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YACTH |I. OCHOBBI OBIIEM XUMUHN

I''TABA 1. OCHOBHBIE IOHATHUA U 3AKOHbI XUMHUHU

1.1. CBOMCTBA " NIPEBPAIIIEHN S BEILIECTB

Bokpyr Hac HaxonsaTca pa3sHooOpasHbie Tena. B xumudeckoil s1aboparo-
pUU — 3TO, K IpUMEpPYy, XUMHUECKHI CTakaH, Kojba, mpoOupKa, MUIerka, 01o-
peTka, BopoHka (puc. 1). Ouu coctost u3 crekia. CTekiio — 3To BeniecTBo. Bee
TeJa B MPUPOJIE COCTOST U3 BemlecTB. Cepa, Mel, a30T, Kene30 ... — BCE 3TO
BenecTBa. Kaxxaoe BemecTBo nuMeeT pundeckue 1 XMMUYECKUEe CBOMCTRA.
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Puc. 1. Xumnueckas mocyaa:
1 — xoHMYeckas kKojba; 2 — KpyTJIoJ0OHHAs K0Ji0a; 3 — BOPOHKA; 4 — XMMHUYECKUN CTaKaH;
5 — npobupka; 6 — GropeTka; 7 — MUIeTKa

|III|III|III|IIIIIII|III

du3nyecKue CBOMCTBA BelIECTBA — OTO arperaTHOE COCTOsSIHHUE (TBEp-
10€, JKUIKOoe, Ta3000pa3Hoe), TUIOTHOCTh, IIBET, BKYC, PACTBOPUMOCTD, TEMITepa-
Typa KUTIEHUs1, TEMIIEpaTypa IIaBJICHUS U JIP.

XuMHYECKHE CBOICTBA BeNeCTBA — 3TO CIIOCOOHOCTH OJHOTO BEIIECTBA
npeBpamiarbesi B Ipyrue BemiectBa. CBOWCTBa BEHIECTB, UX TMOJYYCHUE U Tpe-
BpaIllEHUS U3ydaeT XUMHS.

JItoboe u3MeHeHue B MpUPOJEe — OTO siBiIeHUE. Paznuuaror duszndeckue
1 XUMHUYECKHUE SBIICHUS.

[Ipu ¢pu3nvecknx ABJIEHUSIX U3MEHSIOTCS (QU3HUECKOE COCTOSHUE Bellle-
CTBa, ero 00beM, (hopMma, MojJoKeHue Teja, 0JHAKO HOBBIC BeleCTBa HE 00pa-
3ytorcs. [lmapnenne npna — Qu3ndeckoe SBICHUE — OH MPEBPAIIACTCs B KU/
KOCTh: M3MEHsIeTCs (PU3UYECKOE COCTOsIHHME BOjbl. PazOuiach kosba. D10 —
(hr3rueckoe sIBICHUE: U3MEHSETCs ee opMa, a BEIIECTBO (CTEKJIO) HE U3MEHSETCHA.

[Ipy XuMUYeCKHX SIBJEHHUSAX OJHM BEIICCTBA IMPEBPAIIAOTCS B APYTHEC
BCIIIECTBA C HOBBIMH CBOWCTBAMH. XUMHUYECKHUE SIBICHUS — 3TO XHMHYECKHE
peakuuu. BemectBa, BcTynaronme B XUMHUYECKYIO PEAKITHIO, Ha3bIBAIOTCA ped-
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eenmavu. HoBbIe BelecTBa, KOTOphle 00pa3yroTCs B pe3yibTaTe XUMHYECKON
peakinu, Ha3bIBAOTCS npodykmamu peakyuu. Harmpumep, mpu HarpeBaHUU OK-
cuja pTyTu (peareHTta) oOpa3yrTCs PTYyTh U KHUCIOPOA (MPOAYKTHI PEAKIIUH).
[Tpu TopeHUM MarHusi B KUCIOPOJIE BBIJACIACTCS TEIJIOTa W 00pa3yeTcsi OKCHUIT
maruus. [Ipu ropeHun cepbl B KHCIopoje oopasyercs okcun cepol (IV) — ras
C HEMPUATHBIM 3amaxoMm. [Ipu pacTBOpeHHHM Mella B KHCJIOTE BBIACISETCS Tas.
XUMUYECKUE PEaKIUU H300paXaloT MPH TMOMOUIN XUMUYECKUX VPAGHEHUL.
K npumepy:
tO

2HgO 2Hg+0,;
2Mg + O, = 2Mg0;
S+ 0,=S0; CaCO; + 2HCI = CaCl, + CO, + H,0.

HpI/I XUMHUUYCCKUX PCaKIMUAX UBMCHACTCA IBCT U BbIITAAACT OCAJ10K:

FeCl; + 3KSCN = Fe(SCN);+ 3KCI

XKENThIA OECUBETHBIM  KpPaCHBII

AgNO; + KCI = KNO3 + AgCI
0Caao0K
BBII[GJIGHI/IG WIIM IOTJIOMICHUEC TCIIIOTHI, IIOABJICHUEC 3allaXa, BBIACIICHUEC I'a3a,
HN3MCHCHUC LIBCTA, BBIIIAJICHUC OCAAKa — 3TO IIPHU3HAKHN XUMHUUYCCKHUX peaKHHﬁ.
Cnoxusie IMPOLCCChbl B OPTraHU3MC YCJIOBCKA — 3TO PA3JIMYHBIC XHNMHUYC-
CKHEC IpeBpallcHU.

Bomnpocsi

. Kakue tena Bel 3Haere?
. I3 wero cocrosr tena?
. Kakue BemectBa Bol 3HaeTe?
. I3 gero cocToaT K0j10a, 10>KKa, BUJIKA, CTaKaH?
. Kakue cBoiicTBa BemiecTs Bl 3Haere?
. Kakue ¢uszndeckne cBoiicTBa UMEIOT: a) BoJia; 0) caxap; B) COJb?
. UTo Takoe XMMUYECKHE CBOICTBA BelleCcTBa?
. Uto takoe siBnieHne? Kakue sinenus: Bol 3HaeTe?
. Kakue 310 sBicHus (Qu3nueckue M XMMUYECKHUe): a) TOPEHUE MarHus;
0) TuIaBJIeHHE JIbJIa; B) TIPEBPAIIICHUE BOJIBI B TIap; T') KATICHUE BOJIBI; 1) PACTBO-
pEHUEe Mea B KUCIIOTE.
10. YUto uzmensieTcs mpu GU3HMIECKUX SIBJICHUSIX ?
11. Yro u3meHsieTcs Mpu XUMUYECKHUX SBJICHUSX ?
12.Yto Takoe peareHt?
13. UTo Takoe MpoIyKThl peaKkiuu?
14. Kakue npu3HaKu XUMHUYECKUX peakiuii Bl 3HaeTe?
15. Yto uzyyaet xumus?
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1.2. ATOMHO-MOJEKYJSIPHOE YUYEHUE.
ITPOCTBIE U CJOKHBIE BEILIECTBA

ATOMHO-MOJIEKYJISIPHOE YUYE€HHE OOBSICHSET COCTaB M CTPOCHUE BEILIECTB.
OCHOBHBIE MOJI0)KEHUSI AaTOMHO-MOJIEKYISIPHOTO YUECHUS:

1. BemecTBa cocTOAT M3 MoOJIeKyJ. Moliekyjla — 3TO HaMMEHbIlas Ya-
CTHIIA BEIIECTBA, KOTOpasg COXPAHAECT €r0 XUMHUYECKHE CBOMCTBA. MOJIEKYIIbI
MMEIOT Maccy, pa3Mepbl, XUMUUECKUE CBOICTBA. MOJIEKYIIbl OJJHOTO BEILIECTBA
oJIMHaKOBbIe. MOJIEKYJIbI Pa3HbIX BEIIECTB UMEIOT Pa3HbI COCTaB, pa3HYyIO Mac-
Cy, Pa3HbI pa3Mep, pa3Hble XUMUYECKHE CBOMCTBA. Hampumep, BCe MOJIEKYIIbI
BO/IbI OJIMHAKOBBIE, @ MOJIEKYJIbI BOJIBI U XJIOPA Pa3HbIC.

2. MoJieKkyJibl COCTOSIT U3 aTOMOB. [Ipy XUMHUECKUX PEaKIHIX MOJCKY-
Tl UBMEHSIOTCS. ATOMBI HE U3MEHSIIOTCS IIPU XUMUYECKUX peaknusax. 13 ato-
MOB 00pa3yrOTCsi HOBbIE MOJEKYJbl. OUH BHJ aTOMOB HA3bIBACTCS XUMHUYE-
CKHM DJIEMEHTOM.

3. U3 aToMOB XMMHYECKHUX IJIEMEHTOB COCTOSIT MPOCTbIE€ U CJOKHbIE
BemecTBa. /lpocmoie sewjecmea — 3TO BEUIECTBA, KOTOPbIE COCTOAT U3 aTOMOB
oHOTO 31eMeHTa. CloodicHble geuyecnmea — 3TO BEIIECTBA, KOTOPHIE COCTOAT U3
aTOMOB pa3HbIX AeMeHToB. Cepa, BOIOPO, KUCIOPO, 030H, pochop, pTyTh —
ATO MPOCThIE BenlecTBa. Bojga u Men — cinoxkHbie BemiecTBa. [IpocThie U crox-
HbIE BEIECTBAa COCTOAT W3 3JIeMeHToB. Hampumep, Kuciopog — 3TO ras, Majio-
pactBopuMblid B Boze. Ero ¢gopmyna O,. D10 mpocroe BemiectBo. Kucmopon
BXOJIUT B COCTaB BOJIbI U B IAHHOM CJIy4ae SIBJISICTCS AJIEMEHTOM.

OnuH 7E€MEHT MOXKET 00pa30BaTh HECKOJBKO MPOCTHIX BEHIECTB. DTO SIB-
JIeHUE Ha3bIBaeTcs antomponueu. Hapumep, 31eMeHT Kuciaopoa oOpasyeT /Ba
mpocThIX BemecTBa — kuciaopod (Oz) u 030H (O3), 2IeMEHT yriaepo o0pa3yeT
MPOCTHIE BElIeCTBAa — TpaduT, ajiMas, KapOuH.

4. MosieKyJibl 1 ATOMbI HAXOASATCH B MOCTOSIHHOM JIBU:KEHUH. XUMHUYE-
CKHE€ PEaKIIMM — 3TO XUMHUYEcKasi (opMa JIBUKEHUSI aTOMOB U MOJICKYI.

5. B XxuMHYecKHX peakIuAX MOJIEKYJbl OJHUX BelleCTB NMpPeBPalIalT-
csl B MOJICKYJIbI IPYTHX BEleCTB.

Bonpocsl

1. U3 uero cocrost BeriecTna?

2. Uto Takoe mosiexyna?

3. 13 4ero cocTosiT MOJIEKYJIbI?

4. Yto HaA3BIBAETCS XUMUUYECCKUM DJIEMEHTOM?

5. Kakue BeliecTBa Ha3bIBAIOTCS TPOCTHIMU?

6. Kakue BemecTBa Ha3bIBatoTCsl CiioHbIMU? [IpuBeauTe mpuMepsl.

7. Kakoe sBjeHHe Ha3bIBACTCS ajlJIOTPONHEH?

8. B kakux mpumepax TOBOPHUTCS O XMMHUYECKOM 3JIECMEHTE, a B KaKUX —
0 TIPOCTOM BEIIIECTBE: a) SJISKTPOJI COCTOUT U3 IIMHKA; 0) JKelIe30 — 3TO METall,
KOTOPBII MPUTITUBAETCA MarHuToM; B) okcun sxene3a (II) cocrour u3 xkenesa
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U KUCJIOPO/Ia; T) BO3yX COCTOUT U3 a30Ta, KUCIOPOIa U JPYruX ra3oB; 1) Boja
COCTOMUT U3 KHCIIOpOJa U Bojopoia’?

9. Uro sBnseTcst XuMU4YeCKor (hOpMOid TBUKEHUS aTOMOB M MOJIEKY?

10. YTto nmpoucxXoAuT B pe3yabTaTe XUMHUUECKUX PEAKIIHii?

1.3. XUMWYECKUE CUMBOJIbI U ®OPMY.JIbI

Kaxnpii XUMUYECKUI 3JIEMEHT MMEET Ha3BAaHUE U XUMHYECKHU CHMBOJI
(3HaK). XUMHYECKHU CHUMBOJI — 3TO OJIHA WJIU JBE OYKBBI JIATHHCKOTO HA3BAHUS
anementa. Hanpumep, C (11€) — XUMUYECKUN CHUMBOJI YIVIEPOJAQ, JIATUHCKOE
HazBanue yriepoaa Carboneum; Cu (Kynmpym) — XUMHYECKHN CHUMBOJ MEIH,
JaTUHCKOE Ha3BaHue Meau Cuprum. XMMHUYECKHUE CUMBOJIbI, UX MPOU3HOIICHHE
U PYCCKHE Ha3BaHUSI HEKOTOPBIX 3JIEMEHTOB MPUBEAEHHI B Ta0. 1.

Tabnuya 1
Ha3BaHusi 4 XMMHYeCKHe CHMBOJIbI HEKOTOPBIX 3J1eMEHTOB
XuMHYEeCKHIl CHMBOJI IIpousHomenue Pycckoe HazBaHue

Ag Apresntym Cepebpo
Al AJTFOMUHHI ATFOMUHMIN
As ApceHukyMm MpIbsK
Au Aypym 30510TO
Br bpom bpom

C Ie Yriepon
Ca Kanpuuii Kanpuumii
Cl Xiop Xop
Cu Kynpym Menp

Fe deppym Kenezo
H Am Bonopon
He I'ennii ["ennii
Hg I'uppapruym PryTh

K Kanuit Kanuit

N OH A30T
Na Hatpuii Hatpuii
@) O Kucnopon
P Ile dochop
Pb [TmromMOym CBuHely
S Oc Cepa

Sb Ctubuym Cypbpma
Si Cunuiym Kpemuwuii
Sn CranHyM Onoso
Zn Hunx uuk

[Ipy momomM XMMHYECKHMX CHUMBOJIOB HUIIYT XHUMHYECKHE (HOPMYJIBI.
Xumuueckas GopMmysa — 3TO BbIpaKEHUE KaUYECTBEHHOI'O M KOJIMYECTBEHHOTO
COCTaBa BEILECTBA C MOMOIIBI0 XUMUYECKHX CUMBOJIOB U HHJIEKCOB. MIHaEeKC —
3T0 1udppa B ¢Gopmyse. OHa NOKA3bIBAET YUCIO aTOMOB Ka)KIOTO AJIEMEHTA



B MoJekyie BemiectBa. Hampumep, B dpopmyne N,Os, N 1 O — 3TO CUMBOJIBI
a30Ta ¥ KUCI0poaa, LUPphl 2 U 5 — UHAEKCHI.

XHMMHUYECKHE CUMBOJIBI 0003HAYAIOT:

1. Ha3BaHnue snemeHTa.

2. OuH aToM (MOJIb) DJIEMEHTA.

3. OTHOCHUTENBHYIO aTOMHYIO MacCy JIEMEHTA.

4. KonuyecTBo BelecTBa (MOJib) — OJIMH MOJIb aTOMOB.

5. MosnsipHyto maccy.

Xumuyeckue GopMyIibl 0003HAYAIOT:

1. Ha3BaHue BemecTsa.

2. OgHy MoJeKyty (MOJb) BEIECTBA.

3. OTHOCUTENBHYIO MOJIEKYJISIPHYIO MacCy BEILLIECTBA.

4. KauecTBEHHBIM COCTaB BEIECTBA (M3 KAKUX 3JIEMEHTOB COCTOUT Belle-
CTBO).

5. KonnuecTBeHHBIM cocTaB BemecTBa (CKOJIBKO aTOMOB KaXKJI0TO 3JI€MEH-
Ta B MOJICKYJIE BELIIECTBA).

[Mudpa, koTOpast CTOUT Nepes XUMUYECKUM CUMBOJIOM WX (POpPMYJIOH, To-
Ka3bIBAET YMCIIO aTOMOB WJIM MOJEKYJ. DTH UU(PBI HA3bIBAIOTCS KOIPhuyuen-
mamu. Hannpumep, 7H — 310 cempb atoMoB Bonopoaa, SH,; — 3To msaTe Monekyn
BOJOPOJA.

Bonpocs! 4 ynpaxkHeHust

1. Yrto Takoe XUMUYECKUN CHMBOJI?

2. Yto 0003HaYaeT XUMUYECKUI CUMBOJI?

3. Uto Takoe xumudeckas popmyJia?

4. Yro obo3HavyaeT xumMudeckas ¢hopmyina?

5. Uto mokassIBaloT: a) HHAEKC; 6) KodhPuimeHT?

6. Hanumure xumudeckue (OpMyJibl BEIIECTB, B KOTOPBIX COAEPIKaTCS:
a) OJIMH aTOM JKejie3a U TPU aToMa XJiopa; 0) JBa aToMa aIFIOMUHHS U TPH aToMa
KHCJIOpO/a; B) aTOM KaJIbIUS, aTOM YTJIepoJia U TPX aToMa KUCJIOpOo/a.

7. HanumuTe XUMHYECKUE CUMBOJIBI CIACAYIOIIUX AJIEMEHTOB: a30Ta, KHC-
Jopoaa, pTyTH, xenesa, Hatpusi, pochopa, xaopa, KaabIus, BOAOPOIA.

8. HazoBute xumunueckue snementhl: Fe, Ag, O, H, C, N, Ca, Cu, Na, K,
Zn, He.

9. Uto obo3nauarot 3anucu: 4H, 2H,, HgO, 5Fe, 3H,S0,?

10. IpounTaiite popmynsl  BemectB: CuSQ4, Fe(OH);, Mg(OH),,
Mgg(PO4)2, H3;PO,, H2804,Aggo.

11. U3 kakux sneMeHTOB coctosaT BemiecTBa: AgNOs, Fey(SO4)s, ZNSOy,
AgNO;, PbS, CaCO3, Mg(NOs),?

12. Onpenenute KonuMuecTBeHHBINH coctaB BemecTB: MgO, Fe,S;, MgCOsg,
N,Os.



13. Hanumure QopMynsl BemiecTB: (peppyM-o-all TPHXKILI, KyNpyM-o,
KaJIbIUI-11e-0-TPH, apTeHTYM-/IBa-3C-0-9EThIPE, M3-1Ba-0-TISITh, MATHUH-TPHU-TI3-
0-9EThIPE JBAXKIBI.

1.4. OTHOCUTEJIBHASI ATOMHASI MACCA.
OTHOCHUTEJBHASI MOJIEKYJISIPHASI MACCA

AbcomoTHass atomMHass macca (M) — 3TO Macca aroma, BBIpaKEHHas
B rpamMmax (T), kmiorpammax (kr). Macca atoma — O4eHb MaJIeHbKasi BEJIUYU-
Ha: M, (H) = 1,66-10_27 KI' WIN 1,66-10_24 r (omHa 1eyasi MEeCThACCAT IIECTh
COTBIX, YMHOKE€HHAasi Ha JIECSITh B MHUHYC JIBa/IlIaTh CEAbMOUN CTENEHU KUJIO-
IrpaMMOB WJIM OJ[HA IieJiasg MIECThAECIT LIECTh COThIX, YMHOXKEHHAs Ha JIECSTh
B MUHYC [Ba/([aTh YeTBEPTOH CTEIeHH rpaMmoB); M, (C)= 2,0-10 *° kr, m, (0) =
2,66-10 %° kr. Ha mpaxTike ISl M3MEPEHHsI aTOMHBIX MACC IPHMEHSIOT aTOM-
HYIO €JIMHUILY MacChl (a.e.M.).

ATOMHAasl elMHUIIA Macchl (a.e.M.) — 3To 1/12 9acTh Macchl aToMa yrie-
pona (12C). Macca aroma yriepona paBHa 12 a.e.Mm. uim 2,0-10 % kr, a macca
l a.e.m. paBHa:

1 a.e.m. = m, (C)/12=2,0-10 ®°kr/12 = 1,66-10 %' kr.

OTtHotieHue Maccel atoMa K 1/12 yactu Macchl aToma yriepojia Ha3bIBaeT-
cst omnocumenvrot amomuou maccou (Ay). OTHOCUTEIBHYIO aTOMHYIO Maccy
sreMeHTa X MOKHO BBIYUCIUTE 10 hOpMyJie:

Al(X) =m, (X)/1 a.e.m.
Hampuwmep: A(H) = m, (H)/1 a.e.m. = 1,66-10 *"xr/1,66-10 %" kr = 1;
A(O) =m, (0)/1 a.e.m. = 2,66-10 *°kr/1,66-10 %" kr = 16.

3HaueHUs OTHOCUTENBHBIX aTOMHBIX MAacC BCEX XMMHYECKHX DSJIEMEHTOB
JIaHbl B IEPUOANYECKON CHCTEMe XUMHUYECKUX dJIEMEHTOB.

OTHocHTeNbHAs aTOMHAsi Macca 3JEMEHTa MOKa3bIBAaeT, BO CKOJBbKO pa3
Macca ero atoma Oosnblue, ueM 1/12 yactb maccel atoMa yriepona. Hano pasznu-
4aTh OTHOCHUTEJIBHYIO aTOMHYIO Maccy (Oe3pa3sMepHYI0 BEIMYMHY) U Maccy
aTOMOB, KOTOPYIO U3MEpPSIOT B aTOMHBIX €IMHUIAaX Macchl. VX uncieHHble 3Ha-
qeHust paBHbl. HampuMmep, macca aToma KHCIOpoga B Kr paBHa 2,66-10 %
B a.e.M. — 16, OTHOCHUTENIbHAS aTOMHAs Macca KMciIopoaa paBHa 16.

Maccy MoJeKy Takke U3MEPSIIOT B aTOMHBIX €IMHHUIIAX Macchl. MoJieKy-
JISPHOM MacCcCoii BelecTBa Ha3bIBAIOT MACCy MOJICKYJIbl B aTOMHBIX €MHUIIAX
MaccChl.

Omuocumenvhas monexynapuas macca sewecmea (M) — 3TO OTHOIICHUE
MAacChl MOJIEKYIbI K 1/12 gacTu Maccel atoma yriepoaa (°C). OTHOCHTeNbHAs
MOJIEKYJISIpHAsi Macca paBHa CyMME OTHOCHUTEJIbHBIX aTOMHBIX MacC aTOMOB, U3
KOTOPBIX COCTOMT MoJieKyia. Hampumep, oTHOCUTENbHAs MOJIEKYJIsIpHas Macca
Bozbl paBHa: M(H,0) = 2A,(H) + A(O) = 2-1 + 16 = 16. OTHOCUTETHHAS MOJIE-
KyJIsIpHas Macca BELIECTBA MOKa3bIBAET, BO CKOJILKO pa3 mMacca MOJEKYJIbI Be-
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miectBa OoJible, yem 1/12 gacth Macchl aToma yriepoaa. Hanpumep, oTHOCH-
TeJbHAs MOJIEKYJISIpHAasi Macca BOJbI MOKa3bIBAET, UTO Macca MOJEKYJIbI BOJIbI
B 18 pa3 Oonbie 1/12 yactu maccel yriepoaa. OTHOCUTEIbHAS MOJICKYJIIpHas
Macca — Oe3pa3MepHasi BeJIMYrHa.

Bonpocel 1 ynpakHeHus

. B kakux equHUIIAX H3MEPSIOT MacCy aTOMOB?

. Uto Takoe aTOMHAas ¢IMHHIIA MAcChI?

. Uto Takoe OTHOCHTEIbHAS aTOMHAas Macca?

. UTo moKka3pIBaeT OTHOCUTENIbHASI aTOMHast Macca?

. Uto Takoe oTHOCHTEIbHAST MOJICKYJISIpHAs Macca?

. UTo moKa3pIBacT OTHOCUTEIIbHASI MOJIEKYJISIpHAs Macca?

. Uemy paBHa OTHOCHUTEbHAS MOJICKYJIIpHas Macca?

. Bo ckompko pa3 macca atoma: a) yriepoaa, 0) KHCIOpoJa, B) CEpHI,

r) xKelesa, 1) pocdopa Gombie, gem 1/12 yacts Maccs atoMa yriaepona (2C)?
9. Onpenenure OTHOCUTENBHBIE MOJEKYJsipHbIE Macchl BemecTB: HNOg,

KOH, ZnS0O,, Fe,03, MgCO3, Mg3(PO4)2, A|2(804)3

coO~NO OIS WN -

1.5. KOJJMYECTBO BEILECTBA. MOJIb. MOJISIPHASI MACCA

KosmuecTBo BemecTBa (V) — 3T0 (hU3MKO-XUMHUYECKash BEJIUYMHA, KOTO-
pas MOKa3bIBaeT YUCJIO 4acTull (MOJIEKYJd, aTOMOB, HOHOB U JIp.) B BEILECTBE.
Ennnaniienn konnuyecTBa BENIECTBA SIBJISIETCS MOJBb. MOJIb — 3TO KOJIUYECTBO
BEILIECTBA, KOTOPOE COJEPKUT CTOJIBKO YAaCTHIl, CKOJBKO COJIEPKHUTCSI aTOMOB
yriaepoza B 0,012 kr (12 r) yrmepoga — 12 (**C). Oxuu Moub BelecTsa comep-
)it 6,02-10° Molnexyr, aTOMOB MIM APYTHX YacTHIL DTO UHCIO HA3BIBACTCS
nocmosunot Aeoeadpo m obo3zHayaercss N,. IloctosiHHyt0 ABOraapo MOKHO
paccumMTaTh: ecn Macca (M,) OJHOro atoma yriepoxa pasaa 2,0-1072° kr, To
yucio atomoB B 12 r (0,012 kr) yriepoaa paBHoO:

Na=0,012 kr/momb/2,0-10*° kr=6,02-10°° mons .

B 1 Mmose Boabl 6,02-1023 MoJIeKyd Bojbl, B 1 Monb—arome kuciopona (O)
6,02:10*° atomoB kmcimopoma, B 1 Moas—Monekyie kuciaopoma (O,) 6,02-10%°
MOJIEKYJ Kuciopoaa. Mexay uucioM dactul] N U KOJW4YeCTBOM BeIEeCTBA V
ecTh 3aBUCUMOCTh: N = Na- v, rie Nao — mocTosinHast ABoraapo.

Macca ogHOTO MOJISI BEIleCTBa Ha3bIBACTCSA MOJISIPHOM Maccoi (M) u us-
MepseTCs B KI/MOJIb WK T/MoJib. MoJisspHast Macca (M) paBHa OTHOIICHUIO Mac-
Cchl BelecTna (M) K ero KOJIMYECTBY:

M=m/v.

YuciioBoe 3HaYE€HNE MOJISIPHON MAacChl BEIIECTBA B T/MOJIb PaBHO OTHOCH-
TEIHLHON MOJIEKYJIsSIpHON Macce M,, eciau BEmecTBO COCTOUT M3 MOJICKYJ, WU
OTHOCHUTEJILHON aTOMHON Macce A;, eclii BEHIeCTBO COCTOMT U3 AaTOMOB.
Hanpuwmep:

kamuii K A; =39; M = 39 r/moib
10



a3oT N, M, = 28; M = 28 r/moib
rugpokcua Hatpusd NaOH M, = 40; M = 40 r/moib
asorHas kuciiora HNO; M, = 63; M = 63 r/moib

Bonpocsl 1 ynpakHeHus1

1. Uto Takoe KOJMYECTBO BeliecTBa?

2. B xakux equHUIIAX U3MEPSIOT KOJIMYECTBO BEIIECTBA?

3. Urto Takoe MoJb?

4. Yto Ha3bIBaeTCs MOJISIPHOM Maccon?

5. B kakux equHHUIIAX U3MEPSIOT MOJISIPHYIO Maccy?

6. Onpenenure Mossspabie Macchl BemecTB: MgO, HCL, FeSOy, Aly(SO,)s.

ITAJIOHBI pelIeHUs 32424

1. Ckosbko aTOMOB B IBYX MoJisx (ocdopa?
Jlano: Pewenue:

v(P)=2momb | N =Nu v, N(P) = 6,02-10% moms -2 mois = 12,04-10%.

Haimu: N(P) ‘ Omesem: 12,04-10% atomos.

2. B xakoM KOJMYECTBE BEIIECTBA COICPKHUTCS 1,20-10% MOJIEKYH BOABI?
Jlano: Pewenue:.
N(H,0) = 1,20-10% | N = Na-v;, v=N/Ng;
MOJIEKYJI v (H,0)=1,20-10**moneky::6,02-10° monexyn-Mop - =
0,02 mous.

Havimu: v (H,0) Omeem: 0,02 MOMb.

3. Onpenenure macey 0,5 moinb pocdara kanmus K3PO,.
Jlano: Pewenue:
v (K3POy) =0,5 Mo | M =m/v; m = M-v;, M((K3PO,) = 212;
M(K3POy4) = 212 r/monb;
m(K3PO,4) = 212 r/momb-0,5 moas = 106 .

Haumu: m(K3POy) Omeem: 106 T.

4. CxonbKo MoJiel U MoJieKya B 22 T yriekucioro raza CO,?
Jlano: Pewenue:
m(CO,) =22 M =m/v; v=m/M; M(CO,) = 44; M(CO,) = 44 r/moub;
v (CO,) =22 r /44 r/moinb = 0,5 moab; N = Na- v,
N(CO,) = 6,02-10% momnexym-Moub 0,5 MOIb =
3,01-10* moneky.

Haiumu: VCO,); Omeem: 0,5 monb; 3,01-10% monexyu.
N(COy,)
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5. KakoBa macca (B rp) 0JTHOH MOJIEKYJIbI BOJIbI?
Jlano: Pewenue:
N(H,O) =1 m (omuoit mosaekyibl Bogasl HyO) = M/N,; My(H,0) = 18;
M(H,0) = 18 r/mob;
m (oxHoit Mouekyis! Boxsl H,0) = 18 r/moms/6,02-10%
1 _ 23
moib - =3,0-:10“°r.

Haiimu: m (oxHo#t | Omeem: 3,0-10 2° r.
MOJIEKYJIbI BOJIbI)

3agaum

1. Cxonbko Mousiekyn copepxkurcsa: a) B 0,5 monst yraekucioro raza COpy;
0) B 3 monsix cynbdara xenesa (I1)FeSO,4; B) B 128 1 kucnopona; r) B 98 r cep-
HoM kucaoTel H,SO,?

2. B xakoM KoimdecTBe BemectBa comepxkarcs: 18,06-:10°° momnexyn H,0:;
0) 3,01-1022 mousiekyn HNOj; B) 1,8-1022 atomoB C; 1) 6,02-1020 MoJiekys1 COy;
1) 12-10%® atomos S; e) 0,6-10%° atomos Fe?

3. Onpenenute maccy: a) 5 mosb Al; 0) 0,2 mons Hy; B) 10 mone COy;
1) 0,25 moib Oy; 1) 0,01 moms HNOg; €) 2,5 Mok Na.

4. Ckonpko moiet cocraBisaroT: a) 18 © HyO; 6) 98 r HySOy; B) 10 T
MgCl,; r) 80 r NaOH; 1) 50 r CaCO3?

5. CKOJIbKO aTOMOB BCEX 3JIEMEHTOB COJECPKUTCA: a) B Boje maccoit 36 r;
0) B ammuake NHj maccoii 34 r; B) B xsopoBongopoae HCI maccoii 2 r?

6. Onpenenure mMaccy: a) MoeKysIbl Np; 0) monekynsl NHs; B) atoma Al;
r) atoma Na; 1) atoma S.

1.6. YNCTBIE BELIECTBA U CMECH.
3AKOH MOCTOSIHCTBA COCTABA

Yucrele BemecTBa COCTOSAT U3 MOJIEKYJ OJHOTO BellecTBa. YnCThIe Bellle-
CTBa MMEIOT TOCTOSIHHBIE (pu3nueckue cBoicTBa. CMecCH COCTOSIT U3 MOJEKYI
paznu4HBIX BemiecTB. Kaxaoe BemecTBo B CMECH COXpaHseT CBOM (hU3MUYECKUE
cBoricTBa. CMeCh MOYXHO pPa3/IeNIuTh Ha BELIECTBA, U3 KOTOPBIX OHA COCTOMT.
Hanpumep, u3 cmecu kene3a M Cepbl KEJNE30 MOXKHO BBIJICIUTH C MOMOIIBIO
MAarHuTa; cepy — IyTEeM PACTBOPEHUS €€ B OPraHMYECKOM pacTBopuTene (cepo-
yriepoae).

Jlns uncThixX BemiecTB dpaniy3ckuil yuensiit XKozed Ilpycr chopmymupo-
BAJI 3AKOH MOCTOSIHCTBA cocTaBa: «Kaxgoe 4ucToe BEemecTBO UMEET OCTOSIH-
HbIM KQYECTBEHHBIN U KOJMYECTBEHHBIN COCTAB, KOTOPBIA HE 3aBUCUT OT CIIOCO-
OOB MOJy4YeHHUsi ATOro BemiecTBa». Hampumep, BojJa COCTOMT M3 BOAOPOAA
1 Kucjopoja (kauecTBeHHBIN cocTaB), KomnuecTBeHHBIN cOCTaB BOJIBI OMpeie-
JSAIOT B MAacCOBBIX JIOJSAX BOAOpPOJA M Kuciaopoxa. MaccoBasi 1015l 3JIeMeH-
TA — OTO OTHOLICHUWE OTHOCUTEJIIBHOM AaTOMHOM MAacCChl JaHHOTO 3JIEMEHTA,
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YMHO>KCHHOM Ha YHCJIO €r0 aTOMOB B MOJICKYJIC, K OTHOCUTEIBLHON MOJICKYJISP-
HOW Macce BEIIeCTBa:
o(X) = Al(X)-n/M; wmn o(X) = A(X)-n/M,-100 %,

rae o(X) — maccoBas jgonst anemeHTa X; A/(X) — oTHOCHTENbHAs aToMHas
Macca 3JeMeHTa X; N — 4YKCI0 aTOMOB dJieMeHTa X B MOJICKYJIC BEIICCTBA;
M; — OTHOCHTEJIbHAs MOJICKYJISIpHAs. Macca BEIECTBA.

MaccoByo JI0JTHO 37IEMEHTA BBIPAYKAIOT B JIOJIAX €AWHUIIBI WJIH B IPOLICHTAX.

Bojay MOXHO MOJy4nTh pa3HbiME criocobamu. YucTas Boja BCerjia MMeeT
OJIMHAKOBBLIM COCTAB.

Bonipochl 1 ynpaskHeHHsI

1. Kakue BeriecTBa Ha3bIBAIOTCS YUCTHIMU?

2. Uto Takoe cmecu? [IpuBenuTte mpuMepsl.

3. ChopmynupyiiTe 3aKOH MMOCTOSTHCTBA COCTABA.

4. OnpenenuTe MaccoByro a0ii0 (B %) kucimopona B BemecTtBax: a) N,Os;
6) COz, B) F€203; F) A1203.

5. Onpenenute MaccoByto 1010 (B %) cepsbl B BemecTBax: a) SOy; 6) H,S;
B) H,SO4; 1) SOs.

6. B kakoit macce: a) CaCOg; 6) CaO; B) Ca(OH),; r) CaSO,4 conmeputcs
20 1 kanpnua?

7. Kakas macca xenesa coaepxkutcs B 80 r: a) FeO; 6) Fe,03; B) Fez0,4?

1.7. BATIEHTHOCTb.  PAOMUECKHUE ®OPMY.1bl BEILIECTB

BaJjieHTHOCTB — 3TO CLIOCOOHOCTH OJTHOTO aTOMa AJIEMEHTa MIPUCOCAUHSITh
OTIpeIeTIEHHOE YUCIIO aTOMOB JPYTOro dJeMeHTa. BaneHTHOCTh diieMeHTa paBHa
YUCITYy XUMHUYECKUX CBs3eil. ATOM BOJOpoAa Bcerma oOpa3yeT TOJBKO OJHY
CBSI3b, IOATOMY €T0 BAJICHTHOCTHh paBHa efauHuIe. Bogopon B cBouMx coeauHe-
HUSX BCETJa OJHOBAJCHTEH. B coelMHEHUsSX ¢ BOAOPOJIOM BAJIEHTHOCTH JJie-
MEHTa paBHA YHCIY aTOMOB BOJIOPOJAA, KOTOPHIE MIPUCOEANHSIET aTOM AJIEMEHTA.
B coenunennu HF BanentHoCTh (hTopa (F) paBna I, B coenunenun H,O BaneHT-
HocTh kuciopoza (O) pasua II, B coenunennn PHj3; BasientHOoCTh (hochopa (P)
pasHa III, B coemuaennn CH, BanenTHocth yraepona (C) pasna V.

Kucnopon B coenquHeHHsIX BCeraa JABYXBaJeHTEH. BaneHTHOCTh ayeMeHTa
MO3KHO OMPEIEIATh 10 (POopMyJie ero KUCIOPOAHOTO COCTUHEHUS:

nno m m mviao v I

I 1
N,0,CO, Al,0,,S0,,P,0,.

EcTh pleMEHTBI C MOCTOSHHOW M MEPEMEHHOM BaJIEHTHOCTBIO. JJEMEHT
C NOCMOSHHOU 8ANeHMHOCHbI0 BO BCEX COCAMHEHUSX MMEET OJIMHAKOBYHO Ba-
JIEHTHOCTh. Hampumep, 37€MEHTBI HATPUM, KaJdvi, BOJOPO, JIMTUKA BCErAa OJ-
HOBAJICHTHBI; 3JIEMEHTHI KaJIbLIMM, KUCIOPO, Oapuid, IIMHK BCEr/a JIByXBaJICHT-
HBI; DJIEMEHThI aJIFOMUHUM, OOp BCETJa TPEXBAJICHTHBI. DJIEMEHT C MEPEMEHHOM
BAJIEHTHOCTBIO B PA3HBIX COCAUHEHUSX UMEET pasHyio saneHmHocms. Hampu-
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Mep, JKele30 uMmeeT BajieHTHOCTh aBa U TpH (FeO u Fe,03); cepa umeeT BaneHT-
HOCTb JIBa B coeuHeHn H,S, yeTsipe u mects — B coenquHeHusx SO, u SO;.

BasleHTHOCTh 3J€EMEHTOB MOXHO ONPEICIUTh MO (QopMylie BEIIECTBa,
a ¢hopMyIy BEIIECTBA MOXKHO COCTABUTH 110 BaJIECHTHOCTH JIEMEHTOB.

OnpenenuM BajeHTHOCTh Xpoma B okcujae xpoma (CrOjz). IlycTh BasieHT-
HOCTh Xpoma paBHa X. BameHTHOCTH KHCTOpoaa paBHa aBym. Torma X-1=2-3;
orctoga X = 6. BaientHocTh Xpoma B CrO3 paBHa VI.

CocraBum (popmyiy coeMHEHUs, KOTOPOE COCTOUT M3 Maprasiia (BajeHT-
HocThk VII) m xucnmopoga (BanentHocts II): Mn,O,. Haxonum HamMmeHbIIee 00-
miee KpaTHoe uuceln 7 u 2; oHo paBHO 14. Jlenum ero Ha BaJ€HTHOCTh MapraHiia
(X =14 :7 =2) u nojxy4aeM 4UCIO aTOMOB MapraHiia. 3aTeM JeJIUM HauMEHBIIICS
oOl1iee KpaTHOE Ha BaJICHTHOCTH Kuciopoaa (y = 14 : 2 = 7) u noiaydaeM 4uciio
aToMoB kuciopoa. @opmyna coequHenus Mn,O; — okcug mapranna (VII).

3Has BAJICHTHOCTH JIEMEHTOB, MOKHO COCTaBIJIATH Ipapuyeckue popmy-
JbI BemecTB. B rpadudeckux GopMynax Kaxayr €IUMHHIY BaJICHTHOCTH 000-
3HAYAIOT YEPTOUKOM:

H-O0 . 0
H,0 H-O-H  H,S0O, s”
/N
H-0
O=P-0-P=0
H-N-H
NH; | P20s [ |
H O O

I'paduueckue GpopMybl MOKA3HIBAIOT MOPSAIOK COSTUHEHHS] aTOMOB B MO-
JIEKYJIaX ¥ BAJICHTHOCTh KaXXAOTO JIEMEHTA.

Bonpocs! U ynpakHeHust

1. Yto Ha3bIBaeTCs BAJICHTHOCTHIO?

2. HazoBute 0THOBAJICHTHBIE, IBYXBAIICHTHBIC M TPEXBAJICHTHBIC 3JICMCHTHI.

3. HazoBuTe 251eMEHTHI C IOCTOSIHHOHN BaJICHTHOCTHIO.

4. HazoBuTE 3JIEMEHTHI C IEPEMEHHON BaJICHTHOCTBIO.

5. OnpenenuTe BalEHTHOCTH deMeHTOB B coenunenusx: HgO, N,O3, PHj3,
ASZO5, MnOZ, Mn207, C|207, Ni203, CaHg.

6. CoctaBbTe OpMYIIBI COSAUHEHUN AIEMEHTOB ¢ KuciaopoaoMm: menu (I),
memu (II), xxenesza (II1), Bomsdpama (VI), xenesa (1), cepwr (VI), omora (IV),
mapranna (VII).

7. CoctaBbTe opmynbl coequHeHui dreMeHToB ¢ xjiopom (I): 6apus (II),
onoBa (IV), docdopa (V), narpus (1), nuaka (II), xenesza (III), maraus (1), yr-
nepoaa (I1V), amomunus (I11).

8. Uto noka3siBatoT rpadudeckue Gopmybi?
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1.8. 3AKOH COXPAHEHMUSI MACCBI BELLIECTBA.
XUMHUYECKUE YPABHEHUS

3akoH coxpaHeHHMsi Macchl BemlecTB GopMynupyercs Tak: «Macca mc-
XO/JHBIX BellleCTB PaBHA Macce MPOAYKTOB peakuumw». Hanpumep:

NaOH + HNO;z; = NaNO; + H,0,
m; mo M3 My
rje My, M, — Macchl UCXOAHBIX BEIIECTB, KOTOPHIE BCTYMAIOT B PEAKITHIO; M3,
M, — Macchl TPOAYKTOB, KOTOPBIE 00pa3yroTCs MOCIe OKOHUYAHUS PEAKITHH.
3aKOH COXpaHEHHUS] MACChl BEIIECTB MPUMEHSIOT MPU COCTABICHUH XUMHU-
YECKUX YPaBHEHUM.
XuMHYecKoe YpaBHeHHe — 3TO YCIIOBHAsS 3alMUCh XUMHYECKON PEeaKIiu
IPU MTOMOIIU XUMHYECKUX (Gopmys. YUKHCIIO aTOMOB Ka)JI0TO 3JIE€MEHTa B JIEBOM
YaCTH YPaBHEHUS IOJDKHO OBITH paBHO YKCITY aTOMOB KaXKJIOTO AJIEMEHTa B Ipa-
BOM yacTu. bamaHnc aToMoB fienatoT npu nomoiu ko3gguyuermos. Koshduim-
eHTBI Tiepe]T GOpMyJIaMU B XUMUYECKOM YPABHEHHMH MOKa3bIBAIOT YUCIIO MOJICKYIT
WJIM MOJIEH KaXKJIOTO BEIIECTBA, KOTOPBIE YYacCTBYIOT B peakiuu. Hampumep:

H,SO, + 2NaOH = NasSO, + 2H,0
1 moniekysna 2 MOJIEKYJIbI 1 Monekyna 2 MOJIEKYJIbI
1 monb 2 Mons I monb 2 Mons
98r+80r=178r 142r+36r=178r.

[1o XMMUYECKUM ypaBHEHHUSIM IPOBOJSAT KOJIMYECTBEHHBIE PACUETHI.
Bonpocs! U ynpaxHeHust

1. ChopmynupyiiTe 3aKOH COXPaHEHHUS MACChI BELIECTB.
2. Yto u3MeHseTcs MPH XMMHUYECKUX PEaKIUAX: YMCIO aTOMOB HIIM YK CIIO
MOJIEKYJT?
3. s 9ero nmpuMeHSIETCs 3aKOH COXPAaHEHHUS MacChl BEIIECTB?
4. Yto Takoe XUMHYECKOE ypaBHEHHE?
5. Uto moka3siBatoT KO PUIIMEHTHI Tiepea GopMysiaMHu BEIIECTB B XUMU-
YECKUX YPaBHECHUSX?
6. PaccTtaBbTe KO PUIIMEHTHI B CIEAYIOIUX XUMUUYECKUX YPAaBHEHUSX:
a) K+ HZO — KOH + H,;
6) A1203 + HCl > A|C|3 + HZO,
B) P+ 0O, - P,Os;
r) Ca+ O, —» Ca0;
1) Al;,Oz + HySO4 — Aly(SOy); + Hy0;
e) FE(OH)g + H,S0, —» Feg(SO4)3 + H,0;
)K) Fe,O; + Al - Fe + AI203.
7. 3aKOHYUTE YPaBHCHUS XUMUYCCKHUX PEAKITU:
a)Zn+Cl, > ?
0)Al+ 0O, > ?
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B) FCZO3 + HCl > ? + HZO,
r) Fe + ? — FeCl;;

1) A(OH)3 — 2 + Hy0:

e) Mg + HCl — 2 + H,.

ITaJIOHBI pelIeHus 32124

1. Ckoabpko rpaMMOB BOJBI HY>KHO JJIA IIOJTY4YCHUA 8T KHCJIopoaa 110 pcak-
o 2H20 = 2H2 + Ogr)

Jlano:
m (02): 8T

Pewenue:

m = v-M; M(H,0) = 18 r/monb; M(O;) = 32 r/mons. Ilo
ypaBHenuto peakuuu M(H,0) = 2 monb-18 r/monb = 36 1,
m(O,) = 1 Monb-32 r/Mosib = 32 T coCTaBisieM MPOIOp-
mnro: x/36 r=8r1/321;x=8r-361/32r=971.

Omeem: m(H,0) =9 .

Haiimu: m(H,0)

2. Cxonbko rpammoB Hutpara mean (II) — Cu(NOs), obpasyercs npu B3a-
nmogericteuu 8 r okcuaa Mear (1) — CuO c¢ azotHo# kucimoroir — HNO3?

Jlano:
m (CuO)=8r

Haumu: mCU(N03)2

Pewenue:

Harnumewm ypaBaenue peakiuu: CuO + 2HNO; =
Cu(NOs3), + H,O; M(Cu) = 80 r/moJ1b.

MCu(NO3), = 188 1/ M0JIb; 110 YpaBHECHHIO PEAKIUH:
m(CuO) = 1 monb-80 r/moms = 80 T;

m Cu(NOgz), = 1 moap- 188 r/mons = 188 1; U3 ypaBHEeHUS
PEaKIuu COCTABJISIEM IPOTIOPIIHIO:

u3 80 r CuO ob6pasyercs 188 r Cu(NOs),;

u3 8 r CuO o6pasyercs x r Cu(NOs3),,

orkyna: 80r: 188 r=8r:x,x=(8r-188r): 80r=18,8 1.
Omeem. m Cu(NO3), = 18,8 r.

3. Ckoabko rpaMMoB cyiabbuaa sxenesa (I11) — FeS ob6pasyercs npu Harpe-
BaHUU CMECH 8 T cephl U 28 T xeine3a?
Jlano: Pewenue:
m(S)=8r Hanumem ypaBaenue peakiuu: Fe + S = FeS; u3 ypaBHeHus
m(Fe) =28 r | peakuuu BUIHO, 4TO 1 MOJIb KeJe3a B3auMOJICHCTBYET ¢ 1 Mo-

JIEM CephI; I peakiuu B3sATo: v= 8 r : 32 r/moab = 0,25 Moib
cepel 1 V=28 1 : 56 r/mo1b = 0,5 MOIb JKele3a; clie0Ba-

Haumu: m(Fe) | TenbHO, *kee30 AaHO B U30BITKE M TTOITOMY OHO OCTAeTCs T0-

ciie peakuuu; maccy FeS BBIUMCISIOT MO cepe, KOTopas BCs
BcTymnaeT B peakiuio: M(FeS) = M-v = 88 r/mo1p-0,25 Momb =
22 1.

Omeem: 22 1.
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3agaun

1. ITpu paznoxxenuu 4,34 r okcuna prytu (HgO) obpaszosaniocs 0,32 1 kuc-
aopoja. CKoIbKO rpaMMOB PTYTH 00pa30Bajioch?

2. CKOJIbKO TPaMMOB KHCJIOpOa MPOPEarupoBalio ¢ MeIbI0, eClii 00pa3o-
Basioch 8 T okcuaa meau (11)?

3. Ilo ypaBuenuto 2AI+3S=Al,S; Haiigute maccy cyibpuaa amOMUHUA
(Al,S3), ectm B peakiuio BeTymaet 4,5 T aTFOMUHHUSL.

4. CKOJIbKO TPaMMOB Cepbl B3aUMOJICHCTBYET ¢ 7 T )kelie3a C 00pa3oBaHUEM
FeS?

5. CKOJBKO IPaMMOB CEPHOM KUCIOTHI B3auMoAeicTByert ¢ 10 r rugpokcu-
na xamust (KOH) mo ypaBaenuro H,SO, + 2KOH — K,SO,4 + 2H,07?

6. Cxospko MoJiel kuciaopoja BecrynaeT B peakiuio ¢ 31 r pocdopa, ecnu
obpazyercs P,05?

7. Cxomnpko moneit CO, obpazyercs mpu paznoxenuu 60 r CaCOs3?

8. CkonpkO TpaMMOB BOJBI 0oOpa3yercs mpu HarpeBanuu 0,75 T Bojgopoja
u 4 r xucnopojaa?

9. Cxonpko rpammoB P,0s5 obpasyetcst npu B3aumonerictsuu 1,24 1 ¢oc-
dopa c 3,6 T kuciaopoaa?

1.9. 3AKOH ABOT'AJIPO. MOJISIPHBIN OB BEM I'A3A

3akoH ABoraapo: B paBHbIX 00bemax (V) paznmuyHBIX ra3oB MPU OJUHAKO-
BBIX yCIIOBUSX (Temmeparype 7 U NaBiieHuU P) CONEepXKUTCS OJUHAKOBOE YHCIIO
Mosiekysl (N). DTOT 3akoH ObUT OTKPBIT MTAIbSHCKUM y4€HbIM A. ABOraapo
B 1811 ronay.

CnencTtBus U3 3aKkoHa ABOTrajpo:

1. OguHAKOBOE YMCIIO MOJIEKYJ PAa3IMYHBIX Ta30B MPU OJIMHAKOBBIX (PU3H-
YECKUX YCIOBHUSAX 3aHUMAIOT OJIMHAKOBBIA 00beM. [Ipyn HOpMAaNBbHBIX YCIOBUSAX
(1.y.) 1 monp nroboro raza 3anumaer oobem 22,4 1. HopmanbHble yCIOBUS:
t = 0 °C wm 273 K; P = 760 mm prytHoro cron6a (1 arm.), wmu 1,01-10° Ia
(101,325 xIla). O6beM ogHOTO MOJIS Ta3a Ha3bIBACTCS MOJSPHBIM 00BEMOM Ta-
3a. MossipHbIf 00BEM Ta3a MOXKHO BBIYUCIIUTH 110 (hopMyJIe: Vu =V,
rae V — o6beM rasa (i1, M°); V— KOJIMYECTBO BEwecTBa (MOJIb).

2. OtHOcuTenbHas TIOTHOCTH (D) omHOTO raza mo npyromy paBHa OTHO-
HICHUIO WX MOJSIpHBIX (M) WM OTHOCHUTENBbHBIX MOJEKyJsapHbix (M) macc:
D = Mi/M5, nimm D =Mr1/M r,-

OTHOCHTENIbHAS IUIOTHOCTh — BEJIMUMHA Oe3pa3MepHas. OHa MOKa3bIBaCT,
BO CKOJILKO pa3 OJIMH Ta3 TspKesee Apyroro. YacTo mIOTHOCTh pa3IMYHbIX Ta30B
OTIPEIEISIIOT TI0 OTHOIIEHUI0 K BOJOpOAYy WM K Bo3nyxy. OTHocuTenbHas
TJIOTHOCTH JIF0O0T0 ra3a (X) mo Bogopomy:

_ M (X) _ M(X) _
Dy, (X) = M (H) 2 , Tormaa M (X) 2Dy, (X).
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CpenHss OTHOCHTEBbHAs MOJIEKYJISIpHAs Macca Bo3ayxa pasHa 29. IToaTo-
My OTHOCHMTENbHAS IIOTHOCTB JII060ro0 rasa (X) 1o BO3ayxXy:

DBo3;[,(X) = Ml\:l(;(o)i;) — M;(9X) , TOr4a Mr(x) =29 DBO3I[.(X)'

He IMOJYUHAIOTCA 3aKOHY ABOFa,Z[pO raspl IIpU HU3KUX TCMIICpATypax HIIA
BBICOKHUX HABJICHUAX, 4 TAKKC KHUJIKUC U TBCPALIC BCIICCTBA IIPH JIFOOBIX YyCi10-
BUAX.

Ha ocHoBanum 3akoHa ABOFa):[pO )41 CHeI[CTBI/Iﬁ M3 HCTO ACJIAOT pas3jiny-
HBIC PACUYCThI.

Bomnpoce! u ynpaxHeHust

. Kak popmynupyercs 3akon ABoraupo?

. Kak hopmynupyercs nepBoe cienctsue u3 3akoHa ABorajapo?

. UTo Takoe «HOPMAJIbHBIE YCIOBUS»?

. Uto Ha3bIBaeTCA MOJISIPHBIM 00bEMOM ra3a’?

. Uemy paBeH MoOJIsIpHBIN 00BeM raza’?

. Uemy paBHa OTHOCHTEIBHAS IJIOTHOCTH r'a3a 10 BOJOPOAY?

. UeMy paBHa OTHOCUTEIbHAS IUIOTHOCTH I'a3a MO BO31YXY?

. Kakune BemecTsa He MOAYNHAIOTCS 3aKOHY ABOraapo?

. Kakne 13 ykazaHHBIX BEUIECTB, B3SThIX B KOJIMYECTBE 2 MOJIb, 3aHUMAIOT
OJIMHAKOBBI 00BEM IMpH OJMHAKOBBIX YCHOBUAX: a) xXjoposogopon HCI;
0) xnmopua kanmust KCI; B) cepras kucmora H,SOy; 1) ammuak NHs; 1) Bosa?

O©Coo~~No ol WwWwN -

JTaJIOHBI PelIeHud 32124

1. Kakoit 06bem 3anumarot 0,3 MoJist JiFoOOro ra3a npu H.y.?

Jlano: Pewenue:

v(raza) = 0,3 moib Vu=Vlv,V=Vyv,

Haiimu: V(raza) ‘ V(raza) = 22,4 n/monb-0,3 monb = 6,72 1.
Omeem: 6,72 1.

2. Kaxoit 00bem 3aHUMAOT 14 T a30Ta 1pu H.y.?

Aaro: Pewenue:
m(N,) = 14 v om
(N2) r VMZV/V,V:Vm.VzmT;
M(N2) = 28 r/moip; V(Ny) = 22,4 n/monp X 14 1
28 r/MoJIb

=11,2 n.

Haumu: V(N,) | 3amady MOXHO pElIUTh APYTUM CIIOCOOOM:
28 r a3ota 3aHMMaroT 006eM 22,4 1;
14 r a3oTa 3aHuMaroT 00beM X II;

28r l4r X_14r-22,4J1
241 X1 281
Omeem: 11,2 n.

OTCIO/1a =11,2 n.
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3. Cxonbko Moielt yraekucioro raza CO, counepxutcs B 67,2 1 ero npu
H.y.?
Jlano: Pewenue:

V(CO,)=672n Ve = Vi1 \Y 67,21
= V= =
M " Vy 22,41/ momb

= 3 MOJIb.

Hauimu: v (CO,) | 3anady MOXHO PELIMTb U IPYTHM CIOCOOOM:

B 22,4 1 conepxkurcs 1 Mmoap COy;

B 67,2 1 conepxkutca X mosib COy;

2241 _ 6721 = 67,2-1 MoJb
1 momp X MOJIB 22,4 11
Omeem: 3 MOJb.

=3 MOJIb .

OTCroJa

4. PaccunTaiiTe MOJSIPHYIO MacCy U OTHOCHUTEIBHYIO MOJICKYJISIPHYIO Mac-
Cy XJiopa, eciii macca 1 1 ero npu H.y. paBHa 3,17 r.
Jlano:. Pewenue:
m (Cl;) =3,17r | Macca 1 1 xiopa paBHa 3,17 1, 22,4 1 — XT; orcroza

Haumu: M(Cly), | 1n 2241, 2241-317r

M (CI ) = , X = =71lr
r\~12 317r Xr 1

MounspHast Macca xjopa paBHa 71 I/MOJIb; OTHOCHTEIbHAS

MOJICKYJISIpHAst Macca XJjiopa paBHa 71.
Omeem: M(Cl,) = 71 r/monb; M(Cly) = 71.

5. Ckonbko MoJiekyn B 3,36 1 xsopooaopoaa (HCI)?
Jlano: Pewenue:
VHCIl) =336 | v=3,36 1/ 22,4 n/monb = 0,15 moib; N = Na- v,

Haiimu: N(HCI) | N = 6,02-10% monb 0,15 mons = 0,9-10%.
Omeem: 0,9-10%.

6. PaccunTaiiTe OTHOCHUTEIBHYIO INIOTHOCTh OKcuaa yriaepoaa (IV) mo Bo-

Aopoxny.
Hano: | CM,(CC,) 44
ra3z CO, Pewenue: DHZ(COZ)_ W - 7 = 22.

Haiimu: Dy, (CO,) ‘ Omeem: 22.

7. PaccunTaiiTe MOJIIpHYIO MaccCy rasa, €CjiM €ro IJIOTHOCTb MO BO3AYXY
paBHa 2,45.

gaHO (ras) = 2,45 Pewenue: Dyoyy (ras) =

M(ra3) . pfras) = D,y (raz)-29:

M(raza) =29-2,45 = 71,05 r/monb.

Haiimu: M(raza) \ Omeem: 71,05 r/MOb.
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3agaum

1. Kakoii 06bem (H.y.) 3anuMarot: a) 0,5 monsa ammuaka; 0) 0,1 moseit Bo-
nopona; B) 5 moseit metana CH,4?

2. Kakoit o0beM (H.y.) 3aHUMAIOT: a) aMMHuaK Maccoi 40 r; 6) meTaH Mac-
coit 8 r; B) xyop Maccoii 30 r?

3. Ckonpko MoJed comepxkuTcs B: a) 28 1 kucimopoma; 6) 15 i a3ora;
B) 20 11 BOJOpOA TTpH H.Y.?

4. Paccuwmraiite Maccy nipu H.y.: a) 3,36 11 xj0poBoaoposa; 0) 28 ;1 ammua-
ka; B) 20 1 cepoBoiopoaa.

5. CKOJIBKO MOJIEH ¥ MOJIEKYJI COAEPKUTCA B 1 11 J1F000ro raza npu H.y.?

6. Cxonpko Monekyn conxepxkutcs B 7,1 T xmopa npu H.y.? Paccumraiite
Maccy OJTHOM MOJIEKYJIbI XJI0pa.

7. PaccunraiiTe MOJSIPHYIO MacCy M YMCJIO aTOMOB B MOJIEKYJIE€ CEpbI, €CIH
IJIOTHOCTH TIAPOB €€ M0 KUCIOPOAY paBHa 8.

8. PaccunraiiTe OTHOCHUTEIbHYIO MOJEKYJSIPHYIO MacCy rasa, e€ciu IUIOT-
HOCTb 3TOTO rasa 1o Bo3ayxy paBHa 1,52.

9. Kakoit o6bem okcupaa yriepona (IV) obpasyercs nmpu pas3iiokeHUH Kap-
O6oHara kanbius maccoi 40 r?

10. Kakoii 06seM Bogopoaa (H.y.) obpasyercs npu B3auMmojencTeun 13,5 T
amomuHus ¢ consiHor kuciotodt (HCI)? Ompenenure maccy xjopujia aatOMU-
Hus (AlCl3), KoTOpHI 0Opa3oBaICs MOCIIE PEaAKIUU.

11. Kakoii o0beM Bonmopoaa (H.y.) oOpa3yercs npu B3aumozeicTsuu 13,5
amromMuHus ¢ 98 T ceproit kucnots! (H,SO,4) mo ypaBHEHMIO:

2Al + 3H2804 —> A|2(804)3 + 3H2

TecToBbIii CAMOKOHTPOJIL (1) 1O Teme
«OCHOBHbIE IOHATHSA U 3aKOHbI XMMHM»

1. VxaxuTe XUMHUYECKHE SBICHUS:
a) TUTaBJICHUE JIbJA;
0) ropeHue cephi;
B) IPEBpAILIEHUE BOJBI B Map;
I') pa3nokeHue kapOoHaTa KaabIusl.
2. YKkaxurte pU3nyeckue CBOWCTBA BEIIECTBA:

a) 3amax; 0) MJIOTHOCTH;

B) LIBET; I) peBpallleHue yriaepoa B okcup yraepoaa (IV).
3. YKaxXuTe CI0XHBIC BEIIECTBA:

a) cepa; 0) mem; B) XKEJE30; r) okcuy xkene3a (III).

4, XUMHYEeCKUH CHMBOJI 3JIeMeHTa 0003HAYaeT:
a) MOJISIPHYIO Maccy;
0) Ha3BaHHUE DIICMECHTA;
B) OJMH aTOM (MOJIb) JIEMEHTA,
') OTHOCUTEJIbHYIO MOJICKYJISIPHYIO Maccy.
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5. Xumuueckas popMyra BemiecTBa 0003HavaeT:
a) Ha3BaHUE BEIIECTBA;
0) KaueCTBEHHBIN COCTAB,;
B) KOJIMYECTBEHHBIN COCTAB;
I') arperaTHoe COCTOSIHUE BEIIECTBA.
6. B xakux equHUIIAX U3MEPSAETCS aTOMHAsI Macca:
a) BT; 0) B aTOMHBIX €IUHUIIAX MACCHI;
B) B I/MOJIb; T) SBISICTCS 6€3pa3MepHON BETMINHOMN?
7. Yto Takoe MoJsipHasi Macca:
a) Macca OJJHOM MOJIEKYJIbL;
0) Macca OJHOTO JHUTpa rasa;
B) Macca OJIHOTO MOJIS;
r) macca 6,02-10% 1?
8. YkaxuTe, Kakue M3 yKa3aHHBIX OOBEMOB Ta3a SIBISIIOTCS MOJSPHBIM
o0BeMOM:
a) 00beM OJTHOM MOJIEKYJIbI T'a3a;
0) o0bem 6,02-1023 monekyn rasa;
B) 00bEM OJIHOT'O MOJIS ra3a;
r) 00bEM OJTHOTO JINTPA Ta3a.
9. Kakue 13 BemiecTB, B3SATHIX B KOJIMYECTBE 5 MOJIb, 3aHUMAIOT OJMHAKO-
BBIIl 00BEM IIPH H.Y.
a)Boda; 0)a3oT;  B) XJOPOBOJIOPOI; T) XJOpU Kamus?
10. Macca 2 nraza (1.y.) paBHa 3,04 r. Onpenenure MOJIIPHYIO MacCy rasa:
a) 17 r/monb;  6) 34 r/mMonb;  B) 68 r/mMonib;  T) 136 r/MoOIIB.

I'JIABA 2. IEPUOJIJUYECKHWI 3AKOH U TIEPUOJTUYECKAS
CUCTEMA XUMHNYECKHUX 2JIEMEHTOB JI. U. MEH/IEJIEEBA.
CTPOEHHUE ATOMA

2.1. ITEPUOAUYECKHUI 3AKOH U TIEPUOJUYECKASI CHCTEMA
XUMMYECKUX JIEMEHTOB /1. U. MEHJIEJIEEBA

. 1. MenneneeB pacnonoKuil 3JIEMEHTBI B MIOPSIAKE BO3PACTAHUS OTHOCH-
TEJIHHBIX aTOMHBIX MacC U OOHAPYX U 3aBUCUMOCTh CBOMCTB XUMUYECKUX dJIe-
MEHTOB OT WX aTOMHBIX Macc. B 1869 romy sty 3aBUCHUMOCTH OH cPOpMYyIIUPO-
BaJl B BUJIC MIEPUOANYECKOro 3aKkoHa: «CBOMCTBA AJIEMEHTOB, a TakXke (HOPMBI
Y CBOWCTBA COCMHEHUN AJIEMEHTOB HAXOAATCA B NMEPUOJINYECKON 3aBUCUMOCTH
OT BEJIMUUHBI AaTOMHOW MacCChl S3JIEMEHTOB).

[lepunonuueckuii 3akoH rpaduyeckud u300paxaeTcsi B BUAE NEPUOIUYECKON
cucteMbl. KaXIplii XUMUYECKUN 3JIEMEHT B MEPUOIMYECKON CUCTEME 3aHUMAET
ompeliesIeHHOEe MecTo (KJIETKYy). B KaxIol KieTke NMepuoJANYEeCKON CHUCTEMBbI
YKa3aHbl: XUMHYECKUN 3HAK (CUMBOJI) 3JIEMEHTA, MOPSAIKOBBIN HOMEP U OTHOCH-
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TellbHas aToMHas macca. [lepuoauueckas cucreMa COCTOMT U3 CEMU IEPUOIOB
¥ BOCbMH TPYII.

Ilepuoabl — 3TO TOpU3OHTANBHBIC PsaAbl. Kakapli mepuosi HauyMHASTCS
aktuBHbIM MeTaiuioM (Li, Na, K, Rb, Cs, Fr) u 3akanunBaeTcst HHSpTHBIM ra3oM
(He, Ne, Ar, Kr, Xe, Rn). UckiioueHus: COCTABISIOT MEPBBIN MEepHO (OH COCTO-
UT U3 JIEMEHTOB — BOJOPOJA U Tevsl) U CeAbMOI mepuo (OH HE 3aKOHYEH).
[TepBblii, BTOpOH U TPETUI MEPUOABI — ITO Mdajlvle nepuoovl. YeTBEpThIM, Msi-
TBI W IIECTOW MEPUOABI — ITO OoJbluue nepuoovi. Bepxuue psodbi OONBIIAX
TIEPUOJIOB HA3BIBAIOTCS YeMHbIMU, HUNICHUE PSObl — HeUemHbLMU.

B kaxmom mepuone cieBa HampaBO METAIMYECKHE CBOMCTBA 3JIEMEHTOB
OCITa0JISIFOTCS, @ HEMETAITMIECKUE — YCHIIMBAIOTCS. B 4EeTHBIX psiax OOJBITNX
MIEPUO0B HAXOIATCS TOJIBKO METaJIIbl.

I'pynnbl — 3T0 BEpTUKAIBHBIC PSABI 3JIEMEHTOB, KOTOPbIE HMEIOT OJIMHA-
KOBYIO BBICIIYIO BJICHTHOCTh B OKCHIAX M JAPYIHMX COCIUHEHHUSAX. DTa BaJICHT-
HOCTh paBHa HoMepy rpymmbl. Kaxmas rpymma COCTOUT W3 JABYX HOOSPYNN.
2naenolt U noboywnou. I'maBHas TOATPYIIa COCTOUT M3 JJIEMEHTOB MaJIbIX
1 OOJIBIIIKMX MEPUOOB, TOOOUHAS — U3 JIEMEHTOB TOJBKO OOJIBIITUX TEPHOJIOB.

B riaBHBIX moarpynmax cBepxy BHHU3 METAIMYECKHE CBOMCTBA YCHJIHBa-
I0TCSI, 2 HEMETaJuTndeckne ociabeBaroT. Bce 3IeMEeHThl MOOOYHBIX MOATPYIII
SIBIISIOTCS METaJJIaMH.

Bomnpocekl u ynpaxHeHust

1. B xaxom nopsiake 1. 1. MenaemneeB pacnonoKuil 3J€MEHThI?

2. Kak ¢popmynupyetcs nepuonndeckuit 3akoH . 1. Menneneesa?

3. Kak rpaduueckn n3o0pakaercsi IepuonIecKuii 3aK0H?

4. CKOJBKO TIEPHOJIOB U TPYMI B IEPUOTUIECKON crcTemMe?

5. Uto HasbiBaetcsa nepuogom? Kakue nepro/ipl Ha3pIBAIOTCS MAJIbIMU, Ka-
Kre — OOJBIINMU?

6. CKOJIBKO 3JIEMEHTOB B Ka)KJIOM Iepuo;ie?

7. Kak n3meHstoTcs CBOMCTBA 3JIEMEHTOB B MIEPUOJIax CJIeBa HAMPaBo?

8. Uto HaszwiBaeTcs rpymnmoit? M3 kakux moarpymnmn COCTOUT Kakaas Tpyrma
MEPUOIUYECKON CUCTEMBI?

9. Kak n3meHst0TCs CBOWCTBA 3JIEMEHTOB B TVIaBHBIX MOJArPyMIax?

10. B kakoM mepuojie, B KaKux TpyMIe U MOJArPYIIe HaXOAATCS dJIEMEHTBI
¢ opsAAKOBBIMHA HOMepamu 15, 30, 53, 56, 787

11. Hanummre QopMynbl OKCHIOB BCEX AJIEMEHTOB YETBEPTON TPYMIIbI,
B KOTOPBIX 3TH JIEMEHTHI UMEIOT MAKCUMAJIbHYIO BaJICHTHOCTbD.

12. Kakoii a71eMeHT SBJIsieTCsl Oojiee akTUBHBIM MeTayuioM — Ca wim Ba?

13. Kakoii a1eMeHT siBiisieTcsi OoJiee akTUBHBIM HemeTauiom — P wiu ClI?
[Touemy?

14. B xakux noArpynmnax nepuogndeckor CUCTEMBI BCE JIEMEHTHI SIBJISIFOT-
Csl METaJTaMU?
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TecToBBIN CAMOKOHTPOJIb (2) 0 TeMe «Ilepuognuecknii 3aKoH
U NepuoanYecKas cucreMa xumudeckux jaemMeHToB /1. . MenaeaeeBa»

1. DieMeHT ¢ OopsIAKOBBIM HOMEpOM 31 HaxoauTCs:
a) B TpEThEeM IPYIIIeE; 0) B MaJIOM MEPUO/IE;
B) B OOJIBIIIOM MEPUO/IE; I') B TJIaBHOM MOATPYIIIIE.
2. YKaXuTe 3JEMEHT, KOTOPBIA UMEET MOPAIKOBbIi HoMep 50 B mepuoan-
YECKOU CUCTEME:

a) UMPKOHMI;  0) OJIOBO; B) CypbMa;  T) HHOOMIA.
3. YKaxxuTe 3JIeMEHT, KOTOPHII IMEET OTHOCUTEIIbHYIO aTOMHYTO0 Maccy 40:
a) aproH; 0) KaJIbIIHiA; B) KaJIMii; ') CKaHJIUM.
4. Yxaxute HauboJiee aKTUBHBIM METaJJI YETBEPTOIO MEPUO/IA;
a) KaJbIui; 0) Kanuii; B) XpOM; I') [IUHK.
5. Ykaxkute HauOoyiee aKTHUBHBIM METaI TJIaBHOM MOJTPYIIBI BTOPOM
TPYIIIBL:
a) Oepwuuii;  6) Gapwif; B) MarHuii;  I) KaJblUH.
6. Ykaxute Hanbosiee aKTUBHBIN HEMETAIUT TJIABHOW MOATPYIIIBI CEABMOMN
TPYIIIBL:
a) Mo, 0) 6pom; B) pTop; T) XJI0p.

7. Kakoll nopsiAKOBbIiI HOMEp 3JEMEHTa, KOTOPbI HAXOAUTCS B MATOM IIe-
pHuoJie ¥ B TOOOYHOM MOATPYMIE MIECTON TPYTIIbL:
a) 42; 0) 52; B) 73; r) 83?
8. YkaxxuTe MaKCHMallbHyI0 BaJICHTHOCTH JJIEMEHTa BHUCMYTa (TIOPSAKO-
BBl HOMEp 83):
a) §; 0)7, B) 5; r) 6.
9. Kak wu3MeHSIOTCS  METAJUIMYECKHUE CBOMCTBA DJIIEMEHTOB B  PAIY
Li—>Na—>K—>Rb—Cs:
a) ocJ1abeBaroT; 0) yCUIuBaIOTCH, B) HE U3MEHAIOTCA?
10. Kak u3MeHSIOTCS HEMETaUTHYeCKHUEe CBOMCTBA 3JIEMEHTOB B psny Li —
Be-B—>C—>N->0->F
a) ocJ1a0eBaloT; 0) yCUIUBaIOTCH, B) HE U3MEHAIOTCA?

2.2. CTPOEHUE ATOMA U ATOMHOTI'O s1IPA. U30TOIIBI

AToM umeeT QopmMmy IIapa, B IIEHTPE KOTOPOTO HaxXOAMUTCS saApo. Smapo
MMEET OYE€Hb MAJICHBKUM pa3Mep U IOJIOKUTENbHBIN 3apsan. [loutu BCs Macca
aToMa HaxoAuTcs B szpe. Bokpyr siapa ABUKYTCS dJIEKTPOHBI. ATOM — DJIEK-
TPOHEUTpAIbHAS YACTUIIA, IO3TOMY TOJIOKUTEIBbHBIN 3apsij A/Ipa paBeH YUCITY
9JIEKTPOHOB (TaK Kak 3apsi/i 3JCKTPOHA paBeH —1).

Snpa aToOMOB COCTOSIT U3 MOJIOKUTEIBHO 3aPsSKEHHBIX YaCTHULl — HPOMO-
HO6 VNl HEUTPAJIbHBIX YaCTULl — HeUmpoHO8. DIEKTPOHbI, IPOTOHBI U HEUTPOHBI
SIBJISIIOTCS DJIEMEHTAPHBIMU YacTullaMu. M3 HUX cocTouT aTom (Tadi. 2).
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Tabnuya 2
XapakTepucTHKAa 3JIeMEeHTAPHBIX YaCTHIL

O06o3HaueHune AOco0THAsA OTHocuTebHAs
Yacruua 3apsn
(cumMBOJI) Macca, Kr Mmacca, a.e.M.
IEKTPOH g -1 9,11.10°% 1/1840
IIpoton 'p(p) +1 1,6726-10% 1,007~1
Heiirpon sn(n) 0 1,6750-10% 1,009~1

3apsan siipa paBeH YHUCIy MPOTOHOB, MOTOMY YTO Ka)Ablii MPOTOH MMEET

3apsg +1.
[TopsiakoBbiii HOMep = 3apan anpa = Yuciao npoToHOB = YHCIO 3IEKTPOHOB
DJIEMEHTA aToMa B sIApE B aTOMe

Hanpumep, nopsakoBslii HOMEp 3yeMeHTa Kaius 19, mo3ToMy 4ucio mpo-
TOHOB paBHO 19, 3apsn anpa ero atoma +19. Bokpyr sigpa aToma KaJiusi UMEeTCs
19 351eKTpOHOB.

Macca 31eKTpOHOB OYEHb Maja, II0ATOMY Macca aToMa paBHa CyMME €ro
MPOTOHOB U HEUTPOHOB. CyMMa MPOTOHOB U HEUTPOHOB HA3BIBAECTCS MACCOBBIM
YHCJIOM aToMa M 0003HavyaeTcsi OyKBOM A4:

A=Z+N,

rae Z — 4uCio NPOTOHOB (a TakKe MOPSAIKOBBIN HOMED) dJIEMEHTA U 3apsi sapa
atoma); N — 4Kciio HEUTPOHOB.

ATOMBI OJHOTO 3JIEMEHTa, KOTOPbIE UMEIOT OJIMHAKOBOE YUCIIO IIPOTOHOB,
HO Pa3HOE YMCIIO HEWTPOHOB, Ha3bIBaKOTCS M30TOmaMu. Hampumep, snemeHT
KHCJIOPOJ UMEET TPU U30TONA!

16 17 18

80 80 80

8 MPOTOHOB 8 MPOTOHOB 8 MPOTOHOB

8 HEUTPOHOB 9 meitpoHoB 10 HEUTPOHOB

Bepxuue mudpsr 16,17 u 18 o0003Hayar0oT MaccoBOE YHMCIO KHUCIOPOJA,
HIOKHSAA LUppa — 3apsa] ero supa. PasHble 37€MEHThl UMEIOT Pa3HOE YHCIIO
n3oronoB. HekoTopbele snemMeHThl ((TOp, HATPUM, aTOMUHUNA) B NPUPOIEL
BCTPEYAIOTCS TOJIBKO B BUJE OJJHOTO U30TOIMA.

OTtHOCHUTeNbHAs aTOMHAs Macca 3JeMeHTa A, B IEPUOJUYECKON cucTeMe —
3TO CpPEIHsAs BEJIMYMHA MAaCCOBBIX YHMCEJ M30TOIOB 3JEMEHTa C YYETOM MpO-
LIEHTHOTO COJEpKaHMs Kaxa0ro n3orona. Hanmpumep, npupoaHbIi yriiepoa co-
crout u3 u30TonoB ';C (98,88%) u '}C(1,12%):

A/(C) = (12-98,88 + 13-1,12):100 = 12,011.

XHUMHWYECKHE CBOMCTBA BCEX H30TOMIOB OJIHOTO DJIEMEHTA OQWHAKOBBI. XU-
MHYECKUE CBOMCTBA JIEMEHTOB 3aBUCST OT 3apsifa s/1pa, a HE OT aTOMHON MACCHI.
3apsia siapa (MOpAAKOBBII HOMeEP) — rJIaBHAs XapaKTePHUCTUKA DJIEMEHTA.
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XMMHUYECKHH JIEMEHT — 3TO BHA ATOMOB C OAMHAKOBBIM 3apsA10M s1apa.
HOBTOMy COBpEMCHHAsA q)OpMy.HI/IPOBKa MNCPHUOANYICCKOT'O 3daKOHA YUTACTCA TaK:
«CBoiicTBa PJIEMEHTOB U UX CO€IIPIH€HI/Iﬁ HaxoOATCsa B HepHOﬂquCKOﬁ 3aBHUCH-
MOCTH OT 3apsiaa AAapa aroMa WA IMMOPAAKOBOTIO HOMCpPA 3JICMCHTA».

Bonpocsl 1 ynipaxkHeHus1

. I3 uero coctout atom?
. I3 uero coctout siapo aroma?
. Kakue yacTuip! siBIsiIOTCS 371€MEHTAPHBIMU?
. UeMy paBHBI 3apsi/Ibl 1 MACChI JJIEKTPOHA, MPOTOHA, HEUTPOHA?
. UTO Ha3bIBAE€TCSI MACCOBBIM YMCIIOM aToma?
. UTO MOKa3bIBAET MOPSAIKOBBIM HOMED JIEMEHTA?
. UTO Takoe U30TONbI?
. UTo sBAsieTCA rI1aBHOW XapaKTEepUCTUKOM AJeMeHTa?
. UTO Takoe XUMUYECKHUI SJIEMEHT?
10. Kak uuTaercs coBpeMeHHass (pOpMYJIMPOBKA MEPHUOJAYECKOrO 3aKOHA
J.1. Menneneena?
11.Yemy paBeH 3apsij sjipa U YKHCIO AJIEKTPOHOB B aTOMax CIIETYIOIINX
AJIEMEHTOB: a30T, YIJIEPOI, Me/b, Oapuii, cepedpo?
12. HazoBuTE 2JIEMEHT, B S/Ipe aTOMa KOTOPOTO COACPKUTCS 12 MPOTOHOB.
13. HazoBuTe 25IeMEHT, B aTOME KOTOPOTO COJICPKHUTCS 25 IIIEKTPOHOB.
14.Yemy paBHO YHCIO HEUTPOHOB B AaTOMax CIEAYIOIIMX H30TOIOB:
ON, 'gSn, U7

O©ooO~NOoOOTS, WN -

TecToBBI CAMOKOHTPOJIb (3) 1O Teme
«CTtpoeHne aroma U aTOMHOTO sigpa. M3oTonbi»

1. YkaxuTre mMaccy aromMa, KOTopasi COCTOUT U3 35 mpOTOHOB, 45 HEHUTpo-
HOB U 35 3JIEKTPOHOB:

a) 35 a.e.m.; 0)45 a.e.m; B) 80 a.e.M.; r) 70 a.e.m.
2. YKaXHUTE YMCII0 DJICKTPOHOB B aTOME Oapus:
a)l37,; 0) 56; B)81; r) 193.

3. YKaXuTe OTHOCUTENIBbHYIO aTOMHYIO MacCy JJIEMEHTa, B SiJJpe aToMa KO-
TOporo umeercsi 13 mpoToHOB:
a) 13; 0) 27, B) 14; r) 40.
4. YKaXHTe, KaKOW 3JIEMEHT MUMEET OTHOCHUTEIIbHYI0 aTOMHYI0 Maccy 39,
a sipo ero atoma coiepkut 20 HEUTPOHOB:
a) KaJblINii; 0) Kanmii; B) UTTPUI; T) Opa3eoaunM.
5. Onpenenute MOPSAKOBBIM HOMEp 3JIEMEHTa, €CJIU €ro OTHOCUTEIbHas
atomHas macca 40, a YMCcI0 HEUTPOHOB B siApe 22:
a) 40; 0)22; B)18; 1)62.
6. Ykaxxute dJIEMEHT, SApO aToMa KOTOPOTO COJEPXHT 26 TPOTOHOB
1 30 HEUTPOHOB:
a) IIUHK; 0) xene3o; B) Oapuii; r) OepUILIHIA.
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7. I30TOIBI TaHHOTO 3J€MEHTa UMEIOT:
a) OJJMHAKOBOE YKCIIO MPOTOHOB B SI/IPE;
0) OAMHAKOBOE YKCIIO HEUTPOHOB B SI/APE;
B) OJIMHAKOBBIN MOPSIIKOBBIA HOMEP B IEPUOIMUECKON CUCTEME 2JIEMEHTOB;
') OAMHAKOBOE YHCIIO 3JIEKTPOHOB B aTOME.
8. YkaxuTe aToM 2JIeMEeHTa, SIPO KOTOPOTO COJACPKUT B HEHTPOHA:

a) JTUTHUH; 0) renuif; B) BOJIOPO/I; r) OeprLTuii.
9. B xakoM psiy pacmosioKeHbI TOJIBKO U30TOIIhI:
39 40 40 . 41 41 41, .
a) 19K, 19K, 20Ca; 0) 19K, 20Ca, 1gAr;
40 40 40~ . 39 40 41
B) 18Ar, 19K, 20Ca; r) 19K, 19K, 1gK?
10. Vkaxure, CKOJIBKO HETPOHOB Y U30TOIOB ggCa u Lz%Ca \
a) 20 u 20; 0) 20 u 22; B) 22 u 22; r) 40 u 42.

2.3. CTPOEHHUE SJIEKTPOHHOM OBOJIOYKHA ATOMA.
KBAHTOBBIE YUCJIA. ITPHHIATL ITIAYIN

ATOM COCTOUT M3 fA]Ipa U 3JIEKTPOHHOU 000JO0YKHU. JJIeKTPOHHASA 0007109~
Ka aTOMa — 3TO MIPOCTPAHCTBO, B KOTOPOM JIBMIKYTCS AJIIEKTPOHBI BOKPYT Spa
B aroMe. YacTh aTOMHOTO TIPOCTPAHCTBA, B KOTOPOM 3JIEKTPOH HAXOIUTCS YaIle
Bcero (okono 90 %), HazwIBaeTCa amomuou opoumanvio. Kaxaas 31eKTpOHHAS
000J104Ka COACPKUT OJIHY WIIH OoJiee opOuTaen pa3inuHon (HOpMBI.

JIJ1si XapaKTepUCTUKN OpOUTANCH M AJIEKTPOHOB HMCIOJIB3YIOTCS KBAHTO-
BbI€ YHCJIA.

I nasnoe xeanmogoe uucio N XapaKTePU3yeT SHEPTHUIO U pa3Mep opOuTaIu
U DJIEKTPOHHOTO 00JIaka, UMEET 3HAYEHHUs IeNbIX ynucesl — oT 1 10 oo (Gecko-
HEYHOCTB):

n=1,2345,6,7,... .

DNEeKTPOHBI, KOTOPHIE UMEIOT OJJMHAKOBBIE 3HAYEHUS TIAaBHOTO KBAaHTOBOTO
qucia, 00pa3yloT sHepeemuuecKuili ypogensb. YNUCI0 dHEPreTUUECKUX YPOBHEH
B aTOME PAaBHO HOMEpPY TMEpPHo/ia, B KOTOPOM HAXOJMUTCS DJIEMEHT. JHEpreThue-
CKHE€ YPOBHH 0003HAYAIOTCSI OOJBITUMHU OYKBaMU JIATHHCKOTO ayndaBuTa:

3HayeHue N: 1234567
O603Hauenne ypoasi: | KLMNOP Q

Ha ogHOM 3HEpPreTMYecKOM YpOBHE MOTYT HAaXOJUTHCS JIEKTPOHBI, KOTO-
pble UMEIOT pa3IuuHyI0 (GopMy dIEKTpOHHOro oOnaka. dopma 00JIaKOB Xapak-
TEPUBYETCS opOUmManbHvim (nobounviM) keanmosoim yuciom . OHO UMeEeT 3Ha-
YeHUS TIeNIBIX YHUCEN, KOTOphle 0003HavdaroTcsa OykBaMu. BykBa COOTBETCTBYET
Ha3BaHUIO OpOUTAIIH.

3nauenue (- 0123
O06o3navenue ypoBHs: |Spdf
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DHEepreTUYecKrue YPOBHU COCTOSIT U3 PHEPIeTHUECKHUX MOAYPOBHEH. DHEP-
TeTUYECKUI MMOAYPOBEHh — 3TO HECKOJIBKO OpOMTAaliel, KOTOPhIE HAXOMSITCS Ha
OJTHOM SHEPreTHYeCKOM ypOBHE M HMMEIOT OJWHAaKoBYIO ¢dopmy. [logypoBHH
TOXXe 0003HavaroTcs OykBamu: S-, p-, d-, f-mogypoBHu. Hanpumep, 3amnuch 1S
0003HAYaeT, YTO ITO S-MOJYPOBEHB MEPBOTO IHEPIETHUECKOTO ypoBHS (N = 1,
¢ = 0); 4d o3Hauaet, 4T0 3TO d-1TOTyPOBEHH YETBEPTOTO SHEPTETUIECKOTO YPOB-
Hia (N =4, £ = 2) u tak nanee. Yucno noaypoBHEN Ha ypOBHE PaBHO IJIABHOMY
KBaHTOBOMY YHCITy N.

OpOutanu OIHOTO MOIAYPOBHS MMEIOT pa3HOE HAMpaBiCHHE B MPOCTpaH-
CTBE U 3TO XapaKTepHU3yeT MacHumHoe Keanmosgoe uucio M, OHO MpUHUMAET
3HaueHus Henbix uncen oT —¢ uepe3 0 1o +€ u umeer 2¢€ + 1 3HauyeHuii. Yucio
3HaYEHU M, OmpenesseT 4YuciIO HampaBlieHuH B mpocTpancTBe. Hampumep:
s-opoutans (£ = 0) umeer ogno (2£ + 1 = 1) HampaBJicHHE B MPOCTPAHCTBE
(puc. 2, a); p-opoutans (¢ = 1) umeer tpu (2¢ + 1 = 3) Hanpasnenus (Py, Py, Pz)
B npoctpaHcTBe (puc. 2, 6); d-opoutans (£ = 2) umeer math (2 + 1 = 5)
HampaBJICHUH B MPOCTPAHCTBE (pHC. 2, 8).

Yucno 3HaueHU M, ONpeleNsieT TaKkKe YUCIO opOuTanell Ha OTypOBHE.
Hampumep, S-nmogypoBeHb MMeEET OAHY opOuTaib, Tak kak £ = 0 u m, = 0;
p-TIoIypoBeHb UMeeT 3 opOuTanu, Tak kak £ = 1 u m, = —1,0,+1, d-nmoxypoBeHb
uMeeT 5 opburaneit, Tak kak £ = 2 u m, = =2, -1, 0, +1, +2. JlrobGas opOuTamnb
rpadudecku nzoOpakaercs B Buje KieTku L:

S-TI0IypPOBEHb:
P-1oOaAYypOBECHbB:
d-noypoBeHb:
f-ogypoBeHs: | ]

OGlriee YnCIo OpOUTAICH HA SHEPreTHIECKOM YPOBHE paBHO N (TaluL. 3).
Tabnuya 3
Yucno opOouTae M MAKCHMAJIBHOE YMCJI0 JIEKTPOHOB HA JHEPreTHYeCKHUX
NOAYPOBHSX U YPOBHAX

Tnashoe | Opburerbhoe | Yucsio opouraseii MaxcamankHoe THCITO
KBaHTOBOE | KBaHTOBOE Aypo- 3JIEKTPOHOB
BCHL Ha MoA- Ha Noj-
4HCII0, N yHuCa0, ! Ha YPOBHe Ha ypOBHe
YpPOBHE YPOBHE
1 0 1s 1 1 2 2
2 0 2 1 2
4 8
1 2p 3 6
3 0 3s 1 >
1 3p 3 9 6 18
2 3d 5 10

Bparmenue smekTpoHa BOKPYT CBOCH OCH XapaKTEPU3YET CHUHOBOE KBAH-
moeoe uucio (cnur snekmpona) Mg, OHO mMmeeT 3HadeHus: +1/2 m —1/2. JIBa
AIIEKTPOHA ¢ IPOTHUBOIOJIOKHBIMUA CITMHAMH M300pakaroT ¢ TIOMOIIBIO CTPEIIOK:

™.
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A Z
a)
A
J S
y
z z z
A A
0)
> > > X
~__ —»>X X
Px Py Pz
y » y
V4 z Z
B) A
X O) X
y y y
V4
A Z
» X X
y y

Puc. 2. DopMbI 1 IPOCTPAHCTBEHHASI OPUSHTAITUST ATOMHBIX OpOUTAIICH:
a — S-opOuTaib; 6 — p-opbutainb; 6 — d-opGuTans

[Tpunuun ITaynu: B aToMe HE MOXET ObITh JABYX 3JIEKTPOHOB C OJMHAKO-
BBIMU 3HAYEHUSIMU BCEX YETHIPEX KBAHTOBBIX yucen. [loaToMy Ha ogHON opOU-
TaJu HE MOXET ObITh 0oJiee ABYX 3JEKTPOHOB. DTHU JIBa 3JEKTPOHA UMEIOT OJIU-
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HAaKOBBIC 3HAUCHUA TPCX KBAHTOBBIX YHCCII (n, f, mg), HO OTJIM4YAaroTCsa CIIMHO-
BbIM KBAHTOBBIM YUCIIOM Mg:

™

JIBa 3JE€KTpOHA, KOTOpBbIE HAXOIATCS HAa OJHOW OpOMTaIM, HA3bIBAIOTCA
cnapennvimu (AU HenooeneHHou 21ekmporHou napot). CapeHHbIe JIEKTPO-
HBI — 3TO AJIEKTPOHBI C MIPOTUBOIOJIOKHBIMY (aHTUIAPAIIICIBHBIMU) CIIMHAMMU.
Hecnapenusie 37€KTPOHBI:

Tim |

2
OO111ee YnCII0 NEKTPOHOB HA IHEPTETUYECKOM YPOBHE PaBHO 2N°.

Bomnpocsl

1. Yto Takoe 31neKTpoHHast 000JI0uKa aroma?

2. Uto Ha3bIBa€TCSI AaTOMHOM OpOUTAIIBIO?

3. Kakue xBanTOBBIC uncaa Bel 3Haere? Jljig 4ero MCMonb3yrOTCs KBAHTO-
BbI€ ynciua’?

4. Yro xapakTepusyeT IJaBHOE KBAHTOBOE YUCIO?

5. Kakue 3HaueHus1 UMEET II1aBHOE KBAHTOBOE YUCIIO?

6. Uto Takoe PHEpreTHIeCKUN YPOBEHb?

7. Uto xapakTepu3yeT opOUTaIbHOE KBAHTOBOE YHCIIO?

8. Kakue 3HaueHns nmeeT opouTaIbHOE KBAHTOBOE YUCIO?

9. Uto Takoe PHEPTeTUYECKUNA TOAYPOBEHB?

10. Yemy paBHO YKCIIO OTYPOBHEH HA SHEPTETUUECKOM yPOBHE?

11.YTto XapakTepu3yeT MAarHMUTHOE KBAaHTOBOE YMCIO W KaKue 3HAYCHUS
OHO UMeEET?

12.Yto xapakTepu3yeT CIMHOBOE KBAHTOBOE YUCIIO U KAKHE 3HAYEHUsI OHO
umeer?

13. Kak popmynupyercst npunnumn [Taymmn?

14.YTo Takoe crapeHHbIE dJIEKTPOHBI?

15.Yemy paBHO MaKCHMajbHOE YHCIIO 3JIEKTPOHOB Ha 3HEPIETUYECKOM
ypOBHE?

2.4. IIOPSAIOK 3AIIOJTHEHUSI SJIEKTPOHAMU ATOMHBIX OPBUTAJIEN.
SJIEKTPOHHBIE KOH®UT'YPAIIUU ATOMOB 3JIEMEHTOB

PacrionoxeHne 3JIeKTPOHOB 0 SHEPIETHYCCKUM YPOBHSM M IOAYPOBHSIM
HU300pakaloT B BUE FJIEKTPOHHBIX KoHurypauuii. bonbmas mudpa mokassl-
BacT HOMEP PHEPreTHUECKOro YPOBHs (TJIaBHOS KBAaHTOBOE 4YMCII0). BykBHI S, P,
d, f obo3nauator popmy opOutanu (opOuTanbHOE KBaHTOBOE umcio). L{udpa
HaJ OYKBOM CIpaBa BBEPXY IMOKa3bIBAET YMCIIO 3JICKTPOHOB HA JJAHHOM JHEpPre-
THYECKOM IoxypoBHe. HampumMep, 25° MOKa3bIBACT, 4TO HAa BTOPOM DHEPreTHYE-
CKOM ypOBHE Ha S-OpOWTaIM MMEETCS OJIMH AJICKTPOH. DIIEKTPOHHAsT KOH(DUTY-
paumst atoma cepbl (,,S) 15°25°2p°3s”3p”?. MakcuManpHOE YHCIIO DIEKTPOHOB
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Ha OJIHOM S-OopOWTanM paBHO 2, Ha TpeX p-OpOUTANSAX paBHO 6, HA MATH
d-op6uTtansax paBuo 10, Ha cemu f-opOuTansx pasao 14.

ITopsimok 3amoJIHEHUS 3JIEKTPOHAMH JHEPreTUYeCKUX IOAypPOBHEN
onpeeNsieT MPUHIUI HAUMEHbIIIEH YHEPTUU: JEKTPOHBI 3aMOIHSIIOT YHEPreTH-
YEeCKHE MOAYPOBHU B NOPAJIKE YBETUUCHUS UX SHEPTHH.

Hanmenbiryro 3Hepruto umeer 1s-noaypoBeHb. OH mepBbIM 3arONHIETCS
ANEKTPOHAMH. 3aTEM MOCIIEIOBATEIHHO 3aMOJHAIOTCS AJIEKTpoHaMu 2S-, 2p-, 3S-
u 3p-noxypoBHu. [locne 3p-nogypoBHS 3JEKTPOHBI 3AMOIHSIOT 4S-I0AYPOBEHD,
TaK KaKk OH UMEET MEHBIIIYIO SHEPTHUI0, YeM 30-110TypOBEHb.

VYBenuueHue 3Hepruu U 3arojJHEHUE MOypPOBHEN MPOUCXOANUT C YBEIINYeE-
HUEM CyMMBI N + £, a Ipu paBHOU cymMe N + £ — ¢ yBeIMYEHUEM Yncia N (mpa-
BuJIo KiteukoBckoro). COOTBETCTBEHHO 3TOMY IIPABHITY HOPSAOK PACHOIO0KEHUS
aTOMHBIX OpOHTAaJIEH 110 SPHEPTUU CIIETYIOIIHIA:

1s<25<2p<3s<3p<4s~3d<4p<5s~4d<5p<6s~4f~5d<6p<T7s.
B Takom jke mopsiaKe MPOMCXOIUT 3arlOJHEHUE JJIeKTpoHamu S-, P-, d-,
f-momypoBHeii.

[Ipu 3amoaHEHUU OJHOTO MOAYPOBHS BHAuaje 3JIEKTPOHBI 3aIIOJIHSIOT Op-
ouTanu o ogHomy (mpasuio XyHzaa). [Ipumep:

s p 5 p
N 1s2s2p® [ | | | OF 18°282p° [ M [ N | T
N N

Bonpockl U ynpa:kHeHust

1. Yro Takoe 351eKTpOHHbIE KOHPUTYpAIM aTOMOB 3JIEMEHTOB?

2. CKOJTbKO DJIGKTPOHOB HAXOIMWTCS: a) HAa OJHOW S-opbuTamu; 0) Ha Tpex
p-opbOuTaisax; B) Ha mat 0-opOuTtaisx; r) Ha cemu f-opOuTaisax?

3. Hanmmmmre snexTpoHHbIe KOHpUTypanuu anemeHTos: S, Ca, Zn, Br.

2.5. IEPHOJAYECKASI CACTEMA XUMHWYECKHUX SJIEMEHTOB.
QJIEKTPOHHOE CTPOEHHUE ATOMOB

Yuciio sHepreTHYeCKNX YPOBHEN B aTOME PaBHO HOMEPY Meproja, B KOTO-
POM HaxOIWUTCA IEMEHT B NEPHOJUYECKON CHCTEME AIIEMEHTOB. UYHCIO 3JeK-
TPOHOB Ha BHELIHEM 3HEPreTUYECKOM YPOBHE aTOMOB ISl 3JIEMEHTOB TJIABHBIX
MOATPYIIII PABHO HOMEPY TPYIIIIHIL.

B 3aBHCHMOCTH OT TOro, Kakoil MOJypOBEHb 3aIOJIHAETCS 3JIEKTPOHAMU,
BCE JICMEHTHI JCTATCS Ha S-, P-, d-, f-31eMeHThI. DJIeMEeHThI, Y KOTOPBIX 3aI0JI-
HSETCA S-TIOJYPOBEHb BHEIIHETO YHEPreTUUYECKOTO YPOBHS, HAa3bIBAKOTCS S-3JIe-
MEHTaMU. DTH S-3JIEMEHTbl HaxondTcs B IaBHbIX noarpynmax | u Il rpynm.
VY p-371€MEeHTOB 3aMoIHIETCs p-TI0lypOBEHb BHEUTHETO YIHEPTEeTUUECKOTO YPOBHS;
P-3JEMEHTBI HaxosaTcs B TaBHbIX noarpymmax H-VII rpymn. ¥V d-anemenrtos
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3amnoJiHAeTCs (-1MoypOBEHb MPEABHEITHOTO YHEPTeTHUECKOT0 YPOBHS; y f-3me-
MEHTOB — f-mOJlypOBEHb TPETHETO CHAPYKU DHEPTETUUYECKOTO YPOBHS. DTH
AIIEMEHTBI HAXOIATCA B MOOOYHBIX MOATPYMIaX.

DNEeKTpOHHAsI TEOPHUSl CTPOEHUsI aToMa OOBSICHWIIA 3aBUCUMOCTh XMMHUYeE-
CKHUX CBOMCTB DJIEMEHTOB OT CTPOEHUSI UX aTOMOB U TOJIOXKEHHS B TIEPHO MUY e-
CKOW CHUCTEME 3JIEMEHTOB. B XMMHUYECKHX peaklMsaX 4Yallle BCEero y4acTBYIOT
AJIEKTPOHBI BHEIIHETO JHEPTETHUUYECKOTO YPOBHSI (BAJICHTHBIE SJICKTPOHBI).
BHenHui SHEpPreTM4eCKUii YPOBEHb 3aBEPILICH, €CIM OH MMEET JJIEKTPOHHYIO
koHburypammo s°p° (BoceMb 1eKTpOoHOB). [ aTOMOB BOZOPOJA M TEIIHS
SJIEKTPOHHAS KOH(HTYPALWs 3aBEPIICHHOTO SHEPreTHIecKOro ypoBHS 1S°.
VY aToMOB METAJIJIOB HA BHEIIHEM SHEPreTUYECKOM YPOBHE HAXOJUTCS MEHBIIIE
YEeThIpEX IEKTPOHOB. [[03TOMY MeTaubl OTAAIOT ANEKTPOHBI MPU XUMUYECKUX
peakuusax. ¥ aTOMOB HEMETAJUIOB HA BHEIIHEM SHEPrETUYECKOM YPOBHE HAXO-
JTUTCSL YeThIpe U OoJiee AMeKTPOHOB. [10aTOMYy HEMETaIbI MPUCOCIUHSIOT JJICK-
TPOHBI IPU XUMUYECKUX PEAKIUAIX.

C yBenuyeHueM 3apsaa sapa aTOMOB Yy 3JIEMEHTOB OJHOrO IMEepHoja
YMEHBIIIAETCS PaJuyC aTOMa, a YUCJIO BHEHIHMX 3JICKTPOHOB YBEIMYMBAETCS.
[ToaTOMy crOCOOHOCTH aTOMa OTAaBaTh JIEKTPOHBI YMEHBIIIAETCS CJIeBa HaIpa-
BO B IIEPUOJIC€ U HEMETANINYECKUE CBOMCTBA DJIEMEHTOB YCWIMBAIOTCS, a METaJ-
JUYECKHE — 0CIabeBaloT.

B rnaBHBIX moAarpymnmnax cBepXy BHHU3 PaguyCc aTOMOB M YHCJIO DJIEKTPOH-
HBIX CJIO€B YBEJIMUMUBACTCS C YBEIUUYECHUEM TOPSIKOBOrO HOMEpa dJieMeHTa (3a-
psana snapa). I[loaTomy cnmocoOHOCTH aTroMa OTJaBaTh AJEKTPOHBI CBEPXY BHU3
YBEJIMYUBACTCS Y METAJUIMYECKUE CBOMCTBA AJIEMEHTOB YCUJIUBAIOTCS, a HEME-
TaJUIMYECKHE 0CIabeBaroT.

[Tepuonnueckas cucrema sneMeHToB [[. 1. MenneneeBa — rmiepBasi ecrte-
CTBEHHas KjacCHU(UKAIMs XUMUYECKUX deMeHToB. OHa mMokaszaja, 4TO BCe
AJIEMEHTHI CBSI3aHBI MEXKIy COO0M M 00pa3yloT enuHyro cuctemy. llepuoguye-
CKHIl 3aKOH MIOMOTa€T YYEHbIM CO3/1aBaTh HOBbIE XMMUYECKHUE IJIEMEHTHI U HO-
BbIE€ COCJIUHEHHUSI JIIEMEHTOB.

Bonpoch! 1 ynpaxHeHus1

1. Yemy paBHO 4YHCIO DHEPreTUYECKUX YPOBHEH (JIEKTPOHHBIX CJIOCB)
B aTOMaXxX BCEX 3JIEMEHTOB JIaHHOTO Meproia’?

2. YUemy paBHO YHMCJIO AJIEKTPOHOB HA BHEIIHEM HEPreTHUYECKOM YPOBHE
aTOMOB 3JIEMEHTOB TJIaBHBIX MOATPYH?

3. Kakme »ineMeHTH Ha3bIBAIOT: a) S-2I€MEHTaMu; 0) p-dIEeMEHTaMH;
B) d-ane-mMenTamu; 1) f-anementamu? [IpuBenure npuMepsl.

4. CKOJIbKO S-, P-, d- u f-371eMeHTOB HAXOAUTCS B KAKIOM Teproe?

5. ATOMBI KakuX D3JEMEHTOB HMEIOT 3aKOHYEHHbIE M HE3aKOHUYEHHBIE
BHEILIHUE YHEPreTUYECKUE YPOBHU?
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6. CKOJbKO 3JIEKTPOHOB Ha BHEIIHEM JHEPIeTUYECKOM YPOBHE HMEIOT
aTOMBI: a) METAJIOB; 0) HEMETaJJIOB?

7. Kakoii amemMeHT — 0oJiee aKTUBHBIM METAJLI: a) HATPUU WU PyOUIHiA;
0) KaJaui WM CKaHAW; B) Kamii wiu menb? [louemy?

8. Kakoif snemeHT — 0ojiee aKTHBHBIN HEMETall: a) YIiepoj WU a3oT;
0) pochop wm azot; B) xs1op wiu 6pom; T) Temuryp win oxa? [louemy?

TecToBBII CAMOKOHTPOJIB (4) 10 TeMe «JJIeKTPOHHOE CTPOEHUE ATOMOB
U NePUOAMYECKAS CUCTEMA XUMUYECKHX IJIEMEHTOB)

1. Vkaxkure, CKOJIBKO 3IHEPreTUYECKUX YPOBHEH (FJIIEKTPOHHBIX CIIOEB)
y aTOMa 3JIEMEHTA C MOPSAKOBBIM HOMEpPOM 33:

a)2; 0) 3; B) 4; r)S.
2. Atom kakoro snemenHta |V mepuoma comep>KUT HauOOJIbIIEE YHUCIIO
AJIEKTPOHOB:
a) IMHK;  0) XpoMm; B) Opowm; I') KpUITTOH?
3. Ykaxute, kakas Gpopmyia 2JIeKTPOHHON KOH(MUTypallUK Y aTOMa XpoMa:
a) 15°25°2p®3s%3p°3d°4s™; 6) 1s%25%°2p°3s3p°3d*4s”;
B) 15°25°2p®3s°3p°®3d°4s?; r) 15°25°2p°3d°%4s°.

4. YKaxuTe, CKOJIBKO p-3JICKTPOHOB Ha BHEMIHEM SHEPTETHUECKOM YPOBHE
aToMa AJIEMEHTA MBIIIbsIKA:
a) 3; 0)5; B) 4; r) 6.
5. YkaxuTe, CKOJIBbKO HECTIAPEHHBIX JICKTPOHOB Y aTOMa a30Ta:
a)5; 0) 2; B) 3; r) 1.
6. VkaxkuTe, B KAKOM PSIy HAXOAATCSA TOIBKO d-3J1eMEHTHI:
a) Al, Se, La;  0) Ti, Ge, Sn; B) Ti, V, Cr; r) La, Ce, Hf.
7. YKaxuTe, aTOM KaKoro 3JIeMEHTa UMEET HanOOJbIIIee YHCIO HeCIapeH-
HBIX 3JIEKTPOHOB B HOPMAJIBHOM COCTOSTHHH
a) HATPH; 0) KpeMHUIA; B) hocop; r) cepa.
8. YkaxuTe, 2JIEKTPOHBI BHEITHETO SHEPTETUYECKOTO YPOBHS KaKOTO aTo-
Ma 3JIeMEHTa Han0oJIee TIPOYHO MPUTSATHBAIOTCS SITIPOM:
a) KaJuii; 0) yraepoJ; B) ¢Top; r) (ppaHuuii.
9. VkaxuTe, Kak U3MEHSIIOTCS METAINTHYECKHE CBOWCTBA JJIEMEHTOB TJIaB-
HOM rmoArpymsl | TPyIIbI CBEpXY BHU3:
a) ocJiabeBaror; 0) yCUITUBAIOTCS; B) HE U3MECHSIIOTCS.
10. YkaxkuTe, Kak M3MEHSIOTCS HEMETaJNIMYECKUE CBOMCTBA B POy dJie-
mentoB Na - Mg — Al - Si - P —» S — ClI ciieBa Hamnpago:
a) ociabeBaroT; 0) HE U3MEHSIOTCS, B) YCUJIMBAIOTCA.
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I'/IABA 3. XUMHNYECKAS CBA3b U CTPOEHUE BEIIECTBA

3.1. DJIEKTPOOTPHIATEJIBHOCTh XUMHAYECKHAX 3JIEMEHTOB

DnekrpoorpuniateabHocTh (30) — 3TO CBOWCTBO aTOMOB JIaHHOTO 3Jie-
MEHTa MPUTITUBATH K Ce€O€ AJIEKTPOHBI OT aTOMOB JIPYTUX 3JIEMEHTOB B COEIU-
HEHUSAX. Y CIOBHO 3JIEKTPOOTPUIIATEIILHOCTh JINTUS paBHA eluHUIle, hTopa —
yeTbipeM. D0 ApYrux 3JE€MEHTOB BBIUUCIAIOT OTHOCUTENbHO DO nutusi. OTHO-

cuTeNbHBIC 3HaAYCHUS DO XUMUYECKUX JIEMEHTOB IIPUBEACHBI B Ta0M. 4.
Tabruya 4
OtHocuTebHbIE 3HAaYeHUsA DO HEKOTOPbIX XUMHYECKHUX 3JIEMEHTOB

I'pynnbi
Hepuor | T I IV Y, VI VIl VI
1 H He
2.1 -
2 Li Be B C N 0 F Ne
1,0 15 2,0 25 3,0 35 4.0 -
3 Na Mg Al Si P S cl Ar
0,9 1,2 15 1,8 2.2 2,5 3.0 -
4 K Ca Sc Ti V Cr Br Fe
0.8 2.0 1,3 15 1,6 1,7 28 1,8
Zn AS
1,6 2.0
5 RD Sr |
0.8 0,9 25
Cs Ba
0,7 0.8

D0 »IeMEHTOB B MEPHOJAX YBEIMYMUBACTCS CJIeBa HANpPaBO, a B TJIABHBIX
MOATPYIIIIaX YMEHBIIAETCS CBepXy BHU3. [lodTOMYy B mepromax cjaeBa HaIlpaBo
HEMETAJUTMYECKUE CBOMCTBA DJICMEHTOB YCHUJIMBAIOTCS, a B TJIABHBIX MOATPYII-
Max CBEPXy BHU3 YMEHBIMAIOTCS.

[Ipy XUMHYECKHUX PEAKIUAX JJICKTPOHBI MEPEXOIAT WU CMEIIAI0TCS
K aToMaM 3JJIEMEHTOB, y KOTOpbIX Oousbimas D0. Y meramioB D0 0O0bIYHO
MEHBIIIE JBYX, Y HEMETa/UIOB — Oonblie ABYX. Eciam coeawHEHHE COCTOUT
U3 JIBYX DJIEMEHTOB, TO €T0 Ha3BaHUE MPOUCXOJIUT OT Ha3BAHUS TOTO AJIEMEHTA,
y kotoporo D0 OGombie. Hanmpumep, coenunenrnie OF, HaszpiBaeTcs dropumom
KHUCIIOpOJia, HO He okcunoM ¢ropa. 3Hanus 060 D0 NMPUMEHSIOTCS TaKXKe MPHU
OTIPEICIICHUH TUITA XUMUYIECKOMN CBS3H.

Bonpocsi

1. Yro Takoe 307?

2. Kak uzmensiercs 0 B nmepurojiax u rpymnmax?

3. I'me npumensercs noustue 0 37eMEHTOB?

4. Kakoit aemMeHT uMeet camyro oobinyio 907? [Touemy?
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3.2. TUIIBI XUMHUYECKOM CBSI3U

XuMHUYecKasi CBSI3b — 3TO CHJIBI, KOTOPBIE COSAMHSIIOT aTOMBI B MOJICKY-
nax. Pa3nu4aroT cieayroniiue OCHOBHBIC THITHl XUMUYECKOH CBSI3H.

KoBaJjieHTHasi ¢BSI3b — 3TO CBS3b ATOMOB B MOJICKYJIE C IIOMOIIBIO 00X
ANIeKTPOHHBIX Tap. OOIIasi IeKTPOHHAs Tapa oOpasyeTcs B pe3yibTare mepe-
KpPBIBaHUS DJIEKTPOHHBIX 00J7aKoB. ECTh aABa MexaHm3Ma oOpa3oBaHUS OOMINX
ANIEKTPOHBIX Tap: U3 HECIAPEHHBIX JIEKTPOHOB M IO JOHOPHO-AKICITOPHOMY
MEXaHU3MY.

[To mepBOoMy MeXaHHW3MY HECIAPEHHBIE AJIEKTPOHBI KaXKIOTO W3 aTOMOB
00pa3yroT 0011yI0 napy 31eKTpoHOB. [lo aToMy MexaHu3my oOpa3oBaHUE MoOJie-
kyn Hy, Cl, u HCI m306pakeno Ha puc. 3.

S S
H + eH > Hs H @
:.C.lo + 0.C.|:—):.Q|:'Q|: é@@

oo ° p

o S
H* + *Cli— HS cl: @Q

Puc. 3. O6pa3oBaHye KOBAJICHTHON CBSI3H

[To BTOpOoMy MexaHU3My CBOOO/IHAsI TIapa SJIEKTPOHOB OJIHOTO aToMa Iepe-
XOJIUT Ha CBOOOAHYIO OpOHTalb Apyroro aroma. Hampumep, mpu B3auMopeii-
ctBun ammuaka NH; u nona Bonopona H' HemopjeneHHas mapa 271eKTpPOHOB
aToMa a30Ta MepexoJuT Ha CBOOOJHYIO opOuTab HoHa Bojopoaa H' u o6pasy-

ercsi noH aMmmoHusa NHj
+

H H

|
H-NW+ 00" —H-N>H

| |
AKIICIITO
H p

JIOHOD

KoBasieHTHas CBsI3b MOKET OBITH MOJIIPHOM WIIM HenoasipHoW. HenonsipHas
KOBaJICHTHAsl CBsI3b 00pa3yeTcsi MEXIy aToMaMH 3JIEMEHTOB C OJMHAKOBBIM
3HaYEHUEM DJIEKTPOOTPULIATEILHOCTH. B 3TOM ciydae o01mas 2JIeKTpOHHAsI apa
pacrosaraercsi Ha OIMHaKOBOM PACCTOSTHUM OT siiep oboux atomoB. Hampumep,
HETOJIsSIpHAs. KOBAJICHTHAs! CBA3b uMeeTcst y moJiekyn Hy, Cly O,. Tlonsipras ko-
BaJICHTHAs CBA3b 00pa3zyeTCsl MEXAY aTOMaMH 3JIEMEHTOB C Pa3HOM AJIEKTPOOT-
pHULIaTeNbHOCThI0. B naHHOM ciydae oOmias 3J€KTpOHHas Mapa CMeIlaeTcs

34



B CTOPOHY aToMa ¢ OOJBIIMM 3HAYEHUEM OHJIEKTPOOTPUIIATEILHOCTH. Takas
CBSI3b €CTh B MOJIeKyJax xjopuctoro Bogopozaa (HCI), Boasr (H,0).

B 3aBucumocTH OT HampaBjeHHUS B IpoO-

CTPAHCTBE Pa3IMYaIOT G- U T-KOBAJIEHTHBIE CBSI-

3u. IlepBrie (G-CBsI3M) NpPEACTaBISAIOT COO0M KO-

BaJICHTHBIE CBS3U, NIPU OOpPa30BAHUU KOTOPBIX

X AJIEKTPOHHBIE O00Jlaka TMEepPEeKPBIBAIOTCA 0 JIH-

HUH, COeUHSIONIEH siipa aToMOB (puc. 3). Bro-

pbie (T-CBSI3U) — 3TO KOBAJIEHTHBIE CBA3M, IIPH

o0pa30BaHUU KOTOPBIX JJIEKTPOHHBIE O0JaKa

Puc. 4. ObpasoBanue n-CBs3M MIePEKPHIBAIOTCS BHE JIMHUHM, COCAUHSIONMICH s1]1-

pa aToMoB (puc. 4).

B 3aBucUMOCTH OT uMclia OOIIUX AIEKTPOHHBIX Map, Y4acTBYIOMIMX B 00-
Pa30BaHUM XUMHUYECKOW CBSI3M, Pa3IMYarOT OJMHAPHYIO (IIPOCTYIO), JBOMHYIO
U TpoiHy1o cBsA3u. OMHAPHBIE CBS3M 00PAa3yOTCS MPHU MOMOIIHM OJHOM 00IIei
anektponHoi napel (Hy, Cl,, HCI); nBoiiHbie cBSI3M — mpu NOMOIIU ABYX 00-
IIMX 3JIEKTPOHHBIX map (O;), TPOMHBIE CBSI3M — C MOMOIIBIO TPEX OOLIUX 3IIEK-
tpoHHBIX Tap (Ny).

HNounnoit CBSI3bI0 HA3BIBACTCSA CBA3b MEXKJY MOHAMMU:

Na® +* Fi>Na'[+Fj] Na® —-& —»Na' F +& >F

z

[Ipu 0oOpa3oBaHMM HMOHHOW CBSI3M aTOMbI METAJUIOB OTNAIOT AJIEKTPOHHI,
a aToOMbl HEMETAJUIOB NMPUHUMAIOT DJIEKTPOHBI. B pesynbrare oOpasytorcs mo-
JIOKUTETLHBIE HOHBI (KAaTUOHBI) M OTPHUIIATEIbHBIC (AHUOHBI).

CoenvHeHus1, COCTOSIINE U3 NOHOB, Ha3bIBAIOTCSI MIOHHBIMU.

BoaopoaHoi CBA3bI0 HA3bIBACTCS JJIEKTPOCTATUYECKOE B3aUMOJICHCTBUE,
KOTOPOE€ MOSIBIIAETCS MEXK/Y MOJOKUTEIbHBIMU U OTPULATEIbHBIMU 3apsIaMH.
Boniopoiabie CBsI3M U300paKar0OTCsS TOUKAMHU.

+3 ) O
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Bonopoanas cBsi3b o0pa3yercst MKy aTOMaMHu BOAOPOJAA U CUIIBHO JIEK-
TpootpunaresbabiMu atomamu (O, N, F) npyroit monekynsl. Hanpumep, B Mo-
JIeKyJie BOABI OONIME AJIEKTPOHHBIE Maphl CMEHIAIOTCA K aToMy KHCIOPOJa.
ATOM BOJOPOJA UMEET IMOJOKUTEIBHBIA 3apsd, a aTOM KHCJIOpOAa — OTpHULa-
TEJIbHBIM.

[Tpumepamu BelIeCTB C BOJOPOJAHOUN CBSA3BIO SIBJISIOTCA BOJQ, KUIAKUM aM-
MUaK, KUJIKHA (GTOPOBOJOPOJI, OpraHUYECKHUE COeTUHEHMs. BomopoHas cBs3b
MOET 00pa30BaThCA U BHYTPHU OJIHOW W TOW ke MoJeKynbl. Hampumep, Bomo-
poJiHas CBSI3b €CTh B MoJieKynax oenkoB u JJHK.

Bonopoanas cBsi3b cnabee KOBaJICHTHON U MOHHOM CBSI3EH.
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MeTta/iinyeckasi CBsi3b BO3HUKACT B METAJUIAX MEXIY IOJOKUTEIbHBIMU
HMOHAaMHU U CBOOOJHBIMU JIEKTPOHAMH. DTU CBOOOIHBIE 3JIEKTPOHBI CTAHOBSTCS
OoOLIMMHM I BCEH KPUCTANIMYECKOM peleTKU MeTaiuia. Merauueckas CBs3b
XapaKTEPHA TOJBKO ISl METAJUIOB, HAXOMSIINUXCSA B TBEPAOM MIIM KUIKOM CO-
CTOSIHUMU.

Bomnpocsl

. UTo TaKkoe XMMHUIecKas CBS3b?
. Kakas cBs3b Ha3pIBaeTCI KOBAJICHTHOM?
. Uto Takoe G-cBA3H?
. Kakas cB3b Ha3bIBa€TCs ABOMHOM, Kakass — TPOHUHOM?
. Uto Takoe m-cBs3u?
. UTo Takoe HEeNnosApHast CBA3b?
. UTo Takoe nonsipHas CBA3b?
. Kakoif Tunm koBajeHTHOM CBA3W (TOJIIpHASI WJIM HETMOJSpHAsi) XapaKTe-
peH nisa moJiekyn cienyromux Bemiects: CO, HI, H,S, OF,, CH,4? K atomam ka-
KHX 3JIEMEHTOB CMEIIAIOTCS OOIIHE SJICKTPOHHBIC ITaphl B 3TUX MOJICKYIax?

9. Kornma xoBaJIeHTHasi CBsI3b O0Opa3yeTcs MO JIOHOPHO-aKIEITOPHOMY Me-
XaHU3MYy?

10. Kakas cBsI3b Ha3bIBa€TCS HOHHOM?

11. Kak 006pa3yroTcsi HOHHBIE COCTUHEHUS?

12. JInst coeqHEHNH KaKUX JIEMEHTOB XapaKTEepHA: a) HEeIojspHas KoBa-
JIEHTHAsI CBsI3b; 0) MOJISIpHAsl KOBAJICHTHAs CBSI3b; B) MOHHAS CBSA3b; I') BOJIOPOI-
Has CBsI3b; 1) MeTaJTndecKkas cBsa3b? [IpuBeanTe mpumepsl.

coO~NO Ol B~ WDNE

TecToBBI CAMOKOHTPOJIb (5) 110 TeMe
«INEeKTPOOTPULATEILHOCTD U XUMHUYECKAS CBA3b

1. Vkaxure, Kak U3MEHSETCS 3JIEKTPOOTPULATEIBHOCTh 3JEMEHTOB B Ie-
pHuoJie cIeBa HaIpaBo:
a) YMEHBIIIAeTCS; 0) yBeIMYMBAETCS; B) HE U3MEHSIETCHI.
2. YKaXuTe, B KAKOM DSy dJIEKTPOOTPHUIIATEIHBHOCTD 3JIEMEHTOB YBEIUYH-
BAETCS CJIEBA HAMNPABO:
a)S,0,ClLLF, 6)S,ClO,F; B) Cl, S, O, F; r)Cl, O, S, F.
3. YkaxuTe, B KAKOW mape BEIMIECTB OOIIUE dJIEKTPOHHBIC Maphl CMEIICHBI
B CTOPOHY aTOMa KMCJIOPOJIa:
a) OF2 51 CO, 6) Clzo 51 NO, B) Hzo 51 NgOg; F) 02 5 Oze.
4. YKaXUTe COCTMHEHUS ¢ KOBAJICHTHON HEIMOISIPHOU CBSA3BIO:
a) O,; 6) No; B) Cly; F) PCls.
5. YKaXUTe COCTMHEHUS C KOBAJICHTHOM MOJIIPHOM CBSI3bIO:
a) H,0; 6) Br»; B) CLO; F) SO,.
6. Ykaxure, MeXKy aTOMaMU KaKUX 3JIEMEHTOB BOZHUKAET MOHHAS CBS3b:
a) METAJIJIOB; 0) METaJJIOB U HEMETAJLIOB; B) HEMETAJNIOB?
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7. YKaxure COCAMHCHMUI C HOHHOH CBS3bIO:

a) XJIOpHU HATPHS; 0) okcup yriaepona (II);
B) Hon; ') HUTPAT KaJIusl.
8. YkaxuTe, kKakoi TUN CBsI3U B MoJiekyie NF3:
a) MOHHAS; 0) HemoJIApHasi KOBaJICHTHAS;
B) TIOJISIpHASI KOBAJICHTHAS, T') BOJOPOIHASL.

9. VkaxxuTe, aTOM Kakoro 3J€MEHTa MOXKET y4acTBOBaThb B OOpa30BaHUU
METAJUIMYECKON U MOHHOU CBSI3U:
a) As; 0) Br; B) K; r) Se.
10. Ykaxxute BemiecTBa, (PU3NUECKOE COCTOSHHUE KOTOPBIX MPH OOBIYHBIX
YCIOBUSIX OMPEEISIETCS BOAOPOIHBIMH CBS3SIMHU MEXTy MOJICKYJIaMU:
a) BOJOPO; 0) )XUJIKUH XJIOPOBOAOPOI;
B) KHJKUH (HTOPOBOAOPO/I; T) BOJa.

3.3. BAJEHTHOCTb U CTENIEHb OKUCJEHMSI

QHGKTpOHBI, Y4aCTBYIOIIHUC B 06p330BaHI/II/I XUMHYECKHUX CBS3eH MCIKIOY
aTOMaMH, HAa3bIBAlOTCA BAaJICHTHBIMU. B atroMax 31€MEHTOB TJIaBHBIX IIOATPVYIIII
BAJICHTHBIC JJICKTPOHBI HaXOAATCA Ha BHCIIHCM OSHCPICTHYCCKOM YPOBHC.
B aTromax »1eMeHTOB MOOOYHBIX IMOATPVYIIII BAJICHTHBIC 3JICKTPOHBI HAXOAATCA
Ha BHCIIHCM M IPCAINIOCICAHCM OHCPICTHUYCCKHUX YPOBHAX. 3Ha‘II/IT, BaJICHT-
HOCTb — 3TO 4YHCIJIO O6H_II/IX QJICKTPOHHBIX IIap, KOTOPLIC CBA3BIBAIOT I[aHHBII)’I

atoMm ¢ apyrumu. Hanpumep, BajieHTHOCTh a30Ta B coequHeHnd No((N::iN: wim
N = N) paBna tpeM, a B coequrennn NH4Cl — detsipem:

+

- §
H- N - H|CI

Banentaocts x0pa B coeaurennn Cl, (Cl — Cl) paBHa enunuIe.

BaneHTHOCTh (YMCII0 HECTIAPEHHBIX AJIEKTPOHOB) aTOMOB MHOTHX JJIEMEH-
TOB MOXET YBEJIMUYMBATHCA IMPHU IEPEXOJ€ aToMa W3 OCHOBHOTO COCTOSTHUS
B BO30YyXJI€HHOE. JTO BO3MOXKHO, €CJIM Ha BHEIIHEM YPOBHE €CThb CBOOOJHBIC
opOUTaNM y OJHOTO aTOMa M CHapeHHbBIE DJIEKTPOHBI — Y Apyroro. Hampumep,
aTOM yTJEPOJa B OCHOBHOM COCTOSIHUH SIBJISICTCSI IBYXBAJICHTHBIM, TIOTOMY YTO
B OTOM COCTOSIHUM OH MMEET JBa HECMapeHHBIX 3JeKTpoHa. [Ipu mormomennn
DHEPrUM y aToMa YIJiepojia OJWH U3 DJIEKTPOHOB 2S-TIOMYpPOBHS MEPEXOIUT Ha
CBOOOJIHYIO OpOUTaNh 2p-TIOYPOBHS M B pe3yibTaTe oOpaszyercs 4 HecnapeH-
HBIX JIEKTPOHA:

N S 2 B o B N O

23 2p 23 2p
2572p° E 2s'2p’

_—
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B B030YyXI€HHOM COCTOSTHUU YTJIEPOJ SIBISCTCS YEThIPEXBAJICHTHBIM.

BanenTHOCTh HE MMeET 3HaKa M HE MOXKET ObITh paBHA HYJIIO.

CreneHb OKMCJEHUSI — DTO YCJIOBHBIM 3apsij aTOMa B MOJIEKYJIe, BBIYHC-
JICHHBIA MPU TPEATOI0KEHNUH, YTO MOJIEKYyJla COCTOUT TOJIbKO M3 MOHOB. CTe-
MIeHb OKUCJICHUSI TaKKe paBHA YHCIY AJIEKTPOHOB, KOTOPHIE CMEIICHBI OT aroMa
JAHHOTO JIEMEHTA K aTOMY JIPYrOTo AJIEMEHTA.

Y HEKOTOPBIX AJIEMEHTOB BO BCEX COCAMHCHUSX HOCMOSHHAS CMENneHb
okucnenus. Hatpumep:

a) y menounsix metaiuioB (Li, Na, K, Cs, Rb, Fr) ctenens oxucnenus +1;

0) y Bcex anemenToB Il rpynmer, 3a uckmouenuem Hg, (Be, Mg, Ca, Sr, Ba,
Zn, Cd), cTeneHb OKHCICHUS +2;

B) Y QJIIOMUHHMS CTEIICHb OKUCICHUS +3;

r)y ¢propa (F) crenens okucnenus —1.

Y BomOpoaa BO BCEX €r0 COCAUHEHUAX CTeNeHb okucienus +1. Ho B run-
puaax metaioB (NaH, KH, CaH,) ero crenens okucienus —1. ¥V kucnopona

B OOJIBIIIMHCTBE CJIOKHBIX COCIMHEHUN CTENEeHb OKHCIICHUS —2, HO B COEIUHe-
+1 -1 +2-1
Husax ¢ propom — +1 u +2 (02 F2,OF2), a B nepokcuiax Boaopo/ia U METAIIJIOB
-1+ -l

-1 (Hz 02,N212 02).

CrerneHb OKUCICHUS MOKET UMETh OTPULIATEIBHOE, MTOJI0KUTEIBHOE U HY-
+ -2 0 +1-1/2
neBoe 3HaueHne: K> O,N>,K O ».

Maxcumanvnas cmenensv oxucieHusi dJIeMeHTa OOBIYHO paBHA HOMEPY
CPYIIIbI IEPUOIUIECKON CUCTEMBI, B KOTOPOW HAXOJUTCS TAHHBIA 3JIEMEHT.

Munumanvnas cmenenv OKUCI€HUsA METAILUIOB paBHA HYJIO0. MuHNManbHas
CTENEHb OKHWCJICHUS HEMETAJJIOB paBHA: 8 MUHYC HOMEp TpYIIbl, B KOTOPOU
HAaXOJUTCS DJIEMEHT.

3Ha4YEeHUs CTEIIEHEN OKHCIICHMS DJIEMEHTA MEXKy BBICHIEH W HHU3LIEU CTe-
MEHSIMU OKHCJIEHUSI HA3BIBAIOTCS npomedcymounvimu. Hanpumep, a3oT mmeer
pa3IMYHbIE CTENIEHU OKUCICHHS B PA3HBIX €0 COCAUHCHUSX:

-3

NH,; — muHuUManbHasd;

=2 -1 0 +1 +2 + +4

N, H,, NH,OH, N2, N>O, NO,N, O;,NO, — npomeXyTO4HbIC;

+5
N2 Oy — makcuMmaibHas.

B Mosiekyne cymMma CTENEHEHM OKHUCICHHS BCEX aTOMOB paBHA HYIIIO,
B CJIO)KHOM MOHE — 3apsiy MOHA. DTO TIO3BOJISIET BHIYUCIISTH CTCTICHh OKUCIIC-
HUS aTOMa OJHOTO0 XUMHYECKOTO 3JIEMEHTA, €CJTU U3BECTHBI CTETICHU OKHCIICHHUS
aTOMOB JIPYTUX XUMUYECKUX dJIeMEHTOB. Hampumep, Halo onpeieTuTh CTENeHb
okucieHus: aroma docdopa B dochopnoit kuciore HzPO,. [ns sToro Hy)HO
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coctaBuTh ypaBHeHue (+1)-3 + X + (—2)-4 = 0 u paccuuTarh nokasanus X (cre-
neHb okucaeHus: atoma gocdopa). OH paBeH +3.

Jlns onpeienieHys CTENEHN OKUCIeHUs XpoMa B HoHe Cr, O%' COCTaBJIAIOT

ypaBHeHHe: 2X + (—2)-7 = —2. 3aTeM pacCUUTHIBAIOT, YeMy paBHO 2.X (-2 + 14),
a motom X (12:2).

Bo MHOrmX ciy4asix CTENEHb OKHCICHHUS YMCIICHHO HE COBIAJAeT C Ba-
neHTHoCcThI0. Hanpumep, B Monekyinax O, u N, cTeneHb OKUCIICHHs JIEMEHTOB
paBHA HYJIIO, HO BAJICHTHOCTh KHCJIOPOa PaBHA JIBYM, a a30Ta — TPEM.

Bonpocsl u ynpaxHeHus

1. Yto Takoe BaJE€HTHOCTh?
2. Kakue 31eKTpoHbI Ha3bIBAIOTCS BaJICHTHBIMU?
3. Uemy paBHa BaJieHTHOCTH (pochopa B OCHOBHOM U BO30YKIECHHOM €r0
COCTOSIHUSIX ?
4. Yto TaKoe CTETIEHb OKUCIICHHUS?
5. UeMy paBHa CTENIEHb OKUCJICHHS aTOMOB B IIPOCTOM BeIlleCTBE?
6. UeMy paBHa cymma CTENEHEW OKHCJICHHMsS aTOMOB: a) B MOJEKYJIE;
0) B HoHE?
7. Kakyro cTerneHb OKUCIIEHUS UMEIOT B CBOMX COEIMHEHUSX: a) BOAOPOL;
0) kuciopon? [IpuBeaure npuMepsl.
8. Kakue creneHu oKUCIeHUsI Ha3bIBAIOTCS IPOMEXKYTOUHBIMU?
9. OmpenenuTte cTeneHb OKUCICHUS M BAJIGHTHOCTD!
a) (bOC(l)Opa — PH3, ong, H3PO4, Mggpz,
6) 6poma — NaBr, HBrO, KBrQOg, Br,0s;
B) xsopa — NaCl, NaClO, NaClO,, NaClOs, NaClQy, Cly;
F) MapraHga — MnO, KMnO4, MnOZ, |\/|nC|2, HgMnO4.
10. OnpenenuTe CTENEHb OKHCICHHS KKIOTrO dJieMeHTa B moHax: SO;,
HPO:-, H,PO,, CIO;, MnO;.

TecToBBIM CAMOKOHTPOJIb (6) 1O Teme
«BaJIeHTHOCTDb M cTelleHb OKUCJIEHHSD)

1. Vkaxwure, ueMy paBHa MaKCHMalbHas BaJCHTHOCTh XJIOpa B BO30YX-
JICHHOM €T0 COCTOSIHUU:
a) 3; 0) 5; B) 7; r) 1.
2. YKaxuTe, B KaKOW MOJIEKYyJie CTENeHb OKHCJICHHsI DJIEMEHTa paBHA HY-
JI10, @ BAJIGHTHOCTh — TPEM:

a) Oy; 0) NHs; B) N,Os; r) N,.
3. OnpenenuTte CTeNneHb OKUCICHUSI aTOMa KPEeMHUS B HIOHE SiO%’ :
a) -2, 0) +2; B) —4; r) +4.
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4. Onpenenute CTENEHb OKUCICHHS aTOMa a30Ta B HOHE NHZfr )
a) +4; 0) 4, B) 3; r)—3.
5. OnpenenuTe CTENeHb OKUCIICHUS aTroMa yriepoja B MoJiekyie CHy:
a) +2; 0) +4; B) —2; r) 4.
6. Onpenenure, B KAKMX COSAMHEHUSX CTENEHb OKUCIeHUs ¢hochopa paBHA
+5:
a) H3POy,; 6) HPO;,; B) H4P,07; F) P,0s;.
/. YKaXuTe CTEeNeHb OKUCIICHUS aToMa BOJ0po/ia B MosieKkyJie SiHy:
a)—1; 0) 4, B) 0; r) +1.
8. OmnpenenuTte cTeneHb OKUclieHus aroma ochopa B HOHE POi' :
a)—1; 0) —3; B) —5; r)+5.
9. VkaxuTte, Kakue dJIEMEHTH UMEIOT MOCTOSIHHYIO CTENCHb OKUCTICHUS:
a) K; 0) Ca; B) Fe; r) Zn.
10. Ompenenute, yeMy paBHa BAJICHTHOCTH CEpPbl B BO30YXKICHHOM €€
COCTOSTHUMU:

a) 0; 0) 2; B) 4; r) 6.

I''IABA 4. XUMHNYECKHUE PEAKIIUU U 3AKOHOMEPHOCTH
NX ITPOTEKAHUA

4.1. TUnbl XUMHUYECKHAX PEAKIIUIA.
OKHUCJIIMTEJIBbHO-BOCCTAHOBUTEJIBHBIE PEAKIIMM U COCTABJIEHUE
UX YPABHEHU METOJIOM SJEKTPOHHOI'O BAJTAHCA

XuMHYecKHe peaKuu KJIacCU(PUIHUPYIOT 110 Pa3HBIM MPHU3HAKAM.

I1o uzmenenuo Yucia UCXOOHbIX 8ewecms U NPOOYKMos8 peaxkyui.

1. Peakuu coeqMHEHUST — M3 JBYX WJIM HECKOJIBKUX BEIIECTB 00OpasyeTcs
OJIHO BEIIECTBO:

2Ca+0O,=2Ca0O, N, + O, =2NO.

2. Peakiuy pas3iokeHUss — W3 OJHOTO BEIIECTBA 00pa3yeTcsl HECKOJIBKO

BEIIECTB:
2A|(OH)3 = A|203 + 3H,0; 2HgO = ZHg + O,.

3. Peakniuu 3amenieHuss — WAYT MEXKIY MPOCTHIMH M CJIOXKHBIMH BeIIe-
CTBaMHU. ATOMBI IIPOCTOT'0 BEIIECTBA 3aMEIIAIOT aTOMBI OJTHOTO M3 3JICMEHTOB B
CJI0’KHOM BEIIECTBE:

CuCl, + Fe = Cu + FeCl,; Zn + 2HCI = ZnCl, + H..

4. Peakiinn oOMEHA — MOJICKYJIBI CIIOKHBIX BEIIECTB OOMEHUBAIOTCS CO-

CTaBHBIMU YaCTSIMU:

AI(OH); + 3HCI = AICI; + 3H,0.

1lo mennosomy aghghexmy, T. €. IO KOJUYECTBY TEIUIOTHI, KOTOPOE BbIACIIS-
€TCsl WM IOIVIOIIAETCA B PE3YyJIbTaTe PEaKUUU. XMMUYECKUE YPAaBHEHUS, B KO-
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TOPBIX YKa3bIBACTCA TEIJIOBOU 3(1)(1)6KT pCaKku, HA3bIBAIOTCA TCPMOXHMHYIC-
CKUMH YPAaBHCHUAMMH. Pazianuaror:
1. Dx30TepMUUEcKue peakuu (UAYT C BbIIEICHUEM TEIIOTHI):
H2 + C|2 =2HCI + 184,6 KI[)K
2. DHAOTEpMUYECKHE peakuuu (UAYT C MOTJIOMIEHUEM TEIJIOThI):
2HgO = 2Hg + O, — 180 x/[x.

Ilo npusnaxy obpamumocmu.

1. HeoOpaTumele.

2. O6patumsie.

HeoOpatumblie peakiiuu UAyT B OAHOM HaIpaBJICHHUU JI0 TIOJTHOTO HU3PACXO-
JIOBaHUSI OJTHOTO U3 PEarupyIOIINX BEIIECTB:

BaCl, + NaSO, = BaSO4{ + 2NaCl:
4NH; + 50,2L ANO + 6H,0.

OGpartrMble peakIii UIYT Kak B IPSMOM, Tak U B 0OPaTHOM HalpaBICHHsX:
N2 + 3H2 = 2NH3,
N, + O, = 2NO.

Ilo usmenenuro cmenenu OKUCIIEHUS AMOMO8 DJIEMEHMO8 Peazupyioujux
seuecms.

Peakiuu, mpyu KOTOPBIX M3MEHSIOTCS CTEIEHU OKHUCJICHHS aTOMOB pearu-
PYIOIIMX BEIIECTB, HA3BIBAIOTCS OKHCJIMTEIbHO-BOCCTAHOBUTEILHBIMH pe-
AKIHUSMH.

OcCHOBHBIE TIOJIO’KEHHUS TEOPUU OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIUMI:

1. Oxucnenue — NPOLECC OTAAYM SJIEKTPOHOB aTOMOM, MOJIEKYJION WM
1oHoM. CTereHn OKUCIIEHHUs TIPU STOM MOBBIIAIOTCS:
s 2+, 1 s
MgP — 2& = Mg*"; 2Br~ —2&=DBr}.

2. Boccmanosnenue — mporiecc MpUCOSTNHEHHS YJICKTPOHOB aTOMOM, MO-
JeKyJI0¥ uiy HoHOM. CTETIeHN OKUCIICHHUS TP STOM ITOHIKAFOTCS
Bro+ 2&=2Br *; Fe* +&=Fe™.
3. ATOMBI, HOHBI WM MOJICKYJIbI, KOTOPBIE OTAIOT JICKTPOHBI, Ha3bIBAIOT-
csl soccmanogumensmu. Bo BpeMsi peakiud OHU OKHUCIIIOTCS. BoccTaHoBuTE-
JISIMH SIBJISTIOTCS. METAJLIBI, @ TAKXKE COCIUHECHHMS, B COCTaB KOTOPBIX BXOJIAT dJIe-

-2
MEHTBI C HU3IICH CTeneHbI0 okuciieHus (HI™, HBr*, HCI*, H, Su ap.).

ATOMBI, MOJIEKYJIbI UJIM UOHBI, KOTOPBIE MIPUCOEAUHSIOT SJIEKTPOHBI, Ha3bI-
BatoTcs oxucaumensimu. OKUCIUTEIAMU SIBIAIOTCS akTUBHbIe HeMeTauibl (F,
Cly, Br,, O,), a Tak:ke COeIUHEHHMS, B COCTAB KOTOPBIX BXOMST DJIEMEHTHI C BBI-

+7 +6 +5
COKMMH CTeneHsIMu okuciaeHus (KMnO,, K, Cr> O,, HNOs u 1p.).
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H3BecTHBI BCIICCTBA, CITOCOOHEBIC IIPOABIIATH CBOMCTBa Kak OKI/ICJ'IPITCJ'ICfI,
TaK ¥ BOCCTAaHOBUTEJICH. DTO BCIICCTBA, B COCTAaB KOTOPBIX BXOIAT 3JICMCHTBI

0 -1 +4
C IPOMEKYTOUYHOM CTENEeHbI0 OKUCIIeHU (S, H, 02, H, SOz u ap.).

+4 -2
S’ +0) = SO, (cepa — BOCCTAHOBHTEJIb);
2 -2
Zn’ +S" =7ZnS (cepa — OKHUCIIHTENb).

4. OxucieHue He MOXKET IMPONUCXOJUTH oe3 BOCCTAaHOBJICHHA, BOCCTaAHOBJIC-
HHNC HC MOJKCT IIPOUCXOIUTDH 0e3 OKHMCJICHMS:

BOCCTAHOBHUTENIb — € < OKHUCIUTEIIb;

OKUCJIUTEJb + € < BOCCTAHOBUTEIIb.
5. Hucno SJICKTPOHOB, KOTOPOE€ OTHAET BOCCTAHOBUTEIH, PAaBHO YHCILY
DJIEKTPOHOB, KOTOPOE MPUCOECAUHIET OKHUCIUTEIND.

CocraBiieHue ypaBHeHm‘i OKHMC/IIUTECIIBHO-BOCCTAHOBUTC/IIBHBIX pPEak-

Ul METOIOM JIEKTPOHHOI0 0aJjiaHca:
+5 2 -1

2K ClO, = 2K Cl+30) ;

K Br+ Cl) = Br) + KCl
1. CocTaBisOT cxeMy peakiuu no (GopMmyjaM peardpyrolux BElIeCTB U
NIPOAYKTOB PCAKIIMHU:
HCI + KMnO, — KCI + MnCl, + CI,T + H,0.

2. OHpCIIGJ'DIIOT, aTOMBbI KaKHUX 3JICMCHTOB U3MCHAIOT CTCIICHb OKHUCIICHUA:

-1 +7 +2 +2
HCl+ KMnO4 — KCI+MnCl+Cl, T +H,0.
3. 3anuCchIBaIOT AJEKTPOHHbBIEC YPAaBHEHUS:
2CI" — 2 & = Cl) (okucneHwue);
Mn*" + 5 &= Mn*? (BoccranoBieHNE),

rae CI° — BoccTaHOBHTEID, Mn*" — okucnuTens.

4. ITonOuparoT B 2JAEKTPOHHBIX YPABHEHUAX TaKue KOIPPUUMEHTHI, YTOObI
YHCIJIO JIEKTPOHOB, KOTOPOE OTJIAE€T BOCCTAHOBUTEIb, OBLJIO PABHO YUCILY DJIEK-
TPOHOB, KOTOPOE MPUCOCIUHSAET OKUCTUTEIb:

2ClI'-2¢é&=Cl] 3)
Mn*" +5 ¢ = Mn" 2.
5. IlepenocsT 3t KO3PGUIUESHTH B CXEMY PEAKIIMU U HaXOAsaT Kod(pdu-
IIUEHTHI iepe] GopMysIaMu APYTHUX BEIIECTB PEaKIIUU:
16HCI + 2KMnO, = 2KCI + 2MnCl, + 5ClI, + 8H,0.

[IpaBUIIBHOCTH COCTAaBJICHHUSI YPABHEHHS BO MHOTHMX CIIy4asX MPOBEPSIOT
10 YKMCITy aTOMOB KHCJIOpOJa B JICBOM M MPaBOil yacTsAX ypaBHEeHHS. OHO JTOJK-
HO OBITh OJTMHAKOBBIM B 00EUX YaCTSAX YpaBHEHUS.

10|
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Bonpocsl 1 ynipaxkHeHus1

1. Yto Takoe peakuMu: a) COeAMHEHHUS; 0) paszIoKEHUs; B) 3aMCILCHHUS;
r) oOMeHa?
2. Kakue peaknuy Ha3bIBAIOTCS: a) SK30TEPMHUYECCKUMH;, 0) SHIOTEpMHUYC-

ckumu? [IpuBenure mpuMepsbl.

3.

Kakue peakinuu Ha3bpIBalOTCS: a) HEOOpaTUMbIMH, ©) OOpaTUMBIMU?

[IpuBenuTe NpUMEPBHI.

4. 3aKkOHUYNTE ypaBHEHUS PEaKIUN U ONPEACIINTE, K KAKOMY THITY OTHOCHT-
Csl KaKIasl U3 HUX:
a) CuSO, + Fe —; 0) Na,O + N,Os—;
B) Ca(OH), + HgPO,—>; r) Fe(OH); —;
1) CaCO; + HCl—; ¢) Na,SiO3; + H,SO4—.
5. Uro Takoe: a) okucienue; 0) BOCCTaHOBJICHHUE?
6. Kakue peakunu Ha3bIBatOTCS OKUCIUTEIBHO-BOCCTAHOBUTEIHLHBIMU?
7. Kakue BeniecTBa Ha3bIBAIOTCS: a) BOCCTAHOBUTEISIMU; 0) OKUCIUTEISIMU?

8.

C noMomibo0 MeTo/a 3IEKTPOHHOro OajlaHca paccTaBbTe KOA(DPHUIIUEHTHI

B OKHCJIUTCIIbHO-BOCCTAHOBHUTCIIbHBIX PCAKIIUAX:

a) H,S + O, —» SO, + H,0; 6) NH; + O,— NO + H,0;

B) Cu + HNO3(xonuentpuposanHas) — Cu(NOs), + NO, + H,0;

r) Cu + H,SO4(koHneaTpupoBannas) — CuSO, + SO, + H,0;

1) KMnO, + HBr — KBr + Br, + MnBr, + H,0;

3) KI + FeC|3 —> |2 + KCI + FeCIQ,

)K) H202 + KMnO4 + H2504 —> 02+MnSO4 + K2804+H20;

K) FeSO, + KMnO, + H,SO, — FEZ(SO4)3 + K,SO, + MnSO,4 + H,0;
I/I) Na,SO; + KMnO,4 + H,SO, — Na,S0O, + K,SO, + MnSO, + H,0;
1) KI + H,0, + H,SO4 — |, + K,SO,4 + H,0.

TecToBbIit CAMOKOHTPOJIB (7) M0 TeMe « THIIbI XUMHYECKUX peaKIuii»

1.

VKaKUTe Peakilim, KOTOPhIE OTHOCSATCS K PEaKInsIM OOMeHa:
a) CaO + 2HCI = CaCl, + H,0;

6) Fe + 2HCI = FECIZ + Ho;

B) Ca(OH)z + CO, = CaCO3 + H,0;

r) NaOH + HCI = NaCl + H,0.

. YKaXNUTE pPCaKknnn, KOTOPBIC OTHOCATCA K pCaKIHAM 3aMCIICHU AL

a) CuQ + 2HCI = CuCl, + H,0;

0) 2KI1 + Cl, = 2KClI + I;;

B) Fe + HZSO4(pa36.) = FeSO, + H,;
F) 2FeC|2 + C|2 = 2F6C|3

. YKaxXure pE€aKurn, KOTOPbIC OTHOCATCA K PCAKIUAM Pa3JIOKCHUSA:

a) 2KCIO; - 2KClI + 30,
6) 4NO, + O, + 2H,0 = 4HNO3;
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B) Cu + Hg(NOs3), = Hg + Cu(NOs3),;

r) 2KMnO, —>K,MnO, + MnO, + O,
4. YKaxuTe, Kakhe pPeakUuu SBISIOTCS OKHCIHUTEIbHO-BOCCTAHOBUTEIb-
HBIMH:
a) CO, + NaOH = NaHCOg; 0) 4P + 50, = 2P,0s;
B) Fe + 2HCI = FeCl, + Hy; r) 2Al + 3S = Al,S;.
5. VKakHTe, 4TO MPEeACTABIAeT coboii mpespamenue P’ — PO "

a) OKHCJICHHUE;
0) BOCCTaHOBJICHUE;
B) 0€3 U3MEHEHUS CTETICHU OKUCIICHHUS.
6. YkaxuTe 2JIEKTPOHHBIC CXEMBI ITPOIIECCa BOCCTAHOBIICHUS:

a) Cr0>"— Cr,0>"; 6) S° > 5%
B) 2Cr** — Cr, 02; r) Cu* - CU°.
7. YI(EDKI/ITG, B KaKHX PCAKIUAX YIJICPOd BBICTYIIACT KaK OKHCIHUTCIIb:
a) C + 0, =COy; 6) 2C + 0, =2CO;
B) C + 2H, = CHy, r) Ca+ C=CaC,.
8. YkaxuTte, B Kakux peakuusax ¢pochop BHICTyaeT Kak BOCCTAHOBUTEIb:
a) P + HNO3;— H3PO, +...; 0) P + Ca —;
B) P+ Oy; —; rP+S —.

9. Vkaxkute (GopMyIbl BEIIECTB, KOTOPHIE B OKHCIHTEIbHO-BOCCTAHOBH-
TEJBHBIX PEAKIUIX BHICTYITAIOT B KAYECTBE OKUCIUTENSI © BOCCTAHOBUTEJIS:
a) S; 6) H,0,; B) H,SOy; F) SO.,.
10. CocTtaBbTe ypaBHEHHE OKHUCIHTEIHHO-BOCCTAHOBUTEIHHOW PEAKIINH
P + HNO; + H,O0— H3PO,4 + NO. Vkaxute cymMmmy Ko3(pPHUITUEHTOB B HEM:
a) §; 0) 10; B) 18; r) 12.

4.2. CKOPOCTb XUMHUYECKHUX PEAKIIA U EE 3ABUCUMOCTb
OT PA3JIMYHBIX ®AKTOPOB

XUMHYECKUE PEAKIUU MPOTEKAIOT C PAa3IMYHOM CKOpPOCThIO. Pazgen xu-
MHH, KOTOPBIM M3y4aeT CKOPOCTH M MEXaHU3MbI MPOTEKAHUS XUMHUYECKUX pe-
aKIMH, HA3bIBACTCS XMMUYECKOM KMHCTHUKOM.

CKopoCTh XUMHMYECKOH peakunu — 3TO U3MEHEHHUE KOHILIEHTpAaluu pea-
TUPYIOIIUX BELIECTB WJIM MPOJYKTOB PEAKIIUU B €AuHUIYy BpeMmeHU. KoHIeH-
Tpanuio BemiecTB (C) BeIpaXarOT B MOJIIX Ha JUTP (MOJb/1), a Bpems (1) — B
CeKyHJ1ax (c¢) wiu B MuHyTax (MuH). Eciim HauanbHyI0 KOHIIEHTPAIMIO BEIIECTBA
A B peakiuu A + B = C + D o0603naunth C; KO BpeMeHHU 1, a KO BpemeHu t, —
C,, TO CpEIIHSAS CKOPOCTh PEAKITUH 3a TPOMEKYTOK BpemeHu t — t; OyaeT paBHa:

CrC, __ AC

V = — = —
tr—t; At
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CKOpOCTh XMMHUYECKOH peaklMu — BeJIHMYMHA MOJOXKHUTEIbHAs. 3HaK
«MUHYC» B IIPABOIl YaCTH ypaBHEHUS CTABAT MOTOMY, YTO KOHIICHTPAIIUS Bellle-
ctBa A ymenbliaercss u pazHocTh C,—C) MONMyYaeT OTPUIATEIbHOE 3HAYCHUE
(AC < 0). Ecizt ckopoCTh peakiiy ONpeAessifoT 0 U3MEHEHUIO KOHIICHTPAIH
npoaykToB peakiuu C u D, To B IpaBoi 4acTH YpaBHEHUS CTABST 3HAK ILTIOCY,
TaK KaKk KOHIICHTPAIIMU 3TUX BeniecTB yBenuunatorcs (AC > 0):

CrCi _, AC
t—t, At

3aBHCUMOCTH CKOPOCTH XUMHY€CKOH PEeaKIUH OT:

1. BnusiHUSI IpUpPOJIbI pearupyromux BelecTB. BemiecTBa ¢ MOHHON win
KOBAJICHTHOU MOJISIPHOM CBSI3bI0 B BOJHBIX PACTBOPAX pearrupyroT MExXIy coOoi
OYEHBb OBICTPO:

V==

NaCl + AgNO; = AgCH + NaNOs.

BemiecTBa ¢ HENoasipHON KOBAJEHTHOM CBSI3bIO0 PEATUPYIOT MEXAY COOOM
C pa3Ho#l ckopocTbto. Hampumep, peakius Bojgopona ¢ (GpTopoM HAET OYEHBb
OBICTPO (CO B3pHIBOM) MPU KOMHATHOM TEeMIIEpaType; peakiusi Bojopoaa ¢ Opo-
MOM HJIET MEJIJIEHHO JaKe€ P HarpEeBaHUMU.

2. BnusiHust cocTtosiHUS pearupyromux BeniecTB. CKOPOCTh XUMHYECKOM
peakuuMyu 3aBUCUT OT IUIOLIAAM COINPHUKOCHOBEHHSI PEArupyrONIUX BEIIECTB.
Hampumep, TBep/pie BelecTBa cepa U KeJle30 pearupyroT Mexay co0oil ObICT-
PO Mociie U3MENbYEHHUS U IEPEMEITUBAHMUSL.

3. BiusiHust KOHIIEHTpAIMU pearupyrouux BEMecTB. 3aBUCUMOCTh CKOPO-
CTU pEaKUMU OT KOHLEHTPALUM PEATUPYIONIUX BEIIECTB BHIPAKAECTCS 3aKOHOM
nevicteyronux macce (K. I'yapaGepr, I1. Baare, 1867 r.): «CxkopocTh Xumuye-
CKOW peakiuu NpsiMO MPOMOPIIMOHATBHA TPOU3BEACHUIO KOHIICHTpAIlUU pearu-
PYIOIIMX BEIIECTB B CTENEHAX, PaBHBIX KOd(p(ULHMEHTaM mepen (popMyiamu
BEILECTB B YPABHEHUU PEAKLIUNY.

s peakuun ad + 6B = ¢C + dD xuHEeTHYECKOE YpaBHECHUE UMEET CIICIY-
FOIIIUU BUI:

V = K[AT'[BT’,
rae V — CKOpOCTh XMMHYECKOW peakimu, [A] — KOHIEHTpalus BemecTBa A;
[B] — xonmenTpanus Bemiectsa B; K — KoHCTaHTa CKOPOCTH PEAKIMH; d U 6 —
k03 dunrenTsl B ypaBHenun peakiuu. Eciau [A] = [B] = 1 wm [A]-[B] = 1, To
V = k. Koncranra ckopoctu K 3aBUCHT OT MPHUPOJIBI PEAarupyroOIIUX BEIIECTB, OT
TeMIepaTyphbl U HE 3aBUCHUT OT KOHIICHTpAluu BeliecTB. KoHIeHTpanuu TBep-
JIbIX BEIIECTB B KUHETUYECKOE YpaBHEHHE peaKIMu He BXOAaT. Hampumep, mis
peakuu CaO(1B) + CO,(r) = CaCO3(TB) KMHETUUYECKOE YpaBHEHUE peaKIuu
UMEEeT BUJL:
V= k[COz]

4. Bnugausi TeMiepatypbl. 3aBUCUMOCTh CKOPOCTH PEAaKIUMU OT TeMIepa-

Typbl onpenensiercs npasuioMm Baunt-I'odda: «IIpu nmoseimeHun TemmepaTypsl
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Ha 10° cKOpOCTh OOJIBIIMHCTBA XUMUYECKUX PEaKIMil yBeInuruBaeTcs B 2—4 pa-
3a». JTa 3aBUCUMOCTb BBIPAKAETCSI MATEMATHUECKU:
-4
_ 1

Vtz _th .’Y 0 !
r7ie Y — TeMIlepaTypHbIi KOd(PPUIIUEHT, KOTOPHIN MOKA3bIBAET, BO CKOJIBKO pa3
YBEIIMUMBAETCA CKOPOCTh PEaKIMU MpU MOBBIIIEHUHA TemnepaTypbl Ha 10°,
Vi! — CKOpOCTh peakuuu npu temmeparype t3; Vi? — CKopocTh peakuuu npu
temriepatype t; .

Bomnpocsl

1. Kak Ha3pIBaeTCsl pa3fen XHUMHH, KOTOPBIM M3y4aeT CKOPOCTb M MeXxa-
HHU3M XUMUYECKUX PEAKINN?

2. YTo Takoe CKOPOCTh XUMUYECKOU PEaKIIu?

3. OT 4ero 3aBUCUT CKOPOCTh XMMHUECKOHN peakinn?

4. Kak 3aBHCHUT CKOPOCTb XMMHUYECKOW pEaklUu OT MPUPOJbl pearupyro-
IIUX BEIIECTB?

5. Kak 3aBHCHT CKOPOCTh XMMHUYECKOHN peaklyuy OT KOHILIEHTpalMU pearu-
pyromux BemecTs? Hanmummre MareMaTH4eCKOe BBIPAXKEHHE 3aKOHA JIEHCTBY-
IOIMX BEIIECTB.

6. Kak 3aBHCHUT CKOpPOCTh XMMHUYECKOU peakuuu oT TemnepaTypsl? Hamu-
HIMTE MaTeMaTH4ecKoe BelpaxxeHue npasuiia Baut-I'odda.

JTaJIOHBI pelleHUud 32124

1. OnpenenuTh CKOPOCTh XUMHUYECKOU peakiuu 4 + B = C, eciiu Havallb-
Has KoHIeHTpanus BemecTBa A(Cy) B onpeneseHHo MOMeHT Bpemenu (1) Obl-
na paBHa 0,80 Mob/J1, @ Yepe3 YeThIpe CeKYH Ibl KOHIIEHTpAIMs 3TOr0 BEIleCTBa
A(C5) crana 0,60 MoJb/J1.
Jlano: Pemienue:

C1 = 0,80 momb/x; =L G v S omne
C, = 0,60 MOB/1; t, t At ’
At=4c. _ 0,60-0,80

Hatmuw N —2 V=- R 0,05 momw/n-c.

Omeem: 0,05 MoJb/JI-C.

2. Bo CKONBKO pa3 yBEMUYUTCS CKOPOCTh PEAKITMU 00pa3oBaHMsI aMMHUaKa

no ypaBHeHuto peakuuu 3H, + N, = 2NHj;, eciu yBenuuuth KOHIIEHTpAIUIO
BOJIOpoAa B 5 paz?

Pewenue: cocraBisieM KWUHETHUYECKOE YpaBHEHHUE IS DTOW PEAKITHH:
Vi = K[H2J’[N,]; ecim [Hp] = a moms/m, a [Ny] = 6 momb/m, o V, = ka’s;
NpY YBEJIMYCHUH KOHIICHTPAIMK BOJOpOJA B 5 pas, ero koHreHrpanus [Hy] =
5a MOJB/TI, B TOTIA CKOPOCTh peakiuu craneT pasroil Vo, = k[5a]’s = k1254%;
HAaXOJIUM OTHOIIIEHUE CKOPOCTEM:
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V1 - kage
Omeem: yBenuuurcs B 125 pas.

3. Kak u3menutcs ckopoctsb peakmun 250, + O,= 2503, ecnmu yMEHBIIHUTH
o0beM ra3oBoit cMecu B 3 paza?

Pewenue: [1pu ymeHbllieHuu 00beMa ra3oBoi CMecH B 3 pa3za KOHIECHTPAIUH
BEIIIECTB YBEIMUUBAIOTCS B 3 pasa; eciu [SO,] = a Moab/i, a [O,] = ¢ MoJIb/11, TO
V; = ka’; mpu yMeHbIICHNN 06beMa ra30BOH CMECH B 3 pasa KOHIICHTPALS
[SO,] = 3a monw/n, konuenTpanwus [O,] = 36 MOJIB/JI, TOT/Ia CKOPOCTh PEAKIUH
crauet pasHoii V, = k[3a]’[36]; HAX0OAMM OTHOIICHHE CKOPOCTEii:

V, _k[3a]°[3s] _ k27a’s _
Vi k[al’[s]  ka%e
Omeem: yBenuuurcs B 27 pas.

27

4. I1pu noBbimennn Temmnepatrypsl Ha 10 °C cKOpOCTh peakiuy yBEJIUYHU-
nack B 3 paza. Kak u3BMEHHUTCSI CKOPOCTh pPeaKIUU, €CJIU MOBBICUTH TEMIIEPATYPY
Ha 30 °C?

-4
Pewenue: —2 — YW _3%010 =33 - 27,
Y
Omeem: yBenuuutcs B 27 pas.

3axayu ¥ ynpaKHeHUA

1. B pactBOpe nmpoTeKaeT XuMU4YecKasi peakuus no ypasaenuto A + B = C.
Havanbnas koHueHTpauus Bemectsa A paBHa 0,80 Mouib/J1, HaYaIbHasE KOHIEH-
Tpauus Bemectsa B paBHa 1,00 mons/n. Uepe3 20 MUH KOHILIEHTpaLMs BEIIECTBA
A ymenbmunack 10 0,78 Monw/n. Onpeaenuts KOHIIEHTPAIMIO BellecTBa B 1o-
CJIE PEaKIMH U CKOPOCTh XUMHUUYECKON PEAKLINN.

2. Kak u3mMeHuTCs CKOpOCTh xumudeckoi peakiuu No+3H,= 2NH; mpu
YBEIIMYCHNUH KOHIIEHTPALMM UCXOAHBIX BEIIECTB B 2 pasza’?

3. Kak n3menutcst ckopocts xumudeckon peakiuu 2SO, + O, = 2S0s3:
a) Py yMEHBIIEHUU KOHIIEHTPALIMK UCXOIHBIX BEIIECTB B 2 pa3a;
0) mpu yBEJIMUCHUH JTaBJICHUS B 2 pa3a;
B) IIPU YBEJIMYEHUU 00beMa ra3oBoil cmecH B 2 paza?

4. Kak U3MEHUTCSI CKOPOCTh XMMUYECKON pPEaklUUU MpPU MOBBIIICHUN TEM-
nepatypsl oT 40 °C no 100 °C, ecnu U3BECTHO, YTO MPH MOBBIIICHUH TEMIIEpa-
Typbl Ha Kaxzasle 10 °C ee ckopocTh yBenuuuBaeTcs B 2 pasza?

5. Ins xumMudeckoil peakuuu TeMneparypHsid ko3 ¢uuueHnt pasex 4. Kak
M3MEHUTCA €€ CKOPOCTh NP MOHWKEeHUHU Temneparypsl Ha 40 °C?
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6. I xuMHuUecKol peakiuu TeMIiepatypHbiil koaddunueHT pasen 2. [1pu
20 °C peakmust npoTekaer 3a 2 MuH. OnpeieTuTe BpeMs €€ MPOTEKaHUs Mpu:
a) 50 °C; 6) 0 °C.
/. Hanuimre KMHETUYECKUE YpAaBHEHHS CIENYIOLIUX PEAKIUi, COrjacHoO
3aKOHY JIEMCTBYIOIINX MAacCC:
a) 2NO(r) + Cly(r) = 2NOCI(r);
0) Ca(OH),(1B) + CO,(T) = CaCOs3(TB) + H,0 (T);
B) Fe,O3(1B) + 3CO(T) = 2Fe(1B) + 3CO4(T).

4.3. KATAJIU3ATOPBI U KATAJINU3

BemectBa, KOTOpblE U3MEHSIIOT CKOPOCTh XMMHYECKON pEeaKIuu, HO caMu
XUMHUYECKH HE U3MEHSIOTCS M HE BXOJAT B COCTAaB MPOAYKTOB PEaKIMH, Ha3bl-
BAIOTCA KaTaJau3aTopaMu. 3MeHeHne CKOpOCTH XUMHUYECKOW PEAKIUU B IPU-
CYTCTBHM KaTaJlM3aTOPOB HA3bIBAIOT KATAJM30M. Peakinu, CKOPOCTh KOTOPBIX
MOKHO MU3MEHUTH MIPH MOMOIIM KaTalUu3aTOPOB, HA3bIBAIOT KATATUTHYECKUMHU.

KaranuzaTopel, KOTOpblE YBEIMUMBAIOT CKOPOCTh PEAKLUMHU, HA3bIBAIOTCSA
noaodcumenvubimy. Takue KaTanu3aTopbl MPUMEHSIIOT NPU MOJYYEHUU CEPHOMN
KHUCJIOTBI, OKUCJICHUM aMMHUaka U JIPYIMX BEUIECTB. DTO NPUMEPBI HOTOHCU-
MeNbHO20 Kamanu3a.

KaranuzaToppl, KOTOpbBIE YMEHBIIAIOT CKOPOCTh PEAKIMH, HA3bIBAIOTCSA
ompuyamenbHelMu WIA  UHeUOUmMopamu. YMEHbBIICHUE CKOPOCTH peakluu
B IPUCYTCTBUHM OTPULIATEIbHBIX KaTaJU3aTOPOB HA3BIBACTCS OMPUYAMENbHbIM
kamanuzom. IIpuMepbl OTPULIATENLHOTO KaTaln3a — 3TO YMEHBILIEHHUE CKOPO-
CTH Pa3JIOKEHMs MEPOKCUIA BOJOPOAA B MPUCYTCTBUM HEOOJBIIMX KOJIUYECTB
CEpPHOU KHUCIIOTHI.

Pa3znnuaroT roMmoreHHbIi (0OAHOPOHBIN) U TeTEPOTreHHbIN (HEOIHOPOIHBIN)
KaTaJus.

[Ipu comozcennom kamanuze KaTanu3aTop HAXOAUTCS B TOM K€ arperaTHOM
COCTOSIHMM, YTO U pearupyroliue BelecTBa (ra3o00pa3HOM WM KHJIKOM).
Hampumep, peakuusi oopazoanusi okcuaa cepsl (VI) uz SO, u O, B npucyt-
ctBuM okcua azora (I):

NO(r)
250,(1) + O2(r) =— 2S0s3 (1)-

IIpu ecemepoeennom kamanuze KaTaau3aTop HAXOJIUTCS B IPYrOM arperart-
HOM COCTOSIHMM, YEM pearupyrolre Bemiecrsa. Hanpumep, okucieHue ammuaka
B MIPUCYTCTBUU TUTATHHBI:

Pt .
ANHs(r) + 505(r) = 4NO,(r) + 6H,0(r)

[lpu eemepocennom kamanuze peakuuu MPOUCXOASAT HA MOBEPXHOCTU Ka-
Taau3aTropa, NO3TOMY CKOPOCTh PEaKUUU 3aBUCHUT OT IUIOLIAAN U CBOMCTB IO-
BEPXHOCTHU KaTaau3aropa.
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Oco0y10 poap UrparoT OMOJIOTUYECKHE KaTalu3aTopbl — (DepMeHTHI (3H-
3uMbl). OHU YYacTBYIOT B CJIIOXHBIX XMMHUYECKHUX Ipolieccax, KOTOpble MpoTe-
KalT B )XKMBBIX OpraHu3Max. Hampumep, ruaponns >KHpOB, YIIIEBOAOB, OSIKOB
MIPOUCXOANT TOJBKO B IPUCYTCTBUH (DEPMEHTOB.

Bonpocel

1. Yto Ha3bpIBaeTcs: a) KaTaau3aTOpoM O) KaTalu30M B) KaTaJIUTHUYECKOM
peakiuei?

2. Kakue xatanusarops! Bel 3Haete?

3. UTo Takoe TOMOTEHHBIN U TeTePOreHHBIN KaTanu3?

4. Kak Ha3bIBaIOTCS OMOJIOTHYECKUE KaTaTnu3aToOPhI?

4.4. XUMHUYECKOE PABHOBECHE U YCJIOBUSI ETO CMEIIEHU S

OOpatumMbie peakiuu He HAYT J0 KOHIA U 3aKaHYMBAIOTCS XUMUYECKUM
paBHOBecHeM. XHUMHYECKOE PAaBHOBECHE — 3TO TAKOE COCTOSHHUE O0OpaTUMOM
peaKkiiu, Mpu KOTOPOM CKOPOCTh NpsIMOM M OOpaTHOW peakuuii paBHbl. [Ipu
XUMUYECKOM DPaBHOBECHHU TMpsiMas U OOpaTHas pEakiMy HE 3aKaHYMBaIOTCH,
a UIyT C OJUHAKOBOM CKOPOCTHIO. [IprmMepoM oOpaTHMOil peakiiuu MOXKET CIy-

JKUTh B3aMMOJICMCTBHUE BOJIOPOJIA C MOJOM:
Ilpsamas  peakuus

>

2H1.

Jus 5TOM peakuuu B COCTOSHMM XMMHYECKOro paBHOBecHA Vi, = Vg
Cxopoctb npsiMoit peakuuu paBHa Vi, = Ky, [H2][l2]; ckopocts o6paTHOIt peak-
mn: Vs = Kogp, [HI]2. B cocTossHuM XMMHYECKOTO PaBHOBECHS KOHIICHTPAIIUU
MCXOJHBIX BEILIECTB U MPOAYKTOB PEAKIUHU HE HU3MEHSIOTCA U Ha3bIBAKOTCS
PABHOBECHLIMU KOHYeHmpayusmu. XUMAYECKOE PAaBHOBECUE XapaKTEpU3yeTCs
koncmanmotu xumudeckozo pasrosecusi (K, ). KoHCTaHTa XUMHYECKOTO PaBHO-
BECHSI — ITO OTHOIIIEHHWE KOHCTAHT CKOPOCTEH MPSIMOI M OOpaTHON PEaKIIMii:

Kpp.  [HI]?

k06p. [HZ][IZ]

KoHcTaHnTa XMMHYECKOTO PABHOBECHS 3aBUCUT OT TEMIIEPATYyphbl U MPUPO-
JIbl pearupyromnx BEIIECTB, HO HE 3aBUCHUT OT KOHIIEHTpAIlMU pearupyromux
BEIIECTB M Karaiu3aropa. [Ipy XMMHYECKOM pAaBHOBECHMU KOHUEHTPAIMUA BeE-
IIECTB OCTAIOTCS MOCTOSHHBIMH, €CJIM HE M3MEHSIOTCS YCJIOBUS XUMHUUYECKOM
peakiuu. [Ipyu U3MeHeHUN yCIOBUI — TEMIIEpaTyphl, IaBICHUS U KOHIEHTpA-
UM PEarupyrolmx BEMIECTB — XMMHUYECKOE paBHOBeCHE cMmelaercs. B ocHoBe
CMEMICHUSI XUMUYECKOTO PAaBHOBECHUSI JISKUT MPUHIIUI (PPAHITY3CKOTO YUYEHOTO
JI-Ilarenbe (1884 r.): «IIpu M3MEHEHHH BHEIIHUX YCJIOBUN XUMHYECKOE PaB-
HOBECHE CMEINAETCS B CTOPOHY TOW peakiuu (MpsSiMOil Uil 00paTHOI), KOTopast
YMEHBIIIAET 3TO BHEIIHEE BO3/ICUCTBUEY.

H, +1, < oOpartHast peakis

Kip. =
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OnpenenuM, B KaKyt0 CTOPOHY cMelaeTcst paBHoBecue peakiuu 2S0,(T) +

O,(r) = 2SO3(T) + Q pu M3MEHEHUHU TEMIIEPaTyphl, TaBICHUS W KOHIIEHTpPa-
Y BEMIECTB. 3aMETHM, YTO MPsMasi Peakius — IK30TEPMHUIECKas, a oOpaTHas
peakius (2SO; — 2SO0, + O, — Q) — suAoTepMudeckas. [Ipu TOBBIICHUN
TEeMIIepaTypbl PaBHOBECHE CMEILAETCS B CTOPOHY SHIOTEPMUUYECKON pPEaAKIUH,
KOTOpas 0ocialJsieT MOBBIIEHUE TeMIeparypsl. [Ipu moHWKeHun TeMneparyphbl
pPaBHOBECHE CMEINAETCSl B CTOPOHY SK30TEPMHUUECKON peakllnu, KOTopas ociad-
JISIeT TOHMKEHHUE TeMITePaTypHhI.

[Ipu mOBBINIIEHNN JABJICHUS PABHOBECHE CMEIIACTCS B CTOPOHY YMEHBIIIE-
HUSI YKCJIa MOJIEKYJ, T. €. B CTOpoHY oOpa3zoBanus SOj. [Ipu noHuxeHuu nas-
JICHUs] PaBHOBECHE CMEMIAeTCs B CTOPOHY YBEIWYCHHs YHCIa MOJEKYN, T. €.

B cTOpoHy oOpazoBanus SO; u O,. B paBHoBecHOU cucteme Ny(T) + Oy(T) =
2NO(T) paBHOBECHE IIPU U3MEHEHUM JABJIEHUS HE CMELIAETCS, TaK KAaK YUCIIO
MOJIEKYJI Ta30B B MPABOM U JIEBOM YaCTAX YPABHEHHMS 3TOM PEAKIIUU OJUHAKOBO.
He Bnuser naBneHue Ha paBHOBECHE M TOTJA, KOTJIa BCE pearupyronme Beme-
CTBA HAXOJATCA B )KMJKOM WJIM TBEPAOM COCTOSIHUU.

[Ipn yBenMYEHHH KOHUEHTpAaMM KAaKOTo-JIu00 BEIIeCTBA pPABHOBECHUE
CMEIAETCS B CTOPOHY YMEHBIIECHHS] KOHLIEHTPALMKU 3TOTO BELIECTBA.

Bonpocsl U ynpa:kHeHust

1. Yro Takoe XuMHUECKOe paBHOBecHe?

2. Kakue KoHIIEHTpaIuu Ha3bIBAIOTCSI PABHOBECHBIMU?

3. UTo Takoe KOHCTaHTa XMMHUYECKOTO PaBHOBECHS?

4. OT 4ero 3aBUCHT KOHCTAHTa XUMHUYECKOTO PaBHOBECHS?

5.B Kkakylo CTOpOHY CMECTUTCS XHMHUYECKOE pPABHOBECHUE PEAKIINH

Ny(T) + 3Hy(r) = 2NHj3(r) + 92 x/JIx:

— TIpU YBEJIWYCHUU TEMIIEPATYPHI;

— TIpU YBEIWYCHUU JABIICHHUS;

— TIpY YBEJIMYCHUN KOHIICHTPAIIMU a30Ta, BOJOPO/Ia NI aMMHaKa?

6. B kakyt0 CTOPOHY CMECTUTCS XUMHUYECKOS PABHOBECHE MPU YBEITHMYCHUN
CO, B cucremax:

— CaCOg3(tB) = CaO(1B) + COy(T);

— COq(1) + C(tB) == 2CO(1);

— COy(r) + Hy(r) = CO(r) + HyO(1);

— HzCOg(}K) = HgO()K) + COZ(F)?

/.B Kakyi CTOpPOHY CMECTUTCSI XHMHYECKOE PAaBHOBECHE pEaKIUu
2CO(T) + Oy(1) = 2C0Oy(1) +Q:

— MPU NOBBIIEHUHU TEMIIEPATYPHI;

— IIPpH MMOBBINICHHUUA JAaBJICHUS,
— IIPH IMOBBINICHUH KOHOCHTPAIKUN Kchopoz[a?
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8.B KaKyr0 CTOpPOHY CMCCTUTCA PABHOBCCHUC CHUCTCMBI IIPH YBCIHMYCHUU
JaBJICHUA:

— 3Fe(tB) + 4H,0(r) = Fe3O4(1tB) = 4Hy(T);
CO(r) + HyO(r) = CO,(r) + Hy(r);
4HCI(r) + Oy(t) = 2H,0(r) + 2Cly;

— C(TB) + 02(1“) = COz(F)()
9. B kaky1o CTOPOHY CMECTUTCSI XUMHUYECKOE PABHOBECHE IIPH MOHIKECHUHT
TEMIIEpaTypbl B CUCTEMAX:

— 2Hy(r) + O4(r) = 2H,0(r) + 484 x]JIx;
— C(1B) + Oy(1) = CO4(1) + 394 x/Ix;
C(tB) + CO,(1) = 2CO(1) — 173 xJIx;

— Hy(r) + I(r) = 2HI(r) — 52 xJIx?
10. B kaKky10 CTOpOHY CMECTUTCS XMMHUYECKOE PaBHOBECHE INPHU IMOBBIIIE-
HUU: a) 1aBJIeHUs 0) TeMIepaTypbl — B CUCTEMAaX:

— 2C0Oy(r) = 2CO(T) + Oy(T) — 566 K]JIx;

— CaCOs(1B) = CaO(1B) + COy(T) — 177 x]Ik;
— CO(r) + Cly(r) = COCly(r) + 114 x/Ix;

— 2NO(T) + Oy(r) = 2NO; (1) + 113 xJIx?

TecToBBI CAMOKOHTPOJIb (8) M0 TeMe «KnHeTHKA M KATAJIN3)

1. VkaxuTe mpaBUIBLHOE YpaBHEHHE CKOpOCTH miig cuctembl 2Cr(TB) +
3Cly(1) = 2CrCls(TB):
a) V = K[Cr[CLL]>; 6) V = K[3Cl];
B) V = k[2Cr][3Cl,]; r) V = K[CL,]>.
2. YKaxkuTe, Kakou peaknuu cootBercTByeT ypaBaeHue V = K[O;]:
a) C(tB) + Oz (r) = CO(r); 0) Na(r) + O2(r) = 2NO(r);
B) 2H,(T) + O,(1) = 2H,0(1); 1) 4Al(TB) + 30,(T) = 2A1,05(TB).
3. YkaxuTe, OT Kakux (haKTOpOB 3aBUCHUT KOHCTAHTAa CKOPOCTH XUMHUYE-
CKOM PEaAKIINU:
a) OT KaTajan3aTropa;
0) OT TeMIepaTyphl;
B) OT MPUPOJIBI PEaruPyIOMIUX BEUIECTB;
') OT KOHIIEHTPAIUHU.
4. YKaxuTe, BO CKOJIBKO pa3 yBEIMYUTCS CKOPOCTh MPSIMOM PEAKITUU B CHU-

cteMe 2NO(T) + O,(r) = 2NO,(T), eciin yBeIUYUTh KOHIICHTPAIIUIO UCXOTHBIX

BEIIIECTB B JIBa pasa:
a) 2; 0) 4, B) 6; r) 8.
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5. YKaxuTe, BO CKOJIBKO pa3 YMEHBIIUTCS CKOPOCTh peakumu A + B — C
npu noHmxkenun temneparypsl ot 80 °C o 40 °C, ecnu npu MOHWKEHUU TEM-
nepatypsl Ha 10 °C cKOpoCTh peakiui YMEHBIIIAETCA B 3 pasa:

a) 3; 0)9; B) 27, 1)8l.

6. YkaxxuTe KOHCTaHTy XMMHUYECKOTO paBHOBECHS i peakuuud A(TB) +
B(r) = C(r) + D(1):

(3 PR (3 () PR (< () P o3 I
[B] [A] [B] [B] [B] [Al

7. YKaxuTe, B KAaKOM HaNpaBJICHUH CMECTUTCS pPaBHOBECHE pPEaKIIUU

N(T) + 3Hy(r) = 2NH3(T) mpu BHECEeHUHU KaTanu3aTtopa:
a) BJICBO; 0) BIpaBo; B) HE CMECTHUTCSL.
8. YkaxkuTte, B KaKkOM HaIpaBJICHUH CMECTUTCS pPABHOBECHE PEaKIIUU

2CO(1) + Oy(1r) = 2CO;, + 569 x/Ix ipu yBenuyenuu konmeHTpanuu CO;:
a) BIIPaBO; 0) BIEBO; B) HE CMECTHUTCHA.
9. Vkaxkute, B KaKOM HANpPaBJICHHH CMECTUTCS PaBHOBECHE PEAKIINH

ANOy(1) + O2(r)+2H,0 = 4HNO; + Q npu NOBBIIICHUN TEMIIEPATYPHI:
a) BIIPaBO; 0) BIEBO; B) HE CMECTHUTCHI.
10. YkaxuTe, B KaKOM HaIPaBJICHUH CMECTUTCS PaBHOBECHE DPEaKIIUN

C(1) + COy(r) = 2CO — Q nipu yMEHbBIIICHUU JTABJICHUS :
a) BIIPABO; 0) BIIEBO; B) HE CMECTHUTCSI.

I'”TABA 5. OCHOBHBIE KJIACCbhI HEOPTAHUYECKHUX
COEJIMHEHUH

Bce Heoprannyeckue BEMIECTBA MO COCTABY JENATCS HA MPOCTHIE U CJIOXK-
Hble. [IpocThie BemecTBa AEHSATCS HA METauibl U HeMeTasulbl. CI0kKHBIE Belle-
CTBa JICTIATCS Ha KJIACChI: OKCHJIBI, OCHOBAHHUSI, KUCIIOTHI, COJIH (TabII. 5).
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¢S

IIpocthie

OCHOBHBIE KJIACCHI HEOPTAaHUYECKUX COCAMHEHU I

Merannbl
K, Na, Fe

Hemeramnbr ||

S,Clp, P

I/IHepTHLIe Tra3bl
Ne, Ra, He

BemecrBa CnoxHble
T
] ¥
Oxcuapl OcHoBaHus Kucnorsl
| | !
Heconeobpasyrorne PactBopumbie B Boae Kucnopon-
CO, NO, N,O (tmemoun) cozepixaIme
v NaOH, Ba(OH), H2S04, HNO;3
Coneobpasyrorue
HenacTBODHMBIC beckucinoponnsie
/ N pacieop HCI, HyS
B BOJE

Tabauya 5

Conu

l

OcHOBHEIE
Na,O, FeO

Kucnorusie
SO3, P,0Os

AmpoTtepHbIe
Zn0O, Al,O3

Cpennue
(HOpMaJTbHBIC)
CuSOs, NaCl

Cu(OH),, Fe(OH),

AmpotepHbie
, THJIPOKCH/IBI

Zn(OH),, Al(OH)3

}

Kucisie
KHCOs3,
NaHSO,4

}

OCHOBHEIE
Al(OH);NO3,
Cu(OH)CI




5.1. OKkcuabl

OKcHllbl — 3TO CIIOXHBIE BEIIECTBA, COCTOSIIUE U3 JIBYX DJIEMEHTOB, O/I-
HUM U3 KOTOPBIX SIBJISIETCS KUCIIOPOJ] B CTENICHU OKUCIICHUS —2.

Homenkaatrypa (Ha3BaHHWsl) OKCHIAOB COCTOMT M3 CJIOBA «OKCHI»
Y Ha3BaHUA JIEMEHTA B poauTenbHOM majexe: MgO — okcun marnaus; K,O —
okcun kamusi; CaO — okcupa kanbius. Eciu ameMeHT oOpa3yeT HECKOJIBKO
OKCHJIOB, TO TIOCJIC HAa3BaHMsI AJIEMEHTa yKa3bIBACTCS €r0 CTENEHb OKHCIICHHUS.
N,O — oxcun azora (I), NO — oxcun azora (II), N,O3 — oxcup azora (III),
NO, — oxcun a3ora (IV), N,Os — okcmp a3ora (V).

IMosryyeHune OKCUIOB:

1. B3aumoneicTBrE MPOCTHIX BEMIECTB C KUCIOPOJIOM:

C+ 02 = COz, 4Al + 302 = 2A|203
2. BzaumoseiicTBrE CI0KHBIX BEIIECTB C KUCIOPOIOM:
2H,S + 30, = 2H,0 + 2S0,; 2CuS + 30, = 2Cu0O + 2S0,.

3. PaznoskeHue rmpu HarpeBaHUU OCHOBAHUM, KUCIIOT U COJICH:

2Fe(OH); = Fe,05 + 3H,0; CaCO; = CaO + COy;
H28i03 = Hzo + S|02

CornacHo kJIaccu(pMKaAMU OKCHAOB, [0 XMMUYECKUM CBOMCTBAM HX Je-
JST Ha HecosieoOpasyroIue U cojeodpasytomue. HeconeoOpasyronmx OKCUI0B
MaJo.

Coneoopaszyrowumu (Ca0, P,0s5, CO,, MgO) Ha3bIBaIOT OKCHIBI, KOTOPHIE
MPU XUMHUYECKUX PEAKIUSIX 00pa3yroT coiiu. Heconeobpasyrowumu, 6e3paznny-
HeiMu (CO, Si0, N,0O, NO), Ha3bIBalOT OKCHbI, KOTOPHIE MTPU XUMUYECKHUX Pe-
akusx He oOpasyroT coiu. ConeoOpa3yroniue OKCHUIIBI ACNATCS Ha OCHOBHEIC,
KHUCIIOTHBIC U aM(OTEpHBIE.

OcHosHble OKCUObL — ITO OKCHUJBI, KOTOPHIM COOTBETCTBYIOT OCHOBAHUS.
Hampuwmep, Na,O, CaO, FeO, CrO — ocHoBHble Ookcuabl. UM COOTBETCTBYIOT
ocunoBanuss NaOH, Ca(OH),, Fe(OH),, Cr(OH),. OcHoBHbIE OKCH/IBI 00pa3yrOT-
Csl TOJIbKO MeTajuiaMu. Bce OCHOBHBIE OKCHIBI — TBEP/IbIC BEIIECTBRA.

XUMHUUYECKUE CBOWCTBA OCHOBHBIX OKCUOB:

1. OcHOBHBIC OKCHBI MIEIOYHBIX U MEJIOYHO-3EMEIbHBIX METAJIJIOB B3aW-
MOJICHCTBYIOT C BOAOU 1 00pa3yroT OCHOBaHUs (IIEI0UH):

K,0 + H,O = 2KOH; CaO + H,0 = Ca(OH)s.

OCHOBHBIC OKCHIBI HEKOTOPHIX METAJUIOB C BOJAOW HE B3aUMOJICHCTBYIOT.

CoOOTBETCTBYIOIINE UM OCHOBAHHUS TTOTYUYAIOT U3 COJIEH:
FeSO, + 2NaOH = Fe(OH),4 + Na,SOy;
CuCl, + 2NaOH = Cu(OH),{ + 2Nag,.

2. OCHOBHBIC OKCHJIbI PEarupyroT ¢ KUCIOTHBIMH OKCHIAMHU C 00pa30BaHHU-
€M COJIH:

BaO + C02 = B&COg.
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3. Bce ocHOBHbBIE OKCHIBI PEAarupyroT ¢ KUCIOTaMU ¢ 00pa30BaHUEM COJIU
U BOJIBIL:
CaO0 + 2HCI = CaCl, + H,0;
FeO + H,S0O, = FeSO, + H,0.
OCHOBHBIE OKCH/JIBI HE pEarupyroT ¢ OCHOBaHUSIMHU.
K xuciromuvim oxcuoam OTHOCSATCS OKCHIBI HEMETAJIOB, a TAaK)KE METalI-
JIOB B BBICHIUX CTemeHsx okucieHus. Hampumep, SO, SOz; CO,, Cr,0s,
Mn,0; — kucaoTHBIE OKCHIBI. KHCIIOTHBIM OKCHIaM COOTBETCTBYIOT KHUCIIOTHI.
K npumepy:
SO; —> H,S0Oy; P,Os —> H3POy; N,Os - HNO:;.
B KHCIIOTHBIX OKCHIax CBSI3b KOBaJIGHTHAs MoJisipHasi. KucioTHbie OKCHIbI
ObIBaroT razoobpasueie (SO,, CO,), xuakue (N,O3), TBepasie (P,0s, Si0,).
XVWMHUUYECKHE CBOMCTBA KUCITOTHBIX OKCHJIOB:
1. KucnotHsle OKCUABI pearupyroT ¢ OCHOBaHUsIMU. B pesynbrare oOpa3y-
IOTCSI COJTb Ml BOJIA:
NaOH + CO, = NaHCO3;; 2NaOH + CO, = Na,CO3 + H,0.
2. MHOTHE KHCIIOTHBIC OKCHABI pPEarupyroT C BOAOW C 0Opa3oBaHHEM

KHCJIOTHI:
0

t
P,Os5 + 3H,O ——=2H3P0Oy;

N205 + Hzo = 2HNO3
Kucnornsiii okcua SiO; ¢ BOJ0# HE pearupyer.
3. KucnoTHble OKCHIBI pearupyoT ¢ OCHOBHBIMU OKCHAAMH C 00pa30BaHU-
€M COJIU:
3Ca0 + P205 = Cag(PO4)2.
4. MeHee neTy4yue KHCIOTHBIE OKCHIBI BBITECHSIOT OoJyiee JIETy4yue U3 UX
COJICH:

CaCOs + Si0, —t— CaSiO; + CO,™T.
Kucnornslie 0OkCuabl HE pearupyroT ¢ KUCIOTAMM.

Amgpomepuvie oKcudbl — TO OKCHABL, KOTOPHIE PEArHPYIOT U ¢ KUCIOTa-
MH ¥ cO 1enouaMu. [Ipu 57oM 06pasyroTcs collb U BOJA!
A|203 + 6HCI = 2A|C|3 + 3H,0;

Al,O; + 2NaOH Llpacas)  oNaAO, + H,0.

[TocnenHsist peakuus UIET NMpU CIIaBIeHUU. B BogHOM pactBope o0Opasy-
CTCA KOMIIJIIEKCHAA COJIb:

AlLO; + 2NaOH + 3H,0= 2Na[AI(OH).].

XapakTep OKCUIA 3aBUCUT OT IOJIOKEHHUS DJIEMEHTA B IMEPUOAUYECKON CH-
CTEMC U €10 CTCIICHU OKUCIICHU. BCC HEMCTaJ1JIbl o6pa3y}0T KHUCJIIOTHBIC OKCHUJBI.
MeTaJ'IJ'IBI MOFYT O6paBOBBIBaTB OCHOBHBIC, aM(l)OTeprle 1 KHUCJIIOTHBIC OKCHUIBI.
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Hampuwmep:
+2 -2 +2 -2

MnO; CrO — oCHOBHBIE OKCHUIIBL;
+4 =2 +3 -2

MnO,; Cr,O; — amdoTepHbIC OKCHUIHI,
+7 =2 +6 -2

Mn, O,; CrO; — KHCIIOTHBIC OKCH/IBI.

B nepuojnie cneBa HampaBoO C YMEHBIICHUEM METAJUIMYECKUX CBOWCTB 3Jie-
MEHTOB, CBOMCTBA OCHOBHBIX OKCHJIOB OCJIa0€BAIOT U 4epe3 aM(oTepHbIe Tiepe-
XOJISIT B KUCJIOTHBIE.

B rnaBHBIX moArpynmnax cBepxy BHU3 OCHOBHBIE CBOICTBA YBEIUUMUBAIOTCS.

Bonpocel 1 ynpaxHeHus

1. Kakue BemiecTBa Ha3bIBAIOTCI OKCUIAMU?

2. Kak cocTaBisitoT Ha3BaHUs OKCUIOB?

3. Ha kakue rpyriibl 1easTCs BCe OKCHUIbI?

4. Kakuie OKCHJIbI Ha3bIBAIOTCS: a) OCHOBHBIMU; 0) KUCIOTHBIMU; B) aM(o-
tepHbiMu? [IpuBenuTe mpuMepshl.

5. CoctaBbTe (POPMYJIBI U HA30BUTE OKCHUJBI CICAYIOUIUX SJIEMEHTOB: Ka-
nus, uHKa, hocdopa (I1I1), kpemuus (IV), xpoma (VI), xnopa (VII), prytu (II).

6. Kak u3MeHSIOTCS CBOWMCTBAa OKCHIIOB B IIEPUOJIE CJIEBa HAIPaBO
C YMCHBIIICHHEM METAUTMIECKUX CBOMCTB 3JIEMECHTOB?

7. Kak M3MEHSIOTCS B TJIaBHBIX MTOATPYIIAX CBEPXY BHU3 CBOMCTBA OKCHJIOB?

8. CocTaBbTe ypaBHCHHS PEAKIIMH MEKITY:

— OKCHJOM Kanblus U okcuaoM cepsl (VI);

— oxkcuaoM xkenesa (I11) u okcugom dochopa (V);

— OKCHJIOM AJIFOMUHHUSI U CEPHOU KHCIIOTOW;

— (dochopHOI KUCIOTON U OKCHJIOM ITMHKA.

9. Hanmmure ypaBHEHUs peakidii TOJyYEeHUs] Pa3HbIMU METOJaMU OKCH-
JIOB KaJbIus, amroMunus, yraepoaa (IV).

10. Kak u3MeHSIOTCSI CBOMCTBA OKCHJIOB B PsiIax:

— Nazo, I\/IgO, A|203, SiOz, P205, 803,

— Lizo, Na,O, K0, Rbgo, Cs,0:;

— S03, Se03, FeO3?

11. Hanumure GhopMysbl OKCHUIOB, KOTOPBIM COOTBETCTBYIOT CIIEIYIOLIUE
ocaoBanus: Mg(OH),, LiOH, Fe(OH),, Fe(OH);, Cu(OH),.

TecToBBIM CAMOKOHTPOJIB (9) MO TeMe «OKCHIABI»

1. Vkaxure Gopmysibl BEIIECTB, KOTOPbIE IPU HarpeBaHUU Pa3yiararorcs
00pa3oBaHWEM OCHOBHBIX OKCHJIOB:
a) Al(OH)3; 0) CaCOsg; B) Cu(OH),; r) H,SiO:s.
2. YKaXHTe, U3 KaKUX BEIIECTB MOKHO MOYIUTh okcu yriepoaa (IV):
a) CHy; 0) KHCOs; B) Na,COg; r) CO.
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3. YKa}KI/ITC, KaKHcC 3JICMCHTbBI O6p33y1-0T OCHOBHBIC OKCH/BI:

a) Ca; 0) S; B) K; r) Si.
4. YkaxuTe colieo0pa3yromnue OKCUIbI:
a) CO, 6) NO,; B) P205; F) A1203.

5. YKaxuTe rpymmbl OKCUIOB, B KOTOPBIX BCE OKCHUIBI SIBIISIIOTCS KHUCIIOT-
HBIMHU:
a) Ca0, ZnO, NO; 0)S0Os, CrO3, P,0s3;
B) Mn, 0y, C|207, N,Os; F) Cl,, AI203, N,O.
6. Ykaxxute ampoTepHbIC OKCHUIBI:
a) ZnO; 0) SiOy; B) Al,O3; r) N,Os.
7. YKaxure, Kakue OKCUbl pearupyroT ¢ BOJOI:
a) Al,O3; 6) N,Os; B) Zn0; F) SO,.
8. YkaxuTe, Kakue OKCHUJIbI pearupyroT ¢ KUCJIOTaMU:
a) FeO; 0) Si0y; B) NO; r) CuO.
9. Vkaxkurte BeliecTBa, KOTOPbIE B OMPEACIIEHHBIX YCIOBHIX B3aUMOJCH-
CTBYIOT C OKCUJIOM QJIFOMUHMUS:

a) BOJIa; 0) coystHasi KUCIOTA;
B) THUJIPOKCHU/] HATPUSI; r) okcun cepsl (V).

10. Beraucnure MaccoByro A0Jt0 xkere3a (B %) B okcune Fe,Os:
a) 30 %;  6) 35 %; B) 70 %; r) 20 %.

5.2. OCHOBAHUSA

OcHOBaHHUSI — 3TO CJIOKHBIE BEIIECTBA, KOTOPBIE COCTOAT M3 KaTHOHA METall-
J1a ¥ OJHOW WJIM HECKOJBbKUX ruapokcorpynn — OH. Yucno ruapokcorpymnmn pas-
HO cterieHn okucieHus metawia: NaOH, Mg(OH),, AI(OH);. Bce ocHoBanus —
TBepAbIC BeriecTBa. FIMEIoT pa3Hblii IIBET U MO-Pa3HOMY PACTBOPSETCS B BOJIE.

Homenkiatypa (Ha3BaHUsl) OCHOBAHUIl COCTOUT U3 CIIOB «TUIAPOKCH]I»
M Ha3BaHUsA MeTaiuia B poauTenbHoMm mnanexe: KOH — ruapokcun kanws;
Ba(OH), — runpokcuyn 6apusi. Eciiu Metamn o0pa3yeT HECKOJIbKO THIAPOKCHU-
JIOB, TO YKa3bIBAIOT cTeNeHb okucienus metawa: Fe(OH), — rumpokcuy xene-
3a (II); Fe(OH); — ruapoxcun xenesa (I1I).

[lo uMcny TUAPOKCOTPYII OCHOBAHUS ACNATCS HAa OOHOKUCIIOMHbIE —
NaOH, LiOH, NH4OH u mnozoxucromnvie — Ca(OH),, Cu(OH),, Fe(OH)s.

[To pacTBOpHUMOCTH B BOJIE OCHOBaHUS JIENSTCS Ha ABE TPYIIBL: pacmeo-
pumvie 6 sode (menoun) — NaOH, KOH, Ca(OH),, Ba(OH), u apyrue —
u nepacmeopumvie 6 sooe — Mg(OH),, Fe(OH),, Fe(OH); u npyrue.

[Ipu oTpbIBE OT MOJIEKYJIBI OCHOBAHUSI OJHOM WJIM HECKOJBKUX THIPOKCO-
rpynn o0pa3yroTCs MOJOKUTEIbHBIE MOHBI, KOTOPHIE HA3BIBAIOTCS OCTaTKaMH
ocHoBanui. Hampumep:

Ba(OH), = Ba(OH)" + OH; Ba(OH)" = Ba®" + OH
OCTATOK OCTATOK
OCHOBAHUA OCHOBAHU
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[TosrydyeHnrne OCHOBaHMUM:

1. PactBopuMbIe B BOJi€ OCHOBaHHS (ILEJIOYM) MOJYyYarOT MPU B3aUMOJICH-
CTBUU:

— aktuBHBIX MeTaiioB (Li, Na, K, Rb, Cs, Sr, Ba) ¢ Bogoii:

2Li +2H,0 = 2LiOH + H,.
— OKCHUJIOB aKTHBHBIX METAJIOB C BOJOM:
CaO + H,0 = Ca(OH)z, Na,O + H,0 = 2NaOH.

2. HepacTBoprMBIE B BOJIE€ OCHOBAHHS IOJIYY9arOT MPH B3aMOJICHCTBHUH

BOJITHOT'O PACTBOpA COJIM CO IIEJIOYBIO:
CuO, + 2KOH = Cu(OH),4 + K,S0..

XUMHUUYECKHE CBOKCTBA:
1. OcHOBaHUs pearupyroT ¢ KUCIOTaMU:
NaOH + HCI = NaCl + H,0;
CU(OH)2 + 2HCI = CuCl, + 2H,0.
Takue peakuny Ha3bIBAIOTCS PEAKLIUSAMU HEUTPATU3ALINH.
2. OcHOBaHMSI B3aUMOJICHCTBYIOT C KHCJIOTHBIMHU OKCHAaMH. B pesynbTaTe
00pa3yloTcs CpEeIHUE COJU UM KUCIBIE COJIU:
2NaOH + SO; = Na,SO, + H,0;
CpEAHss COb
NaOH + SO3; = NaHSO,.
KHCJIasi COJIb
3. PacTBOpuMBIE B BOJIE€ OCHOBAHMS B3aHMMOJCIHCTBYIOT C pacTBOpamH CO-
aeit. O6pa3yroTcs HOBbIE OCHOBAHHUS U COJIM — CPEIHHUE UM OCHOBHBIE:
FeCl, + 2KOH = Fe(OH), + 2KClI,
CpeaHsis Coilb
FeCl, + KOH = Fe(OH)CI + KCI.
OCHOBHAs COJIb CPEAHSSA COJb
4. Ilpu narpeBanuu ocHoBaHus (kpome NaOH um KOH) pasnaratorcs Ha
OKCHJT METAJIJIA Y BOAY:

Ca(OH), =L Ca0 + H,0.

I'mapokcuabl, KOTOpPbIE B3aMMOJCHCTBYIOT C KHCIOTaMH W IIEJIOYaMHU,
Ha3biBatoTCs amdorepubiMu. Hanmpumep, Al(OH)3, Zn(OH), u Cr(OH); — awm-
(boTepHbIE TUIPOKCUIBI:

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

Al(OH); + NaOH =L NaAIO, + 2H,0:
AI(OH); + 3HCI = AICI; + 3H,0.

Bonpocs! 1 ynpakHeHust

1. Kakue BelecTBa Ha3bIBAIOTCS OCHOBAHUSIMU?
2. Kakue ocHOBaHMS HA3bIBAIOTCA IleJI0UYaMu?
3. Uto Takoe peakius HeWTpaau3auu’?
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4. Hanumurte ypaBHEHMs peakUUid MOJYyYEHHUs: a) THAPOKCHUIA Kalus;
0) rugpokcuna xkenesa (I1I); B) ruapokcumaa Maraus; r) THIPOKCH 1A IIMHKA.

5. Jlansl BemectBa: Na, H;SO4, Zn0O, H,O. HanummTe ypaBHEHUS peakiinii
MOJIYYEeHHSI TUPOKCHUIA IIMHKA U3 STUX BEIIECTB.

6. Jansl BemectBa: K, HCI, Fe,O3, H,O. Hanumure ypaBHeHUs! peakiiuii
nosryueHus rupokcuza xxenesa (111) u3 atux BeniecTs.

/. 3aKOHYUTE YpaBHEHHUS PEAKLIMI; YKAXKUTE THUIl PEAKIIHIA:

2) Fe(OH)s + H,S0; — 6) Ca(OH), + HyPO, —
NaOH + P,0O5 —> Fe(OH)S -
NaOH + CUSO4 —> KOH + MgCIZ —>
NaOH + CO, —» NaOH + H;PO, —»
Fe(OH)2 + HN03 —> A|2(804)3 + KOH —.

TecToBblil cCAMOKOHTPOJIb (10) o TeMe «OcHOBaHUSD)

1. Vkaxure, kKakue METaJUTbl 00Pa3yroT IEIOUH:
a) Zn; 0) Mg; B) Ca; r) Cs.
2. YKaXHUTe YpaBHEHHUS PEaKIHi, C MOMOIIbIO KOTOPHIX MOXKHO MOJYYUTh
ruapokcun meau (11):

a) NaOH + CuCl,—; 6) CuCl, + H,0—;
B) CuO + H,0 —; F) CU(N03)2 + NaOH —.
3. YKaxxuTe BeIecTBa, KOTOPhIE OTHOCITCS K OCHOBAHHUSIM:
a) (CuOH),COs; 0) NH,OH; B) Al(OH);3; r) NaCl.

4. YKaxuTe T€ TPYNIbl BEIIECTB, B KOTOPHIX BCE BEIECTBA PEArupyroT
¢ pactBopom NaOH:

a) A|203, C&(HCOg)z, HCI; 6) CO,, H,SO,4, KNOg3;
B) Zn(OH)Z, NaHC03, K2C03, F) SOg, H3P04, NH4C|

5. YKaxxuTe BEIIeCTBa, KOTOPBIE pearupyroT ¢ KUCIOTaMU U IIEI0YaMHU:
a) Al,O;;  06)CaO; B) Mg(OH),; r) Zn(OH),.

6. YkakuTe TUAPOKCHIBI, KOTOPBIC SBIISIFOTCS IISIIOYaMHU:
a) KOH;  6) Mg(OH),; B) Ca(OH),; r) Fe(OH)s.

7. YKaxuTe BelecTBa, C KOTOPhIMU B3aUMOAECHCTBYET TUAPOKCU] IIMHKA!
a) KOH;  6) H,0; B) H,SO,; r) CaCls.

8. YkaxkuTe BeniecTBO, C KOTOPHIM B3aMMOACUCTBYET ruapokcu xene3a (11):
a) NaOH; 6) HCI; B) CaO; r) NaCl.

9. YKaxute rupoOKCH/IbI, KOTOPHIC ITPH HAarPEBAHUM Pa3IararoTCs:
a) Cu(OH),; 6) KOH; B) Ca(OH)y; r) NaOH.

10. Ykaxute am(poTepHbIEC TUAPOKCUIBI:
a) AOH);; ~ 6)Zn(OH); B) Cr(OH); r) Mg(OH),.
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5.3. KHCJIOTHBI

KuCIoThl — 3TO COXKHBIE BEIIECTBA, KOTOPBIE COCTOSIT U3 BOAOPO/IA, CIIO-
COOHOT'O 3aMeIaThCsl HA METAJLI, U KUCJIIOTHOTO OCTaTKa.

Cepnas, a30THasi U COJISIHAsI KUCTIOThI — OeclBeTHbIE kuakoctu. OpTodoc-
dbopHas kucinora — TBepI0e BemecTBo. [louT Bce KUCIOThI paCTBOPUMEI B BOJIE.
KpemHueBas kucioTa B Bojie HE pacTBopseTcs. PacTBOpBI KUCIOT UMEIOT KHC-
JIBIN BKYC.

PaznmuuaroT KMCIOTH OECKUCIOPOIHBIE H KUCIOPOICOACPIKAIIIHC.

beckucnopoonvie xuciomvl — 3T0 BOJHBIE PACTBOPBI BOJOPOJIHBIX COCIH-
menuii vemerayuios: H,S, HCI, HF, HBr.

Kucnopoocooeporcawue kuciomsr cogepxar B CBOEM COCTaBE KHUCIOPOJ:
H,SO,4, HNO3, H3PO,4, H,CO;. Kaxmoit kucimopoacoaepkaiiei KUCIoTe COOT-
BeTCcTBYeT okcua. Hampumep, yronbpHoit kucinote HoCO3 COOTBETCTBYIOT OKCHUJ
yraepona (IV); cepnoit kucinore H,SO,4 cootBercTBYeT okeun cepsl (VI).

[To yucmy aTOMOB BOAOPO/Ia, KOTOPHIE CIIOCOOHBI 3aMEIIaThCsl HA METaILI,
OTIPEJIEIISIIOT OCHOBHOCTh KUCJIOTHI. [10 OCHOBHOCTH KUCIIOTBI JIETISITCSA HA 0OHO-
ocnoenvie — HCI, HNOg; osyxocrnosuvie — H,SO4, H,S, H,COs; mpexocros-
Hole — H3POy,.

OTtpurnarenbHbIe HOHBI, KOTOPBIE 00Pa3yIOTCS B PE3YJIBTATEe OTPHIBA OT MO-
JICKYJIBl KACJIOTHI OJTHOTO WJIM HECKOJBKHX aTOMOB BOJIOPOJa, HA3BIBAIOT KHC-
JOTHBIM OCTAaTKOM. MHOTOOCHOBHBIE KHCJIOTHI 00pa3yroT HECKOJIBKO KHCIIOT-
HBIX ocTaTkoB. Hampumep, y dhochopHO KHUCITOTHI TpU KUCIOTHBIX OCTaTKa:
H,PO,, HPO.™, PO, .

Homenkiatypa (Ha3BaHUs) KUCIOPOJICOACPIKAIINX KUCTIOT 00pa3yeTcs u3
Ha3BaHUS HEMETa/la M 3aBHCHT OT €ro CTEIEeHHW OKHCICHHs. Ecimu Hemertasn
UMEeT MaKCUMaJIbHYIO CTEMEeHb OKUCIICHHS, TO K PYCCKOMY Ha3BaHUIO HEMETall-
na pobamisieTcsa cypdukc «H» (pexe «OB», «EB») U OKOHUaHHE «as». [lpu
Ha3BaHUU KHCIOTHOTO OCTaTKa K KOPHIO JIATHHCKOTO Ha3BaHWs HEMETasia J10-
OaBmsieTcst cypdukc «at»:

2_
H,SO, — cepnas kucnora; SO, — cynbdar;
H,SiO3; — kpeMHMEBas KHCIIOTA; SiOi‘ — CHJIMKAT.

Ecmm Hemeramn oOpasyeT ABE KHCJIOTHI, TO MPU HA3BaHWUHM KHUCIIOTHI
C MEHBIIEH CTENEHBIO OKHUCICHUS HeMeTayia ao0aBisercs cyhdukc «uct,
a B HA3BaHUM KUCJIOTHOTO OCTaTKa — CY(P(HUKC «UAT»:

H,SO3; — cepaucras kucinora; SO — cynbdwur.

Ha3Banuss OECKMCIOPOMHBIX KHCJIOT COCTOSIT W3 Ha3BaHWs HeMeTallia
U CJIOBa «BOJIOPOJHAS», COCTUMHEHHBIX OYKBOW «0», a B HA3BaHUHM KHUCIOTHOTO
ocTaTka 100aBISIOT CyPHUKC «UD.

HCI — xmopoBoaopoaHas KucioTa win coisinas kuciora; ClI- — xmmopu.

HasBanus OCHOBHBIX KHUCJIOT U KHUCJIOTHBIX OCTAaTKOB IIPUBEACHBI B TA0. 6.
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Ha3BaHusi KHCJIOT U KHCJIOTHBIX OCTATKOB

Tabauya 6

Kuciaora KucJ10THBIN 0CTAaTOK
HasBanue ®opmyaa HasBanmue DopmyJia
A3oTHas HNO3 HUTpAT NO;
A3sorucras HNO; HUTPUT NOj
THIPOCYIb(at HSO;
Cepnas H,SO, 2_4
cynbdar SO,
THIIPOCYIbPUT HSO;
Cepuucras H,SO3 >
CynbhuT SO;
muruapodocdar H,PO;,
®dochoprast (oprodochopnast) HsPO4 ruapodocdar HPO;",
docdar PO,
rHIpOKapOoHAT HCO;
VYronbHas H,CO3 CcoO*-
KapOoHaT 3
THIIPOCHITUKAT HSIO;
KpemHuesas H2SiOs3 N2
CHJIMKAT SiO;
XJ10poBOAOPOAHAS (COISTHAS) HCI XJIOPHUJ Cl
TUAPOCYITb(HT HS™
CepoBoaopoiHas H,S . - s>

IHosryyeHue KuCJIOT:

1. BzanmoeicTBrE KUCIOTHBIX OKCHIOB (aHTHUIPUIOB) C BOIOM:

802 + Hzo T—’stog,

P,Os + H,0 =t 2H,PO,.

2. BzaumoieiicTBIE COTU C KUCIIOTOM:

2NaCl + H,S0, = Na,SO, + 2HCIT:

FeS + 2HCI = FeCl, + H,ST.

3. beckucnopoHbie KUCIOTHI MOJYYarOT MyTEM KX CHHTE3a M3 MPOCTHIX
BCIIICCTB U paCTBOpeHI/ISI HOHy‘leHHLIX ra30B B BO/IC:

H,+S =& H,S;
H2 + C|2 = 2HCI.

XUMH4YECKHEe CBOMCTBA:

1. [lelicTBHE KUCIOT Ha pacTBOPbI MHAMKATOPOB. MHIMKAaTOpamMu Ha3bIBa-
FOTCS BEHIECTBA, KOTOPBIE MO JECHCTBUEM PACTBOPOB KHUCJIOT U LIEIOYEN U3ME-
HSIOT CBOM 1BeT. V3MeHeHue 1BeTa Hanbosee MUPOKO MCHOIB3YIOMMUXCS UH-
JTMKAaTOPOB MPUBEICHO B Ta0I. 7.
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Tabnuya 7
HN3meHeHMe HBeTA MHAMKATOPOB B PACTBOPAaX KHUCJIOT, LIeJI04eil
U HeHTPaJbHBIX PACTBOPaX

IBeT nHAMKATOpA
HNuaukaropsl »
B 1IEJIOYH B KHCJIOTE B HEMTPAJIbHBIX PACTBOPAX

Jlakmyc Cunuii KpacHsiit DuoJIETOBBIN
denondranenn ManuHOBBIM becueTHbIi becrseTHblit
MeTui0BbIf OpaHKEBBI . . v

JKenteiit Po3oBbIit OpanrkeBblii
(MeTUIOopaHX)

2. B3anMoelicTBuE KHCIOT C METAJUIAMH
[Ipu cocTaBlieHHHM yYpaBHEHUN peakIuil B3aMMOJCHCTBHUS KUCJIOT C MeTaj-
JIaMH HAJIO TTOJIh30BaThCS AJICKTPOXUMUUYECKUM psijoM Hampspkennii: K, Na, Mg,
Al, Zn, Fe, Ni, Sn, Pb(H,), Cu, Hg, Ag, Pt, Au. C kucja0TaMu B3aUMOAEHCTBYIOT
TaKue METAJLJIbI, KOTOPHIE B 3TOM DSy CTOAT JI0 BOAOPOA:
Zn+ H2804 = ZnSO4 + Hz.
3. BzaumonericTBre KHCIOT C OCHOBHBIMHM OKCHIAMHU:
H,SO, + CuO = CuSO, + H,0.
4. B3auMoJieiiCTBUE KUCIIOT C OCHOBAHUSIMU (peaKiiysi HEUTpaIN3aliiH ):
HCI + NaOH = NaCl + H,0.
5. B3aumonencTBre KUCIOT C COJISIMU:
H,SO, + BaCl, = BaSO, + 2HCI.
6. PasznoxeHnrne HEKOTOPBHIX KUCIIOT:

H,Si0; £ SiO, + H,0.

Bonpocs! U ynpaxHeHust

1. Kakue BeniecTBa Ha3bIBAIOTCA KUCIOTaMU?

2.Uto Takoe: a) OECKUCIOPOIHBIC KHCIOTHI; 0) KHCIOPOICOACpIKAIIIC
KucaoThl? [IpuBeauTe npumepsl.

3. Kak ompenensiercsi OCHOBHOCTh KuCO0THI? [IpuBenure mpumepsl OHO-
OCHOBHBIX, IBYXOCHOBHBIX U TPEXOCHOBHBIX KHUCIIOT.

4. YTo Tako€ KMCJIOTHBIM OCTATOK?

5. Kakue KuCIOTHBIE OCTaTKH COOTBETCTBYIOT KUCIOTaM:

a) a30THOM; 0) yroiapHO; B) pocdopHOii?
6. Hanmumnmre BO3MOXKHbIE YpaBHEHHsI peakLUil MOTyYEHUS:
a) HzPOy; 0) H,S; B) HNOg; r) HCIL.
7. 3aKOHYUTE YpaBHEHUS CIACAYIOIINX PEaKIUM:
a) P,O5 + H,O —; 6) Fe,O; + H,S0O, —;
HCI + CaCO; —; Fe + H,SO, —;
AI(OH)3 + HCI —; N,Os + H,0 —;
Fe + HCI —; CaO + H3PO, —;
SO; + H,0 —; Cag(PO4)2 + H,S0O, —.
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8. Kakue 13 MeTasioB B3aMMOJICHCTBYIOT € COJIsSIHOM kuciotou: Li, Ba, Cu,
Mg, Al, Au? [Touemy?

9. Ckosbko rpamMMoOB cyiib(aTa nuaka ZnSO,4 o6pa3yeTcs Ipu B3auMO/IeH-
CTBUU 9,8 T cepHOI KUCIOTHI ¢ 8,1 T oKcHaa IMHKA?

10. Cronpko rpamMmoB cynbgara kamus K,SO, oOpasyercs mpu B3aumo-
nevicteuu 49 r cepHoMt KUCIIOTHI ¢ 80 T TUAPOKCH]IA KaTusi?

TecToBblil cCaMOKOHTPOJIb (11) o Teme «Kucj10TbD»

1. YkaxuTe, B KAKOM pacTBOPE JIAKMYC UMEET KPACHYIO OKPACKY:
a) B HEUTPaJIbHOM;
0) B KHCJIOM;
B) B IIIEJIOYHOM.
2. YKaXUTe KUCIOTHI, KOTOPBIM COOTBETCTBYET okcu pocdopa (V):
a) HPO,; 6) H3POg; B) HPOg; F) H3PO,.
3. YkaxuTe, Kakue U3 KUCJIOT MOTYT BBICTYIIaTh KaK OJJTHOOCHOBHBIE:
a) pocdopnasi;
0) cepHas;
B) yrOJIbHAas;
I') COJIsTHAsI.
4. YKaxuTe, B pe3yJbTaTe KaKuX PEaKInid MOXKHO TOJTyYUTh a30THYIO KHC-
JIOTY:
a) KNO; + HCI —; 0) NaNO;(1B) + HySO4(x) —;
B) N203 + Hzo -, F) N205 + HZO —.
5. YkaxkuTe Te TPymNmbl BEMIECTB, B KOTOPHIX BCE BEIIECTBA PEArupyroOT
C PacCTBOPOM CEPHOM KUCIIOTHI:
a) CuCl,, Fe(OH);, Zn0; 6) HCI, Al(OH)3, SiO,;
B) Pb(NO3),, KOH, BaCl,; r) CuO, Mg(OH),, Zn.
6. YkakuTe peakinu HeUTpaIn3alliu:

a) Cu(OH), + HCI —; 0) H,SO, + KOH —;
B) KOH + CO, —; r) MgCl, + NaOH —.
7. YKaxuTe, Kakhe U3 BEIIECTB PEarupyroT C COJISTHONU KUCIOTOM:
a) KNOg; 0) Cu; B) Cu(OH),; r) CuO.
8. Ykaxute Gpopmyiny hochOpHOI KHUCIOTHI:
a) HPOg; 6) H3POg; B) H3POy; F) H,P,05.

9. Vkaxwure, kak u3Mensiercs cuna kucior B psgy H,CO3 — Hi;PO, —
H,SO, cieBa nampano:
a) YBEJIMUUBACTCS,
0) yMEHbIIIaeTCs;
B) HE U3MECHSIETCHI.
10. YkaxuTe, Kakre METaJIbl BRITECHSIOT BOJIOPOJ M3 COJITHON KUCIOTHI:
a) Zn; 6) Hg; B)Mg; 1) Cu
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5.4. Comm

Conu — CJOXHBIE BeIEeCTBa, KOTOPHIE COCTOSIT M3 aTOMOB METAJIJIOB
(OCcTaTKOB OCHOBAaHMI) M KHCJIOTHBIX ocTaTkoB. Conu Aenarcs Ha TpU TUIA:
HOpMaJIbHBIE (CPETHHE), KUCITBIE, OCHOBHBIE.

Hopmanvusie (cpeonue) conu — 310 IPOIYKTHI MOTHOTO 3aMEIICHHUS aTOMOB
BOJIOPOJIa B MOJIEKYJIE KUCIOTHI aTOMaMH METaJlIa MM MPOAYKTHI ITOJTHOTO 3aMe-
IICHUS TUAPOKCUIHBIX TPYIIT B MOJICKYJIC OCHOBAHWMSI KUCJIOTHBIMU OCTAaTKAMH:

H,SO,4 + 2NaOH = Na,SO, + 2H,0;
Fe(OH); + 3HCI = FeCl; + 3H,0.

Kucnvie conu — 31o IMPOAYKTHI HCTIOJIHOI'O 3aMCHICHHA aTOMOB BOJOpPOAa B
MOJICKYJIaX MHOI'OOCHOBHBIX KHCJIOT aTOMaMH MCTajllla (OCHOBaHI/IH 6prT

MEHBIIIE, YeM HaJI0 JUIs [TOJIHOM HEeUTpanu3aium):
NaOH + H,SO, = NaHSO, + H,0.

Kucnrele COJIM, KpOMC aTOMOB MCTAJlJIa U KHUCJIOTHOI'O OCTAaTKa, COACPIKAT
aTOMBI BOAOpOaA.
Ocnosuvie coau — 3TO IMPOAYKTBI HCIIOIHOI'O 3aMCIICHUA THUAPOKCUIHBIX
I'PYIIII B MOJICKYJIaX MHOI'OKHCJIOTHBIX OCHOBAHHUM KHCJIOTHBIMH OCTaTKaMU:
Fe(OH), + HCI = FeOHCI + H,0;
Fe(OH); + 2HCI = Fe(OH)CI, + 2H,0;
Fe(OH); + HCI = Fe(OH),CI + H,0.

DopMyIibl COJNEN COCTABISIIOT MO CTEIEHU OKHUCJIEHHS] METaIoB (OCTaTKa
OCHOBAHMs) U 3apsily KUCIOTHOTO OCTaTKa:

Fe*" u SOi"; Fe2(S04)s;
Fe(OH)?*u CI™; Fe(OH)Cly;
Ba2+ u Poi_ ; Bag(PO4)2.

Homenkaarypa (Ha3BaHUs) COJEH COCTOMT M3 Ha3BAHMS KHCIIOTHOTO
ocraTka (cM. Tabi. 6) B MIMEHUTEIHFHOM MAJCKe U Ha3BaHUS METaula B POJIH-
TEJILHOM TIaJIeKe; €CIM METal UMeeT HECKOJBKO CTETeHEH OKHCICHHS, TO €€
HAJI0 YKa3aTh:

K,SO3; — cynbdut xanws;

CaHPO, — runpodocdat xanws;

FeCl, — xsopun xenesa (11);

FeCl; — xsopun sxenesa (I11).

[Tpu Ha3BaHMM KUCHBIX COJIEH JOOABISIOT CIOBO «THAPO»:
KHSO, — rugpocynbdat kanus;
KH,PO, — muruapodocdat xanus.

[1pu Ha3BaHWM OCHOBHBIX COJICH JIOOABIISIOT CIIOBO «THIPOKCOM:
Cr(OH)Cl, — runpoxcoxiopun xpoma (II1);
Cr(OH),Cl — muruapoxcoxmopu xpoma (III).
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IMosyuyeHue coJieii OCYIIECTBIISIIOT C MIOMOIIBIO OOIUX CIIOCOOOB, B OCHO-
BE KOTOPBIX JISKUT B3aUMOJICUCTBUE:
— METaJIJIOB C HEMETaUIaMU:
Fe + S = FeS;

— METaJIJIOB C KHUCJIOTaMH:

Zn + H,S0, = ZnSO, + H,T;
— METaJIJIOB C COJISIMU:

CuSO, + Fe = FeSO, + Cu;
— OCHOBHBIX OKCHJIOB C KMCJIOTHBIMU OKCHJIAMH:

Fe,O5; + 3N,O5 = 2F€(NO3)3,
— OCHOBHBIX OKCHJIOB C KHCJIOTAMU:

CuO + 2HCI = CuCl, + H,0;
— OCHOBAHHUM C KHUCJIOTHBIMHM OKCHIAMU

2KOH + C02 = K2C03 + HzO;
— OCHOBAHUM C KMCJIOTaAMHU:
2NaOH + H,SO, = Na,SO,4 + 2H,0;
— OCHOBAHUI C COJISIMU:
2NaOH + ZnCl, = Zn(OH),4 + 2NaCl;
— COJIEH C KUCJIOTaMU:
AgNO; + HCI = AgCH + HNO3;
— coJieil Mexay coOoii:
Ba(NOs), + Na,SO, = 2NaNO; + BaSO,..

OcHOBHBIE CTIOCOOBI TIOJIYYEHHSI COJIEH YKa3aHbl B Ta0JI. 8.

Tabnuya 8
OcHOBHBIE CNTOCOOBI MOJTyYeHHs coJlei
BemecTBa Hemerana | KucioTHbIH OKCHI Kucaora Coan
Merann Corb - Consb Conb
OCHOBHOI OKCHUJT - Coub Coinnb -
OcHoBaHue — Conb Consb Conb
Connb - - Coinn Coinpb

Kpome Toro, cojii MOXKHO MOTy4aTh ¢ MOMOIILIO IPYTUX CIOCOOOB, OCHO-
BaHHBIX HA B3aUMOJICUCTBUU:
— METaJUIOB, OKCHUIBI M THUIPOKCHABI KOTOPBIX aM(OTEPHBI, C PAaCTBOPH-
MBIMU OCHOBaHUSMU (IIIEJI0UaAMH ):
2Al + 2NaOH + 6H,0 = 2Na[AlI(OH)4] + 3H,;

— cojeu ¢ HCKOTOPBIMHU KHUCJIOTHBIMH OKCHUJAMU ITPU HAIrPpCBAHUHU

K,CO;s + Si0, == K,Si0; + COy;
— PacTBOPUMBIX OCHOBAHUM (111€JI0YEN) C TAIOr€HAMU:
Cl, + 2KOH = KCI + KCIO + H,0;
— HEKOTOPBIX COJIEH ¢ KUCIOTHBIMU OKCUIAMHU:
CﬂCOg + C02 + H20 = Ca(HCO;;)g
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DdusuyecKkue CBOMCTBA COJICH:

1. Comu — TBepable BeIIeCTBa Pa3HOTO IBEeTa, O00JaJaroIIie HOHHOM
CBSI3BIO.

2. ITo pacTBOpUMOCTH B BOJIE COJIH JICTISTCSI HA paCTBOPUMBIE (), Mayopac-
TBOpUMBIE (M) U HEpacTBOPUMBIC (H).

XuMH4YecKue CBOMCTBA COJICH:
1. PacTBOpHI coeil pearupyroT ¢ METaJNIAMHU:
CuSO, + Fe = Cu + FeSO,.

Kaxnplii mMeTamn MOXKET BBITECHUTb W3 PAaCTBOPOB COJIEW TE€ METAJLIBI,
KOTOPBIE CTOSAT B 3JIEKTPOXUMHUYECKOM PSANY HANPSKEHUN METAJUIOB CIIpaBa OT
Hero. Metael, KoTopble crosaT cieBa oT marausa (K, Ba, Ca, Na u npyrue),
HE UCIIOJIB3YIOT JIJISl BBITECHEHUS! METAJUIOB U3 PACTBOPOB COJEH. DTU METAILIBI
pearupyroT ¢ BOJOM.

2. Conv B3aIMOJICUCTBYIOT:

— co menouamu:  FeCl, + 2NaOH = Fe(OH),4+2NaCl;

— C KUCJIOTaMU: BaCO; + 2HCI = BaCl, + CO, + H,0;

— Mexnay coboit:  BaCl, + Na,SO, = BaSO4+ 2NaCl.

3. HexoTopsie conu paznararoTcs pu HarpeBaHUU:

CaCO; = Ca0 + CO,.

Bonpockl u ynpaxHeHus

1. Kakue BeniecTBa Ha3bIBAKOTCS COISIMU?
2. Kakue turmbl coneii Bel 3Haete?
3. Uto Takoe: a) HOpMajbHbIE (CpEIHUE) COH; O) KUCIBIE COJU; B) OCHOB-
Hble conu? [lpuBeaute npumepsl.
4. HazoBure comiu: a) MgSO4, MgCIZ, KH,PO,, CuSQy, FGCIz, B&(NOg)g,
Aly(SOy)3; 6) AI(OH)SOy,, CusS, Ca(H,P0O,),, Ca(HCO3),, CuOHCI.
5. Hanmmure popmyisl coneit:
a) cynbdara sxenesa (III), cynedara natpus, auruapodocdara Gapus,
THApOKapOOHaTa MarHus, THIPOKCOXJIOPUIA MATHHUS;
0) cynpduaa kaus, THAPOCYIbPUTA KaTus, TUAPOCYIbdaTa Kanus, TUI-
pokcoxiopuga xkenesa (III), ruagpodocdara kanbius.
6. 3akOHYMTE YpaBHCHUS XUMUYCCKUX PEAKITU:
a) B&CIZ + NazPO,—; 6) NaOH + P,Os—;

Fez(SO4)3—); Al + H,SO,—;
H;PO, + Ca(OH)2—>, CaO + N,O5—;
HgSO4 + CU—); P205 + F9203—);
BaCO; + HCl—; Ca(OH), + H,SO4—;

AIZ(SO4)3 + NaOH—; AI(OH)3 + H3PO,—.
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/. Kakue 13 BelecTs MOTyT B3aUMOJIEHCTBOBATh JIPYT C APYTOM:
a) HCI, NaOH, FeSQO,, CuO, N,0s, CaCl,;
6) Ca(OH)z, BaCIQ, I\/IgO, Fe, O3, H,SOy;
B) K3PO4, Na,COs,, B&(NOg)g, C&(NOg)z.
Hannmure ypaBHEHHsI BO3SMOXKHBIX PEaKIUH.
8. Hanummmre ypaBHEeHUs peakuil MOTYUYSHHSI COJH:

a) KCI; 0) Fex(SO4)3; B) ZN(NO3),.
3agaum

1. Cxonbko rpamMMOB XJjopuja cepedpa MOJyYUTCs NMPH B3aUMOIECHCTBUN
5,85 r xnopuna Hatpus ¢ 33,8 r HUTpaTa cepedbpa?

2. CKONbKO TpaMMOB CyJbdaTta Oapus MOJYyYUTCS MPU B3aUMOJCHCTBUU
9,8 T cepHoit kucnotel ¢ 41,6 T xjaopuaa 6apus?

TecToBbIil CAMOKOHTPOJIB (12) o Teme «Couamw»

1. Vkaxure, BemecTra (Bce) KaKUX IPYIIT OTHOCATCS K COJISIM:
a) NaHCO;3, CuS, Ba(OH),; 0) Fe(OH)CI, KHSO3, KAIO,;

B) P,Os, K,CO3, H,S; F) ZnS, AI(OH)SO4, BaSO,.
2. Ykaxure Gopmyny nuruapodocdara kaabius:
a) CaHPO4, 6) C&3(PO4)2; B) Ca(H2P04)2; F) C32P207.

3. YKkaxuTe, ¢ KaKMMHA METaJUlaMH MOYKET B3aMMOJICHCTBOBATH PaCTBOP
Hutpara csunua (II):

a) Hg; 0)Zn; B) Au; 1) Fe.

4. YkaxuTe, IpyU B3aUMOJICCTBAM KaKUX JIBYX BEILIECTB OOPa3yIOTCs COJIU:
a) NH; u H3POy; 6) NaHCO; n Ca(OH)z,
B) Ca(OH); u NaCl; r) AI(OH); u NaOH.

5. YkaxuTe, ¢ KaKUMHU BEIIECTBAMH B3aMMOJICHCTBYET PacTBOp XJIOpHUIA
menu (II):

a) AgNOg; 0) Fe; B) Fe(OH),; r) Hg.
6. Ykaxure, Kakue KHUCIOThI 00pa3yrOT KUCIIBIE COJIH:

a) HNOg, 6) H3PO4, B) H2SO4, F) HCI.
7. YKaxxuTte, Kakue OCHOBaHHSI 00pa3yl0T OCHOBHBIE COJIH:

a) NaOH; 6) Ca(OH),; B) KOH; r) Cu(OH),.
8. YkaxuTe, ¢ KaKUMHU BEIIECTBAMH B3aUMOICHCTBYET XJIOPU HATPHS:

9. Vkaxure, ¢ KaKUMHU BellleCTBAMH XJIOPUJ Kajblus o0pa3yeT KapOoHaT
KaJbIUS:
a) Na,COg; 6) BaCOs; B) K,COs; F) CO..
10. YkaxkuTe, Kakue COJIM B3aUMOJICUCTBYIOT JIPYT C JPYTOM:
a) CaCO3; u KCI; 6) MgCl, u Na,COg;
B) NaCl u KzCOg, F) B&Clg " KzSO4.
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5.5. TEHETHYECKAS CBS3b MEXIY OCHOBHBIMHU KJIACCAMHU
HEOPIT AHUYECKHWX COEIUHEHUI

N3 BCHICCTB OAHOI'0 KjIaCCa MOZKHO IIOJIYYHUTHb BCHICCTBA APYIOro Kiacca.
CBSBB, KOTOpasd OCHOBdHAa Ha IIPCBPAIICHHHN BCHICCTB OJHOTIO KJIaCCa B BCHIC-
CTBO APYTOro KjaccCa, Ha3bIBACTCA TeHETUYECKOMM. TaKy}o CBs3b MOXKXHO 1/1306pa-
3UTh B BUJAC OCIIOYKMH:

Ba —» BaO —» Ba(OH); \B
a3(P04)2.
/

P —>P205 — > H3PO4

B o01iem Buie 3T0 MOKHO NPEICTABUTh TaK:

MeTaJlll—» OCHOBHOM OKCHJ —» OCHOBAHHC ~
COJIb.
HeMeTaJI—» KUCJIOTHBIN OKCHUJ—» KHUCJIOTa

JTaJIOH pelIeHUs TUIIOBOI 3a1aun

Hanummre ypaBHEeHUs peakuuil, IpU IMOMOIIH KOTOPBIX MOXHO ITPOBECTH
CIIEAYIOIIEE IIPEBPALCHHUE:
Al — Al,0; —— AI(OH); —— AI(OH)(NO3), —— AI(NO3); ——>
Al>(SO4)s
Pewenue:
1. Okcua amoMHUHMS TIOTYYaeTCs MPU B3aUMOJICHCTBUU QIIOMUHUS C KHC-
JIOPOJOM:
4Al + 302 = 2A|203
2. Al,O3 B BoZIe HE pacTBOpPSIETCS, MIOATOMY HAJI0 CHAdYaJia IMOJIYYUTh COJIb,
3atem ruapokcu amoMuaus Al(OH);:
A|203 + 6HCI = 2A|C|3 + 3HZO,
AICI; + 3NaOH = Al(OH); + 3NaCl.
3. OCHOBHYIO COJIb TOJNy4aeM Tpu B3aumojeicTBuu nByX moineii HNOj;
u onHoro mosist Al(OH)s:
AI(OH)3 + 2HN03 = AI(OH)(NO3)2 + 2H20
4. J11s1 oay4YeHus HOpMAJIbHOM COJIM K OCHOBHOW COJIM T0OABUM €IlIe KUC-
JIOTHI:
AI(OH)(N03)2 + HN03 = AI(N03)3 + H20
5. Ilpu B3aumoneiictBun Hutparta amomunus — AI(NOs3)s ¢ cepHoii Krc-
notoit — H,SO,4 obpasyercs cynbdar amomuuus — Aly(SOy)s:
2A|(N03)3 + 3HZSO4 = AIZ(SO4)3 + 6HN03
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YupaxHeHus

Hanummre YpaBHCHUA peaKHHﬁ, IIpHU IIOMOIOU KOTOPBIX MOXKHO ITPOBCCTHU
CICAYIOIUC ITPCBPAICHUA.

1. Cu —» CuO — CuSO4 — Cu(OH), = CuCl; — Cu(NO,),.

2.Zn — ZnO — ZnSO, — Zn(OH), — Na,ZnO..

3. P > P,05—> H;PO, > Na;PO, — C&3(PO4)2.

4. Mg —> MgO — Mg(OH), - MgCl, - Mg(NO3),.

6. C > CO, > Na,CO; »> NaHCO3; —»> Na,CO; — CO.,.

7.S —> SO, »> NaHSO3; - Na,SO; — CaSO0:s.

TecToBblid CAMOKOHTPOJIb (13) 0 Teme «I'eHeTHUYECKasi CBSI3b MEKIY
OCHOBHBIMHM KJIACCAMM HEOPTraHUYECKHUX COeIUHEeHM D)

1. YkaxuTe, C BelIECTBAMHU KaKMX KJIACCOB COEMHEHUM B3aUMOJICHCTBYET
NaOH:
a) C KUCIIOTaMu; 0) C OCHOBHBIMH OKCHJIaMH;
B) C COJISIMU, ') C KUCJIOTHBIMU OKCHUJIAMH.
2. YKaxure, ¢ KakuMu BemectBamu B3aumoaeiictsyer CaCOs:
a) Si0y; 0) NaOH; B) H,SO,4pa3s6.; r) CO, + H,0.
3. YKaxuTe, C MOMOIIbIO KAaKUX PEAKIMI MOKHO MOJTyYUTh CyJib(aT MarHus:

a) Mg(OH)Z + Na,SO,—; 6) Mg + H2804p2136. -,
B) MgO + 803—), r)l\/lgO + K2804—).
4. YKaXuTe, KAKME U3 BEIECTB PA3JIaraloTCs IPY HarPEBaHUM:
a) Na,COs;  6)BaCOs  B) Ba(OH),: r) AI(OH)s.

5. Ykaxute (GopMmysbl BEIIECTB, KOTOPhIE TIPH HArpeBaHUM Pa3jiararoTcs
¢ 00pa30BaHUEM KUCJIOTHBIX OKCHUJIOB:
a) H,SOy; 6) BaCO;; B) H,COs; F) Fe(OH)g
6. YkaxkuTe BemecTBa, KOTOPbIC B3aMMOJICHCTBYIOT C pa30aBICHHOM
H,SO,:
a) Cu; 6) NaCl(TBepaoe BelecTBO);
B) Na[Al(OH).]; r) Fe(OH)s.
7. YKaXnTe, ¢ KAKHMH BEIECTBAMH B3aUMOJCHCTBYET ME/Ib:
a) H,SO4pa36; 6) H,SOykoHII.; B) HNOsKkoHITL.; r) HNOj3pa30.
8. YkaxuTe, B KaKUX CIydasX MEPBbIA METAJJT BHITECHSET MOHBI BTOPOTO
MeTaJuia U3 BOJIHBIX PACTBOPOB €T0 COJICH:

a) Cuu Zn; 0) Zn u Fe; B) Fe u Cu; r) Feu Ag.
9. Vkaxkute peakiuu, KOTOPbIe OTHOCATCS K PEAKITUSIM HEUTpaTH3aIiu:
a) H;PO, + NaOH—; 0) FeCl, + NaOH —;
B) HCl + Ca(OH),—; r) HCl + CaCO3z—.
10. YkaxuTe, Kakue BelIecTBa pearupyrot ¢ okcuaom azota (III):
a) CaClz, 6) Hzo, B) HzSO4, F) KOH.
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I'JIABA 6. PACTBOPBI. QJIEKTPOJIUTUYECKASA JNCCOINALUA

6.1. PACTBOPBI

PacTtBOpsl — 3TO TOMOTeHHbIE (OJIHOPOJHBIE) CUCTEMBI, KOTOPHIE COCTOSIT
U3 PACTBOPUTEJNS, YACTHUI[ PACTBOPEHHOTO BEIECTBA U MPOAYKTOB HUX B3aUMO-
nerctBusg. Hampumep, pactBop ruapokcuna kamusi coctouT u3 KOH (pactBo-
pennoe BemectBo), H,O (pactBopurens), K* u OH (rumpaTupoBaHHHbIE
HOHBI) — TIPOIYKTHI B3aMMOECTBHSA MOeKy N Boasl 1 nonos K u OH.

PacTBOpBI OBIBAIOT KUAKUMU, TBEPABIMU U Ta3000pa3HEIMHU.

Kunkue pacTtBopbl — 3TO pacTBOpBI COJEH, caxapa, COMpPTa B BOJIE.
KpoBb, numpa, Moya — Toxe XKUAKAE pacTBOpbl. JKnakue pacTBOpPbI MOTYT
OBITh BOJIHBIE U HEBOJIHBIE.

BoziHbIE pacTBOPBI — 3TO PACTBOPHI, B KOTOPBIX PACTBOPUTEIIEM SIBISETCS
BOJA.

HeBonHble pacTBOpPbI — 3TO PaCTBOPHI, B KOTOPBIX PACTBOPUTEIISIMU SIB-
JISFOTCSL IpYTUE KUAKOCTH (O€H30, CIUPT, 3GUp u T. 1.).

TBepable pacTBOPbI — 3TO CIJIaBbl METAJUIOB.

I'a3000pa3Hble pacTBOPBI — 3TO BO3AYX U IPYyTrUe CMECH ra3oB.

6.2. PACTBOPEHME BEILIECTB

PacTtBOpeHne — 3TO CHOKHBII (PU3UKO-XUMUYECKHI MPOIIECC.

du3nyecKkuil Mpouecc — 3TO Pa3pyLICHUE CTPYKTYPhI PACTBOPSIEMOTO
BEILIECTBA U PACHPEACIICHUE €r0 YacCTHUIl MEXIY MOJICKYJIaMu PAcTBOPHUTEIS.
OU3NYECKNI NPOLECC UET C HOTJIOUIEHUEM TETUIOTHI.

XMMHUYeCKHIl MPoLece — 3TO B3aUMOJICUCTBUE MOJIEKYJI PaCTBOPUTEIIS
C YacTHUIlaMU PACTBOPEHHOrO BelIeCTBAa. B pe3ynbTaTe 3TOr0 B3aUMOJICUCTBUS
oOpa3zyroTcs conbBathl. Eciiu pacTBOpUTENEeM SIBISIETCS BOAA, TO 00pa3yromuecs
COJIbBATHl Ha3bIBaIOTCS Tuaparamu. lIporiecc oOpa3oBaHus COJIBBATOB Ha3bIBa-
eTcs convsamayuel. [Iporecc 06pa3oBaHus THAPATOB HA3BIBACTCS cuopamayuel.
[Ipu BbIMapuBaHuUK PACTBOPOB 0Opa3yloTcs KpucTamuioruapatsl. Kpucramio-
TUAPATHl — 3TO KPUCTAINIMYECKUE BEILIECTBA, B COCTAB KOTOPBIX BXOJUT OMpe-
JIEJICHHOE YKCIJIO MOJIEKYJ BOJIbl (KpUCTa/UIM3alMOHHAs Bojaa). [IpumMepsr kpu-
cramoruapaToB: CuSO,5H,0 — xpucrammorunpar cynbdpara menu (ID);
FeSO,- 7H,0 — kpuctamioruapat cyiabdara sxenesa (II).

XUMHYECKHH MTPOLIECC COMTPOBOKIAETCS BBIAECIEHUEM TEILIOTHL. Ecin B pe-
3yAbTaTe THAPATAIMU (COJbBATAIINH) BBIICIACTCS OOJIBIINE TEIUIOTHI, YeM €€ TOo-
TJIOLIAETCS MPU Pa3pyIlICHUN CTPYKTYPhI BEIIECTBA, TO PACTBOPEHUE MPEICTAB-
JsieT co0oM sx30mepmuueckull npoyecc. Boiienenrue TerioThl TPOUCXOIUT MPU
pactBopennun NaOH, H,SO4, Na,CO3, ZnSO,4 u npyrux BemectB. Eciu s pas-
pYIIEHUS CTPYKTYPHI BEIIECTBA HAJ0 OOJIbIIIE TEIJIOTHI, UeM €€ o0pasyercs mpu
rUApaTaiu, TO PaCTBOPEHUE SBISIETCA dHOOmMepmuieckum npoyeccom. Ilorio-
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IIEHHE TEIUIOTHI MPOMCXOAUT mpu pactBopenuu B Bojge NaNOs, KCI, NH;NOs,
KNO;, NH4Cl u npyrux BeriecTs.

BrigeneHre wim norionieHue TEIIOTh IPY PaCTBOPEHUN Ha3bIBACTCS TCII-
JOBBIM 3()(PEKTOM pacTBOPEHHUS.

6.3. PACTBOPUMOCTH BEIIIECTB

PacTBOpUMOCTBIO Ha3bIBAETCS CIIOCOOHOCTH BELIECTBA PACTBOPATHCA B BO-
1€ WM ApyroM pactBopuresne. KolnyecTBEeHHON XapaKTepUCTUKON pacTBOPU-
MocCTH siBIsieTcs: KoddduineHT pactBopuMocT. OH MOKa3bIBaeT, Kakas MaKCH-
MaJIbHas Macca BelecTBa MoxeT pactBoputbess B 1000 mur pactBopuTes
(BoAbl) MpU JaHHOW Temriieparype. PacTBOpUMOCTh BBIpaXalOT B IpamMMax Ha
mutp (r/m). PacTBOpUMOCTh BellecTBa 3aBUCUT OT MPUPOIBI PACTBOPUTEIS
Y BEIECTBA, OT TEMIIEPATyphl U JaBJICHUS (JIJ1s1 Ta30B). PacTBOpUMOCTE TBEpABIX
BEIIIECTB B OCHOBHOM YBEJIMUMBAETCSA MPH MOBBIIIEHUU TemmnepaTypbl. PacTBo-
PUMOCTbH Ta30B C MOBBIIIEHUEM TEMIIEPATYpPbl YMEHBIIAETCS, HO TIPU MOBBIIIE-
HUHU JIaBJIICHUS YBEINYUBACTCS.

ITo pacTBOPpUMOCTH B BOJI€ BEIIECTBA JEAT HA TPU TPYIIIIHI.

1. Xopowo pacmeopumvie (P): pacTBOpUMOCTH BemiecTB 6obiie 10 T B 1 11
BOJIbI, HantpuMep, 2000 r caxapa pactBopsiercsa B 1000 r wiu B 1 11 BOIBIL.

2. Manopacmeopumvie (M): pactBopumocTs BeriectB oT 0,01 r 1o 10 r Be-
mectsa B 1 11 Boabl, Harpumep, 2 T runica CaSO,4-2H,0 pacTBopsieTcst B 1 11 BOJIBI.

3. Ilpakxmuuecku nepacmeopumvie (H): pacTBOPUMOCTH BEIIECTB MEHBIIIE
0,01 T BemiectBa B | 1 Bombl, Hampumep, B 1 1 Bomsl pacTBopsiercst 1,5-107° 1
AgCI.

[Ipu pacTBOpeHHMH BElIECTB 00Opa3ylOTCS HACBIILIEHHBIE U HEHACBIILEHHBIE
pPacTBOPBI.

Hacvuyennwiti pacmeop — 3TO pacTBOp, B KOTOPOM COAEPKUTCA MaKCH-
MaJIbHOE KOJIMYECTBO PACTBOPEHHOI'0 BEUIECTBA MPHU JaHHOU Temneparype. [lpu
7100aBIICHUU BEIIECTBA B TAKOW PacTBOP BEIIECTBO OOJIbIIIE HE PACTBOPSETCS.

Henacviwyennvii pacmeop — 3T0 pacTBOp, B KOTOPOM COAEPKUTCS MEHb-
1I€ pacTBOPSAEMOrO BEIIECTBA, YEM B HACBIIICHHOM IPU JIAaHHOW TeMIlepaType.
[Tpu noGaBneHNH BELIECTBA B TAKOM PaCTBOP BEIIECTBO €ILIE€ PACTBOPSIETCS.

Bonpocs! 1 ynpakHeHust

1. Yto takoe pacTBopbI?

2. Kakue ObIBaroT pacTBOpHI?

3. UTo Takoe BOJHBIC U HEBOJHBIE PACTBOPHI?

4. Yto Takoe pactBopeHue? Kakue mporiecchl MpoUCXOJAT MPU pacTBOpe-
HUU BENIECTB B Boje?

5. Uto Takoe pacTBOPUMOCTH?

6. Kakue BelecTBa Ha3bIBalOTCA KpucTauioruaparamu? [lpuBenure npu-
MEpHI.
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7. Uto noka3siBaeT KOdOPHUIIUEHT paCTBOPUMOCTH?

8. Ot kakux (aKTOpOB 3aBUCHUT PACTBOPUMOCTD BellleCTBA?

9. [IpuBenuTe nmpuMepsl BEMIECTB: a) XOPOIIO PACTBOPUMBIX B BOJIE; 0) Ma-
JIOPACTBOPUMBIX B BOJIE B) MPAKTUUYECKU HEPACTBOPUMBIX B BOJIE.

10. Kak 3aBUCHT pacTBOPUMOCTH T'a30B OT TEMIIEPATyphl U JIaBJICHUS?

11. Kakoii pacTBOp Ha3bIBAETCS: a) HACHIIICHHBIM; 0) HEHACBHIIEHHBIM?

6.4. XAPAKTEPUCTUKA PACTBOPOB

1 kayeCcTBeHHON XapaKTepPUCTHUKH PACTBOPOB HCIOJIb3YIOT IMOHATHS
pa30aBIICHHBIN paCTBOP M KOHLIEHTPUPOBAHHBIN pacTBOP.

Paszbasnennwviii pacmeop cOOEPKUT MAIIO PAaCTBOPEHHOIO BELIECTBA.

Konyenmpuposanuwiii pacmeop COOEPKUT MHOI'O PACTBOPEHHOIO BELIECTBA.

KonnyecTBeHHBI COCTAB PACTBOPOB BBIPAXAECTCS KOHLIEHTpAaLMEH.
Konyenmpayusa pacmeopa — 3TO COAEpPKAHUE PACTBOPEHHOIO BEILECTBA
B OIIpEZICIEHHOM 00beMe PacTBOPA.

Maccy BelecTBa B paCTBOPE 4acCTO BBIPAXKAKOT B MAaCCOBBIX N0JIAX. Macco-
8as 00/ pacmeopeHno2o eewecmea (X) — 3TO OTHOLIEHHE MacChl paCTBOPEH-
HOTI'O BEIIIECTBA K Macce pacTBopa:

m(X
o(X) = mex) :
m
rac (O(X) — MacCCOBadA 01 PaCTBOPCHHOI'O BCIICCTBA, BBIPAKCHHAA B HOJIIAX

enuHuUIbl; (X) — Macca pacTBOPEHHOI'O BeliecTBa X, r; M — macca pacTBopa, T.

MaccoByto 10510 MOKHO BbIpaXkaTh Takke B poueHTax (%):

m(X)
0%(X) =~ =-100 %,

K npumepy, ecin mMaccoBasi J0Jisi paCTBOPEHHOTO XJIOpUJla HATpHsl B pac-
TBOpe paBHa 0,03 wiu 3 %, TO 310 03HavaeT, yto B 100 r pacTBOpa comepKUTCs
3 r xsopuaa Hatpus U 97 T BOJBI.

3aBUCUMOCTB MEX]Ty 00BEMOM U MacCOM pacTBOpPa BhIpayKaeTcsi POPMYIIOi:

m(pactBopa) = V-p,
rJie p — IUIOTHOCTB PacTBOpA, I/MIL, T/cM’; V — 00BeM pacTBopa, ML, I .

Monspuas xonyenmpayus eewjecmea — 3TO YUCIO MOJIEH paCTBOPEHHOIO
BEILECTBA B OJIHOM JIUTPE pacTBopa. MOJIIpHYIO KOHLIEHTPALIMIO PACCUNUTHIBAIOT

o ¢hopmyiie:
n(X)

C(X) = VR

rae X — pactBopeHHoe BerecTBo; C(X) — MossipHas KOHIIEHTPAIUS BEIIECTBA,
MOJIB/JT; N — KOJMYECTBO PACTBOPEHHOTO BEIIECTBA, MOJb; V — 00BEM pacTBo-
pa, I
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B CH egunuieii u3aMepeHus MOJISIPHON KOHIIEHTPALIMK SIBJISIETCA MOJ'IL/MS;
qarie NpuMeHsIoT MoJb/l. Ecin B 1 71 pacTtBopa comepkutcst 1 MOJb pacTBO-
PEHHOT'0 BEIEeCTBa, TO PACTBOP Ha3bIBACTCS MOJSPHBIM M oOo3HawaeTcs 1M.
Ecmu B 1 1 pactBopa conepxurcsa 0,1 mons winm 0,01 Mosb pacTBOPEHHOTO Be-
IIECTBA, TO PACTBOP HA3BIBACTCSI COOTBETCTBEHHO JACHMMOJISIPHBIM, CAHTHUMO-
nsipHBIM 1 0003Havaercs 0,1M, 0,01 M.

Bomnpocsl

1. Kakue pacTBOpbI Ha3bIBAIOTCS:

a) pa30aBIECHHBIMU;

0) KOHLIEHTPUPOBAHHBIMU?
2. Yto Takoe MaccoBasi 10Jisi paCTBOPEHHOTO BeriecTBa?
3. Uro Ha3bIBaeTCA MOJIIPHOW KOHIEHTpaLuen pactBopa’?

ITaJIOHBI pelIeHus 32124

1. B pactBope maccoit 200 r conepsxutcs xjaopu HaTpus maccoit 10 r. Ka-
KOBa Macca XJIOpHU/a HaTpus B pacTBope?

Jlano: Pewenue:
m(pactBopa) =200 r | MaccoBast nonst NaCl paBHa OTHOIIIEHHIO €T0 MacChl
m(NaCl) =10 r K 0011eit Macce pacTBopa:

Haiimu: o(NaCl) m(NaCl) 10 _ 0.05
m(pacteopa) 20

Omeem: 0,05 umu 5 %.

o(NaCl)=

2. 'moxo3y maccoit 10 T pactBopunu B Bose maccoit 40 r. KakoBa macco-
Bast 10715 (%) rIIOKO3bI B pacTBOpPE?

Jlano: Pewenue:
m(riroko3el) = 10 T 1. Onpenenum o01IyI0 MacCy MOJTYYEHHOTO pacTBOpa:
m(H,0)=40r m(pactBopa) = M(H,0O) + m(riroko3sr);

m(pactBopa) =40r+ 10 r=50r.

Haumu: o(rmoko3sl) | 2. BerancnuM maccoByro ponto (%) Iioko3sl B pac-

TBOpE:
o (TIJTFOKO3BI )= M (rmoKospi) -100 %;
m(pacTBoOpa)
. 0
(D(FJIIOKOBBI)=$ =20 %.

Omeem: o(rroko3s1) = 20 %.
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3. Kakue maccel caxapo3bl U BOJBI HAO B3ATh JJISl MPUTOTOBJICHUS 2 KT
pacTBOpa ¢ MacCoOBOM noJei caxapo3bl paBHoi 20 %7?

Jlano:

m(pacTBopa) = 2 Kr =
2000 T;

o (caxapo3ssl) =20 %

Haumu:
m(caxapo3bl);
m(Hz0)

Pewenue:

1. Ompenenum mMaccy caxaposbl:

o (caxapo3bl) = M(caxapo3sbl) : M(pacTBopa);
m(caxapo3sl) = M(pacTBopa)-o(caxapossl) = 2000-0,2 =
400 r.

2. Onpenenum Maccy BOJBI:

m(pactBopa) = m(H,0) + m(caxapo3sl);

m(H,0) = m(pactBopa) — m(caxapo3sst) = 2000 r —

400 r=1600r.

Omeem: m(caxapo3ssl) = 400 r; m(H,O) = 1600 r.

4. B 500 r Boas! pactBopuiu 200 r kpuctauioruapara cyibpara meau (11)
CuS0QO,4-5H,0. Bpruucnurh maccoByro nonto 0e3BoaHoro cynbgara meau (II)

B pacTBope.

Jlano:

m(H,0) = 5000 r;
m(CUSO45H20) =
200 T.

Haitimu: o(CuSQy,)

Pewenue:

1. Onpenenrum maccy pacTBopa:

m(pactBopa) = m(H,O) + m(CuSO4-5H,0) = 500 r +
200r=700r.

2. Onpenenum mMaccy 0€3BOJTHOTO Cyib(dara Menu

B 200 1 KpHCTAIIIOTUApaTa cyibhara MeIu:
M(CuSO4-5H,0) = 250 r/momb; M(CuSO,) =

160 r/mMob.

B 250 r (CuS0O4-5H,0) conepxxutcst 160 r CuSOy;

B 200 r (CuSO4-5H,0) conepxkutcst x T CuSOy;

m CuSO, = (160-200):250 = 128 r.

3. Beraucnum maccoyto nonto cynbdara menu (1)
B pactBope: ©®(CuSO,) = m(CuSO,) : m(pacTBopa) =
128:700 = 0,18.

Omeem: o( CuSQO,4) =0,18.

5. K 200 r pactBopa conu ¢ maccoBoi nosneit ee 10 % mpummmm 100 mit Bo-
TIbI. BEIYKCIUTS MacCOBYIO JIOJIIO COJIA B MOJTyY€HHOM PacTBOpE.

Jano:

my(pactBopa) = 200 r;
V(H,0) = 100 wmu;
®;(commn) = 10 %.

Pewenue:
1. Onpenenum Maccy CoJid B UCXOJHOM PacTBOPE:
®; = (Mm(comn) : m(pactBopa))-100 %;
m(pactBopa)-©; 200-10 %
100 % 100 %

m(comnm) =

Haiimu: o, (comu) —?

2. Macca conu npu NpUIMBaHUU BOJbI HE U3MEHS-
ercsa. OmnpenenuM Maccy pacTBOpa, MOJTYYEHHOTrO
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TOCTIe TIPUITHBAHMSI BOJIBI:
m,(pactBopa) = My(pactBopa) + M(H,0);
m(H0) = V-p;

m(H,0) =100 M - 1 r/mi = 100 T;
m,(pactBopa) = 200 + 100 =300 r.

3. OnpenenuM ©,(Comu):

m(comn) 10005 20T 10006 =

m, (pacTBOpa) 300

wy(comm) =

6,67 %.
Omeem: ®y(conn) = 6,67 %.

6. PactBop o6memom 250 mi comepskutr NaOH maccoit 2,5 . Onpenenutb
MOJISIPHYIO KOHIIEHTPALMIO 3TOTO PacTBOpa.

Jlano:

V(pactBopa) = 250 mi =
0,25 m;

m(NaOH) =2,5r.

Haiimu: C(NaOH)

Pewenue:

1. Beruucium uncno Moib (V) B 2,5 r (NaOH):
NaOH) = m(NaOH) : M(NaOH);

M(NaOH)= 40 r/mous;

UNaOH) = 2,5 r:40 r/moinb = 0,0625 MoJIb.

2. Onpenenum MOJSPHYIO KOHIIEHTPAILIMIO PACTBO-

pa: C(NaOH) :\; = 0,0625 momp : 0,25 nm =

0,25 momaw/m.
Omesem. C(NaOH) = 0,25 momns/m.

/. Beluucnuth Maccy XJopuja HaTpus, KOTOpas HYyKHa ISl MOJy4YEHUs

500 mu 0,5M pactBopa.
Jano:

V(pactBopa) = 500 mn =
0,5 m;

C(NaCl) =0,5M.

Havimu: m(NaCl)

Pewenue:
1. Beruucium yucio monb (NaCl), kotopoe conep-
KUTCSI B pacTBOpe oobemoM 0,5 7

%
C(NaCl) = \7; v=C(NaCl)-V = 0,5 mons/11-0,5 11 =
0,25 Moub.
2. Berauciium maccy NaCl: m(NacCl) = M(NaCl)- v;
M(NaCl) = 58,5 r/momb;
m(NaCl) = 0,25 monp-58,5 r/moinb = 14,63 T.
Omeem: m(NaCl) = 14,63 r.
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8. K 150 mu 3 M pacrBopa HuTpata kanus npuiauiau 200 mu Boael. Haittu
MOJISIPHYIO KOHILIEHTPAIMIO MOJTYYEHHOTO pacTBOpa.

Jlano: Pewenue:

V(pactBopa) = 1. Beruncnum konuuectBo BemecTBa UKNO3) B 150 M
150 M1=0,15n pacTBOpa ¢ MOJSIPHOM KOHIIEHTpaIe 3 MOJIb/I.
C(KNOs) = 3M; v=C(KNQO3) - V =3 monn/1-0,15 1= 0,45 MOJIb.

V(H,0) =200 Mmn = | 310 e xomruecTBo KNO3 coyepknutcs B HOBOM PacTBO-
0,20 JI. pe.

Hauimu: 2. Borancnum 00beM HOBOTO pacTBOpaA:

C(pactBopa KNQO3) | V, = V(pactBopa) + V(H,0);

V,=0,151+0,20 1= 0,35 1.
3. BrruncivM MOJIIPHYIO KOHIIEHTPALMEO HOBOT'O PACTBO-
v(KNO3) 0,45 monb

a: C(pactBopa KNOj3) =
pa: C(pacTBOp 3) v, 035

1,29 monw/1.
Omeem:. C(pactBopa KNO3) = 1,29 mosb/11.

3agaun

1. OnpenenuTh MacCOBYIO JIOJIO COJM B PacTBOpE, MOIYYEHHOM IIPH pac-
TBOpEHUU: a) cou Maccoit 20 r B Boje maccoit 80 r; 6) comu maccoit 50 r B Boje
Maccoit 250 r; B) coin Mmaccoit 36 T B Bojie Maccoi 264 1.

2. Ompenenuth Maccy BemiecTBa: a) B 140 r pacTBopa THIpPOKCHIA HATPHUS
¢ maccoBoi goieit ero 20 %; 6) B 200 mi pacTBopa CepHOM KHUCIIOTHI C Macco-
Boii oiieit ee 50 % m motHOCTRIO 1,39 /M.

3. K 250 mn pacTBOpa cepHOM KHCIIOTHI ¢ MaccoBoi fojieii 20 % u TI0THO-
cteio 1,14 r/mn npwiiu 50 mi Boasl. OnpenenuTb MacCOBYHO JIONIO CEpHOM
KHUCJIOTHI B ITOJTyYEHHOM PacTBOPE.

4. K 200 r pactBOpa xj0puaa HaTpHUs ¢ MaccoBoi gomuei ero 20 % mpuiiu-
au 100 r Boabl. OnpeaeanTh MaCCOBYIO JIOJIIO XJIOPHUIa HATPUs B PaCTBOPE.

5. K 300 r pactBopa HuTpata 6apus ¢ maccoBoii noneit ero 20 % npubaBu-
mu 50 T 9Toit comu. OnpenennuTs MaCCOBYIO 100 HUTpaTa Oapusi B pacTBOpE.

6. B 100 r Boxb! pactBopuiu: a) 20 r memnoro kymopoca — CuSQOy4-5H,0;
0) 10 r xenesnoro kynopoca — FeSO47H,0; B) 25 r rimaybGepoBoit conu —
Na,SO,4-10H,0. Onpenenuts MaccoByIO 00 0€3BOJHON CONHM B KaXIAOM TIO-
Jy4YEHHOM PacTBOpE.

7. Kakyro maccy mennoro kymnopoca — CuSO4-5H,0 u Boabl Hago B3STh
JUTSl IPUTOTOBJICHUS pacTBopa cyibdara meau (II) maccoit 30 T ¢ MaccoBoii 10-
seit 0e3BoaHoit conu CuSO, 3 %?

8. CKOJbKO MUJUTHJIUTPOB PACTBOpPA a30THOM KHCIIOTHI C MAacCCOBOM JIOJICH
ee 15 % u mmotHoCcThIO 1,085 /™My MoxHO TipurotoBuTh U3 700 T pacTtBOpa
¢ maccoBoii moseit 30 %?
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9. CxonbKo rpaMMoOB BOJIbI HaJ0 pwiuTh K S00 T pacTBOpa COJISHOM KHC-
70Thl ¢ MaccoBoit foneit ee 30 %, 4TOOBI MOTYYUTH PACTBOP C MACCOBOM J0JEH
10 %?

10. CxonbKO MOJIb XJIOPUCTOTO BoJopoja coaepxkutcs B 300 mMi1 pacTBopa
COJISHOM KHUCJIOTBI C MacCOBOM J0Jiel XJIOpUCTOTO Bojopoaa 28 % U MIOTHO-
cThio pactBopa 1,14 r/mn?

11. CkOapKO MUJUTMIIMTPOB PACTBOPA a30THOM KUCJIOTHI C €€ MacCOBOM J0-
neit 10 % u mmotHOCTRIO 1,055 /M Hamo B3ATH i HeuTpammzauu 20 T ru-
pOKCHJa HATPHUSI B pacTBOpE?

12. CkonpKO TPaMMOB XJIOpWIA HATPHsl HAAO B3STh IS MPUTOTOBIICHUS:
a) 100 M 2 M pactBopa; 6) 200 mi 0,1 M pactBopa; B) 300 Mt 0,01 M pactBopa?

13. HaiiTu MoJIApHYIO KOHIIEHTPAIMIO pacTBOpa, eciau: a) B SO M pacTBopa
pacTBOpeHo 5 T runpokcuaa Hatpus; 6) B 100 M pactBopa pactBopeno 50 T
cepHoil kucioTel; B) B 500 i1 pactBopa pactBopeHo 150 r xsuopuaa HaTpusl.

14. Kakoii o0beM pacTBopa COJISHOM KHCIOTHI C MAacCOBOM JIOJIeH XJIOpH-
croro Boaopoaa HCI 36 % u mmotHOCTRIO 1,18 I/MIT HAO B3STH IS IPUTOTOB-
nenust: a) 200 ma 0,1 M pactBopa; 6) 100 ma 0,01 M pactBopa; B) 50 M1 1 M
pacTtBopa.

15. Kakyto maccy riayoepoBoit comu — Na,SO4-10H,0 Hamo B3saTH m1d
npurotosienus 100 ma 0,5 M pactBopa?

TecToBbIid CAMOKOHTPOJIb (14) 10 Teme
«PacTBopbl. KosinuecTBeHHBIN COCTAB PACTBOPOB»

1. Vkaxure, mpu pacTBOPEHUHU KAaKHX BEIIECTB B BOJIE MPOUCXOJUT BbIjIe-
JICHUE TEIUIOTHI:

a) TUAPOKCHUIA KaJIHs, 0) HUTpaTa aMMOHHS;

B) CEpHOM KHUCIIOTHI; r) kapOoHaTa HaTpHs.
2. PacTBOpUMOCTH KHCIIOPO/a B BOJIC YBEIMUNBACTCS TIPHU:

a) IOHWYKEHUU TEMIIEPaTyphl; 0) yBETMUYEHUH J1aBIICHUS;

B) TIOBBHIIIICHUN TEMIIEPATYPHI; I') IOHWXEHUU JaBICHUS.
3. YKaxxuTe BEIIeCTBa, KOTOPHIC SBISIOTCSA KPUCTAIIIOTHAPATAMHU:

a) K5»SOg3; 6) CaCl,-2H,0; B) BaC|26H20, F) KOH.
4. YKaxuTe BEUIeCTBa, KOTOPBIE PACTBOPSIIOTCS B BOJE:

a) AIPOy, 0) AgNOg; B) ZnS; r) H3PO,.

5. YkaxuTe, 1o kakoi Gopmyiie MOKHO pacCuuTaTh MAaCCOBYIO JIOJIIO pac-
TBOPEHHOI'O BEIIECTBA:

v
a)ym=V-p; 6) C(X) =/
m
B) ® = (Bewectsa) : r) m(BemecTBa) = M(pactBopa) — m(H,0).
m(pactBopa)
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6. YkaxuTe, CKOJIBKO TIpaMMOB PACTBOPEHHOTO BEIIECTBA COJEPKHUTCS
B 200 r pacTBOpa c MaccoBoi JoJe Bemiecta S %:
a) 40 T; 6) 10T B)S5T; r)2,5T.
7. YKaxuTe, CKOJbKO MOJIeH PpPACTBOPEHHOTO BEIIECTBA COJEPKHUTCS
B 500 MJT IEUMOJISIPHOTO pacTBOpA:
a) 0,1 moup; 0) 0,01 momb; B) 0,05 MoIB; r) 0,5 MOJIb.
8. YkaxwuTe, CKOTBLKO TpaMMOB BOjbI coaepxutcs B 100 © BomgHOTO pac-
TBOpa ¢ MaccoBoi noJeit Bemectsa 10 %:
a) 10 T; 0)90T; B)S5T; r)45T.
9. Vkaxwute, 1o Kakoi ¢GopMmyse MOXKHO PacCUYUTATh MOJSPHYIO KOHIICH-
TpalUIO pacTBOPA:
a) m(pacteopa) = m(H,O) + m(BemecTna);

6) C(X) = \%; B)m=V-p, V= 1y

10. YkaxuTe Maccy BElIeCTBa, KOTOPYIO HAJO0 B3sATh sl moiyuenus 500 r
pacTBopa ¢ MaccoBoii oeit Bemiecta 10 %:
a)Sr; 06)50r; B) 10 T; r) 100 r.

6.5. DJIIEKTPOJIMTUYECKAS JUCCOLMALIUS

DJIEKTPOJUTBI — 3TO BEIIECTBA, PACTBOPHI WM PACILJIaBbl KOTOPHIX MPO-
BOJIAT dJEKTpuuecKuil TOK. HeaneKTpoauThl — 3TO BENIECTBA, PACTBOPHI WIIH
pacIyiaBbl KOTOPBIX HE MPOBOAAT dJEKTpUUeCKU TOK. COJu, KUCIOTHI, IIEI0-
Y1 — DJIEKTPOJUTHI. ITUIIOBBIN CIIUPT, caxap, IIFOK03a — HEAIEKTPOIUTHI.

OCHOBHBIE TMOJIOKEHUS TEOPUH DJICKTPOIUTHUECKOM auccoruanuu chop-
MYJIMPOBaHbI MIBeACKUM yueHbIM C. Appennycom (1887).

1. MoieKymbl AIEKTPOIUTOB MPU PACTBOPEHUH B BOJIE YACTUYHO WJIH TOJI-
HOCTBIO pacnajatoTcs Ha HOHBI.

[Iponecc pacnaga MOJEKYJ AJIEKTPOJIMTOB HA MOHBI B BOJI€ HA3bIBAOTCS
BJIEKTPOJUTUYECKON TUCCONMALIMEN WM MOHU3AIIUEH.

NoHbI — 3TO OAHOATOMHBIE WJIM MHOTOATOMHBIE YaCTHUIIbI, UMEIOIIHNE T10-
JIOKHUTEIbHBIA an oTpuiarenbrbii 3apsan (Na“, Mg®™, S, NO;,NH! u mp.).
[TooxuTeNBHO 3apsKEHHBIE NOHBI HA3BIBAIOTCS KATHOHAMH, OTPUIIATEIHLHO 3a-
PSKEHHBIC MOHBI — aHMOHAMH.

2. llpu mpomyckaHuM 4epe3 pacTBOP WM Yepe3 paciuiaB dJIECKTPUUECKOTO
TOKa KaTUOHBI ABMXKYTCS K KaTOAy, aHUOHBI K aHOJTY.

3. Jlucconmarus — mnporiecc o0paTUMBbI (11 cl1a0bIX 3JIEKTPOJIUTOB):

KA =K'+ A"

4. Vlonbl 10 (U3UYECKUM, XUMHUYECKUM U (PU3UOJOTHYECKUM CBOWCTBAM
OTIIMYAIOTCSA OT HEUTPAIBHBIX aTOMOB, U3 KOTOPBIX OHU oOpa3zoBanuck. Hampu-
Mep, noHsl Hatpusi — Na' u xnopun nonst — CI™ B pacTBope oKpy»KeHbl MoJe-
KyJIaMH BOJIBI, HE HMEIOT LIBETA, 3allaxa, He sOBUTHI. ATOMBI Hatpusi — Na’
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SHEPTHYHO pearupyrT ¢ Boaou. BemectBo xmop — Cl) — 370 ra3 xenro-
3€JIEHOTO 1[BETA, SJOBUT, CUJIbHBINA OKUCIUTEIIb.

6.6. CTENEHD JUCCOLUALMN. CUILHBIE U CJIABBIE DJIEKTPOJIUTHI

Crenenp aucconuanuu (0) — 3TO OTHOIICHHE YHCIIa MOJIEKYJI, KOTOpPBIE
pacrmanuch Ha HOHBI (N), K 001eMy 4ucity pactBopeHHBIX MoieKy (N):

o= .100 %.
N

Crenenb nUcCONUANMU ONPENETSIOT B IOJISIX €IMHULIBI WJIM B MPOIEHTaX.
Hanpuwmep, a = 0,9 uau 90 %. Eciu a = 90 %, To 31O 03Hayaet, yto u3 100 Mo-
JIeKyJ1 Ha UOoHbI pacnagaerca 90 moinekyn. CTeneHb OUCCOIMANMU 3aBUCUT OT
MIPUPOJIbl PACTBOPUTENISL U PACTBOPSIEMOIO BEIIECTBA, OT KOHIEHTPALIUU PACTBO-
pa, OT TemMmnepaTypsl U Apyrux GakTopoB.

B 3aBHCUMOCTH OT CTENEHH TUCCOLUUAINU DJICKTPOJUTHI ACTIATCS HA CUIIb-
HBIE U cJa0bIe.

CuiibHBIE JIEKTPOJMTBI — 3TO TaKHE AJICKTPOIUTHI, KOTOPHIE B BOJIHBIX
pacTBOpax MOJTHOCTHIO PACTIaIal0TCsl HA MOHBI; UX CTENEHb AUCCOLMAIMK paBHa |
(100 %). B BOAHBIX pacTBOpax CHJIBHBIX DJICKTPOIUTOB HAXOSTCS TOJIBKO HOHBI,
MMO3TOMY B YPaBHEHHMSX [HUCCOLMALMHA CHIIBHBIX JJIEKTPOJIUTOB HAJ0 CTABUTh
3HaK HEOOpaTUMOCTH —>. CUIIbHBIC JIEKTPOIUTHI — 3TO COJU, CUJIbHBIE KUCIOThHI
(HC|O4, HZSO4, HNOg, HCl u )Ip), ICI049Hn (NaOH, KOH, Ba(OH)g, Ca(OH)g)

Ciia0dble 3JIeKTPOJIMTBI — 3TO TaKHE DJIEKTPOJUTHI, KOTOPHIE B BOIAHBIX
pacTBOpax HE MOJIHOCTBHIO paclafaroTCs Ha MOHBI, UX CTENEHb TUCCOILUAINHI
MenbIie 1 (menbiie 100 %). B ypaBHEHUSX AUCCOIMALIMM ITUX IJICKTPOJUTOB

CTaBAT 3HAK OOpaTMMOCTH <. B BOJHBIX pacTBOpax ClIaOBIX JJICKTPOJIUTOB
UMEIOTCS MOHBI M HEJIMCCOIMUPOBAHHBIC MOJICKYJIbl. Clia0Oble 3JCKTPOIUTH —
aTo cnadwie kucioTel (HNO,, H,SO3,H,CO;3, H3PO,, CH3COOH, H,S u np.);
ciabwie HepacTBopuMbIe B Bojie ocHoBanus (Fe(OH), Pb(OH),, Cu(OH), u ap.);
rugpokcua ammonnst NH,OH; Boga.

6.7. IMCCOLUALIASI OCHOBAHMM, KMCJIOT U COJIEN
B BOJHBIX PACTBOPAX

OCHOBaHUSI — DTO AJIEKTPOJUTHI, KOTOPBIC TPU JTUCCOIUAIIUN 00pa3yrOT
TOJBKO OJWH BUJI aHUOHOB — THAPOKCcUA — MoHbl OH

KOH — K"+ OH;
Ca(OH), — Ca(OH)" + OH;
Ca(OH)" = Ca®* + OH .
Kucjorbl — 3TO 3J€KTPOJUTHI, KOTOPbIE MPHU JAMCCOIMAIMA 00pa3yroT
TOJIBKO OJWH BUJ KaATHOHOB — KaTHOHBI BOJOPOaA H":
HNO; —» H* + NO7; H,SO, — 2H" + SO,
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CoJyim — 3TO 3IEKTPOIUTHI, KOTOPHIE, B 3aBUCUIMOCTH OT UX THUIIA, TUCCO-
IUUPYIOT TI0-Pa3HOMY.
Cpeonue conu IpU JUCCOLMAIIMM 00pa3yIOT KAaTUOHBI METAJIJIOB U AHUOHBI
KHUCJIOTHOTO OCTaTKa:
NaCl — Na* + CI; Fe,(SO,); — 2Fe** + 35072,
Kucnvle conu muccouuupyroT CTyNeHYaTo Ha KAaTHOHBI METaIOB, MOHBI
BOJIOPOJIa M KMCIIOTHBIE OCTATKU:
NaHSO, — Na" + HSO; (nepBas cTymneHb);
HSO; = H" + SO (Bropas cTyIneHs).
OcHosHble conu AUCCOLMUPYIOT TaK)Ke CTYIMEHYaTO Ha KATUOHBI METAJLIOB,

OCTaTKH OCHOBAHUI U KUCIIOTHBIC OCTATKH:
MgOHCI — MgOH" + CI™ (nepBas crynens);

MgOH* = Mg* + OH  (BTopasi CTyIIeHb).
MHnozoochosHbvie Kuci0mol TACCONUUPYIOT CIIECIYIOIINM 00pa3oM:
HsPO,= H' + H,PO; (nepBas cTymeHns);

H,PO; = H" + HPO?" (BTopas cTymeHs);
HPO2~ = H" + PO~ (TpeThs cTymeHs).

Bonpochl 1 ynpaxHeHus1

1. Kakue BemiecTBa Ha3bIBAIOTCS: @) JICKTPOJIUTAMH; 0) HEIJIEKTPOIUTA-
mu? [IpuBeaure npumMepsl.

2. YTo TaKoe AIEeKTPOIMTHIECKAs! TUCCOINAIs?

3. Uto Takoe noHbI? YUeM OHU OTIMYAIOTCS OT HEHTPaIbHBIX ATOMOB H MO-
JeKy’?

4. Kakvue WOHBI Ha3bIBAIOTCA: a) KaTuoHamu; O) aHuoHamu? IlpuBenute
PUMEPBI.

5. HazoBuTe OCHOBHBIE MOJIOXKEHUS TEOPUN IIIEKTPOTUTHUECKON THUCCOLIH-
aluu.

6. Uto Takoe cTeneHb JUCCOLUAIIUU IIEKTPOIUTA?

7. Ot kakux (aKTOPOB 3aBUCHUT CTEIICHb TUCCOIHAITUH DJICKTPOIUTOB?

8. Kakue »7eKTpomThl Ha3bIBAIOTCSA: a) CHIIbHBIMU; 0) crmabbiMu? [lpuse-
JUTE TIPUMEPBI.

9. Kakue »7eKTpoJIMTHI HA3bIBAIOTCS: a) KUCIOTamMH; 0) OCHOBaHUSMU;
B) consiMu?

10. Kak ArCCOIMUPYIOT: @) MHOTOOCHOBHBIE KUCJIOTHI; 0) MHOTOKHCIIOTHBIE
OCHOBAHMSI; B) KUCJIbIE COJIM; I') OCHOBHBIE cosin? [IpuBeauTe npumepsl.

11. Hanumure ypaBHEHUs Iuccouluanuu cieayromnmx Bemects: a) HCI,
H,SO,4, H3PO, 6) KOH, Ca(OH),, Ba(OH),; B) KCI, Fe(NO3);, KH,PO,,
Na,SO,4, NH4NO3; F) H,S, N&zSiOg, Fe(OH)CIZ, Feg(SO4)3.
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12. Hanuiure ypaBHEHUs JMCCOLMALAM CIIETYIONIMX BEIIECTB CTyNEHYa-
TO: H2804, H3PO4, Ba(OH)Q, (NH4)2HPO4, KH2P04, FE(OH)QCI

6.8. UIOHHBIE YPABHEHUSI PEAKLIUI

Peakmmu B pacTBOpax 3JIEKTPOJIMTOB — ATO peakiuu Mexay noHamu. OHu
Ha3bIBAIOTCS MOHHBIMH PEAKIUSMHU, a YPABHEHUS ITHX pPEaKIUid — HWOHHBIMHU
YPaBHCHUSIMH.

[Tpu cocTaBieHUHM MOHHBIX YPABHCHHUI B BHJIC HOHOB 3alMCHIBAIOT OpMY-
ael crutbHBIX Kuciaot (HCIO,4, H,SO4, HCIL, HNO3, HI u np.), cHabHBIX OCHOBa-
Huii — menoueit — NaOH, KOH, Ca(OH),, Ba(OH), u npyrux, pacTBOpUMBIX
B Bojie coyieli (NaBr, KNOg3, BaCl, u ap.). B Buzme mMosnekyir 3amuchiBaioT Gop-
MyJIBI BOJIBI, clta0bix kuciotr — H,COs3, H,SO3,CH3;COOH, HNO,: cnabpix oc-
HoBauuii — NH,OH, Cu(OH),, Fe(OH); u npyrux; npakTH4ecKu HEpacTBOPH-
Mbeix comeii — BaSQO,, AgCl, CaCOs;, FeS wu apyrux; ampoTepHBIX
rugpokcugoB — Al(OH);, Zn(OH),, Cr(OH)3). ®opmynsr razos (NHz, SO,
CO,, H,S), okcumoB meramioB u HemetawioB (Na,O, P,0s, Ca0, SiO,) 3anucel-
BAalOT TOKE B BUJIE MOJICKYIL.

Peaknu oOMeHa B pacTBOpax 3JIEKTPOIUTOB HIYT 0 KOHIIA (HEOOPATHMO)
MIPH CICAYIONINX YCIOBUSIX.

1. O6pa3oBanue ocajka:

a) mostekyssipaoe ypapHeHue CaCly + 2AgNO; = 2AgCl + Ca(NOs3),;

6) moxHoe monHHOe ypasrenue Ca’* + 2CI° + 2Ag* + 2NO; = 2AgCl +
Ca™ +2NOj;;

B) cokpaiienHoe nonHoe ypasuenune ClI° + Ag- = AgCl (nmokasbiBaer, Ka-

KM€ MOHBI YYaCTBYIOT B PEAKIIHH).
2. Brigenenue rasa:
Na,CO; + 2HCI = 2NaCl + CO, + H,0;
2Na" + CO% +2H" + 2CI" =2Na" + 2CI" + CO, + H,0;
CO* +2H"=CO, + H,0.
3. O6pa3oBaHHe MAJIOAMCCOIMUPYIOIICTO BEIIECCTBA:
HCI + KOH = KCI + H,0;
H"+CI"+ K"+ OH = K" + CI” + H,0;
H® + OH = H,0.
Ecnu B pPacTBOPC HCT MOHOB, KOTOPBIC MOI'YT BBaHMOHeﬁCTBOBaTB MCIKOY
co0oMi, TO peakius 0OMeHa He HIET JIO KOHIIA, T. €. SIBISICTCS 00paTUMOM.
MgCl, + Na,SO, = MgSO, + 2NaCl;
Mg> + 2CI" + 2Na" + SO> = Mg* + SO~ + 2Na'+ 2CI".

VYpaBHEHUS TaKUX peakluii 0OMeHa He MUIIIYT.
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Bonpocsl 1 ynipaxkHeHus1

1. Kakue peakiiuu Ha3bIBalOTCSI HOHHBIMU?
2. Uto noka3bIBaeT COKpaIeHHOE HOHHOE YpaBHEHHE?
3. Ilpu kakux ycIOBHSIX peakiMu oOMEeHa: a) UAYT J0 KOHIIA; 0) SIBISIOTCS
oOpaTUMBIMH?
4. HanummTte TOJIHBIE U COKPAIICHHBIC NOHHBIC YPABHCHUS PEAKIIANA MEK-
Jly pacTBOpamu:
a) XJIopyJa MarHusi 1 HUTpara cepedpa;
0) runpokcuia HaTpus U cyibdarta xenesa (11I);
B) HUTpaTa Oapus U cyib(dara Kajius;
I') THAPOKCHIAa Kallusl M CEPHOU KHUCIIOTHI;
1) kKapOoHaTa HATPUSI U A30THOM KHUCIIOTHI.
5. Hanmmure ypaBHEHUSI B MOJICKYJISIPHOM BHUJE COOTBETCTBYIOUIUX HOH-
HBIX YPABHECHUMU.
a) Fe®* + 30H = Fe(OH)s; 6) Ag + CI" = AgCl;
2H" + Si0 2" = H,SiO0;; Zn(OH), + 2H* = Zn** + 2H,0;
H* + OH = H,0; 2H"+ S0O?" = S0, + H,0;
2H" + CO? = CO, + H,0; CO% +Ba”" = BaCO;.

TecToBbIM CAMOKOHTPOJIB (15) o Teme
«JJIeKTpoauTHYecKad quccounanus. MoHHble ypaBHeHUsI»

1. Ykaxute ¢hopmysibl BEIIECTB, KOTOPhIC pacnaatoTcsi Ha UOHBI MPU pac-
TBOPEHUHU B BOJE:
a) C6H1206; 6) FeSOy; B) NaHSOy; F) C6H6.
2. YKaXuTe TPYIIIbI BEIIECTB, B KOTOPBIX BCE TPH AJICKTPOJUTA SBISIOTCS
CUJIbHBIMU:
a) CH3;COOH, MgCl,, KOH; 0) H,S, H,SO3, H,SOy;
B) Ba(OH),, Aly(SO,)s, HI; r) NaHCOj3, HCIO,, CsOH.
3. Omnpenenute CTENEHb AUCCOIMAIMK JJICKTPOIUTA, €CIIH M3 KaKIIbIX
250 monekyn anextponnta 100 pacnagatoTcst Ha HOHBI:
a) 2,5; 0) 0,4, B) 40 %; r) 250 %.
4. YKaXUTE DJEKTPOJUTHI, KOTOPBIE COJEpKaT B BOJHOM PAaCTBOPE HMOHBI
BOAOpOJIA:
a) CH;COOH; 6) NH,OH; B) NaHCO3; 1) MgOHCI.
5. YKaxxuTe 3JIEKTPOJIUTHI, KOTOpPhIE COAepKaT B BOJHOM pacTBOpE TUJ-
POKCH/I-UOHBI:
a) NaOH; 6) CaOHCI; B) H3POy; r) Fe(OH);.
6. Ykaxxute BemiecTBa, KOTOpPhIE OOpa3ylOT B BOJAHOM PACTBOPE HOHBI
CO::
a) Na,COg; 0) CaCOg; B) NaHCO3;; r) K,CO:s.
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7. YKaxuTe, CKOJIbKO HOHOB 00pa3zyeTcs MpY AUCCOIUAIIUU ABYX MOJIEKYII
(N H4)2804:
a) 3; 0) 6; B) 11; r) 22.
8. Ykaxure, Kakue HOHBI AJISKTPOJUTOB HE YUYACTBYIOT B PEaKIIMU B3aUMO-
nercTBUs KapOoHAaTa KalbIUs ¢ COJISHON KHCIOTOM:
a)Ca®;  6)H"; B)CI; r) CO>.
9. Vkaxure, Kakie HOHBI MOTYT HaXOJUTCS B paCTBOPE OJJHOBPEMEHHO:
a)Na*uOH; 6)Zn” " uOH; B)Cu”usor, r1)A uOH.
10. YkaxxuTe, Kakasl U3 CIASAYIONIUX PEaKIuid BhIPAXKACTCS COKpaICHHBIM
HoHHBIM ypaBHeHneM H' + OH™ = H,0:

a) HCI + Cu(OH), =CuOHCI + H,0;
6) HBr + KOH = KBr + H,0:

8) 2HCI + Fe(OH), =FeCl, + 2H,0:
F) H2803 + RbOH <_—’RbHSO3 + Hzo

6.9. I'maprPoOJIN3 COJIEN

CnoBO «ruaponn3» 03HAYAeT pasjoKEHHE BOJAOU («THUAPO» — BOJA, «IIH-
3UC» — PA3I0KECHUE).

I'maponus comm — 3TO B3aMMOJEUCTBHE MOHOB COJIM C BOJOHM, KOTOPOE
MPUBOIUT K 00OPa30BAHUIO CIIAOBIX IJICKTPOIHUTOB.

[Ipumepsl TUAPOIN3A CONEN:

1. Cosib CUJIBHOTO OCHOBaHMS M CJa00M KUCIOTHI (0Opa3yeTcst mpu B3au-
MOJICHCTBUU CHJILHOTO OCHOBaHHMS U cnaboir kuciaorel) — CH3COONa,
Na,COs. Takue coiu TUCCOIMUPYIOT MOTHOCTHIO B BOJHBIX PACTBOPAX:

CH;COONa - CH3;COO™ + Na'™;
Na,CO; = 2Na" + CO?-.

B BosiHOM pacTBOpeE COJMM MOABEPTAIOTCS TUAPOIU3Y, HATIPUMED:
CH3COONa + H,0 == CH3COOH + NaOH;
CH;COO + Na" + H,0 = CH3COOH + Na* + OH’;

CH;COO + H,0 = CH3;COOH + OH",

W3 nocnenHero ypaBHeHuUs CIEAYET, YTO TUPOJIN3 alleTaTa HaTpHsl IpoucC-
XOJUT MO aHUOHY cJ1a00i KucioThl. B pe3ynbrare 0OpazyeTcs ciiabblid 371eKTpo-
JUT — yKCycHasl kucnoTa. Cpefa meiaoyHast.

['mnponu3 comu, KOTOpast 0Opa3oBaHa CHIIBHBIM OCHOBAaHHUEM M CIIa0oOM
MHOT'OOCHOBHOM KHCJIOTOM MPOUCXOAUT CTYIIEHYATO.

[Tepas crynens: Na,CO;z + H,O = NaHCO; + NaOH;

2Na" + CO>*+ H,0 = Na"+ HCO; + Na" + OH;

CO* +H,0 = HCO; + OH.
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Bropas ctynens. NaHCO; + H,0 = H,CO;3; + NaOH;
Na®+ HCO; + H,0 = H,CO; + Na* + OH;
HCO; + H,0 = H,CO; + OH .
[To BTOpO# CTYIIEHH THAPOIIM3 IPOUCXOIUT MEHBIIIC, YEM I10 TICPBOM.
2. Conb CHJIBHOM KHCJIOTHI M €J1a00TO OCHOBaHUA (0Opa3yercs mpu B3awu-

MOJICHCTBUHN CHIIBHOM KUCIOTHI U citaboro ocHoBanus) — NH4CI, FeCls:
NH,Cl -> NH; + CI;
NH: + Cl" + H,O = NH,OH + H" + CI ;
NH* + H,0 = NH,OH + H".
['uapoau3 JaHHOM COM MPOMCXOUT MO KaTUOHY ci1aboro ocHoBaHus. O0-
pazyercs cinabblif 3eKkTpoauT — ruapokcus ammonns NH4,OH. Cpena kucnas.

Ecau comnp O6p&30BaHa ci1a0bIM ABYX- HJIK TPCXKHUCIOTHBIM OCHOBAHUCM
1 CUJIIbHOU KHCJ’IOTOﬁ, TO THAPOJIN3 IIPOUCXOOUT II0 CTYIICHM.

[Teppas crynens: FeCl; + H,O = FeOHCI, + HCI,
Fe® + H,O = FeOH™ + H",

Bropas crynens: FeOHCI, + H,O = Fe(OH),Cl + HCI;
FeOH* + H,0 = Fe(OH): + H'

Tpetws crynens:  Fe(OH),Cl + H,O = Fe(OH); + HCI;
Fe(OH): + H,0 = Fe(OH); + H™.

IIo BTOpON M TpPEThbEN CTYINEHSAM TMIPOJIU3 IMPOUCXOAUT MEHBIIE, YEM 10
IIEPBOM CTYIICHH.

3. Comb c1aboro oCHOBaHUS M CaboW KUCIOTHI (0Opa3yeTcst mpu B3auMo-
nerictBun ciaboro ocHoBanusi U cinaboi kuciaotrel) — NH4CN, CH3;COONH,,
AIZS3:

CH3;COONH,; — CH3;COO™ + NH;;

CH3;COO + NH; + H,O = CH;COOH + NH,OH.

['uaponu3 JaHHOW COJIM MPOUCXOJMUT IO KAaTHOHY ClIaboro OCHOBaHUS
U aHUOHY cyaboii kuciotel. O6pa3yrorcs aABa ciaadbix snextponuta — NH;OH
n CH3COOH. Crenenun mucconuanuu NH,OH u CH3COOH paBabl. [TosTomy
cpella HEUTpaIbHas.

['uapou3y nmoaBepraroTcs T€ COJIU, KOTOPBhIE paCTBOPUMBI B Boje. Peakiius
rujpoin3a — oOpaTuMmblii mporecc. [Ipu HarpeBanuu wim paz0aBlIeHUH pac-
TBOpa COJIM TUAPOJIN3 €€ yCKopseTcs. ['uaponu3 coinm HeoOpaTuM, eciau obpa-
3YIOTCSI MAJIOPACTBOPUMBIE WJIH Ta3000pa3HbIe TPOYKTHI:

Pb(SO4)2 + 2H20 = Pb02 + 2H2804,
AlLS; + 6H,0 = 2AI(OH); + 3H,ST.

4. Conb CMJIBHOTO OCHOBAHUS U CUJIbBHOM KHUCJIOTHI (0Opa3yercst mpHu B3auMO-

JEWCTBUM CHJILHOTO OCHOBaHMs ¥ cuiibHOM KUCI0ThI) — NaCl, NaNOjz, K,SO,.
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VY Takux cojei ruposiu3 He mpoucxoaut. MoHbl Takux colield He o0pa3y-
IOT C MOHAMHU BOJIbI CJIa0BIX AJIEKTPOIUTOB. PaBHOBECHE quCCOIMAIIMU BOJIBI HE
Hapymaercs. PacTBop MMeeT HEUTPAIbHYIO CPELY.

Bonpocel 1 ynpakHeHus

1. Yro Ha3bIBaeTCA TUAPOIU3OM COJU?

2. Kakue conu moasepraroTcs ruaponusy. [lpuBenure npumepsl.

3. Kakue comu ruaponu3yroTces: a) o KaTHOHY; 0) TT0 aHUOHY; B) IO KaTH-
ony u anuony? [IpuBeanure npuMepsl.

4. CocTtaBbTe HOHHBIE YpaBHEHHMS THApPOJIM3a: a) KapOoHaTa Kamus,
0) cynbduna natpus; B) xiopuna meau (I1); r) autpara amromunus; 1) KapooHa-
Ta aMMOHUHI.

TecToBbIil CaMOKOHTPOJIb (16) Mo TeMe «I'uapoOIU3 coleiD»

1. YKa}KI/ITe, B paCTBOPC KaKHUX coJien Cpclaa mcjaovHasd:

a) NaCl; 6) Na,SOsg; B) K>COg; F) Zn(N03)2.
2. YKaxuTe, B paCTBOPE KaKOW COJIM caMasi BBICOKAsi KOHIICHTpaIs HOHOB
Bojopona H':
a) Na,SOy; 6) NaCl; B) Na,COs; F) ZnC|2.
3. Ykaxkure, pacTBOPHI KAKUX COJICH UMEIOT HEUTPAJIbHYIO CPEy:
a) NH,CI; 0) CH3;COONa; B) CH3;COONH,; 1) KCI.
4. YkaxuTe, B pacCTBOpax KaKuX COJIEH TUAPOIN3 HE MPOUCXOUT:
a) CaCQOg; 0) Al,Ss; B) Ca(NO3),; r) KCI.
5. YkaxuTe, B pacTBOpax KaKUX COJICH THIPOJIM3 MPOUCXOIUT TOIHKO IO
KaTHOHY:
a) NH,CI; 6) Na,SO,; B) AI(NO3)3; r) K,COs.
6. Ykaxure, B pacTBOpax KaKuX COJICH OKpacka METHIIOpAHKA JKETas:
a) NaHCOg; 0) CH;COONH,4;  B) Na,S; r) Ba(NO3),.
7. YKaxuTe, KaKyro OKpacKy UMeEeT JIakMyc B pacTBope Hutpara meau (11):
a) KpacHy1o; 0) puoneToByt0;  B) MaJTUHOBYIO; I') CUHIOIO.
8. YkaxuTe, KakoBa cpejia B pacTBOpeE Cyib(hu1a HATPHs:
a) Kucnas; 0) mienoyHas; B) HEUTpaJIbHAS.
9. VkaxuTte, B pacTBOpax KaKWUX COJIEH THAPOIU3 MPOUCXOIUT TOJIHKO IO
aHUOHY:
a) CH3;COONa; 0) Na,COg; B) AIClI;; r) Cu(NOs),.

10. Ykaxxute, Kak MOKHO YMEHBIIIUTh CKOPOCTh TUJIPOJIM3a COJIM XJIOpHIa
xenesa (IIT) B pactBope:
a) HarpeBaHUEM PaCTBOPA;
0) OXJIaXKJICHUEM PacTBOPA;
B) 100aBJIEHUEM PACTBOPA COJISTHOM KHUCIJIOTHI,
r) no6asiennem xjopunaa sxxenesa (III).
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YACTD II. XUMMUA DJIEMEHTOB

I'JIABA 7. HEMETAJLJIBI U UX HEOPTAHUYECKUE COEAUHEHUSA

7.1. OBIIME CBOVMICTBA HEMETAJLJIOB

Hemerannel HaxonsTes B mnaBHbiX noarpynmax I, IV, V, VI, VII u VIII
IPYIII MEPUOINICCKOIN crcTeMbl AieMeHToB. K HemeTamiam oTHocsTcs 6op (B),
yriepon (C), kpemuuii (Si), azot (N), dpocdop (P), mbrbsk (As), kuciopon (O),
cepa (S), cenen (Se), remnyp (Te), Bogopona (H), drop (F), xmop (CI), 6pom (Br),
rion (1), acrar (At). K HeMmeramiaM Take OTHOCATCS MHEPTHBIC rasbl: TeJIHii
(He), neon (Ne), apron (Ar), kpuntoH (Kr), kcenon (Xe), pagon (Rn). Bce neme-
TaJUIbI IBJIAKOTCS p-3JIEMEHTAMH, KpOME BOAOpoa U renmsi. Bogopon u renmmii —
S-3JIEMEHTHI. BONBIIMHCTBO HEMETAITIOB (KpOME TPeX) Ha BHEIIHEM 3JIEKTPOH-
HOM YPOBHE HMEIOT OT 4 10 8 35ekTpoHOB. Hampumep, atom BOgopoa UMeET
onuH amektpoH (1s); atom remms — nBa smextpona (1s°); atom Gopa — TpH
SIeKTpoHa (25°2p"). DIeKTPOHHbIE KOHDUIYPAIIHH aTOMOB JPYTHX HEMETAILIOB
M3MEHSIOTCS OT NS NP2 o nsnp®.

[Tpy XUMUYECKUX pEaKIUsIX aTOMbI HEMETAJIOB MOTYT IIPUCOCIUHATD WIIH
OTJIaBaTh ANMEKTPOHBI. CIOCOOHOCTh MPUCOCAUHSATH JIEKTPOHBI XapaKTePU3yeT
oKuciumenvusle ceolicmea Hememannog. OKUCIUTEIbHBIE CBOMCTBA HEMETal-
JIOB YBEJIMYMUBAIOTCS C YBETUYCHUEM MOPSAKOBOTO HOMEpA 3JIEMEHTOB B OJTHOM
MEepPUOJIE U YMEHBINAITCS C YBEJIMYCHUEM IMOPSIKOBOTO HOMEpa B TpyIIIE.
B pany F, O, N, Cl, S, C, P, H, Si cmocoGHOCTb NPHUCOSTUHATH AJICKTPOHBI
YMEHBIIIAETCs clieBa HampaBo. DOTop XapaKTepusyeTcss HauOOJBIIEH JIEKTPOOT-
punatenbHOCcThio (D0) M MO3TOMY Yy HEro caMmble CUJIbHBIE OKHCIUTEIbHBIC
CBONCTBA.

HewmeTanmsl urparoT poiab OKUCIUTENS TPH B3aUMOJICHCTBUU C BOJOPOIOM:

2H2 + 02 = 2H20

JIro60¥ HEMeTalT SIBISETCA OKUCIUTENEM B PEaKIMsIX C TEMHU HeMeTaa-
MH, KOTOpPbIE UMEIOT MeHbIIIee 3HaueHue J0:

2P + 5S = P,Ss.

B a0l peakiuu cepa — OKHCIHUTENb, a (ochOop — BOCCTAHOBHUTEIb.

CrocoOHOCTh aToMa HEMETaJlJla OT/IaBaTh JICKTPOHBI XapaKTePU3yeT 80C-
CMaHo8UmMebHble C80UCMBA Hememannos. B 3ToM ciydae 31eKTpOHbI aTOMOB
HEMETAJUIOB CMEIIAI0TCS K aTOMaM 3JIEMEHTOB — okuciuTteneil. Hampumep, Bce
HEMETaJUIbI IIPU B3aUMOJICHCTBUN C KUCIOPOJAOM SIBJISIOTCSI BOCCTAHOBUTEIISIMU,
notomy uto D0 kucnoposa 6oibiie 30 apyrux HeMeTaIoB (kpoMe Gropa):

4P + 50, = 2P,0s; S+ 0, =S50.,.

HeMeramibl mipy B3aUMOJEHCTBUM C METalIaMH OOpa3yrOT COEIUHEHUS
¢ nonHou cs3bio (KCI, MgO, Na,S). IIpu B3aumMoaeicTBUU aTOMOB HEMETall-
JOB C JIpyT OPYroM oO0pa3yroTcs COeIWHEHHUs ¢ KoBaleHTHOH cBs3bio (H,O,
NH3). C kuciaopogom HemeTaubl 00pa3yrOT KHUCJIOTHBIE OKCHIIbI, C BOJOPO-
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noMm — Jeryune Bojgopoansie coenunenust (HCl — xnoposogopon, H,S — ce-
poBoziopon). BoaHble pacTBOpbI BOJOPOAHBIX COCAMHEHHM HEMETAJIOB IJIaB-
HbIX noarpynn VI u VII rpynn sBisiroTCs KUCIOTaMu.

HemeTamibl ioxo npoBOJAT 3JIEKTPUUECKUN TOK U Teruio. [Ipu Hopmaiib-
HBIX YCJIOBUSIX HEMETAJUIbl BOJOPOA, PTOpP, XJIOp, KUCIOPO, a30T U MHEPTHHIC
ra3sl (He, Ne, Ar, Kr, Xe, Rn) — 3T0 ra3el; OpoM — XKUJKOCTb, OCTAIbHBIC HE-
METaJIbl — TBEP/IbIC BENIECTBA.

Bonpocel u ynpaxHeHust

1. B kakux moArpynmnax HaXoAsTCsl HEMETaJlIbI?

2. Kakne HeMeTamipl OTHOCATCS K S-CEMENCTBY, KaKHe — K p-CEMEUCTBY?

3. Kakoe 4ncno 35eKTpoHOB MOXKET OBITh Y aTOMOB HEMETAJJIOB Ha BHEIII-
HEM 3JIEKTPOHHOM YpPOBHE?

4. Ilpu B3aUMOJICHCTBUY C KAaKMMHU BEIIECTBAMU HEMETAJIbl UTPAIOT POJIb:
a) OKHCIIUTEeNeH; 0) BOCCTaHOBUTENEH?

5. Kak M3MeHSIOTCSl OKUCIUTEIbHBIE U BOCCTAHOBUTEIBHBIE CBOWCTBA He-
METaJUIOB: a) B IpyIIe; 0) B mepuoje?

6. Kakoii Tun xumMudeckoi cBsi3u 0OpaszyeTcs: a) IpHu B3aUMOJAECHCTBUU He-
METaJIJIOB C MeTajllaMu; 0) IpU B3aUMOJICHCTBUN HEMETANIOB C HEMETalaMu ?

7. OxapakTepu3yiTe BOJOPOIHBIE COETUHEHUS HEMETAIIIOB.

8. HazoBute HemMeTamuibl, aTOMBI KOTOPBIX UMEIOT 3JIEKTPOHHYIO KOH(HTY-
PALHIO BHEIIHETO cliost: NS“Np°, ns“np°.

9. Kakoii HemeTa jierde MpUCOSANHSIET SICKTPOHBI: a) YIJIEPO.l WK a30T;
0) KUCTIOPOJI WU XJIOP?

7.2. BO1orOJ

Monekyna BogopoJa COCTOUT U3 JIBYX aTOMOB. Ero anekTpoHHas KOH(U-
ryparms 1s'. VI3BecTHBI TpH M30TOMA BOZOpPOAA: MpoThii — 'H, neitepuii —
‘H(D), tputuit H (T). AToM BOgOpOJa MOKET MPUCOCIUHATH WIU OTIAABATh
ANEeKTpOoH. Bomopoa cuibHee MposiBIsSeT HEMETAIUIMYECKUE CBOWCTBA, YEM Me-
tayunueckue. [lo cBoiicTBaM Boopo Oosee OIM30K K TalloreHaM, MO3TOMY €ro
nomemaroT B VII rpynny nepuoguyeckoi CUCTEMBI AJIEMEHTOB. BaleHTHOCTH
BOJIOpO/Ia paBHa 1, creneHb okucieHus paBHa +1, 0, —1 (B coenuHeHusx ¢ me-
TajaMu). Bogopo BXOAUT B cOCTaB NPUPOJHOTO ra3a.

IHonyyenue Bogopona:

1. B rabopamopuu nipu B3auMoJIeHCTBUU:

— MeTaJIoB (LIMHKA WM JKeJe3a) ¢ XJIOPOBOIOPOAHON U CEPHOM KHCIOTAMM:

Zn+ 2HCI = ZnC|2 + H,;
Zn + HZSO4 = ZnSO4 + H,.
— THAPUI0B METAUIOB C BOJOM:

CaH, + 2H,0 = Ca(OH), + 2H,T;
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— aJIOMUHHUS, KPEMHHUS C paCTBOPAMH HIETOYECH:
2Al + 2NaOH + 6H,0 = 2Na[AlI(OH),4] + 3H;;
Si + 2NaOH + H,0 = Na,SiOs+ 2H,T.
2. B npomvluinennocmu myTeM:
— 3JIeKTpoau3a Bojbl B mpucytcTBun ekTponutoB (NaCl, KCl):

2H20 DJICKTPOJIN3 2H2 + 02’
— OJJICKTPOJIN3a BOAHOI'O paCTBOpPA XJIOPpHUAAd HATPHUA:

2NaCl + H,0 2==2EE8 _2NaOH + H, + Cly;
— KOHBEPCHOHHOTO CIocoba:

0
C+H,0 == CO +Hy;
— KOHBCPCHH MCTAaHa C BOAAHBIM ITIapOM:

CH,+2H,0 BN CO, + 4H,;
— KPCKHHT'a MCTaHa:

0
CH; —— C+2H,

du3nvecKre CBOMCTBA BOAOPOAA:

— OecIBeTHBI ra3, 6e3 3amaxa u BKyca, Majio paCTBOPUM B BO/JIC;

— caMbld JIerKuii ras, B 14,5 pasza jgerde Bo3ayxa.

XuMHuyecKue CBOMCTBA:

— B MOJIEKYJIe BOJOPOJia CBSI3b MEXKJY aTOMaMU OYE€Hb MPOUYHAsl, IOITOMY
pu 0OBIYHOM TEMIIepaType aKTUBHOCTh MOJIEKYJISIPHOTO BOJIOPO/ia HEOOIbIIIas;

— B3aUMOJEHUCTBYET C HEMETAJUIAMU: CEPOM, TaJIOT€HAMHU, KUCIOPOIAOM:

Hy+S == H,S; H,+Cl, N 2HCI;  2H, + 0, =& 2H,0.

— IIPH BBICOKHX TCMIICPATYypaX BOCCTAHABIUBACT MCTAJIJIBI U3 UX OKCHAOB!:
CuO + H, = Cu + H,0;
HS — 28 — 2H";
Cu®* +2& —» Cu
B OTOU PC€aKIH BOAOPOA — BOCCTAHOBUTCIIb: ATOMbI BOJAOPOda OTAAIOT J3JICK-
TPOHBI,
— IpH HArp€BaHvuu BOAOPOJa CO IICIOYHBIMHU M IICIOYHO-3EMCEIIbHBIMU
MeTaJlJIaMUi 00Pa3yroTCsl TUAPUJIBL:
2Na + H, = 2NaH;
2Na’ — 28 — 2Na*’;
HY +28 > 2H™.
IIpumeHeHue BOAOPOAA: TOPEHHE BOJOPOJA B KHUCIOPOJE HCHOIB3YIOT
AJI1 TIIOJIYUCHH BBICOKHMX TEMIICPATYypP, BOAOPOA MPHUMCHAIOT JJIA IMOJIYUCHHA
MCTAJIJIOB M3 X OKCHUIO0B, JJIA IIOJTYUCHHUA aMMHAKa NH3, AJI TUAPOTrCHU3allun
YKUPOB.
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Bonpocel 1 ynpakHeHus

1. HazoBute uzoronsl Bogopoja. KakoBel nx MaccoBble yucia? YKaxure
YHCJIO HEUTPOHOB B KAXKJIOM U3 U30TOIOB.
2. Kakue creneHnu okuciaeHust uMeeT BOAopo1?
3. Ykaxure crocoObl MoydyeHusl BoJopoa: a) B jabopaTopuu; 6) B Ipo-
MBIIUIEHHOCTH.
4. ITpuBenute NpuUMEpPHI PEAKIIUNA, TJ€ BOJOPOI SABISETCA: a) OKUCIUTEIIEM;
0) BOCCTaHOBUTEJIEM.
5. Oxapakrtepusyiite (pusnueckre CBONCTBA BOJIOPO/A.
6. 3akoHYNTE YpaBHEHHS PEAKIIUN U ONIPEACIIUTE, B KAKOW M3 HUX BOJOPOJ
SIBJISIETCS OKUCIIUTENEM, a B KAKUX BOCCTAHOBUTEJIEM:
a) H, + Na > NaH; 0) H, + Br, > HBr;
B) H2+ Nz—)NHg, F) H2+S—) HZS
/. Hannmmre ypaBHEHUS peakuui AJi CIEAYIOIMNX MTPEBPAILCHUIA:
a) H, > HCl —» H2 —> Hzo,
6) Hzo —> Hg—) KH —> NH3 —)Hz.
8. Hanmmmmre ypaBHEHUS peakiinii BOCCTAHOBJICHHS BOJIOPO/Ia METAJIIIOB U3
ux okcuaos: Ag,0, CuO, NiO, WO..

3agaum

1. CkosbKO JUTPOB BOAOPO/Ia BbieNUTCA (H.y.) pu pactBopeHuu 36 r Al
B PacTBOpPE CEPHOM KHUCIOTHI?

2. CKObKO JIMTPOB BOJOpOAA BbIAENUTCs (H.y.) Tpu pacTBopeHuu 4,8 T
maraus B 100 M1 pacTBOpa cepHOM KUCTOTHI ¢ MaccoBoit qoseii ee 20 %7

3. OIMHAKOBOE JIM KOJUYECTBO BOJBI 00pazyeTcsi MPU BOCCTAHOBJICHHUU
BojioposioM 10 r okcuaa meau (I) u 10 T okcuna menu (I11). OTBeT moaTBepauTe
pacyeToM.

7.3. BOJIA. EE ®M3MYECKHUE U XUMUYECKHUE CBOMCTBA

Boaa — 310 okcua Bogoponaa. UncToi BoAbl B MPUPOJE HET, OHA BCErAa
coiepkut npumecH. [loydaroT 4yucTyro BOAY IMyTeM IMEperoHkH. Takas Boja
Ha3bIBACTCS OUCTMUNUPOBAHHOLI.

Bona — camoe pacnpocTpaHeHHOe Ha 3emie BemiecTBO. IToBepXHOCTH
3eMJIM Ha %4 TIOKPBITA BOJIOHM (OKeaHbl, MOPSI, 03€pa, PeKH, JISTHUKH). B Oonbmmx
KOJIMYECTBAX BOJIAa TAKXKE HAXOAUTCS B atMocdepe u 3eMHOI Kope. Boga siBisi-
€TCs TJIABHOM COCTABHOW YaCThIO JKMBBIX OPTaHU3MOB.

dusnyecKkue CBOMCTBA:

— NpU OOBIYHBIX YCJIOBHUAX BOJAA — KHJAKOE MPO3PavyHOE BEIIECTBO O€3
LIBETa, BKyCa U 3aI1axa;

— npu 4 °C WIOTHOCTh BOABl UMEET MAaKCUMaJIbHOE 3HaUeHue — 1 r/em®
(1000 kr/nm’);
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— IJIOTHOCTH BOJIBI YMEHBIIIAETCS MPH 00Jiee HU3KUX U BBICOKUX TeMIIepa-
Typax;
— 1ipu 0 °C BoAa mepexouT 13 KUIAKOTO COCTOSHUS B TBEpOE (J1en);
— mpu 100 °C Boja KUTIUT U MEPEXOIUT B Ta3000pa3HOE COCTOsTHUE (BOMS-
HOM Tap);
— BOJIa TJIOXO MPOBOJIUT TEIJIO U OYEHB IIOXO — DJICKTPUUECKUN TOK;
— BOJIa — XOPOIIMN PACTBOPUTEID.
XyMHYeCKHe CBOCTBA:
1. Bzaumooeticmeue ¢c memaniamu.
— KaJui, HaTpHil, KaJblUUi B3aUMOACICTBYIOT C BOJOM pH OOBIYHOM TEM-
neparype:
2K + 2H,0 = 2KOH + Hy;
2Na + 2H,0 = 2NaOH + H,;
Ca+2H,0 = C&(OH)z + H,;
— MarHui, UHK, )KEJI€30 B3aUMOACHCTBYIOT C BOJOM IIPH HarpeBaHUM:

Mg + 2H,0 =t~ Mg(OH), + Hy;
3Fe + 4H,0(nap) == Fe,0, + 4H,;

Zn+H,0 == ZnO + Hy;
— CBWHEI, MeJb, PTYTh, CEpeOpO, 30JI0TO HE B3aUMOJECHUCTBYIOT C BOJOU
Jla)ke TIpU HarpeBaHUM.
2. Bzaumooeiicmesue ¢ nememasniamu:

C + H,0(nap) == CO + Hy;

C|2 + Hzo =HCI + HclO.
3. Bzaumooeiicmsue 600bl ¢ OKCUOAMIU.
Na,O + H,O = 2NaOH;
OCHOBHOM OKCH/JT
503 + HZO = HZSO4.
KHUCJIOTHBIN OKCH]T
4. Obpazosariue KpUCMaiI02UOPaAmos.
CuS0O, + 5H,0 = CuS0,-5H,0.
5. Jleticmeue Ha 600y 31eKMpUYECKO20 MOKA U BbICOKOU memMnepamypul
(2000 °C):
2H20 = 2H2 + 02.

Bonpocsl u ynpaskHeHus

1. C xakumu BemiectBamu pearupyeT Boga:. CuO, CaO, K, NaOH, Cl,,
Si0,, SO,, CH,? HanumuTe ypaBHEHHsI COOTBETCTBYIOIIUX PEAKITUI.

2. Uto Takoe AuCTUUITMpOBaHHas Boja?

3. [Touemy npu pacTBOPEHUH B BOJIE AJICKTPOIMTHI PACTIaIaf0TCsl Ha MOHBI?
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7.4. 'AJIOTEHBI. OBIIASI XAPAKTEPUCTUKA

OnemeHTHl (PTOp, XJ0p, OpoM, Mo, acTaT Ha3bIBatOTCS rajoreHaMu. OHH
HaxXOJSTCS B IJIaBHOW IMOJTPYIIIE CEAbMOM TPYIIIBI NEPUOANYECKON CHUCTEMBI
AJIEMEHTOB U UMEIOT HA BHEIIHEM YHEPTETHUYECKOM YPOBHE IO 7 BJIEKTPOHOB.
OTO p-37eMEHThI. DJNEeKTPOHHAsI KOH(UTypalus X aTOMOB nsznpS. ["asiorensr
UMEIOT cTeneHu okucienus —1, 0, +1, +3, +5, +7. @Top UMEET CTENEHU OKHUC-
nenus —1 u 0.

Monekymbl raJOreHOB NPOCTHIX BEHIECTB COCTOAT M3 JIByX arOMOB U MMe-
1oT obmryro hopmyiny — Hal,: Fy, Cly, Bry,l,. IIpr 0OBIKHOBEHHBIX YCIIOBHSIX
bTop u xJI0p — Ta3el; OpOM — KUIKOCTh, O — TBEpJ0€ BellecTBO. Bee ra-
JIOTE€HBI UIMEIOT PE3KUH 3amax.

BonHble pacTBOpBI BOJOPOIHBIX COEAUHEHUN TaJlOr€HOB SIBJISIFOTCS KUCIIO-
tamu: HF — ¢ropoBogopoanas (mnasukonas); HCl — xsopoBogopogHas (co-
nsHas);HBr — OpomoBogopoanas; HI — #omoBomopoanas kuciorel. Cuma
kuciot B psany HF — HClI — HBr — HI yBenuuuBaeTcs cieBa HampaBo IMpH
0CJIa0JICHUH CBSI3U BOJOPOJ—TaJIOTEH.

B rnaBHo# moarpynme cBepxy Buu3 B psigy F —> Cl > Br » | —> At
YMEHBIIIACTCSI XMMHUUYECKas aKTUBHOCTh TaJIOreHOB. B 3TOM psiny Bhiepenu cro-
AIIMN TaJOTE€H BBITECHSET mocieayromuid u3 kuciaoT tuna HHal u ux conen.
Campblii akTUBHBIA TaoreH — (rop. ['asorensl — cuibHbIE OKUcHUTENU. X
OKHCIIUTENIbHBbIE CBOMCTBA YMEHBIIIAIOTCA OT (hTOpa K HOMy.

Bonpocs! u 3axanust

1. Kakue Bbl 3HaeTe 31eMEHTHI, SBISIOMIMECS TAJIOTE€HAMH; YKaKUTE HMX
MIOJIOKEHUE B IIEPUOINUECKON cucteme aneMeHToB [.1. Menneneena.

2. OxapaktepusyiiTe GU3NIECKUE CBOWCTBA MPOCTHIX BEIIECTB — raJIOTCHOB.

3. Kakue crernenu okuCIeHUs XapaKTEPHBI I aTOMOB TaJIOT€HOB?

4. Kakoii W3 TaJOreHOB SIBISIETCA: a) CaMbIM JJIEKTPOOTPUIIATEIHHBIM,
0) caMbIM aKTUBHBIM dJieMeHTOM? [Touemy?

5. Kakumu cBoiicTBamMu 00J1aaI0T BOJIHBIC PACTBOPHI TAJIOT€HOBOIOPOIORB?

7.5. Xu10P

Haxo:xnenue B nmpupoje: XjJop — XUMUYECKU aKTUBHBIM 3JIEMEHT, BCTpe-
qyaeTcs TOJbKO B BHUJIE COCIMHEHUH, BAXHEHIIMMU U3 KOTOPBIX SBISIOTCA: XJIO-
pua Hatpusi — NaCl (moBapenHas coib); xsopun kanust — KCl; xnopun Mmaraus
— MgCl,-6H,0, cunpBuant — KCI-NaCl, kaprammt — KCI- MgCl,-6H,0.

Hoayuyenue:

— g 1ab6opamopuu — MyTeM JEUCTBUS OKUCIUTENS Ha COJISIHYIO KUCTIOTY:

4HCI + MnO, = C|2 + MnC|2 + 2H,0;
16HCI + 2KMnO, = 5Cl, + 2MnCl, + 2KCI + 8H,0;

— 8 NPOMbIULIEHHOCMU — C TIOMOIIBIO AJIEKTPOJIU3a BOJAHOTO PacTBOpa
niu pacriaBa NaCl.
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du3nyecKkne CBOMCTBA: XJOpP — SJIOBUTHIN Tra3 >KEJITO-3€JEHOr0 IIBETa
C PE3KHUM 3amaxom; B 2,5 pasza Tskeliee BO3AyXa; €ro pacTBOP B BOJI€ HA3bIBACT-
Cs1 XJIOPHOM BOJIOM; OH XOPOIIIO PACTBOPSETCS B OPTaHUYECKUX PACTBOPUTEIISX;
pa3ApakaeT JapIXaTelIbHbIC MyTH (BABIXaHHWE OOJIBIIUX KOJIMYECTB XJIOpa MPHUBO-
JIAT K CMEPTH).

XyMHUYeCKHe CBOICTBA:

1. B3auMopeicTBUE C MPOCTHIMH BEIIECTBAMMU:

— ¢ METaJUlaMu:

2Na + Cl, = 2NacCl;
2Fe + 3Cl, = 2FeCl;;

— C HEeMeTaJIaMu:

H2 + C|2 = 2HC|,
2P + 3Cl, = 2PCl3;
2P + 5Cl, = 2PCl;;

— C BOJIOPOJIOM — HAYMHAETCS MPU OCBEIICHUU U HATPEBAHUMU;

— HEMOCPEACTBEHHO C a30TOM M YTJIEPOJOM XJIOP HE COCAUHSIETCS;

— C KHUCJIOPOAOM — B3aUMOJICMCTBYET IOJ JEHCTBUEM >IICKTPUYECKOTO
pazpsiaa Wik yiabTpadHuoIETOBOTO M3IYUYeHHUs (COSTUHEHHS KHUCIOpOJa ¢ XJIO-
POM HEYCTOWYMBBI, MO3TOMY UX MOJYy4atOT KOCBEHHBIM IMMYTEM).

2. B3anMonelicTBre CO CII0KHBIMU BEIIECTBAMU:

— C BOJOMH:

Cl, + H,O = HCI + HclO;
XJIOPHOBATUCTAsL KUCIIOTA

— €O LIeJI0YaMHu:
2KOH + Cl, = KCI + KCIO + H,0;

6KOH + 3Cl, == KCIO; + 5KCI + 3H,0;
— ¢ consiMu Opoma | Moja:
2KBr + Cl, = 2KCI + Bry;
2KI+ Cl, = 2KClI + I5;
— C OpPraHMYECKUMH BEIIECTBAMU:
CH4+ C|2 = CH3C| + HCI,
CH2 = CH2 + C|2 = CHch — CH2C|

Bonpocs! 1 ynpakHeHust

1. B Busie KakuX COSMHEHUM XJIOp HAXOIUTCS B IpUpo/ie?

2. Kak momyuarT xjop: a) B Jiabopatopuu; 0) B MPOMBIINUICHHOCTU?
Hamuiunre ypaBHEeHUs peakLnil.

3. Hanumure ypaBHEHHs peakiuid, B KOTOPBIX XJOpP B3aUMOJICUCTBYET:
a) ¢ MPOCTHIMHU BEIECTBaMH; 0) CO CIIOKHBIMU BEIIIECTBAMH.

4. Kak Ha3bIBaeTCs pacTBOP XJiopa B Boje?
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5. 3aKOHUNTE YpaBHEHUs pEaKLIU:
Na+ F, —; Ba + Br, —; Ca +C|2 —, Al + I, —.
HasoBure nomydeHHsle Cou.
6. Hanmummre ypaBHEHUS peakiuii Juisi IpEBpaIeHUH:
Nal - NaBr — NaCl — Cl; I, > KI - KCI - AgCl.

7.6. XJIOPOBOJIOPOJI, COJISTHASI KHCJIOTA U EE COJIA

XJI0poBOAOPOJT — 3TO OECIBETHBIN ra3z ¢ pe3kuMm 3amaxoM. OH TsKeee
BO3/lyXa, XOPOUIO pacTBOpsieTCs B Bojie. PacTBOp XJI0poBOAOPOIa B BOJIE UMEET
KHUCITYIO PEAKIIMIO U HA3BbIBACTCS XJIOPOBOJIOPOAHOM WITA COJITHON KUCIOTOM.

IHosny4yenne xJiopoBoOpoOAA:

1. B nabopamopuu — nipu B3auMoJeicTBUN cyxoro xyopuaa Harpus NaCl
C KOHIIEHTPHUPOBAHHOM cepHOi KucmoTor HySOy:

NaCl + H,SO xoHII. = HCI + NaHSOy,;

IIPU CUJIBHOM HarpeBaHUM MOJydaeTcs Cyib(paT HaTpHsL:

2NaCl + H,S0, —t— Na,SO, + 2HCI.
2. B npomvluinennocmuy — NpHA B3aUMOACHCTBUH XJIOpa U BOJOPOIA:

H, + Cl, {12 2HCI.

IHosryyeHue COSTHOM KMCJIOTHI: PACTBOPEHUE XJIOPOBOJIOPOAA B BOJE.

du3nyecKue CBOMCTBA COJIITHOM KUCJIOTHI:

— OeciBeTHas! KUIKOCTh C PE3KUM 3aaxoM, CHUIILHO JBIMUT BO BIIQKHOM
BO3yXE€.

MaccoBas 1o XJIOpOBOJIOPOAa B KOHLIEHTPUPOBAHHOU COJITHOM KUCIIOTE
IUIOTHOCTHIO 1,19 r/em® cocTasnsteT 0koJIo 37%.

XuMHYEeCKHE CBOMCTBA COJIIHOM KUCJIOThI:

1. CunbHBIN JEKTPOIUT; U3MEHSIET 1IBET HHIUKATOPOB. B BOAHOM pacTBO-
p€ IUCCOLMUPYET HA HOHBI:

HCl > H" + CI".
2. BzaumopeicTByer:
— C MeTaJlyIaMH, KOTOPBIC CTOSIT B PSAAY HANPsHDKEHUH 10 BOJIOPOIA:
2HCIl + Zn = ZnC|2 + H,.
— C OCHOBHBIMHU U aM(pOTEPHIMH OKCHIAMH:
2HCI + Ca0 = CaCl, + H,0;
2HCI + Zn = ZnCl, + H,0;
— € OCHOBAHMSIMH:
2HCI + Ca(OH), = CaCl, + 2H,0;

— C COJISIMM.

CaCO; + 2HCI = H,0 + CO, + CaCl,;
— C OKHCJIUTEISIMHU:

6HCI + KC|O3 = KCI + 3H,0 + 3Cl,;

MnO, + 4HCI = MnCl, + Cl, + 2H,0;
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2KMnQ,4 + 16HCI = 2MnCl, + 2KCI + 5Cl;, + 8H,0.

— ¢ HuUTpatoM cepedpa AgNO; (JBIsSETCS KadyeCTBEHHOW peakiuell Ha
xJsiopu-uoHsl CI):

HCI + AgNO; = AgCH + HNO;
Ag" + ClI = AgCN..

[Tpu B3aMMOIEHCTBUM COJISTHOW KHUCITIOTHI U €€ COJICH ¢ HUTpAaToM cepedpa
obpasyercs Oenblii ocagok xmopuaa cepeopa — AJCI, koTopslit He pacTBOpsET-
Csl B KUCJIOTaX.

ConsiHass KUCIIOTa COJACPKUTCS B JKEITYAOYHOM COKE JIIOJEH U KUBOTHBIX.
Ona HeoOxoarMMa AJIs1 IpoIecca MUIIEBAPEHUS.

Couin COJISIHOM KMCJI0ThI HAa3bIBAIOTCS XJIOPUAaMH. BONBIIMHCTBO U3 HUX
XO0po1o pacTBopsiercs B Bojae. Xuopua Hatpust — NaCl ucnosp3yercs B nuiie-
BOI TMPOMBIIUIEHHOCTH; ISl TIOTYYCHHs XJopa M THAPOKCHIA HATPHUS B IPO-
MBIIIJIEHHOCTU. PacTBOp Xyopuaa HaTpus ¢ MmaccoBor apodieit ero 0,85 % mpu-
MEHSAIOT B MEIUIMHE. XJIOpUJl Kalus MPUMEHSIOT Kak yaoOpeHue. XJopua
kasibimsg — CaCl, ucrons3yroT I yCKOPSHHSI CBEPTHIBAHKS KPOBH.

Bonpochl 1 ynpaxkHeHus1

. Oxapakrtepu3yiite pusnueckue CBONCTBa XJI0POBOJOPOIA.
. Kak Ha3bIBaeTcs pacTBOp XJI0POBOIOPOJA B BOAE?
. OxapakTepu3yiTe XUMHIECKUE CBOMCTBA COJITHON KHUCIIOTHI.
. Kakas peakuus siBisieTcsi KaueCTBEHHOM peaklneil Ha XJIOPUA-UOH?
. HazoBure conu constHOM KUCITOTHI, KOTOPBIE IPUMEHSAIOTCS B MEAULIMHE.
. 3aKOHUNTE YPAaBHEHUS BO3MOKHBIX PEAKIIU:
NaCl + Br, —; KF + Cl, —; NaCl + F, —;
HBr +1, —; KBr + Cl, —; Nal + Br, —.
7. 3aKOHYMTE YpaBHEHUS PEAKIIMIA:
HCI + Mg —; HCI + Al —; HCI + Ca0O —;
HCI +Fe —; HCI+ Ba(OH), —; HCI+ MnO, —.
8. Hanmummre ypaBHEHUs peakIluii sl MpeBpaIieHui:
a) HCl - CuCl, —» CuO — Cu — Cu(OH),;
6) KMnO, - Cl, —» F9C|3 - FE(N03)3 - Fez(SO4)3;
B) Fe —» FeCl, » FeCl; > Fe(OH)CIl, —» Fe(OH)s;
r) NaCl - HCI — Cl, —» CuCl, —» Cu0;
1) KI - KBr - KCI - HCI —» AgClI;
e) MnO, —»> C|2 — HCIl —» FeC|3 —d FeCIZ.

3agauu

OO WN -

1. I[Tpn peiicTBUM M30BITKA CEPHOM KHUCJIOTHI HA XJOPHUJ HATPHs Maccou
29,25 T noyly4unay XJ0pOBOJOPOA U paCcTBOPUIMU €ro B 73 T BoAbl. OnpeaeanuThb
MacCOBYIO JI0JII0 XJIOPOBOJIOPO/Ia B IOJIYYEHHOM PacTBOPE.
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2. Kakoit o0beM XJI0poBOJOopoAa 00pa3yercsl Mpu B3aUMOJECUCTBUHM & I
xjopa u 12 1 Bogoposa (H.y.)?

3. CKOJIbKO MUJUIMIUTPOB COJISTHOM KUCJIOTHI C MacCOBOM JOJEH XJIOPOBO-
nopoaa 36 % (rmotHOCTh 1,18 1/MIT) BCTYNUIIO B pEaKIMIO ¢ OKCHJIOM MapraHia
(IV), ecnu BbLACNUBIIMKACS MPU STOM XJIOP BBITECHUII U3 pacTBopa Hoauaa Ka-
s 25,4 r voxa?

4. Kakoii 00beM xJ10pa 00pa3yercst IpH B3aUMOJEHCTBUH 2 MOJIb XJIOPOBO-
nopoja u 3 moJib okcuaa maprasma (1V)?

5. CMech razoB, coJiepkallyro XJIOp, NPONMYCTHIIM Yepe3 pacTBOp Hoauia
kanus. Beigenunock 2,54 1 iioga u ocranoch 4,776 1 raza. Onpenennts 00beM-
HYIO JOJII0 XJIOpa B CMECH T'a30B.

6. MaccoBble 07 Kajus, XJIOpa U KUCIOpOja B COSIMHEHUU PaBHBI COOT-
BercTBeHHO 0,32, 0,29, 0,39. Haitagute hopmyiry 3TOro COeAMHEHUS.

TecToBbIil CAMOKOHTPOJIB (17) 1O Teme
«O0mas xapakrepucTuka HemeTa/10B. Bomopoa. Boxa. I'ajiorennb»

1. Vkaxure QJICMCHTBI, KOTOPBIC OTHOCATCA K HCMCTAJLJIaM:

a) Zn, 0) Cl, B) H; r) Ar.
2. YKaxuTe, Kakhue HeMeTaJuTbl 00pa3yroT JBYXaTOMHBIE MOJICKYJIbI:
a) a3oT; 0) KUCIIOpOS; B) KpUIITOH; T') YIJIEPO/I.
3. YKaxuTe BEIIECTBA, C KOTOPBIMH PEArupyeT MOJICKYIISIPHBIA BOJOPOI:
a) S; 6) Fe,0Os; B) Cl,; F) KBr.
4. YKaxXuTe BEIIeCTBA, MPU B3aUMOJICUCTBUN KOTOPHIX C BOJIOM BBIICIISACT-
Cs BOJAOPO/I:
a) HATpHUii, 0) menp;
B) TUJIPUJT KaJIbLIUS; ) cyabdua aMMOHUS.
5. Ykaxure, B KaKOU peakiluy BOJIOPO/I MPOSBISIET OKUCIUTENLHBIE CBOMCTRA:
a) H, + C|2 -, 6) H, + Na —;
B) H, + Zn —; r) H, + Fe,03—.

6. Ykaxxute CoeTMHEHHUs, B KOTOPBIX BOJOPO/I MPOSIBIISET MOJIOKHUTEIHHYIO
CTENEHb OKUCIICHHUS:

a) CaHy; 0) NH3; B) SiHy; r) NaOH.
7. YKaxkuTe, CKOJIBbKO HEWTpOHOB y m30TomnoB ; Cl u ;] Cl:
a)17u 17, 0) 35u 37; B) 18 u 20; r) 52 u 54.
8. YkaxkuTe, KaKko rajioreH nmpu OObIYHBIX YCIOBHUSX SIBIISACTCS JKUAKOCTBIO:
a) grop; 0) xJop; B) OpoMm; r) oxn?
9. Yxaxute GopMysTy IPUPOJTHOTO COSAMHECHUS XJIOpa-CUIbBUHUTA:
a) NaCl;  0) KCI; B) KCI1 - MgCl, - 6H,0; r) KCI-NaCl.

10. YkaxuTe, B KakOM psily YMEHBIIAETCSl PEaKlMOHHAsi CIIOCOOHOCTh Ta-
JIOTE€HOB:
a)F—>Cl—> Br—I; 0)l > Br—>Cl->F;
B)F—> Br—>1—-Cl, r)F—>Cl—>1—- Br.
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11. VkaxxuTte cXeMbl MponcCCOB BOCCTAHOBJICHHA:

a) ClIO; — CI; 0) Cl, »> HCIO;
B) 2CI' — Cly; r) 2C10; — Cl,.
12. YkaxuTe, ¢ 9eM HE pearupyeT CosTHas KUCIIOTa:
a) JKeJe30M, 0) 30JI0TOM;
B) okcujaom meau (11); r) rugpokcuioM meau (II).
13. YkaxuTe BEMiecTBa, C KOTOPHIMH PEarupyeT COJISTHAs KUCIIOTa!
a) P,0Os; 0) Zn; B) Mg(NO3),; r) CuO.
14. YkaxxuTe BEleCTBa, C KOTOPBIMU PEarupyeT XJop:
a) H,0; 0) Nal, B) HCI, r) Cu.

15. VkaxuTte, B KaKOM IIBET OKPacUTCS METWIOPAHX B pacTBOpE, COAEP-
xareM 4 Mot Tuapokcuaa Hatpus u 80 1 OpoMHUCTOro BOAOpoaa:
a) KpacHbIH; 0) cuHU; B) YKEJITHI, T') PO30BBIA.

7.7. IIOArPYIIIIA KHCJIOPO/IA.
OBIIASI XAPAKTEPUCTHKA EE 3JIEMEHTOB

B noarpynmy kucnopona Bxoasat kuciopon (O), cepa (S), cenen (Se), Tein-
ayp (Te) u nmononuii (Po). DeMeHTHI OayYHIM 00Ice Ha3BaHHE — XaJIbKOTe-
Hbl. OHM TPEJCTABISAIOT CO00M p-mneMeHThl VI rpynmbl riaBHOM MOATPYIIIBI
NEPUOJIMYECKON CHUCTEMBbl 3JIeMEHTOB. CTpOEHHE BHEIIHETO SJIECKTPOHHOIO
YPOBHSI aTOMOB XaJIbKOreHoB NS°Np*. B COSAMHEHMSX ¢ BOZOPOIOM XaTbKOTCHBI
MIPOSIBIISIIOT CTETICHh OKWCJICHUS, PAaBHYIO —2; B COCIUHCHHUSX C KHCIOPOIOM
U IPYTUMU aKTUBHBIMU HEMeTaJllIaMu — OObIYHO +4 u +6. C yBeIUYEHHEM T10-
PSAIKOBOTO HOMEpA CBEPXY BHU3 B MOATPYIIE HEMETALTUYECKHE CBOMCTBA dJie-
MEHTOB OCJIa0€BaIOT, & METAJUIMYECKHE YCUITUBAIOTCS.

XaabpKOreHbl — OKHCIIMTEIIN, HO 0oJiee ciia0ble, YeM TajoreHbl. XajlbKore-
HUJ-MOHBI MOTYT TOJILKO OT/IaBaTh JJIEKTPOHBI U MOATOMY SIBJISIFOTCSI BOCCTAHO-
BUTETISIMU.

Bonopoanble coelMHEHMsI XaJdbKOI€HOB HMMEIOT oOmryro ¢opmymny HR
(R—»oa10 O, S, Se, Te). [Ipu pacTBOpeHHH HX B BOZC 00pa3ylOTCs KUCIOTHI, CH-
Ja KOTOPBIX YBEIWYMBACTCS C BO3PACTAHHEM TMOPSIKOBOIO HOMEpa AJIEMEHTA
B IIEPUOAUYECKOU CUCTEME.

Cepa, ceneH, TeJUTyp oOpa3yrT ¢ KUCJIOPOJAOM COeAuHEeHus!, obmas (op-
myna kotopbeix RO, u RO3;. UM cooTBetcTBYyrOT KHcaoThl Tuia H,RO3; u H,RO,.
C yBenuueHHEM MOPSIKOBOTO HOMEpA AJIEMEHTA CUjla DTHX KUCIIOT yMEHBIIAeT-
cs1. Kucinorsr Tuma H,RO,4 niposiBiIsiroT cBoiicTBa okuciauteneh, a tuma HoRO; —
1 OKUCJIUTEIICH, 1 BOCCTAHOBUTEJICH.

Bonpocsi

1. Kakue 31eMeHThl BXOJIAT B IOATpyny kuciiopoga? Kak ux Ha3bIBaroT?
2. I'me pacnosyio’keHbl XaJbKOT€HbI B MEPUOAMUYECKON CHCTEME 3JIEMEHTOB
. . Menneneena?
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3. KakoBa o0mias koH(urypaiys BHEIIHETO 3JIEKTPOHHOTO YPOBHS aTOMOB
XaJIbKOTCHOB?

4, Kakyto CTeleHb OKHCICHMSI XaJIbKOT€HBI IMPOSBIAIOT B COCAMHEHUSX:
a) C BOAOPOAOM; 0) ¢ KUCTIOPOIOM?

5. KakoBa oOmiass (opMyrna BOJOPOAHBIX COCAMHEHUN JJIEMEHTOB IIOJI-
rpynmsl kucinoponaa? Uro o6pa3yercst mpu pacCTBOPEHUU BOJAOPOIHBIX COEIUHE-
HUU B BojE?

6. Okcuppl Kakoit oO1ieit popMyiibl 00pa3yroT xanbkorensl? Kakue kucio-
ThI UM COOTBETCTBYIOT?

7.8. KHCJIOPO I

Kucnopon B Buzme npocroro BemiectBa — O, BXOJUT B COCTaB arMocdep-
Horo Bozayxa (20,94 % no o6bemy). Krucmopoi BXOJIUT B COCTaB BOJbI, TOPHBIX
MOpOJl, MHOTUX MHUHEpAJIOB M COJICH, OPraHMYeCKHX BEIECTB M KUBBIX Opra-
HI3MOB. [IpHpOHBII KHCIOPOJ COCTOUT 13 Tpex m3otonos 0, 1’0, 0.

B OonbmmHCTBE CBOMX COSAMHEHUIN KUCIOPOJ UMEET CTETICHb OKHCICHHUS
—2. B nepokcunax Bogopoaa u metawuioB (H,O, Na,O,, CaO, u np.) creneHb
okucieHus kuciopoaa —1. B coenunennn ¢propun kuciopoga — OF;, kucmopon
MMeEET MOJIOKUTEIBHYIO CTETICHb OKUCIICHUS +2.

Honyuyenue:

|. B aabopamopnuix yciosusx KUCIOPO MOTYYArOT:

1. [IyTem TepMHUYECKOTO Pa3IOKECHHUS:

a) COJICH:
— OepTOJETOBOM COJIM (XJI0paTa Kaaus):

2KCIO; MO 7kl +30,7;

— IICpMaHraHaTa KaJus:

2KMnO, £ K,MnO, + MnO, + 0,1
— HI/ITpaTOB HICJIOYHBIX METAJIJIOB:

2NaNO; £ 2NaNO, + O,;

— OKCHUIOB:
2HgO =L 2Hg+ Oy;
2Pb,0, == 6PbO + O,.

2. [Ipu B3aMMOAECHCTBUM NEPOKCHUIOB HIETIOUHBIX METAJUIOB C YTJIEKUCIIBIM
ra3oM:
2Na,0, + 2C0O, = 2Na,CO; + O,.
3. [lytem snexTponn3a BoJbl B IPUCYTCTBUU IIETIOUYEH WU COJIEH.

2H,0 2eKIpois oH,T + O, T,
Il. B npomvbiunennsvix ycrosusx KUACIOPOJ MOTYyYAIOT ¢ MOMOIIBIO 3JIEK-

TPOJIM3a BOJAbI 1 U3 JKUAKOI'O BO31yXa.
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du3nyecKkue CBOMCTBA: MPHU OOBIUYHBIX YCIOBHUSX KHUCIOPOA — 3TO ra3
0e3 1[BeTa U 3armaxa, TSKeJee Bo3AyXa; Majo pacTBOpUMBIN B Bojie; rpu —183 °C
IpEBPAIAETCS B FOJIyOOBATYIO KUJIKOCTb.

XuMHYecKHe CBOMCTBA: BO BCEX PEAKIUAX KUCIOPOJ UTPAET POJIb OKHC-
JINTEIIS], B3AUMOJICUCTBYET:

— CO BCEMH METaJNIaMU, KPOME 30JI0Ta U IUIATUHBIL:

2Mg + O, = 2MgO0; 4Al + 30, = 2Al,0;;
2Ca + O, = 2Ca0; 2Na + O, = Na,Oy;
— C HEMCTaJlJlIaMHU:
S+ OZ = SOQ, 4P + 502 = 2P205,
— CO CJIIOKHBIMHU HCOPIraHUYICCKUMHU U OPIraHUYCCKUMH BCIICCTBAMMU:
2CuS + 30, = 2Cu0 + 2S0y; CH,; + 20, = CO, + 2H,0.

AmnorponHoi MoauduKanuen Kuciopojaa sBisieTcs 030H. Ero monekyna
COCTOMT M3 TpEX aTOMOB Kuciopoaa. MonekynspHas ¢opmyna o3oHa Os.
O30H — ra3 ¢ xapakTepHbIM 3amaxoM. OH OKHUCISIET OpraHuYeCcKUe BEIIeCTBa
Y METaJUIbl, B TOM YHCJIE 30JI0TO W IatuHy. M3 pacTBopa hoauma Kajius 030H
BBITECHSAET MOJ:

2KI + O3 + H,O =1, + 2KOH + O..

O30H 0oJiee CUIIBHBIN OKUCIUTEINb, YEM KUCIOPOI.

[Iponiecchbl ropeHust, p>KaBJiIeHUS, THUEHUS U JbIXaHHS TPOTEKAIOT P y4a-
CTUU KUCJIOpPOAA. ITO OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE ITPOLIECCHI.

Bonpocsl 1 ynpaxHeHus1

1. Kak nmosy4aroT KUCI0opo/a: a) B JabopaTopuu; 0) B IPOMBIIIEHHOCTH?

2. KakoBbl ¢usnueckue CBOMCTBa Kucaopoaa?

3. KakoBbl xuMuueckue cBoicTBa kuciopoaa? Hamuimumre ypaBHEHUsS pe-
aKIUH.

4. Yto takoe 030H? IloueMy 030H 0oJiee CHIIbHBIA OKUCIUTENb, YEM KHC-
aopon?

5. Onpenenure CTENEeHb OKUCIEHUS KUCIOPO/a B COEAMHEHUSIX

6. 3aKoHUNTE YpaBHEHUS PEaKIINN:

Mg + Oz-), NH3 + 02—),

S+ 0,>; CH4 + Oy—;

H, + O,—; ZnS + O,—.
3agaun

1. CkonbKO TpaMMOB HUTpATA HATPUS HAAO JJIs MOJy4eHus 1 J1 kucimopoaa
(n.y.)?

2. Onpenenurte, Kakas Macca KMCIOPOAa BCTYNUIIA B PEAKIIMIO, €CIIH TOJTYy-
yeHo: a) 30 r okcuna pocdopa (V); 6) 4,4 r okcuzaa yraepoaa (IV); B) 4 r okcu-
na anmomuHus; 1) 2,25 r okeuaa azora (II).
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3. PaCCqHTaﬁTC, B KaKOM CJIy4acC BbIACIIACTCA OoupIIIe KHCJIOpOoJda: IIpH

paznoxkennu 1 Mons mepokcuna Bojgopoaa H,O, unmu 1 mons xyopara Kamus
KCIO3?

7.9. CEPA

B npupoge cepa BcTpeuaeTcsi B CBOOOIHOM COCTOSTHUM (CaMOpOJHasi cepa)
U B BUJE COeIMHEHUN — cyab(hunoB meramioB (FeS, — xene3Hslii Komueaan
WIH THUPUT, ZnS — HUHKOBas oOMaHKa U Jp.); Cylb(})aToB KalblMsi U HATPHUS
(CaS0O42H,0 — ruric, Na,SO4-10H,0 — rnay6eposa conb). Cepa coaepKUTCs
B HE()TH, KAMEHHOM YIJIe, B OEJIKaX pacTEHUI U )KUBOTHBIX.

dusuyeckne CBOMCTBA: cepa — TBEPIOE, XPYIKOE BELIECTBO KEITOIO
1[BETA; HE PACTBOPSIOLIEECS B BOJAE, HO XOPOILIO PACTBOPSIOIIEECS B OpraHuye-
CKUX PacTBOPUTENSAX; OHA IJIOXO MPOBOJIUT TEIUIO U 3JIEKTPUUECKHUM TOK; 0Opa-
3yeT HECKOJBbKO aUIOTPONMHBIX Mojaupukanuil (pomOUueckas Win O.-cepa; Mo-
HOKJIMHHAS WK [3-cepa, U TuracThudeckas).

XHUMHYeCKHEe CBOMCTBA. cepa UMEET YEThIpe CTEeNeHU okucieHus —2, 0,
+4, +6 1 BCTymaeT B peaklyu:

1. [Ipu BBICOKHMX TeMIlepaTypax —cCO BCEMH JJIEMEHTaMH, KpOME a30Ta,
30J10Ta U MJIATUHBI, B YACTHOCTH, B3aUMO/ICUCTBYET:

— C METaJJIaMu:

Fe+S -t FeS: Zn+S -t zns:

Cu+S=Lcus;  2AI+3S =L ALS;.
2. [Tpu 0ObIYHOM TeMIepaType B3aUMOICHUCTBYET C PTYTHIO:

Hg + S = HgS.
3. BzanmopeticTByerT:
— C HECMCTaJllJlIaMU.
35+ 2P L P,S;; H,+S = H,S;
28 +C =L CSy; S+0, =&~ SO;; S+ Cl, =£=SCly;
— Ha X0JIOAy — €O (PTOPOM:
2F2 +S= SF4, 3F2 +S= SFG

Cepa B XMMHUYECKHX PEaKIMIX C METalIaMH, yriepojaom, (pochopom, Bo-
JOPOJIOM SIBJISIETCSI OKHCIIUTENIEM; C KUCIOPOJOM, XJIOPOM U (PTOpOM — BOCCTa-
HOBUTEJIEM.

4. B3auMOJIelCTBYET CO CIIOKHBIMHA BELIECTBAMU — C KUCIOTAMHU-OKHCIIN-
tensimu (HNOj3, H,SO,) npu HarpeBanuu:

S + 2H,SO xon1. == 3S0, + 2H,0:
S + 2HNOspa3s6as. == H,SO, + 2NO;

S + 6HNOkoum. == H,SO, + 6NO, + 2H,0.
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IIpumeHenme: cepa MpuUMEHsETCS I MOJYYSHHUS] CEPHOI KUCIIOTHI, pe3U-
HBI, CIIMYEK, YEPHOTO MOPOXa, i1 OOpbObI C BPEAUTEISIMU PACTCHUM, 1JIs JieUe-
HUS KOXKHBIX O0Jie3HEM.

Bonpocel u 3aganus

1. B xakom Bue cepa BcTpeuyaeTcs B mpupoe?

2. Oxapakrtepu3syiite (pu3nueckre CBONCTBA CEPHI.

3. Kakue crerneHn okucIeHUS UMEET cepa B CBOMX COCAMHCHUSX?

4. TlpuBenuTte npuMepsl ypaBHEHUHN peakluid, B KOTOPBIX Cepa UTPAET POJib
OKMCJIUTENSA, BOCCTAHOBHUTEIIS.

5. Onpenenute creneHb OKUCHeHHUS cepbl B coequHeHUsx: KoS, Na,SOy,
KHSO3;, FeS, Ba(HS)2

6. Onpenennute MaccoBYIO JI0I0 cephl B coequHeHnusx K,SO,, FeS,, H,S.

7.10. CEPOBOJIOPO/ M CEPOBOJOPOIHASI KUCJIOTA

CepoBomopon — H,S BcTpeuaercs B mpupojie B BYJIKAHUYECKUX Ta3ax
U B BOJIaX MUHEPAIbHBIX UCTOYHUKOB. OOpa3yeTcst Mpy THUEHUH OPTraHUYEeCKUX
BEIIECTB.

IMosryyenue: cepoBOIOPO MOXKHO MONYYHUTh MPH B3aUMOJCHCTBUU CEPBI
C BOJOPOJIOM JIMOO JIeHCTBUEM pa30aBICHHON COISTHOM MJIM CEPHOM KUCIOTHI HA
cynbdun xenesa (II).

H,+S _t H-,S;
2HCI + FeS = FeCl, + H,ST.
duznyeckue cBOCTBAa: CEPOBOAOPOT — OECIIBETHBIN ra3 ¢ 3a1axoM TyX-
JIBIX SIAII, XOPOIIIO pacCTBOPUM B Bojie. PacTBop cepoBoiopoa B BO/IC HA3bIBACT-
Cs1 CEpOBOJIOPOTHOM BOJIOM.
XyMHUYeCKHe CBOICTBA:
|. Kucrnomno-ocnosnwie ceoticmsa.
1. CepoBomopoiHas Bojia — ciadasi IByXOCHOBHAsSI KUCJIOTA; TUCCOIUUPY-
€T CTyNEeHYaTO:
st = H+ + HSi,
HS = H"+S%
2. CepoBOJOpOAHAS KUCIOTA UMEET BCE 00IIME CBOMCTBA KUCIIOT:
H,S + CaO = CaS + H,0;
H,S + NaOH = NaHS + H,0;
H,S + OH =HS + H,0;
H,S + 2NaOH = Na,S + 2H,0;
H,S + 20H =S% + 2H,0;
CuSO, + H,S = CuS{ + H,S0,;
Cu*"+ H,S = CuS{ + 2H".
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3. Cynbduabl (cosid cepOBOIOPOIHON KUCIOTHI) MHOTMX METAIIJIOB HE pac-
TBOPSIFOTCS B BOJIE M KUCJIOTAX.
Il. Oxucrumenvno-eoccmanosumenvHovle C8OUCMBA.
B okuciuTenbHO-BOCCTAHOBUTENBHBIX PEAKIHMSIX ra3000pa3HbIid CEPOBOIO-
POl M CEpPOBOJIOPOIHAS KHCIOTAa MPOSIBISAIOT CUIBHBIE BOCCTAHOBUTEIHHBIC
CBOWCTBA.
CepoBOIOPOT JIETKO OKUCISETCS KHCIOPOIOM BO3/yXa, TaJJOTeHaMU U CO-
nsamu xkenesa (I11):
2H,S + 30, = 250, + 2H,0 (npu u30bITKE KUCIOPOIa);
2H,S + O, = 2S + 2H,0 (mpu HEegoCcTaTKE KUCIOPOIa);
H,S + Br, = 2HBr + S;
FeCl; + H,S = FeCl, + S{ + 2HCI.
IIpumeHeHnme: cepoBOIOPOHAS BOJA MPUMEHSETCS B MEAMIIMHE IS Jie-
YeHHUSI PEBMATU3Ma U KOXKHBIX 3a00JICBaHUI; CEpOBOIOPO]] BXOANT B COCTaB He-
KOTOPBIX MUHEPAITBHBIX BOJI.

7.11. Okcu g CEPHI (1V)

dusuveckue cBoiicrBa: okcua cepol (IV), wim cepHuUcThI raz, — Oec-
IBETHBIN ra3 ¢ pe3KUM 3araxoM; SJOBUT; TSXKEIee BO3/lyXa; XOPOILO pacTBOpSI-
€TCs B BOJIC, PU ATOM 00paszyeTrcs cepHucTas kuciota — HySOs.

[Hosny4yenue:

1. B nabopamopuu oxcun cepbl (IV) — SO, momywator npu B3auMojieii-
CTBUU COJIM CEPHUCTOM KHCIJIOTHI WJIM MEAU C KOHLIEHTPUPOBAHHOM CEPHOM KHC-
JIOTOM IIPY HArPEBAHUU:

Na,SO; + H,SO, = Na,SO, + SO, + H,0;
2NaHSO; + H,SO, = Na,SO, + 250, + 2H,0;
Cu + 2H,SOkon11. = CuSO,4 + SO, + 2H,0.

2. B npomvtunennocmu oxkeun cepbl (IV) monydaror myTeM MpoKaIuBaHHS

Ha Bo3Ayxe nuputa — FeS;:
4FeS, + 110, = 2Fe,05 + 850,

Fe —& — Fe"™ 4
25" 108 » 25™ | 44
0! +4 & — 202 11

Xumuueckue cBoiicrBa: SO, — KUCIOTHBIM OKCHJ, UMEET BCE CBOMCTBA
KUCJIOTHBIX OKCHJIOB:
1. PactBOpsieTcst B Bojie ¢ 00pa3oBaHUEM CEPHUCTON KUCIIOTHI:

SOZ + HZO 4_—’HZSO3.
CepHucTas KHCIOTAa CYILECTBYET TOJNLKO B PacTBOpE M 00IagaeT BCEMHU

OOIIMMM CBOMCTBAMH KHUCIIOT.

2. B3aumoeiicTBYeT ¢ OCHOBHBIMU OKCHIAMHU:
Ca0 + SO, = CaS0:s.
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3. B3aumopeicTByeT co Ieouamu:
NaOH + SO, = NaHSO3;
2NaOH + SO, = Na,SO; + H,0.

4. TTposiBIsieT OKUCIUTEIIbHBIE U BOCCTAHOBUTEIbHBIC CBOMCTRA!

a) KaK OKHCIIUTEIb pearupyer ¢ 00see CUIbHBIMUA BOCCTAHOBUTEIISIMU

SO, + 2H,S = 3S{ + 2H,0;
0) KaK BOCCTAaHOBUTEJIb pearupyeT ¢ 00J1e CUIbHBIMU OKUCIUTEIISIMHU:
2802 + 02 = 2803,
SOZ + C|2 + 2H20 = H2804 + 2HCI.
IIpuMeHneHnue: I8 YHUYTOXKEHUS BPEAHBIX MUKPOOPTaHU3MOB; JISl TIPO-
M3BOJICTBA CEPHOM KUCIIOTHI.

7.12. Oxkcupa cepsl (V)

Oxcun cepsl (VI) — SOz — cepHblit aHTUIPUL.
IHoryuyeHue okcHaa cepbl: CEPHBIN aHTUAPUA 00pa3yeTcs NPy OKUCICHUU
ceprauctoro raza — SO:

250, +0, Lkt 250,
du3nyecKue CBOWCTBA CEPHOI0 aHTMAPHUAA — OEClBETHAs >KUIKOCTD;
OYEHb XOPOIIO MOTJIOMIAET BIary; Npu TeMmneparype Huwxke 17 °C npeBpamaercs
B Oenoe, TBEPA0E U KPUCTAINIMUECKOE BEIIECTBO.
XuMHn4yecKkue CBOMCTBA CEPHOI0 AaHTHAPHU/IA:
1. UmeeT Bce CBOMCTBA KUCIOTHBIX OKCUJIOB:
SOz + MgO = M@SOy;
SO; + KOH = KHSOy;
SO; + 2KOH = K,S0, + H,0;
803 + Hgo = HZSO4.
2. CriocoOeH XOpoIIIo pacTBOPSATHCS B CEPHOM KUCIOTE (pacTBOP CEPHOTO
aHTHIpuaa B 0€3BOAHON CEPHOM KUCIOTE HA3BIBAECTCS OJICYMOM):
H,SO, + nSO; = H,SO,4-nSO3;
oJieyM
3. O0magaeT CUIBLHBIMU OKUCIUTEILHBIMA CBOMCTBAMM:
3503 + H,S =4S0, + H,0.
IMosnyyenne cepuoii kucaoTbl — H,SO,:
B npomviunennocmu CepHy0 KUCIOTY MONYYalOT KOHTAKTHBIM CIIOCOOOM
B TPU CTaJIUU:
1. TToryuenne okcuaa cepsl (IV) u3 mupura — FeS;:
4FeS, + 110, = 2Fe,03 + 8S0,.
2. Oxucnenne okcuna cepsl (IV) mo okcuna cepsi (VI):

250, + 0, L¥9 250,
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3. Oxcup cepsl (VI) mornomawT KOHIEHTPUPOBAHHON CEPHOM KHUCIIOTOM;
oOpa3zyeTcs oJieyM:
nSO; + H,SO, —» H,S0O,-nSO;.
0JIeyM
Oneym pa30aBIisIOT BOJON U MOJYYalOT CEPHYIO KUCIOTY JIE00OON KOHIIECH-
TpaluH.
du3nyecKue CBOMCTBA CEPHOI KMCJIOTHI: OE3BOIHAS CEpHAsl KUCIOTa —
TsDKEJIask MacsHUCTasl KUIKOCTh Oe3 1BeTa M 3amaxa, XOpPOIIO PacTBOPSETCS
B BOJIE C BbIJICJICHUEM OOJIBIIIOTO KOJMYECTBA TEIUIOTHI; MPU PACTBOPECHUU KOH-
[EHTPUPOBAHHON CEPHOM KUCIIOTHI €€ HaJl0 OCTOPOKHO MPHJINBATH B BOY (2 HE
HAa000POT) U MEPEMEIINBATH PACTBOP.
XuMHYeCKHEe CBOMCTBA CEPHOM KHCJIOTHI:
1. luccouuupyeT B BOJHBIX paCTBOpax:
H,SO, — H" + HSO;; HSO; = H" +SO%.
2. BzaumopeiicTByer:
a) C OCHOBAHUSIMU:
H,SO, + KOH = KHSO, + H,0;
H,SO, + 2KOH = K,SO, + 2H,0;
0) C OCHOBHBIMH OKCHIAMU:
H,SO, + MgO = MgSO, + H,0;
B) C COJISIMU:
Na,SO, + BaCl, = BaSO, + 2NaCl (KauecTBEHHAs1 PEaKIMs Ha
cynbdar-uon — SOZ7);
r) pa3baBiieHHAs cepHasi KUCIOTa B3aUMOJICHCTBYET C MeTallllaMH, KOTO-
pbIE B AJIEKTPOXUMHUYECKOM PATY HAMIPSHKEHUM HAXOATCS 10 BOJOPO/IA:
H,SO, + Fe = FeSO, + H,T;
1) KOHIICHTPUPOBAHHAS CEPHAst KMCIIOTA SIBJISICTCS] CUIIbHBIM OKUCITUTEIIEM:
— IIPY HArp€BaHUU OHA B3aUMOJICHCTBYET CO MHOTMMH METaJlIaMu:
Cu + 2H,SOkon11. = CuSO,4 + SO, + 2H,0;
3Zn + 4H,SOxoHI11. = 3ZnSO,4 + S + 4H,0;
47n + 5H,SO4xon1. = 4ZnSO,4 + H,S + 4H,0;
— mpu 00BIYHOM TeMIiepaType He B3aumojeicTyer ¢ Fe, Cr, Al, Pt, Au:
— B3aUMOJICHCTBYET C HEMETaJJIaMU:
C + H,SO,xomm. = 2SO,T + CO,T + 2H,0.
IlpumMeHeHMe CEPHOIT KMCJIOTBI: JIJIS TIOJYICHUS yI00pESHUIA, KPACUTEIECH,
JIEKapCTBEHHBIX W B3PbIBUATHIX BEIIECTB, JJII OYUCTKU M BBHICYIIMBAaHHS Be-
LIECTB.

Bonpocs! u 3aganust

1. I'ne BcTpewaeTcs cepoBOAOPO B Ipupoie?
2. CocTaBbTe ypaBHEHHS peakiiuii 00pa3oBaHUs CEPOBOJIOPOJIA U3: ) CEPHI
U BOZI0poa; 0) cynbduaa sxene3a u COMTHON KUCIIOTHI.
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3. KakoBsI (huznyeckue CBOMCTBa cepoBoI0poaa?
4. KakoBbl XUMHYECKHE CBOWCTBA CEPOBOOPOA H CEPOBOIOPOIHOM KHC-
JOTHI?
5. 3aKOHYHTE YPaBHEHUS PEaKITUil:
a) H,S + KOH —; 0) H,S + BaO—;
B) H,S + O, (u30bITOK) —>; r) H,S + CuSO, —;
mHS+1, > ¢) HoS + O, (HemocTaTok) —>.
6. Kak moiy4aroT cepHUCTBIN ras3:
a) B JJaboparopuy, 0) B MPOMBIIIJICHHOCTH?
7. KakuMy XMMHUYECKMMH CBOMCTBaMHU 00JagacT CepHHCThIA ra3? Hamwm-
IIATE YPABHECHUS PEAKIUH.
8. 3aKkoHUNTE YpaBHEHUS PEaKIINN:

a) SO, + KOH —; 0) SO, + H,O + Br, —;
B) SO, + Na,SO; + H,0O —; F) KHSO; + KOH —;
1) SO, + BaO —; e) K;SO; + HCI —.
9. Kakumu ¢u3nyecKkuMu U XMMHUYECKHUMH CBOWCTBaMHU 00JIafaeT CepHBIN
aHruspua’?

10. KakumMy XUMUYECKUMH CBOWCTBAMH 00JIaJlaeT CEpHAsl KUCJIOTa: a) pas-
OaBiieHHas1; 0) KOHIEHTPUPOBAHHAS?
11. 3akOHYUTE ypaBHEHHSI pPEAKIIHi:
a) Zn + H,SO4paz06. —;
0) Ag + H,SO4xoHII. —;
B) H2804KOHH. + HQS —,
F) P+ HzSO4KOHI_[. —> H3PO4 + ...
12. Hanmummute ypaBHEHUS PEAKIIUH ISl TPEBpAILICHUI:
a) CuS » S —» H,S0O, —» SO, - NaHSO;;
0) H,S — SO, > S — SO; - NaHSOy;
B) FeS - H,S —» S - SO, - SO3;
r) CuSO, - SO; - NaHSO, — Na,SO, - NaHSOy;
n) S — ZnS - H,S —» SO, —» CaSO0s;
e¢) CuS -» SO, » S - H,SO, - BaSO,.

3agaun

1. IIpu 950 °C oTHocuTenbHAs TJIOTHOCTH MAapOB CEpPbl MO a30Ty paBHA
2,286. N3 Kakoro yucia aToOMOB COCTOUT MOJIEKYJIA CEPBI B 3TUX YCIOBUSAX?

2. IIpn 446 °C oTtHOCUTENBHAS TUIOTHOCTH MAPOB PTYTU IO BO3IyXY paBHA
6,92. KakoB coCTaB MOJIEKYJI PTYTH B Ilapax?

3. Uepes pacTBop, coaepKaluid 5 T THAPOKCHIA HATPUS, TPOIYCTHIIH Ce-
poBogopona Maccoi 10 r. OnpenenuTe Maccy coyiv, KOTopasi 00pa3oBayiach.

4. CKOJIbKO TpaMMOB KpucTajuioruaparta cyibdura Hatpus Na,SO3z-7H,0
noTpedyeTtcs ais noxyderus u3 nero 0,5 1 cepaucroro rasza (1.y.)?
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5. Kakoit 06bem raza (H.y.) oOpasyercst Ipu B3auMOJeHCcTBUM 13 T IMHKA
¢ 400 r pacTBOpa cepHOM KUCIOTHI ¢ MaccoBoi monei 10 %7?

6. Kakoit 00beM raza (H.y.) oOpasyercs nmpu B3auMmojieicTBuu 12,8 r menu
¢ 200 r pacTBOpa cCepHOM KUCIOTHI C MaccoBoOM jtomei 96 %7?

7. Kakoii 00beM pacTBOpa CEpHOM KHCIOTBI C MaccoBoW noieit 16 %
¥ TWIOTHOCTHIO 1,1 /M MOXHO MOJTYYUTh U3 1 J1 CEpHOI KUCIOTHI C MacCOBOM
noiaer 96 % u mnotHocThIO 1,84 T/Mi1?

TecToBblil camokOHTPOIL (18) mo Teme «Kucaopoa. Cepa»

1. Vkaxkure, Kak U3MEHSAETCS y 3JIEMEHTOB IIaBHOW moArpynmsl VI rpyn-
IIbI CUJIa KACIIOPOJIHBIX KACIIOT C YBEIUYEHUEM OTHOCUTEIBHBIX ATOMHBIX MACC:

a) YMEHbBIIIAeTCH; 0) yBeJIMUUBACTCH; B) HE U3MEHSIETCS?
2. YKaXHTe BEIIEeCTBa, KOTOPbIE PEarupyroT C KUCIOPOJAOM MPU OOBIYHBIX
YCIIOBUSIX:
a) Li; 6) No; B) HzS, F) NaZSO3.
3. Ykaxute GopMyJibl BEHIECTB, B KOTOPHIX CTENEHb OKUCICHUSI KUCIOPO-
1a paBHa —2.
a) BaO.; 6) on, B) PbOz, F) S102

4. YKaxuTe, B KAKUX COSIMHEHUIX KHCIOPOJ UMEET MOJIO0KHUTEIbHYIO CTe-
MEHb OKUCIICHUS:
a) H,0,; 6) H,0; B) OF;; F) O,F».
5. YKkaxuTe, Kak y 3JIEMEHTOB IJ1aBHOU noarpymnmnbl VI usmensiercs ¢ po-
CTOM MOPSAKOBOTO AJIEMEHTA CUJia KUCIOT 00mieit popmynbsl HyR:
a) yBeJIMUMBaeTCsl;  0) yMEHbIIaeTCs, B) HE U3MEHSIETCHI.
6. YkaxxuTe BemecTBa, y KOTOPBIX aTOMBI CEPhl UMEIOT OJMHAKOBYIO CTE-
IIEHb OKHCIICHUS:
a) Ss; 6) SO,; B) Ca(HSOE.)Z, F) FeS,.
7. YKaxuTe BEIeCTBa, C KOTOPhIMU C€pa B3aMMOJCHCTBYET KaK OKHCIIH-
TEJb!

a) Oy; 0) Hy; B) C, r) Cu.
8. YkakuTe, Kakoe U3 BEIIECTB PEarupyeT Kak BOCCTAHOBHUTEID:
a) st, 6) HzSOg, B) SOZ, F) SOg

9. Vkaxute, Kakue U3 BEUIECTB PEarMpyrOT U KaK BOCCTAHOBUTEIM, U Kak
OKHUCJTUTEIHN

a) H,S; 0) S; B) SO,; r) H,SO4Kko0HII.
10. YkaxmuTe, 9T0 cO60i IpecTaBisieT npespametne S - — SO
a) OKHCJICHHUE; 0) BOCCTaHOBJICHHE;

B) 0€3 U3MEHEHUS CTETICHN OKUCIICHHUS.
11. Oxapakrepusyiite cBoiicTBa okcuaa cepsl (VI):
a) am(oTepHBIE,; 0) KHCIIOTHBIE;
B) pearupyer ¢ BOJIOH; ') HE pacTBOPSICTCS B BOJIC.
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12. YKaxuTe cXeMbl peakiuid, ¢ TOMOIIBIO KOTOPBIX MOXKHO MOJTYYUTh OK-
cup cepsl (IV):

a) Na2803 + H2804 _to), 6) st + 02 -,

B) ZnS + 0, _t ; r) FeS + HCI —.
13. YkaxxuTe, Kakue TpymHmbl BEIIECTB B3aUMOACHCTBYIOT ¢ pa30aBICHHOI
CEpPHOM KUCIIOTOM:
a) Al(OH)s, Al, Fe,Os; 0) FeS, Mg, NHs;
B) P, KCl, CuO; r) Cu, KOH, SiO,?
14. YkaxuTe mapbl cXeM peakiuid, B KOTOPhIX 00€ peakiud MOTYT ObITh
WCITIOJIb30BAHBI JIJISl TIOJTy4YEHHUSI CYIIb(aTOB:
a) Ca(OH), + SO; — u Ca0 + SO, —;
0) Na,SO; + H,SO4 — u Zn + H,SO4koHI. —>;
B) Na,SO, + AI(OH)g—) u CaCO; + H,SO, —;
r) MgCl, + H,SO4konm. — u CuO + H,SO4 —.
15. Haitnure cymmy k03¢ GUIIMEHTOB B YpaBHEHUU:
Fe + H,SO koHI. — Fez(SO4)3 + SO, + H,0:
a) 20; 0) 18; B) 17; r) 23.

7.13. OBIIASI XAPAKTEPUCTHUKA DJIEMEHTOB IO/ATPYIIIBI A30TA

DneMEeHTHl TOATPYIIBI a30Ta PACIONOXKEHB B TJaBHOW moarpymme V
IpyIIbI IEPUOANYECKON cuctemsbl asemMeHToB .M. Menneneesa. B rnaBHyro
noarpymnmny nanHou rpymmbl BXoast a3oT (N), ocdop (P), Mbeimbsk (AS), cyps-
Mma (Sb) u Bucmyt (Bi). D10 p-3nemenTthl. Ha BHEIIHEM SHEPreTHUECKOM YpOBHE
UX aTOMbI UMEIOT IO MATh JEKTPOHOB. OMHAKOBOE CTPOCHUE BHEITHETO dHEP-
FEeTHYECKOTO YPOBHSI BBIpakaeTcs 0bmieit hopmyitoit Ns“np®, re N — HoMep Tie-
pruona. B coemuHeHMSIX 3JEMEHTHI MOJATPYIIIBI a30Ta UMEIOT CTEIICHU OKHUCIIe-
HUS B UHTEpBasie oT —3 70 +5. CBepxy BHU3 B MOATPYMIIE, OT a30Ta K BUCMYTY,
HEMETANINYECKHEe CBOMCTBA OCIAOJISAIOTCS, a METANIMYCCKUE — YCHIIMBAIOTCS.
A30T, hocdop, MBIMIBIK SABISIOTCS HEMETANIAMH, a CYypbMa U BUCMYT OTHOCSIT-
cs1 kK MetayuiaM. C KUCIOPOJIOM JIEMEHTHI MOATPYIIIIBI a30Ta 00pa3yroT OKCHUIbI
obmeir popmyasl R;O3 m R;0s. Okcuaam cootBeTcTBYIOT KucioTel HRO,
u HRO3, oprokucnoret H3RO, (kpome a3ota). KucimoTHbie CBOMCTBA OKCHIOB
R,03 u R,0O5 ocitabeBaroT ¢ pocTOM MOPSIKOBOTO HOMEpa AJIEMEHTA.

DNIEeMEHTHI MOATPYIIBI a30Ta TAK)Ke KaK TajJoreHbl M XaJIbKOTEHBI 00pa3y-
I0T Ta3000pa3Hbie BOJOPOJHBIE coequHeHus ¢ oomieit popmynoit RHs. Ycroii-
YUBOCTh BOJOPOJHBbIX coeauHennit oT NHz k BiH3; ymenbiiaercs. Boansie pac-
TBOPBI BOJOPOJHBIX COCAMHEHUM, Hanpumep, ammuaka — NH3z u ¢pochuna —
PHj;, mpeacraBisroT co0oit OCHOBaHUS, a HE KHCIIOTHI.
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7.14. A30T

B Bo3nyxe comepxutcst okojio 78 % a3ota 1no oobemy. A30T BXOJUT B CO-
CTaB OPTaHUYCCKUX COCTUHEHUH.

IMoayuyenue:

1. B mabopatopuu:

NH,NO, =t~ N, + 2H,0:
NH,CI + NaNO, =~ N, + NaCl + 2H,0:

2NH; + 3CuO == N, + 3Cu + 3H,0.
2. B IpOMBIIIIICHHOCTH — U3 JKUIKOTO BO3IyXa.
du3znyeckne cBoiicTBa: ra3 0e3 IBETa U 3araxa, HEMHOTO JIeT4e BO3/1yXa,
IIOXO PacTBOPSIETCS B BOJIE, TeMiiepaTypa kumenus azota —196 °C. Tpupoaubiii
a30T COCTOMT U3 JIBYX M30TOMOB: ““N 1 N.

XuMHYeCKHEe CBOICTBA:

1. CBs3b MEX1y aTOMaMH B MOJIEKYJIE a30Ta OYEHb MPOYHas, TaK KaKk oopa-
30BaHa TpeMs MapaMu JIEKTPOHOB:

:N::N: > N=N-—> NJ;

MOATOMY MPU OOBIYHON TEMIIepaType MaJOAKTUBEH; B PEAKIIMHU BCTYMAET TOJIb-
KO IIPU BBICOKUX TEMIIEpaTypax; UMEET CJICIYIOIINE CTETICHU OKUCIICHUSI B CBO-
ux coemunenusx: —3(NHs), O(N,), +1(N,O), +2(NO), +3(N,O3), +4(NO,),
+5(N,0s).

— aTOM a30Ta HE MOXXET NEPEXOAUTh B BO30YKJIEHHOE COCTOSTHUE, TaK KaK
Ha BTOPOM DHEpPreTudeckoM ypoBHe (N = 2) HeT d-moaypoBHS, OTOMY a30T
HE UMEET BaJICHTHOCTh, PABHYIO 5.

2. B3auMmopeiicTByeT ¢ HeMeTaJlJIaMu:

— ¢ kucnopoaoM — mpu Temmeparype 30004000 °C:

N, + 0, == 2NO - Q:
JpyTUe OKCUBI a30Ta MPYU B3aUMOJECHCTBUN KUCIIOPO/Ia C a30TOM He 00pa3yroTcs;
— C BOJOPOJIOM — ITPH BBICOKOW TEMITEPATypE U JABICHUH B IPUCYTCTBUHU
KaTajiu3aTopa:

t%,p,kar
F—

N, + 3H, 2NHs.

C ranorenamu (kpome (pTOpa) U C CEpoii HE pearupyer.

3. BzaumoaeicTByeT ¢ MeTajulaMu: IpU KOMHATHOM TeMIeparype pearu-
PYET TOJBKO C JIUTHEM (C APYTMMH METAJUIAMHU PEArupyeT NPH BBICOKUX TEMIIE-
parypax):

6Li + N, = 2Li3N  muTpug muTus;
2Al + N, = 2AIN  HHTpUI aTrOMUHUS.

IIpyMeHeHMe: UCIIONB3YIOT JUIA IOJYyYEHUS aMMMAaKa, a30THOW KHCIIOTBI
Y a30THBIX yI00pEHMIA.
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Bonpocel u 3aganus

1. HazoBuTe 3J€MEHThI, KOTOPbIE BXOJSAT B TJIABHYIO MOATPYMIY MATON
TPYIIIBI.
2. Kak n3MeHstoTCs CBOMCTBA 3JIEMEHTOB B MOATPYIINE CBEPXY BHU3?
3. Kakue creneHu oKUCIEHUS UMEET a30T B CBOUX COCTUHEHUSIX ?
4. ITouemy aToMm a30Ta HE UMEET BaAJICHTHOCTh, PaBHYIO 57
5. I1o nosoXeHUI0 B NEPUOJUUYECKON CHCTEME ONPENEIUTE, KaKOW U3 3ie-
MEHTOB 0o0Jiee aKTHUBHBIN HeMeTasuT: a) a3oT win (pocdop; 6) a30T wiw KUCIo-
pox; B) hochop nmu cepa? [louemy?
6. KakoBsl (pu3nueckue cBoiicTBa a3ora?
7. Kak nosty4arot a30T: a) B jabopaTopuu; 0) B HPOMBILIIICHHOCTH?
8. 3akoHYNTE YpaBHEHHUS PEAKIIMIA:
a) Mg + N, —; 6) Na + N, —;
B) N2 + 02 -, F) N2+ H2 —>.
9. PaccumTaiite: a) IJIOTHOCTH a30Ta MO BO3AYXY; 0) Maccy a3oTa 00beMOM
2 ]I IpY H.y.

7.15. AMMHUAK 1 COJIU AMMOHMUS

AMMHaK — 3TO F&3006pa3HOC COCAMHCHHUC a30Ta C BOOAOPOAOM:
H H

H:N :—> H-N:—> NH;

H

Ilonyuenue:

— B abopaTopuu — MPHU B3aUMOJICHCTBUU COJIEH aMMOHUS CO IETIOYaMHU:
2NH,CI + Ca(OH), = CaCl, + NH3 + 2H,0;

— B IPOMBIIUIEHHOCTH — MPU B3aUMOJICUCTBUM a30Ta C BOJOPOIOM:

t°,p,kar

N, + 3H, 2NHs;.

Dusuueckue ceolicmea. aMMruak — OECIIBETHBIA ra3 C PE3KUM 3araxom,
MOYTH B JIBa pa3a Jierye BO3/1yxa, XOpOoIlIo pacTBOPSETCS B BOJE; PaCTBOP aMMHU-
aKa B BOJIC Ha3bIBAIOT aMMHUAYHOM BOJOW WJIM HAIIATBIPHBIM CITUPTOM.

Xumuueckue ceoticmaa.

1. KuciioTHO-OCHOBHBIE CBOMCTBA — B3aMMOJICHCTBHE:

— C BOJOM:

NH; + HOH = NH5-H,0 = NH; + OH";
ruapat ammuaka — NH3-H,O — cnaboe ocHoBaHMe MpOSBIISET CIa0OIIeIod-
HYIO peaKIii0; MOH aMMOHHUSI — NH; — KOMIUJIEKCHBIM MOH (a30T UMEET CTe-
MeHb OKUCJICHHS —3, a BAJICHTHOCTD 4), 00pa3yeTcs Mpu MPUCOSTUHECHUH MOJIe-
KYJIOil aMMHaKa OJHOTO MTPOTOHA BOJOPO/Ia MOJIEKYJIbI BOJIbI:
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H H

| |
H—1\|I:+EIH+—> —Nle

H H

— C raJOTeHOBOJIOPOIaAMH:
NH; + HCI = NH,CI ximopu ammonust (HamaTsIph);
— C KHCJIOTaMH; 00pa3yrTCsl CpeTHUE U KUCIIBIC COJIH:
NH3 + H3PO4 = NH4H2PO4,
2NH3 + H3PO4 = (NH4)2HPO4,
3NH3 + H3PO4 = (NH4)3PO4
2. OKHCIUTENIFHO-BOCCTAHOBHUTEIIBHEIC CBOMCTBA — B3aUMOJACHCTBHE:
— C KHCIIOPOJIOM 0e3 Kartam3aTropa o0pa3yeTcs a3oT; ¢ KaTalu3aTopoM —
okucisercs 10 okcuaa azota (11):
4NH; + 30, = 2N, + 6H,0;
4NH; + 50, = 4NO + 6H,0.
— C METaJUIlaMH: TPY BBICOKOH TeMmIiepaType oOpas3yeTcss HUTPUA MeTaslia
1 BOJIOPOI:
2Al + 2NH; = 2AIN + 3H,.

— C OKCHJIaMH METaJUIOB:
2NH3; + 3CuO = N, + 3Cu + 3H,0.

Cosan aMMoHUA 00pa3yroTCs IPH B3aUMOJICMCTBUU aMMHaKa WK TuapaTa

aMMHaKa C KUCJIOTaMHU:
NH; + HCI = NH,CI,;
NH3;-H,O + HCI = NH,CI + H,0.

Bce conu aMMoHUS — KpUCTALIMYECKHUE BEIIECTBA, XOPOIIIO PACTBOPUMBIEC

B BoJie. CUJIBHBIE DJIEKTPOJIUTHI B BOJIHOM PACTBOPE AUCCOIMUPYIOT HA HOHBI:

NH,NO; - NHj + NO; .
Conm aMMOHUS B3aHMOHCﬁCTBYIOT C COJIIMU U C KUCIIOTaMU.
NH4C| + AgN03 = AgCI + NH4N03,
(NH4),CO3 + 2HCI = H,0 + CO, + 2NH,CI.
HpI/I Harp€BaHuu COJIM aMMOHUA pa3jiararoTcs:

NH,Cl =~ NH; + HCI:
NH,NO, £ N, + 2H,0:
NH,NO; = N,O + 2H,0.

Peaknug B3amMoaeMCcTBUS COJIEE aMMOHHUSA CO IIEIOYBIO SIBISIETCS Kaue-
CTBEHHOM peakiueit Ha kaTuoH aMmMoHust NH;

NH,Cl + NaOH = NaCl + NH; + H,0;
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NH; + OH = NH,T + H,0.
Beigensronuiicss aMMuak ONpeNeNsioT MO 3amaxy WIH IO IOCHHEHUIO
BJIQYKHOM JTAKMYCOBOM OYMaKKH.
Conu aMMOHHMSI TUAPOIU3YIOTCA B BOJIHBIX PACTBOPAX:

NH;NO;3; + H,O0 =NH,OH + HNO;.

W3 ammuaka noiay4aroT a30THYIO KUCJIOTY, TUAPAT aMMOHHUS (HAaIIaThIPHBIN
CIIUPT — MPUMEHSETCA B MEIUIIUHE), COJIM aMMOHUS (HUTpaT aMMOHUSs, (oc-
(daT aMMOHUS U Ipyrue aMMOHUHHBIE COJIM UCIOJIb3YIOTCSl B CEJIbCKOM XO03s1-
CTBE KaK y100peHus).

BOHpOCbI " 3aJJaHusA

1. Kak MO>XHO MOTy4YUTh aMMHAK: a) B JJa00paTOpuu; 0) B MPOMBIIIIEHHOCTH?

2. KaxoBsl (pu3nueckue cBOcTBa aMMuaka?

3. [lepeuncnute KUCIOTHO-OCHOBHBIE M OKUCIIUTEIBHO-BOCCTAHOBUTEIHHbBIC
CBOMCTBa aMMHAKa.

4. Kak aMMmuak B3aMMOJICUCTBYET C KHUCIOpOAOM: a) 0e3 Karaau3aropa,
0) ¢ karanmuzaropom?

5. Hanumure hopmyIsi:

a) pTopuaa aMMOHMUS, 0) kapOoHaTa aMMOHUS;
B) cynb(aTta aMMOHUS; ') HUTpaTa aMMOHHUS;
n) nuruapodocdara aMMOHUS; e) runpodochara aMMOHUSI.

(o]

. Kakas peakuus sBisieTcsi KaUeCTBEHHOM HA KATUOH aMMOHUS?
. I'ne nmpumeHstoTcs a30T, aMMHaK U COJIM aMMOHMS?
8. 3axkoHUNTE YpaBHEHUSI PEaAKIIUA:

\l

a) 2NH3 + H2804 -, 6) NHS + HZSO4 —,
B) NH; + Ca —; r) NH3-H,O + H,SO4 —;
1) NH3-H,0 + H3PO, —; e) NH3-Hz0 + FeCl; —.

9. Hanmmvte ypaBHEHHsSI peaKIMil pa3liOKEHUs] aMMOHUUHBIX COJICH:

NH;4NO,, NH4NO3, (NH,;),CO3, (NH,)3PO4, (NH,)2SO4, NH,4CI.
3agauu

1. Kakoii 00beM KHUCIIOpPOJIa U BO3AyXa HEOOXOAUM JJisi okucieHus 20 i
aMMHakKa: a) 6e3 karaauzaTopa; 0) ¢ KaTaau3aTopom?

2. Kakoit 00beM amMmuaka (H.y.) BaumoaenctByet ¢ 200 T pacTBopa coJs-
HOM KHMCJIOTBI C MAaCCOBOM JI0JIeH XJtopucToro Bogopozaa 15 %?

7.16. A3OTHASI KUCJIOTA U EE COJIA

IMony4yenue:
1. B nabopatopuu — mnpu B3auMOACHCTBUU O€3BOAHBIX COJIEH a30THOMU

KHUCJIOTBI C KOHIIEHTPUPOBAHHOM CEPHOU KHUCIIOTOU:
Bﬂ(NOg)g + H2804 =2H NO3 + BaSO4.
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2. B poMBIIIIIEHHOCTH MPOIECC MOTYyYEHUs a30THOM KHUCIOTHI UAET B TPU
CTaauu:
— OKHCIICHHEe amMMuaka j0 okcuzaa azora (1) kucimopomom Bo3zmyxa B mpu-
CYTCTBHHM IJIATUHBIL:
4NH; + 50, = 4NO + 6H,0;
— okucienne okcuaa azora (1) kucmopoaom Bozayxa:
2NO + O, = 2NOy;
— pactBopeHue okcuaa azora (IV) B ropsueit Bojge B NpUCYTCTBUU KHUCIIO-
pona:
4N02 + 2H20 + 02 = 4HN03
du3nyecKue CBOMCTBA: a30THAsA KHUCIOTa — OECLBETHAs KUJIKOCTh C 3a-
naxom, KunuT npu 86 °C, jerko ucmnapsercs; ¢ BOJOH CMENIUBACTCA B JIFOOBIX
COOTHOIIEHUSIX.
XuMHyecKue cBoicTBa:
1. Iuccoumanus B BOAHBIX pacTBOpax:
HNO; - H" + NO;.
2. Paznoxenue npu HarpeBaHUU U Ha CBETY:

4HNO; = 2H,0 + 4NO; + O,.

Breinemnsronuiicst raz3 — NO, okpammBaeT a30THYIO KUCJIOTY B OYpBIN IIBET.

3. Bzaumoneiictue:

— C OCHOBHBIMH OKCHJaMH, OCHOBAHUSMH U COJISIMU:

Ca0 + 2HNO; = Ca(N03)2 + H,0;
Mg(OH), + 2HNO; = Mg(NOs), + 2H,0;
BaCO; + 2HNO; = Bﬂ(NOg)g + CO, + H,0;

— C MeTaJylaMu (a30THAsi KUCJIOTAa — CHJIbHBIN OKHCIIUTEIb; OKUCITUTEIEM

spasiorcs nousl NOj, a He Bogopona H', nosromy npu B3aumoneiictsun HNO;

C METaJUIaMHu BOJIOPOJ HE BBIACIISIETCS; B 3aBUCUMOCTH OT aKTUBHOCTH MeETajljia
M KOHIIGHTpaIruu KHCIOThl oHa BoccraHaBimuBaetrcs g0 NO, NO,, N,O, N,
NH3(NH;NO3); koHIeHTpupoBaHHas a30THAas KHCJIOTAa HE B3aUMOJICHCTBYET
c Fe, Cr, Al, Pt, Au):
AHNOgzxkon1. + Cu = Cu(NO3), + 2NO, + 2H,0;
8HNOgzpa36ag. + 3Cu = 3Cu(NO3), + 2NO + 4H,0;
10HNOgzkonL. + 4Ca = 4C3.(N03)2 + N,O + 5H,0;
10HNO3paz6as. + 4Ca = 4Ca(NOs), + NH;NO; + 3H,0;
— C HEMETaJJIaMHU:
S + 2HNOgspa3z6as. = H,SO,4 + 2NO;
P + 5HNOzkon11. = HPO3 + 5NO, + 2H,0.
Bce conu a30THOM KHCIOTHI HA3bIBAIOTCA HUTpAaTaMH (HUTPAThI HATpHS,
KaJIisi, aMMOHUS U Kajblius Ha3biBaroTcs cenutpamu; NaNO; — HaTtpueBas ce-
autpa, NH;NO3; — amMmmuayHast cenutpa v T. [1.), XOPOIIIO pacTBOPSIOTCS B BOJIC.
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COJ'II/I, O6p8,30BaHHI>IC cia0bIMU OCHOBAaHWAMU, TUAPOJIM3YIOTCA B BOAHBIX pPacC-
TBOpax:

CU(N03)2 + H,0 = CuOHNO;3; + HNOg;
Cu? + H,0 = CuOH" + H".

[Ipn HarpeBaHuMM BCE HUTPATBHl Pa3JlararOTCs C BBIACICHUEM KHCIOPOJA,
BBIJICTICHUE JIPYTUX NPOAYKTOB PA3JIOKEHUS 3aBUCHUT OT MOJIOKEHHS METaJlIa
B Sy HaIIPSDKECHUM:

no Mg »MeNO, + O,
MeNOs B paty Mg — Cu »MeO + NO, + O,
nociie Cu

»Me + NO, + O,

IIpuMeHeHMe: a30THYIO KHUCIOTY HPHUMEHSIIOT JUISl MOJXYYEHHs] a30THBIX
ynoOpeHuli, JeKapCTBEHHBIX W B3phIBUaThIX BemiecTB; ee comu — NaNOs,
KNO;3, Ca(NOs3),, NH;NO3; — ucnoab3yroTest Kak a30THbIC yI00peHUsI.

1.
2.

BOl'IpOCI)I H 3aJaHus

Kak M0O>XHO MOIyYUTh a30THYIO KUCIOTY B JabopaTopuu?
Hanummure, kakue XMMHUYECKHUE PEAKIUU MPOUCXOAAT MPHU TMOITYyUYESHUU

A30THOU KUCJIOTHI U3 amMMHUaKa?

3.
4.
S.

»

KaxoBbl (puznueckre cBOMCTBa A30THOW KHCIIOTHI?
KakoBbl xuMHuueckue CBOKMCTBA a30THOM KUCJIOTHI?
Hanummre noHHbI€ ypaBHEHUSI peakIui MEXAY:
a) TUAPOKCHUIOM KaJIbITUs U a30THOU KHUCIJIOTOM;

0) okcusIoM O6apus U A30THOM KHUCTIOTOM;

B) KapOOHATOM KaJIbIIMS U a30THOM KHUCTIOTOM;

') HUTPATOM cepedpa U XJIOPUAOM HATPUSI.

. [Touemy a30THAsI KUCIOTa — OKHMCIIUTEND, 4 AMMHAK — BOCCTAaHOBUTEIb?
. 3aKOHYNTE YPaBHEHUS PEAKLIMIL:

a) H,S + HNO; —; 0) HNOgzkon. + Ag —;
B) HNOgpa36.+ Ag —; r) HNO3zpaz6. + Zn — N,O + ..;;
1) HNOz; + NH3; —; e) P+ H,O + HNOgpaz6. - H3PO, + ...

. Hanummre ypaBHEeHUs peakUyil AJisl TPEBPALLCHUN:

a) N, - NH; > NO —» CU(N03)2 — NO, - NO;

6) NH; >N, ->NO — Ca(NO;g)g — HNO; > NO,;

B) NH; - NO; > HNO3; - NO - KNO3; — Oy;

r) N, > NH3; > HNO3; — NaNO3; — NaNO, — HNO;
1) NH4sNO, - N, &> NO, > NaNO3; - HNO3; — NO;
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e) Pb(NO3)2 —> N02 —> NaNO3 —> HNO3 —> N205 - NOZ,
)K) NH3 —> (NH4)2SO4 —> NH4C| —> NH4N03 —> Nzo,
3) NH4HCO3 —> (NH4)2CO3 —> NH3 - NH4N02 —> N2 — AIN.

3agaum

1. Onpenenure Maccy pacTBopa a30THOM KHUCIOTBI C MAacCOBOM JOJIEH €€
58 %, KOTOpYI0 MOXKHO MOTYYUTh U3 HUTpATa HATpHs Maccoi 1,7 Kr.

2. BeruucauTe Maccy HUTpaTa Kajaus, KOTOPBIH HAJ0 Pa3JIOKUTh TSI TIOJTy-
4eHUs Kuciopoaa oobemMom 11,2 71 mpu HOPMATBHBIX YCIOBUSX.

3. IIpu netictBum Ha cmech menu u okcuaa meau (Il) maccoit 14,4 r pas-
0aBJIeHHON a30THOM KHMCJIOTOM BbIAEHWICS ra3 oobemoM 1,49 1 (H.y.). Onpene-
JIUTE MAcCOBYIO 10110 (B %) OKCHIa MEN B CMECH.

TecToBbIiT caMOKOHTPOJIb (19) M0 TeMe «A30T U €ro coeUHEeHHUsD)

1. Vkaxkute BellecTBa, y KOTOPHIX BaJIGHTHOCTh aTOMa a30Ta paBHa 3:
a) HUTpAT HATpPUS, 0) azor;
B) HUTPAT aMMOHUS; I') aMMUAK.
2. YKaXuTe, Kak W3MEHSETCS YCTOWYMBOCTH COCIMHEHHA B PSAy
NH; — PH; —> AsHa:
a) YMEHBIIIAeTCs; 0) yBEeIUYHBACTCS; B) HE U3MEHSIETCSI.
3. YkaxkuTe, Kak U3MEHSIETCSI XMMUYECKasi aKTUBHOCThH JJIEMEHTOB B PALY
N—>O-—>F:
a) YMEHbIIIAeTCH; 0) yBEeJIMUUBALCTCA; B) HE U3MEHSIETCHI.
4. YKaxuTe BEIIEeCTBO, C KOTOPBIM a30T pearupyet Npu KOMHATHOU TeMIie-
patype:
a) BOJIOPOJI; 0) TUTHI; B) KMCJIOPO/, ') MarHui.
5. YKaxuTe BENIIeCTBA, Y KOTOPHIX CTENEHb OKUCIICHUSI aTOMa a30Ta paBHA
-3:
a) C&(NOg)z, 6) (NH4)2804, B) KNOz, F) NH3
6. Peakius Mexay KHCIIOPOIOM M a30TOM SIBJIICTCS:
a) PHJAOTEPMUYECKOM; 0) 9K30TepMUUECKOIA;
B) KaTaJTUTUYECKOH; ') OKUCIIUTEIbHO-BOCCTAHOBUTEIHHOM.
7. YKaxuTe peakiuu, KOTOpble 3aKaHYMBAIOTCSI 00pa30BaHUEM aMMHUAaKa:
a) NH4C| + Ca(OH)2 -, 6) (NH4)ZCO?, -,
B) NH4NO; —; r) NH;NO; + NaOH —.
8. Ykaxwure, KaK  MOXHO CMECTUTh  pABHOBECHE  PEAKIUU

N, + 3H, = 2NH; + Q BmpaBo:
a) MOHU3UTH JIABJICHUE; 0) MOHUBUTH TEMIIEPATYPY;
B) 100aBUThH KaTaau3aTop; T') YBEJIMUUTH KOHIIEHTPAILIMIO a30Ta.
9. Vkaxxute BeliecTBa, MPU B3aUMOJCHCTBUM ¢ KOTOPHIMU aMMHAK TTPOSIB-
JIIET OCHOBHBIE CBOMCTBA:
a) Oo; 6) H,0; B) H3POy; F) HCI.
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10. YkaxuTe BeniecTBa, C KOTOPbIMU pearupyeT aMMHUaK:

a) BOJA, 0) KUCTIOTHI; B) IIEJIOYH; T') COJIH.
11. AMMuak pearupyert ¢ KUciIopoJIoM U 00pa3yeTcsi:

a) CBOOOJIHBIN a30T; 0) oxcua azora (1);

B) okcuz azota (I1); r) okcua azora (1V).
12. Bce conm aMMOHUS pa3iararoTcs MIET0YaMHy C BBIJCICHUEM:

a) Ny; 0) NO; B) NO;; r) NH;.

13. YKkaxuTe CXeMbl peakKIuii, KOTOPbIE MOTYT OBITh MCIIOJIb30BaHBI IS
MOJIyYEHUS COJIE aMMOHMUSI:
a) NH3 + H;PO4 —; 6) NH,Cl + KOH —;
B) NH;sNO; + KCl —: F) (NH4)2804 + BaC|2 —>.
14. VkaxkuTte BelIecTBa, C KOTOPHIMU pearupyer kKapoOOHAT aMMOHUS:
a) NacCl; 0) NH;s; B) H,SOy; r) NaOH.
15. YkaxuTe, Kakue COJIM pasilaratoTcs ¢ BbIACIICHUEM aMMHaKa:
a) NH4N02, 6) (NH4)2C03, B) (NH4)3PO4, F) (NH4)ZSO4
16. YkaxuTe, B KaKyl0 CTOPOHY CMEIIA€TCsl PaBHOBECHE pEaKIUU

4ANO, + O, + 2H,0 = 4HNO; + Q 1pu MOBBIIIEHUH TEMIIEPATYPHI:

a) BIICBO, 0) BIpaBo; B) HE CMeEIIIaeTCHl.
17. Ykaxure cTeneHh OKUCIECHUS U BAJIEHTHOCTH a30Ta B A30THOU KUCIIOTE:
a) +5 u -5; 0) +3u5; B) -5 u 3; r) +5 u 4.

18. Vkaxkute o0Iee 4ucio 3JIEKTPOHOB, KOTOPOE yYaCTBYET B PEaKIMH
Cu + HNO3pa36. = Cu(NO3z), + NO + H,0:
a) 10; 0) 6; B) 3; r) 5.
19. Vxaxwure, kakoit siBisiercs peakis 4NHs + 30, = 2N, + 6H,0 + Q:

a) KaTaIUTUYECKOU; 0) oOpaTumMoi;

B) 9K30TEPMUYECKOA; I') OKHCIUTEIbHO-BOCCTAHOBUTEIIHHOM.
20. YkaxxuTe peakiiuy, KOTOphIe MPOTEKAIOT MPU OOBIYHBIX YCIOBUSIX:

a) NH4C| + H3PO4 -, 6) (NH4)2C03 + H3PO4 -,

B) (NH4)ZSO4 + H3PO4 -, F) NH4OH + H3PO4 —.
21. YxakuTe peakiiu, KOTOpbIe MPOTEKAIOT ¢ BhieeHreM okcua azota (11):

a) NH; + O, <L ; 0) Cu + HNOgskoH1I. —;
B) Cu + HNO3zpaz6.—; r) NH; + O, —.

22. Vkaxute, uto npeacrasiser coboit npespamenne NO, — NO; :

a) OKUCJICHUE; 0) BOCCTaHOBJICHHE,
B) 0€3 U3MECHEHUS CTETICHN OKUCIICHHUS.

23. Vkaxure, uto npeacrasiseT coboii nmpespamenne NO;, — NO:
a) OKHUCJICHUE; 0) BOCCTaHOBJICHHUE;
B) 0€3 H3MCHCHHSI CTEIICHU OKHCIICHUSI.
24. YKaxnTe, C KaKUMH BEIICCTBAMH pearupyeT a30THAsI KHCIIOTa:
a) okcug meau (11); 0) 30J10TO;
B) THUJIPOKCHUJ] HATPUS; I') aMMHaK.
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25. YKaXXuTe mapbl CXeM PEaKIHil, C TOMOIIbIO KOTOPBIX MOKHO MOJY4YUTh
HUTPATHI:
a) Ag + HNO3paz36. — u NaNO; + K,CO3 —;
6) Ca(OH)Q + HNO; > u BaC|2 + HNO; —;
B) MgCl, + AgNO3; — 1 BaCO3; + HNO; —;
F) NaA|02 + HNO3 —»> u NH3 + HNnga36. —.
26. YKakxuTe HUTpaThl, KOTOPBIE pa3jiaratorcs ¢ 0Opa3oBaHHEM OKCHJIA Me-
TaJuIa:
a) NaNOs; 6) Cu(NO3);; B) Fe(NO3)s; r) AgNOs.
27.YKaxure, Kakue rasbl BbIICISIOTCA MPU TEPMUUYECKOM pa3NIOKEHUU
HUTpAaTa aTIOMUHHUSL:
a) Oy; 0) Ny; B) NO; r) NO,.
28. YKaXuTe HUTPATHI, IPH Pa3I0KEHUH KOTOPHIX 00pa3yeTcst MeTall:
a) AgNOs; 6) HY(NO3).; B) KNOg; r) Mg(NO3),.
29. Ykaxkure, Kakue COJIM a30THOM KUCIIOTHI MOIBEPTatOTCs THAPOIIU3Y:
a) AI(NOs)s; ) NaNOg; B) Fe(NOs),; r) Mg(NO;)..
30. YkaxuTe peakunu, KOTOPbIE MPOTEKAIOT C BBIICICHUEM OKCHa a30Ta
(1V):
a)Ag + HNOszkoHII1. —; 6) NHz + O, —;
B) CU(NO3), —; r) Ag + HNO3pa3z6. —.

71.17. DOC®OP

dochop HaxoawTcs B TpHPOAEC B BUAE MHHEpanoB — Qocdoputa
Caz(POy), u anatuta Cas(POy4):X (X = F, Cl, OH). Coenunenne Cas(PO,);OH
BXOJUT B COCTaB KOCTHOM M 3yOHOU TkaHHW. B Buie npyrux coeaunenuit hochop
BXOJIUT B COCTaB OEJIKOB, HEPBHOW U MO3TOBOM TKaHHU.

IMonyyenne: u3 ¢docdara Kampius, MecKka W yris MpPU TeMIEpaType
1500 °C:

Ca3(PO,), + 5C + 3Si0O, = 3CaSiO; + 2P + 5CO.

dusuveckue cpoiicTBa: pochop — mpocroe BeElIECTBO, MOKET CYIIle-
CTBOBaTh B BHJIC HECKOJBKHX aJUIOTPOITHBIX MOJM(PHUKAINHA, KOTOPHIE UMEIOT
pa3IMYHbIC KPUCTALIMYCCKUE PEIISTKH U OTJIMYAIOTCS APYT OT Apyra Mo XUMH-
YECKUM CBOMCTBaM; HamboJiee yCTOHYUBBIMU MoaudukamusamMu Gocdopa sBisi-
10TCs Oelblil, KpacHbId U yepHblid Gocdop (6enbril pochop UMeeT MoJIEeKyIsp-
HYI0 KPUCTALTNYECKYIO PEIIETKY U Ha BO3AyXe OBICTPO OKUCISETCS U CBETHUTCS
B TEMHOTE; OH SIZIOBUT, B BOJIC HE PACTBOPSAETCSA, HO XUMUUYECKH OOJIee aKTHBEH,
4eM KpacHbIM u uepHbIid Gocdop; kpacHbiit hochop UMEEeT aTOMHYIO KpUCTall-
JUYECKYIO PEIIEeTKY, He CBETUTCS B TEMHOTE, HE SIZIOBUT; YePHBIN Pocdop numeer
KPUCTAJUTMYECKYIO PEIIETKY Kak TpaduT, HE SAOBUT, MPOBOJUT IJICKTPUUCCKUIMA
TOK).
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Xumuyeckue cBoiictBa: gocdop Oosee akTHBEH, YeM a30T, B3aUMOCH-
CTBYET:
— ¢ KHCJIOPOIOM, TaJIoTeHaMH, cepoit u HekoTophiMu MeTauiamu (Na, Ca):

2P + 50, = 2P,0s; 2P + 3Cl;, = 2PCl;;
2P + 3S = P,S;; 2P + 3Ca = CazP»;
2P + 58 = P,Ss; P + 3Na = NasP;

— CO CIIO’)KHBIMH BEIIIECTBAMH:
3P + 5HNO3pa3z6. + 2H,0 = 3H3PO, + 5NO;
P + 5SHNOjzkoum. = H;PO, + 5NO, + H,0;
2P + 5H,SO4xon1. = 2H3PO, + 550, + 2H,0.

B coemunenusx pochop nmeer crenenn okucienus —3, +3 u +5. 310 00b-
SCHSIET DJIEKTPOHHAsI KOHPUTYpAIUsi BHEIIIHETO YHEPTeTHYECKOTO YPOBHS aTOMa
dbocdopa:

S p d
3823p3\N\T\¢\T\T\ 1]

IIpumeHeHne: B OCHOBHOM — Jisi TOJYy4eHHS (POCPOpPHON KHUCIOTHI;
KpacHbli pochop — NP U3TOTOBICHUM CITUYEK, O€NIbI — JJIsl MOJTYyUYEHUS JTbI-
MOOOPa3yIOUX U 3aKUTaTEIbHbBIX BEILIECTB.

Bonpocel 1 ynpaxHeHus

1. Kakue npupoanbie coenuHenus Gocdopa Bri 3Haere?

2. Hammmmmre peaknuro momydenus pocdopa.

3. Kakue ¢usnueckue CBOMCTBA UMEIOT OCIbIN, KpaCcHBIN 1 YepHbIi Gochop?

4, Hanumurte ypaBHEHUs peaklui B3amMmopaekicTBHs (ocdopa ¢ Xitopowm,
OpoMOM, KHUCIIOPOJIOM, CEPOH.

5. [Ins gero npumMensietcst Oemnbiif U kpacHbiit hocdop?

7.18. Okcu g ®O0CPOPA (V). OPTO®OCHOPHASI KUCJTOTA U EE COJIM

Oxcua docdopa (V) — Oenblii, phIXJIBIA TOPOIIOK; MPU PACTBOPCHUH B
BOJIe 00pa3yeT pa3Hble KUCIIOTHI:
P,Os + H,O = 2HPO; MeTtadochopHasi KUCIIOTA;

P,Os5 + H,O L 2H3PO,  optodochopnas kuciora.
B3aumo1eicTByeT C OCHOBAaHUSMHU U OCHOBHBIMHU OKCHUIAMU:
P,O5 + 6NaOH = 2NazPO, + 3H,0;
P205 + 3Ca0 = C&3(PO4)2.
[Tpu B3aumogeictBuu P,Os co 1mienouyamMu B 3aBUCUMOCTH OT COOTHOIICHUS
peareHToB 00pa3yroTCs HE TOJIBKO CPEIHUE, HO M KUCIIBIE COJIU:
P,Os + 4NaOH = 2Na,HPO, + H,0;
P,Os + 2NaOH + H,O = 2NaH,PO,.
[Tpumensitot okcun pocdopa (V) 11t BBICYIIMBAHUS BEIIECTB.
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®ochopuas (oprodocdopuas) kuciaora H;PO, — Genoe kpucramimue-
CKOE€ BEIIECTBO, XOPOIIIO PACTBOPSETCS B BOJIE, HE TIPOSBIISET CBONCTB OKHUCITH-
TEJs 32 CUET aHMOHOB, TAK KaK CTENEHb OKHUCIEHUS +5 O4YeHb ycTONMYMBA IJIs
dhocdopa.

B naGoparopuu dochopHyro KUCIOTY MOJydaroT MyTeM OKUCIEeHUS (oc-
¢dopa pazbaBIeHHOIN a30THOW KUCIOTOM.

B npomsinuiennoctn Hz;PO, monydator mpu B3aummopeiicTBum docdara
KaJIBIUS C CEPHOM KHMCIIOTOM IIPU HAIPEBAHUU:

Caz(PO,), + 3H,S0, = 3CaSO4 + 2H;PO,.

B BoanbIX pacTBOpax (ochopHas KHUCIOTa JUCCOIUUPYET B TPU CTATUU:

1—H3sPO, = H + H,PO;;

2 — H,PO; = H" + HPOZ;

3 — HPO> = H' +PO7.

Jucconuanusi MPOUCXOAUT MPEUMYIIECTBEHHO To 1- cTaguu, Mmo3ToMy
B pacTBope pocdopHoit kucinoTel npeodnagarot nonsl H,PO; .

docdopHast KUCI0Ta UMEET Bce 0OLIME CBOWCTBA KUCIOT, HO 3HAYUTEIBHO
cnabee CepHOM M a30THOM KHUCIIOT:

6Na + H3PO4 = 2Na3PO4 + 3H2,
3Ca0 + 2H;PO, = Cag(PO4)2 + 3H,0;
BBa(OH)2 + 2H;PO, = Bag(PO4)2 + 6H,0;
2NH3 + H3PO4 = (NH4)2HPO4,
Na,CO3 + H;PO, = 2Nas;PO, + 3CO, + 3H,0.

[Ipu HarpeBanuu (ochopHas kucnora npespamiaeTcs B mupodochopHyto

(mudocdopHyr0) KUCTOTY:

2H;P0, == H,P,0; + H,0.

Coau docdopHoii kucaorbl HazbiBatoTcs docharamu. dDochopnHas kuc-
JOTa — TPEXOCHOBHAs, MO3TOMY oOpa3yeT Tpu Tuma cojieil. Hanpumep, npu
HerTpaym3auu (GpocHopHOH KUCIOTH THAPOKCHIOM HATPHs 00pa3yroTcs ¢hoc-
Gdamol, cuopogocgamor U Oucuopogocgamel B 3aBUCUMOCTH OT MOJISIPHOTO
COOTHOIICHHS KUCJIOTHI U IIEJIOYH:

Hs;PO, + 3NaOH = Na;PO, + 3H,0 dbocdar HaTpHS;

H;PO, + 2NaOH = Na,HPO, + 2H,0 ruapodocdar narpus;

H;PO, + NaOH = NaH,PO, + H,0 murunpodocdaT HATPUS.

BonsmuHCTBO hocdaTroB HepacTBOpUMO B Boje, Kpome (GochaToB IIea0d-
HBIX METAJUI0B U aMMoHus. Jluruapodocdarsl XOpoImo pacTBOPSIOTCS B BOJIE.

®docatet u ruapodocdaThl KaablUg 1 AMMOHUS IPUMEHSIOT KaK yA00peHUs..

Bonpocsl u 3a1anus
1. Kakue KucimoThl MOTYT 00pa30BaThCsl IPU pacTBOpEeHUH okcuaa docdo-
pa (V) B Bone?
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2. Kak nony4daroT ¢pochopHyro KUCIOTY: a) B JabopaTopuu; 0) B MPOMBIIII-
JICHHOCTHU?
3. Hanumure ypaBHeHus auccouuanuu GochopHoil KUCTOTHI.
4, Kakue Tumsl coseit oopasyeT pocdopHas KuciIoTa, 1 KaKoBa UX PacTBO-
pUMOCTH B Boje?
5. 3aKOHYHTE YpaBHEHUS PEAKIUM:
a) P205 + Hzo -,
6) PZO5 + HZO -,
B) P,Os5 + CaO — docdar xanbmus,
r) H,0 + P,05 + CaO — nuruapodocdar kaabius;
1) H,O + P,0Os5 + CaO — runpodocdar kanbius.
6. HazoBute comu: K,HPO,, Bay(PO,), CaHPO,, Ca(H,P0,),,
(NH,),HPO,.
7. Hanumure opmyinbl Bcex coliel, KOTopble 00pa3yroTcs MpU B3aUMO-
nevctBud pocopHO KUCTOTHI C aMMHAKOM?
8. Hannmure ypaBHeHUs peakiuii 1)1l peBpaIieHUi:
a) Cag(PO4)2 —>P- H3PO4 —> KH2PO4 ~ K3P04 —> KH2PO4,
6) P,Os —> Cag(PO4)2 —> Ca(H2P04)2 — CaHPO, — H3POy;
B) P— P,O5—> Ca(H2P04)2 — CaHPO, —» C3.3(PO4)2;
F) P— H3PO4 - (NH4)3PO4 —> (NH4)2HPO4 —> NH4H2PO4 - NH3,
I[) P— Cag(PO4)2 —> Ca(H2P04)2 —> (NH4)3PO4 — NH; — NO.

3agauu

1. Beruncnure maccoByro om0 (B %) oxcuna docdopa (V) B XuMUYECKH
yuCcTOM ruapodocdare KanbIus.

2. Okcun docdopa (V), kotopslii o6paszoBancs npu cxxuranuu 3,1 T ¢oc-
dbopa, pactBopuiau B 70 Mi1 pacTBOpa THAPOKCHUIA KIS C €r0 MacCOBOM JoJiei
14 % u nnotHOoCcThIO 1,14 /™M1, OnpeaenuTh MacCOBYIO 10J1t0 00pa30BaBIIEHCS
coyii B pacTBope (B %).

TecToBBIH CAMOKOHTPOJIb (20) 10 TeMe
«®ocdop 1 ero coeAMHEHHU D)

1. Vkaxxure KOH(PUTYpaIMI0 BaJCHTHBIX JJICKTPOHOB aToMOB ¢ocdopa
B BO30Y>KJI€HHOM COCTOSTHUU:
a) ...3s%3p%3d’; 6) ...35'3p3d";
B) ...35°3p?3d"; r) ...35'3p%3d?.
2. YKaXuTe BEILECTBA, B PeakIUIX ¢ KOTopbiMu Gochop sBisieTcs BOccTa-
HOBUTEJEM:
a) Oy; 0) Cly; B) Mg; r) HNO:;.
3. YKaxxuTe BenecTBa, B Peakiusax ¢ KOTOpbIMHU (Hochop SBIISIETCS OKUCITH-
TEJEeM:
a) Ca, 6) HNO3pas0.; B) H,SO4koHIT; r) Mg.
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4. YkaxuTe, C KAKHMH U3 BEIIeCTB OyeT pearupoBath okcu dpochopa (V):

a)CaCl,; 0) SiOy; B) Ca0; r) NaOH.
5. Ykaxure, Kakue MOHBI MPeo01a1atoT B pacTBope PochopHON KUCTOTHI:
a) H,PO;; 6) HPO; ;  B) HPOY; 1) HPO u PO; .

6. YkaxuTe, Kakue CTETICHHW OKHUCIICHUs uMeeT Gochop B CBOUX COCAHMHE-
HUSX:
a) —3; 0) +3; B) +5; r) +1.
7. YKaxute, 4To cO0O0M IpeaAcTaBiseT npeBpaiienue P — PO?{ :

a) OKUCJICHHUE; 0) BOCCTaHOBJICHHUE;
B) 0€3 U3MCHECHUS CTCTICHN OKHCIICHHUSI.
8. YkaxuTe BEeIecTBa, C KOTOPHIMH pearupyeT GpocopHas KUCIOTa:
a) Cu; 0) Zn; B) Ca3(PO,),; r) CaHPO,.
9. Vkaxkute COCAMHEHHE, KOTOPOE SBISETCS OCHOBHBIM KOMITOHEHTOM
KOCTHOM ¥ 3yOHOM TKaHHU:
a) CaCOg;  6) Caz(PO,)y; B) Cas(POy)3(OH); r) Ca(H2POy)..
10. YkaxuTe BeliecTBa, ¢ KOTOPhIMHU pearupyeTr auruapodocdar ammo-
HUS:
a) HsPOy4;  6)H,SOy; B) NHg; r) KOH.

7.19. OBIIASI XAPAKTEPUCTHUKA 3JIEMEHTOB
HNOArPYIIIbI YIJIEPOJIA

B rnaBHo# moarpynme |V rpynmnbl mepuoOANMYECKOM CHCTEMBI SJIEMEHTOB
JI. . MenneneeBa Haxozstcs 3iaeMeHTsl yraepon (C), kpemuuii (Si), repMaHuit
(Ge), omoBo (Sn) u ceuner (Pb). Yraepon u KpeMHUH SIBISIOTCS HEMETaJlJIaMH,
a TepMaHUi, OJIOBO M CBUHEI] — METaJJIAMH.

Ha BHemIHeM 3HEPreTHYECKOM YPOBHE aTOMBI AJICMEHTOB MOJATPYIIIBI YT-
JIepoJia MMEIOT IO [Ba HECIIAPEHHbIX IEKTpoHa: NS np?. ToaToMy JaHHBIE HiIe-
MEHTBI MOTYT UMETh BaJCHTHOCThH 2. B B0O30Y)KICHHOM COCTOSHUW OJHH M3 S-
AIIEKTPOHOB TIEPEXOAUT HA CBOOOIHYIO p-OpOUTANTh U TOSIBISIOTCS 4 HECIapeH-
HBIX 2JIeKTpoHa: NS'NP® — ns'np>. B sToMm cirydae snemenHTs! 1V IpyImbl HMEIOT
MaKCHMaJIbHYIO BaJICHTHOCTD 4.

Yriepoa U KpEMHUM B KUCIOPOIHBIX COCIMHEHUAX UMEKOT IOJIOKUTEIb-
+4 +4
HYIO0 cTeneHb okucinernus — CO,, SiO,. B BOOOpOAHBIX COEAUHEHUAX YIIIEPOLL

-4
1 o
MMeeT oTpuiaTensHyto crenenb okuciaenns (CHJY), kpemunit — monoxuTens-

+4
uyto (SiHY).

Yraepoa u kpeMHuit 006pa3yroT okcuabl oomiei popmyisl RO u RO,, a Bo-
JIOPOJIHBIE COeMUHEHUSI UMEIOT o0myro dopmyny RH,, Oxcugam RO, cooTBet-
ctBytoT kucnotel HyRO;. Kucmorasie coiictBa okcumoB RO, ocmabeBaroT
C YBEJIMUEHUEM TOPSAKOBOTO HOMEpa 3ieMenTa. OT yriepo/ia K CBUHITY CHUXKa-
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€TCsl MPOYHOCTh BOJOPOJHBIX coenunennii RH,. B monarpymme cBepxy BHU3 He-
METaJUIMYeCKHe CBOMCTBA 0CIa0eBaloT, a METANTMYECKUE — YCUITUBAIOTCS.

Bonpocel u 3aganus

1. Kakue aneMeHThl BXOJAT B MOATPYHILY yriepoja?

2. Kakyio koH(Urypanvio BHEIIHEr0 3HEPreTUYECKOrO YPOBHS HMEIOT
aTOMBI AJIEMEHTOB MOATPYHIBI YTIE€pOaa B OCHOBHOM U BO30YXIEHHOM COCTOS-
HUSIX?

3. [IpuBenuTe mpuUMepsl COCTUHECHHUA, B KOTOPBIX 3JIEMEHTHI MOITPYIIIBI
yTIEpo/ia UMEIOT: a) MOJOKUTEIBHYIO CTETICHb OKUCIICHUS; 0) OTPHUIIATEIHHYIO
CTEIECHb OKUCJICHUSI.

4. KakoB xapakTep OKCHJIOB 3JIEMEHTOB MOATPYMIIbI yIiiepoja’?

5. Kak u3meHsitoTcst CBOMCTBA 3JI€MEHTOB B MOJATPYMIE YIJIEpOAa CBEPXY
BHU3?

7.20. YTJIEPOJ

VYriepoa BXOAUT B COCTaB MHOTHUX HEOPTaHMYECKUX BEIIECTB (M3BECTHSIK,
MeJI, MpaMop U JIPYTUE), PACTUTEIbHBIX U )KMBOTHBIX OPraHU3MOB, a TAKXKE yT-
neit, Hedtu u Topda. B Boznyxe oH conepkutes B Buje yriaekucaoro raza CO,.
B cB0OOAHOM cOCTOSIHMM YIiepoj ObIBae€T B BUJI€ HECKOJIBKHUX aJIOTPOITHBIX
Mou(DUKALIUM, BOKHEUIIMMU U3 KOTOPBIX SIBJISIIOTCS aiMmas, Tpadut, kapOuH
u (ysuiepeH.

du3nyecKkue CBOMCTBA: ajiMa3 U rpauT UMEIOT ATOMHYIO KpUCTaInye-
CKYIO PEILIETKY.

Anma3z mipeacTaBiseT co0oi OECHBETHBIC U MPO3payHbIe KPUCTAIIIBI U SIB-
JE€TCSL CaMbIM TBEPABIM B MPUPOJi€ BemlecTBOM. OH HE MPOBOAUT SJICKTPUYE-
CKMM TOK. [IpUMEHSIOT €ro Kak IOBEJIMPHOE YKpAlEHWE, i1 PE3KU CTEKIIA
1 00pabOTKH METaJIIOB.

I'paghum — MArKoe TEMHO-CEPOE BELIECTBO C METAIMUYECKUM OJIECKOM.
XopoI1Io MpOBOAUT dIEKTpUUECKUi ToK. [Ipumenstor rpadut mis modydeHus
AJIEKTPOJIOB U KapaHAAIIEH.

Kapbun — 310 4epHBIN MOPOIIOK ¢ ATOMHOM KPUCTALTUYECKON PEIIeTKOM.
[Ipu cuiibHOM HarpeBaHUU MpEBpaIaeTcs B rpadurT.

Dynnepervl MPECTABISIIOT COOOM KPUCTAUIMYECKHE BEIIECTBA YEPHOTO
[[BETa C METaJUIMYECKUM OJieckoM. B Hacrosiee Bpemst mosiydeHsl (QysiepeHsl
Ceo, C70, Cgo M T. 1.

XuMHnyecKue cBoiicTBa: nMpy OOBIYHON TEMIlepaType YIJIepoa Majio aKTH-
BEH; [P HArPEBAHUU — PEATUPYET C MPOCTHIMU U CJIIOKHBIMHU BEIIECTBAMU:

C+0, == CO,; 2C+0,= 2cCo0; Ca+ C = CaCy;
c+S £ Cs,; C+Cuo =L co+cCu; CaO + 3C = CaC, + CO;
2C+N,=(CN);; C+H,0 =t~ CO + Hy; C + 2H, =L~ CH,.
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COCI[I/IHCHI/IH yrjepoaa ¢ MCTallIaMH HA3BIBAIOTCA Kap6I/II[aMI/I. N3 ranore-

HOB YTJICPOJ pCarupyeT TOJIBKO C (bTOpOM:
2F2 +C= CF4

Bonpocsl u 3aganust

1. B xakoM Bujie yriaepo] BCTpedaercs B npupoie?

2. HazoBuTe aymmoTpomnHbie BUIOM3MEHEHUS yriaepoaa?

3. KakoBsl (pu3udeckue cBoicTBa anMasa, rpadura, kapouHa u QysuiepeHa?

4. I'ne npuMeHsitoTcs anmas u rpadur?

5. Hanummre ypaBHEHUs peaklMid yriiepoa ¢ HeMeTallaMy, MeTalllIaMH U
OKCHJaMHU METAJIOB.

6. Hamummre ¢hopMynbl cOeAMHEHUN YTAEpoAa C KEIe30M, AIFOMHUHHUEM,
OeprILTIeM.

7.21. OKCHBI YIJIEPOJA

Oxcun yraepoaa (11) — CO, unu yrapHblii ra3, sBiseTcsl HecoyieoOpa-
3YIOIIUM OKCHJIOM U TIPEJCTaBIIAET cO0O0M OECIBETHBIH, SIOBUTHIN ra3, 0e3 3a-
naxa. OH HECKOJIBKO Jierde BO3ayxa, Majo pacTBOpuM B Bojie. [Ipyu 0OBIYHBIX
YCIIOBUSAX HE pearupyeT HU ¢ KUCIOTaMU, HU CO IejaodyamMu. B monekyse okcuaa
yraepoaa (1) umeercst Tpoiinas cBsizb. TpeTbs KOBaJeHTHas CBS3b 00pa3yeTcs
M0 JIOHOPHO-AKIENTOPHOMY MEXaHH3My. ATOM KHCJIOpOJa JAeT OJHY M3 CBO-
OOJHBIX AJIEKTPOHHBIX Map aroMy yriieponaa. Kuciopos sBiaseTcss JOHOpOM, YT-
JePOa — aKIIETITOPOM: 3

X (]
CO «— 0! —» XCxi0:—>C==0.
X

B sTOM coennHeHnN BaJ€HTHOCTH YIJIepo/ia paBHaA 3, a CTETIEHb OKUCIICHHS
+2.
B npomviunennocmu oxeup yriaepona (1) monygaror no peakiuu:

0
CO, + C == 2Co0.
B nabopamopuu oxcun yraepona (l) momydaror pasznoxeHueM MypaBbH-
HOUW KHCJIOTBI:

HCOOH £:HS9%: H,0 + CO.
Oxkcup yraepoaa (1) B Bozmyxe u KUCIIOPOi€ TOPUT TOTYObIM IIJIAMEHEM.
2CO + 0O, =2C0O; + 572 /I x.
OH — CUJIBHBIA BOCCTAaHOBUTEIb, BOCCTAHABIMBACT METAILIBI U3 X OKCH-
TIOB.
CO+FeO=Fe+CO,CuO+CO=CO,+C.
Oxcun yraepona (1) coenunsiercst ¢ remoriodunom kposu. O6pasyroree-
Csl TIPU STOM COCIMHEHHE HE MEPEHOCHUT KUCIOPOa K TKaHSAM. YeloBEeK MOXKET
yMepeTh MOCIIe T0JToro Babixanus okcuaa yriepoaa (11).
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Oxcup yriaepoaa (1V), win yriaekucaslii raz — CQO,, oOpasyeTcs B IpH-
pojie IpU TOPEHUU U THUEHUHM OPTraHUYEeCKUX BEIECTB. Brinensercs npu Abixa-
HUU KUBOTHBIX U PACTEHUM.

Oxcun yraepona (IV) — OecrBeTHBIH ra3, TsSxelee BO3ayXa, XOpOIIo pac-
TBOpsieTcst B Bojie. B monekyne CO, Bce YeThipe KOBAJCHTHBIE CBSA3H IMOJSPHBI.
Monekyiia UMeeT JIMHEWHOE CTPOCHUE U HEMOJISIPHA.

B naGoparopuu JaHHBIN OKCHJ TONTYYalOT MPHU JIEHCTBUU COJSTHOW KUCIO-
ThI Ha U3BECTHSK, MpamMop, MeJ:

CaCO3 + 2HCI = CaC|2 + H,0 + COz)

B npombinuienHoctn okeun yriepoaa (1V) momydaror mpu pasiioxeHUn

M3BECTHSAKA!

0
CaCO; == CaO + CO,.
Oxcun yraepona (IV) — 310 kuciaoTHeIi okcua. OH pearupyeT ¢ BOJOH,
C pacTBOpaMHU IIeJ0Yei 1 OCHOBHBIMU OKCHJIaMHU:

C02 + Hzo = H2C03,
CO, + 2NaOH = Na,CO; + H,0;
CO, + NaOH = NaHCOQOg;
CaO + CO, = CaCOs;.
[Tpu BbIcOKMX TeMmeparypax CO, 001agaeT OKUCIUTETbHBIMU CBOMCTBAMU.
CO, + C=2C0;
CO, + 2Mg = 2MgO + C.
Oxkcup yraepoaa (1V) npumeHsercs 1yisi OJTYYEHUs COMIbl, OPTraHUYECKUX
KHCJIOT, ISl TYLIEHUS M0KapOB, MPUTOTOBJICHUS Ta3UPOBAHHBIX HAMTUTKOB.

Bomnpocs! u 3a1anus

1. KakoBbl puzrueckue U XMMHUYECKHE CBOMCTBA: a) okcuaa yriepoza (11);
0) okcuna yraepona (1V)?
2. Kak nonyvarot B 1aboparopuu: a) okcup yriepoaa (I1); 0) okeua yrie-
pona (1V)?
3. 3aKOHYUTE YPaBHEHUS PEAKIIMIA:
a) KOH + CO, —; 6) KzCOg + CO, + H,O —;
B) CO, + Ca(OH)g -, F) CO, + BaO —.

7.22. YTOJBHASI KUCJIOTA U EE COJIU

YronbHag kuciaora — H,CO3 — HenpoyHOe cOeMHEHNE, CYIIECTBYET OHA
TOJIBKO B pacTBOPE:

H,O + CO, = HzCOg.
Ot10 cnabas AByxocHas kuciora. OHa TUCCOIMUPYET B JABE CTAUU U TA€T
COJIM THIPOKApPOOHATHI ¥ KAPOOHATHI:

H,CO; = H" + HCO;3; HCO; = H'+CO% .
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VYronpHas KACIoTa 00pa3yeT KUCIbIC U CPSAHUE COJIH, pearupys co IIeN0-
YyaMu:

H,CO3; + NaOH = NaHCO;3; + H,0;
H,CO3 + 2NaOH = Na,CO; + 2H,0.

KapGonater mienounbix metamioB — Na,COjz;, K,CO; u ammoHusT —
(NH4),CO3 u ruapokapOoHaThI IeaogHo3eMelbHbIX MeTauioB — Ca(HCOs),,
Ba(HCO3), — xoporro pacTBopsitoTcst B Bojie. KapOOHATHI 1Ie109HO3EMEITbHBIX
metamuioB — CaCO;, BaCOj3, STCO3; — B Bojie HE PaCTBOPSOTCSL.

PacTBOpbl KapOOHATOB IIEJTOYHBIX METALIOB THIPOJIU3YIOTCS W HMCIOT
HICJIOYHYIO PEaKIIHIO:

CO;™ + H,O = Hco; + OH.
[Ipu HarpeBaHUM BCE CONM YrOJIbHOW KUCIIOThI, KpOME KapOOHATOB LIEI0Y-
HBIX METAJUIOB, pa3nararoTca ¢ BeiaenaeHuem COy:

CaCO; =~ Ca0 + COy:

Ca(HCO,), == CaCO; + CO, + H,0.
KapGonatsl B BogHOM pacTBope B mpucytctBuun CO, mnpeBpaiiaroTcs
B TUAPOKAPOOHATHI:
MgC03 + CO, + H,0 = Mg(HC03)2
KauecTBeHHOI peakuyeid Ha KapOOHATBI U THAPOKAPOOHATHI SIBJISIETCA B3au-
MOJICUCTBHUE UX C PACTBOPAMU KHUCIOT. [Ipr 3TOM BBLAENSAETCS YIJIEKUCIIBIN Ta3:
Na,CO; + 2HCI = 2NaCl + CO, + H,0;
Mg(HCO3), + 2HCI = MgCl, + 2CO, + 2H,0.
[IpumeHsOT KapOOHAT Kajbllusi B CTPOUTEIHCTBE;, KapOOHATHI HATPHS
U KaJusl HCIOJB3YIOT JUIs TMOJIy4eHHs MblIa M CTEKJa; THIpOoKapOOHAT
HaTpusi — NaHCO3; npuMeHSIOT B MEUITMHE TIPU JKETYTOYHBIX 3a00JIEBAHUSIX.

Bomnpocs! u 3aganust

1. Kak oOpa3yercs yroibHasd kuciiota? Hanuiiure ypaBHEHHE OucCCOIMa-
TN DTOU KUCIOTHI.

2. Kakue comu oOpasyer yronpHas KucioTa?

3. KakoBa pacTBOpUMOCTb B BOJIE COJIEH YTrOJIbHOU KUCIOTHI?

4. Hanumurte ypaBHEHUE peaklMy THAPOIN3a COJIM KapOoHaTa Kausl.

5. Kakas peaknus siBisieTCs KaueCTBEHHOW Ha KapOOHAThl U THIIPOKAPOO-

6. Hanumure ypaBHEHUS peakIuii A MPEBpaIeHU:

a) CO, > MgCO; - Mg(HCO3), > MgCO; — CO,;
6) CO, > CO —» CO, > Na,CO3 —» NaHCOg;

B) CO, » Ba(HCOs), -» BaCO; —» CO, — CO;

r) Na,CO3 — CO, - NH4HCO3 — (NH,),CO3 — NHs.
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3agaun

1. Kakoii o6bem okcuaa yrieposa (1V) npu H.y. motpeOyeTrcs i moryde-
HUS TUIpOKapOOHaTa Kaublus u3 14,8 r ruapoKkcuaa Kaablus?

2. Ilpu narpeBanuu 20 r rugpokapOboHaTa HATPUS BBIACTIIOCH 2,24 11 OK-
cuaa yriepoza (IV) npu n.y. Kakas maccoBas nons (B %) ruapokapOoHara pas-
JIOKUITACh?

TecToBBIN CAMOKOHTPOJIB (21) O Teme
«¥YT1J1epoa U ero coeAuHEeHusD)

1. YkaxxuTe 2IeKTPOHHYIO0 KOH(DHUTYypamuio aToMa yriepoia B BO30YKICH-
HOM COCTOSTHUU:
a) 1s°2s%2p%;  6) 1s°2s°2p?3s';  B) 1s°2s'2p'3d%: 1) 1s°2s'2p’.
2. AniMa3 — aJIJIOTPOITHOE BUIOM3MEHEHHUE YIIIepo/a:
a) Ceporo IBETA; 0) HempO3paycH,;
B) HE MPOBOJUT JIEKTPUUECKUM TOK; T') TBEP/IbIi.
3. Ykaxwure, kakas y rpadura KpucTaummueckas pereTka:
a) MOJIEKyJIsIpHas, 0) aroMHas;
B) MOHHAS, ') aTOMHO-HOHHAS.
4. I'padut — ajioTponHoOe BUAOU3IMEHEHUE yIiiepoa:
a) OECIIBETEH,; 0) mpo3payeH;
B) MSATOK; I') IPOBOJIUT AJIEKTPUUECKHUI TOK.
5. AnI0TpOnTHBIMA MOAUGUKAIIUSIMU yTIAEPOa SIBIISIOTCS:
a) rpadur; 0) anmas; B) KapOUH; T) YroJib.
6. YkaxuTe BemecTBa, C KOTOPBIMH PEarupyeT yriepoJ MpHU ONpenesicH-
HBIX YCIIOBHSIX:
a) AJIFOMUHMIA, 0) cosstHast KUCTIOTA;
B) okcua yriepoga (11); ) okena yrieponaa (1V).
7. YKaxuTe, B peakiusiX ¢ KAKUMHU BEIIECTBAMH YIJIEPO]I MPOSIBIISET OKKC-
JIUTEIIbHBIE CBOMCTBA:
a) Oy; 0) Hy; B) Al; r) CuO.
8. YkaxuTe, B peakiusix ¢ KaKMMU BEIIECTBAMU YTIEPO]I MPOSIBISET BOC-
CTaHOBUTEJIbHBIC CBOMCTBRA:
a) COy; 0) FeO; B) H,0; r) Ca.
9. Vkaxute, B KAKOM COCIMHEHUN BAJICHTHOCTH YIJIEpOJia paBHa 3, a cTe-
MIEHb OKUCJIEHUS 12
a) COy; 0) CO; B) CaCy; r) CH,.
10. YkaxuTe cXeMbl peakluid, TJIe BO3MOKHO O0Opa30BaHHME OKCHIA YTJIe-
poxaa (11):

a) CO, + C 5 6) C + H,0 —>:
B) C + Ox(u36bITOK) —D>; r) HCOOH LSO,
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11. VkaxuTe cXeMbl peakiuii, KOTOpble MPOTEKAIOT MPHU OMNpe/eTICHHBIX
YCIIOBUSAX:
a) C+ CO; —; 6) Ca(OH), + CO, —;
B) CuO + CO —; r) CO, + P,O5 —.
12. Yxaxure, Kakue CBOMCTBA XapakTepHbI i okcua yriaepoaa (11):
a) sIZIOBUTHIN Ta3;
0) OueHb MaJIO PACTBOPHUM B BOJIE;
B) TsDKeEJIee BO3/1yXa;
) OECIIBETHBI.
13. YkaxuTe BemecTBa, ¢ KoTopeiMu pearupyer CO, mpHu onpeaeneHHbIX

YCIIOBHSIX:
a) Ca(OH),; 0) yraepon;
B) NaCl; r) MgCO; + H,0.

14. Yraekucnelil ra3 npuoOpeTaeT OKUCIUTENbHBIE CBOKMCTBA MPU B3aUMO-
JICUCTBUU C:
a) OKCHUJIOM KaJIbIIUS; 0) yriem;
B) TUJIPOKCHUJIOM HATPUS; I') BOJOM.
15. VkaxkuTe, Kakue M3 yKa3aHHBIX CXEM PEaKIMH MOXHO HCIOJIb30BaTh
IS TIOJTy4eHus okcuaa yriaepona (1V):

a) Ca(HCO,), 5 ; 6) BaCO; -

B) BaCO; + HCI —; F) Na,CO; + CaCl, —.
16. YkaxxuTe UICTOYHUKHN 00pa30BaHusl yIIEKUCIIOTO Ta3a;

a) TOPCHHE U TIJIABJICHUE OPTaHUYECKUX BEIICCTR,

0) pa3nokeHue KapOoHaTa KaJbIHs,

B) JCHCTBHUE CHIIBHBIX KUCIOT Ha KapOOHATHI;

r) HCOOH &,
17. Ykaxute, ¢ KAKUMH BEIIECTBAMH pearupyeT THApOKapOOHAT HATPHS:
a) Ca(OH),; 0) KOH; B) CH;COOH; r) CaCl,.
18. YkaxuTe BellecTBa, KOTOpble Hajo mpubaBuTh K cucreme COZ +

H,O = HCO; + OH™ gns cmenienust paBHOBECHS BIIPABO:
a) H,0; 6) KOH,; B) HCI; r) CaCOs.
19. VkaxuTe, Kakhe BEHIECTBA MOXKHO HMCIOJB30BaTh JISl MPEBpAICHUS
rupokapOoHarTa Kajablius B KapOOHAT KaJIbIIUS:
a) H,0; 0) KOH; B) Ca(OH),; r) Na,CO:s.
20. YkaxxuTe ypaBHEHUsI PEAKIIUA, KOTOPbIE 3aKaHYMBAIOTCSI 00pa3oBaHUEM
KapOOHATOB:
a) CO, + Ca(OH), —; 0) Ca(HCO:s), + NaOH —;
B) Na,CO; + CaCl, —; r) Ca(HCOs), + NaCl —.
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7.23. KPEMHHUI ¥ ET'O COEJIUHEHUSI

KpemHuii B mpupojae BCTpedaeTcs TOJBKO B BHUAe coenuHeHwid. Cpenn
Hux: okcua kpemuawms (IV) — SiO, (mecok, KpeMHE3eM), KaOJHHHUT —
Al;03-2S510,-2H,0, nonesoit mmar — K,0-Al,03-6Si10,. Kpemuuii — riaBHbIi
JIEMEHT HEXHUBOW MpUPOAbl. Ero momydaroT mpu BOCCTAHOBJICHHH OKCHIA
kpemuus (V) marauem, antoMuHUEM WIH YTIIEPOIOM:

SiO, + 2Mg == 2MgO + Si;
3Si0, + 4Al =t 3Si + 2AL,0;;

Si0, + 2C =L~ 2CO + Si.

N3BecTen amop(HBINA U KPUCTATUTMUECKUI KPEMHUM.

AmopHuiti kpemnuti — 3T0 Oypbli Topoiok. Kpucmannuueckuti kpem-
HUli — TBEPAOE BEIIECTBO TEMHO-CEPOro ILBETAa CO CIAOBIM METAITMYECKUM
0JIECKOM, MPOBOJUT TEIJIO U 3JEKTpudecTBO. CTPyKTypa KPUCTAILIMYECKOTO
KPEMHHUS aHAJOTUYHA CTPYKType aiMa3a. AMOPQHBIIA KpEMHHII Jerye BCTyHnaeT
B XMMHYECKHE PEAKIUH, YEM KPUCTALINYECKUN KPEMHUM.

[Ipy KOMHATHOM TeMIeparype KPEMHUN HEMOCPEICTBEHHO pPEarupyer
TOJIBKO C PTOPOM:

Si+ 2F2 = S|F4
HpI/I Harpe€BaHHuu erMHI/II;'I pe€arupyer ¢ KHUCIOPOIOM, XJIOPOM, 6pOMOM,
CGpOfI, yriepoaom, a3oToOM:

Si + 0, == SiO,; Si + 2Cl, == SiCl,:
Si + 2Br, =t~ SiBr,; Si + 25 -t sis,:
Si + C £ sic: 3Si + 2N, =t Si;N,.

B 5THX peakiusax KpeMHUI UTPAET POJIb BOCCTAHOBUTEIIS.

[Ipu HarpeBaHUM KPEMHUI TaK)Xe pearupyeT ¢ MeTajslaMu, 00pa3ysl CUJIu-
LUJbI, U UTPAET POJIb OKUCITUTEIA:

Si + 2Mg = Mg,Si.

[Tpu nedicTBMM KHUCIOT Ha CHJIMLUABI METAIOB 00pa3yeTrcss KpeMHEBOJO-

pox SiH, (cuman):
Mg,Si + 4HCI = 2MgCl, + SiH,T.

Cunan — OecUBETHBIN ra3, CHIIbHBIA BOCCTAHOBHUTEIb, PEarupyeT ¢ KHC-

JIOPOJIOM BO31yXa:
SiH, + 20, = SiO, + H,0 + 1427,2 xJIx.
Kpemnuii He pearupyer ¢ Kuciaoramu, KpoMe IJIaBUKOBOM:
Si + 4HF = SiF, + 2H,T.
Kpemnuii pearupyer ¢ pacijiaBaMmu U paCTBOpaMu LIEJI0OYECH:
Si + 2NaOH + H,0 = Na,SiO; + 2H,T.
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[IpumensieTcs KpeMHHI Ui MOJyYEHUs] COJIHEUHBIX Oarapeil A paauo-
U TejeannapaTypbl KOCMUYECKUX aIllapaToB.

Oxcupa kpemuns (1) — KHCIOTHBIA OKCHJI, UMEET ATOMHYIO KPHCTAJLIH-
YEeCKYyI0 PELIETKY U HE pacTBOpsieTcs B Boje. B mpupoae BcTpeuaercs B BUJE
necka. [Ipu HarpeBaHuM pearupyer cO ILEJIOYaMH, C OCHOBHBIMH OKCHUAAMHU
Y KapOOHATAMM ILEJTOYHBIX METAJIJIOB:

Si0, + 2NaOH =t~ Na,SiO; + H,0:
Si0, + Ca0 =& CaSiOs;

Si0, + Na,CO; =L= Na,SiO; + CO,.

N3 Bcex kucnot okcun kpemuus (IV) pearupyer TOabKO ¢ MIIaBUKOBOM
KHUCJIOTOM:

SiO, + 4HF = SiF,T + 2H,0.

[Ipumensierca oxcun kpemuus (IV) mist modayyeHus: CTEKia, CHIMKATHBIX
KUPIUYEN U IPYTUX U3AETUM.

KpemuneBast kuciora — H,SiO; — ouenp cimabast kucnora. Ee momyya-
10T U3 PaCTBOPOB €€ COJIeil (CHIIMKATOB) IEUCTBHEM 00JIE€ CUIIbHBIX KHCIIOT: CO-
JITHOM, CEPHOM, YKCYCHOU U Ja)ke yroJibHou. IIpu 3TomM KkpemHueBas KuciaoTa
BBITIAJIAET B 0CAJIOK (TE€JIb):

Na;SiO; + 2HCI = 2NaCl + H,SiOsV;
Na,SiO; + H,0 + CO;, = H,SiO3 + Na,COs,

B Bojie MOHBI Bojopoga — H' OT MojeKya KpeMHHEBOH KHCIOTHI MOYTHU
HE OTIIEIUISIOTCS, M MOATOMY OHA HE U3MEHSET I[BET MHANKATOPOB. [Ipu 00bIU-
HBIX YCJIOBHSIX WJIM MPU HarpeBaHUU (ObICTpee) KpeMHUEBAsl KUCIOTa pasJiara-
€TCS Ha BOJIY U OKCHJI KDEMHUS:

HZSiO?, = Hgo + S|02

KpemHueBas kuciiora Xopouio pacTBOpA€TCs B LIEI0YAX:

2NaOH + H28|03 = Na28i03 + ZHZO

Tonbko cumuKkaTel meTouHbIX MeTaioB — Na,SiO; n K,SiO; — pactso-
psArOTCA B BoJie. Bo/IHBIN pacTBOp CHIIMKATa HATPUSI UCIIOIL3YIOT B KAYE€CTBE CH-
nukaTHOTO Kies. [IpupoaHbie CUIUKATBI UCTIONIB3YIOTCS IS MOJYyYSHUS CTEKIIa,
dbapdopa u dasHca, 1IeMeHTa, KEpaMUUYECKUX U3/ICTUH.

Bonpocsl u 3a1anus

1. B Buje KakuxX COeIMHEHUI KPEMHUM BCTpeUyaeTcs: B Mpupo,ie?

2. Harmumnre ypaBHEHUS peakIuii MOTyUYeHUS] KPEMHHUSI.

3. KakoBbl (pusnueckre m XUMHUYECKHUE CBOMCTBA: a) KpeMHUs; 0) OKCHIa
kpemuus (1V)? Hanumnre ypaBHeHUs1 peakiiuil.

4. Kak u3 okcuaa kpemuus (1V) nonyuuts kpemHUEBYIO Kucioty? Hamu-
LIATE YPABHECHUS PEAKIINM.
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5. KakoBbl XxuMMHueckHe CBOWCTBA KpeMHUEBOW KuCIOThI? Hanummre
YPaBHEHUS PEAKIIUIA.
6. Hanumvre noHHOE ypaBHEHUE PEAKIIMU THIPOJIM3a CUIIMKATa HATPUS.
7. Hanumire ypaBHEHHS peaKLMi J1Jis MPEeBpPAILCHUI:
B) S|H4 —> S|02 —> Si—> N&zSiOg —> HgSlOg,
F) Si > Na28i03 —> S|02 —> H28|03 —> Sl,
I[) Si > S|02 —> H28|O3 —> N&zSiOg — Na,COs.

3agauu

1. Umeetrca cmech KpeMHHUs, Irpadura u kapOoHaTa Kanblus. Halinure ee
KOJIMYECTBEHHBIN COCTaB, €CJIU U3BECTHO, YTO MpU 00padotke 34 r cMecH pac-
tBopoM NaOH nonyudeno 22,4 raza (H.y.), a mpu 00paboOTKe TaKOTO K€ KOJIhYe-
CTBa CMECH COJISTHOM KHUCIIOTOM mojiydeHo 2,24 1 ra3a (H.y.).

2. Ilpu crutaBnenun SiO, ¢ kapOonaroMm HaTpus noiydeHo 6,1 r Na,SiOs.
Brigenusmniicst raz osu1 norsomeH 18 mu1 NaOH ¢ maccosoit mosnei ero 10 %
u iotHocThio 1,1 /M. KakoB coctaB 0oOpa3yromiencsi Coau U €e MaccoBas J0-
151 (B %) B pactBOpe?

3. CKONBKO JUTPOB YIJIEKUCIOTO ra3a (H.y.) BBIACIUTCS TPU CIUIABICHUU
90 r oxcuna kpemuus (1V) ¢ 200 r kapboHata KanbLus?

4. Cunukat HaTpUs MOTYYaroT NP CIJIaBJICHUU THAPOKCHA HATPHS C TIeC-
koM. KakoBa maccoBas noinst (B %) okcuna kpemuus (1V) B necke, ecnu u3 25 xr
necka ObuIo NoJTydeHo 48,8 Kr cuiiMKara HaTpus?

TecToBBIii CAMOKOHTPOJIb (22) 1O TeMe
«KpeMHuii 4 ero coeJUHEHM D)

1. YkaxuTe CTENeHb OKUCIICHHS aTOMa KPEMHHUS B MOJIeKyJie SiHy:

a) 4, 0) +4; B) 1+2; r) —2.
2. YKaXUTe BEIIECTBA, C KOTOPBIMHU pearupyer KpeMHUM:
a) H,0; 0) KOH; B) Mg; r) HF-xucnora.

3. KpemHMi1 HHTEHCUBHO PAacTBOPSIETCS B PACTBOpAX IENOYCH. YKaKUTE,
YTO SBJISIETCS IPYA TOM OKHCIIATEIIEM:
a) nons! Na™; 0) Bona, B) KPEMHUH; r) nonsl OH .
4. YKaxuTe, Kakoe U3 NPUPOJHBIX COCAMHEHHM KPEMHHUS SIBISETCS TOJie-
BBIM IITTIATOM:
B) K203A|2036S|02, F) Na20CaOGSIOz
5. Vkaxwure, kakas y okcuaa kpemaus (1V) kpucraminueckas pelerka:
a) aTOMHasi; 0) MoJIeKyJIIpHas;
B) MOHHAS; I') aTOMHO-MOHHAA.
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6. YkaxkuTe, ¢ KAKHMH BEIIECTBAMU PEarnpyeT CHIIMKAT KaJIus:
a) BOJA,
0) comsiHas KUCTIOTa,
B) BOJHBINA PacTBOP YTJIEKHUCIIOTO Ta3a;
T') TUAPOKCH]T HATPHSL.
7. YKaXHUTE CXEMBI PEaKIuii, COTJIaCHO KOTOPBIM 00pa3yeTcss KpeMHHUEBas
KHCJIOTA:

a) Si0, + H,0 —>; 6) Si + HNOskoHIL. —>;
B) K,Si03 + CO, + H,0 —; F) Na,SiO; + SO, + H,0 —.
8. BomHbIe pacTBOpPHI KaKMX BEIIECTB OKPAIIMBAIOT JAKMYC B KpaCHBIN
LIBET:
a) NaHCOg; 6) CO,; B) H28|03, I‘) H,SO,.
9. VkaxkuTe BEIECTBO, KOTOPOE Haz0 100aBuTh B cuctemy SiO%~ + H,O =

HSIO; + OH s cMmemieHust paBHOBECHS BIICBO:
a) KOH; 0) HCI, B) Na,SiOs; r) H,0.
10. YkaxuTe CXEeMBI peakIiii, KOTOpPhIe MPOTEKAIOT TPH OMpPEIeICHHBIX
YCIIOBHSIX:
a) SiO, + NaOH —; 0) SiO, + Ca0 —,
B) S|02 + N3.2CO3 —>, F) S|02 + Hgo —>.

I''TIABA 8. METAJIJIBI U UX HEOPTAHUYECKHUE COEAUHEHUSA

8.1. IIOJIOKEHUE METAJLJIOB B IEPUOJUYECKOI CUCTEME 3JJEMEHTOB
J1. 1. MEHJEJIEEBA. HAXOXJIEHUE B IIPUPOJIE U IOJYYEHUE UX

BoNBIIMHCTBO N3BECTHBIX XUMHYECKHUX JICMEHTOB OTHOCSTCS K METaJIJIaM.
Bce anemMeHThI mepBoii, BTOPO U TpeThel Tpynn (KpoMme Bojopoaa u 6opa),
a TakXe BCE AJIEMEHTHI MOO0UHBIX moarpymni (d- u f-aeMeHThI) YeTBepTOM, ms-
TOW, IIECTOM, CEAbMOM U BOCBMOM I'pyIIl — MeETaulbl. B rmaBHOM moarpymie
YETBEPTOHM TPYIIIBI BCE 3JIEMEHTHI (KpOME KPEMHUS U yriiepoja) — METaJUIbL.
B riaBHOM moArpyIne mATOM Ipymibl HAXOAATCS JBa MeTaia — cypbMa (Sb)
u BucmyT (BI), a B IIaBHOW MOATPYIIIE MIECTON IPYIIbI OJJUH METaT — I0JIO-
uuii (Po).

B npupone metamibl BcTpeuaroTes B Bujie okcuaoB (FesOq4, Fe,03), cymb-
dbunos (ZnS, PbS, FeS,), cynpdaros (CaSO,4, BaSO,), xnopumos (KCI, NaCl),
kapoonatoB (CaCO;, FeCO;, ZnCOs;), docharo — Caz(POy),, HUTpaTOB
(NaNO3, KNO3). B cB000IHOM COCTOSIHUH B 3€MHOM KOpPE BCTPEUAIOTCS MEIb,
PTYyThb, cepedpo, 30JI0TO, TIIaTHHA.

Haunbonee aktuBnbie metauibl (Na, Ca, Mg, K) momy4aror myTem aieKTpo-
au3a. DJIEKTPOIU3 — ITO OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIN MPOIIECC, KOTO-
pBIH MPOTEKAET Ha 3JIEKTPOJIaX MPU MPOXOKICHUU IEKTPUIECKOTO TOKA Yepes
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pacruiaB Wi pacTBOp 3JEKTposiuTa. MeHee akTUBHbIE METaJUIbl BOCCTAHABIIU-
BaIOT U3 UX OKCUJOB yriiem, okcuaom yriepoaa (1), Bonopoaom wim antoMuHU-
€M, a U3 CyJIb(HI0B METAJUIOB CHavYaja Mojay4aloT OKCHIbI.

Fe,O3; + 3CO = 3CO,+ 2Fe; Cr,05 + 2Al = Al,O3 + 2Cr;

ZnS + 30, = 2Zn0 + 250,; Zn0O+C=CO + Zn;

WO; + 3H, = W + 3H,0; CoO + H, = Co + H,0.
Bomnpocsl

1. I'te pacnosi0KeHbl JIEMEHTBl — METaJUIbl B IEPUOIUYECKON cucteme?
2. B xakoM BHI€ BCTPEUYAIOTCS METAJIIBI B IPUpPOIe?
3. Kakue cymiecTBytoT criocoObl OTyUeHHUsI METAIIIOB?

8.2. DUBNYECKUE CBOMCTBA METAJLJIOB

Bce meramnbl, kpome pTyTH U (ppaHius, Mpyu OOBIYHBIX YCIOBUAX — TBEP-
JIbI€ BEILIECTBA, UMEIONINE KPUCTAIUIMYECKYIO peleTKy. B y3nax kpucrainye-
CKOW PEUIETKH HMEIOTCS TMOJIOKUTEIIBHO 3apshKEHHbIE MOHBI U HEUTpAJIbHBIC
aToMbl. MeXIy HUMH TEPEABUTAIOTCS CBOOOJHBIC BJEKTPOHBI. CBS3b MEXKITY
CBOOOTHBIMH DJIEKTPOHAMHU M MOHAMH METAJIJIOB HA3bIBAETCSI METANINYECKOM.

JlJIf Bcex MeTa/UI0B XapaKTepeH MeTA/UIMYeCKHuil 0JieCK U Hempo3pay-
HOCTb. Bce MeTassibl XOpOHIO NMPOBOASIT 3JIEKTPHUUYECKHHA TOK WM TEIJIOTY.
Jlydimine MNpPOBOJHUKH 3JIEKTPHYECKOT0 TOKA W TeIJIOTBI — cepedpo
U Me/lb.

BakxHbIMU CBOWCTBAaMU METAJUIOB SIBJSIETCA MX IUIACTUYHOCTb, YIPYTOCTh,
poyHOCTh. OHM CIIOCOOHBI U3MEHSTH CBOIO (JOpMY MOJ JaBJICHUEM, HE pa3py-
masice. Hanbonee minacTuuHbIi MeTaJLT — 30J10TO.

Metaniasl UMEIOT Pa3IMYHYI0 TUIOTHOCTh. [IMOTHOCTH JIETKMX METaIOB
< 5 r/em® (Li, Na, Mg, Al u ap.), Tsoxensix — > 5 r/em® (Zn, Fe, Cu, Hg, Au, Pt,
Os u ap.). CamMblii JIETKHI METAIITT — JIMTHM, CaMbIH TSKEJIBIA — OCMUM.

MeTtanibl UMEIOT pa3Hble TeMIepaTyphbl IutaBieHus W kumeHus. Camas
HU3Kas Temmeparypa TuiaBienuss y pryta (—38,9 °C), camas Bbicokas —
y Bosib(ppama (3410 °C).

Mertamnsl paznuyarorcst 1o TBepAocTH. Camblil TBEPbI METAIIT — XPOM
(pexeT CTeKJI0), a caMble JIeTKHe — KaJui, pyouauit u nes3uit. OHM JIeTKO pe-
KYTCSI HOKOM.

Bonpocsl

1. Kakoii TMn XMMHUYECKOU CBSI3U UMEETCA B MeTajliax?

2. Kakne mMeTanibl XOpOIIo IPOBOAST JIEKTPUUECKHUM TOK?
3. Kakue msrkue metaisl Bel 3HaeTe?

4. Kakue MeTalljibl caMble TBEP/bIE, CaMble MSTKHUE?

5. Kakoiil meTamt camblil MIIACTUYHBINA?
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8.3. XUMMYECKHUE CBOMCTBA METAJLJIOB

ATOMBI METAJIJIOB UMEIOT OOJBIION paguyCc W Ha BHEUIHEM 3HEpreThye-
CKOM ypOBHE, OOBIYHO HECYT OT OJIHOTO JO TPEX 3JEKTPOHOB, OITOMY JIETKO
OTJAIOT UX. B XMMHYeCKuX peakiusix aTOMbl METAJUIOB SIBJISIOTCS BOCCTaHOBHU-
TEJSIMHU.

Mertamisl 006pa3yrot anekrpoxumudeckuii psx Hanpsprenwid (Li, K, Ca, Na,
Mg, Al, Zn, Cr, Fe, Ni, Sn, Pb, H, Cu, Hg, Ag, Pt, Au), xoTopslii XapakTepu3yer
aKTUBHOCTH METAJUIOB TOJILKO B BOJIHBIX PACTBOpax M MPH KOMHATHOM Temmepa-
Type.

MerTasmibl BCTyNaloT B XUMUYECKHE PEAKIIUU C Pa3TUYHBIMU OKUCTUTEIISIMH.

1. C npocThIMH BEIIECTBAMM:

— € KHCIIOPOJIOM — 00pa3ytoT OKCUIBL:

2Cu + O, = 2Cu0; 2Mg + O, = 2MgO0;
— C TaJIOT€HaMH — COJIM — T'aJIOT€HU/IbI:

Cu+ C|2 = CUCIz, Mg + Br, = MgBrg,
— ¢ cepoil — CcyJbpUIbL:

2Na+ S =Na,S ; Hg + S = HgS;
— C a30TOM — HUTPHUJIBI:

6Li + N, = 2L|3N,

— ¢ ochopom — dochus:
3Ca+2P= Cagpz;
— C BOJIOPOJIOM — THJIPHUIBIL:

Ca+ H, = CaH,;
— C yraepoaoM — KapOuIbl:
Ca +2C = CaC,.

2. Co CIIOKHBIMU BEIIECTBAMMU:
— METaJlIbl, PACIOJIOKEHHBIE B PsJIy HAIPsOKCHUH 10 BOJOPOJA, BBITEC-
HSIOT €70 U3 BOJBL:

2Na + 2H,0 = 2NaOH + H,; Zn + H,0 =& ZnO + Hy;

2Al + 6HOH = 2AI(OH); + 3H,; Mg + 2H,0 £ Mg(OH), + H,.
— METaJUTbI, PACIIOJIOKEHHBIC B PSAIY HANPSDKCHHWH 10 BOJOPOJAA, B3aWMO-
neicTBytot ¢ pazdaBineHuabiMu kuciaoramu (HCI, H,SO,);
— METaJUIbl BBITCCHSIOT M3 BOJHBIX PAacTBOPOB COJICH T€ METaUIbl, KOTO-
pBIC CTOST B PSAY HANPSHKCHUH TIOCTIE HETO:
Pb(N03)2 +7/n= Zn(N03)2 + Pb,
— metamubl Li, Na, K, Ca B aTux yciioBusx OyayT BOCCTaHABIMBATh BOO-
PO BOJIBI, @ HE METAJLT;
— metaisl Al, Cr, Zn pearupyiot ¢ pacTBOpaMu IIEI0YECH:
2NaOH + 2Al + 6H,0 = 2Na[AlI(OH),] + 3H,T Tterparmmpokcoamomunar
HATPHS;
Zn + 2H,0 + 2NaOH = Na,[Zn(OH),] + H,T rterparmmpokcommakar Hatpusi.
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Bonpocel u 3aganus

1. [Touemy B XUMHUYECKUX PEAKIIUIX METAJLIBI SBJISIOTCS BOCCTAHOBUTEISIMU?

2. UTto Takoe AIEKTPOXUMHUYECKHUH PsiT HAMPSDKECHUH METaIIoB?

3. Kakue mMeTamibl: a) BBITECHAIOT BOJIOPOJ M3 KUCIOT; 0) HE BBITECHSIOT
BOJIOPOJT M3 KUCJIOT; B) BBITECHSIOT BOJAOPOJ M3 BOJIBI; T') HE BBITECHSIIOT BOJIO-
PO U3 BOJbI?

4. 3aKOHYUTE YpAaBHEHHMSI pEAKIUIL:

a) Cu + Hg(NO3), —; 0) Fe + ZnSO, —;
B) Mg + H,0 —; r) K+ H,0 —;
I[) Mg + H2804 -, e) Al + H2804 —>.
5. Hanmmure ypaBHeHUS peakiuii 1)1l peBpaIieHui:
a) Cu - Cu(NO3), —» CuCl, —» CuSO4 — CuO — Cu;
0) CuO —» Cu(OH), —» Cu — CuSO,; — CuS — Cu0;
B) ZnS — ZnO — Zn — Zn(NO3), —» Na,ZnO, — ZnSOy;
r) CuS —» SO, » H,SO4 - CuSO4 —» CuO — Cu(OH),.

3agauu

1. ITpu oOpaboTke 8 T cMecH MarHusi U OKCH/1a KaJIbIUs COJITHON KUCIOTOM
BBIICNIUIIOCH 5,6 11 Bomoposa (H.y.). KakoBa maccoBas nomns (B %) okcuia Kajb-
1S B UCXOJTHOM CMeCcH?

2. CKOJBKO TPaMMOB aJIFOMUHUS HAJI0 B3ATh JJIs1 orydeHus 39 r xpoma u3
ero okcuaa Cr,03?

TecToBBI CAMOKOHTPOJIB (23) 110 TeMe «MeTalIbD)

1. YkaxuTe, B KAKOM BHJI€ METAJIbl HAXOSTCS B PUPOJIE:

a) XJIOPHUJIOB,; 0) OKCHIOB,
B) CyJb(PUIOB; ') B CBOOOJHOM COCTOSIHHH.
2. YKaXuTe, KaKue MEeTaJUTbl TIOTY4aloT MyTeM JIEKTPOJIU3a:
a) KaJuid; 0) xene3o; B) KaJIbIUH; I') MarHu.

3. Ykaxute pU3nvyecKkre CBOWCTBA METAIJIOB:
a) 3JEKTPONPOBOJHOCTH U TEIJIONPOBOJAHOCTB;
0) UMEIOT KPUCTAJUTMUECKYIO PELIETKY U CBOOOIHBIE AJIEKTPOHBI,
B) HEKOTOPbIE METAJIbI PEarupyroT ¢ BOJOM;
') UIMEIOT XapaKTEPHBIN METAIITUYSCKUN OJIECK.
4. YKaxXuTe caMblil TBEPIbI METaILI:
a) JKeIe3o; 0) xpowm; B) 30JI0TO; I') IUTaTHHA.
5. YKaxuTe MeTaibl, KOTOPbIE HE BBITECHSAIOT BOAOPOJA M3 BOIBI IPHU
HarpeBaHUM:

a) Cu; 0) Mg; B) Fe; r) Ag.
6. Ykaxxute MeTajll, KOTOPBIA MPU HarpeBaHUU C BOJAOW 00pa3yeT OKCHUI:
a) KaJibIuii; 0) MarHui; B) LIMHK; T) pTYThb.
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7. YKaxuTe MeTal, KOTOPbI HE PacTBOPSETCS B KOHIICHTPUPOBAHHOM
a30THOM KHUCJOTE:

a) cepedpo; 0) Me/p, B) CBHUHEII; T') 30JI0TO.
8. YKaxuTe MeTasuibl, KOTOPhIE pEarupyroT ¢ PaCTBOPAMH IIEIOYCH:
a) IIUHK; 0) KaJbIIUi; B) aJTIOMUHUM; ') Meb.

9. YkaxkuTte, Kak M3MEHSIOTCSI METAJUTMYCCKUE CBOMCTBA MPOCTHIX BEIIECTB
B psy K —> Mg — Al:
a) YMEHBIIAIOTCH, 0) yBeIMUHBAIOTCH, B) HE U3MECHSIOTCS.
10. YkaxuTe, KakoBa 3JEKTPOHHAsI KOH(MUTYpallisl BaJCHTHBIX JEKTPOHOB

B OCHOBHOM COCTOsHHH Yy aTOMa KoOaJpTa:
a) ...3d%s%  6)..3d%s"; B) ...3d"4s%; r) ..45%4p’.

8.4. METAJLIBI IJIABHO¥ MO PYIIIIBI ITEPBOW I'PYIIITBI
MEPHOJUYECKOI CHCTEMBI DJIEMEHTOB JI. U. MEHJEJIEEBA

Metaisl mutaii (Li), natpuii (Na), kamuii (K), pyouamii (Rb) u me3wuit (Cs)
Ha3bIBAIOTCS IIEJIOUYHBIMUA METaNIaMH, TaK KaK OHM M MX OKCHJbI MPHU B3aUMO-
NEUCTBUU € BOJOUW 0Opa3yroT mienouu. [llenounsie MeTaibl HAXOAATCS B MEp-
BOW TPYIIIE IJIaBHOW NMOATPYNIIBI NEPUOJIUYECKONM CUCTEMBI. JTO S-3JIEMEHTHI.
WX aToMbI Ha BHEILIHEM YHEPIETHYECKOM YPOBHE UMEIOT IO OJHOMY S-3JIEKTPOHY
(ns'). IIpu XUMHYECKMX DEaKIHSX ITH ATOMBI OTHAIOT BHEIIHWH SICKTPOH
Y UMEIOT CTENEHb OKHCIIeHNd +1. Bee menounbpie MeTauibl — CUIBHBIE BOCCTA-
HoBUTENU. C yBEIMYEHUEM MOPSAKOBOIO HOMEPA 3JIEMEHTOB CBEPXY BHM3 YyBe-
JUYUBAETCS paNyC aTOMa U, CJIeI0BATEIbHO, — aKTUBHOCTh METAJIJIOB.

B npupone mienouHsie MeTamibl B CBOOOAHOM BUJIE HE BCTPEUAIOTCS; OHU
HaxoJATCs B BHUJE coennHeHu. Hampumep, OCHOBHbIE COEIMHEHUS HATPHUS —
»T0 moBapenHas cojb — NaCl u rimaydeposa conb — Na,SO4-10H,0. lanubie
COJIM HATpus MPUMEHSIOTCS B MeauuuHe. Kanuit BXOAUT B COCTaB CUJILBUHU-
ta — KCI-NaCl, kapaammura — KCI-MgCl,-6H,0. Coenunenus kanus mpume-
HAIOTCS Kak ynoOpenus. CoeauHeHus: APYruX MIEJIOYHBIX METAIOB PEIKO
BCTPEYAIOTCS B IPUPOJE.

[IlenouHble METAIIBI MOJIYYAOT MYTEM JIEKTPOJIU3a PACIUIABICHHBIX XJIO-
PUAOB MW THAPOKCUIOB.

Bce mienounbie MeTamibl cepedpucTo-0esoro Bera, MIrkue, Jerkue, mia-
CTUYHbIE, XOPOILIO MPOBOAAT JIEKTPUUECKUN TOK U TEIUIOTY.

[IlenouHble METaJIbI JIETKO PEAarupyroT CO MHOTUMH HEMeTaJlllaMu — ra-
JIoTeHaMu, cepoil, pochopom, a30TOM U IPYTUMHU DJIIEMEHTAMM:

2Me + Cl, = 2MeCl (Me — Hatpuit nin Kajuii);
2Me + S = Me,S.
Hatpwuii n kanmii pearupyroT ¢ BOJIOW U KUCIIOTaAMU TIPY OOBIYHBIX YCIOBHSIX:
2Me + 2H,0 = 2MeOH + H,T;
2Me + 2HCI = 2MeCl + H,T.
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[Tpu ux B3aMOAEUCTBUU C KUCIOPOJOM 00pa3yIOTCsl OKCUABI U IEPOKCUIbIL:
4Me + O, = 2Me,0O (moOoYHBIN MTPOIYKT);
2Me + O, = Me,O; (0OCHOBHOM TPOIYKT).

[Ipy HarpeBaHUM HATPUN W KUK MPU B3aUMOICHCTBHM C BOJIOPOJIOM 00-

pa3yroT TUAPUJIBL:
2Me + H,; = 2MeH.
['unpuasr HATPHUS M KaIus JIETKO pa3jiararoTcsl BOJIOK:
MeH + H,0 = MeOH + H,T.

[Ipu B3auMOJEHCTBUM MIETOYHBIX METANIOB MJIM X OKCHUIOB C BOJION 00-
Pa3yroTcsi THAPOKCUIBI MIEIOYHBIX METAIIOB:

2Me + 2H,0 = 2MeOH + HZT; (Me — m1eno4HoN MeTalT;

Me,O + H,0 =2MeOH. MeOH — o611ast popMysia ruApOKCHIOB)

['uaApOKCUABI MIETOYHBIX METAIIOB MPECTABISIIOT CO00M Oenble KpucTal-
JUYECKHE BEIIECTBA, XOPOIIIO PaCTBOPUMBIE B BojE. VX pacTBOPHMOCTh B BOJC
U cuja OCHOBaHH# BospacrtatoT B psay LIOH —» NaOH —» KOH — RbOH —»
CsOH cneBa nampaBo. B BogHBIX pacTBOpax MmIejoued JaKMyC MMEET CHHHIMA
1BET; a (heHoaPTaTenH — MaJTHUHOBBIN.

['mapOKCHIBI METOYHBIX METAIUIOB PEATUPYIOT ¢ KHCIOTAMU U KHUCJIOTHBI-
MU OKCHJIaMU, COJISIMH:

MeOH + HNO3; = MeNO; + H,0;
2MeOH + H,SO, = Me,S0O, + 2H,0;
MeOH + CO, = Me,CO; + H,0;
CuSO, + MeOH = Cu(OH), + Me,SO0..

[Ipn HarpeBaHUM THAPOKCUIBI IIEIOYHBIX METAUIOB HE pa3iiararoTcs.

I'uapokcuast NaOH n KOH npumenstoTcs 11l oJIydeHUs MbLa.

Bonpoce! u 3aganust

1. Kakwue 351eMeHTBI OTHOCSTCS K IIEeJIOUHBIM MeTaiiaM? ['ae B mepuoanye-
CKOM cHCTeMe HaXOIATCS OTH METaJIbI?

2. Ilouemy Bce MIEIOYHBIC METAIIIBI SBIISIOTCS CHIIBHBIMH BOCCTAaHOBUTE-
IsIMu?

3. Ilouemy ycuIMBaIOTCS METAJUIMUECKHUE CBOMCTBA IIEJIOYHBIX METAJLIOB
B MTOATPYIINE CBEPXY BHU3 C YBEIMYCHUEM UX TTOPSIKOBOTO HOMepa?

4. MoryTt Ju IIEJIOYHBIC METaUThl BCTPEYATHCS B MPHUPOJC B CBOOOTHOM
cocrostHun? Ha30BUTE OCHOBHBIC COCTMHECHUS HATPHUS U KaJTH.

5. KakoBsl nzndeckre CBOMCTBA MIETOYHBIX METAIIIIOB?

6. I'ne mpuMeHsIIOTCS COSTMHCHUS HATPUS U KaIus?

/. 3aKOHYHUTE YpaBHEHUS PEAKIUN:

a) NaOH + P,05 —; 0) KOH + SO, —;
NaOH + SiO, —; KOH + ZnCl, —:
KOH + H3;PO, —; KOH + HNO; —;
NaOH + AICl; —; NaOH + H,SO, —.
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8. Hanumure ypaBHEHHS peaklUi 1Jis MPeBpaIllCHH:
a) Na - NaOH — Na,CO3; —» NaHCO; — NaCl,
0) NaOH — Na,SO, — NaCl — NaNO3; — NaNO,;
B) K > KCl - K,SO, - KOH - KHCO; —» K,COs3;
r) Na - NaH - NaOH — NaCl - HCIl — AgCl.

3agaun

1. Cxonbko rpamMmmoB pactBopa NaOH ¢ maccoBoit goneit ero 10 % Hamo
B3Th JJIs1 HeUTpanu3auu 196 T pacTBopa cepHOM KHUCIOTHI C MAaCCOBOM J0Jien
ee 20 %.

2. Onpenenute GOpMyIbl U MACChl COJEH, KOTOpbIE 0Opa3yloTCs MpU CMe-
IIMBaHUU: a) 8§ T TUAPOKCHAA Kaiaus ¢ 9,8 T cepHOM KUCHOTHI, 0) 1 Mounst ¢oc-
(hOpHOI KUCIIOTHI C 2 MOJISIMU TUJPOKCHIA KAJIHSL.

3. CkombKO JUTPOB BoAopona (H.y.) oOpasyeTcss Mpu B3aWMOJACHCTBUU
2,3 r HaTpUs C BOJOW?

8.5. METAJLJIBI I 'TABHOM IO PYIITHI BTOPOM I'PYIIIIbI
MEPUOJIMYECKOM CUCTEMBI QJIEMEHTOB /1. U. MEHJIEJIEEBA

B riaBHyr0 moarpyrmiy BTOPOM TPyNIbl HEPUOAMYECKON CHCTEMBI BXOIST
oepwmii (Be), marauii (MQ) u menouHo-3eMebHbIC MeTa/UTbl: Kbl (Ca),
ctpoHuuii (Sr), 6apuii (Ba), paguii (Ra). D10 S-37eMEHTBI. ATOMBI 3THX DJIEMCH-
TOB MMEIOT HA BHEIIHEM SHEPreTHYECKOM YPOBHE IO JBa S-IeKTpoHa (NS).
CBepxy BHU3 B MOATPYIINE C YBEIMYCHHEM MOPSIAKOBOTO HOMEPA PAUYChI aTO-
MOB U METAJUIMYECKUE CBOMCTBA YBEJIMYUBAIOTCA. Y aTOMOB 3JIEMEHTOB BTOPOU
IpyNIbl TJIABHOW MOATPYMIBl METATMYECKHME CBOWCTBa Oosiee cialdble, 4em
y HIEJIOYHBIX METAIOB. DTO OOBSICHSAETCS TEM, YTO MPU XUMHUECKUX PEAKIIUIX
aTOMBI IAaHHBIX METAJUIOB OTHAIOT JBa DJICKTPOHA.

B mpupoae mienodno-3eMeNnbHbIE METAJUTBI BCTPEYAIOTCS B BUIE KalbIIUTa
CaCOs (men, u3BecTHsAK, Mpamop), dhochoputa Caz(POy),, rumnca CaSOy4 2H,0,
oaputa BaSO,, nonomura CaCO5-MgCOs.

[lenoyHo-3eMenbHBIE METAJUIBI MOTYYalOT MyTeM JJIEKTPOJIM3a pacIliaB-
JICHHBIX COJIEH.

Bce mienodno-3eMenbHbIE METaUTbl BTOPOW TPYMIBI UMEIOT cepedpucTo-
OeJIbIil 1IBET, XOPOIIO MPOBOJST ANEKTPUUECKHU TOK. VX Temneparypsl miaBie-
HUS ¥ TUIOTHOCTH BBIIIIE, YEM Y IIETOYHBIX METAJIJIOB.

XYUMHYECKHE CBOMCTBA MIEIOYHO-3€MEIBHBIX METAJIOB PAacCMOTPUM Ha
MpUMEpPE KaIbITHS.

[Tpu 0OBIYHBIX YCIOBUSX KaJBIMI pearupyer ¢ raJloreHaMH U KUCIOPOIOM:

2Ca + O, =2Ca0; Ca + Cl, = CaCl,.

[Ipu HarpeBaHWM KaJbLU pearupyer ¢ a3oToM, cepoil, hochopom, yrie-
POJIOM U BOAOPOJOM:

3Ca + N, =t— CasN,; Ca+S - Cca:
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3Ca + 2P == CasP;; Ca+2C =L CaC,;;  Ca+H, == CaH,
[Tpu 0ObIYHON TeMIepaType KalblUil pearupyeT ¢ BOJOW, HO MEJIJICHHEE,
yeM Kanuil 1 HaTpuil. C KUCI0TaMU OH pearupyeT SHEPruyHo:
Ca + 2H,0 = Ca(OH), + H,T; Ca + 2HCI = CaCl, + H,T.
Oxcua Kajabuus, WM HerameHasi M3BeCThb, MPEACTaBIseT cO00W Mopo-
ok 6enoro 1eera. O6paszyercs oH npu pasnoxeHun CaCOs:

CaCO; =L~ Ca0 + CO,.

Oxkcuj Kanblivsl JHEPTUYHO pearupyer ¢ BoJod. B pesynbrare uero oOpa-

3yeTcsl TUIPOKCH]T KaIbI[Ms, KOTOPBIN HA3BIBACTCS 2AUUEHOU U38ECHbIO:
CaO + H,0 = Ca(OH),,

PactBOp ramieHoil u3BeCTH B BOJE Ha3bIBACTCS uzgecmrogotl 600oti. [lpu
npornyckanuu okcuaa yriepona (1V) yepes n3BecTKOBYIO BOJy CHauaja MosBIs-
etcst ocaiok CaCOs3, KOTOPBIN MPH JJIUTETLHOM MPOITYCKaHUU OKCHJIA YTIIepoia
(IV) pactBopsieTcss U B pe3yibraTte 0Opa3yercs T'MApPOKapOOHAT KalblUsi —
Ca(HCO:s),; pacTBOp IpH 3TOM CTAHOBUTCS MPO3PAYHBIM:

Ca(OH), + CO, = CaCOg\ + H,0;
CaCO; + CO; + H,O = Ca(HCO3)5.

JlaHHYI0 peakiMio UCIOJIb3YIOT JUIsi OOHAPY>KEHHsI B ra3zax yTJIEKHCIIOTO
raza — CO,.

IIpucyrcrsre B Boge noHoB Ca’’ 1 Mg?* 06ycIIoBIHBACT KECTKOCT BOMBL.
Ona MOXeT OBITh BPEMEHHOW WM MOCTOSSHHOW. Bpemennas (wim kapOoHaTHas)
KECTKOCTh BOJBI OOYCIIOBIIMBAETCS MPUCYTCTBUEM B HEH TUIPOKapOOHATOB
KaJblUg U MarHusi. Ee yCcTpaHsioT myTeM KUIssueHueM 100 JAeHCTBUS U3BECT-
KOBOMW BOJBI WJIN COJBI:

Ca(HCO;) =t~ CaCOsl + CO, + H,0;

Mg(HCO3), == MgCO3! + CO, + H,0;
Ca(OH), + Ca(HCO,), = 2CaCOs{ + 2H,0;
Cﬂ(HCOg)Z + Na,COs; :CaCO?,\L + 2NaHCOs.

[TocTosiHHas (WM HekapOOHATHAas1) KECTKOCTb BOJbI OOYCIOBIMBAETCS
HaJIMYMEeM B HeW cynb(haToOB M XJIOPUAOB Kajbllus U MarHusg. Ee ycTpaHsroT
JIEVICTBUEM COJBI:

CaSO, + Na,CO; = CaCO3z) + Na,SOy;
MgSO, + Na,CO5 = MgCO3d + Na,SO,.

Kapbonatnas u HekapOOHATHasl )KECTKOCTH B CYMME COCTaBJISIIOT OOIIYIO
YKECTKOCTh BOJIBI.

Xnopus KaiabIusl TPUMEHSIETCS ISl YIY4IIEHUs CBEPTHIBAEMOCTH KPOBH;
Ccynb(dar KambIusi — JJI1 HAJOXKEHHUS THUIICOBBIX IMOBA30K TP TMepeiomMax
KOCTEH.
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Bonpocsl u 3aganust

1. [louemy y MeTaJIJIOB INIABHOW MOJATPYIIIBI BTOPOW TPYMIbl METAJLITUYe-
CKHE CBoOiicTBa Oojiee ciiadble, 4YeM y METaUIOB IJIaBHOM MOJTPYIIbI MEpBOM
rPYNIbI?

2. HazoBuTe npupoHble COeTUHEHUS] KaTbIHSI.

3. 3aKOHYUTE YPAaBHECHHSI PEaAKITHIl:

Ca+ 0, —; Ca+ N; —; Ca+ S —;
Ca+ Cl, —; Ca+C—; Ca+ H,O —;
Ca+H,—; Ca+P—; Ca+ HCI —.

4. TTouemy M3BECTKOBYIO BOJIY MOYKHO MPUMEHSTH JIJIsI OOHAPYKEHUS yTIIe-
Kkucioro raza? Hanuimre ypaBHEHUS pEeaKIIUil.
5. Kakast Boj1a Ha3pIBaeTCs JKECTKOM?
6. Hanumure ypaBHEHHS peakiuii, C MOMOIIBI0O KOTOPHIX MOXXHO YyCTpa-
HUTb BPEMEHHYIO U TTOCTOSIHHYIO )KECTKOCTh BO/IBI.
/. Hanuivre ypaBHEHUS peakiuil AJis MpeBpaIieHuit:
a) CaCO3; —» CaO — Ca(OH), —» Ca(HCO3), —» CaCOs;
0) CaO — CaCl, » CaCO; —» Ca(HCO3), — CO,;
B) Ca—> Ca(OH)Z — CaCO3 > Ca(NO3)2 — Oy;
r) Ca —» CaO —» CaCO; — CaCl, —» Ca(NOy),.

3agaun

1. Yepes 300 r Boabl, conepkamei 0,01 Monb ruapokcHia Kaiblus, Mpo-
nyctwiu 0,336 1 okcuna yriaepoaa (1V) mpu H.y. BeI4UCIUTh MacCOBYIO JTOJTIO
COJIM, KOTOpas 00pa3oBajiach B pacTBOPE.

2. Berancnute, CKOJIBKO TPaMMOB KaJbIIHMs B BUJE MOHOB MOCTYIAET B Op-
raHu3M IpU IpUEeMe BHYTPb CTOJIOBOM JoxkkH (15 mi) pactBopa, B 100 mi1 ko-
TOPOTO CONEPIKUTCA 5 T rekcaruapata xyiopuia kansius — CaCl,-6H,0.

TecToBBI CAMOKOHTPOJIb (24) 110 TeMe
«MeTasibl TJIaBHBIX NOATPYINII IEPBOM U BTOPOM IPymnin

1. Vkaxure, KaKUMU MOTYT OBITh IIEIOYHBIE METAJIIbI:
a) TOJIbKO OKUCJTUTENH;
0) TOJIBKO BOCCTAaHOBUTEIIH;
B) KaK OKHCJIMTEIH, TaK U BOCCTAHOBUTEIIH.
2. YKaXKHTE, KaKOW MOXKET OBITh CTEIICHb OKHCJICHUS BOJOPOJIA B THIAPHUIC
KaJbITUS:
a)—1; 0) +1; B) —2; r) +2.
3. Vkaxure, Kakoi [BET UMEET METHJIOPAHK B PaCTBOpaXx IICIOUYEH:
a) KpacHbIN; 0) cuHui; B) MKEJTHII; r) OECIIBETHBIM.
4. YKaxuTe, KaKhe CXEMbI peaKIuil WIYT IIPH ONPEACIICHHBIX YCIOBUSX:
a) NaOH + CO; —; 6) NaOH + NO —;
B) KOH + P,05 —; r) KOH + Ca0O —.
136



+
5. YkaxuTe, KaKkyro JIEKTPOHHYIO KOHUrypaiuto umeer non Na':

a) 1s°2s%2p°3s™; 6) 1s%2s°2p®;
B) 15°25%2p°®3s%; r) 15%25%2p°3s°.

6. Ykaxure, B BUJE KOTOPBIX COSAMHEHNN KaIbITUN HAXOAUTCS B PUPOJIE:
a)CaO;  6)Ca(OH),; B) CaCOs; r) CaS04-2H,0.

7. YKaxuTe, KaKyl0 XUMUYECKYI0 OpMyITy UMEET TalieHasi U3BeCTh:
a)CaO;  6) Ca(OH),; B) CaCO3MgCOs; r) CaSO4-2H,0.

8. Ykaxure, Kakylo XUMUYECKYIO (hOPMYITy UMEET JI0JIOMUT:
a) CaCO;; 06) MgCO;;  B) CaCO5-MgCOs3; r) CaSO,.

9. yKa)KI/ITC, KaKHueC BCHICCTBA MOKHO HCIIOJIB30BaTh AJIA YCTPAHCHUA BpPC-
MEHHOU KECTKOCTH BOJbI:
a) NaOH; 6) NaCl; B) Na,COs; r) Ca(OH),.
10 YKa)KI/ITG, KaKOC BCIICCTBO MOJKHO HCIIOJIb30BaTh HJIA YCTPAHCHUA I10-

CTOSHHOU KECTKOCTH BOJbI:
a) NaCl; 6) HCI: B) Na,COs: r) NaOH.

8.6. AVIIOMHUHUI U ET'O COEJIUHEHMUSI

AJIIOMMHHUI HAaXOJIWUTCS B TJIABHOM MOATPYIINE TPETHEH TPYIIIBI IEPUOIU-
yeckoi cuctembl 3iemeHToB JI. M. MenaeneeBa. DneKTpoHHass KOHPUTyparus
aToma amomuamst 15°25°2p°3s?3p’. D10 p-anemeHT. B CBOMX COCIUHEHHSIX Allio-
MUHHI BCETrJ]a UMEET CTeTIEHb OKUCIICHUS +3.

B c¢B0OOHOM COCTOSIHMM aJIlOMUHMS B pupoje HeT. OCHOBHAsi Macca ero
COJICP)KUTCSI B aIOMOCHJIMKATaX. AJIOMOCWIMKATBL — 3TO COJIM, KOTOpPHIC
COCTOSIT U3 OKCUJIOB aJIOMUHHUS, KPEMHHUS, IEJIOUYHBIX U HIEJIOYHO-3EMEIbHBIX
metauioB. K amomocuiukaram oTHocsites kKopyHn — Al,Os, OOKCHUTBI —
AlLO3:NnH,O, mnoneBeie  mmarel —  K,O0-Al,05-6Si0,, ramHBL —
A|20328|022H20, He(l)CHI/IHBI -~ (Na,K)gOA|2032SIOg

B NpOMBINIICHHOCTH alIOMHHHAN MMOJy4daroT myteM anekrponusa Al,Os
B paciutaBe kpuosura — NazAlFe.

AOMUHUM — cepeOprcTo-0enblii MeTalll, JISTKHM, TBEPHBIH, IIacTHY-
Hbll. OH XOpOIIO MPOBOAMUT TEIUIOTY U AJICKTPUUYECKUN TOK, JIETKO 00pa3yer
cruaBbl, pu 600 °C cTaHOBUTCSI XPYIKUM.

AJIFOMUHUA — CUJIbHBII BOCCTAHOBUTENb U JIETKO COEAUHSETCS C KUCIO-
pOAOM TIpu OOBIYHOMN TemIiepaType. [I0BepXHOCTh €ro MOKphIBACTCS TOHKOM, HO
OYeHb MPOYHOH MIeHKOM okcuaa amomunus AlyOs:

4Al + 302 = 2A|203

DTa TJIeHKa 3alluIiaeT aJlOMUHUNA OT JCMCTBUS BJIard U KHUCJIOPOJa BO3-
nyxa. Eciu OKCHAHYIO TUICHKY pa3pylIuTh, AIIOMUHUN MEIJICHHO pearupyer
C BOJIOM MPU OOBIYHBIX YCIOBUSX:

2Al + 6H,0 = 2AI(OH)3{ + 3H,T.
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C rajnoreHaMu aJlOMUHUN pearupyer Mpu OOBIYHBIX YCIOBHSX, C CEPO,
a30TOM U yTJIEPOAOM — IIPU BBICOKOW TEMIIEPATYPE:

2Al + 3CI = 2AICl3; 2Al + N, = 2AIN;

2Al + 3S = Al,S;; 4Al + 3C = Al,Cs.

AJIOMUHMI B3aMMOJIEUCTBYET C OKCHJIaMU OOJBIIMHCTBA METAIOB, IO-
3TOMY €ro MPUMEHSIOT JIJISl OJYYEHHSI METAJIJIOB U3 UX OKCHUJIOB:

8Al + 3Fe;04 = 4Al,05 + 9Fe + 3300 x/1x.

MeToa BOCCTaHOBJIEHUSI METAJUIOB U3 UX OKCHUJIOB ATFOMUHUEM Ha3bIBAETCS
ATIOMUHOTEPMHUEN.

AJIOMUHUNA JIETKO PACTBOPSAETCS B XJIOPOBOJAOPOIHOM M pa30aBICHHOU
CEpHOM KHCIIOTaX, 0COOEHHO MPU HarpeBaHUU:

2Al + 6HCI = 2AICI; + 3H,T;
2Al + 3H,S0, = Al,(SO,); + 3H,T.

C KOHUEHTPUPOBAHHBIMH A30THOM M CEPHOM KHCIOTAMU AJTOMUHUN IpU
OOBIUHOM TemImepaType He pearupyer, Tak Kak IHacCHUBHPYETCS UMH. DTHU KOH-
LIEHTPUPOBAHHBIE KUCIIOTHI XPAHAT B AIFOMUHUEBBIX COCY1AX.

AntomMuHUl — amM@poTepHbId MeTalll, IOCKOJIBKY OH pearupyeT ¢ pacTBO-
paMu 1IeI04YeH:

2Al + 2NaOH +6H,0 = 2Na[Al(OH),] + 3H,T.

[IprMEHSIOT AIFOMUHAN U €r0 CIUIABBI B PAKETHOM TEXHUKE, aBUALUH, CY-
JOCTPOEHUU U MPHUOOPOCTPOCHHUH, a TAKXKE JJISI U3TOTOBIICHUS AJIEKTPUUYECKUX
MPOBOJIOB ¥ KYXOHHOM MOCYBI.

Oxcua amomunnsa — Al,O; (rmmHO3eM) — BelIecTBO 0€Ioro IBeETa,
TBepaoe, masutcs npu 2050 °C. B npupoze BcTpeuaercs: B BUJe MUHEpaia Ko-
pyHaa. B maGoparopuu ero mosy4aroT MyTeM CKUTAHMS aTFOMUHHS B KHUCIOPO-
7€ WIN Pa3JI0KEHUs TUAPOKCUIA aTFOMUHMSL:

2AI(OH); == Al,0; + 3H,0.

ITo xumu4eckum cBoicTBaM — 3TO aMdoTepHbIit okcua. OH pearupyer co

HIEJIOYaMH U C KHCIIOTaMHU:
Al,O3z + 2NaOH = NaAIlO, + H,0;
METATFOMUHAT HATPHSI
A|203 + 6HCI = 2A|C|3 + 3H20

B npucyTcTBUM BOMBI PeaKIMs OKCHIA ATIOMHUHUSA ¢ THAPOKCHIOM HATpPHS

UET Mo-ApyroMy: oopasyercs TerparuapokcoantomutaT Hatpus Na[AI(OH)4]:
Al,O3 + 2NaOH + 3H,0 = 2Na[Al(OH),].

Iuapoxcunn amomunns — Al(OH); — Gernoe, TBepioe BEIIECTBO; B BOJIE
IIPaKTUYECKU HEe pacTBopseTcs. llomydaror ero aercTeBueM Ienoyer Ha pacTBO-
PBI COJIEN ATFOMUHUAL:

AICI; + 3NaOH = AI(OH); + 3NaCl.
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['unpoxcuy antoMuHug UMeeT aM(OTEpHbIE CBOMCTBA M pearupyer ¢ Kuc-
JIOTaMH U IIEI0YaMHU:

H~ WDN -

1.

2AI(OH); + 3H,S0, = Aly(SO,)s + 6H,0;
Al(OH); + NaOH Llpacuias)  NaA|O, + 2H,0;
AI(OH); + NaOH 23CTBP _ Na[AI(OH)4].

Bonpocel u 3apanus

. Ha3oBuTe nprupoHbIE COEIMHEHNS AIFOMUHUS.

. Kak nmosy4aroT alfoMuHUN B IPOMBILLIIIEHHOCTH?
. HazoBure gusnueckre cBOMCTBA altOMUHUA.

. 3AKOHUYNTE YPAaBHEHUS PEAKLIMIM:

Al + Br, —; Al + N, >
Al +S —; Al + C —.

. Hanmmmmre nonHwie YPAaBHCHHA MCIKAY:

a) OKCUJIOM aJTIOMUHUS U CEPHOM KHUCIIOTOM;

0) OKCUJIOM aJIFOMUHUS U TUAPOKCUAOM KaJusi;

B) TUJPOKCUIOM ATFOMUHUS U A30THOW KUCJIOTOM;
I') TUIPOKCUJIOM aJTFOMUHUS U THIPOKCHIOM KaJIHSI.

. Hanmnivre ypaBHeHUs peakUuil AJisl IPEBPALLCHUN:

6) A|203 —> AI2(SO4)3 —> AI(OH)3 —> AI(NOg)g —> A|203,
B) AI(OH)3 —> A|203 —> Al(NOg)g - AI2(SO4)3 - A|C|3 —> Na[AI(OH)4]
3agaun

Cmech Menu 1 antoMuHusa Maccoil 20 T o0paboTanu CONSTHOM KUCTOTOM.

Breinenunocs 13,44 1 raza. Onpenenure cocTaB CMECH B MacCOBBIX 10JI51X (B %).

2.

K 10 r cmecu xene3a U aJIOMUHHS TPUIUIN HM30BITOK THAPOKCHAA

Hatpus. Beinenmmiiock 6,72 11 raza. Onpenenure cocTaB CMECH B MAacCOBBIX J10-
nsx (B %).

1.

TecTOBBIM CAMOKOHTPOJIb (25) 110 Teme
«AJIIOMHUHHH U €ro coeJHHEHU D

VYkaxure, C KAKUMU BEIIECTBAMU PEATHUPYET AITFOMUHUN:
a) CoJIsIHasi KUCIIOTa; 0) rajoreHsr;
B) OKCHJ| KaJIbIUs; T) a30T.

. YKaXKUTE, KaKue METAJIJIbl 00J1e€ aKTUBHBI, YEM aJTFOMHUHUMN:

a) HATPHil; 0) Menb; B) KaJIbIUH; T) JKeJe30.

3+,
. YKakuTe, KaKoBa JIEKTpOHHAas KoH(purypaius noHa Al™":

a) 1s°2s%2p°®3s%3p’; 6) 1s%2s°2p®;
B) 15°25°2p°®3s'3p?; r) 15?2572p°3s%3p°.
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4, YKaXuTe, KaKoe U3 MPUPOJIHBIX COCAMHEHUN aTIOMUHUS SBISETCS OOK-
CHTOM:
a) A|203, 6) A|20328|022H20,
B) Aleg'ano; F) K;,O - A|203 —> 65|02
5. YkaxuTe, B KaKUX pacTBOPaxX BEIIECTB PACTBOPSAETCS OKCHUJ ATFOMUHUS:
a) TUJIPOKCH]T HATPUSI,; 0) comsiHast KUCTOTa;
B) KOHIICHTPUPOBaHHAsI CEpHAs KUCIIOTA,; T') XJIOpHJT HATPUSI.
6. YkaxxuTe, Kakue ypaBHEHHS PEaKIMil JOKa3bIBalOT Hajluuue aMdoTep-
HBIX CBOMCTB OKCH/JIa aJTIOMHHUS
a) A|203 + H,0 —; 6) A|203 + KOH —;
B) A|203 + HCI - F) Na,O + A|203 —>.
7. YKaXHTe, KaKue Peakiiuy He UAYT MPH OOBIYHBIX YCIOBHIX:
a) Al + H,SO4paz6 —; 0) Al,O; + H,0 —;
B) Al + HCI —; r) Al + HNOgzkomII. —.
8. YkaxuTe, Kakhe BEIIECTBA PEarupyrT C THUIPOKCHUAOM ATFOMUHHUS
Al(OH)s:

a) NaOH; 6) H,SOy; B) H,0; r) Ny.
9. VkaxuTe, paCTBOPHI KAKUX BEIECTB HENb3sl KUTISTUTh B AIFOMHUHHEBOU
Hocyze:
a) COJISTHOM KUCIIOTHI; 0) kapOoHaTa HaTpus;
B) TUIPOKCUJIA KaJIus; I') XJIOpUAA HATPUS.
10. Ykaxxute, pacTBOPBI KaKUX COJIEH UMEIOT ILIEJIOYHYIO PEaKLUIO CPEIbL:
a) AICl;; 0) KAIO,; B) NaAIO,; 1) AI(NOs)s.

8.7. ’)KEJIE30 U EI'O COEJIUHEHMUSI

Kesie30 HaxouTCA B MOOOYHOM MOATPYIIIE BOCEMOM TPYIIIBI IEPUOIAY €-
ckoit cuctembl snemeHToB JI. M. MenneneeBa. DnekTpoHHass KOH(MUTypalus
aToma xenesa 15°25°2p°3s%3p°3d°4s®. Do d-smement. B CBOMX COCIMHEHHSX
JKEJIE30 Yallle BCEro MMeeT cTeneHu okucienus +2 u +3. Xeme3o BXoguT B co-
CTaB reMOrJI00MHA U Pa3IuYHbIX (DEPMEHTOB.

B cBOOOIHOM COCTOSIHMM OHO BCTPEYAETCs TOJBKO B MeTeopurtax. Hambo-
Jiee BOXHBIMH COCIMHCHUSMHU >KeJie3a B MPUPOJIC SBISIIOTCS OyphIM JKEJIE3HIK
(mumonut) — F€,03-NH,0, kpacHbiit xenes3nsk (rematutr) — Fe,03, maraur-
HbIH kene3Hsk (Marnetut) — Fes04(FeO-Fe,03), sxene3nblit komuenan (MUPUT)
— FeS..

B NpOMBITIIIEHHOCTH JK€JIe30 MOJy4YarT MyTeM BOCCTAHOBJICHHS €0 M3
KEJIE3HBIX Py C MOMOIIBIO yriiepoja (kokca) u okcuzaa yriepoaa (1) B jomen-
HbIX neyax. IIpu 3ToM B HOMEHHOUW NEYM MPOTEKAIOT CIEAYIOIIUE OCHOBHBIC
XUMUYECKUE PEAKIIHH:

C+ Oz = COz,
CO, + C=2C0;

140



3Fe,0; + CO 450500 °C 2Fe;04 + COy;
Fe;O, + CO =8%0°C_ 3Fe0 + COy;

FeO + CO L0°C_ Fe + CO,.

Yucrtoe xene3o — cepedpucTo-cepblii MeTall, 00naaaromuidi OOIbIION
KOBKOCTBIO, IJIACTHYHOCTHIO, CHIIbHBIMA MarHUTHBIMH CBOMCTBaMHU. [ITOTHOCTH
Kernesa — 7,87 r/em®, Temmeparypa miaBnenns — 1539 °C.

B XuMHUECKUX peakIusixX Kee30 SBISETCs BoccTaHOBHTEIEeM. [Ipu 0ObI4-
HOW TeMIlepaType OHO HE B3aWMOJCHUCTBYET JaXXe C CaMbIMU CHIIBHBIMU OKHC-
JUTENSAMU (TalloTeHaMH, KHCIIOPOJIOM, CEPOii), HO TIpU HArpEBaHUU pearupyer:

2Fe + 3Cl, =t~ 2FeCl5; 3Fe + 20, =t~ Fe,0,(FeO-Fe,0,);

0
Fe + S =L— FeS.
[Ipu GoJiee BBICOKMX TeMIlepaTypax >KeJie30 B3aUMOJICUCTBYET C Yyriepo-
oM, KpeMHHeM, dochopom:

3Fe + C =L~ Fe,C: 3Fe + Si =L FesSi:

3Fe + 2P == FesP,.
Bo Bna)xHOM BO3AyXe€ 3Kee30 ObICTPO OKHUCIISAETCS:
4Fe + 30, + 6H,0 = 4F€(OH)3
PackaneHHoOe kene30 B3anMOJEHCTBYET C ITAPAMHU BOJBL:
3Fe + 4H,0 = Fe;0, + 4H,T.
’Kene3o BcTymaeT B peakiuio ¢ pa30aBICHHBIMUA CEPHOM U COJITHOM KUCIIO-
TaMHU:
Fe + 2HCI = FeCl, + H,T;
Fe + H,SO, = FeSO, + H,T.
JKene3o B3aMMOIEHUCTBYET C KOHLEHTPUPOBAHHBIMM a30THOW M CEPHOU
KHCJIOTaMU TOJILKO TIPU HArpeBaHUU:

2Fe + 6H,S0O, t:o FEZ(SO4)3 + 3802T + 6H,0;
Fe + 4HNO; =L~ Fe(NO,); + NO™T + 2H,0.

JKee30 BbITECHSIET MEHEE aKTUBHBIC METAJIBI U3 UX COJICH:
Fe + CuSO, = FeSO, + Cu.
JKene3o B BUIE CIUIABOB — YYIr'yHa U CTajd — IIUPOKO HCIOJIb3YETCA
B IPOMBILIJICHHOCTH.

Oxcupa keme3a (I1) — FeO — wuyepHoe KpHCTaNIMYECKOE BEIICCTBO;
HE pacTBopsieTcs B Boje. [lomydaroT ero myTeM BOCCTAaHOBIICHUSI OKCH/IA JKee3a
(11, 1) oxcumom yraepona (11):

Fe;0, + CO = 3FeO + CO..
Oxcup xene3a (1) — ocHOBHOM OKCHIT; OH pearupyer ¢ KUCIOTaMU:
FeO + 2HCI = FeCl, + H,0.
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I'uapoxcun xene3a (I11) Fe(OH), — Oenoe BelecTBo; HE pacTBOpPSETCS
B Bojie. OOpasyercs npu B3aMMOJIEHCTBUM pacTBOPOB coJeit xenesza (1) co mie-
noyamu 6e3 TocTymna Bo3ayxa:
FeSO, + 2NaOH = Fe(OH), 4 + Na,SO.,.
Jlerko pearupyer ¢ KUCIOTAMU:
Fe(OH)2 + H,S0O, = FeSO, + 2H,0.
[Tpu HarpeBaHuM pas3iaraeTcs:

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

CoenuHenus, 00MagaronIe CTENEHbI0 OKUCIICHUS JKene3a +2, UMEIOT BOC-

CTaHOBHTEJIBHBIC CBOICTBA, Tak Kak Fe'? merko okmcmsercs no Fe*:
Fe” —&=Fe®.
[TosTomy Ha Bo3ayxe Fe(OH), OpicTpo okucsercs:
4F9(OH)2 + 02 + 2H20 = 4Fe(OH)3

Oxcupn xene3a (I11) Fe,O; — TBepaoe BemecTBO KpacHO-OYporo IBeTa.
Ero monyuarot myrem nmbo pasznoxkeHus rugpokcuia xenesa (111) — Fe(OH)s,
60 okucneHust nuputa — FeS;:

2F€(OH)3 t:o Fe,O3 + 3H,0; 4FeS, + 110, = 2Fe,03 + 8S0.,.
Oxkcup xkenesa (111) umeer am@orepHbie CBOMCTBA: pearupyeT ¢ KUCI0TaMu
¥ OCHOBaHUSIMU:

Fe,O5 + 6HCI = 2F€C|3 + 3H,0;

Fe,0; + 2NaOH —>2NaFe0, + H0.
Iuapoxcnn xeneza — (I11) Fe(OH); nmonyyaror u3 comeit xemneza (I11)
IIPY B3aMMOJICHCTBUU UX CO IIEIOYaMU:
FeCl; + 3NaOH = Fe(OH); + 3NacCl.
I'mppoxeun xenesa (lll) sBugercs Oonee cnaObIM OCHOBaHUEM, YEM
Fe(OH), u mposiBnsieT am(poTepHbIE CBOHCTBA:
Fe(OH)g + 3HCI = FECIg + 3H,0;
Fe(OH); + NaOH = NaFeO, + 2H,0.
Coenunenns, o0yiafarolIe CTEIEHBbI0 OKHCIICHHMS JKejie3a +3, HMMEIoT
OKHCITHTEIIBHBIC CBOMCTBA, TaK Kak Fe' nerko BoccraHapmmBaercs g0 Fe':
Fe™ +&=Fe™
Hampumep, xmopup xeneza (lll) oxucnser oaun kamust 10 CBOOOTHOTO
nona:
2F€C|3 + 2Kl = 2FeC|2 + 2KCI + .

Bonpocs! 1 ynpaxkxHeHust

1. HazoBuTE OCHOBHBIC MPUPOAHBIC COCTUHEHUS Kee3a.
2. Kakue peakiuu Jie:)KaT B OCHOBE MOJIy4SHUS JKejie3a B JOMEHHOM meun?
3. KakoBbl (pu3nueckue cBoiicTBa xenesa?
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4. 3aKOHYUTE YPABHEHUSI pPEaKIIUii:
Fe + C —; Fe + Cl, —; Fe +P —;
Fe+S —; Fe + Si —; Fe + AgNO; —.
5. Hanmmure ypaBHEHUs peakiui B3aUMOJICHCTBUSA Kelie3a ¢ pa30aBiieH-
HBIMU U KOHLIEHTPUPOBAHHBIMU CEPHOM U a30THOM KUCJIOTAMM.
6. Hanumure ypaBHEHUsT peakivil, XapaKTepHBIX NIl OKCUJIOB U TUIPOK-
CUJOB ABYXBAJIEHTOTO U TPEXBAJIEHTHOIO KeEJE3a.
7. KakumM# OKHMCIUTENbHO-BOCCTAHOBUTEIBHBIMU CBOMCTBAMH 00J1a/1at0T
coequnenus Fe(ll) u Fe(l11)?
8. B cocTaBe kakux COCIMHEHMI HAXOIUTCS JKEIe30 B OpraHu3Me YesI0BeKa
Y KUBOTHBIX?
9. Hanummre ypaBHEHUs peaKIUil IjIsl MpeBpamleHU:
a) Fe —> Fe(OH), —» Fe(OH)Cl — FeCl, - FeCls;
0) Fe »> Fe(OH); —» Fe(OH),Cl — Fe(OH)CI, —» FeCl; — FeCly;
B) Fe = Fe,O; — Fe(OH;3) — Fe,03 — Fe;
r) Fe —» Fes04, — FeO —» Fe — FeCl; — FeCl,.

3agaun

1. Cxonpko rpamMMoB cyiibdarta xenesa (1) MoxHO MoayduTsh nmpu pacTBO-
penuu 70 T xkene3a B pa30aBICHHONW CEPHOM KUCIOTE?

2. CKOJBKO JIUTPOB XJI0pa (H.y.) B3aMMOIeHCTBYET C 2,8 T xene3a’?

3. Ilpu neicTBUM CONSTHOM KHMCJOTHI Ha 12 T cMecH jKelie3a U MEJIU BbIJIe-
auiock 1,6 1 Bogopoaa. Berauciuts MmaccoByro oo (B %) jxkene3a B CMECH.

TecTOBBIH CAMOKOHTPOJIb (26) 110 TeMe
«7KeJj1e30 1 ero coeTUHEHUS»

1. YkaxuTe JIeKTPOHHYI0 KOH(PHUTypaIluio aToMa KeJesa:
a) 15°25°2p°3s°3p°4s°3d>; 6) 1s°25°2p°3s°3p®4s°3p°;
B) 15°25°2p°3s°3p®4s°3d°®; r) 15°25°2p®3s°3p°45°30°.
2. YKaXuTe, KaKoe U3 IPHUPOJTHBIX COCTMHECHUN JKeJie3a SBISICTCS MarHeTH-
TOM:
a) Fe,O3;  0) FeSy; B) Fe30y; r) Fe,03-nH,0.
3. YkaxwuTe, ¢ KaKUMHU BEIIIECTBAMH PEarupyeT jKeJe30:
a) Oy; 0) H,SO,pas6.; B) COy; r) HClpas3o.
4. YxaxwuTe, ¢ KAKMMH BEIIeCTBaMH pearupyet okcu xenesa (11):
a) H,0; 0)S0;; B) HySOy; r) NaOH.
5. VkaxunTe, Kakue BelecTBa oOpasyroTcs npu B3aumoneicteun Fe(OH);
¢ HNOa:

a) Hzo, 6) FG(NOg)Q, B) Fe(NO3)3, I‘) Fezog.
6. Ykaxkute, KaKkue MeTauIbl 00JIee aKTUBHBIC, YEM JKEJIC30:
a) Cu; 0) Zn; B) K; r) Ag.
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7. VKaxuTe, pacTBOPHI KAKHX COJIEH HMEIOT KHCITYIO PEAKLHUIO CPEIbL:
a) FesOy,; 6) Feg(SO4)3; B) NaFeO,; F) FEC|3.

8. YkaxuTe, npu KakuX yCIOBUSAX paBHOBecue cuctemsl Fe;04 + 4CO =
3Fe + 4CO, — 43,7 xJI)x cmeniaeTcst BIPaBo:
a) TMOBBIIIICHUE TEMIIEPATYPHIL;
0) MOHMKEHHUE TEMIIEPATyPBhI;
B) YBEJIMUCHUE JTABIICHUS;
r) yBenndenue koHmeHTpauuu CO.
9. VkaxuTe, Kakue BelecTBa o0pa3yroTcs npu pactBopennn FesO4 B a301-
HOM KHUCJIOTE:
a) Fe(NOs)3; 0) Fe(NOs),; B) H,0; r) NO,.
10. VkaxuTe, Kakue peakiiy OCYIIeCTBUMBI:
a) Fe(OH), + KCI —; 0) Fe(OH); + HCI —;
B) Fe,O3 + H,O —; F) FeSO, + B&(NOg)z —.
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