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. BelwecTBoO

3HaTb: « XMMWYECKYIO CMMBOJIMKY: 3HAKN XUMNYECKNX DNTIEMEHTOB, POPMYSbl XUMUYECKUX BELLECTB;
+  BaXHeNWwme XMMmJeckne NoHATUA: BELLECTBO, XMMMUYECKUIA SNIEMEHT, aTOM, MOJIEKYNa, JJeK-
TPOOTPULATENBHOCTb, BaIEHTHOCTb, CTEMEHb OKUCIEHUA, XMMMYECKasa CBA3b, OCHOBHbIE TUMbI
XUMMYECKON CBA3M, NOH, OCHOBHbIE KNTAaCCbl HEOPraHNYeCKUX BELLECTB;
+  CMbICJT OCHOBHbIX 3aKOHOB 1 TEOPUI XUMWM: aTOMHO-MOJIEKYNIAAPHAA TeopUs, MePUOANYECKNN 3a-
KoH [1. . Menpgeneesa, npuHuun MNaynu, npasmno XyHAa, 3aKoH NOCTOAHCTBA COCTaBa BeLLeCTBa.

YmeTb: « Ha3biBaTb XMMUYECKME SMIEMEHTbI N COEANHEHNA N3YUEHHbIX KNaCcCOB HEOPraHNYeCKrX BellecTs;

«  06BACHATL GU3MYECKNIA CMBICST aTOMHOTO (MOPSAAKOBOr0) HOMEPa XMMUYECKOTO S/IEMEHTA, HO-
MepOB rpynnbl U Nnepuoga B nepuognyeckon cncteme [l. . Mengeneesa, K KOTOpPbIM NprHag-
NIEXMNT 3N1EMEHT;

+  0ODBACHATb 3aKOHOMEPHOCTU U3MEHEHMNA CTPOEHMA aTOMOB, CBONCTB 3/1IEMEHTOB B Npeaenax
MarnblX NEPUOLOB U MMaBHbIX MOATPYMM, a TakXKe CBOMCTBA 00pa3yeMbIX UMW BbICLLIVIX OKCUAOB;

+ COCTaBNATb CXeMbl CTPOEHMA aTOMOB MepBbiX 20-TV 3NEeMEHTOB MepMoANYECKON CUCTEMbI
0. . MeHpeneeBa;

+  COCTaBNATb GOPMYJSIbl HEOPraHUYECKNX COeAVHEHNI N3YUYEHHDbIX KI1AacCOB;

« OnpefenATb COCTaB BELLECTB Mo ux Gopmynam;

+ onpefenATb BalEHTHOCTb U CTEMEHb OKUCIIEHNA 3NIeMEHTa B COEAUHEHMM, BUL XMMUNYECKON
CBA3M B COEVIHEHNAX, MPUHAANEXHOCTb BELLEeCTB K onpefeneHHOMY Knaccy CoevHEHUIA.

. (TpoeHue atoma. (TpoeHne NEKTPOHHBIX 000/104eK
aToMOB nepBbiX 20-TM 3NeMeHTOB Nepuognyeckon cucTembl
I. . MeHpeneeBa

G0 1.1.1. CrpoeHmne atoma

XuMusa — HayKa O BelllecTBaX, X CBOMCTBAX, IIPEeBPAIlEeHUAX BEIECTB U SBJIEHU-
SIX, COIIPOBOMKAAIONINX STU IIpEeBpAIeHNA.

. BelwecTBOM Ha3blBaeTCA BUA MaTepuu co cneyupunueckmm XummnyecKum cocTaBom.

Bce BelgecTBa O6pa3OBaHbI OIIpeneJ€eHHbIM COUYeTaHMeM XMMHWYECKHUX 3JIEMEHTOB.

. ATOoM — menbyailan YacTula XMMn4yeckoro 3JIeMeHTa, onpeapenawlwan ero CcBONCTBaA.

Ho ronma XIX B. aToMbl cunTaiuch HegeauMbiMu. MccienoBanua yUeHBIX KOHITA
XIX — mauama XX BB., CBA3aHHLIE C ABJIeHUAMU (PoTOdP(PeKTa, pagrunoaKTUBHOCTHI
M 9JIEKTPOJIN3a, MOKasad, UTO aToM AenmM. M3yueHue 5TUX ABJIEHUU ONPEIETIUIO
paspaboTKy PasIMUHBIX MOJeJell CTPOEHUA aToMa KaK CJIOMKHON YaCTHUIIHI.

B 1911 r. 6puranckuii ¢pusur 9J. Pesepdopn npennoxma niaremapryio modendv
CTPOEHUA aToMa, COTJIACHO KOTOPOH I[eHTPOM aToMa ABJIAETCA ITOJOKUTEJNbHO 3aps-
JKeHHOe sA0p0, BOKPYT KOTOPOTO OBUIKYTCSA dJeMEHTapHbIE OTPUIIATENIbHO 3apaKeH-

| 11 CIpoeHHeaTONa. TPOHH MEKTOHHX 0GOT0HeK ATONOB NepOX 20-TH TeNENTOB NepHORMIECKOR hctemss 5



HBIE YaCTUIBI — JJeKmpoHbl. Momenb Oblia Ha3BaHa MJIaHETaPHOM, TOCKOJLKY HATIO-
MuHaJa aBu:keHue miaHer CoaHeuHoli cucteMbl BOKpYT Counita (puc. 1.1).

® o
Jorn
/o0

Puc 1.1. I1nanemapras modesib CMpoeHUs amoma

I/ICXOI[JE[ 13 BBINIEN3JIOKEHHOI'0, IIPMBEAEM COBPEMEHHOE OIIpeJesIeHre aToMa.

ATOM — 3TO HaUMeHbLuas BHEKTPOHeﬁTpaﬂbHaﬂ YyacTuua 31eMeHTa, KoTopaa cCoCTouT 13
NOJIOKNTEJIbHO 3apAXKEeHHOro Aapa n ABNXKYLNXCA B €ro 3JIeKTpnvyeckom nosne otpulartesnb-
HO 3apAXeHHDbIX 3JIeKTPOHOB.

ATom mpencTaBaseT COOOM CIIOMKHYIO CHCTEMY, OObeIUHEHHYIO CHJIAMU 3JIEKTPO-
CTATHUYECKOI'0 B3aMMOAEMCTBUA: ANEPHO-dJIEKTPOHHOI0 HIPUTIKEHNUA (Pa3HOUMEHHbIE
3apAABI) U MEMKIJIEKTPOHHOIO OTTAIKUBAHNUA (OJHOMMEHHBIE 3aPALbI).

. ﬂApO — LHeHTpaJ/ibHaA NOJIOXKNTEJIbHO 3apAXeHHaA YacTb aToMa.

AToMHOE AP0, B CBOIO OUepelb, COCTOUT M3 YACTHUIL IBYX BUAOB — IIOJIOKUTEb-
HO 3apsKEeHHBIX NPOMOH08 U HellmpoHOo8, He HecyIIUuX HUKAKOTO 3apsana. JacTuIrb
aTOMHOTO fAApa MMeIOT 00Illee Ha3BaHWE — HYKJOHbL. IIDOTOHBI M HEUTPOHHBI yAep-
JKUBAIOTCA B Anpe Osaromapa s0epHbim cuaam. SIoepHble CUJIBI OYeHb MOIIHBIE, UX
MPUPOAY U3ydaeT AdepHas Quauka.

B aape cocpemoToueHa mMpaKTUYECKHW BCA Macca aToMa. YuMcIeHHO OHA HTPUOJIU3U-
TeJbHO PaBHA CYMMAPHOMY UYHCJY IIPOTOHOB UM HEeHUTPOHOB. IIOCKOJBKY SAPO MMeEET
MaJbIil 00beM, ero IJIOTHOCTh OUeHb Beamka. CBoicTBa Aapa 00yCJIOBJIEHBI UHCJIOM
IPOTOHOB U HEHWTPOHOB B HEM.

IIpoToHBI MMEIOT HAWMMEHBIIUN CYIIeCTBYIOIIUNA B HPUPOIE IIOJOKUTEILHBIA 3a-
pAI, IIO3TOMY IIPM ONMCAHHM O0'HEKTOB aTOMAPHBIX MACIITAOOB 3apsij IIPOTOHA IIPHU-
Hanu 3a egumHuNy (+1). Macca mpoToHa paBHa Macce aToMa Bomopona (0OHa Tak:ike
NPUHATA B XUMUU 3a eqUHUILY). [IpoTOHBI 0003HaUatOTCA pt MIn 11 p.

HeiiTponsl He HecyT 3apsAna (3JIeKTPOHEHUTPAIbHBI), UMEIOT Maccy, PaBHYIO Macce
nportoHa (1). HefiTrporbs! o6o3HauaroTCa Oln nnu n.

IJIEKTPOH — dJIeMeHTapHas YacTUIla, Hecyllasd OTPUIlATeJbHBIN 3apAll, KOTOPBIi
pasen —1, ero macca moutu B 2000 pas mMeHbIIle MacChl aTOMa MPOTOHA MU HEHTPO-
Ha. JJeKTPOHBLI 0003HAYAIOT 3HAKOM €.

IJIeKTPOHHAS 000JI0YKA — BCe DJIeKTPOHBI B aTOMe, UYKCJIO KOTOPBLIX PABHO UHCIY
IPOTOHOB, T. €. HIOPAJKOBOMY HOMEPY dJeMeHTa.

1.1.2. MaccoBoe yuncno

Yucao TPOTOHOB UM HEUTPOHOB B AApe aToOMa OIPeleideT ero Maccogoe HUcCJo.
MaccoBoe uncyio obosHauaeTca A 1 paBHO CyMMe UMcCJia IIPOTOHOB (Z) M HENTPOHOB
(N) B anpe. Huciao NpoTOHOB PaBHO IIOPALKOBOMY HOMEDY dJeMeHTa B Ilepuofmye-
ckoit cucreme . 1. MengeneeBa. A 4ncj0 HEUTPOHOB IIPEACTABIAET COO0OH PASHUILY



MEeXK,JIy OTHOCUTEJbHOII aTOMHOII Maccoil sjieMeHTa, YKa3aHHOM B IePUOIUUYECKON CH-
cTeMe, ¥ YMCJOM IIPOTOHOB B AIpeE.

» Npumep. Maccosoe uncio aroma ochopa:
15 + 16 = 31
YUCJIO IIPOTOHOB Z YncI0 HeHTpoHOB N MaccoBoe 4HucIo A

IlonoxKkuTebHBIN 3apAl AApPa YPaBHOBEIIINBAETCSA OTPUIATEIbLHBIM 3apPSAI0M dJIEeK-
TPOHOB, IIO9TOMY ATOM B II€JIOM 9JIeKTpoHelTpasieH. Takum o6pasoM, YMCJI0 IPOTOHOB
B Spe aToMa PABHO YMCJY 3JIEKTPOHOB B HEM UM COOTBETCTBYET IIOPAIKOBOMY HOMEPY
XUMUYECKOT0 djJeMeHTa B mepuonmueckoii cucreme [[. YI. MeupeneeBa. IlocKombKy
YHCJIO 3JIEKTPOHOB B aTOMe€ OIIPeeisAeTCA BeJNUYMHOM IIOJOKUTEJLHOTO 3apAma Aapa,
MMEHHO BeJHMYUWHA IOJIOKUTEIHHOTO 3apdAaa Aapa aToMa ompenelisieT CBOMCTBA XHU-
MHYECKOT0 3JIeMeHTa.

@0 1.1.3. U3oTonbl

WMs3meHeHue unciia IPOTOHOB B AZpe HA3LIBAETCA SAMEPHON peakiueii, B xoae KOTO-
POH 13 MCXOLHOTO 3JIEMEHTA IIOJyUYaeTCs COBEPIIeHHO MHOM 3jeMeHT. Takue peariun
PEryJaspHO IPOMCXOLAT, Hampumep, Ha CoiHIle, Ile B X0[e SAePHBIX IIPOIECCOB U3
aToOMOB BOJOpPOAa 0OpasyloTCs aTOMBI reiusa. SImepHble peaKIIMU COIPOBOMKIAIOTCS
BBIZleJICHIEM OTPOMHOI0 KOJHYECTBa SHepruu B (opMe KHHETHUECKON SHepruu o0-
PasyOIUXCSa YaCTUIl UK B (hOPMe DHEPrur U3JIyUeHUsd.

B cinyuae coxpameHms dmcia IMPOTOHOB B sApe M M3MEHEHUs YMCJA HEeHTPOHOB
3apAnl Aapa He U3MEHHUTCA, TO eCTh oOpasoBaHre HOBOTO XUMUYECKOTO 3JIeMeHTa He
npousoiger. OJHAKO aTOMBI ¢ PA3HBIM KOJHMYECTBOM HEHTPOHOB OYAYT OTJIMUYATHCS
IPyr OT Apyra cBoeit maccoii. Takme pasHOBUIHOCTU aTOMOB OJHOTO XUMUYECKOTO
DJIEMEHTa, UMEIOI[e OJNHAKOBLIN 3apA Anpa (0JMHAKOBOE YKCJIO IIPOTOHOB) M pas-
HYI0 Maccy (pasHoe YKCJIO0 HEMTPOHOB), HAa3LIBAIOTCS M30TOIIAMM.

Taxum 00pasoM, KarKAbIH M30TOII XapaKTepU3yeTCsa MAacCOBBIM YKMCJIOM (IIPU 3aIIHCH
CTABUTCS BBEPXY CJIEBA OT XMMUUYECKOT0 3HAKA) 1 3apsaaoM Anpa (IIpu 3allCU CTaBUTCS
BHUBY CJIEBA OT XMUMUUYECKOr0 3HAKa). 3apsn Aapa aToMa COOTBETCTBYET €ro HOMEPY
B IIepUOAMYECKOU cucTeMme. Hampumep, M30TOILI XJ0pa 00603HAYAIOT CJAEOYIOIIIUM 00-
pagom: 22Cl m 2ICl. A m30oTONBI BOZOPOJA MMEIOT UHAWBUAYaJbHbIE HAZBAHUA U XU-
MuuecKue sHaKW: mpotuii — |H; meiitrepuit — *H, wiu D; tpuruit — °H, wmm °T.

Maccy aToMa XMMHUYECKOI'0 JeMEHTa OIPEeAeA0T KaK cpelHee 3HAUYEHHE OTHO-
CUTEJBbHOM aTOMHOM MacChl BCe€X ero IIPUPOAHBLIX WH30TOIIOB C YYeTOM HX pacipo-
cTpaHeHHOCTH. VIMEHHO 9TO cpejHee 3HAUEHNE IPUBEIEeHO IO 3HAKAMU XUMUUYECKUIX
5JIEMEHTOB B IepUOIUUEecKou cucreme. Hampumep, B IpuUpoje aTOMBI XJopa IIpej-
CTaBJIAIOT CO00OII cMech IBYX M30TOIIOB ¢ Maccoil 35 (ux B mpupoze 75,4 %) u 37 (ux
24,6 %). Cpenusas aToMHas mMacca xJjopa pasua 35,453.

@0 1.1.4. CocToAiHMe 2NEKTPOHOB B aTOMe

IIpu xuMuUecKux peaknuax AAPO aToMa He u3MeHsAeTcsA. M3MeHeHUA TPOUCXOAAT
B BJIEKTPOHHBIX 000J04Kax aToMoB. CoCcToAHME 3JIEKTPOHOB B aToMe, a TaKyKe CBOM-
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CTBa APYIUX 3JIEMEHTAPHBIX YACTHUIL ONMCBIBAET K8aHmMosas mexanuka. Ilo npencras-
JIEHHAM KBaHTOBOII MeXaHWKM, BCeé MUKPOYACTHUIIbI MMEIOT JBOMCTBEHHYIO (KOPIIY-
CKYJISAPHO-BOJIHOBYIO) IPUPOLY: B HEKOTOPBIX CIAyUYasiX OHU BeAyT ce0sa KaK YaCTHUIlI,
a B HEKOTOPBIX — KAaK BOJHBI. VlHaue roBops, MUKPOUYACTHUIEI IIPOABJIAIOT CBOMCTBA
BOJIH, & BOJIHBI CIIOCOOHBI IIPOABJIATEH CBOMCTBA MHKPOUYACTHUIL. JJIEKTPOH TaKKe 00-
JlazaeT KOPIIYCKYJIAPHO-BOJHOBBIM AyaaN3MOM (IBOMNCTBEHHBIMU CBOMCTBAMIU).

JJIEKTPOH B aTOMe He MMeeT OIIpeIeIeHHON TPaeKTOpUU ABUKeHuA. [[Burasce ¢ cyo-
CBETOBOII CKOPOCTBHIO, OH MOJKET HaXOAUTHCA B JIFOOOM YacTH OKOJIOAAEPHOIO IIPOCTPAH-
crBa. Pasimunble mOJIOMKEHNA 9I€eKTPOHA B 3JIeKTPUUECKOM II0JIE SApa aToMa HOCAT Ha-
3BaHUE 9JeKMPOHHO020 00aKa. [IBUKeHUe 2JIEKTPOHA OIMKMCHLIBAIOT 3aKOHBI KBAHTOBOM
MeXaHNKH, KOTOPbIe PACCMATPUBAIOT BEPOATHOCTh €r0 HAXOMKJCHUSI B TOM MM MHOM
MeCTe IIPOCTPAHCTBA. BOKPYr KasKI0ro aToMa €CTh YUACTKH IIPOCTPAHCTBA, B KOTOPBIX
BEPOSITHOCTDL HAXOMKIEHUS B3JIEKTPOHA BBICOKA, €CTh YYACTKM, B KOTOPBIX 3JIEKTPOH
MOXKHO OOHAPYKHUTb ropasmo pexke (HU3KAA 8epOsmMHOCMb), U €CTh TaKue yIacTKH,
B KOTOPBIX 3JIEKTPOH OOHAPYIKUTH B IPUHIAIE HEBO3SMOMKHO (HY./1e8as 8EPOAMHOCID).
Ecau Obl yAanoch MOJIYYNTH MIHOBEHHBIE CHUMKHN IIOJIOMKEHUS 3JIeKTPOHA B aTOMe ue-
pes OueHbL MaJible PABHLIE IIPOMEXKYTKM BPEMEH! M HAJIOMKUTHL X APYr HA Apyra, TO Ha
UTOTOBOM CHUMKE ITOSIBUJIACH Obl KapTHUHA 9JeKTPOHHOro objaka (puc. 1.2).

Puc. 1.2. dnekmponHoe 06aarxo amoma 8000poda

Touku Ha PUCYHKE — MeCTa OOHAPYKEHUs DJIEKTPOHA — HAXOAATCS HA OIIpeje-
JICHHOM PACCTOSHUU OT SApa aToMa, a MeCTa BBICOKOM BEPOATHOCTH HAXOMKIEHU
3JIEKTPOHA BUIHBI KaK MeCTa IIOBBIIIIEHHOU a/1eKkmpoHHoil naomHocmu. Ilo mepe yaa-
JIEHUS OT SApPa 9JIEKTPOHHAA ILJIOTHOCTH YMEHbBIIIAETCS.

O6J1acTh IPOCTPAHCTBA BOKPYT AApa aToMa, B KOTOPOIi HanboJiee BEPOATHO HAXO0MK-
JIleHre 9JeKTPOHA, HA3LIBAETCS OPOUTAJIBIO.

Yucsmo opdbuTaieil 3aBUCUT OT MOJIOMKEHUS aToOMa B IIEPUOAUUYECKOI cHCTeMe 3Jie-
MEHTOB.

OpOuTanu MOryT UMETh HecKOJbKOo opM (puc. 1.3). Opburanu chepuueckoii gop-
MBI, KaK y aToMa BOIOPOLA, IPUHSATO HA3hIBATH S-OPOUTANAME, a SJIEKTOHBI HA HUX —
s-aJIeKTpoHaMu. 'anTeeo0pasHyo (GopMy UMEIOT p-opOuTaIr. JJIEKTPOHBI HA STUX OP-
OuTasnsX Ha3bIBAIOTCA p-dJieKTpoHaMu. Bojee cioxkuyio hopmy uMeioT d- u f-opouranu.

AP
d

Puc. 1.3. @opmvL 31eKkmpoHHbLX opoumadJeil




Ha xaxmgoit opburanmu MOMKeT HaXOAUTHLCSA OOMH MJIK OBa 3JieKTpoHa. Ecjau Ha op-
OMTaIM HAXOAUTCS OOUH dJEKTPOH, TO €e HA3LIBAIOT He3aN0JHeHHOl, a 3JIEKTPOH Ha
Heil — HecnapenHvim. Ecau Ha opOuTaIM HaXONATCA IBa SJIEKTPOHA, €€ Ha3LIBAIOT
3anoJHeHHOoll, a BJIIEKTPOHBI Ha HE — CnapeHHulMU. IJIEKTPOH BO BpeMs ABUIKEHUSA
Ha opOMTAIN OJHOBPEMEHHO BpaIllaeTcsa BOKPYT CBOEH OCHM. OTO CBOMCTBO 3JIEKTPOHA
HOCUT HasBauue cnun. CapeHHBIE 3JIEKTPOHBI OJHOIM OpOUTAIN MMEIOT pPas3Hble CIIU-
HbI, TO €CTh BPAIIlalOTCS BOKPYT CBOell OCH B PA3HBLIX HANPABJIEHUAX.

Pacmpenenenue sJIeKTPOHOB II0 S9HEPTETUYECKUM YPOBHAM U HOAYPOBHAM B aTOMe
IIPOUCXOAUT B COOTBETCTBUU C npasuom Xyroa 0jid HeBO30OYKIEHHOTO (OCHOBHOTO)
COCTOSIHHIS aToMa:

3113KTpOHbI 3aHMaloT CBOGOAHbIe op6|/|Tan|n, pacnonaradcb B HUX CHa4aJia N0 ogHoOMYy,
nmea Nnpuv 3Tom ognHaKoBOe 3HaYeHe CNnHa, a 3aTemMm cnapuBaloTCA.

B xome xuMuuecKux peakIiuil 3JIeKTPOHBI 3aOJHSIIOT CBOOOIHBIE OPOUTANIN B aTO-
Max coryiacHo npunyuny Ilaynu:

B atome Ha opHOM op6vrranv| MOXeT HaxoAunTbCA He 6onee ABYX 3JIEKTPOHOB, nMeLnx
NPOoTNBONOJNIOXKHbIE CMNHDbI.

BakHeiilell xapaKTepUCTUKON MBUMKEHUA JJIEKTPOHA ABJAETCA DHEPTruA ero CBs-
3 ¢ AAPOM aToMa. JTa YHEPTUA 3aBUCHUT OT CUJ BJIEKTPOCTATUUECKOTO IIPUTAIKEHUA
AJIEKTPOHA K SAAPY W 3JIEKTPOCTATHUUYECKOTO OTTAJKHBAHUA 9JIEKTPOHOB B 3JIEKTPOH-
HOM o0JiaKe. JJIEKTPOHBI, KOTOPhIE HAXOAATCA Ha OJIM3KOM PACCTOSHUU OT AApa, IIPU-
TATUBAIOTCA K HeMY C OOJIBINIEH CUJION, MpOUHee CBA3AHBI C HUM, UX TPYAHEE «OTO-
pBaTh» OT AApa B XOJle XUMUUYECKUX IIPeBpalleHnii. JJIeKTPOHbI, KOTOPhIe IBUMKYTCSA
mo opburanaM GOJILIIIETO pasMepa, 0oJjiee yAaaeHbl OT AApa aTOMa U COOTBETCTBEHHO
MPUTATUBAIOTCA K HeMy cJjabee. OTH 3JIEKTPOHBI Jierde «0TOPBaTb» OT sApa, OHU
o0samaoT OOJBIITMM 3allacoM CBOOOAHONM dHEPTUU. JJIEKTPOHBI, KOTOPbIe 3aHUMAIOT
B aTOMe OJHY WJIN HECKOJBKO opOmTaseil oqMHAKOBOU (GOpPMBI 1 pasdMepa, 00JagaroT
OMM3KUMU 3HAUEHUAMU SHEPTUH.

OHepPruio CBA3U JJIEKTPOHA C AJPOM XapaKTepUsyeT IHepzemuiecKuil YposeHbv,
WU 9HepzemuiecKull caoil, Ha KOTOPOM HaXOIUTCA 3JIEKTPOH.

JHepreTUYEeCcKuil ypoBeHb — 3TO COBOKYITHOCTD 3JIEKTPOHOB € OJIMBKUMU 3HAUEHU-
AMU SHEePTHUH.

JHepreTuuecKkue ypoBHU obo3HauaioTcAa apabckumu nudpamu (1, 2. 3, 4 u 1. 1.).
Haumensiieil sHeprueii 06/1a0ai0T 9JIE€KTPOHLI SHEPTETUUYECKOr0 YPOBHA 1, OJIM3KOTO
K aToMHOMY AApy. C yBeIndYeHEeM YPOBHS YBeJIUUMBAETCS 3aIlac DHEPTrUH 3JIEKTPOHOB.

Yuciio sHepreTUUeCKUX YPOBHEH B aToMe IIOKas3hIBaeT HOMED IIeproja, B KOTOPOM pac-
mojiaraeTcsa dJieMeHT B mepuomamueckoit cucreme 1. 1. MenpeneeBa. Tak, y aJieMEHTOB
1-ro meproga TOJIHLKO OOUH SHEPreTUYeCKUil YPOBeHb, 2-T0 — IBa, 6-T0 — IIIeCTb U T. 1.

Kakapiii HOBBINM sHepreTUYeCcKUl yPOBEHb B aTOMe HauMHAaeTCs ¢ S-opOurTanu, Ha
KOTOpPO# MOMKeT HaxOOUThCcA He 0ojiee ABYX S-9JI€KTPOHOB. S-0pOUTANb 2-TO 9HEP-
TeTUYECKOTO CJIOA 0OJbBIIIE IO pasMepy, IO3TOMY DHEPTrUA 3JIeKTPOHOB HA HEHM BHI-
e, 4ueM y S-3JeKTPoHOB 1-ro ypoBHA. Ha 2-M sHepreTuuyeckoM ypOBHE HOSBJISIOTCS
TPU p-OpOUTAIM OJHOTO padMepa, KOTOPhIE PACIIOJIOMKEHBI B3aMMOIIEPIEHAUKYJIAPHO,
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momo6HO ocAM KOOPAWHAT X, Y, 2. TpeTuili sHEPreTuUecKuii yPOBEHb CONEPIKUT Of-
HY S-0pOuTanb, Tpu p- U OATh d-opOuTasieii. UeTBepTHINI YPOBEHb COAEPIKUT OITHY
s-opbuTaib, TPU P-OpOUTAIH, IATh d-opOuTasieil U ceMb f-opOouTaseii.
JHepreTUUYECKWe YPOBHU COCTOAT W3 nodyposHeil. KasKablii MOMypOBEHL COnEp-
JKUT opOuUTasM KaKou-To omHOU (hopmbl. Hanpumep, 1s-mogypoBeHb, 3p-IOAYPOBEHbB,
4d-onypoBeHb U T. A. KoauyecTBO mOaypoBHEH paBHO HOMEPY YPOBHS — Yy II€PBOTO
YPOBHS UMeEeTCS TOJBbKO OJUH MOAYPOBEeHb, ¥ BTOPOT'O — IBa, Y TPETHEro — TPU U T. 1.
Ha puc. 1.4 moxasana cxeMma OejleHHUs dHePreTHYeCKUX YPOBHEH Ha IMOAYPOBHMU.
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Puc. 1.4. Cxema denenus sHepzemuuwecKux ypoeHeil Ha noOyposHU

HUcxomsa ma Toro, 4To Ha KaKOoli OopOMTaAJM MOTYT HaXOAUTLCSA He 0ojiee OBYX
9JIEKTPOHOB, HECJOKHO BBEIUMCJINUTDL, YTO IIE€PBLIHA SHEPreTUYecKil YPOBEeHb MOTYT 3a-
HUMAaTh He 0oJiee ABYX DJEKTPOHOB, BTOPOii — He OoJiee 8, Tpetuii — He GoJee 18,
YeTBEepPThIN — He 0ojyiee 32 U T. 1.

MakcuMaabHOE YHCJIO 3JIeKTPOHOB (), HAaXOAAINXCI HA 9HEePTeTUYeCKOM yYPOBHE
n(n=1, 2, 3 uT. 1.), oupeneasioT mo GopmyJe:

N = 2n?.

1.1.5. CTpoeHune 3N1eKTPOHHbIX 060/104eK aTOMOB NepBbIX
20 sanemeHTOB nepuogunuyeckonm cucrembl 1. U. MenpeneeBa

CaMBIM YCTOMUYUBLIM W SHEPreTHUECKU BBLITOJHBLIM COCTOSHUEM JII000M CHCTEeMBI
ABJISIETCA COCTOAHVE C HAUMEHBIell dHeprueii. AToM KakK CHUCTEMa B 3TOM OTHOIIIE-
HUU He ABJAETCA UCKJIOUEHWEeM: 3JeKTPOHBLI 3alOJHAIOT JHEPTeTHUecKue YPOBHU
TaKKe B COOTBETCTBUM C IIPUHITUIIOM HaWMEHBIIIEH 9HEePruu.

CocTossHUE aTOMa, IPU KOTOPOM BCe OPOMTAJIM 3alI0JTHeHbl B COOTBETCTBUM C IIPUH-
IIUIIOM HaUMEHbIIEH SHEepruu, Ha3bIBA€TCA OCHOBHBLM.

Pacnpenenenue 37eKTPOHOB II0 YHEPTreTHUYECKUM YPOBHAM IPUHATO OTOOpaXKaTh
C TIOMOIIBIO 3JNCKMPOHHLLX (POPMYJL, KOTOPbIE TOKA3LIBAIOT PACIIOJIOKEHUE 3JIEKTPO-
HOB HA 9HEPTeTUYECKUX YPOBHAX U IMOAYPOBHAX (OpOUTATIAX) B aTOMe.

Taxkum 06pas3oM, sJeKTpoHHAs (popmyaa sogoposa H umeer Bug 1s!'. MHorga rpe-
Oyercsa m300pasuTh rpaduuecKyio dJeKTPOHHY (GopMyay. B aToM ciydae KamkmIou
opOuTaIM COOTBETCTBYET UETHIPEXYTOJIbLHUK.
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Puc. 1.5. Cxema anexkmpoHH0z0 cmpoeHus amoma odopoda

Tak, HanpuMep, 3aloJHEeHNe dJIeKTPoHAMU 1-T0 9HEePreTUYecKOoro YPOBHSA MOKHO
MIPOMJLIIOCTPUPOBATD CJIAEAYIOIIUM 00pasoMm:

1s!

HezanonuneHHBIN dHEPreTHNYECKUN YPOBEHbD:

152

3aroMHeHHBIN 2-U 5HePreTUYeCcKUil YPOBEHb OyIeT BBIPAKATHCA 3SJIEKTPOHHON
dopmy.roin 2s22p°: L

T
NI NN

2s%2p"

3amoJIHeHHBIH 3-i ypoBeHb OyzeT uMeTh popmyay 3s23p®3d10:
]
NN NN
NHNNNNNNNNn
3523p83d1°

IIpu cocraBieHUU 9JIEKTPOHHBIX (POPMYJ BasKHO IIOMHUTD CJIEIYIOIe MOMEHTHI:
e JHJIEKTPOHBLI B aTOME€ 3aHMMAIOT CBOOOAHBLIE OPOMTAJIM B IIOCTIENOBATEIHLHOCTU, HA-

3BIBae€MOM IIKajou sHepruu: 1s / 2s, 2p / 3s, 3p / 4s, 3d, 4p / bs, 4d, 5p / 6s,

4d, 5d, 6p / Ts, 5f, 6d, Tp;

e corjacHo npuHIuIy Ilayam, Ha OTZHOM OPOUTANM MOTYT PACHIOJIATAThCA MAKCUMYM
IBa 9JIEKTPOHA C IIPOTUBOMIOJJOKHBIMU CINHAMU;

¢ KOJIMYECTBO 3JIEKTPOHOB B aTOMe UYMCJEHHO PaBHO 3apany AIpa U HOPAIKOBOMY
HOMEPY dJIeMeHTa B IIePUOSUUYECKON cucTeMe;

e KOJIMYECTBO DHEPreTHUECKUX IIOAYPOBHEI UMCIEeHHO PaBHO HOMEPY IIepuoja, B KO-
TOPOM PAaCIIOJIOMKEH 3JIEMEHT B IIEePUOSUUECKON cHCTeMe.
AeKTpoHHO-TrpaduuecKre (POopMyabl HATJIAJHO IIOKA3BIBAIOT KOJHMYECTBO HeECIIa-

PEHHBIX 3JIeKTPOHOB B aTOMe.

Atom asnementa Bomopoga (H), crosiero moa HoMepoMm 1 B meprOAUUECKON CHCTe-
Me, MMeeT TOJbKO OJMH 3JIEKTPOH, KOTOPBIM PACIOJIOMKEH Ha 1-M SHEepreTH4YecKOoM
ypoBHe, 1s-mogypoBHe. TakuM o6pas3oM, 3JIeKTPOHHAA (opMyJia Bogopoza: 1s!.

dJIeMeHT, UMeIOInii TOPATKOBLEIN HoMep 2, — renuii (He). CorsacHo mopAaIKOBO-

My HOMEPY U HOMEpY IIepuoja, OH MMeeT ABa JJIEKTPOHA, PACIIOJJOMKEHHBIX Ha 1-Mm

DHEPreTHYecKOM ypoBHe: 1s2.

AnemeHT monx momepoMm 3 — jutuil (Li) — HaxomuTcsa BO 2-M mepuoe U MMeeT
TpU dJIEKTpOHA. [[Ba M3 HMX pacroJjaramrcs Ha 1-M ypoBHe, 1s-oaypoOBHE, a TPETU
3aHUMAaeT CBOOOJHYIO S-OpOMTAaNIb 2-TO BHEPreTHYecKoro ypoBHA: 1s22s!. s-opOurans
CJenyIOIero ypoBHS BCerga 3allOJIHAEeTCS MePBOi, ITOCKOJbKY MMeeT 6oJjiee HUSKUI
ypOBeHBb sHepruu. ToJbLKO II0cje IIOJHOr0 3aIl0JHEHUA S-TIOAYPOBHA UIET 3all0JTHeHIe
IPYyrux opoOuTajaeil sJIeKTPOHAMMU.

V snementa Homep 4 — OGepusmus (Be) — samonHserca 2s-momypoBeHb: 1s22s2,
a HauwmHasd ¢ 9JIeMeHTa o HoMepoM 5 — Oopa (B) — uaer sanmosHeHUe p-opouUTaAIN HA
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2-m ypoBHe. ¥ anemenTa HOMep 6 — yruiepoga (C) — moABIAETCA BTOPOM p-3JI€KTPOH
Ha 2-M IIOAYPOBHE, M OH MOYKET KaK 3aHATL CBOOOAHYIO OPOUTAJb, TAK U Pa3deuTh
Pp-opOUTAJIb C YoKe UMEIOIUMCA p-3JieKTPOHOM. [IOCKOJBKY 3JI€KTPOHBI MMEIOT OfUHA-
KOBBIE II0 CUJie U 3HAKY 3apsaAbl, OHM OTTAJIKUBAIOTCA APYT OoT Apyra. Ilpu maauuuu
CBOOOIHBIX OpOUTAsell 9JIeKTPOHAM YHEPreTUYeCcKU «BBITOJAHO» pasMeIiaThcAd Ha He-
3aHATHIX opbouranax. Iloaenatomuiica y kucaopozna (0), ajsemeHTa moa HOMepoM 8,
YeTBEPTHIN p-dJIEKTPOH, IPUCOENHAETCA Ha IEePBYIO P-OpOUTANDb K YiKe MMEeIoIeMy-
cA p-9JeKTPOHY.

Y sieMeHTOB 3-TO SHEPreTUUECKOTr0 YPOBHS MMelTca 3d-opOuTaam, HO OHU OCTa-
I0TCsA Hes3amoJHeHHbIMU. ¥ aroMoB Kaausa (K) u kansnusa (Ca) mossiasercs 4-i 9JIeKT-
POHHBIA CJIOH M 3amOJIHAETCA 4S-ypOBEeHBb, T. K. OH MMEET MEHBLIIYI0 DSHEPTUI0, YeM
3d-ypoBeHb.

CrpoeHne sJeKTPOHHLIX 000/I0UeK IMepBBIX 20-TH 5JIeMEHTOB IIePUOIMUYECKOI CU-
cremsl [I. 1. MeunmeneeBa npuBenero B Tabma. 1.1.

Tabauua 1.1

JdJeKTpoHHBIe rpaduuecKkue (GopMyIbl
nepBbIx 20-TH 3JIeMeHTOB mepuoanueckoi cucremsl /. . MenmeneeBa

ll-clcc:ll::,llf“a- JdJIeMeHT SIS I'padmueckasa dopmyra
HOMep $opmyara ? o
1 Bopopoz (H) 1s!
2 Tenuii (He) 1s?
3 JIuruin (Li) 1s%2s! m
L]
4 Bepunnuii (Be) |[1s22s? m
W]
5 Bop (B) 1s%22s22p? m
Wit [ ]
6 Yraepogn (C) 1s22522p? W
Wil ||
7 Aszor (N) 1s%2s%22p3 m
K
8 Kucaopog (0) 1s22s22p* W
WIHTHTH]
9 ®rop (F) 1s22522p° m
WM N
10 |Heon (Ne) 1522522p° m
WM NN




OxoHuaHue maéba. 1.1

ITopsin-

KOBBII dIeMeHT Qn(ia)léTpom;aa I'paduueckas popmyna
HOMeED Myt
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-
—
-
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15 |®ochop (P) 15%2522p63s23p3 m

NN NN

WLHLEEL [T
16 |Cepa (S) 1s22522p®3s23p* m

NN NN

NNHEEEEEE
17 |Xumop (Cl) 1s22s22p®3s23p° m

NN N

NNNEEEEEE
18 |Aproxu (Ar) 15%2522p63523p" m

NN NN

NANNEEEEE
19 |Kaawuit (K) 15%25%22p®3523pS4st ]

NN NN

NN NN

!
20 |Kansmuii (Ca) 1522522p®3523p%4 s> m

NN NN

NN NN
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L RP) lMepuognuecknin 3aKoH
W nepuoanYecKas cuctema XMMMUYECKUX 1eMeHTOB
. U. MeHpeneeBa

@0 1.2.1. Ipynnbl n nepuoabl NEPNOANYECKON CMCTEMDI.
®dusnuecknini cmbicn NOPAAKOBOro HoOMepa
XMMUNYECKOro 3/IeMeHTa

ITonbITKY KIaccuPUKAIIUY XUMHUUYECKUX 3JIEMEHTOB IPEeANPUHUMAINCH YUEHBIMU
HauurHada ¢ XVII B. CxomHbIe IO CBOMICTBAM BeIECTBA O0'BEAUHAJNINUCH B I'PYIIIbI. BhI-
IeJISIIUCh 00Ie MMPU3HAKY OTAEJbHBIX XUMUUYECKUX aeMeHTOB. B 60-e roger XIX B.
. . MeHzgeeeB 3aHAJNCSA IONCKOM 3aKOHOMEDPHOCTEN 1 B3aMMOCBA3€, KOTOPbIE ObI
OXBATBIBAJIM BCE M3BECTHHIE B TO BpPeMA XMMHUUECKIUE SJIEMEHTHI (MX Ha TOT MOMEHT
HacuuThIiBajioch 63). B xauecTBe BakHeHINell XapaKTEPUCTUKU XWUMHUECKOTO 3JIe-
meHTa I[. 1. MeHeieeB B3AJ Maccy ero aroma.

PacmosokuB Bce M3BECTHLIE B TO BpeMs XUMUUYECKUE 3JIEMEHThI B P IO CTEIeHH’
BO3pacTaHUs UX aTOMHBIX MACC, YUEHBIA OTMETHJI, UTO UepPes3 OnpelesieHHbIe OTPe3KU
(mepuonAbl) B 9TOM DALY HAXOAATCS XHMUUYECKIEe DJeMEeHThI, KOTOphIe 00pas3yioT IIOo-
XOJKMe II0 CBOMCTBAM IIPOCTEIE BeIllecTBa 1 coequHeHMsA. To ecTh XapaKkTep 3JIeMEeHTOB
B PAAY IIOBTOPSETCS C OIIPeJeIeHHON IMepHUOSUUYHOCThIO.

Kamawiii Takoil OoTpe30oK HAUMHAJCA TUINYHBIM METaJIJIOM U 3aKaHUUBAJICA TU-
OudYHBIM HemertasaoMm. Ilpu stom . 1. MeuneaeeB oTMETUII, UTO XapaKTep 3JIEMeH-
TOB, CBOMCTBA WX IIPOCTHIX BEIECTB U COEAMHEHHUI B KasKIOM OTpPEe3Ke M3MEHSIIOTCS
IOCTEeIIeHHO, a UMEeHHO:

e MeTaJIIMUecKle CBOMCTBa OciabeBaioT;

e HeMeTaJNJINUYeCcKNre CBOICTBA YCUJIMBAIOTCH;

® CTelleHb OKUCJICHUSA 9JIeMEeHTa B 00pa3yeMbIX MM BBICIIIHNX OKCHUIAX YBEJINUUBAETCS
c +1 mo +7 (+8).
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Ha ocroBanum cBoux BeIBOZOB [l. 1. MeHznenees B 1869 r. chopmysmmpoBasn nepuo-
Juueckuil 3axoH. IlepBoHauanbHasa (OPMYJIUPOBKA 3aKOHA BBITJIAENA CJIETYIOITM

obpasom:




CBowcTBa NPOCTbIX TeJ, a TaKXKe (I)OPMI:I 1 CBONCTBa COeAVNHEHN 3/IeMeHTOB HaxoAATCA
B ﬂeleIOAIII‘-IECKOI‘/'I 3aBUCMMOCTUN OT B&JINYNHDbI aTOMHDbIX B€COB 3J/1eMEeHTOB.

PasnenuB pan saemeHTOB Ha nepmonbl, I[. 1. MenaeneeB pasmMecTnj BTOPOH Iie-
PHOL IO IIEePBBIM, TPETHUH — IIOA BTOPBIM M T. HO., HOJYYUB TAOJIHUILy, B CTOJOIAX
KOTOPOIi OKasaJnch XUMHUUECKNEe 3JIEMEHTBI CO CXOOHBIMI CBOMCTBAMM. JTa TAOJIMIlA
cTajia rpauuecKMM OTOOpasKeHHeM HepUOAUUYECKOro 3aKOHA U MOJIyYHnJia Ha3BaHUe
nepuoduyeckoil cucmemul anemenmos JI. H. Mendeneesa.

Ha ocnoBanuu nmepuomuueckoro 3axkona [l. 1. MeungesieeB IIpeacKasas CyIeCTBO-
BaHNe He OTKPBITBIX K TOMY BPEeMEHU XMMHUUYECKUX 2JIeMEHTOB, CBOMCTBA TPEX UX HUX
(rannusa, CKAaHAWSA W TepPMaHUs) OH IMOAPOOHO Omuca. OTH 3JIEMEHThI ObIIN OTKPBITHI
ellle MMpU *KU3HU YUYEHOr0, UTO IMPHUBEJIO K BCEOOINeMY MPU3HAHUIO IIEePUOIUUECKOTO
3aKOHA.

IlepuoguuecKuii 3aKOH MJLIIOCTPUPYET IIOBTOPEHNE XMMUUYECKOI'0 XapakKTepa sJje-
MEHTOB, OCOOEHHOCTEH CTPOEHMHS MX aTOMOB, COCTaBa, CTPOEHUS W CBOWCTB UX CO-
equHeHN. B cuIy HEBBICOKOTO YPOBHS Pa3BUTHUS XMMHK BO BpeMeHa MeHIeseeBa
WCTUHHAA NPUUYMHA IEPUOIUYHOCTH UM PACKPLITA He ObLIa.

C pasBuTHmeM aTOMHOU ()MBUKU U KBAHTOBOU XUMUU ObLI 00'bACHEH CMBICII TOPAI-
KOBOT'0O HOMeEpa 9JIeMeHTa, U IePUOAUUYECKUN 3aKOH IIOJYyUYHJ TeopeTuduecKkoe 00oc-
moBaumue. Ilos:ke ObLIa cO3maHa KBAHTOBO-MEXaHHUYECKAS MOJEIb IIePHOAUUECKOTO
N3MeHEeHU SJIeKTPOHHOTO CTPOEHMA aTOMOB XMMUUECKUX 3JIEMEHTOB II0 Mepe Bo3pac-
TaHUA 3aPAMOB UX AOep.

CoBpeMenHasa (GOPMYJIHUPOBKA IEPUOSUUECKOr0 3aK0OHA 3BYUYHUT TaK:

CBOWCTBa XMNYECKNX DJIEMEHTOB, a TakXKe (I)Oprl 1 cBOMCTBa 06pa3yeMblx nMmn npo-
CTbIX BelecTB N COeANHEeHNN HaXoAATCA B I'IepI/IOAIII‘IECKOI‘I'I 3aBNCMMOCTA OT BeJINYNHDI 3a-
pAapoB Agep nx atTomMmos.

Homepa »/IeMEHTOB B II€PHOAUYECKOM CHCTEME HA3LIBAIOTCSA NOPAOKOBbLMU HOMe-
panu.
ITopAgKOBBINM HOMED 9JI€MEHTA IIOKA3LIBAET:
e 3apsA] aTOMHOIO SApPAa;
® UKCJIO IIPOTOHOB B sAIpE;
® UNCJIO 9JIEKTPOHOB B 3JIEKTPOHHOII 000JI0UKE aToMa.

. 3apag aToMHOro Afpa CoOBnagaeT c NopAAKOBbIM HOMEpPOM 3fiemeHTa B Tabnuue MeHge-
neesa.

JTa 3aKOHOMEPHOCTH OTpakaeT (PU3WUECKUN CMBICJ IMOPAIKOBOTO HOMEPA XUMU-
YEeCKOT'0 3JIeMeHTa.

IIpaBUIBLHOCTH PACIIOJIOKEHUSA 3JIEMEHTOB B IIEPUOANIECKOM CHCTEME IIOTBEPIKIA-
eT 3aKOH, chopmyaupoBaHubiilt B 1913 r. aurauiickum ¢usuxkom I'. Mosau:

. 3apag agpa aToma KaXkaoro anemeHTa B Tabnunue MeHgeneesa Bo3pacTaeT Ha eAUHULY
No cpaBHEHUIO C 3aPAJOM AAPa aTOMa NpeAbIAyLIero 3/ieMeHTa.
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ITo ropusoHTaIM B IMEPUOAUUYECKONH CHCTEME 3JIEMEHThI pPacIoJiokeHbI B 10 psa-
noB. IlepBeie 3 pama m 10-if psag — 3To Mmagvle nepuodv. MEPUOAUYECKON CUCTEMBI
3JIEMEHTOB, BKJIOYAIONINE KaKIBbIA IO OJHOMY PALY 3JIEMEHTOB. Boabuwiue nepuodvt
(ueTBepTHIii, MATHIHA, IIIECTOI) COCTOAT M3 ABYX PAMOB. DJIEMEHTHI BTOPOTO U TPeThe-
ro IIEPUOJOB HA3LIBAIOTCA MUNUYECKUMU, TTIOCKOJBbKY WX CBOMCTBA IIOCTEIEHHO H3-
MEHAITCA OT MeTaJljla [0 0JaropomgHOTO rasa. B 4eTHBIX pAgax OOJBIINX II€PUOLOB
PacmoyoKeHbl TOJIBLKO METaJJIbI, YbM CBOICTBA M3MEHSAI0TCA ciaabo. HeueTHble psaabl
OOJILIIINX IIEPHOJIOB COAEPIKAT DJIEMEHTHI, CBOMCTBA KOTOPBIX M3MEHAIOTCA TaK JKe,
KaK U y TUIIMYECKUX DJIEMEHTOB.

ITocne mamTaHa, HAXOAAIIErocAd B IIECTOM IIEPHUOJE, PACIIOJIATAIOTCA 3JeMEHTHI
C IOPAIKOBBIMU HOMepamu H58—T71, HasbpIBaeMble JAHMAHOUOAMU. ITO OTAEIbLHOE
CEMEMCTBO CXOIHBIX IO CBOMCTBAM C JIJAHTAHOM 3JIEMEHTOB.

B cegpMoM mepmone mocisie aKTHHUSA aHAJOTHUYHLIM O0pasoM pacIoJiaraeTcs ce-
MeNCTBO aKmuHoudo8, KOTOPOE COCTaBJIAIOT 3JIEMEHTHI C MOPAJKOBBIMH HOMEpPaMU
90—103. ATOMBI 9TUX B3JIEMEHTOB HEYCTOWUYMBBI, UX CBOICTBA IO CHUX IIOP OKOHYA-
TeJbHO He M3YUEHBI.

ITo BepTuUKaNM paCHOJIOMKEHBI 2pynnv. 3JeMeHTOB. Bcero B IepmoAMYeCKON CU-
creMe 8 TPyNI XMMHUECKUX BJIEMEHTOB, KaXKIad M3 KOTOPBIX AEJUTCA Ha 2JA6HYI0
U nobouHy nodzpynnvi. JIEeMeHTHl I'JIABHOM MOATPYNIILI B TAabJIUIlEe CMEIEeHBI BJIE-
BO, a MOOOYHOM — BHOpaBo. ['JIaBHYIO IOATPYIIIIY COCTABJIAIOT TUINUYECKUE 3JIeMEHTHI
W CXOOHBIE C HUMH II0 CBOMCTBAM 5JI€MEHTHI OOJBIIHNX IePHOJ0B. B MOOOYHBIX ITOA-
IpyIIIax pacloJIOXKeHbI TOJbKO MeTaJJIbl OojbIiux mepumomos. VIII rpymma, xpome
TJIaBHOM MOATPYIIBI, COAEPIKUT TPHU IIOOOUHBIE: MOATPYINY JKeje3a, MOATPYIIIY KO-
fasrbTa U MOATPYIITY HUKEJI.

XuMHuUuecKne CBOMCTBA 9JIEMEHTOB I'JIAaBHOUW M MOOOYHON IOATPYIII OSHOWN I'PyI-
bl CUJBHO Pa3JNUYaIOTCs, 4 CBONCTBA 3JIEMEHTOB OJHOM MOATPYIIBI CXOMKU MEXKIY
coboii.

Bce anemeHTHI, KpOMe renusA, HEOHA U aproHa, 00PAl3yIOT KHCJIOPOAHBLIE COeqUHEe-
HuA. X ob1ime popMyabl IPUBEIEHEI IO KaK IO IPYIIIOl B MOPSAAKEe BO3pAaCTaHUA
CcTelleHU OKucaeHudA ajnemeHtoB: R,0, RO, R,0;, RO,, R,O5;, RO;, R,0,, RO,, rme
R — siemeHT maHHOU rpynnb.

Hauumasa ¢ IV rpynnbel, sjieMeHTHI I'IaBHBLIX IIOATPYIII 00pasyiOT JeTydiue BOIO-
ponHbIe coefUHEHUsI, 00IIre (pOopMYJIbl KOTOPBIX TaKKe IPUBEIEHLI BHU3Y MePUOLU-
yeckoit cucrembl: RH,, RH;, RH,, RH. [Jlanasie (hopMyJbl OTHOCATCS TOJBKO K 3JIe-
MEHTAaM TJIaBHBIX TOATPYIIII.

1.2.2. 3aKOHOMEpPHOCT! N3MEeHEeHNA CBOMCTB 3/1eMEHTOB
N X COeANHEeHNIN B CBA3WN C MNOJIOKEHNeM
B Nepuoanyeckon cucreme XMMmnYeCKUX 31emMeHTOB

Howmep mepmoma u HOMep Tpymibl B mepuoauveckoir cucreme I[. 1. MenneneeBa
TaK Ke, KaK U IOPAIKOBLIA HOMED 3JIeMEeHTa, MMEIOT ONpeeIeHHBINI CMBICT U OT-
paskaioT HEKYI0 OCOOEHHOCTH MM 3aKOHOMEDPHOCTHL B CTPOEHUHM aTOMOB 3JIEMEHTOR.

Homep nepuoda coBUafaeT ¢ YUCJIOM 3JEKTPOHHBIX CJIOEB (9HEPTeTUYECKUX YPOB-
Hell) B aToMe.



Homep epynnb. TOKa3bIBAET YWCJO JJIEKTPOHOB Ha BHEIITHEM 3YHEPreTUYECKOM
YPOBHE aTOMOB [OJId 3JIEMEHTOB IJVIABHBIX IIOATPYIIII MJIX MaKCHUMaJIbHOE€ YHNCJIO Ba-
JIEHTHBIX 9JIEKTPOHOB JJIA 9JIEMEHTOB 00ernx moarpymia. OTMeTuM, YTO UMEHHO OQNHA-
KOBOE€ CTPOEeHMEe BHEITHNX HSHEPreTUUYEeCKNX YPOBHEH XMMUYECKUX DJIEeMEHTOB OJHOM
HOATPYIIIIEI 00yCIaBINBAET IIOBTOPEHME CBOMCTB XMMHUUYECKUX 9JIEMEHTOB B IIEPUO/IE.

I[.HH 9JIEMEHTOB I'VIABHBIX IIOAT'PYIIII BaAJE€HTHBIMU ABJIAIOTCA 3JIEKTPOHBI BHEULHEZ0
9HEPreTUYeCcKOT0 YPOBHSA, UX UYHKCJIO PABHO HOMepPY rpymmsbl. I[1sa sJeMeHTOB mo00u-
HBIX IIOATPYIIII BAJIEHTHBIMU ABJIAIOTCA 3JIEKTPOHBI 1 npe@mtewueeo 9HEepPreTu4YeCcKo-
ro YPOBHSA, B 9TOM CJIydyae MaKCHMAaJIbHOE UX UHCJIO OIIPeAeiseTcss HOMePOM I'PYIIIbI.

3aKOHOMEPHOCTU M3MEHEHHNs CBOICTB 3JIEMEHTOB B IEepHOJAX U I'PYIIIax Ompee-
JISAITCA OCOOEHHOCTAMU CTPOEHUA UX aTOMOB.

Y sJ1eMeHTOB OJHOTO IIepHoa cjaeBa HAIlPaBO MPOUCXOAAT CJIEAYIOIIe N3MeHeH! A
B CTPOEHUU ATOMOB:

e yBeJIUUYMBAETCA 3apAM aTOMHBIX SA1ep;
¢ yBeJUUYMBAETCA UMCJIO 3JEKTPOHOB HA BHEIITHEM SHEPTreTUYeCKOM YPOBHE;
® UICJIO SHEPTeTUUYECKNX YPOBHEH IIOCTOSHHO;
e paauyc aToOMOB yMeEHbIIIaeTCH.
HUcxomgsa ns sTux 3aKOHOMEPHOCTeI, MOYKHO CAeJaTh 0000IAIOI[Iii BEIBOL:

B npegenax ogHOro n Toro e nepuoga cieBa HanpaBo MeTaJiinyeckne CcBOICTBa ocna-
6eBaloT, a HemeTannnyeckne — ycnnnBaloTCA.

Y 5J1eMeHTOB TJIABHBLIX IIOATPYIII OAHOM I'PYIIIBI YMCJIO 9JIEKTPOHOB HA BHEIITHEM
SHEPTeTUUYECKOM yYPOBHE OCTAeTCS HeM3MeHHBIM. A B CTPOGHHU aTOMOB IIPOCJIEKUBA-
IOTCA CJIEAYION[e M3MeHeHMS:

e YyBeJIMYUBAETCA 3aPAJS aTOMHBIX AAEP;
e yBeJMUYMBAETCA UMCJIO dHEPreTUYeCKUX yYPOBHEI;
e YBEJIWYUBAETCA PAJUyC aTOMOB.

Takue M3MeHEHUA B CTPOEHHU aToMa O0YyCJIaBJIMBAIOT OIpelesieHHbIe M3MeHEeHU

XUMHUUYECKHUX CBOMCTB 9JIeMeHTA.

B npepenax ogHom 1 Tow Xe rpynnbi (B raBHOW NoArpynne) cBepxy BHU3 MeTaiinye-
CKue CBOICTBa 3/IeMEHTOB YCWINBAKOTCA, a HeMeTainyeckue — ocnabeBator.

Y syeMeHTOB OOJBINUX IIEPUONOB M3MEHEHUS CBOMCTB IIPOUCXOIAT MeIAJieHHee,
MIOCKOJIBKY YV aTOMOB 3JIEMEHTOB ITOOOUHLIX IOATPYIIII AOCTPaWMBaeTCsA He BHEIIHUI,
a mrpeaBHeITHUH caoit (1o 18 saexTpoHOB). M TOMBKO mOCe MOJHON MOCTPONKY Ipes-
BHEIITHEeT0 YPOBHA HAUMHAET JOCTPAWBAThCS BHEITHUN.

Taxum oOpasoM, 3apsAn SAIep aTOMOB JJIEMEHTOB B IIePHOJHNYECKON CclucTeMe
. . MenneneeBa Bo3pacTaeT MOHOTOHHO, a CBOMCTBA dJeMEHTOB M3MEHAIOTCA IIe-
PUOAUYECKH.

W3meHeHUsA CBOMCTB 5JIEMEHTOB B IIEpPHOJAxX M TPYIIax BIUSIOT HA CBOMCTBA UX
coenuneHunii. Hanbosee xapakTepHO 9TH M3MEHEHUS HPOABJISIOTCA B 8blCULUX OKCU-
dax, Tae 3JIeMEeHT IPOABJISIET MAaKCUMAJIHLHO BO3MOMKHYIO IJIS HEr0 BaJeHTHOCTD.

Tax, B BBICIINX OKCHIAX 9JIEMEHTOB BTOPOTrO IIeprofa KMCJIOTHBIE CBOMCTBA BO3-
pacraioT cieBa HampaBo. Metaja autuii o6pasyeT ocHOBHOM okcun Li,O, merasn Ge-
puaIuii — aM@OTepHbIN (IPOABIAIONINN OJHOBPEMEHHO M OCHOBHEBIE, W KMCJIOTHLIE
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cBoiicTBa) okcun BeO. Hemeranabl 60p, yriiepom 1 a3oT oOpPasyioT KUCJIOTHBIE OKCHU-
ne1 — B,05, CO,, N,O; coorBercTBeHHO. IIpruem ciabee Bcero KMCJIOTHBIE CBOHICTBA
BBEIPAXKEHBI Y OKcHuga 0opa, a CUiIbHee — y OKCHAA a30Ta.

B nepuogax KUCJIoTHbie CBOICTBA OKCMAoB yCWINBAIOTCA CJieBa HanpaBo, a OCHOBHbIe —
cnpaBa HaJneBo.

Briciire oKCHUABI 9JIEMEHTOB TVIABHBIX HMOATPYIN B KaMKIOUM I'PYIIIIe CXOAHBI IO CBO-
eMmy coctaBy. X cBoiicTBa TaK:Ke M3MEHAIOTCS HOCTelleHHO. Tak, BBICIINE OKCUILI
snpemeHTOB I rpynne! raaBHo# nmoarpymnmnsl — Li,O, Na,O, K,0 6ypHO pearupyioT ¢ BO-
Ioii ¢ oOpasoBaHMEM OCHOBAHUM, 00JIANAIONINX CUJIbHBIMU IIEJOUYHLIMU CBOHCTBAMMU.
fpue Bcero mposBJISET CBOMCTBA IMEJOUYU OKCUI KA.

Takas ’Ke 3aKOHOMEPHOCTh HAOJIOJAETCAd M Y BBICIINX OKCHUIOB HEMETaJlJIOB
B Ipyrux rpynmax. B raaBHo# moarpynne IV rpynmbr Beiciuii okcup yriepozga (IV)
CO, mpoABJAET KUCJIOTHBIE CBOICTBa, okcunx Kpemuua (IV) SiO, Ttakke aBasgerca
KHCJOTHBIM, HO 0ojiee ciaabbIM, a oKcuasl osioBa (IV) u cBunama (IV) amdorepHsI.

B rnaBHbIX nogrpynnax oCHOBHble CBOICTBA OKCMAOB ycnnBaloTCA CBEPXY BHU3, a KNC-
JIOTHble@ — CHN3Yy BBepX.

AmajsornyusIM 00pPa3oM M3MEHSIOTCS W CBOMCTBA THAPOKCUIOB, UJIN COENMHEHUN
OKCHIOB C Bojoii. B ciyuae, ecaiu B peaKIIMIO C BOAOI BCTYIAeT OCHOBHBIN OKCHU,
obpasyeTrca ocHoBauue. [Ipu peaxiiuu aM@OTEepPHOr0 OKCHAA C BOAOUW obOpasyeTcsa aM-
doTrepubIil TUAPOKCHL. KMCIOTHBIE OKCUIBI C BOAOM 00pas3yioT KUCJIOPOACOoAepKaIue
KMCJIOTHI.

Hanpuwmep, y aa1eMeHTOB TpeThero mepumoja Beiciiuii okcus HaTpus (NaO) obpasy-
et meaoub NaOH, oxkcun maruua (MgO) — ocuoBanme Mg(OH),, okcun aaroMuHUA
(Al,03) — amdorepusbiit rugpokcun Al(OH),, Beiciuii okcug Kpemuud (SiO,) — cia-
0yI0 KpeMHUEBYIO KUCJIOTY, a BhIcIIne oKcuabl (ocdopa (P,0;), cepsol (SO3;) u xaopa
(C1,0;) — coorBeTcTBeHHO KucaoThl: dochopuymo (H;PO,), cepuyo (H,SO,) u xmop-
myo (HClO,). Cuia KucaoT Bo3pacTaeT oT (POCHOPHON K XJIOPHOM.

B nepuvogax KNCNoOTHble CBOICTBA rmapokKcnaoB ycunnBaloTCcA CJieBa HanpaBo, a OCHOB-
Hble — CcfnpaBa HaJieBo.

B riaBHBIX IIoArpymnimax OKCHUAbl, MMEIOII1e 0oJiee CUJIbHBIE OCHOBHBIE CBOﬁCTBa,
COOTBETCTBEHHO O6paBYIOT 0ojiee CUJIbHBIE OCHOBAHUA. TaR, TUAPOKCHUO KaJnud obia-
gaerT 0oJiee CUJIBHBIMU II1eJIOYHBIMN CBOﬁCTBaMI/I, yeM I''mpoKCcua JIMTHUA.

B rnaBHbIX nogrpynnax oCHOBHble CBOIICTBA rmapoKcnaoB ycunnBaloTCcA CBepXy BHU3,
a KNCJIOTHbleé — CHN3Yy BBepX.

CTpoeHNne M CBOMCTBA T'MAPUIOB TaKyKe M3MEHSIOTCS IEPUOAUUYECKM, HO He TaK
HAIJIALHO, KAaK CBOMCTBA OKCHUIOB M THIAPOKCHUIOB. V3MeHEHUS CBOMCTB I'UIPHUIOB
5JIEMEHTOB TPETLEro IepuoLa IpuBegeHsl B Tada. 1.2.



Tabnuya 1. 2

N3zmenenusa CTPOCHUA U CBOIICTB TUAPUIOB 3JIEMEHTOB TpeThero mmepuoaa

JdaeMeHT, dopmyana ArperaTHoe cocTosTHHE
00pas3youuii THAPUT THAPUIA Crpoenne IIPM OOBIYHBIX YCJIOBUAX
Na NaH HOHHOEe TBEPZI0e BEeIeCTBO
Mg MgH, HOHHOE TBePZO€ BEIeCTBO
Al AlH, aTOMHOEe ras
Si SiH, MOJIEKYJISIPHOE ras
P PH, MOJIEKYJISIPHOE ras
S H,S MOJIEKYJISIPHOE ras
Cl HCl MOJIEKYJISIPHOE ras
Ar — —

CrpoeHue u CBOICTBA TUAPUIOB SJIEMEHTOB BTOPOTO IIEPHOIA CXOMKH C COOTBET-
CTBYIOIIIUMH COeIUHEHUSIMHU 3JIEMEHTOB TpeThero nmepuoga: LiH — TBepmoe BelecTBo
nOHHOTO cTpoeHus, Kak u NaH; CH, — MoseKkyiapHBIi ra3, HepacTBOPUMBIIl B BOJeE,
kak u SiH,; HF — MojeKynspHBIHA ras, pacTBOPUMBIN B BoJe (IPU pacTBOPEHUU 00-
pasyeT ()TOPOBOIOPOAHYIO KUCIOTY) TaK ke, Kak u HCIl (mpu pacTBopeHuu B Boje 00-
pasyeT XJIOPOBOJOPOAHYIO KHCJI0Ty). TOIBKO ABAa COeTUHEHUA 9JIeMEeHTOB BTOPOTO IIe-
proza ¢ BOIOPOAOM OTJIHUAIOTCA OT COOTBETCTBYIOIIUX MM COEIUHEHUI C BOZOPOIOM
2JIEMEHTOB TpeThero nepuozaa. Ileproe u3 aux — ammuak NH; (MoseKynapHBIH ras,
XOPOIIIO PACTBOPUMBIN B BOJe M OOPa3yOINil IPU PACTBOPEHHUH IIEJOUHON TUIPOK-
CUnI), OTJIUYAIOIIUICA II0 CBOMM CBOMCTBAM OT COOTBETCTBYIOIIETO €My THUAPOKCHUIA
dochopa PH;. Bropoe coegmaenme — Boma H,0O, oTimnuaromniasicsi COOTBETCTBEHHO OT
cepoBomoponaa H,S.

B riaBHBIX MOATPYyIIIIax CTPOEHNE WM CBOWCTBA TUAPUIOB 9JIEMEHTOB CXOMKU MEKIY
coboii. 'mppunsl merannoB I—III rpynm raaBHBIX MOATPYII IIPEACTABIAIOT cO00I He-
JeTydre BOJOPOJHBIE COeTUHEeHUs, CXOMHbIe 0 cBocTBaM. daemeHThl IV—VII rpynn
TJIaBHBIX MMOATPYIIII 06pasyioT JeTyure BOJOPOAHEIE COeIUHEHNs, TAKMKe CXOMHEIE II0
¢dopme u cBOICTBAM.

Takum 00pasoM, IepHUOAMUYECKUII 3aKOH U IEePUOAMUYEcCKAas CHCTeMa 3JeMEeHTOB
. . MeuneneenBa:

e YCTaHABJIMBAIOT BBANMOCBSA3b MEKIY dJIeMeHTaMU 1 00 beINHAIOT UX II0 CBOMCTBAM;
e pacIojaraioT 3JIEMEHTHI B €CTeCTBEHHOI II0CJIeI0BaTeJIbHOCTH;

® HATJISAHO AeMOHCTPUPYIOT IIEPUOSUUYHOCTDL CBOMCTB 3JI€MEHTOB U UX COEIUHEHUI;
e OOBSICHAIT MIPUUYNHY IIEPUOJINUYHOCTH CBOMCTB 3JIEMEHTOB.

ITepuoguueckuii 3aKOH TO3BOJIMLI:

® YTOYHUTH U UCIIPABUTH 3HAUEHUSA OTHOCUTEJIBbHBIX aTOMHBIX MAacC HEKOTOPBIX dJie-
MEHTOB;

® YTOYHHUTDH U UCIPABUTH BAJEHTHOCTU U CTEIEeHN OKHMCJICHNUS HEKOTOPLIX 9JIEMEHTOB;

e IIpeICKAas3aTh CYIEeCTBOBAHIE He OTKPBITHLIX €Ie 9JIEMEHTOB 1 OIMCATL HUX CBOM-
cTBa.
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3. (TpoeHue BewecTBa. Xumnyeckasa (BA3b: KOBaJIeHTHaA
(nonApHaa U HenonApHadA), NOHHAA, MeTannuyeckas

0 1.3.1. MonekynapHoe U HEMONEKYNsApHoe CTPOeHue BellecTs

B xuMunueckue B3aMMOJEHMCTBUA BCTYIIAIOT HE OTAEJbHBLIE ATOMBI MW MOJEKYJIBI,
a BelecTBa. BelllecTBa Ipu 3aJaHHBIX YCJIOBUAX MOTYT HAXOAUTHLCA B TPEX arperar-
HBIX COCTOAHUAX: TBEPIOM, JKUAKOM U raszoobpasmom. CBOICTBa BeIleCTB 3aBUCAT
TaKKe M OT XapaKTepa XHMHUYECKOH CBA3M MEKAY YacTHUIlAMM, KOTOPbIe MX 00pasy-
0T — MOJIeKYyJIaMHt, aTOMaMU 1 noHaMu. I1o TUIIy cBA3U pasanmyuaioT BeIecTBa MOJIe-
KYJISPHOTO M HEMOJIEKYJISIPHOTO CTPOEHU.

BerrecTBa, KOTOPBIE COCTOAT M3 MOJIEKYJ, HA3LIBAIOTCA MOJLEKYLAPHbiMU. CBsa3U
MeXXIy MOJIEKYyJaMM B TAKUX BeIlecTBaxX OUYeHb cjaadble, 3HAUUTEJILHO cjaabee, ueM
MeXXJIy aToOMaMU B cepefnHe MOJIeKYJbl. ¥YiKe IIPU CPAaBHUTEJIHLHO HU3KUX TeMIepa-
Typax OHHU PaspbIBAIOTCSI — BEIECTBO IIPEBPAILAETCA B JKUIKOCTb, a 3aTeM B ras
(cyonmumanusa rasa). Temeparypa IIaBaeHUA U KUIEHUA BeIeCTB, KOTOPBLIE COCTOAT
W3 MOJIEKYJI, IIOBHIIIIAETCS C YBEJIUUYEHUEM MOJIEKYJISIPHON Macchl. K MOJIeKyIapHBIM
BeIlleCTBAM OTHOCSATCS BelllecTBa ¢ aToMHOM cTpyktypou (C, Si, Li, Na, K, Cu, Fe,
W), cpeiu HUX MMEIOTCA MeTaJLJIbl M HeMeTaJLlbI.

IIpocThie BermiecTBa — HEMETAJJIbI MOTYT MMETH MOJEKYJIAPHOE U aTOMHOE CTpOe-
Hue. MoJieKyJIapHoe cTpoeHre npu H. y. uMmetoT rassl (H,, Ny, F,, Cl,, O;) 1160 TBep-
nwie BemrectsBa (I,, Py, Sg), a Takike egmHcTBeHHadA KUAKOCTH (Br,). Bce aTu Bee-
CTBa UMEIOT MOJIEKYJIAPHOe CTPOeHNe U 00JIafaloT JeTyuecThio. B TBEpAOM COCTOSIHUM
OHU JIETKOILJIABKME W MOI'YyT CyOJMMUpPOBaThCA. TeMIepaTypsl KUIIEHUA U ILJIaBJICHNIS
HUB3KUe.

K BemiecTBaM HemoneKYyaAAPHO20 CTPOEHUA OTHOCATCA MOHHBIE COeIMHEHUA. Taxkue
CTPYKTYPhl MMEIOT OOJBIINHCTBO COENUHEHHI METAJJIOB C HEeMEeTa/LIAMH: BCE COJIU
(NaCl, K,S0,), sexkoropsie ruapunsl (LiH) u okcugsr (CaO, MgO, FeO), ocHoBanusA
(NaOH, KOH). Uounsbie (HeMOJIeKyJIIPHLBIE) BellleCTBa UMEIOT BBICOKME TeMIIepaTypPhl
IJIABJICHUA Y KUIIEHUS.

D 1.3.2. Kpuctananueckme pelieTku

TBepable BelllecTBa IPUHATO AEJIUTH HA KPUCMALLUYECKUE T AMODDHbLE.

AwmopdHsbie BemecTBa He UMEIOT YETKOU CTPYKTYDPBI, B HUX He CYIIIeCTBYEeT 3aKO-
HOMEPHOTO PaCIOJIOMKEeHUA OTAeNbHBIX YyacTull. CiemoBaTesbHO, aMOpPGhHEIE BEIeCTBa
He MMEIOT U YEeTKOW TeMIepaTyphl IJjaBjeHusa. [Ipm HarpeBaHWM OHU TOCTEIIEHHO
pas3MArvamTCsa M IIePeXOnAT B TeKyuee cocTodgHme. K aMophHBIM BeljecTBaM OTHO-
cuTcA OOJBIMMHCTBO OPraHUYEeCKUX BelllecTB (BOCK, CTEKJIO, IIOJNUATHJIEH, IapaduH,
MJIACTUJINH, CMOJIBI).
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Kpucrannnueckue BellecTBa XapaKTePUIYIOTCA CTPYKTYPUPOBAHHBLIM, YIOPAIO-
YEeHHBIM PACHOJIOMKEHUEM COCTABJIAIOININX WX YACTHUIL B CTPOTO ONPEIEJIeHHBIX TOUKAX
IIPOCTPAHCTBA, PACIOJIOMKEHHBIX Ha OIPEeNeJIeHHOM pacCcTOAHUU APYT oT apyra. Ilpum
COeIVUHEHUU dTUX TOUEK MPAMBIMHU JUHUAMU 00pa3yeTcs MPOCTPAaHCTBEHHBIN KapKac,
Ha3bIBaeMbIUl KpucmaJniuieckoil peutemkoil. TOUKM pacCIOJOKEHUs UYacTHUIl, COCTaB-
JIAIOMINX KPUCTAJJINYECKYIO PENIeTKY, Ha3bIBAIOT Y3AAMU PeULemKU.

Tun KpUCTANINUYECKON PEIIeTKU OIpefedeTcd BUIOM YaCTHUIl, PACIIOJOMKEHHBIX
B ee y3JIaX, 1 XapaKTepOM CBS3U MeKAY STUMU YacTUllaMu. PazinyaioT yeThIpe TUIIA
KPUCTAJINYECKUX PEIIETOK: UOHHbLe, AMOMHbBLE, MOJEKYLAPHbLE T MemaaluiecKue.

Honnvle kKpucmaaauveckue peulemrKu B CBOUX y3JIaX CONepKaT MOHBI.

Puc. 1.6. HonHasa kpucmannuieckas peutemra (xXaopud Hampus )

Hx o6pasyioT BelllecTBa C MOHHOU CBA3BHIO, KOTOPas CBA3bIBaeT Kak mpocthie (Na,
Cl"), tak u cnoxubie (SO: , OH") uoHbI.

Takum o0pasoM, MOHHBIE KPUCTAJIJINUYECKNE PeIeTKW MMEIOT COJIM, HEKOTOphIe
OKCHUIBLI U THAPOKCUABI MeTasiaoB. Hampumep, Kpucraiaa NaCl cocroutr ms mepeme-
JKaIoIIUXCA MOJOMKUTENbHBIX MOHOB Na' m orpuniarenbubix Cl7, KoTopble 06pasyioT
perieTKy KyOa. CBA3M B TaKOM KPICTAJIJIe MPOUYHLIE, BEIeCTBA C TaKOI PEIIeTKOH
WMEeIOT BBICOKYIO IPOUYHOCTDL U TBEPAOCTH, OHU TYTOILJIaBKUE.

AMmMOMHbILMU HA3BIBAIOT KPUCTAJINUYECKUE PEIIETKH, B Y3JaX KOTOPHIX HAXOIAATCA
OTeJbHEIE aTOMBI. B TaKUX perreTKkax aTOMBI COeIMHEHbI IPOUHBIMU KOBAJEHTHBIMU
cBazsMu. I[IpuMepoM BellecTBAa C TAKWUM THUIIOM KPUCTAJINYECKON PEIleTKH MOKeT
OBITH aJIMa3 — aJJIOTPOITHOe BUOU3MEHEHUE yIJyepoja.

Puc. 1.7. Amomnas kpucmaaruieckas peutemrxa (aimas)

MonexyaapHvimu Ha3BIBAIOT KPUCTAIJINYECKNE PEIIeTKU, B y3JaX KOTOPBIX pac-
TOJIOYKEHBI MOJIEKYJIbI. XMUMUYECKNe CBA3U Y 9TUX MOJIEKYJ MOTYT OBITH KaK TOJIAP-
meiMu (HCI, H,0), taxk u memoasapHbiMu (N,, O,).

HecMmoTps HA TO, YTO ATOMBI B MOJIEKYJIaX CBSA3AaHBI OUEHBb IIPOYHBLIMU KOBAJIEHT-
HBIMU CBA3SAMM, MEMKIY CAMUMHI MOJIEKYJIAMU HENCTBYIOT CJIa0ble CHJIBI MEXKMOJIe-
KYJSPHOTO B3amMOeHcTBUsA. BelecTBa ¢ MOJEKYJAPHBIM THUIIOM DPEIIETOK HMEIOT
HUBKYIO IPOYHOCTb, HU3KME TeMIIePATyPhI ILJIaBJIeHNA, OHU JeTyur. MoJIeKyIsApHbIe
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KPUCTAJINYECKNE PEeIlleTKH MMEIT OOJILIITNHCTBO OPraHMYeCKUX coeguHeHuil (mad-
TaJWH, IJII0K03a, caxap).

Puc. 1.8. Monexynrapnasa kpucmaaiuieckas peulemra
(yenerucawtii zaz CO,)

BemecTBa ¢ MeTasimuecKoil CBA3BIO MMEIOT MemdaJaluieckue KPUCTAJINYECKUe
perieTku. B y3jax TakuX PeEIIeTOK PACIIOJIOMKEHBI aTOMBI U MOHBI (ATOMBI MeTaJljaa
mepexonAT B MOHBI M OTAAIOT BHEIIHUWE 3JIEKTPOHBLI B 00Iee IoJsib3oBaHme). Takasa
BHYTPEHHAS CTPYKTYypa MeTaJjljia OIpeleJiseT ero XapaKTepHble CBOMCTBA: KOBKOCTD,
IJIACTUYHOCTD, BJIEKTPO- U TEIJIONIPOBOAHOCTH, METAJLINUYECKUI OJIECK.

.@¢ 0°¢
¢oee
@00

Puc. 1.9. Memaanuveckas Kpucmaniuieckas peutemra (xeneso)

(00 1.3.3. DnekTpooTpMLAaTENbHOCTD

B ocHoBe 00pazoBaHUMA XMMHUYECKUX CBA3EH JIEKUT SBJICHUE IJACKMPOOMPUUQ-
meavHocmu. B xone XuMuueCcKUX B3aMMOIEMCTBUYN OJHU aTOMBbI OTIAIOT 3JEKTPOHBI,
IpyTUe UX IPUCOETUHSIIOT.

3J'IEKTp00TpIIII.|aTeJ1bHOCTb — 3TO yCJIOBHAA BeJINYlMHa, XapaKTepusyilouwiaad OTHOCUTE)Nb-
HYyI0 CNoco6HOCTb aToMa npwoﬁpeTaTb OTPIIII.IaTEIIbeIﬁI 3apAag.

PaKTHUEeCKU 9JIEKTPOOTPUIIATEILHOCTh BHIPAYKAET CIIOCOOHOCTh aToMa OTTATUBATD
K cebe o0IITMe 3JIeKTPOHHBIE Maphl, YYACTBYIOIIHE B 00Pa30BAHUU XUMUUECKOI CBSI3HU.

AJIeKTPOOTPUIIATEJIbHOCTE aTOMA OIpeAessaeT XapaKTep ero CBOMCTB: CUJIbHEe BCe-
ro MeTaJLINYecKHre CBOMCTBA HPOABJISIOTCA Y 5JI€MEHTOB, aTOMBI KOTOPBIX JIETKO OT-
IaioT 9JIEKTPOHLI, 4 HEMETAJJINYECKNe — COOTBETCTBEHHO Y 3JIEMEHTOB, aTOMbBI KOTO-
PBIX JIETKO WX IIPUCOEIUHSIIOT.

AGcosoTHBIE 3HAUEHUS 3JIEKTPOOTPHUIIATEIBHOCTH 3J€MEHTOB BBIPAYKAIOTCA YMC-
JaMu, 3aTPYAHAIOIIMMHN KX IPAKTHUYECKOe NPUMEHEHWe JI BBIUMUCJIEHUH, II03TO-
MY B XMMHUH HCIIOJBL3YIOT 3HAUEHUSA OMHOCUMEJbHOU 31eKmpoompuyamesibHocmu.
Yci1oBHO 3a eUHUITY IPUHUMAIOT 3HAUEHHUE 3JeKTpooTpuiiareabHocTu Jutus (Li).

YeMm MeHBINIe 3HAUEHNE OTHOCUTEJIBHOM 5JIETPOOTPUIIATEILHOCTH, TEM sSpPUe BBI-
PasKeHbI MeTaJlINYecKUe CBOMCTBA dJIEMEHTa. ¥ BCEX METAaJIJIOB B IEPUOAUUYECKON
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cucreMe 3HAUEHMEe OTHOCHUTEJIBHOM 3JIEKTPOOTPUIATENILHOCTH, KAaK IPABUJIO, MEHb-
e 2. Y HeMeTaJJIOB 9TO 3HaUeHHe, KaK MpaBuUJo, mIpesbimiaeT 2 (Tada. 1.3).

Tab6auua 1.3
3HaueHNEe OTHOCHTEJIHHOH 3JIEKTPOOTPHIIATEIHbHOCTH
aTOMOB 3JIEMEHTOB IEePBBIX TpPeX IIepuog0B
I'pynnsr
I 11 III1 1AY Vv VI VII VIII
ITepuoasr

H He

1 2,1 —

9 Li Be B C N o F Ne

1,0 1,5 2,0 2,5 3,0 3,5 4,0 —

3 Na Mg Al Si P S Cl Ar

0,9 1,2 1,5 1,8 2.1 2,5 3,0 —
DneKTpooTpULIaTEeNIbHOCTb /IEMEHTOB TaK)Ke M3MEeHAETCA nepuoamnyeckn: B nepuogax

BO3pacTaeT c/JleBa HanpaBso, a B MaBHbIX MOArpynnax — CHU3y BBepX.

IIpu oOpasoBaHMU XUMHUUYECKHUX CBS3€H 9JI€KTPOHLI IIEPEeXONAT UKW CMEIAaloTCs
K aToMaM 3JIEMEHTOB, KOTOPbIE 00JIaZaI0T OOJILIIEH 3JIeKTPOOTPUIATEIBHOCTRIO.

0 1.3.4. XuMnueckasa CBA3b

Cuipl, KOTOpbIe YAEP:KUBAIOT aTOMBLI B MOJEKYyJaX, Ha3LIBAIOTCS XUMHWUYECKHMMH
CBA3AMU.

Ob6pasoBaHre XUMUYECKOH CBA3U IIPOUCXOAUT B TOM CJIydae, €CJId STOT IIPOIIecC
COIIPOBOXKAAETCSA BBIUTPHINIEM 3YHEPTUU. IJTa DHEPrusd BO3HUKAET, €CJIU KaKIbIN
aToM, O0pa3yIOIMMil XUMUYECKYI0 CBA3b, MOJIyYAeT YCTOMUYMBYIO 3JIEKTPOHHYIO KOH-
purypanuio.

IIo ciocoOy 00pasoBaHUSA U CYIIIECTBOBAHUA XUMUUYECKASA CBA3h MOKET OBITh KO8A-
JleHMHOIl (IIOJAPHON, HEIIOJAPHO), UOHHOIL, MEMAaLLUYLECKOlL.

KoBaneHTHas xumnueckas cBfi3b

KoBaneHTHasa xumnyeckasl CBisb — 3TO CBA3b, BO3HMKaIOWAA MeXAy aToMamMu nyTem
o6pazoBaHIsA 06X 3/1IEKTPOHHBIX Nap 3a CYET HeCNapeHHbIX 3/IeKTPOHOB.

Brerrame ypoBHU OOJIBIIIMHCTBA 9JIEMEHTOB IIEPUOINUYECKON cucTeMbl (KpoMe OJa-
TOPOJHBIX T'a30B) COAEP:KAT HECIapeHHBIE JJIEKTPOHBI, TO €CTh ABJAIOTCA He3aeep-
weHHbIMU. B mpollecce XMMUYECKOTO B3BAUMO/IEHICTBUSA aTOMBI CTPEMATCS 3aBEPIIUTD
CBOI BHEIITHUH 5JEKTPOHHBIN yPOBEHbD.
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Hanpuwmep, sjieKTpoHHaA (popMyaa aToma Bogopoza: 1s!. Ee rpaduueckuii BapuaHT:
1st

Taxum 00pasoM, aToM BOAOPOJa B XMMHUUYECKUX PEAKIINAX CTPEMUTCS 3aBEPIIUTD
CBOH BHEIHUU 1S-ypOBEHb OSHUM S-3JIEKTPOHOM. IIpu cOMM:KeHnn IByX aTOMOB BOMO-
poZia IPOUCXOAUT YCUJIeHNEe MPUTIKEHNUI SJIeKTPOHOB OJHOTO aToMa K SAPY APYroro
aroma. Ilom meficTBMeM 5TOU CHJBI PACCTOSHUS MEKAY SApPaMU aTOMOB COKpAIamoT-
cAd U B pe3yJbTaTe WX BJIEKTPOHHBIE OpOUTANIU IIEPEKPBIBAIOT APYT ApPyra, co3aaBas
OOINYIO 9JIEKTPOHHYIO OPOUTAIb — MOJEKYJIAPHYI0. JJIeKTPOHBI KAayKIOT0 U3 aTOMOB
BOJOpPOJa Uepe3 00JIaCTh HepeKpLIBAHNS OpOuTaell MUTPUPYIOT OT OZHOTO aToMa
K Ipyromy, TO e€CTh O0pasyloT OOINyI0 3JeKTPOHHYIO Imapy. fAapa OyayT cOIMKaTh-
csA IO TeX IIOp, IIOKAa HapacTalolue CUJIbl OTTAJKNUBAHUSA OJHOMMEHHBIX 3apANO0B He
YPaABHOBECAT CUJILI IPUTIAIKEHUS.

Ilepexon 5JIeKTPOHOB C ATOMHOUN OPOMTAIN HA MOJIEKYJIAPHYIO COIPOBOKIAETCS
CHU)KEeHUEM SHEePruM CUCTEMBI (00jiee BBITOMHOE SHEPTeTHUECKOe COCTOSHME) U o0pa-

30BAHUEM XUMUYECKOl C8A3U:
H-+H- > >H:Hum H—H

(Hfr)

S$-S — oOpasoBaHUHE CBA3U

ITogo6HBIM 00pasoM 00pas3yrTcsA 00IMue 3JIeKTPOHHBIE Maphl IPU B3aMMOAEHCTBUU
aTOMOB p-3JeMeHTOB. Tak 00pasyloTcd Bce ABYXAaTOMHBIE MOJIEKYJBI IIPOCTBIX Be-
mtectB. IIpu o6pasoBanuu F, u Cl, mepekpbiBatoTCA MO OMHOI p-OpOUTANU OT KaKI0-
ro u3 aTomMoB (oOpasyercs 00UuHAPHAA C643b), a IPU B3aUMOAENCTBUM aTOMOB a30Ta
MEePEeKPHIBAIOTCA TI0 TPU P-OPOMUTANN OT KaKIOTO U B MOJIeKyJie asora N, obpasyerca
MpolHaAs C843b.

dnexkTpoHHas Qopmysaa aroma xjopa: 1s22s22p%3s23p°.
I'padpuueckasa gpopmyaa:

f
BTN
WHINIHD T T T T

Taxum oObpasoM, Ha BHEIIIHe OpOUTaIN aTOM XJIOPa CONEePKUT OAUH HecHapeHHbIN
P-3JIEKTPOH. BsanMoneﬁc'ane ABYX aTOMOB XJiOpa 6y,z:e’r IIPOUCXOOUTH II0 cnez:ylomeﬁ
cxeMe.

:Cl:++Cl: > :C1:CL: mam C1—Cl

dnexTpoHHas Qopmyaa aroma asora: 1s22s22p3.
I'paduueckasa ¢popmyaa:

Ha BHemHe opbuTasu aTroMa a3oTa HaXO4ATCA 3 HECIAPEHHBIX p-dJieKTpoHa. Baa-
UMOJIeICTBHE ABYX aTOMOB azoTa OyJeT IIPOUCXOIUTh MO CJAeNYIOINell cxeMe:

N+N —>NN wiu N=N




IIpouHoCTh cBsI3ell B MOJIeKYJie OIIPeAessieTcs KOJIUUEeCTBOM OOIIUX 3JIEKTPOHHBIX
map y ee aToMoOB. J[BoliHaA CBA3b IIPOUHEE OMMHAPHOM, TPOMHAA — IITPOUYHEE TBOMHOM.

C yBelnueHmeM KOJHUYECTBa CBA3ell MeKAy aTOMaMHU COKPAIIAETCA PAaCCTOSHIE
MeX Iy siApaMH aTOMOB, KOTOPOE Ha3bIBAIOT OJIULHOIL C843U, N YBEJIUUNBACTC KOJIMUUe-
CTBO SHEPTUU, HEOOXOIMMOe AJIA Pas3phbiBa CBA3M, KOTOPOE HABBIBAETCS IHep2uell C8s-
3u. Hanpumep, B MoJeKyJe (pTopa CcBA3L OMHApPHAasdA, ee IJMWHA cocTaBiaser 1,42 HM
(1 am = 107° M), a B MoJIeKyJIe a30Ta CBA3b TpoiiHAasA, ee aauHa — 0,11 M. DHeprus
CBA3UW B MOJIEKYJIe a30Ta B 7 pas IIPeBLINIaeT SHEePruio CBA3U B MOJeKyJe drTopa.

IIpu B3ammomeilicTBUM aToMa BOAOPOIA C aTOMOM XJiopa oba aTroma OyAyT cTpe-
MUTBLCS 3aBEPIIUTHL CBOU BHEITHNE SHepreTUuYecKMe YPOBHU: BOAOPOL — 1S-ypoBeHb
U XJOpP — 3p-ypoBeHb. B pesysbraTe MX COMMIKEHUS NPOUCXOAUT IepeKpPhIBaHUE
1s-opbutanm aToma BOmOpoAAa U 3p-OpOUTANIM aTOMa XJOpa, a U3 COOTBETCTBYIOIIUX
HeCcHapeHHbBIX dJeKTPOHOB (hopMHUpPyeTcsa o0Iasd 9JeKTPOHHAA mapa:

H-+-Cl: > H:Cl:

sp
B monerkynax H, u HCI o61acTh mepekpbiBaHUA OpOUTAajiell aTOMOB BOJOPOJAA pac-
IMOJIOKeHa B OJHOM IIJIOCKOCTH — Ha HIPAMOI, COeIUHAIOIIEHN IeHTPhl aTOMHBIX A1ep.
Taxas cBA3b HA3LIBAETCSA G-C843b10 (CUIMAa-CBA3BHIO):

oo O o

G-CBSI3b O-CBA3b O-CBA3b
pp s-p s8-8

OmHako ecau B MOJeKyJae (OPMHUPYeTCA ABOHHAS CBA3L (C yUACTHEM IBYX 3JIEK-
TPOHHBIX OpOHMTAaJIEeil), TO OJHA CBSA3bL OYyAET C-CBA3BIO, a BTOpas OyaeT oO0pasoBaHA
MeXKIYy OpOMTAIAMU, PACHOJIOKEHHBIMU IIapajijie]bHO APYr apyry. IlapajienbHble
opOuTanu IEePeKpPoTcA ¢ o0pasoBaHMEM ABYX OOIMUX YYACTKOB, PACIIOJIOMKEHHBIX
CBePXY W CHU3Y OT JIMHUU, COeIUHSIOMEN IeHTPLI ATOMOB.

XuMuueckas CBA3b, 00pas3ymoIlasaca B pe3yabTaTe 00KOBOTO MepPeKpPhIBAHUA OPOM-
Tajeii — B IBYX MECTaX, Ha3bIBAeTCA T-C843b10 (IU-CBA3BIO):

X KB

TM-CBA3b T-CBA3D
pp d-p

IIpu oOpasoBaHMM KOBAJEHTHOM CBA3W MeAY aATOMAMM C OAUHAKOBOI B5JIEKTPO-
orpunareabuocthio (H,, Fy, Oy, N,) o0mIasa smexTpornHasa mapa OymeT pacioJjararbes
HA ONMHAKOBOM PAaCCTOSHWU OT ATOMHBEIX sanxep. IIpu sTom o0Iue 5JIeKTPOHHBIE IIa-
pBI IPUHALJIEKAT B PABHOI CTemeHH 000MM aToOMaM OJHOBPEMEHHO, M HU Ha OJHOM
13 aTOMOB He OyneT M30BLITOUHOTO OTPUIATENLHOTO 3apsna, KOTOPEIN HecyT Ha cebe
9J1eKTPoHbI. TaKo# BUJ KOBAJEHTHOHN CBA3W HA3BIBAETCA HENOJLAPHOIL.

. KoBaneHTHas HenonApHas CBA3b — BUJ XMMNYECKOIi CBA3M, 06pasylowWniica Mexay aTo-
MaMU C OANHAKOBOI 3IEKTPOOTPMLIATENIbHOCTbIO.
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B cioyuae, Korma sJIeKTPOOTPHUIIATETBHOCTH 3JE€MEHTOB, BCTYIAIOIIUX BO B3aWMO-
nelicTBUe, He PaBHBI, HO OJIM3KU 10 3HAUEHUIO, 00II[asa 3JIEKTPOHHAA IIapa CMeIllaeTcsa
B CTOPOHY 3JIeMeHTa C OO0JIbIlleil 9JeKTPOOTpHUIlaTebHOCTRIO. IIpu aTOM Ha HeM 06-
pasyeTcsd YAaCTUUYHBLIA OTPUIIATENLHBLIN 3apsAn (3a cUeT OTPUIIATEJBbHO 3apSKeHHBIX

9JIEKTPOHOB):
H-+-Cl: »@@1: H* — CI™

B pesyiapTaTe Ha aromMax coeJUHEHHUA 00pasylOTCa dYacTHUHBIe zapangbr H018
u CI'%%; a B MOJIeKyJle BOBHMKAIOT ABa IIOJIOCA — IIOJOMKUTEJbHBIA U OTPUIATENb-
HbIN. TaKy0 KOBAJIEHTHYIO CBA3b HA3BIBAIOT NOJAAPHOLL.

KoBaneHTHana nonApHaa CcBA3b — BUA KOBaJIeHTHOW CBA3N, 06pa3y|ou.|e|7|c;| npu B3anmo-
AencTBnn aToMoB, JIeKTpooTpULaTeJIbHOCTb KOTOPbIX OTINYAETCA He3HAUYNTEJIbHO.

O6pasoBaBIINiiCA YaCTUYHBIN 3apsaj] Ha aToMaxX B MOJeEKyJie 0003HAUaIOT I'peue-

CKOI OYKBOIi O (menbTa), a HaIpaBJeHUe CMeIleHus 9JIEKTPOHHON Iapbl — CTPEJIKOM:
3+ S5—

H—Cl

WoHHaa xumnyeckas cBa3b

B cayuae XMMHUECKOTO B3aMMOIEHCTBUS MEMKAY aToOMaMU, 3JIEKTPOOTPUIIATE]b-
HOCTH KOTOPBIX PE3KO oTinuaercsA (Hampumep, MeKAy MeTaljiaMU ¥ HeMeTaJJaMu),
IPOWCXOAUT IIOUTHU IIOJTHOE CMeIlleHUWe dJIeKTPOHHBIX 00JIaKOB K aTOMy C OOJbIIei
3JIEKTPOOTPUIATEIBFHOCTEI0. [Ipy 9TOM, HOCKOJBKY 3apAjn dAapa aTroMa WMeeT II0-
JIOXKUTEJIbHOE 3HaueHWe, aTOM, KOTOPBIH IIOUTH IIOJHOCTBIO OTHAJ CBOU BaJIeHTHLIE
3JIEKTPOHBI, IIPEBPAIIlaeTCA B IOJOKUTEIBHO 3aPAKEHHYI0O YACTUILY — NOJONCUNMETb-
Hblil UOH, UJIU KAMUOH. ATOM, IOJYUYUBINIUN SJIEKTPOHBI, IpeBpalllaeTcsd B OTPHUILA-

TeJbHO 3apAMKEHHYI0 YaCTULY — OMPUUAmesbHblil UOH, UIU AHUOH:
2e
0 Ol
Na+H, - Na'H"

HoH — 5To ofHOATOMHAA WJIM MHOTOATOMHAS OTPUIATEIbHO J0OO0 MMOJOKUTEIHLHO
3apsiKeHHas JacTUIla, B KOTOPYIO IIpeBpalllaeTcss aToOM B pesyjabTaTe IIOTePU MU
TIPUCOEINHEHUA DJIeKTPOHOB.

Mex 1y pasHOMMEHHO 3aPAKEHHBIMU MOHAMH IIPU X COMUMKEHUN BOSHUKAIOT CHU-
JIBI 3JIEKTPOCTATUUECKOTO MPUTAKEHUSA — IOJOKUTEIbHO U OTPUIATEIbHO 3apIrKeH-
HbIe MOHBI COMMIKAIOTCA, 00pasysa MOJIEeKYJIY BeIlecTBa.

WoHHasa xumMmnueckasa CBA3b — 3TO CBA3b, 06pa3yiowanca MeXay NOHaMI 3a cYeT Cu
3NEeKTPOCTaTNUYECKOrO NPUTAKEHUA.

IIporecc mprcoeMHEHNS 9J€KTPOHOB B X0J€¢ XMMUYECKUX B3aMMOeliCTBUI aToMa-
MU C 0OJIBILIEHN 3JeKTPOOTPHUIATEILHOCTHIO HA3BIBACTCA B80CCMAHO8EHUECM, A TIPOIECC
OTJAYM SJIEKTPOHOB aTOMAMMU C MEHBLIIIEH 3JIeKTPOOTPUIIATEILHOCTRI0 — OKUCLeHUEM.

Cxemy 00pa3oBaHus MOHHOI CBSI3U MEXKIy aTOMaMU HATPUSA U XJIOPA MOYKHO IPe[-
CTABUTH CJEAYIOIINM 00pPasoM:

Na-:++Cl: > Na:Cl: = [Na*][C]]



Wonnas xuMuueckas CBA3b IIPUCYTCTBYET B OKCHUIAX, THUAPOKCUAAX U TUAPULAX
MIeJIOUHBIX U IMeJOUYHO3eMeJbHBIX METAJIJIOB, B COJAX, a TaKiKe B COeIUHEHUAX Me-
TaJIJIOB C TaJloTeHaMu.

Wonpr moryT O0bITh Kak mpocTbiMu (oguHoaToMubIME): Cl-, H, Na*, Tak 1 CJI0MKHBI-
My (MHOTOATOMHBIMH): SOZ', NH;. 3apaj noHa NPUHATO 3aIUCHIBATH BBEPXY IIOCIE
3HaKa XMMUYECKOro 3JieMeHTa. BHauaje 3amuchIBaeTcA BeJIWMUMHA 3apAfa, a 3aTeM
ero 3HaK.

MeTannuyeckas cBa3b

Me:xnay aTromaMu MeTaJIJIOB BOBHUKAET OCOOBIA BUJ XMMHUYECKOUW CBSA3U, KOTOpas
HasbIBaeTca memannauyveckoii. O0pasoBanue 3TOM CBA3U 00YCJIOBJIEHO TpeMs 0COOeH-
HOCTSIMU CTPOEHUSI aTOMOB METAJIJIOB:

e Ha BHEITHEM 9HEePreTUYecKOM yPOBHE IPUCYTCTBYIOT 1—3 ajleKTpoHa (MCKJIOUe-
HUS: aTOMBI 0JI0Ba 1 CBUHIIA (4 5JIeKTPOHA), aTOMBI CYPbMbI 1 BUCMYTAa (5 3JI€KTPO-
HOB), aTOM ITOJIOHUA (6 5JI€KTPOHOB));

® aTOM MMeEeT CPAaBHUTEJIbHO OOJIBIIION pagmyc;

e aToM mMeeT 0OJbIITOE KOJMYECTBO CBOOOMHBIX opbOuTaseit (Hampumep, y Na omguu
BaJIEHTHBIN SJIEKTPOH pacliojlaraeTcsa Ha 3-M HEePreTUYeCKOM YPOBHE, KOTOPBIN
uMeeT AecATb opOuTaseit (OOHY S-, TPU p- U OATH d-opOuTaseit).

IIpu cOMm:KeHMU ATOMOB METAJIJIOB IIPOUCXOIUT IIEePEeKPhITHE X CBOOOTHBIX OPOM-
Tajeii, M BaJeHTHbBIE SJIEKTPOHBI IIOJYYal0T BOSMOKHOCTE IIepeMelaThbCcs Ha OJIU3Kme
M0 3HAYEHUAM SHEPTUU OPOUTASIU COCETHUX ATOMOB. ATOM, TepAIOIIUHA 9JIEKTPOH,
mpeBparaercsa B noH. Takum o6pa3oM, B MeTajlae POPMUPYETCSA COBOKYITHOCTD BJIEK-
TPOHOB, CBOOOIHO IEepPEeMeIaloninXca MeXXay noHaMu. [IpuTAruBasch K MOJOMKUTEIb-
HBIM MOHAM MeTaJlja, 9JeKTPOHBI BOCCTAHABIUBAIOT X, a 3aTeM CHOBa OTPBLIBAIOTCH,
mepexonsa K IpyruM moHam. Taxoii mpollecc mpeBpalfeHusa aTOMOB B MOHBI ¥ 00paTHO
TIIPOUCXOMUT B METAJIJIaX HeIpepbIBHO. YacTUIIbI, 13 KOTOPBLIX COCTOSAT METaJLJIbI, Ha-
3BIBAIOT AMOM-UOHAMU.

MeTtannnyeckana cBA3b — 3TO CBA3b, 06pa3y|ou.|,aﬂc;| MeXxay aToM-uoHaMun B MmeTasiyiax
n cnlaBax nocpeacTBOM NOCTOAHHOIO NepemMelyeHnA mexxay HUMN BaZIeHTHDbIX 3J1IeEKTPOHOB:

0 _ n+
M-nez=M

- 1.4. BaneHTHOCTb XUMUYECKUX dJIEMEHTOB.
(TeneHb OKMC/IEHUA XMMMWYECKUX 3J1IeMeHTOB

@ 1.4.1. BaneHTHOCTb

B o06pasoBanum HOBBIX XMMHUECKUX CBS3€H yUACTBYIOT HECHAapEHHBIE 5JeKTPOHBI
BHEIITHET'0 SHepreTUdecKoro ypoBHA. MIMeHHO OHU, KaK IIPaBUJIO, OUPeNeNAT 6a-
JIeHMHOCMb 3JIeMeHTa.
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28

BaneHTHOCTb — 3TO CNOCOGHOCTb aTOMOB XMMUUYECKMNX 3/1IeMEHTOB O6pa3OBblBaTb Xxnmun-
YyecKue CcBA3u C gpyrumMmm atomamu.

BajleHTHOCTL BBIpAsKAeTCsA UYHCJIOM aTOMOB OJHOBAJIEHTHBIX 3JIEMEHTOB, KOTOPOE
aToOM JAHHOT'O 9JIEMEHTA MOXKeT 3aMellaTh UM IPUCOeINHATh BO BpeMs 00pa30BaHUsI
OIpeNeIeHHOT0 XUMUUYECKOTr0 COeqUHeHNd.

CymiectByior omuoBasienTHbie (H, Li, Na, K, F, Br), nsyxBanentabie (Mg, Ca,
Ba, O, S), rpexsaneutnsie (Al, N, P), uernipexBanentubie (C, Si) u T. II. 3/IeMEeHTHI.
IToHsaTHO, YTO OAWH aTOM ABYXBAJEHTHOTO dJIeMEHTa COeIMHSIETCS C ABYMS aTOMaMIU
oguoBaJsienTHOro saemenrta (CaCl,, H,0), HO ¢ OgHMM aTOMOM ABYXBAaJIEHTHOTO aToMa
(Ca0). AToM TpexBaJeHTHOI'O dJIeMeHTa COeIUHSIETCS ¢ TPpeMsd aTOMaMU OJHOBAJIEHT-

woro anmemeHnTa (FeCl;), nBa aroma — TpexBajeHTHOTO (AIN). CyIIecTBYIOT aTOMBI,
II II1 I II 11

umeroiue nocmosHHyw (Na, K, Ca, Al, O) u nepemennyrw (Fe u Fe, Hg u Hg, N,
v A
N u N) BameHTHOCTH.

PaccmoTpeB ssmexkTpoHHO-rpaduuecKkre popMyJIbl SJIEMEHTOB, MOMKHO OIIPENe/UTh,
YTO BAJIEHTHOCTh aTOMa BOAOpoAa paBHa 1 (MMeeT ofMH HecIlapeHHBIH 5aeKTpoH). Ilo
OJHOMY HECIIapeHHOMY 3JIEKTPOHY y JUTHUA, (PTOpa, HATPUA, KAIUd. ITU aTOMbI TOXKE
OMHOBaJIeHTHBLI. Maruuii AByXBaJIeHTeH, T. K. Y Hero ABa HeCIapeHHLIX 3JIeKTPOHA.
¥V aToMoB resns, HeOHa W aproHa Bce 3JIEKTPOHBI CIaPeHbI U OTCYTCTBYIOT CBOOOIHBIE
opouTanu. ITU dJIEeMEHThl XUMIUUYECKN MHEePTHEI, TO eCTh 00JaJaioT HYJIeBOII BAJIEHT-
HOCTBIO.

OgHaKO XMMHUUYECKNE BJIEMEHTHI B COEIMHEHUAX NAJIeKO He BCETZa IMPOABJIAIOT Ba-
JIEHTHOCTBH, COOTBETCTBYIOIIYI0O KOJIMUECTBY HECIIaPEHHBLIX JJIEKTPOHOB B OCHOBHOM
cocToaHUU aTroMa. Hampumep, yriiepo MOMKeT MPOSABAATh BajieHTHOCTE 4 (CO,).

B03MO0OKHOCTDh IPOABIATH Ty WX MHYIO BAJEHTHOCTb 3aBUCUT TaKiKe U OT KOJHUUe-
cTBa CBOOOAHBIX OpOuTAaJIell Ha BHEITHEM 3JIEKTPOHHOM CJIO€ aToMa: MPU HAJIUYUU He-
3aHATHIX AJIEKTPOHAMU p-OpOUTAJIell ONUH M3 CIIAPEHHBIX S-9JIEKTPOHOB MOKET IIepe-
XOOUTHL HAa CBOOOAHYIO p-opOuTab (IPU YCIOBUU IIOJYUEHUS OIMPeNeeHHOM IOPIIUU
IOTOJIHUTEeIbLHOM SHEePTUMu U3BHE).

CocTosHUE aToMa, TP KOTOPOM 3J€KTPOHBI IIePEXOAAT ¢ OAHOM opObuTaau Ha IPYy-
TyIo B IIpefesax OJHOTO 9HEePreTUYeCcKOrO YPOBHS, HA3BIBACTCA 8030 YHOCeHHbLM.

Npumep. PaccMoTpuM aToM yriiepoja B OCHOBHOM U BO30Y K IEHHOM COCTOAHUAX (3HAY-
KOM * 0603HauaeTcs BO30YKAEHHOE COCTOTHUE aToMa):
C  1s22s%2p> (C* 1s22s'2p®

N H
Wit | FIETHTT

B ocHOBHOM COCTOAHMM aTOM yrJjepola MMeeT IBa HeCHapeHHLIX 3JIEKTPOHA Ha
Pp-TIOAYPOBHE; TIPU IIepPexofie aToMa B BO30Y:KIeHHOE COCTOSHUWE OJAUH U3 ABYX 3JIEK-
TPOHOB S-IOAYPOBHSA MOKET IIepPeXOnuTh Ha CBOOOAHYIO p-opbuTans. KommruecTBO He-
CIapeHHBIX JJIEKTPOHOB B BO30Y:KIEHHOM COCTOSHUHU YBEJIUUYHUTCS OO0 YeThIpex. Ba-
JIEHTHOCTB YTJIepOJia IPU 9TOM TaKiKe M3MEHUTCA C ABYX JO0 YeThbIpeX.

Eciu B aTomax HeT cBOOOAHBLIX opOuTasieil (Hampumep, y KHUCJIOpoaa uam GTopa),
TO PasbeIUHUTh 9JIEKTPOHHLIE IIaphl B 9TOM CJIyYae HeBO3MOXKHO. IlosToMy BaseHT-
HOCTb 9THUX 2JEMEHTOB OyAeT COBIIAJATH C KOJUUYECTBOM HECHAPEHHBLIX 3JIEKTPOHOB:
KHCJIOPOJ ABYXBAJEeHTEH, ()TODP OAHOBAJIEHTEH.



(0 1.4.2. CTreneHb OKUC/IEHUSA 3/1IeMEHTOB

AToM B IesoM sJeKTpoHerTpaseH. OgHako Ipu o0pasoBaHUU XMUMUUYECKUX CBsA3eil
C aToMaMM APYTUX BJIEMEHTOB aTOM, KaK IIPABUJIO, IPUOOpPeTaeT YaCTUUYHBIA 3apsm.
Hanpuwmep, mpu 00pasoBaHUM KOBAJIEHTHOM IOJIIPHOIN CBA3W MEXKIY aTOMaMHU BOIO-
pojla 1 XJI0opa OJHO3JIEKTPOHHOE S-00JI1aK0 aToMa BOJOPOa IMePEKPHIBAETCA OJHOIJIEK-
TPOHHBIM pP-00JIAKOM aToMa XJopa:

H-+-Cl: > H:Cl:

sp

IIpu sToM 001ITas 3JIEKTPOHHASA ITapa CMeIaeTcsa B CTOPOHY 0oJiee 3JIEKTPOOTPUIIA-
TEJIBHOTO aToMa XJiopa, HO 3JIeKTPOH aToMa BOAOPOAA IIepeiIeT K aToMy XJopa JIUIIIb
YaCTUYHO, POPMUPYS TeM CAMBIM YACTUYHBIE 3apsaAbl aTOMOB O:

H* — CI*”

Ecam o0m1yio ajIeKTPOHHYIO Tapy B MOJIEKYJIe XJIOPOBOZOPOAA TOJHOCTBHIO «IIepe-
IaTh» aTOMY XJIOpa, TO aTOM XJIOpa «IIOJYUHT» Hasald COOCTBEHHBIN 3JIEKTPOH U 9JIeK-
TPOH OT aToMa BOAOPOJA, MPUHUMAIIININ yJyacTre B KOBAJEHTHOU CBA3U. JJIEKTPOH
aToMa Boaoponaa copMHUPYET Ha aTOMe XJIOpa OTPHUIlaTeNbHBLIN 3apsn, paBHbIA —1.
A aToMm BomoOpoOIa, «IOTEPABIINII» CBOI dJEKTPOH, B 3TOM CJIydaeT IIpuobpeTaeT 3a-
pAan, paBHLIN +1. OTH 3apsaAbl YCIOBHLI, UX HA3bIBAIOT cmenernvio okucaeHus (CO).

CTeneHb OKNC/IEHNA — 3TO YC/I0BHbIN LieNovnCneHHbIl 3apag aTOMOB XMMUYECKOro dJ1e-
MeHTa B coeiHeHUN.

HpI/IHHTO YCJIOBHO CUHTaTbh, YTO B CO€EOMHEHHNAX C KOBaAJEHTHBIMU IIOJAPHBIMN
CBA3AME OOIIHEe 3JIEKTPOHHLIE IIAPHI IIOJHOCTBIO IIEPEXOAT K 0ojee 3JIeKTPOOTPH-
IATEeJILHOMY aTOMY, a IIOTOMY TaKle COeQUHEHUA COCTOAT TOJbKO M3 IIOJIOKUTEILHO
1 OTPUIIATEJIbPHO 3apAMEeHHBIX MOHOB.

CO MoOskeT uMeTh OTPUIATEJLHOE, IIOJOKUTEeIbHOE NI HyJIeBoe 3HAUeHna. 3Haue-
HUA CO IIPDUHATO 3allMChIBAThb CBEPXY HaJ CHMMBOJIaMM 3JIEMEHTA, IIPKX 3TOM BHa4daJie

yKasbIBaeTcsA 3HAK YCJIOBHOIO 3apsfAna, a 3aTeM ero BeJINUYnHAa:
+1 -2 0 +5 -2
Na, S, Cl,, N,O,
IIpu ompenenernun CO sieMeHTa B XMMHUUYECKOM COEIUHEHUU HEOOXOAUMO YUUTHI-
BaTh, UTO: 421

e CO xucaopoga paBHa —2 (3a ucKiIoueHHeM (propuga xuciaopoga OF, u nepokcu-
+1 -1

nos, Hanpumep H, O, ); W -1

e CO Bomopoma paBHa +1 (3a mCKJIIOUEeHUEM T'UAPUIOB, Hanpumep NaH);

e CO dropa BO Bcex COeAUHEHUAX C OIPYTUMU dJIeMeHTaMu paBHa —1;

e (CO mMeTayIOB BCerja IOJOMKUTEJIbHA, MaKcuMaabHoe 3Hauenme CO meTasyioB IjaB-
HBIX IIOTPYIIN OOBIYHO COBIIAZAAET C HOMEPOM I'PYIIIILI, B KOTOPOM PACIIOJIOMKEH METAJL;

e CO cBOOOOHBIX AaTOMOB U aTOMOB, BXOIAIIUX B COCTAB HEeHOJAPHBIX MoseKya (H,,
0O,, Cl, u T. 1.), Bcerga paBHa HYJIIO.

MpaBuno 3neKTpoHeNTPanbHOCTU BellecTBa:
Cymma cTteneHeli OKNCNeHNA BCEX aTOMOB B COeANHEHNI BCerga paBHa HYJIO, a B CIOXK-
HOM OHe — 3apAAY NOHa.
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IIpu paccMoTpeHMU HEOPraHWUYECKUX COeIWHEHUI, OOJBIIUHCTBO U3 KOTOPBIX
uMeeT UOHHOE CTPOEHUE, OOBIYHO HCIIONb3YIOT MMOHATHUE CMENneHb OKUCLeHUS, a B Op-
raHUYeCKON XUMUU, T'Ae OOJBIITNHCTBO COENNHEHN NMEIOT MOJIEKYJIIPHOE CTPOEHUeE,
KaK IIPaBUJIO, MCIIOJB3YIOT MOHATHE 8AJLEHMHOCMb.

(D Npumep. Onpenenurs CO mapranuna B coenunennn K,MnO,.

ITonbaysich TPaBUIOM 3JIEKTPOHEHTPAIbHOCTHU BeIecTBa, COCTABIAEM ypaBHEHUeE:
+1)-2+x+(-2)-4=0;
x=8-2=6.
Taxum obpasom, CO mapranma +6:
+1 +6 -2

K2MnOg4

B HEKOTOPEBIX CJIy4dadX 3HaUeHHNe CTEeIIeHU OKMNCJIEHUA MOMKET He COBIIamaThb C Ba-

JeHTHocThio. Tak, B azore N, cTelleHb OKHUCIeHUA a30oTa paBHa (0, a ero BaJeHTHOCTDb
+1 -1 -1 +1

pasua 3. B mepokcune Bogopona H,0, (H—O —O —H) cTeneHs OKHUCIEHUA KUCJIOPO-

Ia paBHa —1, a ero BaJIeHTHOCTHL paBHa 2.

00 1.5, Yucrble BellecTBa U cmecu

AOCOJIIOTHO YMCTBHIX BEINEeCTB B IIpupoae He cylrecTByeT. OHU 00s3aTEIbHO MMEIOT
OpUMeCH, XOTsd Obl B HEe3HAUUTEJbHOM KOJUUYECTBE, M IIOJHAs OUMCTKA OT HUX He-
Bo3MO:KHaA. Ho 310 1 He Hy:KHO. HeobxomauMas cTelleHb OUMCTKU OIIPeNesIsieTCs TeM,
C KaKOH IeJIbI0 OyZeT MCI0Jb30BaThCs BEIIECTBO.

Hanpumep, peuHas BoJa AOCTATOYHO UHMCTA IJs KYyIaHWA, HO HEIPUTOAHA IJIs
ouThbA. Boma M3 MCTOUYHUKOB M OUUINeHHAS PeYHas BOJA MOTYT OBITH MCIIOJb30BaHBI
[lJIsI IAThSI, HO B IAaPOBBIX KOTJIAX €€ MPUMEHSIOT TOJHKO II0CJe OUNCTKH.

B Ku3Hm MBI MMeeM [eJI0 He C UHMCTHIMH BeIlleCTBAMM, a CO CMEeCAMU BeIleCTB.
IATU cMecHu MOTYT OBITH HeOOHOPOOHbLMU, NN zemepozeHHblMU (MyTHaAA peuHas Boma
C HepacTBOPMMBIMM YaCTHUIIAMU IeCKa U TJIMHBI, KOTOPble MOKHO YBHUIETh HEBOOPY-
JKEeHHBIM TJIa30M) U He00HOPOOHbIMU, NI 20M02eHHbIMU (PACTBOPHI caxapa, CIiupTa),
B KOTOPBIX He 3aMeTHA I'PAaHUIA Pa3flesIeHUs MeKIY BeIlecTBaMU.

Cpenu cMmeceil MOKHO BBIIEJIUTH HUOKUe, maeepdvlie U za3000pasHble. Hampumep,
BO3IYyX IIPEACTaBJSAET CMeCh a30Ta, KUCJIOPOIa, YIJIEeKUCJIOTo rasda, aproua u APYrux
rasoB, TYYd — BTO CMeCh BO3AyXa C KAIJIAMU BOJBI, TLIM — CMECh TBEPABIX UACTUII
M BO3AyXa, MOJIOKO — CMeCh KalleJib JKUIKOIr0 JKUPa U BOILI.

CocTaBHBIE UAaCTH CMeCel Ha3bIBAIOTCA KOMIIOHEHTAMM.

CrenyeT oTauuaTh CA0MCHbLEe geulecméa n cmect. OCHOBHBIE PA3IUUYNA MEXKIY HU-
MU TaKue:

e cMechb MOJKeT ObITh HPUTOTOBJIEHA IIPU JIOOBIX COOTHOIIEHUSAX KOMIIOHEHTOB,

a CJIOJKHOE BeI[eCTBO MMeeT YeTKO OIIpeaesIeHHbINl COCTaB;

e BeIlleCTBa, BXOAAINE B COCTAB CMeCHU, He M3MEHSIOT CBOMX CBOMCTB IIOCJIe ee 00-
pasoBanud, a 00pa3oBaHMe CJIOYKHOTO BEIeCcTBa CYIEeCTBEHHO M3MeHAeT CBOICTBA
aToMOB (MOHOB), 13 KOTOPBLIX COCTOUT MOJIEKYJIA;
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e oOpasoBaHue W pasfesieHle CMeCell He COINPOBOMKIAeTCS XUMUUYECKUMM peaKIlu-
AMU, B TO BpeMsA KaK o0pas3oBaHUE CJOMKHBLIX MOJIEKYJ HJIHN Pas3jioKeHUe WX Ha
MCXOJHBIE BEI[eCTBA U MPOAYKTHI PEAKIINN ABIAITCA XUMHUUECKIMU IPOIIECCAMMU.
Hanpumep, cMech IMOPOIIKOB MEIN M CEPhl MOMKHO CMEIINBATL B PA3JINUYHBIX CO-

OTHOIIIEHUAX, HO MX CBOiicTBA He maMeHATCd. [[s pasmeseHHs CMeCh IIOMEIAIOT

B BOLYy U MeOb, NIMEIOIasa BBEICOKYIO VIEJbHYIO Maccy, ocelfaeT Ha JHO COCyna, a cepa

BCILILIBAET HA IIOBEPXHOCTD.

Bo Bpemsa o6pasoBaHUS U3 MeOU U Ccephbl CJI0KHOr0 BerlecTBa CuS crekanueM IIpu

BBICOKOU TeMIlepaType II0JIlydaeM BeIleCTBO YepPHOro IIBeTa, B KoTopoM Ha 64 uacTu

Meou IPUXOAUTCSI 32 MAaCCOBBIX YaCTHU cepbl. IIpoxXoauT xmMuUuecKas peakIius:

o
Cu+ S—CuS.

ITonyuuts us cyasduna cepsl (II) mcxomuble KOMIOHEHTHI OUY€Hb CJIOMKHO.
Hs YUCTHIX BEIECTB CHPABEIJIUB 3AKOH NOCMOSAHCMBG cocmaéa, chopMyIUpo-
BaHHBIN B Hauasie XIX B. ppaumnysckum yueHbiM K. IIpycTom:

Ka)kpgoe xumnyeckun yncroe BelecTBo He3aBUCMMO OT MecTa HaXOXKAeHUA 1 cnoco6a no-
Jly4yeHNA nmeeT oQuH 1 TOT XKe NOCTOAHHbDIN COCTaB.

CocTaBbl cMecell M CJIOKHBIX BEIECTB MOTYT OBITH OYE€Hb PasHOOOPasHBIMU, UX
NCXOJHBbI€ KOMIIOHEHTHI OIIPENETIAIOTCA XNMUYECKIM aHaJI130M. Bes pe3ysIbTaTOB XU-
MHUUYECKOro aHajJIn3a HEeBO3MOKHA paboTa crajieBapa, MeQuKa, reojiora, KpUMUHAJIN-
CTa, apxeoJjora, XMMHKa 1 MHOTHUX OPYI'uX CIeMXaJILCTOB.

C IOMOIIBI0 0COOBIX METOMOB XMMHUYECKOTO0 CHHTE3a MOJYUYAIOT 0c000 uucmble 8e-
ulecmaea, B KOTOPBIX COep:KaHUe IIPUMeceil He IPEeBhIIIaeT Jake OSHON MUJIINOHHOM
IOJU TPOIleHTa. ITU BeIlleCTBa UTPAIOT BasKHYIO POJIb B ATOMHOU 9HepreTHuKe, MOoJy-
OPOBOAHUKOBOI IIPOMBIIILIIEHHOCTH, BOJIOKOHHOI OIITHUKE U T. .

S 1.6. Atombl 1 MosieKynbl. XUMUYECKUI dNIeMEHT.
ﬂpochle N C10XKHbleé BellecTBa.
OcHoBHble Knaccbl HeOpraHUYeCKuX BeLlecTs.
HomeHknatypa HeopraHuyeckux coefuHeHuH

G0 1.6.1. Atombl 1 moneKynbl. Xumuyeckuin anemeHT. MpocTblie
N CNOXHbIe BellecTBa

Hawnmensbimeil yacTuIieil BeliecTa, COXpPaHAIOIEN ero CBOMCTBA, ABIAETCA MOLCKYNA.

MoneKyna — menbyaiilias YyacTuua BewecTBa, o6nagaowas npucywmmn BeLwecTBy Xu-
MUYeCKNMUN CBONCTBaMU.

MoJieKyJibl COCTOSAT U3 AMOM0O8. XUMHUUECKIEe CBOMCTBA MOJIEKYJIBI OIIPEeIeIsTI0TCSs
ee aTOMHBIM COCTABOM U CTPOeHUeM (B3BaUMHBIM PACIIOJNIOKEHNEM aTOMOB B MOJIEKYJIE).

© 16 AToMbiu Monekynb. umuseckuhonewenr. Mpocrve nnowwiesewecrsa 31



32

IIpu XxUMHUUYECKUX PeaKIMAX MOJIEKYJbI pacmajgalTcsa Ha aToMbl. Takum ob6pasom,
MOJIEKYJIa SBJSEeTCA XUMUUYECKU IeJIMMOM.

. ATOM — Menbyalillas XMMNYeCcKn Heflenmmas YyacTiua BewecTsa.

OcHOBHBIE BaKOHBI U MMOHATUA XUMUU MO3BOJAIOT O0BACHUTD AMOMHO-MOLEKYNAD-
Hoe yueHue, KOTOpoe BuepBeie chopmysmpoBas u npumeHusa B xumuu M. B. Jlomo-
HOCOB. 3aTeM aTOMHO-MOJIEKYJIAPHOE yUeHHe Pa3BUJ B CBOUX TPYAaX aHTJIMNCKUMI
yuenbiii [[»x. JlaabToH.

OcHOBHBIE ITOJIOKEHUS ATOMHO-MOJIERYJIAPHOI'0O YYCHUA:

1. Bce BelecTBa COCTOAT M3 MOJIEKYJI.
2. MoJieKyJIbI COCTOST M3 aTOMOB.
3. HacTuiipl BelecTBa — MOJEKYJbI M ATOMbBI — HAXOOATCS B HEIIPEPLIBHOM IBUIKeE-

Huu. TemnsoBoe COCTOSHUE TeJ SABJISAETCS pe3yjabpTaToOM 9TOI'O OABUMKEHUA.

4. MoseKyJibl MPOCTHIX BEIECTB COCTOAT M3 OJUHAKOBBIX aTOMOB, MOJEKYJIBI CJIOMK-

HBIX BEIIECTB B CBOEM COCTaB€ MMEIOT Pa3HbI€ aTOMBI.

CorylacHO aTOMHO-MOJIEKYJISAPHOMY YUEHUIO, XMMUYECKUIl 3JIeMeHT MPeACTaBJIsIeT
0001 onmpeaeIeHHBIN BU ATOMOB. U1CJI0 9JIeMEeHTOB OTPAaHNUYEHO, a UX KOMOMHAIIUN
IaloT Bce MHOT00O0pasue BeIllecTB.

Bce BelriecTBa B XUMUU IPUHATO AEJIUTHh HA NPOCMbLe U CJONCHbLLE.

HPOCTbIMIII BeljecTBaMin Ha3biBalOTCA BellecTBa, 06pa3OBaHHble aToMmamMm OQHOro xm-
MUNYyecKoro 3JjiemeHTa.

IIpuMephl IPOCTBIX BEIECTB: KUCJIOPOI, HATPHUii, BOLOPOI, MAarHuii, XJOp U T. 1.
IIpocTrie BelecTBa HeJb3A XUMHUYECKU PA3JIOMKUTL U IOJYUYHUTH U3 HUX 0oJee Ipo-
CTBLIE BeIeCTBA.

CnoXHbIMn BewecTBamn, WIN COeANHEHNAMU, Ha3biBalOTCA BeLlecTBa, B COCTaB KOTO-
PbIX BXOAAT aTOMbI Pa3HbIX XUMNYECKNX DJIeMEeHTOB.

IIpuMephl CI0KHBIX BEIECTB: Boja (BOJOPOJA M KUCJIOPOX), CEPOBOIOPO. (BOJLOPOS
U cepa), XJOPOBOAOPO (BOZOPOA U XJIOP), OKCUMA KambIuA (KUCJIOPOI M KaJbITUH),
amMmuak (asoT u Bogopoxn) u T. A. Ca0KHbBIe BEeII[eCTBA MOMKHO XMUMUYECKU PA3JIOKUTH
¢ o0pa3oBaHMEM NIPOCTHIX BEIECTB, UX TAKIKe MOYKHO HOJIYUUTH M3 HECKOJIBKUX Me-
Hee CJOKHBIX BelllecTB. Hampumep, BOAY MOKHO PAa3JIOKUTH HA BOAOPOL U KHUCJO-
poll, aMMUaK — Ha a30T U KHUCJIOPOJ U T. A. VIX 3Ke COOTBETCTBEHHO MOXKHO IOJYUUTh
u3 0oJjiee IIPOCTHIX BEIIeCTB.

CJoKHBIEe BeIlecTBa CyNIIeCTBEHHO OTJIMYAIOTCS OT cMeceii (Tabi. 1.4).

Tab6auua 1.4
OTanuua cMecei OT CIOKHBIX XMMHYECKHX BEIeCTB
IIpenmeTr cpaBHEeHHSA CMmecu BemecTs CioskHBIE BelleCcTBa
Cocras He wmmeror moctoanuHOro co- | MMeOT IIOCTOAHHBIA COCTaB,

CcTaBa, BeIeCTBa MOTYT OBITH | O0YCJIOBJIEHHLIN CTPOEHUEM
CMeNIaHbl B Pa3HBIX MHPOIIOP- | ATOMOB B UX COCTaBe
MUAX




Orxonuanue maba. 1.4

Hpenme’r CpaBHEHUA

Cmecu BemiecTs

Crno:kHBIE BelecTBa

CsoiicTBa Bce BemecTBa B cMecu coxpa- | BelrjectBa, KOTOpble 00pasyioT
HSIOT CBOU CBOICTBa COeIUHEHMWA, TEPAT CBOU
CBOMICTBA; coeluHeHUe o00Ja-
IaeT COOCTBEHHBIMH CBOICT-
BaMU
Crioco0n1 dusnueckue XumuuecKkue peakiiuu
pasmeneHus

Bremraue mpusHaKH
obpaszoBaHUSA

OOpasoBaHUe He COIIPOBOK-
JaeTcsi BUAMMBIMU ITPU3HA-
KaMu

O6pasoBaHUe COIPOBOKIAET-
cA NpU3HAKAMHU XUMUYECKUX
peaxkuii

@0 1.6.2. OcHOBHbIE Knaccbl HEOPraHNYecKnx

BellecTB

HeOpI‘aHI/I‘-IECKI/Ie COeJMHEHNA B 3aBHCHMMOCTH OT MX COCTaBa u CBOMCTB OEeJIAT Ha
KJIacCcChbI: O}CCuabl,, OCHOBGHUA, KUcJ0muvl, COJNU.

Okcnpbl

Oxcuapl — CJIIOJKHBIE BEI[eCTBA, COCTOAINME M3 JBYX XMMHUUYECKHUX 3JIEMEHTOB,
OOVH M3 KOTOPBLIX KHUCJIOPOHA B cTemeHu okuciaenusa (—2). OKcuabl B CBOIO ouepenb
KJaccuuIupPyOT Ha cojeobpasyooliue 1 HecoJieo0pasyolie.

Heconeobpasyrnuue okcuabl cojeir He od6pasdyior, K HuM oTHocsaTca CO, N,O, NO.
9T OKCHUABI HE B3aMMOJEMCTBYIOT C KMCJIOTAMU M OCHOBAHUAMM JIOO IIPH B3aKMO-
IeficTBUU ¢ HUMHU He 00pasyioT CoJieii.

Cosieobpasyoujue OKCUIBI IIPU B3aUMOJENCTBUN C BOJMOU MOTYT 0Opa30BBIBATH KIC-
JIOTBI UJI OCHOBaHMs, a IIPU B3AUMOJENCTBUN C KUCJIOTaMU UJIN OCHOBAHUAMU — COJIH.

CouieobpasyroIiiue OKCUIbI AEJATCS HA OCHOB8HbLE, KUCJOMHbLe U AMPOMmepHbLe.

OcHOBHBIE OKCHUIBI

OCHOBHBIMI/I Ha3bIBAIOT OKCHOBI, KOTOPHbIEC IIDU BS&HMO,HefICTBHH C KHMCJIOTHBIMU
OKCHIaMH M KHCJIOTaMu 00pasyioT cosr. OCHOBHBIE OKCHUABI 00Pa3yIOTCA MeTaJLIaMU,
aTOMBI KOTOPBIX MUMEIOT HU3KYIO cTenelb okucaenud (Na,0O, CaO, MnO, CuO).

OCHOBHBIe OKCHOBI pearupyroT C BellleCTBaMM, MMEIOIIINMN I{PICJIOTHI)IfI XapakxKTep
(Boma, KMCJIOTHBIE OKCUIbI, KHCJIOTHI).

Kuciaorusie oKcuasl

KucaorHbIMU Ha3BIBAIOT OKCHUABI, KOTOPLIE IPU B3aMMOIEHMCTBUN C BOMOI 00pasy-
IOT KMCJIOTHI, 8 C OCHOBHBIMH OKCHUIAMHU U THIPOKCHIAMU METaJJIOB — COJIH.

Kucnoraeie oKcuabl 00pa3yroTcsa HeMeTaJlIaMU U MeTaJlIaMU, aTOMBbI KOTOPBIX
UMEIOT HAWBBICHIYIO cTeneHb okucaeHuda (SO;, N,Oj, CrO;, Mn,0O;). IlocKonbKy Kuc-
JIOTHBIE OKCHUIBLI IIPKM B3aMMOIENCTBUU C BOIOUN 00pPasyiOT KHCJIOTHI, UX TaK:Ke Ha-
3bpIBalOT aHzudpudamu rucaom (SO; — cynbdarubiil aurugpun, CrO; — XpPOMOBBIi
agruapun). KucioTHbIe OKCHUALI PearupyioT C BellecTBAMM, MMEIOIUMIN OCHOBHBIN
xapakTep (BoJa, OCHOBHBIE OKCHIBbI, TUIPOKCHUIEI).

33



34

Tnapokcnabl

Tuapokcuabl — 5TO COeIMHEHUSI OKCHUIOB C BOJOI.
T'ugpokcumbl OeasiT Ha OCHOBHbLe, KUCJLOMHbie U ampomepHvle. Kucaorubie ru-
IPOKCUABI MHAUe HA3bIBAIOT KUCJLOMAMU, OHU OYAYT PACCMOTPEHBI HUMKE.

OcHOBHBIE TUIPOKCHIBI

OcHOBHBIE T'HIPOKCHIbI, NI OCHOBAHMS — 9TO CJIOKHBIE BEI[eCTBA, COCTOSIIHE
M3 aTOMOB METAJJIA W CBA3AHHBLIX C HUMU OJHOM MM HECKOJbKUX I'MIAPOKCOrPYIII.

I"I/I,z:poxcorpyrma — 9TO OJHOBaJIEHTHAadA TIPYyIIIIa aTOMOB, cCoJepiKalllad BOIOPO[
-2 +1

u xkucygopon (OH), ee cymmapubIit 3apan pasex —1: O H.

Oo6mmasa gpopmyna rugpoxkcunos: M(OH),, rme M — meranna, n — YHCIO TUAPOKCO-
TpyHI.

BMmecTo aTOMOB MeTaJIa B COCTAB OCHOBAHUSA MOYKET BXOAUTD rpymma aromos NH, ",

OcHOBaHUS IPUHSATO AEJIUTH Ha ABE TPYINBI: pacmaopumvle B Boje (Wesouu) u He-
pacmeopumvle.

IIpumepsr menoueii: NaOH, KOH, Ca(OH),, Ba(OH),.

IIpumepsr HepacTBopuMbIX ocHoBaumii: Cu(OH),, Fe(OH),.

AMdoTepHBIE THAPOKCUABI

AmdorepHble THAPOKCHUIBI — 3TO T'UAPOKCUALI, KOTOPhIEe IIPU XMMUUYECKUX B3au-
MOJENCTBUAX MOTYT IIPOABJIATH KaK KUCJIOTHBIE, TAK M OCHOBHBIE CBOMCTBA.

Oomaa ¢gopmyaa am(pOTEPHBIX TUAPOKCHUIOB CXOMHA ¢ 00IIel (DOPMYJIOl OCHOBaHMIA.

IIpumepst amporepHbIXx ruaporcunos: Al(OH);, Zn (OH),, Cr(OH);, Be(OH)s,.

B saBumcumMOCTH OT UMCJIA THAPOKCOTPYIII TUAPOKCULBI AEJISAT Ha 00HOOCHOBHULE
(ogaa runppoxcorpynma: NaOH), dsyxocrosnwuie (aBe rupaporcorpymnnbei: Ca(OH),),
mpexocHo8Hble (Tpu Tuaporcorpynnsi: AI(OH),).

Kucnotbi

KucnaoTsl — 3TO CI0KHBIE BEI[ECTBA, COCTOAIINE U3 ATOMOB BOZOPOIa, CIIOCOOHBIX
3aMeIaThCA Ha aTOMBI METaJLJIa, ¥ KUCJIOTHBIX OcTaTKOB. O0rmasa dhopMyaa KUCIOT —
H,Ac, rme Ac — KHCJIOTHBIN OCTATOK, X — YMNCJIO aTOMOB BOJIOPOJia, PABHOE 3apsany
MOHA KUCJOTHOTO OCTATKAa.

ITo cocTaBy KHCJIOTHI JeIAT Ha Kucaopodcodepircawue u 6eckucniopodusie. IlepBas
TpyIIia B CBOEM COCTaBE COIEPIKUT KUCJIOPOJ, BTOPAsd — HE COAEPIKUT.

IIpumepsr Kucaopoacomeps:kamux kucaor: H,SO,, H;PO,, H,SOs.

IIpumepsr 6eckucaoponunix xucaor: HCl, H,S, HF.

ITo KoTMyecTBY aTOMOB BOJOPO/a KUCJIOTHI AeadaT Ha odHoocHosHble (HCl, HNO;),
dsyxocrnosrnvle (H,SO,, H,S), mpexocrnosusvie (H;PO,).

Conu

Coam — 9TO CIOMKHBIE BellleCTBa, 00PA30BAHHBIE M3 aTOMOB METAJIJIOB M KIMCJIOT-
HBIX OCTATKOB.

Coi MOKHO pacCMaTPUBATh KAK HPOAYVKT 3aMeIlleHruA aTOMOB BOJOPOJA B KHUCJIIO-
Te HA MeTajJ. B 3aBUCHMOCTH OT KOJIMYECTBA aTOMOB BOIOPOAA, 3aMEI[eHHBIX aTo-
MaM{ MeTaJjlja, COJIU AeJAT Ha cpedHue, KUucJble, OCHO8HbLe, 080lIHbLe, CMEULAHHbLE
U KOMNJLEKCHbLE.



Cpennue, iy HOpMAaJbHBIE COJIM — 3TO COJI, 0OpPasOBaHHBIE B Pe3yJbTaTe II0JI-
HOTO 3aMeIlleHusA aTOMOB BOJOPOJA B KMCJIOTE aTOMaMMU MeTaJlia.

IIpumepsr HOpMaabHBIX cogeii: NaCl, K,SO,, Cas(PO,),.

Kucasie comu — 9T0 cosiu, o0pasoBaHHbIEe B pes3yJibTaTe HEIIOJHOr'0 3aMeIeHUs
aTOMOB BOJOPOja B KHCJIOTEe aTOMaMU MeTaJlja.

IIpumepsr kucawix coseii: NaHCO;, KHSO,, CaHPO,.

OcHOBHBIE COJIM — 3TO COJU, OOPA30BAHHBLIE B PE3yJbTaTe HEIOJHOTO 3aMeIleHus
TUJPOKCOTPYIIII B OCHOBAHUYM HA KUCJIOTHBIN OCTATOK.

IIpumeps! ocHOBHBIX coJeit: (CuOH),CO5;, Mg(OH)CI.

[ BoiiHBIE cOIM — 9TO coJi, 0OpPa30BaHHLIE B Pe3yJabTaTe 3aMeIleHUs aTOMOB BO-
IOpojia B KMCJOTE ABYMS Pa3JUUYHLIMHU METAJJIaMU.

IIpumepsr aBoitHbIX cogeit: Ko,NaPO,, KAI(SO,),.

CMmenraHHbBIE COJTM — 3TO COJIM, OOpPa30BaHHbBIE B PE3YJIbTATE COEIMHEHUS C aTOMa-
MU MeTaJljla ABYX PasJUudYHBIX KHUCJIOTHBIX OCTATKOB.

IIpumepsl cmertanubix cogeii: Ca(OCl)Cl, Cay(PO,)sF.

KomiutekcHbIe COJTM — 3TO COJIM, B COCTAB KOTOPBHIX BXOAUT KOMILJI€KCHBIN MOH.

IIpumepsr komnaekcHBIX cogeii: K;[Fe(CN)g], [Cu(NH,),](OH),.

IIo pacTBOPMMOCTH B BOJE COJIV AEJIAT Ha pacmeopumvie (p), Hepacmeopumvie (H)
u manopacmaeopumvie (M).

@0 1.6.3. HomeHknaTypa HeopraHUYeCKNX COepMHEeHNN

Kaxmoe xuMuuecKkoe coefnHeHNe MMeeT HasBamue, 00pasoBaHHOE MO MPUHITUIAM
Medxc0yHapoOHolL HOMEHKAAMYPyl.

Kpome MekIyHAPOIHBIX, CYIIIECTBYIOT U MPUBUAJLbHbLE HA3BAHUS BEIIECTB U CMe-
cell, KOTOPhIE CIOMKUINCH NCTOPUYECKU 1 YIOTPEOISIOTCS B OBITY U Ha IIPON3BOICTBE.

Oxcunapl. HazBaHUA OKCUIOB COCTOAT M3 CJI0BA «OKCUI» U HANMEHOBAHUA dJIEMEH-
Ta. Ecau sjaeMeHT, 00pasyOIUil OKCHU, MOXKET IIPOABJIATh PA3HYI0O BAJIEHTHOCTh, TO
ero BaJIEHTHOCTh B COEIUMHEHUM MHPUHSTO YKAas3bIBaTh PUMCKON Iu(PON B CKOOKaX:
okcun yriuepona (II), okcun :xenesa (III) u T. .

D Hanpumep:

N,0 moxxkHO Tak:Ke 3amucarhb: «Oxcuzm asora (I)», unraerca: «Oxkcunm azora OguH»
nin «OKcua asoTa OQHOBAJIEHTHOIO» .

Cr,0; mo:xkHO Takske s3amucarb «Owrcunm xpoma (III)», umraerca: «Oxcupm xpoma
Tpu» uian «OKCHUI XpoMa TPEeXBAJEHTHOTO».

CaO MO3KHO TaKsKe 3anucarh: «OKCUI KaJabI[USA», YNTAETCA TAK JKe.

WHorma 4mcio aTOMOB 5JIEMEHTOB O0O3HAUAIOT IIPKU IIOMOIIHK TPEYECKUX UMCJIH-

TeJBHBIX: MOHO, au, mpu, mempa, neLima, zexkca U T. O.
+2 -2 -4 -2

Hanpumep: CO — momookcup yriepona, uiau okcup yraepozna (II), CO: — nuok-
cuj yriepoga, mam okcun yriaepoza (IV).

TpuBuanwvable HazBauud: CO — yrapusbiii ras, CO, — yrierucaslil raz, CaO — He-
raineHas M3BeCTh.

I'mapoxcunsi. HaspaHusa coefMHEHUI 3TOTO KJIACCA COCTOSAT U3 CJIOBA «TUAPOKCHUI»
Y HAMMEHOBAHHUSA METAJIJIa B POLUTEJbHOM magexke. IIpu 3ToM, KaK M B Ha3BAHUAX
OKCHIOB, YKasbIBAaeTCA BAJIEHTHOCTL MeETaJlla B TOM CJIydYae, €CJM METAJJI MOKET
OPOSBIATH MePEeMEHHYI0 BaJEHTHOCTE.
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() Hanpumep:

KOH Mo:xXHO TaK:Ke 3ammcaTh: «['MOAPOKCUL KaJaud», UNTAETCA TaK JKe;

Fe(OH); mosxkHO Takske 3anucarh: «I'mapoxcup sxenesa (II1)», unraerca: «I'uapox-
cupm Jxeje3a Tpu» uau «['MAPOKCHUI Kejle3a TPEeXBAJEHTHOTO».

Tpuuansubie HagzBanus: NaOH — kaycruueckada coma, uam kKayctuk, Ca(OH), —
raiieHas U3BeCTbh.

Kucmorsl. HasBanusa 6eCKUCIOPOIHBIX KUCJIOT COCTOAT M3 MABYX cJIOoB. IlepBoe co-
CTOUT M3 HAa3BaHUS dJIEMEHTa, K KOTOPOMY IIPUCOEAUHSIOT cYQPUKC -0-, U CJIOBA «BO-
JIOpoiHasA» . BTopoe cJIOBO: «KuCI0Ta».

() Hanpumep:

HCl — xyopoBogopogHas KHCJIOTA; HF — dropoBogopoamas KKUCJIOTA;

H,S — cepoBomopomuas KucJora.

HasBanusa Kucopoacomep:Kamiinx KUCJIOT TaKyKe COCTOAT M3 ABYX CJOB. B ciayuae
ecJIii 9JIEMEHT B COEMMHEHUU IPOABJSIET BAJEHTHOCTDH, COBIAMAIIYI0O C HOMEPOM €ro
IPYHOIOBI B IePUOAUUECKON CHCTEeMEe 3JIeMEHTOB, TO IIepBO€ CJIOBO B HA3BAHUU KUCJIO-
Tl OPMUPYETCA U3 HA3BAHUS JIEMEHTa, K KOTOPOMY IIPUCOeAUHAIOT CyGHPUKC -H-
U OKOHUAaHUE -as. BTopoe CJI0BO: «KMCJIOTa».

» Hanpumep:
HNO; — azormasa KucJora; H,SO, — cepnasa xkuciora.
B cnyuae ecsi 31€eMeHT B COeIMHEHUU IIPOSABJISAET BAJIEHTHOCTH, KOTOPAs MEHBIIIE
MaKCHMAaJIbHOHM Ha JBEe eqUHUIHI, TO IIePBOE CJIOBO B HA3BAHUM KUCJIOTHI (hopMUpPYyeT-
cd cIenyIoIMM o0pa3oM: Ha3BaHUeE djaeMeHTa, cyDdUKC -ucm U OKOHUAHUE -asi.

D Hanpumep:
HNO, — asotucras rucjora; H,SO; — cepHucraa xucjaora.
Tpusuansubie HasBaHusa: HF — naasukosas kucaora; HCl — comanas xuciaora.
Cosmn. HaszBanusa coJsieii 6€CKUCIOPOIHBIX KHUCJIOT COCTOAT M3 ABYX cjoB. IlepBoe
CJIOBO COCTOUT M3 Ha3BaHUA HEMETAJLIa B COCTaBe COJHU ¢ AobaBiaeHUeM cyhduKca -ud.
Bropoe ciioBo — HaszBaHMe MeTajyia B COCTaBe COJIM B POAUTENHHOM Iazeske. B ciy-
Uae mepeMeHHOM BaJeHTHOCTU MeTaJjljla ee TaKyKe 0003HAUAIOT PUMCKUMHU IudppamMu
B CKOOKax.

() Hanpumep:

Na,S — cyabbhug HaTpus; CuCl, — xJgopung menu.

FeS, — cyasdun xeneza (II), unu cynbdun :Keaesa JByXBaJIEHTHOTO.

HasBanusa cojieifi KHCJIOPOACOAEPIKAIUX KMCJIOT COCTOAT M3 ABYX cJioB. IlepBoe
CJIOBO 0003HAYAEeT KUCJIOTHBIN OCTATOK B MMEHUTENbHOM mame:xxke. OHo opMupyercs
W3 KOPHA Ha3BaHWUA dJIeMEHTa B COCTaBe KMCJIOTHOTO OoCTaTKa (He KMCJI0opoa) C I0-
b6aBieHueM cyddurca -am- B caydae OPOABIEHUSA dJIEeMEHTOM MaKCHUMAaJbLHOM Ba-
JIEHTHOCTHY B COeIWHEHUU, u cypduKca -um- B cilydyae, ecju BAJEHTHOCTDL dJIeMeHTa
B COeIWHEHUUW MUHUMAJbHA. BTOpoe cJI0BO — Has3BaHHEe METAJJA B POAUTEJIbHOM
nazge:ke. [lepeMeHHYI0 BaJIEHTHOCTh METAJIJIa TaKsKe IPUHATO 0003HAUATh B CKOOKAaX.

() Hanpumep:
NaNO; — HuTpaT HaATPUA; KNO, — murput Kanus;
CuSO, — cyabstar menu; FeSO; — cyappur xemesa (I1);
Fe,(S0O,); — cynbdar xemesa (1I1).

% e



TpeHNpoBOUYHbIe TecToBble 3agaHuA K pasgeny 1

Al.

A2,

A3.

A4,

AS5.

AG6.

A7,

A8.

A9.

A10.

All.

Yactb 1

ITpu BEITOJIHEHUU 3aJaHUU ¢ BLIOOPOM OTBeTa OOBEANTE KPYKKOM HOMEDP
MIPaBUJILHOTO OTBETA.

XUMUUYEeCKU 9JIeMEeHT — 35TO ...

1) HamMeHbIIadg YacTUIla, KOTOPasi BXOIUT B COCTAB BCEX BEINECTB

2) COBOKYITHOCTh ATOMOB, M3 KOTOPBIX COCTOST BEIIECTBA

3) BUO aTOMOB C OQWHAKOBBLIM 3apsAA0M SApa

4) KOJIMYeCTBO BEII[eCTBa, KOTOPOE IPUHIMAET YUACTHE B XUMUUYECKOM IIpPeBpaIe

Kakas snekrporHas GopMyJia COOTBETCTBYeT MHEPTHOMY rasy?

1) 1s225%2p3 2) 1s%2s22p° 3) 1s%2s22p* 4) 152252
PaccuuraiiTe KommuecTBO BerecTBa (MOJIb) 24 T Bomopoza.
1) 12,0 2) 24,0 3) 2,4 4) 1,2

Ompenenure 06beM 1 MOJIL BeIlllecTBA B ra3000pasHOM COCTOAHUU IIPU HOPMAJILHBIX
YCJIOBUAX.

1) 11,2 n 2) 22,4 m?® 3) 22,4 n 4) 11,2 m3
OmpegeanTe YKUCJIO HEUTPOHOB B aTome (propa.

1) 18 2)9 3) 11 4) 10
Mogenas Kakoro aromMma m3o0paskeHa Ha PUCYHKe?

1) 6opa

2) dropa

3) asora
4) 6epuinus

CKOJIBKO HEATPOHOB CONEPIKUTCA B M30TOIE KaIus 9K ?

1) 20 2) 19 3) 39 4) 58
KakoBa mossApHaa macca KapboHaTa Kaabliuda (T/M0Jb)?

1) 78 2) 68 3) 90 4) 100

YeM OTIMUAIOTCS M30TOIBI JIEMEHTOB?

1) uncaoM HEHTPOHOB 3) urcJIOM BAJIEHTHBIX 3JIEKTPOHOB
2) aTOMHBIM HOMEPOM 4) ynucJIOM IIPOTOHOB

VEKaKuTe KOJIMUECTBO SHEPTeTUUYEeCKNX YPOBHEH B aTOMe MATHUA.
1)4 2) 3 3) 2 1)1

VraxuTe pparMeHT HePUOINUECKOI CHUCTEMBI, B KOTOPOM PasMeIleHbl 9JIEMEeHThI CO
CXOOHBIMU XUMHUYECKUMU CBOMCTBAMU.

1) maswIit mepuon 3) moarpymnma
2) rpymnmna 4) OOJBIION TIEePUOT
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Al2.

A13.

Al4.

A15.

A1l6.

A17.

A18.

A19.

A20.

A21.

A22,

A23.

A24.

Bepub! au cy:KaeHUA 0 3apagax IIPOTOHA M BJIEKTPoHA?
A. 3apanpl UYMCJIeHHO PaBHBLI U OAUHAKOBBI II0 3HAKY.
B. 3apanbl TpOTUBOMOJIOMKHEI 110 3HAKY U UHCJIEHHO PaBHBI.

1) BepHO TOJBKO A 3) BepHEBI 00a CYy:KICHUS
2) BepHO TOJIBKO B 4) ob0a cy:xkIeHUs HeBePHBI

VEraxuTe MaKcuMaJILHOE UUCJIO JJIEKTPOHOB Ha BTOPOM 9HEPIreTHMYEeCKOM YyPOBHE aToO-
Ma KHCJI0OpozIa.
1) 8 2) 2 3) 18 4) 6

VraxKuTe, ueMy paBeH 3apdAl AApa aToMa dJeMeHTa.

1) HOMepy I'PYIIILI

2) oTHOCHUTEIBHOUM aTOMHOI Macce

3) HOMepy mepuoa, B KOTOPOM HaXOIUTCS 3JIEMEHT
4) TopAIKOBOMY HOMEPY dJeMeHTa

B KakoM paAny XUMHUYECKUX 3JIEMEHTOB YCUJINBAIOTCA METAJJINUYecKre CBOMCTBA COOT-
BETCTBYIOI[UX UM IIPOCTHIX BEIecTB?

1) 6epunnuii — 60p — yIrJIepon 3) GepuaIuii — MarHUN — KaJbIInii

2) anroMUHUHN — HATPUU — MarHUUN 4) KpeMHUH — aJIOMUHUNI — 60D

BribepuTe coemuHenme, B KoTopom crenenu okuciaeHus (CO) ajeMeHTOB YMCIEHHO
COBIIAAOT.

1) XJIOPUCTHIA Marumi 3) oxcupx xenesa (I1I)
2) cynbdun maTpusd 4) okcum KaabIusa
B KaxoMm coennHeHUN cephbl CTEIIeHb OKMCJIECHUSA paBHA +67?

1) H,S0, 2) IS 3) SO, 4) CaS

BribepuTe coeguHeHMEe C MOHHBIM THUIIOM CBSA3MH.
1) CCl, (skumxocTtp) 2) SiO, (TB. B-BO) 3) KCI (TB. B-BO) 4) NH; (ras)

VRKaKuTe KOJIMYEeCTBO COeIUHEHNH, MMEIOIIX KOBAJEHTHYIO HETIOJIAPHYIO CBA3b: N, (ras),
0, (ras), H,0 (ras), CCl, (;kunxoctb), NH; (ras).

1)4 2) 2 3) 5 4)1

BribepuTe opMysny cpemHeil CONu.

1) AI(OH),Cl 2) AIOH(SO,), 3) Al,(SO,); 4) A1(HSO,),
VrasKuTe mporiecc, MPU IIOMOIXA KOTOPOTO MOMKHO BBIZEJIUTH COJb U3 €€ BOJHOIO
pacTBOpA.

1) puasTpoBaHTE 3) BeIIapUBaHUE

2) orcranBaHUE 4) mepeMelTuBaHUE

BribepuTe HazBaHUEe KMCJIOTHOTO OCTATKA CEPHOM KIMCJIOTHI.

1) rugpocyabdar 3) cynndur

2) cyabhun 4) rugpocyabGuT

BrrunciauTe MaccoByio H0Jt0 (B % ) aJIOMUHUS B COETUHEHNN a30THOKMCIIOTO aJTIOMUHUSA.
1) 16,3 2) 10,7 3) 12,7 4) 14

Paccuuraiite maccoByio oo (B % ) dochopa B ynooperanu K;PO,.

1) 14,6 2) 55,1 3) 48,2 4) 16,4



Yactb 2

W3 npennoxeHHOT0 mepeuHs OTBETOB BLIOEPUTE ABA IIPABUJILHBIX M 00BEOUTE UX
HOMeEpa.

IIudpsl BEIOPAHHBIX OTBETOB 3aIUINNTE B YKA3aHHOM MecTe 0e3 MTOIOJTHUTEeIbLHBIX
CHMBOJIOB.

B1. B pagy Mg — Al — Si nmpoucxonut ycuiieHue (yBeJudueHUe):

1) MeTanIUYECKUX CBOMCTB 4) 5J1eKTPOOTPUIIATEILHOCTH
2) paguyca aToma 5) BOCCTaHOBUTEJILHBIX CBOMCTB
3) sapama Agpa aToMa

OrBer: .

B2. B pagy O - S — Se npoucxoaut ycujaenune (yBeJudeHUe):

1) umciia 2/IeKTPOHOB Ha BHEIITHEM ypoBHe 4) pajgmyca aToMa
2) sapsanma anpa 5) 9JIEKTPOOTPUIIATEIHLHOCTH
3) OKUCIUTEJIbHBIX CBOUCTB

OrBer: .

B3. B pany Na - K — Rb mpoucxoaut ycuienue (yBelnueHIe):

1) paguyca aToma 4) BOCCTaHOBUTEJBbHBLIX CBOMCTB
2) yuciia 3JIEKTPOHOB HA BHEIITHEM YPOBHE 5) CTeIeHW OKMCJIEHUS B BBICIIIUX OKCHIAX
3) 9JIEKTPOOTPUIIATEILHOCTH

OrBerT: .

B4. VYraKkure xapaKTepUCTUKU T'OMOJIOTOB:

1) uMerT OqMHAKOBLIN KOJMYECTBEHHBIN COCTAB
2) ©UMeIOT OAMHAKOBBIN KaueCTBEHHBIN COCTAB
3) obaamaroT OOIIIMM arperaTHBIM COCTOSHUEM
4) obGysamaroT OMMHAKOBBIM CTPOEHUEM

5) BBIABIAIOT O0IUEe XMUMUUYECKNE CBOUCTBA

OrBer: .

B5. [lnsa rauiieprHa BepHBI CIAEIYIONINE YTBEPIKICHUA:

1) B cocTaB MOJIEKYJIBI BXOJAT YEThIPE MOJIEKYJIBI yIJIepoaa

2) cupomoobpasHasd KUAKOCTb, HE CMEIIINBAOIIAACA C BOJOM

3) TMTPOCKONMYEH — TIPUTATUBAET BJATy U3 BO3AyXa

4) comep:KUT KapOOHUIBHYIO T'PYIIITY

5) Bzaumogeiictyet ¢ pactBopom Cu(OH), ¢ o6pasdoBaHMEM APKO-CHHET0 pPacTBOpa

OTBer: .

 Toewmposowwerecroswesapamkpgenl 39




B6. [Ina aMMHOKHCJIOT BEPHEI CIAEeNVIOIINE YTBEPIKISHU:

1) pu cropanuu o6pas3yIOTCs BOAOPOI W YrapHBIN ras

2) HepacTBOPUMEI B BOie

3) o0pasyTcsa mpu TUAPOJIN3e 0eJIKOB

4) B cocTaB MOJIEKYJbI BXOAAT aMUHO- M KapOOKCUIbHASI T'PYIIIEI
5) B cocTaB MOJIEKYJIBI BXOIAT aMUHO- U TUAPOKCUJIHHAA TPYIIbI

OrBer: .

B7. s sTueHA BepPHBI CJEAYIOI[NE YTBEP:KICHUSI:

1) BcTynaeT B peakIluio MOJUKOHIeHCAI[UN

2) aToMBI yriyieposia B MOJIEKYJie cOequHEeHbl JBONHO CBA3BIO
3) MOKHO IIOJIYUYUTDL U3 STUJIOBOTO CIUPTA

4) e obeciBeunBaeT 6poMHYI0 Boay Br, (BomH.)

5) pearupyet co IIeJOUHLIMH MeTaJLJIaMu

Orser: .

B8. [lna riioKo3bl BePHBI CAEAYIONINE YTBEDP:KIACHUA:

1) oTHOCHUTCA K IMOJHCaxapumaM

2) ma0xX0 pacTBOpMMAa B BOJZE

3) Ha3LIBAIOT BUHOTPAAHBIM CaXxapoM

4) comep:KUT B MOJIEKYJe IIIeCTh aTOMOB yIJjepona
5) ¢ pacTBOpOM HOZa 00pasyeT CHHee OKpaIllnBaHIe

Orser: .

K xa:xgomy sjeMeHTyY II€pPBOTO CTOJOIA MOA0EPUTE COOTBETCTBYIOIIUI 3JIEMEHT
13 BTOPOTO cTOoJI0IIa. BriOpaHHBIe MU(PHI 3AMHUIIUTE 10 COOTBETCTBYIOIIUMU

oykBamu Tabsuibl. I{ludpsl B OTBETE MOTYT IIOBTOPATHCA.

B9. VYcramosuTe COOTBETCTBUE MEXKAY HA3BAHUAMUN XWMHWUYECKOIO COeIUHEHUS W BUIOM
XUMUUYECKON CBA3U.

Haspanue BerrecTBa Bunbr cBazeit
A) kanumit 1) KoBaJeHTHAs HeIOJsIpPHAasS
B) momucTwiit Kanuii 2) KoBaJIeHTHAasd IOJAPHAA
B) nog 3) MerasmuecKas

4) noHHAas
5) aromuas

Orser: A B B

o e



B10. YcTaHOBHUTE COOTBETCTBUE MEXKIY KJIACCOM COeAUHEHMU U €TI0 XUMUUYECKON (DOPMYJIOii.

Kiacc coemuuenus

Xumuueckasa opmyJia

A) mepoxrcupg
B) mecoseobpasyromiuii oKcuz
B) KwucioTHBIN OKCHI

1) ALO,
2) CaO
3) BaO,
4) Si0,
5) NO

OrBer: A B B

B11. YcraHOoBUTE COOTBETCTBHE COJIM OCHOBAHUIO M OKCHUIY, KOTOPBIE €e 00pasoBaJIu.

Coub OcHoBaHUe U OKCU[
A) CuSO, 1) Fe(OH), u N,0O;4
B) Fe(NO;), 2) Al(OH); u P,0;
B) MgCOq4 3) Fe(OH); u NO,
4) Cu(OH), u SO4
5) Mg(OH), u CO,
Orser: A b B

B12. YcraHoBUTE COOTBETCTBHE MEMKAY CXEMAaMHP OKMCJIUTEIbHO-BOCCTAHOBUTEIBHBLIX pPe-
aKIIUHA ¥ YKUCJIOM 9JIEKTPOHOB, KOTOPhbIE MIPUHUMAIOT YUACTHE B 9THUX IIPEBPAIleHUAX.

CxeMa peaknuu Yncao 37eKTPOHOB
+7 +2 1) 5
A) Mn — Mn 2) 3
+4 +6
B) S-S 3) 8
+5 -3 4) 2
B) N—> N 5) 7
Orser: A B B

B13. YcraHOBUTE COOTBETCTBUE MEKIAY XMMHUECKUMHU (POPMYyJIaMU M HA3BAHUAMU XUMU-

YEeCKUX COeTUHEHUMN.

XuMuueckue CoeqUHEHNSI Hassauus coeguuenuit
A) NH,NO, 1) ruppoxapboHAT HaTpPUA
B) HCI 2) XJOpHOBaTHCTasA KUCJIOTA
B) NaHCOq 3) okcup azora (IV)
4) HUTPUT aMMOHUA
5) XJIOpPOBOAOPOIHAS KUCJIOTA
Orger: A b B
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B14. YcTaHOBUTE COOTBETCTBUE COJIM KUCJIOTE M OKCHUIY, KOTOPhIE ee 00pa30BaJIu.

Coin Kucaora u oxcun
A) KMnO, 1) HNO; u FeO
B) CuCl, 2) H,S0, u Al,O,
B) Al,(SO,), 3) HNO; u Fe,0O4
4) HCI u CuO
5) HMnO, n K,0

Orser: A B B

B15. YcraHoBuUTE COOTBETCTBUE (I)OpMy.TI COG,Z[I/IHeHI/Iﬁ XpoMa CTeIlIeHAM OKMCJIEHUA 3JIEMEH-

Ta Xpoma.
CoenmueHne XxpoMa CreneHb OKUCJIEHUS 3JIeMEHTa XpoMa

A) Cry(SO0y)s 1) +2
B) Cr(OH)C1 2) +3
B) K,Cr,0, 3) +4

4) +5

5) +6
OrBer: A b B

Yactb 3

g oTBeTOB Ha 3amaHUA UCHOJIL3YHUTE OTAEJbHBIN JUCT. 3aIUIINTEe CHAYAIA
HOMEDP 3a[aHUs, a 3aTeM PAa3BEPHYTHLIN OTBET K HEMY.

Cl1l. [ama cxema IpeBpallleHUH:
Na,O X —2%% 5 Na,S0, —> NaNO,
Hamnuimure MojeKyasapHble YPaBHEHUSA pPeaKIuii, ¢ IOMOIIbI0O KOTOPBIX MOXKHO OCY-

IIIECTBUTH YKA3aHHBIE IIpeBpalleHns. s TpeThero IpeBpalleHus COCTaBbTe COKpAa-
IIeHHOe MOHHOE YPaBHEHNe PeaKI[UU.

C2. CxkouabKo cosu U BOAbl Tpedyerca s npurorosienus 300 r pacTBopa cyiabdara Ha-
TpusA ¢ MaccoBoii moieii 15 % ?

C3. B xoJibe HaxoguUTCsS cMech cojieil KapOoHaTa MarHusd, cyJjbdara 6apusa U XJopuaa Ha-
Tpusa. Kak u3 cMecu BBIJENIUTH KaK70e BeIecTBO B UMCTOM Buie?




I 2. Xumnueckas peakuus

3HaTb: -

Ymetb: -

XMMUYECKYI0 CMBOJMKY: NMPaBuia 3anmcy YPaBHEHU XUMUYECKUX peakunii;

BaXKHENLLIME XUMNYECKNE NOHATUA: XMMUYECKan peakuus, TUMbl XMMUYECKX peaKkLii, OKKC-
NATENbHO-BOCCTAHOBUTENbHbIE PEaKLMKN, OKUCIIUTESIb, BOCCTAHOBUTESNb, SK30TEPMUYECKME
N 3HOOTEPMUYECKME PeaKLun, TEMNOBON SPEKT XMMUUECKOW peakLnn, CKOPOCTb XMUYe-
CKOW peaKkumm,annoTponus, pacTBOpeHne, SNeKTPOoNUTUIeCKas ANCCoUMaLms, SNEKTPONNTDI,
He3NIeKTPONNTbI, KaTNOH, aHVOH, TMAPONN3;

CMbIC/T OCHOBHbIX 3aKOHOB VI TEOPUI XVMUW: 3aKOH COXPAHEHWUA MAcCbl BELLECTB, NPaBuno
BaHT-Todda, npuHuwmn Jle Watenbe, npasuno bepTonne, NpaBuno snekTpoHHOro 6anaHca.

COCTaB/ATb YPABHEHUS XVMUYECKMX PeakLuii;

paccTaBnATb cTexmomeTpuyeckre KoadduLmneHTbl B ypaBHEHUAX peakLuii;

pacno3HaBaTh TUMbl XUMUYECKNX PeaKLI;

onpeaensTb BO3MOXHOCTb NPOTEKAHUS peakLuuin NOHHOTO OOMEH3;

onpenensTb TeNNOBON 3PPeKT XMMMUECKON peakuuu;

06BACHATDL CYLIHOCTb MPOLEecca SNeKTPONUTAYECKON ANCCOLUMALMN U Peakunii MOHHOTo 06-
MeHa;

KaueCcTBEHHO onpeaesNiATb Pas3fiviHble NOHbI B PacTBOPAax COMEN.

S 2.1, Xumuveckas peakuus.

YcnoBus n npusHaku npoteKaHus
XMMUYECKUX peakumii. XuMUYeckue ypaBHeHus.
CoxpaHeHue Maccbl BELLECTB NPN XMMUYECKUX peaKuuax

Xumunuyeckne peakuynun, nin xuMmnyeckne ABieHNA — 3TO Npoueccbl nNnpeBpalieHna nc-
XOAHbIX BelecTB B BellecTBa, OT/INYHbIE NO CTPOEHUI0, COCTaBy un CBOIICTBaM 6e3 nsmeHe-
HNA COCTaBa Af4ep aTOMOB 3J/1eMEHTOB.

Hosrie BemtecTBa, o0pasyomniecs B X0/le XUMAYECKUX PeaKkIuil, HasbIBAIOTCS IMPO-

OIYKTaMHU PeaKIuu.

Ilo cyTu, B X0/le XMUMHUYECKON peakI[uy IMPONCXOAUT Pa3pPhblB XMMHUUYECKUX CBA3EH

B HMCXOJHBIX BeII[eCTBAaX M 00OpasoBaHIle HOBBLIX CBA3€H B IPOAYKTAX PEaKIMU. ITU
IIPOIeCChI COIIPOBOYKIAIOTCSA OJHUM WU HECKOJbKUMU BHEWHUMU NPUSHAKAMU XU-
MUYECKUX PeaKyuil:

BbIJIeJIEHHEM Tella (MHOTIa CBeTa);
n3MeHeHreM OKPaCKM;
HOSBJIEHHEM 3aIlaxa;
o0paszoBaHMEM OCAmKAa;
BBIJleJICHIIEM TI'asa.

YcaoBUA MPOTEKAHUA XUMHWUYECKUX PeaKIfuii:

TecHOEe CONPHUKOCHOBEHNE PearnpymoIux BelfecTB. YeMm GoJbIlle ILJIOMIAAL COIIPH-
KOCHOBEHUA HOBerHOCTeﬁ, TeéM MHTEHCHUBHEE 1 6BICTpee naeT XuMu4YeCKasd peakr-

21 Xavseckan peakuus. YononuA W pISKIKA TpOTeKIMN Xiseckmcpeakieh M3
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musa. YTo6bl YBEJIUUYUTE ILIONIAAL COIPUKOCHOBEHNU, TBEPAble BelecTBa M3MeJb-
YaioT U CMEeIIIHUBAIOT.

2. HarpeBanue BeIllecTB A0 OIIpeJeJIeHHOUN TeMIlepaTypbl. I[JId HEKOTOPBIX peaKIui
HarpeBaHle HeoOXOAMMO TOJbKO Ha HAYaJbHOM dTale (HampuMmep, OIS pearIlui
ropeuusi). A APYruxX XUMHUUYECKUX peaKIuil (IPOTEKaMIMUX C MOTJIOI[eHueM
TellJia) HarpeBaHUe HeoOXOAMMO B XOJe BCell peaKIuMu.

3. BosnelicTBue 9JeKTPUUECKUM TOKOM, CBETOM (IJA HEKOTOPBIX PeaKIuii).
XuMuyecKkue IIpPeBpalleHnsa IPUHATO 3alIUChIBATh B BUJE XUMUYECKUX YDABHEHUIL.

Xumnueckoe YpaBHeHMe — 3TO YCJI0OBHaA 3anuncb XUMNYeCcKom peakunun C nomMoLbio Xu-
MUnyeckKkmnx ¢opmyn, YncanoBbixX KOBd)d)IIII.IIIIeHTOB n matemaTn4yeCcKnx CMimBoJoB.

VYpaBHeHUE XMMHUYECKON peaKIuu HeceT MHMOPMAIUI0O O COCTaBe U KOJUUECTBE
MCXOMHBIX BEIeCTB, a TaKyKe O COCTaBe W KOJIMUEeCTBe MPOAYKTOB peakiuu. B Je-
BO#l YacTy ypaBHEHUS 3aIMCBhIBAIOT BEIECTBa, BCTYMIAIOIe B pPeakIinio (peareHThl),
a B IpPaBO¥l YacTW — BeIecTBa, oOpasylomumeca B X0[e XUMHUUECKON peakmuu (IIpo-
IYKTHI peakiun). MeXay HUMU CTaBAT 3HAK PABEHCTBA JUOO CTPEJKY.

Mpumepbl XUMUYECKUX YPaBHEHUNI:

SO; + H,O = H,;SO,;

H,CO, = CO,T + H,0;

2KOH + H,S0, = K,SO, + 2H,0.

XuMuyecKue ypaBHEHUS COCTABJIAIOTCA HA OCHOBAHUYU 3AKOHA COXPAHEHUS MACCHL
sewecms. BrepBbie 5TOT 3aK0H ObLI chOPMYJTUPOBAH U 0OOCHOBAH SKCIEPUMEHTAJb-
HO M. B. JlomoHOCOBBIM. 3aTeM, He3aBUCUMO OT JIOMOHOCOBA, 3TOT 3aKOH OTKPBLI
dpannysckuit xumMmuk A. JlaByasne.

3aKoH COXpaHeHNA MaccCbl BelecTB:
Macca Bewecrs, BCTyNaloWMX B XNUMNYECKYI0 peaKL io, paBHa Macce BellecTB, KOTopbie
o6pa3y|o1'c;| B pe3ynbTaTe 3TON XMIMNYECKOoN peakuyunn.

3aKOH COXPaHEHUS MACCHI BEIeCTB O0BbACHAETCA C IIOMOIIIBI0 aTOMHO-MOJIEKYJIAD-
HOTO YUeHUuA: IIPU XUMHUECKUX PeaKIIUIX aTOMBI pearupyIlolnX BeIlecTB He IC-
Ye3al0T U He TIOABJAIOTCA HUOTKYAA — UX KOJUYECTBO B XOJ€ PEAKIIUU OCTAeTCA
nocrosauHbIM. CiieoBaTeJ bHO, MOCTOSHHOM OCTAaeTCA M Macca BEIeCTB O W II0CJIe
peaxium.

Hampumep, npu B3auMoaeicTBUU CePhI ¢ KUCJIOPOLOM IIoIyuaeTcsa okcun cepsl (IV):

S + 0, = SO,.
IIpu sTOM KOJHMYECTBO ATOMOB Ce€pPbl M KMCJIOPOJa He MEHSeTCS B XOle PeaKIluiu.
ITpu B3aumomelicTBM BOZOPOAA C XJIOPOM M3 OAHOI MOJIEKYJILI BOJAOPOAA U OTHOM
MOJIEKYJIbI XJIOpa 00pasyioTcs ABE MOJIEKYJBI XJIOPOBOAOPOoAa. KosmuecTBO aTOMOB
BOJZOPOJAa M XJOopa B XOJe peakInu He MeHseTcs. CilegoBaTelbHO, M MAcCa BeI[eCTB
IO 1 IIOCJIe PEeaKI[UM OCTAeTCA MOCTOSHHOM:

H2 + Clz = ZHCI.
KonuuecTBO MOJIEKYJI BellleCTB B YPABHEHUM PeaKIMU 0003HAYAETCA C IIOMOIILIO

K03((PUIEeHTOB, KOTOPhIE PACCTABIAIOTCSI TAKHUM 00pasoM, UTOOBI KOJIMUYECTBO aTo-
MOB Ka’KJOTr0 BeIlleCTBa B JIeBOII M MPABOM YACTAX YpPaBHEHUS OBIJIO OJMHAKOBBIM.



. Mpumep. PaccraBuTh Koa(ppUIIEHTHI B YypaBHEHUU peaKIuu ropeHus 6esaoro gocdopa:
P+ 0, = P,0;.

1. Buauajse ypaBHAeM KOJIMYECTBO ATOMOB, KOTOPBIX B PearupyiomiuxX BellecTBax
OoJibIlie Bcero. B Halell peaKIIMM 3TO ATOMBI KMCJIOPOAA: MX KOJUUECTBO OO0 pe-
aKIuu paBHAJIOCH 2, mocie peaxnuum — 5. Halimem HamMeHbIIIee o0Iee KpaTHOe
yucea 2 u 5. Ito uucio pasuo 10. [[1sa Toro uTo6bl YPAaBHATL KOJMYECTBO ATOMOB
KHCJI0pOa IO U IIocjJe peaKIuu, HeoOXOAMMO IIOCTABUTH K03(h(GUIIMEHT 5 Iepen
MOJIEKYJISIPHBIM KHCJIOPOAOM B JIEBOM YACTU YpaBHEHUS U Kod(PUuIiiueHT 2 mepen
MOJIEKYJION oKcuza (ochopa B MpaBoil YacTU ypPaBHEHU.

2. YpaBHsIeM KOJHUYECTBO aTOMOB (ochopa mo m mocye peakiuu. Ilocie ypaBHuBa-
HUS KOJWUYECTBA ATOMOB KHCJIOPOAA KOJMUYECTBO aToMOB (ocdopa mocye peakIuu
cTajyio paBHATECA 4. [lo peakiiuu KosmuecTBO aToMoB (ocdopa 66110 paBHo 1. Cite-
IoBaTeJbHO, mepen ¢ocopoM B JIeBOM YacTH ypaBHEHUS HEOOXOAUMO IIOCTABUTD
KoaddumnuenT 4.

3. Iloryuaem MTOTOBOE ypaBHEHUE:

4P + 50, = 2P,0;.

3aK0H COXPaHEHMS MAaCChl BEIlECTB IO3BOJISIET TAKKe IIPOU3BOIUTL PACUETHI KO-
JINYECTBA MCXOMHBIX BEIECTB, HEOOXOAMMBIX IJIA IIOJYUYECHUS OIIPEIeIeHHOI0 KOJIH-
YecTBa IPOAYKTOB peakiuu. VI Hao00poT, NCHOJIB3YA STOT 3aKOH, MOXKHO OIIPENe/IUTh
KOJIMUYECTBO KOHEUHLIX IIPOAYKTOB PEAKIINN, 3HASA KOJMYECTBO BCTYIAIOIINX B peak-
I[AI0 PeareHToB.

Eciu B pesyibTaTe peakIiuy BbILEJsSeTCA ras, ero o003HAUYAOT CTPEJJOUYKOI, Ha-
IpaBJeHHON BBepx: 1. ECIM OfUH M3 MPOLYKTOB PEAKIWH BBIIALAET B OCALOK, €ro
0603HAYAIOT CTPEIOYKON, HAIPABICHHON BHUS: ¥

2. Knaccupukauma xummyeckux peakuuii
Nno PasNMYHbIM NPU3HAKAM:
Ynucny M COCTaBy UCXOAHDIX W MONYYEHHDbIX BeLLeCTB,
U3MEHEHUI0 CTeneHeill OKUCIeHNA XMMUYECKNX 1IeMEHTOB,
MOTMOLEHUIO U BbIAENCHUI0 SHepruu

D 2.2.1. KnaccupmKkayma XMMNYeCKUX peakuuin no Ynciay m coctaBy
pearupyowmx BelecTs

ITo unciy 1 cocTaBy XMMMUECKMEe PeaKIIUM MOYKHO Pas3fe]uTh Ha IBa BUIA:
e peakIuu, IPOTeKawInue 0e3 N3MEHEHNUs COCTABA BEIleCTB;
e peakIuu, IPOTEKAIOIINe C U3MEeHEeHIEeM COCTaBA BEIlleCTB.

Peakuun, npoTexKalowine 6e3 n3smeHeHnA coCTaBa BellecTB

B Heopranmuyeckoil XMMHUM K TAaKUM PEAKIUAM OTHOCATCS ITPOIECCHI TOJyUYeHUS
aJITOTPONHBIX MOAM(MUKAIINI OJTHOTO XMMHUUECKOTO dJeMeHTa.
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Annorponuss — ABJIeHUE, IPU KOTOPOM OJNUWH U TOT K€ XUMUUYECKUHA BJIEMEHT 00-
pasyeT HECKOJIBKO PA3JIMUYHBIX IO CTPYKTYpPE W CBOWCTBAM IIPOCTHIX BEIIECTB.

AnmorponmHble BUTOM3MEHEHUA, NI MOAU(PMKAIIMM — IIPOCThIE€ BEIecTBa, o0pa-
30BaHHBIE OHUM U TeM Ke XMMHUECKUM JeMEHTOM, HO MMeIOIe Pa3Hoe CTPOeHue
U pasHbIe CBOIiCTBA.

Hampumep, rpadur, umenninii xuMudeckyno Gopmyay C u CIOUCTYI0 ATOMHYIO
KPUCTAJIINYECKYIO PeIlleTKY, IPU OIpeAeieHHbIX YCI0BUAX (BBICOKOE JaBJIeHUE, BhI-
COKas TeMIlepaTypa) IIpeBpallaeTcsa B ajMas. XuMuueckas GopmyJia ajiMasa II0JIHO-
CTHIO IOBTOPAET XUMHUUYecKyio dopmyay rpadura (C), HO ero aToMHasa KpUCTAJIHNUeE-
cKas pelreTKa mMeeT 00BLEMHYIO TeTpasapudeckyio Gopmy. Takum obpaszom, rpaduTt
¥ aJMas ABJAITCA aJLIOTPOIHBIMU MOAMMUKAIIUAMU yTJepoa.

BzaumMmonpespaliieHre aJIOTPOMHBIX MOAMMUKAIUNA — XUMHUUECKas peakIud,
uaymasa 6e3 M3MeHEeHUA COCTaBa BeIlecTBa.

Hanpumep:
C (rpadpur) == C (anmas); Sn (6esmoe) = Sn (cepoe).
Beioe 0J10BO IIepexXoauT B cepoe Ipu oxJjaskaennn. IIpu sTom Gesioe 0J10BO — ILIa-

CTHUYHBIN, cepeOpucTo-0eblii 0JecTAIINIT MeTaJllI, a CEPOe OJIOBO — CEPBIHA ITOPOIIIOK
C KPUCTAJLJINYECKOUN CTPYKTYpPOil, IIOJOOHOM CTPYKType aiMasa.

Peakuuu, npoTeKaloLwne Cc U3MeHeHeM CoctaBa BeLecTB

Peaxnuu, B X0Zle KOTOPBIX MEHSETCS COCTAB BEII[ECTB, B CBOIO OUepelb KJacCuu-
MUPYIOT II0 YMCJY UCXOLHBIX BEIeCTB W MPOAYKTOB PEAKI[UU.

Peakunuu coengmHeHus. B pesyiabraTe TaKuUX pPeakIUil M3 ABYX U 00Jiee BEIECTB
MoJIy4aeTcs OJHO BEII[eCTBO:
® 13 IIPOCTBHIX BEILECTB II0JIyYAETCs CJAO0MKHOE BEI[eCTBO:

2H, + 0, = 2H,0;

® U3 IIPOCTOTO U CJIOKHOTO BEIECTBA ITOJYYAETCSA CJIOXKHOE BEIeCTBO:

2C0 + 0, = 2C0,T;
® U3 JBYX CJOYKHBIX BEI[ECTB HOJIYUaeTCA CJIOKHOE BEIleCTBO:

SO; + H,0 = H,SO,;
® 13 TPeX BeIeCTB IOJIYUaeTCsd CJIOKHOE BeIlecTBO:

4NO, + 2H,0 + O, = 4HNO;.
Peakmuu pasmoskeHusa. B pesyabraTe sTUX peakIiuii M3 OJHOTO CJOMKHOTO Bellle-

CTBa oﬁpasye’rca HECKOJIBKO IIPDOCTBIX WMJIN CJOMHBIX BEIIIEeCTB.
® DagsJioKeHue COG,Z[I/IHeHI/Iﬁ C o6pa303aHHeM IIPOCTBHIX BEIIECTB:

2HgO = 2Hg + 0,T;
® DagsJioKeHue Coe,Z[I/IHeHI/Iﬁ (6] OﬁpaSOBaHI/IEM IIPOCTOI'O M CJIOMKHOI'O BellleCcTBa.
2H,0, = 2H,0 + 0,T;
® DasJioKeHue Coe,ZII/IHeHI/Iﬁ C O6pa3OBaHI/I9M HECKOJIBKUX IIPOCTBIX M CJIOKHBIX Be€-
II[eCTB:
2KMnO, = K,MnO, + MnO, + 0,7.



Peaxnun saMemieHMs. OTO PEaKI[MM MEXKIY IIPOCTBIM U CJIOMKHBLIM BeIleCTBOM,
B XOJ¢ KOTOPBIX HPOMCXOAUT 3aMeIlleHre aTOMOB OJHOI'O W3 DJIEMEHTOB B CJIOMKHOM
BeIllecTBe aTOMAaMH IIPOCTOT'O BeIecTBa.

Peakmuu samelreHus IPOUCXOLAT IPHU B3aMMOIEHCTBUM METAJIJIOB C XMMUUYECKH-
MU COeIUHEHUSAMHN PA3HBIX KJACCOB:
® peaKIUM IMeJOUHBLIX U IeJOUYHO3eMeJbHLIX METAaJLJIOB C BOLOI:

2Na + 2H,0 = 2NaOH + H,T; Ca+ 2H,0 = Ca(OH), + H,T;

® peaKIMM METaJJIOB C pacTBOpaMU KUCJOT:
Fe + 2HCI = FeCl, + H,T;

® DpPeaKIuM MeTaJlJIOB C paCTBOpaMu coJiet APyrux MeTaJlJIOB:
Fe + CuSO, = FeSO, + Cul.

Pycceruii xumuk H. H. BekeToB sKcIeprMeHTaJIbHO MCCJIEMIOBAJT CIIOCOOHOCTDL Pas-
JUYHBIX METAJJIOB BBITECHSATH BOJOPOJ M3 KUCJOT. Ha ocCHOBAaHUU 9KCIIEPUMEHTOB OH
COCTaBWJI 8bLMECHUMENbHbLL pad memanaos. B sToM paAxy Bce MeTaJIbl, CTOAIIVE
JieBee BOJ0OpPO/ia, CIIOCOOHBI BBHITECHATH €TI0 M3 PACTBOPOB KUCJIOT:

Li, K, Ba, Ca, Na, Mg, Al, Mn, Zn, Cr, Fe, Co, Sn, Pb (H,) Cu, Hg, Ag, Pt, Au
BBEITECHAIOT BOLOPOL M3 PACTBOPOB KUCJIOT He BBITECHAIOT BOAOPOL,

HckaioueHne cocTaBisieT a30THAsS KUCJIOTA, U3 KOTOPOIl IPU BLITECHEHUU BOIOPO-
Ia MeTaJlsIaMi 00pasyloTCs APYTUe COeTUHEeHU.

Merani, croAnuil B pAoYy HAIPAXKEHUH JeBee, CIIOCO0eH TaK’Ke BBITECHATH U3 CO-
Jeil B pacTBOpe MeTaJLJIbl, CTOSINE IIpaBee HETO B BBITECHUTEJIbHOM PNy METAJIJIOB.

Yem JIleBee CTOUT METAJJ B 9TOM PANLY, TeM 0ojiee CUJILHBIMU BOCCTAHOBUTEIbHBI-
MU CBOMCTBAMU OH 00JIaJaer.

Peakuuu ooMeHa. B xofe sTuX peakI[Uil CJOKHBIE BeIlleCTBA OOMEHUBAIOTCS CBO-
MMM COCTAaBHBIMU YacCTAMHU. IIpm 5TOM KOJMUYECTBO BEINECTB OO U IIOCJTEe PeaKIluu’
ocTaeTcsa HEM3MEHHBIM:

Na,CO, + 2HC] = 2NaCl + CO,T + H,0.

IATU peakIuy XapaKTePU3YIOT CBOMCTBA 9JIEKTPOJIMTOB M B PACTBOPAX IIPOTEKAIOT
TOJBKO B TOM CJIyuae, eCjii B pe3yJbTaTe 00pa3yeTcsa 0CaJoK, ra3 N MaJOaUCCOIIUH-
pyroitiee BelrecTBo (Hampumep, H,0).

G0 2.2.2. Knaccupumkayma Xummyecknx peakumi no M3smMeHeHuio
cTeneHen OKMCNeHnsA

XuMruyecKue peakIuy TaK:Ke KJACCU(PUIIMPYIOT II0 IPU3HAKY M3MEHEHUS CTelle-
Hell OKHCJIeHUS aTOMOB, KOTOPEIE BXOISAT B COCTAB PearupylollnX BeIecTB:

e peaxiuu 0e3 M3MEHEHUS CTEIeHEell OKHCJIEHUS aTOMOB PearupyioluX BeIecTB
(peaxiiuu MOHHOTO OOMeHa);

® peaxIuu, IPU KOTOPBIX CTEIIEHHN OKUCJICHUS aTOMOB B COCTABE Pearupyiomniux Be-
IIeCTB M3MEHSIOTCA (HallpuMep, Peakiiuy 3aMeIleHNusi, COeIUHEHUA U Pa3JIOKEeHUA).

Peaxkinuu, npu KOTOPBIX HU3MEHAIOTCSA CTEIEHW OKUCICHWUS aTOMOB, HA3bIBAIOTCS
OKUNCJ/JIUTEJBbHO-BOCCTAHOBUTECJIIBHBIMMU.
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B oxucianTeIbHO-BOCCTAHOBUTEILHBIX PeaKIUAX OOUH 13 PeareHTOB OTAAaeT CBOU
BaJIEHTHBIE 3JI€KTPOHBI AJid 00pasoBaHUA XUMHUUECKOHN CBA3U (OKUCIIAETCA), a BTOPOIi
OPUCOEINHSAET 3JIEKTPOHBI, 3a0JHAS CBOM BHEIIHUIN yPOBEHb (BOCCTAHABJIMBAETCS).

(> Hanpumep:
+3 -2 0 +3 -2

0
Fe,0, + 2Al — 2Fe + Al O,.

D 2.2.3. Knaccndmkayma Xmmmnyecknx peakuuii No MorfaoLeHuio
N BblAeneHuio SHeprum

IIpomecc moruomeHMsa WIM BBIJEJIEHUS DHEPTUM B XOJe XMMHUYECKON peaKIuu
VHa4Ye Ha3bIBAIOT MEnJ08blM IPPeKmom Xumuieckoll peaKyuu.

TennoBon 3¢¢eKT XUMu4eckonm peakynm — 370 KoJIN4YecTBO TenN10Tbl, KOTOpOe Bblaena-
€TCA UWIn nornouwjaeTcAa B pesysbrate XnMuyeckom peakuyunn.

Peakmuu, mpoTeKarolue ¢ BulAeJIeHueM sHepPruu (Telljia, CBeTa) BO BHEIITHIOO Cpe-
Iy, Ha3LIBAIOT 9K30TEPMUUECKHUMH.

Peaxiinu, mpoTeKaroIye ¢ MoTJIOIeHUeM SHEPTUH, Ha3bIBAIOT IHIOTEPMUAIECKIMMH.

TemmoBoit ahGeKT XUMUYIECKON PeaKIINM IMPUHATO 3alUCHIBATH C IIOMOIIIBIO Mep-
Mmoxumuieckux ypaeHenuii. 1Ipm sTOM KOJIMYECTBO TEIJIOTHI, KOTOPOE BBIZEISAETCA
J0O0 TIOIJIOIIAETCA B XO[e peaKIunu, 0003HAUAT Q.

K sk3oTepMuUuecKUM peaxkIiuaM OTHOCSHT:
® peaKIUU rOPeHUs, KOTOPhbIe COIIPOBOXKIAIOTCSA BBIZeJIeHNEM Telljla U CBeTa:

2Mg + 0, = 2MgO + @;
CH, + 20, = CO,T + 2H,0 + Q;
® DpeakINU COeUHEHUA, KOTOPhIe MPAKTUUECKHU BCEe TPOTEKAIOT C BHIIEJIEHNEM TeIlIa:
H, + Cl, = 2HCl + @;
2Ag + Br, = 2AgBr + Q.

WckaoueHreM ABJIAETCSA peakIlusa B3aMMOAEMCTBUSA as3oTa ¢ KUCJIOPOAOM, B pe-
3yJIbTaTe KOTOpoii obpasyercsa okcua azora (II) m mpomcxomuT IIOTJIOIIEHMEe TerJa.
Ira peaknua ABIAECTCA SHIOTEPMUUECKON:

N, +0, 2 2NO - Q.

K sHIOTEpMUUECKUM peaKIUAM TaKiKe OTHOCSATCSA HMPaKTHUYECKU BCe PeaKkIuu Pas-

JIOKEHUS OPTaHUYECKUX U HEOPTraHWUYECKUX COeTUHEHMIl:
CaCO; = CaO + 0,1 - @;
2H,0 = 2H,T + 0,1 - Q.

D 2.2.4. CkopocTb xumnyeckoin peakuuun. Katanmsaropbl

HaGarogas pasjinyHble XUMAUYECKNE PeaKI[NK, MOYHO OTMETHUTh, YTO HEKOTOPLIE 13
HUX IIPOTEKAIOT HPAKTHUYECKM MIHOBEHHO (rOpeHue BOAOPO[a B XJIOpPE), a HEKOTOpPhIe
MOI'YT IIPOTEKATh HA MPOTAMKEHUHN TOJIMOI'0 IIepPHoJa BpeMeHHU (OKHCJIeHHe JKeJjesa).

8 denanpean



OgHa 1 Ta jKe XUMUUYeCKas PeaKIis B 3aBUCUMOCTH OT YCJIOBUHA MOJKET IIPOTEKAaTh
u OBICTPO, 1 MeAJIeHHO (OKHCIeHre cepedpa Ha BO3AyXe MOMKeT UATH roJgaMu, a B IPU-
CYTCTBUU 030HA IIPOMCXOIUT OLICTPO).

TeMIIbI TPOTEKAHUS XMMHUUYECKUX PEaKIINil XapaKTepU3YIOTCA CKOPOCMbI0 XUMU-
4ecKoll peaKyuu.

CKOPOCTb XumMmunyeckom peakuynun (v) — aTo BennuuHa, KoTopana onpepenaeTca NsSMmeHeHn-
€M KOHLUEeHTpauun ogHoro ns pearnpyrouwinx sewecTts B eANHNLY BpemMmeHn:

p=t& G AC

t, -t At
rpe C; — mepBoHaYaIbHAA KOHIEHTPAIIUS BellleCTBA B MOMEHT BpemeHU t,; Cy — KO-
HeuHas KOHIIEHTpaIlus BelllecTBa B MOMEHT BpeMeHU I,.

CKOpOCTh peaKIIU BcerZa MMeeT II0JIOMKUTeJbHOe 3HaueHne. KEciu KoHIeHTpanus
BelllecTBa B xofle peaknuu ymenbinaercd (C, < C;), IJd IOJyUeHUS MOJOKUTEIHHOIO
3HAUEHUs CKOPOCTHU Ilepel APOOBIO CTABAT 3HAK «MHUHYC».

EnuHuIb n3MeHeHNA CKOPOCTU XMMUYECKOH peakiuu: 1 Mosb/i - ¢; 1 KMosb/(M? - MuH)
uT. md.

PdaxTophl, BANAIONINE HA CKOPOCTH
XUMHUYECKUX PeaKIuil

1. IIpupoda peazupyrwux eeuwecma. lllesouHble MeTaJNJIbI C OJHUM U TEM K€ Bellle-
CTBOM (BOJIOiT) pearupyioT ¢ pasHoil cKopocThbio. Hampumep, Kajauii ¢ Bomoii pearu-
pyeT OYpPHO, C BBICOKOII CKOPOCTHIO, a JIUTUA — MEIJeHHO U CIOKOIHO.

2. Ilnowadv nogepxrHocmu CONPUKOCHOBEHUS peazupylowux eeuwecms. [lyia BelecTs
B TBEPIOM COCTOSHHUIN CKOPOCTL PEAKIINU IIPSIMO IIPOHOPIIMOHAJNbHA IIJIOMIIAAU CO-
NIPUKOCHOBEHUA peareHToB. (1A yBeIuWUeHUs IIOBEPXHOCTU COMPUKOCHOBEHUS
TBepAble BelllecTBa M3MeJabuaioT. Tak, HAIIpuMep, N3MeJbUaloT CePHBIN KoueqaH
IJIs 00KUra IpU IIPOU3BOJACTBE CEPHOI KHCJIOTHI.

3. Konuyenmpauyusa peazupyrouwux eeujecms. I{nsa BemecTB B PACTBOPEHHOM COCTOS-

HUU U Ta30B peakIus OyaeT UATHU TeM ObICTpee, yeM OOJbIllee KOJMYECTBO UACTHUI]

STUX BEIEeCTB CTOJKHETCA B eIUHUITY BpeMeHUu. UMcI0 CTONIKHOBEHUII YAaCTHUIIL 3a-

BUCHUT OT UX KOJIMYECTBA B 00'beMe BeIllecTBa, TO €CTh OT KOHIIEHTPAIIUU BEIecTBa.

Temnepamypa peazupyrouiux geuiecmas. 3aBUCUMOCTh CKOPOCTY XUMUYECKON peak-

U1 OT TeMIlepaTyphl olipenessaerca npasuiom Baum-I'ogpga:

=~

Mpu n3meHeHUN (NOBbILIEHUY UV NOHVHKEHUWN) TemmnepaTypbl Ha Kaxable 10 °C ckopocTb
peaKkuunn cCOOTBETCTBEHHO U3MeHAeTcA (yBennumBaeTcs Unm ymeHbluaeTcs) B 2—4 pasa.

Tax, B3auMOeiCTBIIE MHOTHX BEIIeCTB C KMCJIOPOAOM IPOMCXOAUT U IIPU KOMHAT-
HOM Temmeparype. IIpyu HOBBIIIEHNHN TeMIIEPATYPLI CKOPOCTh PEAKIINN PE3KO yBeJIN-
YMBAETCS, IPOUCXOAUT IIPOIECC TOPEHU .

5. Yuacmue 8 xumuueckoil peakyuu Kkamaau3anopos.

KaramuzaTopsl — BellleCTBa, YCKOPSAIOINE XUMUUYECKNe PeaKIUuu, HO caMU IIPU
5TOM B HUX HE€ YyUaCTBYIOIIHE.

Tak, HaTpuMep, IPOIECC PA3IOKEeHNA IIEPOKCHAA BOJOPOLA 3HAUNTEIHLHO YCKOPS-
eTca B mpucyTcTBuu okcuma maprauia (IV) MnO,: mpu mob6aBiieHUU eTo B IPOOUPKY
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C TMEePEKUCHI0 JKUIKOCTb «BCKUIIA€T» OT OYPHOTO BBHIJEJIEHUA Ta30B B XOJle PeaKI[Uu.
Oxwucaenue okcuna cepsl (IV) B okcup cepsl (VI) yckopAeTcss B IPUCYTCTBUM OKCHUIA
BaHAAUA.

Peaknuu, maymme ¢ yuacTueM KaTajau3aTopa, HA3BIBAIOTCA KAMAJLUMUYECKUMU,
a Tpollecc M3MEHEHUA CKOPOCTH XMMUUYECKOI peaKIMu IpYW yYacTUU KaTaausdaTropa
Ha3BIBAIOT KamMaau3om. B XuMuy 4acTo MCIIOJb3YIOT MPOIlecC KaTaansa AJsa yCKope-
HUA XUMHWUYECKUX PeaKIMil Ha TPOU3BOJICTBE.

Buosorunueckue KaTaamsaTophl (BelrecTBa OEJIKOBOII IPUPOABI) HasbIBaOTCA (hep-
MeHTaMH. BruoxuMuyecKue peaKIMM B JKUBBIX OPraHM3MaX MPAKTUUECKU BCE UIYT
npu yuactuu dhepMeHTOB. Takme peakiny HAZLIBAIOT (epMEeHMAMUEHbLMUY. [IJIT KasK-
Ioro hepMeHTa B JKMBOM OPTaHM3Me €CTh CBOU YCJIOBUA aKTHUBHOCTH — TeMIIEpATyD-
HBINI MHTEPBaJ, CPOJICTBO K peareHTaM, KUCJIOTHOCTb CPEJBI.

BermecTBa, 3amMemidoINe CKOPOCTh XUMWUYECKUX PeaKIIUil, HA3bIBAIOT WHTHOHU-
TopamMu. HTOUTOPHI TaK’Ke ITMPOKO IPUMEHAITCA Ha IIPousBojacTBe. Hampumep,
C IIOMOIIbI0O MHTUOUTOPOB 3aMeJISIOT IIPOIeCC OKUCJIEHUA MeTaJJIOB (KOPPO3UIO).

(0 2.2.5. O6paTtumbie N Heo6paTUMble XUMUUYECKNEe peakuunu.
XuMmnuyecKkoe paBHoBecme

ITo mpusHaKy o0paTHMOCTA XMMHUUYECKHE PEeaKI[UU OeJISAT Ha 00pamumbie U Heol-

pamumvle.
Heo6pa'r|an|e XnMnyeckne peakymm — 3T1o peakKuynu, KOTopbie NpoTeKaloT TOJIbKO B o4-
HOM HanpaBJ/iIeHUN N 3aBeplUaloTCA NOJZIHbIM NpeBpalleHnemM NcXogHbiX BelecTB.

IIpusHaku HEOOPATHMBIX PeaKI[Wii:
1. O6pagyrominecsa TPOAYKTHI PeaKIIuKU YXOIAT 13 cephbl peakuu (BbIageHNe IIPO-
IYKTOB PeaKkIlui B OCAIOK, BhIJEJCHNEe B BUE rasa):

Na,SO, + BaCl, = 2NaCl + BaSO,;
Na,CO; + 2HCI = 2NaCl + CO,T + H,0.

2. B pesysbrarte peaxiuu obpasyeTcss MaJOAMCCOIIUUPYIOINee coequHeHue (HAIPU-
Mep, Boja):
KOH + HCI] = KC1 + H,0.
3. Peaknusa compoBokaaeTcsa OOJIBIIAM KOJUYECTBOM BBIAEINBIIEHCS SHEPIUAM:
2Mg + O, = 2MgO + 602,5 r]Ix.

B ypaBHeHUSX HEOOpaTUMBIX PeaKIIUi MeXKAy IIPaBOil 1 JIEBOM YaCTIMU CTABUTCS
3HAK PaBEHCTBA WJIV CTPEJIKA.

. OGPaTVIMbIe XMnyeckKne peakuymm — 3To peakyum, Kotopbie MOryT nporekatb ogHoBpe-
MEeHHO B ABYX NPOTNBOMOJIOXKHbIX HanpaB/1eHNAX (I'IpﬂMOM n 06paTHOM).

B ypaBHeHUAX 00paTUMBIX peaKIIui Me:KIy JeBOU 1 IIPaBOil YACTSIMU CTABAT 3HAK
obpatTuMocTu (Be CTPEJIKM, HAallpaBJeHHbIe B IPOTUBOIMIOJIOKHBIE CTOPOHBI: = ) UJINU
3HAK PaBEHCTBA.
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ANH, + 50, 7———>4NO + 6H,0 + ;

3H, + N, === 2NH, 1 + Q.

B mauajse oO6paTuMoii peaKIuy CKOPOCTh IIPAMOII peaKIuu MaKCHUMaJbHAa, 3aTeM
OHAa TOCTEeIIeHHO CHUKAETCHA, IMTOCKOJbKY YMEHbIIIaeTCA KOHIIEHTPAIINA UCXOJHBIX Be-
miecTB. IIpu 9TOM IOBBIIIAETCA KOHIIEHTPAIUS IPOAYKTOB PEeaKIUu, U CKOPOCTH 00-
paTHOU peakiuu BospacraeT. OOpaTuMble peaKIliM, KaK IIPaBUJIO, He IPOTEKAIOT 0
KOHIa, a IIPEKpAIalTcsa HAa TOM dTale, KOTAa KOJIWYEeCTBO OOpPa30BABIIMXCS IIPO-
IYKTOB IpPU NMPSAMOM PeaKIIuU 3a €IWHUIIY BPEMEHUW PaBHO KOJUYECTBY IIPOAYKTOB,
o0pasoBaBIIUXCA IPU OOPATHON PEaKIIMU 3a TO Ke BpeMs. B 5TOT MOMEHT CKOpPOCTU
OpAMON U 00paTHOU peakIiuU CTAHOBATCS PABHBIMMU.

Hampumep, ana peaknum CHUHTe3a aMMHaKa 9TOT MOMEHT HAaCTYIUT, KOTAa KO-
JIMYECTBO MOJIEKYJ CHHTE3WPOBAHHOrO aMMuakKa OyaeT paBHO KOJUUYECTBY MOJIEKY.J,
pacHamaronuxcsa Ha BOJOPOJ ¥ a30T. ITO COCTOAHNE XUMUUYECKOU CUCTEeMbI Ha3hIBa-
eTCS XUMUYECKUM PABHOBECUECM.

Xumunuyeckoe paBHOBece — 3TO COCTOAHME OOPATUMOro XMMMUUYECKOro npouecca, npu
KOTOPOM CKOPOCTM NPAMOii 1 06paTHOI peakuum paBHbl MeXAy co60ii.

C HacTyIJIeHeM XMMWUYECKOTO PaBHOBECHUS PeaKIUs He IIPeKpalnaercs, U 3TO CO-
CTOSTHUE MOXKET TSHYTHCA JOCTATOYHO JOJITO, €CIU MONNEePKUBATH B CUCTEME IIOCTO-
STHHBIE YCJIOBUA: KOHIIEHTPAIIUN PearupyoIuX BeIecTB 1 MPOAYKTOB PeaKIuu, TEM-
epaTypy, GaBieHue (ecju CPelM PearupyoIUX BEIIeCTB UIN IPOAYKTOB PEaKIIuu’
MIPUCYTCTBYIOT T'a3Hhl).

VameHeHUe yCJOBUIT IPUBEAET K HAPYIIEHUI0O XMMUYECKOTO PABHOBECUS: M3Me-
HUTCA CKOPOCTH JIM0O IpsaAMoi, aubo obpatHoil pearmnuu. IIpomecc 6yzer HepaBHO-
BECHBIM JI0 TeX IIOpP, IIOKa He OyJeT LOCTUTHYTO HOBOE PaBHOBECHOE COCTOAHUE. JTO
SIBJIEHUE HA3BIBAETCS CMeUeHUEeM PABHOBECUSL XUMUUECKOU PeaKyul.

CmenieHre XUMUYECKOTO PABHOBECHUA TOJ AefICTBUEM BHEITHUX YCJIOBUI ONMCHIBA-
eT npunyun Jle Illameave:

Mpu n3sMmeHeHUN BHELWHNX YCNIOBUIA MPOTEKAHNA XMMMNYECKOI peakuum (TemnepaTypbl,
AaBJIeHNA, KOHLeHTPaLMn BellecTB), NPy KOTOPbIX AaHHAA cUCTeMa HaXxoauTCA B COCTOA-
HMU XVMNYECKOro PaBHOBeCUS, paBHOBeCHe CMeCTUTCA B CTOPOHY TOl peakuuu, KoTopas
NPenATCTBYeT 3STOMY U3MEHEHUIo.

Tak, Ipu SK30TEPMUYECKOM IIPOIlECCe TOBBINIEHWE TEeMIIepPaTyphl OyAeT CIoco0-
CTBOBATh YBEJUUYEHHIO CKOPOCTU OOpAaTHOU (SPHIOTEPMUUECKOIl) peaKIluu, ITOBBIIIE-
HUe JaBJIeHUA B CHUCTeMe OyJeT CHocOOCTBOBATh PEAKIIUU, B Pe3yJbTaTe KOTOPOI
OymeT yMeHbIITaThbCcA 00beM BeIllecTBa. Y BeJinueHre KOHIIEHTPAIluU OJHOr0 13 pearu-
PYIOIIIUX BeIecTB JU00 YMeHbIIIeHe KOHIIEHTPAIlUY OJHOT0 U3 IIPOAYKTOB PearIluu
OyzeT cmocoOCTBOBATh YCKOPEHUIO IMIPAMOIO IIPOIlECCa, a YBeJIWYeHUEe KOHIIEHTPAI[UU
MPOAYKTa peakIMy IIPUBENET K YCKOPEHUIO0 00paTHOTO IIpoilecca.

D Hanpumep:

3H, + N, m——2"—2NH,T + Q.
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B peaknum cuHTe3a aMMHAKa OPAMAS PEAKIUsS SBJISIETCS SK30TePMUUYECKOMH, 00-
paTHas peaknus (pacmama) — sHAoTepMuueckoii. CilemoBaTebHO, MOHUIKEHUE TEM-
mepaTypbl OyZeT cIIocoOCTBOBATL YCKOPEHUIO IpPOIlecca CUHTEe3a.

VcKopuT CUHTE3 BhIBeIeHNe aMMHuaKa u3 cepbl peakiuu (yMeHbIIEHNE KOHIIEH-
Tpanuy KOHEUHOr'o IIPOAYKTA) M yBeJUUYeHNe KOHIeHTpaIuii Bogopoga u asora (yse-
JUYeHre KOHIIEHTPAIIMY PearupyIoIiuX BeIlecTB).

CuHTe3 aMMUaKa COIPOBOMKIAETCA YMEHBIIIEHNEM 00beMa — M3 YeThIPeX MOJIEKY.JI
HCXOIHBIX I'a30B 00Pa3yrTCA TOJIBKO IBEe MOJIEKYJILI MIPOAYKTa peakiuu. Takum oOpa-
30M, MIPSMOI IIPOIIECC COIIPOBOMKAAETCA YMEHbIIeHreM napiaeHus. CiemoBaTesbHO, IIO-
BBIITIEHNE JaBJIEHUA B CHCTEME YBEJIUUYUT CKOPOCTD pPeaKIiuy cuHTe3a (IpAMOi mpoiiecce),
a CHUIKeHUe JaBJeHUs OymeT cIIocoOCTBOBATH IIPOIlECCY paciiama (oOpaTHBINM IIporiecc).

W npsamas, u obpaTHas pPeakIuy SABJISIOTCA KaTAJIUTHUYECKUMHU (KaTaJIus3aTop —
JKeJie30 ¢ Jo0aBKaMM OKCHUIOB KaluA M aJlOMUHHNA uiau maatuHa). OZHAKO B 9TOM
ciydyae KaTaJlu3aTop IPOCTO YCKOPHUT W IIPSIMOM, ¥ OOpPATHBIN IPOIECCHI, HE BJIMSIA
HA XMMHUYECKOe PaBHOBECHE.

2.3. dINeKTPONUTbl N HENEKTPONUTDI

B ciyuae momamaHus Jir000ro BellecTBa B BOSHYIO CPeNy BO3MOMKHO Pa3BUTHE TPEX

TIPOIIECCOB:

e pacTBOpeHUe BelrecTBa ((hUBUUECKUIH ITPOIIEcC);

e DpeaKIMA BeIecTBa C BOAOU (XMMHUYECKHU IIpoIlecc);
® OTCYTCTBUE JIOOBIX IIPOIIECCOB.

BsaumogeiicTBre BelecTB ¢ BOAOI OOYCJIOBJIEHO OCOOEHHOCTAMM CTPOEHUS MOJIE-
KYJbI BOABLI, B KOTOPOI aTOM KICJIOPOLA CBSI3aH C ABYMS aTOMAaMM BOLOPOLA. ATOMBI
BOJZOPOJa B MOJIEKYJie BOABI PACIOJIOMKEHBI He JIMHeliHo, a mox yraom 104,5° apyr
K apyry. CBa3b MeXXKIy aToOMaMU BOAOPOJa M KHCJIOpPOAa — KOBaJIeHTHAadA IoJApHad,
IPU 9TOM OOIIMe 9JIeKTPOHHBIE ITaphl OTTATUBAIOTCA K 00Jee 3JIeKTPOOTPUIIATEILHOMY
aToMy KHCJIOPOJa, 0o0pasysa Ha HeM YaCTHUUYHBIN OTPUIATeJIbHBIN 3apAn. Ha aTtomax
BOJIOPOia IIPH 3TOM 00pasyeTcs YaCTUUYHBIN ITOJIOMKUTEJIbHBIA 3apAn. Takum o6pasom,
yTJjioBas MOJIeKYJia BOJBI IIpUOOpeTaeT aABa MOJIIOCA — C YACTUYHBIM OTPHUIIATEIbHBIM
M YaCTUYHO IIOJIOMKUTEJIbHBIM 3apsAI0M COOTBETCTBEHHO, TO €CTh IIPEACTaBJIAET CO00Ii
dunoav (puc. 2.1).
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Puc. 2.1. Monexyna 600vL

BeH_[eCTBO pacTBOpMMO B BOJ€, €CJIM €TI0 MOJIEKYJIbI CIIOCOOHBI K BSaI/IMOIIefICTBPIIO
C MOJIEKYyJIaMX BOJBI. TaK, IIp1 IoIlaJaHWMM B BOAY HEKOTOPBIX MOJIEKYJAPHBIX Be-




ITECTB B HUX IPOUCXOAUT PasphblB MEKMOJIEKYIAPHBIX cBA3el. Beisen 3a aTum mosdap-
HbIe MOJIEKYJbI BOJbI B3aMMOJENMCTBYIOT C MOJEKyJaMmu BelrlecTBa. IlocTerneHHO OT
IOBEPXHOCTH PACTBOPSAEMOTO BEIeCTBa IIOJ BJINAHNEM IUIIOJIEN BOAbI OTPLIBAIOTCS
OTIeJIbHBIE MOJIEKYJIBI, KOTOPBIE PacCIpefeaA0TCa MeK Iy MOJIEKYJIaMU PACTBOPUTEIA.

B KauecTBe mpumepa paccMOTPHUM IIPOIeCC PACTBOPEHHMSA caxapa B Boje.

Caxap — MOJIEKYJISIPHOE OPraHHUYecKoe BeIleCTBO, COCTOsAINee U3 MOJEKYJ caxa-
possl (C;,H,,0,;). Moaeryma caxapo3bl UMeeT IMOJAPHYIO ruapokcorpynmy — OH™
C YaCTUYHBIM OTPUIIATEJbHBIM 3apsamoM. Ilpu momamanmm caxapa B BOAY MeEXKMOJIe-
KyJIApHBIE B3aNMOIEHMCTBUSA MEXKIY MOJIEKYJIaMU caxaposbl ociiabeBaioT. Ilonsapubie
TUAPOKCOTPYIIIILI caXapo3bl BCTYHAIOT BO B3aIMOJIEMICTBUE C aTOMaMi BOJOPOIa B MO-
JeKyJie BOIbl, HECYIIIUMMN YaCTUUYHBIN MOJOKHUTENbHBIN 3apan: H™OH . 9ror Buxg
MEKMOJIEKYIAPHBIX B3aUMOJEUCTBUN HA3BIBAIOT 8000POOHbLIMU CEA3AMU. 3a CUET BO-
JIOPOMHBIX CBA3EH MOJEKYJbl caXapo3bl PABHOMEDPHO PACHPENENAIOTCA MEXKIY MOJie-
KyJaMu pacTBOpuTess (BoAbI), 00pa3ys pacTBOP.

IIpu pacTBOpeHNU caxapa He HPOUCXOIUT PA3PYIIEHUA XUMUUECKUX CBA3EH B MO-
JeKyJiaX caxapo3bl U MOJIEKYJIaX BOJLI, IIOATOMY 3TOT HPOIECC HOCUT (PUBUUECKUHN

xXapaxTep.
HMHade IpOMCXOAUT HMPOIECC PACTBOPEHU IMOBAPEHHOM COJM B Boje.
IloBapeHHAsA COJIb — BEIECTBO HEMOJIEKYISIPHOI'O CTPOeHUA. B ysmax Kpucrai-

JIMYECKOM PeIIeTKH 3TOr0 BellecTBa pacmoaoskeHbl nmoHbl Na' u Cl-, yaep:xuBaemMsbie
CHUJIaMHU 3JIEKTPOCTATUUECKOT0 B3amMOelcTBusA. IIpu momagaHuy HOBaPeHHOI COJIM
B BOZY OTPUIIATEJIbHO 3apAKeHHbIe aTOMbI BOLOPOAAa B MOJIEKYJie BOABL «OKPYKAaIOT»
MOJIOXKUTENBHO 3apssKeHHble MOHBI HATPUSA, a MHOJIOMKUTEJIbHO 3apsiKeHHbIe aTOMBEI
BOZOpPOZia B MOJIEKYJEe BOILI — OTPHUIATENHLHO 3apsAKeHHble MOHBI xJopa. Ilomg meii-
CTBUEM OUIIOJell BOABLI IPOUCXOAUT Pa3pylleHNe KPUCTAJIJINUECKOUN pPeIIeTKH MIoBa-
peHHOIT conu (puc. 2.2).

Puc. 2.2. Cxema paspyuieHus KpucmaiiuiecKoll peulemxku
noeapenHoll coau

IIpu sTOM paspylIalTCAd MeXXMOJIEKYJISPHbIEe B3aNMOAeHCcTBUA (BOLOPOLHBIE CBS-
3M) B MOJIEKYJe BOAbl M MOHHBIE CBA3M B KpHCTaje coyu. IloBapeHHAas coJib pac-
nanaercad Ha moHBI Na' m Cl°, KOTOopble HOKPBIBAIOTCA 2U0PAmMHOL 000/04KO0il, TO
€CTh «00BOJIAKMBAIOTCA» IIOJAPHBIMUA MOJEKYJAMI BOILI, OPUEHTHUPOBAHHLIMU OIIpe-
MeJeHHBIM 00pa3oM. OTOT MPoIlecc HaskIiBaeTcsa zudpamayueil, a MOHBI, OKPYIKeHHbIe
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TUAPATHON 000J0UKOI, HAa3bIBAIOTCA 2UOpPAMUPOBAHHbIMU. IUapaTUPOBaHHbIe MOHBI
ciabee MPUTATHUBAIOTCA APYT K APYrY, YeM OOBIUHBIE MOHBI B y3JiaX KPUCTAJIHUE-
CKOH peIleTKU, II09TOMY SHEePruH TEILIOBOTO ABUIKEHUA HOCTATOYHO IJIA TOTO, UTOOBI
OHHU He co0upauch B Kpucraja. Tax o6pasyercsa pacTBOP MOBAPEHHOM COJI B BOJIE.

ITockoabKY IpU PacTBOPEHUMU IIOBAPEHHON coyin (CoeAUMHEHNEe C MOHHOUN CBA3BLIO)
B BOJIe ITPOMCXOUT Pa3pPhIB 3TUX CBA3EH, 9TOT MPOITECC HOCUT XUMHUUECKUI XapaKkTep.

Haxopsichk B y3/ax KPHUCTAJJINUYECKOU PEIeTKN, MOHBI IIOBAPEHHOM coJyiu (B TBep-
IOM COCTOSTHUM) He MMEIOT BO3MOYKHOCTHU CBOOOIHO IIepeIBUTAThCS, MOCKOJBKY yIep-
JKUBAIOTCA CHJIAMM 3JIEKTPOCTATHUYECKOTO HPUTSKeHUs. A B pacTBOpe MOHBI COJIU
MOT'YT CBOOOMHO IBUTAThCA B PA3HBLIX HAIIPABJIEHUAX, B TOM UHCJE U IIOJ AelicTBUEeM
2JIEKTPUUYECKOTr0 HampsKeHus. [loaToMy pacTBOpP XJIOPHAA HATPUS XOPOIIO IIPOBOJUT
3JIEKTPUYECKUN TOK.

IToxoskuii mpollecc MPOMCXOAUT U IIPW PACTBOPEHUU B BOJAE COEIWHEHUII C KOBa-
JIEHTHOI TOJISAPHOM CBA3BIO, HAIPUMED BOJOPACTBOPUMBIX KHUCJIOT. TOJBKO B 9TOM
cayuae IOoJ BIUAHWEM JUMOJIEH BOALI KOBAJEHTHAS MOJAPHASA CBA3L B PACTBOPAEMOM
BeIllecTBe IIpeBpalllaeTcsd B MOHHYIO. MOHBI TUAPATUPYIOTCS U IIEPEeXOASAT B PacTBOP.
ATOT IpoIlece TaK:Ke HOCUT XUMHUUECKUI XxapaKkTep, TUAPaTUPOBaHHBIE MOHEI CIIOCO0-
HBI CBOOOIHO IIepeMeIIaThCs B pacTBOpe, M 00pasyoIrecs BOJHbIE PACTBOPEI CIIOCO0-
HBI IIPOBOAUTE 9JIEKTPUUECKUN TOK (puc. 2.3).
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Puc. 2.3. Cxema npouecca pacmeopeHus
CONAHOU KUCJOMbL

. BewecTBa, BoAHbIe pacTBOPbI WK pPacniaBbl KOTOPbIX CNOCO6GHBI MPOBOAUTD NEKTPU-
YecKuii TOK, Ha3blBaloOT J1EKTPOAUTaMU.

151 97IeKTPONUTOB XapaKTePHLI MOHHAS U KOBAJEHTHAA IIOJAPHAS XUMUUYECKUe
ceasu. Hampumep, NaCl, HCl, H,SO,, NaOH, KNO,. PacTBopenue sTuX BeIIeCTB
B BOJle — XUMUYECKUH ITPOIeCC.

. BewectBa, BogHble PacTBOPbI WIN pacn/iaBbl KOTOPbIX 3118KTPVI‘IeCKIIII7I TOK He NpoBOAAT,
Ha3biBalOT HE3NNIEKTPONUTaMMU.

H1a He3IeKTPOJUTOB XapaKTepHa KOBaJIeHTHAA HemoJiApHad (Uiau caaboIlossap-
Has) cBA3b. Hampumep, O,, N,, CH,, caxap. PacTBopenue sTuX BeIleCTB B BOAE —
dusUUeCKUA mpoIiecc.

. Mpouecc pacnaga 3NMeKTpPoANTa Ha MOHbI B PacTBOpe WM pacnyiaBe Ha3blBaeTCs dekK-
TPONNTNYECKON Anccounalmen.



HNon saBasgerca ¢popMoii CyIIeCTBOBAHISA XMUMUUYECKOIO 3JIeMEeHTa, KOTOPhIN IO CBO-
UM CBOMCTBaAM CYIIECTBEHHO OTJIMUYAETCS OT aTOMa TOTO JKe dJIeMeHTa.

Tak, HaTpUMep, aTOM HATPUA dJIEKTPOHENTpaieH, UMeeT 3JIeKTPOHHYIO (hopMYyJIy:
11Na 1522s22p%3s!, B coeuHEHUAX JIETKO OTHAeT HAPYMKHBIA 3S-3JI€KTPOH, IIPOABJIAL
crenenb okucaeHusa +1. IIpocroe BerecTBo HaTpuii (Na) — mMeTasy, akTUBHO OKIC-
JseTcs Ha BO3OyXe, pearupyeT ¢ BOIOM, 00pas3ys IMesoUb.

Won maTpusa uMeeT 3apazn +1, ero saekTpoHHas gopmyna: ;Na* 1s22s22pf, me cmo-
cobeH OTHaBATh 3JeKTPOHBI, a CJIEIOBATEJIbHO, OKUCIATLCI U PearupoBaTh ¢ BOJOIM.

AToM XJ0opa C 2JIeKTpOHHOI (opmyuoin ;,Cl 1s22s?2p53s23p® umeer Ha BHeIIHEM
YPOBHE 2 $-3JI€KTPOHA U 5 P-3JIEKTPOHOB, IIO9TOMY CIIOCOOEH JIETKO MTOCTPauBaTh CBOM
BHEIIIHU# ypOBEHDb 9JIEKTPOHAMH aTOMOB APYTUX 9JIEMEHTOB, 00pasys COeTUHEeHUA.
IIpoctoe BemecTBo xJ0p (Cly) — AMOBUTHIN ras KeJITO-3€JI€HOT0 I[BeTa.

Hon xuopa Cl” umeer sapsan —1, ero amexrporHasa ¢gopmyrna 1s22s22p83s23p”, onm
OecIiBeTEH U HESAJOBUT.

Xunopun natpusa (NaCl) — BeriecTBo, cocrosriee u3 noHoB Na' u Cl~, sTo obobiunas
muIlieBas MoBapeHHas COJIb.

Takum 00pasoM, MOHBI UMEIOT 00Jiee YCTOMUMBYIO 9JIEKTPOHHYIO KOH(pUTYypaIHio,
YyeM aTOMBbI, 13 KOTOPBIX OHU 00pasyioTcsi. IOHBI MOT'YT OBITH NPOCMbLMU U CAOHCHbL-
mu. IIpocThle MOHBI 00pa3oBaHBI aToMaMu ogHoro aaemenrta (Na*, Cl-, Ca?t, Cu?, F).
B cocTaB CJI0KHBIX MOHOB BXOJAT aTOMbI HeCKOJNbKHUX aynementos (NH], SOI, NO;,
PO?).

fBIeHMe BJIEKTPOIUTUYUECKON AUCCOIMAIIY BIIEPBbI€ OIMMNCAJ IIBEACKUIN yUYEHBIN
C. Appennyc. B 1887 r. um Obly1a chopMyIUPOBAHA TEOPUSA IJIEKTPOIUTHUCCKON qUC-
COIMaInm.

OcCHOBHbIE NONoXeHuA
Teopuu 3N1eKTPONINTNUYECKON Anccoumanmnn:

1. ITpu pacTBOpeHUU B BOJE SJEKTPOJUTHI AUCCOIUUPYIOT, TO €CTh PaCHagaloTCs
Ha TOJIOYKUTEJIbHBIE U OTPHUIlATeIbHbIE MOHBI.

2. Ilox meficTBMEM 3JIEKTPUUECKOTO TOKA IIOJIOMKHUTENHLHO 3apsKeHHbIe MOHBI Iepe-
MeIanTcad K OTPUIATEIHFHOMY IIOJIOCY MCTOUYHUKA TOKa (kKamody), a OTPUIlaTeJIbHO
3apAKEeHHbIE NOHBI — K IOJIOMKUTEJILHOMY IIOJIIOCY MCTOYHUKA TOKa (arody).

3. OJeKTPOIUTUUECKAsA IUCCOIIUAIIUSI — IIporecc obpaTumblii. OIHOBPEeMEHHO
C pacmaJoM BeIleCTB Ha MOHBI IPOUCXOAUT IIPOIECC COeTUHEHUS MOHOB B BEIIECTBO.
IIpomecc, oOpaTHBIN AUCCOIIMAIINY, HA3bIBAIOT accoyuauuell:

HNO, = H' + NO;.

He Bce 3JIeKTPOJIMTBEI TUCCOLMUUPYIOT OAMHAKOBO. HeKOoTOphle M3 HUX B BOJHOM
pacTBOPE IIOJHOCTHIO PACIALAIOTCS HA MOHBI, 8 HEKOTOPLIE JUCCOMUUPYIOT YACTUYHO.
IIpu sTOM B pacTBOpE COAEP:KUTCA KaK OIpeeeHHOe KOJUUEeCTBO NOHOB PAaCTBOPEH-
HOTO BeIIeCTBA, TaK U OIpelesieHHOe KOJUYEeCTBO HEIMCCOIMHPOBAHHBIX MOJEKYJI.

CreneHb Auccouviaumn BewecTBa (o) — BeNMUMHA, KOTOpasA NMoKasbiBaeT OTHOLIEHUe
4yncna AUCcCoUMNpPOBaAHHbIX MOJIEKYN (N) K 06Lemy uncny Monekysn BewecTBa, HaXoAALWMXCA
B pactBope (N):
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3HaueHNe CTeHeHMW IHCCOIMAIlMM BeIlecTBa MOKeT maMeHATheA or 0 (B ciyuae,
KOr'Ja IUCCOIHAINS OTCYTCTBYET IIOJHOCTBIO) 40 1 (IIpU IIOJHON AMCCOIMAIIUN Bellle-
ctBa) au6o ot 0 % mo 100% . Cremenp Aucconmaluy YBeJIUUUBAETCS IIPU pasbaBiie-
HUM pacTBopa.

Ecim BelmumHa creneHW AMCCONMMUAIMM JJIEKTPOJHTA BelnKa (CTPeMHUTCA K eIU-
HUIE), TO €ro OTHOCAT K CUJbHbLM dleKkmpoaumam. Eciu cTemeHb AUCCOIIMAIIAU
3JIEKTPOJIUTA CTPEMUTCS K HYJIIO, TO OH OTHOCUTCA K CAA0bLM dNCKMPOLUMAM.

CunbHble SJIeKTPONINTbl — 3TO BellecTBa, KOTOpble Npu pacTBOpeHN B BoAe npakTtnye-
CKM MOJIHOCTbIO ANCCOLNPYIOT Ha NOHDbI.

IIpomece 5aeKTPOIUTHUECKONM TUCCOIUAIINN IJIA CUJIbHBIX SJIEKTPOJUTOB ABJIAET-
CcA MPAKTUUYECKU HeoOpaATHMbIM:

NaOH — Na‘*+OH~; AL (SO,), — 2AI° +3S0%".

K cuiabHBIM 3JIEKTPOJIUTAM OTHOCSATCS BCE PACTBOPHMBIE COJIM, CHJIbHBIE KHCJIOTHI
(mampumep, H,SO,, HCl, HNO;) u Bce mienouu (Hanpumep, NaOH, KOH).

Cnabbie SJIEKTPONNTbI — 3TO BellecTBa, KOTOpbie B BOAHDbIX pacTBOpaxX AnccounvpyroT
He MOJZIHOCTDbIO, NpuYyem npouecc gnccouviaumunm ana sTux sewjects OﬁpaTlllM:

HNO, 2 H" + NO,;
CH,COOH = CH,COO™ + H".
K cnabbim spexTpoamTaM OTHOCATCA ciiabble HEOpTaHWYECKUE KMUCJIOTHI (HAIIPU-
mep, H,S, H,CO;, HCN, HNO,), moutu Bce opraHmyecKue KUCJOTHI, THUIPOKCUIBI

MeTaJLJIOB (KpoMe ImeJjoueli), a Tak:Ke BOOHBIN pacTBop ammuaka (NH,OH).
Bopma Tak:ke cmocoOHa HE3HAUUTEJIHHO MMCCOIMUPOBATE:

H,0 = H' +OH .

AJIEKTPOJUTUUECKYIO OMCCOIIMAIINIO CIIOCOOHA BBI3LIBATH HE TOJBKO Boga. Takum
CBOMICTBOM 00JIaIal0T HEKOTOPhIE MOJAPHBbIE PACTBOPUTENN, HAIPUMED KUIKHUN aM-
MHUaK WU KUIKUNA TUOKCUJ CePHI.

] 2.4. KaToHbI U AHUOHDI.
INEKTPONNTMYECKAA AUCCOLMALMA KUCIOT, Lenoyen u cone

(cpeHux)

Ilpu BO3melicTBUM SJIEKTPUUYECKOTO TOKA HA PACTBOP 3JIEKTPOJUTOB HMOHBI IIPU-
XOOAT B ABUKeHUe. [10J0KUTEeIbHO 3apsaKeHHbIe NOHBI, ABUIKYITUecT K Katony (—),
IPUHATO Ha3bIBaTh KAMUOHAMU, & OTPUIATEJIHLHO 3apAKeHHbIe, IBUMKYIIIUECI K aHO-
ny (+), — anuonamu.

. KaToH — 3TO NONOXUTENbHO 3apAXKEHHDbIN UOH.
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KaTtuon xapaxkTepusyercs BeJIUUNHOI IOJOKUTEIbHOT0 3apana. Hampumep, Nat —
OJHO3apALHBIN KaTuoH, Ca?" — nByX3apAmHBIM.
Karuons!r moryr 6siTh npoctbivu (K¥, Al*") u caoxusivu (NH;).

. AHVNOH — OTPMLATENIbHO 3aPAXKEHHDIN NOH.

AHNOH xXapaKkTepusyeTcs BeJIWUYNHON oTpHUIlaTelbHOTo 3apsana. Hampumep, F- —
OHO3APALHBINA aHNOH, S~ — IBYX3apAIHBIM aHHOH, POi' — Tpex3apsagHbIA aHWOH.

AHUOHBI TaKKe MOTYT OBITH ITPOCTBIMU U CJOMKHBLIMU. AHNOHBI B HEOPTAHUYECKUX
COEIMHEHMAX HA3BIBAIOTCA KUCLOMHBbLMU OCMAMKAMU.

B saBucuMocTu oT xapaxTepa o0pas3yOINUXCS IIPU AUCCOIHAIINN MOHOB pasjinda-
IOT TPU THUIA BJIEKTPOJUTOB: KUCJLOMbL, OCHOBAHUS U COJU. XUMHUUECKNEe CBOWCTBA
PAcTBOPOB 3JIEKTPOJIUTOB OIPeNeAI0TCA CBOMCTBAMI TeX MOHOB, KOTOPBLIE OHM oOpa-
3YIOT IIPU Juccoluanumr. B KucjaoTax 3TO0 KaTHOHBI BOJOPO/iA, B IfeJ0Uax — THUIPOK-
CU-aHUOHBI, B COJIAX — HOHBI METAJIJIOB U KMCJIOTHBIX OCTaTKOB.

G0 2.4.1. dnekTponuTnueckasa auccounaunsa KUCIoT

Kucnorsl — HeopraHmuecKmue COeJUHEHWUS C KOBAJEHTHOI HEIIOJAPHOH CBABBIO
MeJKJy aTOMOM BOJOPOJA W KHUCJIOTHBIM OCTATKOM.

Ecau onucweiBaTh cXeMy QUCCOIIMAIIUY KUCJIOT MOJHOCTHIO, TO CJIENYET YUUTHIBATD
IIpoIlecc ruapatamuy odpasylolierocs noHa Bogopona. Hampumep, B ciyuae mumcco-
AUy a30THOU KUCJIOTHI B PACTBOD IEPEXOIUT I'MAPATUPOBAHHBIN MOH BOLOPOAA —
UOH 2UOPOKCOHUS:

HjL + H20 = H30+;
HNO, + H,0 - NO,H---OH, — NO, + H,0".
Opmako sTOT mporecc n3odpakaiT 0ojee YIIPOIIEHHO:
HNO, — H" + NO;.
C yueToM mpoliecca TuapaTaiuy JUCCOIUAIINIO COMAHON KUCIOTHI CJIeAyeT OMUCHI-
BaTh CJAEVIOIN[MM YpPaBHEHUEM:

HC] + mH20 = H30+ + Cl_ . mHZO.

OmHaKoO AJI ONMCAHUSA CBOMCTB PACTBOPOB KHCJIOT IPHUHSTO IIOJL30BATHCA YIIPO-
IIIEHHOI CXeMOM IIpoIlecca SUCCOIMAIINN:

HCl=H"+Cl".

Kucaorsl — 3TO CIIOKHBIE BEIeCTBa, IIPU SJICKTPOJIUTUUECKON MMCCOIIUAINN KO-
TOPBIX 00pas3yloTCsa KaTUOHBI BOAOPOIA U aAHUOHBI KMCJIOTHOTO OCTATKA:

CH,COOH = CH,C00™ +H".

MHOI‘OOCHOBHBIe KHCJIOTBI AUCCOIIMMPYIOT CTYII€EHYaTO, OTIINEIlJIAA II0 OJHOMY Ka-
THOHY BOZOPOIA:

H,PO, =2 H" + H,PO, (muruapodocdar-aHnoH);

H,PO, = H' + HPO? (ruapodochar-aHuoH).

Hasee mucconumamusi IPpU OOBIYHBIX YCJIOBUAX HE HJIET.
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MMeHHO KaTHMOHBI BOJOPOJa OIPEAEAI0T CBOMCTBA PacTBOPOB Kucyor. OuHuM meii-
CTBYIOT HAa WHANKATOPLI, U3MEHAA OKpacKy mociaenuux (tada. 4.1 ma c. 121), pearu-
pyior ¢ runapoxcug-aunonamMmu OH™ ¢ o6pasoBammeM MOJIEKYJ BOIbI:

H+ + OH_ = HZO.

0 2.4.2. dDnekTponuTnyecKkasa anccoumnaumnsa Lwenoyen

Cpenu rUAPOKCUL0B CHILHLIMU 3JIEKTPOJATAMU ABJIAIOTCSA INEJOYN.

Illexroun — 5TO CJAOMKHBIE BEIECTBA, IIPU JIEKTPOJIUTHUECKON AUCCOMUAINNA KO-
TOPBIX O6paBYIOTCH KAaTHUOHBI IITEJIOYHBIX M IIEeJIOYHO3€MEJIbHBIX METAJIJIOB U I'MAPOK-
Cug-aHMUOHBI:

NaOH = Na"+ OH".
Ecau B 111e1041 MOH MeTaJjjia CBA3aH C ABYMS THMAPOKCOTPYIIIaMU, TO 3Ta IeJ0Yb
nuccomuupyet crynenuaro. Hampumep, ruapokcun xaabiiusa Ca(OH),:
Ca(OH), & CaOH"+ OH";
CaOH' = Ca* + OH .
T'uapoKcua-aHMOH ONpeesseT IeJOUYHBbIe cBoiicTBa pacTBopoB. OH cmocobeH ua-

MEHSATh OKPACKy MHINKATOPOB M PearupoBaTh C KATHOHAME BOZOPOIa, 00pasys MoO-
JIEKYJIBI BOJBI.

(0 2.4.3. dnekTponutnyeckaa guccoumaumnsa conen

Coum — 3TO CJIOKHBIE BEIeCTBA, IPHU 3JEKTPOJUTUUECKON AUCCOUAINY KOTOPBIX
00pasyoTcAa KaTHOHBI MEeTaJJIa U aHNOHBLI KHMCJIOTHOIO OCTATKA:

MgCl, = Mg?* + 2Cl;
CH;COOK = K*+ CH;COO".

Bce comn — cuibHBIE 3JI€KTPOJIUTEI, ITIOCKOJbKY ABJISIOTCA BeIleCTBAMU C MOHHOU
XUMHYECKOH cBaA3bio. OHU Bcerjga AUCCOIUUPYIOT MOJHOCTHIO:

AL (S0,), = 2A1* +3S0%",

PacTBopEI coseii mMeT HedTPaJIbHYIO CPEY, 4 UX CBOMCTBA ONPEAeJaAI0TCA KaThOo-
HaMHU MeTajljla M aHMOHAMHU KHCJIOTHOTO OCTATKa.

AmdoTepHBIE 3IEKTPOIUTHI — 3TO CJIOYKHBIE BEIlECTBA, IPU SJIEKTPOJIUTUUECKON
IVCCOIUAIINY KOTOPBIX, B 3aBUCUMOCTU OT CPeAbl pacTBOpPa, MOTYT 00pasOBLIBATHCS
KaK KaTUOHBI BOJOPOJA, TaK U I'MIPOKCUI-aHUOHBI.

Tak, Hanpumep, aM(OTEePHLIH TUAPOKCU INHKA B II[eJIOUHOI cpelie JUCCOIUUPYET
M0 KUCJIOTHOMY THUIIY:

Zn(OH), + H,0 = Zn(OH)> + 2H".
B kwucoin cpene TMApPpOKCUO ITMHKa BeAET ce0a KaK OCHOBAaHUE:
Zn(OH), + H,0 = Zn? + 20H".

Bce am@oreprsie ruaporcuns! (Be(OH),, Zn(OH),, Pb(OH),, Sn(OH),, Al(OH);, Sb(OH),
Fe(OH);, Cr(OH);) aBnaioTcsa caadbbIMU 9JI€KTPOJIUTAMY U JUCCOIIUUPYIOT CTYIIEHYATO.
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O 2. Peakuun noHHoro ob6mena
W YCIOBUA UX OCYLLeCTBNEHUSA

@0 2.5.1. YcnoBua ocywecTBNeHNA peakuunii MOHHOro o6meHa

Peaxnuu o0MeHA IIPOTEKAIT B PACTBOPAX HOHHBLIX COEIMHEHWH. ITO peakIuu
MeJKIy MOHAMH. Y CJIOBUSA MPOTEKAHMUS PeaKIuil o0MeHa ompeaesieHbl npasuiom Bep-
moaJne:

Peakuun o6meHa, npoTeKalolime B pacTBopax, UAYT A0 KOHLIA TONIbKO B TOM C/lyvae, ecnu
B pe3ynbrate 06pa3yeTca MasopacTBOPMMOe BELLeCTBO (0CafoK), ieTyuee BelWecTBoO (ras)
unn manoauccoyumpyioLlee BewecTso (Boga).

Peakmuu moHHOTO 00OMeHA 3aIlMCBIBAIOT C TOMOIIbIO MOHHBIX YpaBHEHUI (IIOJHBIX
U coKpalneHHbIX). Hampumep, MOJIEKYyJIApHOEe ypaBHEHME PeaKIUU MeXKIY cyJbpa-
TOM HATPUA U XJOPUAOM Oapus 3aIMCHIBAETCS CIEeIYIOMIMM 00pa3oM:

Na,S0, + BaCl, = BaSO,J + 2NaCl.

Eciu cunpubie JJIEKTPOJINTHI 3alliCaTb B BUIE€ MOHOB, a BeEIIl€eCTBa, BbBIXOAAIVE
n3 c«bepm peaKnuu, — B BHAE MOJIEKYJI, TO IIOJIYYUTCA NOJHO€ UOHHO€ YpasHeHUue
pearvuu:

2Na* + SO + Ba® +2Cl” = BaSO,| +2Na* + 2CI".

Ecin y6parh u3 obeux uacTeii ypaBHeHUs oamHakoBble moHBI (2Na™ u 2Cl7), To
MOJIYUUTCA COKPAULEHHOe UOHHOe YPABHEeHUE:

Ba® +S0% = BaSO,J.

CokpallleHHOe MOHHOE ypaBHEHUWE HWJIJIIOCTPUPYET CYIIHOCTh peaKIiuu. B manHOM
ciayyae 3TO B3auMMOJelcTBUE KAaTHMOHOB 6apusa Ba?" u aHMOHOB SOi’, B pesyJbTaTe
KoToporo obpasyercs ocazok BaSO,.

() Npumepbl peakymnit NIoHHOro o6meHa:

1. Peakniuu oOMeHa MeXAY COJNAMI C 00pasoBaHMEM HOBOW MaJOPACTBOPHUMOM COJIH:
2Nal + Pb(NO,), = PbI,{ + 2NaNO,.

2. Peakmnuu oOMeHa MeK Iy COJIBIO U KMCJIOTOI, B Pe3yJIbTATe KOTOPHIX BBIJEJIAETCA ras:

Na,CO; + 2HC1 = 2NaCl + CO,T + H,0;
2H* + CO = H,0 +CO,T.

3. Peaknuu oOMeHa Me:KIy IEJIOUBI0 M KMCJIOTOM ¢ 00pasoBaHMEM MAaJIOLUCCOIH-
pyioriero BeiecTBa (Boabl) u conu. OmpeneanuTh PEaKIINIO IMO3BOJAET MHIAMKATOP
(MaJIMHOBBIA B INEJOYHOH cpele (eHoJa(pTaIenH 00EeCIIBEUMBAETCSA B XOJe PeaK-
nun). PeakKIiuu Takoro TUNA HA3LIBAIOTCA PEAKUUAMU HeUmpaiusauyuu:

NaOH + HNO3 = NaNO3 + H20;
Na'+OH +H" +NO, = Na" + NO, + H,0.
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B sT0i1 peakiiuu 1es10ub U KMCJIOTA HEHTPAJIU3YIOT APYT APYyTra, a o0pasoBaBIIMI-
cs COJIEBOU pacTBOpP OyIeT MMeTh HEeUTPaAJIbHYIO CPeny:

OH_ + HJr = Hzo.

B ciyuae cmemmBaHUA pacTBOPOB, HAIPUMED XJIOPUAA HATPUA M TMIPOKCHUIA Ka-
NS, HUKAKUX IPU3HAKOB XMMUYECKOHM peakIiny 3aperucTpupoBano He Oyaer. B aTom
cayJae peaKIus MOHHOTO OOMeHa He IPOU30UIET, MOCKOJbKY HU OJHO W3 YCJIOBUA,
oIpeleJIeHHBIX MIPABUJIOM BepToJiie, BBHINIOJHATHLCA He OyAer:

NaCl + KOH # NaOH + KCl.

C moMoOIIbI0 peakIuii TOHHOTO 0OMeHa TPOBOAAT KaUueCTBEHHBIN aHAJN3 PACTBOPOB
3JIEKTPOJIUTOB — ONPEAEJAT MCXOIAHBIE BelllecTBa B pactBope. g sTOTO K pact-
BODPY BeIlleCTBa, KAUECTBEHHBIN COCTAB KOTOPOT'O HEOOXOAUMO OIPENEeJUTh, N00aBJIA-
IOT peakTuB, COMAEP:KAIUN MOH, CIOCOOHBLIN pearunpoBaTh C MOHAMUN PaCTBOPEHHOTO
BelriecTBa. I1o pesyabTaTy peaxkiium CyAsaT O COCTaBe MCXOTHOTro pactBopa (tada. 2.1).

Tab6auuya 2.1
KauecTBeHHOE OIIpeeeHe MOHOB PACTBOPEHHBIX BeIeCTB
HomH, Conep:xanue
onpexeseMbIit peaxkTuBa- Pe3yabsraT peakmun
B pacTBope ompenenIuTeNsa
H* VHANKATOPEI M3MeHeHre OKPACcKU MHINKATOPa
OH" UHINKATOPI U3MeHeHre OKPACKU MHINKATOPa
Na* — U3MeHeHUe IIBeTa IJIaMeHU (JKeJITHIN)
K* — u3MeHeHUe IiBeTa maaMeHu ((proIeToBbIT)
NH! OH" MmosBJIEHUE 3allaxa aMMuaKa
Ag* Cl- ob0pasoBaHMe 6eJ0oro ocamKa
Cut OH" o0pasoBaHIe CUHETro ocajaKa
S2- o0pasoBaHMe UePHOTO OCamKa
Ba2* SOi’ oOpasoBaHUe 0eJ0ro ocagka
Ca* CO;‘ obOpasoBaHUe 0eJ0ro ocagka
70 OH~ oOpasoBaHUe 0eJ0ro ocaaka,
S pacTBopsIoNieroca B U30BITKE IEJI0YN
Fe?* OH" oOpasoBaHUe 3eJIEHOBATOTO OCaJKa
Fe3* OH" o0pasoBaHMe Oyporo ocagka
A OH- obpasoBaHUe 0EJIOT0 CTYAEeHUCTOTO OCaJKa,
pacTBopsIoNIeroca B U30BITKE IEJI0YUN
Cl- Ag* o0pasoBaHMe 6eJI0oro ocamKa
Br Ag* o0pasoBaHUe KeJITOBATOTO OcaIKa
I Ag* oOpasoBaHUe KeJTOTO OcagKa
CH;CO0~ H,SO, MOABJIEHVE 3alaxa yKcyca
NO;, H3S0, 08y, Cu BBIJIeJIeHTe Oyporo rasa




OrxonuaHnue maba. 2.1

Hon, Conepsxanue
ompeeageMbIi peaxTuBa- PesyabTaT peakuuu
B pacTBOpe oIpeseTuTe s
SO% H BbIZleJIeHNe ra3a ¢ pe3kuM samaxoMm (SO,),
3
00ecIIBeUnBAIOIIEer0 PAacTBOP (PyKCHUHA
Co 0 BbIZleIeHMe ra3a 0e3 samaxa (CO,),
3
o0ecIBeUnBaIOIIero N3BeCTKOBYIO BOIY
SO Ba2t o0pasoBaHue 6eJI0ro ocagkKa
4
3- o0pas3oBaHMe KeJITOro ocagKa
PO; Ag* p A

@0 2.5.2. lmpaponus conen

HexoTopsie cosin B BOOHBIX PACTBOPAX CIIOCOOHBI BCTYIIATh B PEAKIIUIO C BOJOM.
ITOT mpoIece MOJYUYUT Ha3BaHUE 2UOPOSUS.

rIIIApOﬂI/IS CONM — 3TO XMMUYecKoe B3aumogencTene conv ¢ BOAown, B pe3ynbTaTe KOTOo-
poro 06pa3yeTcu Manoamnccoymmpyoulee BelecTtso.

ITo cyTu, rugpoamns — 9TO peakIus oOMeHa MeyKIy COJIbIO M BOAOI, KOTOpPAas IPU-
BOJUT K Pa3JI0KEHUIO COJIH.

WsBecTHO, uTO BOZIA, XOTH U cJabo, HO BCE »Ke AUCCOIUUPYET:

H"+ OH = H,0.

Berymats B peakiuioo rufpojmsa ¢ BOAOI OYAYT Te COJIM, MOHBI KOTOPBIX MOTYT
cBaA3bIBaThcA ¢ momamu H' mau OH™.

Peakmusa rugpoJsinsa He IIPOXOAUT B PacTBOpPaX coJiei, 00pasoBaHHbBIX CLA00l Kuc-
J0moil u caabvim ocHosaHuem. IIpu B3auMomeicTBUM C BOIAOUM STU COJIM JIMOO BbIMNA-
IAloT B OCANOK, Ju0OO IIOJHOCTBIO pasjiaraioTCs, IIO3TOMY OHM MOTYT CYIIIEeCTBOBATH
TOJILKO B CyXOM BHIE:

Al,S, + H,0 = 2A1(OH),4 + 3H,ST.

B aTom ciiyuae TOBOPAT, YTO CYJIb(MUI aJTIOMUHUAS IIOJHOCTHIO IIPOPEATUPOBAJ C BO-
Io¥ (MU TOABEePrcsa Heobpamumomy 2udpoiusy).

T'ugponmns HeBO3MOKEH TaK:Ke B pacTBOpaxX coJieil, 00pasoBaHHBIX CUJLbHbLM OCHO-
8aHUemM W CUJbHOU KUCJLOMOIlL, TOCKOJbKY MOHBLI OTHUX COJIE He B3aMMOIENCTBYIOT
c nomamu H* 1 OH™. Cpema pacTBOPOB TAaKUX COJIell HelTpaabHAsLd.

T'ugponaus comm — peakius, Kak OpaBujIo, odopaTuMas. ¥YBejlHUYeHHEe CKOPOCTH
TUIPOJIN3a UOET MPU HarpeBaHWM U CUJIHLHOM pasbaBJIeHHWH pacTBOpa.

IIporecc oOpaTUMOTO TUAPOJAN3A IIPOUCXOIUT:

e B pacTBOpax coJieil, 00pasoOBAHHBIX CUJIbHbLM OCHOB8AHUeM (IEeJ0UBbI0) U CLaboll
kucaomoir (H,S, H,CO;, HCN, H,SO;, CH;COOH). Ecim ucxomHasa cosb obOpa-
30BaHA IBYXOCHOBHOII KHCJIOTOM, TO B XOJe THAPOJH3a obpasyeTca KHCJas COJb
U I1eJI0Ub:

Na,CO, + H,0 22 NaHCO, + NaOH;
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HonoM, ompenessioiiiM CpeAy PacTBOpa B 5TOM cCJydae, SABJISETCS TUIPOKCHU-
annou OH™. Takum oGpasom, cpela pacTBopa OyIeT uiesl0uHoll. ITOT BUML TUAPOIN3A
HA3BIBAETCA 2UOPOAUZOM NO AHUOHY.

Ecau mcxomHas comb oO0pasoBaHa OJHOOCHOBHOM KMCJIOTOM, TO B XOJe TUIPOJIMU3a
o0pasyroTcs Iejoub u caabasd KHcioTa:

KCN + H,0 2 KOH + HCN; CN™ +H,0 2 HCN + OH".

Cpema pacTBopa B 9TOM cJiyuae TaK:Ke OyIeT IeJIOUHOU, 9TO TOXKe TUAPOJIU3 TI0

AHIOHY;

e B pacTBOpax coJieil, 00pasoBaHHBLIX CJ1AObLM OCHOB8AHUem (HEPACTBOPUMBIM T'H-
IPOKCHUIOM MeTa/ljia WJIW aMMOHUA) u cuavhoit kucaomoii (HCl, HNO;, H,SO,,
HCIl0,, HBr, HI). B ca1yuyae MHOTOOCHOBHOT'O THAPOKCHUIA B Pe3yJIbTaTe TUIPOJIU3a
o0pasyeTcsa cUJIbHAA KMCJIO0TA U OCHOBHAS COJIb:

ZnCl, + H,0 & ZnOHCl + HCl;  Zn*" + H,0 = ZnOH"' + H".

B sTom ciayuae cpeny pactBopa omnpezesdeT noH Bogopona H'. Cpena pactBopa 0y-
neT Kucaoi. Takoi BUI M'UAPOJM3a HA3BIBAECTCA 2UOPOLUIOM 1O KAMUOHY.

B cayuae ecsiz B rUApOJIN3 BCTYIIaeT COJIb, O0pa3oBaHHAsA OJHOKUCJIOTHBIM CJIA0bIM
OCHOBAHMEM W CUJBHOUW KMCJIOTOI, TO 00pasyioTcs KHCJIOTa M MAJOPaCTBOPUMOE OC-
HOBaHUe:

NH,Cl + H,0 = HCl + NH, - H,0; NH! + H,0 = H' + NH, - H,0.

ITO TOMKe TUAPOJU3 II0 KAaTHOHY, Pe3yJIbTaTOM KOTOPOTO ABJAETCA KUCJIad cpeia
pacTBOpA.

ITockombpKy TMAPONN3 — peakIua obpaTuMas W DHAOTEPMUUECKAA, er0 CKOPOCTH
MOJYKHO YBEJWUUTHh HATPeBaHMEM PACTBOpa WMJIU yIajJeHHWeM IIPOAYKTOB THIAPOJIM3a
(pasbaBieHuEeM pacTBopa). VI Hao00pOT, 3aMeAJUT TUAPOJN3 OXJAKIEHUE pacTBOpa
WV YBeJIUUYeHUEe KOHIIEHTPAIIMY IIPOAYKTOB ruApoausa (IoAKUCIeHre PACTBOPA B CJIY-
yae THUAPOJIM3a 10 KATHOHY WJIMU IIOAINeJauylBaHue B CJAydae THIPOJIMU3A II0 aHUOHY).

ITouaTs Xom ruUApPOIN3a HEKOTOPBIX cojieil momosker Ttabda. 2.2 (c. 63).

B oprarmnyeckoil XuMum IpoOIeCC TUAPOIN3a UCIOIB3YIOT, HATPUMED, AJIA IOJTyUe-
HUA TEeXHUYECKOTO TUAPOJIM3HOTO CIUPTA M3 OTXOAO0B JAepPeBo0OpadaThIBAIOINENH HPO-
MBIIIIJIEHHOCTH (OMMJIOK), COAePIKAIIUX OOJBIIIOe KOJUYECTBO IIEJITI0JIO3bI:

(C,H,,0.), + nH,0—"*% 5nC.H,,O0,.
TJIIOKO3a

T'nox03y nepepabaThIBAIOT B CITUPT:

C,H,,0, — ¥, 9C,H,OH +2CO,T.

- 2.6. OKUCNINTENbHO-BOCCTAHOBUTEJIbHbIE peakuuu. Okucnutenb
N BOCCTAHOBUTENDb

OKNcNNTeNnbHO-BOCCTaHOBUTENbHbIE peakuun (OBP) — 3To peakuuw, nportekaiowuve
C U3MeHeHNeM cTeneHeln OKUCNeHUs 3/IeMeHTOB, o6pasylouux BewecTBa, yyacTBywwume
B peakuuu.
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Tabauua 2.2

PacTBOpMMOCTh THAPOKCHUAOB U COJICHl B BOJeE

oe}

'-SI

Q
|

=

[a—
|

Honn1
Agr
Al3
Ba?
Be*
Ca?*
Cdz
Co?
Crs+
Cs*
Cu?
Fe?
Fe3
Hg?*
Hg,*
K+
Li*
Mg?*
Mn?+
NH,*

CH,COO~| CN- CO§‘ NO; OH- Poi-

P - H

n

i
n
o
-

)

H

=

=]

-~

+l+ ||+ |

ol =i o B Rro B o I e 2 o B B o B =

el

Bl | +t|m T |Im|+|m|+]|R
T ||+ |E[E|BR|+|T|+|H

== I = R o B = = - B - R e
|

=]

T(H|E[(c|HE|(H|H|[8|H|D|H

+ I (T TR E |

el
|
o

== = =< o O =< A < =< I =< B = == N = == == I = - =+

Ni
Pb*
Rb*
Sn?
Sr2+
Tl*

Zn2+

=2 = = e B o B = R o B ol e
S+ +IB B+ R |H

)

-l LN - RNl -AL-NL-HL-HL-HL-NL-E N AL -EL -l -HL-N LB LA L-T L LR N R
-l - -l AL -NL-HL-HL-HL NN Nl -EL - -EL - - AL - L LN LR
=R = A o B o B - o R o B =B o T =< =< o T - I S = I B = B s = I I B = A s = 2 = I = B I I R o

ieBl LB <I I Lol kel Lol Lol ke LR Lol ReR Lol B Bl Rel el el Lol Ll Lol Lol Lol el Lol kel

el k-l LB LA LM LML LML LN LN LR -4 o)
TlHIB|IRIB|IRITID|ID|ID|Im || ||
ZTIT|IR|IE|IT BB (T E|E T |

g |lH"d s |d|d|0|+|H|H|[C|T
TIRIEICIB | ID I I

TR E|E|o|E| R

O6o03HaueHus: P — XOPOIIIO PACTBOPUMBINT, M — MaJOPACTBOPUMBIi, H — IPaKTH-
YeCKU HePaCTBOPUMBIN, + — IIOJHOCTHIO pearupyeT ¢ BOAOUM MM He OcasKIaeTcsa U3
BOJHOTO PacTBOpa, — — He CYIIeCTBYeT, ! — JaHHBIE 0 PACTBOPUMOCTU OTCYTCTBYIOT.
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Hamnpumep, Ipy MIPOMBIIIJIEHHOM IIOJYUYCHUN KeJie3a U3 PYIbl UCIIOJb3YIOT CIeny-
OIYI0 XMUMUYECKYIO PEaKI[HIO:

F,0; + 3CO = 2Fe + 3CO,T.

B xome sTOl peakIiuy HIPOMCXOAUT M3MEHEHNEe CTeIleHell OKHCJIIeHUS HEeKOTOPBIX
2JIEMEHTOB B COCTaBe PearupyiolinxX BeIllecTB:
BOCCTaHOBJIEHIE

+2 -2 +2+2 0 +4-2

FeO,+3CO = 2Fe + 3CO.
L

OKHUCJIeHUuEe

Won xkesesa ¢ HAYaJIbHOUM CTEIIEHBIO OKUCICHUS +2 B XOIe PeaKkI[uu IPUCOeTUHII
IBa 9JIEKTPOHA, IMPEBPATUBIIINCH B 3JIEKTPOHEHTPAJIbHEIN ATOM, TO €CTh BOCCTAHOBIJI-
cs. AToM yriiepoma ¢ HauaJIbHOU CTEIIeHbIO OKMCIEHUA +2 B X0JIe PeaKIlnU OTIaJ eIlfe
JIBa 5JIEKTPOHA W IIPUOOPEJI CTeIIeHb OKUCJIEHUS +4, TO €CTh OKMCJIMJICS:

0 +2
OKHCJIeHHe

+2 _ _ +4
Fe + 2e BOCCTAHOBJIEHHE Fe; C _ 2e C .

Tarkum o6pa30M, yrijepoa BBICTYIIMJI B KadYeCTBe s80occmaHosumedisa, a xKejae3o —
B KayeCTBEe OKucJumeJi. HOCJIe,Z[HI/Ie ABa YPaBHEHUSA HWJIJIIOCTPHUPYIOT MEXaHU3M
OKHMCJIEHUA-BOCCTAaHOBJIEHUA B X0/4€ XUMUYECKOU peaKIIuy U Ha3blBalOTCA 3JE€KMPOH-
HblMU YpABHEHUAMU.

BoccTtaHoBUTeNnn — 3TO 3/1IeMeHTbl B COCTaBe BelecTB VW BellecTBa, oTAalouume 3ekK-
TPOHDbI B X0 e OKNCNNTEJIbHO-BOCCTAHOBUTEJIbHbIX peaKqMﬁl.

BoccranoBurenu B X0oJe peaKIIu OKUCJAIOMCA.

OKncnuTenn — 3TO 3/1IeMEeHTbl B COCTaBe BellecTB NN BelecTBa, npyuHUMaoLwne 3nekK-
TPOHDbI B XO0A4e OKNCNINTEJIbHO-BOCCTAHOBUTEJIbHbIX peaqu‘il.

OKucauTe I B X0oOoe peaKIlM1 860CCmaHas/luearmcs.

I'Ipumepbl OKNCUINTENIbHO-BOCCTAHOBUTEJIbHDIX peaKuuﬁ:

1. Bce peakiiuu 3aMeIeHn.
2. Peaknum coeuHEHUA C YUACTHUEM XOTSA OBI OJHOTO IIPOCTOTO BEIeCTBa.
3. Peakmnum pasiokeHUA ¢ yUyacTHUeM XOTs ObI OJHOTO ITPOCTOTO BEIleCTBA.
B oxuciaumTenbHO-BOCCTAHOBUTEJIBHBIX pPeaKIMAX BCErma COOJI0omaeTcs npasuio
2JIeKMPOHHO020 OANLAHCA:

Yucno 3J1IEKTPOHOB, OTAAaBaeMbIX BOCCTAHOBUTEJNIEM, PaBHO YNCNY 3JIeKTPOHOB, NnoJjiy4va-
eMbIX oKuncnnTenem.

MeTon s7IeKTPOHHOTO 0ajlaHca MCIOJIL3YVIOT IPU PACCTAHOBKE CTEXMOMETPHUUECKUX
KO3()(pUITEHTOB B YPABHEHUAX OKUCJIUTEJIbLHO-BOCCTAHOBUTEJIbHBIX PEaKIINH.
Hanpumep, B x07ie peakKIuu 3aMeIlleHnsa aTOMaMM MeIW aTOMOB BOJOPOJA B a30T-
HOI KHCJIOTE:
+1 +5 -2 0 +2 +5-2 +2 -1 +1 -2

HNO, + Cu——Cu(NO,), + NO + H,0.



He}co'ropble aTOMBbI U3SMEHAIOT CBOU CTEIIEHN OKMCJIEHUA:
+5 0 +2 +2

HNO, + Cu——> Cu(NO,), + NO + H,0.

AJIeKTPOHHBIE YPABHEHUSA MAHHON PEAKIMHU BBITJIAAAT CIEAYIONIIM 00pasoM:

+5 +2 +2
OKUucJjieHue

N + 3E BOCCTaAHOBJIEHUE N ; Cou _ 25 Cu .

s Toro uTtoObl OBLIO COOJIOEHO IIPABUJIO SJIEKTPOHHOTO OajaHca, YKUCJIO OT-
AAaHHBIX U IIPUCOECAMHEHHBIX 3JIEKTPOHOB AOJIMHO 6BITB OJMHAKOBBIM. ypaBHHeM ATU
ypcJia: HalieM HauMeHbIlee o0Iee KPATHOE YMCJa JJIeKTPOHOB, OTHAHHBLIX MeIbIO
1 IIPUHATBIX a30TOM, 1 pacCuuTaeM KOB(I)(I)I/IU;I/IGHTBI AJId Mean 11 a3oTa. HanmeHLmee
ob1ree kpatHoe paBHO 6. KosduimenT aaa asora — 2, Aad Megm — 3.

+5 +2
N + 36 BOCCTAaHOBJIEHIIE N 2

+2 3
OKHCJIeHUe

0
Cu-2¢e ——=—Cu
Haiinennsie Koa(hpUIIMEHTHI CTABUM II€pel COOTBETCTBYIOIIUMU (hopMyJIaMu
B IPABOM UYACTU YPABHEHUS:

HNO, + Cu — 3Cu(NOy), + 2NO + H,0.

YpaBHUBaEeM JIEBYIO U IIPABYIO YaCTU YPABHEHU:
8HNO; + 3Cu — 3Cu(NOs;), + 2NO + 4H,0.

IIpoBepuTh NPaBUIBHOCTL PACCTAHOBKM CTEXHMOMETPUUYECKUX KO03(h(GUIINEHTOB
yIOoOHO, IIOJCUYMTAB YMCJIO aTOMOB KHCJIOPOAA A0 U IIOCje peaKInu. B maHHOM ypas-
HeHUU UX YucJo paBHO 24. CTpeslKy B YpaBHEHUU PeaKIIUU MOYKHO 3aMEHHUTH Ha 3HAK
paBeHCTBa:

8HNO; + 3Cu = 3Cu(NO,), + 2NO + 4H,0.
CUMbHBIMY BOCCTAHOBUTEJNSMU B XMMUUYECKUX PEAKIIUAX SABJIAIOTCA MeTaJabl, H,,
CoO, C, H,S, NH;.
CunbHBIMU OKHUCIUTENAME ABIAITCA rajoreHsl, Oy, Oz, HySO 4 0m )y HNO3 oy -

HOC.He,I(HI/Ie ABE€ KUCJIOTBI CIIOCOOHBI Aaxe BSaHMOI[eﬁCTBOBaTB C MeTajsljiaMu, CTOfA-
MMM B BBITECHUTEJBHOM PAAY IIpaBee BOAOPOJa, OKMNCJIAA MNX.

TpeHNpoBOUHbIe TeCTOBble 3afaHnA K pasgeny 2

Yactb 1

ITpu BRITOIHEHUU 3aJaHUI ¢ BEIOOPOM OTBeTa 00BeIHTE KPY:KKOM HOMEDP
IPaBUJLHOIO OTBETA.

Al. BI:I6epI/ITe YTBEPKIAEHUE, KOTOPOE oIIpenessaeT MaCCOBYIO YaCTh PaCTBOPEHHOI'O BEIlle-
CTBa B PaCcTBOpPe KaK OTHOIIIEHME:

1) maccel pacTBOpa K ero o0bemMy

2) Macchl pacCTBOPEHHOIO BeIllecTBa K Macce pacTBopa

3) Macchl pacTBopa K Macce PacTBOPEHHOTO BeIllecTBa

4) Mmacchl PaCTBOPEHHOTO BeIlleCTBa K MacCe PacTBOPUTEJA
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A2,

A3.

Ad.

A5.

AG6.

AT7.

AS8.

A9.

A10.

All.

A12.

A13.

Al4.

A15.

VEKaxunuTe cxeMy peakIiini, B KOTOPOM o0pasyeTcsa razoobpasHoe BeIecTBO.

1) Mg(OH), + HCI —> 3) CH,COONa + H,S0, —>

2) NaOH + H,S0, — 4) Na,S + HCl —

YKaxuTe, MEXIy KaKUMHI IIapaMHi BeIeCTB IPOXOAUT PeaKIlis HenTpaanusalun.
1) HCl u NaOH 3) NaOH u NaHCO,

2) H,SO, u CaCl, 4) HNO, u Ca

Omnpenmenure mapy MOHOB, KOTOpPbIe OYIyT HAaXOAUTHCA B PAcTBOpPE B HAaMMEHBIIIEH
KOHIIEHTPAI[UU.

1) 3Na* u PO} 2) NH, u Cl 3) 3Ba* u 2PO%" 4) 2K* u SO
VraKuTe cxeMy peakIliu MOHHOTO OOMeHa B BOJAHOM PAcTBOpe, B pe3yJbTaTe KOTO-

poii obpasyeTcs caadbIil 9JIeKTPOauT (Boma).
1) K,CO; + HNO; —» 2) CaCl, + H,PO, » 3) CuSO,+ NaOH — 4) Ca(OH),+ HC] —

BribepuTe T XMMHUUYECKO# CBSA3UM B COEAMHEHUAX, KOTOPhbIe IMEIOT B BOJIe BEICOKYIO
PacTBOPUMOCTD.

1) noHHadA ¥ TOJIAPHAA KOBaJeHTHAA 3) MeTaImUecKass
2) HemloJIAPHAS U IOJISIPHASA KOBAJIEHTHBIE 4) MOHHAA W HEIOJIIPHAsd KOBaJIeHTHAA

VEKaKure cxemy peakIui, B KOTOPOU BOJOPOJ B3aMMOIEHCTBYEeT KaK OKMCJIUTEIb.

. t° t° t°
1) Li+H, — 2) N,+H, — 3) F, +H, — 4) O, +H, —
BribepuTe xapaKTepuCTUKY, KOTOPas OTJIMYAET PACTBOPHI OT MEXAHUUECKUX CMECcei.

1) mepeMeHHBI# cOCTaB

2) BOBMOKHOCTH BBIJIEJI€HUS KOMIIOHEHTOB (hUBWUYECKUMU METOJZAMU
3) TemIoBo# 3(deKT mpu 00paszoBaHUN

4) arperaTHOe COCTOSHUE

BI:I6epI/ITe YpaBHE€HUNE pPEAKIIN, KOTOPOE€ OTHOCUTCA K pPEeaKIINM COeAJNHEHMA.
1) 2H, + 0, = 2H,0 3) 2ZnS + 30, = 2Zn0 + 2S0,
2) H,SO, + 2KOH = K,S0, + 2H,0 4) 2HI = H, + I,

BribepuTe mapy peareHTOB, KOTOpPbIe B3aWMOAEHCTBYIOT 1O OKHUCIUTEIbHO-BOCCTAHO-
BUTEJIbHBIM MEXAHU3MaM.

1) KucyoTa u IeJoYb 3) OCHOBHBIN OKCHUJ U KUCJIOTA
2) HepacTBOPUMBII TMAPOKCYU U KUCJoTa  4) MeTaJlsl M KUCJI0Ta

VEKaKnTe XUMUYECKYI0 PeaKkIinio, IPoTeKaHne KOTOPOli HEBO3MOIKHO.
1) Na,S0O, + KCl - 2) MgCl,+ KOH —» 3) FeSO,+ Cu — 4) Na,CO4 + Si0, —

VEKaXuTe MPOAYKT PeakIiuy MEeKIY TMAPOKCUAOM KaJbIlUA U YIJIEKUCILIM I'a30M.
1) rugpoxapboHaT KaabIusa 3) Kapbum KaJabIus

2) yroabHas KHCJIOTa 4) rapOoHAT KaJabIINA

Kaxue crenmenu OKHCIEHUSA HIPOABJIIET B PeaKIUAX BOIOPOL?

1) +2 u -1 2)-1u+1 3) -2mu+1 4) -2 u +2
VEKaxunuTe pAfg BeIecTB, KOTOPHIE QUCCOIIMUPYIOT B BOJHOM PACTBOPE.

1) HNO,, CO,, H,0 3) SO,;, NaCl, HNO;,

2) NaOH, K,SO,, HCI 4) CaCl,, KOH, N,

VEKaxunuTe mapy MOHOB, KOTOPbIe IPUHUMAIOT YUACTHE B PEAKIINU MEXIY PacTBOPAMU
TUAPOKCULA KAJNTUSI U CEPHON KUCJIOTHI.

1) Kt u OH" 3) 2H' u SO7

2) H" u OH 4) 2K* u SO,



A16. OnpegennTe NOHBI, KOTOPhIe 00PA3yIOTCS IIPU AUCCOIMAIIMYN B BOJHOM PACTBOPE CYJIb-
daTa aMMOHUA.

1) 2NH, u SO 2) NH; u SO 3) 2NH; u 280 4) NH; u 2S0%
Al7. YKakuTe cxeMy MOJIEKYJISPHOM peaKIU, KOTOPas COOTBETCTBYeT MOHHOMY ypaBHe-

muio 2H + S* = H,S.

1) 2HCl + Na,S —+ 2) H,S+ 2NaOH —» 3) 2NaOH + FeS —» 4) 2KCl + Na,S —»

A18. Yxkaxure psag rajJioreHOB, B KOTOPOM CHHIKAETCSA UX CTEIleHb OKHUCJIeHU.

1) CL,0,, Cl0,, Br,0 3) Br,0, F,0, ClO,
2) CL,0,, Br,0, CLO0 4) Br,0, Cl0,, CL,0,

A19. BeibepuTe yTBepKIeHIIE€ OTHOCUTEIBHO PEaKIINU

Cu + HNO, — Cu(NO,), + NO + H,0.

1) asoT orucisercs 3) asoT IpUHUMAET JBa dJIEKTPOHA
2) Meb BOCCTaHABIUBAETCA 4) a30T BOCCTaHABJIWBAETCS

A20. BeibepuTe cxeMy IpeBpallleH’s, OMUCHIBAIOIIYIO IPOIECC OKMCIeHUA.
1) KMnO, -» MnO, 2) H,PO, —» PH; 3) HC10 — HCI 4) CO —» CO,

YacTtb 2

W3 npennoxeHHOro mepeuHs OTBETOB BLIOEPUTE ABA IIPABUJILHBIX WM 00BEIUTE UX
HOMeDa.

IIudpbl BEIOPAHHBLIX OTBETOB 3aIUINNTE B YKA3aHHOM MecTe 0e3 MTOIOJHUTEeIbLHBIX
CUMBOJIOB.

B1l. Bribepure peakKIiiuu, B pe3yJbTaTe KOTOPBIX MOKHO MOJIYUYUTEH cyabdaTr menu (II).
1) CuO + S0, — 4) Cu,0 + H,S0, —»
2) Cu(OH), + SO; —> 5) Cu + H,S0; —>
3) Cu + Hy80 40y —

OrBer:

B2. Vrkaxure ABJIIeHMUsI, KOTOPbLIe HAOJIIOLAIOTCA MPU AOOABJIEHUU IIEJOYM K BOJHOMY
PacTBOPY XJOPUAA ATIOMUHUA.

1) obpasyeTcst CTYZIEeHUCTOE BEII[eCTBO

2) obpasyeTcsa coefuUHEeHNe CUHEro IipeTa

3) BbIfieNIAeTCA 3HAUNTEIbHOE KOJUUYECTBO TeILIa
4) BBIIEJIAETCSA Tas

5) obpasyercs »KeJIThIH 0CATOK

OrBer:

B3. Bribepure ypaBHEHUS peaKINil, KOTOPbIE MPOUCXOMAT IIPU OOBIUHBIX YCIOBUAX.

1) Cu+H,0 — 4) Zn + H,0 —
2) Ca + HCl — 5) Ag + 0, —>
3) Fe + H,S0,us) =

OTBer:
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B4. FKaxue QpyHKIMOHAJIBLHBIE TPYIIIBEI BXOIAT B COCTAB TJIIOKO3BI:
1) xapbokcunbHadA 2) TUAPOKCUIbHAA 3) OKCOTPYIIIa 4) amMmuHOTrpyIIIa
5) anpmerugHas

OrBer: .

B5. Kaxwue KauecTBeHHBIE PeaKIIMM XapaKTEPHBI I 0€JIKOB?

1) obecriBeunBaHMe OPOMHOM BOIBI 4) cMeHa OKpacKu MHIMKaTOpa
2) KCaHTOIIPOTEeNHOBAS 5) buyperoBas
3) peakus cepeOpPAHOTO 3epKaja

Orser: .

B6. OmpegenuTe BelllecTBa, KOTOPhbIe 00Pa3yIOTCA IPU CINPTOBOM OPOKEHUU TJIIOKO3EI.
1) yroekucablii ra3 2) METUJIOBBIN COUPT  3) STUJIOBBIN cOUPT 4) KUCJIOPO
5) BOIOPON

OrBerT: .

B7. Kaxwue oprammyecKue BelllecTBa BCTYIAIOT B PeaKIINio saTepuduKraum?

1) KapOOHOBBIE KUCJIOTHI 4) anboerumbl
2) mpegeabHbIE YII€BOLOPOIbI 5) HempeebHBIE YIJIEBOLOPOLIEI
3) coupTHI

K xaskmomy sj1eMeHTY IIepBOTO CTOJIOIA ITON0EePUTE COOTBETCTBYIOIINI 3JI€MEHT
U3 BTOPOTO cTOJ0IIa. BhiOpaHHbIe MU(PHI 3ATMUIINTE IO COOTBETCTBYIOIIUMU
oykBamu Tabsuibl. [{ludpsl B OTBETE MOTYT IOBTOPATHCA.

B8. VYcraHoBHUTE COOTBETCTBHE PACTBOPEHHOTO BEI[ECTBA U €r'0 XapaKTePUCTUKU B BOJHOM

pacTBope.
BemecTBo XapaKTepucTrKa BeIecTBa B BOJHOM PacTBOPe
A) xjopun HaTpuA 1) ciabbIil 3JI€KTPOJIUT
B) yxcycuasa Kucaora 2) CUNBbHBIN 9JIEKTPOJIUT
B) oprodochopraa Kueaora 3) 5JEeKTPOJUT CpeaHell CUJIBI
4) He’JIEeKTPOJIUT
OrBer: A b B

B9. VYcraHoBuTE COOTBETCTBME MEKIY YPABHEHUAMN XUMUUYECKUX PeaKIUi U UX TUIIAMMH.

XyuMHuuYecKre CoeIHeHI I Tumner peaxiuia
A) 2Fe(OH); = Fe,05 + 3H,O0 1) obmena
B) CuSO, + 2NaOH = 2) coeguHEHUS
= Cu(OH),4 + Na,S0, 3) samelneHus
B) MgO + SO3 = MgS0O, 4) pasaoxeHUus
OrBer: A b B
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B10. YcraHoBUTE COOTBETCTBUE MEKIY HA3BAHUSIMU SJIEKTPOJUTOB U MOHAMU, Ha KOTOPLIE
OHU AUCCOIIMUPYIOT B BOAHBIX PAacTBOpPAax.

HNonpr

1) 2Fe* u 3S0.
2) Ba%* u 20H"
3) H" u CI”

4) Fe* u SO¥

AJIeKTPOJIUTHI

A) cynappur xemesa (I1I)
B) rugpoxcun 6apus
B) coxsmrasa KuciaoTa

OrBer: A B B

B11. YcraHOBUTE COOTBETCTBHE MEXKAY MCXOMAHBIMU BeIleCTBAMU U MPOAYKTAMHU XUMIUe-
CKOI peaKIuu.

IIponykTel peaknuu

1) CaO + 0,7

2) CaCl, + H,0

3) CaCl, + Zn(OH),
4) Ca(OH),+ H,T

Cxema peaxiiuu
A) Ca(OH), + ZnCl, —>
B) Ca+H,0 —»
B) CaO + HCI —»

OrBer: A b B

B12. YcramoBuTe COOTBETCTBUME MEMKIY CXEMaMU OKMCIUTEILHO-BOCCTAHOBUTENBHBIX PEAKITHUI
W YUCJIOM 3JIEKTPOHOB, KOTOPhIe IIPMHUMAIOT yUYacTUe B 3TUX ITPEeBpaIlleHUAX.

XuMHnuecKue coeTuHEeHNs Yucjo 3JIeKTPOHOB

+6 3+ 1) 5
A) Cr > Cr 2) 3
B) Mn — M 3) 7

n— n

+4 6+ 4) 2
B) S>> S
Orsetr A B B

B13. YcraHOBUTE COOTBETCTBUE MEKIY YPABHEHUSAMHU XUMUYECKUX PEAKIIUH U UX TUIIAMHU.

Peaxnun Tumnsl peakumi
A) ZnO + 2HC] — ZnCl, + H,0O 1) pasioskeHUs
B) 2NaNO, = 2NaNO, + 0,1 2) samerneHuA
B) Fe,O;+ H, = 2Fe + 3H,0 3) obmeHa
4) coeguHEHUS

Orser: A B B
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Bl4. YcranoBUTE COOTBETCTBME MEXKAY XUMHUUYECKUMHU (POPMYJIAMU M KJIaCCAMU OpPraHude-
CKUX COeIUHEeHMUI.

®dopmyasl coeguHEHNIT Kaaccer coenunenui
A) CH;—COOH 1) HempemeJbHBIE YIJIEBOJOPOIBI
B) CH;—CH,—CHj, 2) cnupThI
B) CH,=CH—CH, 3) mpenenbHBIE YIJIEBOAOPOIBI
4) rKapOOHOBBIE KMCJIOTHI

Orser: A b B

B15. YcraHoBuTe COOTBETCTBUE MEKAY (POPMyJIaMu cojieil M Ha3BaHUSAMU UX aHUOHOB.

®dopmyasl coseit HaszBanus aHuOHOB
A) K;P 1) docdar
B) KH,PO, 2) ruapodocdar
B) K,HPO, 3) murugpodocdar
4) docdun
OrBer: A b B
Yactb 3

s oTBETOB Ha 3allaHUA UCHOJL3YUTE OTAEJbHBLIN JUCT. 3alUIINTEe CHAYAIA
HOMep 3aJaHus, a 3aTeM Pas3BEepPHYTHIII OTBET K HEMY.

Cl1. [Jama cxema mpeBpallleHUH:
o
Cu — CuSO, — X —CuO.

Hamnuiure MOJIeKYJAAPHBIE YPAaBHEHUSA PeaKInil, ¢ MOMOIILI0 KOTOPHIX MOKHO OCY-
IeCTBUTh YKasaHHbIe MIpeBpaleHus. [[Jaa BTOpPOro mpeBpalleHus COCTaBbTE COKpa-
IeHHOe MOHHOE YpaBHEHNEe PeaKI[nU.

C2. Kakasa macca OKcHAA KaJbIUA IIOTPeOyeTcA AJA MOJYUYEHUS THIPOKCHUIA KaJIbI[U
maccoir 37 r?

C3. B Tpex MpOHYMEPOBAHHBIX MMPOOMPKAX 0€3 AITUKETOK HAXOAATCS PACTBOPBI COJIAHON
M a30THOI KHCJIOT, a TaKyKe pacTBOp HuTpara O0apus. C IMOMOIIbI0 KaKMX XUMHIUe-
CKHUX PeaKIlnii MOXXHO PACIIO3HATDH 9TU BelmecTBa?

CocTaBbTe IJIaH paboOTHI U COOTBETCTBYIOINE YPABHEHUS PeakIiiii B MOHHO-MOJEKY-
JAPHOU (hopme.



s, JnemMmeHTapHble OCHOBbl HeOpraHN4YecKomn
xumum. MNMpeacraBneHna o6 opraHNYeCcKNx
BellecTBax

3HaTb: « XUMWYECKYD CUMBOMUKY: GOPMYSibl HEOPraHUYECKNX Y OPraHNYeCcKnX BELLECTB PasfMYHbIX

K/laccos;

+  BaxHerLWwwme XMmmnyeckrie NOHATUA: MeTabl, HeMeTaslbl, XMMMUYeCKne CBOMCTBA MPOCTbIX Be-
LLeCTB: METasIOB 1 HEMETaJI0B, XMMUYECKNe CBOMCTBA OCHOBHbIX KNAacCOB HEOPraHNYeCKUX
COeAVHEHWI, NPUHLUMbI CTPOEHMA U CBONCTBA OCHOBHbIX KNaCcCOB OPraHNYeCcKnX CoefuHe-
HUIA, PYHKLMOHanbHasA rpynna;

+  CMbIC/1 OCHOBHbIX 3aKOHOB 1 TEOPUI XUMUW: PAL HaNpPs»KeHUA MeTaNIoB, PAL 3NeKTPooTpu-
LaTeNIbHOCTU, FeHeTUYeCcKas CBA3b HeOPraHMYeCKNX COeMHEHUN, reHeTuYecKkasa CBA3b opra-
HUYECKNX COeIVIHEHWI, reHEeTUYECKNe PAfbl, TEOPUA CTPOEHMA OPraHNYECKUX COefVHEHUI
A. M. byTtneposa.

YmeTb: + Ha3blBaTb COeAMHEHUA N3YUYEHHbIX K/TACCOB HEOPraHMYECKNX BELLECTB;

+ Ha3blBaTb OpraHMyecKne BelecTsa no nx Gopmyne: MeTaH, 3TaH, STUEH, aLeTUIIeH, MeTaHoN,
3TaHON, IMULEPUH, YKCYCHaA KNCIOTa, MTHKO3a, Caxapo3a;

+  XapaKTepu3oBaTb XMMUYECKUE 31eMeHTbl (OT BOAOPOAA A0 KanbLMsA) HA OCHOBE UX MOJIOXe-
HUA B Meproanueckon cucteme Xummueckunx snemeHtos [. I. MeHpgeneeBa n ocobeHHocCTelN
CTPOEHUS NX aTOMOB;

+ XapaKTepu3oBaTb B3aMIMOCBA3b MEXAY COCTaBOM, CTPOEHMEM 1 CBOMCTBAMM HEOPraHMYEeCKNX
BELLECTB;

+  XapaKTepu3oBaTb XMMUYECKME CBOMCTBA OCHOBHbIX KNTACCOB HEOPraHNYeCKNX BELLECTB (OKCU-
0B, KUCNTOT, OCHOBAHUM 1 CONnen);

+  OMUCbIBaTb B3aMMOCBA3b MeX/Y COCTaBOM, CTPOEHUEM 1 CBONCTBaMU OTAENbHbIX NPeACcTaBu-
Tenen opraHNYecKnx BeLecTs;

« onpeaenAaTb BO3MOXHOCTb NPOTEKAHNA PeaKL M HEKOTOPbIX NpeAcTaBUTeNiell OpraHNYeckmnx
BELLEeCTB: C KNC/IOPOAOM, BOAOPOAOM, MeTalaMu, BO4OM, OCHOBAHUAMMU, KAC/TOTaMK, CONAMM.

O 3.1. Xumnueckue cBoiicTBa NPOoCTbIX BellecTs
)

3.1.1. Xumnuyeckne cBONCTBA NpPoCTbIX BewecTB — MeTa/uioB:
LWeJIOYHDbIX N We/IoYHO3eMeJibHbIX MeTalJioB, aJlloMNHNA,
Kene3a

LllenoyHble meTannbi

IlemouHbIME MeTaJLJIaMHU Ha3bIBAIOT 9JIEMEHTEI TJIABHOM MOATPYIILI I IPyIObI IIe-
puonuuecKkoi cucreMbl dyueMeHToB: jgutuii (Li), Harpuit (Na), kamuii (K), pybugmii
(Rb), meswuit (Cs), ppaunuii (Fr) (peagxuii pagroaKTUBHBIN 9JI€MEHT).

Bce aTH 31 MEHTHI MMEIOT OAMHAKOBOE CTPOEHVE BHEIITHETO 9HEPTeTUYECKOTO YPOB-
Hs: Ha HEeM PACIIOJIOKeH TOJILKO OJUH JJIEKTPOH, II03TOMY IIEJIOUHbIe METAJLIbI JIETKO
OTHAIOT CBOUM BAJIEHTHBIM 9JIEKTPOH MJA 00pasoBaHUsS XUMHYECKHX cBaA3el. CTemeHb

3 Xmeawecoicmampocuxsewecs Tl
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OKHCJIEHUA IEJIOYHBIX METAJJIOB B COeIMHEHUAX Bceraa +1. Pagmycsl aToMOB 11e104-
HBIX MeTaJIoB yBesqmumBapTca or Li K Cs, ciaemoBaTenbHO, ¥ BOCCTAHOBUTEJILHBIE
CBOICTBA sApue Bcero mposasisaioTesa y Cs.

Y mIesIOUHBIX METAJIJIOB HauboJiee SIPKO BBIPAKEHBI MemaJduiecKue ceolicmea
(M B ypaBHEHUAX peakiuii — oblee 0003HAUEHUE METAJLJIOB):
1. AKTUBHO B3aMMOJE€HICTBYIOT MPAKTUUECKN CO BCEMHU HEMeTaJIJIaMu:

0 0 +1 -1 0 0 +1 -1 0 0 1 -2
2M+ H: =2MH; 2M+Cl: =2MCI; 2M+S=M:S.
\?T TUIPUL lTT XJIOPUL, lTT cynbhu
e e e

2. Topar Ha Bo3ayxe (B3auMofeiicTBHE ¢ KMCIOPOAoM) ¢ obpasoBanueM okcumos (Li),
neporcugoB (Na) u magnepoxcuznos (K, Rb, Cs):

0 0 +1 -1 0 0 +1 -2 0 0 +1-1/2
2Na+ Oz = Naz Og; 4Li+ Oz =2Li2 O; K+02=K02.
55 MIEePOKCH/ HATPUS s OKCH[I, IUTUS _ HAJIIePOKCU KaJus
e e

3. AKTHUBHO B3aMMO/Ie/ICTBYIOT ¢ BOJOM, BBITECHSAA 13 Hee BOAOPOM M 00pasys IIeJIOUN:

0 +1 +1 0
2M+2HOH =2MOH + H:T.
Lt
2e
ITpu sToM Bce IIeJIOUHBIE MeTAJJbl C BOAOM pearupyioT OYpPHO, CO B3pbIBOM. Mc-
KJIIOYEeHunue — JII/ITI/IfI, pearnmmnud KOTOPOTo C BO,Z[OfI IIPOUCXOOUT CHOKOfIHO.

4. BypHO pearupyioT ¢ KHCIOTAMHM, YacTO C BOCILJIaMeHeHUeM UJKU CO B3PLIBOM:
4:M + HzSO4(pa36') = 2M2SO4 + HzT; 8M + 5H2SO4(KOHLL.) = 4M2$O4 + HZST + 4H20-

5. BBITeCHAIOT Apyrue MeTAJJIbl U3 UX OKCUIOB IIPW HATPEBAHUU:
4M + TiO, = 2M,0 + Ti.
6. PacTBOpAIOTCA B JKMIKOM aMMHAKe U B €er0 ITPOU3BOIHBIX (aMMWHAX, aMUAAX):
2M + 2NH, = 2MNH, + H,T.

ITockoNbKY IIeJIOUHBIE MeTaJLIbI 00JaJAal0T BBICOKONM XUMHUYECKON AaKTHUBHOCTBIO,
B CBOOOJHOM BHJE B IIPUPOE OHU HE BCTPEUAoTCA. B CHIy BBICOKON AKTHUBHOCTHU STU
MeTaJLJIbl XPaHAT MO CJI0EM KepOCHHAa, Ba3eJIMHOBOTO MAacJja MJIX B 3allasdHHBIX COCYIaxX.

lLlenoyHo3emenbHble MeTabl

Bepunnuit (Be), marauii (Mg) u miesouHoseMeJabHbIe MeTasabl (Kaabiiuii (Ca),
crpounuii (Sr), 6apuii (Ba) u paguii (Ra)) — sjmeMeHTHI IIaBHOU moarpynns! 11 rpyn-
MBI IEPUOIUUYECKON CHUCTEMBI.

Ha BHelltHeM sHEpPreTUUYECKOM YPOBHE Yy 3TUX MEeTAJIJIOB HAXOAATCS ABa 3JIEKTPOHA,
KOTOpbI€ OHU CIIOCOOHBI JIETKO OTIaBaTh, BCTylIas B XUMUUYECKHE B3aWMOAEHCTBUA.
Taxum o0pasoM, 5TH MeTaJJabl 00JaJal0T CUJILHBIMI BOCCTAHOBUTEJIBLHBIMH CBOIICTBA-
MU, IPOABJIAA B COEINHEHUAX CTENeHb OKucaeHuA +2. C yBelInueHrueM IOPSITKOBOTO
HOMeEpa CBepxXy BHU3 B IOATPYIINE YBeJIUUYMWBAETCS PAIUyC aTOMOB, CJIeI0BAaTeJIbHO,
o0Jseruaercss OTAadva BAJIEHTHBIX 9JIEKTPOHOB [IJIs1 O0pas3soBaHUA XHUMHUUYECKUX CBdA-
3eii — BOCCTAHOBUTEJbHBIE CBOMCTBA YCUJIUBAIOTCS.

XHuMHUUecKkue CBOMCTBA:

1. T'opar Ha Bo3ayxe (B3auMozeiicTBUE ¢ KHCIOPOAOM) ¢ 00pasoBaHUEM OKCHUIOB:
+2 -2

0o 0
M+0: =2MO.
ﬂTT

e



Peakinusa ropeHus MarHus COIPOBOKIAETCSA BBIAEJEHHEM OOJIBIION0 KOJUYECTBA
SHEPIrUl, B TOM UHCJE CBETOBOH (OC/IenuTeJbHAas BCIBIIIKA).
2. B3auMoIeliCTBYIOT ¢ HEMeTAJJIaMH IIPM HAarPeBaHUHU: C BOZOPOAOM — C 00pas3oBa-
HUeM 2udpudos, ¢ XJIOpoM — C¢ 00pasoBaHUEM XJI0pudos, ¢ cepoii — ¢ 00pa3oBaHU-

eM cyav@udos, ¢ azoToM — ¢ 00pasoBaHUEM HUMPUOO0S8:
0 0 +2 -1 0 +2 -1 0 0 +2 -2 0 0 +2 -3

0
M+ H: = M Hs; M+ Cl: = M Clg; M+S=MS; 3M+ N2 = Ms No.
Lt (I Lt Lt
2e 2e 2e 6e
3. BaumomeicTBYIOT ¢ BOOOM IPU HOPMAJBHBIX YCJIOBUAX, 00pasys MaJopacTBOpPU-
mble (Ca, Sr) u pactBopumblie (Ba) ocHOBaHuA; OEPUJIIUNA U MArHUN PearupyioT
C BOJO¥ Ipu HarpeBaHUU:
0 +1 +2 0 0 +1 +2 0
Ca+2H,0 = Ca(OH), + H, T; Mg + 2H,0 = Mg(OH), + H,T.

4. B3anMogeHCTBYIOT ¢ KHCJIOTAMM:
+2 45 -3

0 +1 +2 0 0 +5 +5
Ca+2HCl=CaCl, +H,T;  4Ca+10HNO, . =4Ca(NO,), + NH,NO, +3H,0.

PasbaBienHas a3zoTHas KUCJI0TA B PeaKIIUIo ¢ OepujaneM He BCTYIIaeT — OHAa ero

VUHAKTHUBUPYET.
5. BzauMomecTBYIOT ¢ OKCHUAAMH METAJIOB. AJTIOMUHUNA, MATHUNA U KAJBIIUHA CIIO-
COOHBI BOCCTAHABJIMBATL PEAKNE METAJJILl — HHUOOWM, TaHTaJ, MOJUOIEH, BOJb-

dpam, TUTaAH U Jpyrue U3 UX OKCUIOB:
0 +4 +1 0 0 +5 +2 0
2Mg + TiO, = 2Mg O + Ti; 5Ca+V,0, =5Ca0 + 2V.
9TH peaKIuU ABJIAIOTCA 9K30T€PMUUYECKUMHU, [I09TOMY TaKKe CIIOCOOBI IOTyIeHU
MeTaJlJIOB Ha3bIBAIOT MAZHUUMepMUel 1 Kalbyuiimepmuell.
Bepunnuii cioco6eH TPOABIATE amM@pomepHble C80illcmEa — pearnpoBaTh C BOIHBI-
MU pacTBOpPaMU W pacIljiaBaMu Imesodeil. Peakniua ¢ BOGZHBIMY pacTBOPaMM IIleJIoUei

IIpOTeKaeT ¢ 00pasoBaHUEM COJiell — 2u0pPOKCOOepuLIaAmOos:
0

0 +1 +1 +2
Be + 2NaOH + 2H,0 = Na, [Be(OH), |+ H,T;

Couix 1OZOOHOT'0 cocTaBa Ha3LIBAIOT KOMNJIEKCHLLMU.
B pesyinTaTe BzauMomeicTBUA OePUJLINS C paciljiaBaMU IleJoueil oopasyioTes Ju-

oKcobepunniamal:
+1 +2 0

0
Be + 2NaOH = Na, BeO, + H, T;

Il emouHO3eMeNbHBIE METAJJILI ABJSIOTCA BeCbMa aKTUBHBIMU METAJJIaMHU, ITO9TO-
My UX XPaHAT TaK Ke, KaK U IMeJOYHbIe (IIoJ CJI0eM KEePOCHHA, Ba3eJIMHOBOTO MacJa
WJIY B 3alladHHBIX COCYIaX).

AntoMmuHmin

Anomununii (Al) — smemenT ryasHoi moarpynnbl III rpynmnsl mepuoguueckoil cu-
crembl [I. 1. MenneneeBa. OH HaXOAUTCA B 3-M IIepuoe.
AeKTpoHHAs (OPMYJia ATIOMUHUA:

i

NN TR
NE HEEN
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Ha BHeIltHeM 5HepreTMuecKoOM YPOBHE V ATOMAa COAEPIKATCA TPU dJIEKTPOHA, KOTOPhIe
OH JIETKO OTHAeT AJiA o0pasoBaHUA XUMHUUYeCKUX CBsaseil. [IoCKOJIbKY alloMUHUI Ha-
XOOUTCA B 3-M IIepUOJie, MEKIY BAJIEHTHLIMHU 3JEKTPOHAMU M SAPOM MOSBJIAETCA IIPO-
MEXKYTOUHBIA 3aIl0JHEHHBIN 3JIeKTPOHHEIN cioit (25?2p%), KoTOphIl ociabiaseT cBA3U
BaJIGHTHBIX 3JIEKTPOHOB C AApOoM. B pesyjbTaTe TaKOTO CTPOEHUS aJTIOMUHUNA 00JagaeT
MOCTATOYHO CUJbHBIMH METAJLJINUYECKUMU (BOCCTAHOBUTEILHBIMI) CBOWMCTBAMHU, B OT-
Juumre oT 00pa, KOTOPBIH PACIOJIOMKeH BO 2-M IIepHOJe B TOM jKe IOATPYIIe W I'PYIIIe,
YTO U AJIOMUHUIN, HO B COeIUHEHUAX ITPOABJIAET HEMEeTAINUYeCKre CBOMCTBA.

IToutu BO BcexX CBOMX COEIMHEHUAX AJIOMHHHI HMeEEeT CTelleHb OKMCJIeHUSA +3.
Merannmnueckas aKTHUBHOCTH AJIOMUHUS BBICOKA, IIO9TOMY B BBITECHUTEJIBHOM PAIY
METAJIJIOB OH CTOUT CPasdy Ke 3a IMeJOUHBIMHM W IeJOUHO3eMeJbHBIMI MeTAaJIJIaAMMU.
OpHaxo Ha BO3AyXe IIPU HOPMAJILHBLIX YCIOBUAX AJIOMUHUN MHEPTEH, IIOTOMY UTO
ero II0OBePXHOCTh MHOKPLITA TOHKOM M IIPOYHON OKCHUIHOM NJEHKOII, 3aluIlaoIiei
METaJIJI OT BHEIIIHUX BO3AelCTBUI.

XuMHnueckKkue CBOMCTBA

ANIOMUHUHA aKTUBHO NPOSABIIAET MemaJdluiecKue c80iicmaa:

1. Ha Bosmyxe mpu OOBIUHBIX YCJOBUAX MOBEPXHOCTHBIN CJIOH AJTIOMUHUS pearupyer
¢ KHucJoponoM (MenaeHHOe OKMCJIeHUE), MOKPBhIBAsA METAJIJI 3alllUTHOM OKCUIHON
IJIEHKOI 1 mmaccuBUpysd ero. Ilpu marpeBaHUM MMOPOIIOK AJIOMUHUA aKTUBHO pea-
THUPYEeT ¢ KUCJIOPOAOM U TOPUT APKUM IIJIaMeHeM:

0 0 +3 -2
4Al+30: =2Al:0s.
Lt
12
JTa peakIud JIEKUT B OCHOBE TOPeHUA OEHTraJIbCKUX OTHeU u (heliepBEPKOB.

2. BsaumogeiicTByeT ¢ BOAO# (IpU yCJIOBUU yIaJeHUA 3aITUTHON ILJIEHKU) ¢ 00pas3o-

BaHUEeM aM(pOTEepPHOro r’IAPOKCHUIA:

2Al + 6H,0 = Al,(OH), + 3H,T.
3. BzaumogeiicTByeT ¢ HemeTaamamMu. [[1a «3amycKa» 9Toi peaknuu (KpoMe peak-

oy C XJIOpOM " 6pOMOM) HeO6XO,III/IMO IIepBOHa4YaJIbHO€ HarpeBaHue, IIOCJIE 4Yero
pearnud uaetT 6ypHo, C BBIJI€JIEHNEM TEeILJIOTHhI:

0 0 +8 -1 0 0 +3 -2 0 0 +3 -4
2 Al+ 3 Br: = Al Brs; 2A1+38S = Al: Ss; 4 Al+3C = Als Cs.
o 6poMuz amrOMUHUA \?T cyabdun aToMuHAA lTT KapOuj aJioMUHUA
e e e

4. BzaumogeiicTByeT ¢ Kucjaoramu. PacTBopserca B pa3baBIeHHBIX CEPHOM M COJIs-
HOM KHCJIOTaX, pearupyeT ¢ pas0aBJIeHHON a30THON KUCJIOTOM:

Al + 4HNO; .05, = AI(NO3); + 2H,0 + N,0T.

He BcTymaeT B peaknuio ¢ KOHIIEHTPUPOBAHHLIMY CEPHOM M a30THOM KMCJIOTAMMU.
IATU KUCJOThI IIaCCUBUPYIOT AJIOMHUHNI, 00pasysd Ha ero IOBEePXHOCTU 3AIUTHYIO OK-
CUIHYIO IJIeHKY. I109TOMY 9TH KUCJIOTHI TPAHCIOPTUPYIOT B AJTIOMUHNEBBIX eMKOCTSIX.
5. BzaumogeiicTByeT ¢ OKCHMAAMHM METAJJIOB — BBITECHSET MeTAaJlJIbl, obJamaroIue

boJiee ci1abOBLIMI BOCCTAHOBUTEJIBHBIMI CBOHCTBAMU M3 UX OKCUAOB. II0CKOIBKY 9Ta

peakIiis COIPOBOMKIAETCA BBIAEJICHNEM OOJIBIIIOr0 KOJMUYECTBA TEIJIOTHI, IPOIlece

MMOJIYYNJI Ha3sBaHUe AJIOMOMEPMUL, NN ALIOMUHOMEPMUL:

2A1 + CI’203 = A1203 + ZCI‘ + Q.

A 3.oneMeNTapHbie ocHoshi Heopraeckol XumAH. TpEACTaBTeNs o oprakwsecH Seuiectsax



Taxkum 00pa3oM IIOJYUalOT METAJJIbl — XPOM, MapraHell, TUTaH, BaHaIUi, ITUPKO-
HUH — U3 WX OKCHUOB.

AgioMoTepMuUecKas peakIius MCIOJb3yeTcs IIPU CBapKe CTaJbHBIX muapeanii. I1o-
POIIKOBYIO cMech anmfoMubudA ¢ Fe,0; — okcumom kesesa (mepmum) — TOIKUATAIOT
I «3aIlyCcKa» 9K30TepMUUECKON peakiiuu. I[Ipu peaKIiiuu BBIAENSIETCS OOJIBIIOE KO-
JIMYECTBO TEILJIOTHI, JOCTATOYHOE IJIA CBAPKU:

2Al + Fe, 05 = Al,05 +2Fe + Q.

AnOMUHUE cmoco0eH MPOSABIATL ampomepHvle cgoiicmea. OH BCTyIlaeT B peak-

MU C PacTBOPaAMH IleJioueii, o0pasysa KOMILJIeKCHBIE COIU — QAIMUHAMbL:

2A1 + 2NaOH + 6H,0 = 2Na[Al(OH),] + 3H,T.

Kene3so
WKemnezo aBaserca sieMeHTOM mo00ouyHOI moarpynnbl VIII rpynnbsl mepuoamdecKoi
cucteMmsbl /1. 1. MeugeneeBa. ;Keneso maxogurcsa B 4-M mepuoe.
duekTpoHHAA (hopMyJia JKejesa:
N
NN NN

JoFe 1522522p53523p53d°4s? Il Wi N
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Ha BHellHeM 5HepreTU4YecKOM YPOBHE y JKejieda HAXOgATCA 2 S-3JIEKTPOHA.
IIpenmocaenuuii (TpeTuil) ypoBeHb y Kejie3a 3aMOJHEH He IIOJHOCTBIO U COMEPIKUT
6 d-saexkTporHoB m3 10 BO3MOKHBIX, IIOITOMY aTOM JKejie3a IPOSABJISIET MeTAaJLIH-
yecKkre (BOCCTAHOBUTEbHBIE) CBOMCTBA, OTAAaBas S-3JIEKTPOHBI IIOCIEIHEr0 ypPOBHS
U d-5JIEKTPOHBI IPEAIIOCJeTHEeTO YPOBHSA IJIs 00pa3s0BAHUSA XUMHUUYECKUX CBSA3EH.

WKenezo oTHOCUTCA K nepexodHblm dJIeMeHTaM — 3JIeMEHTaM, V¥ KOTOPBIX 3JIEKTPO-
HBI 3aIIOJHSIOT MPeAIocIeTHNN d-ypoBeHb. B coefMHEHUSAX Kese30 IMPOABJSIET TPHU
CTeIlleHN OKHucJeHus: +2, +3 u +6. Yucyio sJ1eKTPOHOB, KOTOPEIE aTOM Kejie3a OTIAaeT
IpU XUMUUYECKUX B3aMMOIEHCTBUAX, 3aBUCUT OT OKMHCJIUTEJbHOII CIIOCOOHOCTH pea-
TUPYIOIIUX C HUM BellecTB. MaKCHMaJbHYIO ITOJIOMKUTEIBHYIO CTEHeHb OKUCJIEHUS
+6 sKeJIe30 IPOABJIAET B COCTaBe AHMOHOB KOMILIEKCHBIX coseit — ¢eppamos (FeO? ).

XuMHuuecKue CBONCTBa

Memaannuueckue cgoilicmea eje3o IIPOSABIAET B XO[e CIAEAYIOIIUX PeaKInii:
1. BzaumogeiicTBue ¢ KMCJIOPOAOM IIPpM HarpeBauuu. IIpu cropaHuu ’KeJjesa Ha BO3-
nyxe obpasyercd sKesiesHad okaiauHa Fe,O5 - FeO, mpu cropaHuu ero B 4MCTOM KHC-

gopoxe — okcun Fe,O;, mpu mpomycKaHWM ITapoB BO3AyXa uUepes3 pacKaJeHHOe
KeJjaes30 — ORCI/I,I[ FeO:
+3 -2 +2 -2 +3 -2 +2 -2

3Fe+202—Fe 0,-FeO; 3Fe+20 =Fe,0,; 2Fe+O =2FeO.

2. BzaumogeiicTsue ¢ napaMM Bo,um npu 700—900 °C:
+3 -2 42 -2
3Fe+4H O =TFe, 0, -Fe O +4H T.
3. BsaumogeiicTBue ¢ rajoreHaMu ¢ o0pasoBaHUEM TaJIOTeHUuI0B ((PTOPUAOB, XJIOPU-
0B, OpoMUI0OB). B 9THX coefuMHEHUSAX CTEHeHb OKMCJIEHUS KeJjesa +3:
+3 -1

2Fe+3Clz = 2FeCls.
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4. BzaumojelicTBUE ¢ HEMETAJJIAMM TP HAarpeBaHUM: C CePOii ¢ 00pa3oBaHUEM CYJIb-
duna xenesa (II), c asorom ¢ obpasoBanuem Hutpuzga xeiuaesa (III), ¢ yraepomom
c obpasoBammeMm Kapbuza skesaesa (II), ¢ dochopom ¢ obpaszoBammem (dochumos
sxkemesa (II) u (III):
0 0 +2 -2 0 0 +3 -3 0 0 +2 -4 0 0 +3 -3
Fe+S=FeS; 2Fe+N,=2FeN; 2Fe+C=Fe,C; Fe+P=FeP.
5. BsaumogelicTBe ¢ BOOTHBIMHM PAaCTBOPAMM COJIed IIPM KOMHATHOIW TeMmepaTrype.
B cooTBeTcTBUM € TTOIOMKEHUEM JKeJie3a B BBITECHUTEIBHOM PAAY METAJIJIOB OHO MO-

JKEeT BBITECHATDH METaJlJIbl, CTOAIME IIpaBee Hero, N3 BOOHBIX PACTBOPOB HUX COJIeI:
0 +2

+2 0
Fe+ CuSO, = FeSO, + Cu.
MZ,
e
6. BzaumogeiictBue ¢ okcuaom yriaepoaa (II) mpu moBBIIIIEHHOM JaBJIEHUU ¢ 00paso-
BaHUEM NeHMaKapOoOHULA:
Fe+ 5CO = Fe(CO);.

7. BzaumogericTBue ¢ pa3d0aBIeHHBIMU KUCJIOTAMHM (CEPHOM U COJAHOMN) IIPU KOMHAT-
HOW TeMIlepaType:

0 +2 0 0 +1 +2 0
Fe+2HCl = FeCl, + H,T; Fe+H, SO, =FeSO, +H,T.
8. BsammogeiicTBue ¢ pa30aBIeHHON a30THON KHUCIOTOH. B 3aBMCMMOCTH OT KOHITEH-

Tpamnuu K1UCJIOThI 06pa3y10'1‘ca Pa3HbI€ IIPOAYKTHBI BOCCTAHOBJIEHUA a30Ta U OKHUCJIe-
HUA XKeJiesa:

0 +5 +3 +2
Fe + 4HNO = Fe(NO,), + NOT + 2H,0;

3(pasb.)

0 +5 +2 -3
Fe + 10HNO,,;, = 4Fe(NO,), + NH,NO, T + 3H,0.
9. BzaumojeiicTBUe ¢ KOHIIEHTPUPOBAHHBIMHU KHCJIOTAMHU (CEpPHOI M a30THOIT). [Ipu

KOMHAaTHOU TeMIlepaType 9Tu KHCJIOTHI IIaCCHUBUPYIOT KeJIe30. HpI/I HarpeBsaHnmn
IIPOUCXOAAT XMMHUUECKHe PeaKInm:

0 +6 +3 +4
2Fe + 6H, SO —~ 5 Fe,(SO,), +3S0,T + 6H,0;

4(xoHI.)
0 +5 +3 +2
Fe + 4HNO, —“—Fe(NO,), + NOT + 2H,0.

Keiezo Takixe MOMKET MPOSIBISATEL AMPOMepPHbvLe C80ILCMBa — pearupoBaTh € PaCT-
BOpaMH IIIeJioueil ¢ 00pasoBaHMEM KOMILJIEKCHOUN colu — zudpogeppama:

0 +1 +2 0
Fe + 2NaO H = Na,[Fe(OH),]+ H,T.

3.1.2. XumunyecKkne cBOMNCTBa NMPOCTbIX BelWwecTB — HeMeTaloB:
BOAOPOAA, KUCIIOPOAA, rafioreHoB, cepbl, a3ota, pochopa,
yrnepoaa, KpemMHuA

06LiaA xapaKTepucTUKa HemeTannos

Hewmeranapl, B oTaInuMe OT METAJJIOB, UMEIOT HEOOJILIITNEe PafnyCchl AaTOMOB U 3Ha-
YUTEeJbHOEe KOJMUYECTBO 9JIEKTPOHOB HA BHEIITHEM sHepreTuuecKkoMm ypoBHe (oT 4 1o 8).
ITosTomMy HeMeTasIaM Jierde IPUTATHUBATH BAJIEHTHBIE 9JIEKTPOHBI AJIA 3aIOJHEHU
CcBOUX BHeNTHUX opOurtaineii. Takum oOpasomM, HeMeTaJJIbl IIPOABISTIOT OKUCAUNELb-
Hble CBOIICTBA.



OxucnurenbHble CBOMCTBA HEMETAJJIOB BO3PACTAIOT C YMEHBIIIEHHEM pPaJUyca aTroMa

U yBeJMYEHNEM KOJMYECTBA HIEKTPOHOB Ha BHEIIHEM YHEPreTHUeCKOM YpPOBHe. ¥ cuJle-

HUE OKUCJIUTEIbHBIX CBOMCTB HEMETAJLJIOB UJIIIOCTPUPYET PAJL SJIEKTPOOTPHUIIATEIbHOCTH:
H, As, I, Si, P, Se, C, S, Br, CIl, N, O, F

ycuJieHre 3JeKTPOOTPHUIlaTeIbHOCTH

CaMblil CUJILHBIN OKUCJINTENb CPEAN HEMETAJLIIOB — (pTop. B XMMUecKUX peakIiuax
OH IIPOABJIAET UCKJIIUNTEILHO OKMCIUTEIbHBIE CBOMICTBA. KUCIOpoa TaKkiKe ABJIAETCS
CUJIbHBIM OKMCJIUTEJIEeM, BOCCTAHOBUTENLHBIE CBOMCTBA OH MIPOSBJSIET TOJHBKO B OTHO-
mreaun (propa. OcTajabHble HeMeTaJIbl IIPU PA3JIUYHBIX XUMHUUYECKUX B3anMOIeliCTBU-
SIX CIIOCOOHBI IPOABJIATH KAK OKWCJIUTEJNBbHBIE, TAK W BOCCTAHOBUTEJbHBLIE CBOIICTBA.

XapaKTepHOA UYepTOll HEMETAJIJIOB ABJAETCA UX CNROCOOHOCMb K QJJL0OMPONUL.
IIprumnaa anmnoTpornuu MOMKeT OBITH KaK B PA3HOM CTPOEHUU KPUCTAJIINUYECKUX pe-
IIeTOK (HampuMmep, IIpocToe BellecTBO 6enblil hocdop (P,) ¢ MomeKyIAaApHON KpucTa-
JUYECKOM peIleTKOH M IIPOCTOe BelllecTBO KpacHbIil docdop (P) ¢ aTomHOME KpucTali-
JUYECKOM PeIIeTKON o0pa3oBaHbI OJHUM U TeM JKe dJeMeHToM — ocdopom), Tak
¥ B Pa3HOM KOJIMYECTBE aTOMOB 3JI€MEHTa B MOJIEKYJIaX IPOCTHIX BEIleCTB (Hampumep,
BJIEMEHT KHCJIOPOJ o0pasyeT ABa MPOCTHIX BelllecTBa — Trassl Kucaopos O, 1 030H O,
pasauuHbIe 0 (PUBUUYECKUM UM XUMUUYECKUM CBOMCTBAM).

Bonopop

Bopopon B mepmomuueckoil cucTeMe 3aHHMAaET Cpas3y JABa IIOJIOKEHUA: B IJIAaBHOU
noxrpymnme I rpynmnbl (BMecTe CO INMeJOYHBIMM MeTa/lJlaMH) WM B TJIABHOI IIOATPYIIIE
VII rpynmer (BMecTe ¢ rasoreHamu). Takas ABOMCTBEHHOCTDH IOJIOMKEHUS BOAOPOIA
ompelejieHa CTpOeHHEM ero aromMa. Ha BHeITHeM SHEPTeTUYEeCKOM YPOBHE BOIOPOI
COZIEP’KUT OOUH S-9JIEKTPOH, KOTOPBIA OH MOJYKET JIETKO OTAAaBaTh B XMMHUYECKUX pe-
aKIIUAX, IIPOSBJIASA IIPU B3TOM BOCCTAHOBUTEJbHBIE CBOMCTBA M CTENEeHb OKUCJIEHUS
+1, momo0HO IMeJouHBIM MeTasaaM. C Opyroii CTOPOHEI, AJis 3aBePIIEHUA BHEITHEro
SHEPreTUUYECKOT0 YPOBHS BOJOPOAY HE XBaTaeT TaKyKe BCEr0 OJHOTO 3JeKTPOHA, U OH
coco0eH MPUHUMATH BaJIEHTHBIE 9JIEKTPOHBLI 0OJiee CUJIBbHBIX BOCCTAHOBUTEJEH (Me-
TAJJIOB) AJIA 3aBepPIINeHUA CBOETO BHEIIIHEro ¢jos. IIpu aToM Bomopon, IMOg00HO raJio-
reHaM, IIPOABJISET OKUCJIUTEJIbHbIE CBOMCTBA U CTENeHb OKucaeHuA —1.

IIpocToe BeriecTBO — ras BOAOPOJ COCTOUT M3 ABYX aTOMOB 3JIEMEHTA, COeIUHEH-
HBIX KOBAJIEHTHOM HEIOJAPHOM CBA3bI0. PAcCo3HATH IMIPUCYTCTBHE BOJOPOAA MOYKHO
0 XapaKTePHOMY XJIONMKY (B3PBIBY), KOTOPBIN BOSHUKAET MPU IIOTHECEHUU TOPAIIen
CINYKHU K COCYAY C BOZOPOJOM HJIM CMECHhIO BOAOPOIa C BO3AYXOM.

XuMHuuecKkue CBONCTBa

BoccmanosumenvHovle c8oiicmaa:

1. Peaknmusa ropenusa. Eciaum K cTpye Bomopoma, BBIXOAAINEH M3 y3KOTO OTBEPCTHA,
TMIOTHECTH 3aKIKEHHYIO CIIMUKY, TO BOJOPOJ 3aropaeTcsa HeCBETAIIUMCA IIJIaMeHeM.
A mpu momxkuranuu cMmecu 2 06beMOB Bogoponaa ¢ 1 o6beMoM KucJaopoga (rpemy-
YU ra3) IPOUCXOAUT B3PLIB U PEAKIIUS COIMPOBOMKIAETCA BbIJEJIEHUEM OO0JILIIIO-
ro KOJIMYeCcTBa Tellja (9TO CBOMCTBO MCIIOJL3VIOT IIPU CBApPKe M Pe3Ke MeTaJlJIoB
Y B PEAKTUBHBIX IBUTATEJAX): .

2H, + 0, > 2H,0 + Q.
2. BsaumoeiicTBre ¢ HeMeTaJLJIaMHu:

N, +8H,=——2NH,T; Cl,+H,—“ 52HCIT; S+H,—" >H,ST.

3 Xwmeawecoicampocuxsewecs T
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3. BOCCTaHOBJIeHP[e MeTaJJd0B 13 NUX OKCHUIOOB:
+2 0 0 +1

CuO +H, = Cu+ H,O0.
4. Peaknua ¢ okcugom yraepoaa (II) mpu cusbHOM HarpeBanuu. B pesysbraTe peak-
num 00pa3yeTcs METHUJIOBBHIN CIIUPT — CHIPbE [JIA OPTaHUYECKOTO CUHTEe3a:
2H, + CO = CH;0H.
OxucaumesvHble c60ilcm6a BOLOPOAA — B3aUMOEHCTBYUE ¢ MeTaJlJIaMHU ¢ 00pa3o0-

BaHUEM 2udpudos:
+1 -1 0 0 +2 -1

0 0
2Na + H, =2NaH; Ca +H, = CaH,.

Kucnopop

Kuciaopong — saeMeHT ryiaBHOW moAarpymnnbl VI rpynmbl mIeproOgUUYECKOR CHUCTEMBI
. Y. MenneneeBa (91eMEeHTBI TOM IOATPYIIIILI MHAYUE HABBIBAIOT XAJbKOZEHAMU).
JueKTpoHHAA (hopMyJia Kucjopoaa:

L0 1522522p1 | N
HINTHTH]

Ha BHellTHeM sHEPTreTUYECKOM YPOBHE ¥ aTOMa KHCJI0POAa HaXOAATCS 2 S- U 4 p-dJieK-
TpoHa. Takum obpaszoM, AJiA 3aBepIeHNA BHEITHETO YPOBHS KUCJIOPOAY HEOOXOIUMO
OPUHATL BCETO JIUIIL ABA 3JeKTpoHa. IIpakTuuecKky mpU BceX XUMUUYECKUX B3aWMO-
IEeMCTBUAX KMCJIOPOJ JOCTPAWMBAaeT CBOUM BHEIIHUN YPOBEHL, IIPOABIAA OKUCIUTEb-
HbIe CBOIICTBA U CTENEeHb OKUcJeHud —2. VcKJoueHne — peakIus ¢ 0ojee CUJIbHBIM
okucauregeM (propom), B KOTOPOU KIUCJIOPOJ BBICTYIIAET BOCCTAHOBUTEJIEM.

IIpocToe BemiecTBO — ras Kmcaopon O,. Kuciopon Tak:ke crmocobeH 00pa3oBBIBATD
aytoTponryo Moauduranuio — ra3 030H Oj;. O30H ABideTca O0oJjiee CUIBHBIM OKHUC-
JIUTEJIEM, YeM KMCJIOPO/I.

XuMHyeckKue cBoicTBa

BoccmanogumenvHhbvle c60iicmaea Kucaopoda IPOABIAIOTCA B PeaKIIUU cO (PTOPOM,
KOTOpas IpPOTeKaeT IIPHU TJEeINeM 3JeKTPUYecKoM paspazge u TemmepaTtype —192 °C.
Oobpasyrouiica B peayabTaTe peaknuu GTOPUA KUCIOPOAA ABJISETCA XUMUUYECKU He-

CTAOMJIBHBIM
0 0 +1 -1

Fe + O, = O,F,.
OKxucaumeavHsle cgoiicmaa Kucjopoaa. IIpu XuMu4ecKnX B3auMOAEHCTBUAX KIC-
JIOPOJ, IPOSABJSAET CTEHeHb OKUCIeHUSI +2 (MCKIIOUeHNEe — MEePOKCUIBI).
1. BzaumogeiicTBre ¢ MeTAJNJIAMM:

a) ¢ 00pa3oBaHMEM OKCHUIOB:
0 0 +2 -2

4Li + Oz = 2Li, 0; 4Al + 30, = 2A1,03;
0) ¢ obpasoBanuem mepokcuaoB (¢ Na u K):
0 0 +1 -1

2Na + 0, = Na,O,;
B) ¢ oOpasoBaHreM OKAJUHLI (C JKeae30M):
0 +3 +2
3Fe + 20, t—°>Fe2 O, -FeO.
2. BzaumogeiicTBre ¢ HeMeTaJIJIAMM:
S + 02 = SOZ; 4P + 502 = 2P205; C + 02 = COz.



Bce peakmuu ¢ yuactmeM KUCJIOPOJAa IIPOXONAT C BBHIJEJIEHUEM TEILJIOTHI, TO €CTh
SABIAIOTCSA SK30TepMUUYECKUMU. JIUIIb B3aMMOJENCTBUE a30Ta C KHUCJOPOAOM IIpe-
CcTaBJsAeT co00Ii PHIOTEePMUUECKUH mpoliecc, mporekaromuii npu 1200 °C wam npu
AJIEKTPUYECKOM paspsame:

N, +0, 2 2NO - Q.
3. BzaumojelicTBIE €O CJOKHBIMHU BellleCTBAMM C 00pPa3oBaHUEM OKCHUIOB:
CH, + 20, = 2H,0 + CO,T; 2H,S + 30, = 250, + 2H,0.

MeTaH

lanoreHbl

dnemeHTHI TyiIaBHOM moAarpynms!l VII rpynner mepuoguueckoit cucrembr . V1. Men-
IejeeBa uMeloT o0Iiree HasdBanue — rajioressl (prop (F), xaop (Cl), 6pom (Br), itoz (1),
acrart (At)).

Ha BHelllTHEM SHEPTETUUYECKOM YPOBHE y TajIOTEeHOB HAXONATCA 7 BJIEKTPOHOB
(2 s-pyIEKTpOHA M 5 P-3JIEKTPOHOB), IIOITOMY B XOJe XMMHUYECKUX B3aUMOIEHCTBUI
OHU AaKTHUBHO MPUCOEIMHSIOT JJIEKTPOHBI IJis 3aBepIlleHUs BHEIITHEro cjos. Takum
o0pasoM, BCe TaJIOT€Hbl — TUNWYHBIE HEMETAJIJIbl ¥ CUJIbHBbIE OKUCJINTEIN.

B cBOGOZHOM COCTOAHWU TaJIOT€HBI IIPEJCTABIAIOT COO0M MOJEKYJIAPHBIE BeIle-
CTBa, B ABYXaTOMHBIX MOJIEKYJIaX KOTOPBIX ATOMBI dJIEMEHTA COEIUHEHBI MEMKIY CO-
0011 KOBAJIEHTHOM HEIOJIAPHON XMMUYECKOI CBA3BIO.

XuMuyeckasi aKTUBHOCTL TaJIOT€HOB oOcJjiabeBaeT C yBeJWUYeHUeM pPaguycoB aTo-
MOB — OT (pTOpa K Homy cBepxy BHH3 B HOATrpyIHe. AHAJOTMYHO YCUJIMBAIOTCA BOC-
CTAaHOBUTEJLHBIE CBOMICTBA TrajIOreHOB (0T XJOpa K Homy).

CaMbIfl CUJIBLHBIA OKHMCJIUTENb — (PTOP B JIOOBIX B3aMMOAEHCTBUAX IIPOABIIAET
TOJIBKO OJHY CTemneHb oKucjeHus —1. OcTajbHBIe TaJOTeHBI IIPU B3aMMOIEHCTBUAX
¢ 0ojiee 3JIEKTPOOTPUIATEIHLHBIMHU 3JIEMEHTAMU MOTYT IPOSABJATEH IIOJOMKUTEIbHbBIE
crereHu okucieHusa: +1; +3; +5; +7. Kaskaplil rajoreH — caMblii CUJIBHBIN OKMCJIIU-
TeJIb B CBOEM IIePUOJE.

XuMHnueckKmue cBOICTBA

OxucaumeJnvHble cgoiicmea:
1. BzaumogeiicTBue ¢ MeTaJlJIaMH ¢ 00pasoBaHMEM TaJIOTeHUIOB METaJJIOB — COJIeH
C MOHHOU KPUCTAJLJIMUYECKON PeIreTKOM:
a) ¢Top ¢ GOJBITMHCTBOM METAJIJIOB pearupyeT IPU OOBIYHBIX YCJIOBUSAX, a IIPHU
HarpeBaHUU CIIOCO0EeH BCTYIATh B PeaKkIMU JasKke C 30JI0TOM, cepedpoM U ILjia-

TUHOIT; HeKoTophlie MeTaabl (Al, Zn) B atmocdepe ¢Topa ropsar:
0 0 /o +2 -1
Zn+Fs ——Zn Fa;

0) GOJILIIIMHCTBO T'aJIOTEHOB PEarupyioT ¢ MeTaJJIaMU IIPU HarpeBaHUU:
+3 -1 +5 -1 0 0 +2 -1

0 0 0 0
28b+3Cls—=—>SbCls; 2Sb+5Cls—-"—SbCl;; Cu+ Br:—"—CuBr..

HOpOI_T_IOK JKeJie3a TrOpuT B aTMOC(I)epe XJjiopa:
+3 -1

0 0
2Fe+3Cl—"—2FeCls.

BsaumogeiicTBue MeTasI0B ¢ MOJOM aKTUBUIUPYETCSA B MPUCYTCTBUU BOJIBI:
+3 -1

0
2A1+3I, =2AlI,.

2. Okucaenne ¢gropom. IIpu HarpeBanum GTOpP CIOCOOEH OKUCJIATH BCE OCTAJbHBIE

TraJIOTeHBbI: +1 -1

0 0
Cl, +F, = 2CIF.
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3. BzaumogeiicTBre ¢ HeMeTaJdJIaMu:
a) pTop pearupyer ¢ HeMeTAJNJIaMU IPU OOBIUYHBIX YCIOBUSAX. OTH PeaKIIUU IIPOUC-
XOOAT C BBIJEJIEHUEM TeIla, a PeaKIius ¢ BOAOPOJOM — CO B3PLIBOM:
F,+H, = 2HF + @; 2F, + Si = SiF,T + @;
0) ocTajnbHBIE TaJIOTeHbI BCTYIAIOT B peafcunu Cc HeMeTaJlJIaMU IIPY HarpeBaHUU:

Br, + H, *, 2HBr.
4. BoccTtaHOBJIeHUE rajIOT€eHOB U3 uUX cojeil. 'asorensl, ABiAiomuecsa 6ojee CUJIb-
HBIMU OKUCJINTEJAMU, CIIOCOOHBI BOCCTAHABJIMBATHL MEeHEee aKTUBHBIE TaJIOTE€HBI U3

pacTBOpoOB I‘aJIOI‘eHI/I,Z[OB MEeTaJlJIOB:
+1 -1 +1 -1 +1 -1

Clz +2NaBr =2NaCl+ BI‘Z, BI'z +2KI = 2KBI‘+12.

DTOp B 9Ty PeaKIUIio He BCTYIAET, TAaK KaK BCJIECTBUE BHICOKOIN aKTMBHOCTH B PACT-
BOpE Cpasy HauMHAaeT pearupoBaTh C BOAOM.
5. BzaumogeiicTBre ¢ BOTOM:

a) oTop BOCCTaHABJIMBAET M3 BOABI BOAOPOJ, IIPH 3TOM KMCJIOPOJ BBICTYIIaeT BOC-

CTAHOBUTEJIEM: i

2F +2H, O 4HF+02,
0) XJIOp C BOZOH 00pasyeT iBe KMCJIOTHI: XJIOPOBOJOPOIHYIO U XJIOPHOBATHUCTYIO (XJIOP-

HOBaTHUCTaA KHCJIOTa — HECTONKOe CoeqUHEHNEe, KOTOPOe JIETKO Pal3JIaraeTcs):

0 -1 +2
Cl, + H,0 = HCIl + HC1O; 2HCIO = 2HCI + OZT.
6. BaaumogeiicTBre co mesouamMu. XJop CIIOCO0eH B3anMOAeHCTBOBATE CO MIeJIOUaMU
c oOpasoBaHMeM COJIell XJIOPHOBATHUCTOM KHCJIOTHI:
Cl, + 2NaOH = NaCl + NaClO + H,O (#a xoJoze);
3Cl, + 6KOH = 5KCI + KClO; + 3H,0 (upu HarpeBanum).

Cepa
Cepa — »sJeMeHT IJlaBHOW mnoArpynmnbl VI rpynnbl IepuoOAMYECKON CHCTEMBI
. . Menneneena.
AJIeKTpoHHAaA (opMyJa cephl:

N
16S 1522522p63523p* 1% 1% T# T: T
it

Kak u aTom Kucjopoma, aToM cepbl HAa BHEIIHEM HePreTUYecKOM YpPOBHE coep-
JKUT 6 9JIEKTPOHOB, U3 KOTOPBEIX 2 HecmapeHHble. OHAKO pagnyc aToMa cepbl 0OJIb-
e, ¥eM y aToMa KHCJI0POoa, CJIeI0BaTeJbHO, OKMCIUTENbHBIE CBOMCTBA ¥ Cephbl IPO-
ABJIAIOTCA He TaK BbIPAKeHO, KaK y KUCJI0Opo/a.

IIpu xUMHUUECKNX B3aNMOJEHCTBUSIX ATOM CePhI CIIOCOOEH EPEXOAUTh B BO30OYIKICHHOE
COCTOSHUE, IIPH 9TOM HCIIOJIL3YIOTCS HEe3aHSAThbIe sHepreTuyeckme opburtaiu 3d-ypoOBHS:

165% 15°25%2p°3s”3p°3d* WIn 165% 15°25°2p°3s'3p*3d*
N H
NN N NN N
NPT T T T ] PIAfeA ] [ ]

CiemoBaTesbHO, B XUMUUYECKUX B3aMMOJEMCTBUAX cepa MOKET IIPOABJSATL CTelle-
HU OKUucJeHus +2, +4 u +6, TeMOHCTPUPYSI BOCCTAHOBUTEJILHELIE CBOMCTBA.

—
-




IIpu B3aumomelicTBUU C 3JIeMeHTaMHM, O0JaZaloIUMMU 0ojiee BBIPAXKEHHBIMU BOC-
CTAHOBUTEJILHBIMU CBOIicTBaMHU (BOILOPOI, METAJJIbI), cepa IPOSBIAET OKUCIUTEb-
HbIE CBOIICTBA: aTOM CEePhI JOCTPABAET CBOM BHEIIHUI YyPOBEeHb, 00pas3ysi CoOeIUMHEHU
CO CTeIeHbIO OKMCJIeHUa —2.

AJIJIOTpOIIHbIe BUJION3MEHECHUA

IIpocToe BermiecTBO cepa (S) mMeeT HECKOJIBKO AJIJIOTPOIIHBIX BUAOUBMEHEHUI, OT-
JUYAIONINXCA CTPOEHUEM KPUCTALINUYECKON PerreTKu.

Hampuwmep, pombuueckas cepa (Sg) COCTOUT U3 IMUKJINUECKUX MOJIEKYJ B hopme
OKTasapoB. ITO HauboJiee yCTOMUMBAA AJJIOTPOIIHAA MOAU(PUKAIINA Ccephl, B Hee Ipe-
BpAaIlaloTcA IIPU KOMHATHOM TeMIOepaType Bce OCTaJbHbIe aJlJIOTPOIHBIE BUAOU3MEHe-
HUA 9TOIr0 3JIeMeHTa.

Monokxkaunnas cepa (Sg) nMeeT TUHENHYIO KPUCTAJLINUYECKYIO PEIeTKY, 00pasyer-
cdA TIPU KPUCTAJIM3AaIlNU pacilyiaBa cepbl. Ilnacmuyieckas cepa — aMopdHOoe Berre-
CTBO, oOpasyioleeca MPU OXJAKISHUN PACIJIABICHHON Cephbl B JKUIKOCTHU.

XuMHuueckKmue cBOiCTBA

OKxucaumenvHble c80UCMBA:
1. BsaumopneiicTBue ¢ MeTaJdJIaMMu:
a) Ipu OOBIYHBIX YCJIOBHUAX B3aMMOJEHCTBYET CO BCEMMU INEJOUYHBIMU M IIEJIOUHO-
3eMeJILHLIMU MeTaJlJiaMM, MeIbio, PTYThI0, cepebpoMm:
0 0 +2 -2 0 0 +2 -2
Mg+S=MgS; Hg+S=HgS.
Peakmusa cepsl co PTYTBHIO UCTIONL3YETCA AJIA yOAJIeHUS Pas3jJuBIIecsa PTyTu (1Me-
[olell ATOBUTHIE IIaphI) C IIOBEPXHOCTU. B 5TOM cjydae PTYTh HOCBITIAIOT IIOPOIITKOM
cephl, W MIPOIlECC HOCUT Ha3BaHUe OeMepKYpu3ayus;

0) Ipu HArPEBAHUU Cepa pearupyeT W ¢ APyruMu mMerasaamu: Zn, Al, Fe:
0 +3 -2

0
Al +8 = ALS,.

2. BzaumopeiicTBre ¢ BOZOPOTOM:
+1

0 0 -2

H,+S=H,S.
BoccmarnosumenvHble c8olUcmaa:

1. BzaumogeiicTBue ¢ HeMeTaJJIaMH — TIPU HATPEeBAHUM B3aMMOJAENCTBYEeT MPaKTH-

YeCKH CO BCeMU HeMeTaJlJlaMu, KpoMe a30oTa U ﬁo;[a:

S + Cl, = SCl,.
2. B Kucaoposie TOPUT CUHUM ILJIaMeHeM:
0 0 +4 -2
S+0, = SO0,.
Asor
A30T — BJIeMEeHT TJIaBHOU MOATPYIIIbI V IPYIIIbI ITepuogudeckoi cucteMsl . Y. Men-

IejeeBa.
deKTpoHHAA (popMyJia asoTa:

N
N 15%225%22p® WIETHT T

Ha BHemiHeM sHEpPreTHYECKOM YPOBHE aTOMa a30Ta HAXOAATCS D 3JIeKTPOHOB, U3
KOTOPBIX 3 HecmapeHbl. /{1 3aBepIieHUs YPOBHA a30Ty HEOOXOAUMO TMPUCOETUHUTH
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eme 3 ajekTpoHa. CiemoBaTeIbHO, a30T MOYKET BCTYIATh BO B3BAUMOJEHCTBUA C dJie-
MEHTaMU-BOCCTAHOBUTEIAMU, IIpHUoOpeTasa CTelleHb OKHCIeHuA —3 (aMMuak, HUTPHU-
IBI METAaJLJIOB).

C Ipyroil CTOPOHBI, a30T MOKET OTHaBaTh BaJIEHTHLIE JJIEKTPOHBLI IJA 00paso-
BaHUA XUMHUUYECKUX CBSA3EH, IMPOABJIATHL BOCCTAHOBUTEJIbHBIE CBOMCTBA, mpuodpeTas
B COeIMHEHUAX CTeIeHUu oKuciaeHus +1, +2, +3, +4 u +5.

B cBoGomHOM cOCTOAHUYM a30T — Tas, B MOJIEKYJIE KOTOPOTO [[Ba aToMa COeINHEHBI
TPONHOI KOBaJEeHTHOU HemoJIAPHOH cBA3bi0o N=N.

XuMHnueckue CBOMCTBA

OKucaumeJgnvHble c80licMBA:
1. BzaumogericTBue ¢ MeTaraMu. IIpy HOpMaJIbHBIX YCJIOBUAX a30T B3AUMOAEHCTBY-
eT TOJIbKO C JINTHEM, C OCTAJbHBIMU MeTaJJIaMU PeaKIUs IPOUCXOAUT IPU BHICO-

KHX TeMIlepaTypax ¢ odpasoBaHUEeM HUMPUO068 MEeTaJIJIOB:
+1 -3 0 0 +3 -3

6Li+ N, =2Li,N; 2Fe+ N, =2FeN.
2. BzaumogeiicTBrEe ¢ BOZOPOAOM IIPOMCXOLUT IIPU BBICOKOI TeMIIepaType, JaBJIeHUN
U B IPUCYTCTBUU KaTajausaTopa (:Kejesa):

Fe
N, +3H, ———2NHT + Q.
BoccmanosumenvHble cgoiicmaa.
Ilpu TemmepaType aJIeKTPUUECKO! AYTU a30T pearupyeT ¢ KHCJIOPOAOM, peaKIunsd

IIPOXOAUT C IIOTJIOIIIEHMEM JHEPIUM:
N, +0, = 2NO - Q.

Oochop
@dochop — dIEMEHT TIJIaBHOW MNOATPYIIBI V TPYIIBI IMEPUOANUYECKON CUCTEMBI
. . Meunneneesa.
daeKTpoHHadA dopmyaa pocdopa:

N
5P 1522522p83s23p% [N [N [N [N
W T T 1T

Ha BHemmHem sHepreTUYecKOM ypoBHe y aToma (ocdopa, KaKk M y aTomMa asorTa,
HaXOAATCA D 9JIEKTPOHOB, OJHAKO II0 CPABHEHUIO C ATOMOM as3oTa aToM (ocdopa ume-
eT OOJBIINI paguyc, CIeJ0BATEJLHO, er0 BOCCTAHOBHUTEILHBLIE CBOMCTBA BBIPAKEHBI
6oJiee apko. Kpome Toro, arom gochopa MOKeT IePeXoIuTh B BO30YKIEHHOE COCTO-
HUe, UCIOJb3ySA HEe3aHATYI0 3d-0pOUTaJb:

H
NN NN
IR

B KauecTBe OKHCINUTENS IIPU B3aUMOJENCTBUAX ¢ 00Jiee CUJIbHBIMU BOCCTAHOBUTE-
JIMU — MeTajmaMu, (ocdop mpuobpeTaeT cTemeHb OKMciaeHUaA —3. Pochopy Hau-
0oJiee CBOMCTBEHHA CTeIleHb OKUCJIEHUI +5. A coequHenue docdopa ¢ BomoponoMm (ras
dochur PH;) ToT pemkuii ciayuait, Korja KOBaJIEHTHAA CBA3b MEMKAY PA3JIUYHBIMU
aToMaMU HeIIOJIIPHA B CUJIY TOTO, UTO 3HAUEHUS SJEKTPOOTPHUIlaTeIbHOCTU (hocdopa
1 BOJOPOJAa IPAKTUUYECKU PABHBI.

1sP* 1522522p®3s13p33d?!




AJIJIOTpOIIHI)Ie BUIOU3MEHECHUA

IIpocToe BermiecTBO (hochop CYIIECTBYET B TPEX AJJOTPOITHBIX MOAU(DUKAIIUAX: Oe-
avtit gpocop (P,), uMeroUIuii MOJEKYIAPHYIO KPUCTAIINYECKYIO PEIIETKY, KPACHbLUL
gocgop (P,) c aToMHOIN KpUCTAINYECKON peIeTKOU u ueprulit ¢pocgpop (P, ) ¢ aTom-
HOUM CJIOMCTOII KpHUCTaLINUYeckoii perieTkoii. HamboJsiee akTUBEH cpenu HUX Oeiblil
gocgop (aAmoBUTOE BEIECTBO).

XuMHuueckKme cBOMCTBA

OxucaumenvHble ceoiicmaa (ocdopa MPOABISIOTCA IIPU B3aUMOIEHCTBUU C Me-
tajmamu. Bensiii pochop B3auMoaeHcTBYeT ¢ MeTaLjiaMu ¢ o0pasoBaHueM ocqhpudos:
0 0 +2 -3
3Ca+2P = Ca,P:.
BoccmanosumeanvHovie ceolicmea (docdopa MPOABIAIOTCA IIPU B3AUMOIEHCTBUU
¢ HeMeTaJIaMu (KUCJIOPOAOM, rajioreHaMu, cepoii). Benniit ¢hocop BocmIiaMeHsIeTCs

Ha BO3AyXe, KPACHBII TOPUT:
0 0 +3 -2 0 0 +5 -2
4P+30, =2P,0,; 4P+50, =2P,0, (mpu u3bbITKe KUCJIOPOJA);
0 0 +3 -2 0 0 +5 -2
2P+3S=P,S;; 2P+5S=P,S; (upu usbbITKe cepsl);
0 0 +5 -1
2P+5Cl, = 2PCl,.
DochuH MOKHO IOJTYUNUTH TOJIBKO KOCBEHHO IIPY PA3JI0KeHUN (DOCHUIOB METAIIOB:
Ca,P, + 6HCI = 3CaCl, + 2PH,T.

Yrnepop
Yriepon — saeMeHT TJIaBHOM moAarpymnibl IV rpynmbsl mepruoguYecKOM CHCTEMBI
. . Meuneneena.
JdneKTpoHHaA Qopmya yriepona:
N
WA ]

AToM yriepoma COZEepP;KUT Ha BHEIIHEM JSHepreTHUYeCcKOM YpPOBHe 4 3JIeKTPOHA,
U3 KOTOPBIX 2 HeclapeHbI. [ 3aBepIieHus BHEITHEero YPOBHA OH MOMKET IPUHU-
MaTh 4 9JIeKTPOHA, IpuobdpeTasa CTeIeHb OKUCIEHUA —4 U IIPOABJIAS OKUCIUTEIbHBIE
cBoricTBa. Takke aToM yrJjepoga B XMMHNYECKUX B3aUMOAEMCTBUSIX MOMKET BBICTY-
aTh B POJIU BOCCTAHOBUTEJIA CO CTEIIEHBIO OKUCIEHUA +2.

AToM yriepoma cooco0eH MepeXOoquTh B BO30YKIEHHOE COCTOSHIE:

¢C 1s%25%2p?

oCF 1°25'2p° ? Tt

Berymas B XuMuUeCcKMe B3aUMOLENCTBUSA B TAKOM COCTOSIHHM, aTOM yIJIepoga IIPo-
SIBJISIET BOCCTAHOBUTEJIbHEIE CBOMCTBA, IIPUOOPETAs CTEIleHb OKUCIeHuA +4.

AJIJIOTpOIIHbIe BUJIOU3MEHECHUA

Aamas, epagpum, KapOur, Gyarepersv. PA3INIAIOTCA CTPOSHNEM KPUCTAINIECKONR
pelieTKu. ¥ ajMasa aTOMHAd TeTpasApuyecKasd KPUCTAJINYEeCKad DPeIIeTKa, YTo
00yCJIOBJIMBAET TBEPJOCTH HTOM aJIJIOTPOIHOIN MoamdUKanuu yriepona. ¥ rpadura
aTOMHasd KPHUCTaAJINYecKas pelleTKa MMeeT CJIOUCToe cTpoeHme. KapOuH umeeT Ju-
HeitHoe ctpoerue (—C=C— uau =C=C=C=). PynaepeHbI IIPEACTABIAIOT COO0II MOJIEKY-
JISTPHBIE COEIMHEHNUA C MOJIEKYJIAMU B BHU/Ie BBIITYKJIBIX 3aMKHYTBIX MHOTOTPAaHHUKOB.
Caska U OpeBEeCHBIN yroJib CXOAHBI IO CTPOEHUIO ¢ rpaduTom.
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1.

2.

1.

2.

3.

4.

5.

6.

II.

XuMHUYecKue CBOMCTBA

OKucaumeJivHble C80IlCMBA:
BsaumogeiicTBre ¢ MeTaJIaMH IpU HarpeBaHUU ¢ 00pasoBaHUEM KapOudos:
4Al + 3C = ALCs; Ca + 2C = CaC,.
BsaumopeiicTBre ¢ BOZTOPOAOM IIPU HATPEBAHUU U C YUACTHUEM HUKEJIEBOTO KaTaJu-
3aTopa ¢ 00pasoBaHUEM MEMAHA: .
C+2H, 5 CcH,T.
BoccmarnogsumeanvHble cgoiicmaa:
BzaumozgeiicTBre ¢ HeMeTaJIJIaMu:
a) caka M yroJib CropaioT B KHCJIOPOe:
C+0,= COzT; 2C+0, = 2coT (Tpu HemoCTaTKe KICJIOPOA);
0) B3aMOJIeiICTBE C TaJIOTeHaMIU:
C+ 2F, =CFy;
B) B3aMMOJEHCTBME C a30TOM IIPU BO3JIEMCTBUU IJIEKTPUUECKOTO paspAnga ¢ obpa-
30BaHUEM OULUUAHA:
2C + Ny = (CN),;
T') B3aMOIeMCTBUE C cepon, KpeMHUEM an/I TeMImeparype:
cr2s 5 CS,; C+8Si 4 sic (kapbopyHI).

BsaumogeiicTBue ¢ Bomoi mpu HarpeBaHWN:

C+H,0 5 cot + H, .
BsaumogeiicTBre ¢ KMCIOTHBIMH OKCHAaMM DX HArDEeBAHIM:

C +Si0, 5 Si + 2c0™.
BsaumogeiicTBre ¢ U3BECTHIO IIPU HaI‘peBaHI/II/I

C+Ca0 5 CaC, + COT.

BsaumogeiicTBre ¢ okcugaMu MeTaJJIOB (IIMHKA, Meau, sKejesa, CBUHIIA). Bocera-
HaBJIMBAaeT METAJLJILI U3 UX OKCULOB:
Zn0 + C = Zn + CO,T.

BsaumoperlicTBre ¢ KOHIIEHTPUPOBAHHBIMU KHCJIOTAMM:
C + 4HNOs o) = CO,T + ANO, + 2H,0;  C + 2H,S0540, = CO,T + 280, + H,0.

KpemHuin

Kpemuuii — sjgeMeHT riaaBHOI HOArpPyIIbl IV rpynmbl mepuOAUYECKO CHCTEMBI
. Menpeieesna.
AJIeKTpoHHAaA (HOopMyaa KPEeMHUI:

l
1Si 1522s2p93s23p2 [N N1 [ H
Wit HEER

Ha BHemHem sHepreTudyecKoM YPOBHE y KPEMHUS, KaK U Yy yIJepoaa, HaXOAUTCH

4 sjmexTpoHa. Paguyc aroma KpeMHHs 0OJIbIEe PagyMyca aToMa yrjepoga, cjaemoBa-
TEJIbHO, €r0 BOCCTAHOBUTEJIbHBLIE CBOMCTBA IPOSBJAIOTCSI Apue. KpemHuii crmocobeH
BCTYIIATh BO B3aMMOJEHCTBUS C METAJJIAMM, IIPOABJASA HPU STOM OKHCJIUTEJLHBIE
CBOMCTBA M IpHUOOpeTass CTeNeHb OKHCJIeHUSI —4. ATOM KpPeMHHUSA TaKyKe CIIOCO0eH
EePEeXOIUTL B BO30YKIEHHOE COCTOSHIE:



1uSi¥ 15225%2p%3s13p® |4 [N [N [N
Kax BoccTaHoBUTE b KPEMHII IIPHOOPETAET CTEIIeHN OKHUCIeHUA +2 u +4.
IIpu OGBIYHBIX YCIOBUAX KPEMHHUI TOBOJBHO MHEPTEH, YTO O0OBACHSIETCS BHICOKOM
MIPOYHOCTBHIO €r0 KPUCTALINUYECKOI PeIIeTKN.

XuMuuyeckKue cBOiCTBaA
OxucaumeJgvHble cgoiicmaea:
BzaumogeiicTBre ¢ MeTaJIJIaMH, B pe3yJbTaTe KOTOPBIX 00pasyioTcd CUauludvl
(c BOomOpOmOM KpeMHUI HANIPAMYIO He B3aMMOIENCTBYeT):
Si+ 2Mg = Mg,Si.
Cunuiuasl JerKo pasJjarailoTcs KUCJI0TaMU, 00pasysa OeCIBETHLINA ra3 CUJLAH:
Mg,Si + 2H,S0, = 2MgSO0, + SiH,T.
BoccmanosumeavHbvle c80licmaa:
1. BsaumopeiicTBue ¢ HeMeTaJIJIaMM:
a) ¢ KMCJIOPOAOM IIPU BEICOKOII TeMIiiepaType (ropeHue):
Si+ 0, = Si0y;
0) c rajoreHaMu IPU HarpeBaHUU (TOJBKO PeaKIuA cO (PTOPOM UAET ITPU OOBIYHBIX
yearoBuAX): Si+2F, = SiF,;  Si+ 2Cl, = SiCl,;
B) C YIJIEPOJIOM UM Cepoil Ipu HarpeBaHUU:
Si+C=S8iC; Si+ 2S = SiS,.
2. BzaumogeiicTBre ¢ KOHIIEHTPUPOBAHHLIMU BOAHBIMM PACTBOPAMM IIeJIOUeli:
Si+ 2NaOH + H,0 = Na,SiO; + 2H,T.

U 3.2, Xumunueckue cBOICTBA CNOMHBIX BellecTB

0 3.2.1. Xumnueckmne cBOMCTBa OKCMAOB: OCHOBHbIX, aM$pOTEPHbIX,
KNCNOTHDbIX
OcHOBHbIE OoKcnabl
OCHOBHBIM OKCHUJIaM COOTBETCTBYIOT OCHOBaHHUs. TaKue oKCuUABI 00pasyioT MeTaJ-
JIBI, BaJIEHTHOCTh KOoTOpbIX MeHbIe 4 (Na,0, Li,O, CaO, MgO, FeO, NiO u ap.).
Peaknuu, xapakTepHbIe IJA OCHOBHBIX OKCHUIOB

1. BzauMmogeiicTBue ¢ BOAON OKCHIOB IIEJOUYHBLIX M IIEJOUYHO3EeMeJbHBIX METaJIJIOB
¢ oOpasoBaHUEM IIeJ0Ue:
Na,O + H,0 = 2NaOH; CaO + H,0 = Ca(OH)s,.
2. BzaumogeiicTBre ¢ KMCJIOTHBIMUA OKCHUIAMM:
CaO + SO; = CaSO,; Li,O+ N,0O; = 2LiNOs.
3. BzaumogeiicTBre ¢ KMCJIOTAMM:
Li,O + 2HNO; = 2LiNO; + H,O; CaO +H,SO, = CaSO, + H,0; Na,0 + 2HCI = 2NaCl + H,0.

4. BzauMmogelicTBHE ¢ MPOCTHIMU BemecTBaMmu. HeKoTopble OCHOBHBIE OKCHUIBI IIPU BhI-
COKOIi TeMIlepaType BCTYIIAlOT B PeaKkIluU C BOJOPOAOM, YIJIepPoaoM 1 0oJjiee aKTUB-
HBIMH MeTajiaMu. IIpu TaKMX peaKIuAaX MEeTaJJI BOCCTAHABJIMWBAETCA U3 OKCHUIA:

CuO + H, = Cu + H,0.
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KucnotHbie OKcuAabl
KucioTHBEIM OKCHIAM COOTBETCTBYIOT KMCJIOTHI. BOJIBIITMHCTBO KUCIOTHBIX OKCUIOB
OpU B3aMMOJAEHCTBUU C BOAOM 00pasyioT KUCJIOTHI. TaKkme OKCcHUABI 00pasyoT KakK He-
MeTaJLJIbl, TAK U METAaJLJIbI II000YHBIX ITOATPYIIH, CIIOCOOHbIE MMPOSABJIATL PA3HbIE CTEIe-
HU OKUCJIEHUS B XUMHUUECKUX coefuHeHUAX. C yBeInueHneM CTeIeH OKHUCJIEHUS aTo-
MOB METAaJIJIOB IMMOOOUYHBIX IOATPYIIII OCHOBHBIE CBOMICTBA MX OKCHUIOB U THUAPOKCUIOB
YMEHBIIIAIOTCA, a KUCJIOTHbIE — YCUJIMBAIOTCA. B KauecTBe mpuMepa MOKHO IIPUBECTH

PasHble OKCHUABI XpOMa — MeTaJljia T000YHOM IIOATPYIIIIBI VI T'PDYIIIIBI 4-ro mepuoja:
+2 +3 +6

CrO — ocuosHuIl oKcug, Cr,0, — amdorepssiii okcus, CrO, — KHUCIOTHBII OKCHL,
emy coorBercTByioT H,CrO, — xpomoBas kucaora u H,Cr,0O; — nByxXpoMHas KHUCJIOTA.
Peaxknuu, xapakTepHbIe OIS KMCIOTHBIX OKCHUIOB

1. BzaumogelicTBue ¢ BOLOM:
H,0 + SO; = H,SO,;
N,0; + H,0O = 2HNO;.
2. BsaumopelicTBrie ¢ OCHOBHBIMH OKCHIAMM:

P,0; + 3Ca0 = Cas(PO,),.
3. BzaumogeiicTBrie ¢ OCHOBAHUIMM:
CO, + 2NaOH = Na,CO; + H,0;
N,O; + Ba(OH), = Ba(NOs), + H,0.
4. BaaumomeiicTBHe ¢ COJSIMH IPU HATPEBAHUI:
CaCO; + Si0, = CaSiO, + CO,T.
5. BzauMmopelicTBue ¢ MPOCTHIMU BemiecTBaMu. HeKOTOpble KUCJIOTHBIE OKCHUIBI CIIO-

COOHBI OKUCAATHCA KucjaopoaoM. IIpu sToM oKCHI000pa3yOIUil SJIeMEHT IIOBBIIIIA-
€T CBOIO CTeIeHb OKHWCJIEHU:

+4 +6
280, +0, =280,.
6. ITpu BBICOKOII TeMIlepaType HEKOTOpPbIe OKCHUABI MOTYT pasjaratrbced. IIpu sTom
00pas3yioTcs KUCJIOPOA U OKCHUJ 3JIeMEeHTa ¢ 0ojiee HUBKOU CTEeleHbI0 OKUCJICHUS:

+6 +4
250, =280, +0,T.

AmdotepHble oKcuabl

Amdorepusim okcugam (Al,O;, Zn0O, Fe,O;) coorBeTcTBYIOT aM(POTEPHBIE I'MIPOK-
2Us 2Us3

cunbl. B 1miesmouHoil cpeme aM(oTepHBIE OKCHUIBI IPOABJSIOT KUCJIOTHBIE CBOMCTBA,

B KHUCJIOH cpefe — IIeJIOUHEIE.

Peaknuu, xapakTepHbie IJ9 aM(OTEePHBIX OKCUIOB
1. BzaumogeiicTBrIe ¢ KMCIOTAMM:

2. BzaumogeiicTBie ¢ pacTBOpaMH OCHOBAHHII ¢ 00pasoBaHMeM KOMIIJIEKCHBIX CO-
Jert — anrwmuHamos (IpU peakIuAX ¢ OKCUAOM AJTIOMUHUA), peppamos (Ipu pe-
aKIUAX C OKCHUIOM KeJsie3d), YuHKamos (Ipu peaKkIusaX C OKCUAOM ITMHKA):

Al,0; + 2NaOH + 3H,0 = 2Na[AI(OH),],.
3. BzammogeiicTBue ¢ paciiiaBaMu OCHOBaAHHI ¢ 00pa3oBaHMEM KOMILIEKCHBIX COJIeIi:
Al,O; + 2NaOH = 2NaAlO, + H,0.



D 3.2.2. Xumnueckme CBOMCTBa OCHOBaHUN

Wenouu

IIlesmoun — 5TO pacTBOPUMBIE B BOJE TUAPOKCUIBI IIEJOUHBIX U ITIEJOUHO3EMETh-
HBIX MEeTaJJIOB. B XMMHUUECKUX B3aMMOAEHCTBUAX OHU IIPOABJSIOT CUJIbHBIE OCHOB-
HbI€ CBOICTBA, B3AUMOJIEMCTBYIOT C KMCJIIOTaAMM, C KUCJIOTHBIMU OKCUAAMHU, C COJISIMU,
¢ aM(OTepPHBIMHU OKCHUIaMU, C HeMeTaJJIaMMu.

XuMuueckKkue CBOMCTBA

1. B BOOHBIX pacTBOpax IIEJOYM IIOJHOCTHIO AHUCCOLMHPYIOT HA KATHOHBI MeTaJLIa
U TUAPOKCUA-aHUOHBI, 00eCIeunBasi PAaCTBOPY CUJILHYIO IEJOUHYIO CPeny:

NaOH = Na*+ OH".
2. BzaumojelicTBUE ¢ KHCIOTAMM C 00pa30BaHUEM COJIU M BOABI (pearyus Hellmpau-
3ayuu):
NaOH + HCI = NaCl + H,0;
2KOH + H,S0, = K,S0, + 2H,0.
3. BzaumopelicTBrEe ¢ KMCJIOTHBIMU OKCHAAMHU C 00pa30BaHMEM COJIU U BOJBI:
Ca(OH), + CO,= CaCO;l + H,0;
2KOH + N,0; = 2KNO; + H,0.
4. BaaumomeiicTBUe ¢ COJSIMH C 00pa3oBaHMEeM HEPACTBOPUMBIX OCHOBAHWIA:
2KOH + CuCl, = Cu(OH),J + 2KCl.
5. BzaumogeiicTBrue ¢ aMm(poTepHBIMU THAPOKCUTAMMU:
NaOH + Cr,O, t=2NaCrO2 + H,0.
6. BzaumozgeiicTBre ¢ rajJoreHaMu:
a) Ipu HarpeBaHUU:
2Ca(0OH), + 2Cl, = Ca(Cl10), + CaCl, + 2H,0;
6KOH + 3Cl, > KCIO, + 5KCI + 3H,0;
0) B oxJIa)KIaeMOM pPacTBOpE:
2KOH + Cl, = KCl + KCIO + H,0.

AmdoTepHble rUApOKcUabI

AMpoTrepHBIe TUAPOKCUALI IIPOABJAIOT ABONCTBEHHBIE CBOMCTBA: B KIUCJOHW cpeme
OHU BenyT ce0sa KaK OCHOBAHUA, a B IIIEJIOUHON — KakK KucyoTbel. I[loaTomy amdorep-
HbIe TUIPOKCUILI IIPOABJIAIOT CBOMCTBA KaK OCHOBAaHMUII (B3amMOAeNCTBUE ¢ KUCJIOTA-
Mu ¢ 00pasoBaHUMEM COJIieli, COIEePsKaluX KaTUOHBI MeTaJlja), TaK W KUCJIOT (B3au-
MOJeliCTBIE CO IfeJouaMu ¢ oO0pasoBaHneM KOMILJIEKCHBIX COJieil, B KOTOPBIX MeTaJLl
BXOJIUT B COCTAB aHWOHA).

XuMuyecKue CBOMCTBaA
1. B miesouHO# cpefie MUCCOMUUPYIOT 10 KUCJIOTHOMY THUITY:
Zn(OH), + H,0 =[Zn(0H), | +2H"T.

B Kwucioii cpene 1UCCOUUPYIOT KAK OCHOBAHUA:
Zn(OH), = Zn* + 20H".
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2. BzaumogelicTBrEe ¢ KHCJIOTAMM:
Al(OH), + 3HNO, = AI(NO,); + 3H,T.
3. BzaumogeiicTBre cO LIeJIO0YaMM:
Al(OH); + NaOH,,,;5, = Na[Al(OH),].
4. Pa3joxxeHue mpuM HArpeBaAaHUM HEPACTBOPUMBIX T'MAPOKCHUIOB:

2A1(0OH), = ALO; + 3H,0; 2Fe(OH), = Fe,0, + 3H,0.

3.2.3. Xummnuyeckne cBOUCTBa KNCNOT

XuMHuuecKre CBOICTBA KHUCJIOT OMNpeNesdioTCd HaJIUudYhueM B X COCTaBe aTOMOB
Bogopoaa. PacTBopsAsick B BOJe, KMCJIOTHI AMCCOIMUPYIOT ¢ 00pa3oBaHMEM KAaTHOHA
BOJOPOZa, IIPUIAIOIIEr0 PACTBOPY KIUCIYIO cpeny. B XmMuuecKuX B3aMMOLENCTBUAX
KHUCJIOTHI IIPOABJISIOT KUCJIOTHBIE CBOMCTBA.

XuMHnuecKkue CBOMCTBA

1. OneKTposMTHYECKAA TUCCONMUANUA B BOAHBIX PAacTBOpax (IJid JBYX- U TPEXOCHOB-
HBIX KHCJIOT IIPOXOAUT CTYIIEHYATO):

H,PO, = H' + H,PO,; H,PO, = H' + HPO? .

2. BzaumogeiicTBre ¢ MeTAaJJIaMH, KOTOPELIE BLITECHAIOT M3 KUCJIOT BOIOPOJI, C oOpa-
30BaHUEM COJICH:

0 +1 +2 0 0 +1 +2 0
Fe+H,S0, =FeSO, + H,T; Zn+2HCI = ZnCl, + H,T.
9TO CBOMCTBO KHCJIOT MMeEeT PAL OCOOEHHOCTEMH:
e DPTYTHL U cepedpo He PearupyioT C COJIAHON KUCJIOTOI;
¢ IIpnu BSaI/IMOI[efICTBI/II/I HEKOTOPBIX KHCJIOT C MeTaJIJIaMM1 Ha UX IIOBEPXHOCTU 06-

pa3yeTrcd coJjieBad IIJIEHKa, KOTOPad IIOKPhIBAET IIOBEPXHOCTH MeTaJljia U IIaCCH-

BU eT ero.
by Pb + H,S0, # PbSO + H, 1.

B sTom cayuae HepacTBopuMmbIiil cysb(ar cBuHIta (II) mpekpariaer OCTYII KUCIOTHI
K MeTaJLIy U peaknusa mpekparraercsa. TakK, OOJBIIMHCTBO TAKEJIbIX METAJJIOB IPaK-
THYECKH He B3anMOJAeHCTBYIOT ¢ (DOC()OPHOI, YTOJIBHOU M CEPOBOAOPOSHON KMUCJIOTAMMU,;

® KOHIIEHTPUPOBAHHAS CepHAsA KWCJIOTa ¥ a30THAA KUCJOTA JIIOO0OU KOHIIEHTDA-

UMY PearupyioT ¢ MeTalaMi MHBIM 00pa3oM.

9T 0COOEHHOCTHU CBOMCTB a30THOM 1 KOHIIEHTPUPOBAHHOI CEPHOI KUCIOT 00YCIIOB-
JIEHBI T€M, YTO IIPU MX B3aWMMOJENCTBUHU C IIPOCTHIMHU BellleCTBAMU (MeTalJIaMUu U He-
MeTaJLJIaMM) OKVCJIUTEJIAMU BLICTYIIAIOT He KaTnoHbl HY, a HUTpaT- u cyabdar-muoHbI.
B pesyabpraTe Takmx peaxmuii obpasyerca He Bomopond H,, a mosyuaiorca apyrue
BeIecTBa: 00A3aTeJILHO COJIb U BOJA, & TaKyKe ONUH M3 IMPOAYKTOB BOCCTAHOBJIEHUA
HUTPAT- UJIU CYJIb()aT-MOHOB B 3aBUCUMOCTH OT KOHIIEHTPAIINU KUCJOT, IOJOKEHU
MeTaJllIa B PANY HANPAKEHUHN U YCJOBUU peakiiuu (TeMIIepaTypbl, CTeIeHU M3MeJb-
YeHHOCTU MeTajljaa U T. [I.).
3. BzaumozeiicTBrie ¢ OCHOBHBIMHM OKCHIAMU:

BaO + 2HCI = Ba(Cl, + H,0; CaO + H,SO, = CaSO, + H,0.

4. BzaumonelicTsre ¢ OCHOBAHMSIMM:
NaOH + HCI = NaCl + H,0; 2KOH + H,SO, = K,S0, + 2H,0.



5. BaaumoeiicTBIE ¢ COMAMM ITPOUCXOIUT B COOTBETCTBUU C YCJIOBHBIM PAJOM CHUJIBI
kucaor: HNO;, H,SO,, HCl, H,SO;, H,S, H,SiO;, H;PO, (raxmada mpeabiayiias
KHCJIOTa MOJKET BBITECHUTH U3 COJU IIOCJIEAYIOIIYIO):

FeS + 2HCI = FeCl, + H,ST; Cay(PO,), + 3H,S0, = 3CasS0, + 2H,PO,.

Kucaorel, KoTOphle IPOABIAIOT CUIbHBIE OKUCJIUTEJILHBIE CBOMCTBA (cepHAasi, a30T-
Has), B pa3baBIIEHHOM COCTOSHUN ITPOSIBJISIOT CBOMCTBA, TUNHNUYHLIEC IJs Kucjaor. Ho
KOHIIEHTPHPOBAaHHbIE CHJIbHBIE KHUCJIOTHI OTIIMYAIOTCS 10 CBOMCTBAM OT Pa30aBI€HHBIX:
1. ITpu B3aumMomelicTBUY KOHIIEHTPUPOBAHHOM CEPHOII KHMCJIOTHI ¢ MeTaJlJlaMH BOIO-

PO He BBIJEJISIeTC:

a) ¢ MeTaJLIaMu, CTOAITUMU HpaBee Bomopoza (Cu, Hg, Ag), peaknus mpoTexaeT
cJaenyIoiuM o0pasom:

Cu + 2H,S0, ;) = CuSO, + SO, + 2H,0;

0) c MeTalIaMu, HaXOOAINIMIMUCS B PAAY HaIPSKEeHUH JieBee BOIOPOoaa, KOHIIEHTPU-
poBaHHAasA cepHas KHCJIOTa BocCcTaHaBiamBaercsa mo S, SO, wau H,S. 9To ompene-
JISIeTCs TOJIOKEeHNEeM MeTaJljla B BRITECHUTEJIbHOM DALY U YCIOBUAMHU PEaKITUU:

47Zn + 5H3S0 405 ) = 4ZnSO,4 + H,S + 4H,0;
3Zn + 4H,S0 0y = 3ZnSO, + S + 4H20;
Cu + 2H,80, 4 om) = CuSO, + SO, T + 2H,0;

B) KOHIIEHTPUPOBAHHAA CepHAs KMUCJIOTAa He B3aMMOIEMCTBYET C JKeJIe30M M aJio-
MUHNEM — OHa IIaCCUBUPYET 9TU MeTaJLIbl, IIOKPhIBAA UX 3AIUTHON OKCUIHON
HJIeHKOI.

2. HySOyxony.) B3BAMMOJEHCTBYET ¢ HEMETAJIAMYU TP HaTPDeBAHWM:

S + 2HZSO4(}COHH.) = 3802T + 2H20; S + 2HZSO4(}COHH.) = 3802 + 2H20.
3. KoHlleHTpUpOoBaHHAA CepHAA KUCJIOTA BCTYIAET B PEAKIINIO C OPTraHUUYECKUMH CO-
€INMHEeHNAMM, BBITATUBAA N3 HUX BOOY U O6yI‘JII/IBaH nux; croco0HA BBIBBIBATH CUJIb-

HBbIE€ OXKOT'HU.
C12H 01, + 2H,80, omy = 11C + 280, + CO, + 13H,0.

4. IIpu peaknuu ¢ MeTalJaMi a30THOI KUCJOTHI (Kak pas3baBIeHHOI, TaK 1M KOHIEH-
TPUPOBAHHOIT) BOJOPOJ TaK’Ke He BBINEJAETCA, MIOCKOJBKY ¥ B KOHIIEHTPUPOBAH-
HOM, U B pad0aBJIEHHOM COCTOAHUU 3Ta KUCJIOTA MMEET CUJIbHBLIE OKUCIUTEIbHBIE
cBoiicTBa. IIpu ee B3aMMOAEHUCTBUM C MeTaLjlaMUu OOpa3yOTCsa HUTPATHl MeTaslia
U pasHble IPOAYKTHI BoccTaHoBgeHuUs asora (N,O, NO,, NH,OH) B 3aBucumocTu
OT MeTaJjljIa U KOHIIEHTPAIIUN KUCJIOTHI:

a) KOHIIEHTPMPOBAHHAA a30THASA KUCJIOTA CO IIEJOYHLIMU U IeJI0YHO3EMEIbHBIMU

MeTaJlJiaMn:
4Ca + 10HNOy,, = 4Ca(NO,), + 5H,0 + N,0T;

0) KOHIIEHTPUPOBAaHHAA a30THAA KHCJIOTA C TAMKEJIBIMU METaJJIaMU:
4HNO3(KOHH.) + Cu = Cu(NO3)2 + 2H20 + 4:N02;
B) KOHIIeHTPUPOBaHHAaA asoTHasa Kucjaora ¢ Fe, Cr, Al, Au, Pt B peaxknuu He BCTy-
maeT — OHa MAaCCUBUPYET dTU MeTaJLIbI;
I) pasbaBieHHAs a30THAS KUCJOTA C IEJOUYHO3eMeJbHBIMU METAJLJIaMU U Zn:
10HNOj3 .56, + 4Ca = 4Ca(NO;), + 8H,0 + NH,NO3;
) pasbaBieHHAs a30THAS KMCJIOTA C TAMKEILIMUI MeTaJJIaMu:
4HNO3(pa36.) + SAg = 3AgN03 + 2H20 + NO;
e) pazbaBieHHasa a30THAA KUCJIOTA C aJJIOMUHUEM IIPU HATPEeBaHUU:
Al + 4HNOg3 .6 = AL(NO3); + 2H,0 + N,0.
5. AzoTHaA KHUCJI0Ta pasjiaraeTcs IO AelicTBUeM TeIlljla U cBeTa:
4:HNO3 = 4N02 + 02 + 2H20.
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(0 3.2.4. Xumnueckne cBOMCTBa CpepgHUX conemn

9

IIoCKONIBKY COJIM SIBAAIOTCS MPOAYKTAMHU 3aMeIlleHHs aTOMOB BOAOPOJa HA aTo-
MBI MeTaJlla B KHCJIOTEe, X XMMHUUYECKHE CBONCTBA OIPEAEAITCI KAaK CBONCTBAMU
MeTaJlja, TaK M CBOMCTBAMM KHCJIOTHOTO ocTaTKa. CpemHue conu o0pa3yioTcsa MpU
TOJTHOM 3aMeIeHNr aTOMOB BOZOPOAa Ha aTOMBI MeTAJLJa.

XuMHUYecKue cBoOicTBa

1. Bsaumogeiictere ¢ mMeraaaamu. Ka)XabIii MeTaJllI, CTOAINUE JeBee B PALY HAIIPS-
JKEHUII MeTaJlJIOB (BBITECHUTEJIbHBIN PsAJ), CIIOCOOEH BBITECHATH METAJLJIBI, CTOSAIINE
mmpasee, u3 ux coJjeil. CiaenyeT MOMHUTH, YTO B BOJHBIX PACTBOPaX COJIEH IIeJIOUHbBIE
U II1eJIOYHO3€eMeJbHbIE METAJLIBI ¢ COJISIMHU PearupoBaTh He OYAYT, ITOCKOJBbKY Cpasy
JKe BCTYIIAT B peakIinio ¢ Bomoi. [losTomMy Mg HUX CIIpaBeAIMBO 9TO YTBEPIKIEHUE
TOJIBKO IIPYW B3aWMOJENCTBUY C PACIJIAaBAMU COJIEHl MeHee aKTHUBHBIX METAJLIOB:

CuSO, + Fe = FeSO, + Cu; FeS + Zn = ZnS + Fe.

2. BaaumogeiicTBue ¢ HeMeTaddaMu. Bojiee aKTHBHBIE OKUCIUTEIN MOTYT BBITECHATH
MeHee aKTUBHBIE HEMETAJIJIBI U3 COJIeH:
2NaBr + Cl, = 2NaCl + Br,,.

3. BzaumogeiicTBre ¢ KHCJIOTHBIMU OKCHIAMM:
CaCO; + Si0, = CaSiO; + CO,T.
4. BaumogeiicTBre ¢ KHCJIOTAMHU. IOTU pPeaKInu OOLIYHO HIPOBOLAT, BO3IENCTBYS
KMCJIOTOH Ha CYXYIO COJIb:
2NaCI(Kp) + HZSO4(K0HLL.) = ZHCIT + NastLi(TB'); Ca3(PO4)2 + 3H2SO4 = 3CaSO4 + 2H3PO4.

5. BsaumojelicTB1e ¢ BOTHBIMHM PaCTBOpPaMH Iejioueii. B pe3yibraTe peaKIuu I0JIY-
yaeTcs HepacTBOPMMOE OCHOBAHUE:
2KOH + CuCl, = Cu(OH),4 + 2KCl.

6. BBaHMOI[eﬁCTBHe C APpyruMu COJAMU — PEeaKIUM MOHHOI'O 06MeHa, B pesyJbTare
KOTOPBIX IIOJyYaeTcsa cJaabopacTBOPUMAS COJIb:
Na,SO0, + BaCl, = BaSO,{ + 2NaCl.

7. PasmoskeHne HEKOTOPBIX COJIel ITPU HarpeBaHWU:
CaCO, = CaO + CO,T.

8. BzaumogeiicTBue ¢ Bomoii. HeKoTophle coiu CIIOCOOHBI XMMUYECKH CBSA3BIBATH MO-
JIEKYJIBI BOABI, 00pasyss kpucmadgaaozuopamst. Taxk, Ipu pacTBOPEeHUN KPUCTAJLIU-
YeCKOro cyJb(ara Meau B BOJE IIPOMCXOAUT XMMHWUYECKAs PeakIusa 00pasoBaHMU
MeIHOro Kymmopoca. IIpu sToM n3MeHseTcs I[BET PpacTBOPa U UIET BhIJeJeHe Tela:

CuSO, + 5H,0 = CuSO, ' 5H,0 + Q.

Ilpu BRImapuwBaHUU pacTBOpa BBIAEJNSAETCSA KOMILJIEKCHAA COJIb — KPUCTAJJIOTH-
IpaT MeIHBIH KYIIOpOC.

3.3. B3anmocBA3b pasnuyHbIX KNaccoB HeopraHuyeckux
coeANHeHuNn

B uesoBeueckom OpraHm3Me M B OKPYMaAKIleM 4YeJIOBEKa MHpe ITOCTOAHHO IIPO-
XOOAT XMMHNYECKUe BSaHMOI[eﬁCTBHH Pa3HBIX BEIIEeCTB: N3 IIPOCTHIX BEIIECTB 06pa3y—



JOTCSI CJIOKHBIE, U3 CJIOMKHBIX — IIPOCTHIE, BEI[eCTBA OAHUX KJACCOB IIPEBPAIIAIOTCs
B BeIl[eCTBa JPYTrUX KJACCOB.

CBs3b MeXKAY Pa3JUUYHBIMUA KJIACCAMY HEOPraHWUYECKUX COeNUHEHUM Ha3bIBAIOT ze-
Hemuyeckoil. OHa MIIIOCTPUPYET BO3MOXKHOCTL IIE€PEeXOfa BeIecTB OJHOr0 KJacca
B Bell[eCTBa APYroro KJacca.

Hanpuwmep, u3 mpocToro BeliecTBa ochopa MOKHO MOJTYUYUThH €T0 KUCIOTHBIH OK-
CUJl, M3 HEero — KUCJOTHI, 8 U3 KUCJIOTHI — COJIb:

P —» P,0, > H;PO, — Cay(PO,),.

W3 meTrasia KAJIbIUA MOYKHO IIOJYYNTH OCHOBHBIM OKCHI, IIPU €r0 PACTBOPEHUU B BO-

e o0pasyeTcs 11eJI0Yb, KOTOPas MPU B3aMMOAEHCTBUY C KMUCJIOTON IPEBPATUTCS B COJIb:
Ca —» Ca0O — Ca(OH), — Cay(PO,),.

TakuMm 00pa3oM, MbI PA3HBIMH IIYTAMU IIOJYUYUJINA OOHY U TY K€ COJIb.
T'eHeTHUECKYIO CBA3DL MEKIY OCHOBHBIMM KJIACCAMM HEOPraHMYECKUX COeNUHEHN
MOJKHO IIPOMJLIIOCTPUPOBATh CXEMaMMU:
HeMeTaJLJI — KHCJIOTHBINA OKCHUJ —> KKCJIOTa — COJb
METaJIJI —> OCHOBHBIA OKCHI — OCHOBAaHNE —> COJIb
BelrecTBa pasJMYHBIX KJIACCOB, 00Pa30BAHHBIE OJHUM U TEM YK€ 9JIeMEeHTOM U CBsI-
3aHHBIE B3aUMOIIPEBPAIIEHUAMU, O0BENUHAIOT B 2eHemuyeckue psaovl.

FeHeTMYeCKNi1 pAf — 3TO COBOKYMHOCTb BELIECTB PasHbIX KAAcCOB, ABAAIOWMXCA CO-
eAVHEHUAMUN OAHOr0 XMMNYECKOro 3/IeMeHTa, KOTopble CBA3aHbl B3anMonpeBpaLLeHnAMN
1 NPOUCXOAAT OJHO U3 APYroro.

Hanpumep, reHeTuyecKuil paj Megu OyZeT BBITJIALETH CIELYIOIINM 00pa3oM:
Cu - CuO — CuCl, —» Cu(OH), —» CuO —» Cu

IIpu cocraBiieHMH TIeHEeTHUUYECKHUX PSALOB CIeAyeT IPUIAEePKUBATHCA CJIEIYIOINX
PaBUIL:

1. B redmeTuuecKoM pALYy XUMHUYECKOTO 3JIEMEHTA BCE BeIleCTBA MOJKHBLI OBITHL 00-
pasoBaubl aTuM djaemenTom. Tak, pan Cl, - HCl — NaCl —» Na,SO, me apisdercs
reHeTUYECKUM, IOCKOJIbKY B IIOCJIEJHEM COeSUHEHUU SJEMEHT XJIOP OTCYTCTBYET.

2. B reHeTnuyecKoM PsAAY BeIeCTBA NOJIKHBI IPUHANJIEKATH K Pa3HBIM KJaccaMm
¥ OBITH CBA3AHLI B3aXMOIIPEBPAII[eHUIMIU.

Eciu resernuecKuil psag HAUMHAETCA 1 3aKAHUNBAETCS OJHUM U TEM K€ BeIlleCTBOM,
TO OH HA3BLIBAETCS NOHbLM. TaKOBBIM ABJIAETCSA, HAIIPUMED, HIPUBEACHHBIA BBIIIE P
menu. Ecau 9T0 ycioBue He COOJIONAETCS, TO PAM cuuTaeTca Henolnsvim. Hampumep,
HEMOJHBIM MOYKHO CUMTATH IIPUBEJEHHbIE BBIIIE PAILI KaAbIiid U (pocdopa.

I1s1 pasHBIX KJIACCOB BEII[ECTB MOYKHO BBIJEIUTL HECKOJLKO THIIOB I'€HEeTHUYECKUX
PAI0B:

1. 'enemuueckuil pad memannio8 — PsAI BeIleCTB Pa3HBIX KJIACCOB, 00Pa30BaHHBIX
OJHUM UM TEM K€ MEeTaJLJIOM:
¢ TeHEeTUUYECKHI PSS METAJNJIO0B, B KOTOPBIM B KaueCTBe I'MAPOKCHULA BBICTYIIAET

11eJI0Yb:
K - K,0 - KOH — KCl
MeTaJjlJi —> OCHOBHBIN OKCHUJ —> II[€JI0UYb —> COJIb
e TeHeTUYECKHI PAJ METaJLIOB, I'/le B KaueCcTBe M'MAPOKCHUIA IPELCTABIEHO HepacT-
BOPUMOE OCHOBAHUE:
Cu —» CuO —» CuCl, —» Cu(OH), - CuO — Cu

MeTaJlJI —> OCHOBHBIH OKCHUI —> COJIb —> OCHOBAHME — OCHOBHBIH OKCHJ —> MeTaJLl
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2. 'enemuyeckuil psd Hememanio8 — P BeIleCTB PA3HBIX KJIacCOB, 00pPa30BaHHBIX
OOHUM W TEM )K€ HEeMeTAaJLJIOM:
e TIeHEeTHUUYECKHUI PsJ HEeMEeTaJJoOB, I'le B KaueCTBe OLHOIO M3 3BEHLEB PsJa BbI-
CTYIIaeT PaCTBOPUMAsA KIUCIOTA:
P -» P,0, » H;PO, —» NazPO,
HeMeTaJlJI — KHUCJOTHBII OKCHUIg — KucjaoTa — COJIb
e TIeHEeTHUUYECKUI pPsJ HEeMEeTaJlJIOB, I'le B KaueCTBe OLHOIO M3 3BEHBLEB Psla BbI-
CTyIIaeT HepacTBOPMMAA KHCJIOTA:
Si —» Si0, —» Na,Si0; - H,Si0; — Si0, —» Si

HEMeTaJIJT — KUCJOTHBINA OKCUJ] —> COJIb —> KHCJI0TA —> KUCJIOTHBIA OKCHUJ —> HEMETAaJLI

0 3.4. NepBoHauanbHble BefileHNa 06 opraHNYecKuX BelecTBax

000 3.4.1. YrneBogopopbl npepenbHble U HenpepaenbHble:
MeTaH, 3TaH, 3TWIeH, aueTuneH

06Lwme cBefeHMA 06 OpraHNyeCKMX BelecTBax

OpranmyecKuUX BeIeCTB Tropasno 0oJbllle, UeM HeOpraHmuecKuX. B HacTosAIee
BpeMs X OmmcaHo 0KoJo 20 MJIH, M eKerofHo yUeHble-XUMUKK BCEro0 MUpPa CHUHTE-
3UPYIOT 0K0Ji0 30 THIC. HOBBIX BEINECTB, B TO BpeMs KaK HEOPraHUUYeCKUX BeIecTB
HacuuThIBaeTcA He 0osee 1 MJiIH.

Taxoe pasHOOOpasue OpPraHUYECKUX COENUMHEHUNI 00yCJIOBJIEHO CBOMCTBAMHU aToMa
yriiepoza, KOTOPLIIZ B 00A3aTeIbHOM MOPSAKe BXOAUT B MX cocTaB. ATOM yrJepo-
Ia CIIOCOOEH IIePeXOAUTh B BO30OYKIEeHHOE COCTOSHUE, Ipuodperas KOHPUIYpPAIlUIo
BHEIITHEeT0 SHepPreTUYecKoro yposHsa 2s'2p® u mpoaBisasa BaleHTHOCTH, paBHYyO 4. Ero
aTOMBI CIOCOOHBI 00Pa30BBIBATH KOBAJEHTHBIE CBSA3U HE TOJLKO C aTOMaMU OOJIBIIIOTO
YucJia IPYTUX 3JIEMEHTOB, HO U APYT ¢ ApyroM. Tak BO3HHKJIA Ilejiasd I'PYINa COemu-
HEHUI yrjiepola, KOTOPYIO HAa3bIBAIOT OP2AHUYECKUMU COCOUHEHUAMU.

CrenuuIHOCTh OPraHNUECKUX COeIUHEHUN MPOABJIAETCA B TOM, UTO UX MOJIEKYJIbI
comepsKkatr JJubo JOIMycKaloT Hajauume x0T 06l oxuoil cBsasu C—H. MmeeTca B Bumy, 4To
cBa3s C—H 6bL1a 1160 MOKeT OBITh, HO aATOM BOAOPOJA B Hell 3aMeIllaeTCs aTOMOM
IPYroro BelllecTBa, HanpuMep rajoreHa. CoemuHeHUsi, Kortopsle umeioT cBasu C—H,
Ha3BbIBAIOTCA Yy2ae8000podamu, a COeINHEHUA, B MOJIEKYJaX KOTOPBIX aTOM BOJOPOJA
B C—H rpymmne 3aMeliieH aTOMOM JPYTOr0 BEIlECTBA, — NPOU3B0OHbIMU Y2ae8000p0008.

OpzaHuyeckas Xumus — 9TO XUMUS YTJIEBOJOPOAOB M MX IIPOM3BOMHBIX.

o cepenmubl XIX B. B 06JiaCcTH M3yUeHUA OPTaHUYECKUX COEIMHEHUU OBII HaKO-
IJIEH 3HAYUTENbHBLIN SKCIePUMEHTANLHBIA MaTepual U BBISCHUJIOCH, UTO OpraHUYe-
CKIe COeIUHEHUS NUMEIOT 0COOEHHOCTH, KOTOPhbIe He MOT'YT OBITh O0BACHEHEI C TOUKHU
3peHUusI 3aKOHOMEPHOCTEH, YCTaHOBJIEHHBIX IJIA HEOPTaHWUYECKUX COeNUHEHUIA.

VYriepon B sTaHe CUNTAJU TPEXBAJEHTHBIM, a B IIPONAHE — OAPOOHBIM UICJIOM.
Vuenble He MOTJIM OOBLACHUTH CYIIECTBOBAHME HECKOJNBKUX BEIECTB C OAMHAKOBOI
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MOJIEKYJIAPHO# opmysoi (riroko3a u ppykrrosa umeroT dopmyay CqH,,04). HeBos-
MOKHO OBIJIO IIOHATL 1 MHOroo0Opasue OpraHuYeCcKUX BeIecTB.

Pyccxnuii xumux A. M. ByTiiepoB mepBBIM cpefu YUEHBIX IPUMEHUJ MOHATHUE XU-
Muyeckoe cmpoerue monexkynvt. OH MOKas3ajl, UYTO 3HAUEeHNE XUMUUYECKOT0 CTPOEHUA
BeIIleCcTBa MO3BOJISIET IIPeACKAa3bIBATh CBOMCTBA BeIlleCTBa M, HA0OOPOT, €CJIU M3BECT-
HBI CBOMCTBA BEIIECTBA, TO MOKHO IIPEeABUAETH CTPOEHUE €r0 MOJIEKYJI.

CxemaTuuecKoe m300paskeHre CTPOEHNA MOJIEKYJIBI HAa3bIBAIOT CMPYKMYPHOLL op-
MYJ0ll, YEPTOUKOHA B CTPYKTYPHOU (hopMyJse 0003HAUAIOT CBA3bh MEKAY aTOMaMHU.

Hanpumep, n1a opranmuecKoro BellleCTBa MeTaHAa, MMEIOIIEero MOJIEKYJISIPHYIO
dopmyny CH,, cTpyKTypHas GopMyJia BBITJIAIUT TakK:

H
H— é —H
i
CrpykrypHas ¢popmyia npomnana CsHg: a) mosHasa; 6) cokpareHHadAd.
H H H
H—(JJ—(JJ—(JJ—H CH;—CH,—CHs,.
HOH oH ;

Crenyer yYuUTHIBATH, YTO B OPTAHUUECKUX COENUHEHUAX Y2/epod ecezda uemblpex-
8aJleHmeH.

Me:xkay aToMaMu yIrJjiepoja B MOJEeKYJax yIJIeBOJOPOIOB MOTYT ObITH 00UHAPHbYLE,
080iliHble I MPOlLHbLE CBA3U:

H H H H

H—é—é—H é:(JJ H—-C=C—H
I|-I I|-I I|-I I|-I alleTUIeH
TaH STUJIEH

ITIogo6HO TOMYy, KaK [AJA HEOPraHWUYECKON XWMUU OCHOBOM PA3BUTUS ABJIAETCS
nepuoaunveckuii 3akoH I[. 1. MeuneneeBa, njad OpraHUYECKONM XUMUM OCHOBOIIOJIATra-
IoIllel cTaia meopus cmpoeHus opzaruieckux coedunenuil A. M. Byrtieposa.

OcHoBHBIE ITOJOKEHUI
Teopuu A. M. ByraepoBa

1. AToMBI B MOJIEKYJIaX BeIECTB COEIMHEHBI B OIIPeAeeHHON II0CJIeT0BATEJIbHOCTH.
IIpu msmeneHny 5TOM MOCIELOBATEILHOCTH 00Pa3YIOTCs COBEPIIIEHHO HOBbIE BEII[eCTBA.

2. ATOMBI B MOJIEKYJaX OPraHMYECKNX BEIIeCTB COEAWHEHBI COIJIACHO HX BAJIEHTHO-
cTsaM. BasleHTHOCTL AaTOMOB yIjIepoja B OpraHMYEeCKUX COeQUHEHUsIX Bcermga paBHa 4.
CBOOOIHBIX BAJIEHTHOCTEHM B MOJIEKYJIAX OPTaHMYECKUX BeIleCTB HeT.

3. CBoiicTBa BeIeCTB 3aBUCAT HE TOJHbKO OT MX KAUYECTBEHHOI'O 1 KOJMYECTBEHHOTO
coCcTaBa, HO M OT IOCJIENOBATEJIbHOCTH COeNUHEHNS aTOMOB B MoJeKyJax. Hambo-
Jee CHJIbHO BJIUSAIOT APYT Ha APyra COCeIHIEe aTOMbBI, II0O9TOMY BeI[eCTBa C OAWHA-
KOBBIMH I'PYHIaMH aTOMOB CXOKU IIO CBOMCTBAM.

4. AToMBI yriepoga MOTYT COEOUHSATHCA KaK C aTOMaMM IPYTUX SJIEMEHTOB, TaK
U MeKay coboii, o0pasys yznepodHvle yenu.

B opramunueckoii XuMUHU IITUPOKO PACIIPOCTPAHEHO ABJIEHUE U30MePULL, KOTOPOe U 00b-

SICHSET CYIIeCTBOBAHME PA3JIMUYHBIX BEIIECTB C OJMHAKOBBIM KOJIMYECTBEHHBLIM 1 Kauye-
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CTBEHHBLIM COCTaBOM (MOJIEKYJIAPHBIMU (hopmynamu). CBoIiCTBa M30MEPOB Pa3TUUHBI
BCJIEZICTBME PA3HOM II0OCJIEIOBATEILHOCTH PACIIOJIOMKEHUS aTOMOB B MOJeKysae. B Ka-
YecTBe WJIIIOCTPAIIUM MOYKHO IIpuBecTu sTuioBhIM cnuprt CH;—CH,—OH (:xugkocts,
XOPOIIIO PACTBOPSIETCA B BOJAE, B3AMMOIEHICTBYET CO IIeJIOYaMM) W AUMETUJIOBBIIA adup
CH;—0—CHj; (ras, HepacTBOPUMEBIH B BOJle 1 HE BCTYHAIOITUI B PEAKIIUN CO IIIeJIOUaMM’).

H H H H
H—(%—é'—OH H—(J|J—O— | —H
H H H H
STUJIOBBII CIIUPT IUMETUJIOBBIN 2(Up
(*KUAKOCTB, ., = 78,3 °C, (ras, t,, = 23,6 °C,
B BOJZle HEOTPAHUUYEHHO PACTBOPUM, B BOJle MaJIOPACTBOPUM,
pearupyeT ¢ HaTpuem) He pearmpyer ¢ HaTPUEM)

Knaccudukaumua opraHnyeckux coefiuHeHui

CyImecTByeT HECKOJbKO BapMAaHTOB KJIaCCU(PUKAIIUY OPTaHUUYECKUX COeIUHEHUH,
OCHOBAHHBIX HA CJEAYIOI[MX IPU3HAKAX:
e CTpOeHUe YTJIepOmHOU menu (YyrJIepoaHOTO CKeJeTa);
e HaJIWUMe U COCTAaB (PYHKIIMOHAJIBHBLIX I'PYIII.

(DYHKI.WIOHaJ'IbHaH rpynna — 37O rpynna B coctaBe OPI’aHI/I‘-IeCKOI?I MoJieKyJibl, onpeaensa-
olWan ee XMMn4yeckne CBOMCTBa.

ITo cTpoeHuIo yrilepOAHLIX IEelleil Bce OpraHmyecKye BeIeCTBa AeJIAT Ha AUUKIULeCKUe
(1Ienb aTOMOB yIVIEPOAa HE3aMKHYTA) U UuKAuueckue (Lellb aTOMOB YIJIEPOJa 3aMKHYTA):

~9=§-1- -

a) |
0)
Puc. 3.3. Cxemamuueckoe uzobpaxcenue yziepodHoil yenu: a) ayuKauyeckas; 6 ) yuKiuiecKas

AnuKaIndyecKre yrJIeBOIOPOALI B CBOIO Ouepedb HeJATCS Ha npedesvHbuie (B yrie-
POOHOI IeIOUYKe MMEIOTCS TOJBLKO OAWHAPHBIE CBA3U MEXKAY aTOMaMM YIJIepoza)
u HenpedeabHble (MeXKY aTOMaMU yIJjepoja MOTYT IPUCYTCTBOBATh ABOWHBIE M TPOM-
HbI€ CBA3M).

IIpenenbuble yriaeBOLOPOAbl MHAYUE HABBIBAIOT AJLKAHAMU.

Henpenenbuble yriaeBogopPOAbl IOAPA3AeIAI0OTCA Ha:

ankeHvl (OOHA TBOUMHAA CBA3D);

ankuHbl (OOHA TPOMHAA CBA3D);

e OJueHvl (IBe IBOIHBIE CBA3HU).

IMukanyecKue yrieBOAOPOAbI AEJATCA Ha Kapbouukaudeckue (B IIUKJ 3aMKHyTa
TOJILKO YIJIePOdHAS IeIlb) U 2emepoyukauieckue (B 3aMKHYTOH Ilenr, KpOMe aTOMOB
yTJieposia, IPUCYTCTBYIOT aTOMBI KMCJIOPOAA, a30Ta UJIU CEePHI).

Kapbomnukinueckue yriaeBogopoabl B CBOIO ouepenhb IIOAPa3aeAl0TCsa Ha:

o anauuyurauieckue (IUKJIONMapadUHEI);

apomamuyeckue (comepsraiiue 0eH30JbHOE KOJIBIIO).

Kraaccuduranusa yriaeBoIopoaoB IO CTPOEHUIO YIJIEPOJHOTO CKejeTa IpeacTaBJie-
Ha B Taba. 3.1.



Tabruya 3.1

Kanaccudukanusa yriieBogopoaoB 0 CTPOCHUIO YIIEPOIHOr0 CKelieTa

g S ., XapakTepuCTUKA
8 2 &| mo THIy yriepos- Tun cBazei IIpumep
[ =RC) .,
E 3 2 YIVIEPOIHBIX Hasnanme snacea B YIJIEPOTHOM Ilenu cCoeTMHeHHu I
~ > cBs3eil
IIpenenvubie AnraHbI Toapko ogunapubie | Jran H;C—CH,
o C.H,, ., cBasu —C—C—
& Henpenenbubie AKeHbI Opua nBoniHad I9runen H,C=CH,
E C,H,, cBaA3p —C=C—
E HueHbr IlBe mBOiHBIE Byraguen-1,3
Ef CnH2n—2 CBA3U CZC_CZC H2C:CH—CH=CH2
< AJTKUHEBI OpnHa TpoitHad ITuH (aleTuaeH)
C,H,, cBasp C=C HC=CH
Kapb6o- IMuxio- OnuHapHbIE Mukaonpoman
IMUKJINYECKUE napaduHbI ceasu C-C H H
C,H ||
| H
H
Apensl ApomaTuueckas Benzon
C,H,, ¢ CcBA3L (0eH30JIbHOE
o KOJIBIIO)
S
he
[}
[}
5
=
=
i
=
=
Terepo- Terepo- OpuHapHBIE T'excoren
IMUKJINYECKUE IIUKJIBI W apoMaTUYecKue o
CBA3U | o
N+
~._ C |
g “N-ON—N
| AN
C..C
1
.
OyN\O_
OcHOBHBIE COEUHEHUA OPraHWUYECKOM XWMUU — YTJIEBOJOPOJIBLI, TO €CTh BeIle-

CTBa, B COCTaBe KOTOPBIX MMEIOTCS TOJLKO aTOMBI yIjepoaa 1 Bomopona. Ecau Bere-
CTBO COJIEP’KUT aTOMBI JPYTUX JJIEMEHTOB, TO €r0 pacCMaTPUBAIOT KaK IIPOM3BOIHYIO
YIJIEBOOPOIa, Pe3yJbTAaT 3aMeIeH’s aTOMOB BOJOPOJa OJHOM MJIM HECKOJbKUMU
(OYHKIIMOHAIBLHBIMU TPYIIIIAMU.

Wcxons us coctaBa GyHKIIMOHAJBHBIX I'DYII BCe OPraHWYECKHUEe BeIlecTBa AeJIAT

Ha HECKOJIbKO KJaccoB (Tabi. 3.2).

95



Tabnuuya 3.2
OcHoBHbBIE KJaCChl OPraHMUYECKHUX COeTuHEeHU It

Kaace PDyHKIMOHAIbHAS I'PyNIIA IIpumep coemquHeHUs
YrieBonopoabt OrcyTcTBYyeT Iran H;C—CH,
CroupThl T'ugporcunsuas —OH Iranon H;C—CH,—OH
Anbnernanl KapbouuarHas IraHaab (YKCYCHBIH aJbIETHT)
Va
C\ CH //O
H 3
“H
Kapb6ouosrie KapbokcuabHas JramoBad (YKCycHasI) KUCJIOTa
KHCJIOTBI //0 /O
CH,—
“OH * NoH
Croxubie d3(hUPLI Cro:xuOa(pupHas Merunamerar (MeTHUJIOBBIHA
0 3(UP YKCYCHOU KUCJIOTHI)
7 0
_C\ 7
O0—CH,
AMUHBI Awmunorpynna —NH, Merumamua H;C—NH,
AMWHOKMCJIOTHI Kap6okcunbHas 0 AMuHOSTaHOBaSA KHCJIOTA
4 H,N—CH,—COOH
“OH
Awmunorpynna —NH,

BeriecTBa 04HOTO KJlacca MMEIOT CXOXKee CTPOeHUe yIrIepPOJHOTO CKeJeTa U OGuHAa-
KOBBIe (DYHKIIMOHAJIbHBIE I'PYIIIBI, OJHAKO OTJIUYAIOTCA APYT OT APyTra KOJUUECTBOM
aTOMOB yTIJIepoJia W BOJOpoJa B MojeKyJjae. Takwe BeliecTBa O0beAWHSAIOT B 20MOJIO-
2uueckue psaovl.

T'oMoJ0Oru4ecKuM pAXOM HA3BIBAIOT COBOKYITHOCTH BEIIECTB, CXOAHBIX IO CTPOEHUIO
M CBOMCTBaM, PacCHOJIOKEHHBIX B IOPAAKE BO3PACTaHUA UX OTHOCUTEJIBHBIX MOJIEKY-
JITPHBIX MAaCC U OTJIMUYAIOIIUXCS APYT OT APyTra Ha FOMOJOTHUYeCKYIo pasdHocts —CH,—.

Hamnpumep, roMOJIOTUYECKUI DAL IPEAEIbHBIX YIUIEBOAOPOAOB BBITJIAAUT CIENYIO-
M 00pas3oM:

meran CH, — sran C,H4; (CH;—CHj3) — nponan C;Hg (CH;—CH,—CHj3) — 6yran
C;H,,(CH;—CH,—CH,—CHs) u T. 1.

MpenenbHble yrneBogopoabl. MeTaH, 3TaH

Hassanue npedenvubvie yzae000podv. TOBOPUT O TOM, UTO BCe BAJIEHTHOCTH aTOMOB
yriiepozia B MOJIEKYJIaX 9THX BeIeCTB 3aHATHI APYTUMU aToMaMu 10 npeznesna. Takum
o6pas3oM, B MOJIEKYJIaxX IpefesbHbIX YIJIEeBOLOPOIOB BCe CBA3U ONWHAPHEIE.

AnkxaHBl — 3TO KJacc IpeJesbHBIX YIJIEBOJAOPOAOB, B MOJEKYyJIaxX KOTOPHIX BCe
aTOMBI CBSABAHBI OJUHAPHBIMYU CBA3AMU.

HasBanusa ankaHoB cogep:katr cyddukc -an (sTaH, nponaH, 6yraH, IeHTaH U T. I.).

O6maa dpopmysna ankanos — C,H,, ..
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dusnuecKure CBOMCTBA aJIKAHOB ONPENEAIOTCA MX MOJIEKYJAAPHOU Maccoii. Ilep-
BbI€ BEII[eCTBA B I'OMOJIOTMYECKOM PAAY aJKaHOB — Trasbl, Aajiee CIeAYIOT JKUITKOCTH,
a 3aMBIKAIOT PsAJI TBepIble BeIllecTBAa.

PomonauanbHuK panxa mpemesnbHBIX yrieBomoponoB — metan CH,. B merane Bce
yeThIpe BAJIEHTHOCTH aTOMA YIVIEPOAA 3aHATHI aTOMaMU BOLOPOIA.

Ecau oTHATEL y 9TOH MOJIEKYJIBEI OZUH ATOM BOLOPOLA, TO IOJYUYHUTCS YTJIEBOLOPOI-
HBIN ocTaToK — padukxan — CHj, KoTOpBINA HasbpIiBaeTcA Memui. B HEM o/HA BaJIEHT-
HOCTBH yIJjIepoJa He HachIIlleHa, cBobomHa. Taxkue paguKaabl CYIIECTBYIOT C APYTUMU
aToMaM# WU OOUH C IPYTHUM.

Ecau coequuuTh Mexay co00i ABa pagnKajia MeTHaa, TO o0pasyercsa APYroi yrie-
BOJOPOJ — STAaH:

CH, + CH, — CH;—CHs;.

Mounerymna srana obpasyer pagukana amus —CH,—CH,, nin —C,H;. [IBa paguka-
Jla 3TUJa MOTYyT o0pasoBaTh MoJjeKyJsy Oyrana C,H,,:
CH;—CH,—CH,—CHj;.
Hnsa mosnexkyisl cocraBa C,H;, BOBMOYKHO U pa3BeTBJIEHHOE CTPOEHUE:
CH3—C|H—CH3
CH,

ByraH, B MoJIeKyJe KOTOPOTO aTOMBI YIJIepo/ia PACIIONOKEHbI B BUE IPAMOI Iie-
TIOYKM, HAa3bIBAIOT HOPMAJLbHbIM OymaHom (H-OyTan). ByTan ¢ pa3BeTBJIEHHOI I1eII0Y-
KOM HaA3BIBAIOT U300YMAHOM.

¥V Bcex 9THX YIJIEBOJOPOIOB MEKIY YIJIEPOAHBIMH aTOMaMU IPOCTBHIE CBA3MU, KO-
TOpbIe HACBHIIIEHBI A0 IIpefesia aToMaMHu Bojgoponaa. Taxme yriieBOIOPOALI HA3BLIBAIOT
npeaeabHBIMU 11 HACHINIEHHBIMHU.

ITo ¢pusmueckuM cBoiicTBaM MeTaH — ras3 0e3 I[BeTa 1 3amaxa.

JdTaH — TOMOJIOT MeTaHa, MOJEKYJia KOTOPOr'0 OTJIMYAaeTCda OT MOJIEKYJbI MeTaHa
Ha ogHy romoJiorudeckyio rpynny —CH,:

C,Hg, nnmm H;,C—CHs,.
XuMuYecKHue CBOMCTBA aJIKaHOB (Ha MpHMMepe MeTaHAa M 3TaHA)

1. BzaumogeiicTBue ¢ KHCIOPOAOM (PeaKI[us TOPeHUs):
CH, + 20, —» CO,T + 2H,0 + @
MeTaH
2. Peaknum 3aMelieHUsI — 2a/l02eHUpoB8aHue (3aMelleHre aTOMOB BOJOPOAa B MoJie-
KyJie aTOMaMM TaJIOTEeHOB); UJET B HECKOJILKO 9TAIIOB:

CH, + Cl, —® > CH,CI + HCI; CH,CI + Cl, —* 5 CH,,Cl, + HCl;
XJIOpDMETaH AUXJIOpPMETaH

CH,CI, + Cl, —=*  CHCI, + HC; CHCI, + Cl, —=* CCl, + HCL
TPUXJIOPMETaH TeTpaxjopMeTaHn

JTa peakIusa IPOTEKAET 10 IETHOMY CBOOOIHOPAAUKAJIbHOMY MEXaHU3MY:
a) mepBas cTaAusA HauMHaeTcs Ha cBeTy. POTOHBI cBeTa BBIOMBAIOT SJEKTPOH 13
MOJIEKYJIBI XJIOpa, 00pas3ys CBOOOAHBIN pagmKal:
Cl, —» 2Cl-
0) mJA BTOPOH CTaAuMU PeaKIIMM CBeT He HY:KeH. 3IecCh HUAET CaAaMOIIPOU3BOJILHBIN
POCT IIemu:
Cl- +CH, » CH;- + HCl; CHj;- + Cl, > CH;Cl+Cl-
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B) 3aKaHUYMBAaeTCA PEaKI[Us COeIMHEHMEM OBYX CBOOOAHBLIX PaANKaIOB, KOTOPHIE
00pas3yoT MOJIEKYJIY U OOPBLIBAIOT IIEIb:
CH;- +Cl- —» CH,Cl
3. Peaknuu pas3jiosKeHUsT:
a) IMoJIHOe pasjosKeHue MertaHa mpu temnepatrype 1000 °C:

CH, —“—cC+2H,T;

0) HemoJiHOe pasJoxkenHue MmeTaHa mpu Temieparype 1500 °C u peskoM oxJjakie-
HUU OPOJYKTOB PEaKIINU:

2CH, —“—C,H, + 3H,T;

B) pearyus 0ezudpupoB8arHus ABJIAETCA YACTHLIM CJIyUYaeM PeaKIIuM’ PA3IOKEHUA —
B XOJle PEAKIINU MPOUCXOAUT OTIIEIJIeHNEe MOJEKYJbl BOZOPOAA OT MOJEKYJIBI yIJie-
BOZODPOAA.

HeruapupoBaHue sTaHa:

CH,—CH,—*-»" CH,=CH, + H,T.

9TaH 9TUJIEH

HenpepenbHbie yrneBogopoabl. ITuneH

B moseKkysax ajJKeHOB BaJIEHTHOCTH aTOMOB yIJiepoja HAacCBIIMIeHBI He OO0 IIpeaesa
(ecTh mBOIIHASA CBsA3B), OTCIONA Ha3BaHMWE I'PYHNOBI YIVIEBOIOPOAOB — HenpedesbHbule.

Moseryibl aIKeHOB B CBOEM YTIJIEPOIHOM CKeJeTe COMep:KaT OOHY TBOMHYIO CBAS3.

IToTeps AByX aTOMOB BOZOPOIA IPUBOAUT K OOPAa30BAHHUIO MEXKIY aTOMaMM yTJie-
poia He OOWHAPHOM, a NBOWHON CBA3U.

AnIKeHBI — BTO HeNpeJesibHbIE YIJIeBOJOPOIbI, COMeP Kalie B YIJIePOSHOM IIernou-
Ke OOHY OBOWHYIO CBSA3b.

Ob61mtasa ¢popmyna ankenoB — C,H,,.

HasBanusa ankenoB comep:kaTr cypdukrc -en (9TeH, mIpoieH, OyTeH, IEHTEH U T. I.).

PomoHaualbHUKOM psafa HeIpeaelbHbIX YIJIeBOIOPOIOB aIKEHOB ABJIAETCA STUJICH

(aTen): H H

IATUJIeH IIOJIYYAIOT IIYyTEM OTIIEIIJIEHUA MOJIEKYJIBI BOAOPOAa OT MOJIEKYJIBI 9TaHa:

CH,—CH, —*-»“ CH,=CH, +H,T

9TaH 9TUJIeH

XuMHYecKkue CBOMCTBA aJIKeHOB (HA MpUMepe STUJICHA)

OO0ycJIOBJIEHBI HAJIUUYKMEM B MOJIEKYJie alKeHoB ABounHoir C=C-cBsasu:
1. BaaumogeiicTBrE ¢ KHCIOPOAOM (peaKIiusa TropeHmsd):

C,H, + 30, = 2C0,T + 2H,0.

2. Peakuyuy nmpHCOeIMHEHM S, UAYINYEe C PAa3PBIBOM JBOIMHOM CBA3M; aTOMBI U (DYHK-
IIUOHAJbHBIE T'PYIIBl IPUCOEIUHAIOTCS K MOJIEKYJe 39TUJIeHAa B MeCTe DPasphbIBa
CBSI3W, B pe3yJbTaTe 3TUJEH IIPEeBPAIlaeTcsa B IPOU3BOAHOE aTKaHa (dTaHa):

a) mpucoefVHeHMEe BoJopoa (peaxyus 2udpupos8atus):
CH,=CH, + H, —*— CH;—CH.

9TaH



0) mpucoeguHEHMNE BOALI (pearkuyus sudpamayui):
CH, = CH, + H,0 —%%=*? , CH,—CH,—OH, um C,H;0H.
STUJIOBBIN CIUPT (STAHOJ)

B) IIpUCOeIUHEHME TAJIOTEHOB (Peakyus 2anlo2eHUPOBAHUSL):
CHZZCH2+ BI‘2 —> C|H2_ C|H2
Br Br

1,2-gubpomaran
Jra peaKIus ABJIAETCA KaUeCTBEHHOU Ha JBOMHYIO U TPOMHYIO CBA3h — B €e XO0e
OPoOUCXOaUT obeciiBeunBaHMe pacTBopa OpoMa B Boje (OpOMHOI BOJIBI).
3. Peaknusa ¢ mepMaHraHaATOM KaJIusd:

3CH,=CH, + 2KMnO, + 4H,0 — 3(|JH2— (|JH2 +2MnO,! + 2KOH
OH OH

JBYXaTOMHBIH CIUPT STUIEHIINKOID
(srarguon-1,2)

Ira peakIusd TaKKe ABJAETCA Ka4ueCTBEHHOUN Ha IBOMHYIO CBA3b, T. K. B X0O[e 9TOH
peaxuy obecIiBeUNBAETCA PACTBOP IIepMAaHTraHaTa KaJus.
4. Peakuusa moJuMepHu3aluu ¢ 00pasoBaHMEM IIOJUMEPA — NOJLUIMULCHA:

nCH2=CH2 %‘3 (—CHZ—CH2—)n

HenpepenbHbie yrneBonopoabl. AueTunex

ANKMHBI — 9TO HeIpeJeJbHbIE YIJIEBOAOPOABI, B MOJIEKYJIaX KOTOPHIX IIPUCYT-
crByeT Tpoiinasg C=C-cBA3b.

Wx cocraB orpaxkaer ¢opmysa C,H,, ,.

ArnetTniien — poAOHAYAJIBHUK IOMOJOIMYECKOTO pAga aJlKMHOB. B MojeKyrax aj-
KMHOB MEXXJY aTOMaMM yTIJepojia ecTh TPOWHAas CBA3b, TO €CTh OHU eIle 0ojiee He-
IpeleJIbHBI, UeM aJIKEHBI.

Anerunen — ras 6e3 IBeTa 3amaxa, MaJIOPACTBOPUMBIN B BOJE.

dopmyaa ameruieHa:

C,H,, nim H-C=C-H
AneTusieH BBIJENAETCS B Pe3yJbTaTe HEIOJIHOT'O Pas3jIoyKeHUsA MeTaHa, a TaKiKe
B XO0Jle peakKnuu KapOuaa KaJbIIua ¢ BOJOM:
CaC, + 2HOH — C,H,T + Ca(OH),\.
KaPGI/II[ KaJIbIIudA alneTujJIeH
B mIpOMBIIILJIEHHOCTHY alleTUJIeH IIOJYUAIOT Memodom NUpPoauU3a U3 yrieBOIOPOIHO-

'O CBHIPbA: .
2CH, —%¢ _,H C=C—H + 3H,T.

XumMnuecKkue CBOICTBA alleTHUJICHA
1. BzaumopeiicTBrEe ¢ KHCIOPOAOM (peaKIiusA TOPeHM’s) IMIPOUCXOIUT C BBIAEJeHUEM
0O0JILITIOTO KOJIMYECTBA TeIJIOTHI (MCIIOJIb3YeTCsa IIPU Pe3Ke MeTaJLIOB):
2C,H, + 50, —» 4C0,T + 2H,0 + Q.
2. Peaknun mpucoeguHenus. Tak ’Ke, KaK M y STUJIeHA, IIPHUCOEIUHEHNE ATOMOB
" (PYHKIIMOHAJBHBIX T'PYIII Y alleTHUJIeHa UJEeT B MeCcTe pa3phbIBa TPOMHOI CBS3U:
a) peakIusa I’UIPUPOBAHUA:

HC=CH + 2H, — %™, CH,—CHy;
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0) peakIiusa ruapaTaIlnum:

Hg? //O
HC=CH + H,0 — CH;—C
AN
H
B) peaKIus rajJloreHUPOBaAHUA: Br Br

CH=CH + 2Br, = H—(#—(# —H
Br Br

T') peakIus T'UAPOoraJoreHUpPoBaHuA (IpHcoeIuHeHe MaJIOTeHOBOIOPOI0B):
CH=CH + HCI — CH2=CI?
Cl
XJIOPATaH (BUHUJIXJIOPHUL)
AneTueH nmpuMeHAeTCA B alleTUJIEHOKUCJIOPOJHBIX TOPEJKax IJs CBApKU U Pes-
KN MeTaJLJIOB, TeMIepaTypa ImIaMeHu MoxkeT mocturath 2800 °C.
Taxske areTnjaeH MUCIOJB3YIOT AJIA IOJyUYeHUSA YKCYCHOM KHUCJIOTHI, B IIPOM3BOJ-
CTBE MCKYCCTBEHHOTO KaydyKa, IIJacTMacc 1 Ap.

@D 3.4.2. Kucnopopcopepawme BelyecTsa:
cnupTbl (MeTaHON, 3TaHON, IMNLEPVH),
Kap6oHOBble KMUCNOTbl (YKCYyCHasA M cTeapuHoOBas)

MpepenbHble ogHOATOMHbIE CNUPTbI. MeTaHoN. ITaHoN

CaupTsl — 3TO MPOU3BOAHBIE YTJIEBOJAOPOIOB, B MOJIEKYJIaX KOTOPBIX OAWH WJIU He-
CKOJIBKO aTOMOB BOJOPOIA 3aMeIlleHbl OMHOBAJIEHTHBIMY I'MIPOKCUIbLHBIMY IPYIIIaMU.

Y 00HoamoOMHbLX COUPTOB M'IAPOKCUIBHOI TPYIIION 3aMeIlleH OAUH aTOM BOIOPO-
a, y MHO20AMOMHbLX — HECKOJBKO aTOMOB BOJOPOJA.

IIpenenbuble CIUPTHI — 3TO CIUPTHI, YIJIEBOLOPOAHBIN CKEJIeT KOTOPBHIX COAEePIKUT
TOJIBKO OQVHAPHBIE CBASU.

Oo6miaa gopMmysaa IpegelbHBIX ogHOAaTOMHLIX cuupToB: R—OH, rme R — yrieso-
noponubiil pagukai, wiau C,H,, ;OH.

HasBanusa oqHOATOMHBIX CIIMPTOB OOPA3yIOT OT HA3BAaHUM COOTBETCTBYIOIMUX (IIO
YKCJYy aTOMOB yIJIepoa) YIJIeBOLOPOIOB ¢ mpudasaenueM cyppurca -o.i.

XapaKTepHble XMMHUYECKHNE CBOWCTBA CIIMPTOB OOYCJOBJEHBI HAJIWUYMEM B HHUX
GYHKIIMOHAJIBHON M'IApoKcuabHON rpymmsl —OH.

Tpynmy aTomoB, ompenensioniyo Hanbosiee XxapakTepHbBIE CBOMCTBA KJIACCOB Opra-
HUYECKUX COeIMHEHUIl, Ha3hbIBAIOT (PYHKIITHOHAJIHHOM.

IIpeacraBuTe I TOMOJIOTHUECKOTO PAAA IIPEAeJbHBIX OJHOATOMHBLIX CIHPTOB —
metanos (CH;OH) u sranmon (C,H,OH).

Peaxiusa mosyyeHus COIMPTOB M3BeCTHA ¢ TIyOoKou apeBHocTu. Ilox medicTBuem
OMOJIOTMYECKUX KaTaau3aTopoB ((hepMeHTOB) IJIIOKO3a IIpeBpallaeTcsAd B STUJIOBBIH
CIIIPT. ITOT IIPOIIECC HABLIBAETCS CNUPHLOBbLM OPONCCHUCM:

C,H,,0, — 2™ 5 9C,H,OH +2CO,T.
TJIIOKO3a 9TUJIOBBIX CIIMUPT

MeraHnos — GeciiBeTHas KUIKOCTh C XapaKTePHBIM 3allaxoM, TeMIlepaTypa Ku-
neHuA Koropoii cocraBiasgeT 65 °C. Meranoan ouenb aAxoBut! Ilpmem 50 r meramoJia
BHYTPB BBIBBIBaeT ciaemnory, a 100 r — mosa, cmeprenbHasd AJiA yeaoBeka. MeTaHO
WCIIOJIb3YETCS B KaueCTBe TOILJIMBA U CHIPHA IJIS XUMHUUYECKON TPOMBINIICHHOCTH.
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ATaHOJ — OecIlBeTHASA KUIKOCTh C XapaKTEePHBLIM 3amaxoM. SIBjasgeTcs sSTOBUTHIM
HApPKOTUYECKUM BeEIlleCTBOM, CIIOCOOHBLIM IIapaJIM30BAaTh BOJIIO UEJOBEKA, BLI3LIBATH
TAMKeJble OTPABJICHUSI U HeoOpaTHUMble N3MEHEH!A B KOpe I'0OJIOBHOI'O MO3ra.

W mMeTaHOJ, W STAHOJ XOPOIIO PACTBOPHUMEBI B BOJE, IOCKOJBKY 00pPasyioT APYT
C IPYTOM M C MOJIEKYJaMM BOABI BOJAOPOAHBIE CBA3U:

(l)_H .. .(l)_H .. .(l)_H
R R R

XI/IMI/I‘IeCKYIO CBA3b MEXAY IIOJIOMKHUTEJIBHO ITOJIAPM30BAHHBIMHN aTOMaMM BOJOPO-

aa O,ZIHOfI MOJIEKYJIBI 1 OTPHUIIATEJIBHO IIOJIAPM30BaHHBIMM aTOMaMM CHUJIBHO 3JIEKTPO-

orpurtarenbHbix saemerToB (F, O, N, Cl, S) npyroii MoJieKyJibl Ha3bIBAIOT 8000POOHOIL.
ITaHOJI MOJMYUaIOT TUAPATAIINEN dTUJIEeHA B IPUCYTCTBUU KaTaJIU3aTOPOB:

CH, = CH, + H,0 —%%«*? , CH,—CH,—OH, wm C,H,0H.

XuMHnueckKme cBOICTBA

1. BzaumopeiicTBre ¢ KHCIOPOIOM (peaxiiusa roperusi). Kak u yriieBomoposbl, CIMUp-
THI TOPAT U B KUCJIOPOJE, U Ha BO3AyXe:

2CH,0H + 30, —» 2C0,T +4H,0+Q; C,H,OH + 30, — 2C0,T + 3H,0 + Q.

MEeTaHOJI 3TaHOJI
2. BzaumogeiicBue ¢ MeTajJaaMu ¢ 00pa3oBaHUeM COJIell — aJK0204M08:
C,H.,OH + 2Na — 2C,H.ONa + H,T.

9THUJIAT HATPUA
3. Peaknumu meruapatamun:

a) BHYTPUMOJIEKYJIAPHAA Aeruaparanus (OTIenJeHrne OJHON MOJEKYJILI BOAbI OT
OJTHOII MOJIEKYJIBI CITUPTA):

C,H,0OH —"2: ,C H,T +H,O0;

0) MexXMOJIeKyasApHasa JeruapaTtanus (OTIMeIlJIeHre MOJEKYJIbl BOALI OT ABYX MO-
JEeKYJ CIIMPTa) IPUBOAUT K 00pasoBaHUIO HOBOTO KJIacCa OPTaHUUYECKUX COEIU-
HeHUMl — npocmblx 3Qupos:

R—OH + OH—R; R—O—R,; + H,0
C,H,—OH + OH—C,H; —» C,H;, —» C,H,—0—C,H; + H,0.
4. BsaumogeiictBue ¢ okcumoM Memau (IT) ¢ oOpasoBaHuMeM BeIecTB APYroro KJjacca:

aavlezudos: //O
C,H,OH + CuO —» CH;—C N + Cu + H,0

9TaHOJI

H,S0,, t°
—

3TaHaJb (YKCYCHBIN aJIbIerun)
5. BaumogeiicTBrue ¢ opraHuYecKMMH (KapOOHOBBIMH) KHCJIOTAMM, WUJIU PEeAKUUS
amepugurayuu, ¢ oOpasoBaHUEM CJOHCHBLX IPUPOE:
_ HZSO4(KDH ) to
C,H;C00 + HOCH; —————— CH,CO0—CH; + H,0

VKCycHad MEeTUJIOBBIN MeTuJjianeraT
(sTaHOBasA) KUCAOTA CHOUPT (METAHOI)

6. Peaknua pasjio:KeHUA 9TAHOJA ITPU HaTPEeBaHUU B IPUCYTCTBUU CEPHON KUCJIOTHI
c o0pasoBaHUEM ATHUJIEHA:

C,H,0H 150,

CH,=CH,T + H,0
lpepenbHbie MHOroaToMHble cAUPTbI. MMULepuH

Tnunepun npencraBisgeT co00i TPeXaTOMHBIN COUPT U COAEPKUT B MOJIEKYJe TPHU
TUAPOKCOTPYIIIIEL.
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®opmysa raunepuHa:
ClHZ—CH—CH2
OH OH OH
Tonunepun — sT0 OeciiBeTHAA KUIKOCTH, XOPOIIO PACTBOPUM B BOJE, CIIOCOOEH
IOTJIONIATEL BJIATY M3 Bo3ayXa (rurpockomnmnuer). He amgosur. I'IuiiepuH MCIOJIL3YIOT
B KauyecTBe YBJAKHUTEJA ITPU M3TOTOBJIEHUN KOCMETUYEeCKUX cpeacTB. VI3 Hero mo-
JIyUaloT IIeJILIH PAJ B3PLIBUATHIX BEIeCTB, HAIIPUMEDP TPUHUTPAT raumepuHa. Taxxe
TJIUIEPUH B MaJIbIX J03aX HCIIOJBL3YIOT B KauecTBe JIEKAPCTBEHHOTO IIpemnapara Ipu
CepaeYHO-COCYAUCTRHIX 3a00eBaHUAX (HUTPOTIHIIEPHH).
KauecTBeHHO#I peaKiimell Ha MHOTOATOMHBIE CIIUPTHI ABJISAETCS B3aMMOIEHCTBUE
TJINIEePUHA CO CBEXKEeIOoJyUeHHBIM ocagkoM ruapokcuma menu (II), KoToprwlii pacTBo-
psAeTcs, OKpallnBasd PacTBOP B APKO-CUHUI IIBET.

Kap6oHoBble KucnoTbI. YKCyCHasA U cTeapuHOBasA KUCNOTbI

Kap6oHOBBI€ KHCJIOTBI — 3TO OPTaHWUYECKNE COeIUHEHUA, B MOJEKYJIaX KOTOPHIX
npucyTcTByeT kapbokxcunvhaa zpynna —COOH, cBsaA3aHHaA ¢ yIJIeBOAOPOIHBIM Pagu-
kajgom. O6mias popmysia KapOOHOBBIX KHCJIOT:

/O
R—C nau RCOOH,
“OH
rae R — pagukas npegensHoro yriaesomopona — C,H,, ;. 0
T'omoaornueckuii pAg nIpenelbHBIX OJHOOCHOBHBIX KapOOHOBBIX H— C//
KHCJIOT HAUMHAETCS C MyPABbUHON KMCJIOTHI: \OH
Kapboxcus B aT0l KHCI0TEe CBA3AH HE C YIJIEBOJOPOAHBLIM PAgMNKaJIOM, & C ATOMOM
BOJOpPOZa, KaK M KapOOHUJ B MyPaBbUHOM CIIUPTE. 0
Bropoii B roMosiornuecKkoM pPAAY KapOOHOBBIX KHCJIOT CTOUT CH3—C//
YKCYCHAs, NN STAHOBAS KHCJIOTA: \OH

ATo GeclBeTHAA KUAKOCTDh C XapPaKTEePHBIM PE3KHMM 3aIIaXO0M, XOPOIIIO PACTBOPHMA
B BOJle, CMEIIINBAaeTCA C BOMOI B JIIOOBIX ITPOIOPITUAX.

BozaHEbIl pacTBOpP YKCYCHOUN KHCJIOTHI « CTOJIOBBIM YKCYC» HUCIIOJNL3YIOT B OBITY.

VrcycHas KHCJIOTA — XOPOIIWH PACTBOPUTENL MHOTMX OPraHMYECKUX COeIUHe-
HUHA: JaKoB, Kpacok. OHa TakyKe ABJAETCA ChIPhLEM [AJIA IIPOM3BOJCTBA MCKYCCTBEH-
HBIX (aIleTaTHBIX) BOJIOKOH, AMOXUMUKATOB, KMHO- 1 (DOTOILJIEHOK.

YEKCycHasg KHCJIOTA BBICOKOW KOHI[EHTPAIMH AMOBUTA! B GOMBINTNX KOJMYECTBAX
OHa CcIIOCO0HA BBI3BATH OKOTH KOXKU M CIUBUCTHIX 000JI0UEK.

B romoJsiornueckoM pAay mpeneabHBIX OSJHOOCHOBHBIX KApPOOHOBBIX KIMCJOT C YBe-
JUUYEHNEM X MOJIEKYJIAPHON MACChI PACTYT MX IJOTHOCTh M TeMIlepaTypa KUIIeHUd,
a pacTBOPUMOCTH B BOJie YMeHbIaeTcsa. Ilociequue npeacTaBUTENN PASA — NAJLbMU-
munosasn Ci;H;;COOH u cmeapunogas C,;H;;COOH rucromvl — ABIAIOTCA TBEPABI-
MU Bell[eCTBaMMU.

Kap6oHoBbIe KUCIOTHI 001a4ai0T OOIIIMME CBOMCTBAMU KHCJOT.

XuMu4YecKue CBOMCTBA KAPOOHOBBIX KHCJIOT

1. OneKTposuTHUeCKad OUCCOIMAIUSI B BOOHBIX pacTBopax. KapOoHOBBIE KMCJIOTHI
ABJIAIOTCA CJIA0BIMU BJIEKTPOJIUTAMU:

RCOOH &= RCOO™ +H".
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Cpena pacTBopa — KHCJAfd, YTO MOATBEPIKIAECTCA COOTBETCTBYIOIIUMM M3MEeHEHHEeM
OKPACKU UHINKATOPOB.
2. BszaumogeiicTBre ¢ MeTaJJIaMH, CTOSIIIMY B BLITECHUTEILHOM PAAY JieBee BOLOpOoaa:

2CH,COOH + Zn — (CH;C00),Zn + H,T.

areTar ITMHKA
3. BzaumogeiicTBre ¢ OCHOBHBIMH M aM(OTEPHBIMHU OKCHUIAMU C 00pasoBaHUEM COJIel
(areTaToB I YKCYCHOI KMCJIOTHI):
2CH;COOH + Mg0O — (CH;CO0),Mg + H,0.
4. BzaumomeiicTBre ¢ OCHOBAHUAMHU M aM(pOTEePHBIMHU TMIPOKCHIAMMU:

2CH,COOH + Mg(OH), — (CH,C00),Mg + 2H,0.

5. BaaumogeiicTBIE € COMAMHU O0JIee CIA0OBIX KMCJIOT (PeaKIIuy MOHHOTO 00MeHa, IIpo-
TeKamInue ¢ obpazoBaHreM OCaJKa MU BhITEeJIEHUEM rasa):
2CH,COOH + Na,CO; — 2CH,COONa + H,0 + CO,T.

6. Peaknusa srepuduKanmuu — B3aUMOJIEUCTBYE CO CIIUPTAMU C 00PA30BAHUEM CJIOK-
HBIX 3(}UpPOB:
CH,COOH + C,H,OH == CH,COOC,H, + H,0.

yKCyCcHAasa 9THUJIOBBIH 9THUJIOBBIN ddUp
KUCJIOTa CIUPT VKCYCHOM KHCJIOTHI (9THJIAIEeTaT)

Cmeapunosas Kucaoma — BbIcIiad KapboHoBas KucyoTa. Ee dopmyia: CigHz40,,
ninu CH3(CH,);COOH. IlpexncraBider co00il TBepAoe BEIECTBO B BUJE 0€JTBIX KPU-
CTAJIJIOB, HEPACTBOPUMBIX B BOJE, HO XOPOIIIO PACTBOPMMBLIX B JUITUJIOBOM s(dupe.

9TO ofHA U3 CAMBIX PACIPOCTPAHEHHBIX B IIPUPOIE HUPHbLX KUCJOM, TO €CTh KHUC-
JIOT, KOTOPBIE BXOJAT B COCTAB IMIPUPOIHBLIX H#UP08 (Aunudos, nin 2iuuyepudos).

CreapuHOBas KHMCJOTA CIIOCO0OHA BCTYIATh B PEAKIINIO 9TePUPUKAIIUN C TPEXATOM-
HBIM CHHPTOM IJIMIIEPHUHOM, B PEe3yJIbTATe KOTOPOIl M 00pas3yoTCsa JKUPHI.

(0 3.4.3. Buonornyeckn BaXKHble BellecTBa: 6enku, Xupbl, yrnesoabl

benkn

Beakn — 5To KJacc CJI0KHBIX OMOIOJIMNMEPOB.

ITonumepamu HasbIBaeTCS TI'PyHNa OPraHUUYECKUX BBICOKOMOJIEKYJIAPHBIX COeIU-
HeHUM, MOJIEKYJISpHAasa Macca KOTOPBIX MOXKET JOCTUTaTh HECKOJNBbKUX JEeCATKOB MU
coteH ThicAY. [ToMMepHI MOIYUYAIOT B XUMUUYECKOM CHUHTe3€e IIyTeM pPeaKIlnii moJuMe-
pusanuu 1 TOJUKOHAEHCAIINN.

BricoKOMOJIeKYyAsIPHBIE COeNMHEeHNsI, KOTOPhIe BXOAAT B COCTAB KHBBIX OPraHU3-
MOB, Ha3bIBAIOT Ouonoaumepamu. K 6uomosnmepaM OTHOCAT OeJIKM, YIJIEBOIBLI U HYK-
JeMHOBbIe KHCJOTHI. OTH BeIllecTBa 00pa3yloTcd B XoJe OMOJIOTMYEeCKOT0 CHHTe3a
B KJIETKAX JKUBBIX OPraHU3MOB U SBJAIOTCA BaKHEHIITMMHU COCTABHLIMHU YaCTIMU
oprammsMa.

MoJieKyJibl IIOJIUMEPOB COCTOAT M3 IIOBTOPAIOINUXCSA 3BeHbEB — MoOHOMepos. Ta-
KuM 00pasoM, MOJUMEDP — 3TO IeNb IIOBTOPAIOIINXCA 3BeHbeB (MOHOMepoB). MoHO-
MepaMu 0eJIKOB ABJIAIOTCA AMUHOKUCLOMUL.

AMHMHOKHCIOTHI — OPTaHUUECKUe COeINHEeHN A, MOJIEKYJIa KOTOPBIX COCTOUT 13 yTJIe-
BOJOPOAHOTO paguKaja UM ABYX (QPYHKIIMOHAJBHBLIX I'pymnn: KapookcuiabHoii —COOH,
OIIpene/sAIoIel KUCJIOTHLIE CBOMCTBA aMUHOKUCJIOT, 1 amuHorpynnsl — NH,, ompe-
IeJAIoneli X OCHOBHBIE cBoicTBa. CienoBaTeIbHO, aMUHOKUCJIOTHI — 3TO ampomep-
Hble opzaHuuecKue coeOuHeHus.
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Oo6miaa popmyia aMUHOKUCIIOT:

NH,— (l')H —COOH
R

W3 Bcero mHOr000pasma aMUHOKUCJIOT TOJBKO 20 MOTYT BXOAUTH B COCTaB OEJIKOB.
Obpasysa MoJieKyJy 0ejiKka, aMUHOKUCJIOTHI COeIUHSAIOTCS MEKAy CO00¥ MPOUYHOM KO-
BaJICHTHOM CBSI3BIO Me:KIy aToMaMu azora u yriaepoga —NH—CO—. 9ra c¢BA3b HA3bI-
BaeTcA nenmudHoil, a mocjefoBaTeJbHAsA HUTh AMUHOKUCJIOT, CBA3AHHBIX IIEITUIHOMN
CBSI3BI0, HA3HIBAETCA MOJUIIENITUIHON IIETIOUYKOH, NI NePEULHOL cmpYyKmypoil 6enKa.

Puc. 3.4. Ilepsuunas cmpyxmypa b6eaxa

Huth aMuHOKHCIOT cIocOO0Ha CKPYYMBATHCSA B TYTYIO CIHPATb WJIN CKJIAIBIBATE-
cAd B CJIOMKHYIO CKJAIUATYIO CTPYKTYDPY, OJaromaps o0pa3soBaHUIO BOJOPOAHLIX CBSA-
3eil MeKJy aToMaMM BOJOPOJAa aMHHOTPYIIIIBI M aTOMaMU KHCJIOPOAa KapOOKCHUJIb-
HOIi TPYIIIBI PA3HBIX aMUHOKUCIOT. Tak o0pasyeTcsa emopuiHas cmpykmypa b6eaxa,
KoTopas IIpeAcTaBysieT co0Oil TaK Ha3bIBAEMYIO O-CIUpPaJjb (albda-cruupanb) HJIN
B-ckmaguatsie caou (bera-cKiaguareie ciaon) (puc. 3.5):

C C
\ /
/C=0 ..... H—I\{
H—N\ /C=O
/C \
0=C N—H
N-H =C
/ \
C C
\ /
o=0 1y
H—N\ C\=0 B-ckimamuaTeie
C C cJjou
/ \ /
=C _N-H
/N_H """ O=C\ ,,,,, Bopmopoznubie
C C CBA3U
\ 7/
C=0-H-N
s \
H-N Cc=0
\ /
C C

Puc. 3.5. Bmopuunas cmpykmypa 6eaxa

OgHAaKO I TOTO, UYTOOBI 00K HavaJl BBIMOJHATL CBOU OHOJIOTUYEeCcKHe (PyHKIINH,
Heo0X0oauMo 00pasoBaHUE MPemuyHOoll cmpyKkmypsbl. ITa CTPYKTypa obpasyeTcs 3a
CueT BOSHUKHOBEHUS CBS3ell MeKIy paguKajiaMy PasjnuyHbIX aMUHOKUCJIOT, HAIIPHU-




Mep MeKJy aToMaMH’ CepPhbl B PaAuKaiaX aMHUHOKWCJOTHI IucrenmHa (ducynb@uiHnvie
cea3u (S—S cBasm)). 3a cueT HTUX CBA3ell MoOJIeKyJa 0OelKa CBOpauMBaeTcCs, IIPHU-
HUMaeT (QOopMy TJIOOYJIBI, MEXIY pamirKaJaMU aMUHOKMCJIOT BO3HUKAIOT MOIIOJIHU-
TeJbHBLIE 9JIEKTPOCTATHUYECKIE B3aWMO-
IeficTBUS, KOTOPbIe TaKyKe CIIOCOOCTBYIOT
VKPEIJIEHUI0 TPEeTUUHON CTPYKTYPHI:

Y MHOTHX OEJIKOB CYII[ECTBYET U Lemaep-
muuHas cmpykmypa, KoTopas odpasyercs
B pesyJbTaTe CBA3U HECKOJbKUX OEeIKOB,
UMEINX TPEeTUUHYIO CTPYKTYPYy. deTBep-
TUYHASA CTPYKTYpa XapaKkTepHa, HalpuMep,
7151 0eJIKa KPOBU UeJIOBEKA — I'eMOIJIOOMHA. =

ITo pacmpocTpaHeHHOCTH BCe aMUHO- Puc. 3.6. Tpemuunaa cmpykmypa 6enkxa

KHCJIOTHI, BXOJAIIMIe B COCTaB OEJIKOB, 1e-
JIAT Ha 3AMEHUMble U He3aMeHUMble. 3aMeHUMble aMUHOKUCJIOTHI CIIOCOOHBI CUHTE-
3UPOBAThCA B OPraHM3Me UeJIOBeKa, a HedaMeHUMbIe IIOCTYIIaloT ¢ 0eJIKOBOI ITHUIIEH.
ITonHOCTBIO HEBAMEHUMBIX AMUHOKMCJIOT HACUUTLIBAETCA 8: BAJIWMH, N30JIEHITNH, JIeli-
IUH, JU3WUH, MEeTUOHUH, TPEOHUH, TPpUNTOMaH 1 (eHMIaTaHUH. HacTUUHO HEKOTO-
pble U3 HUX MOTYT OBITh CHHTE3WPOBAHLI MUKPOOPTAaHM3MaMU KUIIEUHUKA. DeJaKu,
KOTOpPBIE CHHTE3UPYIOTCA B PACTEHUAX, HE COAEPIKAT IOJHOTO Habopa He3aMeHUMbIX
aMUHOKHCJIOT, He0OOXOAUMbBIX UeJIOBEUeCKOMY OpPraHuaMy. I1osToMy B HHUIIY CJEAYeT
MIPUHUMATL KaK PACTUTEJNbHbIE, TAK U KUBOTHBIE OEJIKU.

XHuMUUecKue CBOMCTBA 0eIKOB

Benku xoporirio pacTBOpUMBI B Boje. X XmMHUecKUe CBOICTBA OOYCJIOBICHBI XU-
MUUYECKNMU CBOICTBAMM aAMHHOKIMCJIOT, BXOLAIINX B MX COCTAaB, 4 TaKyKe CJIOKHOI
CTPYKTYPOH MOJIEKYJIBI OeKa:

1. denarypanusa. IIpu marpeBaHuu, mOJ OefiCTBUEM CHUJIBHBIX KHCJOT WU IIEJO-
yeii, coJiell TAMKEIbIX METAJJIOB IIPOUCXOAUT HAPYIIeHNe TPeTUUHON WM BTOPUUHON
CTPYKTYPBI OesKa (paspbiB AUCYIbL(MUIHBIX W BOLOPOIHBIX CBsA3€i), 6€JIOK Pa3Bo-
paunBaeTcsa B MOJUIECITUIHYIO [[EIIOUYKY, IIOJHOCTBIO TEePSAA IIPU 9TOM CBOU OMOJIO-
ruueckue QpyHKiuu. [Iporecc meHarypamuu 6eKa MOMKHO HaOJIOAATH IIPU BapKe
aur. IIpakTuuecku Bce Oenku meHarypupyior upu temueparype 100 °C. B mexo-
TOPBIX CIydasaX XUMHUUEeCKasd JeHATypalusa MOMKeT ObITh 00paTHUMOIL.

2. Tugponus 6eakoB. IIpoxoauT mopn melicTBMEM PACTBOPOB KHCJIOT WJIU IIEJIOUE.
Hmeer GoJibIilioe OMOJIOTHUECKOE 3HAUEHMEe: BCe PeaKIIUU PACIIellIeHus 0eIKOBOM
MUINMYA B JKEJYIOUHO-KUIIEUYHOM TPAKTE — 9TO Peaknuu (hepMeHTATHBHOIO I'IPO-
aus3a 0enkoB. B pesyinbTare rumposimsa 0OeJIOK paclagaeTcsa Ha aMUHOKMCJIOTEHI.
IIporiecc, o6paTHEI TUAPOIU3Y, — NOJAUKOHOeHcayus (00pa3oBaHMe ITOJUIEIITUI -
HOU ITenM M3 MOJIEKYJ AMHUHOKICJIOT C OTIIeIlIeHueM CBOOOTHBIX MOJIEKYJI BOJIBI):

TUAPOJIN3
0eJIKM T——— aMUHOKHUCJOTHI
IIOJIMKOHOEeHCaIl1d

3. BuyperoBasa peaknusa. BesKu cmocOOHBI OKPAIIIMBATEH CBEYKENOJIYUYEHHBIN 0CAIOK
runpokcuna menu (II) B p1o1eTOBBIN IIBET B IEJOYHOMN cpefe.

4. KcanronporenHoBasa peaxkmuda. IIpu geiicTBuum Ha O6GeJKH KOHIIEHTPUPOBAHHOI
a30THOM KMCJIOTOM oOpasyeTcs OeJIbIii 0CagoK, KOTOPBIA IPKU HAarPpeBAHUU KeJITeeT,
a mpu 100aBJIeHUM BOJHOT'O PACTBOPA AaMMMAKa CTAHOBUTCS OPAHIKEBBIM.
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ITocnenqaue nBe peakIuu ABJIAIOTCA KAUYECTBEHHBIMHU IJIA OTPEeIeHU OEJIKOB.
Beaku urparoT BasKHYI0 OMOJOTMUECKYIO POJIb B JKUBBIX OPraHM3MAaX.

PDyHKIINU 0EJIKOB:

1. Ilnacmuueckasn (cmpoumenvHas). BeJlOK — OCHOBHOII CTPOWTEJIBHBIN MaTepuaJ
IS KJIETOUHBIX MeMOpaH U BceX KOMIIOHEHTOB KJIETKU.

2. Onepzemuueckas. llpu pacutenienunu 1 r 6eska BeicBoOOkAaercsa 17,2 kIl sHep-
TuM, UAYIel Ha peaausalunio IoTpebHOCTell KUBOTO OpraHu3Ma.

3. Kamaaumuueckas (¢pepmenmamurnas). Bce Oumosornueckue KaTaam3aToOpbl —
depMeHThI ABIIIOTCA OeIKaMU.

4. CuznaavHasa (peyenmopHas). BDelKu-pernenTopsl, PaclojOKeHHbIe B KJIETOUHBIX
MeMOpaHaxX, IPUHUMAIOT aKTUBHOE YUACTHUE B BOCIIPUATUN CUTHAJIOB M3 OKPY-Ka-
IoIleil cpeanl U mepemade UX IO KJIETKeE.

5. Cokpamumeanvrnasn (0suzamenavrnas). BelKu COCTABIAIOT OCHOBY OPTaHOB IBUIKE-

HUS KJETOK, a TaKyKe 00eclIeurnBaiOT COKpaIlleHle MBIIII ¥ IIepeMellleHre KOMIIO-

HEHTOB BHYTPH JKUBOH KJETKH.

Tpaucnopmuas. BeaKku y4acTBYIOT B IIepEHOCE MUTATEIbHBIX BEIECTB U KUCJIOPO-

Ia 1o opranusmy. Tak, B OpraHuaMe 4eJOBeKa KUCJIOPOJ K KJIeTKAM IePEeHOCHUTCS

0eJIKOM KPOBU — TI'eMOIJIOOMHOM.

7. 3awumHasa. Ira PyHKIUA OEJKOB CBA3aHA C (DOPMUPOBAHUEM HMMYHHTETa Ue-
JIOBEKA M JKUBOTHBIX — HEKOTOpbIe 0eJKU (MHTep(hepoH) CIIOCOOHBI YHHUUTOMKATD
BUPYCHI, IIPOHUKIIINE B OPTaHU3M, a AHTUTEJA OEJIKOBOI IPUPOALI IIOAABISIOT Pas-
BUTHE 0OJIE3BHETBOPHBIX OAKTEPUIA.

8. PezynamopHas. MHOrme TOPMOHBI — OMOJIOTMYECKU AKTUBHBLIE BEIECTBa, Pery-
JUPYIOIe peakuu oOMeHa BEIeCTB B JKUBBIX OPraHM3MaX, SABJIAIOTCA OeJKaMu
(HammpuMep, UHCYJUH, PeTryJUPYIONINi YPOBeHb caXapa B KPOBH).

9. Banacawuias. HekoTophble KuUBbIe OPTAaHM3MBI OTKJAALIBAIOT OeJIKM B 3amac (Ha-
mpumMep, 6000BbIe B ceMeHax).

e

Mupbi

JKupsl mpencTaBasgioT cO00M CIOMKHBIE 9(UPHI TPEXaTOMHOTO CIIMPTA TJINIlEpUHA
U KapOOHOBBLIX KHCJOT.

Obmiasa popmyJia JKUPOB:
CH2_ O - Cl_Rl
o

CH —0—C-R,

0)
CH2_ O_ﬁ_Rg

3necy Ry, R,, R; — yrueBomoponable pagmKaibl, KOTOPble MOTYT OBITH KaK OMIU-
HaKOBBIMU, TaK U PA3HBIMH.

JKuphl MINPOKO pacopocTparHeHbl B IPUPOJE, IIOCKOJIbBKY BXOIAT B COCTAB KUBBIX
opraauaMoB. Cpenn KapOOHOBBIX KHCJIOT, BXOOAIINX B COCTAB JKUPOB, BCTPEUAIOTCH
KaK HacCbII[eHHbIe, TaK U HeHAaCHIIIIeHHbIe (comep:kaliue ABOWHBIE CcBsa3u). M3 HACHI-
MIeHHBIX JKUPHBIX KHCJIOT Yallle BCEero BCTPeUYaloTCA MaJbMUTUHOBAS U CTeapuHOBasd,
a 13 HeHACHIIeHHBIX — OJIemHOBasA. HeKoTophble HeHACHIIIIEHHbBIE JKUPHBIE KUCJIOTHI,
BXOJAIINE B COCTaB JKUPOB, HE CUHTE3UPYIOTCA B OPTaHU3ME UeJIOBeKa, IIO3TOMY SAB-
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JNAITCA He3dameHuMbiMu. IIpupomHbie KUPHI, KAaK MIPaBUJIO, COIEPIKAT pPa3JTUUHBIE
RapﬁOHOBbIe KHCJIOTBI, TO €CTh ABJIAIOTCA CMEIIIaHHBbIMU CJIOHBIMU 3(1)I/IpaMI/I.

dusuyecKkue CBOMCTBA KUPOB 3aBUCAT OT BEJIMUYUHBI YTIJIEBOJOPOJHOTO PaguKaia
" HaJIN4YUd ,I[BOﬁHI)IX CBA3€l B KHCJIOTHBIX OCTATKAaX. HCI/IpBI JKHUBOTHOTI'O ITPOUCXOMX-
IeHus, 3a MCKJIIOYEeHNEeM PBIOLEero »Kupa, comep:KaT HAaCBIIeHHBbIe JKUPHBLIE KIUICJO0-
Thl C JJIUHHBIMU YIJIEBOAJOPOAHBIMU PaAVKAJIaAMU U UMEIOT TBEPAYIO KOHCUCTEHIUIO.
Pacturennubie JKHUDPBI comepixaT OCTaTKM HEHACBIIIEHHBbIX XHWPHBIX KHCJIOT, MMEIOT
HUIKYIO KOHCHCTEHIIMIO 1 HAa3bIBAIOTCA Maclamu. C yBeJIMYeHUueM OJINHBI yI'JIE€BO4O-
POIHOTO pasuKaia TeMIlepaTypa IJIaBJIeHUSA KUPA YBEJIUUNBAETCS.

+Kupsl HepacTBOPUMEI B BOJE, HO XOPOIIIO PACTBOPAIOTCA B MOJAPHBLIX OpTaHUUE-
CKUX pacTBoOpuTenaax (OeHsoje, rexkcame).

XuMH4YecKne CBOICTBA JKUPOB

XuMuuecKure CBOMCTBA JKUPOB OIPEIEIAITCA CBOMCTBAMY UX KUCJIOTHBIX OCTATKOB.

Ecau ocraTKu Helpene bHBIX KHUCIOT (TAKUX, B KOTOPBIX UMEIOTCA ABOMHBIE CBS-
3U) IPUCOEIUHAT K cebe HeIOCTaIoIre aTOMBI BOJOPOJAA, TO M3 KUIAKOTO KHUpa IO-
JYYUTCS TBepAblii sKup. Takoii mpoliecc HABLIBAIOT 2udpupos8aHuem. ITOT IIPOIecC
IINPOKO IMIPUMEHAETCA B IIPOMBIIIIJIEHHOCTH, TaK KaK AJIA MUIIEBbIX U TeXHUYECKUX
meJseii TpedyoOTCAa TBepabie :KUPLI. III1poKo IpuUMeHseTCA MaprapuH, KOTOPLIH IIpe-
cTaBJisieT co00i cMech T'HAPUPOBAHHOTO JKUpPA C HeOOJBIITNM KOJINUYECTBOM PACTUTE I b-
HOTO MacJia M MOJIOKA.

W3 TBepabIX KUPOB IIOJYYAIOT Pa3JUUYHBIe COPTa MBLIA.

MeL1d — 5TO CONM »KMPHBIX KHcJaoT. Hambosee pacnpocTpaHeHbl HATPHEBbIE MEI-
ad. VIX monydaroT B OOJBIIMX KOJMYECTBAX IIyTeM THAPOJH3a (PasjoKeHHe BOIOI)
sKUpoB pactBopoM enkoro Harpa (NaOH) uau combr (Na,CO;3) mpu HarpeBaHUHU. ITOT
IIPOIlECC HAa3BIBAIOT OMblLICHUEM HUPO8, B Pe3yJbTaTe KOTOPOTO 00pa3yITCs COJb
OpraHMYeCKOM KUCJOThl u riuiepur. Hatpuesnsie mbLia umeroT opmyary RCOONa,
a :xxugkue KaaueBbie — RCOOK.

YrneBopbl

¥YrieBoabl — 5TO OpraHNYeCKIe COeQUHEHNA, B COCTAB KOTOPBIX BXOAAT B OCHOB-
HOM TPHM XUMUUYECKUX dJIEeMEeHTa — YTJIEPOX, BOJAOPOI M KHUCJIOPOM, XOTA IeJbIN P
YTJIEBOLOB COMEPIKUT TaKJyKe a30T UJIU Cepy.

Oo6mmasa ¢opmyaa yraesogoB — C,,(H,0),.

YraeBoabl AeSAT HA TPU TPYIIBI: MOHOCAXAPUdbL, ducaxapudvl N NOAUCAXAPUIbL.

IIpencraButeseMm MOHOCAXapHUIOB ABJIAETCA 2/110K03a, oHA nMeeT cocTtaB CegH,,04.

T'sroK03a 00ycaoBaAMBAaET CAaAKUHA BKYC ILIOAOB U Arox. OcoOeHHO MHOTO €€ B BU-
HOT'pajzie, OTKYAa APYyroe ee Ha3BaHNWe — BUHOTPAAHBIN caxap. B opranmusme 3m0poBo-
I'o 4eJIOBEKAa M JXUBOTHEIX B KPOBU U JUM(PATHUECKUX KUTKOCTIAX COLEPIKUTCA OKOJIO
0,1 % rJIoKO3bI.

T'mroxko3a — »To Oesloe KpHUCTAJINUECKOE BEIeCTBO, CJAaJKOe Ha BKYC, XOPOIIIO
pacTBOPUMO B BOJE.

Tamrorosa comep:kuT aBe QYyHKIIMOHAJbHBLIE TPYIILI — THUIPOKCUIBLHYIO M Kapbo-
HUJIBHYIO, TO €CTh SABJIAETCA ALb0e2ud0CnUpmoM.

OCO0EeHHOCTAMHU CTPOEHUSA TIIOKO3BI O0BACHAIOTCSI €€ XUMHUUYECKHe CBOMCTBA:
1. Peakniuss MHOTOAQTOMHBIX CIIMPTOB — B3aMMOJAEHCTBUE CO CBEKEIMOJYUYEHHBIM

ocagkoMm rumporxcuna menu (II) ¢ pacTBopeHmeM ocamzka U o0pasoBaHUEM SPKO-

cuHero pacTtBopa caxapara menu (II).
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2. Peaknusa anpIeruioB — pPeakIus cepeopsHOro 3epKaja ¢ aMMUAUYHBIM PACTBOPOM
oKcuza cepebpa.
T'srokosa o6pasyeTcsa B pacTeHUAX B IIpoilecce )OTOCUHTE3A:

6CO, + 6H,0——= 5 C_ H,,0,.

XJIOPOMHILIT
T'nroKo3a ABIAETCA OCHOBHBIM MCTOUYHMKOM DHEPTUU B KJIETKE, IO3TOMY €e ITUPO-
KO HCIIOJIb3YIOT B JIeUeOHBIX IIeaAX. ['JII0K03a — 9TO MCXOJHOE BEIeCTBO IIOJyUYeHU I
PasINYHBIX COEOUHEHUN MyTeM OpOKeHUs: COUPTa, MOJIOYHONH KUCJIOTBI U IP.
depMeHTATUBHBIE PEAKIIUU OPOHCCHUSA:
a) MOJIOUHOKHCJ0e OposKeHure:

MOJIOYHOKHUCJIbIe OaKTepuu
C6H ;506 2C3Hg0s;
TJIIOK03a MOJIOUHAsI KHCJIOTa

0) cnupToBOE OpoKeHUe:
CeH,,04 2251 2C,H;0H + 2CO,.

9TUJIOBBIA CIIUpT

coJon KHucjaora APOXIKN

(CGHIOOS)n > Cl2H22011 > CGHIZOG > CZH5OH
KpaxmaJa MaJIbTO3a TJIIOKO3a CIIupT
Ipyroit MmoHocaxapua — (pyKmo3a — WMeeT TaKyIo Ke MOJEKYJIAPHYI0 (hopMy-
a1y, KaK u raioKosda, — CgH,,04.

DpyKTO3a COAEP:KUTCA BO MHOTUX (PPYKTax, MOITOMY €e Ha3bIBAIOT (PPYKTOBBIM
caxapoMm. B nmuenunom mene ee comepaxkanue pmocruraetr 50 % . @pykTosa ciaile IJro-
KO3EI, UeM 00bACHSEeTCA OUeHb CIaAKUI BKYyC Meza.

Temeph pacCMOTPUM AMcCaxapuj, K KOTOPBIM OTHOCUTCS caxaposa. Ee dopmynia —
C;sH550;; (UTOOBI 3aIOMHUTH (HOPMYJY, CJIOKUTE COCTAB MBYX MOJIEKYJI TJIIOKO3BI
Ce¢H,5,0¢ 1 BBIUTHUTE M3 CyMMBI MOJIEKYJTY Boabl). Caxaposa — 9TO OOBIYHBINA IUIIEBOM
caxap. Ilpu rumponmuse caxaposbl 00pa3yoTcsa OOHA MOJIEKYJia TJIIOKO3bl M OJHA MO-
JeKyJaa GpyKTO3bI.

B npupoge caxaposa B GOJIBININX KOJUUECTBAX HAXOAUTCA B COKE PACTEHUI: B ca-
xapHoi cBerJge (mo 20 %) m caxapHom TpocTHukKe (o 25 %). B Poccum caxaposy
HOJIY4aloT B MPOMBIIIJIEHHOM MAacIiTabe M3 caXapHOW CBEKJIBI.

W3 mosmncaxapuioB HAMOOJIBIIIUNT UHTEPEC U TPAKTUYECKOe 3HAUEHUE UMEIOT KPaX-
MaAJL U Uesni03d.

CocraB nonucaxapunos orpaskaer gopmya (C¢H;,05),. (HT0OBI 3aIOMHUTL CcOCTaB
CTPYKTYPHOT'O 3BeHAa, BLIUTUTE M3 (DOPMYJILI TJIIOKO3EI (hOPMYJIy BOXHI.)

Kpaxman riaBHBIM 00pasoM COAEPKUTCSA B 3epHAX, IJIOJAaX W KOPHEIJIoAaX.
B xayoHax xaprodens comep:xurcsa 10 30 %, a B 3epHaxX IINMEHUILI, P U IPYTUX
3epuHOBBIX — 70—80 % Kpaxmaia.

Kpaxman ob6pasyercs B pacTeHUusX B mporiiecce orocuHTesa. CHavasia odpasyercs
TJII0KO03a, a U3 Hee — KpaxMaJi:

nCgH,,0s — (C4H,,05), + nH,0.

Kpaxmana — Oesblii aMOpP@HEBIH TOPOIIOK. ITO IOJNMEDP, MAKPOMOJIEKYJIbI KOTOPO-
ro UMeIOT JUHEHHYI0 U pasBeTBJIeHHYIO (hopMy. B Bome KpaxMajbHbIE 3epHA CHAaUaja
HabyxaioT, a IIOTOM 00pa3yIoT KOJIJIOUIHBIN PacTBOP — KpaxXMaJIbHBLIN KieicTep.

Kpaxmasn gaeT xapakTepHoe CHee OKpaIllliBaHUe C PACTBOPOM HMOa. JTa PeaKIInusd
OYeHb UYYBCTBUTEJNbHAs U II03BOJIAET O0HAPY:KMBATh HE3HAUUTEJbHBIE KOJUUYECTBA
KpaxmaJa.
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IIpm rugposimse Kpaxmaja, TO €CTh IPU PABJIOKEHUN €T0 BOAOH, MOJTyUaeTCsa TITIO-
Koza. VIMeHHO 3TMM CIIOCOOOM ee IOJIyYaloT B MPOMLINLIeHHOCTHU. [[ojiroe BpemsA
KpaxMaJi ObLJI MCXOAHBIM MaTE€PUAJIOM VIS MOJYUYEHUA S3TUJIOBOTO CIIUPTA.

Kpaxman ncmonb3yoT B mapoMepHON M TeKCTUJIbHOI IMPOMBIIIJIEHHOCTH, B Me-
IUINHE.

Ilennonosa, uanu KjaeTdyaTka — JPYyroil IpeJcTaBUTeN]b IoJHucaxapuzoB. B npe-
BecumHe cojep:KkuTcA mpumepHo 50 % I1es/II0103bI, BOJIOKHA XJOIMKA COAEeps;KaT 10
90—95 % . I'urpockommueckas Bata U (QUJIBTPOBAJIbHAA OyMara — MOUTH YHCTAs
IEeJLIII0JIO3a. JTO MOJUMED C JUHEUMHBLIMU MaKpPOMOJIEKYJIaMU.

IIpm rupposuse mMesIII0I03BI 00pPa3yeTCsa TIIKO03a.

W3 mennioossl mosydaroT OyMary, 9TaHOJ, YKCYCHYIO KHUCJIOTY, MCKYCCTBEHHBIN
IIeJK M MHOTO JPYTUX II€HHBIX IPOAYKTOB.

DyHKIUU YIIIEeBOTO0B:

1. IInacmuueckas (cmpoumeavrnas). Ilonmncaxapuabl BXOAAT B COCTaB KJETOUHBIX
000JI0oueK pacTeHui (I[eJ/10/103a) 1 IpubOB (XUTUH).

2. JHepzemuyeckas. YTJIEeBOAbI — OCHOBHOE «TOILJIMBO» OPraHM3Ma, IOCKOJBKY MO-
CTATOYHO OBICTPO PACINEIIAIOTCA B JKeIyAOUHO-KUIImeuHoM Tpakrte. IIpm pacie-
mieHuu 1 r yrieBomoB Beigeaserca 17,2 klx sHepruu.

3. 3anacawuwas. Kpaxmaj, TJII0OK03a 1 (PPYKTO3a — OCHOBHLIE 3alacHLIE BeIeCTBa
pacTeHuii, TJIIOKO3a 1 TVIMKOT€H — »KHBOTHBIX U I'pubOB.

4. OnopHasa. IIpoaBasercss B 00pa3soBaHUU PACTUTEJIBHOTO «CKEJeTa» — IPEBEeCUHBI.

TpEHI/IpOBO‘-IHbIe TecToBble 3aA4aHNA K pa3saeny 3

Al.

A2,

A3.

A4,

A5.

Yactb 1

ITpu BRImONIHEHUU 3aJAHUHN ¢ BEIOOPOM OTBeTa 00BEeINTEe KPY:KKOM HOMED
IPaBUJBLHOIO OTBETA.

O6o3HaubTe Pl C Ha3BAHUSAMU BEIIeCTB:
1) mes, Kamasa BOAbBI, KpaxMaJ 3) KYXOHHAs COJIb, JKeJe30, caxap
2) Kycouek caxapa, aJJIOMUHUN, TJInHa  4) aJTlOMUHUEBAs JOYKKA, CIIMYKA, COUPT

OHpe,Z[eJII/ITe CHMBOJI XMMHUUYECKOI'O 3JieMeHTa, aTOM KOTOPOro mmeeT CTOJIBKO e
9JIEKTPOHOB, CKOJIBKO 11 MOH HaATpHUd.

1) Mg 2) Ne 3)F 4) O
Onpenenure GopMysy rasa, KOTOPBIN Jerde BO3AyXa.
1) H, 2) Cl, 3) O, 4) O4

OmpenennTe cxeMy peaKIy MeKy MeTaJLIAMU U COJIbI0, KOTOpAas He OCYIIECTBIISIETC.
1) Zn + CuCl, —» 2) Fe + CuSO, —» 3) Fe + MgCO; — 4) Ca+ AgNO; —>

Yraxxkure cBoiicTBo okcuaa cepsl (VI).

1) oOpasyeTcsa Ipu HEIIOJHOM CTOPAHUU CePhI
2) TUINYHBIN KUCJIOTHLINA OKCHUT

3) HepacTBOPUM B BOZe

4) JKeJITO-3eJIEHOTO I[BETa
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A6. VYEKaxuTe pam, B KOTOPOM IIPHUBeAeHBI (hOPMYJIbl KUCIOTHOT0, aM(pOTEPHOI'0 M OCHOB-
HOT'O OKCHIOB.
1) Al,0,, K,0, BaO 2) P,0,, SO;, Na,0O 3) CO,, ZnO, CaO 4) Fe,05, CuO, SnO

A7. Vraxure IIapy BeIeCcTB, M€Yy KOTOPBIMU PE€aKIIMd HEBO3MOMHA.

1) HCl u Zn 2) Mg u H;PO, 3) H,SO, u Fe 4) H,SO, u Pt
A8. 0O06osHaubTe BeIeCTBO, C KOTOPLIM He pearupyioT OCHOBHBIE OKCHBI.

1) Boga 2) ocHOBaHUSA 3) KucJIOoTHBIN OKcup 4) Kucjaora
A9. VYramxure mpakTHUYEeCKN HEPACTBOPUMOE BEII[eCTBO.

1) Kucmopon 2) cyabdar 6apus 3) caxap 4) yKCcycHas KUCJIOoTa
A10. Kakasa u3 KHCJIOT MOKeET 00pa30BLIBATH TOJBKO CPEeIHIE COJIU?

1) HNO4 2) H,PO, 3) H,SO, 4) H,S
A11. Ompegenure MeTasa, KOTOPLIH ¢ cepoil oOpasyer conb MeS.

1) Al 2) Li 3) K 4) Ca
A12. O6o3HaubTEe 0E3KUCIOPOSHYIO JBYXOCHOBHYIO KICJIOTY.

1) H,S 2) H,SO, 3) HBr 4) HNO,

A13. T'ugpoxcunm IMUHKA
1) mpoABaAET TOJHLKO OCHOBHBIE CBOIICTBA
2) IpPoABJIAET TOJBKO KUCJIOTHBIE CBOMCTBA
3) IPOABJISIET TOJBLKO aM(pOoTepHbIe CBOMCTBA
4) He TPOSABJIAET KUCJIOTHO-OCHOBHLIX CBOMCTB

Al4. HurpaTt Kaablusa MOMKHO HOJYUYUTH IIPU B3aUMOIEHCTBUU
1) oxkcuga Kambiud U HUTPaTa 6apusa
2) xapOoHATa KaJIbIlUsd XU HUTPATa KaJaus
3) TUApPOKCcUIA KaJbIIUA U a30THONU KMCJIOThI
4) docdara KagIbIMA ¥ HUTPATA HATPUS

A15. Bribepure KajauiitHoe yanoOpeHMe, B KOTOPOM colep:KaHue KaJIusa HAauOOoJIbIIIee.
1) KCl 2) K,S0, 3) KHSO, 4) KNO,
A16. BepHbI U ciaenymoliue Cy:KIeHUSA 0 cBoiicTBax okcuma amomuuausa (III) — xopyuma?

A. IIpu xoMmHATHOU TeMOepaType He B3aMOeiCTBYET C BOJIO#, KMCJIOTaMU, II1eJI0UaMMU.
B. KopyHa — TBepzoe U TyroijaBKoe coefuHeHUe.

1) BepHO TOMBLKO A 3) BepHEI 00a CyKIEHU
2) BepHO TOJIBKO B 4) oba cy:KIeHUs HeBEPHBI
A17. BeibepuTe cTelleHb OKUCJIEHUS KPEMHUA B KPeMHUEBOII KIUCJIOTe.
1) -2 2) -4 3) +2 4) +4
A18. Vraxure XuMnuecKoe BeIeCTBO, KOTOPOe He B3aMMOJEHCTBYET C COJSHON KUCIOTOMH.
1) Cu 2) BaO 3) KOH 4) FeS
A19. Kakoe BelllecTBO 00pasyeTcs IIPU PACTBOPEHUU KaJusa B Boge?
1) okcupg Kaaus 2) TUAPOKCUI Kanusd 3) TUAPUL KaJus 4) mepoKcuI Kaaus

A20. YrakuTe 0011yI0 GOPMYyJIy COeJUHEHUI I'OMOJOTUYECKOTO PAA, IIPECTaBUTEIEM KO-
TOPOTO ABJAETCA OGYyTEH.

1) CnH2n+2 2) CnH2n—2 3) CnH2n 4) Can+2

A21. BeibepuTe BellleCTBO, KOTOPOE B PEaKIINU AETUAPATAINN OTINEIISeTCS OT MOJIEKYJIbI
BeIllecTBAa.
1) Bomopox 2) Boma 3) criupT 4) raJoreHOBOIOPO
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A22,

A23.

A24.

A25.

A26.

B1.

B2.

B3.

B4.

B5.

YramuTre (OopMyJsy caxapossbl.

1) C¢H;204 2) (CeH105), 3) C1oH,014 4) [CsH,02(0OH);],
YKakuTe HasBaHUe JBYXaTOMHOI'O CIIMPTA.
1) mpomamosa 2) 3TUJIEHTJINKONIL  3) TVIUIEePUH 4) dpenon
Kakas QyHKIIMOHAJIbHAA IPYIINa XapaKTepHa OJs IpeaebHBIX OJHOOCHOBHBIX Kap-
OOHOBBIX KHCJIOT? 0 0

7 | 7
1) —OH 2)—C\ 3) C=0 4)—C\

H | OH

YEKaXnTe peakTuB, C IOMOIIbI0O KOTOPOTO IPOBOAUTCA KAUeCTBEHHAS PEeaKIlna Ha He-
HacCBbIIII€HHbIE yIJI€eBOAOPOIAbI.

1) xmopun xesesa (III) 3) cBerkemoJyueHHBIN ruapokcun menu (1I)
2) asorHaa Kumeaora (pasod.) 4) 6pomMHasa BoJaa
YKaKknuTe MOJIEKYJIAPHYI0 (OpMYJIy pagukasia 0yTuia.
1) C.H; — 2) C,Hy — 3) C,H,; — 4) C;H; —
Yactb 2

W3 npenio:keHHOTO ImepeduHs OTBETOB BHIOEPUTE MBA IIPABUJIBHBIX M 00BeqUTE MX
HOMepa.

ITudpsr BEIOPAHHBIX OTBETOB 3aMUINKTE B YKA3aHHOM MecTe 0e3 JOIOJIHUTEIbHBIX
CHMBOJIOB.

Bri6epuTe ocHOBHBIE BeIlleCcTBa:
1) Fe(OH), 2) ZnO 3) Na,O 4) SO, 5) CO

OrBer:

Bri6epure mapy coemuHeHU, KOTOPhLIe OyAyT B3anmMOIeHCTBOBATD.
1) Al,0; u NaOH 2) K, 0 u H,SO, 3) HCI u SO, 4) Ca(OH), u FeO 5) CO u NaOH

OrBer:

Bri6epure conu, KoTophle 00pasyioT HEPACTBOPUMEBIE B BOJIE OCHOBAHUS.
1) AICI, 2) K,CO, 3) NaNO, 4) Cu(NO:s;), 5) (NH,),S0,

OrBer:

BribepuTe BelliecTBa, ¢ KOTOPBIMU OyIeT B3aMMOIEMCTBOBATh XJOPUA KAJbIIUA.

1) suTpaTr HaTpus 2) oKcuUI KpeMHUs 3) HuUTpaT cepebpa 4) cyabdar bapusa
5) kapOoHAT HATPUA

OrBerT:

I JKUPOB BEPHBI CIAEAVIONINE YTBEPKIEHU:

1) aBasaoTcA a3(pupaMuy IVINIEPUHA U BBICIINX KAPOOHOBBIX KHCJIOT

2) coCTOAT M3 aMUHOKUCJIOT, CBA3AHHBIX MeXKIy c000Ii IMEeITUIAHON CBA3DLIO

3) COCTOAT M3 OCTATKOB ABYX MOHOCAXAPHUAOB

4) Ipu THUAPOJIM3E PACIIEIIAIOTCA ¢ 00pasoBaHUEM TIJIMIIEPUHA W BBICIINX KapOOHO-
BBIX KHCJIOT

5) COCTOAT M3 OCTATKOB HECKOJBbKUX THICAY MOHOCAXaPUIOB

OrBer:
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B6. VYrkaxuTe yrieBoJbl, KOTOPbIe OTHOCSATCS K MOHOCAXapUIaM.
1) xpaxmana 2) 1eJII0J103a 3) raoKo3a 4) ppyKTO3a
5) caxaposa

OrBerT: .

B7. [l1a aMUHOKHUCJIOT BEPHBI CAEAVIOIINE YTBEPKICHUA:

1) 0OZHOBPEMEHHO MMEIOT CBOMCTBA KHCJIOT M OCHOBAHUI
2) ABIAIOTCA OMOIOIMMEpaMu

3) MOTYyT CUHTE3UPOBATHCS TOJBKO B OpraHu3Me UejloBeKa
4) ABJIAIOTCA MPOAYKTAMU T'UIPOJN3a OEIKOB

5) uMeIoT TpU (PYHKIIMOHAIbHBIE TPYIIILI

Orser: .

B8. Ompenmenure coefUHEHNs, B COCTAB KOTOPHIX BXOAUT KapOOHUJILHASA TPYIIA.

1) KapOOHOBBIE KUCJIOTHI I MHOTOATOMHBIE CIUPTHI
2) cOupPTHI U AJbAETUIBI

3) KapOOHOBBIE KMCJIOTHI, aIbAeTUIbI

4) ciosKHBIE d9(PUPHI

5) mpocTbie 9PUPbI, COUPTHI U AJTbAETUIEI

OrBer: .

B9. [l roMoJIOTMYECKOTO Psa IpefebHbIX YIJIEBOJAOPOAOB BePHEI CIAEAYIOINNe YTBePIK-
IeHUuA:

1) 00pasdyioT moauMepHbIE MOJIEKYJIbI

2) ¢ yBeJImuyeHMEM MOJIEKYJISAPHON Macchl pacTeT £,
3) mpu AeruapUPOBaHUU O0PA3YIOT YIJIEPOd U BOIY
4) MOJIEKYJIBI yIJIepoaa CBA3aHBI IPOCTHLIMHU CBA3AMU
5) XxapaKTepHBI PeaKIuy IIPUCOeIMHEeHNS

OrBerT: .

K xa:xgomy sjaeMeHTyY II€pPBOTO CTOJOIA IMOAOEPUTE COOTBETCTBYIOIIUI 3JIEMEHT
u3 BTOPOro crosbiia. BeiOpaHHbIe ITU(PHI 3aIUIINATE IO COOTBETCTBYIOIIUMU
oykBamu Tabsuiibl. Iludpsl B 0OTBETE MOTYT MOBTOPATHCHA.

B10. YcraHoBuUTEe COOTBETCTBHE MEMKAY PeakTUBAMHU [AJA KAaYeCTBEHHOTO OIIpeleseHUs
¥ BeIlecTBaMMU.

PeaxkTusnl BeiiectBa
A) Cu(OH),, 20 °C 1) mpomen
B) Cu(OH),, t °C 2) mponan
B) Br, (Boga) 3) mpomaHaib
4) mpomaHOBas KHCJIOTA
5) raunepuH

OrBer: A b B
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B11. YcraHOBUTE COOTBETCTBHE MEXKIY TPUBHAJLHLIMU HA3BAHUAMU KapPOOHOBBIX KMCJIOT
U UX HAa3BAHUAMH 110 MEXKIYHAPOAHON HOMEHKJATYpE.

TpuBuanbHbIe Ha3BAHUA Me:xayHaponHasa HOMEHKJIATypa
A) mypaBbuHasa 1) rexcamoBas
B) ykcycuasa 2) meuTaHoBas
B) BasmepuaHoBas 3) sTaHoBasA
4) meraHoBas

OrBer: A B B

B12. YcTaHoBHuTe COOTBETCTBHE MEKIY Ha3BAHUSIMU BEIIECTB M OTPACIAMU UX HPUMEHEHMU.

HasBauusa O6s1acTh MCIIOJIB30BAHUSA
A) ranguiitHasA ceauTpa 1) B MeguiuHe Kak BUTAMUH
B) cao:xHBIE 3(hUPHI 2) nJis ITPOM3BOJICTBA CTEKJA
B) ackopbuHOBasA KucJoTa 3) ymobOpenue
4) cocraBHas YaCTh Hap(PIOMEepPHBIX
KOMIIO3UIIUH
OrBeT: A b B

B13. YcraHOBUTE COOTBETCTBUE MEXKAY XUMUUYEeCKUMU (GOPMYJIaMU 1 Ha3BaHUSAMU OPTaHU’-
YeCKUX KHCJIOT.

Xumuueckue (popMyJIbl KUCIOT Haspanusa xucior
A) C,;H;;COOH 1) macaanasa
B) C,;H;;COOH 2) onewmHoBad
B) C,;H;,COOH 3) creapumHOBasA
4) maJIbMUTHUHOBAS

Orser: A B B

B14. YcraHoBuTe COOTBETCTBHE MEXKAY peakiuamu oprannyeckux Kuciaor (RCOOH) u xa-
PaAKTEPUCTUKAMU TaKUX B3aUMOIENCTBUMA.

Peaknuu XapaKTepUCTUKU peaxIiuii
A) RCOOH +K — 1) meliTpanuzanus
B) RCOOH + KOH — 2) samellleHHe B paguKaie
B) RCOOH + C,H,O0H — 3) BamMmelneHre BOAOPOJA
B KapOOKCHUJIBHOI I'pYIIIIe
4) srepuduranma

OrBer: A b B
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B15. YcraHoBUTE COOTBETCTBUE MEXKIY XUMUUYECKUMU (hopMyIaMu U HasBaHUAMU Heopra-

C1.

C2.
C3.

114

HUYECKUX COeNVHEHUIH.

Xumuueckue GhoOpMyJIbI HasBanusa coeguneHUt
A) NH,NO, 1) rugpoxapboHaT HATPUSA
B) NO, 2) oxcupm asora (II)
B) NaHCO, 3) HUTPUT aMMOHUS
4) oxcupn azora (IV)
OrBer: A B B
Yactb 3

s OTBETOB Ha 3aJaHUA UCIOJL3YUTE OTAEJbHBIN JUCT. SalUIINTEe CHAYAIA
HOMEp 3aJaHusd, a 3aTeM Pa3BEePHYTHLIN OTBET K HEMY.

IMana cxema IIpeBpaIeHn:

FeCl, —— Fe(OH), —"— Fe,0, —>— Fe.

Hanuiure MoIeKyJIdpHble YPABHEHUA PEAKIINil, ¢ IIOMOIILI0 KOTOPBIX MOXKHO OCY-
IeCTBUTh YKasaHHbIe IpeBpalneHus. [[Jis mepBoro mpeBpalleHusi COCTaBbTe COKpa-
IIeHHOe MOHHOe ypaBHEHNEe pPeaKIluu.

Kaxyro maccy cepsl HYKHO CoKeub, YToOBI 00pasoBasioch 44,8 1 okcuzga cepsl (IV) (H.y.)?

s ompeneseHUs KaueCTBEHHOTO COCTaBa HEM3BECTHOT'O KPUCTAJIMYECKOTO BeIlle-
cTBa 0eJIOro IIBETa ero PACTBOPUWJIM NPW HArPeBaHUM B BOAE U MHAMKATOPOM JIAKMY-
COM OITpeleJInIN, UTO o0pasoBaiach Kucjas cpega (JakMyc KpacHeer).

K ommoit wacTtu pactBopa Jo0aBUJIM PACTBOP THAPOKCHUIA Kajablusd. IIpu sTom obpa-
30BaJICA OeJIbII OCAllOK.

Ko BTOpOIT uacTu pactBopa mobaBuIM pacTBOp HuTpara cepedpa. Ilpu sTom o6Gpaso-
BaJICS JKEJITHIA OCaloOK.

WsBecTHO, UTO HEMeTAaJJI, KOTOPBIII COAEPKUTCSI B 9TOM COEAMHEHUM, ABJSETCS CO-
CTaBHOII YaCThIO TKaHel ueJ0BeKa, *KUBOTHLIX M PACTEHUII, a B BUJe IIPOCTOTO Bellle-
CTBa IIPUMEHSETCS B IMPOU3BOJACTBE CIUUEK.

Onpe,aem/ITe COCTAaB 1 3alIMIIINTE HadBaHMNE MCXOJHOI'O BeljecTBa. 3anuiinre ABa ypaB-
HEHUsA peaRuMﬁ, KOTODpkbIE ObLIN IIpPUBEOEHBI B IIPOIIECCE OIIPpeaeJIeHNA Ka4YeCTBEHHOI'O
COoCTaBa HEM3BECTHOI'O BeIlllecCTBa.




g, MeToabl NO3HAHNA BellecTB
N XUMNYECKNX ABJIeHUMN.
JKCnepuMeHTasNibHble OCHOBbI XMUW

3HaTb: ¢ XUMWYECKYIO CMBOJIMKY: OCHOBHblEe GOPMYJSIbl A51A PACUYETOB MO XUMUYECKUM YPaBHEHUAM;
+  BaKHENWMEe XUMUYECKME MOHATUA: MHOMKATOPbl, TOMOreHHble U reTeporeHHble CMecu Be-
LLEeCTB, XapaKTep cpefbl PacTBOPOB, KAUeCTBEHHbIE peaKkLmin, MacCcoBas fOJA BeLLEeCTBa B pacT-
BOpPE WU CMeCW, MOJb, KOJIMYECTBO BELLECTBa, MOJIAPHAs Macca, MOJAPHbIA 00beM rasa,
nocTosHHaA ABoragpo;
+  CMbIC/1 OCHOBHbIX 3aKOHOB 1 TEOPUIA XUMUI: 3aKOH ABOragipo, 3aKOH SKB/BaJIEHTOB.

YmeTb: « 00palaTbCA C XUMUYECKOW NOCYAO0N 1 nabopaTopHbIM 0O0PYAOBaHMEM;
* pPacno3HaBaTb OMbITHbIM NyTEM:
razoobpasHble BellecTBa: KUCI0POJ, BOAOPOS, YTNEeKUCbIN a3, aMMuaK;
pacTBOPbI KUCIOT 1 LLENOYEl MO N3MEHEHWNIO OKPACKM MHANKATOPA;
KMCIOTbI, LENMOUN 1 COMN MO HANMYMIO B UX PAaCcTBOPAX X1opua-, CynboaT-, KapOooHaT-MOHOB
1 NOHA aMMOHUS;
+  BbIUMCNATb MACCOBYIO AOMIO XMMNYECKOTO 3N1IeMeHTa No GpopmMyne coeAVHEHNA, MACCOBYIO [j0-
Nt BeLecTBa B pacTBOpe, KONMYECTBO BellecTBa, 06bem 1M Maccy BeLLecTBa No KonmyecTsy
BeLLecTBa, 00bEMY MU MacCe PeareHTOB NN NPOAYKTOB PeaKLmn.

O 4. lpaBuna 6e3onacHoi paboTbl B WKONbHOW NnabopaTopuu.
Na6opatopHasa nocypa u o6opynoBanue. Pasgenenune cmeceit
u ouncTka Bewects. lpurotoBneHne pacTeopoB

00 4.1.1. Npasuna pa6otbl B nabopatopun

IIpn npoBemeHmMM pabOT B XMMHUUECKOI JabopaTopuu o06sS3aTeJbHO COOJIIOMEeHUe
paBUJ TeXHUKHU GesomacHocTu. [lepeuyncinuM OCHOBHBIE U3 HUX:

1. Bo Bpemsa paboTsl B JabopaTopuu HEOOXOAMMO COOJIOAATHL UKUCTOTY, THUIIUHY, IO-
PAIOK U IIpaBUJA TEXHUKU 0E30IIaCHOCTH, TaK KaK IIOCHEITHOCTL U HeOPE)KHOCTH
YacTO IPUBOAAT K HECUACTHBIM CJIyUYasaM C TAKEJIbIMU IIOCJIEICTBUIMU.

. B raxkmoii mabopaTopun 00s3aTENIbHO MOJMKHLI OBITH 3aIlUTHBIE MacKU, OUKH.

3. B KaKkmoM moMeIreHun JiabopaTopuy He00OX0MMO UMETEH CPEICTBA IIPOTUBOIIOKAP-
HOIi 3aIlUTHI: SAIIUK C HPOCEAHHBIM II€CKOM U COBKOM IJIf HEro, IIPOTHBOIIOMKAap-
HOe omesso (ac6ecToBOe MM TOJICTOE BOMJIOUHOE), 3apssKeHHBbIe OTHETYIIIUTEJIN.

4. Kaxngprii paboramoIiuii B JabopaTopumn OOJKEH 3HAThb, I'e HAXOOATCA CPeACTBa
IIPOTUBOIIOKAPHON 3aIlUThI M alTeuKa, CoJepsKalias Bce HeOOXOAUuMoe AJA OKa-
3aHUSA IIEPBOU ITOMOIITH.

5. Ha mocyge, rme XpaHsaTCs PeaKTUBBI, JOJMKHBI OBITh d3THKETKU C yKasaHUWEeM Ha-
3BaHUII BeIIeCTB.
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6. KaTeropmnuecku sampelaeTcsa B JJaOOPATOPUU IPUHUMATEL IHUINY WUJIN KJIACTh IPO-
IYKTBI HA paboOuUii CTOJI.

7. OnbpITBHl HY:KHO IPOBOJAUTH TOJHKO B UMCTOM XMMHUUecKoi mocyne. Ilociie okoxnua-
HUS 9KCIEePUMEHTA IIOCYAY CPa3y Ke CJIeAYeT IIOMBITh.

8. B mporrecce paboTbl HEOOXOAMMO CJIEINTH, UTOOBI BeIlleCTBA He MOMafaid Ha JIUII0
U PYKU, TaK KaK MHOTHE 13 HUX BBI3BIBAIOT pasapakeHre KOMKH 1 CIN3UCTHIX 000JI0UEK.

9. BeiriecTBa B 1a0opaTopuu HeJb3s IIPO0OBaATh Ha BKyc. HioxaTh BelllecTBa MOYKHO,
JIUIIh OCTOPOJKHO HAIIPaBJIAA Ha cebsa maphbl UM ra3bl JIETKUM IBUKEHUEM PYKU,
a He HAKJOHASCH K COCYAY U He BAbIXAsd MOJIHON I'pyabio.

10. Cocyasl ¢ BelllecTBAMHU WJIM PACTBOPAMM HEOOXOAMMO OpaTh OOHON PYKOU 3a rop-
JIBIIITKO, a IPYroil — CHU3Y MOAAepPsKUBATh 3a THO.

11. Bo BpeMs HarpeBaHUSA KUIKUX U TBEPABLIX BEIECTB B IPOOMPKAX M K0J0AX HEJb-
34 HAIMIPaBJIATH UX OTBEPCTHA Ha ceba M OKpy:katomux. Henb3da 3aridaablBaTb
CBepXy B OTKPLIThIE HAI'PeBaeMble COCYIbI BO N30eKaHMe BO3SMOMKHOTO ITOPAKEHU
Opu BbBIOpOCE TOpAUYEeil MAcChI.

12. KaTteropuuecKu 3alpeliaeTcsa BLLINBATH B PAKOBMHBI KOHIIEHTPUPOBAHHELIE PACT-
BOpPBHI KHCJIOT W INeJoYeli, a TaK:Ke pasjMnUYHble OpPraHUYecKHe pPacTBOPUTEIIH,
CHUJBbHO TaXHYyIWe W OTHEeOIlaCHBLIe BelllecTBa. Bce 3TM OTXOALI HYYKHO CJIMBATD
B cIeIuajJbHble OYTHLIN.

IIpaBuna 6e3omacHocTH MpHU padoTe ¢ eTKUMHU, TOPIOYUMHU U TOKCUIHBIMU
BellleCTBAMM, CPeICTBAMU OBITOBOM XUMUU

1. 151 yCKOpeHUA PacTBOPEHUSA TBEPBIX BEIECTB B IPOOUPKE HEJNb3A 3aKPHIBATD
ee OTBepCTHE MAJbIIEM IIPU BCTPAXUBAHUMU.

2. PacTBOpeHwme IeJI0UM caeayeT IPOU3BOIUTEL B (hapopoBoil ITocyie IIyTeM IpudaB-
JIEHUA K Bojle HeOOJBIIINX MOPIINI BEIeCTBa, IIPU HEIIPEePLIBHOM ITepeMeIlTBaHNN.

3. IIponuTyo KUCJIOTY UMW IIEeJIOYb CJEAyeT 3aChIIaTh YMCTBIM CYXUM IIECKOM
U TIepeMeIlnBaTh €ro IO IIOJHOTO BOUTHIBAHUA BCEH KUIKOCTH. BiIalKHBIN me-
COK yOpaTh COBKOM B HMIMPOKUI CTEKJSHHBINA COCY IJS IIOCJEAYIONIeN ITPOMBIB-
KU 1 HEeUTpaJIU3aIluu.

4. PacTBOpHI M3 PEAKTHUBHBIX CKJIAHOK HEOOXOAMMO HAaJUBATh TaK, UTOOBI IPU
HaKJIOHE 9THKEeTKa OKa3bIBajlach CBEPXY (9THUKEeTKa — B JIaAOHB). IIpu momana-
HUU HA KOXKY PacTBOPOB IIeJIouell MJIM KHCJIOT HEeOOXOAMMO CMBITHL UX IIOCJe
CTPAXUBAHUA BUAUMBIX KalleJIb CUJIbLHOI CTPyel XOJIOAHOM BOIBI, a 3aTeM o0pa-
0oTaTh HeHTpaJua3yoInuM pacTBopoM (2 % -BIM PACTBOPOM YKCYCHOM KMCJIOTHI
niau 2 % -bIM PacTBOPOM THAPOKapOOHATA HATPHUSA) U OMOJIOCHYTH BOIOM.

(0 4.1.2. Na6bopaTtopHas nocyaa u o6opyaosaHmne

JlabopaTopHadg mocyJa — 9TO CHOENUAJIbHBIE W CHEIMAJN3UPOBAHHBIE EMKOCTU
Pa3JIMYHOTO KOHCTPYKTUBHOTO UCIIOJHEHUA, 00'heMa, N3TOTOBJIAEMbIE 13 PABHOOOPA3-
HBIX MaTepuaJioB (cTeksa, papdopa), yCTONUMBBIX B arpeCCUBHBIX cpefax, obJiamaro-
1€ TePMOCTOMKOCTHIO.

IIpu BBITIOJIHEHUM OIIBITOB MCIIOJb3yeTCA TaKas JabopaTopHas IIOCyAa: CTEKJISH-
Hble IJIACTUHKYU U IaJIOYKM, BBIIApUTENbHBIE (PapdopoBbIe AW, TPOOUPKU, XUMU-
YecKWe CTaKaHbI, IIJIOCKOJOHHBIE U KOHWUYECKWE KOJObI, OaHKMW, CKJIAHKU C IUIET-
KO, BOPOHKM, MePHBIe ITUJINHAPEI U CTaKaHbl, KaleJdbHuIlbl 1 U-00pas3Hble TPYOKH.
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CmexnsaHHble npoOupKku TpedHA3HAUEHBI OJIA Pa0OTHI ¢ MaJbIMU OO0beMaMU Be-
miecTB. IIpu paboTre ¢ mpobupPKaMu ciaenyeT COOJIIOAATE CJAEAYIOI[Ie IPABMIIA:

1. 3amperiaeTcsa BCTPAXUBATh IPOOUPKY, 3aKPhIBAas OTBEpPCTHE HayblieM. Ilomamganue
JI00BIX XMMHUECKHUX BeIleCTB Ha He3allUINeHHbIe YYAaCTKU KOXKU MOXKeT ObITb
OMacCHBLIM, a B MPOOMPKY IIPU 3TOM MOI'YT IIOIACTh CTOPOHHUE BEIeCTBa, BJIUAIO-
e Ha XOJ 9KCIIepUMeHTAa.

2. IlepememnmuBaTh PacTBOPHI B IIPOOUPKE CIIEYeT OBLICTPHIMY SHEPTUUHBIMU ITOCTYKH-
BaHUSAMH II0 CTEHKaM IIPOOUPKH.

ITpu paboTe ¢ GONBLIITUMU 00BEMaMU BEITIECTB UCIIONIL3YIOTC XUMUYLECKUE KONObL U cma-
Kamubt. IIpu pabote ¢ HUMU clIedyeT TaK:Ke IPUIeP:KUBAThCA ONpPeIeJeHHBIX TPaBII:

1. Comep:KuMoe KOJIOBI cJIeAyeT IIepeMeIlnBaTh KPYTOBLIMU ABUKEHUAMM, a COAep-
JKUMOe CTaKaHa — CTeKJISHHOM MaJIOUKOM, HaJleB Ha ee KOHEIl OTPe30K Pe3WHOBOU
TPpyOKM, UTOOBI He IMOBPEIUTh CTEHKY CTaKaHa.

2. ITpu mepeauBaHUU KUIKOCTEI U3 COCYIOB C IITUPOKUM T'OPJILIIITKOM B COCYIbI C V3-
KHUM TOPJIBIIIKOM CJIeIyeT MCIOJb30BATh XUMUUYECKNEe BOPOHKMU.

Hia puabTpoBaHUA BEUIECTB TAKIKE UCIOJNB3YIOTCA XUMUULECKUE GOPOHKU U (PUJLL-
mpoeanvHas 6ymaza. BymaKHbIN (GUIBTP BKJIAABIBAETCA B BOPOHKY ¥ CMaUYMBAaETCS
BOZOM IJIsl TIJIOTHOTO IPUJIETAaHUS K CTEHKAaM BOPOHKMU.

JKuaxkocTs ciaeqyeT BhIINBATE Ha (DUJILTP TOHKOI CTPyeli IO CTEeKJISIHHON HaJIoUuKe,
HAIIpaBJIAA MMAJOUYKY HA CTeHKM BOPOHKU. IIpu Takoii paboTe ocaJoK OCTaHETCA Ha
duibTpe U He monazeT B puabTpAaT.

HJia BeImapuBaHUA PACTBOPOB MCIIOJB3YIOTCA hapdopoBbIe 8binapusameibHbLe ua-
wu, KOTOphIe YCTAHABIMBAIOTCA Ha KOJbIlE XMMHUYECKOTO IITATHMBA 1M HATPeBaIOTCS
HaJ IJTaMeHEeM CIHPTOBKH.

IIpu mosyuyeHUU B X0/le XUMUUYECKUX OIIBITOB Ir'a30B MCIIOJB3YIOT KO00blL UV NPOOUD-
KU C TJIOTHO IOJOTHAHHBIMM HIPOOKAMHU U Ta300TBONHBIMU TpyOkamu. Ilepen MCIIONb-
30BaHUEM IIOCYAYy CTOUT IIPOBEPUTH HA T€PMETUUYHOCTL: KOHUMK I'a300TBOAHON TPYOKU
OIIYCTUTH B CTaKaH C BOMOI, a NPOOUPKY ILJIOTHO OOXBATUTHL JaJoHBbI0. Temnto jagoHu
OyzeT cmocoOCTBOBATL PACIIIMPEHHNIO BO3AyxXa B Hmpobupke miam Kojbe. Ilpum ycioBum
TepMETUYHOCTH U3 Ta300TBOAHON TPYOKM B BOAY OYAYT BBIXOAUTL HY3LIPHLKU BO3MyXa.

I sakpenyieHusa XUMUYECKOM MOCYAbl UCHOJIb3yeTCA JLa00paAmopHyulil Wmamua.

JlaGopaTopHEIi IITATUB COCTOUT M3 MACCUBHOM MeTaJIIMUYeCKOI IIOACTaBKHU, B KO-
TOPYIO BBUHUYEH CTep:;KeHb. Ha cTep:kHe YKpeIlJIeHBbI JIallKa W KoJbIo. C mOMOIIbIO
MY(MTHI JIATIKY ¥ KOJBIIO MOKHO IIEPEMeIaTh II0 CTPEKHIO, PeryJupys BBICOTY UX
3aKpeIlIeHNsT Ha ITaTuBe. 3aKpeIideTcA ITOJOoMKeHre My()Thl WM KOJbIla BUHTAMU.
IIpobupKu 1 KOJIOBI YKPEILJIAITCS B JJalKe B BEPTUKAJIHLHOM IIOJOKEHUN OTBEPCTUEM
BBEPX, 3aKPEIIAIOTCA BO3Jjie oTBepcTuA. He ciaemgyeT CIAMIIKOM KPEIKO 3aKUMaTh
B JIAIIKe XMMHUUYECKYIO IIOCYIY, NHaUe OHA MOXKEeT JIOIIHYTh IPU HarpeBaHUMU.

[ HarpeBaHUS BEIECTB UCHOJB3YIOTCA HarpeBaTeJbHBIE IPUOOPHI — CNUPMOE-
Ka U 20pesKa.

CnupToOBKAa COCTOUT U3 COCYHAAa, B KOTOPBIN HAJIUT cuupT (He MeHee 2/3 ob6beMa pe-
3epByapa), GUTnuiIA, YKpPeIlaeHHOTO B MeTaJLJINYecKOoll TpyOKe ¢ JUCKOM, 1 KOJIITavuKa.
ITepen mauasoMm pabOThI CO CIMPTOBKU CJEAYET CHATH KOJIIIAYOK, 3aTeM IPOBEPUTDH,
ILJIOTHO JIX HPUJeraeT AHUCK K OTBEPCTUIO cocyaa (OTBepCcTHe MOJMKHO OBITH 3aKPBITO
MHOJIHOCThIO, MHAUE CIUPT B COCYZle MOKET BCUBLIXHYTH). IlomKurarsh CIUPTOBKY cJe-
IyeT TOJBKO TOPSAIIel CONYKONA.

T'asoBas ropeika COCTOUT M3 METAJNINYECKON TPYOKU C ABYMS KPYTJIBIMH OTBEP-
CTUSIMHU BHU3Y, PACIOJOKEHHBIMH APYTr HampoTuB apyra. Tpybka BBuUHUeHa B Me-
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TaJJINUYECKYIO TOACTAaBKY, MMEIONTYI0 OOKOBYIO TPYOKY C HaJeThIM Ha Hee IJIAHTOM,
KOTODBIA COeAMHAETCS C Ta30BBIM KpaHOM. ['ad, mocTymas B TOPeJsIKY, CMEIINBAaeTCA
C BO3IYXOM, IIOCTYIIAIOIUM uepe3 OOKOBBIE OTBepCTHUs. ['OpesKy TakKe CiemgyeT 3a-
JKUTaTh TOJBbKO TOPAIIEeNd CIUYKOM.

IInama umeer Tpu 3oubl. HuiKHAA 30HA (TeMHaAA) — camMas XOJIOMHASA. 3aTeM Cpel-
HAA — HamboJee ApKasd U BEPXHAA — 30HA CaMOIl BBICOKOI TemmepaTrypsl. HarpeBaTtb
MOCyAy TPU TMPOBEEHUN XUMHUUYECKUX OIBITOB CJENYeT B BEPXHEI 30HE IJIaMeHMU.

(0 4.1.3. PasgeneHne cmeceil 1 OMNCTKa BeleCTB

B xyMum mMCHoJIb3YIOT HECKOJBKO CIIOCOOOB BBIJEJEHHSA M3 CMECEeH UMCTBIX Be-
miecTB. Ilpu 3TOM 3HAUEHME MMEeT THUI CMeCH: FTOMOTreHHaA J1u0O reTeporeHHasd.

CnocoO0sI BeIeJeHnd BelleCTB U3 TOMOTeHHBIX cMeceil

1. BrimapuBanue, KpUCTAJLIN3AIINA.
2. JucTuananus.
3. Xpomartorpadpus.

Buinapusanue n kpucmaaiu3ayuio TpUMEHSIIOT, HAIPUMep, IJIA BbIAEJEeHUs II0Ba-
DPEHHOU coJii M3 BOJHOTO pacTBopa. PacTBOp HOBOAAT O KUIIEHWA, BOJA HWCIIapAeTcd,
a CoJIb OCTaeTcs Ha JHE MOCYABbI B Buje 0OesIbIX KpuUcTayioB. MHOTAA NPUMEHAIOT Ya-
CTUYHOE BBITTapUBaHUE, IIPU KOTOPOM IIOJIYUYAeTCsA CUJILHO KOHIIEHTPHUPOBAHHLIN COJIe-
BOIT pacTBOp. Ilpy oxJaKJeHUM TaKOT0 PacTBOPAa COJIb BBIAEIAETCA B BUe KPUCTAJLIOB.

Meton ducmuaiayuu OCHOBAH HA Pa3JNUNU TEMIIEPATyP KUIEeHUSA BEIlleCTB C PasHOIi
IJIOTHOCTBHIO, COMEPKAIIUXCSA B OMHOM pacTBope. Ilaphbl KUIAIIIETO B COCY/Ie BeIllecTBa
YJIaBJIMBAIOTCA C IIOMOIIBIO APYTOTO COCYZa, B KOTOPOM OHU KOHJEHCUPYIOTCA IIPU
MOCJIeAYIONIEM OXJaKaeHun. TaKuM cIocoO0M TOJIYUYAIOT NUCTUJIMPOBAHHYIO BOHY.

Xpomamoezpagus OCHOBaHA Ha PA3JMUYHOM IIOTJIOIIEHUU BEIECTB B COCTaBe CMe-
CH TIOBEPXHOCTBHIO APYyroro BelrlecTBa. llociieqHUM MOJKET CJIYKUTH TBEPAOE IIOPU-
cToe BelecTBO (COpPOeHT) MM IJIEHKA *KUIKOCTH, HaHeCeHHas Ha TBepaoe BeIecTBO.
K mpumepy, ecau copbeHT moMecTUTh HaJ BOAHLIM PACTBOPOM, OKPAIIIEHHBIM YepPHU-
JIJaMH", ¥ eT0 KOHYUK ONYCTUTh B PACTBOP, TO KUAKOCTL HAUHET BIIUTHLIBATHCS ITOBEPX-
HOCTBIO copbeHTa M MOTHUMATLCA 110 HeMy. IIpu sToM rpaHHIla moAbeMa KpPacAInero
BeIllecTBa OyIeT OTJIMYATBCA OT T'PAHUIILI IIOAbeMa BOALI — IIOCJHEIHAS IMOSHUMETCS
BbIle. B 1abopaTopry M B IPOMBIIIJIEHHOCTU PasiejieHIe BEIeCTB IIPOU3BOLAT C IO-
MOIIIBbI0O COPOEeHTOB (Yrojb, U3BECTHAK), KOTOPhIe IIOMEIAI0T B CTEKJISAHHYIO UJINA Me-
TAJIUYECKYIO TPYOKY, Ha3bIBaeMYIO Xpomamozpapuyieckoil KoL0oHKoIll. Pa3mensaemble
BEII[eCTBA OKA3bIBAIOTCA B PA3HBIX YACTAX KOJOHKMU.

Crioco0bI BBIZIEJICHNA BEIeCTB U3 IeTePOreHHBIX cMecei

1. OrcrauBanue.
2. @uabTpoBaHUeE.
3. BosgelicTBrie MArHUTOM.

Omcmausarnue IPUMEHAIOT B CAEIYIONINX CAYUYAIX:

a) i BBIJEJeHWS W3 IeTEePOreHHOI CMeCH BeIeCTB C PasINYHOM MJIOTHOCTBHIO.
ATOT MEeTOJ MOAXOAUT IJS HEePACTBOPUMBIX B Boje BemlecTB. Hampumep, apeBecHbIe
U MeTaJJIndyecKHre OMMIKK MOMKHO 3aJUTh BOMOM, B30OOJITATL U AAaTh OTCTOATHCA. IIpu
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aTOM 6oJiee IIJIOTHBIE METAJINYEeCKre OMMUIKY OCANYT Ha THO, a OoJiee JIeTKHUe IpeBec-
HbIe BCIJILIBYT Ha IMOBEPXHOCTH BOIbI;

0) O BBIZEJIEHUS U3 TeTePOTEeHHOUN CMeCH BeIlleCTB C PasHOM CKOPOCTBHIO ocaskje-
HuA B Bojge. Hampumep, ecam 3aJUTh BOAOM CcMeCh IecKa UM TJIMHBI, B30OJITATH U OT-
CJIEeIUTHh OCaKIEHUEe BEIeCTB, TO MOYKHO 3aMETUTh, UTO IIECOK OCSAAET 3HAUUTEJIHbHO
ObICTpee TJINHBI;

B) IJdA pasiesieHus MaJIOPACTBOPUMBIX APYT B APYyre KUAKOCTEH C PasIUYHON
ILJIOTHOCTBIO. ITOT CIIOCO0 MCIIOJIb3yeTCs, HallPUMep, I PasaesieHus cMecu OeH3MHA
nan He()TH C BOAOM, PACTUTEIBHOTO MacJja ¢ Bomoi. IIpu aToM cmMech paccaamBaeTcs.
PasnenuTs cjaou MOMKHO C IOMOIIBIO JeJIHUTEILHON BOPOHKH.

Tak:ke pasHBIe II0 IIJIOTHOCTU BEIeCTBA B CMeCU MOXKHO Pas3fejInTh CIIOCO00M UeH-
mpu@yzupo8arHusL — BeIeCTBO ¢ OOJBINEN MJIOTHOCTHIO IPU Pas3/leJIeHUN Ha IIeHTPU-
(dyre ocamer Ha gHe cocyna (Tak pPasgesdloT CIUBKU U MOJIOKO).

PuavmposaHue TO3BOJISAET Pa3JeJUTh B CMECH PACTBOPUMBIE M HEPACTBOPUMBIE
B Bofe BelrecTBa. Hampumep, ecjiz cMech COJIM M IIeCKa B30OJTATh B BOJe U OT(hUJIb-
TPOBaTh, TO HEPACTBOPUMEBINA IIECOK OCTAHETCS Ha (PUILTPOBAJBHOM Oymare, a COJIb,
pPacTBOPUBIIUCH B BOJe, IIPOAET uepes (pUuabTp.

Bosldeiicmeue mazHumom TIPUMEHAIOT IIPW HAJIWYUU B IeTepPOTeHHOl cMecu Be-
IeCTB, CIOCOOHBIX K HaMaramuyuBaHuio. Tak, MOMKHO pa3me;UTh CMeCh YTrOJILHOTO
U JKeJIe3HOTO IIOPOINKa. sKele3HbIil MOPOIIOK HPUTAHETCA MATHUTOM.

@00 4.1.4. NpurotoBneHne pacTBOpoB

IIpu mpuroroBIeHUU PACTBOPOB CJEAYET COOJIIONAThH O0IIHe MpPaBuUJjIa:

1. CobGarogaTh unctToTy. Bes HeoOxoauMasi Imocya JOJIKHA ObITh TIATEJILHO BEIMbBITA. 1'0-
TOBUTH PACTBOPEI CJIEAYET, UCIIONb3Ys UNCThIe PEAKTHUBLI U AUCTULINPOBAHHYIO BOMIY.

2. Tlognexxaliiye pacTBOPEHUIO TBEPAbIe BEIECTBAa, OCOOEHHO TPYAHOPACTBOPUMBIE,
PEKOMEHIYeTCs M3MeJIbUNTh, TAK KaK PACTBOPEHME KPYIHBIX KPHCTAJJIOB M KOM-
KOB ITPOMCXOIUT OUEeHb MeIJIEHHO.

3. HekoTopsle BelecTBa, OyAy4Yu pacTepPTHLIMU B TOHKHM HOPOIIOK, MMEIOT CBOMCTBO
IJIaBaTh Ha IIOBEPXHOCTH BOIbI, He cMauuBasch. Ilepen pacTBopeHHEeM TaKue II0-
POIIIKHU CJIeAIYeT pacTepeTh B CTYIIKE C HeOOJBIINM KOJHMYECTBOM BOALI OO 00Opa-
30BaHMUS OSHOPOIHOM KAIIUI[bl, KOTOPYIO 3aT€M CMBITH BOIOII B CTAKaH U gajiee
pacTBOPUTH Kak 00bIUHO. MHOTZA IIepes PacTBOPEHMEM IIOPOIIOK CMAUYMBAIOT He-
CKOJIbKMMHU KAaIlJIAMU COUPTA.

4. ITpuMeneHue O IPUTOTOBJIEHUS PACTBOPOB ropsueil BOALI IPU TOUYHBIX padoTax
He PeKOMeHyeTcs. XOTsA HarpeBaHUe U YCKOPAET IPOIlecC PACTBOPEHUS, OHO IIPH-
BOAUT K M3MEHEHUIO KOHIEHTPAIIMN 34 CUeT HNCIAPEHUS M K HETOUHOCTAM B M3-
MepeHUUn 00LEMOB.

5. Ecoim pacTBOpeHMe MTPOWCXOAUT MEIJIEHHO, CYCIIEH3WIO0 HEeOoOXOIMMO IIepeMEeITH-
BaTh C IIOMOINBI0O MEXaHWYECKON MeNIaJKU WJIN, YTO Jydllle, B30AJITHIBATH B 3a-
KPBITOH CKJISHKE UJIU KOJIOe Ha MeXaHNUYeCKOM BCTPSAXUBaTeJe.

6. Jlerko pacTBOpSAMOINMECS TBepAble BEeIleCTBa U KUJKOCTU IePeMeIlInBAIOT BPYUHYIO
B 3aKPBITOM cocyze (ecjiu He MPeIBUAUTCA BBIAEJCHUS ra30B WU IIApOB) IIyTEM
BCTPAXMWBAHUSA MJIYM MHOTOKPATHOI'O II€PEBOPAUMBAHMNA COCYAA; MOXKHO IIePEeMEeIln-
BaTh UX CTEKJIAHHOI JIOIIATOYKOM B CTaKaHe.

7. Ilpu pacTBOpeHUHN CUJIBHBIX KHCJIOT, OCOOEHHO CEPHOHN 1 a30THOM, CIeayeT IIPU-
JUBATh KUCJIOTY B BOAY, HO HA B KOEM cJIyuyae He HaobOpOT.
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8. Eciu Heo0X0oaAMMO IIPUTOTOBUTH HACKIIIIEHHBIN PACTBOP BeIlleCTBA, PACTBOPUMOCTD
KOTOPOT'O B BOJle HEM3BECTHA, €r0 HPUJINBAIOT HEOOJBINUMU MIOPIUIAMU, KaKIBIA
pas mobuBasiCh MOJIHOTO PACTBOPEHUS, A0 TeX II0P, IOKA IIOCTAeNHSAA IOPIIUSd ViKe
He OymeT pacTBopAThcs. Cienyer mMeTh B BHUAY, YTO C IOBBIIIEHMEM KOHIIEHTPA-
MU PacTBOPa CKOPOCTh pacTBOpeHusA magaeT. IIosToMy OBITH YBEPEHHBLIM, UTO CO-
CTOSHNE HACBIIEHUSA TOCTUTHYTO, MOMKHO JUIIIL B TOM CJyYae, €CJU KOJMUUIECTBO
TBEPJOT0 BeIlleCTBA He YMEHLIINJIOCH IIOCJe, 0 KpalHeil Mepe, IIOJyYacOBOIO IIe-
peMeIuBaHuA pacTBOpA.

PexoMenayercs TakiKe IOTOBUTL HACBIIEHHBIM PACTBOP B TEIJIOM BOJE, a 3aTeM
OXJIAJAUTh €ro J0 KOMHATHOM TeMmIiepaTypbl. HeKoTopoe KOJMUYECTBO PACTBOPEH-
HOTO BeIlleCTBA MOJKHO IIPW STOM BBIIIACTH B OcamoK. VCKJIIOUeHMEe COCTABJISIOT
OUeHb HEeMHOTHe BelllecTBa (HampuMep, KapOOHAT JUTUSI), PACTBOPUMOCTL KOTO-
PBIX B BOJ€ C MOBBINIEHNEM TeMIIEPATYPhI YMEHBLIIIAETCS.

XpauAT HACBIIIeHHbIE PACTBOPBI, KaK IPABUJIO, C HEOOJBINTUM M30BITKOM HEPACT-
BOPUBIIIETOCS TBEPAOT'O BEIeCTBA.

9. Ilogexxkaliie XpaHEeHUIO PACTBOPhI HEOOXOAMMO Cpasy ke Iocje IMPUTOTOBJIEHUS
epeJUTh B ILJIOTHO 3aKPBIBAIOIIMECSd COCYAbl M CHAOAUTH 3TUKETKAMHU C YKasa-
HUeM HasBaHUA M (POPMYJIBI PACTBOPEHHOT'O BEI[ECTBA, KOHIEHTPAIIMK PaCTBOPA
W [aThl ero IPUTOTOBJEHUA. BMECTUMOCTH cocyla IJsA XpaHeHUsA MOJKHA OBITH
TaKoii, YTOOBI PACTBOP 3AIIOJHSJ €T0 IIOUTH ITOBEPXY.

o 4. OnpepeneHune xapakrepa cpefibl pacTBOpPOB KUCNOT
U Wenoyen ¢ NOMOLLbI0 UHANKATOPOB.
KauecTBeHHble peakuuu Ha MOHbI B pacTBope
(xnopua-, cynbdar-, KapbOHAT-MOHBI, NOH aMMOHUS)

B npaxTuueckoii neATeIbHOCTH YeJIOBEKA YACTO BO3HUKAET HeOOXOAUMOCTDH BBLIAB-
JIEHUS TOTO HJIM MHOI'O BeI[eCTBA B PACTBOPAaX.

Peaxiiuu, ¢ mOMOIIBIO KOTOPBIX OIPENeA0T PaslINUYHbie XUMUUYECKHEe COeIMHEe-
HHS, HAa3bIBAIOT KaUeCTBEHHBIMH.

Pasauuaior Tpu THIA cpen: HeHTPaJbHYIO, IIEJOUHYI0 I KucIoTHY0. Cpeny Jar000-
0 BOJHOI'O PacTBOPA MOKHO OXapaKTepu30BaTh KOHIIEHTpAIlMell MOHOB Bomopoaa H*
uiau rugpokcun-monos OH™.

HeliTpansHass — 5TO cpema, B KOTOpPOII KOHIIEHTpAIlMs MOHOB BOAOPOJIA pPaBHA
KOHIIEHTPAIIU TUAPOKCUI-IIOHOB:

[H] = [OH].

Illeounass — 3TO cpefia, B KOTOPOIl KOHIEHTPAIIMA MOHOB BOJAOPOLA MEHbIIIe KOH-
IeHTPaluN TUIPOKCU-NOHOB:

[HT] < [OHT].

Kucaornasa — 5To cpefa, B KOTOPOM KOHIIEHTPAIMA MOHOB BOZOPOAA OOJIBIIe KOH-
IMEeHTPaIii TUAPOKCUI-NOHOB:

[H'] > [OH].
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I TOro uTOOBLI OIPEmeNUTh XapaKkTep cpelbl BOOHBIX PACTBOPOB, B XUMUHU HPU-
HATO IIOJB30BAThCA MHAMKATOPAMHM — KPACUTEJISIMHU CJIOMKHOTO COCTaBa, KOTOpPHIE
M3MEHSIOT CBOI0 OKPACKY B 3aBHCHMOCTHU OT THUIIA CPEIbI.

V3meHeHMe OKpPACKU WHAMKATOPOB B 3aBUCUMOCTU OT XapaKTepa Cpelbl B PacTBO-
pe npuBeneHsl B Tabua. 4.1.

Tabaruua 4.1
N3meHeHUEe OKpPACKU MHINKATOPOB
B 3aBHCHMOCTH OT Cpeabl PACTBOPOB 3JIEKTPOJIUTOB
Hazsanne Oxpacka MHIUKATOpa B cpeme
MHIUKATOPA . _

& p Kucaasa (HY) HeHTpaIbHaA mexounaa (OH)
Jlakmyc Kpacubrit duroseToBbIA CuHuit
denoapranienu BecuBeTHbINI Becuserusbrit MasnnHOBBIN
MeTtunopanx Pozosriit OpaH:KeBbIH Kenrsrit

Hannume B pacTBope TeX MM MHBIX MOHOB OIPEIEIAIOT C IIOMOIILI0 KaueCTBEH-
HBIX PeaKIni.

Haub6oJee pacmpocTpaHeHHbBIE CIIOCOOBI ONpeaesieHius HOHOB B PAaCTBOpaX:

1. KauecTBeHHO# peakxIiimeil Ha ompelesieHNe XJOPUO-UOHO8 SIBJISIETCA PeaKI[Us C HU-
TpaToM cepebpa. IIpu moGaBieHHU ero B PACTBODP MPOUCXOMUT PEAKIIUS MOHHOTO
oOMeHa ¢ oOpasoBaHMeM 06eJIoro ocagka — XJopuzna cepebpa:

NaCl + AgNO, = NaNO; + AgCI!.

2. KauecTBeHHOII peakIuell Ha CYJ/b(am-uoHbl ABJSAETCSA PEaKIUA C PaCTBOPUMOI
coabio Oapusa. [Ipu mobaBieHUM B PACTBOP, COAeps:KaIuii CyIb(aT-MOHBI, PACTBO-
puMoOil cosu O0apus IPOUCXOOUT PeaKIiusd HMOHHOro oOMeHa, 3aKaHuUMBAIOIIAdCs
BHaseHreM 0eJioro ocajgka — cyJabgaTra Oapus:

BaCl + Na,SO, = NaCl + BaSO,.

3. KauecTBeHHBIMU pPeaKIUAMU HA KAPOOHAM-UOHbL ABJSIOTC:
a) Bo3AelicTBME Ha PacTBOP, CoAep:Kaluii KapOOHAT-MOHBI, JIIO00H KHCJIOTOM, IpH
aTOM BbIAeasercsa ra3 — CO,:
2CH,COOH + Na,CO; — 2CH,COONa + H,0 + CO,T.

O0OHaPYKUTH BhIJEJIEHNE IMy3bLIPbKOB I'a3a MOXMKHO, IIPOM3BOAS PEAKI[MI0 B repMe-
TUYECKOM COCY[Zle C Ta300TBOAHOI TPYOKOIi, OIYIIIEHHON B BOAY;
0) ocaskmeHre KapOOHAT-MOHOB KATMOHAMY KaJIbITUA U 0apus, IPU 9TOM 00pa3yIoT-
Cs HepacTBOPHMBIE KapOOHATHI, BBINMALAIOIINE OEJIBIM OCALKOM:

CaCl, + Nay,CO; — 2NaCl + CaCOs4.

4. KauecTBenHO# peakiiueil Ha omnpejejieHne B PACTBOPE KAMUOHA AMMOHUSL ABJISET-
CA peakIus pacTBOPa COJIU CO IeJIoubio. IIpu sTOM IIPOUCXOAUT PEeaKI[Us MOHHOTO
o0MeHa, B pe3yJibTaTe KOTOPOI BHIJEISETCSA ra3 — aMMUaK:

NH,NO, + NaOH = NaNO; + H,0 + NH,T.
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AMMUaK MOKHO OOHAPYKUTDL, HMOAHECST K COCydy, B KOTOPOM HIET peaKIusa, CTe-
KJIAHHYIO IIAJIOUKY, CMOUYEHHYIO B PACTBOpPE COJITHOUN KucaoThl. Ilpm Hamnmumum aMMmu-
aka Oymet o6pasoBbIBaThbCsA Oesblil AbiM (mapsr NH,CI).

0 43, MonyuyeHune razoobpasHbIX BelecTs.
KauecTBeHHble peakuun Ha ra3oo6pasHble BewjecTBa
(kucnopop, Bofopos, yrneKUCNbIA ra3, aMMu1aKk)

@0 4.3.1. NonyueHne kucnopoga O,

Tas Kucsopon 8 sabopamopuu MOJAYUAOT IIyTeM PeaKI[Uil Pa3/IOKeHUS CJIOKHBIX
BEII[eCTB, CONEPIKAIINX DJIEMEHT KHCJIOPO:
1. PasioskeHre IIepeKucy BOLOPOLA:

H,0, —¥% 2H,0 +0,T.

2. PaSJIOHQeHI/Ie OKCHa PTYTU IIPU HarpeBaHUM:
B
2HgO — 2Hg + 0,7,
3. PaznokeHne mepMaHTaHaTa Kajlud NPU HarpPeBaHUU:

-
2KMnO, — K,MnO, + MnO, +0,T.
Kauecmeennoil peaxkyueili Ha BBIAEISIONIUINACA KHUCJIOPO ABJSETCS PeaxkIius rope-

HUSA — TJIEIOIAs JYUYNHA APKO BCIBIXMBAET B BBIAEJAIONIEMCA MOJEKYIAPHOM KIC-
JIopoje.

@0 4.3.2. Nonyuenne Bogopoga H,

Bopmopon 6 nabopamopuu TakiKe MOJYyYaAIOT TyTEM PEaKIIUN Pas3I0KeHUA:
1. Pasio:kenue BOALI IIPU AeHCTBUMU MOCTOSIHHOTO TOKA (9JIEKTPOJI3):

2H,0 > 2H, T+ 0,T.

2. Pasyo:xenne BOAHOrO PACTBOPA XJIOPHUAA HATPUS IIPU AeHCTBUU IIOCTOSHHOTO TOKA
(sJIEKTPOJIN3 pacTBOPA):

2NaCl + 2H,0 —2mome__ 9NaOH + H,T + CL,T.
3. Peaknua saMellieHuss — B3anMOJeNCTBIe METAJJIOB, CTOAIIUX B BEITECHUTEJIHEHOM
pAny mepen BOIOPOIOM, C KHUCJIOTAMMU:
Zn + HCI = ZnCl, + H,T.
4. BaaumogeiictBue akTuBHBIX MeTaynoB (Na, Ca) ¢ Bomoii:
Ca + 2H,0 = Ca(OH), + H,T.
Kauecmeennoil peakuyueil Ha BBIIEJNAONINICA MOJIEKYJISPHBINA BOTOPOJ ABJISIETCS

cropamme coOpPaHHOTO B IIPOOUPKY rasa ¢ XapaKTepPHBIM «XJOIKOM» B pe3yJabTaTe 00-
pasoBaHUuA «I'PeMydYeill cMeCH» — CMECH BOJOpOJa M BO3AyXa.
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@0 4.3.3. MonyueHne yrnekucnoro rasa

B Jla6opam0puu YFJIeKI/ICJIBIfl ras3 II0JIY4arT IIyTeM BOS,JIGfICTBPIH Ha MeJI UJIu Mpa-
MOD COJIAHOM KMCJIOTHI:

CaCO, + 2HCI = CaCl, + H,0 + CO,T.

KauecmeenHoil peakyueil Ha YTJIEKUCJIBIN Ta3 ABJSAETCA IIOMYTHEHVE U3BECTKOBOM
BOJIBI — PacTBOPAa TMAPOKCHUIA KAJbITUA:

Ca(OH), + CO, = CaCO,l.

Ecinn BeIgensaroniuiica ra3 IpoImyCcTUTh Yepes PacTBOP M3BECTKOBOII BOIBI, TO BhI-
IeJUTCS HePaCTBOPUMLIN KapOOHAT KaJIbI[UA, BhI3LIBAIOIIUI MOMYTHEHNE PacTBOpA.

0 4.3.4. NonyyeHne ammmnaka

IIpomviiiieHHbLiL cnoco6 TONYyUYeHUs aMMHAaKa OCHOBAH Ha NPAMOM B3auMOIeii-
CTBUU BOZOPOZA U a30Ta:

3H, + N, m———2—2NH,T + Q.

ITo Tak HaswIBaeMbIlll mporecce I'adepa (Ppur 'abep — Hemenkuii Gusuk, paspa-
O0oTaBIINil PUBUKO-XUMUYECKNE OCHOBBI METOMa).

B nabopamopuu aMMUaK IOJYyYalOT MYTEM BO3AEUCTBUSA CUJBHBIX INeJIOUell Ha
COJI aMMOHUA:

NH,NO;+ NaOH = NaNO; + H,0 + NHST.
KauecmeenHOll peakyueil Ha aMMHUAaK, KaK M HA MOH aMMOHUS, ABJISIETCS ero Baa-
UMOJIEVICTBHE C COJIAHOU KHCJIOTOM:
NH; + HCI = NH,CI.

Eciau K pacTBOpy, M3 KOTOPOTO BBIAEIAETCS aMMHAK, MOLHECTH CTEeKJAHHYIO IIa-
JIOUKY, CMOYEHHYIO B PACTBOPE COJIAHON KMCJIOTHI, 00pasyeTcs Gesblil IbIM.

O 4. lpoBepeHue pacyetoB Ha ocHoBe GOpMyn U ypaBHEHUI
peakuumit

G 4.4.1. BbluncneHna mMaccoBoll AONAN XMMMYECKOro dfeMeHTa
B BeljecTBe

HJa pacueToB 0 XUMUYECKUM (POpPMYyIaM HEOOXOAMMO YMETDH MOJIB30BATHCA COOT-
BETCTBYIOIIMMYU XUMHUUYECKUMU ITOHATUAMHU.
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OrHocuTeabHasas aToMHass macca (A,) — 5TO Macca OJHOTO aToOMa, BBIpasKeHHAasd

B aTOMHBIX eIMHUIIaX Macchl (a. €. M.) ¥ paBHasA OTHOIIEHHIO CPEIHEN MacChl BCEX

M30TOIIOB aToOMa K 4YMCJIeHHOMY 3HadeHuio 1/12 maccel usoromna yriepoga '2C.
OrHocuTe bHAA aTOMHAaA Macca A, TOKas3bIBaeT, BO CKOJBLKO Pa3 aTOM JaHHOTO dJie-

MeHTa TsKejiee ATOMHOM e JMHUIIBI MAacChl. 3a ATOMHYIO eIUHUITY MaCChl IIPUHSATO YKC-

JIeHHOe 3HaueHue macchl 1/12 uactu msoromna yruepoza 2C. Ona pasua 1,67 - 10 27kr.
Hampuwmep, A,(Na) = 23 a. e. M. ITO 3BHAUUT, OAUH aTOM dJjieMeHTa HaTpudA B 23 pa-

3a TdAMKeJlee aTOMHOI efmHUIBI Macewl: 23 - 1,67 - 10727 kr = 38,41 - 10727 kr. JT0 a6-

COJIIOTHAs Macca aToMa HaTpus. Vcmob3oBaTh TaKWe 3HAUEHUS MACC OJIS PAcueTOB

Heyno0Ho, mosTomy B Tabiauiie /. V1. MeumeneeBa yKasaHbl TOJbKO OTHOCUTEJbHBIE

aTOMHBIE MAcChl, KOTOPBIE CJOYIKAT IJIS CPABHEHUS XMMHUUECKUX 9JIeMEHTOB II0 Macce.
ITpu HeOOXOAMMOCTH MOJKHO OIPEIeNUTh aOCONIOTHYIO MAaccy aToMa JaHHOTO dJie-

MEeHTAa, YMHOKUB €TI0 OTHOCUTEJLHYI0O aTOMHYIO MacCy Ha UMCJIeHHOe 3HAaUeHUe aTOM-

HoM egumHUILI Macchl (1,67 - 1072"kr), Kak 3To OBLIO CAEJAHO BBIIIE [JIs HATPHUI.
OTtHocuTeabHAA MOJIEeKyAsapHaa macca (M,) — 5To Macca MOJIEKYJIbI BEII[eCTBA, BhI-

paskeHHasa B aTOMHBIX eIUHUIIAX MAacchl (a. e. M.) U paBHaA OTHOIIIEHUIO CpeHell Mac-

CHI MOJIEKYJIBI BeIlleCTBA K YMCIeHHOMY 3HaueHHnIo 1/12 macchl mzorona yriaepoga 2C.
MaccoBasa 1014 3J1eMeHTa B BelllecTBe. PacueT MaccoBOM JOJIM XUMUUYECKOTO dJie-

menTa B BerlecTBe (W) mpoBoauTca mo popMyJe BellecTBa, a TaKiKe II0 OTHOCUTEJb-

HBIM aTOMHBIM MaccaM 3JIEMEHTOB, BXOISIIINX B COCTAB BeIlleCTBA.

s ompemeieHUsA MACCOBOM JOJIM 3JIEMEHTA B BeIeCcTBe HeOOXOIUMO:

1. OmpenennuTh OTHOCUTENBLHYIO AaTOMHYIO Maccy aJjieMeHTa A,, IJIs KOTOPOro HeobXo-
IUMO BBIYMCJHUTH MACCOBYIO [OJIO B BelecTBe (OTHOCHUTE/JbHBIE aATOMHBIE MACCHI
9JIEMEHTOB YKas3aHbl B IIepUOANUYecKoi cucteme ajmemeHToB [[. 1. MeHmeneesa).

2. YMHOXXUTD OTHOCUTEJILHYIO ATOMHYIO MacCy 9JIeMeHTa Ha KOJUYECTBO aTOMOB dJie-
MeHTa (x) B popMmyJie (ecam KOJIHUUECTBO ATOMOB 0OJIbIIIE OJHOTO).

3. OmpeneuTh OTHOCUTEJIHLHYIO MOJIEKYJIAPHYIO Maccy Bcero BertectBa M,. Ilis aTo-
ro HEOOXOAMMO CJOYKUTL OTHOCUTEJIbHBIE aTOMHBIE MACCHI BCE€X DHJIEMEHTOB BeIlle-
CTBa, C YUETOM KOJIMUYEeCTBa X aTOMOB B BeIlleCTBeE.

4. MaccoByI0 J0JI0 dJIeMEeHTa B BeIlleCTBE BLIUUCJIUTH 10 GopMy.Jie:

w =% 100 %,
Mr

roe W — maccoBas [0Js sjieMeHTa (13MepsieTcss B HOJAAX uau % );

A, — oTHOCHUTeJIbHAs aTOMHAsd Macca dJieMeHTa;

X — KOJHUYECTBO aATOMOB dJIeMEeHTa B BeIIleCTBE;

M, — orHOCUTeNbHAS MOJEKYJIAPHAaA Macca BelllecTBa.

. 3apgava. BerumcauTh MacCOBYIO JIOJII0 HATPUA B CyJib(aTe HaTPUA.

Ilano: Pewenue:

Na,S0,: M, (Na,S0,)=23-2+32+16-4 =142

A,(Na) = 23 ) )

A/(S) = 32 W(Na) = ANa)- 2 100 % = 282 100 % = 382,39 %
A(0) = 16 : 142

W(Na) — ? | Omesem: 32,39 %.
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Takike, 3Hasd MAacCOBYIO JIOJIIO Ka)KIOTO 3JI€MEHTa B BEI[eCTBE, MOXKHO OIIPEIEJINTD
npocmeuuLyo 3MNUPULECcKyo Gopmyay dTOrO BEIIeCTBA.

IIpocreiimasa (amMnupuyeckas) ¢opMysa MOKa3bIBAET COOTHOIIIEHWE aTOMOB B Be-
miectBe. Hammpumep, aaa ameruaena cootuoinenne C : H =1 : 1, To ecTh mpocTeiiiinasa
dopmyna anmerunena — CH.

MoanekyasapHasa (MctuHHag) gopmynaa — Gopmyaa, B KOTOPOH OTpasKkaeTcs pe-
aJIbHOE YWCJIO aTOMOB Ka’KJOTr0 BUJa, BXOAAIIUX B MOJEKYJY BermlecTBa. Hampumep,
C,H, — mcrtunnasa dopmyaa ameruiieHa.

Monerynsapuasa GopMyJja MOMKET COBHAAATEL C IPoCTeiineil nau OLITh KPATHOU eii.

Ecau B 3amaue gaHBI TOJTBKO MacCOBBIE IOJIU 3JIEMEHTOB, TO B IIPOIIECCE PEITeHU
3alaud MOJKHO BBIUMCJUTH TOJBKO IIPOCTEHIITYyI0 PopMysay BelrecTBa. jd mosryde-
HUS UCTUHHON (POPMYJIBI B 3aaue OOBIYHO JAIOTCS MAOIOJHUTEJbHBLIE JaHHBIE — MO-
JApHasA Macca, OTHOCUTeJNbHAdA MM abCONIOTHAA IJIOTHOCTH BEIeCTBA WJIU IAPYTHe
IaHHbIE, C ITOMOIIHI0 KOTOPHIX MOYKHO OIIPENEJIUTh MOJIAPHYIO MAcCy BeIlecTBa.

Hanpumep, mi1s BelllecTBa, B COCTAB KOTOPOTO BXOOAT aTOMBI TPeX PasIMUYHBIX
XUMUYECKUX DJIEMEHTOB, aJTOPUTM OIIPeAeIeHUsI XUMUUEeCKOoH (hopMyJIkl OymeT cie-
IYIOIIM:

1. OnpenesnuTb OTHOCUTENbHBIE ATOMHBIE MAacCChl dJIEMEHTOB A, /I BCeX B3JIEMEHTOB
(9) B BerecTBe (OTHOCUTEJIbHELIE ATOMHBIE MACChl 3JIEMEHTOB YKAa3aHbI B IEePUOIU-
yeckoit cucreme anmemenToB 1. 1. Menngesneesa).

2. YTo0BI mepeiTH OT MaCCOBBIX HOJIEM K COOTHOINEHUAM aTOMOB, HYJKHO PasieliuThb
KaKyI0 U3 JI0JIell Ha OTHOCUTEJIbHYI0 aTOMHYIO MacCy COOTBETCTBYIOIIETO 9JIEMEHTA

9, :9,:9 =£:E:&.
1 2 3 A A A
rl r2 r3

3. UTo0ObI mepeidT K COOTHOIIEHUAM IIeJIBIX YHCeJ, HYKHO BhIOPATh MEHBIIIEe YHCJIO
W3 BCeX U BCe TPU UYMCJA PA3JeJUTh HA HEro.

4. YcTaHOBUTH BO3MOXKHOE COOTHOIIIEHWE aTOMOB B BeINECTBe M BBIBECTH HA OCHOBA-
HUU 3TOTO IIPOCTEHINYI0 SMINPUUECKYIO (popMyJry.

. 3agava. BeiBecTu opmMysIy coemMHEHIs, €CJU MaccoBas OOJA Kaaus B HeM 56,6 %,
yraepogza — 8,7 %, a kuciaopomsa — 34,8 %.

Ilano: Pewenue:
W(K) = 56,6 % A(K) =39
W(C)=8,7% A(C)=12
W(O) = 34,8 % A(0)=16

Onpedenums: K:C:0= 56,6 : 8,7 : 84,8
XUMUUYECKYI0 QOpMYIy 39 12 16
HesuM Bce TPU MOJYUUBIINECA YKCIa HaA
"HaumeHsbIree (0,725):
1,45 0,725 2,175
0,725 0,725 0,725
K:C:0=2:1:3.
IIpocreiinmasa xumMmuyeckas GopMyJaa COeqUHEHUST —
K,CO;.
Omseem: K,CO;.
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(00 4.4.2. BbluncneHnsa mMaccoBoil 40NN PacTBOPEHHOroO BelyecTBa
B pacTBOpe

KonnenTrpanusa pacTBopa OIpelessieTcs COAepKaHreM PacTBOPEHHOTO BeIecTBa
B PacTBOpE, KOTOPOE BLIPAXKAIOT C IIOMOIIBLIO €I0 MaCCOBOM IOJIH.

MaccoBasa mous (w) — 3TO OTHOIIIEHNE MAaCChl PACTBOPEHHOI'0 BeIlleCTBA K OOIei
Macce pacTBopa.

MaCCOBYIO JOJIIO BBIPDAMKAIOT B JOJIAX €IMHUIIBI NJIN IIPOIIEHTaXx:

m
w (B gonax) = —222 w8 %) =w-100 %.
m(p-p)
() 3apava. B 280 r Bogs! pacteopuau 70 r dpochopHol KucaoTsl. HallTi MaccoBy:o 00

KHCJIOTHI B IOJIYYEeHHOM PacTBOpPeE.

Ilano: Pewenue:
m(p-pa HsPO,) =701
m(H,0) =280 r

wH;PO,) — ?

_ m(¥-ThI)
m(p-pa)’
m(p-pa) = m(x-te1) + m(H,0);
m(p-pa HsPO,) = 70 r+ 280 r=350 1}
wH;PO,) =701 :350r=0,2 (20 %).
Omeem: w(H;PO,) = 0,2, uau 20 %.

Tak:xe, 3HAasA MacCOBYIO JOJII0O PACTBOPEHHOTO BeIlleCTBa, MOYKHO HAWTHU Maccy Be-
IecTBa, HeOOXOAMMYIO IJIS IIPUTOTOBJIEHUS PACTBOPA 3aJaHHOTO 00beMa.
s aTOro He0OXOAMMO BOCIIOJIB30BATHCA CJAEAYIOMUMY (HOPMYJIaMuU:

m(8-Ba) = m(p-pa) - w; m(H,0) = m(p-pa) — m(s-8a),

roge m — Macca, W — MacCoBadA O0JIA PAaCTBOPEHHOI'O BeIllleCTBa B pacTBOpeE.

» 3apava. Ilpurorosurs 0,5 g 20 % -ro pacTBOpa IMOBAPEHHON COJN.

Hano: Pewenue:

V(p-pa NaCl) = 500 ma IToCcKONBKY ILIOTHOCTHL BOABI paBHa 1 r/cM®, macca
w(NaCl) = 0,2 500 mx Boxawl O6ymer paBHa 500 r.

m(NaCl) — ? m(B-Ba) = m(p-pa) - w;

m(H,0) — ? m(H,0) = m(p-pa) — m(s-Ba);

m(NaCl) = 0,2 -500 r =100 t;
m(H,0) = 500 r-100 r = 400 r (m1u 400 m).
Omeem: m(NaCl) = 100 r, m(H,0) = 400 r.

AHaJOTUYHBIM 00pa30M BBIUMCIISIETCS MACCOBAS MOJS JTIO00T0 BeleCTBA B CMeECH
BellecTB (MJM B CILIaBEe METaJLIOB):

_ m(B-Ba)

m(cmecn)’

roe w — MaccoBas JOJIsI BelllecTBa, m(B-Ba) — Macca BelllecTBa, m(cMecw) — Macca
cMecCH.
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G0 4.4.3. BbluncneHve Konuvyecrsa BellecTBa,
Maccbl AN o6bemMa BellecTBa NO KOMNYECTBY BellecTBa,
Macce uam o6bemy OAHOro U3 peareHToB
WAN NPOAYKTOB peakuunm

I pacueToB mo XuMHUeCKUM (GopMysIaM U YPaBHEHUSIM HCIIOJIb3YETCsS 3AKOH NOo-
CMOAHCMBA COCMaBa euLecmaa:

MoneKynapHble XumMmunyeckne coefiUHeHNA He3aBUCMMO OT cnocoba nx nonyyeHus nuve-
10T NOCTOAHHDbIN COCTAB 1N CBOWCTBA.

CregyeT MOHMMATH, UTO MJISI BEI[eCTB HEMOJEKYJISAPHOTO CTPOEHUS ero COCTaB
M CBOMCTBa MOTYT MEHSATLCS B 3aBHCHMOCTH OT CHOco0a IIOJYyUYeHUS STUX BeEIecTB.

KoanuectBo Bemectra. MoJjb. B xuMuuecKux mpolijeccax yuacTBYIOT MeJbUanIime
YACTUIILI — MOJIEKYJIBI, AaTOMbBI, MOHbBI, 3JIEKTPOHBI. YICJ/IO TAKNUX UACTHUIL JasKe B Ma-
JIOV TOPIIMM BeIleCTBA OUEeHb BeJMKO. IlosToMy, 4TOOBI M30e:KaTh MaTeMaTUUYECKUX
omepanuii ¢ OOJMBIIMMU YHCIAMU, OJA XapaKTePUCTUKU KOJMUECTBa BeIllecTBa, yua-
CTBYIOII[ETO0 B XMMUUECKOH peaKIli, MCIOJIL3YeTCA cIeluajbHasd eqUHUIA — MOJb.

Moap — 5TO TaKOe KOJWYECTBO BEII[eCTBA, B KOTOPOM COAEPKUTCA OIpeaesIeHHOoe
YyucJo yacTull (MOJIEKyJI, aTOMOB, MOHOB), PaBHOE IIOCTOAHHOII ABoraapo:

N, =6,02-10% monp L.

ITocrosaumasi ABoragpo N, oIpemensieTcs KaK YHCJIO aTOMOB, COIepsKalleecs
B 12 usorona '2C. Takum o6pasom, 1 MoJIb T:000r0 BeecTBa cofep:kut 6,02 - 1022 uac-
THUI[ 9TOT'0 BeIlleCTBaA.

Wcxops us aTOro, Jiroboe KOJHUUYECTBO BEIeCTBA MOYKHO BBIPA3UTH OIIPEIeIeHHBIM
uncaoMm Monei v (nio). Hanpumep, B o06pasie BemecTsa cogep:xutca 12,04 - 1022 mo-
JgerkyJ. CiaemoBaTelbHO, KOJINUYECTBO BEI[eCTBA B 9TOM O0pasIie COCTABJISAET:

12,04 -10%
——————— = 2 MOJIb.
6,02-10*
B o6miem Bume: v = i,
A
raoe N — UHCJIO YACTHIL JAHHOI'O BelllecTBa, N, — UYMCJIO YaCTHUIL, KOTOPOE COMEPIKUT
1 moib BerecTBa (mmocToAHHAsS ABOrazpo).

Moasapuaa macca BemectBa (M) — macca, KoTopyio uMeeT 1 MOJIb JaHHOTO Belle-
cTBa.

MosApHYI0 Maccy BeIlleCTBA MOJKHO BBIUMCJINTHL, €CJM WH3BECTHBI €ro macca m
M KOJMUYeCcTBO (YHCJIO MoJieit) v, o popmy.Jie:

m
M=—.
A%
COOTBeTCTBeHHO, 3Had MacCCy W MOJIAPDHYIO MacCCy BellleCTBa, MOMHO paCCUHUTAThb

YICJIO ero MOJIeH:
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WJIW HaWiTH Maccy BeIlecTBa II0 YMCJIy MOJEeNH U MOJAPHOU Macce:
m=v-M.

MonapHas Macca BhIpaskaeTca B KI'/MOJIb WU I'/MoJb. MoJsigApHas macca, BbIpa-
JKeHHas B I'/MOJIb, YKUCJIEHHO paBHA OTHOCUTEJILHON MOJIEKYJIAPHOU macce M, (muis
BEIIECTB aTOMHOT'O CTPOEHUS — OTHOCUTEJILHON aTOMHOI Macce A,).

Hanpuwmep, monsapras macca merana CH, ompezpensiercs cienyiomuM od0pasoM:

M(CH,) = A(C) + 4A (H) = 12 + 4 =16.

M(CH,) = 16 r/moub, To ects 16 r CH, comepskar 6,02 - 1023 mosexy.r.

Heo6xX0auMO OTMETUTD, YTO 3HAYEHWe MOJIAPHON MAacChl BEIeCTBA ONpeNesIAeTCs
ero KauecTBeHHBLIM U KOJIMUYeCTBeHHBIM COCTABOM, TO eCTh 3aBUcHUT oT M, uA,. IloaTomy
pasHbIe BeIecTBa IPU OJUHAKOBOM KOJUYECTBE MOJIel MMEeIOT Pa3JUdYHbIe MAacChl M.

[ 3apava. Cronbko mMouserys comepskurcsa B 32 r okcuzga cepsl (IV) SO,?

Hamno: Pewenue:
m(S0O,) =32 r N =N, v;
N(SOy) — ? v="T0.
M ?
M(SO,) = 32+ 16 - 2 = 64 (r/mob);
V= L =0,5 MoJIb;
64 r/MOJb
N(CO,) = 6 - 10?2 mosnexkyn/moub - 0,5 MOJIb =
= 3 -10% mosexy..
Omeem: N(SO,) = 3 - 10?® moseKy1.

() 3apava. Haiitu maccy 1,5 - 10% mosnerys kuciopoga.

Iano: Pewenue:
N(O,) =15 - 102 monmeryn| m =M - n;
m(0g) — ? N
n=-—;
NA
M(O,) =16 - 2 = 32 (r/Mo1b);
n(0y) =
= (15 - 10% momnexryu) : (6 - 10%® MmoseKya/MOmIB) =
= 2,5 MoJIb;

m(0,) = 32 r/mous - 2,5 moas = 80 r.
Omeem: m(0O,) = 80 r.

HaxoxpeHue MonbHOI 40NN INeMeHTa B COeiUHEHUN

MouasHas 10/ 3JIeMeHTa B COeTUHEeHUM (X) — 3TO KOJUUYECTBO BEIeCTBA JAaHHOTO
2JIEMEHTa K CyMMe KOJIMYeCTBa BeIleCTBA BCEX JJIEMEHTOB, BXOAAIINX B COeIMHEHIE.
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. 3agava. Haiitu MOJIBHYIO SOJIO BOZOPOJIA B BOZE.

ano: Pewenue:
0 Ny
Xy — 7 e oM _ N, Ny
" nH+nO &4_& NH+NO.
NA NA
B monerkyne HyO: Ny =2; Ny =1.
Xy =i=g = 0,667.
2+1 3

Omeem: xy =~ 0,667.

MoabHasa goas BellleCTBa B CMeCH MJIM B PACTBOPEe — 3TO OTHOIIIEHUE KOJINYEeCTBa
HCCJIeayeMOr'o BellleCTBa K CyMMe KOJIMYECTB BEIEeCTB BCeX KOMIIOHEHTOB CMECH.

@00 4.4.4. PacueTtbl, cBA3aHHbIE C NPMMEHeHNeM 3aKoHa ABoragpo

WsyueHne peaxknuii MeXAy Pa3IUUYHBIMM Ta3aM¥U HO3BOJIMJIO UTAJBIHCKOMY yue-
HOMY A. ABorazpo copMyIUpPOBATh 3aKOH, ONMUCHIBAIOIINA XUMUUECKIEe B3aMO/IeH-
CTBUS Ta3000pa3HBIX BEIIECTB:

B PaBHbIX o6bemax Pa3HbIX ra3oB Npu oANHaKOBbIX YCJIOBUAX (TemnepaType n pgasBne-
HUN) CoAepPXKNTCA O4MNHaKOBOE KOJINYeCTBO MOJIeKYyI.

ITocKoNBKY MOJIM BCEX BEIIECTB COAEPIKAT OLUHAKOBOE KOJUUECTBO MOJIEKYJI, MO-
JIV PA3JIMUYHBIX T'a30B IPU OAMHAKOBBIX YCJIOBUIX 3aHUMAIOT PaBHbIE 00HEMEI.

IIepBoe ciencTBue M3 3aKOoHA ABOraapo:

Mouss sm000T0 raza mpu HOPMAJNBHBLIX YCJIOBUAX mMeeT o0beM 22,4 . ATOT 00beM
HA3bIBAETCA MOJAAPHbIM 008emom za3a. MoaApHBIA 00beM raza — 5TO 00bEM OJHOTO
MOJISI JaHHOTO Tasa.

v
V,, = 22,4 1/monb. CiegoBaTelbHO: N = V—, rge V — ob0beM rasa.

m

Orcropa: V=V, -nuV, = K
n
OTHOCPITeJIBHaH IIJIOTHOCTH rasa. OTHOCI/ITeJIbHaH IIJIOTHOCTBh — I9TO COOTHOIIIeHUue
MacCC paBHBIX O6’BeMOB ras3a nIpm OJMHAKOBBIX YCJIOBHUAX.
Ecunu 1 11 ogHoro raza mmeer maccy a T, a IPyroi — b r, TO OTHOCUTEJbHAA ILJIOT-

HOCTH IIePBOTO 10 OTHOIIEHUIO K IPYyroMy paBHA:

p=2.
b

Bropoe caexcrBue u3 3akoHa ABOrajgpo:

Macca o0bemMa rasa paBHAETCA Macce MOJIEKYJ rasa, YMHOXKEHHOIN Ha MX KOJIude-
CTBO, TO €CTh Macca 1 J mepBoro rasa paBHsaercd a; = M N, rane M; — MOJEKYyIap-
Hasl Macca IIepBOro rasa.
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s BToporo rasa oHa pasHa b, = M,N,. IlockonbKy B3saau mo 1 J KaIoro rasa
(paBHBIE 00BeMEI), N; = N, (1o 3akony ABoraapo). Torga:
D:g: MlNl :—M1 .
b M,N, M,

. OTHOCUTeNbHaA NJIOTHOCTb ra3oB PaBHa OTHOLUEHNIO NX MOJIEKYJIAPHDbIX Macc.

OOBIYHO IIJIOTHOCTDL I'a30B ONPEAEJAIOT II0 OTHOIIEHUIO K BOAOPOAY, ITOCKOJbKY OH
ABJIAETCA CaMbIM JEeIr'KHM I'a30M.

YacTo uCHOoJIb3YIOT OTHOCUTEIBHYIO IIJIOTHOCTH I'a30B IO BO3AYXY (MOJEKYJIspHAs
Macca Bosmyxa paBHa 29).

Eciu HeoO0XOomMMO OIpenesUTh IJIOTHOCTH OJHOrO rasda OTHOCHUTEJNLHO APYIoro,
TO IJIsl 3aIMCH K CHMBOJIY OTHOCHUTEJILHON IJIOTHOCTH HOOABJIAIOT MHAEKC (ras, oT-
HOCHUTEJIHHO KOTOPOT'O OIPeesaeTcsl IIJIOTHOCTh), a 3aTeM IIHIIYT B CKOOKAax Mccle-
IyeMBbIH Tas.

Hanpumep, nioTHOCTE cepoBomopona mo Bogopony — Dy,(H,S).

() 3apava. OmpenenuTh OTHOCUTENIBHYIO IJIOTHOCTH AMMUAKA 110 BO3AYXY.

Ilano: Pewenue:
NH, Haxogum M, ammuaka:
AN)=14 _ a_ 1.
A(H) =1 M,(NH;)=14+11-3=1T;
M (Bosmyx) = 29 17

D,....(NH;) = — = 0,59.
DBoazxyx(NHS) - ? Y ’ 29

Omeem: D, ..(NH;) = 0,59.

006 beMHYIO 10110 Ta3000Pa3HOTO BellleCTBA B ra30BOM cMecH, 0003HauaeMyIo I'pe-
YeCcKOU OYKBOM (), MOYKHO BBIYUCJIUTH TAK:

_ V(8-Ba)
V(cmecn)
Orcroza:

V(B-Ba) = V(cmecn) - ¢; V(cmecu) = M .

. 3apava. CKOJIBKO KyOMYECKUX JIUTPOB KUCIOPOAA MOKET OBITh IIOJYUEHO U3 KUITKOT0
Bosayxa 1200 m® (H. y.), ecqu M3BECTHO, YTO OO0beMHAasA [OJS KUCJIOPOLA B BO3LyXe
cocrasiaser 0,21.

Ilano: Pewenue:
V(Boaz.) = 1200 m3 V(0,) = V(Bosxa.) - ¢(0,);
9(0,) = 0,21

V(0,) = 1200 m3- 0,21 = 252 m3.
Omeem: V(0,) = 252 m3.
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() 3apava. Haiitu maccy 56 m® merana CH, npu H. y.

Hano: Pewenue:
V(CH,) = 56 m®
m(CHy) — ?

m=M-n; n= L;

Vm
M(CH,) =12+1-4 =16 (Kr/KMOJIb);
n(CH,) = 56 m3 : 22,4 m®/Kmouab = 2,5 KMOJIb;
m(CH,) = 16 Kr/xMoJb - 2,5 KM0oJab = 40 K.
Omeem: m(CH,) = 40 kr.

() 3apava. Haiitu maccy u o6beMm (H. y.), KoTopble umeror 18 - 102 moserys cepoBoo-
poxa H,S.
IIpu pemrennm 3azadym o0paTHMM BHHUMAaHKe Ha umcyo moiekysa 18- 1020, Tak xak
102° B ThIcAUy pas meHbITe 1022, TO 0OYEBUIHO, UTO pacUeThl CIeAyeT BECTU C MCIIOJb-
30BaHMEM MMOJIb, MJI/MMOJIb 1 MT/MMOJb.

Jlano: Peuwenue:
N(H,S) = N
=18 -10%° moaeryna m=M-n; V=V, -n; n=—;
m(H,S) — ? A

MH,S)=1-2+32 =34 (Mr/MmM0JIb);

n(H,S) =18 -10%° : 6 - 10%® = 3 (MMoJIB);
m(H,S) = 34 mr/Mmons - 3 mmous = 102 mr;
V(H,S) = 22,4 ma/Mmoab - 3 MMoJab = 67,2 M.
Omeem: m(H,S) = 102 mr, V(H,S) = 67,2 M.

V(H,S) — ?

Pacuetbl no xummuyeckum YpaBHEHUAM

XuMuueckue 3ajlaud, pacyeThbl B KOTOPBHIX IIPOBOAATCA IO YPaBHEHUAM peaKIuwu,
Ha3BbIBAIOTCA PACYCMHLIMU 3a0a1iamMU.

AnropuT™M penieHHMsI pacUyeTHBHIX 3aJad:

1. CocTaBuTh ypaBHEHUE XUMHUUECKON PEaKI[UU.

2. 3anucars HajA (GopMyJIaMHU BelleCcTB B XUMUUYECKOM YPaBHEHUU 3HAUEHUS M3BECT-
HBIX U HEM3BECTHBLIX BEJIUUYUH, C COOTBETCTBYIOIIUMU €IUHUIIAMU BEJIUUYUH (TOJb-
KO IJIS YKUCTHIX, TO €CTh He COAepKall[uX IIpUMeceil, BeIlecTB).

3. Ecau 1o ycJ0BUIO 3aJjauM B PeaKIlMiO BCTYIIalOT BEII[eCTBa, COAepsKalllue IpuMecHu
WJIM CMeCh BeIlleCTB, TO CHAaYaja HY:KHO OIPEeeUTh COAEp:KaHue UHCTOTrO Belle-
CTBa MJIM cOoIepsKaHue MCKOMOT'O BeIlleCTBAa B CMeCH; €CJU B YCJIIOBUM 3aJauu pedb
HUIEeT O PacTBOpPe, TO CHavaJia HYKHO BBIUMCIUTH MAacCy PacTBOPEHHOTO BellecTBa.

4. Tlox dopMysaMu BeIleCTB C U3BECTHLIMU U HEM3BECTHBIMM MacCaMH’ 3aIlMCAThL CO-
OTBETCTBYIOIIIME 3HAUEHUS STUX BEJUUYNH, HalifleHHbIe II0 YPABHEHUIO DPEaKI[UU.

5. CocTaBUTh U PEIIUTH IIPOHOPIIUIO.

6. 3amucars OTBET.

B xuMmuueckux mporieccax coOJIIOfAeTCA 3aAKOH COXPAHEHUS MACCHL 8eULeCma:

Macca BeLyecTs, BCTYNMUBLUNX B XUMNYECKYIO peaKLunio, paBHa Macce BellecTs, o6pa30-
BaBLUNXCA B pe3yJ/ibTaTe aTonm peakyun.
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PacueTsl 1o XmMHUUeCKUM VYPaBHEHUAM IIPDOU3BOAAT Ha OCHOBAHUU 3AKOHA 3KBU-
8aJieHmos.

BelwecTBa B3auMoAeincTBYIOT APYyr C APYroM B KOJIMYECTBaX, MPONOPLNOHANbHbIX MX K-
BUBaJIeHTaM, TO eCTb Maccbl (06beMbl) pearupyrwmx 4pyr ¢ APYrom BeLecTs Nponopumo-
HaNbHbI X SKBMBaJIEHTHbIM Maccam (o6bemam).

B KauecTBe 9KBMBAJIEHTHBIX MAacC AJIA TBEPABLIX U :KUAKUX BEIECTB IIPU pacueTax
UCTHOJIB3YIOT UX MOJSAPHBIE MACChI, AJA ra30B — MOJISAPHBIE 00HEMHI.

B xuMuuecKux pacuerax cjenyeT BbIOMPATh COOTBETCTBYIOIINE eIUHUIIBI U3Mepe-
HUS Macchl, 00'beMa 1 KOJMYECTBA BeIeCTBa, Pa3MepPHOCTh JOJI’KHA OBITH PABHO3HAY-
HOH IJIs BCEX BEIeCTB, YUACTBYIONINX B peakiuu (Tada. 4.2).

Tabauua 4.2
CooTHoOlIEHNE eqUHUI] U3MEPEHUA HEKOTOPBIX (DU3HKO-XMMHUYECKHUX BEeJIUUYNH
Enunnmna Macca | KomuuectBo | MoasapHasa | Oobem | MoaspHbIin Yucao
n3MepeHus (m) |Bemectsa (n)|macca (M)| (V) oosem (V) | emunun (N)
Hawub6ousee qa-
r MOJIb r'/MOJIb I JI/MOJIb 6 - 10%3(N,)
CTO IpUMEHsIe-
Masg B XUMHUU
B 1000 pas
, p KT KMOJIb KI'/KMOJb | M3 M3 /KMOJIb 6-10%
00abIITasa
B 1000 pas
b MT MMOJb  |MI'/MMOJb| MJ | MJ/MMOJb 6-102°
MeHbIITaa

Bbluncnenmne KonnyecTsa BelecTsa NMPoAYyKTOB, y4aCTBYIOLUX B peaKLnuun

(» 3apava. Kpacusiit docdop maccoit 77,5 r cropaer B Kuciaopoge. Paccuurars Koaude-
CTBO BEIIeCTBa, IMOJYUYEHHOTO B pesyJbTare peaknuu okcuzpa gochopa (V).

Ilano: Pewenue:
mP)=T77,5r 1. Haxogum M(P) = 31 r/moab (13 mepuognduecKoi
v(P,0;) — ? CHCTEeMBI 3JIEMEHTOB).
2. 3amnchiBaeM ypaBHEHIE PeaKIIuU TOPeHUs
docpopa:

4P + 50, = 2P,0;.

3. Haxogum v docdopa, BCTYIUBIIETO B PEAKI[UIO:

m 77,5

v=—3; v=—"-—=2/5.

M 31 r/moab
4. CocTaBisgeM MIPOIIOPIIHIO: B Pe3yabTaTe
B3auMojeicTBuA 4 MoJieii pochopa ¢ KMCIOPOLOM
obpasyercsa 2 moua okcuma gocdopa (V), Torga
B pea3yJbTaTe B3auMojeicTBua 2,5 moieii ¢pocdopa
C KHCJIOPOAOM OOpasyercs:

2,5-2

v(P,0,) = =1,25 mous.

Omeem: v(P,0;5) = 1,25 moab.
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[ 3apava. Kakoe KOJMYeCTBO 4KMCTOrO ATIOMUHUA HEOOXOAWMO B3ATH JJIA MOJIYyYEHUS
300 r cyabpuna arroMuHUA?

Ilano: Pewenue:
m(Al,S;) =300 r 1. Haxomum: M(Al) = 27 r/moub;
V(Al) — ? M(ALS;) = 27 -2+ 32 -3 =150 r/M0Tb.

2. 3amnuchiBaeM ypaBHEHIE PeaKI[In:
ZA]. + 3S = Al2Sg.

3. Haxogum KOJHMUYEeCTBO BellecTBa 00pasoBaBIIErOCs
cyabhuga aTrOMIHUA:

m 300r
=—=————— =2 MOJb.

M - 150 r/moub

4. B pesyiabTaTe B3auMOAENCTBUS 2 MOJEH
AJIIOMUHUSA C cepoit obpasdyerca 1 mMouab cyabpumga
AJMIOMUHAA, TOrAa OJIA IOJyYeHusa 2 MoJjei cyabpuma
AMIOMUHASA He0OXOAUMO B3SATh:

v(Al) = ¥ = 4 MOJIb.

Omeem: v(Al) = 4 moib.

BbluncneHne maccbl BewecTs, y4acTBYHOLIUX B peakuum

3HasA KOJIUUYECTBO BelecTBa, MOMHO JIETKO pacCuuTaTb €ero Maccy u o0BeM.

. 3apava. CMech OIIMJIIOK MeOU M Keje3a Maccoii 2,5 r obpadoTanau M30BITKOM COJISHOMN
KHCJO0THI. B pesdyabTaTe peakKnuu BbIAeausicsa ras oobemom 0,672 i1 (mpm HOpMAaJb-
HBIX YCJIOBUAX). BBIUMCIUTL MACCOBYIO JOJI0 MEIU B CMECH.

Hano: Pewenue:

m(cmecu) = 2,5 1 1. ITocKOJBKY MeOb B 9JIEKTPOXUMUUECKOM

V(raza) = 0,672 n pALy MeTAJIJIOB CTOUT IpaBee BOAOPOIA,

o(Cu) — ? B3aumojeiicrsoBaTh ¢ HCl MenHble OMUIKY He OYAYT.

ConsaHasag KHCJIOTa IPOB3aMMOIEHCTBYET C KeJIe30M:

0,672 1

Fe + 2HCI — FeCl, + H,

2. Beimenuiica ras — BOJOPOJ ompejesieHHOro oobema. Halimem KosimduecTBO Bele-
CTBa BBIJEJUBIIEr0oCca BOAOPOAA:

V(H, 0,672n

%4 22,4 r/n

m

v(H,) = = 0,03 moib.

3. U3 ypaBHeHUsd peaxkIiuu CJIeyeT, UTO IPU peakKmuu 1 MoOJd JKejie3a BBIAEJISIETCS
1 moap Bomoponma. CiaemoBarenbHo, 0,03 Mot Bogopoaa BBIAEJIUJIOCH IIPU PACTBO-
peaun 0,03 momsa :xemesa.
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4. Haiimem maccy sxeJjesa:
m(Fe) =v- M(Fe) = 0,03 moasb - 56 r/moas = 1,68 1.
5. Haiizem maccy menu:
m(Cu) = m(cmecu) — m(Fe) =2,5r-1,68 r=0,82 r.
m(Cu)  0,82r
m(cmecn) B 2,5r
Omeem: 0,328, uau 32,8 %.

6. o(Cu) = =0,328, nmu 32,8 %.

() 3apaua. K pacTBopy, comepskamemMy XJIOpHU/ Kalbous Maccoit 2,22 T, 1o6aBuIn pacT-
BOD, comep:kamuii 5,3 r Na,CO;. HaiiT; maccy mosmyumBIierocs ocajgka.

Hamno: Pewenue:
m(CaCl,) = 2,22 r 1. Sanumiem ypaBHeHUE PeakIIUU:
m(Na,CO;3) = 5,3 1 2,221 5,31 x

CaCl, + Na,CO, — CaCO, !+ 2NaCl.
m(OcaﬂKa) - ? 111 r/monb 106 r/moan 100 r/moxn

2. Haiimem MOJsApHBIE MAacChl XJIOPUAA KaJbI[Ud,
KapOoHaTa HaTPUA U BBIMABIIEr0 B 0CAJ0K KapOoHATa
KaJbI[U:

M(CaCl,) = 111 r/moab; M(Na,y,CO3) = 106 r/Mob;
M(CaCOs) = 100 r/moab.

_ 2221 _ 4 02 mons; v(Na,CO,) = __%3T 0,05 moms.
111 r/moub 106 r/moub

g B3auMomeCTBUA MEXKAY 9TUMHU BeIlleCTBAMU MX HEOOXOAUMO B3ATH B PABHBIX
KosuuectBax. CienoBarenbHo, Na,CO; mpopearupyer He IMOJHOCTHIO, & B KOJIUUECTBE
0,02 moab. U ocamok obopasyercsa Takske B KonmuecTBe 0,02 Moib.

v(CaCO;) = 0,02 moab.

4. m(CaCOs) = v- M(CaCOs) = 0,02 mosb - 100 r/Mons = 2 T.
Omeem: 2 r.

3. v(CaCl,) =

. 3apava. Onpenenauts Macchbl oKkcuma xpoma (II1) u anroMuHMs, HEOOXOMMMbBIE AJIA TO-
ayuenus 1,04 xr xpoMa cIocooOM aJIIOMOTEPMUMU.

ano: Pewenue:
m(Cr) = 1,04 kr 1. 3anuiiemM ypaBHeHIE PeaKIIUU:
m(Cr,03) — ? 2Al + Cr,0, = Al,0, + 2Cr.

m(Al) — ? 27 r/mons 152 r/mons 52 r/mous
2. Haiimem MoJsApHBIE MacChl aJIIOMUHUSA, OKCHUIA
XpoMa M MeTaJJINUYeCKOT0 Xpoma:
M(A) = 27 r/moab; M(Cry,03) = 152 r/Moib;
M(Cr) = 52 ®/MOJIb.

3. IIpu B3aumogetictBuu 2 moab Al u 1 moas Cr,0O; o6pasyercss 2 MOJIb YHMCTOTO
xpoma. Haiimem v(Cr) B 3T0ii peakun:
m(Cr)  1040r
M(Cr) 52 I'/MOJIb
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Torma: v(Al) = 20 moab; v(Cry0;5) = 10 Mouib.

4. m(Al) =v-M = 20 mouas - 27 r/moab = 540 r;
m(Cry,03) =v-M =10 moas - 152 r/moan = 1520 r.
Omeem: 540 r; 1520 r.

I 3apaua. Kaxyio maccy »esie3a MOYKHO MOJYUUTh U3 AKeJe3HOH Py/Ibl — TeMaTHTa Mac-
coit 2 T (Fe,0;), comepsxameit 20 % mpumeceii?

Ilano: Pewenue:

m(pyapl) = 2 T 1. 3anuiiem ypaBHeHMNe PeaKI[MU BOCCTAHOBJICHUS
o(mpumeceii) = 20 % sxeJie3a m3 okcupja xemesa (II):

m(Fe) — ? | Fe, 0, +3CO — 2Fe + 3COzT.

160 xr/KMOIB 56 xr/xmoxs

2. Haiimem MoJisspHBIE MacChl OKCHA Kejie3a U kejie3a. IIoCKOJIBKY B 3ajaue mMaccy
PyAbI y/:(o6Hee BbIPpaxXaTb B KI'y, MOJIAPDHBIE MaCCBI ngﬁHO BBEIDa3UTh B RI‘/I{MOJII).
M(Fe,04) = 160 xkr/xmonb; M(Fe) = 56 Kr/KM0J5b.
3. Haiimem maccy Fe,O5 B pyze:

m(Fe,03) = m(pynwr) — m(npumeceit);

o(mpumeceit) - m(pyzasr) 20 % -2 000 xr
100 % 100 %
m(Fe,05) = 2000 xr — 400 xr = 1600 Kr.

m(mpumeceii) =

=400 Kr;

4. v(Fe) _m _ 1600 kr
M 160 Kr/KMoJb
5. v(Fe) = 10 xmoab - 2 = 20 KMoJb (110 3aKOHY 5KBaBAJIEHTOB).
6. m(Fe) = 20 kmoub - 56 Kr/xmoap = 1120 r.

Omeem: 1120 kr.

=10 xMO0JIb.

BbluncneHne 06beMoB BelLecTB, y4acTBYIOWUX B peaKLui

. 3apgava. Paccuurath 00'beM BOABLI, HEOOXOAMMBIN aasa pasBemenusda 70 % -Hoii yKcyc-
HOM acceHuu Maccoit 90 r giaa monyuenusa 9 % -HOro CTOJIOBOTO yKCyca.

Ilano: Peutenue:

mq(p-pa) =90 r 1. V(H,0) = m(H,0) - p(H,0).

o;(r-T1) = 0,7 ITockonery p(H,0) = 1 r/ma, V(H,0) = m(H,0).
oy(K-TBI) = 0,09 2. Berumeamm mMaccy KMCJIOTHI B pacTBOpax:
V(H,0) — ? | m(x-Tb1) = m4(p-pa) - ®;(k-te1) =90 r- 0,7 = 63 r.

3. Haiigem maccy pacTBopa CTOJIOBOTO YKCyCa, 3HAS MAacCy KMCJOTHI M €e MACCOBYIO
IOJIIO:

m(x-Te1) 63T
o, (x-te1) 0,09

4. my(H,0) = my(p-pa) — m(x-te1) = 700 r— 63 r = 637 r; V,(H,0) = 637 mu.
5. B pacTBope YKCYCHOU 9CCEHIINHU ysKe cofep:Kajach BoJa:
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m,(H,0) = m,(p-pa) - m(x-t61) = 90 r - 63 r = 27 r; V;(H,0) = 27 ™.
CnenpoBarenbHO, HeoOXoaumo mobaButh: V(H,0) =V, -V, = 637 v — 27 v = 610 mur.

Omeem: 610 mur.

. 3apayva. PaccuuraTh 00beM BO3AyXa, KOTOPBIA IPKM HOPMAJbHBIX YCIOBUAX IIOTPEOY-
erca nisa oxkuciaenus 80 r cepsl, comepsxanteii 20 % npumeceii.

Hano: Pewenue:

m(cmecu) = 80 r 1. SanumieM ypaBHEHNEe PeaKI[UM I'OPeHUs Cephl Ha
o(mpumeceii) = 0,2 BO3IyXe:

0(0,) =21 % S +0, =80,.

32 r/moub

2. Haiimem mMaccy UMCTOI CephI:

V(Boagyxa) — ?
m(S) = m(cMmecn) — m(mpuMeceii);
m(mpumeceit) =80 r- 0,2 =16 r;
m(S)=80r-16 r=64r.

3. M(S) = 32 r/moms; V(S) = — 2T 9 vou.
32 r/MoJb

4. CorjacHO ypaBHEHUIO PeaKINU 1 3aKOHY SKBUBAJIEHTOB JJIA COKUTAHUS 2 MoOJiel
cepbl HeoOXoauMoO 2 MoJasA Kucjaopona. Haiimem o0beM Kucaopoma:
V(0,) = v(0y) - V,, = 2 moas - 22,4 jg/mons = 44,8 1.
5. MaccoBasa [0 KHUCJIOpoha B Bo3ayxe cocrasiseTr 21 % . Haiigem od6beMm Bo3gyxa,
HEOOXOAUMBIN OJIS CKUTAaHUA 2 MOJIeH CephI:

v, | _V(0,) _44,8x
20) = oamy* O = 00,) = 0,21

Omeem: ~213,33 .

= 213,33 5.

» 3apaua. Kakoii o6’beM rasa BBIIEJIUTCS DU B3aMMOAEHCTBIN M30BITKA pa3baBIeHHOM
a30THOM KHCJIOTHI C 5,4 I MeTaJaIMYeCKOTo aJIOMUHIEBOIO IOPOIIKa IIpKM Harpesa-

HUU?
Ilano: Pewenue:
m(Al)=5,4r | 1. 3anumniemM ypaBHEeHUEe PeaKIUN:
5,4r
V(rasa) —? ‘ Al +4HNO, . = AI(NO,), +2H,0 + N,0T.

27 r/monn 22,4 n/monn

2. CocTaBUM MPOIOPIIHIO, MO KOTOPOM BBIUMCINM OOBEM BBIJEIMBIIETrOCS OKCHIA
asora (I).
IIpu pacteopenuu 27 r Al obpasyerca 22,4 a1 N,O.
IIpu pactBopenuu 5,4 r Al o6pasyerca x i N,O.

54 x _5,4-22,4

= ;X = 4,48 JI.
27 22,4 27

Omeem: V(NO,) = 4,48 .
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TpeHNpoBOUHbIe TeCTOBble 3afaHNA K pasgeny 4

Al.

A2,

A3.

A4,

AS5.

A6.

AT7.

A8.

A9.

Yactb 1

IIpu BBITTOSTHEHWM 3aJaHUU ¢ BHIOOPOM OTBETa OOBEAUTE KPYKKOM HOMED
IIPaBUJIBHOTO OTBETA.

Brei6epuTre 1oH, KOTOPBIT 00ecIeunBaeT KMCIYIO Cpeay PacTBOPOB.

1) H;0" 2) OH 3) CI” 4) Na*
BriOepuTe omnpeneseHre KpUCTAJLIOTAAPATA.

1) TBepoOe BeIecTBO, KOTOPOE B COCTaBE COAEPIKUT XMMHUUECKU CBA3AHHYIO BOLY
2) HaCBIIIeHHBIA BOIHBIN PacTBOP

3) pazb6aBiIeHHBIN BOIHBIN PACTBOD COJIU
4) KOHIIEHTPUPOBAHHLIN BOAHBIA PACTBOP COJIH

BribepuTe mapy peareHTOB, IIPH B3aUMOIEHCTBUY KOTOPBIX IIOJYUYalOT OKCUI YIJIePo-
na (II) B 1abopaTOPHBIX YCJIOBUAX.

1) CO, u C 3) HCOOH u H3S0 4051

2) Cu H,0O 4) CH, u H,0O

YKaKuTe peakTuB OJIS IIPOBeNeHNsS KAaUeCTBeHHON peaKIuy Ha KapOOHATHI.
1) conu amMoOHUA 3) cuybHAS KUCJIO0TA

2) mresoub 4) amMuak

BribGepuTe BeIecTBO AJIA IIOJYUYEHHUSA XJIOpa B JIabOPATOPHUMH.

1) oxcug xemnesa (III) 3) okcun xpoma (IIT)

2) okcun mapraura (IV) 4) oKcum KaJabIUs

YKaKuTe mocyny, B KOTOPOH B JIaGOPATOPUU XPAHAT KOHIEHTPUPOBAHHBIE PACTBOPBI
IIeJo4uer.

1) moIusTUIEHOBBIE €MKOCTH 3) Kejle3HbIe €eMKOCTH
2) CTeKJSAHHBIE COCYIbI 4) amoMUHNEBbIe OaHKUT

VYKaxKkuTe ras, KOTOPBLIH B IMKOJBbHBIX JIaDOpPATOPHAX 3aIpelleHo XPaHUTbh B raso-
MeTpax.
1) asor 2) KUCJI0pOos 3) xJqop 4) okcup yraepoxa (IV)

VYKaKuTe MOHBI, KOTOpPbIE cOfepsKaTcs B pacTBope TabieTku «Buramun C», ecau
IIBET YHUBEPCAJIbHOTO MHANKATOPA N3MEHUJICS Ha KPACHBIN.

1) HATPUII-KATHOHBI 3) aMMOHU-KAaTUOHBI
2) TUAPOKCUI-aHUOHBI 4) BomOpPOAHBIE KATHUOHBI

YEKaxure cmocob moJaydeHUsT BOOOPOLa B IPOMBIIIJIEHHOCTH.
1) 2H,0—>** 2H,T + 0,7
2) 2Al + 2KOH + 2H,0 — 2KAIO, + 3H,T
-
3) CH, + H,0>CO + 3H,T
4) Zn + 2HCI — ZnCl, + H,T
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A10. MeTon oOYMCTKM OPTaHUUYECKUX PACTBOPHUTEJEI OT HeJeTyUUX IIPUMeceil HasbIBaeTCs

1) Bo3roHka 3) mepeKpuCTaATIAIAIUA
2) meperouka 4) srepuduKaIusa

Al1l. BeruucauTe MacCoBYIO HOJIIO KaJbIIUs B KapOoHaTe KalbIlns.
1) 0,12 2) 0,40 3) 0,20 4) 0,52

A12. BeruncianTe MaccoBYIO J0Ji0 pacTBopeHHOro BeriectBa B 200 r pacTBopa, o0pasoBaH-
HOro mpu pactBopennu 40 r BermiecTBa B Boje.
1) 0,4 2) 0,2 3) 0,1 4) 0,3

A13. BeruncauTe MaccoBYIO JOJII0O PACTBOPEHHOT'O BeIlleCTBAa B PAaCcTBOpe, eCcJI IIPU Harpe-
Baauu u3 100 r BogHOro pacteopa ¢ maccosoii goJeii 0,2 pimapuau 20 © BOABI.
1) 0,25 2) 0,20 3) 0,30 4) 0,15

Al4. PaccuuraiiTe KosmuecTBO BelecTBa (MoJb) cyabduma cepsl (II), xoTopoe obpasona-
JIOCh IIpU HarpeBaHuu 6,4 T cepsl u 5,6 I Kejesa.
1) 0,1 2) 0,2 3)1,4 4) 1,0

A15. BeruncanuTe KOJMUYECTBO BellecTBa (MOJIb) XJIOpHIa IIMHKA, KOTOpPOoe 00pasoBajioch
npu B3aumogeiictBuu 0,2 mosb mmuHKA ¢ 0,6 MOJIb COJMAHON KUCJIOTHI.
1) 0,8 2) 0,6 3) 0,3 4) 0,2

A16. Beruucaute maccy () cyabpara kenesa (II), KoTopas obpasoBayiach Ipu B3auMomeli-
cTtBuu 5,6 I Keyesa ¢ 9,8 r cepHOII KMCIOTHI.
1) 15,4 2) 5,6 3) 9,8 4) 15,2

A17. Yemy paBua Mmacca okcuzga ¢ocdopa (V), TOIyUIeHHOTO IPU CKUTAHUU JOCTATOUHOTO
KoJsamnuecTBa dochopa B 11,2 1 Kucmopoza (H. y.)?

1) 30,0 2) 28,4 3) 80,0 4) 100
A18. Beruncaute o0beM KHCJIOPOAA, KOTOPBHIN HEOOXOAUM IJisi CTOPAHUA 75 JI 9THUJIeHA.
1) 300 2) 225 3) 750 4) 200

A19. K pacrBopy, comep:karmiemy 8,2 I HUTpaTa KaJbIlud, H00aBUJIM M30BLITOK pacTBOpa
KapOoHaTa HaTpuUsa. BEIUKCINTE Maccy IOJYUYeHHON HepacTBOPUMOI COJIH.
1) 10 2) 8 3)5 4) 3

A20. Beruucaure Maccy THAPOKCHUIA HATPUA, HEOOXOAUMOrO AJA MOJHON HeNTpaIu3aruu
126 r pacTBOpa ¢ MaccoBOi JoJeil a3oTHOM KucjaoTsl 10 %.
1) 10 2) 8 3) 12 4) 13

Yactb 2

W3 nmpenno:keHHOTO mepeyHs OTBETOB BLIOEPUTE MBa IIPABUJIBHBIX WM O0BEeIUTE UX
HOMepa.

ITudpsl BEIGPAHHBIX OTBETOB 3AIIUINUTE B YKA3aHHOM MecTe 0e3 TOIOJHUTENIbHBIX
CUMBOJIOB.

B1l. BriGepuTe yTBEp:KIeHUA OTHOCUTEIBHO ABYXBAJEHTHOTO METAJJIa, IPUPOIHBIN MUHe-
pajs KoToporo HasbIBaeTcsa «Mpamop». OH mpeacTaBisgeT coboii KapOboHAT ¢ MACCOBOM
noxent merasusaa 40 %.

1) MeTaJI B IPUPOME BCTPEUAETCA B CAMOPOIAKAX
2) B pALy HAIPSKEHNUSI METAJJ PACIIOJIaraeTcs II0CJe BOLOPOLA
3) MeTaJII aKTUBHO BBITECHSIET BOJOPOM 13 BOABI X KHCJIOT

3B 4 MeTonsino3HanHn BeLiecTa  XHMCCKHX FOTCHHH. JCTCDAMNTATOHbIE OHOSH M



B2.

B3.

B4.

B5.

B6.

B7.

4) KaTUOHBI MeTaJljIa eCTh B IIPUPOTHOMN BOJe 1 00eCIIeunBAIOT €€ JKeCTKOCTh
5) meTas1 — OJAaTOPOAHBIN M CTOMKUI K arpecCUBHOI cpene

OrBer:

BribepuTe yTBepiKIeHUA, KOTOPbIE XapaKTepPU3YIOT dJeMeHT X, KOTOPBIM o0pasyer
okcup X,0; ¢ MosApHOIT Maccoit 142 r/MoJIb.

1) meTann

2) cyIiecTByeT B BUe IIPOCTOTO BEIIeCTBa, KOTOPOE IPUMEHSETCS B ITPOU3BOICTBE
CIUYEK

3) asleMeHT o0pasyeT ajJJIOTPOIHBbIE MOIU(MPUKAITINI

4) maxogurcsa B III rpymnme neprnoguyecKoil CuCTEMBI

5) obpasyer JieTyuee BojopoHOE coenquHeHre XH,

OrBer:

Bri6epure BemiectBa X u Y AJIs OCYIIECTBJIEHUS IIPEBPAIleHUIl IO cXeMe:

S—> X —>Y — Na,S0,.
1) SO, 2) NaHSO, 3) SO, 4) H,S 5) H,S,0,

OTBer: .

Bri6epure BemiectBa X 1 Y OJIs OCYIIIECTBJIEHUS IIPEBPAIleHUIl IO cXeMe:

X Y
Cu— CuO — CuCl,.
1) HCI 2) 0, 3) H,0 4) HNO; 5) NaCl

OrBer: .

BribepuTe peaxkiiuu, B pe3yjabTaTe KOTOPBIX MOKHO IIOJYUYUTH A30THYIO KHCJIOTY.

1) NO2 —+ 02 + H20 e d 3) NaN03 + H2SO4(KOHIL) —>
2) NaNO; + HCI —» 4) NO + H,0 —»
Orser:

BribepuTe yTBEDIKIEHUSA OTHOCUTEIBLHO PEAKIINN:
Mg + HySOyxonny — MgSO, + H,S + H,0.
1) usmenaeTcAa TOJBKO CTEIEeHb OKMCJIEHUA MarHUA
2) BOCCTaHOBUTEJIEM SABJIAETCA MaTrHUHN
3) cepa IpUHUMAET IIECTh 3JIEKTPOHOB
4) BOCCTAHOBUTEJEM SABJSAETCA Cepa
5) MarHU# OTHAeT ABa YJIEKTPOHA

OrBer:

BriGepuTe yTBEPIKAEHUA O PeaKIUAX OOMeHa.

1) B HUX TPUHUMAIOT yYacTHe TOJbKO IIPOCTHIE BEIIeCTBa

2) B HUX IPUHUMAIOT YUYaCTHE MPOCThIE M CJOKHBIE BEIlecTBa

3) B HUX IPUHUMAIOT yUYaCTHe TOJbKO CJIOKHBIE BeIllecTBa

4) B HUX MPUHUMAIOT yUYacTHe TOJbKO HEeOpraHWYeCcKue BelllecTBa
5) aTH peakIMU XapaKTEPU3YIOT CBOMCTBA 9JE€KTPOJUTOB

OTBer:
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K xa:xgomy sjIeMeHTY IIepPBOT0O CTOJOIA IMOA0EPUTE COOTBETCTBYIOIIUI 3JIEMEHT
M3 BTOPOTO cTOJiOIIa. BeiOpaHHbIe IMU(PHI 3aIUIINTE O] COOTBETCTBYIOITUMU
oykBaMmu Tabauiibl. Iludpsl B 0OTBETE MOTYT MOBTOPATHCA.

B8. VYcramoBuTe COOTBETCTBME MEXKAY I[BETOM ILJIAMEHHN M MOHOM MeTaJja.

IIBer nmnamenu Won meranna
A) puoeToBBIN 1) Ba?*
B) senensrit 2) Li*
B) kpacubI 3) K*
4) Ca*

OrBer: A b B

B9. VcramoBUTE COOTBETCTBHE KaTHOHA MeTaJlla U peaKTuBa OJd ero KadeCTBEHHOI'O

ompenesieHnd.
Karuon meranna Peaxtus
A) Fe?+ 1) K, JFe(CN)g]
B) Ba?* 2) HNO,
B) Ag* 3) NaCl
4) H,SO,
Orser: A b B

B10. YcraHoBUTE COOTBETCTBHE MEXKIAY (POPMYJIaMU KPHUCTAJIOTAAPATOB X MACCOBLIMU [I0-
Jgamu B HuX 0e3Bomguoi coau CuSO,.

®dopmysia KpUcTagJIoTUapaTa MaccoBaa noJsia 6e3BOIHOI COJIU
A) CuSO, - 5H,0 1) 0,82
B) CuSO, - 3H,0 2) 0,90
B) CuSO, - H,0 3) 0,75
4) 0,64

Orser: A b B

B11. YcraHoBUTE COOTBETCTBUE MEX Oy IIBETOM IIJIaMEe€HU U MOHOM MeTaJlja.

IIBer niameHu Wonb!l MmeTaIoB
A) KeTwIl 1) Li*
B) manuHOBBIN 2) Cu?*
B) cume-senensrit 3) Na*
4) Ba?*

Orser: A B B
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B12. YcraHOBUTE COOTBETCTBHE MEMIY MacCaMH KOMIIOHEHTOB PAaCTBOPOB M MACCOBBIMU
IOJIAMU PACTBOPEHHOTO BEIecTBA B 00pa30BaBIIKUXCA PacTBOPaX.

Maccsr BeIIleCTB B pacTBOpe

Maccosasa AO0JIA COJIN B pacTBoOpe

A) 95 r H,0 u 5 r NaCl
B) 20 r H,O u 5 r NaCl
B) 9r H,Ou 1 r NaCl

1) 0,20
2) 0,05
3) 0,10
4) 0,46

OrBer: A b B

B13. YcraHoBuTE COOTBETCTBME MEXKAY (POPMYyJIaMU BeI[eCTBA XU MX OTHOCHUTEJLHOM MOJIe-

KYJSAPHOH Maccoii.

(I’OpMyJIa BelllecTBa OTHOCI/ITeJILHaH MOJIEKYJIAPDHaA Macca
A) H;PO, 1) 90
B) Fe(OH), 2) 200
B) CaBr, 3) 65
4) 98
OrBer: A B B

B14. YcraHOBUTE COOTBETCTBUE MEMKIY MACCOM M KOJMYECTBOM BeIIleCTBA.

Macca BemecTBa, T

KousmmuecTBo BelmecTBa, MOJIb

A) 196 r H,SO,
B) 20 r NaOH
B) 20 r CaCOq4

1) 2,0
2) 10,0
3) 0,5
4) 0,2

OrBer: A b B

B15. YcraHoBuTE COOTBETCTBHE MEXKAY 00HEMOM rasa M ero MaccCoOi.

O6bem rasa (H. y.), J Macca, T
A) 224 mn Cl, 1) 84,0
B) 0,448 n O, 2) 15,0
B) 67,2 1 N, 3) 0,64
4) 0,71
OrBer: A B B

 Toewmposowwerecroswesapamakpgenys 4




C1.

C2.

C3.
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Yactb 3

I[IIH OTBETOB Ha 3aJaHUudA HCHOJILSyfITe OT,Z[GJILHLIfI JUCT. 3alUINUTe cHAvYaJja
HOMED 3aJaHuA, a 3aTeM paSBepHYTLIfI OTBET K HEMY.

Hama cxema mpeBpaIleHnun:

N

NH, —%%% X NH,NO,.

2 3

Hanuimure MoIeKyJIsdpHbIe YPABHEHUA PEAKIINil, ¢ IIOMOIILI0 KOTOPBIX MOXKHO OCY-
IeCTBUTh YKa3aHHLIe IIpPeBpalneHus. 18 TpeTbero mpeBpallleHus COCTaBbTe COKpa-
I[eHHOe MOHHOe YPaBHEHNE PeaKI[nMu.

CronbKo cyiab(para 6apus O0bL1o moayueno m3 200 r cepHOM KMCJIOTHI, €CJAN B HeH
66110 2 % mpuMeceil B BUAE BOIBLI?

B Tpex mpoHyMepoBaHHBIX MpOOMpPKax 0e3 STHKETOK cofep:KaTcs KapOoHAT Kajaud,
KapboHaT aMMOHUA ¥ XJjopuna Kanus. C MOMOIIBI0 KAKMX XUMHYECKHX peariuil
MOXKHO pacmosHaTh Ty BerectBa? CocraBbTe ILIaH PabOTHI M HAIUIIUTE COOTBET-
CTBYIOII[VIe YPaBHEHUSA B MOHHO-MOJIEKYJISAPHOI hopMme.




- 5. XuMmmna n XunsHo

3HaTb: « MpUHLKUMNbI 6e30MNacHOro NCMOMb30BaHNA BELIECTB Y XMMUYECKMX peakuuii B NOBCEeAHEBHON
XKU3HY;
« 06lMe cBeeHNsi 0 COCTaBax U NPUHLMNAX AENCTBUA NeKapCTB, CPeCTB ObITOBO XUMUN, T-
rMeHbl N KOCMETUKMN.

YmeTb: + UCNONb30BaTb NPUOBPETEHHbIE 3HAHMS U YMEHWA B MPAKTUYECKOW AEATeNIbHOCTU 1 MOoBCe-
AHEBHOW »U3HWN AnA 6e30nacHoOro obpalleHns ¢ BewecTBaMmn 1 MaTepuanamm B NoBCeaHEB-
HOW »KM3HW 1 FPAMOTHOIO OKa3aHWA NMepBOi NOMOLLY MPY OXKOrax KUCAOoTaMu U Lesloyamu;
«  06bACHATb OTAENbHbIE GAKTbI Y MPUPOAHbIE ABNEHNS;
«  KPWUTWMYECKM OLieHVBaTb MHGOPMALMIO O BELLECTBAX, UCMOMb3yeMbIX B MEAULIMHE U B ObITY.

s, lpo6bnembl 6e30nacHOro UCNoNb3oBaHUA BeLleCTB
U XUMUYECKUX peakuuil B NOBCeAHEBHON XU3HU

Mpz1 :xuBeM B MUpe XMMHUYECKHUX BEIEeCTB U XUMUUYECKUX peakInuil. XuMHUUyecKue
Bell[ecTBa He3aMEeHUMbI IPAKTHUYECKN BO BCeX O0JIACTSX HAIIlel JKU3HU: B IPOMBIIILICH-
HOCTH, CEJIbCKOM XO03AMCTBe, 3ApaBOOXpaHeHun, ObITY. OOHAKO HEKOPPEKTHOE NCIOJIb-
30BaHME XUMUUYECKUX BEIleCTB MOXKET OKa3aTh CYIIECTBEHHBIN Bpel HAIlleMy 340POBBIO.

Hu oxmo xuMuuecKoe BEIIEeCTBO He MOMKET HaryoOHO BO3AeliCTBOBATH HA 340POBLE,
IpeIBAPUTEIbHO He IIPOHUKHYB B OPraHU3M WJIM He HNPUASI C HUM B KOHTAKT.

CyI1iecTByeT UeThbIpe OCHOBHBIX ITYTH ITPOHUKHOBEHUS XMMUKATOB B UEJIOBEUECKUH
OpTraHm3M: Uepes3 OpTraHbl AbIXaHUA, Yepes KOKY WJIU IJiasa, BO BpeMs MpueMa IUIn
U Iepegava uyepes IaleHTy (0T 6epeMeHHOI KeHIMUHLI K HePOXKIEHHOMY PeOeHKY).

Kaxum ObI HM OBLI IIyTh MPOHUKHOBEHUS, XMMHUUYECKNE BEI[eCTBa Uepe3 CUCTEeMY
KPOBOOOpAII[eHIA PACIIPOCTPAHAIOTCS II0 BCEMY OPTraHu3My.

BoageiicTBre MokeT OBLITH OCTPLIM: IIOCJIE KOHTAKTAa OIYIIAal0TCS TOIITHOTA, PBOTA,
JKJKeHIe Ha KOKe U CJMBUCTON IJjIa3 U T. . XPOHUUYEeCKHe BO3AelicTBUSA TPeOyIoT IIo-
BTOPSAIOIINXCSI KOHTAKTOB, U 00JIe3HEHHbIE MPOSBIEHUS BO3SHUKAIOT C 3al03TaHUEM.

CaMBbIM BasKHBIM OPTaHOM Y UeJIOBEKa, YCTPAHAIONINM TOKCUYHOCTD, ABJIAETCS IIe-
uyeHb. OHa mepepabaTbIBAET TOKCHYHBIE BEI[ECTBA B MeHee TOKCHUYHbIE WJIN HasKe II0-
JIe3HbIe OPraHu3My. OTOT IIPOIeCC HA3BIBAETCSI MemabosU3MOM.

OpranmsM BBIBOIUT HelKeJjlaTeJbHBIE BelllecTBa uepes IMOouKu. Hapylnenme mx pa-
00THI BBI3BBIBAET METAJJ KaIMHUI M TaKle BEIecTBa, KaK TeTPaxJOpMeTaH, dTUJIEH-
TJIMKOJIb U CEePOYTIJIEPO/I.

Becsma uyBcTBUTEIBbHA K BO3IEHCTBUI0O XMMHUKATOB HEepBHAsS CHUCTeMa. BpemHoe
BINSHNE Ha Hee OKA3LIBAIOT OpPraHnuYecKIe PaCTBOPHUTEIM, a TaK)Ke CepoyrJiepon,
PTYTh, CBUHEI[, MapraHell, MBIIIbIAK. OprammsM uejoBeKa 00JamaeT CIOCOOHOCTBHIO
HaKaIlJINBaTh BpeIHbIE BeIllecTBa.

CBUHeIl SBJIAETCA IPHMEPOM TAKOI'0 BEIeCTBa, yAajieHre KOTOPOro M3 OpraHu3Ma
3aHUMAaeT AJUTeJbHBIN mepuoa. Kagmuii BooOIe He yAaldeTcsa U OCTaeTCsI B OpraHu3Me.

OueHb BpenHa A YejoBeKa acbOecToBasd nblib. OHA paspyIraeT JETOUYHYIO TKAHb,
BBI3BIBAET pak. MHOrue CTpaHbl 3alpPeTUIi HNCI0Jb30BaHUe acbecra.
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ToxcuuHble Ta3bl OKA3LIBAIOT pasapaskaloliee meiicTBue Ha degoBeka. OKCUOLI ce-
PBI, OKCHIBI a30Ta, XJIOP M aMMHAK Pas3befaloT JIETOYHYI0O TKAHb, IPOHUKAIOT B CHU-
cTeMy KPOBOOOpAII[eHnsA W BBISBIBAIOT BHYTPEHHNE HAPYIIIEHUd.
OcobenHo omaceH IJis uejloBeka rasd MoHookKcun yriepozna (CO), KoTopblil GeciiBe-
TeH, He MMeeT 3amaxa u BKyca. O0pasyercs OH IPM HEIIOJHOM CrOPAHHM OpraHude-
CKHUX MaTepPUAJIOB U JIETKO BCAaChIBAeTCsA B KPOBb, IIPUBOAA K TAMKEJILIM OTPABJICHUIM.
HekoToprele rassl MOIyT MPOHUKATEL YepPe3 KOXKY, HAIIpUMep IUAHNUL Kaaus.
B pacrenusax, ymorpebisgeMbIX B IUINY, MOT'YT HAKAIJINBATHLCS TSAMKEJbIe METAJ-
JIBI, IIOCTYIIAlOI[Me M3 TOUYBBLI: CBUHEIl, IIUHK, PTYTb, HUKeIb. llomamasa c¢ mumiei
B OPraHMU3M UeJIOBeKa, OHU CIOCOOHLI BELIZBATH TsAXKEJbIe MOPaKeHUSA IIeUeHU U IIO0-
YeK, aJJIepPTUu U OIMYyXOJH.
J 15 TOT0 YTOOBI MCIIOJBE30BaHUE XMMUUECKUX BEIeCTB ObLIIO MaKCUMAaJbHO Oe301mac-
HBIM, CJIEeAyeT IMPUAEPKUBATHLCS MPABUJ TEXHUKH 0€30IMaCHOCTH IIPKU PadoTe ¢ HUMM:
1. BasxHo 3HATH COCTaB COEMMHEHUIT, C KOTOPLIMHU MMeEeIh KOHTAKT B OBITY (cocTaB
ITPOM3BOIUTENIN 00A3aHbI 0003HAUATL HA 9TUKETKAX), IIOHUMATh PUCKU, CBA3aH-
HbIE ¢ UX MCHOoJIb3oBaHreM. ONacHbBIH XUMIKAT MOMKHO 3aMEHIUTh MeHee OIIACHBIM.

2. Ilpu paboTe ¢ XMMHUKATaMH CJEIYyeT 3allUINAThL OpTraHbl AbIxaHusA (pecrupa-
TOp) U KOKY (pesuHOBBIe mmepuaTKu). [Ipu paboTe ¢ XuMUKATAMU B IIOMEIeHUHU
TOJIKHA OBITH XOPOIIas BEHTUIANNA U IPUTOK CBEKEro BO3AyXa.

3. Ilpu paboTe ¢ XMMHKaTaMM Ha YPOKaxX XMMHM BasKHO COOJIIONATHL IpaBMJa pa-

0OTHI B IIKOJBHON JJa00paTOPUH.

4. He cienyer ymoTpeOJAThL B IMUINY PACTEHUS W I'PUOBI, BREIPOCIIINE YV JOPOT MJIN

B CHJIbHO 3arpsA3HEHHON MECTHOCTH.

Ha xumMunyecKnX 1 omacHBIX IIPOM3BOACTBAX IPUHUMAETCS ITeJIbI KOMILIEKC Mep 6e3-
OMNAacCHOCTH, coOoTBeTcTBYyomnit MexxayHapogaomy Komekcy mo TexXHUKe 0e30IIaCHOCTMH.

U 5.2. Xumnueckoe 3arpsA3HeHue OKpyxaiowen cpefbl
W ero nocnepcTeuA

XosAHCTBEHHAA NesATEeJbHOCTh YeJIOBeKa Ha MpPoTsKeHUW KoHma XIX — mauasa
XXI BB. BHecsa HeoOpaTHMbIe M3MEHEHUS B €CTECTBEHHBLIA KPYTOBOPOT 3JIEMEHTOB
U BelllecTB. BoamelicTBue uesioBeKa Ha IIPUPOAY, 3arps3HEHUE eCTEeCTBEHHOU Cpenabl
OTXOJaMH ITPOMBIILJIEHHBIX IPOU3BOACTB, XUMUKATAMU, UCIOJb3YEeMbIMU B CEILCKOM
X03AMCTBE, MMPUBEJIO K II00aJIbHOMY 9KOJOTHUYECKOMY KPUIUCY.

XumMuueckasa ITPOMBIINIJIEHHOCTDh, peIasd Ba'KHbIe IIPO0JeMBI KU3HU O0O0ImecTBa
B IIEJIOM, IIOPOsKJaeT HOBLIE IMPO0JIeMbI, CBSI3aHHBIE C OKPYKAaIOIlell IPUPOSHON cpe-
nmoii. Tax, oTXOAbI IIPOMBBO/ICTBA CEPHOII KUCIIOTHI, IIOMagas B aTMoc(epy, BHIZbIBAIOT
BBIMIAEHUA «KHUCJIOTHBIX I0KIel», 3a00ieBaHUS OPraHOB AbIXaHUA Y YeJOBeKa, IIO-
IaBJISIOT PA3BUTHE PACTEHUU, 3aKUCIAIOT IIOUBEI.

Hcnonb3oBaHMe XUMUYECKUX CPEJCTB B CEILCKOM XO03dHcCTBe (IeCTUIIUAOB, Tep-
OMITMIOB) BBHIBLIBAET HAKOILJIEHNE B PACTEHUSIX OMACHBIX XUMHUYECKUX COeIUHEHUH,
KOTOpPBIE IOTOM IIOHAJAIOT K UEJOBEKY BMECTE C IUIIEH.

3arpsasHeHne OKPY:Kalolllell cpeabl M3MeHAeT CBOMCTBa aTMoc(ephbl, IIOUBLI U BO-
IOeMOB. ¥YBeJlMUYeHNe CKUTaHWUA TOILJINBa, YMEHbIIEeHNe IJIOIAJell ¢ pPacTUTeIbHO-
CThIO IIPUBOAUT K YMEHBIIIEHUIO COAEP:KaHUsa KHCJIOpPOoda B BO3AyXe, K YBEJIUUYEHUIO
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IIPOIIEHTHOI'0 COAEPKAHMUSA YIJIEKHCJIOrO rasa U ABJIAETCS IPUUYNHON BOSHUKHOBEHUS
NapruKo08020 sppexma.

ITapaukoBbIil 3)(heKT — 5TO MOABEM TEMIIEPATyPhl Ha MOBEPXHOCTU IIJIAHETHI B pe-
3yJILTATE TEILJIOBOM SHEPIUH, KOTOPAs IOABJIAETCA B aTMocdepe 13-3a HarpeBaHUA I'a30B.

OnHOBPEMEHHO C PA3BUTHUEM ITapPHUKOBOTO d(h(eKTa paspyllIaeTcsa 030H08blil CA0lL
3eman. 9TO TOHKUU Ta30BBIN cjioii B cTpaTocdepe cBbille 10 KM OT ITOBEPXHOCTH,
KOTOPBIH 3amuinaer 3eMJI0 OT PaspyIIUTEeIbHOTO BO3IAEHCTBUA YIbTPA(HOJJIETOBOrO
usnyueHusa. B cepeagure 1970-x rr. ObLIO 00HAPYIKEHO, UTO IOJyUYeHME XUMUUECKUX
BEIIeCTB XJIOP(TOPYIJIEPOIOB, IPUMEHSIEMbIX B XOJOANJIBHON U (hapMaleBTUIECKOMI
IIPOMBIIIJIEHHOCTH, PaspyllaeT O30HOBBIN cjoii. M30bITOUHOE BO3AeliCTBHE YJIbTPA-
(brosreTOBOI pammanuy BBISBIBAET PaK KOMKM, KaTapakTy IJa3, CIIOCOOCTBYET IIOIaB-
JIEHUI0O UMMYHHOU CHCTEMBI UeJIOBeKAa, HAHOCHUT yIlep0 PacTeHUAM, BOLOPOCJIAM, IIH-
IIEeBBLIM IIeIIAM U IJI00aJbHOM dKOCHCTEME.

Ha cerogHsAmIHWI OeHb B NPOMBINLIEHHBIX CTPAHAX 3aIlpeIfalT IIPOU3BOICTBO
¥ HCIIOJb30BaHME XJOP(PTOPYIJIEPOLHBIX BEIECTB M yyKe HAMETHJNCL PaHHUE IIPU-
3HAKM «pereHepauyu 030HOBOTO CJIOA» .

B 2007 r. MeXupaBUTeJbCTBEHHAS T'PYIIIIa SKCIEPTOB II0 M3MEHEHHIO KJInMAarTa
mpeacraBmiaa oT umeHn yueHblx 130 cTpaH Mupa JOKJa O IIPOILIBIX M HBIHEIIIHUX
KJINMATHUYECKNX NU3MEHEHUAX, MX BO3MeHCTBUSIX HA MPHUPOAY W UEJOBEKa, a TaKIiKe
0 BO3MOJKHBIX Mepax II0 IPOTUBOAEHCTBUIO TAKMM N3MEHEHUSIM.

3a nepuog ¢ 1906 mo 2005 rr. cpeguasa remoeparypa 3emuan nogusaaack Ha 0,74 rpa-
ayca, a ¥ KoHiy XXI B. MokeT moBwsIicuThedA oT 1,8 1o 4,6 rpaaycos.

Takue riaobanbHble u3MeHeHusa Ha 90 % cBA3aHBI C JeATEILHOCTHIO UeJIOBEKa
¥ MOTYT IPUBECTH K M3MEHEHHUIO KJIuMaTa Ha IJIaHeTe.

Bo3Mmo:xHBIE TTOCTENCTBUA U3MEHEHUI KIuMaTa:

1. H3meneHue yvacmomost U UHMEHCUBHOCMU 8bina0eHUs 0CadKo08.

Kaumar cramoBuTcsa 0oJjiee BJIAKHBIM, MHTEHCHUBHOCTHL OCAJKOB YBEJIUYUTCH, a B
MecTaxX C HeJOCTATOUHOUN YBJIAKHEHHOCTBHIO YBEJINYATCS 3aCYIINBLIE IePUOTEI.

2. Ilogviutenue yposHs MopA.

B reuenume XX B. ypoBeHb MopA noBbicmicsa Ha 0,1—0,2 m, 3a XXI B. 0H MOKeT
COCTAaBUTEL A0 1 M. TO MOKeT IpPUBECTU K 3aTomaenuio Humepaangos u BeaukoOpu-
TaHUU, a TaAK}Ke OCTPOBHEIX rocygapcts Oxkeanuu.

3. Veposa dns axocucmem u 6uopa3noobpasus.

CyIecTBYIOT IPOTHO3bI mcuesHoBeHUs 10 30—40 % BUIOB pacTeHUH U JKUBOT-
HBIX, IIOCKOJIBKY HX cpefa oO0uTauHmus OymeT M3MEHATLCA ObICTpee, UeM OHH MOTYT
MIPUCIIOCOOUTHCA K 9TUM M3MEHEHUIM.

4. TasaHue n1edHUKOS.

Hauwnnmasa ¢ 1960 r. miomanyu CHEeXXHOTO IMMOKPOBa 3eMJi yMeHbInuianuch Ha 10%,
ILJIOIIAAY MOPCKOTO JbAa cokparuauch Ha 10—15 %, a ero ToJIrHA YMEHbBIINIACH
Ha 40 % . Touma 'mmanaiickux JbIOB TaeT co cKopocThio 10—15 M B rof.

5. Cenvcroe xo03silcmao.

IIpoayKTUBHOCTL MOYKET CHUBUTHLCSA TOJBKO B CJAyUae 3HAUNTEJIbHBIX TeMIepaTyp-
HBIX M3MEHEHUN B PaiOHAX C YMEPEeHHBLIM KJIMMATOM. A B TPOIHKAX 1 CYOTPOIMKAX
YPOIKANHOCTh MOMKET CHUBUTHCS.

6. BodonompebaeHue u 800ocHabHceHue.

HepmocTaTok mpecHo# BOIbI KOCHETCS He TOJbKO 30POBbS JI0Jell U Pa3BUTHUA CEJb-
CKOI'0 X03S#CTBA, HO U MOBBLICUT PUCK IIOJUTHUUYECKUX PASHOTIACHUM U KOH(PJINKTOB 3a
IOCTYII K BOOHBIM pecypcam.
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7. 3doposve uenosexa.

ABoMasIbHO BBICOKME TeMIIepaTypPhl MOTYT HPUBECTH K OOOCTPEHUIO CepAedHO-CO-
CYOUCTBIX, PECIUPATOPHLIX U APYyrux s3aboneBanmuii. CoxkpallieHne IPOAYKTOB IIHTA-
HUS MPUBEIET K HeJOeNAHUIO U I'OJIOLY.

T‘IEJIOBe‘IECTBy II04 CHJIY CMATYUTH KJIMMATH4YECKHNE HN3MEHEHHA N CIPAaBUTHCA
C HEIIOIIPaBMMBIMU IIOCJIEACTBUAMM. I[.TIH 9TOI'o HeO6XOI[I/IMO:

1. OrpanuuuTh moTpebieHre NCKOIaeMOr0 YIJIePOJHOTO TomiuBa (yriida, HedTu, rasa).

2. YBeJUUNUTE UCIOJIb30BaAHIE aJJbTEPHATUBHBIX BOCIIOJIHAEMBIX NCTOUYHNKOB 9HEDP-

I'm1 1 TOIlLJInBaA.

3. IToBceMeCTHO BHEAPUTH MEPHI II0 9HEProcOeperKeHnIo.

4. Pa3BuBaTh HOBBIE 9KOJIOTMUECKM UUCTBIE U HUSKOYIJVIEPOAHBbIE TEXHOJIOTHH.

5. BoccTaHOBUTH eCTeCTBEHHBIE Jieca Uepes3 COKpallleHre pyooK U IpeqoTBpalleHue

JIECHBIX IIOKapOB.

6. ABTOMATHU3UPOBATL BPEeIHbIE ITPON3BOJCTBA.

7. IlyTem ycTanoBKU (HUIBTPOB HEHTPAIM30BaTh BEIOPOCKEI B aTMoc(epy.

8. 9KoJIoTHYEeCKH I'PAMOTHO YTHUIN3UPOBATL XUMUUECKIIE OTXObBI.

U 5.3. YenoBek B Mupe BelecTs, MaTepuanos
N XUMUYECKUX peaKumii

B HOBCE,ZIHGBHOfI JKU3HU MBI IIOCTOAHHO CTAJIKMBAaeMCA C XMMNYECKNMU BellleCTBa-
MU 1 XUMUYECKNMMU PEeaKIIUAMMU.

JlekapcTBa

Kaxmasa ceMbsa XpaHUT U UCIOJIL3yeT HEOOXOAUMEIE el I 3J0POBbA JIEKapCTBAa.

ITepoxcud sodopoda (H,0,) — oTauunblil auTHCceOTUK. OTO 1—2 % -HBIA pacTBOpP
IepoKcuaa, KOTOphlil nHorga myrtarT ¢ meprugposaem (30 % H,0,) u moaydarmT Ts-
JKeJIble OYKOTH.

HawamuipHustii cnupm (Bogubiii pactBop ammuaka NHs). Im moab3yioTes, 4TOOBI
BBIBECTU OOJIBHOTO M3 COCTOAHUA OOMOPOKA, TaK KaK ero samax BO30ysKIaeT IbIXa-
TeJbHBIN ITEHTDP.

Acnupun — OIVH U3 IIPeIapaToB, KOTOPHIH UCIIOJIb3yeTCa KaK sKapoIoHUKAaIoIlee,
IPOTUBOBOCIAJINTEIbHOE, 00JIeyTOJaA0INee. ACITUPUH — BTO OpraHUYecKas KUCJIoTa,
OH CIEep:KUBaeT CBepPThIBaHWE KPOBU.

JlekapcTBa AJi JJeUeHUA CePAeUHO-COCYANCTON CUCTEMBI — 3TO 8a1U00J, KOPEAJOJL,
Humpozauyepur. IlocienHee cpeiCcTBO CHUMAET CIIa3Mbl COCYAOB cepaia. EcTh B ai-
TeUKe CPeICTBa IJA JIeUeHUs IIUIIeBapUTeNbHONM cucTeMbl. Hanbosiee MOMyIAapHBIMU
KOMIIOHEHTOM TaKUX JeKAPCTB ABJSIETCA CAL0/l (CTOKHBIN 9Up CATUIIUIOBON KUCJIIO-
ThI), KOTOPBIN B IIEJOUHOI cpeie KeJayAKa THAPOJU3YeTCA U IIOAABIAET AeATeIbHOCTh
UyKePOAHBIX MUKPOOPTaHM3MOB. Takue jKe CBOMCTBA U Y ()manas3ona U CYLbzUHA.

NmetoTrcss u Oojee cuiabHBIE Ipemaparhl AJs 00pbObl ¢ MUKPOOPraHM3MaMM’, 3TO
AHTUOMOTUKYU NeHUUULLIUHA, X 0e3 pelenTa He IPOJAIOT.

B amTeuke yacTo HaXOAATCS BUMAMUHBL. ITO HE JEKapCTBa, a XOPOIliee CPeaCTBO
[UIsT YKPeIlJIeHusI opraHu3Ma.
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Moromue n yucTAIMEe CPecTBa

MzI HIIMPOKO UCIOJIbB3yeM B OBITY pasinyHbIe MOIOIue cpeacTBa. C MBLIOM yualiue-
cd yiKe 3BHAKOMUJINCH B pasgeiie «sKuprl», a ceifiuac o0paTuM BHUMAaHNE HA CUHMeEmMU-
yeckue morouwue cpedcmaa (CMC). OcuoBoit CMC ABIAIOTCA MOBEPXHOCTHO-aKTHUBHbBIE
BeIleCTBA, B KOTOPBIX AJUHHBINA YIJIeBOAOPOINHBIN IpeneJbHBLIN (HepasBeTBJIEHHBIN)
pazukaia (KaK B MBLJIE) COeIUHEH C Cyab(aTHO# rpynmoi. IX mpou3BOACTBO OCHOBAHO
Ha mpoaykTax mepepaborku HedpTu. CMC meiicTBYIOT B KECTKOW M XOJOTHOU BOIeE,
M UX PacXoj MeHbIIle, YeM MbIJA.

B cocraB cTUpaJIbHBIX IIOPOIIKOB BXOAAT OTOE/NMBATENH, IIPUAAIONNE THKAHIM
0eJIU3HY U SAPKOCTb. [[eHCTBYIOIUM HAUaJIOM XHUMHUECKHUX OTOeJMBATEIeH CIOyKaT
aromapHusblii kucaopor (0), aromapusiit xjaop (Cl) u okcuz cepsr (IV) (SO,). Ciaenyer
nsberaTh 0oTOEIMBATL OJHOBPEMEHHO OOJIBIIIE KOJnUYecTBa 0eibA 1 MPOBETPUBATH II0-
MellleHrue, T. K. o0pasyroTca amoBuThkie rassl — XJiop (Cl,) u oxcup cepsr (IV) (SO,)
(mpoxnykT pasaoxkernusa NaHSOs). [Ina cmaruyenusa Boasl npu ctupke ¢ CMC go6aBis-
ot metadocdar Hatpusa (NaPOs;),, cony (NaCO;) u cunukar Hatpusa (NaSiO;).

OCHOBY YHCTAIIUX CPEACTB COCTABJSAIOT abpasuBBI. ITO MOJIOTaA ImeM3a (IPUPOI-
HBIII MaTepuas BYyJKaHUUYeCKas JiaBa), KaoauH (mumepana Al,Os - 2Si0; - 2H,0), Hax-
IauHblil mopoinok (KopyHa Al,Oj, okcun xpoma Cry,05), men (CaCOs).

Motormime u uncTAIME BelllecTBa TIATEIHLHO CMBIBAIOT BOMOI B KOHIE PabOTHI.

XuMuueckKue cpeacTsa
TUTHEHBbI 1 KOCMEeTHKH

3yoHbIe macThl. BaKHEMIINM CpeacTBOM TUTHeHbl SBJIAIOTCS 3yOHBIE IIACTHI.
OcHOBHBIE KOMIIOHEHTBHI TaKHX IIaCT cJeAyolnue: adpaswBHBIE, CBA3YIOIUE, IIEHO-
oOpasylolue BeIllecTBa, 3aryctutenn. B KauecTBe abpasmBa IIPUMEHSAIOT XHUMHKUe-
CKU oca:kaeHHBIN KapOoHar Kambimua CaCO;, a Taxkwke docharer rambrua CaHPO,,
Cas(PO,),, CayPy0; u momumepusii metadocdat Hatpusa (NaPOs),. [ia npeBparieHus
cMecu abpasMBOB B IIACTy HPUMEHSIOT OPraHMYEeCKMe BeI[eCTBA M3 MOPCKUX BOJO-
pocJieii M IIPOMBBOLHBIX IIeJJII003bI. IloyUueHe IIIACTUYHONM MacChl 00ECIIEUMBAIOT
Io0aBKU TIIUIlePUHA, cCOPOUTA, MOJIUITUICHTINKOASA. AHTHUCeNTUKN (popMambaerus,
XJIOPUPOBAHHEIE (DEHOJIBI) YCTPAHAIOT PaspyIlIUTeNbHOe AelicTBUe MUKPo00oB. Ilpu-
SATHBIA BKYC 1 3allaX CO3JAal0T BKYCOBbIE KOMIOHEHTHI (CaXapuH, I'BO3JUUYHOE MACJIO)
U OTAYINKU (MEHTOJI, MSATELIE MacJja).

Hesomopantel. Ouu GbIBalOT ABYX BUAOB. OOHM TOPMO3AT Pas3joKeHNe BBIBOAMMBIX
C IIOTOM IIPOAYKTOB MeTabomM3Ma, APYrue IMOJaBJSIOT BbIAEJIeHIEe II0Ta. ITHUM CBOM-
CTBOM 00JIAIAIOT COJIM AMIOMUHNA, IIUHKA, ITUPKOHUI, XpoMa, Kejie3a, a Taxkke (op-
MAaJbIETU U 3TUJIOBBIHA CIIUPT. OTU BEIECTBA B3AUMOIEHCTBYIOT ¢ KOMIIOHEHTAMMU II0TA,
00pasysi HepacTBOPUMbIE€ COeIUHEHNS, KOTOPhIe 3aKPhIBAIOT KaHAaJbl IIOTOBBIX JKeJes.

Kocmetuka. B ToHa/JIBbHBIX KpeMaXx IpuMeHAeTcsa okcup nuHKa (Zn0). B kauecTse
OIUTMeHTa TyOHBIX IIOMaJ IPUMEHSIOT OpraHMYecKoe coequHeHMe HUKeasd. llep.a-
MyTpPOBBIHA addexT cosmaior conu Bucmyra BiOCl, BiIONO; uiu ciatona ¢ mrobaBkamMu
okcuma tutaHa (IV) (TiO,). Jlaku nnsa morTeii mpeacTaBJIAOT co00il pacTBOP HUTPO-
IEJLJII0JIO3hI B OPTaHUUYECKUX PACTBOPUTEIAX.

BakHeHdIIuM KOCMETUYECKHM CPEICTBOM IJA JHUIA ABJAIOTCA IyAPbI. OTO
MHOTOKOMIIOHEHTHBIe cMecu. B HuX Bxomar: Tajdbk (3MgO - 4Si0O, - H,0), raonun
(2Al1,05 - 4Si0, - 4H,0), creapatsl ntuuaka Zn(C,;H;;CO0) u maraua Mg(C,,H;;,C0O0),
PUCOBBINI KpaxMaJ, OKCUABI IuHKa u TutaHa (Zn0, TiO), nurment Fe, 0.
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TpeHUpOBOUYHbIe TeCTOBble 3afaHNA K pasgeny 5

Yactb 1

IIpu BRImOSIHEHUU 3aJaHUU ¢ BEIDOPOM OTBeTa 00BeAnTe KPY:KKOM HOMEp
MIPaBUJIBHOTO OTBETA.

Al. Vxakure pacTBOpP, KOTOPBIN HA3BIBAIOT CTOJIOBHIM YKCYCOM.

1) BoOHBIN PACTBOP YKCYCHOM KMCJIOTEI
2) CIIMPTOBOI PACTBOP YKCYCHOM KHCJIOTHI
3) pacTBOp cIUpTa B YKCYCHOI KICJIOTE
4) BOOHBIN PACTBOP YKCYCHOTO ajbAeTuaa

A2. Berumcamre maccy Boawl (T'), KOTOpyo HY:KHO mo6aBuTh K 100 r pacTBopa ¢ MaccoBoii
poaeit conu 0,4, 4yTOOBI HOJYUUTHL PACTBOP C MaccoBoi mpoJeii 0,1.
1) 300 2) 200 3) 100 4) 500

A3. BriOepure peakKInio, KOTOpasa HAWJIYUYIINM 00pa3oM oOeclieunMBaeT OPraHu3M UeJIOBe-
Ka sHepruei.

1) smeprusa + AJI® + HPO?>™ — H,0 + AT®
2) C¢H,,04 + 60, — 6CO,T + 6H,0
3) H,CO; — H,0 + CO,T
4) (C,H,,0,), —&2 5 nCH,,0,
A4. VYraxure caMOpPOIHBLIE METAJJIbI.

1) :xene30 u xXpom 3) 30JI0TO M TLJIaTMHA
2) MarHU# U KaJbIlui 4) ranmu#l U HATPUH
AS5. Bbibepure coau, KOTOpPble 00YCIOBINBAIOT BPEMEHHYIO JKECTKOCTb BOJBI.
1) Na,CO;, K,CO4 3) NaHCO,;, KHCO;4
2) Ca(HCO,),, Mg(HCO,), 4) CaCO;, MgCO4
A6. Ormpepennre TAMKENbIH MATKUN MeTaJLI, KOTOPBIHA HCIIOJIB3yeTCA B aKKyMYyJaATOpax,
a TaK’Ke IPU MBTOTOBJIEHUU KPACOK, ITYJIb.
1) osoBO 2) menn 3) cBuHeI 4) ITUHK

A7. VYKaKkuTe 9J€MEHT, KOTOPHIN BXOAUT B COCTAB XJIOPO(UJLIa 3€JeHbIX PaCTeHUI.
1) 6epunniuit 2) maruui 3) Kambuii 4) cTpoHIUI

A8. VYkaxkure GopMyJy BelecTBa, BOAHBIN PACTBOP KOTOPOTO HABBIBAIOT «CUJIUKATHBIM
KJIeeM».
1) Na,SiO4 2) Ca(HSiOy), 3) Fey(Si0y), 4) CaSiOq4

A9. BribepuTe xapaKTepUCTHUKY OKcuaa yriaepoaa (IV).

1) ompu 25 °C — TBepaoe BeIecTBO

2) BellecTBO, KOTOPOE HA3BIBAIOT «CYXOU JIeq»
3) OCHOBHOE COCTaBJIAIOIIIEe BO3MyXa

4) yrapHbIi Ta3
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A10. Yxamure HaIaTLIPHBIN CIIUPT.

1) pacTBOp amMmMHuaKa 3) a30TUCTBIA AHTUIAPUL
2) pacTBOp XJIOPUAA AMMOHUS 4) HUTpPAT aMMOHUS

A11l. BeibepuTe cucTeMaTUuecKoe HasBaHue SITOBUTOTO BEIeCTBa, KOTOPOe OJOKHPYeT Te-

MOTJIOOMH.
1) okcug yriuepoza (II) 3) cepoBomOpOL
2) okcupn yraepoza (IV) 4) cepoyriepon

Al12. Yramure raszooOpas3HbIi AKTUBHBIM HEMETAJJI, COEJWHEHUS KOTOPOrO MT00aBJIAIOT
B 3yOHYIO macTy.

1) asor 2) Bomopon 3) drop 4) xJj0p
A13. Kakyio cosb Ha3LIBAIOT CEJIUTPOIH?

1) cynabdar ranus 3) cynndun Kaamsa

2) dochar xKamma 4) HUTpAT Kaaud

A14. Bribepure HeEMETAJJI, BTOPOH IO PACIIPOCTPAHEHUIO B 38 MHOM KOpe, KOTOPBIN HUCIIOJIb-
3yeTcs B COJTHEUHBIX 0aTapesx, KOMIbIOTEDHBIX UMIAX U T. [.

1) yraepon 2) cepa 3) KpeMHUHI 4) docdop
A15. BoibepuTe IpUpPOAHBLIE BeIleCTBa, B Pe3yJbTaTe IMPOKAJIUBAHUS KOTOPBIX IIOJYYAOT
IIeMeHT.
1) rnmura 3) mecoK u ramHA
2) riivHA U U3BECTH 4) mecox

A16. YxaxuTe sKOJIOTUYECKM OITaCHOE BeIleCTBO, KOTOpoe obpasyeTcs BO BpeMs MOJIyde-
HUA cepHoﬁ KHCJIOTBI B IPDOMBIIIJIEHHOCTH.

1) ammuax 2) deHOJD 3) BOomOpPOI 4) okcupn cepsl (IV)
A17. OnpenennTe MOHBI, KOTOPBIE COAEPIKATCS B IIpermapaTre «AJgbMareib» (IPUMEHSAETCS

IPU TOBBIMIEHHON KMCJIOTHOCTH JKEeJYAKa), eCJU B 9TO CYCHeH3WN I[BeT YHUBEPCAJIb-
HOUM MHAWKATOPHON OyMaru maMeHsAeTCA HAa CUHUMU.

1) voHbBI MarHUA 3) TUAPOKCU-MOHBI
2) mOHBI BomopoIa 4) cynndaT-noHEI

A18. Yrkaxure GopMyJaIy OKOHHOTO CTEKJIA.

1) K,0 - CaO - 6SiO, 3) Na,O - PbO - 6Si0,

2) Na,0 - CaO - 6Si0, 4) B,0O; - CaO - 6Si0,
A19. 9KoJ0rnuecKy YUCTHLIM TOIJIMBOM SABJIAETCH:

1) medTh 3) KaMeHHBIHA yTroJib

2) BOmOpO 4) TPpUPOIHBIN Ta3

A20. BeibepuTe cosiri, KOTOpPbIe 00YCJIOBIMBAIOT IIOCTOAHHYIO YK€CTKOCTh BOMBI.

1) cyabdaTel 1 XJIOPUALI HATPUA U KaJIUA
2) cyabhaThl U XJOPUAbl KAJIbIUA M MarHusa
3) KapOoHATHI HATPUA U KAJIUA

4) rugpoKapbOHATHI KAJbIIUA U MarHUA
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Yactb 2

W3 npenno:xeHHOT0 MepeyuHsa OTBETOB BLIOEPUTE MBa IMPABUJIBHBIX M O0BEeIUTE UX
HOMeEpa.

ITudps! BEIOPAHHBIX OTBETOB 3ANUINNTE B YKA3aHHOM MecTe 0e3 MTOIOJHUTEIbLHBIX
CUMBOJIOB.

B1l. BrniOepure BelllecTBa, KOTOPLIE CYII[ECTBYIOT B IPUPOLE.

1) xemeso 2) dochop 3) cunuKareab 4) HeralreHas N3BECTh
5) HaTpui

Orser: .

B2. OGosHaubTe YyTBEPKIEHUSI, KOTOPbIE OTHOCATCA K I'HIICY.

1) KpucTasIoTIAPAT

2) maccoBas yacTh 0e3BOmHOU coau cocTaBiser 0,79

3) Ha OOWH MOJIb 6€3BOJAHOI COJIM MPUXOAUTCA 1 MOJb KPUCTAINZAITITMOHHON BOIBI
4) maccoBasa yacTh 6e3BogHOI cosm cocraBiasier 0,64

5) comep:kut cyabdat memu (II)

OrBer: .

B3. BrnibepuTe BelliecTBa, KOTOPbIe NCKYCCTBEHHO MOJTYUYEHBI YEJTOBEKOM.
1) cepHasa Kucjaora 2) nuTheBasd BoZa  3) KBapIl 4) KyXOHHAsS COJb
5) men

OrBer: .

B4. BribepuTe XMMHUYECKHE 3JIEMEHTBI, KOTOPhIE HE YUYACTBYIOT B IIPUPOTHOM KPYTOBOPOTE.
1) asoT 2) Keyeso 3) yruepon 4) cepa 5) dochop

OrBer: .

B5. BriOepure yTBep:KIeHUA, KOTOPbIE OTHOCATCS K YIVIEKHCJIOMY Iasy.

1) MmoikeT OBITH IOJIYUEH M3 YrapHOTO rasa

2) moamep;KUBaeT TopeHue

3) razoobpasHoOe BeIecTBO, KOTOPOe TAMKeJee BO3oyXa
4) ¢ xucsoTaMu o0pasyeT KapOOHATHI

5) He pearupyeT ¢ BOJOI

OrBer: .

B6. BmﬁepnTe XMHU4YeCKUue 3JIEMEHTbhbI, KOTOPbhIE€ BXOOAAT B COCTaB }KHBOfI MaTepun.
1)F 2) S 3) N 4) Ne 5) He

OrBer: .

B7. Vxkaxkure sJ1eMeHTBI, KOTOPbIE BXOAAT B OMOMOJIEKYJIBI IMUIIK IJI UYeJIOBeKA.
1) Ca, Mg 2)S, P 3) Si, Al 4) Cl, Cu 5) 0, N

OTBerT: .
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B8. Bribepure yTBep:;KAEHUA, OTHOCAINMECA K 3arPA3HEHNIO0 OKPYIKAIOIIell cpeabl, KOTO-
PBIN CBA3LIBAET I'eMOIJIOONH CUJIbHEe, YeM KUCJIOPOJ.

1) KUCJIOTHBIA OKCH]
2) HECOJIETBOPHBIN OKCHU[
3) OCHOBHBIN OKCHU/I

4) maccoBas m0Js yriepoza B moaexyJe 27,3 %
5) mposBIIsgeT CBOWCTBA OKMCJIUTEJS U BOCCTAHOBUTEJIS

OTBer: .

K KaKkgoMy sJ1eMeHTy IIePBOTr0 CTOJOIA IOA0EPUTE COOTBETCTBYIOIIUI 5JI€MEHT
13 BTOPOTO cToJIOIa. BeiOpaHHbIe ITU(PHI 3aIUIIUTE O] COOTBETCTBYIOITUMU
oykBamu Tabauilbl. I{udpsl B 0TBETE MOTYT HOBTOPATHCA.

B9. VYcraHoBUTE COOTBETCTBUE MEKIY MACCAMU PEareHTOB M 00beMOM B J (H. V.) IIPOAYK-

TOB PEaKIIUNU.

Maccwr peareHTOB

O06BbeM IPOAYKTOB PeaKIIuu

A) cepa (16 1), xucaopozn (16 r)
(HemmoJIHOE CropaHue)

B) yraepon (30 r), xucaopon (20 r)

B) Bozmopox (6 r), 6pom (32 1)

1) 120
2) 8,96
3) 11,2
4) 14

OrBer: A b B

B10. YcraHOBUTE COOTBETCTBUE MEXOy HadBaHUAMUN COGI[I/IHGHI/Iﬁ 1 T'JIaBHBIMUM OTpPpacCJIdAMMU

X HCIIOJIB3OBAaHUA.

BeiiecTBo

OTpacm; HCIIOJIb30BaAHUA

A) nurbeBas coma
B) rarokosa
B) HamaTeIpHBIT CIUPT

1) B MeguiinHe Kak BO30YIUTEb
IBIXaTeJbHOI'0 IIeHTPAa

2) HCTOUHUK 9HEpPruu AJIA KUBBIX
OpPraHu3MOB

3) B OBITY KaK PaspbIXJUTEJb TECcTa

4) B MeguIIMHE KaK aHTUCENTUK

OrBer: A B B

B11. YcraHoBUTE COOTBETCTBME MEKIY TPUBUAJIbHBIMY HA3BAHUSIMU BeIlleCTB U UX GopMy-

JIaMH.

TpI/IBI/IaJII:HOG Ha3BaHUe

dopmyaa

A) rurmc
B) ramrenasa mssecTb
B) meramenas musBecTb

1) Ca(OH),

2) CaSO, - 0,5H,0
3) CaSO, - 2H,0
4) CaO

OrBer: A B B
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B12. YcranoBuTEe COOTBETCTBUE MEKAY CTPYKTYPHBIMU (hOpMyJIaMU OPTaHUYECKUX COEeI-

HEHUHA M UX Ha3BAHUSAMM.

dopmyaa

Hassanue

A) CH,— CH—CH,
B) CH,—CH,—OH
B) CH,=CH—CH,

1) sramon
2) raunepuH
3) usob0yTaH
4) mpomen

Orser: A b B

B13. YcraHoBUTE COOTBETCTBUE MEKAY (POPMYJIaMU COEIUHEHUIN U UX HA3BAHUAMU.

dopmysa HasBanue
A) MgHCOq4 1) rugpoxapOboHAT MarHusd
B) Mg;N, 2) xJjopup MarHus
B) Mg(Cl0), 3) HUTPHUI MarHud
4) TUOOXJIOPUT MArHUS
OrsBer: A B B

B14. YcraHoBuUTE COOTBETCTBUE MEX Oy TPUBHNAJIBHBIMU Ha3dBaHUAMM BEIIIECTB 1 UX (I)opMy-

JaMu.
TpuBuanabHOEe Ha3BaHUE dopmyaa
A) MeJ 1) Na2CO3
B) moram 2) MgCO4
B) xanbrnuHMpPOBaHHAA cOnIa 3) K,COq4
4) CaCOy

OrBer: A b B

B15. YcranoBuTe COOTBETCTBME MEKAY AHMOHAMM M I[BETOM OCAJKOB, KOTOPbIe 00pasyoT-

CdA IIPY X Ka4YeCTBEHHBIX PEaKIIUAX.

AHMOHBI Oxkpacka ocagKoB
A) CI” 1) cuHwnHit
B) S 2) KeJTHIN
B) I 3) 6esblii TBOPOIKUCTHIN
4) uepHBIHI
Orser: A B B




C1.

C2.

C3.

Yactp 3

g oTBeTOB Ha 3aJaHUA HUCIOJB3YUTE OTAEJbHBIN JUCT. SaIUIIINTEe CHAaYasla
HOMED 3aJaHMUsd, a 3aT€M PasBEPHYTHIN OTBET K HEMY.

HaHa cxema mpeBpalleHunii:

o

t
Si0, — Na,SiO, — X — Si0,.

Hanumiure MoJIeKyJIApHBIE YPABHEHUA PEAKIINil, ¢ IOMOIILI0 KOTOPLIX MOYKHO OCY-
II[ECTBUTh 9TH IIpeBpallieHusd. I BTOPOro IpeBpalleHWsl COCTABbTE COKpAaIleHHOe
MOHHOE YpaBHEHNE PeaKI[Uu.

Kakyio maccy asoTHOM KHUCJIOTBI MOKHO ImoayuuTh u3 20,2 © HuUTpaTa Kajausa OpHU
IecTBUU Ha HETO M30LITKOM CEPHOI KMCJIOTHI, €CJIM MaccoBasd YacTh IMIPAKTUYECKOTO
BBIXOJa a30THOI KUCJIOTHI cocTaBasger 0,987

I onpemeneHnsa KaueCTBEHHOTO COCTaBa HEM3BECTHOTO KPUCTAJJINUYECKOTO ITOPOIII-
Ka KeJITOTO I[BeTa ero HeOOJIBIIIYIO YaCTh PACTBOPSAJIN B BOJE M STUJIOBOM CIIHPTE.
BeriecTBo B Bozie He PaAcTBOPSJIOCH U B CIUPTE OBLIJIO IIOYTH HEPaCTBOPUMO.

YacTh mopoiika mogokrian. OH ropesl CHHIM IIJIaMeHeM U BBIJEJISAJICSA ras, MMEeIOIIi
YOYIILIUBBIA 3alaX ropejioii IIIepCTH.

Bropyio yacTh mOpoIIKa Harpejau ¢ BOZOPOAOM ¥ 0O0pas3oBaJicA ras € 3alaxoM TI'HUIO-
miero Oenka.

W3BecTHO, UTO BEIleCTBO B IIPHUPOJE MONKET HAXOAUTLCA B CAMOPOIHOM COCTOSHIN
M UMeeT HEeCKOJIbKO aJIIOTPONMHBIX Momudpwurarnmii. O0sagaeT ¥ OKUCIUTEIbLHLIMU,
M BOCCTAHOBUTEJILHBIMH CBoOiicTBaMu. VMeeT cTeleHu oxkuciaeHusa —2, +2, +4, +6.
OmnpegennTe BEIECTBO 1 3aIUINNTE ABA YPAaBHEHUS PeaKI[Uil, KOTOpble OLIIN IIPOBe-
IIeHbI IIPU ero onpeaenseHun. J[lafiTe KpaTKyio XapaKTePUCTUKY IOJYUYEHHBIX BEII[eCTB.
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OTBeThbI

Paspen1

Yactb 1

narins | vor | manns | nor | Ramusn | wer | namen | e | A | nor | namas |OT5T
Al 3 A5 4 A9 4 Al13 1 Al17 1 A21 3
A2 2 A6 3 Al10 2 Al4 4 Al18 3 A22 1
A3 1 A7 1 All 3 Al15 3 A19 2 A23 3
A4 3 A8 4 Al12 2 Al6 4 A20 3 A24 1

Yactb 2

;.][fnr;fs; OTBeT ;J(fn?;z; OtBeTt I']:EH?;; OTBeT
B1 3, 4 B6 3, 4 B1l1 |A—4,b—1,B—5
B2 2,4 B7 2,3 B12 A—1,b—4,B— 3
B3 1,4 B8 3,4 B13 |[A—4,B—5,B—1
B4 2,5 B9 A—3,b—4,B—1| B14 |[A—5,B—4,B — 2
B5 3,5 B10 A—3,b—5,B—4| B15 | A—2,b—1,B—5

Yactb 3
Cl. 1. NaO+ H,0 —» 2NaOH 3. Na,SO, + 2AgNO; — 2NaNO; + Ag,S0,1
2. 2NaOH + H,SO, — Na,S0, + 2H,0 2Ag" +807 — AgZSOA/
C2. Permrenue:
1. Ompenensem maccy comu: W -100 = m(comn) .
m(p-pa)
Orcrooga: m(coau) = w; m(conn) = 15-300 =45r
100 100

2. Onpenensiem maccy Boabl: m(H,0) = m(p-pa) — m(conn); m(H,0) = 300 — 45 = 255 1.
OrBert: 45 T cynb(para HATPUA PACTBOPAIOT B 255 T BOIBI.

C3. B crakaH ¢ OUCTUJIMPOBAHHOI BOJOUM BBICHIIIAIOT CMECh U TIIATEJIbHO II€PEeMeIlly-
BaioT. XJIOPUJI HATPUSA PACTBOPSETCA B BOJe, a KapOoHAT KaaudA u cyabdaTr Oapus
ocraiorcs B ocaake. Ocamok oTpUIbTPOBLIBAIOT. PUABTPAT BBITAPUBAIOT, IOJYYAIOT
YUCTBIN XJIOPUJ HATPUA.

Ocafiox IepeHoCcAT B CKJIAHKY C BOJON U ITPOIYCKAIOT Uepes3 CYCIEH3UI0 YIJIEKUCIBIN ras.
HepacTBopuMbIil B BoZle KapOOHAT Maruus MepexoaUuT B PACTBOPUMYIO COJIb — TUIPO-
KapboHAT Maruums:

MgCO; + CO, + H,O »> Mg(HCOs),.
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Cynbpar 6apus oTPUIbTPOBRIBAIOT W BBICYIINBAIOT. Bo BpeMsa KuUIAYeHUI PUILTPA-
Ta obpasyeTca OcaJoK KapOoHATa MarHuA, KOTOPBIN TaKKe OT(OUILTPOBBIBAIOT:

Mg(HCO,), —“— MgCO,l + CO,T + H,0.

Pa3pen 2
Yactb 1
Neza-| Or- | Nega-| Or- | Neza- | Or- | Ne za- | Or- | Ne za- | Or-
JaHUA | BeT | JaHMdA | BeT | JaHUA | BeT | JaHWUG | BeT | JaHHUA | BeT
Al 2 A5 4 A9 1 Al13 2 Al17 1
A2 4 A6 1 A10 4 Al4 2 Al8 1
A3 1 A7 1 All 3 Al15 2 A19 4
A4 3 A8 3 Al12 4 Al6 1 A20 4
Yactb 2
Ne 3a- OrBeT Ne 3a- OtBeT Ne 3a- OrBeTt
JaHUA TAHUSI TaHUI
B1 2, 3 B6 1, 3 B11 A—3,B—5,B—2
B2 1, 2 B7 1, 3 B12 A—2,Bb—1,B—14
B3 2, 3 B8 ' A—2,b—1,B—3| B13 [ A—3,Bb—1,B— 2
B4 2,5 B9 A—4,5—1,B— 2| B14 |[A—4,Bb—3,B—1
B5 2,5 B10 [ A—1,Bb—2,B—3| B15 |[A—4,b—3,B— 2
Yactb 3

C1. Pemrenne:
1. Cu + 2H5S0,40m.) — CuSO, + SO, + 2H,0
2. CuSO, + 2NaOH — Cu(OH),J + Na,SO0,
3. Cu(OH), t—> CuO + H,0
4. Cu®* + 20H — Cu(OH),4
C2. CocraBasem ypaBHeHnue peaknuu: CaO + H,O = Ca(OH),.
1. PaccuureiBaem mosapubie maccbl: M(CaO) = 56 r/m; M(Ca(OH),) = 74 /M.

2. Ilo ypaBHEHHNIO PACCUNTHLIBAEM MACCY OKCHUJA KaJIbI[HI:
m(Ca0) = m(Ca(OH),)- M(CaO) _ 37-56 _
M(Ca(OH),) 74

28 r.

Otrget: 28 r CaO.
C3. 1. Bepewm mpo6sl u3 mpodupox Ne 1, 2, 3, nobaBisgeM K IpodaM JUCTULIAPOBAHHOMN BOIBI.
2. OnpepnensieM BeIleCTBA IO KAUECTBEHHBIM PEaKIIUIM.

B raxkayio mpooupry mox Ne 1, 2, 3 ¢ mpobamMu BelrecTB J00aBIAEM II0 KAILJIAM PAacCT-
Bop AgNOs;.
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3. B mpobupre Ne 2 Breimagaer Oenblil ocagok, xapakTepublil aasa AgCl. Takum o06-
pasom, B nmpoouprke Ne 2 — HCI.

IIpoxomuT peaxkiius:
AgNO, + HCl - AgCll + HNO,

0eJIbIil 0CaZoK
Ag"+Cl” > AgCl

Ag" — peakrus Ha oupegesenne Cl- u maobopor. B mpobuprax Ne 1 1 Ne 3 BUAMMBIX
U3MEeHEeHUN HeT.

4. CuoBa Gepem mpoOBI BelriecTB u3 Tpobupox Ne 1 u Ne 3, mogauBaeM B KalKIyIiO U3
HUX 10 Kamaam pactsop H,SO,.

B mpob6upke Ne 1 BbImmamaeT Oesiblii ocamok, xapakTepHbiii aiaa BaSO,, B aToit mpo-
oupke — Ba(NO;),. I[Iponia xuMuuecKas peaxkiius:

Ba(NO,), + H,SO, — BaSO,{ + 2HNO;; SO>” + Ba® — BaSO,! .

Geustit ocagok
Ba?" — peakTus Ha ompejeeHHe SOi’ U HA00OPOT.
5. B mpobupre Ne 3 comepsxurca HNO;.
Oteer: Ne 1 — Ba(NO,),; Ne 2 — HCI; Ne 3 — HNO,.

Paspen3
Yactb 1
Neza- | Or- | Nesa- | Or- | Neza- | Or- | Neza-| Or- | Nesza- | Or- | Ne za- | Or-
JaHUIA BeT JaHUA BeT JaHUA BeT TaHUA BeT TaHUI BeT JaHUIA BeT
Al 3 A6 3 All 4 Al6 3 A21 2 A26 2
A2 2 A7 4 Al12 1 Al17 4 A22 3
A3 1 A8 2 Al13 3 A18 1 A23 2
A4 3 A9 2 Al4 3 Al19 2 A24 4
A5 2 Al10 1 Al5 1 A20 3 A25 4
Yactp 2
Ne za- OTtBer Ne 3a- OTtBeTr Ne 3a- OTtBer
TaHUST TaHUSI TaHUA
B1 1, 3 B6 3,4 B11 [A—4,b—3,B— 2
B2 1, 2 B7 1,4 B12 A—3,b—4,B—1
B3 1,4 B8 3,4 B13 A—2,b—3,B—14
B4 3,5 B9 2,4 B14 A—3,b—1,B—14
B5 1,4 B10 | A—3,b—5,B—1| B15 [ A—3,B—4,B—1
Yactp 3

Cl. 1. FeCl; + 3NaOH — Fe(OH),! + 3NaCl
a
2. 2Fe(OH), — Fe,0, + 3H,0

156 T o



3. Fe, 05 + 3H, —» 2Fe + 3H,0
4. Fe + 30H™ — Fe(OH),!

Cc2. S+0,— SO,
M(S) =32 r/m, m(S) = 32 r/m; M(SO,) = 64 r/m, m(SO,) = 64 r/m.
1. Onpenensiem maccy okcupa cepsl (IV):
64 — 22,4 1
x — 44,8 1 _44.8:64 405,
22,4
2. OmnpepnensieM Maccy cepbl, KOTOPYIO COMKIJIM:
32 — 64
x — 128 2=32128 g4
64
OtgeT: 64 r (S).
C3. CocrasB BermecTBa:
1. P,O;, — oxcux dgocdopa (V).
o
2. P,0, +3H,0—2H,PO,.
3. 2H,PO, + 3Ca(OH), — Cay(PO,), + 6H,0.
4. H,PO, + 3AgNO; — Ag,PO,| + 3HNO,.
Pa3pen 4
Yactb 1
Nega-| Or- | Neza- | Or- | Ne3a- | Or- | Ne3a- | Or- | N\eza- | Ot-
TJaHUA BeT TaHUI BeT JaHUA BeT JaHUA BeT JaHUA BeT
Al 1 A5 2 A9 3 Al13 1 Al17 2
A2 1 A6 1 Al10 2 Al4 1 Al18 2
A3 3 A7 3 All 2 Al5 4 Al19 3
A4 3 A8 4 Al12 2 Al6 4 A20 2
Yactb 2
Nesa- | 0y | N 32 OTBer Ne 3a- OTBer
TaHUA TaHUST TaHUST
B1 3,4 B6 2,5 B11 |[A—3,B—1,B—2
B2 2,3 B7 3,5 B12 A—2,b—1,B—3
B3 1, 3 B8 [A—3,b—1,B—4| B13 |[A—4,B—1,B— 2
B4 1, 2 B9 [ A—1,b—4,B—-3| B14 [A—1,b—-3,B—14
B5 1, 3 B10 A—4,5—-3,B—2| B15 ([A—4,5—3,B—1
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C1.

C2.

C3.
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Yactb 3

. N+H, 2 2NH;
. 2NH; + H,S0, — (NH,),S0,;

. (NH,),80, + 2AgNO; — 2NH,NO; + Ag,S0;
. 2Ag" +S02 — Ag,S0,! .

N

. 100 % — 2 % =98 % uucTOM KUCIOTHI.
M(H,S0,) = 98 r/m; M(BaSO,) = 233 r/m.

2. OmpepnensgeM MacCy YMCTOW CEPHOM KHUCJIOTHI:

m(H,S0,) = 200-98 _ 1961,
100

3. H,S0, + BaCl, —» BaSO,{ + 2HCI.
OmnpenensieMm Maccy cyJabpara 6apus:

m(BasSO,) = % — 466 1.

Orset: m(BaSO,) = 466 r.

1. PacTBOpsieM Bce BellecTBa B MUCTUJIIUPOBAHHOI BOJE.
2. Bepem mpo6bI BeriecTs 13 mpodupor Ne 1, Ne 2, Ne 3.
3. PacmosHaem BellecTBa II0 KAUeCTBEHHBIM PEAKIIUSAM.

3.1. B xaxxayio mpobupkKy mox Ne 1, Ne 2 u Ne 3 ¢ mpobamu BelrjecTBa Jo0aBIsgeM
mo KamiaaMm pactsop NaOH.

3.2. B mpobupke Ne 1 omryirjaercsa 3amax, XxapaKTepPHBIHA A aMMUaKa, B 9TOH IPo-
oupke — (NH,),CO;. IIpoxogur xuMuyecKasa peaKkIiud:
o
(NH,),CO, + 2NaOH — 2NH, T + 2H,0 + Na,CO,;
2NH; + 20H" — 2NH,T + H,0;

NH; + OH — NH, + 2H,0.
B mpobuprax Ne 2 m Ne 3 HeT HUKAKUX M3MEHEHUN.

3.3. B mpobupku Ne 2 u Ne 3 mobaBisdgem mo Kamiaam pacteop BaCl,. B mpobupke
Ne 2 BrImazmaeT OeJsiblil ocaJoK, xapakTepHbiil ainsa BaCOs, urtak, B 9Toll mTpoObupKe
"Haxoautcsa K,CO;. Ilpomia xuMuuecKkas peakIus:

K,CO; + BaCl, — BaCOs{ + 2KCl;

Gebrii 0canoK
COJ +Ba® — BaCO,l.
Ba* — peaxtus ma CO. .
3.4. B npooupke Ne 3 maxomurcsa pacteop KCl.
Takum obpasom: Ne 1 — (NH,),CO5; Ne 2 — K,CO3; Ne 3 — KCI.



Pa3pen5

Yactb 1
Neza- | Or- | Neza-| Or- | Neza- | Or- | Ne za- | Or- | Neza- | Or-
JaHWs | BeT | JaHMsA | BeT | JaHWUA | BeT | JaHUA | BeT | JaHUS | BeT
Al 1 A5 2 A9 2 Al13 4 Al17 3
A2 1 A6 3 A10 1 Al4 3 Al18 2
A3 2 A7 2 Al1l 2 Al5 2 Al19 2
A4 3 A8 1 Al12 3 Al6 4 A20 2
Yactb 2
I‘]:[;H:ﬁ; OTtsBer ,ﬁnﬁls; OTtBet ﬁﬂ?& OTtBer
B1 1, 3 B6 2,3 B11 A—3,b—1,B—14
B2 1, 2 B7 2,5 B12 [ A—3,Bb—1,B—4
B3 1, 2 B8 2,5 B13 A—1,Bb—3,B—4
B4 1, 3 B9 A—3,b—4,B—2| B14 [A—4,B—3,B—1
B5 1, 3 B10 A—3,b—2,B—1| B15 |[A—3,6—4,B — 2

Yactb 3 ]
C1. 1. SiO,+ 2NaOH — Na,SiO; + H,0. 3. H,Si0, ; H,0 + SiO,.
2. Na,SiO; + 2HCl — 2NaCl + H,Si0;4. 4. 2H' + Si0?” — H,Si0,!.
C2. 2KNO,+ H,S0, —» K,SO, + 2HNO;.

1. PaccunTana macca a3oTHON KHCJIOTHI (TEOPETUYECKUIN BBIXOM):
20,2-126
m(HNO,) = ————=12,6r.
202
2. Paccunrana macca a30THOU KHUCJIOTHI (ITPAKTUYECKUIA BBIXOT):
m = JPART. BRIXOR . ) 11NO,) = 0,98 - 12,6 = 12,35 1.
TEOPeT. BBIXO/I

Orser: npaxkTuueckuit Beixogq HNO; — 12,35 r.

C3. BermecTBo: cepa S.
1. S+ 0 — SO,. 2. S+H, > H,S.

SO, — okcup cepsl (II), GeciiBeTHBIN ra3 — cepHUCTHIN rad. ETo IPOMBIIIIEeHHbBIE BbI-
OpoCHI 3arpA3HAIOT aTMOoc(epPy U ABJIAIOTCA OJHOMN M3 MPUUUH « KUCJIOTHBIX HOMKIEH».
Amosur.

H,S — cepoBomopon — GeciiBeTHBIN Tas, TAKeaee Bosayxa. OueHb ATOBUT. YIKe CO-
nep:xkanue ero B Bosayxe 0,01 % omacHO JJis 4yeIOBeKa, T. K. OH COEIUHAETCA C JKe-
Je30M remorsyobuua KpoBu. CepoBOAOPOA XOPOIIIO PACTBOPUM B BoJe ¢ 00pa3soBaHUEM
caa00ii cCepoBOIOPOIHON KUCJIOTHI.
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Bce nipaBa 3aluyiieHsl. KHura v nobasi ee 4actb He MOXET GbiTb CKOMMPOBAaHa, BOCIPOU3BEAEHA B 3JIEKTPOHHOM U MexaHN4eckor ¢popme,

B BuyAe poTokonuu, 3anvcu B namsTe IBM, penpoaykumv nim kakum-mb0 NHbIM CrIOCOO0M, a Takxe MUCrosib30BaHa B /1l000K MHPHOPMALMOHHOM

cucteme 6e3 rosnyydeHus paspeLueHusl ot naaaresns. KonvposaHue, BOCNpon3BeaeHne n Hoe 1UCrosib30BaHne KHUM v ee 4acty 6es cornacusi
wn3garesis IBAseTCsl HE3aKOHHbIM 1 BJIEYET YrO/I0BHYIO, aAMUHUCTPATUBHYIO U FPDaXAaHCKYIO OTBETCTBEHHOCTb.
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OPDEKTUBHAA
NMNOArOTOBKA

NOoJ1Y4Yn BbICLUUU BAJIJT1 HA OIr3!
M3OAHUE NMOMOXKET:

@ cokpaTiTs Bpema NoaroToeku K Ord;

@ nosTopuTL BCE TeMbI Kypca;

@ ortpa6oTaTh HaBbIKM BbINONHEHMS 3aAaHUN Pa3HbIX TUMOB.

YHUBEPCAJIbHbIA CNPABOYHMK

B cepum «Ol'D. YHMBepcanbHbIN CNPaBOYHMK» BbIXOAAT NOCO6USA MO OCHOBHbLIM

LKOSNbHbLIM NpeaMeTam: pycCKOMY fi3biKy, nurtepaTtype, MaTemaTuke, uCTopuu,
o6l ecTBO3HaHUIO, 6uosiornn, HpopmMaTmke, Xummm n usuke.
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