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YACTH |. OCHOBBI OBIIIEV XUMUU

I''TABA 1. OCHOBHBIE IOHATHUA U 3AKOHbBI XUMHUH

1.1. CBOMCTBA 1M IPEBPAIIIEHM S BELIECTB

Bokpyr Hac HaxoasTcs pa3sHooOpas3Hble Tena. B xumuudeckoit naboparo-
pUU — 3TO, K IPUMEPY, XUMHUUECKUIN CTakaH, Koj0a, MpoOupKa, MUMeTKa, 010-
peTka, BopoHka (puc. 1). Onu cocrosT u3 crekia. CTekino — 3T0 BelecTBo. Bee
TeJa B MPUPOJIE COCTOAT U3 BemiecTB. Cepa, Mel, a30T, KENe30 ... — BCE 3TO
BemecTBa. Kaxxnoe BemecTBo uMeeT PU3NYeCKue U XUMUYECKUE CBOMCTBA.
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Puc. 1. Xumuueckas nocyna:
1 — xoHudveckast kojba; 2 — KPYIJIoJOHHAs K0Ji0a; 3 — BOPOHKA; 4 — XUMHYECKHIA CTaKaH;
5 — npoOupka; 6 — OropeTka; 7 — MUIeTKa

du3znyeckue CBOMCTBA BelleCTBA — HTO arperaTHOE COCTOsIHHUE (TBeEp-
70€, JKHUIKOe, Ta3000pa3Hoe), TUIOTHOCTH, IIBET, BKYC, PACTBOPHUMOCTb, TEMITepa-
Typa KUIIEHUs, TEMIIEpaTypa MIaBJICHUS U JP.

XuMHUYecKue CBOMCTBA BellecTBA — 3TO CIIOCOOHOCTH OJTHOTO BEIIECTBA
npeBpaiatbest B Apyrue BemectBa. CBONWCTBA BEIIECTB, UX TOJYyYCHHE U TIpe-
BpAICHUS U3Y4aeT XUMUSI.

JIroboe m3MeHEeHue B MPUPOJIe — OTO sBJIeHUE. Paznuyaror duzmdeckue
U XUMUYECKHUE SBIICHUS.

[Ipu puznueckux ABJIEHUAX U3MEHSIOTCA (PU3MUECKOE COCTOSTHUE Bellle-
CTBa, ero 00beM, (hopMma, MoJoKeHUEe Tella, OJHAKO HOBBIE BEIIECTBa HE 00pa-
sytorcs. [lmaBnenne npna — Gu3ndeckoe ABJICHUE — OH MPEBPAIIaeTCs B KUI-
KOCTh: U3MeHseTCsl (PU3UYECKOe COCTOsIHUE BO/Ibl. Pa3zbuiack konba. 910 — ¢u-
3UYECKOE SIBJICHUE: U3MEHAETCS ee (popma, a BEIIECTBO (CTEKIJIO) HE U3MEHSETCHL.

[Ipy XHUMHUYeCKHX SIBJEHUSIX OJHU BEIICCTBA NMPEBPAIAOTCS B APYTHE
BCII[ECTBA C HOBBIMH CBOWMCTBAMH. XUMUYCCKHUE SBJICHUS — 3TO XHMHYECKHE
peakiuu. BemecTBa, BCTynaronme B XUMHYECKYIO PEAKIINIO, HA3bIBAIOTCS pea-
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eenmamu. HoBbIe BelecTBa, KOTOpble 00pa3yroTCs B pe3yJbTaTe XUMHYECKON
peakiuu, Ha3bIBAOTCS npodykmamu peaxyuu. Harmpumep, pu HarpeBaHUU OK-
cuga pTyTu (peareHTta) oOpa3yrTCs PTYTh U KUCIOPOA (MPOIYKTHI PEAKIIHH).
[Tpu TopeHUM MarHusi B KUCIOPOJIE BBIJACIACTCS TEIJIOTa W 00pa3yeTcsi OKCHIT
maraus. [Ipu ropenun cepsl B KUCiopozae oopasyercs okcun cepsol (IV) — ra3
C HEMPUATHBIM 3amaxoM. [Ipu pacTBOpeHHHM Mella B KHCJIOTE BBIACISIETCS Tas.
XUMUYECKUE PEaKIUU H300paXaroT 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 PCAKIMAX UBMCHACTCA IBCT M BbIITAAACT OCA0K:

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

XKENThIA OECUBETHBIM  KpPaCHBII

AgNOs + KCI = KNOs3 + AgCIN
0Caao0K
BBII[GJIGHI/IG WK IIOIJIOIICEHHUEC TCIUIOTHI, IIOABJIICHUEC 3allaXxa, BBIACIICHUEC I'a3a,
HN3MCHCHUC LIBCTA, BBIIIAJICHUC OCaIKa — 3TO IIPHU3HAKH XUMHUUYCCKHUX peaKHHﬁ.
Cnoxusie IMPpOLCCChbl B OPTraHU3MC YCJIOBCKA — 3TO PA3JIMYHBIC XHMHUYC-
CKHEC IpeBpallcHU.

Bomnpocsi

. Kakue tena Bel 3Haete?
. I3 wero cocrosr tena?
. Kakue BemecrBa Bol 3HaeTe?
. I3 gero coctoaT k0j10a, 10>KKa, BUJIKA, CTaKaH?
. Kakue cBoiicTBa Bemects Bl 3Haere?
. Kakue ¢usudeckne cBoiicTBa UMEIOT: a) BoJia; 0) caxap; B) COJIb?
. UTo Takoe XMMUYECKHE CBOICTBA BElleCcTBa?
. Uto takoe siBnienne? Kakue sinenus: Bol 3HaeTe?
. Kakue 310 sBicHus (pu3nyueckue nim XMMUYECKHUe): a) TOPEHUE MaTrHUS;
0) TuIaBJIeHHE JIbJIa; B) TIPEBPAIIICHUE BOJBI B TIAp; T') KUTIEHWE BOJIBI; 1) PACTBO-
pEeHue Mea B KUCIIOTE.
10. YUto uzmensieTcs npu GU3NUECKUX SIBICHUSIX ?
11. Yro u3meHsieTcs Mpu XUMUYECKHUX SBJICHUSX ?
12.Yto Takoe peareHt?
13. UTo Takoe MpoIyKThl peaKkiuu?
14. Kakue npu3HaKu XUMHUYECKUX peakiuii Bel 3HaeTe?
15. YTo uzyyaet xumus?
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1.2. ATOMHO-MOJIEKYJISIPHOE YUEHUE.
ITPOCTBIE U CJIOKHBIE BEILIECTBA

ATOMHO-MOJIEKYJISIPHOE YUYE€HHE OOBSCHSET COCTaB M CTPOEHHUE BEIIECTB.
OCHOBHBIE MOJI0KEHUSI ATOMHO-MOJIEKYJISIPHOTO YUCHUS:

1. BemmecTBa cOCTOAT M3 MOJIeKYJd. MoJiekyjia — 3TO HauMEHbIIas 4a-
CTHIIA BEUIECTBA, KOTOpas COXPAHSAET €ro XMMUYECKHE CBOMCTBA. MOJIEKYIIBI
UMEIOT Maccy, pa3Mepbl, XUMHUUYECKUE CBOIICTBA. MoJieKybl OJTHOIO BEIlECTBA
oJMHaKoOBbIe. MOJIEKYJIbI pa3HbIX BEIIECTB UMEIOT Pa3HbIil COCTaB, Pa3HYyIO Mac-
Cy, Pa3HbI pa3Mep, pa3Hble XUMUYECKHE CBOMCTBA. Hampumep, BCe MOJIEKYIIbI
BOJIbI OJIMHAKOBBIE, @ MOJICKYJIbI BOJIBI M XJIOpa pa3HEIE.

2. MoJieKkyJibl COCTOSIT U3 aTOMOB. [Ipy XUMHUECKUX pEaKIHsIX MOJCKY-
JIbl U3MEHSIOTCS. ATOMBI HE U3MEHSIIOTCS MPH XUMUYECKHX peakuusax. U3 aTo-
MOB 00pa3yroTCsi HOBbIe MOJIEKYJbl. OAMH BHUJI aTOMOB HAa3bIBACTCS XUMUYeE-
CKHM 3JIEMEHTOM.

3. U3 aToMOB XMMHYECKHUX IJIEMEHTOB COCTOSIT MPOCTbIE M CJIOKHBIE
BewlecTBa. /lpocmoie geujecmea — 3TO BEUIECTBA, KOTOPBIE COCTOAT U3 ATOMOB
oHOro 3neMeHTa. CnoodicHbie geuyecnea — 3TO BEIIECTBA, KOTOPBIE COCTOAT U3
aTOMOB pa3HbIX AeMeHToB. Cepa, BOJIOPOI, KUCIOpO, 030H, pochop, pTyTh —
ATO MPOCThIE BemiecTBa. Bojga u Men — cioxkHbie BemecTBa. [IpocThie U crnox-
HbIE BEIIECTBA COCTOAT U3 dJeMeHTOB. Hampumep, kuciopog — 3To ras, Majo-
pactBopuMbiii B Bosie. Ero dgopmyna O,. Oto mpocroe BemiectBo. Kucmopon
BXOJUT B COCTaB BOJIbI U B JAHHOM CJTyJae SIBJISICTCS DJIEMEHTOM.

OpnuH 3JEeMEHT MOXKET 00pa30oBaTh HECKOJBKO MPOCTHIX BEHIECTB. DTO SIB-
JIeHUE Ha3bIBaeTCs artomponueu. Hampumep, aneMeHT KUciaopo o0pa3yeT /iBa
MPOCTHIX BemecTBa — KUCIopoa (O2) u 030H (O3), 25IeMeHT yriiepoj obpasyer
MPOCTHIE BEllecTBa — Trpadur, anmmas, KapOuH.

4. MoJieKkyJibl M1 aTOMbI HAXOASATCH B MOCTOSIHHOM JIBUKEHUM. XMUYE-
CKH€ PEaKIui — 3TO XUMHUUYecKasi opma JIBUKEHUSI aTOMOB U MOJICKYJI.

5. B xumMu4ecKMX peakiusaix MOJIEKYJbl OJTHUX BeleCTB MpeBPalIaloT-
csl B MOJICKYJIbI IPYTUX BelleCTB.

Bonpocsi

1. U3 gyero cocTosT BeliecTBa?

2. Uto Takoe Mosekysa?

3. U3 dyero cocTosT MoJIeKyIbl?

4. Y10 HA3BIBACTCS XUMUUYECKUM DJIEMEHTOM?

5. Kakue BeliecTBa Ha3bIBaIOTCS MPOCTHIMU?

6. Kakue BelecTBa Ha3pIBatoTCs CIOXKHBIMU? [IpuBeanTe mpuUMeEpHI.

7. Kakoe siBjieHHE Ha3bIBACTCS aJlJIOTPONHUEH?

8. B xakux mpumepax TOBOPUTCS O XMMUYECKOM DIJIEMEHTE, a B KaKUX —
O MPOCTOM BEIIIECTBE: a) SJIEKTPOJ COCTOUT U3 ITUHKA; 0) KEJIe30 — ATO METaIL,
KOTOPBIN MPUTATUBAETCS MarHuTOM; B) okcup skene3a (II) cocrout u3 xenesa
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U KUCJIOPO/Ia; T) BO3yX COCTOUT U3 a30Ta, KUCIOPOIa U JPYruX ra3oB; 1) Boja
COCTOMUT U3 KHCIIOpOJa U BOopoia?

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

10. YTto nmpoucXoauT B pe3yabTaTe XUMUUYECKUX PEaKITHil?

1.3. XUMWYECKUE CUMBOJIbI U ®OPMY.JIbI

Kaxnpii XUMUYECKUI JIEMEHT MMEET Ha3BaHUE U XUMHUYECKHU CHMBOJI
(3HaK). XUMHUYECKUI CUMBOJI — 3TO OJIHA WJIU JABE OYKBBI JIATUHCKOTO HA3BAHMUS
anemenTa. Hanpumep, C (1l€) — XUMUYECKUN CHUMBOJI YIVIEPOAA, JATHHCKOE
HazBanue yriepoaa Carboneum; Cu (Kynmpym) — XUMHYECKHUA CHUMBOJ MEIH,
JaTUHCKOe Ha3BaHue Meau Cuprum. XuMHUYECKHE CUMBOJIbI, UX MPOU3HOIIICHHE
U PYCCKHE Ha3BaHUSI HEKOTOPBIX 3JIEMEHTOB MPUBEIEHHI 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 Kanpuumit 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 CraHHyM Onoso
Zn Hunx uuk

[Ipy momomM XMMHYECKHMX CHUMBOJOB HUIIYT XUMHYECKHE (HOPMYIIBI.
Xumuueckas GopMmysa — 3TO BbIpaKEHUE KAaYECTBEHHOT'O M KOJIMYECTBEHHOTO
COCTaBa BEILECTBA C MOMOIIBI0 XUMUYECKHX CUMBOJIOB U HHJIEKCOB. MIHaEeKC —
3T0 uuppa B dopmyrne. OHa MOKa3bIBAET YUCIO ATOMOB KaXXIOTIO AJIEMEHTa



B MoJiekyne BemectBa. Hanpumep, B dopmyne N,Os, N 1 O — 3T0 cUMBOJIBI
a30Ta M KUCIopoa, Hudpsl 2 U 5 — UHJIEKCHI.
XUMHUYECKHE CUMBOJIBI 0003HAYAIOT:
1. Ha3Banue snemeHra.
2. OpuH atoM (MOJIb) 3JIEMEHTA.
3. OTHOCHUTENBHYIO aTOMHYIO MAcCy 3JI€MEHTA.
4. KonnuecTBo BemiecTBa (MOJb) — OAUH MOJIb aTOMOB.
5. Monspayio maccey.

Xumuyeckue GopMybl 0003HAYAIOT:

1. Ha3BaHue BenecTna.

2. OgHy MoJeKyiy (MOJIb) BEIIeCTBa.

3. OTHOCUTEBHYIO MOJIEKYJISIPHYIO MacCy BELIECTBA.

4. KauecTBEHHBIN COCTaB BELIECTBA (M3 KaKUX AJIEMEHTOB COCTOMUT Bellle-
CTBO).

5. KonnuecTBeHHBIN cocTaB BeliecTBa (CKOJIBKO aTOMOB Ka)KJIOTO 3JIEMEH-
Ta B MOJIEKYJIE BELIECTBA).

[Mudpa, KkoTOpas CTOUT Nepea XUMUIECKUM CUMBOJIOM WK (HOpMyIIoH, mo-
Ka3bIBAET YMCJIO aTOMOB WJIM MOJEKYJ. DTH HU(Pbl Ha3bIBAIOTCS K02 huyuen-
mamu. Hannpumep, 7H — 310 cemp aToMOB Boopoaa, SHy — 3TO msaTh MONEKyn
BOJIOPOAA.

Bonpocsl ¥ ynpaxHeHust

1. Yto Takoe XUMUYECKUI CUMBOJI?

2. Uto 0603HaYaeT XUMUICCKUN CUMBOJI?

3. Uto Takoe xumuaeckas hopmya?

4. Yro obo3HavyaeT XuMUUeckas popmyia?

5. Uto nmoka3pIBaroT: a) MHJEKC; 0) koadduimeHT?

6. Hannmure xumudeckue GopMysibl BEHIECTB, B KOTOPBIX COJEPIKATCS:
a) OJIMH aToOM eJjie3a U TPU aToMma XJiopa; 0) 1Ba aToMa aJTlOMUHUS U TPU aToMa
KHUCIIOPO/Ia; B) aTOM KaJIbIIHsI, aTOM yTJepojia U TPU aToMa KUCIopo/a.

7. Hanumvte XMMHUYECKHE CUMBOJIBI CIEAYIOIMUX SJIEMEHTOB: a30Ta, KHC-
Jopoja, pTyTH, xkenes3a, Hatpus, hocdopa, Xxjopa, KalbIlus, BOJIOPOA.

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

9. Yto obo3nauarot 3anucu: 4H, 2H,, HgO, 5Fe, 3H,SO,?

10. I[IpounTaiite  popmyasl  BemectB: CuSO4, Fe(OH);, Mg(OH),,
Mgg(PO4)2, H3PO4, H2804,Ag20.

11. 3 kakux ameMeHTOB coctosT BeriectBa: AgNQOs, Fea(SO4)s3, ZNSOy,
AgNQO3, PbS, CaCOs3, Mg(NOs3),?

12. Onpenenute KonuuecTBeHHBIA cocTaB BemecTB: MgO, Fe)S3, MgCOs,
N2O:s.



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 — O4YeHb MaJIeHbKasi BEJIUYU-
Ha: My (H) = 1,66:10%" xr wmm 1,66-10%* r (oxHa nenas mecThAECAT IIECTH
COTBIX, YMHOKE€HHAasi Ha JIECSITh B MUHYC JBaJALATh CEIbMON CTEIEHH KUJIO-
IrpaMMOB WJIM OJ[HA IieJiasg MIECTBhAECIT HIECTh COThIX, YMHOXKEHHAs Ha JIECSTh
B MMHYC J[BaJLIaTh YETBEPTOi cTeneHy rpaMMoB); My (C)= 2,0-1072% xr, m, (0) =
2,66-107%° xr. Ha npakTuke 1 M3MEPEHUS aTOMHBIX MAcC IPUMEHSIOT aTOM-
HYIO €IMHUILY MacChI (a.e.M.).

ATOMHAasl elMHUIIA Macchl (a.e.M.) — 3To 1/12 9acTh Macchl aToMa yrie-
pona (*2C). Macca atoma yriepozna pasHa 12 a.e.m. mm 2,0-107% kr, a macca
1 a.e.m. paBHa:

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

OTtHotieHne Maccel atoMa K 1/12 gacTu Macchl atoma yriepo/ia Ha3bIBaeT-
cst omnocumenvrot amomuou maccou (Ar). OTHOCUTEIBHYIO aTOMHYIO Maccy
sreMeHTa X MOXKHO BBIYUCIUTE 1O (hOpMyJie:

Al(X) =m, (X)/1 a.e.m.
Hamrpumep: A(H) = m, (H)/1 a.e.m. = 1,66-102"kr/1,66-10%" xr = 1;
A(O) = My (O)/1 a.e.m. = 2,66-1025r/1,66-102 kr = 16,

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

OTHOCUTENbHAs aTOMHAasi Macca JJIEMEHTa IMOKa3bIBAaeT, BO CKOJBKO pa3
Macca ero atoma Oosnblue, yeM 1/12 gyacte maccel atoma yriepoaa. Hano paznu-
4aTh OTHOCHUTEJIbHYIO aTOMHYIO Maccy (Oe3pa3MepHYI0 BEJIMYHMHY) M Maccy
aTOMOB, KOTOPYIO U3MEpPSIOT B aTOMHBIX €IMHUIAaX Macchl. VX uncieHHble 3Ha-
uyeHus pasHbl. Hampumep, macca atoma Kuciopoga B Kr pasHa 2,66-107%
B a..M. — 16, OTHOCHUTENIbHASI aTOMHAsI Macca KUCIopoAa paBHa 16.

Maccy MoJeKy Takke U3MEPSIIOT B aTOMHBIX €IMHHUIIAX Macchl. MoJieKy-
JISPHOM Maccoii BelecTBa Ha3bIBAIOT MACCy MOJICKYJIbl B aTOMHBIX €MHUIAX
MacChl.

Omuocumenvhas monexyapras macca sewecmea (M) — 3TO OTHOIICHUE
Macchl MOJIeKyJIbl K 1/12 wactu maccel atoma yraepoaa (*2C). OTHocuTenbHas
MOJIEKYJISIpHAsi Macca paBHa CyMME OTHOCHUTEJIbHBIX aTOMHBIX MacC aTOMOB, U3
KOTOPBIX COCTOMT MoJieKyia. Hampumep, oTHOCHTeNbHAsS MOJIEKYJIIpHas Macca
Bozbl paBHa: M((H20) = 2A(H) + A(O) = 2-1 + 16 = 16. OTHOCUTETHHAS MOJIE-
KyJIsIpHas Macca BELIECTBA MOKa3bIBAET, BO CKOJILKO pa3 mMacca MOJEKYJIbI Be-
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niecTBa Oosbie, yem 1/12 yacte Macchl aToma yriaepoaa. Hampumep, oTHOCH-
TeJIbHAsE MOJIEKYJISipHAasi Macca BOJIbI MOKa3bIBAET, YTO Macca MOJEKYJIbI BOJbI
B 18 pa3 Gonbiie 1/12 yactu maccol yriepoaa. OTHOCHUTENbHAS MOJEKYIIsIpHAS
Macca — Oe3pa3MepHas BeJIMYrHa.

Bonpocsl 1 ynipaxkHeHus1

. B kakux eguHUIIAX U3MEPSIIOT MacCy aTOMOB?

. UTo Takoe aTOMHAs €IMHUIIA MACChI?

. Uto Takoe oTHOCHTEIbHAsT aTOMHAs Macca?

. UTo moKka3pIBaeT OTHOCHUTENIbHAS aTOMHAas Macca’?

. UTo Takoe OTHOCUTEIbHAS MOJICKYJIsIpHas Macca?

. UTo moka3pIBaeT OTHOCHUTENbHAS MOJICKYJISIpHAs Macca?

. UeMmy paBHa OTHOCUTEIbHAS MOJICKYJIIpHas Macca?

. Bo ckonpko pa3 macca atoma: a) yriepoaa, 0) KHCIOpoja, B) CEpHI,
r) *xenesa, 1) Gocdopa Gonbure, uem 1/12 wacts Macesl atoma yraepona (Y2C)?

9. OnpenenuTe OTHOCHUTENIbHBIC MOJICKYJIsIpHbIe Macchl BemiecTB: HNOs3,
KOH, ZnS0O,, Fe,0s;, MgCO3, Mg3(PO4)2, A|2(804)3

CO~NO OIS WN -

1.5. KOJIMYECTBO BEILLECTBA. MOJIb. MOJISIPHASI MACCA

KosmmuecTBo BemecTBa (V) — 3T0 (DM3MKO-XUMHUYECKask BEIMYMHA, KOTO-
pasi OKa3bIBaeT YMCIO 4YacTHl] (MOJIEKYJ, aTOMOB, HOHOB U JIp.) B BEIIECTBE.
Ennnaunent kojimyecTBa BeElIEeCTBa SBISIETCS MOJb. MOJb — 3TO KOJIWYECTBO
BEIIECTBA, KOTOPOE COAEPKUT CTOJBKO YaCTHUI, CKOJBKO COJEPKUTCS aTOMOB
yraepoga B 0,012 kr (12 r) yraepoga — 12 (*2C). Oaun Mosb BemecTsa coaep-
KuUT 6,02-10% MoeKyl, aTOMOB WIM APYTUX YACTHUI. DTO YKMCIIO HA3bIBAETCS
nocmosunot Aeocadpo m obo3Hayaercsi Ny. IlocTrossHHyr0 ABOraapo MOXKHO
paccumMTaTh: eciau macca (M,) omHOro aroma yriepoaa pasna 2,0-107% kr, To
yucyo atomoB B 12 1 (0,012 kr) yriepoaa paBHO:

Na=0,012 kr/mo1nb/2,0-1072® kr=6,02-10% monp L.

B 1 mone Boasl 6,02:10%% monexyn Bopl, B 1 Mons—arome kuciopoza (O)
6,02:102 aromoB kucinopona, B 1 Moiab—Monekyne kuciaoponaa (Oz) 6,02-10%
MOJIEKYN Kucjiopoaa. Mexay uncinoMm yacTuil N ¥ KOIMYECTBOM BeIIecTBa V
ecTbh 3aBUCUMOCTB: N = Na: v, Tie Na — mocTosiHHasi ABoTajapo.

Macca 0JHOrO MOJIsI BelIeCTBa HA3bIBACTCS MOJISIPHOI Maccoii (M) u u3-
MepseTCs B KI/MOJIb Wiiv 1/MoJib. MosipHas macca (M) paBHa OTHOILICHHUIO Mac-
Chl BemiecTBa (M) K €ro KOJIMYECTBY:

M=m/v.

YucnoBoe 3HaUe€HHE MOJISIPHONM MacChl BEIIECTBA B T/MOJIb PAaBHO OTHOCH-
TEJILHOW MOJEKYJISIpHON Macce M, ecinu BemecTBO COCTOUT U3 MOJEKYI, WU
OTHOCUTENIbHOM aTOMHOM Macce Ay, eciau BEIIeCTBO COCTOUT M3 aTOMOB.
Hanpumep:

kammii K A, =39; M = 39 r/monb
10



a3oT N, M; = 28; M = 28 r/moib
rugpokcua Hatpusd NaOH M; = 40; M = 40 r/moib
aszotHas kuciora HNOj M; = 63; M = 63 r/moIb

Bonpocsl 1 ynpakHeHus1

1. Uto Takoe KOJMYECTBO BeliecTBa?

2. B xakux equHUIIAX U3MEPSIOT KOJIMYECTBO BEIIECTBA?

3. Urto Takoe Moib?

4. Yto Ha3bIBaeTCs MOJISIPHOM Maccon?

5. B kakux equHHUIIAX U3MEPSIOT MOJISIPHYIO Maccy?

6. Onpenenure Mossipabie Macchl BemecTB: MgO, HCL, FeSO4, Al2(SO4)s.

ITAJIOHBI pellIeHUs 32424

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

v(P)=2mons | N =Na-v; N(P) = 6,02-10% monp *-2 mons = 12,04-10%,

Haiimu: N(P) | Omeem: 12,04-10% atomos.

2. B kakoM KonMuecTBe BemecTsa cogepxkurca 1,20-10% monekyn Boas1?
Jlano: Pewenue:.
N(H,0) = 1,20-10%2 | N = Na-V, v=N/Na;
MOJIEKY.JI v (H20)=1,20-10%momnexyn:6,02-10%° mosexyn-mons * =
0,02 MOJIb.

Haumu: v (H0) Omeem: 0,02 MoIIb.

3. Onpenenure macey 0,5 moinb pocdara kanmus KzPOs.
Jlano: Pewenue:
v (K3PO4) = 0,5 Mmoss | M=m/v; m = M-v;, M(K3PO,) = 212;
M(K3PO4) = 212 r/moub;
m(K3PO4) = 212 r/momb-0,5 moas = 106 .

Haitimu: m(K3POy) Omeem: 106 T.

4. CxonbKo MoJiel U MoJieKya B 22 T yriiekucioro raza CO;?
Jlano: Pewenue:

m(CO,) =221 M =m/v; v=m/M; M(CO,) = 44; M(CO;) = 44 r/moub;
v (CO,) =22 r /44 r/monb = 0,5 moib; N = Na- v,
N(CO,) = 6,02-10% monekyn-monb 1-0,5 Mob =
3,01-10% monexyun.

Haiimu: COy); Omsem: 0,5 monb; 3,01-10% monekyn.
N(CO2)

11



5. KakoBa macca (B rp) 0JTHOH MOJIEKYJIbI BOJIbI?
Jlano: Pewenue:
N(H0) =1 m (oxuoit mosekyisl Boasl HO) = M/Na; M((H,0) = 18;
M(H20) = 18 r/mob;
m (oxHOM Monekysl Boasl Ho0) = 18 r/mons/6,02-10%
mous * =3,0.10 %% r.

Hatimu: m (ogHoii | Omeem: 3,0-10 23 1.
MOJIEKYJIbI BOJIbI)

3agauu

1. Ckonbko Moiiekya coaepxkurcsa: a) B 0,5 monst yraekucnoro raza COp;
0) B 3 mossix cynbdara xenesa (I1)FeSOy; B) B 128 1 kxucinopona; r) B 98 t cep-
HOM KUCIOTHI HSO4?

2. B xakoM KoJIu4ecTBe BelecTsa comepxkarcs: 18,06-102° monexyn H,O;
6) 3,01-10% monekyn HNOs; B) 1,8-10% atomos C; r) 6,02:10%° monexyn COy;
1) 12-10% atomos S; €) 0,6-10% atomos Fe?

3. Onpenenute maccy: a) 5 monb Al; 6) 0,2 mons Hp; B) 10 mose COy;
r) 0,25 monb Oy; 1) 0,01 moss HNO3; ) 2,5 mons Na.

4. Cxkonpko moJiedt cocraBisitoT: a) 18 © HyO; 6) 98 r HoSOy4; B) 10 T
MgCl,; t) 80 r NaOH; 1) 50 r CaCO3?

5. CKOBKO aTOMOB BCEX AJIEMEHTOB COAEPKUTCA: a) B BOJE Maccoil 36 r;
0) B ammuake NH;z maccoit 34 ; B) B xsiopoBoaopozae HCI maccoit 2 r?

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

1.6. YNCTBIE BELIECTBA U CMECH.
3AKOH NOCTOSIHCTBA COCTABA

Yucrtblie BemecTBa COCTOSAT U3 MOJIEKYJI OJTHOTO BellecTBa. YncThie Bele-
CTBa UMCIOT TMOCTOSIHHBIC (pu3nueckue cBoicTBa. CMeCH COCTOST M3 MOJICKYI
pa3IMYHBIX BemecTB. Kaxaoe BEIecTBO B CMECH COXpaHSICT CBOM (DU3UUECKHUE
cBoiicTBa. CMeCh MOKHO pa3/eiuTh Ha BEIIECTBAa, U3 KOTOPHIX OHA COCTOMT.
Hampumep, u3 cMecu xene3a U Cepbl KEJI€30 MOXKHO BBIJCIUTh C MOMOIIBIO
MarHuTa; cepy — IyTEM PACTBOPEHUS €€ B OPraHMuYE€CKOM pacTBopuTene (cepo-
yTIIepoe).

Jnst uncThiX BemecTB dpaniy3ckuil yuenslit XKozed IIpyct chopmynupo-
BaJl 3aKO0H NMOCTOSIHCTBA cocTaBa: «Kaxmoe yncToe BEIIeCTBO UMEET ITOCTOSH-
HbI KAYE€CTBEHHBIM U KOJMUYECTBEHHBIN COCTAB, KOTOPBIA HE 3aBUCUT OT CIIOCO-
OOB TMOJIydeHHUs OSTOro BemiecTBa». Hampumep, Bojga COCTOMT M3 BOJOPOJA
U Kucjopoja (KauecTBeHHBIN cocTaB), KomnuecTBeHHBIN COCTaB BOJBI OIpe/ie-
JAI0T B MACCOBBIX JOJISIX BOJOpOJa M Kuciopojaa. MaccoBasi 10J151 3JieMeH-
Ta — 3TO OTHONICHHE OTHOCHUTEIbHOM aTOMHOM MacChl JAaHHOI'O DJIEMECHTA,
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YMHO>KCHHOW Ha YHCJIO €r0 aTOMOB B MOJICKYJIC, K OTHOCUTEIBLHON MOJICKYJISP-
HOW Macce BEIIeCTBa:
®(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 — YKHCIO aTOMOB 3JieMeHTa X B MOJICKYJIC BEIICCTBA;
M; — OTHOCHTEJIbHAs MOJICKYJISIpHAs Macca BEIECTBA.

MaccoByto JI0JTHO 37IEMEHTA BBIPAXKAIOT B JIOJIAX CAMHUIIBI WJIH B IPOLICHTAX.

Bojay MOXXHO MOJydnTh pa3HbiME criocobamu. YucTasi Boja BCerja MMeeT
OJIMHAKOBBLIM COCTAB.

Bonipochl 1 ynpaskHeHHsI

1. Kakue BerecTBa Ha3bIBAIOTCS YUCTHIMH?

2. Uto Takoe cmecu? [IpuBenuTte mpuMepsl.

3. ChopmynupyiiTe 3aKOH MMOCTOSTHCTBA COCTABA.

4. OnpenenuTe MaccoByro a0ii0 (B %) Kucimoponaa B BemecTBax: a) N2Os;
6) COz; B) F€203; F) A1203.

5. Onpenenute MaccoByro 00 (B %) ceprl B BemecTBax: a) SOy; 6) HyS;
B) HSO4; 1) SO:s.

6. B kakoit macce: a) CaCOgs; 6) CaO; B) Ca(OH),; r) CaSO4 conmepxutcs
20 1 kanpnua?

7. Kakas macca xene3a coaepxkutcs B 80 r: a) FeO; 6) Fe,O3; B) Fes0,4?

1.7. BATIEHTHOCTb.  PAOMYECKHUE ®OPMY.1bl BEILIECTB

BaJjieHTHOCTB — 3TO CLIOCOOHOCTH OJTHOTO aTOMa AJIEMEHTa MIPUCOCAUHSITH
OTIpeIeTIEHHOE YUCIIO aTOMOB JPYTOro dJeMeHTa. BaneHTHOCTh diieMeHTa paBHa
YUCITYy XUMHUYECKUX CBsA3ed. ATOM BOJOpoAa Bcerma oOpa3yeT TOJBKO OJHY
CBSI3b, IOATOMY €T0 BAJICHTHOCTHh paBHa efauHmIe. Bogopon B cBouMx coeauHe-
HUSX BCETJa OJHOBAJCHTEH. B coelMHEHUsSX ¢ BOAOPOJIOM BaJIEHTHOCTH JIie-
MEHTa paBHA YHCIY aTOMOB BOJIOPO/AA, KOTOPHIE IPUCOEANHSIET aTOM AJIEMEHTA.
B coenunennu HF BanentHoCTh (hTopa (F) paBna I, B coenunenun H,O BaneHT-
HocTh kuciopoza (O) pasua II, B coenunenun PH3 BasnientHoCcTh (hochopa (P)
pasHa III, B coemuaennn CH,4 BanenTHocTh yraepona (C) pasna V.

Kucnopon B coenquHeHHsIX Bcerja ABYXBajJeHTEH. BaneHTHOCTh 3nemMeHTa
MO3KHO OMNPEIEIATh 10 (POopMyJie €ro KUCIOPOAHOTO COSTUHEHUS:

o mmom m o 1viIo v I

I
N,0,CO,AlL0,,S0,,P,0,.

EcTh pleMEHTBI C MOCTOSHHOW M MEPEMEHHOM BaJEHTHOCTBIO. DJEMEHT
C NOCMOSIHHOU 8ANeHMHOCbI0 BO BCEX COCAMHEHUSX MMEET OJIMHAKOBYHO Ba-
JIEHTHOCTh. Hampumep, 37€MEHTBI HATPUM, Kajliui, BONOPO, JUTUM BCEraa OJ-
HOBAJICHTHBI; AJIEMEHTHI KaJIbLIUM, KUCIOPO, Oapuid, IIMHK BCEr/ia JIByXBaJICHT-
HBI; DJIEMEHThI aJTFOMUHUM, OOp BCErJa TPEXBAJICHTHBI. DJIEMEHT ¢ IEPEMEHHOM
BAJIEHTHOCTBIO B PA3HBIX COCAUHEHUSX UMEET pasHyio saneHmHocms. Hampu-
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Mep, Kelie30 uMmeeT BajgeHTHOCTh ABa U Tpu (FeO u Fe;0O3); cepa nmeeT BaneHT-
HOCTb JiBa B coeAnHeHnu HS, yeThipe u mecth — B coeauHeHusx SOz u SO:s.

BaneHTHOCTh 3JEMEHTOB MOXHO OMNPEeIUTh MO (opmylie BEIIeCTBa,
a (GopMyITy BeIleCTBA MOXKHO COCTABUTH 110 BaJIEHTHOCTH SJIEMEHTOB.

OnpenenuM BaleHTHOCTh Xpoma B okcuzae xpoma (CrOs). Ilycth BaneHT-
HOCTh XpoMa paBHa X. BasleHTHOCTH Kuciopoma paBHa aAByM. lorma X-1=2.3;
orctoga X = 6. BanmentHocts Xxpoma B CrO3 paBHa VI.

CocrtaBuM (hopmyny cCOeqMHEHUS, KOTOPOE COCTOUT M3 Maprasia (BajeHT-
HocTh VII) n xucnopona (BasientHocth II): MnyOy. Haxonnm Hammensiee 00-
niee KpaTHoe uucels 7 u 2; oHO paBHO 14. JlenuM ero Ha BaJ€HTHOCTh Maprasiia
(X=14:7 =2) u noiy4aeM 4UCIO aTOMOB MapraHiia. 3aTeM JICIMM HauMCHBIIICe
oOIiee KpaTHOE Ha BaJIEHTHOCTh Kuciopoa (y = 14 : 2 = 7) u noiaydaeM 4uciio
aToMoB kuciopoja. ®opmyina coeaunenuss Mn,O7 — okcua mapranua (VII).

3Has BaJCHTHOCTH DJICMEHTOB, MOYKHO COCTAaBIISAITH rpadguyeckue popmy-
Jbl BemecTB. B rpaduueckux GopmMynax Kaxayr €IUHAIY BaJICHTHOCTH 000-
3HAYAIOT YEPTOUKOM:

H-O0 . 0
H,0 H-O-H  H,S0, g7

0=P-0-P=0

NH;

SRR e

I I
O O

['padrueckue GpopMybl TOKA3HIBAIOT MOPSAIOK COSAUHEHHS] aTOMOB B MO-
JIEKyJIaX U BaJEHTHOCTh KaXJ0r0 JIE€MEHTA.

Bonpocs! U ynpaxxHeHust

1. Yto Ha3bIBaeTCS BAJICHTHOCTHIO?

2. HazoBuTe OTHOBAJICHTHBIE, IBYXBAJICHTHBIC M TPEXBAICHTHBIC DJICMCHTHI.

3. HazoBuTe 351eMEHTHI C MOCTOSTHHOM BaJICHTHOCTHIO.

4. Haz0BUTE AJIEMEHTHI C IEPEMEHHON BAJICHTHOCTHIO.

5. Onpenenute BaJeHTHOCTH eMeHToB B coenunenusx: HgO, N,Os, PHj,
ASzOs, MnOz, Mn207, C|207, NizOg, CaH..

6. CoctaBbTe (HhOpPMYJIBI COSTUHEHUHN AIeMEHTOB ¢ Kucimopoaom: meau (1),
memu (II), xenesza (II1), Bomsdpama (VI), xenesa (II), cepwr (VI), onora (IV),
maprasma (VII).

7. CoctaBbTe opMysbl coequHeHuit aneMeHToB ¢ xjopom (I): 6apus (II),
onoBa (IV), dochopa (V), narpus (1), muaka (II), xxenesa (II1), maraus (I1), yr-
nepona (1V), amromunus (I11).

8. Uto nokassiBatoT rpaduueckre GopMyib?
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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 + HNO3z; = NaNOs + H.0,
mq mo ms Mgy
rje My, My — Macchl UCXOAHBIX BEIIECTB, KOTOPHIE BCTYMAIOT B PEAKITHIO; M3,
M4 — Macchl TPOAYKTOB, KOTOPBIE 00pa3yroTCs MOCIe OKOHYAHUS PEAKITHH.
3aKOH COXpaHEHHUS MAcCChl BEIIECTB MPUMEHSIOT MPU COCTABICHUU XHMHU-
YECKUX YPaBHEHUM.
XuMH4YecKoe YpaBHeHHe — 3TO YCIIOBHAsS 3alUCh XUMHYECKON PEaKIiu
P MIOMOIIU XUMHYECKUX (Hopmys. UHCIIO aTOMOB KaXI0TO JIEMEHTa B JIEBOM
YacTH YPaBHEHUS IOJDKHO OBITH paBHO YMCITY aTOMOB KaXKJIOTO AJIEMEHTa B Tpa-
BOM yacTu. bamaHnc aToMoB fienatoT npu nomou ko3gguyuenmos. Koshduim-
eHTBI Tiepe]T (OpMyJIaMU B XUMUYECKOM YPABHEHHMH MOKa3bIBAIOT YUCIIO MOJICKYIT
WJIM MOJIEH KaXKJIOTO BEIIECTBA, KOTOPBIE YYaCTBYIOT B peakiuu. Hampumep:

H.SO, + 2NaOH = NaSO, + 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 IPOBOJAT KOJIMYECTBEHHBIE PACUETHI.
Bonpocs! 4 ynpaxHeHust

1. ChopmynupyiiTe 3aKOH COXPaHEHHUS MACChl BELIECTB.
2. Yto u3MeHsieTcs MpH XMMHUYECKUX PEaKIUAX: YMCIO aTOMOB HIIM YK CIIO
MOJIEKYJT?
3. s 9ero mpuMEHSIETCsI 3aKOH COXPAaHEHUSI MACChI BEIIECTB?
4. Yto Takoe XUMHYECKOE ypaBHEHHE?
5. Uto moka3biBatoT KOAhPUIMEHTHI Tiepea GopMyiaMu BEIIECTB B XUMU-
YECKUX YPaBHECHUSX?
6. PaccTtaBbTe KO PUIIMEHTHI B CIEAYIOIUX XUMUUYECKUX YPAaBHEHUSX:
a) K + H,O — KOH + Hy;
6) Al,O3 + HCIl —» A|C|3 + H,0;
B) P+ 0O, > P,0Os;
r) Ca + O, — Ca0;
I[) Al,O; + H,SO, — A|2(SO4)3 + H,0:;
e) FE(OH)g + H,SO, —> FEz(SO4)3 + H,0;
)K) Fe,O3; + Al = Fe + Al,Os;.
7. 3aKOHYUTE YPaBHCHUS XUMUYCCKHUX PEAKITU:
a)Zn+Cl, > ?
0)Al+0; > 7?
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B) Fe,O3 + HClI — ? + H,0;
r) Fe + ? — FeCls;

1) AI(OH); —» ? + H,0;

e) Mg + HCl —» ? + Ha.

ITAJIOHBI pelIeHus 32124

1. CKOJIbKO IpaMMOB BOJIbI HY>KHO [UIsl IIOJYYEHHs 8 T KUCIOPOa IO peak-
i 2H,0 = 2H, + O,?

Jlano:
m(O2)=8r

Pewenue:

m = v-M; M(H;0) = 18 r/mons; M(O2) = 32 r/mons. Ilo
ypaBHenuto peakuuu M(H20) = 2 monb-18 r/monb = 36 1,
m(O2) = 1 Monb-32 r/Mosib = 32 T cOCTaBiIsieM MPOIOP-
mnro: x/36 r=8r1/321;x=81r-361/32r=971.

Omeem: M(H,O0) =9 .

Haiimu: m(H0)

2. Ckompko rpammoB Hutpara meau (I1) — Cu(NOs), obpasyercs npu B3a-
umopericteuu 8 r okcuaa mear (II) — CuO ¢ azotHoi kucimoroir — HNO3?

Jlano:
m (CuO)=8r

Havimu: mCu(NOs3),

Pewenue:

Harnumewm ypaBaenue peakiuu: CuO + 2HNO;3 =
Cu(NOs); + H0; M(Cu) = 80 r/Mo11b.

MCu(NO3), = 188 1/ MOJIb; 110 YpaBHEHHIO PEAKIUH:
m(CuO) = 1 monb-80 r/momns = 80 T;

m Cu(NOs), = 1 moib- 188 r/moiib = 188 r; U3 ypaBHEHUs
PEaKIUU COCTABIISEM IPOTIOPIIHIO:

u3 80 r CuO obpasyercs 188 r Cu(NO3),;

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

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

3. Ckoiabko TpamMMoB cyibbuaa sxenesa (1) — FeS obpasyercs mpu Harpe-
BAHUU CMECU 8 T cephl U 28 1 xkerne3a?
Jlano: Pewenue:
m(S)=8r Hanumewm ypaBHenne peakuuu: Fe + S = FeS; u3 ypaBHeHUs
m(Fe) =28 r | peakuuu BUAHO, 4TO 1 MOJIb KeJe3a B3auMoJIeHCTByeT ¢ 1 Mo-

JIEM CepbI; I peaknuu B3sATo: v= 8 T : 32 r/mMmoib = 0,25 MoJb
cepel 1 V=28 T : 56 /™Mo = 0,5 MOJIb Kee3a; clie10Ba-

Havmu: m(Fe) | TenbHO, *kee30 AaHO B U30BITKE U TIOITOMY OHO OCTaeTCs IO-

ciie peaknuu; maccy FeS BBIYMCISIOT MO cepe, KOoTopas BCs
BcTynaet B peakiuio: M(FeS) = M-v = 88 r/monp-0,25 mMoib =
22 1.

Omeem: 22 1.
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3agaun

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

2. CKOJIbKO TPaMMOB KHCJIOpOa MPOPEarupoBalio ¢ MebI0, eClii 00pa3o-
Basioch 8 T okcuaa meau (11)?

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

4. CKOJIBbKO TPaMMOB CEpbl B3aUMOJEHCTBYET € 7 T Keje3a ¢ 00pa3oBaHUEM
FeS?

5. CKOJBKO IPaMMOB CEPHOM KUCIOTHI B3auMoAeicTByeT ¢ 10 r rugpokcu-
na xamust (KOH) mo ypaBaenuro H,SO,4 + 2KOH — K;SO4 + 2H,07?

6. Cxonbko MoJiel kuciaopoa BcrynaeT B peakiuio ¢ 31 r pocdopa, ecnu
obpazyercs P,0s?

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

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

9. Cronpko rpammoB P,Os obpasyercst npu B3aumonerictsuu 1,24 1 doc-
dopa c 3,6 T kuciaopoaa?

1.9. 3AKOH ABOT'AJIPO. MOJISIPHBIN OFBEM I'A3A

3akoH ABoraapo: B paBHbIX 00bemax (V) paznuyHbIX ra3oB MPU OJUHAKO-
BBIX yCIIOBUSX (Temmeparype 7 U NaBiieHuu P) CONEepX UTCS OJUHAKOBOE YHCIIO
Mousiekysl (N). DTOT 3akoH ObUT OTKPBIT MTAIBSHCKAM Yy4e€HbIM A. ABoraapo
B 1811 ronay.

CnencrtBus U3 3aKkoHa ABOTrajapo:

1. OguHaKOBOE YKCIIO MOJIEKYJI PAa3JIMYHBIX Ta30B MPU OJIMHAKOBBIX (PU3H-
YECKUX YCIOBHUSX 3aHUMAIOT OJIMHAKOBBIA 00beM. [Ipyu HOpMAaNbHBIX YCIOBUSAX
(1.y.) 1 monp nroboro raza 3anumaer oobem 22,4 5. HopmasibHbIE YCIIOBUS:
t =0 °C umu 273 K; P = 760 mm prytHOro cron6a (1 arm.), mimm 1,01-10° Ila
(101,325 xIla). O6beM ogHOTO MOJIS Ta3a Ha3bIBACTCS MOJSPHBIM 00BEMOM Ta-
3a. MossipHbIf 00BEM Ta3a MOXKHO BBIYUCIIUTH 110 (hOpMyJIe: Vm =Vly,
rae V — o6weM rasa (11, M3); v— konuuecTBo BeuecTna (MOJb).

2. OtHOcuTenbHas TIOTHOCTH (D) omHOTO raza mo npyromy paBHa OTHO-
HICHUIO WX MOJISIpHBIX (M) WM OTHOCHUTENBbHBIX MOJEKyJsapHbix (M) macc:
D = Mi/Mz, imu D =M /M .

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

Dy, (X) = I\I>IArr((F)I<2)) _ 'V'rz(x) tora My(X) = 2Dy, (X).
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CpenHsisi OTHOCUTENIbHAST MOJICKYJISIpHAs Macca Bo3ayxa paBHa 29. [ToaTo-

MY OTHOCHTEJIbHAS IFIOTHOCTH JIF000r0 ra3a (X) 1o BO3ayxy:
Daonn(X) = —Mr®) - Mr(X) " or1a M(X) = 29 Dyos ().
M, (B031.) 29

He IIOAYUHARKOTCS 3aKOHy ABOFaﬂpO Ir'a3bl HpI/I HU3KUX TeMHepaTyan NJiIn
BBICOKHUX AABJICHHUAX, @ TAKXKEC KUIAKHUEC U TBepI[BIe BC€IICCTBA HpI/I JII'O6BIX YCHO-
BUAX.

Ha OCHOBaHHUU 3aKOHa ABOF&HPO 41 CJ’ICI[CTBHIZ 13 HEro JacjJaaroT pa3HI/Iq-

HBIC paC‘—IeTBI.

Bomnpocsl 1 ynpaxHeHus

. Kak ¢popmynupyercs 3akon ABoraapo?

. Kax hopmynupyercs neppoe ciencTsue U3 3akoHa ABorajapo?

. UTO Takoe «HOPMAJIBHBIE YCIOBUSD)?

. UTo Ha3bIBaeTCA MOJISIPHBIM 00bEMOM ra3a’?

. Uemy paBeH MOJISIpHBIN 00beM Taza?

. UeMy paBHa OTHOCHTEIBHAS IJIOTHOCTH I'a3a IO BOJOPOAY?

. UeMy paBHa OTHOCHUTENBbHAS IUIOTHOCTH Ta3a M0 BO3yXYy?

. Kakue BemecTsa He MOAUNHAIOTCS 3aKOHY ABOraapo?

. Kakne n3 ykazaHHBIX BEIIECTB, B3SThIX B KOJIMYECTBE 2 MOJIb, 3aHUMAIOT
OJIMHAKOBBI 00BEM MpH OJMHAKOBBIX YCIOBUAX: a) Xjoposogopon HCI;
0) xmopup xamus KCl; B) cepnas kucnora HoSOy; 1) ammuak NHs; 1) Boma?

O©ooO~NO OIS~ WN -

ITAJIOHBI PelIeHUs 32124

1. Kakoit 06bem 3anumarot 0,3 mMoJist JiroO0oro raza npu H.y.?

Jlano: Pewenue:

v(ra3a) = 0,3 MoJIb Vm=VIv,V=Vuv,

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

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

Jlano: Pewenue:
m(N,) = 14 Vi, m
( 2) 4 V|\/|=V/V;V:Vm°l/=mT;
M(Ny) = 28 r/moib; V(Ny) = 22,4 n/monb X 14 1 =112

28 r/moib

Haumu: V(N2) | 3amady MOKHO PEIIATh IPYTHM CIIOCOOOM:
28 r a3oTa 3aHMMaroT 00beM 22.4 1;

14 T a3oTa 3aHUMarOT 00beM X II;

28r l4r X_14F-22,4J'I
2401 X 281
Omeem: 11,2 n.

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

V(CO) =672 |\, .V _ 6l2a
M= Y Vy 22,41/ Mo

= 3 MOJIb.

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

B 22,4 1 conepxurcs 1 Moab COy;

B 67,2 1 conepxkutca X mosib COy;

22401 _ 6721 = 67,2 -1 MoJIb
1 momb X MOIB 22,4 n
Omeem: 3 MOJIb.

= 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; oTcroza

Haumu: M(Cl), 1xa 22,41 224 m1-3]17r
ri12 317r Xr 1x

MOJ'I?IpHa}I MaccCa XJIopa paBHa 71 F/MOJII); OTHOCHUTCIIbHAsA

MOJICKYJISIpHAsE Macca XJjiopa paBHa 71.
Omeem: M(Cly) = 71 r/monab; M(Cly) = 71.

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

Haiimu: N(HCI) | N = 6,02-10% monb 20,15 mons = 0,9-10%2,
Omeem: 0,9-10%.

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

nopoxy.
Hano: . CM(CC,) 44
ras CO, Pewenue: Dy, (COy) = M) 2 22.

Haitmu: Dy, (CO,) ‘ Omeem: 22.

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

Jano: Pewenue: Dy (raz) =

, M = Dyosn. 29,
DB0321. (Fa3) =2,45 (ra3) 1 (Fa3)

M (ra3)
2

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

Haiimu: M(ra3za) \ Omeem: 71,05 r/MOb.
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3agaun

1. Kakoii 06bem (H.y.) 3anuMaroT: a) 0,5 monsa ammuaka; 6) 0,1 moeit Bo-
nopoja; B) 5 moneit merana CHy4?

2. Kakoit o0beM (H.y.) 3aHUMArOT: a) aMMHaK Maccoi 40 r; 6) MeTaH Mac-
coit 8 r; B) xsop maccoit 30 r?

3. Cxonpko MoJiel comepkuTcs B: a) 28 1 kuciopona; 0) 15 1 azora;
B) 20 11 BOJOpO/Ia TIpH H.Y.?

4. PaccuutaiiTe Maccy npu H.y.: a) 3,36 11 xJiopoBoopoa; 6) 28 1 ammua-
ka; B) 20 1 cepoBoopoaa.

5. CKOJIBKO MOJIEH ¥ MOJIEKYJI COAEPKUTCS B 1 J1 1I000T0 ra3a npu H.y.?

6. Cxonmpko MoJiekyn coaepkutcs B 7,1 T xmopa mpu H.y.? Paccuuraiite
Maccy OJTHOM MOJIEKYJIbI XJIOpa.

7. Paccuuraiite MOJISIpHYIO MacCy M YMCJIO aTOMOB B MOJIEKYJIE€ CEpPbI, €CIH
IJIOTHOCTH TIAPOB €€ M0 KUCIIOPO1y paBHa 8.

8. Paccuuraiite OTHOCUTENbHYIO MOJEKYJSIPHYIO Maccy rasa, eciu IUIOT-
HOCTB 3TOT'O Ta3a Mo BO3AyXy paBHa 1,52.

9. Kakoit oovem okcupa yriepona (IV) obpazyercs mpu paszioxeHUU Kap-
OoHara kanbius Mmaccoi 40 r?

10. Kakoi#t 006em Bogopoaa (H.y.) oOpasyeTcst nmpu B3auMozeicTeuu 13,5 r
amomunua ¢ constHot kuciotor (HCI)? Onpenenurte mMaccy xjopuja amOMu-
Hus (AlCl3), koTopslii 00pa3zoBaJics MOCIE PEAKIUU.

11. Kakoi#t o6beM Bogopoja (H.y.) oOpa3yercs npu B3aumonaeuctuu 13,5
amromuHuA ¢ 98 T ceproit kucnotel (H2SO4) o ypaBHEHHTO:

2Al + 3H,SO;, — A|2(804)3 + 3H,.

TecToBBIH CAMOKOHTPOJIB (1) MO Teme
«OCHOBHBIE OHSATHS H 3aKOHbI XHUMHU»

1. YkaxnuTe XMMUYECKUE SBIICHUS:
a) TIJIaBJICHUE JIbJIA;
0) ropeHue cephl;
B) IIpEBpAILICHUE BOJIbI B Map;
I') pa3io)keHue kapOoHaTa KaJablus.
2. YkaxuTte pu3nuecKkrue CBOMCTBA BEIIECTRA:

a) 3arax; 0) MJIOTHOCTH;
B) IIBET; I) peBpallleHue yriaepoa B okcup yraepoaa (IV).
3. YKaxXuTe CIOKHBIE BEIIECTRA:
a) cepa; 0) mem; B) xene30; T) okcup xkenesa (III).

4, XuMHYECKUH CUMBOJI 3JIEeMEHTa 0003HAYACT:
a) MOJISIPHYIO Maccy;
0) Ha3BaHHUE DIICMEHTA;
B) OJIMH aTOM (MOJIb) 2JIEMEHTA;
') 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 €IMHUIIAX MACCHI;
B) B I/MOJIb; r) sIBsieTCsl Oe3pa3MepHON BETUYHHOM?
7. Yto Takoe MoJsipHasi Macca:
a) Macca OJJHOM MOJIEKYJIbL;
0) Macca OJHOTO JHUTpa rasa;
B) Macca OJIHOTO MOJIS;
r) macca 6,02-10% n?
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) XJOPOBOJOPOI; T') XJIOpU Kaausi?
10. Macca 2 nra3a (1.y.) paBHa 3,04 r. Onpenenure MOJISIPHYIO MacCy rasa:
a) 17 r/monws;  6) 34 r/Mmonp;  B) 68 T/Monb;  T) 136 r/MONb.

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

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

. 1. MenneneeB pacnonoKuil 3JIEMEHTBI B MIOPSIAKE BO3PACTAHUS OTHOCH-
TEJIHHBIX AaTOMHBIX MacC U OOHAPYX U 3aBUCUMOCTh CBOMCTB XUMUYECKUX dJIC-
MEHTOB OT UX aTOMHBIX Macc. B 1869 roay 3Ty 3aBUCHMOCTh OH chopmynupo-
BaJl B BUJIC NIEPUOANYECKOro 3aKoHa: «CBOMCTBA 2JIEMEHTOB, a TakkKe (HOPMBI
Y CBOWCTBA COCMHEHUN AJIEMEHTOB HAXOAATCA B MEPUOJIMYECKON 3aBUCUMOCTH
OT BEJIMYMHBI aTOMHON MAaCChl JIEMEHTOB.

[lepuonuueckuii 3akoH rpadudyecku u3o0paxaeTcsi B BUAE NEPUOTUIECKON
cucteMbl. KaXIplii XUMUYECKUN 3JIEMEHT B MEPUOIMYECKON CUCTEME 3aHUMAET
omnpeniesiecHHOe MecTo (KJIETKy). B KakIol KieTke NMepuoJAMYECKON CHUCTEMBbI
YKa3aHbl: XUMHYECKUN 3HAK (CUMBOJI) AJIEMEHTA, MOPSAIKOBBIN HOMEP U OTHOCH-
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TelbHasl aToMHas Mmacca. [lepuogudeckas cucremMa COCTOUT M3 CEMH IEPHUOI0B
¥ BOCbMH TPYIIIL.

Ilepuoabl — 3TO TOpU3OHTANBHBIC Psabl. Kakaplli mepuos HauyMHASTCS
aktuBHbIM MeTaiuioM (Li, Na, K, Rb, Cs, Fr) u 3akanunBaeTcs HHEPTHBIM ra30M
(He, Ne, Ar, Kr, Xe, Rn). UckitoueHHs COCTABISIOT MIEPBBIN MEPHO (OH COCTO-
UT U3 JIEMEHTOB — BOJIOPOJia U TeJivs) U CeIbMOU mepuoi (OH HE 3aKOHYEH ).
[lepBblii, BTOPOM U TPETHI NEPUOABI — BTO Manvble nepuodvl. YeTBepThi, M-
TBI W MIECTOW MEPUOIBI — ITO Ooabudue nepuoosvl. Bepxuue psodsbr OOIBIIAX
MIEPUOJIOB HA3BIBAIOTCS UEeMHbIMU, HUNCHUE PSObl — HeuemHbLMU.

B xaxxmom mepuone ciieBa HalpaBO METAJUTMYECKUE CBOWMCTBA AJIIEMEHTOB
OCITA0JISIFOTCS, & HEMETAIIMIECKUE — YCUITUBAIOTCS. B 4eTHBIX psaax OOJIBITNX
MIEPHUOOB HAXOIATCS TOJIBKO METaJLIbI.

I'pynnbl — 3T0 BEpTUKAIBHBIC PABI 3JIEMEHTOB, KOTOPhIE HMEIOT OJIMHA-
KOBYIO BBICHITYIO BJICHTHOCTh B OKCHAAX M JIPYTHX COCIWHCHHUAX. JTa BAJICHT-
HOCTh paBHa HoMepy TIpymmbl. Kaxkmas rpyrna COCTOUT W3 ABYX HOOSPYNN.
2naenoll U nobouwnou. I'maBHas TOATPYyIIA COCTOUT M3 DJIEMEHTOB MAJIBIX
1 OOJIBIINX MEPUOJIOB, TOOOYHAS — U3 AJIEMEHTOB TOJIBKO OOJBIINX MTEPUOJIOB.

B rmaBHBIX moarpymnmax cBepXy BHU3 METAIMYECKHE CBOWMCTBA YCHJIMBa-
I0TCS, a HEMETaJuInyeckue ociadeBaroT. Bee anmeMeHThl MOOOYHBIX MOATPYIII
SIBJISTFOTCST METaJJTAMH.

Bonpocsl u ynpaxHeHus

1. B xakom nopsake . . MenzaeneeB pacnoyioxKui 3J€MEHThI?

2. Kak ¢popmynupyercs nepuoanueckuii 3axon [[. . Mennerne-
eBa’?

3. Kak rpaduyecku nzobpaxkaercs nepuoandecKuii 3aKoH?

4. CKOJBKO MEPUOJIOB U TPYMI B IEPUOTUIYECKOMN cUCTEME?

5. UYro nazpiBaetcs mepuonom? Kakue mepuoibl Ha3bIBAIOTCS
MaJIbIMH, KaKHe — OOJIBLIINMU?

6. CKONBKO AJIEMEHTOB B KaXJI0M Tiepurojie?

7. Kak #W3MEHSIOTCS CBOMCTBA JJIEMEHTOB B IEPUOAAX ClIeBa
Harpaso?

8. Uro HaspBaercs rpynmoit? M3 Kakux MOATPYII COCTOUT
KaXKJas rpynmna nepruoJn4ecKoil CUCTEMBbI?

9. Kak u3MeHSIOTCS CBOWCTBA 3JIEMEHTOB B TJIABHBIX TOJTPYII-
nax?

10. B xakoMm mepuojie, B KaKUX IpyIIe U MOATPYIINe HaXOIATCS
3JIEMEHTHI C TOPSAKOBEIMU HOMepamH 15, 30, 53, 56, 787

11. Hamumure GopMysibl OKCHIIOB BCEX DJIEMEHTOB UYETBEPTOU
TPYIIIIHI,
B KOTOPBIX 3TH 3JIEMEHTHI UMEIOT MAKCUMAJIbHYIO BAJICHTHOCTb.
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12. Kaxkoit anemeHT siBisieTcst 0osiee akTUBHBIM MeTamioM — Ca
unu Ba?

13. Kaxoit snemeHT siBiisieTcst 60jee aKTUBHBIM HEMETaUIOM —
P wnu CI? TTouemy?

14. B kakux noArpymmnax nepuoJu4ecKoil CUCTEMBI BCE AJIEMEH-
ThI SIBJIAIOTCA METaJJIaMU?

TecToBBIN CAMOKOHTPOJIb (2) 10 TeMe «Ilepuognueckuii 3aKoH
U NepuoAnYecKas cucreMa xuMudeckux djaemeHToB /[, U. MenaeiieeBa»

1. DneMeHT ¢ NOpAIKOBBIM HOMEPOM 31 HaXOAUTCS:
a) B TPEThEU IpyNIIE; 0) B MQJIOM IIEPHOJIE;
B) B 0OJIBILIOM MEPUO/IE; I') B [JIaBHOM MOArpyIIIeE.
2. YKaXHTe JIEMEHT, KOTOPBIM UMEET MOPsIKOBBIA HOMEp 50 B mepuoau-
YECKOU CUCTEME:

a) IIUPKOHMIA; 0) 0JI0BO; B) CypbMa; T') HUOOUH.

3. YKaxxute 3J1IeMEHT, KOTOPbII IMEET OTHOCUTENIbHYIO aTOMHY0 Maccy 40:
a) apros,; 0) KaJIbIIHIA; B) KaJIuii; T') CKaHM.

4. Yxaxute Hanbosee akTUBHBIN METalll Y4ETBEPTOrO MEPUO/Ia:
a) KaJbIui; 0) KaJui; B) XpOM; r)
ITAHK.

5. Ykaxute HauOoyiee aKTUBHBIM METAJI IJIaBHOM MOJATPYHIbI BTOPOM
TPYIIIBI:
a) OepUILInii; 0) Oapuii; B) MarHuii; T) KaJbLIHM.
6. Ykaxxute HanOosiee aKTUBHBIA HEMETAII TIaBHOW MOJATPYMIBI CEIbMON
TPYIIIIbIL:
a) ox; 6) 6pom; B) ¢Top; r)
XJI0Pp.
7. Kako#t mopsiikoBbIil HOMEp dJEMEHTa, KOTOPBIA HAXOAUTCS B MATOM Tie-
puoJie ¥ B TOOOYHOM MOATPYIIIE MIECTON TPYIIIbL:
a) 42; 0) 52; B) 73; r) 83?
8. YkaxxkuTe MakCUMaldbHYI BaJCHTHOCTh dJEMEHTa BUCMyTa (MOPSAKO-
BBIN HOMED 83):
a) §; 0)7; B) 5; r) 6.
9. Kak u3MEHSIOTCS METAJUIMYECKUE CBOICTBAa DJIIEMEHTOB B  PALY
Li—-Na—>K—->Rb—Cs:
a) oclrabeBaror; 0) ycuimBaroTcs; B) HE U3MEHSIIOTCS?
10. Kak U3MEHSIOTCS HEMETa/LTHYEeCKUEe CBOMCTBA 3JICMEHTOB B psiay Li —
Be-B—>C—>N->0->F
a) oclrabeBaror; 0) ycuimBaroTcs; B) HE UBMEHSIIOTCS?

2.2. CTPOEHUE ATOMA U ATOMHOI'O SIJIPA. U30TOIbI
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AToM umeer (opmy Iapa, B LEHTPEe KOTOPOrO HAXOAUTCH A1po. Snpo
MMEET OYEHb MAJICHBKUW pa3Mep U MOJOXKUTENbHbIN 3apsaa. Iloutu Bcst macca
aToMa HaxoAuTcs B sape. Bokpyr sapa IBUKYyTCS IEKTPOHBL. ATOM — 3JIeK-
TPOHEHTpaIbHas YacTULA, TO3TOMY IOJIOKHUTEIBHBIM 3apsil A1pa paBeH YUCILY
AIICKTPOHOB (TaK KaK 3apsiJi SJICKTPOHA paBeH —1).

SAnpa aTOMOB COCTOAT U3 MOJIOKHUTEIBHO 3aPSYKEHHBIX YaCTULl — HPOMO-
HO8 W HEUTPAJIbHBIX YACTUL — HeUmpoHO8. JNEKTPOHBI, IPOTOHBI U HEUTPOHBI
SIBJISTFOTCS DJICMEHTAPHBIMU YacTuiiamu. M3 Hux coctout atom (Tadi. 2).

Tabauya 2
XapakTepucTHKA 3JIEMEHTAPHBIX YACTHI
Oo6o3Hauenune AO0CoJII0THAA OTHocHTeIbHAS
YacTtuna 3apsa
(cuMBOJI) macca, Kr macca, a.e.M.
DIeKTpoH g -1 9,11.10°3% 1/1840
IIporon PP +1 1,6726-107% 1,007~1
Heiitpon on(n) 0 1,6750-107%7 1,009~1

3apsz Aapa paBeH YHCIy NMPOTOHOB, MOTOMY YTO KaKIbIM MPOTOH MUMEET
3apsg +1.
[TopsaxoBsiid HOMep = 3apsan saapa = Yucno npoToHOB = YHCIIO AIEKTPOHOB
JJIEMEHTA aToma B s1Ipe B aTOME

Hanpumep, mopsakoBslid HOMEp AJEMEHTA Kaus 19, moaToMy 4ucio mpo-
TOHOB paBHO 19, 3apsin saapa ero atoma +19. Bokpyr siapa aToma Kanust UMeeTcs
19 s51eKTpOHOB.

Macca 371eKTpOHOB OYEHb Malla, MI03TOMY Macca aTomMa paBHa CyMME €ro
IIPOTOHOB U HEUTPOHOB. CyMMa MPOTOHOB M HEUTPOHOB HA3bIBAETCS MACCOBBIM
YICJIOM aToMa M 0003HavYaeTcsi OyKBoii A:

A=Z+N,

rae Z — 4ucio NPOTOHOB (@ Takke MOPSAKOBBIA HOMEP) DJIEMEHTA U 3aps]l apa
atoma); N — 4KCJI0 HEUTPOHOB.

ATOMBI OJJTHOTO 3JIEMEHTA, KOTOPhIE UMEIOT OJIMHAKOBOE YUCIIO MPOTOHOB,
HO Pa3HOE YMCJIO HEUTPOHOB, Ha3bIBalOTCS M30TOomamMu. Hampumep, snemeHT
KHCIIOPOJ UMEET TPU U30TOMNA:

16 17 18
8 O 8 O 8 O
8 MPOTOHOB 8 MPOTOHOB 8 MPOTOHOB
8 HEUTPOHOB 9 neiittponoB 10 HEUTPOHOB

Bepxuue mudpsr 16,17 u 18 o003Hauar0oT MaccoBOE YUCIO KHUCIOPOJA,
HUOKHSSA 1Udpa — 3apsa ero sapa. PasHple 3JI€MEHThl UMEIOT Pa3HOE YHCIIO
nzoronoB. Hekotopwie snemeHTsl (dTOp, HATPWiA, ATIOMUHHUN) B TPHUPOJC
BCTPEUYAIOTCS TOJIBLKO B BUJIE OJTHOT'O U30TOIA.
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OTHoOcHTEJIbHAS aTOMHAs Macca 3JIeMeHTa A; B TICPUOIUIECKOM CHUCTEME —
3TO CPEIHSS BEIHYHMHA MACCOBBIX YKMCET HM30TOMOB DJIEMEHTA C yYETOM IPO-
IICHTHOTO COJIEPXKAaHUS KaKI0To u3oTona. Hampumep, IpUpPOIHBIN yIIepos Co-
cTouT 13 u3otomnoB ';C (98,88%) u ';C (1,12%):

A(C) = (1298,88 + 13-1,12):100 = 12,011.

XUMHUYECKHE CBOMCTBA BCEX M30TOIIOB OJHOTO JJIEMEHTA OAMHAKOBBEI. XH-
MHMYECKUE CBOMCTBA 3JIEMEHTOB 3aBUCST OT 3apsia sApa, a HE OT aTOMHOM MAaCCHI.

3apsna sigpa (MOpSAAKOBBII HOMeP) — rJaBHAsl XapaKTePUCTUKA JIEMEHTA.

XUMHYECKHUI 3JIeMEHT — 3TO BHJI aTOMOB C OJJMHAKOBBIM 3apsJIOM sIpa.
[ToaToMy coBpemeHHast (OPMYITHUPOBKA NEPHOTUICCKOTO 3aKOHA YUTACTCS TaK:
«CBOMCTBA 2JIEMEHTOB U X COCIMHEHUN HAXOMSITCA B MEPUOANYECKON 3aBUCH-
MOCTH OT 3apsA/1a siapa aToMa WK HOPSIAKOBOTO HOMEPA DJIIEMEHTAY.

Bonpocsl 1 ynpaxHeHus

. I3 wero cocrout arom?
. I3 uero coctout siapo aroma?
. Kakue yacTuip! sIBIsIFOTCS 371€EMEHTAPHBIMUA?
. UemMy paBHBI 3apsiibl 1 MACChI JIIEKTPOHA, MPOTOHA, HEUTPOHA?
. UTO Ha3bIBA€TCSI MACCOBBIM YMCIIOM aToma?
. UTO MoKa3bIBAE€T MOPSAIKOBBII HOMED 3JIEMEHTA?
. UTO Takoe U30TONbI?
. UTo siBsieTCA TJIaBHOW XapaKTepPUCTUKOM AeMeHTa?
. UTo TakOo€ XMMUYECKUI 3JIEMEHT?
10. Kak ymtaercs coBpeMeHHas (HOpMyIHPOBKA MEPHOJUYECKOTO 3aKOHA
J.1. Mennaeneena?
11.Yemy paBeH 3aps]l flipa U YUCIO DJICKTPOHOB B aTOMax CIEAYIOIIUX
AJIEMEHTOB: a30T, YIJIEPO, Me/b, Oapuii, cepedpo?
12. HazoBuTE 2JIEMEHT, B SIpe aTOMa KOTOPOTO COACPKUTCS 12 MPOTOHOB.
13. HazoBuTe 31€MEHT, B aTOME KOTOPOTO COACPIKHUTCS 25 3JICKTPOHOB.
14.Yemy paBHO YHCIO HEUTPOHOB B aTOMax CJEIYIONIUX H30TOIOB:
IN, YggSn, 25U 7

OO NO OIS~ WN

TecToBBIM CAMOKOHTPOJIB (3) 1O Teme
«CTtpoenne aromMa u aToMHOr0 siipa. M3otonbi»

1. VkaxuTte maccy atoma, KOTopas COCTOUT U3 35 MpOTOHOB, 45 HEUTPO-
HOB H 35 3JIEKTPOHOB:

a)35 a.eM.; 0) 45 a.e.m.; B) 80 a.e.m.; r) 70
a.e.M.

2. YKaXHTe YnCII0 DJIEKTPOHOB B aTOMe Oapus:
a)l37; 0) 56;B) 81; 1) 193.

3. YKaxuTe OTHOCUTENBbHYIO aTOMHYIO MacCy 3JIEMEHTa, B SiJpe aToMa KO-
TOpOro nMeercs 13 MpoTOHOB:
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a) 13; 0) 27;B) 14; 1) 40.
4. YkaxuTe, Kakoh 3JIEMEHT UMEET OTHOCUTENIbHYIO aTOMHYIO Maccy 39,
a siApo ero atoma coAepKUT 20 HEHTPOHOB:
a) KaJIbLIH; 0) Kamuii; B) UTTPHI; r)
pa3eoIuM.
5. Onpenenure NOPAIKOBBIA HOMEp 3JIEMEHTA, €CIM €ro OTHOCHTENIbHAS
atomHas macca 40, a YucI0 HEUTPOHOB B siApe 22:
a) 40; 0) 22;B) 18; 1) 62.
6. YKaxxuTe 3JIEeMEHT, SapO aromMa KOTOPOTO COIEPKUT 26 MPOTOHOB
1 30 HEUTPOHOB:
a) IIUHK; 0) xene3o; B) Oapuii; r) Oepui-
JIAH.
7. VI30TOMBI TaHHOTO JIEMEHTA UMEIOT:
a) OIMHAKOBOE YUCJIO IPOTOHOB B SPE;
0) 0OIMHAKOBOE YMCIIO HEUTPOHOB B AAPE;
B) OJJMHAKOBBIN MOPSAAKOBBI HOMEP B MEPUOANYECKON CUCTEME HIIEMEHTOB;
I') OAMHAKOBOE YHCJIO 3JIEKTPOHOB B aTOME.
8. YkaxxuTe aToM 351eMeHTa, p0 KOTOPOro COAEPKUT J1Ba HEUTPOHA:

a) JTUTHUH; 0) renmit; B) BOJIOPO/T; r) Oepui-
JIAM.
9. B xakoMm psifly pacmoiokKeHbl TOJIbKO U30TOTIBL:
39, 40 40~ . 41,, M A
a) 19K, 19K, 20Ca; 0) 19K, 20Ca, 13Ar;
40 40 40~ . 39 40 41
B) 18Ar, 19K, 20Ca; r) 19K, 10K, 19K?
10. Ykaxure, CKOJIBKO HEUTPOHOB y H30TOIOB ‘2‘8Ca u %Ca:
a) 20 u 20; 0) 20 u 22; B) 22 u 22; r)40 u 42.

2.3. CTPOEHHUE SJIEKTPOHHOM OBOJIOUKH ATOMA.
KBAHTOBBIE UUCJIA. ITPUHIMI ITAYIN

ATOM COCTOMT M3 s/ipa U dJIEKTPOHHOU 000JOUKHU. JJIeKTPOHHASA 000/104-
Ka aTOMa — 5TO MPOCTPAHCTBO, B KOTOPOM ABMXKYTCS AJIEKTPOHBI BOKPYT siipa
B arome. YacTh aTOMHOTO MPOCTPAHCTBA, B KOTOPOM 3JICKTPOH HAXOAUTCS Yalle
Bcero (0koio 90 %), HazbiBaeTCst amomHuou opobumanvio. Kaxnas saeKTpoHHAs
000JI0YKa COICPAKUT OJIHY WK OoJiee opOuTaneil pa3inyHoi GopMel.

Jlis XapakTepuCTUKA OpOUTanei W DJIEKTPOHOB HCIOJB3YIOTCS KBAHTO-
BbI€ YK CJIa.

I nasnoe xeanmosoe uucio N XapakTepuU3yeT FHEPTHI0 U pa3Mep opOUTaIu
U DJIEKTPOHHOTO 00JlaKa, UMEeT 3HAUeHHUs LEeJbIX unced — oT 1 g0 oo (6ecko-
HEYHOCTB):

n=1234,5,6,7, ... .

DJEeKTPOHBI, KOTOPhIE HUMEIOT OJAMHAKOBBIE 3HAYEHHSI IJIaBHOTO KBAHTOBOIO

yucia, o0pa3ylT dHepeemuieckull ypoens. UNciio >HepreTudecKkux ypoBHEH
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B aTOMC paBHO HOMCDPY IICpUOad, B KOTOPOM HAXOJUTCA 3JICMCHT. SHGPFGTI/I‘IG-
CKHUC YPOBHH 0003HAYarOTCS OOJIBIIMMH 6YKB8.MI/I JJaTHHCKOI'O EUI(I)&BHT&:

3HaueHue N. 1234567
O603nauenue ypoeas: | KLMNOPQ

Ha ogHOM 3HEpreTHuecKoM YpOBHE MOTYT HAaXOJUTHCS SJIEKTPOHBI, KOTO-
pble UMEIOT pazIu4Hylo GopMy 3eKTpoHHOro obnaka. dopma 001aKkoB Xapak-
TEPUBYETCS opOUmManbHuim (nobounviM) Keanmosvim yuciom £. OHO UMEET 3Ha-
YEHUS TIENIBIX YHCEN, KOTOphle 0003Ha4YaroTCsa OykBaMH. BykBa COOTBETCTBYET
HA3BaHUIO OPOUTAIIH.

3Hauenue ¢ 0123
O0o3Hauenue ypous: |Spdf

DHEPreTUYECKNEe YPOBHU COCTOSAT U3 IHEPIETUYECKUX MOMAYPOBHEU. DHEP-
TEeTUYECKUN MOTYPOBEHb — 3TO HECKOJIBKO OpOMTANIEH, KOTOPBIE HAXOATCS Ha
OJTHOM DHEPreTUYECKOM YpPOBHE M UMEIT OAMHAKoBYI0 (opmy. [logypoBHu
TOXXe 0003HAYaOTCAd OykBamu: S-, p-, d-, f-mogypoBuu. Hanpumep, 3ammch 1S
0003Ha4YaeT, YTo 3TO S-TIOJYPOBEHb NEPBOrO IHEPreTUYECKOoro ypoBHs (N = 1,
¢ = 0); 4d o3Hauaet, 4T0 3TO d-1TOTypPOBEHD YETBEPTOTO SHEPTETUIECKOTO YPOB-
Hia (N = 4, £ = 2) u tak nanee. Yucno noAypoOBHEN Ha ypOBHE PaBHO IIaBHOMY
KBaHTOBOMY 4HCITY N.

OpOutany OIHOTO MOAYPOBHS MMEIOT pa3HOE HaIlpaBJICHHWE B MPOCTPaH-
CTBE M 3TO XaPAKTEPU3YET MacHumuoe keanmosoe uucio M;. OHO NPUHUMAET
3Ha4YeHUs 1eNbiX yncen oT — uepe3 0 go +¢ u umeer 2¢ + 1 3nadyenuit. Yucno
3HAYEHUU M, ONpenesseT YUCIO HalpaBiICHUM B IpocTpaHcTtBe. Hampumep:
s-opoutans (¢ = 0) umeetr ogHo (2 + 1 = 1) HampaBieHHE B MPOCTPAHCTBE
(puc. 2, a); p-opoutans (£ = 1) umeer tpu (2£ + 1 = 3) nanpasnenus (P, Py, Pz)
B mpoctpaHcTBe (puc. 2, 0); d-opourtans (£ = 2) umeer mare (26 + 1 = 5)
HaIpaBJICHUH B MPOCTPAHCTBE (pHC. 2, 8).

Yucno 3HaueHU M, onpeaesseT TaKKe YMCiIo opOuTalied Ha MOAypOBHE.
Hanpumep, S-mogypoBeHb MMeeT OIHYy opOuTanb, Tak kak £ = 0 u m; = O;
p-ToIypoBeHb UMeeT 3 opOuTaim, Tak kak £ = 1 u m, = —1,0,+1, d-nmoaypoBeHb
uMeeT 5 opoutanient, Tak kak £ = 2 u m;, = -2, -1, 0, +1, +2. Jlrobas opobutaib
rpaduyecku uzoOpakaercs B Buje kietku L

S-TIOAYPOBECHB.
P-IOaYypOBEHB:
d-morypoBeHb:
f-momypoBeHs: | ]

OO1mee uKcIo opouTaNeH HA DHEPIETHYECKOM YPOBHE PaBHO N (Tadu. 3).
Tabnuya 3
Yucso opouTaIe M MAKCHMAJIBHOE YHCJI0 JJIEKTPOHOB HA JHePreTH4YeCKUX
MOJXYPOBHSX U YPOBHAX

27



Tnashoe | OpGuTenBHOE Yncio opouTaeii MaxkcumajibHO€e Y1 CiI0
Moaypo- 3JIEKTPOHOB
KBAaHTOBOE | KBAaHTOBOE
BEHb Ha NoJ- HA Mo~
410, N 4uciao, ! Ha ypOBHe Ha ypOBHe
ypoBHe ypoBHe
1 0 1s 1 1 2 2
2 0 2s 1 2
4 8
1 2p 3 6
3 0 3s 1 2
1 3p 3 9 6 18
2 3d 5 10

BparieHue 37eKTpoHa BOKPYT CBOEH OCH XapaKTEPU3YET CHUHOBOE KBAH-
mogoe uucno (cnun snekmpona) Ms. OHO uMmeeT 3HauveHus: +1/2 u —1/2. JIa
AJIEKTPOHA C TIPOTUBOIOIOKHBIMHU CIIMHAMU U300pa)Kat0T C MOMOIIBIO CTPEJIOK:

™
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Puc. 2. DopMBbI ¥ IPOCTPAHCTBEHHASI OPUEHTAITUSI ATOMHBIX OpOUTaIIeii:
a — S-opbuTtanb; 6 — p-opouTaik; 6 — d-opOurais

[Mpunuun [Taynu: B aToMe He MOXKET OBbITh JBYX 3JIEKTPOHOB C OJMHAKO-
BBIMHU 3HAYEHUSIMU BCEX YETHIPEX KBAHTOBBIX yucen. [loaToMy Ha oaHON opOu-
TaJu HEe MOXET OBbITh 0oJiee IBYX AJIEKTPOHOB. DTH JIBa AJIEKTPOHA UMEIOT O -
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HAaKOBBIC 3HAUCHUA TPCX KBAHTOBBIX YHCCII (n, f, mg), HO OTJIM4YAaroTCsa CIIMHO-
BbIM KBAHTOBBIM YUCIIOM Ms:

™

JIBa 3JE€KTpOHA, KOTOpBhIE HAXOIATCS Ha OJHOW OpOMTaIM, HA3bIBAIOTCA
cnapennvimu (AU HenooeneHHou 21ekmporHou napoti). CrapeHHbIE 3JIEKTPO-
HBbI — 3TO AJIEKTPOHBI C MPOTUBOIOJIOKHBIMY (aHTUIAPAIIICIBHBIMU) CIIMHAMMU.
HecnapenHnsie 37e€KTPOHBI:

Tm |l

OO11ee YKCII0 HIEKTPOHOB Ha SHEPIETHYECKOM YPOBHE PaBHO 2Nn2,

Bomnpocsl

1. Yto Takoe 31neKTpoHHast 000JI0uKa aroma?

2. Uto Ha3bIBa€TCSI AaTOMHOM OpOUTAIIBIO?

3. Kakue xBanTOBBIC uncna Bel 3Haere? Jjig 4ero MCMonb3yrOTCsl KBAHTO-
BbI€ ynciua’?

4. Yro xapakTepusyeT IJaBHOE KBAHTOBOE YUCIIO?

5. Kakue 3HaueHus1 UMEET IrI1aBHOE KBAHTOBOE YUCIIO?

6. Uto Takoe PHEpreTHIeCKUN YPOBEHb?

7. YUto xapakTepu3yeT opOUTaIbHOE KBAHTOBOE YHCIIO?

8. Kakue 3HaueHns nmeeT opOuTaibHOE KBAHTOBOE YUCIIO?

9. Uto Takoe PHEPTeTUYECKUNA TOAYPOBEHB?

10. Yemy paBHO YHCIIO TTOYPOBHEH HA SHEPTETUIECKOM YPOBHE?

11.YTto XapakTepuzyeT MAarHMUTHOE KBAaHTOBOE UYMCIO W KakKuhe 3HAYEHUS
OHO UMeEET?

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

13. Kak popmynupyercst npunnummn [Taymun?

14.YTo Takoe crapeHHbIC dJIECKTPOHBI?

15.Yemy paBHO MaKCHUMAaJbHOE YHUCIIO 3JIEKTPOHOB Ha HHEPreTHUUECKOM
ypOBHE?

2.4. IIOPSAIOK 3AIIOJTHEHUSI SJIEKTPOHAMU ATOMHBIX OPBUTAJIEN.
JIEKTPOHHBIE KOH®UT'YPAIIUY ATOMOB 3JIEMEHTOB

PacroioykeHre 3JIEKTPOHOB MO YHEPTeTHUSCKHUM YPOBHSIM M ITOJLYyPOBHAM
M300paKaloT B BUJE 3JIEKTPOHHBIX KOHGurypamuii. bonbmas uudpa nokasbl-
BACT HOMEP YHEPreTHUECKOTO YPOBHS (IJIABHOE KBAHTOBOE YHCIIO). BykBHI S, P,
d, f obo3nauaror popmy opOutanu (opOuTanbHOE KBaHTOBOE umcio). L{udpa
HaJ OyKBOH CripaBa BBEPXY MMOKAa3bIBACT YMCIIO AJICKTPOHOB Ha JaHHOM JHEpre-
THUeckoM noayposHe. Hanpumep, 25! mokassiBaer, 4To Ha BTOPOM dHEPreTHYE-
CKOM YPOBHE Ha S-OpOMTAIIM UMEETCS OJMH 3JICKTPOH. DJICKTPOHHAs KOHDHUTY-
pauus atoma cepsl (,S) 1522522p®3s23p?. MakcuManbHOE YHMCIIO DIIEKTPOHOB

30



Ha OJIHOM S-opOWTany paBHO 2, Ha TpeX p-OpOUTAIAX paBHO 6, HA MSATH
d-opouTansax pasuo 10, Ha cemu f-opOuTansx paBuo 14.

Iopsimoxk 3amoJIHEHUs 3JIEKTPOHAMH JHEPreTHYeCKMX IOAyPOBHeM
OTpeeNsieT MPUHIIUI HAUMEHbIIIEH YHEPTUU: JIEKTPOHBI 3aMOJHSIIOT SHEPreTH-
YeCKHe MOAYPOBHU B TIOPAJIKE YBEITUUCHUS UX SHEPTHH.

HanMenbinyto 3Hepruto umeer 1S-nogypoBeHb. OH MEpBBIM 3aIIOJIHIETCS
AJIEKTPOHAMHU. 3aTEM TIOCIICIOBATEIHHO 3aMOJHSAIOTCS AJIEKTpoHaMu 2S-, 2p-, 3S-
u 3p-nogypoBHu. [locne 3p-noaypoBHS 3IEKTPOHBI 3aNOJHAIOT 4S-TTOAYPOBEHD,
TaK KaKk OH UMEET MEHBIIYIO SHEPTHIO, YeM 3d-1I0TypOBEHb.

VYBenuueHue 3Hepruu U 3arojJHEHUE MOTypPOBHEN MPOUCXOAUT C yBEIINYe-
HUEM CyMMBI N + £, a IpHu paBHOU cymme N + { — ¢ yBenuueHueM yucia N (mpa-
Buj1o KneukoBckoro). COOTBETCTBEHHO 3TOMY IIPABHITY MOPSIIOK PACTIONOKEHUS
aTOMHBIX OpOUTAaJIEH 110 SHEPTUU CIIETYIOIIHIMA:

1s<25<2p<35<3p<4s~3d<4p<5s~4d<5p<6s~4f~5d<6p<T7s.
B Takom jke mopsiaKe MPOWCXOTUT 3alOJIHEHUE JJIEKTpoHamu S-, P-, d-,
f-mogypoBHeii.

[Ipu 3amonHEHUH OJHOTO MOAYPOBHS BHaJajle 3JEKTPOHBI 3alOJHSIOT Op-
outanu o ogHomy (mpasuio Xynzaa). [Ipumep:

s p s p
N 1s2s%2p® [ AL M| r [ | GF 15%25%2p5 | ML N M| 1
N N

Bomnpocsl 1 ynpaxHeHus1

1. Yro Takoe 3JeKTpOHHBIE KOHPUTYpaIM aTOMOB 3JI€MEHTOB?

2. CKOJIBKO AIIEKTPOHOB HAXOAWTCS: a) HA OJHOW S-opOuTanm; 0) Ha Tpex
p-opOuTansx; B) Ha nsaty d-opOutainsx; r) Ha cemu f-opOuTansx?

3. Hanmummre snekTpoHHbIe KOHPUTypanuu snemeHToB: S, Ca, Zn, Br.

2.5. IEPHOTUYECKASI CHCTEMA XUMHUYECKHUX SJIEMEHTOB.
JEKTPOHHOE CTPOEHUE ATOMOB

Uucio sHepreTHYecKuX YpOBHEH B aTOME PaBHO HOMEPY Nepruoja, B KOTO-
POM HaxOJIWUTCS IEMEHT B NEPHOJUYECKON CHCTEME AJIEMEHTOB. UHCIIO 3JeK-
TPOHOB Ha BHEUIHEM 3HEPre€TUYECKOM YPOBHE aTOMOB ISl JIEMEHTOB TJIABHBIX
NOATPYIII PABHO HOMEPY TPYIIIIHI.

B 3aBHCHMOCTH OT TOro, Kakoil MOJypOBEHb 3aIOJIHAETCS 3JIEKTPOHAMHU,
BCC JIEMEHTHI JCTATCS Ha S-, P-, d-, f-aeMeHThI. DeMEeHThI, Y KOTOPBIX 3aroJi-
HSIE€TCA S-TIOJyPOBEHb BHEIIHETO YHEPTreTHUYECKOTO YPOBHS, Ha3bIBAKOTCS S-3JIe-
MEHTaMU. DTH S-3JIEMEHTbl HaxondTcs B TaBHbIX noarpynmax | u Il rpynm.
VY p-37€MEeHTOB 3anoIHIETCS p-TIOlypOBEHb BHEITHETO YHEPTETUUECKOTO YPOBHS;
P-3IEMEHThI HaxosaTcs B raBHbIX noarpymmax |-VII rpynn. ¥V d-anemenrtos
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3amnoJiHAeTCs (-1MoypOBEHb MPEABHEITHOTO YHEPTeTHUECKOT0 YPOBHS; y f-3me-
MEHTOB — f-1IOJlypOBEHb TPETHErO CHApPYKU SHEPTETUYECKOTO YPOBHS. DTH
AIIEMEHTBI HAXOIATCA B MOOOYHBIX MOATPYMIaX.

DNEeKTpOHHAsI TEOpHUsl CTPOEHHUs aToMa OOBSICHWIA 3aBUCUMOCTH XHMHYeE-
CKHUX CBOMCTB RJIEMEHTOB OT CTPOEHUSI UX aTOMOB U TOJIOXKEHHS B MIEPHO MUY e-
CKOM CHCTEME AJIEMEHTOB. B XMMUYECKHX peaklMsaX 4Yalle BCEro y4acTBYIOT
AJIEKTPOHBI BHEIIHETO JHEPTETHUUYECKOTO YPOBHS (BAJICHTHBIE SJICKTPOHBI).
BHenHui sHEpPreTM4eCKUii YPOBEHb 3aBEPIIEH, €CIM OH MMEET AJIEKTPOHHYIO
xoHpurypanuio s?p® (BoceMb »1ekTpoHOB). JJIs aTOMOB BOAOPOAA M TENUs
5JEKTPOHHAS KOH(MUIypamus 3aBePIICHHOTO JHEPreTHYecKOro ypoBHs 182,
VY aToMOB METaJIJIOB Ha BHEIIHEM SHEPreTUYECKOM YPOBHE HAXOAUTCS MEHBIIIE
YEeThIpEX IEKTPOHOB. [[03TOMY MeTaubl OTAAIOT ANEKTPOHBI MPU XUMUYECKUX
peakuusax. ¥ aTOMOB HEMETAJUIOB HA BHEIIHEM SHEPrETUYECKOM YPOBHE HAXO-
JTUTCSL YeThIpe U OoJiee AMeKTPOHOB. [103TOMY HEMETaIIbI MPUCOCTUHSIOT K-
TPOHBI IPU XUMUYECKUX PEAKIUAIX.

C yBenumueHueM 3apsiia sIpa aTOMOB Yy BJIEMEHTOB OJHOTO MEPHOJIa
YMEHBIIIAETCSl PaJANyC aToMa, a YKCIO BHEHIHUX JJIEKTPOHOB YBEIHMYHUBACTCS.
[ToaTOMy crOCOOHOCTH aTOMa OTAaBaTh JIEKTPOHBI YMEHBIIIAETCS ClieBa HaIpa-
BO B IIEPUOJIC€ U HEMETAUINYECKUE CBOMCTBA DJIEMEHTOB YCWIMBAIOTCS, & METaJ-
JUYECKre — 0CabeBaloT.

B rnaBHBIX moarpymnmnax cBepXy BHHU3 PauyCc aTOMOB M YHCJIO DJIEKTPOH-
HBIX CJIO€B YBEJIMUMUBACTCS C YBEIUUYECHUEM TOPSIKOBOrO HOMEpa dJieMeHTa (3a-
psana snapa). I[loaTomy cmocoOHOCTH aroMa OTJaBaTh AJIEKTPOHBI CBEPXY BHU3
YBEJIMYUBACTCS Y METAJUIMYECKUE CBOMCTBA AJIEMEHTOB YCHJIMBAIOTCS, & HEME-
TaJUIMYECKHE 0CIabeBaroT.

ITepuonnueckas cucrema sneMeHToB [l. . MenneneeBa — rmiepBasi ecre-
CTBEHHas KjaccHUpUKAIMs XUMUYECKUX aeMeHToB. OHa moKaszaia, 4TO BCE
AJIEMEHTHI CBSI3aHBI MEXKIy COO0M M 00pa3yloT enuHyro cuctemy. llepuoauye-
CKHI1 3aKOH MIOMOTa€T YYEHbIM CO3/1aBaTh HOBBIE XMMUYECKHUE IJIEMEHTHI U HO-
BbIE€ COCJIUHEHHUSI JIIEMEHTOB.

Bonpoch! 1 ynpaxHeHus1

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

2. Yemy paBHO YHMCJIO AJIEKTPOHOB HA BHEIIHEM JHEPreTUYECKOM YPOBHE
aTOMOB 3JIEMEHTOB TJIaBHBIX MOATPYH?

3. Kakme »imeMeHTH Ha3bIBAIOT: a) S-2€MEHTaMu; 0) p-dIEeMEHTAMH;
B) d-ane-mMenTamu; 1) f-anementramu? [IpuBenure npuMepsl.

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

5. ATOMBI KakuX D3JEMEHTOB HMEIOT 3aKOHUYEHHbIE M HE3aKOHUYEHHBIE
BHEILIHUE YHEPreTUYECKUE YPOBHU?
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6. CKOJIbKO JJIEKTPOHOB Ha BHEIIHEM JHEPTeTHYECKOM YPOBHE HMEIOT
aTOMBI: a) METAJIOB; 0) HEMETAJIOB?

7. Kakoii snemeHT — 0oJiee aKTMBHBIM METaJUI: a) HATPUN WK PYyOUIM;
0) Kaaui WM CKaHAWK; B) Kaui min Meab? [louemy?

8. Kakoii anmemMeHT — 0oJiee aKTUBHBIM HEMETAJUT: a) yriepoja WM a3oT;
0) dochop mm azot; B) xsmop uiu 6pom; 1) Temuryp win Hoxa? [ouemy?

TecToBbBIIT CAMOKOHTPOJIB (4) 0 TeMe «DJIEeKTPOHHOE CTPOEHUE ATOMOB
U MePUOAMYECKAS CUCTEMAa XUMUYECKHUX IJIEMEHTOB)

1. VYkaxwure, CKOJIbKO 3HEPreTUUECKUX YPOBHEH (3JIEKTPOHHBIX

CJIOEB)
y aToMa 3JIeMEHTA C MOPSAKOBBIM HOMEpOoM 33:
a)2; 0) 3; B) 4; r)S.

2. Atom kakoro 3nemenTta |V nepuona coaepKuT HaubOoJIbIIee
YHUCJIO JIEKTPOHOB:
a) IMHK;  0) XpoMm; B) OpoM; ') KpUITOH?
3. Vkaxwute, Kakasg GopMylsia 3JICKTPOHHOW KOH(HTypamuu y
aToMa Xpoma:
a) 15%2s22p°3s23p°®3d°4s?; 0) 1522522p53523p°3d*4s?;
B) 15225%2p®3523p83d°4s?; r) 1522522pf3d®4s2,
4. VxaxuTe, CKOJIbKO p-dJICKTPOHOB HA BHEIIHEM JHEPreTHYC-
CKOM ypOBHE aToMa 3JIEMEHTa MBIIIbSIKA:
a) 3; 0)5; B) 4; r) 6.
5.  VkaxuTe, CKOJIbKO HECIIAPEHHBIX 3JICKTPOHOB y aToMa a30-

Ta:
a)35; 0) 2; B) 3; r) 1.
6. VkaxwnTe, B KAKOM sy HAXOAATCSA TOIBKO O-3JIeMEHTHI:
a) Al, Se, La; o) Ti, Ge, Sn; B) Ti, V, Cr; r) La, Ce,
Hf.

7. YKaxuTe, aTOM KaKoro 3JIEMEHTa MMEeT HauOOoJIbIIee YHCIIO
HECIIAPCHHBIX AJICKTPOHOB B HOPMAJILHOM COCTOSTHUM:
a) HATpU; 0) KpeMHUi; B) hochop; r) cepa.
8. VYkaxute, 3JEKTPOHBI BHEIIHETO SHEPTCTHUYECCKOTO YPOBHS
KaKOTO aToMa dJIEMEHTa Han0oJIee MPOYHO MPUTATHBAIOTCS SIPOM:
a) KaJui; 0) yriepos; B) (prop; r) ¢pan-
1107058
9. Vkaxure, Kak M3MEHAIOTCS METAJNIMYECKHUE CBOMCTBA dJIe-
MEHTOB TJIABHOW MOATPYIIIHI | TpymImbl CBEpXy BHU3:
a) ocinabeBaroT; 0) ycuimBaroTcs; B) HE U3MEHSIIOTCA.
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10. VkaxuTe, KaKk H3MEHSIOTCS HEMETaUIMYECKUE CBOMCTBA B
pany snaementoB Na — Mg — Al - Si - P — S — ClI ciesa Hampa-
BO:

a) oclrabeBaror; 0) HE U3MEHSIOTCS, B) YCUJIMBAIOTCA.

I'JIABA 3. XUMHNYECKAS CBA3b U CTPOEHUE BEIIIECTBA

3.1. DJIEKTPOOTPHIATEJIBHOCTh XUMHAYECKHAX 3JIEMEHTOB

OnextpoorpunatebHOCTh (30) — 3TO CBOHMCTBO aTOMOB JAHHOTO dJe-
MEHTa MPUTITUBATH K CE€O€ AJIEKTPOHBI OT ATOMOB JAPYTUX HJIEMEHTOB B COEIU-
HEHUSAX. Y CIOBHO 3JIEKTPOOTPUIIATEIILHOCTh JINTUSA paBHA enuHuIle, Gropa —
yeTblpeM. D0 Ipyrux 3J€MEHTOB BBIUUCISAIOT OTHOCUTENBHO D0 nutus. OTHO-

cuTenbHbIe 3HaUeHUsT DO XUMUYECKHUX JIEMEHTOB MPUBECHBI B Ta0I. 4.
Tabnuya 4
OTtHocuTenbHbIe 3HaYeHUS] DO HEKOTOPHIX XUMHYECKHUX 3JIEMEHTOB

I'pynnbi
Hepuor | T I Vi 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 40 -
3 Na Mg Al Si P S Cl Ar
0,9 1,2 15 1,8 2,2 25 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 »51eMEeHTOB B MEPHOJAX YBEIMUYMUBAETCS CII€Ba HAIpPABO, a B TJIABHBIX
NOATPYIIax yMeHbIIaeTcsi cBepxy BHU3. [loaToMy B mepuojax ciieBa HampaBo
HEMETaJUIMYECKHE CBOWMCTBA 3JIEMEHTOB YCHUJIMBAIOTCS, @ B TJIABHBIX MOJATrPYII-
Max CBEpXy BHU3 YMEHBIIIAIOTCS.

[Ipn XUMHUYECKHUX PEAKIUAX JJICKTPOHBI IMEPEXOIAT WU CMEIIAI0TCS
K aToMaM 3JJIEMEHTOB, Y KOTOpbIX Oosbimas D0. Y meramioB D0 0ObIYHO
MEHbIIIE JBYX, y HEMETa/UIoB — Oosbine AByX. Eciu coenuHeHHe COCTOUT
U3 JIBYX DJIEMEHTOB, TO €r0 Ha3BaHWE MPOUCXOIUT OT Ha3BAHUS TOTO DJIEMEHTAa,
y kotoporo D0 Oomwine. Hanmpumep, coenuaenne OF, HaszpiBaeTcs dropumom
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KHUCIIOpOJia, HO He okcuioM ¢ropa. 3HaHus 06 D0 NPUMEHSIOTCS TakkKe MpU
OTIPEJICTICHUH TUITA XUMUYECKOHN CBS3H.

Bonpocel

1. Yro Takoe 307?

2. Kak u3mensierca 90 B nepuojax u rpyrmnax?

3. I'me npumensiercs nouarue 0 371€eMEHTOB?

4. Kakoii anemeHT uMeet camyro oodbiinyio 907? [Touemy?

3.2. TUIIBI XUMHUYECKOM CBSI3U

XuMHYECKasi CBSI3b — 3TO CHIIbI, KOTOPbIE COCAUHSAIOT aTOMbI B MOJIEKY-
nax. Pa3nuyaror cieayronue OCHOBHBIE THITHI XUMHYECKOM CBS3H.

KoBajieHTHasi CBSI3b — 3TO CBSA3b aTOMOB B MOJIEKYJIE C ITOMOIIBIO OOIIHX
SJIEKTPOHHBIX map. OOIast 3JIEeKTPOHHAs Iapa o0pa3yeTcss B pe3yjbTare mepe-
KPBIBaHHS DJCKTPOHHBIX 00akoB. EcTh 1Ba MexaHu3Ma 0Opa30BaHHs OOIIMX
SJIEKTPOHBIX Iap: U3 HECIIAPCHHBIX DJIEKTPOHOB M IO JOHOPHO-aKIECITOPHOMY
MEXaHU3MY.

[To mepBOMy MexaHHM3My HECIapEHHBIE 3JIEKTPOHBI KaKIOTr0 U3 aTOMOB
00pa3yroT 00IIYIO Mapy ACKTPOHOB. I10 3TOMY MexaHH3My 0Opa3oBaHHE MOJIe-
kyn Hz, Cl; u HCI u3o6paxeno Ha puc. 3.

S S

H + eH > Hs H @
:S:J‘ + °§.I:—>3.C.I:.C.I: m

P

e e S
H* + *Cli> HS Cl: <§>©

Puc. 3. OOpa3oBaHue KOBaJEHTHON CBS3U

[To BTOpOMY MexaHU3MYy CBOOOJIHASI TIapa JIEKTPOHOB OJTHOTO aToMa Iepe-
XOJIUT Ha CBOOOJHYIO OpOWTaNb Apyroro aroma. Hampumep, mpu B3auMOCH-
crBun ammuaka NH; u mona Bomopoma H™ Hemopmenennas mapa 3J€KTPOHOB
aToMma a30Ta MMepPexXoUT Ha CBOOOIHYIO0 opOuTais noHa Bojopoaa H™ u oOpasy-

ercs uoH ammonns NHj
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KoBasneHnTHas cBsizb MOKET OBITH MOJSIPHOM WM HenosipHor. HenonsipHas
KOBAJICHTHAsl CBSI3b O0Opa3yeTcsi MEXAY aToOMaMU SJIEMEHTOB C OJIMHAKOBBIM
3HAYEHUEM BJIEKTPOOTPUIIATEILHOCTU. B 3TOM citydae oO1iiast 3JIeKTpOHHAas napa
pacriojaraeTcsi Ha OJIMHAaKOBOM PAaCCTOSIHUU OT siiep oboux atomoB. Hampumep,
HETOJIIPHAs KOBAJICHTHAS CBsA3b uMeeTcs y Mosiekynn Hp, Cly O,. IMonspuas ko-
BaJICHTHAs CBA3b 00pazyeTcss MEXAy aTOMaMH 3JIEMEHTOB C Pa3HOU 3JIEKTPOOT-
pUIIATEeNIbHOCThIO. B 1MaHHOM ciydae oOmasi 3J€KTpOHHAs Iapa CMEIIAeTCs
B CTOpPOHY aToma C OOJIBIIMM 3HAYEHUEM DJIEKTPOOTPHUIATEILHOCTU. Takas
CBSI3b €CTh B MOJIeKyJ1ax xjopucroro Bogopoaa (HCI), Boasr (H20).

B 3aBucumMocTH OT HampaBjeHHUS B IpO-

CTPAHCTBE PAa3JUYaIOT G- U M-KOBAJCHTHBIE CBSI-

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

BaJICHTHBIE CBSI3U, NIPU OOpPa30BaHUU KOTOPBIX

X AJIEKTPOHHBIE O00JIaka TMEPEKPHIBAIOTCA 0 JIH-

HUW, COCAMHSIONICH siipa atoMoB (puc. 3). Bro-

pbie (T-CBSI3U) — 3TO KOBAJICHTHBIE CBSA3U, TIPH

00pa3oBaHMU KOTOPBIX JJIEKTPOHHBIE oOO0JaKa

Puc. 4. OOpazosanue m-CBA3M MEPEKPBHIBAIOTCS BHE JIMHUU, COCTUHSIONIEH SI-
pa atomoB (puc. 4).

B 3aBucuMOCTH OT 4McClia OOIIUX AIEKTPOHHBIX Map, Y4acTBYIOIIHUX B 00-
pa30BaHUM XMMHUYECKON CBSI3M, Pa3IMYaOT OAWHAPHYIO (IIPOCTYIO), JBOMHYIO
U TpoiHyto cBsa3u. OMHAPHBIE CBS3U O0PA3yOTCS MPHU MOMOIIM OHOUM 00IIei
anextponHoi napel (Hz, Cly, HCI); nBoiiHbie cBSI3M — mpu MOMOIIU ABYX 00-
IUX JIEKTPOHHBIX map (O2), TpPOHHBIE CBSI3U — C MOMOIIBIO TPEX OOIIUX DIICK-
tpoHHBIX map (N2).

Honnoii CBSI3bI0 HA3bIBACTCSA CBA3h MEKIY HOHAMMU:

Na* +°* FisNa'[[F] Na® —& -»Na' F+&>F

z

[Ipu oOpazoBaHWM MOHHOMW CBSI3M aTOMbI METAJVIOB OTJAIOT AJICKTPOHBI,
a aroMbl HEMETAJUIOB MPUHUMAIOT JJIEKTPOHBI. B pesynbrare oOpasyrorcs mo-
JI0KUTEJIbHBIE MOHBI (KATUOHBI) U OTPUIATEIbHbBIC (AHUOHBI).

CoenvHeHus1, COCTOSIINE U3 HOHOB, Ha3bIBAIOTCSI MIOHHBIMU.
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BOHOpOI{HOﬁ CBA3BI0 HA3bIBACTCA JJICKTPOCTATHUYCCKOC BSaHMOﬂeﬁCTBHG,
KOTOPOC IMOABJIACTCA MCKAY ITOJOKUTCIIBHBIMHA U OTPHUIATCIIBHBIMU 3apsadaMU.
BOI[OpOIlHI)IG CBi3HU H306pa>1<a}0Tc;1 TOYKaMH.

+38 -3 O

Hx . 5 X OX H N
\8 + -I/ \ —> \OoooH H

o H

Bonopoanas cBsi3p 00pa3yeTcst MeKIy aTOMaMH BOAOPOJAA U CUIIBHO DJIEK-
TpootpuniaresnbHeiMu atomamu (O, N, F) npyroit monekynsl. Hanpumep, B Mo-
JIEKyJie BOABI OOMIME 3JIEKTPOHHBIE Mapbl CMEMIAIOTCA K aToOMy KHCIOPOJA.
ATOM BOZIOPOJA UMEET IOJOKUTEIBHBIA 3apsal, a aTOM KHUCJIOpOAa — OTpHULa-
TEJIbHBIM.

[IpuMepamMu BEIIECTB ¢ BOJOPOJHOM CBA3BIO SBISFOTCSA BOJA, KUIKHM am-
MUaK, JKUJIKHI (TOPOBOJOPOJI, OpraHUYEeCKue coeMHEeHMs. BogopoaHas cBs3b
MOKET 00pa30BaThCsl U BHYTPHU OJHOM U TOM ke MoJjeKyibsl. Hampumep, Bono-
poJiHas CBsA3b €CTh B MoJieKynax oenkoB u JJHK.

BonopoiHas cBs3b ciabee KOBAJICHTHOW W MOHHOM CBSI3CH.

MeTainyeckasi CBSI3b BO3HUKAET B METaJlJIaX MEXY MOJIOKUTEIbHBIMH
MOHAMHU U CBOOOJIHBIMM 3JIEKTPOHAMH. DTHU CBOOOAHBIE 3JIEKTPOHBI CTAHOBSATCS
OOIIMMHU U1 BCEH KPUCTANIMYECKON peleTKn MeTauia. Metaminueckas CBS3b
XapakTepHA TOJIBKO ISl METAJJIOB, HAXOASAIIUXCS B TBEPJAOM WIIM JKHJIKOM CO-
CTOSIHUH.

Bomnpocsbi

. UTo Takoe XMMHUYECKas CBSI3b?

. Kakas cBsi3b Ha3bIBACTCS KOBAJICHTHOM?

. Uto Takoe G-cBs3u?

. Kakas cBs3b Ha3bIBaeTCs ABOMHOM, Kakas — TPONHOMN?
. Uto Takoe m-CBA3U?

. UT0 Takoe HENoJsIpHAs CBS3b?

. Uto Takoe nossipHas CBsA3b?

. Kako#i Tum KoBaJIeHTHOUM CBsI3M (MMOJIApHAs WM HEMOJISIpHAs) XapaKTe-
peH it mosiekyn cieaytomux Bemects: CO, HI, H,S, OF,, CH4? K atomam ka-
KHX DJIEMEHTOB CMEIIAIOTCS OOIIUE IJICKTPOHHBIEC Maphl B ATHX MOJICKYJIax?

9. Korna xoBasieHTHas CBsI3b 00pa3yeTcsi O JOHOPHO-aKIIENTOPHOMY Me-
XaHU3MYy?

10. Kakas cBsi3b Ha3bIBACTCSI HOHHOM ?

11. Kak o06pa3yroTcsi MOHHbIE COSAUHEHUS?

12. JIns coenMHEHUM KaKMX DJIEMEHTOB XapakTepHa: a) HEMoJsIpHas KOBa-
JICHTHAsI CBSI3b; 0) MOJISIpHAs KOBAJIGHTHAS CBSI3b; B) MOHHAS CBA3b; T') BOJOPO/I-
Has CBsI3b; 1) MeTa/uIMuecKas cBsizh? [IpuBenute npumepsl.

O~NOO O~ WDNE

TecToBBIH CAMOKOHTPOJIb (5) MO Teme
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«3.]]eKTp00TpI/IIIaTe.HI)HOCTb H XUMHYIECCKasA CBA3b»

1. VYkaxure, KaKk HU3MEHSETCA AIIEKTPOOTPULIATEILHOCTh dJie-
MEHTOB B IIEPHO/IE CII€Ba HAIIPABO:
a) YMEHbIIIAeTCS, 0) yBeIMUYMBaETCS; B) HE U3MCHSICTCHI.
2. YKaxuTe, B KAKOM PsIy 3JIEKTPOOTPHUIATEIIBHOCTh 3JIEMEH-
TOB YBEJIMUMBAETCS CJeBa HAPABO:
a)S,0,ClILF, ©6)S,Cl,0O,F, B) Cl, S, O, F; r)
Cl,0O, S, F.
3.  VYkaxuTe, B KaKO Mape BEUIeCTB OOIINE 3JEKTPOHHBIC Maphl
CMEILIEHbI B CTOPOHY aTOMa KHCIIOpO/a:

a) OF, n CO; 6) Clzo 41 NO; B) H20 u N203; F) O, mn
O, F.

4. VYxkaxwure COCONHCHUA C KOBAJICHTHOM HeHOHHpHOﬁ CBA3BIO:
a) Oy 6) No: B) Clz; F) PCls.

5. Vkaxure COCONHCHUA C KOBaJICHTHOH HOHHpHOﬁ CBA3BIO:
a) HZO; 6) Bry; B) Cle; F) SOs.

6. VYxkaxute, MEXIy aTOMaMé KaKHX DSJEMEHTOB BO3HHKAET
WOHHAs CBS3b:
a) METaJJIOB; 0) METaJJIOB U HEMETAJLIIOB; B) HEMETAJIOB?

7. VYKaxxuTe COeIUHEHUS C HOHHOU CBS3bIO:

a) XJIOpUJ HaTPHUS; 0) okcup yraepona (II);
B) Hox; ') HUTpAT KaJusl.
8. VYkaxwute, KakoW TUTI CBs3HM B MoJiekyse NF3:
a) MIOHHAs; 0) HeToIsIpHAst KOBAJICHTHAS;
B) TOJIIPHAsi KOBAJICHTHAS; T') BOJOpOHAS.

9. Vkaxute, aTOM KaKOro 3JIEMEHTa MOKET y4acTBOBAaTh B 00-
pPa30BaHUU METAJUTMYECKON U MOHHOU CBA3U:
a) As; 0) Br; B) K; r) Se.
10. VYkaxure BemiecTBa, (PU3NYECKOE COCTOSIHUE KOTOPBIX TPH
OOBIYHBIX YCJOBHSIX OIPEACNACTCS BOJOPOIHBIMH CBSI3SIMH MEXIY

MOJICKYJTAMH:
a) BOAOPOS; 0) )KUJKUN XJIOPOBOIAOPOI;
B) JKUJKHUN (TOPOBOIOPO/T; ') BoJaA.

3.3. BAJEHTHOCTDB U CTEIIEHb OKUCJIEHUS

DJEKTPOHBI, YYaCTBYIOIIME B OOPA30BAaHUM XMUMHUYECKUX CBSI3€H MEXIY
aTOMaMH, HA3bIBAIOTCS BAJICHTHBIMU. B aromax 3J€MEHTOB TJIaBHBIX MOATPYIII
BAJICHTHBIE JJIEKTPOHBI HAXOIATCS HA BHEIIHEM DJHEPrEeTUYECKOM YpPOBHE.
B atomax 31eMeHTOB MOOOYHBIX MOATPYII BaJEHTHBIC 3JIEKTPOHBI HAXOASITCS
Ha BHEUIHEM M MPEANOCIEIHEM 3HEPreTUYECKUX YPOBHSX. 3HAUWT, BAJIECHT-
HOCTb — 3TO YKCJIO OOIIMX 3JEKTPOHHBIX IMap, KOTOPBIE CBSA3BIBAIOT JAHHBIM
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aToM ¢ apyrumu. Hampumep, BaneHTHOCTE a3oTa B coequHeHHH No(:Ni:iN: mm
N = N) paBHa TpeM, a B coequaeHnr NH4Cl — geTpipem:
+

- -
H- N - H|CI

BanentHocts xs10pa B coequnenuu Cl, (Cl — Cl) paBHa enunmuiie.

BaneHTHOCTB (YMCI0 HEeCTTapeHHBIX AJIEKTPOHOB) aTOMOB MHOTHX 3JIEMEH-
TOB MOXXET YBEIWYMBATHCA TPH TIEPEXOJE€ aToMa W3 OCHOBHOTO COCTOSHHUS
B BO30y)XJIeHHOE. JTO BO3MOXKHO, €CJIM Ha BHEIIHEM YPOBHE €CTh CBOOOJHBIC
OpOUTaNH y OJHOTO aTOMa M CHapeHHBIE JJICKTPOHBI — Y Apyroro. Hampumep,
aTOM YTJIEPOJa B OCHOBHOM COCTOSTHUH SIBISICTCS IBYXBaJICHTHBIM, TIOTOMY YTO
B 3TOM COCTOSTHUM OH MMEET JBa HECIApEHHBIX 3JIeKTpoHa. [Ipu mormomennn
DHEPTUU y aToMa yriepojia OAWH U3 3JIEKTPOHOB 2S-TIOYPOBHS MEPEXOAUT Ha
CBOOOJIHYIO OpOUTah 2p-TIOYPOBHSA M B pe3yibTaTe oOpasyercs 4 HecnmapeH-
HBIX AJICKTPOHA:

NI T _E it

23 2p 23 2p
2522p? E 2s12p3

—

B B030yX/I€HHOM COCTOSIHUM YTJIEPOJ SIBISIETCS YEThIPEXBAJICHTHBIM.

BajieHTHOCTh HE UMeeT 3HaKa U HE MOXKET ObITh paBHA HYJIIO.

CreneHb OKMCJEHUSI — 3TO YCIOBHBIM 3apsi]i aTOMa B MOJIEKYJIE, BbIUHMC-
JICHHBIN MPU TPEATNIOI0KEHUH, YTO MOJIEKYyJia COCTOUT TOJbKO U3 MOHOB. CTe-
MIEHb OKUCJICHUS TaK)KE paBHA YUCIY 3JIEKTPOHOB, KOTOPBIE CMEIICHBI OT aToMa
JTAaHHOTO AJIEMEHTA K aTOMY APYroro 3JeMEeHTa.

Y HEKOTOpBIX 3JIEMEHTOB BO BCEX COCIMHECHUAX HNOCMOSAHHAS CMeneHb
okucnenus. Hanpumep:

a) y menounbx MetamioB (Li, Na, K, Cs, Rb, Fr) ctenenb okucnenus +1;

0) y Bcex anemenToB Il rpynmsl, 3a uckintrouenuem Hg, (Be, Mg, Ca, Sr, Ba,
Zn, Cd), cteneHb OKUCICHUS 1+2;

B) y aJIIOMHHUS CTENIEHb OKUCIIEHUS +3;

r) y ¢ropa (F) crenens okucnenus —1.

Y BOJIOpOJia BO BCEX €r0 COCIMHEHUSIX cTeneHb okucieHus +1. Ho B rua-
punax MetaioB (NaH, KH, CaHjy) ero crenens okucienust —1. Y kucinopojaa

B OOJIBIIMHCTBE CIIOKHBIX COCIMHECHUN CTEICHb OKHMCIICHHUS —2, HO B COEAMHE-
+1 -1 +2-1
HUsX ¢ gropoM — +1 u +2 (02 F2,0F2), a B mepokcuiax BoJI0opo/ia U METAIOB

+1 -1 +1 -1

-1 (Hz Oz,Naz 02).
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CreneHb OKMCIICHUSI MOKET UMETh OTPULIATEIBHOE, TTOJOKUTEILHOE U HY-
+1 2 0 +1-1/2
sesoe 3HaueHue: K> O,N,,K O ».

Maxkcumanvuas cmenenv oxucieHusi 3JIEMEHTa OOBIYHO DPaBHA HOMEPY
IPYIIIBI IEPUOANYECKON CUCTEMBI, B KOTOPON HaXOAUTCA JAHHBIN JJIEMEHT.

Munumanvnas cmenenv OKuUCaeHus METAJUIOB paBHa HYJII0. MUHUMaIbHAs
CTENEHb OKHCJIEHUS HEMETAUIOB paBHA: 8 MHUHYC HOMEpP IPYIIbI, B KOTOPOU
HaXOJUTCS DJIEMEHT.

3HAUYEHHsI CTENIEHEN OKHCIICHHS 3JIEMEHTa MEXAY BbICHIEH M HU3IIEH CTe-
IIEHSIMU OKMCJICHHs Ha3bIBAIOTCS npomedxcymounvimu. Hanpumep, a3or umeer
pa3JINYHbIE CTEIIEHU OKUCIIEHUS B PA3HBIX €r0 COCIMHEHUSAX:

-3

NH,; — MuHuMainbHas;

=2 -1 0 +1 +2 +3 +4

N, H,, NH,OH, N2, N2O, NO,N>O,,NO, — npomMeKyTOUHbIE;
+5

N2 Oy — MakcumanbHasl.

B Monekyne cymMma creneHeil OKHMCIEHHS BCEX aTOMOB paBHa HYIIIO,
B CJIO)KHOM MOHE — 3apsy MOHA. DTO MO3BOJISET BHIYUCIATH CTETIEHb OKHUCIIE-
HUS aTOMa OJIHOTO XMMHUYECKOI'O JIEMEHTA, €CJIM U3BECTHBI CTETIEHU OKUCIICHHUS
aTOMOB JIPYTUX XUMUYECKUX dJeMeHToB. Hampumep, Halo onpeieIuTh CTeneHb
okucnenusi aroma pocdopa B dhochopuoit kuciore HzPOs. st 3TOr0 HYyX)HO
coctaBuTh ypaBHeHnue (+1)-3 + X + (—2)-4 = 0 u paccuutarh nmokazanusi X (cre-
MIeHb OKHUCJIeHUs aToMa pocdopa). OH paBeH +5.

Jlnis onpesienieHysl CTENEeHU OKuciieHust xpoma B uone Cr, O%’ COCTaBIISIOT

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

Bo MHOrmx ciydasXx CTEICHb OKHCJICHHS YHCICHHO HE COBIIAJAcT C Ba-
aeHtHocThI0. Hammpumep, B Monekynax O, u N, CTeleHb OKHUCIEHUS 3JICMEHTOB
paBHA HYJIIO, HO BAJICHTHOCTh KHUCJIOPO/Ia PaBHA JBYM, a a30Ta — TPEM.

Bonpoch! 1 ynpaxxkHeHus1

1. Yro Takoe BaJ€HTHOCTbH?

2. Kakue 27eKTpOHbI Ha3bIBAIOTCS BaJICHTHBIMU?

3. Uemy paBHa BaJICHTHOCTH (pocopa B OCHOBHOM U BO30YKIEHHOM €O
COCTOSIHUSIX ?

4. YTo Takoe CTENEeHb OKUCIEHUS?

5. Uemy paBHa cTeNEHb OKUCIEHUSI AaTOMOB B POCTOM BEIIECTBE?

6. Uemy paBHa CyMMa CTENEHEH OKHCJIEHHSI aTOMOB: a) B MOJEKYIIE,;
0) B MoHE?

7. Kakylo crerneHb OKHCIEHHUS UMEIOT B CBOMX COEJIMHEHHUSX: a) BOAOPOL;
0) kuciopoa? [lpuBeaure npumepsl.
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8. Kakue creneHu oKUCIeHUs1 Ha3bIBAlOTCS IPOMEKYTOUHBIMU?
9. Onpenenure cTeneHb OKUCIEHUS U BaJICHTHOCTB!
a) (bocq)opa — PH3, P203, H3PO4, Mg3P2;
6) 6poma — NaBr, HBrO, KBrOs, Br,Os;
B) xs10pa — NaCl, NaClO, NaClO,, NaClOs, NaClO,, Cly;
r) maprania — MnO, KMnO,4, MnO,, MnCl;, H;MnO,.
10. OnpenenuTe CTENEHb OKHCIEHHS KKIOro 3JeMeHTa B moHax: SO;,
HPO:~, H,PO;, CIO;, MnO;.

TecToBBIM CAMOKOHTPOJIb (6) 1O Teme
«BaJIeHTHOCTD U CTeNneHb OKUCTEeHUsD)

1. Vkaxure, ueMy paBHa MaKCHUMalbHas BaJ€HTHOCTh XJIOpa B BO30YX-
JIEHHOM €TI0 COCTOSIHUU:
a) 3; 0)5; B) 7; r) 1.
2. YKaxuTe, B KaKOW MOJIEKyJie CTENeHb OKWCJICHHs DJIEMEHTa paBHA HY-
JI10, & BAJICHTHOCTh — TPEM:

a) Oy; 6) NHs; B) NzOg; F) No.
3. Omnpenenute cTeNeHb OKUCICHUS aTOMa KPEMHHS B HOHE SiO%’ ;
a) -2, 0) +2; B) —4; r) +4.

+.
4. Onpenenute cTeNeHb OKUCIEHNs aToMa a30Ta B noHe NH

a) t4; 0) 4, B) 3; r)—3.
5. OnpenenuTte cTeneHb OKUCICHUS aToMa yriepoaa B Mosiekysie CHa:
a) +2; 0) +4; B) —2; r)—4.

6. OmpenenuTte, B KAaKUX COSANHEHUAX CTETIEHb OKUCIIeHHs Gocdopa paBHA
+5:

a) H3POy; 6) HPOs3; B) H4P,07; F) P,0s.

7. YKaXHTe CTEIEeHb OKUCIICHUS aToMa BOJI0po/ia B Mosiekyie SiHa:
a)—1; 0) 4, B) 0; r) +1.

8. Ompenenute cTeneHb OKUCIeHUs aToMa Gocdopa B HOHE PO‘Z' :
a) -1, 0)-3; B) —D; r) +5.

9. VkaxuTte, Kakue 3JIEMEHTbl UMEIOT MOCTOSIHHYIO CTENIEHb OKUCIICHUS:
a) K; 0) Ca; B) Fe; r) Zn.

10. Ompenenute, yeMy paBHa BaJCHTHOCTh CEpPhl B BO30YKICHHOM €€
COCTOSIHUU:

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

I'TIABA 4. XUMHWYECKUE PEAKIIUU U 3BAKOHOMEPHOCTH
X ITPOTEKAHUA
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4.1. TUNbI XUMHUYECKHUX PEAKIIHIA.
OKHCJHUTEJBbHO-BOCCTAHOBHUTEJIBHBIE PEAKIIUA U COCTABJIEHUE
HX YPABHEHU METOJIOM SJEKTPOHHOI'O BAJTAHCA

XuMHYeCKHe PpeaKiuH KIacCU(PUIMPYIOT 10 pa3HBIM IPU3HAKAM.
Ilo usmenenuro wucna UCXOOHblx eewecme u npanKn’IO@ peakyuu.

1. Peaknuu COeIMHEHUST — U3 JBYX WJIM HECKOJIbKUX BEIIECTB 00pa-

3y€TCA OAHO BCUICCTBO:
2Ca+ O, =2Ca0, N;+ O, =2NO.

2. Peakuuu pasjioKeHUS — M3 OJHOIO BEIIECTBA OOpasyeTcs He-

CKOJIBKO BCHICCTB:.
2A|(OH)3 = AlL,O; + 3H,0; 2HgO = 2Hg + O,.

3. PeaKHI/II/I 3aMCIICHUA — HMAYT MCKIAY IIPOCTBIMH U CIIOKHBIMH BC-
miecrBamMu. ATOMBI IIpOCTOIr0 BCHICCTBA 3aMCINAOT AaTOMBI OJHOI'O M3 3JIC-
MCHTOB B CJIOKHOM BCIICCTBC:

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

4, PeaKHI/II/I 06M€Ha — MOJICKYIJIbI CJIOKHBIX BCHICCTB O6MeHI/IBaIOTCH

COCTaBHBIMHU HACTsIMMU:

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

Ilo mennosomy 3¢pgpexmy, T. €. IO KOJMHYECTBY TEIJIOTHI, KOTOPOE BBIAEIISA-
€TCsl WIH TOTJIONIAeTCs B pe3yJibTaTe peakunu. XUMHYECKUE YPaBHEHHUS, B KO-
TOPBIX YKa3bIBAeTCSl TEIUIOBOM A((PEKT peakiny, HA3bIBAIOTCS TEPMOXUMHYE-
CKMMH ypaBHEHUSIMU. Pa3nnyaror:

1. Dx30TEepMUUECKUE pEAKIUU (UAYT C BBIIEICHUEM TEIIOTHI):

H, + Cl, = 2HCI + 184,6 xJIx.
2. DHJIOTEpMUYECKHE peaklnu (UIyT ¢ MOTJIOLEHUEM TEIJIOThI):
2HgO = 2Hg + O, — 180 k/Ix.

Ilo npusnaxy oopamumocmu:
1. HeobpaTumeie.
2. O0paTuMsIe.
Heobpatumeblie peakiiu UayT B OJTHOM HaIlpPaBIEHUU JI0 TIOJIHOTO U3PACXO0-
JTOBaHUSI OOHOI'O M3 pearupyromux BEIIEeCTB:
BaCl, + NaSO, = BaSO4{ + 2NaCl;
ANH; + 50,2 ANO + 6H,0.

OOpaTuMble peakiii UIYT Kak B IPSMOM, TaK M B 0OPaTHOM HalpaBJIeHHsX:
N, + 3H,; = 2NHs3;
N, + O, =2 2NO.

Ilo u3zmenenuro cmenenu OKUCAEHUSI AMOMO8 31€MEHNM OB peazupyrouiux
eeulecmse.
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Peakuum, mpu KOTOPBIX M3MEHSIOTCS CTEIEHH OKHCJICHUS aTOMOB pearu-
PYIOIIUX BEIIECTB, HA3bIBAIOTCS OKHMCJIMTEIbHO-BOCCTAHOBUTEILHBIMU pe-
AKIHUSMU.

OcHOBHBIE TIOJIO’KEHHUS TEOPUHU OKHCIUTEIIBHO-BOCCTAHOBUTEIIBHBIX PEAKITU:

1. Okucnenue — IMponeccC OTAA4YM IJJICKTPOHOB ATOMOM, MOJICKYJIOﬁ NN
noHOM. CTereHu OKUCIECHUSI IIPpHU 5TOM ITOBBLIINAKOTCH:
MgP - 2& = Mg*; 2Br!-2g&=Br!.

2. Boccmanoénenue — NpoLecc IPUCOeTUHEHNs TIEKTPOHOB aTOMOM, MO-
nexynoi uiu nonoM. CTeneHn OKMCIIEHHS TIPU 9TOM ITOHMKAIOTCHL:
Br!+ 2&8=2Br; Fe*3+ & = Fe*2
3. ATOMBI, HOHBI WIIM MOJIEKYJIBI, KOTOPBIE OT/AIOT IIEKTPOHBI, Ha3bIBAIOT-
¢ soccmanosumenamu. Bo BpeMs peaklny OHM OKUCHAIOTCsS. BoccraHoBuTe-
JIIMU SIBJISIOTCSA METaJUIbl, a TAK/KE COEJMHEHHs, B COCTaB KOTOPLIX BXOAAT dle-

MEHTBI C HU3IICH CTeNeHbIO okucieHus (HI™, HBr*, HCI*, H, Su ap.).

ATOMBI, MOJIEKYJIBI HJIH HOHBI, KOTOPBIE MTPHCOCTUHSIOT JICKTPOHBI, Ha3bI-
BarOTCS oxucaumensimu. OKUCIUTEISIMU SABJSIOTCS akTHBHbIC HeMeTawbl (Fa,
Cly, Bry, O2), a Takke COCTUHEHHUS, B COCTAB KOTOPBIX BXOJIAT JIEMEHTHI C BbI-

+7 +6 +5
COKUMHU cTeneHssMu okuciienus (KMnO,, K, Cr. O,, HNOs; 1 11p.).

W3BecTHBI BelecTBa, CIOCOOHBIE MPOSBISATH CBOMCTBA KaK OKHCIHUTENEH,
TaK U BOCCTAHOBUTENEH. DTO BEIIECTBA, B COCTAB KOTOPBIX BXOISAT 3JIEMEHTHI
o 0 -1 +4
C IPOMEXYTOYHOM CTETEeHbIO OKUCIeHus (S, H, 0z, H, SOz u 11p.).
+4 -2
S’ +0) = SO, (cepa — BOCCTAHOBUTEIIb);

2 =2
Zn’ +8’ =ZnS (cepa — OKUCIIHTEIND).

4. OxHCcIeHUE HE MOXKET IIPOUCXOINUTDH oe3 BOCCTAaHOBJICHH, BOCCTAaHOBJIC-
HHC HC MOXKCT IIPOUCXOOUTD 0e3 OKHMCJICHUA:

BOCCTAHOBHUTEJIb — € < OKHCIIUTEIb,

OKHCJIUTENh + & = BOCCTAHOBHUTEIIb.
5. Yuciio 37€KTPOHOB, KOTOPOE OTIACT BOCCTAHOBHUTEIb, PABHO YHCITY
3JIEKTPOHOB, KOTOPOE MPUCOCAUHSICT OKUCITHTEb.

CocraB/ieHne ypaBHEHUIl OKHMCJIUTEJIbHO-BOCCTAHOBUTEIbHBIX pPeak-
Ml MeTOA0M IJIEKTPOHHOI0 0ajiaHca:
+5 -2 -1
2K C10, = 2K CI+30) ;
-1 -1
K Br+Clj = Bry + KCl
1. CocTaBisOT cxeMy peakiuu mo (hopMmyiaM pearupyromiux BEIeCTB H
MPOJYKTOB PEaKIINU:
HCI + KMnO4 — KCI + MnCl, + Cl,T + H,0.
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2. Ol'[peI[eJI}II-OT, ATOMBI KaKHUX 3JICMCHTOB M3MCHAIOT CTCIICHb OKHCJICHUA:!

-1 +7 +2 +2
HClH+KMnO; — KCl+MnChL+Cl T +H,0.
3. 3anmuchIBaIOT SNIEKTPOHHbBIE YPaBHEHUS:
2CI" - 2 & = Cl) (okucnenwue);
Mn*" + 5 & = Mn*? (BoccTaHOBIIEHHE),

rae CI” — BoccTaHOBHTEND, Mn* — OKUCIUTED.

4. [TogOuparoT B JIEKTPOHHBIX YPABHEHUSAX TaKue KOIPPHUIIMEHTHI, YTOOBI
YHCIIO 3JEKTPOHOB, KOTOPOE OTJAET BOCCTAHOBUTENb, OBLIO PAaBHO YUCITY JJICK-
TPOHOB, KOTOPOE MPUCOEIUHSIET OKUCIIUTEND:

2CIF-2¢é&=Cl} 5
Mn*" +5 &= Mn*2 2.
5. [lepenocsT 3T KO3(PGUIMEHTH B CXEMY peaKIMu U HaXoAsaT Kodpdu-
IIUEHTHI 1epes] GopMyIaMH IPYTUX BEMIECCTB PEAKIIUU:
16HCI + 2KMnO4 = 2KCI + 2MnCl; + 5ClI; + 8H,0.

[IpaBUIBHOCTH COCTABJIEHHS YPABHEHUS BO MHOTHX CIy4asix MPOBEPSIOT
10 YKMCJIYy aTOMOB KHCIIOPOJia B JIEBOM U MPABOM 4acTsax ypaBHEHUs. OHO JOTK-
HO OBITh OJJMHAKOBBIM B 00EUX YACTSIX YPAaBHEHUS.

10

Bonpocel n ynpaxHeHus

1. Yto Takoe peakiuu: a) COCIWHEHUs; 0) pa3loKEHUs; B) 3aMEIICHHUS;
r) oOmMeHa?

2. Kakue peakiuu Ha3bpIBAIOTCA: a) SK30TEPMUUYECKUMU; O) SHIOTEpMUUE-
ckumu? [IpuBenure npumepsl.

3. Kakue peakiuu Ha3bIBalOTCSA: a) HeEOOpaTuMbIMH;, 0) oOpaTUMbIMU?
[IpuBenute npuMepsl.

4. 3akOHYNTE ypaBHEHUS PEaKlUil U ONPEACIINTEe, K KAKOMY THUITY OTHOCHT-
Csl KaKIas U3 HUX:

a) CuSO, + Fe —; 0) Na200+ N2Os—;
B) Ca(OH); + HsPOs—>; r) Fe(OH); —&:
,21) CaCO3 + HCl—: e) Na,SiO; + H,SO,—.

5. Uro Takoe: a) okucienue; 0) BOCCTaHOBJICHUE?
6. Kakue peakiny Ha3pIBatOTCS OKUCIUTEIIHBHO-BOCCTAHOBUTEIHHBIMH?
7. Kakue BemniecTBa Ha3bIBAIOTCA: a) BOCCTAHOBUTEISIMU;, 0) OKUCTUTEISIMU?
8. C moMoI1I1610 METO/1a JIEKTPOHHOTO OalaHca paccTaBbTe KOIPPUITUESHTHI
B OKUCIUTEIHHO-BOCCTAHOBUTEIHHBIX PEAKIIUSX:
a) H,S + O, - SO, + H,0; 6) NH; + O,— NO + H,0;
B) Cu + HNO3s(xouuenrpuposannas) — Cu(NOz), + NO; + H,0;
r) Cu + HySO4(kormIeHTpHpoBanHas) — CuSO4 + SO, + H0;
1) KMnO,4 + HBr — KBr + Br, + MnBr; + H,0;
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3) KI + FeCl; — I, + KCI + FeCly;

)K) H,O, + KMnO4 + H,SO4 — O,+MnSO, + K,SO4+H,0;

K) FeSO4 + KMnO,4 + H,SO, — F82(804)3 + K»,SO4 + MnSQO4 + H,0:;
I/I) Na,SOz; + KMnO,4 + H,SO4 — Na,SO4 + K,SO4 + MnSO4 + Ho0:;
JI) Kl + H,O, + H,SO, — |, + K,SO4 + H,0.

TecToBBIN CAMOKOHTPOJIB (7) 10 TeMe « THINBI XUMHYECKHUX PeaKIuii»

1. VYkakure peakiuu, KOTOPHIE OTHOCATCS K peakiisiM oOMeHa:
a) Ca0 + 2HCI = CaCl, + HO:
6) Fe + 2HCI = FeCl, + H;
B) Ca(OH)z + CO, = CaCO3 + H,0;
r) NaOH + HCI = NaCl + H,0.
2. YKaxuTe peaxiiu, KOTOPbIE OTHOCITCS K PEaKIMsIM 3ame-
ICHUSA:
a) CuO + 2HCI = CuCl; + H;0;
0) 2Kl + Cl, = 2KClI + I;
B) Fe + HZSO4(pa36.) = FeSO, + Hy;
I‘) 2FeCl, + Cl, = 2FeCls.
3. Yxkaxure PCaKIH, KOTOPBIC OTHOCATCA K PCaKIUAM Pa3JIo-
KCHUA:

a) 2KClO; > 2KCI + 30y;
6) 4NO;, + O, + 2H,0 = 4HNO3;
B) Cu + Hg(NO3), = Hg + Cu(NO3);;

0
r) 2KMnO; ——=>K;MnO, + MnO; + O,
4, YKEDKI/ITG, KaKHue pPCaKInu ABIIAKOTCA OKUCIIUTCIIbHO-
BOCCTAHOBUTCIIb-HBIMMUA .

a) CO, + NaOH = NaHCOg; 0) 4P + 50, = 2P,0s;
B) Fe + 2HCI = FeCl, + Hy; F) 2Al + 3S = ALLS;.

5. Vkaxure, 4To IIpeaCTaBiseT coboil mpespamenue P° —
PO3™:

a) OKUCJICHUE;
0) BOCCTaHOBJICHUE;
B) 0€3 UBMEHEHUS CTENEHU OKUCIICHHUS.
6. VYKaxuTe 3JIEKTPOHHBIE CXEMBI IPOIECCa BOCCTAHOBIICHUS:

a) Cro>— Cr,0%; 6) S° — S7;
B) 2Cr¥* —» Cr, O%; r) Cu?* — Cu°.
7. VYKaxuTe, B KaKUX PEaKIUSAX YIJIEpOJ BBICTYNAET KaK OKHUC-
JIUTCJIIb.
a) C + 0, = COy; 6) 2C + 0, = 2CO;
B) C + 2H, = CHy; r) Ca + C = CaCy.
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8. VYkaxute, B Kakux peakinusx Goc@op BBICTYNaeT Kak BOC-

CTAHOBUTCIIb.
a) P+ HNO3— H3PO4 +...; 6) P+ Ca —;
B) P+ Og; —; r)P+S —.

9. Vkaxute ¢GopMynbl BEIIECTB, KOTOPblE B OKUCIUTEIBHO-
BOCCTAHOBU-TEJIbHBIX PEAKUUIX BBICTYNAIOT B KAU€CTBE OKUCIUTEINS U

BOCCTaHOBUTEJIS:
a) S; 6) HzOz; B) HZSO4; F) SOZ
10. CocraBhTe YypaBHEHHE OKHUCIUTEIHHO-BOCCTAHOBUTEIHLHOM
peakuu
P + HNO; + H,O— H3PO4 + NO. Ykaxure cyMmmy K03 PuIimeHToB B
HEM:
a) &; 0) 10; B) 18; r) 12.

4.2. CKOPOCTb XUMHUYECKHUX PEAKIIAN U EE 3ABUCUMOCTD
OT PA3JIMYHBIX ®AKTOPOB

XHUMUYECKHE PEAKIUHU MPOTEKAT C PAa3NUYHON CKOpOCThIO. Paznen xu-
MHUH, KOTOPBIM M3y4aeT CKOPOCTH U MEXAHU3MbI NMPOTEKAHUSI XUMHUYECKUX pe-
aKIMM, Ha3bIBACTCS XMMUUCCKON KMHETUKOM.

CxopocTh XUMHYECKOH peaKluM — 3TO U3MEHEHUE KOHIEHTPALNK pea-
TUPYIOIIUX BEIIECTB WJIM MPOJIYKTOB PEAKIMM B €auHUIY BpeMeHU. KoHIleH-
tpauuto BeniecTB (C) BhIpaXKaOT B MOJISIX Ha JUTP (MOJb/), a Bpems (t) — B
ceKkyHJ1ax (c) wix B MUHyTax (MuH). Eciiu HayanpHYy0 KOHIICHTPAIMIO BEIIEeCTBa
A B peakiuu A + B = C + D o603naunth C; KO BpemeHHu 11, a Ko BpemeHu t) —
(3, TO CpeIHsIsA CKOPOCTh peaKIuy 3a MPOMEKYTOK BpeMeHH ty — t; Oyzaer paBHa:

V= C-Ci _ AC
t—t1 At
CKOpOCTh XMMHMYECKOM peaklM — BEJIWYMHA IMOJOXKUTENbHAsA. 3HaK

«MHUHYC» B MPaBOM YaCTH YPAaBHEHMS CTaBAT MOTOMY, YTO KOHIIEHTpAIUs Bellle-
cTBa A ymeHblIaercss U pazHocTh Co—Ci MOJIy4aeT OTPULATEIbHOE 3HAYCHHE
(AC < 0). Ecam ckopocTh peakiuy OMPEAESIOT 10 H3MECHCHHIO KOHIIEHTPALNH
npoaykToB peakimu C u D, To B mpaBoit 4acTH ypaBHEHUSI CTaBAT 3HAK «ILTHOC,
TaK KaK KOHIICHTPAILMK 3TUX BelecTB yBeanunBaroTcs (AC > 0):

C—C. _ + AC
t—t;, At

3aBHCUMOCTH CKOPOCTH XUMHY€CKOH PeaKIUuM OT:

1. Biusinug npupoasl pearupyronux BellecTB. BellecTBa ¢ MOHHOW WU
KOBAJICHTHOM TMOJISIPHOM CBSI3bIO B BOJHBIX PacTBOpaxX pearupyroT MExIy coOoi
OYEHBb OBICTPO:

V=+

NaCl + AgNO3z = AgCH + NaNOs.
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BemiecTBa ¢ HenmoasspHON KOBaJCHTHOM CBS3bIO0 PEArdpyrOT MEXAY coOOM
C pa3HOM ckopocThio. Hampumep, peakiusi Bomopona ¢ GTOpOM HIET OYEHb
OBICTPO (CO B3PHIBOM) MPU KOMHATHOM TeMIlepaType; peakius Bojopojaa ¢ Opo-
MOM HJIET MEJIJIEHHO Ja)KE€ IPHU HarpEBaHUMU.

2. BnusiHust cocTosiHMSI pearupyromux BemecTB. CKOpOCTh XUMHYECKOM
peakuuu 3aBHCHT OT IUIONIAJH CONPUKOCHOBEHHS PEArMPYIOMIMX BEIIECTB.
Hanpumep, TBep/bIe BellecTBa cepa M KeJle30 pearupyroT MEeKIy co00i ObICT-
PO OCie U3METBYEHUS U IEPEMEILINBAHMS.

3. BrusiHust KOHIEHTpALlMK pearupyromlux BEIIeCTB. 3aBUCUMOCTb CKOPO-
CTH PEaKUWH OT KOHIEHTPALHMH PEArUPYIOIINX BEIIECTB BBIPAKAETCS 3aKOHOM
nevictByronux macce (K. I'ynmen6epr, I1. Baare, 1867 r.): «CxkopocTh Xxumuue-
CKOM peakIuu MpsSMO MPONOPLHOHATIbHA MPOU3BENCHUIO KOHIIEHTPALUK pearu-
PYIOILIMX BEIIECTB B CTENEHAX, PaBHBIX KOd(pPUIUEHTaM mepen (opMylaMu
BEILECTB B YPABHEHUU PEAKLIUNY.

st peakiun a4 + 6B = ¢C + dD kuHeTHYECKOE YpaBHEHHE UMEET CIICTY-
FOIIIMY BU:

V =K[AT[B],
rae V — CKOpOCTh XMMHUYECKON peakiuu, [A] — KOHIIEHTpanusi BelecTa 4,
[B] — xonmeHTparnums BemecTBa B; K — KOHCTaHTa CKOPOCTH PEaKIMK; d U 6 —
ko3¢ urueHTsl B ypaBHeHun peaknuu. Ecou [A] = [B] = 1 wm [A]-[B] = 1, To
V = k. KoHcranTa ckopocTr K 3aBHCUT OT MPHUPOABI PEarupyroIIuX BEUIeCTB, OT
TEMIIEpaTypbl U HE 3aBUCHUT OT KOHIICHTpalWU BemiecTB. KOHIEHTpanuu TBep-
JBIX BELIECTB B KNHETHUYECKOE YPAaBHEHHUE peakUuu He BXoaar. Hampumep, s
peakuuu CaO(tB) + CO2(r) = CaCO3(TB) KMHETUYECKOE ypaBHEHHUE PEAKIIUU
UMeeT BUL:
V = K[CO,].

4. BausiHust TeMneparypbl. 3aBUCUMOCTh CKOPOCTH PEAKLMK OT TeMIlepa-
Typbl onpenensercs npasuioM Bant-I'odpda: «IIpu nossiieHnn TemnepaTypbl
Ha 10° ckopoCTh OOJILIIMHCTBA XUMHUYECKUX PEAKIUN yBeTUYUBaeTcs B 2—4 pa-
32». JTa 3aBUCUMOCTb BBIPAYKAETCs MaTEMAaTUYECKH:

Lt
Vi, =V, v 10,
r7ie Y — TeMIIepaTypHbI KOA(PPUIIMEHT, KOTOPHIN MOKA3BIBAET, BO CKOJBKO pa3
YBEIIMYMBAETCSA CKOPOCTh PEaKIMU MpU MOBBIIEHWHA TemnepaTypbl Ha 10°,
Vi — CKOpOCTh peakiuu npu temmneparype ti; Vi’ — ckopocTh peakuuu mpu
Temmeparype t;.
Bonpocsi

1. Kak Ha3bIBaeTCs pa3fen XUMHH, KOTOPBIM M3y4aeT CKOpPOCTb M MeXxa-

HU3M XUMUYECKUX peaKkui?

2. UTo Takoe CKOPOCTh XUMUYECKON PEaKITuu?
3. OT 4ero 3aBUCUT CKOPOCTh XUMHUYECKOUN peaKIiuu?
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4. Kak 3aBUCHUT CKOPOCTb XMMUYECKOW peaklUd OT MPUPOJbI pearupyro-
IIIAX BELIECTB?

5. Kak 3aBUCHUT CKOpPOCTh XMMHUYECKOW pEaKIMK OT KOHIIEHTPAIIMK pearu-
pyromux BemiecTB? Hamuinmmre MareMaTHYECKOE BBIPAXKEHUE 3aKOHA JCHCTBY-
FOILNX BEIIECTB.

6. Kak 3aBHCHT CKOpPOCTh XMMHUYECKOW peakuuu OT Temmeparypsl? Hamu-
IIUTE MaTeMaTHIECKOE BeIpakeHue npasmia Bant-I'odda.

ITAJIOHBI peIceHus 3aaa4

1. OnpenenuTh CKOPOCTh XUMHUYECKOU peakiu 4 + B = C, eciiu Havyallb-
Has KoHIeHTpanus BeniectBa A(C1) B onpeiecHHOH MOMEHT BpeMeHH (1) ObI-
na paBHa 0,80 MoJb/11, @ Yepe3 YeThIpe CEKYH/Ibl KOHIICHTPAIUs TOr0 BEIIECTBa
A(C») crana 0,60 MoJIB/11.
Jlano: Pemenue:

C1 = 0,80 moms/x; =—% G ve 88 somne
C, = 0,60 moab/11; t, A ’
At=4c. 0,60—-0,80

Hamu: \| = ? V=- — 0,05 monw/n-c.

Omeem: 0,05 MoJIB/JI-C.

2. Bo CKOJIBKO pa3 yBENIUYUTCSI CKOPOCTh peakinuy o0pa3oBaHUS aMMHaKa

no ypaBHeHuto peakiuu 3Hy + N2 = 2NH3, ecnu yBenmu4nTh KOHIICHTPAIIUIO
BOJIopoja B 5 paz?

Pewenue: cocraBisieM KWHETHYECKOE YypaBHEHWE I OTOW pEaKIUu:
Vi = K[H2J*[N2]; ecmn [Hp] = @ mons/n, a [N2] = 6 mons/m, o Vi = kas;
NpY yBEJIUYCHUU KOHIICHTPAIIMU BOJOpoJa B 5 pa3s, ero kKoHueHtpaius [Hz] =
5a MOJIB/JI, ¥ TOT/Ia CKOPOCTh peakuuu craner pasHoi Vo, = k[5a]%s = k1254%;
HAXOJMM OTHOILIEHUE CKOPOCTEN:

V, _ki25a’s
V1 ka°e
Omeem: ysenuuutca B 125 pas.

3. Kak uzmenutcst ckopocthb peakiu 250, + Ox= 2503, eciii yMEHBITUTD
o0beM ra3oBoii cMecu B 3 paza?

Pewenue: Tlpu ymeHnbllieHun o0beMa ra3oBoi CMecH B 3 pa3za KOHIEHTPAIUH
BEIICCTB YBEIMUMBAIOTCS B 3 pasa; eciu [SO;] = a monb/i1, a [O2] = 6 Mob/11, TO
Vi = ka’s; npu yMmeHbIIeHUH 00beMa Ta30BOi cMecH B 3 pa3a KOHIIEHTpaLus
[SO;] = 3a monw/n, konuentpatusa [O2] = 36 MOJIB/11, TOrIa CKOPOCTH PEAKIIMH
craner pasHoii V, = K[3a]?[36]; HaxoauM OTHOIIEHHE CKOPOCTEIA:
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V, _k[3a]°[3s] _k27a’s _ »7
Vi k[a]’[6] ka%s
Omeem: yBenuuuTtcs B 27 pas.

4. Ilpn noBeimennu temneparypsl Ha 10 °C cKOpoCTh peakLHH yBEJIUYHn-
nack B 3 pa3a. Kak U3BMEHUTCS CKOPOCTh PEAKIMH, €CIIN IIOBBICUTH TEMIIEPATYpPy
Ha 30 °C?

-ty
Pewenue: ~2 — y 10 =33010=33=27,
Y
Omeem: yBenuuurcs B 27 pas.

3amauu v ynpakHeHUs

1. B pacTBOpe mpoTekaeT XuMudeckasi peakuus 1no ypasHenuto 4 + B = C.
HauanpHas koHueHTpauus BeuiectBa 4 paBHa 0,80 Mouib/J1, HaYanbHas KOHIICH-
Tpauus Bemectsa B paBHa 1,00 mons/n. Uepe3 20 MUH KOHILIEHTpaLMs BEIIECTBA
A ymensbiunack 10 0,78 Monb/i. OnpeaenuTs KOHIEHTPAIMIO BEIIecTBa B 1o-
CJI€ PEaKIMH U CKOPOCTh XUMUYECKON PEaKIUH.

2. Kak m3MeHUTCS CKOpOCTh XMMHUYECKON peakmuu Np+3H,= 2NH3 npu
YBEIMYEHUH KOHIIEHTPAIIMKM UCXOIHBIX BEIIECTB B 2 pa3a?

3. Kak m3menutcst ckopocth xumudeckoi peakiuu 2SO, + O, = 2S0s:
a) IpY YMEHBIIEHUH KOHIIEHTPAIlMU UCXOAHBIX BEIIECTB B 2 pa3a;
0) rpu yBeJIMUEHUU JaBJICHUS B 2 pa3a;
B) IIpU YBEIMYCHUHN 00BheMa ra30Boii cMecH B 2 pa3a?

4. Kak M3MEHUTCSI CKOPOCTh XUMUYECKON PEaKIUU MPU TOBBIIICHUH TEM-
neparypsl oT 40 °C no 100 °C, ecnu M3BECTHO, UTO MPHU MOBBIILICHUN TEMIIEpa-
Typsl Ha Kaxzasle 10 °C ee CKOpOCTh yBEIMUMBAETCSA B 2 pa3a?

5. st XuMUYECKO#M peakiuu TeMrneparypHsiidi koddduineHt pasen 4. Kak
MU3MEHUTCS €€ CKOPOCTh PHU NOHMKEHUHU TeMiieparypsl Ha 40 °C?

6. 11 XuMHUYECKON peakiui TeMrepaTypHbiid kodduimeHT paBeH 2. [Ipu
20 °C peakuust mpoTekaer 3a 2 MuH. OnpeieTuTe BpeMs €€ MPOTEeKaHUs IMpu:
a) 50 °C; 6) 0 °C.

7. Hanuinte KMHETUYECKUE YpaBHEHUS CIEAYIOLIMX PEaKUui, COTIACHO
3aKOHY JEUCTBYIOLINX MACC:

a) 2NO(r) + Cly(t) = 2NOCI(r);
6) Ca(OH),(1B) + CO2(r) = CaCO3(tB) + H20 (1);
B) Fe,O3(1B) + 3CO(T) = 2Fe(TB) + 3CO2(T).

4.3. KATAJIU3ATOPBI U KATAJIU3
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BemiecTBa, KOTOpbIE U3MEHSIOT CKOPOCTh XUMUYECKOW PEaKLIUH, HO CaMu
XUMUYECKH HE U3MEHSIIOTCS U HE BXOJAT B COCTaB MPOAYKTOB PEAKIUU, HA3bI-
BAIOTCA KaTajau3aTopamMu. 3MeHeHrne CKOpOCTH XUMUYECKOW PEAKINU B MPH-
CYTCTBUHU KaTallM3aTOPOB HA3bIBAIOT KATAJM30M. Peakuuu, CKOpOCTh KOTOPBIX
MOHO U3MEHUTH MPU MTOMOIIM KaTalIn3aTOPOB, HA3bIBAIOT KATATUTHYECKUMM.

Kartanuzatopsl, KOTOpbhI€ YBEJIUYMUBAIOT CKOPOCTh PEAKIIMHU, HA3bIBAIOTCSA
nonodcumensubimu. Takue KaTaau3aTopbl MPUMEHSIOT NPU MOAYYEHUN CEPHOM
KHCJIOTBI, OKMCJIEHUM aMMHUAaKa WU APYIHMX BEIIECTB. DTO IPHUMEPHI HOI0MHCU-
MenbHO20 Kamaausa.

Karanu3aTtopbl, KOTOpbIE yMEHBIIAIOT CKOPOCTb PEaKIMH, HAa3bIBAIOTCS
ompuyamenvHolMy  WIA UHeubumopamu. YMEHbBIIEHHE CKOPOCTH pEaKIHUU
B MPUCYTCTBUU OTPHULIATENIBHBIX KaTaJIU3aTOPOB HA3BIBAETCA OMPUYAMENbHbIM
kamanuzom. IIpumMepsl OTpULIATENBHOTO KaTajdnu3a — 3TO YMEHBIIEHHE CKOPO-
CTH Pa3JIOKEHUsI TIEPOKCHUIA BOJOPOAa B MPUCYTCTBUM HEOOBITUX KOJIUYECTB
CEPHOU KHUCJIOTHI.

PaznuuaroT romoreHHbI# (0THOPOIHBIN) U TeTEPOTreHHBIN (HEOTHOPO HBIN)
KaTaJn3.

[Ipu comocennom kamanuze KaTaau3aTop HAXOJUTCA B TOM K€ arperaTHOM
COCTOSIHUM, YTO W pearupyroiiue BeniecTBa (ra3o00pa3HOM WM KHUIKOM).
Hanpumep, peakuust oopasoBanusi okcuga cepol (VI) uz SO, u O, B npucyr-
ctBuu okcuaa azorta (1I):

NO(r)
2S05(1) + O2(r) = 2S05 (1)-

HpI/I 2emepOoceHHOM Kamajiuze KaTalin3aTop HAaXOAUTCA B APYIOM arperart-
HOM COCTOSAHHUH, YCM PCArnpyIOIIKUC BCIICCTBA. Haan/IMep, OKHCJICHHUEC aMMHaKa
B IPUCYTCTBUMH IIJIaTUHBI:

Pt )
ANHj;(1) + 502(r) == 4NO,(r) + 6H,0(r)

[Tpu cemepozenrom kamanuze peakuuu MPOUCXOJAT HAa MOBEPXHOCTH Ka-
TaJanu3aTopa, MO0ITOMY CKOPOCTh PEAKIIMU 3aBUCHUT OT TUIONIAJN U CBOMCTB IO-
BEPXHOCTH KaTaJIn3aTopa.

Oco0y10 poip UrparoT OMOJOTUYECKHE KaTalnu3aTopbl — (HEpMEHTHI (9H-
3uMbl). OHU YY9acCTBYIOT B CJIOXKHBIX XHUMHUYECKHUX MpPOIeccax, KOTOPbIe MpoTe-
KalOT B JKUBBIX opraHu3Mmax. Hampumep, ruiposiu3 XKHpoOB, yTIEeBOJOB, OCIKOB
MIPOUCXOANT TOJBKO B IPUCYTCTBUH (DEPMEHTOB.

Bonpocsl

1. Yro Ha3bpIBaeTCA: a) KaTaaU3aTOpoM O) KaTalM30M B) KATAJIUTUUYECKON
peakuuen?

2. Kakue katanuzatopsl Bel 3HaeTe?

3. UTo Takoe TOMOT€HHbBIN U T€TePOreHHbIN KaTanus?
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4. Kak Ha3pIBalOTCS OMOJIOTMUECKUE K&T&JIH?)&TOPBI?

4.4, XUMWUYECKOE PABHOBECHE H YCJIOBUSI ETO CMEIIEHUS

OOpatumMble peakiuu He WAYT J0 KOHIA U 3aKaHYMBAIOTCS XUMUYECKUM
paBHOBecHeM. XHMHYECKOE PAaBHOBECHE — A3TO TAKOE COCTOSIHHUE 00paTUMOM
peakIuy, Mpyu KOTOPOM CKOPOCThb MPSIMOM M 0OpaTHOM peakiuii paBHBI. [Ipu
XMMHUYECKOM PAaBHOBECHUHU MpsiMas M OOpaTHasi peakiud HE 3aKaHYMBaIOTCS,
a UIyT C OAMHAKOBOM cKopocThio. [IpumMepom 00paTuMoil peakiiuu MOKET Cy-

JKATh B3aHUMOJICMCTBUE BOJIOPOAA C HOJOM:
[Mpsimast  peakius

Hy+1, < oOpaTHast peaKIHs 2HI.

JInst 5TOM peakluuu B COCTOSIHUM XMMHYECKOTO paBHOBeCHS Vi, = Vosp.
Cxopocth mpsiMoii peakimu paBHa Vi, = Kip [H2][12]; ckopocTs oOpaTHO# peak-
mun: Vosp. = Kogp. [HI]?. B cocTosHMM XMMHYECKOr0 PaBHOBECHS KOHLIEHTPALIUH
UCXOJIHBIX BEIICCTB M TMPOIYKTOB PEAKIMM HE H3MCHSIOTCS M Ha3bIBAIOTCS
PABHOBECHBIMU KOHYeHmpayusimu. XUMHYCCKOS PAaBHOBECHE XapaKTEPH3YeTCs
koncmanmotul xumudeckoeo pagnosecusi (Kyp ). KOHCTaHTa XUMHYECKOTO PaBHO-
BECHS — 3TO OTHOIICHUE KOHCTAHT CKOPOCTEH MpsIMOil M1 0OpaTHOU peaKIuid:

Kip. _ [HI]®
ko6p. —[HZ][IZ]

KoHcTaHTa XMMUYECKOTO PaBHOBECHUS 3aBUCUT OT TEMIEPATYpPbl U MPHUPO-
Jbl pearupyromux BEUIECTB, HO HE 3aBUCUT OT KOHIIEHTPALUU PEArupyrolIux
BEIECTB M KaTanu3aTopa. [Ipy XMMHYECKOM pPaBHOBECHH KOHLEHTpaLUU Be-
IIECTB OCTAKOTCS MOCTOSIHHBIMHU, €CIIH HE W3MEHSIOTCS YCIOBUS XUMHYECKOM
peakunu. [Ipy M3MEHEHUU yCIIOBUN — TEMIEPATYpPhl, JABJICHUS U KOHILIEHTPA-
LIUY pearupyromux BEIECTB — XMMUYECKOE PABHOBECUE cMelaeTcs. B ocHoBe
CMEILIEHUSI XUMHUYECKOTO PAaBHOBECHS JISKUT MPHUHLHUI (PPAHITy3CKOTO yUEHOTO
JI-IlaTense (1884 r.): «Ilpu M3MEHEHUH BHEIIHUX YCIOBUM XMMHYECKOE PaB-
HOBECHE CMEIIIACTCsl B CTOPOHY TOM peakiuu (mpsiMoit uiii oOpaTHOM), KOTopast
YMEHBIIAET 3TO BHELIHEE BO3JECHCTBUEY.

OmnpenenumM, B KaKyr0 CTOPOHY cMelaeTcsi paBHoBecue peakiuu 2SOy(T) +

Kxp. =

Oa(r) = 2S0O3(t) + Q mpu U3MEHEHUHW TEMIIEpaTyphl, TaBICHUS W KOHIIEHTpa-
IIUU BEUIECTB. 3aMETUM, UTO MpsiMasi peakiusi — HK30TepMUYECcKasi, a oOpaTHas
peakiust (2SO;3 — 250, + O, — Q) — sHAoTepMudeckas. [Ipyu MOBBIICHUH
TEMIIEPATypbl paBHOBECHE CMEUIAETCS B CTOPOHY SHAOTEPMHUECKOW pEaKIIHH,
KOTOpas ocialiseT MoBbIlIeHHe TeMiiepatypbl. [Ipu moHmxkeHnn TemMnepaTypsl
paBHOBECHE CMEILAETCsl B CTOPOHY SK30TEPMHUUECKON peakinu, KoTopasi ociad-
JISIeT IOHM)KEHHE TEMIIEPaTyPBhl.

[Tpu moBBILLIEHUH aBJICHUS PaBHOBECUE CMEILAETCS B CTOPOHY YMEHbIIIe-
HUS 4HCIa MOJIEKYJI, T. €. B CTOpoHY oOpazoBanus SOs. [Ipu nmoHmxeHuu 1aB-
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JICHUS PAaBHOBCCHUC CMCINACTCA B CTOPOHY YBCIMYCHHA YHCIIAa MOJICKYII, T. C.

B cTopoHy oOpazoBanusi SO, u O,. B paBHOBecHO# cucteMe Na(r) + Oo(r) =
2NO(r) paBHOBECHE IIPH U3MEHEHUM JABJICHUS HE CMEUIAETCS, TaK KaK YHCIIO
MOJIEKYJ T'a30B B PABOM U JIEBOW YACTAX YPABHEHHUs TOM PEAKIIMU OJUHAKOBO.
He Biuser naBiieHHe Ha paBHOBECHE M TOTZAA, KOTJA BCE pearupyrolue Bele-
CTBA HAXOJATCA B )KUJIKOM WJIM TBEPIOM COCTOSHHH.

[Tpu yBenMYEeHHMH KOHLEHTPALMU KaKoro-inbo BEIeCTBA pPaBHOBECHE
CMELIACTCS B CTOPOHY YMEHBUIECHUS KOHIEHTPALMU 3TOIO BELIECTBA.

Bonpocsl 1 ynipakHeHus1

1. Yro Takoe XUMHUUYECKOE paBHOBEcHE?

2. Kakue KOHIIEHTpalny Ha3bIBAlOTCS PABHOBECHBIMU?

3. Uto Takoe KOHCTaHTa XMMHYECKOTO PaBHOBECHs?

4. OT 4ero 3aBUCUT KOHCTAHTAa XUMHUYECKOTO PaBHOBECHS?

5. B Kakyl0 CTOpOHY CMECTUTCS XHUMHUYECKOE PABHOBECHUE PEAKIIHH
Nz(I‘) + 3H2(I‘) = 2NH3(F) + 92 xJIx:

— IIpY YBEJIUYECHUU TEMIIEPATYPHI;

— IIpY YBEJIWYEHUHN JABIICHHUS;

— IIpY YBEIWYEHNH KOHIIEHTPALMU a30Ta, BOJIOPOIA WIIK aMMHUaKa?

6. B xakyio CTOpOHY CMECTUTCSI XMMUYECKOE PAaBHOBECUE TIPU YBEIHYCHUN
CO, B cucremax:

— CaCOgs(tB) = CaO(tB) + CO2(T);

— COg(r) + C(1B) == 2CO(1);

— COgz(r) + Ha(r) = CO(1) + H2O(1);

— H2CO3(0x) = H0(0k) + COy(1)?

7.B Kakyl0 CTOpOHYy CMECTUTCS XHMHUYECKOE DPABHOBECHUE PEaAKIINH
2CO(T) + Oy(T) = 2CO4(T) +Q:

— TP MOBBILIEHUH TEMIEPATYPHI;

— TP MOBBIIICHUHU JIaBJICHHUS;

— TIpU MOBBINIEHUN KOHIIEHTPAIMU KUCI0poaa?

8. B kakyi CTOpOHY CMECTUTCS PAaBHOBECHE CHUCTEMBI MPH YBEIUYCHHUH
JTABJICHHUSI:

— 3Fe(1B) + 4H20(T) = Fe304(1B) = 4H(1);

— CO(1) + H20(1) = COx(1) + Ha(1);

— 4HCI(T) + Oo(T) = 2H,0(r) + 2Cly;

— C(1B) + O2(1) = COy(1)?

9. B kaky1o CTOPOHY CMECTUTCSI XUMHUYECKOE PABHOBECHE TIPH MOHIKEHUHT
TEMIEPATYPhl B CUCTEMAX:
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— 2Ha(r) + O2(r) = 2H,0(1) + 484 x]JIx;
— C(1B) + O2(1) = COy(1) + 394 kJIk;
C(1B) + CO2(r) = 2CO(r) — 173 xJIx;

— Ha(r) + Ix(r) = 2HI(T) — 52 xIx?
10. B kaKkyi0 CTOPOHY CMECTUTCS XMMHUYECKOE PaBHOBECHE MPH TMOBBIIIIE-
HUU: a) 1aBJIeHHs 0) TeMIepaTypbl — B CUCTEMAX:

— 2CO2(r) =2 2CO(T) + Oy(T) — 566 K]Ix;

— CaCOgs(tB) == CaO(tB) + CO2(T) — 177 xIk;
— CO(1) + Cly(r) = COCly(r) + 114 xJIx;

— 2NO(1) + O2(r) = 2NO3 (1) + 113 xJIx?

TecToBBI CAMOKOHTPOJIb (8) M0 TeMe « KuHeTHKA M KaTAJIN3»

1. VkaxuTre mpaBUIbHOE YpaBHEHHE CKOpocTH miig cuctembl 2Cr(TB) +
3Cly(1) = 2CrCls(TB):

a) V = K[Cr’[CI,]%; 0) V = k[3Cl];
B) V = k[2Cr][3Cl]; r) V =K[CL]3.

2. YKaxuTe, Kakou peaknuu cootBeTcTByeT ypaBHeHue V = K[O2]:
a) C(tB) + Oz (1) = COx(1); 0) Nao(r) + O2(1) = 2NO(1);

B) 2H(T) + O2(1) = 2H0(1); 1) 4Al(TB) + 3042(T) = 2A1,03(TB).
3. Ykaxwurte, oT Kakux (haKTOPOB 3aBHCHT KOHCTaHTa CKOPOCTH XUMHUYeE-
CKOM PEAKIINU:
a) OT KaTaau3aTopa;
0) OT TeMIepaTyphl;
B) OT MIPUPOIBI PEATUPYIONIUX BEIIECTB;
') OT KOHIIEHTPAIUU.
4. YKaxuTe, BO CKOJIBKO pa3 yBEIMUUTCS CKOPOCTh MPSIMOM PEAKITUU B CU-

cteme 2NO(T) + O2(1t) = 2NOy(T), eciu yBeIHMYUTh KOHIIEHTPAIIUIO UCXOIHBIX
BEILIECTB B J[Ba pa3a:
a)2; 0) 4; B) 6; r) 8.

5. YKaxkuTe, BO CKOJIbKO Pa3 YMEHBIIUTCS CKOPOCTh peakuuu 4 + B — C
npu noHmwxenun temreparypsl ot 80 °C no 40 °C, ecnu npy MOHUKEHUH TEM-
nepatypsl Ha 10 °C ckopocTh peakiiii yMEeHbIIaeTcs B 3 pasa:

a) 3; 0)9; B) 27; 1) 81.

6. YKaXuTe KOHCTAaHTY XMMHYECKOTO paBHOBECHs g peakuuu A(TB) +
B(r) = C(r) + D(1):

2 1. 6 [C1 [D].
[B]

prm. el
[B] [A]

[Al [B]' [B]
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1. yKa)KI/ITC, B KdKOM HaAIIpaBJICHUNU CMCCTHUTCA PABHOBCCHUC PCAKINN

N2(t) + 3H2(r) = 2NH3(T) mpu BHeceHUHr KaTtaau3aTopa:
a) BIICBO; 0) BIpaBo; B) HE CMECTHUTCS.
8. YkaxuTe, B KAaKOM HaIpPaBICHUH CMECTUTCS PaBHOBECUE PEaKIINH

2CO(r) + Oz(T) = 2CO7 + 569 x/Ix ipu yBenuuenuu koHreHtpauu COy:
a) BIIPaBO; 0) BJIEBO; B) HE CMECTHUTCH.
9. VkaxuTe, B KAaKOM HaIpPaBJICHUH CMECTUTCS PABHOBECHUC PEaKIIHU

ANOy(1) + O2(r)+2H20 = 4HNO3 + Q npu NOBBIIICHHHA TEMIIEPATYPHI:
a) BIIPaBo; 0) BJICBO; B) HE CMECTHUTCS.
10. YkaxuTe, B KaKOM HANpPaBJICHUH CMECTUTCS PABHOBECHE PEAKITUU

C(1) + CO2(r) = 2CO — Q 11pu yMEHBIIICHUH JIABJICHUS :
a) BIIPABO; 0) BIIEBO; B) HE CMECTHUTCHI.

T'JIABA 5. OCHOBHBIE KJJACCBHI HEOPTAHUYECKHX
COEJMHEHNHA

Bce HeopraHmueckue BEIIeCTBA MO COCTABY JEISATCS HA MPOCTHIC U CIIOXK-
Heie. [IpocTrie BemecTBa MEATCS HAa METaUTbl M HeMeTautbl. CIOXKHBIC Bele-
CTBa JCNATCS Ha KJIACCHI: OKCHAbI, OCHOBAHMS, KUCIOTHI, COJIU (Ta0II. 5).
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¢S

OCHOBHBIE KJIACCHI HEOPTraHUYECKUX COEeIMHEHM i

IIpocthie

A

Mertasuibl
K, Na, Fe

Hemeraminl

S,Cly, P

WNHuepTHBIE Ta3bl
Ne, Ra, He

Tabauya 5

Comu

l

Cpennue
(HOpMaJbHBIE)
CuSOq4, NaCl

Bemecrna Cr10KHBIE
T
Il ¥
Oxcuapl OcHoBanus Kucmotsl
| | !
Heconeo6pasyromiue PactBopumeie B Boje Kucnopon-
CO, NO, N,O (mmenoun) CoACpKaIune
v NaOH, Ba(OH), H2S04, HNOs
Coneobpa3yromiue
HenacTBODIMBIC beckucnoponnsie
/ \ pactBop HCI, H,S
B BOJIE

OCHOBHEIE
Na,O, FeO

Kucnorusie
SO3, P,Os5

AmdoTepHbIe
Zn0O, Al,O4

Cu(OH),, Fe(OH),

AmdoTtepHbIe
THJPOKCHUIBI

Zn(OH)z, Al(OH)g

l

Kucisie
KHCOs3,
NaHSO,4

|

OCHOBHEIE
Al(OH),NOs3,
Cu(OH)CI




5.1. OKkcu bl

Oxkcubl — 3TO CIOKHBIE BEIIECTBA, COCTOSIIME U3 JBYX AJIEMEHTOB, OJ1-
HUM U3 KOTOPBIX SBJISIETCS KUCIOPOJ] B CTEIIEHU OKUCIICHUS —2.

Homenkiatypa (Ha3BaHUsI) OKCHIOB COCTOMT U3 CJIOBA «OKCHI»
Y Ha3BaHMS DJIEMEHTA B poAuTebHOM Majexe: MgO — okcupa maraums; KoO —
okcun kamus,; CaO — okcupa kanbiusg. Ecim sneMeHT o0pa3yeT HECKOJIbKO
OKCHJIOB, TO TIOCJIC HA3BaHUS DJIEMEHTA YKa3bIBAETCSl €r0 CTEINEHb OKUCICHUSI.
N>O — oxcua azota (I), NO — okcup azora (II), NoOs; — oxkcup azora (III),
NO; — okcun azora (IV), N2Os — okcup azora (V).

IMoyyeHune OKCUI0B:

1. BzaumoaeiicTBUE MPOCTHIX BEHIECTB C KUCIOPOIOM:

C+0,=C0, 4Al + 30, =2Al,0:s.
2. BzaumojeiicTBrE CI0KHBIX BEIIECTB C KUCIOPOIOM:
2H,S + 30, = 2H,0 + 250,; 2CuS + 30, = 2Cu0O + 2S0..

3. PaznosxeHue rnpu HarpeBaHUKM OCHOBAHUMU, KUCIIOT U COJICH:

2Fe(OH);3 = Fe,03 + 3H20; CaCO3 = CaO + COy;
H,Si03; = H,0 + SiO..

CornacHo kiaccupuKanun OKCHIOB, 10 XUMUYECKUM CBOWMCTBAM UX Jie-
JAT Ha HecoJieoOpasyromue U cosieoOpasyronue. HeconeoOpazyromnmx OKcH-
JIOB MaJIo.

Coneoopazyrowumu (Ca0O, P,0s, CO,, MgO) Ha3bIBaIOT OKCH/IBI, KOTOPHIC
NPy XUMUYECKUX PEaKIusix o0pasyroT coiu. Heconeobpazyrowumu, 6e3pas-
nuynbiMu (CO, Si0, N2O, NO), Ha3bIBalOT OKCHIbI, KOTOPHIEC MPU XUMHUYECKHUX
peaknmsx He o0pa3yroT coiu. CosreoOpas3yromme OKCHUIbI ASISITCS Ha OCHOB-
HBIE, KUCJIOTHBIE U aM(OTEPHBIE.

OcHosHble 0KCUOblL — ITO OKCHUJIBI, KOTOPBIM COOTBETCTBYIOT OCHOBAHMUSI.
Hampumep, Na,O, CaO, FeO, CrO — ocHoBHbIe oKcuibl. IM COOTBETCTBYIOT
ocuoBanuss NaOH, Ca(OH),, Fe(OH),, Cr(OH),. OcHoBHbIC OKCHIIbI 00pa3y-
I0TCS TOJIBKO MeTaJlJlaMu. Bce OCHOBHBIE OKCHIIBI — TBEP/IbIE BEIIECTBA.

XHUMHUYECKHUE CBOMCTBA OCHOBHBIX OKCHJIOB:

1. OcHOBHBIE OKCH/BI MICTIOYHBIX U IIEJIOYHO-3EMEIbHBIX METAUIOB B3a-
UMOJICHCTBYIOT C BOAOW 1 00pa3yroT OCHOBaHUs (IIEJI0UH):

K0 + H,0 = 2KOH; CaO + H,0 = Ca(OH)s.

OCHOBHBIC OKCHJIBI HEKOTOPBIX METAJVIOB C BOJIOH HE B3aMMOICHCTBYIOT.

CoOOTBETCTBYIOIINE UM OCHOBAHMS TIOJyYarOT U3 COJICH:
FeSO, + 2NaOH = Fe(OH)2d + Na;SOy;
CuCl, + 2NaOH = Cu(OH),{ + 2Nag.

2. OCHOBHBIEC OKCHJIbI PEarupyroT ¢ KHUCIOTHBIMU OKCHJAMU ¢ oOpa3oBa-
HUEM COJIH:

BaO + CO,; = BaCO:s.
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3. Bce ocHOBHBIE OKCHJIBI pEAruPyIOT C KUCIOTaMU C 00pa30BaHUEM COJIU
U BOJIBIL:
CaO0 + 2HCI = CaCl; + H,0;
FeO + H,SO,4 = FeSO, + H,0.
OCHOBHBIE OKCH/JIBI HE pEarupyroT ¢ OCHOBaHUSIMHU.
K kucromnvim oxcuoam oTHOCATCS OKCHJIbI HEMETAIIJIIOB, @ TAKKE METaJl-
JIOB B BBICIIUX cTemeHsx okucieHus. Hampumep, SO, SOz, CO,, Cr0s,
Mn,O; — kucioTHbsle OKcHIbI. KUCIOTHBIM OKCHIaM COOTBETCTBYIOT KHCIIO-
Tol. K mpumepy:
SOg —> HZSO4; P205 —> H3PO4; N205 —> HNO3.
B KuCnIOTHBIX OKCHIaX CBsI3b KOBaJIeHTHasl nosisipHasi. KucnotHeie okcu-
1bl ObIBatoT razooopasusie (SO2, CO,), xuakue (N2O3), TBepabie (P20s, Si0O,).
XVMMHUUYECKHE CBOMCTBA KUCITOTHBIX OKCHJIOB:
1. KuciioTHble OKCHJBI pearupyroT ¢ OCHOBaHMSMHU. B pesynbrare obOpa-
3YIOTCSI COJIb M BOJIA:
NaOH + CO, = NaHCO3; 2NaOH + CO, = Na,COs + H,0.
2. MHOTHE KHCIIOTHBIE OKCHUIBI PEarupyloT ¢ BOAOH ¢ oOpa3oBaHHEM
KHCIIOTHI:
tO
P,Os5 + 3H,O0 —=2H3POy;
N,Os + H,0O = 2HNO:s.
Kucnornsiii okcua SiO; ¢ Bojoil HE pearupyer.
3. KucnoTHbie OKCHABI pearupyroT ¢ OCHOBHBIMH OKCHJAMHU C 00pa3zoBa-
HUEM COJIU:
3Ca0 + P,05 = Cag(PO4)2.
4. Menee JieTyure KUCIOTHBIE OKCUBI BHITECHSIOT O0Jiee JIETyune U3 UX
COJICH:

CaCOs + Si0, == CaSiO; + CO,™ .
Kucnornsle OKCUABI HE pEarupyroT ¢ KUCIOTAMM.

Ampomeprwle okcudbl — TO OKCUJIBI, KOTOPBIE PEArMPYIOT U ¢ KUCIIOTA-
MU U co 1eaodamu. Ipu 5ToM 06pasyroTes coib U BOJA:
Al,O3 + 6HCI = 2AICI; + 3H,0;

Al,O3 + 2NaOH Lleacuan)  oNaAJO, + H,0.

[Tocnennsst peakius UaeT OpU CIUIaBICHUU. B BOJHOM pacTBOpe 00pa3y-
CTCA KOMIIJIICKCHAA COJIb:

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

XapakTep OKCUA 3aBUCUT OT TOJIOKEHUS 3JIEMEHTA B IEPUOJANYECKON CHU-
CTEMC U €TI0 CTCIICHU OKHUCIICHUS. BCC HEMCTAJIJIbL o6pa3y}0T KHUCIIOTHBIC OKCHU-
JBbI. MeTaJ'IJ'IBI MOI‘YT O6p330BBIBaTB OCHOBHBIC, aM(I)OTepHBIe U KHUCJIOTHBIC OK-
CHUJBI.
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Hampumep:
+2 =2 +2 =2

MnO; CrO — ocHOBHBIE OKCUJIBL;
+4 =2 +3 =2

MnO,; Cr, O; — amdoTepHbIe OKCHIBI;
+7 2 +6 -2

Mn, O,; CrO; — KucCIOTHBIE OKCHUJIBI.

B nepuoae cneBa HanpaBo ¢ yMEHBIICHUEM METAJUIMYECKUX CBOWCTB dJIe-
MEHTOB, CBOWCTBAa OCHOBHBIX OKCHJIOB OCJIa0€BalOT U uepe3 aM(oTepHbIe me-
PEXOIAT B KHCIIOTHBIE.

B rimaBHBIX NoArpynmnax cBepxy BHU3 OCHOBHBIE CBOMCTBA YBEIMYHMBAIOT-
Col.

Bonpocs! U ynpa:kHeHust

1. Kakue BelecTBa Ha3bIBAIOTCS OKCUAMU?

2. Kak cocTaBistoT Ha3BaHUSI OKCUIOB?

3. Ha xakue rpyIibl 1easTCs BCE OKCHUIBI?

4. Kakuie OKCUIbI Ha3bIBAIOTCA: 2) OCHOBHBIMU; 0) KHCIOTHBIMH; B) aMo-
tepHbiMu? [IpuBenuTe mpumepsl.

5. CoctaBbTe (hOpMYJIBI U HA30BUTE OKCHIIBI CIEIYIONINX 3JIEMEHTOB: Ka-
nus, uuHka, pocdopa (1), kpemuus (IV), xpoma (VI), xmopa (VII), prytu (II).

6. Kak u3MeHSI0TCS CBOWCTBA OKCHIAOB B TIEPHOJE CJIEBa HAIPaBO
C YMEHBIIIEHUEM METAJUTMYECKUX CBOMCTB 2JIEMEHTOB?

7. Kak u3MeHsI0TCS B TJIABHBIX MOJATPYIIaxX CBEPXY BHU3 CBOMCTBA OKCH-
JIOB?

8. CocTaBbTe ypaBHECHHsI pEaKITUil MEXTY:

— OKCHIOM KanbIus ¥ okcuaoM cepsl (VI);

— oxcuaom xkenesa (1) u okcumgom docdopa (V);

— OKCHJOM AJIFOMHUHUSA U CEPHON KUCIIOTOM;

— (dochopHOI KUCITOTON U OKCHJIOM ITMHKA.

9. Hanummre ypaBHEHHs peaKIMil MOTyYEHUsT Pa3HbBIMU METOJIaMU OKCH-
JIOB KaJIbIIUs, altoMuHus, yraepoaa (IV).

10. Kak nu3MeHSIOTCS CBOMCTBA OKCHIOB B Psax:

— Nazo, MgO, A|203, SiOz, P205, 803;

— Lizo, Na,O, K0, szo, Cs,0;

— S03, Se0g, FeO3?

11. Hanummre Gopmysibl OKCUIOB, KOTOPBIM COOTBETCTBYIOT CIEAYIOIINE
ocnoBanusi: Mg(OH),, LiOH, Fe(OH),, Fe(OH)3, Cu(OH)..

TecToBbIN CAMOKOHTPOJIB (9) 10 TeMe «OKCHABD)

1. VYkaxwure (opMmyabl BEHmECTB, KOTOPhIE MPH HarpeBaHUU
pasnararorcsi ¢ 00pa30BaHHEM OCHOBHBIX OKCHJIOB:
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a) AI(OH)s; 0) CaCOs; B) Cu(OH)z; 1) H,SiOs.
2. YKa}KI/ITe, N3 KaKHUX BCIICCTB MOKHO ITOJIYUYHUTH OKCHU]I YIJIC-

poaa (IV):
a) CHg, 6) KHCO3; B) Na,COgs; 1) CO.
3. Ykaxute, KaKue 3JIEMEHThI 00pPa3yt0T OCHOBHbBIE OKCHU/IBI:
a) Ca; 0)S; B) K; r) Si.
4.  VYkaxute coueoOpas3yrole OKCUIbI:
a) CO; 6) NOy; B) P20s; r) Al,Os.

5.  VkaxuTe rpynmsl OKCUIOB, B KOTOPHIX BCE OKCHIIBI SIBIISIOT-
CSl KUCJIIOTHBIMH:
a) Ca0, ZnO, NO; 0)S03, CrO3, P,03;
B) Mn207, C|207, N205; F) Clz, A|203, Nzo
6. VYxaxute ampoTepHbIE OKCUJIBIL:

a) ZnO; 0) Si0y; B) Al»O3; ) N20Os.
7. Yxaxute, Kakue OKCUJIbI pEarupyroT ¢ BOJOM:
a) A1203; 6) NzOs; B) Zl’lO; F) SO..
8. YKa)KI/ITe, KaKHC OKCHUIBI pCarupyroT ¢ KHUCIIOTaAMU:
a) FeO; 0) Si0y; B) NO; r) CuO.

9. VkaxuTe BemiecTBa, KOTOPHIE B OMPEICICHHBIX YCIOBHUAX
B3aMMO/JICHCTBYIOT C OKCHJIOM AJIFOMUHUSA:

a) BOJa; 0) coystHas KUCIIOTA,
B) TUAPOKCHU]] HATPUS; r) okcu cepsl (VI).

10. Brraucnoute MaccoByrO 1010 kene3a (B %) B okcuzae Fe Os:
a) 30 %; ©) 35 %; B) 70 %; r) 20 %.

5.2. OCHOBAHUSA

OcHOBaHUsI — 3TO CJIOXHBIE BEIIECTBA, KOTOPHIE COCTOAT M3 KaTHMOHA Me-
TaJyla U OJHOM WJIM HECKOJIbKUX Tuapokcorpynn — OH. Yucno ruapokcorpymi
paBHO crerieHn okucaeHus merayuia: NaOH, Mg(OH),, Al(OH)s. Bce ocHoBanus
— TBepJible BelecTBa. VIMEIOT pa3HbIN 1BET U MO-Pa3HOMY PacTBOPSIETCS B BO-
Ie.

Homenkiatypa (Ha3BaHus1) OCHOBAHMI COCTOWUT U3 CJIOB «THIPOKCHI)
Y Ha3BaHus MeTayia B poautenbHoM nagexe: KOH — rugpokcun kanws;
Ba(OH); — ruapokcua 6apusi. Eciiu Metann o0pa3yeT HECKOJIBKO THIPOKCH-
JIOB, TO YKa3bIBAaIOT CTelNeHb okucieHnus metawia: Fe(OH), — ruapokcuy xe-
ne3a (II); Fe(OH); — runpoxcun xxenesa (11I).

[To yuciay THUAPOKCOTPYNIT OCHOBAHUS NEIATCS HA OOHOKUCIOMHblE —
NaOH, LiOH, NH4OH u mnozoxucromnvie — Ca(OH),, Cu(OH),, Fe(OH)s.

[To pacTBOpUMOCTH B BOJIe OCHOBAHHS JICISATCA Ha JBE TPYIIILI: pacmeo-
pumele 6 6ode (menoun) — NaOH, KOH, Ca(OH),, Ba(OH), u apyrue —
u nepacmeopumvie 8 6o0e — Mg(OH),, Fe(OH),, Fe(OH); u mpyrue.
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[Ipu OoTpBIBE OT MOJIEKYJIBI OCHOBaHUS OJTHOM WJIM HECKOJIBKUX TUIAPOKCO-
rpynmn o0pa3yroTcsl MOJOKUTENIbHBIE HOHBI, KOTOPhIE HA3bIBAIOTCA OCTaTKaMU
ocHoBanuu. Harmpumep:

Ba(OH), = Ba(OH)* + OH; Ba(OH)* = Ba®* + OH
OCTAaTOK OCTAaTOK
OCHOBAHUAA OCHOBaHHs

[Tosrydyenrne oCHOBaHUI:

1. PactBopuMbIe B BOJie OCHOBaHUS (IIEJIOYH) MOIY4YaroT MPU B3aUMOJICH-
CTBUU:

— aktuBHBIX MeTauioB (L1, Na, K, Rb, Cs, Sr, Ba) ¢ Bogoii:

2Li +2H,0 = 2LiOH + H..
— OKCHJIOB aKTUBHBIX METAJIJIOB C BOJOIA:
CaO + H,O = Ca(OH),; NayO + H,0 =2NaOH.

2. HepacTBopuMBIE B BOJIE OCHOBAaHHUS TOJNYYarOT MPH B3aUMOACHCTBUU

BOJIHOT'O PAaCTBOPA COJIU CO IIEJIOYBIO:
CuO, + 2KOH = Cu(OH)2{ + K,S0,.

XUMHYECKHUE CBOUCTBA:
1. OcHoBaHuUA pearupyroT ¢ KUCIOTaMu:
NaOH + HCI = NaCl + H;0;
Cu(OH); + 2HCI = CuCl; + 2H,0.
Takue peakuny Ha3bIBAIOTCSA PEAKIUAMU HEUTPATU3ALNH.
2. OCHOBaHMSI B3aUMOJICHCTBYIOT C KHCIIOTHBIMH OKCHIaMH. B pe3yibTaTe
00pa3yroTcs CpeJHUE COJIM MU KUCIBIE COJIU:
2NaOH + SO; = Na,SOs + H,0:;
CpeaHss COb
NaOH + SO3 = NaHSO..
KHCI1ast COJIb
3. PactBOpuMbIE B BOJIe OCHOBaHUS B3aUMOJIEHCTBYIOT C PaCTBOpaMH CO-
neil. O6pa3yroTcst HOBbIE OCHOBAHUS U COJIM — CPEHUE UM OCHOBHBIE:
FeCl, + 2KOH = Fe(OH), + 2KClI,
CpeaHss COJb
FeCl, + KOH = Fe(OH)CI + KCI.
OCHOBHAs COJIb CPEAHSSA COJIb
4. Ilpu narpeBanuu ocHoBaHusi (kpome NaOH u KOH) pasnaratorcs Ha
OKCH/JI METAJLJIA U BOJY:

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

I'mppokcuapl, KOTOpble B3aMMOJEUCTBYIOT C KHCJIOTaMH U LIEI0OYaMU,
Ha3biBatoTCs ampoTtepusiMu. Hanpumep, AI(OH)3;, Zn(OH); u Cr(OH); — awm-
(doTepHbIE TUIPOKCUBL:

Al(OH); + NaOH = Na[AI(OH).];
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AI(OH); + NaOH == NaAlO, + 2H,0;
A|(OH)3 + 3HCI = AICI; + 3H,0.

Bonpoce! u ynpaxHeHust

1. Kakune BeniecTBa Ha3pIBalOTCSI OCHOBAHUSAMU?

2. Kakue ocHOBaHHUS HA3bIBAIOTCA IICI0YaMM?

3. Uto Takoe peakius HeuTpain3anun?

4, Hanumure ypaBHEHHS PEAKIUM IOJIYyYEHHS: a) THIPOKCHIA Kallus;
0) rugpoxcuna xenesa (I1I); B) runpokcumaa Maraus; T) THAPOKCH/Ia IIUHKA.

5. Jlansr BemectBa: Na, H,SO4, Zn0O, H,O. Hanumurte ypaBHEHUS peak-
AN MOTyYEHHS THAPOKCHIA IMHKA U3 dTUX BEIIECCTB.

6. ansl BemectBa: K, HCI, Fe;O3, H,O. Hanummre ypaBHeHUST peakiinii
noyueHus ruspokcua xxenesa (I11) u3 atux BemecTs.

/. 3aKOHYUTE YpaBHEHUS PEAKLIMIL; YKAKUTE TUIT PEaKLIUK:

a) Fe(OH); + H,SO4 — 0) Ca(OH), + HsPO4 —
NaOH + P,0s — Fe(OH); —
NaOH + CuSO; —» KOH + MgCl, —
NaOH + CO, —» NaOH + H:PO, —
Fe(OH); + HNO3; — Al3(SO4); + KOH —.

TecToBblil cCAMOKOHTPOJIb (10) Mo TeMe «OcHOBaHUSD)

1. YkaxunTe, Kakue METaJUTbl 00Pa3yIOT MICTOYH:
a) Zn; 0) Mg; B) Ca; r) Cs.
2. YKaXHuTe ypaBHEHHs PEAKLUii, C TTOMOIIBI0 KOTOPHIX MOKHO MOJYYUTh
ruapokcun meau (11):

a) NaOH + CuCly,—; 6) CuCl; + H,0—;
B) CuO + H,0 —; r) Cu(NOs3), + NaOH —.
3. YKaXuTe BEIIECTBA, KOTOPHIC OTHOCITCS K OCHOBAHHSIM:
a) (CuOH),COs; 0) NH,OH; B) AI(OH)3; r) NaCl.

4. YKaXuTe T€ TPYIIBI BEIICCTB, B KOTOPBIX BCE BEIIECTBA PEarupyroT
¢ pactBopoMm NaOH:

a) A|203, Ca(HC03)2, HC'; 6) COy,, H,SO4, KNO3;
B) Zn(OH)z, N&HCOg, KzCOg, I‘) SOg, H3PO4, NH4C|

5. YkakuTe BEIIecTBa, KOTOPBIC PEarupyroT ¢ KUCIOTaMH M IICIIOYaMHU:
a) Al,O3; 0)Ca0; B) Mg(OH);; T)
Zn(OH)2

6. YKakuTe rTuApOKCHIBI, KOTOPBIC SBIISTFOTCS IICIIOYaMHU:
a) KOH; 6) Mg(OH),: 8) Ca(OH),; r) Fe(OH)s.

7. YKaXHTE BEIIEeCTBa, C KOTOPHIMU B3aUMOJICUCTBYET THAPOKCHT ITMHKA!
a) KOH; 6) HQO; B) HzSO4; F) CaClz.
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8. Vkaxure BCIICCTBO, C KOTOPBIM BSaHMOﬂeﬁCTByeT THAPOKCHU O JKCJIC3a

(1D:
a) NaOH; 0) HCI; B) CaO; r) NaCl.
9. YkaxxuTe rTuAPOKCUIBI, KOTOPHIE MPY HArPEeBAaHUH Pa3NararoTCsi:
a) Cu(OH)y; 6) KOH; B) Ca(OH);; r)
NaOH.
10. Ykaxxute ampoTepHbIC THIPOKCHIBI:
a) AI(OH)s; 0) Zn(OH),; B) Cr(OH)3; r) Mg(OH)s.
5.3. KNCJIoTHI
Kucnorel — 3TO ClIOKHBIE BEIECTBA, KOTOPBIE COCTOSAT M3 BOJOPOJA,
CIOCOOHOT0O 3aMelIaThCsl Ha METaJll, U KUCJIOTHOTO OCTaTKa.
CepHas, a30THasi U COJSIHAsE KUCIOThI — OecBETHbIE KuakocTtu. OpTo-

dbocdopHas kucioTa — TBepAOe BemecTBO. [louTH Bce KUCIOTH paCTBOPUMEI B
Bojie. KpemHueBas kuciora B BoJie He pacTBOpsieTCsi. PacTBOpBI KUCIOT UMEIOT
KHUCJIBI BKYC.

PaznuuaroT KUCIOTHI 0€CKUCIOPOIHBIE  KUCIOPOICOACPIKAIIIHE.

beckucnopoonvle kuciomer — 3TO BOJIHBIE PACTBOPHI BOAOPOIHBIX CO-
exqnnenuit Hemerawios: H,S, HCI, HF, HBr.

Kucnopoocooepocawue kuciomol COAEpKaT B CBOEM COCTaBE KHCIOPOI:
H,SO4, HNO3, H3PO4, H,CO3. Kaxnoi kxucmopoaconepkanieid KUCJIOTe COOT-
BeTcTBYeT okcull. Hanmpumep, yronpron kucimore HoCO3 COOTBETCTBYIOT OKCHL
yraepoaa (IV); cepnoit kucnore HoSO4 cootBercTBYyeT okcup ceps (VI).

[To yncity atoMOB BOJIOpOIa, KOTOPBIE CITIOCOOHBI 3aMeIaThCsl Ha METasll,
OTIPEIEISIOT OCHOBHOCTH KUCIOTHI. [10 OCHOBHOCTH KHMCIIOTBI JIETSTCS HA 00-
noocnosuvie — HCI, HNOg; dsyxocnosnvie — H;SO4, H,S, H2COs; mpexoc-
Hoenble — H3POa.

OTtpuriaTenbHble MOHBI, KOTOPhIE 00pa3ylOTCsi B Pe3ysibTaTe OTPhIBA OT
MOJIEKYJIbI KHCJIOTBI OJHOTO WJIM HECKOJBKHX aTOMOB BOJOpPOJA, HA3BIBAIOT
KHCJIOTHBIM OCTaTKOM. MHOTOOCHOBHBIE KHCJIOTHI 00pa3ytoT HECKOJIBKO KHC-
JOTHBIX ocTaTtkoB. Hampumep, y dochopHOit KUCIOTHI TpU KUCIOTHBIX OCTaT-
ka: H,PO,, HPOi_, POi_.

Homenkiarypa (Ha3BaHHs) KHCIOPOJCOAEPKAIIMX KUCIOT 0Opaszyercs
13 Ha3BaHMs HEMETAJIa U 3aBUCUT OT €Tr0 CTENEeHU OKucieHus. Eciiu Hemetann
MMEET MaKCHUMAJIbHYIO CTEMEHb OKUCJICHHS, TO K PyCCKOMY Ha3BaHUIO HEMeE-
Tayia qobasnsercs cyhduke «H» (pexe «OoB», «e€B») M OKOHUaHUE «as». [Ipu
Ha3BaHUHU KUCJIOTHOTO OCTaTKa K KOPHIO JIATHHCKOTO Ha3BaHUs HEMETaslIa J10-
OaBmsieTcs cyphuxc «atT»:

H,SO4 — cepnas kucmnora; SO~ — cynbdar;
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. e~ 2=
H,S10; — kpemHueBas kuciota; SiO;” — CUIIMKAT.

Ecnu Hemerann oOpa3yeT JBe KHUCIOTHI, TO MPU HA3BaHUM KHCIIOTHI
C MEHBIIEH CTENEeHbI0 OKHCIIEHUS HeMeTaia JoOaBiseTcss CyPpPuKc «uct»,
a B Ha3BaHUU KUCJIOTHOTO OCTaTKa — CY(G UKC «UTH:

H,SO3; — cepHucras kucioTa; SO — cynbdur.

HazBanusi OECKHUCIOPOIHBIX KHUCIOT COCTOAT W3 HA3BaHMS HEMeETaia
U CIIOBA «BOJIOPOAHASH), COCAMHEHHBIX OYKBOW «0», a B HA3BaHUU KUCJIOTHOTO
ocTaTka J00aBISIOT cyhHUKC «um».

HCIl — xsopoBomopoHas kuciota wiu consinas kuciora; Cl- — xmopuy.

Ha3BaHusi OCHOBHBIX KHCJIOT U KHUCJIOTHBIX OCTATKOB IPUBEACHBI B Ta0II.

6.
Tabnuya 6
Ha3BaHusi KHCJIOT H KHCJIOTHBIX OCTATKOB
Kucaora KucaoTHbli 0CTAaTOK
HasBanmne ®opmy.a HasBanmue DopmyJia
A3zoTHas HNOs HUTpaT NO;
A3zotucras HNO: HUTPUT NO;
ruapocyabdar HSO;
CepHas H>SO4 -
cyabdar SO,
TUAPOCYIIbQUT HSO;
CepHucras H2S0O3 -
Cynb(ur SO;
muruapodocdar H,PO;,
®dochopnas (oprodochopHas) H3PO4 ruapodocdar HPO;",
docpar PO,
ruJIpoKkapOoHaT HCOs3
VYronbHas H2COs3 co>
KapOoOHaT 3
THJIPOCHIINKAT HSIO;
Kpemuueas H2SiO3 -
CHJIMKAT SIO;
XnopoBoiopoiHas (CoJsTHas) HCI XJIOPUT Cl
THIIPOCYIb(H HS™
CepoBoiopoiHas H2S cymbdn gz

HoayyeHue KHCIIOT:
1. B3aumoeicTBre KMCIOTHBIX OKCHUJIOB (aHTHIAPHUIOB) C BOJIOM:

SO, + H,O =H,S0;3;

P,0s + H,0 == 2H4PO.
2. BzaumoencTBre cou ¢ KUCJIOTOM:
2NaCl + H,S0, = Na,SO, + 2HCIT:
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FeS + 2HCI = FeCl, + H,ST.
3. BGCKI/ICJ'IOpOI[HBIe KUCIIOTHI nonyanoT HYTCM X CHHTC3a U3 HpOCTBIX
BCIIICCTB U paCTBopeHI/Iﬂ HOJ’Iy‘-IeHHBIX I'a30B B BOJC:

H,+S == H,S;
H, + Cl, = 2HCI.

XuMHYecKue CBOicTBa:

1. JleiicTBUE KHUCJIOT Ha pacTBOpPbl MHIAMKATOpPOB. MHaukaropamu Hasbl-
BAIOTCS BEILIECTBA, KOTOPBIE MO JAEHCTBUEM PACTBOPOB KHUCJIOT U LIENOYEH U3-
MEHSIOT CBOH IBeT. M3MeHeHue 1BeTa HanOoJiee MUPOKO HCIOIb3YIOIMIHUXCS
WHANKATOPOB MPUBEACHO B Tabm. 7.

Tabnuya 7
HN3meHeHne HBeTa MHAMKATOPOB B PACTBOPAaxX KUCJIOT, HIeJ04ei
U HelTPaJIbHBIX PACTBOPAaX
BeT HHAMKATOpA
Nugukaropbl 1 ?
B 1IEJIOYH B KHCJIOTE B HeMTPaJIbHBIX PACTBOPAX

Jlaxmyc Cunuit KpacHb1i DuOJIETOBBIN
denondranenn ManuHoBBEIN becnBeTHBIN becuserHsin
MeTunoBslil OpaHKEBBII . 2 .

JKenterit Po3soBsiit OpanxkeBblii
(MeTHIIOpaHIK)

2. B3anMopeiicTBre KUCIOT ¢ MEeTallllaMu
IIpu cocraBieHnH ypaBHEHUN peakMi B3aUMOJICUCTBUS KUCIOT C METaJl-
JJaMM HaJ0 T0Jb30BaThCS IEKTPOXMMHUYECKUM psaoM HarpsbkeHuil: K, Na,
Mg, Al, Zn, Fe, Ni, Sn, Pb(H,), Cu, Hg, Ag, Pt, Au. C xuciaoramu B3auMO/eii-
CTBYIOT TAKHE METAJLIbI, KOTOPBIE B 3TOM PsiIAy CTOST 40 BOAOPOJA:
Zn + H,SO, = ZnSO,4 + Ho.
3. BzaumopeicTBre KHCIOT C OCHOBHBIMU OKCHIAMMU:
H,SO, + CuO = CuSO4 + H,0.
4. B3auMoJIeiCTBUE KUCJIOT C OCHOBAHUSIMU (peakiivs HeUTpaIu3aium):
HCI + NaOH = NaCl + H;0.
5. B3auMopencTBre KUCIOT C COJISIMU:
H,SO, + BaCl, = BaSO, + 2HCI.
6. Pa3noxeHne HEeKOTOPbIX KUCIOT:

H,SiO; == SiO, + H,0.

Bonpocs! 1 ynpaxkxHeHust

1. Kakue BemiecTsa Ha3bIBAIOTCSI KUCIIOTAMHU?
2. Uto Takoe: a) OECKUCIOPOJHBIE KHCJIOTHI; 0) KHUCIOPOICOAEpIKaIre
kucioTel? [IpuBeauTe MpUMEpHI.
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3. Kak onpenensercs oCHOBHOCTh KUCIOTHI? [IpuBeauTe mpuMepsl OJIHO-
OCHOBHBIX, JIBYXOCHOBHBIX U TPEXOCHOBHBIX KHCJIOT.

4. Y10 TaKoe KUCIOTHBIA OCTaTOK?

5. Kakue KMCIOTHBIE OCTaTKH COOTBETCTBYIOT KHUCIOTaM:

a) a30THOM; 0) yroJIbHOM; B) hocdopHOii?
6. Hanmummte BO3MOXKHBIE YpaBHEHHsI peaKUi OTyYSHUS:
a) H3P04; 6) HzS; B) HNO3; F) HCI.
/. 3aKOHYUTE YpaBHEHUS CIAECAYIOIINX PEAKIUNI:
a) P,Os5 + H,O —; 6) Fe,Os + H,SO4 —;
HCI + CaCO3 —; Fe + H,SO4 —;
Al(OH);3 + HCI —; N2Os + H0 —;
Fe + HCI —; CaO + H3PO4 —;
SOz + H,O —; Cag(PO4)2 + H,SO, —.

8. Kakue u3 MeTamuioB B3aMMOJICUCTBYIOT C COJSHOM Kucioroit: Li, Ba,
Cu, Mg, Al, Au? Ilouemy?

9. Ckonbko TpaMMoB cynbdara rmuHka ZnSOs oOpasyeTcs mpu B3auMO-
nercTBuM 9,8 r cepHol KUCIIOTHI ¢ 8,1 T OKcuaa nuHKa?

10. Ckonpko rpamMmoB cynbdata kanus KoSOs obpasyercs mpu B3auMo-
nerctBum 49 r cepHoii KUcyoThl ¢ 80 T rUIpOKCUIa Kaaus?

TecToBblil cCaMOKOHTPOJIb (11) o Teme «KucaoTbny

1. YkaxuTe, B KAKOM pacTBOpeE JaKMyC UMEET KPACHYIO OKPacKy:

a) B HEUTPaJIbHOM;
0) B KUCIIOM;
B) B IIIEJIOYHOM.

2. YKaXHTE KUCIIOThI, KOTOPBIM COOTBETCTBYET okcH hochopa (V):
a) HPO,; 6) H3POg; B) HPOs3; F)
H3POs..

3. YkaxuTe, KaKue U3 KUCIOT MOTYT BBICTYIIaTh KaK OJJTHOOCHOBHBIE:
a) pocdopnasi;

0) cepHas;
B) YrOJIbHAS;
T) COJIHAs.
4. YkaxuTe, B pe3yJIbTaTe KaKUX PeakIuil MOXKHO MOJYYUTh a30THYIO KHC-
JOTY:
a) KNO;3; + HCI —; 0) NaNOg3(1B) + H2SO4(k) —;
B) N,O3 + H,O —: F) N,Os5 + H,0 —.
5. YKaxuTe Te TPYIIbl BEIIECTB, B KOTOPHIX BCE BEIECTBA PEarupyroT
C PacTBOPOM CEPHOM KHUCJIIOTHI:
a) CuCl,, Fe(OH)s, ZnO; 6) HCI, AlI(OH)3, SiOy;
B) Pb(NO3),, KOH, BaCly; r) CuO, Mg(OH),, Zn.
6. YKaxxuTe peakiuyu HeUTpaau3aluu:
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a) Cu(OH), + HCI —; 6) H2S04 + KOH —»;

B) KOH + CO; —; r) MgCl; + NaOH —.

7. YKaxuTe, Kakue U3 BEIIeCTB PearupyroT ¢ COJSTHOW KUCIOTOM:
a) KNOs; 0) Cu; B) Cu(OH)y; r) CuO.

8. Yxaxure Gpopmyny GochopHOM KUCTOTHI:
a) HPO3; 6) H3P03; B) H3PO4; F)
H4P207.

9. Vkaxure, kak u3MeHsiercs cuia kucior B psaay Ho.CO3 —» HsPO, —
H,SO4 cnera nampago:
a) YBEITUIMBACTCS,
0) yMEHBIIIaeTCS;
B) HE U3MEHSIETCHI.
10. YkaxxuTe, Kakue MeTaJlIbl BRITECHSIIOT BOJIOPOJI U3 COJITHOM KHUCIIOTHI:

a) Zn; 6) Hg; B) Mg; r) Cu.
5.4. Cosm
Conm — CJOXHBIE BEIIECTBA, KOTOPHIE COCTOSIT M3 aTOMOB METAJIOB

(ocTaTKOB OCHOBAHM) W KUCIOTHBIX OCTaTKOB. CONM NENSATCS HAa TPHU THUIIA!
HOpMaJIbHBIE (CpEIHUE), KUCIIbIE, OCHOBHBIE.

Hopmanvusie (cpednue) conu — 310 POAYKTHI TIOJTHOTO 3aMEIIICHUS aTOMOB
BOJIOPOJIa B MOJIEKYJI€ KHCIOThI aTOMaMH MeTajjia WM MPOAYKTHI TOJIHOTO 3a-
MEIEHHs TUAPOKCUIHBIX TPYII B MOJICKYJIE OCHOBAHHWSI KUCIOTHBIMH OCTaTKa-
MU:

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

Kucnvie conu — 310 IPOAYKTHI HEMTOJHOIO 3aMEILIEHUsI aTOMOB BOJIOpOAa
B MOJIEKYJIaX MHOTOOCHOBHBIX KHCJIOT aTroMaMu MeTayiia (OCHOBaHHS OepyT
MEHbIIIE, YEM HAJI0 JJIs MOJIHOM HEUTpalu3alun):

NaOH + H,SO, = NaHSO4 + H;0.

Kuciwie COJIM, KpOMC aTOMOB MCTaJllIa 1 KHCJIIOTHOI'O OCTAaTKa, COACPIKAT
aTOMBI BOJIOpPOA.
OCHO@Hble cojiuy — 9TO HpO,Z[yKTBI HCITIOJIHOI'O 3aMCIICHUA FI/IleOKCI/IJIHBIX
rpyrm B MOJ'IeKYJ'IaX MHOTOKHCJIOTHBIX OCHOBAHUI KHUCJIOTHBIMU OCTATKAMMU:
Fe(OH), + HCI = FeOHCI + H,0;
Fe(OH); + 2HCI = Fe(OH)Cl, + 2H,0:
Fe(OH); + HCI = Fe(OH),Cl + H,0.

@opMyJIbl COJIE COCTABIIAIOT MO CTENEHU OKUCICHHSI METAUIOB (OCTaTKa
OCHOBaHI/IH) " 3apsay KHUCJIOTHOT'O OCTAaTKa:

Fedtu Soz_; F92(804)3;

Fe(OH)2u CI-: Fe(OH)Cly:
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B&2+ u PO3_ ; B&3(PO4)2.

Homenkaarypa (Ha3BaHMS) COJICH COCTOMT M3 Ha3BaHUSA KHCJIOTHOTO
ocrarka (cM. Tabja. 6) B IMEHHTEILHOM TaJIcKe M Ha3BaHUS MeETalla B POJIU-
TEIBHOM ITaJIC)KE; €CIM METaJJT UMEET HEeCKOJbKO CTEIeHEH OKUCIICHHS, TO e¢
HaJ0 yKa3aTh:

K2SO3 — cynbdut kanms;

CaHPO4 — ruapodocdar kanus;

FeCl, — xmopwun xene3a (11);

FeCl; — xmopwun xene3a (I11).

[Tpu Ha3BaHUM KUCIIBIX COJIEH T00aBISAIOT CJIOBO «THAPOY:
KHSO, — ruagpocynbdat xamus;
KH;PO, — muruapodocdar xamus.

[Tpu Ha3BaHUHM OCHOBHBIX COJICH JIOOABIISIOT CJIOBO «THIPOKCON:
Cr(OH)Cl; — ruapoxcoxmnopun xpoma (111);
Cr(OH),Cl — aurunpokcoxiopu xpoma (111).

IHoayuyeHue coJieii OCYIIECTBISIOT ¢ TMTOMOIIBIO OOIUX CIOCOOOB, B OC-
HOBE KOTOPBIX JISKUT B3aUMO,ICHCTBHE:
— METaJIJIOB C HEeMeTalaMu:
Fe + S = FeS;

— METaJIJIOB C KHCJIOTaMH:

Zn + H,SO4 = ZnSO,4 + H,T;
— METAaJIJIOB C COJISIMU:

CuSQO4 + Fe = FeSO4 + Cu;

— OCHOBHBIX OKCHUJIOB C KMCJIOTHBIMU OKCHJIAMU:

Fe,O3 + 3N,O5 = 2Fe(N03)3;
— OCHOBHBIX OKCHJIOB C KMCIIOTAMU:

CuO + 2HCI = CuCl, + H,0;
— OCHOBAaHHWM C KHCIOTHBIMHM OKCHIAMU

2KOH + CO; = K,CO3 + H,0;
— OCHOBAHUM C KUCIOTaAMHU:

2NaOH + H,S0O,4 = Na,SO,4 + 2H,0:;
— OCHOBaHHUM C COJISIMU:
2NaOH + ZnCl, = Zn(OH),4 + 2NaCl;
— COJIEH C KUCJIOTaMU:
AgNO; + HCI = AgCIl + HNO3;
— coJjel Mexay coOoi:
Ba(NOs); + Na,SO, = 2NaNO; + BaSO4..

OcHoBHbIE cTIOCOOBI MOTY4YEeHUS COJIeH yKa3aHbl B Ta0I. 8.

Tabnuya 8
OcHoBHbBIE cTIOCOOBI MOJIy4YEeHUsI coJIeit
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BemecrBa Hemerana | KuciaorHblii okcua Kuciaora CoJan
Meramn Connb - Coub Coub
OCHOBHOI1 OKCU — Conb Coub —
OcHoBaHnue — Conb Coub Coub
Connb — - Coub Coub

Kpome Toro, coum MO>XHO MOIy4YaTh ¢ TOMOIIBIO APYTHX CIIOCOOOB, OCHO-
BaHHBIX Ha B3aUMOJICHCTBUU:
— METaJIOB, OKCHUJIbI U TUJPOKCHUIBI KOTOPHIX aM(pOTEpHBI, C pacCTBOPH-
MBIMH OCHOBaHMSMU (IIIEJI0UYaAMH ):
2Al + 2NaOH + 6H,0 = 2Na[Al(OH)4] + 3Hy;

— COJIeH ¢ HCKOTOPBbIMU KHCJIOTHBIMH OKCHUJAMU IIPU HArPpCBaAHUMN

K,COs + Si0; == K,Si0s3 + CO»;

— pPacTBOPUMBIX OCHOBaHUH (I1I€JI0Ueii) C TaJOTeHAMMU:
Cl, + 2KOH = KCI + KCIO + H,0:

— HGKOTOpBIX COJ'IGfI C KUCJIOTHBIMU OKCUJIAMU:
CaCO;3 + CO, + H,0 = Ca(HCOy),.

dusryecKue CBOMCTBA COJICH:

1. Conmu — TBepable BelIeCTBa Pa3HOIrO I[BETa, 00JIaaloNIMe HOHHOU
CBSA3BIO.

2. ITo pacTBOpUMOCTH B BOJIC COJIM JIEATCS Ha PacTBOPHMBIC (P), Majo-
pacTBopHuMbI€ (M) U HEpACTBOPUMBIE (H).

XuMHYeCKHe CBOMCTBA COJICH:
1. PacTBOpHI coeil pearupyroT ¢ MeTalJlaMHU:
CuSOq4 + Fe = Cu + FeSO,.

Kaxnapii Mertaml MOXET BBITECHUTb W3 PACTBOPOB COJIEW TE€ METaJUIbI,
KOTOPBIE CTOSIT B AJIEKTPOXUMHUYECKOM Py HANPSKEHU METAJJIOB CIIPaBa OT
Hero. Merasuibl, koTopbie crosT cieBa oT maraus (K, Ba, Ca, Na u apyrue),
HE UCMOJIb3YIOT JJIsl BBITECHEHUS METAJUIOB U3 PACTBOPOB COJIEH. DTHU METAIIIbI
pEarupyroT C BOJOM.

2. Conu B3aMMOJICHCTBYIOT:

— co menoyamu:  FeCl, + 2NaOH = Fe(OH),d+2NaCl;

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

— mexay coboii:  BaCl, + Na,SO, = BaSO4d+ 2NaCl.

3. HekoTopsie conu pasnaratorcs Mpu HarpeBaHUU:

CaCO; =£=Ca0 + CO,.

Bonpocs! u ynpakHeHust

=

Kakue BeriecTBa Ha3bIBAIOTCSA COJIIMU?
2. Kakue tunel coneii Bol 3Haere?
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3. Uto Takoe: a) HOpMaJlbHBIE (CpeaHUE) CONM; O) KUCIBbIE COJHU; B) OC-
HOBHBIE conu? [IpuBenute mpumMepsl.
4. Hazosure comu: a) MgSQO,4, MgCl,, KH,PO,4, CuSO,, FeCl,, Ba(NOs),,
Al3(S04)3; 6) AI(OH)SQO4, CuS, Ca(H2PO4),, Ca(HCO3),, CuOHCI.
5. Hanumre GpopMybsl comei:
a) cynbdarta xenesa (II), cynpdara mHatpus, auruapodocdara Gapus,
TUAPOKapOOHATAa MarHUs, THAPOKCOXIIOPU/IA MAaTHUS;
0) cynpbuaa kanus, THApPOCYIb(HUTa Kamus, TUApoCyibdaTa Kauaus,
ruapokcoxsopuna xenesa (I1I), ruapodocdara kampmums.
6. 3aKkOHYNTE YpaBHEHUS XUMUYCCKUX PEAKITUI:

a) BaCl, + NazsPO,—; 0) NaOH + P,0Os—;
Fez(SO4)3—); Al + H,SO,—;
HsPO, + Ca(OH),—; CaO + N,Os—;

HgSO4 + Cu—; P,Os5 + Fe,03—:;
BaCO; + HCl—; Ca(OH), + HSO4—;
Al(SO4); + NaOH—; Al(OH);3 + H3POs—.

/. Kakue u3 BeniecTB MOT'yT B3aUMO/ICHCTBOBATH APYT C IPYTOM:
a) HCI, NaOH, FeSQ,, CuO, N,0s, CaCly;
6) C&(OH)z, B&Clz, MgO, Fe,03, H,SOy;
B) K3POy4, Na,COs3, B&(NOg)z, C&(NOg)z.
Hanummre ypaBHEHUSI BO3MOYKHBIX PEAKIIHM.
8. Hanumumrte ypaBHEHUS peakiiuid MOJIYISHUS COJIH:

a) KCI; 0) Fez(S04)s; B) ZN(NO3),.
3anauun

1. CkosbKo TpaMMOB XJIOpHIa cepedpa MOTYyYUTCS MPU B3aUMOICHCTBUH
5,85 r xnopuna Hatpus ¢ 33,8 r HUTpaTa cepedbpa?

2. CxonbKO TpaMMOB cyiib(aTta Oapus MOJYIUTCS TPHU B3aUMOACHCTBUHU
9,8 r cepHoit kucnoThl ¢ 41,6 r xsopuaa 6apus?

TecToBbIil CAMOKOHTPOJIB (12) o Teme «Coum»

1. Vkaxure, BelecTsa (Bce) KaKUX TPYIIT OTHOCITCS K COJISIM:
a) NaHCO3, CuS, Ba(OH),; 6) Fe(OH)CI, KHSO3, KAIO,;

B) P,Os5, KoCO3, H,S; F) ZnS, A|(OH)SO4, BaSO.,.
2. Ykaxure Gopmyny nuruapodocdara kanpims:
a) CaHPOy; 0) Cag(PO4)2; B) Ca(H2PO4)2;
F) Ca2P207.

3. YkaxuTe, ¢ KaKUMH METalIaMH MOKET B3aUMOJCHCTBOBATH PACTBOP
Hurtpara csunua (II):
a) Hg; 0) Zn;B) Au;r) Fe.
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4. YkaxuTe, IpU B3aUMOJICUCTBUM KaKUX JBYX BEIECTB 00pa3yloOTCs CO-

T
a) NHz n H3PO4; 6) NaHCO3z u Ca(OH)z;
B) Ca(OH); u NaCl; r) AI(OH); u NaOH.
5. YKaxuTe, C KAKUMU BEIIECTBAMU B3aMMOJIEHCTBYET PacTBOp XJIOpUJA
menu (II):
a) AgNOs; 0) Fe; B) Fe(OH)y; r) Hg.
6. YkaxxuTte, Kakue KHCIOThI 00pa3yrOT KUCITBIC COJIH:
a) HNOs; 6) H3POy; B) H2SOy; r)
HCI.
7. YKaxuTe, Kakue OCHOBaHMS 00pa3ylOT OCHOBHBIC COJIH:
a) NaOH; 6) Ca(OH)y; B) KOH,; T)
Cu(OH)..
8. YkaxuTe, ¢ KaKUMHU BEIIECTBAMH B3aUMOJICHCTBYET XJIOPUJ] HATPUS:
a) AgNOs; 6) H2SOy; B) KOH; r)
Cl,.

9. Vkaxure, ¢ KaKMMH BEIIECTBAMU XJIOPU KalbIUs oOpa3yeT kapOoHAT
KaJIbIIUA:

a) Na,COgs; 0) BaCOg; B) K>,COg; r) CO,.
10. YkaxuTe, KakKue COJIM B3aUMOJICHCTBYIOT APYT C IPYTOM:
a) CaCOs u KClI; 0) MgCl, u Na,COg;
B) NaCl n KzCOg, F) BaCl, n KzSO4.

5.5. TEHETHYECKAS CBSI3b MEKJTY OCHOBHBIMU KJIACCAMHU
HEOPITAHMYECKHUX COEJJUHEHUI

N3 BemecTs 0HOrO Kjacca MOXKHO MOJIyYUTh BEILIECTBA APYroro Kiacca.
CBsi3b, KOTOpasi OCHOBAaHA Ha IMPEBPAILCHUH BEIIECTB OJHOTO Kilacca B BElIe-
CTBO JPYroro Kjacca, Ha3bIBaeTCsi reHEeTUYeCKOW. Takyro CBsI3b MOXXHO HM300-
pas3uTh B BUJE LEIIOYKHU:

Ba —» BaO —» Ba(OH); \B
a3(POa)>.
/

P —>P205 —> H3P04

B o6miem Buzie 3T0 MOKHO TIPE/ICTABUTh TaK:

METaJll— OCHOBHOU OKCHUa —» OCHOBAHUC ~
COJIb.

HeMeTaJlll—» KHUCJIOTHBIN OKCHUIA—» KHUCJIOTa

JTaJIOH pellleHUus1 TUIIOBOM 3a/1a4u
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Hanuiure ypaBHeHUs! peakiuii, Ipu MOMOIIU KOTOPBIX MOXKHO IMPOBECTU
cienyrolee mpeBpalieHue:
Al —/— Al,03 —— AI(OH); —— AI(OH)(NO3); —— AI(NO3); ——
Al3(SO4)3
Pewenue:
1. Oxcua amfOMUHUS TTOTYYaeTCs MPY B3aUMOJCHCTBUN aTFOMUHUS C KU C-
JOPOAOM:
4Al + 30, = 2Al,0:s.
2. Al;O3 B BoJie HE pacTBOPSICTCS, IOATOMY HAJIO CHavYajla MOJIYIUTh COJIb,
3arem ruapokcua amoMmuans Al(OH)s:
Al,O3 + 6HCI = 2AICI; + 3H,0;
AICI; + 3NaOH = Al(OH); + 3NaCl.
3. OCHOBHYIO COJIb TOJIydyaeM IpHU B3auMojelcTBUM JBYX moJiei HNOs;
u ogHoro moiist Al(OH)s:
Al(OH)3 + 2HNO3 = AI(OH)(NO3) + 2H0.
4. JIns mojydeHuss HOPMAJIbHOM COJIM K OCHOBHOHM cOJM J00aBUM eIle
KHUCIIOTHI:
AI(OH)(NO3), + HNO3 = AI(NO3); + H,0.
5. Ipu B3aumopeiicteuu Hutpara amoMuHust — Al(NOs); ¢ cepHoit kuc-
noroit — H,SO4 o6pasyercs cynbdat amoMuans — Aly(SO4)s:
2A|(N03)3 + 3H,S0, = A|2(804)3 + 6HNO:.

YupaxHeHus

Hanumwure ypaBHEHHs peakiuii, P MOMOIIH KOTOPBIX MOKHO MPOBECTH
CIIEIYIONIUE TIPEBPAILCHHS.

1. Cu — CuO — CuSO4 — Cu(OH); — CuCl; = Cu(NOs),.

2.Zn — ZnO — ZnSO4 — Zn(OH), — NaxZn0O,.

3.P—> P205 —> H3PO4 —> N3.3P04 —> Cag(PO4)2.

4. Mg - MgO — Mg(OH),; — MgCl, — Mg(NOs)s.

5 Al > A|203 —> Al(OH)3 —> A|C|3 —> N&AlOz

6.C > COz — Na,CO3; > NaHCO3; —» Na,CO3; — CO..

7.S = SO, > NaHSO3 —» Na,SO; — CaSO0:a.

TecToBblil caMOKOHTPO.Ib (13) Mo Teme «I'eHeTHUECKAS CBSA3b MEKILY
OCHOBHBIMHM KJIACCAMM HEOPTAaHUYECKHUX COeTUHEHMID)

1. YkaxuTe, ¢ BellleCTBAMU KaKUX KJIACCOB COCIMHEHUN B3aUMOJICUCTBY-
et NaOH:
a) C KUCIIOTaMHu; 0) C OCHOBHBIMH OKCHJIAMH;
B) C COJISIMU, T') C KUCJIOTHBIMU OKCHJAMH.
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2. YKaxure, ¢ KakuMu BemectBamu B3aumoeiictsyer CaCOs:
a) Si0z;  0) NaOH; B) H2SO4pa36.; r) CO; + H,0.
3. Ykaxure, ¢ TIOMOIIBIO KaKUX PEaKIMii MO>KHO TIOIYyYUTh Cyib(ar mar-
HUS:

a) Mg(OH); + Na,SO,—; 0) Mg + H,SO4paz0. —;
B) MgO + SO3—; r)MgO + K,SO,—.

4. YKEDKI/ITG, KaKHC U3 BCUICCTB PA3JIararoTCs IpU HArpCBaHUN:
a) Na,COs: 6) BaCOs, B) Ba(OH).: r) Al(OH)s.

5. Ykaxute HopMyisl BEMIECTB, KOTOPHIC NIPH HATPEBAHWH Pa3IararoTcs
¢ o0pa30BaHUEM KHCJIOTHBIX OKCHIOB:
a) H,SOy; 6) BaCOsg; B) H,COsg; F) Fe(OH)3.
6. YkaxkuTe BemecTBa, KOTOPBIC B3aMMOJICHCTBYIOT C pa30aBlIeHHOMN
HZSO4:
a) Cu; 6) NaCl(TBepaoe BEIIeCTBO);
B) Na[Al(OH)a]; r) Fe(OH)s.
7. YKaxuTe, ¢ KAKUMU BEIIECTBAMU B3aUMOJICHCTBYET ME/Ib:
a) HoSO4paz6;  0) HoSOgskonn.;  B) HNOskonm.; 1) HNOspas6.
8. YkaxuTe, B KAaKUX CIIy4asiX MEepPBbIA METaJUT BHITECHSET HOHBI BTOPOTO
MeTajljla U3 BOJIHBIX PACTBOPOB €r0 COJICH:

a) Cuu Zn; 0) Zn u Fe; B) Fe u Cu; r) Feu Ag.
9. Vkaxkute peakinu, KOTOPble OTHOCATCS K PEAKIUsIM HEUTpaIU3aIiu:
a) Hs3PO4 + NaOH—; 0) FeCl, + NaOH —;
B) HCI + Ca(OH),—; r) HCl + CaCO3z—.
10. YkaxwuTe, Kakue BelIecTBa pearupyrot ¢ okcuaom azota (III):
a) CaCly; 6) H20; B) H2SOy; T)
KOH.
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I'JIABA 6. PACTBOPBI. QJIEKTPOJIMTUYECKASA AUCCOLNALUA

6.1. PACTBOPBI

PactBOpBl — 3TO rOMOreHHbIe (OAHOPOIHBIE) CUCTEMBI, KOTOPBIE COCTOST
U3 PAaCTBOPHUTEIISL, YACTHUL] PACTBOPEHHOI'O BEILIECTBA U MPOAYKTOB UX B3aUMO-
neuctBug. Hanpumep, pactBop ruapokcuna kanus coctoutr uz3 KOH (pactBo-
penHoe BemectBo), HoO (pactBoputens), K* u OH™ (rumparupoBaHHHbBIC
HOHBI) — MPOIYKTHI B3aUMOJCHCTBHS MOJICKY/ Bobl M noHOB K™ 1 OH™,

PacTBOpBI OBIBAIOT KUAKUMHU, TBEPABIMU U Ta3000pa3HBIMHU.

Kuakue pacTBopbl — 3TO pacTBOpPBI COJIEH, caxapa, CIUPTa B BOJE.
KpoBb, nmumda, Moya — TOkKe KHIKUE pacTBOpHL. JKuakue pacTBOpbl MOTYT
OBITh BOJHBIE U HEBOJHBIE.

BonHble pacTBOpBI — 3TO pacTBOPBI, B KOTOPBIX PACTBOPUTEIIEM SABIIACTCS
BOJA.

HeBonnble pacTBOpbl — 3TO PacTBOPBI, B KOTOPBIX PACTBOPUTEIIAMU SIB-
JSIOTCS APYTUE KUIKOCTH (O€H30I1, COUpT, 3pUp U T. 1.).

TBepable pacTBOPbI — 3TO CILJIaBbl METAJIIOB.

I'a3000pa3Hbie pacTBOPBI — 3TO BO3AYX U IPYTHE CMECH Ia30B.

6.2. PACTBOPEHME BEILIECTB

PacTtBopeHue — 3T0 CI0KHbBIN (PU3UKO-XUMHUYECKHUI MPOLECC.

du3nvecKuil Mpouecc — 3TO pa3pylIeHUE CTPYKTYpPhl PacTBOPSEMOTO
BEILIECTBA W pacCIpe/ie]IeHUe €ro YacTUIl MEXIY MOJIEKYJaMH PacTBOPHUTEIS.
DU3NYECKUN TPOLIECC UIIET C MOTJIOMEHUEM TETUIOTHI.

XuMHUYeCKUI Mpoumecc — 3TO B3aUMOJICUCTBUE MOJICKYJI PAaCTBOPUTENS
C YaCTUIIaMH PACTBOPEHHOTO BelecTBa. B pe3ynbTaTe 3TOro B3auMoAeHCTBUS
oOpasytorcs conbBaThl. Eciiu pacTBoputeneM siBiIsieTCsl BOJa, TO 00pasyromire-
Csl COJTbBATHI Ha3bIBatoTCs TuapaTamu. [Iporecc oOpazoBaHus COIBBATOB HA3bI-
BaeTcs conveamayueti. IIporecc oOpazoBaHus THIPATOB HA3BIBACTCS 2UOpama-
yuet. [lpn BhIMapuBaHUKM PACTBOPOB 00pa3yrOTCs KpucTawtoruaparsl. Kpu-
CTaJUIOTUAPATHl — 3TO KPUCTAIIMYECKHUE BEIIECTBA, B COCTAB KOTOPBIX BXOAUT
ONPEICICHHOE YMCII0 MOJIEKYJ BOJbI (KpUCTAINIM3alMoHHas Boaa). [Ipumepsl
kpuctamuioruapatoB: CuSO4-5H,0 — kpucramnoruapar cynbdara menu (I1);
FeSO,-7H,0 — kpuctamioruapat cyibdarta xenesa (II).

XUMHAUYECKAM TMPOLECC COMPOBOXKAAECTCA BBIICICHUEM TEIUIOTH. Eciu B
pe3ynbTaTe TuapaTanuu (COJbBATAI[UN) BBIJCISACTCS OOJBINE TEIIOTHI, YEM €€
MOTJIONIAETCS TP pa3pylIeHUU CTPYKTYPhI BEIIECTBA, TO PACTBOPEHUE MPE/I-
CTaBIIIET COOOM ox30mepmureckutl npoyecc. BoiieneHre TemioThl TPOUCXOIUT
npu pactBopeHun NaOH, H»SO4, Na;COs, ZnSO4 u npyrux BemiectB. Eciu
JUISL pa3pyIIeHUs CTPYKTYPhI BEIIECTBA HAJIO OOJIbIIIE TEIJIOTHI, YEM €€ 00pasy-
eTCs TP TUApaTallid, TO PACTBOPECHUE SIBISIETCS 9HOOMEPMUYECKUM Npoyec-

70



com. lTlornomenue TEIIOTH MPOUCXOIUT MpH pacTBopeHuu B Boje NaNOs,
KCI, NH4sNO3, KNO2, NH4Cl u apyrux BelecTs.

BrigeneHue wiM TOTJIOMIEHHWE TEIIOTHI MPU PACTBOPCHHHM HA3bIBACTCS
TEIJIOBBIM 3(PPEKTOM pacTBOPEHUSI.

6.3. PACTBOPUMOCTbH BEIIIECTB

PacTBOpUMOCTBIO Ha3bIBae€TCAd CHOCOOHOCTHh BEIIECTBA PACTBOPATHCS B
BOJIE WJIH JIpyroM pactBopurene. KonnuecTBeHHON XapaKTEPUCTUKON pacTBO-
puMocTH sIBIsieTCsl KO3PQUIMeHT pacTBopuMocTd. OH MOKa3bIBAaeT, Kakas
MaKCUMaJbHas Macca BEelEecTBa MOXKET pacTBOpuThes B 1000 mut pacTBoputens
(BoIpl) MpHU NaHHOW TemmepaType. PacTBOpUMOCTh BBIpaXKalOT B TpaMMax Ha
mutp (1/11). PacTBOpMMOCThH BelIecTBa 3aBUCUT OT MPUPOJBI PACTBOPHUTEIIS
U BEIIECTBA, OT TEMIIEpaTyphl U AaBieHus (Ui ra3oB). PacTBopumocTs TBep-
IbIX BEIIECTB B OCHOBHOM YBEIMYMBAETCA IPHU IOBBILEHUU TEMIIEPaTYphl.
PacTBOpUMOCTh ra30B ¢ MOBBIIIEHUEM TEMIIEPaTyphl YMEHBLIAETCS, HO IpHU
HOBBIICHUH JABJICHUS YBEIUUNBAETCS.

[1o pacTBOpUMOCTH B BOZI€ BEILIECTBA AEIAT HA TPU TPYIIIIHL.

1. Xopowo pacmeopumsie (P): pacTBOpUMOCTh BetiecTB Oobiie 10 T B 1
1 Bogwl, Hanpumep, 2000 r caxapa pactBopsercst B 1000 r v B 1 11 BOBI.

2. Manopacmeopumsie (M): pactBopumocts BemiectB oT 0,01 r 1o 10 r Be-
mectBa B 1 11 Bozbl, Hanpumep, 2 T rurca CaSO4-2H,0 pactBopsiercs B 1 11 Bo-
TTBL.

3. Ilpakxmuuecku nepacmeopumsie (H): pacTBOpUMOCTH BEILIECTB MEHbILIE
0,01 r BemecTna B 1 1 Boawl, Hanpumep, B 1 1 Boasl pactBopsiercsa 1,5-1073 r
AgCl.

[Ipu pacTBOpeHMU BELIECTB 0OPa3yrOTCs HACBIIICHHBIE U HEHACHIIIICHHbIE
pPacTBOPBI.

Hacvuyennwiti pacmeop — 3T0 pacTBOp, B KOTOPOM COAEPKUTCA MAKCHU-
MaJIbHOE KOJIMYECTBO PAaCTBOPEHHOIO BEIIECTBA MpPU JaHHOW TeMIEparype.
[Ipu noGaBneHUM BELIECTBA B TAKOM pacTBOP BEIIECTBO OOJbIIE HE PACTBOPSI-
eTcsl.

Henacviwyennviti pacmeop — 3TO PacTBOpP, B KOTOPOM COJEPKHUTCS
MEHBIIIE PaCTBOPSIEMOI'0 BEILIECTBA, YEM B HACBHIIIEHHOM MpHU JTAHHOW TeMIiepa-
type. [Ipu noGaBiaeHnn BelecTBa B TAKOM PacTBOP BEIIECTBO €II€ PaCTBOPSIET-
csl.

Bonpocs! 1 ynpaxkHeHust

1. Yro Takoe pacTBOpHI?

2. Kakue Ob1BatoT pacTBOpHI?

3. UTo Takoe BOJHBIE U HEBOJHBIE PACTBOPHI?

4. Yto Takoe pactBopenue? Kakue mpouecchl MpoUCXOAST MPU pacTBOpe-
HHUH BEIIECTB B Boje?
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5. Yrto Takoe pacTBOPUMOCTH?

6. Kakue BemiecTBa Ha3pIBatoTCs Kpucramuioruaparamu’? Ilpusenure npu-
MEDBI.

7. Uto nmokaspiBaeT KO3 PUIIMEHT pacTBOPUMOCTU?

8. Ot kakux (akTOpOB 3aBUCUT PACTBOPUMOCTH BEIllECTBA?

9. [IpuBenuTe mpUMEpHI BEIIECTB: a) XOPOIIO PACTBOPHUMBIX B BOJE; 0)
MajopacTBOPUMBIX B BOJIE B) MPAKTUYECKU HEPACTBOPUMBIX B BOJIE.

10. Kak 3aBHCHT pacTBOPUMOCTH Ta30B OT TEMIIEPATYPHI U TaBICHHUS?

11. Kaxkoii pacTBOp Ha3bIBaeTCs: a) HACHIIICHHBIM; 0) HEHACHIIICHHBIM?

6.4. XAPAKTEPUCTHUKA PACTBOPOB

JIns Ka4eCTBEHHOM XaPaAKTEePUCTUKH PACTBOPOB UCIIOIb3YIOT MOHATUA
paz0aBIIEHHBIN PacTBOP M KOHIICHTPUPOBAHHBIN PacTBOP.

Pa3zbasnennsiii pacmeop coaepKuUT Majo pacCTBOPEHHOTO BEIIECTBA.

Konyenmpupoeannwiii pacmeop cONEpAKUT MHOTO PACTBOPEHHOTO BEIle-
CTBA.

KosnyecTBeHHBIN COCTAaB PAaCTBOPOB BbIPAXKACTCS KOHLIEHTPALUEH.
Konyenmpayuss pacmeopa — 3TO COAEPKAHUE PACTBOPEHHOI'O BEILECTBA
B OTIPEJICJICHHOM 00BhEME pacTBOpa.

Maccy BemiecTBa B paCTBOPE 4aCTO BBIPAXKAIOT B MACCOBBIX NOJAX. Mac-
co8as 007151 pacmeopeHH020 eeujecmed (X) — 3TO OTHOIIEHHE MACChl PACTBO-
PEHHOI0 BEHIECTBA K MacCe pacTBOpa:

009 = T2,

rae o(X) — MaccoBas J0Js1 PaCTBOPCHHOIO BEIECTBA, BHIPAKCHHAS B JOJIAX
enuHUIbI; (X) — Macca pacTBOPEHHOI'O BeIleCcTBa X, I; M — Macca pacTBopa,
T.

MaccoByto J0J10 MOXHO BBhIpaxaTh Takxke B mpoiieHTax (%):

m(X)
©%(X) = — =100 %.

K mpumepy, eciiu MaccoBast A0Js1 paCTBOPEHHOTO XJIOpUIAa HATPUsl B pac-
TtBOpeE paBHa 0,03 mim 3 %, TO 3T0 03HayaeT, uto B 100 T pacTBOpa COAEPKUTCS
3 r xjnopuaa HaTpusi U 97 T BOJBL.

3aBUCUMOCTh MEXIy 00BEMOM M MAaccoil pacTBopa BbIpaxaercs (popmy-
JION:

m(pactBopa) = V-p,
e p — IUIOTHOCTB PacTBopa, r/mi, r/cm®; V — 00beM pacTBopa, MiI, II .

Monapnas konyenmpayus éeuyecmea — 3TO YUCIIO MOJIEN PACTBOPEHHOTO
BEILIECTBA B OJTHOM JINTPE pacTBopa. MOJSIpHYIO KOHLIEHTPALUIO PACCUUTHIBA-
10T 110 (hopMmyJIe:
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et =",

rne X — pactBoperHoe BemiectBo; C(X) — MoIsipHasi KOHIEHTpAIHs Bellle-
CTBa, MOJIB/JI; N — KOJMYECTBO PACTBOPEHHOTO BEIIECTBA, MOJb; V — 00beM
pacTBopa, .

B CU emunuieil n3MepeHns MOJISIPHON KOHIIEHTPALMH SBIISETCS MOIIb/ M,
yaiie npuMeHsitoT Mosib/s. Eciiu B 1 11 pacTBopa conepxkutcs 1 Mosib pacTBo-
PEHHOTO BEIIECTBa, TO PACTBOP HA3bIBAECTCA MOJIIPHBIM M 0003Hayaetcs 1M.
Ecnu B 1 1 pactBopa coaepxkutcs 0,1 monb nim 0,01 Moab paCTBOPEHHOTO Be-
IIECTBA, TO PAaCTBOP HA3bIBAETCS COOTBETCTBEHHO JCIUMOJISIPHBIM, CAHTUMO-
JsspHBIM 1 0o6o3Hayaercs 0,1M, 0,01 M.

Bonpocsl

1. Kakue pacTBOpbI Ha3bIBAIOTCS:

a) pa30aBIECHHBIMU;

0) KOHLIEHTPUPOBAHHBIMU?
2. Yto Takoe MaccoBasi 10Jisi paCTBOPEHHOTO BelecTBa?
3. UTo Ha3BIBaeTCSI MOJISIPHOM KOHIICHTPAITHEH pacTBopa?

JTAaJIOHBI pelleHus 3a1a4

1. B pactBope maccoii 200 r conep:kutcs xjiaopui Hatpus maccoit 10 T.
KakoBa macca xJyiopuia HaTpusi B pacTBope?

Jlano: Pewenue:
m(pactBopa) =200 r | MaccoBast nonst NaCl paBHa OTHOIIIEHHIO €r0 MacChl
m(NaCl)=10r K 001Iel Macce pacTBopa:

Haiimu: o(NaCl) m(NaCl) 10

=— =0,05.
m(pactBopa) 20

Omeem: 0,05 nimm 5 %.

o(NaCl)=

2. I'moxo3y maccoit 10 r pactBopusiu B Boje maccoit 40 r. KakoBa macco-
Bast 107151 (%) TIIIOKO3BI B pacTBOpPE?

Jlano: Pewenue:
m(raroko3sl) = 10 T 1. Onpenenum o0IIYI0 MacCy MOJIYYEeHHOTO pacTBOpa:
m(H,0)=40r m(pactBopa) = M(H20) + m(ritoko3sr);

m(pactBopa) =40r+ 10r=50r.
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Haiimu: o»(T1r0K03b1)

2. Beruucium maccoByiro godito (%) TiroKo3bl B pac-
TBOpE:

M (ry1r0K03b1) 100 %

®(TJIFOKO3bI)=
m (pactBopa)

10-100 %
5

®(TJIFOKO3bI )= =20 %.

Omeem: o(rmroko3sl) = 20 %.

3. Kakue macchl caxapossl ¥ BOJABI HAJIO B3STh ISl IPUTOTOBJICHUS 2 KT
pacTBOpa ¢ MaccoBOM J0Jei caxapo3bl paBHOU 20 %7?

Jlano:

m(pactBopa) = 2 KT =
2000

o (caxapossl) = 20 %

Havumu:
m(caxapo3bl);
m(Hz0)

Pewenue:

1. Onpenenum Maccy caxapo3bl:

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

2. Onpenenum Maccy BOJBI:

m(pactBopa) = mM(H20) + m(caxapo3sl);

m(H20) = m(pactBopa) — m(caxapo3ssl) = 2000 r —

400 r=1600r.

Omeem: m(caxapo3ssl) = 400 r; m(H2O) = 1600 r.

4. B 500 r Bogst pactBopuiin 200 1 kpuctayuioruapara cynbdara meau (1I)
CuS0O4-5H,0. Beruucauts MaccoByto oo 0e3BogHoro cyinbdarta meau (1)

B pacTBoOpe.

Jano:

m(H20) = 5000 r;
m(CuSO4-5H20) =
200 r.

Haitimu: o(CuSQy,)

Pewenue:

1. Onpenenum Maccy pacTBopa:

m(pactBopa) = M(H20) + m(CuSO4-5H,0) =500 1 +
200r=700r.

2. OnpenenuM Maccy 0€3BOJHOTO Cyib(hara Meau

B 200 r kpucrtamnoruapara cyibhara Meau:
M(CuSO4-5H,0) = 250 r/mons; M(CuSO,) =

160 r/mMOmb.

B 250 r (CuS0O4:5H,0) conepxutcst 160 r CuSOy;

B 200 r (CuSO4-5H,0) conepxutcs X r CuSOy,

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

3. Beruucianm maccoByro pomto cynbdara mean (1)
B pactBope: ®(CuSO,) = m(CuSO,) : m(pacTBopa) =
128:700 = 0,18.

Omesem:. o( CuSQO,) =0,18.
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5. K 200 r pactBopa
BOJbI. BBIYMCIUTE MaccoOB
Jlano:
mi(pactBopa) = 200 r;
V(H20) = 100 mut;
m1(comm) = 10 %.

cou ¢ MaccoBoit poser ee 10 % mprmmnu 100 M
VIO JIOJIIO COJIM B MTOJTYYE€HHOM PacTBOPE.

Pewenue:.

1. Onpenenum Maccy CoJid B UCXOJHOM PacTBOPE:

®1 = (M(coym) : m(pactBopa))-100 %;
m(pactBopa) -« _ 200-10 % _ 20T
100 % 100 % '

m(conun) =

Haiimu: w; (comn) —?

6. PactBOp 06bEMOM

2. Macca conu mpu NMPUIMBAHUW BOJBI HE M3MCHSI-
ercs. OmpenenuM Maccy pacTBOpa, MOTYYEHHOTO
MTOCJIC TIPUTMBAHUS BOJIBI:

my(pactBopa) = Mi(pactBopa) + M(H20);
m(H20) = V-p;

m(H20) =100 M - 1 r/mn = 100 T;
may(pactBopa) =200 + 100 =300 r.

3. Onpenenum my(Coin):

m (cosm) 20T

-100 % =
m, (pacTBOpa) 300

100 % =

my(conu) =

6,67 %.
Omeem: wy(conu) = 6,67 %.

250 mu conepxut NaOH maccoit 2,5 r. Onpenenutsb

MOJISIPHYIO KOHIIEHTPAIIMIO 3TOTO PACTBOPA.

Jano:

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

m(NaOH) =2,5r.

Pewenue:

1. Beraucnum uncio mois (v) B 2,5 r (NaOH):
NaOH) = m(NaOH) : M(NaOH);
M(NaOH)= 40 r/moib;

UNaOH) = 2,5 r:40 r/monb = 0,0625 Mob.

Haumu: C(NaOH)

2. Onpenenum MOJISIPHYIO KOHUEHTPALHMIO PacTBO-
%
pa: C(NaOH) =\7 = 0,0625 momp : 025 n =

0,25 Moaw/m.
Omeem: C(NaOH) = 0,25 mounb/11.

7. BeraucianTh MacCCy XJIOpuJa HaTpusd, KOTOpas HYKHA IJIA IMOJIYUCHHA

500 ma 0,5M pactBopa.
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Jlano: Pewenue:
V(pactBopa) = 500 mu = | 1. Beruucinum uucno mons (NaCl), koTopoe conep-

0,5 m; XKUTCS B pacTBOpe oobeMoM 0,5

C(NaCl) =0,5M. V
C(NaCl) = \7; v=C(NaCl)-V = 0,5 monp/11-0,5 1 =
0,25 Moub.

Harimu: m(NaCl) 2. Beruucium maccy NaCl: m(NaCl) = M(NaCl)- v;

M(NaCl) = 58,5 r/mob;
m(NaCl) = 0,25 monb-58,5 r/moas = 14,63 1.
Omeem: m(NaCl) = 14,63 r.

8. K 150 M 3 M pactBopa HuTparta kanus npuwmd 200 vt Boael. Halitu
MOJISIPHYIO KOHIIEHTPALMIO MOJYYEHHOTO PacTBOpA.

Jlano: Pewenue:

V(pactBOpa) = 1. Beruuciaum konmdectBo BemiectBa KNOs3) B 150 mu
150 M1 = 0,15 n pacTBopa ¢ MOJIIPHON KOHLIEHTpaIen 3 MOJIb/II.
C(KNO;) = 3M; v=C(KNQs3) - V = 3 mons/n:0,15 11 = 0,45 MOJIB.

V(H20) =200 Mt = | 910 xe kommuectBo KNO; COAEPKUTCSI B HOBOM PaCTBO-
0,20 JI. pe.

Haiimu: 2. Beruncaum 00EM HOBOTO pacTBOpa:

C(pactBopa KNO3) |V, =V(pactBopa) + V(H20);

V,=0,151+0,20 1=0,35 1.
3. Borauciaum MOJSpHYI0 KOHIICHTPAIUI0 HOBOTO PacTBO-
v(KNO3) 0,45 momb

V2 0,35 JI

pa: C(pactBopa KNO3) =

1,29 moman/m.
Omeem: C(pactBopa KNO3) = 1,29 Mounb/11.

3amaum

1. OnpenenuTh MacCOBYIO JIOJIIO COJIM B PACTBOPE, MOJYICHHOM IIPH pac-
TBOpEHHH: a) coiu Maccoil 20 r B Boge maccoit 80 1; 0) conu maccoit 50 r B Bo-
ne maccoit 250 r; B) costu Maccoit 36 T B Bojie Maccoit 264 T.

2. Onpenenuth Maccy BeriecTBa: a) B 140 T pacTBopa rHAPOKCHIA HATPUS
¢ MaccoBoii moneit ero 20 %; 6) B 200 M pacTBOpa CEpHOM KHCIIOTHI ¢ MacCO-
BoM noneit ee 50 % u maoTHOCTHIO 1,39 /M.

3. K 250 M pacTtBOpa cepHOM KHUCIOTHI ¢ MaccoBou moieit 20 % u 1mioT-
HOCThIO 1,14 v/™Mn mpununm 50 Mt Boabl. OnipeieTuTh MacCOBYIO JOJI0 CEPHOM
KHUCJIOTHI B ITOJTyYEHHOM PacTBOPE.
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4. K 200 r pacTtBOpa XJiopHia HaTpusi ¢ MaccoBoi gonei ero 20 % npuiu-
mu 100 r Bogsl. OnipeieiuTh MacCOBYIO JIOJIIO XJIOpUa HATPUS B pacTBOPE.

5. K 300 r pactBopa Hutparta 6apus ¢ maccoBoit goieit ero 20 % mpuba-
Buiu 50 r 3ToM conmu. OnpeneanTh MacCOBYIO JIOJII0 HUTpaTa Oapusi B pacTBO-
pe.

6. B 100 r Bogsr pactBopwin: a) 20 r megHoro kynopoca — CuSO4-5H,0;
6) 10 r xene3noro kymopoca — FeSO,-7H20; B) 25 r riiaybepoBoit comm —
Na,SO4-10H,0. OnpenenuTs MacCOBYIO J0Jt0 0€3BOIHOM COJIM B KaXKJAOM I10-
Jy4EHHOM PacTBOpE.

7. Kakyto maccy meanoro kynopoca — CuSO4-5H,0 u Boabl Hafo B3STh
JUTsl IPUTOTOBIIEHUS pacTBopa cyibhara menu (II) maccoii 30 r ¢ MmaccoBoit J0-
new 6e3BoaHON co CuSOs 3 %7?

8. CKOJIbKO MIJUTHJIUTPOB PAaCTBOpPA a30THOM KHUCIOTHI C MacCOBOM J0Jei
ee 15 % u mnotHocthio 1,085 r/Mn mMoxkHO mpurotoBuTh U3 700 T pacTBOpa
¢ MmaccoBoii mosent 30 %?

9. Cxonpko TpaMMOB BOJIbI Ha/10 ipuiuTh K 500 T pacTBOpa CONSIHOM KuC-
J0THI ¢ MaccoBoi foneit ee 30 %, 4ToOBI MOJYYUTH PACTBOP C MaCCOBOM J10JIeH
10 %?

10. CkoapKO MOJIb XJIOPUCTOTO BoAopoa coaepxkutcs B 300 mi1 pactBopa
COJISTHOM KHCIJIOTBI C MacCOBOM JOJIEH XJ0opUcTOoro Bogopoaa 28 % u MIOTHO-
cThi0 pactBopa 1,14 r/mn?

11. CkonpbKO MIJLTUIMTPOB PacTBOpPa a30THOM KHUCJIOTHI C €€ MacCOBOM
noneit 10 % u mmotHOCTRIO 1,055 /M1 Hamo B34Th ATl HeWTpanuzanuu 20 T
TUAPOKCUA HATPUS B pacTBope?

12. CkoapKO TpaMMOB XJIOPHAA HATPHsI HAZO B3ATh JJISI TIPUTOTOBIICHHUS:
a) 100 mu1 2 M pactBopa; 0) 200 M 0,1 M pactBopa; B) 300 M1 0,01 M pactBopa?

13. HaiiTi MONIIpHYIO KOHIIEHTPAIUIO pacTBOpa, eciu: a) B 50 mi pacTBo-
pa pacTBopeHo 5 T ruapokcuaa Hatpusi; 6) B 100 mut pactBopa pactBopeHo 50 r
cepHoi kucioThl; B) B 500 M pactBopa pactBopeHo 150 r xjmopuaa HaTpusl.

14. Kakoit 06beM pacTBOpa COJITHOM KHUCIOTHI ¢ MAacCOBOM J0JIeH XJIOpH-
ctoro Bogopoaa HCl 36 % u miotHoCThIO 1,18 T/MIT HafI0 B3SITH J1s1 TPUTOTOB-
nenus: a) 200 mu 0,1 M pactBopa; 6) 100 M 0,01 M pactBopa; B) 50 mn 1 M
pacTBopa.

15. Kakyto maccy riay6epooii comu — NapSO4-10H,O wago B3saTh 115
npurotosiieaus: 100 mu 0,5 M pactBopa?

TecToBbIi CAMOKOHTPOJIb (14) 110 Teme
«PactBopbl. Ko/in4yecTBeHHBIH COCTAB PACTBOPOB»

1. Ykaxute, Npyu pacTBOPEHUHN KaKUX BEIIECTB B BOJIC IPOUCXOIUT BbIJIC-
JIEHUE TETUIOTHI:
a) TUIPOKCH/IA KaJus; 0) HUTpaTa aMMOHWS;
B) CEpHOM KHUCIIOTHI; r) kapOoHaTa HATpPHS.
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2. PaCTBOpI/IMOCTL KHCJIOPOJa B BOAC YBCIINYUBACTCA IIPU:

a) TOHM)XEHUU TeMIIEPaTyphl; 0) yBEJIMUCHUU JaBJICHUS,

B) TIOBBIIIIEHUN TEMIIEPaTypPHhI; I') MOHM)XCHUH JIaBJICHHUS.
3. Ykaxure BCUICCTBA, KOTOPLIC ABJIAIOTCA KPpUCTAJIJIIOTHAPATAMMU:

a) KZSO3; 6) CaClz-ZHzo; B) B&Clz-GHzO; F) KOH.
4. YKaxXuTe BEleCTBa, KOTOPbIE PACTBOPSIIOTCS B BOJIE:

a) AIPOy; 0) AgNOsg; B) ZnS,; r)

HsPO,.

5. Ykaxute, mo kakod (opmysie MOXKHO pacCuuTaTh MAcCOBYIO JIOJIO
PAcCTBOPEHHOI'O BEIIECTBA:

v
aym=V-p; 6) C(X) = v
m
B) ® = (Bomectsa) ; r) m(BemecTBa) = mM(pacTtBopa) -—
m(pacTBOpa)
m(H0).

6. Ykaxute, CKOJIBKO IpaMMOB PAaCTBOPEHHOTO BEIIECTBA COJEPKHUTCS
B 200 T pacTBOpa ¢ MaccoBo# aoJeit BemecTBa S5 %0:
a) 40 T; 0) 10 T; B)ST; r)2,5T.
/. YKaxuTe, CKOJIbKO MOJIE pacTBOPEHHOTO BEIIECTBA COACPKUTCS
B 500 MJT IEIMMOISIPHOTO PacTBOPA:
a) 0,1 moub; 6) 0,01 mob; B) 0,05 MoB;
r) 0,5 MOJIb.
8. YkaxuTe, CKOJIbKO TpaMMOB BOJBI coaepxutcs B 100 T BogHOTO pac-
TBOpa ¢ MaccoBoi noseit Bemecta 10 %:
a) 10r; 6) 90 r; B) 5T r)45r.
9. Vkaxwure, 1o kakoil ¢popMmyse MOKHO PacCUUTaTh MOJSIPHYIO KOHIICH-
TpalUIO pacTBOpA:
a) m(pactBopa) = m(H,0) + m(BemiecTBa);

6) C(X) = \;; B) M =V-p: V= vV

10. YkaxxuTe Maccy BeIIecTBa, KOTOPYIO HaJ0 B3sATh 1Jis mojaydenus 500 r
pacTBopa ¢ MaccoBoi j1osei Bemectra 10 %:
a)5Sr; 0) 50T, B) 10 1; r) 100 r.

6.5. DJEKTPOJIMTUYECKAS JUCCOLIUALIMS

DJIEKTPOJUTBI — 3TO BEILIECTBA, PACTBOPHI WIIA PACILIABBI KOTOPHIX MPO-
BOJAIT JIEKTpUUeCcKUil TOK. HeaieKTpoIuThl — 3TO BEILIECTBA, PACTBOPHI UIIU
pacIiyiaBbl KOTOPBIX HE MPOBOJAT 3JIEKTpUUECKUd TOK. COJIM, KUCTOTBI, LIEJIO-
YU — BJIEKTPOJIUTHI. DTUIOBBIN COUPT, caxap, INII0K03a — HEJIEKTPOJIUTHI.

OcHOBHBIE TIOJIOKEHHSI TEOPUHU DIICKTPOIUTUIECCKON Arcconuanuu chop-
MYJIMPOBaHbI MBeACKUM yueHbIM C. Appennycom (1887).
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1. MoneKkybl JIEKTPOJIMTOB TPH PACTBOPEHHWH B BOJIE YACTUYHO WIIH
MIOJTHOCTBIO PAcaatoTCs Ha HOHBI.

[Tporecc pacmama MOJNEKYJ AJIEKTPOJIMTOB HA MOHBI B BOJC HA3bIBAIOTCS
AIIEKTPOJIUTUICCKON JUCCOITMAITNECH HITH HOHU3AIICH.

HoHBI — 3TO OTHOATOMHBIC WJIM MHOTOATOMHBIE YaCTHUIIbI, IMEIOIINE TT0-
JOKMUTENBHBIA MM oTpuiaTenbHbii 3apan (Naf, Mg?*, S, NO;,NH; u up.).
[Tonmo>kuTenpbHO 3apsHKECHHBIC MOHBI HA3bIBAIOTCS KATHOHAMH, OTPHUIATEIHHO
3apsKCHHBIC HOHBI — aHUOHAMH.

2. [Tpu mporryckaHUM Yepe3 pacTBOP WIIM Yepe3 paciliiaB dIEKTPUIECKOTO
TOKa KaTHOHBI JIBFKYTCS K KaTOJTy, AaHUOHBI K aHOTY.

3. uccormmarus — mporecc 00paTumMpliii (7151 C1a0bIX 3JIEKTPOIUTOB):

KA =K'+ A",

4. loHbl IO PU3NIECKUM, XUMUYECKUM U (PU3UOJIOTUISCKUM CBOHCTBAM
OTIIMYAIOTCS OT HEUTPAIbHBIX AaTOMOB, M3 KOTOPHIX OHHU O0Opa30BAJIHCH.
Hanpumep, nonst Hatpust — Na* u xmopun nonst — Cl™ B pacTBOpe OKpy»KeHbBI
MOJICKYJIaMH BOJIbI, HE MMEIOT I[BETa, 3alaxa, He SIOBUTHL. ATOMBI HATPHs —
Na° suepruuno pearupyror ¢ Bogoii. Bemectso xmop — Cl? — 310 ras xenro-
3€JICHOTO IIBETA, SJIOBUT, CHJIBHBIN OKHACIUTEITb.

6.6. CTENEHDb JUCCOLUALMU. CUWIBLHBIE U CJIABBIE DJIEKTPOJIUTDBI

CrenieHb quccolanuu (o) — 3TO OTHOIICHHWE YHCa MOJICKYJ, KOTOPbIC
pacmajirch Ha HOHBI (N), K 00IIeMy YUCITy pacTBOpeHHBIX MOJIeKyJT (N):

o= 2.100 %.
N

CrerneHp AUCCONMAIMK OTPEACSISAIOT B IOJISIX CIWHMIIB WA B MPOIICHTAX.
Hampumep, a = 0,9 umm 90 %. Ecou a = 90 %, TO 3T0 03HaAwaeT, uro u3 100
MOJIEKYJ1 Ha MOHBI pacrnaaaercs 90 monekyn. CTeneHb JUCCOLMALUM 3aBUCUT
OT TPHUPOJBI PACTBOPUTENSI M PACTBOPSEMOTO BEIIECTBA, OT KOHIEHTPAIUH
pacTBopa, OT TEMIEpPaTypbl U APYTux (HakTOpOB.

B 3aBucuMOCTH OT CTENMEHU IUCCOIMAIIMU DJIEKTPOJUTHI JIETSATCS Ha
CUJIbHBIC U cia0bIe.

CWibHbBIE JIEKTPOJUTBI — 3TO TaKWE JIEKTPOJIUTHI, KOTOPHIE B BOJIHBIX
pacTBOpax MOJHOCTHIO PACIAAIOTCS HA MOHBI; UX CTETICHb JAUCCOIUAIIIN PaBHA
1 (100 %). B BogHBIX pacTBOpax CHIIbHBIX 3JICKTPOJHUTOB HAXOATCS TOJBKO HO-
HBI, TI03TOMY B YPaBHCHHSIX IMCCOITMAIIMN CHJIBHBIX AJICKTPOJIMTOB HAIO CTa-
BUTH 3HAK HEoOpaTuMOCTH —>. CHIIBHBIC JIEKTPOJIUTBI — 3TO COJIH, CHIIBHBIE
kuciaotel (HC1O4, H,SO4, HNO3, HCI u ap.); memoun (NaOH, KOH, Ba(OH),,
Ca(OH),).

Caabble 2JIeKTPOJTUTBI — 3TO TaKHUE DJIEKTPOJUTHI, KOTOPHIE B BOJHBIX
pacTBOpax HE MOJHOCTHIO PACMANAIOTCS Ha UOHBI, UX CTENEHb IUCCOIMAIAN
Menble 1 (menpmie 100 %). B ypaBHEHUSIX JUCCOLMALIMM 3TUX 3JIEKTPOJIUTOB
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CTaBAT 3HAK OOpaTMMOCTH <. B BOAHBIX pacTBOpax ciaOBIX 3JEKTPOJIUTOB
MMEIOTCSl HOHBI U HEJUCCOIMUPOBAHHBIE MOJIEKYIbl. Cabbie JIeKTPOIUTHl —
aTo cimabeie kucioTel (HNO,, H2SO3,H,CO3, H3PO4, CH3COOH, HaS u ap.);
cimabeie HepacTtBopuMbie B Bojae ocHoBanus (Fe(OH), Pb(OH),, Cu(OH); u
np.); ruapokcus ammonust NH4OH; Boza.

6.7. INCCOUALIA OCHOBAHUI, KUCJIOT U COJIEN
B BOJHBIX PACTBOPAX

OcCHOBaHHUSI — ATO BJICKTPOJIUTHI, KOTOPHIE TP JUCCOLMUALMU 00pa3yloT
TOJIbKO OJIMH BUJl aHHOHOB — THJIpOKCcHT — HMOHBI OH™:

KOH —- K"+ OH;
Ca(OH), — Ca(OH)* + OH':
Ca(OH)" = Ca?" + OH".
KHCIOTBI — 3TO 3IEKTPOIMTHI, KOTOpBIE NPU JAUCCOLUAIMU 0Opa3yroT
TOJILKO OJIMH BUJ] KATHOHOB — KaTHOHKI Bojopoaa H':
HNO; — H* + NO*: H,S0, — 2H* + SO~

Couia — 3TO dIEKTPOJIUTHI, KOTOPHIE, B 3aBUCUIMOCTH OT WX THIIA, JUCCO-
[IAAPYIOT TIO-Pa3HOMY.

CpeoHue conu Ipu AUCCOIUAIIUNA 00Pa3yIOT KATUOHBI METAJIJIOB U aHUOHBI
KHCIIOTHOTO OCTaTKa:

NaCl — Na* + CI; Fes(SO4); — 2Fe* + 3507,
Kucnvie conu MACCONMUPYIOT CTYIEHYATO HA KATHOHBI METAJIOB, HOHBI
BOJIOPOJIA ¥ KHCJIOTHBIE OCTATKH:
NaHSO, — Na* + HSO; (mepBas cTyreHb);
HSO; = H" + SO (BTOpas cTyncHb).
OcHosHble coMu TUCCOMUUPYIOT TaKXKe CTYMEHYATO HA KATHOHBI METal-
JIOB, OCTaTKH OCHOBAHHMU M KUCJIOTHBIC OCTATKH:
MgOHCI — MgOH" + CI~ (nepBas ctyreHs);
MgOH* = Mg?" + OH (BTopas cTymneHs).
MHnozoocHoghbie Kuciomul TUCCOMUUPYIOT CIACITYIOIUM 00pa3oM:
HsPO,= H" + H,PO; (nepBas cTyneHb);
H.PO; = H" + HPO:~ (BToOpas crymens);
HPO;- = H" + PO (TpeThs cTymneHs).

Bonpocs! u ynpakHeHust

1. Kakue BemiecTBa Ha3bIBAIOTCS: @) DJICKTPOIUTAMU; 0) HEIJIEKTPOJIUTA-
mu? [IpuBenure npuMepsl.
2. YUto Takoe AIeKTPOIUTHIECKAs JUCCOIHAIIHS?
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3. Uto Takoe vOHBI? UeM OHM OTJIMYAIOTCS OT HEUTpaJbHBIX aTOMOB U
MOJIEKYJI?

4, Kakve WMOHBI Ha3bIBAIOTCA: a) KaTWoHamu; 0) aHuoHamu? IlpuBenute
IPUMEPHI.

5. HazoBuTe OCHOBHBIEC MOJOKEHUS TEOPUU AIEKTPOIUTUUYECKON IUCCO-
[TAAINH.

6. Uto Takoe cTeneHb AUCCOIMAINH dIECKTPOINTA?

7. OT Kakux (paKTOPOB 3aBUCUT CTENEHb JUCCOLMALINH 3JIEKTPOIUTOB?

8. Kakue 31eKTpOoauThl HA3bIBAIOTCS: a) CUIBHBIME; 0) cmadbivu? [IpuBe-
JTUTE TIPUMEPHI.

9. Kakue »meKTpoMThl HA3bBIBAIOTCA: a) KUCIOTaMH; 0) OCHOBAHUSIMU,;
B) COJIAMU?

10. Kak aucconuupyroT: a) MHOTOOCHOBHBIE KHUCIOTHI; ©) MHOTOKHCIIOT-
HbIE OCHOBAHUSI; B) KHCJIbIE COJIM; T') OCHOBHBIE coin? [IpuBeaurte npumepsi.

11. Hanummre ypaBHEHMs Aucconuanuu cienyronmx BemiectB: a) HCI,
H,SO4, H3POy; 6) KOH, C&(OH)z, Ba(OH)z; B) KCL FG(N03)3, KH,PO,,
Na,SO4, NH4sNO3; F) H>S, N&28i03, FE(OH)C'Q, Fez(SO4)3.

12. Hanummre ypaBHEHUS TUCCOIMAIIMHU CIICTYIONINX BEIIECTB CTYIEHYA-
T0: H2SO4, H3PO4, Ba(OH),, (NH4)2HPO4, KH,PO4, Fe(OH),CI.

6.8. MIOHHBIE YPABHEHU S PEAKIIAM

Peakiuu B pacTBopax 3JIEKTPOIMTOB — OTO PEAKIUH MEXTY HOHAMH.
OHU Ha3BIBAIOTCS MOHHBIMHM PEAKIUSAMHU, & YPAaBHEHUS dTUX PEaKIUi — HOH-
HBIMH YPaBHCHHUSIMH.

IIpu cocTaBiaeHUM MOHHBIX YpaBHEHWU B BHJIC MOHOB 3aIMCHIBAIOT (Op-
myJtbl ciibHBIX KUCITOT (HC1O4, H2SO4, HCI, HNO3, HI 1 f1p.), cHbHBIX OCHO-
Banuii — menoueit — NaOH, KOH, Ca(OH),, Ba(OH),; u npyrux, pactBopu-
MbIX B Bojie coiieit (NaBr, KNOs, BaCl, u ap.). B Buae Mosiekys1 3anuchbIiBarOT
dbopmybl BojbI, cradbix kuciioT — HyCOs, HSO3,CH3;COOH, HNO;: cnabsix
ocnoBanuii — NH4OH, Cu(OH),, Fe(OH); u apyrux; npakTu4ecku HepacTBO-
pumbix cojeit — BaSOs, AgCI, CaCOs, FeS u mpyrux; aMmpoTepHBIX THIPOK-
cunoB — Al(OH)s, Zn(OH),, Cr(OH)3). ®opmynsr razoe (NHsz, SO, CO,,
H.S), okcumoB MetauioB u HemertawioB (NayO, P,0s, CaO, SiO,) 3anuckiBaioT
TOKE B BUJIC MOJICKYII.

Peakuu oOMeHa B pacTBOpax AJIEKTPOJIMTOB MAYT J0 KOHIA (HEoOpaTH-
MO) TPH CJICIYIONINX YCIOBUSX.

1. O6pa3oBanue ocajka:

a) mostekyssipaoe ypapHeHue CaCl, + 2AgNO; = 2AgCl + Ca(NO3),;
6) nonHoe nonHoe ypasrenue Ca®* + 2ClI- + 2Ag* + 2NO; = 2AgCl +
Ca* + 2NO7;

B) cokpaiienHoe nonHoe ypauenune ClI- + Ag- = AgCl (moka3sbIBaer,
KAaKU€ MOHBI yYaCTBYIOT B PEAKIUH).
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2. Brigenenue rasa:
Na,CO3 + 2HCI = 2NaCl + CO, + H,0;
2Na* + CO; + 2H" + 2CI- = 2Na* + 2CI~ + CO; + H;0;
CO? + 2H* = CO, + H,0.
3. ObpazoBaHNe MaJIOIUCCOIMUPYIONIETO BEIIECTBA:
HCI + KOH = KCI + H,0;
H*+ Cl"+ K"+ OH = K" + CI" + H,0;
H*+ OH = H,0.
Ecmu B pacTBOpe HET MOHOB, KOTOPBIE MOTYT B3aUMOJICHCTBOBATH MEXKILY
co00if, To peakiusi oOMeHa He UJET /10 KOHIIA, T. €. SIBJISIETCS 0OpaTUMO.

MgCI; + Na;SO4 = MgSO, + 2NaCl;
Mg?* + 2CI- + 2Na* + SO?~ = Mg?* + SO2" + 2Na*+ 2Cl-.
VYpaBHEHUs TaKUX peakluuii 0OMeHa He MUILYT.

Bonpocs! U ynpakHeHust

1. Kakue peakiiuy Ha3bIBaIOTCSI HOHHBIMU?
2. YTo 1noka3bIBaeT COKpalIEHHOE HOHHOE YpaBHEHHE?
3. IIpu kakux ycloBUAX peaklud 0OMEeHa: a) UAYT A0 KOHIIA; O) SBISIOTCA
00paTUMBIMU?
4, Hanumwte TOJNHBIE W COKpAIIEHHBIC WOHHBIC YPAaBHCHHS PEAKIIUH
MEX/Ty pacTBOPAMHU:
a) XJIopya MarHusi 1 HUTpaTa cepedpa;
0) ruapokcua HaTpus U cyibdata xenesa (11I);
B) HUTpaTa 0apus U cyibdara Kaaus;
T') THIPOKCH/IA KaJisl K CEPHON KUCTIOTHI,
1) kKapOoHaTa HATPHs U a30THOW KHUCIIOTHI.
5. Hanumumre ypaBHEHHUS B MOJEKYISIPHOM BUJI€ COOTBETCTBYIOIIUX HOH-
HBIX YPABHECHUMU.

a) Fe?* + 30H- = Fe(OH)s; 6) Ag" + CI = AgCl:
2H* + SIO? = H,SiO3; Zn(OH)z +2H' = Zn*" + 2H,0:;
H* + OH = H,0; 2H" + SO:~ = S0, + H,0;

2H*+ CO? =CO,+H,0; CO*+Ba?* = BaCOs,

TecToBbIid CAMOKOHTPOJIB (15) o Teme
«JIeKTpoauTHYecKas aucconuanusi. MoHHbIe ypaBHEHUS»

1. Vkaxxutre QopMyiibl BElIECTB, KOTOPbIE pacnajaloTcs HAa HOHBI MpH

pPacTBOPEHUHM B BOJE:
a) Celeoe; 6) FeSOq; B) NaHSOy; F) CsHe.
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2. YKaXXuTe TPYIIIHI BEIIECTB, B KOTOPBIX BCE TPU AICKTPOIIUTA SBIISIOTCS
CWJIbHBIMU:
a) CH3COOH, MgCl,, KOH; 0) H2S, H2SO03, H2SOy;
B) Ba(OH),, Alx(SO4)s, HI; r) NaHCO3, HCIO,4, CsOH.
3. OmpenenuTe CTENEHb AUCCOIMAIMH JJIEKTPOJIUTA, €CIIM M3 KaKIBIX
250 monekyn anekrponura 100 pacrnamgaroTcss Ha HOHBI:
a) 2,5; 0) 0,4; B) 40 %); r) 250 %.
4. YKaxXuTe ICKTPOJIHUTHI, KOTOPHIE COJEPKAT B BOJTHOM PACTBOPE MOHBI
BOJOPOJA:
a) CH;COOH; 6) NH4OH; B) NaHCOs3; 1) MgOHCI.
5. YKakuTe 3JEKTPOJIUTHI, KOTOPHIE COJEPKaT B BOJHOM PAacTBOPE THJI-
POKCHUI-OHBI:
a) NaOH; 6) CaOHCI; B) H3POy; r) Fe(OH)s.
6. Ykaxxute BemiecTBa, KOTOpble OOpa3ylOT B BOJHOM pAacCTBOPE HOHBI
CO;::
a) Na,COgs; 0) CaCOg; B) NaHCO;3; 1) K,COs.
7. YKaXnTe, CKOJIHLKO HOHOB 00pa3yeTcsl MPU JUCCOIMAIINH IBYX MOJICKYJT
(N H4)2804:
a) 3; 0) 6; B) 11; r) 22.
8. YkaxuTe, Kakie MOHBI JEKTPOJUTOB HE YUACTBYIOT B PEaKIMH B3au-
MOJIEUCTBUS KapOOHATA KAJIBIIHS C COJISTHOM KUCIOTOM:
a) Ca®*;  6)H";B)Cl; r) CO.
9. VkaxknTte, Kakue HOHBI MOTYT HAaXOJUTCS B PaCTBOPE OJHOBPEMEHHO:
a)Na*uOH; 6)Zn**uOH; B)Cu**u S0, r)AP" uOH.
10. VkaxwuTte, Kakas u3 CICAYIOIUX PEAKINi BhIPAKACTCs COKPAIICHHBIM
noHHBIM ypaBHeHneM H*+ OH™ = H,0:

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

B) 2HCI + Fe(OH), =FeCl, + 2H,0:
F) H,SO3; + RbOH =RbHSO; + H,0.

6.9. 'mapPoOJIn3 COJIEN

CnoBO «THUIPOJIN3) O3HAYAET PA3IOKEHUE BOJION («TUIPO» — BOJIA, «IH-
3UC» — PA3JI0KECHUE).

IMugponus conm — 3TO B3aMMOAEHCTBUE MOHOB COJIM C BOJOW, KOTOPOE
MIPUBOIUT K 00Pa30BaAHUIO CIIA0BIX AIEKTPOIUTOB.

[Ipumepsl ruapon3a conen:

1. Cosib CHJILHOTO OCHOBAHHUSI M CJ1aO0N KUCIOTHI (0Opa3yeTcs Mnpu B3au-
MOJICHCTBUM CHUJIBHOTO OCHOBaHusA M ciaboit kuciotel)) — CH3;COONa,
Na,COs. Takue cou TUCCOUUPYIOT MOTHOCTHIO B BOJIHBIX PacTBOPAX:
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CH3;COONa — CH;COO™ + Na™;
Na,CO; —» 2Na* + CO:".

B BosiHOM pacTBOpE COJM MOABEPratoTCs TUAPOIN3Y, HAIPUMED:
CH3COONa + H,0O = CH3;COOH + NaOH;
CH3;COO™ + Na* + H,O = CH3COOH + Na* + OH;

CH;COO™ + H,O = CH3COOH + OH",

N3 nocnienHero ypaBHEHUs CIlIeyeT, YTO TMAPOJIM3 alerara HaTpus Ipo-
UCXOJUT 0 aHUOHY cllaboil kucnoTel. B pesynbrare 00pa3yercs cinalblil Ayiek-
TPOJIUT — YKCyCHas kucaota. Cpena mienoyHas.

[unponus comm, xKoTopasi oOpa3oBaHa CHUILHBIM OCHOBAaHHUEM M Ci1abO0M
MHOTOOCHOBHOUM KHCJIOTOM MTPOUCXOIUT CTYIIEHYATO.

ITepBas ctynenb:  Na;COsz + H,O = NaHCO3; + NaOH,;
2Na"+ CO: + H,O = Na* + HCO; + Na" + OH;
CO; + H,O0 = HCO; + OH'.

Bropas crynens.  NaHCO; + H,O = H,CO3 + NaOH,;
Na*+ HCO; + H,0 = H,CO3 + Na* + OH;
HCO; + H,O = H,COs + OH".

1o BTOpPOI CTYIIEHU TUAPOIN3 MPOUCXOAUT MEHBIIIE, YEM IO TIEPBOM.
2. Conb CUITBHOM KHCIOTHI M cJIa00T0 OCHOBaHUs (00pa3yercs MmpH B3au-
MOJICHCTBUHU CHIIBHOM KUCITOTHI U citaboro ocHoBanus) — NH4Cl, FeCls:

NH.Cl - NH; + CI;
NH: + CIF + H,O = NH,OH + H* + CI;
NH? + H,O = NH,OH + H*.
'maponu3 AaHHOW COJHM MPOUCXOIUT MO KATHOHY CIIa0Oro OCHOBAHHUSI.

Oo6pazyercst cnabbrit anekTpoauT — rugpokcua ammonust NHsOH. Cpena kuc-
nasi.

Ecnu cons oOpa3oBaHa ciiaObIM JIBYX- WJIM TPEXKUCIOTHBIM OCHOBaHHEM
Y CHUIBHOW KHMCJIOTOM, TO THUPOJIU3 MTPOUCXOIUT 110 CTYTICHSIM.

[TepBas ctynens: 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*

Tpetss ctyniens.  Fe(OH).Cl + H,O = Fe(OH); + HCI,;
Fe(OH): + H,O = Fe(OH)s + H.

ITo BTOpO¥ M TpeThEH CTYNEHAM TMAPOIINA3 IPOUCXOAUT MEHBIIE, YEM I10
IIEPBOM CTYIICHMU.
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3. Couib c1aboro OCHOBAaHMS U €1a00M KUCIOTHI (00pa3yeTcst Ipu B3auMO-
nevictBum ciaboro ocHoBanusa u cnaboit kuciaotrel) — NHiCN, CH3COONH4,,
AIZS3:

CH3COONH4 — CH3COO™ + NH?;

CH;COO™ + NH; + H,O = CH;COOH + NH4OH.

['upponu3 maHHOW COJNM MPOUCXOAUT MO KATHOHY CJIa00ro OCHOBaHUS
1 aHHOHY ci1aboi kucinoTel. OOpaszyroTcs aBa cinadbix dnekrposmta — NH,OH
n CH3COOH. Crenenn auccounannu NH,OH u CH;COOH passsbl. [TosTomy
cpena HEMTpasbHasl.

['uaponu3y moaBepraroTcsi TE€ COJM, KOTOPhIEe pacTBOPUMBI B Boje. Peak-
usl TUApon3a — oOpatumelil mpouecc. [Ipu HarpeBanun wiu paz0aBieHUU
pacTBOpa COJM THAPOIIN3 €€ yeKopsieTcs. [ uaponns coim HeoOpaTum, eciu 00-
pa3yroTCs MaJIOPaCTBOPUMBIE WITU Ta3000pa3HbIe MPOTYKTHI:

Pb(SO4)2 + 2H,0 = PbO, + 2H,S0y;
AlLS; + 6H,0 = 2AI(OH);3 + 3H,ST.

4. Conb CHJIBHOTO OCHOBAaHMS M CHJIBHOM KHMCIOTHI (0Opa3yercsi mpH B3au-
MOJICHCTBHH CHIILHOTO OCHOBaHUS 1 cuiibHOM KrcaoThl) — NaCl, NaNOs, K;SO.,.

VY Takux cojiel ruAPoIN3 He TpoucxoauT. MoHbI Takux coseil He oOpasy-
10T C MOHAMH BOJIBI CITIA0BIX DJIEKTPOIUTOB. PaBHOBECHE AMCCOIMAIIMH BOIBI HE
Hapymraercs. PacTBop uMeeT HEUTPaIBbHYIO CPEy.

Bonpocsl U ynpa:kHeHust

1. Yto Ha3bIBaeTCA TUAPOIU3OM COJIU?

2. Kakue conu noasepraroTcs rufponusy. [Ipuseaure npuMepsl.

3. Kakue conm rugponu3yroTes: a) Mo KartuoHy; 0) 1Mo aHHOHY; B) IO Ka-
TUOHY 1 aHUOHY? [IpuBennTE IpUMEDPSI.

4. CocTtaBbT€ HMOHHBIE YypaBHEHHUs TUIpOIM3a: a) KapOoHaTa Kajus;
0) cynbuaa Hatpus; B) xaopuga meau (II); r) Hutpara amoMmunus; 1) kapoo-
HaTa aMMOHHMUSI.

TecToBblid CAMOKOHTPOJIB (16) Mo Teme «I'mapoJu3 cosiein»

1. VkaxwuTe, B pacTBOpE KaKuX COJIeH cpe/ia IeaouHas:
a) N&Cl, 6) N&zSOg; B) KzCOg, I‘) Zn(NO3)2.
2. YKauTe, B pacTBOpe KaKOM COJM camas BbICOKAas KOHIICHTPALIHs
HOHOB Bojoposaa H*:

a) N8.2504; 6) NﬂCl; B) N&2C03; F) ZnC|2.
3. YKaxuTe, pacTBOPHI KAKUX COJIEH UMEIOT HEUTPAIBHYIO CPEy:
a) NH4Cl, 0) CH;COONa; B) CH3COONH,4; 1) KCI.
4. YkaxuTe, B pacCTBOpax Kakux COJed TUAPOIU3 HE MPOUCXOAUT:
a) CaCOg; 0) Al,Ss; B) Ca(NOs),; r)
KCI.
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5. YKa}KI/ITC, B paCTBOpax KaKHX coJieu TUAPOJIN3 IIPOUCXOAUT TOJIBKO II0
KaTUOHY:

a) NH4C|, 6) NaZSO4; B) A|(N03)3, F) KzCOg.

6. YkaxuTe, B pacTBOpax KakuX COJICH OKpacka METHUIIOpAaHKa JKeJTas:
a) NaHCOs; 0) CH3COONHj4; B) NagS; r)
Ba(N03)2.

7. YKaXnTe, KaKyl0 OKpPacKy HMMEET JIJAKMYC B pacTBOpPE HUTpaTa MU

(1D:

a) KpacHYIo; 0) puoneToByr0; B) MAJIMHOBYIO; T)  CH-
HIOIO.

8. YkaxuTe, KakoBa cpe/ia B pacTBOpeE CyIb(huIa HATPHsI:
a) Kucnas; 0) menoyHasi; B) HEUTpaJIbHAS.

9. Vkaxure, B pacTBOpax Kakux COJEH THIPOIU3 MPOUCXOIUT TOJBKO IO
AHUOHY:
a) CH3COONa; 0) Na,COs; B) AlCl3; r)
CU(NOg)z.
10. Ykaxure, Kak MOKHO YMEHBIIUTH CKOPOCTh TUPOIU3A COIU XJIOPH-
na xenesa (III) B pacTBope:
a) HarpeBaHUEM PacTBOPA;
0) OXJIAXKJIEHUEM PacTBOPA;
B) 100aBJIEHUEM PACTBOPA COISTHON KHUCIIOTHI;
r) nobasneHuemM xJjopuaa xenesa (I11).

YACTD II. XUMUA DJIEMEHTOB

I'TABA 7. HEMETAJLJIBI U UX HEOPTAHUYECKUE
COEJAUMHEHUA

7.1. OBILIUE CBOMCTBA HEMETAJIJIOB

Hewmeramner HaxoasTes B rmaBHbix noarpynnax I, IV, V, VI, VII u VIII
TPyNI MEPUOANYECKON CUCTEMBI AneMeHToB. K Hemeramiam OTHoOCSTCS Oop
(B), yraepon (C), kpemuuii (Si), azot (N), dpochop (P), mbrmbsik (AS), kucio-
pox (O), cepa (S), cenen (Se), remnyp (Te), Bogopoxa (H), prop (F), xmop (Cl),
opom (Br), #tox (1), acrar (At). K HemeTamiam Tak)Ke OTHOCATCS HHEPTHBIC ra-
3bl: renuii (He), neon (Ne), apros (Ar), kpuntoH (Kr), kcenon (Xe), panon (Rn).
Bce memeTanipl SBASIOTCS p-3JIEMEHTaMU, KpoMe BOJopoja U renusi. Bomgopos
Y TeJINA — S-3JIEMEHTHI. BOJIBITMHCTBO HEMETAIIOB (KpOME TPEX) Ha BHEITHEM
AICKTPOHHOM YPOBHE UMEIOT OT 4 110 8 35ekTpoHOB. Hampumep, aTom Bogopo-
na umeet oauH snektpoH (1st); atom renus — nBa >nextpona (1s?); atom 6opa
— Tpu »exTpoHa (2522pt). DnekTpoHHbIE KOHPUTYPalUKM aTOMOB APYTHX He-
METAILIOB U3MEHSIOTCA OT NS?NP? o ns?np®.
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[Ipy XUMHUYECKUX pPEaAKIHUIX aTOMbl HEMETAJJIOB MOTYT MPUCOCTUHSTH

WIK OTAaBaTh 3JEKTPOHBL. CIIOCOOHOCTh MPUCOEIUHSATH AJIEKTPOHBI XapakTe-
PUBYET oKuciumenbHvle ceolicmea Hememannog. OKHUCIUTEIbHbIE CBOWCTBA
HEMETAJIOB YBEJIMYUBAIOTCS C YBEJIIMYEHUEM MOPSAKOBOTO HOMEpA 3JIEMEHTOB
B OJHOM TEpPUOJEC M YMEHBIIAIOTCSA C YBEIWYECHUEM IMOPSIKOBOTO HOMEpa B
rpymre.
B pany F, O, N, Cl, S, C, P, H, Si cmocoOHOCTh TIPUCOEIUHATH JJICKTPOHBI
YMEHBIIAETCS CclieBa HampaBo. DTOp XapaKTepu3yeTcss HaAaUOOJBINEH 3IEKTPO-
oTpuliaTeabHOCTHI0 (D0) U MO3TOMY y HETO CaMble CHJIbHBIC OKUCIUTEIbHBIE
CBOICTBA.

HeMmertanmipl UrparOT pojib OKUCIUTENS MPU B3aUMOJEHCTBHUU C BOJOPO-
JIOM:

2H, + O, = 2H,0.

JIt060i1 HEMeTalT SIBJISETCSl OKUCIUTEIIEM B PEAKIUAX ¢ TEMH HEeMeTasuia-
MU, KOTOpBIE UMEIOT MeHbIIee 3HaueHue J0:

2P + 5S = P3Ss.

B aToi1 peakiuu cepa — OKHUCIUTENH, @ POcPOp — BOCCTAHOBUTEID.

CnocoOHOCTh aTOMa HeMeTallla OTJaBaTh DJIEKTPOHBI XapaKTEPU3YET 80C-
CMaHoB8UmMeNbHble C8OUCMBa Hememanios. B 3ToM citydae 3J1eKTpOHBI aTOMOB
HEMETAJUIOB CMEIIAIOTCSA K aToMaM 3JIEMEHTOB — OKuciuTenei. Hampumep,
BCE HEMETAJUTBI TIPH B3aUMOJICUCTBHH C KHCIOPOJIOM SIBJISSFOTCSI BOCCTAHOBUTE-
asmMu, notomy yto D0 kuciopona Oomibiie DO Apyrux HEMETauioB (Kpome
dTopa):

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

Hemeranibl npu B3auMOACMCTBUU C MeTaulaMH O00pa3yloT COCTUHEHUS
¢ uonHoi cBa3pio (KCl, MgO, NayS). [Ipu B3aumMoneiicTBIM aTOMOB HEMETAJI-
JIOB C JPYT APYroM oOpa3yroTcs COeAMHEHUsS C KoBajeHTHOH cBs3bio (H20,
NHs). C kucnopomom HeMeTauibl 00pa3yroT KUCIOTHBIE OKCHIBI, C BOJOPO-
noM — Jsieryuue Bogopoaasie coenuHenus (HC1 — xmopoBogopon, HoS — ce-
poBosiopos). BogHbie pacTBOpHI BOJOPOAHBIX COSAMHEHU HEMETAJIOB TJIaB-
HbIX noarpynn VI u VII rpynn sBisitoTCs KUCIOTamu.

Hemerannbl mioxo mpoBOIST BIEKTpUYECKUMKA TOK M Teruio. [Ipu Hop-
MaJbHBIX YCIOBHUSX HEMETa/UTbl BOAOPOJ, (TOp, XJIOp, KUCIOPOX, a30T M
uneptHbie Ta3el (He, Ne, Ar, Kr, Xe, Rn) — 3T0 raszsr; OpoM — XHAKOCTb,
OCTaJIbHBIE HEMETAJTBl — TBEP/IbIC BEIIECTRA.

Bonpocs! 1 ynpaxxHeHust

1. B kakux moArpynmnax HaXoAsTCsl HeMETaJlTbI?

2. Kakue HeMeTamibl OTHOCATCS K S-CEMENCTBY, KAKHE — K p-CEMEICTBY?

3. Kakoe 4mucino 31eKTpOHOB MOXKET OBITh y aTOMOB HEMETaNIOB Ha
BHEIIIHEM JICKTPOHHOM YpPOBHE?
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4. Tlpu B3aMMOJEUCTBMM C KaKMMH BEIIECTBAMH HEMETaJUIbl HMIPAaIOT
pOJIb: a) OKUCTUTENEH; 0) BOCCTAHOBUTEIICH?

5. Kak u3MeHstoTcs OKUCTUTENbHBIE U BOCCTAHOBUTEIIbHBIE CBOMCTBA He-
METAJIJIOB: a) B IpyIne; 0) B nepuojie?

6. Kakoit Tunm xuMuyeckod cBsizu oOpa3yeTcs: a) Mpu B3aUMOJACUCTBUU
HEMETAJJIOB C MeTa/silaMu; 0) MpH B3aMMOJCHCTBIUN HEMETAIJIOB C HEMeTala-
Mu?

7. OxapakTepu3yiTe BOJOPOIHBIE COETUHEHNS HEMETAIIIOB.

8. HazoBute HemeTauibl, aTOMBI KOTOPBIX UMEIOT 3JIEKTPOHHYIO KOH(U-
I'ypalmIo BHEHNIHETo cliost: Ns2np®, ns?nps,

9. Kakoii HeMeTam Jierde MPUCOCAUHSET 3JCKTPOHBI: a) YIJIepoja WM
a30T; 0) KUCIOPO WU XJIOp?

7.2. BOIOPOJ

Mosnekyna BO1OpoJia COCTOUT U3 JIByX aToMoB. Ero anexktpoHHas koHbU-
rypanus 1s!. Mi3BeCTHBI TpU M30TONA BOAOPOAA: MPOTHH — |H, meltepuii —
*H(D), tputnii *H (T). AToM BoJ0po/ia MOKET IMPUCOCAWHITh MJIN OTJIABaTh
3JEKTPOH. Bogopox criibHEE MPOSBISIET HEMETAIMYECKUE CBOMCTBA, YEM Me-
taunaeckue. [lo cBoiicTBam Bogopond Oojee OJMM30K K rajoreHam, mod3ToMy
ero nomemaroT B VII rpynmy nepuoandeckor CUCTEMBI JIEMEHTOB. BayeHT-
HOCTh BOJIOpOJIa paBHa 1, creneHb okucienus pasHa +1, 0, —1 (B coequHeHusx
¢ MeTaiuiaMu). Bogopo1 BXOAUT B COCTaB MPUPOTHOTO Ta3a.

ITosyyenue Bogopoaa:

1. B rabopamopuu nipy B3auMOJACHCTBUU:

— MeTaJUIOB (LIMHKA WM JKeNe3a) C XJIOPOBOIOPOIHON U CEPHOM KUCIIOTa-
MU

Zn + 2HCI = ZnCl, + Hy;
Zn + H,SO, = ZnSO4 + Ho.

— TUAPHUZIOB METAJIOB C BOJIOM:

CaH, + 2H,0 = Ca(OH), + 2H,T;

— QJIIOMUHUS, KPEMHUS C PACTBOPaAMH ILEJIOYEH:
2Al + 2NaOH + 6H,0 = 2Na[AlI(OH).] + 3Hy;
Si + 2NaOH + H,0 = Na,SiOz+ 2H,T.
2. B npomvluinienHocmu yTeM:
— BJIEKTpoJin3a BoJbI B ripucyTcTBUM 2J1ekTposuToB (NaCl, KCl):

2H20 DJICKTPOJIN3 2H2 + Oz;
— 3JIEKTPOJIM3a BOJHOTO PACTBOPA XJIOPHIA HATPHS:

2NaCl + H,O ===E==2NaOH + H; + Cly;
— KOHBEPCHUOHHOTO CIoco0a:
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C+H,0 == CO +Hy:

— KOHBCPCHUH MCTaHa C BOJSAHBIM ITapOM:

CH,+2H,0 LM CO, +4H;;

— KpCKHHFa MECTaAHa.
0
CH, —— C+ 2H,.

du3nyecKue CBOMCTBA BOAOPOA:

— OecuBeTHBIN ras, 0e3 3amaxa 1 BKyca, Majio paCTBOPUM B BOJIE;

— caMbli Jerkuii raz, B 14,5 pasa jerue Bo3ayxa.

XumHn4yecKkue CBOMCTBA:

— B MOJIEKYJI€ BOAOPOa CBSI3b MEXYy aTOMaMU OYEHb IIPOYHAasi, TO3TOMY
pu OOBIYHOM TemmepaType aKTUBHOCTb MOJEKYJISIPHOTO BOAOpOJa HEOOJb-
mrasi;

— B3aMMOJICHCTBYET C HEMETAJUIAMU: CEPOIi, raIoreHaMu, KUCIOPOIOM:

H,+S =t~ H,S: H,+Cl, &2 2HCIE  2H, + 0, == 2H,0.

— HpI/I BBICOKHUX TeMnepaTyan BOCCTAHABJIMBACT MCTAJIJIBI U3 HUX OKCH-
JIOB:
CuO + H; =Cu + H.0;
H) — 28 > 2H7;
Cu?* + 28 —» Cu°;
B 3TOI>1 pGaKHI/II/I BOI[OpO)I — BOCCTAHOBHUTCJ/Ib. aTOMBbI BOI[OpOI[a OTOAKOT DJICK-
TPOHBI;
— HpI/I Hal"peBaHI/II/I Bonopona CO HICJIIOYHBIMHU M IICJIO0OYHO-3€MCJIIbBHBIMHAU
MeTajslaMi 00pa3yroTCs THUIIPUJIbL:
2Na + H, = 2NaH;
2Na’ — 2& — 2Na*;
H® +2& — 2H .
HpI/IMeHeHI/Ie BOI[OpOI[a: ropcHuc BOAOpPOIda B KHCIOPOAC HCIIOJIB3YIOT
JUIA TIOJIyYE€HHUsI BBICOKMX TEMIIEpAaTyp; BOAOPOJ HNPUMEHSIOT I IOJIYyYECHUS
METAJUIOB U3 UX OKCHUJIOB, Ui NojydeHust ammuaka NHs, 1t ruaporenusanum
YKHAPOB.

Bonpocs! 1 ynpaxkxHeHust

1. HazoBute uzotomnsl BoJopoaa. KakoBbl X MaccoBble uncia? YKaxuTe
YHCJIO HEUTPOHOB B KaXJIOM U3 U30TOMOB.

2. Kakue cTeneHu OKUCICHUS UMEET BOAOPO?

3. Ykaxure crocoOsl MoydeHUs BOJIOpoia: a) B jabopaTopuu; 0) B Ipo-
MBIIIJIEHHOCTH.

4. IlpuBenute mpuMepbl peaklidii, I/1€ BOJOPOA SIBISETCS: a) OKHCIHTE-
neM; 0) BOCCTAaHOBHUTEIIEM.
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5. OxapakrtepusyiTe (HU3MIECKUE CBOMCTBA BOJAOPOIA.
6. 3aKkOHYMTE YpaBHCHHS PEAKIUH M ONpPEACINTe, B KAaKOW M3 HUX BOJO-
POJI SIBJIICTCS] OKMCIIUTEJIEM, a B KAKMX BOCCTAHOBUTEIICM:
a) H, + Na — NaH; 0) H, + Br, > HBr;
B) H, + N, — NHs; F) H, + S —> H,S.
7. Hanmimre ypaBHEHUS peakIuii JJIs CIASAYIOIINX ITPEBPAICHHINA:
a) H, —» HCIl —» H2 —> Hzo;
0) H,O — H,—> KH — NH3; —>H,.
8. Hanmmmre ypaBHEHHS peaKIMii BOCCTAHOBJICHUS BOJOPOJia METALIOB
u3 ux okcuaos: Ag,0, CuO, NiO, WOs.

3agaum

1. CkoapKO JIUTPOB BOAOPOAA BhIACIUTCS (H.y.) OpH pacTBopeHuu 36 T Al
B PacTBOpPE CEPHOM KUCIIOTHI?

2. CKOTbKO JTUTPOB BOAOPOaA BBIACIUTCS (H.y.) TIpU pacTBopeHuu 4,8 T
maraus B 100 M1 pacTBOpa CepHOM KHUCIOTHI ¢ MaccoBoi moiei ee 20 %7

3. OIMHAKOBOE JIM KOJIMYECTBO BOJBI 00Opa3yeTcsi MPH BOCCTAHOBJICHUHU
BojioposioM 10 r okcuna meau (I) u 10 T okenpa meau (I1). OTBeT moaTBEepaAUTE
pacyeToM.

7.3. BoJIA. EE ®M3MYECKHUE U XUMHUYECKHE CBOMCTBA

Bopa — 310 okcun Bomopoaa. UucTou BOAbI B IPUPOJE HET, OHA BCETa
coaepkut npumecu. [lomydaroT 4MCTYIO BOJy IyTE€M NEpPEroHku. Takas Boaa
Ha3BIBACTCS OUCMULIUPOBAHHOLL.

Bona — camoe pacnpoctpaHeHHoe Ha 3emie BeuecTBo. [loBepXHOCTh
3eMJIM Ha ¥4 TIOKpBITA BOJOW (OKEaHbI, MOpsI, 03€pa, pPeKH, JeAHUKN). B 60Ib-
IMX KOJMYECTBax BOJa TakKe HaxoAuTcs B aTMocdepe u 3eMHOM kope. Bona
SIBJISIETCS TJIABHOW COCTABHOM YaCThIO )KUBBIX OPTaHU3MOB.

dusnyecKue CBOMCTBA:

— TIpu OOBIYHBIX YCJIOBHUSIX BOJAA — KHAKOE MPO3payHOE BEIIECTBO 0€3
1IBETa, BKyCa U 3araxa;

— npu 4 °C IUIOTHOCTH BOJABI UMEET MAaKCUMalbHOE 3HaueHue — 1 r/cm’
(1000 kr/m®);

— TUIOTHOCTh BOJbI YMEHBIIIAETCS MPU 00JIee HU3KUX U BBICOKHX TEMIIe-
patrypax,

— mpu 0 °C Boga nepexouT 13 KUAKOTO COCTOSHUS B TBEpI0E (J1e1);

— mpu 100 °C Bojia KUIMUT U MEPEXOTUT B Ta3000pa3HOe COCTOSIHHE (BO-
JSTHOM map);

— BOJIa TJI0OXO MIPOBOJUT TEIUIO U OYEHB IIJI0OX0 — DJIEKTPUUECKUN TOK;

— BOJA — XOPOUIMK paCTBOPHUTEIIb.

XumMunyeckue CBOMCTBA:

1. Bzaumooeticmsue ¢ memaniamu:.
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— KaJIWM, HATpHWH, KaJbLMi B3aUMOJECHCTBYIOT C BOJON IpU OOBIYHOMN
TeMIeparype:
2K + 2H,0 = 2KOH + Hy;
2Na + 2H,0 = 2NaOH + Hy;
Ca + 2H,0 = Ca(OH), + Hy;

— MAar"Hui, OUHK, )K€JI€30 B3aUMOJICMCTBYIOT C BOJAOUW IPU HarpE€BaHUU:
Mg + 2H,0 == Mg(OH); + H;
3Fe + 4H,0(map) == Fes04 + 4Hy;

Zn + H,0 == ZnO + Hy;
— CBHHEIl, M€Jlb, PTYTh, cepeOpO, 30JI0TO HE B3aMMOJICUCTBYIOT C BOJOM
Jake IMPU HarpEeBaHHUH.
2. Bzaumooeiicmeue ¢ nememaiamu.

C + H,O(map) L co+ Ho;
Cl; + H,O =HCI + HclO.

3. Bzaumooeiicmeue 600bl ¢ okCuoamu:
Na,O + H,O = 2NaOH;
OCHOBHOM OKCH]I
SOz + H,O = H,SO,.

KHUCJIOTHBIM OKCH/I

4. Obpazosanue KpUCmMaiiocUOpamos.
CuSOQO4 + 5H,0 = CuS04-5H,0.
5. Jleticmsue Ha 600y 31eKMPUYECKO20 MOKA U BbICOKOU MeMnepamypbl
(2000 °C):
2H20 = 2H2 + 02.

Bonpocs! U ynpa:kHeHust

1. C kakumu BemiectBamu pearmpyer Boga. CuO, CaO, K, NaOH, Cl,
Si0;y, SO,, CH,4? Hamuiure ypaBHEHHs COOTBETCTBYIOIINX PEAKIIHIA.

2. UTo Takoe TUCTUILUIMpPOBaHHAs BOja?

3. [louemy mpu pacTBOPEHHH B BOJE AJIEKTPOJUTHI PACIaatOTCs HA MO-
HBI?

7.4. TAJIOTEHBI. OBIIASI XAPAKTEPUCTHKA

DneMeHThl PTop, XJ0p, OpoM, 1o, acTaT Ha3bIBalOTCS TajioreHaMu. OHH
HaxXOJATCs B IVIABHOW IOATrPYIIE CEABMOU IPYIIIBI IIEPUOJIUUECKON CUCTEMBI
AJIEMEHTOB M UMEIOT Ha BHEIIHEM 3HEPreTHUYEeCKOM YPOBHE MO 7 3JEKTPOHOB.
DTO p-dNeMEHTHI. DJIEKTPOHHAs KOH(Urypamus ux aToMoB NS?Np°. TamoreHsn
UMEIOT cTeneHu okucienus —1, 0, +1, +3, +5, +7. @Top uMeeT cTeneHn OKuc-
nenus —1 u 0.

91



Monekynbpl rajloreHOB MPOCTBIX BEHIECTB COCTOSAT M3 JABYX aTOMOB M
umeroT odmryro dhopmyiry — Haly: Fy, Cly, Bra,l,. TIpu 0OBIKHOBEHHBIX YCIOBH-
ax (GTOp M XJOp — rasbl; OpOM — KHUJKOCTb, Ol — TBepAoe BeulecTBo. Bee
rajioreHbl UMEIOT PE3KUH 3amax.

BonHble pacTBOpBI BOJOPOJHBIX COECIMHEHUIN TAJIOT€HOB SIBIIAFOTCS KHC-
noramu: HF — ¢dropoBogopoanas (miaBukoBas); HCl — xmopoBomopoaHas
(consinas);HBr — GpomoBoaopoanas; HI — itonoBogopoanas kuciotsl. Cuna
kuciot B psgy HF — HClI — HBr — HI yBenmuumBaercs cieBa HampaBo mpu
OCJIa0JICHUH CBSI3U BOJOPOA—TaJIOTEH.

B rnaBHOU moarpymnme cBepxy BHU3 B pianxy F — Cl - Br —» | —» At
YMEHBIIIAETCSI XUMUUECKasi aKTUBHOCTh TAJIOTEHOB. B 3TOM psily Bnepeau cro-
SN TAJIOTEH BBITECHSET Mocienyromun u3 kuciaor tuna HHal n ux counen.
Campblif akTUBHBIN TasioreH — (rop. ['ajorensl — cuibHbIC okucauTenu. MUx
OKHUCJIUTENIbHBIE CBOMCTBA YMEHBIIAIOTCA OT (hTOpa K HOAY.

Bonpocsl u 3aganust

1. Kakue Bbl 3HaeTe 31€MEHTHI, SIBISIIOIIMECS TaJIOT€HAMU; YKaXKHUTE UX
ITOJIOKEHUE B IEPUOANYECKON cucTteme anemeHToB .M. Menneneesa.

2. OxapaxTepusyiiTe (pr3nvecKre CBOMCTBA MPOCTHIX BEIIECTB — TaJIOTCHOB.

3. Kakue crenenu okucieHus XapaKTEpPHBI JJIs1 aTOMOB TaJJOTEHOB?

4. Kakoil M3 rajoreHoB SIBJISETCA: a) CaMbIM 3JEKTPOOTPHUILATENIbHBIM;
0) caMbIM aKTUBHBIM 37eMeHTOM? [Touemy?

5. Kakumu cBoiicTBaMH 0071a1at0T BOJHBIE PACTBOPHI TaJOT€HOBOJOPO-
TOB?

7.5. XUu10P

Haxo:xaeHue B npupoje: Xjiop — XMMHUUYECKH AKTUBHBIN 3JIEMEHT, BCTPE-
YaeTcsl TOJbKO B BUJIE COCIMHEHHM, BAXKHEUILIMMH W3 KOTOPBIX SIBJISIFOTCS: XJIO-
puna Hatpusi — NaCl (moBapennas coub); xyopun kamusi — KCl; xmopua mar-
aus — MQCL-6H,0, cunpBuaur — KCI-NaCl, xapuammr — KCI-

HHonyuyenue:

— 8.1a00pamopuy — TyTeM JACUCTBUS OKUCITUTENS Ha COSTHYIO KUCTIOTY:

4HCI + MnO, = Clz + MnC|2 + 2H,0:;
16HCI + 2KMnO,4 = 5ClI; + 2MnCl; + 2KCI + 8H,0;

— 8 NPOMbIWIEHHOCMU — C TIOMOILBIO AJIEKTPOJIN3a BOJHOIO pacTBOpa
uu pacruiaBa NaCl.

du3nyecKue CBOMCTBA: XJIOP — SJOBUTHIM T'a3 KEJITO-3€JIEHOI0 ILIBETA
C PE3KHUM 3armaxoM; B 2,5 pasza TspKeliee BO3/yXa; €ro pacTBOp B BOJIe Ha3bIBa-
€TCsl XJIOPHOM BOJIOM; OH XOPOIIIO PACTBOPSIETCS B OPTAaHUYECKUX PACTBOPHUTE-
JSX; pa3paxaeT JbIXaTelbHbIe MyTH (BIBIXaHHE OOJIBIIUX KOJWYECTB XJIOpa
MPUBOAMT K CMEPTH).
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XMMHYECKHE CBOMCTBA:

1. BzaumoeicTBrE ¢ MPOCTHIMHU BEIIECTBAMU:

— ¢ METaJUIaMu:

2Na + Cl, = 2NaCl;
2Fe + 3Cl, = 2FeCl;;

— C HEeMeTaJUIaMu:

H, + Cl, = 2HCI:;
2P + 3Cl, = 2PCl3;
2P + 5Cl, = 2PCls;

— € BOJIOPOJOM — HAYMHAETCA MPHU OCBEILICHUU U HATPECBAHUH;

— HEMOCPEACTBEHHO C a30TOM U YTIIEPOJIOM XJIOP HE COEIUHSIETCS;

— C KHUCJIOPOJOM — B3aWMOJIEHUCTBYET O]l JICMCTBUEM SJICKTPUYECKOIO
paspsiia Wik yiabTpaduoIeTOBOro M3JIy4eHUs (COSAUHECHHS KHCIOpoaa C XJIO-
POM HEYCTONYMBBI, TOITOMY HX MOJIY4alOT KOCBEHHBIM IYyTEM).

2. B3anMogelicTBue CO CI0KHBIMU BEIIECTBAMU:

— C BOJIOH:

Cl, + H,O = HCI + HclO;
XJIOPHOBATUCTAA KHCJIOTA

— CO IIeJI0YaMHu:
2KOH + Cl; = KCI + KCIO + H,0;

6KOH + 3Cl, == KCIO; + 5KCI + 3H,0:
— ¢ coyisiMu Opoma | Hoja:
2KBr + Cl, = 2KClI + Bry;
2KI+ Cl, = 2KClI + 15;
— C OpFaHI/I‘-IeCKI/IMI/I BCIICCTBAMMU.:
CH.+ Cl, = CH5CI + HCI;
CH, = CH, + Cl, = CH,CI — CH,CI.

Bonpocs! u ynpa:xxkHenust

1. B Buze KakKUX COSAUHECHHUM XJIOp HAXOIUTCS B MpHUpoe?

2. Kax momydaroT xiop: a) B jabopatopuu; 0) B MPOMBIIUICHHOCTH?
Hanummre ypaBHEHUS peakuu.

3. Hanummre ypaBHEHUs peaklui, B KOTOPBIX XJIOp B3aMMOJEHCTBYET:
a) C IPOCTBHIMU BEIIECTBAMH; 0) CO CIIOKHBIMU BEIIIECTBAMHU.

4. Kak Ha3bIBaeTCs pacTBOp XJiopa B Bojie?

5. 3aKOHYHUTE YPAaBHEHUSI pPEaAKIIHil:
Na +F> —; Ba + Br, —; Ca +Cl; —; Al +1; —.
Hasosure nomydensnsie comu.
6. Hanummte ypaBHEHUS peakIuii A MpeBpaIieHMi:
Nal — NaBr — NaCl — Cl;; I, > KI - KCI — AgCI.
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7.6. XJIOPOBOJIOPOJI, COJISTHASI KHCJIOTA U EE COJIA

XJ0poBOAOPOT — ATO OECUBETHBIN ra3z ¢ pe3kuM 3anaxoMm. OH TsKkenee
BO3/lyXa, XOPOILIO pacTBOpsieTCs B Bojie. PacTBOp XJI0poBOIOPO/Ia B BOJE UMEET
KHUCITYIO PEAKIMIO U Ha3bIBAETCS XJIOPOBOAOPOIHON WIIH COJISTHOM KUCIOTOM.

IMoayuyenue xaopoBoaopoaa:

1. B nabopamopuu — Tpu B3aUMOJICHCTBUU CYXOTO XJIOpHAA HATPHS
NaCl ¢ xoHneHTprpoBaHHON cepHOU KUCIOTOW H2SO4:

NaCl + H,SOskon1. = HCI + NaHSOy;

MIPU CHJIBHOM HarpeBaHUM TOJydaeTcs CynbhaT HATPHsI:

2NaCl + H,S0, == Na,SO, + 2HCI.
2. B npomvluinenHocmuy — TPpU B3aUMOJCHCTBUU XJIOpa U BOJOPO/IA:

H, + Cl, 1= 2HCI.
IHoayuyeHue coISIHOI KMCJIOTHI: PACTBOPEHUE XJIOPOBOJOPO/Ia B BOJIE.
dusnyeckne CBOMCTBA COJSTHOM KHCJIOTHI:
— OecrBeTHas )KUIKOCTh C PE3KUM 3allaxoM, CHJIBHO JILIMUT BO BIQKHOM
BO3/yXE.
MaccoBast 107151 XJIOPOBOAOPOa B KOHIICHTPUPOBAHHOU COJITHOM KHUCIIOTE
mIoTHOcThIO 1,19 r/eM® coctaBnser okoio 37%.
XUMHYECKHE CBOMCTBA COJSTHOM KHCJIOThI:
1. CuibHBIN DJIEKTPOJIUT, U3MEHSET IBET MHAUKATOPOB. B BomHOM pac-
TBOPE TUCCOIUUPYET HA NOHBI:
HCl > H* + CI.
2. BzaumopeiicTByer:
— ¢ MeTaJlJIaMH, KOTOPBIC CTOSIT B PAAY HaNpsHDKEHUH 10 BOJIOPOIA:
2HCI + Zn = ZnCl; + H..
— C OCHOBHBIMHU U aM(pOTEPHIMH OKCHIAMH:
2HCI + CaO = CaCl, + H,0;
2HCI + Zn = ZnCl; + H,0;
— C OCHOBaAHHSIMHM:
2HCI + Ca(OH)z = CaCl, + 2H,0;
— C COJISIMM.
CaCO; + 2HCI = H,0 + CO, + CaCly;
— C OKHCIUTENSIMHU:
6HCI + KCIO3; = KCI + 3H,0 + 3Cl;;
MnO, + 4HCI = MnC|2 + C|2 + 2H,0:;
2KMnO, + 16HCI = 2MnCl, + 2KCI + 5Cl, + 8H,0.
— ¢ HuTpatoM cepedpa AgNQO; (SBIsieTCSs KauyeCTBEHHOW peakiued Ha
xsmopua-uonsl CI7):
HCI + AgNO3 = AgC + HNO3;
Ag* + ClI- = AgCN..
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[Tpu B3auMOACHCTBUM COJISTHOW KHCJIOTHI M €€ COJIEH ¢ HUTpaToM cepedpa
oOpasyercst Oenblii ocamok xaopuaa cepedbpa — AQCl, koTopslii He pacTBOps-
€TCsl B KUCJIOTaX.

CousiHast KHCTIOTa COJCPIKUTCS B KEITYJTOYHOM COKE JIFOJCH U KUBOTHBIX.
Ona HE0OX0aMMA 151 TIPOIIecca MUIIEBAPCHHUS.

Couu COJISIHOM KMCEJIO0THI Ha3bIBAIOTCS XJIOpUAaMU. BONBIIMHCTBO U3 HUX
XOpOIIIO pacTBOpsieTcst B Boje. Xyjopua Hatpusi — NaCl ucnonb3yercst B MMH-
IIEBOM TIPOMBIIUICHHOCTH; JUISI TIOMYYEHUs XJopa W THAPOKCHIA HATpHS B
MIPOMBINIUICHHOCTU. PacTBOp Xyopuma HaTpusi ¢ MaccoBoil joinei ero 0,85 %
MPUMEHSIOT B MEIUIMHE. XJIOPHUI Kallusl MPUMEHSIOT Kak yaoOpeHue. Xaopug
kapiust — CaCl, ucnonb3yroT 11 YCKOpPEHMS CBEpThIBaHMSI KPOBH.

Bonpocs! U ynpa:kHeHust

1. Oxapakrepusyiite (pu3nuecKrue CBOMCTBA XJIO0POBOAOPOIA.

2. Kak Ha3bIBaeTCs pacTBOpP XJIOPOBOAOPOJA B BoJE?

3. OxapakTepusyiiTe XUMHUUECKHE CBOMCTBA COISTHON KUCIIOTHI.

4. Kakas peakius siBJIsIeTCsS KaueCTBEHHOM peakueil Ha XJIOpU-uoH?

5. HazoBurte conm consiHOM KHUCIOTBI, KOTOPbIE NPUMEHSIOTCS B MEIH-
LI1HE.

6. 3akoHYNTE YpaBHEHHSI BO3MOXHBIX PEAKIIN:

NaCl + Br; —; KF + Cl; —; NaCl + F, —;
HBr +l; —; KBr + Cl; —; Nal +
Br, —.

7. 3aKOHYUTE YpaBHEHUS PEAKIIUIA:
HCI + Mg —; HCI + Al —; HCI + CaO —;
HCIl +Fe —; HCIl+ Ba(OH), —; HCIl+ MnO;
—.

8. Hanmmurte ypaBHEHUS peakiiuii 11 MpeBpaIieHuit:
a) HCl — CuCl; —» CuO — Cu — Cu(OH);;
0) KMnO; — Cl; —» FeCl; — Fe(NO3)3 — Fea(S0.4)s;
B) Fe —» FeCl, — FeCl; — Fe(OH)Cl, — Fe(OH)s3;
r) NaCl - HCI — Cl; —» CuCl; —» Cu0;
1) Kl - KBr — KCI - HCI — AgCl;
e) MnO, —» Clz — HCI —» FeC|3 —> FeC|2.

3agaum

1. [Ipu nevicTBuM M30BITKA CEPHOM KHUCIOTHI HA XJIOPHUI HATPUS MAaCCOU
29,25 T nony4Yuau XJ0pOBOJOPOJ U pACTBOPHIIH €ro B 73 T BoAbl. OnpeaennTh
MacCOBYIO JOJII0 XJIOPOBOJIOPOa B MOJYYEHHOM PacTBOPE.

2. Kakoit 00beM xJiopoBOAOpoAa 0Opa3yeTcsi MpU B3aUMOACHCTBUM 8 I
xjopa u 12 1 Bogoposa (H.y.)?
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3. CKOJIbKO MUJUTHIIUTPOB COJITHOM KUCJIOTHI C MaCCOBOM J0JIEH XJIOPOBO-
nopoaa 36 % (ruotHocTh 1,18 1/MiT) BCTYNHIIO B peakIMio ¢ OKCUAOM MapraH-
na (IV), ecnu BelIENUBIIMACSA MPU 3TOM XJIOP BBITECHWI U3 pacTBopa Hoauaa
kamms 25,4 r oxa?

4. Kakoii 00beM xJiopa oOpasyeTcsi pu B3aUMOJIEHCTBUM 2 MOJIb XJIOPO-
BOJIOpoJia U 3 MoJib okcuaa Mapranua (IV)?

5. CMech ra3oB, colepKallyo XJI0p, IPOIMyCTHIA YEPE3 pacTBOp HoauIa
kanus. Beimenunock 2,54 T fiona u octanock 4,776 i1 raza. Onpenennts 00beM-
HYIO JOJIIO XJIOpa B CMECH I'a30B.

6. MaccoBble 1011 Kallusi, XJIopa U KUCIOPOJa B COCIMHEHUH PaBHBI CO-
orBercTBeHHO 0,32, 0,29, 0,39. Haitagute popMyiry 3TOro COEIUHEHUS.

TecToBbIid CAMOKOHTPOJIB (17) IO Teme
«O0mas xapakrepucTuka HemeTa/i0oB. Bomopoa. Boxa. I'ajiorenn»

1. Vkaxxute 31eMeHThI, KOTOPhIE OTHOCSTCS K HEMETalllaM:
a) Zn, 0) CI, B) H; r) Ar.
2. YKaXuTe, Kakue HeMeTasllbl 00pa3yloT ABYXaTOMHBIE MOJICKYJIbI:
a) a3or;  0) KHCIIOpPOJ, B) KPHUIITOH; T') YIJIEpO/I.
3. YKaxuTe BEIIeCTBa, C KOTOPHIMU PEArupyeT MOJICKYJISIPHBINA BOJOPOI:
a) S, 0) Fe,03; B) Cly; r) KBr.
4. YKaXuTe BEIIEeCTBA, MPU B3aUMOJACHCTBUM KOTOPBIX C BOJOU BbIIEIS-
€TCs BOJIOPOI:
a) HATpHii, 0) Menp;
B) TUAPUJ KaJIbIS; ) Cyab(uag aMMOHUS.
5. Vkaxure, B KaKOW peakIuu BOJOPOJ MPOSBISIET OKUCIUTEIbHBIE CBOM-
CTBa:
a) H, + Cl, —; 6) H, + Na —;
B) H, + Zn —; F) H, + Fe,03-.
6. Ykaxxute COeqUHEHUs, B KOTOPBHIX BOJOPOJ MPOSBISET MOJOKUTEIb-
HYIO CTETIEHb OKUCIICHUS:

a) CaHy; 0) NHs; B) SiHy; r)
NaOH.

7. YKaxuTe, CKOJIbKO HelTpoHOB y u3oromnos ;;Clu ;! Cl:
a) 17 u 17, 0) 35 u 37, B) 18 u 20; r) 52 u 54.

8. YkakuTe, KaKoW rajloreH MpH OOBIYHBIX YCIIOBUSX SBIISICTCS KHUIKOCTHIO:
a) ¢rop; 0) xJ0p; B) OpoM; T)
non?

9. Vkaxure GopmyIry IPUPOIHOTO COSTUHEHHUS XIIOPa-CUIbBUHHTA!

a) NaCl, ©6) KCl, B) KCI - MgCl; - 6H,0; r)
KCI-NaCl.

10. YkaxkuTe, B KaKOM psily YMEHbBIIAETCS peaKlIMOHHAasi CIOCOOHOCTH ra-
JIOT€HOB:
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a)F > Cl > Br—I; 0)l > Br—>Cl—>F;

B) F—> Br—1—Cl, r)F—>Cl—->1—- Br.
11. YkaxxuTe cXeMbI MPOIIECCOB BOCCTAHOBIICHUS:
a) Cl1O; — ClI; 0) Cl, »> HCIO;
B) 2CI" — Cly; r) 2C10; — Cl..
12. YkaxuTe, ¢ 4eM HE pearupyeT CoJsTHas KUCIIOTa:
a) JKeJIe30M; 0) 30JI0TOM,;
B) okcuygoM meau (ID); r) rugpokcusioM meau (II).
13. YkaxxuTe BEIIeCcTBa, C KOTOPHIMU pearupyeT COJISTHAs KHCIIOTA:
a) P,0s; 0) Zn; B) Mg(NOs),; r) CuO.
14. YkaxuTe BelecTBa, C KOTOPBIMU pPearupyeT XJop:
a) H,0; 0) Nal, B) HCI,; r) Cu.

15. YVkaxuTe, B KaKOW IIBET OKPACUTCS METUJIOPAHXK B PacTBOpPE, COMAEP-
xareM 4 Mot Tuipokcuaa Hatpus U 80 1 OpoMUCTOro BOAOPOAA:
a) KpacHbIH; 0) cCuHUM; B) KEJTHIH; r) po3o-
BBIU.

7.7. IOArPYIIIA KUCJIOPOJIA.
OBIASI XAPAKTEPUCTHKA EE DJJEMEHTOB

B moarpymnmny kucnopona Bxonaar kuciopona (O), cepa (S), cenen (Se),
tenyp (Te) u mononuii (Po). DaeMeHTHI MOMyYnIn 00IIee Ha3BaHUE — Xallb-
KoreHbl. OHU TPENCTaBIAIOT cO00M p-anemeHTsl VI rpynmbl TJIaBHOW TOJ-
IPYIIbI IEPUOIUUECKON CUCTEMBI 3J1€EMEHTOB. CTPOEHNE BHEIIHETO 3JIEKTPOH-
HOTO YPOBHS aTOMOB XaJIbKOreHOB NS?Np*. B coeqMHEHNIX ¢ BOJAOPOIOM Xajlb-
KOT€HBI MPOSBIISIIOT CTENEHb OKUCIICHUS, PABHYIO —2; B COCIMHEHUAX C KUCJIO-
pozom
U JIPYTUMH aKTUBHBIMU HEMeTa/llaMu — O0O0bIYHO +4 u +6. C yBenmudeHueM
MOPSIAKOBOIO HOMEpa CBEpPXY BHMU3 B MOJrPYIIE HEMETANIMYECKUE CBOMCTBA
AJIEMEHTOB 0CJIa0eBalOT, @ METALTUYECKUE YCUIIUBAIOTCS.

XanbpKOreHbI — OKHCIIUTENH, HO OoJjiee ciaalble, YeM rajloreHbl. XalbKo-
TE€HU-UOHBI MOTYT TOJILKO OTAaBaTh 3JIEKTPOHBI U ITOATOMY SIBJIIFOTCS BOCCTa-
HOBUTEJISIMHU.

Bonopoansie coeauHeHUs] XaJlbKOT€HOB MMEIOT o0uryro dopmyny HoR
(R — at10 O, S, Se, Te). [Ipu pacTBOpeHHH HUX B BOJE 00pa3yIOTCsS KHCIIOTHI,
CHUJIa KOTOPBIX YBEJIUYUBACTCS C BO3PACTAHUEM TMTOPSIKOBOIO HOMEpPa dJIeMEHTa
B NIEPUOAUYECKON CHCTEME.

Cepa, ceneH, TeJTyp 00pa3yloT ¢ KUCIOPOJOM COeAUMHEHUs, o01mas (op-
myina kKoTopseix RO, u RO3. UM cootBercTBytOT KucaoTel Tuna HoRO3 u HoRO4.
C yBennueHHEM MOPSAKOBOIO HOMEpa AJIEMEHTa CUJIa ATUX KUCIOT YMEHbIIa-
ercs. Kucmorer Tuna H,RO4 mposiBisitoT cBoiicTBa okuciaurenei, a tuna HoRO3
— ¥ OKMCJIMTEJICH, U BOCCTAHOBUTEIICH.
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Bonpocel

1. Kakwue a51eMeHThI BXOJAT B HOArpynny kuciaopoja? Kak ux Ha3piBaroT?

2. I'me pacnoioxkeHbl XaJIbKOTE€HBI B MEPUOANYECKON CUCTEME 3JIEMEHTOB
. . Menneneena?

3. KakoBa o6miasi koHGuUrypamusi BHEIIHETO 3JEKTPOHHOTO YPOBHS aTo-
MOB XaJIbKOT€HOB?

4. Kakyro CTEeTneHb OKHCJICHHUS XaJbKOTEHBI TMPOSBISIOT B COCAMHCHUSIX:
a) ¢ BOJOpoaoM; 0) ¢ KUCIopoaoM?

5. KakoBa obmiasi ¢opmyna BOJOPOAHBIX COCIWHEHHUH 3JIEMEHTOB TOJ-
rpynnsl Kuciopoga? Yto obpasyeTcsi mpu pacTBOPEHUU BOJOPOIHBIX COEIH-
HEHUU B BOJE?

6. Oxcuapl kakoi ob1iei dhopmynsl 00pa3yroT xanbkorensl? Kakue xuc-
JIOTBHI UM COOTBETCTBYIOT?

7.8. Kuciaoroz

Kucnopon B Buzie npocrtoro BemectBa — Oz BXOAUT B cOCTaB aTMocdep-
HOTO Bo3ayxa (20,94 % no o6bemy). Kucinopoa BXOJIUT B COCTAaB BOABI, TOPHBIX
OpOJi, MHOTUX MHUHEPAJIOB U COJIEH, OPraHMYECKUX BEIIECTB U JKUBBIX Opra-
HU3MOB. [IpUpOHEIHA KHCIOPO COCTOMT U3 Tpex uzortomnos °0, 170, 180,

B GonpImmHCTBE CBOMX COSAMHEHUIN KHCIOPO UMEET CTCTICHh OKHUCICHUS
—2. B mepokcunax Bomopona u metamioB (HO, Na,O,, CaO; u mp.) creneHb
okucieHus kuciopona —l1. B coennaennu ¢gropun xucimopoga — OF, kucio-
POJT IMEET TOJIOKHUTEIBHYIO CTCTICHh OKUCIICHUS +2.

Honyuyenue:

|. B abopamophwbix ycio8usx KACIOPO MOTYJaroT:

1. [TyTem TepMHUUECKOTO PA3IIOKECHHUS:

a) cojeil:
— 0epToJIETOBOM COJH (XJI0paTa Kajus):

2KClO, MnQ: okl + 30,7

— IICpMaHraHaTa KaJus:

2KMnO, == K,MnO, + MnO, + O,
— HI/ITpaTOB ICJIOYHBIX MECTAJIJIOB:

2NaNO; =t= 2NaNO, + O,:
— OKCHUIOB:

2HgO == 2Hg+ 0y;

0
2Pbs04 == 6PbO + O,.
2. [Ipn B3auMOJEHCTBUM TIEPOKCHUJIOB IIEIIOYHBIX METAJIOB C YTJICKHUC-
JIBIM Ira30M.

2Na,0, + 2C0O, = 2Na,CO3 + Os.
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3. IIyTeM »neKkTposn3a BOJbl B MPUCYTCTBUU IIEIOYEH W COJIEH.

2H,0 2ektpomus o4 4 0,1,

Il. B npomviunennvix ycio6usx KUCIOPOH MOIYYarOT C MOMOIIBIO 3JIEK-
TPOJIU3a BOJbI U U3 KUJIKOTO BO3AyXa.

du3znyecKue CBOMCTBA: IPU OOBIYHBIX YCIOBHUSX KHCIOPOJ — 3TO ra3s
0e3 1BeTa U 3amaxa, TsSKeJee BO3/yXa; Majo pacTBOPUMBIN B Boje; mpu —183
°C npeBpalaercsi B roly00BaTyIo *KUIKOCTb.

XuMuvecKue CBOMCTBA: BO BCEX PEAKIUAX KUCIOPO] UTPAET POJib OKUC-
JIATEJIS], B3AUMOJICCTBYET:

— CO BCEMH METaJUIaMH, KpOME 30J10Ta U MIATUHBI:

2Mg + O, = 2MgO0; 4Al + 30, = 2Al,053;
2Ca + O, =2Ca0; 2Na + O, = Na;Oq;
— C HEMCTAaJIJIaMMU.
S+ 0, =S0;,; 4P + 50, = 2P,0s;
— CO CJIIOKHBIMHU HCOPIraHUYCCKUMHU U OPraHUYCCKHUMHA BCUICCTBAMMU !
2CuS + 30, = 2Cu0 + 250y; CH4 + 20, = CO; + 2H,0.

AmnoTponHoi Moau(UKaIMEeH KUCIopoa sBiseTcs 030H. Ero monekyna
COCTOUT M3 TpPEX aToMOB Kucjopojaa. MoiekyisipHas ¢opmyna o30Ha Os.
O30H — ra3 ¢ xapakTepHbIM 3anaxoM. OH OKUCIISIET OpraHUYECKUE BEIeCTBA
Y METaJUIbl, B TOM YHUCJIIE 30JI0TO M miaTuHy. M3 pactBopa ioauaa Kaiust 030H
BEITECHSET MO

2Kl + O3 + H,O = |, + 2KOH + O,.

O30H 0oJsiee CUITBHBIN OKUCIUTEIb, YEM KUCIOPOI.

[Iponiecchl TopeHus, prKaBlIEHUS, THUCHUSI U JIbIXaHUS MPOTEKAIOT MpHU
Y4aCTUU KUCJIOPOAa. ITO OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE MPOLIECCHI.

Bomnpock! U ynpa:kHeHust

1. Kak mosry4aroT KUCIopo: a) B 1abopaTopuu; 0) B IPOMBIIIIEHHOCTH ?

2. KakoBbl ¢usnueckue cBoiicTBa Kuciaopoaa?

3. KakoBbl XxuMHu4eckue cBocTBa Kuciopoaa? Hanuimure ypaBHEHUS pe-
AKLUU.

4. Yto Takoe 030H? [louemy 030H 00jiee CUIIbHBIN OKUCIUTENb, YEM KHC-
nopoa?

5. Ompenenute cTeneHb OKUCICHUS KUCIOPOa B COSTMHCHMSIX

H.0, H,0,, Oy, Cl,03, F,0,, F,0.
6. 3akoHUYMTE YpaBHEHUS PEAKIIUA:

Mg + O, NHs + O,—:

S+ 0, CH4 + Oy—;

H,; + Oy—; ZnS + O,—.
3agaum
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1. CkoybKO TpaMMOB HUTpaTa HATPUSl HAJIO JUJIS MOJTy4YeHus 1 J1 KUcIopo-
na (u.y.)?

2. Onpegenure, Kakas mMacca KHCIOpoja BCTYNHIIa B PEAKIUIO, €CIU TO0-
aydeno: a) 30 r okcuaa docdopa (V); 6) 4,4 r okcuaa yriepoaa (IV); B) 4 r
OKcHJIa almoMuHus; T) 2,25 T okcuaa azora (II).

3. Paccunraiite, B KakOM cllydae BBIACISICTCS OOJIbINE KUCIOPOJA: MpHU

paznoxenun 1 monsa nepokcuna Bojgopona HpO; unu 1 Monst xjiopaTta Kamust
KCIO3?

7.9. CEPA

B npupone cepa BcTpeyaeTcss B CBOOOJHOM COCTOSIHUU (CaMOpOJHAas ce-
pa) ¥ B BUJI€ COeIMHEHUN — Cynb(huioB MeTamuioB (FeS; — kemne3Hsblil Koaue-
JaH WU MUPUT, ZnS — UUHKOBas oOMaHKa WU Jp.); CYyNb(aTOB KaJIbIHSI U
HaTpus (CaSO4-2H,0 — runc, Na;SO4-10H,0 — rnaybeposa comns). Cepa co-
JEPKUATCS B HEPTH, KAMEHHOM YTJIe, B O€IKaxX pacTCHUH W )KUBOTHBIX.

du3znyecKue CBOMCTBA: cepa — TBEPAOE, XPYNKOE BEIIECTBO KEJITOTO
LIBETA; HE PACTBOPSIIOUIEECS B BOAE, HO XOPOILIO PACTBOPSAIOIICECS B OpraHuye-
CKHUX PacTBOPHUTENAX; OHA IJIOXO MPOBOJUT TEIUIO U JIEKTPUUECKHUI TOK; o0pa-
3yeT HECKOJBKO aJJIOTPOIHBIX MoAU(pUKALUA (poMOUYECKas UIU O-cepa; Mo-
HOKJIMHHAs WK [-cepa, U MIacTUYeCcKas).

XuMHYeCKHe CBOMCTBA: cepa MMEET YeThIpe cTeneHu okucieHus —2, 0,
+4, +6 n BCTymaeT B peaklyu:

1. IIpu BBICOKMX TeMIlepaTypax —cCO BCEMH JJIEMEHTAMH, KpOME a30Ta,
30J10Ta Y TJIATHUHBI, B YACTHOCTH, B3aUMOJICUCTBYET:

— C MeTaJJIaMu:

Fe+S == FeS; Zn+S == 7ns;
Cu+S =t cus; 2Al +3S =L= AlLS;.
2. [Ipu oObIYHOM TEeMITepaType B3aUMOJICUCTBYET C PTYTHIO:
Hg + S = HgS.

3. B3aumopeiicTByer:
— C HEeMETAJJIAMH:

35+ 2P == p,S,: H, +S == H,S;

2S+C == CS,: S+0, == SO, S + Cl, =L=SCl,:
— Ha X0J01y — co (pTopom:

2F, + S = SFy; 3F, + S = SF.

Cepa B XMMHUYECKHUX PEaKIUAX ¢ MEeTaJJlaMU, yriepoaoM, hochopoM, Bo-
JOPOJIOM SIBIISIETCSI OKUCIIMTEIIEM; C KHCIOPOAOM, XJIOpOM U (TOPOM — BOC-
CTaHOBUTEJIEM.

4. B3auMOJIeliCTBYeT CO CIIO)KHBIMHA BEIIECTBAMHM — C KHCJIOTaMH-
okucnu-tenasimu (HNOs, H,SO4) npu HarpeBanumu:
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S + 2H,SO4xomH. == 3S0, + 2H,O:
S + 2HNOgpas6as. —=— H,S0, + 2NO;

S + 6HNOszkoHIL. £ H,SO,4 + 6NO, + 2H,0.
IIpumeHeHme: cepa MPUMEHSACTCS IS MOJTYyYEHUS CEPHOW KHUCIIOTHI, pe-
3WHBI, CIIMYEK, YEPHOTO MOpOXa, ISl OOpbOBI ¢ BPEAUTEIISIMU PACTECHUH, IS
JICYCHHUS KOJKHBIX OOJIC3HEH.

BOl'lpOCLI H 3aJaHusA

1. B xakoM Bujie cepa BCTpedyaeTcs B Ipupoje?

2. OxapakTepusyiTe pu3nuecKkue CBOMCTBA CEPBI.

3. Kakue crerneHu oKucIeHUS UMEET cepa B CBOUX COSAUHEHUSIX?

4. ITpuBenute mMpuUMeEphl YpaBHEHHUH peaklMii, B KOTOPBIX cepa HIrpacT
POJIb OKHUCTTUTEISI, BOCCTAHOBUTEIS.

5. Onpenenute creneHb OKUCIeHUs cepbl B coenuHeHUAX: KoS, NaySOy,
KHSO;3, FeS, Ba(HS)..

6. Onpenenure MaccoByIo 1010 cepbl B coequHeHusx KoSOs, FeSy, H,S.

7.10. CEPOBOJIOPO/ 1 CEPOBOJOPOIHASI KHCJIOTA

CepoBomopon — HS BcTpewaeTcss B mpHUpoj€ B BYJIKAaHMUYECKHX raszax
¥ B BOJIaX MHHEPAIbHBIX MCTOUYHUKOB. OOpasyercs Mpu THUECHUH OpraHude-
CKHUX BEIIECTB.

IMosryyeHnue: cepoBOOPOT MOKHO MOJYUUTh TIPU B3aUMOACHCTBUH CEPHI
C BOJIOPOJIOM JIMOO JEeUCTBUEM Pa30aBJICHHOM COJISTHOM WU CEPHOU KUCIIOTHI
Ha cynbhun xenesa (11).

0
Hy+S == H.S;
2HCI + FeS = FeCl, + H,ST.
du3nyeckue CBOWMCTBA: CEPOBOJOPOJI — OECIBETHBIN Ta3 C 3amaxoM

TYXJIBIX SIII, XOPOIIIO PAaCTBOPUM B Bojie. PacTBOp cepoBogopoaa B BOJC Ha3bI-
BAETCS CEPOBOAOPOIHON BOAOM.

XMMHYeCKHe CBOMCTBA:

|. Kucrommno-ocnosuuvie ceoticmea.

1. CepoBomopoaHasi Bojga — cjabasi IByXOCHOBHAsI KUCJIOTA; JUCCOLUH-
pYyeT CTyneHYaTo:

H,S = H' + HS;
HS = H"+ S2,
2. CepoBOAOpOIHASI KUCIOTA UMEET BCe 00I1IMEe CBOMCTBA KUCIIOT:
H>S + Ca0O = CaS + H,0;
H>S + NaOH = NaHS + H,0;
H,S + OH™ = HS™ + H,0;
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H,S + 2NaOH = Na,S + 2H,0;
H,S + 20H =S% + 2H,0;
CuSO, + H,S = CuS{ + H,S0y;
Cu*+ H,S = CuS! + 2H".

3. Cynbduabl (coid CepoOBOAOPOJHON KHUCIOThI) MHOTHMX METAJJIOB HE
PacTBOPSIIOTCS B BOJIC U KHCIIOTaX.

Il. Oxucrumenvno-eoccmanosumenvHovle C8OUCMBA.

B okuciautenbHO-BOCCTAaHOBUTENBHBIX PEAKIUAX ra3000pa3HbId CEpOBO-
JIOPOJ ¥ CEPOBOJIOPOIHAST KUCIIOTA MPOSBISIOT CHIIHHBIC BOCCTAHOBHUTEIILHBIE
CBOICTBA.

CepoBOOPOT JIETKO OKUCIISETCS KHUCIOPOJIOM BO3TyXa, raJOreHaMu U CO-
nsamu xenesa (111):

2H,S + 30, = 2S0; + 2H,0 (npu u30bITKE KUCIOPOIa);
2H,S + O, = 2S + 2H,0 (mpu HEegoCTaTKE KUCIOPOIa);
H,S + Bry = 2HBr + S;

FeCls + H,S = FeCl, + S + 2HCI.

IIpumeHeHme: cepOBOAOPOIHAS BOJA IPUMEHSACTCS B MEIUIIMHE IS JIe-
YeHHUsS PeBMaTH3Ma M KOXKHBIX 3a00JICBaHUI; CEPOBOJOPOJ BXOIUT B COCTaB
HEKOTOPBIX MUHEPATBHBIX BOJI.

7.11. Okcua CEPHI (1V)

duzuveckue cpoiicrBa: oxkcua cepsl (IV), unu cepHucThiil Ta3, — Oec-
IIBETHBIN Ta3 C PE3KUM 3aIaxoM; SIOBUT; TSHKENIEe BO3AyXa; XOPOIIIO PacTBOPSI-
€TCsl B BOJIE, IIPU ATOM 00pa3zyercs cepHuctas kuciora — HpSOs.

IHosyyenue:

1. B nabopamopuu oxcun cepsl (IV) — SO, nmomydaroT mpu B3auMo1eii-
CTBHUM COJIM CEPHUCTOM KHUCJOTHI WJIM MEIH C KOHIEHTPUPOBAHHOM CEPHOMU
KUCJIOTOM IIPU HarpEeBaHUM:

Na,SO3 + H,SO4 = Na,SO,4 + SO, + H,0:;
2NaHSO; + H,SO,4 = Na,SO,4 + 250, + 2H,0;
Cu + 2H,SOgkon1r. = CuSO,4 + SO, + 2H,0.

2. B npomviunennocmu oxcun cepol (1V) monydaroT myTeM NpoKaJIMBaHUS

Ha Bo3ayxe nupura — FeSy:
4FeS, + 110, = 2Fe,03 + 850,

Fet?—& — Fe™ 4
2S5t —10e —» 2S* | 44
09 +4& — 202 11

Xumuueckue cBoiicrBa: SO, — KHUCIOTHBIA OKCHI, HMEET BCE CBOMCTBA
KUCJIOTHBIX OKCHJIOB:
1. PactBOpsieTcst B Bojie ¢ 00pa3oBaHUEM CEPHUCTON KUCIIOTHI:

SO, + H,O =H,S0:s.
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CepHucTasi KHCJIOTa CYIIECTBYET TOJIBKO B PAacTBOpPE M 00JagacT BCEMH
OOIIMMH CBOMCTBAMU KHCIOT.
2. BzaumopeicTByeT ¢ OCHOBHBIMU OKCHIAMHU:
Ca0O + SO, = CaSO0s.
3. B3auMojelcTByeT co Iiea0uamu:
NaOH + SO, = NaHSOg;
2NaOH + SO, = Na,SO3 + H,0.
4. ITposiBNIIET OKUCIUTENIBHBIE 1 BOCCTAHOBUTEIIBHBIE CBOMCTBA:
a) KaK OKUCITUTENh pearupyer ¢ 60jee CHIIbHBIMA BOCCTAHOBUTEISIMHU:
SO, + 2H,S = 3S{ + 2H,0;
0) KaKk BOCCTAHOBUTEIb pearupyer ¢ 00J1€ CHIIbHBIMU OKHUCIUTEIISIMHU:
250, + O, = 2S043;
SO, + Cl, + 2H,0 = H,SO, + 2HCI.
IIpumeHenue: 111 YHUUTOKEHHS BPEIHBIX MUKPOOPTaHU3MOB; ISl TIPO-
W3BOJICTBA CEPHOU KUCIIOTHI.

7.12. Okcuna Cceprsl (V)

Oxcwun cepsl (VI) — SO3 — cepHBbIit aHTHIAPUL.
IMosryuyeHne okcuaa cepbl: CEPHBIN aHTHAPHUA 00pa3yeTcs MpHU OKHUCIIE-
HUU cepHUCTOTO raza — SO;:

250, + 0, Lk 250,
du3uyeckHe CBOWCTBA CEPHOTI0 aHTMApHIA — OeCIBETHAs >KHUJIKOCTH;
OYEHb XOPOLIO IMOIJIONIAET Biary; npu temneparype Huxke 17 °C mpeBpainaer-
csl B Oesoe, TBEPI0€ U KPUCTAINTMYECKOE BELIECTBO.
XuMHYeCKHe CBOMCTBA CEPHOI0 aHTUAPHUAA:
1. meeT Bce cBOMCTBA KUCIOTHBIX OKCHUJIOB:
SOz + MgO = MgSOy;
SO3 + KOH = KHSOy;
SO3 + 2KOH = K;S04 + H,0;
SOz + H,O = H,S0O,.
2. CriocoOeH XOpoIIo pacTBOPSITHCA B CEPHOM KHUCIOTE (PacTBOP CEPHOIO
aHTUpUIa B OE3BOIHON CEPHOM KHUCIIOTE Ha3bIBACTCS OJIEYMOM):
H,SO, + nSO3 = H,S04-nSO3;
oJieyM
3. O0nagaeT CHIIbHBIMU OKUCITUTEIIbHBIMUA CBOMCTBAMH:
3S0;3 + H,S =4S0, + H,0.
Iosyuenne cepuoii kucaoTbl — HySO4:
B npomviunennocmu cepHyro KUCIOTY MOJYy4atOT KOHTAKTHBIM CIIOCOOOM
B TPH CTaJIUU:
1. [Tonyuyenue okcuaa cepsl (IV) u3 nupura — FeSy:
4FeS, + 110, = 2Fe,03 + 8S0,.
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2. Okucnenue okcuna cepsl (IV) no okcuaa cepst (VI):

250, +0, LY 250,

3. Okcup cepsl (VI) mormomaroT KOHIIEHTPHUPOBAHHON CEPHON KUCIOTOM;
0o0pazyeTcst 0JIeyM:
nSO3; + H,SO4 — HS04-nS0O;.
oJIeyM
Oneym pa30aBISIFOT BOJIOH U MOJIYYalOT CEPHYIO KHCIIOTY JIF000M KOHIICH-
TPAaIHH.
du3nvecKue CBOWCTBA CepHOM KHMCJOTHI: OE3BOJIHASI CEpHAsi KUCIOTa
— TsDKeNasi MacsTHUCTas KUIKOCTh O€3 IBETa M 3araxa, XOpPOIIo PacTBOPSICT-
cs
B BOJIC C BBIJICTICHUEM OOJIBIITOTO KOJIMYECTBA TEIUIOTHI; IPH PaCTBOPECHUHN KOH-
IIEHTPUPOBAHHON CEPHOM KHCIIOTHI €€ HaJ0 OCTOPOXKHO TPUIIMBATH B BOAY (a
HE Ha000pOT) U NepeMeIIUBaTh PacCTBOP.
XuMHYeCKHEe CBOMCTBA CEPHOM KHUCJIOTHI:
1. luccouuupyeT B BOJHBIX pacTBOpax:
H,SO, — H" + HSO;; HSO; = H*+ SO7%.
2. BzanmopeiicTByer:
a) C OCHOBAHHUSIMH:
H,SO4 + KOH = KHSO,4 + H;0,;
H2,SO4 + 2KOH = K3,S04 + 2H,0;
0) ¢ OCHOBHBIMH OKCHJIAMH:
H,SO, + MgO = MgSO4 + H,0:;
B) C COJISIMU:
Na;SO4 + BaCl, = BaSO4l + 2NaCl (kadecTBeHHast peakius Ha
cyabdar-uon — SO?7);
r) pa30aBiieHHAs] CEpHAsl KUCIOTa B3aMMOJICUCTBYET C METaJlllaMH, KO-
TOPBIE B AJIEKTPOXUMHUYECKOM PSTy HAMPSDKEHUM HAXOASTCS 10 BOJOPO/IA:
H,SO, + Fe = FeSO4 + H,T;
1) KOHIIEHTPUPOBAHHAS CEPHAs KHUCIOTa SBJSICTCS CHIIBHBIM OKHCIIUTE-
JIeM:
— MpU HarpEeBaHUHU OHA B3aUMOJCHCTBYET CO MHOTHMMH METaJIaMU:
Cu + 2H,SOskonM. = CuSO,4 + SO, + 2H,0;
3Zn + 4H,SOsxomHIT. = 3ZnS0O4 + S + 4H,0;
47n + 5H,SO4xon1I. = 4ZnS0O4 + HpS + 4H,0;
— npu 00BIYHOM TeMIiepaType He B3aumojeictyert ¢ Fe, Cr, Al, Pt, Au:
— B3aMMOJICHCTBYET C HEMETAIIAMU:

C + H,SOkonm. = 2S0,T + CO,T + 2H,0.
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IIpumeHeHnne cepHOM KUCIOTHI: I MOITYYEHUs] YIOOpEHMM, Kpacute-
JIeH, JIEKApCTBEHHBIX U B3PBIBYATBHIX BEIIECTB, JJISI OYMCTKU M BBICYIIMBAHUS
BEIIECTB.

1.
2.

Bonpocsl u 3aganust

['ie BcTpewaeTcst cepoBOAOPO B pupoie?
CocTaBbTe ypaBHEHUS peaklnii 0Opa3oBaHUsI CEPOBOJOPOAA H3: a) Ce-

PBI ¥ BOJIOpOAA; 0) cynb(puaa xeye3a U CONSTHON KUCIOTHI.

3.
4.

JI0THI?

S.

6.

7.

KaxkoBbl (prznueckue cBorcTBa cepoBo0poaa?
KakoBbl XxuMH4eCcKue CBOMCTBA CEPOBOIOPOAA U CEPOBOOPOTHOM KHC-

3aKOHYNTE YPaBHEHHMS PEAKIIM:

a) H,S + KOH —; 0) H,S + BaO—;

B) H2S + O, (u30bITOK) —; r) H,S + CuSO,4 —;

o) HS+ 1, - e) H,S + O, (nemocratok) —.
Kak moiyJaroT cepHUCTBIN Ta3:

a) B 1Jaboparopuu; 0) B MPOMBIIIJICHHOCTU?

KakuMu XxuMHYecKMMHU CBOWCTBaMHU 00J1aJ1la€T CEepHUCTHIN raz? Hamu-

LIMTE YPABHEHHUS PEAKLIAMN.

8. 3aKoHUNTE YpaBHEHHS pPEaKIIUM:
a) SO, + KOH —; 6) SO, + H,O + Br, —;
B) SO, + Na;SO; + H,O —; 1) KHSO; + KOH —;
)1) SO, + BaO —; e) K,SO3 + HCI —.
9. Kakumu ¢pu3nUecKUMU U XUMUYECKUMHU CBOMCTBAMU 00JIaJIa€T CEPHBIi
aHTUapUA?

10. KakumMu XMMHYECKUMHM CBOMCTBaMH oOO0JafaeT cepHas KHCIIOTa: a)
paz0aBiieHHas; 0) KOHIIEHTPUPOBaHHAs?
11. 3akoHunTE ypaBHEHHUSI pPEaAKITHIi:

a) Zn + HySO4paz6. —;

0) Ag + HoSOykoHII. —;

B) H,SOskoH1. + H,S —;

F) P + HoSOsxoH11. = H3PO4 + ...

12. Hanummmre ypaBHEHUS PeaKIuid JJ1sl peBpaIieHui:

a) CuS -» S —» H,SO4 — SO, —» NaHSO;3;

0) H2S — SO, — S — SO;3 — NaHSOy;

B) FeS —» H,S —» S — SO; — SOg;

r) CuSO4 — SOz — NaHSO,; — Na,SO4 — NaHSOy;
) S — ZnS — H,S — SO, — CaS0Og;

e) CuS —» SO; —» S — H,S0O, — BaSO..

3agaum
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1. [Tpu 950 °C oTHOcUTENbHAS TUIOTHOCTH MApOB CEphl IO a30Ty paBHA
2,286. 13 kakoro 4nciia aTOMOB COCTOUT MOJIEKYJa CEPhI B ATUX YCIOBUSAX ?

2. IIpu 446 °C oTHOCUTEIBHAS INIOTHOCTh MTAPOB PTYTH IO BO3AyXy paBHA
6,92. KakoB cocTaB MOJIEKYJI PTyTH B napax?

3. Uepes pacTBop, coJiepKaliuid 5 T TUIPOKCUAA HATPUS, IPOITYCTUIHN Ce-
poBosiopo Maccoit 10 r. Onpenenute Maccy coiu, Kotopasi o0pa3oBajach.

4. CKOJBbKO TpaMMOB KpucTtauioruapara cyibdura Harpus Na,SOs-7H,0
notpedyeTcs ans noixydeHus u3 Hero 0,5 1 cepHUCTOrO rasza (H.y.)?

5. Kakoii o0bem raza (H.y.) oOpa3yercst Ipu B3auMOJISHCTBUN 13 T mUHKA
¢ 400 r pacTBOpa cepHOM KUCIOTHI ¢ MaccoBoit moiei 10 %7?

6. Kakoit 00beM rasa (H.y.) o6pa3yercs npu Bzaumojeicteun 12,8 r menu
¢ 200 r pacTBOpa cCepHOM KUCIOTHI C MaccoBoOi joiei 96 %?

7. Kakoit oO0beM pacTBOpa CEpHOM KHUCIOTHI ¢ maccoBoul moserd 16 %
U IJIOTHOCTHIO 1,1 I/MJT MOXKHO TIOJIYYHTh U3 1 J1 CepHON KUCTIOTHI C MAaCCOBOM
noiaer 96 % u motHocThIO 1,84 T/MIT?

TecToBblit camoKkOHTPOIB (18) mo Teme «Kucaopoa. Cepa»

1. Vkaxure, Kak U3BMEHSETCS y 3JIEMEHTOB I1aBHOM noArpynmnsl VI rpyn-
bl CWJIA KHUCJIOPOIHBIX KHUCJIOT C YBEIUYEHUEM OTHOCUTEIBHBIX AaTOMHBIX
Macc:

a) YMEHbIIIAeTCH; 0) yBEeJIIMUUBACTCH; B) HE U3MEHSIETCS?
2. YKaXHTE BEIIECTBA, KOTOPHIE PEATHPYIOT ¢ KUCIOPOIOM MTPH OOBIYHBIX
YCIIOBHSIX:
a) Li; 0) Np; B) HyS; r) NayS0O:s.

3. Ykaxute (GopMyIbl BEIIECTB, B KOTOPHIX CTENEHb OKUCIEHUS KHCIOPO-
1a paBHa —2:
a) BaOz; 6) on; B) PbOz; F) SlOz
4. YkaxuTe, B KaKUX COCIMHECHMSIX KHUCJIOPOJ HMEET TMOJIOKHUTEIbHYIO
CTENEHb OKUCIICHUS:
a) HzOz; 6) Hzo; B) OF2; F) Oze.
5. Ykaxure, Kak y 3JIEMEHTOB TJIaBHOUM moAarpymnmbl VI usmeHsercs ¢ po-
CTOM MOPSAKOBOIO AJIEMEHTA cujia KUCIOT obuieit popmynsl HaR:
a) YBEJIMUUBACTCS; 0) yMEHbIIIaeTCH; B) HE U3MEHSETCS.
6. YkaxuTe BellecTBa, y KOTOPbIX aTOMBbI CEPbl UMEIOT OJIMHAKOBYIO CTE-
NIEHb OKUCJICHUSA:

a) Ss; 6) SO.; B) Ca(H803)2; F)

7. YKaXuTe BEIIECTBA, C KOTOPHIMHU Cepa B3aMMOJICHCTBYET KaK OKUCIIU-
TEJb:

a) Oy; 0) Hy; B) C, r) Cu.
8. YKkaxkuTe, Kakoe U3 BEIIECTB PearupyeT Kak BOCCTAHOBHUTEIIb:
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a) H.S; 6) H,SOg3; B) SOy; F)
SQs.
Q. YKa)KI/ITe, KaKHuC U3 BCUICCTB PCArupyrOT U KaK BOCCTAHOBUTCIIN, U KaK
OKUCIIUTCIIN.

a) H,S; 0) S; B) SOy; r)
H,SO4xoHII.

10. YkaxuTe, 4T0 cO60M IpeAcTaBseT npeppamenne S 2 — SP;
a) OKUCJICHHUE; 0) BOCCTaHOBJICHHUE;

B) 06€3 U3MEHECHHS CTEIICHN OKUCIICHUSI.
11. Oxapakrepusyiite cBoiicTBa okcuaa cepsl (VI):
a) am(doTepHbIE; 0) KHUCIIOTHBIC,
B) pearupyer ¢ BOJIO; ') HE pacTBOPSIETCS B BOJIE.
12. VkaxuTe CXeMbl peakluid, C MOMOIIbI0 KOTOPHIX MOXHO MOJYYUTh
okcun cepsl (IV):

a) Na;SO; + H;SO4 b ; 6) H2S + 02 —;

B) ZnS + 0, 55 ; r) FeS + HCI —.
13. VkaxuTe, Kakue rpyIIbl BEMIECTB B3aUMOJIEHCTBYIOT C pa30aBiIeHHOM
CEpPHOU KUCIIOTOM:
a) Al(OH)s, Al, Fe,0s; 0) FeS, Mg, NHj;
B) P, KCl, CuO; r) Cu, KOH, SiO,?
14. VkaxuTe mapbl CXeM peakiiii, B KOTOPBIX 00€ peakiuu MOTYT OBbITh
MCIIOJIb30BAHBI JIJIS1 TIOJTyYEHUsI CYIb(aTOB:
a) Ca(OH); + SO3 — u CaO + SO, —;
6) Na,SO; + H,SO4 — u Zn + H,SO4koHIL. —;
B) Na,SO, + A|(OH)3—) u CaCO3 + H,SO4 —;
F) MgC|2 + H,SOskoH1. = 1 CuO + H,SO,4 —.
15. Haitaure cymmy K03 (GUIIMEHTOB B YpaBHEHUU:
Fe + H,SOskoHI. — FGQ(SO4)3 + SO, + H,0:
a) 20; 0) 18; B) 17; r) 23.

7.13. OBIIASI XAPAKTEPUCTHUKA SJIEMEHTOB NOJAIPYIIIbI A30TA

DreMeHThl MOATPYIIbI a30Ta PACMOJOXKEHBI B TIaBHOW moarpymme V
rpynnbl NEPUOANYECKON cuctembl 3nemeHToB .M. MenneneeBa. B rinaBHyro
noarpynny aanHo# rpymnmbl Bxoaar a3ot (N), dochop (P), mbmmbsak (AS),
cypbma (Sb) u Bucmyt (Bi). D10 p-snementsl. Ha BHeIIHEM 3HEPreTHYECKOM
YPOBHE WX aTOMbI UMEIOT IO IMATh JACKTPOHOB. OMHAKOBOEC CTPOCHHE BHEIII-
HEr0 SHEPIETUYECKOTO YPOBHS BhIpaxkaeTcs obwmei Gpopmystoii Ns?np?, roe N —
HOMep meproja. B coeMHEHNAX 37IeMEHThI TOATPYIIIBI a30Ta UMEIOT CTEIICHU
OKHCIIEHHS] B MHTEpBajie OoT —3 10 +5. CBepxy BHH3 B MOATPYMIE, OT a30Ta K
BUCMYTY, HEMETAJUIMYECKUE CBOWCTBA OCIAOJSIOTCSA, a METAUIMYECKUE —
yCUIIMBAKOTCS. A30T, (hocdop, MBIIIBIK SBJSIOTCS HEMETaUIlaMH, a CypbMa M
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BUCMYT OTHOCSTCS K MeTaiiaM. C KUCJIOPOJOM 3JIEMEHTHI MOATPYMIbI a30Ta
oOpazyror okcubl obmelt popmynsl ROz u RoOs. Oxcuaam cOOTBETCTBYIOT
KHCJIOTBI HRO;
u HROs, optokucnoret H3RO4 (kpome azoTa). KucinorHbeie cBOMCTBa OKCHUIOB
R203 1 R,05 ocimabeBaroT ¢ pocTOM MOPSIIKOBOI'O HOMEpa dJIEMEHTA.

DneMeHTHl MOATPYIIBI a30Ta TaKkKe KaK TajloreHbl U XaJIbKOTeHbl 00pa-
3yIOT Tra3000pa3Hble BOJOPOJAHBIE coenuHeHus ¢ obmel Qopmyrnoir RHs.
YcToltunBocTh BoAopoaHbIx coequHeHnit or NHiz k BiH3 ymenbmaetcs. Boa-
HBIE PacTBOPHI BOAOPOIHBIX COeNMHEHUH, HanpuMep, ammuaka — NH3 u doc-
¢una — PH3, npencTaBisioT co60it OCHOBaHUS, @ HE KUCIOTHI.

7.14. A30T

B Bo3nyxe cogepxkutcs okoso 78 % azora mo oobemy. A30T BXOJIUT B CO-
CTaB OPraHUYECKUX COCTUHECHUI.

Hosxy4yenue:

1. B nabGoparopuu:

NH,NO, == N, + 2H,0:
NH.CI + NaNO, == N, + NaCl + 2H,0:

2NH; + 3CuO =t= N, + 3Cu + 3H;0.
2. B mpOMBIIIIIIEHHOCTH — U3 XKHUAKOTO BO3TyXa.
du3nyecKkue CBoiicTBa: ra3 0¢3 IBETa W 3araxa, HEMHOTO Jierde BO3/Y-
Xa, TIOXO PacTBOpsIieTCs B BOJE, Temmeparypa kurnenus azota —196 °C. Ilpu-
POJIHBII @30T COCTOMT U3 IBYX M30TOMOB: "N U N

XuMHYECKHEe CBOICTBA:

1. CBs13b MeXy aTOMamu B MOJIEKYJIE a30Ta OYEHb MpPOYHasi, TaK Kak 00-
pa3zoBaHa TpeMs apamu 3JIEKTPOHOB:

N::N: > N=N-—> Nj;

03TOMY P OOBIYHOM TeMIlepaType MaJIOaKTUBEH; B PEAKIIMH BCTYMAET TOJb-
KO TIpHU BBICOKHUX TEeMIepaTrypax; MMEET CIEeAYIOIIUE CTENEHU OKHUCIICHHS B
ceoux coemuHeHUsax: —3(NHs), O(N2), +1(N20), +2(NO), +3(N.03), +4(NOy),
+5(N205).

— aTOM a30Ta He MOKET NEePEXOAUTh B BO30YKI€HHOE COCTOSIHHE, TaK KaK
Ha BTOPOM DHEPreTU4ecKoM ypoBHE (N = 2) Her d-moaypoBHS, MO3TOMY a30T
HE UMEET BAJICHTHOCTh, PABHYIO 3.

2. BzaumoieiicTByeT ¢ HeMeTaJllIaMHU:

— ¢ kucnopoaoM — mipu Temneparype 30004000 °C:

N, + 0, == 2NO - Q:
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JPyTUE OKCUBI a30Ta MPU B3aUMOJICHCTBUN KUCIIOPO/Ia C a30TOM He 00pa3yroTcs;
— C BOJOPOJIOM — TIPU BBICOKOW TEeMIMEpaType W JABJICHUH B MPUCYT-
CTBUH KaTaiu3aTopa:

t°,p,kar
F—

N, + 3H, 2NHs.

C ranorenamu (kpome (Topa) ¥ C CEpPOi HE pearupyer.

3. BzaumopeicTByeT ¢ MeTaiiaMu: MPU KOMHATHOM TeMIiepaType pearu-
PYET TOJNBKO C JIUTHEM (C IPYTUMHU METaUlaMH pearupyeT MpH BBICOKHX TEM-
neparypax):

6Li + N, = 2LisN HHTpUI IUTHS;
2Al + N2 = 2AIN  HETpUT aTFOMUHUS.

IIpumMeHeHHne: UCTIONB3YIOT IS MOJTYYEHUS aMMHaKa, a30THON KHCIIOTHI
Y a30THBIX YI00pEHUIA.

BOHpOCLI H 3aJaHusA

1. HazoBuTE 3JIeMEHTHI, KOTOPHIE BXOAT B TJIABHYIO MOATPYIITY TSTOM
TPYIIIBL.
2. Kak n3meHstoTcs CBOMCTBA 3JIEMEHTOB B MOATPYIINE CBEPXY BHU3?
3. Kakue crenenn OKUCIEHUS UMEET a30T B CBOMX COCTMHEHUSIX ?
4. TloueMy aToM a30Ta HE UMEET BaJICHTHOCTbh, PABHYIO 57
5. [lo monokeHHI0O B MEPUOJMYECKOM CHUCTEME OINpEeAeNnTe, KaKouh Hu3
AJIEMEHTOB 0oJiee aKTUBHBIN HeMeTasuT: a) a30T uiu Gocdop; 0) a30T UK Kuc-
nopo; B) pocdop unu cepa? [Touemy?
6. KakoBbl ¢uznueckue cBoiicTBa a3oTta?
7. Kak nosryqarot a3ot: a) B JilabopaTopuu; 0) B MPOMBIIIICHHOCTH?
8. 3akoHUMTE ypaBHEHUS pPEaKLIN:
a) Mg + Nz —; 6) Na + Ny —;
B) N, + O, —: F) N,+ H, —.
9. PaccumnraiiTe: a) TIOTHOCTH a30Ta MO BO3AYXY; 0) Maccy a3ora 00be-
MOM 2 JI IpH H.Y.

7.15. AMMMAK U COJIM AMMOHUSI

AMMHAK — 3TO F8,3006p8.3H0€ COCANMHCHHNE a30Ta C BOAOPOAOM:
H H

HIN {— H-N:— NH;

H

lonyuenue:
— B mabopaTopuu — TMPHU B3aUMOJCHCTBUU COJIEH aMMOHHS CO IIeI0Ya-
MH:

2NH4C| + Ca(OH)g = C&C'z + NH3 + 2H,0;
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— B IIPOMBINUJICHHOCTHU — IIPpH BSaHMOHCﬁCTBI/II/I a30Ta € BOOJOPOIOM:

t%,p,kar
P —

N, + 3H, 2NHs.

Qusuueckue ceolicmea. aMMUaK — OECIIBETHBIN Ta3 ¢ PE3KUM 3araxoM,
MOYTH B J[Ba pasa Jierde BO3/yXa, XOPOIIO PacTBOPSETCS B BOJAE; PaCTBOP aM-
MHaKa B BOJIC Ha3bIBAIOT aMMUAYHON BOJIOM MJIM HAIIATBIPHBIM CITUPTOM.

Xumuueckue ceoticmeaa.

1. KnciioTHO-OCHOBHBIE CBOMCTBA — B3aUMOJIEUCTBHUE:

— C BOJIOM:

NH; + HOH = NH3-H,O = NHj; + OH;
ruapat ammuaka — NH3z-H,O — cnaGoe ocHoBaHue MposBIISIET ciraboienoy-
HYIO PEaKIHIo; NOH aMMOHMSI — NH] — KOMIUIEKCHBIN HOH (a30T UMEET CTe-
MIeHb OKHUCIICHUS —3, a BAJICHTHOCTH 4), 00pa3yeTcs P MPUCOSTNHEHUN MOJIC-
KYJIOi aMMHaKa OJTHOTO ITPOTOHA BOAOPO,1a MOJICKYJIBI BOIBI:
+

H H

I I
H-N:+OH" - H-N:H

I I
H H

— C raJOTeHOBOJIOPOIaAMH:
NH3 + HCI = NH,Cl xmopu ammoHust (HamaTeIph);
— ¢ KHCIIOTaMH; 00pa3yroTCsl CPEIHNE W KHCIIBIC COJIH:
NHs + H3PO4 = NH;HPOy,;
2NH; + H3PO, = (NH4)2HPO4,
3NH; + H3PO, = (NH4)3PO4
2. OKHCTTUTEIIFHO-BOCCTAHOBUTEIILHBIC CBOMCTBA — B3aUMO,ICHCTBUE:!
— € KHCJIOpOZIOM 0€3 Karaiau3aTopa 00pa3yeTcs a30T; C KaTaIn3aTopoM —
okucisieTcs 10 okcuza azora (11):
ANH; + 30, = 2N, + 6H,0;
4NH; + 50, = 4NO + 6H,0.
— ¢ METaJJIaMM: TIPH BBICOKOHM TeMmIieparype o0pa3yeTcsi HUTPH/ MeTajlia
Y BOJIOPOJI;
2Al + 2NH; = 2AIN + 3H,.

— C OKCHuIaaMu MCTAJIJIOB:
2NH3; + 3CuO = N, + 3Cu + 3H.0.
Cosin aMMOHMSsI 00Pa3yIOTCs IIPU B3aUMOIENCTBUM aMMHUaKa MM THIpa-
Ta aMMHaAKa C KUCJIOTaMU.
NHz + HCI = NH4CI;
NH;-H,O + HCI = NH4C| + H,0.
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Bce conn ammMonuns — KPpUCTAJTIMICCKHUC BCUICCTBA, XOPOIIO paCTBOPHU-
MBIC B BOJC. CunbHble QJICKTPOJIUTBI B BOOAHOM pPACTBOPC AUCCOLUMHUPYIOT Ha
HOHBI:

NH.NO; — NH: + NO; .
Coxn aMMOHHUA BBaI/IMOILGfICTByIOT C COJIsIMHU U C KHUCJIIOTAMMU.
NH.CI + AgNO; = AgCl + NHNO3;
(NH4)2CO3 + 2HCI = H,0 + CO, + 2NH,CI.
HpI/I Harp€BaHHWM COJIM aMMOHMN: pa3jiararoTcs:

NH,Cl =t~ NHs + HCI:
NHNO, == N, + 2H,0:
NH,NO; == N,O + 2H,0.

Peakiist B3anMoJIEUCTBHUS COJIEM aMMOHUSI CO IIEJIOYBIO SIBIISIETCS Kade-
CTBEHHOM peakuuel Ha KaTuoH aMmMoHus NH
NH.CI + NaOH = NaCl + NH3 + H,0;
NH: + OH = NH;T + H,0.
Beigenstomuiics aMMHaK ONPEENSOT MO 3alaxy WA M0 NOCHHEHUIO
BJIQYKHOM JJAKMYCOBOM OYMaKKH.
Conmn aMMOHMS TUAPOIU3YIOTCS B BOJHBIX PACTBOpaXx:

NHsNO;3; + H,O =NH4OH + HNOs.

N3 aMMMaka mojay4yaroT a30THYIO KHUCIOTY, TMUApAT aMMOHUS (HAIaThbIp-
HBII COUPT — NPUMEHSETCS B MEJMIIMHE), COJM aMMOHHMS (HUTPAT aMMOHUS,
dbocdar aMMOHUS U IpyrUe aMMOHUITHBIE COJIM UCIIOIB3YIOTCS B CEJTLCKOM XO-
3SIUCTBE KaK yJI00peHMUs).

Bomnpocs! u 3axanust

1. Kak MOXXHO MOJIYYMTh aMMHUakK: a) B jabopaTopuu; 0) B MPOMBIILJICHHO-
cTu?
2. KakoBbl ¢usnueckne cBoiicTBa aMmmuaka?
3. Ilepeuncnute KHCIIOTHO-OCHOBHBIE u OKHCIIUTETHHO-
BOCCTaHOBUTEJIHbHBIC CBOMCTBA aMMHUaKa.
4. Kak aMMuak B3aWMOJICHCTBYET C KHCJIOPOJOM: a) 0e3 KaTaiam3aTopa;
0) ¢ karanuzaTopom?
5. Hanumure GpopmMybi:
a) ¢propuaa aMMOHUS; 0) kapOoHaTa aMMOHWUS;
B) cynb(ara aMMOHUS; I') HUTpaTa aMMOHMUS;
1) auruapodocdara aMMoHus; e) ruapodocdara aMMOHUS.
. Kakas peakius sSiBIsie€TCsl KaueCTBEHHOM HAa KATHOH aMMOHUS?
. I'ne mpumeHsroTcs a30T, aMMHUaK ¥ COJIM aMMOHUS?
8. 3aKkoHYMTE ypaBHEHUS PEAKIINA:

~N O
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a) 2NH; + H,SO,4 —; 6) NH; + H,SO,4 —:;
B) NH;3 + Ca —; r) NH3-H,0 + H,SO4 —;
I[) NHs-H,O + H3PO,4 —; e) NHs-H,0 + FeCl; —.
9. Hanmummre ypaBHEHUS peakUUi pas3ioKEeHUS aMMOHMUHBIX COJIEH:

NH;NO2, NH4NO3, (NH4)2.CO3, (NH4)3PO4, (NH4)2SO4, NH4CI.
3agaum

1. Kakoi1 00beM KHCIOpOAA W BO3yXa HEOOXOAuUM ISl okuciaeHus 20 i
aMMuaka: a) 6e3 KaTaimsaTopa; 0) ¢ KaTam3aTopom?

2. Kakoit 06bem ammuaka (H.y.) B3aumogerictByeT ¢ 200 r pacTBopa co-
JISHOW KUCJIOTBI C MaCCOBOM J10J1e# XJIopucToro Bojopoaa 15 %?

7.16. ABOTHAS KUCJIOTA U EE COJIA

IHosy4yenue:
1. B naGoparopun — TpH B3aUMOJEHCTBUM O€3BOJHBIX COJIEH a30THOM

KHCJIOTHI C KOHHGHTpHpOBaHHOﬁ CepHOﬁ KHUCJIOTOM:
Ba(NO3)2 + H,SO,4 = 2HNO3 + BaSO,.

2. B IpoMBIIIIIEHHOCTH MPOIECC TOJIYICHHS a30THOW KUCIIOTHI HICT B TPU
CTaUU:
— OKHuCJIeHHe aMMuaka 10 okcuzaa aszora (1) kucnmopogom Bo3ayxa B mpu-
CYTCTBUM TUIATUHBI:
4NH3 + 50, = 4NO + 6H,0:;
— okucinenue okcuaa azora (1) kucnopogom Bo3ayxa:
2NO + O, = 2NOy;
— pactBopenue okcuia azora (1V) B ropsiueil Boje B MPUCYTCTBUU KUCIIO-
pona:
ANO; + 2H,0 + O, = 4HNO:s.
dusnueckne CBONCTBA: a30THAs KUCIOTa — OecIBETHAs XKUIKOCTH C
3amaxoM, KunuT npu 86 °C, jierko ucnapsieTcs; ¢ BOJONH CMEUIUBACTCS B JIIO-
OBIX COOTHOIIICHUSIX.
XumMnyeckue CBOMCTBA:
1. qucconumaiiyisi B BOJHBIX pacTBOpax:
HNO; —» H* + NO;.
2. Paznoxxenue npu HarpeBaHWU U Ha CBETY:

4AHNO;3; = 2H,0 + 4NO, + O..
Boigenstomuiicss ra3 — NO, okpammBaeT a30THYIO KHCIOTY B Oypblit
IBET.
3. BzaumoneiicTue:
— € OCHOBHBIMH OKCHJIaMU, OCHOBAHHUSIMH U COJISIMU:
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Ca0 + 2HNO; = Ca(NOs), + HO:
Mg(OH)s + 2HNOs = Mg(NO3), + 2H0:
BaCO; + 2HNO;3; = B&(NOg)z + CO;, + H,0;
— C MfCTaJlllaMHu (a30THafI KHCJIOTa — CUJIBHBINA OKHCIUTCIIb, OKUCIIUTCICM
spisroress nousl NOj, a He Bomopoma HY, mostomy npu B3auMOIEHCTBUM

HNO; ¢ meTamiamMmu BOOpo HE BBIACIAETCS; B 3aBUCHUMOCTH OT aKTUBHOCTH
MeTajljla ¥ KOHIICHTpaIuu KUCIoThl oHa BoccTaHaBiuBaercs 10 NO, NO,, N0,
N2, NH3(NH4NO3); koHIleHTpupOoBaHHAasE a30THAs KKCIOTa HE B3aUMOJICHCTBY-
eT
c Fe, Cr, Al, Pt, Au):
4AHNOgsxkon1. + Cu = Cu(NO3), + 2NO, + 2H,0;
8HNO3pa3z6ag. + 3Cu = 3Cu(NOs), + 2NO + 4H,0;
10HNOgskoH1. + 4Ca = 4Ca(NOs); + N2O + 5H,0;
10HNO3pa36as. + 4Ca = 4Ca(NOs), + NH4sNO3; + 3H,0;
— C HEMETaJUIaMHU:
S + 2HNOgspaz6as. = H,SO,4 + 2NO;
P + BHNOgzkoH11. = HPO3 + 5NO; + 2H,0.

Bce conm a30THON KHCIOTHI HA3bIBAIOTCSl HUTpAaTaMu (HUTPAThI HATPUA,
KaJIiss, aMMOHHS M Kaibliis HaspiBatoTcs cenutpamu; NaNO; — Hatpuenas
cenmutpa, NHsNO3; — amMmmuauHas cenutpa U T. J1.), XOpOIIO PACTBOPSIIOTCS B
Bozae. Conu, oOpa3oBaHHbIE CIA0BIMU OCHOBAHUSIMHU, THAPOJIM3YIOTCS B BOJI-
HBIX PacTBOpaXx:

CU(N03)2 + H,O = CuOHNO;3; + HNO3;

Cu? + H,0 = CuOH* + H".
[Ipn HarpeBaHMM BCE HUTpPAThl PA3JIArarOTCs C BBIAEIEHUEM KHUCIOpPOAA,
BBIJICJIEHUE JIPYTUX IMPOAYKTOB PA3JIOKEHHUS 3aBUCHUT OT IOJIOKEHUS METalIa
B DSy HAIIPSKEHUM:

10 Mg »MeNO, + O,
MeNO; / B psiny Mg — Cu »MeO + NO; + O;
\ nocite Cu »Me + NO, + O

IIpumeHeHne: a30THYIO KHCIOTY NMPUMEHSIOT JJIS TOJYYEHHUS a30THBIX
yIOOpeHUH, JICKApCTBEHHBIX W B3phIBYATHIX BemecTB; ee coiu — NaNOs,
KNQOj3, Ca(NOs3),2, NHsNO3; — ucroab3yroTcst Kak a30THbIC yI00peHUsI.

Bonpocsl u 3a1anus

1. Kak MOXHO MOJYyYUTh a30THYIO KUCJIOTY B JJabopatopuu?
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2. Hanumure, Kakue XUMUYECKUE PEAKLUU MPOUCXOIAT IPU MOTYYEHUN
a30THOM KUCJIOTHI U3 aMMHaKa?
3. KaxoBbl (puznueckue cBOMCTBA a30THOM KUCIOTHI?
4. KakoBbl XMMHUECKHE CBOMCTBA A30THOM KUCIIOTHI?
5. Hanmummre noHHbIE ypaBHEHUS peaKLIUA MEXKY:
a) TUAPOKCHUIOM KaJIbLIHS U a30THOM KUCIOTOMH;
0) okcuaoM Oapus U a30THOM KHUCIIOTOI;
B) KapOOHATOM KaJlbIUs U a30THOUM KUCIIOTOI;
I') HUTPATOM cepedpa U XJIOPUIOM HATPUS.

6. [ToueMy a30THas KHCIIOTa — OKHCIIUTENb, & aMMHAaK — BOCCTAHOBH-
TeNnb?
7. 3aKOHYUTE YPaBHCHUS PEAKIINA:
a) H,S + HNO; —; 0) HNOgskonm. + Ag —;
B) HNO3pa36.+ Ag —; 1) HNO3spa36. +Zn — N,O + ...;
1) HNO3z + NH3; —; e) P + H,O + HNO3pa36. — HzPO,4 + ...

8. Hannmurte ypaBHEeHUS peakiiuii 11 MpeBpaIieHuil:
a) N2 > NH3z — NO — Cu(NO3), - NO,; —» NO;
6) NH3 —)Nz —>NO —» C&(NO3)2 —> HNO3 —> NOZ;
B) NH; - NO; - HNO3; - NO — KNO3; — Oy;
r) N, > NH; —» HN03 —> N&NOg —> N&NOz —> HNOz;
,Z[) NH4N02 —> Nz —> NOZ —> N&NO?, —> HN03 - NO,
e) Pb(N03)2 —> NOz —> N&NOg —> HNOg —> NzOs —> NOZ;
)I() NH3 —> (NH4)2504 —> NH4C| —> NH4N03 —> Nzo;
3) NH4HC03 —> (NH4)2C03 —> NH3 —> NH4N02 —> Ng — AIN.

3agaum

1. Onpenenure mMaccy pacTBopa a30THOM KHCIOTHI C MacCOBOMW JIOJICH ee
58 %, KOTOPYIO0 MOXKHO MOJYYUTh U3 HUTpATa HATpHs Maccoi 1,7 Kr.

2. Beiuuciaute maccy HUTpaTa Kajivs, KOTOPBIA HAJ0 Pas3JIOKUTh JJIS TO-
Jy4deHus Kuciopoja oobemoM 11,2 11 mpu HOpMaIbHBIX YCIOBUSX.

3. IIpu neiictBun Ha cmech Mean u okcuaa meau (I1) maccoit 14,4 T pas-
OaBJIEHHON a30THOM KHUCJIOTOM BhIIEIUICS ra3 oobemom 1,49 11 (H.y.). Onpene-
JIUTE MAaCCOBYIO J0JIIO (B %) OKCHIa MEIU B CMECH.

TecToBBIIT caMOKOHTPOJIB (19) MO TeMe «A30T U ero coeUHEHUsD)

1. Vkaxxkute BelecTBa, y KOTOPHIX BaJIGHTHOCTh aTOMa a30Ta paBHa 3:
a) HUTpaT HATPUS; 0) azor;
B) HUTPAT aMMOHHUS; I') aMMHaK.
2. YKaXHTe, KaK W3MEHSETCS YCTOMYMBOCTh COCIMHEHHH B psay
NH; — PH3; — AsHs:
a) YMCHbIIIAeTCH; 0) yBeJIMUUBALTCH; B) HE U3MEHSIETCHI.
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3. YKa)KI/ITC, KaK U3MCHJIICTCA XUMHNUCCKA]A dKTUBHOCTLH 3JICMCHTOB B pSII[y
N—->O-—>F:

a) YMEHbBIIIAeTCH; 0) yBeTMIMBaCTCS; B) HE U3MEHSETCS.
4. YKaxXuTe BEIECTBO, C KOTOPBIM a30T pearupyeT Mpu KOMHATHON TeM-
neparype:
a) BOJIOPOST; 0) IUTHIA; B) KHUCIIOPOJ;
') MarHui.
5. YKaxuTe BEUIECTBA, Y KOTOPBIX CTENEHb OKUCIEHUSI aTOMa a30Ta paBHa
-3:
a) Ca(N03)2; 6) (NH4)2804; B) KNOy; r)
NHs.
6. Peakuust Mex 1y KUCIOPOIOM U a30TOM SIBIISICTCSI:
a) PHJAOTEPMUUECKOM; 0) 9K30TepMUUECKO;
B) KaTaJIUTUYECKOM; ') OKUCIIUTEIbHO-BOCCTAHOBUTEIHHOI.
7. YKaXuTe peakiiiu, KOTOPble 3aKaHYMBAIOTCSI 00pa30BaHUEM aMMHUAKa:
a) NH4Cl + Ca(OH), —; 0) (NH4).CO3 —;
B) NHsNO3 —; r) NHsNO; + NaOH —.
8. Ykaxkute, Kak  MOXHO  CMECTUTh  paBHOBECHE  PEAKIUU
N, + 3H; = 2NH; + Q BmpaBo:
a) IOHU3UThH JIABJICHUE; 0) MOHU3HUTH TEMIIEPATYPY;
B) 100aBUThH KaTaau3aTop; T') YBEJIUYUTHh KOHIIEHTPAIUIO a30-
Ta.

9. YkaxkuTe BelecTBa, MPHU B3aUMOJICUCTBUHM ¢ KOTOPHIMH aMMHaK IPO-
SIBJISIET OCHOBHBIE CBOMCTBA.!

a) O 6) H,0:; B) H3POy;
r) HCI.
10. YkaxuTe BeliecTBa, C KOTOPbIMUA pEarupyeT aMMHUaK:
a) BOJa; 0) KHCIIOTHI; B) IIIEJIOYH; T') COJIH.
11. AMMuak pearupyet ¢ KUCIopoa0oM U 00paszyeTcs:
a) CBOOOIHBIN a30T; 0) oxcup azora (l);
B) okcup azota (I1); r) okcup azora (V).
12. Bce coim aMMOHUS pa3jiararoTcs MIEI0YaMy C BBIJICIICHUEM:
a) Na; 0) NO; B) NOg;
r) NHs.

13. VkaxuTe cxeMbl peakiifii, KOTOpble MOTYT OBITh HCIIOJIB30BAHBI IS
MTOJIYYEHUS COJIEM aMMOHMS:
a) NHz + H3PO4 —; 6) NH4Cl + KOH —;
B) NHsNO; + KCI —; F) (NH4)ZSO4 + BaCl, —.
14. YkaxuTe BeUIeCTBa, C KOTOPHIMU pearupyeT KapoOoHAaT aMMOHUSL:
a) NaCl; 6) NH3; B) H2SOy; r)
NaOH.
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15. yKa)KI/ITG, Kakue COJIM pa3j1araroTcs ¢ BBIACICHUEM aMMHAaKa:
a) NHiNOg; 6) (NH4)2C03; B) (NH4)3PO4; F)
(NH2),SO..

16. YkaxxuTe, B KaKyld CTOpPOHY CMEIIA€TCS pPABHOBECHUE PEaKIUU

4ANO; + O; + 2H,0 = 4HNO3 + Q npu MOBBIIICHUH TEMIIEPATYPHI:
a) BJICBO; 0) BIIpaBo; B) HE CMeEIIaeTCsl.
17. YkaxuTe cTeneHb OKUCICHUS U BAJIEHTHOCTh a30Ta B a30THOM KHUCIIO-
TE:!
a) +5 u -5; 0)+t3us; B)—5u3;
r) +5 u 4.
18. YkaxxuTe oOIiee YuciIo 3JIEKTPOHOB, KOTOPOE YYaCTBYET B pPEaKIMU
Cu+ HNnga36. = CU(N03)2 + NO + H,0:

a) 10; 0) 6; B) 3; r) 5.
19. Vkaxwure, kakoit sBisiercs peaknust 4NH;z + 30, = 2N, + 6H,0 + Q:
a) KaTaJINTUYECKO; 0) oOpaTuMoi;
B) DK30TEpPMUYECKOMH; I') OKHCIIUTEIbHO-BOCCTAHOBUTEILHOM.
20. YkaxxuTe peakifu, KOTOPbIE MPOTEKAIOT MPH OOBIYHBIX YCIOBUSAX:
a) NH4Cl + H3PO, —; 6) (NH4)2C03 + H3PO,4 —;
B) (NH4)2SO4 + H3PO, —; F) NH4OH + H3PO4 —.
21. YxaxuTe peakiuu, KOTOpbIe MPOTEKAIOT ¢ BhIeeHneM okcua asota (11):
a) NH; + O, ——; 0) Cu + HNOskoHnI11. —;
B) Cu + HNO3paz6.—; r) NHz + O, —.

22. Vkaxwure, uto npeacrasisger coboit npespamenne NO, — NO;3:

a) OKHCJICHHUE; 0) BOCCTaHOBJICHHE,
B) 0€3 U3MEHEHUS CTENIEHU OKUCIIEHHUSI.

23. Ykaxure, uto npeactasnseT coboii nmpespamenne NO, — NO:
a) OKHCJICHUE; 0) BOCCTaHOBJICHHE,
B) 0€3 U3MEHEHUS CTENIEHU OKUCIICHHUS.
24. YkaxuTe, ¢ KaKUMH BEIIECTBAMU pearupyeT a30THas KUCIIOTa:
a) oxcua meau (1); 0) 30J10TO;
B) TUJIPOKCUJ] HATPUS; I') aMMHaK.
25. YKaxxuTe mapbl CXeM peaklui, ¢ MOMOILIbI0 KOTOPBIX MOXKHO MOJY-
YUTh HUTPAThI:
a) Ag + HNO3paz36. — u NaNO; + K;,CO3 —;
0) Ca(OH); + HNO; — u BaCl, + HNO; —;
B) MgCl; + AgNO3; — n BaCO3 + HNO3 —;
r) NaAlO; + HNO3; — u NH3 + HNO3paz6. —.
26. YKa)XuTe HUTPAThl, KOTOPbIE pa3jiaratoTcsi ¢ 00pa3oBaHUEM OKCHJIA Me-
TaJuIa:
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a) NaNQOg; 0) Cu(NOs),; B) Fe(NO3)s; r) Ag-
NO:s.
27.yKa)KI/IT€, KaKHC T'a3bl BBIACIIAIOTCA IIpU TCPMHYCCKOM PA3JI0OKCHHUHA
HUTpaTa aJIIOMHUHUA:

a) Oy; 6) No; B) NO; r)
NO;.

28. YKaxuTe HUTPATHI, IPU Pa3I0KEHUH KOTOPHIX 00pa3yeTcst MeTall:
a) AgNOs; 6) HY(NOs); B) KNO3;

F) Mg(N03)2
29. YkaxxuTe, KaKue COJM a30THOM KUCJIOTHI MOBEPTAOTCS THAPOJIN3Y:
a) A|(NO3)3; 6) NaNOs; B) FE(NO3)2; F) Mg(NOg,)z
30. Ykaxure PCaKIH, KOTOPLIC IIPOTCKAIOT C BBIIACICHUCM OKCHIA a30Ta
(1V):
a)Ag + HNOskonI1. —; 6) NH; + O, —;
B) CU(NOs3); —; r) Ag + HNO3pa36. —.

71.17. DOC®OP

®ocop HaxoauTCs B TPUPOJE B BUIAE MUHEpaioB — docdopura
Caz(POy), u anatura Cas(POs)3X (X = F, Cl, OH). Coenunenne Cas(PO4);0OH
BXOJHUT B COCTaB KOCTHOM M 3yOHOM TKaHW. B Buae npyrux coemuHenuit doc-
¢ op BXOJUT B COCTaB OCJIKOB, HEPBHOW U MO3TOBOM TKaHHU.

IMonyyenne: u3 ¢ocdara kaublus, Mecka W YIUISI MPU TEMIIEpaType
1500 °C:

Cas(POa), + 5C + 3Si0O, = 3CaSiO; + 2P + 5CO.

du3zuveckue cpoiictBa: Gochop — mpocToe BEIIECTBO, MOKET CYIIE-
CTBOBaTh B BHJIC HECKOJIBKHAX AJIOTPOMHBIX MOIU(DHUKAINNA, KOTOPhIE MMEIOT
pasIUYHBIC KPUCTALUTMICCKAE PEHICTKA M OTJIMYAIOTCS APYT OT JApPYyra 1Mo XH-
MHUYECKHMM CBOMCTBaM; HaubOoJiee yCTOMUMBBIMU MoaudukanusmMu (ocdopa
SABJISIFOTCSL O€Mblid, KpacHbIM U YepHbIi (ochop (6enbrit hochop umeer Mose-
KYJSIPHYIO KPUCTALTMYECKYIO PEIIETKY M Ha BO3JyXe OBICTPO OKHUCISIETCS U
CBETUTCA B TEMHOTE; OH SIZIOBHUT, B BOJIC HE PACTBOPSIETCS, HO XUMHUYECKH 00-
Jiee aKTHBEH, YeM KpPaCHBIN U uyepHbIid (ocdop; KpacHbI (Hochop UMEET aToM-
HYI0 KPUCTALINYECKYIO PEIIETKY, He CBETUTCSA B TEMHOTE, HE SIJIOBUT; YSPHBIN
dbochop UMEET KPUCTATUTMUECKYIO PEIIETKY Kak rpaduT, HE SAOBUT, IPOBOIUT
AIEKTPUUECKUHN TOK).

Xumnueckue cBoiictBa: dochop Oojiee aKTUBEH, YEM a30T, B3aMMO/ICH-
CTBYET:
— C KHUCJOpOJOM, rajoreHamu, cepoid u HekoTopbiMu MeTayiamu (Na,
Ca):
2P + 50, = 2P,0s; 2P + 3Cl, = 2PCl;;
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2P + 3S = P,Ss; 2P + 3Ca = CasP»;
2P + 5S = P;Ss; P + 3Na = NasP;
— €O CJIOHBIMH BEIIECTBAMHU:
3P + 5HNO3pas6. + 2H,0 = 3H3PO,4 + 5NO;
P + S5HNOzkon1. = H3PO,4 + 5NO; + H,0;
2P + 5H,SOg4kon1. = 2H3PO,4 + 550, + 2H,0.
B coeaunenusax docop mmeer crenenu okucieHus —3, +3 u +5. D10
OOBSICHSIET DJIEKTPOHHAsI KOH(UTYpaIisl BHEIIHETO SHEPreTHUYEeCKOro YpOBHS
aToma ¢ocdopa:

S p d
3323p3|¢¢\¢\¢\¢\T\ N
IIpumeHeHHne: B OCHOBHOM — JUIS IONy4YeHHS (POCHOPHOM KHCIOTH,
KPacHbI (OcGOp — NPU M3TOTOBJIECHHU CIIUYEK, O€JBIi — JUISA ITOJyYEHHs

JBIMOOOPA3YIOIINX U 32)KUTATEIbHBIX BEIIECTB.
Bonpocs! U ynpa:kHeHust

1. Kakue npupoaubie coenuHenus Gpocdopa Bri 3Haere?

2. Harmmummre peaxiuto monydenus docdopa.

3. Kakue ¢usudgeckne CBOWCTBA MMEIOT OCIBIA, KPacHBIM W YepHBIA (HoC-
dop?

4. Hanumurte ypaBHEHHUs peakiuil B3aumojeictBus docdopa ¢ Xjiopowm,
OpOMOM, KUCIOPOIOM, CEPOH.

5. [Ins uero npumensieTcst 6enbiil u KpacHbii hochop?

7.18. OKkCuJ1 @OCHOPA (V). OPTOGOCPOPHAS KUCJIOTA U EE COJIA

Oxcua dochopa (V) — 6Genblii, peIXJIBIA MOPOIIOK; MPH PACTBOPECHUU B
BOJIE 00pa3yeT pa3HbIe KUCIOTHI:
P,0s + H,O = 2HPOs3 meTtadochopHas KUCIO0Ta;

P,0Os + H,O L 2H3PO4 opTodochopHas kuciora.
B3anmoneicTByeT ¢ OCHOBaHUSIMU U OCHOBHBIMU OKCUAaMHU:
P>,Os + 6NaOH = 2NasPO,4 + 3H,0;
P,0Os5 + 3Ca0 = Cag(PO4)2.
[Tpu B3aumoneiictBuu P05 co mienoyaMu B 3aBUCUMOCTH OT COOTHOIIE-
HUS PEareHToB 00pa3yroTCs HE TOIBKO CPEIHUE, HO M KUCIIBIE COJIU:
P,Os + 4NaOH = 2Na;HPO, + H,0;
P,Os5 + 2NaOH + H,0 = 2NaH,PO.,.
[TpumensroT okcuna hocdopa (V) 11t BBICYIITUBAHUS BEIIIECTB.
®ochopuas (oprodochopnas) xkuciaora H:3POs — Oenoe kpucramiu-
YECKOE€ BEILECTBO, XOPOIIIO PACTBOPSIETCS B BOJIE, HE TIPOSIBIISIET CBOMCTB OKHUC-
JIUTENIS 32 CYET aHUOHOB, TaK KaK CTEIEHb OKUCJICHUS +5 04eHb yCTOWYMBA JIJIs

docdopa.
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B nabopatopun dochopHyrO KUCIOTY MOTYUYalOT MyTeM OKUCISHHS (oc-
dopa pa3baBIeHHON a30THOM KHUCIOTOM.

B mpombinuiennoctn H3zPO, monywatror npu B3aumogeinictBuu (docdara
KaJlbLIMs C CEPHOM KUCIOTOM MpU HArpEeBaHUU:

Cag(PO4)2 + 3H,S0, = 3C&SO4~L + 2H3PO.,.

B BomHbIX pacTBOpax dhochopHas KHCIO0TA TUCCOITUUPYET B TPH CTAINU:

1 —HsPO4 = H" + H,PO;;

2— H,PO, = H"+ HPO;;

3— HPO” = H" +PO] .

Jucconuanusi TpOUCXOAUT MPEUMYIIECTBEHHO MO 1-il cTaauu, mo3ToMy
B pactBope (pocopHoii kucaoThl peodianaroT nonsl HoPO; .

docdopHas KHCIOTa UMEET BCE OOIIUE CBOMCTBA KUCJIOT, HO 3HAYUTEIb-
HO cylabee CepHOM U a30THOM KUCIIOT:

6Na + HzPO, = 2NazPO,4 + 3H5;
3Ca0 + 2H3P0O, = Ca3(P04)2 + 3H,0:;
3Ba(OH)2 + 2H3P0O, = Bag(PO4)2 + 6H,0;
2NH3 + H3PO4 = (NH4),HPOy,;
Na,CO; + H3PO, = 2NazPO,4 + 3CO, + 3H,0.

IIpu narpeBanuu ocdopHas kuciaoTa npeppaiiaercs B nupodochopHyro

(mudocdopHyro) KUCIoTy:

2H3PO, L H4P,07 + H,0.

Coau docdopHoii kucaoThl HazbiBatoTcs docharamu. PocdopHas Kuc-
JOTa — TPEXOCHOBHAs, MOATOMY OOpa3yeT Tpu Tuma coiyieid. Hanpumep, npu
HeWTpanu3auuu (oCcPOpPHOM KHUCIOTHI THUIAPOKCHAOM HaTpus 00pa3yroTcs
Gocghamol, cuopogocghamovl u dueuopogocgamsi B 3aBUCUMOCTH OT MOJISIPHO-
IO COOTHOIIEHUS KUCIOTHI U HIETOYH:

HsPO4 + 3NaOH = NasPO4 + 3H,O  docdar natpus;

HsPO4 + 2NaOH = Na;HPO, + 2H,O  runpodocdar Hatpus;

HsPO4 + NaOH = NaH,PO,4 + H,0 murupodocdar HATPUS.

BonsmmHCcTBO (hocdaTtoB HepacTBopuMO B Boje, kpome (ocdatos tie-
JIOYHBIX METAIOB UM amMMoHus. Jurunpodocdarsl Xopomo pacTBOpSIOTCSA B
BOJIE.

®docdatsl u runpodocdaThl KaTbIMg ¥ aMMOHUS TIPUMEHSIIOT Kak yao0pe-
HUSL.

Bonpocs! u 3aganust
1. Kakue kucioTsl MOTyT 00pa3oBaThbCsl MPU PACTBOPEHUHM OKcHaa (oc-
dopa (V) B BoAE?
2. Kak nmonydaroT dochopHyro KHCIOTY: a) B jJabopartopuu; 0) B Mpo-
MBIIIJIEHHOCTH?
3. Hanumure ypaBHeHuUs Auccounanuu GochopHOil KUCIOTHI.
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4, Kakue Turbl cojiei obpasyeT gocdopHas KUCIOTa, U KaKOBa MX pac-
TBOPUMOCTH B BOAE?
5. 3aKOHYHUTE YPAaBHEHUSI PEaKIIHil:
a) P,Os5 + H,O —;
6) P,Os5 + H,O —;
B) P,0s + CaO — docdar kanpius;
r) H,0O + P,0s + CaO — muruapodocdar kaibmws,
1) H,0 + P,Os + CaO — runpodocdar kaabiys.
6. HazoBute comu: Ky;HPO,, Bas(PO4),, CaHPO,, Ca(H2PO,),,
(NH4)2HPQO,.
/. Hanmuute GopMysibl BCEX COJICH, KOTOpPhIE 00pa3yroTCs MPU B3aUMO-
nerctBun (hocHopHON KUCIOTHI C AMMHAKOM?
8. Hannmure ypaBHEeHUS peakiiuii 1Jis peBpaIieHui:
a) Cag(PO4)2 >P-> H3PO4 —> KH2PO4 —> K3PO4 —> KH2PO4;
6) P205 —> Cag(PO4)2 —> Ca(H2P04)2 —> CaHPO4 —> H3PO4;
B) P—> P205 —> Ca(H2P04)2 —> CaHPO4 —> Ca3(PO4)2;
F) P— H3PO4 —> (NH4)3PO4 —> (NH4)2HPO4 —> NH4H2PO4 —> NH3;
)1) P— Cas(PO4)2 —> Ca(H2P04)2 —> (NH4)3PO4 —> NH;3; > NO.

3agaun

1. Beruncnure MaccoByro o0 (B %) okcuaa pocdopa (V) B XUMHUUECKU
yucToM rugpodocdare KaibLus.

2. Oxcun gocdopa (V), koTopeiit obpazosancs npu cxuranuu 3,1 T doc-
dopa, pactBopusiu B 70 MJ1 pacTBOpa r'MAPOKCHUIA KaJIUsI C €r0 MacCOBOM JoJien
14 % u motHoCThIO 1,14 T/M. OnipeaenuTh MacCOBYIO J0JIIF0 00Opa30BaBIICHCS
cosii B pacTBope (B %).

TecToBbIi CAMOKOHTPOJIb (20) 110 Teme
«®ochop 1 ero coeMHEHHU»

1. Vkaxxutre KOHGUTYypalri0 BaJIEHTHBIX 3JEKTPOHOB aToMoB (ochopa
B BO30Y>KJICHHOM COCTOSIHUH:
a) ...3s23p33d"; 0) ...3s'3p%3d!;
B) ...3523p?3d%; r) ...353p?3d>.
2. YKaKUTE BEIIECTBA, B PEAKIHIX ¢ KOTOPHIMH (ochop sBISECTCS BOC-
CTaHOBUTEJIEM:
a) Oy; 6) Cly; B) Mg; F)
HNO:..
3. YKaxuTe BElIeCTBa, B PEAKIUAX C KOTOPbIMU (Pocdop SBISETCS OKUC-
JUTENEM:
a) Ca; 6) HNO3pas0.; B) HoSOuxon1r.; 1) Mg.
4, Yxaxure, ¢ KaKUMH U3 BEIIECTB OyaeT pearupoBaTh okcuj (ocdopa
(V):
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a)CaCly; 0) SiOy; B) Ca0; r) NaOH.
5. Ykaxure, Kakue MOHBI MPeo01a1atoT B pacTBope PocPopHON KUCTOTHI:
a) H,PO;; 6) HPO;™; B) HPO; ; r) HPO; u PO; .

6. YkaxuTe, Kakue CTEeTIeH! OKUCIICHHUS uMeeT Gpocop B CBOUX COETUHE-
HUSIX:
a) —3; 0) +3; B) +5; r) +1.
7. Ykaxurte, 4To co00M npexacrasiser npespamenue P — POy :

a) OKUCJICHHUE; 0) BOCCTaHOBJICHHUE;
B) 0€3 UBMEHEHUS CTEIEHU OKUCIICHHUS.
8. YkaxuTe BemecTBa, ¢ KOTOPHIMU pearupyeT ¢pocopHas KUCIOTa:
a) Cu; 0) Zn; B) Caz(POy)2; r) CaHPQO,.
9. Vkaxkute COCAMHECHHE, KOTOPOE SBIISCTCS OCHOBHBIM KOMITOHCHTOM
KOCTHOM ¥ 3yOHOM TKaHHU:
a) CaCOs; 0) Cas(PO4)2; B) Cas(PO4)3(OH); T)
Ca(H2P04)2.
10. YkaxuTe BemiecTBa, ¢ KOTOPbIMU pearupyeT auruapodocdar aMmmo-
HUSL:

a) H3PO4; 6)H2804; B) NH3; F) KOH.

7.19. OBIIASI XAPAKTEPUCTHUKA SJIEMEHTOB
HNOArPYIIIbI YIJIEPOJIA

B rnaBnoit moarpymme |V rpynmbl nepuoanyeckoid CHCTEMBbI DJIEMEHTOB
JI. 1. MenneneeBa Haxoasatcs saementsl yriaepon (C), kpemuwmii (Si), repma-
uuii (Ge), onoso (Sn) u ceuren (Pb). Yriepon u KpeMHHUH SIBIISIOTCS HEMETaJ-
JaMH, a TepMaHHii, 0OJI0BO U CBHHEI[ — METaJlJIAMH.

Ha BHelHeM 3HEpPreTHYECKOM YPOBHE aTOMBI 3JICMEHTOB MOATPYIIIbI yT-
JepoAa MMEIT MO JBa HECHAPEHHBIX »JIeKTpoHa: Ns?np?. T1osToMy JaHHBIE
BIIEMEHTHI MOTYT UMETh BAJIEHTHOCTH 2. B BO30YKIEHHOM COCTOSHHM OZHMH M3
S-2JIEKTPOHOB MEPEXOIUT Ha CBOOOJHYIO p-OpOUTAIbh U MOSABISIIOTCS 4 Hecma-
peHHbIX dnektpoHa: ns?np? — ns'npd. B stom cimyudae snementst |V rpymmsl
UMEIOT MaKCUMAaJIbHYIO BAICHTHOCTD 4.

Yraepoa U KpeMHUM B KUCIOPOJHBIX COCTMHEHUSIX UMEIOT MOJI0KUTEIb-
+4  +4
HyIO cTeneHb okucnenus — CO,, SiO,. B BOIOPOIHBIX COEAUHEHUAX yIJIe-

4
1 o
POJl MMeeT OTpHIaTebHyIo creneHs okucienus (CHJ), xpemuumii — moso-

+4
sxurensayio (SiH;Y).

Yraepon u kpemHuil 00pazyroT okcuabsl oomieit popmynasl RO u RO, a
BOJIOPOJIHbIE coeuHeHns nMeroT ooyt Gopmyny RH4, Oxcunam RO, coot-
BeTcTBYIOT kucioThl HyRO3. Kucnorasie cBoiictBa okcugoB RO; ocnabeBarot
C YBEITMYECHHUEM MOPAIKOBOTO HOMepa 3nemeHTa. OT yriepoaa K CBUHILY CHH-
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KAETCsl MPOYHOCTh BOAOPOAHBIX coeanHeHnit RH4. B moarpynne cBepxy BHU3
HEMETaJUIMYECKHe CBOMCTBA 0CIa0eBaloT, a METANIMYECKUE — YCUITUBAIOTCS.

Bonpocsl u 3aganust

1. Kakue a1eMeHTBI BXOJIAT B MOATPYIIY yriepoa’?

2. Kakyro koHUTrypaiuio BHEIIHETO SHEPreTHYECKOr0 YPOBHS HMEIOT
aTOMBI 3JIEMEHTOB TMOJATPYIIIHI YTIEpOa B OCHOBHOM M BO30YKIEHHOM COCTO-
STHUAX?

3. [IpuBenuTe mpUMeEpbl COSTUHEHUN, B KOTOPHIX AJIEMEHTHI MOATPYIIITHI
yTIIEpPO/ia UMEIOT: a) MOJIOKUTEILHYIO CTCTICHh OKUCIICHUS; 0) OTPHUIIATEIIbHYIO
CTEIIEHb OKUCIIEHHUSL.

4, KakoB xapakTep OKCHIOB JIEMEHTOB TOATPYIIIEI yriiepoaa?

5. Kak m3MeHsroTCsS CBOMCTBA 2JIEMEHTOB B MOATPYIMIIE yriepoaa CBEpXy
BHH3?

7.20. YIJIEPO/

Yriepoa BXOJUT B COCTaB MHOTUX HEOPTaHUYECKUX BEUIECTB (M3BECTHSIK,
MeJl, MpaMop U JIPYTHE), PACTUTENBHBIX U )KUBOTHBIX OPTaHU3MOB, a TAKKE YT-
neil, Hedptu u Topda. B Bo3gyxe oH conepxutcs B Buje yriaekucioro raza COs.
B cB060HOM COCTOSIHMM YTiiepo]] ObIBaeT B BUIC HECKOJIBKHX AJJIOTPOIHBIX
MouduKaluii, BaXKHEHIITUMHA U3 KOTOPBIX SIBISIOTCS anmas, TpaduT, KapOuH
u (pymnepeH.

du3znyecKue cBOCTBA: aaMa3 U Ipad@UT UMEIOT ATOMHYIO KpUCTAJINYE-
CKYIO PELIETKY.

Anma3z npeacTaBisieT coO0M OECIBETHBIE U MPO3pPAUYHbIE KPUCTAILIIBL U SIB-
JSI€TCA CaMbIM TBEPABIM B MPUPOJE BewmecTBOM. OH HE MPOBOAUT dJIEKTpUYE-
ckuil TOK. [IpUMEHSIOT ero Kak IOBEJIUPHOE YKpallleHHWe, JUIsl pe3KH CTeKiIa
1 00pabOTKH METaJLIOB.

I'paghum — msiTKOE TEMHO-CEpOE BEIIECTBO C METAIIIMYECKUM OJIECKOM.
Xopouio mMpoBOAUT IeKTpuueckuii Tok. [Ipumenstor rpadut 1 MoTydeHUs
AIEKTPOJOB U KapaH/IalICii.

Kapbun — 5T0 4depHBI MOPOIIOK ¢ aTOMHOW KPUCTANIMYECKON peleT-
koi. [1pu cruiibHOM HarpeBaHUM MPEBpAIAETCS B rpaduT.

Dynnepenvl MPENCTABISAIOT COOOM KPUCTAIIMYECKHUE BEIIECTBA UYEPHOIO
[[BETa C METAJUIMYECKUM OJieckoM. B HacTtosiiee BpeMst oJiydeHbl PyIuiepeHbl
Ceo, C70, Cgo B T. 1.

XuMu4YecKue CBOMCTBA: NMpU OOBIYHOM TeMIlepaType yriiepoj Majio aK-
TUBEH; NIPY HArpPEBaHUM — PEArupyeT ¢ IPOCTHIMU U CIIOKHBIMU BEILIECTBAMMU:

C+0, == CO, 2C+0,==2CO: Ca+ C = CaCy:

c+S =£=CS, C+Cuo == co+cCu: CaO + 3C = CaC, +
CO;
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2C+N;=(CN): C+H,0 == CO + Hy; C + 2H, == CH..
CoenuHenust yriaepojia ¢ METallaMu Ha3bIBalOTCA KapOujamu. M3 ramo-

TCHOB YTJIEPOJI PearupyeT TOIBKO ¢ PTOPOM:
2F; + C = CF,.

BOl'lpOCLI H 3aJJaHusA

1. B xakoMm Bujie yriaepoj BCTpedaeTcs B mpupoie?

2. HazoBuTe aimoTpomnHbie BUIOM3MEHEHUS yriepoaa?

3. KakoBnbl (huzuveckue CBOMCTBa ajiMasa, rpaduta, kapOuHa u Qysuiepe-
Ha?

4. I'ne npuMeHstoTcs anmas u rpadur?

5. Hanumure ypaBHeHUs peakiuil yriepoja ¢ HeMeTajljlaMu, MeTajlJlaMu
U OKCHJaMH METAILJIOB.

6. Hammmmre GopMyibl cOeTMHEHHUI yTiepoja ¢ XKEeIe30M, aTFOMUHUEM,
OeprIITieM.

7.21. OKCHIBI YIJIEPOJA

Oxcua yraepoaa (I11) — CO, uinu yrapHblii ra3, sBIIsieTCs Hecojaeo0pa-
3YIOIIUM OKCHJIOM M MPEJCTaBIISIET cO00M OECLBETHBIN, SI0BUTHIN Ta3, 0e3 3a-
naxa. OH HECKOJBKO JIerde BO3/yXa, Majo pacTBOpuM B Bojie. [Ipu oObIYHBIX
YCIIOBHSIX HE pearupyer HU ¢ KUCIOTAMM, HU CO IIejaodyaMu. B Moiiekyine okcu-
na yriepoaa (I1) umeercst TpoitHast cBa3b. TpeTbs KOBaJIEHTHAs CBSI3b 00pa3y-
€TCs MO JIOHOPHO-aKUENTOPHOMY MEXaHU3My. ATOM KHCIOPOJA IAET OJIHY U3
CBOOOJTHBIX DJIEKTPOHHBIX IMap aromy yriepozaa. Kuciopos sBisercst JOHOPOM,
yTIEepOJ — aKIENTOPOM:

o .

XCO «— 0 —» JCX0: —>C == 0,
X

B aTOM coenvHeHHH BaJE€HTHOCTH YTJiepojia paBHA 3, a CTENEHb OKHCIIe-
HUS 2.
B npomviunennocmu oxcup yriepoaa (1) momyuaror o peaxiuu:

0
CO, + C == 2C0.
B nabopamopuu oxcup yraepona (1) momydaror pasioxxeHrueM MypaBbU-
HOW KUCJIOTHI:

HCOOH LS50 H,0 + CO.

Oxcun yraepona (1) B Bozmyxe u KHCIOPOJE TOPUT TOTyOBbIM IIJITAMEHEM.
2C0O + O, =2CO0O, + 572 /I x.

OH — CUJIbHBI BOCCTAHOBUTEIb, BOCCTAHABIMBAET METAJUIbI U3 UX OKCHU-

JIOB.
CO+FeO=Fe+ CO, CuO+CO=CO; +C.
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Oxkcun yraepona (1) coequnsiercs: ¢ reMornioonHoM kpoBu. ObOpasyroiiie-
€Csl IPU ATOM COEIMHEHHE HE MEePEHOCUT KUCIOPO K TKaHAM. YenoBek MOXKET
yMepeThb MOCIe TOJTOro BabixaHus okcuaa yrieponaa (I1).

Oxcua yriaepoxa (1V), win yriaekucianiii ra3 — CQO2, oOpa3yercs B
OpUpoje MPU TOPEHUHM U THUEHHWU OPraHMYECKUX BeIlecTB. Boiaensercs npu
JBIXaHUW KUBOTHBIX U PACTCHHM.

Oxcun yrimepoaa (IV) — OecBETHBIN Ta3, TsDKENEe BO3MyXa, XOPOIIO
pactBopsieTcst B Bojie. B monekyne CO; Bce 4eThlpe KOBAJICHTHBIC CBSI3U TO-
JsipHBL. MosieKysa UMeeT JTMHEHHOE CTPOCHUE U HETIOJSIpHA.

B nmaGoparopuu gaHHBIA OKCHJ HOJYYarOT IPH AEUCTBUU COJIIHOW KUCIIO-
ThI Ha U3BECTHAK, Mpamop, MeJ:

CaCOg3 + 2HCI = CaCl; + H,0 + COy).

B npowmbinienHoctr okeun yriaepoaa (1V) moiydaroT mpu pasioskeHUd

M3BECTHSIKA:

0
CaCO3; == CaO + CO,.
Oxcun yriepona (IV) — sto xucnotssiit okcua. OH pearupyer ¢ BOAOH,
C pacTBOpaMHU MIeNIOUei M OCHOBHBIMU OKCHJIaMU:

CO;, + H,O = H,COs3;
CO, + 2NaOH = Na,CO3 + H,0;
CO; + NaOH = NaHCOg3;
CaO + CO; = CaCOs.
ITpu BbIcOKMX Temmneparypax CO; o0nagaeT OKUCIUTENbHBIMH CBOMCTBA-
MH.
CO; + C=2C0;
CO, + 2Mg = 2MgO + C.
Oxkcup yriepona (1V) nmpumMeHsieTcst 11 OTYYEHUs CObI, OPTaHUUECKUX
KHUCIIOT, JIJISl TYIIEHUS TT0KapOB, TPUTOTOBJICHHS Ta3UPOBAHHBIX HATUTKOB.

Bonpocs! u 3aganust
1. KakoBbl pu3nveckre 1 XUMUYECKHE CBOMCTRA: a) okcuaa yriaepoaa (11);
0) okcuaa yraepona (1V)?
2. Kak nosryyarot B mabopatopuu: a) okcua yriaepoaa (I1); 6) oxcua yrie-
pona (1V)?
3. 3aKOHYHUTE YpaBHEHUSI pPEaAKIIHil:
a) KOH + CO; —; 6) K>,CO3 + CO,; + H,O —;
B) CO; + Ca(OH); —; r) CO, + BaO —.

7.22. YTOJBbHASI KUCJIOTA U EE COJIA

VYronbHas kucnora — HyCOz — HempoyHOE COEAUHEHHE, CYIIECTBYET
OHa TOJIBKO B PACTBOPE:

H,O + CO,; =2 H,COs.
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Oto ciabas AByxocHas kKuciota. OHa AUCCOIMHUPYET B ABE CTAJAUU U JIACT
COJIU TUJPOKapOOHATHI U KapOOHATHI:

H,COs = H*+ HCO; ; HCO; = H*+CO;".

VYronbHas KUCI0Ta 00pa3yeT KUCIbIE M CPEIHUE COJIU, Pearupys Co Iie-
JIOYaMH:

H,CO3; + NaOH = NaHCO3 + H,0;
H,CO3; + 2NaOH = Na,CO; + 2H,0.

Kap6onater menounbix metamioB — Na;COs;, Ky,CO; m ammonuss —
(NH4)2CO3 u ruapokapOoHATHI menodHo3eMelbHbIX MeTaiuioB — Ca(HCO3),,
Ba(HCO3), — xopomo pactBopsitorcs B Boje. KapOoHaThl IIeI0YHO3EMEb-
HbIX MeTaioB — CaCQOj3, BaCOs, SrTCO3 — B BoJie HE pacTBOPSIOTCH.

PactBopsl KapOOHATOB MIEIOYHBIX METALJIOB THUIAPOIU3YIOTCA U UMEIOT
MIEJIOYHYIO PEAKIIHIO:

CO% +H,0 = Hco; + OH-.
HpH Harp€BaHuM BCC COJIH YFOHBHOﬁ KHCJIOTBI, KPOMC Kap60HaTOB aie-
JIOYHBIX MCTAJIJIOB, pa3JjiaratoTCAa ¢ BBIACICHHUCM COzi

CaCO; =t= Ca0 + COy:

Ca(HCO3), == CaCO; + CO, + H,0.
KapGonatel B BogHOM pacTBOope B mpucyrctBun CO; mpeBpamarorcs
B THIPOKAapOOHATHI:
MgCO;3; + CO; + H,0 = Mg(HCO:3),.

KauecTBenHoii peakiueit Ha KapOOHATHI U TUIPOKAPOOHATHI SIBIISICTCS B3a-
UMOJICHCTBUE UX C PACTBOPAMU KHUCIOT. [[py 3TOM BBILAENSAETCS YIJIEKUCIIBIN Ta3:
Na,COs; + 2HCI = 2NaCl + CO; + H;0;

Mg(HC03)2 + 2HCI = MgClg + 2C0O, + 2H,0.
[IpuMeHsOT KapOOHAT KallbLiMsi B CTPOUTEILCTBE; KapOOHATHI HATpUs
M Kalusl HCIONB3YIOT [Jisi MOJY4YEHUsT MbLIa W CTeKJa; TUAPOKapOOoHAT
Hatpust — NaHCO; npuMeHSIOT B METUIIMHE TIPH KTy TOUHBIX 3a00JIEBaHUSX.

Bonpocs! u 3axanust

1. Kak oOpa3zyercst yronbHas kucinora? Hanumure ypaBHeHHE auccOLMa-
[IUU STOU KUCJIOTHI.

2. Kakue comm oOpa3yeT yroibHasi KHCJIOTa?

3. KakoBa pacTBOprMOCTb B BOJIE COJIEH YTOTHHOU KUCIOTHI?

4. HannmmTe ypaBHEHHE PEAKIMK THAPOJINA3A COIU KapOOHATa KaJHsl.

5. Kakas peakuus siBisieTcsi KaUeCTBEHHOM Ha KapOOHATHI U THAPOKApOO-

6. Hanuimre ypaBHeHUs peakuii AJis NpeBpaIieHui:
a) CO; > MgCO3; - Mg(HCO3); > MgCO3 — COy;

6) CO;, - CO - CO,; - Na,CO3 — NaHCOg3;
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8) CO, — Ba(HCO3), — BaCO; —» CO, — CO;
F) N&zCOg —> COz —> NH4HCO3 —> (NH4)2C03 — NHs.

3agaum

1. Kakoit o6beM okcuna yriepozaa (1V) mpu H.y. notpebyercs asis mory-
YeHUs TuapokapOoHaTa Kanblus u3 14,8 r ruapokcuaa Kaablys?

2. [Ipu narpeBanuu 20 r ruapokapOOHaTa HaTpUs BBLAECTUIOCH 2,24 11 OK-
cuga yriuepoaa (IV) nmpu n.y. Kakas maccoBas nons (B %) rumpokapOoHaTa
paznoxunach?

TecToBblii caMOKOHTPOJIb (21) MO Teme
«¥YTJ1epoa v ero coeJMnHEeHU»

1. YkaxuTe 3JEKTPOHHYIO KOH(UTYpalMi0 aToMa yriepoja B BO30YXK-
JICHHOM COCTOSTHUU:
a) 1s22s22p?; 0) 1s22s?2p?3st;  B) 1s22s'2p*3d?; 1)
1s22s'2p3.
2. AMa3 — aJJIOTPOITHOE BUIOM3MEHEHHE YIJIepOo/ia:
a) CEporo IBETA; 0) HeIpO3payeH,;
B) HE TIPOBOJIUT JIEKTPUUECKUM TOK; T') TBEP/IbIi.
3. Ykaxure, kakas y rpadura KpucTajuinuecKas peiierka:
a) MOJIEKYJIsIpHas, 0) aromMHas;
B) HOHHA, I') aTOMHO-HOHHAsI.
4. 'padut — a/mwioTpoOIHOE BUIOU3MEHEHUE yTiepoa:
a) OECIIBETEH; 0) npo3payeH;
B) MSITOK; T') IPOBOJUT IIEKTPUUECKUHN TOK.
5. AIOTpOITHBIMHA MOTU(MUKAITUSIMHA YTIEPOIa ABIISIOTCS:
a) rpadur; 0) anmas; B) KapOuH; T) YroJib.
6. Ykaxkute BemecTBa, ¢ KOTOPHIMH pearupyeT Yriiepo MpU OINpeaeiieH-
HBIX YCIIOBHSIX:
a) ATFOMUHHM; 0) coJisTHas KUCIIOTa,
B) okcu yriaepona (11); r) okcun yriepona (1V).
7. YKaXHTe, B peaKIusX ¢ KaKAUMU BEIIECTBAMH YTJIEPOJ MPOSBISET
OKHCJIMTEIIbHBIE CBOMCTBA:
a) Oy, 0) Hy; B) Al; r) CuO.
8. YkaxuTe, B pEakIusix ¢ KaKUMHU BEIIECTBAMHU YTIIEPOJ] MPOSBISET BOC-
CTAaHOBUTEIHHBIC CBOMCTBA:
a) COy; 0) FeO; B) H20; T)
Ca.
9. Vkaxure, B KAKOM COSIMHEHUM BAJICHTHOCTh yTiiepoja paBHa 3, a cTe-
MICHb OKUCJICHUS +2:
a) COy; 0) CO; B) CaCy; T)
CHa.
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10. Ykaxxute cXeMbl peakini, Ijie BO3MOXKHO 00pa30BaHUE OKCHIA yTiie-
poaa (I11):

a) CO, + C -5 6) C + H,0 -5
B) C + O(u36BITOK) —D>; r) HCOOH L.H:SO: ,

11. VkaxuTe cXembl peakluid, KOTOpble MPOTEKAIOT MPHU OINPEACICHHbIX
YCIIOBUSAX:
a) C+ CO; —; 6) Ca(OH),; + CO, —;
B) CuO + CO —; r) CO2 + P20s —.
12. Yxaxure, Kakue CBOMCTBA XapakTepHbI i okcuaa yriaepoaa (11):
a) sIZIOBUTHIN Ta3;
0) OYeHb MaJIO PACTBOPUM B BOJIE;
B) TSDKEJIEE BO3/yXa;
) OECIIBETHBIH.
13. YkaxuTe BemecTBa, ¢ KOTopbiMH pearupyetr CO; mpu omnpeneaeHHbIX

YCIIOBUSX:
a) Ca(OH);; 0) yrmepox;
B) NaCl; r) MgCOs; + H,0.

14. Yraexucnelii Ta3 npuoOpeTaeT OKUCIUTEIbHBIE CBOMCTBA IMPHU B3au-
MOJICUCTBHUH C:
a) OKCHUJIOM KaJIbIIUS; 0) yriem;
B) TUJIPOKCHUJIOM HATPUS; ') BOAOM.
15. VkaxuTe, Kakue U3 yKa3aHHBIX CXEM PEeaKIMil MOXHO HCIOJIb30BaTh
1T TIOJTy4eHus okcuaa yriaepona (1V):

a) Ca(HCO3), 5; 6) BaCO; —5>;

B) BaCO; + HCI —; F) Na,CO3 + CaCl, —.
16. YkaxuTe UICTOUHUKH 00pa30BaHUs YTICKUCIOTO Ta3a:

a) TOpeHHeE U MJIABJICHUE OPTraHWYECKUX BEIICCTB;

0) pa3nokeHue KapOoHaTa KaJbIIHs,

B) JCHCTBHUE CHJILHBIX KUCJIOT Ha KapOOHATHI;

r) HCOOH &
17. YxaxuTe, C KAKUMH BEIIECTBAMH pearupyeT THAPOKapOOHAT HATPHS:
a) Ca(OH),;  6) KOH; B) CH3COOH; r) CaCl,.

18. VkaxuTe BelIeCTBa, KOTOpbIe Hamo HpuOaBuTh K cucteme COZ +

H,O = HCO; + OH™ nys cmernienns paBHOBECHS BITPaBO:
a) H.0; 0) KOH; B) HCI; r)
CaCO:s.
19. VkaxuTe, Kakue BEIIECTBAa MOYKHO HMCIOJB30BaTh JJIs MPEBPAIICHHS

rupokapOoOHaTa Kajablus B KapOOHAT KaJIbIIUS:
a) H.0; 0) KOH; B) Ca(OH).; r) Na,COs.
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20. YkaxxuTe ypaBHEHHUS peakliuid, KOTOpbIE 3aKaHYMBAIOTCS 0Opa30BaHU-
eM KapOOHATOB:
a) CO; + Ca(OH), —; 6) Ca(HCOs), + NaOH —;
B) Na,CO3 + CaCl, —; F) Ca(HC03)2 + NaCl —.

7.23. KPEMHHUI U ET'O COEJIUHEHUSI

Kpemuuii B mpupojae BcTpedaeTcss TOJIbKO B BHIE coenuHeHuil. Cpemu
Hux: okcun kpemuus (IV) — SiO; (mecok, kpemHE3eM), KaOJUHUT —
Al;03-2S10,-2H,0, nonesoit mmat — K;0-Aly,03-6S10,. Kpemuanii — riaBHBIN
AJIEMEHT HEXHWBOW Mpupojsl. Ero moyrydgaroT mpu BOCCTAHOBICHWH OKCHIA
kpeMHuus (1V) marauem, aJioMUHHEM WK YTIEPOIOM:

SiO, + 2Mg == 2MgO + Si;
3Si0, + 4Al == 3Si + 2Al,0s:
Si0, + 2C == 2CO + Si.

N3BecTeH aMOp(HBINA U KPUCTATUTMUECKUI KPEMHUM.

AmopgHwiii kpemuuii — 3TO Oypbld MOpOMIOK. Kpucmaniuueckuii kKpem-
HUti — TBEPJOE BELIECTBO TEMHO-CEPOro ILBETa CO CIA0BIM METAIMYECKUM
0JIECKOM, MPOBOAMUT TEIUIO U 3JeKTpuuecTBO. CTPYKTypa KpHCTAIIMYECKOTO
KPEMHUS aHAJIOTUYHA CTPYKType aliMaza. AMop(dHbBIN KpeMHUI Jerye BCTyIaeT
B XUMUYECKUE PEAKLINU, YEM KPUCTAIUIMYECKUN KPEMHUM.

IIpy xOoMHaTHOUW TeMHepaType KPEMHHM HETOCPEACTBEHHO pearupyer
TOJIBKO ¢ (PTOpPOM:

Si + 2F, = SiF,.

[Ipu HarpeBaHuWM KpeMHUN pearupyeT ¢ KUCIOPOJOM, XJIOPOM, OpoMoM,

Cepoi, yriiepoaom, a30TOM:

Si + 0, == Si0,: Si + 2Cl, =£= SiCly:
Si + 2Br, == SiBry: Si + 28 == SiS,:
Si + C == sic: 3Si + 2N, =L SisN..

B 3Tux peakuusax KpeMHUN UTPAET POJIb BOCCTAHOBUTEIS.
[Ipu HarpeBaHuM KpPEeMHHI TaK)Ke pearupyer ¢ MeTajiaMH, o0pa3ys CH-
JUUUJIBI, U UTPAET POJIb OKUCTUTES:
Si + 2Mg = Mg,Si.
[Ipu nmelicTBUM KHUCJIOT HA CHJIUITUABI METAIUIOB 00pa3yeTcsi KPEMHEBOO-
pox SiHy4 (cunan):
Mg,Si + 4HCI = 2MgCl, + SiH,T.
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Cunan — OecuBETHBIN Ta3, CUIbHBIA BOCCTAHOBUTENb, pEarupyeT ¢ KHC-
JOPOJIOM BO3JyXa!

SiH; + 20, = SiO; + H,0 + 1427,2 x]1x.

Kpemuuii He pearupyer ¢ KucioTaMu, KpoMe INTaBUKOBOM:

Si + 4HF = SiF, + 2H,T.
Kpemnuii pearupyer ¢ paciiiaBaMmu U paCTBOpaMu LIEI0YECH:
Si + 2NaOH + H,0 = Na;SiO; + 2H,T.

[IpumensieTcs KpeMHUI AJis MOTYYEHUsI COJIHEUHBIX OaTapeit jjis pajuo-
Y TeJearnnapaTypbl KOCMUYECKUX annapaTosB.

Oxcun kpemunsi (IV) — KUCIOTHBI OKCH, UIMEET aTOMHYIO KPHUCTaJI-
JUYECKYIO PELIETKY M HE pacTBOPSETCS B BoJie. B mpupojie Bctpeuaercs B BUAE
necka. [lpu HarpeBaHum pearupyer co LIeI0YaMH, C OCHOBHBIMH OKCHUAAMH
1 KapOOHATaMM IIEJTOYHBIX METAJIJIOB:

Si0, + 2NaOH == Na,SiOs + H,0:
Si0, + Ca0O == CaSiOs:

SiO; + Na,CO; == NaySiO; + CO;.

N3 Bcex kucnot okcua kpemuus (V) pearupyer TOJNBKO ¢ TIaBUKOBOM
KUCJIOTOM:

SiO; + 4HF = SiF,T + 2H,0.

[Tpumensierca okcun kpemuaus (1V) mias moyydeHus: CTEKIa, CUIMKATHBIX
KUPIUYEH U IPYTUX U3IACTUH.

KpemuuneBasi kuciiora — H>SiOz — ouenb ciabast kuciora. Ee momy-
YaloT U3 PACTBOPOB €€ COJIEH (CHIIMKATOB) JACHCTBUEM 00JI€€ CHIIBHBIX KHCIIOT:
COJISIHOU, CEPHOM, YKCYCHOW M J1a)e yroJibHOM. [Ipy 3TOM KpeMHUEeBas Kuciaora
BBITIAJIaCT B 0CAJIOK (TeIb):

Na;SiOs + 2HCI = 2NaCl + H,SiOsV;
Na;SiOz + H,0 + CO;, = H,SiOsl + Na;COs.

B Bose nonsl Bogopoaa — H' oT Mosiekysl KpeMHHEBOM KHCIOThI MTOYTH
HE OTIICTUISIOTCS, ¥ TO3TOMY OHA HE M3MEHSIET IIBET MHAUKATOPOB. [Ipn 00ObIU-
HBIX YCJIOBUSIX WJIM TpU HarpeBaHuu (ObICTpee) KpeMHHUEBasi KUCJIOTa pasJiara-
€TCsl Ha BOJIY M OKCHJT KDEMHUS:

H,SiO; = H,0 + SiO,.

KpeMHueBas kuciaoTa XOpoIlIo pacTBOPSIETCS B IIET0YaX:

2NaOH + H,Si0O3 = Na,SiOs + 2H,0.

Toabko cunmukatel mienounbix MetamuioB — NaxSiOz u K,SiO3 — pactBo-
pAIOTCA B BOoJe. BOAHBIN pacTBOp CUIIMKATa HATPUSI UCHOJB3YIOT B KaueCTBE
cunuKaTHOro kies. IIpupogHble CUIMKATBHI HCMOJB3YIOTCSA [JISl MOJTYyYECHUS
ctekna, ¢papdopa u dasHca, IeMEeHTa, KePaMUYECKUX U3ICTTUH.

Bonpocs! u 3aganust
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1. B BUjie KaKuX CO€IMHEHUN KPEMHUI BCTpeyaeTcsi B pupoe?
2. Hanuimre ypaBHEHUs peakIuil MOJy4YeHUs] KPEMHHUSI.
3. KakoBbl du3nyeckre 1 XUMHUYECKUE CBOMCTBA: a) KpEeMHUS, 0) OKCHa
kpemuus (1V)? Hanuiure ypaBHEHUST peakiiuil.
4, Kak u3 okcuna kpemaus (1V) nmonyunts KpeMHUEBYIO KUCIIOTY? Hamu-
LIMTE YPABHEHHUS PEAKLIAMN.
5. KakoBbl XHMMHYECKHE CBOWCTBA KPEMHHMEBOW KHUCIOTHI? Hanumure
YPaBHEHUS PEAKIUM.
6. Hanmummre nonHoe ypaBHEHHE PEaKkIuu TUAPOIN3a CUTTUKATa HATPUSI.
/. Hannumre ypaBHEHUS peakUui AJis IPEBPAICHU:
a) SIO; = Si — M@,Si — SiH;— SiOy;
6) N&zSiO3 —> SIOZ —> H28|O3 —> SIOZ —> SIC,
B) SiH4 —> SiOz - Si—> N&zSiOg —> HzSiOg;
F) Si —» N&zSiOg —> SIOQ —> H28|03 —> SI,
)1) Si > SiOz —> H28i03 —> N&zSiOg —> N&zCOg.

3agaum

1. Umeetcsa cMmech kpemHUs, rpaduTa U kapOoHarta kanbliua. Haloute ee
KOJIMYECTBEHHBIN COCTaB, €CJIM U3BECTHO, YTO IpH 00paboTke 34 T cmecH pac-
tBOopoM NaOH nonydeno 22,4 raza (H.y.), a mpu 00pabOTKe TaKOTO ke KOIr4e-
CTBa CMECH COJISTHOM KHUCIIOTOM moJiydeHo 2,24 11 ra3a (H.y.).

2. Ilpu crnanennu SiO; ¢ kapOonarom Hatpust oaydeHo 6,1 T Na SiOs.
Breigenusimiicsa ra3 osu1 moromieH 18 mur NaOH ¢ maccoBoit moseit ero 10 %
u moTHocThio 1,1 r/mi. KakoB coctaB oOpasyromieiics coiu U ee MaccoBas
nouist (B %) B pacTBOpe?

3. CKOJIBKO JINTPOB YTIEKUCIIOTO Ta3a (H.y.) BBIACIUTCS MPU CIUIABICHUHU
90 r okcuna kpemuus (1V) ¢ 200 r kapOoHaTa KabIHs?

4. Cunukar HaTpHsl TMOJY4YaroT TMPH CIUIABIICHUU THAPOKCUIA HATPUS C
neckoM. KakoBa maccoBas nonst (B %) oxcuaa kpemuus (1V) B necke, ecnu u3
25 Kkr mecka ObuTO ToSTydeHo 48,8 Kr cuiiukaTa HaTpus?

TecToBblii cCaMOKOHTPOJIB (22) MO TeMe
«KpemHuii 1 ero coexuHeHus»

1. VKaxuTe CTEIeHb OKUCIICHHS aTOMa KPEMHHUs B MoJjiekyie SiHg:

a) —4; 0) +4; B) +2; r)—2.
2. YKaXUTE BEIIECTBA, C KOTOPHIMHU pearupyeT KpeMHUM:
a) H,O;  0) KOH,; B) Mg; r) HF-xucnora.

3. KpemHuii MHTEHCUBHO PacTBOPSIETCS B pacTBOpax HIenoveil. YKaxure,
YTO SIBJISIETCS MIPU TOM OKHCIIUTEIEM:
a) nonnl Na“; 0) BoJa,; B) KPEMHUH; r) uousl OH™.
4. YkaxuTe, Kakoe U3 IPUPOJHBIX COEUHEHUN KPEMHUS SIBIISETCS MOJIe-
BBIM IIITATOM:
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a) SiOz; 6) A|20328|022H20,

B) K203-A|203-6Si02; F) NagOCaOGSIOZ

5. Vkaxure, kakas y okcuaa kpeMuaus (1V) kpucramimdeckas pelierka:
a) aTOMHas; 0) MoJIeKyJIIpHas;
B) HOHHA; I') aTOMHO-HOHHAaS.

6. Ykaxure, ¢ KAKUMHU BEIIECTBAMU PEAarupyeT CHIIMKAT KaJIus:
a) BOJA,
0) coJistHasE KUCIIOTA;
B) BOJIHBIN PacTBOP YTJIEKHUCIIOTrO Iasa;
T') TUAPOKCH]T HATPHUSL.
7. YKaXuTe CXEMbI pEeaKiifii, COTJIACHO KOTOPhIM 00pa3yeTcs KpeMHHEBast
KHUCJIOTA:

a) Si0, + H,0 -5 6) Si + HNOzkoHIL. —>:
B) K»SiO; + CO;, + H,0 —; P) Na,SiO3 + SO, + H,0 —.

8. BomHble pacTBOPHI KaKMX BEIIECTB OKPAIIMBAIOT JIAKMYC B KPACHBIH
I[BET:
a) NaHCOg; 0) COy; B) H,SiO3; r)
H,SO..
9. YkaxkuTe BEIIecTBO, KOTOpoe Halo mo0aBuTh B cuctemy SiO:™ + HO

= HSIO; + OH ans cMmerieHus paBHOBECHS BIICBO:
10. YkaxxuTe cXeMbl peakuuii, KOTOpbIE MPOTEKAIOT MPH ONPESICHHBIX
YCIIOBUSIX:
a) Si0; + NaOH —; 0) Si0; + Ca0 —;
B) SiO, + Na,CO3 —; F) Si0; + H,0O —.

I''TIABA 8. METAJIJIBI U UX HEOPTAHUYECKUWE COEAUHEHUSA

8.1. IIOJIOKEHUE METAJLJIOB B IEPUOJUYECKOI CUCTEME SJIEMEHTOB
J1. 1. MEHJEJIEEBA. HAXOX/JIEHUE B IIPUPOJIE U MOJYYEHUE UX

BOJILIIMHCTBO M3BECTHBIX XUMHUYECKUX JJIEMEHTOB OTHOCATCS K MeETall-

naM. Bce aieMeHThI epBoii, BTOPOil U TpeThel Tpynil (Kpome Bojaopoaa u 6o-
pa),
a TaKKe BCE DIIEMEHTHI MOOOYHBIX noArpyti (d- u f-37eMeHThI) YeTBepTOoi, Isi-
TOM, IIECTOM, CEAbMONW U BOCBMOM I'PYyII — METAJUIBL. B TiiaBHOM moarpymie
YETBEPTON TPYIIIBI BCE IEMEHTHI (KpOME KPEMHHS U YIIIEpOaa) — METaJlIbL.
B riaBHO¥ moarpyrine mAToi rpynibl HAXOASITCS J1Ba MeTaia — cypbMa (Sh)
u BucmyT (BI), a B r1aBHOW MOATPYIIE MIECTONH TPYIIBI OJUH METaI — I10-
nouuii (Po).
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B npupoae metamibl Bctpedarorcs B Buae okcuaoB (FezOs, Feo03), cymb-
dumos (ZnS, PbS, FeS,), cynbdaros (CaSO,, BaSO,), xmopunos (KCl, NaCl),
kapoonaroB (CaCOsz, FeCOs;, ZnCOs), dochatoB — Caz(POs)2, HHUTpATOB
(NaNO3, KNO3). B ¢cB00OAHOM COCTOSIHUM B 3€MHOH KOpE BCTPEUYAIOTCSA ME/Ib,
PTYTh, cepedpo, 30J10TO, MIaTHHA.

Haub6onee axktuBubie metaiisl (Na, Ca, Mg, K) momy4aroT myreM aiex-
TpoJM3a. DIEKTPOJIU3 — 3TO OKHCIUTEIbHO-BOCCTAHOBUTENBHBIN MpOLECC,
KOTOPBIM MPOTEKAET Ha 3JCKTPOAAX MPH MPOXOXKIACHUU IIEKTPUIECKOrO TOKA
Yyepe3 paciiiaB WK pacTBOP dJIEKTposuTa. MeHee akTHUBHBIE METaJUIbI BOCCTa-
HaBJIMBAIOT U3 UX OKCUJIOB yriem, okcuaom yriaepona (l1), Bogopomom wim
ATIOMUHHEM, a U3 CyIb(HUI0B METAIOB CHauasa MoJIy4aoT OKCHIBI.

Fe,O3; + 3CO = 3CO+ 2Fe; Cr,03 + 2Al = Al,O3 + 2Cr;
ZnS + 30, = 2Zn0 + 2S0y; Zn0O + C =CO + Zn;
WO; + 3H, = W + 3H,0; CoO + H,; = Co + H.0.

Bonpocsl

1. I'e pacnoioKeHbI AIEMEHTBl — METaJUIbl B IEPUOIUYECKON cucTteme?
2. B xakoM BHJIe BCTpEUArOTCs METAJUIbL B IPUPOJIE?
3. Kakue cymiecTByOT CriocOOBI MOTYyYEHUS METAJIOB?

8.2. ®DU3NYECKUE CBOMCTBA METAJLJIOB

Bce metamnbl, kpoMe pTyTH U (ppaHUMs, MPU OOBIYHBIX YCIOBUAX —
TBEpbI€ BELIECTBA, UMEIOINE KPUCTANIMYECKYIO pelIeTKy. B y3max kpucran-
JUYECKON PEIIETKH UMEIOTCS MOJOKUTEIbHO 3apsKEHHbIE MOHBI U HEUTpaJIb-
Hbl€ aTOMbl. MeXJly HUMH HEPEeIBUTalOTCsl CBOOOJHBIE 3JEKTPOHbI. CBA3b
MEXy CBOOOJIHBIMU 3JIEKTPOHAMH M MOHAMU METAJJIOB HA3bIBAE€TCS METaJIN-
YECKOM.

Jisi BceX MeTAJIOB XapaKTepeH MeTaJUIMYecKuil 0Jieck M Henpo-
3pa4vHOCTh. Bce MeTaslsIbl XOPOIIO NMPOBOAAT JIEKTPHYECKHHA TOK M Tel-
Jorty. Jlyumue NpoBOAHMKH JJIEKTPHYECKOr0 TOKA U TeIJIOTbI — cepedpo
U Me/ib.

BaxxHpIMU CBOMCTBAMHU METAJUIOB SIBJISICTCS UX TJIACTUYHOCTD, YIPYTOCTD,
npoyHocTh. OHU CHOCOOHBI U3MEHATH CBOIO (POpPMY MO JaBICHHUEM, HE pa3-
pymasch. Hanbosee nuacTuyHbIi MeTam1 — 30JI0TO.

Mertamibl UMEIOT Pa3IMYHYI0 MIOTHOCTh. [IMOTHOCTH JIETKUX METaioB
< 5 r/em® (Li, Na, Mg, Al u ap.), Tsaxensix — > 5 r/em® (Zn, Fe, Cu, Hg, Au,
Pt, Os u np.). Camblii JJErKU METAT — JIMTHH, CAaMBI TSXKEIbI — OCMUH.

Merannel UMEIOT pa3HblE TEMIIEpATypbl IUIaBieHUd W KuneHus. Camas
HU3Kas Temneparypa miasieHus y prytu (—38,9 °C), camas Bbicokas —
y Bosbpama (3410 °C).
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Merannel paznnyaroTcs no TBepaoctu. Camblil TBEPABIA METAT — XPOM
(pexeT CTeKy0), a caMble JIeTKue — Kalui, pyounuii u ne3uid. OHM JIerKo pe-
AKYTCSI HOKOM.

Bonpocel

1. Kakoii Tl XUMUYECKOM CBSA3M UMEETCsl B MeTayliax?

2. Kakue MeTasuibl XOpOIIO MPOBOAT IEKTPHUECKHA TOK?
3. Kakue msrkue meramibl Bel 3Haete?

4. Kakue MeTaJlibl caMble TBEpAbIE, CAMbIE MSTKHUE?

5. Kakoii MeTasu1 caMblil TUTACTUYHBII?

8.3. XUMMYECKHUE CBOMCTBA METAJLJIOB

ATOMBI METaJUIOB UMEIOT OOJBIION pauyC M Ha BHENIHEM JHEpreThuye-
CKOM ypOBHE, OOBIYHO HECYT OT OJHOTO JI0 TPEX JJIEKTPOHOB, MOITOMY JIETKO
OTHAIOT UX. B XUMUYECKUX pEeaKIusx aTOMbl METAILJIOB SIBJISIFOTCSI BOCCTAHOBU-
TEJSIMU.

Metamibl 00pa3yroT snekrpoxumuueckuit psag Hanpsokenui (Li, K, Ca,
Na, Mg, Al, Zn, Cr, Fe, Ni, Sn, Pb, H, Cu, Hg, Ag, Pt, Au), koTopsIii Xapakre-
pHU3YET aKTUBHOCTHh METAJUIOB TOJIBKO B BOJHBIX PACTBOpAaX W MPH KOMHATHON
TeMIeparype.

MeTaisl BCTYNAIOT B XUMHYECKHAE PEAKIIUU C Pa3IMUHBIMH OKHCIIATEISI-
MHU.

1. C npocThIMH BEILIECTBAMM:

— € KHCIIOPOJIOM — 00pa3yroT OKCHJIBL:

2Cu + O, = 2Cu0; 2Mg + O, = 2M(gO0;
— C rajoreHaMu — COJIM — TaJIOTC€HUIbI:

Cu + Cl, = CuCly; Mg + Br, = MgBrg;
— C cepot — cynbpuabL:

2Na + S =NayS ; Hg + S = HgS;
— C a30TOM — HHUTPU/IBI:

6Li + N, = 2LisN:;

— ¢ hochopom — dochus:
3Ca + 2P = CasPy;
— C BOJIOPOJIOM — THJIPHUIBI:

Ca + Hy, = CaHy;
— C yriepoaoM — KapOuJIbl:
Ca + 2C = CaC,.

2. Co CIIO)KHBIMU BEIIECTBAMM:
— METaJUTbI, PACTIOJOKEHHBIE B DSy HAMPSHKEHUN 0 BOJOPOA, BHITEC-
HSIOT €r0 U3 BOJBL:
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2Na + 2H,0 = 2NaOH + Hy: Zn + H,0 =£= ZnO + Hy:

2Al + 6HOH = 2AI(OH); + 3H2; Mg + 2H,0 == Mg(OH),
+ H,.
— METaJTbl, PacIoJIOKCHHBIC B PSIY HAIPSOHKECHUH 10 BOJOPOa, B3aUMO-
neucTBytot ¢ pazdaBneHHbiMU kuciiotamu (HCI, H,SOy);
— METAJUThl BBITECHSIOT W3 BOJHBIX PACTBOPOB COJICH TE€ METaJUIbl, KOTO-
pBIC CTOSIT B PSAY HAMPSHKEHUH TIOCIIE HETO:
Pb(NO3), + Zn = Zn(NOs3), + Pb;
— merawtel Li, Na, K, Ca B 3Tux ycinoBusx OyayT BOCCTaHABIMBATH BO-
JIOPOJI BOJIBI, & HE METAJLT;
— metaiusl Al, Cr, Zn pearupyroT ¢ pacTBOpaMu IIEIOYCH:
2NaOH + 2Al + 6H,0 = 2Na[AI(OH),] + 3H,T Tterparumpokcoamomunar
HaTpHSI,
Zn + 2H,0 + 2NaOH = Nay[Zn(OH),4] + H,T TETPAruAPOKCOIIMHKAT HATPHSI.

Bonpocsl u 3aganust

1. IToyeMy B XMMHMYECKHX PEAKLMUSAX METAILIbI ABJSIFOTCS BOCCTAHOBUTES-
Mu?

2. YTo Takoe 3JIEKTPOXUMUYECKUI psAJ] HAPSHKEHUM METaIoB?

3. Kakue meramibl: a) BBITECHAIOT BOAOPOJ U3 KUCIOT; 0) HE BBITECHSIOT
BOJOPOJ U3 KUCJIOT; B) BBITECHSIOT BOJOPO U3 BOJIBI; I') HE BBITECHSIOT BOJO-
PO U3 BOABI?

4. 3aKOHYUTE YpAaBHEHMSI PEaAKIIHil:

a) Cu + Hg(NO3), —; 0) Fe + ZnSO, —;
B) Mg + H,0 —; r) K+ H;0 —;
)1) Mg + H,SO4 —; e) Al + H,SO, —.

5. Hanmmure ypaBHeHUS peakiiuii 11 MpeBpaIieHuit:
a) Cu — Cu(NOg3); = CuCl; —» CuSO4 — CuO — Cu;
0) CuO — Cu(OH); —» Cu —» CuSO4 — CuS — CuO;
B) ZnS — ZnO — Zn — Zn(NO3); — NaZnO; — ZnSOy;
r) CuS — SO; - H,S0O4 — CuSO4 — CuO — Cu(OH)s.

3amaum

1. ITpu o6paboTke 8 r cMecH MarHus U OKCHJIa KaJbIUS COJSTHOM KHCIIO-
TOM BBLAENIWIOCH 5,6 11 Bojgopoja (H.y.). KakoBa maccoBas nons (B %) okcuna
KaJIbIUsI B HICXOJTHOM cMecH?

2. CKOJIbKO TPaMMOB aJIFOMUHUS HaJ0 B3ATh AJIs MoyiydeHus 39 r xpoma
u3 ero okcuaa Cry03?

TecToBBIiH CAMOKOHTPOJIb (23) 10 TeMe «MeTanabl»

1. yKa}KI/ITC, B KaKOM BHAC METAJLJIbI HAXOOATCA B IIPUPOAC:
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a) XJIOPHUJIOB, 0) OKCHJIOB,

B) CYJIb(UJIOB; I') B CBOOOTHOM COCTOSIHHUH.
2. YKaxuTe, KaKUe METaJUIbl MOTYJaroT ITyTeM JIEKTPOJIN3a;
a) KaJluu; 0) xene3o; B) KaJIBITUH; ') MarHUi.

3. Ykaxute pu3nyeckue CBOMCTBa METAIIJIOB:
a) 3JEKTPONPOBOAHOCTD U TEIJIONPOBOIHOCTE;
0) UMEIOT KPUCTAIUIMYECKYIO PEIIETKY U CBOOOHBIE JIEKTPOHBDI;
B) HEKOTOPBIE METAJUIbl PEAruPYIOT C BOJOM;
I') UIMEIOT XapaKTEPHbIN METAINTMYECKUN OJIECK.
4. YKaxuTe camblid TBEpbIii METAILT:

a) JKee3o;, 0) xpom; B) 30J10TO; r) Iula-
THHA.

5. YKakuTe METaJlIbl, KOTOPbIE HE BBITECHSIOT BOJOPOJ M3 BOJBI MpHU

HarpeBaHHM:

a) Cu; 6) Mg; B) Fe; r)
Ag.

6. Ykaxute MeTalii, KOTOPbIN MPU HAaTPEBAHUH C BOJIOM 00pa3yeT OKCH/I:
a) KaJbIINH; 0) Maraui; B) IIUHK; T)
PTYTh.

7. YKaxute MeTal, KOTOPbId HE PacTBOPSAETCS B KOHUEHTPUPOBAHHON
a30THOU KHUCJIOTE:

a) cepe0dpo; 0) Menb; B) CBUHEL; r) 30J]0-
TO.

8. YKkaxuTe MeTasuibl, KOTOPhIE pEarupyroT ¢ PaCTBOPAMH IIEIOYCH:
a) IWHK; 0) KaJIbIINIA; B) QJIFOMUHU; ) MEIb.

9. VkaxuTe, Kak H3MEHSAIOTCS METaJNIMYECKHE CBOMCTBA IMPOCTHIX Be-
mectB B pagy K —» Mg — Al:
a) yMEHbIIA0TCsI; 0) YBEJIMUNBAIOTCS; B) HE U3MEHSIOTCS.
10. YkaxxuTe, KakOBa JIEKTPOHHAS KOH(UTyparusi BaJCHTHBIX JJIEKTPO-
HOB B OCHOBHOM COCTOSIHUU y aToMa KoOasbTa:
a) ...3d%4st; 0) ...3d%s"; B) ...3d"4s?; r)
..4s%4p’,

8.4. METAJLIBI I'JIABHOW TTOATPYIITBI TEPBOI I'PYIITIBI
MEPHOUYECKOI CHCTEMBI DJIEMEHTOB JI. U. MEHJEJEEBA

Mertamiel autuii (Li), varpuit (Na), kamuit (K), pyounuit (Rb) u nesmit
(Cs) Ha3pIBAIOTCSI MICIIOYHBIMUA METAJJIAMHU, TaK KaK OHM M UX OKCHIbI TIPU B3a-
MMOJICHCTBUU ¢ BOJIOUM oOpazytotT menoun. lllemounpie MeTamibpl HaXOASITCS B
MepBOM TIpYIINE TJaBHOW MOArPYNIIbl NEPUOJAUYECKON CHUCTEMBL. ITO S-
A7eMEeHThI. IX aTOMbI Ha BHEITHEM SHEPIE€TUYECKOM YPOBHE UMEIOT M0 OJHOMY
s-onekrpony (nst). Ipu XMMUYECKNX PEaKIMAX STU aTOMBI OTJAFOT BHEMIHHI
AIEKTPOH
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¥ MMCIOT CTEIICHb OKMCIIeHUs +1. Bce mienodnbie MeTamibl — CHIIBHBIC BOC-
cranoButenn. C yBeIMUYESHUEM TOPSIKOBOTO HOMEpa DJIEMEHTOB CBEPXY BHU3
YBEIIMYMBACTCS payCc aTOMa U, ClIeZ0BaTeIbHO, — aKTUBHOCTh METaJIIIOB.

B npupose menounsie MeTauTbl B CBOOOIHOM BHUE HE BCTPEUAIOTCS; OHU
HaXO/STCS B BUJIE CoequHEeHM. HamprumMep, OCHOBHBIC COCTMHCHHSI HATPUS —
sTo moBapeHHas coiib — NaCl u rimayoeposa costb — NaSO4-10H,0. JlanHbIC
COJIM HATpHs MPUMEHSIOTCS B MeaulinHe. Kanuii BXOAUT B COCTaB CHUIIHBUHU-
ta— KCI-NaCl, kapnammura — KCI-MgCl,-6H,0. Coennnenus kanus mpu-
MEHSIOTCS Kak ynoOpeHus. CoeIMHEeHUs IPYTUX IIEJOYHBIX METAIOB PEIKO
BCTPEYAIOTCS B IPUPO/IC.

[IlenouyHble METaUTBl IOJIYYalOT IIyTEM 3JICKTPOJIM3a PaCIUIaBICHHBIX
XJIOPHUIOB HJTU THIPOKCHIOB.

Bce mienounbie MeTamibl cepeOpucTO-0enoro IBeTa, MSTKue, JIETKUue,
IJIACTHYHBIC, XOPOIIIO POBOIAT IEKTPUICCKUI TOK U TEILIOTY.

[leno4yHBIe METAJUTBI JIETKO PEarupyrT CO MHOTUMHU HEMETaJIlaMu — Ta-
JoreHamu, cepoi, pochopom, a30TOM U IPYTUMH dJIEMEHTAMH:

2Me + Cl; = 2MeCl (Me — HaTpuii uin Kajuii);
2Me + S = Me,S.
Harpwii u kanuii pearupyroT ¢ BOJOH W KUCIIOTaMH ITPHU OOBIYHBIX YCIIOBHSIX:
2Me + 2H,0 = 2MeOH + H,T;
2Me + 2HCI = 2MeCl + H,T.

[Tpu ux B3auMOJIEHCTBUM C KHUCIOPOJIOM 00pa3yrOTCsl OKCUIBI U TIEPOKCH-

TTbI:
4Me + Oz = 2Me 0O (moOoYHBIN TPOIYKT);
2Me + O = Me,O; (OCHOBHOM TIPOIYKT).

[Ipu HarpeBaHUM HATPHUA U KaJuil IPU B3aMMOJEHCTBUH C BOJIOPOJIOM 00-
Pa3yrOT THUAPUIBL:

2Me + Hy = 2MeH.
IMaapunpl HATPUs U KaJaus JETKO pa3jiaratoTcsi BOJIOMU:
MeH + H,0 = MeOH + H,T.

[Tpu B3aMOACHCTBHAM IICIOYHBIX METAJIJIOB MJIM MX OKCHJIOB C BOJION 00-
Pa3yIoTCs TUAPOKCHUIBI IIETIOYHBIX METAIIJIOB:

2Me + 2H,0 = 2MeOH + HZT; (Me — mieno4HoN MeTal;

Me,0O + H,0 = 2MeOH. MeOH — o0mmas ¢popMyna THAPOKCH-
JIOB)

['MaApOKCHIBI METOYHBIX METAILIOB MPEACTABIISIIOT COO0M Oebie KpucTa-
JIMYECKHUE BEIIECTBA, XOPOIIO PACTBOPUMBIE B Boj€E. X pacTBOPUMOCTH B BOJIE
U cujia ocHoBaHWi Bo3pacrtatotT B psigy LIOH — NaOH — KOH — RbOH —
CsOH cneBa HampaBo. B BogHBIX pacTBopax IIeiaoyed JIaKMyC MMEET CUHUI
1BeT; a (heHoNnPpTanernH — MaJIUHOBBIN.
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I'mapokcuabl MIETOYHBIX METAIOB PEArHPYIOT C KUCJIOTAMU U KHUCJIOT-
HBIMH OKCHJIaMU, COJISIMU:
MeOH + HNO3; = MeNO3; + H,0;
2MeOH + H,SO4 = Me,SO4 + 2H,0;
MeOH + CO, = Me,CO3 + H,0;
CuSO,4 + MeOH = Cu(OH); + Me,S0,.
[Ipu HarpeBaHUM TUAPOKCUIBI IIEIOYHBIX METAJUIOB HE pasiararoTcs.
Iunpoxcuast NaOH u KOH npuMeHsroTcs A1 MoTydeHusT MbLIa.

BOl'lpOCLI H 3aJaHusA

1. Kakue 351eMeHTBl OTHOCATCA K IIENOYHBIM MeTaimaMm? ' e B nmepuoau-
YECKOW CUCTEME HAXOAATCS 3TU METAILIBI?

2. [loueMy Bce LIEJIOUHBIE METAJUIBI SIBJISIFOTCSI CUJIbHBIMUA BOCCTAHOBUTE-
asaMu’?

3. [louemy ycunMBaroOTCsi METAJUIMUECKHUE CBOMCTBA LIEJIOYHBIX METAIJIOB
B IIOATPYIIIIE CBEPXY BHU3 C YBEJIMYECHUEM UX IOPAIKOBOIO HOMEpa?

4. MoryT 1M 1IEJ0YHbIE METAJUIBl BCTPEYAThCs B IMPUPOJIE B CBOOOJTHOM
coctossHUHA? Ha30BUTE OCHOBHBIE COCIMHEHNSI HATPUS U KIS

5. KaxoBbl (puznueckre CBOMCTBA MIEIOYHBIX METAIIIOB?

6. ['te mpuMeHsI0TCS COeIMHEHUST HATPUS U Kausi?

/. 3aKOHYUTE YpaBHEHUS PEAKLIUA:

a) NaOH + P,05 —; 6) KOH + SO, —;
NaOH + SiO; —; KOH + ZnCl; —;
KOH + H3PO4 —; KOH + HNO; —;
NaOH + AICl; —; NaOH + H,SO4 —.

8. Hanmummre ypaBHEeHUs peakIuil 11 MpeBpaIeHui:
a) Na - NaOH — Na,CO3 —» NaHCO3; — NaCl,
0) NaOH — Na,SO4 — NaCl - NaNO3; — NaNOy;
B) K-> KCl > K2804 —> KOH —» KHCOg —> KzCOg;
r) Na - NaH —» NaOH — NaCl — HCIl — AgCl.

3agaum

1. Cxonpko rpammoB pactBopa NaOH ¢ maccoBoii noneit ero 10 % Hamo
B35Th U1 HeUTpanu3auuu 196 r pactBopa cepHON KHUCIOTHI ¢ MACCOBOM JOJIEH
ee 20 %.

2. Onpenenute (HOpMyabl U Macchl COJIeH, KOTOpble 00paszyroTcs MpU
CMEIIMBAHUU: a) § T rujapokcuaa kaius ¢ 9,8 r cepHoil KUCIOTHI; 6) 1 Mo
dbochopHOI KUCIIOTHI C 2 MOJISIMUA THIPOKCH/IA KAJIHSL.

3. CkoipKkOo JUTPOB Bojopoaa (H.y.) oOpasyercs NMpu B3auMOJCHUCTBUU
2,3 r HaTpus ¢ BOJIOM?
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8.5. METAJLJIBI IVIABHOM MMOATPYIIIBI BTOPOM I'PYIIIIbBI
NEPHOINYECKON CUCTEMBI QJIEMEHTOB /I. U. MEHJEJEEBA

B rnaBHyto noArpymiy BTOpOil TpyHIibl IEPUOIUYECKON CUCTEMBbI BXOJST
oepwmii (Be), marauii (MQ) # 1meno4Ho-3eMebHbIe MeTaUTbl: Kanbiuit (Ca),
crponnuii (Sr), 6apuii (Ba), pamuit (Ra). D10 S-351eMEHTBI. ATOMBI 3THX 3JIe-
MEHTOB HMMEIOT Ha BHEIIHEM JHEPreTHYeCKOM YpOBHE MO JBa S-3JIEKTPOHA
(ns?). CBepxXy BHH3 B IIOATPYIIIE C YBEIMIEHHEM TIOPSAKOBOIO HOMEPA PaIy-
Chl aTOMOB U METAJUIMYECKHE CBOWCTBA YBEIMUMUBAIOTCS. Y aTOMOB 3JIEMEHTOB
BTOPOH TPyMIIbI IIaBHOW MOATPYIIEI METAUIMUECKHUE CBOWCTBA OoJiee crnalkble,
4em
y MIETOYHBIX METAJUIOB. TO OOBICHIETCS TEM, UTO MPU XUMUUYECKUX PEAKIIUAX
aTOMBI JJAHHBIX METAJJIOB OT/IAIOT JIBa SJIEKTPOHA.

B npupoje menoyHo-3eMeNnbHbIE METAJUIBI BCTPEYAIOTCS B BUJIE KaJIbLIUTA
CaCOg3 (men, u3BecTHSK, Mpamop), hochopura Caz(PO4),, rurca CaSO4-2H-0,
6aputa BaSO,, momomura CaCO3-MgCOs.

[lenoyHO-3eMeNbHbIE METAJUIBI MOJyYalOT IYTEM 3JIEKTPOJIM3a paciliaB-
JICHHBIX COJIEH.

Bce mienoyno-3eMenbHbIe METaIbl BTOPOW IPYIIbI UIMEIOT CEpeOpUCTO-
Oenblil LIBET, XOPOIIO MPOBOASAT JIEKTpUUECKUil ToK. VX TemmepaTypsl IiaB-
JICHUS! U IJIOTHOCTH BBIIIE, YEM Y IEIOYHBIX METAJIOB.

XUMUYECKHE CBOMCTBA IIEIOYHO-36MEJIbHBIX METAIJIOB PacCMOTPUM Ha
npuMepe KaabIIHsl.

[Ipy OOBIYHBIX YCIOBHSIX KaJbLUN pearupyeT C rajoreHaMu U KHCIOpO-
JOM:

2Ca + O, =2Ca0; Ca + Cl, = CacCl,.

[Ipu HarpeBaHuu KaJbLUW pearupyer ¢ a30ToM, cepoi, pochopom, yrie-

POJIOM U BOAOPOJIOM:

3Ca + N, == CasNy: Ca+S == Ca:
3Ca + 2P == CasP,: Ca + 2C =L~ CaCy: Ca +
H> t:0 CaHz.

[Ipu oObIgHOM TemmepaType KajblMil pearupyer ¢ BOAOM, HO MEJJICHHEE,
yeM Kanuii 1 HaTpuid. C KUCI0TaMH OH pearupyeT SHEPTUYHO:
Ca + 2H,0 = Ca(OH); + H,T; Ca + 2HCI = CaCl, + H,T.
Oxcua KaJbIMA, WM HerameHasi U3BecThb, MPEJCTaBISET cO00i mopo-
mok 6enoro 1Bera. O6paszyercs on npu pasznoxerHnn CaCOs:

0
CaCO; == Ca0O + CO,.
Okcuj Kanbls SHEPTUYHO pearupyeT ¢ Bojou. B pesynbpTare uero oopa-

3yeTcs THIPOKCUI KaJIbIIHsl, KOTOPBIN HAa3bIBACTCS 2aUeHOU U3BECTNBIO.
CaO + H20 = Ca(OH).,
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PacTBOp raieHol U3BECTH B BOJIC HA3BIBACTCS U38eCMK0BOU 60001. I1pu
nporyckanuu okcuja yriaepozaa (1\V) depes u3BecTKOBYIO BOJy CHadalsia MOsB-
nsiercs ocagok CaCOs, KOTOPBIN PH JUIUTETLHOM MPOIYCKAaHUU OKCHUJIA YTJIe-
pona (IV) pactBopsieTcss U B pe3yibTaTe o0pa3zyercs THAPOKapOOHAT KabIlus
— Ca(HCOs3)2; pacTBOp IIpH 3TOM CTAaHOBHTCS TPO3PAYHBIM:

Ca(OH), + CO; = CaCOs{ + H,0;
CaCOs + CO; + H,0 = Ca(HCOg)s.

JlaHHYI0 peakiMI0 MCIOJB3YIOT i OOHAPYKEHMs B Tra3ax YIIeKHUCIIOTO
raza — COa.

[IpucyrctBue B Boge noHoB Ca?* u Mg@?* 00yClOBIMBAET KECTKOCTH BO-
nbel. OHa MOKET ObITh BPEMEHHOM WJIM MOCTOSHHOW. Bpemennas (wim xap0o-
HATHAs1) dKECTKOCTh BOJIbI 00YCIIOBIIMBAETCS MPUCYTCTBUEM B HEll THAPOKapOO-
HATOB KaJIbLIUA M Maruus. Ee ycTpaHSIOT MyTeM KHUISTYEHUEM JTUOO JIeUCTBHUS
M3BECTKOBOM BOJIBI UITH COIBI:

Ca(HCOs) == CaCO;! + CO, + H;0;

Mg(HCO3), == MgCOs! + CO; + H,0;
Ca(OH), + Ca(HCO;), = 2CaCOs{ + 2H,0;
Ca(HCO3); + Na;CO; =CaCOsl + 2NaHCO:s.

[TocrosinHas (Mau HekapOOHATHas) YKECTKOCTb BOJIbI OOYCIOBIMBACTCS
HAJIMYUEM B HEU Cyﬂb(l)aTOB U XJIOPUAOB KaJIbIIUA W MarHus. Ee YCTPAHAIOT
JICCTBUEM COJIbI.

CaSO, + Na,COs3 = CaCOs{ + Na,SOq;
MgSO, + Na,CO3; = MgCOsd + Na,SO.,.

KapGonaTtHast u HekapOOHaTHAs )KECTKOCTH B CYMME COCTaBJISIIOT OOIIYIO
KECTKOCTDb BOABI.

XJI0pU KalnblUsl TPUMEHSETCS U1l YIIYULICHUSI CBEPTHIBAEMOCTH KPOBU;
CyJ'Ib(I)aT KaJIbIusd — AJIA HAJIOKCHHA T'MIICOBBIX IIOBA30K IIPpH IICPCIIOMax
KOCTEH.

Bonpocsl u 3a1anus

1. [Touemy y MeTayIOB IVIABHOW MOATPYMIBI BTOPON TPYMIbI METaIIAY €-
CKHME CBOMCTBa OoJjiee ciabble, UeM y METaUIOB TJIABHOW MOArPYNIIbI MEPBOI
rpyIIbI?

2. HazoBuTe NpupoHbIE COEAUHEHUS KAJIbLIUS.

3. 3aKOHYUTE YPAaBHEHUSI PEaAKIIHil:

Ca+ 0, —; Ca+ N, —; Ca+S —;
Ca+Cl, - Ca+C —; Ca+ H,O —;
Ca+H,—>: Ca+P—>: Ca + HCI —.

4. ITouemMy U3BECTKOBYIO BOAY MOXKHO IMPUMEHATDH JUIsl OOHApY>KEHUS yT-
nekucnoro raza? Hanummure ypaBHEHUS peaKkul.
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5. Kakas Bo1a Ha3pIBaeTCs KECTKOMN?
6. Hanummre ypaBHEHUsI peakiuii, ¢ MOMOIIbIO KOTOPBIX MOXHO yCTpa-
HUTH BPEMEHHYIO U MMOCTOSHHYIO )KECTKOCTh BOJIBI.
7. Hanumure ypaBHEHUS peaKIUi JIJIs TPEeBpaIllCHHA:
a) CaCO3 — CaO — Ca(OH), —» Ca(HCOs3), — CaCOs;
6) Ca0 —» CaC|2 —> C&COg —> Ca(HC03)2 —> COZ;
B) Ca — Ca(OH), —» CaCO3; — Ca(NO3), — Oy;
r) Ca —» CaO — CaCO3; — CaCl, —» Ca(NOy)..

3agaum

1. Yepes 300 r Boabl, conepskarieit 0,01 Mosib TUAPOKCHIA KATBIU, TIPO-
nyctunu 0,336 1 okcuna yriepoaa (1V) mpu H.y. Ber4uciuth MaccoByO 10O
COJIM, KOTOpasi 00pa3oBajiach B pacTBOPE.

2. BerauciamnTe, CKOJIBKO TPaMMOB KaJIbITUsl B BUJIE HOHOB TTOCTYITIAET B OP-
raHu3M IpHU IpUEME BHYTPh CTOJIOBOM J0XKKH (15 mut) pactBopa, B 100 M ko-
TOPOTO COACPKHUTCS 5 T rekcaruapara xmopuna kambius — CaCly-6H,0.

TecToBBI CAMOKOHTPOJIb (24) 110 Teme
«MeTasibl IJIaBHBIX HOATPYII IEPBOM U BTOPOM IpyIin

1. Vkaxute, KaKUMU MOTYT OBITh IIEIOYHBIC METAJIIbI:
a) TOJIbKO OKUCIIUTEIIH;
0) TOJBKO BOCCTAaHOBUTEIIH;
B) KaK OKHCJIMTEIH, TaK U BOCCTAHOBUTEIIH.
2. YKaXnTe, Kakoi MOXKET OBITh CTEIIEHb OKUCIICHUS BOJOPOAA B THAPHUIIEC
KaJTBITHSL:

a)—1; 0) +1; B) —2; r) +2.
3. YkaxuTe, Kakoi I[BET MEeT METHUJIOPAHK B pacTBOpax IIEI0UCH:
a) KpacHbIN; 0) cuHUii; B) JKEJITHIN; r) Oec-
LIBETHBIMN.
4. YKaxuTe, KaKhe CXEMbI peaKIuil UAyT IIPH ONPEACIICHHBIX YCIOBUSX:
a) NaOH + CO; —; 6) NaOH + NO —;
B) KOH + P;05 —; r) KOH + Ca0O —.
5. VkaxuTe, KaKyro 3JIEKTPOHHYIO KOH(pUTyparnio umeet HoH Na*:
a) 1s225%2p°3s?; 0) 1s22s22pb;
B) 15%2522p°3s?; r) 15225%2p°352.

6. Ykaxkurte, B BUJIe KOTOPBIX COSAMHEHUN KaJbIIUH HAXOJIUTCS B TMIPHUPO-
ne:
a) CaO; 0) Ca(OH),; B) CaCOsg; r) CaS0,4-2H,0.
7. YKaxuTe, KaKyl0 XUMUYECKYI0 (OopMyJTy UMEET TraiieHasi U3BeCTh:
a) CaO;  6) Ca(OH),; B) CaCO5-MgCOs; r) CaS0,-2H,0.
8. YkaxuTe, Kakyl0o XUMUYECKYIO (DOPMYITy UMEET JI0JIOMUT:
a) CaCQOgs; 0) MgCOs;; B) CaCO3-MgCOs; r) CaSOsa.
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9. YKa)KI/ITC, KaKHuC BCIICCTBA MOKHO HCIIOJIB30BATh IJIAA YCTPAHCHHA BpPC-
MEHHOU KECTKOCTH BOJbI:
a) NaOH; 6) NaCl; B) Na;COs; r) Ca(OH)s.
10 yKa)KI/ITC, KaKO€ BCHICCTBO MOKHO HCIIOJIB30BATh JJIAA YCTPAHCHHA I10-

CTOSIHHOM JKE€CTKOCTHU BOABI:
a) NacCl; 0) HCI, B) Na,COsg; r) NaOH.

8.6. ATIOMWHMM U EI'O COEJIUHEHMUSI

AJIIOMMHMH HAaXOJMUTCS B TJIABHOU NOATPYIIIE TPEThEW IPYIIIBI IEPUOAU-
yeckol cuctemsl nieMeHToB Jl. . MenaeneeBa. DnekTpoHHass KOHPUTYpauus
aroma amoMunua 1522522p%3s23pl. D10 p-snement. B cBOMX COEIMHEHMAX
aJIIOMUHUM BCErJa UMEET CTEIICHb OKMCICHUS +3.

B cB0O6OIHOM coCTOSIHME aTtOMUHUS B TIpupojie HeT. OCHOBHAs Macca ero
COAEPKHUTCS B AIOMOCHJIMKAaTaX. AJIIOMOCWIMKATBl — 3TO COJIM, KOTOpBIC
COCTOSIT U3 OKCHUJIOB AJIIOMUHUS, KPEMHHUS, IIEIOYHBIX U IIETOYHO-3€MEIbHBIX
meTaioB. K amomocunnkatam otHocsTcss KopyHA — Al,Os, GOKCHUTBI —
Al,O3-nH,O, mnonessle mmarel —  KyO-Alb,03-6Si0,, rouHBl  —
Al;03-2510,-2H,0, redhenunsr — (Na,K),0-Al,03-2Si0;.

B IpOMBIIIICHHOCTH aTIOMUHUN MOAy4aroT myTeMm djekTpoiun3a Al,Oz
B paciiaBe kpuoauta — NasAlFe.

ATIOMUHUA — cepeOpHUCTO-0eblii MeTasll, JETKUM, TBEPAbIH, MIaCcTHY-
HbIii. OH XOpOIIO MPOBOJIUT TEIUIOTY M 3JEKTPUUYECCKUN TOK, JIETKO 00pa3yeT
crasbl, pu 600 °C CTaHOBUTCSI XPYIIKHUM.

AIOMUHNN — CHJIBLHBI BOCCTAHOBUTEND U JIETKO COCOUHSIETCS C KUCIIO-
poaoM mpu 0ObIYHON TemmepaType. [IoBepXHOCTh €ro MOKphIBAETCS TOHKOM,
HO OYCHb MPOYHOMU TUICHKOU okcuaa amroMuaus Al,Os:

4Al + 30, = 2Al,0:s.

DTa MJIEHKA 3allMIIacT AIFIOMUHUNA OT JCWCTBUS BIIard U KUCIOpoJaa BO3-
nyxa. Eciim OKCUIHYIO TUICHKY pa3pylIWTh, aIIOMUHUN MEIJIEHHO pEearupyer
C BOJIOM TP OOBIYHBIX YCIOBHSIX:

2Al + 6H,0 = 2AI(OH)s{ + 3H,T.

C ranoreHamu aJlOMUHUN pearupyeT Mpu OOBIYHBIX YCIOBHSX, C CEPOH,
a30TOM M YIJIEpOJIOM — IIPH BBICOKOW TeMIlepaType:

2Al + 3Cl = 2AICls; 2Al + N2 = 2AIN;

2Al + 3S = AlLS;; 4Al + 3C = AlLCs.

ANOMUHUI B3aMMOJEICTBYET ¢ OKCHJIaMU OOJIBLIIMHCTBA METAJIJIOB, MO-
ATOMY €0 MPUMEHSIOT JUJISl OJYYEHHS] METAJIJIOB U3 UX OKCHUJIOB:

8Al + 3Fe;0, = 4Al,03 + 9Fe + 3300 k/Ix.

MeTon BOCCTAHOBJIEHUSI METAJIJIOB U3 MX OKCHJIOB aJIOMHUHHEM Ha3bIBAET-

Csl AJIFOMUHOTEPMHUEH.
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AJIOMUHHI JIETKO PacTBOPSIETCSI B XJIOPOBOJOPOJHOM M pa3daBiIeHHOU

CEpHOM KHCIJIOTaX, 0OCOOCHHO MpPU HarpeBaHUU:
2Al + 6HCI = 2AICl5 + 3H,T;
2Al + 3H,S0,4 = Aly(SO4)s + 3H,T.

C KOHIIEHTPUPOBAHHBIMU A30THON M CEPHOM KUCIOTAMH QITIOMUHUU MPHU
OOBIYHOM TeMIlepaType HE pearupyer, Tak Kak MacCUBUPYETCS UMHU. DTU KOH-
[EHTPUPOBAHHBIE KUCIOTHI XPAHAT B aFOMUHHEBBIX COCY/IaX.

AmoMuHui — am(pOTEpHBIA METaILI, MOCKOJIBKY OH pearupyeT ¢ pacTBo-
paMu 1IET0YUEH:

2Al + 2NaOH +6H,0 = 2Na[Al(OH),] + 3H,T.

[IpuMeHSIOT aIOMUHUN U €T0 CIJIaBbl B PAKETHOM TEXHUKE, aBUAIUH, CY-
JOCTPOCHUH U MPUOOPOCTPOCHUH, a TAKKE /I MU3TOTOBJICHUS DIECKTPUUECKUX
IPOBOJIOB 1 KYXOHHOW MOCY/IBI.

Oxcua amomuanss — Al,O; (rMHO3eM) — BeIIecTBO O€Ioro IBeETa,
TBepaoe, miasutca npu 2050 °C. B mpupoae BcTpedaeTcss B BUJE MUHEpaia
KopyHJa. B maGoparopun ero mojiy4aroT MyTeM CKUTaHUS aIFOMUHUS B KUCJIO-
POJie WK Pa3IOKEHUsS TUIPOKCHUIA ATFOMUHMS:

2AI(OH); == AlLO; + 3H,0.
[To xuMHUYECKHM CBOICTBaM — 3T0 aM(OoTepHBI okcu. OH pearupyer co
IIeJI0YaMHU U C KHCIIOTaMH:
Al,O3 + 2NaOH = NaAlO; + H,0;
METAIIOMUHAT HATPHS
Al,O3 + 6HCI = 2AIClI; + 3H,0.

B mpucyTcTBUM BOIBI peaKIys OKCUA aTFOMUHHS C THIPOKCUIOM HATPHSI
UJIeT To-ApyroMy: oopasyercs rerparuapokcoantomunaT Hatpus Na[AI(OH)4]:
Al,O3 + 2NaOH + 3H,0 = 2N&[A|(OH)4]

I'uapoxcun amomunnsa — Al(OH); — Oemnoe, TBepioe BEIIECTBO; B BOJIE
MIPAKTUYECKA HE pacTBopsiercs. [lomydaror ero nercrBueM IIeaoder Ha pac-
TBOPBI COJIEH ATTFOMUHUSL:

AICI; + 3NaOH = AI(OH); + 3NaCl.

[Munpoxcup amoMuHUS ©MeeT aM(POTEepHBbIE CBOMCTBA M PEarnupyeT ¢ KUC-
JIOTaMH U HIEJIOYaMU:

2AI(OH); + 3H,S0O,4 = Al(SO,)s + 6H,0;
AI(OH); + NaOH L(pacumae) - NaA |0, + 2H,0:
Al(OH); + NaOH 2XIE%P_ Na[AI(OH)4].

Bonpocs! u 3aganust

1. HazoBute MNPHUPOAHBIC COCANHCHUA aJIFOMHUHNA.
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1.

. Kak monyyarot antoMuHuii B MPOMBIIIIIEHHOCTH?
. HazoBuTte dusnueckue cBoiicTBa aTtOMUHUS.
. 3aKOHYHUTE YpaBHEHUS PEAKIIUA:

Al + Br, —; Al + N, =
Al +S —; Al + C —.

. Hanmmmmre nonHwie YPaBHCHUA MCKOY:

a) OKCUJOM aJTIOMHUHUS U CEPHOM KUCIOTOM;

0) OKCH/IOM QJIFOMUHHUSI U TUJIPOKCHUJIOM KaJlus;

B) THIPOKCUJIOM QJIFOMUHUS U @30THOM KUCIIOTO;
') THAPOKCHUIOM aJTIOMUHHUS U TUAPOKCHIOM KAJTHS.

. Hamnmmre ypaBHeHns peakuui 11 IPEBPALCHUN:

a) Al = AI(OH); — Al,05 — NaAIO, — Na[AI(OH).] = AICI3;

6) Al,O3 — A|2(804)3 - A|(OH)3 - Al(NO3)3 — AlO3;

B) AI(OH); — ALO; — AI(NO3); — Al(SOs)s — AICl; —
Na[AI(OH)a].

3agaum

Cmech Meu U almoMuHUS Maccoit 20 T 00padoTanu CONsTHOM KUCTOTOM.

Beinenunocs 13,44 n raza. OnpenenuTe COCTaB CMECH B MAacCOBBIX JOJISIX (B

%).
2.

K 10 r cmecu xene3a W amOMUHUS NPUIWIN HU30BITOK THIPOKCUAA

Hatpud. Beinenunocs 6,72 1 raza. Onpenenure coctaB CMECH B MacCOBBIX J0-
1sax (B %).

CHUTOM:

HUA:

. YKaXnTe, KakoBa AJIEKTpOHHAsE KOHpUryparus nona A

TecToBBI CAMOKOHTPOJIb (25) 110 Teme
«AJTIOMUHHN U €ro COeINHEHU S

. YKaXHUTE, C KAKUMHU BEIIECTBAMH PEarupyeT allOMUHUMN:

a) COJITHAs KUCJIOTA; 0) raJoreHs;
B) OKCH/I KaJIbIIUS; I) a30T.

. YKaXHTe, KaKue METaJlJIbl 00J1ee aKTUBHBI, YEM aJTFOMUHUMN:

a) HaTpui; 0) Menb; B) KaJbIIUK; T) JKeJe30.
I13+;

a) 1522522p%3s23p?; 0) 1s22s22p°;

B) 15225%2p°3s'3p?; r) 1522522p®3s23p°,

. YKaxuTe, Kakoe U3 NPUPOIHBIX COCTUHEHUN aIFOMUHUS SIBJISIETCST OOK-

a) A|203, 6) A|20328|022H20,
B) A|203~nH20; F) Kzo - A|203 - GSiOZ.

.yKa)KI/ITe, B KaKMX PACTBOpax BCIICCTB paCTBOPACTCA OKCHA aAJIOMMU-

a) TUJIPOKCHU]T HATPUSI; 0) CoJIsTHast
KHCTIOTA;
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B) KOHIIEHTPUPOBAHHASI CEpHAsl KUCJIOTA; T') XJIOPUJ HATPHS.
6. Ykaxure, Kakue ypaBHEHUSI peaklUid IOKAa3bIBAIOT Hadu4re amQpoTep-
HBIX CBOMCTB OKCH/IAa ATFOMUHUS:

a) Al,O3 + H,0 —; 6) Al,O; + KOH —:
B) Al,O3; + HCI —; F) Na,O + Al,O3; —.
1. YKa)KI/ITe, KaKHC pCaKIIMH HC UAYT IIpU OOBIYHBIX YCIIOBUAX:
a) Al + HQSO4p3.36 -, 6) Al,O; + H,O0 —;
B) Al + HCI —; r) Al + HNOgskomni1r. —.

8. YKa)KI/ITC, KakKuc BCHICCTBA PCATrUPYIOT C THAPOKCHUIAOM aJIFOMHUHHUA
Al(OH)s:
a) NaOH; 6) H2S04; B) H,0; r) N.
9. YKa)KI/ITC, paCTBOpBI KAaKHX BCIICCTB HCJIb3A KUIIATUTHL B aHIOMHHHCBOﬁ
nmocye:

a) COJISTHOM KUCIIOTHI; 0) kapOoHaTa HaTpus;
B) THAPOKCHUJIA KU, T) XJIOpHIa HaTpHsl.
10. YkaxuTe, pacTBOPHI KAKUX COJICH MMEIOT MICIIOYHYIO PEAKITHIO CPEIbI:
a) AlCls; 0) KAIO2; B) NaAlO; 1) AI(NO3)s.

8.7. ’)KEJIE30 U EI'O COEJMHEHMUS

Kene3zo Haxonurcs B moOOYHON MOATPYIINIE BOCHMOW TPYIIIBI MEPHUOIH-
yeckoi cuctemsl aeMeHnToB [[. 1. MenaeneeBa. DnekTpoHHas KOHGUTypaIus
atoma sxenesa 1522s22p°3s23p°®3d®4s2. Dro d-smement. B cBOMX coemvMHEHMAX
JKEJIe30 Yallle BCEro MMeeT CTeNeHu okucieHus +2 u +3. XKene3o BXOIUT B Co-
CTaB reMOIJI00MHA B Pa3IMYHBIX (HEPMEHTOB.

B cB0601HOM COCTOSIHUM OHO BCTpEYaeTcsi TOJBKO B MeTeopuTax. Hanbo-
Jiee BOKHBIMU COCAMHCHHUSAMH JKeJIe3a B NPHUPOJE SABJSIOTCS OYpBIA JKEIE3HIK
(;mumonunt) — Fe;03-nH20, xpacHsiil xene3nsk (rematut) — Fe;O3, marauT-
HbIH jxese3HsK (MarHeTuT) — Fe304(FeO-Fe,03), xene3Hblii KouenaH (MMUPHT)
— FESQ.

B mpombIeHHOCTH JKeie30 MOyYaroT MyTeM BOCCTAaHOBJICHHSI €TO W3
KEJIE3HBIX PYJ C MOMOIIbI0 yriepona (kokca) u okcuaa yriepoaa (Il) B go-
MEHHBIX medax. [Ipy 3TOM B JOMEHHOW NEYM MPOTEKAIOT CICAYIOIINE OCHOB-
HBIC XUMHUYECKHUEC PCAKIIHH:

C+0,=C0y;
CO, + C =2C0;

3Fe, 03 + CO 450500 °¢ 2Fe304 + COy;
Fes0, + CO =229°C_ 3FeO + COy;
FeO + CO =L2°C_ Fe + CO..
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Uucrtoe keme3o0 — cepeOdpUcTo-cephlil MeTaill, o0Jadaromuid OOJbIION
KOBKOCTBIO, IUIACTUYHOCTBHIO, CHJIBHBIMM MArHUTHBIMM CBoMcTBamMu. I[LmoT-
HOCTS kene3a — 7,87 r/cm®, TeMneparypa miasinenus — 1539 °C.

B xuMuueckux peakusx Kene30 SBIETCS BoccTaHoBUTeNeM. lIpu
OOBIYHOU TeMIepaType OHO HE B3aUMOJCHCTBYET JakKe C CAMbIMU CHUJIbHBIMU
OKUCIIUTENAMU (TajoreHaMu, KUCJIOPOIOM, CEPOii), HO IIPU HarpeBaHUM pearu-

pyer:
2Fe + 3Cl, == 2FeCl;; 3Fe + 20, == Fe;04(Fe0-Fe;03);

0
Fe + S =L= FeS.
[Tpu GoJiece BBHICOKHMX TeMIIEpaTypax >Kejie30 B3aMMOJEHCTBYET C YIJIepo-
JI0M, KpeMHHeM, Gochopom:

3Fe + C =L~ FesC: 3Fe + Si == FesSi:

3Fe + 2P =L~ FesP,.
Bo BnaxxHOM BO3/yXe jKele30 ObICTPO OKUCIISICTCS:
4Fe + 30, + 6H,0 = 4Fe(OH)s.
PackaneHHoe xene30 B3auMOJICHCTBYET C MapaMu BOJbL:
3Fe + 4H,0 = Fes04 + 4H,T.
XKene3o BcTynaer B peakiyio ¢ pa30aBJICHHBIMU CEPHOM U COJITHOU KHUC-
JOTaMHU:
Fe + 2HCI = FeCl, + H,T;
Fe + H,SO, = FeSO4 + H,T.
Kene3o B3aMMOIENWCTBYET C KOHUEHTPUPOBAHHBIMHU a30THOW W CEPHOMU
KHCJIOTaMH TOJIBKO MPH HarpEeBaHUU:

2Fe + 6H,S0s == Fe,(S0.)s + 350,T + 6H,0;
Fe + 4HNO; == Fe(NO3)s + NOT + 2H,0.

JKene30 BhITECHSIET MEHEE aKTUBHBIC METAJIJIBI U3 UX COJICH:
Fe + CuSO, = FeSO,4 + Cu.
JKene3o B BUJIE CIJIaBOB — YyryHa M CTAIM — MIMPOKO HUCIHOJb3YETCA
B POMBIILJICHHOCTH.

Oxcun xeneza (1) — FeO — uepHoe KpHCTAIMYECKOE BEIIECTBO;
HE pacTBopsieTcs B Boje. [lomydaroT ero myTeM BOCCTaHOBIICHHS OKCHJIA YKeJIe-
3a (11, 111) okcunom yriepona (I1):

Fes04 + CO = 3FeO + CO..
Oxcup xene3a (1) — ocHOBHO# OKCHT; OH pearupyeTr ¢ KUCIOTaMu:
FeO + 2HCI = FeCl, + H,0.

I'uapoxcnn xkeiesa (I1) Fe(OH)2 — Genoe BemiecTBO; HE pacTBOPSETCS
B Bozie. OOpa3yeTcsi Mpu B3aUMOJICUCTBUHU pacTBOpoB cosert keneza (1) co
menoyamu 6e3 JocTyna Bo3ayxa:

145



FeSO, + 2NaOH = Fe(OH); 4 + Na,SO,.
Jlerko pearupyer ¢ KUCIOTAMU:
Fe(OH)z + H,SO, = FeSO, + 2H,0.
IIpn HarpeBanuu paznaraercs:

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

CoenuHeHus, 001aJar0IINe CTEIICHBIO OKUCIICHUS JKee3a +2, IMEIOT BOC-

CTaHOBHTENbHBIC CBOMCTBA, Tak Kak Fe*2 nerko okucusercs go Fe's:
Fe*? —g=Fe*
[TosTomy Ha Bo3ayxe Fe(OH), OpicTpo okucsiercs:
4Fe(OH); + O, + 2H,0 = 4Fe(OH)s.

Oxcup xene3a (111) Fe2Os — TBepoe BemecTBO KpacHO-Oyporo ImBeTa.
Ero moirydaror mytem 0o paznokenus ruapokcuna sxenesa (111) — Fe(OH)s,
60 okucieHus nmuputa — FeSy:

2Fe(OH)s =L= Fe;,05 + 3H,0; 4FeS; + 110; = 2Fe;05 + 8S0;.
Oxkcun xenesza (111) umeer amdoTepHbIie CBOMCTBA: pearupyer ¢ KUciIoTa-
MU 1 OCHOBaHHUSMU:

Fe,O3 + 6HCI = 2FeCl; + 3H,0;

Fe,0; + 2NaOH —1>2NaFe0; + H,0.
I'napoxcnn xene3za — (I111) Fe(OH)sz mony4ator u3 coneit sxeneza (1)
P B3aUMOJCHCTBUU UX CO IICIIOYaMHU:
FeCl; + 3NaOH = Fe(OH); + 3NaCl.
I'unpoxcun >xeneza (lll) sBnsercs Gonee cinaObiM OCHOBaHUEM, YeM
Fe(OH); u nposiBnsieT am(poTepHBIE CBOKCTBA:
FG(OH)g + 3HCI = FeCl; + 3H,0:;
Fe(OH); + NaOH = NaFeO; + 2H,0.
Coenunenuns, o0Onagaroniyde CTCIEHBIO OKHCICHUS Kejae3a +3, MMEIoT
OKHCIIUTENIbHBIE CBOMCTBA, Tak Kak Fe*? merko BoccranaBmmBaercs qo Fe*?:
Fe*® +&=Fe'
Hanpumep, xsopun xenesza (I1l) oxucnser ionun kamust 10 cBOOOAHOTO
nona:
2FeCl; + 2KI| = 2FeCl, + 2KCI + 1.

Bonpocs! 1 ynpaxkHeHust

1. Ha3oBUTE OCHOBHBIE IPUPOIHBIE COEIUHEHNUS KETE3a.
2. Kakue peakuuu jiexxaT B OCHOBE IMOTY4YEeHHUSI JKeje3a B JOMEHHON nedn?
3. KakoBsl hu3ndeckue cBOMCTBA xenes3a?

4. 3aKOHYUTE YPAaBHEHMSI PEaAKIIHil:

Fe + C —; Fe + Cl; —; Fe + P —;
Fe+S —; Fe + Si —; Fe + AgNO; —.
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5. Hanmumure ypaBHeHuUs peakuuil B3aMMOJAEHCTBUS )KeJe3a ¢ pa30aBIIeH-
HBIMU 1 KOHIICHTPUPOBAaHHBIMY CEPHOM U a30THON KHCIIOTaMHU.
6. Hanummre ypaBHeHUs peakiuil, XapaKTepHBIX JUIsl OKCUIOB U THIPOK-
CUJIOB JIBYXBaJICHTOI'O W TPEXBAJICHTHOIO KEJE3a.
7. KakuM#u OKUCIHUTEIbHO-BOCCTAHOBUTEIBHBIMU CBOMCTBAMHU 00J1aat0T
coemunenus Fe(ll) u Fe(l11)?
8. B cocraBe kakux COeAMHEHUN HAXOIUTCS JKENIe30 B OpraHU3Me YeJIOBe-
Ka ¥ )KUBOTHBIX?
9. Hanummre ypaBHEHUS peaKIHii Il IPEBPAILCHUI:
a) Fe —» Fe(OH), —» Fe(OH)CI — FeCl, — FeCls;
0) Fe > Fe(OH); —» Fe(OH).Cl — Fe(OH)Cl; — FeCl; — FeCly;
B) Fe > Fe203 — Fe(OH3z) — Fe,03 — Fe;
r) Fe — Fe;04 — FeO — Fe — FeCl; — FeCl,.

3amaum

1. Cxonbko rpammoB cynbdata sxeneza (1) MoxxkHO mosyunTh mpu pac-
TBOpeHuu 70 T kene3a B pa30aBIC€HHOW CEpHON KUCIOTE?

2. CKOJBbKO JIUTPOB XJI0pa (H.Y.) B3aUMOJICHCTBYET ¢ 2,8 T kene3a?

3. [Ipu neiicTBUM COJITHOM KUCIOTHI HA 12 T cMecH kene3a U MEIU BblJie-
muiiock 1,6 1 Boopoaa. BeraucanTs MaccoByto 10110 (B %) Kene3a B CMeCH.

TecToBBI CAMOKOHTPOJIb (26) 110 Teme
«7Keje30 1 ero coefuHEeHUT»

1. Ykaxxute 371eKTPOHHYI0 KOHPUTYpAIMIO aToMa JKele3a:
a) 15225%2p°3s%3p%4s%3d°; 0) 1522522p°3s23p°4523p°;
B) 15225%2p°3523p%45°3d°; r) 1522522p®3523p°4s°30°.

2. YKaxuTe, Kakoe U3 MPUPOTHBIX COCTMHEHHM Keye3a SBISeTCS MarHe-

a) FEQOg; 6) FGSz; B) F9304; F) Fe,O3-nH,0.
3. YkaxuTe, ¢ KaKMMHU BEIIECTBAMH pearupyeT Kejie30:

a) Oy; 0) H,SOg4paz6.;  B) COy; r) HClpa3o.
4. Yxaxwure, C KaKUMH BeIlecTBaMu pearupyet okcu xenesa (11):

a) H,O;  6)SOs; B) H2SOy; r) NaOH.

5. Vkaxure, Kakue BeliecTBa o0pa3yrtorcs npu B3aumoaerictsuu Fe(OH)s
¢ HNO:a:

a) H20; 0) Fe(NOs),; B) Fe(NOs3)s;1) Fe,0s.
6. Ykaxure, kakue MeTasibl 00Jee aKTUBHBIE, UEM JKEJIE30:
a) Cu; 0) Zn; B) K; r) Ag.

7. YKaxuTe, pacTBOPhI KAKUX COJIeH UMEIOT KUCITYIO PEAKIIUIO CPEIbI:
a) Fe304; 0) Fea(SO0y)s; B) NaFeO,; r) FeCls.
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8. YkaxuTe, mpH KakuX yCJIOBHIX paBHOBecue cucrteMsl Fe304 + 4CO =
3Fe + 4CO; — 43,7 xJIx cmemniaeTcst BIPaBo:
a) MOBBIILICHUE TEMIIEPATYPHhI;

0) MOHMKEHUE TEMIIEPATYPBHIL;
B) YBEJIMUCHUE JTABIICHUS;
r) yBenanuenue konmeHTpamuuu CO.
9. Vkaxkute, Kakue BeliecTBa 00pa3yroTcs mnpu pactBopeHuu Fez;O, B
a30THOM KHUCJIOTE:

a) Fe(NOs)s; 0) Fe(NOs),; B) H,0; r) NOs,.
10. YkaxxuTe, Kakue peakIMH OCYIICCTBUMBI:
a) Fe(OH), + KCI —: 6) Fe(OH); + HCI —»:
B) Fe,Oz; + H,O —:; F) FeSO, + Ba(NO3)2 .
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