT arperaTHOIO COCTOSHUS PACTBOPUTENS pa3Imda-
0T XUAKWE, TBEPObIe W ra3006pa3Hbeie pacTBOPHL. [IprnMepoM mepBEIX
MOTYT OBITH PACTBOPHI COJeil U TMAPOKCUIOB B BOMAE, BTOPHIX — Me-
TaUIMIeCKHe CIUIAaBBl W pa3TUYHBEIC MUHEPATBl, TPETBUX — CMECH Ta-
30B, BO3OYX.

HaunGonpiiee 3HaYeHE UMEIOT XUAKUE PACTBOPHL. UTOOBI TIpUTO-
TOBHTH BONHEIN pacTBOp TBEepIOTO BelIeCTBa, MJOCTATOYHO OCTABUTH
3TO BEIIECTBO B COIMPUKOCHOBEHUH C BOIOH B TeUeHHEe HEKOTOPOTO
BpeMeHN. CaMOIIPOM3BOIBHOE paclpeleIeHIe MOIEKYI PACTBOPAEMOTO
BeIllecTBa IO BCEMY OOBEMY pacTBOPUTEINS HA3BIBaIOT duggysueil. Ho
3TOT TpOIece CoBepIaeTca MemaeHHo. I yCKOpeHUs pacTBOPESHUA
pacTBOpsAeMOe BEIIECTBO M3MEILIAIOT WIH MPOIIeCC IMPOBOIAT TIPH Me-
peMermuBaHuN. PacTBopeHne 3aBUCHT, KPOME TOTO, OT TeMITEpaTypHL.

TBepanle BellleCcTBA U Ta3kl PACTBOPAIOTCA B OIIpeaeIcHHOM 00beMe
BOZBI TIPH HEM3MEHHEIX YCIOBUSIX TOJNBKO IO YCTAHOBICHHOTO TIpemea.
Tak, B 100 M1 Bons! 1rpu TemIepatype 18 °C moxHo pactBoputh 201,11
caxapa, 36,06 r xmopuma Hatpus, 0,00016 r xmopuna cepedpa. B 1 o6bpeme
Bonel mmpu Temmepatype 20 °C pactopserca 700 o6beMOB aMMHUaKka,
40 o0BEeMOB CEpHUCTOIO rasa, 2,5 odbeMa cepoBOIOpOAa.

Pacmeopumocmpio Ha3BIBAIOT CITOCOOHOCTH OTHOTO BEIIeCTBA PACTBO-
PATBCA B IpyroM. KommaecTBeHHO pacTBOPUMOCTE TBEPABIX BEIISCTB 1
KHUOKOCTEH XapaKTepH3yIoT KO(POUIIMEHTOM PaCTBOPUMOCTH.

Kosgpgpuyuenm pacmeopumocmu papeH Macce 6e3BOTHOTO BellleCTBa,
PACTBOPSIONIETOCS IIPH NaHHBIX yeIoBuax B 100 T pacTBopuTeId ¢ 06-
pasoBaHMeM HaCHIIeHHOTO pacTBopa. Hampumep, ecnn koaddpurmmeHT
pacTtBopuMocTi cynbgara meau(ll) CuSO, nmpu Temmepartype 60 °C
coctapsieT 40, To HACHIIIEHHBIM pacTBOP MPH YKa3aHHOU TeMITepaTy-
pe comepxkut 40 - 100: (100 + 40) = 28,6 % comm, a ipu 80 °C (Koad-
(UIMEeHT pacTBOPUMOCTH paBeH 55) comepxut 55-100: (100 + 55) =
= 35,5% conn.

Pacmeopumocme eazoe omnpenensdeTcsa o0BEMOM Tasza, pacTBOPSI-
FOIIerocs P MOCTOSHHOI TeMITepaType B OMHOM 00beMe pacTBOPH-
TeJIA ¢ oGpa3oBaHUeM HaCHIIIeHHOTO pacTBopa. Hampumep, ipu oGBIT-
HEIX yeaoBHAX 1 o0beM Bombl pactBopsaeT 0,02 oO0bemMa Bomopoma Wik
400 o6beMoOB XJIOpOBOAOpOA.

KoadpuimmeHT pacTBOpUMOCTH OONBIIMHCTBA TBEPABIX BEIIECTB TIPH
MMOBBEIIIEHUH TEMIIEpaTyphl BO3pacTaerT.

Ectb BemiecTBa, pacTBOPUMOCTE KOTOPEIX ¢ YBEIMICHUEM TEMIIC-
paTypsl YMEHBITIAeTCsI, HATIpUMep TUAPOKCHN KaIbIIH.

B Bome pacTBOPAIOTCA He TOABKO TBEepALIe BEIlecTBa, HO U MHOTHUE
xuakoct. OOTHU U3 HUX, HAIpUMep COUPT, TIWIEPUH, CepHas KHC-
JIOTa, CMEMIUBAIOTCS ¢ BOMOM B MIOGBIX COOTHOWICHUSX, APYTUe, Ha-
mpuMep 3¢Hp, B3AUMHO PACTBOPAIOTCA TONBKO IO M3BECTHOIO Mpee-
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na. C yBenTWueHUEM TeMIIepaTyphl PACTBOPUMOCTD JKUAKOTO BellleCcTRa,
KaK MpaBUIO, MOBEIIIACTCH.

PacTBOpHMOCTD TA30B B BOIE BecbMa pastudHa. PacTBopUMOCTE a3ora,
BoZopoda, KHCIOpoma oueHb Mana. Tak, B 1 1 BOOH TIpH TeMIIepaType
0°C u maBnenun 0,1 MIla pactBopumocts H, — 20 M, O, — 40 M,
N, — 21 Mix; pacTBOPUMOCTD Xe aMMHaKa W XJIOPOBOAOpOna, Hao60-
pOT, BenKa. PacTBOPHMOCTE Ta30B B BONE 3aBUCHUT OT IIPHUPOMEI Ta3a,
TEeMIIePaTypH U HaBieHuA. [1pn HeM3MeHHOM TeMIIepaType pacTBOPH-
MOCTB Ta30B YBEIMINBACTCS ¢ TTOBHIICHIEM TaBIeHMS; TIPI HEU3MEH-
HOM JaBICHUM C YBEIWYCHUEM TEeMIIEpAaTYpPHl PACTBOPHUMOCTH Ta30B
VYMEHBIIIAe TCA.

**AucnepcHbie CUCTEMbI

PacTBopHI nendarcs Ha UCTUHHBIE U AUCIIepcHBIe. B ucmunnom pac-
TBOPE YACTHIIHI PACTBOPEHHOTO BENIeCTBA HERWIAUMBI JAaXe ¢ TTOMO-
b MUKpOCcKoma. B KauecTBe pacTBOPEHHBIX BEIECTB B MCTUHHBIX
pacTBOpax MOTYT BBEICTYIIATh HEAJAEKTPOIUTHI B BUAEe MOJIEKYJI WM 3JTeK-
TPOJUTHI B BUAE UOHOB.

Ecnu pacTBopeHHOE BelecTBO ¢ OOJBIIUMHU MO Ppa3Mepy MOJEKY-
TaM# obpa3syeT oTHeAbHYIO a3y (ducnepcuyio ¢pasy), TO TaKOU pac-
TBOP OTHOCST K ducnepcubim. BerecTBo, B KOTOPOM paclipeieieHa Juc-
nepcHas (asa, Ha3bIBAIOT ducnepcuorHol cpedol. Harpumep, aucmep-
CHOI (bazoil TymMaHa SABISIOTCS Melbyuailline KameabKU BOABI, a TUC-
MEPCUOHHON CPEAOH — BO3AVX.

ITo paszmepy yacTHIl AUCTIEPCHOM (ha3bl Bce NUCIEPCHBIE CUCTEMBI
MOXHO pa3feanuTh Ha TpyOOAUCTIEPCHBIE U KOJUTOUAHBIE CUCTEMBI.

B epy6oducnepcubix cucremMax pasMep YacTUIL AUCIIEPCHOM (ha3bl U3-
MeHsieTcd B penenax 10— 107 ¢M, a BelecTBo AUCIIEPCUOHHOM CPEbI
COCTOUT U3 MOIEKYT pasmepoM 1078 cm.

I'pyboaucnepCHBIMU CUCTEMaMM SIBIISIFOTCSL CYCIIEH3UU, IMYJIBCUU
U MeHBI.

Cycnensuu — TeTepOreHHbIe CUCTEMBI, B KOTOPBIX YaCTHUIIBI TBEp-
JIOM TUCIIepCHOM (ha3bl pacIIpeeacHE B XKUIKON TUCIIEPCUOHHON cpelie
(B3Bech KpaxMania B XOJOJHOU BOJE).

Imyavcuu 00pa3yIOTCS ABYMS HECMEIIUBAKIUMUCS XUAKOCTAMU
(amynbcua OeH30Ja B BOIE).

Ilenvi cocToAT U3 sUeeK, 3alOTHEHHBIX ra30M U OTAEIeHHBIX APYT
OT Apyra IUICHKaMU OYeHb MaJO# TOMMIUHBI. K XUAKUM MeHaM OTHO-
CUTCS, HalpUMep, MBUIbHAS TeHa, K TBEepABIM — IeM3a.

XapakTepHbIM MPU3HAKOM BCeX IpyOOIUCIIEPCHBIX CUCTEM SIBISET-
¢Sl TO, YTO YACTUIBI AUCIEePCHON (ha3bl B HUX BUAHBI JAaXe HEBOODPY-
XKEeHHBIM T1a30M. OHU MOTYT 3aJepKUBaThCs OYMaXXHBIM (DUIBTPOM.

B xoar0uonbix pacmeopax (cucmemax) pasMep 4acTHUIL TUCIIEPCHOM
asel coctaBasger 10— 1072 cM, pa3Mep YacTHUIl AUCIIEPCMOHHOM cpe-
nel — 1073 cMm.
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W3 oprannmyecKnx BelIeCTB B MIPUPOE KOJUIONTHEIE PACTBOPEI 00-
pasyoT OelKHM, pacTUTeIbHBIC WM XUBOTHEIE KJIeHW, W3 HeOopraHHWUYe-
CKUX — THAPATHPOBaHHEIE (POPMBI CHIIMKATA HATPHUs, OKCUIA KPeM-
HuaA(1V).

[Ipu omHOCTOPOHHEM OCBEIIECHUN KO0AA0UOHO-OUCHEPCHbIX PACTBO-
pOB (cUcTeM) OHU KaXyTCA MYyTHBIMU BCISICTBUE PACCETHMSA JaCcTH-
mamMu cBeta. KomonmaHble CHCTeMBl MOTYT HAXOMUTBCA KaK B COCTOS-
HUU 30715, TaK U B COCTOIHHU Teld. B 304e qacTHITBI IBIXYTCS Oojee
WK MeHee CBOOONHO. B eese YacTUIIHI CBSI3aHEI IPYT ¢ IPYTOM U TIepe-
MelIeHNe OTOeABHEIX YaCTHIl 3aTPYTHEHO, UYTO MPUIAST TelsIM IUTac-
THYHOCTE M 3JIaCTUYHOCTD. JIJId 307l XapaKTepHa HeYCTOMINBOCTh —
CTpeMJIeHNe YaCTUIl K CAUMAHMIO ¢ 00pa3oBaHUeM KPYIHEIX arpera-
ToB. Takoif mpoliecc Ha3HBAIOT Koazyrayuell, OOBITHO OH 3aKaHYUBAa-
€TCA TePEXOIOM SKUIKOTO KOTOMIHOTO PAacTBOpa B TeIb WX BRIIANE-
HUEM B OCaIOK AUCIIepCHOM (a3ml.

JncrepcHBIe CHCTEMBI IMEIOT GOMBINOe 3HaUYeHNE KaK B GHITY, TaK
1 B IIpouM3BoacTBe. HampuMep, B IPUTOTOBICHWH TTHAIIN IMTUPOKO HC-
IMONB3YIOT CIOXHBIC KOJLUTOMOHEIE CUCTEMBI (MOJIOKO, MAaclo, CMeTa-
HY). KowtonnHele mpoliecchl IexkaT B OCHOBE TIPOM3BOACTBA Mapraph-
Ha, KOHOIUTEPCKUX U3Ieanit, BUHa 1 Ap. [Ipon3BonCcTBO MIACTHIECKIX
Macc, OyMaru, Kpacureiei, CTpOUTeILHBEIX MaTepHaloB — BCE 3TO
KOJUTOUTHEIE TIPOIECCHI.

MoHaTe o0 KOHUeHTpauuu pacTteopa

MoxHo IIPUTOTOBUTL PACTBOPLI ¢ PA3IUYHBIM COACPXKAHUEM pac-
TBOPCHHOTO BCIICCTBA. HOC—)TOMy JJIA KaKaoro pactesopa H€06XO,Z[I/IMO
yKasaTb €ro KOHIOCHTPpAalHIO.

Konuenmpauueii pacmeopa HA3bIBAIOT MACCOBOE COJAEPKAHUE pac-
TBOPEHHOIO BEWIECTBA B ONPEIEACHHOM MACCOBOM KOJIHYECTBE HJIH
onpeeaeHHOM 00beMe PacTBOpa.

JIIst KaueCcTBEHHOM XapaKTepUCTUKHA KOHIIEHTPALIMHA PACTBOPOB TTPH-
MEHSIIOT TEPMUHBI KOHUECHMPUPOBAHHBII U paA30a6AeHHbILL.

KoHIteHTprUpOBaHHEIN PACTBOP COAEPXUT MHOTO PAaCTBOPEHHOTO
BelllecTBa, pa3baBlIeHHBIM PACTBOP — Majio PaCTBOPEHHOrO BelllecTBa.
I'panuiiel Mexay HUMU yeIoBHBL. Tak, ecnu B 100 r pacTBopa cepHou
KHUCIIOTH COMEPXKUTCSA 96 T cepHOI KUCIOTH, TO TaKOM PacTBOP KOH-
LIEHTPUPOBAHHBIMU, §0 T KUCTOTHI — TOXE€ KOHIIEHTPUPOBAHHBIU, a ecIu
5 mwau 15 r KUCIOTHL, TO pa30aBIecHHBIH.

B XuMUUM ONB3YIOTCA HECKOIBKUMU COCODAMU BBIPAXKEHUS KOH-
LEHTPALU PACTBOPA: MACCOBOM MONEH paCTBOPEHHOIO BEIIECTBA, MO-
JIIpHON KOHIEHTpamuell, HopMalbHOI KOHIOEHTpamuel (MOIIpPHON
KOHIIEHTpallMel 3KBUBAJICHTOB) U AP.
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MaccoBas gons pacTBOpPEeHHOro BeujecTBa

Maccosasn doas pacmeopennozo éewmecmaea (> — 3TO OTHOIIEHHE
Macchl pACTBOPEHHOTO BeleCTBA K 00IIeii Macce pacTBopa:

m
0w=—,
m
IIe m — Macca pacTBOPEHHOIrO BelllecTBa; m; — obImas Macca pac-

TBOpA.
MaccoByio JOIK PACTBOPEHHOrO BelllecTBAa OOBIYHO BEIPAXKAIOT B
JOIAX eAUHUILLI (WX B IIPOLCHTAX):

w=22100 %.

m

Tak, 20%-M pacTBOPOM XIOpHAA KaIUd HA3HEBAIOT PAcTBOP, B KO-
TOpoM Ha Kaxaele 100 egMHHII MAcChl pacTBopa mpuxoauTcd 20 egu-
aun Maccel KCI (MaccoBast nonsa pasHa 0,2).

IIpumep 1. Onpeaenute MaccoByio nomo (%) xmopuna kanmusa KCl B pac-
tBOpPE, ecm 50 r KCI pactBopero B Boge Maccoii 200 1.

Pemennme. Obmasa macca pacteopa KCl1 pagaa m; = 200 + 50 = 250 r.
TToacTaBmsst M3BECTHBIC 3HAUCHUA B (hOPMYITY, TTONIYIACM

m 50r
=—100%; o=
® m o @ 250 T

100 % =20 %.

MonsapHasa KOHLUEHTpauns pacTBOPEeHHOro BeLlecTsa

Moaspnas xonyenmpauus pacmeopennozo eeuwecmea C — 310
OTHOIIEHHE KOJWYECTBA BemecTBa v (MOJIb), COAEPKANEroCa B
pacTBope, K 00beMy 3TOr0 pacrsopa V (J):

_v_m
v MV’

Ie m — Macca pacTBOPEHHOTO BelllecTBa, I'; M — MoJspHas macca
PacTBOPEHHOTO BellecTBa, I/MOJb.

Js 0603HaYCHUST MOJISIPHON KOHIIEHTpAIlUU MTPUHATO HUCITOIb30-
BaTh CUMBOJI M. Eciu 1 1 pacTBopa comepXuT 1| MOAb paCTBOPEHHOTO
BeIeCTBa, TO PACTBOP HA3BIBAKOT OAHOMOJSAPHBIM M 0603HaUal0T 1 M,
eciau 3 MONIA — TPeXMOIIpHEIM (3 M) u T. 1.

Tak, omHoMoasgpHEIN pactsop H;PO, — aTo Takoit pactsop, B 1 1
KOoToporo cojepxurca 1 momub, T.e. 98 T, H;PO,.

IIpumep 2. PaccunTatite, CKOIBKO TPAMMOB THIPOKCH/IA KATHSI COMEPKUT-
ca B 0,2 M pactBope KOH o6nemom 500 mur.
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Pemenue. Ilo popMyne, MpUBEeACHHON BBIIE, TOTYINM

m(KOH)

CROW =4 Komv’

oTCIOIA
m(KOH) = C(KOH)M (KOH)V,
m(KOH) = 0,2 monp/n-56 r/Mons-0,5 1= 5,6 T.

IIpumep 3. Beruncnure MONSIPHYIO KOHIIEHTpaIo pacteopa H,SO,, 200 M
koToporo coaepxat 4,9 r H,SO,.
PemeHue. HaxomauM MOTSPHYIO KOHIICHTPAIIIIO

C(H,50,) = M0
M(H,S0,)V
49r

CH,S0,)=——— "
(H:50) 98 r/Monb - 0,2 11

=0,25 monn/n, unn 0,25 M.

**HopmasnbHass KOHLEHTpaLnusa pacTBOPEHHOro BeujecrBa

Areusarenmom BemectBa X (Z,,,(X)) Ha3EBAIOT TaKOE KOTUIECTBO
BelmecTBa X, KOTOpOE CIIOCOOHO B MAHHON peaKINU MPUCOCTWHATH
WK 3aMeliaTh OOUH MOH H' B KHCIOTHO-OCHOBHEIX pEaKIMAX WIN
OIMH 3JeKTPOH B OKUCIUTEILHO-BOCCTAHOBUTEIBHEIX PEaKIIHAX.

Hampumep, nmpu B3anMmomneiictun ¢ocdopHoii kucaorsl H;PO, ¢
ruapokcunoM Kanua KOH B 3aBucHMoCTH OT TOTO, KaKie KOHEUHEIS
mpoaykTe obpasyorcsa: KH,PO,, K;,HPO, wmm K;PO, skBuBaneHTa-
mu H,PO, 6yayr coorBercteenno H,PO,, |/,H,PO,, |/;H;PO,.

Enunuiteii sKBUBaJeHTa BelIeCTBA SBJISETCS MOJIb 3KBUBAJIECHTA.
Yucmo Momeit SKBUBaIeHTa, COMepKAIMUXCA B 1 Moje BeliecTBa, Ha-
3BIBAIOT 4UCAOM 3KeusareHmuocmu (Z,g); OHO paBHO YHCTY TIPUCOSIN-
HAEMBIX WIK 3aMEIIA¢MBIX IIPOTOHOB B KUCIOTHO-OCHOBHBIX PEAKIIUSIX
WM YUCITY 2IEKTPOHOB, YYACTBYIOMINX B ITOIYPEAKIINAX OKUCICHIST —
BOCCTAHOBJICHUS.

Daxmop sxeusareumuocmu BerectBa X (f,:(X)) — 3T0 BeaIuunHa,
o6paTHasA YHUCITY SKBUBAJICHTHOCTH MAHHOTO BelllecTBAa B KOHKPETHOM
peaxITnm:;

1
Zya(X)’

[MoHaTHA «INCTO SKBUBATEHTHOCTH», «(DaKTOp 9KBUBATEHTHOCTH»
OTHOCSTCSA HE TOJBKO K PearupyrolmM BeliecTBaM, HO W K KaXmoi
gacThIle (aTOMy, MOJEKyIe, MOHY) 3THX BEIeCTB.

[Tpu UCIOMB30BAHUM TEPMUHOB «3KBHBAICHT», «UACITIO 9KBUBAJICHT-
HOCTH», «(paKTOp 3KBUBAJTEHTHOCTH» BCErIa HEOOXOAMMO YKA3BIBATh,

Soxs (X) =
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K KaKo¥ KOHKPETHON XUMHWIeCKOM peaKIM OHU OTHOCITCS, TaK KakK
YHUCIIO 3KBUBAJCHTHOCTH 1 (PaKTOp IKBUBATEHTHOCTH ONHOTO U TOTO
JKe BeIecTBA MOTYT OBITH PA3MMYHBIMU B PA3sHBIX XUMUIECKMX pPeak-
117508

Hampumep, cepHasg KICaoTa B 3aBUCUMOCTH OT YCIOBUIM pearupyer
¢ TUAPOKCHUIOM HATPUS IO ABYM YPaBHEHUSIM:

HQSO4 + NaOH = NaHSO4 + HQO

HQSO4 + 2NaOH = NaQSO4 + 2H20
B nepBoii peakinu 3amernaercs 1 arom Bonopoga H,SO,, cienosa-
TensHO, Z,,(H,S0,) = 1, £,(H,SO,) = 1; Bo Bropoil peakIium 3aMme-

marTca 2 aroMma Bogopona kuciaotel H,SO,, 3naunr, Z,,(H,S0,) = 2,

— 1
fow(HoS04) = /5.
Takum 06p8.30M, BEIITIOJIHACTCA 3AKOH 3K6UBANEHNIO6:

BemnecTsa pearupyior u 00pasyloTcs B SKBUBAJEHTHBIX KOIHYECTBAX.

HaHpI/IMep, 1A peaKIIuu
2Fe(OH)3 + 3HQSO4 = FeQ(SO4)3 + 6H20

Mony1um ZSKB(F63+) = 3a f:‘)KB(Fe3+) = 1/3; ZaKB(SOA%_) = 2a .}gKB(SOA%_ =
= 1/2; ZaKB(FeZ(SO4)3) = 6a .}gKB(FeZ(SO4)3) = 1/6-

Yucno OKBHUBAJICHTHOCTH, KaK IIPpaBUJIO, COBIIAAAcT C 3apAdoM pPEe-
arUpyIoLIeil YacTHIIBL.

[TomMmuMoO 3KBUBaJIEHTA BC€IICCTBA IIPpHUMCHAIOT ITOHATHUC MO./lﬂpHOl/lu
Mmaccot skeusarenma M,,,, CBA3aHHON ¢ MOISPHOU Maccoit M 3Toro
BCHICCTBA COOTHOLUICHUEM

M
M KB — Z_ = AI.}‘;)KB .
9KB
HampuMmep, MomsapHass Macca sKBHBaleHTa (ocpOpHOH KHUCIOTHI,
HpOpeaI‘I/IpOBaBLﬂeﬁ ITOJIHOCTBIO, COCTaBIACT

MaKB(H3PO4) = M(H3PO4)_}2KB(H3PO4) = 98- 1/3 = 32,7 F/MOHB.

Moaspnas xonyenmpauus sxeueasenma C,, (nopmasvnas xon-
yenmpauus) — STO OTHOUMIEHHE KOJMYECTBA BEMECTBA DKBHBA-
JieHTa (B MOJIAX), COAEPKAIIETOCH B PACTBOPE, K 00HEMY 3TOro
pactBopa (B JATpax):

m

CaKB v
M,V

Ile m — Macca pacTBOPeHHOTO BelllecTra, I; M, — MoJsIpHas Macca
SKBHUBaJeHTA BelllecTBa; V — 06BbeM pacTBopa, .
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HopmanbsHYI0 KOHITEHTPAINIO MIPUHATO 0603HaUYaTh OyKBO# N; Ha-
mpumep, 2 N pactsop H,SO,.

IIpumep 4. OmnpenennuTe HOPMATHLHYIO KOHIICHTPAIIUIO CEPHOUW KHCTOTHI,
ecau B 0,2 1 pactopa comepxutca 4,9 r H,SO,.

Pemenue. Hopmarvhas KOHYEHMPayus TIOKA3BIBACT, CKOJIBKO MOJIEH K-
BUBAJICHTOB PACTBOPEHHOTO BEIECTBA COAEPKUTCS B 1 1 pacTBoOpa.

PaccunTaeM HOpMAIbHYIO KOHIICHTpanuo pacrsopa H,SO, mo dopmyie

m(stO4) _ m(stO4)

CSKB(HZSO4) = = P
M, (H,SO)V M (H,S04) £ (HSO )V

49r

=0,5 Monp/m.
98 r/monb -1/, -0,2

CaKB (HZSO4) =

Pacder TakKe MOXHO TIPOBECTH, UCIIONB3YS MIECTUWICHHYIO TTPOIIOPITUIO:
B 1 n 1 N pactBopa comepxurca 49 r H,SO,
B 0,2 1 x N pactBOpa — 4,9 r H,SO,
ToIyIaeM

_1x-1 Mom/n-4,91

=0,5 Monp/m.
0,2n1-4971

IIpumep 5. Paccuntatite, ckonbko rpaMMoB Al,(SO,); conepxured B 0,2 N
pactBope Al,(SO,); oobpemom 0,5 1. Kak IpUroTOBUTH TaKOM pacTBOp?
Pemenue. Pacuer macent Al,(SO,); mpoBeaem 1o opmyne

M(AL(804)3) = Cop(AlL(SO4)5) M, (AL(SOL) ) V =
= Cos(AL(SO4)3) M(AL(SO4)3)oxa(Al(SO4)5) ¥,
m(Al,(SO,);) = 0,2 Monb/1-342 r/Monb - /- 0,5 1= 5,7 1.
Pacuer Takxke MOXHO MPOBECTH, UCIIONB3YS MECTUWICHHYIO TTPOTTOPIIHIO:

B 1 nm 1 N pacteopa comepxkurcad 57 T Al (S0,),
B 0,5 1 0,2 N pactBopa — x T Aly(SO,);
.o 0,5m-0,2 monp/n-57 1

57r
1n-1 Monb/n

JIIs IpUTOTOBIEHMS TAKOTO PACTBOPA B MEPHYIO KOJIOY BMECTUMOCTBIO
0,5 1 BHOCcUM 5,7 T Al,(50,);, HanoxHsIeM KOI0y BOAOHN IpUMEpPHO OO IOJO-
BUHEI, TIEpEMEIITIBAEM JI0 TTOTHOTO PACTBOPEHUS COMU U JOBOAUM OOBEM pac-
tBOpa 0 0,5 1 (10 MEeTKN).

*Mepexon OoT 0O4HOro BbipaXXeHUS KOHLeHTpaLuuu
K Apyromy

IIpy XUMHAYEeCKUX pacueTax YacToO MPUXOIUTCSA MEPEBOIUTH MAaCCOBYIO
Jomo (%) B MOJSIPHYIO KOHIICHTPAIAO, U Ha0GOpoT.
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IIpamep 6. Beraucnute MoIsIipHYIO KoHIIeHTparuio 10%-ro pactsopa H,SO,,
IUIOTHOCTH KoToporo 1,06 r/cm?®.
Pemenue. OnpenemsteM Macey 1 1 10 %-ro pacteopa:

m = 1000 mm-1,06 v/M1 = 1060 r.
B 1 1 3TOTO pacTBOpa COMEPXKUTCS:

mo O 10-1060 T
100 100
m(H,SOy) 106 T
C(H,S50,) = = -
(H,50,) M(H,S0,)V 98 t/momb 11 1,08 monp/n, unu 1,08 M.
IIpumep 7. Kakopa MaccoBag nona (%) ruapokcuaa Kamig B 1,5 M pac-
tBOope KOH mmotHocThIO 1,05 T/CcM*?
PemeHue. MonapHas Mmacca KOH paBHa 56 r/MOb.
Oaun mutp 1,5 M pactsopa umeeT mMaccy 1,05 r/em?- 1000 M = 1050 1
B HEM COJCPKUTCA:

m(KOH) = C(KOH)M (KOH)V = 1,5 Mmonb/n-56 t/Monb- 1 1 = 84 1.

= 106 r HzSO4,

Maccopyo momo (%) KOH HaxomuM 1o GopMyme

100 % =8 %.

m 84
— ™ 100 %; ©(KOH)=
0=, 100%: oKOH) = 155

Bonpocbl n 3agaHu4

1. Kakue crmoco6sl BEIpaXXeHUs COCTaBa pacTBOPA BBl 3HaeTe?

2. OmpenenuTe MaccoByo a0t (%) pactBopeHHOro Beecta NaCl, ecmu
B 380 r Boasl pactBopeHo 20 r NaCl. (Omeem: 5%.)

3. Ckonbko rpammor KOH comepxutes B 200 ma 10%-ro pactsopa (IL10T-
HOCTh 1,09 r/cM®)? (Omeem: 21,8 1.)

4. Cmemamu 250 r 20%-ro pactBopa consgHoM KucaoTsl U 100 Ma 30%-ro
pacTBOpa TOM X€ KHUCIOTHI (IIoTHOCTE 1,15 r/cm’). Onpemenute MaccoByro
nomo (%) HCI nocne cMmemmBanus. (Omeem: 23,1 %.)

5. Ha 3,9 r xanusa none#icteoBanu 41,1 Mn Boasl. Omnpenennte MaccoBYIO
nomo (%) monydeHHON menodn. (Omeem: 12,47 %.)

6. OnpenenuTe MOTAPHYIO KoHIIeHTparmio 10%-ro pacteopa H;PO,, mmoT-
HOCTh KoToporo 1,05 r/cM?®. (Omeem: 1,07 M.)

7. KakoBa MaccoBas pomns (%) H,SO,B 1,5 M pacTtBope, IIIOTHOCTH KOTO-
poro 1,04 r/cm3? (Omeem: 14,1 %.)

6.2. dnexTponuTNYECcKana guccounaums

B mHauane XIX B. aHrmmiickuii yaeHEN M. Dapaneii, n3ydas CIocos-
HOCTb BOOHBIX PACTBOPOB COJIEH, KACIIOT U OCHOBAHUHA MPOBOAUTH 31€K-
TPUYECKUU TOK, MPUIIET K 3aKITIOUYCHUIO, YTO BEIIECTBA MOXHO pa3-
IETUTh HA 31eKMPOIUMbL U HeINEKMPOAUMBL.
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BemecTsa, pacTBOPH KOTOPHIX 00JAJAI0T JJIEKTPHIECKOA mpo-
BOJAHMOCTBIO, HA3BLIBAIOT S4eKMpoiumMamu.

K SJICKTPOIUTAM OTHOCAT paCTBOPLI KUCJIOT, H.IeJIO‘-Ieﬁ, coneii. Comn
1 mea04YM IMMpoBOJAT TOK HE TOJBKO B paCTBOPEHHOM COCTOAHMH, HO
1 B paCIlIaBJICHHOM.

BemecTsa, pacTBOPHI KOTOPHIX He 00121210T 3JIEKTPAIECKOI IPO-
BOJUMOCTBIO, HA3BIBAOT HEIACKMPOAUMAMU.

K HeanmekTpoiuTaM OTHOCAT MHOTHE OpraHUYEeCKUEe BellecTBa, Cy-
XUe COJIU, OCHOBAHUS, TUCTUUTUPOBAHHYIO BOAY.

B 1887 r. mBeackuii yueHEIH C. AppeHNYC BEIABUHYIL M1E0PUIO INCK -
mpoaumu4eckoi duccoyuauul:

Pacnaj 3JeKTpoJuTa Ha COJbBATHPOBaHHbIE (THAPATHPOBAHHbIE)
HOHBI MO AeHCTBHEM MOJIEKYJ pPaCTBOPHTENSA HA3BIBAIOT J1eKmi-
poaumuueckoii duccoyuauueii.

Convsamut (eudpamst) — KOMIUIEKCH, OOpa30BaHHEIC YacTHIIAMU
PACTBOPEHHOIO BEIeCTBa U OKPYXAIOIMMMU UX YaCTUIIAMU PACTBOPHU-
Tels (BOOoIi).

DIEKTPpOAUTUIEeCKA AUCCOIUALIMS ITPOUCXOMUT 3a CUET XMMUUYECKOTO
B3aUMOJECUCTBUS MOJICKYJT PACTBOPUTENS ¢ MOJIEKYJIaMU PacTBOPSIEMO-
ro BellleCTBa, MpUYeM pelllarliee 3HAYUeHUe UMeeT MpUpoaa XuMude-
CKOI CBSI3U U CTPOEHME 3TUX MOJieKyJl. CleayeT pa3inyaTh MOIAPHOCTh
CBSI3U U TOJSPHOCTH MOJIEKYbl. Boma — MoJiekyna MojsipHas. ATOMBI
BoAOpOAAa B MOJIEKYJIe BOABI PACITOIOXEHBI MO YIJIOM K aTOMY KUCIO-
poia U K HUM CMellleH MOMOXUTEIbHBIN 3apsii, a OTpUllaTeJIbHBIN 3a-
psn cMellieH K aToMy Kuciaopoaa. [TonsspHOCTs MOJEKYI BOAbI U 00y-
CIIOBIMBAET XOPOIIYIO PACTBOPUMOCTh B Helf BellleCTB ¢ MOHHOM U KO-
BaJICHTHOM MOJISPHOU CBSA3IMU U BBI3BIBAET UX JUCCOLIMALIMIO.

ITpu momagaHUKU MOJEKYJ 3JEKTPOJUTA B BOAY OAU3IEkKAIINE MO-
JIEKYJIBI BOJABI OPUEHTUPYIOTCS MONOXUTEIbHBIM MOTKCOM K OTPHU-
HATEeIBHOMY ITONIOCY MOJEKYI 3JMeKTPOJUTA, a OTPUIATeIbHBIM —
K MOJOXUTEIBHOMY IMTOTIOCY MOJEKYI NEKTPOIUTA U MPUTATUBAKOTCS
K HUM. B pesyiabTaTe CBSI3b MEeXIy MOHAMU B MOJIEKYJIE SJIEKTPOIUTA
ociaabeBaeT U MEKTPOIUT paciagaeTcs Ha uoHbl. [Ipu 3ToM obGpasy-
I0TCSL He CBOOOMHBIC WOHBI, a TUAPATUPOBAHHBIE (UM COJbBATUPO-
BaHHBIE, €CIIU PACTBOPUTENDL HE BOAA), T.€. CBA3aHHbBIE C MOJIEKYIaMU
Bonml Tak, 6e3pomHEIi cynabpar meau(Il) Gemoro mBera, caemoBaTeILHO
moHsl Cu’ u wonsl SOF~ B kpucrame 6ecuseTHsl. Monsl Cu’ B pac-
TBOpE MPUOOPETAIOT FOIYOYI0O OKPACKY 3a CUeT MPUCOSAUHEHUS MOJIe-
KYJ BOAOEL, Iepexond mpu stoM B uoH Cu(H,0)7*. Mou Bomopona H' B
pacTBope IepexoauT B MoH ruapokconuss H;O0". OnHako He Bcerna
MU3BECTHO YMCIO MOJEKY BOABI, CBA3aHHBIX ¢ TaHHBIM HOHOM, K TOMY
Xe MPU MOHHBIX PeakiUgIX 3TU MOJCKYJIbl BOALI MOTYT OTIIEIUIATHCS
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oT noHOB. [1oaTOMy B MOHHBIC YpaBHEHUS PeaKIUi BBOAAT CUMBOJIBI
HeruapaTUpoBaHHBIX MOHOB. Hampumep, Bmecto H;O" mumyr HY,
BMecto Zn(H,0)7" — Zn*".

Jucconumalus 3IeKTpoauTa MPUBOJUT K 00pa30BaHUIO Pa3HOUMEHHO
3apsKeHHBIX MOHOB — ITOJOXUTENBHBIX (KamuoH08) U OTpULIATEb-
HBIX (@HUOHO8), 3apsAbl KOTOPBIX PAaBHBEI MO aOCONIOTHOU BeIUYUHE.
IToaToMy pacTBOp SIEKTPOIUTA BCerna HeUTpaseH.

ITpOTHBOMOIOXHO 3apssKeHHBIE MOHBI HAXOASATCS B HEMIPEPHIBHOM
JNBUXXEHUU U MPUTATUBAIOTCS APYT K Apyry (o 3akoHy KynoHa), mo-
3TOMY B pacTBOpe o0pasyloTcs MOJEKYIbl SMeKTpoauTa. DToT obpaT-
HBI TIpoliecc oOpa3oBaHUS MOJEKYI U3 MOHOB HA3BIBAIOT accouuauyu-
eti. CnegoBaTeNbHO, MEKTPOIUTHUYECKAS JUCCOIMAIIMS €CTh MPOLEece
00paTUMBIiT; ero 0603HAYAIOT 3HAKOM 2.

PaBHOBeCHOE COCTOSIHUE BOIHOTO PAacTBOpA 3JEKTPOJIUTA XapaKTe-
PUBYIOT CHEReHbI0 31K MPOAUmuYeckol duccoyuayuu o, — OTHOIIEHUEM
yuciaa MOJEKYN, pacHaBIIMXCS Ha HMOHBI, K ODOIeMy YUCITY PacTBO-
PEHHBIX MOJICKYII:

a:i,muaziloo%,
N N

Ie n — YMCIO MOJEKYJ, PacHaBIIMXCA HAa MOHBL, N — o0llee 4muciIo
MOJIEKYI.

CremeHb MMCCOIMMAITAN BEIPAXKAIOT B MONAX ¢OWHUILI I B TIPO-
e HTAaX.

Taxk, cremenp muccommarnuu 20 % ozHagaet, uyto u3 100 mMomexyn
20 puccomMMpPOBaHEI HAa MOHEL

CreneHb MEKTPOIUTUICCKON NUCCOITUAIIAN 3aBUCUT OT TPUPOIHI
PACTBOPEHHOTO BellleCTBA M PACTBOPUTEIIS, KOHIICHTPAIIMI W TeMITe-
paTypHl pacTBOpaA.

[lo cremenn AMCCONMAIIMHT IISKTPOIUTEI ASTATCA Ha cuibiobie (o, >
> 30 %), cpednue (0.=2—30 %) u crabwie (0. < 2 %). B Taba. 6.1 mpuBee-
HEI CTeeHN JUCCOITAAIIMN HEKOTOPHIX KUCIOT, OCHOBAHUIT U COMEHA.

Ha ocHoBaHWI TeopHHU 2MeKTpoIuUTHYecKol auccormmanmu C. Ap-
PEHUYC maja HOBEIE OMpeledcHUA OCHOBAHUAM, KHUCIOTaM, COJSIM.

Ocnoganus — 3JeKTPONHTHI, THCCONUUPYIOMHE ¢ 00PA30OBAHHEM
rugpokcua-nonos OH™:

NaOH &2 Na'+ OH-

Ecau ocHoBaHUE COOCPXKUT HECKOJIBKO I'DYIIIL OH_, TO MOXET ITPO-
HCXOOUTHh CTyIICHYaTasd JTUCCOMMalia:

Ca(OH), 2 Ca(OH)*'+ OH™ (mmrepBasg CTyIIeHD)

Ca(OH)" & Ca’ + OH™ (BTOpas CTyIcHB)
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Ta6numa 6.1. Crenenn auccommamud o, 0,1 M pacTBOpoB HEKOTOPBIX
KHCJIOT, cojieid, ocHOBaHmii npu Temmepatype 18 °C

CoenuHeHue CremieH
mucconynanuu, %
Kucaomur
Ouenb cunbHbIe 3mekTponutsl: HNO,, HCI, HBr > 80—90
CunpHble 1ekTponutsl: H,SO, > 50
SnexTponutsl cpenHeti cunsl: H,PO,, H,SO;, HF <20
Cnabsie snexrponutel: CH,COOH, H;PO;, HNO, <2
Ouensb cnabele smexTponutel: H,S, H,CO, <1
OcHosanus
Ouens cunbHble smekTporuTel: KOH, NaOH, Ba(OH), > 80
CunbHble anektponutsl: St(OH),, Ca(OH),, LiOH > 20
Cnabsie snexkrponutel: NH,OH <2
OueHb cabple BIeKTPOIUTHI: HEPACTBOPUMBIE B BOJIE <0,1
Conu
OueHb CUIIBHBIC 3MEKTPOIUTHL: XJIOPUIBI TTETOUHBIX > 80
U TIEeJTOTHO3EMENTBHBIX METAIIIIOR
CunpHBIE IEKTPOINUTEHL: PACTBOPUIMBIEC CON CEPHOI 40—70
KHCITOTHI
Crabble 3IeKTPOIUTHL: PACTROPUMBIC con ¢ochopHOIL, 2—20
CEPHUCTON, YTOTBbHOW KUCIOT

CHavaja OTHIETLIACTCS OMUH THIPOKCII-WOH, a TTOCTEAYIOITINe HOHEI
OH~ — B cunbHOpa36aBIeHABIX PACTBOpAX. YpaBHEHUE ITOTHOM THC-
COIMAITAYN UMEET CICIYIOINIA BU;

Ca(OH), & Ca>+ 20H"-
Kucaompr — 3]I€KTPOJMTEHI, THCCONMMHPYIONIAE ¢ 00pPa30BaHHEM
KATHOHOB Bomopoaa H':
HNO; & H'+ NO3

MHOroOCHOBHBIEC KAUCTOTHI Cpe,[[HefI CHIEI U CTa0ble KUCIOTEI AnC-
CONMUDPYIOT CTYIICHYATO:

H,S &2 H'"+ HS™ (uepBast CTyIeHB)

HS- 2 H* + S’ (BTopas CTyIEHb)
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Kak orMmeuamock paHee, pa3IudyarT CAeAVIOMNe BUAE COMeii: cpel-
HUE, KUCIBIE, OCHOBHBIE, JBOWHBIE, CMEIIaHHEBIE,

Cpeonue coau, pacTBOPHMBIE B BOJI€, ABIAIOTCS CHILHBIMHA 3JI€K-
TPOJIUTAMHA M JAUCCONMHPYIOT ¢ OOpPA30BAHHEM IOJOXHTEIbHBIX
HOHOB METAJLIA H OTPHIATEIbHBIX HOHOB KHCJIOTHOTO OCTATKA:

Cu(NO;), & Cu*+ 2NO;
Fe,(SO,); & 2Fe’ + 3507

Kucavte coau — >JeKTpOaUTHI, COAepXANIAe B AHHOHE ATOM BO-
JI0PoAa, CIOCOOHBIA OTMENAAThCA B BUIe Hona H™,

Kucaele commn paccMaTprUBalOT KaK IIPOAYKT HCITOJIHOIO 3aMCIIC-
HHA aTOMOB BOJOPOAa MHOIOOCHOBHLBIX KHCIIOT aTOMaMH METaJjuia.
,HI/ICCOL[I/IB.L[I/IH KHUCIBIX COJNIEHU IPpOUCXOIUT CTYIIEHYATO, HAIIPUMED!

Ca(H,P0O,), & Ca’ + 2H,PO; (mepBas CTYIEHbD)
H,PO; & H' + HPO; (BTOpas CTyIIEHB)
HPOj7 &2 H' + PO; (TpeTbd CTYIIEHD)

OpnHako CTeleHb 3MeKTPOTUTHISCKON TUCCOMUANT yXKe MO BTO-
pOIf CTyeHN OYeHBb Majla, MO3TOMY PAcTBOP KUCTION CONMM COMESPIKUT
JIANTH He3HAUNTENBHOE YUCIO aTOMOB BOJOpOA.

Ocnognste coau — HNEKTPOJHTHI, CONEPKAMMAE B KATHOHE OJHY
WIH HECKOJbKO rmapokcorpynn OH-, cnocoOHBIX mepexoauTh B
coctosinne noHos OH™ (oTmenagarscs).

OCHOBHEIE COMU XapaKTCPpHBI A4 MHOI'OBAJICHTHBIX MCTAVIOB KU
ANCCONMUDPYIOT C 06p330BaHI/I€M OCHOBHBIX U KUCIIOTHBIX OCTATKOB:

AI(OH)CL, = Al(OH)* + 2CI-

I[I/ICCOL[I/IB.L[I/IH MOHOB OCHOBHBIX OCTATKOB Ha MOHEI METaJUIa 1 rmap-
OKCOI'PVIIIIEBI MPAaKTHYCCKW HE IMPOUCXOAUT.

HNoHHbIE peakunn

TeOpI/IH C—)JIeKTpOJIPITI/I‘{eCKOﬁ Jucconmranmm yCTaHOBWIA, 4YTO €CIN
SJICKTPOIUTEI IMoMmagarnT B paCTBOpP, TO 06p8.3y}OTC$I MIPOTUBOITIOIIO2KHO
3apsAKC€HHBIC MOHBI, a €CJIN B paCTBOPE HECKOJBKO BEIIECTB-3JICKTPO-
JIUMTOB, TO ()6p'd'3y€TC$l HECCKOJbKO KATUOHOB 1 aHUOHOB U TOrAa MEXK-
Ay IMPOTHUBOIIOJIOXKHO 3apAK€HHBIMM MOHaAMHW BO3MO2KHO B3auMoaeH-
CTBHUE C 06p330BaHI/I€M HOBBIX B€IICCTB, HO YK€ HEOJICKTPOIUTOB UIIN
CcITabBIX QJICKTPOIUTOB.
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Peakiinu Mexay MOHAMU Ha3BIBAIOT UOHHBIMU peaKyusmu, a ypaB-
HEHUS 9TUX PEaKILUi — YPagHeHUAMU PeaKyull 6 MOAeKYAAPHOU U UOH-
HoUl hopmax.

PaccmoTpumM moBeneHmue nByx amekrpoauTtoB — CuSO, u KOH B
pactBope. Jluccolmaius 3TUX BeIleCTB MPOXOAUT IO CXeMe:

CuSO, & Cu* + SO} KOH = K* + OH-

HoHH B pacTBOpe MOTYT B3aUMOIeHCTBOBATEL B PA3TMYHBIX KOMOM-
Hauuax: Cu> u OH-, Cu* u SO, K* u OH-, K" u SOJ", T.e. BO3-
MOXHO obpazoBaHue 4eThipex BemectB — Cu(OH),, CuSO,, KOH,
K,SO,, 1 Toxbko ogHa KOMOUHAIIUSA TPUBOAUT K 00pa308anuo ocao-
Ka — caaboguccomumpyooiero semecrsa Cu(OH),. 3anuinem ypaBHe-
HUE peakIIuh B MOJEKYIApHOIT (opme:

CuSO, + 2KOH = Cu(OH),4 + K,SO,

B moHOIM HOHHOI (hopMe 3TO ypaBHEHHUe OVIeT MMETh CISTYIOIIIA
BUI:

Cu? + SOF + 2K* + 20H™ = Cu(OH), + 2K* + SOF”
B cokpamieHHOM MOHHOIT (hopMe YpaBHEeHNE IPUMET BHIT
Cu* + 20H™ = Cu(OH),

OcTanbHBEIE HOHBI B peakIni YIACTAS He MPUHUMAIOT.

Mexay aIeKTpoIuTaMHA BO3MOXKHO U APYTroe B3aHMOASHCTBHES, KOTIa
obpa3yercd ra3 Wik craboguccOlMUpyolee BellecTBo. Hampumep,
B3aUMOJICHCTBAE CYTLPHUIA aMMOHUS € XIOPOBOJOPOTHOM KHCIOTOMN
MIPUBOINAT K OGPA30BAHUIO JIETYUETO COSOAUHCHUS:

(NH,),S + 2HCI = 2NH,CI + H,ST (monexyrsapHas ¢dopma)
ONHj + S* + 2H* + 2CI" = 2NHj + 2CI" + H,ST (nonnas uoHHas ¢opMa)
2H' + S? = H,ST (coxpamieHHas noHHas Ghopma)

Ecnu omHO W3 B3ATHIX BelIeCTB TPYOHO PacTBOPHUMO B Bome (He-
SIIEKTPONNT), TO (HPOPMYIY ITOTO BElIeCTBA 3aUCHIBAIOT B MOJEKY-
JIApHOU hopMe:

Ca;P, + 6HNO; = 3Ca(NO;), + 2PH;T (MonexyrapHas ¢opMa)
Ca;P, + 6H" + 6NO; = 3Ca?" + 6NO; + 2PH,T (morHas nonHas dopma)
Ca;P, + 6H' = 3Ca? + 2PH;T (cokpammeHHas noHHAI (HopMa)

[MpusBegeM mpuUMepHl peakKuil ¢ 06pa3oBaHUEM CITAOBIX 3IEKTPO-
muToB (0 < 2 %), K KOTOPEIM OTHOCSTCS BOIA, cTabble KUCIOTEI, TPYI-
HOPACTBOPUMBIC OCHOBAHUS, COMH U Jp.:

HQSO4 + 2KOH = KQSO4 + 2H20
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EavHCcTBEHHBIM CTabbIM 9JIEKTPOIUTOM B 3TOU PEeakIIMU SBISIETCS
Boga. [TosTomy cpa3y 3amuiieM ypaBHEHHUE PEakIIMUd B COKpAIleHHOMH
HOHHOU ¢hopMe:

H" + OH™ = H,0O
OcTanbHBIe MOHBI B peakIIUU YYacTUsI He MPUHUMAIOT.
Jlpyroil mpumep:
NaCH;COO + HCI = NaCl + CH;COOH

3aech ykcycHas kuciaora CH,COOH — cnalplii 51eKTpoJIuT, MOo-
3TOMY YpaBHeHHE PeaKITnN B COKPAIIeHHOM MOHHOM hopMe GyIeT METh
BUI

H' + CH,COO" = CH,COOH

C pasBuTHEM YICHUS O XUMUYECKOM DAaBHOBECHH ITOKA3aHO, UTO
peaknms MeXXIy HOHAMH B pacTBOpe HUKOTHA He WaeT mo KoHma. Ko-
HeYHBIC TIPOAYKTH PeaKIMU TPEeICTABISIIOT cO00I paBHOBECHYIO CH-
cTeMy M3 MOJEKy1 1 MoHOB. Tak, cyabsdar 6apus BaSO, He aprgeTcs
BellleCTBOM abCOTIOTHO HepPacTBOPUMEIM B BOIE, B pACTBOPE MPUCYT-
CTBYIOT HOHBEI Ba?t u SO}, HO UX Mal0 ¥ OHU MPAKTUYECKU HE YUM-
THIBAIOTCAL.

*UoHHOE Npoun3BegeHne BOALbI.
BopgopoagHblii noka3artersb

[TponspeneHne KOHIIEHTPAIIAI HOHOB BOAOPOIA U THAPOKCUI-TOHOB
B BOJI¢ HA3BLIBAIOT UOHHBIM NPOU3EeOeHUeM 800bL.

K, = [H][OH"] = 10" npu Temmnepatype 25 °C.

I[J'[S'I HU3MEPEHUA KOHIOCHTpAlMM MOHOB BOJOPOJa BBCACHA ocobas
CAMHHUIa, HazbIBa€Masd BOOJOPOAHBIM ITOKA3aTCICM:

JecaTnunplii Jorapugm KoHneHTpanuA woHoB H', B3ATHIi ¢ 00-
PATHBIM 3HAKOM, HA3BIBAKOT 6000podusim noxazamenem pH:

pH = -Ig[H"].

s wucroit Boasl pH = —1g(1077), T.e. pH = 7,0. IIpu yBe1uueH
[H7] 3nauenne pH ymeHbmmaercs; npu yBeandeHun [OH™] — Bospa-
cTaer.

IMockonbky Ky,o =1-10"'*, p meitrpansHOM pactBope pH 7,0; B
kucaon cpene pH < 7,0; B memounoii pH > 7,0. Eciu pH 4,0, To
—lg[OH"] = 10,0.

CooTHollIeHUsT MeXAy peakiueit cpefbl, KOHIIEHTpallusIMU UOHOB
[H] u [OH"] u 3HaueHWEeM BOAOPOMHOIO ITOKA3aTesI BRIPAXKAIOT CIe-
IYIOIAM 00pa3oM:
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[H] = [OH7] = 107; pH 7,0; cpena HelTpaabHas;
[H] > 1077 > [OH]; pH < 7,0; cpema Kucias;
[H] < 107 < [OH7]; pH > 7,0; cpena 1menao4Hasd.

Ilpumep 1. KoHIIEHTpanus HOHOB BOAOPOAa B pactBope 2,5 - 107 Monb/m.
Omnpenennte pH pacTBOpa.
Pemenue. Haxonum pH = —1g(2,5-107) = 4,6.

IIpumep 2. Beruucnute KoHIleHTpanuio noHoB H* B pactBope, rne [OH ] =
= 0,02 monp/m.

Pemenue. [Tockombky Kp,o = [H][OH] = 1,010, umeem

Lo -107% 1,0-107M
[H]== =2 =35-10""" mMonp/m.
[OH™] 0,02

Hnsa onpenenennsa pH ncmonb3yoT undukamops: — BelllecTBa opra-
HUYECKOHN TIPUPOABI, KOTOPBIE U3MEHSIOT CBOIO OKPAaCKy B pacTBOpax
B 3aBHCHUMOCTH OT PeaKIUM cpedbl. DT COeNMHEeHNUA, HaIpuMep ¢e-
HoxdTaTenH, METHIOBEIM OpaHXEBEIH, MPEACTABIIIOT CO00M cradbie
KHUCIIOTEI MW OCHOBAHUS, KOTOPEIM B MOJEKYIAPHON ¢hopMe IIpUCY-
Ia ogHa OKpacKa, a B HOHHOI (hopMe — apyrasd.

Bonpocb n 3apaHug

1. Kakwue BerecTBa OTHOCAT K snekTponutam? Kakoe siBIeHUe Ha3bIBAIOT
3IEKTPONUTHYECKON Auccornanmeti? Kak omnpenennTs CTEeHb SIEKTPOIU-
THUYECKON auccoruanumn?

2. HanmmmmuTe ypaBHeHUS TTOTHOW AMCCOITAAIINY B BOJHBIX PACTBOPAX Cle-
JIYIOIIAX SIEKTPONUTOB!

a) HC10,, H,SeO,, HBr;

6) NaOH, NH,OH, Ca(OH),;

B) Fey (8043, Mg(NO;),, (NH4),SO,.

3. HanmumuTe ypaBHEHUS CTYIIEHYATON AUCCOITAAITUY CIEAYIONAX BIEeKT-
ponutoB: Ba(OH),, NaHCO,;, Mg(OH)NO,;, KH,PO,.

4. Kakue u3 creayomx 31eKTPOIUTOR COAEPKAT B BOTTHOM PACTBOPE MOHBI
xmopa: HCIO;, KCI1O,, CaCl,, Mg(OH)CI, NaOCl, CuCl,?

5. IIpu moMoOINK KaKWX peakIluii MOXHO OCYIECTBUTH CIEAYIONINAE TIpe-
BpAIleHUS:

a) CuCl, - Cu(OH), — CuSO, —» ZnS0O, — Na,ZnO0,;

6) Fe(NO3); —» Fe(OH)(NO3);, — Fe(OH); — FeCl; — Fe(NO3)s;

B) Al,O; — AICl; — Al(OH); — NaAlO, — NaNO;.

Harnummure ypaBHeHUS peakiluii B MOJNEKYISIPHOW W MOHHON (opme.

*6. OxXapakTepHu3yliTe MMOHITAEC «MOHHOE TIPOU3BeICHNE BOABI». Kak oTpa-
KaeTcsl M3MEHeHWe KOHIIEHTPAIlu MOHOB BOAOPOAA HA KUCIOTHOCTH U IIe-
moyHocTH cpeabl? Kakyio BenmrMunHy HAa3bIBAIOT BOJOPOJHBIM ITOKA3aTeIeM,
TAAPOKCUIBHBIM ITOKa3aTenemM?

7. Kak oOHapyXuTh TPUCYTCTBUE B PAcTBOpPE WOHOB BOMOPOAA, THAPO-
KCHUI-NOHOB?
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*8. Omnpenenute KOHIIEHTPAIINIO WOHOB BOAOpOAa B pacTtBope, pH korto-
poro paBeH 3.

*9. OnpeaenuTe KOHIIEHTPAITUID TUAPOKCUI-UOHOB B pacTBope, pH korto-
poro paBeH 12.

*10. Onpenermute pH pacTBopa, MOMYIeHHOTO CMEIIMBAHUEM PABHBIX O0h-
eMoB pactBopa HNO; konrnieHTpanmeii 0,01 mons/m u 0,005 M pactBopa NaOH.
(Omeem: pH 2,6.)

6.3. N'mpponus conen

Tudpoaus coau — 310 peakuusi 0OMEHA HOHOB COJH C HOHAMH
BOJBI.

[Tpu ruaponnse cMeIaeTcd paBHOBECHE TUCCOITMAITAY BOILI BCIIE -
CTBHE CBSI3LIBAHUS MOHOB B CIAOHIM 2IEKTPOIINT.

[Ipu ceaseiBanny noHOB H' B pacTBOpe HakarmuBaroTcea noHsl OH™,
peakums cpenbl OyaeT MIeaoYHad, a Ipu cBA3EBaHUM noHOoB OH™ Ha-
KarutaBaioTcsa moHbel HY — cpexa kucmast.

lamponm3y momBepraioTcs COAd, 06pa30BaHHBEIE KATHOHOM CHITh-
HOTO OCHOBAaHWUI W aHUOHOM CITaboi KMUCIOTH, WIM KATHOHOM cIa60-
IO OCHOBAaHUA W aHWOHOM CUJILHOM KUCIOTEI, MW KAaTHOHOM CIaboTo
OCHOBAHMA U aHUOHOM CTabo# KUCIIOTHI.

Hampumep, ruaponns conu KNO,, 06pa3zoBaHHOM KATHOHOM CHITE-
HOTO OCHOBaHMA U aHUOHOM CTa00i KUCIOTHI, IIPOTeKaeT CAeAYIONTAM
obpaszoM:

KNO, + H,0 2 KOH + HNO, (MonexynsipHas ¢popmMa)
K*+ NO; + HOH 2 K* + OH™ + HNO, (onHasg uoHHas ¢opma)
NO; + HOH 2 OH- + HNO, (cokpanieHHas noHHas (popma)

IIpn pactBOpeHUN 3TOH conu B Bome MOHHI NO, CBI3BIBAIOTCA C
noHamu H* Boawl, o6pa3sys craboauccouuupykoiiee Berectso HNQO,,
a moHE OH~ ocBoGoOXXmaOTCI U3 MOJIEKYI BOIBI, IIPUIaBas pacTBOPY
WeA0uHYI0 Cpeay.

Ecmu conp o6pa3oBaHa KaTHOHOM CJIabOTO OCHOBAaHUA U AaHHOHOM
cwibHOU KuciaoTel, HampuMmep Cu(NO,),, To noHbl OH™ BOABI CBA3bI-
BalOTCS B CIa0BI JIEKTPOINT, a MOoHE H' HakaruimBaloTcsa B pacTBO-

pPe — Cp€aa TaKOU COJIH Kucaas, €CIN KaTUuOH MHOI‘OSapSLZ[HBIﬁ, TO
TnapoaIn3 TaKoOU COJH MIPOTEKACT CTYIICHYATO!

« | cTymeHb
Cu(NOy), + H,O & Cu(OH)NO; + HNO;
Cu* + 2NO35 + HOH 2 Cu(OH)" + NO; + H" + NOj3
Cu’* + HOH & Cu(OH)* + H*
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« II cTyneHs
Cu(OH)NO3 + HQO (j Cu(OH)2 + HNO3
Cu(OH)" + NO3y + HOH &= Cu(OH), + H" + NO3
Cu(OH)" + HOH & Cu(OH), + H*
Iuaponus comu, o6pa3oBaHHOM KaTMOHOM CIaboro OCHOBAaHUS U
aHUOHOM CIabOM KUCIOTHI, 3aBUCUT OT OTHOCUTEIBLHOU CUJIBI crnaboit
KHMCIOTBI M clIaboro OCHOBaHHUS, 00pa3yIolIuX COJb, U cpela 3Tou

CONIM MOXeT OBITH IU00 HEeUTpadbHOU, MO0 CIabOIMIeTIOIHON, TN00
crmabokucnoii. Hammpumep, npu runponnse conu NH,CH,COO

NH,CH,COO + H,0 = NH,OH + CH;COOH
NH; + CH,COO- + HOH & NH,OH + CH;COOH

o6pa3yroTcs craboe ocHoBaHMe U crabas KWCIIOTa, CTeleHb TUCCOITH-
alti KOTOPHIX TIPUGIM3UTEIEHO OOUHAKOBA, TIO3TOMY Cpella 3TOM Comn
Oyaer wetimpanvroil, a ipu ruapoanse conn (NH,),CO; peakius cpe-
OB OyIeT craboIleloYHOoM, TaK KaK cremnmeHb mucconmarnmu NH,OH
(1,3 %) Gompllle cTeleHW AUCCOIMAIIAM YrodbHO#M kKucmoTel (0,17 %):

« | cTymieHB
(NH,),CO; + H,O 2 NH,0H + NH,HCO;
2NH; + CO# + HOH & NH,OH + NH; + HCO3
« 1I cTymens
NH,HCO; + H,O & NH,0H + H,CO;
NH; + HCO; + HOH & NH,OH + H,CO;4
Conb, obpazoBaHHas KaTUOHOM CWJIBHOTO OCHOBaHUS U aHUOHOM
CWIBHOM KUCIOTHI, TUAPOIN3Y He MOABEPraeTcs, Cpefa HellmpaivHasl,
TaK KakK €JUHCTBEHHBIM CIa0BIM 3JEKTPOJIUTOM OCTaeTCs cama Boja,
rae uonsl H™ u OH™ HaxoasiTcs B paBHOBECUM.
ITpu B3auMOAEHCTBUM PACTBOPOB ABYX COJEH MOXET MPOUCXOIUTH

B3aMHO¢ YCUIIeHHe ruapoiansa. Tak, B pactBopax Fe,(S0,); u K,CO;,
B3ATHIX OTOEILHO, YCTAHABIUBAIOTCI CICOYIOMNE PAaBHOBECHS:

Fe*+ HOH & Fe(OH)*" + H'

CO# + HOH & HCOj3 + OH-
Ecnu cMmemaTe pacTBOPEI 3THX coiei, To moHsl H' m OH™ B Bume
BOZBI YXOIAT U3 ¢ephl peakIIUM, YTO MPUBOINUT K AKTUBH3AIINH TTOCITe-

AYIOIMUAX CTyr[eHefI rmapoans3a 1 B KOHCYHOM CUETEC — K 06p330BaHI/IIO
OCHOBaHMA U KHUCIOTHI:

FeQ(SO4)3 + 3K2CO3 + 3H20 - 2Fe(OH)3~L + 3C02T + 3KQSO4
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Bonpocbl n 3agaHug

1. Kakoii niporiecc HazwIBatoT ruaponuzoM? Kakue ¢akTopsl Ompenensor
PEaKIIUIo CPebl TIPU PACTBOPEHUN PA3MUIHBIX colell B Boe?

2. HanumuTe ypaBHEHUS PeakIuii TUAPONIU3a CONel B MOJEKYISPHOW U
nouuoi ¢opmax: NaNO;, Ca(CN),, MgS, Cul,, Cr,(50,);. KakoBa cpena
(TmemouHast, K¥MCTash UIN HEUTpalTbHAs) BOTHBIX PACTBOPOB THUX COMNeii?

3. Hanmumute Bece Tpu cTymeHM ruaponusa pactropa conu CrCly (B Mone-
KYJIIFIpHOI W MOHHOU ¢opMax).

4. Kakne n3 coneii nmogseprawrces rumponusy: BaCly, Pb(NO;),, (NH,),S,
K;PO,, Na,COs, ZnBr,? B xakoii BeT 6yayT OKpaIIUBaTh JaKMYC UX PaCTBOPHI?

5. Ilpu cmemmBanany pactBOpoB comneir Cr,(SO,); u K,S obpasyerces 3ene-
et ocanok Cr(OH);. Hanumwute ypaBHeHUS peakiuii B MONEKYTSIPHON U
noHHOU (opMax.

6. CocTtaBbTe ypaBHEHUS peakiluii, IPOTEKAIOINUX TIPU CMEITUBAaHUY pa-
ctBOpoB: Al (SO,); m Na,COi;, Fe(NO;); u K,S, yuuTeBas, 4TO THAPOIN3
00pasyIoIUXCcs colell MOXET MPOXOANTH 1O KOHIIA.

6.4. dnekTponus

DIEKTPOIUTH HE TOIBKO TUCCOIMMPYIOT Ha MOHEI, HO W TIPOBOIT
aMeKTpUUIecKuit ToK. [1pi IpoXoXIeHNN TOCTOSHHOTO IeKTPHIECKOTO
TOKa Jepe3 pacTBop (MM pacIuiaB HeKOTOPEHIX CONS WM OCHOBaHUI)
SIIEKTPOINTA TIPOUCXOIUT CICAYIOIIee: ITOTOXUTEIBHO 3apsoKeHHBIS
HWOHHBI (KamuoHbl) TIOOXOMAT K OTPUIATETBEHOMY 3JCKTPOIY — Kamooy;
OTPUMATEILHO 3apsoKeHHBIe MOHBI { @HUOHb!) TIOMXOOAT K IMOJTOKUTEIb-
HOMY 2JIeKTpONY — aH0dy, W 3a CUST MBIDKCHUA HOHOB BO3HUKAET 3K~
TPHUYECKHI TOK. [IOCTUTHYB 3JIEKTPONOB, MOHE HAYMHAIOT IPpUOOpeTaTh
I TEPATH JeKTPOHEI: KATHOHEI, MOCTUTHYB KaToda, MPUHUMAIOT OT
Hero 3JMEeKTPOHHI, a aHUOHEI, JOCTUTHYB aHOMAa, OTHAIOT €My JIeKTpO-
Hbl; HA KATOAE MPOUCXOAUT IIPOLECC BOCCTAHOBACHMS, HA aHONE —
OKHCIICHHS. DTa Peakns IBIAeTCI OKUCTUTETLHO-BOCCTAHOBUTEILHOI.

OKHC/IMTEIbHO-BOCCTAHOBATEILHEIE nponeccobl, MPOUCXOAANIHAEC HA
2JEeKTPOAAX MO BO3AEHCTBHEM IMOCTOSAHHOIO 3JEKTPHYECKOTo
TOKA, HA3BIBAKOT 3.12€KMPOAUIOM.

OTMETHM HeCKOJIBKO OCHOBHBIX OCOOEHHOCTEH MOBEHCHUA KaTHO-
HOB M aHHOHOB TIPH 3J¢KTPOIN3¢e PACTBOPOB.

1. B mponecce ameKTpoan3a BOOHEIX PACTBOPOB KpOMe TMAPATHPO-
BaHHBIX MOHOB 3JeKTPOIUTA MPUHUMAIOT YJacTHe WOHHBI Bombl. Ilo-
CKONBKY Bofla — CHA0BIM 3IEKTPOINUT, B MOHHBIX YPaBHEHMSX ITOIO-
KEHO 3alMCHIBATh He MOHBI, a MOJCKYIIEL:

« BOCCTAHOBJICHME Ha KaTofe

2H,O + 2¢ = H, + 20H"
« OKUCJICHUE HA aHOJE
2H20 - 48_ = 02 + 4'HJr
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[Tpu smekTpoan3e BONHBIX PACTBOPOB AJMEKTPOIUTOB, TAKUM 06pa-
30M, B KaTOOHOM BOCCTAHOBICHWH MOTYT YYACTBOBATh MOHEI BOAH W
KATHOHHBI 2JIEKTPOINTA, OOHAKO Pa3psIKAaeTcs TOT KATHOH, KOTOPOMY
OTBeUaeT Golee HU3KOE IO 3HAUCHMIO HATIpsSCKeHUe pa3psia.

2. YeM JeBee pacloaraeTcsa MeTall B pAAY CTAaHIAPTHBIX SJIEKTPOI-
HEIX TTOTEHIINATOB, TeM TpYyIHee eTo MOHBI BOCCTAHABIWBAIOTCS Ha
Katome. KaTHOHEI, cTOAINME B PANY CTAHTAPTHBIX SICKTPOTHEBIX IO-
TeHnuanoB no amomuHua (Lit, K*, Ca’, Na®, Mg*, Al’*"), npu
37IeKTPOIN3¢e BOMHBIX PACTBOPOB He BoccTaHapamBaioTcs. Ha xaTtome
BEIACISICTCS BOOOPOI W3 BOIEL.

3. KarnoHsl, crosimue B pAMy CTAHTAPTHBIX MSKTPOTHBIX ITOTEH-
OUAI0B OT Mapradua ao sogopoma (Mn?t, Zn*", Cr*, Fe*, Ni**, Sn*,
Pb>, HY), mpu 31eKTpoiM3e PacTBOPOB BOCCTAHABIMBAIOTCS OJHO-
BPEMEHHO ¢ MOJECKYJIaMH BOIEL.

4. KaTHoHBI, CTOAIINAE B PAOY CTAHTAPTHEBIX 3MEKTPOMHBIX TMOTCH-
unanos mocie sogopona (Cu?, Hgs", Ag"), MpaKTUYECKU MOTHOCTHIO
BOCCTAHABIHUBAIOTCA Ha KaToJe.

5. IIpu paccMOTpeHNI aHOMHBIX TIPOIIECCOB CIEMyeT PYKOBOACTBO-
BaTbCI psdom pa3pAdNCeHHOCHU HA aHOOe:

e AHHOHHI OeCKUCIOPONHEIX KuciaoT u mx coueir (F-, CI-, Br, I,
S, CN™ ¥ T.m.) yOepXUBaOT CBOU 3IeKTpOHHBI ciabee moHa OH-
BOZIBI, TIO3TOMY TIPH 3JEKTPOJIM3e BOMHBIX PACTBOPOB COJICH GecKuc-
JIOPOOHBIX KUCTOT OKUCIAIOTCA aHHOHBI GeCKUCIOPOIHEIX KIUCIOT;

« AHWOHBI KuCIopoacogepxamux kucioT (NO3z, SO3-, COi, POF
VISPXKUBAIOT CBOM 3JIEKTPOHE Goiee MpouHo, yeM moHE OH-, mo-
3TOMY TIPH IMEKTPOIN3e BOTHEIX PACTBOPOB CONEH KUCIOPOICOmepKa-
IIAX KUCTOT OKMCIAETCA MOJEKYIa BOIOBI, a aHWOHBI COMM OCTAIOTCA
0e3 M3MeHEeHUS.

PaccMoTpuM psam mpuMepoB.

1. DrexTpoaus pactopa Cal,:

Cal, 2 Ca’> +2I

H,0 = H*+ OH-
VIOHBI KalblMs PACIIOIOXEHB B PALY CTAaHOAPTHEIX 3IEKTPOIHBIX
MOTEHIMATIOB 10 ATIOMUHUSA, CIEA0OBATEALHO, HA KATOIE Pa3pAXaKoT-

Cs MOHBI BOAOPOAAa BOABI, HA aHOAC — MOHBI M0Ja, TaK KakK OHH Ciia-
Oee YACPAKUBAKOT CBOM 3JICKTPOHBLI, YEM HMOHBI OH~ BOALI:

p
Ca2+ -/
KaTox [ aHON
H+ /] OH-
2H,0 + 2¢ — H,T + 20H- 2I- - 2¢ - Ll

Ca2 + 20H- & Ca(OH),
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Takum o6pa3zoM, Ha KaTode BRIIEIIETCA BOIOPOI, Ha aHOOe obGpa-
3yercd moj, a Bomm3u Katoga — pactBop Ca(OH),:

CaIQ"r 2H20 4 Ca(OH)2 + H2 + Izsl/
2. OnexTponu3 pactBopa ZnSOy:
7ZnSO, & Zn* + SO,
H,0 &2 H'"+ OH"
KaTuoHBI IUHKA pACOI0XEeHBl B PAAY CTAHAAPTHBIX JEKTPOAHBIX
MOTEHIIMAIOB MEXIY MapraHieM U BOAOPOJAOM, CIeA0BaTeIbHO, OHU
BOCCTAHABIUBAKOTCA OAHOBPEeMEHHO ¢ MoHamMu H' Boabl, a Ha aHOAe

paspsxatorcsa noHsl OH™ Boasl, Tak Kak noHEl SOJ” yIepXKUBaOT CBOK
37IEKTPOHH 60Jee TpouHo, YeM noHBl OH™:

I/‘
2
Zn2t SO4
Karon ~N aHOI N
H* /] OH//
Zn* + 2e- — Zn" 2H,0 — 4 - O,T + 4H*
2H20 + 2¢ > HQT + 20H~ 2H + SOA%_ (j HQSO4

Zn* + 20H- —» Zn(OH),

[Tpu mpoxoxXAeHUU MEKTPUUECKOTO TOKA Yepes3 MeKTPOIU3ep U3-
OpITOuHBIe MOHBI OH~™ OoKOMOKAaTOAHOTO MpOCTpaHCTBA M MOHBI H*
OKOJIOAHOJHOTO MPOCTPAHCTBA MEepeMeIalTCI HaBCTpeuy APYr ApYyry
U BHOBB 00pa3yOT MOJEKYJIbl BOEI.

B katoaHoMm npoctpaHcTBe HakaruiupBaetcs Zn(OH),, a B aHoagHOM —

Takum ob6paszom, MpH 3aeKTponuse pacTBopa ZnSO, moayyaeM cie-
NYIOIIUe TMPOAYKTH peaKIluu:

ZZHSO4+ 4H20 = Zn + Zn(OH)2 + H2 + 02 + 2H2$O4

ITo Mepe Toro Kak Ha KaTrome W aHOAE TPOMCXOAUT pa3psoKeHUe
KaTHOHOB M aHWOHOB, B PAacTBOpPE WOST OUCCOMMAIIMS HeHTpamTbHBIX
MOJIEKYJ, U 3TO MMPOUCXOIUT IO TeX IMOp, IMOKa Bee HeUTpaTbHBIE MO-
nexkyael (Zn(OH), + 2H,S0O, = ZnSO, + 2H,0) He pacmamyrca Ha
HWOHEL

3. Bnrexrpoaus pactBopa Hg(INO;),:

Hg(NO3)2 (j ngJr + 2NO3_
H,0 2 H' + OH-

Katronsr pryru(ll) pacmonxoxkeHsl B pAOy CTAHAAPTHBIX 2TEKTPOI -
HEIX MTOTEHITNATIOB ITOCTe BOAOPONA, CISAOBATEIHLHO, OHA TTOTHOCTHIO
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BOCCTAHABIHMBAIOTCS HA KaToJe, a Ha aHoJe pa3pskarTca noHsl OH™
BOJEL:

I/"
He?* NO;
KaTona aHOn N
H* OH/]
Hg> + 2¢- — Hg® 2H,0 - 4 - O,T + 4H*

H"+ NO3; &2 HNO;
Takum oGpazoMm, mpu aaekTponuse pactBopa Hg(NO,), nomyyaem
2Hg(NO;), + 2H,0 = 2Hg + O, + 4HNO;,
2Hg”> + 4NOj3 + 2H,0 = 2Hg + O, + 4H" + 4NOj
2Hg* + 2H,0 = 2Hg + O, + 4H"

Bce paccMoTpeHHBIC ClTyUad 37eKTPOIN3a OTHOCIINCH K HEPACTBO-
PUMOMY aHOAY, U3TOTOBICHHOMY W3 VITIA, rpaduTa, IIATUHEI, WPH-
TTH.

B caygae pacrBopumoro anoma (Cu, Ag, Zn, Cd, Hg, Ni u np.)
IIPH 37eKTPOIN3e BOTHOTO PACTBOpa OKMCIAeTcA aHon. Hampmwmep,
€CJIN IpH 3JIeKTponu3e BogHoro pacteopa CuCl, anon 6yner MeIHEIM,
TO XJIOPUI-MOHE He OKUCIAIOTCA (pacTBOPSACTCI aHOM):

CuCl, 2 Cu* + 2CI
H,0 = H*+ OH-

/‘
cu2+! Cr
KaTo/ aHOq
H+ (Cuy¥| oH-
Cu? + 2¢ —» Cu Cu - 2¢ - Cu?*

31ech MPOUCXOOUT Tepexod MeOu ¢ aHoma Ha Karon. KomndecTBo
XJTOpHUIAa MEIW B PACcTBOPE OCTAeTCS HEeM3MEHHBIM. DIEKTPOIN3 C pac-
TBOPUMBEIM aHOMOM IIHUPOKO MPUMEHSIOT I MOAYIeHHA METAJIOB
BEICOKOM YMCTOTHI, TTIOKPEITHS OMHOTO MeTajlia CIOeM APYIOTO (2a1b66d-
Hocmeeus), TIOIYICHUS peabeHBIX N300pakeHUN (easbeanoniacmuxa).

Bonpocb n 3apaHug

1. B Kakmx cIyJasx IIpHW BICKTPOIHN3e BOTHBIX PACTBOPOB COJCH: a) Ha
KAaTof¢e BBIACIACTCS BOAOPO; §) Ha AaHOMAE BBIACIICTCS KUCIOPOI; B) MPOUC-
XOJIUT OJHOBPEMEHHOE BOCCTAHOBICHIE KATHOHOB METAIIA U KATUOHOB BO-
J0opoaa BOJBI?
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2. Kakue XuMuIecKue MMpoIecChl IPOUCXOAT Ha KATOJE W aHOJE TIPH BJIeK-
Tponuse pacTBopa xmopuna Hukexa(ll), ecau armon: a) yroiabHEINR; 6) HUKe-
nmeRbIii? Hanuimure ypaBHEHUS] PEAKIIUA.

3. Kak mpotekaer 5IeKTpOMN3 pacTBOpA HUTpaTa HATPUS, €CMUA KaTOMd U
aHOJ CAENAaHbBI U3 Meaun?

4. B pactsop xnopuna onosa(ll) morpyswnm xkenesHoe U3NEIUe U yrolb-
HBI cTepXkeHb. K KakuM TOTrocaM akKyMyJISTOpa Halo MPUCOSIUHUTH 3TU
TIPEIMETHI, YTOOBI CTATbHOE U3METNE ITOKPHIIOCH CIoeM oyoBa?

5. N3MeHUTCH T KOMUYECTBO COMU TIPU BIEKTPOINU3E BOJHBIX PACTBOPOB
CIeAyIOIMNUX colel, ecam aHonx HepacTBopuMmblii: a) KCl; 6) Na,COg;
B) Cu(NO;),? Hanumwute ypaBHeHUS peaKIIviA.

6. Kakue peaknimm mpoTeKawT Ha BIEKTpojax npu snektponuse NaOH:
a) B pacIIaBIEHHOM COCTOSIHWMY; 0) B BOAHOM pacTBope? Hamuimute ypas-
HEHUS peaKkini.

7. B pactBOpe conepxarcs cynbdartel kenesa(Ill), muaka u xpoma(Ill). Kakoit
METAJIT BBIICUTCS B TIEPBYIO OUepeb MIPU BIEKTponu3e?



PA3EJ1 |l. HEOPTAHUYECKAY XUMUA

HEMETAJJ1bI

FnaBa 7

FMABHASA noaArrPvnnaA Vil reynnbl

Mayune rnasy, cnenyer:

3HaTb OCOBEHHOCTU CTPOEHMA aTOMOB 3JIEMEHTOB MIaBHOW MOArpynmbl
VIl rpynnel; CBOWCTBA, CNOCODOLI NONYy4eHNUs U MPUMEHEHWE rafioreHoB, BOAO-
poAa, a TakKe MxX COeANHEHMUN;

YMeTb OXapakTepudoBaTb 0b6Lline CBOMCTBA HEMETAIOB NOArPynnbl, CO-
CTaBNATb XMMUYECKUE YpaBHEHUSA, NOLATBEPXAAI0LLME CBONCTBA NPOCTLIX BE-
LEeCTB U UX COEAMHEHUA.

7.1. O6Gwana xapakTepucTmuka

I'maBHas moarpymma VII rpymimel IlepuoanyeckKoil CUCTEMBI COAECP-
XUt axeMeHTH: ¢mop F, xaop Cl, 6pom Br, uod 1, HeyCTOHYUBEIN
UCKYCCTBEHHO MOJIYYeHHBIH paguoakKTUBHBIN acmam At, a Takxke 60-
dopod H. KpoMe actaTta Bce ocTaJlbHbIE SJIEMEHTHI B BUE COeUHEHUI
BCTpevaloTcs B MPUPOJE.

®dTop, XM0p, OPOM, O — TUNMUIHBIC HEMETAILTH, MOJEKYIbl HX
nByXaToMHBIe. DPTOp W XJIOP MpHU OOBIYHON TeMIIepaType — Ta3Hl,
OpOM — XUIOKOCTh, HOA — TBEpAoe KpUcTaLInueckKoe BellecTBo. Bee
OHH BCTpeYalOTCs B MpUpoAe B BUAe MHOTOUUCIEHHBIX cojeli. Hanbo-
Jiee paclpoCTpaHeHbl COeNMHEHUs XJIopa U MeHee — (hTopa.

®TOop 1 XTOP MOAYUAIOT UCKIIOUNTEIBHO 3JEKTPOIN30M HUX COTei
(¢drop M3 pacIIaBoB, XJIOP U3 PAcTBOPOB); OpOM — M3 COJITHEIX O3€p
U MOPCKOI BOJBI, TA€ OH COACPXUTCI B BUAC OPOMUIOB; MOA — U3
OYpOBBIX BOA U 30JII MOPCKUX BOIOPOCIEH, coaepxamux noauasl. Mon
U 6pOM MOXHO BBIAETUTEH U3 PACTBOPOB COJNIEH MPHU MPOIMYCKAaHUM Ue-
pe3 HUX XJopa:

2KBr + Cl, — 2KCI + Br,; 2Nal + Cl, —» 2NaCl + I,

MOXXHO MOMYYUTH GPOM 1 HOH 3MEKTPOIN30M PACTBOPOB UX COJICH.
DIIeMeHTH TMaBHOU moArpynmsl VII rpymmmsl mMeioT obImee Ha3Ba-
HUE 2an02erst, T. . coleobpaszoBarenn. J1o 00010YKM 6IaropomHOTo rasa
WM He XBaTaeT OTHOTO 3JeKTPOHA, MO3TOMY OHM CIOCOOHEI 006pa3o-
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BEIBATh OTPUIIATEILHO 3apsCKeHHBIC MOHBI TP B3aUMOAeHCTBUN ¢ Me-
TaJUTaMU U MeHee 3IeKTPOOTPHIIaTeALHEIMI HeMeTamiaMu. C BOIOPO-
IIOM, HAIIpUMEDP, OHU 00pasyloT TaJIOreHOBOOOPOAHBIE KHUCIOTH, KO-
TOPHIe (32 UCKITIOUeHUEM (PTOPOBOTOPOTHON KUCIOTHI) SIBIAIOTCS CHITb-
HEIMU. BoccTaHOBHUTENMBHEIE CBOMCTBA TATOTEHOBOIOPOIHEIX KUCTOT YCH-
mBatotcs B paay HCL, HBr, HI. Ocobrie cBoiicTBa mposaBisgeT (hTopo-
BOZOPOIHAS KHUCIOTAa — AeHCTBYeT Ha BCe METAIE KpOME 30JI0Ta B
IUTATAHEI, pa3pyliaeT CTeKIO U CHIUKATEHL:

8102 + 4HF = SIF4 + 2H20

IMO3TOMY He MOXKET XpaHUTLCA B CTEKISTHHOM Mmocyie.

BoaBIMHCTBO TATOTEHUAOB METAUIOB ABIIIOTCI MOHHBEIMHA COSIM -
HEHUSIMM, JeTKO pacTBOPUMEI B Bofe (KpoMme raxoreHunoB Ag(l), Hg(l),
Cu(l)), B pacTBOpeHHOM U PACILIaBICHHOM COCTOSHHUHI XOPOIIIO IIPO-
BOIAT 2IEKTPUICCKUIT TOK.

lamoreHUOBI HEMETAIIOB ABIAIOTCSA KOBATCHTHBIMH COCTMHEHUS -
MU: HEpaCTBOPHUMEIE B BOIE, HO JETKO €10 THAPOIN3yeMEIe ¢ 006pa3o-
BaHHUEM COOTBETCTBYIOIIEH KUCIOPOTHOM KHUCIOTH M TalOTeHOBOMO-
pona (PCls + 4H,0 = H;PO, + 5SHCI). KpoMme crenean okuciaeHms —1

Tadmunma 7.1. CpoiicTBa rajJoreHoB

CBolicTBO F, Cl, Br, I,
ATperaTHoe COCTOSTHIIC IToutn | XKenro-3ze- | TemHO-KO- | TemMHO-Ce-
¥ TIBeT (TTpY OOBIYHBIX OecIBeT- | TeHBIN ra3 | puYHeBas poe
YCIIOBHSIX) HBIN Ta3 KUJIKOCTh | KpHCTaT-

TIecKoe
BEIECTBO
Pacnpenenenue snexr- 2,7 2,8, 7 2,8,18, 7| 2,8, 18,
POHOB IIO 3IICKTPOHHBIM 18, 7
CITOIM
DHeprusa NOHU3AINNI* 17,4 13,0 11,8 10,4
aroMa (X — e =X"), 3B
BaneHntHOCTH I I, II0, 1V, | 1, 111, V I, 111, V,
V, VII VII
Bricmiag cteneHs OKuc- — +7 +5 +7
JIEHUS TI0 KUCTOPOAY
Beicmas kucmopos- — HCIO, HBrO; HIO,**
cofiepxarasi KucimoTa

* Buepeueli uonuzayuy HA3HIBAIOT paboTy, HEOOXOIUMYIO I YIAJEHUST DJIEKTPO-
Ha U3 OJUHOYHBIX aTOMOB Ha HEKOTOPOE PACCTOSTHUE.
** MomgHylo KHMCIOTY HeNb3sl PACCMaTPMBATh KaK aHANOT XJIOPHOM KUCIOTHI, TaK
KaK OHa CYIIECTBYET B HECKOJIBKMX (hOPMAaxX ¢ Pa3IMIHBIM COIEPKAHUEM BOIBI.
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rajxoreHel (3a MCKIOUeHHeM (Topa) o0pa3yioT COeNUHEHUA ¢ Doee
BBICOKUMU CTEMEHSIMU OKUCICHUS: XJIOP U UOJ MOTYT UMETh MaKCH-
MANBHYIO CTeNeHb OKUCAEeHUA +7, 6poM +6. B Tabi1. 7.1 npuBeaeHbl oc-
HOBHBIE CBOMCTBA raJIOTEHOB.

Bomopon BKIHOYAKT B INMIaBHYW moarpymmy VII rpynmel, moTOMy
YyTO, TaK Xe KaK U rajoreHam, aToMy BOAopoja A0 000JIOYKM Giaro-
POAHOrO Tra3a He XBaTaeT OJAHOIO 3JEKTPOHA; B COeAMHEHUIX C MeTal-
JIaMHd BOAOPOA, KaK W TrajoreHbl, obpa3yeT oTpulaTeJabHBIN MoH H-
(NaH, CaH, — runpunn).

I'uapuael HAMMOMUHAKOT COMIH, TMTOXOXME MO CBOUCTBAM Ha COOTBET-
CTBYIOIIHE COJMU rajoreHoB. I[Ipu 37eKkTposun3e paciiaBOB THMAPUAOB
BOJOPOJ, MOAOOHO TajioreHaM, paspsikaeTcs Ha aHOMe.

Bonpocb n 3apaHug

1. YKaxuTe MOPAAKOBBI HOMEDP 3IEMEHTA, CTPOCHUE BHEIIHETO YPOBHS
aToMa KOToporo ...3d'%4s%4p>.

2. B kaxkoii MoJekyne monsipHas cBs3b 6onee npounas: HCl, HBr, HI?

3. Tlouemy ¢drop obnamaeT HaAMOOMBINEH OKUCTUTEIBHON aKTUBHOCTHIO
Cpely TaTOreHORB?

4. TloueMy Bomopon pacrnonmaralT B Ilepromndeckoil cuctemMe B I u
VII rpynmax?

5. Ompeaenute cTeleHb OKHUCICHUS 3JIEMEHTOB B coeamHeHmaAx: H,O,,
KCIO4, HBI'O3, NalO.

6. Kaknmu cmocobaMu TOTy4ar0T TalOTEHBI B ITPOMBITIUIEHHOCTA U B Jla-
6opatopun?

7. Kakue u3 mpuBeAeHHBIX peakIldil TPOUAYT A0 KOHIIA!

a) KBr + I, —

6) KI + Cl, —

B) KCI + Br, —

r) KF + Cl, —

n) KCl + F, —

8. Kakoii tun cesisu B monekynax: Cl,O, PF;, HIO;, KBrO;?

9. BerumcnuTte Maccy Xaopa, IpopearupoBaBIlero ¢ NOAUI0OM HATPUs, €CIN
Macca DoIydYeHHOro uofa 25,4 v mpu BeIxoae npoaykrta 95 %. (Omeem: 7,5 1.)

7.2. Bonopogp,

Haxoxnenne B npupoae. B cBoGomHoM BHme Bomopon obpasyeTcs
IIPA PA3TOXEHUH OpraHMUECKHUX BEIIeCTB, BXOAUT B COCTAB BYJIKAHH-
YeCKHUX [a30B, HEOOJBIIOE KOJIUYECTBO €r0 BBIOEIAETCH 3€I€HBIMU
PACTCHHSIMHU.

B Bume coequHEHUN BOTOPOI COAECPXUTCSA B Bojae, HedTH, raszax,
PA3TUYHBIX JKHBOTHBIX U PACTUTEIBHEIX OpTaHU3MAX.

IMoayyenne. B npombiuinernnocmu BOIOPOI IIOIYIAIOT pa3HBIMH CIIO-
cobaMu:
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1) mpomyckaHue BOASHOTO IMapa Haj pacKalIeHHBIM KOKCOM IIpU
temneparype 1000 °C
t
HQO + C 4 CO + H2
2) B3aUMOAEHCTBHE METaHa C BOASHBIM MapoM U KUCIOPOAOM

2CH4 + 2H20 + 02 = 2C02 + 6H2

3) 2NMEeKTPOIUTUICCKOE pas3loXeHNe BOAK (B KAUeCTBE SICKTPOIN-
Ta UcHoab3yioT pactBopel KOH, NaOH, H,SO,, xmopuaoB miemod-
HEIX METAJUIOB); HAIIPUMeED:

KOH & K*+ OH-
H,0 & H* + OH-

p
K* oH-'
KaToq N aHOJ
m+ /|
2H20 +2¢ > H2 + 20H" 2H20 —4e > 02 + 4H*

K"+ OH - KOH

4) TepMHUIECKOe pasToxeHHe MeTaHa npu Temiepatype 1 000 °C

1
CH4 - C+2H2

5) mpolycKaHWe BOOSHOTO Mapa Haj pacKaaleHHBEIM JOoKpacHa XKe-
JIe30M (B HACTOMIIEE BpeM:A IMPUMEHSIOT B HEOOMBIINX MacIITabax)

4H,0 + 3Fe — Fe;0, + 4H,

3nech Fe;0, — cMmelllaHHBIR OKCHUJI, 3TO — COeAUHEHHE OKCHUAOB
xene3a(ll, III) cocraBa Fe,O;- FeO.

B s1abopamopuu nisd nonydeHUs: BOAOPOAA OCYIIECTBISIOT:

1) B3auMopelicTBUE HUHKa ¢ pa30aBieHHON XJIOPOBOAOPOAHOU
KUCIOTOHU

Zn + 2HCI — ZnCl, + H,
2) pacTBOpeHUE ATIOMHUHUSA B IIEToUYax
2Al + 2NaOH + 2H,0 — 2NaAlO, + 3H,
3) meiicTBUE BOABI HA IIEIOYHBIC METAJLIbI
2Na + 2H,0 — 2NaOH + H,
4) B3auMoOJeUCTBUE TUAPUAA KaJIbIIUSA C BOAOH
CaH, + 2H,0 — Ca(OH), + 2H,
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®uznueckne cBoicTBa. Bomopon — OeCIBEeTHRIN ra3, He UMEIOIINIA
3amaxa; B 14,4 paza merde Bo3gyxa; obiagaer HamGonbmel nuddy3m-
OHHOIf CITOCOGHOCTBIO, TTO3TOMY M BBICOKON TeIUIOMPOBOMHOCTHIO
(B 7 pa3 Gombllle TEIIOMPOBOAHOCTH BO3AYXa); IUIOXO PACTBOPSIETCS B
BOJZic, HO MOXET pacTBOPATLCSI B HeKOTOpHIX MeTamnax (Ni, Pt, Pd
" 1p.).

Xumnueckue cBoiictBa. Bonopoa B Ilepromuyeckoit cucteme pac-
MmojiaralT Kak B MEpBOi, Tak U B ceabMol rpymie. O60cHOBaHUE pac-
MOJIOKEHUST BOAopoAa B mIaBHON moarpynme VII rpynmsl 66110 AaHO
BhIIIIe. PazMmellieHue Bomopoda B I rpymme obycaoBIeHO MPEeXae BCEro
TE€M, YTO BHEIIHSS OpOUTalb €ro aToMa CXOlHa C TakoH Xe opOu-
TaJbl0 aTOMOB IIETOYHBIX METALTOB (HAIMYKUE ONHOTO S-3JeKTPOHA).
Briciiiass crerneHb OKHUCICHUS BOAOPOJA M IIETOYHBIX METALIOB +1.
ITogo6HO MeTaIaM BOAOPOI MOXKET BBITECHSATh HEKOTOPBIE METaJLIbI
U3 UX COJIEH.

MonekyasipHBIfi BOAOPOA MpU OOBIYHON TeMIlepaType XUMHUYECKU
MaJIo aKTMBEH; MpHU MOBBIIIEHHON TeMIepaType BCTYIIaeT B PeaKIIMU:

e C METALIAMU — HEMOCPeACTBEHHO B3aUMOAEHCTBYET C IeJI0U-
HBIMU U IIEeTOYHO3eMEeTbHBIMU MeTalaMu ¢ o0pa3oBaHUEM TUAPH-
OB (OCTalbHBIE TUAPUALI MOIYYAlOT KOCBEHHBIM TTYTEM)

H, + 2Na — 2Na'H~
TUAPHUI HATPUS
« ¢ HEMeTaUIaMU

H, + Cl, —» 2HCI
3H, + N, 2 2NH;
2H, + C - CH,
e CO CJIOKHBIMH BCIICCTBAMU
CO +H, - C + H,0; CO +2H, —» CH;OH

METUJIOBBIA CITUpPT
CuO + H, —» Cu + H,O

Takum 06pa3oM, BOAOPOJ MPOABIAET B OCHOBHOM BOCCTAHOBUTEb-
HBIE CBOICTBA, KPOME CIy4as B3aUMOAEHCTBUS ¢ MeTALIAMH.

Ilpumenenne. Bomopon MMUPOKO UCITOIL3YIOT B XUMUYECKOU MPO-
MBIILTEHHOCTH TS MPOU3BOACTBA aMMHAaKa, XJI0POBOAOPOAA, METH-
JIOBOTO CMMPTA, OEH3MHA; B MUIIEBON MPOMBIILUIEHHOCTH — IS T10-
Jy4eHUs TBEPABIX KUPOB M3 XUAKUX; B METALIYPIUU — IS MOJIyYe-
HUA METATIOB M3 UX OKCUIOB; B aTOMHOI 3HEpreTUKe — IS OXJIaX-
JeHUs TeHepaToOpPOB.

**H30TonBI Bogopoaa. MssecTHE Tpu u3oTona Bogopoaa: 'H (mpo-
tuit), *H (geiitepuit — D) u *H (tputmit — T).

B cBOGOIHOM COCTOSIHUM JEeHTEepUil CYLIECTBYEeT B BHIE MOJEKYIT
D,, KOTOpEIe BABOE TsKeaee MOIeKyI MpoTrs. CBepXTsSKeblid paguo-
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aKTUBHEIN Bogopon Tputuit T, HempephIBHO 06pa3yeTcs B OYeHb Ma-
JIBIX KOMTMYECTBAaX B BEPXHUX CIOAX aTMOCGhEpHl TIPH AMEPHBIX peaKII-
SX IO BIMAHUEM KOCMUYECKUX JIYIeil:

UN + ln=3T + 33%He

[Ipuponuwiii Bogopon comepxut 0,0156 % netirepus. [delitepuii B
Buae D,0O momyyaroT U3 BoABI MpU PPaKIIMOHHON MeperoHKe M UC-
MOJIb30BAHUS B KAUECTBE 3aMeTUTENS B IAEPHBIX peakiusax. M3BecTHa
u cBepxTsaxenas soga T,0.

**[Iepokcua Bonopoaa. DTo JBYXOCHOBHAS KUCIOTA, AUCCOLUUPY -
olas B IBe CTaAUU:

H202 + HQO ad H3()Jr + HOE, HOQ_ + HQO ad H3()Jr + 022_

Kak kucmore mepokcuay Bogopoaa CBONCTBEHHA peakKIlus HelTpa-
JU3alUi — B3aUMOAEHCTBYET ¢ IeIoyaMu ¢ oOpa3oBaHUEM IMEPOK-
cumos Mertawioe: Ba(OH), + H,O, = BaO, + 2H,0.

IMepokcuny Bogopoaa OTBEUAlOT COMU ABYX TUIIOB: KucAble, HATPU-
mep KHO,, u cpednue, nanpumep K,O,.

CunbHbBIE OKUCIUTEIbHBIE CBONCTBA MO3BOJSIOT IUPOKO UCTIONb-
3oBaTth H,0, KaK adpekTuBHOE oTOCIMBaIOIIee 1 Ae3NHPUITNPYIOIIce
CpeJCTBO, a TaKXKe KaK OKUCIUTENIb B PAKETHOM TOILIUBE.

an/IMep BbIMOJTHEHNA 3agaHU4d

3apanme. CKONMBKO TUTPOB (H.Y.) BOJOPOJA BBIACTUTCA 1 KaKOBA Macco-
Basl JOS paCTBOPEHHOTO BemlecTBa, ecnr B 200 Mt Boabsl coxrau 13 r kamus?
Pemenue. 1. Kanuit pearupyet ¢ BOIOM 10 YPABHECHUIO

ZK + 2H20 —> ZKOH + H2
m(K) =2-391; m(H,0) =2-18 r; m(KOH) =2-561; V(H,) = 22,4 7,
[I¢ HA Kaxible 2 MOJIS Kaaus MPUXOOUTCHI 2 MOJIS BOIBI, CICIOBATEIBHO,

BOJa B34Ta B n30bITKE.
2. O6peM BBIACJIIMBHOICTOCA BOOOPOAa paCCUUTBIBACM I10 KAINIO!:

Ha 2-39r K mpuxomutrcs 22,4 1 H,
Ha 13 rK — x 1 Hy, x=3,73 1 (um 0,33 1) H,.

3. Ilo xammro (unu Bomopoay) ompeaemsieM Maccy KOH:

Ha 2-39 r K mpuxomurca 2-56 v KOH
Ha 13 rK — x r KOH x=18,67 r KOH.

4, Onpez[enﬂeM MAaCCOBYIO JOJI0 paCTBOPCHHOIO BCIIICCTBA!

w:ﬂloo 9% = 18,67 1 _ 18,67

- 100 % = 8,8 % KOH.
m, (200+13-033)r 212,67t ’

Ortser: 3,73 1 H,; 8,8% KOH.
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Bonpocb n 3apaHug

1. KakoBa BaleHTHOCTD U CTENIeHb OKUCICHNS aTOMa BOIOPO/A B COSIMHE -
anax: C,H,, BaH,, PH;?

2. Kakwve n30TOIBI BOAOPOAa HauboIee paclpocTpaHEeHbl B IIpUpojae?
CKOIIBKO M30TOTIOR UMeeT Bojopon? YeM OHM OTIWMUAIOTCH APYT OT Apyra?

3. Hanmmure ypaBHeHUsI peaklinii, rjie BOAOPOJ MPOSBILET: a) BOcCTa-
HOBUTENBbHBIC CBOWCTBA; 0) OKWCIUTENBbHBIC CBOMCTHA.

4. JIng crenyroIux HOHHBIX YPaBHEHUN B COKpAIlleHHON (popMe cocTaBbTe
YPaBHEHUSI B MOJIEKYISIpHOU hopMme:

a) Zn + OH — ZnO35 + H,;

6) Si + OH™ — Si03 + H,.

5. Ilpu BoccraHosmeHuu 23,2 T cMecu okcuaa xkenesa(ll) u okcmma
xene3a(Ill) ¢ BomopomoM oGpaszoBanoch 7,2 T Boabl. Omnpenenute coctas (%)
cmecu. (Omeem: 31 % FeO; 69 % Fe,05.)

6. Kak usMeHsTCS CKOpOCTH TIPSIMOI 1 OOpaTHON peakIihii B paBHOBECHOM
crucTeMe 00pa3oBaHUs aMMUAaKa U3 BOIOPO/IA U a30Ta, €CITU YMEHBIIIUTH O0HEM
rasoBoii cMecu B 3 pasza? (Omeem: Bo3pacteT B 81 pas; B 9 pa3s.)

7. B ocobom cocyme (sBmuoMeTpe) ObUTO B3OPBAHO 3 T BOAOPOAa U 3 1T
kucnopoaa. Kakol raz u B KakoM odbemMe octaHercd rocie peakimu? CKomb-
KO IIpu 3TOM obOpasyercs Boabl (H.v.)? (Omeem: 1,5 1 xucnopoma; 2,41 r
BOJIBL.)

8. Ckonbko Bogopoaa comepxutcs B 180 r: a) Bomsl; 6) 50%-ro pacTtropa
rugpokcuaa Hatpua? (Omeem: 20 r; 2,25 1.)

7.3. Xnop

Haxoxnenne B npupoae. Xjaop BCIAeACTBUE OOMBLIOH XUMUYECKON
aKTUBHOCTU HAXOAWTCS B MPUPOJIe B CBA3aHHOM COCTOSHUU (MHOTHA
XJI0p OGHAPYXUBAKOT B BYIKAHUUECKUX ra3ax).

Bax#etimme mpuponHbie coenuHeHns xiaopa — rammuT NaCl, cub-
puH KCl, cunmpsuautr KCI- NaCl, kapranut KCl- MgCl,- 6H,0.

XJIOp BXOAUT B COCTAB PACTUTENHHBIX U XKUBOTHBEIX OPTAHU3MOB.

Ioayyenne. B npomoiuirenHocmu XIop MOTYYAKOT SIEKTPOIU30M BOJ -
HBEIX PACTBOPOB XJIOpUIA HATPUS WU XJIOPUAA Kalus.

B nabopamopuu momyiueHMe XI0pa OCYIIECTBISIOT:

a) JecTBUEeM CHIBHBIX okuciaureaeii MnO,, KMnQO,, K,Cr,0, Ha
CONTHYIO KUCTOTY:

MHOQ + 4HC1 —» MnC12 + 2H20 + C12
2KMnO, + 16HCI — 2MnCl, + 5Cl, + 8H,0 + 2KCI
K,Cr,0 + 14HCI — 2CrCl; + 2KCl + 3Cl, + 7H,0

6) OKHCIeHHEM XJIOPOBOAOPOIA KHUCIOPOAOM IIPH TeMIIEpaType
400 °C B mpucyrctBuu Kataiausaropa CuCl,:

4HCI + 0, — 2Cl, + 2H,0
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BBEIXOM Xiopa gocturaeT 80 %; aToil peakiuell paHBIIe MONb30BATHACH
JITTSI IIPOMBIIIIIEHHOTO MOIYYSHUS XJI0pa.

@usnyeckne cBoiicTBa. XI0p — ras XKeaTo-3eIEHOTO IBeTa ¢ Pe3-
KM 3aIlaXxOM; XOPOIIIO pacTBOpseTcS B BoAe. HeGonplmoe KoIUIecTBO
XJIOpa BEI3EIBACT BOCHAIECHUE NBIXaTEIBHBIX ITyTEH.

XuMHrYecKHe cBoicTBa. 151 3aBepIiieHNsT BHEIITHETO CI0S aTOMY XJIOpa
HEIOCTAeT OMHOTO 3JEKTPOHA, IIO3TOMY IIPH B3aUMOICHCTBUH C 271e-
MEHTaMH, PacIIOJOXCHHEIMU JeBee U BhIIe B [leprmommuecKoi crucre-
M€, OH IIproOpeTaeT CTelleHbh OKUCICHNI —1. B CBOMX KMCIOPOTHBIX CO-
SOIUHECHUAX XJIOP MOXET UMETh CTeleHb OKUCIeHHA +1, +3, +5, +7.

Omuowenue xnopa k memaniram. OcobeHHO OBICTPO ¢ BEIAEICHUEM
GONBIIOro KOJMYECTBA TEIUIOTH MPOTEKAIOT peaKInM XJIopa ¢ MeTal-
JaMU:

Cl, + 2Na — 2NaCl; Cl, + Cu - CuCl,

Cyxoil XI0p He pearupyer ¢ XeIe30M.
OmHuouterue xaopa k Hememaniam. XJIop HEIMOCPEACTBEHHO B3aUMO-
JIEHCTBYET CO MHOTHMH HEMETALIAMH:

2P + 5Cl, — 2PCls; H, + Cl, - 2HCI

XJI0op He B3aMMONEMCTBYET ¢ KHCIOPOIOM, YITIEPOIOM, a30TOM H
HEKOTOPBIMHU GIaropoOIHBEIMH Ta3aM.

OmHuowenue xXa0pa K CAONCHbIM eeujecmeam. XJI0p BCTYIIAeT B peak-
11Z078

2FeCl, + Cl, — 2FeCly

(61emHO-3eNe Bl (KenThIi
pacTBop) pacTBop)

2KBr + Cl, — 2KCI + Br,

HCI
/

Cl, + H,0 — HCI + HCIO
XJIOpHOBaTI/ICTaH\\ [O]
KHCIIOTA

Cl, + 2KOH — KCl + KCIO + H,0
2Ca(OH), + 2Cl,(m3b6mTOK) — CaCl, + Ca(OCl), + 2H,0

oCl1
Ca(OH), + Cly(HenocTaToK) — Ca< al + H,0

XJIOpHAsT
W3BECTH

Cl, + CO - COCl,

docren
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HpnMeHeHne. X.J'[Op CIIY2KHUT OJ1A MOJIYUYCHNA MHOT'OYUCICHHBIX HE-
OpraHM4YCCKHUX U OPpraHuv4cCKMUX CO@,Z[I/IHeHI/IfE COJITHOH KHCIIOTBI, XJIOP-
HoOH H3BECTH, TUIIOXJIIOPUTOB, XJ10PaTOB.

Bosnbiioe KoaudecTBo Xj10pa UCIIOJIB3YIOT AJIA oTOeIUBAaHUA TKa-
Hell 1 OYMaXHOM MAacCHl, I CTePWIN3allN TUTHEBOM BOAEI U 00e3-
3apaXXuBaHUS CTOYHEIX BOJ, OYMCTKHU CHpoil HedTHr. /11a Ximopuposa-
HUA DY B LIBETHOW METAJLUIYPLUM.

MpuMepsb BbINONHEHUSA 3a4aHWUN

3aganue 1. ITpy TOMOIIYM KAKUX PEaKITIH MOXHO OCYITICCTBUTD CICAVIOTIIES
TIpEBPAIICHUS

Cl, - HCl —» CuCl, — ZnCl, — Cl,

Pemenue. 1. Xmop B3aUMOACHCTBYET C BOJOPOAOM IIPU SIPKOM OCBEIIIE-
HUY WU TIPU HATPeBAHUU ¢ OOPa30BaHUEM ra3a — XJIOPOBOIOPOIA:

hv
Clz + H2 e ZHCIT

XITOpOBOTOPOI XOPOIIO PACTBOPSIETCS B BOMC W IMOIYIACTCS XITOPOBOIO-
pOMHAs KUCIOTA.

2. Conb CuCl, Hemb3s MOMYYNUTD TIPY B3AUMOJEHCTBUN XJIOPOBOIOPOTHOM
KUCTOTEl ¢ MeEIblo (MeIb CTOUT B BICKTPOXUMUYCCKOM PSIIy HAPsDKEHUN
oclIe BOJOpoAa), Helrb3d B3ATh coab Meau(ll), obpazosanHyoo cmaboil Kuc-
JOTOM, TaK KaK TaKWe COMU JUGO He CYIECTBYIOT, TG0 He pearupyroT ¢
HCI; cmenoBarensHo, HyskHO B3aTh okcua Meau(11) mau ruopoxrcua meam(11):

CuO + 2HCI — CuCl, + H,0

3. Ilepenon xmopuna Mean (I1) B XTopua MUHKA MOXET MTPOXOIUTDH TONBKO
IO peakIuu

CuCl, + Zn — ZnCl, + Cu
TTOCKOJBKY TTUHK §oJee aKTUBHBIA METa.

4. I'a3006pa3HbIil XJIOp MOXHO ITOIYINTD 13 ZnCl, TOIBKO 3IEKTPOIN30M
pacTBopa:

ZnCl, 2 Zn* + 2CI-
H,0 = H*+ OH-
p
Zn2+ cr’/
KaTon La aHox
H+ / OH‘
Zn? 4+ 2e > 7Zn OnospemerHo
OTCKAIO (v - _
2H,0 + 2 > Hyt + 20H- [ pegeeore  2Ch =2 C?
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3apanme 2. CMernany ras, BeiaenuBinuiics mpu pasnoxernun 4,08 r KCIO;,
C Ta3oM, MOJYUYEHHBIM TIpU JIeUCTBUM 7,15 T METaTMIeCKOTO 1MHKA Ha W3-
OBITOK pazbaBlIeHHOM cepHOM KUCHOTH, W 0,224 nm xmopa (sl BceX Ta3oB
YCIIOBUSI HOpMATbHBIE). ['a30By10 cMech B3opBanu. OTpeeuTe MACCORYIO OO
(%) HCI B pactBOpE.

Pemenwne. 1. [Ipu pasmoxeHnn 6epTOIETOBON COMM BBIACISIETCS KUCIO-
poa:

4,08 T X MOJTb
2KCl10; = 2KCI + 30,
2-122,5T 3 MOJb

n3 245 1 KCIO; o6pasyerca 3 moiab O,
u3 4,08 v KCIO; — x MoTb O, x= 10,05 monp O,.

2. Ilpu meiicTBMK HA IIMHK pa30aBIcHHON CepHOM KUCIOTON BBIACISICTCS
BOJIOPO/T:

7,151 X MOJTb
Zn + HzSO4 = ZnSO4 + H2
65T 1 monb

u3 65 v Zn obpasyerca 1 momns H,
u3 7,15 v Zn — x Mo H, x=0,11 monp H,.

3. OmmH Monb Cl, 3aauMaeT o6beM (H.y.) 22,4 1

x wMomub Cly — 0,224 1 x=0,01 momxp Cl,.
4. TIpu B3pbIBE MIPOUCXOMAST IBE PEAKIINH:

2H, + 0O, — 2H0

0,1 monnb 0,05 Momb 0,1 monn
H2 + Clz — 2HCI1
0,01 momb 0,01 momb 0,02 moib

CrenosarennHo, u3 0,11 Moxsa Bogopona 0,1 MO moIIa Ha B3auMOeii-
cTBUE ¢ Kucnopoaom, a 0,01 Monst — Ha peakiio ¢ xaopom. IIpu 3ToM BoabI
obpasopanoch 0,1 moma (1,8 1), a xmoposomopona — 0,02 moma (0,73 1),
OTCIOIa Macca pacTBOpa XJIOPOBOAOPOMHOI KHCIOTHI (m;) paBHa 1,8 T +
+0,73r=2,53r.

Haxonum

0="1100 %; o=273T100 % =288 %.
m 2,53

Bonpocbl n 3agaHug

1. B kakoit us monexyn: F,, Cl,, Bry, I, cBs3p HauGonee npounas? OTeer
TTOSICHUTE.

2. Kakag m3 peaknmit ABISETCS MPOMBIIIICHHBIM CIIOCOOOM ITOTYICHUS
XJopa:
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a) chr207 + HCl —»

DIIEKTPONU3
6) NaCl+ H, O ——M

B) KMnO, + HCI —

J1s1 Becex peaklnii HAIUIINTE SICKTPOHHEIC CXEMBEL.

3. O6pacHUTE Ac3MHUIIUPYIONIEe 1 OTOeIUBaINee AcHCTBAE XIOopa B
MIPUCYTCTBIAN BJIATH.

4. IIpy moMoIIM KaKWX PeaKIUil MOXHO OCYIIECTBUTH CICAYIONIUI ITHAKIT
npeBpallcHUM:

Cl, - Ca(OCl), — HCIO — HCI - Cl,

5. Kakoi#l o6beM 3aliMeT BBIICTUBINNICA Ha aHOAe ra3 (H.y.) IPH DIEKT-
pomuse 39 r 15%-ro pactBopa xnopuaa kanusa? (Omeem: 2,24 1.)

6. BEIuucInTe MIOTHOCT XJI0Pa, XIIOPOBOIOPOIA IO BOZAYXY.

7. CKONBKO TPaMMOB METaHa 1 XJopa (H.y.) HCOOXOIUMO B34Th I TTOTY-
yenns 500 v xnopodopma CHCI; (mnotHocts 1,48 r/cM’)? (Omeem: 99 T
CH, u 1320 Cl,.)

8. Yepes 70 mr 20%-ro pacteopa KI (mnotHocts 1,186 r/cm®) mpomycru-
1 xiop. CKOIBKO IpaMMOB ocafka obpazosanock? (Omeem: 12,7 1.)

7.4. BopopoaHble coegnHEeHUa xnopa

Xaoposodopod HCI — BemiecTBo, 00pa3oBaHHOE XJIOPOM M BOIOPO-
moM. [TorxygaroT ero HeCKOMBKUMH crtocodbamit. OCHOBHOM TTPOMEIIII-
JIEHHHBIH CT0oco0 — CHHTE3 M3 3JI¢MEHTOB!

H2 + C12 = 2HC1T

[MoxygaroT XITOPOBOAOPON TaKKe CYAb¢haTHEIM CITOCOOOM TIpH Ha-
rpeBaHUN XJIOpUIA HATPHUA ¢ KOHIICHTPUPOBAHHOI CepHOM KHUCIOTOI:

°

10
NaCl(tB.) + H,SO,(xoH11.) ——— NaHSQO, + HCI

nin

°

70
2NaCl(tB.) + H,S0,(xoH11.) ——— Na,S0O, + 2HCI

ITo mepsoii peakiiuu Bbixoa HCl He3HauMTedbHBIN, MO BTOpPOU
peakiuu — TpebyeTrcs 3aTpaTa O0JBIIOTO KOTUYECTBA SHEPTUN U KOH-
LIEHTPUPOBAHHOU CepHOM KUCTOTHI. I[ToaToMy cyibhaTHBINA cIOCO0
HaXOAUT OTPaHUUYEHHOE TIPUMEHEHNE.

B 1aGopaTopuu XJIOpOBOAOPO MOAYUAOT CUHTE30M U3 SJIEMEHTOB
WJIN OEUCTBUEM KOHLEHTPUPOBAHHON CEPHON KUCIOTHI HA TBEPABLIA
XJIOPHUI HATPUA TIPU HE3HAUUTEIbHOM HATPEBAaHUU.

XmopoBoaopod — OECHBETHHIN ra3 ¢ pe3KUM 3aMaxoM, SAOBUTHIN,
XOPOIIIO pacTBopsieTcss B Boje (B 1 oObeMe BOABI MPHU TeMIlepaType
20 °C pactBopserca okono 450 oopemMoB raza). Bomuntii pacrsop HCI
HA3BIBAIOT XJIOPOBOAOPOOHOM, WIU CONIHOU, KUCIOTOM.
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Xaoposodopoduas (consnas) kucaoma — OecHBeTHAA KUOKOCTH C
PE3KUM 3aIaxoM, comepxXut oT 31 mo 42 % xmopoBomopona.

DTo cumbHag KucaoTa. [Iposgpaser Bce cBOMCTBA KUCIOT, KpoOMe
OKHUCIUTeAbHEIX. [IpuMenserca mrst moxydeHus conxeit: NaCl, CaOCl,,
ZnCl,, BaCl,; B KOXXeBeHHOU U MHUIICBON ITPOMBIIIICHHOCTH.

Conu XJIOpOBOAOPOAHON KUCIOTHI HA3BIBAIOT X20pudamu. BoabITUH-
CTBO M3 HHUX pacTBOPSIOTCA B Boae, Kpome AgCl, CuCl, PbCl,, Hg,Cl,;
rajgoreHuasl cepedpa (kpome AgF) He pacTBOPAIOTCS B BOJAE U UMe-
0T pa3muIHylo okpacky: AgCl — OGenbiii TBOpOXHCTHI, AgBr —
ocaloK GIedHO-XeNToro 1BeTa, Agl — 0caloK ApKO-XeJIToro IBeTa.
Ha aToit 0cO6eHHOCTH OCHOBAaHO paclio3HaBaHUE rajJoreHOBOAOPO/I -
HBIX KUCIOT. Coli XI0POBOAOPOAHON KUCIOTHI MPOSBISIOT BCe CBOM -
CTBa coJei.

Con XJI0pOBOAOPOAHON KUCIOTH HAXOAAT MMUPOKOE MPUMEHECHUE:

« xiopua Hatpusa NaCl — mpuripaBa K MUIIE, CHIpbe IJs MoayJe-
ausa Na, H,, NaOH, Cl,, HCI, comws u 1p.;

« xmopun Kaaua KCl — ynoGpeHue, ceipbe mna moaydeHnus KOH;

« xaropug uHKa ZnCl, — A1 TpOMUTKY IIIMAaI B LEIsSX mpeaoxpa-
HEHUS WX OT THUEHMS, TIPU MassHUM I CMAYMBAHUS MOBEPXHOCTU
MeTaia (yCcTpaHseT OKCUAHYIO IUICHKY, MO3TOMY IPUIION XOPOIIOo
MPUCTAeT K METaJLTy), B MEAUIIMHE KaK KpOBOOCTaHABIMBAOIIEe Cpe/l-
CTBO;

« xmopun Oapust BaCl, — B CeTbCKOM XO34HCTBE OA OOPBOBI C
BPEIUTENSIMU;

« xaopua kaipiiusg CaCl, (6e3BoAHBIN) — A7 OCYIIKHU Ta30B;

« xamopun cepebpa AgCl — B ¢oTorpacdun Kak KOMIIOHEHT CBETO-
YYBCTBUTEIBLHOTO CIOS MPU U3TOTOBIEHUM (POTOIUICHKMU.

7.5. KucnopopgHbie coeanHeHUa xnopa

Xiop ob6pa3yeT Heckonbko okcumon: Cl,O, Cl0O,, Cl,O4 Cl,0,,
a Takxke HeckKombko Kuciaopoanbeix kucior: HCIO, HCIO,, HCIO;,
HCIO,.

B Taba. 7.2 oxapakTepW30BaHEI CBOMCTBA U CIIOCOOBI MONXYUCHUS
KHACIOPOIHBIX COCAUHEHUN XI0pa.

Bce okcuanl x1opa — B3pBIBUATHIC BelllecTBa. 13 KUCIOT B ¢BOOO -
HOM COCTOSIHUH MONyUeHAa TOIBKO XIopHas Kuciaora. Coln BCexX YeThl-
PexX KUCIOT BBIICTCHE B KPUCTAIIIMYECKOM COCTOSTHUM.

MpumMepbl BbINOJMIHEHWA 3afaHUM

3amanme 1. CMech coneit NaCl u KCI maccoit 64 T obpaboTamy ropsieii
KOHIICHTPUPOBAHHON CepHOU KUCIoToM. OB6ITasg Macca MOTYICHHBIX B Pe3yIb-
TaTe BTOTO CYIhLPATOB OKAa3amach paBHo# 76 T. Kakosa mMaccoBas monda (%)
NaCl u KCI B cmecnu?
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Ta6nwuma 7.2. CeoiicTBa H cHOCO0OBI MOJYYEHHS KHCIOPOTHBIX COEAMHEHHI

xJaopa
Oxcumpl Kuciorsl Conu
C1,0 — oxcun xmopa(l), |HCIO — xnopHosatu-  |['mmoxmoputs
KEITO-KOPUIHEBEI cTas KUCIOTa, CYIIeCT- 2NaOH + Cl, =
ras, JEeTKO ITOIJIONIAETCS |ByeT TOIBKO B BOTHOM = NaCl + NaOCl + H,0
BOJION; pacTBope;
HgO + 2Cl, = HgCl, + Cl, + H,O =HOCI +
+ Cl,0 + HCl1
ClO, — okcHa XJ10- HCIO, — xnopuctas XITOpUTEI
pa(1V), seneHOBaTO- KICIIOTA, CYIIEeCTBYCT 2Ba0O +4Cl0O, =
KEITHINA Ta3; TOJBKO B BOTHOM pac- =2Ba(Cl0O;), + O,
Cl, + 2AgClO; = TBOpE, HEYCTONINBAS;

= 2AgCl +2Cl0O,+ O, | Ba(ClO,), + H,S0, =
- BaSO, + 2HCIO,

Cl,04 — okcup xno- HCIO; — xmopHoBaTas | Xnmopatsl
pa(Vl), TeMHO-KpacHas1 |KWCIOTA, CUIbHASA, 6KOH + 3Cl, =
KUOKOCTh, OBIMSIASICS |CYIIECTBYET TOIBKO = KClO; + 5KCI + 3H,0
Ha BOBMIYyXE; B pacTrope;
4C102 + 203 = Ba(ClO3)2 + HzSO4 =
=2Cl,04 + O, = BaS0O, + 2HCIO;
Cl,0,; — oxkcun xio- HCIO, — xnopnas IlepxmopaTsr;
pa(VII), GecriseTHast KHCTOTA, CYIECTBYET TTOTYYAIOT SIEeKTPOIY -
MACIISTHUCTAsL JTeTydast B CBOOOTHOM COCTOSTHUHY, |30M PACTBOPOB XJIOpa-
KUIKOCTD, Cl,0; + H,O = 2HCIO, |ToB:
2HC104 + P205 = KC104 + HzSO4 = KC103 + Hzo =
= C1207 + 2HPO3 = KHSO4 + HC104 = KC104 + H2

Pemennue. Ilpumem maccy NaCl B cmecn 3a x, maccy KCl 3a y, Torna
TIOTYINM TIEPBOE YpaBHEHUE CUCTEMBI: X + ¥ = 64 T.

Peakiym XTOpUIOB ¢ KOHIICHTPUPOBAHHON CEpHOM KUCIOTOW IIPOXOMAT
IO YpaBHEHUSIM

t
2NaCl(tB.) + H,SO,(xon11.) = Na,SO, + 2HCIT

t
2KCl(1B.) + H,80,(x0H11.) = K,S0, + 2HCIT

u3 2- 58,5 r NaCl obpasyercsa 142 r Na,SO,
n3 x T NaCl — a 1 Na,SO, a=1,214x;

n3 2 - 74,5 v KCl obpasyerca 174 r K,SO,
n3 y rKCI — b1 K,50, b=1,167y.

CJIG,Z[OB&TGJH)HO, BTOpPOC aJIF€6p3.I/I‘{€CKO€ YPaBHCHUEC NMCECT BUI

1,214x + 1,167y = 76.

111



PemuB ONMYIEHAYIO CUCTEMY YpAaBHEHUM

xX+y="064
1,214x +1,167y =76, x =24, y =40,

omnpenennM MaccoByio gomo KCl m NaCl B cmecn:

0="1100 %: o(NaCl) = 24100 % = 37,5 %:
m 64T

oKCl) = 20T 100 % - 62.5 %.
64 r

3apanme 2. [Ipu B3aumonericteuu 11 1 3arpsisHeHHOTO KapboHAaTa HATPUS
¢ M30BITKOM XJIOPOBOIOPOMHONM KUCIOTH obpaszoBamoch 2,24 1 (H.y.) rasza.
Beraucnure MaccoByio oo ( %) mpuMecH B cofe.

PemeHue. OnpenenseM Maccy IIpOpearupoBaBIlero KapboHata HaTpUs
110 YPaBHEHUIO

XT 2,24 1
Na,CO; + 2HCI = 2NaCl + H,0 + CO,
m=106T V=224n

W3 ypasHeHUS peaknnu ciaeayet, uto 2,24 1 mesbiie 22,4 1 B 10 pa3s;
3HAYNUT, KapboHara HaTpus motpebyercs B 10 pas mensiue, T.e. 10,6 1. 3a-
IPSI3HEHHOTO KapboHaTa HAaTpus OBIIO B3ATO 11 T, TOTma Macca MpuMecHt m =
0,41
11r

=11r-10,6 T=0,4 r um 100 % = 3,6 %, T.e. 66110 3,6 % TpUMecel.

Bonpocbl n 3agaHug

1. KakoBa crenenp okucieHus xmopa B Monekynax: Ba(ClOj),, KClOy,
NaCl0O?

2. Kakoii Tun cBs3u peanusyercs B Monekynax: Cl,, CaCl,, KOCI?

3. Kakyto cpeny (KUCHyIO, TMENTOYHYI0 WU HEUTPANbHYIO) OYyIyT UMETh
pactBopsl crenyworux coneit: FeCl,, NaClO,, BaCl,, KC10,?

4. IIpy moMoIIM KaKUX peakinii MOXHO OCYIIECTBUTD CIEAYIONIHE Tpe-
BpAIlleHUT:

Cl, — Ca(OCl), — HCIO — HCI - Cl,

5. Hanummute ypaBHeHUS peakIluil MOTyUeHUS XJTOPHUIA ITMHKA BCEMU BO3-
MOXHBIMU CTIOCOGAMU.

6. Hanmumute (He MeHee YeThIpeX) YPaBHEHUHN peakIiuii MeXIy XTOPUIOM
Menu(Il) ¥ APYTIMU BO3MOXKHBIMU BEIECTBAMI.

7. Kakoit o6wem HCI (H.y.) BeimenuTces npu B3auMoaeiicteum 87,75 r NaCl
co 100 mx 80%-ro pacteopa H,SO, (mnotHOCTh 1,72 T/cM?), ecmu peakima
npoBoanTcs 6e3 HarpeBaHUs? Kakoe BelecTBO OCTATOCh He M3PacXOMOBAH-
HEIM? (Omeem: 31,45 1 HCL.)

8. Beraucmute MaccoByio momo ( %) pacTBopa, ONTYICHHOTO TIPU PACTBO-
peruu 200 M xaopoBogopona (H.y.) B 10 ma Boasl. (Omeem: 3,15 %.)
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9. ,Z[JIH CICAYIONIUX OKUCITUTCIIBHO-BOCCTAHOBUTEIIbHBIX peaKHI/IfI COCTaBb-
TC MMOAYPCAKINN JJIAd OKHUCIUTEITA U BOCCTAHOBUTEIA U PpaCCTABbBTC KOC—)(b(bI/I-
ITUECHTHI:

a) C10, + KOH — KCIO; + KCIO, + H,0;
6) CaClL,0 + HCl — CaCl, + H,0 + CL,.

10. ITpu B3ammoneticteuy 10 r cMecu MarHus, MEIU U ITUHKA ¢ XJTIOPOBO-
JOPOMHONM KHUCIOTOM BBIACIUIOCH 3,36 1 rasa (H.y.), IpU B3aUMOACICTBUUI
STOM XK€ CMECU ¢ Iemoublo — 2,24 1 raza. Onpemenute cocTaB (%) cMecH.
(Omeem: 65% Zn, 12% Mg, 23 % Cu.)



FnaBa 8
FrMABHASA NOArPyYnnA vi reynnbl

M3yuumB rnaey, cnenyert:

3HaTb 0COOEHHOCTM CTPOEHMS aTOMOB 3JIEMEHTOB IABHOW NOArpynnkbl
VI rpynnel; CROMCTBA, CNOCOOLI MOYYEHUA U MPUMEHEHNE BaXHENLLIMX COeam-
HEHUI KMCnopoaa n cepsl;

YMeTb 0XapakTepu3oraTb 00LINE CBONCTBA U Pa3finyms 31eMeHTOB MNOJ-
rpynnbl; BLINOAHATL XMMUYECKUE ONbIThI, MOATBEPXAAIOLME CBONCTBA S/IEMEH -
TOB M UX COEAMHEHWNI; pellaTb PaCHETHbLIE U 3KCMEPUMEHTaNbHbLIE 3a4a4u.

8.1. O6Gwan xapakTepucTuka

K rmaBnHoit moarpynmne VI rpymmel I[lepronndecKoit CUCTEMBI OT-
Hocarcs: kucaopod O, cepa S, ceaen Se, meaayp Te u noaonuii Po.
CTpyKTypa BHEIIHETO CIOS aTOMOB 3J€MEHTOB TJIaBHOU MOATPYII-
el VI rpynimel o6yCIoBINBAET UX HEMeTaIMUecKe CBOMCTBa (3a UC-
KJTIOUEHUEM IMTOJOHUS) ¢ MAKCUMAIbHOMN CTEeNMeHbI OKUCICHUS —2. DTy
cTeneHb OKUCICHUSI OHU MPOSIBISIOT B COEAMHEHUSX ¢ BOIOPOAOM U C
MeHee AJEeKTPOOTpHUIIATeIbHBIMU HeMeTalIaMu. MaKCUMAaNbHYIO TI0-
JOXKUTETBHYIO CTEIIeHb OKUCICHUS CIeAyeT OXUAATh paBHO +6.
CunbHee Bcero HeMeTaIMYeCKue CBONCTBA BhIpaxkeHBI Y KUCIO-
poda u cepbl. CeJleH U TEJUTYp 3aHUMAIOT MMPOMEXYTOUHOE MOJOXKEHUE
MeXIy HeMeTaUlaMHd W MeTaUlaMM: celleH obpasyeT MoauduKaiuu
KaK HeMeTaUIMYecKoro, Tak W MeTrajuimueckoro (cepas ¢popma) xa-
pakTepa; TeJUIyp U3BECTeH TOJIbKO B MeTALTUUeCKOM Buae. OQHaKO 1Mo
CBOMM XUMUYECKHUM CBOHCTBAM CEJIeH U TEJUTYP CTOAT OJMXKe K HeMe-
TaJilaM, XOTSI U MOTYT O0pa30BbIBATh COMU ¢ CUIBHBIMU KUCIOTaMHU.
[Mononuit obnamaeT TOABKO METALTMYECKUMU CBoMcTBamMu. Tak,
monoHuii pacrBopserca B HCI, pazbasiennoi H,SO,, Torma kak cepa,
CelleH U TeJUTyp He pearupyroT ¢ KUCIOTaMU-HEOKUCTUTEIIMU.
CBoiicTBa KMCTOPOAa 3HAUUTEIbHO OTIUYAKTCS OT CBOUCTB APYTUX
amemenToB VI rpymmel. CpoiictBa ke S, Se, Te, Po ropazmo menee
pasnuyuaroTcs Mexay coboii. Ecnu mocneaHue MOTYT MTPOSIBIATH BaJIeHT-
Hoctu IV u VI, To KHuCIOpOA HET, TaK KaK y aroMa KHMCIOpoAa Ha
BHEIITHEM CJI0€ OTCYTCTBYIOT OpOUTANM, KOTOPbIe MOTJIX OBl MPUHATH
yyacTue B oOpa3oBaHUM CBs3ell (B OTIWYME OT BCEX OCTAIBHBIX 3Je-
MEHTOB MOArpyIbl). Kuciopos, cepa, celeH U TeIyp obpa3yioT BO-
NOPOAHBIE coeauHeHus obiei Gpopmynasl HyR, moasipHOCTs MoJeky
ocnabeaet B psany oT H,O Kk H,Te. 3a uckiaoueHreM BOJBI OCTAaTbHBIE
BOJOPOAHBIC COCAUHEHUS AJIEMEHTOB MOATPYMIB SBISIOTCS ra3000-
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Pa3HBIMU; UX BOJHBIC PACTBOPKI O0MAJAIOT CIa0BIMU KUCIOTHBIMU CBOK -
CTBaMH.

Kuciaopon u cepa mMUpOKO pacmpocTpaHeHbl B IPUPONe KaK B CBO-
0OJHOM BUIE, TaK U B (hopMe MHOTOUUCTEHHBIX coequHeHuit. CeneH u
TEJUTYp BCTPEUaKTCs ropasfo pexe B BUAE MpUMecel CeIeHUI0B U Tell-
JIYPUAOB B cyAbGhUIHBIX pynax. [ToToHU BcTpeuaeTcss B MAHepajiax ypa-
Ha U TOpHUS KakK MPOAYKT PaAuOaKTUBHOIO paclaa.

Bonpocb n 3apaHug

1. B ueM CXO/ACTBO U pa3nuune CTPOCHUS BHEIHETO BIEKTPOHHOTO CIOS
aToMa KHUCIOpOAA W JIPYTUX BIEMEHTOB IMABHOW moAarpynmsl VI rpymnmsi?

2. Ilouemy ¢ yBenmMUeHUEM 3apsjia sS/ipa YCUINBAKOTCS BOCCTAHOBUTENIb-
HBbIC CBOWCTBA BIEMEHTOB TJaBHOUN moArpynmbl VI rpyrmsr?

3. Y KaKoro aroMa OKHACIUTENLHEIE CBOMCTBA BRIPAXEHEI CUIBHEE: ... 3523p*
wk ... 3d'%4s%4p*?

4. HanumuTe 5neKTpoHHYIO GopMyny (KOH(pUTYpaIluio) aToMa celleHa U
pacmpefenuTe 3MeKTPOHBI MO SYeHKaM.

5. Hanummte rpacdudeckre (hOpMYyNIBl U OTIPEICTUTE CTETICHU OKHUCICHU S
3JIEMEHTOR B cleayoomux coeauHeHuax: FeS,, Na,S,0i:, K;5¢0;, H,TeO,.

6. Kakoe 13 coequHeHUN sABIsIETCS OOee TONSIpHBIM U TtouemMy: H,S, H,Se?

7. Y Kaxkoro sieMeHTa MTaBHOW MOATpynmibl VI rpynmsl HeMeTanIudecKue
CBOMCTBA BBIPAXEHBI CUIbHEE; TTOUeMy?

8.2. Kucnopop,

Haxoxnenne B npupoae. Kucmopon — caMblil pacIipocTpaHEeHHEIN
ameMeHT. OH cocTapageT 47,2 % mMacchl 3eMHOM Kophl, 20,95 % 1o o6be-
My win 3,15 % mo macce Bosagyxa. BXoguT B cocTaB BOABI, TOPHBIX
MOPOJ, MHOTHX MUHEPANIOB, COIeH U OpraHMUeCKUX BEIIECTB.

IMoayuyenne. B npombiuinennocmu KACTIOPO IIOIYyYIAOT:

a) U3 XKHUAKOTO Bo3ayxa (CImocod 0CHOBAH HA PAa3HOCTH TEMIIEPaTyp
HCITApEeHUs a30Ta U KUCIOPOa);

6) OYeHBb YHCTHIM KUCIOPO IMOIYUAKT SICKTPOIA3OM BOMEL

B rabopamoprubix ycaosusx UCTIOAB3YIOT CACAYIOMNE CIIOCOOR CHH-
Te3a KUCIOPOJA:

MnO,
a) 2KCIO; ——2, 2KCI + 30,
6) 2KMHO4 e KQMHO4 + MHOQ + 02
B) JJICKTPOJINU3 BOIAHBIX PaCcTBOPOB IeIouei.
Dusnyeckne CBOHUCTBA. KI/ICJ'[OPOI[ — 66CHB€THBIﬁ ra3, HC UMECT
BKyCa U 3aIllaxa, HEMHOTO TsKEJICC BO3AyXa, MaJlO pacTBOPHUM B BOIC.
XuMHYECKHE CBOHACTBA. I[O 3aBCPHICHUA BHCIITHETO SHEPIrETUICCKO-

IO YPOBHS aTOMY KHUCIOPOAa He XBaTaeT ABYX 31eKTpoHOB. [IpuHuMast
+2 -1
WX, OH MPOSBIAET CTelleHb okuciaeHnd —2 (kpome OF, ).
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Kucmopon crmoco6eH 06pa3oBEBATh OKCUIEI CO BCEMM 3IeMeHTaMHI
KpOMe TelIus, HeoHa, aproHa.

Omuowenue ic memartam. C GONBIIMHCTBOM METAILIOB KHUCIOPOI
pearupyeT HEIIOCPEACTBEHHO; HAIIPUMED:

2Cu + 0, — 2Cu0
4L + 02 - 2L120

[lemouHBIe METAIIE IIPH B3aUMOASHCTBUN ¢ KUCIOPOAOM 06Gpasy-
0T MEpPOKCUABI WM HAAMePOKCUNH (332 MCKIIOYeHWeM JTUTHI); Ha-
IpuMep:

2Na + O, — Na,0,

TIePOKCU]T
HATpUST

K+ 0, - KO,

HaAIIEPOKCHT
KaJlus

Kucmopon He pearmpyer ¢ cepe6poM, 30J0TOM, TIATHHOMN.
Omuowenue k Hememanram. Kucropon pearnpyeT co MHOIUMU He -
MeTaTaMU7;

0, + N, = 2NO
0, +8S = SO,

He pearmpyer ¢ ragoreHaMu.
Omuowenue K croxcHbiM gewecmeam. MHOTHE CIOXHEIE BellleCTBa
TOpAT B KACIOPOIE:

4NH; + 50, — 4NO + 6H,0
2C,H¢ + 70, — 4CQO, + 6H,0

IIpamenenne. Kyciopon mpuMeHSIOT III MHTeHCU(UKAIIMHA XUMU-
YeCKHUX TPOILECCOB BO MHOTUX IIPOU3BOMICTBAX; HAIIPUMED, IPH IIOIY-
yeHuu kuciaot H,SO,, HNO;, B JoMEHHOM Tpoliecce, LBETHON Me-
TAILTypruH, OPraHUIeCKOM CUHTE3e. B cMecH ¢ alle THIeHOM KHCIOPOI
HCITONB3YIOT OIS CBAPKU M PE3KW MeTala (TeMIeparypa IIaMeHH
nmocturaeTr Goxee 3 000 °C). Kucmopon mpUMeHSIOT TakKKe BO BpeMs
paboTH IO BOAOMH, IO 3eMJICH U IIPU ITOJIeTaX Ha OOJIBIION BEICOTE.
Kupkuit KUCIOpod B CMECH ¢ PAa3IUYHBIMI TOPOYUMHI MaTepuaIaMu
(mpeBecHOT MYKOI, YrOXBHBIM HOPOIIKOM, KIETUATKONU) HUCIIOIb3Y-
0T B KaueCcTBe B3PBIBUATOTO BEIeCTBA MIPHU IMOAPLIBHEIX paboTax.

**030H. Hapsny ¢ oOpyHBIM KucTopoaoM O, B ¢CBOOGOAHOM BHIE
ob6pasyeTcs Apyrast alTOTPoIHAs MoauduKanms — o30H O;. Yarre Bcero
030H HOMYYAIOT M3 KHUCIOPOAA B YCIOBHUSX 3IEKTPUUCCKOTO paspsaa.
YHCTHIT 030H BRIASISIOT B BUAE B3PBIBUATON TeMHO-CUHEH XUAKOCTH
npu GPaKIIHOHHOMN ITeperoHKe XUAKUX cMeceil KHCIopoa— 030H. [Tog
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BIUSHUEM YILTPAMHOIECTOBOTO OOIYICHUA KICIOPOIA B BEPXHUX CIIO-
ax atMocdepsl HabGmogaeTcs MOBHIIICHHOE COAepXaHUe O30Ha, YTO
OYEHDb BAXXHO — OH IIPEHOXPAHAET MOBEPXHOCTH 3eMIH OT U3GBITOY-
HOTO OGIyYeHUs YILTPA(hHUOICTOBEIMA TYIAMUA.

OOBIYHO 030H — CBETJIO-TOXY0OOM ra3 ¢ XapakKTepHEIM 3aI1axoM (CBe-
XKECTH); PAaCTBOPUMOCTD €r0 B BOJIE 3HAYUTEABLHO GONBINE, TeM KICIO-
poma. O30H — OYeHBb CHIIBHEIN OKUCTUTENh; HAIpUMeD, B aTMOcdepe
030Ha CYIh(pUI CBUHIIA TMEPEXOMUT B CYAb(AaT CBUHIIA:

PbS + 30, = PbSO, + O,

C cepebpoM 030H o0pa3syeT YepHBII NepoKcu cepebpa. Ha xomome
OKUCTIAET MHOTHE OpTaHMIeCKIEe BEIIeCTBAa; TaK, IIPH KOHTaKTe ¢ 3¢hH-
POM WIH CITUPTOM MOCTISTHUE BOCIIAMEHSIOTCH.

O30H HUCIOAB3VIOT IIA 00e33apaXWBaHUSI MHTHLEBOW BONBI, A
006¢e3BpeXXUBAHIA TPOMBITIIIEHHBIX CTOYHEBIX BOJI.

an/IMep BbiIMOJTHEHNA 3agaHU4d

3ananne. CKONBKO TUTPOB KUCIOPO/IA TTOTPEOYETCS U CKOMBKO TTPOB a30Ta
obpasyeTcd Ipu cropaHuu 2 I aMMuaka?
PemeHue. 3anmchiBacM YpaBHEHUE PEaKIINH

4NH3 + 302 = 2N2 + 6H20

ITo ypaBHEHMIO PEaKIIMU Ta3bl PEarupylOT U o6pasyioTcs B CIEAYIONTUX
obbeMHBIX cooTHOMmeHusAX: V(NH;): (O,): N,) = 4:3:2; 3HaunT, asota
BEIICTTUTCA B 2 pasa MEHBINE, YeM B3ITO aMMHaKa, T.e. 1 J, a KUcIopoja:

4-224 1 NH; — 3-224 1 0,
2 naNH;— x 1n0O, x=1,5n10,.

CrenorarenbHo, a1 cropanus 2 1 NH;ayxHO 1,5 1 O,, Tpu 5TOM BbIIE-
matesd 1 1 Ns.

Bonpocb n 3apaHug

1. B xakoM BUJIe KUCTOPOJT BCTpeUaeTcs B npupoje?

2. Kakyto cTeTnieHb OKUCIEHUS TTPOSIBISIET KUCIOPO/I B CIHEYIOIINAX COCTU-
Henusax: O,, F,O, HNO;, H,0,? Kakoii Tun cBs3u peanusyercsd B MOJIEKYIax
3THUX COCTUHEHUN?

3. IIpuseauTe IPUMEPHI CTIOCOOOB TTOMYICHUS KUCIOPOIa B TaGOpaTOPUN.
Jmsa omHOM W3 TIPUBEACHHBIX PEAKIN COCTABLTE DICKTPOHHYIO CXEMY.

4. PaccuuraiiTe IOTHOCTH MO BO3AYXY U Maccy 1 JI KUCITOpoja TIpA HOP-
MAaJTbHBIX YCITOBUSIX.

5. IlnotHOCTH TTapoB docdopa o Bo3ayxy pasHa 4,28. VI3 CKONBKHUX aTO-
MOB COCTOUT MOIIeKyJa Irapoodpaszroro ¢pocdopa? (Omeem: U3 deTBIpEX.)

6. CKOMbKO MUJUTMITUTPOB BOMBI 0OpasyeTcsl TIpU B3PBIBE CMECH, COCTOSI -
meir u3 1,12 1 Bomopoxa u 0,8 1 xkucnopoma? Kakoe BeIecTBO B3ATO B U3-
OBITKE W CKONBKO ero B3ATO? (Omgem: 0,9 Mmn H,0; 0,24 1 O,.)
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7. Ilpu cxuranuu 3,1 r hocopa Tpedyetesa 2,8 1 kucmopoaa (H.y.). Onpe-
nenute GopMyny TTONydeHHOTo okcuaa. (Omeem: P,0s.)

8. TIpu oKUCIEHUU 5 T CMeCH, COCTOSINEN U3 XJIOpa U a30Ta, ob6pa3oBa-
moch 2,24 1 okcuna. Ompenenure MaccoByro 1o (%) BelecTs B cMecH. (Om-
eem: 22,4% N> u 77,6 % Cl,.)

9. C kakUMU 13 CIEAYIONINUX BEIIeCTB OyAeT B3aUMOICCTROBATH KUCIOPO/I:
NO, CH,, K, Fe, Cl,, Ny, Au, SO,? CocTaBbTe ypaBHCHUS BO3MOXHBIX
peakIui.

10. Ckonbko MUTPOB (H.Y.) KHUCIOPOJA BBIACHSIETCS TIPA SIEKTPONIUA3E
200 mx 20%-ro pactBopa Na,SO, (mmortHocTh 1,14 r/cm®)? (Omeem: 7,07 1.)

8.3. Boaa (okcupa Bopopoaa)

Haxoxnenne B npupoae. Boga H,O saBasieTcsa ogHUM U3 caMBbIX pac-
[IPOCTPAHEHHEBIX BellecTB B mpupoze. OHa MOKPBIBAET OKOJIO 3/, Beeil
3eMHOI moBepxHOCTH. [Toutn 60 % BOART HAXOOWTCA B OKeaHaX W MO-
pax. [IpecHad Boma cocTaBIAeT TOIBKO 2 % BONBI OKEaHOB W MOpeit.
I'maBHast Macca ee HaXOAUTCS BO JbJaxX AHTApPKTUKU U APYTUX KOHTH-
HeHTOB. Boma BXOOUT B COCTAB MOYBBI U aTMOC(EPHI, COAEPXKUTCI B
pacTeHMSIX U XKUBOTHBIX, B MUHEPAIBHBIX U TOPHBIX Mopoaax. OHa saB-
JISieTCA OOHUM U3 CaMbIX HEOOXOMMMBIX BEIIECTB /I BCeX KUBBIX Oopra-
HU3MOB.

IMonywenune. Boaa, B3sitas U3 mo00Oro MpUpoIHOro UCTOUHUKA, BCeraa
COAepXUT MHOTO TipuMecei. Jlaxe noxnesas Boga — Haubosee yucras
U3 TIPUPOJIHBIX BOA — COAEPXUT B cpefHeM 35 MT/J TBEpABIX MpUME-
cei.
ITuTheBas Boda He JOJDKHA CoAepXaTh XMMUYECKU BPEIHBIX BEIIECTB
(1moB), 0ONe3HETBOPHEIX DaKTeprii 1 BUPYycoB. YncTas MUTheBasd Boja
B ropoax MpoU3BOAUTCS HA BOAOOUYUCTUTENBHBIX CTaHIUSX. B HeKoTo-
PBIX OTpacisX TEXHUKH HYXHA BOAa, B KOTOPOU HET PaCTBOPUMBIX
mpumeceit. Takyoo BoAy MOJYyYarOT MyTeM AUCTUWUISIUU (TIePEeroHKM)
U Ha3BIBAKOT JUCTUUTMpOBaHHOM. [Ipy AMCTWINSLIMU ITyTeM Harpesa-
HUS BOAY IEPEeBOAST B MapoobpasHOe COCTOSHUE (COMU OCTAITCS B
pacTtBope). [Ipu oxiraxneHUW Map MEePexXONuT B KUAKOE COCTOSTHUE,
KOHICHCUDPYETCS U MoyJaeTcs TUCTUUTUPOBAHHAS BOJA.

Boay MoXHO CUHTe3UpOBaTh, €CIU UYepe3 cMech 2 00BEMOB BOJO-
poda u 1 obbeMa KUCIOPOAA MPOMYCTUTD NEKTPUUSCKUU pa3psi;

2H2 + 02 - 2H20

®@usnueckne croiicTBa, [Ipy OOBIYHEIX YCIOBHUSAX BOJA — IMPO3pad-
Has OecIBeTHAS XUAKOCTE (B TOJNCTHIX CIOSX UMeeT ToayboBaTo-3¢e-
HEIH 1BeT). [1pu oxmaxnenun no 0 °C Boma ImepexoguT B TBEPHOE CO-
CTOSIHUE — JIeM, TIPA 3TOM IPOUCXOAUT Pe3Koe YBeIMueHUEe (IIOYTH
Ha 10 %) ee obbeMa, MO3TOMY Je[ JIerde BOAR U MOXET IIABaTh.

Croit 1pJa Ha MOBEPXHOCTH BOABI 3aIIUIIACT BOAOEMEI OT MOJIHOIO
MIPOMEP3aHUs U OIarofapd 3TOMY COXPAHIIOTCS VCIOBHUS IS CYIIE-
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CTBOBAaHUA Beeil (haopsl U payHEI 03ep, peK 1 Mopeit. [Ipu TeMirepary-
pe 100 °C u armocdhepHOM AaBICHUN BOAa KUMUT W IIEPEXOOUT B IIap.
Yucrag Boma MOYTH HE IIPOBOIUT HIEKTPHUECKUT TOK. OHa UMeeT Hau-
OONBIIYIO M3 BCEX KUAKOCTEH W TBEPIBIX BEIeCTB YACTBHYIO TEIIOCM-
KOCTb. (YodeabHotl menaoemkocmpio Ha3bIBAIOT KOIMYECTBO TEIUIOTH (J1X),
KOTOpOe TOTpedyeTcsd I HarpeBaHU 1 T BelllecTBa Ha | rpamyc.)

Xumndeckue cBoiicTBa. Boga — tepMuuecku yCcToMunBoe (IIpoYHOe)
BelllecTBO. Pacitag Ha Bomopon U KMUCIOPOA CTAHOBUTCS 3aMETHBIM JIMIITh
mpu Temiepatype 1000 °C. IIpu 2000 °C u atmMmocdepHOM HaBICHUN
paclran Ha KUCIOPOI U BOAOPpOH cocTaBisieT Beero 1,9 %. [MoxHsbrit pac-
mam BOABI Ha BOAOPOA W KHUCIOPON IPOHUCXOMHMT IIPH TeMIIepaType
~4000 °C 1o ypaBHEHHIO

2H,0 5 2H,T + 0,1

OmHouenue K Memaniam. Bogna merko PCarupyeT ¢ meI04YHbIMM 1
MEITOYHO3EMEIbHBIMU METaLIaMK IIpH ODBIYHOU TEMIIEPATYPE C BEI-
JCICHUEM BOJOpOda 1 06p330BaHI/I€M mICaI049M:

Ba + 2H20 e Ba(OH)2 + HQT

Hpyrue MeHee aKTHBHBIE META/UIBL PEArHPYIOT TOJIBKO C MMApAMK
BOIBI TIPHM HATpeBaHUM M 0Opa3yloT OKCUABI U BOTOPO:

2Fe + 3H20 e F6203 + 3H2T
TO‘-IHee, IIpouecCCc MporuCXoauT 110 YpaBHCHHIO
3Fe + 4H20 = Fe304 + 4H2

Omuowerue k Hememaniam. Ecu OponmyCTUTh BOASHOU Iap uepes
packaJeHHBIH Yroib, o0pa3yeTcs 800gHOU ea3, KOTOPBI COCTOUT U3
okcuga yriaepona(ll) m Bomopoma:

600°C
C+ H20—> CO"FHQT

BOISIHOM Ta3

BonsHOM ra3 HCITONB3YIOT KaK TOIDIMBO (IIpU cropaHuu 1 M° Boms-
Horo rasa Beesaercd 11732 xJIxx/M>). V3 BOOSHOIO ra3a B TEXHUKE
HHOTMA HOIYYAlOT BOTOPOI.

OmHuoutenue Kk caoxcHbim seuecmeam. Boma pearnpyeT ¢co MHOTHMHA
OKCHUIAMHA METAUIOB U HEMETAIIOB ¢ O0Opa3oBaHUEM OCHOBAHUW H
KHCJIOT; HATIpAMED:

BaO + HQO e Ba(OH)2
P205 + 3H20 - 2H3PO4

Bona BcTymaer B peakKIMd ¢O MHOTHMH BeIlleCTBAMH (COJIAMM,
XupamMu, 3dpupamu, GelKaMu, caxapaMd W Ap.) — peaKIIUh THAPO-
JM3a; HaIpuMep:
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N32C03 + HQO (j NaHCO3 + NaOH
C,H»O0y; + H,O - CgH 1,06 + CeH O

caxaposa TITIOK03a dbpyxrosza

Bona sBisieTca BaKHEHIITAM pacTBOPUTEIEM KaK HeOpTaHMIeCKUX,
TaK W OpraHMYeCKHWX BemiecTB. [Ipm aToM o6Gpa3yroTcs crabble CBA3N
MeEXIy MOJeKyIaMu (VT MOHAMM) BEIIECTB U MOJIEKYAAMU BOIEI. DTO
IBIIeHIE, KaK OBIIO CKa3aHO paHee, HOCHT Ha3BaHWe THUIApaTAIlHM.
Hexotophie HeliTpadbHBIC BelllecTBa (CIHUPTHI, caxapa, clabbie KHUC-
JIOTHL U [Ip.) CITOCOGHEI 00pa30BEIBATE ¢ MOJICKYJIaMHU BOIE BOIOPOI-
HBEIe CBA3W. Kak TpaBHiIo, B BOME XOPOIIO PACTBOPAIOTCA T€ Ta3Hl,
KOTOpHIE BCTYMAOT ¢ Hell B XUMHYECKOe B3amMopciicTBue (HAIIpH-
Mep, aMMHaK, XJIOp, CepOBOXOPOI, XIOPOBOIOPOM):

NH; + H,0 2 NH,0H
Cl, + H,0 — HCI + HCIO

B HeboapmMx KOMMIecTBax Boga ABJEICTCA KaTaJIn3aTOPOM. HaHpI/I—
MEDP, p€aknuAa HOpOH.IKOO6p8.3HLIX ATIOMUHHKA 1 1OJAa B OOBIYHBIX yCi1o-
BHUAX HE IMMPOTCKACT, HO AOCTATOYHO BHECTHU B 3Ty CMECh OJHY KaILTIO
BOAbI, KaK ITPpOUCXOIUT 6ypHa$I p€aknya C BBIOCICHUECM TCILIOTBI U
CBETAa:l

H,0

—> 2AII3

2AI + 31,

IIpumenenne. Boay mpuMeHSIOT He TOIBKO KaK pacTBOPUTENh, HO 1
KaK CaMBIfl pacIpoCTpaHeHHBIM XUMUYeCKUN peakTUB. MHOTO BOIEI
HACTIONB3YIOT B MIPOMHBIIIIIEHHOCTH. TaK, A MOAYIeHNU 1 T amOMIHIA
tpedyercs 1400 M> Bombl, a I MOJMYyYeHUS 1 T CHHTETHYECKOTO Kay-
yyka — 2100 M3 Boasl. Ee MCIOIB3YIOT TAKXKe AT MATAHUA [TAPOBBIX
KOTJIOB, B GBITOBBEIX HEISIX W T.I.

**[1epokcuapl. K ApyruMm coelMHEHUSAM KHUCIOPOJA MOXHO OTHE-
cTi TepoKcuabl. Kak mpon3BomHbIe TIEpOKCHAa BOIOpOaa MepOKCHIEI
comepxar KucropogHywo 1enb —O— O — (IepoKcorpymnmy) B BHIE
nmepokcun-moHa O35 . O6GpazoBaHNe MePOKCUIOB XapaKTepHO IS IIe-
JIOYHBIX METAJUIOB W IPYTUX 3JIEKTPOIMONOXUTENbHEIX METAUIOB; Ha-
puMep, I 6aphst, KaablMA, CTPOHITUAS, MarHUI.

Bce oHU 9BIAIOTCA CHABHBIMU OKWUCIUATEIAMU; Hampumep, Na,O,
JIETKO MpeBpalaeT xeixe3o B uoH FeQj , opraHudyeckue BeIECTBa B
KapboHaTel. [lepoKcHOB MeTOYHBIX MeTaLToB M,(O, pearupyioT ¢ yr-
JIEKHACITBIM Ta30M:

2C02 + 2M202 = 2M2CO3 + 02
Mepokcunpl THa M?*Q3~ pearupyroT ¢ KACIOTAMU:

Mg02 + HQSO4 = MgSO4 + H202
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[Ipu B3ammoneiictBuu Na,O, ¢ KucmoponoM mmpu Temireparype 500 °C
u masiaerHnu 300 atMm obGpasyercsa Hagmepokcnn (cymepokcenn). Mou O3
HMeeT OIUH HeCITapeHHBI 3eKTpoH. Hanmepokeunbl — CUIbHEHIIIe
okucaurenn. Peakimsa NaQ, ¢ CO, MMpOKO MPUMEHSIETCA I pere-
Hepanuu O, B 3aMKHYTHIX CUCTeMaX, HAIIpUMEP B MOOBOIHEBIX JTOIKAX,
KOCMHUYECKNX KOPaOIAX:

4N302 + 2C02 = 2N32CO3 + 302

MpuMepsb BbINONHEHUSA 3a4aHWUN

3apanme 1. C KakKUMU U3 TIEPEUUCICHHBIX BEIECTB BOJA BCTYITAeT BO B3a-
nmopeticteue: CO, SO,, Ca0, SiO,, Cl,, Fe, F,?

Pemenne. CO + H,O 4 HeT peakimu, Tak Kak CO — 6e3pa3mnyIHbIi
OKCHJT;

SO, + H,O & H,S0; — obpasyerca cmabasg kucmora, Tak kak SO, —
KHUCTOTHBIN OKCH;

CaO + H,0 = Ca(OH), — ocuoBHbI# okcun CaO ob6pa3oBaH IEI0THO3E-
METBHBEIM METALIOM;

SiO, + H,O 4 HeT peakiuu, XOTS 3TO W KUCITOTHBIA OKCU/T;

Cl, + H,O — HCI + HCIO — o6pasyercsa ase kucimotel (HCIO — crabas
u pacrmamaercsa Ha HCl u [O]);

2F, + 2H,0 — 4HF + O, — ¢Top gBmsieTcsa CUNIbHEUIIINM OKUCIUTEIEM 1
pasmaraet BOMY;

3Fe + 4H,0(map) — Fe;0, + 4H, — Xenme3o pearupyer ¢ MapaMu BOJBI,
obpasyeTcs cMelTaHHbIN okcua Fe,O5- FeO.

3aganme 2. IIpu B3aumoneiicteuu 13,9 T rumpuma Gapus ¢ 60 MI BOIBI
0o6pa3oBanach IeIoYb U BBIACTWICS ras. Ompeaeante MaccoBy gomio (%)
Imerour u o6beM (H.Y.) BBIACTUBIIETOCS Tasa.

PemeHue. 3anuiieM ypaBHEHUE PEaKIIUN

BaH, + 2H,0 = Ba(OH), + 2H,T

CornacHo ypaBHeHUIO peaknuu umeem: m(BaH,) = 139 r, m(H,0) =
=18-2 r, m(Ba(OH),) =171 1, V(H,) = 2-22,4 1.

ComocTapisast IIPUBEICHHBIC TdHHBIE ¢ MOJSIPHBIMM MAacCaMy BEIIECTB,
BUIMM, YTO BOAA HE BCSA BCTYIIMIA B PEAKIIAIO:

Ha 139 r BaH, mnpuxomutca 36 t H,O
Ha 13,9 BaH, — x r H,O x=3,6r.

CrenoBaTenbHO, pacuetr Maccsl Ba(OH), n H, mpoBogum o ToMy Belre-
CTBY, KOTOPOE B34ITO ¢ HETOCTATKOM, T.¢. o BaH,:

"Ha 139 v BaH, mpuxoautcs 171 r Ba(OH),

Ha 13,9 r BaH, — x r Ba(OH), x=17,1 1 Ba(OH),;
"Ha 139 r BaH, npuxomutca 2-22,4 n H,

Ha 13,9 r BaH, — x n H, x=4,4871 (wm0,4r) H,.
Torma

my(pactBopa) = m(H,0) + m(Ba(OH),) — m(H,);
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m=60r+17,1r-04r=76,7r;

m 17,11
=100 %; o(Ba(OH),) = —
o 0; w(Ba(OH),) 67

my , / T

100 % = 22,3 %.

CnenoBarenbHo, MaccoBas nomst Ba(OH), pasHa 22,3 %; o6beM Bogopoaa
4,48 1.

Bonpocbl n 3agaHug

1. Kak ucrnoab3yoT BOAY B XUMIIECKON TTPOMBIITUTCHHOCTH?

2. TTouemy mpoGIeMa OXpaHbl BOTHBIX PECYPCOB CTANa B HACTOSAIIEE BpeMs
0COOCHHO aKTyaTbHOI?

3. C KakKUMU 13 CIEAYIOINUX BEIIECTB BOAA BCTYIIAET BO B3aUMOCHCTRIC:
Na, Fe,05;, BaO, CH,, SiO, Br,? HammmmTe ypaBHeHUsI peaKITHiA.

4. CocTaBbTe YpaBHCHUSA PEaKIIAi THAPOIN3a B MOJEKYISIPHON 1 MOHHOM
dopMmax crenyronux comeit: ZnSO,, Na,S, CH;COOK, (NH,),CO;, AICI;.

5. K 200 mx 27%-ro pactBopa KOH (mrotHocTs 1,25 r/cm’) mpubasuim
1 1 Bompl. OmpeaeanTe MacCOBYIO 00 (%) MOIyIeHHOTO pacTBopa. (Omeem:
5,4%.)

6. B 273,6 M Boabl pacTBopuan 20 T ¢MECH KamblIMd W OKCUAA KaJbITUs,
IIpY 5TOM BbIACIUIOCH 4,48 1 raza (H.y.). OmpenennTe MaccoByio gomw (%)
BelecTB B cMecu. (Omeem: 40 % Ca, 60 % Ca0.)

7. CKOITBKO MUTPOB (H.Y.) BOJOPO/AA BBIACHACTCS TPU Pa3NoXeHUW 1 KT
Bombl? (Omeem: 1,25 M3.)

8.4. Cepa

Haxoxnenne B npupoae. B ipupoje cepa HaXOAUTCA B CaMOPOIHOM
coctossHUU. B Bume coemmHEHMIT cepa COMEePKUTCSA B PasTUIHBIX Pyaax:
B cyasdpumax FeS,, PbS, ZnS, HgS; cyarpparax CaSO,, BaSQO,,
CaSO4' BaSO4, CaSO4' 2H20, Nast4' 10H20, MgSO4 7H20

Cepa TakXe BXOIUT B COCTaB XUBOTHBIX U PACTUTEIbHBIX OpraHU3-
MOB, coaepxutcsd B razax (SO,, H,S), HepTn, MIpUPONHBIX YIJISX.

Ioaydenne. 1. Cepy no6uiBator mo Merony dpaira: B 6ypoBHe CKBa-
JKWHE 1101 JaBleHueM momaoT meperperyio (150 °C) Bomy, paciuiaB-
JISIIOIIYI0 cepy IoJ 3eMJjel, Mocle 4Yero paciviaB MoAHUMaeTcs Ha
MOBEPXHOCTD IO JaBICHUEM TOpSUEro Bo3ayxa.

2. Cepy moyJaloT U3 CepOBOIOpO/Ia:

F6203 niImn A1203
2H,S + 0, T OH,0 + 28

3. Cepy BBIOCTAIOT U3 TUTICA B TPU CTAIUHN:
CaSQ, + 2C — CaS + 2CO,
CaS + CO, + H,O0 —» CaCO; + H,S
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2HQS + 02 - 2H20 + 28

4. BaxXHBIM HCTOYHUKOM cepHhl aBasterca FeS, — muput nim xeme3-
HBII KOMUedaH:

FeS, — FeS + S

Bce 3tu MeToAbl MOdyuyeHUsT cephbl MPUMEHSIOT B MPOMBIIIIEHHO-
CTH.

®usnyeckne cBoiicTBa. Cepa — TBepAoe KPUCTALUTMUSCKOE Bellle-
CTBO XeJNToro 1iBeTa. B BoAe MpakTUYeCKU He PacTBOPSIETCS, HO XOPO-
IO pacTBOpseTCS B cepoyriepoie, 6eH3one, aHuauHe. [11oxo mpoBo-
JIUT TEIUIOTY U SJMEKTPUYECKUUN TOK.

Js cepbl XapaKTepHO HECKOJBKO aJLTOTPOIMHBIX MOAU(UKAIIUIA:
poMmbuueckas (o) ¥ MOHOKJIUHHAS ([3).

IIpu McmapeHUM aHWIKWHA, cepoyrieponaa, OeH3oMa cepa BhIACIS-
eTcd U3 pacTBOpa B BUAE MPO3pAauyHBIX XENThIX KPUCTAJLIOB B (hopMe
poMba (okTasgpa). Takasd cepa Ha3bIBaeTCSI POMOMYCCKON (Hamboiee
ycroftunBas monugukanus cepbl). [IpupoaHas cepa uMmeer poMouye-
CKYI0 MOAU(DPUKAITUIO.

ITpu MeageHHOM OXJTaXIAeHUU pacIUIaBIeHHOU cephbl o0pasyeTcs
MOHOKJIHWHHAsA cepa (ITUHHBIC TEMHO-XENThle UToJIbYaThie KpUcTa-
JIBL).

Ecnu cunbHO HArpeTyr paciUIaBIeHHYI Cepy BBUIMBATh TOHKOM
CTpyell B XOJOAHYIO BOMY, TO obpa3yeTrcs riactuueckas cepa (amopod-
HOe BUAOU3MEHEHUE).

Xumnveckue cBoiictBa. Cepa pacronoxeHa B [lepuoandeckoit cu-
creme B VI rpynme. o 3aBepllieHUS OKTeTa aTOMY CEpbl He XBaTaeT
JIBYX 3J€KTPOHOB, MTO3TOMY MpPH B3aUMOACHCTBUM ¢ MeTAIAMUA U Me-
Hee aKTMBHBIMM HeMeTaJIaMU cepa MpUuoOpeTaeT cTelneHb OKUCTEHUS
—2, B KHCIOPOIHBIX COeMHHEHUAX cepa MOXET UMETh CTeTeHb OKUCTIe-
Hug +2, +4, +6.

OmHuowenue k memaaram. [1pu HarpeBaHUU cepa pearupyeT cO MHO-
TUMHU MeTaJlJIaMu:

S + Fe —» FeS

He pearmpyeT ¢ ImaTHHOM, 300TOM, UPUIUEM.
Omuowenue k Hememanaam. I1pn HarpeBaHUM cepa peaTHpyer ¢ He-
MeTauTaMi (3a UCKITI0YeHUEeM a30Ta):

S"FOQ—)SOQ; S+H2—>HQS
t t
S+ C12 ad SCIQ, 3§ + 2P - PQS3

OmHuouieHue K CAOHCHbIM eeulecmeam. Cepa pearupyeT ¢ KUCJI0TaMM-
OKHCINUTECTIAMMN:

S + 2HQSO4 - 3802 + 2H20
S + 2HNO3 — 2NO + HQSO4
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IIpumenenne. Cepy IPUMEHSIOT U TTOIYICHUA CepHOM KUCTIOTHI,
Imopoxa, I BYTKaHU3aIlnl Kayuyka. Cepy UCIIOAB3YIOT LISt GOPBOHI ¢
BpEIUTEIIMU BUHOTPATHUKA W XJIOMYATHWKA, B MEIUITUHE — IUTS JIe-
YeHUST KOXHBEIX GOIe3HeH.

an/IMep BbIMOJTHEHNA 3agaHU4d

3apanme. CkombKO TpaMMoB cynbpuma xpoma(lll) obpasyercs B pe3ymb-
Tate B3amMofaercTBUd 12 T xpoMa ¢ 9,6 T ceprl? Kakoe BelecTBO U B KAKOM
KOTUYECTRE B3ATO B U3OBITKE?

PemeHue. OKUCICHUE XpOMA TIPOXOIAUT COTIACHO YPAaBHEHUIO

2Cr + 38 = Cr,8;4
IIpeanonoXnM, YTO B PEAKIINIO BCTYIIT BECh XPOM:

"Ha 104 r Cr mnpuxomutcss 96 v S
Ha 12 © Cr — xS x=11,07r

ITocKONBKY TIEPBOHATATBEHO B PEAKIINIO OBLIO BBEACHO 9,6 T Cephl, CIEA0-
BaTeJIbHO, XpOM OBLT B3IT B M3OBITKE. VICTUHHAS Macca XpoMa, BCTYIHBIIETO
B PEaKINIO, COCTABUT

"Ha 104 r CruspacxomoBano 96 © S
Ha x r Cr — 96r S x=104rCr.

He Berynuno B peaknumwoo 12 — 10,4 = 1,6 ¢ Cr.
Pacuer na momyuenune cynmnpuma xpoma(Ill) mpoBoguM mo BelecTBY, B3d-
TOMY B HeTOCTaTKe, T.e. Ha 9,6 T S (mnm Ha 10,4 © Cr):

Ha 96 T S mpuxomutca 200 T Cr,S;
Ha 9,6 T S — x T CnS; x=20T

nnmmn

Ha 104 v Cr npuxomutcs 200 r Cr,S;
Ha 04 1t Cr — x r CrS; x=20r.

Takum o6paszoM, B pe3ynbTare peakimu nmoayueHo 20 r Cr,S;; 1,6 T xpoma
OCTANOCh HE U3PACXOTOBAHHBIM.

Bonpocbl n 3agaHug

1. Hanurmute 31eKTpOHHYIO (hOPMYITY aToMa cepbl U PACIIPEICTUTE 3K~
TPOHBI MO STUCHKAM.

2. Kakue annmoTpormHble MOAU(pUKATIUY XapaKTEPHBI JTS Cephl?

3. IIpuBeauTe HECKOIBKO MPUMEPOB XUMUUECKUX PEAKIIUHN TTOTYyICHUS
Cephl.

4. JIng caeayiomel peakIiuu JUCTIPONIOPIIMOHUPOBAHUS HATTUIITUTE T10-
TYypeaxkIluy ATl OKUCIUTEA M BOCCTAHOBUTENS U PAacCTaBbTe KO DUITI-
CHTHI:

S+ KOH — Kzs + KzSO3 + Hzo
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5. IlpuBeauTe TpUMEDPHI PEAKIIN, B KOTOPBIX CEpa MPOSBIIET: a) OKUC-
JMUTENBHBIC CBOMCTRA; ) BOCCTAHOBUTENBHEBIC CROMCTRA.

6. Hanummute MaTeMaTUYecKre BBIPAXEHUS AT CKOPOCTEW CIEAYIONTIX
peaxmmii: a) 2H,S + O, — 2H,0 + 2S; 6) S + O, — S0,.

8.5. BopoponaHblie coeAMHEHUA Cepbl

Ceposodopod H,S B cBOOOIHOM COCTOIHHUHU BXOIUT B COCTaB BYJIKa-
HUYIeCKUX Ta30B, HAXOOUTCS B BOOE MHOTHX MUHEPATBHBIX MCTOYHH-
KOB, a TaKXe 00pa3yeTcd B pe3yabTaTe pa3ioXeHUs (THUEHUSA) opra-
HUYeCKUX BEIIECTB.

CepoBomopo. MOAYYAIT HECKOIBKUMH CIIOCOOAMIU:

a) B3aMMONEMCTBHEM BOIOPOAA M Cephl (CMHTETUUSCKUM METOM):

H, + S — H,S
0) JelicTBHMEM COISHOU KUCIOTH Ha cyabgpun xkemeza(ll):
FeS + 2HCI — FeCl, + H,S
CepoBogopo]i SIBIIeTCI YCTOMYMBBIM COSAUHEHUEM, OJHAKO IPU
HarpeBaHuu BhImIe 350 °C pacmamaeTcs Ha BOIOPOI U CEpY:
H,S [—> H, +S

B mpucyrcTBUM BIarm CepoBOIOPOJ pearupyeT ¢ OONLIIMHCTBOM
METaJIIOB U CO MHOTUMH OKCHAAMHU, 06pa3yst COOTBETCTBYIOIIHNE CYIIb-
¢bumsL:

2K + HQS —> KQS + H2

BaO + HQS — BaS + HQO

B m36BITKE KHACIOpOIA CEpOBOAOPON CropaeT ¢ 0dpa3oBaHUEM OK-
cuga cepri(IV):

2H,S + 30, — 2H,0 + 250,
IIpu HEAOCTAaTKE KHNCI0poda 06p33yeTCH cepar
2HQS + 02 - 2H20 + 28

CepoBomopon ABIIETCA CIIIBHEIM BoccTaHoBUTeeM. OH pearupyeT
¢ KOHIICHTPUPOBAHHBEIMH CEPHOM M a30THOM KHUCIOTAMH, TaJoreHa-
Mu, 00pa3ysa CBOOOIHVYIO CEpy:

HQSO4 + HQS - S+ 802 + 2H20
2HNO3 + HQS - S+ 2N02 + 2H20
Cl + H,S — S + 2HCI

CepoBomopon — OGeCIBEeTHHIM Ta3 ¢ XapaKTePHBIM HEIIPUATHBIM
3aIlaXxOM, XOPOIIIO PacTBOPSAETCA B BOIe, OUCHD AO0BUT. OTpaBIIAIONIee
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NeUCTBUE CEpOBOAOPOA OOBICHIETCS €ro CIOCODHOCThIO CBS3BIBAThH
XKene3o reMoriaodomnHa KpoBH B cyiabdpun xeae3a(ll) FeS. IIpotuBosnm-
€M MpH OTPaBIeHUH CEPOBOMNOPOIOM CIYKHUT BABIXaHWE YUCTOTO BO3-
nyxa. BomHBIN pacTBOp CEpOBOAOPOA HAZBIBAIOT Cepo80dOpOOHON Kuc-
A0moti.

CepoBojoponHas KUCIoTa — ciabasi; MpU IIUTEILHOM XpaHEeHUU
MYTHEeT, TaK KaK OKMCISeTCs KHUCIOPOAOM BO3lyXa ¢ BbIAEIEHUEM
cepbl. Kak kuciora ABYXOCHOBHasi, o0pa3yeT IBa psja Cojiei: HOp-
ManbHEIe (CpelHue) — CYILPUIR U KACABIE — TUAPOCYIbGhUIEL.

Bce kuciaple coiu JerkKo pacTBOPSIOTCA B Boje. M3 HOpMaTbHBIX
COJIel JerkKo pacTBOPSIOTCS CYAb(MUABI IeI0UHbIX MeTaioB. Mx pac-
TBOPBI UMEIOT CHJIBHOIIETOYHYIO PeaKIIUi BCIEACTBUE THAPOIU3A:

K;S + H;,O &2 KOH + KHS
S~ + HOH = OH™ + HS-

Cyn1s(punsl MeToYHOo3eMeIbHEIX METAIOB B BOAe HE PACTBOPSIOT-
ca (3a uckmouyeHneM BaS), a rmapoan3yioTcs:

2CaS + 2H,0 — Ca(HS), + Ca(OH),

O6pasyomuiicss TUAPOCYILPUI KambIIdA MEPEXOIUT B PACTBOP.
Bcenencreue cMIBHOTO THAPONIN3a CYTHOUIOB TPEXBATCHTHEIX MeTall-
JIOB UIX HEeNB34 MOIYINTh U3 BOOTHEIX pacTBOPOB. Tak, cyanduanr Al,S;
n Cr,S; MOTHOCTBIO TUAPOIU3VIOTCA ¢ 00pa3oBaHUEM COOTBETCTBY-
OIMUX THAPOKCHIOB U CEPOBOIOPOIA:

AIQS3+ 6H20 - 2A1(OH)3~L + 3HQST

Cynshunsl ocTaTbHBEIX METAIOB B BOJle HEPACTBOPHUMEI, 4 HEKOTO-
phle He PacTBOPSIOTCS U B pa36aBIeHHBIX KUCTOTaX. Takue CyTb(phUIbI
MOXHO IMOTYYUTL NEHCTBIEM CEepOBOAOpONA HA PACTBODP COMH COOT-
BETCTBYIOIIETO MeTajlIa, HAaIpUMeD:

NI(NO3)2 + HQS 4 le + 2HNO3
CuSO4 + HQS — CuS + HQSO4
HgCl, + H,S — HgS + 2HCI
Cynepun meau(Il) CuS, a taxke cymbdmasr SnS, CaS, Bi,S; He
PacTBOPAIOTCA B pa30aBICHHOU XJIOPOBOAOPOAHOM KUCIOTE, HO pac-
TBOpPAIOTCA B a3oTHOM. Cynbpun HgS ue pactBopserca B HCl u HNO;.
Ha 3ToM cBoiicTBe OCHOBaHO MMPUMEHEHHE CepOBOAOPOAA B aHATUTH -

YeCcKOI XUMUU NI 0OHAPY:KEHUS Pa3TUIHBIX TPYIIT KAaTHOHOB.
[Ipu HarpeBaHUN CYTBMUIB B3aUMOIEUCTBYIOT ¢ KHCIOPOIOM:

2NiS + 30, — 2NiO + 280,
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an/IMep BbiIMOJTHEHNA 3agaHU4d

3aganue. Oxkcun ceprul(1V), moaydeHHBIN pu cxkurannu 179,2 1 cepoBo-
JIOpojia, TIPOIIyIIeH depe3 2 1 25%-Tro pacTBOpa TUAPOKCUIA HATPUS (ITOT-
HOCTE 1,28 r/cM?®). KakoB cocTaB 06pa3oBaBIIENcsl COMM U KaKOBA €€ Macco-
Bag gomsa (%)?

Pemenue. 1. ORUCICHNE CEPOBOAOPOIA KACTIOPOIOM IIPOXOANT TIO YpaB-
HEHUIO

Zst + 302 - 2802 + 2H20

T.¢. Ha 2 o6weMa H,S mpuxonutes 2 o6weMa SO,; cleqoBaTeIbHO, TTOTYIUTCS
179,2 n unmu 512 v SO,.
2. OmpenenseM Maccy IETOYH, BBEACHHON B PEaKITUIO:

oy m(NaOH)ZZS-ZOOO-l,ZSZ

= ; 640 r
100 % 100

3. Bzaumoneticteue SO, ¢ NaOH mMoxeT mpoxoanTh ¢ 00pa3oBaHIEM KIHC-
JIOW WU CpEeHEN CONU:

SO, + NaOH - NaHSO; (1)
SO, + 2NaOH — Na,S0; + H,0 )

4. YtobHl pemuTh Bompoc 00 0Opa30oBaHUM TOW WINM WHOM COIU, HYXKHO
COTIOCTABUTDH MACCHI BCTYITUBIIMX B PEAKITUIO BEIECTR.
IIpoBoauM pacuer mo ypaBHeHUO peaknum (1):
Ha 64 v SO, mpuxomutcas 40 r NaOH
HA 512 T SO, — x © NaOH x=320r.

CrenopatebHo, He Bech NaOH BCTYIIUI B peakIluio.
IIpoBoauM pacueT mo ypaBHeHUO peaknum (2):

"Ha 64 r SO, npuxomurca 80 r NaOH
"Ha 512 v SO, — x r NaOH x =640 r.

CJIC,Z[OB&TCJII)HO, oba BCIICCTBA IMMOTHOCTBIO BCTYIINIIM B PCAKIINIO.
5. Maccy Cpe,[[HCfI COJIN HAXOJUM M3 COOTHOIICHUA:

Ha 64 1 SO, mnpuxomutca 126 r Na,SO,
HA 512 T SO, — x T Na,SO; x=1008r.

6. OmpenensgeM MaccoByio oo (%) Na,SO; B pacTBoOpe:

m(pactBopa) = m(pactBopa NaOH) + m(50,) = (2000-1,28) r + 512 r =
=3072r;
1008

100 % = 32,8
3072r % -8 %,

0="1100%; ©(Na,S0;)=
m
Takum o6pazoM, o6pa3oBaiIach CpeaHsasa COIb ¢ MAcCOBOM momeit 32,8 %.

Bonpocbl n 3agaHud

1. Kakue BomopojHble coemuHeHUs obpasyer cepa? Kak mx momydawoT B
maboparopun?
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2. MoxHO 11 cobpaTh CepOBOOOPO: a) HAa BOMO; 6) HaI IIEIOUbIO Ka-
Vs, B) HAJ CepHOUM KHUCIOTOM?

3. C xaKuUMU U3 TIEPEUUCTECHHBIX BEIECTB OYAET B3aUMOIEHCTBOBATE CEPO-
Bogopoa: SnCl,, ZnSO,, KNO;, NH,OH, Hg(NO;),?

4. ITouemy cepoBoiopoa He ocaxnaet cynbhua Mmapradna(ll), Ho ocaxma-
et cynpdpun Menu(ll) us CuSO,? Hanumure ypaBHEHIE peaKIINU B MOJICKY-
IISIpHOI W MOHHOI (hopMax.

5. [Touemy cynmbhun Cr,S; HENMb3d CUHTE3UPOBATH peakIieil oOMeHa B BOJI-
HoM pactBope? Kak momyunts Cr,S5?

6. IIpyu moMoIM KakWX peakIluil MOXHO OCYIECTBUTH CIEAYIONIHUE TIpe-
BpaIeHUS:

a) FeS — H,S - SO, — S — H,S;

6) ZnS — H,S — K,S — PbS.

7. CocTarbTe ypaBHEHNE TTOJHOTO TUIPONIN3a CyTh(puaa aMMOHHUS B MOJIC-
KYIISIpHOII W MOHHOU (opmMax.

8. B 111,5 M BoaBl pacTBopeHO 5,6 1 cepoBogopoaa. KakoBa mMaccoBas
nons (%) cepoBomopoda B MoXyuYeHHOM pacTtBope? (Omeem: 7 %.)

8.6. KucnopopgHbie coeaguHEHNA cepbl

Coenunennsa cepbi(1V). Oxcuo cepui(1V) SO, B npombviusrenHocmu
MMOTYYAIOT:
a) MpHW TOPEeHUH Cephl B KUCIOPOIE:

S + 02 4 802
0) mpu ob0XWIe MUPHUTA:
4F682 + 1102 —> 8802 + 2F6203

-1 +4
28 —10e- —» 258 |4
+2 +3
Fe Fe —e~ - Fe 4

-2
0, +4e” 520 i1

B) MyTeM HCIIOIB30BaHUS OTXOMSAIIUX ra30B IBETHOW METALTYPruun
U cepacojepkallux ra3oB HedrenepepadbaThIBaIIe MPOMBIILIEHHO-
CTH.

B Hacrosiiee Bpems 0ojiee OAHOU TpeTU Bcelt CEpHOU KHMCIOTHI
BBIPAOATBIBACTCS HA MPEANPUSITUSAX [IBETHOU U YePHOU METaLTypruu
U HedTemepepabaThIBAIOIINX 3aBOJAX, YTO IMO3BOJSET MOJIy4yaTh ca-
MYIO JeIIeBYI0 KUCIOTY U YMEHBIIUTD 3arpsi3HeHue BO3AYITHOTO Gac-
cenHa.

B aabopamopuu oxcun cepoi(IV) SO, moayyaror:

a) M3 CoJIell CepHUCTON KUCIOTHI

NaQSO3 + HQSO4 e HQO + 802 + NaQSO4
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6) TIyTeM BOCCTAHOBJICHHS TOpAUeil KOHIICHTPUPOBAaHHON cepHOi
KHACITOTEL MeIbIO, YIIeM WIH CEepOi:

2H,S80,(konm.) + Cu — CuSQ, + SO, + 2H,0

Oxkcun SO, kucmoTHHIA. [IposBIseT Bce cBOICTBA KUCIOTHHX OK-
CHIOB, T.€. PeaTHpPyeT ¢ OCHOBHEIMYM OKCHAAMU, LIET0OYAMH, BOIOI.
Okcun cepui(IV) MoXeT TIPOABIITE BOCCTAHOBUTEIBHEIC CBONCTBA

2

V,0s; ¢
2802 + 02 _— 2SO3
W OKHCIUTEABHBIE CBOMCTBA
SO, + 2H,S — 3S + 2H,0

Okcua SO, — OeclBETHBI HETOPIOUHMI a3 ¢ Pe3KUM 3aIlaxoM;
XOPOITIO pacTBoOpsAeTCS B Bome. BomHBIE pacTBOPH MMEIOT KUCIYIO Pe-
aKkIno, TaK Kak obpasyetcsa cepHucrtas kuciora H,SO;.

Okcun cepsl(IV) IPpUMEHSIIOT B OCHOBHOM TSI TIPOM3BONCTBA CEp-
HOM KHCIOTHL. B KauecTBe 06eCIIBEUNBAIOIIETO CPENCTBA HCIIOIB3YIOT B
TeKCTIIBLHOM 1 caxapHOi mpoMbInuIeHHocTH. Ha mesnHdunmpyoiem
CBOMICTBE OCHOBAHO NMPUMEHEHHWE €T0 B MUIICBOM MPOMBIIIICHHOCTH
(oKypuBaHUE BUHHEIX 0ouekK). XKXunkuit SO, UCITONL3YIOT KaK pacTBO-
PUTETL TIpH OUHUCTKE He(TH.

Cepnucmas xucaroma H,SO; MoXeT OBITH MONIYYCHA HPH B3aMO-
nmerictBuu okcuma cepei(IV) ¢ Bomoii:

SO, + H,0 & H,S0,

DTO KUCIOTA CpedHell CHIIB;, OHA HEyCTOMYNBA, CYIIeCTBYET TOMh-
KO B BoOHOM pacTtBope. [Ipu HarpeBaHuu pactsopa okcun SO, MoTHO-
CTBIO YIETYUYHUBACTCH.

I cepHUCTON KUCIOTH XapaKTepHLI BCE CBOMCTBA KHUCIOT, T.e.
CIIOCOOHOCTE pearupoBaTh ¢ METALUIAMH, OKCHIAMH METaJLTIOB, OCHO-
BaHMAMH U coasiMu. KpoMe Toro, miusd Hee XapaKTepHBE BOCCTAHOBH-
TeIbHBIC CBOMCTBA.

OueHb OBICTpO TpoucxoauT okucienune H,SO; mpu aeificTBuM Ta-
Kux okuciaureneit, Kak KMnO,, Cl,, Bry:

HQSO3 + C12 + HQO - HQSO4 + 2HC1

3HAYUTETLHO MCOJICHHEC MACT OKMHCIICHUEC CepHHCTOfI KHCIIOTHBI
KHUCI0pOAOM BO3ayXa:

2H,S0; + O, — 2H,50,
Kucnora H,SO; MoXeT MpoABIATh U OKUCTUTENHHEIE CBOMCTBA!

H,SO; + 2H,S — 3S + 3H,0

CepHHCTag KICIOTa KaK ABYXOCHOBHAS oOpa3yeT MBa psma Comelit:
cpenaue (cyavgumst) U KACTBIE (2udpocyabghumot).
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W3 cpemHmx coieit XOpoIIo pacTBOPUMEI TOJIBKO CYTBLOUTH IIIe-
JIOYHBIX METAJIOB U aMMOHMSA. PacTBOPE X UMEIOT IIETOYHYIO peak-
uuio. Bee ruapocyIbpuTh TAaKKe XOPOIITO PACTBOPAIOTCA B BOIE, pac-
TBOPH X UMEIOT cIabOKUCIyIo peakuio. Cynb¢hHUTE U THAPOCYIBPI-
THl B BOOHOM PAaCTBOpE JeTKO OKHUCIAIOTCA OO CYAbGhaToB U THOPO-
Ccynb¢haToB:

2KQSO3 + 02 - 2KQSO4
2KHSO3 + 02 - 2KHSO4

B OPpUCYTCTBUM TaJJOIr€¢HOB, II€pMaHIaHaTa Kaluda, XpoMaTOB 3TO
OKHCIICHUEC NACT MI'HOBCHHO!

SKQSO3 + 2KMHO4 + 3HQSO4 e 6KQSO4 + 2MHSO4 + 3H20

OxkuciaeHne cyIb(pUTOB MOXET IMIPOUCXOIUTH He TOIBKO B KUCIIOM,
HO U B IMIETOYHOH cpene:

K,SO; + 2KMnO, + 2KOH - 2K,MnO, + K,SO, + H,0

U B HEWTpaJIbHOM Ccpele:
3K,S0O; + 2KMnO, + H,O — 2Mn0O, + 3K,S0, + 2KOH

Cynb(pUTHL HEe TOJNBKO OKUCIAIOTCS, HO MOTYT JIETKO BOCCTAHABIM-
BaThes. Tak, MeTAUIMYECKWA IMHK WM MarHU B KUCIOW cpeae BOC-
CTaHaBIUBAOT UOH SO3~ o S

3Zn + Na,SO; + 8HCI — 3ZnCl, + 2NaCl + H,S + 3H,0

[MonayyaroT cyab(UTH OOIIUMU CITOCODAMU, XapaKTEepHBIMU IS
COJIEH.

CyrbhUTE HATpHUA U Kaausd IIPpUMEHAIOT B (¢ororpaduu, B TeK-
CTUJIBHOU MPOMBIILIEHHOCTH, CEPHUCTYIO KUCIOTY — IJsd obecliBe-
YMBaHUS MHOTHUX KPacOK, OTOeTUBAHUS MICPCTH, IeKa, COTOMBI.

Coenunenns cepui(VI). Oxcud cepvi(VI) SO; B MPOMBIIIIEHHOCTA
MOJIYYaT KaTaIUTUYeCKUM okuciaeHueM SO, KHUCIOPOAOM BO3ayXa.
B Hacrodiee BpeMsi B KauecTBe KaTalu3aTopa MPUMEHSIOT OKCUJ
BaHagusi(V) V,0; miu BaHamat cepedpa AgVO;, IIporiecc BedyT B KOH-
TaKTHOM ammapare pu Temiepatype 450 — 500 °C:

VZOS
280, + 0, — 5 280,
450—500°C

Okcun SO; — KUCTOTHBIU, MPOSIBISIET BCE CBOMCTBA KUCIOTHOTO
OKCHIA, T. €. B3aHMOACHCTBYET ¢ OCHOBHBIMU OKCHAAMM, I¢TOYAMH K
BOJIOMH.

Okcun cepol(VI) SO; — OGecuBeTHas XUAKOCTb, KPUCTAJIU3Y-
orasacs mpu TemiepaTtype okono 17 °C; CHIbHO TMIPOCKOIMMYHASA,
BCJIENCTBUE YEro ABIMUT Ha BO3AYXE; ¢ BOAOW CMEIIUBAETCSI B JTHOOBIX
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COOTHOIIIEHMSIX, 00pa3ysa cepHyoo Kuciory. Ecim pactBopars SO; B
CEpHOI KUCITOTE, TO 00pasyeTcd oseym, coaepsxantuii ot 18 mo 60 % SO;.
B ocuoroM SO; MPUMEHAIOT IIA IPOU3BOIACTBA CEPHOU KUCTOTH.
Cepuas xucaoma H,SO, angeTcs BaXXHSHIITUM W M POKO MCITONE-
3yeMEBIM COeTMHEHUEM CEpEL.

[Tpon3BoaCTBO CepHOIM KUCIOTHI 3aKTI0YAeTCA BO B3auMOAeHiCTBUI
SO, u kucaopoga. Oopazyrommuiica SO; 3aTeM IIOIIOMIAIOT BOAOH U
MMONYYAIOT CePHYI0 KUCAOTY. B 3aBHCHMOCTH OT cmocoba OKMCICHUS
SO, cepHYIO KUCTOTY MOIYYAIOT IBYMSI METOIAMM: HUTPO3HBEIM U KOH-
TAKTHBIM.

[lo wumposznomy memody misa okucieHUA SO, UCITONB3YIOT OKCHIEI
azoTa. DTOT OPOoIecC MOXKET GBITH OMUCAH CISIYIONMIMMA YPaBHEHUIMIU:

802 + HQO + N02 - HQSO4 + NO
2NO + 02 - 2N02

W3 mepBoro ypaBHeHUS BHOHO, 4To NO, SBISETCSI OKHCIUTEISM
st SO,. Obpasyrotuiicst okeug azota(ll) mpu B3auMoaeiCTBUN ¢ KHAC-
JIOpONOM BHOBB maeT okcun aszorta(lV), KOTOpHI CHOBAa MOXHO HC-
Mmonb3oBaTh M okucaeHus SO,. Takum obpasom, okcua azoTa(ll)
ABISIETCA TOIBKO TMePeHOCYMKOM KUCIOpPOAa, KOTOPHIM caM HEIo-
CpeACTBEHHO He MoxeT oKucnuTth SO, B SO;.

HuTpo3HBEIM METOIOM TTONYIAIOT 3aTPA3HEHHBIN Pa3TMIHEIMY PU-
Mecamu 75— 80%-1ii pacTBOp CepHOI KMCIOTH, KOTOPHIM MCIOIB3YIOT
I TIPOM3BOACTBA MHUHEPATBHEIX ymoGpeHMid (cyabgara aMMOHU,
cymepdocdara).

Bonee uncryio u Golee KOHIEHTPUPOBAHHYIO CEPHYIO KUCIOTY
MMOIYYIAIOT KOHTAKTHEIM METONOM.

[Ipou3BomcTBO CepHON KUCIOTH KOHMAKMHbIM MeMOOoM 3aKITIOUA-
eTcsl B TOM, 4TO Tpoitecc okuciaeHus SO, B SO; MpOUCXOAUT B KOH-
TaKTHEIX aIlllapaTaXx ¢ KaTaTHu3aTOpPOM.

[MomydyeHHBI KOHTAKTHBIM MeTodoM SQO; Helb3sd MOTIOTHTH BO-
Ioif, Tak Kak Boma ¢ SO; o6pa3yeT TYMaH B BHOe MeTbJYAITIX Kare-
JIeK CepHOM KUCIOTHI, KOTOPHIN OYeHb TPYAHO CKOHASHCUPOBaTh. [1o-
3TOMY BEIXOISAIINMI N3 KOHTAKTHBIX aIlllapaToB ra3oo6pasHeiil SO; mpo-
IMyCKaloT Yepe3 KOHIEHTPUPOoBaHHYIO (98 %) cepHyo Kucioty. B pe-
3yMbTaTe MONYyYalT OojJee KOHICHTPUPOBAHHYIO ABIMAIIYIO CEPHYIO
Kuciaory (unu oieym). PactBop SO; B 6e3BOAHOMN CepHOI KUCTOTE OT-
BeuaeT obmmeit ¢hopmyre H,SO,- xSO;, rme x — BeImunHA HepeMeH-
Hasd, TaK KaK cepHasd KUCIOoTa pacTBopsaeT SO; B TIOOBIX COOTHOIICHNT -
ax. Yalre Bcero oeyM BEIITYCKAIOT ¢ KOHIICHTpaIleil CBOGOMHOTO OK-
cuma cepei(VI) ot 18 mo 25 %; mpousBomsar u 6oee KOHICHTPUPO-
BaHHBIN (o 60 % cBoGoaHoro SO;) omeyM. PasbaBisis oleyM BOIOM,
MOXHO MOAYIUTL CEPHYIO KACIOTY MI000M KOHIICHTpAITUH.

CaMyo JIeTeBYI0 CePHYIO KUCITOTY TOMYYaloT B pPe3yabTaTe UCIIONE-
30BaHUS OTXOMAIINX ra30B Hedrele pepabaThBAIOMINX PSIITPUATHI 1
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3aBOMOB IIBETHOIT METAILTYpTHH, K TOMY K¢ 3TO CHIDKAET 3arpsA3HeHMe
BO3NYITHOTO OacceifHa.

CepHasg KHCIOTA CHJIbHAsA, HeleTydas, I Hee XapaKTepHBI BCe
CBOIMCTBA KUCTOT.

PazbasmeHnas cepHad KUCIOTA B3aUMOAEHCTBYET CO BCEMH MeTalla-
MM, PaCIIONOXKEHHBIMU B Ay HaIpsCKeHUIT 1o Bomopona (Kpome Pb).
O6pa3yTCs COOTBETCTBYIONINE CYIR(ATE U BEIACIICTCS BOTOPOI:

Fe + HQSO4 e FeSO4 + H2

KoHneHTprupoBaHHas cepHasd KUCIOTA IIPHU HAarpeBaHUH MOXET pe-
arupoBaTh U ¢ METAIAMH, CTOAIMINUMH B DAY aKTHBHOCTH ITOCIIE BO-
nopona (kpome Au u Pt), mpu aTOoM BEIAeasseTca okcun ceprr(IV):

t
Hg + 2H,SO,(xoH1.) —» HgSO, + SO,T + 2H,0

XKenes3o 1 amoMIHUTIN X0T0OHASA KOHIIEHTPUPOBAHHAS cepHAas KUC-
JIOTA TTACCUBHUPYET, T. €. Ha MOBEPXHOCTH METAIIIa 06pa3yIOTC TPYAHO
MIPOHUIIAEMBIE OKCUAHBIC IUIEHKH, CTOMKHE K KUCIOTE, B Topducii
KHCIOTE XeIe30 U aTIOMAHHAN PacTBOPIIOTC.

HanGomee cHIBHBIMHA BOCCTAHOBUTEIAMH CEpHAs KUCIOTAa MOXKET
OBITH BOCCcTaHOBJIeHA Mo S m maxe mo H,S:

t
47Zn + SHQSO4 e 4ZnSO4 + HQS + 4H20

MoxXeT BOCCTAaHABIMUBATHCS KOHIOCHTPUPOBaAaHHAA CCpHasd KHUCI0Ta
HCKOTOPBIMHM HEMCTALTIaMM!

2HQSO4 +C > 2802 + C02 + 2H20

OKucIuTenbHBIC CBOMCTBA KOHIOCHTPUPOBAaHHAA CE€pHad KHCIO0Ta
MIPOABJIACT U IO OTHOIICHUIO K CIIOKHBIM BE€IICCTBaAM!

H,S0, + H,S —» 2H,0 + SO, + S
H,SO, + 2HBr — 2H,0 + SO, + Br,

PearI/IpyeT C€pHada KHMCI0Ta ¢ OKCHuIJaMK1 MECTallIoB, OCHOBaAaHUAMH
1 COJIAAMU JTETYUUX KHUCIIOT:

H,SO, + FeO — FeSO, + H,0
H,SO, + Cu(OH), — CuSO, + 2H,0

H,SO,(konm.) + KNOy(t8.) > KHSO, + HNO,

OT MHOTHUX OPraHUYCCKHUX BCINCCTB CCpHaAd KHUCIOTA MOZKET OTHH-
MaThb BOOOPOA U KHUCJIOPOO B BUIC BOALI, IIPH 3TOM IIPOUCXOIUT 06yr—
JINBAHUC OPTraHUYCCKOI'0O BCIICCTBA.

C12H22011 + HQSO4(KOHH) — 12C + HQSO4' llHQO
caxap THApAT CEepHOIl
KHUCIIOTBI
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KonmnentpupoBanHasa 96%-s cepHas KuciaoTra (KyIOpOCHOe Mac-
JI0) IDIOTHOCTEIO 1,84 r/cM? mpeacrasiseT co6oil GeCLBETHYIO TIXKe-
JIVI0 MACITHUCTYIO XUAKOCTh;, CHJIBHO TTomtolnaeT Bmary. [Ipu pa-
CTBOPEHUU B BOJIEC MMPOUCXOAUT pa3orpeBaHue CMECH 3a cueT obpaso-
BaHUS TUAPATOB CEpHOM KUCTOTHI. [T03TOMY 1151 MPUTOTOBICHUS pa3-
6aBiaeHHEIX pacTBopoB H,SO, 13 KOHIIEHTpHPOBaHHEIX HYXXHO 0ojee
TSCKENYI0 CePHYI0 KUCIOTY NMPWIKWBATh B BOAY, a HE Hao0OpOT.

KoHlieHTpupoBaHHas cepHas KHUCIOTa CIIocoOHA pa3pylaTh TKa-
HU U KOXY, ITO3TOMY IPU 0XKOrax CEpHOU KUCIOTOU caeayeT Heme/ -
JIEHHO MPOMBITH OBOXKEHHOE MeCTO OONBIIUM O0BEMOM BOJBI WIU
PacTBOPOM COJIBI.

CepHast KMCT0Ta — OJUH U3 BaXHEHIIUX MPOAYKTOB XUMUUECKOU
nmpomelinieHHocT. Haubomnee mupokoe mpuMeHeHME OHa Hallla B
MPOU3BOACTBE MUHEPATBHBIX YIOOPEHUH, MHOTUX APYTUX KUCTOT, CYb-
¢daroB (HaTpHsA, aMMOHHS, MedW, aTIOMHUHHUA), TSI OUUCTKA HedTe-
MPOAYKTOB, B Pa3IMUHBIX O0JACTAX OPraHUUYECKOro CUHTEe3a (B3PBIB-
yaThle M JeKapCTBeHHBIE BelllecTBa, KpacUTEeIU, TIacTMACChl, UCKYC-
CTBEHHBIE BOJIOKHA, FepOUIIAABI), NI 3aTUBKHA aKKYMYJISTOPOB U T. 1.

CepHasi kucioTa obpasyeT ABa THUIA COJEH: cpenHue, WIM HOp-
ManbHEIe (cyasghamet), 1 KUCIBIE (eudpocyabhameot).

BoabmuHCTBO CyIb(}aToOB JIErKO pacTBOPSETCS B BOJAE; Majlo pac-
tBOpsAeTcsa CaSO,, eme meHbIIe PbSO, 1 mpakTyecK HEpacTBOPUM
BaSO4.

PactBopuMbIe CyibphaThl KPUCTAUIU3YIOTCS ¢ Pa3IMUHBIM YHUCIOM
MOJIEKYJI KpHUCTAUIM3allnOHHONM Bombel. Tak, cymbgarer Mg, Mn, Fe,
Ni, Co, Zn KpUCTAIU3YIOTCS C CEMbID MOJIEKYJIaMM BOIBI, Cyab(ar
MeIU — ¢ MAThI0. Bce OHU UMEIOT TEXHUIECKOEe Ha3BaHUE KYHOPOCHL.

TonapKo TpyTHOPaCTBOPHUMEIE M HepacTBOpUMEIE cyabdhaTel (PbSO,,
SrSO,, BaSO,) BeiaenstoTcs 6e3 KpUCTALTU3AIMOHHONK BOMBI.

Cynapar bapust BaSO, mpakThyecKum HepaCTBOPHM HE TOJILBKO B
Bojie, HO U B KuciaoTax. Ha 3ToM cBoicTBE OCHOBAaHO MPUMEHEHHE €ro
B MeJUIIUHE.

M3 BOOHBIX pacTBOPOB cyab(daT Gapus ocaxaaeTcs MmyTeM godanie-
HUS CEpHON KUCIOTHl WU ee colielf K pacTBOPUMBIM COJISIM Oapus.
Crenmm¢pniecKuM peakKTHBOM Ha Cyab¢haT-moH ABIASTCI Xaopun Oa-
pust:

BaC12 + NaQSO4 - BaSO4~L + 2NaCl

TakuMm 06pazoM, pacTBOPUMEIEC COTU Gapus ABIIIOTCI PeaKTHBOM
Ha HoHEI SO; .

I[Ipu HarpeBanuu cyab(paTel BemyT cebsa mo-paszHomy. CyrbghaThl
e TOYHBIX METAJUIOB He pas3laralorcd, IeTOYHO3eMeIbHEIX — pasiia-
rafoTCs TIpU OYeHb BEICOKOIT TeMmepaType (IIpH TeMIepaType KpacHOo-
ro KaJeHU):

1600°C
2BaSO, — 5 2Ba0 + 280, + O,
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3HAYUTEABLHO Jerde pasmaararoTcAa CYJIL(I)B.TBI TAKEIIBIX OBYXBAJICHT-
HBIX METAJIO0B, CIIC J€Tr4Y¢ — CYJIL(I)B.TBI TPEXBAJICHTHBIX MCTAJLTOB!

680°C
CaSO, — > CaO + SO,

°

500°C
FeQ(SO4)3 e F6203 + 3SO3

[Ipu pazmoxeHnn cyab¢haToB GIATOPOTHBIX METALTOB BMECTO OK-
CUIOB MHOIydJaeTcad CBODONHEIN MeTa1, a BMecTo SO; o0pasyiorcs
MPOAYKTHI ero pacmaga SO, u O,:

> 1082°C
AgQSO4 _— 2Ag + 802 + 02

PactBOpuMEIe cyabdaTEl IMEIOT BCe CBOMCTBA COJEl: B3aMMOMIeH-
CTBYIOT ¢ MeTajUlaMH, TUAPOKCUAAMH, HEKOTOPEIMHA KHUCIOTaMH, CO-
JISIMU.

I'unpocynndaTel N3BECTHH TOIBKO I IMIETOYHEIX MeTaroB. OHI
006pasyioTca B TOM caydae, ecli cepHas KUCI0Ta BCTYIIACT B PeaKITHIo
C IpYTUMU BellleCTBaMU B U3OBITOYHOM KOJTUUYECTBE:

H,SO, + NaCl — NaHSO, + HCI
HQSO4 + NaOH — NaHSO4 + HQO

WIN IIPU CMEIINBAHUN 3KBUBAJICHTHBEIX KOIWYESCTB CyIbdaTa M cep-
HOMW KHCIOTHI:

HQSO4 + NaQSO4 e 2NaHSO4

T'uapocynbdaThl MIETOUHBIX METAIIOB XOPOIIO PacTBOPSIOTCS B
Bozg, IIaBATCA IIpu Hebombmmx TemmepaTtypax (180 °C gna NaHSO,
n 210 °C mra KHSO,); HarpeThle BLIITe TeMITepaTypLl IUIaBACHUA, OHI
MpeBpallalTca B MUPOCYIbghaTh:

2NaHSO4 —> N328207 + HQO
upocynbhaT
HATPUST

MOCIeIHIE TIPpU TeMIepatype okoao 600 °C paszmararmTcs:
N328207 —> NaQSO4 + SO3

Conmu cepHOM KMCIOTH HAXOMAT MIUPOKOE TMpUMEHEHME!

« cynbar xenesa(ll) FeSO, - 7H,O — a5 GopbObI ¢ BpeAUTEIIMU
pacTeHW, B IPOM3BOACTBE YePHBIX UYePHWT M MUHEPATBHBIX KPacok;

« cynbat nuHka ZnSQO,- 7H,O — njs mpoIlmuTKY ApeBeCuHbI, Mpe-
OTBpaIialiei THHeHWe, B IPOMU3BOACTBE KpacoK, MeTUITNHE;

« cyabtar menu(ll) CuSO,-5SH,O — B raibBaHOILIACTUKE ITPU
padHUpOBAaHUN (OYMCTKE) MeIM, IS IIPOTPaBIUBAHUS CEMSIH IIe-
ped moCceBOM, I MOMYICHUSI MIHEPATLHEIX KPACOK;
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« Kanuii-xpoM cynbpar KCr(SO,),  12H,0, kanuii-amoMIHINA CYIIh-
¢ar KAI(SO,),- 12H,0, Ha3sIBaeMEIe Kéaciamu, — UCIIOAB3YIOTCS IIPU
nyGIeHNH KOXU U B IIPOU3BOACTBE KPACOK;

« cyabdart Kanbima CaSQ,- 2H,0 (rumc) — B CTpOUTEIBHOM JgIe,
B CKYJIBIITYpe, MCTUITNHE;

« cyabdar Hatpusa Na,SO,- 10H,O — B mpou3BoACcTBe CONEBI, CTEK-
J1a, KpacWJIBHOM [Mejle, MeOUITNHE;

« cynbpar kamug K,SO,- 10H,O — B mIpou3BoacTBe CTEKIa, B Ka-
YeCTBe YIOOpEHMA;

o cynbpar marama MgSQO, - 7TH,O — mia oTmenku TKaHeid, mpu
IyOIeHNN KOXW, B KAUeCTBe CIAGUTEILHOTO CPEACcTBA B MEIUITMHE.

MpuMepsb BbINONHEHUSA 3a4aHWUN

3apanme 1. IIpu obGxure mpruponHoro rurca Maccoit 344 t 6pUT TTONYyYeH
anebactp Maccoii 232 1. Onpenennute MaccoByio gomo (%) Beixoma amebacrpa.

Pemenmne. IIpu sarpeBaruu rumca 1o 150 — 170 °C mpoucxXomuT 4acTI-
Has AeTUApAaTaIlds ¢ o6pa3oBaHUEM XKeHOTO THUTICa WK amxebacTpa:

1
CaSO4' 2H20 e CaSO4' 1/2H20 + 3/ZHZO

ITo ypaBHEHUIO peakIlny UMEeM
m(CaS0O,-2H,0) = 172 1; m(CaS0,- ! /,H,0) = 145 r;

TUIIC anebactp

Ha 1721 rtmmca mpuxomutca 145 T anebacTpa
Ha 344r rumca — x T amebactpa

3HauUT, x = 290 r aneGactpa npu ycaosuu 100%-ro UCIOIB30BAHUS THUIICA.
MaccoBast D01 BBIXOIa anefacTpa COCTABUT:

200r — 100%
232r — x% x=80%.

TakuMm o6pazoM, MaccoBasl M0 Bbxoma amebactpa 80 %.

3apanme 2. CkonbKo muTpoB SO, oOpasyercs npu odxure 24 r Kere3HOTo
KoIdeaHa (Kelle3HEBIN KorieaaH B3aT 63 mpuMeceii)? CKOIBKO TUTPOB BO3-
Jyxa 6BLT0 3aTpadeHo Mid ooxkura? Kakosa MaccoBast m1oms (%) cepHOH Kuc-
JIOTBI, KOTOPAsl TIOMyIeHA pacTBOpeHWEeM okcuaa cepbl(VI), o6pa3oBaBIero-
¢ IIpU OKKUCIeHUU Beero okcuaa cepbl(1V), B 28,44 mn 20%-#1 cepHOIL KHC-
noTH (mIoTHOCTh 1,143 r/cM?)?

Pemenmne. 1. Paccuutaem oobem SO,, KOTOPEIA obpasyeTcs pu o6xkure
24 T Xenme3HOoro KoMueaHa:

4FeSZ + 1102 = 2F6203 + 8802

4 MonIb 8 MoIb

m=4-120r V=_8"-22,4 n/monb

u3 4-120 r FeS, ob6pasyerca 8-22,4 1 SO,
n3 24 r FeS, — x 1 SO, x=8,96x (umu 25,6 T) SO,;
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64 v SO, — 22,4 1
x r SO, — 8,96 m x=25,6T1 SO,.

2. OnpegenuM oObeM KHACIOPOAa, 3aTpAaYCHHBINA Ha OOXUT XKeJIe3HOTO KO-
yeaHa:

4-120r FeS, — 11-224 1 O,
24 1 FeS, — y 1 O, y=12,32 n.

B Bosayxe comepxutcsa 21 % O,. 3HaUNT, BO3AyXA AT OOKUTA HYXKHO B3ATh
B 5 pas 6oblle, ueM KUCIOpoaa, T.¢. 61,6 1.

3. Paccuuraem maccy okcuga cepbl(VI), KOTophlli obpasyercs us 8,96 1
SO,:

2802 + 02 = 2803
n3 2-22,4 1 SO, ob6pasyerca 2-80 r SO,
n3 8,96 1 SO, — z T SO; z=32r.
4. OnpegensgeM Maccy CepHO KUCITOTHI B 28,44 mir 20% -1 cepHO KUCTOTHI:
wmy

.  (H,S0,) - 20 (28.44.1.143)

=— L1 6,5T
100 % 100

5. Okcun cepei(VI) pearupyer ¢ BOIoH MO YpaBHEHUIO

SO3 + Hzo = HzSO4

1 Monnp 1 Moib
m=80r m=98r
80r SO; — 98 r H,S0,
32r SO; — x r H,S0, x=39.2r.

6. OmpenensaeM Maccy BCETO paCcTBOPA ITOCIE PACTRBOPEHUA B KHUCITOTE OK-
cuna ceprei(VI):

(28,44-1,143) r+ 32r=64,5 1,
Macca ComepxXalleiics B pacTBOPE KUCIOTH PaBHA:
6,51+ 39,2 T =45,7 r H,S0,.

7. BrramcemsieM MaccoBy A0 (%) cepHOU KUCTOTHL B pacTBOpe:

0="1100%:  o(HS80,) = 27 100% _ 56 g

my 64, 5r
CrenopatenbHo, MaccoBas momsa H,SO, pasHa 70,8 %; o6neM 0o6pa3oBaB-
merocsa SO, paseH 8,96 1; 06BeM 3aTpadeHHOTO BO3MyXa cocTaBui 61,6 .
Bonpochb u 3agaHus

1. Knaccupunupyiite crneaywoiue conu: KAI(SO,),, (FeOH),S0;,
NaHSO,, Cr,(50,);. Onpenenure cTereHN OKUCICHUS DIEMEHTOR; HA30BUTE
COoIH.
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2. Kakwe mporiecchl MPOXOAT Ha KATO/Ie W aHOJIE TIPY BIEKTPOInU3e (aHO
HEpacTBOPUMBII) BOAHBIX pacTBOpoB coneit: HgSO,, ZnSO,?

3. Kakwue ra3el o6pasywotcsa npu pasznoxednu CaSO,, HgSO,?

4. Kakue n3 repeurcieHHBIX coneil OyayT mofBeprarses runponusy: ZnSO,,
K,S0,, Na,S0;? Hanumure ypaBHEHUE MIEPBOIl CTAANU TUAPOIN3a B MOJE-
KYJIISIpHOI W MOHHOI (popMax.

5. Ilpu moMoIy KakKUX peakIluii MOXHO OCYIIECTBUTH CIEAYIONINAE TIpe-
BpAIleHUS:

S — HzSO4 - CuSO4 - A12(804)3 - Nast4 - HzSO4

6. HanmumuTe ypaBHeHUs peakIluil pacCTROPEHUS HATPHUs, IIUHKA, PTYTU B
pa3baBIecHHON 1 KOHIICHTPHUPOBAHHON CepHON KUCIOTE.

7. Kaxk u3aMeHUTCSA CKOPOCTh PeakIlny Mexay okcunomM cepol(IV) u kucro-
pOIOM, €CIIM KOHIIeHTpanua ux oyaeT yBeandeHa B 2 paza? (Omeem: yBeIU-
quTcd B 8 pas.)

8. IIpu cxxuranun 125,6 T cMecH TUPUTA U CYTbGHa TTHKA 06pa30BaIoCh
35,84 m (n.y.) SO,. Onpenenute coctaB (%) cmecnu. (Omaem: 61,7 % 7nS,
38,3% FeS,.)

9. CKONBKO MUTPOB 1 KAKOTO ra3a BBIJACIUTCS MIPU PACTBOPEHUN 5,4 T ce-
pebpa B 98%-it cepHoii kucnote (IoTHOCTL 1,84 r/cMm?)? CKOMBKO MUIIH-
MATPOB KHUCIOTHI IpU 3ToM u3pacxoayercsa? (Omeem: 0,56 m; 2,72 ma H,SO,.)

10. Kaxoe xommuectBo okcuaa cepbl(VI) HyxHO pacTBoputh B 10 T 96%-r0
pacTBOpa cepHOI KUCIOTHI anst monyueHus 100%-it cepHoii kucmotsl? (Om-
eem: 1,78 1.)



naga 9
FMABHASA NOArPYNMNA V repynnbl

M3yune rnasy, cnenyeT:

3HaTb COCTaB, CBOMWCTBA, CNOCOOkI MOYHEHUS U NMPUMEHEHWE BaXKHE LI NX
COEAMHEHWNI 3/IEMEHTOB MAaBHOW NOoArpynmnsl V rpynnel; NPUMEHeHne Conen
a30THOM 1 GOCHOPHON KUCAOT B KA4ECTBE LLeHHENLINX yO0BPeHUi n nx cTPo-
rme 0Oo3npPOBKU, 0OCOBEHHOCTM CBOMCTB a30THOM KUCNOThI U €€ CONe;

YMeTb OXapakTepu3oBaTb 06LiMe CBOMNCTBA 9N1eMeHTOB NoArpynnel, Go-
CTaBJIATb XMMMYECKNE YpaBHEHUs, NOATBEMKAAIOWME CBOMCTBA NPOCTLIX BE-
LEeCTB U UX COEAUHEHU.

*9.1. O6GWan xapaKkTepucTuKa

I'maBHas moarpymma V rpymnnsl [lepruoauyeckoi CUCTeMbI BKIHOYA-
eT IIITh 2IeMeHTOB — azom N, gocgop P, moiussax As, cypomy Sb u
sucmym Bi.

IlepBbie ABa sMeMeHTa — a30T U pochop — TUMUIHBIE HEMETal-
JIBI, MBIIIBSIK U CYpbMa 3aHUMAIOT MTPOMEXYTOUHOE MOT0XEHUEe, BUC-
MyT — MeTaJll.

A30T cmocobeH o6pa30oBBIBaTh YCTOMUMBHIE ABYXATOMHBIE MOJIEKY-
76l N, J1ast pocdopa, MBIIBSIKA, CYPbMBI U3BECTHBI TETpa3ApUueCcKue
CTPYKTYpHI P,, As,, Sb, u oOb1uHBIE (hOpMBI 1711 As 1 Sb. [Ina BucMmyTa
XapaKTEePHO TOJbKO METALTUIECKOE COCTOSHUE.

Ha BHellIHEM cltoe y BCeX 3TUX JEeMEHTOB IATh 3JMEeKTPOHOB; Clie-
JIOBATEeIbHO, 10 3aBePIICHUS BOCBMUAJICKTPOHHOTO CIIOS UM HEeloCTa-
€T TpeX 3JeKTPOHOB. Bce 3TU 371eMEeHTHI, MPUCOEAUHSS TPU MEKTPO-
Ha, COCOOHBI JOCTPOUTH BHEIIHUM ciaoi. Tak, B COeAUHEHUSSIX C BO-
JMIOPOAOM 3TH 3JEeMEHTHI UCKITIOUNUTEIBHO TPEXBATEHTHBI, OTHAKO K-
TPOOTPULIATENBLHOCTD IEMEHTOB MOATPYIIIE YMEHBIIAETCA ¢ YBEIU-
YyeHHEeM IOPSIAKOBOTO HOMeEpa.

MoxeT MpOUCXOAUTh U OTAaYa MEKTPOHOB aTOMaMU 3TUX 3JeMEeH-
TOB. B CBOMX KUCIOPOAHBIX COEAUHEHUSX OHU MaKCUMAJIbHO MSITUBA-
neHTHH. BameHTtHOCTE V, a Takke III oHM OpOABISIOT B OTHOIIEHUUN
raJoreHoB, KpoMe Moja, U CEphl.

Bce ruapokcunpl, obpazyemble 3J1eMEHTAMU TJIABHOU MOATPYIIIIHI,
B MATUBAICHTHOM COCTOSIHUM HUMEIOT XapakKTep KUCIOT, CUjia KOTO-
PBIX B Iipeaeax moarpymnmnsl magaet. Tak, HNO; — cunbHas KUCIOTA,
H;PO, — xkucnora cpeadeit cuibsl, H;AsO, — caabasi; ocTaibHbBIE
oueHb cnabeie. Kucmora BUCMyTa ¢ onpeneneHHoOU hopMyaoit He ycTa-
HOBJIEHA, TOTMAa KaK COJU €€ UMEIOT ONpeAeJeHHBIH COCTaB.
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Tabnuma 9.1. CpoiicTBa 3JIeMEHTOB IMABHOM MOArpymnbl V rpymmbl

CgoiicTBO N P As Sb Bi
Pacopenenenue 2,5 2,8, 5 2, 8, 2, 8, 18, 2, 8, 18, 32,
SIIEKTPOHOB 18, 5 18, 5 18, 5
10 3MEKTPOH-

HBIM CIIOSIM
BaneHtHOCTH 111, Vv 111, Vv 111, Vv 111, Vv 111, Vv
Oxkcnn N,O P,0; As,04 Sb,04 Bi,0;
NO
N,0Os
Bonoponnoe NH; PH;, AsH; SbH; BiH;
COoeTHCHUE aMMuak | pochuH | apcun CTHOUH BUCMYTUH
Bricmmasg xkucmo- | HNO; | H;PO, | H3AsO, | H[Sb(OH)4] | Bi,Os- H,O
poaconepxa- a30THAs doc- | Mpmbsa- | cypemsHan | wau HBiO;
masi KUCIoTa tdopHast | koBas BACMYTOBAs

A3zoT 1 (ochop BO BCeEX CBOMX COENMHEHUSX CYIIECTBYIOT B BUIE
aHUOHOB, B TO BpeMs KaK MBIIILAK, CYpbMa U BUCMYT IIPOSIBISIOT
TEeHIEHIINIO K 00pa30BaHMUIO KATHOHOB. TakK, B BOJHBIX pacTBOpax OHU
IIPUCYTCTBYIOT B BHJE KATHOHOB CO CTEIIEHBIO OKHUCIeHHUd +3 (As*,
Sb*", Bi*"), mpaBna, B 0UeHb HE3HAUMTENBHBEIX KOJIUUECTBAX, TAK KaK
X COJNU TIOABEPTAIOTCA THAPOIN3Y.

CBoilicTBa MPOCTERIINX COETUHEHNI MEMEHTOB V TPYIIIEI IIPUBE-
nedsl B Ta0m. 9.1.

TakuM 06pa3oM, paccMaTPUBAEMBIE 3IEMEHTEI XOTA U HAXOIATCS B
OIHON TOATPYIIIE, HO MO0 MHOTMM CBOWCTBAM OTIWYAIOTCS APYT OT
apyra. [ToaToMy ocTaHOBUMCH OTAEIBLHO Ha CBOMCTBaX azoTa v ocdo-
pa U X COeTUHEHMUIA.

Bonpocb n 3apaHug

1. OkucIuTenbHAs CIOCOGHOCTh KAKOIO aTroMa BEIIIE: a) ...2s522p3;
6) ...3523p3; B) ...3d"04s%4p3?

2. KaKkoBbI CTeTICHU OKUCICHUSA SIEMEHTOB B CICAYIONIIX COCAMHEHMIX:
KCr(AsOQ,),, K[Sb(OH)¢], Mg(H,PO,),, Bi(NO;);?

3. V Bcex 1M 3IEeMEHTOR TIABHON TOATPYIIBI V TPYIIIBI MaKCUMAaTbHAst
BaJICHTHOCTD COBITAacT ¢ HOMEPOM TPYIIIBI?

4. Hamumure popMynsl CIeAyouX coeuHeHn: a) tuapodocdar aM-
MOHUA; 6) IUTHAPOKCOHUTPAT BUCMYTa; B) KalWii-MarHU# apCeHUT.

5. ]I creayronux OKACTUTETbHO-BOCCTAHOBUTELHBIX PEAKITUA HATTUIIIATE
MIOTYPeaKIuY A OKUCIUTENS U BOCCTAHOBUTES U paccTaBbTe KodthduUIim-
CHTBI:
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a) Sb + HNO; + HCI — SbCl;+ NO + H,0;

0) As,S;+ KMnO, + H,SO, — H;AsO, + K,50, + MnSO,+ H,0;

B) P + CuSO,+ H,O — H;PO, + Cu + H,S0,.

6. [Touemy pactBop Sb(NO;); MyTHeeT npu pazbasneHuu Bogoi? Kaxk cre-
JIaTh €ro CHOBA Mpo3pauyHbiM? OTBET MOATBEPAUTE YPABHEHUSIMU PEaKIIUi.

9.2. AzoTr

Haxoxnenne B mpupoge. OCHOBHAS YacTh a30Ta HAXOOUTCS B CBO-
0oaHOM cOCTOSIHHU B Buae MoIeKyI N,. Cofep:KaHHe a30Ta B BO3IYXE
~78 06. %. B Bume CIOXHBIX OPTaHUIECKUX COSTMHEHMI a30T ABIAETCA
COCTABHOM YaCThIO 0elIKa, HTPAIOIIEero OrPOMHYK) POJIb B KHUBOI IIPH-
pone. B BrIe HeOpraHUYeCKUX COSAUHEHHI a30T He PacIpOCTpaHeH, 3a
ncktoYeHueM Hurpata HaTpust NaNQO;, 00pasyoliiero MoIHbIe [1a-
CTBI MPOMBIIILICHHOTO 3HaYeHUs (Hampumep, B Yuin).

IHoxyuenne. B npombiuinennocmuy a30T MOAYIAIOT TYTeM CRIKCHWUA
BO3[yXa, OCHOBBIBASICh HA PA3HOCTH TEMIIEPATyp KUIIEHUs (TeMIiepa-
Typa KumeHus azota —195,8 °C, kuciaopoma —182,96 °C).

B za6opamopuu a30T MOMYYAIOT PA3I0KEHHEM HUTPUTA AMMOHUS:

1
NH,NO, — N, + 2H,0

®uznveckne cBoiicTBa. A30T — Ta3, O6e3 IIBeTa W 3aIaxa, HeMHOTO
JIlerde Bo3dyxa, IUTOXO PacTBOPSAETCS B Boe.

XuMHYecKHe CBOMCTBA. A30T pacIoiioXeH B [JIaBHOU MOATpYIIEe
V rpymmel [epromndeckoit cucteMel. MiMes Ha mocieqHeM 21eKTPOH-
HOM CJI0¢ IIATH 9JIeKTPOHOB, aTOMEI a30Ta CIIOCOOHHI OTHABaTh WX,
IIPOSIBIISIS IIPM 3TOM CTeNeHb oKuciaeHua +1, +2, +3, +4, +5. C meHee
aKTUBHBEIMH 3JeMEHTAMH a30T 00pa3yeT COeNMHEHHA CO CTEIECHBIO
OKHUCIeHUA —3.

Mogexkyna a30Ta COCTOUT M3 IBYX aTOMOB, CBSI3aHHEBIX TpeMs KOBa-
JIEHTHBIMU CBA3AMH. TepMimmdecKas TUCCOITHAITIA MOTeKyasl N, Ha aTto-
MEI HacTyIraeT npu temirepatype Buime 3 000 °C. BeraencTue 3Toi ye-
TOMYUBOCTH MOJICKYN a30T ABIAECTCI CaMBIM MATOAKTUBHEIM (ITOCTE
0IaropoMHEIX Ta30B) BEIECTBOM.

Omuowenue k memaisam. TOIBKO ¢ JIUTHEM a30T pearupyeT IpH
OOBIYHEIX YCIOBHAX (M gaxe mpu temneparype Himske 0 °C):

6Li + N, — 2Li;N
HUTPpUA JIUTHUA
Hutpuns!l menoIHo3eMeTbHEIX METAIOB MOIYYAlOT MIPU BEICOKUX
TeMIepaTypax:

350—400°C
3Ca+ N,———"" =, Ca;N,

3Ba+ N, %€, Ba,N,
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HUTPUABI TAXKCIBIX METAUIOB — IIPpHU Gomnee BBRICOKHX TEMIIEpATypax:

820—1000°C
2Al + N, ———— 2AIN

Omuowenue k nememannam. I1pn TeMITepaType aMeKTpIUeCKON TyTH
(2000—2 500 °C) azot coegunsierca ¢ KucaopogoM. [ToayIeHHBIIN OK-
cun azorta(ll) gomkeH OBITh MTHOBEHHO OXJIAXICH:

N2 + 02 — 2NO

B npucyrcrsun karanusatopa (Fe) mon naprernneM (B cpemdemM 20—
55 MIla) nmpu Harpesanuu (okoxo 500 °C) azor pearupyer ¢ BOOOpPO-
TIOM:

N, + 3H, 2 2NH;,

[Ipu Temmeparype KpacHO-Ge10TO KaJeHHUA a30T pearupyer ¢ yrie-
pomoM, KpeMHHEM, GOPOM.

ATOMapHEI a30T BecbMa akTuBeH. [Ipn oOBITHOI TeMIepaType OH
pearupyeTr ¢ cepoii, docdopoM, a TaKKe C PTYTBIO U HEKOTOPBIMU
IPYTUMM MeTaJIaMH.

IIpuMenenne. A30T UCTIOAB3YIOT I MIPOU3BOICTBA aMMHAaKa, a30T-
HOH KUCIOTH W yIOOpeHWI; NI CO3TaHuA WHePTHOI atMochepsl mpu
MIPOBEeNCHNH XUMIUSCKIUX PeaKITHiA.

MpuMepsb BbINONHEHUSA 3a4aHWUN

3apanme 1. PaccunTaiiTe OTHOCUTEIHHYIO TNIOTHOCTD 430TA MO BO3AYXY.
Pemernue. Umeem M(N,) = 28 r/Momb, M(Bo3ayx) = 29 Ir/MONIb; 3HAUNUT

M(N,) | D- 28 r/mMonb

= ;D= =0,96,
M (Bozmyx) 29 r/mMoTb

TakuM o6pa3oM, IIIIOTHOCTH a30Ta MO BO3AyXy pasHa 0,96.

3aganme 2. AMMUaK, TTONYUYeHHBIA Mpyu B3amMmoxeticteuu 1,12 1 azora ¢
U36BITKOM BOIOPOAA, IIPOIMYCTUIN uepes 28,7 Ma 25%-ro pacTBopa aMMUIAaKa
(mnotaocTh 0,907 r/cM?). Onpenenure MaccoBylo fomo (%) MOTy4EHHOTO
pacTBopa.

Pemenue. 1. A30T ¢ U3GBITKOM BOIOPOIA PEATHPYET MO YPABHEHUIO

N2 + 3H2 - 2NH3

W3 ypaBHEeHUsT peakiuy CIEAyeT, YTO OOBheM IONYyUCHHOTO aMMHAaKa B
2 pasa 60JbIIe 00BheMa BCTYNHMBINETO B PEaKIIMIO a30Ta; CICAOBATEIHHO, aM-
Muaka obpasoBanoch 2,24 1, uto cocraBmieT 1,7 T.

2. O6pa3oRaBIIMIACA aMMIAK BCTYIIII B PEaKIIUIO ¢ BOJIOM:

NH, + H,0 - NH,0H

"Ha 17 r NH; npuxogutes 35 r NH,OH
Ha 1,7 T NH; — x r NH OH x=3,5rNH,OH.
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3. Macca NH,OH B 28,7 M 25%-ro pacTBopa aMMUaKa COCTABIAET

mao
m="1=
100
4. Macca BCEro pacTBOpa COCTaBISET
(28,7 Mx-0,907 r/eM’) + 1,7 r = 27,73 1.

5. Macca pactBoperHoro Beriectea NH,OH B moxyueHHOM pacTBope co-
CTaBmIsIeT

m(NH,OH) = (28,7 m-0,907 r/cM3)-0,25=6,5 1.

3,5+6,5=10r.
6. Maccosag gomst (%) NH,OH B monyIeHHOM pacTBOpe paBHA

0="1100 % oNH,0H)=01100% 5,4
m 27,73 r

Takum o6pasom, B pacteope 36,1 % NH,OH.

Bonpocbl n 3agaHug

1. [ToueMy cTereHb OKHUCICHUS a30Ta MOXET OBITH +5 U —3?

2. C KakUMU U3 CIACAYIOITUX BEIMECTB OyIeT B3aUMOACHCTBOBATE a30T: O,
H,0, Cr, H,, Cl,? Hanummure ypaBHEHUS pEakIInii.

3. B tpex konbax comepxkatcs rasel: N,, O,, Cl,. Kak pacnozHath Kaxabiit
raz?

4. OnpenenuTte MaccoByto momo (%) azota B 40 r NH,NO;. (Omeem: 35 %.)

5. B Kakol peakIMU a30T IBIIETCA BOCCTAHOBUTEIIEM:

a) N, + H, —»

6) N2 + 02 —

B) N, + Mg —

Hamummmre 51eKTpOHHBIE CXEMBI T STUX PEaKIIHA.

6. Kakaga cBsa3p peanusyercd B Monekynax: a) NHsy; 6) NO,; B) N,?

9.3. BopopoaHbie coeanHeHnsa a3oTa

Ammuax NH; B npombiuisennocmu MOIyJaoT CUHTE30M U3 a30Ta U
BOJOpOAA:

N, + 3H, 2 2NH,

A3zot IIOJaYydalT CKM2KCHHMEM BO3ayXa, BOOOPOA — U3 IMMPUPOIHOTO
rasza InmyTc¢M KOHBCPCHH ME€TaHa:

CH4 + HzO — CO + 3H2

HOHY‘-IaIO]J.[HﬁCH CO KOHBCPTUPYIOT B BOAOPOI ITO p€aKINK1
CO + HQO - C02 + H2
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[TpoMbIlITIEHHBIE YCTAHOBKU CUHTE3a aMMUaKa paboTaroT Mpu AaB-
nenun 20— 55 MIla, Temmepatype okomxo 500 °C B mpHCyTCTBUH KaTa-
MzaTopa — Kejae3a B BUAe IyOUaTBIX KYCOYKOB WM TAbIeTOK C JO-
GaBlIeHMEM OKCHIOB amoMUHMA 1 Kanusa. [lpu maBaenum 45 MIla u
temieparype 800 °C mocTturaeTcs BRICOKASI CKOPOCTh peaKIINH 1 BEICO-
Kasg (mo 97 %) creleHDb MpeBpalleHNa a30TOBOIOPOTHOM CMeCH B aM-
MHaK (Ha COBpPEMEHHBIX YCTaHOBKax oObeMHasi CKOPOCTh NOCTUIaeT
30 000 M3/4), HO 3TO CBSI3AaHO C OOJBIIMMH TEXHWIECKUMH TPYIHO-
CTIMM — HU3TOTOBJIICHUEM CHelUaIbHON ammapaTypbl U 3HEpreTuye-
CKMMU 3aTpaTaMu.

IIpu cpenHUX 3HAUEHUSIX JaBICHUS U TEMIIepPaTyphl ra30Bast CMeCh,
BEIXOZAIIAS M3 KOHTAKTHOTO alapaTa, COnepxXuT Bcero 18— 20 % am-
MMaKa, a OCTaJIbHOEe — HepopearnpoBaBiiias a30TOBOIOPOAHAS CMECh.
Js manbHEHIero UCIoab30BaHUS a30TOBOJOPOAHON CMECH Ta30BYIO
CM€eCh, BBIXOJAIIYIO U3 KOHTAKTHOTO arapaTa, OXJaXIaloT, PU 3TOM
aMMHUAaK CXMXKAeTcs, a a30TOBOJOPOIHYIO CMECh BHOBb HAITPABISAIOT B
KOHTAKTHBIM armmapar.

B sabopamopuu ammuak MOXHO MONYYUTh, HArpeBas XJIOPUI aMMO-
aHust NH,CI ¢ rugpokcugom Kanemuss Ca(OH),:

t
ONH,CI + Ca(OH), = CaCl, + 2H,0 + 2NH,

Bomnerit pacTBop aMMHraka UMeeT MISTOTHYIO PEaKIINIO BCICACTBHC
o6pazoBaHnsg ruapokcuaa ammouna NH,OH, muccomumpyroniero Ha
nousl NH} u OH™:

NH; + H,O =2 NH,OH & NHj;+ OH-
Takum o6pa3oM, BOTHEIM pacTBOp aMMHAaKa BeleT ce6s Kak cimaboe
OCHOBaHHE.
AMMWaK OBTamaeT TOTBKO BOCCTAHOBUTENLHBIMU CBOWCTBAMU, TaK

KaK CTCIICHb OKHCICHUA a30Ta B aMMHWAaKE MUHUMAJIbHO BO3MOXKHAaA.
B unctom KHCI0pOoIdC aMMHUaK CropactT 40 a30Ta U BOJBI:

4NH; + 30, —» 6H,0 + 2N,
B MPUCYTCTBUM KaTalamzaTopa — a0 okcuaa azorta(ll) u Bogml:
4NH; + 50, - 4NO + 6H,0
AMMHMAK BOCCTAHABIMBACT HEKOTOPHIE METALIEL U3 UX OKCHIOB:
3CuO + 2NH; —» N, + 3Cu + 3H,0

DHEPTUYHO pearupyeT aMMHAK ¢ KUCIOTAMH ¢ 0Gpa3oBaHUEM CO-
el aMMOHUS, comepxXamux katnoH NH:

INH, + H,80, — (NH,),S0,
cynb(daT aMMOHHUSA
NH3 + HNO3 - NH4NO3

HUTPAT aMMOHUI
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AMMHUAK — GECIIBETHBIU ra3 ¢ XapaKTepHBIM PE3KUM 3aIlaxoM, 3Ha-
YUTEJIbHO Jerye BO3[yXa, OUeHb XOPOIIO PACTBOPSIETCS B BOIE: B
1 o6weMe Bomul mpu TemIreparype 22 °C pacteopsercsa no 700 oobeMoB
ammmaka (25%-i BOTHBII pacTBOP aMMMaKa B OBITY Ha3BIBAIOT HAUA-
MBIPHBIM CRUPIIOM).

OcHoBHas Macca aMMHUaKa UAET Ha MPOU3BOACTBO a30THOH KUCIO-
THI, ymobpeHuii (Hutpata ammoHmsa NH,NO;, cynbdara aMMOHHSI
(NH,),S0O,, MOYeBHHEI), B3PEIBUATHIX BellecTB. JKUIKU aMMHUaK HC-
MOJIB3YIOT B XOJIOAUIBHBIX YCTAaHOBKAX.

Coau ammoHus o0pa3yIOTCS TaKkKe MPU B3aUMOJSUCTBUM KUCIOT C
pacTBOPOM aMMHUAKa:

3NH4OH + H3PO4 - (NH4)3PO4 + 3H20

BaxHedmuM ¢cBOMCTBOM COJICH aMMOHUS SIBJISICTCS UX B3auMopaei-
CTBHUE C IIEIOYaMH. DTOH peakineil 00HAPYXMBAIOT KAaTUOH aMMOHUSI:

NH,CI + NaOH — NaCl + H,0 + NH,

O6paSYIOLHHfICH aMMHKaK ONpECACIAIOT IO 3allaxy WJIN IO U3MCHC-
HHIO IB€TAa MHAUKATOpPA.

HpI/I Harp€BaHHUHU BCC COJIM aMMOHMA pa3ilararoTcAa:

e U3 COJIEH aMMOHMN?, 06p330BaHHLIX HCICTYIYMMHU KHCIOTaMH,
BBELACTACTCA aMMHaK:

(NH4)3PO4 - 3NH3T + H3PO4
(NH4)QSO4 - 2NH3T + HQSO4

« U3 CcONel aMMOHMSA, 00pa30BAHHEIX JSTYIMMH KIUCIOTaMHU, BEIIC-
JIgeTCT aMMUaK W COOTBETCTBYIOIIAS razoobpasHasd KHUcIoTa (IpH
OXJTaXICHUH TTPOUCXOMUT 00paTHAs peaKIlns):

NH,Cl & NH, + HCl
(NH,),S & 2NH; + H,S

e U3 coJen aMMOHMNA, 06p8.30BaHHBIX KNCI0TaMHU-OKHUCIUTECISIMU,
BBELACTAIOTCA MPOAYKTBI OKHMCICHMA aMMMaKa:

NH,NO; — N,O + 2H,0
NH,NO, — N, + 2H,0

Cosin aMMOHUS TIPEACTABISIOT COOOH KPpUCTAUIMIECKHUE BeIlecTBa,
pacTtBopuMbie B BoAe. [1o pacTBOpUMOCTH COMM aMMOHUSA CXOOHBI C
COJISIMU IIEIOUYHBIX METAJIOB — B BOJAHBIX pacTBOpax BedyT cebs Kak
CUJIBHBIE 3TEKTPOIUTHI.

Cosin aMMOHUS HAXOAAT HMIUPOKOe MpUMEHEHUE:

« HUTpaT ammoHUsA NH,NO; — a3zoTcogepxairee yao6peHHE; B CO-
YETAHUMU C TOPIOUYMMH W B3PHIBYATHIMU BEIIECTBAMU HKCIOIB3YIOT B
KauecTBe B3pBIBUATON CMecU (AMMOHUTHI);

« cynbgpar ammonnst (NH,),SO, — pacTBopuMoe yaoOpeHne;
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« xmopua ammoHusa NH,Cl (OpIToOBOE Ha3zBaHWEe — «HAIIATHIPE») —
B TIPOM3BONCTBE CYXMX TaJbBaHMYCCKMX 2JIEMCHTOB; MpU MAgHUNA U
JIyXEeHUW; B MeAUIlnie (IIPHU CepHeYHBIX OTEKaX);

« rugpokapbonat ammonnss NH,HCO; — 3aMeHUTENb OIPOKKEH B
XIe6omeIeHNN U KOHIUTePCKON TTPOMEITIIICHHOCTH;

« tuapodocdar ammonua (NH,),HPO, — B x1eboneueHUN.

an/IMep BbiIMOJTHEHNA 3agaHU4d

3apanme. [Ipu xunssueHun 5,35 r XJIOpUIa AMMOHUS € TTOPOITKOM MarHUst
BeIIeTIICS Ta3. KakoB 06beM oOpasoBasiierocs raza?

Pemenmne. 1. Ilpu xkumaueann NH,Cl nmpoucxoauT Tuapoan3 COIU 110
YPaBHEHUIO

t
NH,CIl + HOH — NH,OH + HCl
2. ITomyueHHAasT XIOPOBOAOPOIHAS KHMCIOTa BCTYITMIA B peakImio ¢ Mg:
2HC1 + Mg — MgCl, + H,

3. OmnpeaensieM MacCy KUCIOTHI, 0Opa30BaBIIeHCs MO MEepBOMY YpaBHE-
HUIO peakIin:

Ha 53,5 r NH,CI npuxogutcs 36,5 r HC1
Ha 5,35 r NH,Cl — x 1 HCl x=3,65T.

4. OnpenaensieM 06HeM BBIACTHUBINETOCS ra3a IO BTOPOMY YPaBHEHUIO pe-
AKTINU:

Ha 2-36,5 r HCl mpuxomutrcs 22,4 1 H,
"Ha 36,5 r HCl — x 1 H, x=1,121H,.

Takum o6pasoM, BeImenmIoch 1,12 1 Bomoponda.

Bonpocb n 3apaHug

1. Kakue CROMCTBA TPOSIBISICT aMMUAK B OKUCTUTEIHHO-BOCCTAHOBUTEb-
HBIX peakiusax? HamuniuTe ypaBHEHUS peakIInii.

2. MoXHO W OCYIIATh AMMHAK CEPHON KUCIOTON MMM OKCHUAOM (ocho-
pa(V)? OTBeT MOTUBHUpPYITE.

3. Ha yem ocHOBaHO TipuMeHeHue runpokapbonara ammonrss NH;HCO; B
xneborneucHrnu? Hamummure ypaBHeHNE pEaKIIH.

4. K pacTBopy aMMmaka NMpUOABUIN pacTBOp CyIh(para amoMuHUg. Kak
U3MEHUIACh peakius pactBopa? OTBET MOTHBUPYHITE.

5. HamumuTte ypaBHEHUS Pa3IOXCHUS CISTYIONNX aMMOHUITHBIX COMNE:
NH,NO,, (NH4),HPO,, (NH4),CO;, (NH,),S.

6. Kak v TIpy KaKUX YCITOBUSX MOTYIAI0T aMMUAK B TIPOMBIIIICHHOCTI?

7. CKONMBbKO HUTpaTa aMMOHUS TOTpedyeTcs A TToaydeHus 2 1 rasza (H.y.)?
(Omeem: 7,1 1.)

8. Ammuak, monyueHHbIN 13 14,9 1 pocdaTa aMMOHNS, PACTBOPUIA B 75 MIT
Boabl. Kakosa MaccoBas 107 (%) BemtecTBa B pactBope? (Omegem: 3,9 %.)
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9. JIns crmemyrolielt OKMCIUTENbHO-BOCCTAHOBUTENHHON peakIinyA HAaru-
IMATE TTONYPEAKITUY JUTS OKUCTUTENS U BOCCTAHOBUTENS U PACCTABbTE KO-
(UITECHTHI:

As,S; + H,0, + NH,0H — (NH,),As0, + (NH,),S0, + H,0

9.4. KucnopopgHoie coeaMHEeHUa a3oTa
Oxcudvl azoma. A30T oOpa3yeT CIenyIolne CoOeJUHEHUS ¢ KUCTO-
poaoM:
N,O — okcun azora(l);
NO — okcun azora(Il);
N,O; — okcun azora(lll);
NO, — okcun azora(lV);
N,O5; — okcun azora(V).
IlepBric aBa okcuaa — Hecodeobpasyoluue (6e3pasTuiuHbIe), OC-
TalbHBIE — coleoDbpa3yoIine (KUCIOTHEIE).
HauGonpmee mpakTnueckoe 3HaueHne nMeloT okcun azota(ll) NO
u okcun azota(lV) NO,.

Oxcud azoma(ll) NO B MIpOMBIIIIEHHOCTA MOIYYAIOT OKUCISHUEM
aMMHPaKa Ha IUTATHHOBOM KaTalu3aTope:

Pt
4NH3 + 502 —— 4NO + 6H20

Moxno okcun NO MOIYyYUTh TaKXKe CUHTE30M U3 SJIEMEHTOB IIPU
OUYeHL BLICOKOU TeMIieparype (aIeKTpuaecKasd HCKpa WU JTyd Ja3epa):

N, + O, 2 2NO

IToka aTa peakima He UCIONB3YETCSI B MIPOMBITIICHHOCTH.
B maGopatopun okcun azora(ll) oORYHO ITOIYYAIOT ASHCTBUEM pa3-
GaBIeHHON a30THOM KUCIOTH HA Melb:

3Cu + SHNO4(pas6.) — 3Cu(NO;), + 2NO + 4H,0

Oxcun azora(ll) — HecomeoOpasyiomiuii, HO 00J1amaeT BHEICOKOI
peakImoHHOM crmocobHocTh0. HampuMep, okenn NO B3anMomeicTByeT
¢ KUCTOPOIOM BO3MyXa MPH OOBITHBIX YCIOBHUAX:

2NO + 0, — 2NO,

Oxcun azora(ll) pearupyer ¢ ramoreHamu (Kpome mopa), docdo-
pOM, yIiaeM, MarHUeM, ¢ CepHOM M XpOMOBOI KUCIOTaAMHU, C HEKOTO-
PBIMH COTSIMH M T. 1.
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Oxkcun NO — OecuBeTHHINM ras, 6e3 3alraxa, Majlo pacTBOPUM B
BOC.

Oxcun asota(ll) aBasgercs MPOMEKYTOYHBIM IIPOAYKTOM B IIPOM3-
BOICTBE a30THOM KHMCIIOTHI.

Oxcud azoma(IV) NO, B IpOMBIIIIEHHOCTH IOIYYAlOT U3 OKCHUIA
asora(ll), oGpasyomierocs IIpu OKUCICHUN aMMHUAaKa:

2NO + 02 - 2N02

B naGoparopun okcunm NO, moaydaioT pa3lToXeHHEeM HHUTpaTa
csuHOa(1l):

t
2Pb(NO;), — 2PbO + O, + 4NO,

WIN BOCCTAHOBICHUEM KOHIICHTPUPOBAHHOM A30THOM KUCIOTH Me-
NBIO:

4HNO,(koHI.) + Cu — Cu(NO;), + 2NGO, + 2H,0

Okcun NO, — KUCTOTHEIN; TIPU PAacTBOPEHWN B Bome obOpasyeT
a30THYIO W a30TUCTYIO KUCTOTHL. [lociemHsasa aBiasgeTcs HeyCTONINBOM
1 pacIiagaeTCs:

[Mostomy B memoM peaktmio okcruaa NO, ¢ BOIOM MOXHO 3aIICaTh
TaK:

3N02 + HQO - 2HNO3 + NO

Yro6el okcua NO He BBEIACTSIICH, PEaKIIUIO IIPOBOIAT B MPUCYT-
CTBHM KUCIOPOAA BO3AyXa:

4NO, + 2H,0 + 0, — 4HNO,

C ob6pasoBaHUEM COJNE IBYX KACIOT MIPOUCXOINUT PeaKIMA OKCHUIa
aszora(lV) ¢ merouamu:

2N02 + 2KOH — KNO3 + KN02 + HQO

HUTpPAT  HUTPUT
KaJIust KaJIust

Okcun NO, — GyphIit ra3 ¢ HEMPHUATHREIM 3aIIaXxOM, OYeHb SIOBUT,
XOPOIIIO PACTBOPSCTCS B BOIE.

Oxkcunsl NO,, NO mpuMeHSI0T B TIPOU3BOACTBE a30THOIM KUCIO-
THI, a TaKXXe B KaYeCTBE OKHMCIUTENS B OPTaHMIeCKOM CHHTE3e.

Azomnan kucroma HNO; gBasgercss omHOM W3 BaXHEUITNX MUHE-

3

PaATBHEBIX KUCIOT. B IpOMBITIUTIEHHOCTH a30THYIO KHUCIIOTY TTOIyYaioT U3
amMmmaka. [Ipottecc momydeHUST a30THON KIUCIOTH COCTOUT W3 HECKONb-
KHX 3TaloB.

1. OKucIeHne aMMHuaKa

4NH3 + 502 — 4NO + 6H20
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MIPOBOJAT, TIaBHEIM 0Gpa3oM, TIpH aTMOC(hEpHOM IABICHUH, B Kade-
CTBe KaTaan3aTopa MCIOAL3YIOT IUTATUHY B BHOE TOHKOM CeTKH. Jlmsa
MIPUOAHUA IIPOYHOCTH CeTKe K IUIaThHe moGapmaiorT 5— 10 % pomus.
IIponecc BemyT npu BEIcoKoi (700 — 800 °C) Temmeparype.

2. Okucnaenne okcuna azora(ll):

2NO + 02 - 2N02

Oxkcun azora(Il) merko oKUCIsgeTcss KUCIOPOAOM Bo3ayxa. [1is ycko-
PeHHUsI 3TOro mpolecca U IS MOJIHOro okucieHuss NO MOBHIIAIOT
nmaBnenne (mpm masiaeHun okoixo 1 MIla okcun aszora(ll) mpakTuue-
CKH IMOTHOCTRIO oKHcasaeTcsa o NO,).

3. IMormomenue okcuma azora(lV) Bomoii:

3N02 + HQO - 2HNO3 + NO

DTOT TpoIece YCKOPIETCS MPH MOBHIIICHUN TAaBIcHWA U ITOHITKE -
HUU TeMIIepaTyphI.

Jna monyueHus pazbapireHHoM (48 — 50 %) KMCIOTH TIpH Iepepa-
00OTKe HUTPO3HHIX [a30B MPOIecC MPOBOMAT IIPH aTMOC(hEPHOM IaBie-
HUU.

Bboxee koHteHTpHupoBanHag (60— 62 %) Kuciaora moaydaeTcs TIpH
moBeImeHHOM (okomo 1 MIIa) maBieHnn, omHAKO MPHU 3TOM YBEIH-
YHUBaeTCs MOTEPsT KaTaTu3aTopa.

Jag yMeHBITIeHN MMOTeph KaTalu3aTopa M YBEIMICHHUS KOHIICHT-
palmy a30THOM KHUCIOTH MCIOIL3YIOT KOMOMHUPOBAHHEIE YCTAaHOB-
KW: TOpoliecc OKUCAeHWS aMMMaKa BeAyT MPH aTMOC(hEpHOM maBie-
HUU, a okKuciaeHue okcuaa azota(ll) — mpu mapmennu 0,4— 0,9 MIla;
rroygaetcss 60— 62%-# pacTBOp KUCITOTHI.

[ monydeHNA KOHIeHTpUpoBaHHOU (6omee 96 %) KMCIOTH pa3-
6aBrerHayI0 (50 %) a30THYIO KUCIOTY YIAPUBAIOT B MPUCYTCTBUM CEp-
HON KHMCJOTHI.

B maGopaTopnu a30THYIO KUCIOTY ITOAYIAIOT MeCTBHEM KOHIICHT-
PUPOBAHHOM CepHOI KHUCIOTH HAa HUTpaT HATPUA WIX HUTPAT Kaausd
Ipu c1a6oM HarpeBaHWM:

NaNO3 + HQSO4 e NaHSO4 + HNO3

(mpu BeICOKOI TemIiepatype obpasyercsas Na,SO,).
KonnenrpupoBadHueiii (98 %) pacTBOp a30THOM KHUCIOTH OOBIYHO
GecIiBeTeH, HO Ha CBETY YaCTO KEITeeT BCIECACTBHE Pa3TOXKeHUS:

4HNO3 - 4N02 + 02 + 2H20

DTOT mpoliecc ABIAETCA HEoOGpaTUMEIM HpH TemiepaType 86 °C.

KOHIEHTPUPOBAHHEBIA PACTBOP A30THOW KWCITOTHI ABISETCA CUITh-
HBEIM OKHcanTeneM. [Ipr 3ToM OCHOBHBIM KOHEYHBIM ITPOTYKTOM BOC-
craHoBreHUs aBiagerca NO,, HampuMep:

Pb + 4HNOs(koHIL) — PH(NO3), + 2NO, + 2H,0
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Okcun NO, BEAEIICTCS MPU B3aUMOACHCTBUNA KOHIIEHTPUPOBAH-
HOH a30THON KUCIOTH ¢ HeMETaIaMH, HallpUMeDp:

S + 6HNO3(KOHH) —> HQSO4 + 6N02 + 2H20

KoHmenTprpoBaHHag a30THas KACIOTa He pearnpyeT TOIbKO € 30-
JIOTOM, TTATHHON W HEKOTOPBEIMM MeTaLUTaMH IIATUHOBOM T'PYIIIIHL.

CMech KOHICHTPUPOBAHHOM a30THOM KHUCIOTHI ¢ KOHIICHTPHUPO-
BaHHOM XJTOPOBOIOPOIHOM KUCIOTOM B COOTHOIEHNN 1 : 3 Ha3HBaOT
uapckoi 600koi. B «1tapckoif BogKe» 30JI0TO paCTBOPSCTCS:

Au+ HNO,; +3HCl — AuCl; + NO + 2H,0

| Sy
«I1apcKast BOJKa»

XKeneso, aTroMIHAN W XpOM B XOJOTHOIN a30THOM KHUCIOTE IMACCH-
BUPVIOT, TIPU HATPEBAHUM PACTBOPSIOTCH.

Menee BEIpaXkeHHBIM OKHCIHMTEIEM SIBIACTCA pa3baBiIeHHAas a30T-
Hasg Kuciora. [Ipn B3amMomefiCTBUM ¢ MaTOAKTUBHBEIMH MeTaLTaMHu
OCHOBHBEIM KOHEUYHBIM MPOAYKTOM €€ BOCCTAaHOBIeHUS ABIsgeTca NO:

3Ag + 4HNO;(pa3d.) — 3AgNO; + NO + 2H,0

Bomee akTUBHBIC MeTalIbl ¢ CHIBHOpPa30aBIeHHON a30THOM KHC-
JoTOM 00pa3yIOT HUTPAT aMMOHUS:

47Zn + 10HNO3(p336) e 4Zn(NO3)2 + NH4NO3 + 3H20

Takum o6pa3zoM, IpH B3aUMOJCHCTBHI METAILTOB ¢ pa3GaBIeHHOI
" KoHIeHTpupoBaHHoil HNO; Bogopon He BEIAEISAETC.

C BeigeaeHueM NO IIpOHUCXOAUT peaKIus pa30GaBICHHON a30THOMR
KHMCIIOTEl ¢ HEMETAUIAMU:

2H20 + 3P + 5HNO3(p336) e 3H3PO4 + 5NO

B ocTanbHOM a30THas KUCIOTA MPOSBISAET BCe CBOMCTBA KUCIOT,
T.€. pearupyeT ¢ OKCHIAMHN METALUIOB, OCHOBAHUSIMH, COIMU.

be3BonHas a3oTHadA KUCIOTA — OBRIMAIIAA GeclBeTHAS XHIKOCTh
IUIOTHOCTEHIO 1,52 T/cM?, OYeHb TUTPOCKOMUYHASA, ¢ BOJON CMELINBA-
€TCA B JTIOOBIX COOTHOIICHUAX.

Hcrmonb3yioT a30THYIO KHCIIOTY B OpTaHMYEeCKOM CHUHTE3¢ I IT0-
JIy9eHUs HATPOIIPONU3BONHEIX (HUTpOOeH30/1a, HUTPOTTUIICpUHA, HUT-
polemtiono3sl). KpoMme Toro, ee MpUMeHSIOT I TTOAYICHUSI CepHOI,
¢ocdopHOI, MmaBeIeBoil KUCIOT, a30THEIX YIOOPEHMTIA.

Coau asomuoli Kucromol: KaK OMHOOCHOBHASI a30THAs KUCIOTa 006-
pas3yeT TOILKO CpemHUe, I HOPMAaTbHEIE, CONTH, KOTOpEIE HAa3HIBa-
0T Humpamamu. Bce OHA XOpOIIIo pacTBOPAIOTCS B Bome. HuTparsl Ha-
TpHUS, Kadnusd, Kadbllud 1 aMMOHUS HA3HIBAIOT CeAUmpamu.

149



Conn a30THOM KUCIOTH MPOSBIAIOT BCe CBOMCTBA comeii. Bce HUT-
paTBI TIpH HAarpeBaHUH pa3iaralores ¢ obpasoBaHueM Kucaopona. Kpome
KHCIOPOIa IIPU HArpeBaHUK HUTPATOB AKTUBHEIX METAIUIOB (CTOSIIMX
B PNy HampskeHUi meBee Mg) oGpas3yioTcsa HUTPHUTHL

t
Ca(NO3)2 e Ca(N02)2 + 02

HwutpaTsl Gomee TSLKEIBIX METAJLTOB (B PSAMY HAIpsDKeHUIT oT Mg mo
Cu BKIIOUUTENIBHO) pasiaraloTcsa ¢ o6pa3oBaHHeM OKCHIOB MeTajlla,
okcuga azora(lV) m xucmopona:

t
2Zn(NO3)2 — 27Zn0 + 4N02 + 02

Hutparel cepebpa, 3omoTa (B psaay HampsckeHuit mociae Cu) mpu
pPa3IOXKeHUN Na0T CBOGOMHEIN MeTam, okeuna azota(lV) m Kucmopon:

2AgNO; - 2Ag + 2NO, + O,

Cony a30THOM KUCTOTH, B YACTHOCTH CETUTPH, UMEIOT OYeHDb 00Th-
moe 3HadeHue. [Ipexae Bcero X MpUMEHSIOT B KaueCTBE YIOOpeHUIA,
KpPOME TOTO:

« HuTpar Kaausd KNO; — mis u3roTopaeHUSA mopoxa, B MHIICBOI
MIPOMBIIIIICHHOCTH, IIPU KOHCEPBUPOBAHUI MACA;

« HuTpar Hatpud NaNQO; — mId MoaydeHHA a30THOU KUCIOTHI, B
MUIIEBOM MPOMBINIICHHOCTH;

« Hutpat Kamenusg Ca(NO;), — B KauecTBe ymoOpeHMs.

an/IMep BbIMOJTHEHNA 3agaHU4d

3ananume. [Ipu nponyckanum cMecu razoB N,O u NO, odneMoM 5 11 uepes
PACTBOP TUAPOKCHUAA KATU 06pa30oBaTUCh HUTPAT M HATPUT Kaausa. Ha oxkwc-
JieHWe HUTPUTA Kalus B KUCTOHN cpele 6bIT0 U3pacxogoBaHo 1,58 r mepMaH-
raHata Kamud, B Pe3yNbTaTe OKUCIUTETHHO-BOCCTAHOBUTEIHLHOM peaKIImu
0o06pazoBaIuch HUTPAT Kanud 1 cyabdat Maprana(Il). Onpegenure coctas (%)
CMeCH Ta3oB.

Pemenue. 1. HanumreM ypaBHeHUS peaKITni:

INO, + 2KOH — KNO; + KNO, + H,0
SKNOZ + 2KMHO4 + 3H2804 - KzSO4 + ZMHSO4 + 5KNO3 + 3H20

Kak Hecoreobpasytonuii okcun N,O ¢ KOH He B3aUMOIEHCTBYET.

2. Onpez[enﬂeM MacCy HUTpUTA Kalud, OKUCIACMOT0O IICPMAaHIaHaTOM Ka-
g

2-158 r KMnO, oxucmioT 5 -85 r KNO,
1,58 1 KMnO, — x 1 KNO, x=2,125T.

3. W3 mepBoro ypaBHeHWsI BUAHO, UTO oaWH ob6beM raza NO, — 22,4 1
(1.y.) 6611 m3pacxomoBad Ha 85 r KNO,, a Ha 2,125 r KNO, uspacxonoBaHo
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0,56 1 NO,; apyroii o6veM raza NO,, T.e. 0,56 1, GBI U3PACXOJOBAH HA
obpazosanre KNO;, a Bcero NO, B cMecr 6610 1,12 1 mmm 22,4 %.
Takum obpasoM, cocTaB cMmecu: 22,4 % NO, u 77,6 % N,O.

Bonpocb n 3apaHug

1. OnuH U3 Tpex MUAUHAPORB 3anonHeH razoM NO, apyroit — N,O, Tpe-
Tt — NO,. Kak XUMUUYeCcKUM ITyTeM OTpeaeTnTh, KaKOW ra3 HaxXoauTcd B
KaxaoM TUauHApe?

2. K kakoMmy KJaccy OKCUJIOB oTHOcaTcs coequHeHus: NO, N,O, NO,?
OxapakTepu3yiTe UX XUMAYECKUE CBOWCTRA.

3. IToueMy a3oTHCTast KMCIOTA TIPOSIBISET U OKUCIUTENbHBIE, U BOCCTAHO-
BUTENIbHBIE CBOMCTRA?

4. CocraBbTe ypaBHEHHS peakinit paznoxenus coneit: Ba(NQO;),, Cr(NOj)s,

5. CocraBbTe ypaBHEHUS THIPONU3A CICAYIONIUX CONe B MOJNEKYISIPHON 1
noHHOU (PopMax: NH,NO;, Zn(NO;),, KNO,.

6. HanumuTe ypaBHEHUS peakiinii, ¢ TOMOIIBI0 KOTOPBIX MOXHO OCYIIe-
CTBUTH CNEYIOIIME TIPeBpAIlcHUS:

a) Zn(NO3); - NO, — HNO; — AgNO; — Ag;

6) HNO; — Pb(NO;), — K,PbO, — Pb(OH),.

7. Cxonmbko rpaMmMoB KOH motpebyercs A5l MOTIOMIEHNUS OKCUIA a30-
ta(IV), obpazosagmierocs mpy paznoxeHun 34 r AgNO;? (Omsgem: 17,8 1.)

8. Kakoe BelecTBO HA3BIBAIOT «I1APCKOM BOAKOM»? Hanuimte ypaBHeHUE
PEaKIIY B3AUMOJICHCTBHUS «IIapPCKON BOJKU» C 30710TOM. COCTaBbTE TMONype-
aKIUU A7 OKUCTUTEIbHO-BOCCTAHOBUTENBHOTO MPOIiecca.

9. Kak, ucrnonb3ysl IpupoHbie UICTOYHUKHU CHIPbs, monyuuth NH4NO;?

10. ITonmyuure pasaeiMu criocobamu conb Fe(NO;);, NCIonb3yst peareHTHI
NaNO3, HzSO4, Fe, 02, Hzo

9.5. ®ocohop

Haxoxnenue B npupone. B ipupone dochop B cBOGOAHOM BUAe He
BcTpevaeTcs. B Bume dpocdaTta KambIusg 1 pa3mAYHBIX IpuMecei hocdop
BXOOUT B COCTaB MUHEPANIOB anamum U gocgpopum ((POPMYIEI 3TUX MU~
HepaJoB MOXHO 3allcaTh B BHUIAE ABOWHBEIX COCTWHEHUIA: amaTuT
3Cay(PO,),  Ca(F,Cl),, dochopur 3Ca;(PO,),  Ca(OH),), a Takke B
cocTaB KocTeil 1 3y6oB. B Bune docdopHoil Kucmote ¢ocdop comep-
KUATCA B OPTAaHUYECKUX COCTUHEHUSX, HAIIpUMeED B BEIIeCTBE MO3TA.

IMonyyenne. B ocHOBHOM (bochop moayvyarT BocCTaHOBIEHUEM (oc-
daTta KagplMs, cofepXalierocs B amature U $ochopuTe, KOKCOM U
MMeCKOM B 3JIeKTPUICCKUX Tevax:

Cay(PO,), + 5C + 38i0, — 3CaSi0; + 5CO + 2P

O6pasyiomuecs mapsl docdopa, B KOTOPEX Gocdop YeThIpexaTo-
MeH — P,, oTBomaT B Boxay. [1pn KoHIeHcAIIMK TAPOB MOTYUIAeTCs Oe-
nmag ¢opma ¢ocdopa.
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Bboxee uncTrIii pochop MOKHO TOTYIUTh BOCCTAHOBICHUEM OKCH -
nma dochopa(V) yriaeM Impu BEICOKOM TeMIIepaType:

P205 +5C - 5CO + 2P

®Ouznveckne cBoiicTBa. CYIIEeCTBYIOT TPU OCHOBHEIE aJTOTPOITHEIS
MomuduKanun — OeNblil, KpaCHBIH 1 YepHBI (docdop; ecTh U Impo-
MeXyTOUHEE (POopMBI — (HDHOIETOBBIN, CBETIO-KpacHHI (hocdop.

beawtii ghocghop — mpospauHoe, BOCKOOOGPA3HOE W OUCHBb ATOBUTOE
BellleCTBO ¢ XapaKTepHBIM 3aIlaxoM. B Bojie He pacTBopsieTcs, HO XOpO-
IO pacTBOPSETCS B CepoyIiIepone W XKupaxX. B TeMHOTe Ha BO3Ayxe 3a
CUeT OKHUCIEHUS KUCIOPOMOM Bo3ayXa mapoB ¢hocdop CBEeTHTCH.

[Ipu paurensHOM HarpeBaHuu mpu Temirepatype 400 °C Genwlit poc-
dop mepexoquT B KPacHEIN.

Kpacuwii pocghop — HeAmOBUTOE BeIlleCTBO TEMHO-KPACHOTO IIBeTa,
HE pacTBOPSETCA B BOINE U CEPOYINIEpONe, YCTONYMBO Ha BO3MIyXe.

Yepuoili pocghop — TeMHOE ¢ MeTALINIECKUM OJIECKOM BEIIECTBO
CO CIOMCTBIMHM KpHCTaUIaMU; Imomgo0Ho rpacduty. ObIagaeT 3MeKTpH-
YeCKOIT MPOBOANMOCTBIO M TeIUIONPOBOTHOCTRIO. He pacTBopsaeTca HI
B omHOM pactBopurene. [loaywator u3 6emoro dochopa HarpeBaHHEM
mpu temiepatype 200 °C u oueHb BeIicoKoM (1 200 MIla) maBaeHNUN.

XuMHueckue cBoiicTBa. FMes Ha rociaeaHeM 3JTeKTPOHHOM CJIoe MATh
37IEKTPOHOB, (PochHOp MOXET HMPOIBIATH CICAYIONINE CTCTIEHN OKHC-
JeHUsd: -3, +3, +35.

Tpu ocHOBHEIE aTIOTPOITHEIE (POPMEI ocdopa pasTUIAOTCT XU-
MHUYeCKOU aKTUBHOCTEIO. Ecim Gennlii pocdop obmamaeT HanboIbIIIei
PEaKIMMOHHOMN CITOCOGHOCTRIO, TO YSPHBIM — HAWNMEHBIIICH.

Omuowenue k Hememannam. Ecim 0enwiit pocdop BocImiaMeHIETCS
Ha BO3myxe (ITO3TOMY €TI0 XpaHsIT U PeXYT MO BOAOI), TO KpaCHHIN 1
YepHBIN 3aroparnTesa Ha Bo3ayxe ¢ TpyaoM. TTpi ropeHnn BO BCEX CITy-
yagx obOpasyetcs okcun ¢occopa(V):

4P + 50, — 2P,05

B XUIKOM COCTOAHWUM U B Mapax mpu Temmeparype Huxke 800 °C
MoJeKyaa ¢ocdopa COCTOUT U3 4 aTOMOB, ITO3TOMY COCTaB Iapa OK-
cuga 6yner cooTBeTcTBOBaTh (hopmyie P,O,y, a peakumsa ropeHns oc-
dopa B KHCIOpOAE MPUMET BUI

P4 + 502 - P4010

[Ipu MenmTeHHOM OKUCICHWH WM CTOPAHUHU IPU HEMOCTATKe KHC-
nopona obpasyerca okcun ¢ocdopa(lll):

4P + 302 - 2P203 (P406)

Pearupyer docdhop u ¢ ApyrumMu HeMeTalIaMU: TaJlOreHaMu, ce-
PO, a30TOM:

2P + 3Cl, — 2PCl; umm 2P + 5Cly(u3061TO0K) — 2PCl;
152



IIpn remmepatype 250 °C xpacHbI pocdop pearupyeT ¢ Cepoi:
2P + 3S = PQS3

Omnowenue k memannram. C METOUYHBEIMA U METOTHO3EMETBHBIMUI
meramtamMu ochop obpasyer ¢dochumpl, IeTKO THAPOIUIYIONIIECS
BOmoIi ¢ o0pa3oBaHMEM ra3o00pa3HOIro NpoayKTa — gocduna:

°

400°C
P + 3Na—— Na;P

dochun HATPHA

Na3P + 3H20 —> PH3T + 3NaOH
dochun

Omuouenue K CA0HCHbIM eeuiecmeam. CuibHBIE OKHCIUTCIN, HAIIPpH -
ME€p a30THadA M KOHHOCHTpHUpOBaHHaA CC€pHad KHCIOTBI, OKHCIAIOT

¢ochop B pochopHYIO KHACIOTY:
P + SHNOs(koH11.) - H;PO, + 5NO, + H,0
IIpumenenne. benbliii hochop Kak i OpUMEHSIOT A7 BOPHOBI ¢
IPEI3YHAMU W HAaCEKOMBIMH-BPEIUTEISIMIT;, KpAacHBIHN (pochop HCIomb-
3VIOT B OCHOBHOM IIPH TIPOU3BOACTBE CIIMICK W CIUIABOB IIBETHEBIX Me-

TaJIOB KaK PacKUCIUTENb, YepHEIH hocdop — mId MOTyIeHUSI HeKO-
TOPHIX TTOIYIIPOBOTHUKOB.

an/IMep BbiIMOJTHEHNA 3agaHU4d

3apanme. CKONBbKO KUIOTPAMMOB YIJISI, TIECKAa M amnaTUTa, COACPXKAIIeTro
60 % docdara Kamplua, motpedyercsa s nonydeHus 124 kr ¢ocdopa? Ka-
KOBO HazHAYCHME KAXKIOTO U3 B3ATHIX BEIIECTR?

Pemenue. 1. IIponecc monydeHus ¢ochopa IPOXOAUT IO PEAKITNN

Ca;(PO,), + 38i0, + 5C — 3CaSiO; + 2P + 5CO

rme Ca;(PO,), — ocHOBHOE cBIphe; Si0, — mmakoo6pasoBaTtens; C — BoccTa-
HOBUTEb.
2. Macca BCTYIHMBIIETO B PEAKITUIO MECKA COCTARIACT:

Ha 3-60 kr SiO, mpuxogutca 2-31 kr P
Ha x Kr SiO, — 124 xr P x =360 kr.

3. Macca BCTYIIUBIICTO B PCAKIINIO YITIAA COCTABIACT:

Ha 5-12 kv C mpuxommresa 2-31 kr P
Ha x kr C — 124 xr P x =120 kr.

4. Macca BCTYIUBIIIETO B peakinio (ocdaTta KambIusa COCTABISICT:

Ha 310 xr Ca;(P0O,), mpuxomutcsa 2-31 kr P
Ha x Kr Ca;(PO,), — 124 xr P x=620 kr.

5. Macca amatuTa IIpH1 5TOM COCTaBUT:
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620 xr — 60%
x kr — 100% x=1033 kr.

Taxum obpazom, a1 moayaeHUs 124 kr pocdopa norpedborarocs 1033 kr
amatuta, 120 xr yrms, 360 Kr mecka.

Bonpocbl n 3agaHug

1. Kak monyuarot ¢doccop B npomblliieHHOCTH? Hanminure ypaBHeHUS
peakiuin.

2. Hanmumute snexTpoHHY0 (hopMmyny aroma docdopa. CKOTBKO BaleHT-
HEBIX CBA3CH MOXeT obpasoBaTh pocdop?

3. Kakwue anmnotporHbie Moandukanmu obpasyer ¢ocdop? Kak pasnuua-
IOTCS OHU 110 (PU3UIECCKUM CBOHCTBAM?

4. Kako# TUII CBSI3U pearnu3yeTcsl B MOJIEKyNnax coeiuHeHni: Mg;P,, P,O;,
PCl;, PH;y?

5. C KakUMH 13 CIeAVIOINIX BelecTB pearupyet dpocdop: H,, S, H,SO,,
H,0, Ba? Hanmmute ypaBHEHUS peaKITUii.

6. Onpenenute MONEKYISAPHYIO (POPMYITYy OJHOTO M3 OKCHUIOB (ocdopa,
comepxanre dochopa B KotopoM 43,7 %. TIIOTHOCTH MO XJIOPY I1apa 3TOTO
oKkcuaa paBHa 4.

9.6. CoeguHeHunsa docoopa

CoegunHenuns pocopa ¢ Bogopogom

Dochop obpaszyeT ¢ BOTOPOAOM Ta30006pa3HHIi (HochOpUCTHIN BO-
nopon — ¢gocgun PH;.

[MomyyaroT ero mpu HarpeBaHUU Gemoro docdopa ¢ KOHIEHTPUAPO-
BaHHBIM PACTBOPOM IICTIOUM:

4P + 3KOH + 3H20 - PH3T + 3KH2P02*

dochun rumodochuT
KaJus

a takke rugpoan3oM ¢ochuga kaapima Ca;Py:
Ca3P2 + 6H20 —> 2PH3T + 3C3(OH)2

win aericteysd Ha Cas;P, Xx10poBomopomHoi KUCIOTOI:
Ca3P2 + 6HCI —» 2PH3T + 3C3C12

* Tunmodochur xamua KH,PO, — conmb ogHoocHOBHOIM (ochopHOBATHCTOI KHC-
notsl H;PO,:

H
H—0—PZ
~H
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®ochuH — OYeHb AMOBHUTHIN GeCIIBETHEIN Ta3 ¢ YeCHOYHBIM 3alla-
xoM. OH IUIOXO pacTBOpSiETCS B BOJAE, €r0 pacTBOP HE MPOSBIAET HU
OCHOBHEIE, HH KHCIOTHEIE cBoiicTBa. CriocoGeH 06pa3oBLIBATL COIU
TOJBKO ¢ CUJIbHBIMU KucIoTamMu. [1pu o6pazoBaHuu coneit hochoHust
KaTuoOHOM ABIsAeTCI MoH ¢dochonus PH, '

PH3 + HCI 4 PH4C1
XJIOpHU
dochonus

Xmopug dpochonnsa PH,Cl — BemiecTBo HeIlpoYHOE, BOJAOK pasia-
raercsa Ha ¢dochua u HCIL.

CoegunHeHnns pocopa ¢ kucaopogom

Oxcud gocgopa(V) ammupmueckoit opmymnoin P,Os (¢ mcTuHHONK
Momnerymapaoin hopmynoit P,0O,y) momyuaror cxuranmnem docdopa B
U30BITKE KUCIOPOJA:

1
4P + 502 - 2P205

Oxkcun P,O5 KUCTOTHEIN, aKTUBHO ITOTTIONIAET BOAY — 3TO OTHO U3
BaxkHeummux ero cpoiicTB. C xomonmHoi Bogoi P,O5 obpasyeT MeTadoc-
(OpPHYIO KHUCIOTY:

P,0; + H,0 — 2HPO,
MeTadochopHas
KHCIIOTa

¢ ropsaueii — oprodochopHYIO (0OBIYHO e¢ Ha3hIBaloT IMpocTo (Poc-
¢dhopHOI):
P205 + 3H20 4 2H3PO4

oprodochopHas
(pochopnag) xucnora

Okcun P,O5 MOXeT OTHUMATH BOAY OT PAa3MMYHBIX BEIeCTB, Ha-
MIpUMep OT a30THOHM, CepHOIl, XIOPHOM KHWCIOT, OT CIHpTa, a¢Hupa,
¢eHONA M 1p.:

2HNO3 + P205 - N205 + 2HPO3
2HC104 + P205 - C1207 + 2HPO3

B ocransHOM CMY IMPpUCYIIIHN BCC CBOMCTBA KUCJIOTHOIO OKCH/IA. HpI/I
B3aUMOAECHUCTBUU C OCHOBAHUSAMU U OCHOBHEIMU OKCHMIaMH 06p33yeT

docaThr:
P205 + 3C3(OH)2 e Ca3(PO4)2 + 3H20
P205 + 3Ca0 — Ca3(PO4)2
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benoe kpuctaminueckoe BemecTBo P,Os Mpu HarpeBaHUM CIIOCO0-
HO BO3TOHSITHCS.

Oxcun ¢docdopa(V) MHUPOKO HCIIOAB3YIOT IS OCYIIKH Ta3oB U
KUAKOCTEH, a TaKXe MPU XUMUYECKUX MMpeBpallleHUsIX OpraHuIeCcKnx
BemecTB. Ilytem ruapatanuu P,Os MoayvyamoT MUIIEBYIO (YHUCTYIO)
¢dochopHYIO KICIOTY.

Oxcud gocgpopa(1ll) mmomygaroT mpu MeIJICHHOM OKHCICHUH (HOC-
¢dopa U HegocTaTKe KHUCIOpona; ero smmupuveckas ¢dopmyra P,O;;
HUCTUHHAsA MoyeKyasipHas dopmyna P,Og:

4P + 302 = 2P203 (P406)
Ha Bo3nyxe P,0; camookucmsercd, mpespaiiasick B P,Os:
P203 + 02 = P205

Oxcun docdopa(lll) — Geroe KprucTamINIeCKoOe BEIIeCTBO, OYEHD
SAIOBUTOE; TIPOABIACT BCe CBOIMCTBA KMCIOTHOTO OKCHIA.

C xomomHoi Bomoit P,O; obpa3yeT NIBYXOCHOBHYIO KHUCIOTY Cpell-
Helt cunel — docdopuctyio H,PO;, KoTopas aBiasgercs CHIBHBEIM BOC-
CTAaHOBUTEICM.

Docpopuas (opmoghocgpopras) xucaroma H;PO, MoXeT GHITEH TTOTY-
YyeHa He TOJBKO B3ammopeiictBueM P,Os ¢ ropsueit Bomoil, HO W IpH
rugponnse xaopuna ¢ocedopa(V) mwin okuciaeHneM beroro ¢ocdopa
pasbaBneHHO (32 %) a30THOM KUCIOTOIL:

PC15 + 4H20 - H3PO4 + 5HC1
3P + 5HNO3(p336) + 2H20 e 3H3PO4 + 5SNO

Texaunueckyo (hochopHyO KUCIOTY IIOIy4aloT o0paboTKoi ¢hoc-
¢opuTa UK amaTUTa, colepxammux docdaT Kaablus, CEpHONH KUCITO-
TOMU:

Ca3(PO4)2 + 3HQSO4 e 3CaSO4 + 2H3PO4

nin 1mpu BSaHMOﬂeﬁCTBHH X C yIJIEM!
Cay(PO,), + 5C — 2P + 5CO + 3Ca0

®ochop 3atem okucaaioT g0 P,Os, mocaemHWii MOITOIMIAIOT BO-
noit, obpasyerca docdopHasa KHCIOTA.

Bcemu stimu crmocobamMu momydaroT 85 — 95%-10 ochopHYIO KHC-
JIOTY, KOTopas MmpeAcTaBisieT coboil BecClBETHYIO CHUPOMOOOpPa3HYIO
KUAKOCTD.

®ochopnHag 100%-a kucaora — GeclBeTHOE KPUCTATUIMISCKOES BE-
mecTBO; npu Temmeparype 42,4 °C mraBuTcs, IpeBpalasich B CHPOIIO-
obpasnyto xuakocts. C Bogoii H;PO, cMemmBaeTcs B MOOBIX COOTHO-
MIeHUSIX.

ITpu moBkIIEHHBIX TeMepaTypax ¢occhopHas KUCIOTA MePeXOauT
B mupodochOpHYIO KUCTOTY — BECIBETHYIO CTEKIOBUAHYIO Maccy:
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2H3PO4 = H4P207 + HQO
mupodochopHas
KHCITIOTA

®ochopHasg KHCIOTA ABIACTCI TPEXOCHOBHOM KHUCIOTOM cpemHei
CHUITBI, TACCOITUMPYIOMIEH O TPeM CTYIICHSIM:

H;PO, &2 H'" + H,PO; (I crynmens, o = 27 %)
H,PO; & H'+ HPOZ (Il ctynens, o = 0,11 %)
HPO; &2 H™ + PO; (III crymess, o = 0,001 %).

Kak sugso, nixa 0,3 M pactBopa ¢ocdopHOI KHCITOTH OHA OTHO-
CUTeIBHO cuiabHad mmo 1 crymenn u oueHsb cmabas o 111 cTymenn.

Hnst pocchopHO KUCTOTHI XapaKTepHBI BCe CBOMCTBA KUCIOT, KPO-
Me OKUCITUTEeNbHBIX. OHa pearupyeT ¢ MeTa/LTaMU, CTOSIIIIUMU B PSIAY
HAIIPSDKEHUH 10 BOAOPOAA, ¢ OCHOBHBLIMHU OKCHUIAMU, OCHOBAHUSAMH,
conamu bomee cmabbix KuciaoT. [Tpu Harpesanuu H;PO, He pasmaraer-
Cs Ha OKCUJL U BOAY, a MEePeXoIuT cHavama B mMupodochopHYIO KUCTO-
Ty, 3aTeM MpH MOBBIIeHUW TemmepaTyphl po 300°C — B moammep
MeTacocpOpHOI KUCITOTHL

° °

260 C
H3PO4 _— H4P207—> (HPO3)n

®ochopHasg KACIOTAa — HEINOBUTOe coemmHeHMe docdopa, mo-
3TOMY €¢ UCIIOIB3YIOT B MUIIEBOM (TIPH U3TOTOBACHUN MTPOXIATNTEIb-
HBIX HAIIATKOB) W (papMalleBTHICCKON MPOMBIIIIeHHOCTH.

Texaumueckas dochopHasg KICIOTa UACT HA IPOU3BOACTBO YAOOpe-
HUI, aMaieif, 3aMa3Ki IId cKienBaHug ¢apdopa u T.1.

Coau ochoproii kucaomer: IBIAACH TPEXOCHOBHOMN KUCTOTOM cpe-
Heii cunel, H;PO, o6pa3yet Tpu psna docdaToB: ogHO-, IBYX- U TpeX-
3ameleHHble. Bee oonozamewennoie (Oueudpogocgpamor) MH,PO, (M —
OMHOBANCHTHHINM METAIN) PACTBOPUMEI B BOIE, M3 08YX3AMEUCHHBIX
(eudpogpocchamos) MIHPO, u mpexzamewennvix (pocgpamos) M,PO,
PACTBOPUMEI TOTBLKO COJHI MISTOYHEBIX MeTaIoB. HepacTBopruMEIe B Bome
docdate mox geticTBHEM CHIBLHBEIX KUCIOT MOTYT MEPEXOIUTh B KUC-
JIBIE COMH, HATIpHUMED:

Ca3(PO4)2 + 4HNO3 e 2C3(NO3)2 + Ca(H2P04)2

muruapodocdar
KaJIbITUS

Kucaele comu MOryT Takxke o0pa3oBBIBAThCS B pe3yjbTaTe HEIMo-
Holl HetiTpaan3zanuu GocHOopHON KUCIOTHI:

H,PO, + KOH — H,0 + KH,PO,

muruapodochar
KaJust
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H3PO4 + 2KOH — 2H20 + KQHPO4

rugpodocdat
KaJTUs

®ocdatel u ruapodocdaTsl MeTOYHBIX METAJUIOB THAPOIN30BAHE
B BOTHOM PacTBOPE M COOGITAIOT eMy IIeJIOYHYIO pPeaKITio:

Na;PO, + H,0 2 NaOH + Na,HPO,

Na,HPO, + H,0 2 NaOH + NaH,HPO,

PactBop murunpodocdara HATPUSA SBIAETCA KHCIBIM:
NaH,PO, + H,0 & NaOH + H,PO,

Jns o6Hapyx)eHust noHoB PO~ B pacTBOpe UCIIONB3YIOT PEAKTHUBEL:
Hurpat cepebpa(l) u pactBopumnbie conu xkenesa(lll), obpaszyromiue
OCAIKM APKO-KEITOTO M XEITOBAaTO-0eI0To IMBeTA:

POJ + 3Ag' — Ag:POy; PO;f + Fe’' — FePO,
0CcajgoK 0CcajgoK

SPKO-XKEJITOTO KeJIToBaTo-6€eJ10r0
1BETA 1BETA

[MpoussomHbIe dochopHOIT KUCTOTH UMEIOT OTPOMHOE TTPaKTHIEC -
CKO€ 3HaUeHHe, 0COOEHHO TS CeTbCKOTO XO3SIMCTRA.

®ocdop, Hapsamy ¢ a30TOM U KaameM, SIBIICTCI MaKpOdJTeMeH-
TOM, HEOOXOMUMBIM UTI HOPMATBHOTO Pa3BUTHA pacTeHUil. B moumy
¢dochop BHoOcAT B BHuae coieil PpochOopHOU KHUCIOTH — @ocgopHbix
ydobpenuil.

K Baxue#mumM ¢pochopHEIM yIOGPEHUAM OTHOCHTCA IIPOCTOM Cy-
nepdocdaT, moaydaeMEBIil IIpu 06paboTKe amaTUTOB U (HPOChOpPUTOB,
comepxkamux dochar KaabIlusd, CEPHON KUCIOTOIM:

Ca3(PO4)2 + 2HQSO4 e Ca(H2P04)2 + 2CaSO4

Cwmechk monyueHHEX coneri Ca(H,PO,), u CaSO, Ha3BIBalOT #po-
cmbim cynepgocghamon.

Hurunpodocdar kaneima Ca(H,PO,), xopollio pacTBOpSAETCS B BoIe
1 JeTKO yCBaUBaeTCA pacTeHUAMH, Torma Kak CaSQ, IIoXo pacTBOpsI-
eTcs B BoJe U sIBIsIeTcs 6amnacToM (pochopHEIX yaooperuii. J1sa ocBo-
6oXxaeHUS OT Hero anmatuT u ¢ocdopur obpadaTeiBaloT (hochOopHOM
KHCITIOTOM, TIPYU 3TOM ITOIYYAeTCA TaK Ha3BIBaeMEIN deoiinol cynepgoc-
¢am, cocToamuii ToIbKO U3 guruapodocdara KaabIlus:

Ca3(PO4)2 + 4H3PO4 e 3C3(H2PO4)2

T'mnpodocdar kamsmuss CaHPO, - 2H,0, HazpIBaeMBIN npeyunuma-
mom, TIOITyJaeTcd MpH B3auMoaeiicTBUH (poc(OpHOM KUCITOTH ¢ THAP-
OKCHUIOM KATBIIUS:

H3PO4 + Ca(OH)2 e CaHPO4 2H20
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[Ipenunurar MOXHO IMOJXYYHUTEL IIpHU o0paboTke murumpodocdara
KalbITig runpodochaTaMy MIETOYHBIX METAIOB!

Ca(H2P04)2 + NaQHPO4 e CaHPO4 + 2NaH2PO4

Ianpodocdat Kaablsa MIOX0 pacTBOPAETCS B Boe, HO JIETKO pac-
TBOpSETCA B KHUCIOTAX.

Hurunpodocdar kamma KH,PO, moxyJaioT criaBIeHueM XIopuaa
Kanmsa ¢ ¢pochopHoit Kucmoroit. CHavama obpa3syerca meradocdar Ka-
g KPQO;, KoTopeIif 3aTeM TIAPOIN3yeTCa B BOTHOM PacTBOpe U IMOC-
e Kpuctawmm3anuu obpasyerca KH,PO,:

1
H3PO4 + KCI —» KPO3 + HCl + HQO
KPO3 + HQO - KH2P04

Tuopodocdar ammonmsa (NH,),HPO, moxyyaror HeHTparu3anuei
dochopHOH KMCIOTH aMMHAKOM:

H,PO, + 2NH, — (NH,),HPO,

DTAM Ke IIyTeM MOXHO MOJYUHThL AuruapodocdaT aMMOHUA
NH,H,PO,, Ha3sIBaeMEIi ammogpocom.

Cwmech conett KH,PO,, (NH,),HPO,, NH,H,PO, oTtHOcuTcs Kk
cnoxcHbIM yoofpenusm — YIOOPEeHHAM, COmepXKaIlluM He MeHee IBYX
MUTATeIBHBIX I PACTCHUM 2TeMEHTOB, XUMIUUIeCKI CBI3aHHEBIX MEX-
Iy coGoI.

Ecan cMemate aMModoc W XIOpUI Kaausd ¢ pacIUIaBIeHHOM aM-
MHUAYHOI CeIUTPOi, TO MOAYYaeTCA CIOXKHOEe yIoOpeHMe, COmepKa-
IMlee TPW MUTATeTLHEBIX I pacTeHW aaeMeHTa: a3oT, (ocdop, Ka-
mmit. Takoe ymo6peHne Ha3sIBAIOT HUMpPOGOCKOil.

®ochaTel MIUPOKO HUCHOMB3YIOT TAKKE B IMPOMEBINIICHHOCTH U B
KavecTBe TabopaTOpHEIX peakTHBoB. HampuMmep, docdaT Kampus mpy-
MEHSIOT TSI M3TOTOBICHUA 3Malel W MaTOBHIX CTeKoi, docdar Ha-
TPUS — I OYUCTKH BOIEI, MTUTAIOIIEH MapOBEIe KOTIEI; KUCIEIE (poc-
daTel UCIONB3YIOT B KAUECTBE PeaKTHUBOB B aHATUTHUYECKON XUMUU;
rugpodocdar Kaablusa YIIOTPEOIAIOT B KaUeCTBE J00AaBKU K KOPMaM.

Opraangeckue docdatel (pocharsl 2¢pupoB, caxapoB U IIIULEPU-
HAa) UTPAOT BAXHYIO PONb B OMONOIMIeCKUX Ipolleccax.

MpuMepsb BbINONHEHUSA 3a4aHWUN

3apanme 1. Kakag conb o6pazoBanach 1 B KAKOM KOIMYECTBE, €CIH 5,5 MIT
40%-ro pacteopa docdopHOI KUcIoTh! (mrotHocTh 1,115 r/cm®) mormorunm
1,12 1 ammmaxa?

Pemenue. 1. Onpenemsiem Maccy ¢pochopHoit KUCIOTHI B 5,5 M 40%-ro

pacTBopa:
mo Mo m(H,PO,) = (5,5-,115) r-40 %

100 %’ 100 %

=2,45T.
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2. ®ochopHAsT KUCITOTa TPEXOCHOBHAM, TO3TOMY MOXET 06pa30BBIBATE C
AMMUAKOM TPH Psia CONE:

H3PO4+NH3 - NH4H2PO4 (1)

muruapodochar
aMMOHUS

H,PO, + 2NH, — (NH,),HPO, (2)

rugpodocdat
aMMOHUS

H3PO4 + 3NH3 - (NH4)3PO4 (3)
docoar

AMMOHMUW A

3. IlpeamonoXuM, 9TO B3aMMOCIHCTRIE MPOILIo o peaknny (1), Torma:

98 r H;PO, B3aumogeticteyor ¢ 22,4 1 NH;
x 1 H;PO, — ¢ 1,12 1 NH;4

981,12
X = 2~ =49,
22,4
a B peakInio BCTYIIAIO TOMBKO 2,45 T; CIeA0BaTeIbHO, I O6pa3oBaHUS M-
rugpodocdara aMMoHMS He XBAaTUT (GochOpHON KMCIOTHL.
4. IIpeamomoxXuM, YTO B3aUMOJAEHCTBIE IIPOIILIO IO peakiuu (2), Toroa:

98 r H;PO, BsamMopetictByooT ¢ 2°22,4 1 aMMmuaka
xr H;PO, — ¢ 1,12 m1 ammnaka

981,12
X=—
2.22,4
clIeMOBaTeIbHO, 00pa3oBanachk coib ruapodocdaT aMMOHMSI.
5. OmpenensgeM Maccy COly, 00pa3soBaHHOU ITo peaknuu (2):

Ha 98 r H;PO, mpuxoautcs 132 r (NH,),HPO,
Ha 2,45 r H;PO, — x r© (NH,),HPO, x=33r

Takxum obpazoM, OBLIa TOJyIcHA colb rmapodocdar aMMOHUI Maccoit
3,3r.

3apanme 2. Omnpenenute MaccoByio momo (%) P,Os B aBoitHOM cynepdoc-
darte.

Pemenmne. Ilpeacrasum ¢opmyny comu Ca(H,PO,), B Bume oKcHIoB
CaO- P205 N HzO:

m(Ca(H,PO,),) =234 1, m(P,0s) =142 T,

=245,

TOorIa

100 % = 60,7 %.

m 142 ¢
=™ 100%; w(P,05)=
0= 100%: o0 =

Taxum obpasom, MaccoBasa moxsa P,Os; B gBoiiHOM cynepdocdare cocTaB-
mset 60,7 %.
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Bonpocb n 3apaHug

1. Kakoe 13 IprBeIeHHBIX COCTMHEHUM BCTPEUACTCS B IPUPOAC U CIYKUT
g npoussoacTia docedopa: Ca(H,PO,),, Caz;(PO,),, Mg;(PO,),?

2. HazoBuTe crneayromue COMM W HANUIINUTE WX rpaduueckue (hOpMyIIbl:
(NH4)2HPO4, ZH(H2P04)2, Ba3(PO4)2, KMgPO4

3. Beraucnure MaccoBylo aomto (%) okcuma docdopa(V) B comn BaHPO,.

4. Kakoe 13 y1oOpeHui cofepXuT GOIbINEe MUTATENBHBIX BEIIECTR: aMMO-
¢oc, HuTtpodocka, aBoitHOI cymepdocdar?

5. Ilpu moMoIM KaKWUX peakIluii MOXHO OCYIIECTBUTH CIEAYIONIHAE TIpe-
BpAIleHUS:

P,O; — H,PO, — Ca;(PO,), - CaHPO, — Ca(H,PO,),

6. Ha 1 r cmecu cepebpa, Maraus W IIWHKA MOJeHCTBOBANTN opTodochop-
HOM KHUCIOTOH, IpW 3TOM BbIOemIoch 4,48 1 raza (d1.y.). llpu B3aumomeii-
CcTBUM 1 T TaKOW CMECH C PacTBOPOM THUAPOKCHAA HATPUS BBEIACTUIOCH 2,24 1T
rasza. Ompenenute cocTaB (%) cMecu. (Omeem: 26 % Ag, 20 % Mg, 54 % Zn.)

7. Ompenenute MaccoByto momwo (%) Hs;PO, B pacTBOpe, MONTyICHHOM
npu pactBopeHun okcuaa ¢gocgopa(V) mMaccoit 14,2 T B pacTBope 00BEMOM
200 mi ¢ Maccopoii goneit H;PO, 40 % (turotHocTs 1,25 r/cMm?). (Omeem: 45 %.)

8. IIpu meiicTBUN XJTOPOBOAOPOTHON KUCIOTH Ha 26,8 T dhochuraa Maraus
BBIACIUICS STOBUTHIM Ta3. Beiuncnute oobeM (H.y.) raza. (Omeem: 8,96 1.)



naea 10
FrMABHASA NoArPyYnnA 1Iv reynnbl

N3yuume rnasy, cnenyer:

3HaTb COCTaB, CBOMWCTBA, CNOCOOkI MOYHEHUS U NMPUMEHEHWE BaXKHE LI NX
COeAMHEHUI 9NEMEHTOB MaBHoW Nnoarpynnsl IV rpynnsl, 0CO6eHHOCTN CTPO-
EHUSA anNoTPONHLIX MOANDUKAUWIA Yyriepona U KpeEMHUS;

YMeTb OXapakTepu3oBaTb 06LiMe CBOMNCTBA 9N1eMeHTOB NoArpynnel, Go-
CTaBNATbL XMMUYECKNE YPaBHEHUSA U peLlaTh 3a4a4u, NOATBEPXAAIOLLUNE CBON-
CTBa NPOCTLIX BELLECTB U UX COEAUHEHWU.

*10.1. O6Gwaqa xapakTepucTukKa

B rmaBHyio noarpymmy 1V rpynnel Ileproanyeckoil CHCTEMBI BXO-
ST OATh 2MeMeHTOB: yeaepod C, kpemuuil Si, eepmanuti Ge, 04060 Sn
n ceuney Pb.

Ha BHemiHeM ciioe aTOMOB 3TUX 3JIEMEHTOB UMEETCS YeThIpe 3JeK-
TpoHa. [ToaToMy aTOMBl 3TUX 3JIEMEHTOB, Ka3aloch ObI, MOTYT Kak
MPUCOSAUHATL, TaK U TEPATh YeThIpe SJIEKTPOHA, MPOSBIAA CTEIeHU
okuciaeHus —4 u +4 coorBeTcTBeHHO. OQHAKO ¢ yBeIUUYCHUEM pa3Mepa
aToMa OT yrjiepoaa K CBUHIY HeMeTaIMuecKue CBONCTBa ociabeBa-
0T, 4 MeTAUIMYECKHUE YCUIUBAIOTCS U YK€ TepMaHUi Hapsay ¢ Heme-
TAJUTMYECKUMU MPOSIBIISICT METAITMYECKHE CBOKMCTBA, a OJIOBO U CBHU-
Hell — 3TO TUMUYHBIE METAJIbI.

Toapko A1 HEMETAUIOB — yriiepoja U KpeMHUS XapaKTepHBI CTe-
MeHU oKUcaeHusd —4 u +4. MakcuMalbHYIO BaJlEHTHOCTh, PAaBHYIO Ue-
TBIpEM, OHM MIPOSBIISIOT IO OTHOIIEHUIO K Bofopoay u kuciopony. Ho
Hapsay ¢ 9TUM YIJIepoA U KpeMHHUU MOTYT o0pa3oBbIBATh HEMHOTO-
YUCIEHHBIE U HEYCTOWYMBBIC COCAUMHEHUS CO CTEMEeHBIO OKUCIESHUS
+2 (okcHuabl, CyTb¢hUIBI).

OnoBo U CBUHEL, HA0OOPOT, 00PaA3yIOT YCTOMUMBBEIE NBYXBAJICHT-
HBIe COeAMHEHMsI, U Adaxe Oojee YCTOMUUBBIE, YeM C BaJIeHTHOCTBIO
yeTbipe. KpoMme TOro, o0BO M CBUHEI[ MOTYT CYIIIECTBOBaTh B BHUIE
MOJIOKUTENBHBIX HOHOB.

BaxHolt 0cOGEHHOCTBIO HEKOTOPBIX 3JIEMEHTOB [MTaBHOUN MOATPYII-
el IV rpymnsl ABasgeTcs CocoBHOCTh K 00pa30BaHUID KOBATEHTHBIX
cBsA3ei Mexay atomamu. OcoOGeHHO XapakTepHO o0pa3oBaHHMe KOBa-
JIeHTHBIX cBsi3eit C— C 11t aTOMOB YIJIepoia, ropas3no MeHee 3TO CBOM-
CTBO MpPOSIBJISIETCS Y TepMaHUS.

HekoTtoprele coequHeHUS 3eMEHTOB TaBHO# moarpymnmnsl IV rpym-
MBI U UX CBOKCTBA MpuBeAeHbI B Tabm. 10.1.
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Ta6nwuma 10.1. HekoTopbie coeTHHEHUs] 3JIEMEHTOB IJIABHO#H MOArpymmb
IV rpynnel m ux cBoiicTBa

CgoiicTBO C Si Ge Sn Pb
Pacopenenenue 2,4 2,8, 4 2, 8, 2, 8,18, | 2, 8, 18,
SIIEKTPOHOB 18, 4 18,4 | 32,18, 4
1O 3MEKTPOHHBIM
CIOSIM
BaneHntHoCTh II, IV II, IV II, IV II, IV II, IV
Bonoponnoe CH, SiH, GeH, SnH, PbH,
COeTMHEHUE VIIEBOMO- | KpeMHe- | repMaHo- | TUAPUJ | TUAPUI

pon BOIOPOZT | BOAOPON OoBa CBUHIIA
(MeTan) | (MoHocu- | (MoHO-
JTaH) repMaH)

Okcun tnna 30 (60) SiO GeO SnO PbO
Hecone- | Heconeob- | amdoTep- | OCHOB- OCHOB-
obpasy- | pasymommii HBIT HBINA HBIN

FOIIUAT
T'ugpoxcun — — Ge(OH), | Sn(OH), | Pb(OH),
3(0OH), amdotep- | OCHOB- OCHOB-
HBIT HBINA HBINA

Oxcun tuna 30, CO, Si0, GeO, Sn0O, PbO,

KIICIOT- kucnot- | amgorep- | amdo- |amdotep-
HBINA HBIN HBIT TEPHBIA HBIN

THZ[pOKCHZ[ H2C03 H28103 H2G603 stn03 HszO3

20, nH,0 MeTa- MeTa- MeTa- MeTa-

(n=1,2) dopma dopma dopma dopma

H4SiO4 H4GCO4 H4Sn04 H4Pb04
opTo- opTo- opto- | opTodop-
dopma dopma dopma Ma

AHUOH cor Sior | Geor | snor | PbOr

Katuon — — Ge? Sn* Pb*

Sn4+ Pb4+
Bonpocb n 3apaHug

1. IIpuBeanTE SMEKTPOHHYIO KOH(MUTYPAITUIO aTOMA TEPMAHUS U €TO BHE-
IITHIOK BIEKTPOHHYK 000JOUKY B BO3OYKICHHOM COCTOSHHH.

2. Kak o0BbsCHUTB, UTO IPU TEPEXOE OT YIIIEPO/ia K CBUHITY YCUIUBAIOTCS
MeTaLTHIeCKNe CBOWCTRA?

3. Kaky1o BaeHTHOCTD U CTENICHB OKUCTIEHNUS IPOSIBISIET YITIEPO B COCTU -
"enusx: CH,, CO, C,H,, C,H,, CaC,, ALC;?
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4. Kax mMeHstoTes cBoricTBa oKeuaoB D0, B Ipeenax IMaBHON TOATPYIIIBI
IV rpyoms?

5. BzauMojielicTBIE TEPMAHUS U OJIOBA ¢ KOHIICHTPUPOBAHHON A30THOM
KHCTOTON TIPOUCXOMUT IO CXEME!

Ge + HNO3 - H2G603 + N02 + Hzo
Sn + HNO; — H,SnO; + NO, + H,0

Hanumuite noxypeakiuy A1 OKUCIUTEIA M BOCCTAHOBUTENS, PACCTABBTE
K03 pUITIECHTEL.

6. CBUHEIl B OTIMUME OT TePMAHUS U OJOBA HE TIPOSIBIAET HEMETAITHYC-
cKue cBo¥icTBa. Kak BB AyMaeTe, mouemMy?

10.2. Yrnepogp,

Haxoxnenne B npupoae. B cBOGOJHOM COCTOSIHUU YIIIEPOJ HaXO-
IUTCA B IpUpoe B ABYX KpUCTALTMUECKUX (popMax — B BUJE aaMasa U
rpaduTa. Berpewaercs B MuHepanax, Harmpumep B Buge CaCO;, Bxo-
IUT B COCTaB MpaMopa, U3BECTHSKA, Mejla, MUHEPAIOB AOJIOMHUTA
CaCO;- MgCO;, margesuta MgCO;, mamaxura (CuOH),CO;, mmH-
koBoro mmmata ZnCQOs;.

Yraepon ABIseTCA TIAaBHON COCTAaBHOM YacCThiO BCeX XUBOTHBIX U
pacTUTEIbHBIX OpraHu3MoB. [IpoaykTaMu pa3moxkeHUs OpraHuueCKux
BEIIECTB, COACPXKAIUX YIIEPON, ABISIOTCS YIIU, He(Th. YTaepoa BXo-
JUT B COCTAaB MHOTUX MPUPOAHBIX ra30B, COAECPXKUTCA B aTMocdepe B
Buge okcuma yriaepoma(lV) CO,.

IMonyuyenne. Hapsany ¢ mipuponHoi no0byeit aaMa3oB U rpacduta
MIUPOKO HAJTAXEHO UX MPOU3BOJACTBO B MPOMBIIIIEHHOCTH.

Hauunas ¢ 1955 r. B IpOMBIIIEHHOCTH alMa3bl MOAYyYamT U3 rpa-
¢uta pu oueHb BEICOKUX Temmeparypax (3 000 °C) u gapreHmsIx (60-
nee 1000 MIla).

I'pacut MOXHO TTOTYYUTH TIPU HATPEBAHUU B JNEKTPUUECKOU TTeUn
CMECHU YepHOro yris U okcuaa kpeMHUSA(IV), a TakKe MpH ATUTENb-
HoM HarpeBanuu (o 1 500 °C) cMecn HepTIHOro KoKca M KaMEeHHO-
YTOJIBHON CMOJIBI.

®uznyeckne cBoiicTBa. Kak ckazaHo BEIIIe, YIIepo CYIMIECTBYET B
JIBYX KpUcCTaJLTUUecKux popMax — B BuAe aaMasa U rpadura.

Aamaz — GecuBeTHOe, MIPO3pavyHOE, CaMOe TBEpJ0e M3 BCEX MPOCTHIX
BEIeCTBO; MMeeT OOJBIIYIO JTYYempeaIoMIIeMOCThb, Omarogaps uemy
OTIMYAETCS CUIBHBIM OJIECKOM; He MPOBOAUT SMEKTPUUSCKUMN TOK.

Ipagpum — cepoe BelecTBO ¢ METATMYECKUM OJIeCKOM, XHUPHOE
Ha OIIYMb, XOPOIIO MPOBOAUT TEILIOTY U 3TEKTPUUECKUI TOK.

MUKPOKPUCTAULIMYECKUMU (popMaMu rpauTa SABISIOTCA YO (Yep-
HBIN YroJb, IPEBECHBIN YTrodb U KOKC), caxka.

XuMuueckue CBOMCTBA. YIIepod — THUIIAYHEINA HemeTamn. Mmes Ha
BHEIIIHEH 3IEKTPOHHOM 000JI0UKe YeThIpe 3JeKTPOHA, OH MOXeT Mpo-
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SIBIIATH CTEMEeHb OKUCAeHUS +4 U —4; KpoMe TOoro, obpasyeT coeuHe-
HUS U B IPYTUX CTEMEHSIX OKUCICHUS.

B dopme anmmaza yriepos XUMHUYECKH CTOEK, HE pearupyeT ¢ KHUC-
JIOTaMH, OCHOBAaHUSIMHU, TaJlOTeHaMM, He CIUIABISETCS € CONSIMU, HO
mpu HarpeBaHum o 800 °C mpeBpariaerca B okcun yraepoga(lV). I[Ipu
CUJIBHOM HarpeBaHUU 6e3 MoCTyIa BO3ayxa ClocoOeH MpeBpaliaThes B
rpacur.

PeakiimoHHast cmocoOHOCTH rpaduTa BBIIIE, YeM aiMasa, HO HUXe,
yeM yris.

IIpu BeICOKOI TemIepaType yriaepod (B YaCTHOCTH, Yrojib) B3au-
MOJICHCTBYET:

1) ¢ memaaramu, obpasyss KapObuael pa3TUuUHOTO COCTaBa, HAaIpHU-
mep Al,C;, CaC,, Fe;C u mp.:

t
4Al + 3C 5 ALC,

2) ¢ Hememansamu — TIpU TeMIIepaType SACKTPUUECKON NYTH ¢
BOZOPOIOM:

C+2H, - CH,
¢ a30ToM, 00pa3ys OeCIBeTHBIN SAOOBHUTHIN ra3 — MUIHAH:
2C + N, - C)N,
¢ cepoii, 06pa3ys cepOyIIepo:
C+28 - CS,
¢ KUCIOPOIOM, 0Opa3ysd OKCUIBIL:
C+0, > C0O, 2C+ 0, > 2CO

¢ TaToreHaMHU YIJIEpOI HEIMOCPENCTBEHHO He B3aMMOIEWCTBYeT (3a
HCKITIoYeHueM ¢Topa);

3) co croxcHbiMu euwjecmeamy — TIPU TIPOTTYCKAHWM BONSHBIX TIa-
pPOB Uepe3 pacKaleHHBIN yroib WIM KOKC MHpH TeMIIepaType BEIIIE
1200 °C obGpasyeTcs BOIASHOII ras

C + H,O - CO + H,
yIIepo] Crmoco6eH BOCCTAaHABIUBATH METAJLTHI U3 UX OKCHUIOB!
2Fe,0; + 3C — 3CO, + 4Fe

KoHIIeHTpHupoBaHHEIe KucaoTel HNO; n H,SO, ipit HarpeBaHU# OKWIC-
gt yraepod go CO,:

3C + 4HNO; — 3CO, + 4NO + 2H,0
C+ 2HQSO4 - C02 + 2802 + 2H20

HpHMeHeHHe. COBepH.IeHHO MIPpO3pavHbIC aJIMa3bl UCITOJIB3YIOT AJIA
HM3roTOBJICHUA Aparou€HHbIX KaMHEH — 6pI/UU[I/IaHTOB. O,I[HaKO ajama-
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30B «UHCTOU BOIEI» B MPUPOAE OUYeHb Mano (okKomo 5 %). OcTaabHBIE
IIPUMEHSIOT I TeXHUUEeCKUX Ieeli: OypeHnsa TOPHBIX IIOPO, IILIH-
¢doBaHHA 0cO00 TBEPALIX MATEPHUANOB, PE3KH CTEKJIA M TBEPABIX Ka-
MEHHEIX IIOPOJ, 3aTOYKHN PEeXYIIUX MHCTPYMEHTOB M3 TBEPABIX CILIA-
BOB.

ITo TexHmYecKUM KadyecTBaM MCKYCCTBEHHEIE aaMa3bl JIyUIlle IIpH-
POIHEIX.

Bnarogaps crocoGHocTH rpadhuTa IPOBOAUTE SMEKTPUICCKHUIA TOK,
€r0 MCHOIL3YIOT MPH M3TOTOBICHUM 3IEKTPOIOB IS 3ICKTPUUSCKUX
Mmevyei M 2JIeKTPOIU3EPOB, B CMECH ¢ INIMHON — TUIJIEH I Iepe-
IUTAaBKH METAJIIOB.

I'papuT MHUPOKO UCIIOMB3YIOT IIPU CTPOUTEIALCTBE SMCPHBIX peak-
TOpOB. MHOI0 €ro uAeT Ha IIONIyYeHINe MIHepaIbHBIX KpacoK, KapaHaa-
meif, cMa30YHEIX MaTepHaIoB.

Koxkc (TBepaBlil IpOOyKT, OCTAIONIUICA IIOCIe NpOKAINBaHUI Ka-
MmeHHOTO v nmpu 1 000—1200°C 6e3 mocTya BO3Ayxa) HAXOINAT
INPOKOE MPUMEHEHNE B JOMEHHEIX MeUaX IIpU BEIILIABKE YyTr'yHA.

JlpeBeCHBIN yTOIb MCIIONB3YIOT KaK agCcoOpOeHT IIA OYMCTKHA pPa3-
JIMYHEIX BEIISCTB OT IIpUMeEcel, HallpuUMep IS OYMCTKH CIIMpTa OT
CHUBYIIIHBEIX Macel; UAeT Ha MPUTOTOBICHIE YePHOTO IIOPOoXa.

Caxa — IIPOOYKT HEMOJIHOIO CrOpaHUA MHOTHX OPTAaHMYSCKUX Be-
mecTB. OHa IIHPOKO HCIIOIL3YETCSI B PE3MHOBOM MPOMBIIIICHHOCTHA
I M3TOTOBICHUS IINH, PE3WHOBOM OOYBM M PE3MHOBBIX TEXHUUE-
CKUX W3OSAWi; AN IIOMyYeHUS Pa3IMYHBIX KpacoK: MAaIAPHBIX, TH-
morpapcKux, Ty, YepHON KpacKu I Pe3NHOBOI 00YBH U JTaKUPO-
BAaHHOU KOXH.

an/IMep BbIMOJTHEHNA 3agaHU4d

3amanme. AHTpAIUT Maccoii 3 T coXrnu B Kkucnopoae. IlomyueHHbIN OKCHT
yrrepona(1V) 6nut morotieH 28 T 40%-ro pacTBOpa TUAPOKCHUIA KaNusT, 06-
pasopamock 20 T comu. ONpeAennuTe MacCoBYIO T0M0 (%) 306l B aHTpAITnTe.

PemeHue. HanmumeM ypaBHEHUSI IPONCXOMSIINX PEAKITAN:

C+0,- CO, (1)
2KOH + C02 - K2C03 + Hzo (2)
KOH + CO, - KHCO, 3)

IIpu Bzammoneticteuu KOH ¢ CO, MoxeT ObITh HOMyueHa TUOO0 CpeaHss,
60 KUCTAs COMb.
2. OmpenemsieM Maccy KOH, BcTynuBIero B peakinio:

o MO m(KOH)_28r-40%

- : - 1,2 .
100 % 100 %

3. TIpeamoroXuM, YTO peakIlus IPOUCXOINIA ¢ 0Opa3oBaHEM KapboHaTa
Kanusa (ypaBHeHHe peaknun (2)), Torma
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Ha 2-56 r KOH mpuxoaurcs 138 r K,CO;
Ha 11,2 r KOH — x 1t K,CO;4 x=138T1.

ITo ycmoBUIO 3amaHUsl TOKHO OBITh OMyUeHO 20 T COMH, CIeTOBATENIBHO,
B3anmogmeiicteue KOH ¢ CO, mpoxoamno mo ypaBHEHMIO peakuny (3).
4. IIpoBoamM pacdeT IO YpaBHEHUIO peakiinu (3):

"Ha 56 1 KOH mpuxomutcsa 100 r KHCO;
Ha 11,2 T KOH — x 1 KHCO; x=20r.

Takum o6paszom, s3aumoneiicteue KOH ¢ CO, npousonmo ¢ o6pasona-
"Huem KHCO;.
5. OmpenensieM n3pacxogoBaHHEIN 06beM CO, Ha obpazoBanre KHCO;:

56 1 KOH B3ammoneticteyer ¢ 22,4 1 CO,
11,2 r KOH — ¢c x 1CO, x=448n

6. OmpenensieM MAacCy YIsI, BCTYIIMBIIETO B PEAKIUIO:
12 v C BwimenswoTr 22,4 1 CO,

x rC — 4,48 1 CO, x=2,4r.
7. PaccumTaeM comepxkaHue yIiisd B aHTpaIiure:
3t — 100%
241 — x % x=80% C.

CregoBaTeIbHO, 30J1a B aHTpanuTe cocTapisaeT 20 %.

Bonpocb n 3apnaHug

1. Kakve 13 coeMHEHUM yIiepoja BXOMSAT B COCTAB TOPHBIX TIOPO/I, BO3-
JIyXa, TO3¢MHEIX Ta30B W BOIGI?

2. CKONbKO aJUIOTPOITHBIX MOAUGVKAIINN 0OpasyeT yriepon?

3. Kakwue cBO#CTBA MPOSBISIET YIACPOJ B PEAKIIUX:

a) C+2S - CSy; B) 3C + 2Cr,0; — 3CO, + 4Cr
6) 2C + N, — C;N,; r) 2C + Ca — CaC,

CocTaBbTe MOIYPEAKIINHT I OKUCTUTEN U BOCCTAHOBUTEITS.

4. Kakyo s1eKTpOHHYI0 KOH(PUTYPAITIIO MMEET aTOM YIIepoaa B BO3OYK-
JICHHOM COCTOSTHUU?

5. Ckonbko mutpoB (H.y.) CO BeimenuTes npu B3anMogehictBuu CO, ¢ 8 T
packameHuoro yriast? (Omeem: 29,9 1.)

6. Kakora MaccoBag mond (%) yrimepona B Manaxute? (Omeem: 5,4 %.)

10.3. KucnopogHbie coeguHeHns yrnepoaa*

Yrepon obpa3syeT ¢ KucmopomaoMm okcun yraepona(ll) CO u okcun
yrepoga(lV) CO,.

* CoeMHEHUS YIIIepoia ¢ BOIOPOIOM OYIYT paccMOTpeHBl B pasieie «OpraHu-
gecKas XUMUS».
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Oxcud yeaepoda(ll) CO (yeaproiit ea3) B IIPOMBIILICHHOCTH ITONY-
YafoT;

1) meiicTBHEM BOIAHOTO IMapa Ha MeTaH ¢ 00pa30BaHUEM BOISIHOIO
rasa

CH,+ H,O0 —» CO + 3H,
2) npomnyckanuemM CO, Haa pacKaJeHHBIM YIIeM
CO,+C —-2CO

B matopaTtopun okcun yraepona(ll) Mmoxer OHRITE mMOIyYeH U3 Mypa-
BBMHOM KHCIOTHI B MPUCYTCTBUN KOHIICHTPUPOBAHHOMW CEPHOM KHC-
JIOTHI KaK BOTOOTHUMAIOIMIETO CPeACcTBa:

H,SO,
HCOOH ——" H,0 + CO

IIpn o6BryHBIX yenoBuax okcun yraepona(ll) asiagercs Hecomeos-
pasyomuM (6e3pa3sTndHBEIM) OKCHIOM, OTHAKO MHpPH IOBBIIIIEHHEIX
sHaueHUAX Temmepatyphl (200 °C) u mapaenus (1,5 MIla) Bener cebs
KaK KMCIOTHBIM OKCHI, 0Opa3ysd ¢ MeIouaMi COTU MYPaBBUHOM KHC-
JTOTBL:

CO + NaOH — HCOONa

¢dbopMuaT HATPUSI

[Ipu BEICOKOIT TeMIepaType B MPUCYTCTBUM KaTaau3aTopa (HUKeId
WA OKCHIA MUHKA) 00pa3yeTcs MeHHeUIWIT MPOIYKT OpraHmIecKo-
IO CHHTe3a — METUIOBEIN CITHPT:

t
CO+2H,— 5 CH,OH
KaTaiausaTop METUIIOBBIN
CITUPT

Oxkcun yraepoma(ll) B Kucmopolie TOPUT CHHUM TIAMEHEM:

t
2CO + 0, — 2CO,

OPpOABIACT CUIbHBIE BOCCTAHOBUTCIBHBIC CBOMCTBA:

t
Fe,0; + 3CO = 2Fe + 3CO,

B mpucyrcereuu Katanmusaropa okeun yraepona(ll) pearupyer ¢ xmo-
poM, obpasysl OeCIBETHHINM ANOBUTHIN a3 — (hOCTeH, UCIONb3YeMBIi
B KayeCTBE MONYIPONYKTAa MpH CHHTe3¢ Kpacureneif, ¢hapMameBTH-
YeCKUX IPeIapaToB:

CO + Cl, - COCl,

docren

Oxcun yraepona(ll) — sSmoBuTHI ra3, 0e3 IIBeTa W 3amaxa, INIOXO
pacTBOpsieTcA B Bome. UpesBwuaiiHasg SIMOBHTOCTH ra3a O0YCIOBICHA
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CITOCOGHOCTRIO CBS3BIBATHCI C TEMOTMIOOGMHOM KPOBHM M TIpeKpallaTh
MepeHoc KHUCIopola B opraHu3Me (IepBas MOMOIINL — MOCTYIDICHHE
CBeXero BO3MyXa WK YucToro Kuciaopoma — CO ymamseTcs U3 KpoBH).
Okcun yraeponma(ll) mpuMeHSIOT KaK BOCCTAHOBUTEIb METAIIOB
W3 WX OKCHIOB (HaImpuMep, BHIIUIABKA YyTYHA W CTAalH), KaK COCTaB-
HYIO YacTh ra3000pa3HOro TOIUIMBA (BOMAHOM Ta3 B reHepaTopax).
Oxcud yenepoda(lV) CQ, (yerekucaviii 2a3) MOXHO IOIYIUTD:
1) mpu ropeHUN YIId B M3OBITKe KUCIOPOAA

C+02—>C02

2) mpU pa3ToXeHWH KapOOHATOB M IMApOKapOOHATOB

CaCO; [—> CO, + CaO

2NaHCO; — Na,CO; + CO, + H,O

3) meiicTBHEeM Ha KapOGOHAT XJIOPOBOIOPOIHON KHUCIOTOM
CaCO; + 2HC1 — CaCl, + H,0 + CO,

4) rpu B3aUMOIeHCTBUN MeTaHa C BOISHBIM ITAapOM U KUCIOPOIOM

2CH, + 2H,0 + O, — 2CO, + 6H,
5) pm okuciaeHun okcuga yriaepona(ll)

2CO + 0, — 2CO0O,

Okcun CO, IpogABIsIeT BCe CBOMCTBA KUCIOTHOTO OKCHAA, T. €. B3a-
HMOAEHCTBYET ¢ OCHOBHBIMH OKCHUIAMH, IEI0YAMH, BOJOIA.

[Ipu BrIcOKOIT TemmepaType CO, MOXET GBITh BOCCTAHOBICH HEKO-
topeiMu MeTamtamMu (K, Mg, Zn):

t
CO, + 2Mg — 2MgO + C

BSaHMOﬂeﬁCTByeT C paCKaJICHHBIM YIJIEM:

t
CO, + C - 2CO

C aMMmaKoM IIoA maBieHHMeM okKcun yriaepoga(lV) obpasyeT Kap-
Gamun (M1 MOYEBUHY):

C02 + 2NH3 - CO(NH2)2 + HQO

Oxcun yrmepona(lV) — OGeclBeTHBIN, HETOPIOYWII a3, TSCKeIee
BO31yxa, B BOME PacTBOPSIETCS HEe3HAUUTEIbHO (B 1 oObeMe BOIBI TpU
temiepatype 15 °C pactBopsercs 1 o0beM raza). B TBepmoM cocToSHIHN
nmoay4yarmT U3 xkuakoro CO,, Haxodsdllerocs moa gapieHueM. TBepabiid
CO, Ha3BBAKOT CYXUM JIBAOM.

Okcun CO, MPUMEHSIOT I U3TOTOBICHUS UCKYCCTBEHHBIX MUHE-
PAJBHBIX BOJ U APYTUX HAMUTKOB, ST MIPOU3BOACTBA COMBI, MOYEBU-
HBI, CYXOro Jibaa (MociaenHui NCHONB3YIOT B XOMOAUIBHOM Jene, MpU
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IIPOBEICHUH B3PBEIBHEIX padoT). bammons ¢ xxunkum CO, UCIIOIB3YIOT
IUTA TYIIIEHUS OTHS.

Yeoavrnan rucaoma H,CO; u ee coau. TIpu pacTBOpPeHUH OKCHIA
yraepona(lV) B Boge obpasyeTca cimabas yroabHasa Kuciaora. B cBobom-
HOM COCTOSHHM OHA He CYIIECTBYET:

CO, + H,0O —» H,CO;4
Kak mByxoctoBHas kucmota H,CO; pearupyeT ¢ CHILHBIMA OCHO-
BaHUAMM, TIPA 3TOM OGPa3ylOTCsa KUCIBEIE U CPpeIHHUE COJIMH:
H,CO; + NaOH — NaHCO; + H,0
H,CO; + 2NaOH — Na,CO; + 2H,0

Kap60HaTLI 14 rI/I,I[pOKap60HaTLI MOTYT OBITH TaKKe ITOJIYYCHEBI IPpHU
OEUCTBUM OKCHIA erIepO,Z[a(IV) Ha ICI0YU:
Ca(OH)2 + C02 e CaCO3 + HQO

Ca(OH), + 2CO, — Ca(HCO,),

WIN IyTeM peakiunii ooMeHa MeXIy pacTBOPaMU COJICH:
K,CO; + CaCl, —» CaCO;! + 2KClI

Kap60HaTBI n FI/I,HPOKap6OHaTBI METOYHBIX U MICTOYHO3CMECIBbHBIX
METAIIOB, a TaKXKE Kap60HaT aAMMOHMA XOPOIIO paCTBOPAIOTCA B BOAEL,
JICTKO BCTYIMAKOT B p€aKIIUU C Oonee CUIBHBEIMUA KHACIOTAMMU:

Na,CO; + 2HCI — 2NaCl + H,0 + CO,T

B BomHEBIX pacTBoOpax Kap60HaTBI MICTOYHBIX METAJLIOB TMAPOIN3Y -
I0TCA, IMMOKa3biBad HICIOYHYIO CPCAy:

N32C03 + HQO e NaHCO3 + NaOH

BOIHEIE € PACTBOPHI THAPOKAPOOHATOB MISTOYHEIX METAIOB UMEIOT
HeUTpambHYIO Cpemy.

[Ipn HarpeBaHWM KapOOHATHI MIEIOYHBIX METAIIOB ILIABATCA 0e3
pasmoxeHns, KapOOHAThl APYTUX METAUIOB pa3iaraloTcs Ha OKCUI
MeTaia u okcup yriaepoma(lV):

t
MgCO3 e MgO + COQT

TUAPOKApOOHATEI P HArpeBaHWHN MEPEXONIT B KapOOHATH:

t
Ca(HCO3)2 e CaCO3 + C02 + HQO

M3 kapOGoHATOB IIUPOKO MPUMEHSTIOTCS:

« KapOooHaT Hatpusd Na,CO; — B CTEeKOJIBHOH, IIeMEHTHOI, Kepa-
MUYECKOU MPOMBIILIEHHOCTH, AJIST MTPOU3BOACTBA MbBIJa, KpacuTeleH,
SManeu;
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« TunpokapboHaT Harpusd NaHCO; — Kak IpoMeXyTOUHBIN TIpOo-
IYKT IUTI TIOMYYEHUS CONBI, B MeAULIMHE (I MTOHMKeHUA KUCIOTHO-
CTH), B IMHUIIEBOMH MPOMBIIIIEHHOCTH,

« kapbonar kamua K,CO; — mirst mpom3BoicTBa CTEKIa, MBIIA, B
¢ororpadun 1 KpacHILHOM IETe;

« Kap6oHat Kanpnua CaCQO; — obpa3yeT B IPUPOIE KPUCTAILIIIE-
CKHe Pa3HOBUITHOCTH B BHIE M3BECTHIKA, MelIa, MpaMopa; N3BECTHSIK
MIPUMEHSIOT I MOIYIeHNS IIeMeHTa, N3BecTH, okcuma yraepoga(lV),
B METALTYPTHH, MUIMICBOU MPOMBITIICHHOCTH; MelI HUCITOAB3YIOT B
MIPOM3BOACTBE IIeMEHTa, TAKOB, KpacoK, 3yOHOIT ITacTH, B Pe3MHOBOM
MIPOMBIIICHHOCTH; MpaMOp KaK OOMWITOBOYHEIM MaTepHWanl WAeT Ha
OTHEIKY 3TAHUN W Pa3TUYHBIX COOPYKESHUIA.

an/IMep BbiIMOJTHEHNA 3agaHU4d

3aganue. IIpu pasroXeHNN HEKOTOPOIrO BEIlecTBA Maccoil 22,2 T momy-
ypmes okeua Meau(II) maccoit 16 T u okcun yraepona(IV) ob6semom 2,24 1
(1.y.). BeiBenuTe hopMyTy B3sTOTO BEIIECTRA.

PemeHue. COMOCTABUM MACCHl BCTYIIHUBINETO B PEakIIUI0 BEIECTBA U
BEIIECTB, TOMYICHHBIX MTOCTE PEaKITIU:

m(CuO) + m(CO,) =16 r+4,41r=20,4r.

Pa3sHOCTH MacChl BCTYITUBINETO B PEAKITUIO BEIECTBA W MACCHI TTOTYICHHBIX
BemecTB coctapmseT 22,2 T — 20,4 v = 1,8 1. CiemoparenbHO, 00pa3oBalIoch
eIre BEIecTBO Maccoil 1,8 T, a 3HAYNUT pasIoXeHUIO TTOABEepraaach He Cpe-
HAA COIb YronbHOM KucnoTsl coctaBa CuCOs;, a ocaosHasg — (CuOH),CO; —
MaJaxuT, guruapoxrcokapboHaTt memu(Il).

IIpoBepUM BBICKA3aHHOE TIPEATONOKCHIE:

222 l6r 44r 18T
(CuOH),CO; — 2Cu0O + CO, + H,O

HaxomuM MOIPHYIO Maccy MalaxuTa 1o JIO0MYy U3 0Opasylolux Be-
IECTR!

Ha 22,2 T comm npuxomurca 1,8 T H,O
HA X T — 18 TH,O x=222r1.

Taxum obpaszom, M(CuOH),CO; = 222 t/MOTb.

Bonpocb n 3apaHug

1. Yro nipousoiinet, ecnu yepes pactsop CaCl, mpomyctuts CO,?

2. B neyx mmmuHapax coaepxatcsd CO 1 CO,. Kak XxuMuieckuM IyTeM orpe-
JIeTTNTh, KaKO¥ Ta3 HAXOANUTCS B KAXKIAOM ITUIUHApe?

3. TTouemy anst nomydeHus CO, U3 MeNa UCIIOIB3YIOT XJIOPOBOJIOPOIHYIO
KHCIOTY, a He cepHyIo U (ochopHyIO?

4. HanmummTe B MOJEKYMSIPHON 1 MOHHON (hopMax ypaBHEHUS TMAPOIN3A
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5. HanummuTe ypaBHEHWs peakilnii, IMPU MOMOIIMN KOTOPBIX MOXHO OCY-
IMECTBUTD CIENYIOIINE TIPEeBPaIIeHMS:

a) C —» CaC, —» Ca(OH), —» CaCO; = CO,;

6) CH, —» CO, —» CO — Fe.

6. Harmmummurte cxemy snektponusa pactsopa K,CO; mpy HEpacTBOPUMBIX
BIEKTPOIax. MOXHO W TIPUA 3TOM TONYUYUTH TUAPOKCHT Kamusi?

7. Mpamop Maccoii 15 r, comepxamuii 12 % mpumeceii, obpabotan m3-
OBITKOM XJIOPOBOJAOPOIHONW KUCTOTH. OOpa3oBaBIINiiCS Ta3 MPONYCTUIA Ue-
pe3 pacKaJdeHHBIH yronb. Kakoii raz 1 B KakoM oboneMe (H.Y.) Ipu 3TOM obpa-
soBanca? (Omeem: 5,9 1.)

8. 'me mpuMeHsI0T KapOOHATHI METOYHBIX U IMETOYHO3EMETbHBIX META-
moB?

10.4. KpemHuii

Haxoxnenne B mpupoae. KpeMHAwmit mociae Kuciopoga — caMblif pac-
MIpOCTpaHEeHHHIN Ha 3eMie 21eMeHT. B mpupone oH He BCTpedaeTcs B
cBoGomHOM cocTossHUH. B Bume SiO, BXOOUT B COCTAB MHOTUX IIPUPOJ-
HBEIX MAHEPaIOB: TpaHWTa, TIWHEI, CIIOOEI, MOJECBOTO IIIaTa U Ip.

Yacro BcTpedaeTcsa U cBobonHerit okcnn kpemMHuA(IV) SiO, B Bune
mecka, KBaplia.

ITonyuyenue. B npomviuirennocmu KpeMHUMN MTOTYYAIOT:

a) BoccTaHOBICHUEM KBapra SiQ, B 2IeKTpHUUeCKON eI yIiaeM B
MIPUCYTCTBUHN XKele3a; 00pasyomnics CIIaB KPeMHHA ¢ XeIe30M JIeTKO
IUTABUTCSA M U3 paciuiaBa KPpeMHHUI BHIKPHCTALTU30BLIBACTCA; 3aTeM
XKee30 PACTBOPAIOT B KUCIOTAX, OCTACTCAd KPUCTAITHYECKUN KpeM-
HUIA:

Si0, + 2C —» 2CO + Si

0) GoJsiee YMCTHIM KPpeMHUU MOMYyYaOT pa3iokeHueM Uoauaa KpeM-
Hus Sil, unu rugpuga kpemHuss SiH, pu BBICOKOI TeMIiepaType:

1000°C

Sil, —— > Si + 21,
780 °

SIH4 — Si + 2H2

B) BoccTaHoBIeHHeM ItapoB SiCl, BogopoaoM WiId MUHKOM IO pe-
aKIH

SiCl, + 2Zn — 2ZnCl, + Si

B rabopamopuu KpeMmMHUIT MOMYyYaloT BOCCTAHOBICHUEM OKCHIA
kpeMHUA(IV) mim ragoreHUIOB KpeMHUSI MarHueM, aTiOMUHAEM WIH
yIIeM:

Si0, + 2Mg — 2MgO + Si
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®Ousnyeckne cBoiicTBa. KpeMHMIT — KpUCTATMYECKOE BEIECTBO
TEMHO-CEPOro 1BeTa ¢ MeTALTnYeCKUM O1eckoM. OTHOCUTENBHO TBEp-
Joe BellIeCTBO, HO OUYCHB XPYMKOoe. DIEKTpUIecKas TPOBOTUMOCTE KpeM-
HUS OYeHb Maja M BO3pacTaeT ¢ MOBBIIICHUEM TeMIepaTyphl.

Xumnueckue cBoicTBa. KpeMHU pacmoioxeH B IIaBHOU MOATpYyII-
ne IV rpynmel [leprogndecKoi CHCTEMBEI.

HMmMesa Ha mocileqHeM CIoe UYeThIpe 3JeKTpOHa, KpeMHUH MOoXKeT
KaK MpUHUMAaTh, TaK W OTHABaTh YETHIPE IMEKTPOHA, MO3ITOMY IS
Hero XapakTepHBI CTeleHU OKUcaeHus —4 u +4.

KpemHuuit o6pasyeT ABe aIOTPOMHBIE MOAUMPUKAITUA: KPUCTATLIH -
yeckyto U amopdHyio. KpucraminuecKuii KpeMHUN XUMUYeCKU OTHO-
CUTENBHO MHEePTeH, aMOP(HBINA 0oyiee peakKIIMOHHOCIOCOOEH.

Kpucramiuueckuii KpeMHUH MPU OYeHb BBICOKUX TeMIlepaTypax
BCTYITaeT B PEaKIIMU:

a) ¢ MeTaJlaMi — CIUIAaBISIeTCS CO MHOTUMHU MeTataMu (U3 Ie-
JIOUHBIX — TOJIBKO C JIUTHUEM), ITPU 3TOM B ONHUX CIyYasx o0pas3yrTcs
cmwmuunnel (Hampumep, ¢ Mg, Ca, Ba, Fe, Ni, Cu):

t
2Mg + Si — Mg,Si

CHIINIIUA MaTrHu4g

B JIPYTUX CAy4yasx MPOCTO PACTBOPSAETCA B pacIUIaBICeHHOM MeTajlie
(HarpuMep, B aTIOMUHUH, cepebpe), M3 paciuiaBa ero MOXKXHO OIIATH
BEIICTHUTE P OXTaXKICHUH,

6) ¢ HeMeTaIaMd — COSTUHSICTCA ¢ KUCIOPOMOM, a30TOM, YIJIe-
pPOIOM, Cepoif, raloreHaMi; TIPH TeMITepaType MEKTPUIEeCKON Iy —
¢ BOZOPOIOM, GOPOM:

t t
Si + 0, — SiO,; Si + 2S = SiS,
B) CO CIIOXKHBIMHU BCHICCTBAMHU — KpPICTaJ'U[PI‘-IeCKI/Iﬁ erMHI/Iﬁ HE

pacTBopsAeTCca B KUCIOTax (KpoMe cMecH (PTOPOBOMOPOMHON M a30T-
HOI KUCIOT), HO JETKO PacTBOPSETCA B IMeIoUax:

Si+ 2NaOH + HQO e NaQSiO3 + 2H2T

mpu temneparype 800°C B IPUCYTCTBUU CIEAOB IIEI0YH B3amMOeii-
CTBYET C BOAOM:

Si + 2H,0 — SiO, + 2H,
IIpXA HarpeBaHWM KPEeMHUM pearupyer ¢ ra3000pa3HBIMHA TaTOTeHOBO-
TOPOIAMM:

Si + 4HF — SiF, + 2H,

IIpumenenne. KpeMHWI IpUMEHSIOT T M3TOTOBICHUS PAa3THIHBIX
MMONYIIPOBOMHUKOBEIX YCTPOMCTB ((POTOITEMEHTOB, BHIIPAMUTEICH
epeMeHHOTO ToKa). TeXHMUecKMii KpeMHHIH UCIIOMB3YIOT KaK PacKHUC-
JIATETHh B METAILTYPTUN (TIpH MOGABICHUN B PACIIABICHHYIO MEeIb KpeM-
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HUI BoccTaHaBauBaeT okenn Mean(Il) mo Meramna), a Takke IS TMO-
IygeHna crenuanbHEX craneit. CoenquaeHue SiC (KapOopyHa) IO TBep-
MOCTH OIM3KO K aIMa3y W MPUMEHSETCA UL U3TOTOBIeHUs Hutndo-
BaTbHBIX KPYTOB.

an/IMep BbIMOJTHEHNA 3agaHU4d

3apanme. [Ipy melicTBMYU Ha cMech KPEeMHUs, YIIEpOJa W ITMHKA Maccoit
10,5 T pacTBOpOM THApOKCHAA Kamusa ¢ MaccoBoit momett KOH 40 % (rmmmoT-
1,2 3 O 6,72 1T opabd 10,5
HocTh 1,2 T/cM”) BeIIenuiIcs ra3 oobeMoM 6,72 1 (1.y.). [Ipu obpadotke 10,5 T
3TOM cMecU M3OBITKOM PAacTBOPA CONMSTHOW KWCIOTHI BBIACTUICS ra3 00beMOM
2,24 n. BeIaucIuTe MACCOBYIO OO (%) KPEMHUS B CMECH U OOBEM HM3PAcX0-
nosaHHOTO pactBopa KOH.
Pemenmne. 1. C pactBopom KOH pearupytor TonbKO KpeMHUHN 1 ITUHK:

Si+ 2KOH + Hzo - K28103 + 2H2 (1)
Zn + 2KOH — K,Zn0O, + H, 2)
C + KOH 4

2. C pactropoM HCI pearupyer TOIBKO IIIHK:
Zn + 2HCI — ZnCl, + H, 3)
ITo ypaBHeHUIO peakimy (3) ompeaenseM Maccy ITMHKA B CMECH:

Ha 65 rZn npuxomurca 22,4 1 H,
HAa x rZn — 2,24 1 H, x=6,5r.

3. Ilo ypaBHeHUAM peaknmii (1), (2) onpenenseM Maccy KpeMHUSI:
Ha 28 r Si TIpUXOAUTCS 2-22,4 1 H, v 28-4,48 )8
Ha x T Si — (6,72 - 2,24) n H, 2224 7

Haxomum o6beM pacTBOpa THAPOKCHIA KATW, U3pacXoJ0BaHHOTO Ha pac-
TBOpeHIE cMecH (o ypaBHeHUsIM peakimii (1), (2)):

Ha 93 r Si u Zn mpuxogutca 4-56 r KOH

Ha (2,8 +6,5 rSiuZn — x TKOH x=224r,
22,4 7-100 %
m(pactBopa KOH) = # =56,
WKOH) = —°T  _46.6 wn.
1,2 r/mn

Macca KpEMHUA B CMCCH COCTaBIIACT

10,5 — 100%
28 1 — x% x=126,7%.

Takum o6pasoM, KpeMHUS B cMecu 26,7 %; o6beM pactBopa KOH 46,6 M.
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Bonpocb n 3apaHug

1. B uem cxofcTBO U pasnuime CBOWCTB KpeMHU U yraepona? [louemy
HeMeTaNTMIeCcKre cBOMCTBA KPeMHUS BhIpaXeHbl crnabee, yeM yriaeponaa?

2. Kakyto BBICIIYI0 BaT€HTHOCTH TMPOSIBISAET KpeMHUH? COCTaBbTE CXeMy
3JIEKTPOHHOTO CTPOCHUS aTOMa KpeMHUS. PactipeieinTe 5JIeKTPOHBI ITO SHEP-
TETUYCCKUM sSUCeHKaM.

3. Kak momyuamT KpeMHUI B MpOMBIIUIeHHOCTH? HanmummTe ypaBHeHU
peaKkimi.

4. C KaKuMH U3 CIEAYIONNAX BEIECTB Oy/IeT B3aUMOICHCTBOBATD KPEMHMIH:
H,SO,, KOH, H,O, C, H,? Hanummure ypaBHCHUS peakITaii.

5. AMopdhHBIT KpeMHUH TTOTyJaloT BoccTaHoBIeHUEM Si0O, MmaraueMm. Kak
BBIJICTUTh KPEMHUN M3 CMECH TONYyYEeHHBIX TBEpAbIX BellecTB? Hamwurmre
YPaBHEHUS peakITuii.

6. Cxonbko rpaMMoB SiO, MOXHO BOCCTAHOBUTH KOKCOM Maccoit 7,5 T ¢

npumecamu 20 %? (Omeem: 30 T.)

10.5. CoegnHeHus KpeMHUs

BogopogHbie coeaNHEHUs1 KPDeMHUs

KpemHuii mogo6Ho yriaepoay obGpasyeT LeNblid psaa COefuHEHUI C
BomopomoM obmel popmynoit Si,H,, . ,, rme n < 8.

Tuopuo kpemnus SiH, (cuiaaH, WIK MOHOCHUJIAH) MOXET OBITh TTOTY-
YeH B3aUMOJACUCTBUEM CUIUIIMAA MarHus ¢ pactBopaMu Kuciot H,SOy,
H;PO,, HCI:

Mg281 + 2HQSO4 —> 2MgSO4 + SIH4T

Tuapun KpemMHuS — OeCHBETHBIM ra3z ¢ xapakTEepHBIM 3aIlaxoM,

SUTOBUTHIN, CaMOIPOU3BOJIBHO BOCIUIAMEHSIOIMIUICS Ha BO3AYyXe:

SiH, + 20, — 2H,0 + SiO,
IIpu nHarpepanun Beie 400°C MoHOCHIAH pacmanaercd Ha Sim Hy:
SiH, — Si + 2H,T
MoHocHIaH JTeTKO pasiaraeTcs MeToYaMT:;
SiH, + 2NaOH + H,0 — Na,SiO; + 4H,T

KMCﬂOpOﬂHble COeQUHEeHUs1 KpeMHUus

Oxcud kpemuusz(1V) SiO, (keapy) B IpupoIe pacIpocTpaHEeH B IBYX
BHIAX: KPUCTANIMIESCKAN — B BUAC MWHepaia KBaplla U €ro pa3Ho-
BUOHOCTel (TOpHEIN XpycTamb, SAIIMa, arar, XalleAoH) W aMopd-
HBIH, 006pa3yomuiicsa Ipru MeUICHHOM OXJAaXICHUN PacIiIaBIcHHOTO
okcuna KpeMHuI(IV); KpoMe Toro, aMopdhHBIN KpeMHe3eM, comepxka-
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UK BOAY, CYIIECTBYeT B BUAE MUHepajia omaia, a Takke B 3eMIMC-
Tol (hopMe — Tperen (OCTaTKU KpeMHUEBBIX MaHIIMpel TPeBHUX UH-
dyzopuin).

Oxcun kpeMHuA(IV) MoXeT OHITH ITOIYICH M3 IIPOCTHIX BEIECTB:

Si+ 02 - 8102

Oxcun Si0Q, — OeclBeTHOE, OUCHb TYTOILIABKOE TBEPIOC BeEIIle-
CTBO; 00IagaeT IBOMHEBIM TyUeITpEIOMICHHEM; HE PACTBOPSETCS B BOE.

Kpucramnmmueckas ¢opma okcmma kKpeMHHI(IV) — KBapil mamo
peakInoHHOCIIoco0eH, ogHako pearupyeT ¢ F,, HF, memouamu:

8102 + 4HF — SIF4 + 2H20
8102 + 2NaOH — NaQSiO3 + HQO

Jlerko cIUIaBasAeTCa ¢ OCHOBHBIMU OKCHMgaMM1 N COJIAAMM:

t
8102 + FeO — FeSIO3

t
Si0, + Na,CO; — Na,Si0; + CO,

[Ipn HakamumBanuu cMecu Si0O, ¢ VIJIEM B 3MCKTPUYSCKON YN
obpa3yercs 0UeHb TBEpAoe BEIIeCTBO — KapOum KpeMHH (KapOopyH),
IO TBEPHOCTH YCTYHAIOMINIT TONIBKO aaMasy:

Si0, + 2C - SiC + CO,

KBapil uCITonn3yoT B pasMMIHBIX O0IACTIX TeXHUKU, B YACTHOCTH
MIpA KOHCTPYUPOBAHUH AaIllapaToB IS ITOIYICHUS VABTPa3BYKOBBHIX
BoH. Ha ocHoBe SiO, TOTOBAT OTHEYIMOPHEIN MaTepral — OWHAC (I
BEIKJIANKHA CBOIOB MAapTeHOBCKUX ITeueif). B BuAe KBaplieBOTO mecka
MIPUMEHSIOT B CTPOMTEALHOM Aefe. YUCTHIT KBapIIEeBEIi ITECOK UCITONb-
3VIOT B TIPOM3BONCTBe cTekiIa W (apdopa.

HNudy3opHaa 3emiasa (aMop¢hHBII KpeMHe3eM) UCIIONL3YeTCcI B Ka-
YeCTBE TEIUTOU3OIANMOHHOTO MaTepraia, IpoMUTaHHAs HUTPOTIUIIE -
PUHOM — IUTSI TIOIYYeHUS B3PHEIBUATOTO BeIlleCTBA IYPOIUHAMMTA.

[Ipo3pauHBIit TOPHBIN XpycTadb MPUMEHSIOT TSI M3TOTOBICHUA
OINITHYECKUX TMpUGOPOB M yKpareHuit. OKpalieHHBe MIHEPATIBl TOP-
HOT'O XpyCTansd — aMeTHUCT ((pMOIETOBLIN), TEIMIATHIA TOIa3 (TEMHO-
KOPUYHEBHIH), ITUTPUH (KEATHIM) YacTO MCITOIL3YIOT KaK AparolleH-
HEIe KaMHHU (0COOEHHO aMETHCT).

KomirakTHas opmMa omanra — XalllemoH U ¢T0 pa3HOBUIHOCTH (arar,
AITMa, OHUKC) UCITOIL3YIOTCA B KaUeCTBe MOIYAPArolleHHBIX KaMHelt.

Kpemunesbie kucaotol. CBOOOAHAS KpeMHUEBAs KUCIOTAa MOXeT Ha-
XOIOUTECA B PACTBOPE B OUCHb MATBIX KOHIIEHTPAIIMIX B BUIE ITPOCTHIX
¢dopm: metakpemumenoit H,SiO; m oprokpemuueBoir H,SiO, xucior.
Bo MHoOrMx M3maHuWsIX mpuBoAuTcs, 9o ¢popMma H,SiO; MarxopeposaTHa,
ITOCKOJBKY MoH SiOF oueHb pacmpocTpaHeH, a uoH SiOf — Her, 3a
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HCKITIOYeHIEeM HECKOJIBKHMX colelf, Taknx Kak MgSi0;, CaMg(SiO;),,
LiAI(SiO3),.

KpeMmHuepas KuciaoTa ABIAETCA OYEHBb ¢aboii, oHa He KUCTas Ha
BKYC, OUYTH He MEHsET IIBeT MHAMKATOPOB; Aaxe Takas ciabas KUc-
JIoTa, KaK yroibHasi, BEITECHSET KPEMHUEBYIO M3 PACTBOPUMBIX CUIIH-
KaTOB.

M3 BogHBIX pacTBOPOB CBOUX COJel KpeMHUeBask KMCI0Ta ocaxaa-
eTcd B BUAe OeCIBETHOTO CTYIHS — KOJUIOMAHOro pactBopa. CocraB
ocajka, IMOYTH HEepacTBOPHUMOrO B BoJEe, OTBEYaeT He MPOCThIM (hop-
MynaMm, a Gomnee obmeii nSiO, - mH,O (3HaYeHUs 1, m U3MEHIIOTCI B
3aBUCUMOCTU OT YCIOBUM OCAXIECHUS).

IIpu BBICYIHIMBAHUK TAKOW KHUCIOTHI 0Opa3yeTcss MOPUCTHIN Mpo-
NYKT — CUJIMKAreiab, KOTOPBIH IAPOKO UCIIOIB3YIOT B KaUueCTBE OCY-
IIUATENS Ta30B U aACcOPOCHTOB.

Coun KpeMHHEBBIX KHCJIOT. M3BECTHO HECKONBKO CUIUKATOB, CO-
OepXallKX IIPOCThIe ONMHOYHEBIE OPTOCUINKAT-aHUOHEL Si04; Hampu-
mep, Mg,Si0,, Fe,Si0,, Zn,Si0,, Mn,Si0,. B npupone doxbiie pac-
MPOCTPAHEHBI CIOXHBIE CUJIMKATHI, KOTOPblE MOXHO paccMaTpUBaTh
KaK COJIU MOTUKPEMHUEBBIX KUCIOT.

K uuciy mpupodHBIX CUIUKATOB OTHOCSATCS:

e KaOJINUH H4A1281209, nin A1203' 28102 2H20,

« acbect H4;Mg;Si,04, unmu 3MgO - 2Si0,- 2H,0;

« oprokiIas K,Al,SicO s umn K,O - Al O5- 6Si05;

« HedenmmH Na,Al,Si,Og mim Na,O - Al,O5- 2510,.

CUIMKATEL MOXKHO ITOJIYYHUTh IpH ciutapieHun SiO, ¢ OCHOBHBIMU
OKCUJIAMU WIN C COMSIMU JIETYUUX KUCIOT:

8102 + CaCO3 4 CaSlO3 + COQT

W3 comeif KpeMHUEBOM KUCIOTH B BOAE PACTBOPUMEI TOTBKO CHUITH -
KaThl MEeTOTHBIX MeTAIOB. BOMHEIE pacTBOPH CHIMKATOB 3TUX METal-
JIOB 06GJalaoT CHILHOMIETOYHON peaKlmelf, TaK KaK IOIBEPTaloTCA
TUAPOIU3Y.

CHIUKATH JIETKO BCTYHAIOT BO B3aMMOACHCTBHE ¢ pacIIaBIeHHEI-
MM KapOGoHATaMHM MISTOYHBIX METaIOB!

!
MgSiO; + Na,CO; - MgCO; + Na,SiO,

Ha sTtoMm cBOICTBE OCHOBAHO IPpOU3BOACTBO UCKYCCTBCHHO ITIOIY-
HJaCMbIX HEPACTBOPUMBIX B BOAC CHMIIMKATOB — CTEKIIA.

M cxomHBIM IPOAYKTOM CTCKOJBHOI'O MPOM3BOACTBA ABIAKOTCA COAA,
HU3BCCTHAK H IICCOK. Hpouccc 06paSOBaHI/I$I CTCKJIa MOXKHO BBIPAa3HUTb
CIIEAYIOIIUM YPAaBHCHUCM!

1500°C
N32CO3 + CaCO3 + 68102 _— 2C02T + NaZO N CaO N 68102
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HMHorma mpu MpoM3BOACTBE CTEKIA COAY 3aMEHSIOT CMECBhIO CYhb-
daTta HATPUA U YIS

NaQSO4 + C + CaCO3+ 68102 e
5 Na,0 - Ca0 - 6Si0, + COT + SO,T + CO,T

Ecnu kaiplinit 3aMeHUTh CBUHIIOM, TO MOYyYaeTCs CBUHIIOBOE CTEK-
JI0, KOTOPOE MPUMEHSIOT IS U3TOTOBICHUS ONTHUYECKUX MPUOOPOB
(IUH3, MpU3M), TIPEAMETOB YKpalleHus. 3aMeHssl HaTpUil Ha Kajui,
MOJIYYaIOT TYTOIUIABKOE CTEKJIO, U3 KOTOPOTO U3TOTOBISIOT XUMUYE-
CKYIO Tocyay.

M3 cTexia moayyaroT TeIIOU30IAIUOHHBIN MaTepual — CTeKISH-
HYIO BaTy (ITpoAyBaHUEM CKBO3b XKUIKYIO CTEKISTHHYIO MacCy BOASHO-
ro mapa), CTeKJISIHHOE BOJIOKHO IS U3TOTOBICHUS CIIeUaIbHOM TKa-
HHU.

Yucrasd rmuHa (KaoduH) OeIoro IBeTa CIYXUT ChIpheM I U3ro-
ToBNeHUs dapdopa, mpumeHsieTcss B MeauiimHe. OKpallleHHbIe TIUHBI
UCIIONB3YIOT /ISl U3TOTOBICHUS (hasHCca, KepaMUKU U APYTUX rOHYAp-
HBIX U3IeIui.

Ecmu mpokanuts mmpu temmepatype 1400— 1500 °C cmech ompene-
JICHHOTO COCTaBa MPUPOAHOIO CUJIMKATa — TJUHBI ¢ U3BECTHAKOM, TO
00pa3yloTcst cepble IpaHylbl — KIMHKep. KIuHKep MmoaepraiT TOH-
KOMY Pa3MoOJly M MOJIY4YaloT CepoBaTO-3€JeHBIN MOPOLIOK HEMEHT —
BaXHEUINUN CTPOUTEIbHBIA MaTepUal.

IIpu cMelIMBaHUU IIEMEHTA ¢ BOAOU U ¢ pa3TUYHBIMU HAIOJTHUTE -
My (TpaBueM, IiebHeM) IToay4aloT 6eToH. Ecii B 0eTOH BBECTH CTallb-
HYIO apMaTrypy, TO oOpa3yeTcsl Xele300eTOH.

Ilpu crtaBaeHUU cMeCH KaoJluHa, cyiabdaTa HATPUS U Y TOIY-
YalT MUHEPATBHYIO KPacKy yiabTpaMapuH. YIbTpaMapyuH CUHETO 1IBe-
Ta MUPOKO UCIIONIB3YIOT B MPOU3BOJACTBE MACISHON KpacKu, TUIOrpa-
¢hun, Tpou3BoACTBE 000eB M GyMaru.

an/IMep BbIMOJTHEHNA 3agaHU4d

3aganume. IIpu crimaBieHnn cMecu Maccoil 120 T, COCTOAINECH B OCHOBHOM
U3 IIOTalla W MecKa, ee Macca YMEHbINmIach Ha 22 1. O6pa3oBaBIIMIACA ras
OBUI MOTIOINIEH PACTBOPOM T'MAPOKCHIA KaTbITUA 00BeMOM 1 M ¢ MaccoBoit

i1 Ca(OH), 40 % 1,25 3 6 i

nonetr Ca(OH), o (mmoTHOCTH 1,25 r/cM’) ¢ 0O6pa3oBaHMEM KHCIOW COMN.
Onpenenute MaccoBble H0MU ( %) MCXOMHBIX KOMITOHCHTOB CMECH U Maccy
MOJIYYCHHON KUCIOU COMU.

Pemenwne. 1. YpaBHECHUS IPOUCXOMSIINX PEAKITAN:

K2C03 + SIOZ - K28103 + COzT (1)
Ca(OH), + 2C0O, — Ca(HCO3), )

2. Macca cMecn yMeHBIIIACh Ha 22 T 3a cueT Bhixoga u3 peakuuu CO,;
CIeTOBATEIHHO, MOXHO OTIPEACTUTh MACCY BCTYIIUBINNX B PEAKIINIO BEIECTB!
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Ha 138 r K,CO; mpuxomutcss 44 r CO,

Ha x T K,CO;, — 22 v CO, x =69 r K,COs,
Ha 60 r SiO, npuxomutca 44 r CO,
HAa Xx T SiO, — 22 T CO, x =30 SiO,.
3. Otcroma MaccoBas nonsa K,CO; cocraBnser:
Wo(K,C0Op) = P T 10% o750
120 r
. 30 r-100 %
Si0,)="————""=25%,
o3i10:) =307 °

o(tmpumecn) = 100% — (57,5% + 25 %) = 17,5 %.
4. Macca 06pa3oBaBIIENACs COMTU COCTABUT:

Ha 88 r CO, npuxogutcsa 162 r Ca(HCO;),
Ha 22 T CO, — x r Ca(HCO3y), x=40,5r.

CrnenoBatenbHo, OyaeT nmonyueHo 40,5 r Ca(HCOy),.

Bonpocb n 3apaHug

1. B coctaB croxHOTO cuuKaTa Bxoaut 43,5 % MgO, 43,5% SiO, u 13 %
H,0. Beisenute popMyIry crmirmkara.

2. [Ipu nobaBneHUU K pacTBOPY CWJIMKATA HATPUS HUTpATa aMMOHUS 00-
pasyetcs ocagok. Hanuimure ypaBHeHUS peakIinii.

3. B tpex mpobupkax HaxongaTcs pactBopbl: Na,SiOs;, Na,SO,, Na,CO;. Kak
C TIOMOTIIBI0 OJHOTO BelllecTBA OMPEACTUTh, B KaKOW IMpoOUpKe Kakoe Bellle-
CTBO HaXOaUTCH?

4. C kakuMUu U3 CIEIYIOIINX BelecTB B3aumoaetictryet Si0,: H,O, KOH,
CaCOj, C, MgO, HCI? Hanumute ypaBHEHUS PEaKITHii.

5. Kak monyunuTh CUTUKAT KaTWs IPU HATAYUH CIEAYIOMNX BerecTB: Si0,,
KCl, H,0?

6. Cxonbko rpamMMoB SiO, u Kokca (cogepxanue yriaepoga 80 %) motpe-
oyercs g monyueHus 40 r kapbuga kpemHus? (Omsem: 30 r SiO,, 15 1
KOKCa.)



METAJ1bI

Nnaa 11
OBLUAA XAPAKTEPUCTUKA METANNOB

U3y4uuB rnaey, cneayer:

3HaTbk 0COBEHHOCTU CTPOEHUS aTOMOB METAassoB; CBOWCTBA MeTaslsIoB,
cnoco6bl UX NONYYEHUS; METObI 3aLLUNTEI METAJINIOB OT KOPPO3UU;

yMeTb COCTAB/SATb YPaBHEHUSA peakuuii, XapakTepusyoLumMx XMMnuieckmne
CBOICTBa METASIOB N CNOCOOLI UX MOJTYHEHMS.

11.1. O6wWwMe cBOCTBA METaNnoB

Hapsany ¢ coBpeMeHHOIT Knaccrpukanmeil XUMAYIESCKAX 2Ie¢MEH-
TOB, OCHOBAaHHOIT Ha CTPOGHUN aTOMOB U IpencTaBIeHUsX [lepuomn-
YeCKOI CHCTEMBI, CYIIECTBYET UCTOPUICCKOES, TPATUITMOHHOE UX pa3-
IedeHre Ha METATB 1 HeMeTaIb.

[lepBas, Bropas, TpeThs IPYIIH [lepronnaecKoi CHCTeMBI, a TAaKKe
MOGOYHEIE TOATPYIITE OCTATBHEIX IPYIIT BKIOYAKOT TOIBKO METAIIEI
(kpoMe Bomopona u Gopa).

Metannel Ha BHEITHEM 2JEKTPOHHOM CI0¢ MMEIOT, KaK IpaBUIo,
ONMH-TPHU 2JIEKTPOHA W JIETKO OTHAIOT WX, MPOABIAIL MPH 3TOM BOC-
CTAaHOBUTEILHEIC CBOMCTBA.

YucTele METAUTBL B TBEPIOM COCTOAHUH — 3TO KPHCTANIEI, B KO-
TOPBIX YACTUIIEI BEIleCTBA PACIONOKEHEI B ONPEaeIeHHOM TeOMETPH-
YeCKOM TOpIaKe, 06pa3ysd KpUCTALTMISCKYIO PEIIeTKY, B y31aX KOTO-
pOIT HAaXOZATCS IOIOXHUTEIBHO 3apsDKeHHBIE MOHBI, a MEXOy HUMH
MepeMeInaloTcsa CBOOOTHEIC TeKTPOHEL

ATOMEBI B KPHCTAJLTTUECKOM pellleTKe MEeTAIOB PACIIOIOKeHEl OUeHb
OIM3KO0 APYT K APYTY W MX BHEITHHE 2TeKTPOHEI MOTYT MepeMeIaThCsa
He TOJBKO BOKPYT OTHOTO aToMa, a BOKPYT MHOTUX. TakKnM oGpa3oM,
BHEIITHUE 3JeKTPOHEBI CBOOOIHO IMepeMelIaloTes IO BCEMY METajly,
006pa3ys TaK HAa3LIBACMBIN 22€KMPOHHbLI 2Q3.

Cy1iecTBOBaHUE CBOGOTHEBIX 3J¢KTPOHOB B METAIaX ITOATBEPKIA-
eTCA CIeAYIOMUMHU (haKTaMU:

1) MeTamnel 06Mamal0T GOMBINON AMEKTPIUECKON TPOBOIUMOCTEIO;

2) Tpu HATpEBAaHWM BCE METAJTBI MCITYCKAIOT MOTOK CBOOOTHEIX
3IIEKTPOHOB.

KpucrammiecKie pelieTKH OOILITUHCTBA METAJIOB OOBITHO UME -
0T TeOMETPHYIECKYIO (popMy KyGa WIH IMeCTUTPAaHHOM MPpU3MEL. B 3aBH-
CHMOCTH OT THIIA PEIIeTKHU aTOMBI 3aHUMAIOT B Heil O0IbIle NI MeHb-
me Mecta. PacmomoxkeHne aTOMOB B KPUCTALTHYECKOM pellleTKe OKa-
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36IBaeT OOJNBINOE BIMSHUE HAa CBOMCTBA METAJLIOB: (I)I/ISI/I‘-K?CKI/I@, ME-
XaHUICCKHUEC, XUMHUYCCKHUC.

Xumuueckue cBoidcTBa. OCOOCHHOCTH XUMHISCKUX CBOMCTE METal-
JIOB 06YCJ'[0BJ'[€HBI L TaBHBIM 06p330M HaINM4YHUCM B UX aTOMaXx SJICKTPO-
HOB, c1abo CBA3AHHEIX C AOPOM.

O6H_II/IM OPpUCYIIUM UCKIYUTCIbHO METALIaM XUMHUYCCKUM CBOIi-
CTBOM ABISAECTCSI CIOCODHOCTD OTAaBaThb SJCKTPOHLI, IMpEBpalaiaAch B
CBO60,Z[HLI€ IMIOJOKHUTCIBbHO 3apAKCHHBIC MOHDBI!

M- =M

CnocobHOCTh OTHABaTh JIEKTPOHBI BhIpaXeHa Y MeTaUIOB Mo-pa3-
HoMy. Mepoil MPOYHOCTH CBSI3U INMEKTPOHOB B aTOMAaX SBISETCS IHep-
eus uonuzayuu. HauMenbliie it sHepruei HOHU3auu obaaaamT Mea0u-
Hble METaJUIbl, MO3TOMY OHHU IMPOSIBISIOT CUJIBHBIE BOCCTAHOBUTEIb-
HEBIE CBOWMCTBA.

BoccTaHoBUTETLHBIMU CBOMCTBAMU METAJIOB O0YCIOBIEHA UX CITO-
COOHOCTB BCTYIIaTh B PEaKUM ¢ PA3TUUYHBIMU OKUCIUTEIIMU: HeMe-
TaJJIaMU U CITOXHBIMU BellleCTBaMMU.

Haszpanus coefuHEHUU MeTaIOB ¢ HeMeTalaMH YacTO OKaHYH-
BaloTcd Ha -ud (OKCHI, XJIOpUN, HUTPUI, CYIbGhHUI U T.1I.).

OmHoweHue k Hememannram. MeTaUlbl B3aUMOJEUCTBYIOT ¢ HeMe-
TaJJIaMU:

« OOJIBIIMHCTBO METAJUIOB JIETKO PEearupyroT ¢ KUCIOPOAOM, AaBast
OKCUObL:

4Li + O, — 2Li,0
2Mg + O, —» 2MgO
« OOJIBITMHCTBO METAIOB JIETKO B3aMMOJEHUCTBYIOT € TaJlOTeHaMU,
obpa3sys coau:
2Na+ I, —» 2Nal
2Fe + 3Cl, — 2FeCl,

¢ C A30TOM METAIIBI 06p33yIOT Humpudbl:
3Ba + N2 e Ba3N2
6Na + N2 e 2Na3N

« TIPHU OTIpeNeeHHBIX YCIOBUAX METAIIIE B3aMMOIEHCTBYIOT C Ce-
poii, o6pa3ys cyabguodsi:

Fe + S — FeS
2Al + 38 — Al,S;

HeobxomuMo OTMETHTD, UTO YeM Gojiee IeKTPOOTPHIIaTeIeH 3¢~
MEHT, TeM OH TIyGXe (CHIbHee) OKUCIAeT MeTamn. Hampumep, ecnm
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B COCOIMHEHUIX C XIOPOM XKelle30 UMeET CTeIIeHb OKUCICHUS +3, TO B
COCIUHEHUAX C cepoif +2;
e COENUHEHM METAJUIOB ¢ YIIEPOAOM HA3BIBAIOT Kapbudamu:

4Al + 3C — ALLC,
Ca+2C — CaC,

¢ COCAMHECHUSI METAIDIOB ¢ (hochOPOM MOKHO IMOTYIUTE IMyTeM CHH-
Te3a mpu BEICOKOH (600—1200°C) TeMmeparype; 3TH COCTUHEHUS
Ha3BIBAIOT hocgudamu:
3Li+ P —» LisP
bochun
JINTUSL
3Zn + 2P — Zn,P,
bochun

IUHKA

¢ochUabl HEKOTOPEIX METAUIOB 00IaIaf0T IIOIYIIPOBOMHUKOBEIMU CBOM-
CTBaMH, JICTKO pasaararoTcia BO,I[Oﬁ C BBLOCJICHHUEM raza — (bOC(bHHaZ
LisP + 3H,0 — 3LiOH + PH,
dochun
e C BOOOPOOOM BSaHMOﬂeﬁCTBYIOT TOJBKO IIECJIOYHBIC U MIECITIOYHO-
3CEMCIIBHBIC METALILI, JaBad eudpudbzz

t
JLi + H, - 2LiH

TUAPHI, JTUTHI

t
Ca+ H2 e CaH2

TUAPHI, KalbIUs

TUAPHUIE OCTATBHBIX METAJIOB MMOMYYAloT APYTUM IIYTEeM;

« TIPH HETIOCPEICTBEHHOM B3aMMOIEHCTBUHU HEKOTODPHIX METAJLIOB
¢ KpeMHHEM MOTYT OBITh IMOMYUSHEl cuiuyudby, HaIIpUMeED:

2Mg + Si —» Mg,Si
CHUJIIMITUI MarHUuA

CUTAIUAL MOTYT UMETh 00JIee CIOXHBIN COCTAB, MOTYT IMMOTUMEPU30-
BaThCA.

Omuowenue K caoxcHvim eewecmeam. I1o cTemeHn TeTKOCTH OTOAYH

3JIEKTPOHOB B pacTBOpaxX METAJUIEI MOXHO PACIIONOXUTE B psid HANPS-
HCCHULI MEMANNoe:.

Li, Cs, K, Ca, Na, Mg, Al, Zn, Fe, Ni, Sn, Pb, H,, Cu, Ag, Hg, Au

YCUJICHUE BOCCTAHOBUTENLHOMN CIIOCOOHOCTU

Li+, CS+, K+, Ca2+, Na*, Mg2+, A13+, Zn2+, F62+, NiZ+, Sn2+, Pb2+, 2H+, Cu2+, Ag*, Hg2+, Au3+

YCUJICHUE OKHUCIUTEILHON CcIIocOOHOCTH
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B aTOT psin moMelieH W BOOOPOI, IIOTOMY UYTO 3TO €AWHCTBEHHBIN
HeMeTalll, pasdeNdiomuil ¢ MeTallaMi UX O0Ilee CBOUCTBO — CITO-
COOHOCTL HAXOOUTLCI B BOOHBIX PACTBOPAX B BHIE ITOIOXUTETBHBIX
HWOHOB, XOTS W THAPATUPOBAHHEIX.

HyxHo cka3zaTb, YTO psAN HANPSDKEHWN CHpaBeIUB JIUIIL TPUME-
HUTENBHO K ONMpeNcTeHHBIM YCITOBHAM.

Metanasl B paay HaOpsKeHUH PacIONOXKEHBI 0 YOBRIBAaHUIO (OC-
JMabIeHNUI0) UX BOCCTAHOBUTEIBHOI CITOCOOHOCTH B pacTBOpAaX WIH IT0
BO3pacTaHnuo (YCHICHUIO) OKUCIUTEIBHON CITOCOGHOCTH WX MOHOB B
pacTBOpax.

B psany HanmpsoKeHWH KaXOBIH TPEABIOYITAN MeTall BEITCCHICT U3
pPACTBOPOB COJICH BCe MOCICOYIONMINE.

Meramnsl, pacmonoXeHHBIe B POy IO BOXOPOAA, BRITECHSIOT €0
13 pa3baBIeHHBIX KUCIOT (KpOMe a30THOI), a MIeTOYHBIC U IIeIOYHO-
3eMeIbHEBIC BEITCCHSIOT BOTOPO HaXXe U3 BONHL.

Psan HampsckeHUIT CIIpaBeTUB TOIBKO IS OKUCTUTETHLHO-BOCCTA-
HOBUTEIBHEIX TIPOITECCOB, MPOUCXOMAIINX B BOTHOM cpeie.

BaxHbIe XUMIUeCKHE CBOMCTBA METAJLTOB MPOABIAIOTCI B X OTHO-
MeHU K BOZAE, pacTBOpaM KUCIOT, OCHOBAHHUAM, COJSIM.

1. IllerouHBIe W IMIETOYHO3EMEIBHEIC METAIIBE SHEPTUIHO pearu-
PYIOT ¢ BOIOI IpHW OOBIMHOM TeMIepaType:

2Na + 2H20 — 2NaOH + H2
ApYyrue MeTauibl — IIpU BBICOKOH TEMIICpaTypE:
3Fe + 4H20 e Fe304 + 4H2

2. MeTansl, cToAIINE B pANY HAIPSDKEeHWH 10 BOOOPOIA, pearupy-
0T ¢ pa3baBIeHHBIMH KHCITOTaMHU (KPOMeE a30THOM), BHEITECHAA U3
KHUCIIOTH BOIODPOH, HAIpUMED:

2HCIl + Ba —» BaC12 + H2
H,S0,4(pa36.) + Zn — ZnSO, + H,

Kucnorer-okucnurenn (KoHieHnTpuposanHasa H,SO,, KoHIIeHTpH-
poBaHHag u pasbaBiaeHHas HNQO;) mpr B3amMomeicTBUM ¢ MeTalia-
MH BOIOPON He BHEIACIIIOT, HaIpUMED:

Cu + 2H,SO,(xoH1.) — CuSQ, + SO, + 2H,0

CreneHb BOCCTAHOBICHUS KOHHeHTpHpOBaHHOﬁ CepHOﬁ KHNCIOTHBI
3aBUCUT OT aKTMBHOCTH ME€TALIa-BOCCTAHOBUTCIIA, HAIIPUMED!

8Na + 5H,SO,(koHn11.) — 4Na,SO, + H,S + 4H,0

ManoakTABHBIE METANNbI, HAMPUMEDP MENb, PTYTh, NMPU B3aUMO-
JEUCTBUU C KOHIICHTPUPOBAHHOU a30THOM KHCIOTOM PEarupyroT IO
CXEME:

M + 4HNO; — M(NO,), + 2H,0 + 2NO,
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¢ pa30aBIeHHOM a30THOM KUCIOTONH — IIO CXEMe:
3M + 8HNO; — 3M(NO;), + 4H,0 + 2NO

OueHb pa3baBiIeHHAs a30THAs KUCIOTAa aKTUBHBIM METAJIOM BOC-
cranaBamuBaercsa 1o NH,NQO;, Hammpumep:

47Zn + 10HNO3 e 4Zn(NO3)2 + 3H20 + NH4NO3

3. CnocoOHOCTh aTOMOB METAJIIOB OTAABaTh 3JIEKTPOHEI Hanmbonee
IPKO MPOSIBISIETCS B PEaKIUsIX ¢ pacTBopaMu coneil. Hampumep, mpu
MMOTPY:KEHUM XeJAe3HOU IIACTUHKA B pacTBop coau Meau(ll) xemeso
OKHCISIEeTCI U IIEPEXOINUT B pacTBOpP, a KaTuoHksl Meau(ll) BoccTanas-
JIUBAIOTCS IO CBOOOIHON MeIH, KOTOpas oceJaeT Ha XelIe3Ho Tuiac-
THHKE:

Fe + CuSO, — FeSO, + Cul

4. HekoTophle METAJLTEI, HAIIpUMeEp ITUHK, aTIOMUHMN, XpOM, MO-
IYT B3aMMOMAeCTBOBATL C IMelodaMu, oOpa3yd coad (aTIOMUHATHI,
IIMHKATEI, XpOMATEI) COOTBETCTBYIOIINX CIAOBIX KUCIOT, HAIPUMED:

2Al + 2NaOH + 2H,0 — 2NaAlO, + 3H,

MeTaalioMUHAT
HATPUST

Zn + 2NaOH — Na,Zn0O, + H,

ITUMHKAT HaTpug

®uznveckne cBoiicTBa. Bce MeTauTBl, 3a HCKIIOYEHUEM PTYTH, TIpH
OOBIYHBIX YCIOBUSIX — TBEPJAbIC BeIlecTBAa. B KOMIAKTHOM COCTOSTHUU
(B BUIE TIACTMHKM, CIUTKA) AN METAJUIOB XapakTepeH OJecK M3-3a
OTpaXeHHUs CBETa OT UX MOBEPXHOCTU. B TOHKOM3MEIBUEHHOM COCTOSI -
HUU MEeTALTUIECKUU GIeCK COXpaHsIOT TOIbKO MAarHUi U allOMUHUA,
MOPOIIKHK OCTAJIbHBIX METAJUTOB UMEIOT UEPHBIH WU TEMHO-CEPBIU 1IBET.

BonabIIMHCTBO METAIOB MMEIOT OeNblft cepeOpUCThIi IIBET, He
MPO3payHbl, TaK KaK IMOYTU BCE OHU B OJMHAKOBON Mepe MOTIOIIAT
U3TyYeHUe JIUHHBIX U KOPOTKUX BOJIH. MICKITIOUeHUE COCTaBISIOT 1e-
3UU U 30JI0TO — XKeJNATOro IBeTa, Melb — KeJITO-KPacHOTO.

B TexHuKe MeTasuIbl IPUHSTO ASTUTh Ha CIeAYIOMINE TPYITIhL:

« TIO IIBETY: #epHbie (Keae30, XpOM, MapraHell U UX CIUIaBHl), ysem-
Hble — BCE OCTAJbHBIE;

e TI0 IDIOTHOCTH: seekue (IDIOTHOCTh MEHBIIE 5 T/cM?), msxcensie
(ILTOTHOCTH GoJbIIE 5 I/cM’); K JIETKUM MeTajUIaM OTHOCATCS JIMTHIA,
Kajquit, Kajablluii, aTlOMUHUU U Jp.; TPUMEPOM TSKENBIX METAJIOB
CIyXaT OJIOBO, CBUHEIl, PTYTh, Xele30; caMbIM JIETKUM METaJLIOM
ABIgeTcsa MMTHHA (IDIoTHOCTE 0,53 T/cM?), CaMBIM TSKEJIBIM — OCMUMN
(IwroTHOCTB 22,5 T/CM3);

« TIO TEMITIepaType IJIaBICHUS: Jeekoniaskie (TeMIiepaTypa IuaBie-
Hua 350 °C u HmXe); myeonsasxue (TeMIlepaTypa ILIABICHUS BEIIIC
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350 °C); manpuMep, nerkorutaBkue: cuHery — 327 °C, omoBo — 232 °C,
Hatpuit — 98 °C, xamuit — 63 °C, 1me3uit — 28 °C 1 1p.; TYrOIUIaBKUe:
xene3o — 1539 °C, xpom — 1875 °C; camble TyroIiaBKue MeTaIbl —
BoabgpaM, TeMIeparypa IraBieHus Koroporo 3 380°C, um peHwuii,
MMEIONIN TeMItepaTypy IuraBiaeHns 2 180 °C.

CaMBIMU BaXXHBIMU (DU3UUECKUMU CBOUCTBAMU METAJLIOB SIBISIOT-
¢ 9JeKTpuUecKas MPOBOAUMOCTh U TEILTOMPOBOAHOCTh. DTU BUABI
MPOBOAUMOCTH OOYCIOBIEHBI HATMYMEM BO BCEX MeTaliaX CBOBOIHBIX
9NeKTpoHOB. Hanbobliyn 31eKTPUUECKYI TPOBOAUMOCTb UMEET Ce-
pebpo, 3aTeM — Melb, 30JI0TO, XPOM, aTIOMUHUI, MarHui.

M3 MexaHUUYeCKUX CBOUCTB AJIS METAUIOB XapaKTepHBI IIACTUY-
HOCTb, KOBKOCTb, TSTYYeCTb.

Ilhacmuunocms — 3TO CBOHUCTBO METALIOB nehopMUpOBaThCA 063
TpeIlIMH MOJA BO3AECUCTBUEM OMpeAcIeHHON Harpy3Ku.

Koskocmbs — 370 CBONCTBO MeTaLToB AedhopMUpOBaThCcs 0e3 Tpe-
IIWH T0J BIMSHUEM CXaTUsl MPU TeMIlepaType HHUXe TeMIlepaTyphbl
IUTABJIEHUS MeTasa.

CrocoOHOCTh METAJUIOB BBITSTUBATHCSI B HUTH HA3BIBAIOT maeyue-
cmbro. MeTaibl ¢ MaJOU TATYYECThIO XPYIKU, a METaJUIbl ¢ OOIBIIONH
TATYYECTBIO YCTONUUBEI Ha pa3phIB.

HaubGonplileit miacTUYHOCTBIO, KOBKOCTBIO U TATYUECThIO 001agaeT
30JI0TO: U3 HEr0 MOXHO M3TOTOBUTH ILUTACTUHKU ToammuHon 0,003 MM
U BBITSIHYTH IIPOBOJIOKY, HEBUAUMYI HEBOOPYKEHHBIM I1a3oM. B Hau-
MEHBIIIEH CTeMeHU 3TUMM KauecTBaMM o0JamaroT BUCMYT U Mapra-
Hell.

IToayyenne. B cBOGOAHOM COCTOSTHUU B ITPUPOJIE BCTPEUAKOTCS TOJIBKO
HEKOTOpbIe METaUIbl, HAIpUMEP 30J0TO, IUTaTHHA, Majiaguil, po-
nuit, ocMui. BOJBITIMHCTBO METAUIOB HAXOAATCS B MPUPONE B BUIE
COCIMHEHUU: OKCUIIOB, CYIb(MUIOB, XJTOPUIAOB, Cyab(haToB, KapboHa-
TOB U T.J. DTU COCNUHEHUS OOBIYHO MPUCYTCTBYIOT B CMECHU C APYIH-
MM, SIBISIIOIIAMUCS MYCTOM MOPOAOH; TAHHYIO CMEeCh COeNMHEeHUN Ha-
3BIBAIOT pyodoil.

IMepBoHauaabHOM 3a0auel MpU MOJIYICHUN MeTala U3 PYABI SABIS-
eTcs OTHAeNIeHUEe MYCTOU MOPOABl. DTOT MPOIIeCC HA3bIBAIOT 0002alyeHu-
em pyd. 3aTeM U3 00OTallleHHOW pyabl B 3aBUCUMOCTH OT €€ XUMUIe-
CKOT'0 COCTaBa MyTeM BOCCTAHOBJIEHUS IMOJIYUYAIOT METaJLI.

B kauecTBe BoccTaHOBUTENEH MPU MOJIYICHUN METAJIOB U3 UX OK-
CUIIOB UCIIONB3YIOT Bomopon, okcua yriaepona(ll), yraepoa uiu apy-
roil 6osee aKTUBHBIN MeTajll, HATPUMED:

Fe,0; + 3CO — 2Fe + 3CO,
CuO + H2 — Cu + HQO
Cr203 + 2Al —» A1203 + 2Cr

Hpouecc BOCCTAaHOBJICHUA MCTAJLZIOB U3 UX OKCHMIOB METAIJIOM Ha-
3bIBAKOT Mema/momepMueﬁ.
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Ecam mms monyIeHUS METALIOB MCITOIL3YIOT CYALMDUIHEIC PYIEI,
TO WX cHavaja MOABePTAOT OGXKUTY, 3aTeM 00pa30BaBIINEC OKCHUIEI
BOCCTAHABIUBAIOT KOKCOM:

IMS + 30, — 2MO + 250,71
MO+ C > M+ COT

KOKC

[llemounsie, MeT0YHO3EMEIbHBIC METAUIE MOTYYAIOT SMEKTPOIM-
30M pacIUIaBOB UX Coleil WIn THApOKCHUAOB. HampuMep, IIpn aIeKTpo-
mm3e pacmnapaeHHoro KOH Ha KaTome ocaxmaeTcs MeTALTHUYeCKUIA
KajJnii, a Ha aHONE BBIOCIACTCS KUCIOPOM:

KOH 2 K"+ OH™ (repMudyecKas IUCCOIIHALINA)
Karom: Kt + ¢ - K
Anon: 4OH™ — 4~ —» O, + 2H,0

SJNIEKTPOIN3
paciiinasa

AKOH — 5 4K + O, + 2H,0

Cmaasel. TBepmble cMecH, oOpa3ylonuecsd MPpU CMEIIUBAHUN pac-
IUTABIEHHEBIX METAJLTOB, HA3KBAIOT crsaeamu. [1pr cMeITUBaHUM pac-
IUTABIEHHEBIX METALUTOB IPOMCXOOUT PACTBOPEHUE ONHOTO MeTalla B
IPYIOM WIH 06pa3yercd MX XUMUISCKOe COenMHEHIE.

CriaBel UMEIOT Pa3IMIHYIO IPUPOLY:

e CHAGEbL — CMecu — TIPU CMEIIMBAHUN PACIIABICHHBIX METAJLIOB
MIPOUCXOIUT TOILKO WX B3aUMHOE PACTBOPEHUE, a CIUIAB MPEACTaBIsI-
eT co0OoI cMeCh aTOMOB MCXOTHEBIX METAIOB; HAIIPUMED, CILTABEI BHC-
MYT — KaaMuil, CBHHEII— OJIOBO;

« CHAGBbL — MEepobie pacmeops O0PA3YIOTCA B CIydae CXOACTBA KpH-
CTANTMYECKUX PEIeTOK COCTARIAIONINX CILIAB METAJLTOB; IIPH 3aTBEep-
MeBaHUM MeTaLTBl KPUCTAIM3YIOTCS He pas3meldbHo, a 00pas3yioT cMe-
MaHHBe KPUCTAJUTEL, T.¢. KPUCTAJUIEI, B y3/IaX PelleTOK KOTOPHIX pac-
MTOJIATAlOTCS TOIEPEeMEHHO MOHEBI Pa3MMYHBIX METAJUIOB; HAIpHUMED,
CILTaB Menlb— cepebpo;

e CHAABbL — UHMepMemarudeckue coeouHerus odbpasyoTCcd Korma
IIpUA CMEITUBAHUHT IBYX METAJUIOB TMOMYYAOTCI X XUMUIECKIE COCIH-
HEHWA; HaIpUMep, CIUIaB MarHWi — CBUHEII.

Metamnel 00pa3yloT CIUIaBEI HE TOJIBKO IPYT ¢ OPYIOM, HO WU C
HEKOTOPBIMU HeMeTaLTaMH, HATIPAMED ¢ YIIepoaoM, KpeMHNeM. Taxk,
YYI'YH U CTalhb MPEICTaBIAIOT COOOM CIUIABEI Kele3a ¢ YIISPOIOM.

CBolicTBa CILTABOB OTIMYAIOTCS OT CBOMCTB UHCTHIX METAJLTOB UX
COCTABTIONTNX. Y CILTABOB BEIIIE TBEPAOCTh W MPOYHOCTH, MEHBIIE
TEILTOMPOBOIHOCTD M SIEKTpIUUeCKasa MTPOBONUMOCTD, HITXKE TeMIIepa-
Typa IIaBIeHus. JIMIIIE TIOTHOCTD SIBIAETCA CpenHel BeTMIMHON MEXTY
IUTOTHOCTSAMU BXONSAIINX B COCTAB CILIaBa BEIIECTB.
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bonblioii BKIaa B pasBUTHE HAyKM O MeTalaX U CIIaBaX BHECIU
pyvcekue yuennsle I1.I1. Anocos, H.C.Kypuakos. brarogapss paboram
H.C.KypHakoBa Mo (PpU3HKO-XUMHISCKOMY HCCIeTOBAHUIO CILUIABOB
MOKHO IMOJIyYaTh CIUIABHI ¢ 3apaHee 3aaHHBIMU CBOHCTBAMMU: JIeTKue,
HepXaBewIlue, XXapormpoyHble U Ip.

CIutaBel HaXOAST IUPpOKoe mpuMeHeHue. OreuecTBeHHAs TPOMBIII -
JIEHHOCTE BEIITycKaeT 0oiee 5 000 pasnuuHEIX criaBoB. HazoBeM HeKo-
TOpbIE U3 HUX.

Yyeyn — cmnaB Xede3a ¢ HeGombmuM (1,7 —35 %) KOTUUECTBOM
yriaepoma U MeTanyprmdeckumMu npumecsamu (Mn, Si, P u np.). [Ipume-
HSeTCS I U3TOTOBICHUS Pa3MUYHBIX MAIlIMH, CTAHWH, PEIIeTOK, s
MeperiaBKu B CTalb.

Cmanes — cIiaB xkeae3a ¢ HeGoasmuM (1,7 %) KOMMIecTBOM YIje-
pona u Metamtyprudeckumu mpumecamu (Cr, Mn, Si, Ni). IlIupoko
MPUMEHSETCS B PA3INYHBIX OTPACIsAX MPOMBIIIIEHHOCTH.

ypasomur — CIUTaB ATFOMUHUS ¢ HEOOIBIITUM KOJTUUECTBOM MU,
XKeyme3a, KpeMHMsI, MapraHia, MarHus. MIMeeT xopollue MexaHUde-
CKHMe CBOMCTBa BCAENCTBUE JETrKOCTH U MpoyHocTH. [IpumeHsieTcs B
aBUALMOHHON U aBTOMOOUIBbHOU MPOMBIIIIEHHOCTH.

bponza — crimaB Menu U onioBa. bpoH3a UMeeT CpaBHUTEIbHO HU3-
Ky (900—1 000 °C) Ttemmeparypy IUIaBIeHUSI. XOPOIIO OTIUBAETCH,
o0amaeT BHICOKUMU MEXaHUUeCKUMU CBOMcCTBaMu. Mcrmoiab3yeTcs B
MAIIUHOCTPOEHUHU IS U3TOTOBICHUS YacTelt MalluH (MOAIIUITHUKH,
MOPIIIHEBbIe KOJbIIA U T.A.), JUIST XYA0XEeCTBEHHBIX OTIUBOK.

JlamyHs — cIUIaB MeIM ¢ HMHKOM pa3Horo cocrana. [IpumeHsieTcs B
MAIIUHOCTPOCHUM.

Meabxuop — cruiaB Meau ¢ HUKeiaeM. VICIonb3yeTcst Il U3roTOB-
JICHUST TTOCYIBI.

babbumer — crmaBel Ha OCHOBE OJIOBAa M CBUHIA ¢ A0OaBIeHUEM
CYpbMBI U Menu. [IpuMeHSIOTCS A9 U3TOTOBIEHUS MOAIUITHUKOB.

an/IMep BbiIMOJTHEHNA 3agaHU4d

3aganme. Ha 18 r cmmaBa Memn, cepebpa W 3070Ta NOACHCTBOBATI KOH-
HEHTPUPOBAHHOM A30THOM KHUCIIOTOI ¢ MACCOBOM Joneit KucaoTsl 60 % (mmotT-
HOCTh 1,39 r/cM’), mpu sTOM BEIZEIMIOCH 6,72 1 rasa (H.y.). Onpememure
MaccoByI0 00 (%) MeTautoB B criaBe. CKONBKO MUWLTHIATPOB KHUCIOTHI
OBLUTO U3PACXOJO0BAHO HAa PacTBOPEHUE cIinaBa?

Pemenmne. 1. 3anmuceiBaeM ypaBHEHUS PEaKIIAi METAIITOB CIIABA C KOH-
IIEHTPUPOBAHHOM A30THOU KUCIOTOM:

Cu + 4HNO; — Cu(NO;), + 2NO, + 2H,0 M)
Ag + 2HNO, - AgNO, + NO, + H,0 )
Au + HNO;, 4

2. Ha ocHOBe 3THX peaKIInil BEIYUCTACM:
a) Maccy Mead W cepebpa, BXOAAINIUX B COCTAB CILTaBa:
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Ha (64 + 108) r Cu, Ag mpuxomutcs 3 -22,4 1 NO,
Ha X r Cu, Ag — 6,72 1 NO, x=17,2r1;

6) o6beM 60%-ro pacTBOpa a30THOUM KUCIOTHI, M3PACXOAOBAHHOIO Ha
pacTBOpeHUE MeIu U cepedpa:
Ha 6- 63 r HNO; nmpuxoautcs 3 -22,4 1 NO,
Ha x T HNO; — 6,72 1 NO, x=37,8T HNO;,

TOorga Macca 60%-ro pacTBopa A30THOM KUCIOTHI COCTABUT:

:m~100%; m1:37,8~100:63; - 63

= =453 M.
® 60 1,39

my

3. OnpenensieM coiep>XKaHue METATOB B crtage. COCTaBAM JIBA YpaBHEHUS
C IBYMS HEU3BECTHBIMU.

IIpennonoxum, uto Macca Meau m(Cu) B criiaBe paBHa X TPaMMOB, TOT-
na Macca cepebpa m(Ag) 6yner pasHa (17,2 — x) rpamMoB. llo ypasBHeHUIO
(1) BerIMCIsieM OOBEM rasa, BEITECHCHHBIN M3 KUCIOTHl MEIbIO:

64 r Cu o6pasyror 44,8 1 NO, 44, 8x
xrCu — a n NO, a=—i

Ilo ypaBHeHMIO (2) BBEITHCISIAEM OOBEM rasa, BRITCCHCHHBIN M3 KHCIOTEI
cepebpoM:

108 r Ag obpasyrwort 22,4 1 NO, 22,4(17,2 - x)
(172 -x) T Ag  — b aNO, b=—"—0—

CoCTaBsIeM CUCTeMY YpaBHEHHN W pelllaeM ee:

a+b=06,72,

44,8x 22,4(17,2-x)
64 108

— 6,72,

1209,6x  358,4(17,2-x) _ 1161216
1728 1728 To1728

1209,6x + 358,4(17,2 — x) = 1209,6x + 6164,48 — 358 ,4x =
= 851,2x + 6164,48 = 11612,16,

544768

851, 2x = 5447.68; x =>2508 _6 4 1 Cu.
X e T e

CrnemoBarenbHo, B case 6s1m0 6,4 ¢ Cu (35,5%), 17,2 - 6,4 = 10,8 1 Ag
(60%), 18 — (6,4 + 10,8) = 0,8 r Au (4,5 %), T.¢. crimaB comepxan 35,5 % Cu,
60 % Ag, 4,5% Au; o6beM H3pacXomOBAHHON KUCIOTHI COCTABUI 45,3 ML
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Bonpocb n 3apaHug

1. YeMm oTmmaaTcs (U3NIECKIE CBOMCTBA METAIIOB OT HEMETAIIOR?

2. YRaxuTe Hanboxee pacIpoCcTpaHeHHBIE CITOCOODI TTOMYICHUSI METAIUTOB.

3. B kakoli mocIeToBaTeIbHOCTA OYIyT BOCCTAHABINBATHCS CICAYIONINE Ka-
TUOHBI IIPU SIECKTPONN3E UX CONel OMMHAKOBONM KOHIICHTpAINY (AHOM Hepac-
TBOpUMEI): Al*, Sn*, Ag", Mn”*?

4. C BOTHBIMH PaCTBOPAMH KaKWX COSTUMHEHUI OYET pearnpoBaTh HUKEh:
HBr, MnSO,, Cu(NO;),, BaCl,, KOH? CocrtaBpTe ypaBHCHUS pecaKITHil.

5. Kakoil MeTamn He OYAET pacTBOPATHCA B KOHIICHTPUPOBAHHOW XOTOMI-
HOU cepHoil kucimore: Hg, Al, Au, Ag, Mn?

6. IIpu meficTBUY HA CMECh ATIOMUHUS M MEIU Maccol 4 T XJIOPOBOTOPOI-
HOI KUCIIOTOM BBIACIUIOCH 3,36 1 raza. Onpenenute coctas (%) cmecu. (Om-
eem: 67,5% Cu, 3,5% Al.)

11.2. Koppo3usa metannos

Kopposueii Ha3bI1BAIOT pa3pylleHAE METAJIOB MO BIAASHAEM OKpY-
KAWel cpeapl B pe3yabTare XHMHYECKOr0 HWIH 3JEKTPOXHMH-
YEeCKOro B3aUMOIEACTBHS C HEM.

Paznuuator mBa BUma KOPPO3UH: XUMHICSCKYIO W IMEKTPOXUMMIIC-
CKVIO.

Xumuueckas kopposus OOYCITOBICHA B3aMMONEUCTBHEM METAUIOB C
CYXHMM Ta3aMU WIN XUOKOCTSIMHU, He IBIAOMMUMUCA SICKTPOINTAMI.

MexaHn3M XUMIYECKOH KOPPO3UU CBOOUTCI K Ouddy3un aToMOB
WIA WOHOB METAIOB CKBO3b ITOCTEIICHHO VIDIOTHAIONIVIOCA ILTEHKY
MIPOAYKTOB KOPPO3UU M BCTpeTHOM mudpPy3nn aToOMOB WIH MOHOB
KHACITOPOIa (XUMIUIeCKOe OKMCICHHUE):

M
N e
M2

~—]_20

\ MO - 02
+
~

N

[IpumepoM Ta30BOM KOPPO3WH ABIAECTCI B3aMMONCHCTBHE MeTal-
JIOB TIPH BEICOKOM TeMITepaType ¢ KUCIOPOIOM M IPYTUMH ra3o00pas-
HBEIMU akKTHBHEIMU cpemamu: H,S, SO,, ramorenamu, CO, u mp.

Dnexmpoxumuueckas Kopposus — paspylieHNe MeTalia TMpH KOH-
TaKTe IBYX PAa3HOPOTHEIX METAUIOB B IIPUCYTCTBUU 3J¢KTPOJINTA.

MexaHn3M 2TeKTPOXUMITIeCKON KOPPO3UHM OCHOBAH Ha OOIMHX 3a-
KOHAaX KOPPO3MOHHEIX TaTbBaHMYeCKIX 2JIeMeHTOB. KpaTKo paccMoT-
PUM TIPUHIUT MeHCTBUS ralTbBaHUICCKOTO 3IEMEHTA.

Tanveanuuecrkuil snemenm — 310 MPUOGOP, BEIPAGATHIBAIOIINIT TeK-
TPHUUYECKUI TOK B pe3yJIbTaTe OKMCINTSILHO-BOCCTAHOBUTEIBHEIX TIPO-
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LIECCOB, MPOUCXOAAIINX HA 3MEKTPOJAX, KOTOPBIE MPEACTABISIIOT CO-
0ot MeTaJIbl, pa3Hble MO XUMUYECKON aKTUBHOCTH.

B kpucrammmieckoif CTPYKType METAIOB CYIIeCTBYeT PaBHOBECHE
MEXAY aTOMAMW METAIa, MOHAMHA U 3ICKTPOHAMU:

M &2 M"* + ne

U MeTaUTMUeCKHe CBOMCTBAa BBIpaxkeHBI TeM CHJIbHEe, uyeM OoJblile
KOHIIEHTpaIusl CBOOOIHBIX 9TEKTPOHOB.

IIpu onyckaHUK MeTajlia B BOJAY WM B pacTBOP COOCTBEHHOM COMU
YacTh MOHOB METalia MePEXOAUT B XUMKOCTh MO AEUCTBUEM TOISIp-
HBIX MOJIEKYJ BOABI I AaHKOHOB COOTBETCTBEHHO. B pe3ynbTare Tako-
ro mepexoja XUAKOCTb B HEMOCPEACTBEHHON OJIM30CTU K METAILTY
3apsKaeTcd MONOXUTEABHO, METAIT — OTPULATEIBHO.

baaromaps oTpuliaTeIbHOMY 3apsay Ha MeTalie K HeMy OyayT mpu-
TATUBATHCA MEPEICIINE B PACTBOP MONOXUTENBHO 3aPSKEHHBIE HOHBI.
Hactynmaer nuHaMudeckoe paBHoBecre. BO3HUKAET TBOMHOM 37€KTpH -
YECKUN CIIOHA MEXIY METAJUIOM M OKPYXKAIIIEH Ccpenoi, B pe3yabTare
yCTaHABIWBACTCA PA3HOCTh MOTEHIIMAIOB, KOTOPYIO HA3BIBAKOT 31€KMH -
POOHBLM NOMEHYUANOM MEeMANNa:

+++++++
|
|

+ 4+ + + +++

Zn2 + SOF

BosHUKHOBeHIE SIEKTPHYECKOTO TOKA B TATBBAHIISCKOM JIeMEHTE
CBSI3aHO € Pa3IMYHON KOHICHTpalueil CBOGOMHEIX 3JIEKTPOHOB B Me-
TaJIax ¥ CTpeMJICHNEM K e¢ BEIPAaBHUBAHUIO TIPY KOHTAKTE MEXKIY HUMMU:

Zn / Cu
_ +
Zn2+ Cu2+
Zn2t + SOy~ Zn2t + SOF
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DNEeKTPo, OTHAKIIUNA 3TEKTPOHBI (IIPOIEeCcC OKUCICHMS), Ha3bl-
BAaIOT aHoOOM; 3JEKTPOJ, MPUHUMAIOIIUN 3JeKTPOHBI (IIpolecc BOC-
CTAHOBJICHUI) — KAMOOOM.

AHonoM sBIsgeTcs Gojiee aKTUBHBINM MeTall. AHOM, KakK IpaBuio,
paspymaeTcs (Tak Kak 3JeKTPOHBI epeTeKaloT K KaToAy, a HOHBI YXO-
T B pacTBOP).

IIpoliecchl B raibBAHUYECKUX JEMEHTAX MPUHSITO 3allUCHIBATH B
BUIE CXEM; HallpUMep:

(-) Zn|ZnSO,|CuSO,|Cu (+)

Ha smexkTpome m3 mmHKa (aHoOme), IMTOTPYKEHHOM B PacTBOpP COMH
ZnSQO,, TPOUCXOONT MPOMECC OKUCICHUS:

Zn — 2¢ = Zn*

Ha saexTtpone w3 memn (Karome), MOTPY:KeHHOM B PacTBOP COIH
CuSO,, IpoOUCXOINUT IIPOIIECC BOCCTAHOBICHII:

Cur +2¢ =Cu"

OnHoBpeMeHHO YacTh HOHOB SO;~ MepeXoauT Mo MeKTPUISCKOMY
MOCTHKY B cocyd ¢ pactBopoM ZnSQO,.

Heobxonumo o6GpaTuTh BHUMaHHWe Ha TO, UTO V TaTbBaHUIECKUX
SJIEMEHTOB OTPUIATEIBHEIN 3JIeKTpON HA3bIBAlOT aHOIOM, ITOJIOXKHM-
TeTBbHBEIM — KaTromoM. B ciydae ameKTpoiam3a Ha3BaHUE 3IEKTPOIOB
o6paTHOe: OTPUIIATEILHEIM 3IeKTPO HA3HBAIOT KATOAOM (COeIMHEH
¢ OTpUIATEeIBHEIM MONIOCOM), ITOMOXUTEABHEIM — aHOmOM (Coemm-
HEeH ¢ TOJOXUTEIBHBIM ITOTIOCOM).

Haspanme amekTpona o6yCIOBICHO MPOIIECCOM, MMPOTEKAIOIINM Ha
HeM (Ha KaTole — BOCCTAHOBJICHWE, Ha aHOIE — OKHCICHUE).

[Ipu paGoTe raabBaHWUYECKON Maphkl KOPPOIHUPYET (pa3pyInaeTcs)
Gosee aKTUBHBIA METaIT.

PaccMoTpuM mpuMepHl 3IeKTPOXUMIISCKON KOPPO3H.

[Ipu meitcTBUN CepHOM KUCTOTH HA TeXHUYECKUIA ITMHK, COomepKa-
I TIpAMeCh XKele3a, Ha ITOBEPXHOCTH IIMHKA BOZHUKACT MHOXECTBO
MUKpOTATbBAHNYECCKIX IEMEHTOB:

/n | HQSO4| H2| Fe

AHOIIOM B 3TOM 3J1€MEHTE 6y,Z[€T OHUHK, KaTOOOM — 2XK€JIC30.
Ha anoze MIPOTCKACT MPOLECC:

Zn — 2e” = Zn”" (oKucIeHuUe)
Ha Karofe:
2H" + 2¢ = H, (BoccTaHOBIICHHE)

PaccMOTpeHHBIN TIPUMEDP OTHOCHUTCA K KOPPO3UUW B KUCTOU Cpefie.
IMo-apyromy mpoTekaeT mpolecc KOPPO3WU B HEUTpATbHOU cpefe.
OkuciauTeaeM B HEWTpalbHOM cpejie OyayT He MOHBI BOAOpOaa, a MO-
NEKYyABl KUCTOPOAA, PACTBOPEHHOrO B BOAE, KOTOPHIE HA KaToie
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mpeppamarTca B moHs OH™. Hampumep, pu KOPpO3UH TeXHIISCKO-
ro XXejle3a BO BIAXHOM BO3IyXe MMPOTEKAT CASAYIONINE peaKITum:
« HA aHOme

2Fe — 4¢ = 2Fe**

MIPOAYKTOM peaKINu ABAAeTCS rumpokceun kexesa(ll);
« Ha Karoje

0, + 2H,0 + 4e = 40H"

T'unpokcun xene3a(ll) B mpuUCYTCTBUM BOABI U KUCIOPOAA BO3AyXa
nepexonut B ruapokcun xenesa(1ll):

4Fe(OH), + O, + 2H,0 = 4Fe(OH),

[IpuunHON 3IeKTPOXUMHUIECKON KOPPO3UH ABISIOTCS INIABHBIM 00-
pa3oM 3arpsA3HeH, IIPUMECH, COISPXKAIIUeCd B MeTallIe, I HEOTHO-
POIHOCTD €70 MOBEPXHOCTH. DICKTPOIUTOM MOXKET OBITh BIAKHEII BO3-
IyX, B KOTOPOM TIPUCYTCTBYIOT pacTBopeHHEIe Tasel — CO,, SO, u np.

Hanmune ameKkTporarbBaHUYECKHUX Map M 3JIEKTPOIUTa 00YCIOBIM-
BaeT o0pa3oBaHUe raIbBaHUICCKNX 2JI€MEHTOB.

AHOIOM SIBIIIIOTCSI YacTHUIIBI MeTajlla, KaTomoM — 3arpsa3HeHHsd,
mpuMecHu. Ha xaTode mmet paspsaka HOHOB BOIOpPOJA WIN IIPOTEKAeT
IIPOIIECC BOCCTAHOBIECHUA KUCIOPOAA, PACTBOPEHHOTO B 3JIEKTPOIUTE
(B 3aBucuMocTu oT pH cpennl anekTpoanTa). AHOI pa3pyIIacTcs.

Kopposus mmpuHOCHT GONBINOI Bpea HAPOAHOMY XO3SIUCTBY: Teps-
eTcs OOIBIIOe KOMWYSCTBO METajlla, IMOPTATCA M BEIXOIAT U3 CTPOS
METATTINIeCKNE KOHCTPYKIINHI, II03TOMY BOIIPOCAM 3aIllUTH METAIIIOB
OT KOPPO3HWHU IPUAACTCSI OrPOMHOE 3HAUCHHE.

CrrocoOH 3alUTE OT KOPPO3UH MHOroo6pa3Hbel. OCHOBHEIE M3 HUX
CIIenyIONIe. HaHEeCEHNEe 3allUTHERIX IMOKPHITUI;, M3MEHEHHE cOocTaBa
Ccpennl; MpUMeHEHNE MEKTPOXUMUYECKUX METOAOB, MPUMEHEHWE CITTa-
BOB.

OCHOBHOI MeToa OOPLOEI ¢ KOPPO3UEH — 3TO M3OIAIUSI MeTajia
OT arpecCUBHOM CpeIbl ¢ MOMOIIBIO PA3TMYHBIX ITOKPBITHIA.

Bonpioe pacnpocrpaHeHne IOIYIIN HEMETAUIMISCKUE ITOKPHI-
THA: JTaKW, KpacKW, sManu, IaeHKH. YacTo MeTaal HOKPHEBAIOT APY-
TIMH MeTajlaMu, 0olee KOppOo3MOHHO-cTorKmMu. [lpn HapylneHnn
IMOKPHITHSA O0HAXAETCA YacTh 3alllUINaeMOr0 METallla, U OH BCTYIIAcT
B KOHTAaKT C BHEITHeH cpedoif. DTO BBEI3BIBAET KOPPO3UIO BCICACTBHC
o0pa3oBaHUA raJIbBaHUIECKOTO 3JICMEHTA.

IMpwuem paspyiarekcsa OymeT 6oee aKTUBHEIN MeTawt. Hammpumep,
IIPH KOPPO3UH OIMUHKOBAHHOTO 3KEIe3a IIPOUCXONAT CASAYIOMNE MpO-
ECCHI:

S A\ § mowow

g Fe { Zn* + 20H- — Zn(OH),
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Tak Kak MUHK — 0ojlee¢ aKTUBHBIM METALT M ABIACTCI B TaHHOM
raTbBaHMIECKOM 2JIeMeHTe aHOIOM, OH OVIeT pa3pylIaThCs, a XKelxe30
Oymer COXpaHATHCA IO TeX MOP, ITOKA HE Pa3pYIIUTCA BECh 3AIlUTHERIM
croit mmHKa. [TokpeITHe Gollee aKTUBHBIM METAIOM HA3BIBAIOT aHO-
HBEIM. MeTaTel MeHee aKTHBHEBIC, UeM 3alluIaeMBle MeTaJLTbl, o0pa-
3yIOT KaTOoOHEIE MOKPHTUA. Tak, o1oBO, HaHeCEHHOe Ha Xele30, 00-
pa3yeT KaTogHoe MOKPHITHe (TyXXKeHoe Xene3o). [Ipu HapymeHnn 3a-
IMIATHOTO CIIOS KOPPO3UU GYIeT MOMBEPraThCs caMo XKele30, TaK Kak
XKele30 B JaHHOM CiIydae SBIACeTCSI aHOIOM, a OIOBO — KaTOIOM:

g Sn Fe —2¢ — Fe?*
Fe? + 20H™ — Fe(OH),
§ Fe 4Fe(OH), + O, + 2H,0 — 4Fe(OH),

TMpuMeHaeTCca TPOTUBOKOPPOINOHHAA 3alUTA, OCHOBAHHAA Ha XU-
MHUYECKOM U3MEHEHUH MOBEPXHOCTH METAIa: OKCUAUPOBAHUE, aHO-
IUpOBaHHE, BOpOHEHHE, (ochaTUpoBaHUE.

HMcnons3yioT B Takoif MEeTOJ 3alllUTE METAJLTOB OT KOPPO3UH, KaK
H3MEHeHHUe cocTaBa cpefbl. OH 3aKII0YAeTCs B VIAICHUH BPeAHBIX TIPH-
Meceill U3 OKpYXalollell MeTalll cpelbl; HallpuMep, VIaJeHue coueil 1
KHUCIOPOJA U3 BOMABI, HCHOMIL3YEMON B MAPOBEIX KOTIAX.

[Iupoko OPUMEHSIIOT 21eKmpoxumuieckKue Memodsl 3a1TUTH OT KOpP-
po3nun. PasauyarT KATOIHYIO 3alUTY U IPOTEKTOPHYVIO.

Kamoounas 3auuma COCTOUT B TOM, UTO BCSI TTIOBEPXHOCTE COOPYKe-
HUS UCKYCCTBEHHO JISTAeTCI KaToOoM (IIpUCOSAUHEHIE K KAaTOAY BHEIII -
HEro UCTOYHHUKA TOKA).

IIpomexmopras zauwuma COCTOUT B TOM, UTO K 3allHIIAEMOIL Me-
TAIITHYECKON KOHCTPYKIIUU OPUKPEINISIOT KYCOK WU MIACTUHKY GO-
JIee aKTHBHOT'O MeTajlla (3TOT METAallI pa3pyllaeTcs, 3alluinas KOH-
CTPYKIINIO). DTHUM METONOM 3alllMINAIOT MHHINA Kopalbieil, TpyOH,
Kabenn.

W, HakoHell, MHOTHE CITIABHI (CILTABEI ¢ XPOMOM, MOIHOACHOM,
HUKeIeM) 00IaJaloT 3HAUYUTENBHOU CTOMKOCTRIO MPOTUB KOPPO3UM.

Bonpocb n 3apaHug

1. Kakwue cyIecTByIOT CITOCOOBI 3aIIUTHl METAILIOB OT KOPPO3UU?

2. O6BsICHNTE TTPUHITAT JCHCTBUS TATbBAHUYECKOTO BIEMEHTA.

3. Kaxk nportekaer KOppo3us JTy>XKeHOTO (ITOKPBITOTO OJTOBOM) XXee3ad, eCiu
CITOH OJT0Ba TOBPEXICH?

4. B yeM CyITHOCTh TPOTEKTOPHON 3aIUTHI METAIIIOR OT KOPPO3UN?

5. TTouemy XeNe30 MOABEPracTcd KOPPO3UM BO BIAaXHOM Bosayxe? Uem
OTIMYAETCST KOPPO3WsI XKeJle3a B KUCTIOM cpefie OT KOPPO3NU B HEUTpaTbHONI?

6. AHOTHBIM WM KATOMHBIM MOKPBITUEM SIBISETCS HUKEND: a) TS 1IMHKA;
0) g cepedbpa? B 1eM CYIITHOCTD BICKTPOXUMIICCKON KOPPO3UH?



FlnaBa 12

rNMABHASA NOArPynnaA 1 reyvnnbl
(LLEJTOYHbIE METAJNNDbI)

N3yuume rnasy, cnenyer:

3HaTb CBONCTBA, CNOCOOLI MONYYEHNUS U MPUMEHEHME LENOYHbIX MeTa-
JIOB N UX COEOMHEHUR;

YMeTb COCTaBJISTb YPaBHEHUS XUMUYECKUX peaKkuuii, XxapakTepusayoLmnx
XUMUYECKMEe CBOMCTBA 1 cNOCO6 LI MOy4eHUs MeTanNI0B MMaBHOW Nnoarpynnol
| Fpynnel U X BaXXHENLLNX COeAUHEHNTA.

12.1. O0wan xapakTepucTuka

[lemouHble MeTaLIBl 3aHUMAIOT TJIABHYIO TTOATPYIITY MEPBOI TPYITIHI
Ilepuonnueckori cucremnl . M. MeHaeneesa. K HAM OTHOCSTCA Au-
muit Li, nampuii Na, kaaui K, py6uduit Rb, yesuit Cs, ¢ppanyuii Fr.

ATOMBI IIEJTOYHBIX METAJUIOB HA BHEITHEM KBAaHTOBOM CJIO€ UMEIOT
OOWH 37eKTpoH. [IpeanocaeaHniA KBAHTOBBIN CI0M UMEeT YCTONYUBYIO
KOH(UTYpaLuio 6;1aropoaHoro rasa s2p° (atom autus 1s?).

HekoTtopele cBoicTBA aTOMOB IIEIOYHBIX METAIJIOB MPUBEACHBI B
Tabm. 12.1.

Ot autus K (paHIUIO ¢ POCTOM MOPSAKOBOIO HOMEpa SJIeMeHTa
yBEJIUUMBAeTCS paanuyc aToMa. B 9TOM e psily Bo3pacTaeT BOCCTAHO-
BUTEIbHASA aKTUBHOCTbD IIETOUYHBIX METAJLTOB.

DTo MATKHe MeTalTbl. TeMmIiepaTypa ILUIaBIeHus Y HUX HU3Kas, Mo-
paaka 30— 180°C, u 3aKOHOMEPHO YMEHBIIIAETCSI OT JTUTUS K IE3UI0.

BcenencrBue 60bIION XMMUYECKOH aKTUBHOCTH IIETIOUHBIe MeTaJl-
JIBI HAXOAATCSA B MpUpoe TOIbKO B BUie coenuHeHnuii. Haubomee pac-
MPOCTpAaHEHbl COCAMHEHUS HATpUS U Kalus, COeAUHECHUS APYTUX
MIETOYHBIX METAILTOB BCTPEUAKOTCS OUEHBb PEIKO.

ITo xuMUUEeCKUM CBOUCTBAM INEIOYHBIC METAILIB MOXOXU MEXIY
coboli, o0pa3yloT B OCHOBHOM COEIMHECHUS ¢ MOHHOU CBSI3bIO, TaK
KaK JIeTKO OTHAI0T CBOM S-3JIEKTPOH € BHEIIHEH O0OOIOUKH.

Ha Bo3ayxe 1ie104HbIe METaUTBI OBICTPO OKUCIAIOTCA. s mpenorT-
BpallleHUs OKUCICHUS UX XPAHAT B 3aKPBITBIX cOCydaxX MO CI0eM Ke-
pocuHa.

IIpu HarpeBaHUHM Ha BO3AYXE OHHU CroparT ¢ oOpa3oBaHHEM IMe-
POKCHIIOB (32 UCKIIOUEHUEM JTUTHS, obpasywinero Li,O).

ITapkl 1eT0YHBIX METALIOB MHTEHCUBHO OKPAIIUBAIOT maamst: Li —
B KpacHBIM 1BeT, Na — B XenrTelii, K — B ¢uometoBriii, Rb — B
¢uoneroBo-po3oBhiii, Cs — B roayboit. IllegouHble MeTaIBl JErKO
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Ta6nwma 12.1. HekoTopble CBOHCTBA ATOMOB IIEJTOYHBIX METAJLIOB

Pacnpe-
&) neneHne Tloten- Pacmpo-
JIEMEHT AToM- nuai Tsep- | Temme-

Mopsan-| “™* | it | womm- | moets | parypa | CTPAHEMH"

. | pomHos HOCTb
KOBBII pa- 3aIUK o IJ1aB- N
Ha - B 36MHOI1

Cuy- | HOMep | o | amye, M - ¢ — | mkane | nenwus, cone
Haspsanue HM — M*, | Mooca °C pe,
BOJI HEM mac. %
3B
croe

Jluiia Li 3 25! 0,158 5,40 0,6 179,5 |5,0- 107

Harpuit Na 11 3s! | 0,171 5,14 0,4 97,7 2,64
Kamuit | K | 19 | 4s' |0216| 434 | 05 | 635 | 2.40
Pyoumaii | Rb | 37 | S5s' [0228] 417 | 03 | 387 [8.0-10°
Lesnit Cs 55 6s' 0,252 3,89 02 | 285 |1,0-107°

®pan- Fr 87 7s! — — — — —
1805151

B3aUMOIEHMCTBYIOT ¢ rajoreHamMu, cepoil. [1pu HarpeBaHUM ¢ BOIOPO-
JIOM NaroT THAPUIHL.

B psany HanpssKeHW BCe 9TH METAUTH PACIIONAraloTcs 10 BOIOPOIA.
OHH nerko (Co B3pEIBOM) OKHUCISIOTCSA BOAOM, 00pa3ysa TMApPOKCHUOEI,
MIPA 3TOM METaNI BEITECHIET U3 BOILI BOAOPOI IO VPAaBHEHUIO

2M + 2HOH — H, + 2MOH

rPI,Z[pOKCI/I,Z[BI MICTOYHBIX MCTALJIOB — TUI'POCKOIIMYHBIC BEIICCTBA,
JICTKO ITOTIOoM AT C02 13 BO3ayXa, pa3beaaloT CTCKIO. B BomHBIX pac-
TBOPAX TTOTHOCTHIO TUCCOUNUDYIOT.

H.[eJIO‘-IHBIe METALIbl OKUCTIAKTCA KUCIIOTaMM:

2M + 2HCI - H, + 2MCI

roe M — MIeJTOYHOM METAIIL.

BonpIMHCTBO coleil MIETOYHBIX METAIIOB GECHBETHBI, XOPOIIO
pacTBOpUMEI B Boe. COIH MIETOUYHEBIX METAILIOB IIPOSIBIIIOT BCE CBOM-
cTBa comeil. Comn HAaTPUS W KATHUA IIUPOKO MPUMEHSIOT B TEXHUKE,
MeIUIIUHE, CEILCKOM XO3SAUCTBE.

Bonpocb n 3apaHug

1. TTouemy IETOUYHBIE METAIIIBI BCET/IA TTPOSBISIOT TTOTOXKUTEIBHYIO CTE-
TIeHb OKUCTEHUS?

2. Ilouemy IeTOYHBIE METATUTBI TPEOYIOT CTPOTOTO COOMIOCHUS TTPABUIT
TeXHUKU 6e30macHOCTr?

3. B Tpex cKIsgHKAX MO CToeM KepOCUHA COIepXKaTcs IETOUHbIC METAJUThI:
IUTHHN, HaTpuii, Kamuii. Kak onpenennTh, B KaKOH CKISTHKE KaKOW MeTajui?
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4. Kak mony4aor 1meaounbie MeTamibl? OTBET MOATBEPANUTE YPABHCHUSIMUI
XUMUYECKYX PEAKIIAN.

5. BulumcInTe, CKOJILKO JIUTPOB BOIAOPOA BBIAEIWIOCH IIPU B3aUMOJIEN -
CTBUIM C BOJOW IEIOYHOIO MeETaslIa.

6. IIpu B3aUMOAEHCTBUY C BOTOH 7,4 I CIUIABA JIUTHSI ¢ HATPAEM BBIICIIIOCH
6,72 1 raza (1.y.). KakoB cocrtas (%) crmaa? (Omsem: 37,8 % Li, 62,2 % Na.)

12.2. HaTtpwii, kanuihi u ux coegnHeHnsd

Hatpwii u kannii

Haxoxnenne B npupoae. B ipuponae HaTpuit U Kaauil B CBOGOIHOM
COCTOSTHUU He BeTpevaroTcsa. OHU BXOAST B COCTaB Pa3IMYHBIX MUHE-
pajioB: CUJIMKATOB, XJIOPUIOB, HUTPATOB, CYIb(haToB.

K camMbIiM BaxkHBIM coequHeHUSIM HaTpust oTHocsATcss NaCl (kameH-
Hag, WIA moBapeHHad, conb), NaNO; (HaTpueBasi, WM YAIUHCKAT,
cemmurpa), Na,CO; (coma), Na,B,0,- 10H,O (6ypa).

CoeauHeHUsT Kajlusd MEHee paclpOCTpaHEHBI, YeM COedUHEHUS
HaTpusd. Hanbosnee BaXXHBIMU MUHEepaTaMU KallUsl SABISIOTCS CUIBBUH
KCl, xapaammr KCI- MgCl,- 6H,0, kanuitnas cemurpa KNO,, amro-
moKanueBele KBaciel KAI(SO,),, cumspuHuTr KCI1- NaCl.

[MpucyTcTBYyeT Kaiuii B 307€ HEKOTOPHIX pacTeHU B BUAe KapOo-
Hata K,CO; (moTamr).

IMoayuenne. Hatpuit 1 Kanuit moay4yaroT 3J1eKTPOJU30M PacILIaBOB
XJIOPUIOB M Iienoueit. [1pu 3mekTponuse paciiaBa XJIopHaa HaTpUs
mpu Temmeparype 800 °C Ha KaTome BEIACIACTCSI METAUIMISCKUI Ha-
TPpUI, HA aHoAE — XJIOP.

DK TPOIU3 paciulaBa XJI0pUAa Kamus MpoTeKkaeT aHaToruyHo. O0bIY-
HO HCITONB3YIOT Ty K¢ ammaparypy. [Aiad MOHWXKeHUs TeMITepaTyphl
mwrapaeHnsa K KCl moGasisaior ¢ropun Hatpusd. HemoctatkoM aToro
MeTola SIBISeTCS TO, YTO IMPU BBICOKOH TeMImepaType B pesyibTaTe
UCIIApEHUST TepseTcd 3HAUYUTeNbHAas YacTh Kajaus, OBICTPO MOPTUTCS
afnmapaTypa, MO3TOMY IOJyUYeHHE Kadus SIeKTPOIU30M PACILIaBOB
MPaKTUUECKU HE UCIONb3YeTCH.

IIpu snekrponuse paciutaBa NaOH Ha KaTtoge ocaxkaaeTcs meTai-
JNIMYeCKU HATpUU, HA aHOAE BBIAEIAETCS KUCIOPOI.

YToObI IIETOYHOM MeTaI He B3aUMOACHCTBOBA ¢ KUCIOPOIOM,
KaTOAHOE MPOCTPAHCTBO OTAEIEHO OT aHOAHOTO CETKON U3 CTaH.

Kanuit B mpOMBIIIEHHOCTH MOJYYalOT MO0 OOMEHHBIM peakIlUsM
Mexay metamtndeckuM HatpueM 1 KOH (mmum KCl):

KOH + Na - NaOH + K
KCl+ Na —» NaCl + K

®Ouznveckne cBoiicTea. HaTpuit u kanmit — cepebpucro-Gennie (Ha
CBEXEM cpe3e) MeTaIbl, MIATKHUe (TBepmocTh mo mKaiae Mooca 0,4 u
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0,5 COOTBETCTBEHHO), JIETKO PEXYTCSA HOXOM; JIETKHE METaJUTBl — TUIOT-
HocTb Kanud 0,86 r/cM’ mpu temmeparype 20 °C, Hatpuda 0,97 r/cmM’;
JIeTKOIUIABKHE — TeMIleparypa IutapieHus Hartpua 97,7 °C, xamua
63,5 °C; XOpOILO MPOBOIAT NEKTPUUCCKHI TOK; Mapel HATPUS OKpa-
MIABAIOT TIaMsI TOPEIKH B XETHIHM 1IBeT, KaTusd — B (DUOIETOBHIA.
Xumayeckne cpoiicTBa. Kak oTMeuaaoch, aTOMBI HAaTpUS W Kaausd
JIETKO OTHAIOT AMEKTPOHHI, IBIAIOTCA CHILHBEIMA BOCCTAHOBUTEISIMU.
1. C MeTamnaMu Kaauit 1 HaTpuii o6pa3yioT ciiaBel. M3BecTeH psn
CIDIABOB 3THX METAUIOB ¢ PTYTHIO, CBHHIIOM, OJIOBOM, aTlOMHUHHUEM.
2. Meraxmmyeckne HATPHA W KalWii B3aUMOIEHCTBYIOT CO MHOTUME
HeMeTallJIaMH: OYeHb aKTUBHEI IO OTHOIIEHHIO K KUCTOPOY, Taaore-
HaM, cepe, docdopy u T.1. Kanmit nHepTeH M0 OTHOWMICHUIO K a30Ty,
KpeMHHUIO, Gopy.
[Tpu B3auMOnEHCTBUN 3TUX METAIIOB ¢ KHCIOPOIOM BO3IyXa 006-
pPa3yIoOTCA TMePOKCUNIHL:
2Na + 02 —> Nazoz; 2K + 202 —> K204
IIECPOKCHUT IIECPOKCHUT
HaTpudga Kanust

HpI/I HEITOCPCACTBCHHOM B3aMMOAEUCTBUA HaTpud WM Kaaud ¢ ra-
JIOTCHaAMMU IMOJYHAITCA COIH!

2Na + Cl, - 2NaCl; 2K + F, — 2KF

IIpu HarpeBannu Na u K B atMocdepe Bomopoda IIpH TeMIIepaType
350—400 °C mmomy4aioT THAPUIEL 3TUX METAJLIOB!

2Na + H, — 2NaH; 2K + H, — 2KH

TUAPpHUL TUAPpHUL
HaTpudg Kaluda

B ruapunax Bomopoa 31eKTPOOTPULIATEEH.
3. Harpuii u Kanuii 6YpHO B3aUMOISHCTBYIOT ¢ XOJOTHOM BOJIOM,
BBITECHSIST BOAOPOJ. Peakiins uaer ¢ BbiAeJdeHUEM OOIBIIOr0 KOIuye-

CTBa TEIUIOTHI. BEIACTUBINUIICSA BOOOPOA BOCILIAMECHACTCA. C Kanuem
9Ta pCaKIyA IMPOTCKACT SHEPIUUHCEC!

2Na + 2H,0 — 2NaOH + H,T
2K + 2H,0 — 2KOH + H,T

4. Hatpuii 1 Kaquii BEITECHSAIOT BOAOPOI U3 KUCIOT-HEOKUCTUTE-
neir (HC1, H;PO,, H,S0,(pa36.)), a npu B3anMOAeHCTBUN C KUCIO-
tamu-okucaureramu (H,SO,(kon1r.), HNO;(konm.), HNO; (pa306.))
Bomopod He BBIIeaseTca (obpasyiorcsa cooTrBeTcTBeHHO H,S, N,O,
NH5); HampuMmep, ¢ KACIOTAMU-OKUCTUTETIMU:

SHQSO4(KOHH) + 8Na —» 4NaQSO4 + HQS + 4H20
10HNO3(KOHH) + 8K — 8KNO3 + NQO + SHQO

9HNO;(pa3b.) + 8Na — 8NaNO; + NH; + 3H,0
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IIpumenenne. HaTpuif 1 Kaauii HCIIONB3VIOT KaK TEIDIOHOCHTETH B
AIepHBIX HePreTHUeCKX YCeTaHOBKax. HaTpuit B crtaBe co CBUHITOM
MIPUMEHSIIOT I HU3TOTOBIEHUS IMOOIIUITHUKOB; B METaUIYPIUH Ha-
TPHIA CAYKUT BOCCTAHOBUTEIEM TIPH TOTyYeHIN peadKux Metamtos (Ta,
Zr) METOIOM METAIOTEPMUH; KaK KaTaIN3aTOP B OPTAaHUIECKOM CHH-
Te3e. OCHOBHOE TIpUMeHEHNE MeTATMIECKOTO Kaausd — MPUTOTOBIE-
HU¢ MepOKCUIOB, CIVKAIMMX I pereHepallny Kuciaopona (Ha IMom-
BOIHEIX TonKax). Kaanif Kak 6MOTeHHEIN 2IeMeHT — ITOCTOSHHAA CO-
CTaBHASA YacTh PACTEHUM M KUBOTHBIX, VUACTBYET B PeTV/SIIIAN COKpa-
MEeHUS cepaa U APpYTUX MBI, TOAAEepXXUBAeT OCMOTUYECKOe AaBie-
HU¢ B KIETKax.

CoeguHernuns HaTtpusa U Kaiaunsa

Oxcudvn Hampus u Kaaus, KakK yXe OTMEUaaoCch, HE MOTYT OBITh
TTONYYeHBI TIPU HETOCPEACTBEHHOM B3aWMOAENCTBUW KUCTOPOIA C
MeTautoM. VX MOXHO ITOTYIUTE TOJBKO TIPU HAarpeBaHUH COOTBETCTBY-
IOIIero MepoKCcuaa, IMeIourd, HATpaTa WX HUTPUTA ¢ METaJUIOM, Ha-
IpuMep:

N3202 +2Na — 2N320

OKCI/I,Z[LI Kailuda U HaTpuAa 06J'[a,I[aIOT APKO BbBIPpAaXCHHBIMHA OCHOB-
HBIMU CBOMCTBAaMHU. PeaFHPYIOT C BO,I[Oﬁ, KHCHOTOﬁ, KNCIOTHBIMH OK-
CHuaaMHM. HpaKTPI‘-IeCKOI‘O 3HA4YCHUWA OHN HE MMCIOT. HepOKCI/II[BI HMCIOT
IPaKTUYCCKOC 3HAUYCHUC. HepOKCI/I,I[BI HaTpuAad U Kaauda UCITOJIB3YIOT B
cucTeMax KU3HeoO0eCcIeUeHHUST IIOABOAHLIX JIOOJOK!

2N3202 + 2C02 e 2N32CO3 + 02
2K204 + 2C02 - 2K2CO3 + 302

Tak KaK HmepOKCUNBl ABIAIOTCI CUILHBIMU OKUCTUTEIIMU, UX HWC-
MMONB3YIOT B PA3IMIHEBIX OKUCTUTETHHO-BOCCTAHOBUTENBHEIX MIPOITEC-
cax, HampuMep IIpH OTOeINBAHNM TKaHEeMH.

Tudporxcudvr nampus u Kaaus B IPOMBIIIIICHHOCTH TTOTYIAIOT XUMM--
YeCKUM U INeKTPOXUMUISCKIM METOIAMMU.

XUMUIeCKIIf METON COCTOUT B CICAYIONIEM: Ha pa3daBIeHHHI pac-
TBOp KapboHaTa HATpUA AeHCTBYIOT THAPOKCUIOM KaJIbIIHST:

Na,CO; + Ca(OH), — 2NaOH + CaCO;

DTa peakus HAa3BIBaeTCA peakyuell kaycmuguxayuu (roaromy NaOH
B OBITY HaA3BIBAIOT Kaycmu4eckoll codoii). 3aTeM HepacTBOPUMEIA Kap-
OoHAT KalbITus OTQWIHTPOBHBAIOT, a BOOHEIHM pacTBop NaOH ymapu-
BafOT Ge3 JOCTYIA BO3OyXa.

DIEKTPOXUMHUICCKUIT METON OCHOBAH Ha 2JIEKTPOIN3¢ HACHIIEH-
HEIX BOTHEBIX PaCTBOPOB XJIOPUIOB IMETOYHBIX MeTAIOB. [1oayyeHHBIM
pPAcTBOp IMIETOYM C XTOPHIOM BHIIApUBAiOT. Tak KaK pacTBOPUMOCTD
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XJIOPUIIOB HATPUS U KalMs HUXE, YeM TMAPOKCUAOB, MPpU BhIMapUBa-
HUU XJIOpUABI OYAYT BRIKPUCTALTU30BBIBATHCS.

IIpu snexTpommse BogHEX pacteopoB NaCl m KCl Hexb3s gomyc-
KaTh COMMPUKOCHOBEHUS BBIACIUBILIETOCS Ha aHOMAE XJIopa ¢ IIeI0YbI0,
obOpasyrolileficss B KATOAHOM MPOCTPaHCTBE, TaK KaK MOXET MPOu30ii-
TU PeaKIius

2NaOH + Cl, — NaCl + NaClO + H,0

C 2Tol ebI0 UCIONB3YIOT SMEKTPOIUTHICCKHIE AISHKN ¢ nrad-
parMoii ¢ pTYTHEIM KaTOZOM.

B maGopaTtopun ruApoKCHAL HATPUA U KAIHS IMOAYIAIOT OeiiCTBIEM
BOZBI HA 3TH METAJUTE WM Ha WX OKCHUABI, HATIPUMED:

2Na + 2H20 — 2NaOH + H2
KQO + HQO — 2KOH

CunbHbele ocHOBaHUS KOH u NaOH Haliteno 1UCCOMUpPYIOT B pac-
IUIaBe U pacTBOpE, MPOSIBISAIOT BCE CBOMCTBA OCHOBAHMIA:

a) B3aMMOJEUCTBYIOT ¢ KUCIOTHBIMU OKCHUIAMMU;

0) BCTYHAOT B peakKIUU ¢ KUCIOTaMH (peaKIUU HeWTpaIu3allnuin);

B) pearupyloT ¢ pacTBOpaMH COJIeil.

Xpauar NaOH u KOH B 3aKpHTHX cocymax, TaK KaK OHHU JIErKo
BCTYHAIOT BO B3auMojeicTBUE ¢ oKcuaoMm yriaepoaa(lV), kotopsiit
HaXOAUTCS B BO3AyXe:

2NaOH + CO, — Na,CO; + H,0

[Mlenoun B3aUMOIEHUCTBYIOT ¢ raloreHaMU (XITOPOM, BpPOMOM):

Ha XoJlogy

2KOH + Cl, — 5 KCIO + KCI + H,0

t
6KOH + 3Cl, - KCIO; + 5KCI + 3H,0

B memouax pacTBOPSIOTCS HEKOTOPEIE METAILIEI, HAIPUMED IIHHK,
ATIOMUHAN, OIOBO, XPOM:

Zn + 2NaOH — Na,ZnO, + H,T
2Cr + 2NaOH + 2H,0 — 2NaCrO, + 3H,T

C pactBopoMm NaOH oxkcwun yriepona(ll) obpasyeT conb MypaBbH-
HO¥ KMCIOTH — (hOpMHUAT HATPHUS:

NaOH + CO - NaCOOH

¢dopMHAT HATPUSI

Tunpokcuasl Kaausd W HATPUS — 3TO TBepHAble Gelble BelllecTBa,
OueHb rurpockonmuHeie. I[1napsarca npu temmeparype 328 °C (NaOH)
u 360°C (KOH). Xopolo pacTBopsioTca B Bome. Pa3bemaioT TKaHH,
KOXy, Oymary.
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I'maBabIM moTpebuTenmeM NaOH (kKaycTUuecKoM COABI) SBIAIOTCS
KOXeBeHHasl, TeKCTUJIbHAsI MPOMBIILIEHHOCTD;, UCIOIb3YeTCS B MPO-
HW3BONCTBE UCKYCCTBEHHBIX BOJIOKOH TSI OMBITIEHHUS KUPOB, OYHCTKHA
He(pTempoaAyKTOB, B IIEIOUYHBIX aKKyMyadTopax. [MApOKCHUA Kauus
HEOoOXOAUM TSI MPOU3BOACTBA XKUAKOTO MbLIA.

Bce conu HaTpus U Kajaus XOPOIO PACTBOPSIOTCS B BOAE U MOTYT
OBITH MONYUYEHBI Pa3HOOOpa3sHBIMU DPEaKIUIMHU, KOTOpPHIe MOAPOOGHO
paccMaTpUBaInCh B pasaeie «Oomas xuMusty. COIIM HATPHS U KaTus
MMPUCYIIK BCE CBOUMCTBA cojlelt (CM. B TOM K€ pasiene).

M3 coseit HaTpusd U KaJdus MUPOKOE MPUMEHEHUE UMEIOT:

« xgopua HaTtpusd NaCl mamst mpousBoACTBa COABI, XJIOpa, COMTHOMU
KUCIOTHI, BOAOPOJA; B TEKCTUIBHON MPOMBIIIIEHHOCTH; B METaJLIyp-
TUUYECKUX Mpoleccax B KauecTBe (haroca JUIs 3alIUTH CILTABOB OT OKHUC-
JICHUS; B MEIUIIUHE; B MUIIEBON MPOMBIILIEHHOCTH;

« HuTpaT Hatpusa NaNQO; Kak a3oTHOe yaoOpeHUe LIsT KOPMOBBIX
KOPHEILTOAOB;

« KapboHat HaTtpusa Na,CO; (M3BeCTHHI IIOJ Ha3BaHWEM coda) B
KepaMH4eCcKOl, CTeKONbHOM, MeMEeHTHOM, OyMaxKHOM, TeKCTUIHLHOM,
MBLTOBApEeHHOM MPOMBIILIEHHOCTH;

« cynbgat Hatpusd Na,SO, 111 00paboTKH XJIomYaTo0yMAaXKHEIX TKa-
Heli, B MPOU3BOACTBE COABI, CTEKIa, B MEAUIIMHE;

o xmopun Kamud KCl mrs monyueHua coemuHennit kammsa (KOH,
K,CO;3, K,S0, u 1p.);

« KapbooHar Kamusd K,CO; B CTeKOIBHOU IIPOMBINLICHHOCTH;

« HuTpaT Kaauss KNO; kak ynobpeHue, B IMMPOU3BOJACTBE CTEKIa,
JUTS. IPUTOTOBICHUST YePHOrO MOpOXa.

Oxkomo 90 % mo6GeIBacMBIX COSTMHEHII KaTnsI UCITOIB3YIOT KakK yao6-
peHus, a Takxke B MeauluHe, ¢oTorpacduu, MPOU3BOACTBE CTEKIA,
MbLIa, KPacoOK, KOXHU.

an/IMep BbIMOJTHEHNA 3agaHU4d

3apanme. IIpu smexrponuse 331,7 mr 20%-ro pactBopa KCl (IIMOTHOCTD
1,125 r/cM®) Ha kaToze M aHOME BBUIEIWINCE rasbl. ['as ¢ aHOAA GBI IpOIy-
meH 4depes ropgunii pactsop KOH. Onpenennte o6beMbl (H.Y.) BBEIICIUB-
muxcs ra3oB U Maccy obpazoragtietics conmn KClOs;.

Pemenmne. 1. Dmexrponns pacteopa KCl mpoTekaeT o cxeme:

KCl 2 K+ CI
H,0 & H'+ OH"

/‘
K+ cr’/
KaTof R aHop
H+ /] OH-
2H,0 + 2¢ — H,T + 20H" 2CL, - 2¢ — CLT

K"+ OH = KOH
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Taxum o6pazoM, Ha KaToje BRIIEISETCS BOMIOPO/, HA aHOAE — XJIOp, BOMM -
31 Katoga — pactop KOH:

DJICKTPOJIU3

2KCl + 2H,0 ——— 5 2KOH + H,T + CL,T (1)

2. Ilo ypaBHeHMIO peaknun (1) HaxomuM O0OBEeMBI BBIICTUBIINXCS Ta30B:
m(pactBopa KCl) = 331,7 mn- 1,125 r/mn = 373,2 1,

mKCly = /320 20% 5,5,
100 %
Ha 2 -74,5 r KCI npuxonutcs 22,4 n H, n 22,4 1 Cl,
Ha 74,5 1 KCl — x; 1Hyu x 1 Cl

x;=11,2 1 Hy; %, = 11,2 1 Cl,.

3. C ropssunM pactBopoM KOH XTop B3aUMOACHCTBYET IO PeaKIINU

t
6KOH + 3Cl, — KCIO; + 5KCI + 3H,0 )

W3 ypaBHeHMs peakiuu (2) HaxoauM Maccy obpasytomeiics conu KClO;:

Ha 3-22,4 1 Cl, npuxomutca 122,5 r KCIO;
Ha 11,2 n Cl, — x 1 KCIO; x=204r.

Taxum obpasom, Beenunoch 11,2 1 H,, 11,2 1 Cl, u obpasoranocsk 20,4 T
KClOs.

Bonpocb n 3apaHug

1. Kax monyuuts Kanuii?

2. MoOXHO M1 TTONYIUTh pacTBOp Kanusd B Boje? [louemy?

3. Kakue coemnHeHNs HATPUS U Kanus Hanbolee pacipoCTpaHEeHBI B TIPH-
pone?

4. [Touemy HaTpWl 1 Kanmui XpaHAT B 3aKPBITOH TTOCYJE IO/ CIIOEM KEpo-
cuHa?

5. Kak oTnuuuTh HATpUl OT Kanus?

6. [llemounott MeTamt Maccolt 7,8 T Ipu peakIluy ¢ BOJON BBITECHSET Ta3
obremoM 2,24 11 (H.y.). Kakoii ato Metamn?

7. Hatpuit Maccoil 46 T pacTBOpWIH B 74 T BOABI. BRIUHCINTE MACCOBYIO
nomo (%) monydeHHOTO pactBopa. (Omeem: 67,8 %.)

8. CxrompKo Kanmus HONYINTC: a) IIpu 3neKTponnse paciuiasa 14,9 v KCl;
0) peaknmeti obMena Mexay KCl maccort 9,8 T 1 MeTamnmuiecKuM HaTpuem?
(Omeem: a) 7,8 r; 6) 15,6 1.)

9. Yto mpencTapIAT cobol MO XUMAYECKOMY COCTAaBY: 4) TOTAall; §) Ka-
ycTHIeCKasg coia; B) Coma IMUTheBas; T) coma?

10. Hammumurte ypaBHeHUS peakIildil, ¢ MOMOIIBI0 KOTOPBIX MOXHO OCY-
IMEeCTBUTD CIEAYIONINE IPEeBPAIcHUS:

a) K,CO; - KOH — K,Zn0O, — KNOg;

6) Na,O, — Na,O — NaOH — NaCl — NaNO;.

11. C kakUMHU U3 TIEPSUNCICHHBIX BEIECTB OyIeT pearupoBaTh TUAPOKCH
kanus: BaO, CO, Cl,, H;PO,, Cu(OH),, Al(OH);, Pb(NO;),? IIpusennte
YPaBHEHUST peaKkIlnii.
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12. Kak nmomyunth tuapokcua kanua? Hanuimmte ypaBHEHUS HE MeHee
YeThIpeX peaKITnii.

13. Kakwue 113 IpuBeIcCHHBIX coNell OyayT moaBeprathesd ruaponu3sy: KNO;,
Na,S, NaHCO;, K;P0,? Hanummnte ypaBHEHUS peakilnuii B MOJEKYISIPHON U
noHHOU (opMax.

14. TIpu B3aumopetictBun 5,8 r cmecu KOH 1 NaOH c¢ cepHoit kucmoToi
ob6pasopanoch 14 r cynabpaToB. ONpeaeanTe MacCoBy0 J0mw0 (%) TMApOKCH-
0B B cMecu. (Omeem: 48,3 % KOH, 51,7 % NaOH.)

15. KpucramroruapaT coabl Maccoil 5 T Tocne ynaneHus KpUCTauTnu3aIi-
OHHO BOAHBI BecUT 1,85 T. BrIuncanTe MaccoByio 10mt0 (%) BOABI B KPHACTAT-
JIOTU/IpaTe U BBIBEAUTE €ro (GhopMymy.

16. Yepes oxnaxkaeHHsiit pactsop NaOH nponyctunu 1,12 1 xmopa (H.v.).
Ckonpko Mummuautpos 40%-ro pactsopa NaOH (mmotnHocts 1,25 r/cm?)
noTpedyercs AN pacTBOpeHUs Bcero xmopa? (Omeem: 8 MIL)



lnaea 13
MOBOYHAA NOATrPYMNA | FPYHNMNbI

M3yumB rnasy, cnenyer:

3HaTb NOJIOXEHNE MeTannoB Nodo4vHo nogrpynnsl | rpynnel B Nepunogm-
4eCcKOW CUCcTeME; OCODEHHOCTM CTPOEHMA NX aTOMOB; CBOMCTBA, cNocoObl NO-
NY4EHUS M NIPUMEHEHNE OOHOIO U3 TUNMYHbLIX NPeAcTaBuTenen nogrpynnsl —
MeOu N ee COedMHEHUN;

YMETb HaxoauTb CXOACTBO U pasnMyMe B CBOMCTBAxX MeTanioB NoOOYHOM
noarpynnel | rpynnsl.

*13.1. O6Gwaqa xapakrepucTuka

K mo6ounoit moarpymime I rpynnel I[lepuoguyeckoit CUCTeMBI OT-
HOCATCS MepexoJHble MeTallIbl: meds Cu, cepebpo Ag, 3010mo Au.

ATOMBI 3THUX METAUIOB Ha BHEIIHEM KBaHTOBOM CJIO€ HUMEIOT IO
OJHOMY 3JIEKTPOHY, a Ha ImpeAnociegHeM — 0 BOCEMHAIATh 3JeKT-
POHOB. OTO OTIMUYAET UX OT IIEJIOYHBIX METAJIOB, KOTOPbBIE Ha Mpei-
MOCAeNHEM CIIOe UMEIOT MO BOCEMb SJIEKTPOHOB. DTUM OMpeAeIsieTCs
pasmuuMe B CBOMCTBAX 3JEMEHTOB IJaBHOU U MOOOYHOU MOATPYIMIT
I rpynmer.

Metannsl mOOOYHON MOATPYIIIBI MOTYT TePATh 3JMEKTPOHBI ¢ TO-
CIIEIHETO U MPEANOCiIeIHEer0 YPOBHEH, MPOSBISAT pa3TUuUHbIe CTEEHU
OKUCTEHUS:

CU e +1  wumm +2
Ag o +1 (pexe +2)
AU oo +1  wmm +3

Y CTOMYNBEIMUA SABISIOTCS CICAYIONTHE COCTOTHUA: I MEITH — IBYX-
BalleHTHOE, NI cepebpa — OMHOBANCHTHOE, A 30JI0Ta — OIHO-,
TpeXBaleHTHOE.

Bce MeTannsl mobGOYHOM MOATPYIIIE OTHOCATCI K IIBETHEBIM, SIBITS-
0TCd TsoKeTsIMA. OHHU KOBKIIE, TeTKO MPOTIATHBAIOTCS B IMIPOBOJIOKY.

Metamnsl moOOYHOM TOATPYIITE YCTOMYHUBEL, OTHOCUTEIBLHO HHEP-
THH (B pANY HAMPSODKEeHWH CTOAT MOCHe BOmopona). XuUMHUIecKasd ak-
THBHOCTB UX YMeHbBImaeTcs oT Cu K Au. C KICTOPOIoM HEeIOCPeACTBEHHO
B3aMMOIEHCTBYET TOIBKO MEb, ¢ Cepoif — Menb 1 cepebpo. C ramore-
HaMH Mellb pearupyeT MpH KOMHATHOM TeMIiepaType, cepeGpo | 30710~
TO — TIpH HarpeBaHUU. Menb U cepebpo pacTBOPSIOTCA B pa3GaBlIeH-
HO a30THOM KUCIOTE U IPU HarpeBaHWUH B KOHITEHTPUPOBAHHOM cep-
HOM KHUCI0TEe. 30I0TO pacTBOpIETCA B «I1apckoii Bomke» (cmech HCl n
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HNO; 3:1), B xonnentpupopanuoit H,Se¢O,, 8 HCl B mpucyrcTtBun
OKUCTUTEedeH (X10paToB, HUTPATOB, TIEPMAHTAHATOB).

Huskasg xumMuyeckas aKTUBHOCTh METAJUIOB ITOGOYHOIN MOATPYIIIIEI
06yCIOBIMBAET UX CYIISCTBOBaHHE B MPHUPOIE B CBOGOTHOM COCTOSI-
HUH, a TAKKE B BHIE PA3TUIHBEIX MUHEPAIOB, U3 KOTOPBEIX B OCHOB-
HOM U MOJIYYaloT Melb, cepebpo. 30I0TO HAXOOUTCA B CBOOOTHOM CO-
CTOSTHUM.

Metamisl moOOYHOM TOATPYIIITH, a TAKKE UX COCTMHEHUA HaXOIAT
MIUPOKOe TPUMEHeHHe, TPEXKAe BCETO NIA MOMYYCHUS DPa3THIHBIX
CIIABOB, UCIIOIB3YEMBIX B IIPOU3BOICTRE IOBETHPHBIX U3NSTHIA, B 2TeK-
TpOMEXaHUYeCKOHN, 2IeKTPOHHON MPOMBIIIICHHOCTH W Ip.

Bonpocbl n 3agaHug

1. TTogeMy TIeTOTHBIC METATUTBI ¥ METAJUTBI TTOATPYTIITBI MEIU PACIIONOXE-
uel B [ rpynme Ilepuonndeckoii cucteMbl? CpaBHUTE UX BOCCTAHOBUTEIBLHYIO
CTIOCOOHOCTb.

2. TToyeMy XUMHUYeCKas aKTUBHOCTh METAIIOB ITOATPYIIIEI MEAN YMEHb-
ImaeTcsa CBepXy BHU3?

3. Yem 06ycIoBICHBI BBICOKHE 3HAUCHUS TIIOTHOCTH, TEMIIEPATYPhI TLTAB-
JICHWA, TBEPAOCTA METAIIOB MOATPYIIITBI MEIW 10 CPABHEHUIO C IETOTHBIMU
MeTantaMn?

4. Ha 86 r cmmaBa cepebpa ¢ MeAbIO ITOACCTBOBANIA M3OBITKOM pa3dan-
JICHHOH a30THOM KHCIO0Th. OO0BheM BBIACTUBINErocs rasa paseH 11,2 1. Ompe-
JIeTTUTe MACCOBYIO HOMTI0 (%) MeTanmoB B crnaBe. (Omeem: 62,8 % Ag, 37,2 %
Cu)

5. Xnopun cepedpa(l) 6yayun HepacTBOPUM B BOJIE JIETKO PACTBOPSETCS B
BOIHOM PACTBOpEe aMMHUAKA TIO PEaKIINK

AgCl + 2NH; — [Ag(NH,),]Cl

Hamumurte 3Ty peakiidio B MOHHOM (GopMe U OXapaKTepHU3yiTe TONMyIeH-
HYIO COJIb.

13.2. Meab u ee coeguHeHns

Measb
Haxoxnenune B npupoae. B npupoae Meap BCTpedaeTcs B CaMOPO -
HOM cocTtossHrH. OHa BXOOUT TAaKKE B COCTaB Pa3TUYHBEIX MUHEPATIOB:
Munepan Codepucanue medu, %

XampKommpUT CUFeS, ..o
KYIPUT CUs0 et e e s

Manaxut (CuOH),CO;4

BOABIIUHCTBO COeOUHEHUN MEOU BXOOUT B COCTAB ITOJIUMETAIIIN-
yecKHux pya. Maccopast moias Meond B 3eMHoI Kope cocTtaprsgeT 0,01 %.
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IMonyyenne. Meab MoaydarOT MU MepepaboTKe MEAHBIX Py, B KO-
TOPBEIX OHA HAXOOUTCA B BHIE OKCHUIOB, CYTH(MHIOB, KapOOHATOB.

B 3aBHCHMOCTH OT cocTaBa PYIOBI CYIIIECTBYET HECKOIBLKO METOIOB
ee ImepepaboTKU.

BEITIIaBKY Memw W3 pya, cofepXalluX OKCHUABI, TTPOBOAST ITyTEM
MIPOKATUBAHUS UX C VIJIEM:

Cuy,0+C=2Cu+CO

[Ipomecc moxydeHUST Mend U3 CYIRMUIHBIX pyI MPOTEKaeT B He-
cKombko craguii. CHavama cyIb¢pUIHYIO pyay O0XHUTAIOT IIPU CBOOOI-
HOM ToKe Bozayxa. [1pu aToM ymamsgeTcs 4acThb cephl B obpasyercs CuOQ:

4CuFeS,+ 130, = 4CuO + 2Fe,0; + 8380,

3ateMm oOpazoBaBmuiica okcuna mMegu(ll) mpm mpokanmBaHHH
(1200 °C) BzamMopeiicTByeT ¢ cyabpunoM xeresa(ll), KokcoMm u mec-
KOM IO YpaBHEHHIO

2Cu0 + FeS + Si0, + C = Cu,S + FeSiO; + CO

IIpu stoMm uwacthk cynbdpuna xenesa(ll) pacTtBopsieTca B cymbpume
menu(l) ¢ obpaszoBanumeM MemHoro Ieka (mreiiHa) Cu,S - FeS, B ko-
TOPOM MeIU comepXurca 1o 45 %.

MenHEBIN TIeK MoABepTaeTes mepepaboTKe B KOHBEPTOPE € ITECKOM
SiO, (B kKauecTBe (haroca):

2Cu,S - FeS + 2Si0, + 50, — 2FeSiO; + 4SO, + 4Cu

[MonyueHHag Meab HazeIBaeTCa YepHOBOI. OHa comepXut a0 97 %
Cu, a taxxe npumecn Fe, Pb, Zn, Sb, Au, Ag. /laapHeiImas oYncTKa
MeOu IIPOBOIMUTCS 2IEKTPOIM3OM pacTBopa coilu Memu. OuwuinaemMas
MeOb HCIIONB3YeTCA KaK aHOJ, a KaTOOOM CIYyXHUT MemHasd (hoibra.
DIEKTPOIUTOM SABISIETCS CYAb(paT MeIH B cepHOU Kuciaore. [lpu amek-
TPONM3e Ha KaToIe OcelacT YHUCTas Melb.

®uznueckne cBoiicTBa. Meabs — MeTal KpacHOTo IBeTa, KOBKHIL,
maacTHuHbI. O0IamaeT BEICOKOHN 2IeKTpHIECKON MPOBOIUMOCTRIO H
TeIIOIpPOoBOAHOCTRIO. [1naBuTrcs mmpu remneparype 1 083 °C.

Xumuueckue cpoiictBa. Mcxoas u3 momoxeHus meau B Ilepuonm-
YeCKOU CHCTeMe M CTPOCHHS €€ aToOMa MOXHO IIPEAIOI0XNUTh, KaKie
CTEeICHHN OKUCICHUSI OHAa CIIOCOOHA IIPOSBIATL B COeAMHEHIIIX. Menb
JaeT MHOTOYHCIICHHBIC YCTOMUUBEIC COSNUHEHHS CO CTEIICHBIO OKHMC-
JIEHUS +2, OrpaHHMYeHHOE YHNCIO COCOUHCHUI CO CTEIEHBIO OKHCIIe-
HUSA +1.

C XUMHYEeCKON TOUKU 3PEHUSI MeOb OTHOCUTSIHHO WHEPTHA, XOTS
MOXKET HEIIOCPEACTBEHHO B3aMMOICHCTBOBATE C PANOM JIEMEHTOB.

C MeTramiaMu MeIb JaeT OOIBIIoe KOTMYSCTBO cIuIaBoB. CIDiaB Medu
¢ IMHKOM — AamyHb, MEOU C HUKEIEM — Meabxiop. JIpyrie CILIaBhI
MeOu Ha3HRBaT Opornzamu. Hanbomee pacmpocTpaHeHHBIE GPOH3BI —
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OJIOBSIHHAs, CBUHIIOBAs — MPUMEHSIOTCS JJI1 U3TOTOBICHUS TTOAIITUTI -
HUKOB. bepuiineByo 6poH3y, o0IadaoIyi0 O0JIbIION MeXaHUUeCKOM
MMPOYHOCTBI0 M KOPPOZUOHHOM CTOMKOCTBIO, TTPUMEHSIIOT B TOYHBIX
MexaHn3Max. JIpyrue GpoH3BI MOTYT comepxaTh Al, Mn, Fe u npyrue
METaJLIBI.

ITpu oObIYHO TEMIIEpaType Meab OUeHb MEJIEHHO B3aUMOACUCTBYET
¢ KHUCIOPOAOM BO3AyXa, MOCTEIEHHO MOKPHIBASICh 3€eHOU IUICHKOMH
OCHOBHOI colr. DTa IICHKA MEIIAET JATbHEHIIEMY OKICICHUIO:

2Cu + 02 + HQO + C02 e (CUOH)2C03
HpI/I Harp€BaHUHN MEIb OKUCIACTCA ITOTHOCTBIO!
2Cu + 0, — 2Cu0

[Ipn KoMHATHOM TeMIlepaType CYXOM XI0p He pearHpyeT ¢ Melblo,
B MIPUCYTCTBUH BJIArd PeakIHA UOCT OBICTPO:

Cu + Cl, - CuCl,

ITpu HarpeBaHUU MeAb SHEPTUUHO B3aUMOJEUCTBYET ¢ cepold, (oc-
¢dopoM, KpeMHHEM ¢ obpaszoBaHmeM cooTBeTcTBeHHO CuS, Cu;P,,
CUQSi.

MeTtannuueckasd Medb MOXET pPacTBOPATHCSA TOJBKO B KHCIOTaX-
OKUCTUTEISX:

3Cu + SHNO;(pa36.)— 3Cu(NO;), + 2NOT + 4H,0
Cu + 4HNOs(koH11.) —» Cu(NO;), + 2NO,T + 2H,0
Cu + 2H,SO,(xoH1.) - CuSO, + SO,T + 2H,0

Menp pPacTBoOpACTCA B aMMHAaKe, 06pasy;1 KOMILICEKCHBIC COCAUHC-
HUAL

2Cu + 8NH,OH + 0, - 2[Cu(NH,),](OH), + 6H,0

B mpucyTcTBHM KHCIOpPOAa MpH BEICOKOM TeMIIepaType MeIb B3am-
MOIEHCTBYET ¢ XJIOPOBOIOPOIOM:

2Cu + 4HCI + O, = 2CuCl, + 2H,0

IIpumenenne. OCHOBHBIMU MOTPEOUTENAMU MEAU SIBISIOTCS SJEKT-
poTexHHKA U MeTauryprisd. Cpeime 50 % noGrIBacMOIT MeIH IPUMEHST-
0T B 91eKTPOTEXHUYECKOM TPOMBITIUICHHOCTH, TIABHEIM 00pa3oM I
H3TOTOBIECHUS JIEKTpUUIecKuX MmpoBomoB. Okomo 30 —40 % menn mc-
MMOAB3YIOT B METAITYPIUI — U BEIPAGOTKH Pa3sHOOOpA3HEIX CILIABOB
C IpYrUMHU MeTaUIaMM, Cpelu KOTOPBIX HauboJblllee 3HAUCHUE UMe-
0T JTaTyHH, OpOH3H. JIMCTOBYIO MeOb MPUMEHSIOT KaK KPOBEILHEIM
MaTepHaj I OOIMMBKUA KOpabIeii.
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CoeguHeHus megu

Okcud medu(l) Cu,O BcTpedaeTca B HNpHUpOIe B BHIc MIHEpaia
kymputa. [Toxyuaror okeua meau(l) B 1abopaTopuu B3aUMOAEHCTBU-
eMm rumpokcuna meau(ll) ¢ rroKo30ii:

2CU(OH)2 + C6H1206 e CUQO + C6H1207 + 2H20
TJIIOKO34d TIIIOKOHOBAA
KHUcCJI0Ta

ITo ¢pusmueckum cpotictBam okcun Cu,O mpencTaBiasgeT coboi Kpac-
HEIe KPUCTAJIIEI, IDIOX0 pacTBopuMEIe B Boge. Okcun Cu,O obmamaeT
TOJBKO OCHOBHBIMHU CBOHCTBAMIU.

PacTtBOpssichk B Kucaopoacomepxammx Kuciaorax, Cu,O obGpasyer
comu megu(ll) u menn:

CUQO + HQSO4 e CuSO4 + HQO + Cu

[Ipu pacTBOpeHMH B TaJOoTCHOBOMOPONHEBIX KUCTIOTAX HAeT COIU
menu(l):

Cu,0 + 2HCI — 2CuCl + H,0

[Tpu HarpeBaHW® ¢ BOCCTAHOBUTEIAMHU oKcua Menu(l) merko Boc-
CTAHABINBACTCA IO MeTala:

°

1
CUQO + H2 — 2Cu + HQO

°

200°C
Cu,0 + CO — 5 2Cu + CO,

Okcun Cu,O MpUMEeHSIOT B CTeKOMBHON MPOMBINIIEHHOCTH B Ka-
yecTBe MUTMEHTA, a TaksKe I M3TOTOBICHUS BBITIPSMUTENICH Mepe-
MEHHOTO TOKa.

Tudpoxcuo medu(l) CuOH momydaroT B3aHMOJEHCTBHEM COIH
memu(l) ¢ merouamu:

Cu(Cl + NaOH — CuOH + NacCl

Coeaunenne CuOH HeycTOMUMBO, JeTKO OKHUCISIETCH OO THOAP-
okcuga meau(1l):

4CuOH + 2H,0 + O, — 4Cu(OH),

Oxcud medu(1l) CuO MOXKHO MOIYYUTH PA3TUIYHEIMU CIIOCOOAMI:
¢ OKUCTCHUEM MEIH:

2Cu + 0, - 2Cu0

« HarpeBaHWEM WM MpoKatuBaHueM rugpokcrna memn(ll):
t
Cu(OH), —» CuO + H,0
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« HarpeBanueM Hutpata Meau(ll):

t
2Cu(NO5), > 2Cu0 + 4NO,T + 0,1

Okcun Meau(Il) obaamaeT OCHOBHEIMU CBOMCTBAMMU.
Topsaume pactBopr xmopuma omoBa(ll) m comeir xemesa(ll) Boc-
cTaHaBIUBaOT Menb 13 CuQ Mo cTemeHN OKMCICHU +1:

2Cu0 + SnCl, - 2CuCl + SnO,
3Cu0 + 2FeCl, — 2CuCl + CuCl, + Fe,0;

Tudporxcuod medu(11) Cu(OH), moaydaeTca B BUe CTyTHeOOpa3HOIO
CHUHETO ocajka IMpU B3aUMONEUCTBUU PACTBOPOB COJEU JBYXBaJlECHT-
HOW MEIM ¢ pacTBOpaMHU IIEIOYEH:

CuSO, + 2NaOH — Cu(OH), + Na,SO,

T'mopokcun Cu(OH), obragaeT oueHb c1adbIMU aMPOTEPHBIMHA CBOH -
CTBaMM: JIETKO PACTBOPIETCS B KUCIOTAX U OUeHb ¢1a60 B KOHIICHTPH-
POBaAHHEIX MIEIOYAX

Cu(OH),+ 2HCI — CuCl, + 2H,0
Cu(OH), + 2KOH — K,[Cu(OH),]

Imapokcun menu(ll) MoXeT BOCCTaHABAMBATLCI MO OKCHAA
Menu(l) mmpu HarpeBaHWH CO CTAOBIMU BOCCTAHOBUTEISIMU:

HCHO + 2Cu(OH), - HCOOH + Cu,0 + 2H,0

dbopmanbmerun MypaBbUHAST
KHCIIOTa

Muorue comu meau(Il) xopoIio pacTBOPUMEL B BOJi¢, HO TOABEP-
XKEeHBI THAPOIU3Y.

IMon meiictBueM BoccTaHoBuTedeit comu memu(ll) moryr BoccTa-
HaBIUBaThbcA Mo comeir megu(l):

2CUSO4 + 4KI —» 2KQSO4 + 2Cul + IQ

Ecan x pactBOpY mM060i COMM MeoW TPWINTH M30BITOK pacTBopa
NH,OH, obpasyerca aMmMuayHOe COeTHHEHUE SIPKO-CHHETO IIBeTa,
XOPOITIO PACTBOPHUMOE B BOIE:

CuC12 + 4NH4OH e [Cu(NH3)4]C12 + 4H20

DTa peakus CIYXUT JJIsI KAUeCTBEHHOTO OMpeneaeHus HOHOB MeU
Cu*. Menb maeT MHOTOYMCIEHHBIE KOMIUIEKCHBIE COEIMHEHMS, Ha-
npuMep K[CuCl,], K;[Cu(CN),4], Na,[Cu(OH)4] u T.1.

W3 coneit Mmeau GOIBIIONH MPaKTUYECKUU UHTEpEC MpeAcTaBIsIOT:

« cyabdar meau(Il) CuSO,- 5SH,O — ana momydeHnsT MUHEpaJIbHOI
Kpacku, B 00pbbe ¢ BpenUTeIsIMU CebCKOXO3IUCTBEHHBIX KYIBTYD;
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« Tuapokcokap6oHaTt meau(Il) (CuOH),CO; (Manaxur) — Kak mo-
MEeTOYHBIN KaMeHb, UIST M3TOTOBICHUA KPacoK.

Bonpocb n 3apaHug

1. O6BsicHUTE IPUIWHY OOPA30BAHUS 3€JICHOTO HANETA HA METHBIX TIpei-
Merax. Kak ymaauTh 3ToT HaneT?

2. C KakuMH W3 CIEAYIOIHUX BEIECTB OyneT pearuporath mMenab: H,O,
AgNO;, MgCl,, KOH? Hanwnmure ypaBHEHUS peakITail.

3. Kaxkoe coequneHne obpasyetcs npu kursiueHnn CuCl, ¢ KUCTOpoaoM u
MeTHBIMU CcTpyXkKamu B pactBope HCI? Kakoe coenmHeHMe BBIACTACTCS U3
pacTBOpa IMocae pa3daBIeHUS ero BOAON?

4. [Ipu BBITIIABKE MEAW U3 CYTbMUIHBIX Pyl TPOUCXOAT PeaKIIun

Cu,S + 0, —» Cu,0 + SO,
Cu,0 + Cu,S — Cu + S0,

Hanumurte »1eKTpOHHBIE CXeMBI TS TAHHBIX PEaKINi M paccTaBbIe KO-
3 PUITICHTEL.

5. Hanmumute ypaBHeHUe peaklny TTOTHOTO TUaponu3a pacteopa CuSO,.

6. Hanmuimure ypaBHeHUs peakiuii anekTponusa pacteopa Cu(NO;),, ecnu:
a) aHOJ YTOJBHEIN; 6) aHOM METHBIM.

7. B kakoM cayuae peakis OyeT OCYyIEeCTRISIThC:

a) CuO + Fe,0; —

6) Cu(OH), + H,CO; —

B) CuCO; + SrCl, —

r) CuSO, + H,S —

3aKOHUNTE YpaBHEHUS PEaKITN.

8. Nmeetca ecMmech okena mean(1l), mpeBecHOTO YIS 1 KeNEe3HBIX OIUIOK.
Kak BBIACTUTH KaXI0€ BEIleCTBO (PU3NIECCKUM U XUMUICCKUM MyTeM?

9. Ilpu neticteum Ha 17,8 r cmecu okenna Meau(1l) u ruapokcuaa menu(11)
XJIOPOBOJOPOTHON KUCIOTON 06pa3oBamoch 5,4 T BOOBI, a IPH JICUCTBUN Ha
3Ty CMeCh BOIOPOIOM 06pa3oBantoch 1,8 T Bombl. OmpeaennTe MacCOBYIO HOTIO

(%) KOMITOHEHTOB CMECH, TIPUMEHUB pasHbie CIIOCOOBI perneHus. (Omeem:
45% CuO, 55% Cu(OH),.)



FnaBa 14

rNABHASA noArepynnA 1l reynnbl
(LLEJTOYHO3EMEJIbHbBIE METAJ1J1bI)

U3yuunB rnaey, cneayer:

3HaTb CBOMCTBA, cnocoBbl MOSTlYYEHUS U NMPUMEHEHME LLIESIOYHO3EMESBHbIX
METaJIOB, @ TAKXE UX COEAUHEHNA;

yMeTb COMOCTaBNATbL CBOWCTBA METasOB NOArPYMbl CO CBONCTBAMM Le-
JIOYHBIX METaJJIOB; COCTaBJIATh YPABHEHUS XMMUYECKUX PeaKUNii, xapakTepu-
3YIOLLMX XMMUYECKUE CBOWCTBA U CNOCcOBbI MONYYeHUS METAIIOB M1aBHOM Nopa -
rpynnel |l rpynnel; onpeaensTs XKeCTKOCTb BOAbI U MPUMEHSITh BaXKHeLIne co-
€0MHEHUS MeTanoB NOArPyNmMbl.

14.1. O0wana xapakTepucTukKa

K snementam rmaBHoul moarpymnmbl II rpymomel IleproamyecKoit
cuCTeMBl OTHoCATCS Oepunatuil Be, maenuti Mg, kaavyuii Ca, cmponyuil
Sr, 6apuit Ba, paouii Ra.

ATOMBI METAJIJIOB TJIaBHOM moArpymnsl 11 rpynmnsl Ha BHEIITHEM ClIoe
UMEIOT IO ABa 37eKTpoHa. [IpeamocienHuil cioii, Kak U y MeJTOUHBIX
METALTIOB, UMEET BOCEMb 31eKTPOHOB (s2p%). McKiIroueHre cocTaBsgeT
OepusUInii, y KOTOPOTO Ha MpeAnocieJHeM Cloe ABa 3JeKTPOHA Ha
s-rmoaypoBHe. [1o BOCCTAaHOBUTEIBLHOU CITOCOOHOCTH 3JEMEHTHI 3TOM
MOATPYIIIEI caabee, YeM IIeToYHble MeTaIbI.

HexkoTtopbie cBoOMcTBa aTOMOB METAJJIOB TIaBHON MOATPYIIITEI
II rpyrmel npuBeneHsl B Ta0a. 14.1. BumHo, YTO paglychH aTOMOB BO3-
pacTaloT OT OepWLIUSA K PaaUuIo, B 9TOM Xe pAAY YBeIMUUBAETCS MX
MeTajTnyeckass aKTUBHOCTD.

DTH MeTalIBEl MATKHE, UX TBepAOCTH o mKkaiae Mooca 1,5—4,0;
BCE KpOMe paJusl OTHOCATCA K JerKUM MeTautaM. TeMmepaTypsl Kurie-
HUSA U TeMIIepaTyphl IUTABICHUS 3TUX METAIJIOB MEHSIOTCS HepaBHO-
MEPHO, OOBICHSACTCS 3TO pazIuureM KPUCTAUITMUECKUX PEIIeTOK.

MeTansl rIaBHON DOArpyIbl 11 rpynimel B CBOGOAHOM COCTOSTHUU
B IIpUPOJIe HE BCTpeuarTcs. B Bume coenuHeHUit caMbIM pacipocTpa-
HEHHBIM SIBIISICTCS KaJbIIMIA.

Y ajeMeHTOB riaBHOU moarpynmnsl I rpyrmbl MHOTO TMPUPOAHBIX
HU30TOIOB. Paguii Xe B OTJUYME OT BCeX OCTANBHBIX SABISCTCS paauoak-
TUBHBIM. MeTaiel Ca, Sr, Ba, Ra Ha3bIBaIOT wenounozemenvHbiMU, TaK
KaK MX OKCHABI (IT0 TEPMUHOJOTHUM aTXUMUKOB — «3eMJIU») C BOMOM
00pasyoT meaoun. bepwiinii 1 MardHui Mo ¢BOMCTBaM HECKOIbKO OT-
JIMYAIOTCS OT IIETOYHO3EeMEIbHBIX METALIOB. Y OEepUILTUS €CTh CXO/-
CTBO C AJIIOMUHUEM, Y MAaTHUS — C HIUHKOM.
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Tad6numa 14.1. HekoTopsle CBOWCTBA ATOMOB
eJ0YHO3eMeNbHBIX METANIOB

IToten- Pacmpo-
DmemeHt Hopsi A}f;];;_ Mat Tﬁzg ]: Temme- | crpanen-
DA vonmsa- | © parypa HOCTb
KOBBHIM | paguyc, o N
Cuni- LUu IUIaBJie- | B 3eMHOM
Hazpanme BOTI HOMEp HM M-2¢ > I\H/iKaHe mug, °C Kope,
— M?*, 3B ooca Mmac. %
Bepumnuii | Be 4 0,104 18,20 4.0 1284 | 6,0-10*
Maruanit Mg 12 0,128 15,10 2,5 651 2,35
Kanbrmit Ca 20 0,169 11,87 1,5 849 3,50
Crponnuii | Sr 38 0,183 10,86 1,8 771 0,035
Bapuii Ba 56 0,206 10,19 3,0 710 0,05
Panumit Ra 88 0,204 9,96 — 700 2,0-1071°

XUMHUYECKHE CBOHCTBA IICTOYHO3EMEIbHBIX METALIOB Oonpeacaia-
IOTCA JICTKOCTBIO OTAAYM ABYX BAJTCHTHLIX SJICKTPOHOB IIpH JEUCTBUA
OKHUCIIUTEIEH 10 CXEME:

M —2¢e > M*

Ha Bo3nyxe MeTaIbl MOATPYIIIBI HEYCTOHUUBEI (MCKIOUeHue Be),
MOKPBIBAIOTCA OKCUAHOU TUIEHKOM.

Kanbuit, crpoHnuit, 6apuii xpadsaT 6e3 1ocTyna Bo3ayxa B repme-
TUYECKHU 3aKPBITHIX COCYIAX.

ITpw HarpeBaHUW MIETOYHO3EMENBEHBIE METAIIIBI SHEPTUYHO pearu-
PYIOT ¢ BOAOPOAOM, raJoreHaMM, KUCIOPOAOM, cepoit, a30ToM, (oc-
¢dopoM, yriaeponom, KpeMHHUEM.

Kanpmuit, cTpoHImii, bapuii pasiaaraloT BOAY IIPH OOBIYHOM TEM-
nepaType ¢ BbIJeJIeHHEM Bojopoaa U obpa3oBaHUEM THAPOKCHUAOB, a
OepWUTHI 1 MarHUi IIpU HarpeBaHUMH:

M + 2H20 = M(OH)2 + H2

Tanpokcuansl MeaI0YHO3eMEIBHBIX METAIOB cirabee, YeM THUOpP-
OKCHUIHI MET0YHBIX MeTamnoB. OHU Malo PacTBOPWMEI B BOIE, a MX
OCHOBHHII XapaKTep YCUINBAaeTC IO TPYIIHe cBepXxy BHU3: Be(OH), —
ampoTtepHoe coenuHenue, Mg(OH), — ciaboe ocHoBanue, Ca(OH), —
cuibHOe ocHoBaHMe, Ba(OH), — odeHb cMIbHOE OCHOBaHUE.

C pacTBopaMH KHUCIOT BCe OHHM PearupyioT ¢ o0pa3oBaHHEM COOT-
BETCTBYIOIIEI cOMH. BOMBITUHCTBO COMeit METOUHO3eMEeTBHBIX METal-
noB Ca, Sr, Ba Mano pacTBOpHUMEL, 3T0 (GpTOpUIEI, CyIbdaTHl, ocda-
THI, XPOMATHI.
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Bonpocbl n 3agaHug

1. B 4eM CXOACTBO U pa3NUdHe B CBOMCTRBAX MICIOUYHO3EMEIBHBIX 1 MICT0Y-
HBIX METAIIOB?

2. IToueMy MeTaIBl TIABHOM MOATPYIIIGI 11 rpynIiel HA3BIBAIOT IEIOTHO-
3eMEIbHBIMU?

3. Kax moayauTh meI0THO3eMETbHBIC METAUTEI? MOXHO 1 X TOTYIUTH
METOIOM BBITCCHEHMS U3 PACTBOPOB COIEIT?

4. Y KaKUX METAaJUTIOB IaBHOM moArpyHisl 11 IpyIimsl METALTUIECCKUAE CBOM -
CTBA BBIPaXCHBI B HAUGOMbINEH cTeneHn?

5. C XKakKMHU 13 CISAYIONIUX BEIIeCTB OyAeT B3aMOACICTBOBATh, MATHUIA:
H,, H,0, F,, H;PO,, KOH, NaNO;?

6. IIpy moMoIIMM KaKNX peaklIni MOXHO OCYIIECTBUTH CICAVIOIINE IIpe-
BpAICHUS:

Ba — BaCl, —» Ba — Ba(OH), — BaSO; — Ba(HSO3),

7. Kakue mpoayKThl 06pa3yloTcs Ipu TOpeHNH GepriiTus Ha Bosayxe? Kak
OHU B3aWMOJCHCTBYIOT ¢ BOAON M KHUCIOTAMMU?

8. Ilpu B3auMoaecTBUU 15,7 T CIIIaBa KaNbIUA U Gapys ¢ BOTOHN BBIICTH -
moch 3,36 1 raza (H.y.) Ompeaenute MacCoOBYIO JOMI0 (%) METAJUIOB B CILIABE.
(Omeem: 87,3 % Ba, 12,7% Ca.)

14.2. Kanbunin n ero coegnHeHund
Kanbuyunii

Haxoxnenne B npapoae. Kanpmuit — onoyH U3 pacIpoCTpaHeHHEBIX
SIIEMEHTOB Ha 3eMite. MaccoBast JOIS KalIbIHs B 3eMHOM KOpe coCcTaB-
et 3,5 %. OH 3aHnMaet naToe Mecto mociae O, Si, Al, Fe. B cBo6on-
HOM COCTOSTHHH KANBIIHUIA He BCTPEUAETCs; PACIIPOCTPAHEH B MIPUPOIE
B BHIE COCAUMHECHHIT: KapOOHATOB, CYAB(DATOB, CUINKATOB, GOpAaTOB,
¢ocharop, TATOreHUAOB, KOTOPEIE BXOAAT B COCTAB PA3TUUYHBIX MH-
HepanoB. OcobeHHO pacIpocTpaHeH KaabUi B BUAe KapOoHATa Kajlb-
must. PakoBUHEI, DAHIIHPH MOPCKUX XHUBOTHBIX 00pa30BaHbBI TJIaBHBIM
o6pazoM U3 KapOboHara KaJablusl. Mel, U3BECTHSIK U MPaMop SIBJISIOT-
Cd €T0 Pa3HOBUIHOCTSIMHU.

Kanmpmuit — cocTaBHAS YaCTh PACTUTEIBHEBIX U SXUBOTHBIX OPTraHU3-
MOB. B opranmusme dyemopeka 97 % Ca upmet Ha 006pa30BaHHE KOCTHOTO
ckemera. OH SIBIAETCSA COCTABHOI YaCThIO KPOBU (IIOMOTAET CBEPTHIBA-
HUIO), YIACTBYET B PErYIUPOBAHUU CEpACUHOIN AeaTeabHOCTH. OCHOB-
HBIMH MHUHepalaM# Kamblusa ABITIoTc: KambluT CaCQO;, JOIOMHT
CaCO; - MgCQO,, anruapur CaSO,, runc CaSO,  H,O, amatut
3Ca;(P0O,),  Ca(F,Cl),, ¢dmoopur CaF,.

IMoayyenne. MeTammuecKuii KaJbIUil B IPOMBIIIICHHOCTH ITOIY-
YAKT SIEKTPOIU3OM PACIUIABICHHOIO XIOPHUIA KANBIUSA IIPU TEMIIe-
patype 780— 830 °C. Ha kKaTone BEIAEIACTCI METAIUIMICCKUN KATBITHIA,
Ha aHOOe — XJIOp:
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Ha katome Ca? + 2¢” — Ca’
Ha aHoge 2Cl~ — 2¢- — Cl,

X10p HEOOXOMUMO YIOAIATH U3 2IeKTPOIN3epa, He TOMYCKaTh €To
KOHTAKTa ¢ METAIIMYECKUM KaTbITHEM.

JpyruM MPOMEBIIIIEHHBIM CITOCOGOM TTONYICHUS KaMbIIUA ABIACT-
ca Harpesaane CaO ¢ mopomkoM Al mpu Ttemmepatype 1200 °C:

t
3Ca0 + 2Al — ALO; + 3Ca

ITapsl KanbLKst KOHACHCUPYIOTCI HA XOAOAHON ITOBEPXHOCTH.

®u3nueckue cBoiicTBa. Kampmumit — MeTtamn cepe6Gpucto-6emoro
1BeTa; TBEPAOCTh Mo IKaae Mooca 1,5, 4To crmocoGCTBYET MIACTHY-
HOCTH; XOPOIIIO MpPeccyeTcsi, MpOKaThIBAeTCs, PEXETCs; TeMIlepaTrypa
wraBaeHusa 850 °C; ropuT IpKUM OPaHXKEBBIM ILIAMEHEM.

Xumuueckue cpoiicTBa. KamgblMii — aKTUBHBIN MeTalal, Ha BHEII-
HeM CIToe COACPXKHUT MBa 3JeKTPOHA, IETKO UX OTAAET, MIPOIBIIIs BCe-
I7a CTermeHb OKUCTIEHUS +2.

1. Kamprmii oOpa3syeT ciuiaBel ¢ pagoM Metamros (Li, Mg, Cu, Zn,
Ag, Hg). C pTyTBIO HaeT aMaabraMy KaabIlHs.

2. Kanpluii B3auMOJeHCTBYeT CO MHOTUMM HeMeTalaMU — IIpU
KOMHATHOM TeMmIlepaType pearupyet ¢ (GTopoM, IpU HarpeBaHUU — C
BOIOPOAOM, KHUCIOPOAOM, CEpOi, a30ToM, (PochopoM, MBIIIBIKOM,
VIJIEpOAOM, KpeMHUEM, obpa3yss COOTBETCTBYIOIINE COSAUHEHUS:

Ca+H, — CaH,

TUAPU, KaJlbIUs
ruapung CaH2 — COCOUHEHHEC NOHHOI'0O THUIIa, ITOX0XKEE Ha COJb, aHU-
OHOM B HEM ABJIACTCA OTPpULIATCIBHO Bapﬂ}KeHHBIﬁ BOOOPOI,

t
2Ca + 0, — 2Ca0

C CYXUM KHCIOPOAOM IIpH OOBIYHOM TeMIlepaType KaJabIlUii He B3al-
MOJICUCTBYET;

3Ca + N, —» CazN, (900— 1 500 °C B atmocepe aproHa)
Ca + 2C — CaC, (mmpu HarpeBaHUM Oe3 JOCTyMAa BO3MyXa)

3. Kanpuuit BHITECHAECT BOTOPO W3 BOIEL:
Ca +2H,0 — Ca(OH), + H,
4. Kagpimit pacTBopsAeTca B KUCIOTAX:

2HCIl + Ca — CaCl, + H,
H,S0,(paz6.) + Ca —» CaSQ, + H,

A3zoTHag u KOHOCHTPHUPOBaHHAA CCpHadA KHUCIOThI BSaHMOﬂeﬁCTBy—
IOT ¢ KaablueEM MCIICHHO. BO,I[OpO,I[ K3 9THUX KHCIIOT IMpHU 3TOM HE
BBELACIACTCAL
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4Ca + 5H,SO,(xonm.) — 4CaSO, + H,S + 4H,0
4Ca + 10HNO3(p336) —> 4C3(NO3)2 + NH4NO3 + 3H20

IIpumenenne. YUCTHIN KalabliMii IPUMEHSIOT KaK BOCCTAHOBUTENb
PeIKUX U PEIKO3eMETbHBIX METAUIOB U3 UX COeAMHECHNM, KaK KOMIIO-
HEHT CIUIaBOB, B KAaUeCTBE IOTIOTUTEIS TAa30B B 2JIEKTPOBAKYYMHBIX
mpubopax.

CoeagunHeHnsa kanbLunsg

Oxcud rkanvyus CaQ (Heeawenyio uzéecms) B IIPOMBIIIICHHOCTH
MMOTYYAIOT OOKUTOM H3BECTHIKA!

CaCO; — CaO + CO,

B J'[a60paT0pI/II/I OKCHJ KaJdblA MOXKHO IMTOJIYUYWUTDH IIPpHU CXKHUITaHUKN
METATHYCCKOTO KaldbluA B KHCIOPOAC:

2Ca + O, — 2Ca0

ITo ¢pusuueckuMm cBoiicrBaMm okcun CaQ mpeacrasisgeT coboil mo-
polrok Gemoro 1BeTa, aMOp¢hHEIA, TIABAMIANCSI IIPU TeMIepaType
2850°C.

Heramnrenag u3BecTs B3aUMOICHCTBYET ¢ BOOOM ¢ BEIACICHAEM OOTIh-
IIOT0 KOMUYECTBA TEIIOTHI, 00pa3ys THAPOKCH] KalbIUI, KOTOPHIM
HA3BEIBAIOT 2AUICHOU U36CCMbIO:

Ca0 + H,0 — Ca(OH),

TalmeHasl U3BECTh

OKCI/I,I[ KajablI1A BSaHMOﬂeﬁCTByeT C KHCIOTHBIMH K aM(bOTepHLI—
MW OKCWIAMWN:

CaO + Si0O, — CaSiO;
CaO + A1203 —> Ca(A102)2
C KUCIOTaAMMU:
CaO + 2HCI — CaCl, + H,O
CaO + 2H3PO4 —> Ca(H2P04)2 + HQO

Okcua KaJapliusgd MPUMEHSIOT B CTPOUTEIBHOM Aejie (s MpOous3-
BOJCTBA TallleHOW WM3BECTH), MeTaJaypruu (aas (PpyTepoBKU IMeueit,
yaaJeHUus cephbl U3 CIUIABOB), CEIHCKOM XO3SHUCTBE (11 MPOU3BOACTBA
ynoOpeHuil).

Tudporcuo kaavyus Ca(OH), (eauwenyro uzsecms, nyuiouxy) ionyda-

0T geficTBueM Ha okcup Kaiabiusa CaO Bomoil man mmyTeM o0paGoTKH
PACTBOPHUMEIX CONECH KaNbIH IIeTOUYaMHU:

CaCl, + 2NaOH — Ca(OH), + 2NaCl
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Tuopokcun Ca(OH), — TBepmoe Geaoe BElIeCTBO, MAIO PACTBOPH-
Mo€ B BoJe (B IIPUCYTCTBUM COJIelt paCTBOPUMOCTD CUJIBHO MOBBIIIAET-
cs1). Hacermennsrii pacteop Ca(OH), Ha3BIBaIOT uzgecmxo6oii 6000i. DTOT
peakTuB mo3BosaeT ooHapyxkuTth CO,. PactBop Ca(OH), MmyTHeeT 11pu
mpoiryckanuu gepe3 Hero CO, BcaeacTBue o6pa3oBaHUS ocaaka 6emo-
ro nera CaCOj;:

Ca(OH)2 + C02 e CaCO3 + HQO

Ha stoit pP€akKiMn OCHOBAHBI BAXKYIIHMEC CBOMCTBA HU3BECTH. rI/I,I[p—
OKCHJI KaJblIU SABIICTCA Ieao4dbio. Kak u Bce mIejaI04Yn, OH B3anUMO-
ﬂeﬁCTByeT C KHUCIOTHBIMHU OKCHAaAMHK, KHCIOTaMH, COJAMU:

Ca(OH)2 + HQSO4 e CaSO4 + 2H20
Ca(OH), + CuCl, — Cu(OH), + CaCl,

lanpokcun Kaablisa pearnpyeT TaKKe ¢ XJIOpOM, THApoKapOoHa-
TOM KaJIBIIH:

2Ca(OH), + 2Cl, - Ca(CIO), + 2H,0 + CaCl,
Ca(OH), + Ca(HCO5), — 2CaCO;+ 2H,0

lamenyo W3BeCTh MPUMCEHSIOT B CTPOUTEABLHOM [eie, M3BECTKO-
BYIO Boay (HachellieHHBIH pactBop Ca(OH),) — B nmiesoit (caxap-
HOM) MPOMBIIIICHHOCTH, CEMBCKOM XO3SCTBe (I MOXyIeHUS Gop-
MOCCKON XUIKOCTH, KOTOpas NUCIIOAB3YeTCS NI ONMPBEICKUBAHWA BH-
HOTPamTHUKOB), KOXeBEHHOM MPOMBIIIIEHHOCTH MIPH TyOICHIN KOXH.

Coau kaavyus — Geble BelIecTBa ¢ Pa3MHIHON PacCTBOPHUMOCTBIO B
BoZ¢; MMPOSBISIIOT Bee cBolicTBa comeif. IIIMpoKo MpuMeHIIOTCH:

« kapOoHat Kanbiusg CaCQO; — B XUMUYECKOH MMPOMBIIIIEHHOCTH U
cTpouTenbeTBe (TmogpobHee o mpuMeHeHnn CaCO; em. moapaszm. 10.3);

« xsopua Kanbius CaCl, — WS moaydyeHus Kaablus, KakK OCYIIN-
TeIb TA30B B XOJIOOWILHOM Jeie, B MEIUIIIHE;

« 6poMun Kanpiusa CaBr, — M1 mOTyYeHUSA CBETOUYBCTBUTEIBHEIX
MaTepHaIoB.

IMIpumenenue coneit Ca(NQO,),, Cas(PO,), paccMaTpuBaioch B CO-
OTBETCTBYIOIINX TIaBaXx.

CoemnHeHUA KalbITUs HEOOXOOUMEI IS OOeCIeUeHUST KU3HEHe-
ATETBHOCTH KIETKH.

KecTKocTb BOAbl. 2KeCTKOCTh BOABI 3aBUCUT OT COAEpXKaHUS B Helt
pactBopuMEIX coneit Kambmusa u Marauma Ca(HCO;),, Mg(HCO;),,
CaCl,, MgCl,, MgS0,, CaSO,.

[Ipu 3ToM pa3IMIaioT BpeMeHHYIO (YCTPAaHUMYIO) H TIOCTOSHHYIO
KECTKOCTDb BOJEL

Bpemennas xcecmxocms OTIpeNenaeTCI COAEP:KAHUEM B BOIE THIPO-
kapboHaTtoB Kanbius Ca(HCO,), u marauss Mg(HCO,),, a nocmosn-
Has ycecmkocms — ComepKaHUeM B Helf XJTIOPHIOB 3THX METalIOB.

Obuwas mcecmicocms 600bi paBHA CYMME BpeMEHHOM W ITOCTOSTHHOIA.
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XKecTkag Boja obmagaeT pAmOM OTPHIIATEIBHEIX KAUeCTB: JaeT Ha-
KHIIb, TUIOXO MBIIUTCI, B HEH ILTIOXO PA3BapUBAIOTCSA MPOAYKTHI, IO-
5TOMY Hepel, YIOTpeOIeHHeM ee YMATUAIOT, T. €. CHUXAIOT WIH yCTpa-
HAIOT KECTKOCTb BOABI — YMEHBIIAIOT KOHIEHTpauuo noHos Ca> u
Mg?.

OOBIYHO 3TO JOCTUTAETCA MyTeM 00pabOTKU BOALI Pa3IMIHBEIMU
XUMUYECKUMH BEIleCTBAMU, KOTOpEIe IpUBoaaT noHel Ca’ u Mg’ B
MPAKTHUECKA HEPACTBOPUMEIE COSIUHEHUS.

BpeMeHHag XeCTKOCTh MOXeT OBITh YCTpaHeHA MPH KUTISTYCHUH:

t
Ca(HCO;), — CaCO; + CO, + H,0

BpeMeHHYIO XKeCTKOCTh TaKKe MOXHO YCTpaHHTh HpHGaBIeHUEM
rareHoil U3BECTH, IIPH 3TOM PACTBOPHUMEIN THAPOKApOOHAT Mepexo-
AT B IDIOXOPACTBOPUMEIN KapOoHAT:

Ca(HCO;), + Ca(OH), — 2CaCO; + 2H,0

HOCTOHHHYIO KECTKOCTD YCTPAHAIOT TOJIBKO XUMHUYCCKUM ITIYTEM —
HpI/I6aBJI€HI/I€M COAbIL:

CaSO4 + N32C03 e CaCO3 + NaQSO4

CoBpeMEHHBIM METOIOM YCTPpAaHEHHMSA XECTKOCTH BONEBI SIBIACTCI
HOHHHINM 06MeH. MIoHOOGMEHHBIMU MaTepUalaMU SABIAIOTCS CMOJHI,
ATIOMOCUINKATEL. DTH BEIIeCTRA MPAKTHICCKH HEPACTBOPUMEI, HO CIIO-
COOHEBI OOMEHHMBATEL COMepKAIIecsd B HUX HOHBI Ha MOHEI, MOIIeXa-
e yIaJdeHWIo U3 pacTBopa.

HMoHoo6MeHHEINT MaTepral, UMEIOITINi KACIOTHEIN XapaKTep, Ha-
3BIBAIOT KaMUoOKHUmMoM, TaK KaK OH U3BJIeKAaeT U3 PacTBOpa KATHOHHL:

2RH + CaSO, — R,Ca + H,SO,

rme R — BEICOKOMONEKYISIPHEIN pamuKai.
HMoHooOMeHHEINT MaTepHai, UMEIOIIN OCHOBHEIN XapakTep, Ha-
3BIBAIOT GHUOHUMOM, TaK KaK OH M3BJIEKAeT U3 PAcTBOPA aHWOHHI.
OtpaboTaHHBEIC MOHUTH ITOABEPTalOT pereHepaIriu, IOocae JeTo
OHH CHOBA CTAHOBSATCS HMPUTONHBIMH IS MCITOIB30BAHMUS.

an/IMep BbIMOJTHEHNA 3agaHU4d

3aganume. IIpn npomyckanum okcuga yriaepoma(lV) depes pactBop rarie-
HO#M m3BecTH Maccoil 18,5 r ¢ MaccoBoit momeit 20 % BBIMABIINWIA BHAYAIE
0CaIOK pacTBOpUiIcd. Beraucaure Maccy obpazoBaBiieiics coan U o0beM (H.Y.)
raza, HeOOXOIUMBIN IS IIOJTHOTO PACTBOPEHMSI OCaaKa.

Pemenwne. 1. Hanumem ypaBHEHIS IIPOUCXOIIINNAX PEaAKITHIA:

Ca(OH), + CO, — CaCO,l + H,0 (1)
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O6pazosanca ocamok Hemoro 1mpeta CaCQO;, KOTOPHIH Uepe3 HEKOTOPOE
BpeMs Mcue3aeT 3a cueT oOpasoBaHUs PAacTBOPUMON conu TUApOKapOoHaTa
kanerrst Ca(HCOj3),:

CaCO; + H,0 + CO, — Ca(HCOy), (2)
CymMupys ypaBHeHH: peakuuii (1) u (2), momydaem
Ca(OH), + 2C0O, — Ca(HCO»), (3)
2. Haxomum maccy Ca(OH),:
L -20 %; m(Ca(OH),) = 18,51-20 % _37r
100 % 100 %

3. Ilo ypaBHeHUIO peaknum (3) BEIYMCIICM Maccy oOpa3soBaBIICHCI COMN
Ca(HCO;),:

Ha 74 r Ca(OH), npuxomutca 162 r Ca(HCOs),
Ha 3,7 r Ca(OH), — x 1 Ca(HCOj;), x=8,1r

u o6veM CO,:

Ha 74 r Ca(OH), npuxomutcs 2 22,4 n CO,
Ha 3,7 r Ca(OH), — X 1 CO, x=2,24 1.

Bonpocbl n 3agaHu4

1. HanumuTte smekTpoHHYI (GopMyny aroMa KambllUd W paclpeelnTe
BJIEKTPOHBI IO AUeikaM. IToTeMy KaabITui He MOXKET MMETh BAICHTHOCTD GOb-
IIe aByx?

2. HanwumuTe ypaBHEHUS peakIlnil B3aWMOACHCTBUS KAaTbIIUS CO CIeTy-
omumMu BemectBamMu: C, Zn(NO»),, H,O, H.,.

3. HasoBuTe IpOAYKT, KOTOPBIi 06pasyeTcs Ha KaTo[e U aHOAe TIPH SIIeK-
Tponmase: a) paciuraBa CaCl,; 6) pactopa Ca(NO;),. Hanmmmure ypaBHeHUS
XUMHAYIECKIX PEaKIIIi.

4. ITouemy KanpIuii oOpasyeT MeHee TTPOUYHYI0, YeM OepUInii, KpUCTaI-
JTUYECKYIO PelIeTKy?

5. Ompenenute MaccoByw nomo (%) pacTBopa, OTYIeHHOTO TIPHU B3au-
MoaeicTBun 4 r Kanbiig ¢ 20 Ma Boasl. (Omeem: 31 %.)

6. Ompenenmute MaccoBylo momo (%) xampiius B gomomMute CaCO,- MgCO,.

7. Kak nmonyunts Ca(OH),, umea B Hanuuun: H,O, BaCl,, Ca, CaO?

8. UeM oTnmIaroTes OKCU U TUAPOKCHT KATBITAS OT OKCHUJIA U TUAPOKCHUIA
oepumans?

9. IIpu moMoIIM KaKWX peakiuii MOXHO OCYIIEeCTBUTDH CIEAYIONIUE Mpe-
BpaIlleHUS:

CaCO3 - CaClZ - Ca(NO3)2 - Ca3(PO4)2 - Ca(H2P04)2

Hanumurte ypaBHEHUsI peaKIldii B MOJIEKYISIPHON 1 MOHHOU (hopMax.
10. Kak u3BecTHO, THAPOKCH MAarHUS HE pacTBOpsieTCs B BOe, HO pac-
TBOpsIETCS B IPUCYTCTBUU HUTpaTa aMMoHUs. [ToueMy?
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11. IIpu npokanuanum 15 r kpucrammoruapara CaSO,- nH,O Beigenunoch
3,14 r Boxpl. Kakosa ¢opmMyra Kpuctamioruapara’?

12. Kaxk OTIUYUATH TAINIEHYIO U3BECTh OT U3METBUCHHOTO B TIOPOIIOK U3BE -
cTHsKa?

13. KakoB xuMHuYecKUll COCTaB TUIIca, MeJa, TallieHOW U3BeCTH, HeTalle-
HOU W3BECTH, U3BECTU OCMUIBHON, M3BECTHIKA?

14. Kakue cyIecTBYIOT cTIOCOOB! YCTPaHEHUS KECTKOCTH BOIBI?

15. Kakue conu mpuaaoT BOJie KEeCTKOCTh?

16. CMech Mena 1 TalllcHOHM M3BeCTH, comepxalneii 40 % xkap6oHaTa Kalb-
nus, obpaborana 20%-M pacTBOPOM XJIOPOBOAOPOTHON KUCIOTH (IIOTHOCTD
1,12 r/cM3). BBIYUCIUTE MACCy B3ATOM CMECH, €CIIU IIPU PEAKIIUY BBIIEIAIOCH
2,24 1 raza (d.y.). CKOIBKO MIWIUTAIATPOB KHUCIOTHl BCTYIIMIO B peaKIio?



Fnaga 15
MOBOYHAA NOArPYMNNA Il TPYMNNbI

Mayune rnasy, cnenyer:

3HaTb NOJIOXKEHNE METaJJIOB nNoarpynnsl B Neprnoamnyeckon cucteMe, 0co-
GEHHOCTW CTPOEHMS aTOMOB, CBOMCTBA, CNOCOOLI MOy4EeHUS U NMPUMEHEHUE
OJHOr0 U3 TUNWYHBIX NPEeACTaBUTeNen NOArpynnbLl — LMHKA U ero coeamHe-
HUIA;

YMeTb HaxOAUTb CXOACTBO M pas3nuyne B CBOWCTBAxX MeTasnoB NoBOYHOM
noarpynne Il rpynnel.

15.1. O0wan xapakTepucTuka

B mmoGounyio moarpymmy 11 rpynmn [TeprogndecKoit CHCTEMEI 9JI¢ -
meHTOB /1. 1. MeHneneeBa BXOAAT CICAYIONINE METAJLUIRL: yuHKk Zn, Kad-
muti Cd, pmyms Hg. ATOMBI 3TUX 3JIEMEHTOB Ha BHEIITHEM CI0€ UMEIOT
IO 1BA 3JIEKTPOHA — s2, Ha IpeanociaeqHeM 18 anekTpoHos — s2p°d'0;
d-onypoBeHb 3TUX MeTaUIOB 3aBeplleH. Bo Bcex coeAMHEeHUIX OHU
JNBYXBaJIeHTHBI. TOJIBKO PTYTh MOXET MPOSBIAATh CTEMEHb OKUCICHUS
+1 (—Hg—Hg—). B ornmune OT 37eMEHTOB IJIABHOW ITOATPYIIIEI
II rpynmnbl saeMeHThl MOOOYHON MOATPYMIIIE MEHee PeakKIIMOHHOCIO-
coOHBI. [Ipu 0OOBIKHOBEHHOM TeMIlepaType OHU TPYAHEe OKUCISIOTCA U
He B3aUMOJICHCTBYIOT C BOJIOH, TaK KaK UX 3allUIaeT OKCUAHAs IUICHKA.

IuHK ¥ KaaAMUU XUMUUYecKu Oojee aKTUBHBI, YeM PTYThb. B psany
HaIpsDKeHUH OHU HaXoASTCsS 10 BOAOpOAA, TOTAA KaK PTYTh pacioja-
raetcs mocie Bogopoaa. [IIMHK B 9TOM psily HAXOAUTCS CpeAd aKTHUB-
HBIX METAJUIOB U JIETKO PacTBOPSETCS B KUCIOTAX M pacTBOpax Ileno-
yeii. KaaMuii B pacTBoOpax Ieaodeil He pacTBOpSeETCs, a B KMCIOTax
pacTBOpsieTCSI MEHEe dHEPruyHo, YeM [UHK. PTyTh He pacTBopseTrcs
HHU B pacTBoOpax Iesoueii, HU B pa30aBIeHHBIX KUCIOTAaX, 4 PACTBOPSI-
eTCs TUIIb B HEKOTOPBIX KUCIOTaX-OKUCIUTESIX.

Metamnbl mobouHoit moarpymnmel II rpyrmel B ¢CBOGOAHOM COCTOSI-
HUU UMEIOT cepebpucto-06eblii iBeT. [IUHK Mpu KOMHATHOM TeMIepa-
Type XpyMHoK, HO TpU HarpeBaHUM MpHUOOpeTaeT MIaCTUYHOCTh, JIETKO
MPOKATHIBAETCS B TUCThI. KanMuil XopoIo KyeTcst U MPOKaThIBAeTCS B
MMPOBOJIOKY MPHU OOBIYHBIX YCIOBHUSX, a MPU HATpEBAaHUU CTAaHOBUTCS
XpYOKUM. PTYTh MpU OOBIYHBIX YCIOBUSX CYIIIECTBYET B XKMAKOM COCTO-
STHUU.

OKcHUABI METAJIIOB B BoJle MPaKTUIECKU HEPAaCcTBOPUMBIL. [ uaApoKCcH-
JbI IIMHKA U KaJAMUS PACTBOPSIIOTCSA B U3OBITKE IIETOUHN:
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Cd(OH), + 2NaOH — Na,[Cd(OH),]

TUIPOKCOKaIMar
HATPHSA

a TakXe B BOIHOM PacTBOpE aMMHAaKa:
Cd(OH), + 4NH; — [Cd(NHj;),](OH),

lampokcun pTyTH HeYCTOWYWB 1 pasjaraeTcs yke B MOMEHT obpa-
30BaHM:

Hg(NO;), + 2NaOH — 2NaNQO; + HgO + H,0

B city xumMmrdeckoit akTHBHOCTH paccMaTPpHBaeMBbIe METAIIBL BCTpe-
YalTCSd B MPHUPONE B BHUOC COCOWHEHWI, U TONBKO PTYTh HAXOMHUTCI
TaKXke B CBOOOTHOM COCTOSTHHUM.

[wHK 1 KagMWi HCITONB3YIOT I TTOAYICHUS CIDIAaBOB, PTYTh — B
37IeKTPOTEXHUYECKON MPOMBIIIIeHHOCTH.

Conu MUHKA, KagAMUASI U PTYTH HaXOAAT ITHPOKOe MpUMEHEHHE!

o cynbdun kagmusa CdS — Mt moaydeHns SKeITRIX MaCaSHBIX Kpa-
COK W IBETHEIX CTEKOI;

« cynbdar Kagmua CdSO, — maa moaydeHHA (apMalleBTHISCKIX
Mpemaparos;

o xmopun prytu(ll) HgCl, — B MegumnmHe KaK CHUJIBHOICHCTBYIO-
mee Oe3nHGpUITIPYIoNIee CPENCTBO, B CEIBCKOM XO3JMCTBE TIPH IIPO-
TpaBKe CeMsH, I AyOMeHUs KOXHW, IpU KpallleHUW TKaHeil, B U3ro-
TOBJICHUHN CYXUX 3JeKTPHIECKHUX GaTapeii;

o Hurpat prytu(ll) Hg(NO;), — Kak HCXOOHBI MarTepuan st
MMOMYUeHHUA IPYTUX COCTUHEHMIT PTYTH, KaK pearcHT B aHATMTHYeCKOH
XUMHWH;

« cynbdar pryru(ll) HgSO, — Kak Karanm3aTop B IIPOU3BOICTBE
HEKOTOPBIX OPTAHWYECKUX BEIIECTB;

« xtopun prytu(l) Hg,Cl, (katoMenb) — B IPOHM3BOACTBE IIIEKT-
pPONOB, KaK KaTalM3aTOp B OPraHUYeCKOM CHHTE3e.

Bonpocbl n 3agaHug

1. Kak BnusieT TeMIeparypa Ha arperaTHOE COCTOSTHUE METallIoB MoGou-
HoOIT moarpynmsl 11 rpynmer?

2. Kak BrmsieT MoaoxkeHue METAUTOR MOGOYHONW ToArpynisl 11 Tpynmsl B
psiTy HapSKEHUH Ha XUMHUYecKue cBoiicTBa? OKMCIUTENbHBIE UMM BOCCTA-
HOBUTENBHBIC CTIOCOOHOCTH METAJIIIOB BBIPAXEHBI B 3TOM PSay?

3. Kakwe u3 cneayrotux MetamnoB: Zn, Cd, Hg — 6yayT B3anmMoaeicTBo-
Bath ¢ pactBopoM KOH, kakne — ¢ pazbaBmeHHOW a30THOW KucioToit? Ha-
MUIINATE YPaBHEHUS PeaKkITUuiA.

4. Kakne u3 cnenyromnmx okenaos: ZnO, CdO, HgO — 6ynyt B3auMoeti-
cTBOBaTh ¢ pactsopoM NaOH? Hanwumute ypaBHeHUST peakiinii.

5. B xaKkoii OCIIEA0BaTeENLHOCT BYIyT BOCCTAHABINBATLCA KaTHOHEI Hg?",
Zn*, Cd* 1mpu 3IEKTpOIU3e UX cMecH (KOHIEHTPAllUA KATMOHOB PABHBI)?
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6. ATOMBI PTYTH MOTYT CBSI3BIBATHCS IPYT € APYIOM KOBAICHTHON CBA3BIO,
IIpOABIAA CTCIICHD OKUCIICHUA +1. ,Z[JIH CICAYIOIINX OKUCIUTEIBbHO-BOCCTAHO-
BUTENBHBIX PeaKIINi HAIUIINTE SIEKTPOHHYIO CXeMY U paccTaBbTe Ko3(pdu-
IMUEHTDLI:

a) Hg + HNO3 — ng(NO3)2 + NO + Hzo,

6) Hg,Cl, + SnCl, — Hg + SnCl,.

15.2. LLMHK n ero coeanHeHus

LnHk

Haxoxnenue B npupoae. B mpupone MUHK BCTpevyaeTcs TOIBKO B
BUAE¢ COCNMHECHWIL: CYyAb(pUIOB, Kap6oHATOB, CHIMKATOB, KOTOPEHIE
BXOISAT B COCTAB Pa3MMYHBIX MUHepaaoB. BaxkHeHTiMu MuHepaTaMu
muHKa gpstiorea: ZnS, ZnCO;, Zn,Si0,, Zn,Si0,- H,O, ZnO - Al,O5.

IMpuponHble COSTMHEHNUS ITMHKA BXOMAT B COCTAB MOJIMMETALIH-
YeCKUX Py, KOTOPEIe IIOMUMO ITUHKA CONepKAT COSTUHEHUA pa3imi-
veIx MertawioB: Fe, Cu, Sn, Pb u ap.

IMonyyenne. MeTaTUUECKUI IUHK B MPOMBIILIEHHOCTH TTOIYYAlOT
IBYMST METOIAMH: IeKTPOTUTIUSCKUM W TEPMUIESCKIM BOCCTAHOBIIE-
HUEM.

W3 momuMeTaImaecKUX pyld, COAepsKaAIIUX KpoMe ZnS cyrbOums!
IPYTUX METAJIOB, METOIOM CeIeKTUBHOM (pIOTAIluM M3BIEKaT ZnS.

[Ipu o6Gxure KOHIEHTpaTa Cyab¢huaa IMUHKA B OOXUTOBEIX ITeUax
obpasyeTca OKCHI ITHHKA:

27nS + 30, = 2Zn0 + 2S0,

Metannuuyeckuii MAHK DOJIYYAIOT IPU TePMUUECKOM BOCCTaHOBIIE-
Hun ZnO pasmuaHeiMu BoccTaHoBuTcaamu: CO, C, H, u mp.:

1400°C
/n0+C——57n+ CO

1100°C
ZnO + CO ——— Zn + CO,

J g moxydeHAS MMHKA 3MeKTPOIUTHICCKIM MeTOIoM okcun ZnO),
MMONYUEHHEIN TpH oOXuUTe cyrhduma MUHKA, PAcTBOPSIOT B pa36aB-
nennoit H,SO,:

Zn0 + HQSO4 e ZnSO4 + HQO

[Momyyennasrit ZnSO, MOABEPraOT MTESKTPOTH3Y.

®Ousnyeckne cpoiicTBa. [[HHK — GaecTAMMI MeTaI, cepebpucTo-
romyGoBaroro 1BeTa. Ha Bo3myxe MOKPEIBaeTCS TUICHKOM OKCHIA ITIMH-
Ka W TOBEPXHOCTH eTro TycKHeeT. OTHOCUTCA K TKEIBIM MeTauiam
(rwrotHOCTH 7,13 T/cM?). [Ipu 0BBIYHOI TeMMepaType U IpU TeEMIIEpa-
type BeIime 200 °C mopoabHO xpymokK. IIpu temmeparype 100— 150 °C
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IUTACTHYEH, JTETKO BRITATHBAECTCS B IIPOBOJIOKY, IPOKATHIBACTCSA B JTH-
CTHL.

Xumuyeckue cpoiicTsa. IIUHK SIBISETCA OOBOILHO AKTHUBHBIM Me-
TAIZIOM, Ha BHEIIHEM CIIO€ Y HEro IBa 3JIeKTPOHA, KOTOPHIE JIETKO
OTHAET, MPOIBIIAS BCEerma CTEMeHb OKUCICHUS +2.

1. IlmaK obpa3syeT cmiaBH ¢ pagoM MmetamnoB (Al, Cu, Mg, Ca, In,
Fe, Pb u 1.1.). 3 ctaBoB HanGollee BAXXHBIMH SIBISIIOTCS JTATYHU:
CIUIaB MeAW ¢ IIMHKOM — 3XKeaTas JaTyHb, cmiaB 85 % Zn, 5% Al,
10 % Cu — bemad maTyHb.

2. lIuHK B3aUMOJICICTBYET CO MHOTUMH HeMeTautaMu. [1pu oGBd-
HOM TeMIIepaType B CYXOM BO3yXe MUHK OKUCIIETCI MeIeHHO. B ipu-
CYTCTBHH BJIATH ITOBEPXHOCTh ITHHKA MOKPHEIBAETCS MPOYHON 3allluT-
HOH TUTEHKOM U3 OKCHIA IMHKA U OCHOBHOTO KapGoHara. IreHKa mpe-
OXpaHsEeT MUHK OT paspymeHusa. [Ipn HarpeBaHWH Ha BO3OyXe IMUHK
cropaet, obpasyd OKCHUI IIMHKA:

27n + O, —» 2Zn0O

[luHK pearupyeT ¢ ramoreHamu, cepoit, dochopoM W IpyrumMu
HeMeTalaMu ¢ oOpasoBaHHeM cooTBercTBeHHO ZnCl,, ZnS, Zn,P,.

3. lIuHK B3aWMONEMCTBYET CO MHOTUMH CIOXHBIMHI BeIlcCTBAMM.
[lmHK He paszmaraeT Bomy, TaK KaK Ha €ro MOBePXHOCTH oOpa3yeTcsa
wrenka Zn{OH),, KoTopasa MpaKTUYeCKH HepacTBOpHMA W IIPETIsT-
CTBYeT mambHelIeMy TeUeHU0 peakiini. L{WHK, HarpeTHii 1o TeMIre-
paTypHl IUIABIEHHUS, Pa3laraeT mapel BOIEL

Zn + H,O(map) 2 ZnO + H,

]_[I/IHK BSaHMOﬂeﬁCTByeT C CEPOBOAOPOAOM IIpH Harp€BaHuu, C ra-
3006p8.3HBIM aMMHAaKOM!

/n + HQS — ZnS + H2
37n + 2NH3 e Zn3N2 + 3H2

HuHK — aM$OTepHEINT 31eMeHT, OH PAcTBOPSICTCA B KOHIICHTPH-
POBaHHHIX IMeI04Yax ¢ oGpa3oBaHreM THAPOKCOITMHKATA:

Zn + 2NaOH + 2H20 = Naz[zn(OH)4] + H2

[luHK pacTBOpsIeTCS B BOMHOM pacTBOpe aMMHaKa ¢ 00pa3oBaHUeM
aMMHBakaTa (KOMILIEKCHOM COJIH):

/n + 4NH4OH = [ZH(NH3)4](OH)2 + H2 + 2H20

HI/IHK JICTKO paCTBOPACTCA B paS6aBJ’[€HHBIX KHCI0Tax ¢ BBIACICHM -
€M BOAOpOIA. HpI/I B3aUMOAECHCTBUU LUHKA ¢ KUCIOTAMU-OKUCIUTE-
JIAMHA BOAOPOA M3 3THUX KHUCJIOT HE BBLOCITACTCAL

47n + 9HNO3(p336) = 4Zn(NO3)2 + NH3 + 3H20
Zn + 4HNO;(koum.) = Zn(NQO;), + 2NO, + 2H,0
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Zn + 2H,S0,(kon1.) = ZnSO, + SO, + 2H,0

MertamrimaecKiii ITHK BEITeCHAET MeHee aKTUBHEIE MeTamisl (Cu,
Ag, Hg, Au) u3 ux coieii.

IIpumenenne. I[UHK MHUPOKO UCHONB3YIOT B MPOMBIIIIEHHOCTU B
BUIIE CIUIABOB: ¢ MENBI0 — JATYHH, ¢ aATIOMAHHEM M MEObI0 — aHTH-
$pUKIMOHHEBIEC CITIABH, CO CBHHIIOM — THITOTpad)CKHe CILTaBEL. OKO-
10 40 % MUPOBOTO TMPOU3BOACTBA IIMHKA PACXOMYeTCA Ha 3alllUTy Xe-
Je3a U CTaIH OT Koppo3uH. [ IHHKOBasd MBEUTE UCITOIB3YeTCS B KaUeCTBe
BOCCTAHOBUTES TIPH AeHiCTBHH Ha PACTBOPH MEIH, 30J0Ta, KaaMU,
pPEIKUX 3IEMEHTOB.

JIncTOBOM NWHK IMHPOKO MPUMEHSIOT IUT HW3TOTOBICHUS pa3imi-
HBIX TaIbBAaHMYECKHUX 3IEMEHTOB, KIWIIEe B THITOTpahuH, XO3THUCTBEH-
HEBIX TOBapOB.

CoeguHeHUs UNHKa

Oxcud yunra(ll) ZnO BcTpeyaeTcsa B ONpHpONAe B BHAe MHHepaaa
IIMHKATA.
B mpomuimmenHOCTH ZNnO TOIYYAIOT TIPH 00KUTe CyIb(prmIa IMITHKA:

2708 + 30, - 2Zn0 + 280, + 0

B naGopaTtopuu oKcHI IIHHKA MOXET GBITh ITOAYIEeH HECKOIEKUMH
crrocobaMu:
e CXKUTAHHUEM METAJUIMYECKOrO [IUHKA

27n + O, —» 2Zn0
o MMPOKATTMBAHUEM TUIPOKCHIIA U COJNeH MUHKA
Zn(OH), —» ZnO + H,0
2Zn(NO;), — 2Zn0 + 4NO, + O,

Oxcun ZnO mpencrapiasieT co00il KpUCTAIE GeIoro mBeTa, XKei-
TEoIIIe TIPH HarpeBaHWH, IUIOXO PACTBOPHMEIE B BOIE.

Oxcun muHKa obragaeT am¢poTepHEIMU cBolicTBaMu. OH pacTBOpPS-
eTcA KaK B KHUCIOTaX, TaK M B IIeI0Yax:

ZnO + 2HCI — ZnCl, + H,0
ZnO + 2NaOH + H,0 — Na,[Zn(OH),]

HpI/I cmapieHun ZnO BSaHMOﬂeﬁCTByeT ¢ KUCJTOTHBIMI U OCHOB-
HBIMH OKCHIaMM:

27Zn0 + 8102 —> ansiO4
Zn0O + Ca0 — CaZnO,

OKCI/I,Z[ OHHKa HAXOAUT MHUPOKOC MPUMCHCHHUE KaK KaTaln3aTop BO
MHOT'UX XUMHUYCCKUX ITpoeccax. HpI/IMeHﬂeTCH JUIA ITOJIYUYCHUWA METAJI-
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JIUYECKOro IMTUHKA. B CTpoNTeTbHOM Heile — TS U3TOTOBICHUA MalsIp-
HOM KpacKu — MUHKOBHIX Oeara. BXoauT B cocTaB CeITHATBHEIX COP-
TOB cTeKIa. UCImonb3yercsa B KauecTBE HAIIOTHUTEIA B PE3HHOBOI IIPO-
MBIIIDICHHOCTH W B TIPOU3BONACTBE IMHOAeyMa. HaxoouT mpuMeHeHMe
B MEIUWIIMHE I W3TOTOBICHUA Maseil, TmacT, CyCIeH3HI.

Tudpoxcuo yunxa Zn(OH), MOXHO IIONIyYUTH IIPU J00ABACHUN K
COJIAM MUHKA MIeToYn. B pesyabrate obpasyeTcs Gelblii ocamokK:

ZnSO4 + 2NaOH — Zn(OH)TL + NaQSO4
OO0pa3syeTcsa THAPOKCUI U IIpH 06paboTKe IMMHKATa KUCIOTOM:
Na,[Zn(OH)4] + 2HCI —» Zn(OH), + 2NaCl + 2H,0

lumpoxkcua muHKa MposBigeT aMpoTepHEIe CBOMCTBA — JIETKO pac-
TBOPSIETCSA B KUCIOTaxX U IIeIovax:

Zn(OH), + 2HCl — ZnCl, + 2H,0
Zn(OH), + NaOH — Na[Zn(OH);]
IR
Zn(OH), + 2NaOH — Na,|Zn(OH),]

rI/I,HPOKCI/I,Z[ OHUHKa pacTBOPACTCA B BOOHOM paCTBOPEC aMMHaKa, ITpru
OTOM 06p33y€TCH aMMHMaKaT IHUHKa:

Zn(OH)2 + 4NH4OH —> [ZH(NH3)4](OH)2+ 4H20

M3 coseit iMHKa HauboJIbIee 3HAUCHUE UMEIOT:

« x70puA uHKa ZnCl, — Kak aHTUCENTHUK, B raJbBaHOCTETUH, TIPU
TpaBJIeHUU METAUIOB, B XUMHUUYECKOM CHHTE3€, KaK 00e3BOXMUBAIO-
MU peareHrT;

« cynbpaTr nuaka ZnSO,- 7H,O — o1 mpousBoacTBa BUCKO3EI, B
KauecTBe MUKPOYAOOPEHUS IS MOBBIICHUS YPOXAHHOCTH TpaB, I
3aIUTEl IPEeBECUHBl OT THUEHUS, B MEAUIIMHE — BsDKYIllee U Ne3UH-
dunupyollee CpeicTBo, B raJbBaHOCTETHM (I OLMHKOBBIBAHUS
MPeIMETOB OBITOBOTO HAa3HAUYCHMUS);

o cynbhUA IMHKA ZNS — I MPOU3BOACTBA KPACOK U MOKPBITHUS
CBETAIIUXCS OKPaHOB TEeJIEBU30DOB, PEHTITCHOBCKUX ammapaToB, OC-
mnTorpacoB.

Bonpocbl n 3agaHug

1. BnemenTrsl Zn u Ca pacnonoxeHsl B ueTBepToM psiny 11 rpynmer [epu-
onmueckolt cucteMbl. OOBSICHUTE, B UeM OTAUYME CTPOCHUS SIEKTPOHHBIX
000JOUeK MMHKA W Kanblusa? MOXeT T 5TO CKAa3bIBAThCS HA XUMUIECKUX
cBoticTBax?

2. MerannnuecKrnii ITMHK PacTBOPSIETCA B KOHIIEHTPUPOBAHHOM PacTRBOpE
xnopuga aMmmMoHus. Kak 310 06bsacHUTH? CoCTaBbTe YPABHEHUS COOTBETCTRY-
OIIUX PeaKIINM.
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3. Hanumwure ypaBHEeHUs BCEX CTYIEHEW THUAPOMU3a CIEAYIOINIAX CONEH:
ZnS0O,, Zn(CH;COO0),.

4. HanummuTe ypaBHEHUS PEAKITUI PACTBOPEHUSI IIMHKA U PTYTH B pa3bas-
JICHHOW W KOHIICHTPUPOBAHHOU a30THOMW KUCIOTE.

5. Ilpu moMoIM KakKWUX peakIuii MOXHO OCYIIECTBUTH CIEAYIONIHAE TIpe-
BpAIleHUS:

a) Zn —» ZnO — K,[Zn(OH),] — H,Zn0O, — Na,[Zn(OH),];

6) Zn(NO3);, —» ZnO — ZnCl, —» Zn(OH), — ZnO.

6. IIpu npokanmusanuu 1,8 r cmecn ZnCO; u ZnO nonydyeHo 1,4 T okcuaa
nuHka. Kakosa Maccomas nond (%) KoMIoHeHTOB cMmecu? (Omeem: 63 %
ZnCO;, 37 % Zn0.)

7. Ilpu cunasnennn 11,9 r ecmecn Zn u Al ¢ TUAPOKCUAOM HATPUs BbIIC-
nunoch 4,48 1 raza (d.y.). Ompeaennre MacCoBY HOM0 (%) KOMIIOHECHTOB
cMecu. (Omeem: 54,6 % Zn, 45,4 % Al.)



FhaBa 16
FrMABHASA nNoArPynnaA Il reynnobl

N3yuume rnasy, cnenyer:

3HaTb CBONCTBA, CNOCOOLI MONyHEHUS U MPUMEHEHME aNtioMUHUSA, a Takke
€ero CoeMHEHVN; CBONCTBA METAJIIOB NOArPYNIbl;

YMeTb COCTaBJISTb YPaBHEHUS XUMUYECKUX peaKkuuii, XxapakTepusayoLmnx
XUMUYECKME CBOUCTBA M CNOCOOLI NOMYYEeHUS aNiOMUHUS U €r0 COeOUHEHUIA.

*16.1. OGw,aqa xapakTepucTuka

K rmasnoit moarpymne III rpynnel [leproanyecKoil CHCTEMBI OT-
Hocarcsa 6op B, amomunuii Al, earsuii Ga, unduit In, maasauii T1. Bee
9TH 39JEMEHTHI, KpoMe Gopa, MeTaJlibl.

B atomax smeMeHTOB IaBHOH moarpymiksl 111 rpynmel Ha mociaen-
HeM CIIoe HAXOAMTCS IO TPHU 3JEKTPOHA: Ba Ha S-TIOAYPOBHE U OAUH
Ha p-TIoAypoBHe. XapakTepHas cTereHb OKUCIeHus +3. ToabKo IS Taj-
s xapakTepHa cteneHb okucaeHus +1 (TIOH — cuiabHoe ocHoOBa-
HHE).

MertaummyecKre CBOMCTBA 3JIEMEHTOB INIaBHOU moarpynmsl 111 rpyr-
MBI BEIpaXKeHBI cladee, YeM 3J1eMeHTOB MTaBHbIX moAarpymi [ u 11 rpymnim,
TaK KaK TeHIEHIIM K oTAaue 3JIeKTPOHOB ¥ HUX MEHbIIIE.

YBenuueHUe aTOMHOrO paauyca OT allOMUHUS K TAUTUKO MeHee
3HAYUTENBHO, YeM Y MIEeTOUYHBIX U IeI0UHO3eMeIbHBIX METALIOB, TI0-
3TOMY YCHIIEHIE OCHOBHOTO XapaKTepa COeqUHEHUI IPOUCXOIUT MeI-
JIeHHEe.

MeTamnsl rmaBHOM moarpynnsl 111 rpynmmel uMeior cepedpucTo-0e-
JIBIA [IBET, CPAaBHUTEIBbHO MATKHE (TBEpAOCTh ITo IKaie Mooca 1,1 —
2,6). Y HUX OTHOCHTEIBHO HEBBICOKHE TeMIIepaTypHl IiaBteHus. [ar-
M UMeeT caMylo HU3KYIO TeMIlepaTypy IutaBiaeHusa 29,8 °C.

C XUMUYECKOM TOUKH 3pEeHUS 9TU METAJIbI aKTUBHBI. OHU B3aMO-
NEUCTBYIOT ¢ rajJoreHaMmu, cepoii, o0pa3ys COeIUHEHUS CO CTeMeHbIO
OKUCIICHUS +3.

ITo oTHOIIEHUIO K BONE OHM BenyT cebs MO-pasHOMY: aTFOMUHUI
B3aMMOJAECUCTBYET C BOAOMN IpU HArPpEBAaHUU, HA TAJUIMA U UHAUK Oaxe
KUMAIasg Boda B OTCYTCTBUE KUCIOpoda He AelcTByeT. MeTtauinye-
CKUI TaIU B3aUMOIEUCTBYET C BOAOW B MPUCYTCTBUU BO3AyXa C
obpasoBanuem TIOH:

4T1 + 2H,0 + O, — 4TIOH
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Ta6muna 16.1. HekoTopble CBOWCTBA 3JIEMEHTOB
raasaoil moarpynnst 111 rpynne

IToTen-
DIneMeHT THan Pacnipo-
I _ | Atom- _ Teep- Temme- | cTpaneH-
ops . VOHH

y HBIH TOCTh patypa HOCTB
KOBBIH 31K .
pamaye, |\ o' | TIO IIKasie | TIiaByie- | B 3eMHOM

HazBauue Cum- | HOMED HM . Mooca |uwma, °C Kope,

BOT - M, mac. %

9B . /0

Amomuanii | Al 13 0,134 5,98 2,6 660,2 7,5

Tannuit Ga 31 0,125 5,99 1,2—1,5| 29,8 [4,0-10*
WNuanni In 49 0,132 5,78 1,1—1,2| 155,0 | 1,0- 107
Tannuit T1 81 0,131 6,10 1,5 302,5 | 3,0-10°*

Tamnuii, Kak ¥ MeJTouyHble METAJUIbI, XpaHAaT 0e3 HoCTyIa Bo3ayxa
MoJ, coeM KepoCHHa, TIULepUHA I Ba3eIMHOBOTO Macia.

ANIOMUHAN, TaJUIMA 1 WHOWHA B3aUMOACHCTBYIOT ¢ pa30aBiIecHHEBI-
v MuHepanbHEIMH Kuciaotamu (HCI, H,SO,), Tammmii He B3auMo-
JIeiicTByeT, TaK KakK obpasyeTca MamopacTBopuMad menka TICL, T1,SO,
(coneBas mmaccUBaIIys).

Ha xosiony amtoMUHUN He pacTBOpSETCS B KOHIIEHTPUPOBAHHBIX
H,S0O,, HNO;, Tak Kak o6pa3yeTcsa HepacTBOpHMas IICHKA OKCHIA
amoMUHUSA (OKcuaHas maccuBanusi); Ga u In pacTBOPSIOTCS B KOH-
LEHTPUPOBAHHON a30THOU KHUCIIOTE.

ATIOMUHUI U TaJUTHH TPOSBIAIOT aM(OTEepHEIE CBOMCTBA.

Hexkotoprie cBoiicTBa 31eMEHTOB LiIaBHOH moarpynnsl 111 rpynmen
MpUBEICHH B Tabm. 16.1.

DneMeHThl rMaBHoON moarpynnsl III rpynmbl obpas3yrOT OKCHUABIL:
KUCIOTHEIE — B,0;, amdorepHrie — Al,O;, Ga,0;, In,O5, ocHOB-
geie — T, 0 u T1,05;. B memoyax xerko pacrteopsiorca B,O;, AlLO;,
Ga,05; tuppokcunsl AI(OH),, In(OH); amboTepHBI.

B npupone mamo pacupocrpaneHsl Ga, In, Tl. AmoMuH#AI 3aHIMA-
€T TPEThE MECTO CPEIU BCEX 3JEMEHTOB IO pacHpOoCTpaHeHHOCTH. J1st
nmonyuenuss Ga, In, Tl UCTIOAB3YIOT OTXOABI PYJ LIBETHBIX METAJIOB,
Al Moay4yamT U3 aTOMUHUEBBIX DY/,

Bonpocb n 3apaHug

1. Tlouemy MeTammuuecKre CBOWCTBA BIEMEHTOB TJIABHOW MOATPYIIHI
III rpynmbl BEIpaxkeHBI clabee, YeM 3JIeMEHTOB TMaBHBIX HOArpymm I u
II rpynom?

2. Kak MeHSI0TCS CBOMCTBA OKCUIOB U ruapokcunoB Al, Ga, In, TI?

3. Kakoi#l U3 MeTayutoB MOATPYIIITHI UMEET CAMYI0 HU3KYI0 TEMIIEpPATypy
TTABTICHMSI, KAKONH — CaMyl0 BBICOKYIO TBEPAOCTH?
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4. Kax MeTamisl MOATPYIIIBl OTHOCATCS K Bojae? Hamuwiure ypaBHEHWS
peakiuin.
5. HazoBuTe CEIpbe JUIST HONYIeHUs TATUTASA, WHAWS U TAJUTHAS.
6. Mauii v Tamuii MOTYT OBITh BBIIEICHBI U3 PACTBOPOB CONEH ITMHKOM:
InCl; + Zn — ZnCl, + In
T1,S0, + Zn — ZnSO, + Tl

Hanumure 11 3THX peakIdi MOTypeakIuy AT OKUCTUTEN U BOCCTAHO-
BUTENS, PACCTAaBBTE KOADDUIIMCHTHI.

16.2. ANIOMUHMIA N ero coeauHeHus
AnroMuHnia

Haxoxnenne B npupoae. ATIOMUHUM — CaMbIl pacIpOCTPAaHEHHBIH
(mocne KUcIopoaa U KpeMHUST) 9J1eMeHT B mpupoae. B ¢cBobonHOM co-
CTOSHUN He BeTpedaeTcd. ComepskaHne aTIOMIHIS B 3¢eMHOI Kope 7,5 %.
OH BXOAUT B MHOTOUHUCIEHHBIC COeAUHEHUS (ATFOMOCUINKATHI, 6e3-
BOJIHEIE M THAPAaTUPOBAHHEIE OKCUAKI, (hocaThl, GopaThl 1 T.1.). Baxk-
Helllne MUHEepaIbl ATIOMUHUS:

« KOpyHJ Al,O; — YKCTBIe KpUCTAIBI KOPYHAA TPO3pavyHbl; B IMPH-
CYTCTBUM OKCHUIIOB IPYTUX METATUIOB OKPAIIEHBI U MPENCTABIAIOT CO-
0ol mparolieHHBIE KaMHH: TOIy0oii camcup (okpacka ot rmpumecu Cr),
KpacHseIit pyouH (ciaegnl Ti u Fe), 3exeHnrir uaympyn (mpuMmecn Be u
Cr);

¢ OOKCUT — MCXOJHOE ChIpbe IS MOJIYYeHUs aTIOMUHUS, Mpe-
CTaBIsieT cobOM TUAPATUPOBAHHBINM okcua amtoMuHus Al,O;- nH,0,
3arpsi3HEHHBIN OKCHUJAMU Xelle3a, TUTaHa, KpeMHUS U JpPYTUx dje-
MEHTOB;

« kpuonut Na;AlF, maasurcsa npu 1 100 °C, pactBopsiercsa B H,SOy;

« anyHUT KAI(SO,), - 2AI(OH); CIyXUT 1151 MOAYUSHUST OKCUIA aTko-
MHUHHUS U KBaCIIOB.

IMoayyenne. B mpOMBILIIEHHOCTH METALTMUECKUN aTIOMUHUMN TTO-
JIyYaroT 9JeKTpolu3oM uuctoro Al,O; WM OUYUIIEHHOTOo GOKCUTA B
pacriaBieHHoM kKpuonute Na;[AlFg]. Kpuonut Hy>XeH Kak pacTBOpH-
TeJlb OKCHJA AFOMUHUS, a TaKKe U1 MTOHKEeHUST TeMITepaTyphl Ipo-
mecca (okcun amoMuHIS mwraBuTes mpu 2 050 °C).

B asnekTponuTUdecKoi BaHHe TeMmIlepaTypa IUIaBIeHUS AOCTUTAeT
950—1 000 °C. Kpome Toro, KpuoauT u apyrue nodasku (CaF,) cHu-
XKaloT TUIOTHOCTE 3iekTponuTa. [Tpu amekTponuse paciuiaBa Al,O; B
KPUOIUTE 00pa3yeTcs:

Ha KaTofne

AP + 3¢ = Al
Ha aHOoAC
20 — 4e = 0,
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Ha monxyuenue 1 T amoMuHuA pacxoayeTcsa 2 T AlL,Os, 60 KT Kpuo-
nura, 40 xr agogHoro yria, okoixo 20 000 kBT 31eKTposHEPIUH.

XAMHYECKHE CBOMCTBA. ATOM ATIOMHUHHS HA BHEITHEM CIIO€ UMEeT
TPH MEKTPOHA, KOTOPEIE OH OTHAeT MpH XMMHYECKHX IIpeBpalnieHm-
X, TMPOSBIAL CTeTleHb OKUCIeHUS +3.

1. MertammnuecKuii aTiOMAHAIT 00pa3yeT CIUIaBEI CO MHOTUMU Me-
tamtamu: Cu, In, Mg, Mn, Ni, Cr u 1.1.

2. AMIOMIHIN B3aHMOIEHCTBYET CO MHOTUMH HeMeTaIaMI: B BUIIE
BT W CTPYKKI TOPUT B KUCIOPOHE ¢ BEIIeICHHEM GONBIIOTO KOIH-
YecTBa TEIUTOTHI, 06pa3ys OKCHI aTIOMUHU:

4Al + 302 - 2A1203
HpI/I Harp€BaHHUH ATIOMUHUN BSaHMOﬂeﬁCTByeT C raaIorecHaMmu:
2Al + 3Cl, — 2AIC;

XJIopua aJIIOMUHUA

IIpu temmeparype 700— 2000 °C amoMuUHUI B3aUMOICHCTBYET C
a30TOM, Cepoil, YIIepomoM:

2Al + N, = 2AIN

HUTPpUA AIIOMUHUA

2Al + 38 = ALS,

CynbhUI ATIOMITHUST

4Al + 3C = ALC,

Kap61/II[ AJTIOMUHU A

Bce st coeauHeHUS MpHU B3aMMOACUCTBUM ¢ BOAOU pa3iaararoTcs
(rUOpOIU3YIOTCS).

3. AmMoMIHWI B3aUMOIeIICTBYET CO MHOTHUMH CITOKHLIMH BelllecTBa-
MU. [1o OTHOLICHUIO K BOAE ATIOMUHUI YCTOWYUB, TaK KaK OH MOKPHIT
TOHKHM OKCUAHEIM ciaoeM. IIpu BEICOKOU TeMIlepaType IHUINCHHBINA
3alIATHOU TUICHKH AJIIOMUAHUN B3aUMOAECHCTBYET C BOJAOU MO ypaBHE-
HUIO

t
2Al + 6H,0 - 2A1(0H); + 3H,

ATOMUHUI PaCTBOPACTCA B p336aBJIeHHLIX KUCITOTax:
2Al + 6HCI — 2AICI, + 3H,T
2A1 + 3HQSO4(p336) e AIQ(SO4)3 + 3H2T

Konnenrpuposanusie HNO;, H,SO, Ha xonomy macCUBHAPYIOT alio-
MUWHHUI, 00pa3ys HEPACTBOPUMEIHN B KHCITOTaX OKCHU aTioMuHus. B ro-
pAYER CEpHOU KHCIOTE ATIOMUHUU PAaCTBOPIETCH:

t
2Al + 6HQSO4(KOHH) —> AIQ(SO4)3 + 3802 + 6H20
229



AMIOMUHHN JETKO CIIIABASIETCSA € IIeJI0YaMU:

t
2Al + 2KOH + 2H,0 — 3H, + 2KAIO,
W pacTBOPAETCS B pacTBOpax IMeI0Yei:
2Al + 6KOH + 6H,0 — 2K;[AlI(OH)¢] + 3H,

Peakiys B3auMoAeUCTBHUS ATIOMUHUS ¢ OKCHAAMU HECKOTOPBIX MC-
TaJlLIOB COIIPOBOXKAACTCA BBLOACICHHUEM OYCHD OONBIIOTO KOIUYECTBA
TCILTOTHI:

Cr203 + 2Al - 2Cr + A1203
3Mn;0, + 8Al — 9Mn + 4Al,04

IMpomecc BOCCTAHOBIEHUSA METAILIOB U3 UX OKCHUAOB aTIOMHUHUEM
HA3BIBAIOT AII0OMOMeEpMUCH.

AmoMOTEpMUEN MONB3YIOTCS TS MOAYYEHUS TPYAHO BOCCTAaHAB-
JNUBAEMBIX TYTOILUTABKWUX METAJUIOB (THTaHA, BoOJb(hpamMa, MOTHUOACHA,
LIUPKOHUS, BaHAAuSI U Ap.).

DOu3nyecKne CBOWCTBA. ATIOMUHHIT — cepebGpucTo-GeNnlii MeTamn,
JIEerKuii, mpouHblit. [T10THOCTE ero 2,7 r/cM?, allOMUHUIL TOYTH B TPU
pasa jerue xeje3a. XOpollo MojBepraeTcss 00paboTKe: MPOKaThIBaeT-
csl, KyeTcsl, ITaMIyeTcsl, BRITITUBAETCI B MPOBOJOKY, 0bIagaeT Xo-
polleidl SIeKTpUYecKoll MpoBOAUMOCTEIO (TIocne cepebpa U Meau —
JIYYIIUH TPOBOAHUK TEILIOTH U 9JIEKTPUYECTBA).

IMpumenenne. [11poko HCHOMB3YIOT CILUTABEI HA OCHOBE ATIOMUHUS,
TaK KaK OHW JIETKW, TPOYHKI, YCTOWYUBEI HA BO3AyXE, B BOAE U KHUC-
noTax. B 3meKTpoTeXHUKe aTiOMUHUU TPUMEHSIOT O MTPOU3BOACTBA
MAaCCHUBHBIX IIPOBOOB BO3AYIIIHBIX TUHUH, BRICOKOBOJIBTHBIX Kabemek,
B MMPOU3BOMCTBE SICKTPUYCCKUX KOHAECHCATOPOB, BRIMIPSMUATENEN, TO-
JIYITPOBOMHUKOBEIX MPUOOPOB, KaK KOHCTPYKIIMOHHBIM MaTtepual B
SEPHBIX peakTopax, B 00OpYIOBaHUM U amiapaTax MUIIEBOMH IMpo-
MBIILTEHHOCTH.

an/IMep BbIMOJTHEHNA 3agaHU4d

3apanme. Ha B3amMopelicTBue cMecr Med, Kee3a U alloMUHUS ¢ TTIeNT0-
1pio moTpeboBamoch 40 r NaOH. IIpu ximoprupoBaHUT TAKOM Xe HABECKI CMe-
CHI METAUIOB B peakIlnio BeTymmiao 12,5 m (H.y.) ximopa, a Ipu ACHCTBUM Ha
TAKyH0 X HABECKY COJSIHOM KucaoToit ¢ MaccoBoi moneir HCI 10 % morpe-
BoBanoch ee 343,64 mr (mrotHocTs 1,1 r/cM®). Ompesenure MacCcoOBYIO OO
(%) MeTalIoB B CMECH.

Pemenmne. 1. U3 cMecu ¢ IMENOUb0 pearupyeT TONHKO aTIOMUHUN, TTO-
3TOMY BBIYHCIAM MACCy aTlOMUHUSA, COACPXKAIIETOCS B CMECH:

2Al + 6NaOH + 6H,0 = 2Na;|Al(OH)4| + 3H,

Ha 2-27 v Al uspacxomosaHo 6-40 r NaOH )6_2-271"-40_9rAl
HAa x T Al — 40 r NaOH 6-40r )
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2. PaccumTaeM Maccy COMSTHON KUCTOTHI, HEOOXOMUMOM TSI peakInu ¢ 9 T
ATIOMUHUS

JAl + 6HCI = 2AICL; + 3H,

Ha 227 r Al Heobxoaumo 6 - 36,5 r HCI 91.6-36,5T

X = =36,5 HCL
HA 9 TAl — x Tr HC 2-27r

3. OmpenemuM Maccy HCl, comepxkalreiicsa B pacTBOpe ¢ MacCOBOH oeit
HCI 10 % obwemom 343,64 Mn u mnotHOCTIO 1,1 T/CM:

o= 100 % o (464D 10%

m 37,8 r
m 100 %

CrenopaTenbHo, Ha peakiuio ¢ Fe moiiner: 37,8 r— 36,5 r= 1,3 r HCL
4. PaccunTaeM Maccy Fe, comepxaIerocs B CMECH:

Fe + 2HCI = FeCl, + H,

Ha 56 r Fe "Heobxoaumo 2 - 36,5 r HCI
x—71’3r'56r—0997r
Ha x T Fe — 1,3 r HCl ~ 23650 :

5. OnopenenuM o6beM XJIOpa, BCTYIUBINEro B peaknuio ¢ 0,997 r Fe:

2Fe + 3Cl, = 2FeCl,

Ha 256 v Fe tpeyeren 3:224 1 CL oo o,
X r-3- . I

_ =0,598 .
Ha 0,997 r Fe x 1Cl 2.56 1
6. OmpenenuM o6bEM XJIOpa, BCTYIIUBIIETO B PEakIuio ¢ 9 r Al:
2Al + 3Cl, = 2AICI;

54t Al 6 3-22,4 1 Cl
Ha 54 T Al HeobGXOaUMO 4 1 Cl, 9r.3.2.41
Ha 9 r Al — X n Cl, :T:H’ZH'
7. JAnsa peaknuy xKeae3a U aTIOMUHKA ¢ XJIOPOM HEOOXOANMO!

0,598 m+ 11,2 1= 11,798 m.
CreaoBaTeIbHO, A peaKIIUd ¢ MEIbI0 XJTOpa HAIO B3SITh:
12,51 -11,798 n = 0,7 n.
8. Macca Meam, comepXalleiicss B CMeCH, paBHA:
Cu + Cl, = CuCl,
641 C 6 22,4 1 Cl
nna 64 ¢ Cu Heobxomumo 22,4 1 Cl, 0.7 1.64
i x ¢ Cu — 0,7 1 Cl, x:WZZF-
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9. Best eMech coctaBmgeT: 9T Al+0,997rFe+2rCu=12r.
10. Onpenmemum MaccoByto momo (%) Fe, Cu, Al B cMecH:

W(Al) = 192—2100 % =75 %:

0,997 r
12

o(Fe) = 100 % = 8,3 %;

o(Cu) = 122—2100 % =16,7 %.

Takum obpaszoM, cMech coctonT u3 8,3 % Fe; 75 % Al; 16,7 % Cu.

CoeguHeHUsa amioMUHUS

Oxcuo anromunus Al,O, B mpupoe BCTpeuaeTcss B BUAC MUHEPAJIOB:
Al,O; (KopyHa, pyouH, camdup), Al,O;  2H,O (6okcur).

Okcun Al,O; MoXeT OBITh TTOJYyYeH MpU HAKATUBAHUU TOHUAUIITHAX
JIMCTOUYKOB (CTPYKKM) WU IOPOIIKA ¢ KUCIOPOAOM; MpeACTaBiIsieT
coboli Geroe TyroIriaBKoe BelllecTBO (TeMIteparypa muasireHnd 2 050 °C).

Okcua amoMuHuS uMeeT aMmdoTepHbiil xapakTep. C pacTBopaMu
mesouelr obpasyeT rTuAPOKCOATIOMUHATHI:

ALO; + 6KOH + 3H,0 — 2K;[Al(OH)|
opu CIuIaBI€HUM ¢ CYXMMHU IICTI0YaMH — METaallOMHUHATLIL:
ALO; + 2KOH - 2KAIO, + H,0
O,Z[HaKO OCH(SBHble cBOCTBa bojee BBEIDA2KCHHBI!

A1203 + 6HNO3 - 2A1(NO3)3 + 3H20

C Bomoil okcu aTIOMUHUS He B3aHMONCHCTBYET.

Okcun Al,O; HaXomUT IMUpPOKoe MpuMeHeHHne. MuHepanx KOpYHI
HACTIONB3YIOT KaK abpa3uBHBIN 1 OTHEYITOPHBIM MaTepuaia. OKpalleH-
Hele MuHepansl Al,O; (B KpacHBIII IBeT — pyOWH, B CHHHI — call-
¢up) ABIIIOTCS OparolleHHBEIMA KaMHIMH.

Timate1bHO OYNIIEHHBIM U 00e3BOKeHHEIN Al,O3 UCIIOTB3YIOT A
MMOMYICHUA ATIOMUHUS.

Tudpoxcuo aniomunus AI(OH); MOXHO ITOIYINUTEh Pa3HBEIMHU CIIOCO-
camMu:

« 06pabOTKON PACTBOPOB COMEIT AMIOMUHUS IIETOUYLIO

AICL; + 3NaOH - Al(OH); + 3NaCl
e THAPOINU30OM coJiell aTIOMUHUS
Al(CH,COO); + 3H,0 — Al(OH), + 3CH;COOH
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o THAPOTUTHYECCKUM OCaXAeHHeM (KHIITICHIEM) PACTBOPOB COMEi
ATIOMUHHAA U KapOOHATOB:

t
2A1Cl; + 3Na,CO5 + 3H,0 — 2A1(OH); + 6NacCl + 3CO,
2AICl; + 3Na,CO; — AlL(CO»); + 6NaCl (I cTymeHb)
AIQ(CO3)3 + 6H20 —> 2A1(OH)3 + 3H2CO3 (II CTyHeHB)

7\

3H,0 3CO,

I'mapokcun AI(OH); mpakTUuecKu HEpacTBOPUM B BOAE U SIBJISET-
ca amdpoTepHBIM. POpMYITY ero MOXHO 3alMcaTh B BHIOE OCHOBAaHHWA
AI(OH); u B Bune kuciaorsl H;AlOQ; unu HAIO,.

Juccommanis THAPOKCHAA aTIOMUHUSA MOXeT IMPOTeKaTh 1O IBYM
cxeMam:

AI(OH); 2 AI** + 30H" (ocuéBHAas)
HAIO, 2 H" + AlO; (KucaoTHAas)

CJIe,Z[OBaTeJIBHO, T'MAPpOKCUA aJTIOMHMHHA MOXET pacTBOPATLCA KakK
B KHCJIOTax, TaK M B IIEJI049ax:

AI(OH); + 3HCI - AICI; + 3H,0
Al(OH); + NaOH — Na[AI(OH),]

Conu anomunus IIPOABIIAIOT BCC CBOMCTBA CoJell U B BOOHBIX pac-
TBOpaX CHMJIBbHO T'MAPOIU30BaHbI:

AI(NO;); + HOH & AI(OH)(NO,), + HNO; (I cTyneHs)
AI(OH)(NO5), + HOH & AI(OH),(NO;) + HNO; (II cTymenn)

lamponws Mo BTOpO# CTYIeHW He3HAYWTEILHBIM — cpena Kicias.

W3 coneit HambombIIee 3HAUECHE UMEIOT:

e amOMOKamIueBble KBacOhl cocTaBa K,SO,- Al,(SO,);- 24H,0 wm
KAI(SO,), 12H,0; KBacibl KpUCTALIU3YIOTCA ¢ 12 MOJIeKyTaMi BOJBI;
MIPAMEHSIOTCI TS AyONeHUI KOXW; B TeKCTWIHLHOM TMPOMBITIICHHO-
CTH T 00pabOTKH TKaHel Mmepen KpallleHHeM; B METHITHHE I 0CTa-
HOBKH KPOBOTEUCHHT,

« cyabdat amoMuaus AlL(SO,); IPUMEHSIOT MpU MPOU3BOACTBE OY-
Marg Kak KOoaryJIsaTop IPH OYHUCTKE BOABI OT MYTH;

« xtopun amoMuHAS AlCl; HCIIOTB3YIOT KaK KaTaau3aTop IS MO-
JIy9eHUs TOIyoNa U3 OeH30Ma;

« HuTpaT amoMuHusa AI(NQO;); OpUMEHSIOT KakK MMPOTpaBy MpHU Kpa-
MeHUH.
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an/IMep BbIMOJTHEHNA 3agaHU4d

3aganme. Oxkcun amoMuHUST Maccoil 5,1 r pactBopunu B 80 M 30%-ro
pacteopa KOH (mmorrocts 1,325 r/cM?®). Onpenenute MaccoByio aomo (%)
IMETOYN TTOCTe PeaKIi.

PemeHnue. 1. OKcua amOMUHUS Pearupyer ¢ pacTBOPOM THAPOKCHIA
Kanus MO YpaBHEHUIO

AlL,O; + 6KOH + 3H,0 — 2K;[AI(OH)¢]
2. Ompenensiem maccy KOH B 80 mn 30%-ro pactBopa (IIIOTHOCTH

1,325 r/cm?):
80-1,325-03 = 31,8 .

3. Paccunutaem maccy KOH, Heobxoaumoro ansg peakiuu ¢ 5,1 r Al,O;:

Ha 102 r Al,O; Heobxoaumo 656 r KOH 51.6.56
Ha 5,1 1 AlL,O4 — x 1 KOH XZT=16,8 T.

4. Beruncisiem maccy KOH, KOTOpBIA He BCTYIII B PEAKITUIO:
318r-168r=15r.
5. OnpenernsieM MacCOBYIO J0IO (%) TMAPOKCHIA KATKS B pACTBOPE TTOCITE

PEeaKInm.
Macca Bcero pacTBOpa paBHA:

80 mn-1,325 /M1 + 5,1 r= 111,11,
TOTIa

0="100%, @=-_2T

100 % = 13,5 %.
m niir 7

Maccosas gonas KOH cocrasmser 13,5 %.

Bonpocbl n 3agaHu4

1. HaueptuTe cxeMy pacripefieeHUus] SIEKTPOHOB 11O OPOUTATAM U STUeii-
KaM aToMa aTiOMUHUA.

2. Kak nmony4arT MeTALTUIESCKUN amtoMIHUHA?

3. Kak nmonyuuts xpom 13 Cr,O; artoMOTepMUIECKIM METOIOM?

4. C KakrM# U3 CIEAYIOIINX BEIeCTB Oy/IeT B3aMOACHCTROBATh ATFIOMUHUIT:
NaOH, H,S0,(konr11., ropsauas), HNO;(xonr11., xononnas), H,O(ropsauas)?
Hammimute ypaBHeHUST peakIuii.

5. IIpu B3aUMOJCUCTBUY CILTABA ATIOMUHUS ¢ Meab0 Maccoi 6 r ¢ KOH
BBIACTUICS Ta3 o6beMoM 4,7 11 (H.y.). Onpeneante MacCcoByi0 J0m0 (%) KoM-
MMOHEHTOB cMech. (Omegem: 49,5 % Al; 50,5 % Cu.)

6. Ha moBepxHOCTH aMOMUHUEBON TJIACTUHBI OT OJTOTO XpaHEHUs o0pa-
30BaJICAd HANEeT OKCHUAAa U TWAPOKCHUIA amoMuHus. Kak ynamuth 3TOT HameT
XUMHUYECKUM MyTeM?

7. Kako#i MuHepan amlOMUHUS JIEXKUT B OCHOBE JIPATOTICHHBIX KaMHeEH:
pybuHa, candupa, usympyna? llpumecn Kakvux MeETannIoOB MPUAAIOT UM pas-
JTUYHBIN TBET?
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8. Kak msMeHHTCs OKpacka WHAMKATOpa nakMyca B pactBopax: AlCls,
AI(CH;COO0);, NaAl(SO,),?

9. TTouemMy P CMEIMTUBAHUY PACTBOPOB CYTh(UIA KATUI U HATPATA ATIO-
MUHUS He 06pa3yercs ocamok cyabduma amoMuHNsI? KakoB cocTaB obpasy-
forerocs ocaaka?

10. TIpu oMol KaKUX PEaKITui MOXHO OCYIIECTBUTD CIEAYIOIINE TIpe-
BpaIlleHUS:

ALO; — AICL, - NaAlO, — AI(OH); — AL(SO,); — AICI,

Hanumurte ypaBHEHUsI peaKIldii B MOJIEKYISIPHON 1 MOHHOU (hopMax.

11. Tuapokcua amOMUHUS Maccolt 7,8 T pactBopunm B 60 MI pacTBopa
NaOH maccosoii goneit 20 % (mmorHocTb 1,2 T/cM’). OmpesenuTe MaccoBy
nomnio (%) pacteopa NaOH mnocne peakuuu. (Omeem: 13,2 %.)

12. BelurcImTe MAaccy pacTBOpa TUAPOKCHIA HATprs MaccoBol moneit NaOH
8 %, HeoOXOMUMOTO TS PEakIlny ¢ PACTBOPOM HUTpATa ATIOMUHUS 0O6HEMOM
95 M ¢ MaccoBoii goneit AI(NO,),; 20 % (mnotHocTts 1,12 r/cM?®) mra obpaso-
parusg Na[Al(OH),]. (Omegem: 200 r.)

13. CkombKO MUTPOB (H.Y.) TA30B BBUIETUTCS HA BICKTPOJAX IIPU BICKT-
pomuse 85,5 r 40%-ro pactBopa Al,(SO,);? (Omeem: 63,84 1 H,; 31,87 1 O,.)



*NmaBa 17
MOBOYHAA NoArrynna Il reynnbl

N3yuume rnasy, cnenyer:

3HaTb MOJIOKEHME METaNI0B NoArpynnsl B [lepnoanyeckon CUCTEME; 0CO-
GEHHOCTW CTPOEHUSA UX aTOMOB; CBOMCTBA, CNOCOOLI MOJYHEHUA U MPUMEHE-
HUWE OLHOrO U3 TUNWYHBIX NPeacTaBuTeNne MeTanoB NOArpynnsel — CKaHAnA
M ero COeaAVHEHW;

YMeTb HaxOAWUTb CXOACTBO M pa3nuine B CBOWCTBAX MeTassIoB NOBOYHOM
nogrpynnsl Il rpynnel.

17.1. O0wana xapakTepucTuka

K mo6ounoit moarpymnme 111 rpymnme! [leprogndeckoil CHCTeMBI OT-
HOCATCS: ckanduli Sc, ummpuil Y, rauman La, akmunuii Ac, ranmarno-
udbl, WA paHmanuds (14 371eMEHTOB C MOPANKOBEIMHA HOMepaMH 58 —
71), cnenywomiue B [lepuoguyeckoit cucteMe 3a JAaHTAHOM, dKMUHOU-
Obt, UM akmuHudsl (14 37eMEHTOB ¢ IOPSIOKOBEIMU HoMepamMmu 90 —
103), cmenmyromiye 3a aKTHHHEM.

B xumMuueckux peakiusix aTOMbl CKaHAMSI, UTTPUS, TaHTaHA U aK-
TUHUS OTHAIOT MO TPU SJMEKTPOHA, BCIEACTBUE YEro 3JeMEeHTHl MOO0Y-
Hoit moarpynmel 111 rpynmmel UMET SPKO BhIpaskeHHBIM MeTauiude-
CKMIT XapakTep U OOJagaldT AOBOJIBHO BBICOKOM aKTUBHOCTBIO: OHU
OKUCISAITCA BO BIaXXHOM Bo3ayxe (0COOEHHO JTaHTaH), MpeBpallasich
B COOTBETCTBYIOIINE TUAPOKCUIEI:

2La + 6H20 e 2La(OH)3 + 3H2
PacTBOPAKOTCA B p336aBJIeHHLIX KHCI0Tax ¢ BBIACJICHHUEM BOAOpOdaA:
2Y + 3HQSO4 - Y2(SO4)3 + 3H2

B3aUMOAEHUCTBYIOT ¢ OOJBIIMHCTBOM HEMETAJIOB: ¢ KUCIOPOAOM 00-
Pa3yiOT OCHOBHEIE OKCHAB M,0;, IUIOXO PACTBOPUMEIEC B BOOE, HO
JIETKO COENUHSIONIIECS ¢ Hell ¢ o0pa3oBaHueM runpokcunos M(OH),
0eJIorOo LIBETA.

ITout Bce TUAPOKCHUABI MMEIOT OCHOBHBIM XapakTep, YCWJIMBA-
poiuiica B paay S¢ — Y — La. B Boge mouTH He pacTBOPSAIOTCS, HO
PacTBOPSIOTCA B KUCIOTaX.

Bo Bcex coeauHeHUAX MOHHL Sct, Y3*, La’" 6ecuseTHbl. XJI10pHUIEbI,
OpoMuabl, cylbdaTel, HUTPATHI, alleTaThl 3MEMEHTOB MOATPYIIIH pac-
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TBOPAIOTCS B BOJe ¢ oOpasoBaHHeM KpucramtoruapatoB. Dropumsl,
KapboHatwl, ¢ochatel B BoOge HEpacTBOPUMEI.

ITo cBolicTBaM K JTaHTAHY TECHO IIPUMBIKAIOT JTAHTAHOMIBI; UX Ha-
3BIBAIOT TaKKe pedkozemenvHvimu emenmanu (P39). K penkozeMenn-
HEIM HHOINA OTHOCAT MTTPHM, XOTI OH HMEET APYroe 3IeKTPOHHOE
crpoenne. Cpemu ceMelicTBa TAHTAHOUAOB TOJIBKO ONUH — IIPOMETHI —
He BcTpedaercsa B mpupoae. CpenHee cyMMapHOe coiepXaHUe JaHTa-
HOWIOB B 3eMHOIT Kope ~ 0,01 %, oHI Goee pacmpocTpaHeHEI, YeM
B, Cu, Co, Sb, Si, I. OgHako 3HaYNTeIbHEIC KOHIIEHTPATEI 00pa3yoT
TOJIBKO HEKOTOPHIE PeIKO3eMEeIbHBIC MUHEpaabl (MOHAIIUT, GacTHE-
3UT, KCEHOTHM, 3BKCEHHUT | Jp.). B ocHOBHOM 3amackl P339 cocpemoro-
yensl B MoHanute (Ce, La, ...)PO, u bactuesure (Ce, La, Pr)CO;F,
OHH U SIBIAIOTCSA OCHOBHEIMU ncTouHnKaMu P33. Tak Kak cocraB M-
HEepayloB pa3andeH, JaTh IMOAPOOHYIO O0IIYI0 cxeMy oboramieHUI He-
BO3MOXKHO.

Penko3zeMenbHEIE 9J1eMEHTH HMEIOT CepeOpucTo-0eblil IBeT (Heo-
JIUM W IIpa3eomuM C KEJITOBAaTHIM OTTEHKOM), B ITOPOIIKOOGPAa3HOM
COCTOSHUH — OT CEpPOro A0 YepHOro. B XuMm4uecK YMCTOM BHAE OHH
00IamaroT BEICOKOM 3IEKTPHUUYSCKON IIPOBOOMMOCTBIO; IIIACTHYHEL.
YucTeIil TaHTAaH U HepUil KYIOTCS, IIPECCYIOTCA M IIPOKATHIBAIOTCSI B
JIACTHI; HEPHUI BEITATHBAETCA B IIPOBOIOKY.

Bce nmanTaHOMAB MPOSABISAIOT BadeHTHOCTH III; kpome Toro, miasd
Ce, Pr, Tb xapakTtepHa BazeHTHOCTE 1V, a m1a Sm, Eu, Yb — Bamenr-
HocTh 1I. Penko3eMenbHBIC 271eMEHTE M UTTPUIM XUMUYECKH aKTHBHEL:
BO BIAXHOM BO3IyXe TYCKHEIOT, MOKPHIBAasICh OKCUIHOM IUIeHKO. [1pn
HarpeBaHHHI B aTMoc(epe KUCIopoda OHHM CroparoT, 00pa3ysa OKCHALI
tuna Ln,O; (rme Ln — manTaHoun). PearupyioT ¢ BOAOM, BBITECHSS
Bogopoxn. Pacteopstorca 8 HCl u H,SO, mr000it KOHIIEHTpaIIN, a TaK-
Xe B KoHIleHTpupoBaHHOU HNO;; menoun Ha P39 He nelCcTBYIOT.

[Ipu He3HAYNTE TLHOM HArpeBaHWI TAHTAHOWIEI pearupyioT CO MHO-
TUMU HeMeTaUlaMM; ¢ BoaopoaoMm obOpasyioT ruapuasl LnH,;, LnH,.
Penko3zeMeTbHEIE 3IEMEHTE — XOPOIIIe BOCCTAHOBUTEIN: BOCCTAHAB-
JIMBAIOT MHOTHE OKCcHabl 10 MeTamta, CO u CO, go yriaepona. OKcHUabl
P39 u nrtpus cocraBa Ln,O; moay4aioT IpoKaTuBaHUEM THIPOKCH-
0B, KapboHaToB, okcaraToB u Tonbko Ce, Pr, Tb oOpa3yioT BEICIIIE
OKCHIEI CO CTeIIeHEBI0 oKucieHusd +4. Bce okcunnl Ln,O4 TyromiaBku,
rurpockonuyuHbl (mornoiaot H,O, CO, u3 Bo3ayxa), B Bole MOYTH
HE pacTBOPSIOTCS, C BOOOH pearupyloT, BBEIICISSI TEIDIOTY U obpasys
ruapokcuanl. ['uapokcuasl Tuna Ln(OH); B Bune aMop¢hHBIX 0CalKOB
MOTYT OBITDH ITONYYSHEI IIPU OEeHCTBUHM HAa UX COMH PAcTBOpa aMMHaKa
win menoueli. Bce 0OHM XOpOIIO pacTBOPAIOTCA B KHCIOTaX, HEKOTO-
peie u3 HuX (Eu, Yb) crmaBisiorcs ¢ menoyaMu, KapboHaTamMu. B Bone
THIPOKCUIEI HE PACTBOPSIOTCS.

PenkozeMenbHEIE 2IeMEHTH 1 UX COSHUHEHUSA HaXOIAT Bce Gomee
MHUpPOKOEe IIPUMEHEHHe Orarogapsa BHEAPCHUIO HOBEIX METOIOB HX pas-
JIeICHIS.
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B uepHoii MeTaITypruy OHU MOTYT UCITOJIb30BaThCS B KAUeCTBE pac-
KUCTUTEIeH pa3MUYHbBIX CTaled U CIUIaBOB, MpHaaBas UM IMPOYHOCTh
H KOPPO3UOHHYIO YCTONIUBOCTD.

B uBeTHOI MeTammypruu criaBel P39 MOryT mpuMeHSThCS B Kade-
CTBEe BOCCTAHOBUTENEH B MeTaLIOTEpMUUECKUX peakiusax. HauGomee
MIUPOKO HUCHONB3YIOT cIuiaBbl P33 ¢ amoMuHueM u mMarHuem. Tak,
MAarHueBble CIUIaBBl ¢ PEAKO3eMEIbHBIMU MeTaIaMU IPUMEHSIOT IS
OTJIMBKHU JeTajieil CBEPX3BYKOBBIX PEAKTUBHBIX CaMOJETOB, 0B0OI0UYEK
HUCKYCCTBEHHBIX CITYTHUKOB 3emiu. CIUlaBbl Ha OCHOBE allOMUHMUS,
JIETUPOBAaHHBIC [eprUeM, TPUMEHSIOT B MOPIIHSAX aBUALlUOHHBIX ABU-
ratejieit, roJdoBKax U OJOKax HUJIUHAPOB BHYTPEHHETO CrOpaHUs.

Hzoronsr Hekotopuix P39 (Gd, Sm, Eu) MOXHO IpUMEHATH B
PeryIupYIOMIMNX CTEPKHAX AaTOMHBIX peakTOpoB. JIJIst 3aIIUTEI OT paidu-
aluu pa3paboTaHbl BEICOKO3((EKTUBHBIE MaTepHualbl, B COCTaB KO-
TOPBIX BXOJAT MIOMUMO CBHHIIA PEAKO3eMEIbHbBIE METALIBI, MOTIOIa-
OIINE HEUTPOHHL.

JIs U3roTOBJIEHUS TBEPABIX Ja3epoB HaXOAAT MpUMEHEHUEe OKCH-
Il TaHTaHa, UTTPHUS, TaJoJIUHUS, HeoAUuMa, 1epus, a TakxkKe MOJU0-
JaTel U BoabppaMaTel P33, Boabmoe 3HaYeHHE MPpHOOPEIN OKCHUIEBI
P33 B mpou3BoaCTBE CTeKJIa — AJA €ro OKpallluBaHUs, U3TOTOBICHUS
CIeUAIbHBIX CTEKOJ, MOMOMIAIINX YabTpadpuoaeToBsle ayund. Yuc-
Thitt okcun daHTaHa(lll) TMpUMEHSIOT B ONMTUYECKUX CTeKIaX U 00beK-
THBax ¢oroarmaparoB. OKcunsl P39 Hamnm npuMeHeHHE B KaueCTBE
a0pa3uBHBIX MAaTEPUATOB IS TOJIUPOBKHU TUCTOBOTO U 3 pKAJIBHOTO CTEeK-
JIa, TeJIeBU3UOHHBIX TPYOOK, OOBEKTUBOB KMHOCHEMOUYHBIX aMllapaToB.

bopuabl u rekcabopuabl P33 HCHOIB3YIOT B CUETHO-PEIIAOIINAX
MaIllliHaX, TeJeBU3NOHHOU U aBUAIIMOHHOM TeXHUKE, paTluOTeXHUKE.
B xumuyeckoit MpOMBILLIEHHOCTH coeduHeHus P39 MpuMeHsoT B
MPOU3BOACTBE JAaKOB, KPacoK, KaTaJlu3aTOPOB.

OpHako coeguHeHus P39, caMu MeTaIbl OCTAIOTCS BechMa 10pO-
TOCTOSIIIIUMM,, [TOATOMY UX MPUMEHEHHUE OrpaHUYEHO.

Bo MHorom mogo6eH MaHTaHy aKTUHMI. Y HUX OJIU3KHE aTOMHBIE
paguychl, oiMHAKOBasi BaJeHTHOCTH III, MpUCYTCTBYIOT COBMECTHO B
ypaHOBBIX pynax. CaMmblii TOJTOXHUBYIIUN U30TON aKTUHUS aTOMHOU
Maccoi 227 obpa3yeTcss B HUUTOXHO MajbIX KOJUUYECTBaX B Mpolecce
pacmaga ypaHa-235. [ToaToMy YMCTBIM aKTUHHUI B HACTOsIIEe BpeMs
MOJIYYAT UCKYCCTBEHHBIM METONOM SIACPHBIX IMpeBpallleHuil U3 pa-
U 32 cUeT peaklUil 3axBaTa HEUTPOHOB ¢ MOCIEAYIOIIUM B-pacria-
JIOM:

2287 c

n B
“Ra - FiRa—>
WzBecTHO 19 M3oTomos akTuHUA, TpH (**Ac, *Ac, ?2!Ac) U3 HuX
BCTPEYAIOTCS B MPUPOJE, OCTATbHBIC MOJYUYEHBl UCKYCCTBEHHO.
YnCTeIl aKTUHHUH — cepeOpUCcTO-0eIbli, JOBOTEHO TSIKEIBIM Me-
Tamwt, ¢ Beicokoi (1040 °C) rtemmeparypoii IIaBiaeHUSA, KOTOpas pac-
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CUMTAHA TEOPETUYECKHU; TeMIlepaTypa KHUIEHUs JOJKHA COCTaBIATh
~3200 °C. BcreagcTBue paminoaKTUBHOCTH aKTUHHUU CBETUTCA B TEMHO-
Te. B XuMHU1eckoM OTHOINIEHUU aKTHHUI O6ojiee aKTUBeH, YeM JIaHTaH,
U MO CBOUCTBaM OJU30K K KAJBIIMIO.

B uKcTOM COCTOSIHUM yAaloCh MOJYYUTh HECKOJBKO COEAUHEHUM
aKTHHUA B TpeXBaJeHTHOM COCTOSHHU: Ac,(;, Ac,S;, AcOCI, AcF;,
AcPQO,, onHaKO M3y4YeHHE CBONCTB aKTUHUS M €ro COeAWHEHMI 3a-
TPYAHEHO UHTEHCUBHBIM y-U3y4YeHUEeM MPOAYKTOB UX pacraja.

AKTUHUHI UCTIOIB3YIOT KaK UCTOYHUK HEUTPOHOB. MHOTrUe mocie-
OyIOlIe 3JeMeHThl, HampuMep (paHIUi, MoaydyarT obIyueHUeM
AKTUHMUS.

Ecnu naHTaH SaBIseTCS MPOTOTUIIOM JAHTAHOUAOB, TO aKTUHUH —
aKTUHOUOB.

AKTUHOUAB UMEIOT OOJbIlee YHUCIO COCTOSHUN OKMCICHMS, YeM
nmaaTaHougrl: oT +2 (No) mo +7 (Np, Pu, Am). HaunGonee pacmpoctpa-
HEHHBIM, KaK M y JaHTAaHOWIOB, SIBISIETCS COCTOSIHHUE OKUCICHUS +3;
IUTSL TOPUS U TIPOTAKTUHUS MTpeodiagaeT COCTOSHUE OKUCTeHUS +4, +35.
Bce akTmHOUABI CylIecTBYIOT B (popMe KatuoHoB: M3, M*, MO3,
MOZZ*, COOTBETCTBYIOIINX COCTOSTHUSIM okucaeHus oT 111 no VI. B mocaen-
Hee necAaTUIeTHe 3HAUUTeIbHOEe BHUMaHUE YAENSIeTCs XUMUU TBEPIABIX
CMEIIIaHHBIX OKCHUAOB aKTHHOMAOB, KOTOPbIE HUCHONB3YIOT B SAEPHOM
texdHonmoruu. Tak, okcun (U, Pu)O, IpUMeHSIOT B KauecTBe SASpHOTO
TOIUTMBA B PEaKTOpax-pa3sMHOXUTENSIX Ha OBICTPBIX HelTpoHax. CaMu
MEeTaUIbl MCIIOIB3YIOT KakK SIAepHOe roprouee W AJs MOJyUYeHUs HOBBIX
TpaHCYPaHOBBIX 3JIEMEHTOB.

Bonpocb n 3apaHug

1. Yro ob1mero y sneMeHTOB mobouHou noarpynmsl 111 rpynmsr?

2. Yro ofI1ero U B UeM pa3nuune aKTUHOUIOB U TAaHTAHOUJIOB?

3. Kak oTHOCATCS OKCHUBI U TUAPOKCUIBI SIEMEHTOB IMTOGOYHON TTOATPYII-
el 111 rpynne X Bome?

4. C KaKuMU U3 CICAYIOIUX BEIECTR OyAeT B3auMOAeICTBOBATh UTTPUTA:
HCIl, KOH, H,0, HNO;(kon11.)? Hanummure ypaBHEHUS peakIlnAii.

5. Ha 3 r cMecH naHTaHa W amOMUHUS nojciictBoBanu 35 mim 40 %-ro
pactBopa KOH (mmorrocTs 1,2 r/cM?®). Onpenennute MaccoByo gomo (%) Me-
TamnoB B cMecu. (Omeem: 50 % Al, 10 % La.)

6. Kak pacmpocTpaHeHbl TaHTAHOUABI U aKTUHOWABI B mpupone? B kakmx
00IACTIX UX IIPUMEHAIOT?

17.2. CkaHpMii U ero coeanHeHus

CkaHgunn

B IIOATPYIIIIC CKaHAWUN 3aHUMAET ocoboe MECTO, TaK KaK OIM30K 1o
CBOMCTBaAM AITIOMHUHHUIO, HECMOTPA Ha TO YTO OOAMH M3 TPEX SJICKTPO-
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HOB CKaHAUS CBA3aH WHaue, YeM y aTiOMUHUS (HaxoauTcs Ha d-, a He
Ha p-TIOAYpPOBHE, KaK Yy allOMUHUSI), TeM He MeHee d-3JeKTpOH OT-
MIETUIIeTCS TaK K€ JIETKO, KaK U 00a s-3JIeKTpOHA.

CymecTBoBaHue cKaHAUsA ObLTo mpeackasaHo J1. WM. Menpaene-
eBeIM B 1871 r. Ha OCHOBAaHUM OTKPHEITOTO UM [leprmoanueckoro 3ako-
Ha. /1. . MeHmemeeB yCIOBHO Ha3Bal €r0 3Ka0OPOM.

B 1879 r. mBeackum ¢pusukom JI.HuibcoHoM OBIT moayueH Gec-
LIBETHBIN OKCHUJ U3 MUHEpajia TafoluHuTa, HalineHHoro B CKaHAWHA-
BUU, KOTOPBI OH Ha3BaJ CKaHIUEM.

Haxoxnenne B npupoge. HecmoTpst Ha To uTO cKaHAMI Bojee pac-
ImpocTpaHeH B Ipupone, deM As, B, S, Bi, Ag, Au, oH sgBusgercsa
paccessHHBIM 3JIeMEHTOM, He o0pa3ys 3HaUUTeJIbHBIX KOHIIEHTPATOB.
CobcTBeHHBIE MHUHEPAIEl CKaHIUA — TOPTBEUTHT Sc,[Si,04], comep-
xamuit 1o 43 % Sc, u crepettut ScPO, - 2H,0, cogepxamuit mo 40 %
Sc. OmHako u3BecTHO 6oee 100 MEHEpaIoB, B KOTOPHX CKAaHAUM IIPH-
CYTCTBYET B BUOe mpuMeceii, comepxamux 0,005—0,3 % Sc,0;. Ilo-
3TOMY CHayajla U3 MCXOJHOrO CBHIpbSl MOIy4yaloT OoraThle CKaHAUEM
KOHIIEHTpAThl, a U3 HUX BBUICISAIOT MeTalIuueckuit ckaHauit. [Ipo-
MBIIIIEHHOE 3HAaUeHUE UMEIOT YPaHOBBIE PYABI ¢ COAePXKAaHUEM CKaH-
musg 0,001 %, 3 KOTOPHIX CKaHIWH ITOIYIAIOT MOITYTHO.

IMoayuenne. B HacTosIee BpeMsl CKaHIUU MOIYYal0T MEeTaIOTep-
Muel xiaopuaa Wi ¢GTopuga CKaHAUS; B KaueCTBE BOCCTAHOBUTEIS
HUCIIOAB3YIOT MAarHUi WM KAJIbIUK B MHEPTHOU aTMocdepe MpHu TeM-
meparype 850 °C:

2S8¢Cl; + 3Ca — 3CaCl, + 2S¢

®uznyeckue cBoicTBa. YNCTHIN cCKaHAWI IpeacTaBIsIeT cOGOoI cpaB-
HUTEIBHO JETKUI MATKHH MeTall ¢ cepeOpHUCTRIM 0aecKoM, OBICTPO
TYCKHEIOIITHNI Ha Bo3ayxe; TeMmeparypa mwrasiaeans 1 539 °C. B cpasu ¢
OONBIIUMHU TPYAHOCTSIMH NOIYYCHUS YUCTOrO MeTaLla MHOTHE (U3~
YeCKHe CBOMCTBA CKaHAWUS [0 CHUX IOP HEAOCTAaTOUYHO WU3YYCHEI.

Xumuueckue cpoiicTBa. CKaHIUI 00IagaeT BLICOKOM XUMUYECKOM
AKTUBHOCTBIO.

1. BzaumogeicTByeT ¢O MHOTUMH HEMETaLIaMU:

¢ HEITOCPEACTBEHHO B3aMMOOCUCTBYET ¢ KUCIOPOIOM

4Sc + 302 e 2SC203

« TIPU pa3HOH TeMIlepaType COSOUHSASTCA C BOTOPOIOM, CEpPOI,
a30TOM, YIJEPOIOM, TaloreHaMH ¢ oGpa3oBaHUEM COOTBETCTBEHHO
ScH;, Sc,S;, ScN, ScC, ScF;.

2. BeTymaer B peakIIni ¢O MHOTMMH CIIOKHBIMHU BellleCTBAMM:

« TIPU HArPeBaHWN CKAHIWM BRITECHSECT BOIOPON M3 BOIEI

2S¢ + 6H,0 — 2Sc(OH); + 3H,
e JICTKO pacTBOPACTCA B MUHCPAJIbHBIX KHCI0Tax
2Sc + 6HCI — 2ScCl; + 3H,
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J CI/U[LHOPaS6aBJI€HHYIO A30THYIO KHUCJIOTY BOCCTaHaBJIWBACT 1O aM-
MHaKa:

8Sc + 30HNO; — 8Sc(NO;); + 3NH,NO; + 9H,0

« MEIITCHHO B3aUMOMACHCTBYET ¢ KOHIICHTPHPOBAHHBIM PACTBOPOM
NaOH:

2Sc + 6H,0 + 6NaOH — 3H, + 2Na;[Sc(OH),]

HpHMeHeHHe. B CHUITY TPYAHOCTH BBLACJICHUA METaJL1a B YMNCTOM BUAEC,
MaJbIX MacIiTaboB Opou3BoaACTBa U BBICOKOHU CTOMMOCTHU CKaHOAUK
HMEET OIrpaHUYCHHOC MPUMCHCHHUC. B HacTogiee BpeMA CKaHAWUN HUC-
IIOJB3YIOT B IMTPOU3BOACTBE (l)eppI/ITOB Ha OCHOB€ OKCHAOB MapraHia,
Marduda u XKejae3a, IUPpOKO MPpUMEHACMBIX B BBIYUCIUTEIBHOU TEXHU-
K€. HpOBO,I[HTCH pa6OTBI 10 MPpUMCHCHUIO COEMMHEHUU CKaHOUA B I10-
J'[yr[pOBOI[HHKOBOfI TEXHHUKE, 3ICKTPOHHUKE M CBCTOTCXHHUKE, B CTC-
KOJIBbHOU MOIPOMBINUICHHOCTH AJA CO3JaHKMA HOBBIX BUAOB OINITHYCCKHUX
CTCKOJI. CKaH,Z[I/Iﬁ ABIACTCA BaXHBIM KOHCTPYKIHHMOHHBIM MaTC€pHATIOM
B aBHalli KU PaKCTOCTPOCHHUMH. I[O IMOCIEAHETO BPEMEHNA CKaHOWUH OC-
TacTCA OJHHUM M3 CaMbIX JOPOTIUX METALIOB.

CoeguHeHus ckaHaus

Oxcud cxaundusa(1ll) Sc,0, moayyaoT TpoKaIuBaHUEM THAPOKCH-
nIa, KapboHaTa, cyabdara WIN HATpaTa CKaHIUs.

Okcun Sc,0, — Oenblid, TYromaaBKHUi MOPOIIOK, B BOAE MPAKTH-
YeCKH HepacTBOPHUM, XOPOIIO PacTBOPSAETCA B KOHIICHTPHPOBAHHEIX
KHCITOTaX, CIDIABIICTCI C IMeT0YaMMU:

SC203 + 2NaOH — ZNaSC02 + HQO

Okcun ckaumusa(lll) BzamMozeifcTByeT ¢ OKCHIAMH MICTOYHBIX
MeTaJIoB ¢ oOpasoBaHueM, Hampumep, LiScO,, NaScO,.

Tudpokcuo cxandus(111) Sc(OH); — Gemoe amopdpHOEe coenuHEHHUE;
ocaxkmaeTcsa IpH AeHCTBHHM Ha PacTBOPHI COJel CKaHAWSA pacTBoOpa
aMMHMaKa WIn He OUYeHb KOHIIeHTpHIpoBaHHOTO pacTBopa NaOH. I'uap-
okcun Sc(OH); mnoxo pacTBopseTca B BoAe, HO XOPOIIIO B pa30aBiIeH-
HEBEIX KICIOTaX, 3HAYUTEIBHO XYK€ pacTBOPSIeTCA B KOHIICHTPUPOBAaH-
HEIX pacTBopax Iienodeif ¢ obGpazoBaHUeM, HAIpIMep, COCTMHEHUA
Na;[Sc(OH)g]:

Sc(OH); + 3NaOH — Na;[Sc(OH)g]

TeKCATHIPOKCOCKAHIAT
HaTPUST

M 3BeCTHE MHOTOUHCICHHEBIE CON CKaHOHA, B KOTOPBIX CKaHAUN B
OCHOBHOM TPCXBAJICHTCH.
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Bonpocbl n 3agaHug

1. Okcua ckaHaMSA JETKO CIUTaBISIeTCs ¢ IenodyamMu. Hamuimmure ypaBHe-
HUe PeaKINy U HA30BUTE MOMYICHHYIO COIb.

2. Hanmummte rpadmdeckue (GopMyIbl CIeAyIOIUX BelecTB: S¢,(S0,);,
ScHj, ScN, K;[Sc(OH)4]; HazoBuTe HX.

3. C kakUMU 13 CIEYIONNAX BEIIECTB OyAeT B3aUMOIeiCTBOBATh CKAH I H:
KOH, HNO;s(pas6.), Mg, H,CO,? Hanummure ypaBHCHUS peaKITUii.

4. Kak mony4JaroT CKaHAW#A B MpOMBINIIIeHHOCTH? 1 /le MpUMEHSIOT CKaH-
UM W eTO COCAMHEHMA?

5. Ilpu xumnIsTUeHNM CKaHaUS B Boje cobpaHo 14,8 1 (H.y.) raza. Onpene-
JIUTE, CKOJBKO TPAaMMOB CKAHIWS BCTYIIUIO B PEAKITUIO.

6. Ha 17,4 r cmecu Sc(OH); u AI(OH); mogeticteoanu 40 r 40%-ro pac-
TBopa NaOH. Onpenemute MaccoByIO H0M0 (%) KOMITOHCHTOB CMECH, €CITU
VIECTh, UTO BCS IETOUh BCTYITIA B peakimio. (Omeem: 52,2 % Sc(OH);, 44,8 %
Al(OH);.)



*MnaBa 18

NMOBO4YHASA NOATrPYNNA IV revnnbl

Mayune rnasy, cnenyer:

3HaTb NOJIOXKEHNE METaJJIOB nNoarpynnsl B Neprnoamnyeckon cucteMe, 0co-
GEHHOCTW CTPOEHMS aTOMOB, CBOMCTBA, CNOCOOLI MOy4EeHUS U NMPUMEHEHUE
OJHOrO M3 TUMNWYHLIX NPeaCcTaBUTENIe — TUTaHa 1 ero COeAUHEHNN;

YMeTb Hax0AuTb CXOACTBO U Pa3niMins B CBOMCTBAX 3/IEMEHTOB NOBOYHOM
v rnasHon nogrpynn IV rpynnei.

18.1. O6wan xapaKkTepucTuka

K mo6GouHoit moarpymire 1V rpymmel IleprogndecKoil CHCTEMEL OT-
HOCATCA NePEeXONHEBIC, WIN d-3aeMeHTH: muman Ti, yupxonuil Zr, eag-
nuii Hf.

Y 3TUX 3eMEeHTOB UMEEeTCS UeThIpe BAJICHTHBIX 3JeKTpOHA — JABa
d-37eKTpoHa Ha MpeanocieaHeil opouTaau U ABa s-3JeKTpoHa Ha Io-
cienHei. YeTbIpexBaJeHTHOE COCTOSTHUE XapaKTepHO IS BCeX dJIeMeH -
TOB MOATPYIIIBI, OAHAKO TUTAH MOXET JIETKO BOCCTAHABIMBATHCSA 10
HU3IIUX CTeNeHel OKUCTIeHUs, A IUPKOHUS U TahHUS 3TU COCTOS -
HUS KpailHe pelKu U OUeHb HeyCTONUUBEI. 111 TUTaHA U3BECTHHI Ma-
JIOYCTOMYMBBIE TPEXBAJCHTHBIC COCNUHEHUS; ABYXBAJEeHTHBIC COCAU-
HEHUS MOIYYaloT ¢ OOJBIITUM TPYAOM.

ITo ¢usnyeckuM CBONCTBAM 3THU MEMEHTHI SIBISIOTCS MeTaLIaMU
C BBICOKOM IUIOTHOCTBIO, MTOXOXUMU Ha CTajlb, ¢ BBICOKOU TeMrepa-
Typoii mrapiaeHus (or 1670 go 2220°C) u TeMmmepaTypoil KUMEHUS
(3170—5690°C).

ITpu OBGBIYHBIX YCIOBUSAX BCE TPU MeTalla o0Iadal0T XUMUUECKOMU
CTOMKOCTBIO K aTMOC(hEpHBIM ra3aM, U MOBEPXHOCTh UX Bceraa ocTa-
ercs OecTdIeli; Mpu BBICOKUX TeMIlepaTypax MPOSBISIOT 3aMETHYIO
XUMHYECKYI0 aKTUBHOCTb, TaK Kak obpasyolascs Mpu TeMiepaTrype
200 — 250 °C ToHKas 1 II0THaAsS oKcuaHad IueHKa MO, mpu TeMIiepa-
Type 500 — 600 °C TepsieT 3alMUTHBIC CBOMCTBA.

ITpu B3auMoAecTBUN MeTaUTOB ¢ TapaMu Bogsl Beimre 800 °C 06-
pasywoTcsa okcunbl MO, U BBRIEIAETCS BOJOPON; HUXE 3TOU TeMIepa-
TYpBl 00pa3ytoTcs okcuasl MO U TUAPUIEL.

Bce st Metamnel 00gadal0T OMpeAeNeHHOU YCTOHUMBOCTBIO MO
OTHOIIIEHUIO K KUCToTaM. TUTaH MOXeT pacTBOPSITLCS BO (PTOPOBOMO-
POOHOU KHUCIOTE C BBIACICHUEM BOAOPOAA, B KOHIEHTPUPOBAHHBIX
COIITHOI U CepHOM KucaoTax ¢ oopazoBanneM pactsopoB Ti(IIl). Lup-
KOHUI U TapHUN pacTBOPSIOTCA TOJIBKO BO (hTOPOBOAOPOAHOU U KU-
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et cepHoit Kucnorax. KuciaoTel ¢ jobapneHueM (GTOPUIOB HIeT0U-
HBIX METAJIOB PACTBOPSIOT IMPKOHUI U TaHUM, HO MeHee SHepruy-
HO, YeM THUTaH.

M3 oKCUAOB METAIOB 3TON MOATPYIIIBI JIy4llle U3YYeHBI OKCUIBI
TUTaHa 1 uupkoHud. Oxengel coctasa TiO, Ti,O5 MpoABIAIOT OCHOB-
HEIe cBolictBa, Ti0,, ZrO, — amdorepHEIe:

CIIJIaBJICHUEC
Zr02 +2NaOH —— Nazzr03 + HQO
METalTupKOHAT
HaTpuAa

CIIJIABJICHUEC

Zr02 +4NaOH —— Na4ZrO4 + 2H20
OPTOIIMPKOHAT
HaTpUA

IIpu nobaBieHUU IIETOYHM K pacTBOpaMm COJied BBIMajgaeT Oeblii
ocagok coctaBa ZrO,  nH,0.

Jg 371eMeHTOB MOATPYIIIEI HEe XapaKTepHO obpa3oBaHUE THUITHY-
HBIX HOHHBIX coeIMHEeHUI. B BONBITUHCTBE CIyJYaeB OHU SBISAIOTCS KOM-
IUIEKCHBIMUA COCAUHEHUSIMU, B KOTOPBIX TUTaH, MUPKOHUI U rachHUi
MOTYT BXOJIMUThH KaK B CIOXHBIE KATHOHBI, TAK U B CIIOXHBIE aHUOHBHI.

DNeMeHThl MOATPYIIIB CPAaBHUTEILHO ITUPOKO PACHpOCTPaHEHBI B
MpUPOJie, HO MPOMBIILICHHBIE MECTOPOXACHUS, 0COBEHHO IS IIUPKO-
HUA U rapHUS, BCTPEUAKOTCS PEAKO, K TOMY Xe BblIeJeHUue UX B UUC-
TOM BHUJE SIBISETCS TpyAOoeMKUM. TeM He MeHee MeTaIbl B ITPOMBIIII-
JICHHOCTU TIOIYYalOT BOCCTAHOBIEHUEM MarHueM cojeil, BblAeIeHHbIX
U3 TPUPOIHBIX DY

HfCl, + 2Mg — 2MgCl, + Hf
ZrCl, + 2Mg — 2MgCl, + Zr

Mertamnrsl MOATPYIIIE MHPOKO MPAMEHSIIOT B MPOMBIILICHHOCTH:
MUPKOHUIM — M1 M3TOTOBICHUA HEPXKABSIOMINX W XapOIPOYHEIX CTa-
nett; ZrO, n ZrSiO, — B MPOU3BOACTBE OTHEYITOPOB 1 HEKOTOPEIX COP-
TOB CTeKJa, CTPOUTENBHON KepaMHUKI, 3Maleil W raasypeil misd CHUH-
TETUUECKUX M3NCTUH W TOCYIEL.

TexHnueckoe IpuMeHeHIe TadpHIS 09eHb orpaHnueHo. Ero nemoms-
3VIOT 711 H3TOTOBICHHUA PETYAUPYIONTIX CTePXHEIH B AMEPHBIX PeakKTO-
pax, CIenraIbHBEIX HATEH B TaMITaX HaKaaWBaHWSA, PeHTICHOBCKHUX U
TEeJICBU3UOHHEIX TPpYOoK, TeaeckomoB. Oxcunm HfO, mpumeHsioT s
MMOAYUIeHHUA CHelIMATBHEBIX XXapOCTONKITX CTale U TBEPIBIX CILIABOB.

Bonpochb u 3agaHusg

1. B uem cXOACTBO U B UeM pa3nuuue TIaBHOW W TTOOOYHON ITOATPYII
IV rpynmer?
2. Kak oTHOCATCS MeTAIThl TOGOUHOM ToArpyIsl [V rpynmbl K Kucinotam?
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3. OxapakrepusyiiTe OKCUAB MTUPKOHUA. YeM OHM OTINYAIOTCS JIPYT OT
JIpyra Mo XUMUIeCKUM CBOMCTBAM?

4. Kax mmony4aoT METANIb MOATPYIINEL B TpOMBITIIIeHHocTr? e ux mpu-
MEHST?

5. Ilpu npokanvBaHUY METAUTMIECKOTO ITUPKOHMS HA BO3IyXe oOpasyer-
¢s1 GeNBIi TTOPOIIOK, KOTOPBIA PACTBOPSCTCS B KOHIICHTPUPOBAHHON CEpHOM
KHCITOTE U CILIABISIETCA ¢ Iea0Ublo. Hamummte ypaBHEHMS pEaKIImiA.

6. Cmecy HfCl, u ZrCl, Mmaccoii 55,3 T BOCCTAHOBUIIM MAaTHUEM, TIPA 5TOM
ob6pazosanoch 38 r conu. Ompenenure MaccoBy mom0 (%) coleir B CMECH.
(Omeem: HfCl, 58 %, ZrCl, 42 %.)

18.2. TutaH v ero coeguHeHus
Turan

Haxoxnenue B npupojie. B 3eMHoiT Kope 0b11iee conepskaHue TATAHA
cocrapmaeT 0,6 %, omHaKO M3BIEYb TUTAH W3 PYI JOBOJBHO CIOXKHO
MU3-3a MMPOYHOCTH XUMHYECKUX CBSI3€H ¢ APYTUMHU STeMEHTAMU.

H3BecTHO okoso 70 MUHEpaTOB TUTAHA, B KOTOPBIX OH HAXOAUTCS
B Bude TiO, unu coneli TUTAHOBBIX KUCIOT. JIIsi TpOMBILILIEHHOH Tie-
pepaboTKH UCIIONL3YIOT PYAEI, comepxanire He meHee 13— 14 % TiO,.
HaubGonpliiee mpakTUYECKOe 3HAYCHUE UMEIOT MUHepaibl: pymua TiO,,
colepXaHUe TUTaHA B KoTopoM 60 %; uasmenum — TATAHAT XKelesa
FeTiO;, cogepxammit 52,65 % TiO,.

IMonyuenune. YncThIi TUTAH MoayJaroT BocctaHoBaeHueM TiCl, pac-
IUTaBIEHHEIM MarHueM (MW HaTpueM) npH Temmepartype 850°C B aT-
Mocdepe reaus Wik aproHa:

TiCl, + 2Mg — Ti + 2MgCl,

[MoxygeHHYI0 METATIMYECKYIO TYOKY TepellIaBiIsaioT B 2JIeKTpHUe-
CKOIf TTeYHd B CIUTKH.

Xmopun tutaHa(lV) monyuaroT ximopupoBanueM TiO, B MpucyT-
CTBUU YINIEPOHA:

T102 + C + 2C12 - T1C14 + C02

mpu TemiepaType Beie 700 °C obpasyerca CO, auxe 700 °C — CO,.

TuTaH BBICOKOU YKMCTOTHI, OTBEUAIOIIUN TpeOOBAHUSAM 3JIEKTPOH-
HOU MPOMBIIIIEHHOCTH, TTOAYYAKOT TEPMUUECKOH AUCCOUalnet Hoau-
ma turaHa(lV) Til, — meron BaH-ApKenasd, wid MeToHd «HapaliuBa-
Hug». TutaHd BeIgendgeTcd Ha HakateHHoi 1o 1 400 °C tutaHoOBOM Wik
BoJib(hpamoBoil HUTU. MoauaHbIi mpolecc B 4 pa3a A0poxe MarHuii-
TEPMHUUYECKOr0, HO 3TOT CIOCO0 MO3BOJSET MOJIYUUTh Hauboiee Yuc-
TBIU METaJLL.

®Ousnyeckne cpoiicTBa. YncTeIii TMTAaH — OGaecTImMui, cepedpH-
CTO-0eNbIi MeTasll, IMMOXOXUH Ha CTalb; 00naaaeT GOMbIION MIaACTHY-
HOCTBIO (€T0 MOXHO KOBaTh Ha XOJOAY, MPOKATBIBATh B MPOBOIOKY,

245



B JICHTBI, B TOHUAUIYIO (PONIBIY); 3HAUUTETLHO MPOYHEE CTAIU U ATk0-
MUHUS; B 12 pa3 TBepXe allOMUHUS U B 4 pa3a TBepxke Xejae3a U MeIu.
VYeroituus K atMocepHON KOPPO3UH U ASHCTBHIO MOPCKOM BONEI (110
CTOMKOCTH CpPaBHUM C ILIATHHOM).

XuMnyeckue cBoicTBa. B XUMUYECKOM OTHOIICHUU MPU OOBIYHBIX
YCIOBUSIX TUTaH NOBOJIBHO WHEPTEH.

1. TIpx MOBHIIEHUHU TEMOEPATYPEI OH HEMOCPEACTBEHHO COCTUHS -
eTcs CO MHOTUMH HEMETAUITaMU, HATTPUMED C KUCIOPOAOM, BOAODO-
JIOM, a30TOM, YIJIEPOAOM, KpeMHUEM, Cepoii, rajoreHaMu, ¢ obpa-
3oBaHueM cooTBercTBeHHO Ti0,, TiH, (Beposaraee Bcero), TiN, TiC,
TiSi, TiS,,TiF,.

2. BzaumonelicTByeT cO MHOTUMU CIIOKHBIMHU BelllecTBaMu. [Tpu Tem-
neparype Bhime 800 °C TuTaH pearupyer ¢ BOJOII:

Ti + 2H20 - T102 + 2H2

[Ipu OOBYHEIX YCIOBUIX TUTAH He PAcTBOPAECTCA B pa3baBIeHHEBIX
HCl u H,SO,, B HNO; u H;PQO, 11006011 KoHIIeHTpanui. B KOHIIEHTpH-
posaaHEx HCIl u H,SO, pacTBOpseTcs ¢ o6pa3oBaHUEM COJICH TpeX-
BaJICHTHOTO TUTAHA:

2Ti + 6HCI — 2TiCl; + 3H,
2Ti + 3H,80, — Ti)(SO,); + 3H,

TuraH 1erko pacTBopseTca BO (GTOPOBOIOPOIHON KHCIOTE C BHIIE -
JIEHWEM BOIOpOHa, a TaKKe B APYTMX KHUCIOTaX, K KOTOPEIM mobaBie-
HEI (bTOPHUIEI.

ITpumenenune. O61a1a9 KOMIUIEKCOM CBOMCTB (KOPPO3UOHHOI CTOM -
KOCTBIO, SKapOIIPOYHOCTEIO, BEICOKOI ITPOYHOCTEIO), CYIIIECTBEHHO OT-
JUYAONIAX THTaH OT CIUIABOB Kejle3a, aTlOMUHHS, MarHUA, TUTAaH U
€ro CIUIABLI UTPAIOT MIABHYIO POJIL B CAMOJIETO-, PAKETO- H CYIOCTPO-
eHUH, XUMITIeCKOM MAITHHOCTPOSHWH, YCTAHOBKAX NI OTpeCHESHUA
MOPCKOIT BOIBI, B KaUeCTBE SJEKTPOIOB B AMEKTPOXUMHUM.

CoeguHeHNs TUTaHa

M3BecTHH OBYX-, TpeX- U YeTHIPeXBATCHTHEIC COCTMHEHW THTAHA.
HaunGomee MHOTOUNCTIEHHBIE W YCTONYNBEIE W3 HUX — YeTHIPEXBAICH-
THBEIe. OCTaHOBUMCA Ha HEKOTOPHIX U3 HUX.

Oxcud mumana(lV) TiO, BcTpedaeTcsa B IpHpoIe B BUIEC MHUHEpaa
pytuna. [ToayIuTs ero MOXHO THAPOIN30M Xnopuaa turaHa(lV):

TiCl, + 2H,0 2 TiO, + 4HCI

Yucterit okcun turtaHa(lV) mpencraBasieT coboil GecIIBETHOE Be-
mectBo. Okcun TiO, He pacTBOpsAETCS B BOJIe M pa30aBIeHHBIX KHCIIO-
Tax, MEIJICHHO PAcTBOPAETCSA B TOPSUC KOHIICHTPUPOBAHHOM CepHOMI
KUCIIOTE.
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Oxkcun TiO, obragaer aMm(pOTepHEIMUA CBOMCTBAMMU, IIPH CILIABIIC-
HHMHU ¢ OCHOBHBEIMH OKCHIAMH W IIEI0YaMK 00pa3yeT TUTAHATHL

TiO, + BaO — BaTiO,
TiO, + 4KOH — K,TiO, + 2H,0

OcHoBHBEIM ToTpebureneM TiO, ABIAETCS TAKOKPACOUHASA TPOMBIIII-
JeHHOCTh. Ha ero ocHOBe M3rOTaBINBAIOT TUTAHOBEIE Genmia. bembrit
KpacuTeIb UCIIOAB3YIOT I W3TOTOBIeHUA TYIOIUIABKOTO CTeKiIa, Ke-
paMHIeCKUX MaTepHAIOB, aMajieil; OH BXOIWUT B COCTaB Mazseif, TIpH-
MEHSIEeMBIX IIPOTUB KOXHEBIX O0me3Heit. M3 KpymHEBIX Kpuctamwios TiO,
Omaromapsa WX BEICOKOMY JIVISIPETOMICHIIO H3TOTABIMBAIOT HCKYCCT-
BeHHEIE IparoieHHbIC KAMHH.

Tudporcud mumana(1V) Ti(OH), MoxeT OBITD IIONyYeH AeHCTBHEM
menodeil Ha conu TutaHa(lV); mpeacraBuasgeT co00t OBl CTYAeHUC-
THI 0camoK, HepaCTBOPHUMEIN B Bole, a TaKKe B pa3daBlIeHHBIX pac-
TBOpAaxX KUCIOT U IeIOYeit.

Tuopokcun Ti(OH), nMmeer amdpoTepHBI XapakTep, HO CO CIa0bI-
MK OCHOBHBIMHU M OCOOEHHO KHCIOTHEIMH CBOMCTBAMH.

W3 comeif YeTHIpeXBATCHTHOTO TUTaHA HAMOOMBITIee 3HAYCHITE TMEET
tuta”HaT Gapusa BaTiO;, KoTopulii oYeHb IMIUPOKO HCIOIB3YIOT B pa-
MHOCXeMaX M aBTOMAaTUIeCKHUX CHCTeMaX B KaueCTBe TUAICKTPHKA IIPH
H3TOTOBJICHUN KOHASHCATOPOB OOMBIION ¢eMKOCTH U TeHEpAIIMI YIIBT-
PA3BYKOBEIX BOJTH.

Bonpocb n 3apaHug

1. Kak momy4aoT TUTaH B IPOMBITIIEHHOCTH ?

2. 'ne mpuMeHSIOT TUTaH, oKcua TuTaHa(lVv)?

3. Kakumu cpotictBamu obnamaet TiO,? OTBeT MOATBEPAUTE YPABHEHUS -
MU peaKkIun.

4. IIpu morHoM ruaponuse pactBopa TiCl, obpaszoBancsa 6enblil cTyneHNUC-
ThIH ocanok. [lomydaeHHBIH ocanok ordunsrpoBany. Uto mpeacTaBusier codoi
0OCaJIoOK U KaK pearupyeT PUIbTpar Ha JTakMyc?

5. CocTraBbTe ypaBHEHUS PEaKIIii, TP TOMOIIY KOTOPBIX MOXHO OCYIIe-
CTBUTH CIEIYIOIIME TIPEeBpAIlCHUS:

Ti - TiO, — TiCly — Ti(OH),

6. K KakoMy TUITY OKUCTUTETHHO-BOCCTAHOBUTEIBHBIX PEAKIIAIA OTHOCST-
sl

a) Ti,(SO,); — TiO, + SO; + SO,;

6) TiCl, + Ti — TiCl,.

Ilon6epute Ko3(pPUIIEHTEI.

7. Paccumrtaiite Maccoryw nomw (%) TUTaHa B MHUHEpane IMEPOBCKUTE
CaTiO;. Ha3oBuTe 3TOT MUHEPaT COTTACHO XUMUIeCKOM HOMEHKIIATYpE.

8. IIpu meticTBuM HA 15 T cMecH TUTaHA U radHUS KOHIICHTPUPOBAHHON
XJIOPOBOIOPOIHON KICIOTON BRIACIUIOCH 8,4 1 (H.y.) raza. Onpenennure Mac-
coByw0 Jomto (%) mMeTannmoB B cMecu. (Omeem: Ti 80 %, Hf 20 %.)



*Mnasa 19

NMOBO4YHAA NOATrPYNNA V repynnbl

N3yuume rnasy, cnenyer:

3HaTb MOJIOKEHME METaNI0B NoArpynnsl B [lepnognyeckon cucteme, 0co-
GEHHOCTW CTPOEHUSA UX aTOMOB, CBOMCTBA, CNOCOOLI NMOJIYHEHUA U MPUMEHE-
HWe BaHaOusA U ero CoOeAUHEHN;

YMeTb Hax0AUTb CXOACTBO U Paz3nnMying B CBOMCTBAX 3/IeMEHTOB NOBOYHOM
W rnasHow nogrpynn V rpynnel.

19.1. O6wan xapaKTepucTuka

B 110604HYI0 MOATPYIITY BXOIOAT ¢anaduii V, Huobuii Nb, manman Ta.

BanentHrie a1ekTpoHE V, Nb, Ta pacmoioxeHBl Ha OBYX CIOSX,
Ha MOCIeIHEM CI0e — MiBa 3JeKTpoHa (y HuoOusa — omuH). C mpenmo-
CIIeAHETO CJIOS aTOMBI BaHAAWS W TaHTajla MOTYT OTAaBaTh /0 Tpex
9JIEKTPOHOB, a HUOOUI — [0 YeThIpeX, OTCI0Aa BaIeHTHOCTh UX MO-
xet OwITh 11, 111, IV, V. Hauboxee yCTONUYMBEL COCTUHECHMS ITHUX ME-
TaJUIOB B BaJeHTHOCTH V. Bce oHU ABISAIOTCA MeTalaMHu, OJHAKO MX
okcuabl M,05 UMEIOT SIpKO BhIpaxkKeHHBIM KUCIOTHBIN XapakTep.

Banaauii, HHOOU U TaHTal — TYroOILUTaBKUe MeTaJLIBl CepOoro IBe-
Ta, JerkKo MoAmarTcd MeXaHH4ecKoi obpaboTke. B KOMIIAaKTHOM cO-
CTOSSHUU METAJIbl OUeHb YCTOMUMUBEI K PA3IUIHBIM XUMUUECKUM BO3-
neiictBusaM. Tak, BaHaAW pacTBOpSeTCS B a30THOU, (hTOPOBOAOPO-
HOM KUCIOTaX U «LApCKOH BOAKE», HUOOUU U TaHTaJl HEpacTBOPUMBI
B KHCITOTaX, KpoMe (hTOpOBOAOPOIHOI, KOTOpask 0COOEHHO JIerKo pac-
TBOPSIET UX B MPUCYTCTBUU CUJIBHBIX OKUCIUTENeH. PacTBOPHI 1emoueit
Ha 3TU METAJUIbl He NeUCTBYIOT, HO B pacIUIaBIeHHBIX IIeJIouax B MpH-
CYTCTBUHU OKUCIMUTENEH MEeTaLIbl PaCTBOPSIOTCS:

4Ta + 4KOH + 50, — 4KTaO0; + 2H,0

B Bume mopommkoB BaHamwii, HHOOWIT W TaHTAN MIPH HarpeBaHUH
pearupyioT ¢ KHUCIOPOIOM, XJIOPOM, Cepoif, HallpuMep:

4NDb + 502 d 2Nb205, 2Ta + 3C12 d 2TaCl3, 2V + 3§ - VQS3
B pacKaI€CHHOM COCTOAHHUH Nb u Ta BEITECHIIOT BOJOPOA M3 BOADI:
2Ta + 5H2O - T8205 + 5H2

Bce TpH METaJia CIIOCOOHEI nmoraomaTtb 3HAYUTCIbHOC KOITHYICCTBO
BOOOpOAa, OAHAKO OIIPCACICHHBIE COCAUMHCHUA ITPU 5TOM HE 06pasy—
FOTCA.
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DNeMeHTHl MOATrPYMIIEl MpUHALIeXKAT K YUCTY PEeAKUX JTEMEHTOB,
32 UCKTIOUEHUEM B KAKOU-TO CTEMEHU BaHAMWS, TO3TOMY Yallle BCTPe-
JaloTCcd B MPUPOAE B PAa3NIUYHBIX pydax. B cuiay oOmIHOCTH CBOHCTB
HUOOUU U TaHTaJI COBMECTHO IMPUCYTCTBYIOT B MUHepaIax.

OO0IIUM METOAOM IOJYUYEeHUST METAJLIOB SIBISICTCS BOCCTAHOBJIEHUE
OKCUIIOB, BBIACICHHBIX B pe3yiabTaTe o0oramieHus pyd, aKTUBHBIMU
MeTaJIaMU:

M205 + 5Ca - 2M + 5Ca0O

Bce Meraurel MOATPYIIE MIHPOKO HNPUMEHSIOT B IIPOHU3BOICTBE
CILTABOB, OTAMYAIOMINXCA TMOBHIIEHHOI XapOIMPOTHOCTEIO, TYTOILTAB-
KOCTBIO, KOPPO3HOHHOM YCTOMIMBOCTRIO. DTH CILTABEI MAYT HAa M3T0-
TOBJICHHE XUMIUIECKOM amapaTyphl, ra30BEIX U He(PTAHBIX TPYD, CHa-
PSIOB, CAMOJIETOB, KOCMUYECKHUX KOpabeid.

OKCHIBI METAJIOB MPUMEHSIOT KaK KaTaau3aTOPEL

Bonpocb n 3apaHug

1. HanumuTte smekTpoHHY0 hopmMyry HuoOus. C KaKUM MeTaInoM TIof-
TPYIIIEL OH CXOX OOIbIIe?

2. Ha ocHoBaHWM TIONOXeHU TaHTana B [lepmonnueckoil cuctemMe orpe-
nenute hOpMYIbI OKCUAOB 1 KIacCUpUIINPYHTE WX.

3. IIpu crimagnennn okeuyioB M,Os (M = Nb, Ta) ¢ Na,CO; obpasywoTcs
conu coctaBa Na;MO,. Hanummte rpadudeckyto hopMyly COTU U HA30BUTE
OJIHY U3 COJEH.

4. C KakKVMU U3 CICAVIOIMNX KHUCIOT OVACT B3aMOACHICTBOBATh HIOOMIA:
HCl, H,SO,(xon11.), HNO;(paz6.), HF?

5. Kak nonyuart Tantan u Huobuii? I'ne nx mpuMeHs0T?

6. IIpu cunapnenuu 70,8 r cMecu okenioB Nb,Os 1 Ta,0O5 ¢ ruapokcuaiomMm
Kanus obpasoBanoch 10,8 r Boasl. OmpenenuTe MacCoByIO 100 (%) OKCUIOB
B CMECH IIPY YCIIOBU 06pa3oBaHUs coeil opTodopMbl. (Omeem: 30,6 % Nb,Os,
69,4 % Ta,0s.)

19.2. BaHagvit nu ero coeguHeHus

BaHnaguii

Haxoxnenue B npupone. Bananuit mupoko pacopocTpaHeH B MpU-
pone u coctapmget 0,02 % Macch 3eMHoI KopEl. OmMHAKO OH paccesH
B Pa3MIMYHBIX CUJIMKATHBIX U CYIb(MUAHBIX MOPOAaX U KPYITHBIX MeC-
TOPOXIECHUI MOUTU HEe obpasyer.

BaxHueiiiue BaHagulicomepxaliue MUHEpaabl — 3TO BaHAAUHUT
Pbs(VO,);Cl, kapHotur K,(UQO,),(VO,), - 3H,0 u oueHb penKuii mar-
poHUT VS,.

Bananuit KoHlleHTpUpyeTcd B OuTyMax, HehTU, TOPIOYUX ClaHIIaX.
Bananuii mony4yaroT U3 XKeJXe3HLIX Py IMOocie UX JOMEHHON IIaBKUA 1
nmepepaboOTKH BaHAAUEBOTrO MuTaka B V,0s.
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Honyqeﬂne. YucTeili BaHagud IIOJy4JarT BOCCTAHOBICHHUEM €TI0
OKCHIa WIN XJIIOopHuia VC13 Pa3siIMYHbIMHA BOCCTAaHOBUTCIAMM:

V205 +5Ca - 2V + 5Ca0
IVCI, + 3H, — 2V + 6HCI

®usnyeckne cpoiicTsa. BaHanuil BEICOKOI YUCTOTHI MOXOX Ha CTAJb,
o0mamaeT MCKIIOYUTEABHON TBEPAOCTHIO M OOJNBIION HPOYHOCTHIO,
IwracTyeH (IIpy OOBIYHOI TeMIIepaType JIETKO HMPOTITUBAETCI B IMpPO-
BOJIOKY U IIPOKATHIBAETCI B TUCTHI U TOHKYIO (POIBIY).

Xumuueckue cBoiicTBa. 1. BaHanuit B3anMoOeHCTBYET CO MHOTUMH
HeMmeTamnamu. [Ipu HarpeBaHMH Ha BO3AYyXe CHadala IMOKPHIBAeTCS OK-
cuIaMHi BaHAOWs Pa3IdIHOTO COCTaBa, 3aTeM CropaeT ¢ 00pa30BaHM-
eMm V,0s5. BzauMopelCTByeT IpHU HarpeBaHHU C YIJIEPOIOM, A30TOM,
cepoii, xtopoM ¢ obpazoBanneM VC, VN, V,S;, VCl, cooTBeTcTBEeH-
HO; B aTMoccepe BoAopoaa IOTIOMAET IIOCTSTHITIA.

2. BzauMoaeiicTByeT ¢ HEKOTOPHIMU CIOXHBIMHU BellecTBamMH. Ha
BaHAIWHA HE OCHCTBYIOT BOAA, PACTBOPHI IIET0UYEeH U KUCIOT-HEOKHC-
mureneii. Pearupyer ¢ GpTopoBOmOpOMHOM M a30THON KHCIOTaMH, a
TaKXe C «IapCKON BOAKOM»:

2V + 6HF - 2VF; + 3H,
3V + 12HCI + 4HNO; — 3VCl, + 4NO + 8H,0

MeranmmuecKuii BaHamWi BHEITeCHsSIET OGIATOPONHEBIE METAIB M3
pPACTBOPOB UX COJEIi:

4AuCl; + 3V + 3H,0 — 3VOCI, + 4Au + 6HCI
PtCl, + V + H,O — VOCI, + Pt + 2HCI

W BOCCTAHABINBACT HCKOTOPLIC MOHEBL MCTAJLIOB M3 BLICIIIHNX CTeIEeHEen
OKHUCICHNA B HU3IIHC:

4HgCl, + V + H,0 — VOCI, + 2Hg,Cl, + 2HCI
4FeCl; + V + H,0 — VOCI, + 4FeCl, + 2HCI

IIpumenenne. Bananunii IpUMeHSIOT B KaUeCTBE KOMIIOHEHTa MHO-
IUX CIUIABOB B MAITMHOCTPOSHWH, aTOMHOM 2HEpreTHKe W APYTUX OT-
PACIIX MPOMBIILTEHHOCTH. BOIBIIYIO YacTh BCEro IPOU3BOIHUMOrO Ba-
HamuAg TOTPe6IAeT YepHasd MeTAITYPIUS M1 MIPUIAHUS CTAIIM YIIPY-
TOCTH, MIPOYHOCTH TIPU PACTSDKEHUH W N3rnbe. Kap6uasl BaHamus mo-
BEIMIAIOT TBEPHOCTH CTANH, YBEIMINBAIOT COMPOTUBICHIE HCTUPAHUIO
W yIApHBEIM Harpy3kaM. BaHanweBble cTamW MPUMEHSIOT B IIPOU3BOI-
CTBE aBHAITHOHHEBIX W TPAKTOPHBIX MOTOPOB.

B mBeTHOM MeTaITypruil Ha OCHOBE BaHAOUEBHIX CIIaBoB (¢ Ti u
Al) H3roTaBIMBAIOT IEMECHTH aBUAIIMOHHEIX IBUTaTeNel, pakeT. CILIaB
amoMIHHA ¢ BaHanueM (2 %) o4ueHb TBePHEI, XOPOIIO MPOTHBOCTO-
WT BIAXHOMY BO3MYXY, OH HUAeT HA U3TOTOBICHHE TYXOBBIX MY3BIKATb-
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HBIX UHCTPYMEHTOB. VI3 XUMHUUECKH CTOHUKOTrO cIlaBa HUKens ¢ 18 —
20 % BaHamua menaioT mabopaTopHyIo mocyay. CIUTaBel MeIH M 0JIOBa
(6ponza), Meou U UMHKaA (IaTyHb), comepxainue 0,5 % BaHamus, He
YCTYIAIOIIUe 0 MEXaHUYeCKHUM CBOMCTBaM CTajld, UAYT HA U3TOTOB-
JIEHUE JeTajieil CIOXHOro mpodus.

CoeguHeHnss BaHagus

Banamuit obpa3syet ueteipe okcuga: VO, V,05, VO,, V,05. Okcuapl
VO u V,0; — ocuosHbIe, VO, — amborepHbIit, V,05; — KHCITOTHBIN.
HaunGonee mpoueH W MpaKTHIESCKHW BaxkeH OoKcud BaHamus(V).

Oxcud sanadus(V) V,05 B IpOMBIIIICHHOCTH ITOMyYaloT M3 BaHa-
MHUEBOTO ITaKa B TIpollecce Mmepeeia YyTyHa B ¢Talb. MOXKHO €ro mo-
JIYYUTH TIPH Pa3oXeHUH MeTaBaHagaTa aMMOHMST:

2NH4VO3 - V205 + 2NH3 + HQO

Oxkcun V,05 — AMOBHUTHIN OpaHXeBHIM MMOPOIOK, KOTOPBIM MAayo
pacTBOpsIeTCA B BoIe ¢ 00pa3oBaHUEM PAa3TUYHBIX IO COCTABY KHCIBIX
pactBopoB. Oxkcug BaHagua(V) mposaBisieT aMpoTepHEIE CBOMCTBA (KIC-
JIOTHEIE CBOMCTBA MPeo6IamaroT): JeTKO pacTBOpSAeTCS B KOHITCHTPH-
POBaHHHBIX KHCITOTAX

V205 + 6HC1 - 2VOC12 + 3H20 + C12

a TakKe B HArpeToli cepHoli KuciIoTe ¢ 00pa3oBaHUEM COSMUHEHUI ¢
PA3TUYHON CTeNeHbI0 TUApATAIIUN. XOPOIIO PACTBOPSETCS B PACTBO-
pax miemodeis, o6pa3ys cOTU BaHAAUEBHIX KUCIOT CAaMOTO pa3HoO6pas-
HoTro coctaBa — BaHamaTtel (MVO;, M,VO,, M,V,0,, tne M — oaHo-
BaJICHTHBIIT METAJLT).

W3 cosneii 6anaduesoii kucarome: HanboIee YCTOMINBE MeTaBaHamA-
THI, HAUMEHee — OPTOBAHANATHI, KOTOPHIE pa3maraloTcd BOAOU Ha
XOJIOAY, Tepexolid B MUPOCOIH:

2Na;V0O, + H,O — Na,V,0, + 2NaOH
OpTOBaHagaT IIUpOoBaHaIAT
HaTpHS HaTpHS

MeTaBaHagaThl IMETOYHBIX METAUIOB IMOAYUYalOT MpU CIUIaBICHUU
V,05 ¢ KapboHaTaMM WK THAPOKCHUAAME IETOYHBIX MeTaLToB. OKcHa
V,05 uMeeT BaxkHOe 3HaUeHHME KaK KaTalu3aTop B MPOU3BOACTBE Cep-
HOM KHUCIOTH (ycKopsaeT okuciaeraue SO, B SO;), IIpu CUHTE3€ aleT-
ajgpderuaa U YKCYCHON KUCITOTHI.

MeraBaHamat ammoHusa NH,VO,; — Hanboxee M3BecTHAd BaHaOM-
eBas coJib IojilydaeTcs Mpu B3aumogelicTBuu u3obitka NH,CI ¢ KoH-
LeHTPUPOBAaHHEIM pacTBopoM NaVOs;:

NaVO3 + NH4C1 e NH4VO3 + NaCl
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Ha ocHoBe NH,VO; moay4aor apyrue BaHagUCOASpKAIINE COJIM,
HaIlpuMmep:

2NH4VO3 + CaC12 e Ca(VO3)2 + 2NH4C1
FeCl3 + 3NH4VO3 e Fe(VO3)3+ 3NH4C1

Banamatel smemeHToB [ —III rpynm HCOOAB3YIOT WIS MOIYYCHUS
JIIOMUHOMOPOB, MPUMEHSIIOT B PTYTHBIX JaMIlaX, [IBETHBIX KMHECKO-
max. B TeKCTUIbHOM MPOMBIIIUIEHHOCTH BaHAAATH MTPUMEHSIIOT B Kave-
CTBe MpOTPaB MPU KpallleHUH XJI0MIaTOOYMaXHBIX TKaHek. CoeauHe-
HUS BaHAOMUs IIAPOKO MCIONB3YIOT B CTEKOJIBHON U KepaMHUUeCKOM
MMPOMBIIIIEHHOCTH Baaroaaps UX pasHooOpa3HOU OKpacke.

Bonpocbl n 3agaHug

1. C kakuMHU U3 CIEAYIONIIX BeTIeCTB OYAeT B3anMOIeICTROBATh BAHAIN:
0,, KOH, Au(NOj);, H,S0,, HF, S, H,0? Hanumure ypaBHEHUs pcak-
UK.

2. Harntummute hopMyIIbl OKCUIOB BaHAINS, KJTACCU(DUITUPYHTE U HA30BUTE
nXx.

3. Hammummate opMybl KUCTOT, COOTBETCTRYIOMUX V,05, 1 HA30BUTE HX.

4. Hammummte ypaBHeHUs peakiilt okcuaa anaausa(V) ¢ KOH u H,S0, ¢
obpasopanueM B (V0O,),S0O,. Ha xakme cBoiictBa V,0O5 YKa3bIBAIOT 3THU peak-
mun?

5. CKONBKO TpaMMOB 30J0Ta 00pasyeTcs MpU B3aUMOAeHCTBUAN 62,2 MIT
40%-ro pactsopa AuCl, (mmotHocTs 1,22 r/cM®) ¢ BanaaueMm? (Omeem: 19,7 1.)

6. IIpu pacteopernn VO, B KACIOTax 06pa3yloTcs coly BaHaauma VO

VO, + H,80, — VOSO, + H,0O
a B IMeN0YaX — BAHATUTHI (COMM MOMUBAHATUCTON KucaoTel H,V,0q):
4V0, + 2KOH — K,V,04 + H,0O

Kaxkwe cpoiicTBa B 3THX peakiuax nposasmsieT VO,? Omnpemennute cTeeHb
OKWCICHIS BaHAAWSI B COMX U IOCTpoiiTe rpadudeckie GOpMyIEl 3TUX CO-
JIeH.



Fnaea 20
MOBOYHA4A NOArPYNMNA Vi reynnbl

Mayune rnasy, cnenyer:

3HaTb NOJIOXKEHNE METaJJIOB nNoarpynnsl B Neprnoamnyeckon cucteMe, 0co-
OEHHOCTW CTPOEHUS UX aTOMOB, CBOWCTBA, CNOCOOkLI MOAYYHEHMA U NPUMEHE-
HVE XpOMa U BaXHENLLINX ero COeANHEHN;

YMeTb Hax0AuTb CXOACTBO U Pa3niMins B CBOMCTBAX 3/IEMEHTOB NOBOYHOM
v rnasHo nogrpynn VI rpynnei.

**20.1. O0wan xapakrepucTuka

B moGounyo moarpynmy VI rpymmel Bxopar xpom Cr, moaubden
Mo, goasghpam W. B ux aToMax HeJOCTpOeH d-TTOAYPOBEHb MpPeAToc-
JIeMHEro YPOBHS. ATOMHBIE paguychl MOIuOAeHa U BoJdbdhpaMa OueHb
OJIM3KK, XpOMa — 3aMETHO OTJIHUYAeTCsa. DTUM U OObICHSAETCS Oau-
30CTh CBOMCTB MoubAeHa U BoJb(paMa, TPYAHOCTh UX pa3aeJeHUus u
olpeneneHUsT MpU aHAIU3e cMecell; 3TO U OTIWYaeT UX OT CBOKUCTB
Xpoma.

B npuposae Bce 3TH MeTaIBl BCTPEUAIOTCS TOJABKO B BUAE COeAUHE-
HUM, U3 KOTOPBIX U MOAYyYarT MeTauTbl. Kak mpaBuiio, pyasl CIUIaBiIs -
0T ¢ KapOOHATOM HATpUS B MPUCYTCTBUU KUCIOPOJA BO3AYXa U TIOTY-
YeHHEIE OKCHUIEI BOCCTAaHABINBAIOT BogopoaoM (B ciaydac MoO; u WO;)
i amoMuHAeM (B caydae Cr,O;), HampuMep:

IMoS + 50, — 2MoO; + 250,
MOO3 + 3H2 — Mo + 3H20

3a cueT MOTepH S-3IEKTPOHOB HAPYKHOTO YPOBHS U d-3IEKTPOHOB
MPEeANOCICTHETr0 BCe 3TH METAIE HPOSBISIOT CTeHeHb OKUCICHUS
+6, YCTOMYHBEL TaKXe COeTUHEHUS MOIHOIeHA U BOIb(dpaMa co cTe-
IIEHBIO OKUCICeHUA +4, I XpoMa +2 | +3.

Bce tpu smeMmeHTa GIU3KHA IO XUMHAYECKUM CBOMCTBAM U UPE3BHI-
YaHO YCTOMUYHUBEI IPU OOBIYHEIX TeMIlepaTypax. [Ipu HarpeBaHuU pe-
aTHPYIOT ¢ TaJoreHaMH, KHCIOPOIAOM, Cepoii, a30oToM, (ochopoM,
VIIepomaoM, KpeMHueM, 6opoM. OOpa3yioT CIIABEI CO MHOTHMH Me-
TaIaMH, TIABHBIM 00pa3soM C TSKETBIMH.

B psiny HalmpsDKeHUI 3TH METAIUTBL HAXOAITCS IO BOJOPOIa, OMHAKO
OTHOIIIEHUE K KUCTOTAM Y HAX OUEHBb Pa3HOE.

XpoM He pacTBOpSAETCA B «IAapCKOM BOAKE» U A30THOM KUCIOTE
Mo6oif KOHIIEHTPAIIUH, HO PACTBOPSIETCI B XJOPOBOJOPOIHOM H cep-
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HO, a Bonb¢hpaM pacTBOPAETCS TONBKO B «ITapCKOIT BOOKe» M B CMECH
a30THON U HTOPOBONOPOMHON KUCIOT, HAITPUMED:

OW + 4HNO; + 10HF — WF, + WOF, + 4NO + 7H,0

PacmnaBneHHBIC MeT0YH pacTBOPAIOT Mo w W, XOpoOIo HOeT uX
pacTBOpeHHe B MPUCYTCTBUN TakKWx okuciaureneit, Kak KNO,;, PbO,,
KClOs:

Mo + 2KOH + 3KNO3 e K2M004 + 3KN02 + HQO

XpOM HE BSaHMOﬂeﬁCTByeT C pacCIlTaBJICHHBIMHU IIECTI0YaMHM.
PackaneHHBIC MeTaJLIbI BBaHMOﬂeﬁCTBYIOT C Hapé.MPI BOAbI:

W + 2H,0 —» WO, + 2H,

XpoMm, MonubaeH W BoilbdpaM — cepoBaTo-0edbie, OIecTIInne,
TBEpObIe, TYTOTUIABKIE MeTAITEL. O0IamaloT XOpOITUMHA MEXaHIIeCKIMEI
CBOMCTBAMH: KOBKH, TATYYH, TIACTUYHEL. MoanubneH u BoabdpaM —
OIHU 13 HauboJee KOPPOIMOHHO-YCTOMINBEIX METAJLTOB.

Bboxee 90 % Bombdhpama u 80 % momubaeHa HUCIONB3YIOT B METal-
JIYPIUN O IPOU3BOACTBA OBICTPOPEKYIINX, JKaPOITPOUHEIX, MATHUT-
HBEIX WHCTPYMEHTANBHEIX cTaieil. /lobaBIeHHBIE BMeCTe ¢ XpOMOM K
XKeae3y MOIuOAcH M Boab(ppaM o0pa3yioT OBEICTPOPEXYIIHE CTalu,
BEIZIC PXXHWBAIOIINE OTPOMHBIC CKOPOCTH CaMBIX MHTEHCHBHBIX IIPOITEC-
COB 00paboOTKH, IIPH 3TOM COXPAHSIONMINE CBOIO TBEPIOCTh W 3aTOUYKY
JIaxke B HAKATeHHOM COCTOSHUN. M3 MomnbaeHoBoI 1 BOIb(paMOBOIf
cTajeil M3roTaBMMBAIOT TAHKOBYIO OPOHIO, OpYKEWHEIE CTBOMBI, 000-
JIOYKH TOpIIeN M CHApImIOB, Hanmbolee BaXHBIC AETATd CAMOJETOB U
OBUTATEICH.

B anexTporexHuke BoTb(PpaM MUPOKO UCIOMB3YIOT B KAUSCTBE Ma-
Tepraja Mg HATEH JaMIl HaKaJIWuBaHWA, MOTHOIeH TMPUMEHSIOT LA
HW3TOTOBIEHUS AepXaTelell IUId HUTeH JTaMIT HaKaTuBaHUS, TaK KakK
OHHM JIETKO BIIAUBAIOTCA B CTEKIIO.

Monu6neH IPUMEHSIOT B PaTHOIMEKTPOHNUKE IIS aHOTOB MOIITHEIX
pPAIIoONIaMII, 3aIllIUTHREIX 3KPAaHOB BEICOKOTEMIICPATYPHEIX IEKTPOIIE-
yeif. BorbdhpaMm uner Ha M3roTOBICHHE TEPMOIIAP I U3MEPESHUA TeM-
meparypsl o 2200 °C.

Boxpmoe kommaecTBO Bodb(paMa pacXomyeTcsa Ha IMPOM3BOICTBO
Kapbuma Bombppama W,C — OCHOBHOTO KOMITOHEHTAa CIUIaBa BUAMA.
BonnppaMoBEIiT TOPOITOK TPUMEHSIIOT KaK KaTalu3aTop MpH THAPO-
TeHU3alH XUPOB.

H3BecTHO MHOTO OKCHIOB MOJINOIEHA W BoAb(dpama, cpeod HUX
MoO;, Mo,0;, Mo0O,, WO,;, WO,. Hauboiee ycTOWMINBEIMUI SABISIOT-
cst MoO; 1 WO, KOTOpBIe MOTYT OBITh MOMYYEHBI TIPH MIPOKATHBAHIH
COOTBETCTBYIONIeH KucaoTH Tiuma H,MO,.

Okcua monubaeHa(VIl) MoQO; npeacrapisieT coboil TBepaoe Genoe
BEIlIeCTBO, KeATeoIee MIPH HarpeBaHUM.
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Oxkcun Bonsgppama(VI) WO; — TBeproe BelecTBO TUMOHHO-XKEN-
TOTO IIBETA.

C BOmOM 2TH OKCHIBI THAPATOB HE 00pasyioT, He PACTBOPAIOTCI B
GONBIIMHCTBE OOBIYHBIX KUCIOT, HO PAaCTBOPAIOTC BO (PTOPOBOIOPOI-
HOH 1 KOHITEHTPUPOBAaHHOM cepHOIT KitcaoTax. JIeTko pacTBOPSIOTCS B
mexovyax ¢ obpa3oBaHHEM MOJIHOIATOB M BOJIb(ppaMaToB, MeTapopMa
KoTopeix M,Mo0O,, M,WO, (M — meIoYHOIl MeTa/wl) ITOIyJaeTCs
TOJBKO MPH U3OBITKE THAPOKCHIA TeToYHoro MeTama. [1pu o6paboT-
K¢ CUIBHBIMHA KICTOTAMU MOIUGIATOB 1 BOIL(MpAMaTOB IIpH Harpena-
HUH BBITIANAIOT COOTBETCTBYIONINE ITOMUKHCIOTHI SKEITOTO IIBETA, IMPaK-
THYECKH He PacTBOPUMEIC B BOI¢ M B OONBIMTUHCTBE KUCIOT (MeTa-
BolIb(phpaMoBasl KHCIOTa, oTBevaminas dpopmyire 4WQO;- 9H,O, 1erko
pactBopserca B Boge, a H,MoQ, - H,O — mroxo).

HaunGonpiiee mpakTHaecKoe 3HaYeHHEe HMEIOT MOIMOIAT aMMOHIIS,
HACTIONB3YEeMEBI B KauecTBe peareHTa MPH ocaXaeHUW opTodocdaros,
H BoJb(dpaMaTe Oapud W IIUHKA, TMPHUMeHsSeMEBle B KadecTBe Gelloit
KpacKHQ.

Jpyrue coemnHeHUA MOINGIeHA TIPUMEHSIIOT KaK KaTaTnu3aToOpPH B
OPTAaHUYECKOM CHHTE3¢ M KaK PEeakKTHBH B aHATUTHUICCKOM XUMHU, B
MIPOM3BOACTBE JTAKOB W KPacoK IS IepcTH W IIenka. M3 cyanduma
MoS, TOTOBAT CyXyI0 CMa3Ky IS AeTajeil MeXaHU3MOB, paGoTaroIIux
MIpH MOBBIICHHOI TeMmeparype. Ero cMaspiBarotiee aeiictBre adgex-
THBHeEe, YeM Tpadura.

Kap6un Bonsppama W,C ApmdeTcsa TIaBHON COCTABIAIONICIH TBEP-
JIOTO CIUTaBa BUOHA, KOTOPHIN MPUMEHSIOT JIS H3TOTOBICHUSA PeXy-
IIUX THCTPYMEHTOB M GYPOB, a TAKKe BMECTO aaMasa MPH MTOTyICHUH
HUTeH M7 TaMIT HaKaTHBaHU.

Bonpochb n 3apgaHug

1. CocTaBbTe SNEKTPOHHBIC KOH(MUTYPAIIUA ATOMOB XpoMa, MONTUOIeHa U
Bonb(pama. IloueMy YUCTO SMEKTPOHOR HA d-MIOMYPOBHE PA3TUYHO NI aTO-
MOB 3TUX METAIOB?

2. C KaKuM® U3 BOAHBIX PACTROPOB CIEIYIOIINX 3ICKTPOIUTOR OyAET pea-
rupoBath Xene3o: KoWO,, Na;MoO,, Cry(80,);, Mo(NO;);, VINTEIBasg, UTO
B Psly HATIPSDKEHUH XpOM PaCIIONOXeH MEXTy ITUHKOM W XKeJle30M, MONTu0-
JIeH U Bonb(hpaM HAXOMATCS MIpaBee Xxpoma?

3. Kak nmonyuarot MonmubaeH U BOMb(paM U3 UX COCTUHECHU?

4. Ilpu HarpeBaHUM pacTBOpa BOMb(paMaTa HATPUS C XJIOPUIOM KaNbITHS
B MPUCYTCTBUM COJSTHON KUCIOTHI 00pa3oBancs OcafoK. BhIMaBMIMi ocamok
OTACTUIN U TIPOKATWIN, TIOCTEe Yero BOCCTAHOBUIN BomopoaoM. Harmwururte
YPaBHEHUS PEakIuii TOMyIeHUs BoIbphpama.

5. Hanummurte ypaBHeHUS peakinil pa3moXeHnss MOTUO1aTa aMMOHUS TIPU
ycnoBun obpaszoBannsad MoQO; U B3aUMOJEHCTBUS €T0 C PACTBOPOM ITETOUN U
KOHIICHTPUPOBAHHOW CEPHOU KUCIOTOM.

6. ITpu HarpeBaHuu 5,64 r cMecu MonubaaTa Kamusa K,MoO, u Borbdhpa-
mara Kanmust Ko;WO, ¢ consiHol KUCTOTON BRIIETUIOCH 2,92 T HEpaCTBOPUMBIX
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B Boje crnabeix kuciaor H,MoO, u H,WO,. Onpenenure MaccoByio om0 (%)
comett B cMecu. (Omsem: 42 % K,MoO,, 58 % K,WO,.)

*20.2. Xpom n ero coeguHeHus
Xpom

Haxoxnenne B mpupoae. B mpupoae XpoM BCTpedaeTcsl B BUAE pas-
JIMYHBEIX OKUCIEHHBIX MUHepanoB. Hanboree BaXXHBIM 13 HUX SABIIETCS
xpomut FeCr,0, wiu FeO - Cr,0; (comepxur 46 % xpoma).

Hoayyenue. JIs1 MOTyYCHUS XpOMA U IETUPOBAHHEIX CTATIEH, CTOM-
KHX K KOPPO3HUH, HUCIOIL3VIOT XpoMuT xemesa(ll):

FeCr,O, + 4C — Fe + 2Cr + 4CO

I[J'[S'I MIPOU3BOACTBA YHCTOIO XpoMa CHadala XpOMMUT CILIaBJIAKOT C
COIOU B OPUCYTCTBUH KHCIOPOAAa BO34yXa:

4FeCr,0,4 + 8Na,CO; + 70, — 8Na,CrO, + 2Fe,0; + 8CO,
Imociae 4ero BeIAeAeHHEN n3 ciuraBa Na,CrO, nepesogar B Na,Cr,O;:
2Na,CrOQ, + H,S0, — Na,Cr,0; + Na,S0O, + H,O
KOTOpPHIiT BoccTaHaBIUBaioOT B Cr,O3 yIJIeM WIN CepOIli:
Na,Cr,0, + 2C — Cr,0;+ Na,CO; + CO

Oxkcun xpoma(lll) mamee BoccTaHABIMBAIOT METAUITMICCKUM Ao~
MUHUEM:

Cr203 + 2Al —» A1203 + 2Cr

MOXHO TTOTYUIATE XPOM 3TEKTPOTU3OM PACTROPOR W PACTITABOB €10
COJEeH.

@u3nyeckne CBOMCTBA. XpOM — TBepIBIH CEpO-CTAILHOIO IIBETa
Oorecrammii MeTawt. OTamyaercsa GONBIION TBEPAOCTHIO (PeXeT CTeK-
JI0), HO XpYHOKWii; Temmeparypa InaBiaeHusd 1200 °C, temmeparypa
kumneHus 2 500 °C.

Xumnueckue cBoiicTBa. [1pu OOBIYHBIX YCIOBUSIX XPOM YCTOMUUB K
MHOTUM XHMUYECKHUM peareHTaM, 4yTo OOYCIOBIMBAeT €ro MIHPOKOe
MpUMEHEHHE B KaUueCTBEe 3alllUTHBIX MMOKPHITUIA.

1. OmHowenue k Hememannam. XpoM IOUYTH HE OKUCISIETCS Ha BO3-
Jyxe gaxke B MPUCYTCTBUU BIIATH, a MPU HArpeBaHUU OKUCICHUE MPO-
TeKaeT TOJBKO Ha MOBEPXHOCTU. B UHCTOM KHCIOpOAEe XPOM CropaeT ¢
obpasoBanueMm Cr,0s:

4Cr + 30, — 2Cr,0,

[Ipu HarpeBaHUH XpOM pearupyeT ¢ TaloTeHaMH, CEpPOM, a30TOM,
dochopoM, yriIepomoM, KpeMHHEM, OOpOM, JaBag COOTBETCTBEHHO
CrX; (X = Cl, Br, I), Cr,S;, CrN, Cr;P, Cr,C,, CrSi, CrB.
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2. Omuowenue Kk croxcuvim seujecmeam. C CONTHON 1 pa3baBIeHHOM
CEepHOI KHUCIOTaMU pearupyeT MeITEeHHO IMOCie PacTBOPEHUS OKCU-
HOU TUIEHKH:

2Cr + 3HQSO4 e Crz(SO4)3 + 3H2T

B xomomHBIX a30THOU, KOHIUEHTPUPOBAHHOW CEPHON KUCIOTaX U
«[IapCcKOW BOAKE» XPOM HE PACTBOPSETCS, TAK KaK MPOUCXOAUT YII-
POYHEHNE OKCHAHO MICHKU. B ropsiueil KOHIEHTpUPOBAHHOU CepHOM
KUCJIOTE XPOM pacTBopsieTcs ¢ BeiaenaeHueM SO,

2Cr + 6HQSO4 e CrQ(SO4)3 + 3802 + 6H20

[Ipu BEICOKO# TeMIepaType XpOM pearupyeT ¢ pacIUIaBIeHHBIMHU
e T0YaMH:

t
2Cr + 2KOH + 2H,0 — 2KCrO, + 3H,
PackameHHBIIH XpOM pE€arupyer ¢ HapéMI/I BOIbI:
2Cr + 3H20 (j Cr203 + 3H2

IIpamenenne. C MHOTUMH TSKETBIMA MeTAIAaMH XpOM oGpasyer
CILTaBBI, HO GONBINAasg XPYMKOCTh M CIOXHOCTh MeXaHUYeCKOM o6pa-
GOTKH He MO3BOJIAIOT IMMUPOKO X MPUMEHATD. /lobaBKa caMoro XpoMa
K JApYIrUM CIUIaBaM YBEIMUHBAeT UX KOPPO3UOHHYK CTOHKOCTh, CO-
XpaHsAeT MPOYHOCTD P BEICOKIX TeMITepaTypax. Hanboree BaxXHEI U3
HUX XapOCTOHKNe U KUCIOTOYIOPHBIE XPOMHUCTRIE CTAH, IPpUMCEHSIe-
MBIE IS WU3TOTOBICHUS MEAUIIMHCKUX WHCTPYMEHTOB, aBTOMOOWIIB-
HBIX AeTaleli, BRIOePXUBAIOIINX CHIBLHEIE HArpy3KA. XpOMOMOIHUGIe-
HOBBIC CIUIABBI MCITOAB3VIOT IS M3TOTOBICHUS (hIO3eIsLKeil caMoe-
TOB.

CoeaguHeHus xpoma

XpoM 00pa3zyeT MHOTOUUCIEHHBIE COCNUHEHUS ¢ BAIEHTHOCTBIO OT
JIBYX J0 IIeCTU. XapaKTepHBIMU SBISIOTCS COCAUHEHUS XpOMa CO CTe-
MMEeHbI OKUCIAeHUS +2, +3, +6.

BOABIMIMHCTBO COeAMHEHU ABYXBAJEHTHOIO XpOMa HEYCTONUHBHI
U 00JaJal0T BOCCTAHOBUTEIBLHBIMU CBOMCTBAaMU. OKCUA U TUAPOKCHUI
xpoma(Il) IposaBILIOT OCHOBHBIE CBOMCTBA; OUEHD JIETKO OKHUCISIOTCS
Ha BO3AyXe, Mepexois B TpeXBaJleHTHoe cocTossHUe. [TpakTuueckoro
3HAUEHUST COSAUHEHUS XpOMa CO CTEIEeHBI OKUCIEHUS +2 He UMEIOT.

CoeauHeHUs XpoMa CO CTeMeHbI OKUCIEHUS +3 MHOTOUUCIEHHBI
U YCTOUYMBHI.

Oxkcud xpoma(11l) Cr,O; MoXeT GBITE ITOIVUCH IIPH HEITOCPEICTBEH-
HOM B3aUMOJEUCTBUU KUCIOPOJa ¢ XPOMOM IMPHU BBICOKOH TeMIepa-

Type:
4Cr + 302 e 2Cr203
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win B pe3yabrate HarpeBaHus Cr(OH);:

1
2Cr(OH)3 —> Cr203 + 3H20

Kpowme Toro, okcun Cr,O; MOXeT OBITh MOIYYeH W IPYTUMHI CIIOCO-
oaMu:

t
(NH4)2C1‘207 e Cr203 + N2 + 4H20

t
4K2Cf207 e 2Cr203 + 4K2CI'04 + 302T

Okcun Cr,O; — TyrommaBkoe, HepacTBOPHMOE B BOje BEINECTBO
seaeroro 1upera. Okcun Cr,(O; — aM@OTEpHEIN; IerKO CIUIABISIETCSA C
MIeT0YaMU, CO CPeTHUMUI M KHCIBIMHU COAMU IMISTOYHEIX METAIIOB C
oOpasoBaHueM coeguHeHuil xpoma(lll):

Cr,0, + 2KOH — 2KCrO, + H,0
Cr203 + N32C03 e 2NaCr02 + COQT

OKCI/II[ Cr203 MOXKET MPOABIATL BOCCTAHOBUTCILHBIC CBOICTBA:
Cr203 + 4KOH + KCIO3 e 2K2CI'04 + KCl1 + 2H20

Oxkcun xpoma(11l) mpuMeHSAIOT AT U3TOTOBIEHUS KPACOK, HCITONb-
3YeMEIX B CTEKOJBHOII W TOHYApHOM MPOMBIIUICHHOCTH, B KHUTOIIE-
yataHui. OH BXOIUT B COCTAB ITOIUPYIONINX CPEACTB.

Tudpoxcud xpoma(111) Cr(OH); MoxeT OBITh IOAYUYCH IIPU ACHCTBUI
menodeii Ha comu xpoma(lll):

Crz(SO4)3 + 6KOH — 2Cr(OH)3 + 3KQSO4

Oopa3syetrca crynHeobpasHbiii ocamok Cr(OH); 3emeHoro mBera.

Tuapokcua xpoma(Ill) obragaeT aMpoTepHEIMUA CBOIICTBAMU, pac-
TBOPSISICh KaK B KMCIOTaX ¢ 00pa3oBaHUEM COJICH XpoMa CO CTEIeHbIO
OKUCIICHUS +3:

Cr(OH); + 3HCI — CrCl, + 3H,0

TaK U B IIeJ0Yax ¢ 00pa3oBaHueM rugpokcoxpoMuToB Tuma MCr(OH),,
M;Cr(OH)s (M — mexoyHON MeTaj):

Cr(OH);+ KOH — K[Cr(OH),]

IIpn crmaprennu Cr(OH); ¢ KOH o6pa3syeTcs XpoMHuT:

t
Cr(OH); + KOH - KCrO, + 2H,0

Coau xpoma(lll) B IMeTOUHOM cpenme NTETKO OKUCIAIOTCI IO coleit
xpoma(VI) — Xpomaros:

2NaCrO, + 3Cl, + 8NaOH — 6NacCl + 2Na,CrO, + 4H,0
2CIC13 + 3H202 + 10KOH — 6KCl + 2K2Cf04 + 8H20
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XpomaTsl obmeit ¢popmyroit MICr,0,, M''Cr,O, MOTyT GBITH MOTY-
YeHBl IIpU cImaBieHun okcuma xpoma(lll) ¢ okcmmaMu Opyrux me-
TAJUTOB, THAPOKCHUAAMH U KapOoHATAMH IIETOYHBEIX METAUIOB. XpoMa-
THl UCHOJB3YIOT B MPOU3BOJACTBE OTHEYMOPHBIX MATepHUAaloB, B Kaue-
CTBe KpacuTedel cTeKia, sl MOTYYeHUs AUXPOMATOB.

Xmopug xpoma(lll) CrCl; UCIIONB3YIOT B KauecTBe KaTaJau3aTopa B
OpPraHUYEeCKOM CHHTE3e.

Cymnsdar xpoma(lll) Cr,(SO,); mpuMeHSIOT OpHu OyOIeHUN KOXHU 1
B KaueCcTBe MPOTPaBbl B KPaCWJIHLHOM Nefie.

Cynspar kamasa-xpoma(lll) KCr(SO,),  12H,0 — xpoMoKaaueBbie
KBacllbl — MPUMEHSIOT I AyOJIeHUST KOXU U B KaUeCTBE MPpOTPaBhl B
TeKCTUIBHOM MPOU3BOJCTRE.

M 3BeCTHB MHOTOUHCIEHHBIE COEAUHEHUS MIECTUBATIEHTHOTO XpO-
Ma, [IaBHEIMU U3 HUX ABII0TCA okcun xpoMa(VI) CrO; u comu orBe-
qapmux eMy Kuciaor — xpomonoit H,CrO, u nuxpomosoii H,Cr,O;.

Oxcud xpoma(VI) CrO; MoxeT OBITH MOAYYEH W3 KOHICHTPHPO-
BaHHBIX PACTBOPOB XPOMATOB U AUXPOMATOB Kalus MpHU J0OABIEHUU
U30bITKA KOHIIEHTPUPOBAHHON CEPHOM KUCTOTHI:

KQCI‘O4 + HQSO4 e Cr03 + KQSO4 + HQO
chr207 + HQSO4 e 2Cr03 + KQSO4 + HQO

WIN OpHu o6paboTke XpoMaTa Oapust H30EITKOM KOHIICHTPHUPOBAHHOM
a30THOM KUCTOTHL

BaCrO4 + 2HNO3 e Cr03 + Ba(NO3)2 + HQO

Oxcun CrQO; mpencrapiasgeT co00M TeMHO-KpacHBIC KPHUCTaJUIHL,
XOPOIIIO PAacTBOPUMEIE B Bofe. CHIIbHO pa36aBieHHBIC TOKCHYHEIC BOT-
HBIE PACTBOPEI XEJITOTO IIBeTa COIePKAT XPOMOBYIO KHCIIOTY; KOHITEH-
TPHUPOBAHHLIA BOaHLIH pacTBop CrO; COmEpKUT TUXPOMOBYIO KHCIO-
Ty KPacHOro LBE€Ta U OPYrue KHUCIOTHI, CONEpXAaIlWe IMOIUXpOoMaT-
woHsl [Cr;0,,]%, [Cr,04;]".

Kucaorer H,CrO, u H,Cr,0, cymecTByIOT TOJIBKO B pacTBOpE.
B pactBOpe ycTaHaBIHBaeTCA paBHOBECHE MEXIY XPOMOBOIT M JUXPO-
MOBOM KHCIIOTAMH:

2H2CI'04 (j H2Cf207 + HQO

Okcun xpoma(VI) — KUCIOTHBIH C CUJIBHBIMU OKUCTUTEIbHBIMU
CBOUCTBAMM.

Conu xpoma(V1) umeror HanbonpIllee 3HaUeHUE. B 1e104HOM pac-
tBOpe xpoM(VI) cymecTByeT B (popMe xpoMaT-uoHa CrOj~, oKpalleH-
HOTO B XeNThIi 1BeT. B Kuciaom pactBope xpoM(VI) cyiiecTByeT B (popme
auxpoMaT-uoHa Cr,O7~, OKpalleHHOTO B OPAHXERHI IIBET:

2Cr0f + 2H* 2 Cr,0 + H,0
Xpomar TUXpOMAT
(KeNThIiT) (opaHXeBEIil)
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DT0 paBHOBECHE MOXET OBITH CABHHYTO B TY WJIH WHYIO CTOPOHY
IIpHA T00aBIeHUW KUCIOT WIH MIET0Yei.

Kucnele pacTBOPEL XpOMATOB M AMXPOMATOB 0O0IAHAIOT CHABHBIMHA
OKUCTUTEILHEIMU cBolicTBaMul. [1pr MX BOCCTAHOBICHUH KeaTasd OK-
packa XpoMaToB WIN OparkeBasd OoKpacKa JUXPOMATOB IIEPEXOIUT B
3eJIeHYI0, 00yCcIoBIeHHYI0 noHaMu Cr’*, HampuMep:

2K2Cf04 + 8HQSO4 + 6FeSO4 e
e Crz(SO4)3 + 2KQSO4 + 3F62(SO4)3 + 8H20

HacpimenHbIi pacTBOp AUXpoMaTa Kajaus B KOHIIEHTPHPOBAHHOMN
CEpHOI KHCIOTE (XpOMOBas CMECh, WIHN «XpOMIHK») obpasyeT CrO;,
KOTOPHIIT SIBISIETCI CUILHBIM OKHCIHTEIEM. XPOMOBasA CMeCh IMUPOKO
HACTIONB3YETCI B XUMHIESCKUX Ta60paTOPHAX IS MBIThSA ITOCYIBI, TaK
Kak CrQO; OKHCIsIeT pa3TuYHBIe OpraHNYecKue BEIecTBa, JeTKo yaa-
JIIeT WX ¢ TIOBEPXHOCTH CTEKIIA:

KQCI'207 + HQSO4 e 2Cr03 + KQSO4 + HQO

Ilon geficTBUEM IIECIOYN JUXPOMAaT-HNOHBI IIEPEXOIAT B XpoMaT-
HOHBI:

K,Cr,0, + 2KOH — 2K,Cr0, + H,0

Xpomat-uoH CrO;~ B IIETOUYHOM pPacTBOpe ABIsgeTcs bojee cnabbiM
okucaurenaem, yeM Cr,07:

CrO? + 4H,0 + 3¢~ — Cr(OH); + SOH"

[Mpu monkucaeHNn PacTBOPOB XpoMaroB noHE CrO;~ mepexonsT B
auxpoMaT-uoHs Cr,077:
2K,CrO, + H,S0, —» K,Cr,0; + K,SO, + H,O

Takum 06p330M, XpoMaThl B KHUCIION Cpeac nMepexosAT B JUXpomMma-
THI, ITIOCICOHUC B IeJIOYHOH CpE€I¢c BHOBD IIEPEXOOAT B XpOMATHI:
H+
CI'O%_ ?j Cr207_
OH~
XpOMaTLI, KakK OBUIO cKa3aHOo PaHEC, MOIy4YarT B HICTOYHBIX pac-
TBOpaxX OKHUCICHUEM COeIUHEHUH XpOMa(III), MOXKHO HUX ITOJIYYUTHL N
JAPYIUM IIYTEM, HAIIpHUMED:

CrO; + K,CO; — K,CrO, + CO,
K,Cr,0, + K,CO; — 2K,CrO, + CO,

I[I/IXPOMB.TBI MOXKHO IMOJIYYHUTH IMOAKHUCICHHUEM PAaCTBOPOB XpOMa-
TOB!

2K2Cf04 + 2HQSO4 e chr207 + 2KHSO4 + HQO

win obpatotkoit CrQ; okcugaMu, THAPOKCUAAMI WA KapOOHAaTaMU:
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2Cr03 + 2KOH — chr207 + HQO
2Cr03 + K2C03 e chr207 + C02

XpoMaTel ¥ OIUXPOMATEHI IMIETOYHBEIX METAIOB XOPOIIO PacTBOPS-
0TCS B BOJE, WX MIHUPOKO MPUMEHAIOT B aHATHTHYCCKOM XUMUH MPH
KaueCTBEHHOM aHAIN3e; XPOMATHl U AIUXPOMATHI IMIETOYHO3eMeTbHEIX
METAJIOB IIOXO PACTBOPAIOTCA B BOJE.

Huxpomar kamnsa K,Cr,O; mcooiab3yioT mpa OyOJIeHUH KOXH, B
MIPOMU3BOACTBE CITHYEK U MOTUTpachUr I U3TOTOBICHU KIHIIe. Xpo-
MaTaMU U JUXpoMaTaMU B CMECHU ¢ OPYIUMU BellleCTBAMU IIPOMUTHI-
BalOT APEBECUHY A YBEMWUCHUS CTOMKOCTH K MEUCTBHIO TPUOKOB U
HACEKOMBEIX.

Bonpocb n 3apaHug

1. Kaxkoii MeTamr cireayeT B3ITh I BeITecHeHUS XpoMa 13 Cr(NO»)s: a) Zn;
6) Fe; B) Ag; r) Cu; o) Sn?

2. IIpn moMoIIM KAKWX PEaKIUil MOXHO OCYIIECTBUTH CICAYIOIIUE IIpe-
BpaIlcHUS:

CrO; — Cr,03 —» Cr — Cry(S0,); — CrCl; — NaCrO,

3. Kakoit ocagok obGpasyeTcss Tpy B3anUMOJCHCTRUM pacTBopa cynbdara
xpoMa(Ill) ¢ pacTBopoM cynbduna Karus IpH HAarpeBaHUU?

4. JIng cnenymoolnelt OKUCIUTENbHO-BOCCTAHOBUTENBRHOW PEAKIIUU HATIN-
IMATe SICKTPOHHYID CXEMY, PACCTaBbTe KO3(MDGDUIIMEHTH; OKOHYATEIBHYIO
PeaKIio 3aMUIIITe B HOHHOU opMe:

Cr2(804)3 + H202 + NaOH — Nast4 + N3.2CI'04 + Hzo

5. K moakucieHHOMY CepHOUN KUCIOTON pacTBOpPY AUXpoMaTa Kamus J10-
OaBIeH pacTBop cvibdarta kenesa(ll). Hamummure ypaBHeHUE peakIInm.

6. CKONbKO MWJITAIATPOB PACTBOPA THAPOKCHUIA HATPUSA C MAcCOBOMH J1O-
neit NaOH 40 % (nmotHocTs 1,42 r/cm?®) motpebyerca ana pacTBopeHud 25,2 T
cMecu CryO; m CrO;, ecmu Maccopas aona Cr,O; B eMecu 60,3 %? (Omeem:
28,1 M)



FnaBa 21
MOBOYHAA NMOArPYNMNA Vil reynnbl

N3yuume rnasy, cnenyer:

3HaTb MOJIOKEHME METaNI0B NoArpynnsl B [lepnognyeckon cucteme, 0co-
OEHHOCTM CTPOEHUS NX aTOMOB, XapakTepHble GU3n4eckue U XmuMmuyeckue
CBOWCTBA, OCHOBHbLIE METOAbI MOJy4EHUS, MPUMEHEHMEe; CBONCTBA, CNOCOobhbI
NoJIy4eHUs, MPUMEHEHWE MapraHua n ero CoeAUHEHNN;

YMeTb Hax0AUTb CXOACTBO U Paz3nnMying B CBOMCTBAX 3/IeMEHTOB NOBOYHOM
v rnasHon nogrpynn VIl rpynnel.

**21.1. O6waa xapakrepucTuka

K moGounoit moarpymme VII rpynmner [lepuommdyeckoil CHUCTEMBI
3JIEMEHTOB OTHOCSTCA Mmapearney Mn, mexneyuii Tc, penuti Re.

TUMUYHBIM MTpeACcTaBUTENEM ITOMN MOATPYIIIHI ABASIeTCS MapraHell.
OH mpUHAAJIEXUT K JOBOJBHO PACHpOCTpaHEHHBIM B IMpUpOAe 3Je-
meHTaM (0,03 % obiero uyncia aToMOB 3eMHOM Kophl). Toroa Kak Tex-
HEIil HEYyCTOMYHB M B 3¢MHOM Kope He HalifieH, HO OBLT HMCKycCC-
TBEHHO MOJIyYeH B pe3yJbTare sSAepHbBIX MpeBpalleHuii. PeHuii, XoTa u
CONEPXKUTCA B 36eMHOM Kope, HO SBISETCS UPE3BBIUAHO peaKuM
(9-10°%) smemeHTOM.

ATOMBI 3TUX METAJLUTOB Ha IMOCIeHEM YPOBHE UMEIOT MO ABa 3JeK-
TPOHA U MO ISITh MEKTPOHOB Ha d-OpOUTANAX MPEANOCIeIHETO YPOB-
Hs, TTO9TOMY, YYACTBYS B XUMHUUYECKHMX peaklUsIX, MapraHei, TexHe-
LU U pEeHUU MOTYT 00pa3oBbIBATh COENUHEHUS ¢ BAICHTHOCTBIO OT [
g0 VII. Takue coeaMHEHUS UMEIOTCS ¥ MapraHila M peHHsI, HO COCaH-
HEHUS ¢ COCTOSTHUEM OKHUCIeHUs | 1 V Mano xapakTepHbl U HEYCTOM -
yuBHEL. [ peHust Hanbosee YCTOMUUBEI COeNUHEHUS CO CTENEHBIO OKHC-
JIEHUS +7, A7 TeXHeIMs U3BECTHBI COSAUHEHUS CO CTEMEeHbIO OKUC-
aeHud +4, +6, +7.

XuMuyeckas aKTHBHOCTh U MeTAINIMUEeCKUE CBOHCTBA ociaabeBaroT
B paay Mn— Tc—Re. B psaay HanmpsoKeHWM TeXHEUI U PEHUH CTOST
Mocie Meau, MO3TOMY PearupyroT TOJABKO ¢ KMCIOTaMU-OKUCIUTENS -
MU, HaIpUMep:

3Re + THNO; —» 3HReO, + 2H,0 + 7NO

IIpu Temmepatype 400 °C oHU TOpAT B aTMOC(hepe Kucaopoaa ¢ 06-
pa3oBaHUEM JeTYUYUX okcuaoB M,O,.

XKenterit netyuuit Re,0, oueHb TUTPOCKOMUYEH U PACTBOPSETCS B
Boge. CTeneHb OKMCIEHUS +7 peHUl MPOSBIIeT U MPHU B3auMoOAeH -
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CTBHUM ¢ HEKOTOPBIMHU HeMeTataMi, o6pasys, HarmpuMep, ReF;, Re,S-.
Comu meppeHar-noHa ReQ; pacTBOpHUMEL B Bofie, eIlle TYJIINe PacTBO-
patorcea conu ¢ anuonom TeOj.

Bce m3oTomBl TexHeUs paguoaKTUBHEI M ¢ KaXXIBIM TOIOM HIET
€r0 HaKOIUTEHHUE 3a CUeT PaJuOaKTUBHBEIX OTXONOB AeTeHUS.

TexHemnit HAXOAWUT MPUMEHEHINE B METUIIMHE TIPU pamuorpadu-
YeCKUX 06CaenoBaHNAX BHYTPEHHUX OpraHoB. PeHUIT B OCHOBHOM HC-
MMOAB3YIOT B BUAE CIDIaBa ¢ IIATMHOM KaK KaTaau3aTop IpH mepepa-
0oTKe HedTH, a TaKKe IIA M3TOTOBICHUSA CITEUATLHEIX TepMOXJIe-
MEHTOB. YUHUTHIBag TO UYTO UYHUCIO KaTHOHOB, obpasyeMbIx Re m Tc,
OYCHBb MaJ0, XUMHA UX pa3BUTa c1ab0; B TaHHON KHHUTE He TIPUBOIST-
¢ KOHKpEeTHEIE coeqnHeHIsI. X OKCMaHWOHE Taf0T MHOTOUNCITIEHHEIS
KOMITIEKCHEIE COeTMHEHNS, KOTOPEIE XOPOIIIO H3YISHEI, MMEIOT CITOX-
HOE U MepeMeHHOe CTPOCHMUE.

Bonpochb n 3apgaHu4

1. B ueM cXO/ICTBO U B UeM pa3Nnuyue CBOUCTR 3JEMEHTOB MOOOUYHON IO/~
rpyamsl VII rpynmbe? CocTaBbTe 3MEKTPOHHBIE (OPMYIBI 3TUX 3JIEMEHTOB.

2. Kak pacmpocTpaHeHbl B TPUPOJIe METANIbl TOOOYHOW IOATPYIIITHI
VII rpynmei? I'me oHN IpUMeHSIIOTCA?

3. PeHuti pacTBOpsIeTCS HE TONBKO B KUCIOTAX-OKUCIUTENIX, HO U B TOPSI-
qeli 6poMHON Bome ¢ obpasopanueM HReO,. Hanwimte ypaBHeHHe peak-
[N, COCTaBbTE BICKTPOHHYIO cXeMy. OKHUCTUTENEM WIN BOCCTAHOBHUTEIEM
ABIISIETCSI OpOM B 3TOH peakiium’?

4. Penuti obpasyet psan ctabunbHbIX coneii: K,ReClg, KReO,. Ompenenure
CTEIIeHb OKWCICHUS PEHUS U TTOCTPOTe Tpadmieckre hOpMYIbl STUX COMEH.

5. Pennit obpasyer okcunsl: Re,O, ReO, ReO,, ReOs, Re,O,. Knaccudn-
nupyiite ux. Kakme KUCIOTH COOTBETCTBYIOT KMCIOTHBIM OKCHAaM?

6. MOXHO 1 TIOACTUTATE COACPKAHUE TEXHEIUS B 3¢MHOM KOpe TTO Mac-
ce? Ilouemy?

*21.2. MapraHeu v ero coeguHeHuns

Mapraney

Haxoxnenue B npupoae. B cBoOGoAHOM BUlle MapraHell He BCTpeva-
€TCA, OH BXOIHUT B COCTAB PAa3IMYHEIX PYI: MUpomio3uta MnQ,, 6pay-
HuTa Mn,0;, raycmaanra Mn;0,, mapranneBoro mmara MnCO;. Han-
6omee BaXHEBIN M3 HUX — ITHPOTIO3UT.

IMoaywenne. M3 mupoa03uTa MeTaJUTHUECKUI MapraHell yalie Bce-
ro MMOAyYaKT aTlOMOTCPMHUYCCKUM CIIOCOOOM: CHadama ¢ro O0XKI-
ramT

t
3Mn02 e Mn304 + 02
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YTOOBI YAATUTH KUCIOPOA (B MPOTUBHOM ciyuae peakius MnQ, ¢ amo-
MUHHUEM BCIeACTBUE BbIACTICHUS OOJIBIIOr0 KOMUYECTBA TEIIOTh MO-
XKeT CTaTh HEeympaBIsaeMoii), 3aTeM IMOTyJYeHHBIH okcun Mn;O, cMe-
MIUBAKOT ¢ ATIOMUHUEBBIM MMOPOIIKOM U MOAXUIAIOT:

t
3Mn304 + 8Al —» 9Mn + 4A1203

OnHako 3THM CIOCOOOM HEMb3 MOIYYNTE MapTaHell BEICOKOM YH-
cToThl. YncTarit (99,98 %) MapraHell moaydyaoT 21eKTPOIN30M BOTHEIX
pacTBOpPOB XJIopuna win cyiabdarta Mapranma(ll).

®du3nyecKne CBOWCTBA. B I1ICTOM COCTOSHMH MapraHell — 3TO Ce-
pebpurcTo-GeIblii MeTall, Mo BHEIIHeMy BHIOY MOXOX Ha Xele30, HO
B OTIHWYHE OT Hero Goilee XpYNKWM U TBepanlif. Ha Bo3myxe moKphIBa-
eTCA 3aIUTHON OKCHIHOM TUICHKOI B BHIE MECTPHIX IIATEH.

XumMuyeckde cBoiicTBa. B 3HAUNTETBHON CTEIIEHN XUMIISCKIE CBOLI-
CTBa MapraHIiia 3aBHCAT OT €TI0 YHCTOTEL

1. Omnowenue k nememannam. TIpA BEICOKOI TeMIlepaType B IIPH-
CYTCTBUU BO3MyXa WIH B METKOPa3npoOIeHHOM COCTOIHUM MapraHell
cropaer ¢ obpa3oBaHHEM OKCHIOB Pa3IMIHOIO COCTaBa. DHEPIUIHO
MPOTeKaeT ero peaklus ¢ TraToreHaMH ¢ o0pa3oBaHHeM COJei THIa
MnX,. Ilpn HarpeBaHUHM MapTaHell COSTMMHSIETCS C YIJISPOIOM, a30-
TOM, ¢hocopoM, cepoii ¢ o6pa3zoBaHHEM COOTBETCTBEHHO Mn;C,
MnN;, MnP, MnS.

C BomopomoM MapraHell XUMHYeCKH He B3auMOoAeiicTByeT, HO MO-
XKeT MOTIoIATh €To.

2. OmHuouterue K cr0XCHbIM seuecmeam. MapraHell B3auMoaeicTByeT
¢ TMapaMu BOZEL:

Mn + 2H20 e MH(OH)2 + H2

JTerko pactBopsercsa B kuciaoTax — u3 HCI u paszbasiaennoit H,SO,
BBITECHSIET BOJOPOI:

Mn + 2H" - Mn*" + H,

KoHIieHTpupoBaHHyo H,SO, rpu HarpeBaHuu BoccTaHaBIUBaeT A0 SO,:

!
Mn + 2H,SO,(koH11.) - MnSO, + SO, + 2H,0
a30THYO Kuciotry — no NO:
3Mn + 8HNO; — 3Mn(NO;), + 2NO + 4H,0

KoHIIeHTpHUpOBaHHEBIE PACTBOPHL IIea0UYeil He B3aUMONECHCTBYIOT C
MapTraHIIeM.

IIpamenenne. MapraHel IMIMPOKO UCITOAB3YIOT B IIPOU3BOICTBE CTAIN
B KAUeCTBE PACKUCIHUTENS U Jerupylomero Metamra. Ctanb, cogepxa-
mag 1,5 % yraepoma u 11— 15 % Mapraniia, o61agaeT GOIBIIOH H3HO-
COCTOMKOCTERIO U TBEPAOCTRIO, €¢ IPUMEHSIOT 11 U3TOTOBICHUS APO-
OUII0K, JmeTaleil SKCKABAaTOPOB, XeIe3HOMOPOXKHEIX PElbCOB.
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CIutaBeI MapraHnoa ¢ MEAbIO 06J'[a,Z[aIOT BBEICOKOM MIPOYHOCTBIO K
KOppOBHOHHOﬁ CTOMKOCTBIO. M3 3THUX CIUIAaBOB JAeAAlOT JTOIMATKHA TYp-
6I/IH, a €CIu K JaHHOMY CIlIaBy IT06aBUTH HHUKEIIb, TO IIOJIYyYacTCAa
MapraHIDOBHUCTaA 6p0H38., OpuMecHACMasd A U3TOTOBICHHA TOYHBIX
PE3UCTOPOB BCICACTBUEC HE3HAYUTEIbHON 3aBUCUMOCTH QICKTPHUYICC-
KoM MIPOBOAMMOCTH 3TOIO CILTIaBa OT TEMIIEPATYPhI.

CoegnHeHus MmapraHua

Mapratern o6pa3yeT COeTMHEHNS CO CTEMeHBI0 OKUCICHUS OT +1
1o +7. BONBIMIUHCTBY M3 HUX COOTBETCTBYIOT OKCHIEI. XOPOIIO H3YICHEI
MnO — ocHoBHHI oKcun, Mn,0O; — OCHOBHBIH ¢ MpU3HAKAMH aM-
¢orepHoct, MnO, — amdorepHBIi 1 Mn,0; — THIHYHBINA KUCIOT-
HEIN okcun. CymiectBoBaHue okcuma Maprania(Vl) MnO; B cBoGog-
HOM COCTOSHUH, IO JAaHHBIM MHOTUX HCTOYHUKOB, COMHUTEILHO, €T0
MPOW3BOAHBIE — MaHTaHaTel MIMnQ,, 0cobeHHO WeToUHBIX MeTam-
JIOB, IMHUPOKO U3BECTHEI.

Oxcud mapeanuya(ll) MnO u oxcud mapeanuya(Ill) Mn,O; momyua-
0T U3 OKCHIOB ¢ GONBINell CTeleHb0 OKUCICHUS WIH MPOKATUBAHN-
eMm coneli maprama(ll), Hampumep:

MnO, + H, - MnO + H,0O
4Mn0O, — 2Mn,0; + O,
MnCO; — MnO + CO,

4MnCO; + O, — 2Mn, 05 + 4CO,

Okcun MnO mpencrtapisgeT co6oil MOPOIIOK 3eIe¢HOBATO-CEPOTO
[IBeTa, HEPACTBOPUMEIN B BoJe.

Okcun Mn,0; — depHBITT aMOp(dHEIN TTOPOIIOK, B BOIE He PACTBO-
pAeTCs.

Kak ocu6BHEIE oKcuapl MnO u Mn,O; pacTBOPSIOTCS B KUCTIOTAX:

MnO + 2HCI — MnCl, + H,0
Mn203 + 3HQSO4 e MHQ(SO4)3 + 3H20

Tudporxcuo mapeanya(l1l) Mn(OH), nmeeTr OenbIif OBET, eudpokcud
mapearnya(I11l) Mn(OH); — uyepHbIii. OHU IpaKTUYECKU HE pacTBOPSI-
IOTCS B BOZe U ABIIIOTCA OYeHDb CTA0OBIMH U HEYCTOMUNBEIMI OCHOBA-
HUSIMI.

Coau mapeanya(ll) IMEIOT PO3OBYIO OKPACKY, XOPOIIO PacTBOPSI-
IOTCS B BOIiEe M IBJITIOTCS YCTOMYUBBIMH, coid ke Mapranma(lll), kak
MPaBUIO, HEYCTOWIUBHL.

Comm mapraama(ll) mposABIAOT BOCCTAHOBUTEIBbHEIE CBOMUCTBA.
B kucnoit cpeie OHU MOTYT OKHCIATHCA CUIBHBIMI OKUCTUTEIAMHI 10
H,MnO; u HMnQO,, Hanmpumep:
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2MH(NO3)2 + 5Pb02 + 6HNO3 e 2HMHO4 + 5Pb(NO3)2 + 2H20

B miemouHoOlt cpeme MHOTHE OKMCIUTENH OKUCIIIOT MapraHem (1)
nmo mapragna( VII):

2MnSO, + SKBrO + 6KOH — 2KMnO, + 5KBr + 2K,SO, + 3H,0

M3 coepuHenuit mapranna(ll) mpakTuueckoe 3HaueHHE UMEKOT
HECKOJIBKO ero CoJei.

Kap6onar mapranma(ll) MnCQO; HCIOAB3VIOT I NU3TOTOBICHUS
MAacCISTHOI KpacKW (MapraHileBhie Oemma).

Cynpgpar mapradma(ll) MnSO, IpuMeHSIIOT II9 OKpAacKd TKaHEH,
B CEJIbCKOM XO3SHCTBE KaK CPeACTBO, CTUMYIUPYIOIee MpopacTaHue
CEeMSTH.

Hutpar mapranma(ll) Mn(NO;), UCIIONB3YIOT OIS IIOIYICHUS UK~
croro okcuaa mapradnua(lV), paszaeaeHus: peako3eMelIbHBIX 3JeMeH-
TOB CITOCOOOM (bpaKIIMOHUPOBAHHOM KPUCTALTU3AINH.

Conu mapranma(lll) MaTouucIeHHB U MAJIOYCTOHUMBHI;, KaK Mpa-
BUJIO, OKpAIlleHbl B TEMHBIN 1IBET U CKIOHHBI K KOMIUIEKCOOOpa3oBa-
HUIO.

HuTepec npenacrasisgeTr ¢puomeToBeil pocdar mapranma(lll), mpu-
MEHSIEMBIN B KAUeCTBE YCTOMYMBOM HA BO3AyXe MAIPHOI KpacKH (Map-
rafireBast (hHmoJIeTOBAasd).

Oxcud mapeanua(IV) MnQO, (nuposiozum) — Hanboiee yCTONUH-
BO€ KHCIOPOAHOE COeNMHEHHE MapraHiia, SBISAIOIIEecsS ero BaxHel-
muM MuHepanoMm. Okcun MnQO, MoXeT OBITh MOJTYYeH CUHTETUYeCKUM
MyTeM, HallpuMep HarpeBaHueM HuTpaTa mapranma(ll):

t
MH(NO3)2 e MHOQ + 2N02

Kak mpupomHbIif, Tak U cHHTeTHYecKUi MnQO, MMeEIOT HBET OT
ceporo 1o cepo-uepHoro. OHIM HepacTBOPUMEI B Bode. Oxcum MnQO,
MIPUMEHAIOT KaK OCHOBHOE CEHIpbe TS TOJYyYeHHS MapraHiia U ero
COCNMHEHUI; MUPOKO HCIONB3YIOT KaK OKUCTUTENIh B CTEKONBHOIL,
JTAKOKPACOYHOM, 2MeKTPOTeXHUISCKOM MIPOMEITIIEHHOCTH. B cMecH ¢
okcumoM yriaepona(ll) mIpomo3uT IpUMEHSIIOT IIA KaTaTATHIeCKO-
ro okuciaeHus CO B MpoTUBOrasax.

Okcun MnO, nposieiasieT aMm(OTepHBIE CBOHCTBA, OJHAKO OCHOB-
HEIE U KHUCITOTHEIE (DYHKIINH okcuna mapraHma(lV) oueHn ciaabo BEI-
pPaKEHBI:

MnO, + 4HCI — MnCl, + 2H,0
MnO, + 2KOH — K,MnO; + H,0

Conu mapranna(lV) HeycToWUHMBEI, paciamatoTcs TPU He3HAUH-
TEIBHOM HArpeBaHUU:

t
MnCl4 e MnC12 + C12
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t
2K2Mn03 + 02 e 2K2Mn04

Coau mapeanuya(V1) (comm mapranmosaToil Kucmotel H,MnQO, —
Mmaneanamot) 06pa3yOTCA IpH cILaBIeHuH MnQO, ¢ IeTouaMi B TIPH-
CYTCTBHHM OKHMCIUTENeH, HalpuMep:

MHOQ + 2KOH + KNO3 e KQMHO4 + KN02 + HQO

MaHraHaTHI YCTOﬁqHBLI TOJBKO Ha X004y, IpHu HC3HAYUTCIbHOM
Harp€BaHHWU pacCliaaaroTCAa:

3K2Mn04 + 2H20 e MHOQ + 2KMHO4 + 4KOH

HeycrottunBa u cama kucitora H,MnQ,, Koropas apageTca cnaboit
H CYIIeCTBYET TOIBKO B pacTBOpE:

3H,MnO, - MnGO, + 2HMnO, + 2H,0

Bce mpousBoanbie Mapradia(VI) ABISOTCS CHUTLHEIMA OKHUCITHTE-
JISIMHA W JIeTKO BOCCTaHaBIMBaioTca no MnQO, (B IIemodyHON cpene),
IIPOSIBIISTIOT M BOCCTAHOBUTEILHEIC CBOMCTBA, TIEPeXod B COeAMHEHUS
mapragna(VII):

2K2Mn04 + C12 e 2KMHO4 + 2KCl

VI ONHOBPEMEHHO W Te, W Apyrue (pYHKUWH, BCTymasg B peakUun
MHCITPOITOPITHOHUPOBAHHIS:

3K,MnO, + 4HNO; — 2KMnO, + MnO, + 4KNO; + 2H,0

IIIupoko m3BecTHH coenuHeHUsT Mapraaia( VII).
Oxcud mapeanya(VII) Mn,O, MoXeT OBITh ITOJIYICH HpH NCHCTBUN
XOJMOAHOU cepHOU KucmoThl Ha KMnOy,:

2KMHO4 + HQSO4 e KQSO4 + Mn207 + HQO

Okcun Mn,O; ipencTaBiasger co6oi TeMHO-3eIeHYI0 MACTITHUCTYIO
XKHUIKOCTD, pa3iaralomIyiocs ¢o B3pEIBOM IIpH HarpeBaHUHW Ha MnQO, 1
0,. Takke co B3pEIBOM TpOTeKaeT peaknnsa Mn,O; TIpH COMPHUKOCHO-
BeHUH ¢ apupoM U crmmproM. Oxcun Mn,O; XOpoITio pacTBOPAETCS B
Bome ¢ oGpaszoBaHHeM MapraHmopoit kucaotei HMnO, — pactBopa
¢uroxeTOBOrO MBETA:

Mn,0; + H,O - 2HMnQO,
