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IMPEAUCJIOBUE

Iocnemsee necsTANETAE TPAKTHYECKH BCE Beaymyde BY3n Poccum
HEpPeIIl HA CHCTEMY NHCHMEHHHIX BCTYIHTEILHEIX 3K3aMEHOB NO
XAMHH. BHISCHRIIOCH, 9TO OONBIMECTBO IIKOJLEAKOB H aGATYpHEE-
TOB COBEPIICHHO He YMEIOT pemaTh 3afa1d. [1o3ToMy MBI 0K23aTIACh,
OO-BHIAMOMY, NepBhMH B PoccHH, OpHmenmeMA K BRBOAY, ITO
xopomee nocoGre HO XHAMHHM I IMKOJLHAKOB CTAPMIEX KJACCOB
H DOCTYIAIOIINX B BY3hI, HTOMHMO TEOPETHIECKAX Pa3felioB, JODKEC
cofiepxaTh OobmoH BaOop 38437 H ONACKHIBATh OCHOBHEIE IPHEMEI
ax pemenrs. Tak 6bulo Hammcaro mocoGme [1], opreRTEpOBanHOE,
B OCHOBHOM, H& IPakTHYECKYIO HOATOTOBKY B HOTOMY TEOPHA B 10-
cofmm OBLIA H3NOXEHA MPEAebHO KPAaTKO.

Creayromas mama xemra [2} npeacrasmsna coboi#i, mRaoGopor,
NOHLITKY BCCOOLEMITIOMErO H CHCTEMATHYECKOrC HIJOKEHHS OCHOB
XHMHH, KOTOpEHEe HeoOXONEMO 3HATH B NEpPBYIO OYEpEns HOCTYHA-
IONEM B BY3HI; TAKOE HMIOXKEHHE 3aHANO Gonee 700 CrpapHI KHIK-
HOT'O TEKCTA. '

Haxonen, B 1999 r. H. E. Ky3smeako B B. B. Epemuany Opina
H3gaHa kxEwmra [3], npencrapasiomas coGoif Hambolsee mouHnIH Ha
CerOQEAIIHEANA NeHb 3aJA9HHEK [I0 XHAMHH AJA INKONLHHKOB H a0HTYpH-
€HTOB. 3aiavd COCTABJICHEL HO BCEM OCHOBHRIM pa3felaM IIKOJILHOH
OPOTPAMMEL, 2 TaXKe N0 BAXHEHANAM acnekTaM HpOrpaMMm ¢ XHMHH
U DOCTYHAalommXx B BeAymuae By3kl Poccrr. Ko BceM 3amagam gaHR
OTBETHI HITH yKa3aHed X petnenmo, a ¥ 300 THDOBRIM M 3K3aMeHa-
OEOHHLIM 33j1a9aM IpHBejieHkl NoapobHbIe peIenns.

MH Be cTaBHIE nmepex coOoil 3ajad9y NPHBOMHTE 3[ECh PE3Yiib-
TATH HAINETO aHAMH3A YIcOHLX mocoOmil, BEINCAIINAX B CBET B NOCHE-
gHee aecaTmaeTHE (CM., HAIPHEMED, KAHIA [4 — 7] B CIIHCKEe pEKOMEH-
JOBAHHOH JTATCpATYpHl). CraxeM TONBKO, 9TO, YIRTHBaA BCE BEILIC-
H3JIOXCHHOC, MBI NPHIILIH K yﬁememm B HBOGKDJIEMOC‘ITH CO3NaHA A
ydeGHOro mocoOmsi, COZEpXAmero KparTkse pa’hbucCHeHHS OCHOBHEIX
XHMPAYECKUX #BIeHWH, NOHATHE, 3aK0HOB H Teopmil. OTcIona Ea3Ba-
HA¢ KHATH — «KpaTEmi Kypc XEMHAY.

Takoe mpencTraBieHAEe MAaTEpHANI2 NO3BOJIKIO aBTOPAM NIPH pac-
CMOTPEEHH KOHKPETHRIX XHMHYECKHX COCIHHEHHH 4acTo mpocTo yka-
3KIBATH, K KAKOMY KJIacCy BEMIECTB OHH OTHOCHTCH, YTOORI CTAHOBH-
Jach NOESTHON 60NLmAas 9acTh HX CBO#CTB. OAHOBPEMHHO 3TO NAET
BO3MOXKHOCTE 0GpaTHTE ocob0¢ BHAMAEHE HA PEAKOHH, TOIEPKHBA-
IOIHMe HHHBHYaILHOCTH JAHHOTO BEINECTBA, HA PEaKIHH, EMEIOIIHE
6onpmoe mpakTRYccKoe 38adcHAe. [IpH 9TOM BHEMAaERE 3a0CTPACTCH,
K4aX NIpaBHNO, HA XAMH3IME NPOICCCOB, 4 HC HA HX TEXHOJIOTHH.
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OrMerEM Takxke, YTO OPH H3JOXKEBHH MATepHaia BO BTOPOM
(«Heopranpueckas XAMHEE») H TpeTheM («OpraEmveckas XHMHE»)
pasjenax mocobHs, Xak IpaBHIIO, YKE HE BBOASTCE HOBRE TEOPETH-
YecKHe OpeACTABICHHAS, 4 [AEIacTcs YIOp HA H3J0KEHHE HOBLIX XH-
MEYeCKAX (akTOB ¢ 00s3aTeNbHEIM MX OOBSCHEHAEM HAa OCHOBE
TEOPETHYECKAX MPeACTABJICHAR, H3IOXEHHLIX B NEPBOM pa3jele.
EcTecTBeHHO, IIPH CTOJIb KPATKOM H3M0XEHHH OCHOB IpeaMeTa MEI
NpoBeIH ONpeAcNeHHEH oTO0p Mareprana. B faHROM cliydae COWNH
nenecoo0pa3sHEMM OTKA3ATECE OT NPEACTARICHHS H PEIICHHA JHOOBIX
3a4a¥ N0 XHMEH, 06pasnu KOTOPHIX B NONHOH MEpE NPEACTABIIEHE
B IPEAIICCTRYIOIHAX H3fanmsx (HaopEMmep, [1 — 4]). Baxuo 3ame-
THATH, YTO HOCOOHE cOAepXHET no.upoﬁnuﬁ opesMeTHLIE YKA3ATENDb,
oGner-momnﬁ paboTty c KHHETOM.

Keuza nodzomosAena compyoHuKamu Xumuveckozo gaxyismema
Mockoackozo 2o0cydapcmaennozo yrsusepcumema um. M. B. JTomono-
cosa (npogpeccop H. E. Kysvmenko u doyenm B. B. Epemun) u Mo-
cxoscxoti meduyuncxoil akademuu um. H. M. Ceuernosa {(npogheccop,
arxademux PAO B. A. Honxos), I'n. 2— 4, 9, 11 — 16, 18 — 20
u 22 — 28 nanucanmt H. E. Kyssmenxo, 2a. 1, 21, 32 — 36 — B. B.
Epemunvim, 24. 10, 29 — 31 — B. A. Honkoevim,; 24. 5— 8 u 17
ranucanvl coemecmno H. E. Kyavmenxo u B. A. ITonkosvim.

AsnTopu OyayT HpHIBATE/ILHKI TATATENSM 33 NIO0OHE 3aMedanmd
u noxenannd. Haor aapec: 119899, Mocksa, B-234, BopobLesul ropu,
MI'V, xavmdecksi ¢paxymreT. C HaMA MOXHO CBA3ATHCH TAKKE 0O
JICKTpoHHOHA nowTe: kuzmenko@educ. chem. msu. ru e vadim@educ.
chem. msu. ru.

Asmopu



YACTbh 1
TEOPETUYECKAS XUMMA

Inasa 1
OCHOBHBIE ITOHATHA 1 3AKOHBI XM

§ 1.1. Ilpegmer XuMER

Xumag — oAHA H3 TpeX OCHOBHHIX Hayk O npupoae. dse apyrme
Hayku — ¢m3Eka B Omonormd. PasneEdHe MexQy 3THMH HAYKAMH
COCTORT B XapaxTepe H Macmrtabe H3ydacMBIX sBicHHH. B nprpoae
MOXHO BBIEIHTL 9eTHpe MacmrTaba (yposHS) npomeccos: 1) acr-
poHOMMYeckHii; 2) MAKPOCKONEYCCKAR {Mﬂp WeJIOBEKA H OKPYXAl0-
EX €ro Ten); 3) MEKpOCKONHYecKHH (aTOMHO-MOJEKYISpHLIA); 4)
YIbTPaMHEKPOCKOIIMECKAN (YPOBEHb CTPYKTYPH SNEMEHTAPHLIX 9a-

Pazmuusnie pazaens GHEIEKE HIYYAIOT NPONECCH H SBICHAN TPH-
POAKI HA BCEX 3THX YPOBHSX. BHOIIOrHS H3yuaeT MAKDOCKONHYECKHE
DpONecCH B XHBoH mpEpoae. IIpeaMer XHMUH — MpeBpalleHEs Be-
IIECTB HA MAKPOCKOIHYECKOM YPOBHE H AHATING 3TAX MPEBpAILCHHR
Ha aTOMHO-MOJEKYIIPHOM YPOBEE.

XoMNS — HAYKA O BEHIECTBAX, HX CTPOCHHH, CBOHCTBAX H mpeBpa-
IEHHWX.

B mmpoxoM cMmiclie, BemECTBO — 3TO M0OOH BHA MATEpHH,
obragarommii cOGCTBERROM MACCOR, HAPAMED 3JICMEHTAPHLIE YaCTH-
Hel. B xumua nomsTEe Bemecrsa Oonee y3koe, a HMEHHO: sewecm-
80 — 3mo A0BAR COBOKYRHOCMbL AMOMOE U MOAeKyA. YDOBEHb CO-
BpEMEHHOH XWMHEE TAKOB; YTO IO3BONYET H3YIATh NPEBPAMEHAS
OTACNLHBIX MOJIEKYN, HO3TOMY MOXHO CHHTATh, 4TO JaXe OA-
HA-CARHCTBEHEAA MOJIEKyJIa ofpa3yer BemecTBO, KoTOopoe ofmamaer
XEMHAIECKAMH CBOHCTBAMH H CNOCOOHO NPEBPAINATLCA B APYTHE Be-
INeCTBa.

IIpespamenss BemecTs, CONPOBOKTAIOIIEECS HIMCHEHNEM COCTABA
H CYPOCHNN BEINECTB, HAIHLBAITCH XHMHICCKEME PEAKTMAMN,

TpaganroHEAS XEMESA H3Y14€T PEAKIHHE, KOTOPLIE IPOHCXOAAT HA
MaKPOCKOIHYECKOM YpOBHE (B nabopaTopEm HIM B OKPYXRAIOINEM
MHpE), B HMTEPOPETHPYET HX H4 ATOMHO-MOJICKYIBIDHOM YPOBHE.
H3BecTro, HAOPEMED, YTO CEpa TOPHT Ha BO3Jyxe ronyOGeM miame-
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HEM, JaBad Pe3KHM 3amax. 1o — MaKpOCKOIHIECKOe asnedue. Ha
MOJIEKYNApPHOM YpPOBHE HOPOHCKOJHT B3aHMOACHCTBAES MONEKYN
O, ¢ MonexynaMs Cepsl Ha IOBEPXHOCTH PACIUIABICHHOM Cephl B 00-
pa3oBanAe MOJIeKyn SO,, IPH 3TOM 3NeKTPOHHAN IIOTHOCTD B MOJTe-
KyJlaX mepepacupenenseTca TAKHM 00pa3oM, 9T0 pa3pHBaIOTCS CBAZH
O — O uS— S u obpasyiorca HoBrIe cBa3H S — O. YacTs 3Hepran
XHMHYECKOH peakiid BRIJIEIMCTCA B BHAE DJIEKTPOMATHATHOTO H3IY-
9eHHS, KOTOpOe NPHRACT OBeT NuamMeHH. HaxoHen, omymeEHe pe3-
KOr0 3amaxa LOABIAeTCA 34 CYeT BlaamMoaeHcTBHA Monaexyn SO,
C OIpEIe/IeHHRME PENSnTOPAMH HAaINerc OpraHA3Ma. i
ABamA3 MAaKpOCKONHYECKHX NBJCHHA HAR MOJICKYIAPHOM YPOBHE
BO MHOrHX CHyJasSX CTHpaerT rpasb Mexny (H3AYECKAMH H XH-
. MHYeCKEMH sBHeEAAMH. CumTaeTcs, 9TO IpA (H3WYECKHX OpeBpa-
INEHHAX COCTAB BEIIECTBA COXpaHSETCA, & IPH XHMEYECKHX —— H3-
MeHseTcs. PaccMOTpHM, HAIpAMEDP, IPONece HCOAPCHHAS BOALL, KO-
TOPHI TPANEIHEOEHO CYMTaeTCH (HIAYeCKHM sBaeEHeM. [lelicTBH-
TENBHO, ¢ MAKPOCKOIHYECKOH TOYKH 3pEHHS COCTAB XHAKOCTH H Bapa
OHHHAKOB: YHCIC aTOMOB BOROPOJA H TaM, H TaM B ABa pa3a
.GolpIie 4HMCIAa ATOMOB KHCIOpoAaa. B To Xe Bpems, eclH pac-
CMATPHEBATL CTPOCHHE XHANKOCTH H Dapa Ea MOJCKYIAPHOM YDOBHE,
TO OHHM, KOHEYHO, OTNHYAIOTCH Hpyr oT Apyra. JJeACTBHTENLHO,
OPH HCOAPCHAH XHAKOH ‘BOAK IPOHCXOAHT PA3pPLB XEMHYECKHX
(BoAOPOAHEIX) CBA3CH MeXk Ay MONCKYIaMH, OSTOMY JaHHOE ABICHHE
MOXHO OTHECTE K XHMHICCKHM.
TaxuMm obpazoM, KnaccupmKanms OpEPOAHLIX SBICHAH 3aBHCHT
OT TOro, HACKOJBKO ACTAIBLHO MLl MX paccMaTpaBacM. MEorme
ABNCHAN naxon}rrca HA rpaHHNAX pa3jiena Hayk. _
XuMHS KK METOJ H3y4YeHAs CBOHCTB B CTPOEHNE BEIIECTB SBIIAET-
Cd YPEIBRMANHO MEOTOIPAHHOK Hayko#H, Ha cerofHAIIARN OCHL H3BE~
CTHO 0K0J0 18 MAH. OpPraHM4eckMX H OKOJIO HOJYMHLIMOHA BEOp-
TAHAYECKHX BEIECTB, OPHYSM KAXAOE B3 3THX BEECTB MOXET BCTY-
OaTh B [CCATKH Ppeakiui, M KaKZOC H3 HHX HMEST BHYTDPEHHES
CTpPOEHHE. DTH ABA ACHEKTA B3aHMOCBS3aBH. BHyTpeHBEe cTpoeHHe
onpenenseT XAMHYCCKHE CBOKCTBA; B CBOIO O4epe/b, IO XAMHAYECKAM
cBOECTBAM MB TACTO MOXEM CYAHTh O CTPOSHHH BEINECTBA.
CospeMcHHAA XEMHS HACTOJIGKO pa3goofpa3Ha kax mo o6bexTaM,
TaKk H OO METOJAaM HX ECCICAOBAHHMS, 9YTO MHOTHE €€ Ppa3lfelhl
OpeacTaBnAloT coGoll camocTosTesbHRle Haykd. CIIOXKHBIDEECH
B OPOLLUIOM BEKE NEJICHREC XHMHHM HA OPraHWYeCKYI0 H HEOpIraHWYEC-
KYIO CBA34HO C ABYMS OCHOBHBIMH KJJaCCAMM H3Y4AaCMELIX BEIICCTB.
BMecTe ¢ TeM KpyOHeHIIES pa3gens! XHMHA BO3JHHKIIH HAa TPAHHIAX
¢ ApyraMp HaykaMmBe. Tak, B3aEMOACHCTBHEE XEMHA H $HIEKH Jan0
cpaly xpe HAYKH: (DH3HYECKYI0O XAMHIO H XAMHAYeckylo ¢m3mky. Ofn-
HAM H3 NepeAOBHIX HANPABJICHAN XHMHH ¥BJIseTcE OHOXHMMEA — Ha-
yEKa, H3YYalOmAas# XHMHYECKHE OCHOBHRI XH3HH. COBpEMEHHAS XHMHS
caMhiM TECHRIM 00pa30M B3aEMOJCHCTBYET CO BCEMH APYTHEMH 00-
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JNacTAMH €CTeCTBO3BAHMS. «YHCTOE» XHMHH, H30]IHPOBAEHOH OT ApY-
rHEX HAYK, CETOJHE yXe He cymecTByeT. Hu oaHO cephesnoe XHMHYEC-
Koe mccaenopamme He obxommTca 6e3 HCIONB30BABAS (PHIHYECKHEX
METOAOB JUIA YCTAHOBJACHANA CTPYKTYPHL BEIIECTE H MATEMATHYECKHX
METOAOB IS AHAJIH3A Pe3YJIbTATOB. '

TeoperHveckHe OCHOBKI XHMMH COCTABIISIOT aTOMHO-MOIEKY/ISp-
Haf TEODHS, TCOPHSY CTPOCHHAS ATOMOB H MOJEKYJI, 32KOH COXPaHeHAS
MACCHL B SHEPTHH H HEPHOJMYECKAH 3aK0H.

§ 1.2. ATomMEO-MOIeXyISpHAN TEOpHN

ATOMEO-MOJIEKYIAPHAA TeOpdWs CTPOCHAS BEINECTB2 BO3HHKNA
B pe3yibTaTe NONBITOK YY€HHX PEIOINTh OBAa OCHOBHBIX Bompoca. 1)
W3 gero cocrosr BemecrBa? 2) Houemy Bemecrsa OHBAIOT pa3HRIMEA
H NoYemMy OJHH BEHIECTBA MOTYT IPEBPAIATLCH B Apyrae? OcHOBHLIE
OONOMCHAR ITOH TEOPHA MOXHO chopMmyndpopars ciaenyiommm o6-
pa3om:

1. Bee BemecTBa cocrosT 43 MOJEKysn. Monexyna — RamMeHkb-
mas 9ACTHNA BemecTBa, o6Jajaomas ero XHMHYECKHMH CBOMCT-
BaAMH. :

2. Monexysnl COCTOST H3 ATOMOB. ATOM — HaHMEHBIIAS JACTH-
Ia 3ICMCETa B XEMHYECKHX COSOHHCHHAX, Pa3HLIM 3/IEMEHETaM COOT-
BETCTBYIOT Pa3sHBIC ATOMEI.

3. IIpn xEMAYECKAX peaxmasX MOJIEKY/ILI OJfHHX BEMIECTB BPeBpa-
MAITCAd B MOJNEXYALl JPYrHX BEMECTB. ATOMBI IPH XHMHYECKHX
PCaKIHExX He H3MEHAITCA.

PaccMOTpEM KpaTKO HCTODHIO CO3JRHHA H DPA3BHTHE ATOM-
HO-MOJIEKYJISpHOH TEOpHH. '

AtoMu GoumH mpEaymassl B I'penea B V B. A0 H. 3. Pmnocod
Jlepkmun 3ajmancs BOOPOCOM, MOXKHO JH KaXAYIO YaCTh MATEPHH,
kakag Ob Manas oHa HE Onlna, pa3jenETh Ha eme Oonee MenkHe
yacTH. JIEBKEND CYMTAJ, YTO B PEIYJILTATE TAKOTO ACICHHS MOXHO
OONYYHTE EBacTONRKO MAJIYI0 4YACTHIY, 9TO AANbEEHMIEe AelcHAE
CTaHeT HEBOIMOXERM. Yiennk JleBkmnmna, dmriocod HeMokpHT Ha-
3BANT 3TH KPOIEYHLIC ACTHOR «aroMamm». OH CIHTAN, 4TO ATOMK
KaXAOro NEMEBTA HMEIOT 0cobrie pa3Mephl ¥ GOpMY H 9TO HMEHHO
3TEM OOBACEAIOTCH pa3iMvHA B CROMCTRAax 3IeMeHTOB. BemecTma,
KOTOpPHE MH BHIHM H OIMymaeM, OpeAcTaBagioT coboil coenunenns
ATOMOB PRIJIHYHKIX 3JIEMEHTOR, B, H3MECHAB IPAPOAY ITOI'O COCRUHE-
HHSA, MOXHO OJHO BEILIECTBO LPEBPATHTH B Apyroe. JeMOKpHT co3aal
aTOMHYIO TEOpHIO NIO4YTH B COBpEMEHHOM BHJe. Oapako 3Ta Te-
OpES — IHIb 1104 PHICCOMCKAX PAa3MBINIICHEHHA, HE DOATBEPKACH-
HBIA 3KCHEPHMERTAILHBIME HAOIIOICHAZMH,

IlepBrie¢ 3KCIEpAMCEETHI, HOATBEPXRAIONIAE ATOMEYH) HPHPOAY
BemecTea, Ore nposeaenkl mume B XVII B., korga Pobepr Boiinb
H 3aM MapROTT B ONKLITaX 0O CXATHIO BO3ZYXa YCTAHOBHIH, YT0 OpHA
OOCTOSHHOH TEMIEPATYPE BHIIOAHACTCH COOTHOIICHHAE!
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pV=const.

OOBSCHATE CEKATHE BO3AyXd MOXHO TOIBKOQ, €CTH OPH3HATE, YTO
OH COCTOHT M3 YaCTHI|, PA3fc/ICHHEX HYCTRIM LPOCTPAaHCTBOM. Cxa-
TEE BO3AyXa OOYCIOBICHO COMMKEEHEM aTOMOB H YMEHEINCHHEM
00BeMa nyCcTOro OpOCTPAaHCTBA.,

Ecnd ra3ssi cOCTOAT ¥3 OTACIBHBIX YACTHII, TO MOXHEC JOLYCTHTS,
9TO TBEpALIE BEHICCTBA A XHIKOCTH TOXE COCTOAT H3 ITHX JACTHII,
HOCKOJBKY TBEPALIE BEIIECTBA MOIYT OPEBPAINATHCE B KHIKOCTH,
a DOCIEKHAE — B Ta3EL, 3HAYHT, OHE COCTONT H3 OJUHAKOBLIX SACTHII,

Taxesm oOpa3oM, 3KCIIEPUMEHTHL Boiins 8 Maprorra moareep-
AHIH CYIMIECTBOBAHHE MeNbiYaidmmx yacTmn BemecTsa. Ocrasanocn
BHISICHATH; 9TO0 ¢O0O0#f IpeACTanNMoT 3TH YaCTHIEL

B T1evemme nocnepyrommx 150 11eT OCHOBHREIC YCHIIEA XHMHXOB
OnLLIM HampaBleHL Ha YCTAEORJICHHE COCTABA Pa3NHYHBLIX BEIIECTB.
BemecTpa, KOTOpEIE PA3NIATATACH Ha $olee DPOCTHIE BEMECTBA, Ohinn
Ha3BaHH «COCIHHCHHAMMY (CIOKHRIMH BELIECTBAME), HAPHAMEp BO-
I3, YIIEKBECIEIE ra3, xenesHad oxannsa. BemecrBa, KOTOphIE HENB3S
Jajee pPa3lioXKHTb, HAMLIBAMHCL (INEMCHTAMHE) (npoc'rmm BelecT-
BaMH), HAOPEMEP BOAOPOA, KACIOPOA, MEAB, 30JI0TO,

Pa3sATHE TEXHAKH KOJHYECTBCHHBIX H3IMEPEHHNE A METOJOB XBMH-
Y4ecKOrod AHAM3A HO3BOJNHNO ONPEXEINTH COOTHOINCHHE INICMEHTOB
B coeaunennsax. Opannysckuit xamuk K. IIpycr mocne TmaTensHBIX
3KCIEPEMCHTOB C PHAIOM BEIICCTB YCTAHOBHN 3aKOH NOCMORHCMISA
cocmasa, COTIACHO KOTOPOMY BCE COCMHEHHN COACPAKAT JiEMEHTHI
B CTPOrO OOpPEHENCHHRIX MACCOBBIX DPONOPIHSX, HE3ABHCHMO OT
coocoba mosydenms. Tax, Hanpumep, CEPHHECTHIA ras, HDOJTyYeHBENH
CXHTAHHEM CEPLI, HJIH JEHCTBAEM KECIOT Ha cym;dmrm, HIR IF00EM
apyram  cnocolom, Bcersia coaepXHT | MacCOByIO 9YacTh Cephl
¥ 1 MaccoBy10 acTh KHCJIOpPOZA.

Omnogexnt Ilpycra, (bpannyacmn xamuk K. bepromne, HanpoTas,
YTBEPXall, TTO COCTAB COSAHEEHHHA 3aBHCHT OT cmocofa Bx nomyde-
wAg. OH CUATaj, 9TO €C/IH B PEAaKnHH OBYX 3IEMEETOB OJHH B3 HEX
B3AT B OonbImoM H3IOKITKE, TO M B 00pazyiomeMcs COSAMHEHHH
MaccoBasd OOJI® FAHHOTO 37aeMenTa Oyaer 6omnwme. IIpycr, oxpako,
noxasan, 4ro bepronne nonydan ommbO4YHKIE Pe3yNbTATH H3-32
HETOYHOrO AHAJIA3Aa B HCOOJIL30BAHHR HEAOCTATOYHO YHCTHIX Be-
MECTB.

3akon [Ipycra Amen s XxaMEE DyEAaMeHTAIBHOE 3Havenne. O
OpHBEJI X MEICHE O cywecmeoaaruu moaexys. B camom pgene, moge-
My B CCPHACTOM ra3€ MacCOBO€ COOTHOMCHHE CEphl H KACIOpPOAA
BCErja OJHO H TO Xe? IJTOT pe3ylbTaT. Jerko OOBACEHTH, €CIH
OPeaONIOXHATL, 9TO ATOMEI CEphl COSTHHAIOTCH C OIPEACNeHHLIM
YHCIOM aTOMOB KHCIOpPOAa H 06pa3yloT 9acT#nsl CEPHECTOIO rasa
(7TH YacTHOEL B OBUIA BOOCIEACTBHA HA3BAHLI (MOJIEKYJIAME»), IPH-
yeMm obmas mMacca aTOMOB Cephl papHA 00med Macce aTOMOB KHCIIO-
poxa.
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A 9TO DpPOHCXOMHT, €CIH ABA 3JEMEHTa MOTYT 00pajoBhIBaTh
Mexay co0oH HECKONILKO COoeHHEeHRH? Anrnmickmid xavux Ox. Hda-
JBTOH OOKA3ad, YTO B 3TOM ClIy4ae HAa €JMHHLY MACCH OJHOrOo H3
3NEMEHTOB NPBEXOMATCH TAKME MACCH APYIoro 3JIEMEETA, XOTOPHE
OTHOCHTCH JPYT K JPYry KaK HeOonbmAe nemxe wmciaa. Tak, B ra3oo06-
PA3HBIX OKCHIAX 430Ta Ha COMEMIY MacChl KHCIOPOJA NpHXOASTCA
1,750, 0,875 = 0,438 MaccoBHIX “acTeil a30Ta cooTBeTCcTBEeHHO. OT-
HOIDeRHe 3ITHX wHcen pasno 1,750:0,875:0,438=4:2:1. 210 3KC-
OEPAMEHTAILHOES NPaBHiIo OBUIO HA3BAHO 3aKOHOM KPAMHMX Om-
Hovdenutl, :

3 3aKk0oRa KpaTHBIX OTHOIICERH CICAYET, YTO ATOMEI COEJAHIIOT-
CS B MOJCKYJIB, OPHYEM MOJCKYJH COAEpkaT HeOOonpmoe 9HCIO
aTomoB. 3MepeHHe MAacCOBOTO COACPXKAEHE IEMCHTOBR MO3BOJSET,
€ OFHOH CTOPOHK], OMpPEAEISTh MOJEKYJIApHEE HOpPMYIH coemmpe-
HAEH, a ¢ JApyrod CTOpPOHH — HAXOJHTh OTHOCHTEILHLIE MACCH
ATOMOB.

Haopamep, 1 Maccopas wacte BOOopoAa cocamHSeTcs ¢ 8 mac-
COBLIMH YAacTSMH KHC/IOpoAaa, obpasys Boxy. Ecim Monexyna BoIml
COCTOHT M3 ABYX aTOMOB BOJOpPOJA B OJHOFC aTOMA KHCIOPOLA,
TO 4TOM KHEClopoZa B 16 pa3 Toxenee aroma ogopona. Obparro,
€CIIM MKl 3HAEM, BanpHMep, 9TO aToM KHcjlopoma B 1,14 paia
TSKCIee, 4YeM AaTOM a3o0Ta, TO H3 COOTHOINCHAS MACC
m{N):m(0)=1,75 cneayeT, 9TO H2 OJTAH ATOM KACIOPOJa B IAHHOM
coemaresnd mpuxoyatTca 1,75°1,14=2 gpa atoma asorta, T. e. dop-
Myla coequreHAs — N,O.

Paccyxnas momoOmsM o6pa3loM, [lagbTOH COCTABAN LCPBYIO
B HCTOpHH Ta0mHIy aTOMHRX Macc 3neMeHTOB. K coxanenmto, oHa
0Ka3aJ1ack BO MHOTHX OTHOINIEHHAX HEBEpPHOH, NOCKOIBKY OpPH OIpe-
OElIeHHH aTOMHBIX Macc JaJIbTOH 49ACTO MCXOAHI H3 HEnpasHIIb-
HRX MOJCKyIapHbIX dopmyr. OH cidran, ITO aTOMK 3MCMEHTOB
mo4YTH Beeraa (3a PeAKEM HCKIIOYEHHEM) COCAHHSIOTCE HONAPHO.
®opmyna sBoaul no Hamsrony — HO. Kpome tore, Hanmeton 6nin
YBEPEH, ITO MOJIEKYJILI BCEX MPOCTHIX HEMIECTB COACPRAT N0 OAHOMY
aTOMY.

Ilpapannare hopMmyan BOAEI H MHOTHX APYTHX BEmecTs OwLIH
onpeneneEkl NPH HCCIEAOBAHMM XHMHYECKHX DEaklHii B rasonoil
thaze. ®pannysckmii xmmmx JK.-JI. Deii-Jlroccaxk oOBApyXHJI, 9YTO
o6BeMBI PeardpyIONEX ra3oB OTHOCHTCH APYr K APYry H K obseMam
ra3oo6pasHeIX OPOAYKTOB peakmWd Kak He(OJbINHE Nelkic THCIA.
Tax, HAIpEMEP, OAHH 0GHEM BOLOPO/IA pearnpyeT ¢ ONHEM 00BeMOM
XJIOpa H DONydYaloTCs gsa o6beMa XIOpPOBOAOPOIA. DTO IMIHpHYEC-
Koe npaBuio O6no omybnukosaso B 1808 r. B monyymwno HasBanme
FAKOHE O0BEMHBIX OMKOWLeHUL].

IToaMMHEELIA CMBICT 3TOFO 3aKOHA BBHISCHAIICH NOCIE OTKPBITHS
A. Aporaspo, KOTOpsIil DpeHOIOXKHI, YTO B PABHBIX 00BEMax JIHo-
OBIX ra’0B COJIEPKHTCH OJHHAKOBOC YHCIIO MOJIEKYI IIPE NOCTOAHHEIX
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reMIepaType H JaBJIeHHH. DTO O3HAYAET, 4TO BCE Taskl Benyr cebs
B HEKOTOPOM CMREICIIE OAMHAKOBO H 4TO O0BEM ra3a OpH 3afaHHKIX
YCIIOBHSX HC 34BHACHT OT XEMMYECKOH IIPHPOALI ra3a, a Ompesiengercs
TONBLKO THCIOM 9acTRL. Mamepas 0061eM, MOKHO ONpENeIHTh YHACIIO
qacTHO (ATOMOB K MOJIEKYIN) B razopoi daze.

AHaTH3EpPYH 00BEMHEEE COOTHOmERHs [ei-Tlroccaka B HCOONB3YA
CBOK THIIOTE3Y (XOTOPYIO BIOCIECACTBHE HA3BAM 3AKOHOM), ABOTaj-
PO YCTAHOBHI, Y3TO MOJICKYJIH ra3oo0pa3HKIX DPOCTHX BEILECTB (KHC-
JIOpOJa,.a30Ta, BOAOPOAA, X10Pa) ABYXaTOMHEL. [{cHCTBATENLHO, NpH
PEaKiEE BOJAOPOAA C XIOPOM 06HEM He HIMEHSETCH, CICIOBATEILHO,
9HCNO YACTHIL TAKke HE McHsfeTcHs. Ecnd npeanonoXHTh, 9TC BOJAO-
PO H XJIOP OAHOATOMHKI, TO 32 CYET PEAXIHE NPHCOSTRHEHMH 06BeM
JOIDEeH YMEHBIIHTLCA B OBa pasza. Ho pa3 obpeM He Mamennercs,
3HAYHT, MOJEKYJH BOAOpPOAA H XIOpa COAEpXaT IO ABa aToMma,
H peaxknds BAeT 00 YPABHEHUIO

H;+Cly;=2HCI

ABaIOTHIHO MOXHO YCTAHOBHTh Monexynxpme dopmMyInl BOJIEL,
aMMHAaKa, YIASKHCIIOro ra3a B APYraX BEINecTB.

Hpnnmm BHJ] ATOMHEO-MOJIEKYISpHAay TeopHs npuobpena no-
cne pabor Araneaeckoro xaMmeka C. Kammmnapo, xoTophli mpej-
JIOXMI] 3HAKOMKLE HAM ONPEJENCHHENY aTOMA B MOJEKYIhI (CM. HIDKE)
H BHEC HOJNHYI0 SCHOCTh B HOHSTHE «ATOMHEIN BeC»* H «MoOlleKy-
gapeeii Bec». B 1860 r. 8 r. Kapncpys (I'epmanus) cocrosica
ITepBriii MexxAYHAPOOHEIA XEMAYECKHY KOHIPECC, HA KOTOPOM OCHOB-
HEIC HONOXEHAR aTOMHO-MOJICKYIApHON TEOPHHA HOJYIEIR Beeobmee
OpH3BAHHAE,

Taxem 00pa3oM, B CO3JaAHHE ATOMHO-MOJIEKYIAPHOR TeOpHA MO-
XKHO BHACHATh TPH (YHAAMEHTANLHEIX 3TAOA: 1) POX/ICHHE HICH
o cymecTsoBanmr atoMoB (Jleskmmn m JeMOXpHT); 2) HepBOE 3KC-
NEPAMEHTANLHOS TMONTBEPKICHAC aTOMHOM TEOpHH B ONBITAX CO
CKATHIM BO3AyXoM (3akoH Boiing — MapuroTra); 3) OTEpHTHE BO3-
MOXHOCTH COENHHCHHZ ATOMOB B MOJEKYIIhl (3aKOE KPATHRIX OT-
HOmeHM#E [[2ibTOHA) B ycTaHOBIEHEE (POPMY] raioodpasHLIX mpo-
CTHIX BenlecTB (THOOTE3a ABOraapo).

§ 1.3. 3axon coxpann MACCH B JHepruy

OaHo H3 OCHOBHWX NOJIONKCHHH XdMHM — 3aKOH COXpaHEHHS
MACCH, OTKPAITHE KOTOPOro OOLIYHO OPHIHCHBAIOT ABYM BEITHKAM
xamuAKaM — M. B. JlomosOCcoBy 1 A. JI. Jlapyasse:

MACCA BCEX BEIIeCTB, BCTYNAIOMEX B XEME'MECKYIO PeaKIjio, panaa
Macce BCeX NMPOAYKTOB PeaKmmH.

*B pacTosmee BpeMs OOIMENpEBATOS OLPEIES/CHHE — ATOMHAS Macca H MOJe-
EYNSpHAE Maccd.
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On.ITH DO CXETAEHIO BEMIECTB, KOTOPHE OIPOBOJAIECH 10 JIomo-
HOCOBA, HABOJHUIIA HA MEICIE O TOM, YTO Macca BEIIECTB B MpONEcce
peaknus Be coxpassercs. [IpH HarpeBanss Ha BO3AYXe PTYTh OpEBpa-
majJachk B KpacCHYK OKAJIAHY, MACCa KOTOpO#H Onima GonpImIe MacCHl
metanna. Macca 30:sl, o6pasyromeiics upa CropaHHE Jepesa, Halpo-
THB, BCErJa MEHbIIe MACCHI HCXOAHOrO BEIISCTEA.

JlomoROCOB NpOBEN NPOCTOH OMBT, KOTOPLLA HOXA3AT, 9TO rope-
HME METa)Uia eCTh PeakuHs NPHCOSRWHEHHN, 4 YBEIMYEHHEe MAacCH
METAJIa HDPOHCXOJHT 32 CUYeT DPHCOSAWHCHHSA YacTH Bo3ayxa. O
OpOKaNHBaJ METAIUIH B 3aMAaAHHOM CTEKISHHOM COCyAE H OOHapy-
JXHII, YTO MAacca COCyAa HE H3IMCHAIACh, XOTH XHMHYECKAS peaknHs
nporcxonuma. ITocie TOro Kak cocyx 6BUT BCKPHT, TYAA YCTPEMILICS
BO3JyX, H Macca cocya ypelHiHBaJack. Takum oGpa3oM, OpE akky-
paTHOM H3MepeREH Macchl BCEX YIACTHEKOB DCAKIHH BEIACHACTCH,
YTO0 MAcca BEIECTB NPH XHMHYCCKOH PEAKIHA COXPAaHACTCH.

3aKOH COXpaHCHHS MACChI HMEA OrPOMHEHOE 3HAYCHHE U ATOM-
HO-MoJexynspEol Teoprd. OB HOATBEPAHI, 9TO ATOMK HBJIIOTCH
HeZEITHMBLIME H IIPH XHMHYCCKAX PEAKIAAX HE HIMEHRIOTCA. Moneky-
JIBL IIPA peaknun OOMEHHBAKOTCH aTOMaMH, HO ODINee IHCIIO ATOMOB
EKaXACT0 BHAA HE H3MEHHETCH, H DOITOMY 00mas Macca BemecTs
B IPONECCe PEaknHH COXPAHSCTCH.

3akoH coxpaHeHMs MAacCCHl SBJISETCS “aCTHHIM cliydaeM obmero
3aKOHA HIPHAPOALI — 3aKOHA COXPANEHUA 3Hep2uu, KOTOPhIE YTBEpPK-
JAeT, 4TO 3HEPrAf H3IOIHPOBAHHOH CHCTEMK DNOCTOSHHA. JHEp-
THA — 3TO MeEpa [JBIKCHHS H BIaMMONEHCTBHMN PA3JIHYIHLIX BHIOB
matepnau. [Ipn ;o6ex nponeccax B #30IEPOBAHHOH CHCTEME SHEPrHS
He OPOH3BCIHTCA M He YHHYITOXAETCH, OHA MOXCT TOILKC HEpPEeXo-
JETHL 63 oxHOH dopmul B Apyryio. Hanpamep, 5Heprusa anexTpomar-
HHTHOTO HW3iJIy4ePH#, JCHCTBYIOINEro Ha MOIEKYIY, MOXET IEepexo-
JATH B SHEPIHIO BpAmMATEILHOIC JBHKEHHS MOJEKYJIbl HIIH HOCTYHA-
TENBHOTO ABMKCHHS aTOMOB; HaPOTHB, SHEPrHA XAMHYECKOTO B3a-
HMOZCHCTBHA MOXET NEPEXOIUTHL B SHEPTHIO HINYICHHA.

Oneoil B3 ¢opM 3HEPrHA HBISCTCHE TAK HA3ZKBAEMAS JHCPrHA
OOXO0#, KOTOpas CBA34HA C MACCOH COOTHOIICHEEM D#HIMTEHRA

Ey=mgc?,

IJe ¢ — CKOpOCThb cBeTa B Bakyyme (c=3'10° m/c). D10 cooTHOmE-
HHE IIOKA3KBAET, 9T0 MACCA MOXKET NEPEX0OJ|TE B 3EEPIHI0, H Hao00-
poT. MIMeHHO 3TO M HPOHCXQAMT B peakiESX AACPHOTO JCICHHA
# ANEPEOro CHHTE34, B I03TOMY 3aK0H COXPaHCHMA MACCH B ACPHBIX
oponeccax Eapymaercs (cM. 1. 2), OgHAKO 3aKOH COXpPAaHGHAS JEEp-
FHH OCTA4ETCH COPaBE/JIMBHIM H- B ITOM CIIy4ae, €CIM YYMTHIBATH
3HEPrAI0 MOKOA.

B oDLMELX XAMHYECKHX PEAKIHAX H3MECHCHHE MACCH, BRI3BAHEOS
BLIIEJICHHEM HIIA HOTJIOMECHAECM 3HEPTHHA, O9€Hb MAJl0. DHEEpreTHYec-
xie apdexTH xXHMETECKAX peaknHi SKBEBAICHTHR H3MEHCHAIO MACCHL
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OoKos Ha senmamHy mopsaka 10~° r/mons. SIcHO, ¥TO Takoe manoe
H3MEHCERS MACCH HEBO3MOXHO 3aPErACTPHPOBATEL IKCIIEPHAMEETA Th-
HO, HO3TOMY B XHMHYECKHX peakinHsfXx 3aKOH COXPAHCHAS MACCh
IPAKTHYSCKE BCCTAA BhIIONHACTCH.

§ 1.4. Ilepronmvieckril 3aKon

VTIBepX&AcHHEE ATOMHO-MOJEKYISpHOR TEOpHH Ha pyOexe
XVIII — XIX BB. conpoBoXganocs GypHEIM POCTOM WACHa H3IBECT-
HBIX XHMHYCCKHX 3JEMEHTOB. Tolbko 33 nepsoe JecaTHneTae XIX B.
ObLm10 OTEPHITO 14 HOBRIX 37IEMEHTOB. PeKOpACMEHOM CPEqd HEPBOOT-
KpHBaTene# craj aprmaiackuid xamuk 1. J{3BH, XOTOpHIM 32 OAHH roj
¢ DOMOIIBIO EKTPOJIH3A TONYYHI [NECTh HOBRIX IPOCTHIX BEINECTB
(sarpmii, kanmii, Marewii, xaneomi, crposmmi, 6apuif). K (830 r.
YACTIO H3BECTHHX JJIEMEHTOB ACCTHIIO 35.

CyImecTBOBaHEE TAKOTO YHCIA SNEMEHTOB, BECHMA PA3IHOPOJHEIX
0O CBOHM CBOMCTBAM, 038a9HMBAJI0 XHMHKOB H TpeboBano ymopamo-
YeHHs H CHCTEMATH3AIHEHA HNemeaToB. OveHh MHOTHEE yICHLIE 3aHAMA-
JIHCh NOKCKAMH 3aKOBEOMEPHOCTEH B CIECKE 31IEMEHTOB H NO0HBaHCh
onpeaenegroro mporpecca. Ogaako Ha OAHH H3 HCCIeqoBaTenel He
CMOI' CO3JaTh €OMHYIO NECPHOAHYECKYIO CHCTEMY BCEX 3]IEMEHTOB,
MOCKOJILKY B OTKPEITHIX BMH 3aKOHOMEPBOCTAX MHOTHE 3JICMEHETH HE
HAXOJMIIA CBOECIO MecTa. HAKAXHMX Cephe3HLIX BHIBOAOB H3 CBOHX
EabJHoNeBEE THM YIeHHIM Takxke CAENATh He YAANoCh, XOTA OHH
9YBCTBOBAJH, 470 MBOTOIHCIICHEDBIC COOTHOMICHANA MCXAY ATOMHBIMA
MACCAMH 211€MEHTOB SBJIAIOTCH IPOSBICHHASMH KakKoro-to obmero
3aK0Ha.

J1oT OOmMiE 3aK0H OBLT OTKPHT pycckEM xEMEKOM [f. 1. Men-
geneepsiM B 1869 r. Megaenees chopMyNHpOBAT NEPHOAHYCCKHN
33X0H B BHAE CHEAYIOMHAX OCHOBHLIX IOJIOXECHHIA:

1. DneMeHTH, PACHONOXEHHHE OO BCIHIHEC ATOMHOM MACCH,
OPEACTABIMIGT SBCTBCHHYK) OEPHOAAYHOCTEL CBOBCTB.

2. Honxao OXHAATh OTEPHITEA €lf¢ MHOTHX HEH3BECTHRIX LpPO-
CTHIX Tell, HAOpHEMEpP, CXOZHEIX ¢ Al B Si 3IeMeHTOB ¢ aToMHOH
Maccoi 65 — 75.

3. BeqmuWHAa ATOMHOH MacChl JJIEMEHTA HEOTHA MOXET OHTL
HCHOpaBJICHA, €C/IM IHATH €r0 AHAJIOTHH.

4, HexoTOpHIE AHAJOTHH 3JEMEHTOB OTKPHBAIOTCH IO BEIHYHHE
MACCHI HX ATOMOB. -

ITepBoe nonoxerne 6LITO HABECTHO eme A0 MeHneneepa, OHAKO
HMEHHO MegeneeB OIpAAAT €My XapakTep BceoOmero 3akoHa, mpea-
CKa3aB HA €ro OCHOBE CYINECTBOBAHHE €INE HE OTKPHITRIX 2JIEMEHTOB,
H3IMCHAB ATOMHLIE MacChl PAAa 3JIEMEHTOB H PACIONOXKHUB HEKOTOPKIC
9eMEeHTH B TaOIHOEe BOOpPEKH HX aTOMHBIM MAaCCaM, HO B IOJHOM
COOTBETCTBHH C HX CBOHCTBaMH (rIaBHRIM 06pa3oM BalleHTHOCTEHIO).
IMonoxenus (2) — (4) OTKPHITH TOJLKO MeHneneeBhM H ABIAIOTCH
TIOTHYECKAMH CHCACTBHSMH H3 OEPHOAMYECKOrO 3akona. IIpaBmib-
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HOCTb 3THX CJICACTBHH, NOATBEPXAEHHAS MHOTAMM ONLITAMHA B Tede-
HHE NOCNETYIOIMHX JBYX JECHTHIETHH, IO3BOJIAIA TOBOPATE O IIEpH-
OIHYECKOM 3aKOHE KAK 0 CTPOTOM 3akoHe IpHpoAsl. TakuM o0pailomM,
rjaBEas 3aciyra Megjeneepa COCTOHT HE B TOM, 9TO OH OTKDALI
NEepHOTAYHOCTE CBOMCTB 3IEMEHTOB, a B TOM, 4T0 OH cka3an: «{lepn-
OJHYECKHH 3aK0H — BceoOmmid 3axon IIpEpOaED:.

BecpMa moydMTeNICH NPOLECC OTKPLITHA NEPHOAHIECKOrC 3aK0Ha.
Cam Menaenees pacckassBal 06 3tom tak: «HesosbBEO 3apoARNach
MBICIIE O TOM, YTO MEXAY MAaccOii M XHMHYECKEMH CBOHCTBAMH
Beobx0oaaMO nOIDKHA ORITH CBS3L. A TAK XAK Macca BEMIECTBA, XOTH
H He abCcoNIoTHAS, 4 THITL OTHOCHTE/LHAS, BRIPaXaeTCy OKOHYATE b-
HO B BAZIE MaCChl aTOMOB, TO HAJIO HCKATh (YHKIAOHATILHOE COOTBET-
CTBHE MEXJly HHIMBA/IyA/IbEAIMH CBOHCTBAMHA IEMEETOB H HX ATOM-
HeIME Maccamm. Hckate xe 9T0-mEfo, xor1s Ol rpuOn RAH Ka-
Ky10-HHOY/Ib 3aBHCHMOCTD, HENb34 HHAYE, KaK CMOTpPA B npobys. Bor
£ ¥ cTan noabHpaTh, HAIACAB HA OTAEILHEX KAPTOUKAX 3JIEMEHTHI
¢ HX ATOMHBIME M3aCCAME H KOPEHHBEIMH CBOHCTBAMH, CXOMHBIC 3JIE-
MEHTH H OJIH3KHE ATOMEBEIE MACCH, 9TO OLICTPO H IPHBENO K TOMY
3aKNIIOUCHHIO, YTO CBOMCTBA 3JIEMEETOB CTONT B IEPACAHYECKON 3aBH-
CHMOCTH OT HX ATOMHOIO BECa, IPHYEM, COMHEBAACh BO MHOTHX
HESCHOCTHX, 4 HA MHHYTH HE COMHEBAIICA B OOIMMBOCTH CACIAHHOTO
BHIBOJA, TAK K&K CIIy9aHHOCTh JOOYCTHTh ORLIO EEBOIMOXHOY.

B 1871 r. Bamto mepeoe m3gapme yaebmmxa Mepaeneesa «Oc-
HOBBI XHMHH», B KOTOPOM HIPHBE/EHA EPHOANTECKAE CHCTEMA B 3Ha-
KOMOM HaM KOPOTKOM BAPHAHTE, ¢ IPyNnaMn H neprofamm. Tam xe
DOABHIACH H3BecTHAA GOPMYJIHPOBKA NEPHOAHIECKOTO 3AKOHA:

PH3EIeCKEe B XEMEYCCKHE CBOHCTEA IEMEHTOB, OPONBINININECH
B CBOMCTBAX IPOCTHIX B (JIOKHEIX Tel, CTOST B OCPHOINYECKOR
3ABHCHMMOCTH OT HX 2TOMHO MacCHL

B pamxkax sayku xoEna XIX B. 060cHOBATH IEPHOJAYCCKHE 3aKOH
6sn0 Hepo3MoxHO. Cam Menaenees nacan B O49€peJHOM H3JAHHH
«OcHOR xEMER»: «[lepHOJAYECKAS H3MEHAEMOCTh IPOCTHX H CIOX-
HBIX T€JI NOAYHHACTCA HCKOTOPOMY BBICIIEMY 3aKOHY, IPHPOAY KOTO-
poro, a TeM Golce NpHYAHY €IMIE HET CPEACTBA OXBATHTL. Ilo Bcei
BEPOATHOCTH, OHA KPOCTCS B OCHOBHLIX HAYATIAX BEYTPCHHEH Mexa-
HHKH ATOMOB H 9JacTHI». OIIEMEHTHI KBAHTOBOH MEXAHEKH ATOMOB,
KOTOpad MO3BOJANA OOBACHATE HEPHOAMYHOCTS H3IMEHCHHS CBOHCTB
3AEMEHTOB, MBI H3J0XHM B Il 2.

PaccMoTpsM KpaTko CTPYKTYPY HEPHOIAYECKOH CACTEMEI 3NEMEH-
ToB. CymecTByeT ABA OCHOBHEIX BAPHAHTA H300paxeHWs MEpHOINH-
YECKOH CHCTEMBI: KODOTKEH BapuanT Gonee pacupocTpaseH B HammeH
CTpaHe, TOFAA KaK JIHEHBIH BAPHAHT YAlll¢ HCOONB3YETCH B 3amaf-
HEIX CTpAaHAXx.

B XOpOTKOM BapHaHTe NEPHOJHYECKAS CHCTEMA COCTOHT H3 CEMH
nepuonos (10 pamoB) B BockMH rpynn. IlepmoaoM Ha3nIBaeTCH Ha-
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HMeEHbINAsA NOCIEROBATENBHOCTh WICMEHTOB, HAUTHHAIOMAACS MEN0d-
HRIM METANNOM (MIH BOAOPOAOM) H 3aKAHYHBAIOMASNCH HECPTHLIM
rasom. ITepBhrd HEPHON CONEPXKHT 2 3jEMEHTA, BTOPOH B Tpe-
THI — no 8, serpepThIE B naTEH — N0 18, meécTol — 32 R ceapMoit
(neaancpmennuﬁ) — 26 37IeMeHTOB.

®dm3pveckoe 060CHOBANNE NEPHOARIECKOTO 3aKOHA H CTPYKTYPHI
OCPHOJHIECKOH CHCTEMBI C TOYKH 3pPCHHA 3NCKTPOEHOIC CTPOCHHS
aTOMA MBI JANEM B 1. 2.

- § 1.5. OcpoBHLIC IORSTHY XHMEN

ITocse xpaTEKOro 3KCKYpca B HCTOPMIO XHMUH MBI FOTOBLL K TOMY,
91068 ChOpMYIAPOBATE HEKOTOPHIC BAKHEIE IOHSTAH XHMMH.

Amom — 370 HAaEMEHBIIAA JACTHIIA 31EMEHTA B XHMHIECKHX CO-
emuEennsx [onpenenenue Kaunwmapo (1860)]. Coppemernoe onpene-
JIeHHe ATOMA YYHTHBEET €ro CTPOCHHE. '

Amom — 3TO MEETPOHEATPANLEAA JACTHIA, COCTOAIIAS H3 I0A0-
XHTeIHHO 3aPKEHEOrO AApa H OTPHNATEILHO 3APAKECHHBIX 3JIEKTPO-
HOB. YacTAna, coCTOfIaR M3 SApa H 3IEKTPOEOB H AMEIOMAs 3apsam,
HA3BKIBACTCH ATOMHEIM HOHOM.

Xumuvecxuii snemenm — 310 BAJ aTOMOB C ONpeleNcHHLIM 3a-
pgaoM aapa. Hanpmmep, snemMeAT KHCIOpPOX BKIIOUaeT atomm O,
BXOJMIHEE B cocTaB MoORIX kuciaoposunx coepunenni (CuSO,, CO,,
O, 5 T. A.). B HacToAmee BpeMsu AOCTOBEPHC H3BeCTHHI 112 anemen-
TOB,

Ilocnemanre Tpu emenTa G monyveHH B 1994 — 1996 1. Ha ycxopaTene
TEReAHX HoHOB B I. JlapMmranre (TepMaRHS) B KOJHYECTBE BCETO JINIID ONHOTO, TPEX
H OJHOTO 4TOMOB cooTBercrseEno! Hopwe nemeHTH ofpajosamecs npe GombGap-
IEpPOBEE HOEAMHE CBHHIOOBOH B BHECMYTOBOH MMINeHEeH B DEIYIBTATE CASHYIOIEX
pe

SN+ 20%Pb — $55Uun+ 31
SaNi+33%Bi —» 1]jUvu+n
1270+ 240 — [JUnb -1

(camBom Uun, Uuu, Uub 0603029a50T BAIBAHAN 3IEMEHTOB IO HOMeHKTATYDE
MIOTIAK: 110 — yayeamamit Uun (T. e. OJMH-OXHH- HOMb), 111 — ymymymmit Uuu
(omEB-omuE-01uA), 112 — yayebmi Uub (oaws-ogas-18a)).

ATOMLI XAMHYECKHX JIEMCHTOB B3aHMOACHCTBYIOT JPYT C Ipy-
roM g o6pasyoT Monexynu. Moexyaa — 3TO HAEMEHbINAS YACTHIA
BemecTBa, oOnajalomas ero xuMHEYECKHMHE CBOMCTBaME [oupenene-
mne Kanrunapo (1860)].

C coBpeMEBHOM TOYKH 3PEHHS MOAEKYAd — ITO HAUMEHBIIAN Jie-
KTPOHEHTpalbHAA 3aMKHYTasg COBOKYIHOCTL ATOMOB, 00pa3yromux
ONpPedcTICHHYIO0 CTPYKTYPY C HOMOINBH) XHMHYECKHX cBm3eH. Cnoro
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«3aMKHYTas» B JAHHOM OMOpe/Ic/ICHHH O3HAYAET, ITO ATOME B MOJIE-
Kyle B3apMOAeHCTBYIOT Ipyr C ApPYroM H He B3aHEMOACHCTBYIOT
C aroMama ApyrEx Moiexysa. CmcTemMa B3aHMOJACECTBYIOIMAX
ATOMOB, AMEIOINAY 3aPAl, HA3KBACTCH MOICKYJISPHEIM HOHOM.

HBaupnya mbERIE MOTIEKYIIEL CYINECTBYIOT TOJIBKO B ra3osoi ¢a-
3e. Hanpamep, napul Boanr coctosaTr #3 Mojekyn H,O, kotopeie
OT/CNIEHEL APYr OT APYFra 3HAYATENHLHARIMH PACCTOSHASMHA H XAMHEMEC-
KH HE B3aHMOJAeHCTBYIOT. B Xmakcili Bome WM BO JbIy MERIY
monexynama H,O o6pasyioTcs BogopoOAHLIE CBA3H, KOTOPHIE CBA3H-
BaloT HX B arperatel. [losromy dactEma H,O yxe Be apusercs
3aMKHYTOH CHCTEMOH H He MOXET CIHTaTLCA MONEKyJI0d (Hoapobaee
00 arperaTHBRIX COCTOSHHSX CM. IT1. 4).

Bewecmso — 310 JBOGAR COBOKYIMHOCTH aTOMOB H MOISKYJ. Be-
IMecTBA ORIBAIOT HPOCTHIE H CIOXHLIE. B COCTaB DPOCTHX BENIECTRB
BXOIAT aTOMEI TOINLKO OFEOro JiemeHTa. ClIOXHLIE BelleCTBA, HIIH
XHMHMYECKHE COSAMHECHAS, COOSPKAT ATOME HECKOILKHX 3IEMEBTOB.

Odenr BaXHO pa3THYATh UOHNTHA «XHMHYCCKHHA 3neMEET»
H «mpocroe Bemecrso». Hanpemep, yriepol Kak OpOCTOE BEWIECTBO
XapaKTEPH3YETCA ONpPEJENICHEBIME (QHIHYECKHMH H XHMHYCCKHMH
cpolicTBaMm. YTrepos XaK XAMHYECKHH 2JieMEHT — 3T0 IPOCTO BAM
ATOMOB C 3apagoM sapa +6, KOTOpHIE MOryT BXOJHTbL B COCTaB
OpPOCTHX BemecTe (rpaddr, ayiMa3 H Ap.) HIH CIOKHHX BEIIECTB
(conma, yrnexucieIi ras, yKcycEas KECJIOTAa).

Muorre aneMeAETH 00pa3yl0T HECKOILEO ODPOCTHIX BEHICCTB, pas-
JIAYAIOTEXCE COCTABOM HJIH CTPOEHHEM. JTO SBJICHHC HA3RIBAETCH
AJUIOTPOLHEH, a COOTBETCTBYIOIIAE OPOCTHIC BEMIECTBA — d440Mpon-
HblMu Moduguxayussmu 31eMeaTa. B xadecTBe mpaMepa MOXKEO IIPH-
BECTH JICMEHT KHCJIOPOX, KOTOPHI HMeeT ABE AJIOTPONMKE MOJH-
tuxam — xucnopon O, B 0308 O, H 3NEMEET YTIEPOA, KOTOPLIH
ofpasyer 9eTmIpe OpPOCTHIX BEINecTBa — auma3s, rpagnr, xapOEE
B dynneper Cg. :

CoBpeMEHELE XAMHYECKHE CHMBOJLI BBE/l INBCACKANM XHMHK

. Bepnemayc, xoToprid mpeioxmn 0603HAYATE INEMEHT NEpBOH
6yksoili ero narmmckoro Ha3pamEmWa. Ecnm sta GyxBa yxe 3amaTa
JPYTEM 3JIEMeHTOM, TO Aobasiserca sropas Oykea. Tak, yriepox,
H3BECTHEIN YEIOBEKY C HE3aNAMATHRIX BpeMcH, o0o3Havaerca GykBoH
C (Carboneum), a Kaqboui# H XJOp, OTKPHITHIE HAMHOIO UO-
axe,— nayma Syxpamm, Ca (Calcium) m Cl (Chlorum) coorser-
CTBEHHO,

CocraB xeEMHYECKHX COCOMHERHH 0G03BAYAETCA ¢ MOMOMBIO XH-
mE9ecKEX GopMyTl, KOTOPEIE COCTOST H3 CEMBOJIOB 3JIEMEHTOB R N0A-
CTPOYHLIX HHAEKCOB, YKA3HIBAIOIIEX YACIO ATOMOB JAHHOIO 37IEMEH-
T4 B COCTABE MOJEKYJIHl. XmMmueckue GopMyNH razoobpassnix pe-
IIECTB OTPAXAIOT cocTaB Mosekyns (anpamep, H,, N,, COCl,, Oy),
a GopMyIIH TBEpABLIX B XHJKAX BCIMIECTB, KAK MPABHIIO, ONHCLIBAKOT
opocTeiiinee cooTHOMEHHE Yucaa aromoB anemerTos (CaS, C, H,0),
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IOCKONLKY AJIS TAKEX BEMECTB NOHSTHE MOJIEKY/H SBISCTCS HEON-
penereHEREM. POPMYILI, OTPAXAIOIMAE COCTAR MOJCKY], HA3KBAIOT
MOAEKYARPHUIMU {UCMUKHBIMU), & OpOCTeiimiee COOTHOIMCHEE YHCIA
ATOMOB — IMRUPUNECKUMY IR npocmetiuumy. Tax, HALpAMeEp, Ic-
POXCHJ BOAOPOJA, B COCTAB MOJEKYJIL KOTOPOro BXOAST ABA aTOMa
BOAOPOAA M JBA aTOMA KHCIOPOAQ, OIHCHIBAETCS MOMEXYIAPHOH
dopmyno#i H,O, m npocreiimeii dpopmynoit HO, o3mawaromeii, 910
4HCIIAa RTOMOB BOJIOPOAA H KHCTIOpoAa B moGoMm ofpasne nepokcuia
BOAOPOAA OXHHAKOBEI.

Mouexybl MOXHO H306paxaTh Takke C HOMOMBIO CTPYKTYPHBIX
(2papuvecxux) GopMyn, KOTOpPHE OTPAXAIOT NOPAIOK CoeduHeHun
amomos 8 moAeKyae C yIETOM KPATHOCTH CBS3EH.

CrpykrypHnie dopMyIhl OOLMEO He OTPAXKAXOT HCTHHHEIE YTIBI
MEXAY CBA3SMHA H PACCTOSHHS MexAay aromamu. Hampamep, cTpyk-
TypHas popMyia nponana, KOTOPYH OGRMHO 3aDMCHBAIOT B BHAE

CH, — CH; — CH;,

HOXa3LIBAET TOJIbKO TO, 970 BCE CBI3H YIAIEPOJ — YIIEPOA B MOJIEKY-
ne ommEapEeie. OmEaxo yron Mexay cBassva C — C, xoTophii
B AaHEOH dopMmyne BRTIaaMT paBHLIM 180°, Ea caMoM neiic paBeH
109,5°. IToaroMYy BYXHO BMCTh B BHAY, 9T0 CIPYETYPHEIE QOpPMYJIEL
HE BCEFI&, 4 JOCTATOYHO PEAKO OTPAXAIOT FeOMETPHIECKYIO CTPYK-

TYPY MOIERYIEL

IIpespameHns BemiecTs, CONPOBOKAAIOMEECH HIMEHEHHEM MX CO-
cTasa m (R/H) CTPOCHHY, HA3LIBAIOTCH XHMETECKEME PeAKIHIMM.

HanGonee xapaxTepHble NPA3HAKE XHMHYCCKOM peaknEH: BRIAETIC-
HHE rasa, oGpa3oBaHAe 0cajika, H3MEHEHAE OKPACKH, BLIACICHHE HIH
HNOTJIOMCHAE TEIIOTHI. Boiee AeTambEC OCOGEHHOCTH NPOTEKAHHA
XHMHYCCKAX PEaKmuil paccMOTpeHsl B 1. 10.

Ilpr xEMHYECKHX pPEAKIHAX AOpa aTOMOB OCTAIOTCS HEH3MCH-
HEIME H 4MCIO ATOMOB KAXKAOr0 IEMEHTA COXpangeTca. XEMHATECKAES
PCAKIAH 3a0HCLIBAIOTCH IOCPE/ICTBOM XUMUYECKUX YPasHEHuil u cXeM,
COASPXKAIMX MOJEKYIapHLse (POPMYIL BCXOAHHX BEMECTB M HpO-
OYKTOB peaknu. B xmMmdeckux ypaBHEHHSX, B OTJIHIHE OT CXEM,
YHCIIO ATOMOB KaXJOro 3NEMEHTAa OJHHAKOBO B JIEBOH H npanoﬁ
4acTAX, YTC OTPAXKAECT 3aKOH COXpaECHHA Macchl. Tak, HapEMEp,
OKHCIIEHHE TOJIyolla B GeH30MHYI0 KHCIOTY MOKHO OIHCATH CXEMOH,
OTpaxkarmel OCHOBHLIC PEAreHTH (HCXOAHLIE BEINeCTBA) U NPOXYKTH
peaxnuy;

¢ [0]
sHsCH;3 ——s CgH;COOH

HIE ypaBHEHHCM, OIHCHIBAIOIMM OTHOLNEHHS KOJHMYECTB pearapy-
IOMHX BEINECTB. YPABHCHHC PCAKiHH OKHCICHHS TONYO0JIa KHCIILIM
PaCTBOPOM NEPMAHTAHATA KATTHA:
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5CgH sCH 3+ 6KMnO; + 9H;S0, = SCgH sCOOH +3K7804 + SMnSO4 + 14H,0

O3BA4aeT, YTO JUIS OKHCIICHHS 5 MOJEKyl TONyola HeoOxoaumml
6 Mojekysll HepMAHraHATA KaNHfs B 9 MONEKyd CepHOH KHCIOTHL.
KosbdmmenTn nepen dopMynaMm BemecTB B XHMHICCKHX YpaBHE-
HHESX HA3KBAIOT CMeXuoMempudeckumu Koadguyuermanu.

Macchr ATOMOB H MOJIEKYJI O9€EL MAJIKI, NO3TOMY AJiS HX H3Mepe-
HEs yao6H0 BHOpaTh Maccy OJHOIO H3 2TOMOB 33 €MHHIY H BhIpa-
¥ATH MACCHI OCTAILHRIX 2TOMOB OTHOCHTENBLHO Hee, MIMEHHO Tak
H IOCTYNAN OCHOBODONOXKHEAK aTOMEOM TeopHA Jx. HaneToR, KOTO-
puI#i cocraBal TAGMHIDY aTOMHLIX MACC, IPHESB MAcCy aTOMa BOJO-
poAa 3a e HHALY.

B Bacrosmee BpeMs B (PH3HKE B XHMHH IPHHSTA CHCTEMA H3MEpe-
HHS, OCHOBaHHAS HAa Macce aToOMa yriepoja. ATOMEAaS CIHHHLA
Maccn paBEa 1/12 Maccu aToma m3otoma yriepoaa 12C

1 aem =1/12 m(2C)=1,66057- 103" s =1,66057 10~ ** 1.

Omrocumesvran amomuan macca sremenma (00o3nagaercs 4,) —
sT0 GespasMepEag BeNHYMHA, paBEAd OTHOICHHIO CPENHCH MACChH
aToMa 37emenTa k 1/12 Macck atoma 12C, [Ipa paciere OTHOCHTEND-
HOM aTOMHOB MACCH YIATHBARETCH PACOPOCTPAHCEHOCTh H3IOTOHOB
3NeMEHTOB B 3eMuOfi kope. Hanpmmep, xnop EMeeT ABa H30TONA:
35C1 (75,5%) B 37Cl (24,5%). OTBOcHTENbHAS ATOMHAA MACCA XJIOpA

pasEa

0,755 - m(33C1)+0,245 -m (*'Cl)

4(Ch= 1/12m (1C)

35,5

W3 onpenenenns OTEOCHTENbHOH ATOMHOH MAcChl CIEAyeT, 4TO
cpemasis aGcoroTHAA Macca aTOMa paBHA OTHOCHTEIBHOM ATOMHOM
Macce, YMEOXKEHHOK Ha 1 a.e.M.:

m(Cl)=35,5-1,66057 10" 24=5,89-10"2* 1.

OmuocumensHan MOAEKYARDHGA Maccad eeujecmsa (0603HavaeTCH
M} — 3710 6e3pa3MepHad BeIAYAHA, paBHAS OTHOHICHMIO MACCH MO-

nexynsl Bemectea K 1/12 macent atoma 2C. OTHOCHTE/-HAS MOJIEKY-
nspHAs Macca paBHA CyMMe OTHOCHTEIIBHRIX MACC ATOMOB, BXORSITEX
B COCTAaB MOJIEKYIbl, HAPHMED:

M, (N,0)=2" A, (N)+ 4; (0) =2~ 14,0067 + 15,9994 =44,0128.

AfGcomoTHas Macca MOJEKYJIRl PABHA OTHOCHTE/IBLHOH MOIEKynap-
HOH Macce, YMHOKCHHOM Ha 4.€.M.

YHCcno aTOMOB M MOJIEKYJ B OGLMHEEIX 06pa3nax BeIecTs OvYeHb
'BEIIMKO, O3TOMY IIPH X2PAKTEPHCTHKE KOJHYCCTBA BEMECTEA HCIIONIb-
3YIOT COCOHEALHYIO ¢OHHALY HIMEPEHES — MOJb.
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Moas — 3TO KONHYECTBO BEMIECTBA, KOTOPOE COACPIKHAT CTONBKO
ke 4acTay (MOJCKYJ, aTOMOB, HOHOB, anex'lponon), CKOJILKO 8TOMOB
yrnepoaa cogepxrrcs B 12 r maorona *2C. Macca oasoro aToma 12C
pasea 12 a.e.m. 5110 OHIpPElE/ICHAIO 4.6.M.), IO3TOMY 9YACIO ATOMOB

-8 12 r moTona ‘*C pasro:

Na=12 r/(12°1,66057 10~ 2% r)=1/1,66057 10~ 24=6,0221 - 10?3,

Taxum o6pa3oM, OJEH MOJb BEIIECTB2 CONeP]HT 6,0221-10% y
CTHII 3TOTO BEIECTBA.

dn3pyecKkas BeNHYEHA N, HA3LBAeTCA nNocmorRuHoii Asozadpo
(npyroe HazpaEHEEe — IHCIO ABOrazip0) H HMEET Pa3sMEPHOCTE [N,]=
=MOIb .

Monsprasg Macca (o6o38agaeTcs M) — 3To Macca OAHOTO MOJIR
BemecTBa. JIErKo mOKA3aTh, 9T0 YHCIOBHIC 3HAYCHAA MOIMPECH Mac-
¢bl M H OTEOCHTERBHOH MOJEKYIApHO# Macchl M, paBHEI, OIHAKO
IEpPBasd BEMHIAHA HMCET pasMEpHOCTL [M]=r/mons, a BTOpas 6e3-
pa3MepEa: '

2 M=Np m(monexymu) =Np ' M;'1 aem. =(Ny'1aem) M=M,

3T0 03HAUAET, YTO ECAH MAacca HEKOTOPOE MOJIEKYIhl paBHa,
HAUpEMEp 44 4.e.M., TO MACCA OFHEOTO MOJS MONEKY: pansa 44 r.

Umcno moseil Bemectsa (v), coaepxameecs B oGpasmne Maccoif
m (1), onpenensercs no opMye

ve=miM.

Ecim o6pazen conepxaT N 9aCTHI[ BEMIECTBA, TO KOJHYECTBO BEIIECT-
Ba (B MOXINX) B 5TOM o0pasne MOXHO OOpeneiMTh N0 Hopmye

v=N/Na.

§ 1.6. CrexmomeTpaecKHe COOTHONICHRS B XHMER

CrexaoMeTpHEA — pa3ge]l XEMHH, H3y4aronmit o6xeMune B Mac-
COBLIC COOTHOINEHWS MEXEIy PearHpyIOIIHMH BemecTBamA. Macch
BEIIECTB, BCTYNHBIIAX B PEAKHHIO, ONPEAEISIOTCS YPABHEHHEM 3TOM
peaxnua. PacCMOTpHM B K249€CTBE IPEMEPA PeakIHIO CTOPAaHAA CYJlb-
duma xenesa (I1):

4FeS + 702 =2Fe;0;+480,

VpaBresye peakui rOBOPHT O TOM, YTO A8 CKHraHmEs 4 Moie-
kyi FeS peo6xoaumo 7 monexyn O, B B pe3ybTaTe peaknun o6pa3y-
1oTca 2 Monekynnl Fe,0, v 4 monexkynu SO,. ECIH YBEHYATE 9HCIO
monexyn FeS B x pa3, To B 1MCI0 OCTANLHEIX MOJIEKYJ TOXE ynem
YATCA B TAKOE Xe YHCIO pas:

N(FeS)=4x, N(Oy)=Tx, N(FeyO)=2x, N(SO;)=4x.
18



Ecnn B xavecTse x B3ATH NOCTOSHRYIO ABOragpo N, TO ypaBHEHHE
pCAXTIAA MOKHO HHTEPIPETHPOBATE CIEAYIOMEM 00pa3omM: AiIs CXH-
ranmn 4 Mok FeS Beobxomamo 7 mois Oy, B pe3ylbTaTe peakmm
obpasyrorcg 2 mons Fe,0; a1 4 Mmoms SO;. TagkeMm 06pa3aoM, HOCTOAE-
Hag ABoragpo sBisercs K03hHIMEHTOM NpPONOPIAOHANBHOCTH,
ofecneqrBaloNAM DEPEXO OT MONEKYISPHEIX COOTHOMEHHN K MO-
napHEBIM. Bee yTBepRISHHS OTHOCHTENFHO MOJIEKYJI OCTaIOTCA CIpa-
BeJ:lJI)HBbIM Ang Moned (IpE 3aMeHe, B CIy4ae HeOOXOHMOCTH, 2.6.M.
Ha r).

Omuocumeavrbie KOJIAMECTEA MOJIEKY]I, YIACTBYIONIHX B PCAKIHH,
HE 3aBHCAT OT TACIA X:

N(FeS): N(O;): N (Fez05): N(SO;) =4:7:2:4.

JleBylo 4¥acTh 3TOrC PaBeECTBA MOXHO HOAENAEThH HA MNOCTOSHEYIO
Asoranpo:

N(FeS) N(O) N(Fes0q) N(SOy)

Na Na Na Na

H 3aIHCATHL Y¢PE3 KOJMYECTBA BEIecTB (B MOINX):
v(FeS):v(0y):v(FeyCy): v{80)=4:7:2:4,

Tem caMiiM MB BHBENH A9 AAHHOM peakIMH OCHOBHOE 3aKOH
XHEMHIECKOH CTEXHOMETpHH:

OTHOICHEE KOJHYECTS DPearspyloEX BeiecTB (B MOINX) pPABHO
OTHOHICHNIO COOTBETCTBYIOIHMX K03pdurmedTOB B YPABHEHEN pe-
AKIME.

3Has Maccy OQHOrO M3 YY4CTHHKOB PEakIHH, MOXKHO HAWTH ero
xonEdecTBO N0 dopMyne v=m/M, 3aTeM OO OCHOBHOMY 32KOHY
CTEXHOMETPHHA HAHTH KOJHYCCTBA OCTAJILHEIX BEIMIECTB H HX MACCHI
{m=v M). BemecrBo, mo Macce KOTOpPOTC HAXOU®T MACCH APYTHX
YYaCTHHKOB PEakiUH, HHOT3 HA3KBAIOT ONOPHBIM BEMECTBOM.
JAHHI MAcCH HECKOJIbKHX PeareHTOB, TO Pacder Macc ocTa-
IBHBIX BEIECTB BERYT IO TOMy K3 BEINECTB, KOTOPOe HAXONHTCH
B Hedocmamke, T. €. IEPBLIM 3aKaHYABaeTCA B peaxnuE. Kommiecrsa
BEINECTB, KOTOPhIE TOYHO COOTBETCTBYIOT YPABHEHHIO PCAKIHHM, HA-
JBIBANOT CMIEXUOMEMPUNECKUMU KOAUYeCTmEaMu.

=4:7:2:4

§ 1.7. I'ayopnie 3aK0BLI

H3ygenne cpoiictB ra3000pa3sHEIX BEMIECTB H XHMHAYECKHX peak-
UEii C YIACTHEM ra3oB CHIPAJIO HACTONBKO BAXHYIO POJb B CTAHOBIIE-
HHA aTOMHO-MOJIEKYASPHOH TEOpPHH, YTO I'a30BHIE 3AKOHK! 3aCITyXKH-
BaIOT COGLHATLHOTO PACCMOTPEHES. B JaHHOM pa3fiene MEl H3YIHM
33KOHH .NOBEJICHAS HealbHBIX Ia30B, MOJICKYJI KOTOPHIX HE B3a-
HMOAEHACTBYIOT APYT C JPYFOM.
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CocrosHEe BACANLHOTO Ia3a 3afaHHOR MAacChl XapaKTePHIYSTCH
TpeMA DapaMeTPaMB: JaBICHEEM p, o6beMoM V B TemmepaTypoi T.
Mexay >TAME BEIHTHHAMME Gwm 3KCOCPEMEHTAIIEEO YCTAHOBJICHR
CIEyIOMHEE COOTHOIMICHHS:

i. IIpn DOCTOSHHOH TeMIepaType

pl Vi=p:i V3, B szeonst (3axon Boibm Mapnom)
2. IIpE DocTOSEROM ,uannem
Vi/T| = ¥»/T;, ana V/T=const (3axon Ted-Jlioccasa).
3. IIpk nocrosEEOM 00BEME
n/Ty=ps/T>, vma p{T=const (3.8103 Mlapmnx).

OTH TpH 3aK0HA MOXHO OGBEIHHETL, B OJAH YHHBEDCATHHEIA
rasoBREIA 3aKOH:

P1V1/Ti=p2Vo/Ts, mm pV/T=const.

3HavYeHEe NOCTOSHHOA B YPUBHEHHH 3aBACHT TOJIBKO OT KOIHYECT-
Ba BemecTBa rasa. Jlnsd ogHOro Moid rasa DOCTOSHHAS HA3KBACTCH
yHusepcaavnoil 2az080i nocmosunoii B 06o3nataeTca Oyxsoi R:

-pV=RT,
rae '

_R=8,314 JIx/(Moms* K)=0,0821 x1-arm/(momm* K).

Js OpoH3BOJILEOIG KONHTECTRA ra3a v DPABYIO TaCTh ITOT0 ypaBHe-
HWS HAJI0O YMHOXHTH HA V!

pV=vRT,

M, HAKOHen, NOACTAaBINA B 3TO YPABHCHME BLIDAKEHHE JJIf
uucna MoneH, Eaxomam BamGonee obiee ypaBHEHHE COCTOSHHSA
HACANTBHOIO ra3a;

PV=(m/M)RT,

KOTOpot HA3BBAacTCH ypasHenuem Kaaneiipona — Mendeaeesa. 310
ypaBHEHHE COPABEIRBO AJIA BCEX Ia30B B MOOKIX KONHYECTBAX B N8
Bcex 3HaYeHd# p, ¥V B T, OpH XOTOPHIX rassl MOXHO CYATATH HAEAITb-
HBLIMH.,

PaccMOTpEM HEKOTOpHIE CICOCTBHA H3 YypaBH¢EHA Knamei-
poEa — Menneneesa.

Hopmanvtpimu ycaosussmu (COKPAIICHEO H.y.) JUIA Ta30B CYATAIOT-
cd gapacHEe po=1 atmM=101,325 xITa u Temmeparypa T;=273,15 K=

=0 °C. Hadigem o65eM 0gHOTO MOM4 ra3a OpH H.Y.:
Vm= RTy/po=8,314273,15/101,325=22,413 1.

VYpapseHRe Knanefipora — Men,ueneena DO3BOJIAET HAUTH KO-
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JIHIECTBO BEINECTBA ra3a Mo ero obnemy. IIpH HOPMAanBHEIX YCHO-
BHAX

y=V[Vp=V/22,413 1.

IIpn DpoR3BONLHELIX YCIOBHAX
' v=p¥[(RT),

OpHE 3TOM 00BeM rasa ciefyer BHIpAXarh B JIMTPAX, 4 3IHAYECHAC
R 3aBHCHT OT pa3MepHOCTH NABICHHS.

MEHoOrde XHMHUYECKHE PEAKINEA, B TOM THCIE H ra3ossle, HPOBOAAT-
Cfl IPH NOCTOSHHBEIX TEMIEpAType A AaBicHuH. [IpH 3THX yCIopHSX HI
ypasaceas Knaneiipora — Menneneesa cieayer, 9o

V=yRT/p=v {RT/p).

Brpaxemwe B CKkoOKax #ABISETCA NOCTOSHHHIM IpPE p=const
H T'=const. 910 o31auaeT, 410

Viin=Vafvs, ama V ~ v,

Crnenosarensno, obbem rasa npslMO HPONOPIHOHANEH THCIY MOJEH
(a8 umcny Monexyin), mpEdeM Ko3(Q(QHOHEHT IPONOPUHAOHAILEOCTH
(RT/p) omEEAXOB JJIA BCEX ra3oB H 3aBHCHT TOJBLKO OT NABJICHHS
H TEMIEPATYPRL JTO €CTh HE 4TO HHOE, KaK 3akon Asozadpo.

M3 370ro xe yTBepEIeHHS BRITEKAeT 3aKOR 00BEMHLIX OTHOIIC-
amif eii-JTroccaxa (cM. § 1. 2) PaccMOTpHM peaxndio rOpeHas Ipona-
HA. YpaBHCHHC peaKI[HH

C3Hy+ 50, =3C0; +4H;0

CBHACTEIILCTBYET O TOM, 4To ax cropamai 1 mones C;H, TpeOyerca
5 moss O, B npr 3TOM 06pasyerca 3 moms CO, u 4 moms mapos H,0.
Ho 4mcne mone# mponopmaoEANEEC 00BeMY raza, DO3TOMY

V(CsHy): ¥ (02): V(COp: V(Hy0)=1:5:3:4,

ecr 06BeMEI BCcex rasoB H3MEPEHH NPH OJMHAKOBLIX YCIIOBHSX.
TaxmM 06pasoM, Opa CTEXHOMETPHIECKHX PacicTax ra30BHX peak-
IHH 9HCTO MOJEeH Ia30B MOXHO 3aMEHATH HX obnemom:

B F30BEX PEAKNESX OTHOLICHEE 0GLEMOB PeArEPYIOWMEX nanecrn

PABHO OTHOINEHHIO COOTBETCTRYIONHEX KO3QPENECHTOD B YPABHEHAR

peaKnEn.

HaitneM ¢ nomoinbie ypaspenms Krnanefipora — MengeneeBa
BBIPAXCHHC INA HAOMHROCMY TA30B!

p=mV=pM/RT=Ip/(RT] M.

Bupaxenne B KBajpaTHHIX cKoDkax sBAfeTcd DOCTOSHHRIM MOpH
p=const u T=const. IT0 03HA94ET, YTO
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/My =pafMy, 5mE p ~ M.

ClienopaTensB0, IIOTEOCTh r430B OPSMO IPONOPIEOHATLEA HX MO-
INEpHOH Macce IpH 3aAAHHLIX JABNEHAH M TEMIEpaType. JTOT pe-
3yJbLTAT HO3BOJISET BBECTH OMHOCUMEABRYI0 NAOMHOCHb TA30B, KOTO-
pas NOKa3kLIBAET, BO CKOJLKO pa3 ofHE ras Taxence apyroro. [Inor-
EOCTh Ta3a B mo rasy A onmpenensercs chefylomuM obpaiom:

Dy, B)=p B)/p(A)=M (B)/M (A).

Hanpamep, XuCIOpOA TEXEIEe BOAOPOAa B 16 pa3, NOCKOJIBKY DIOT-
HOCTb KECIIOpOZia IO’ BOXOPOAY pabHa

Dy, (02)=M (03)/M (Hz)=32/2=16.

Tnasa 2
CTPOEHHE ATOMA

WzpecTHnl aMeprxanckuil yieHbld, Asaxanl naypeatr HoGenenc-
xofi npemum Jladinyc ITonmer B cBocH kumre «O6mas xuvus» (M.
Mpup, 1974) pEmer, 970 «BEeIMYAKIIYIO IOMODIL BCAKOMY H3Y4alome-
My XHMHIO OpeXiie BCero OKaXeT XOpoIllce 3HaNAe CTPOCHAS aTOMay.
OTKpHEITHE 92CTHL, COCTABIAIOMAX ATOM, H HCC/IEJOBAERE CTPYKTYPhL
aToMOB (R 3aTeM H MONEKY]) — OAHA H3 HaH0OJee HHETEPECHHIX
CTPAERIl ACTOPHE HAYKE. 3HAHHE 3NEXTPOHHOIO M SAEPHOTO CTPO-
€RES ATOMOB IO3BOJIAIO MPOBECTH ACKMOYATENLHO HONE3HYIO CACTE-
MATH3AOHIO XAMHYECKHX (aKTOpOB, Wr0 OONErYAII0 MOHHMAHHEC H
H3YYCHHC XHMUH. :

§ 2.1. Pa3pATHE NPeACTARJCHMI 0 C/IOKEOM CTPOCHEH ATOMA

IepBrie gamEALle O CIOXKHOM CTPOCHHH aTOMAa OLLIH NONYYCHED
OpH H3YYEHHH OPONECCOB NPOXOXCHAS NEKTPAYECKOIC TOKA depes
XHAKOCTH H raspl. ONBITH BREIJAIOINETOCE AHIJIANICKOTO YYCHOTO
‘M. ®apanes B Tpranarhix rogax XIX B. Haseau Ha MbiCAb 0 MOM, MO
3AEKMPUNECME0 Cywjecmayem 6 sude OmoesHsIX eOUHUYHLIX 3APROCE.

BenP e 3THX CAHHEHYHLIX 32pSfoB 3JICKTpHYeCTBA OLLTH onpe-
ZeneEEl B Gonee NO3HEX 3KCOEPEMEHTAX IO HPOIYCKAHHIO 3JIEKT-
PHYECKOro TOKA Yepe3 rasul (OnLITH C TAK HA3KIBAEMLIMH KATOXHBIMHE
mydamm). BELIO YCTAHOBJIGHO, 9TC KATOAHEIE JYYM — 3TO IOTOK
OTPHIATENLHO 3aPXCEHBX YACTHAN, KOTOPHE IOJYIHNTH HA3IBAHHE
34eKmpotos.

IIpameiM 10Ka3aTeNbCTBOM CIOKHOCTH CTPOCHHS aToma Oruio
OTKDHITHE CAMONPOU3EOABHO20 PACNAOG AMOMOE HEKOMOPBIX IAeMEH-
moe, HA3BAHHOE paducaxmusnocnisio (A. Bexxepens, 1896). Ilocneno-
BaBIIIe¢ 34 3TEM YCTAHOBJCHHE IPHPOALI a-, f- B y-nmydeH, obpasy-
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IONTHXCE OpH paJHOAKTABHOM pacnane (3. Pesepdopa, 1899 — 1903),
OTEpHTHE saep aToMoB (J. Pesepdopa, 1909 — 1911), onpenenenne
3apana anckTpona (P. Manmmaken, 1909) nossomma 3. Pesepdopay
B 1911 r. OPCATOXHTE OJHY H3 NEPBBIX MOAENEH CTPOCHHS aTOMA,
TONYyYHBIIcH HARBAHUE NAGHEMAPHOH.

Moaem. Pesepdopna. CyTs nnaseTapHO# MOJENA MOXHO CBECTH
K CIHECOYIOMEM yTBEpXICHAIM: _

1. B nerTpe aTOMa HaXOJHTCA NOJORHTENLHO 3apIKEHHOE HOPO,
3aBAMAIONIEe HUITOXHYIO JaCTh OPOCTPAHCTBA BHYTPH 2TOMA.

2. Bech DOJOXHTENLHBIA 3aps] B HOYTH BCA MACCA ATOMa2 CO-
CpefOTO4CHRI B €ro sApe (Macca anexTpoHa paBHA 1/1823 a.em.).

3. Bokpyr axpa BpamaroTcs saekmporsi. VIx wacio pasEO mono-
XKATEILEOMY 3apsany AApa.

Or1a MOJieNb 0KA34TIaCh O9¢Hb BArIANHOM H Mone3noi qna oﬁmc—
ECHES MHOTHX JKCOCPEMCHTAJLHEIX JAHHHIX, HO OHa cpasy oOmapy-
XKHJIA B CBOH HEJOCTATKH. B 4aCTHOCTH, 3/ICKTPOH, XBHIAsCh BOKDYT
AApa ¢ yCKOpeHHeM (Ha Hero NeHicTByeT NEeHTPOCTPEMATE/ILHAS CHJIA),
 mommeH Ovin 6bi, COTHACHEO 3NEKTPOMATrEMTHON TCOPHH, HEOPCPHBHO
H3Iy4aTh SHEPruI0. ITO NpHEBENC OH K TOMY, 9T0 3JIEKTPOH AOJIKEH
6nin OB ABATaTHCH BOKPYI SOpa IO COMPAJM H B KOELOEC KOHIOB
yUacTh Ha Hero, HAKakAX 10Xa3aTENBCTB TOTO, 9TO ATOMBI HEIPEPHI-
BHO HCHE3aKoT, Ee BuL10, omcioda caedosaso, wmo modesy Pesepgiopda
& yem-mo owubouna.

Teopus Bopa. B 1913 r. natckmit pusex H. Bop npeamoxkan caorwo
TeopHio cTpoeHHsa aroma. IIpm stom Bop He OTpHIaN DONEOCTHIO
OpeLIIYMMe OpPEACTABICHAS O CTPOEHMA aToMa: kak H Pesepdopx,
OH CHHTAJI, 9TO MEKTPOHK ABATAIOTCA BOKPYT AApa noxo0HO miane-
TaM, ABEXymEMcS Bokpyr Coimana. OnHako K 3ToMy BpemMeHE JIx. -
Opask u I'. I'epr; (1912) noxasamm duckpemuocms SHEPrEE JIEKTPOHA
B ATOME H 3TO NO3BONHNO Bopy nonoxuTs B OCHOBY HOBOH TEOPEH
IOBa HeOOKIMHBIX OPEANOIOKEHAS (IOCTYIATR):

1. Jaexmpon moxcem apawjambvca 80Kpyz A0pA He MO NPOU3ISOAb-
HYIM,  MOALKO RO CHPOZC ONPEOLALHHUIM | CMAYUOHAPHLIM) KDY208IM
opbumanm.

Pamayc opOHTH r B cxopocn. AEKTPOHA v CBA3AHK KBAETOBBIM
coorHomenEeM bopa:

myr s R, .1

rae m — Macca 3JIeXTpOHa, 71 — HOMEp OpPORTH, /i— HOCTOAHBAS
Inagka (h=1,05-10"3* [Ix c).

2. Ilpu dsuxcenuu no cmayuosapruim opbumam 3ACKnpPoH He UusAy-
uaem u He no2A0Wadem IHepIuuU.

Taxem obpazom, Bop DpeAnoNIOXHI, ITO IALKMPOH 8 AMOME HE
noduuxsemcs 3axonam Kaaccuueckoii gpuzuxu. Cornacao bopy, mamy-
YCHAC KA NOTIOMEEHE HEPIEA OOPeACIIZETCA EPEX0AOM K3 ONBEOTO
COCTOSIHHA, HanpuMep ¢ 3Hepracit E,, B npyroe — ¢ sHepruck E,, 410
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COOTBETCTBYET LEPEXOAY IEXTPOHA C OHOMN CTANHOHapHOH OpOHTH
B3 Apyryo. IIpm Taxom mepexoxe H3IydaeTCs HIH NOIVIOMAETCA
spepras AE, pelavmHa KOTOPO# ompefensercs COOTHOMEEHEM

AE=E —E=hv, 2.2)

€ V — 9acTOTa H3Jydenns, h=2nh=6,6210"34 JIx c.

Bop, acnonb3ya ypaBacERe (2.2), pacCIHTaN Y4CTOTH THEAKA CHEK-
Tpa ATOMA 6000pc0d, KOTOpLIE QYEHb XOPOHIO COIJIACOBBIBAIHCH
C IKCOSpHMEETAILELIME 3HAUYCHASMA, HO Obito obrapyseno maxmce
U mo, Ymo OAR Opy2ux Amomos Ima MEOPuUn He c)aaam yooaaem-
80PUMEALHBIX Pe3yAmamos.

KnanToBas Mojeah CTpoeHRs aToMa. B nocrenyromme rogsl HEKO-
TOPhIE DOJOXCHAS TEOPHHR Bopa 6LLIA DepeoCMBICACHE! H ZOUOII-
peHnl. HamGolee CymeCTBEEHEM HOBOBBECEHEM SBHIIOCH LOHSTHE
o6 asexmpornom obaaxe, XOTOpPOE NPHILIO HA CMEHY HOHATHIC 0O
3MEXTPOHE TONLKO KAk yacTdne. Teopmio bopa cMenuna ksanToBas
TEOpHS, KOTOPAE YYHTHIBALT 40.IHOSbIe CBOMCTBA SAeXMPOHa U APYTEX
sAeMeRmapubix yacmuy, obpasyromux atom (tabn. 2.1).

Tabauya 2.]. Ceolicrea 3eMeBTAPESIX WacTER, O6PAIYIOINAX ATOM

Yacrana 3apan Macea
Kn YCIORH. 7. r : aeM.
3nexTpon —-1,6-1071° -1 9,10:10"2® 0,00055
[IpoTor 1,6'10"1° +1 1,67-10724 1,00728
Heirrpon . 0 0 1,67 10%24 1,00866

B ocHOBe coBpeMeHHOH TEOPHH CTPOCHHA aTOMa IIEKAT CIEHY-
IOIMHAC OCHOBHEHE NONOKEHHA:

1. Jaexmpon umeem Oeoficmeennyio (KOPNYCKYAAPHO-80AHO8YIO)
npupody. OB MOXeT BeCTH cebs u kax ¥ACImuYa, U Kax 60AHa: mogobao
4aCTHIE, JEKTPOH 0ONaNacT Onpe/IeNIeHEOHi MAcCO# | 3aps/I0M; B TO
&e BpeMs JBHKYINEACA 3JIEKTPOH HMPOHBILCT BONHOBLIE CBOHCTB&,
HAOpAMEDP XapaKTEpA3yeTcs CHOCODHOCTBIC K MH(PpaKIHH. Ilmma
BOJIHEI 3JIEKTPOHA A H €ro CKOPOCThH v CBA3aHBI COOTHOINGHHEM [g
Bpoiing:

A=himy, 2.3

rIe m — Macca 3IeKTPOHa.

2. [Jan 31exmMpoOHA HEBOIMONCHO OOHOBPEMEHHO MOUHO UIMEPUMb
Koopousamy ¥ cxopocms. UeM TogHee MEI H3IMEPHEM CKOPOCTb, TEM
GosmInie HeonpeneneEHOCTE: B KoopArMHAaTe, B Haobopor. Maremarn-
YeCKHM BBIP&)KCHKGM npum,cuna Heonpet)enenﬂocmu C.}'IYJKHT COOTHO-
ImeHye _
AxmAv> k2, 2.9
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rae Ax — HeonpeAeIeHHOCTL HONOKEHAS KOOPARHATH,, Av ~— HoFpe-
IMBOCThL H3MEPEHHS CKOPOCTH.

3. Juaexmpon & amome He OsuNCemCs RO ONpedeAeHHbiM Mpaex-
MOPUAM, @ MOJNCEM HAXOOUMBCR 6 A0boli uacmu 0KoA0ROepHO20 Npo-
cmparcmea, 0JHAKO BEPOATHOCTL €r0 HAXO0XKIACHHA B Pa3HLIX YACTHX
3TOr0 OPOCTPAHCTBA HEOAMHAKOBA. IIpOCTpamcTBO BOKpYr saapa,
B KOTOpPOM BEPOSTHOCTh HAXOKACHHS 3JICKTPOHa JOCTATOMHO BEIH-
K4, HA3KBAKT opiumaisio.

4, Hopa amomos cocmomrm u3 npomowoe u Helimponos (oBmee
Ha3BagHE — HYKJIOHH). YHcno DpoTOHOB B SApPE PaBHO HOPSAKOBO-
My HOMEpDY 3IE€MEHT4, 4 CyMMa YHCEI IPOTOHOB H HEATPOHOB COOT-
BETCTBYET €10 MACCOBOMY YUCAY.

ITocnemmee nmonoxesne SbUIOC cHOpPMYIHAPOBAHO MOCHE TOIO, Kak
B 1920 r. D. Pesepdopn orkpein nporoH, a B 1932 r. Ox. Yea-
BHK — HeHTpoH (cM. Tabn. 2.1).

Pasmiuasle BHOBLI aTOMOB HMCIOT oﬁ'mee HA3BAHHE — HYKAUOHL.
Hyxnras focTaTOYHO XapakTEpH3OBATH MOOKHMHE IBYMS TACIIAME A3
Tpex OYHIAMEHTAILHLIX DAPaMETPOB: 4 — maccosoe wucao, Z — 3a-
PO adpa, paBHELA YACHY OPOTOHOB, B N — 4HCIO Heﬁ'rponon B sApe.
OTH papaMeTphl CBS3aHL MEXTy cob0ll COOTHOMERRIMHE!

Z=A—N N=A—Z, A=Z+N. (2.5)

Hyxnanu ¢ onuuakoBeiM Z, HO pasmiasiME 4 ¥ N Ha3kBarOT
u3omonamu.

CdopMy/HpOBAHERIE BHINE NOJOXEHAS COCTAB/AIOT CYTh HOBO
TEOPHH, OIMCHIBAIOMEH NBHKEHHE MEKPOIACTHI,— K8AHMOE0H MeXxa-
nuxu. HambGonpmmii Bkl B pa3BHTHE ITOH TEOPHH BHeCIH (parIy3
JI. ne Bpoiins, semen B. IeiizenGepr, aBctpmen 3. IIpepmmrep,
arrymqageE I1. Jupak. BrocneAcTBHE KaXIbIH H3 3THX YICHBIX OBLLI
yaoctoeH HoGenepcko#t npeMuAR.

KBaHTOBaN MEXaHAKa HMEET CJIOMRHLIH MaTeMaTHYeckdit ammapar,
DO3TOMY Cefiuac BAXKHE! ML TE CAedcmaus TEOPHH, KOTOPHE NOMO-
ryT pazobpaTecs B BOnpocax CTPOeHES aToMa B Monexkyinl. C aro#i
TOUKM 3peHns, Hanbollee BAXHLIM CIIEACTBHEM H3 KBAHTOBOH Mexa-
HEKH SBJISETCH TO, YTO 8CR COBOKYNHOCMb CAONCHLX OSUNCERUL 3AeKm-
POHA 8 AMOME ONUCHIAAEMCA NAMBIO KGUHMOSHIMU HUCAIMY. TTIABHBIM
n, D0O0YHEIM /, MATHATHEIM 77, COHHOBEIM § H OpOeKIdel cnAsa m,.
Yro ke npeacTaBIgIoT coboil KBaHTOBEE yuca?

§ 2.2. KranToBBIE YHC/IA 3/IEKTPOHOB

T'naBnoe KBARTOROE MHCIO0 1 onpenenseT ODMYI0 JHEPTHIO AUEKT-
poH2 Ha JaEHO¥ OpOMTAIM H ero yAaleHHOCThL OT sapa (HoOMep
«opbuTEY). OHO MOXKET IPHEKMATDL JIKOOKE Helhie 3HAYCHHS, HaAYH-
Hag ¢ emumnnet (n=1, 2, 3, ...).
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IIobovmoe knamTOBOE Ynca0 /. B npenenax onpeaeneHHLIX ypoBHER
SHEPrHE 3JE€KTPOHH MOTYT OTJHYATHCH CBOMMH 3HEPreTHYCCKHMHA
nodyposuamu. CymiecTBOBAHAE Pa3MIAi B IHEPreTHIECKOM COCTOSH-
HHE 3NeKTPOHOB, OPHHAUICKAMIMX K pa’IHIHLIM DOAYPOBHEAM AaH-
HOTO 3HEPTreTHYECKOTO YPOBHS, OTpaxkaeTcs nobounsim (HHOrAA €ro
HA3HBAIOT op6uMaAbHbiM) KBAHTOBEIM 9HCIOM /. OHO MOXET NpHHA-
MATh yeAcuuciernsie 3aa9eEns or 0 no n—1 ({=0, 1, ..., n—1). Oma
yaobcTBa 4HCIOBbie 3HAYCHASA /[ nNpEHITO 0§03HAYATH CIACAYIOIIHMHE
OYKBEHHBEIME CHMBOJIAMH:

3mavenme [ ......ccoeverrvenecrecnes 01234
ByxBeunoe ofo3pavense ....... spdfg

B 3TOM Cnyuae ropopsT o -, p-, d-, f-, g-COCTOSERSX 3JIEKTPOHOB,
HIH O §-, p-, d-, f~, g-opbaTanIX.

OpbETa/I — COBOKYIHOCTh NOJIOKEHRi énempona_n aToMe, T. €.
o6NRCTE NPOCTPARCTBA, B KOTOPOi HauGoice BePOSTHO HAXOXK/ICHNE
3JeKTpoHA.

IToBounve (opbumasvnoe) Keanmosoe QUCAO Ixapaxmpaayer pas-
JHMYHOE IHEPreTHIECKOE COCTOSHEE 3IEKTPOHOB Ha JAHHOM YDOBHE,
ompenenser $opMy arexTpoHHOro obnaka, a Takke opbumarviblil
MOMeHm p — MOMEHT HMITYJIbCa JIEKTPOHA IPH ero BPAImIcHAR BOK-
pyr fapa (0Tclofla A BTOpOE HasBaHMe 3TOrO KBAHTOBOTO 1HC-

112 — opbumanvrioe)

p=h/1(1+1). o 2.6)°

TaxaMm o6pa3oM, gopma 34eKmpornoz0 obaaka 3asucum om 3Hae-
nus nobounozo xeawmosozo uucaa l. Tak, ecau =0 (s-opburam), To
aAexmponnoe ofaaro umeem waposudkyro gopmy (cheprieckyio caM-
;«gpmo) H He¢ o0jajaeT BAIPaBIEHHOCTBIO B HPOCTPAHCTBE (pHC.

IIpu I=1 (p-opbETAND) 3.00KM-
ponnoe obaaxo umeem fHopmy 2an-
meau, T. ¢. GopMy Tena Bpame-
HHAA, TOJy4eHHOTO H3 «BOCHEMEp-
km» (puc. 2.2).

@opmur  3exTpoHHEBIX 067a-
KOB d-, f~ A T. O. opOHTane# Ha-
MHOTO CIOXKHEE H B JAHHOM KHHTe
HE PACCMATPHBAIOTCA.

MarsaTHoe KBAHTOBOE 9HC/IO
m,. Jeuncenue 31eXTPEYECKOTO 3a-
pana (3sexmpona) B IpeAeax op-
SUTATA apIbIsAEM 803IHUKHOEEHNUE
Pc. 2.1. DOpMa 21eKTPOHHOLO maznumuozo nosn., Cocrosene

ofnaxa s-opbaramm 3JIEKTpORa, obycroBnenHoe opbH-
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Prc. 2.2. Qopmul anexTporEkx o6nak0B p-opbaTaneit

TATBLHBIM MAZHUNIHBIM MOMEHMOM STIEKTPOEA, XaPAKTEPH3YETCH Tpe-
TBHM K6QHMOGBIM YUCAOM — MAZHUMBbIM My, Sfro KBaHTOBOC IHCIO
XAPAKTEPHIYET OpueHmaywo opbumansu & npocmpaxcmse, BHIPaXKas
OPOEKIHIO OPOHTAIBLHOIO MOMEHTA KOJIHMYECTBA ABEDKCHHSA HA HANpA-
BIICHM¢ MArBEHTHOI'O IOJI4.

CoOTBETCTBEHHO OPHCHTAIAHM OPGHTAIH OTEOCHTEILHO HAIpab-

JICERA BEKTOpa HAIPSKEHHOCTH BHEINTHErO MATHHTHOTO LOJIS, MAar-
 HHTHOE KBAaHTOBOC YHCIO M; MOXKET IPHHMMAThL 3EA%eHEs JHOORX
HENkIX YHCEN, KAK NOAOXKHTEILELX, TAK H OTPHUATEILELX, 0T — I 0
+1, Bxmoqan 0, 1. . Beero (2/+ 1) smagennit. Hanpamep, npr /=0
m=0; opa /=1 m=-1, 0, +1; npr /=3, HanpEMep, MarHATHOE
KBaHTOBOE YHCJIO MOXET HMETh ceMb (2/+4 1 =7) 3pavenmii: —3, —2,
-1,0, +1, +2, +3.

Taxem o6pa3oM, m; xapakTepu3yeT BEIHIAHY IPOCKIEHE BEKTOpa
OpOHT2ILbHOI0 MOMEHTA KOJIHYECTBA [BHXCEHAS HA BRIACICHHOC HA-
opasiepne. Hanpumep, p-opbutas («raBreib») B MATHATHOM LOJIE
MOXET OPHEHTHPOBATHLCA B OPOCTPAHCTRE B TPEX PA3lNEYHBIX DORO-
KCHHAX, TAK KaK B ciyyae /=1 MArHATHOE KBAHTOBOE WHCJIO MOXET
HBMeTh TpH 3HadeHms: —1, 0, +1, ITosToMy snexTpomEBC obnaka
BRITHHYTH IO OCAM X, ¥ H Z, OPHYeM OCb KAXKJOTO M3 HHX IICpIeH-
IMKyNSpHA ABYM OPYrEM (CM. pHC. 2.2).

CiomnoBoe kBanTomoe amcao s. JIns monsoro o0BACHEeHMs Beex
ceolicts aromMa B 1925 r. Onila BEIABHHYTA THIOTE3a O HANHYHH
Y 30EKTPOHA TaK HA3LIBAEMOro cnuna (CHa-
4ana B ¢AMOM HPOCTOM HOpPHOIMKEHHH —
048 HAZAROHOCMY — CYMTANIOCH, 9YTO 3TO 4B-
JIeHHE AaHAJIOTHYHO BPAINECHHIO 3¢MIH BOK-
pyr CBOEH OCH OPH ABHXEHHM e 0O OpOHTE
Bokpyr ColHna, YTO HLICTpHpYeTcs (pHC.
2.3). Ha camom pgene, cnun — 3mo uucmo
Ke8anmogoe Cceolicmao IAEKMPOHI, HE uMe-
igee KAACCUYEeCKUX aHaA0208. CTpOl‘ O IrOBO-
Pf, chut — 3M0 CODCMBEHNBIE MOMERM UM-
nytvca 34€KMpona, He C8AZAHHBIN ¢ OBUMNCEHU-

em 8 npocmparcmse. JINA Beex 3NEKTPOHOB Pmc. 2.3. Bosmoxure
abcomoTHOE 3EaYEHHE COMHA BCEraa pasHO HEANPABICHHA BPAIEHAN
IAEETPOHR
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s=1/,. TlpoexmEs cnEEA HA OCb Z (Mammoe cmmonoe 9ACIO M)
MOXKCT HMEThL AL [BA 3HAYCHAL: m,= + }/, KM m,= —*1/,*.

B 370lf CBIIN, BECMOTPX HA YA€ CABIARHYIO BEHIIE OrOBOPKY O HEMpABOMEPHOCTH
ApSOCTARJINTE CHME pe3 KIACCHTECKES &HANOTH, WICKTPOH HAR pHC. 2.3 MoxHO
DPACCMATPHBATD KAK IXAABAICHT MAEHLEOTO MATHHTS, OPACHTAIES KOTOPOTO 3ABHCHT
OT HANDABICHAN BPACHUS.

Hocxonrky cnEE 3eKXTPOHA 5 SBISETCS BEJINYHHON NOCTOSHHOH,
€ro OOKMHO He BEKIIOYAI0T B HaOop KBAaHTOBBIX THCEII, XapaKTCPH3Y-
KWIONX IBHNECHAE 3IIEKTPOHA B ATOME, H ONCPHPYIOT uembipbmA
K8AHMOGBIMU HUCAAMU.

§ 2.3. Pacupe/ieieane 27eKTPOBOB B ATOMAX

Tax xax NpH XEMEYCCKBX peaknuax ANpa PearHpyiolnEx aTOMOB
ocTaloTcs 6e3 EIMEHEHHS, TO XHMHYECKAE CBOHCTBA AaTOMOB 3aBHCAT
Hpexae BCEro OT CTPOCHHS 3NEKTPOHERX obonodex aroMob. Iloato-
My MH DoapobHEE OCTAHOBAMCH Ha PACHpENC/ICHHH 3JIEKTPOHOB
B ATOME H TJaBHRM 00pa3oM Tex H3 HHX, KOTOpPhEe O0YCIOBNHBAIOT
XHMETECKHE CBOHCTBA aTOMOB (TaK Ha3hIBAEMBLIE BAJICHTHEIE IEKTPO-
HHI), 4 CICAOBATENLEO, H OCPHEOARYHOCTE B CBOHCTBAX ATOMOB H HX
COCHMBCHHN.

MH yXe 3BaéM, YTO COCTOMHHME 3JIEKTPOHOB MOXHO OIHCATh
HabopoM WeTRIPEX XKBAHTORRIX MHCEN, HO MR OOBACHEHHS CTPOCHHA
ANEKTPOHELIX 000J09€K ATOMOB HYXHO 3HATh €Ine TpH CIEAYIOIIHX
OCHOBHWIX HonoxecHus: 1) npunyin Ilayau, 2) npunyun naumenviueil
axepeuu u 3) npasuro I'ynoa.

INpeenen Mayaw. B 1925 r. meeinapcekmii $pusnx B. [Taymm ycrano-
BHI OpaBHJIO, HASBAHHOC BHOCIEACTRHHM npEEMEnoM Ilayns (wim
sanperoM Ilaymn):

B aToMe He MoikeT OLITL IBYX IeKTpoHOB, obaaxalomEx OaEHA-
KOBLIME CBOHCTRAME.

3mag, 4T0 CBOHCTBA AMEKTPOEOB XAPAKTEPH3YIOTCA KBAHTOBLIME
guciiamMa, OpuHIMN [Taynu MoXHO cHOpMYIHpPOBATH H TAKHM OO-:
pasom:

B ATOME He MOXeT GRITL JBYX JIEKTPOHOB, ¥ KOTOPEIX BCE TeTHIPE
KBANTOBLIX UHCAA OnUM ORI O/HBAKOBEL.

Xors 6n1 oAHO H3 KBARTOBEIX MMCEN 7, I, m; MIH m, JOIIXKHO
0643aTeIbHO OTIHYATHECE. Tak, 3JEKTPOHL C OJHHAXOBLIMH KBAH-

*B ,qa.rmaeiimeu veaosEmcy rpadEveckn o603HAYATL IJMEKTPOHNL, HMeroLIHe
3HaqeEEs §=+'/,, cTpenxoii 1, &, EMelOIIEe 3HAYCHAS 5= — 1/, ~ crpenxoi |, [pa
IMEETPOHA, AMEKINAE OJHHAKOBLE CIHAL], YACTC HAIKWBIIOT WIEKTPOHAME C napdt-
AeAbHbI MU COHRaMEA B obosmagaror T1 (m 11). [Ba 37exTpoHa, HMErOIME UPOTH-
BOOOIOXHBIC CITAAN, HA3RBAIOT INEKTPOHAMH C aMMUNARaALeADEBIMU CITHHAMHA H obo-
agavaror ).
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TOBBIMH YHCIAMH 71, | H m; JOJIKHE OOS34TENbHO Pa3HYATHECH
cneaamH. IlosroMy B atome morytr OHTh auub déa 31eKTpOHA
C OJHHAKOBMIMH 1, [ B m; omuR ¢ m,= —!},, apyroi ¢ m,= +1/,.
HanpoTtns, ec COMEBL JIBYX 3JICKTPOHOB OJHHAKOBHI, AOJDKHO OT-
JHATECE OMHO M3 KBAHTOBKIX YHCEN 71, ! AIH m;

‘3sas nprsnun Ilayas, DOCMOTPEM Tenephb, CKOJMBKO XKe 3NeKTpPo-
HOB B 4TOME MOXET EAXOJATLCA Ha onpeAelieHHoi «opOure» C riuas-
HEIM KBaHTOBLIM unciIoM n. IlepBoii «opbrTe» cooTBeTcTBYeT N=1.
Torma /=0, m=0 & m, MOXeT HMETh OPOH3BOJILHOE 3BA%CHAE: + 1/,
amE —1/,. MH BRA#EM, YTO €CMH n=1, TAKHX 3ICKTPOHOB MOXET
OLITH TOIBKO OBA.

B o6memM ciydae, nps mobOoM 3aJaHHOM 3HAYECHHE 71 3JIEKTPOHKI
Ipexk/ie BCEro OTIHYAIOTCE NOBOYHRIM KBAHTOBLIM YHCIIOM /, NpHER-
MaromEM 3sadeans ot 0 5o n—1. Hpa sapassnx n B / MoxeT BRITH
(214 1) 3mexTpoOHOB ¢ PA3HEIMHE 3HAYCHHAME MATHHTHOI'O KBARTOBOI'O
qECIA My DTO0 YACIO AOJDKHO OHITH YOBOGHO, TAK KAk 3aJAHHBIM
3HAYEHESM 71, [ H M, COOTBETCTBYIOT JBA PasHLIX 3HAYCHHA NPOCKIHH
COHMHA M,

CJ'IBHOBB.TCJIBHO, MAKCHMANBHOE 9HCIIO 3JCKTPOHOB C OJHHAKO-
BEIM KBAHTOBBIM IHCJIOM 71 BHIpaXacTcs CYMMOKR '

n—1
N=Y 2Q+D)=2(1+3+5+..)=2n" Q.7
=0

Orcroaa sacHO, mOYeMy HAa HEPBOM 3HEPTETHYECKOM YPOBHE MOXKET
' BHTH He Bonpme 2 3MEKTPOHOB, HA BTOPOM -— 8, HR TpeThbeM — 18
HT A

PaccMmoTpEM, HampaMep, aToM Bogopoaa H. B atome Bomopoaa
1H BMeercs ooMH 3NEKTPOH, M CHOHH 3TOr0 3NEKTPOHA MOXET OLITh
HAIIPABJIEE OPOM3BOIBHO (T. €. m,= + '/, wma m,= —1/,), u 3NEKTPOH
HAXOJATCH B S-COCTOSHHH HA NEPBOM 3nepremecxom ypoBgEe ¢ n=1
(FanoMEMM eme pa3, YTO NepBEIA 3HEPICTHICCKHHE YPOBCED COCTOHT
H3 OQHOTO NOAYPOBHA — ls, BTOPOH 3HEpreTHYECKR# ypOBEHb ~— H3
ABYX NOZYPOBHEH — 25 H 2p, TPeTHHA — H3 Tpex NOAYPOBHEH — 3s,
3p, 3d = 1. 1.). IloaypoBCHSB, B CBOIO 0YEPCb, ACTATCS HA KEGHMOGbIE
sueiicu™ (JHEpreTHYECKHe COCTOSHES, OHOPEeHe/acMEIC YHCJIOM  BO3-
MOXKHBIX 3Ha49cHAH my, 1. €. 2I+1). Sl4eiy npHHSTO rpadgHdecKd
300paxaTh NPAMOYTOJLHEKOM, HAPaBJICHAE CIHMHA 3IEKTpOHA —
CTpEIIKaMH.

IToaromy COCTOSHME 3IEKTPOEA B aTOMC BOZOPOA 1H MoxsO
OpeacTaBaTh Kak 1s', wm, 9to 1o Xe camoe, :

*IToa, «xBaETOBOH suefigoi» mompazyMesaeTcs OPGETAND, - XapaxtepEayemas’
- OHHEAKOBRM HAGopoM 3HaveHnll KPARTOBLIX THCEN N, [ B my b xaxI0f fveiike MOTYT
nouemaﬁms MRECHMYM B4 3/ICKTPOHA ¢ ARTHNAPALIEILHRIME CIHEAME, TT0 ofo3ma-
yaeTcs
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B arome renms ,He xpamropnie wmcina n=1, /=0 u m=0 ong-
HAKOBH /11 OGOHX €r0 NEKTPOHOB, & KBAETOBOE THCJIO 7, OTIRYAET-
ca. ITpoexnEE CIHHA 3NEKTPOHOB IelIHS MOTYT 6wre m,= +1/,
2 m,=—1/,. Crpoenne 3nexrponHO# 000n0uKE aToma remms He
MOXEO OpEACTABHTH Kak 15 WiH, 4To TO e camoe,

1s
H300pa3saM CTPOEHEE ICKTPOHELIX 000/I0%CK NSTH aTOMOB 371€-
MEHTOB BTOPOTO NEPHOAA HepHOIMYecKoi Tabmunu Menjeneesa:

15 25 2p
< w227 |
N 15252 H ‘f * *
o w2 (V]S
#1522 [ H T
o I

To, 4ro 3nexTpoEERle 0bonoukH C, ;N B O pomkHEE 6HITEH
3a00/IHEeHK HEMEHHO TaK, 3apamee ne ovesudno. IIpuBenenHoe pac-
MOJIOKCHAE COMHOB OIpe/ic/ISeTCA TaK HA3KIBACMEIM npasuom ITynoa
(nne;mue chopmymapoparo B 1927 r. semenxkaM ¢uzrkoMm ©. ['yn-
o0M).

Ilpasano I'yapa. Tlpu Odaumom suauenuu I (m. e. & npedesax
onpedeseHHO20 NOOYPOSHA) IAEKMPOHB! PACNOAGRGIOMCA mMaKusm ob-
pazom, umobsl CyMMAprbI CuH ObiA MAKCUMTALHBIM,

Ecnm, HampEMep, B TpeX p-fAqeiikax aToMa a3ora aeoﬁxommo
pacupe/ieNTh TPH JIEKTPOHA, TO OHA OyAyT pacHONAraThCH KAKALIA
B OTACIbHOH svYeHke, T. €. pa3MCINATLCH HA 'rpex pa3sHRIX p-Op-
6uTamsx; 2
A —————

ARAK

B 3TOM CiryYae CyMMAapHEI# CIIHE paBeR /,, MOCKOIBKY €ro.mpo-
exoms pasEa m,=+1/,+'/,+/,=3%/,. DTH ®e TpEH MEKTPOHA He
MOTYT OBITh PAcHONOXKEHH TAKAM 00pazom:
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IOTOMY 4YTO TOIAA HPOEKIHS CyMMAapHOro cumEa m,= +1/,—1/, 4
+1/,=1/,. Ilo aroli HpHIMHE MMEHHO Tax, KAK NpHBEICHO BHIIE,
PACTIONOXKCHL! SMEKTPOHL B ATOMAX YIJIEPOIa, A30TA H KECIOPOAa.
PaccmMoTpuM Nasiee 3neKTpOHHEIE KOHMIypan#u aToOMOB CIEXNy-
IOMEro Tperbero meprona. Haumuas ¢ maTpms ,;Na, 3amonmsercs
TpeTHHE 3HEprerwdeckdif ypoBeHh C IIABHEIM KBAHTOBRIM YHCIIOM
n=3. ATOMRI IEPBLIX BOCEMH 3JJCMEHTOB TPETHEro Neproja obiana-
0T CIEAYIOMAME 3IEKTPOHELIME KOBQRTIYpanaamMa: St

15 2s 2p 3s 3p

e [HELHE T

g HEHH |
ww T

wsi (P H
W
wo (HTHH P
o (HHENEH
wa (LULEEIRETHTEEL R AR

PaccMoTpuM Teneph: IEKTPOHHYIO xoml)m?' ANHIO OEPBOFQ ATO-
Ma 4ETBEPTOro nepmoja xamms ;K. Ilepeme 18 anexrponOB 3amon-
HAIOT chepyomae opbatamd: 1572s22p°3s23pS. Kasasocs 6bi, uTO
JEeBATHAINATEI 3JICKTPOR ATOMA KaIHd JOJDKCH NONACTh HA NOAYPO-
BaHb 3d, KOTOPOMY COOTBETCTBYIOT n=3 H /=2. ORHAKO Ha camom
deae BANEHTHEIN 3JIEKTPOH ATOMA KA PacloaracTcs Ha OpOATANH
4s. [ampe#mee 3anonEcEue ofonouex nocne 18-ro anemenTa npouc-
XOOHT HE B TAKOH DIOCNEOBATENLHOCTH, KaK B JABYX IEPBHIX IEpH-
0Jax. DNEeKTPOHKI B aTOMAaX pacnofarafoTCs B COOTBETICTBHH C HpH-
mrnoM Ilaynm g npasmwioMm I'yana, #o mak, umobe ux swepzus bvisa
Haumenbluel. ‘

HpusmEn xasMensmeil 3eepren (HanGoabIAR B B pa3paboTky
JTOro OpHHEIMNA BHEC OTevYeCcTReHHEIA ywenrnmi B. M. Kiewxosc-
KHit) — @ amome Kaxncobiti 3I4eKMPoK pacnoAdzaemca max, ymobvt ezo
snepaun bvina munumasbhoii (910 oTBedaeT Hambonbmedl ero CBAZHM
€ 2OpOM}.

OHEprug 31¢KTPOHA B OCHOBHOM OLPEOE/ISeTCd rIapHEIM KBaH-
TOBRIM YHACIOM 4 H DOOOYHRIM KBaHTOBHIM YMCIOM [, HO3TOMY
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CHAYAJIa 3aN0JIAESI0TCE Te DOAYPOBHE, A8 KOTOPAIX CYMMA 3HAYCHAN
KBAHTOBLIX 1HCe] 71 B [ gpnsercy EamMenvmeii. Hanpumep, sgepras
3NeXTPORA HA HOXYPOBHE 45 MCHBINEG, ¥eM HA DOAYPOBHE 3d, Tax kak
B mepBOM caydae n+/=4+0=4, a po BTOpOoM n-+I/=342=35; Ha mo-

oBHe 55 (n+/=5+0=215) 3mepras meusmie, 3eM Ha 4d (n+/=4+
+2=6), Ha 5p (n+I!=>5+1=6) s3peprus McHBIE, 9eM HA 4f (n+I=
=44+3=T7),BT. 1.

Himenso B. M. Kneuxosckuii puepssie B 1961 r. chopMymaposan
o0Imee HmONOXKEHHRE, [NIACAIIEE, ¥MO 34EKMPOH 3AHUMAEM 8 OCHOBHOM
COCMORMUU YPOSEHb HE € MUHUMAALHHIM 80IMONCHbIM 3HAYEHUEM T,
@ ¢ HAUMEHBUIUM SHAUEHUEM Cymmbl n+- L.

B TOM cnyuae, xorna AJIS OBYX TOAYPOBHEH CYMMEI 3HAYCHHM
n u [/ paBHBI, CHa4ana HAET 3aNONHEEHE GOAYPOBHE ¢ MEHBIIAM
3HaveBHeM 7. Hanpamep, Ba noxypoBHSx 34, 4p, 55 cymma 3navcEni
n a [l papaa 5. B aroM ciydae mpOHCXOAHT CHAYaIa 3ALOIHCHHE
OOAYPOBHEH C MEHLIIHMH 3HAYCHHSME 1, T. €. 3ddp-5s u T. A
B nepmommdeckol CHCTEME 3NICMEHTOB MeHzeceBa mOCICAOBATE b=
HOCTB 3aHOIBCHEN 3ICKTPOHAMH YpPOBEEH H HOAYPOBECH BRITISOHT
cremyiomam ofpaizom (pac. 2.4).

5d

' 4
6s

Breprus, yon, ea.
i

§ p d f
Pac. 2.4. Cxema 3an0iHeHHN VIEKTPOHAME
SHEPreTHUSCKEX ypopsell n noxypoBRel

CruemopaTebHO, COrJACHO MPHHITALY HAMMEHLIDER JHEPrHHE BO
MHOT'HX CIy928X [IEXTPORY JHEPreTHYECKH BLITOAHEE 3a8ATE DOAYDPO-
BeHb «BENIIECICKALIETO» YPOBHS, XOTHA NOAYPOBEHb «HEXKEJIEKAIIET0»
YpOBHSA HE 3arIQJIHCH:
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HMeHHO HO3TOMY B 9YETBEPTOM HEPHOAC CHAYANA 3aNOJHACTCS
OOAYPOBEHD 45 H ML TOCIE ITOI0 HOAYPOBEHE 34d.

MHu paccMoTpenn 3IEKTpOHHERIE 060I0YKE ATOMOB MHOTHX 3JI€-
MEHTOB YICTHPEX OEPBRIX NEPHOAOB. lemeph BRI B COCTOMHHH CAMH
pacHHcaTh 3JEKTPOHHYIO KOHGATYypaumio aroma moGoro ajieMeHTA
OEpHONMIECKON CHCTEMEI.

B 3axmovenue HeOOXOOHEMO NOMIEPKHYTh, YTO NPUHYUN HAUMEHD-
well 3Kepzuu cnpaseosus moakko dAR OCHOBHLIX COCMORHUIE amoMmos.
B 8036yscoennbix COCTOSEEAX 37EKTPOHBI MOI'YT HAXOAHTLCH HA JIO-
?Im opOHTansx aTroMOB, €CIIH NPH 3TOM HE HAPYIIACTCA MPHHITMI

ayiH. : _

§ 2.4. PagmoaxTapnHRLIe IpeBpaiieHNy

PaccMOTpEB SJEKTPOEHYKO CTPYKTYPY aroMa, OPHBEAEM TeDEPb
HEKOTODPBIC CRENEHHS O CTPOCHHE H CBOHCTBax aAdpa atoma. Hapsaay
¢ XEMAYECKHMHE PEaKIHESMH, B KOTOPRIX DPHHUMAIOT Y9acTHE TONBKO
3NEETPOHEL, CYINECTBYIOT Pa3HIHbLIC NPeBpallcHAS, B KOTOPBIX H3Me-
HEHHIO NOABEPraloTca AApa ATOMOB {AdepHbie peaxyuu).

Pagmee 6rI0 OTMEYEHO, 9TO B COCTAB SApPA ATOMOB BXOAST OPOTO-
HH H HeHTPOERL. B HacTosmee BpeMs H3BECTHO, UTO CTPOCHHE sAApa
Gonee cnoxuoe. Ho MH 31eck ¥ B Aaibsc#eM 6yaem paccMmarpH-
BaTh AP0, COCTOAMECE H3 OPOTOHOB H BEHTPOHOB.

Bre BBefieHO M MOHSATHE u3omona, NOXYEPKHEM, 9TO BCE H30-
TONBI JAHHOTO 3JIEMEETA HMEIOT OJHEAKOBOE IHC/IO IPOTOHOB, 4 Clie-
JOBATELHO, BCe OHHE OGIANAI0T ONEHM H TEM XE aTOMHLIM HOMEPOM
Z (Z onpepenseTcs EMEEHO YHCIOM IPOTOHOB B S1pe).

CormacEO COBpEMCHHEIM NPEACTABICHAAM, XUMULECKUM IAEMEH-
MOM HA3KIBAIOM GUD AMOMOS, XAPAKMEPUIYIOWUXCA OOHUM U MEM HCe
3apadom Adpa.

IlpoTon ofnamaer emmmmuEol Maccodf M 3apsmoM +1 (3a emm-
HHIy 37IEKTPHYECKOT0 3apija IPAEAMAETCH 3apsa eKkTpona). Mac-
ca HEATpOHA Takxe pasHa epmmdne, 3apsg — 0 (oM. Tabn 2.1).
O6o3navenre #30TONA BEKIIOJaer B cebg maccosoe YHCIO, T. €.
ATOMHYIO Maccy (paBHYIO CyMMe DPOTOHOB H HEHTPOHOB — HHOIZA
3Ty CYMMY TAKKe HAIRBAIOT KYKAOHOM) B IOPSIKOBEIA HOMED (paB-
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HEIH YHCIY OPOTOHOB B #ApE). ATOMEAR MACCAa M30TODA OOLIMHO
32MACLIBACTCA céepXy CAged OT CHMBOJIA 3MEMEHTA, MOPAAKOBEIH
HOMEP — cHuU3Y caeéa, Ranpumep: 35Cl, 37CL

O1a dopma 3a1BCH PACOPOCTPAHAETCH H BA JIEMEETAPHLIC YACTH-
L S-Ty9H, OPeACTaBIIOmEE COB0H 3IEXTPOHL!, AIMEIOT HHYTOKHO
MAJIO¢ MACCOBOE YACIO H HM IPHIACKIBAIOT MACCOBOE YHCIO, pas-
poe 0. ITosroMy f-9acTEnml 0So3mavdaroTcs cHMBOTOM _ B. rx—‘:lacm
I (nonomenbme ABYX3aPAIHREIE HOHLI T'EJIHs) 0503]18‘[3101‘ CHM-
BonoM 3He, a HEHTPOE M NPOTOR — COOTBETCTBEHHO §71 H 1p.

YeroiimEBile B BeycToiimBEIe H3IOTONLL. Bee H30TONR mOApa3Aens-
J0TCE Ha crabmabEsle B pagpoaxTHBHKC. CTaOHILHERIC HM3OTOON HE
OOABCPraloTCH PaJIHOAKTHBHOMY pacnafy, DO3TOMY OHH H COXpaHs-
IOTCH B npn?ommx ycnosasx. IipuMepamMH CTaOHIBHEIX R30TONOB
spnsxorcd 1°0, 12C, '°F, BoAbIMECTBO NPHPOAHKIX 3JIEMEHTOB CO-
CTOHT B3 CMecH ABYX HiH bonbmero wacha cTabHILHEAX H3IOTONOB.
W3 seex anemenToB Banfionbmee THCIO CTAOMIBHAIX HIOTOHOB HMEET
01080 (10 E30TONOB). B peAKEX ClIyYasx, HAIPEMED ¥ ATFOMMAHAS HIH
docdopa, B npEpOAE BCTPEIALTCst TOILKO O/MH CTaOAILHEL m30OTOL,
2 OCTAJbHKE H30TONK HEYCTOHTHBLI.

PaguoaxTHBHEE H30TONR NOAPA3JEISIOTCH, B CBOIO OYEpEADb, HA
ecmecmaeHKbIe B UCKYCCMmBeHHble — A TE B ,z[p € CaMONPOR3BOILHO
PACUANAYOTCH, HCHYCKAS OPH ITOM - -4ACTHIHL [I0 TEX IO,
noxa He oDpa3yercs cTabmiIbHEIHE B30TOD. quecme CcBO#CTBA BCEX
H30TONOB B OCHOBEOM OAHHAKOBEI, IOCKOJNBLKY ONPEACIAIOTCH IJIaB-
HBIM 06pa3oM 3apaaoM Anpa, 4 He ero MAccol.

Ecrecrsesnan paguoaxTesaocTs. CyHIeCTBYIOT TpH OCHOBHLIX BH-
JAA CAMONPOH3BONLHELIX AAEPHLEIX OPEBPAINEHAH,

1. a-Pacnad. Anpo HcOycxaeT -9acTHENY, KOTOPas NPe/iCTABIISET
coGoii sapo aroma remas *He u cocronT H3 JBYX HPOTOHOB H ABYX
HeHTpoBOB. IIpE a-pacnane MaccoBpoe YHCIO B3OTONA YMEHRBIIACTCH
Ha 4, a 3apsan AApa — Ha 2, HaOpuMep:

226 2212 4
gs Ra = ;-°Rn+7He

2. B-Pacnad. B BHeycroMuHBOM sfpe HEHTPOH IPEeBpammaeTCs

B IPOTOH, BPH 3TOM SAPC HCOyckaeT 3NekTpoH (f-dacremy) B as-
THHCHTPHHO:

nop+ B+
Ilpm f-pacoame mMaccopoe MHCHO He HIMEHSETCR, NOCKOMBKY 06-

mee 4YHCIC IPOTOHOB H HEHTPOHOB COXpaHSeTCH, a 3apiax Aapa
yBE/IMYEBACTCH HA 1, HanpuMep:

33*Th - 3Pa+ e

3. y-Pacnao. BoabyxaeEHOE 5pO ECOYCKAET P-H3IYICHRE C 0YCHD
Mano#t ANAHON BOJNHEL, IPH 3TOM 3HEPTHd SAPA YMEHBLIIAETCH, MAC-
COBOC YHCHO H 3apal sAApa OCTAKTCH HCHIMOHHLIMH.
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CropoCTH pacnaga pARHOAKTHBHEIX H3OTONOB CHIBEO OTJIHYAOT-
€4 OT O/THOr'0 M30TONA K APYTOMY H HE 3aBHCAT OT BHEIIHAX YCIOBHHA,
TaXUX, HAUPHMED, KAK TEMIEpaTypa (B 3TOM COCTOHT BaXHOE OT-
JIAYAe SACPHLIX Peakimil OT OGKMHEIX XHMHUYECKHX HPEBPAINCHHH).
Kaxuil paqMoakTEBERGA E30TON XapaKTEPE3yeTCs NEPHOAOM MOMY- -
PACHALA Typ, T. C. SPEMEHEM, 3a KOMOPOe CAMONPOUIEOALHO PACNAOa-
EMCR NOAOBUHA AMOMOE UCX00H020 eewyecmsa. Tax, ang ypama 238U
nepEOA nomypacnana t,,=4,5'10° ner. MMeHHO mMO3TOMY aKTHB-
HOCTh ypA4HA B TEYEHHE HECKONLKHX JIET 3aMeTHO Be Merserca. Jua
- pazans 22°Ra nepmox monypacmaaa 1, = 1600 ner, H03TOMy B aKTHB-
HOCTL pajus Goimme, uem ypapa. SlcHo, 9TO WeM MeEHBIIE IEpHOI
ponypacnaza, TeM GRICTpee IpoTeKaeT paAMOAKTHBHLI pacnax. s
PA3HEIX 3NEMEHTOB NEPHCS NOAYPACHAAA MOXET MIMEHATECH OT
MEJUTHOHHKIX [0JIel CeKyHIBI KO THICSY JIET.

Ha ppEMepe ecTecTBEHHOro pacmajza ypama 23°U nokaxem mpe-
BPAIICEWA, KOTOPHIC J€PE3 NPOMEXYTOUHEE Pa/UOAKTHBHAKIE HIOTO-
OBl DPHBOJAT K YCTOMYHBOMY H30TONY — CBEHNY 33°Pb. IlpuBenen-
Has HHXE CXeMa XOpOIIO RIIOCTPHPYET HEPHOAL MOMYPAcHana
T)p WIS PA3NHYELIX 3IEMEETOB (MEPHOJL LONYpACHAfa SAHK BHE3Y
UOA CTPENKOH, YACTHILL, HCOYCKAGMEIE PAJHOAKTHBHEIME 3JIEMEH-
TaMH,— HAJ[ CTPEIKOH).

238, 9 o 23 P VI
UAS Mnpg, ner Th 24,1 pua 81 Pa 1,1 MUK g;U

2710
@) ner

218 o 222 a 226 o 2
Py -——— “CSRn-a—— R
& 36 gn o0 1,610%ner B8 8,310 ngr 20
3
ol muH
214 Pb ___.B_>214 ___E__,zmpo _,__-_210%
26,8 MuH 20 muH 1510%¢
22
B| rona

zoe Pb -a—% 21opo__,__L 108
138 oHs 5 onen

MareMATHYCCKOE YpAPHEHHE, ONACKIBAIONICE 3AK0H PATHOAKTHB-
HOTO pacmaja, CBEJLIBAST JHAUYCHHC MACCH Mm(f) PANBOAKTHBHOrO
H30TOHA B MOMCHT BPCMGHH { ¢ HavanLHOM Maccoi Mg

my=my- ()", 2.8)

J10 — moxazarenssafd QYHKIOHESA, KOTOpasg JOKHA B obmeMm ciry-
qae pemarbCs NorapuMIPOBAHHEM.

Jims mocne TOro xak GHIM JETANLHO HCCICAOBAHEL Pa3HY-
HBI€ H30TOIKI, YRAJIOCE pa3obpaThca B NOCIEAOBATENILHOCTH €CTECT-
BCHHEIX PAJAHOAKTHBHEIX HpEBpaIleHHi. DTH HpeBpallcHHs MOJIH-
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ns)lorca CICAYIOIOEM NpaBHIaM (3axox cmewyenun Coddu — Pasn-
ca).

Ecna aToM pacnagaercs ¢ HCOyCKAHHEM @-9ACTHIBL, TO LIOpPAA-
KOBEIf HoMep obpa3oBaBmlerocs 3NemMeHT2 yMEHBINACTCH HA J{BE
CAHHHEIL OO CPAaBHEHMIO ¢ IEPBOHAYATLHEIM JJIEMECHTOM, MAacca aTo-
MA NOHEKACTCA HA 4. B pesyavmame a-pacnada obpazyemcn ssemenm,
NOPAOKOBYM HOMEDOM CMEUCHHbI Ha 08e KAemKU K HANAAY Nepu-
o0uueckotii cucmembl. :

Ecna aToM pacuanacTCs C HCIYCKAHHEM JS-9aCTHIEI, HOPAAKOBLIA
HOMEp 00pa3oBapmierocs 3NEMEHTA YBEIHYHBACTCS HA CAHHHIY IO
CPABHEHHIO ¢ HIEPBOEAYAILHEM 3T€MEHTOM; MACCA ATOMA He H3MCHSE-
ercs. B pesysomame B-pacnada obpaiyemcs snemenm, cMeujeruslil na
OOHY KAEMKY asbilie K KOHYY NepuoouuecKot cucmembsl.

y-H3nydcEBe He BHILIBAET HIMCHEHAS HH MACCHl, HH 3apdaa
aToMa,

Bumnenpupeaennas cxema pacoana 235U marisgHo WTIOCTpHEpY-
er npasana cvemesng Coany — Dasaca.

Hexyccrsenmme upespamenns. O BO3MOXHOCTHE HCKYCCTBECHHOTO
DpEBEpameHns EMEHTOB MLl yXe YOOMAHAIH, Heg:ax peagnusg Ta-
xoro poxa Onna ocymectsneea Peaepbopaom GomGapmmposxoi
@-9aCTHIAMH aTOMOB a30Ta:

FH+4He »3'0+13p

B racrosimee BpeM#, 9T06R OCYIIECTBATE HCKYCCTBEHHLIE IPEBpa-
OIEHAs, Jalie HCOOIb3YIOT IPOTOHK MIH HEHTPOEH, HANPHMED:

Ppipos i
B+ ln— JLi+5He

Hango noMHAETE, 4TO B SACPHRX peaknnax (B B CIy9ae eCTeCTBEH-
HOIO WIH HCKYCCTBEHHOI'O IPEBpallicHHS IIEMEHTOB) CyMMa Mac-
COBBLIX THCEN (CyMMA UHOEKCO8 cAe8a 86ePXY) PEATCHTOB H IPOLYKTOB
BCETAa OfHEAKOBA. TO Xe caMO€ OTHOCHTCE H K 3apafaMm saep
(unoexcol caeea enusy).

B 1930 r. 2. Jloypenc co3zan nepeuii B MEpe HEKAGTPOR (YCKOPH-
TeJIb 3JEMEHTADHLIX YACTHI] — «CHapsAAoB» mis GoMGapAMpOBKH
Aep aTOMOB), mOCHe ¥Yero ORUIO OTKPHTO H H3YYEHO MHOXKECTBO
pa3Hoo0pasHRIX SACPHRX peaknuii. B Hacrosmee speMs cnenmamsEas
4acTh XHMHH, A0EPHAA XUMUR, 3AHMMAETCS HIYIEHHEM OpEBpAeHni
3IEMEHTOB.

Ocobyro BaXHOCTL OPEACTABIIA] CHHTE3 HEH3IBECTHRIX paHee ane-
MEHTOB: TexHennd, (bpaHIEs, acTaTa ¥ AP., 2 TAXKE BCEX TPAHCYPaHO-
BhIX 3JIEMEHTOB (37ICMEHTOB, NOPAAKOBLIM HOMEP KOTOPEIX HpEeBLINA-
er 92). B acTosmiee speMs nony4eHo 20 TPAECYPAHOBEIX 3JIEMEHTOB
{oTr Z=93 no Z=112 pxmourTe/LEO0). BONBUMECTRO TpaECypaHO-
BEIX 3]IEMEHTOB C ATOMBEIMA HOMepaMH 99 m priie GhIIH IOIYYeHLl
GoMBapAAPOBKOH maxceasimy HACTANAME, TAKEMH, Kak 52C WIH
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7*N. Hanmpamep, ositmmrelinmii 33°Es 6nul momysem B pesymbrare
SomGapaaposxe ypana-238 sapamm 44N:

2U+IN - U%Es + 400

O noayuenuu camvix nocAeOHUX MPAHCYPAHOSHIX IAEMEHMO8 Mbl pac-
ckazasu ¢ § 1.5,

§ 2.5. Hepuoou4HOCT: CBOKCTE ATOMOB JIEMEHTOB

OTEpHITHE IEPHOAAYECKOrO 32K0HA H pa3paboTka neprommYeckoi
CECTeMEI xHMATECKEX dneMerToB 1. . MenneneesniM SBRIBCH -
IHHO#A pa3peETHY XEMEE B XIX B. O6mmpHas cymMMa 3HaHWH O CBOH-
cTBax 63 IEMCHTOB, H3BECTHRIX XK TOMY BpeMCEHH, OpUta mpEBencHa
B ¥abId mopazox (oM. § 1.4).

eCMOTPS HA BCKO OIPOMHYIO 3HAYHMOCTB TAKOIO OTKPHITHA,
IEpHOJRYECCKRE 3aX0H B cHCTeMa MeHaeneesa NPeACTABNLNIR JTHINL
reHERaNIbLHOE 3MIHEpHYeckoe obobmenne ¢axToB, 2 BX (mEveckmi
CMEICTT AOSXOE BpPEMS OCTABAJCHs HenmomsTHBIM. [IpAYsBa 3roro 3a-
Kmovanack B TOM, 970 B XIX B., xak MRl 3HaeM, COBEPINCHHO
OTCYTCTBOBAJIA KaKHc-THOO LPEACTABICHHS O CIOXKHOCTH CTPOCHMSA
aToMa.

Hanutie 0 CTPOCHHEH AIpa B O pacOpeellcHHH 3JICKTPOHOB B aTO-
Max OO3BOJISIOT HO-HOBOMY PpacCcMOTPETh NEPHOMHYECCKHE 3aK0H
H NepHOJAYECKYIO CHCTeMY aleMenToB. Ha 6a3e coBpeMeHHEIX mpej-
CTaBJIcHAH NEPHOJUYECKHE 3AKOH hopMyHpPYETCS TAX:

CBONCTEA NPOCTHIX BEMECTS, A TAKKe (hOPMLL B cBoficraa coemame-
HEii JfeMEHTOB HAXOANTCH B DEPEOXHYIECKOi 33BACHMOCTH OT 3aps-
Og sapa sToMa (DOPAAKOBOTO ROMEpA).

Ilepmoguaeckas Tal/mma m 3 HHbIC KOHGEIYPADEN ATOMOB.
M1 paccMOTpeBRS 31EKTPOHHBX KOH(ATYpamHMi ATOMOB MOXKHO HA-
IIAAHO OPOCIEIATE HEPHOAHIHOCTh CBOHCTE 3/IEMEHTOB, OTEPRITYIO
eoeperie [, 1. MenpeneesriM, _

Yeeno »NexTPOROB, BAXOASUINXCH Ha BHCHIECM YPOBHE B ATOMAX
IMEMEHTOB, PACNIONIATAIOMMEXCA B NOPHEOKS YBCIHIYCHAS NOPIAKOBOFO
HOMeEpa, OCPHOJHYCCKH NOBTOpscrcd. IlepHoamdeckoc H3IMeHeHME
CBOHCTB 3JIEMEHTOB C YBEJIHICHHEM NOPAAKOBOTO HOMEpa 00BAcHNeT-
Cf NMePHOOHICCKAM HIMEHCEHEM CTPOCHHS HX aTOMOB, & HMEHHO
YHCIOM 3JIcKTPOHOP HA HX BHEIIHHX 3HEPTeTHYCCKHX ypoBEAX. Ilo
9HCTY 3HEPreTHYECKAX YPOBHe# B IEKTPOHHOH oOojouxe aroma
37IEMEHTHL ACTMICH HA cemb nepuodos. IlepBhiii nepHos COCTOHT A3
ATOMOB, B KOTOPBHIX MIEKTPOHHAA ©0ON0YKA COCTOHT H3 OXHOTO
3HEPreTHMECKOr0 YpOBHA, BO BTOpPOM HOCpHOAE — H3  [BYX,
B TPEThLEM — H3 TPEX, B TCTBEPTOM — M3 4e€ThIpex H T. 1. Kam et
HOBRIH NEPHOJA HAYMHAELTCH TOIAA, KOrJd HAYMHAET 3ANOJHNTHCH
HOBLI# 3HEPreTHICCKHHA YpOBEHD. i :

B nmepmoamdecKoll CHCTEMe KaXILIH mepRoji HAYHMHAETCS JICMEH-
TaMH, aTOMB! KOTOPBIX HA BHCOIHCM YPOBHC HMCIOT OJHH JJICKT-
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POH,— aTOMAaMH INEJOYHBIX METAILIOB — H 3aKAHYHBAETCH 3ACMEH-
TaMH, aTOMEI KOTOPHIX HAa BHEINHEM YpOBHe HMelOoT 2 (B mepBOM
neproJe) WIE 8 37eKTPOHOB (BO BCEX MOC/IEAYIOMEX) — ATOMAMHE
6naropoJHHX Ia3o0B.

- Jiamee Mul BEJIHM, 4TO BHEIIHAS 3J¢KTPOHHEIE 000JIOUKHA CXOIRE

atomos snemenros {(Li, Na, K, Rb, Cs); (Be, Mg, Ca, Sr); (F, Cl, Br,
B; (He, Ne, Ar, Kr, Xe) u 1. 1. €HHO HOITOMY Kaxaas H3
BHIMEOPHBEEHHBIX IPYNN AEMEHTOB OKA3KIBACTCH B ONPEACICHHOM
rIaBHOM HOjrpymme mepmoamdeckoi tabmmmer: Li, Na, K, Rb, Cs
Bl rpyme, F, Cl, Br, I — B Vil u 1. n. Hmenno scaedcmaue cxodcmsa
CMpDOEHUA IACKMPOHHBIX 0D0AOUEK aMOMOE CXO0HbI uX (pusuveckue
u xumudeckue ceodcmsa. ,

Ymcno 24asHbix nod2pynn oupelelseTcs MaKCHMANBHRM YHCIIOM
3IEMEHTOB Ha 3HEPreTHISCKOM ypoBHe H pasHO 8. YMcnoe mepexon-
HBIX 3JIEMEHTOB (IIEMCHTOB NoOGuHbIX nodzpynnt} OnPeRciIgeTCs Mak-
CAMAJILHEIM 9HCIIOM 3JIEKTPOHOB Ha 4-noAypoBHEE H pasHO 10 B Kax-
AoM H3 GONBIIHX NEPHOIOB.

ITockoIbKy B NEPHOAHYCCKOH CHCTEME XHAMMYCCKHX 3JEMEHTOB
. A. Mengeneepa 04Ha B3 N00OYHLIX DOATPYIN COAEPAMT CPa3y TPH
OEPEXOAHEIX JTEMEHTA, OJHM3KNX [0 XEMHUYECKEM CBOMcTBaM (Tak
HA3LIBAEMEIE TPHAABL Fe — Co — Ni, Ru — Rh — P4,
Os — Ir — Pt), To wHcno noboOYERIX NOATPYNO, TAK XKe Kak H IJaB-
HEIX, paBHO 8.

Ilo aganore® ¢ DEPEXOAHLIMA ICMEHTAMHE, THCIO JAHTAHOH/OB
H 28KTHHOHJOB, BHIHCCCHHBIX BHH3Y IEPHOAHYECKOH CHCTEMEI B BHAE
CAMOCTOSITENILHRIX PAJOB, PABHO MAKCHMATLHOMY THCIIY IEXTPOHOB
H& j-NIOOYPOBHE, T. €. 14.

TaxuMm o6paizom, cTporas DEpEOAHIEOCTh PACHOIOMKEEHS 3IeMe-
HTOB B IepHOHYECKOd CHCTeMe XAMAYeCKHX remeHTOB JI. M. Men-
JelleeBa MONMHOCTbIO OOBACHAETCH NOCIEJOBATEILHRIM XapaKTEpOM
3ANOJIHEHAA SHEPTETHICCKHX YPOBEEH.

Ilepropaveckne cpolicTBa 3jMeMeRTOB. IlepHOMAYBOCTL CBOKACTE
aTOMOB 3JIEMEBTOB MOXHO HPOMILTIOCTPAPOBATh Ha CAMBIX Pa3HBIX
HX XapakTepucrukax. IlepeuHcnnM BaxkBeHINHE H3 HAX: PaJHYC aTO-
Ma # aTOMHBIH 06BEM; DOTEHIMAT HOHM3AIHE; CPOJCTBO K JJIEKTPO-
HY; JIEKTPOOTPHOATCIIHHOCT ATOMA;, CTEHNEHA OKHCIICHHS; (mimdec-
KHe CBOICTBA coenuHeHMHl (MIIOTHOCTh, TEMIEPATYDHI I[JIABICHHS
H KHIOCHHN).

HekoTophie B3 3THX XapakTepHCTHK M3BECTHH H3 DIKONBHLIX Kyp-
COB (QM3MKA H XMMHUH, APyrHe ME OOpec/IEM HEXKE, TPETHH IOZPOD-
HO obcyxneHn B nmocieaylommx pasfenax (obcyxaeHme OOHATHE
SACKMPOOMPUYAMEALHOCIMYE U CMENeHl OKUCACHUA CM. B T 3).

Xopomo H3BECTHO, 9TO IPadHK 3aBECHMOCTH amomHbix obbemos
3]IEMEHTOB OT MX aTOMHON MAacCh, DOCTPOEHHLIA OJHHM H3 Open-
mecteeHEnkoB . Y. Menaeneepa, nemenkam xummxoM JI. Meliepom
{1830 — 1895), mocnyxH1 OJHMM M3 AOKA3ATEJBCTE NEPHOJHYHOCTH
3JIEMEHTOB. JTa NEPHOAWYHOCTY Ay4ine 0OHAPYKHBACTCA Ha rpaduke
?panucgm))cm aTOMHOI0 00BEMa 3JIEMEHTOB OT HX ATOMHOI'0 HOMEpa

Hc. 2.5).
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Prc. 2.5. MaucHECEES ATOMHOTO O0BEMI ATEMEHTOB B 3APECHMOCTH
OT HX STOMHOTO HOMEPA

Amomubie paduycei 3EMEBTOB TOXe O0NAKAKOT NEPROAMIHOCTHIO.
. Ha pac. 2.6 oT4eTaAHBO BHAHO, 9TO ATOMHLIE PAIHYCH YMEHBIIAKOTCH
CIIeBa HAIPABO BAONE NEPHOAA H YBEJIHIHBAIOTCA CBEPXY BHH3 BAOSL

YIOIEL

Tax xe¢ oTdernEBo oOHApYXWBAaeTCH NEPHOAMIHOCTS JUIS TAKHX

BAXELIX XAPAKTEPECTHK ATOMOB, K2K nomeHyuasbl (IHepzuu) uonu3a-
Yuu B 3AEKMPOOMPUYAMEAGHOCIN. :

Ilomenyuaa (anepzur) uonuszayuu — 3Eeprug, seobxomaman gns
oTpuBa Hambonee ciyabo CBS3aHHOIO JNEKTPOHA OT ATOMA!
XXt 4o

I'padux, npencrapnemnsdi ma peC. 2.7, SCHO IOKA3KIBaET, ITO
IHEP2UA UOHU3AYuU HMCCT MHBAMAIBHOC 3HAYCHHEC AN IMEJOYHBIX
METAILIOB, a4 3aTeM BOPABO BAOJL NEPHOAA BOIPACTAET H JOCTHTAET

3r

o ! ] | - 1 J
(4] 20 40 60 a0 100

Aromubii Homep Z

Pac. 2.6. JlepaomIeckos HIMEBSHAE ATOMREIX PAIHYCOB
INEMEATOB B 3ABBCHMOCTH OT HX ATOMHOTO HOMEPS
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Pac. 2.7. Ilepaoquqecxoe E3MEReHAe NOTEHIEAIOR (3Heprud)
HOHH3AMME )IEMEETOB B 3aBPACHMOCTH OT BX 2TOMEOID HOMEPA

MAaKCAMYMA Y 6JIarOpOAHKIX T430B; CBEPXY BHA3 BAOH IDYINEL HOTeE-
HOHAJIOB {3HEPIHH) HOHA3ZALMH YMEHLINAIOTCS.

Haxouen, nocnensnit rpaduk (puc. 2.8) BarnapHO HIUIIOCTPHPYET,
4TO CJIEBa HANPABO BAONL HEPEOAA 34EKMPOOMPUYAMEALHOCMb 3TIe-
MEHTOB BO3PACTAET M JOCTHIaeT MAKCHMYMA ¥ FaJiOrcHOB. 3aT¢M OHA
pPE3KO YMEHBILAETCA N0 HYIA OpH NEpexcie X 0JaropoiEmIM rasam;
CsepXy BHM3 BAOIL KAXKAOH IDYIIEI 3MEKTPOOTPHIATEILHOCTE YMeE-
HBIIAETCS.

SnexTpooTpmjarenshocTs

K Rb s’

i ! Kr i i Xe

20 30 40 so
AToMHbIA HOMep Z

Prc. 2.8. TleprOMHIECKOE H3MEHEHAE JNEKTPOOTPHIATE HHOCTH
¢ yBEEMEHAEM MOPEAKOTO HOMEDA MEMERTOB



Cneayer OTMETHTD, ¥TO B QU3HYECKHX H XHMHYECKHX CBOHCTBAX
coedurenuii Taxxke OOHADYKHBAIOTCA OEPHOMUYECKHE 3AKOHOMEPHO-
CTH. DTH 3aKOHOMEPHOCTH MEI DpPOCHEJHM HA OPHMEpPAX CAMBIX
PA3IHEIX KJIACCOB COSAHHERHH (OKCHAOB, FHAPOKCHROB H T. /1) B pas-
Henax, DOCBAMEHNEIX JTHM COSAHHEHHIM.

Tnana 3 .
XMMHNYECKAS CBS3b H CTPOEHHME MOJEKY.JI

§ 3.1. Ilpapona xumMmEqeckoil CBEIH

Jlanm EeMHOTHE XHMEYECKHE 3JICMEHTH (01aropofHEE ra3kl)
B 0OLMHRNX YCIIOBHSX HAXOAATCH B OXHOATOMHOM COCTOAEKH. ATOME
OCTANLHRIX VIEMEHTOB, HA060POT, B AHIHBEAYAILHOM BHAE HE CyIIe-
CTBYIOT, TaX KAK MOTYT B3aEMOJCHCTBOBATH MEX Iy co00# HiIH ¢ aTO-
MaMH Jpyrax 3]IeMeHToB, 00pa3ys OpH 3ToM Oonee CIOXKHEE 4aCTH-
mul. Cpena 9acTan, o6pasyeMBIX COBOKYIHOCTBIO ATOMOB, BRIEISIOT
MOJICKY NI, MOJIEKYJIAPHKIE HOEH B cBoGomabie pagmkanw®. Ciemo-
BaTEelIbHO, CYIMECTBYET NIPAYAHA, HO KOTOPOH# ATOME! (CBA3LIBAIOTCE)
JApyr ¢ OpyroM. JTa IOpHIAEA DOTYYAJA HAa3BaHHC «XHMHYCCKAS
CBE3b»; OHA OOYCHOBICHA TEM, 9TO MEKIY aTOMaMH JCHCTBYROT
3AeKmpocmamudecKkue cuAbl, T. €. CHILL B3anMopeicTBAY AnexTpHIec-
KHEX 3apaf0B, HOCHTEJIIMH KOTOPHIX ABIAIOTCA 3JEKXTPOHH H SApa
aTOMOB.

Hoxazano, 4ro B 06pa30BAHAH XEMHYECKOH CBAIH MEXAY ATOMA-
MHE [JIABHYIO POJIb MTPAIOT 3NEKTPOHBI, PACIOIORKEHHEIE Ed BHEIIHEH
ofonouxe |, CIEIOBATEILHO, CBA3AHHLIE ¢ SAPOM HAHMEHEE OPOIHO,
TAK BA3bIBACMbIE 8QACHMHbIE 34eKkmporsl. IMEHHO MO3TOMY CTPOCHHE
BAJICHTEOH 3CKTPOHAOH KOB(QHIypamHH ATOMOB SBIISETCH BaXKHEH-
mEM $axTOpOM OpPH PacCMOTPEHHH YCIOBHM o00pazoBaHHS XB-
Mrveckoil cpasn. HanGonpmed ycTOHMHEBOCTEIO 00a/1at0T BHEIIHHE
O0ONIOYKH H3 ABYX HJIM BOCHBMH 3€KTPOHOB (3JICKTpOHHBIE TPYII-
IHPOBKH $JIAropONHBIX Ta3oB). ATOMEI k€, HMEIOIIHE HA BHENIHEH
obonouke Mesee BOCEMHE (HJIE HHOTAA ABYX) JICKTPOHOB, CTpEMATCA
OpHOOPECTE CTPYKTYpY OnaroponHRIX ra3oB. Taxkas 3aKOEOMEPHOCTh
no3sosmia chOpPMYIHPOBATE HOJCKCHHE (npasuic okmema), KOTo-
poe ABNSETCH OCHOBHRIM LIPE PACCMOTPEHHH YCJIOBHE 06pasoBaHHs
MONIEKYIILL: NP 06pa308aHuw MOACKY AL AMOMBI CMPEMAMCA npuob-
pecmu  ycmotivuayio 80Cb MUSAEKMPORHYI0 (oKkmem) uAau 06yX3AeKm-
ponnyio (oybaem) cbosouxu.

O6pa3oBanHe YCTOHTMBOH JIEKTPOHHOH KOHOMTYpamHH MOXET
OPOHCXOAHTH HECKOJBKHMH CHOCO0aMH H IPHBOJMTL K MOJEKyIam

*Heoraa x OTACJLHOMY THIY MHOIrOATOMERIX YACTHO OTHOCAT PA3IHTHHE
KOMRNAEKCHL.
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(m BemecTBAM) PA3IMYROTO CTPOCHAN, NO3TOMY PASIHYAIOT HECKOIL-
KO THIOB XHMHYCCKOH CB#3H. TAKOBH UOHHAR, KOBAACHMHAR, MEMar-
AUNECKAR, 8000POOHAR B SaHOEPSAAALCO8Q CBEIH.

Jhobas xamuEveckas ¢33k ofpasyerca TOJBLKO TOrAa, Korag.c6mm-
XeHHE AaTOMOB HPMBOAMT K NOHHXCHHIO NOJHON JHCPIAHM CHCTEME
(cymMmMRE xHHEETHYECKON B DOTeHNHANLHOH 3HCprui). IIpornmocTpa-
PYEM 3TO YTBEPAACEHE Ha DpAMepe o6pa3opanus mpocreiimedl Moe-
KYJBL, COCTOANICH H3 XBYX RTOMOB.

OnpenenaromaMu GaxTOPAMHE SBJISIOTCE MENCBAOEPHOE PACCMOR-
Hue r H 3Hepzun a3gumodeiicmeus aromos. Ha pmc. 3.1 moxasano
HIMEHCHHE JHCPrHM B CHCTCMS M3 JBYX HOCTENCHHO CONMMEAIOIMHEXCH
aTOMOB. o

Buavase aToMuE pa3geneHsl 60IbIEM PACCTOSHEEM H 3HCPTHY HX
B3amMonciicteas Gnmska x Hymo (obnacts I). llpm cOmaxenen
aTOMOB MEXNY HAME BO3HHKAST cnalioe BaEpepsaanscoBO B3AHMO-
. peficrere (obnacrs 2). Koraa MeXhSAepHOE PACCTOAHMC CTRHOBHTCS
CPaBHHMO ¢ pa3sMepaMH 3NEETPOHEKX 00on0%ex aToMoB (00nacts 3),
Mexy HEMH NOSBISIOTCS ABA KOHKYPHPYIOITHX BHAA B3aHEMOACHCT-
pHA. Bo-nepsHx, npuraxenne, ACACTBYIOES MEXAY SAPAMHA OJHOrO
H 3NEXTPOHAME APYroro aToMa. Bo-BTopmix, oTTajKHBaHHE, ACHCT-
BYIOIICC MEE/Y ONHOMMCHHO 3apAXSHHEIME S]{pAMH H 37eKTPOHAME
oborx aroMoB. B aroit o6nacTy npesaIApyeT OPATIKCHES B JBCPrHs
OpOHOJDKACT YMCHBINATHLCA BILIOTH RO oOpasoBamEs crabHmbEOR
MOJICKY/ILI OpH r=r,, MEEEMyM HA KpEBOH NOKA3KBACT TOT BhIHI-
pLINI B 3HEPTHA, KOTOPHIM CODPOBOXAAETCH OOBEOEECHHEC H30IHPO-
BAHHEIX aTOMOB B Mozekyny. IIpa nanereiimem c6imkenHn aToMOB

Burcokas
SHeprua

- I

TTOHTROMNG | g !
Husxan CBASH

sHeprua

Pre. 3.1. DHepras »3anMONeiicTBRE ABYX ATOMOBD
B 32BHECHMOCTH OT MCAKBAASPHOTO PACCTONHAS

42



(obrmacTe 4) HAYHHAIOT HPEBAIMPOBATH CHIIN OTTAJIKHBAHHS, PE3KO
BO3pACTAIONEE HA KOPOTKHX paccrosumax. Takmm oGpa3oM, H3 pHC.
3.1 caenyer, 4TO MONEKyIHW THNa A; MOTYT ORITH KOJHYECTBEHHO
0XapakTepH3OBAHE YKA3aHHCM PaBHOBECHOTO MEXBIAEPHOIO pac-
CTOSHHS 7, H SHCPTHH CBA3H (3BEeprHH AHCcOnBanmd). [ua mMonexyn
THna AB, COCTOSIIEX B3 Pa3HLEIX ATOMOB, HEOOXOAXMO 3BATH HOJIEpP-
HOCTb CBA3H, KOTOPAas XapAKTepHIYETCS 3NEKTPHICCKAM MOMEHTOM
AMnona (cM. HEXe).

Pemenne BOompoca ¢ OpHPOAE XHMHYECKOH CBA3H CTANO BO3MOXK-
HHIM TONLKC HA OCHOBE KBAHTOBOM MEXaHWKH, OCHOBLI KOTOpOif
OTMEYeHH B Opeanayme raase. [Ipeane 9eM paccMOTpeTh KamIbli
H3 THIOB XHMPYECKHX CBHE3eH, KOHCOEKTHEBHO ONPEJEIEM KaXIyIo H3
YOOMSHYTHIX BHIIHE JaCTHI,

Moaexyasa npepcrasnser coboit ycronmylo INEKMPOHENMPaA -
HYI0 cucmemy, COCTOMIYIO H3 B3aHMOJCHCTBYIOIHMX 3JEKTPOHOB
H HECKOJILKHX SAcp H COOCOOHYIO K CAMOCTOATEILHOMY CYIIECTBOBA-
HHIO. YCTOHYHBOCTh MOJICKYJIEL 03HA%ACT NpPEXAe BCETO TO, 9TO s
ee pasjeieEns Ha ATOMB TpeOyeTcs 3aTpaTa 3HEpPTUH.

B oTnudme OT MOJEXYN MOAEKYAADHblE UOHHI — MHOTOATOMHLIE
9YACTHILI, HECYIHEE 3TCKTPHYECKHE 3apsaj, caMu mo cebe HE MoryT
obpaz0BHBaTh KAKOS-IHOO BEmECTBO, TAK XAK MEXKAY HEMH A¢HCTBY-
KT CHIB JIEKTPOCTATHYECKOrQ orTankmBands. [losromy, Haopm-
Mep, cymecTByer moH amvMoHEs NH], HO He CymecTByeT BeIecT-
Ba AMMOHHA. JIIEKTPOCTRTAYECKOE OTTAIKEBAHAE MOXET OKITh CKOM-
OEHCAPOBAHO JIHIE OAHOBPEMEHHRIM NPHCYTCTBHEM 3JKBHBAICHTHO-
Io YHCIA OTPHNATEILHO 3aPSDKCHHLIX HOHOB, CKAXEM, HOHOB Cl.
Bmecte ¢ momame Cl~ momsl NHS oﬁpaayror BEMIECTBO ~— XJIOPH],
AMMOHHS,

Hns aromoB 31eMeRETOB, 06pa3yIOMMX KOBANICHTHRIE CBS3H, Xapa-
KTepHO 06pa3’oBande onpeaeseHHoOro Yacna ces3el. ITo 9HCIO HA3H-
Baercs sasenmuocmero. Ecnu B cocTaB MEHCTOATOMHO#H 9aCTHIEL BXO-
IHT aTOM, OOpa3yIOIME# MeEHLINEe WHCIO XHMHYESCKHX CBR3eH, JeM
3TO COOTBETCTBYET €ro BaJICHTHOCTH, TO FOBOPAT, 9TC 4acTrana ob-
Janaer cBoOOMEOH BAICHTHOCTHIO. TakHe YACTHIN HA3BIBAKIT C60-
bodnvimu paduxaramu. IIpr Berpede aByx cBOOOIHBIX PAAMKAJIOB 34
cier Hx CBOGOAHLIX BAINCHTHOCTEH MEKAy HAMH BO3HHKAeT HOBas
XHMHYECKAS CBA3b, H Oapa CBOOOSHRIX pagdKalloB IpeBpallacTcs
B MOJIEKy1y. B cuny 3ToH TEBASHOHM K HODAapHOMY OOBeNMHECHMIO
cBOGOAHEIE paAUKaIILI, KAK OPABHTIO, HE CYIIECTBYIOT B BHAC CTA0RIb-
Horo BemecTBa. HanmpAMep, CYmIeCTBYeT H XOpOINO H3ydeH cBoboa-
Heit pagukail OH+ (ceoGommeni rmapokcHi; Toukod o6o3paueHO
HAJTAYAE CBOGOHOl BATERTROCTY), HO HE CYNIECTBYET BEIIECTBA A~
POKCHIIA.

B HeXOTOpHIX CIy9asx MOJEKYJH HIH MOJNEKYJISpHbIC HOHH MO-
ryT o0BeaHHATHCA B Oonee clioxHBe 00pa3oBaHAs, COXpaHSS OCHOB-
HBIE YEPTHI CBOETO CTPOSHAN M CHOCOOHOCTE BHLAECIATLCH B HCHM3MCH-
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HOM BHAC¢ OpH ONpeAcNeHHLIX H3MeHeHHSX ycnosmi. Hanpmamep,
AMMMAK pearmpyeT ¢ HOHAMHE cepebpa, naBas JacTHOE Ag (NH;.)-‘._+
1w MACTHIL B ONPE/ENEHHAIX YCIOBHAX PACIANANOTCH KA HCXOJHEIR
BoH Agt B Monexynn amvmaka. Takge oOpa3oBaHHS B XHMHM
HAZRIBAIOTCE KoMnaekcamu, THIL KOMIUIEKCOB pasnoobpa3nn. OHE
HIpaloT MCKIIOMMTEILHYIO poiib B GHOJIOrEIecKaX cacremax. Hanopa-
Mep, BaxBeimas wepra Omonormvecxmx xaTanmm3aTtopoB (bepmen-
TOB) — cOOCOBHOCTE 06pa3OBHIBATE KOMILIEKCH C cybcTpaTamm —
MOJERYJIAMH, KOTOPHE OPEBPAINAXOTCE B NPOAYETH! PEAKIAH IIPH
JeHCTBHA GEepMERTOB.

§ 3.2. KoBajlenTHAN CBH3b

CymecTByIoT ABa ?mnmanmmx MexaEH3Ma o6pa3’oBaHHA KO-
BAJIEETHOH CBSI3H — erHblil B JOHOPHO-GKYENMOPHYL.

OfiMennniii mMexammiM ofpazopammu xosanenTsodl cmasm. Ilycts
HMEIOTCA AB& OTASNBHEIX, A30JAPOBAHHLIX aToMa Boaopoga H a H”
(puc. 3.2). Ilpe cOnReHdE ITHX ATOMOB CHIN IEKTPOCTATHIECKOTO
B3aEMOICHCTBREA — CHUIH MPHTOKCHAR 3NeKTpoHa aTomMa H' k aapy
atomaz H” ® snextpona aroma H” x aapy atoma H' — 6yayt BO3-
pacTaTh: ATOMEI HAYHYT HPETSTABATHCA APYT K Apyry. OanoBpemen-
HO OyayT BO3pacraTrh H CHJIE OTTAJKHBAHHA MEXAY OAHOHMEHHO
3apEXKCHHLIME SAPAME aTOMOB H MEXKIY ICKTPOHAME 3THX ATOMOB.
3TO mpHBERST K TOMY, YTO ATOMBI CMOTYT CONME3ATECE Mex Y coboH
HACTOJIBKO, YTC CHJIB OPHTSIKEHHA OYAYT DOMHOCTHIO YPABHOBEIIEHE
cHNAMA oTTankmBaEmd. Pacder aroro paccrosmns (daunst KOBAIEHT-
HO# c8A3u) IOKA3KIBAET, 9TO ATOMEI CONHM3ATCA HACTONHKO, ITO 3JIEK-
TPOHHEE O0OJOYKH, YYaCTBYIOINHE B oOpa3oBaHMHM CBH3H, HAYHYT
NEPEKPRIBATECA MEX Y cobol (cpasnume mexcdy coboii puc. 3.1 | puc.
3.2). 3T0 NPHBOAMT K TOMY, 4TO 3IICKTPOH, ABHTABMHNCH DaHee
B IOe NPHTHKEHHS TOMLKO ONHOIC SApA, IOJYIET BO3IMOXKHOCTh

Pre. 3.2. BiammoneiicTere AByx aToMoB Bomopona. Kamaeid 3MexTpoH

IPATATHBAETCH AOpoM cobcrBeEnoro atoMa (A, Aj) B SapoM cocell-

Hero aroma (A, Ayp). KpoMe Toro, cylnecTByeT OTTAKHBAHAE MEXIY
EKTPORAMHE (r(;) B AByMS sapami (R;,)



OepeEMEATECA B B IIONE OPHTSKEHHS Opyrore gapa. B xako#i-To
MOMEHT BpEMeHH TO BOKPYT OJHOIO, TO BOKPYF IPYTOro artoma
6yaeT BOAEMXATE 3aM0HEHHAY 00009KA O1aropoaHOrO ra’a (Tako#
OpoIece MOXET NPOMCXOAATH TOJBKO C 3NEKTPOHAMHE, 00Nazaroma-
MH OPOTHBONONOXHO HAIpPaBICHHLIME NPOCKOASMHE CcoHHA). [Ipm
3TOM BO3HEKaer 00mas Bapa 3JCKTPOHOB, ONHOBPEMEHHO. DpEHaj-
nexamas ob6oEM aTOMaM. '

ObnacTy NEpeKpHTHA MEXAY 3NEKTPOHERMHE 000/I0IKAME BMeEeT
HOOBLITICHHYIO JEKTPOHHYIO NIOTHOCTh, KOTOPAsS YMEHBIAET OTTAI~
KHBAaHHE MRy S/paMHA B coocoB¢TByeT 06pasoBaBHIO K0gaseHnHOl
C8A3U.

Takam obpaszoM, ceass, ocywecmsaneman 3a cuem obpasosanus
3AEKMPOHHBIX NAp, 8 OOURAKO80U Mepe npunadaexcawux oboum amo-
MaM, HASLIBAEMCA KOBAACHMNOU.

KoBanenTnas cBf3s MOXET BO3HHKATS: HE TOJBKO MEX]Y OJHHA-
KOBBEIMH, HO H MEXJIy Pa3HBIMH aToMaMH. Tak, 06pa3zoBanue MOJIEKy-
ma HCl g3 atomoB BoopoAa W Xjlopa HpPOHCXORHT Takke 3a
cyeT oBmeil mape 3IEKTPOEOB, OJHAKO 3T4 mapa B Oojbmed mepe
OPHHAANEXHT &TOMY XJIOpa, HEXEId aToMy BOAOPOAA, HOCKOIBKY
ICKTPOOTPHUATENRHOCTh XJIOpa ropa3zo Oonbime, YeM BOAOPOAA
(cM. HEXeE).

PasnpoBEAEOCTE KOBANICHTHOH cBs3g, 00pa’oBaHBOE OJHHAKOBEI-
MH ATOMaMH, HASKBAKT Menoafpuoil, a 00pa3oBaHHON pa3BREIME
aTOMAMH — noAApHotl.

ITonspEOCTh CBA3H KONHYECTBCHHO ONCHHBACTCH OUMOAGHBIM MO-
MEHMOM |f, KOTODHIH #BJIMETCE NPOH3BEACEHEM UIEHBI IMIOONS
{ — paccrosHEs MeXay NBYMS PaBHRIMH [0 BEJIAYMHE H OPOTHBOIO-
NOXHKIMHA IO 3BaKy 3apsiaMH +¢ H —g — Ha abGCOMIOTHYIO BEIH-
wuHy 3apspa: p=Iq. IIpuAsTO CymTaTh, 4TO HHIIONBHEE MOMCHT
ABJISIETCS BEJMIAHOE BEXTOPDHOH M HANpPABACH MO OCH IHOONE OT
OTPHOATENLHONO 3apfasia K HOJOXHTENbHOMY. CleayeT pajHYaTe
OHIOONBHLIE MOMEHTHl (HONAPHOCTE) CBE3H H MOJEKYIH B IIEJOM.
Tax, p1s npocTeMMAX ABYXaTOMERX MONEKY] JHOOILHBIE MOMEHT
CBA3H pPaBeH JENOILHOMY MOMEHTY MOJIEKYJIEL.

Hanporus, B MoJiekyse okcaaa yraepoaa (IV) xaxaas m3 cesasei
nonspHa, a MOAEKYJIa B NeoM Benonsgpra (u=0), Tak kaKk MoJexkyna

1 ‘ o .
]

o 19 ) *q /fc;g’\"’
A ! H H-
u=0 ~ .

VAN 7
N
a) 6)

Pac. 1.3. DrexTpreeckme MomenTrl aemonel Monexyn CO, g H)0O
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O = C = O nuneiina, H AHOONbHEE MOMeHTH cBA3cH C = O xomner-
CHpYIOT Apyr npyra (peEc. 3.3, g). Haxomen, HAIHIHE ARDOILHOIO
MOMCHTA B MOJIEKYJIe BOAH (PHC. 3.3, §) 03HATACT, UTO OHA HeAuweil-
ua, T. e. cB3u O — H pacnonoxesn OO yrioM, He pasHmm 180°
(pmc. 3.3). _

B 1abu. 3.1 ykasaHLI JICKTPHIECKHE MOMEHTH JHIONCH HEKOTO-
PBIX MONEKYIL :

Tabanna 3.1. DackTpaMeckRe MOMENT: JEHONEHR MOTEKYA 1, K1 M

Monexyna u103¢ Monexyma a 10% Monexyna i 10%°
HF 6.4 F NH, 4,9 H,0 6,1
HCl 35 " PH, 1,8 80, 54
HBr 2,6 " CO 04 C.H.Cl 55
HI 1,3 " CO, 0 _ca, 0

IlongpHyio CBS3L MOXHO PacCMATPHBATL KAK IPOMEXYTOTHYIO
MeXJy YHCTO HOHHOH H KOBAaJICHTHOM HemojspHOH. Hapsny c mm-
HOJILHEIMA MOMEETAMH I8 ONCHXH CTEHCHH HOHEOCTE (HONSPHOCTH)
CBAH HCIOMB3YIOT H PYTYIO PacIpOCTPAHCHHYIO XAPAKTEPHCTHKY,
HA3LIBAEMYIO JIEKTPOOTPHNATENLHOCTLIO. ,

Jaexmpoompuyamessnocms — 310 COOCOOHOCTE ATOMa NPATATH-
. BaTh K ce0¢ BalCHTERIE 3IEKTPOHHL APYTHX ATOMOB. JJEKTPOOT-
pEnaTensHOCTE (J0) HEe MOXeT OHTH HIMEpPEHA HIH BHIPAXKEHA
B ¢JHHANAX KAKHX-TAOO GE3HYECKHX BEIHIHMH, O3TOMY AJIS KOJMYE-
CTBEHHOTO oupeaencHns 30 npeanokeH0 HECKOIBKO MIKAJI, BaRGOTE-
Di¢e OPHIHAHHE H PACOPOCTPAECHHE H3 KOTOPHIX IOJIYYHIA MMIKANAa
OTHOCHTEIBHLIX D0, pazpatorammas JI. [Tommmrom.

Tab6amana 3.2. Jaawesms 0 3nemenros no Hoamry

1 1I L] v A' VI VII

1 H

2,1
2 Li Be B C N 0 F

1,0 1,5 2,0 2,5 30 35 40
3 Na Mg Al Si P S Cl

09 1,2 1,5 1,8 2,1 2,5 3,0
4 K Ca Ga Ge As Se Br

0,8 1,0 1,6 1,8 20 24 28 .
5 Rb Sr In Sn Sb Te I

1L 1.0 1,7 1,8 19 2,1 25
6 Cs Ba Tl Pb i Po At

0.7 0,9 1,8 1,8 1,9 2,0 22

ITo mkane Ilonanara 20 ¢ropa (Haubonee IMEKTPOOTPHIATED-
HOrO H3 BCEX 3JIEMEHTOB) YCIIOBHO IpHHATA pasHO# 4,0; ma BTOpOM
MeCTe HAXOARTCA KACIOPO, Ha TpeTheM — xnop. Boaopon B THomu-
HEI¢ HEMETAIUTH HAXONATCH B IEHETPE MKAJNH; 3HAueHEAs HX 20
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Osm3kn k 2. BombIEECTBO METANNOB BEMEKT 3Bavesns D0, npabmm-
3ATENLHO paBHKE 1,7 unE Meabme. OT™MeTHM, 9TO 30 -— Gespasmep-
Hag BEeIMMEHA.

Herpynuo obBapyxeTH 3aK0HOMepHOCTE — HKana 30 B oOmEX
YepPTaxX HANNOMHBEACT NEPHOJHTECKYIO cHCcTeMy 3iemMeHrToB. IIxana
I03BOJISET ONCHHTL CTENEHL HOHHOCTHM (NONAPHOCTH) cBusm. Ecnm
pasnocms 0 atomMop 6omeme 1,8 — 2,0, TO 3NeKTPOHHAA napa,
OCYINECTBIMIOMAS CBA3b, NOJMHOCTHIO OEPEXOZHT K OJHOMY H3
aTOMOB, B 062 aTOMA NIPEBPAMIAIOTCE B HOHBL — PEANM3YETCH UOKHAA
can3v (cM. § 3.3).

Hosopao-axknenTopamii Mexamusm ofpazoBapdy KoBAJeHTHOHR CBS-
38. JJOHOPHO-AKGENTODHEIH MEXAHASM 3AKINIOYEETCS B TOM, 9TO KOBa~-
JieBTHas CBA3b 00pailyercs B pe3yibTaTe MEpexola yXe CYIMeCTBY-
IO EKTPORHOH DapH donopa (HOCTABIMEKA 3NCKTPOROB) B obmee
HONh30BAHHE NOHOPA H APYIOTO aTOMA — aXyenmmopa, DpPeRoCcTan-
IAIOMmEro Aia 3To# mapu caofomEyrs opbmETanms. JloRopro-axmen-
TOPHEI! MEXaHW3IM XOpOIIO HIIMOCTPRpYETCH CxeMol obpa3zopands
HOBA aMMOHHS (TOUKaMH 0G03Ha%eHH 3NEKTPOHRI BECIIHEIO YPOBHS
aATOMA a30Ta, NYCTHIM KBAAPaTHKOM — cBobonHas ls-opbrrame HoO-
HA BO#OPONOA).

+

i i
H—N:+0H* —— | H—-N—H
! I
H H

B woHe aMMOHPS KaXOHH aTOM BONOpONA CBH3AH ¢ ATOMOM
a307a obmeH 3NeKTPOHEOI mapoi, OHA A3 KOTOPLIX PEATH3OBAHA HO
JOHOPHO-AKIENTOPHOMY MEXaHH3MY. BaxHO OTMETHTE, 9TO BCe CBA-
38 H — N, o6pajopapHke IO pa3HIHENM MEX2HHIMAM, PABHONEH-
Hul. D10 OOyCHOBIEHO TeM, 9TO B MOMEHET 0Opa’oBaHHE CBE3H
opOuTam 2s- B 2p-37IEKTPOHOB ATOMA A30Ta H3MECHAIOT cnb;g dopmy.
B HTOre BO3EEKAIOT ¥ETHIPE COBEPIICHHO OAHHAKOBHE NO- popme
OpOETaMH (376Ch OCYIMECTBIACTCE Sp-2ubpudusayus — cM. HEXE).

B kadecTe [OHOPOB OGEMHO BRICTYHIAIOT ATOME ¢ OoJBIIEM
KOJIEYECTBOM 3JIEKTPOHOB, HO HMCIONIEC EeOOMBIMIOS YHCIO HECTA-
peHHLIX 3NIeKTpoHOB. JIng anemenroB Il neprona Takas BO3MOKHOCTD
KPOME aTOMA a30T4 AMEETCH Y KACIOopoAa (ABe Hemo/ieieHEbLIC Iaph)
By dropa (1pE BenoxenenEsie naps). Hanpemep, #os Bogopoxa H*
B BOJHEIX PACTBOp&X HHKOrAa He GbBaer B CBOGOJHOM COCTOSHHH,
Tax Kak 3 Monexya poms H,O u moma H™ Bceraa obpasyercs HOH
ruapokconns H,O'. Vor raapoxcoHrs NpHECYTCTBYET BO BCEX BOA-
HLIX pacTBOpax, XOTE 0A4A NPOCMOMbL 8 RANUCAHUY COXPAHSETCE CHM-
son H*.

JRoropHO-aKUEOTOpHAA CBS3b BEChbMA4 PACHPOCTPAHCHA B BCOp-
raEwgeckoi xumm®. IIpHBeAEM B KadecTBe IPHMEpPA MOJCKYIR
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HNO,, O, 2 NaBF, (cB#38, BO3EUKMIKE B PE3YALTATE JOROPHO-KIEN-
TOPHOTO MEXAHH3MA, H300PaKCHLl CTPE/IKAMH):

0 F -
7 0 I
H—O0—N // § Na*|F«B—F
W 00 I
o F

§ 3.3. Hounan cpu3b

ITpmpoay ROHEHOM CBA3H, CTPYKTYPY H CBOHCTBA HOHHEIX COC/THHE-
HA# MOXHO OOBSCHHTH 3NEKTPOCTATHYCCKHM BIABMOICHCTBHEM uO-
HOB.

Honnan csass — sexmpocmamuneckoe npumadicerte mexcdy uo-
Hamu, 06pazo08arHbIMu NYMEM NPAKMUNECKU NOAHOZ0 CMEUEHUR 3ACK-
mponnoil napw K 00HOMY u3 amomos. 3TOT THN CBE3H obpasyercs,
€CJIH Pa3sHOCTE 3INEKTPOOTPHIATENLROCTER aToMOB BeymKa (> 1,8 mo
mkane [Tommara — cM. § 3.2). MoHEBRas cBE3s — mpefenbHuI crydai
HONMPHO¥ KOBAJICHTHOH CBA3M,

Marepran npeguayme# riuashkl ookaskmBast (cMm. § 3.2), uro
ATOMLI ORHHEX 3JEMEHTOB NPOABNFIOT HPEHMYIICCTBEHHYIO TCHASH-
LEI0 K DOTEpe 3NEKTPOHOB C LPEBPAINCHHEM HX B IIOJOXKHTEILHO
3apsUKCHHEEIE HOHEL (KAMUOKBI), ATOMBL XK€ JAPYTHX 3]IEMEHTOB, Hao60-
POT, CTpeMATCS NPAOOCPECTH 3JIEKTPOHE], HEPEXOAS OPH 3TOM B OT-
PHIATENLHO 3apSEEHHLIE HORLL (@HUOHDL).

Cooco6HOCTB 31eMEHTOB 06pa30BHIBATE IPOCTHE HOHEL 00YCIOB-
TIeHa WIEKTPOHHOH xoHbHIypanreii HX ATOMOB, 4 TAKKE BEHIHHAMHE
HX 34eKmpoompuyamessiocmeil, Ixepauti UoHUIAYUU B CPOOCcmBAd K I4e-
xkmpony (cM. § 2.5). IloBsTHO, YTO JIerde BCETo Kamuonbl 0OpasyloT
3NEMEHTRI ¢ MAJILIMH SHEPTrHAMH (IOTEHIHAIAME) HOBH3AHA — IIe-
JIOYHRIE H MIETOYH0-3¢MeIbERIE MeTalLTEL. OBpa3oBaHRe Xe B YCIOBH-
ax OOHIMERIX XAMHYCCKEX NpPEBPAMICHHH MPOCTHX KATHOHOB APYIHX
3]IEMEHTOB MCHEe BEPOSTEC, TAK KaK 3TO CBA3aHO C 3aTparoll 60Imb-
Imo# JHEPrEM H2 HOHE3AIHIO 3TOMOB.

HpocTre anuons: nerse Bcero o6palyroT p-3aeMeETH VII rpymont
BCICICTBAE HX BHICOKOTO CPOACTBAa K 3JeKTpoRy. IlpmEcoeauHenne
OIHOTO 3IMEKTPOHA K ATOMAM KHCJIOPOA3, CEPH, YINEpoaa, HEKOTO-
pHIM JPYTEM 3J€MEHTAM CONPOBOXK/AETCH BHIACICHHAEM JHEPTHH.
ITpBcoepEHeHAE XKe HOCICAYIOIUEX ICKTPOHOR ¢ 00pasopanueM CBO-
60JHEIX MHOTO3apAAEBIX NPOCTHIX AHHOHOB MECTA He HMECT.

HOBTOMY COCHHHCHHS, COCTOAIMHEAE H3 NPOCTRIX HOHOB, HEMHOIO-
YHCIEHHEL. Jlerye Bcero oM 06pa3yloTcs NpH B3AHMOACHCTBHH uje-
AOUHBIX U WEAOUHO-3EMEALHBIX MEMAAA08 ¢ 2AA02eHAMU (CM. 3HAYEHAS
ux D0, >Hepruil MOHM3AIMH, CPOACTBA K 3JIEKTPOHY M INEKTPOHHLIE
KOHGHTYPAIAHA B COOTBETCTBYIOIMX Pa3feciax). .
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HenanpapieHROCTh B HEHACKINACMOCTE HORROH cmu3n. Ocnosmble
ceoticmaa uonHol ¢8A3u — HEHANIPABJICHHOCTh H EEHACKIIAEMOCTh.
OnexTpAYECKHE 3apAALl HOHOB O0YCIOBNHBAIOT HX NPHTKEHHAE H OT-
TAIKHBAHWEC H B IEJIOM ONPSNCISIOT CIEXHOMETPHUYECKHH COCTAB
coemaacHAs. OHK MOXHO DpeACTaBHTh KaK 3aPAXCHHLIC IHApPHI,
CHJIOBHIE MONS KOTOPHIX PABHOMEPHO PACOpPEAENMIOTCH BO BCEX Ha-
npapleHHax B npocTpascTse. [1o3roMy xaxabii HOH MOKET IPHTATH-
BaTh K cebe HOHK DPOTHBOIIOJIOXKHOTO 3HAKA B JH0OOM HANPABJICHHH.
Hrave rosops, HOEHAS CBN3b B OTJIHYHE OT KOBAJCHTHOH xapa.x-
TEPHIYETCH HEHANPABACHHOCMISIO. ,

IlorsTHO, 9T0 B3aHMO/IEHCTBAE APYT C APYTOM ABYX HOHOB IPO-
THBOMIOJIOXHOIO 3HAKA HE MOXET IPHBECTH K IOIHOH B3amMHOM
KOMIICHCAIIAE HX CIUIOBHIX IONEH. B cHy 5TOro y HEX COXpaHACICR
CIOCOOHOCTh IPHTATHBATP HOHEI OPOTHBOLOJIOXHOIO 3HAKA E WO
ApyraM HanpasneansM. CIIef0BaTENLHO, B OTIHIAE OT KOBAJIEHTHOM
HOHHAS CBA3b XaPAKTEPHIYETCH TAKKE HEHACHIYAeMOCIIBIO.

CTpyKTYpa H UPOTHOCT: HOHALLX coenuuenwii, Bcaedcmsue nenan-
PAasAEHHOCMU U HERACHIAEMOCIU UOKHOT c8A3u IHEPTeTAYECKH Hanbo-
Jiee BEITOHO, KOTAA KAXKIHYE HOH OKPYXCE MAKCHMAJBLHEIM YHCJIOM
HOHOB MPOTHBONONIOKHEOrO 3Haka. OfHAKO H3-3a OTTAJKHBAHHA OX-
HOHMEHHLIX HOHOB APYT OT ApPYyra YCTORYMBOCTEL CACTEMEI NOCTHIAET-
cd JIHIIEL OPH COpeas/IeHHOM B3aMMHOR KOOpAHHAIIMHA HOHOB, MO3TO-
My KOODAHHAIHOHHOE WHCJIO B «YHCTO» HOHHBIX COCHHHCHMEX HE
TOJBKO 3aBHCHT OT cnemEHKH 3ICKTPOHHOA KOBDHIypands 3/eMes-
TOB, HO H OOPEACILCTCH COOTHONIEHHEM pa3sMepoB HOHOB. Tak, OpH
coomKotueruy ROHERIX pamdycos B opeaenax 0,41 — 0,73 ameer Me-
CTO OKTAa3ApHICCKas KOODJHHADHS HOHOB, IPH COOTHOIICHHH
0,73 — 1,37 — xybOuveckas xoopmEpamEs A T. 4. Hanpmmep, npm
paauMoaeicTsaE HoHOB Na™* (ry,+=0,098 am) 1 Cl~ (rq-=0,181 am),
COOTHOINCHHE 3HAYCHHH pajHyCOB KO-
TOpHIX pasuo 0,54, BO3HHKAET OKTAIA-
pEYecKad XxoopamHaouia. IlomobEas
B3aMMHEAS KOOPJHHAIIAS HOHOB JOCTH-
FaeTcs UpH 00pa30BAHMM npocmoit Ky-
GuvecKoli KpucmatuiecKoll peuiemxu
XA0pUOd HAMPUA, B Y3IIaX KOTOPOH Ha-
XOHSTCA HOHHI HATpHf (TeMELIE KpYy-
HOUKH} H HOHHl XJopa (CBETIIhIE KpYy-
xouxu) (prc. 3.4).

Taxkum oﬁpasom BEChH KPHCTA/LI
NOBapeHHOMH COMM npeacTasaseT cobol
Kak OB OJHY OrpOMHYIO MakKpomole-
KyJly, COCTORIIYIO M3 OTPOMHOI0 THC-
1a moEoB (Na*Cl™), ITostomy odas
UOHHBIX cOeQumeHuil nonAmue OPOCTBIX  pue 34, Kpucrammweckas
ABYXATOMHBRIX MOA€KYA THAOA NaCl peleTEa XJIOPHIA HATPAL
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wne CsBr npu obvrunpix ycaosuax mepaem cmvica. OTHeNbHERIE MOJIe-
xynu Tena NaCl cymmecTBoBaTh Bee ke MOYYT, HO Auuib 6 2a3060i
asze npu ouens svicoxux memnepamypax (TeMIEpaTypa ILIAaBICHHS
NaCl cocrasnser 800 °C, remmeparypa xenesns — 1450 °C) v nus-
Kux 0agAeHuAX, KOFa BEPOSTHOCTh CTOIKHOBCHAN MEXAY MOJIEKyIa-
MH MaJa.

Oauako SHEprEs pasphBa HOHHOH CBA3H HE OLPENSASeTCH TOMLKO
SHEPrHeH NPHTSIKCHHS HOHOB, TAK KAK HE CYIIECTBYET MOJIEKYII,
KOTOpHE, HaXOA4Ch B OCHOBHOM COCTOSHHH, pacualauck Okl B ra3o-
Boit daze Ha HOHEL. DTO cleayeT m3 TOro, Aro paboTa, 3aTpavHBa-
eMas HA HOHH3AMHIO 4TOMA METAJUIA, He KOMIICHCHPYETCH JHEpPruei,
BRLICAIOMICHCY OpH OPHCOCAMHENNH ICKTPOHA K aTOMY IAllOreHa.
Tax, MEEMMaIbHAS SECPrHA HOHH3AEH aTOMa Hed3ns (3,89 3B) mpe-
BOCXOZHT MAKCHMANLHYIO JHEPIHIO CPOJCTBA K 3EKTPORY, KoTopoit
obnanaer arom xnopa (3,83 3B)*. Taxum o6pasoM, Jaxe Takas
«IpefebEO HOHHAS» MOJIEKYTa, KAk XJOpH[ De3ds, GakTHIeCcKH He
sABngercd HoEHOHA Ha 100%.

BaxBoil xapakTepHCTHEKOH XEMHYCCKHX CBAICH ABIACTCE IHEPIUA
ceasu (oM. § 3.1 m prc. 3.1) — s@eprug, BeoGXOXEMAR NNE Pa3’pLIBa
XEMHYECKOR CBA3H B KaXJI0H A3 MOJICKYII, COCTABIMIONMIAX Of#XH MOJIb
BEMIECTBA. DHEPrHA KOBANCHTHHIX H HOHHLIX CBf3el OORIMHO BEIHKH
H COCTABISIOT BeEYHHEL nopsxxa 100 — 800 x/Ix/Mouns.

§ 3.4. Merajymueckas cpmib

Mertannu o0BeMHHEAIOT CBOMCTBA, HMelomme obmmit xapakTep
H OTIHYAIONIACCH OT CBOACTB APYIHX BEMICCTB. TaKMMH CBOHCTBAMH
SBNSIOTCH CPABHETE/ILHO BLICOXHE TEMIEPATYPH INABICEHS H KHIC-

HAS, CHOCODHOCTE K OTPAXCEHIO CBCTA, BHICOKAA TEIUO- H 3MCKTPO-
npono,zmocrb TH 0cOGERHOCTR 06S3AHK CYICCTBOBAEMIO B MCTA-
J1ax ocoforo BEJIA CBISE — MEMarsuiecKoli cansu.

Memassuneckan 6336 — €8A36 MeNCOY NOAONHCUMEALRBIMU UOHA-
MU 8 KPUCMAAAGX MEMAAA0E, OCYIECMBAREMAR 3G CHUEM NPUMANCERUR
3.4EKMPOH08, c60D00KO Nepemewyaiowuxca no Kpucmaiay. B coorsercr-
BHH C DOJOXKEHHEM B NEPHOAHYECKOR CHCTEME ATOMEI METAIUIOB
HEMEIOT HeSONbImoe YHCIO KOBAIEHTHRIX IIEKTPOHOB. JTH YIEKTPOHE
JOCTAaTOYHO ciabo CBA3AHLI CO CBOMMMH NAPAMH M MOIYT JIEFKO
OTPhHIBATBECE OT EEX. B pelyipTare B KpHCTANNMYECKOH pemerke
METAANZ NOSBIMIOTCH NONOXKHTEILHO 3aPIKCHHBIC HOHK B CBoboa-
HLIE 3MEXTPOELL. I103TOMy B KPHCTAILIHMECKOM pelleTke MEeTAILIOB
cymecTeyer Gonsmas caoboaa DepeMemeHHs AIeKTPOHOB: OOHH H3

*JpeprEs MOHMIALAR —— 3TO 3HEPrHH, HeoOXOMMMAN ANY YALNICHHE OXHOTC
3NIEXTPOHA B3 ATOMA. JHEPTRSE CPOACTHA X JISKTPORY — 3TO JHEPrHN, BHICIMIOMANC
B PEIYALTATE IPECOCTAHCHEL JICKTPORA K aTOMY. DHEPrAd CPOACTBA K 3IEKTPOHY
IKBHBAJICHTHA JHCPIHE HOHH3IAOAN COOTBECTCTBYIOLIEIO OTPHIATENLHOID HOHA,
1 aB=96,48 x/Ix/mMouE.
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aToMOB OYHYT TepsTh CBOH 3NICKTPOHH, a 0Opa3sylompecs HOHL!
MOTYT NPHAAMATL 3TH VIEKTPOHH H3 «3J€KTPOHHOrO rasa». Kak
CIEACTBHE, METAJUI NPEACTABIIECT COO0H P/l HOJIOKHTEILHEX HOHOB,
JIOKAJA30BAEHLEIX B OHOPEACICHHLIX NOJOXKCHHAX KPHCTAILIHYECKOH
PEIICTKH, H 60NIBIIOE KOJIHIECTBO 3NEKTPOHEOB, CPABHHETENLHO CBOGO-
JBO OEPEMEMAOIMEXCE B HOJIE MONOXKHTEALHRIX IEHTPOB. B 3TOM
COCTOHT BAXKHOC OT/IHYAC METAJUHIECKEX CBE3€H OT KOBaJCHTHRIX,
KOTOPHE HMEIOT CTPOry!0 HANPaBICHHOCTL B IPOCTPaHCTBE. B cay-
Hae Memaniog Heeo3IMONCHO 2080pUMb G HANPABACHHOCMU C8A3etl, Max
KaK GAACHMIHble IACKMPONB PACNPECEACHb NO KPUCMAALY DASHOMEDHO.
Himenso 3TEM # OOBACHAETCH, HAMpAMeED, IUIACTHYHOCTh METAILIOB,
T. €. BO3MOXHOCTb CMEHICHHE HOHOB H aTOMOB B m060M Banpasie-
HHE 0e3 Hapylienns CBE3H.

MeTtajutAdeckas CBA3h OTIHYAETCH OT KOBANGHTHOH TaKke H IO
' IPOTHOCTH: €€ JHEPrEa B 3 — 4 pasza MeHbINC JHEPIHHA KOBAJIEHTHOM,
a Takke HOHEOM cBASH., TeM He MeHee BEIHMHELI SHEpPTHH CBE3H
B MeTa/UIax O/M3KA K 3HAYCHHAM 3HEPrAM HOHHEIX H KOBAJNEHTHHIX
cemeii. 00 3TOM CBHACTENLCTBYIOT, B YACTHOCTH, BEICOKHS TEMIEpa-.
TYPH KHOCHHA MeTaJuioB, Hampamep 357 °C (Hg), 880 °C (l?a)
3000 °C (Fe) m T. A. :

§ 3.5. MexMOMeKy/IapEEe XEMIISCKHE CREIH

Bax#0o DOA9EpKAYTEH, 9TO XHEMHAYECKHE CBE3H 00pa3yroTCcs HE TO-
JIBKO MEXAY MHAHBAAYAJbHBIMH ATOMAMH, HO TAKXE H MEKIY OT-
JelIbHLIMA MOIIEKYIAME, Npu Imom ofpasyiomcn bosee CA0MCHbIE
MoaexyanpHbie 06pa3osanun, BRUPAMED. KOMNACKCHUE COCOUHERUR.

KoMmexcnle coeauHesHd, 3aMETHM, %TC OOLCOPH3IHAHHOIO
ONpeACNcHEAS NOHATHN «KOMIUIEKCHOE COeJHHCHHe» HeT. JTo obyc-
JIOBJICHO pa3HoobpasmeM KOMILIEKCHBIX COSIHHCHHNM H HX Xapaktep-
HHIX CBOHCTB. TeM He MEHEe YaCTO MOXKHO BCTPETHTE CIeIyIOMEE
onpejciIcHHAS.

Komnaexcunle coedunenun — CIIOXKHLIE BEIIECTBA, B KOTOPhIX MO-
AHO BRIICIRTD yYeHmpadstsiii amom (KOMILIEKCOOOpA30BATENR) K CBS-
3aHHELE C HAM MONEKYIRl H HOHH — suz2aidsl. LIeBTpammeei aToMm
H JHragas 00pasylor xomnaexe (snympenriow cdepy), KOTOpPLIA HpHE
3amACH GOPMYIIRI KOMIIIEKCHOTO COSAMHEEHAA 34RIIOTAIOT B KBAPAT-
Hele ckobkH. UHcno naraHgoB Bo BHYTPEEHEH chepe Hasmmaerca
KoopounayuonHnim yucAom. MoJexyisl 4 HOHEL, OKPYRAIONIHE KOMII-
nexc, obpasyT srewniow cfepy. IIpORMITIOCTPHPYEM CKAa3aHHOE
BHII¢ HA OpHMEpe KOMILICKCHOR conn rexcanmanodeppara (11I) ka-
g K, [Fe (CN)g] (Tax Ha3smBaeMan xpacHas KPOSAHAR COAb):

LleBTp2 LA ATOM Jiarasn
N

K3 [Fe(CN)g]
T

KoopnaBEaIMORAOE YACKO
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LeETpaILHEME ATOMAMEA MOTYT GHITH HOHBI IEPEXOXHEIY. METAI-
JIOB WIH ATOMB HEKOTOpPHX BeMeTaLIOR (P, Si). THIHYHEE JIATaHALL:
OH™, H,;0, NH,, CN~, CO. JIgragmsl CBS3aHK C OEHTPATHHLIM
aTOMOM OJOHOPHO-GKYEenMOpHol CBAILIO.

IIpoMIUIIOCTPEPYEM 3TO HA OpHMepe OOPA3OBAHAN KOMNACKCHBIX
coaeti armomuens Tana K [Al(OH),). MMeBHO NOBOPEO-aKIENTOPEEIH
Mexaga3M o0pasoBagds CBS3H MOMOTAET NIOHATH NpHIEHY amdoTep-
EOCTH FEApOKCcHa amomerEs: B Monekynax Al (OH); sokpyr aToma
AIOMAHAS HMEETCH 6 3JIEKTPOHOB — He3aNOoJIHCHHAN 3JICKTPOHHAS
obosnouxa. [na 3aBepmennd 3T0# 060N09KH He XBATAET JBYX JICKT-
poEoB. I KOrfia X FHADOKCHAY aTIOMHHES HOPHOABNAIOT pPacTBOp
MeNoYH, copepxameii GonbIIoe KONHYECTBO IHAPOKCHILELIX HO-
HOB, KaXAbli H3 KOTOPHIX EMECT OTPHIATE/IbHAIN 3apsn H TPH HENO-
IAeneHARe napH AnekTpoHoB (OH) ™, T0 HOBR rEAPOKCEAA ATAKYIOT
aTOM AamOMHBHS K o00palyloT TeTparHEpOXCHANIOMHHAT-HOR
{Al(OH)]". DToT MOH HMEET OTPHUATENbBRIA 3apsn (mepelaEHLIE
€My THAPOKCHA-HOHOM) H HNOJHOCTHIO 3aBEPIIEHHYK) BOCEMHIICKT-
poHAEYI0 060109Ky BOKPYT ATOMA QJIOMEHHS:

- OH OH -
.. "I . I
H:0: +Al+0H - ] HO--Al+O0H
- I I
OH OH

‘Bogopomuas cBuie. Camo Ha3BaEde NOJYEPKHBAeT, 9TO B 0O-
Pa30BaHHA 3TOrO THNA CBI3H NPHEAMACT YJacTHE 4TOM BOJOPOAA.
Bodopodnsie c6A3u Moryr obpaloBIBATECE B TeX Crydasx, Korja
aTOM BOJOPOAA CBA3AH ¢ 3NEKTPOOTPHOATENLHAEM ATOMOM, KOTOPHIH
cMemaer Ka cebs snexTpoHEOE 00/1aK0, CO3aBas NPHA 3TOM MOJOKH-
TenbHERI 3apsa 6+ Ha BOJOpORe.

Bopopoauas CBu3L — CBHM3b MERAY NOJOKETENTLHO 3APWKCHHALIM
ATOMOM BOJOPU/IA OOHOMH MOJEKY/IH W OTPHDATEIHH(O 3APWKeHHLIM
ATOMOM APYIOil MOJIeKY.ThI™.

BogopoxBas CBA3b EMEET YaCTHYHO 3NEKTPOCTATHYECKHH, 9aCTHY-
HO HOHOPHO-AKNEHTOPHLIA XapaxTep.

B xa4ecTBe npmvepa paccMOTpHEM oOpa3oBagEde BOXOPOAHOM CBS-
38 MEKAY AByME Mojiekynamu Bogul. Ceaze O — H s H;O mmeror
3aMETHEIHA NOJLPHEE XapakTep ¢ BI30HTKOM OTPHIATEILHOTO 3apaia
d— Ha aTOME KHCIOpoJa. ATOM BoJopoxa, HaobopoT, nprobperaer
He6OILIIOR NONOXKATEILERE 3apaa 67 B MOXET B32AMO/IEHCTBOBATD
C HenoAelicHHEIMHA [apaMH 3IeKTPOHOB aTOMA KHCIIOpoAa cocemHel
MONeKyIIE BOJBL

*CymecTBYIOT Takke H BHYTPHEMOJCEY/ISpHBIE CBA3H (CM. OKOHYaHHE JAHHOTC
‘pasfesia).
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Bogoponsas ces3p 06RIMHO cXeMaTHIHO H300pakaeTcs TOIKAMH.

BaammopelicTBHE MERTY MONEKYIaME BOAK OKA3KIBAETCH AOCTA-
TOYHO CHIBHEIM, TAKAM, 9TO JaX¢ B Napax BOALI IPHCYTCTBYIOT
mEMeprl B TpEMepH cocrasa (H,0),, (H,0); u 1. A. B pacTBopax =me
MOTYT BO3EHKATL JIHHEALRE Nerd accorEaron (H.0),.

O cpaBEHRTCILROE CNOCODHOCTH ATOMOB Pa3iHYHBIX EMEHTOB
00pa3oBLBATE BOZOPOAHEIE CBA3A MOXKHO CYJHTh IO TEMIICPATYPaM
KHOECBHA HIR [UIABNEHHA HX BOJOPOAHKX coemmBenmii. Ha pme, 3.5
IOKa3aHK TEMIECPATYPH KHOCHHA BOAOPONERIX COSIHHEHHN 37eMeH-
ToB IV, V, VI 1 VII rpymn.

CornacHo H3MEHEEHIO MOJEKYJAPHBIX MACC, OXKHIACMEIR XOJ
KPHBRIX HAGIIOHAaeTCA TOJBKO JIM rHAPHAOB 3aeMeHTOoR IV rpymmt
(CH,, SiH,, GeH,, SnH,), B Tpex ApPYIrEX pacCMOTpEHELIX rpynmax
OOHAPYEKEBAIOTCE AHOMANLHEO BHICOKHE TEMNCPATYPH KENCHAS ARA
NH,, HF u H,0, xotophie 1 obnacaaiorcs o6pa3losannem BOROPOA-
HEIX CBS3¢H MEXIY MOJICKYJIaMH THX BEIIECTB.

Kasanocs 651, aT0 HamGonee npovEAd BOJOPOAHAS CBA3Db AOKHA
6nna 6w cymectsopaTk ¥ HF (drrop Ragfonee 3mexTpoOTPRUATEE-
BRI 37IeMEHT), OJTHAKO, KaK BHIHO H3 pHC. 3.5, camas BrICOKas
TeMIeparypa kuuends y Boasl. OOBsCHECTCA 3T0 TEM, 4TO Kaxjad
MOJIEKy.1a BOAH MOXKeT 00pa3OBLIBATE ABE BOJOPOAHLIE CBA3M, TOTA3
K&K xaxjas Molexyna GropoBofopoja — TOIBKC OIHY.

Taxum 006pa3oM, BOJOPOJHELE @nzn MoOryT 0Gpa3oBHBATECH,
ecm ecty monapaas X — H-cBase H cBobopmas mapa 3/1eKTPOHOB

8
1

—C— 45 FpyNNA
H,0
¥ —— 5.5 FPYANR
g —— -5 rpynna
300 [0
g HF —— 7R FPYONA H,Te
x SbH,
§: NH; Hi
SnH,
%200
=
CH4 1 1 L ]
100 2 3 4 5

Nepwnog

Prc. 3. 5 H3menenne TeMmepaTyp XANCHRA THAPEIOR
pPAVTRIEEIX 3MEMEHTOD
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4TOM2 BTOpOrc mepmoja. Hanpamep, MONEKYIH OPraHHYECKHX CO-
eowEeHRi, copepxaume rpyms. — OH, —COOH, —CONH,, —NH,
B Op., 9aCTO ACCOMEMPOBAHEI BCIEACTBAE 0Opa30BAHES BOAOPOJHBIX
cBgaci. Hanpamep, THnHYENE Caydad accoldamEd naGmonamTca
JUIS CHHPTOB B OPraHAYECKHX KHCIIOT. :

Bozopogmnie CBRE3H MOTyT BO3HRKATH KaK MEXAY PA3IHTHRIMHA
MOJICKYJIAME, MAK U EHYMPU MOAEKYALL, eCAu 8 IMoil MOAeKyAe ume-
womca zpynnsl ¢ JoHOpKOL U aKyenmoproil cnocobrocmero. OQHEM H3
Ean0oJice HIBSCTHHIX IPAMEPOB BIHSHAA BEYTPHEMOJICKYIAPHOH BO-
MOPOHON CBE3H HA CTPYKTYPY HBJAETCH AC30KCHpROOHYKICHHOBAS
xecaora ([JHK). Monexyna JTHK ceepnyTa B BHIOEe ABOHHOM cImpa-
1. J[Be HATH 3TOH CIHPAJH CBA3aHHl JPYT C APYTOM aonoponnmm
CBA3EMH.

Bncpmn BONOPOMHKIX CBf3eH OORMHO HMEIOT 3HAYCHHS MOPLAKA
20 — 40 x]Ix /MO,

Balmepnamoona cusas. Bee BEIecTRa B 3aBHCHMOCTH OT BHEMI-
HHX YCHOBHH (TeMIepatypH H JaBleEds — noapobHee 06 3TOM CM.
8 § 4.1) MoryT CymecTBOBAaTH B Pa3IMYHLIX ArPEraTHRX COCTONHMAX.
Bemecrpa npr rempeparypax sonmsn 0 K (abcomoTnoM myJe) cyme-
CTBYIOT B TBEPAOM COCTOSHHH. TemMiiepaTypa, Kak H3BECTHO, BEepas-
PLIBEO CBA3aHA C KHHCTHYCCKOM 3Beprdell NBMTaIOLIEXCS MOJEKYI,
IIPH DOEMKEHAHR TEMIIEPATYPH KHBCTHYECKAS 3HEPrad Kaxno# Mone-
KyIBl yMeEHbIDACTCS, YBETHIHMBACTCH BpEeMS IBHKCHHS MOJIEKYJIHI

6e3 cToJKHOBEHMS C OpY-
THMH MOJIEKynamn (IiIHEA

/ / csobogaoro opobera).

") d OtmeqeHHre pakTh COO-

r L ! cofcTRyIOT TOMY, ¥TO WpH

' HH3KHX TEMIEpPaTypax oOKa-
' 3pIB2ETCd BO3MOXKHEIM «(CO-

T1acOBaHHOC) NBHXKCHHE 3JIC-

Puc. 3.6. Cxema BO3HEKHOBEHAN HABENCHHBIX KTPOHOB, HOAOBHO TOMY

AROONEHEIX MOMEHTOB, OPHBOIRUIEX K CR- K&K OKAa3aH0 Ha pHc. 3.0.

6oMy BAH[EPBAANLCOROMY BIAMMOAEHCTAHIO Ipa COTJIACOBAEHOM
ABHEKCHHH 3NCKTPOHROB

¥ MOJIEKYIIBI MOTYT BOZHHMKATL HABEJCHHAIC JAOOJH, H MEEIY HAME
BO3IHHKZIOT TAK HA3LBAEMEE HHAYKIMOHHLE CHNEl OPHTIKCHHAS,

BeEa B3amMOZeHCTBHEA 33 CYET BO3IHHAKHOBEHHS HABENCHHLIX JH-
OONBLHLIX MOMEHTOB H HA3HBACTCH saHOep8adaabcosol can3sio (WA
MEXMONEKYISPHEIM BAaHMOAEHCTBAEM). JHEPrAf TAKOH CBA3H Ha-
MHOro (B COTHH pa3} MeHbIIE SHEPTrAi KOBANEHTHEIX, AOHHLIX HIIH
METAJLJTAMECKAX,

54



§ 3.6. BaueRTHOCTD ® CTENCHE OKHCICHAY

CoocobrOCTE aTOMOB K 06pa30BAHHIO XAMHAYECKEX CBA3CH Xapak-
TECPHIYIOT BARECHTHOCTEIO. : '

Basewmnocme — 310 uucao xumuveckux cssseil, obpazosaHHbix
OanHbiM amomom 6 coedunenuu. TIon TECIOM XEMEMECKHX CBEICH
mOApa3yMeBal0T 9HCA0 obmmx map 3nexTpoHOB. CHCROBATCIHHO,
HOHSTHE BA/ICHTHOCTH OPEMEHEMO TONLKO K COCAHHCHHAM C KOBa-
JICHTHEIM THOOM CBA3H MJIH K MOJICKYJIaM B razoBoi ¢aze. B xpucran-
J1aX HOHEBIX COCIHHCHHH H METasUIOB OOMEX map 37eKTPOROB HeT,
MO3TOMY IOHATHE BAICHTHOCTH HE HMEET CMAICIIA.

CoBpeMeRHEIC IPEACTABIEHHS O OPHPOJE XMMHAIECKOHR CBI3H OC-
HOBZHEI HA ANEKTPOHHOMR (cnunosoil) TEOPHE BATIEATHOCTH, B COOTBCT-
CTBHH C KOTOPO# aTOMKI, 0bpa3ys CBS3H, CTPEMITCA K AOCTIKCHAIO
ganbosee yeroiumBoit (1. €. AMCIOmMEH EARMEHBINYIO SHEPTHIO) 3J1EK-
TPOEHOH xoHGETYpaman. IIpE 3TOM 3.4exmponsi, NpuKUM@oOwue yua-
cmue 8 olpas’osaniu Xumuueckux cea3eil, HaIbl8@OMCA EarCHIMHBIMIL.

CornacHo CHIHHOBOR TEOpHH, IPAHATO CYHTATE, YTC BAICHETHOCTD
aTOM3 B DEPBYI0 OUCPEeNb ONpE/IeNseTcs THCIOM €TI0 HECnapeHHX
3NEXTPOEOB, CHOCOOELIX YI4CTBOBATh B OOPA30BAHMH XEMHYECKHX
CBS3¢H C ZAPYIEMH aTOMAMH; HOHATHO, YTO GAAEHMHOCMb 6Ce20a
ABIPANCAEMCR HEBOABUILIMU YeAbIMU HUCAAMY,

OneHATE BANCHTERE BO3MOKXHOCTH ATOMOB MOXHO IO HX 3IIEKT-
poBtiiM kOHpErypammsm. PacCMOTPHM B KavecTse HpHMEPa ATOM
yraepoaa. OH HMEET YeTRIpe BANCHTHEIX 3NIEKTPOHA! B OCHOBHOM
COCTOSHHE ATOMA JBA 3IEKTPOHA HeCHApeHH (2p®) H [BA CHAPEHH
(25*). B 3TOM COCTOSHEM aTOM MOXET 0OPAa30BHBATD TPH KOBAJICHT-
HE¢ CBS3H. ABC OO OOMEHHOMY MEXAHH3IMY 34 CYET HECTAPeHHKIX
3NEXTPOROB H OJ(HY JOHOPHO-AKIENTOPHYIO CBA3b 38 CHCT IAPHL 3EKT-
poroB. MiMecHEO no3aToMy B Monexyie oxcena yriaepoaa (1) sazenm-
Hocmb YITICpoAa (TaK Xe, KaKk H aTOMA KACIOPOJA) PABHA TPeM.

B onpenenenBnx ycnopasx (OpH 3aTPATE HEKOTOPOro KOJIHYECTRA
3HEPrHH) IApY 3MEXTPOHOB 25° MOXKHO PA3HEAMHATH ((pACHOAPHTEN)
OyTeM DEPeBoja OAHOTO IEKTPOHA H3 COCTONHHS 25 B COCTOSHBE 2p:

Is

2p 2 2p

S[HHTHAC AT 0 JeefaT H 4] 91

S

B TaxOM COCTOSHHH aTOM YIJIEpOia MOXKeT 06pajoBHBATL COCHH-
HEHHS, T/ie OH Oy/ieT YeThpexBaieHTeR.

IIponecc pacnapusanus 3nexTpoEOB TpeOyer onpeacncHuoH 3a-
TpaTH 38eprar (AE), H, kasanoce 6ul, OB He BEroncH. Ho ansg yvera
SHCPreTHYCCKEX COOTHONICHEHM HYXHO paccMOTpeTh Bech GanaHc 06-
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pajopaHER cBa3ed, Jfeno B TOM, 4TC OPH OEpEX0Ae OXHOTO H3
3NEKTPOHOB 25 B COCTOSHEE 2p NONMYYAEeTCH COCTOSHHEE ATOMA, B KOTO-
. POM OH MOXeT o6pa3oBHIBATh yXe HE JBE, A4 weThipe CBA3H. [Tpu
obipasosanuy xumuueckoll c8A3u 0ObIYHO 8HI0EAREMCR SHEP2UR, HOITO-
My DOSBICHHE APYX HOBLIX BAJICHTHOCTEH OPHBOJRT K BHIACICHHIO
JONOIHATEILHON 3HEPrEA, KOTOpas OPEROCXOAAT 3Hepruio AE, aa-
TpaveHEYIO HA PACNAPHBANUE 2S-3NMEKTPOHOB.

OnHITH JOKA3ANH, YTO IHEP2UA, 3AMPAveHRdn HA pAcnapusaHue
54eKMPOHOS 8 NPEOeAax 00HO20 FHEP2EMUNECKO20 YPOSHA, KaK NPARUAO,
NOAHOCMbIO KOMNERCUDYEmCA IHepaueil, bideneHnoii npu obpasosaruu
donosrumensiibix céasefi. JTAM B OGBACHEIOTCH HCTHEHLIE BAJICHT-
BoctE Be, B H mpormx apyrax asmemenToB B ofpa3’yeMBIX HME
XAMHYCCKAX COCHHHCHHNX!

25 2p

[ T T =<0 1
[T T =T A

H |

B xavecTBC NPOTHBOLCJOXKHOrO OpHMEpPA, KOTAZ pacuapHBaHAE
HEeBRITOJHO, PACCMOTPEM aToM a30Ta. OH BMEeT NSTh BAJCHTHLIX
37eKTPOHOB: B OCHOBHOM COCTOSHHMH 2TOMA TPH 3JIeKTPOHA HeCHape-
HH (2p°) B ABa cuapens (25%). B 3TOM COCTOSHHE aTOM 430T4 MOXKET
0o5pa3oBLIBATL YETHIPE KOBAJICHTHBLIC CBA3H. TPH N0 OOMEEHOMY Me-
X4HA3MY 33 CY€T HeCHAPEHHEIX JNIEKTPOHOB H OJHY AOHOPHO-AKNEI-
TOPHYIO CBS3b 34 CUeT OApHl JJIEKTPOHOB.

Yro6m 06pa3oBaTH NATYIO CBA3b, ATOM 230Ta JOMKCH PACIapUTE
2s-amexrpornl. CAenaTh 370 MOKHO TOJIBKO OyTeM OEPEBOAR OXHOIO
9IEKTPOHA C HNOAYPOBHS 2¢ HA moaypoBeRh 3s. Opmakce pasmAna
B 3HEPrHAX MEXIY 3TRMH HOJAYPOBEAMH OYEEL BEJIHMKA, W JHEpPrAd,
3aTpavucHHAd HA PACIIAPHBAHHAE, HE KOMICHCHPYETCH SHCPrECH HOBOH
xamuyeckoil cpmam. CienosartesnsHo, 06pa3’oBande OATHBAICHTHOIO
aroMa a30Ta —- 3HEPTETHYCCKH HEBRITONHBIN NPONECC; HMEHHO KO-
3TOMY COETHHEHRH NSTHBAIEHTHOTO a30Ta He Cylyecmayem.

B raxmovende Ee000XOANMO CIIEMEAILHO OTMETHATh CIEAYIOIIES: IUIL YOTAHOBIIE-
EES BJICHTHOCTH 3JIEMEHTA B ONpelelicHHOM COSIRHEHHH HEOOXONHMO paceMaTpH-
BaTh 00pa3oBaHWEe XaXA0H XEMEYCCKEOH CBASH C JuemoM ee KOHKPEMHOZO miunda.
DopMaTEROE MEpeEECENAE OPABH ONPEAeIeHAS BATCHTHOCTH B (KIACCHTIECKHX» KOBa-
JEATHRIX COCOWHCHHSX H3 COSJHHCHES ¢ APYIAME THOAME XEMEYECKHX CBA3el, Kax
TPABHIIO, HEBEPHC XAPAKTEPHA3YET CHOCOGHOCTH 2TOMOB TAKOrO COSOHHEHHN B3AMMO-
DeficTBOBATE MeXTY coboil. [ToaToMY, RAOPAMED, B KOMIUVICKCHRIX (XOOPOUHAWUONHBLX)
cocndAeEMEX coocobROCTE UEETPATLEOre aToMa OOpA30BKIBATE XAMHYCCEME CBS3A
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XAPAaKTEPH3YETCA HE NPHBRMAOH KOBANCHTHOH PANCHTROCTEIO, 4 T&K BA3MBACMEM
xoopounayuorism wucaom (oM. § 3.7). Belio EAfineRo, ITO KOOPARHAMEOHHAEE THCTA
ATOMOB MOTYT OPEBHINATH HX BOIMOEHYIO BAUICHTEOCTS B KOBAJIEHTHIX COSqNRSHHAX.
Tax, p xapbomae Fe(CO)s aTOM Xeneaa CBRIAR C OSTHIO JHTAHJHAIMA IPYIHIEMHA.
Xamuteckan cp3b B HOAOBALX COSIMHEHHRX HE MOXET GHTH OMHCAHA C OMOIILIO
OPCACTERICHAN TOJABKO O ABYRICKTPOHHRIX (¢OBYXIEHTPOBMX») chmasx B obycnos-
neea ofpasoBaRHeM «MHOrONERTPOBOD) CBMHA. JNEXTPOCTATHICCXAS TEOPHS uorgoll
XEMHYECKOH CBY3H OPHBENA K (POPMYIEPOBKS NOHSTES CHIenedU OKUCALHUR, ATPAIONIE-
ro KIOYeByIo poJib IPA PACCMOTPEHEH HOHBEIX COSNMHEHWH.

Crenens. oxmcienmns 3aeMentos. Kax oTMeueHO BHImE, cnoooﬁ-
HOCTh aTOMA oﬁpaaonhmana UOHAYIO CBA3D XAPAKTCPHIYIOT NOHETHCM
cMenetu OKUCAeHUA 3EMERTA.

Creness, OKHC/IeHHES — YC/IOBHRIH 33pS] ATOMA B MOJEKYJe, Bbl-
YHCTCHHRIA B UPC/MONOKCHHEH, 9T0 BCE CBUIE HMEHT HOHHERIE

XapaxTep.

I/Icmnn H) OpelCcTaBNeHEN 00 3NeXTPOOTPHIATENLHOCTE ANEMEH-
TOB, OPHHATO CIATATL, 9YTC Bollee 3NMEXTPOOTPHNATENLHLIN ATOM,
cMemias K cebe mONHOCTHIO ONHY NEXTPOHHYIO LApY, npnoﬁpe-rae'r
3apsx ! —. HemonspHEAas KOBAJCHTHAH CBA3bh MCKIY OJHHAKOBHIME
2TOMaMH He JacT BKIA/ld B CTEICHL OKHCIICHHS,

IIpr onpenencHER cTenmeHeil OKHC/ICHAA HCOOIBIVIOT CHEAYIOMIHE

HIa;

1) cymmMa cremenell okECIeHEHS aTOMOB B I060H wacTEne pasHa
ee JneKTpAYecKoMy 3apany. CneaoparebHO, CTENCHL OKACICHAL dJIe-
MCHTA B €ro NPOCTOM BEMIECTBE PABHA HYJIO; -

2) B cocnmEeHEsX ¢TOpP BCEraa OpPOSBINET CTeNeHb OKHCICHHA

3) crenenn OKHCTIEHHS KACIOPOAA B COE/IHHCHHIX 0bEIYHO paBHA
~2 (xpome OF,, H,O, m ip.); -

4) creuenb OKACJIEHHs BOJAOPOAA PaBHA +1 B coexHEERUIX C He-
metanname (H,O, NH, g 1. 5.) 5 —1 B coeauBeHH=EX ¢ METAILIAME
(KH, CaH,); |

5) CTeneEs OKHCHCHHS METAaJUIOB BCErA HOJIOKHTENLHZ (KpoMe
OpocTRX BemecTB). CTeneHbh OKHCJICHHS METAJUIOB ITMABHKX HOJ-
IpynE paBEa HOMepy rpynnsl. CreneHb OXHCICHEA METaILIOB mobog-
HLIX OOATPYI MOKET leKHEMﬂ.TL HECKOJILKO 3HAYCHHH, HAIPEMED:

1aﬁ—z +2-2 +3 -2 +6-2
203, Cr 0 Cl'zOg, Cr 03,

6) MaxcEMAanLHEas uonoxm*emnan CTeneHs OKHCIIEHH) PasHa Ho-

Mepy rpymnnl (ECKIIOYeHHS — Cu Au) MHHAMATLEAS CTENeHE

OKHCIICHH Y paBEa. HOMEpPY TPYHIR MHEHYC BoCeMb. Hanpmmep:
+14+45-2 —-3+1

HN O,, NH..

Honx'me CTENEHH OKHCJEHHS BBEICHO B MPEANIONIOKEHHR O IOJ-
HOM CMEHIEHHH AP JJIEKTPOHOB K TOMY HIIH ApYroMmy aroMmy (Hoxa-
3LIBasS OPH 3TOM 34apsj HOHOB B 00pasyomeMcs coecaunennn). B no-
JIAPHLIX COERUEHEHHSAX CTENCHEL OKHCICHHS O3HAYACT IMCHO INEXTPO-
HOB, JIHIOb CMEWEHHBLIX OT E&HHQI‘O aroma K aToMy, caaaanﬂomy
C HEM.

57



CopceM hopMANLHEM NOHATHC CTEICHHE OKHCJICHEN CTAHOBHTCH,
KOTAA OHO nmonbsymx OPH pacCMOTpPEHHH KOBAJNEHTHOIO COCIH-
HCHHS.

PasEwHe McXIy NOESTHSME CTCICHE OKHCICHES B BAJICHTHOCTH
B KOBANCHTHLIX COSTHECHHAX HArIsiHO MOXHO NPORIUNIOCTPAPOBATD
HA XJIOPONPORIBOAHEIX MCETAHA: BANCHTHOCTH YTIEPOAR Beasie paBHA
YeThIPpEM, 8 CTENCHL OKHCICHER ero (CIMTAS CTCOCHH OKHCICHHS
Bogopona + 1 ® xnopa — 1 BO Beex coeJHHCHMAX) B KAXIOM COCTHHE-
HEH pa3BHaf; ‘

~4 -2 a +2 +4

CH,, CH;Cl, CH,Cl;, CHQl;, CCl,.

TaxaMm 06pa3oM, HYRHO NHOMHHTL, YTO CMENneNdb OKUCACHUR —
ycaosnoe, Popmassroe nowsmue B 9aINE BCETO HE XADaxTepH3yeT
peaikH0e COCYOSHEE aTOMa B MOJIEKY.IC.

OmEaxo 3T0 DOHSTHC MIMPOXO HCHOML3YETCE B XHMAYESCKOH THATE-
PATYpE B HONEIBP 0COBEHHO NPU ONUCAHUU OKUCAINE ALHO-60CCMAHO8U-
meAbKbX peaxyuil.

§ 3.7. IlpocTpascTReuROE CYPOCHEES MOIEXKY/X

IlpeacTasnenss O OPHPOAC KOBANCHTHRIX CBE3eH C Y4eTOM THNA
opbrTanei, yuacTeyromux B o6pa3oBaHEE CBS3H, HO3BOIMIOT ACNATE
BHIBOIK 0 (hopme MOnexym.

Ecmm xmMugecxas cBa3p ofpasyercs ¢ IOMONBIO 3JIEKTPOHOB
s-opbuTaneii, xax, BanmpaMep, B Monexyie H;, To B cany chepraeckoii
dopmut s-opbmranei He CymIECTBYET HEXAKOTO HPEHMYIIECTBEHHOTO
HANIPABJICHAS B LPOCTPARHCTB¢ OpE OOpa3jOBAHHE CBS3el. DnexT-
pPOHHAE DAOTHOCTH B ClIydac p-opOuTAICH pacupencicRa B OpOCTPaH-

Pac. 3.7. Cxema ob6pasoBarms caszell B MONCEYIIE BORK

58



CTBE HEPABHOMEPHO, HOITOMY NOAEAAEMCA HEKOMOPOE EGbldeAeHHOe
HanpaeAenue, 8001b xomopozo raubosee eeponmnomoggasocanue Kosa-
ACHMHOUE CBA3M.

PaccMOTpHM HpPHMEpHL, KOTOPHIE NO3BOIMIOT HOHATE 00mMe 3a-
KOHOMEPDHOCTH B HAMOPABICHHOCTH XHMM4YecKHX cBmieH. O6cymmm
dopmupopanne cBa3ell B Monekyne soan H,0, xotopas obpasyerca
aToMa KHCIOpOAa H OBYX aTOMOB BOJOPOJa. ATOM KHCIOpOZa
HMCET JBA HECOAPEeHHBIX 3JICKTPOHA, KOTOPHIE 3aHEMAIOT ABE p-Op-
6ETAIA, pacnonoXeHHEIE noA yraoM 90° apyr x Iapyry. ATOME
BOJOPOIa MMEIOT HECIAPEHHKC 15-3]1eKTPOHKL. SICHO, ITO Yroll Mex-
oy asyms cegigsvu O — H nomxen 6uTE DpAMEIM BIH OXR3KEM
K Hemy (puc. 3.7) '

Od4eBEAEO, ¥TO OPAMBIMH JOJNAKHHE OGHTH YIJHI MEEAY CBE3ISMH
B Monexynax H,O, H,S, F,0, CL,0, PH,, PCl; u 1. a. [leiicTerTe I HLIE
3HAa4YeHHS YIJI0B MEXAY CBAISMH OTJIMYAIOTCS OT TEOPETHHCCKHX
(Tabn. 3.2).

Tatarna 3.2. JxcoepEMERTAMELEE JHASCHRT YT/I0R MEENY CRIMME

Monexyna Cnnn.o&pa:y;l;n‘]llne C-)mepmmmumnm
H;0 : H—O—H 104,5
HS H—S—H 92
H,Se H—S¢—H T8
NH; H—N—H 107
PH, H—P—H 94
AsH, H—As—H 92
PF; F—P—F 104
FBr, Br—P—Br 100
Ply 1—P-1 98

Veemmuenne BaneHTHRIX YIJIOB (>90°) obbscHAETCE BIaHMHBLIM
OTTA/IKMBAHMEM HE CBA3AHHBIX APYr C APYTOM aTOMOB, KOTOpOE He
YYHTHIBAJIOCH IPH «IpefcKa3aHAHY YIJIOB Mexay cBadami. Tax, Bia-
HMHOE OTTAJIKABAHHAE RTOMOB BOAopoaa B Monexyne H,S cnaﬁee yeMm
8 Monexyiae H,O (Tax xax pammyc aTomMa cepwl Sombme pagHyca
aToMa KECAOpOja), Ho3ToMy H BajerTHEIH yrox H — S — H 6mmke
x 90°, wem yront H — O — H.

I‘nﬁpnmmam opbaraieit. PaccmoTprM ofpa3oBanEe MONEKYIE!
metana CH,. AtoMm yrnepoaa B Bo30yRAEHHOM COCTONHHM obianaeT
ICTHPEMA HECHAPEHHAMHE SJICKTPOHH.MH OAHHM $-3JIEKTPOHOM H Tpe-
Mms p-anekTporamm — 15225'2p°,

.~ Paccyxpan asanormano Ttomy, kak B ciayiae H,O mmm NH,,
MoxkHO OLIno OW IpeanmonaraTh, ¥TO aTOM yriepona Gyazer ob-
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pa3oBuBATH TPH CBA3H C — H, HanpapicHERIC OOJ ODPAMEIM YIIOM
IOPYT K APYFY (p-aNexTpOHH), B OfHY CBE3b, OOPa30BaHHYIO $5-3/1EKT-
POHOM, HAanpaBiIeHHE X0TOpoi Ghino 651 IPOR3IBONLHRIM, NOCKOIBKY
S-opOHETANL HMeeT chepAIecKyio CHMMETPHIO.

Torna cliex0BaI0 OXHAATh, uTo TpH cB3E C — H B CH, oxaxyT-
¢ HAIPABICHELIMHE P-CBE3SMH M COBEPIIEHHO OJMHAKOBBIMH, & 9eT-
BCpTad CBN3b €CTh HEHAIPABICHHAS §-S-CBE3bL H OTIHYACTCH OT Hep-
BHIX TpeXx. _

OaBaxo sxcnepumenmansibie OanHbie NOKA3AAU, YMO 8ce Hembipe
cansu C—H & mosexyre memana CH, oduraxosst u manpasaervl
K eepuwnam mempasopa (y20a mencdy numu cocmasarem 109,5° ).

OGsacEeBHE 3TOr0 dhaxkTa OBHUIO HaHO AMEPHKAHCKHM XHMHKOM
JI. ITomaarom. Beuay oTHOCATENbLHOH GIH30CTH 3HAYEHHE SBEPIrHHA
25- H 2p-3NeXTPOHOB 3TH 3IEKTPOHEI MOIYT B3aHMOACHCTBOBATH
Mexy coboif » xone o0pa3ocBaHKa XHMHYECKOR CBA3H C 3EKTPOHAMA
IPYroro aToMa, Aapas 4eTHPe HOBHX PABHONSHHWX TrEOpHIBEIX
AMEKTPOHERX o0naka. 210 gBnepHe ORLNO HA3BaBO 2ubpudusayuet
aTOMHLIX opOuTaneii.

YeThIpe COBEPHIEHHEO OXMEAKOBHIE 5p -rubpUHbIe OpbATAIR ATO-
MA YIrAepoXa pacuonoxeHsl noa yriroMm 109,5° apyr x apyry B Banpa-
BJICHH K BEPINMHAM TETPasApa, B NEHTPE KOTOPOro HAXOAHTCH ATOM
yraepoaa (pmc. 3.8). Ha pacyexe pEaEO, 1r0 rafGpupuas opOuranms
CHJIbHO BHTAEYTA B OARY CTOPOHY OT AOpa.

3mo obycaosausaem Gosee cuavhoe nepexprisanue TAOPHIHEBIX Op-
6aTaneii ¢ op6ATANSME 3TCKTPOHOB JPYrHX aTOMOB IO CPaBHCHHIO
C OEPEeKPHBAHACM «OOHMHEIX» s- H p-opOHTeNncH H mpPHBOJET K 00-
pa’zopaunio 6osiee NPOYHBIX CBA3eH.

T'ebpunu3amAs OXajHBACTCA XapPAKTEPHOH Ee TOILKO AJNA COCHAH-
HeHEM aToMa yraepona. Iubpudusayus opbumaseii npoucxodum sce-
20a, xoz0a 8 obpa3osanuu carsell yuacmsyiom 3AeKMPOHbl, npurad-
Aexcawue K pasauiHbim munam opbumanei.

PaccMOTpEM ©DpEMEpH pPAa3IHYBEELIX
BHJOR rEOpHAR3anwd s- H p-opOmTancH.
I'sbprgrzanes oABOR s- H OgHOlM p-op-
6uranet (sp-zubpudusayus) OPOECXOIMMT
OpH O0pa3OBAHEM MOJEKYJ T'AJIOTCHHIOB
anemerToB II rpyoms (Be, Mg, Zn 1 1p.).
ATOMHBI 3THX 3JIEMCHTOB B OCHOBHOM CO-
CTOSHHM HMEIOT Ha BHEIDHCM Cloe ABa
CHApeHHBIX S-3JIEKTpOHA. B pesymsTaTe
BO30yReHAS ONHE H3 3EKTPOHOB S-Op-
OuTan® nepexoauT HA OIH3KYIC 1O 3HEp-
rEd p-opOHTATL, T. €. NOSBIAIOTCA IBa
HECOApeHHKIX 37eKTPOHA, OAHH H3 KOTO-

Pac. 38. Pacnonoxenne -
sp*-THOpEAHE. OpGHTANei PHIX 33aHEMAET S-, & APYrod p-opOHTANE.
B MOJEKYJIC METaHA IIpr BO3HAKHOBCHHH XHMHYECKOH CBH3H
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3TH KB painmegbie opOHTAIH
IPEBPAMAIOTCH B JBE OJMHAKO-
Brle rE0pHAHNMe opbHTANA (THO
ra0pUIH3aNER — Sp), Hampas-
JeHHnle moAa  yrioMm 180° apyr
K IpYTY, T. €. 3TH ABC CBA3H HMC-  pye 39 BiawmuOe pacionoxesse

T HPOTHBOHOJIOKHOE HANpAaB- TH6pEIENX sp-OpOETAamel |
nenme (puc. 3.9). '

JeKCIEpEMEHTAIILHOE ONpEAEICHEe CTPYKTYPH Mouekyn BeX,
ZnX,, HgX; n 1. O. (X — ranoreH) noxa3sano, YT0 3TH MOIEKY/IH
AEHCTBHTENLHO SB/IAIOTCH JIKHCHHRIMHE.

Ocranopamca moapo0BEe HA CTPYKTYpE MOJIEKYJIRI ANETHICHA
C;H;. B Monexyne anernnesd KaxIn¥ ATOM YT/IEPONA HAXONHTCS
B Sp-rEOPHIEOM COCTOSHEH, 00pa3ys OBe rRGpEASHS CBA3K, HANPAB-
nepHEke nox yrnom 180° apyr k apyry. Kax B cirydae ceazeit C — C,
TaK M B caydac ceided C — H so3sEEKaer obmee JBYX3JICKTPOHHOE
obnako, obpasyiomee g-c8a3u. o-C8A3bI0 HASLISAWOM CER3b, B03HUKA-~
wowy1o npu obobwecmsaenunu 34eKMpPonKblX 06AaK08 08yX amomos,
ecau 00AAKa NepeKpLIEalOMCA NO AUHUL, COeOuHsIOujels amoml.

Ho B monexyne aneTanena B KaXA0M B3 aTOMOB YIJIEPOLA COAep-
XHTCH €I¢ IO JBA P-3]eKTPOHA, KOTOPHE HE NPHEAMAIOT YIACTHH
B 00pa3opaHAM ¢-cBE3el. Monexya alleTHIICHEa HMEET ILIOCKHI JIE-
HEHHEIH «CKeNeT», N03TOMY 00a p-31eXTPORHLIX 061aKa B KaXIOM H3
ATOMOB YIJIEpPOJa BHICTYNAIOT H3 ILIOCKOCTH MOJIEKYIHI B IEpICH-
JUKyNspEOM K Bell HanpasnepHd. IIpa 3TOM DPOHCXOAHT Takke
HEEOTOPOE B3aHMOJACHCTBRE 3JIEKTPOHEEIX 001aKk0B, HO MEHEE CHIIL-
HOE, 3eM NIpHA 00pa3oBaHEM g-CBEICH. B HTOre B MOJIEXyTIE ALCTHNICHS
obpasyroTcs eme [BE KOBAJCHTHBIE YIIIEPOA-YIICPOIHLIC CBA3H, Ha-
3HIBACMEIE N-CBA3EMA (pHC. 3.10).

B obmeM ciydae m-ces3ui0 MONCHO HA38aMb KOBAACHMKYIO CEA3b,
obpaiosannyro npu nepexpuwisanuu aAmMomubix opbumaneil éne AuHUY,
coedunouell amomsl, '

Puc. 3.10. Crpyxtypa MONEKY)IBE ANETHICHA
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M=u pa3obpama cayuai obfpa3opaHns
Kpamublx cealeli MeXAY aTOMAMM Yrile-
posa A MOJEKyNH aNeTHIeHa — CIIy-
qaii o0pa3oBaEns TpoiiHOl CBA3HA, KOTO-
pad COCTOHT H3 OAHOH 0- B JBYX R-CBS-
3clt. 0-Cansu Aeanromen Hosee NPOLHLIMU,
yeM M-c8R3u, 1eM ofpacygercs BomIDan
peakmHOHHAS CIOCOOHOCTE HEUpPENE/h-
HRIX YIJICBOJOPONOB 1O CPABHCHHIO
¢ mpefenhHMMY (CM. I 2.4).

Eme omun BHA TROpEAHIAMEE 5-
# p-opSuTanefl oCymecTRISETCE B COSOH-
HegEsx Gopa, ajqlOMHHHE HIH YIriepoaa
(3Tanen, 6cn3on). Bo3byxnenHn aToM
bopa HMeeT TPH HeCOAPCHHERIX 3IEKTpO-
Ha — OJHH 5- B JBa p-3NekTpoEa. B 3TOM Ciyvae npr oGpazopanEn
coenEnenanit Gopa OPOHCXONAT IECpH/IH3IANES ONHOH s~ HIH ABYX
p-opGB'ra.uei (sp*-2ubpudusayun), npE 3Tom ofpasyoTcs TpE OAH-
HAKOBHIE 5p° mﬁpmmne opOBTAIM, pacmoiioxeHHEIe nox yraom 120°
Apyr x apyry (pac. 3.11).

JelicTBATEILEO, 3KCHCPEMCHTEI ITOKA3aJiH, 9TO TAKHE COCHMHC-
mug, kak BF,, AICl,, a takxe 3TAIeE H 6eH301 EMEIOT ILIOCKOE
CTpOCHHE, W Bce TpH CBu3H B — F, mampmmep, B monexyne BF,
pacrionoxessl noxa yraom 120° apyr x apyry.

ITocpeacteom o6pazosanns sp?-rubpmmpeix opbmTanedt kax pas
H OOBNCHAIOTCH CTPYKTYPH HEONpeAenbHEX YIJIEBOROPOJOB C ABOM-
HEMHE cBE3AMH. Hanpamep, L Takodl MOIEKYIBI, KaK 3TRIEH, CXe-
MATHYHO MOXEO H300pa3dTs Cneayromyo CTpykTypy (puc. 3.12).

Kax BHIHO, Y KAXJ0r0 aTOMA YIjIepoja ecTh J-CBA3H, obpazosan-
HEI€ 3P -rnﬁpammn ob1akaMB, KpoMe TOro, MEXy ATOMAME YIJIe-
pona obpasyercs m-CBA3hL 3a CHYET NEpeKphBanusa p-opburaneit. Ta-
KM 00pa3oM, 08oiiHble Y2Aepo0-y2AepoOHble CBA3U EOCMOAM U3 0OHO
o- u 00HOil R-Cc8R3U.

Pac. 3.11. Baaumuoe pacmo-
A0OXeHERe rEOpRTEEX spP-
opbeTanc

Prc. 3.12. CrpyxTypa MOXERY.IH ITAACHE
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Mu paccmoTpens HanGonee mpocThie THIM rEGpuaEIanys. Hase-
CTHH H 60jee CIOXHLE THIILI rﬁpmaaxma HATIIpAMED C yIaCTHEM
d-37€KTPOHOB, KOTOPKE ME PacCMATPEBATE He OyaeM.

Kpome Toro, mone3so OTMETHTB, 9TO CTPYKTYPa PSia MOJICKYI
B pPaBHO} CTEHCHA XOPOIO ONHCKBACTCA KAK C MPHBJICYCHAEM MOJe-
Jm rA0pagusanpe opburTanc, Tax H HA G23e Gomee mpocThix nmpen-
CTaBICHHEH (3TO OBLIO DPONEMOBCTPHPOBAHO HA NPHMEpPE MOJEKYII
H;0, NH, = ap.). Tak, Hanpamep, CTPYKTYpa MONEKYIH AMMHAKR
JICTEO HHTCPUPETHPYETCA B C NO3IHMIHH sp>-rebpammamun. Tipe ob-
pasoBanmd cem3eli N — H npodcxomar rnﬁpmmaam ONHOH s-
A Tpex p-opOHTANTCH aTOoMa A30TA. Tpn sp3-rubpuENe opbuTANH
y49acTBy10T B oO6pasoBanEE Tpex ¢Bascid N — H, a werpeprag op-
6aTAIL 3aHSTA PeNOAENCHHON JIIEXTPORROl napoﬁ. Monexyna pmeer
dbopMy TpeyronbHo# MApaMEALI C ATOMOM a30Ta B BEpIIMHC. YOI
MERAY CBA3AME N — H Beckospk0O OTIHYAETCE OT XapaKTepHOro
nns sp*-rabpaausanay 3aavenns 109,5° — oma pasna 107° (cm. a6,
3.2).

Fxana 4
COCTOAHN A BEMIECTBA

§ 4.1. XapaxTepanie CBOHCTEA rA30B,
:mucocmi B TBEPALIX TeJ

B noscennesHo#l DPAKTEES XEAMEEY PEAXO OPHXOAETCH HMETL
AeNo ¢ OoTAeNbHEIMM, HE BIAHMOACHCTBYIOIMME JPYr C JPYroM
gacTHOAMYE (ATOMBI, MOJEKYIL HJIH HOHH) H ropasfio dame —cC -
PEaNbHEIME Sewecmeamu, NPSACTABIAIOMEME COG0H COBOKYNHOCTH
fompmoro IHCna BIANMOIEHCTBYIOIMX MEXIy cofol wacTen. B 3a-
BECHMOCTH OT Xapaxkrepa slammofeiicTBEg dacTmi, oOpalyrommx
BEMIECTBO, PA3iHEYAIOT YETHPE azpezanmtsbix COCTOSHHS: mesepdoe,
HeudKoe, 2a3006pasnoe u naasmenroe. IKEAXOCTH HMEIOT HPOMEXY-
TOYHYIO OPHPOLY MEXAY TBEDALIMA BElIeCTBAME M razamm (Tabm.
4.1).

Tabnuna 4.1. le-nnnrpﬂ'm COCTOSHRES BEIECTEA B JABECNMOCTE
OY GPEPOIK SACTRI] B XAPAKTEPE RIANMOElCTIAN MEXAY ERMN

ArperatOC Taeproe XKanxocth I'm

cocToSHMe BEINECT RO
ITparsxenne mexny CanpHOE [VMeperaOe Cnaboe
YACTHIAME
Jsuxense sacTRI iOrcyreTeyer  [VMepeHHOS Cmaoe
Paccrossms Mexy Mamoe [Manoe Bomsmoe
HACTAIAME :
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Hpooarwcernue maba. 4.1

ArperaTEot Kunxoers Tas
COCTONHES ‘
YoopsaoIeHEOCTE eBLICOKAS (KIACTEPH O TCcyTeTayer
CTPYETYPH

mc%%%a 02
Tl | oo

Hanpasmep, CHIL OPHTEKCHAN MEXAy YACTANAME (aTOMaMH, KO-
HAMHE A MOXEKYN1aMH) B XHAKOCTH HMEIOT NPOMEXKYTOTHEIC 3Hage-
HHS MEXAY THMHE CEJJAMH B TBEpILIX BEINECTBAx M B razax. Yacranu
XHAOKOCTHE MOTYT YACPXHBATHCE BMECTE B ONPEJEACHEOM oOneMe,
MO3TOMY H#CudKacmu, B OTIHMIEE OT ra3oB, UMeom BIOJHE OIpee/icH-
HLA cobemsennbiii obvem. OHAKO B OTIHYAE OT TBEPAKIX BCINECTB
CHUILI NPUTEXCHAN HE TAK BE/IHKH, YTOOH COCIMHATE YaCTANN B YHO-
PEAOYEHAYIO CTPYKTYpY. IloatoMy swcudkocmu ne umerom onpedesen-
nott ghopmut. TeM BE MEHEE ONYUEHE HAISKHLIE DKCOCPAMEATAIbLHLIE
JAHHLIE, KOTOPEIC CBHAETCILCTBYIOT O TOM, 4T0 HeGOonbmue rpynnbl
9aCTHI B XHAKOCTAX BCE XK€ YHOPSACTABAIOTCA B HeOOMbImE H MaNO-
YCTOHIHBEIE KAgacmepu. DTO ropa3no Oomee xapakTepEO IS DOAAP-
HBIX FBAKOCTeH, 1eM i1 HenOJAPELIX. B oxuoxom cocmoanuu Moryt
HaXOAHTLCS COCAMHCHAS C META/UTAYCCKAMY, HOHHBIME H KOBAJIeHT-
HBIME CBA3SMM; B KAYECTBE COOTBETCTBYIOIIMX HOPHMEPOB HA30BEM
pTYTb, pacinag xjopupa HaTpms H Oemson. CxEmaeMOCTh *HJ-
xocrell 04eHbL Mana H mOITOMY TpPebyIoTcd OYeHb BHICOKEG JaBJIEHHS
IUIS TOrO, STOOBL 3aMETHO CXarh XKHAKOCTE (cM. § 4.4).

B meepdom cocmoanuu NpH OOLMHEBIX YCROBHAX HAXONATCH DOYTH
BCE BEINECTBAa ¢ METAJUIHYECKHMH HIIX HOHHLIMH CBS3SMH, BEINECTBA
¢ KOBANEETHLIMH CBEIAME MOTYT GRITEH B MIOOOM arperarHOM COCTOS-
HAH. BOBIIMACTBO TBEPALIX BEMECTB, B CBOJO O9epeny, IOApa3aeis-
' KOT HA Kpucmaasuyeckue (MX nogasnsromee GONLOIAHCTBO) H amMopg-
note, KpECTAJLIEYECKOE COCTOSHHE XapakTepH3YyeTcs CTPOro ymops-
JOYCHHOH CTPYKTYpO#i, mO3TOMY KaXIbIH KpHCTann oOpaayer mpo-
CTPAECTBEHHYIO KPHCTALTAYECKYIO PENIETXY H HMEET ONPEASIEHHYIO,
xapaxTepHyio popmy. HanpmrMmep, KpACTAIUILI TOBAPEHHOH COJIH HMe-
10T popMy kyda, KaIHifHOR CETATPH — (HOPMY OPH3MBI, ATIOMHHH-
€BLIX KBACIOB — GOpPMY OKTA3ApOR H T. I.

Amopginbie BemecTa He 00pa3yoT NpaBAILHOH reOMETPHIECKOM
CTPYKTYDhI, OpeICTaBiIsiA co0o#fi CrpyKTypHM HEeynoOpsiA0MEeHHO pac-
HONOXEEHHX MOJIEKY]1. B oTnuYEe OT KPHCTaJUIHYECKHX BEMIECTB,
HMEHOIIHX BOONHE CNPEAEIeHAYI0 TEeMIESpaTypy ILIABICEMS, aMopd-
HbIE BEINECTBA MIAaBXTCA B IIMPOKOM HHTepBalle Temuepatyp. Ilpu
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HATPCBAHMH OHH LOCTENEEHO PasMAr4aloTCs, 3aTeM HAYHHAIOT pac-
TEKATECH H, HAKOHEIl, CTAHOBATCA XHIKAMH.

IIpumepama amMopdBERIX Bemecrs MOryT OLITH cmexag B cMoOAbl.
K amopdeRIM BemecTBaM OTHOCHTCE TakXe OGONBIIEECTBO ROAU-
mepog. HexoTophie BemiecTBA MOTYT HAXOMHATHECE B B KDHCTAJLNE-
&eg)xom, # B aMOPhHHOM COCTOSHHSAX, HANPAMED Cepd, OKCHI KPeMHAN

H Op.

BonbmAECTBO 20306 — BemMECTBA C XOBAIEHTHHIMH CBA3SMH.
Hanbonee xapakrepHRIM CBOMCTBOM ra3oB SBISETCH HX CHCUMae-
Mocmb B cnocobrocmb pacuuprRMbCA; OHH He HMET coOCTBeHHOM
(OPMEL H pACIIHpEIOTCA 4O TEX NOP, NOKA HE 3aIOJHAT PABHOMEPHO
BECh COCYN, KyAa Bx noMecTaIH. 110 3T0# e NpHIHEE 2036 He umelom
coficmaennozo obvema, oObeM rasa oopeaemserca o6neMoM cocyaa,
B XOTOPOM OH HaxomaTcs. ['a3 oxajnmsaer HA CTEHKHA COCY[d pABHO-
MepHOe gasnedne. Mmenro nosroMy Ha LPAKTHKE TAK BAXKHR 2a30-
8bie 3aKOMb! — MATEMATHIECKAE COOTHONICHAS MEXIY TEMIIEPATY-
poH, naBneHACM H 06BeMOM rasoB (cM. § 1.7 m 4.3). Hix npaBanbHOE
IOpEMCHEHRE 3aBHCHT OT HNPABHALHOTO BRIOOPA CIBHAL H3MEPCHHS
COOTBETCTBYIOIIAX BEJMTHH.

E nanwne a3mMepesns Terueparypsl 7, nasJjesns p u o6bema V. Ilpn
H3MCPCHHHA memnepamypevi 9ame BCETO HCOOJB3VIOTCH XBE IIKAJIHL
Abcomomnan wixdsa memnepamyp HCOONL3YET B KAYECTBE eNHEMOLL
mMepenns keavaun (K). B abconroTnoil mxane myaepas Toaka (0 K)
HA3EIBACTCH 20CoMOMHBIM KYAEM.

Temnepamypras wixasa lfesbcun Be apngerca abcoOMIOTHOR mxa-
J1o#i, HOCKONBKY B HEHl CYIMIECTBYIOT OTPHIATC/ALHEIC 3HAYCHHA TeM-
pepatyphl. O0¢ TeMIepaTypHEIE IIKAMK CONOCTABIIIOTCA Ha pHC. 4.1.
B MexnymapomHOH CHCTEME ¢IHHHE
(CH) epmmAncE TEMIEPATYPHI SABIS-  Accomornas  likana
CTCH KeAb8UH; IMa edunuya ucnoab3y- wxana  Lenscun
emcR 80 8cex Xxumuueckux pacuemax — (Kemoural
¢ yuacmuem memnepamypsi. Ilepeson ' Temneparyp
TEMIEPATYpH W3 mxanusr lenecws o . | | 100°C KeHHa
B a6COJIOTHYIO IMIKAJTy HPOH3BOJHT- ’ B0fbt
ca pgobasneHHeM K HEpBoH umcna
273,15 (macTo OkKpyrisercs Ao Ielo- o Temnepatypa
SHCJICHEOTO 3HadeHus 273). 273,15K—T == 0°C  samepsasus

B CH enumnneil dassenun ABIA- SO
ercs nackaae (Ila), KoTOpEIA onpenme-

JAETCA KAK [aBIeHHE, CO3AaBacMOC

CHJOH B OAHH HBIOTOE, MAEHCTBY-

Iolel NepneHguKyIMPHO NOBEPXHO-

cra wiomanero B 1 M2 {1 Ila=1 Lscomomen
H/m?). Hapsany ¢ mackaiem A0 Ha- Hynb .
CTOAINEr0 BPEMEHH YACTO HCIOIB3Y- OK——-—-27315C

€TCA BHECHCTEMHAS eTHHHALA H3IMEPe-

HHEf NABNeRns — ammocgepa {(aTM). Pac. 4.1. Temnepatypase mxain
3-124 65




Hasnenue, paBHoe 1 arMm, cosnaer 3emuag atMmochepa Ha ypopHe
mops npu Temuepatype 0 °C, moanepxupas cTos6HK PTYTH BRHICOTOR
760 MM; DO3TOMY JABICHHE BHIDAKAIOT TAKKE B MUAIUMEMDPAX
pmymnozo cmoaba (MM pT. CT.).

B3aAMOCBA3bL BCEX TPEX EQWHHL H3MEpEHHS - NABICHHS CIEAy-
road: 760 MM prt. cr.=1 arm=101325 [Ja=x101,3 xI1Ia.

Enmerneit obsema 8 CU snsiercs xybuveckuii memp (m3), a upo-
HIBOJHAIME ERHERNAME — cM° B am°. Omm aump pasen 1 ap®
(1 n=1 nm?); cootpetcTBeERO 1 M3=10% am*=10% 1, 1 1=10% em>.

§ 4.2. da30BEIe AHATPAMME! BELIECTB

ArperaTHOE cocTosHMe Ju00OOrc HEIHMBHAYANLHOrO BEIIECTBA
oHpeaensercd, OpeXAe BCEro, TEMIEPATypOol H IABICHHEM: €CIH:
[JABJICHAE MAJI0 H TEMIEPATYpPa NOCTATOMHC BHICOKA, TO BEIIECTBO
MOXET HAXOJUTECSA B BAJAE ra3a, OpH HE3KOH TEMIEpPaType BEIISCTBO
MOXET CTaTh TBEPALIM, OpPH HPOMEXYTOYERIX TeMIEpaTypax — XKH-
kAM. Brasere Temmeparypsl H JaBJIeHHA Ha arperatHoe (hasosoe)
COCTOSHHE BEMIECTBA OYSHb HAIAAHO JEMOHCTPHPYETCS C NOMOIIBIO
Ouazpamm cocmosnun (Pazossix ouazpamm). C Ba¥HESHIIEMA 0CO-
GeHHOCTAME TaKHX JaarpamMM DO3HAKOMEMCH Ha npamepe (paloBoi
JHarpaMMbl Bogsl (prc. 4.2).

JluarpamMa cocTOHT #3 TpeX ob.racmeii, OTBCHAIOMHAX KPHCTAJI-
mgeckoMy (1ed), xunxomy (¢0da) B razoobpaizsoMy (8odanoil nap).
O1H 06NacTH OTACNEHEI APYTr OT APYra KPHBHIME; Kpushle da3zoBok
JHEATPAMMEI COOTBETCTBYIOT YCJIOBHAM, HNPH KOTOpBIX KakHE-THOO
Ise (ha3kl HAXOOATCH B PABHOBECHM APYr ¢ ApYrom. Tak, npH TeM-
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Hepatypax H [JABJICHHAX, COOTBETCTBYIOIAX TOo4kaM KpHBOH T,

B PaBHOBECHH HAXOJAATCH BOAA H €8 HAp — 3Ty KPHBYIO Ha3hIBAIOT

Kpugoii 0asAeHuR napogé odsl HIIH KPHBOH KuNeHuAR — KOHOEHCayuu.

B To9xe X na 510l KpHEBO# KEIKAs BOJAA H AP HAXOAATCH B pABHOBE-

cud mpu Temuepatype 373 K (100 °C) .m pasnesmm 1 at™ (101,3 kIla);

{oqxa X uopenctasnger cofol TOYKY KEOeHAA BOAK NPH NaBICHAR
aT™.

Kpnsas AT sBiserca xpuBo#i AaB/IeHHS Iapa JbAA, TAKYIO KpH-
BYIO OOBIMHO HA3KIBAIOT Kpugoll cybaumayuu — decybaumayuu.

KpnBas 8T npencrasnser coboil xpuayio naasaenun — Kpucman-
susayuy. OHA MOKA3LIBAET, KAK JABICHHE BIHACT HZ TEMIEPATYPY
IU1AaBJICHHN AbAA: €CIH AaBIEHHWE BO3PACTaeT, TeMIepaTypa iiaBlie-
HHSA YMeHbIIaeTc. TaKaa 3asucumocmb memnepamypoi NAd6AEHUR Om
oasaenun scmpetaemca pedko. OORMHO BO3pacTaHMe JABJICEAS Oia-
TrOOPHATCTBYET 00pa30BaHHI0 TBEPAOIO BemecTBa. B ciyuae Boam
DOBHIIICHAE JABICHAS NPHBOJAT K PAIPYIICHAIO BOSOPOJHBIX CBS-
3eif, KOTOphie B KPHCTAJLIE AbJa CBA3LIBAIOT MEXXy coO0i Monexynu
BOJLI, 3aCTABIIsAA HX OOpa’loBHIBATH IPOMO3AKYIC CTPYKTYpy. B pe-
3yJIBTATE PA3pPYMICHAA BOJOPOAHEIX CBa3cd npoHcxofHET oOpasoBa-
e Gostee mnoTHOH ¥HaKoH da3u (eMm. c. 77).

B Touxke Y ma xpuBo#i BT e HAXOQHTCA B PABEOBECHH ¢ BOJOM
opH Temueparype 273 K (0 °C) m naBneenn 1 arm. OHa OpeacTapiaseT
co00ii TOUKY 3aMep3aHus BOIKI OPH NAaBJICHHEH 1 aT™M.

Ha ¢a3zoBoii mmarpamme EMEIOTCH dg8e MOUKU, NPeOCmMasARIOuue
ocobuiil unmepec. Tak, KpEBas JaBJICHAs yapa BOJLI 3aKaHIHBACTCH
Toukoi C. Ona HaseIBaeTCH Kpuinuveckoil mouxoil Boanl, IIpm Tem-
OepaTypax H O4BJIEHASX BHIOIE 3TOH TOYKH HAaphl BOALKI HE MOTYT
OKITh MpeBpalIEHKl B KHEAKYIO BOJAY HHKAKHM HOBLINCHEEM JABIe-
HEs. JIpYTHMH CHOBAMH, BhINE 3ITOH TOYKH HAPOBAd H XKHAKAS
bopME BOAH nmepecTaoT OHTHL painauyEMbBIME. KparHieckas TeM-
nepatypa Bogul paBHA 647 K, a KpATHYecKO€ AABIACHHE COCTABIACT
- 220 at™.

Touxa T da3zopoit amarpaMmbl HA3LIBACTCH Mpolihod mouxoil.
B 3Toi TOuUKe NeN, KBAKad BOAA H HApHl HAXOAATCE B PABHOBECHH
APYT ¢ OpYroM. Smn TOYKE COOTBETCTBYIOT TemmepaTypa 273,16 K
A gasnesme 6,03: 1073 arm (0,61 xI1a). Jlums opH yka3aunkx 3HAYC-
HASX TEMOCPATYPHI H AABJICHHES BCe TPH a3kl BOJBI MOTYF CyIE-
CTBOBaTh BMECTE, HAXOAACh B PABHOBECHH IPYT C APYroM. 3aMETAM
TAKXKE, 9TO JKHAKOCT: B TBEPAOE BEIIECTBO B TPOMHOM TOYKE HMEHOT
ONMHAKOBOE JaBJICHAC mapa.

B macrostuee Bpems ¢a3oBrie JHArpAMMBI H3BECTHRI U1 THICHY
HHIABHAYAIbHEIX BEMECTB H HX AHATTH3 OOMOTAET NOHATEL dIOBEAE-
HHEE» TOTO HJIM HHOIO BEIECTBA IPH Pa3IHYHLIX TEMIEPATYpax H JaB-
JIeHHAX. B 9aCTHOCTH, AHTEPECHO OTMETHTh, 9TO 1% HNOAABIIOMETO
YHCIa BEIISCTE JABJICHHE, COOTBETCTBYIOIIEE TPOHHOH TOUKE, MEHEE
1 atm (xax H B crydae C BOZOH), mOITOMY {PH ATMOCHEPHOM
INABICHHA HATPEBAHHE TBEPAOrO BEIECTBA NPHBOJHT K €rc IUIABJC-
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HHIO. O,D.'BRKO IJIA ECKOTOPHIX BEMECTB YMHCIIOBOC 3HAYMCHHAC [JaB-
JIEHAS, COOTBETICTBYHOINCE TPOHHOH TOYKe, CYIMMECTBEHHO BLINE AT-
MOchepHOTO — B TAKOM CIIVIa€ HATPCBAHHE TAKAX BEMISCTB IPHBO-
IHT K HX cybmmumaneu (HEMOCPEACTBEHHLIH Nepexod H3 TBEPIOTO
COCTOSHHS B rajootpassoe). IIpEMepaMB TaKHX BEIIECTB SBIAIOTCH
100 B «cyxoii aed» — TBepIwI OKcHA yriaeponaa(I1V) (narmenme, coot-
BETCTBYIOIICE TPOHHOH TOMKE NHOKCHAA YIIepoja, cocrasiaser 35,1
aT™). ‘

§ 4.3. T'aaul

HWHnERpAyaneHeE BEMMECTRO B razoo0pa3HoM COCTOAHHAE Xapak-
TEPH3YETCH CIEIYIOINHMH BElHTHHAMH: p — JaBlIeEHeM; T — TeM-
nepaTypon, H3MEpAeMOH B KeNnbBHAAX; V — ofneMoM; m — maccoit
BCero rasa; M — momapHOE Maccoll. B3aMMOCBS3B MEXKIY 3THMHM
BEJIFYAEAMH YCTAHABIHBAIOT ra3oBsic 3aKoHEL. [IpH 3TOM HCHOIL3Y-
ercH NpoCTeHman MOJEb razoobpa3Horo COCTONHHAA
BEINECTB — uOeaAbHbiil 2a3, KOTOpas OCHOBAHA HA CIEAYIOIMAX [0-
oymeHnsx: 1) Mexay 9acTHIAMH ra3a OTCYTCTBYIOT CHILI B3aHMO-
OEHCTBHA, 2) CAME 4YaCTHOEI OPEACTABIAIOT COOOM MATepHANbLHLIE
TOYKH.

H3 Bcex raioBrix 3akoHOB {cM. § 1.7) Hambonpmee 3Hadcuue
AMeeT OOBCIHHCHHLIH raloBbli 3aKOH, ONHCHIBACMEIN YpasHeHuem
Kaaneiipona — Mendeneesa:

pV=vRT, ‘ 4.1}

A€ v — YACIIO MOJEH rasa; R — yHHBepcalobHAS ra3oBasf NoOCTO-
sHEas, 4YACIOBOe 3Hausemme xoropoi B CH  pasmo 8,314
Jox - K~ moms ™1, :

Vpapneare Knanelipona — Menaeneesa BecbMa 4aCTO HAHIBA-
I0T TAKXKE VPasHeHuem cocmomnus udeasvrozo 2a3a. CBs3ano 310
C TeM OOCTOHTENLCTBOM, MTO K YPABHEHUAM COCMOAKUA OTHOCHAT
mobele ypaBHEHH, CBA3LIBAIOIHE MEX Y cO0O0i napamempst cocmos-
Hua BENIECTBA -— JaBiecHME, 00beM M TeMmeparypy. a3, KoTopmid
OONMHOCTHIO NORUMHAETCHd YPABHEHHIO cocTosHHs (4.1), HasmBaercs
udeansHblM; MAKux ra3oB B AeHCTBHTENLHOCTH He cymecTByeT. Opxma-
KO H peasvHbie 2a3s! B CIIy4Yae, eCIH OHHE HAXOZATCH HOPH HH3KHX
JaBJICHASX H BRICOKHX TEMIEPATYPAaX, XOPOIIC OMBCHBAIOTCS YPABHE-
maem Kmane#ipona — Mengeneesa.

Ilobenenne peanpRoro raza. Mexay MoJIeKyJaMH peatsHo2o Ta3a
JeHCTBYIOT CHUIBI B3aHMHOIO OPHTSKEHAS, KOTOPHC AONOJHATEILHO
CAHMAIOT a3, TAK 9TO ra3 HAXOMHATCH NOJ AasieHEEM p+afV?, rne
a/V? — HOUONHMTENbHOE «BHYTPEHHES» AaBleHHE, OOYCIIOBICHHOE
B33aAMHKIM OPHTSRKEHAEM MOJEKYJ! ra3a. Moneky Ikl peaisHOrO rasa
HMEIOT XOTS H MAJIBIHA, HO BIIOJIHE ONpeac/leHHE 06seM (0603na9uM
ero b), mo3TtoMy 00beM, 3aHAMAEMEIH MOJIEKYJIAMH PeaIbHOIO raia
B IpOCTPaBcTBe, Oyaer paBen V—b. Eciig 3TH 3HAYEHHS JABJICHHSN
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H ofBbeMa IOICTaBATH B ypaBBenme Kinameiipoma — Menaenecra,
HOIYYHM YDABHCHHE COCTOSHHE peatsnoed 2d3a — YpasHeHue
Ban-dep-Baaasca (fns oAEOTO MOJIT)

(p+a/V*) (V—-b)=RT, ‘ 4.2)

rae 4 H b EMEIOT CBOH 3HAYCHMS NJIA KaXkOOT0 pEasbHOro rasa.
VYcTaHORIEHO, 9T0 3HAYCHAA a GOJbNIE ¥ JIErKO CRKMMAEMEIX Ta30B
(manpamep, y CO, mie NH,), a 35awenus b Tem 60ibme, 9eM Honbme
pa3sMepHl MOIIeKY I (HAIPEMED AN YTJICBOAOPOAOR).

VpaBEerHe (4.2), KoReTHO Xe, Hojee TOTHO, 4eM YPABHEHHE CO-
CTOSHHS HaeanbHOro rasza (4.1}, ONMCLIBAET NOBEACHHE PEATLHBIX
rasos. Ogeaxo mMengo ypaBgende Kancitpona — MengereeBa B cH-
JIy CBOCH NPOCTOTH H HArISAHOrO (GHIAYECKOro CMEICHA Hambonee
HAPOKO ACHONBIYETCE B IIPAKTHEICCKAX PacyeTax.

B 3axmovenRe pacCMOTPHM BAXHOE JUisi MHOTHX 33734 IIOHSTHE
cpedrell MOARDHOII Maccht CMECE ra3oB. HanoMHEAM, 9T0 gig OQHOrO
BeIeCTBa MOIApHad MACCR pPaBHA OTHOIICHAKY MACCHI K YHCIY
MoIeil:

M=m/v. (4.3)
To4RO Takoe Xe COOTHOIIEEHE CIpaBCIIHBO AJIA CMCCH Ira3oB:

Mo =nrtosmfVosm = {1 +mn+ )y +¥+..)=
=(n My +vaMy+ ) (v +va+.) (4.4)

IockonbKy rasm B CMeCH BCEra HaXONATCH NPH OJEHAKOBRIX
YCNOBHAX, TO K HAM HDHMEHHM 3aKOH ABoranapo B ompejencHHEe
cpe,unen MOJAIPHOE M&CCHI MOXKHO HEPEIHCaTh, 3aMCHHR HCTIO MO-
neit Ha obweM:

M¢=(V1M1 +VaMy+. ) (Vi + Va+..). (45)

Ham6oee m3gecTHRIE IpeACTABATEIH r23000paiasx semects. Lipe-
KJe BCErO HEPCHACIIHM RPOCMbIC AEYECNEd, CYIMECTBYIOIHE HDH
0OBIYERX YCIOBHSX B BHIE I'a3oB; 310 — Bojaopoa H, (Takxe B razo-
0bpasHOM coOCTOSHMHM Haxonasrcd MoJexyau 1), m T,), asor N,
xkuciopon O; u oszor O, drop F,, xnop Cl; u, xoreano xe, sce
gHepTHHE (GnaropoHLIe) rasml.

I'azoo6pasnEiie XAMAYECKAE coeduHetis BPEACTaBICHR! IPH on—
HLIX YCIIOBHSX g0d0podnbimit coedunenunmu ranorenos (HF, HC,
HBr ® HI), azora, ¢ocdopa, cepl, yriaepona d KpeMEHS,; 3TC — aM-
muak NH,, q)octbnu PH,;, ceposonopoa H,S, uepepie WieHn roMono-
raseckoro paga mertama (CH,, CH,, CiHy, CiHy), sTmiena
(CH,=CH,, CH;—CH=CH; u ap.), amerwresa (CH=CH,
CH,— C=CH nu ap.), a TaKKe IepBHe 11eHH rOMOIOTHYECKOrO psaaa
canana (SiH,, Si;H). ITepBrie wnenn ToMOIOrAYECKOTO puja aumda-
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Thgeckax avueop (CH.NH,, CHNH,, (CH,),NH) — rasu. B snze
ra3oB CymecTByer OOJbIIMBCTBO OKCHAOB THIHYHEIX HEMETAILIOB.
Tak, sanpaMep, okcax ¢ropa F,O — becnpeTHEIH ra3s ¢ xapakrep-
HLIM 3amaxoM, i, = —224 °C, t,= — 145 °C. Oxcaa xnopa (I} Cl,0
(agTHApPEA Xxa40pHOSaMUCMOl KucAombl) — KEITOBATO-KOPHIHEBRIH
1a3, ty,=—116 °C, f,m=2 °C. Oxcrg cepu (IV) SO, — Gecusernsiii
ra3 ¢ pe3KHM 3amaxoM, fy,= —75,5 °C, tm= —10,1 °C. Asot obpa3y-
€T HECKOILKO OKCHIOB, H3 HAX ra3o00pasumivu seiagiotes N,O, NO
B NO,: oxcan azora (I) — GecoBeTHRIH ra3 co CIaAKOBaTHIM 3ama-
XOM, 00NajaeT HAPKOTHYECCKHM IOcHCTBHeM («secermyuil 2a3), ty,=
==91°C, ftyy=—288,5°C; oxcmn a3zora(ll) — OecmpeTHRIH ra3,
=—164 °C, t_n=—152°C; ocobeHHO OTMETHM OKCHA a30Ta
(IV) — B yueGHERax Beeraa moguepkmBactcd, 910 NO; — Oypuil 2a3
¢ XapakTepEBIM 3a0aX0M (04¢Hb SAO0BHT), HO 0OpaTHTC BHAMAHHE
HA €TI0 XapakTepHCTHRE: f,,= —11,2 °C, £, =21 °C, 370 35a4HT, 9TO
oxcax azoTa (IV) HaxoaMTCA B ra3000pa3ssoM COCTOSHHH TONBKO IPA
TemmepaTtypax =21 °C. OrMerdM, 9TO ZpH OXJIaXACHHH OH O9cHb
JIETKO JEMEpH3yeTcs ¢ 00pa3oBaEAEM CHAYAIA JKANKOCTH, 4 3aTeM
HBuIx XpeEcTamioB N,0, I'az006pasHrie OKCHAB Yraepoaa
(CO — «yrapamii ram» & CO, — yrIeKuCIEIA raz) Xopomio B3BSCTHR
BCEM,

H, sarosen, orMeraM, 910 razoobpasasivm npe OGEMHERIX yeno-
BHAX OKA3LIBAIOTCA MHOTHE BaxHWE PTOp- H xnopnponassogase Go-
pa, yrnepooa H kpeMEHS. K HUM OTHOCATCA H3IBECTEHIE «KHCIOTHI
JIstomca» BCl, (6ecnBeTHuli ras, fy,= —107 °C, £;=12,5 °C) m BF;
(becnpeTHBIA Ta3, f,,=-~128 °C tem=—100 °C) Terpacbropme'ran
CF, (xaadon) (tn,=—184°C, t_,=—128°C), rerpadropstanes
CF;=CF,; (t,= — 143 °C, t,u= —76 °C), Terpadropan xpemuns SiF,
(txw=—95 °C, t,,=—86,8 °C).

HepevucneEERIME BHINEG HEe HCUEPOBIBACTCH Xpyr ra3oo0pasHux
OpH OORMHEIX YCHOBHAX BEIECTB, MbI JIAINb HOCTAPAIHCE OOPAaTHTL
BHEMAaHHE HA Te H3 HHAX, KOTOPHE 4Yalme APYrdX BCTPEYaloTCH
B IIKOJLHOH H AOBY30BCKOH DpaxkTHKE.

§ 4.4. KugxocTr

XKHIXOCTH 3aHMMAIOT OPOMEXYTOYHOE IOJIOXKEHHE MEXIY razo-
06pa3sHEIMA B TBEPAEIMA BemecTBaMu. IIpH TeMnepaTypax, Graakax
K TeMIepatypaM KHNEHHS, CBOHCTBA XHAKOCTeH npubmixarorcy
K CBOHiCTBAM ra’oB; IpH TeMmmeparypax, OJmikEx ¥ TemmepaTypam
IUIABTICHWS, CBOHCTBA XHUIKOCTeH npAGIMKRaloTCH X CBOMCTBAM TBEp-
JBIX BemecTB. EcIM mus TBepXAhIX BEIIECTB XapakTepHa CTpOraf
* YOOpPSIOYEHHOCTE JACTHI, PACOPOCTPAHAIOINAACA HAa PACCTOSHHA IO
COTEE THICHY MEEATOMHHIX HIH MEAMOICKYASPHHK PAaZ®ycoB, TO
B XHAKOM BernecTre 00khHO OnBaeT He DoNlee HECKONBKHAX AECATKOB

70



YOOPSNGYCHHBIX YACTHN — OOBACHACTCA 310 TeM, 4TO yOOPSAOYEH-
HOCTH MCXJY YACTRIAMH B PA3HBIX MECTaX XHIKOIO BEHIECTBA TaK
&e OBICTPO BO3HHXAET, KAK M BHOBp «Pa3MBIBAETCH» TEILIOBEIM KOJIe-
6annem wacTun. Bmecte B TeM 06mmas IWIOTHOCTH YIAKOBKH Y4CTHII
KMAKOro BEINeCTBA MANI0 OTJMYAETCH OT TBEPAOTO BEINECTBA — NO-
3TOMY HX IUIOTHOCTH OIH3Xa K IIOTHOCTE TBEPABIX Tell, & CKHMA-
€MOCTH O4eHb Masta. Hanpumep, 9T00H yMEEBIIATE 00HEM, 3AHAMA-
eMBIil xuAKOH Boxo# Ha 1%, TpeOyercd NpHNIOKHATH JaBIICHHE
~ B 200 aT™, TOrAa KaK I TAKOTO e yMeHbIEHHS 06beMa razos
Tpebyerca nmasnemne mopsiaka 0,01 atm. CrnemoBaTensHO, CEKHMA-
€MOCTh EHIKocTeH mpamepno B 20000 pas meswme (200:0,01) cxn-
MAEMOCTH Ta30B.

3T0 pa’gHYEE B CKEMAEMOCTH YIUTLIBAETCH B COBPEMEHHOM Tex-
HEKE. AIIApaTypy BHICOKOIO NaBieHud (1apoBOH KOTE Wl KOJIOHHA
CHHTE3a aMMMAaKa, aBTOKIAB JI% CHHTE3a METAHOJIA, DOJHMEpPOB H
T. J.) OPCABAPHTEILHO HPOBEPSIOT HA NPOYHOCTL. g 3TOro cocyn
3aMOJIHSIOT BOAOH H JOUNOJHUTEILHO HATHETAIOT BOAY AO KOHTPOJIb-
Horo nasnesms. Haznemecrom 8ody, a ne 2a3, mak kax amo bosee
besonacno. Ecma cocyn MOmEET, TO BCe OrpaHHYATCH TEM, ITO CTPYA
BOJH BeIpBeTCE moj HebommmmM sanopom. Ecnm xe nonmer cocyn,
HAYOJTHEEHEIM CXATEIM I'a30M, TO OTPOMHEOE PACIIAPERAE Ia3a IOoBIe-
ueT 3a coboit BapuBHOH ekT.

Boome oTrmedanock, 9r0 XHIKOCTH HMEIOT ONPENCICHHBIA CO-
6cTBenER 00BeM B DpHEEMAaiOT POpMY COCYAa, B KOTOPOM Eaxo-
IATCS; 3TH HX CBOHCTBA 3RAYATENHHO HImKe K cBOHCTBAM TBepAOro,
geM rasoobpasHoro semiecTea. Bonbmas 6MA30CTL KAAKOTO COCTOS-
HHSA K TBEpAOMY OOATBEPKAACTCH TAKKE JAHHLIMHE 10 CIMaHOapmHLBIM
sumanenuam ucnaperun AH® .o B cman0apmubim IHMAALRUAM RAAGAE-
nug AH°;, (em. 1, 5). CrannapTroif SETaNbOHCH ACUAPEHAS HA3EBA-
FOT KOIHYECTBO TEILTOTHI, HeOOXOOAMOE I OpeBpamesnds | Monb
xEAKocTH B Hap opa 1 atm (101,3 xI1a). To X%e KOJHMYeCTBO TEMNOTRI
BHIACIACTCA NPH KCHACHCANHHE 1 MOAB Hapa B XKHAKOCTh IpH 1 aTM.
KonmeecTBo TEIWIOTEL, pacxoxyeMoe HA mpespamesne 1 MOIb TBep-
JOro Tena B XBAKOCTh NpH 1 aT™, HashLBaloT CTAHAAPTHOH 3HTANL-
el IIaBiIeHAs (TO Xe KOJIHYCCTBO TEMNOTHI BRICBOOOXIacTCH MpH
«aMep3aEmny («oTBepAcpandm») | Mojb XuakocTa opm [ aTtm).
HagectHO, 9T0 AH®,, HAMHOTO MeHBLIIE COOTBETCTEYIOIMBX 3HAYeHNK
AH’,.,, 9TO NETKO NOHATH, HOCKONLKY IIEPEX0] H3 TBEPAOIO COCTOf-
HHAS B XHAKOE CONPOBOXIAETCE MEHBIIMM HADYIICHHEM MEXKMOIEKY-
TMEPHOro OPATSKEHHS, 4eM OEpexoJ H3 JKHAKOro B radoobpassoe
cocroshme.

Pap apyrux BaxmbIX CBOMCTS XHAKOCTCH Oonbnle BANOMHMEACT
cBO¥icTBA raios. Tak, nonobHo rajaM ¥AJAKOCTH MOTYT T€Ybh — 3TO
HX CBOHCTBO Ha3LIBaeTCA mexyuecmbio. COOPOTHBISEMOCTh TEYCHHIO
ompenensercd ga3kocmpic., Ha TexydecTb H BA3KOCTH BIHSIOT CHIIK
OPAETSOKEHAS. MEXAY MOICKYIAMHA XKHAKOCTH, MX OTHOCATEILHAS MO-
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NCKyINpHASN MACCa, 3 TAKKE Lexsli Al APYTHX Gaxropos. BEIkocTh
XHKOCTEH ~ B 100 pa3 Gonbme, 4eM y ra3os. Tak xe, Kax H rasbl,
KHIKOCTH CNOCO6HK madbyRmpPOBATh, XOTA M rOPA3N0 MEAJICHHEE,
OOCKOJBKY 9aCTHOBI XHAKOCTH YIOAKOBAHEI IOpa3’sfic ILIOTHEE, YeM
4ACTHIH Ta3a.

Onuo m3 BaXHEHIUHX CBOHCTB MMCHHO XHIKOCTH — €€ nosepx-
HoCMuOe HamaXcerue (3TO CBOACTBO He NMpHACYINE HYU raiaM, HA TBEp-
JeIM BermecTeaM). Ha Monekyry, Haxogmylocs B KHIKOCTH, CO BCEX
' CTOPOH PABHOMEPHO NEfiCTBYIOT MEKMONCKYNApHLIS cuiu. Ojmaxo
Ha nosepxnocmu XAAKocTA Oamanc 3THX CHIl BAPYIDAETCH, H BCICACT-
BHE 3TOTO «IOBEPXHOCTHHIE» MOJIEKYNLl OKa3bIBAIOTCH NOJ JeHCTBH-
eM HeKO#l peayJbTAPYIOMEH CHIIbI, HANPABICHHON BHYTPD KEAKOCTH.
ITo 3T0# DpEYARE DOBEPXHOCTL KHOKOCTH OKA3LIBACTCH B COCTOSHAM
EaTskepds. [JoBepXHOCTHOE BATAXKCHME — 3TO MAHEMATLHAS CHIA,
CAEPEHBAIOMAR JBERXCHAC YACTHIl XHAKOCTH B IJIyOHEHY XHIKOCTH
B TeM CaMBLIM YACPRHBAIOMAS NOBEPXHOCTh EHAKOCTH OT COKpAIE-
g, MMesno NOBepXHOCTHRIM HATHKEHEEM O00BsicHAeTCH «XKANICBA-
Ha9» hopMa cBODOAHO DAJAFOMAX YACTHN XKaakocTH (puC. 4.3).

Hanfosee R3BeCTHRE NPEACTABETE/IR KEAKEX BemMecTs. Brime yxe
OTMEYAJIOCh, YTO B XHIKOM COCTOSHHA MOTYT HAXOAHTLCH COE/TAHE-
HAS C METAJINHYECKHMH, MOHEBRIMH H KOBAJICHTHHIMH CBA3AMH (CM.
§ 4.1). Ecm xe pacCMATPHBATE COCTOSHHS BEIIECTE IIPH «OOBINHBIX)
ycnoBraX (IpH «XOMHATHRIX» TemuepaTypax ~20 — 30 °C m at™moc-
(epHOM [JaBJIECHAH), TO XHIKOCTAMH OKAIHIBAIOTCH BEINCCTBA C Me-
TALIAYECKEMHA M KOBRICHTHRIMA CBa3fMu. KiaccHYeckHd npEMeEp
XHAKOCTH, 0GPa30BAHHOM BEMIECTBOM C METAVIHIECKEM xapax-rcpom
cBa3el,— pmyms (RANKHH cepebprcTo-Oemmi MeTamwn, t,= —40 °C,
1t =357 °C). MeHee H3BeCTEH 2a4auil, IPH ‘renmepa’rypax <30 °C —
TBEpORLA cepeGpucTO-Oenniii MeTaNn ¢ roJyGOBATHIM OTTEHKOM; IPE
Temmuepatypax >30 °C — xuaxocts (1,,=129,8 °C, £,,=2403 °C).
Takumu xe «HOTpAHAYHEIMES CBOHRCTBAME oﬁmae'r menmmoﬁ Me-
Taln yesult (1, =28 °C, tyy =668 °C) — EMEHHO MO3TOMY HApHI Ie-
3WA UEPOKO ACIOMLIYIOTCH ANIH HANOMHSHHS [A20BHIX JIa3epos, paz-
JI¥YHEIX GOTO3IEMEHTOB H T. 1I.

Ho, xoBegno xe, nodassmoujee vii-
c10 Heudrocmeit obpasoearo seujecmsa-
MU C KOGQAACHMHBIMU CEAIAMU.
Beaycnoano, caMad «3IHaMCHHTadg»
xaaxocTt — Boaa H,0 (dpazonag ama-
rpamMMma BOIH DORPOOHO pacCMOTPEHA
eoine B § 4.2). M3 xmaxocTei, xopomo
HABECTHRIX JIOAAM JAXE AAJICKHM OT
XHMHH, Ha30BEM CEpHYIO H A30THYIO
Pac. 4.3. Ceobommo nanaromas KHCIIOTHI, OeH3MH (cMech NTerkux dpax-
kaw ponsl Ee chepmeckas M KUJKEX YIIIEBOJOPOIOB), aNEeTOH

dopma ofycnosiieHa IOBEPX- . g
HOCTHEIM HATSOECHEEM H, KOHEYHO JK€, ITHJIOBBIA COHPT
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(oGHMHALIE «noTpeOUTEnLY Hame BCEro He 3HAST TAKOTO HABAHMY,
HA3LIBAA €10 OPOCTO «COHPTY).

XKupxame SBISIOTCH, KPOME COHPTOB, OTPOMHEOE YHCIO H APYTHX
OpPraEMYECKHX BEIECTB — 3TO H YINIEBOXOPOJLL, B ANLACTHILL, H Ke-
TOHHI, H MHOTHE KApOOHOBEE KHCJIOTEL

Anzudpudel pana HeOpraEHISCKAX KHCIOT — XHAKOCTH. Tak, an-
raapun a30TECTOR KBCIOoTH N0y — TeMHO-CHHIA KHAAKQCTD, «3aMe-
p3atomas» (3aTtsepacearomasn) npe — 102 °C {fm=13,5 °C). Asraz-
PHI cepHOM XHCTHOTH SO; — GecuBeTnHas xuukocTh (f,=16,8 °C,
lne=44.8 °C); aurunpuy xnopuoit xacaotu CLO; — Oecupernas ma-
CISHMCTAS KHAKOCTE (f,,= —90 °C, =83 °C). _

HanomaeMm Takke eme OAHY O9CHb HIBECTHYIO XKHAKOCTh; 3TC —
 6pom: TEXenas kKpacHoBaTo-Oypas XMHMAKOCTH C CAKHM EENpPHATHBIM
3anaxom (mwroTHOCTh 3,14 rjem?, fy,=—8,2 °C, £ =158 °C).

Haxomen, HA30BEM €IlE HECKOJIBKO HIMPOKO H3BECTHHIX XKHAKO-
cTei: 6eH30J, TONYON, FIHOSPHH, AHAIRH, XJIOPHAS KHCIOTA, 9E€THI-
PEXXJIOPHCTRIA YITIEpoJ, DEpOKCHA BOAOPOAd, HIHPAIHH, OHPPOI. -

§ 4'57 I{pnc'ramnqeclmé BeIeCTRA

Bume yxe GHUIO OTMEYEHO, 9TO MOJABIIAIOIEE HHCIO TBEPALIX
BEINECTB HMEIOT KPHCTALTHYECKYIO CIPYKTYPYy. B KpHCTa)LIHveckmx
BEINEeCTBAX YACTHILL H3 KOTOPHIX IOCTPOSHK KPHCTAJLIEI, pa3Melne-
'HH B OPOCTPAHCTBE B OIpeAeIeHHOM HOpAKe B 00pasyroT npocTpan-
CTBEHBYIO Kpucmassudeckyio petsemxy. QOOBIMEO HA PACYHKE 1ACTHITEI
B KPHCTAIUIHYECKOH pellleTKe COSNHHAIOTCH 8000padcaembimii JTHHE-
svi. KprcTannAdyeckas penierka IOCTPOSHA E3 NOBTOPSIOIEXCH
OIMHAKOBEIX CTPYKTYPHBIX ¢JHHHII, AHIHBHIYAIBHLIX [N KaxkIOIro
kpEcTamia. Takas CTPYKTYpHAs eMHHANA HA3LIBACTCH 34eMenmapHoil
Aueiixoil. [IpocTeiimasy 3neMeHTApHAS sSveiika COACPXHAT BOCEMBb Y3-
I0B B BepIIHHAX KyOa. IIoCKONBKY K KaxgoH (BCpIIHHE-y3ny» [pH-
MEIKAIOT BOCEMBb NPOCTEHAHIAX AYEEK, TO HA KAKIAYIO NPOCTEHIMYHO
gieKy OpHXOMETCA OJHH aToM. OoHAXO 3NeMEHTApHYIO SYeHKYy MO-
XHO MOCTPOHTH H TAK, YTOOK OHA cOZepXana XONOJIHHTENLHBIC
Y31Bl, pACHONIOXKCHEHIE BHYTpH oObema kxy6a HIH Ha ero rpa-
HIX, — TAKHE PeIeTKM HA3HBAKTCH CIOXHBIMH. Bcezo cywecmeyem
14 munos xpucmasmuveckux pewemox (Hampumep, KyGa, IpH3MEI,
OKTa3apa ¥ T. A.).

B 3aBHCHMOCTH OT XapakTepa 9acTui, oOpasyloIEx KpHCTAILI,
4 OT THIA XHMHAYECKOH CBA3E MeXy HAMH Pa3/IHYaiOT YETRIpE KIacca
KPHCTAJUIHIECKHX DPEINETOK: MEMAAAUHECKUE, UOHHbIE, MOACKYAADHbIE
H MaKpoMoAeKyAnaphble (DOCIEAHAE BHOrAA HA3LIBAIOT QMOMHbLIMU).
KpHCTame KaxIOro u3 3THX KIACCOB MOTYT HMeTh obod 3 14
TAIIOB KPUCTAIUIHYECKOM pemeTks. PaccMOTpHM KPaTKO KaXARIA H3
YeTRIpex KJIACCOB KPHCTAJIAYECKAX BELIECTB.
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1. Meraanwdeckre CTPYKTYphl. ATOMEI B METAIIAX YOAKOBAHKI
M2KCHAMANBHO IUIOTHO H 00pajyrT OpocTelme KPHCTAIUIMYSCKHE
CTPYKTYpHL, HPH. 3TOM ATOMEl YOPOIMICHHC PACCMATPHBAIOT B BHAE
IIapoOB. YOAKOBATEH {«yJOXKHATEY») MAPH TaK, YTO0K OHH 3aNOJIHHIH
BCE MPOCTPAECTEO (4TOOK MeXJy HEMM COBCEM He ORUIO HPOMEXYT-
KOB), HeBO3MOXHO. ECITH %€ 3TH DPOMEXYTKH CBECHH K MAHAMYMY,
FOBOPAT O nAOMHOYnaxodanhvix cmpykmypax. VI3pecTHE! TPH OCHOB-
HLIX THHA CTPYKTYP METAILIOB.

Ham6onee mwioTeEag ynakoBka MApoOB JOCTHraCTCHA B CIy4ac 2ex-
cazonaashoil naomuoil ynaxosiku (I'TTY) v zpaneyenmpuposanroii kybu-
vecxoii ynaxosku ('’KY) — B 3THX yDakoBKax aToMBI MeTajuia (mia-
pH) 3apEMaroT 74% scero ob6nema.

Obwemnuo yenmpupoeannas xybuueckaa ynaxogxa (OLIKY) B ot-
JIHYHE OT NEPBHIX ABYX HE ABISETCHA IUTOTHOYNAKOBAHHON — aTOMEL
3aEWMArOT B Bell mEme 68% mMeromeroca obneMa.

Kax BO3BHEAIOT 3TH CTPYKTYpPhl, MOXHO IOHATh, PacCMOTpPEB
FEKCATOBAJIbHLIA B KBAIPATHMHENH cnocobn ynaxoexs mapos. [Ipen-
CTaBbTe cefe Cnoi A H3 OJHHAKOBHIX IZPOB, IVIOTHO YIOKCHHERIX HA
IWIOCKo# 1oBepXHOCTH. B cnydae zexcazonaavroii YIAKOBKH KAKIABIA
IDap CONPHKACAETCH ¢ wecmbio ApYyrAME. Mexay chepaMi HMEIOTCH
nycToThl, LleBTpPH MOOHX Tpex COCeMHHX mAapoB oOpasyIioT pasho-
cmoponnuii TpeyronsErak. Menee mioTHOM ORAIRIBAETCH KadpamHan
YOaxoBKa, B KOTOpOH NEHTPLL uemsipeX COCEXHHAX Mapos obpasyior
kpagpat (puc. 4.4),

Teneps OpeacrasaM, YTO ME DOIOJKHIHA HA ¢/10d A BTOpoi cnoi
B, nopm 3T0M rexcarosasnbHLIE CIIOH MAPOB MOKHO ILIOTHO YKIaJBI-
BAThL OIHH HA APYroi AByMsi coocobaMH Tak, 9TO IPH 3TOM Kak pa3
H obpasyercs mabo [IIY, mabo I'KY. B cayuae I'ILY BTOpoii cnoit
[N2pOB YRIAJAKBACTCA HA NEPBHIN TaK, 9TO Kaxwcdbvid wiap sepxwezo
CAOR CONPUKACALIMCA ¢ MPEMR wapamu kuxchezo caox (puc. 4.5, a).
IMaps: TpeThero cnos pacnonararoTcs TOYHC Haj MIAPAME NEPBOIO,
IMaphwl 49eTBEPTOro CJIOS — TOYHO HAJ WIapaM# BTOpPOro H T. .
Crpykrypu I'ITV crpostca u3 gepenymommxcs croes ABABAB...
FBosaee caoxcuyo nocaedosamesvuocmv umeem FKY — npm Ta-
KoM cmocofe DOCTPOSHHS XPHCTAILIa INApH TpeThero cnos C pac-
OoJararoTcd Hal HycroTamMd Broporo cios B, B cmoii C Takum

Fexcaronamtasn

Keagparnas

Prc. 4.4. BoaMoxHASNe THON YHAKCBKH OIAPOB B OJHOM CI0€
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{ABCABCABC...) (ABABABA..)

A B A B C * A B
0oe coe ce
a) 6) a)
Prc. 4.5. PaamAiEGe THIL KPACTAJUIHICCKOH YIAXOBKA METAILIOB:

a—TIIY; 6 — TKY; s — OLIKY

obpazom ormadaerca or cnos A. Korma Ha cioit C yknagwmsaercs
METBEPTHIM CIIOH IIAPOB, TO OH OKA3HIBACTCE TAKHM XK€, KAX HIEPBRH
He. 4.5, 6). CnefnopaTebEO, NOCIEACBATENBHOCTE cnoee B TKY —

CABCABC... '

OLIKY moxer 6uITh MOCTPOCHA €XMECTBEHHRIM crmocobom (pHEc.
4.6, ¢). Kaxnaemi map s 3TOM CIydac HAXOOUTCH & yewmpe Kyba,
BEPIIHHLI KOTOPOTO 3aHSTH APYFHMH HapaMH — CIEJOBATENbHO,
KARNLIA Olap CONPHKACACTCH C 40CemMblo NPYTHME NIAPAME, HIH IpH
3TOM OPHHATO FOBOPHTD, YTO KaXK/bIH ATOM HMEET KOOPOUHAYUOHHOE
vucao n=8 (puc. 4.6, ).

}‘3‘ %'!an TTIY v I'KY xoopounayuonnoe xucso n=12 (pac. 4.6,
au 4.6, 6).

Pec. 4.6. IlpocrpancTeeanoe B3obpaxeane TpeX THNOB XPHCTANNAICCKOH pereTse:
a—ITNY; 6§ —TKY; ¢ — OIIKY
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OTMeTEM, 4TO BHICOKHE KOOPAMHANMOHEKE THCIA B METALIRICC-
KHX KPHCTAIUIAX — CAC0CmAUe HEHANPAsAeHHO20 XapaKkmepa memad-
auueckoii cenzu (cM. § 3.4).

[TpaMepsl METANIOB ¢ PAINHYHLIMH THOAMH KPHCTAITHYCCKAX
peHIeToX OPHBEACHL B Ta61. 4.2,

Ta6Gnrna 4.2. Ilpavephl METAAI0ON ¢ PALIATHLHIMA THEIAME
KPECTRLTEIECKEX PemeToK

Ty TKY OLKY
Maramit Ka o, it Meroynese MeTaLIb
KobamsT ATFOMBHE Bapmit
Mens Xpom
TaTam Cepebpo HKeneso

OcoObblit xapakTep META/UIHYECKOH CBA3H H ONHCAHHBIE OCOGEH-
HOCTH METAJIIHYECKAX PEeTOK ODYCIOBIHBAKOT TAKAE BaXHCAmMME
CBOACTBA METAIUTOB, KAK BRICOKHE TCMIECPATYPH NIABNEHAA, KOB-
KOCTh, 3AEKTPOEPOBOJHOCTE, TEIIOOPOBOJHOCTD.

2. Hommmie cTpyxrypnl. ECTIH B y3/1ax KpHCTAJUTAYECKOH PEMIETKH
PacnoyIoKeHs HOHEI, TO TAKAN PellleTKAR Ha3nBaeTcs MOHHOH. Pasno-
HMEHHRIC HOHBI, H3 KOTOPRIX COCTOST HOHHLIEC KPACTAILIEL, YEPEKABA-
FOTCH BMECTE JJICKTPOCTATHYeCKHMHE cHiaMH (cM. § 3.3). IToamomy
CMpYKmypa UOHHOU KPUCMAAAMNECKOi peemxy 0oaxcHa obecneuu-
gamb uX 3AeKMpuveckyro Hefimpasshocms. Kaxnomy THOy HOHOB
B MOHHOM pemeTke COOTBETCTBYET CBOE COBCTBEAHOE KOOPAHAAIAOH-
HOE 4HCN0. Tak, B KpHCTa/LNHYeCKOH pemeTke XJOPHAA HATPHS KaXK-
madi mos Na' okpyxen mecrbio womame Cl~ H, cleAoOBaTeILHO,
HMEET KOOPNHHATHOHHOE 4YACHO 6. Amanormuso kaxnem mon Ci~
OKpYXeH HMIECTHI0 HOHAMH Na® M Takke MMeeT KOOPAEBAIHOHHOE
qacno 6. Ilosromy cuuraercs, 4To xpucTanmmeckas pemerka NaCl
HMEET XoopmeEanmaio 6:6. Xnopua HATpHS HMECT, CIACKOBATENLHO,
2paneyenmpuposarkyio KyOHYECKylo YIaKoBKY XJIOpHA-AOHOB (MX pa-
muyc 0,181 M), pa3mBEHYTYIO Tak, 9ToOb HOHW HAaTpHS (pamdyc
0,098 uM) MOIJiM MOMCECTHTHECS B MMEIOMIMXCA MyCTOTaX. Moeky.b
XIIOpPHAa HATPHA H XJIOPHIA Ne3Hs BO MHOTOM CXOXM, OJHAKO CTPYK-
typa kpacraioB CsCl yxe unas, gexens crpykrypa NaCl. ITockons-
Ky HOH ne3s (paxayc 0,165 pM) GoNblie HOHA HATPHA, €0 OKPYKAET
Gorplmee YACTIO XIOPHA-HOHOB. B 3TOH CTPyKTYpe yXe peaH3yercs
koopaEaanus 8:8. Kak HoEN Le3Hf, TaK H XJIOPHA-HOHK 00pa3yioT
OpOCThIe KyOHYeCKHe pelieTKH, KOTOPHE «BIBHHAYTH OAHA B APYIYIO
(puc. 4.7), o6pasys OLIKY.

PaccMOTpeHEHX NPHMEPOB NOCTATOMHO, YTOOMI HOHATH, YTO
(OpME DPOCTPAHCTREHHBIX PEMETOK MOryT OhITh pasHOOOpPA3HRIMA
H JACTO AOCTATOYHO CHONKHLME (HaNOMHEM, YTO 8Ce20 Cywecmeyiom
14 munoe xpucmaaauveckux petemox).

BemecTBa ¢ HOHHEIMH KPHCTAIUIHYCCKUMH pelleTKaMu obiagaroTt
CPABHWTENLHO BHICOKOM TBEPIOCTHIO, OHM JOCTATOYHO TYTOIJIABKA
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Pac. 4.7. KpacraJigHecKas CTPYKTYPa XIOPHAA OE3RS

¥4 MATONETY4H. DJIEKTPHYECKHM TOK OPOBOAAT HE TOMLKO HX pac-
INaBL, HO H DAacTBOPH], OOCKONbKY MHOIHE HOHHBIE COCIHHCHMS
JIETKO PacCTEOPHIOTCA H 3aTeM JHCCONHHPYIOT B DOJAPHKIX XHJI-
kocTax (HampEMmep, B Boae). OTMETHM XapakTepHOE CBOHCTBO HOH-
HBIX KpPHCTAJUIOB, OTIHYAOMISE HX OT MeTaanoB. B ornmame ot
OOCACAHAX MOHHBIC XKPHUCTAILIBI SIBIIIOTCH XPYIKHMH, NOCKOILKY Ja-
*¢ ReDONLINMC CABHTH B KPHCTAUHYecXOM pemerxe npuabmmaior
APYT K APYTY OABOAMCHHO 3apPSOKCHHBIC HOHEI, OTTAKMBAHHE MEXKTY
KOTOPBIMH NPHBOJAET K PAa3phiBY HOHHEIX CBS3€H H, Kax pe3ynbTaT)
K NOSBACHAIO TPENIHH B KPHCTANINE HIH JAXKE K €r0 PASPYINEHAIO.

3. Moaexynspubie CTPYKTYPW. MOoJeRyMpERE KPECTALIR CO-
CTaBIIIOT MOJICKYJIE], CBA3aHukbIe MeXay co0o0r0 cnabkMe MexMome-
KyJISpEREIMHA CHJIAMH (BaHAEPBaaNLCOBRIMHA MO0 BOROPOIHBIMH CBS-
3sMA). Hanpamep, nen cOCTORT H3 MOJEKYN BOALL, YASPKEBAEMEIX
B KPHCTAJLIRYECKOH pemerke BOROPONHLIMHE cBEIstME (puC. 4.8).

Kaxnaa Monexyna BOAEL CBE3aHA BOAOPOJHLIMHE CBA3AMY C HEThI-
peMA IPYTHMHA OKPYXRaIouId-

MH e¢ MOIekynamm. [ise @3z \ .

3THX BONOPOJHRX CBu3ed 06y- | @ / /
CJIOBJIEHL] 3TOMaMH BOJOPOAA - ,‘Q
JaEHOH  MOJEXyJbl  BOALI v . ?f ‘ V
¥ eme JgBe oDycC/IOBIeHK aTo- ! 4 ‘
MAMH BOJOPOAA OKDYyXAalO- /"é\ =

— L'—--
HIEX MOJIEKyYT BoakL losTomy - ). -
JEA HMEST TETPASAPHICCKYIO /

CTPYKTYPY, HAIOMMHAIOIOYIO | | ;! ;
CTPYKTYPY aaMa3za (cM. &L o ! /7 /
17), BO, KOHEUHO Xe, IPHHIHA- v’q /@ -
OHANBHO Apyrywo. Bogopon- ) ] v’
Has CBA3b B CTPYKTypC Nbna ! _‘“ L G I
O6BACHIET HE TOJIBKO €ro BhI- Q” - ’&:;
COKYK TemMIeparypy mmamje- = -~~~ ST LA
HHA, HO TaxKXe Cro Malylo

MIOTHOCTD, HpH - IINTABACHHH Pac. 4.8. Mojexkyapaas CTPYKTYpa JIbAa
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BOJOPOAEKIE CBA3H YACTHIHO
£)  pajlpymarOTCA, H MOJIEKYIIE
BOALL OONY4alOT BO3MOX-
HOCTh YNAKOBHIBATBCS ILIOT-
Hee — 3T0 OOBACHSET Xapak-
D) Tep nosBencHAs kpuso#t BT Ha
dazosoit amarpamMe BOJL!
(cm. prc. 4.2).

B kagecTse Apyroro mOpH-
)] Mepa MOJEKYHISpHEIX CTPYK-
aby TYP MOXHO YKa3aTh CTPYKTY-
Py XPHCTALIOB HOJA, CYIIECT-
BYIOILIETO B BHAE MOJIEKYHfAp-
HBIX KDHCTAJUIOB BANOTE J0O
30 °C. V31 EpHCTalLIHdeCc-
KOH peIlleTKH EPHCTAILIOB HO-
Ja 3aHATH JABYXaTOMHLIME
Mosekyaama Hoaa I; (puc. 4.9). Xunop » 6pom obpasyroT noaoOHse
CTPYXTYpHl np# Ooliee HEIKMX TeMICpaTypax. TaKkyio Xe CTPYRTYPY
AMeeT TBephuId muokcwuj yriepopa («cyxoi lemp»). MonexynapHyio
CTPYKTYPY MMEET ¢llie P/ HCOPraHKJYecKHX COCOMHCERE (HaupHMmep,
TBEpAbIH AMMHEAK), 4 TAKKe OOJLOIMHCTBO OPTAHAYECKHAX COSTHECHMMH
(aanpumep, teepase CH, 1 CiH,, Genon, nadramn, Oenku 1 1. 4.).

. MakpoMonecyagpunie (2TOMHLIE) CTPYKTYPH. B  oTnHYEE OT

HOHHBEIX ¥ METALINYCCKHX KPHCTAILIOB, KOTODHIE COCTOAT H3 HOHOB,
a TaKXe B OTNHIHE OT MONCKYISAPHLIX KPHCTALNOB, KOTOPHIE COCTOST
H3 MOJEKYI, MAKPOMOAEKYAAPHbIE KPHCTAIIKN HMEKT PEemeTKy, Oo-
CTPOSHHYIO H3 aTOMOB. FIMeRHO HOSTOMY TaKee KPRCTAILIL Ha3hiBa-
10T eme amomubimu. MakxpoMOJIEKyIApARE KPECTAIUILI, B CBOIO O4e-
peab, MOXHO HOApa3jc/HThL HA TPH THIA: KQPKACHWIE CTPYKTYDHI,
OENOYeTHbIE CTPYKTYPAI B CNOHCTHIE CTPYKTYPHL

Kapxackyro cmpykmypy, HanpaMep, HMEET aAmas (ANn0TpomHas
dbopMa yrinepoja) — OSHO H3 CAMKIX TBEPIBIX BEIECTB. ATOM yEJe-
Poaa MOXET 06paloBLIBATEL JETHIPE ONUHAPHEIE XOBANCHTHBIE CBSI3H,
HaIpABJICHHLE K BEPIIHEAM NPABH/ILEOTO TETPAd/Pa, B HEHTPE kOTO-
POTO PACIONAraeTCa aTOM YIIEpOJA (T. €. ocYwyecmaaaemesa spo-2ub-
puduzayus). Takum o6pa3omM, ¢ ITAM ICHTPANIEHAIM aTOMOM MOLYT
OBITh CBA3AHEI WeTHIpe APYrHEX aToMa yriaepoja. Kakiwifi H3 HHX
obnajaeT edie TpeMs HECHAPEHHEIMH 3JIEKTPOHAMM, KOTOPBIE MOTYT
o0pa30BHBATL CBA3b C TPeMA ATOMAMH yrjepoja, H T. X. Takum
06pa3oM CTPOBTCH TPeXMeEpPHas pelleTKd, COCTABICHHAN HCKIHOYHTE-
JBHO H3 aTomMoOB- yriepoaa {(cM. § 17.1 m prc. 17.1). Bee ces3m
ONMHAKOBBEI, KaK H yIiki, 00pa3ylomueca MexAy aTOMAMH.

Yrobul paipylIHTh KPHCTAJLUIR ¢ aTOMHO-KOBAJEHTHOH pemieT-
Koif, mogobuo# anmalzy, HeoOXOAEMO pa3pyILIHTE MHOXKECTBO NpO-
YHEIX KOBAJICHTHRIX CBH3CH, SHepzuu KOBAACHMHABIX ca,qseﬁ_ cCOCaRgAn-
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10 Seauunbl NOPAJKA comen K xc/ moap, 103TOMY TAKHE KPHECTAIIIE]
SIBJISIOTCH TBEPALIMH BEINECTBAMH ¢ BRICOKHMH TEMIEPATypaMH MIa-
siacHMS. Tak, TemuepaTypa MJIABJEHAA AaIMa3a COCTaBIAET
~ 3500 °C.

Caoucmure empyxmypel. Kpactamnm ¢ Takof cIpykTypoil MOXHO
paccMaTPHBATh KK JBYMEpPHBIC MAKPOMOJIEKYIEl. CIOBCTHIE CTPYK-
TYpEl XAPaKTEPH3YIOTCH KOBAJIEHTHRIME CBA3AMH BHYTPH KaKAOTO
cmosf H C1ab6KMH BaHAEPBAANLCOBHIMA B3adMOJCHCTBESME MEKIY
cnosvu. KiaccmieckEM DIPEMEpPOM BEINECTBA CO CIIOHCTOH CTPYK-
Typo#i sBnserca zpadum — apyras _aJnoTpouRas dopma yriepoaa.
B Jipefeiax Kayzoro cuos Kaxpaheit aToM yriepona obpasyer TpH
sp?-rEOpAaELIX op6uTAIH Ans 06Gpa3oRaBHs CBA3CH C TPEMS JPYTHME
aTOMAaMH YIJIeponaa; IpH 5TOM 0GpalyeTcs II0CKas «CETKA U3 EeCTH-
YIOILHAKOBY», B KOTOPRX AnEna CBu3H Ic.c =0,142 am. Yerneprhi
BANEHTEBIA 3/IEKTPOHE KAXKAOrO B3 ATOMOB YIIEPOAA B 5p>-COCTOSHAR
HE JIOKaJIA30BaH — B Pe3yJbTaTe 3TH 3NEKTPOHB cHOCOBCTBYIOT Cna-
6rIM BaHAEPBAAILCOBNM B3ZHMOICHCTBEAM MEXAY CAOAMH IICCTR-
YTOJLHHKOB, 00pasya CBE3H, «HOXOXHE HA MeTaiummdeckue». IToapn-
¥KHOCTH 9YETBEPTOr0 HENOKAIHIOBAHHOIO 3JCKTPOHA OIPaHHYECHA
6H3IKAM COCECTBOM € IUIOCKOCTBIO MIECTHYTONBEHAKOB — PAacCTOS-
BHe Mexay croama [=0,335 sM (pac. 4.10).

MNockompky nnockocTH B rpadBTe COSAMEAIOTCS TONBLKO BaHICD-
BaaILCOBEIME CHIAMM, MX JIETKO 3aCTABHTEH CKOIL3HThL OTHOCHTENBEHO
ApYT ApYra, eclli NpUIOKHATE gaxke HeOONEIMOE yCHIRG. DTEM 06bac-
HACTCA, HAOPpHAMED, KOBWIymee» cBoHCTBO rpadHTa.

B ornmame oT amMasa rpadsT XOpoImo NpOBOJHT 3NEKTPRYECTBO:
[0J BAHAPHEM 3JICKTPHYECKOTO MOJIM HEJIOKATM3OBAHHLIE JICKTPOHK
JIETKO MOTYT NEPeMEHIaTHCH BOOJL IUIOCKOCTH MIECTHYIOJILEHKOB;
HaoOopoT — B NEPUICHIUKY ISPHOM HANPABICHHH rpadar upax'rmec-
KH H¢ OPOBOJMT JNEKTPHISCKHHA TOK,

Ienoveunvte ~ cmpyxmypor.
HexoTophie BemecTsa obpasy-
FOT CTPYKTYpBL, IOXCXKHE Ha Oe-
noykd. B kadecTBe DpHMepa
MOXKHO IPHBECTH OKCHJ| CEphI
(VI), KPECTALIH3YHOIIHACH
B BHjie TOHKHX OGJICCTAINIEX HIJI
(80,),. Lenoueunyio crpykTypy
HMEIOT MHOIHE aMOpdHEE Be-
MECTBa, HANPHMED, TOIMMEPLI
(cm. rn. 36). Hexotophe crim-
KaTHEE MAaTEpHallbl  TaKXKe
HMEIOT NONAMEPHYIO NEnOYed-
HYIO CTPYKTYPY, DPEMEPOM Ta-
KHX CHIHKATOB HABJIACTCA dC- Puc. 4.10. KprcTaumieckas cTpyKTYpa
Hecm. rpagara
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HanbGonee W3BECTHBIE HpeCTABATENH KPECTA/LTHYECKHX BEINECTB.
KpHcTAImIecKAe BEMECTBa, KAK yAe 0TMe4anoch peame, o0pa3yior
UNOYTH BCE BEINECTBA ¢ METAIMMYCCKHMH RIH HOHHLIMH CBHA3SMH,
a Taxke MHOTHC BEmIECTBA C KOBAJICHTHRIME CBa3sME. B mepsyio
o4epeab, 3mo — MPAKTHUSCKA BCE MEMAAAbl, OKCUOB H 2UOPOKCUOH!
MEMAAL08, 8 TAKKE coau. KPHCTATUTAYECKYIO CTPYRTYPY HMEIOT MHO-
2ue opeanuveckue eéewecmsa. JIoCTaTOYHO HA3BaTh MOEOCAXapHABI
(rmoxo3a, ¢pykrosza), mAcaxapuakl (caxapoaa), AMHHOKHMCIIOTE, OcH-
30HyI0 KHCIIOTY H T. I,

§ 4.6. Paimavnnie GOPMEI CYIECTBORIHHN BEUIECTS

,BLiie oYMedanoch, YTe CYIEecTByeT 14 THHOB KPHACTANAYECKHX
perieTok. Pa3sHooOpasae pemieTOK NpHBOAMT K TOMY, 9TO ATOMBI
OZHOFC H TOIC X¢ XHMHYECKOTO 3NIeMEHTAa MOryr o6pa3oBmIBATH
COBCPIICHEO PAa3/HEYHEIC IO CBOAM (HM3H9IECKAM CBOACTBAM KPHCTAI-
JHAYeCKHE CTPYETYPH. Hampmmep, Xeme3o mpH TeMmhepaType BLINE
914 °C oOpasyeT InOTHEHITYIO IPaHCOEETPHPOBAEEYIO KyOmueckyio
ynakoBKy (p-%&eiie30), a npa Gonee HA3KAX TeMIepaTypax obpa3syer
o0BEMHEO NEHTPEPOBAEAYI0 KyOH4ecKyro ymakoBky (o-xeneso). Jlen
MOXeT CYIMECTBOBATE B LOATH pPa3MYHKAIX MOAHQHKAIMAX, TAKKE
B oxTH Moaadmaxamasx cymectByer NH,NO,, xpuacTaitnmaeckas cepa
MOxeT ORTH B ABYX NONEMOPOHER (arax: B BAA¢ MOHOKJIBHEHOH
A poMOHEuecKoil cepHl H T. A. _

Coocobaocts Kakoro-mabo coenmHenns NpedLBaTL B PAIHYMLIX
KpucTa/umecknx Gopmax, o6/1aX210MAX PaITAHEIME (PHIHIECKH-
ME CBOHCTBAME, HAIMBALTCH NOITHMODPHIMOM.

B xadecrBe mpEMepa nojnEMop(HOrO NpeBpamicHAS IPHBEAEM
xpemuedeM. [IpH OORIMHBIX YCAOBHAX KpPEMEEIEM EMEET KaPKACHYIO
. KOBaJeATHYK CTPYKTYpY {cM. § 4.5 m § 17.6) m cymecTByeT B BHIE
KBaplia, MMEIOHIEro TeKCaroHanbHyI0 CTPYKTypY. IIpA BRICOKHX TeM-
mepaTypax KpHCTA/LNMYECKas CTPYKTYpa KBapna LEPEXOAHT B POM-
GHYecKyIO, 2 3aTeM B KyOHWeCKyIo jopMEL

870 °C 1470 °C 1710 °C
K»api et TpEIAMHAT . KpucroBanar +———— JKamkocts

(Cexcaronamesdt) (Poubwacexait) (KyBazecynit)

Temmeparypa, Opu KOTOpo# oaHa ¢opma BEIecTBa DEPeXOIHT
B ZpYryio, Ha3EBACTCH TEMOEPATYpoH mepexoaa.

Ecmd snemerT cnocofeH 00pa30BEIBATS NPpocmble BEMECTBA B pa3-
JHYHEIX (POpMAax, TO TOBOPSAT, 4TO ITOT 3JIEMEHT NPOSBIAECT aitom-
ponwo. Pazaarabie GOPMEI OHOI'O H TOTO X€ 37eMEHTa Ha3hBAFOTCH
aasomponamy. AJLTOTPONEE CYIIECTBYIOT OPHOIH3HTENBHO ¥ NOJIOBH-
HBl BCEX DJIEMEHTOB. TaK, YIepoa CylIECTRYET B BULE aamasa, zpaghu-
ma, xapbuna B iyasepena {(cm. § 17.2). Cepa cymecTByeT B JABYX
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KPHCTAUTHIeCKHX GOopMax — pombuyeckoii @IH MOHOKAUHHOT — B
3aBHCHEMOCTH OT Temmepartypu (cMm. § 15.1). Teepmas cepa moxer
buITe eme H B Tperbedl AIIOTPONHOH (OpMe — KaK RAGCIMUYEcKaR
amopdras cepa. Jra dopma cepm meycroifumea. OHA COCTOMT
H3 AMHHLIX [EOOYek aTOMOB Cephi, KOTOPHIE YXE NIPH KOMHATHOH
TEMEEPATYPE pa3pymaroTca B cHOBa o00pa3’yloT MONCKYIH Ss,
KPHECTAJUM3YIOINHECS B POMOHYECKYIO pGIIETKY. d?oc%)op MOXET
CYIIECTBOBATh B TPEX OCHOBHBIX A/UIOTPONHKIX opmMax (cM. § 16.1).
Kucnopon, xax Xopomo H3BECTHO, CYMECTBYET UpH OOLIYHRIX
YCIOBHSX B BHAE JBYX AJUIOTPONOB — COOCTBEHRO KHCIOPOZa
O, B o3ona Os.

Takem 00pazoM, MOXKHO OTMETHTBb, 9TO COCTOSHHS HEKOTOPHIX
BEIECTB TPYAHO OTHECTH K OJHOH H3 TpeX PacCMOTpEHHLIX BBHIMS
«RIIACCHYECKAX» arperaTeeix Qopm. Tak, cBo#iCTBA IAA3IMBI HACTOIL-
KO CYyHIeCTBEHHO OT/IATAI0TCA OT CBOHCTB ra3oB, 4T0 €€ paccMaTPHBE-
0T KaK uemsepmoe cocmoanue eewjecmsa. Kpome Toro, ocobhmvm
E:Boﬁf:llin%mia c;ﬁnaﬂam"r, HAUpPHMED, CMeKAa AIH HCuoKue Kpucmaitsl
oM. [1], ).

I'rasa 5

IHEPTETHYECKHE YOPEKTHI
XMMHMUECKMX PEAKIIMNA

§ 5.1. Bajenenne H DOTICIEHAE HEPTrHY
B XMMHYECKHX PeaKIEAX

H3MeHeERe 3HEPIEE — OJHA M3 CAMBEIX XaPaKTepHBIX OCOOEHHO-
CTEl# XHMHYECKHX PCakiHi, IOCKOJILKY B XOAE HX HDOTCKaHHS pas-
PHIBAIOTCA OJHH XHMHUCCKHE CBE3H B 00pasyroTca Apyrue.

Hanpamep, IpE OKHCTIEHAE aMMBAXa KACIOPOAOM BO3NyXa

ANH3(r) +305(r)=2No(r) + 6H;0(x)

BHayane mpeoOxommm pasprs ceazeid N — H @ O=0 B Monexynax
peardpylonmax BeecTs B o0pa3zoBamue cemei O — H m N=N
B MOJICKY/iaX [IPOAYKTOB peakimd. Pa3phiB cBsiscH ipoTeRacr ¢ fo-
I0meHAeM 3BePrEM, a oOparoBanue cBA3CH NPOHCXOMET € BHIACHE-
HAeM 3Bcprun. ITosroMy xumuueckue peaxyuu obr3amesbHo conpoeo-
HCOAIOMCA BbideAeHUEM UL NOZAOUICHUEM SHEDIULL.

DHeprus MOXeT CYIIECTBOBATH B PajIAYHBIX «dopmaxn. B kage-
CTBe NpAMEPA NEPEMHCINM HEKOTOPhie H3 TAKHX GOpM: XHMHYECKAS,
JNIEKTPHYECKAd, MEXaHAYECKAs, sAEPHAS, CoNHevHasn. Kaxnas B3 3THX
topM 3HEpPrIM OTHOCHTCH X KOBKPETHOH cucmeme BIB X KOHKPET-
HoMYy Buay cucteM. Haupamep, noHdTHe «XHMHYECKas 3IHEPrus»
OTHOCHTCH K XHMMYeCKHM CHCTEeMAM, A DOHATHE «CONHEYHAA IHCP-
rHs» oTHocHTca K 3Heprudm Commina. Ty HIA dHYK H3 Ha3BAHHBIX
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topM JEEPrHE MOXKHO B CBOX OYepenh PA3ACIHThL HA HECKOIBKO
BEAOB. Tax, HampEMep, MeXaEEdecKYIo (opMy SHEPrHH HoApasfens-
IOT Ha JIBAa BEA3 -—— KHHETHICCKYIO H HOTCHIHAILHYIO 3HEPTHIO.

IlousTRE 3BEPTHA — OJHO H3 KIEOUEBLIX B CTECTBOZHAHAH BOOO-
INe H, KOHEUHO ke, B XHMHH. Jnepzun — 3mo mepa cnocobuocmu
83QUMO0CICMEUR U OBUNCEHUR Mamepuaashblx cucmem. MoxEo cka-
3aYh ¥ DO-IPYyroMYy: SBeprus — 3T0 Mepa cnoco0HOCTH COBEpPIIATDL
paboty cacremoil (HiH Had CHCTEMOIH).

Cucmemoti HA3BIBAIOT TENI0 HWIH TPyOny Tel, OTAENCHHBIX OT
OKpyXAIomel CPEABl peaNbHOH HMHM BOOOpa)aeMO# MOBEPXHOCTBIO
pa3gena. B 3aBHCEMOCTH OT CHOCOGHOCTH CHCTEMEL K 0OMEHY 3HEPrH-
€l ¥ BemecTBOM ¢ OEpYXalOMeHd cpe/iod pasnuyaioT TPH THIA CiH-
CTeM:

THI cACTEME Ofimen smeprmeii  OOMes BemecTBOM

HMaomaposamsmax Her Her
3agpuTax Ectp Her
Bere Eecre

ITonsTHE «CHCTEMA» O3HAYAET TY Y4CTH MATEPHAILHOTO MEpPa, KOTO-
pas SBIAETCH MPEeIMETOM HAIIero HaGMIOACHHN HIH HCCIeOBAHHI.
IIpenMeToM TAKOIO HMCCINSAOBAHES MOXET ORITh, HaupmMep, XBMH-
geckas peaknms, Oporekaromas B MafopaTopHOM HIH 33aBORCKOM
peakTope.

OcTansEyio 4acTh MATEPHATILHOTO MHEPAa — 33 HpEeAelIaMi BHIIE-
JIEHHOM H3 Hero (peanbHoO HIH YCIOBHO) CHCTEMBI — HA3LIBAIOT OKpY-
scaoweii cpedoii.

BayTpesnun 3meprag. Korma roBopar o xumuueckoil CHCTEME,
OOAPAa3yMEBASTCH, 9TO CHCTEMA COCTOHT M3 MOIEKYI, ATOMOB H HO-
HoB MO0 H3 Jrobol BX xomORaanmAR. Bee 31TR dacTHUH obnagarT
KHHCTEYeCKOH Fo, H NoTeHumanbHoH K, 3HCprucd. CyMMa KHHETH-
4eCcKOH H HOTEENRANIBLHON JEEPIrAi BCeX JACTHI] B CACTEME HALIBACTCH
auympeuneti snepaueii U cHCTEMBL:

U=Em+Emr-

Kuasersueckas 3gepras obycrnopicHa JABHXEHHSMH 9acTHI. JTH
JBAXCHAA MOTYT ORITH DOCTYIATEIHERIMH, BPAINATEIGHRIMHA H KOJIE-
6arensERIME (pHC. 5.1). .

IToTeHuAaNLHAs 3EEPrad 4acTHH O00YCNOBIICEA 3NEKTPOCTATHYEC-
KHMH CHJIAMH OPATHXCHHS MEXKIy YacTHOAMH H BHYTPH YacTHI,
Hanpumep, 2IeKTpOHR B aToMe 00)1aJal0T NOTEENHAILEOHR 3Heprueii
0o OTHOIICHHIO K APYIrHM 3IEKTPOHAM B 3TOM aTOME, 4 TaKke IO
OTHOIICHAIO K NONOXHATENbHBEIM 3apsanaM B ero sape. IloTermuais-
Has 3HEPrad KOEKPETHOTO 3INMEKTPOHA € WICKTPHYECKHM 3apsaoM g,
HAXOJAIIEr0CH HA PACCTOSHHH F OT LEHTPA APYTOro SIEKTPHYECKOro
3apana g, ONpPeAeNACTCA BRIPAXKCHHACM:

Enor=q1qa/r.
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MoctynarenHoe BpailiarensHos KonaGarensHoe
ABHXEHAE ABHXEHNE ABUKEHIE

Prc. 5.1. Baj MEXAHEISCKOr0 IBYUKCHER

3aMeTHM, SHepaus C6A3K — TakKke OgHA ¥3 GOpM HOTEHIMAILHOM
smeprud (cm. puc. 3.1). ‘

BHYTpeHHSA 3Heprus SBISETCHA (HymKyueidl cocmosHua CACTEMBI.
DYHEDESME COCTOSHHS (HHOTJA TOBOPST NAPAMEMPAMU COCIMORHUR)
HA3LIBAIOT BEJHYHHLI, KOTOPHIE XAPAKTEPH3YIOT COCTOSERE CHCTEMEL
ITapaMeTpH COCTOSHHA CBS3aHH Mexay cofoli MareMaTHIeCKHAMHE
COOTHOIIEHAAMH, KOTOPHIC HA3KBAKTCH VPAGHEKUAMU COCMIOAHUA.
Hanpumep, nassierne, 063eM B TEMIOEpaTypa HACAILHOIO ra3a chs3a-
HbI Mex Ty coboii xapecTHRIM ypaBaegreM Kiraneiipona — Mengene-
esa (4.1), xoropoe npeacrapiageT coboii ypaBHEeHHE COCTOSHHS HAC-
abHOro rasa. Jlabnenne, o6 neM H TeMmepaTypa SBISIOTCH HapaMeT-
paMH COCTOSHHS, T. €. QyHKmAsME cocrosEEg. Koraa cocrosmme
CHCTEMBI H3IMCHNETCH, uiMeheHue Aohol yHryuu cocmoanun 3aeucum
MOABKO OM HAYAALHOZ0 U KOHEUH020 coCmosnus cucmemsi. OHO He
3aBHCHT OT TOTO, KAKAM Cnoco6OM OCYINECTBIACTCH 3TO HIMEHCHHE
cocrosE®s. Hanmpamep, ecn® TeMmepaTypa Tena NOBRINASTCH OT
HAYAJBLHOrO 3HadeHHs 1) OO0 KOEEYHOro 3HavYeHHS 15, TO H3IMCHEHHE
TemMuepaTyphl onpenensgercu cooraowmenneM AT=T,—T). I'peaeckas
6yxsa A (aenanTa) 0ORMEO HCOOML3YETCHE &)1 0003HAMCHUS PAHOCTH
MEXIY KOHEYHRIM 3HAYCHHEM DAcCMaTpPHBAEMOM BeIHYHEH H ¢ Ha-
HJAJIbHBIM 3HATCHHCM.

ABComrOTHOS 3HAYCHHES BEYTPCHHEH JHEPIEH CACTEMBI ONpene-
JIHMTh Hepo3MOXEO. OHAKO HA NPAXTHKE MOXHO ONPENEIHThL H3-
MeHeHEe BHYTpeEpei spepras cucremsl AU npm pepexone ce m3
OJTHOTO COCTOSHHAS B APYroe N0 KOIHYECTBY JEEPTHH, IPEHEAMaeMOH
CHCTEMOH H3 OKPYXAIOMEH Cpeasl MM OTAABaeMO#l B OKPYRAIOIIYIO
cpeay.

Ilepexon cHCTEMBI H3 OXHOIO COCTOAHHA B JPYTOE HA3LIBACTCH
npoyeccom, PaziEqaroT CleAyIOmEe BHALL OPOOECCOB. u3omepmMuiec-
xue (T'=const), usobapnuie (p=const) u uzoxopuwie (V= const).

XeMuYeCKHE pPeaknMA OOEMHO uaorexam-r MpPH DOCTOSIHAOM [aB-
JIeEMH (HRIPAMEP, B OTKPARITOH K0I0€) HilH OpH DOCTOSHHOM 06neMe
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(sampHMep, B aBTOKJIaBe), T. €. SBIAIOTCS COOTBETCTBEHHO u3obap-
HbiMU H U30XOPHBIMU TPOIECCAMH.

M3pectsEn aBe oCHOBHBIE (OPMLL LEPEJIAYA 3HEPIrHEA OT OJHOM
CHCTEMBI K APYTOH. YIopanoueHHayro popmy nepegasn sHeprid Ha3kl-
BaIOT pabomoii, Beynopsaaodennyio bopMy — menaomoil.

HiMepenue TennoT peakmmi. TemIoThl XEMHEIECKHX PEaKIai HIMe-

SI0T ¢ INOMOMLIO CHEMHANBHEBIX HOPHOOPOB — katopumempos*®

nc. 5.2). Kanopamerp npeacrasiser coboit H30MRpOBABAKIE COCYA,
COlepXAlHE H3BecTHBIE 06beM Bomel. TOYHO B3BemenHY0 Maccy
BEINECTBA, KOTOpas JOJIXHA ObITh COXOKEHR, IOMEMAIOT B PEAKOHOH-
HYI0 KaMCDy, HAXOOAINYKCA B COCYHS; TyAd kK€ OOX AABICHHEM
BBOJST H3ORITOK KHCIOpoZa. PeakmHOHHYK ¢Mech BOCIUIAMEHSIOT,
OpPOIYCKAsl TOK Y€Pe3 COUPOTHBICHAE, DOMEMEHAOS B PEaKIHOBHYIO
KaMepy. 3a CYET BRIAENAFOMENCA IPH PEAKIAH TEMIOTH TeMIEPATypa
OKPYXAIOMER KAMEPY BOAL! DOBRIMIaeTCA. YTOOH TemMnepaTypa BOILI
BO BCeM 00BEMeE KanopsMerpa OblIa paBHOMEPHOH, TpebyeTcs nepe-
MelEBaEHe. 3Ha8 HIMEHEHHAE TEMIEPATYPEl BOAK H KOJMYECTBO TEl-
JOTH, HEOOXOAMMOH IS NOBRILIECHHS TEMOEPATYPH COZECPKHEMOIO
xanopuMeTpa Ha 1 K, MOXHO paccHHTATH TEILIOTY CTOpAHHS CKHra-
€MOro BEmECTBA. .

'Emaasnei maMepenns suepraf B CH seinsierca axoyms ().

TepMomarp

Herourink l
NOCTOAHHOID }

Mewanka

Haonauus

Boga

Peakunonmas
Kamepa

ConpotanaHue gna .
BOCIHTEMEHANHA
3arpysKku

Prc. 5.2. Cxema xanopmmerpa

#2710 HA3BAAME CBA3AHO ¢ LMPOKY H3BECTHOH eAHANEH KOIHYECTBA TEIJIO-
TH —— KaAopuel (Xa1), KOTOPad NOBCEMECTHO HCHOLAOBAJIACEH 0 opEEATES Mexny-
Bapoaroi cucremul enmamy (CH). Omako 40 HACTOSTIIET0 BPEMEHH 6¢ HHOTJA HCIOb-
3YIOT NPY PARCHETAX PECXOJOPR TEIUIOBOA JHEPIHMR B TEXHWYECKMX RPRIOKEHANX,
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Tewnora. Ilepenaua sHeprud, BLI3LIBAEMAN PAIHOCTLIO TEMIEpa-
TYp MEXAY CACTEMOH H OKpPYXKAIOMEH Cpeood HIH MEXAy OAHOH
CHCTEMOM H ApPYrofl CHCTEMOH, HA3EBACTCA nepedaveii menAomsi.
Konmuécrno nmepenanno# Te1oTH ) NponOpIBEOHATSHO MACCE /M CH-
CTEMEI E MIMEECHHEIO TeMICpaTYpH AT, BR3B2aHHEOMY 3TOH nepenadeit
ageprun: Q=mAT. Eci® TOYHO H3BECTHO, H3 KAKOr0O BEINECTBA CO-
CTOHT CHCTEMA, H 3TO BCIIECTBO MOXKHO OXAPaKTEpH3IOBATH €ro
yJeasHOH TemwnoeMrocThio {, TO NPHBEJCHHOE BHINIE COOTHOMIEHHE
NpAEOOPETAET BAJ DABCHCTBA:

Q=mCAT.

Voeavran menaoemxocms BeImECTBA — 3TO 3HEPrEd, BeobOXOOH-
Mas Anf UOBRIIECEHS TEMIEPATYPHl OAHOIC KHJAOIpaMMa AaHEOIO
BEeCTBa HA OJAHH KeiIbBEH. Hanpamep, ynenbBas TEIUIOEMKOCTH
Boan paspa 4184 Tac-xr~1 K™%,

Moanpnan mensoemxocms BEWECTBA — 3T0 JHEPTHA, BEODXOIH-
Mas i NOBRIIIEHHS TEMOSPATYPL! OAHOTO MOJIS JAHHOTO BEINECTBA
Ha OJHH KeIbBHE. MoNfpHas TeIIoeMKOCTh 0003HAYaeTCH CAMBO-
aoM C,.

Tennora He sBagerca cBodcTBOM CHcTeMul. Ilostomy oHa He
MoxeT ObTh QyHKmEeH cocTosEEs. Hanpamep, Bola MOXET HMETH
Temmuepatypy 30 °C, HO Henb3s CKa3aTh, YTO OHA HMEET TEILIOTY.
Yrobul Harpers Boay ao 30 °C, el Beo0XxomEMO mepenaTh SHEPTHIO
(ecmm ceavana ona mMmena 6oJice HAZKYIO TEMIEPATypy); B, HaobopoT,
€CJIH BOAA CHAavYasa HMena Golee BRICOKY:O TEMIEpPATYPY, TO ITOORI
mOHH3HTE ee A0 30 °C, HyXHO mepesaTh 4acThb JHEPIHH CHCTCME €€
okpyxenmo. Takam o6Gpa3om, TemnoTa, HepefaBacMas CACTEME HITH
CHCTEMO#, He OIMCKEIBAET COCTOSHHE CHCTeMBI. OHA OIMACKBAET TOMb-
KO TO, YTO IPOHCXOJHT C CHCTEMOH, npexje %€M OHA AOCTHIHET
KOBE€YTHOTO COCTOSHAA.

PaGora. Pabora smmomesercs cucremoll, ecam cama cacTEMA
AcCTBYeT HEXOTOpO#H cHuo#l, HanpasicHHOE HA OpPEOAOICHHE CO-
opoTHBAcHAA. Benpuuua spinonnersoil paboTu W pasHa npodlBene-
CHIE F M paccTOAHAN /, HA XOTOPOM 3Ta CHJIA IPECAOIEBACT
CONPOTHEBIICHHE:

W=FL

Pa6oTa B XHMHYECKAX [IPONECCAX CBS3aHA C PAIMPEHMEM CHCTE-
MR, KOTOpas OPOACXOAMT, HAIPEMEp, NpPH BEAENECHHH ralza (pHC.
3.3).

B Taxmx cayuasx (uzofiapubie XMMHdeCKHE npoyecce) pabora,
- COBepIaeMay MPOTHB BHEIIHAX CHJI, pasHa paboTe NPOTHB BEEINHETO
JABIICHHS p A PaBHA IPOH3BEICHHIO p Ha H3MEHEeHAE 0ObeMa CHCTEMEI
AV (pacuigperre CHCTEMBI) IIPH NEPeXo/ie ee M3 cocTosHEus | B cocTo-
sSHEE 2:

W=p(Vys—V|)=—pAV. (51)
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Pec. 5.3. Pabora, BRmonAseMan XEAMATECKOH CACTEMOM, pasga — PAV

3nax munyc B ypapaeHmH (5.1) o3navaem, wmo pabora BLIIOIHIET-
CE CHCTeMOH M, CIIEAOBATEILHO, CUCIMEMA MEPREM IHEP2LID.

Ilepeuiii 3axon TepMoarraMakd. Tax, Mu yxe 3aeM, aTo aobag
XHMHUYECKas CHCTEMA HMEET OIPEACICHHYIO BHYTPEHHIOK 3HESPIHIO
U, xoTopas B3MecHSCTCE Ha BeMuHEY AU, KOrga cHCTEMa HOJy3aeT
HIH OTAaeT 3Hepraio. Ilepeaada 3EEpruM CHCTEME HIIH OT CHCTEMBI
oporcxoaaT B opMme Tennorw @ mow B dpopme paborm W. Coor-
HOIICHAEC MEXAY 3THME BEIHYMHAME COCTABISET COACPKAHHE 7epso-
20 3GKOHQ (HAYAAQ) MEPMOOUHA MUK,

HOpEpPAINCERE BHYTPpennel >aeprEs cEcTeMbl AU B HeKOTOpOM mpo-
necce pasao rewiore (0 wnoc paGora W, cosepuieEnAN HAJX CHCTE-
Moil B TOM Tponecce: .

AU=Q+W. (5.2)

OTMeTEM, TO MepmoduHaMuKd — CIENHAILHAY H BaKEeHmas
obnacTh XHMHMH, KOTOpas 3aHEMACTCH H3YWeHHEM 3SHEPrEM H POX-
CTBCHEBRIX IOHSTHH, NPCBPAlICHMEMH 3HEPrHE H3 ofHOH (opME
B JpyrEe u T. 0. CIOBO TepMOJHHAMHKA NPOMCXOZHT OT rped. CJIOB
mepmoc (Tenno) u dunamoc (CAIA, MOIB).

Iloacrapme 3HaYeHAe paboTel W B3 cooTROmEeHRAH (5.1) B ypaBHE-
mEe (5.2), DonyYdaM BHIpaXeHHEe TEILIOBOro 3bhdiexTa O, Ana uzobap-
Hozo Tpoliecca B BHAS

Qp=AU+pAV=(Uz—Up)+p(V2— V) (5.3)

Qp=(Th+pV)— (U1 +pV1).
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Cnaraemoe U+ pV o6o3mavaior 9epe3 H B HA3KIBAIOT sHMaAunu-
eti, T. €. MOKHO 3aIHCATh:

0p=Hy— Hy=AH. (5.4)

W3 asammsa pasencrsa (5.4) CTAROBATCH OYCBHAHLIM (GH3HYECKHI
cMmuicn 3ETALoAEd. Ee npapamenne AH pasEO TemwnoBoMy 3dexTy
m300apHOro mpopecca H, CIEAOBATENLHO, CaMa 3HTAILMEY H OT-
HOCHTCS K TePMOJHEAMEICCKEM (YHKIMAM COCTORENAS HAPAXY C J4B-
JICHAEM, 00BEMOM H TEMIIEpaTypO.

I‘Ipn OPOTEKAHHH U30X0pHO20 TpONecca H3MeHEeHHe 0oOBeMa He
OpoHCXOAHT, CIeHOBATENLAO, paboTa pacmmpernas W=0. Toraa H3
MATEMATHYECKOTO BLIPAKEHAS [IEPBOrO HAUana TepMoOgHEaMEKH (5.1)

cnenyer
Qy=AU. (5.5)

W3 paeencTs (5.4) B (5.5) cnenyet, 910 Temnosof >pdexT xaMB-
9ecKOil peaKnmuE paBeH COOTBETCTBEHHO HIMEHECHHIO® BHYTPEBHEH 3He-
PTHE HIIH 3BETATLOPH.

§ 5.2. dx3oTepMETECKEe H FHIOTCPMEMECKHE PEAKITHE.
Tepmoxumnyecknii 3axon I'ecca

Tepmoxemugeckae ypasuenmu. Kotuvecmso mensomel, xomopoe
SBIOEAREMCR UAU NO2AOWAEINCA & Pe3yAbmane PeaKyuu mMexcdy onpede-
ACHHBIMU KOAUNECMBAMU DEeazeHmos, 33HAaBAEMBIX CTEXHOMETpPHYEC-
xumA KodpdunEesTaMu, Hasbisaom meniossim Sdexmom xumuuec-
xoil peaxyuu u obnmmEO ofo3agavaloT cEMBONOM Q.

Peaxmu, DpoTeKaloune ¢ galdesettem Inepzuy B Gopme TEmoTHI,
HDONYYHIIH HA3BAHHE SK30MEPMUNECKUX; PEAKIIHH, HPOTEKAIOINHEE C No-
2A0ujenuem Inepeuu B (HopMe TEMIOTHL,— 3HOOMEPMUHECKUX.

Joxa3ano, 910 B #300apHEIX XHMHAYECKAX ODPOLCCCAX BLIIC/IHBINIA-
#cs (HJIH NOTJIOMCHAAS) TENJIOTa eCTh Mepa YMEHBIICHH (HIH, COOT-
BETCTBCHHO, YBEIMICHHS) JHTAIILOER peaknun AH.

TakmMm ob6pa3om, npu IK3IoMepMUNEcKux peakyunx, KOraa TEIIOTa
BrIAensercs, AH ompuyamessna. Ipu suaomepmuuecxux Deaxyunx
(TemnoTa mornomaetca) AH noasoxcumensha.

BemamuHa temwioBoro agdexra xEMEIECKOR peaxmm 3ABECHT OT
OpPAPOIL HCXOJHBIX BEINECCTB B HPOAYKTOB PEAKIHH, HX ArperaTHoro
COCTOSIHHSA H TEMIIEPATYPHL.

YpaBEeHAE peaki|H, B NpaBoif JACTH KOTOPOro HApAAY C OPOAYK-
TaMHA PEAKIHA YKAILIBACTCH H3MEHEHRE JHTanbnHE AH HWIH TenIoBo#
spdexT peaxnun (,, HA3BIBAIOT MEPMOXUMUECKUM.

IIpaMepoM 3K30TEpPMEYECKOR peaxnmd MOKET CIYXKHTb Peakifis
ofGpa3oBaHns BOARI: '

2H;(r) + O4(r)=2H;0(r)
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Jng ocymecTnneHAs 3To# peakie HeOOXOMAMO 3aTPATHTE 3HEP-
THIO HA paspelB CBE3cH B Monekynax H, m O, 31tH xommvuectBa
JHEPrHE COOTBETCTBEHHO paBHH 435 ® 494 x[x/moms. C npyroi
CTOpOHM, HOpE o0OpaiopapmH cBg3m O — H Bugemsercs 462
xJ%/MOML SHEPrEH. .

CyMMapHOE KOIMYECTBO 3mapmn (1848 x/Ix), BeIneIHBINEHCE OPH
obpaiosaskn cpmielf O — H, bomeme, aeM cymMMapHOe KOIHYECTBO
speprad (1364 x[Ix), 3aTpadeEmoit Ha pa3puB cBaseit H —H
g O = 0, nosroMy peaxmas sBIFETCH 3K30TCPMHYECKOM, T. €. OpH
ofpa3osaHuE ABYX Mole# mapooGpasHoil BoAul BuaeaATCE 484 k(%
IHEPTHH.

YpaBEeEEe peakuMn oOpa3oBaHHS BOILI, 3AIMACAHHOE ¢ YIETOM
H3MEHEHHS 3IHTAJLIHE

2H(r) +04(r) =2H0(r), Al =—484 e ]Ix

OyaeT y&ke TepMOXHEMHYECKAM YPABHEHHEM PCAKIMA.
TIpEMCpOM 3BIOTEPMHAYCCKOH DEAKIEM MOXET CIyXHTH 00pa3o-
" pagde oxcapa azota (II)

Na(r)+04(r) =2NO, AH =182 xJix

Jns ocymecrBIeERd 3TOH peaknRi HeoOXOQHMO 3aTPATHTH HEDP-
ruo Ba paspuB csg3edi N = N u O = O B Monekynax BCXOJHEIX
pemectB. OHE cooTBercTBeHBO paBHEl 945 m 494 x/[x/moms. Ilpm
ob6pa3zoBaBsn ce3E N = O BhgenseTcCa SHCPraa B KoJmYecTBe 628,5
xJx/Moms. CyMMapHOE KOJHYSCTBO SHEPTHH, BeobXxommmoR ans
paspuiBa ces3ell B MONEKYNax HCXOOHBRIX BemecTs, paBHO 1439 xJix
H 0ojibIne, ueM BRIIE/IABINAACS SHEpraa oOpa3opanng cBE3eil B MOJIe-
Kynax opoaykra peaxipm (1257 x/Ix). ITosTtoMy peaknas spasercs
SHAOTEPMHYIECKOM | 714 e MpoTeKanEns TpeGyeTcs NOrIoIeHAe SHEP-
reg B xonrgecTee 182 x/lx u3 oxpyxatomeii cpeanL

OtEM H obbscHseTCs, IT0 okcHA a30Ta (II) obpasyerca Tonbko
OpH BHICOKHX TeMIEPaTypax, HAlpAMEP, B BHIXNOUHBIX rasax aB-
ToMOOHIEH#, B Ipo3OBHIX pa3psaax H Be obpasyercs B OOBMEEIX
YCIOBHAX. _

yoropaa., Ymobut mowcno Ovino cpagsnusams dHep-
2emuueckue dgfiexmut paszIEMHLIX DPOLECCOB, TEPMOXHMHAYECKHE pac-
uemst 06bari0 omuocAam k | Moab sewjecmaa K ycAo8unm, IPAASTHIM 32
cmandapmubie. 33 CTAHARPTHHIE YCIOBHA IPHHHMAIOT [AaBiicHHE
101 325 I1a = Temmepatypy 25 °C (298 K). CTtapaapTere H3MeBCHAS
SHTAJIHIHMH OpEBATO 0603HauaTh AH 5.

B TepMOXMMHYECKHX YpABHCHHAX YKA3LIBAETCH Takxe gasosoe
COCMOAHUE B AAA0MPONHAR moOupuxayus peareaToB H 00pa3yroIHx-
Cf BEIIECTB: I — ra3’0Boe, X — XXHIOKOe, T -— TBepAoe; S (pomb);
S (momokn.); C (rpadur), C(ammay) g 1. A Cneayer ocofo noauepk-
HYTb, YTO CTEXHOMETPHUECKHE KO3((hHIHEHTH B TEPMOXHMHIECKOM
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YpasHEHHH MOKA3bIBAiOT HE OPOCTO COOTHOIIEHHAE MEX/Y pearecHTaMH
H Opo aMH PEaKIHH, HO OTPaXkaroT pealbHLIC Kotuuecmsa Be-
IIECTB (8 MOAAX WA KMOARX). €HHO IOITOMY cmexuomempuvec-
Kue Ko3guyuenmsl B TEPMOXHMHICSCKAX YDABECHHSX MmO2ym Owvims
u OpobHbIMuU. '

Tax, TepMOXHMHEYECKOE YPABHEHAE peaknud ob6pajopannsg 1 Mok
cudxofi BOJL AMECT BAL; :

Ha(t) +1/205(c) = H;0(8), AHC 305 = — 286 x1Ix/moms

SrTamsoEs ofpasopanAs ra30o6pa3goll BOJLI OpA TEX XKe CTAH-
JAPTHLIX YCIOBHAX YXE€ HHAs:

H(r) +1/204(r)=Hy0(r), AH 395 = — 242 x[Ix/m0om |

Orcrona scHO, 9TO TEWIOTH O0pa30BAHEN MHIHBHAYAILHOIO BeE-

IECTB2 B €0 PA3NPAYHKLIX ATPETATHRIX COCTOSHHSX OynayT palmd-
HEIMH.
He Tax 3BaYATe/IbHO, HO OTAHYAIOTCH H TEMJIOTH 00pajoBaEms
OHOT'O H TOT'Q XK€ BEIECTBA B OMHOM H TOM *e ()a30BOM COCTOSHHH,
HO DONYYEHBOrO H3 Pa3MYHbX ALIOTPONHEIX GOpM mPOCTOro Beme-
CTBa, HANPHMEP:

S (pou6)+ O4(r) = S04(r), AH 395 = —296,8 xJIx/MOTS

$ (MoroRN) + Oa(r)=S0(r), , AHP95 = —297,1 xJIx/Mom
C (rpadar) +02(r)=COx(r), AHP 393 = —393,5 x/fx/mom
C (amua3) +Ou(r) =COxfr), AH 295 = — 395,4 xJIx/M0M5

-Kax yxe ropopmioch, BEIMYHHA TEIIOBOro 3¢xpexTa 3aBHCHT OT
OPHEPOABI pearupyronmx Bemecrs. Hanprmep, que o6paioBanms
ANOPOBOAOPOAA H aMMHAKa (a30TOBOAOPOAA) SBJSIOTCS 3K30TEP-
MEYECKHMHE, 4 HOXOBOJOPOAA — JHAOTEPMHETECKOM:

1/2H,(r) + 1/2Cly(r) =HCI(r), AH23=—92 xJIx/m015
1/2N4(r) + 3/2HA(r), AH 303 =— 46 xJIx/moms
1/2H,(r) + 1/2Aa(r)=HI(r), AH°203 =24 x]Ix/m015

3akon I'ecca. B ocHOBe TEPMOXEMMH NEXAT 3aK0H, CHOpMYIHpO-
BaHELIH pycckum yaeHEIM I'. Y. Teccom (1841).

Tennopoii 3PpdexT xHMHMECKOH peaKnHH, DpoTexalomed npa p=
=const 8 T=const & V—const 4 I'=const, 3a8EcKT TOIRKO OT
pHa2 (UpEpOALI) H COCTOMHEN HCXOAHBIX BENIECTB H KORGYHRIX
IPOSYKTOB PEAKIHH, HO He 3ABACHT OT YHCJIA H XAPAKTepa OpoMe-
WYTOTHLIX CTa/AMid.

3axon I'ecca sABNgeYCS OFHMM H3 CACICTBHHE HEpBOTO HAYAIA
TepMoaaEAMEKH [cM. (5.4) H (5.5)].

3akoE T'ecca HO3BONAST BHIYMCIISThL TEINOTH XHMHYECKHX pe-
aKIMii, KOTOPhIC HE MOTrYT OBITH OIpeAeNeHbl 3KCHEPHMCHTAIBLHO,
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HIH XE¢ eCNIH 3TO OOpeAencHHe CONpAkeno ¢ GONBMEME TPYAHOCTS-
MHE. OORMEO € 3TOH NEeNbI0 PemarT CHCTEMY TEPMOXAMHYECKHX
YPaBHEHHIA.

Tennory obpa3oBaErs HEPOKCHA BOAOPOAA HIMEPATH HENOCPEA-
CTBEHHO HEBOIMOXEO:

Hy(r)+ Oa(r) =H102(x), AHy (Y

Ho Bo3MOXHO H3MepuTE TEmIoBbIe 3pdekTH peaknuii ofpa3osa-
HESA BOJK

Ha(r) +1/204(c) = HyO(x); AH, = — 286 xflx/Moms @
H Pa3lIOKEHHS HEPOKCHAA BOAOPONA '
H;0;(%)=Hy0(x) + 1/204(r); AH3 = —99 gJlx /Mo 3

Ypaseerre (1) MOXHO NOIYYATh, €CIH H3 YPaBHEHHS {2) BRIMECTh
ypapHenne (3):

Ha(r) +1/205(r) — H04(x) =H;0(x) — H,0(%) — 1/204(r);
1 =(—286+99) xJIx/Moms

Ilpopeas mnpeoOpasoBaHus, aHANOTHYHLIE Opeodpa’zOBaHHEAM,
OpOBOAMMEIM C ANTeSpandecKAMA YpaBHCHASMH, NCIYIaeM

Ha(r) +0,(r)=H;0:(x); AH, = — 187 x/Ix/Mom:

Chnegcrenn B3 3axoma I'ecca. Brrmcnenms temnoBrix 3ddexron
XAMHEYECKAX PeAKTEil ¢ IOMOINBbIo 3aKoHA I'ecca 3HAYHATENLHO yHpo-
[AOTCH, eCHH BOCIONLIOBATECS MOHATHIMHE O CTAHJAPTHRIX TEILIOTAX
(sETamsmanx) obpasopamns (AH2.) U cropasus (A.Ha) (—AH=Q,).

Cmandapmnoii menaomoti (3nmanrsnueii} obpaszosanus coeNABEHAS
HA3KWBAIOT TEIIOTY, KOTOpas BRIAEISETCY HJHE LOIJIOMACTCS IPH
o6pasopaEEA ORHOro MOJIA AAHHOTO COEJUHEHMS B CTAHZAPTHEIX
YCJIOBHAX B3 OPOCTAHIX BEMIECTB, B3ATRIX B YCTOHIMBRIX MOTEGARAITALX.

TemnoTn 00pa3oBaBEHs MHOTHX COCJHHCHHH HIBECTHH H TabynH-
poBaHbl. 3HaYeHHs CTAHJAPTHRIX TEIUIOT 0Opa3joBaHAS HEKOTOPRIX
BEIIECTB NpPREBEJEHL B Ta0a. 5.1.

Tabaana 5.1. Jurammn ofpasosanms ops 25 °C (298 K)

Bexiecrso Afﬁ. x=x/Moms BemecTno Adi, x[Ixjmom.
0.(r) 0 N20s(r) 133
04(r) 141,8 NH;(@) ~459

- H;0() —2418 cof) —110,5

H,O(x) —2858 CO4(r) —393,5
Fa(r) 0 CH4() —74,6




IIpodosxncenue mabs. 5.1

Bemectno A, xix/mons ~ BemecTao AgH, T Ax/ MO
Clyry - 0 CzHL () 52,4
Bry(x) 0 CH,(r) 274
Bry(r) . 30,9 C (rpadmr) 0

Iy(x) 0 C (amma3) 1.9
Ia) 62,4 CH(r) -840
HF(r) —2733 CF 1) —933,2
HCI@) —92,3 CCly(r) —95,6
HBr(r) —36,4 SiF4(r) —1615,0
HI(r) ' 26,4 SiCly(@ —662,2
SO,(r) —296,8 Al Oy(x) —1675,7
50s(r) . —3959 CaO(x) —635,1
H,58() —20,6 CaCOx(x) —1206,6
NO() 91,3 Ca (OH)a(x) —985,9
N,Ofr) 81,6 NaCl(x) —411,3
NO1(r) 33,9 KCl(x) —436,5

Ocoberno yno6HO IPOBOAATH TAKHE PACHETHL, NONB3IYNCH CIEAY-
OMEM O0INEM MOIOXEHHWEM, HEMOCPEACTBEHHO BLITEKAIONMEM H3
3akoHa I'ecca: '

Tewionoii pPexT XHMEYECKON peaKnEM paBeH PA3ZHOCTH CYMMBEI
TEWIOT (IETAMLIEE) 06pa’onapEu DPOJYKTOB PEAKIKN B CYMMMI
remwroT (GaTasuuil) o6paiopanug HCXOJHRX BEIECTR

(6ymmponanne IPOBO/IATCH C YYeMoM CMEXUOMEMPUHECKUX KoIp-
Puyuenmos BeINECTB, YIACTBYIOINAX B PCAKIMH):

H"Z nifH,—-Z ﬂjAfH_f, (5.6)
1 i

roe A;H, u A /H;— saTamenay ofpa3oBaBMs HPONYXTOB PCAKIHA
H HCXOJHELIX BEINECTB COOTBETCTBEHHO; 1; H 1; — CTEXHOMCTPHIECKAE
x03¢dMIEeBTH B NPABOH H JIEBOR TACTHAX TEPMOXHMHYECKOIO ypas-
HCHHS COOTBETCTBCHHO.

TIpsvep 1. BremCIHETE TEONOTY 06pPAZOBAHER EAPGOHATA KANBIHA HI THAPOKCEIA
KAJIBIUA B JHOKCEAA YIJICPOMA, BOCHOJL30CBABIIACH CTAHNAPTHRIME TEILIOTAMH 0O-
pA30BaNEy YIACTHAKOB peaxmpd (¢M. Tabn 5.1):

Ca0{x)+CO4(r)=CaCOs(x); AH=1

Pemenne. JIng onpenererns H peakma HYXEO 0T TEIVIOTH o6pajopanms kapbo-
HAT3 KANLIES BLITECTE: CyMMY TEILIOT 06pasoBanms rAIPOKCH/IA KANBIMA B NHOXCHIA
YENepona:
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AH=AsH 303 (Ca0)— Ay H' 295 (Ca0) — A H"298 (COg);
AH=—1206,6 —(—635,1)— (~393,5)=172,8 xJIx/Mos,

3axon I'ecca Takke nmO3BONfAET BRIMHCIATH TEILIOBHIE 3DQeEKTHI
XHMBYECKHX PeaKDRE ¢ HCOOJIL30BAHAEEM TEIUIOT cropaHrsi (A H).

Cmandapmuofi menasomoti (snmanwnueii) czopanis HAIKBACTCA
TemioBoii 3¢dexT peaknEm OKHACIEHHA AAHHOTO BEIECTBA KHC/IO-
poooM X0 KOHCYHLIX NPOAYKTOB Oxuciennd. KOHEYHEIMH HpONy-
KTaMH OKHCJCHHN OpraHMMecKkHX BemecTs smimorcs CO, H,0,
SO,, N,. CraspapTHEIE 3ETAILOAE CrOpPaHAS HEKOTOPLIX OpPraHH-
9ecKHX BEIICCTB OPHBEACHBI B Tabu. 5.2

Tag kax peakmHd TOPEHHA SBIZIOTCH 3K30TEPMHEICCKAMH PEakiu-
sy, TO A H° <0. TerwnoTH Cropasds KOEEYHLX OPOAYKTOB OKHCIE-
HHA PaBHE HYJIO. ‘

Tabamna 5.2. Jeramues cropases ups 25 °C (298 K)

Bempectso AH, xAxvom Bemecrso A H, x[Ixaons
CH,(r) - —8%0 CH;0H((x) —726
CyH(x) —1299 CoH0H(x) —1370
CH (1) - 1411 (C:H:3)O(x) 2727
CaHg(r) — 1560 CsHsOH(x) - 3063
CgHg(x) —3276 CeH1204(x) —2802
a-Popma
CO() 283 CgH;504(x) — 2808
: p-dopma .

CH;0(r) —561 CanO]](K) — 5646

W3 3akona I'ecca cnexyer, uTo tennosod 3>dekT XmmHETECKOH
peakuus paABEH PA3HOCTH CYMM JHTAJLIHA CCOPAHHS HCXOJHEIX BE-
INECTB H CYMM 3HTAJLIHE CrOPAaHHA OPOAYKTOB PEAKIHH (CYMMHpO-
BaHME HOPOBOJHATCH C YYETOM CTEXHOMETpHYECKHX x03dbHiHeHTOB
BEIIECTB, YIACTBYIOIIHX B PEAKOHMH):

AH=Y mA Hi—Y mn.H, (5.7)
i i
roe AH; B AJH; — TennoTel CrOpapHs W SHETANBIHH HCXOAHHX Be-
IIECTB B NPONYKTOB PEAKIHH COOTBEYCTBEHHO, 7; H 1; — CTEXHOMCT-
prveckue xO3(DUIHEETH B JIEBOH B NPaBO# YaCTIX TEPMOXHEMHYEC-
KOro ypasHCHHS. '

Tpemep 2. Boaacrnure TtemwroBoil sdbext peaxupw obpailoBamms MAITANOBOTC
abHpa H3 FTEIOBOTO CHAPTA, BOCHOMbLIOBABIIECH 3HAYCHHAMM JHTAJILOHN CrOpadAx

YUACTHHKOB PEAKIEE (cM. Tabn. 5.2):
2C;H; OH () =(CH;5),0(x) + HyO(x); AH =7
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Pemennre. Ha oCHOBARHE creacTBHA M3 3axoHa [ecca MOXHO 3amHCATH:
AH=2'A "3 (C;HsOH}-- A . H" 294 ((C2H5),0);
AH=—(2'1370)—(—272T)=—13 [ x/Mons.

. Ilpm paceerax BHeo6XoAHMO HNOMHHTH, 9TO TEILIOTH CrOpaHAs
BHICIIAX OKCHZOB {B mpEMepe 2 —H,0) pased Bymio. :

W3 3axoHa Iecca BRITEKaeT CIIEACTBHE, B COOTBETCTBHH C KOTO-
PEIM MenAoma pazAs0iceHun OanH020 COCOUHERUA HA RPOCMbIE Gelyecm-
8a WNCACHNO pasHa abcosiomnoli Semunune mensomsl 0OPAICEANUR
9MO20 COCOUHEHUA U3 COOMBEMCMEBYIOWUX EMY NPOCIMBIX BEUECME.

I71e cneacTere 6RO chopMyIHPOBAHO GPAHIYICKHMH YIeHRIMHA
A. Jlasyaspe u II. JlannacoMm H 9acTo HasmBacTcs 3axoHom Jlasy-
asve — Jlanaaca.

Hanpamep, opd 00pa3oBasMH OZHOro MOJN4 XJIOPOBOAOPOAR H3
BOAOPOAA H Xnopa BuAenserca 92 xJIx sneprud B opMe TERIOTH

1/2Ha(r) + 1/2C1,{r) = HCI(r); AH= —92 xllx/Moms

a TIpH Pa3NOXCHEHHA MOAd XJIOpPOBOAOpPOA HA IPOCTHIEC BEHISCTBA
HeoOX0aAMO 3aTPATHTE TAKOC AC KOMHICCTBO IBCPIEH

HCI(r) =1/2Ha(r) + 1/2Cla(r); AH =92 x]ix/Momm

3axon Jlapyaspe — Jlamwiaca npAMEEHM TAKXE H B TEX CIydasx,
KOrJa B peaxnuu o0pa3yioTca cnoxHEE Bemecrsa. Hanpamep:

PbO(T) + SO5(r) =PbSOy4(T); AH=—305,5 xJIx/moms
PbSO4(T)=PbO(T) + 8O04(r); AH=305,5 xJl&/moms

Cnasa 6
KAHETUKA XUMHMECKUX PEAKIUIA

§ 6.1. OcHOBEEIE HOHESTAN M DOCTY.IATH
XEMEYECK0# KHRCTHIKH

Oana 13 oco0eEEOCTEH XHMMIECKHX Peakiii 3axII09aeTCH B TOM,
9TO OHH IPOTEKAIOT BO BpeMerd. OTHE PeaknHE HpOTEKArOT MEATCH-
HO, MCCATIAMM, KaK, HANPAMED, KOPPO3HAA Xelieda ANH QepMeHTAnus
(6poxerne) BHEOrpaAHOTO COKa, B Pe3yILTaTe KOTOpOH HOMydacTCH
BEHO. [ApyrHe 3aBepInarOTCs 3a HECKONLKO HEJAENb, KaK CIMPTOBOE
Gpoxerue rmoxo3sl. TpeThd 3aKaHTABAYOTCH O9CHE OLICTPO, HANIPH-
MEp OCAXKICHHE HEPACTBOPHMEBIX COJICH, 3 HEKOTOphIE PEaKIiy NPOHC-
XOAST MTHOBeHHO (Hanmpumep, BIpHBH). TakaM ob6pa3oM, J0cTaToq-
HO OYEBHOHO, YTO pPAIAYHLIE XMMHYSCKHE PCAKIHH DPOYCXORST
€ CAMBIMH Pa3HRIMH CKOPOCTSMH.
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Paszen xaMHR, H3y2alOMA# CKOPOCTH XHMHYECKHX PeaknHil, Ha-
3LIBAKOT XUMUYECKOU Kunemuxoii. _

Cpens MBHOXKECTBa 3a7a4, M3y4aeMbIX XHMHYECKOE KHHETHKOWH,
MOXEO BHIIEJIATH ABE ITIABHLIE:

1) pacuer cxopocTel XEMHYECKAX PEaKOEH A ONpelc/CHAC XKHHE-
THYECKHAX KPHBHIX, T. €. 3aBHCHMOCTH KOHIEHTPAaDHN pearapyromiEx
BEILECTB OT BPEMEEH (NpAMAA 3a1ava);

2) onpepenense MEXaHA3IMOB PeaKlHil O KHHETHICCKEM KPHABLIM
(obpamnan 3anaua).

BonbnmECTBO XAMAYECKAX peakiiil IPOTEKAET BE B OJHY, a Yepe3
HECKOJILKO CTAadif, YalIe Ha3hBaeMEIX JJIEMCHTADHEMHE DEAKIHIMH.
Tlox ssemernmapnoii peaxyueii 0OLMHO HOHMMAKOT EAHHAYHEINE aKT
ofpa3joBaHAS HIM Pa3phIBA XMMHIECKOH CBH3H, OpOTEKAIOMK Yepes
obpazoBande npomexncymounozo npodykma (ero Ha3bIBAIOT Taxke
nepexo0HbiM KOMNAEKCOM). Y CTAEOBJICHHEE OCIICIOBATENLHOCTH OPO-
TEKAHMSE JIEMEHTAPHLIX CTAHHA B HA3BIBAIOT MEXAHUIMOM DeaKyuu.
Yucno B3aEMOMEHCTBYIOMEX 4acTHIl, IPHHUMAIOIEX YYaCTHE B pe-
aKIHH HA KOHKpPETHOH CTaiu|, HAa3EIBAKOT MOACKYAAPHOCMbBIO 3ITOH
CTagHB (MOJICKYNSPEOCTh OTIHYAETCH OT MOpAOKA PCAKIHH — CM.
HEE). DJIEMEHTApHEIC Peaxnmu GRBAIOT mMoAbKO mpex munog. mo-
nomosexysapusie (A — B+..), 6umosexysspuie (A+B - D+ ...
WH 2A - A,) wu  mpumosexyrapuvie (A+B+C - D+...,
2A+B - D+... wmm 3A - B+..). Jdoxasaso, 9v0 cmosxneeenue
bonee wem mpex MOACKYA OOHOSPEMERHO NPAKMUYECKYU HEBOIMONCHO.
Hamuupe B ypABHCHHE XHMHYECKOH peaknHl GOJBIIHX CTEXHOME-
TPHYCCKAX K03(¢dHAIMeHTOR (KOrAa HX CyMMa OpeBhbumnaeT 3), Ha-
npHMep:

2XMn0,+ 16HCl =2MnCl; + 5Cl, + 2KCl 4+ 8H,0

OAHO3HAYHO YKAILIBACT HA CAONCHLIN MEXAHUIM Deaxyul,

OCHOBHEIM HOHATHEM B XEMEYECKOH KHHETHEE SBJISETCH NOESTHE
O CKOpOCMU peaxyuil, KOTOpas onpeaeaeTCd HAIMEHEHHEM KOJIHIECTRA
BCIIECTBA PEATeHTOB (MIE OPOAYKTOB PEAKIHH) B ¢JHHMNY BPCMEEH
B ¢nHEENEe 06sema. Ecam npr mem3sMeHHOM 00BeMe H TeMmeparype
KOHIEHTPAIHESA OJHOI0 B3 PECATHPYIONIHX BEMECTB YMEHBLIHAIACEH (HIIH
YBEJIEYANIACE) OT 3HAYCHHS ¢, JO 3HAYCHHS ¢, 38 NIPOMEKYTOK BpeMe-
HH OT t; X0 t;, TO CPEOHSAS CKOPOCTh PCAKITHH COCTABHT!

ca—Cy Ac
v= :t =4
h—1) At

6.1)

OO6HYEO AU1s peaKuMif, OPOTEKAIONIMX MEKAY T434MH HIM B pac-
TBOPAX, XCHOCHTPALHA PEareHTOB BEIPAXAIOT B MONb/JI, 4 CKOPOCTh
peaxknEs — B MoIb/(J1-C).

3HaK «+» B IPaBOif YACTH YPaBHEHHSA OTHOCHTCS K CIIYY4l0, KOTJa
O CKOPOCTH PEaknaH CYAST N0 H3IMEHEHAIO KOKIECHTPaNHl OPpOAyKTOB
peaknHH. 3HAK «—» B OpaBoll YACTH YpaBHEHHS NHOSABJISETCS NO
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crexyiomeit npuyagae. Ilo Mepe opoTexaHEs peakind {f,— £ >0) xon-
OEeHTPAIEA PEarcHTOB YORBaeT, CIeR0BATEILEO, ¢;— ¢; < 0, 2 TaK KaK
crROpocmy peaxyuu scezda notojxcumeasnad, To nepen Apobnio cneayer
NOCTABHTh 3HAK «—». '

CKopocTh peakmaR MOXHC 43Mepumb, OUpe/ielss KOIHISCTBO
PeareHTa WM OpOAyKTa Bo BpeMmeHH. KOJIA%eCTRO BEOIECTBA Ompese-
IpOT 00BMHO DO KAROMY-HEOYOL €ro CBOECTBY. 3a pa3sBHTHEM peax-
IHH MOXHO CIIEJETH KaK C DOMOINBIO XumuyecKozo aHamala (HanpH-
Mep, TYTEM MUmMPOEaHUR PACTBOPA), TaK H C NOMOIILIO Pusuveckux
METONO0B (HAlpAMED, HCIOIL3YS uIMeHerue dasAerun JUIE HabGnrome-
HAS 33 Ta30BHMH PeakIHAMM; YaCTO H3MEPAIOT 34eKMPUYecKyro npo-
800uMOCMb PACTBOPOB, TAK KAK OHA 3aBHCHT OT XOHICETPAIlHE HOEOB
HT O4.). _

CkopoCTh peakie 3apECAT OT IPHPOAL PEATHPYIONAX BEIIECTS
H OT YCIOBHH, B KOTOphLIX peakmug npotekaer. Baxageimame B3 EAX
ABIISIOTCA: KOHYEHMPAYUR, MeMnepamypa B NpuUcyncmaue Kamanusa-
$op¢; (a Taxme — Jasienue, ¢CIIH PeaKIHN [POTEKACT B Ia30BOH

ase).

34aRACHEMOCTL CKOPOCTH pesKIMH OT KOHUEHTPANHE PEArmpYIOmEX
semecrs. PaccMoTpEM peakiiio MKy BemecTBaMHA A B B, npoTtexa-
IOIYIO IO CXEME!

aA+bB+... —+ cC+dD+... (6.2)

CKopoCTh peakiHE 3aBHCHT OT KOHICHTpanuili BemectB A u B,
ONEAKO 3apaHee HEJIb3% YTBEPXKIATh, 9TO OHA OPAMO HIPONOPIH-
OHANLHA KOHICHTPANHA TOrO HJIH APYroro. Koim4ecTReHHO 3aBHCH-
MOCThH MEXEZY CKOPOCTHI0 Peakiiid M MOJAPHHEIMH KOHICHTPAHASME
PearmpyIOImEX BEMIeCTB ONBCHIBAETCS OCHOBHEIM NOCHMYAAMOM XH-
MHYECKOH KHHCTHKH — 3aKOHOM Oeticmayloujux macc.

CxopocTh XHMHEYECKOH pEAKIMH B KaXAhii MOMEHT BpPEMEHH
NpPONOpPIHOHATLHA TEKYIMM KOHLOEHTpANASM pEarApyiomHEX Be-
INECTB, 6038e0CHHBIM 8 HEKOMOPbIE CINENEHU:

v=k[A]*B]™ (6.3)

BhIpamcHHEE TAKOTO THOA HA3KLIBAKOT KuHEMuuecKum YPABHCHHEM.
ITokazareny CTENCHH 71, M Ny ROWMU HUKO20a He PABHLI CMEeXuomem-
puneckum xo3gguyuermam a B b (copnajerne GnBaeT TOJLKO B OA-
HOM cnydYae — eclnd peakuus (6.2) OPEACTABIHCT 34eMeNMapHylo
cmadwo), HX BA3KIBAIOT MOKA3ZATEIEMHE NOpACKA peakyuu IO peareH-
TaM A 1 B. Cymma 1, + ny=n Ha3BIBACTCS 06WUM NOPAOKOM PEaKyuL.
IMopgakn peaknmil ONpPeNENSIOTCE TONBKO 3KCOEPHMEHTANLHO; OHHE
MOFYT HMETh K2K NEJIOYHCICHHBE, TaK H JpOGHEE MOJOXKHTEIILHRIC
3HAa9YeEHd, HO MOTyT HMeTh B Eyinepoe inavenwe. Koapduumment
IPONOPIECHATLHOCTA kK HA3LIBAIOT KOHCIMAHMOT CKOPGCMM.

Y1o6H nORATE (fusuveckuti cmbicA KOHCTAETHL CKOPOCTH "
HAJO OpPHENATH B ypaBEeHnH (6.3), 9T0 [A]=1 Momb/n & [B]=1 Monn/n
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(nmabo npEpaBHSTH CAMHALC AX IPOA3BE/ICHAE) H TOIda v=Kk. O1cioza
ACHO, 9TO KOHCTAHTA CKOPOCTH Kk THCICHHO PABHE CKOPOCTH PEakiMy,
KOT/Ia KORHCHTPAIHA PEATHPYIOIEX BEINeCTB (MIH HX MPOM3BEACHHE
B YPABHEHHSX CKOPOCTE) PABHEI €HHHIIE. ‘

OpEPO H COCTOSHAS DEATHPYIOINNX BEemecTB HA CKO-
POCTh XEMEYMecKoll peaxnal., [0BOpS O BIHSHHE HPEPOALI PCarmpy-
}OOIAX BEMmiECTB HA CKOPOCTh XHMHYECKOH peaxnud, EeobXomaMo
OOMHHTH, ITO B XO/I¢ PEAKIHE XHMHYCCKHE CBE3H JACTHI, HCXOIHBIX
BEIIECTB pa3pymaloTcs, B 06pa3yloTCH HOBHE CBS3H, OTBEMAIOIHE
YACTHIIAM DPORYKTE PEaKIlHK.

B xauecTBe IpEMEPa BIMAHAS OPHEPOJL] PEArdPYIOLIEX YaCTHI HA
CKOpPOCTh PEAKIHH PACCMOTDHM peakimio 06pa3cBaBEds rajjoreHoBo-
JOPOAOB H3 raJoreHOB H Bomopoja. Peaxmas H,(r)+ Fir)=2HF(r)
opoTexaeT ¢o BIPHBOM Yie IIPH KOMHATHO#R Temueparype (ZpH 3TOM
HE BAXHO, BT JIH peakius Ha CBETY HIA B TEMHOTE).

Peaxmas H,(r)+ Cly(r)=2HCI(r) nps koMeaTEOH TeMEcpaType
OPAKTHYECKH HE HJET; JI# €¢ HHANMAPOBAHAN HeobXxoamMo peaknm-
OHHYIO CMeCh HIIH OCBETHTL, HJIH OPOIYCTHTh Yepe3 Hee IeKTPHIEC-
KHif pa3spaj, HIH HAarpeTh. 10r4a peaKknHd DOHOeT ¢ OYeHb BHICOKOH
CKOPOCTBIO.

Baammopeiictsre H,(r)+ Br(r)=2HBr(r) BavHEaeT OpOTEKaTh
go?éagacmoﬁ CKOpPOCTLIO TpPH BArPEBAHHA JO TeMuepatypul 200 —

Peaxmas Hy(r) +1(r)=2HI(r) nporexaer ¢ B3MEpHMO# CKOpO-
CTBIO TOJBEO IPH Harpesasm:a no 500 — 700 °C.

Peakn¥ B PACTBOPAX MEXAY HOHAMH (CHJIBEbLIE 3nexrpomn‘m)
HPOTEXAl0T NPAKTHICCKE MTHOBEHHO, HANPHAMED:

Ag*+Cl" =AgCll; H* +OH- =H,0

Cnabuie 3JICKTPONHTHL H HEIICKTPOJMTH B3AUMOICHCTBYIOT ropa-
300 MEJJISHHEE, HAIPHMED:

C;H,OH +CH;COOH * C,H;0COCH;+H;0

Peaxuwe B ra3zopoil ¢aze B o0mieM ciayduae oporexaloT ¢ Oonee
BLICOKOHM CKOPOCTBIO, WEM B PacTBOpax, a B pacrBopax — ORICTpee,
ueM B TBepHo#H dase.

Ocofo crmegyer OTMETHTL, YTO 3aKOH JAefiCTByrommX Macc
B dopme (6.3) cnpaBeqIHB MoAbKO 0AA 24306 H Peaxyuii, npomexa-
rowyux e pacmeopax. Jta thopMa 3aIHCH He pacHpocCTpaHseTcd Ha
peaknue ¢ y4aCTHEM mifepobiX BEINECTB, TAK KK B JTHX CIy4asx
B3aHMOZEHCTBEEe MONEKy: IPOHCXOJHT HE BO BeeM o0BeMe pearmapy-
HOIIAX BEMECTB, & THIIbL Ha HOBEPXHOCTH, OT pa3Mepa KOTopoi raxke
3aBECAT CKOPOCTh peaknsd. IlosToMy peaknum B reTepOreHHEIX CH-
CTEMAaX NpOTEKAIOT 3HAYMTENHHO ciaoxHee. Tak, HA CKOPOCTh peak-
ODHH ¢ Y4aCTHEM TBEPARIX BEIIECTB CHILHOE BIANHAEC OKA3LIBAET
CTeneHb M3MENIPYCHHA, HAODHMEp, HOOJIHPOBAHEEIA MpaMop oO4eHL
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MEUICHHO pearapyeT ¢ CONGHOH XHCIOTOH, OOBIYABI MeT pearapyer
yXke ¢ 3aMETHOM CKOPOCTBIO, 4 MENKO H3MEJBYCHHEH Men (mopo-
MOK) — pearapyer pocrarodno 6ypHo.

§ 6.2. BiEsANe TEMOCPATYPH HA CKOPOCTh PEAKIHE

H3 obmmx coobpaxenni IOEATEO, 9T0 CKOPOCTHh PeakuMi MOIK-
HA YBEIHYHBATECH C POCTOM TEMICPATYPHL, TAK KAK OPH ITOM BO3-
pacTaeT JHCPrAsf CTANKHBAIONIEXCS YACTHI, M IOBRINACTCH BEPOAT-
HOCTBb TOT'0, 4TO IPH CTONKHOBEHHH HPOR3IOEAET XEMAYECKOE IpeBpa-
" menre. IToaTeepkaeHueM CRA3aHHOro CiIykar Aamekie T1a6n. 6.1,
B XOTOpo#l NpHBeAeEn BpeMeHa, TpebOyroHecs Uls mpeBpamicHAN
JBYX MoONEH BOAOpPOJA H OJHOTO MOJA KHCIopoaa («rpemydas
CMeCB») B BOIy NpH pa3HYELIX TEMHEPATYpaXx B Pe3yIbTaTe OpoTe-
xanug peakmma 2H; + 0,=2H,0. .

Tabauna 6.]. Bimusne TeMBEpaATYpad HA
£KopocTs O6PAIOBRRET PO

Temnepatypa, °C Bpena
18 _ 30 Mnpn. ner
118 0 MumH. JleT
218 30 THIC. BT
318 30 mer
418 81 na
518 1
618 c
718 007 ¢

H3 npasenenssx naHaRX 1aba. 6.1 BEAAHG, 970 BOACPOA H KHCAO-
pon, Oyayus cMemasmel ApYr € APYIOM, OpH OOBMHBIX YCIOBHSX
MOTYT CKOJIb YIOJHO AOJTC HAXOORTHCE BMmecte 6Ge3 kakmx-mEbo
IPHA3EAKOB XHMHAYCCKOre B3ammonciicrsas. OqEako JOCTATOYHO NOC-
BECHTH TeMIepaTypy npabmmanarensro o 600 — 700 °C (unm opo-
- IyCTHTH JIEKTPHIECCKHH pa3paf) B peaknps HAYAHACT ONPOTEKATH TAK
3HEPruYHoO, 9TO NPOHCXONHT BIPLIB,

Ana KOJIMYECTBEHHOTO ONHACAHWS TeMIEpaTypHRIX 3pdexros
B XHMHEYCCXO# KHHETAKE HCHONL3YIOT {BA OCHOBHALIX COOTHOMEEUS —
aMmEpaveckoe npasano Baar-I'obpda m ypansende Appesmyca.

Jns npEOaaxcHEOH ONCHKH HIMEHCHHR CKOPOCTH INHPOKO HC-
noaL3yeTcs npasuao Bawm-TIogigha, B COOTBETCTBHH ¢ KOTOPRIM CKO-
pocmb xumuueckoil peaxyuu cmaxosumca ~ & 2 — 4 pasa boavwie npu
noavlwenuu memnepamypsl na Kaxcovie 10 rpaa. MaremaTHIeck# 3TO
O3HAYAET, 9TO CKOPOCTb PEAKIHH 33aBHCHT OT TEMIICPATYPHl CIEy-
omEM obpazom:
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(I;-Ty)

o) 1
- , 6.4
oy €4

TAE 7 — TeMOepaTypHLH KO3(phHIHEEHET CKOpoCcTH (y=2 — 4). IIpa-
Banc BasT-I'odda gpiagercs BecbMa DpHOIA3IATENLHEIM H IPAMCHH-
MO TONBKO B 09EHb OrpaH®YCeHHOM HMHTEDPBANE TEMIEPATYP.
Topasno Gonee TOYHHIM ABILETCHA ypasHenue Appenuyca,’ OnBCHI-
BAOMIEE TEMOEPATYPHYIO 3aBHCHMOCTB KOHCTAHTEI CKOPOCTH!

E,
k(ﬂ=ABXP[-E,:|,

{6.5)
rae R — yHHBepCAbHAS ra3doBaf NOCTOSHEHaA, 4 — HPeJ3KCHOHEH-
MHANBLHBIH MHOXKHTENL, KOTOPHIE HE 3aBHCHT OT TeMUEPATYPHI,
a OmpeAeNHeTCS TONbKO BHAOM peakmum; E, — suepaun axmusayuu,
KOTOPYIO MOJXKHO OXapaKTEePHIOBaTh KiK HEKOTOPYI0 LOPOTOBYICG
3HEpruio: rpybo roBOpf, €CNH 3HEPrHE CTAJIKHBAIOINHXCH JaCTHIl
MmeHbme E,, TO IPH CTONKHOBEHHH PEAKIAHM HE IPOHM3OHAET, eciam
3HEPTAs npesnimiaeT E,, peaxmas npowdofiner. DBeprus aKTHBANKK
HE 3aBHCHT OT TeMICPATYPHI.

JApyraMe ciioBaMi, B COOTBETCTBEH C ypaBHEHHEM AppeHHYca,
YBCIH4EHHE TEMUEPATY PRI IPABORHT K YBEIHICHHIO 9HCIIA GKINUBHbIX
MOaeKyA. AXTHBHBIMHA MOJIEKYJIaMHM OKA3BRIBAKOTCA TONBKO TaKHe,
KOTOpEIe NprOGPeTaOT CTPOro OnpeaeiIeHBYIO A JARHOH peaknmy
SHEPIraK0, HPEBRINAIOMIYIO0 CPEIHIOID PHEPTHIO BCEX Moiekyn. Taxold
MHHEMAJIbHEIE H30LITOK SBCPran (10 CPaBHEHHAKO CO CPCAHEH SHEPru-
el MONd YaCTHI]), KOTOPHM JOIIKEI 06J1aNaTh YaCTHIELI PEaresTa s
OCYIIeCTBICHAS XHMHYECKOTO PEBPAIICHAN, COOTBETCTBYCT IHEP2Ul
axmusayuu E,.

CornacHo AppeHHYCY, KO-

HCTAHTA CKODOCTH peaxknuy
A B (6.5) 3apuCAT OT TEMUEpATYy-
Py PHEI 3KCOOBEHIHAILHO, [QITO-
g My rpad#d9eckH 33BHCHMOCTH
g k{T) BRIrIAOAT TAK, KAK 3TO
z OpeAcCTaBreHe HA pHc. 6.1 .
5 Pazmmune mMexnay sHepruei
2 AKTHBAOHM H TEILIOBRIM 3d-
x E€KTOM PEeaKIHA
0 Temneparypa (b pe
A+B=AB+AQ
Puc. 6.1. 3aBECAMOCTL KOHCTAHTH CKO- HargAHO  HIIMHCTPHpYETCH
POCTH (x:umecxoﬁ peaxum@H oT remgepa- cxemMoit Ha pHc. 6.2,
TYPH —— 3HAYEHHE NOpeR3KCHOHCHIE-
AMHLHOTO MHEOKHTENH B YDaBHeHEH Appe- Cama SHEprus aKTHBAIHH

‘HAYCA) 00yCIIOBICHA JHEPreTHYECKHM
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Pre. 6.2. CooTHOmEERE MEXAY JHEPrEeit AXTHBAIAN ¥ H3MCREHASM B TAJLIHER
(rewroporo 3ddexra) peaknEn

fapbepoM, KOTOpHH HE0OXOAAMO HPEOXONIET: CTAIKMBAIOIMMCH

MONeKynaM B npsmvoM (£ ,) wm o6paTHOM (E,) HampasiIeHHSX,
Opexje 4eM IPOH3OHAET nepepacupeieIcHAe CBA3CH.

U3 ypasrerns (6.5) B pac. 6.2 cnenyer, 9T0 eM Gonbilie JHEPras
AKTHABAIHH, TeEM McAIcEHee OymeT nporexars XAMHYCCKAS PCAKIIHA.

DHepras aKTHBANHE OLpPE/E/IfeTCS MPHPOACH PEArHPYIONHX Be-
mecTB. Eciy ee 3aveHne naxoaTca B npegenax 40 — 50 xJx/Mouib,
TO BEIIECTBA PEATHPYIOT APYT € APYroM B 3aMETHRIX KOJHECTBAX
¢ JOCTATOYHOH CKOPOCTHIO. IIpH 3HeprHs axTHBarEH Gompme 120
xJI%/MOJE BENECTBA NpH OOLMHKIX TEMIEPATYPAX PEATHPYIOT Kpai-
HE€ MEAJIEBHO.

Takam 06pa3oM, ypaBHEEHHE ApPeHHYCA CBA3EIBAET TEMIEPATYDY
He CO CKOPOCTBIO PeaxmuW, a C KOHCTaHTOH CKOpocTH. IlosTomy
B oDmeM ciyvae 3axow deticmgyowtx mMacc ByXEO 3aIHCHIBATh KaK

o(D=k (DA [BI", (6.6)

rae v B k SBIAioTCY QyHKOHAMHE Temmeparypsi. Bripawenme (6.3)
3anAcaso A1 AaHHOH, QHKCAPOBAHROR TeMIEepaTYpHI.

§ 6.3. Karanu3

Hambornee cameHOe BIMSHAE HAa CKOPOCTE PEAKNHH OXA3BRIBACT
OPHCYTCTBHE B PEArHpYIOIMEH CHCTEME Kamaau3amopa — BEMECTBa,
KOTOPOE IIOBBINAET (3 HHOTAZ H YMEHbIIAET — TOrJa €ro Ha3hIBAIOT
un2ubumopom) CKOPOCTh XMMHYECKOH peakium, HO CaMO He pacxoay-
ercs B 5TOM Iponecce. KaTanmu3aTopul NOApasAeIsiOT HA TPH THOA:
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20MO2eRHblE, 2emepozenHble U Buoaozuueckue (BUOKAMAAU3AMOPHl VIR
pepmermsl, peke MOKHO BCTPETHTL HAIBAHHE FHIUMBL).

BipsEAE KATATM3ATOPOB HA CKOPOCTh PEAKNIMN HAIRIBACTCA Kamd-
auzom. Korga 3aumMoaeHcTBYIONINE BEICCTBA H KATATIA3ATOP HAXO-
JATCA B OMHOM ArpPeraTHOM COCTOSHEH, IOBOPAT O 20MOZEHHOM
kaTammse. IIpn zemepozenrom XaTayM3e peardpyioOllAe BEMECTBA
H KATAH3ATOp HAXOUATCH B PA3NIMYHRIX ArPEraTHHX COCTOHHHSAX!
0OBIBHO KATRIHIATOP — B TBEPAOM, 4 PERrHPYIOLIAE BEOIECTBA — B
KHIKOM HIH ra3oobpa3ssoMm (BanmpHMEp, B ciyvae okecieHHs SO,
B SO; B IpACYTCTBHA NJATHHEL KJIH OKCHAA BaHa s (V) HPOHCXONHT
reTepOreHHEIH KaTalla3).

Mexanuam deificmeua XKartaiH3aTOPOR MOXKET ORITE CAMEIM pa3HO-
ofpa3HkIM H, KaK NPaBUJIO, OYEHL CIOXHBIM. OCHOBHOH IHOOTE30H,
oDpACHIrOMEH BIAAHAC KATAJIH3ATOPA HA CKOPOCTh PEAKINH, %BIIACT-
cd OpedOonoxenHe ob 00pazQBaHHR MPOMENCYMIOUHBIX HPOOYKMOE
OPH B3aBEMOJEHCTBHH KATAJH3aTOPa H PearHpylollerc BEIecTBa.
Ecmm peaxmus A+B=AB bes xaranusatopa OpoOXOAHT MELJICHHO,
a B OPACYTCTBHH KaTajnu3aTopa K GeicTpo, TO ero feiAcTBHe 0OBsICH-
eTcf TeM, YTO KAaTallu3aTOp PearHpyeT ¢ OJHAM H3 HCXOAHRIX Be-
mecTB, 00pa3lys HENPOYHOE (XaK OpaBWIIO, OUEHL peaxyuonHocnocob-
Hoe) npomexyTounoe coenunenne AK (mnm BK):

AB)+K=AK (BK) . 6.7

O6pa3oBapmescs OpOMEXYTOIHOE coeguueHAe (Hanpamep, AK)
BE3aAMOAERCTBYET C JAPYIHM HCXOZHEIM BemecTBoM B, o0pasys ko-
HETHERIH ONPORYKT peakiwd AB n Braenas karami3atop K B nepBona-
JaIpHOM BHIE:

AK+B=AB+K (6.8)

Ipocreiimas cxema xaranmsa (6.7), (6.8) moxa3mBaer, HO4eMY
JaCTHI(L! KATA/M3ATOpa MOTYT IPHHHMATE YYACTHE B peaknHl «Hec-
YNCIEHAOE» MHOXEeCTBO pa3. Ilpapna, «DecumcieBHOe» —- TONBKO
TeopeTHICCKH, OTOMY 4TO HpPH DPAaKTHIECKOM NPOTCKAHHH PEaKIHH
B CHCTEME MOTYT OKA3aThCs BEMIECTBA (Jaxe B MATEIX KOIMIeCTBaX),
YMCHBIMAIOIAE WIH MOJHOCTHLIO YHWITOXKAIOMME AKTHBHOCTL Ka-
Tang3aTopa. Takwe BelecTBa HA3RIBAIOT KATAIHTHYECKHMH SOAMH,
a caMO sIB/ICHMe CHIDKCHHS AKTHBHOCTH KAaTaJIH3aTOpa — OMpagae-
HueM.

MexapyaM QeHCTBHA KaTalH3aTOpa 34KIIOYAETCH B TOM, 9TO OH
H3MEHSET «nymby» npoyecca Peareatel — IlpoayxTel, npryeM HOBRIH
OYTh XAPaKTEPHIYETCH MeHbIIEH BHICOTOH dEepreTEveckoro 6apnepa,
T.e, MEHbIIEH 3peprueil axTuparmu (F,) N0 CpaBHEHHIO C 3Heprueil
axtgBanun F, HexaTamsupyemoil peaxnmu (puc. 6.3).

Benmmunna AE coyxmt kpuTepHeM 3Q(eKTHBROCTH KaTalH3aTopa.

Pa3bepeM KOHKPETHEIE IpHMEp FOMOTEHHOIO KATATIH3A, MOSCHH-
omu# obmyr cxemy (6.7), (6.8). BcnoMHEM, 9TO mpH KOHTAKTHOM
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BHepruA, ycn. en.

nPOAYKTa ] Qus

Pac. 6.3, Couxenre YHepTHE AKTHBANMA IPE KATAIHTHIECKOH peaxipa

crnocofe moNnydcHRd Copuof KMCIOTH okecacHHEe SO, B SO, moxer
OPOTEKATh TOJBKO KATAMATHEYECKH B OPHCYTCTBHM KATAIH3aTOPOB
V.0;, Pt rnr Fe,0;, 1. €. BO Beex 318X cnydasx 6yaeT OpoHCXORRTS
reTeporesnkli karann3. Ho oxuciemne SO, B SO; MOKEO IPOBOIATL
H C IOMOIILIO APYTHX KATANA3ATOPOB, HANPHMED NO. B aroM ciydae
OPOACXOIAT YXKE IOMOTCHHRH KaTalna:

2s0,+o,=zso,}

9
A+B=AB 6.9)

Bes kaTtanm3aTopa peaxnug (6.9) upakTideckH He BAeT. B nprcyT-
CTBHR %€ karamm3aTopa NO nporcxoauTt o6pa3osaHAe OPOMEXYTOU-
HOTO COCAMHCHHS (JHOKCHIA a30714):

0,+2N0O=2NO,
B+K=BK
H 3aTeM Cpasy xe
2NO, +250, =250, +2NO
BK +A=AB+K

Orciona BHARO, 4TO OKcuy aszora NO, BHCTYHAIOMER 37eCh
B POJTM KATATA3ATOpPa, OCTAETCH HEH3MEHHLIM.

s 00bsCHEHRS reTePOreHHOrO KaTANH34 4alie BCEro NONL3yIT-
cf aacopbnmonnoit Teopmeit xatannza. CornacHo 3T0# TeopHH OpH
reTcporeHHOM KATaNH3¢ HPORCXOAET AACOpPOmHs peardpylONIuX Be-
HIECTB MOBEPXHOCTBIO KaTAIH3aTOPA (34 CUET TOro, YTO NOBEPXHOCTL
KATAIH3ATOpa HEOAHODOOHA H HA HEH HMEIOTCA TAK HA3KIBACMEE
aKTHBHBIE LeHTPLI). [Ton melficTBHEM «aKTHBHEIX HEHTPOBY KATAIIH3a-
TOpa y aacopSUpOBaHHLEIX MONEKY] ocaabigercs CREIb MEXKTY aTo-
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MAME, YBETHIABAKITCE PACCTOSHAN MEXY ATOM&MHE B PEarEpyKONEX
MOJIEKYNaX, PEarHpyKmde MOIeKynnl AehOpPMHPYIOTCH, 4 HHOTAA
Jaxe MACCOMEAPYIOT HA OTHENbHAEIE ATOMEL

3ameTHM, 9TO H B BEKOTODHIX CIIy4Yasx TETCPOTEHHOTO KATAJIH3a
MOTyT 0Opa30BHBATECH HENPOYHRIE NPOMEXYTOYHBIE COCIHHECHHA
(kax H B CIIy9ae rOMOTeHHOTo KaTanusa). Happamep, oxucierne SO,
B SO; Ba nopepxHocTE oxcaaa pamaams (V) V,0, mportekaer ¢ o6-
pPa3OBaHHEM IPOMEXYTOYHOTO coenuaennsa VO,

S0, +V,0,=50,+2V0,
V0, +1/20,=V,0;

Creayer NOMHETB, 9TO MEI IPHBEIH HpocTelinne cxemMel, o6bac-
HAIOIHE KATAJMHTHYCCKAC NPEBPAINCHAS; B JeHCTBHATEILHOCTH KaTa-
M3 NpOoTEKaeT ropa3io CHOXHEE.

Kpome Toro, Ey%HO OTMETHTh, 9T0 Al KATAIA3IATOPA XapaKTep-
HA usbupameapbHocms NEBRCTBHN, T. €. ONPENSIICHHLIA KaTaMH3ATOP,
H3MEHSS CKOPOCTh OJIHOH PEaKIHE, COBCPIIEHHO He OKa3bhIBACT BIIAS-
HAA HAa CKOPOCTH KakKOH-TO Apyrod xmmudeckoil peaxnmud. ITosromy
JoKHQ ORITH DOHATHHIM, YTO HOHCKH, DoAbOOp, HCCNENOBABHS
H JanbHeilice BHEAPEEAC B OPaKTHKY BCE HOBBIX H HOBRIX KATAJIH32-
TOPOB SBJINIOTCA OZHOH M3 CIOXHEHIDHX M BAXHCHIIMX 327134 CO-
BPEMEHHOM XMMHH, TaK KAK POb KaTald3aTOPOB B XHMHYSCKOM
IPOH3BO/ICTBE OYEHL BEIIHKA.

Karamgs urpaer 60NLMyIo polk Be TOMbKO B XHMHENA, O ¥ B Omo-
JIOTAH, TAK KaK OpaKTHIECKH Bee GHOXMMEYECKHE NpEBpAICHA, OPO-
HCXOASIIHE B XHBHX OPraHA3Max, SBJIAIOTCA KATAIHTHICCKHMH.
B ponE KaTaJE3aTOpOB B 3TOM CJIy9ae BHICTYHAIOT (fepmennmbl — BE-
mecTBa GRONCrAYECKOr0 IPOHCXOXKACHHS.

Teopus, obsacETIOMA AcHcTBEEe (GepMeHTOB, HCXOAMT M3 TOTO,
ITO B HX MOJIEKYIAaX HMEIOTCH OTHOCHTEIbHO HeGOIbIHE YIACTKH,
HOJNyIMBIIAC HA3BAHAE DeaKyUOHHBIX YeHmpos, ¢ KOTOPHMH MOLYT
ocoOEHBEO AKTHMBEO B3AHMOACHCTBOBATL MONEKYIH cybcrpara. Bee
(depMeHTEI OTHOCATCH K Kiaccy GelIKORBIX coeJHHeBHE M oOiagaror,
CIICIOBATENBLHO, CHApaneofpa3HLIME CTPYKTypamu. Monexkyna dep-
MeHTa, 0JHAKO, MOXET COCTOSTh HE H3 OJHOH, a H3 HECKOIBKHX
IapaUlcbHBIX CHHpANel, KOTOphle CBA3aHKI IpYyr ¢ APYroM KOBa-
JIEETHEIMHA CBA3SMH B OCHOBHOM 3a CHET MOCTHKOB — S — 8§ —.
OTHOCHTENIBEAsY MOJEKYJSpHAA MAacca (PEPMECHTOB EMECT 3HAYCHHA
ot 10* no 107. ITo cpoemy pasmepy depMeHTHI HonaaarT B 061aCTL
KOAACUOHBIX YaCTHN, YTO HE KAET BO3MOXKHOCTH OTHECTH HMX EH
K IOMOreHHKIM, HH K I'€TepOreHHbIM Katamm3aTopaM. [loaromy Hx
H BRIJACIAIOT B CAMOCTOATEIBHRIN KIace KaTajJH3aTOpOB.

DepMEHTH, 2 TAKXKE XHMHYECKHE PEaKIHH C YIacTHEM (PepMEHETOR
(«depMeHTATHBHREIE peakupH») 00IaJaloT IEeIsM pSAOM coeimgH-
4ecKBX CBOHCTB H XapakTepHCTHK. Tak, 09¢Hb HeOORMEA TEMIIEpaTyp-
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Had 3aBECAMOCTL (epMeETAaTHBERIX peaknmii. @epmMerTsl obnamaroT
Haubonemei spdexTHBHOCTLIO IPR TEMUEPATYPE YETOBEUECKOTO Te-
ma, t. ¢ npa =37 °C. Jlpm nOBHINCHHAHM TEMOESPATYPH BHINIE
50 — 60 °C omm paspymaioTci H HO3TOMY CTABOBSTCK HEAXTHBHAI-
MH — CKOpPOCTh PEakIHE pPeko maaaer. B wacrmocTs, mocnenmee
- 0BCTORTENLCTBO OOBACHIET, HOYEMY IPH HCHOAL3OBAHHE CTHPAIb-
HEIX DOPOINKOB, copepAam¥X GepMenTH {(3HIAMEL), 6elibe 3aMaqdBpa-
10T HA HECKOJILKO Y2COB (HPEANOIOKAM, HA HOYb) B TEINOM PacTBOpe
NOpONIKa, HO HA B KOEM Clydae He KENATAT Oeabe B HeM.

ICnasa7
XUMMNUYECKOE PABHOBECHUE

§ 7.1. Onpenenedue COCTONHRS PABHOBECHN

Cnoro «paBHOBecHS» O3HAYAET COCTOAHHE, B KOTOpoM cOanam-
CHpPOBAHK! BCE [IPOTHBOIIOJOKEO HANPABICHHLIE HA CACTEMY BO3ACH-
creE. Teno, EAXONMINCECs B COCTOSHHH YCTOMYMBOTO PABHOBECHS,
ofmapyxmuBaeT croco6BOCTE BO3BPAIATECH B 3TO COCTORHME HOCHE
kaxoro-mu6o poaMymaromero polaedcrsas. [IpamepoM Tena, Baxo-
JAINErocs B COCTONHHE YCMOUuueo20 PABHOBECUR, MOXKET CIyEHTH
ICApPHK, JexaumElk Ha aae sMkd (puc. 7.1). Ecim ero TOMKBYTH B OOHY
MIE APYIVIO CTOPOHY, OH BCKOpE CHOBA BOIBPAINAETCH B COCTOSHHS
yCToHYHEBOTO DAaBHOBCCHEE. B oT/IHu¥e OT 3TOro mMAapHK, JeXAIEN HA
KpaK SMKH, HAXOJUICH B COCTOSHEH Heycmotiuugozo PaBHOBECHS —
OOCTATOYHO HMYTOXHOIO TOJUKA, 4robn O HeoOpaTHMO CKATHICH
B SMKY.

0ba sTHEX DpEMepa SBISIOTCE OPHMEPAMH CMamuiecKozo pPasHo-
gecus. B xammH, onHaKO0, NPAXOJATCA CTANKHBATECE HE CTONMBLKO CO
CTATHYCCKAME PABHOBECHAMH, CKOJIBKO C JHHAMHAYCCKHME («10/BH-
XKHBIMHAY ). JuHamMuuecKoe paguosecue YCTAHARTHBAETCH, KOI1A OKA3BI-
BaloTcA cOaAHCHPOBANELIME ABA OOPATHMEIX HIH OPOTHROHONOXK-
HhIX rponecca. Ilpmveposm ArBa-
MHYECROTrO pannonecnn MOXET
CIyEHUTL phi0a, ILIKBYAA BBEPX
[0 TEICHHMIO PEKH CO CKOPOCTHIO,
‘PABHO# CKOPOCTH BOJHOTO HOTO-
ka (puc. 7.2). B atoM cuy4ae prl-
0a xaxcemcn HeDOJIBHXHOW, ona
HAXOOUMCR 6 QUHAMUNECKOM pas-
HOgeCuU ¢ ROMOKOM.

JEEIMHYCCKHE  PABHOBECHS
OOAPA3ECIAIOT HA (HIMMCCKEE H
xuvmyeckpe. Hamborsiee BakHEI-  Puc. 7.1. CraTusecsoe papRopecee

Haycroiduhsoe pasHOBecHe

Yeroituuppe pasHoBecHe
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MH THOAMH (H3HYECKHX paBHO-
BecHE FBNAIOTCE a3oabie pasHo-
secun (cM. Hal0BBIE JHATPAMMED
Bri 4).

Xamageckan peaknus He Boe-
ria «I0XOJHT IO KOHIA», APYTH-
MH CJIOBAMH, UCXOONbE Sewjecm-
éa He 8ce20a NOAROCMbIO NpPespa-
WAOMCAR 8 NpOOYKmMbl peaxyiu.

Pac. 7.2. lagaMrqeckoe paBHOBECHE Jto OpPOHCXOMHT LOOTOMY, 4TO

OO MEpe HAKOIIEHHS OPOAYKTOB
peakmMB MOTYT CO3JaThCE YCIOBHA JUIM MPOTEKAHAS PEAKIHHA B IIpPO-
THBOLOJIOAHOM HATPABICEHN.

JefcTBETENBERO, ECNH, HANPHMEP, CMEMaTh Hapkl HOJIa C BOOPO-

noMm opm Temmepatype ~ 200 °C, To npowiofiner peaxnus

Higr) +1o(r) —» 2HI(E) (1.1)

cxopkc:)cn: IPOTEKAHAY KOTOPOi XapaKTepH3YeTCH KOHCTARTOH CKOpO-
cTR k. '

Onpaxo H3IBECTHO, YTO HOAOBOAOPOR NPH HAFPEBAHHH YXE IO
180 °C pasnaraercs Ha HOJX H BOJOPOX;

HI(E) 2 Hy)+1(e) L)

€O CKOPOCTBIO, KOTOpas OUpelegeTcs KOACTARTO# CKOPOCTH Kk,

ITorgTHO, 9TO B 3THAX YCIHOBWSX HC OPOH3OHAET HH NOJHOrO
pasnoxerns HI no peaxnmi (7.2), Tax XAK DPOAYKTH PCAKIHE CHIO-
coBHK pearmpoBaTh BHOBb Mexay coboil, Am nonsoro o6pa3oBaHHs
HOI0BO0XOPONRA N0 peaxune (7.1). .

Xumuveckue peaxyuu, xomopsie npu OOHUX U MEX e YCAOGURX
MOZym uOmMu 8 NPOMUBONOAONCHIX HANPABACHUAX, HaIwsaromen 06-
PaAMUMBLMI.

Ilpr Banmmucapap ypapRcHME OOpaTHMBIX PEAKIME BMECTO 3HAKA
PABEHCTBA CTABAT 08¢ NPOMUBONOAONCHO HANDASACHHLIC CMPEAKU.
YpaBacHHE paccMOTPeHHOH BEIIe OOpaTEMOH peakuul 3aOHIMETCH
CIeAyIOMEAM 00pa3oM:

. K
Hofr)+Ix(r) T2 2HI() (1.3
k

Peakmuio, DpoTeKalomlyr) C/ieBa HaNpaBo, HA3LIBAIOT NPAMOL
(KOHCTAaHTa CKOPOCTH OpAMOMR peaknwH X:), copaBsa HajleBo — ofipam-
Hoit (KOHCTaHTa CKOpocTH obpaTHO# peakumn k).

B obpatEmMeIx peaxmusx CKOpOCTh OpPAMOH peaknuu BHavalle
HMeeT MakCHMalbHOE 3HAYCHHE, a 3aTeM YMCHBINAETCH BCIEACTBHE
YMEHEIICHUA KOHIOCHTPAIlHH HCXONHRIX BEEICCTB, PACXOOYCMEIX HA
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ofpa3loBaEHEEe NPOAYKTOBR peak-
mar. M maobopot, obparras pe- Hytly
AKTAN B HAYATLHLIA MOMEHT HME-
eT MHHHMANbHYI0O CKOPOCTH, KO-
TOpas YBEOHYHBALTCE IO Mepe

KonueHrpaLima
1
]
1
1
i
]
]
1
1
!
[
1
1
H

YBEIHYCERA KOHUCHTPAOHH OpO- PasHoBectiuie

IyxTOB peaxnpa. Clej0BaTeLHO, : KOHUEHTPALUH

CEOpPOCTH IPAMON PEakmAH yMe- HI

HbImaerca, a obparHol — yBem- '

quBaeTcd. HakoHeN, HACTYHAeT Bpema

TAX0H MOMEHT, KOr/la CKOpOCTH

apsamoit 1 o6parHoi 1:1&3{11:1:(1&1!‘3J cTa- gg:o 7.3. MaMeRcHEe KoRNCHTpATRH
HEIX BEleCTs H OPOAYETOB pe-

HOBHTCH pﬂ.BB]:lIMH. m o uep mﬁm m.

Cocmonnue, 8 KOMOPOM CKO- mem H; +1,=2HI x pasaosecmo

pocme ofpamuoti peaxyuu cmarno-

SUMCR pPasHoil CKopocmu NPpAMOt PedKyuu, HAZBIEAEMCR XUMUKECKUM
pasrosecuem. IIponecc NOCTHRCHAS XEMHAIECKOTO PABHOBECHS HAIJIE-
JHO MOXHO H30Gpa3nts rpadudecks mna ofparamoii peakmmi (7.3).

Ha pac. 7.3 noxa3ago, 4T0O B Ea4ale PEAakIHd CKOPOCTs 0Opaszonammus
HI pocrarodso BpenEkd, OTKYJAa CIeayeT, 9T0 -KOHIOCHTPAMME
H; 5 I, ¢ TeueBAEM BpeMEHHA NONXHK YMEHLMIATHLCH, B TO BPEMS K4k
xorneETpanmas HI ypemmumsaercs. Ilockonexy cEOpOCTe peakiEeE
3aBECAT OT KOHICHTPAIME PCArtHTOB, CIEAYeT OXKBAATH, YTO CKO-.
pocts obpasosamms HI ¢ TedcaueM BpeMCHH CHHXACTCS, 4 CEOPOCTD
pasanoXkeHHs ero ypendumsaercd. M mockomeky oba 3TE mpomecca
B3aHEMHO IPOTHBOIOIOKEEL, OHH MOTYT HOCTOSEHO KOMIICHCHPOBATh
APYT ApYra, T. €. JOCTHY: COCTOSHHES PABHEOBECHA.

§ 7.2. KoBcTaETA XHMEMECKOTO PABHOBECHS

Cocrognpe XEMAYECKOrO PABHOBECHS 00paTHMEIX DPONECCOB KO-
NEYECTBEHHO XApAKTEPR3YeTCH Koncmanmot paswoeecus. Hanpamep,
Ans o6paramoli peaxnem (7.3) cornacHo 3aKoHY ASHCTBYIOIIMX Macc
(cMm. § 6. l) CEOPOCTH NpSMO# peakmad v, # o0paTsoi v; COOTBETCT-
BEHHO 3AMHMIYTCH CleAyIomeEM obpazom:

vy =k [Hal 12,
vy=Fy [HI]*.

B MOMEHET JOCTHREEHS COCTOSEHS XAMHBYCCKOTO PABHOBECHS CXO-
pocta npaMoil u o6paTHOM peaknuil paBHLL T. €.

Ky [H) [13) =z [HIP,
ki (HI?

ky ([T

04
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rae K, — xoncmanma pasnosecur, IpeAcTaBngiomas coboil oTHOmE-
EHE KOHCTABT CKOpPOCTH OpsaMoli B oOpaTHOM peaximii,

B npaBoii yacra ypasgenns (7.4) cTOST Teé KOHNCHTPRIHR B3aAMO-
JefiCTBYIOIAX BEINESCTB, KOTOpPHE YCTAHABNHPAIOTCE HPH AOCTHXKE-
HHHW DPABHOBECHS,~— pasHogecHbie Kowyenmpayuu (0OBMHO — MOARD-
Hble KOHICHTpan#H). Jlepas %xe 9acre ypaeHeHEA (7.4) mpeacrapnser
coboii mocrogEAyIO (IPH ODOCTOSHBOH TEeMIICPATYpE) BEJHYHHY.

Moxso moxasaTh, YTo Ans obparmMoili xHMEYeckol peaxrmm,
3apmEcannoi B o0meM BHae,

&
mA+nB [ pC+4D (7.5
. ky
KOHCTAHTA PABHOBECHS BEIDA3HTCH yPABHCHEEM
R .6
[AT" [B]

Vpasuenue (7.6) npedcmassnem coboii mamemamuveckoe avipaxice-
Hue 3aKOHA OeliCmByIouuUx MAace NPU XUMUNECKOM DASHOSECUN.

DTOT 3aKOH sBAfeTcs OOHEM B3 Hambonee BAKHWX B XHMHAH.
Hcxons u3 KHHETEYECKOIO ypasHeHAs qob0ol xAMEteckoll peaxmam,
MOXHO Cpa3y &e 3aIEcaTh oTHomenae B hopme (7.6), cBEINBAIOMES
paBHOBeCHLIC KOHICHTPAIHH DEArHPYIOIIAX BEIECTB H IPOAYKTOB
peaxman. Ecne onpenenuts xopCcTAaHTY K, 3KCISPAMEETANLHO, H3ME-
pss paBHOBECHHE KOHICHTPAIIEM BCEX BEMIECTE IIPH AAHHOM TEM-
nepaType, TO DOJy9eHHOS 3HAYeHAC MOXKHEC HCOONL3IOBATE B PACIeTax
[N IPYTHEX CJIYyYacB PABHOBCCHS OPH TOH %e TEMIEDPATYPE. )

Ocobo cneayer OTMETHTL, 9TO B OTNHYHE OT 3aKOHA AcicTBY-
IOIMEX Macc 048 cxopocmu peakimd (cM. § 6.1) B mamHOM ciay4ae
& ypasnenuu (7.6) noxasamesu cmenewu p, q, n, m B T. . BCErAA PagHbl
cmexuomempuueckum Rodguyuenmanm B paBEOBecHOl peaxmua (7.5).

Ana peaxyul ¢ ywacmuem 24306 KXOHCTaHTA PaBHOBECHS BBHIpAXa-
' eTcH depe3 mDapUHaIbHRIC NaBJICEHSA, 4 HE 9epeé3 HX KOENSHTPAImEH.
B 3ToM ciydae KOHCTAHTY paBHOBeCHS 0003Ha7a10T CHMBOIOM K,

Yuacopoe 3HAYCHAE KOHCTAHTH PaBHOBECHS XAPAKTEPHIYET TEH-
JEHIHEIO K OCYMICCTBICHRIO PCAKIHK, HIH, APYIHME CJIOB&MH, OIpe-
IeJIfeT ee BRIXOA. Borxodom peaxyuu HALIBAIOT OTHOMEBHE KOJHYE-
CTBA HOJy9aeMOr0 B AcHCTBATELHOCTH HPOAYETA K TOMY KOIHAYECT-
BY, KOTOpOE€ HONyYHNoch Ol OpH IpOTEKAHWH DEAKIMH A0 KOHIA
(oOnmHO BHpaxaercd B nponenTax). Tax, npe K> | BrIx0 peakomn
(7.5) BemHK, DOCKONEKY B 3TOM CIIy4ae

(' D1 > [A]" B
IToratHO, wro OpE K<« | BrIxog peakimu mMan,
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B Tabn. 7.1 mpencTaBneHL YRCIOBHIC 3EAYCHAA KOHCTAHT PABHO-
BECHS HEKOTOPHX XHMHYECKHX peakmmii. OHH KOJNCOMIOTCA B O9€Hb
IMHEpPOKEX upeaenax — ot 10*13 xo 10716,

Tabaana 7.1. KoRCTARTI pABNGBECEN BEKOTOPME Peaxmml

‘YpaEneHgEe peaXER Bupaxeape mun 3mseEne u;;-
KOHCTAHTH DAaBHOBCCAY OOpeACICHEO)
TEMUEPATYDE
Cu(r)+2Ag" (sonm) 2  [Cu?t]
Cu?* (moma) + 2Ag(T) K!'=——o 2-10'3(25 °C)
{Ag™]
12
N2O4(r) 2 2NOs(r) k= (NOd © 0,87(55 °C)
[N204
2HIE) 2 Hor) 1) = AT 002450 °C)
Hy0(x) ZH* (song) + OH ~ (s0am) \xl =[H *]{OH ] 1:10714(25 °C)
0
i .
CH,C 2 H* (somn)+
\ OH (ponx) Ko
+JCH;C00"
0 _HicHcooT) 1,8:107%(25 °C)
+(CH3—-C ) {somH) [CH;COOH]
‘o
AgCl(t) & Ag* (sonmE)+Cl™ (poma)  |K'=[Ag*][C17) 1,7-1071°(25 °C)
Agl(r) 2 Ag* (pomm) +1"(somm) K =[Ag*)I7) 110746 (25 °C)

Bricoxoe 3pavenwe K, BampEMeEp, AlA pem
Cu(r)+2Ag* (Bome) & Cu** (some) + 2AE(Y) 7.7

03HavY4ET, YTO €CIH B PacTBOp, CoAepxammii moHml cepeGpa Ag™,
BHECTH METAJLTHIECKYIO MElb, TO B MOMEHT JOCTHXRCHHR PABHOBECHS
KOHNEHETpands HoHOB MemE [Cu*] mammoro 6omsme, yem ¥Bampat
KOHIIEHTpAIEH HOHOB cepebpa [Ag*].

W gaoboport, HE3KOCE 3Ba%eHEE K, BAIDEMED, B peaxuny

Agl(T) 2 Ag* +1™ (1.8)

TOBOPHT O TOM, 9T0 K MOMEHTY AOCTHXEHHS PABHOBCCHA PACTBOPH-
n0Ch HAYTOKHO MAJIOE KOMH4eCTBO Hmoqmupa cepebpa Agl. M peficr-

BHTEJILHO, pacTBOpEMOCTS Agl B Boje Ype3BEIaiHO Mana.
O6pamaeM BEEMAHEE HA (JOPMY 3amHCH BHIPAKEHHEiH IJd KOH-
cTaeT pasHOBecHs (CM. rpagy 2 Ttabn. 7.1). Ecnm xoHmERTpamMs
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HAEKOTOPHIX PEareHTOB CYIIECTBEHEO He H3MEHNETCH B [IPOLEcee peak-
[HH, TO OHE He BKIIOYAKTCH B BHPAXKEHHE IUI KOHCTAHTH PABHOBE-
CH3L, A BXIIOYAIOTCH b CaMy KOHCTAHTY PABHOBECHA (® Taﬁn 7.1 Takne
KOHCTaHTHl 06o3nagennl K').

Hanpamep, a1 peaxnmd (7.7} BMECTO BRIpAXKEHAS

+ 2
=[Cu +][As] (7.9)
[Ag"T* [Cu]
B Tabn. 7.1 ML HAXOAEM BRIPAXKEHHE
2+
el KiGd (7.10).

C[Ag*P [AgP

3710 OGBACHNSTCH TEM, 4TO KOHICHTPAITHAE METAIUIMMSCKOR Memm
H METAILIMYECKoro cepeOpa BBEACHN B KOHCTAHTY paBHOBecHs. Kon-
LEHTPpANRA MET: an.rmqecxoﬁ MCEOH OOpPEICIIACTCA ¢ ILIOTHOCTEIO H HE
MOXeT ORITh H3MEHEeH3. 10 Xe caMoe MOXHO CKa3aTh H O KOHLEHT-
panmR MeTammieckoro cepebpa. ITockoabKy HE ojHa H3 3THX KOH-
HEHTPAIME BE 3aBECHT OT B3ATOrO KONHYESCTBA METAJna, HET HeoO-
XOAMOCTH YYHTHIBATH BX IIpH pacieTe KOHCTAHTH PaBHOBECHA. AHa-
JIOTHYHO OOBACHIAIOTCS BRIPDAXCHHA NJIA KOHCTAHT pannonccax opr
pacteopennd AgCl u Agl.

O KOHCTAHTE PAaBHOBECHA peaKIHH JACCOLHAIHM BOJInI (K=
=10"** opu 25 °C) nonpobuo cMm. B § 9.2.

§ 7.3, Cmemenne XHMHAYECKOT0 PABHOBECH.
Ilpusgun Jle Hatense

CocTosHAe XHMAMECKOr0 PAPHOBECHA IPE HEHAIMECHHKX BHCIIHHX
YCIOBHAX MEopenuyecku MOXET COXpAHATLCH OeCKOHEYHO AOJrO.
B peaabnoil Delicmeumeabocmu, OPE H3MCHEHAA TEMIIEPATYpHL, AaB-
JICHH: BJTH KOHIEHTPAIIMA PearcHTOB, PABHOBECHE MQKET CMECTHTBCH
B TY WJIH HEYIO CTOPOHY HPOTEKAHHS MPOIECCa.

PaccmoTpEM BiMAEME KaXIoro H3 (axTopoB — KOHUCHTPALHH,
JaBIICHAA H TEMIEPATYPEl — HA CABHI XHMHYECKOIQ PABHOBECHS.

Komnenrpaimg. YBenudenue KOHIEHTPAMH OJHOrO H3 pearmpy-
IOOIAX BEIHECTB CHAYANIA NPHBOJAHAT K YBEIHIECHAKY YHCIA MOJEKYI
3Toro BemecTea. (lOCKOIBKY YHMCNO CTOMKEOBCHWH € yYACTHMEM JTHX
MONEKYJl YBCIAHMIHBASTCA, PEAKIAS, AN KOTOPOH OHH SBIBIIOTCH pe-
areHTaMH, YCKOpAETCA. OTO IPHBOAHAT K YBe/HYSHHIO KOHIIEHTPAHE
PCATEHTOR Y OpPOTHBONONOXKHOH peaxumy # T. A. B pesyerarte
H3MEHSETCHA KOHIEHTPAIMS BCeX BELUECTB, YJaCTBYIOIUHX B XHMUYEC-
¥o#i peakiimk. MoXHO CAENATh BLIBOJ, YTO Npu y8eAuUeHUU KOHYeHN-
payuu 00HOZO U3 PeazupyIowjux 8ewecms pagHosecue Cmewaemcs
8 CMOPOKY pacxo0a IMO20 8EECEA, NPU YMERBULEHIN KORYEHMPAY Ul
PGEHOBECUE CMEWALINCA 8 CINOPOHY 0OPAI0EAHUA IMQ20 Geujecmen.
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Jannenne. BiusHue NaBnenus OveHh HANOMHAHAET 3pdekT m3me-
HEHHS KOHIICHTPAllHH pPEearHpyIOIIMX BEINECTB, HO CKU3bIGEEMCA OHO
npaKmuuecky moAbKo Ha 2asoebix cucmemax. JIEHCTBUTENBHO, LpH
OOBBINCHAR [ABICHAS YBEIWYHBAETCH YHCIO MOJIEKY) B €JHHHIC
obbema ra3opoii cucremnl. Ilpamas wmn obparHas peakilni, koTopas
OpPOTEKAET C y9aCTHEM OONLIIETO KONHYIECTBA Ia3000pasHEIX Be-
IHEeCTB, NPOTEKAeT OpH 3ToM ¢ Honemel ckopocThio. B pesynbTare
3710l peaknEl o0pasyercs DosbIne MOJIEKYD T€X BEINECTB, KOTODLIE
y4acTByIOT B oOpaTBOM peaxnmum. IIpomsoiiaeT H3IMEREHHE CKOPOCTH
obpaTholi peaknuA, @ B KOHIE KOHNOB OyJer ZOCTHTHYTO HOBOE
cocrosuue paspoBechs. IlomHs 0 TOM, 4TO peaknyd, DPOTEKAIOINAs
C YBEIWMEHHEM 9HCIA MOJIEKYJ Ta30B, NPHBOAHT K BO3PACTABHIO
JABICHAA B CHECTEME, a PEAKIAN, OPOTEKAIOMAs C YMEHBLIICHHEM
YHCIA MOJEKYJ ra3oB,— K NOHEDKCHHIO JaBicHHs, chopMyInpyeM
obiiee MONOXEHHE O BIHAHAN AABJCHAS HA XHMHICCKOE PABHOBECHE.

ITpu yseaunenuu oasaenun pasnoeecue coguzaemcs 8 CMopony yme-
HBUWEHUA YUCAd MOABKYA 2a3000pa3HLIX eewjecms, m. €. @ CMOPOHY
ROHUMCEHUR OaBACHUA, NpU VMEHbUEHUN OQ8AEHMUA DasHosecue COsu-
2aemcn 6 CMopoHY 603PACMAHUA HUCAQ MOAEKYA 2aA3000pasnbix ee-
wecme, m. e. 8 CmMopoxy yeeauuenus dasacnun. Ecim peaxoms mpo-
TeKkaeT 0€3 MIMCHEHHS 4HCIZ MOJEKYN raloobpajgelX BeEImecTs,
COCTOAHHE PABHOBECHS B T2KOH peaxiiid H IpH H3MCHCHHH N3aBICHAS
HE BApPyINaeTCs. '

Temmepartypa. IlopBRImcHAE TeMOepaTYpPH YBEIHIHBAECT KHHETH-
JeCKyI0 SHEPIHIO BCEX MOJIEKYJI, YIACTRYIOIEX B peaxmmu. Ho Mone-
KYJIbl, BCTYIA(OMIAE B PEAKIHIO, IPH KOTOPOH HPOHCXOJAT OOIJIOme-
HHE JHEPrHE (HIOTEPMHYECKAS DPCAKIHAA), HAYHHAKOT B3aHMOJCH-
CTBOBATH MeXxJy coboil OhicTpee. ITO yBENWIHBACT KOHIEHTPANHIO
MOJIEKY]I, YIAaCTBYIOIMX B 00paTBOM peakimd, H ycxopser cc. B pe-
3yJIBTaTe AOCTHIACTCA HOBOE COCTONHHME PABHOBECHA C NOBRINEHHLIM
CONEPXAHMEM NPOAYKTOB PEeaxildH, DPOTEKAIOMER ¢ HOrIOmIEHHEM
sgepray. Takum oOpazoM, BaxkHeM (PaxTOpoM, KOTOpHLE onpenenser
HalpaBlicHEE CMEIICHHAS PABRHOBECHS IPH H3MEHCHHH TEMIEPATYDHI,
ABIACTCH IHAK MENA06020 3fghexma peaxyuu.

ITpu nosvruieruy memnepamypsi pasHoBecHe CMEWAEMCR 8 CIMOPOHY
3HOOmMepMUNeCKOll peaKyuu, npu NOHUNCEHUU meMNEpamypsl — 6 cmo-
DOKY FK30MEPMUNECKOR peaKyu.

Bce paszoOpanssie Briile 3(hexTH BHEIIHKX BO3ACHCTBAH HA H3-
MCHEHHE paBHOBECHA (BIMSHHE TEMOCPATYDHI, JaBICHHS M KOHLECHT-
panuy) MoryT 6HTE GOOOMENL B BHAE CAERYIONIErO NPAaBAIIA, BOED-
BHEe chopmympoBaunoro s 1884 r. (bpamxyacmm xuvmkoM Jle
Ilarenne.

Baemmee Bo3aeiicreue (A3MeneHHe KOHUCHTPAUMH, JAB/JCHAN WITH
TEMIEPATYPLI) HA CACTEMY, HAXOAMMYIOCK B COCTOSIHAH DABHOBECHS,
BBIIBIBACT . CIBHI PABHOBECHS B TOM HAOPaBJNCHHH, OPH KOTOPOM
HACTHYHO KOMUCHCHPYeTCH B.IHARHE ITOr0 BO3ACHCTBHA.
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3710 TpaBHNO HaznBacTcs npunyunom Jde Mlameave usau npuryu-
nom nodsumcnozo pasuosecusi. Bropoe HazpaHAE NOMYEPKHBACT, 4TO
XHMHYECKOC PABHOBECHE O3HAYACT HE COCTOSHHE MOKOH, & PABEHCTBO
CKOpOCTe#l ABYX OPOTEKAIOMAX B HPOTHBONOIOKHKIX HAPABJICHAIX
TPORECCoB (T. e. NOAPEXHLIX MIPONECCOR).

Cnenoparensno, npuenmn Jle Ilarense npaMeHMM HE TONBKO
K XEMHYECKHM, HO H K JEOOBM (PH3AKO-XHMHMECKHM DPABHOBECHEM.
B cooTrercrBER ¢ npHERHOOM Jle [laTemme paBROBeCHE CMEINASTCH
Op¥ BO3IeHiCTBAE BHEIDHAX YCJIOBHHE B TAXHX NPOLECCAX, KAK KHIICHHE,
KPHCTAIUIH3ANAY, PACTROPEHEE, B3AMMHOE HPEBPAlIECHAE PA3IHTHRIX
ANIOTPONBHX MOMHQHKAIHIA,

PaccMOTpHEM 09€Hb KOPOTKO BOIPOC O BIAHSHHE KATSIH3ATOPOB Ha
COCTOSHHE XHMHYECKOrOo paBHOBecHd. Karanu3aropsl HOBHINAIOT
CKOPOCTH peakmai. JXCIepAMEHTATLHO YCTAHOBJICHO, YTO Npu 88ede-
Kl KaMaAu3amopa & cucmemy, Haxo0RWYIOCR 8 PasHOGECUU, COCMOA-
Hue pasHosecun He uimenAemcs. Clenopatenbro, moboit KaTanmsa-
TOp OKA3KIBACT OXHHAKOBOE BIHAHHE HA CKOPOCTH IPSMOH 1 obpar-
HOX peakn@il. Bu: yXke jmacte, 4ro poNb XaTATA3ATOPA B KOHETHOM
cYeTe CBOAMTCH K NOHMKEHHIO JHEPrHE akTEBan®H. [IpE nopmxeHAn
SHEpPTHH AKTHBAIAH YBEIHIHMBAETCH CKOPOCTb Kak NpsMOil, Tak B 06-
paTHO# peaxman. Takum 06palomM, kaTanalaTop HE BIHAET HA PABEC-
BecHbIE KOHLICHTPALHH, O HE MOXNCEem (COSURYMbY XUMUNECKOE PABHO-
gecue, a Auub cnocobemeyem boaee boicmpomy 0OCIUNCEHUIO COCMOR-
HUA PABHOBECUA.

eofpaTemele peaxumn. Heofpamumbimu peaxyusamu HasHIBAIOT

TaKHe peaknud, NPOAYKTH KOTOPRIX HE B3aMMONEACTBYIOT ADYT
¢ Apyrom ¢ obpasoBauzeM HCXOAEHX BemecTs. Hanpamep:

K Cl0; —-» 2K Cl+30,1

CisHyOy1 + 120, —— 12C0:1 + 11H;0
Cu+2AgNO; — Cu (NO;); +2Ag) (7.11)

Heob6paTaMuie peakuss, KaK IPABANG, AOXOAAT A0 KOHIAY, T. €.
A0 IOJHOI'C H3paCXOA0BAHHEA XOTH OKI O(HOTO A3 HCXO/IHBIX BCINECTB.

Kax 6nu10 ckasano Beine, o6paTHMEIC peaKDHA HE OPOTEKAIOT KO
xonpa. OnEAKO ecau 00ur 13 nPpodyKmos obpamumoti peakyuu «noxu-
daem» cghepy peaxkyuu, TO O CYINECTBY OOPATHMEIHA IPONECC MPOTEKa-
€T OPaXTHICCKH N0 KOHOA.

B ravecTBe DpEMEpa MOXEO PacCMOTPETh B3aHMOIEHCTBAE MEXK-
Oy BOAMIOM KaJIAs B HATpaTOM cepebpa:

KI+AgNO; 2 Agl] +KNO,

B sTtoM ciysae oauH A3 OpoxykTos peakumd Agl ynangercs H3
chephl peakiue B BHAE OCAJKA, H PABHOBECHE CMEINAETCH B CTOPOHY
o0pa3loBaHAs HPOAYKTOB PEAKOHH OO TeX mOp, [I0KA OJAHO H3 HCXOJ-
HEIX BEOIECTB OPAKTHYECKH NONHOCTLIO HE H3pACXOAyercs. Tak Kak
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a6CoMIOTHO HepACTBOPHMBIX BEINECTB EET M Agl B He3HauATENLHOMH
CTENEHH PACTBOPHM, TO PACCMOTpEHMAA peakiuy OPOTERaeT Nwiilh
npaxmuiecKku 00 Konya, XOTH B CHCTEME H YCTAHABIHBAETCH PABEOBE-
CHE, HO XOHCTAETA PABHOBECHA STOM peaxmu [Kak B peaxumn (7.11)]
orpomsa {cM. tabn. 7.1).

Ecna B obGpaTaMoOii peaknie yJ9acTBYIOT EKTPOIHETH. H OJHH H3
OPOAYKTOB 3TO# peakugm npeicTapaseT coboll caabuiil anexmposum
HIH 243, TO B 3TOM CIIYYae pedkyus TAKKE npomeKdem NPpaxmuyecKku
«00 KoHyay.

§ 7.4. O6 onTEMAIBERIX YCJOBHAX NOJYMEHHS BEmICCTB
B IPOMBIIIEHHLIX MacmTabax

Mexay 1a60paTOPHEIME H DPOMBIILICHENME METORAMHE ITOTyqe-
HHS TOFO HJIH HHOTO BEmIECTBA MOTYT CYLIECTBOBATh MPUHYUNUGALHbIE
passwuun. HanpaMmep, nesa XHMEKATOB, HCIOORB3YEMEIX B JaGopa-
TOPEOM CHHTe3¢, OOBIYHO H& HMEET PEIIAIOMIErO 3HAYCHHA, NOCKOIb-
Ky CHHTE3 OPOBOIMTCS B CpaBHETeNbHO Mamux macinrabax. ITosro-
MYy, HANpEMED, NPH 1a6opaTopHOM BOCCTAHOBIEHHH KETOHOB B CIHP-
ThI MORHO HCIIOJIL30BATE JOPOrofi AMOMOTHAPA ITATHS, B TO BpeMy
KAk B OPOMBIIICHEOCTH JUIY 2THX Nelell IpAMEHFIOT JeeBrie BOAO-
POl H HMKEJIECBHIH KATAIH3aTOp. MOXEO OPHBECTH H APYIHE IpHAME-
PH pa’yIAYE# DO/Ny4YeHHs TOTO KM HHOTO Bemecrsa B 1abopaToprol
OPakTHEKE H B OPOMEUIICHHOCTH, HO MOXHO 3TOTO H HE ACNATh,
a HomerraThed CHOPMYIIRPOBATE 24a6KH0¢e pa3Audie; OHO 3aKIONAETCH
B TOM, YTO HAAaXcuganue npomMuiiiAeHH020 NOAYHEHUR geujecmed 3apa~
Hee Npednosazaem MUNUMAAbHbIE 3ampamsl HQ €20 Npoussodcmao.
OToro MOXHO AOCTHYL TOJILEO TOIXA, KOrJa MAKCAMATLHO 3thder-
THBEH DPOBOJRMEIE B 3TOM CIydae XuMadeckri nponecc. [ng 3roro,
B CBOIO OYCpeNlb, HeOOXOAMMO 3HATD OnMUMAAbKbIE YCAOBUR NPOMEKA-
Hus TOM MIM HHOH xumuvecxoll peaxyuu. B 3TOM CIy4ac BO3IHHKAET
HOOHATHE «ORMUMAABHOZO 8b{X00G» LENEBOr0 NPOAYKTA M3 CHIPBEBRIX
MarepEanoB (cM. § 7.2). OnTumaneHEGE BBIXoJ He O0E3aTenbHO
COBIAJaeT C TEOPETHIECKHM HIH Zajke ¢ MAKCHMATLHO JOCTHRHMBIM
pexofoM. ITonyueHBse MakCAMATLHO JOCTHRHAMOrO BEIXOJA MOXET,
HANpHEMEP, NoTpeGoBaTh CiEmMKOM GobINOro pacxoza Kaxoro-maGo .
JOPOTOCTOAUIETO MCXOABOrC MATEPHANA, WIH K¢ CIHINKOM JTETEb-
EOro OPOBENEHHN Oponecca, HWIH X¢, HAKOHER, CO3ARIOTCH IXCTpe-
MAJTbHBIE YCIIOBHS (OUSHD BLICOKME TEMIEPATYPh! H JaBJICHHS), YpeBa-
THe ONACHNMHA ABAPHHHRIMH CATYAIlHAMH H T, I.— BCE 3TO MOXKET
cAeNnaTh MAKCEMANBHO NOCTHAUMBIA BRIXOA peakndm OeccMmuicnen-
ouM. Ilpr onpeaencerm obmei >dderTBEOCTH KaxaOro mpomnecca
HEOOXOMMMO YIATHIBATL MEOXKEGCTBO (AKTOPOB H OXHAAEMEIl OpH
3TOM BHIXOJ] PEAKIHHA OKaXercsd ONTAMAIILHLIM.

[IpomnmocTpapyeM BCE BHINIECKA3aHHOE HA HPHMEQE 7POMbIli-
AEHHOZ20 cutme3d ammuaxka A3 BOJAOPOAA ¥ a30Ta grax HEa3kIBACMBI
npoyecc Tabepa — mo mMmepn Bemenxoro xumuka . I'abepa, pas-
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paGorasmerc B Eavdasie Beka (PRAMKO-XEMEUECKEE OCEOBEL 3TOTO
METONA H IoJywEBIIcro 3a 370 HobeneBckylo mpeMMi0 N0 XAMMHE
B 1918 r.):

Ny(r)+3H,(r) & 2NHa(r) + 91,8 r/Ix (7.12)

Heobxoarmo 06OCHOBATE onmumarsible YCA08US CAETE3) aMMAA-
Ka ¢ BuicokEM BmxomoM. Ilockonnxy peaxman (7.12) ofparmMas,
BO3HEKZIOT BOIPOCH — MIPH KAKHX TEMOEPATYPEX H JABICHHSX BhI-
rogaee Bcero AOGHBATECA MAKCHMAILHOrO Bhxona upoaykra? Tax
xak peaxnas (7.12) axsomepmuneckas, TO BCX0A% H3 OprEOENa Jle
IHaTesme ACHO, WTO YeM HAKE TEMICPATYpa Dpomecca, TeM Oosbme
paBHOBecHe OyAeT CABHTATECA B CTOpOHY oDpasoBagMs amMMHEaka,
H MOXHO HpeIONOKATE, YTO CllelyeT MAKCHMATLHO HOHKKATL TEM-
neparypy. Ho B peficTeRTeNnHOCTH Bee OGCTOHMT CIOXKHES: IPH HE3-
KHX TeMOepaTypax peaknnd (7.12) opoTexacT oueHb MeA/IeHHO (Opax-
THYECKA HE HAET), NOITOMY OPHEXOZHTCA OPHHAMATSH KOMIPOMHCCHOE
pemeere. ITockonbxy AN YCTaHOBIEHHS ONTHMAJLHOTO COCTOAHES
paBHOBecHS peaxmme (7.12) Tpebyercs Hm3kas Temmeparypa, a aus
JOCTHXCHHAS yAOBIICTBOPRTENLHOR CKOPOCTH — BHICOKAS TEMIIEpaTy-
pa, HZ DOPAKTHKC HpONecC DNPOBOAAT HNPH  TeMueparype
=~ 400 — 450 °C. B

Ho paxe npm Taxolf BHICOKOH TeMmumepaType 048 OocmussceHun
docmamounoii ckopocmu peaxyui mpebyemca npucymemaue cneyuaisb-
Hoz0 Kamaasusamopa. B Xa9ecTBe KaTamH3aTOPpa HCOOIB3yeTca rybua-
TOE Xene30, AKTHBHPOBAHHCE OXCHAAMHE KA/l H AHOMHHHS.

W3 ypasEemms peaxnmd (7.12) BymHo, ¥ro 00mee wmcno Moneit
OpHACYTCTBYIOIIMX BElIecTB YMeHbMaerTcs oT 4 go 2. CormacEo upH-
smany Jle lllarense, B TAKOM Cly4ac OPONECC BLITOAHO HPOBOIHTD,
nopeImas AapicHRe. Ho 3TOoT BRIBOA /MIOL KARYeCTBEHHBIH, a Ha
IPAKTHKC HYXHO TOYHO 3HATH, HACKONBKO YBeJH9IHTCHS BhIXxO) NH,
(ma 10% mm scero 5a 0,1%) npn ypemuaenwu gasneRud. B raGn. 7.2
KONMHMYECTBCHHO HIOKA3AHO BIHAHHC TCMICPATYPEL E JABJIICHHS HA
BLIXOJ] aMMH2Ka 110 peaknawn (7.12).

Tabnena 7.2. BuXon aMMEAKd B 3RBECHMOCTE 0T ycronmi*
Temmeparypa, OfpenEan JooI ('/o)'NH, OPE PRIHEIX FARTICHIINX

*C 1ams 100 amv 300 aTm 800 arm
400 0,41 254 . 482 79,3
430 0,21 16,1 359 62,7
500 0,12 149 258 51,1
550 0,07 6,8 18,2 40,2
600 0,05 4,5 12,8 - 30,9

* Namawe pagTel: KpaTkas xenvmveckas semEronemas. T. 1. M., 1961.
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W3 tabn. 7.2 BEAHO, YTO NOBRINCHAE TEMIEPATYPHI HpA JoGoM
JaBICEHE 3aMETHO CHIEACT COACPAKAHHE AMMMAAKA B ra3osoli cMecH,
omHaaxo Emxe 400 °C cxopocTs peaxnun (7.12) cnemxom Mana, mo-
wgnsﬂgoréa OpaxTHKE Oponece OOLMHO IPOBOAST OPH TEMIIEPATYpE

Yro xacaercs AABICHMSE, TO 346Ch BCHONb3YETCS AaRICHRAE HOPAA-
ka 100 — 1000 aT™m, HO Wame BCEero — «CpedHEee» IaplieHme =250
aT™M BBYJY TOro, 910 00opy/oBaHWe, PACCIHNTAHHOE HA OYCHbL BHICO-
KO€ HNABJICHHE, AOPOro H OPOLECC CTAHOBHTCA IKOHOMHYECKH MCHEE
BEII'O{HEIM.

Taxmm of6pasom, HanGonce BHIOJHLIME YCITOBAAMM NMPOBEACHHS
CHHTE3a aMMmaka B Oponmecce [abepa SBIAIOTCE TeMmepaTypa
450 °C m gasneHme =250 arM. XoT4 OpH 3TAX YCIOBHSX TOALKO
oxono 20% HCXOAHHX BEIIECTB NPEBPAlacTCH B 3MMHEAK, ONHAKO
B Pe3yAbTATS HCNONBIOBAHHA [EPEKYISOHOHHOR TCXHOJIOrHYeCKo#d
cxeMHl (BBeAcERe Hempopearmpoeasmmx H; u N; BHOBL B peaxmmo)
CYMMapHAR CTeOcHb, HOpPeBpAllleHAY HCXOAELIX BeMCCTB B AMMHAK
SBJIACTCE OYCHbL BHICOKOH.

PaccMoTprM Apyroi pprMmep. M3 TepMOXEMAYCCKHX HIMCPCHHI
HIBECTHO OBLIO yXe AaBHO, 4TO AJM OpeBpalnesns rpaduTa B anmal
TpebyeTcs 3aTpaTHTH CPRBHHTENLRO MAIIOE KONH9eCTBO uepred (1,9
kJIx/MomL — oM. Tabn. 5.1):

C(rpadur) 2 Clames)—1,9 x/ix (7.13)

Ka3zanock O, B TAKOM CiTyda¢ OPE HATIPEBAHHH JIETKO OCYIIECT-
BHThL CHHTE3 HCKYCCTBEBHRIX 8/Ma30B. OIHAKO CKOPOCTh NPOTCKAHNA
Oponecca Okalasiach OveHb HA3KOM, H Jalbheiimee yBenHIcHHE TeM-
HCPATYPHI HC MEEATO HONOXKEHHA, TAK KAK NPH 3TOM YBEIHTHBACTCH
CKOPOCTE KaK npamMoif, Tak B o6paTHO#R peaxumi H Torza mccnemonpa-
Temm ofpaTAE PHEMAHAE HA CICAYIOMEA (GakT: IWIOTHOCTH ANMA3E
(3,51 rfcm®) Gomeme mnormoctr rpagmTa (2,25 rfcm?), pasmEma
B IIOTHOCTHX JIETKo 00LICHAMA ¢ TOYKHA 3pPSHHS CTPOSHHA EKpHCTAN-
JHYCCKHX PEINeTOK anMa’a K rpadmra (cm. § 4.5). Cneposarensro,
aro0E CMECTHTh paBHOBecEe peaxmmd (7.13) smpaBo — B CTOpOHY
06pa30BaHAS a/IMA3a,— HYXKHO DOBRICHTH [IABJICHHE, KOTOpOE CHo-
cobersyer o0Opa3oBaHHIO aMA3a B CBA3H C TEM, YTO OH 3aHHMACT
MeEpIIHE 06BeM, YeM rpadET (B DOMHOM COOTBETCTBRE C ODHERROOM
JIe Matemse). s DpaKTAYECKOro OCyIMecTBieHns peaknme (7.13)
noTpeboBanBECE KONOCCRNILELIE NAaBNCERS OOPAAKA JECATKOB TLICHY
arMmoctep.



I'nasa 8
PACTBOPLI

§ 8.1. PacTeopenne xax u3sKo-XamMaveckaii nponece

Pacmeopamu HAIRIPAIOTCE 20MO2EHHBIE CUCMEMbL, COOEPHCAl e HE
menee 08yx eeujecms. MoryTr cymecTBOBaTh pacTBOPHL TBEPHBIX,
XKHAKHEX H ra3000pa3HbIx BEINECTB B KHIKHX PACTBOPHTEIIAX, 4 TAKKE
OTHOPOJHLE CMECH (PACTBOPHI) TBEPALIX, KHJKHX H ra3000pa3HeIX
semecTs. Kak opasuiQ, BemMEcTsO, BIATOE B H3IOLITKE H B TOM e
arperaTHOM COCTOSHHHM, ¥TO H CaM pP&CTBOp, PHHATO CIHTATHL pac-
meopume.em, a KOMIIOHEHT, B3STHIE B HEJIOCTATRE, — PACMEOPERHbIM
seujecmeom.

B 3asucumocmu om azpezamnozo cocmostus pacTBOPHTENS pai-
Auumom ra3000pa3’Hnie, XHAKEE W TBEPALIE PacTBOPHL.

Tasoobpasnsimu pacmsopamu SBIFIOTCE BO3AYX H APYIHE CMECH
ra3oB. :

K xcudxum pacmsopam OTHOCST FOMOTEHHBIE CMECH Ta3oB, Xuj-
XOCTEH H TBEPALIX TEJ ¢ KHAKOCTAMMU.

Teepdwmu pacmsopamu HBISIOTCE MBOIHC CIUIABH, HAaNPHEMED
METAJLIOB APYr ¢ Apyrom, crexna. Hambonbmee 3maveHHe HMEIOT
KANKAE CMeCH, B KOTOPBIX PACTBOPHTENICM fABIzeTCA XHAKocTh, Ha-
nbonee pacnpocTpaHeHHRIM PAacTBOPHTENICM H3 HEOPTAHHICCKHX Be-
IIECTB, KOHEYHO X€, SBIseTcH Boaa. FI3 opragaveckHx BEMECTB B K-
9eCTBC PACTBOPHTENEH HCIOMb3YIOT METAHOJI, 3TAHON, AHITHNOBEHA
shup, aneroH, 6eA301, TETHPEXXICPHCTEIA yriaepok H Ap.

B nponecce pacTBOPEHES WACTHNEI (HOHW WIIH MONEKYIRL) pac-
TBOPACMOFO BEIIECTBA 04 NERCTBHEM XAOTHISCKE ABHKYIIHXCH Ha-
CTHI; PacTBOPHTeJf OepexoAsST B pacrBop, ofpasyds B pe3yibrare
GeCIopAOOYHOro OBHKCHHA JaCTHI Ka9eCTBEHHO HOBYIO OJHOPOX-
HYlo cHCTeMYy. Cnocobrocmy K 00pazoéanuio pacmsopos bipadceHa
¥ pa3nbix eewjecma 8 paimiinoii cmenenu. OQHM BemMECTBa CHOCOOHBL
CMEMHBATHECA APYT € APYToM B JxOOHX KOJMYECTBax (BOAZ H CHHPT),
IpyTHE — B OTpaHHYEHHKIX (XJIOPHA HATPHA H BOJA).

Cymnocrs npongcca 06pa3oBafis pACTBOPA MOXHO HOKA3aTh HA
OpPHMEPE PACTBOpPCHHA TBEPAOTC BEMECTBa B XBAKOCTH. C TOYKH
3PEHAS MOJIEXYISPHO-KHHETHIECKOH TEOPHE PAcTBOPCHHE NPOTEKAET
cleayolEM o6pa3oM: IPH BHECEHHH B PACTBOPHTENL KakKoro-imbo
TBEPAOrO BelllecTBa, HAUDHMED, HOBApeHEON COnM, 9acTHOLEI HOHOB
Na* m Cl-, paxomsmmecs Ha DOBEPXHOCTH, B pelyibraTe KoneGa-
TENLEOTO OBHXKCHHS, YBETHYHBAIOMEIOCH NPH COYJApEeHHH C Y4acTH-
OAME PacTBOPATENN, MOTYT OTPHBAThCH H OEPEXOJHTH B PACTBOPH-
Telb. JTOT HPONECC PACIPOCTPAHAECTCH HA CICAYIOIHEE CIIOH YaCTHJ,
KOTOpHIe 0OHAKAIOTCH B KPHCTAILIC NOCKE yAaleHAs NOBEPXHOCTHOTO
cinos. Tak mocreneBHO 9acTHI, o6pasyroIIEe KPHCTAIL! (HOHBI HIIA
MOJIEKYJIbI), HNepexomAaT B pactBop. Ha prc. 8.1 nama BarnsaHas
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CXEeMa pa3pylmIcHBEs HOHHOM KpHCTanmadeckod pemerkn NaCl opu
PACTBODECHHH B BOJIE, COCTOSMICH M3 IONAPHLIX MOJIEKY.L.

Pac. 8.1. Cxema pacTBOPeHRt KPHCTAILIHYECKOH pemerta

YacTEnnl, nepemeanIEe B pacTBop, BenencTsue mudpyzmm pac-
OPEACHAIOTCS 00 BeeMy 00BeMy pacTBoprTens. [Io Mepe yBeIEICHES
KOENCHTPAIMH YACTHOL {HOHLI, MOJIEKYJIL), BAXOAAIIEECS B HENpe-
PHIBHOM JIBEDKCHHH, IPH CTOJKEOBCHHA C TBEPAOH HOBEPXHOCTHIO
CIiE E¢ PACTBOPHBINEIOCA BEIIECTBA MOFYT 3aJ¢pAKHBATLCS HA HEl,
7. €. PACTBOPEHHE BCEIJa CONPOBOXIAETCH OOPATHRIM ABICHHEM ——
KprcTanm3anacl. Moxer BacTymiaTs Takoit MOMEHT, XOTAR OAHO-
BPEMCHHO BHAENACTCS H3 PacTBOpPa CTONLKO Xe€ 4YACTHR (HOHOS,
MOJIEKYII), CKOJIBKO HX NEPEXOMHT B PACTBOP, — HACTYUAET PABHOBEC-
cue (em. 1. 7).

Tlo cooTHOmMEeHMIO npeobNaNaEus WHCIA 9YaCTHL, DEPEXCHAIMBX
B PacTBOP HIH- YAANSIOIMHXCH H3 PACTBOpA, PA3iNHYar0T PACTBOPH
HacbluyjenHbie, HeHacbhjeHrble u nepecbityjetibie. 110 OTHOCETEMLEEIM
KOJIHYECTBAM PACTBOPCHEOrO BEMECTBA B PACTBOPHTSNS PACTBOPEI
IONpA3NeNsIoT B pasbasaennvie u KOKYEHMPUPOSIIIbIE.

PacTBOp, B KOTOpOM JaHHOE BENIECTBO IPH AAHHOK TEMHOEPATYpPE
OoIbIne BEe pacTBOPHETCH, T. €. PaCTBOP, HAXOAAINHECT B PABHOBECAH
C PacTBOPACMEIM BCINECTBOM, HA3bIBAIOT HACHilyeHHbIM, & PacTBOp, -
B KOTOPOM €I MOXHO PacTBOPATH Ao0aBOYHOE KOIMYECTBO AaH-
HOTO BEINECTBA,— HEHACHIYECHHBIM.

Hachimersniid pacTBOp COAEPEAT MAKCHMATLHO BO3MOXKEOS (1
JaHHBIX YCIOBHE) KOIMMECTBO PacTBOpEHHOrO BemecTBa. CnegosaTte-
JIbHO, HachUIEHHLIM PAaCTBOPOM HBJISETCA TAKOH pacTBOp, KOTOPHIA
HAXOARTCA B PABHOBECHA C HM30RITKOM pPacTBOPEHHOTO BEIIECTBA.
KoHnenTpanus HACHIIEHHOTO pacTBOpa (pacTBOpHMOCTB) AJid AAH-
HOro BEINECTBa BPH CTPOre OHpedeieHHRIX YCJIOBHEX (TeMOEpArTypa,
PACTBOPHATENH) — BEIHYMHA IOCTOAHAAA {noapoGHee cM. § 6.4). -

PactBop, cogepxammii pacTBOPEeHHOro BelecTBa Golblme, deM
€ro JOXHO OBITE B A3HHBIX YCIOBHSX B HACKIEEHOM DPacTBOpE,
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HA3LIBAETCS nepecvliyerubim. Ilepecviyentvie pacmgopel TIpEACTABIIA-
T coboll neycmotivusvie, nHepasrosechbie cucmemsl, B KOTOPRIX Ha-
O6mropaeTcs CAMONPOHA3BOILHBIA LEPEX0] B PABHOBECHOE COCTOSHAS.
IIpe 3TOM BRIJENseTCS H3OHITOK pacCTBOPEHHOTO BemieCrBa, H pac-
TBOP CTAHOBHTCA HACBINEHHRM. HacHINEHELH H HEHACHILEHHIH
pacTBOPEl HENL3A OyTaTk C pasbagierisim B KOHNYEHMPUPOSAHHbIM.
PazbapnerEnnie pacTBOPE — PACTBOPRI ¢ HEOOJNBIMHM COJEepKaHHEM
PACTBOPEHHOTO BEIIECTBA; KOHOCHTPHPOBAHHLIE DACTBOPHL — pacC-
TBOPHI ¢ GONBIIBEM COAEPXKAHAEM pPACTBOPEHHOro BemlecTBa. Heob-
XOJHEMO OTMETHTh, YTO HOHSTHA pa3fasacHHEA H KOANCHIPHAPOBAH-
HEIH P2CTBOPH ABNAKTCE OTHOCHTENLHEIMA, BHIPAKAIOMAME TOJIBKO
COOTHOIMEHHE KOJIHYECTB PACTBOPEHHOTO BEINECTBA H PacTBOPHTEIIA
B pacrsope. I1o3ToMy HHOTAa BCTPEYaiOTCs ONpeleieHHs «KPEIKHiA»,
«cabrii» pacTBOpHL B TOM € CaMOM 3Ha9eEmH. MoOXHO CKa3arh,
9TO 3TH OOpeAeNeHAs BO3HHKIH H3 NPAKTHYECKOH HeoOXOmAMOCTH.
Tax, TOBOPAT: KOHNEHTPHPOBaHHL (kpenxuit) pacteop H,80, mnn
pasbapiennmit (cnabeitl) pacreop H,S80,, BHO cka3aThk OAHCO3HAYHO,
KAKO#M KOHIECHTPANHEHA PACTBOP CEPHOE KHMCIOTHL HYAKHO CIHTATE KOR-
NEHTPEPOBAHHEIM, 4 Kaxoii — pa3zfasiieHHEIM, TOYHO HEJIL3S.

CpaBHHBas PacTBOPHMOCTb PA3NHYHLEIX BEMIECTB, BEAHO, YTO Ha-
CHONEHHRIE PACTBOPHL MATIOPACTBOPHEMBLIX BEMIECTB ABISIOTCH pasbas-
JIEHHKIMH, 3 XOPOINO PacTBOPHMAIX BEINECTB — XOT® H HEHACHIEH-
HAIMH, HO AOBOJLHO KOHIEHTPEPOBAHHERIME.

Happamep, npa 20 °C B 100 r Bogmu pactopsercs 0,00013 r xap-
6onara xanemas CaCO,. Pacteop CaCO; npH 3THX YCIIOBHSX ABIFET-
C¥ HACHINEHHEHLIM, HO BECbMAa pa3baBienHbM (€r0 KOHNEHTPALAs
odenp mana). Ecm xe npu 20 °C pactsoputs B 100 r Bomur 30 r
OOBAPEHHOM COJIA, TO 3TOT PACTBOp OYAeT HEHACKINICHHKIM, HO BECh-
Ma KOHOEHTpHpoBaHERM (pacrBopEMoctb NaCl npr 20 °C pasHa
35,8 r » 100 r BOAK).

Teopust pacTaopos. M3secTaw ABe OCHOBHEI® TEOPHHE PACTBOPOB:
bHIHYECKAH H XHMHICCKAA,

QPusuveckan meopus pacmeopos OHIA npe;momena HAxobom T
Baut-I'oddgom (1885) m Ceaure A. Appeunycom (1883). Cornacuo
3TOH TEOpHH, PACTBOPHTE/IE PACCMATPHBAETCH KaK XMMHWYECKH HH-
muddeperTran cpena, 8 KOTOPOH PABHOMEPHO PacipeNelerRkl 1aCTH-
sl (MOJIEKYNLI, HOHBI) PacTBOpeHHOro BewmecTea. Ilpa atoM mpen-
Oonaraercs OTCYTCTBHE MEXMOMEKYJISpHOIO B3aHMOICHCTBHSE Kak
MEXAY 9aCTHOAMH PACTBOPEHHOTO BEIECTBA, TAaK H MEXIY MOIEKY-
J3aMH¥ PacTBOPHTENs H HACTHNAMH pacTBOPEHHOrO BeluecTBa. Yacra-
bl PACTBOPHTENN M PACTROPSHHOrO BEILECTBA BCIEACTBHE NPOLECCOB
mEpOy3A mepeMenIHBaIOTCAd H PABHOMEPHO paclpefeNsioTcs O
BceMy obBeMy pacTBOpa.

Kak BHISCHWIOCH BUOCICACTRHM, dH3MIeCKas TCOpPHE yaoBIeT-
BOPHTEIBHO ONHCHIBAET HOBEJECHHE JHIIL MAJOH rpyInsl pacTROPOB,
TAK HA3BIBAEMEIX HOEAABHBIX PACTBOPOB, B KOTOPRIX YaCTHULL pac-
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TBOPHTENA H YaCTHIEl PACTBOPEHHOrO BEIIECTBA JeHCTBATEILHO Opa-
KTHIECKHM HC B3aHMOAEHCTBYIOT Mexay cobol. [lpamepamm moeans-
BLIX PACTBOPOB HBJISIGTCH MHOTHE 20208ble PACMBOpbL.

Xumuveckan, WIE COAbGAMAKAN, TCOPHY PACTBOPOB HpeIOXKEHA
A. H. Mesanencesnm (1887), ycTanoBHBIIAM, 4TO B peqaibHOM Dac-
TBOPE MOI'YT CYHIECTBOBATL HE TONBKO HHAMBHIYAIHLHEIC YaCTHIMLI
PacTBOPEHHOTO BEIIECTBA H PACTBOpPHTENA (HampHmep, pacTBopsl H,
O, i N; B Boze, napadHEOB B XHAKHX YIIEBOJOPOAAX), HO TAKKE
H NPOAYKTH HX B3aBMOJCHCTBHA. JTO JIErI0 B OCHOBY TEOPHH, CYTh
KOTOPOH B TOM, YT0 MEXJy JACTHIAME pacTBOPEHHOIC BEHIECTBA
H MOJEKYJaMH pPacTBODHTENM LIPOBCXOJHT B3aHMogjeHcrere. B pe-
3y1TaTe 06pas3yloTCs HECTOMKHE COSAMHEHHS NEPEMEHHOTO COCTana,
Ha3LIBACMBIE CO.IbSAMAMU RIIH 2U0DAMaEMY, SCIIH PACTBOPHTENIEM #B-
ngeTcs Boaa. [nmasmy:o pomes B oOpa3oBaHHE FHOPATOB HIPAIOT
HEOPOYHLIE MEXMOINICKYISPHEE CEIH H, B 9ACTHOCTH, BOAOpOAHAS
CBH3b.

Huoraa rugpaTHasi BOAA HACTOJBKO IPOYHO CBA32HA C PACTBO-
PEHHRIM BEIIECTBOM, 49TO IpH BLIENCHHR €ro H3 PACTBOpPA BXOMAT
B COCTaB €ro KPHCTAILIOB. Kpucmasiuueckue sewecmaa, cooepicauue
8 C80eM COCMase 800y, HA3BIGAIOMCR KPUCMAAAOZUOpAMamu, a BOIA,
BXOAAIIAY B CTPYKIYpPY TAKHX KPHCTAJUIOB, HA3BIBACTCA KPUCmad-
ausayuonnof, CocTaR KPUCTANAOrHAPATOR BLIPAXKAIOT, ODRMHO yKa-
3nIBAA OpHE GOpMYyIIe BEMIECTBA JACHO MOJICKY/I KPHCTALTA3ANHORHOH
BOJbIL, IPEXOJAIeecd HA ONHY €ro Monekyiry. Tax, dopMmyna kpm-
cralnorgapara cyibhara Megr (Megroro xynopoca) CuSO, - 5H,0.
Kak @ pactBop cyiasdara MeAH, Kpucmaisozudpam umeem cuwuil
yeem.

Taxem 06pa3oM, pacmsopsr 3aHuUMaron NPCMEXCYMOYHOE NOAOHCE-
HUE MENCOY XUMUHECKUMY CacOurenuAmu u cmecamu. C oxdolf cropo-
HEI, PACTBOPEI, KAX H XHMHYECKHE COCIMHEHHR, OJHOpORHBL (6-
pa30BAHBE PACTBOPOB CONPOBOXKAACTCH, KaK HPABHIIO, TEIUIOBRIM
adpextToM, 9TC CBRACTEIBLCTBYET O B3aHMOACHCTBHR PacCTBOPEHBOTO
BEINECTBA ¢ MOJIEKYNaMH pacTBoprTtens. C Apyro# cTOpoHH, B pac-
TBOP2X HET CTPOrorc CTEXHOMETPHYECKOTO COOTHOINCHHR MEXAY
PacTBODEHHBIM BEUIECTBOM M DaCTBODHTENCM, T. €. PacTBOPbI HE
OOAYHHSAIOTCH 3aKOHY NOCTOMHCTBA COCTaBa, KpOME TOTO, OHA MOTYT
OBITE pa3feneHsl HA COCTABHKIE YACTH (HAIPHMEp, OPH YOapPHBAHHH
pacTBOpa XJIOpHIA HATPYA MOXKHO BHIIICTATL H3 pacTBopa NaCl).

§ 8.2. MaxkTopsl, BIHAIINE HY PACTBOPHMOCTL BEWIECTB

PacTBOPHMOCTD BEILECTB B PA3JIMMHBIX PACTBOPHTENNAX, HAOPAMED
B BOJAe, KojeGreTca B mmMpoxkux npegenax. Eciom ¢ 100 2 eoder mpu
KOMHATHOM TeMIiepaType pacTBopseTcs foaee 1) 2 sewyecmega, TO
TAKOE BEIECTBO [PHHSTO HARLIBATL A€2KOPACMEOPUMBIM, ECIIH MEHEE
1 2 sewecmea — maropacmeopumbim;, HAKOHEL, BEMIECTBO CYMTAETCH
IPAKTHYECKH Hepdacmeopumbim, ecid B 100 © BOAK DEPEXOMHT MeHee
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0.1 2 sewyeemsa. K nerxopacTBOpEMEIM BEMECTBAM OTHOCATCHA HOBa-
pernas conb (mpm 20 °C » 100 r soasi pacTeopsercs 35,8 r NaCl),
meaa kynopoc CuSQO, 5SH,O (20,7 r), ammvmax NH; (67,9 r);
TpyAHOpacTBOpEMEIE BemecTBa — ranc CaSO, (0,195 r), ramenas
meects Ca({OH), (0,165 r); mpaxrE9eck# HEPACTBOPMMEIC — CYJIb-
dar Gapus BaSO, (0,00023 r), xnopan cepebpa AgCl (0,00015 r),
kapbomat xamsmas CaCO; (0,00013 r). A6comomuo nepacmsopumbix
sewecms ne Cywecmeyem.

OT uero Xe 3aBHCHAT pacTBOpEMOCTh BemiecTs? Ha pacTBOpE-
MOCTh BEIMecTB B o0meM ciyvae Oka3elBaeT BIHAHBE npupoda pac-
MBOPREMOZ0 BEWECMBA U NPUPOOA PACMBOPUMEAA, MeMnepamypa, 0as-
AeHue.

Bimunpe OpHpOOK pacTBOPHTENIM H PACTBOPEEMOIO BeIMECTBA.
OdeHs JaBHO ONLITHRIM IYTEM YCTAHOBIIEHO RPAsLAQ, COTJACHO KOTO-
poMy nodobroe pacmsopremcA & nodobrom. Tak, BemecTBa ¢ HOHHEIM
{comm, menovH) WK NONAPHLIM (COHPTHL, aNbACTHOL) TAOOM CBA3H
XOpOIIO PACTBOPEMEI B HOJIAPHLIX PACTBOPHTENEX, HAIIPHMED. B BO-
zge. 1 gaobopoT, pacTBOpEMOCTh KHCIOpoaa B Gensouie, HaupHMep,
HA TNOPANOK BIOE, Y€M B Bojde, Tak Kax Monexyiwl O, m CH,
BENOJIAPHEL ' :

Pacmeopumocmy 2a306 ¢ Hcudxocmax MOXET MEHATECS B OYCHb
IMpOKHEX mpeaenax. Tax, gEanpamep, B 100 ob6zemax poaml npa 20 °C
pacTBopscTcs 1,54 ofneMa azoTa, 2 o6nema BoAopoza, 2,3 obnema
okcaaa yraepoza (II), 3 o6sema xuciopoaa, 88 obremoB oxchpa
yraepoaa (IV). B 3tax xe ycinopaax 8 1 o0nemMe BOH pacTBOPSCTCA
ceumie 400 obwzemoB xnoposopoposa m 700 obzeMoB ammmaka.
Bonpmas pacTBOpEMOCTE amMMBAaka OOBLACHICTCS XHMHYCCKHMM B3a-
uMoAeHCTEEEM ¢ BOAOHA, a XJI0POBOAOPOAE — €T0 JHCCONHEAnHeH Ba
HOHH moax aelicTeEeM AuunoneHi Bogsl. BramswAe OpEpOAL pacTBOpPH-
Tes WULOCTPRPYETCA CIeAyomEM npamepom: upn () °C | aaBnenns
1 ar™ B 100 r Boamt pacTeopgerca 89,5 r NH,, B MeTAIOBOM CHHEpPTE
ero pacTBopgeTcd 42 I, a B ITHIOBOM — TOIIBKO 25 I.

Pacmeopumocmp dcudxocmeii 8 ¥udKocmax O4eHb CICKHBIM 00-
pa3cM 3aBHCHT OT HX OpHpoAbl. H3pecTHH TPH Knacca XHIKOCTEH,
pa3AYAIONTEXCHE CIOCOOHOCTBIO K B3@AAMHOMY PACTBOPEHHIO.

1. XKuaxocTn, OpaKTHYEeCKH He pacmeopriowuecs opyz & Opyze
(manpamep, H,O — Hg, H.O0 — CH,).

2. JXHAKOCTH, HeoZPanUNERRO pacmsopaowtecn opye ¢ dpyee (Ha-
opamep, H,O0 — C;H;OH, H,0 — CH,COOH).

3. XKMAKOCTH, o2panuvenHo pacmsopalouiueca opyz & opyee
(Hzo —_ CijOCsz, H,0 — CsI‘IjNHz) Hanpmep, S(bﬂp
{(C,H;OC,;H;) pacTeopseTca & Boje B HeGOIBIIOM KOJHIECTEE.

Pacmeopumocms meepovix epecms 8 HeudKkocmax B IEPBYIO OYe-
peap ompedenfseTcd XApPakTepOM XHMHYECKHX CBH3el B MX KpHCTAN-
JHYecKHXx pemerkax. Mosekynspesie (AIH aTOMHEIE) XPHCTAILIB,
CTPYKTYPHEIMA €IHHHOAMHA KOTODHIX SBIASIOTCA ATOMBI HITH MOJEKY-
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JIbI C KOBAJICHTERIM HENOJISPHEIM THIOM CBA3HE, IPAKTHHCCKH HCpACT-
BOPHMEI B BOAe (HanpHEMep, rpatuT, anma3s, cepa, KPHCTAIJIAYECKHH
HOA). Bamdpme xapaxkrepa XMMHYeCKHX CBS3EH MOXKHO IOPOHILIKOCT-
PHPOBATHL HA pALE HIBECTEBRIX BEINECTB.

Tak, HaTpHEBHIE COJIH MYpPaBLHHOM H YKCYCHON KHCIIOT O4YCHB
XOpPOII0 PACTBOPHMEI B BOJE, 4 MBUIA — CONIH CTCAPHHOBOM, NAb-
MHTHHOBOH H OJICMHOBOH KHCIOT — PAcTBOPHMBI B BOJAE B OYCHB
He3HaYATEILEOH CTelCHH.

PacTeopEMocTh deHONA B BoAe Mana (CsH;OH — nongpasie Mo-
nexyisl, B0 Goibmol yruesonopoask# panmkan). PeHONAT BEATPHA
CsH;ONa -— noEHOE COeIlHHEHRE, B, XOTH pagakai B agnone CHO0™
TOT %€, 4TO H B (eHOJE, PACTBOPHMOCTs ()EHONLTA MHOr(Q BEIIIE
pacTBopEMOCTH (perona. O4enp XapakTepHA PacTBOPHMOCTL KDH-

. craumveckoro xiaopaaa denrnammomas CgHNH,Cl (opramaueckas
COJIb ¢ NOJEPHKIM XapaxTepoM CBA3H) B NIOJISPHOH BOJEe M HENOIAp-
HOM Gemzone. B mepsom ciyuae comb XOpOIIO pacrBopHMa, B Gen-
301516 — OPAKTEYECKH HEPACTBOPHMA.

Heopragmdeckae COJIH BMEIOT PA3/AYHYIO0 PACTBOPHMOCTL B BO-
nie. Tax, pce conmA a30THECTOR H a30THOM KHCAOT XOPOIIO PACTBOPHMEL
B BOJE. Ho,uannﬂomee GonbmAHcTEC GTOPHAOB, 6POMANOB B HOMH-
OB Taxke XOpOMO PACTBOPHMH B Boae. CpeaHHEE cOMH yronawHOH
KHCJIOTRI, 33 HCKJIIOYEHHEM COJielf aMMOHHS B IMEIOYHLIX MCTAIIOB,
HEpacTEOPHMLI B BOJC, a Bce rEapoxapbomaTtmt pacrsopemul. 3
cymb$aToB HEPACTBOPHMBIMH HJIH MAJOpPACTBOPHMBIMH SBIISIOTCH
COJIH IMENOYHO-3MENFHRX MeTaloB, cepebpa m cpuEnma. Cpenn
docdaros pacTBOpEMEIME SBISIOTCA COMTH AMMOHHSA, HATPHSA H Xa-
Jms. BommmucTBO conell aMMOHHEA H MENOYHEIX METALIOB ABIIAIOT-
¢ pacTBOPEMEIMH.

Bce cxazaEnOe BhINE HATEAEO KAMIOCTpHEpyerca Tabmamed pac-
TBOPHMOCTH KHCIOT, OCHOBAHHH H coseii B Boje (cm. IIpAnoxenne
1) -— obazameavno npoanasusupyiime smy mabAuyy nocae nPpoUMeEHUR
HACMOMYe20 pasdeaa. ‘

B/msaBEe TeMDepaATYPLI HA PACTROPEMOCTE 'a308, KHAKOCTEH M TRE-
pmIX BemecTs. C nosviuienuem memnepamypsi pacmsopumocnb noYmu
acex msepovix sewjecme yseawyusaemcs. YIaMeHCHHE pacTBOPHAMOCTH
OpHE 3TOM OPOHCXOAHAT HEPABHOMEPDHO H ¥ KaXAoro BEIISCTBA
no-paseomy. Ha prc. 8.2 ODpHBeieHO HECKOJLKO XapPAKTCPHMX KpE-
BBEIX PaCTBOPHMOCTH PA3HMYHEIX COJeH.

PacTrOpHMOCTE HEKOTOPHIX (OUEHH HEMHOIHX) BEINECTB, HANPH-
Mep riaaybepopoli comm, ranca, ramenoi H3IBECTH, ¢ DOBBILICHHEM
TEMIEPATYPE! YMEHBIIACTCH.

Tak we Kak H I8 TBEpOLIX BEMIECTB, B Gommmwrae caydacB
83AUMHAR PACMBOPUMOCTD orcudxocmeii YEeAUHUBAEMCA C Y8CAUUEHUEM
memnepamypui.

B ormmume or GOJBIIHEHCTBA TBEPALIX BEILIECTE H KHIKOCTEH
pacmeopumocms 22308 8 HCUOKOCMAX C NOBHIUEHUEM memnepamypsl
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Pac. 8.2. 3aBHCAMOCTh PACTBOPEMOCTH AEKOTOPHX COJIEl OT TEMIEPATYPH

ymenstugemes. VI3BECTHO, ITO €CHH OCTARMTDH B TCANOM HOMEIMEHAR
CTaKaE C XOJOAHOH BONOH, TO 9Yepe3 HEKOTOpPOE BPEMsS BHYTDCHHHE
CTeHKH CTAKAHA NOKPHIBAIOTCH Oy3RIpHKaAMHE Bo3ayxa. OOGnscHSCTCS
3TO TeM, ¥TO CKOPOCTh OTPHIBA MOJEKYJ PACTBOPEHHOTO rasa OT
EHIKOCTE YBC/IHYHMBASTCH € MOBHINEHWEM TEMOEPaTYpHl B Oonbmeit
CTENeHH, 4eM CKOPOCTE, C KOTOPO# MOJEKYIIH rasa YAaparoTcs O [o-
BEPXHOCTH XHIAKOCTH H PACTBOPSIOTCA B HEil.

Bimunme nanjnennyg. B oTaMune OT TBEPALIX BEMECTB M MHUAKOCTEH, -
HA pacmeopumMocms 2a308 OYeHb CUABHO 8AuUAEm OasAerue, N0 KOTO-
PHM HaxoOmTCH ras. Jle#icTBRTEIBHO, IPA JABHOHN TEMIIEpaType A qa-
BJICHHH Ia3 PACTBOPHEETCH B XHIKOCTH OO TeX HOP, OOKA CKOPOCTh
OTPHIBA MOJICKYJI I'a3a OT HOBEPXHOCTH HE CTAHET PABHOM CKOPOCTH,
€ KOTOPO# MOJICKYJIEI ra3a TPOHHKAIOT B XHIKOCTh,~— TOF/Ia YCTAaHa-
BJIABAETCH COCTOSHHE PABHOBECHSN, XHIKOCTH CTAHOBHTCH HACBHIIICH-
HO# razom. Ecmu xe¢ JaBneHMe ra’a yBeNRIHTEL, HANpPAMEpP, B OBA
pa3a, TO BO CTOARKO X€ pa3 YBEJIHYHTCA B KOHIEHTPAIAS €ro MoJe-
Kyl Hajg XHBAKOCTbIO, a CIEROBATEIHHO, H CKOPOCTh PACTBOPEHHS
raza. PapaoBecEe HAPYVIOHTCA. YUTOGHL DPH 3TOM HOBOM IABICHHR
CHOBA YCTaHOBRJIOCh PABHOBECHE, KOHNECHTPALMSA PACTBOPEHHBIX MO-
JICKYH rala, O9CBHOHO, TOXE JODEHA YBCIHYHTECH B JABa paia.

B o6mem BEIE 3aBHCHAMOCTE PACTBOPHMOCTH raloB OT JABIICHHAS
BHpakaercd 3aKomoM D'eHpH: npu nocmosmnoii memnepamype pac-
© MBOpUMOCTb 2d34 8 MCUOKOCMU NPAMO NPONOPYUOHAALRA 220 dasae-
HWO HA0 HCUDKOCMBIO:

€ (X) = KFP (x)n
120



rae ¢(X) — KOHIEHTpAaNHd ra3za B HACRINEHHOM PACTBODE, MOJIL/I;
Kt — nocrosanag lenpa qns rasa X, Mmoms 174 - IIa™Y; p(X) — pa-
BJIeHHE ra3a X Haj pacrBopom, Ila.

§ 8.3. Coocolinl BHIpaReHRS KORNECHTPAIEE PACTBOPOB

Kommaecreesnnil COCTaR pacTBOpA YAIME BCETO BHPAXAeTc ¢ No-
MOILIO NOHATHS KOMyeHmpayuu, UoJ KOTOPHRM NOHEMAaerTcH Comep-
X3aHWe PACTBOPEHHOrO BEMECTEA (B Onpefe/IeHHNX eXHHANAX) B ¢OHA-
HHEIIE MACCH HIH 005BeMa.

Yame BCero A1 BRPAKEHAA COCTABA PACTBOPA HCIOIL3YIOT MAC-
COBYIO [OJTIO, MONSPHYIO KOHINCHTPANHIO (MOJISPHOCTH) H MOISPHYIO
IOIII0. _

Maccosan 0oar — 3mo omHowieHUe MACCH DACMBODEHHO2G Beuje-
cmsa x obweti macce pacmsopa. Jina OEHaApHOrO pacTBOpa

m(X) -m(X) @.1)
T m@)+mES) m )

o(X)

rae @ (X) — Maccopag aons pacTBOPeHHOro BemecrBa X; m(X) —
Macca pacTBOPeHHOro pemectBa X, T; m(S) — Macca pacTBOPHTENA
S, r; m=[m (X)+m(S)] — macca pacrsopa, I.

Maccosyio domo sviparcarom 8 00ARX edutuybl UAlU -8 RPOYeRmMax
(ranpamMep: w=0,01, wm w=1%).

Moaspran xonyermpayun noKasbieaen KoAUYECms0 DAcMmEoPeHHo-
20 seujecmea {moan), codepxcawyezoca 8 1 1 pacmsopa:

)=y X)/¥, 8.2)

rae ¢(X) — MondpHas KOHIEHTPAIHS PacCTBOPEHHOIrC BemecTBa X,
Mois/n; v{X)}— KomrE4ecTBO pPAacTBOPEHHOIO BeuecTsa X, MOJb,
¥V — obneM pacreopa, Ji.

Kaxk cnenyer 3 ypasuenms (8.2), Moarpran xonyenmpayus evipa-
acaemca e moav{4. I1a pa3sMEpHOCTs BHOrNa obo3HavacTcs GyxBoil
M, manprmep, 3amuck «2M pactsop CuSO,» o3EagaeT, 4TO pedb HACT
0 pacTBOpe C KOBNEHTparmel cyipdaTa MeaE 2 MOIh/T. .

Moabnan O0oan paCTBOPEHHOrO BemecTBa — OespasMepHas peiy
YHHA, PABHASI OMHOWEHWIO KOAUHECMBA DACMEOPEHRHO20 8euyecmsa
K obujemy Komiuecmsy sewecms 6 pacmsope:.

v(X) .
—-—— 8.3
NGO il (8.3)

rae N (X) — MonbBas fons pacrsopeesoro pemecrsa X; v (X) — xo-
JIHYECTBO PACTBOPEHHOrOQ BemecTsa X, MOIb; Vv(S) — KOIHYECTBO
BEIIeCTBA PACTBOPHTENS S, MOIIb.
CyMMi MOJBHRIX ZIoNeH pACTBOPEEHOIO BEIECTBA H PACTBOpH-
Tens paeHg 1: -
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NOO+N(E)=1 | 8.4)

Ouenr 9acTO KOHIEHTPANHMIO HACHUYEHHOZO0 PAcTBOpA HAPHAY
C BRINENEPCIHACICHHRIME XADAKTEPHCTHKAME BHIPAXKAIOT Y€pe3 Tak
HA3RBACMBbIE Ko3gifuyuerm pacmeopumocmyu BIH OPOCTO pacmaopu-
MOCMP BCIIECTHA.
OtHomeHHEe MACCH BeInecTsa, 00palylomero Hacvluyjenmsiii pac-
TBOp IpH AAHEOH TEMUEpPATYpe, X MACCE PACTBOPHTENS HA3ZKIBAIOT
- Koafipuyuenmom pacmsopumocmu:

Ky =My /. Sp-nx (8 . 5)

Pacmscpumocms sewjecmsa S MOKAIKBACT MAKCUMAABHYIO MACCY
8elyecmea, KOTOPAaE MOXKET paCTBOPHTECA B 100 r pacmeopumenn:

=My na/Mp0g) 100 (8.6)

Caapa 9

IEKTPOJIUTHYECKASA JUCCOLMAIUS
H MOHHBLIE PEAKIIMHM B PACTBOPAX

§ 9.1. InexTPONETH N NICKTPONETHICCKAS JHCCORRAIAN

HapecTHO, 4TO CYIIECTBYIOT ABE OCHOBERIE NPHYHHK OPOXOXEAC-
HAS ANELTPHICCEOTO TOKA 9epe3 NpOBOAHEKHA: Teb0 33 cYeT nepesoca
3JIEKTPOHOB, JHGO 3a CUeT NepeHoca HOHOB. DIEKTPOHHAS IPOBOJH-
MOCTb OpPHECYINA NpexEae Bcero mMerajaM. HMoHHAS OpOBOIAMOCTH
OPHCYIA MHOTHM XHMHMYCCKEM COCHAMHCHMSM, OOIaNalomaM HOE-
HEIM CTPOSHHCM, HAIPHMED, COJISM B TBEPAOM HIM DACIIABICHEOM
COCTOSHHSAX, & TAKKC MHOTEM BOJHLIM H HEBOOHRIM pacTBopaM. Bee
BEIIECTBA N0 X NoéedeHwo & pacmsopax TOPHESTO AEIHTL HA JBe
KATETOPHE: 2) BEINECTBA, PACTBOPHl KOTOPHX OOIazaloT HOHHOM
OPOBOJEMOCTRIO (34eKmpoaumst); 6) BEINECTBA, PACTBOPHI KOTOPHIX
He 0011aal0T HOBHOH NPOBOAEMOCTBIO (Hesrekmposumbl). K anext-
PONHATAM OTHOCHTCE GONBIIHHCTBO HEOPraHHIECKMX KHMCIOT, OCHOBA-
HER B coseli. K He3aexTponudTaM OTHOCSTCE MHOFHE OPraHHIECKHE
COCOHHEHHS, HANPEMEP, CIAPTHL H YIIIEBOILL.

Oxa3anock, 970 PACTBOPHL 3JEKTPONATOB o0gagaroT Gonee HE3-
¥HMH 3HAYCHASME TEMICPATYPH NNAaBICHRN B 00J6¢ BHCOKEME TEM-
nepaTypaMH KHIEHHS [0 CPABHCHHIO ¢ COOTBETCTBYIONEME 3HAYCHH-
AMHE JUIS YACTOrO PACTBOPHTENS HIH [ PACTBOPa HE3NEKTPOIATA
B 3TOM X¢ pacTBopaTene. [na oObsACHEHAd 3THX CBOHCTB IIBeACKHH
yienst C. Appenuyc B 1887 r. BpeAnoxun meoputo 3aexmpoiumuyec-
Ko# duccoyuayuu.

Iloag 3JeXTPONETHIECKOH JACCOIMADMEH DOHMMACTCH PACIAA MO-

JeKydA JJEKTPONHTA B PacTBope ¢ 00pa30BEHEEM NOTOKHTENLHO -

H OTPHIATEILHO 312PWXKEHHELIX HOHOB — KATHOHOB H AHHOHOB.
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Haopamep, Monekyna YKCYCHOH KHCHOTH Tak JUCCOIMHPYET
B BOZHOM PacTBOpE:

CH,COOH 2 H* +CH;C00"

Hpoyece duccoyuayuu BO BCEX CIYYANX AGASeMCR oOpamumbim,
IO3TOMY IIPH HANMCAHWA ypaBHEHWH DEaKIMH AHCCOLHALIAM HPHME-
HSeTCH 3HAK o0OpatEMocTH 2 (oM. § 7.1). PazmmMHRIE 3N€KTPONATH
JBCCOUMAPYIOT Ha HOHW B pasmdao#é cremepd. ITosHoTa pacmaza
3aBHCHT OT LPHPOALI IEKTPOJATA, €ro KOHNCHTPALIHH, IPHPOALI
PacTBOPHTENH, TEMOEPATYPHL.

§ 9.2. Crenens aucconmanuu. Caunbunie H c1a6hrie 31K TPOHTR.
Koncranra muccoumanix

Baxsaniv noEsTEEM TCOPHH OHCCOIHAIIAH ABIACTCE NOHATEC
0 CTEIIEHH JECCONMHANHH.

Cmenenvio Ouccoyuayuu o Ha3WBAeTCH OTHOIICHHE THCIA MOJe-
KyJl, PACIABINIMXCA HA HOHHI ('), K o0meMy ¥HCIy pPacTBOPEHHBIX
MOJICKYI (n)

a=r/n. @.1)

W3 ypasmenns (9.1) oueBHAHO, YTO ¢ MOXET HIMEHATHCE OT
0 (maccommanme HeT) A0 1 (nonpas gucconmanng). CreneHs NHECCONHA-
allHA 9aCTO BHIPAXAIOT B OPONEHTaX.

DNEKTPOJHTH €O CTENeHbI0 aucconuanun Gonbme 30% obmMEO
HA3HBAIOT CHABHbIMU, CO 3HAueHMSMH o OT 3 Ao 30% — cpedmumu,
menee 3% — caabbiMu ANEKTPOTHTAME.

K cAmbHBIM 3JIEKTPOJHTAM OTHOCATCS MOYTH BCE CONH, CHILHREE
xrcnot (HCl, HBr, HI, HNOQO,, H,SO, (pa36.), HCIO,) # BexoTopHIe
ocaopamms (LiOH, NaOH, KC, Ba (OH),). K cnabemM 3nekTpoimTam

oTHOCHTCH OonpImEECTBO KHCNOT (0COOCHHO OpPraEMYecKHX) H OC-
HOBAHHH.

I1pH 3TOM HaAO HMCTH B BHAY, TTC CMENeHb OUCCOYUAYUY 3asUcam
om KOWyewmpayuu pacmsopa. Tax, panpmMep, OpH KOHOECHTPAIHA
c<10™* MOIB/1 yKCycHAS KHCIOTA SBJACTCA CHUIBHRIM 3JEKTPONH-
TOM, & IPH OOLYHBIX KOHICHTPAIHAX c>0,01 MOIII:/JI — cnabrIM.

BaHOH XOTHYECTBEHHOMH XapakTepECTHKOH mponecca JHCCOIHE-
AHE SBJISCTCA KOHCMAaKma Juccoyuayuy ACKTPOINATA, KOTOPas ompe-
AENSETCH KaK OTHOINEHAE IPOHM3BEACHMH KOENEHTPAOHH HOHOB, 05-
PA3YIOIIMXCA IPY AACCOIMAINH, K KOHICHTPANAH HCXONHLEIX JACTHIL.
Hng snexrpoimra AB, JucconMMpylOmero COriacHe YpaBHEHHIO

AB*A”+B*
KOHCTaHTa JHCCOIIHAIHHA DaBHA
' B
- E
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Ouenp BaxBO TO, 9TO KoHcmawma Ouccoyudyuu, B OTIHYAE OT
CTENEHH JUCCOLHALNY, HE 3ABHCAT OT KOHYEHMPAayLuy eewecms, y1acT-
BYIOIHX B PABHOBECHH. [IHAUA30H KOHCTAHT PABHOBECHS AJIsS PA3HEIX
peaxnmii oeHs Hompmoit — ot 10718 go 10!° (mexoropeie npaMepH
npeacraeiaens B 1abn. 7.1).

PaccMOTpEM HEKOTOpSIE KOHKPETHHIE KORCTAHTHI IJEKTPOIHTH-
9eCKOH JRCCOIAATIHN.

JisA peakoua TECCONMBAIIAR BOIE

H,0 2H*+O0H"
B 1a6n. 7.1 OpHEBEASHO BLIpAXKCHHE
K'=[H"][OH"]=K[H;0], 9.2

a He
_H*]0H]
H0]

Boma — o4eBb cnabriil 3NEKTPOIMAT, HOITOMY €& KOHIEHTPAIHS
[H,0) ocraercd mpakTEYeCKH HOCTOSHEOM NpH JHCCONHANEH, 4 Cle-
AOBATENLHO, OCTAETCH OCTOARHOM 1 pesmymnEa K! B ypasrernH (9.2)
(ans pogu npuEATO 0003HAucHAE Ky)

Kp=[H"][OH7},

KOTOPYIO HA3WBAIOT LOHHbIM npouseedenuem 600si. Vlormoe mpoms-
Be[ICHHS BO/bI 3ABHCHT TOIBKO OT TEMIEPATYPH: BO BCEX BOJHEIX
pacteopax Kp=1,010" 14 npm 25 °C.

B ancroit soge [H+]=[OH ~]. Yicnons3ys 3Hag9enne HOEEOrO mpo-
H3ABSACHHS BOIBI, HAXOOHM:

[H*]=[OH ]=/10"*=10"" mom/x.

Ecim x Boge po0aBHTL KHMCIOTY, TO KOHOEeHTpamust HoHoB H't
B pPacTBOpe YBEIHYATCH, 4 KOHICHTpanus HoHoB OH™ ymennmiaTCs.
Hanporus, ecnu  Bozie Jo6aBETH menoesh, To KoHnenTpanus [OH 7]
ybesmauntcs, a [H*] ymensmurca. Takum o6pa3oM, B KHCIRIX pac-
tBopax [H*]>10"7 mons/n, B meitrpanbeex [H*]=10""7 moms/x,
B menounkix [H*]<10~7 moms/m.

KoHUeHTpan®® HOHOB BOAOPOJAA B pacTBOPAX pa3Holl KHCIOTHO-
CTH MOXET H3MEHATECH Ha MHOro nopsaakos. Hna yaoberBa uacro
HCIIONB3YIOT JIorapEGM KOHNEHTpAaNHH WOHOB BOAOpPOAA — TaK Ha-
3KBACMLIA 8000podusiil nokazameas pH:

H=-lg[H*].

B xucnex pacrsopax pH <7, B Heiirpaaeuwnx pH=7, B meno4unx
pH>7.
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PaccMOTpUM TeNEph MUCCOIAANMIO KECIOT M ocHOBaHmM. OpHo-
OCHOBHEIE KHCIIOTHI JHCCONBEHPYIOT B BOJHOM pacrnope no oﬁmeMy
yPaBHEHHIO

_ HAZH*+A~
rAe A~ — kHcnoTHLH octaTok. KOBCTanTa ARCCONHANMAM pasHa

Kﬂ_[H"] [A7]
| HAl o
rae majexc a (acid) ofo3igadaeT KACKHOTHEIA THI JACCONHEANANR.
JHcCONAANHAS MHOTCOCHOBHRIX KHCHOT DPOHCXOAHT B HECKOIBKO
CTanHd, KaXliasd H3 KOTOPHX XapaxTepHiyercs CBoe#t KOHCTAHTOMH;
HagpaMep, Uig $hothopHOHE KACIOTEE AMEEM:

o [H*][HPO,7)
. HsPO, 2 H* +HPO,, K= 22761075
HsPO4 -
[H*]1[HPO. 7]
HyPO,” 2 H* +HPO", Kp=——————=59-10"%
- [H1PO47]
+ 3~
HPO ™ 2 H* +P0O4* ", Kgmw?g=3,5'lﬂ"”.
[HPO,7]
CosepuieEnO apanorudesM 00pa3oM 3aIACKIBAXOTCS KOHCTAHTHI
JIACCOLHALHR ocHOBaHMH, HAIPAMED:
it]JOH™
LiOH 2 Li*+0H", K5=E—]_£—]=0,44,
: [LiOH] ,
rae maaekc b (basic) o6o3gadaeT OCHOBHOH THO AMCCONMANHAH.
JUECCONHAUMI0 MAJOPACTBOPHMEIX BeIeCTE XapaKTEPHIYIOT C Ho-
MOIMBK COELHAIBHON KOHCTAHTHI — NPOU3Se0eHUA PACIAO PUMOCITIU.
PaccMOTpHM B Ka4eCTBe¢ NPHMEPA PABHOBECHAC B HACHIIICHHOM pac-
TBOpe AgCl: :
AgCl(r) 2 Ag* +CI~
KoBcTanTa pasHoBecHs U1 9TOro Opoilecca paBHA
PRNCY
[AgCl(T)]
Kosnesrpamaa teepaoro semectsa [AgCl(T)] ocTaercd mpm amcco-
HADME NOCTOSHHOH, C/IEAOBATENbHO, HOCTOSHHEIM fBJIAETCA H
upomsenacine [Ag*][Cl7], xoropbe Ha3WBAIOT NPOM3BEACHHEM pPAC-

TBOPEMOCTH H o6o3mawaior IIP (IIP (AgCD)=1,7"1071° — cm,
Tabn. 7.1). llpousBedenne pacTBOPHMOCTH THAPOKCHIAA memu (I1)
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Cu(OH), 2 Cu?* +20H ~ 3aprmercs ITP (Cu (OH),=[Cu?*][OH]?
( cnpa:nouz%;ma.x MOXKEO HaHTRA 9ncnosoe 3aancERE ITP (Cu (OH),) =
=2,2-107%9),

§ 9.3. Honunie YpaBHCHRE peaxknaii

IIockombKy 31€KTPOSATH B PacTBOpax o6pa3yloT MOHEL, TO NS
OTpaXxeHHs CYMIEOCTH PeakiHil aCTO ACHONELIYIOT TAK HA3KIBAEMEIS
UOHHBIE YPABHEHUA, NOAYCPKHBAIOMME TOT (PAKT, UTO B PACTBOpax
OPOHCXO/IST PeakIHd He MEXAY MOJICKYIIaMH, 3 MEXKIY HOHAMH.

Cornaceo TeOpHAU TECCOMHAINE, IPH PEAXIHEX B PACTBOPAX INCK-
TPOJHTOB BO3MOXHEI JBA BapHAHTA!

1. Obpasyrommecs BeIIECTBA — CHNBHEIE JICKTPOJHATR], XOPOMIO
pacTBOPHMEIE B BOJIE ¥ HONHOCTBIO JHCCONMEPYIOIHE HA HOHEL

2, Oa0 (AIH HECKOJBKO) H3 OOpa3ylomMxCs BemecTB — ras,
0CaJOK HIH CNabpii 31exTPOMAT (XOpOImO PACTBOPHEMEIA B BOJE).

Hanpamep, paccMOTpEM IBC peakijau:

N2,C04+2HCl=2NaCl +CO,T+H,0 . {9.3)
K,C03+H80, =K;804+C0»T+H;0 (94)

B monHO# dopme ypaseeHHEd (9.3) B (9.4) 3a0HIDYTCH CIERYIONIHM
obpasom: ,
INa* +C052~ 4 2H* +2C1" =2Na* +2C1~ +CO:1+H;0 {9.3)

2K+ +C052" +2H* +80,2” =2K* +80,2" + CO,1 +H,0 9.4)

Monexyna BoAR 3aNMCHIBACTCH 3AeCh B HEAECCOIMMPOBAHHOMN
(dopMe NOTOMY, YTO MBISETCH OYEHL CIabmM snexrpoarroM. Heno-
ngpERIe Moaexyasl CO,; IWI0X0 PACTBOPHEMEI B BOJE H YIAIIOTCH H3
chepsl peaxnar. OnEAEaKOBEIE HOHK B 06eAx YacTax ypapeendi (9.3)
2 (9.4) coxpamaroT m 00a ypaBHenms npeofpa3yloT B omEO co-
KpawieHnoe uoKnoe ypasHenue B3aHMOAEHCTBAS KapOOHATOB ¢ KACIIO-
TAMH:

COs*~ +2H* =CO51 +H30 9.5

OueBEAHO, 9TO NOpH B3aEMOJeficTBEA KAPGOHATOB C H0HOMi KACIIO-
TOif peaxnng OyaeT onMCHBATHECA ypaBuenneM (9.5). CnegopaTensro,
UOHNOE YDUBHEHUE, 8 OMAUNUE OM MOACKYAADHOZ20, OMHOCUMCR He
K o0Hoti Kakoli-wubyOb pearyuu mexcdy KOHKPEMHbIMU 8ewecmsamu,
a K yeaoli 2pynne anasozuunbix peaxyuii, B aTtoM ero Oonpmas mpax-
THYECKAs EHHOCTh — HMCEHHO MO3TOMY MHPOKO HCOOIbL3YKOTCE Kd-
YecmeeHHble peakyuu Ha pa3NuYHbIe HOHBI.

Taxk, Acmonb3ys HoHE cepebpa Ag*, MoxHO OOHApPYXETS B pac-
TBOPE HOHKI FAJIOTEHOB, H HAOGOPOT; HCHonk3ys HOHK Ba?™t, MoxHO
obHAPYXHTE B PACTBOpE CY/Ib(AT-HOHEI, H HA0GOPOT.
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BronedssioxeEHOe NO3BONEET CHPOPMYIHPOBATL MPAEUAO, KOTO-
PBIM PYKOBOACTBYIOTCS HOpPH HM3YICHHH OPONECCOB, IPOTEKAIOMEX
B PAcTBOpPAaxX YICKTPOIHTOB.

Peaxyuu mexncdy uonamu 8 pacmsopax 3AeKmpoiumos udym npax-
musecku 00 KORYya 8 cmopony o6pa3ceanus ocaokos, 24308 u CAQBbIX
34eKmpoAUmos. '

CnenopaTensEo, peaxnud HAYT ¢ 06pa3oBaHHeM BEINECTB ¢ MEHb-
mefi KOENEHTpanuedl WOHOB B PACTBOPE B IOJHOM COOTBETCTBHE
C 33KOHOM JACHiCTBYIOMAX MAacC OPH XAMHAYECKOM PABHOBECHHE.

KecnoThl, cOMH B OCHOBAHHA B CBETE TEODHH JHCCONHADEN 3¢~
Krpo/mToB. B Teopum muccommanmm oOMmeNpHAESTH CIEAYIOIIHEE OOpe-
JeNeHRS.

Kucaomoii BasnBaeTca coegumeEne, 0Opasylomee npE JECCOLH-
a@A B BOOHOM PACTBOPE H3 IOJOXRHTCILHBIX MOHOB MOALKG UOHbLI
godopoda H*.

Ocnosanuem Ha3HIBAETCH COeNMACHAE, 00pasyrolee Opd AUCCONE-
anEH B BOJHOM pacTBOPE H3 OTPHUATENbHEIX HOHOB TOJLKO ZuOpo-
Keud-uonst OH™, _

B COOTBETCTBHE ¢ 3THMH ONPCACICHEAMM K KHCIOTAM OTHOCSTCH,
paopemep, HBr, H,SO, mm H,PO, a x ocroBammsmM — KOH,
Ba(OH), mm Fe (OH),.

MnozoocHostble Kucaomsl U OCHOGAHUR OUCCOYUUDYIOM cmynen-
wamo — BHAYAJE OT MONEKYIRI OTINEIUISCTCA OJHH H3 HOHOB, 3aTCM
Apyrod H T. 0. Kaxncdar cmynens duccoyuayuu Xapaxmepusyemcs
CEOUM FHANEHUeM Koncemanmul duccoyuayuu (M. § 9.2).

B cnyvae mECCODHAME MHOTQOCHOBHEIX KHCJIOT JIETHe BCETO OT-
MCIUIRCTCS NEPRRI BOAOPOAHEE HOH, KAXALIE HOCICHYIOMMA HOH
BORAOPOAA OTINCIUISETCH YK€ TPYAHEE, TaK KaK BO3PAacTacT 3apsan
AHWOHA, OPHTSIECHAC KOTOPOro IPHXONHTCE OPEOAOJIEBATE OTINCILIS-
OmMeEeMycs HOEY BOJAOPOAA, K TOMY XK€ AHNOIL BOALI MOXKET aTako-
' BATh HOE TOJBLKO HPOTHBOHOOIOXKHO 3apsOKCHHEIM KOHLOM.

H3 primeranoxeEnof TEOpHEH CHeAYET OXHAATH, 9TO XOHCTAHTH
TECCONAAEE, HanpAMep, opTodocdopHOl KHCIOTH HA KaXAo#l B3
craguil AOIAERI OTNAYATHLCH CYIIECTBERHO, NPHYEM TAKHM 00pa3oM,
gTo K, > K;> K, (T. e. 1erxkocth ARCCONMAIMA HA Kamipoli nmocmemy-
omed cragum Gyner ymembmatbes). M melicTBHTENLHO, KOHCTAHTA
MECCOIMAIEH oprodochOpHOH KHCIOTH DO IEpBOH cTagmE paBHA
7,6:10~3, o Bropo# cTammm — 5.9° 1078, no Tperweli — 3,5- 10713
{cm. Bamme § 9.2).

Coanamu HA3HBAIOTCH COeAHHEHMS, 00palylolne OpH NHCCONH-
anWHA B BOZHOM PacTBOpe NOJOXHTEILHO 3aPSIKCHHBIC LOHD Meman-
406 H OTPANATENLHO 3APDKCHBBIC 4OHbI KUCAOMHBIX 0CMAMK08, & HHO-
raa, KpoMe HHX, HOHK BOAOPOAA H FHAPOKCH/I-HOHBL HANpHMEP:

Na,00, 2 2Na* +C043~
NaHCO; 2 Na* +HCO;~ 2 Na* +H* + 004~
Mg (OH)Br > Mg (OH)"* +Br~ > Mg* +OH ™~ +Br~
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B COOTBETCTBHM ¢ HAHERIM OHpPEACICHHEM, COJE [CISTCH Ha
cpednue (Na,CO,), kucavie (NaHCO,) B ocnoennie (Mg (OH)Br).

Ceromas H3BECTHO, 9TO B PAMKH DPHBCJEEHHX OIpeAcIeBHH HE
YEIaABBAIOTCA MHOTHE BEIIECTBA, B TOM YHCIC H TAKHC H3BECTHHIC,
xax amMmuak NH,; mm amames CgHNH; (B 10, B Ipyroe — OCHOBA-
BHg) B Ap. CoBpeMeHHRE ONpCAC/IeHAS KHCIOT, OCHOBAHAMA H coel

PaccMOTPEHH B Il 12.
| § 9.4. Nugpomms coneit

Brnme noxasaBo, YTO peaxnus YHCTOH BO/AK UBISETCH HEHTPAL-
woi#t (pH =7). Bomssie pacTBOpHI KHCIIOT H OCHOBAHAH HMEIOT, COOT-
BeTcTBeHEO, KECHYI0 (PH < 7) B menownyio (pH > 7) peaxnmro. ITpak-
THKA, OTHAKO, NOKAIKIBALT, YTO HE MOALKO KUCAOMbE U OCHOBAHUR, HO
U COAU MOZYM UMEMb WEAOURYIO UAU KUCAVIO PeaKyulo — IPAYHBEOH
3TOre MBINCTCH 2udpOAU3 COAel.

BaanmoneiicTare coneii ¢ Bojoii, B peayabTaTE KOTOPOT0 00pA3yIOT-
cq KBCA0TS (WIN KECI8S COM5L), ¥ 0CHOBANNE (HIH OCHOBHAN COML),
HA3LIRAETCH THAPOJHIOM CoJeil,

PaccMOTpEM TEAPONHA3 CONCH CIICAYIOMHEX OCHOBERIX THIOB:

1. Coau cusvnozo ocnosanun u cusshoti xucaomst (Banpamep, KBr,
NaNO;) npr pacTsopeHAn B BOAE He 2U0POAuUZYIOMER, B PACTBOP COJIH
EMEeT HeHTPANLEYIO PEAKIHIO.

2. Coau cumwroz0 ocnosanun u caaboii xucaomul, Hanpamep KCIO,
Na,CO,, CH;COONa; NaCN, Na,S, K,SiO,.

3anmmenm ypaBHCHHE rEAPOJIH3a ANCTATa HATPHA:

CH;COONa +H,;0 2 CH;COOH +NaOH

B pesymeraTe peaxmmm obpaszoBaics crnabuif 3J€KTPOHT - YE-
CyCHad KHCJIOTA, B mroEHOM BHJAL 3TOT OpONEcC MOXKHO 3aIHCATE TaK:

CH;C00~ +H;0 2 CH;COOH+0H ™

Taxum obpa3zom, pactBop CH,;COONa mpossnser mEIOYHYIO

peaxmmo.
Ilpa pacTBOpeHHH COJIell MHOTOOCHOBERIX KHCIOT THAPOJIA3 PO~
TEKAET CTYOCHYATO, HAIPAMED: '

Na3S +H;0 2 NaHS +NaOH

HJIH B HOHHOH popme
S2- +H,0 2HS™ +OH" 9.6)

IIponecc (9.6) oTpaxaer ruapomus Na,S no pepeoit ¢ryneHm.
YTo6K rEApoNIE3 Dpormen HOJHOCTEIO, KAK IPABHIO, YBEIHYMBAIOT
TEMOEPATYPY Hpolecca:
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HS™ +H;0 22 HoS+0H"

Taxam o6paiomM, OpHE pACTBOPEHHH B BOAC COJIH CUALHOZ0 OCHOEd-
Hus H c1aboH KACIOTH PacTBOP DPHOOGPETAST WeAOUHY!0 PEAKIHIO
BCIICOCTBEC THAPOJIH3A. '

3. Coau caabozo ocuosanus B CUAbHOU Kucaombi, HaOPHMED
AI; (804)3, FCC]z, C'llBl'z, NH4CI.

PaccMoTpeEM rEaponus xnopuaa xenesa (I11):

FeCl;+H,0 2 Fe (OH)C1 + HCI 9.7

B mogEOM BHAC 3TOT pONece MOXEO 3AlIACATE TaK:
Fe** +H,0 T Fe(OH)Y +H™* (9.8)

ITo BTOpO# CTYnEeHH rEAPOIA3 NPOTEKAET CIENYIOMAM 06pasoM:
Fe(OH)* +H;0 2 Fe (OH),| +H* 9.9)

W3 peaxnmii (9.7) — (9.9) scEO, wTO B peaymsTaTe rwg:oma
concll c1abozo ocHosanun B cuAvHoll Kucsoms: pactTeop npmobperaer

KucA .
4?”0 Coau caabozo ocnosarun u caaboli xucsomel, Banpamep Al,S;,

Cr,S;, CH,COONH,, (NH,),CO,. IIpr pacTBOpeHHH B BOJE TAKHX

coneii obpa3yloTcs MANOIECCONHAPYIOITEE KACIOTA H OCHOBAHHE:

CH;COONH, + H,0 7 CH;COOH +NH,OH
WIH B HOHHOM BHJIE:
CH;C00" +NH,* +H,0 2 CHyCOOH + NH,OH

Peaxyus cpedsl 8 pacmsopax nodobuvix coseil 3asucum om om-
HocumensHotll cunsl KucAoms! u ocHosanun. JIpyraMu CoBAMEA, BOJHLIE
PACTBOPRI TRKHX cOJieli MOryT HMETh HEHTPAILHYIO, KHCIVIO WIH
INEIOYEYI0 PEAKIHIO 6 3a8UCUMOCTIU OM KOHCMarm ouccoyuayuu ob-
PAIYIOIAXCH KHCIOT B OCHOPAHMA, -

Tax, npr ragponaze CH;COONH, peaxous pacTBopa Gyaer cia-
6omenogrnoil, DOCKONLKY KOBCTaHT2 AECCONHAIAH THXPOKCHAA aM-
momng (K=6,3 10" %) Heckonbxo, 6o1pme KOHCTAHTH MHCCOMHANEN
yxcycHol kucnora (K=1,75-10"3%),

Tnasa 10
OCHOBHBIE TUITHI XMMHMYECKHX PEAKIIMNA

§ 10.1. Cnmmma ¥ KIRCCEGEKAIMORELIC OTPI3HAKH peaKmil

XuMHdecKkue CBOKCTBA BeHISCTB BHISBJIAIOTCH B pa3HooOpasHbIx
XUMUYECKUX PEaKyUAX.
ITpespawenun seujecms, CONPOBONCOOWUCCA UIMEHEHUEM UX CO-
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cmasa u (uAu) CMPOEHUR, HAILIBAWOMCR XUMUUECKUMU DEAKYURMU.
YacTo BCTpEWAETCH H TAKOS ONpEACICHHMS: XHMPYECKOH peaxmmeit
E23LIBACTCH NPOYECC NMPESPAUEHUR UCXOOHBIX aemecma (peazenmos)
8 KoneuHule sewgecmaa (npodyxmul).

CaMpomKa XEMuGeCKREX pesknmii. XMMEYECKAE pPeakiid 3a0BCK-
BAKOTCE NOCPEACTBOM XUMWYECKUX YPASHENUDl U CXeM, CONCPRAIMX
bopMynIN HCXOAHKIX BEINECTB H HPOAYKTOR PeakiMH. B XHMPYECKHX
YPABHCEHSX, B OTJHYB¢ OT CXEM, YHCJIO ATOMOB KaXAOro 3JEMEHTa
OJHEAKOBO B JICBOM H MpaBoi 4acrsx, 4TO OTPRAXKACT 38KOH COXpaHe-
HHN MACCHL

B nepoii 4acTu ypapHECHAS NAINYTCE GOPMYIE BCXOIHEIX BEINCCTB
(peareHTOB), B IpaBOi 9aCTH — BEIIECTB, NOJYIAEMBIX B Pe3YILTATE
OpOTCKAHAS XHMHEYECKOH peaknmd (DpOXYKTOB PeakiFH, KOHEYHEIX
BEINECTB). 3HAK PapeHCTBA, CBIIHBAIOIIME JEBYIO H IPABYIO 9aCTh,
YKa3KIBAeT, ¥T0 obMmiee YHCIO ATOMOB BEIIECTB, YIACTBYIOLIEX B pcax-
IIHH, OCTACTCN NOCTOSHEHBIM. JTO JOCTHIACTCH PacCTaHOBXOM nepen
dopMyTaME NETOUHCHCHERX CTEXHOMCTPEYCCKRX ko3dxbHmmenTOB,
DOXA3KBAIONTAX KOIHICCTBCHHBIC COOTHOMEHAY MEXIY PCAreHTAMH
¥ OpOJyKTAME pPeaKifHH.

XuMHEYCCKHE YPABHEHHE MOTYT CONCPXATh XOUONHETEILHRIC CBE-

" Bemrs o6 ocobeHHOCTSX NpOTekaERs peakimmd. Ecnmd xmmmAveckas
pcaKiHEs OPOTEXACT NIOJ] BIMSHECM BHENIHMX Bo3jcicramit (Temmepa-
Typa, NABICHEE, HAYYCHHE H T. [.), 3TO YKA3HIBACTCA COOTBEICT-
BYKII[EM CEMBOJIOM, KaK MPABAITO, Ha/ (HIH «IOX») 3HAKOM PABEHCT~
pa. Tax, Harpesasne o6o3gavacTCs cneyromeM o6pa3oM:

2CaS0,+C = 2Ca0 +250;+C0;

IaBIIeHHE:

Na+3H, = 2NH,
OpHCYTCTBEE KATANH3ATOPA:

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

BO3/eHCTBHE ICKTPOMATHHTHOIQ H3J/IyICHHS:

Hz+Cl; Yoma
BO3JICHCTBHE IEKTPHIECKOH IHEPIUE (pa3psi, 3NEKTPOIA3):

_ N340, E4 2NO

OPHECYTCTREE BOAOOTHAMAIOMMX CPEICTB:

0 — CGHs+H;0

KcoHnenTpanus, arperaTHoe COCTOSHHE PEarHpyIoniAX BEINECTB,
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yJaJicHHE OPOXYKTOB H3 30HK Peakiud (BRIOAJCHHE OCANKa |, Bhe-
nenMe rasa 1) ykaskiBaeTcd Y COOTBETCTBYIOMErO BEMeCTBA:

Cu +2H,80,(korn) = CuSO,4 + S0,1 +2H,0
2NaCl(x) + H,S0,(xomm) = Na;SO, + 2HCIt
Na,S0,+BaCl,=BaS0,| + 2NaCl
Na,CO;3 + 2HCl =2NaCl + H,0+ CO, 1

Bemrimaa ® 362X TewIoporo 3d¢exTa, KaK DPABANIO, YKA3HBAKOT-
¢S CHPaBa OT YPABHEHHSA PEaKIIHH:

CO(r)+H0=CO,(r)+ Hy(r); AH"=—4] xJix
Nafr) + O5(r) =2NO(r); AR = +182 xlx

KnaccudEKanEOHELIe DPHIHAKH XHMHYECKHX peaxrmii. OrpomMHOS
YHCIIO XEMBYECKHX PeakiMi MOXeT OhITh CTPYIIIEPOBAHC B EECKONb-
KO THIOB peaknd#, KOTOPEIM IPHCYIIH BIIONIHE OLPEACICHHLIC OPH-~
3HaKH.

5 B kavecTBe KiIacCHQHMKAOMOHHBIX OPH3HAKOB MOTYT OWITH BHI-
AHBI
P 1. Yscno | cocTaB HCXOJHBIX BEIISCTBE H IPOAYKTOB PEAKIRH.

2. ArperaTHo€ COCTOSEHE PeareHTOB H NPOAYKTOB PCAKIIHA.

3. Ymeno ¢a3, B KOTOPRIX HAXOAATCH YIACTEMKH PeakiHH.

4. Ilpapoaa NepsHOCAMEIX YACTHIL

5. Bo3MOXHOCTh DIPOTEKAHWS PEakmHH B IpAMOM E obparHOM
HANDaBJICHAN.

6. 3max terroporo sdupexra pa3nenser Bce peakiimd Ha IK3omep-
Muueckue PeakiMe, OPOTEKAIMEE ¢ 9k30-3pdexToM — BHIIENICHAEM
3HepruE B dopme TemnoTH (O >0, AH <0), nanpmmep:

C+0,=C0,+Q

H 3HOOMEpMuecKue PEAKIRH, IPOTCKAIOINHEE C IHdo-3hPerTOM — DO-
rnomennem smeepram B popme temnorh {(Q <0, AH > 0), Hanpamep:

N2+ 0;=2NO—-Q

Takde peakiiA OTHOCHAT K MEPpMOXumuieckum, OHH noapobHO
paccMOTpPEHH B I 5, . .
PaccmoTpEM Gonee monpoGHO kAR H3 THIOB PEAKIIHIA.

§ 10.2. Knaccn«limcam [0 9HCTY H COCTABY pearcHTos
H UPOIYKTOB PeAKIME
Peaxmam coenunennn. Ilpu peaxyunx coeguHeHus u3 HecKOAbKUX

Peazupyiowux eewecms omHOCUMEALHO NPOCMO20 cocmasa noayiaem-
£/ 00RO Bewecmas boaee CAONCHO20 COCmasd.

A+B+C=D
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Kax npaBmio, 3TH peaxmud CONPOBOXAAIOTCS BHOENCHHEM TeN-
JIOTH, T. €. OPEBOAST K oOpa3oBaHmIo Oonee yCTONYHMBEIX H MecHee
OoraTeix 3peprucii cocmueenn#. OcobcHBO XxapaxTepHEH HOZOOEBIC

PeaxTHA [ OPOCTHIX BEHIECTB — DPEAKNHA COSJHHCHHS MCTAINOB
€ HEMETAIUIAME:

2Fe+3C1;=2FeCl;
Ca+Hy=CaH,

HJIH, B HCKOTOPHX CIIYYASX, HEMETAJLIOB C Oonee axTEBHHME Heme-
TajaaaMa: :

4P + 507 =2P;0;
S+Cl;=5C1;
H3+4Cl;=2HCI
Peaxtian coemuBECHHAA npocmblx BCIICCTE BCCTA HOCHAT OKuCAume-

AbHO-80cemarioswmesbrbiil xapaxmep. ni cIOXHHX BEmICCTB MACTO
IOPORCXOAST PEAKIMNHA COSIHHCHAS OCEOBHRIX OKCHAOB ¢ KHCTIOTHRIMHE:

PbO +8i0, = PbSiO;
HJIE OECHZAOB C BOJOH:
' BaO+H;0=Ba(OH),
50;+H;0=H;80,
K 3ToMy xe THOY OTEOCHTCE H 00pa3oBaHAe KPHCTANIOIHIPATOB:
' CuS0y + 5H;0=CuSO; ' SH,O

Peaxmue coefMECHESA, OPOTEKAIOIIEES MEXIY CIOKHHME BEIECT-
BaMH, MOT'YT OIPOXOANRTL KAk 6e3 MIMECHCHES BANEHTHOCTH:

CaC0y+C0, +H;0=Ca (HCO:);

TaK H OTHOCHTLCH K YHCIY OKHCIAHTEIbHO-BOCCTRHOBHTETBHEIX:
2FeCly +Cly =2FeCly
OKHACIHTEILHO-BOCCTAHOBATEILELIC PEAKIIHE COSKHHCHES HNPOHCXO-
OAT OOEMHO B TeX CIyYasx, KOTAa CHOXHOE BEMECTBO COACPKHT

37eMeHT B BAJICHTHOM COCTOSHMH, O3BONMIOMEM NalbHeliee OKHC-
JICHHE: )

INO+0;=2NO
2C0+0,=2C0,
PCl;+Cly=PCl;
2N2,80; + 0y =2N2,80,
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YacTHbIM CIIyIa€M PeaxnMi COCAHMHEHHS ABJIHIOTCH PEAKIMH NO-
mamepmiamyE (cM. ra. 36), B XOTOPHX OOWHAKOBHE MOIEKYINH, CO-
eJUASSCh, 00pa3yloT MaKpOMOJNEXYIH. PasHOBHAHOCTHIO peaKIHi
DOJIAMCPHIANEA SBIINIOTCA PEaKial JuMepu3ayuu, HapaMep:

2NO=N>0,
HIH mpusepuzayuu (06pasopanne GeH30ia A3 aUCTATEHA, OPA Opony-
CKaHHH YIOCTICIHErO HaJ| AKTHBAPOBaHHLIM yriem npu 600 °C):
C 600 °C
3ICH=CH — C¢Hj
Caxr

Peaxyuu coedurnenus ouers Xapaxmeprol 048 MHO2UX OPZHUNECKUX
coeduneruil, HAUPAMED, 1S HeOpeAenbHLIX YITIEBOAOPOJAOB (CM. IIL
24, 25). OTMETBEM TONBLKO, YTO TAKHE PEAKIHH B OPranMyeckoi XHMHEH
TPaJHIHOHEO HA3bIBAOTCS PEAXIHNMH ApUCOCOuNHeHUR, HATPAMED:

CH;=CH; +H; » CH; -
0

- s
CH=CH+H,0 - CH;—-C

CH;— CH =CH, +HBr — CH;— CH (Br)— CH,

CHa—CECH+H1'O—»CH3—(I3—CH3 '
)

Peaxumu pasvoswwenmu. Peaxyuu passoxcenus npusodsm x o6paso-
8AHUIO HECKOABKUX COLOUHEHUT U3 OOHO20 CAONCHOZO0 detyecmed:

A=B+C+D

IIponyxTamMu pajyIOXeHHs CIOXHOIQ BEIIECTRA MOTYT OHITH Kak
HPOCTBIE, TAK B CIIOXKHLIE BEIIECTBA.

M3 peaxnmii pa3snoXeHAs, DPOTEKAONMX 6¢3 H3MCHEHAN BAJICHT-
HEIX COCTOMHEH, CICAYET OTMETHTH PA3NOXEHHE KPHCTAILIOTEApA-
TOB, OCHOBAHAHK, KACIOT H COACH KACIOPOACOASPRAMHX KHCIOT:

CuSO,- SH,0 = CuSO, + SH,0
Cu (OH); = CuO+H0

stlo3 §i0,+H,0
JIOCTATOMHO JIETKO Pa3jaraloTcs COIH ammovnna, HAIIPEMED:
" NHCl=NH;+HCl
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IIpn BarpeBaEMH TakXke Pa3JarajoTcs COJE YrojiLHOM H cepHHC-
TOH KHCIOT, BHIAE/NS NpPH 5TOM ra3oobpa3’Hble OKCHARI YIIEpoxaa
M CEpBhI: '

MgCO;=MgO+CO,
2NaHCO4y=Na,C03+CO;+H;0
BaS0,=Ba0+850,;
K peakmaaM - PA3JIOKEHHSY OKHCIATENBHO-BOCCTAHOBHTCIIBEOIO

XapaKTepa OTHOCHTCS PA3JIOKCHHEe OKCHIOB, KHCIOT H conel, of-
PA30BAHHEIX IICMCHTAMH B BHICIIHX CTCICHAX OKHCIICHHA:

H
2805 = 250;+0,
I3
4HNO; = 2ZH;0+4NO;+ 0,
2AgNO;3=2Ag+2NO; + 04
(NH,),Cr;07=Cry05+ N2 +4H,0
OcoberHO xapaxTepHRI OKHCIATENLHO-BOCCTAHOBATEIILHEIE Peak-
IMH Pa3jIOXKEHUA /18 cojell a30THOH KHCIOTH (cM. § 16.4).

Peaxmuy pazioxesns B Opraamieckoll XUMEE HOCAT Ha3BAHAE Kpe-
Kunza: '

CisHzs=CoH 3+ CoHzp

HJIH NEerBApHpOBAHMS
CsHo=CoHg+2H;

Peaxrmm 3amemesnn. [lpu peaxyusx samewenun obviuno npocmoe
sewjecmao e3aumodeiicmayem co CAONCHbIM, 0Bpa3yr Opyzoe npocmoe
selgecmeo u Opyzoe caoxcHoe:

~ A+BC=AB + C
I1H PCAKIHHE B @nDOJAABJIAIOIHEM OOIBMMECTBE OpHHAACKAT
K OKHCJIHTCJILHO-BOCCTAE CBA TCIIBHEIM:
2A14+Fe;,03=2Fc+ AlyO4
Zn+2HC1=7nCl; +H;,
- 2KBr+Cl; = 2KCl+Br,
ZKClO03+1;=2KI03+Cl,
Bonee aKTHBEER MeTAILT (BOOCT&HOBHTCJH:) OTHACT CBOH 3JICKTPO-
Hhl HOHY MCHCE AXTHBHOIO METAJNA ANH BOZOPOAA W, naoﬁopow,
6onee aKTHBHEIN HEMETA/UT OTHAMAET 3J'ICKTp0HH Y MEHEC aKTHBHOI O

(8 mocnenEeH peakOHE XJIOp B CTENCHH OKHCICHHA + 5 OTHHMAeT
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AIEKTPOHB! OT BTOMOB HONA (CTemenb oxucienus 0), a cam Boc-
CTaHAB/IHBACTCH O CTCHCHH OKMC/ICERA 0).

TIpaMepr peaxnmii 3aMeMIeHAs, Be CONPOBOXIAIOMMXCK uameae-
HHEM BANCETHHIX COCTOSHEN aTOMOB, KpaliHe HCMHOTOYHCIICHHHL.
Cnenyer oTMeTEYL peaxumo oxcuaa xpemurs (1V) ¢ comsma kHCno-
pOACONEPXAIIAX KHCAOT, KOTOPhIM OTBEYAIOT raaooﬁpaamc 2314

JETYYHC AHTHAPHILL
CaCUy+8i0; = - C1Si03+C0;

Ca3 (POg)2 + 3807 = 3CaSi0O3 + P05

H OTIOCIVICHHE BOAEL OT HEKCTOPRIX KHCIOT, TAKKC HMCIOINHX JIETY-
YHE AHTHAPHALL
SHNO; + P;05=2H;P0, +3N304

HBorxa 3Te peaknu# pACCMATPHBAIOT K&K peakmur obMera:
CH,+Cly=CHyQ +HCI |

Peaxuy ofimens. Peaxyursmu obmena nazviagiom geaxlmu Mexcoy
08YMA COCOUHEHURMU, Komopble 06 MeRUBQIOMCR medcdy coboil caoumu
COCMASHBIMU HACAMU.:

AB+(CD=AD+CB
ECnE OpE peaknusx 3aMemcHHS DPOTEXalOT OXHCIHTEILHO-BOC-
CTAHOBHTENLHKLIC OPONECCH, TO peaxyuu obmena acezda npoucxodmm
Be3 usmenenun 8areHMHO20 cocmosnua amomos. ITo Hanbonee pac-
OPOCTPAECHEAA TPyNIA Peakidil MEXIY CIOXKHBIME BEMCCTBAME -—
OKCHJIAMH, OCHOBAEHMEMHA, KHCJOTAME H COJISMM:
In0+Hy804=Zn80,+H;0
AgNO; +KBr=AgBr +KNO;
CrCly + INaOH = Cr (OH); + 3NaCl

Yacrawii, Ho HE OYCHE BAXHRIN Cayval 3THX peaxnnﬁ o0Mena — pe-
aKIHE aeii'rpannaam
HC14+KOH =KCl+H,0

OberEo peaxnue o6MEEa NOAIMEAIOTCA 3AKOHAM XHMHYECKOro
PABHOBECHS H IPOTEXAJOT B TOM HANPABJICHHEH, rA¢ Xors Onl OXBO H3
BEIICCTB YAanseTcs B3 chephl pecAKNHE B BHI¢ razoobpasgoro, aery-
9ero BEINECTBA, OCAJZKAa HIA MATOAMCCOOHAPYIOMEro (AN pacTeo-
POB} COeXHHCHAN!

NaHCO; +HCl =NaCl +H;0 + C0,1
Ca(HCO3; 1+ Ca(OH); - 2CaC0O,} + 2H,0

CH,COONa + H3POy=CH;COOH + N@}'IzPO4
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Peastmn wepesoca. Ilpu peakyusx nepenoca amom uau 2pynna
amomoe nepexodum om odHol empykmypuoti eduruyst K opyzoil:

AB+BC=A+B;C
A;B+2CB,=ACB, +ACB,
Hanpamep:
2AgCl4-SnCly=2Ag 4 SnCl,
2NO>+H;0=HNO;+HNO;

§ 10.3. Knaccuduxsima peakugii 1o $ajosnM OpH3HAKAM

Ilon ghasoti HOEAMAIOT COBOKYIEOCTh OMHOPONHEIX HacTel CHCTE-
MEI ¢ OMREAKOBEIME GHARIECKHME B XHMHISCKMMHA CBOECTBAME H OT-
JeNeHHLIX APYr OT ApPYra NOBEpXHOCTHIO paspena. Kak yxe Oputo
HOKA3aHO B IN. 4, palNE4aloT TPH OCHOBHHE (pa30BHE COCTOSHHS
BEIIECTB — meeposie, Hcudkue B 2asoobpasmsie.

B zaspcEMocTE OT $a30BOro COCTOSHHS PEATAPYIOMAX BEIIECTB
PasIHIAKT CEAYIOMHE PeAKIHH:

1. 'asoBrie peaknHR

Hy+Ch P#2HA (10.1)
2. Peaxus B pacTBOpax
NaOH(p-p) + HCl(p-p) = NaCl{p-p) + H20 (x) (10.2)

3. Peagnua McEAY TBCPARIME BEINSCTBAMHA
CaO (1) +8i0, (z) = CaSiOs (1)

B 3aBECEMOCTE OT umcia a3, oORapyXHBaeMEIX B XOAE PCAKIAN,
BCE peaxmEA MOXKHO NOApa3AendaTh HA qBa GoimIIMX Kiacca.

1. Fomozennwie (0dnogasrvie) peaxyuu. K BAM OTHOCST peaxius,
OpOTEeKAXOmAe B raionoi tase (oM. o 10.1), 7 oenwii pap
peaxnmii, OPOTEKAIOMMAX B PACTBOPAx %cm. peaxumio 10.2).

2. I'emepozennsle (muo2ogasnvie) pegryuu. K BAM OTHOCAT peax-
[HHA, B KOTOPEIX PEATeHTH H NPOAYKTHI PEAKIHE HAXOASTCE B PA3HBIX
¢dazax. Hanpamep:

rajoxEIKopasgLie peaknan

CO,(r) + NaOH(p-p) =NaHCO3(p-p)
‘Ta30TBepAOfalHEIC peakIHH
CO4{r) +CaO(T) = CaCO5(T)
KANKOTBEpAC(A3HEIe peakiuy
Na;80,(p-p) + BaCly(p-p) =BaS0y(t)+ 2NaCl(p-p)
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EAAKOrasoreepaodaInbie peaxKmuy
Ca (HCO3)2(p-p) +H;804(p-p) =2C0,(r)t + 2H,0(x) + CaSO4(r)|

§ 104. Knaccndpmxamus peaxnmii 0o THIY DEPEBOCHMBIX IACTEI

IIporomrmieckue peaxmun. X DPOTOMHTHYSCKAM PpEaKIEIM OT-
HOCHT XEMHYCCKHE IPONCCCHL, CYTh KOTOPRX 3AKIOUAETCE B DEPCHOCE
OPOTOHE OT ONHMX PEATHPYIOIMHX BEINECTB K APYTHM.

B ocnose 3710# xnaccHOHRAIAE JIEKRT NPOMOAUMUNECKAR Meopun
KHCJJOT H OCHOBaHmiA (M. § 12.5), B COOTBETCTBEHE C KOTOpOH KHCIIO-
TO# CHYRTAIOT MOOOE BemiecTBO, OTAAIONICC NMPOTOH, & OCHOBAHH-
€M — BEmECTBO, cnoco6HOE NpHCOeEES Ty HPOTOH, HANPAMED:

CH,CO0H+ H,;0 = CH,CO0™+ H,0*

xunoTa I ocaosanme 11 ocmosarme I  xmcmora I

NH, + H,0 = NH'+ OH-

ocmosamie [ smotors I xecnors I omosamae I

K mpoTomATHUYECKHM peAKOEAM OTHOCAT peaxima Belirpanwsanum
H THApOIR3A,

OKECIETEILEO-BOCCTAHOBHTEIbALE PeaKim, K TaKoBHIM OTHOCAT
PeaxiHE, B KOTOPBIX PEArHPYIONIAE BEINECTBA OOMCHHBAOTCA 3MIEKT-
POHAMHE, UIMECHAA NPU IMOM CMENeHU OKUCAEHUS ATOMOB 3]ICMEHTOB,
BXO/ISIHAX B COCTAB PEarHpyromuax BenecTs. Hampamep:

Zn+2H* —» Zn?* +H,t
Fe3; + BHNOa(xoBn) = Fe (NO3)3 + SNOt + 2H;804 +2H,0
3C,Hy + 2KMnOy +4H,0=3C;H0; 4+ 2Mn0;] +ZKOH

HexoToprle TpyAHOCTH BO3HHKAIOT C ONpEACICHAEM CTremencH
OKHCIICHHS ATOMOB B MOJCKYJNAX opramAdecKkHx BemecTB. Iloaromy
B OpragEa9ecKoif XEMHHE 7acTO HpHOEraOT K yupomeHHOMY OOAXOXY
B OIpejecHUH NpPOoNecCoB OKHCICHAS HIB BoccTaHOBNICEES. [logBhe-
HHC B MONIEKYJIe OpraHa4eckoro BEecTBR B XONe peaknna (He3aBHACH-
MO OT MEXAHH3MAa)} aTOMA KHCJIOPOAa KM 3IMMHEHALHE aTOMA BOJO-
poaa pacCMATPHBAETCH KAK OKHCJICHHE; SBJICHHY OPOTEBONONOXEOrO
XapaxTepa — HOSBJICHHE ATOMA BOAOPOAA, IAMHHALAN ATOMA KHC-
JIOpOAA — KaX BOCCTAHOBJIEBHE.

ITopasnmomee OONLIIRHCTBO XHMHEYECKAX PEaKIHi OTHOCHTCH
X OKHCIETENbHO-BOCCTAHOBHTEILHEIM, OHH HIPARIOT HCKIIOIMTEILHO
BXHYIO PONb H HX PACCMOTPEHHIO IJOCBRINEHA caeayomas ra. 11.

JInranaroobmennme peaximl. K TakOBEIM OTHOCST PEAKIIHH, B XO-
Jie KOTOPRIX OPOHCXOAHT NEPEEQC 3JEKTPOHHOA Naph ¢ obpasopann-
€M KOBAIICHTHOHR CBA3H MO HOHOPHO-AKIENTOPHOMY MexaHH3My. Ha-
npEMep:
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Cu (NO3); +-4NH; =[Cu (NH3)d (NOs),
Fo+5CO =[Fe (CO);]
Al(OH); + NaOH = [NaAI(OH),]

XapaxtepHo# 0co06eEEOCTBIO JHraEAEOOOMCHHEIX peaximi uB-
nseTcs To, To obpaloBanne HOBLIX COCHHHEHHE, HASKIBASMEIX KOMN-
AEKCHbLMU, OPORCXOAAT Ge3 HIMCHECHHN CTENCHH ORHCIICHAS.

Peaxigs aTOMBO-MOJexympuore ofmens. K nasmomy Teny peak-
ugit oTHOCHTCS GOJLIIMACTBO PeAKNEE 3AMEINCHES B OPraHMYECKO
XAMMH, OPOTCKAIOIHX 00 PAJUKANLHOMY, 3AekTpodHibHOMY HIH
HykneoprIEHOMY Mexaun3My (cM. § 22.6).

Padurasvuvie peaxyuu OPOTEKAIOT C YYACTHEM paOUKaA0s —
ATOMOB MJIM [DYEDEI ATOMOB ¢ HECHAPCHHEIME 3nexTpoHamu. K ta-
KEM pefKIEAM OTHOCHTCE DPEAKIMH IaJIOTEHEPOBAHMS ANKAHOB NOX
JelicTBHEM CBETA, HAIPAMED:

Av
C;Hg+Br; —— C;HsBr + HBr

B s4exmpogusshvix peakyusX CPHHHMAIOT YY8CTRE dsexmpodu-
Avl — NOJIOXHTENLEO 3ApsKeHARIE YACTHIR (HANPHEMED, TAK HA3hBA-
eMple EnTpoRn-gomsl NO,*) mme Monexy/is, coASpRAHES aTOM HAR
rpymny ATOMOB, C HEOOCTATKOM 3exTpoHOB (Hanpamep, SO,). IIpu-
MEP PEAKIME HTeXTPOOHILHOrO 3AMEIICHAN — HRTPOBAEAE Oen3ona
«aETpyomel cMeckio» {CMech KOHNEHTPHPOBAHHKIX A30THOM M cep-
no#t XBRCHOT), PEARIIHA IPOTEXACT B ABC CTATHE!

HNO, + H380, -+ NO;* + HS0,~ + H,0
CsHg +NOy* = CoHs—NO,+H*

B nyxaeodusbunix peaxyunx DPHERMAIOT YYACTHE HyxAeoduanl —
OTPHOATEILHO MapakeHEsc dacTunn (OH™, CH™ m 1. n) amm
MOJIEXYNH C HémoacneHHo# mapoi#t ssiekrpoHoB (HampamMep, NH,).
IIpamepanu peaxmmd HYKICOPHILHOIO 3aMENICHES MOIYT CIYKHTh
PEAKIIME raJOreHANKRHOB ¢ BOJHHM PACTBOPOM INEIOYH;

C,HBr + NaOH — C;HsOH + NaBr

§ 10.5. Obparavuie ¥ ReolpaTHMbIE XUMEMECKNE PeAKIHE

Obpamumpimu BAILIBRIOT TAKHE XHMHYECCKHE OPOLECCH, MPOAYK-
TH KOTOPEIX CHIOCOOEKL PEArHPOBATE APYT C APYIOM B TEX K€ YCIOBH-
fX, B KOTOPLIX OHH HOJIy4eHE, ¢ 00pa30BaEMEM HCXOZHEIX BEIIECTE.

Hanpamep, npd BarpeBaHAE HOROBOZOPOAA B 3aMKHYTOM LIPO-
crpancTee g0 remuepatypnl 500 °C 24% ero pacnagaeTrcs Ha BOAO-
poA B HOA: :
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ZHI=H;+1,

Ecia xe B TOM e NPOCTPAHCTBE HAIDETh PAPHELIC KOIHYECTBA HOIA
B Bojopoxa go 500 °C, To 76% Bx coegHEAIOTCE B HOAOBOMODPOX:

Hy+I;=2HI

T ofpaTHMEX peakiMii YpABECHEE OPHESTO 3AIHCHKIBATH CIEIY-
omEM obpasom:
' A+B 2 AB

Jise NPOTHEONONOXHO HANpPABIEHHEHE CTPENKH YKA3bIBAIOT HA TO,
9T0 OpH OJHHX H TEX Xe YCIIOBHAX OJHOBPCMEHHO IPOTEKAET Kax
npAMAN, T4K B 00paTHas peaxkias, HanpHEMep:

CH3COOH + C;Hs0H 2 CHy,COOC,Hs+H,0

Heofipamumbimu Ba3KBAIOT TAKHE XHMAYECKHE NPOLECCH, TPOAY-
ETH KOTOPHIX HE CHOCOOHEI pearspoBaTk APYr ¢ ApyroM ¢ ob-
pasoBaHEeM BCXOOHRIX BemecTB. IlpEmepamm meobparteMex pea-
K| MOXET CIYKHATH pasnoxenne GeproneToBOil conEm mpE Ha-
IPCBAHHHE:

2K CIO; — 2KC1+30,]

AIH OKHCIICHHAE IIIIOKO3El KACIOPOAOM BO3NYyXA!
CeH 206+ 60 — 6CO2 +6H20

OpraEnyeckBe peakned, B OTIEYEE OT HEOPTaHHYCCKHX, B CBOEM
nojapnmomeM GorpmuHcTBe sBisioTcs o6patEMLiME. ITompoGaee
06 ofpaTAMEIX peaxmEsx cM. B IIL 7.

Taxam oﬁpaaom, paccmorperene B § 10.2 — 10.5 pasmEaHke
THIH peaknmii 6e3yCIOBEO HE OXBATHBAIOT BCE XHMHICCKEE PCAKITHY.
JocraToyHO 4acTO Jaxke, HA ODCPBAIA BIrjgf, HECHOKHYIO PEARIHIO
He TaK OpOCTO EKiaccHGHEIEPoBaTh. OHHAXO C€CIH PACCMATPHBATH
PEAXIHAIO KAk OPONecc, NPOTCKAIOmui Jepe3 pax cTajmi, T0 0coORX
TpYAHOCTER ¢ KWiaccaduxamEcli peaknmii Be Bo3HAKAacT. Hampamep:

2NaHCO3 + 2NO; = NaNO; + NaNO, + HyO +COqt
OTa peaknpsg — OJHOBPEMEHHO H peakuss
Hepesoca; H;04+2N0O;=HNO;+HNO,
ofuena: NaHCO; + HNO, =NaNO, +H;CO;3
NaHCO;3 +HNOy =NaNO3 + H,CO5 .
payvioxenEs: H,CO3=H,0+COst

139



Cnapa 11
OKMCIHUTEJLHO-BOCCTAHOBHTEJILHEBIE ITPOILIECCHI

§ 11.1. Oxnuin'reasno-nom*anolrremme peaxnEn

Bce xEMHYECKHE pDEAKIHM 710 USMEHEHWO cmeneHell OKUCAEHUR
oJpaiieNIsIoTcy HAa aBe Ooibmme rpynoms 1) mporexaromme bes
UIMEHEHUR Cmenerell OKUCAEHUA BCEX STIEMEHTOB, BXOAIINEX B HCXO[I-
HhIe BEIECTBA, HAPHMED:

BaCl, +K 380, =BaS0,| + 2Kl

H 2) oxucanmemHO-60CCMaKosUme tsHble pearyuy, NpOTEKAIOIHAE ¢ U3-
MeHenuem cmeneneit OKUCAEHUA BCeX HUIH HEKOTOPHIX (mnu naxe xo01a
0Ll OHOIO) DIEMEBTOBR, HAIPAMED:

0 0 +2=2

28 +0y=2700

+1-2 0 0 +1 -2
CeO +H;=Cu+H,0

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

3H,8 + §0,=35+3H,0

] +1=2+4+1 +1-% +1+41-2 +1 -2

C+2K0H=KA+KCl0+H.0

XHEMEvECKES PCAKINMN, HPOTEKAIONHEE ¢ HIMCHCHNEM CTENleHH OKHC-
JeHus 3IEMEHTOB, BXOASIMX B COCTAS PearMpYIOmEX BEmects,
HA3LIBAIOTCHE OKECINTEILHO-BOCCTARORATE TLHELIMY,

Oxucaenue — 5TO NPONECC OTAAYH 3JEKTPOHOB ATOMOM, MOJIEKY-
1o miE HoBOM. ECim aToM OTAaeT CBOH MIEKTPOHBI, TO OH OpHOO-
peTaeT DONOKATENLELIA 3apall, HaNpEMED:

Zn° -2 =Zn**

Ecrmm orpEnaTensHo 3apsikeHERn moH, aanpumep Cl™, oTaaer snexr-
POH, TO OH CTAHOBHATCH HCHTPANLHLIM ATOMOM:

Cl™ e =CI°

Ecm nonoxdaTe B0 sapmenm:ﬁi HOBH HJIE ATOM OTHACT JJICKTPOHKI,
TO €ro JOMOXHTEIILHEIA 3apian YBCIITHYHBACTCA COOTBeTCTBCHHO qHCHY
OTH&HHKIX 3IICKTPOHOB!
Fe** —e™ =Fe?*, 8%4 2" =§*¢
. BOCC’HGHOSJIEH“E ~— 3TO @Opo1ecc OPHACOCTHHCHHRA 3JICKTPOHOB
aToOMOM, MOJIeKyI[Dﬁ HIIA HOHOM.
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Ecya 2aTOM DPHCOCAHESNCT JieXTPOHKL, TO OH OPEBPAINRETCH B OT-
PHIATEILHO 3aPARCHHLI HOH: \

§%42¢" =82
Ecnr nonoxeTeNsHO 3apOkeRHRE HOH OPAHAMAET 3JIEKXTPOHE, TO
BEIHEYEHA €10 3APAN3 YMEHBINASTCH, HANPHMED:
Mn*745¢" =Mn*?

| HUIH OH MOXeT ncpeliTa B HEMTPAJLERLE aTOM: |
H* +e~ =H°

Oxucsumesem IBINETCH ATOM, MOJEKY)IA HIIH WOH, NPUHUMAIOWYU
saexmponsl. Boccmanosumesem SBISCTCES ATOM, MOJICKYNA HIH HOH,
omomouuti 34exmporsi.

Oxucsumesd B OpoLiccce PEAKITHH 80CCIMANASAUGLEMER, & 80CCMa-
HosumeAs — oKucAnemcR®.

Crnenyer noMHETH, 9TO OTPCHEE OKHCICHHS (BOCCTAHOBIIE-
HHS) XaX OPOLCCCA OTAAYH (B MPHASTHS) ANEKTPOHOB FACTHNAME HE
BCETAA OTPAXACT HCTHHHOC MOJJOXCHME, TAK KAk 9AMIE BCEro IMPOMC-
XOMHT B¢ OCPCHOC UICKTPOHOB, 4 TOJBLKO CMEIICHEE 3JIEKTPONHOIO
of1axa OT OXHONK YACTHUM X ApPYroi.

Jns noxbopa xo3dpdaNECHETOB B OXECIHTEILHO-BOCCTAROBRTEb-
gux peaxnusx (OBP), onmaxo, He EMeeT 3HA9CHES, XAKasg CBA3L OpH
9TOM 00paiyeTcs — HOHEAS WM kopancHTHaf. ITo3ToMy BO3MOXHO
TOBOPHTh O NPHCOSAHHCHAH HIIH OTHaYe JIEXTPOHOB HE3ABACHMO OT
THOA CBA34. : '

Tem Be McHee, wmnobsl omauiumb peassuo CYWeCmBYIOujue UOHbl
om «zunomemuveckuxy uonos (OOLMHC BXONSIIEX B COCTaB BEIHC-
COIMAPYIOMEAX MoJlexynd, sanpamep Zn0O, wir Gojee cnOXHREIX, pe-
_ ANBHO CYIICCTBYIOIAX MOHOB, BAIpPHMEP, CylbdaT-HOH), npunamo
SHAX DeasbHO20 UOHA CTABHTL nocAe IECIOBOTO 3HAYCHHY 3apsaja.
3nax «ounomemuvecko2o uonay TPABSTO CTABHTL neEped THCIIOBLIM
3HAYCHACM CTCICHH OKHMCICHRS. [ax, HANpEMEp, OJHH H3 CAMBIX
H3PCCTHLIX OKHECIETeNncH — mepmamrasar kxamas KMnO, opr aac-
CODMAIMH JACT PeAmLEO cymecTpyromme HoHH K* & MnO;™; mo-
CIeAuEl BOH COASPART MAPraHen B CTCIEHA OkHCjcERH (+7) u xHc-
nopoz B crenenE oxacnends (—2). Cynabdar xenesa (IH) cocronut B3
moros Fe** m S0,2~; cymdaT-HoH COASPRNT CEpy B CTENEHH OKBCITE-
HE% (+6) B xECIOpOA B cTencHA oxecnenHd (—2). Cynmsdmn xenesa
FeS — 1pyauopacTpopRMOe BCINECTBO H NPAKTHYECKH He NHCCONH-
Hpyer Ha HMOHH, no3roMy B OBP c ywacTmeM 3TOH CONE CTenmeHb

' +2 -2
OKECIICHHS 7IEMEHTOB 3anucepaercs Fe 7 S cymsdun xama K8,

*UscTHEM CIy92eM pedsmEidl OKMCIEHES — BOCCTAHOBJICHHS SHISHOTCS OPOMECc-

CHI WIRKTPCIE3A, I¢ HalFOMAETCE HEMOCPEACTBCHRAS MEPENaTa 3TELTNOHOB HA 3IEKT-
PoIAX. ’
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Ba000pOT, 09CHS XOPOIIO PacTEOPEM B BOJE K, m!coompyx ob-
pasyer woner K* 1 §2~

BoceTanosuTens. Tunuunbmu 80CCManosuUmMeAAMY SBILIIOTCE ATO-
MEL, H3 BHEIIHEM JHEPreTHIeCKOM YPOBHE KOTOPRIX HMeercd oT 1 o
3 snextponos. K 310# rpymme BOCCTAHOBHTENEH OTHOCITCH MEMaribl,
CpeA HAX CAMEIMH CHJIBERIMH BOCCTAHOBHTEISMH OKA3EIBAKOTCE
meno9nkle H MeJOYH0-3EMeNbEbEe MeTaIkL, a Takxe Al, Zn 7 Fe,
BoccTaHOBATENLEKE CBONCTRA MOTYT NpPOSBISThL H HEMETAILIL, HA-
IPEMEP BOAOPOI, YIJIEPOA H Ap. B XAMMYECKAX peakiliax BOCCTARO-
BHTEIH BCETNa OTJRIOT 3NEKTPOHEIL:

D—ne” =3”+ .
BoccraroBATENSME MOryT 6LITH TaKKe OI‘pHIlaTCJIBHO 3apsKeH-

HLIC ROHLI HEMeTalUIoB D" ("anpmmep, 52~ mmm N), TaK KaK OHH
coocoOERL OTAaBaTh H3OKTOYHEIC SNICKTPoREL IIpHE aTOM Yem axmus-
Hee HEMEMAAR KaK OKucAmenb, mem caabee €20 80CCMAHOBUMEALHAR
cnocobrocms 6 cocmonnuu ompuyamebrozo uona. Y BaoBopoT, vem
MEHee AKMUBEH HeMEMAAA KAK OKUCAUMEAb, MeM aKmusHee OH 8 Co-
CMOAKUU OCMPUYAMEABHOZ0 UOHA KAK 80CCMAHOEUMERD.

HoBB MeTAJLIOB B COCTOSHHM HH3IICH BANCHTHOCTH MOIYT BHI-
CTYmaTh B pONE BOCCTAHOBHTE/ICH, NOBHINIAs OPH 3TOM CTeNCHb
OKHCJICHES:

Fe?* —e” mFe**; Cut —e~ =Cu?*; Mn2* —2¢" = Mn™*4

CnoxHEE HOHEL H MOJIEKYJIH, COCPRANAE ATOMBL 8 COCMOARHUU
NPOMENCYmouHoll CMmeneHu OKUCAeHUA, BANPEMED $0,2°, NO,-,
MnO,, CO, B 3aBRCEMOCTH OT YCIOBHiA MOLYT IPOSBIATH KAk BOC-
CTAHOBHTE/ILHLIE, TEX H OKHCIMTENLHEIE CBOMicTRA.

Haxoren, ocob'o OTMETHM, TTO 34eKmposu3 BCOONb3yeTcs A IR
BOCCTAaHOBJICHHES (HA xa'rone) H 1S OKACNEHHES (Ha aao,ue) pazm-
HEX BOHOB (oM. § 11.4). -

Owxmemarems. Tunwumbimu oxkucsumesamy SBNAIOTCA ATOMEI 3M€-
MEHTOB, Ha BHEUIHEM JIEKTPOHHOM YPOBHE KOTODHIX COACpEETCA 7,
6 wm 5 snexTponoB. CaMule CHILEEE OKHCIETEIA CPEAH NPOCTRIX
Bemects Baxomarcs B VI — VII rpymmax neprogudeckoll cHCTe-
MBI — 2TOME! 3THX 3/IEMEHTOR NPEHEMAIOT ONNH HNK ABA MEKTPO-
Ha. H3 npocmbix sewecms camulii cusbhbili oxucsumens — ghmop.

ITonoxuTeHLEO 3apMKCHARIE HOHL METAJLIIOB B BHICINCH CTENCHH
oxacnenns obnanarT oRECIHTEILROE cnocobrocTRIO. Tak, HanpH-
MeP, OUEHb CUAbHLIMY OKACIHTEIAMHA OKA3EIBAIOTCA BellecTsa, coJlep-
KAOIAE ATOMBL ma.rﬁon B oocromﬁn BRICIICH CTEnecHM OKHCIICHHSA,

+

ganpavep KMnOQ, (Mn), K;Cr;0; (Cr)a 1. &

CHNLHEIMA OKMCTIHTEIAMME ABJIAIOTCH TAKKE HOHH IR MOJICKY-
ki, COopepXanmue HEMETAILUIN B COCTOSHAH HOJIOXHTEILHEOH CTENEHA
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+8
OKHC/IeHHS, HanpEmep azotmas kucnora HNO,; (N), xouyenmpupo-
+6 ' +5

sannan ceprEas xucnora H,SO, (8), Gepronerosa cone KClO,; (Cl)
HT. I : S
Hanomuum, ¥T0 OXKECIHTENEM 4ACTO OKA3HBAIOTCH 3apSREHHLIC
HOHE BOJAOPOJA, HANPDHMED B PERKIHEX METALIOB CO MHOTHMH
KBCTOTAME (KpoMe a30THOR): :

Zn + H,804 (pa36)=ZnS04+Hyt

Zn®—2e~ =Zn** (Zn® — BOCCTRHOBETSIL)
IH* 4+ 2e” =H, (H* — oxscirtens)
AHBJIOTHYEO B PeaKIBiX AKTHEHRIX MCTAILIOB ¢ BOROH
Ca +2H;0 = Ca (OH); + Hat
HIR BOXERIMH pACTBOpaM#A mencuel
2A1 +-2NaOH +6H;0 = 2Na[Al (OH)] + 3H,1

Knaccadaxamuu OBP. Orpomuoe qucio OBP moxet Orith crpyn-
OBPOBRHO B HECKOOBKO TAMOB peaxnu¥. PaccmMorpEM OCHOBELIE

TEiE: OBP.

Mewcmorexyrrpuve OBP — orimumrenbHol Bx wepTol SBNSCTCR
TO, 9TO 3MICMCHT-OXHCIHETCIb B JIEMCHT-BOCCTAHOBHTEL HAXOASTCH
B COCTaBC Pa3HhIX DEArcHTOB, HANPHEMEP:

H; +Cly=2HCI
INH; +3Cu0 = 3Cu + Ny +3H;0

Buympumoaexysapusie OBP — 3neMeHT-OKHECIHTEID H  3IIC-
MCHT-BOCCTAEOBHTE(b HAXOOATCA B COCTABE OAHOH MOIEKYALl, HA-
opEMep:

+5=-2 P -1 o

2K C10; = 2KCl +30,1

+5~2 +4 [}

2Cu(N O3); = 2Cu0+4NO;1 +021

-3 44 ' +1i

NHNOy = N,01+2H,0

ITocnenmsas peaxnEs KEOTAZ KiaccRbHUApYeTCE Kak peaxmus
KOWMPOUCNponopyLokuposarnus (UPHCTABKA «XOKMpP» CTAHET NOHATHEE
nocne ofCyRaeHEs Hyke peakiuil AHCIPONOPIHOBHPOBAHHN).

B peaxmmsx ducnponopyuonuposanua CAaMOOKACIICHAN — CAMOBOC-
CTAHOBJCHHA OXHA 9aCTh MOJEKYyl (HI# ATOMOB) OZHOTO H TOI'O XKe

143



BEINECTBA BLICTYHZeT B POJIM OKHCIMTENns, APYras — B POJH BOC-
CTAROBHTENS, BAPHMED:
4] -1 +3
3Cl;+6KOH = KC] +KCl0; +3H,0

oy +5 3

NO;+2NaOH=NaN Oy +NaNO;+H;0
35+ 6KOH =K,803 + 2K35 4+ 3H0

§ 11.2. Ilonbop crexmoMeTpEMECKRX Ko3ppammenTos 3 OBFP

TIpu cocTABNCHMM YPABHEHAA OKKCIHTELBO-BOCCTANOBETEALEOR
peaxnaa (OBP) HeoGxomEmo ONpeaeHTbh BOCCTAHOBATEND, OKHCIH-
TellL ¥ YMCAO OTAABaEMBIX H NPHHAMAEMBIX 3JIEKTPOHOB.

CrexmoMerpmieckre ko3dbmmerret OBP moaGeEparoT, BCOOIL-
3ys IEOO MeTom aJasexmponHo2e basanca, TAOO METOH 3AeKm-
pomno-uonnozo basanca (NOCIEAHAH HAZKIBAIOT TAKKE METOIOM NOAY-
peaxyuil). PaccCMOTpHM HECKOJIBLKO HPAMEPOB,

B xauecTse mpEMeEpa COCTaBIeHRS ypabEcEEH OBP & moabopa
crexnoue-lpx;: x03¢GEnEeETOB OPOAHAIHA3KPYEM IPOLECC OKH-
cnerns gucyibdnna xenesa (II) (mEpETa) KORNEHTPHPOBREHOR A30T-
HOM KHCIIOTOM:

FeS; + HNOy(xomm)

B mepsyio ouepesns OIpefeHM BOSMOXHAE IPOAYKTH DCAKITHH.
A3zomHaa KucAoma — cusbHuill OKucCAUMEAb, TO3TOMY cynmbnn-noa'

MOXeT OHTB oxncnen mafo go Maxcnma.m.non CTENcHH OKHCIICHAS S
+3

(H,80,), mbo mo S (80,), a Fe -— po Fe, npa stom HNO, MOXET

BoccTaHABMHBATLCS A6 NO mwmm NO, (HaGop KOEKpeTHEX NPOAYKTOB
OIpeAensSeTCd KOHNCHTPAOHAME pEaresTOoB, TEMUEpATypoH H T. 1),
Buibepem crepyrommui BO3MOKHEIN BAPHATT:

FeS; + HNOj(xorm) - Fe (NO3); + H;504+ NOT (11.1)

B m:noﬁ AIE Opasol 4ACTH ypapHeEms Oyjer maxomwrhes H,0,
MBI OKA HE 3IHACM.

W3secTHO ABa OCHOBHEIX MeTOZa HoaGopa koxhuOaeHTOB,

IIpaMenwM cHEYAN2 MeToA 3nexTponno-momBoro Gasmamca. CyTe
3TOT0 METOA4 B ABYX OYCHb HPOCTHIX H OYEHE BAXHBIX YTBEDPKICHH-
ax. Bo-nepBrIX, B 3TOM METO/I¢ pacCMATPHBAIOT OEPEXON JIEKTPOHOB
OT OJHMX JACTHI K JIPYFHM ¢ 00A3ameAbHBIM Yuemom xapakmepa
cpedn (KHCTa¥, INENOYHAS MJIH BeATpanbeas). Bo-BTODHX, mpH co-
CTABJICHHH ypaBHEHHs 3JICKTPOHHO-HOHEOro Oananca sanucelealomcn
MOABKO me uacmuybl, Komopule pedibro cywjecmayrom B XOO¢ OPOTE-
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xannq gaEsoll OBP — B BAIEC HOHOB 3aIMCHBAIOTCH TONHKO PEAABHO
cyujecmayioujue KATAOHK HITH AHWOHLL, BEMECTBA MATOXACCONHEDPY-~
IOINHE, HEPACTBODHMLIC HIHM BHUICISIONIHECS B BUAC Ia’a nuuym
& MOAEKYARDHOT hopme.

IIpE cocrapncHAN YpaBECHHS UPONCCCOB OKHCJICHER H BOCCTAHOB-
JIEHHS IS YPABEHBAHHWE YHCIA AaTOMOB BOJOPOAA H KHCIOPOAA
BBOAAT (B 34BMCHMOCTH OT CPEIBl) HIH MOJEKYJIL BONBL H HOHEL
Bonopona (ecau cpeda Kucaas), HJM MOJIEKYJH BOAEL B THAPO-
KCRJI-HOHBI (ecAu cpeda weAounan).

PaccMOTPEM [N1% HAINETO CIIy4as BOAYPeaKywo okucserus. Mone-
xymut FeS; (nsoxo pacmeopumozo séwecmsa) DpERPAMIAYOTCE B HOHE
Fe’* (mmrpar menesa ([II) nOMHOCTHIO MHCCOOMEpYET HA HOHED)
# cynbar-monn SO, (mpccommanms H,SO0,):

_ FeS; » Fe?* +280,3" - (112)
PaccMOTPEM TeNeph noAYpRaKyuio 80CCMAaKo8ACHYA HATPAT-A0HA;
/' NOy~ = NO
YT1o6K ypaBHATSH KHCIOPOA, B MPABYIO acTs fobasnsem 2 Mone-
KYJIHL BOMIE, a B JIeBylo — 4 mona H*:
NO3~ +4H* -+ NOT +2H;0
Jlng ypaBEEBaHES 3apafa K Jepo# 9acTH (3apag +3) moGamEm
3 snexTpona:
NO2~ +4H* +3e” - NOT+2H,0
OxopuaTensEO HMEEM!
1 | FeS;+8H;04 15~ = Fe* +280,2” +16H"
5 { NO3~+4H" +3¢~ -+ NO+2HO

FeS;+ 85,0 +5N0;~ +20H* =
=Fe?* +280,2" +16H" + SNO+ 10H;0

CoxpataB ofe wacte ma 16H" uw 8H,0, nmoaywaMm wmozosce, co-
KPaIeEEOE HMORHOE YPABHEHHE OKHCIHTEIBHO-BOCCTAHOBHTEILHOH
PCAKITEH:
FeS; +SNO; +4H* = Fe** +2502" +5NO+2H;0
+ + + o+
INO; 4H* 3INO; 4H*

Hdobasus B 06e vacTA ypaBHEEHS COOTBETCTBYIOIIEE IHCIO HOHOB
NO; w H*, HaxouM MOJEKY/ISPHOE YDABHEHAC PEaKIHH:

FeS; + BHNO;(gomn) = Fe (NO3)3 + 2H,80, + SNO + 2H0
. n
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ObpaTaTe BHAMAHAC, YTO AUR ONpENE/ICHHS YHCIA OTAAHELIX
H NpHESTMX NIEKXTPOHOB HARM HU pPa3y HE NpuuAOCh OnpedeiRmd
CMmenens OKUCAEHUR $seMenmod. KpoMe TOro, MR YUIM BIHSHHS
CPeILl H «aBTOMATHYECKH» onpeaennin, 9ro H,O maxoaurcs B npa-
ol wacTH ypasnenms, HecoMECHEO TO, WIO 3mom memod umeem

Moo sreeenamtes b mca. Cymbs memoda

FETPORNOrD b Me. HAXOXICHHS CTEXH-

omerpiieckax xo3pdammenrop B ypasaerusx OBP ¢ obazamesvhom
Kaxoxcoenus cmenenell OKUCAEHUR &TOMOB 3IOMEATOB, YHACTSYIOIMAX
B OBP. Mcnom.sys samnuiit noaxox, crosa ypasegem peaxnmo (11.1)
(BBitie MBI DPHMCHRNEA X 3TOH peaxmmE MeTOA I ).

{Ipouece BOCCTAHOBJICHAN OOHCHLIBAETCH OPOCTO:

N$+ +3¢— - N3+

Croxsee COCTABHTS CXeMY OKECJICHHN, NOCKOJLKY OKHCIRIOTCA Cpa3y
aea neMenTa — Fe B 8. Moxno npemacats xejie3y CTeneHb OKHCIE-

'HES + 2, cepe — 1 R yuecrd, ¥TO Ba oguH aToM Fe npuxoxarcs apa
aToma S:

Feti_e™ wsFed*
28~ —14¢" —» 28*

Moxmo, oxmaxo, obokitucs Ge3 onpexesemms cremeHedl OXECICHHN
H 32INCATL CXEMY, BAmoMuHAIOmy:o cxemy (11.2):

FeS; +Fel* +-28*¢

Ilpasax wacTs mMeeT 3apia + 15, nepas — 0, nosTomy FeS; mommxen
oraaTh 15 anexTponos. 3amacuBaem o6l Gananc:

5 | N¥™* 43¢ - N3*
FeS;— 13~ — Fe?* 4255+

Fﬂz-l-m*"-l?e!* +zs+6+5N+3

C LONTy9CHAM yPaBHCHHEM GasaBECca HYXKHO elue BEMHOTO «pa3o-
OpaTeCs» — H3 Hero BHAHO, 4ro 5 monexyn HNO, unyr ga oxmcne-
mee FeS; m eme 3 monexymn HNO, HeobxomaMul i o6pasoBanus

Fe (NO,),
FeS;+8HNO, -+ Fe (NOy) +2H,S0, + SNO

Y1066l YPaBRATL BOJOPOA A KHCIODPOA, B OPaBYIO YACTL HYKHO
Aobasuth 2 Monexyw H;O:

FeS; +8HNOy(xorn) = Fe (NO3)y + 2H;804 + SNO + 2H20

Memoo asexmponno-uonnoze Gasanca bosee ynusepcasen no cpas-
HENWIO C MEMOJdOM 2AEKMPOHNOZ0 6aaanca U uMeem Heocnopumoe
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npeumysjecmso npu noobope xosguyuermos 6o muozux OBP, B ua-
CTHOCTH, £ YYACIuEM OP2aRUYecKux coedunenuti, B KOTOPHX naxe
caMa nponexypa onpenenem cTeneHeld OKHCIICHMS SIBISIETCH OYEHE
CHOXHON, -

PaccmoTpEM, HalpBEMED, nponeoc OKHCIEHHE STRICHA, nponcxo-=
JeImef TpE NPONYCKAHAA €ro Yepe3 BOSHLIN pacTBOP HEPMAHIAHATA
rayma. B peaynsTare STHICH - OKHCISETCH A0 STHRICHEIVIEKONS
HO — CH; — CH; — OH, a mepMaRTaBaT BOCCTAMABJMBACTCH [0
oxcraa Maprammna (IV), kpoMe Toro, xax OyaeT 09eBHIRO A3 HTOTOBO-
ro ypaeHerus Gananca, cnpasa 06pa3ye'rca TAKKE mnpoxon.n KU

4

2 MnO"+2H,O+3€'—»Mn0,1+4OH" ‘ (113)

CzH"l' ZOH— ‘—28— - CzHaoz

2MRO; +4H;0+ 3C;H, +60H" wmno:i+80H-+302H502

I'Iocne OpOBEACHEA neoﬁxommmx coxpamemﬁ nonoﬁnux ‘me ;
HOB 3a0ECHIBAEM YPABHEHAC B OKOHMATEILHOM MOJCKYISPHEOM BHAS:

3c;H.'+zKMno4+4H20=.3¢;H;o,+zMnol; +2k0H 7 (11.4).

Bimsmne cpeanl Ba xapmep npu‘rmmm OBP. Paaoﬁpanaue'
DPEMEPH "(ll 1) — (11.4) HATISAHO HILLOCIPHPYIOT (TeXBHEY». HC-
HOJB30BAHAS METOAR JEKTPOHRO-BOEHOr0 Oanadca B cityaac ipoTe-
xaEnsg OBP B xucnofl iR menodsol cpele. Xapaxrep, cpenel BiHsgeT’
Ba mpotekamye Tol mmm mHoH OBP; wT06H (AIpOTYBCTBOBATE» ITO
BIESHHE, PACCMOTPHM HOBE[CHME om-:{oro H TOrO X¢ oxnc:mrena

(KMnO.) B PA3HBIX CPefiax.

HauSominyio onc:m*re:mzym AKTABEOCTS HOH MnO‘ npomne'r n*xumﬁ cp!de
e0CCManas AuaaAcy 0 Mn, MEHLIIYI0 — B Helimpassholl (m h:mﬁommoﬁoﬁ), soc-
cmargeguaiics Jo Mn*4 (MnO;), # MERHMLTLEYIO -— B CUAHOWEA04NOf, B KOTOPOR
adcematiassusaemes 9o Mt S (uanrana-r 7on Mn0,37). Obnuceaerts ?T0 ‘ClNERy-
onnne obpa3zon. Kucnommwwomqnoﬁpasymmmrmmmmo*
EOTOpPEE CATLAO NONRPE3YIOT Aol MO, WotmbiioT CagB MAPERETA ¢
AOM (cHocoOCTRYR TeM caMij YCRISHRIO Iteﬁmn BOCCTAHOBHTENR), B neﬁ'rpumot
Cpelie MONIpARYIOmEs AeiCTRES MONSKYX BOJI SHAMETEIRHO CJIa b
ranpoxcorns H30*, noatomy womw MnO, nonspasysiTes ropasad Meithie, B‘mm:-
gomeroacH Cpefe IEAPOKCE-ACHEL m;zom.xo Aaxe yIpoTEmoT ceszk Mn —
BeMencTeRe 2o 3pdexTHBHOCTE ACACTBAN BOCCTAHOBHTENS YMEHBIIAETCH H MnO'
UPHEEMAET TONLKO OEH JMEKTPOE.

Hpauep NOBECHAS nepuanmam:a KU B neumpmfgoﬁ cpene

npeactasnen peaknuek (11.4). Ilprsegem Taxke 0O QAHOMY FDEMEDY,
peaximii ¢ ysactuem KMnO, B xucioil ® menousol cpenax: o

10FeS04 +2K.Mn04+ 8H;S0, = SFe, (SO +K2'SO4 + ?_Mnsoq + siizo
N2;S0, +2KMD04 +2KOH Naz50, +2K.1M304 +H20 o
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§ 11.3. Crampapranie soremma: OBP

Boamoxsocts uporexanms mobolk OBP @ peassHMX ycnoBasx
obycnosnesa pagoM OPEYRH. OPRPOAON OKECHANTCIS H BOCCTAHOBH-
TEN4, KECAOTEOCTRIO CPeAl, TeMuepaTypoli & 7. A.

VIRTRBATE KAXZNIE pas Bee 3TH GAXTOPH HEJETKO, noa-rouy Ang
YCTAHORICHMS KPNTCPES BOIMOXHOCTE HDpOTexaEES Tolf Hnm HEHOMN
OBP mcnoms3yioT ocofHe XAPEXTCPHCTRER —- cCmandapmuble OKuc-
SONEAYHO-80CCMANOBUMEABHIE NOMERYUaAN (RIE DPOCTO — CMaK-
oapmsle nomenyuais).

Yrob nywine DOHSTH CMEICH TAKAX HOTEHIHANOB, IPOAHATHIN-
PYCM TAK HAIWBACMEIE IAEKMPOXUMUNECKUe NPOUCCCH, T, €. mponec-
Chi, COIPOBORAAIONMACCE BOIEBKHOPCHEEM HJIEXTPHYECKOro TOKA KK
BROINBAEMEIE BM. PRCCMOTPEM EECKONLKO HPOCTHX CATYAIEI,

IIpa CONPEKOCHOBCHEN APYX XEMEYCCKN RAH $E3IETIECKE pa’jHo-
POMHEIX MATCPHAJOB MCXJy HEMH BOIHHEACT DASHOCTMb ROmMeHyu-
asos. HamGonsmxlk ERTCpEC OPCACTABINIOT KORTAXTH NPOBOTHEKOB:
merann (1) — meramn (2), MeTann — pacTBOp CONE METAIIA, Pac-
T80p 3nexTpomTa (1) — pacTop anexTponmTa (2) B T. 4. Mamene-
HEC DOTCELMATA DPE NCPEXOAC Mepe3 IPAHANY RPORCXONET GHCTpO,
HO3ITOMY T'OBOPKT, YTO EMEEY MECTO CKAYOK nomenyuasa. Bozmmx-
HOBEERC CEAYER BEDMBACTCH PAVIEYHKIME DNPEMEHAME, 3aBHCAIEME
OT DPEPOAM KOETAKTEPYIONMX MATepuAnos. I'nasmoli npevmBol
spnseTca OGMen 3APEXSRHEIME JACTHUAMH, B PEIYALTATE KOTOPOTO
cozmaercs mifurox mocaTenell HneXTPEESCTBA AAHHOIO 3HAXA RO
OHy CTOPOHY K MX BeQOCTATOK DO APYFYIO CTOPOHY IPREMUL pai-
mena. O6MeH 3aPEXCHHLX YACTRL OPEBOAHET K BOIHEKHOBCHHIO Jeoi-
. K020 sAexmpuvecKo20 cAoR. [poftHoN anexTpmucckmil crnok mopober
3apEXCHHOMY xoumropy ¢ ompeAencEBOH pa:moc-ruo IOTeHIH-

| - anos Memxy

Hbasecrao, 910 mprn, oceofoxnatomascs npa OBP, moxer
GLITH MPEBPAIICER B AEXTPHYECKYIO — NPAKTHYSCKH ITO OCYIIECTB-
NECTCH B 2aAbSaHUNECKOM Iemetane, PaboTa XEMETCCKHX HCTOTHEKOB
TOKS OOLMHO PECCMATPHBACTCK HA NPEMEpEe NpocTeHiiero rakpaHH-
9ECKOrQ  MpesdenTa — 3ueMenta Sxobm — Hammanmw (oM. mobok

yueGHmx GRINEN), B XOTOPOM HpOTexaeT cacayiomas OBP:
) Zn 4 CuS0y=ZnS0,+Cu]

Ocobennocrs ocymectienns OBP B ranmsBaEMIeCcKOM IeMEHTE
COCTOHT B_TOM, YTO MIEKTPOHM OT BOCCTAHOBRTIN (Zn) K OKHCITH-
temo (Cu?*) pepesocares no 'BHCUTHEHE NGO B MOTYT COBSPIIATE
JICXTPEYCCKYIO paboTy.

Tox TeaeT OT TOuKE ¢ folie¢ BLICOKMM HOTCHIHAJIIOM K TOYKE
c Gomee EEIXAM ODOTEHNEANOM; 3HAK () MIPHNACKBICTCE MEIHOMY
3NEKTPOAY, 3HAK (—) — OHHEKOBOMY. TOrAa E3MEpeHHAS Pa3HOCTh
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HOTERNHAJIOB CIATAETCA HonoXATENbRO#H. Teopermuecku mowcHo uc-
noav3oeams @ saemerme mobyro QBP.

Paznocms nomenyuanoe «sewecmso :mexmpoda — pacmop» KaK
Pa3 H cAYMCcUm KOAUNECMSeHHOU XapaxmepucmuKod cnocofrocmu ee-
tyecmsa (Kak MeTaJuioB, TAK H nemera.nnon) nepexodums 8 pacmaop
8 ude uoHoE, 1. €. xapaxmepucmuxoii OB cnocobrocmu uona u coom-
8ENMCMBYIONE20 eMY GeWecmea.

Taxylo pa3HOCTb NOTEHNEANOB HA3HIBAIOT 3mmpoauum nome-
yuasom.

IlpAMEIX METOZOB HIMEpeHHs Takol Pa3HOCTA MOTEHHHANIOB HE
CYIIECYBYET, MO3ITOMY YCIOBHAHCH HX ONPEAEISTL N0 OTHOIIGCHHO
K TaK HR3ILIBACMOMY CIMAanOdPMROMY 6000P0OKOMY SAeKmpody (ero
HA3HBAIOT TAkke 3JIeKTPOAOM CPaBHCHHMS), NOTEHIEAN KOTOPOro
YCJIOBHO HPHEAT 33 HONb. JTOT 3JEKTPOJ COCTOAT H3 IUIATHHOBOH
NIACTHHKH, UOTPYRCHHOE B PACTBOP KHCIOTHI C KOENeHTpanBei
moros H* 1 MOIIb{]I B OMEIBAEMOH CTpyeid Rogopona NpH CTaHAApT-
HEIX YCIIOBESX.

EciH OnacTHHKY BCKOTOPOTO METajla, HOTPYXREHHYIO B PACTBOD
€r0 COAH ¢ KOHNEHTpanHed MOHOB MeTajsia, pasHO# 1 MOJB/I,
COEIHEHUTE CO CTAHJAPTHLIM BOJOPOJHEIM JNEKTPOJOM, TO HOIYIHT-
S raXibBaHRYECKHil JIeMeHT. DICKTPOABHKYIMAA CHIA 3TOTO 3NEMEH-
ta QAC), namcpennaa npE 25 °C, B XapaxTepHiyeT CraHJapTHLIH
SNEKTPORHNIT DOTEHNHAN MeTALIa, 0603Ha%aeMylil obuirO Kax E°.

B 1abn. 11.1 npeacTagnenk 3EAYEHNY CTAHAAPTHRIX HIEETPONHEIX
MOTEHIHAJIOB HEKOTOPHX MeTajLIoB. [ToTeHmEANL 3I¢KTPOAOB, BhI-
CTYIAIOIHX KAK BOCCTAHOBHTE/IH N0 OTHOMCHHIO K BONOPOAY, HME-
10T 3HAaK €-<», 4 3HAKOM «+» OTMCYCHSl NOTEEIMANE 3JIEKTPOJOB,
FBIIAIOMMAXCA OKACIATEIAMH.

Pag «aKTHBHOCTE» METAJLIOB. Me'ramm, PacHoNOXEHHRIE B 0O-
pAIKe BO3PACTAHHA HX CTAaHNAPTHHX 3NECKTPONRLIX NOTEHNHAINOB,
o0pasyioT Tak HA3KIBACMEIH 32exmpoxumuvecKuil prO HanpAxceHudi
MEMAAN0E:

Li, Rb, K, Ba, Sr, Ca, Na, Mg, Al, Mn, Zn, Cr, Fe, Cd, Co, Ni,
Sn, Pb, H, Sb, Bi, Cu, Hg, Ag, Pd, Pt, Au.

Pan HanmpsxeHMH XapakTepH3yeT XEMHYECKHE cBOBCTBA Me-
TAILIOB:

1. Yem Gonee oTpEuNaTeNneH 3NEKTPOAHLIA MNOTEHIHAJI METAIIA,
TeM BONMBIDE ero BOCCTAHOBHTEALEAS COCCOOHOCTE.

2. Kamauit Merana cunocoben BhirecBATh (BOCCTARHABIHBATH) H3
PACTBOPOB COJIEH Te METAILILI, KOTOpLIE CTOST B PANY HaIpPOKCHAR
METaJIOB 0ociae Hero. VckimodeRnAMna S8IMIOTCH JMIL MENOYHELIC
H INEJOYHO-3EMENbHEIE METAILIEI, KOTOpHe He GyAyT BOCCTARABIH-
BaTh MOMLl JPYTHX METAJUIOB H3 PacTBOPOB HX cojel. DTO CBAIAHO
C TeM, YTO B 3THX cly4asx ¢ OGoibmed _CKOPOCTEBIO nporexmor
Peakid B3aHMO/ICHCTBHS METAJLIOB ¢ BOZIOH. :
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3. Bee MeTaliL, AMCIOIEE OTPHENATENBHBIH CTAHNAPTHLIN 2JICKT-
POOHEIA DOTCHIOEAN, T. & HAXOAAIIACCA B PAY HANPSECHAN METAN-
JIOB JIeBEE BOAOPOAA, CIOCOOHA BLITECHSTE £r0 H3 PACTBOPOB KHCIIOT.

IlpeacTaBncHENM psa XapakTepH3yeT NOBCACHAE METAILIOB H HX
conelt moavko a godubix pacmaopax. IMesHO nosToMy 3JIEKTPOXEMHE-
9eCKRH pAJ HAYHHACTCH JIHTHEM, TOTAA KAk 6onee axTHBALIE PyORaumit
H KaJmil EaXoANTCd OpaBee JIETAY. JTO CBA3aHO C BRHICOKOH 3neprHei
apofecca reIpaATANEE HOHOB JATHS,

OnmsoBpemMerHo B Tabn. 11.1 OpHBE/CER CTARAAPTHLIE OKHCIHTE-
JILHO-BOCCTAHOBHTE/IBERIC NOTEHIEANL E°, KOTOPEE HIMEPEHH AIq
HEMETAIIAIECKHX CHCTEM, HAXOJAIMXCA B PABHOBECHOM COCTOSHHH
110 OTHOIIEHHIO K HOPMAIILHOMY BOXOPOAHOMY 3JIEKTPOXY.

B Ta6:mne UpEBe/IeHR! NOYPEAKIEE BOCCTAROBIICHHS Cleyrome-
ro obmero suga:

Ox+ne—R ' (11.5)
rae Ox — oxmcneTens; R — BOCCTaHOBICHHAN POopMa.

Tatnana 11.1. Cranpapmmase OKECANTEALRO-BOCCTABONNTEIE LI

noTenymamy opa 25 °C (298 K)
) TTonypeaxman ENB
Fo42e~ = 2F~ ' 2,87
MnO,~ +8H* +5¢~ »Mn?* +4H,0 1,52
PbO;+4H* +2¢~ - Pb+2H,0 1,46
ClO;+6H* +6e~ = C1™ +3H;0 145
Audt 436~ - Au 142
Cly+2e~ = 2CI1° 1,36
Cry072~ + 14H™* 4-6¢~ = 2Cr** +7H,0 - _ 1,35
ZNO;~ +12H* +10e™ -+ N, +6H,0 1,24
Pt1* 42" - Pt 1,20
Bry+2e~ — 2Bt~ _ 1,07
NO3~ +4H" 4 3¢~ - NO+2H;0 0,96
NO;~ +10H* + 8¢~ -+ NH * 4+3H,0 0,87
H +2e —Hg 0,86
gt +e” -»Ag 0 80
NO;™ +2H' +e~ = NO;+H,0 078
Fe'* +e~ 5 Fe*t 0,77
MnO,;~ +2H,04 3™ -» MO, +40H" 0,57
MnO;~ +e~ —Mn0O,*" 0,54
L+2e™ =20~ 0,54
Cy*+e~ - Cu 0,52
Cul*+2¢” - Cu 0,34
SO +4H* +2¢™ - S0+ 2H;0 0,20
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_ Hpodorxwcernue maba. 11.1
Tonypeaxnnn E.B

802" +8H* 8¢~ — S +4H,0 ‘ 0,15
H* +2¢" = H; 0,0
Pb?* +2e—+Pb -0,13

Sn?* +2e” +5n —0,14

Ni** 42~ - Ni —~0,25

Co*t +2¢~ - Co —~0,28

) Fel* +2¢~ -+ Fe —0,44

S+2e+82" —0,45
Cr* +3¢" »Cr -0,

Zn*t 2" +2Zn —-0,76

Mn?t 4+ 2e” -+ Mn —1,05

APt 43" = Al - 1,67

Mgt +2¢~ +Mg | —2.34

Nat4e” +Na -2

Ca?* 42" =+ Ca ~2,87

. 813t 4 2e” - 81 -89

Ba?* +2¢” = Ba —2,90

K*+e~ =K -29

Lit+e“ = Li -302

Anrebpargeckoe 3BAYCHHE CTAHAAPTHOTO OKHCIINTEILHO-BOCCTA-
HOBHT¢TLHOIO HNOTCHIIBAJIA XAPDAKTCPHIYET OKHCIHATEILHYIO AKTHB-
HOCTB COOTBETCTBYIOMER okncaeHao# Gopmul. Ioaromy conocmasse-
Hue 3IKGueHull CMAaHOGPMHBIX OKUCAUMEALHO-80CCMINOBUMEABHBIX NO-
MERYUAA0s ROIBOAREM OMBEMUMSs KA BONPOC: NPOMEKAEM AU MA UAY
UHAR OKUCAUMEALHO-8DCCMANOSUMEABHAN DeaKyun?

Tax, Bce NONyPEAKIMH OKHCIICHHS TAIIOICEHA-HOHOB o csoboa-
HBIX T'&JIOreHoB

201" -2 =(ly; E°=—1,36B (11.6)
2Br-—2¢" =Bry; E°=_-1,07B : O By)
A~ 2" =y E%= 0,54 B (11.8)

MOryT GHITH peanH3OBAHK B CTAHAAPTHLIX YCJIOBHSX NIPE HCOONb-
J0BAHEM B KA&YECTHE OKMCIMTEIs oxchaa ceurna (IV) (E°=1,46 B)
AR nepmaprasata xanms (E°=1,52 B). IIpu BCOOML30BAEME [HX-
pomata xams (E°=1,35 B) yaaercs oCyIECTBETL TONLKO Peaxmid
(11.7) m (11.8). Haxone:r|, HCOOJBIOBAHHE B KAYCCTBE OKHCIHTCIN
asorHo#t xucnorh (E%=0,96 B) no3BonseT OCYIICCTBHTb TOIBKO
OOJYPEAKIHIO C YIACTHEM HoEA-EOEOB (11.8). _

Takam o0pa3om, KOIMISCTRCHHRIM KPATEPHEM OLCHKH BO3MOX-
HOCTH NPOTEKAHAN TOH HIH HHON OKRCIHTEILHO-BOCCTAHOBHTSILEOR
PCAKIMHE HBIHETCH MOAOMCUMEALMOE ShAueHue DAIHOCMYU CMmaHdapm-
HBIX OKUCAUMEABHO-BOCCMAROBUMEALHBIX NOMENYUANO8 NOAYpeaxyud
OKUCAECHUA U 80CCMAHOBAEHUA.
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§ 11.4. D1exTPOIH3 PACTBOPOB K PACIVIABOE 3JICKTPO/INTOB

CoporymHocTs OBP, KOTOpHE NPOTEKAIOT HA IEKTPOAAX B pac-
TBOpAaX HIHM PACIUIABAX JICKTPOJHTOB NPH OPONYCKAHHH 4epe’ BHX
3JICKTPEYECKOr0 TOKA, HA3KIBAIOT 3AEKMPOAUIOM.

Ha kaToe HCTOYHHEKA TOKa OPOHCXOAAT IPONEce Nepeaadd 3IeKT-
POEOB KATAOHAM H3 PACTBOPA HIH PacIUIaBa, DO3TOMY KATOJ ABJIAET-
C2 «BOCCTAHOBHTeNeM». Ha apo/ie IPOHCXOAMT OTAA4a IEKTPOHOB
aHAOHAMH, [NOITOMY AHOJ SBICTCH KOKHCIHTEIIEMY.

IIpm 3nexTponM3e Kak Ha aHOAE, TAK H HA xa'ro,ue MOT'YT NpPOHAC-
XOIOHUTL KOHKYDUPYIOUjue TPONECCHL.

Ipu npoeedenuu 54exmpoauza ¢ UCROAL308aHUEM w:epmuoao (nepa-
cxodyemo20) anoda (HanpAMep, rpadHTa HIH ILIATHHE), KAK OPABH-
JI0, XKOHKYPHPYIOHIHME NBJISIOTCH ABA OKACIHATEILHBIX M ABA BOC-
CTAHOBHTENHLHBIX [IPOIECCa:

Ha anode — OKHCIICHAE AaHAOHOB H I'MAPOKCH/-HOHOB,

Ha Kamode — BOCCTAHOBJICHAE KATHOHOB H HOHOB BOJOPOJA.

IIpu npodedentuu saeKxmpoausa ¢ ucnOALI08AKUEM aKmuernozo {pac-
xodyemozo) anoda HPONECC YCIOKHEETCA H KOHKYPHPYIOUIHMH Peak-
IMAMHE Ba 3MeKTPOJAX SBISIOTCH CHENYIOIMIHE:

Ha anode — OKHCICHHE AHBOECE H THAPOKCHJ(-HOHOB, AHOAHOE
PACTBOpPEHAE METAILIA — MaTepHAJIA AHOJA,

Ha Kamode — BOCCTAHOBIICHEE KATHOEA COIIA H HOHOB BOAOpPOJAA,
BOCCTAHOBJICHAE KATHOHOB METAILIA, MONYICHHKX IPH PACTBOPCHHH
aHOMA.

IIpr suiGope narGonee BepOITHOrO NMPONESCCAa HA AHOAC H KATOAC
HCXOJNT B3 NOJOXEHAN, 9TO OpOTEKAeT TA Peaknas, KOTopas Tpebyer
HARMEHBINEH 3aTpaTH 38eprem|, [Ipm snexTpommse pacTBOpoB coneil
C UHEPMHBIM IALKMPOOOM HCIONB3YIOT CleRYIONTHEe IPABRIIA,

1. Ha anode moryr oGpa3soBHBATLCH CHEXYIOIMIME NDPONYKTHL a)
NpH 3NEKTPOJH3E PacTBOPOB, Comepxammux ammonm F~, 50,27,
NO;~, PO,*~, OH ", BhIaenseTcs KECIOPOA; 6) IpR OKACICHAN ralo-
TeHAJ-HOHOB BEIOENMIOTCS CBOOOAHEIEC ra/ioreHsl; B) IPH OKHCICHHH |
4HHOHOB OPTAHWYECKHAX KHCIIOT IPOHCXOAHT HPOLECT: :

2RCOO™ ~2¢” »R—-R+2C0O;

2. Ilpm 31eKTpONHA3e paAcTBOPOB COJICH, COACPRAMMX HOHLI, pac-
HOJOXEHHLIE B psy HanpsoxeERi tepee Al3", Ha xamode Briensercs
BOJOPOI; €CITH HOH PaCIOJIONKEH IpaBee BOAOPOJA, TO BEACHACTCA
METAJLIL. .

3. IIpu s3neKTpOAH3Ie pACTBOPOS CONEH, COmEPXAINMX HOHBLI, pac-
nonoxennste mexnay Al3* u H*, Ha xamode moryr nporexars xosn-
KYPHPYIOIIAE MPORECCH KK BOCCTAHOBIICHASA KATHOHOB, TAX H BEHIIC-
JACHHA BOOOPOAA.

Jna momydenns BRICOXQAKTHBHEIX METAIUIOB (KANAS, ANOMHAHAL
H Op.), JIETKCG BCTYNAIOITHX BO B3AMMO/ICHCTEHE C BOAOH, IPHMEHSIOT
3NEKTPOJIH3 pacnagsa coneil WiIH OKCHIOB.

152



IIpn snexTpoiM3e BOJHOTO PacTBOPA COJIM AKTHBHOIC METAMNId
H KHCIopoaconepxkamei xacnoTn (samprmep, KNO,) nu xamuons
MEMAANA, HU UOHBI KUCAOMHO20 ocmamKa He paspaxcaromcsa. Ha
KATO/IE BRIACIIECTCA BOJOPOA, 4 HA AHOIE — KHCJIOPOA, H JICKTPOIH3
CBOJHTYCH K 3JIEKTPONHETHICCKOMY PAa3IOKEHHIO BOABL

OTMeTHM, 9TO 34eKMpoAU3 PACMEOPO8 IAEKMPOAUNO8 NPOGOOUMb
IHEpzemuUECKY Gbi200Hee, YeM PACNAA806, TAX KAK 3IEKTPOIATH IIa-
BATCH [OpPH OY€Hb BLICOKHX TEMIEPATYpaXx.

3aBHCHMOCTH KOJHYECTB2 BeInecTBa, 00pai0BsaBmerocs Opa eK-
TpOJIH3e, OT BPeMEHH H CHIBI TOKA OMHMCHIBAcTCH 0600IeHHbIM 3aK0-
nom Papaden:

m={(3({F lt=(M/nP)1,

TAe m — Macca OOpa30BaBHICrOCS NPH 3NEKTPOJH3E BEINECTBa, Ij:
3 — MonspHay MACCA IKBABATIERTA BEMECTBA, riMont; M — Mmonsap-
HAad MAcca BeINecTBa, I'/MOJIb, 7 — KOJMYECTBO OTJABAEMEIX HIIH
OPHHAMACMBIX 3JIEKTPOHOB; ] — CHIA TOKa, A; { — OPOAOIDKATENb-
HOCTh mpomecca, ¢, F— xoacraETa Qapajes, XapakTepEHIyIOmas .
KOIEIECTBO NIEXTPHIECTBA, HCODXOAEMOS /U1 BEIACHcHES | 3KBHBA-

JeHTHOH Macch BemecTBa (F=96500 Ku/mons=26,8 A ' 4/Momm).



YJACTH II
HEOPTAHHYECKAA XUMHA

I'nasa 12

| OFIIASL XAPAKTEPHCTUKA
HEOPT AHUYECKUX COEAUHEHUH,
X KJACCHOHUKALIMSA U HOMEHKJIATYPA

IlpeEcTynas x H3y4YeHW:0 HeOpraHHYecKOH xHMEH, Heobxommmo
Opexje Beero 0OpATATL BHEAMAHHE HA C6R3b U 6IAUMKbIE NPeEPAueHUR
MEXJY DPAMYHBIMH Xiaccavu coenmHepm#, IloaToMy Tak BamHA
KAaccupuxayun XEMHYCCKHX COCTHEHEHHH, MOJ KOTOPOH DOHAMAKOT
obsedurenue paznoobpasnuix coedunenuti 8 onpedescnnbie Kiaccw, 0b-
A20aIowue cX0OrbIMU ceoticmsamu (OKCEORL, com H T. A.). Knac-
capaxanus cpglaBa ¢ npobneMoli Homenxaamypsl, T. €. cucmemotl
Ha3eaHuil BEINECTH. ,

HanomesMm, 970 BaxkmedmmaM npasaioM o6oi HOMEHKIATYpR!
sgpiEeTcs TpebopaHne, ¥TO6KI HA3BAHAE BEINECTBA HMENO OJHO3ZEAY-
Bui#t cMuicn. Hanpemep, oKCHA IMEKE — ONHO3HAYHOE HAa3BAHEE,
nocxoysxy nuEK obpasyer rommko omuu oxcka, ZnO. Onmaxo, Ha-
OpPEMEP, OKCHA a30TA ~— HEOAHO3HAYHOE Ha3lBaHWe, MOCKOILKY a30T
obpasyer Hecxombko oxcEioB: N;O, NO, NO; m ap. IToatomy no
CHCTEME XEMEYeCKOR HOMCHKIATYpH, pa3zpaboTanioil Mexaysapon-
HLIM COKO30M TEOPETEYeCKOM H nprknaxaod xamud (MEOIIAK), N0
HasemacTes oxcEaoM a3ora (I), NO — oxcenom azota (If), NO, —
oxcHaoM a3soTta (IV).

Kax somenxnarypa, Tax ¥ xnaccHpBKANRS COSNWHEHERR (3 TaKKe
XAMEYECKHX peaxnil) CKIafpBaluCk Ha NPOTSKCHUE CTOJCTHH, mo-
3TOMY OHH HE BCETJa SBISIOTCH JIOTMYECKAMH H TpebyloT Baym-
YHBOTO OCMBICTHBAHES,

XaMEeckre BeNleCTBA NPHHEATO JACIHTEH HA JBE IPYIILL BEMHOTO-
YACIECHEYIO TPYIRY MPOCMbiX BEINECTB (WX, C YIETOM AJLIOTPONHEIX
MOIRGbAKANEA, HaCHHTHIBaeTCH OKoJlO 400) M oYeHh MHOTrOYHCIEH-
HYIO IPYIIY CAONCHBIX BEMIECTB,

HPOCT BIC BCINCCTBA NOAPA3INEIIAIOTCH HA MenaAissl H HeMemainsl.

Crnoxrgie BemecTsa OORMEO NEIST HA YeTHIpE BaXHeHIDMX Kiac-
ca: oxcudsl, ocHosanun (zudpoxcudsl), Kucaomsl, cosu. Takasg xnac-
cHHEKaRs He uBnfgeTcd coBepmenHod. HanpaMep, p Hel HeT MecTa
Ins aMMHAaxXa, COCAHBCHMH METAINIOB C BOOOPOAOM, 30TOM, YIJIEPO-
aoM, hochopomM, cocTHHEHHH HEMETAIIOB ¢ APYTHME HEMETAJLIAMH
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H T. A. DTH BEIIECTsa HE MEHES BaXHHI, YeM OKCHJLI, OCHOBAHHS,
KHCJIOTHl HJIH COJH, IO3TOMY MHOIHE W3 HEX CHEQHANLHO paccMar-
PHBAIOTCH B rI4BAX, OOCBAINCHHEIX XEMHE OTIEIBHEIX 3IEMEHTOB.

§ 12.1. Oxcunu

OxcHAAMA HA3WEBAIT COSARHEHRY, COCTOMINE 3 OBYX YIEMEHTOB,
OJIHAM H3 KOTOPLIX UB/IHETCH KHCJIOPOX.

OKCH/ILI IENAT Ha JBe TPYNDLL coAcobpasyiouue B Hecoseobpasy-

Mowue, a XAXOYIO H3 IPYOI, B CBOK O4YEpenb, MOAPA3ACHLIOT HA
HECKOJIBLKC NOATPYIIL: '

Oxcunpt
HeconsoSpasyowms Conectpazyiotine
BGaspas- Coneoli- Amporap- Kucnor-
NHYHbIG Teporcuats DasHbIE OcuosHbie Hug Hulg

K macTosmeMy BpeMeHH OCYINECTBJICH NEPEXO] Ha COBPEMEHHYIO
MeHcOYRapoomyio Homenkaamypy. CornacHo 3TOH HOMCEKJIATYPE no-

Goii OKXCHA Ha3KIBAETCH OKCUOOM ¢ YKAIGHUEM DUMCKUMU yudpamu
Cmenenu OKucAenus 3aemenma, Banpamep, SO, — okcEn cepul (IV),
SO, — oxrcap cepsr (VI), CrO — oxcaa xpoma (II), Cr,0; — okcmp
xpoma (III), CrO; — oxcup xpoma (VI).

CpolicTBa Hecoaeobpasyiowux OKCHIOB B JAHHOM pasjiejie HE
paccMaTpHBaIOTCH; Hauboaee saxcunie u3 vux (CO, NO, H,0;, Na,0,)
OINCaHEsl B pa3fienax, DOCBAIICHHRIX COOTBETCTBYIOIIAM 3ICMCHTAM.

Coseobipasyiowue okcudsl DOAPA3NENSIOT HA TPH FPYHHM {ocKos-
Hble, ampomepHble, KUCAOMIbIE).

Ocnopanie okcamur. K 0CHOSHBIM OTHOCATCH OKCUOB! MUNUYHBIX
MEMAAA08, M COOTBETCTBYIOT I'MIAPOKCHABI, obnajaromme CBOHCT-
BaAMH OCHOBAHHE.

Houxyuenme. 1. OxucneEHe METANNOP OPH HArPEBAHHHM B ATMOC-
depe xECIOpOHa:

Mg+ 0y =2MgO

2Cu+0,=2Cu0

DTOT «OpAMO» METOX OPAKTHYECKH HENPUMEHUM OAR UJeAOUHBIX
MEMAAA0E, KOTOPLIE OPH TAKOM OKHC/CHHH AT NEPOKCHAH.
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2. O6xur cynbdumos:-
" 2CuS+430,=2Cu0+280,
4FeS; +1105=2Fe,03+ 850,
Memoo nenpumenum 04 cyabudoe axmusHslx MEmMAAA08, OKAC-
ISIOLIAXCA A0 CyTh$aTos.
3. Pa3noxenne 'EAPOKCHOB!
f
Cu (OH); = CuO+H,0

JTHEM METOOOM Hellb3A MONYYHTh OKCHH INEJ0YHKX METAILIOB.
4, Pa3anoxenne cojieil KACIOPOACOAEPXAIMX KACIOT!

H
BaCO4 = Ba0 +COy
1
2Pb (NO3); = 2PbO+4N0; + 04
7
4FeS0, = 2Fe;0,+4803+ 03
Croiicysa. OCHOBHBIE OKCH/LI IPEICTABIAIOT COOOH meepdvie Kpu-
cMmdAsuRecKue sewjecmed HOHHOTO XApAKTEpa, NO3TOMY OKCUOB Me-
MaAnog obAAd@om EHICOKUMU MEMNEPAMYDAMY NAGBACHUN 1 KUNCHUR.
BoJLIMARCTBO OCHOBHHIX OKCHJAOB HE pacHaJacTCs IIPH Harpe-
BaHMH, HCKTIOUCHHME COCTABIMIOT OKCHABI PTYTH M 6IaropomHbix
METAILIOR; '
. ]
2HgO = 2Hg+ 0,
. 1
2A8,0 =4Ag+ 0y

OcBOBHEIE OKCHAR NPE HATPCBAHWH MOTYT BCTYNATE B PEAKIHMM
€ KHCJIOTHHIMH H AM(pOTEPHEIME OKCHHAMH, C KRCIOTAMM:

BaO +8i0;=BaSi0; (12.1)
MgO +ALO; =Mg (AlO,), ' (12.2)
Zn0+H,;5804=2ZnS0,+H,0O . (12.3)

OxcEABI MEJOYHBIX H INEJOYHO-3eMENBHLIX METAILIOB HENOCPe-
CTBEHHO PEarapyrT ¢ BONOil:

K,0+H;0=2KO0H
(12.4)
Ca0+H;,0=Ca (OH),

OcHOoBHBIC OKCHA (KaK UM 00LIE Apyrue THIEI OKCHAOB) MOIYT
BCTYHIATh B OKACIETEIBLHO-BOCCTAHOBHTENLHEIC peakudn (OBP):
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Fe;03+ 2A1 = Al,O5 +2Fe
3Cu0+2NHj = 3Cu + Ny +3H;0

4Fe0D+ 0, - 2Fer0

Kucnorwnie oxcmmm. Kucsomnusie oxcuds upeacrasnmior coboit
OKCUDB! HEMEMAAAOE WITH NEPEXOONDIX MEMAAAOR & SVCOKUX CINEMENRX
OKUCACHUA B MOTYT GBITL IONYWCHL METOJNAMM, AHATOTHTHREIME Me-
TO/IAM DOJYYCHHEN OCHOBEEIX OXCEAOB, BAIPEMED:

4P 450, - 2P;04
ms+303 2Zn0+280;

Bonnmmo KECTOTHHX ORCRIOB nenocpemm:mo mnd—
CTBYET ¢ BOAOH ¢ oBpajopammerM KBCIOT:
803+ H,0=H,580,
' 80;+H,0=H;50; ‘
P;0s+Hz0~2HPO, (12.5)
P105+ 3H,0 = 2HyPO
P0s+2HO0=HP0;
SameTEM, mmncﬁomomonnomnopmpoxo
 ECIIONB3YETCA CTAPHEHHAN CRCTCMA HS3BAHNI EAK aneudpudos Xmc-
JIOT — RPOOYKMOS ONTUENACHUR 600B. OM - COOMBEMCMEYIOUUX KiC-

som. Kax BENHO H3 BLINEOpHBEACHEMX peaxumi, SO, — umuml
cepnoit xecnoi, CO; — aEragprA yromaok xecnors, POy spiser

H pHOH
' M&WWWOIMOBMIX

PCAKUEH C OCHOBHRIME (CM. BHIIC) H. aMQOTEPHLIME OKCHAAMN, CO
ImenoYaM;
P105+ALOy = 2AIPO, B (12.6)
Ca (OH);+C0,=CaC03) +H70 . (2n
KecnoTHbe OXCEAR MOTYT BCTYNATS B paynwiEne OBP:
C0,+C =200

250;+0; * 250, |
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80,+2H;8=138+2H,0
4Cr0; + CHs0H = 2Cr;04 4-2C0; + 3H,0

Amporepurie OKCHAW 00NANAIOT OsgoiicmaenHoli npupodol: OHH
ONHOBPEMEHHO CHOCOOHLI K peakmAsM, B KOTOPhIE BCTYHAIOT XKaK
OCHOBHHEIE, TAK H KHCJIOTHEIC oxcnm,'r €. pearnpyioT i C KCHOTAMH,
H CO menowamm: . ¢

) A]203+6HCI=?AIC:I3+3H;O ' (12.8)
. © Al03+2NaOH+3H,0=2Ns[Al(OH)] - (12.9)

K uncny amdoTepHEIX OKCHHOB OTHOCATCH OKCHN ATIOMBNHS
Al O, oxcnx xpoma (II1) Cr,0,, oxcupn Gepmwums BeQ, okcua nuuEka
ZnO, oxcun xenesa (I1I) Fe,O; B psa apyrux.

Hoeansno amgomepubim oxcudom asasemca sooa H,0, xotopas
JHECCOIEAPYET ¢ 00pa3QBaHAEM OHHAKOBEIX XOJNHYECTB HOHOB BOAO-
pona (KHCIOTHEHI® cnoﬁcrna) H rgnpoxcnn-nona (OCHOBHEIE CBOMCT-
pa). AMdoTepHEIe CBORCTBA BOAKI SPKO IPOABIAIOTC UPH THAPOTH3E
PACTBOPEHHBIX B Heill coleif, 8 TAKXEe OPA BIaEMOACHACTBHH ce KaK
' C OCEOBHBLIMH OXCHJAMH {CM. peaxnan (12 4)), TaK H ¢ KHCIOTAMH {CM.
peaxmEy (12 ).

§ 12.2. Ocnonaung (mam METAJLIO0B)

Onpenencrne OCHOBAHHA C TOYKH 3PCHHS TCOPHH JJIEKTPONHTH-
qecko# guEeconmanAy gaso B § 9.3. ITo cospemMesEocil HoOMeBKnIaTYPE
RBX HRSHIBAIOT 2uDpoKcudamy e MeHmoe ¢ YRasaruem cmenenu oxucae-
nus, - KOH~ raxpoxkcea  xanus, NaOH -—rmgpokcen Eatpms,
Ca (OH); — raapoxcefl XKaAbIES; Cr (OH);—~ mnpoxcnn xpoma {r1),
Cr (OH); — ruapontan xpoma {IH). -

- Cpolicrpamedl "OCHOBZRAR, 01HAKO, Moryr oﬁnanam e TONBKO
FANPOKCHAR —- CM. HIXe B pazfiene «KHCHOTH». :

I'mapokcHIsl METaUIOB HpHHATO JC/AThL HR JHBE rpynnu pac
meopumbie ¢ 6o0e¢ {(0bpa3opaHHLIC ME/TOYHEMME H - IIE0THO-3EMETL-
HEIMH METa1IaMH' B IOTOMY. HA3LIBACMEIE jedouamu®) B Hepacm-
sopumbie 8 6o0e. ' NaBHOE pa3nEyHe MeX/y HAMH B TOM, 9¥0 KOHICH-
Tpamas roeoB OH™ B pacrBopax menoueit BHICOKas, [Uid HeEpacT-
BOPHMEIX ¢ OCHOBAaHHHA OHAa ompene/aeTcd pacTBOPHMOCTBIO BEINe-
€TBa B O4CHbL Maja.

" INony4enme. OOmmm METONOM no.uyqem OCHOBAHHU #BJIgeTCH
peaknms o6MeHa, ¢ HOMOILIO KOTOPOH MOrYT OLITh HOITydeHRI KAK
HEPACTBOPHMEIE, TAK H PACTBOPHMEIE OCHOBAHHA:

*HICEMOueHAE COCTARNACT 3aBMMAtOuE ocofoe MOMOXEHRE HIPOKCHN AMMO-
mai NH,OH (Toumee — ruppart anvemommsg NHj Hy0) — caafioe ocuosanue, obpasy-
Folleecd IPW PacTBOPEHHH B BOJC AMMHAEA, _
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CnS0, + 2KOH = Cu (OH),} +K3804 (12.10)

K3C0Oy+Ba (OH),; =2KOH +BaCOs) (12.11)

IIpr DonyYeHHAR 3THM METOAOM PACTBOPHMEIX OCHOBAHHN B Oca-
DOK BHIIAJACT HEPACTBOPEMAN CONb.

Ilps monydeHRH HEPACTBODHMLIX B BOAE OCHOBSREN, obmaxs-

omEx aMmpoTepHEEIMA CBORCTBAME, ciieayeT u3beraTs H3GuTRa meno-

9H, DOCKOIILKY B TAKOM CIy4ae IPOHCXOJHT PACTBODEHHE asmfbomep-
KO20 OCHOBaHES, HaUPHEMED;

AlCl; + 4KOH = K [Al (OH)J] + KOl

B popofHmxX cioyuasx IS DONYYeHES TEOPOKCEIOOB HCIONB3Y-
0T TEADAT aMMOHMHE, B KOTOpoM ambOTepHBIC OKCENW He pac-
TBOPSIOTC: _

AlCl; +3 (NH;3 - H;0) = AL {OH) | + INH C1
Cr; (8O4)a+ 6 (NHy ' Hy0) e 2Cr (OH)y| + 3(NH,);80,

ZnBry+2 (NHy H;0) = 2n (OH), | +2NH Br

I'eppoxca cepebpe, PTYTH BACTONLEOC TR0 PACIAKAIOTCA, FTO DI IONLITEE HX
obaernoil peanRed BAMECTO TEAPOXCHION BRNAIAIOT CECHIE

2AgNGy +2KOH = Agy0] +H;0+2KNO;
Menous 8 TexHHKe OONMHO MOJYIAIOT JACKTPOJM3OM BOXHRIX

PACTBOPOB XJOPHAOR:
2NaCl+2H0 i 2NaOH+H3+Clz

B naGopaTopHE MET0TA NOTYIAIOT TAkRKe BIARMOACHCTRREM ITie-
NOYHWX H INEJOYHO-3EMENbHRX METAIIOR HIM BX ORCEZOB (oM.
peaximg (12.9)) ¢ Bogoi:

3Li + 2H;0 = 2LiOH + Hat

Xummueckne cpoiictsa. Bee ?mopme B BOJe OCHOBAHRN
OpHE HArpeBAHHY PAlATATCA ¢ 00pa3oBAHAEM OKCHACB:

2Fe (OH); = Fe;0y+3H;0
Ca(OH); = CaO+H30

Camoit xapakTepuol peaxmmeil 0CHOBaHHIA SBISCTCH HX B3AHMO-
Oe#CTBEE ¢ KHCIIOTAME — peaxyun wefimpasusayuu. B Hee BeTynmaror
K&K INCNOTH, TAaK H BCPpACTBODHMEIE OCHOBAHWH!

NaOH + HNOy =NaNO; + H;0 -
Cu (OH); + H;S0,= CuSO4+2H,0 (12.12)
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Brime noxa3aHo, XAK OCHOBAHHS B3AHMOAEHCTBYIOT € KHCIOTHRI-
MH OKCHIAME, OHH TAKES MOIYT BCTYNATH B PCAKINIO ¢ KHCIRIME
COJIAMH:

Ca (HCO4); +Ba (OH), = BaCO;} + CaC0s} +2H,0
Cu (OH), + 2NaHSO, = CuS0, + N2,80, + 2H,0
Heo6xoaaM0 OTMETHTH CIOCOOHOCTS PaCTBOPOB IIEN09cH pearn-

POBATE ¢ HEXOTOPHIMHE BEMETANLIAME (TAlOreEAaME, Cepolf, Oemmm
dochopom, xpeMBAEM), 4 TAKKC C ATIOMEHAEM H C IHHKOM:

2NaOH +Cly=NaCl + NaOCl + H;0 (ma xomoxy) (12.13)
6KOH + 3Cl; = 5KCl + KCl0; + 3H,0 (12.14)
6KOH + 38 =K»80; +2K,S + 3H,0 (12.15)
3KOH +4P +3H,0=PH, 1 + IKH,PO, (12.16)
2NaOH + 8i + H20 = Na,Si0, + 2Hat (12.17)

2XOH +2Al+ 6H;0= 2K [Al (OH) ]+ 3H;1 (12.18)
ZKOH + Zn +2H;0 =K, [Zn (OH) ]+ Hat (12.19)

Hapectamwr e mue amMGOoTepHEe THAPOKCHARL. JTO THIAPO-
kcun amomMueng Al (OH),, reapoxcan xpoma (1) Cr(OH),, raapo-
¥cua mEaxa Zn (OH),, reapokcen xenesa (III) Fe(OH);, raapoxcan
G6eprmug Be (OH),. Kaxnnii B3 31EX BAPORCHAOB cnocobeH Baa-
HMOJCHCTROBATS K4K C KACIOTAME, TaX H CO IMEI09aMH: :

KOH + Al (OH); =X Al {OH)4)
NaOH +Cr (OH)3=Na [Cr (OH)4]
Ba (OH); + Zn (OH); =Ba [Zn (OH)4]
KOH +Fe (OH); =K [Fe (OH)4]
Sr (OH), +Be (OH), =Sr [Be (OH)4)

§ 12.3. KucioTm

OupenelienRe KACA0T C TOYKH 3PCHAS TEOPHH 3JICKTPOINTHIECKOMH
mEcconAanmuu OsL10 hauo panee. JanewHeiimee pa3zBATAC XHMHH IIO-
TpeboBamo YTOIRATL W JIONOJHATh OHPEHCTCHAA KaK KHCIOT, TAaK
M OCHOBAHMH.

Cornaceo npomonroii TEOPEH KHCIOT H ocnonamm OpeIoKeH-
Hoii V1. BpeHcTeOM, Kuc0moti HA3HIBAIOT BEIIECTBO, OMyEnARIouee
OpH JAHHOH peaknHu npomowsl, 4 ocHosanuesm — BeIeCTBO, cuocob-
HOE npunumams npomonsl. Jliobasa peaknms OTIIEIIEHHN OpPOTOHA
BLHIPAXAETCH YPABHEHAEM
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Krcnora — Ocaopanre + H*

Ha 6ase Taxux npecTaBieHuil IOHATHLIMA CTAROBSTCH OCHOSHbIE
c80licmsa ammuaKa, KOTOPHIH 34 CYET HCNOACICHHOH HAPH 3JIe-
ETPOHOB 4TOMA A30TA OPHHHMACT DPOTOH OpE BlaEMojciicTBHE
¢ KHCIOTaMA, o6palys Mo JAOHOPHO-AKNETTOPHOMY MEXAHH3MY HOH
aMMOEHS: ‘

HNO,+ NH, 22 NH,*+ NO,”

INGAOTA  OCEOBANET KECHOTE  OCHOBAREC

Eme Gonee ofmee onpezencHAe KACIOT H OCHOBAEHI IPENIOKEED
I". JIbloBCOM, DpeUONOXKHBIIAM, ITO KACIOTHO-OCHOBHEIC BIARMO-
JeBCTBHA COBCEM HeoOA3ameAbHO NPOUCXOORM € NEPEHOCOM NPOMOHA,
a OCHOBHAA PONIb OTBOAHTCH Y4ACMUI0 FAKMPOHKBIX nap B XAMHEYCC-
KOM B38HMOHCHCTBHH.

Kamuonet, anuonsl usu HetimpaavHuie MoAeKyavl, cnocobnvie npu-
HAMb OOMY 1AY HECKOABKO NAD 3AEKIMPOHOS, HAINBAIOM KUCAOMOMU

Jorouca.

: Tax, ganpamep, dropan amomuang AlF; — xacnoTa, ciocobras
OpPHHAMATD 3ACKTPOHHEYI) IAPY OPH B3aHMOACHCTBHH ¢ AMMHEAKOM:

AlFy+:NH; 2 [AIF;}:{NHy]

Kamuonst, anuomst usu nettmpavivie mosexyavi, cnocobrbie omoga-
samb 3AeKMponHbIE napul, Haivieaiom ocnosawuamu Jlwouca. B pac-
CMOTPEEHOM NPEMEPE AMMHEAK SBIHETCH OCEOPAHMEM.

Onpenencane I'. JIbioHACA OXBATHBACT BCE KHCIOTHO-OCHOBHEIC
_[IpOIecCH, paccMOTpeHELIe pasee. B Tabn. 12.1 comocrasieHn paa-
JHIHLIC ONpEAcIcERY KHCIOT H OCHOBAHHM,

Ta6arna 12.1. Conocrannense onpenexenmli KucroT N ooz amsk

Knace  Onpepentars XR:NOT B OCROBAIAA
BEILECTR
oo AppeHBRyCY oo Bpescreny mo JIBIOBCY
Kucnot Otaaror HY Orgator HY TTpumenaloT ANCETPOR-
HEIE mapht
OcaoBanns Otpawr OH™ Tpupesazor H* OTAAIOT INCKTPOHHERE
naphl

HoMemuaTypa B kiaccudpucamas xacnoT. IIockomLRy CymecTsy-
IOT pasH9HLE OUpeAcIcHA KBCIOT, TO HX KIACCHQHKANEA B HOMCH-
XJIAaTypa XOBOJIbHO YCIIOBHEI.

Ilo wmcny aroMoB BOJOPOAA, COOCOOHBIX K OTMENNEHAIO B BOJ-
HOM pacTBOpe, KHCIOTHI ACHAT Ha odHoocHosHbie (Hanpumep, HF,
HNO,), dsyxocrosunie (H;CO,, H;80,) 1 mpexocrnosnvie (H;PO,).

TIo coctaBy kucnoTh gAenar Ha beckucaopodnuvte (HCl, H,S) B xuc-
-sopodcodepucawyue (HCIO,, HNO;).
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OOKYHO HAI8aHUR KUCAOPOOHBIX KucAOM NPOH3BOAATCH OT HA3Ba-
 HHS HEMETAJIA ¢ npubapiicHAEM OKOEMAHHK -HAA, -6aA, C/IH CTENCHD
OKHCICHAS HEMETAIUIA papia HOMEpY IPymph. [lo Mepe noEmkenns
CTeNecHH OKHCJCHHs Cy(pdHECH MeHmOTCA B CleAyIOmEeM NOpAIKe:
-08aman, -UcmMan, -08aAMUCMAan:

HCIO4 — xnopRas XHCIOTa H3As0; — MEIBIKOB2R KHCIOTA
HCI03; — x10pHOBATAS KHCTOTA HNO; — a3oTHas XACIOTA
HCIO; — xnopnﬁu KHCJIOTE HNO; — asoracras xmonoTa
HCIO — xnopHOBATHECTAS KRCIOTS H280; — cepeax xBCIOTA
H,COy — yronsEAs XECAOTE H.S04 — cepmmcras xacnoTa

Ha3zsanun becxucaopodnsix xucaom TPOHM3BOASTCH OT HA3IBAHHA
HEMETAaa ¢ NpEOABIeHHEM OKCHYRHHUS -8000POOHAR:

HF — (l:mponc)iopomu KECIOTA HI — mopoBomopomAS XHCTOTA
HCl -— xnoposonopoasas KaCIOTA H3S$ — cepoponOpONEAR KHCIOTA
HBr — GposoBomopomEag sacnoTa  HaSe - ca/leE0BOLOPOHAN KHCIOTA

Xopomo H3BeCTHO, wTe xnopaoBaTAcTas kacnora HCIO aensercs
ovens caboi xacaoTol, HCIO, — Takxe cnabax, HO cHiIbHee XJIOp-
poBatacTOH, HCIO; — canpEag xmcnora. XIOPHCTas KHCIOTR
HCIO, — camag cHAbEag H3 KHCJIOT B 3TOM PSAY M OQHA H3 CAMBIX
CHILHKIX CPEH BCEX HEOPraHRYECKEX KACIOT, Jlng noEaManAs TakoH
3AKOHOMEPHOCTH PACCMOTPRM CTPYKTYPHLE ROPMYNEL 3THX KHCIIOT:

XNOPHOBATHCTES H—-0—-C
XNOpHCTAg H-0-Cl=0
0]
1
XROPHOBATAS H—-0-Cl=0
O
b
XIOpHAS HwO—C"Il==O
0

Jis QECCONHAIME [0 KHCIOTHOMY THOY HEOOXOAEM pa3phIB CBS-
3m O — H. Kax MoxB0 OOBSCHETL yMeHbLINEHHE NPOYHOCTA ITOH
ceazm B paxy HCIO — HCIO, — HCIO; — HCIO,? B atom paxy
YBEJIHYHBAETCE YHC/IO ATOMOB KHCIOPOJA, CBS3AHHEIX C NEHTPAb-
HBEIM aToMoMm Xxnopa. Kaxanii pas, korna obpasyerca HOBag CBS3b
KHCJIOpPOAA C XJIOPOM, OT aTOMa XJopa, 4 CIeJOBATE/NbHO, H OT
neppauyHOH cBMER O — Cl oTTarmBaercs HEKOTOpas [OOJH IJICKT-
porBOH MWIOTHOCTH. B peayisTare 3TOr0 4Macrbh 3NeKTPOHHOH IUIOT-
HOCTH oTrarmBaercs E or cBa3e O — H, xoropas 3a cueT aToro
ocnabnsercy.
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Taxan 3aKGHOMEPDHOCMb — YCUAEHUE KUCAOMHLIX CBOIICME ¢ 603-
Pacmanuesm cmeneny OKUCACHUR YEeHMPAAbHOZ0 amoMd — Xapaxmepa
He MoAbKO OAR XAOPG, HO u 048 Opyzux ssemenmos. Hanpmmep,
azotHag xucnora HNO;, B roTopoii creness oxHC/IeHAs a30TA PABHEA
+5, spingerca Gonee cumbHOM KMCIIOTOM, YeM Aa30THCTAd KHCIOTA
HN02+6(CTGIIBHL OKHCICHHS a30Ta +3); cepHa® KECJOTa

+4
H,S0,(S) — Gonee canbeas, yeM ceprucTas kaciacra H,S0; (8).
Ilosrygeane 1. Beckacnopoatbe KHCIOTH. MOTYT ORITH DONYYEHR!
npu HenocpeoCmeeHHOM COEOUHERUU HEMEMAAA08 ¢ 8000podom, Ha-
npEMep:
H;+Cl; 2 2HC(]

H3+8 2 HjS

2. KHCITOPOACOAEPKAITHE KHCIIOTH MOIyT OHTH HONYYCHH 43G-
UMOODeliCIBUEM KUCAOMKBIX OKCUO06 ¢ 8000l (cM. peaxmma (12.5)).

3. KuCIOTEI MOXEHO TONYYATh N0 PEaKyiAm oOMena MEXRY CONf-
MH B JPYTHMH KHCIOTAMHE:

BaBr; +H,;80,=BaS(,} + 2HBr
CuSO4+H;S=H;S0, +CuS)|
FeS +H;S04(past)=H,51 +FeSO, (12.20)
NaCl(rs) + H;804(xomm) = HCIf + NaHSO,
AgNO; + HCl = AgCl} + HNO,
CaCO; + 2HBr = CaBr; + CO;1 + H0

4. B page ciydacB ANA OOIYYEHHES KHCIOT MOTYT OLITh RCHONB-
30BAHLL OKUCAUMECAVHO-80CCMAROGUMECADHDIE PEaKYul:

H;0,+850,=H,80, (12.21)
3P+ SHNO; + 2H,0=3H;P0,+ SNOt (12.22)

XemEgeckue croiicTRa MOXHO pa3ACIATE HA ABS IPYOIEL: 1) obujue
VIS 8cex Kucaom pPEAKmHM, CBA3AHHBLIE C HANMHYHEM B RX PacTBOpPax
sora H* (moma rmapoxcomms H,O%), m 2) cneyuguueckue, T. €.
XAPAKTCPHHE I8 KOHKPEMHbIX KucAom.

HoE Bosopoaa Moxer, ¢ OfHOE. CTOPOHBI, BCTYDATB B OKuC-
| AUMEABHO-80CCMAR08IMe Abkbie PEAKITAH, BOCCTARABIHBARCH A0 BOJO-
poda, a ¢ Apyrod CTOpOHL, BCTYHOATh B PERKIHH COCTHHEHRI C OT-
PHIOATENLHO 3apAKCHHNME HIIH HEHTPAIbHRIMH 4YacTHNAME, HMeE-
IOIMEME HENOJES/ICHHEE NAPHl 3NIEKTPOHOB (KUCAOMHO-OCHOSKOE 63a-
umodeiicmeue).

K nepgomy THOY DpeBpamEHAR KHCIOT OTHOCATCR PEAKIIEH ‘KHC-
JOT ¢ METAJUIAMH, CTOSIMMH B PAAY HAOPMKCHHE A0 BONOPOIA,
HampEMep:
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In+2HY =Zn** +Hy

K sTomy xe THIY ODpeBpaIneHAR OTHOCATCH PEAKIHA ¢ OCHOBHLIMHA
OKCHAAMH ¥ OCHOBaHHsMH (cM. BRIne peaxnma (12.3), (12.8), (12.12)),
a Takxe co cpeamEME (cM. Bhme peaxrma (12.20)), oCECOBHBIMH,
4 HHOTAA H KHCJhIMH COJISIMH:

[Cu (OH)};CO3+4HBr =2CuBr, + CO,1 + 3H,0
Mg (HCO;); + 2HCl =MgCl; + 2C0;1 +2H,0 (12.23)
2KHSO5+ H804=K,50,+ 250,11+ 2H,0

MEOTrOOCHOBHBIE KHCJIOTH AHCCOMHEPYIOT CTYIEHWATO, HO3TOMY
TAKHE KHCIOThI HAPAAY CO CPeJHHMH COJEMH 4acTO 00pa3yroT KHc-
Jmie (B CTydae H30nITEa pearmpyrome# KACIOTH).
Cay (PO4)y +4HyPO, =3Ca (H;PO4);

Na;S +H3PO4=NaHPO, +H;St

NaOH +H3;PO, = NaH,PO,+H,0

KOH +H;8=KHS + H,0

(12.24)

YacTHEIM CIIYIacM KHCIIOTHEO-OCHOBHOIO B3aBMOACHCTBHA SBIIA-
FOTCH Peaxyuyi KucAom ¢ WHOuKamopamu, npusodsyue K u3MEHeHuio
OKXpACKY, YMO U3DAEHA UCNOALIYEMCA OAR KAYECMBEHHOZ0 OGHADYNCE-
HUR KucAOm B PacTBOpPAax.

B kxavecTBe HHAMKATOPOB HCHONB3YIOT AaGkmyc (B Heilmparvhoil
cpene — fuosremogeiii, B Kucaoti — Kpacwblil, B WeAOuHO —— CuHui),
memu08oiil opanxcesviii (B xucAoil cpeae — Kpachstil, B Heidmpans-
HOll — opanxcessiii, B WeAOuHOd — Hceamuiil), KoHzo Kpachuii (B cu-
IILEO KucAofl Cpene — cunuil, B wetimparoroil 1 weaounoti — Kpacrwiii)
H MHOrHE ApYTHE.

Bropas rpymna mpeppameHMEl XHCIOT CBR3aHa CO cheyugdhuuec-
Kumu 0cOGEHBOCTSAME PARHTHLIX KHCJIOT B HOApa3feiseTcd Ha JBA
THIIA: PEAKIHE; OPHBOJAINEE K 00PA3IOBAHMIO Hepacmeopumblx coaeti,
U OKUCAUMEALRO-80CCMaHOSuUMenbHvle npespawenun. Ecim peaxnun
OepBoii IPynnHl, CBS3aHELE ¢ HaamageM moHa H', Guum ob6mumu
I7IA BCEX KHCHOT {KavecmaenHuie peaxyuu s oO0HADYKEHES KUCAOM
goobwe), TO PEAKUMH BTOPOH rpynmel MOIYT CIYXHTH KauecmseH-
HbIMU Ha OMOeAbHble KUCA0MbL:

Agt+ClImT= AgCl
BGeneidi ccanox
Ba?* +804*" = BaSO,| (12.25)
Gemall ocagox :
3AgT +POS = Ag,PO,)
XeAThE ocazox
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Apyroii 6onemoii mogkrace cnenadgEuecKEX CBOHCTE KHCIOT CBA-
3aH ¢ BX OBP. Tak, Geckmciiopogable KHCIOTH B BOHOM PacTBOpe
MOTYT TOJIBKO OKHCJIATHCSE:

2KMnOy + 16HCl = 5Cl; + 2K C1 + 2MnCl, + 8HZ0

Kacaopoacogepxamuae KHCIOTH MOTYT OKHCIATLCH TOJIBKO TOT-
A3, KOTAa DERTPpaIbHbH aT0M HAXOHTCA B HIPOMEXYTOYHOH CTeHCHH
OKHCJNECHHS,, KaK, HAIPEMEP, B CEPHHCTOM KHCIOTE (CM. peaxmdio
(12.14)).

MEorre xaCnOpOACONEpXKAIEE KHCIOTH, B KOTOPAIX LEHTPAIIb-

+6 +5
HR¥ 2TOM HMEET MAKCHMAJLHYK cTenens oxucienrs (S, N), opo-
ABJIFIOT CBOKCTBA CHIIBHBLIX OKHCNHTeNcH (CM. pasfeliH, IOCBAMICH-
EWC a30THOH H CCpHO#l KHCIOTE). -

§ 124. Comm

Kaaccudmxanms u somenxnarypa. OnpeacneEne coledl ¢ TOUKH
3PEHAS TEOPHH JHCCONHANAH JAHO paHee. CONH OPHHATO JEIHThL Ba
TPH TPYONRL cpedHue, KucAwle u OcHosHbie. B cpenEmx consx Bee
aTOMBI BOAOPOA& COOTBETCTBYIOMEH KHCIOTH 3aMEIneHkl Ha 3TOMR
MCTAILIA, B KHCIILIX COJISMX OHH 3aMeINeHtl TOMLKO JACTHIHO, B OCHOB-
HeIx coysx rpymik OH cooTBeICTBYIOmMEro OCHOBAHHS YACTHIHO
3aMeMIeHbl HA KHCIOTHRIC OCTATKH.

CyumiecTByloT Takke HeXOTOPHE APYTHE THULI cOnel, Hanpumep:
daofinvte coau, B KOTOPHIX COAESPRATCH ABA PASHLIX XATHOHA H OJHH
agmon: CaCO,; MgCO, {(morommt), KCI'NaCl (cansBmEmT),
KAl (SO,), (anmioMoKanHeBEIe KBACIAL), CMEWLANHBE COMU, B KOTOPKIX
CONEpAKHICA OJMH KaTHOE H apa pa3Enx agmona: CaQCl, (wm
Ca(OCD Cl); xomnaexcuvie coau, B COCYaB KOTOPHIX BXOIMT XOMN-
AeKCHblil uOH, COCTOSIHE B3 NEETPANLHOTO ATOMA, CBE3aHHOTO C He-
ckonpkEME auzandamu: K,[Fe(CN)J (xenras kpoBsHas Colb),
K;[Fe (CN)q] (xpacras xpopsmas conp), [NaAl (OH)4, [Ag (NH,)] Cl;
zudpammbie coAu, B KOTOPHX COASPRKATCS MOJIEKYIIBI KPUCTIAAAUIAYL-
onnoii sode: CuSOQ, " SH,O (Memmamii xynopoc), Na,SO,  10H,0 (raa-
ybepoBa con).

Ha3zeanue cosell o6paiyercy H3 Ha3BAHHA aHAOHA, 34 KOTOPKIM
CHIeAyeT HA3BAHME KATHOEA.

- Jins comeli OGecKkHCHOPOAHEIX XHCJIOT K HA3BAEHIO HEMCTAIUTA
nobasnsercs cypdrxe -ud, anpumep xnopua Harpas NaCl, cynsbdra
xeneaa (II) FeS | np.

Hng conefi KACIOPOACOAEPEANMX KACIOT K JATHHCKOMY KOPHIO
Ba3BaHHA 37IEMeRTa H00ABINETCH OKOHYANHAE *am I BRICIIHEX CTeme-
HeH OKHCICHHS, -um [iud Oolce HM3KHX ([UIX HEKOTOPRIX KHCIOT
HCIONL3YETCA MPHCTABKA 2uno- AN HH3KHX cTedeHeH OKHCIICHHA
‘HEMeTallna; N9 coJiell XJIOPHOY H MAPTANIOBOH KHCIIOT HCHOIL3YET-
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CH IIPHCTaBKa nep-): xapboraT xambmusa CaCO;, cynsdaT kenesa (111)
Fe,(S0.);, cymubmr xenesa (II} FeSO;, ranoxmoprr xamas KOCI,
xnopar xama KClO,, xnopar xams KClO;, mnepxnopar kxamas
KCIO,, nepmaurasat xams KMnO,, maxpomat kamas K,Cr,0;.

Kucavie u ocrogwbie cotu MOKHO pacCMATpPHBaThb KAK IPOAYKT
HENOIHOTC NpPEeBpAINeHns KKCIOT ¥ ocBOBabmE. Ilo Mexaysapoaaok
HOMEHKIIATYpPE aTOM BOAOPOAa, BXOQAIIHHA B COCTaB KHCIIOH COJH,
ofo3Ravaerca NpACTABKOMR 2udpo-, a rpynua OH — npucraskoit zud-
poxcu-; NaHS — raapocymsthra Hatpadg, NaHSO,; — ruapocynsdar
marpag, Mg (OH) Cl — reapoxcuxnopun mareusa, Al (OH), Cl —
THAPOXCHXIOPR] ASIOMEHRY.

B na3sanusx xomnAexcHbix AOHOB CHAYANA YKAIKIBAIOTCH JIATAHALI
H 3aBepImaeTcd HAa3BaHWEM METAJLIA C YKa3aHWeM COOTBETCTBYIOINEH
CTCNeHH OKHCNEHRS (PAMCKHMH OHQpamMH B ckoDkax). B massammax
KOMNAEKCHBIX KAMuOHOE ACTOL3YIOTCA PYCCKUe HA3BAHUA MEMAAN0E,
HAIpHEMeED: [Cu(NH,),[Cl; — xnopan TeTpaaMmuaaMend (I1),
[Ag(NH,),),S0, — cynndaT maammvuucepebpa (I). B aspanmsax xom-
NACKCHBIX GHUOHO8 WCTONBIYIOTCH AQMUHCKUE HAIBAHUA MEMAAL08
¢ cybdmxcom -am, manpmmep: K [Al(OH),] — Terparmapoxcramo-
maHaT kaymda, Na[Cr(OH), — TerparmapokcmxpoMaT HaTpHSH,
K [Fe (CN)¢] — rexcammagodeppat (II) xams.

Hassanun 2uopamnvix coneil 06pa3y10’rcs aByms cnocobanvm. Mo-
XKHO BOCHIOJB30BATHCA CHCTEMOH HAMMEHEOBAHMA KOMIUICKCHRIX KATH-
OHOB, OIECAHHEOR BHINE;, HANpEMED, MeaHLI Kynopoc [Cu (H,0)5180,
(mmm CuSQ, 5H,O) B rarkom cayuae Oyner HaseBaTeCA Cyibdar
nenraagxso mean (II). Ommako i BauGosee H3BECTHLIX HAPATHRIX
COIICH Yame BCEro CTeneHbt THAPATANMH YKa3hIBAXOT YHCIOBOM IPH-
cTaBkof K cnoBy «zudpamy», Hanpumep: CuSO, 5H,O — nenrarun-
paT cyabbara menm (11).

Cuocoln noryvenns u xaMuMeckHe cBoiicTsa. CoJH TECHC CBS3aHLI
CO BCEMH OCTAJIbHLIMA KJ12CCAMHA HEOPraHHYeCKHX COCTHECHHEH A MO-
ryT OBITH DOTYYEHR IPaKTHIECKH M3 Mrboro xnacca. BoaemuacTBO
cioccoboB - monyuepds conell oOcyxAcHO BHINE (CM. peakudd
(12.1) — (12.3), (12.6) — (12.12), (12.20) — (12.24)). Conm 6Gecku-
CIIOPOAHLIX KHCIOT, KPOME TOr0, MOryT OWTh OOIYYeHH OpH He-
OOCPEACTBEHHOM B3aEMopeciicTeaM MeTaUIOB # Bemerawnos (Cl,
SuT n)

MHOrHe CONH yCTOHYHBEI NIpA HarpeBaHAM. OQHAKO COJH aMMO-
HHASA, & TaKxke HEKOTOPHE COMH MAJIOAKTHBHEIX MCETAIUIOB, clabnix
KHCIIOT M KHCJIOT, B KOTOPHIX 3NEMEHTHI [POSBISIOT BEICINAE HIIH
HHM3IIHE CTENCHH OKHCIEHHA, OPE HAIPCBAHAK Pa3NararoTcs:

CaC0,=Ca0+CO;,
2Ag2C03 = 4Ag + 2C02 + 02
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NH,Cl=NH; +HCl
ZKNO; = IKNO; + 04
IFeSO, = Fe;03+50,;+50,
4F €S0, =2Fe;04+450;+ 0,
2Cu (NOy); =2Cu0 +4NO; +0;
2AgNO; =2Ag+INO; + 0,
NH NOy =N,0 + ZH;0
{NH );Cr207=Crz03 + Nz +4H0

MnOy
KO0y = 2KC1+30;

4K ClOy=3KCIO, +KCl

TIpu xumuueckux peaxyunx coAeli NPOASARIOMCA 0CODEHHOCMU KAK
KamuoHos, max ¥ anuonos, Bxoasmux 8 ax coctas. MoHu Meramnios,

HAXOASIHECS B PACTBOPAX, MOTYT BCTYU4Th B PEaKiHH C APYTHMH
ANHOHAMHA ¢ o6pa’joBaHAeM HEPACTBOPHMEIX COCAHHCERN HIH XKe
B OXHCJIBTE/IbHO-BOCCTAHOBATENLHLIE PeaKIHH:

Ag* +Br~ =AgBr]
Cu** +20H "~ = Cu (OH),}
Zn+Cu?* =Zn?* +Cu
Cu+2Ag+ =Cu?* +24Ag
Fe?* —e" mFett

IIepBrie ABe peakiHl MOKA3KBAOT, YTO COJHA MOTYT PEATHPOBATL
€ KHCITOTAMHE, COJIEMH RJIH OCHOBAHASMHE, A [JOCTE/(HAE YRASKIBAIOT Ha
OKHCIIHTEILALCE B BOCCTRHOBRTENLHLIE CBOHCTBA coNel,

AEWOHE!, BXOASIIME B COCTaB CONEH, MOI'YT COCHHHATHCE C KATH-
oEaME ¢ o6pa3joBaEHeM OCANKOB SN MAIOMHCCONMAPOBAHHLIX CO-
eqaHeHAR, a Takke yuacThoBath B OBP:

‘ Ba?* +80," =BasO,|
5042~ +2H* = 8041 +H,0
4Fe* +3[Fe(CN)l* = =Fe, [Fe (CN)l,

GopruacEas mmyyis

3Fe** +2[Fe(CN)g)~ =Fe, [Fe (CN)4l,
TYPRSYNRSA CRI.

§2° 4 2H* wH,S81
NO;~ +2H* +e¢~ =NO;t +H;0
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Taxam o6pa’omM, COJA MOT'YT PEArHPOBATH ¢ COMYME, KHCIIOTAME
H menovaMHE (Do TEOY of6MeHA), MeTamiaM® H #emMerannams, Oco-
6Ll KIacC peaknHii coueH ¢ BOAOH — pEeaknyH 2udpoAusa — HOApPO-
620 paccMOTpeHb! pasee B § 9.4.

I'nama 13
BOJOPOA

§ 13.1. Crpoeame aToOMa H HOI0XKEERe B NEPHONHYSCKHIl
cacreme JI. Y. Menaeaeesa

CHCTEMATHYECKOE H3YYCHWE CBOWCTE NEMEHTOB BAadHEM C H3y-
4eHAN CBOMCTB BOAOPOAE, HMEIOINETC IO CPABHCEHIO ¢ JPYTHME
aneMenTamu Hambonee mpocroe crpoemue atoma. Ero snexrponmas
xoH(pHrypamus B OCHOBHOM cocTosrmn 1s!. IIpocrora 3nexrporHoi
CTPYETYPH 4TOMA BOROPOJa, OJHAKO, HE O3HAYAET, YTO €ro Pm-
JHYECKHE M XHMHYECKHe CBolicTBa HambGonee mpoctel. HaoGopor,
OHH YJBBHTENLENM o0pa3joM OTIMYAIOTCS OT CBOMCTB BCEX HPYTEX
3NEMEATOB, : ,

Boaopoxa, noao0ue yrieposy B KHCIOPOAy, 00pasyeT MEILIAOHEL
coeanaenni. ITogasnsiomee GOIBMAECTBO HX OPHHAIEXAT K THCITY
OPTAHMYCCKHX COCIHBHCHEH, CBOMcTB2 KOTOpLIX NOApobED OOCYEAa-
I0TCH B TperThel wacTH kHWTH. IlodTOMy B HAHHOM IiiaBe MEL CO-
CPeAOTOYHM BEEMAHNWE HA CBOBCTBAX CaMoOTO BOZOPOJA KaK IPOCTO-
TO BEIMECTBA, 4 TAKXke Ha CBOMCTBAX HEKOTOPLIX er0 ECOPraHAYECKAX
OPOEABOAHLIX, 00IANAIOMMX YAMKANFHELIME CBOMCTBaME. B mepmyio
ouepes MEI HMGEM B BHAY, KOHETHO Xe, 00y (a TaxKe IEpOKCHA
BOAOPOXA), KOTOPOHE NOCBSMCH CUENHWANLARTA naparpad.

ATOM BOROpOAa BMEeT caMOeé IPOCTOE€ CTPOEEME: OH COCTOHT
H3 fApa, npeacraBnsiomero cobo ooME mpoTOH, 2 Takke M3
OHHOTO 3NEeKTPOHA, KOTOPLIE HaXONHTCH HA OKpyxalomedl sjpo
Is-opGrram. Taxas cTpykTypa oOycloBIMBaeT yHEXANLHEIC CBOMN-
cTBa BoAopona. Bo-nepshix, aTOM BOJOPOAA EMEET JIANTL BAICHTHYIO
3NEKTPOBEYI0 OGONOYKY W ee eOWHCTREHHEIE JJICKTPOH HE 3Kpa-
HHpOBaH OT AcHCTBHS 3apdla sigpa BHYTPCHHHMH 3JIeKTPOHAMH.
Bo-prophix, BanesTHO# 060N0YKe JOCTATOYHO NPEOOPECTE MM OT-
JaTh JHIIL OXAH 3ACKTPOH, YTOOM HOCTHIL YCTOHIMBOH JJCKT-
poEsO# xKoBEpErypanws. B-Tperbux, atoM BOJOPOAA HMEST OYCHDL
MAJIE pa3MEPhl — ero kosddermusiii paduyc (0,03 HM) BEMeeT MH-
HEMAMLHOE 3HaYCHHE CPEAH BCEX 3IeMEETOB. [lepeuBcneBHBIE ©CO-
6enpocTH OGBACHAIOT MHOTHE CBO#MCTBA BOAOpPOAa M ero ocoboe
noAodceHue 6 nepuoduneckoi mabauye.

Kaxoe MecTO 0I%eH 3aHMAMATE BOJOPOA B HEPHOAHYECKOH Tab-
sane? Bompoc xakeTcs CTP2HHBIM, KOHEMHO XK€, BOAOPOA AOJIKEH
3aHHMATE OepBoe MecTo. Ho g kaxyio epynny ezo nomecmums? 3Oech
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EXHHOrO MHEHHS HET. B oHAX coywasx BOAOPOR HOMEMAIOT B NOA-
IPYynOY WIENOYRLIX METAIUIOB, B JPYTHEX — B OOATPYOIY raloreHoB.
Y1o6H 310 ODOHATH, CPABHHM €ro CBOMCTBA CO CBOMCTBaMH [IEI0Y-
HBIX META/UIOB M TajOrCHOB. _ '

ATOM BOAZOpPOZA HWMECT CAMHCTBCHELIH BAJICHTHRIMA 3NCKTPOH,
KAK H BCE IENOYHBIC METAJUIEL, B TAK XK€, KAk 5TH METAILIH,
cnocober npeBpamaThCs B HOJOXHTEILHO 3apSKCHHLIA HOH, OT-
[aBas HNEKTPOR;

H°~1e =H* (13.1)

Onxuaxo cxoicTBO peakndii BOAOPOXA, OPOTEKAIOMMEX MO CXEME
(13.1), ¢ aBANOrHYAKIME OPEBPACHUAMH [MEI0YHBIX METAIUIOB BECh~
ma popmaneaoe. ComocTasieHERe €TI0 SHEPTHH HOHHIALAH C YHCPTHEH
HOHH3aNEE JIATHA B HaTpHs (Tabn. 13.1) moxasuBaer, ¥To BOAOPOA
OYeHb CHIRHO OTJIRY9ACTCA OT INENOYHEIX METAJLIOB.

Ta6arna 13.1. Smepram wonmtamm Tabarnma 13.2. CpoacTae X MIEXTPoRY .

BOROPOMA, TATE N HATPRS BOJOPOZA, PTOpa B XAOpR
Dnevent Suepran Snement Cpogcrso x
HOHEIAIEE, ANCKTPOEY,
XMoo =/ Mome
Bopopon 1310 Bozopoxn -72
Jherrent 520 $rop —3326
Hazpsii 500 Xnop —~364

_ Fcur ynancame 3/leKTPOHAE M3 aTOM# IMENOIHOr0 METALNA OPONC-

XOAMT JIETKO B OPHBOAAT X 00Pa30BaHAI0 YCTOHIHMBOH KOB(HTYpanay
6naropoAHOro rasa, T0 HOTEpA 3NEKTPOHA ATOMOM BOACPOAa Tpedy-
€T OoJypInEx 3aTpar 3Heprud (cM. Tadn 13.1), npm 3TroM OH mOAHO-
CTBIO JIINACTCH 3NEKTPOHOB. B peaymwrarte obpasyrommiics mon H*
npepcrapnger coGo¥ npomon, pasMepsl kKOTOporo* MeEHLIE pas-
MEPOB KATHOHOB JBOOKX APYTHX 3JCMEHTOB. Braedcmsue smozo OH
OKA3HIBACT I'POMAIHOE DOJMPH3YIOINES NCHCTBHE, H 8ce COEOUHEHUR
sodopoda, pake ¢ Baubonee AaKTHBHBIMH HEMETalUIAMH, ABISIOTCH
PEIIICCTBAME C DOJIAPHOM KopaNeHTHOH cBsa3pio (RanpeMep, H,O, HF,

NH.).

Ho aToMi BOAopoOaa cnocoGHEL, XOTh H ¢ TpyAoM (1abm. 13.2), ve
Mmoabko omoasamy, HO U NPUCOEOUHAMS 3AeKMpoH, npHOOpeTas IPH
3TOM 3JICKTPOHHEYI0 KOHQHTypampo Snaropoasoro rasa remaus u of-
pazys mon H™:

Hoye =H- (13.2)

B Buge Takux monos H™ Bpoaopona HaxoaMTCH, HALDEMEP, B 2u0-
pudax {coeammennsax ¢ metasizamu). CoocobGROCTL BOAOPCAR BCTY-
Oath B peakiro oo cxeme (13.2) ananorsdna ciocO6GHOCTE rajloreHoB

*DhfexTrRRni paayC OPOTOHA YpesskTaiinc Mam (— 1078 pml),
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OPHCOSTHASTh IEKTPOHH, HpwoOperas UpE 3TOM KOH(HTYpammio
Onaropoaamx razos. I1o 3ToMy CBOKCTBY €ro, Ka3alnoch Obl, MOXHO
noMecTHTh Beepxy VII rpynmel BMecTe ¢ ranoresams. Tem Gonee, 9ro
OO MHOTEM CBOHM guzuveckusm ceoilcmsam BOAOPOA Hanomuraem
2anozerbi. Hanpamep, T1ak xe, xak ¢Top H XNOp, BOAOPOA IpPH
OOBLIMHBIX YCIOBHSX IBYXAaTOMHEIA 243, & He Metamwl. O HEMeeT
HH3KYI0 Temmcpatypy KkememEs (—252,8°C) H nnaeneEws
(—259,2 °C), xax ® ranoreHs (cM. a6, 14.1).

Opaakoe BogOpPOA HE ABJIACTCH P-31IEMEHTOM, B COLIOCTABIICHHE ero
CPOACTBA K 3NEXTPOHY CO CPOACTBOM K 3MEKTPOHY ¢ropa B xmopa
(cM. Tabn. 13.2) ybexaaer, uTo ¢BoOlicTBa BOACPOAA 3aMETHO QTHHYA-
OTCA H OT cBOo#CTB anemenToB VII rpymmet. QO6paTam BHEMAaHEE erme
Ha OAEO OOMAHIMBOE CXOACTBO BOJOPOSS B rajIOTEHOB; BCS OHA HPH
onpeAe/ICHERIX YCJIOBHSX CIIOCOOHEL CyIMecTBOBATh B BHAE ABYXATOM-
EbIX MOJEKYJ, ORHAXO CBNE3b B MOnexyne H, samuoro mpousee, Wem
B Monexyaax Hal, moGoro B3 ranoresos, CpaBHHTE 3BEPIHEIO CBA3H
B MoJtexyze H; (436 x/x/Moub) ¢ aHAJIOTHIHKME X4 PakTEPHCTHERMEA
rajioresop (cm. Tabn. 14.1). :

Taxam o6pa3oM, HeCMOTPE HA HEKOTOPOE CXOACTBO BOXOpOAA
€ ranoreHaMHn B INEJIOYHLIME METAIUIAME, (GOPMAJIBHOE OTHECEHHE
BOJIOPOAR K OJAHONK H3 IPyIN HE MO3BONSET IPABAILHO LPEACKA3ATh
BCE €ro CBOMCTBZ IO AHAJIOTME CO CBOHCTBAMHE JPYTHX 3/1EMEHTOB
3THX rpymm.

CnenoBaTenbHO, Npasusstiee écezo paccmampusamsy 6000pod Kax
VHUKQABHOIT 3AMEHM, HE UMEOWUR NOAHVIX QHAADZ0E.

B nodmsepxcoenue chopMyTHPOBaHHOTO BEINE YTBEPEKACHASL NpU-
sedem elye 08a OYeHDL HHTE ofcToATENLCTBA, K COXANCHHIO,
peako oOcymnaeMeIx B yaeOmoit mATEpaTYpe.

ITeppoe B3 HAX cBS3aHO ¢ YHAXaNbHBIM (H3HYCCKAM CBOHCTBOM
BOROPONA, OTMETAIOMHEM €TI0 ES TOIBKO OT aNOreHoB, HO A OT BCEX
APYTHX OPOCTRIX ra3’co0pasHbIX BEICCTB,— OUeHBb BLICOKOH «pac-
TBOPEMOCTBION B MeTannax. Bogopon xopomo pacreopaM Bo MEO-
rax metaanax: Fe, Ni, Co, Pt, Pd. HamGospmas pacrBopEMOCTh
OTMEYCHA A8 nainajas — 850 o6neMoB BOZOPOAA Ha OgME 06BEM
Meranna. PacCTBOPEMOCTE BOAOPOIa B METAIUIZX OOBICHIETCH CHOCO-
BHOCTBIO ero MoONeKyn «IEQPYEIEPOBaTL? (XPOHAKATD) 9EPE3 KPH-
CTRJUIHYECKYIO PCIIETKY METANNA BCIEACTBHE OMCHDL MAJIBIX Pa3MEpoB
MOJIEKYJI. :

Bropoe ofcTosTeNILCTBO KacaeTca u3omonoé BOROPOAA.

Cymec'rnﬁnor TPE H30TONHEIE GOPMEI Booponma: npotui 1H,
meirrepwit H u Tpateit H. B npapomEoM BOZOpOIE CONEPEKATCH
99,985% maorona iH, ocramemeie 0,015% DpEXOAATCE HA ROMIO
Jeiirepus. TpaTHE Dpencrasnger coboli ReyCTONYMBLIN PATHOAKTHB-
HEIE H30TON H NO3TOMY BCTpPEYacTCA JMIL B BHAE clnedoB. O
HCOYCKAeT f-9acTHU B AMeeT nepuoj moaypacmaza 12,26 ropa.

OO0nMEO QH3AYECKHE W XHMMYECKHE CBOMCTBA H3OTOHNOB BCEX
INMEMEHTOB, KPome 8000poda, NPAKTHYCCKH ONMRAKOBHL IN% ATOMOB,
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AIpa KOTOPHIX COCTOST M3 HECKONBLKHX NOPOTOHOB H HE#TPOHOB,
IOYTH HE CKAa3pIBACTCA PA3HALA B OXRH, ABa Helitpora. Ho y Bonopo-
Ja CHOBa 0COOEHHOCTE — BeAb AAPO ATOMA COCTOHT M3 OJHO-
ro-4{HHECTBCEAOTO HPOTOHA, H £CHH Kk HeMy Jobasnsmercs Heiirpon,
macca agpa Bospacraer asoe (3D), a ecnm Apa HefTpoHA — BTpOE
(T). NlosToMy Bce H30TOHOM BOAOPOAA CHNLEC OTAHYAIOTCH OO
CBOMM CBOACTBAM, HAIPHEMEP TEMIEPATYPA KRHCHAA OPOTHH COCTAB-
aser (—252,8 °C), neiireprsg (—249,5 °C), Tputns (—248,3 °C). bo-
JEE TOro, JUIH H30TOIOB BOROPOAA 3aMETHRI DAa3sIHYIHS U 8 XuUMuyec-
KuX ceoficmaax, OPOABIMIONHEECH IJIABHAIM 00paioM B HIMECHERWH
CKOPOCTH OPOTEKAHES XHMMYeCKHX peakmwi. Hanpamep, opa anekT-
ponM3e BOOLI Pa3’araloTCs HA BOXOPOJA H KHCIOPOA B HEPBYIO
ouepedk MOJEKYILI «00nMEOE» Boa H 0O, a Monexynnl «manceaoii»
BoAu D,0O gaxannmealorcsa B OCTATKE (TOBOPAT — OCTAIOMALCA BoAa
«oborauaeTca» OXCHAOM AefiTepma). ITOT METOJ HO3BOJISET HOMY-
9aTh B3 100 1 Boaw ~ 7 Mn 60%-noro pacreopa D,O npr npomenn-
JICHHOM MOJYYeHHH THXEICH BOABI, KOTOpas B 60/mmux Macmrabax
HCIONbL3yeTCE B ATOMHOM 3HEPreTHKe Kax 3aMeUIATENhL BEHTPOHOB
B ATOMHEIX PeakTopax.

Crenyer OTMETHTH, 9TO A4 KaXKIOT0 COCNHMBEHHS «OOKMHOrO»
BOAOPOAA CYIIECTBYET €ro geliTepHeBRIE anajor.

§ 13.2. Xammveckue cpoiicTBa Bogopoaa

HMaxe B3 o0mero paccMOTpeHHN SCHO, YTO B 3aBHCHMOCTH OT
00CTOATENBCTB 8000P00 MOJICEM RPORBAAME KAK OKUCAUMEALHYIO, MaK
u soccmanosumeasuyio cnocobnocms {cM. cxemut (13.1) u (13.2)).

DHeprEs CBS3E B MOJEKyle BOAOPOAA BeNHKA, YTO OOBACHECT
CPaBHHTENBHO MAIYI AKTHBHOCTB MOAEKYAAPHOZO0 BOAOPOAA IPH
o6LIYHEEIX YCIIOBASX. Tak, OpH o0mMMEOH TEemMmepaType BOZOPOL pe-
armpyer IEIob co (ropoM (naxe B TeMHOTE) H C XJIOpOM 0OpH
ocpemennrd (cM. § 14.2). IIpE nopLINecHHOE TeMuEpaType BOAOPON
pearapyeT CO MHOTHMH BeMECTBAMH, HANPHMEDP, C KHCIOPOIOM,
.06pa3ys BoAy, C BEACAEHAEM GOIBINOTrO KOJHIECTBA TEILUTOTHL

2H,(r)+ OA1) = 2H20(x) +572 xIx

Ha nprMepe 3Toll peakmud MbI OYeHb DOAPOOHO AHATHIRPOBAJIA
BaXHEHIIAE mepmoxumuveckue (CM. TIL. 5) B kunemuvecxue (cM. ri1. 6)
0COOEHHOCTH XEMHYECKAX PeakiHil, NO3TOMY HACTOATELHO PeKoMe-
HAyeM YHTATEII0 BHOBb BEPHYTHECS K COOTBETCTBYIOHTHM pa3jiesam
ITHX TI4B €pa3y e DOCje IPOYTEHRS HACTOAImEro naparpaga.

Ipr HarpeBaEMH BOXOPOA ofpamumo pearHpyer Takke ¢ 6po-
MOM, HOJOM, CEPOH H a30TOM: '

Hz+Br; = 2HBr
Hy+1, 7 2HI '
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H,+8 P HyS
3H;+N,; 2 2NH,

npHYeM OOCTIeOHdd peaknps, kKak Onuio noxalaso B § 7.4, oporekaer
€ 3aMeTHRIM BRIXOAOM aMMMAKA TOJIbKO B IPHCYTCTHHE KaTAIH3ATO-
pa H OPH BLICOKOM JABNCHWH.

IIp parpeBanAH BOJOPOJX CHOCOOEH pearHpopaTh H CO CIOXK-
HLIMH, B TOM VMHCIE H OPTaHAYCCKHMH, BETUECTBAMA! ‘

Cu0+H,=Cu +H,0
CO+H, 2 CH,0H

CH, =CH,+H, » CH;—CH,
CsHg+3Hy - CgH,

Bo Bcex 3THX peaknmEsx BOHOPOX SBIISETCH S0CCMAHOBUMEASM,
06pa3ys coOeREHEHHS, I'/Ic er0 Cre¢IeHb OKACNEHHAS paBHa + 1.
Oxucaumenvnar cnocobrocms BOAOPOIA PCATH3YETCH B PEaKIHMAX
¢ AaKTHBHRIMHA META/LIAMH IIPH NOBLINCHHLIX TEMIIEPATYPAX H AaBlie-
gdH. IIpe 3TOM 00pa3yiorcs zudpude:, rie CreneHs OKHCIEHHS BOIO-
poaa papHa — 1:
2Li+ Hz =21LiH

IIo BEEMHEMY BHAY H MHOTEM (PHIAFECKHM CBOHCTBAM T'HIPHILI
OOXOXH Ha COOTBECTCTBYIOMHAC rAJIOrCHHAR. Tak, HanpaMcp, TBAPHLI
HaTpHd — Oelloe KpPHCTAJUIHMECKOS COCOHHCHHE, HAMOMEHANOIIEE
Xnopug HaTpHA. Odnaxe xumuvecxue caoticmaa NaH u NaCl cuasto
pasaugomen. Tax, NaCl pacmsopsemcs ¢ sode u Ouccoyuupyem
B PacTBOpe Ha MOHuW. [ MAPEA HaTpHR BOJAOE passdzaemcs ¢ oO-
pa3oBaHHMEM HIEJIOUH H BOAOPOJA:

NaH + H,0=NaOH +H,t (13.3)

Kpome Toro, B OTIHYHE OT raloreHHiOB, THAPHIARI OPH Ha-
TPEBAHHH pa3NaralOTCA eme A0 JOCTHXKEHHS CBOECH TeMIeparypl
ILIABNCHAS:

IKH —» 2K +Hf (13.4)

OTH cpaBHEHHA €II¢ Pa3 MOK23LIBAKOT, HACKOIBKO PA3IMYHEL 110
CBOMM XMMHYECKHM CBOHCTBAM BOJOpoA H rajdoreHnl. Ho B cxojiicTBO
XMMHYECKHX CBQHCTE BOIOPOIA E MEIOYREIX METAILIOB TAKKE MBIIN-
ercd popmanbebM. Tak, BOJIOPOA, Pearnpys ¢ XJOpOM, JaeT XI0po-
BOJOPOA — 2a3006pasHoe BEWIRCTBO C noAApHOil CBAILIO, TOTAA KAK
HIENOYHRIE META/UILL, PEATHPYR ¢ XAOPOM, TAXT meepdvie XJIOPHALL
C UOHHBIMU CBAIRMIU. '
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- OT™MeTEM, 9TC amomaprsiti Bogopod obaagzeT NOBRMICHAOH pe-
aXIMOHHEOH cOOCOOHOCTEIO IO CPABHEHHIO ¢ MOJIEKYJISPHEIM BOAOPO-
ooM. Bomenias peaxnmossas coocoBHOCTE ATOMapBOTO BOAOPOAA
06LACHICTCE TEM, 9TO B ITOM Ciydae HE TpeOyeTcs 3HEPTHE, HeoO-
XOnEMas IS pa3puba chsseit B Mosexyne Hj.

Tax, amomapneiii BOOOPOA YKe IHpH KOMHATHOH TemmepaType
pearnpyet ¢ cepoi, a3oToM, OpoMoM, 00pasya CocTHECHAS TOro XKe
COCTaBa, YTO H MOJCKYJPHWH Bomopoid. Hexorophie OkcHAnI Me-
TawoB, Takye, kax PbO, CuO, HgO, roccranasmsarorca oo csoboj-
HEIX METAJJIOB ATOMAPHEIM BOZOPOAOM TAKKE IpH OOLMHBIX TeM-

oepaTypax.
§ 13.3. Ilonyvenme poaopons ¥ €ro OpHMEHEHNE

MnupoBoi# ypoBeHS HPOMBIIUICHEOrO NOJYy4YEHHSA BOAOPOAA A0-
CTHraeT HeCKONLKAX MH/LTHOHOB TOHH B IOA. -
6 B ppOMBINICHEHOCTE BOJOPOJA HONYHAIOT HECKOILKHMH CIOCO-
aMH. . . )
1. IIponyckauue napoe 600ul HGG pacKaseHHBIM KOKCOM, IIDH TeM-
neparype ~ 1000 °C:
H;0+C 2 H;+CO -

Buavane nosnyvawT sodanoii 2as (cmecs Hs, H,O m CO), xoTopwit
3aTeM NPOINYCKAIOT HA KATaim3aTopoMm; mpda 3roM CO taxxe pe-
argpyet ¢ BOJOH:

CO+HyO{r) & COx+H; (135)

Ilpespamerme oxcuaa yrinepoaa (II) B okcen yraepona (IV) sasnBa-
KT peaxyueil cdsuza. JIROKCH YIIepoaa yAa=SeTCa 3aTEM A3 CMECH
pPacTBOPEHAEM €€ B BOJE 0O/ BRICOKHM JABICHHEM.

2. Ioayuenue u3z npupoduozo zaza. OrpoMHEC KOJHIECTBA BOAO-
poAa HONY9alOT KOHSEpcueli ¢ G00RMBIM nAposm NPHEPORHOrC rasa,
.conepxamero Meras, Ha nepsoii craguu nony4aloT TaK Ha3sBaeMbIR
culimes-2q3.

CH,;+H;0 2 CO+3H,

CHHTCS-TA3

Ha sropoi crajamr B3 cEETe3-raza yaanmor CO Takxe ¢ momo-
IIbYO PEAKTIHH CRBHIA.

3. Kpexunz u pugpopmunz y24e6000po00¢ MO3BOIAIOT NOJIY4YATh
BOAOPCA B Ka4ecTBe HNOOOYHOIC RPORYKTa; HaOpPHAMED, HPH TeM-
pepatypax ~2000 °C ouesb 3)exTHHHO PLAJIHAYETCH KPEKHHI ME-
TaBa: .

CH, - C+2H,T

4, Daexmpoaus 800HBIX pacmaopos coaedi (ANEXTPOIH3 PacTeopa
NaCl cm. B § 14.2).
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B naGopaTOpHEX YCIOBRSX U8 NOJIYYEHHS BOJOPOAA HCHOJB3Y-
10T CICHYIOINHME METONbI:

1. Jeficmaue pasbasaenrpix KucAom na memaisbl, pacuoIOXKeHHARIE
B JCKTPOXHEMEYECKOM PAAY Hanpsokenmii nesee soaopona. Jns sro-
o Jamie BCero HCHo/Ib3yIOT HEK H pa30aBICHHAYIO COJIMHYIO KHCIOTY:

Zn +2HCl=ZnCly +H,

@ %9 -,)L]Ieﬁcmeue u;enéueii HA YUHK uau amomunui [cM, peaknmm (12.18),
3. fu@pwtus 2udpudos [cM. ypasuernre {13.4)].
4. Bzaumoodeticmeue Kaivyus ¢ 8000ii

Ca+2H,0=Ca (OH),+ H,t

IIpumenemme. [Toryuenue ammuaxa. IIpa6msarensio 50% poury-
qaeMOIo BOAOPOAA HCHONB3YETCH AN CAHTE3a aMMH3aKa B DpoLecce
I'abepa. AMMEaK IIpeBpaIarOT 3aTeM B 830THYIO KHCIOTY, KOTOpas
B CBOIO OvYeépeNb HCIOILIYETCA B IPOR3BOJACTBE B3PHIBYATHIX Be-
uiecTB, KpacuTeled H 430THHX YAOOPeHHHA.

Hoayuenue dpyzux neopzanuveckux npodykmaos, HAPEMEP, COJNA~
HOH KACHOTHL

IToayvenue opzanuueckux npodykmos, HAPEMEP, METAHOI NOJIY-
9al0T OPH B3AHMMOACHCTBHA BOAOPOAA H OKCHIA YIJIEpOIa IPH TeM-
nepatype 400 °C 7 nasnesmn 300 arM B OPHCYTCTBHH KaTAM3aTOPA!

Zo0fCr,0y
2H, +CO +——— CH;0H

Hepepabomxa negpmu. Bonee 10% Bcero npoA3BOIAMOTO BOAOPO-
A2 HCIOIb3YyeTCa ANH 2udpuposanus COeJHHEHMH CepHl, TTo0R yIa-
JATHL 3TH BpeJHKE NPAMECH H3 HeTH.

Napoxo HCOONL3YIOTCH TaKke MAOTONLL YIaepoxa. Tak, H AeH-
TepHil, H TPETHE MCHOJB3YIOTCH B KA9CCTBE TEPMOSAECPHOrO «TrOPIHo-
9ero» B AIepHLIX HOMOaX, TOCKOILKY TIPH peakmusA

ID+iT=4He+ n

BEIENIMETCE I'HTAaHTCKOS XOJHYeCTBO FHeprud. B Hacrosmee Bpems
pazpabaTHBalOTCH CHOCOOR! HCIIONL30BAHAN DONOOHEIX Peakui 8 pe-
ZYAUPYEMBIX YEA08EKOM TEPMOSEPHBIX NPEBpAMEHHIX IS MAPHRIX
neneu.

§ 13.4. Okcaau Bogopoaa

M3 orpoMBOr0 WHCIA COeNHEEHHH BOAOpoAa oOCYAHM CBOMCTBA
CaMOTO0 H3BECTHOIO €ro OKCHJA — BOIK, a4 TAKKe HEpOoKCHAa (mepe-
KHCH BOIOPOIA).

Bona. Boda — nauboaee pacnpocmpanennoe coedunetiie na 3emae.
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Ee copepxanme gocTaraet 10'® 1, H 0HA nOKpPLIBaET NPRGIMIATENLHEO
9eThIpe NAThIX 3EMHOH MOBEPXHOCTH. JTC SAHECTBEHROS XAMHIECKOE
COCOHHECHAS, KOTOPOe B OpHAPONHLIX YCIOBHSX CYIIECTBYET B BHAC
AKHMIKOCTH, TBEPAOrO BEINECTBA {IeA) ¥ rasa {mapel BoAkl). Boga
HFPAcT KOJOCCAJILHYIO pOfb B IPOMBIILIEHEOCTH, OWTY B B nabopa-
TOPHOM NpaxTHKe;, OHA COBEpMIEEHO HeoOxomuma a8 NoZAepEAHUAS
®xm36E. [[pE6IA3ATENnEHO BE TPETH 9EN0BEIECKOr0 TElA IPAXOAATCH
EA JOJIO BOALL, H MHOTHE MHIEBHE NPOAVKTH COCTOAT OPERAMYINECT-
BEHHO H3 BOJEL.

Yarcras BoJia B IPAPOE HE CYNIECTBYET, OHA BCer/ia «3arps3HeHan
PA3MYHEIMA BCIIECTBAMH, PACTBOPCHHMMA B Helt, [{ns odmcTRE OT
OpEMecell BOAY «HEePEeroHMIOTY», HOJIYYCHHBII IPOXYKT HA3HBACTCH
ducmuasuposannoil Bogoit. YacTas BoJa OecnBeTHA, HE HMEST 34NaXa
H obnapaer coenmdmvecKEM EHempASTHEM BkycoM. (OcobeEHOCTEHIO
BOJKI ABIACTCA TO, 9TO €€ IUIOTHOCTh B XHAXOM COCTOSHHH Oonbme
IUVIOTHOCTH JIbJA, NoImomy Aed naasdem HA MOBEPXHOCTH BOALL. 3TO
AHOMATFHOEC CBOHCTBO BOAN OOBACHSETCA CYIMECTBOBAHHEM B Bl
BOZOPOJHRIX CBH3¢H, KOTOPHIC CBA3LIBAIOT MOJCKYJIH Kak B EKHIKOM,
TaK H B TBEPAOM cocToguRE {cM. § 4.5 H puc. 4.9). Bona — coenmne-
HEE ¢ KOBAICHTHHIMH NONAPHARIME CBA3AMH. CTPOESEHE MOJIEKYIIR
BOAK noapobmeHmEM oOpa3zoMm paccMmorpeno B § 3.7. Boeneacrsme
YTJIOBOH CTPYKTYpPHL BOAA o0MafaeT 3HATHTEILHEIM INCKTPHUCCKEM
MOMEHTOM [JHOONS H mO3TOMY ABNSETCH PEKPAcHEIM pacTBOpHTE-
JIEM U1 BEMISCTB C HOHHRIM H HOJESpHBIM XApAKTCPOM CBR3eH.
PacTBopeHHe BEmECTR CONPOBOKAACTCS rHApAaTANAEH, 3 BOJHLIE pac-
TBOPH .OY¢HbP MHOIHX BEINECTB SBJISAIOTCH IeKTpoimramm. Ymcras
BOja — ¢/1a6bIH 3IEKTPOIAT H IUIOXC IPOBONAT IICKTPHICCEHE TOK
(BCOOMHHTE DOHATHE HOHHEOTO NPOH3BEACEHS BOAKI).

XumEvdecKkde peaKkuEn ¢ y48CTHeM BoALl. Bozxa yqacTByeT BO MHO-
HECTBE XEMHYCCKHX peakHi B KaYeCTBE DAaCTBOPHTENH, PEArcHTA
ma6o mpoaykra. O6CyaEM BaxHeHMIDAC THON XHMEYECKHX DERKIHH,
B KOTOPEIX BOJA YJaCTBYET B KAYECTBE pearcHra.

1. Kucaommo-ocnosnsle peaxyuu. Bopa obnajaer amgomeprsismu
cBoiicTBaMu. DTO 03HAYAET, Tr0 OHA MOXKET BRICTYIAThL KAk B POIH
KMCHIOTHI, BEAIPBMED:

NH3+H,0 2 NHy H;0 2 NH,OH
BaO+H,0=Ba (OH);
Tax A B POJIE OCHOBAHHH, BAIPAMED:
P,05+ 3H;0=2H;P0,
2. Bona so3aeficTBYET EAPOJHTHYECKA HA MHOTHE conl, o6palys

m6o eudpamet (rEApaTHAd BOAA B KPHCTANLNAX COJICH HA3BIBAETCH
KPUCma A 3IayuoHHOotL):

CaCl, +6H,0 =CaCly 6H,0
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JH60 mpOAYKTH I'HADONH3A:,
AlySy+6H;0=2A] (OH),| + 3H,8t
Pearyuu zudpoausza coneii noapobuo obcyxpatorca B § 9.4.

3. T'udposus opeanuveckux coedurenuli TAKKE IIAPOXO PACHPOCT-
pagen. OxmE B3 Eanbonee HABECTHLIX NPEMEPOB — FHAPOIHS CHOXK-

- HEIX 3QRpOos:
p  wm P
R-C +H0 2 a-c( +R'—OH
O-R’ OH

4. Boda oxucarem memassbl, PRCTIONOKCEEEIE B ANCKTPOXEMEYEC-
KOM psjay Hampsxenwit o onopa. Hanmpamep, ¢ mienoIHeIMa MeTasr-
nam¥ Boja GYPHO pearupyeT Aaxke Ha XONORY:

2K +H,0=2KOH +H,t

¢ amoMAEAEeM (IPSABAPHETEILHO OYHINEHHBIM OT OKCHNHOJ IICHKH)
IOpH KRISYEHHH:

2A1 4 6H,0 =2A1 (OH); +3H,1
a4 C EeNne3oM — B BEJE Iapa NPH CAMLHOM HAIPEBAHHM:

3Fe+4H,0 .~ Fey0,+4H,1

OT1aensHEO OTMETHEM DPEAKIHEN INEOYHEIX METAILNOB ¢ BOZOH (CM.
BHIE). JTR peakmdn BAYT HACTOJbKO OypHO (T. €. OpH 3TOM BRIACNIA-
eTcd OueHb OONbMIOe KONHYECTBO SHEPTAM), YTO BHIACAKIOIEECK
BOIOPOA BOCIUIAMEHEETCH, H €C/IH PeaKiui0 NPOBOMHTL Oe3 JoipkHOH
OCTOPOXHOCTH, TO MOXET NPOHIOHTR Raxe B3pHB. [loTomMy Taxwe
peakEl JUIS NOMydeHHsS BOAOPOAA, KOHEIHO Xe€, HHKOrJa He mpoBo-
aar. Orcrona Xe MIyTHHBLIC IUIAKATEL ¢ OYEHEL CEPLEIERIM HOITEKC-
TOM B CTY/CHYCCKHX mpakTukyMmax: «He xoTHTe OHTBH ypoaom,
He OpocaliTe EATPHE B BOAYY.

ITepoxcaa moaopoaa (uepexuch Bomopona) H,0; — Taxenas no-
JSPHAS EAAKOCTb FONyOOBATOTO IBETA, CTPOEHHEE KOTOPOli NoKa’ano
pa puc. 13.1.

OCpareM BEEMABWC YATATENS HA TO ODCTORTENLCTBO, 9TO KaX-
Ohii BEAMATEAbHO H3yumBIEE ri1. 3 (cMm. § 3.7) Moxer camocTo-
STEJILHO «NOKAATH» CTPYKTYDY, UPEACTaBIcHAYIO Ha pEC. 13.1.

B XHOXOM COCTOSHHH MOJIEKY/IEI DEPOKCHAA BOAOPOAL CHIIBHO
ACCONHMPOBAHK Graroxapsa BOXOPOIALIM CBA3AM. ITockobERy nEpoK-
CHJI BOAOpPOJa HMeCT Gobuic BOIMOKXHOCTEH K 0Dpa30BaHHIO TAKHX
cBa3cil (BRHAY Ooubmero wmcia aTOMOB KHCIOPOAAa HA OOHH aTOM
BOJOPOAA), WEM BOJa, TO OH HMeeT OHOmpmEe nnoTHOCTH (1,45
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r/cm®)* H TeMmepaTypy KEICHHS
(150,2 °C). TIlepoxcma BomopoIa

CMEIIABACTCH C BOJOH BO BCEX COOT- H_ 97

pomennax, wacTHE H,0, 1 BeckMa ‘3(?\ 940
KOHOEHTPAPOBAHHBIE PACTBOPEI MO-

YT B3PLBATHLCE HA CBETY: 30%-HbIi 7" H

PACTBOP HEPOKCH/A BOAOPOAA B BO-
e HMeeT TEeXHHYCCKOE HAIBAHNE
«NEPrAAPOIDLY.

TlepokcEn BomopoAa BoTymaer — Pac. 13.1. Crpocsme monexyms:
B PEAKIMM Tpex THIOB: 6e3 uzmene- REpOKCERA BOROPOAR
HUR REPOKCUOHOI 2pynnuposKy:

Ba (OH); +Hz0;=Ba0; +2H;0
B Kauecmese 80CCMaROGUMENA. '
2KMnO;, + SH707+ 3H;50 = 2M 80y + K380y + 50, + 8H;0
" m, Tr0 Bonee XapakTEPHO, B KGUECMBE OKUCAUMEAR:
PbS +4H,0, = PhSO, +4H,0 (13.6)
H0;+80; =H;80,

Kpome Toro, yxe npr BeGONRIMOM HArpeBAHHH HH OCBEICHHH
TNEPOKCHA BOAOPOIA NIETKO pasiaraeTcy (ducnponopyuonupyem):

2H;0, = 2H;0 + 0,1 (13.7)

[ocnemmasyg peaxmaa 49aCTOo BCIOMb3yeTcs B nabopaTtopusx ans
DoJydYesds KECIOPOAA. '

CaM xe nepoxceEz BOXOPOAa monydaroT aAeicTBreM pasbasicarol
CEPHO# KHCIIOTH Ha nepokcEn Hapms:

Ba0,+H)80,=BaS0y] + H,0;

INepoxcun Bojopona HEMeeT pa3zEoobpa3iHOe OPHMEHCHHE: IR
DONYYCHASA PAa3]HYHEIX NEPOKCHAOB, OCODCHHO B OpraHEYECKOH XH-
MHH; B PeaKOUAX IOIAMEPHIALNNE; 1Y NONYYCHHAS AHTHCEITHICCKHX
CPEICTB, 045 pecmaspayuu HCusonucy Ha 0CHOGE CELHYOEHIX Geaun (Kax
3TO /IeNaeTcs «XHMHYCCKH», CM. B § 15.3).

*OT™MeTHM, TTO [UIOTHOCTE Boxel mpu 20 °C paspa 1,0 rfom?; mocnemass oappa
JIETKO 3RMOMEHASTCS B MPEIIONATAETCS, TTO Kaxasil ysanruiicy e¢ spaer.
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I'nasa 14
TAJTOI'EHBI

§ 14.1. Gu3aieckue CBOCTA TAOTEHOR

OnemenTH dTop, XI10p, 6poM, HOX H ACTAT COCTABISIOT [TIABHYIO
poarpyuny VII rpynnml -— moarpymny 2asozewod. llocnemsmiz 3ie-
MEHT DA/HOAKTHBEH, HONYICH HCKYCCTBERHO | B IPHPOJE HE BCTpeUa-

1. Bee aneMerTH 006128a230T 3nexTpoBROH KORpHATYpanAEA ny np s
1'. e ana obpazopapns KOHOAETyparmu 61aropoHOro rasa uM Hego-
CTaer BCEro OAHOTO 3NEKTPOHA. DTHM OOPENL/IMIOTC IPKO BHIPAKCH-
HEIE HEMETAJUIHYECKHE cBolicTBa TAJOreHOoB. TI'osops=T,
TAJIOTeHRl — munuunble HeMeTALNKL. Hacrosmas riaaea ybensTeIsHO
HILOCTPAPYET 3TO YTBEPXKJICHHAE,

DnexTpoEHad KOH(HIrypamus ranoreHoB o0yclOBIABaeT xapak-
TEPHYIO CTEIIeHbh OKHCJICHHS BCEX 3JIEMEHTOB B HX coeamHeEnax (—1).
B 10 xe BpeMsa 1A X10pa, GpoMa M HOJA H3BECTHH COS/IHHERHA, TS
HX CTCIEHH OKHCIEEHS HMCIOT NONOXHYCIBHRIC 3gavensa: +1, +3,
+5 wm +7. Pmop — naubosee asekmpoompuyamensnbiil 3.aeMenm
DEPHOOMYECKOM CHCTEMEI, OH He ofpa3yeT coequECHHN, B XOTOPHIX
MpOABJIANIack GH NOJOKHTENLEAS CTCOCHD OKACICHAS.

[anoreEN B HX COSOMECHHS HIPAKOT OrPOMHYIO PONML B KIIHE
genosexa. JlocraTo9HO Ha3BaTh OJHO BEMIECTBO, KOTOPOE 3HACT H HC-
OONb3yeT NPAKTHYECKH KAXOpId 4enOBeK, AaXe TOT, KOTODhid EHe
AMeeT HHKAKHX OpeJCTABJICHHE O XHMHH, DTO BEIMECTBO — XJIOPHI
gatpus NaCl (mosapemmas comw), a ans GoibmAHCTBZ mMomed —
IPOCTO COJlb.

IIpr OORIMHEIX YCHOBHSX raJOr¢HEI CYDIECTBYIOT B BHAE DPOCTRIX
BeINECTB, COCTOANTAX H3 JABYXaTOMERIX MOJekyl Tana Hal,. ®r3mgec-
KHE CBOMCTBA IaJIOr¢HOB CYIIECTBCHHO palHvAlOTCE: T4K, OPH HOP-
MANLERIX YCHOBHSX ¢imop — Gaedno-ucesmuiil, TPYAROCKHEKAEMBIA
2a3; xA0p — TAEKE 2a3 HCEAMO-3€4eH020 yeemd, HO CKIKALTCS JIETKO;
Gpom — KPACHO-KOPURHEedR TYCTAs MHCUOKOCmMb C TAKENEIME KOPHY-
llizBBm mapamu; uod — Giectamme cepo-HuepHbie Kpucmanisl (Tabn.

Tabawna 14.]1. Omamseckne cuolicTES rAIOrenos®

Fooen | Jomawony | Leoemnge | Ovess s e —Hd
F, —219 —188 159
cl, 101 ~34 242
B, -7 +59 193
iR +114 +184 151

* anHeie B3ATH B3 xuprd: JE. Ovom. Daemenmat, — M. Mup, 1993,
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IIpr mepexone CepXy BHH3 TEMIEPATYPA IUIABJCHHS H TEMICPa-
Typa KHICHHS IaJIOTCHOB YBCJHYHBAKOTCA — OOBACHACTCH 3TO TEM,
9TO TANOrCHLl B KPHCTAIUIMYECKOM COCTOSHHH (IPH HEIKHX TeM-
neparypax) obpa3yior MONCKYISPHYIO KPECTAILIAYECKYIO PEIIeTKY,
T. €. MOJIEKYJIN YACPAHBAIOTCE APYI OKOJIO APYTa 6aHOEDEAaALCOsHI-
Mu BaaaMoelcTBEAME. B cryuae xe aHANOrHYHLIX MONEKYJ, Hanpy-
MEp ranoreHoR, BAaHCPBaaIbCOBRl B3AAMOACHCTERA ZBNaIOTCH Oonee
CHJIPHBIME MEXAY TEMH H3 MOJIEKY)1, KoTophle obnagaioT GoabpmEM
TACIIOM 3JCKTPOHOR.

H3 tabn. 14.1 eaaro, vTo 3peprag cea3d B Cl; Gombme, 3eM B Br,,
a B Br, — Somine, 9eM B I,. Onnraxo F, swnadaem u3 obueti 3akono-
meprocmu, ofcyxnars 3Ty aEOManmo ¢ropa Mu He Oyaem. Ot-
METHM TOJILKO, YTC AaHOMAJIbHC HH3KOE 3HAYCHHE JHCPTHH HHCCODH-
amER (ropa cnocoBCTBYLT €ro HCKIIOMATEILHO BRCOKOH XEMHIeCKoit
AKTHBHOCTH,

T'ajoreHkl MMEIOT X4pAKTEPHHIA PE3KHE 34IaX, XOPOMIO 3HAKO-
MEIi TeM, KTO DIOCEIMAeT INABATEIbBEIC Gacceimnl. Bee ranoresw,
ocofesro $TOp M XIOpP, — TOKCHYHEL. '

PacTBOpHMOCTD rajiOTeHOR B PAIMYHLIX PACTBOPRTENAX CIYXHT
XOpomeH HLTOCTPaNBC NPABAIA n0dobHOe DACMEOPREMCR 6 Nodo-
6uom. Tax xax MOjeKyJH FaJIOTCcHOB HEDOJIEPHEL, TO BCE ranore-
HEI* MATI0 PacTBOPHME B BOAE H ropasjo Jyuie — B HENONSPHRIX
OPTaHAYCCKAX PacTBOPHTENAX, HanpEMep B OcH3oNe WIH YeThipex-
xnogg_c:mm yriepoze.

agoBEMcH Gonee noapobHO Ha (E3EYECKMX CBOHCTBAX HOAA.
Hon npr 06HYHKX yCIOBHEEX — TBEPAOE KPHCTAIUIANISCKOE BEIIECTBO
¢ XapaKTepHHM 3anaxoM. IIpW BarpesamEdm OoA AasnexpeM | atM

p, at™m

1.ar

KOHCTEARWHOCKHE WO

JIaBRaHne HACLIOHHOD
napa #opa
=)
[41]
L

lept: wona (Fas}

fr ] U TR T TV TN T G NUNN S S N

60 &80 100 120 140 160 180 ¢ C

Prc. 14.1. Iaarpasma coOCTOSEEE BOXA

i

*QTOp — CAIbHEHMMA OKMCIMTENs, EOTOPHIt OKMCIgeT BONY, Dajjarasg ee,
[O3TOMY TOBOPETE O PACTBOPEMOCTE PTOPA B BOJE HE HMEET CMBICTA.
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HOJl BO3rOHgeTCd, T. €, He INapich, OPEBPAMACTCH B OAPHl, H,
HaoBopoT, IpH OXNAKICHHE NAPOB HOA, MHHYH EHIKOE COCTOHHE,
CHOBA NPEeBPAnIAETCA B KPHCTAILIEL

Taxoe moBejieERe HONA OOHACHIETCA TEM, 9TO JABJCHRE, COOTBET-
CTByjomiee TPOHHOR TOUKE Ha €ro suarpamme cocrosaes (pac. 14.1),
OKa3RIBACTCH gbiuie 0asAeHUA HACBIYENHbIX NAPOE BO BCEM HHTEpBae
TEMIEPATYp BINOTH RO Temmeparypnl mnasnesms (114 °C): 0,0004
at™ opH 0 °C; 0,01 arM npm 70 °C; 0,06 atM opa 100 °C; 0,12 at™m
npa 114 °C. Tpoiiﬂoﬁ TOYKe COOTBETCTBYET JaBfiCHHE 0,132 ATM.
MoOXHO /1A B T4KOM Cliyyae B OpHHOHIE PACIUIABHThH KPHCTAJUTHIEC-
Kui gon? -

Heo6xogaMo co3naTh TakAe YCHOBHS, YTOOLI IPH AOCTHXCHAHR
TeMnepaTypH B 114 °C BHemBes JaBneHEYe Ha/i KPHCTAJIAME OPEBAI-
mano gasnesre 0,132 atM. [l 31010 HCOOMB3YIOT IOCYAY ¢ OY€Hb
Y3KHM BHIXOJHEIM OTBEDCTHEM, HAOPHMEP, KOOy C Y3KAM IOpJIOM.

!

§ 14.2. Xumpraeckre coficTsa o HOMy4eHHE [RIOTCHOB

Xummvecxkne csoiictsa. Bee ranorensl — THIHYHRIE OKMCIHATENIH,
HX AKTHBHOCTh YMEHBINAETCA NpH Oepexofe oT (ropa x mHomy.
DPmop — camwviii akmusHbill U3 20402€H08, PEAZUPYEM CO BCEMU MEMAA-
Aamu Gez uckmovenus naxe OGes marpepammsa, Brgenss Gompmoe
KOJIHMECTBO TEIUIOTH!, HalPHEMED:

' 241+ 3F, = 2A1F 5+ 2989 x[lx

Bea pauud GTOp pearHpyeT H CO MHOTHMH HEMETaLU1aMH
(H,, S, C, 51, P) — Bce peakmud IPH 3TOM CHIBHEO 3K30TEPMHYECKHAE,
HApAMED:

Hz+Fy=2HF +547 xJIx (14.1)

{Ipn sarperamuy HTOpP OKHUCHALECT BCC APYIHME FANOreHE NO CXEME
Hal; + F;=2HalF

rae Hal=Cl, Br, I, opavem B coegasennsx HalF crenenm oxmcineHns
xnopa, 6poMa ® HOna paBELl + 1,

Hakoren, npE ofnyseEnn ¢Top pearHpyer Aaike ¢ HHEPTHBIMH
(bnaropogariMa) razamMs (cM. ri. 21}

Xe+Fy=XeF,+152 glIx

BaanmoaeiictBure {ropa co CIOXHEBIMHE BEIECTBAMHE TAKXKE IPOTE-
KAET O9EHDL JHEPTHYHO. TakK, OH €O B3PRIBOM OKHCJIAET BOLY:

3F;+3H,0=F;01 +4HF + H,0,

Xnop TaKKe OYCHL PEAKMEOHHOCIOCODEH, XOTA H B MCEHBIICH
cTeneHH, weM ¢Top. OH HEMOCPEACTBEHHO PEAarHpyeT CO BCEMH IpPO-
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CTRIMHE BEMIECTBAMH, 32 HCKIIIOUEHWEM KHCIOpOAA, a30Ta B Gnaropoa-
BRIX ra3op. Jns CpaBEeHHS OPHBEAEM YDABHCHHS PEAKIHH x.nopa
€ TeMH Xe IPOCTHIME BEMIECTBAMM, ITO H A1s (ropa:

2A1+ 3Cly = 2AICk (x) + 1405 x/ix

H;+Cly=2HCI(r) + 185 xlix (142)

Hocnemma peakmas mpeacrasiuser ocobwiE mETepec. IIpm xo-
MHATHON Temmeparype, Oe3 OCBeINEHHA XJIOpP EE Pearapyer ¢ BO-
NOpOAOM; IIpH HarpeBaBmH peakmmas (14.2) — skzomepmuveckan pe-
aKIMs — OKA3KIBAETCH CHIILHO 06paTeMOii; IpH MOIHOM OOMyYeHHR
JTa peaknmHs NPOTEKAET CO B3PLIBOM N0 yem#Homy mexanuimy. Pe-
aKoEs MexAy BOZOPOAOM H XiuopoMm Onuta OJHAM H3 CEPBRX
o0BexTOB HCCHCNOBAHAS HENHKX ghomoxumuieckux (TAK HA3LIBAIOT
peaxnEH, MpOTEKAOMHAE NOX BONACHCTBACM KBAHTOR CBETa hv) pe-
axmuid. Hambonpmuid BREKIAN B Pa3sBATHE OpPEJCTABICHAH O NEOBhIX
peaxmusx BHec naypeat Hobenescxodi mpemmm (1956), axanemmr
H. H. CemenOB.

XIIop BCTYHaeT B PEAKIKEI0 CO MHOTHMH CNOXKEBIME BEIECTBAMH,
B TOM YHCTE H C OPTraHMYECKEMH, OH CHOCOOCH OpH HArPEBAHHR
BRITECHSTh OpoM MM HOJ H3 HX COCJHECHWE ¢ BOAOPOAOM HIR
METAIITAME!

Cly+2HBr=2HCl +Br,
Cl;+2KBr=2KCl +Br,

IIpHE o6paTEMOM BO3ACHCTBHE ¢ BOAOH XJIOp AHCHPOOOPHHOHHADPY-
€T, 9TO NPHBOJABT X 00pa3oBaHHI0 COCQHHCHEH XJIOPa CO CTENCHEMM
okucineEHs —1 B +1 (DpEMeEp PeaknEB CaMOOKUCAEHUA — CAMOBOC-
CIMAHOBACHUR W JUCRPONODYUORUPOGAHUR):

Clp +H,0 2 HCl+HCIO - 25 xJIx (14.3)

PacTBOpAACH B BOAE H YACTHYHO PEarBpys ¢ Hewo, xuop obpasyer
PaBHOBECHYIO CMECh, HA3HBAEMYI0 XAOPHOU 80001

HanommmM, aro xiop (v 6pom) mMoxker Takem xe obpasom pe-
ArHPOBAaTh (nncuponopnnonnpona'rb) O menovaMu (CM. peakmEm
(12.13), (12.14)).

BpoM, Tax xe¢ Kak H x.uop, PACTBOpSCTCA B BOAE H, YACTHYEQ
pearspys ¢ Heid, o0OpasyeT Tak HA3HBaeMyr0 GpoMEYIO BoOIy, u0d
npaxkmuuecKu 8 600e He pacmeopum B HE COCOOEH ee OKBCIATh JaxXe
[P HATPEBAHHW; IO 3TOMH NpRYAHE HE CYIMECTBYET «HOXHOR BOILD).

Xumudeckad axkTHBHOCTSL OpoMa MeHBINE, YeM Y dTOpa B Xmopa,
HO emg mocTarodpo Bemdka. Co MHOrHMHE HPOCTRIMH BeRIECTBAMH
6poM pearEpyeT npH KOMHATHOM TeMIEpaType, ypaBHeHM# Peaximmii
ABaNOFHYHE]l ypaBHEHASM A GTOopa | XJ10pa, XOTH BCE OHH HPOTEKa-
0T MCHEE AKTHBHO. SIBjgack Qofee «MSATKAM» pearesToM, Gpom
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NHPOKO HCUOJIL3YETCH B OPraEBYEeCKOd XHMAR — CM. PEAKIHH C a1-
kenamu (cM. 1. 24), denosom (cMm. 1. 27), anuaunom (cM. ra. 32).
Bonee Toro, peaxups obecyseuusanun 6pomuoti 6006 CITATACTCH Kavye-
cmeennoti Ha KPATHHE CBASH; TOUHO TAK XK€ KavecmeeHHbMU CIATAIOT-
cs peaxmEn GpomuEOE BOAR ¢ (PEHOIOM HIH AHIWIMHOM, HOCKOIBKY
OPE 3TOM 00pPa3yioTICs XapakTePHEIE OCANKA! ‘

OH OH

Br Br.
+ 3Bry — l + 3HEBr

Br

NH, NH,

Br Br
+ 3Br, —= + 3SHBr

Br

Hoa ormavaercs 0o XgMAIECKOH aKTEBHOCTH OT OCTANBHEIX TaJO-
TeHOB cymecThenno. Hanmpumep, B3amMoacHCTBEE HOlA C BOXOPOXOM
MOXET DpPOHCXOOETh TOJBKO OPH CHILHOM HATDCBAHMH, OpHYEM

ABIIMETCE CHILHO ofpaTHMOH B cnzan C TeM, YTO 3TOT
OPONSCC SHAOTEPMECCENHA!

Hp+I 2 2HI - 53 xIx

TaxpMm oOpa3oM, CpasHEBag CBOMCrBa rajioreEoB, ybexmaemca
B TOM, 9T0 XHMHYECKAN AKTHBHOCTH TajiOr€HOB HOCHEHOBATEILEO
ymeEbInaeTcs oT ropa k momy. Kaxmubi rajgores » pagy F-—1
MOXET BHITECESThH MOCIEAYIONHH H3 €r0 COeAHHCEHH ¢ BOAOPONOM
HIH MeTaJUIaMA:

F2+2C1" =2F~ +Cly
Cly+2Br~ = 2C1" +Bry (14.4)
Bry+ A" =2B1"+1I

Ilosysenme. IIpoMummnennoe nonydeHre Gropa B Xaopa cBI3AHO
€ 3NeKTPOIMTHYECKHME [porneccaMd, BBy BRICOKOH axXTHBHOCTH
Gropa €ro mOmyHAlT KMCKNIOYHTENLHO 3MCKTPONMHIOM pacnidecs
GTOpEAOCE METAILIOB; XIOP DONYIAKOT JIEKTPOJIH3IOM KdK Pacniasos,
MK u pacmeopos XJIOPEIOB. BpoM H HojA HONYJAXOT XHMHICCKHM
conocoboM.

Iipr anexTposmse pacnagsa XJIOpHEAA HATPHA (I =801 °C) wa
xamode BEAENSETCE METAJLUIAYCCKAN nHampuil, a Ka anode — ra3oob-
pasELii xa0p. JnexrponE3 pacnaasa NaCl — cmocof omaoBpeMes-
HOTO MOJYYEHHS XJIOPa M METALIHYECKOrc HATPHS.
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Snexrpoma3oM sogEoro pacmsopa NaCl nonmmr OZHOBPEMCH-
Bo H,, Cl;  reapoxcan Batprs NaOH. O0sMEO0 37X TPOMM3Y HOABE-
praT HAcHIHeHHBIN BoqHEIM pacrBop NaCl (paccos), monasacmmrii
B 3nerrpo.1m3ep cBepxy (cm. pac. 2.14).

DIeXTpOIH3 OPOTEKAET MO CIEAYIOMeH cxeme:

NaCl 2 Na*+Cl1”
HO02H*+0H"
(-} Karon Amox (+)
MY+ 26 =H;t 201"~ 2" =2}

2NaCl +2H;0 =H,1 + 2NaOH +Cl,}

Ha xatoae BRIgenserca B 3TOM clIydae razoofpasunii Boaopoa,
8 HEe METRIUTHICCKHl HATPEH (TaK kax NOTCHOHAN pa3paKcHHE HOHOB
H* memsme, uem Bosor Na*). B pacTsope HaXamwmpaiTCs rEAPO-
xcEa-HoBs OH - , 0Opasylommecs npE JHCCONHALHHA BoAnL. Ha BRepT-
HOM aHOAC BH.E[GJI!CTG! rasoobpasauii Cl;,, Haxanmmearommecs
B pacteope ¥omK Na't m OH™, coenmmssce mexny cofoif, nasor
THAPOXCH]] HATPHAL.

B srom mponecce o6a3aTebHO HeOHXOMMMO OPEAOTBPAIATEL CO-
OPEKOCHOBCHAC BRIACIMIOMETOCE XJIOpa ¢ obpaszylomiefics Men0Ibio
(monyvalonmuiica NaOH mMecT naBHCe TEXHEMECKOC HA3BAHEE Ka-
ycmuueckas coda), TAK EAK 3TH BEINECTBA MOTYT DEarEpoBATL MCXKIY
coboit. [cM. peaxmum (12.13) — (12.14)]. IMmenH0 Do 370l npEIEEE
npu 3nexTpommse pacTeopa NaCl acnonpayroT criemea msable duagipa-
2MeHHble JNCKTPONH3EPH, B KOTOPHX AHOAHOC NPOCTPAHCTBO OT-
nenen(p &czr';' KXaTOZROrO mONynpoHHnacMol Juagipazmofi A3 achecTa

ue. 14.2),

- Hdmadparma DpensTcTBYeT DpoOHHKHOBeHmIo rasa (Monexya Clp)
B KATOZEOE OPOCTPARCTBO, HO HE MeMAaeT NPOXOXACHHIO AICKTPHYCC-
KOTO TOK3a H HOHOB.

Jns monysemus OpoMa ® HOJA Takke MOXHO HCIOJIBL3OBATH
3NIEKTPONA3 Hx conelf, 0gHAXO HA MPAKTHKE OOLMHO OKHCISIOT HX
CONlH, UPHMERNSY B KA9ECTBE OKHCIHTENS Xxiop [cMm. peaxman (14.4)].
Taxo#f MeTOn OKA3EBASTCH BHTOAHERIM 3KOHOMHTCCEH, TAK KAK
CPABHMTENIHO NEUICBHIN peareHT, 8 HOAHALL, H ocobeHHO GpoMMIE,
npocto «iepnaroT» () B3 MOpcko# BOIEI*.

B na6opaTopHEIX YCIOBHSX XJIOP FOMY4aioT ACHCTBHEM pasnHd-
HEIX OKBCIIETeNcH Ha CONMBYIO KHCJIOTY, HAOpAMED:

MnO, +4HCl =MnCl; +Clat + 2H;0

*To Bamni ma)],x Dmenm, B Mopcxol Bone copepsmrex 6,5°107%% 6po-
meg-EOoBOB B 4,5°107% % HOmEAm-EOoHOB, mcnnepnmenuopctoﬁ BOJS HAMEOTO
mme)wnsenmoi! xope(37 10"%:14 107 % coorsercraengo mig SpoMa
H HONA
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AcGacroBast CransHele
Auagparma Karoast

Prc. 142, [uadparmeanit amexTpomasep

Eme Gonee 3dxpexTHBHO OKHCICHHE MPOBOAMTCE TAKHME OKHCIH-
Te/iME, kak PbO,, KMnO,, KCIO,, K,Cr,0;.

AsanoraaHo nonysaiotr B naboparopmax GpoM B HoA, OKHCIAA
HBr, HI s gx cons. B kadecTRe DpEMepa KPATKO ONMIIEM mpax-

Pac. 14.3. ITpaGop pis no/yvenss GpoMa:
1 — pearmmounaN EonbA; ¢ — KaOENLHEaf BOPOEXA, § — XO/I0JENLARK; 4 -—— NPAEMHRR
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THYECKH HCIOJIb3YEMYEO Jlaﬁopa'ropnym MCTOMHKY MONYICHRA GPOME.
1o peaKkmHn:
6KBr +K 5Cr04 + TH;80, = 3Br; + Ct; (80,4)3 +4K 380, + TH,O

B xonfy I (pec. 14.3), COSMEBCHRAYI0 ¢ XOJONRILENKOM 7 H IpHCMEEROM 4,
nommrcmﬁpomamxnmpou&mﬂm&ﬂ:mmmﬁnopomZ
mpumvmEdoparnoll x ropry xonfH, DPEIEPAIOT OO0 KAIIYM EKORINEHTPEPOBEHEYIO
CepPHYI0 KMCNOTY. PekHORAAL CMECE B XOI¢ PEaKIMH PA3OTPERACTCE, B BEK/Y HEIKOM
TeMIIEPATYPH KENCHEN GpOMA /N KOBJEHCAME £r0 HAPOB MPAMCHRIOYT XOJIONRTHHAK,
BELPEPEIBHO OXNAXzacMull opoToudoll poxol. Xemmi Gpos cobaparoT mox cnoesm
BOB, MPEABAPETENRHC OXIAKACHRON CHErOM WIH OXMANHETEMLHON CMRCHI).

§ 14.3. I'aToresonoA0po/nl, r'AIOreHOBOAOPOAHRIE KNCHOTE
H NX CONH

Bce ranorenoBoaopoAm npu ofvtunbix® ycaosuax razooGpasHbL
Xummveckas ChA3b, OCYIICCTRIINEMAS B HX MOJNCKYJIaX,— KOBAJIEHT-
. Haf DOJISpHAS, INPHYEM NOAIpHOCTL cBs3E B pagy HF — HCl —
HBr — HI napaer. IIpoYHOCTD CBA3H TAKKC YMEHBIIAETCH B 3TOM
pany (1abnm. 14.2). BenencrsEe CBOCH HOJNEPHOCTH BCE I'AJIOTEHO-
BOJIOPOARL, B OTIHYHE OT TFAIOTEHOB, XOPOMIO PACTBOPHMEL B. BOJE.
Tax, opm «xomeaTHON» TemmepaType (25 °C) B omHOoM oGBeMe
BOAN MOXHO pacThopaETh okono 400 obsemos HCl, oxomo 530
obremop HBr m oxono 400 o6memor HI. Proposoaopox cme-
IOHBACTCR ¢ BOAOH BO BCEX OTHOMCHASX C BBHUICIICHHEM 3HAYH-
TENLHOTO KOJHYECTBA TENIOTH. ‘

IIps pacTBOpPEHME TAJIOTEHOBOAOPOROB B BOAE HPOHCXOAHT HX
JBCCOMEANAS Ea HORLI H 00pa3yloTca BOJELIE PACTBOPH COOTBETCT-
BYIOHUIHX rajlOreHOBOAOPONHLIX xHCIOT. IIpHteM OpE pacTBOpEHER
HI, HBr ® HC] gacconmeapyioT mOYTH DOJHOCTRIO, O3TOMY 00pasy-
IOLTAECH KACIOTHL OTHOCKTCH K IACIY CHILHAIX (CPABEATE KOHRCTAHTH
JECCONMANME 3THX KHCIOT, OpHBeAcHEHE B Tabn, 14.2). B ormame
OT APYTEX TaJIOTEHOBOAOPOROB (PTOPOBOAOPON ABCCONAAPYET B BOAE
cnabo, B cBA3M ¢ 3TEM ofpasylomascsd $TOpOBOAOPOAHAS KHCIOTA
OKa3mBacTceE cnaboif, MAmME HEMHOro CmibEee YEcycHOH. Taxoe
aHoManbHOe nNoBeAcHHE O0BACHSETCH accommammed momexyn ¢rro-
POBOZOPOAA BCICACTBES BO3HAKBOBSHHS MCENY HAMHA BOJOPOTHLIX
CBA3CH; CIEAOBATEIBHO, eme Ko maccommanan HF na roHsl rpebyercs
OONONERTEbHAA 3aTPATa 3HEPrHE KA PAa3phiB BONOPOJHHIX CBH3CH.
TaxuM ofpa3zom, cana kKHCHOT cEIbEC YMesbmiaercs oT HI x HF;
ecIm uodogodopodnan xucioma Hl reasemca odnoii uz cambix cunb-
: *Mu 09eHp 98CTC HCODJNB3YEM 3TOT TEPMEH — «OOWYBLIE YCNODED, — HOADA-
| ayMeBaf ODE 3TOM «EKOMHATHHE» yonoBei. KoHedHO Xe, amu onpedessrun ouens
Hecmpozue, TAK, BAOPAMED, OHANA3OH TeMnepatyp ot 17 xo 25 °C BOCHDHHEMESTCH

KiK [J@amsioH KOMHATHEIX TeMmeparyp. Oamzaxo Tor xe¢ droposoacpol npH
:>20 °C — 2a3 (nap?!), a opa t <20 °C — scudxocms, DEMSINAS Ha BOIHYXE.
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HBIX Heopzanuueckux Kucaom, 1o TopoBoxoOpoaHAN (NAQEUKOEAR) —

cnaboi,
Tabaena 14.2. CaolicTea rasoreso»0Moposos B XX KECIOT '
Fanoreso- TenuepaTypa Tevneparyps Suepren Koscrasrs
Bogopon NIABICHNN, EROCHES, CBENE, AHCCOITAATTHI
‘ °C °C x/lx/r0m EHCIOTH
HF T —80 20 562 6,7:10°1
HCO -115 —85 431 1-107
HBr —89 —67 366 1'10°
HI -5l -15 206 1,610

PTOpOBOAOPOXR H XJIOPOBOAOPOA B NabopaTopHix OONYHO mOTY-.
9307 [AcfiCTBECM KOHOCHTPEPOBAEEOH CEpHOM KHCIOTHI HA TBEPALIC
T'AJIOTEBHARL '

KF + H380,(xomn) =HF 1 + KHS0O,
KCl+H80(xoa)=HCIT + KHSOy

HBr 1 HI 8 ananoraueol peaxnuy DOJYIHTS HE YIACTCH, TAK KaK
OHH SBIAKTCS CHIBHRWME BOCCTAHOBHTEIAMHE H OKHCIIIOTCH CepHOM
xHcjIoTOR, MIX DOIydaroT rEgponmM3oM rajoreHEAoB gochopa, Ha-
OpHEMED:;

PBr3+ 3H,0 = H3PO; + 3HBrt

ITpomemnnenabM crnocobom noxryweras HCl senserca ero tep-
MHYCCKHN CHETE3 H3 BOAOPOJA B xIopa no peaxnun (14.2). Obpatem
BHAMAHHEC Ha TOT akT, 9TO XOTE XJIOPOBOAOPOX H OYCHE XOpPOIIO
pacTBOpEM B Boac (400 o6nemOB B OZHOM O0OBEME BOARI), HO HE
Gearpaaryro. BeneCTBHEE 3TOr0 MAKCEMANLHOS CONCPEAHME xn10po-
BOZIOpPOAA B cCONGHOM KHMCNOTe He nperumact 40%.

ITockompKy OTPHUATENBHAIC HOHKI raJIOTEHOBOZOPOAEKIX KHCIIOT
MOIyT DpOSBASTh TONLKO BOCCTAHOBHTCIBHRIC CBOHCTBa, TO HIpH
B3aEMOACHCTBHE ITHX KHCIOT ¢ META/UIAMH OKHCICHHE MOCIEAHEX
MOXET OPORCXOMETL TONBKO 3a c4eT mOoHOB H*. [TosToMy KECIOTH
HHal pearmpyioT TOIbKO ¢ METALNaMAB, CTOSIIAME B PAAY Hanpsoke-
HHUii sesee sodopoda, BATIpAMED!

Zn +2HClwZnCly+H,t

IlpaBja, OpH HACHIUICHHE COJISHON KHCIOTH KHCIOPOJOM OHA
MOXKET PRCTBOPATh H HCKOTOpBIC METANILI, CTOAILNE B PANY HANPAH-
WCHRHA npasee BOAOpOAA: -

2Cu +4HCl+ 03 =2CuCkh +2H,0
186



Bce ramoreEEam MeTasuioB (3a HCKIIOMEHHEM couel cepeOpa

H CBHHNA, a TAakke -MHOIEX (QTOpHAOB*) XOpPOmIO PACTBOPHMAEI

'B BOme. Manas pacTBOPEMOCTE rajoreHRAoB cepeCpa (xpome

AgF — cMm. TabnEmy pacTBOPEMOCTH) N03BOISET OOHAPYKHBATD ra-

norerua-nouw {(C1~, Br~, I7) no o6pa3zosannio xapakTepHRIX OCal-
koB. O6MeBuas peaxmus :

Ag® +Hal™ =AgHal}

CIATAETCA XKavecmsennoil pa oOHAPYEEHHS COOTBETCTBYIOINHX HO-
B0B; AgCl Brmanaer B BEAE ocanxa Gesozo meeta, AgBr — oesmo-
samo-besozo, Agl — apro-mceamozo npera,

HeobxonEMO OTMETATH O%€Hb BAaXHYI0 OCOGEHEOCTh 2d402€Hu-
006 cepebpa — BCe OHH HEYCTOMYHBL! B IPHCYTCTBHE COJHEYHOTO
ceeta. Ha cBery oHH pasnararorcs, odpalys cepebpo i ceoGomEbii
raJIoreH;

2AgHal(1) ﬂ 2Ag(r)+Haly

HMmeEno peakmae nojo0HOrO TENA HPHEBEIA K CO3ARHEIO Uep-
no-Genoii homozpagpuu. Yame scero B tororpadEd HCIONBIYIOT
Hanbonee TyBCTBHTENLARIH Opommi cepebpa.

B ornEume OT APYIAX rajoreBOBOROPOAHEIX KACIOT HTOPOBOAO-
poaHad (IIABHKOBAN) KHCIOTA B3aHMOAEHCTBYET C OKCHAOM KPEMHHA
vy

8i0O, +4HF =8iF,] + 2H,0

Tak xak OKCHA KpeMHHS BXOJMT B COCTaB CTEKJIa, TO ILIABHKO-
Bas KHCJIOTA Pa3ibelaeT CTekno, B moIroMy B nabopaTopmax ee
DONy4aroT (a HOTOM H XPaHAT) B COCYyJAx H3 NONEITHICHA HIH
Tednona.

§ 14.4. Kuciopoacoaepxampe cOe/JHECHRY IAJIOreHOD

Bcee ranorennl, kpome ¢hmopa, MOTYT OOGpa3OBHIBATL COCARHCHHSA,
B KOTOPHIX OHA OOIANAIOT NOIOXKHMTEILHOH CTENEHBK) OKACIICHHAD.
HarGonee paxXERIME A3 TAKAX COCOHACHAH ABIMOTCE KHCIOPORCOAL-
pxamuBe KECIOTH rajorenoB Tana HHalQ, (x=1--4) 5 cooTBercT-
BYIOIHE HM COJH H SHTBIPHMNEL. :

PaccMOTPHM HEKOTOpBIE CBOHCTBA KHCIOPOACOACPEANIEX COCXH-
HEHHHA rajlor¢HOS HA NpHMEpe COSQHHCHME XJOpa; CBENEHAN O €ro
KHCNOTax HNpHBEACHELI B Tabn. 14.3.

*IIosencame GTOPEOCS 80 MHOTOM OTMMACTCHE OT NMOBCHEHHMN JDYTHX TANOTEEH-
JI0B — CpPaBHATE, BANPAMED, BX PRCTBOPHEMOCTH.
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Tabauna 14.3. Kncaopoambie KEcH0TM Xa0ps

Kucnora

Crenensn

Haspamme Haspanue Cana Ysemmenne
OERCIICHASY | EKHCOOTH AHAOHA EKBCTOTH CRLTRY
Inopa X OXECIETENA
HCIO +1 “XtopHO- Tano- Ovenn 1
BATHCTAA XIOPET cnabas
, 281078
HCIO, +3 Xnopacras | Xopet Cnabas
(1,1-107%
HCIO, +5 Xnopmao- Xnopar Camsaas
paTas (—10)
HCl0, +7 Xnopaas | ITepxmopar Ovens
cRnLAAR
0™

Bee xdcmopoAcoaepxalnee KHCIOTH XJI0pa BEeyCTOMYHBHL H, 3C
UCKAOYEHUEM XAOPHOL, UIBECTHR TONBKO B pacTBope. Bossibie pac-
TBOPHL 3THX KHCJIOT SB/ISIOTCH HOBONGHO YCTOMTHMBRIME H H3YYCHBI
IocTaTogHo nonHo. Oxasanocs, 4To XIopHOBaTRCTad Kaciaora HCIO
gBjgercs oO4venh cnaboli xmwciorodl (cnabee naxe yroimmEOH),
HCIQ, — 6onee cmmpaag, HCIO; - ovens CHIBHAS KHCIOTA,
HCIO, — camas CHIBEAS H3 KHCIOT B 3TOM DPSAY H O0HA U3 CaMbIX
CUABKBIX U3 8CeX U3EeCMIibiX HEOPraHHmYeCKuX Kuciom. IIpaunnm Bee-
ro 3roro noapobuo obcyxaenn: B § 12.3.

B OKHCIATENLHO-BOCCTABOBHTEILHEIX PEAKIOMAX, IAe KHCIOTHI
(AME HX COJNE) BRICTYDAIOT B PONH OKHCHRTEJICH, rajoreH B HHX
BOCCTAHABJIMBACTCH, W CTencHb €ro OKHCICHHS yMeHbmaerca. J[o
KaKoH CTelcHA OKHCJICHAA TPOACXONMT BOCCTAHOBJICHHE, 3ABHCHT OT
MHOTEX GAKTOpOB — TEMIEPATYPHI, KOHNCHTPANHK BEINECTB M T. .

Xnopras XECNOTA OPH CONEPXAHAE Buxe 777 obnanaer coaboll oxwcaaTennrol
coocobEOCTEIO, HO BRINE 77% XIOpHAY KACIOTA ABASETCH CAMEIM CHITHHBIM OKHCIHE-
TemeM B3 KECIOPORHMX KHCIOT AIopa (Hanpumep, Oymara HiH BaTa OpH CONPHKOC-
HOBCHEY C TaxwME pacrsopam HCIO, socmnamensroTcx).

Bonee sgaxomeit mpamep — oGpaTHMAR PEAKIEE X10pPa ¢ BOAOH, HAIPABICHHE
KOTOPOH 34BECHT OT YCJOBHE ¢¢ DPOBEICERS!

Cly+H;0 425 x/tx 2 HCl+ HCIO

Harpesagme cnocoBersyer ofpasosandio xnopEoBaTacTOl ¥ cOMsHOd xHonoT, T. €.
B 3TOM CJIy1ae XJI0p ABIseTcd Gonee cupEnM okBcTATENeM, Tem HCIO, u, m2o6opoT,
OpH OXIAX/CHEH PasHOBECHE CABHHETCE BJICBO, T. €. GoNete CHILENM OEECIHTENEM
oxaxerca HCIO.

IloaroMy DpH cpaBHEHHA OKHCTHTENLEOH cuocoﬁuocru BEIECTH
Hellb3s 3a0RBaTh O PEAVIBHBIX YCIOBMAX HPOTEKaHEA NPONECCOB.
Hanpamep, yrBepxaenme, 1o B paay xucnor HOC! — HCIO, —
HCIO; — HCIO,; mpu OOHMYHBIX YCIOBHSX OKHACIMTE/IbHZA AKTHB-
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HOCTE ymemsbmaercs oT HCIO x HCIO,, BepHO TOIBKO M 3THX
oOBMHEIX YCITOBHI (KOMHEATHAS TeMICPAaTYpa, AeHCTBHE CBETA). 31ECh
penjaiomee 3HAYCHAC HMEET HE OKHCIMTEabHAA coocobHOCTE Xiopa
B IOJOXHATEILHOH CTemeHM OKACICHMS, 8 4TOMAPHLIA KHCIOPO.,
BAUTCISOMAEKCE OPH Pacnaje HeYCTONMMBRIN KHCIOT, YCTOHYHBOCTH
KOTODHIX Ha CBeTY Kak pas sospacraer ot HCIO x HClO,.

Ecnm %e cpaBHEBATH ORHCIETEIBHYK) CHOCOOHOCTH 3THX KHCIOT
B APYTHX YCIIOBHSX — B TEMHOTE, IPH Oolee BEIKAX TeMIOSPATYPAax,
TO OKaXETCH, YTO OKHCIMTEbHAA cnoco6HOCT: 6yaeT HO3pacTaTh OT
HCIO x HCIO,. Umerno nosromy B mocnemmeii rpade tabn 14.3
OKHCJIMTENLHAY AKTHBHCCTHL KHCIOT OPORIUIOCTPRpOBana «obparn-
MOE» CTpenxoi. .

ANTEAPHAOM XNOPAOBATECTON KHCAOTH SBomeTcs Mosookcas Cl;O loxcan xmopa
()] — xexTo-opaEmentlt Tai. AHrHIPHEH ANOPHECTON H XIOpHOBATON KECIOT HE
BHAETEAN, GOPMATLAEC AM JO/KNE COOTBETCTROBATL oxcANE Ch(Oy 7 ClhOs. Xnmop-
Eoii krcnoTe coorBercreyer aErEApEN Cly(0; — GecuperHas MACANHHCTAN AHIKOCTS,
OYCHE neycroima: A CANTLEQ B3DHBAIOMAICE XIPH YIADE.

W3 cosieli XBCIOPOACOOEPRKAIIAX KACIOT IHPOKO K3IBECTHH fep-
moaemosa coss (xnopat xams) KClO, 1 xsopuan (benmmbeas) us-
secmp,

B naboparopao#i npaxTake 6eproneroBa colls MEPOKO ncno.ub:g-
ercd U1 DOJyJeHEs KHCIOpoaa (dame BCero B mpHcyrcTBEE MnQ,
B KAYeCTBE XKATANE3ATOPA):

2K CIO, ;'21401+3021 (14.5)

IMps ocropoxEOM Barpeparuy 6epToneToBol coym Ge3 xaTaiHla-
TOpA ee pa3NnoXeHHe NpoTeKaeT Oe3 BHIACICHEA KACTIOPOAA:
4K C103=3KClO, +KCl
3aMETAM, OJHAKO, 9TO IPH CHIbHOM EAFPEBAEEH HE TOMHKO

6eproneropa conb, RO BCE KHCIOPOACOAEPXAIIAE CONH XIOpa pa3-
NIATal0TCS HA XNOPHI H KHCJIOPOH, BRUPEMEp: _

. ]
NaCl0Q; = NaCl + 0,1
e
NaCl0y = NaCl + 20,1

XnopHYIO H3BECTh HOJYYAKOT ACHCTBHEM XJIOpa HA THAPOKCHI
KANBIES

2Cl; + Ca {OH); = CaCly + Ca (OCI), + 2H,0 .
IMonyyennyio cMeCh COJNCH HA3MBAIOT XAophoi ussecmbio. Ecim

¢dopManeio OPOCYyMMHPOBATb COCTaB CMECH, TO €70 MOXKEO BHpa-
3uTh popmynoit CaQCl;, onpepensromedt cmewianiyio coss — XA0-
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pud-zunoxasopum kanbas. Yucro popMansEO CTPYKTYpHYIO (rpadu-
geckyro) GOpMYIy XJIOPHOH H3BECTE MOXHO HpPeACTABATH CHEHY-

rorpEM oOpatoMm:

Ha Bo3aayxe yroiabeEas XmciaorTa, oOpasyromascs H3 BOAK H yIje-
KHCJIOTO ra3a, BHITeCHAET Oonee cnabyo XNOPHOBATHCTYIO KHCIIOTY
B3 Gemmnppo#l E3BeCTH. XIIOPHOBATHCTAN KHACIOTA SBASETCH CHIIL-
HEIM OKMCIHTENeM B O0YCIOBIHBaeT OKHCIHATCIBHLIE CBOHCTBA Oc-
MEUTLHOH R3BECTH. B HEKOTOPBIX PYKOBOACTBAX CIMTAETCH, 9TO OKHC-
JIATEJIEM SBJSETCRE ATOMAPHRIH KHCIOPOA, BREIMIOIMAAECA NpH pac-
mane HCIO:

2Ca0Ch +H,0+ C02=C&003+2HC10+C302

P
HCIO ZHCl +20 (3 MOMEHT BLINEICHNAR)

Ho x10op B CTeéneHH oKHCIeHHS + 1 He MeHee ca.rmnmﬁ OKHC/IHTEND,
deM kECIOpol. K ToMy Xe XIOpHAS H3BECTh IOPEKPACHO. OKHCIIHET
7 B temuoTe, a pacnan HOCI mpomcxommr Ea cBery. Iloaromy,
XAK OpaBsuio, 3peck maGmopmaercs cymMapeEmi 3ddert. Xnopras
H3BeCTh NPEMEHACTCH AN OTOe/MBAHEY TKaHel, nesHA(EKnEA Me-
CTHOCTH H T. H.

Tnasa 15
XAJBKOTI'EHBI

§ 15.1. OGmas xapaKTepaCTRKA

B ga’BaEwe rNaBH BRIBSCEHO JOBOIBHO peaxo ynotpebnsemoe
HA3BAHME 3JIEMCHTOB IiaBHOU moprpynnul VI rpynmmbl, X KOTOPhIM
OTHOCHTCS KECJIOpOJ, Cepa, CENcH, TeIyp H PAJHOAKTHBHLIA HOJIO-
BHii, Bee 3TH 31eMEBTEH HMEEOT /ICKTPOHHRIE KorGHrypansm BEenHe-
FO BAJEHTHOTO CO8 THOA ns’np*, 4ro o6yciOBIHBACT OpeXIe BCEro
OKHCIATSNLHLE CBORCTBA STHX 3INEMEETOB, XOTH UPH OEPEXoje oT
XHCIIOpPOAA K HOJIOHAID HX OKHCIHTE/IBHAA cnIoco6EOCTE PE3KO0 OCNIa-
Gneerca.

Hambonpmeli okucnmTeNpHON CnocobEHOCTBIO B BHAE HPOCTHIX
BEIISCTB OOJIANAIOT KACNOPOJ H cepa — munuinbie Hememaiast. Ce-
JCH H TCILIYP 3&HAMAIOT NPOMCEYTOYHOS IMONOXKCHHAS MCKY HEME-
TANnaMe H METAJUIAME, 2 OOJIOHAE — THIHJIHKIA MeTalll.

Jna Bcex 3IeMEHTOB UOATPYHNNLI XapakIepHA CTemeEh OKHACIE-
BEHS —2. Boe aneMenTsl, 3a HCKIIOYEHHCM KHCJIOpoAa, obpasyior
TaKkxke COCIMHEHHS, [[€ CTENEeHL OKHCI¢HHs paBaa +4 mnm +6;
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CBA3AHO 3TO C CymIecTBOBaHHEM CBOOOAHOM d-opOATANH HA BHELIHEH
obonouke.

fAanee ®3 xambKoreHoB GyZyT pacCMOTpEHKW IIaBEEM oOpazom
KHCIOpOJ, c¢pa H BX coemubeHHd. JIepBri 3neMeRT nmoarpyn-
OBkl — KHCJIOPOS — HMEET ocoboe 3gaueHne HE TOJABKO B HayKe, HO
H Oopocto B xm3Ed. Ha ero jmomo mpEXOAMTCE DpROIM3ETENHHO
[ONOBHHA BCEH MacChl 3eMHOM XOphI, a Taxke okoiac 90% MaccH
Mauposoro okeana. Bmecte ¢ asorom (78% mo obvemy) m BeGons-
OEM KOMHYECTBOM JpPYrEX raioB (~1%) kmcinopon (B BHAC
0; — 21%) o6pasyer Bo3aymHy0 atMocdepy 3emiH.

Kaciaopon — oHA H3 BaXHCHMHX 3/1€MEHTOB JKH3IHH. Bo-mep-
BbIX, BOIBINYIO HaCTh MAaCCHl KHBHIX OPTAHA3IMOB COCTaB/AET BOAA,
SBIAIOMASCE BHYTPCHHEH Cpelloll XH3HEEATEILHOM KieTKH. Bo-BTO-
PhIX, XHECIIOPOA BXOAET B COCTAB MOJ1eKYy]l O€IXOB, YIJICBONOB H XH-
poB — BemecTs, oOpasylommx xuBY:0 Matepmio. Hakogmeu, xmcno-
pon B BHae opocToro semectsa O, HeOBXOMEM KaK OXHCIATENL ANA
IPOTEKAHKSA PEAKIHH, JAIOIMEX KJICTKAM BCOOX0MEMYIO I KHIHEAC-
STCALHOCTH 3HEPIHIO.

HanommeM, 49T0 /JBa BRXHRIX KJacc2 HEOPTaHHYECKHX Be-
IIECTE — OKCHOB H TI'HIPOKCHAR — ABINIOTCE KHCIOPOACOAEPXA-
MEMH COeaHHCEMAME (IO onpexencHHr0). Marepman, paccMOTpeH-
HHH B OPCOLIAYIOEX pa3fenax, yOequTelILHO NOKA3BIBAECT, HACKOILKO
BEIEK2 POJbL BOOLI B KAavueCTBEe CpeAnl (PACTBOPHTENA), B KOTOpPO#K
OPOTEKACT OTrpOMHOE 9HCAC XHMHISCKHAX peakimd. Kpome OKCROOB
H THAPOKCHIOR, KACIOPOJ BXOAHT B COCTAB MHOI'HX KHCIIOT H colel,
a Takxe OONLIIMECTBA OPraHHYECKHX COcHERCHHE, B 3Tofl cpa3m
CBOHCTBA KHCJIOPOACOACPKAIMX COCHRHCHHN pacCMATPHBAIOTCH
B HOCHeAyomux pasgenax. B ri. 13 moxpobEO paccMoTpernl cBOHCT-
Pa BOJH W DEPOKCHRA BOJOPOAA.

Creaylomsit 32 KECJIOPOAOM 3NIEMCHET B DOATPYIIE XaJbLKOTE-
HOB — Cepa — TaKXke OTHOCHTCH K 0YeHb BaXKHLIM XHMMIECKHEM 3716~
MeHTaM. C yBepEHHOCTEH) MOXHO YTREPKIATE, 9TO HO Xpainel mepe
OIHO H3 MHOIOYAC/ICHHEBIX COCTHECHMY CEPLL, 3 AMCHHO CepHan KucAo~
ma H,S0,, Docie xdacnopoga ¥ ODOBAPEHHOH CONHA gBIACTCH CIeHy-
IOIAM, KOTOPOEe H3BECTEO MAUIHOHAM JOACH, BechbMa HANICKHX OT
XHEMHAH.

TIpEpoOEKI KHCIOpPOA AMeeT TPH cTabmbHLX K3oTona: 60, 1’0
B %0 (pacnpocTpaueEEOCTS B mpEpoAe (%) cooTBercTBeRHO 99,76;
0,048 = 0,192).

- Cepa HMeeT ueTEIpe cTaORIBERIX m3oToma: 528, 338, 34§ g 36§
(pacopocrparensocts (%) coorsercreerHO 95,02; 0,75; 4,21 1 0,02).

§ 15.2. IlpocTiie BemecTBa

®rigueckde CBOECTBA MPOCTHIX BeliecTB, 0OPa3yeMEIX KHCIOPO-
JOM H CepoOi, CYHIECTBEHHO pa3mayaroTcs. Tak, oph OOBMHLIX yCI0-
BHAX KucAopod B OCHOBHOM cywjecmeyem 8 6ude 2asa Oe3 mpeTa
H 3Janaxa, COCTOMINEro M3 ABYXaTOMHRIX Moyexyn O, (rpadmzecxas
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dopmyna O=0, ty,=—219 °C, 1= —183 °C). Cepa B 31BX YCNOBE-
fIX npedcmasanem coboifi msepdoe eewjecmso XeITOrO OBETa, COCTO-
fimee H3 NEKTAYECKHX MOIEKYI S; — 3TO TAK HashBaeMas cepa
pombunecxan (1,==112,8 °C, mroreocts 2,07 rjem3):

S’S"'""S
SB

Kax xuct0poo, Tak M cepa umeiom astomponkvie moougpurxayuy.

Bropo#i amioTponm EHCICPOAA — 030H — A3 ¢ XAPAXTCPHRIM
3aO0AXOM «IOCIerpo3oBoil cBeXeCTH». YCTAHOBIEHO, 9TO MOJEKYNIa
 O30HA COCTORT M3 TPEX ATOMOB KHCIOPOARa, OOpA3yIONEX pas-
HOGe(peHELIM TPEYTONLHHK, C YINIOM MeXay cBasamMm 116°. Oxa-
3ajl0Ck, IO /UIHHA CBS3H MEX/ly aTOMAMH KHCIOPOAR B 030-

e — 1,28 A, 9TO COCTaBIEET OPOMEXYTOYHOE 3IHAYEHHE MEKAY
ojmEapHol cBwLI0 —O—O— m jBofiHOE CBAILIO 0=0 (148 A

# 1,21 A, COOTBETCTBERHO).
Boe BRIDECKA3AHEOE — CJIEACTBHEE JOHOPHO-AKNEITOPEOTO MeXa-
FH3Ma 06pa30BAHE XHMHIECKEX CBSACH B O30HE:

XapaxTep XuMHEYECKHX CBf3cH B 030H¢ OfycCloBnHABaer €ro He-
ycToHUEBOCTD (depe3 onpeAesicHEOS BpeMSA O30H ¢aMONpPOHIBOJILHO
nepexonrT B kacnopox). Temmneparypa kunenns osona (—111,5 °C)
3aMeTHO BHIlle, WeM y KEcnopoga. CymecTseHHas pasHEIA B TeM-
IepaTypax KHHNCHHS HO3BOJISET NErko OTACIMTH O30H OT KHCHOponda
CHIIbHBIM OXMaXACHACM; 030H IPH 3TOM KOHACECHPYETCH B EHIKOCTh
cuBEero naera. IloggpHOCTE MOJEKy/] 030HA NPHABOJHT K TOMY, 4TO
€ro pacTBOPHMOCTb B BOAE 3HAYHTENLEC ONbINe, 4eM Yy KHCIOpoa:
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100 obsenon Bomet npr 20 °C pacrsopsiot 49 o6zemop 030Ra (COOT-
BETCTBYIONIAY BeNMYHHA I KACTopoxa — 1,64 obpema).

Y cepbl EMeeTca H BTOpas KpHCTANIHYECKas MOmu(EXAAS —
MOHOKAUKKAA (t,=119,3 °C). 3roT auwtoTpon, Kax B cepa poMOETIeC-
Xas, TAKKE COCTOHT M3 IAKIHYECKHAX MOJIEKY] S, HO yIAKOBAHHBIX
MeHee IWIOTHO (MWI0THOCTH 1,96 rfem). Taxam o6pasom, cywecmsosa-
Hue 08y X KPUCMAAAUMECKUX aAL0MPOnoe cepbt 06YCA08AEN0 HE pasiHY-
HEIM YECIOM aTOMOB B MONCKYNaxX (Kax, HADHEMEp, Y 3eMeHTa
KHECIOpoJa), a pasauuroli cmpyxmypoti xpucmasscs. OOHApYREHO,
9TO npu memnepamypax, menbiiux 95,5 °C, Haubosee yemotivuea cepa
pombuveckan; npu memnepamypax om 95,5 no 120 °C naubosee
YCemotinug MOROKAUNNB aasompon, OPH TeMuepaTypax seane 120 °C
gaEbonee ycroiiumpa xmaxas opma cepul. TpeTmii anmorpon ce-
PH — CEpa nAacmudecKan — aMmopgroe, Heycmotivugoe 8eujecmao,
' gaouonponanmmno OpeBpamaoineecs B OFHY B3 KPHCTRUIHIECKHX

pPM.

B Tex ciyuasx, xo20a npocmoe Gewecmao ModCeEm Cyuecmaosams
8 08YX UAU HECKOABKUX AANOMPONHLIX Popmax, KaAWCOdn U3 Komopuix
ycmoiiyusa 8 onpedeseHHOM OUANRAI0Ne U3 MEHEHUR YCAOSULE, CTATACTCA,
910 OHO OOHApYXHBaeT Fnammuomponio. TeMuepaTypa, Opd XOTO-
po# ABa 3HAHTHOTpONA HAXOAATCE B PABHOBECHH JIPYI € APYIOM,
"HA3BIBAETCH memnepamypoti nepexoda. TeMuepaTypa 3HAHTHOTPOL-
HOr'0 mepexoa cephl NpHE hapiueHwnd 1 aTsm pasaa 95,5 °C.

955°C
Cepa pomG. —e—  Cepa moHOKL
{(yvrokemps vpa < 95,5 °C) (ycroliama mpm £>95,5 °C)

Xamuvecke cBolicTBR B HOTyueHNEe KECIOpOAR R o3oma. Kmcno-
POA — BTOPO# IO NEXTPOOTPENATEILHOCTH IIEMEHT Rocie dTopa,
HO3TOMY OH NpOSBJISCeT CHILHBIE OKHCIHATEILHEE cBolicTBa. OH 06-
pa3yeT XHMEYCCKHE COCHHBCHHR CO BCEMH XHMHYCCKHAMH 3JICMCH-
TAMH, KpoMe reaud B Heoa. C GONBIMEECTBOM INPOCTHIX BENIECTB
KHCIIOPOA B3aBMOXEHCTBYET HCUOCPEICTBCHHO (KpOME IajiOreEOB,
O1aropoAHEIX ra’os, 30JI0Ta H IIATHELY). C GOJBITHECTBOM MeTa-
JIOB OB pearHpyeT yxe IpA KOMHATHOHR TeMuepaType, o6pasys ocHOB-
uele oxcumey (cMm. § 12.1). C semeramnamu (38 BCKIIOYEHHEM TeTHSA,
HEeOoHA, aproHa) KACICPOI pearBpyeT, KaxX OPaBHio, RpA HArpeBAHAH.
Tax, ¢ docdhopom or pearmpyer npm Temueparype ~60 °C, o6pazys
P,0s (cm. § 12.1), ¢ cepoli — npm Temuepatype okoxno 250 °C:

§+0,=50; Coasy
C rpadurom xacnopon pearapyet upn 700 °C
C+0,=C0, (15.2)
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BaaaMonelictBEe XHCIOpOAAa € 230TOM HAYHHASTCH JIHINL NPH
1200 °C mnm nox Bo3aelcTBEEM MOITHOTO 3NEKTPHICCKOTO pa3psja:

. N2+0; 2 2NO—- 183 x/Ix (15.3)

Kuciopoq pearapyer B CO MHOTHMH CIOZAHBIMHE COCAHHCHHAME,
HampuMmep ¢ oxcERoM a3oTa (II) o pearmpyer yxe nps xoMHATHOR
TEMICPATYpE: '

2NO +0,=2NO, - (15.4)

CepoBoJIOpo/i, PEATRPYR ¢ KHCIOPOAOM NPH HATPEBAHHUHW, JaeT
cepy:
2H;S+0,=28+2H,0 (15.5)

Hmm oxcHy cepH (IV)
: 2H,8 +30,=280;+ 2H,0 (15.6)

B 38BHCHMOCTH OT COOTHOIICHHS MEKAY KHCIOPOROM H CEpOBO-
JOopoaoM.

B npHEBeNcHHENX peaAXIESX KHCIOPOJ NBISETCH OKUCAUMEAEM.
B 6onpmHECTBE Peaxnmil OKACTIEHMA C YIACTHEM KHCIOPOAA BLIICIIS-
€rci TEIUIOTa H ¢BET — TAKHE NPONECCHl HASKIBAIOTCH Z0PEHUEM.

Ewe boaee cusbrvim okucaumenem, dem xacnopoyn O, sessemcn
osor Os;. B opapone on ofpasyercs nEGO mpH rpo3OBHX pa3pirax
B pe3yibTaTe peaxnua®

30, 2 20;— 284 x]Ix ' (15.7)

0o p pe3yILTAaTE TOH XK€ peaknmH, IpoTekalomell B BEDXHEX CIOSX
aTMochepH 3a CYET NOTNOMEHAS KHCIOPOAOM YabTpadrojcTOBOTO
mayiesns Conana. Obpasyronmiica OpH 3ToM 030HOBRI col pac-
[OJIATacTCH HA BHICOTEe ~25 KM oT NOBepXHOCTH JemmH. O3oHOBHIH
Cloli 3AmMINAaeT BCC XKHBOE Ha 3eMie OT ryOHTCIBEOro H3Ny4YeHHS
CoJmna.

B naGopaTopHH 030H DONYYai0T OPONYCKAHHEM 3JICKTPHIECKOro
pa3paaa ¥Yepe3 KHRCJIOPOA B CHENHANLHRX O30HATOPaX — peaKlHd
(15.7) smoomepmuveckarn um cuseho obpamumas, BRIXOX O30HA HE
npepbmuaeT 5 — 10%.

IIpn B3aEMO/EHCTBEA 030HA C PACTBOPOM HOJAMIA XATHS nm.ueml-
€TCH HOJl, TOIA2 KAK ¢ KucAopoOoM ama PeaKyun ke udem:

2KI+ 03 +H0 =1+ 2KOH+0; (15.8)

Peakiaa 9acTO HCHOIL3YCTCH Kak KauecmsenHas AN oOEapyme-
HHSA HOHOB |~ HIE 030Ea. Jlng 310T0 B pacTBOp AOOABIAIOT Kpaxmall,

*31aM 06bACHRETCS XAPEKTEPHLDI «3AMAX CHBEXECTE? HOCITE IPO3KL.
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KOTOPHIA NaeT XapaxKTePHLIA CHHEH KOMILIEKC C BHIACHHBIAMCS HO-
oM. Peaxnas xavecmsennas eme H IOTOMY, 9TO O30H HE OKHCISCT
gorsl C1™ 7 Br-.

MBIIUICHHOCTH KHCJIOPO HOMY9AIOT:

1) OHHOH# DEperoHKOM XHAKOTO BO3JYXa (a30'r obnana-
1onmEii Oonee ERIKOA TeMIEPATYpOH KANCHHY, HCNAPSETCS, 3 XMAKHi
KHCIOPOA OCTACTCR); 2) 35EKTPOIH3OM BOJKL.

E®erosmo Bo BCceM MHApE NOIy4aioT ¢cBrine 80 MiH. T KHCIOPOAA.

B uaﬁopa'ropmn YCIOBHSX KHCIOPOA UOMYYAIOT Pa3’iOXCHHEM
psja Conel, OKCHAOB H NEPOKCHAOB [cM. Takxke peaxmms (13.7)

a (14.5)]:

2KMnO); = K;MnO;+MnO; +0,1 (15.9)
4K3C10; = 4K;Cr0,+2Cr;04+ 30y (15.10)
2KNO; = 2KNO;+0,1 (15.11)
2Pby04 = PO -+Ogf
2HgO =:- 2Hg+0,
2820, = 2830 + Oy (15.12)

OcofeHBO Nerxo XMCIOPOA BHASISETCS B Pe3yabTaTe mocjensei
PeaKIiHl, MOCKONBEY B nepokcude Gapus BaO; (Tax Xe, Kax B nepok-
cude sodopoda H;O;) Be npoiinas, a oMHEApHAS CBA3H MEKAY aTOMA~
mu xacaopoaa —0O—0— (om. pac. 13.1).

B 9ACTHOCTH, DEPOKCHIA INENOYHRIX METAMIOB HCHONB3YIOT Ha
KOCMEYECKHX CTARIANAX IS 06ecIeveHs KOCMOHABTOB KHCIOPOAOM
38 cueT ero perenepanm: #3 peygaxaemoro CO;:

2K 202+ 2C0; = 2K 03+ 0,1 (15.13)

Kucnopon ®m ero coeamsesns (B unepsyio oucpems H,0, CO,)
HE3aMCHEME IS mojAepxkanHg xwigs. OHE mrpaloT nmeiimym
poasb B uponeccax o6MeHa BemecTs B ALXaHRAs.

Xomuveckne cuolicTsa ¥ nomysesme cepnl. Ilpm xoMBaTHOH TEM-

mepaType cepa pearapyeT co GTopom, XJIOpOM H KOHDECHTPEPOBAH-
HEIMHE KBCIOTaMA — okmcnareasma (HNO,;, H,S0,):

S+3F,=58F;
S$+C1;=58CI,
38 + HNOx(xomm) = 80,1 +4NOT + 2H,0
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8+ 2H ;80 (xonm) = 380, +2H;0

Ha Boagyxe cepa roper, obpa3zys OecoperEEil ra3 ¢ pe3xEM
3anaxoM SO, (cM. ypasremme (15.1)) — nmoxcan cepu (IV).

B BHINenpEBESCHERIX PCAKIHASX CEPA SBINCTCH 80CCMAHOSUMEAEM.

IIpH HATPEBAHNA CEPA PEArHPYET C YIICPOAOM, KpeMEHEM, doc-
dopoM, BozOpoAOM H GONBITHEECTBOM METAILIOB, MPOSBJILA OKUC-
AumMeAbHble CBONCTBA!

C+28=CS, (15.14)

§i+28 =SS, (15.15)

P +38=PyS; (15.16)

H,+8 & H)S (15.17)

Fe+S=FeS (15.18)
3aMeTHM, 9TO B PEAKIEN CO PTYTBIO

Hg+S=HgS - (15.19)

B3aHMOACHCTBHE NPOACXOAHT YXKC IOPH KOMHATHOH Temmepartype.
310 OOCTOATENLCTBO HWHOIAA HCHOJBAYETCHE B IafOpATOpHEX AN
YAAJICHHS PA3ATON PTYTR, Naph KoTOpoi oYeHs Toxcwansl. ITpasna,
HYXHO OTMETHTh, 310 peaxnns (15.19) — zemepozennan (pryTe —
MeudKuil METAILT, CCpa — TBEPIas) H HPOTEKACT NOITOMY O9CHE Mel-
JIeHHO, HAAEXHOIO YAANCHAR PTYTH OHA He obecreumBacT.

Heob6xomamMo T2X%E OTMETHTb, YTO Ceépa OpE HATDEBAHMH pac-
TBOPHETCA B MIEIOYaX (PCAKITHA CAMOOKUCACHUR — CAMOBOCCMAKOBAL-
HUR):

38+ 6KOH = K ;803 + 2K ;8 + 3H,0

Cepy nosyuaom B OCHOBEOM H3 IPHPONHBIX MCCTOPOXACHHHA
3NeMERTAPHOM Cephl MITH YaCTHYHEIM OKHCIICHHEM CEpOBOAOpOoAa [eMm.
peaxnmmio (15.5)]. Cepa umMeeT MBOXECTBO DpHMEHCHRIA, CPEAR, KOTO-
pHIx oTMeTHM Baxgefimme: momyzemme SO, H,SO,, H,S m CS;
BYNKABE3AIMSE PE3HEL]; BPOWIBOACTBO NOPOXA; NPOR3IBOACTBO HECEK-
TAIMAOB ¥ (YyETROHAOS.

§ 15.3. Coeaumestus cepil

Cepomsonopon. CepoBozopon -—— GeCHBETHEI B oueHb MOKCUuHbIL
243 ¢ 3aaX0M TYX/IKX SHII.

IIps marpepaddM Cepnl C BOAOPOAOM OPOMCXOAMT obpaTmmasn
peaxnaa (15.17) c o9eHb MANKIM BRIXOAOM CEPOBOROPOAA, HO3TOMY
OpH BeDOXOAHMOCTH €0 N0JIy9aloT Nubo achcTeACM pa3’GaBieHHLIX
KHCJIOT Ha CYJIbOHIRL:

ZnS +2HCl=ZnCl, +H,S?
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mbo goGaBneEmeM BOJEL K TBEPAOMY CYIBRPHAY AMIOMHHES:
AlS3+6H;0=2A1 (OH)} + 3H,;5t (1 5.20)

CepoBozopos — KOBAJICHTEOS COCHHECHHE, Ero Monexyms HMe-
10T YTIOBYIO CTPYETYDPY, BOOOOBYIO CTPYKTYpe BOOH. OnHaxo ¢ om-
Auque Om 8008 MoAeKyAbl ceposodopoda we obpazyiom Mexny coboi
8000poOubIXx caA3ell, TAK KAK ATOM CEPH MEHEe JICKTPOOTPHANATENICH,
9eM ATOM KHCJIOpoZa, H mmeeT Gompnmmii pasmep. IToaromy cepa
HMeeT MEHBIIYI0 ILUIOTHOCTh 3apafa, 9eM KEciaopon. Orcyrcreme
BONIOPOAHLIX CBf3el B ceposojopone obnAcHIeT ero mioxyio pac-
TBOPEMOCTD B Bofe. Ommr o6neM Boasl pacreopseT 3 ofbeMa cepo-
BOAOPOAA. ' :

Ceposoopon — TENHYBEIR soccmanosumess. B xmenopope om
cropaet [cM. ypaseerns (15.5, 15.6)], nerxo OxmCI¥eTCS ranoreHaME:

H2S +Br; =8| +2HBz
PacTBOp CepOBOAOPOAS B BOAE — 3ITO Ouwenb cAabas Kxucaoma,
KOTOpAS ARCCOLNHHPYET CTYNEHYATO; -
HS 2 H*+HS™ (K;=6'10"%
HS™ 2 H* +8% (Kym1-107%4)
CepoBoAOpOaHas KHCIOTA, TAK XE KAK H CEPOBOROPOA,— THIHY-

BRI 8occmanoéumess B OKECIACTCH HE TOIBKO CHIBHBIMH OKHCIIH-
TeJISMH, HAIPHEMEp XJIOPOM:

H,8 +4Cl,+4H,0 =H,S0, + 8HCI
HO H Gonee cnalnvm, HanpuMep okcHAOM cephl (IV):
2H,8 + 80, =138| +2H,;0
AH EoHaME Xene3a (III):
2FeCly+H;S=2FeCl; + 8} +2HCI
Cymdum, ragpocympans. CepoBofopogHas KHCIOTA MOXET
pearspoBaTh C OCHOBAHHAMMH, OCHOBHLIMH OKCHIAMH HIH COJISAMH,
obpasys ABa psaa cojeli: cpeaEEe — cyAbudvi, KHCIRE — 2udpo-
cyseduder. BONLMAEECTBO M3 HHUX (32 HCKIIOYCHAEM CyNb(PHAOB aM-
MOHHH, 3 TAKXKE [MEIOYHLIX H METOTHO-3eMEIBHEIX METAIUIOB) ILIOXO
pACTBOPHMO B BoAe — cM. mabauyy pacmsopumocmu. Hampamep,
[OpH NPONYCKAHHH CEPOBOROPOAA YEPe3 PACTBOP, COAEPEANTAE HOHKI
- cpuEma Pb2*, obpasyerca vepnsiil ocadox cyinbhEAa CBHENA:
Pb2* + H,S=PbS| +2H"
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OTa peaxuus HCOONB3YyeTCA A1 oOHApYXKeHAR ocpononobo.ua WIH
CyIsbHA-A0HOB.

Baxanqupas r1. 13 (tocseqamil ee ab3an), M obemane paccKa’aTh, KaK PECTAB-
DHPYIOT XHBOOHCHEIC KAPTHHE HA CCHOBE camonm 6GeHI ¢ HOMOINBIO OEPOKCHAA
BOAOPOTA.

]l;oomn MACINHEX KDACOK BXOINT TAK HAJKIBEEMEE COWNyOSHE betusd — 3TO
beavil nuzmenm *, npepcTeBmmompd coboi rugpoxcmxapbomar cpmEma  (II)
iPb (OH)]Z CO,. Ox | DPEATHPYET ¢ CEPOBOACPOJOM, TACTO COASPRANTHMCE B JAIPIINCH-
ROk aTmoctepe, o6pasys opa From cymedEx ceaena (II), coenEBcHAE Yeprozo NpeTa:

[Pt (OH)];CO4 +2H3S = 2PbS + CO,1 + 3H,0 ™

Ipe o6paborxe DOPEPXEOCTE KAPTEHR HEPOKCHNOM nonoponl cynpdEn cRREDA
(II) oxmcasercst Mo cyaspata cprna (IT), coeqmmesmr Gemoro mmeta [cam. peaxyuwo
(13.6}]. TaxeM 0Opa30OM, PECTABPHPYIOT (IOYEPHEPIIHE» MACHIENE KAPTHHEL

Ovens TONC3H0 OPOAHATHIAPOBATD IIPHBEICHEYIO BRI PEAKITHIO
H OTBETHTH IPE 3TOM HA INIABHBIH BOOPOC — a MOYEMY 3Ta pPEaKIHA
BO3IMOXKHR, €CIIH CEpOBONOPOOHAN KHACIOTA cAabee YronbHOH (XOTH
H He3BAYMYCIILHO — CPABHATE HMX KOHCTAHTH AHCCONMAn#H)! Mu
BeJlb NPHABHKIE CYATATh, YTO TONLKO 00/1ee CANLEAS KHCIOTA «BHITE-
CHSCT» OPYTYIO H3 ee coneli; HO JOIKHBI TAKAKS HOMHHTH, 9TO
H Apyrze ($axTophl OYCHL BAHMIOT HA OPOTEKAHAE TOE HUIA HEHOK
peaxnmn, ocoferEe TAXOH CIOEHOH, KAX NPEBCACHHAS BEHINE DEak-
mas. MBI roBOpEM, 9TO 3TO — CIOXHAS pCAKIME yXe XOTds ORI
OoToMy, IT0 oHA 2emepozennan (cMm. § 10.3). Jin= Taxux peaxmmit
B OCOOEHHOCTH BaXHH PACTBOPHMOCTH YYaCTBYIOOIHX B PpeakndE
BETIECTB; PACTBOPHMOCTH k¢ PbS B MEINHOHW pa3 MeHBOE pac-
teopaMocti [Pb(OH)),CO, nosromy paseOBecEe ofcyxnaemoii pe-
aKOHHE B CABMHYTO BIPAaso.

JIs cpaBHEHRS NpPPBEICM 4YHCIOBEIC 3IHAYEHHS IPOH3BEICHHEH
pacTROpEMOCTH (cM. § 9.2) I8 HEROTOPHIX CYILOAIOB, 3 TAKKE IULE
ECKOTOPRIX «3HAMEHHTHIX» CONel, Jerko BRNANAIONIEX B OCAJOK
B peaxmasax obmena**. Utax:

MPpg=3,4'10"17, [Pz,s=79 10"
IPRes, =54 10777, IIPp g =1,7" 10710, [IPygp, = 5,0 10713
ITPpg=2,3"10"16, IIPc,co,=4,4° 10~
IPpaso,=1,8 ' 10719, [TPpg=8,7"1072%,

Taxum obpasoMm, cpenn nmpuseneHERIX coneif PbS oxasmiBaerca
abCconIOTHHM PEKOPACMEHOM IO KHEPACTBOPHMOCTHY.

*TTarmenTnl (OT JAT. pigmentum -— xKpacka), BRICOXKOMHFIEPCHEE OOPOMEOOG-
Pa3jEBIe XpacAIHe BEINCCTBA, HNPAKTEYECKH HEPACTROPEMHEE B HOAL.
**lanapie B3STH B3 k. Jlapana P. A. CopaBovAPK o ofmeil B BeOpraHETecKol
xemaEE.— M.: Ipoceemnenne, 1997.
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OTMeTEM, HAKOHEN, WTO MHOTHE CyJb(QHOBI, KiXK COJNH OYCHb
?ilsa:ﬁzg)ij KHCIIOTHI, JIETKO IIOABEPralOTCH THAPOIM3Y [CM. PeaKIHIO

HNomucynsdamet. [ToMEMO CynEQHEOOB, H3IBECTHH H NOAUCY Abu-
Ow; HamboJiee XOpPOImIO H3YYEHH FHCYNbOHIE METOTHLIX METAIUIOB
H aMMOHHA, nerko obpasyiommecs DpPE HATDEBAHHM CEPH C pac-
TBOpaMH CyNLGHXOB, EAIpAMED:

K:S+58=K;3S;

Xopomo m3BecTHOE BaM BemecTBO FeS, — Taxxke OpencTaBR-
Tens pucymdugos. Jucynrsdra xkenesa mpeacrasiser coboll kpacH-
'BHIE KPHCTAIUIH 30JIOTHCTO-XKEJITOTO IBETA, BCTPEUAETCH B OPHPORE
B BEJE MHHEpANA nupuma (wceAesnozo Kosuedara). B nabopaToprax
mony4arT npoxamsagreM FeCl, B Toke cepoBogopoga:

2FeCl; +2H;S=FeS8, + FeCl; 4+ 2HC1t

Oxcan cepul (IV). Cepamcras xmcaora. Oxcmn cepur (IV) SO,
(GecnBerERId ra3 ¢ peaxuM 3amaxoM) obpasyercs mpH CrOPAHHRA CePhi
Ha Bo3ayxe [cM. ypasBenHe (15.1)], Bo MoxkeT GHTH TaKEke HOTYICH
opr cropapun H,S [ca. ypasaenne (15.6)] unm npm B3asmoaeiicTBHA
MeEHH, a Takke GONBIHEECTBA APYTHX METAJUIOB, € KOHYEHMIDUDOSAH-
Kot cephoit kucroTolt:

Cu +2H,80 ((xo8m) = CuSO;4 + 80,7 +2H,0 - (15.21)

JIROKCHA Cephl HOMYYAIOT TaKke IpHE o6xmre cynbtﬁnnlmx MHHe-
paJios, HanpHMep, CyIb(ana mEEKa BIH JucyIbGEA XKenesa:

2708 +30; = 2Zn0 +250,1 (15.22)
4FeS; + 110;=2Fe;0,+850,1 (15.23)

Oxcap cepul (IV) — anzudpuo cepuucmoti xucaomus: H;S0,, moaro-
My OpH pacTeoperrH SO, B Boae (40 o6zeMoB B 1 00BeMe BOIEL IpH
. 20 °C) waCTHYHO OPOHCXOAMT peakuus ¢ Bojo# B obpasyerca crabas

CEPRUCMAR KUCTIOTA! :
$0;+H;0 = H,80,
KOTOpas MaJIoycTOH4YMBa, JNerko pacmagaercs BHOBb Ha SO, » H,0. '
B BOAHOM pacTBOpE CYMIECTBYIOT CAERYIOIIHE PABHOBECHA!
. X, K
H,0+80; = H;80, 2 H* +HS0;” = 2H* +80,%"

Korcranta muccommamma H,SO, no neppoii crynesm passa K=
=1,6-10"2, no Bropoii — K;=6,3-10"%. Kmcnota aaer xsa psna
COJIEi: cpeHRe — Cyabumsl ¥ KACIBIE — 2upocyabghumat.
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XuMAYECKHEe peaknnH, XapakTepasie mig SO,, CepHACTOR KHCIO-
THL ¥ €¢ CojeH, MOXHO Pa3fc/HTh HA TPH I'PYIIILL:

1. Peaxnmm, opoTexatomme 6e3 m3MeHeHHE CTEICHH OKHCIICHHA,
HANpHAMED: ' ‘

Ca (OH), + 50, = CaS0,; +H;0

2. Peaxnuu ¢ NOBLHIMICHHEM CTeNEHR OKHCIEHHA CepHl 0T +4 Ao
+ 6, HanpAMED:
NayS0j 4 Clz + H;0=N2a;80,4+2HC1

CM. Taxxe peaxomio (15.24).

3. Peaxmel, HpOTCKANOMEE C NOHHECHHECM CTCOCHH OKHCICHHS
CepEl, HAIPHAMEP, YRE OTMEYEHHOE Brane piammoaeicrere SO, ¢ H,S.

Oxcup cepnl (VI). Cepaas xucaora. Oxcrg cepul (VI) SO; — an-
2udpud cepmoil xucsomol — OecliBeTHas XHIOKOCTh IPH KOMHATHOMR
TEMIEPATYpe, 3aTBeplcBaomas yxe mpE 16 °C  (f,,=16,8 °C;
=45 °C). _

SO, nonyqatot oxucnesmeM SO, mosbKo 8 npucymemaeuu xamanu-
samopa (Pt g V,0:) B avicokom dasaernuu

H

2505 +04 & 2803+ (15.24)

HeobxoqaMocTh HCHONBL30BAHAN KaTanu3aTopa B 31od obparts-
Mol peaxnmEm OOYCIIOBACHA TeM, YTO CMECTHTh PaBHOBECHE BIPABO
MOXHO TONLKO IIPH NOHHXKECHHH TeMIIEpPATypPH (IOCKOJIBXY peaxuus
SK30TCpPMHEYCCKAN), OAHAKO IPH HA3KAX TEMIEpAaTypax CHILHO naga-
€T CKOpOCTh IpoTexaHHs peaknen. ITo3ToMy, Tak Xe Kak B CIydae
CHHTe3a aMMHEAaKa (0bA3ameavHo eHosb aeprumecs X § 7.4), npEXoqAT-
Cf BCEATh KOMIOPOMHCCHOE pemnernre. ITocKoIbKy ANd ONTEMAILHOrO
casura pasHOBecha (15.24) pupapo Tpebyerca HM3Kas TeMmmneparypa,
a JUIf JOCTRXCHAN YAOBIECTROPHTENLHOR CKOPOCTH — BRICOKARS TEM-
mepaTypa, Ha DNPAKTHKE IOpPONECC OPOBOAAT HPE TeMIepaType
400 — 500 °C.

Oxcup ceput (VI) sgepragno coeamasercs ¢ oo, obpasys cep-
Hy10 Kucaomy (MACISHHCTAS XHAKOCTE C fy; =10 °C):

- 803+H;0=H,S0, (15.25)

SO; ouens xopomo pacreopsercs B 100%-noiit ceproii xmenore.
Pacreop SO; B TaKkoil KBCIIOTE HAALIBAETCA OACYMOM.

Ceppax KHCIOTA — CAIBHAY /ABYXOCHOBHAS KHCIoTa. B BOne
OHA JHCCOIMHDYET CTyneHdaTo, ofpasys zudpocyssgham- B cyabg-
am-AOHLL:
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H,S0,

H;804 2 HY +HS0,~ (K;=1-10%%)
HSO,~ 2 HY+804" (Kz=1,1-107%

Cepras KECNOTA OPHHEMACT YYACTHE BO BCEX PEakIHsX, Xapak-
TCPHBIX JIIS XHCIOT.

Pasbassennan CepHAs XHCIOTA OKEC/IZET TOABKC MCTAILIH, CTO-
Al(ee B PAAy AKTHBHOCTH 4O BOAOPOAa, 38 cyer momoB H™Y, ma-
HpRMED:

Zn +H;804(pasb) =ZnS0, + Hjt

B PeaKiHuX ¢ OCHOBAHHSAMH, LICJICYAMH H OKCEAAMH obpazyer cy.b-
diamvr AGO 2udpocysbPambt.

OrMmeTEM, 970 B3 Beex CyIb(aToB BEaEMeEsNel PACTBOPAEMOCTEIO
obnanaer cysgham bGapus — HMCHHO TO3ITOMY €ro oOpaloBamme
B BEAC HEnoro ocagxa HCOOILIYIOT KaK KAYECMEEHKY0 PEAKIHIO HA
cynndar-gon; ,
Ba?* + 80,2 =BaS0,]

IIpm npoxanABaEEE TBEpALIC CYIbdaTH BEAYT cebd mo-paiHoMy.
Tax, cysb(paTh ImMEIOYHEIX METAIOB ONABETCH Oe3 pajnoxenHs,
" CynmsthaTH METAILIOB CpeaHell aAKTHBEOCTE oOpasyloT COOTBETCTBY-
101HEe OKCHHBI

ZnSO 4 = ZnO +S041

Cynndar xenesa (II) paznaraeTcs no MexXaga3My BRYTPEMOJEKY-
NSPHOTO OKHCICEAA — BOCCTAHORJCHAS:

4Fe80,=2Fe;0; +450,1 + 0,1
Haxogren, cymsdaTn Hagbonee TIRSINX METAIIOB Pa3IaraloTcs
A0 MeTaIIa:
Ag;80,=2Ag| +50,] +0,1
HgSO, -=Hg+3021 + 0t

IipE B3aMMONCHACTRHH KONYCHMPUPORAKHOW CEPHOR KHUCTOTHI
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¢ pA3NMHYHAIME METAJUIAMHE, KaX IPABRJIO, OPOHCXOMHAT £€ BOCCTAHOB-
neeme A0 SO,, HanpEMED:

" Zn + 2H;80,(xomm) = Z080, + 80,1 + 2H,0

Koanesrpepopansas cepHAs KHCIOTA OKHCISET MeAb [CM. peak-
maso (15.21)], yrnepon [em. peaxmaro (17.3)], cepebpo, docdop:

2Ag+4 2H,80, = Ag>,80,4+ 80,1+ 2H,0 . (1 5.26)
2P + SH,80, = 2H;PO, + 580,1 +2H,0 (15.27)

Konyenmpuposaman cepnan xucaoma ouerd GypHo pacmsopremca
¢ 800e ¢ BhAeneHgeM Oonbmoro XONHYecTBa TEIVIOTH. [lo smoi
npuuune CreayeT BCerjaa, pai’baBigd CepHYIO KHCIOTY, HaAusamb ee
8 80dy, a He Haobopom, NOCKOALKY RAOMHOCMb Kucaombi boabue
naomuocmu 6006, KOBNCETPEPOBARHAY KHCIOTE 2UZPOCKONUYHA, T. €.
cnocobHA DOrnomaTh Biary ms Bo3ayxa. ITosromy ee mCnOmb3yioT
IUIS OCYIICHHS Ta30OB, He peazupyiowux ¢ Hell, NPOMycKas HX depes
cepHyI0 kmrcnoty. CpoAcrBo cepHOE KHCIOTH X BOAE HACTOMBKO
BEJIHKO, YTO OHA MOXKET CIYXRHTE 0€2udpPanuUpYIowuM azeNmom; Iox
JeHCTBHEM KOHDCHTPHPOBAHHOM CEpHOM KECIOTHL YIISBOOLI, HAIPH-
MEp caxapo3a, 00yrnmearoTca:

H,80, ronn)
Cyz2H22011(T) ~—— 12C(7) -
—11H,0

Bymara Taxke oOyrimBaercs noa AcACTBEEM Taxkol KHCIOTH, 4TO
obycropiieEO OelicTBRCM KHCIOTH EHA NE/UIONO3HEE BOJNOKHA, 3Ta-
HOJI IpH HArpCBAHHR C CEPHOM KHCIOTOR OpCcBpaIIacTCs B STHIICH:

H,80 (xow)

~H,0

C;H OH (x) CH,=CH,

Jloxywesne B upsvenesme H,SO,. Exeroaso B MEHpe mOIy4aioT
cBume 100 MuH. T cepHOB KMCIOTH, HCUOJNB3YS OPH 3TOM TaK
Ha3nlBaeMulll xonmaxmebiti iponece. Ero xox Mox=o pa3bATes Ha TPH
arapa: 1) monywesue SO, cxmrasuem cepnl wng ofxarom cymndua-
HBIX pyn [cM. peaxmun (15.22), (15.23)]; 2) xaTaATEIeCKOE OKHCICHAS
50, no SO, [cM. ypasaerre (15.24)]; 3) mornomenne SO, $6%-Hol
cepHOil kmcmoToH [cM. ypasuemme (15.25)); mpm sToM obpasyercs
100%-mas xacnora. Iorsomenne TPHOKCHAA Cephl «IIPOCTO» BOHOHR
Ha TPAaKTHEE CHILRO 3aTPYAHEHO, TaKk Kak SO, EATERAaeT Xaj=HO
IOrnoImAThL BOAY, 00pasys BO3JYIMIHO-KANEIBHYIO B3BECH («TYMAH®),
KOTOpa® UPENsTCTBYET JaipHelimemy nornomenBr. 1losroMy 1pa-
oxcul ceph pactBopaioT B 100%-Ho# cepRO# KHCTOTE H DOJIYIaIOT
TakuM obpasom oseym, B mpeaene qo 65%-HOH KOHICHTPANEA.
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Oxonc TpeTH Beell CepHOM XHCIOTH HCHOIL3YIOT AN NPOH3BOJ-
cTBa ynobpenmii. B orpoMBEX XONMYECTBAX OHA HCHONL3YETCS OpH
OPOB3IBOACTBE CHRTETHYECKHX MOJOIIMX CPEACTB, ILTACTMACE, (ropo-
BOJJOPONa H APYIHX PCaKTHBOB.

Trocy;mbar (reizocymdur) marpun. O6cyamum cBoOiCTBA OABOrO
OYCHL BAXKHOr0, HO MAJO H3BECTHOrO JUId yYalyExca Bemectsa. Ilpn
xungq4ennn pacTeopa Na,S0; ¢ MenxorsMens3eun0l cepoi oﬁpasye-r-
cf THOCYJIb(AT (HHOIHAa HA3KWBAIOT HOOCYNbGHT) HATPHSY!

Na;S03 +5=Na;§,0,

cofiepAamEll THOCY/IB(AT-HOH ~— IPOHIBONHOE OT HE BLIICHCHHOM
B caobomEoM BEZAE THOCEPHOH KEcNOTH. THOCYRBhAT HATpER COACD-
KHT AB34 ATOMA CEPHL B Pa3IAYHLIX CTENCHAX OKHCICHHS U IPOSBINET
BOCCTAEOBHTE/ILHLIE CBOMCYBa, Ha €M OCHOBAHO, HAIIDEMED, €ro
IOPHMCHEHHE B TEKCTHNLHON NMPOMBLINUICHHOCTH UM YAAJICHMS XJ10pa
npR orCeEBaENE TKABeH:

Ni5;03 +4Cl; + H;0 mH,50, +Na,S0, +8HC

TIocnemuas peaxnpg — x0pOmAas WLITIOCTPAIAN NpobIeMbl mOA-
6opa crexaomeTpEYcCKEX K03dipamACHTOR B OBP ¢ HCmomp3opaHHeM
METOAA 3NEKTPOHHO-HOHEOTO Gananca. HanomMamM, 910 MeTOR SilEK-
TPoEHO-HOEHOTC Hananca He TpelyeT onpeacncHAR CTeleHEH OKACIe-
EHY 3JIEMEHTOB H 3T0 4PE3BRMAlHO PAXHO, HOCKONBKY TaKas mporme-
xypa OnBaer cnoXHOM He TONLXO AIS OPraHHYeCKHX COCARHCHHE, HO
H i, xa3’an0ck OH, Golee mpOCTHX HEOPraumdcCKHX COCNHBEHEH.
Tax, B ToM X&e mocy:md;a're BATPRY OPpEJEINTEL CTENCHA OKHCICHAS
CEpH! OCTATOYHO TPYNHO, TAK KAK CTPYETYPY THOCYbLbara dopma-
JbHO MOXHO IPEJCTABATL JBOSKO:

Na—O +5 Na2-0O +6
/ - N /
Na—S/ \ Na—-O/ s

H noao6pats ko3hQEUAEHATH B ypaBACHALX C Y3acTHEM THOCYAbdaTa

TPyZHO.
o71a TPYAHOCTB JICTKG YCTPAHRETCA B 3JICKTPOHRO-HCHHEOM MCTORE

nonbopa ko3pdunmenrTos:

$,0,2" +5H,0—8e~ =250, + 10H*
Cl, +2e~ =201~

§:04%" + SH0+4C =280, + 10H ¥ +-8C1~

3ameTEM, WTO H3 ABYX CIPYKTYp THOCYIb®ara, NpEBeNCHHLIX
Bhille, GOMBIMEE CMBEICIT HMEET CTPYKTYPa, OpUBEACHHAS COpaBa.
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Caasa 16
TIOATPYIIIIA A30TA

§ 16.1. OGmas xapaxrepEcTHKE

I'napryio noarpymoy V rpymmsl COCTaBISIOT 830T, octop, Mu-
HIBAK, CYPbMA H BECMYT. Kax/Ihiid H3 3/IEMEHYOB HMECT FIEKTPOHHYIO
XOBQHIypamMIO Ha BHEIIHCM YPOBHC ns’np® H MOKET OpOSBISTH
B CBOHX COSXHHCHHSX CTencHbE OKHCICHES oT —3 no +5. A3sor
H ¢ocpop — THIHIHEIE HEMETAIUIL, HO MBIIbLSK HPOSBIAET H Me-
. TalnmEdeckEe cBolicTBa, CypbMa H BECMYT — THIHYHHLE METAIUTHL.
Hamboxsmee 35a9cHRe H3 NCMEATOB NAHHOM rpynims MMEIOT g3om
% ghocgHop. 06a ITEX WEMEHTA BXOART B COCTAB KMBLIX OPTaEAIMOB
H OYCHb BAXHE /I XpdeXTHBEOrO pocTa pacTeHHH. A30T ABISETCH
ONHAM H3 XHMHYCCKHX 3JICMeHTOB Oenkxom, a dochop — HykIeHEO-
BRIX XHCJOT. XOpOMIO H3IBECTHO, YTO COCAMHEHHA a30Ta M (pocdopa
B coctane yaoOpeHHil BHOCAT B IOYBY AJIf HOBLINCHAS YPOXAHEQOCTH,

MBINBSK, CypbMa B BECMYT 3H3YHTCILHO MEHEC PaCIpOCTPaHCHR
H He'HMEIOT TAXOTO EH3HCHHO BAXHOIO 3HAYCHES, KaK 230T H ¢oc-
bop. MumbEX «3HAMCHHT? TEM, 4TO OOpa3lyeT OYCHb HJOBHTHIE
xavmdeckHe cocanBcHud. Oxcan Mumbsxa As,O; (Geneiil MBIILAK)
HCOOIB3YIOT B croMaToxoran. BacMmyT BxoanT B cocras ocobo nerxo-
IUIABKEX CIU1aBOB. [lajiee B HACTOMIREH riase GyayT paccMOTpeRh
TONbXO a30T H dochop B BEX cocauBeHHS.

Asom — ocEOBHOR xoMmoHEHT BO3AyXxa (78% no obnemy).

AzoT np OOWMHRX YCIOBUSX — ra3 §e3 usera W 3anaxa, COcro-
sl B3 geyxaromssx Monexyn N,. IIprpomaeiii azor cocrodT B3
aByx motonos: N (99,6%) u 1N (0,4%). ITepsuii ¥3 EEX BrpacT
BAXHYIO POJIb B SACPHBIX PCAKITASX, IPOTEKAIOMMAX B aTMOChepe mox
BO3ZICHCTREEM KOCMEYCCERX JIYYCH:

MN4In 24C+1p

Himepense asTHBHOCTH 00pasyIiOmeroci pagROaKTHEHOIO yrie-
pOJa HCHOJB3YIOT B apXEOJIOTHH /IS ONpeAeieHAs «BO3PACTA» yrie-
POACOREPREANAX BOIIECTE (METOX rCOXPOHONOIHH).

Brume yxe 6n170 0TMEUEHO, ITO AJIS NOJYYeHHS XOPOIIHX YpoxKa-
€B OPAXOAETCA BHOCHTL COCJMECHES a’30Ta B mOYBY B BRjE ynolOpe-
Hui. Bo3HAkaeT BOOpPOC — HOYEMY K& DACTCHES, HAXOANIIHECH B AT-
mocdepe Bo3AyXa, HENOCPEACTBEHAO H3 HETO HE «H3BIEKANOT? H HE
HCOOJIB3YIOT A30T T4K, KAK 3T0 OHH OpOAEIRIBAIOT C KHCIOpPOAOM?
OtBer B TOM, YTO azom N, uckumouumebHo HepeaxyuonHocnocoben
4 DOYTH HH ¢ 9eM H¢ pearspyeT (pu OORYHLIX YCJIOBHSAX; 3TO —
CJIEACTBHC HAIHYHA B Monekyne N, opouHod TpoHHOH cpasm N=N
(aBe ncBE3E M omEa 6-cBA3b). UTOOK 230T MOT HPOPEArHPOBATH,
HEOOXOAHMO pa30opBaTh MEXAY aroMaMM a3zora (XoTa 6m vacTmy-
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HO) TpO CBa3b. DHEprus cBs3E N=N upeapnmaiino penmxa
(945 xJix/Mons), B GOnBIMMABCTBO peaxnmil ¢ yIaCTREM MOIEKYISp-
HOT'O 230Ta HMEIOT BHICOKYIO PHEPTHIO AKTHBAIMH B TpebyloT Ans HX
OPOBCACHES BHICOKOH TEMICPATYPH H DPHCYTCTRHA xara:m:aa'mpa
Kax, HAllpAMED, B 3BaMeHATOM nponecce 'abepa noxyyeHRs aMmHAa-
xa (CM § 7.4). Tax xe xak BO BpeMs IpO3hl, mcoxoﬁ 3HEprHE
BCULIDIKE MOJNHAH OKa3hBACTCS JOCTATOYHO, WroOBl «3aCTABHTBY
230T ODPOPEarspoBaTh ¢ KHCIOPOROM ¢ 0DpaszopaE@eM OKCHAR 230-
Ta (II) [cM. peaxmmo (15.3)].

BopoieMm, eca yx a30T DpOpearsposall, OH MOXeT o6pa3oBsl-
BATh MHOXECTBO COCAHHCHHEHA CO CTCOEHSIME OKACICHEE OT ~—3 10 +5
H BaneRTHOCTAME oT I go I'V (o HEXOrzAa Be V). Haabosce BaxmubMA
H} HEX SBISIOTCS aMMHEAK, OKCHALI a30Ta, a30THAS KHCIOTa H &¢
CONH — HHTPATHL

Cnenyromuii neMesT 370l rpymm, pocdop, B oTnEIme oT
23072 BEICOKO PEAKmHOHEHOCTHOCODEH; T2k, beavi gocfop Py camoBo3~
ropaercd Ha Bo3ayxe. Pochop HACTOILKO AXTHBHHHE J/IEMCHT, 9TO HE
TombR0 Oeindi Qocdop, Ho H Gonee crabRibENE €0 AILIOTPOIA
(xpacHLIi K 4cpHLIi) ¢ npupode ne scmpeumomen. Hambonpmee npax-
THYecxoe (B Gmosormwecxoe) 3EaucHEE BMcerT (ochopmas xmcnora
= ¢e mpomssoaerie. Pochop obpasyer orpoMuoe wEcno docgopop-
2anuvecKkux COCXAECHRH, MEOTHE H3 KOTOPHX HCKIIOIRTCALEO RI0OBE-
THL JIng oCymecTB/ICHES GHOXEMEYSCKHX IPONECcCoB EeoGXomaM TO-
JbKO «Beopragmgeckuiy Gocdop, 1. €. pocdop, CBEIAHEEIE ¢ KHCIO-
pomom, a He ¢ yrnepoaom. Tax, Hammame ocrarxoB (ocdopaoit
xacaotst HPO,2~ a H,PO,” B cocrae HyKICHHOBEIX KHCTIOT IPER-
CTaBISET BO3MOXHOCTH OFPOMHOro 4HCIA GHOXMMEYECKEX IpeBpa-
IeHAHA.

§ 16.2. Ceoiicrsa HpoCcTHIX BemeCTs

Y1oON MOACKYASPHAH a30T BCTYHHI B XHMHEUCCKYIO PCAKIHIO,
HeoOXOMEMA AKTHBAIHA €r0 MOJICKY]I HarpeBapneM, ofnydeHEeM Ha
MEXTPHICCKAM pPA3pEAOM, DPHIHHEL 3T0oro obcyxacun prame. Tax,
€ KHCIOPOAOM, BOXOPOJOM HIIH YIJIEPOAOM [em. ypasaerme (17.1)]
430T B3aEMOAEHCTBYET TOJBEO B (GRKECTKHX» YCJIOBHSX.

W3 merannoB a3orT pearmpyeT B OOHMHLIX YCIOBHSX TOJLKO
€ JIATHEM, 00pa’yd RHTPRA:

6Li+Ny =2Li,N+39xlx (16.1)

C IpyraME METAaMH Peakidd HACT TOJLKO IPH HATPEBAHHN.
HaTpaasl Jerko rEApoNA3YIOTCa B B3AHMORCHCTBYIOT ¢ KACIOTAMA:

CagNz+6H;0=3Ca (OH); + 2NHat
AIN +4HCl=AICl + NH,Cl (16.2)
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H3 Tpex annorpoumoB ochopa wa-
ubosee axmusHbl M R8AREMCR beaviil hoc-
gop, cocrosmuit a3 Monexyn Py (1=
=44 °C, t =280 °C; ge3xEe 3EavcHHES
ITHX BEIHYHE CBHICTEILCTBYIOT O Clia-
ORIX MEXMONCKYASPHBIX CBE3SX). B Mo-
nexyne P, Bce deTHpe aToma docopa
OHHAPHLIMH CBf3SMH 0Dpasyior mem-
Ppadpuxeckyio cIpykrypy (puc. 16.1), yr-
Jul Mexny cesismE P—P B xoropoil
cocrasoT 60, a me 90°, Kax 31O ORIBa-
€T Mex Ay OORHEMA p-cBE3AME. CBA3H
P—P B monexyne P, oKa3HIBAIOTCH Ha-

P‘&;&:}; m NPANCEHHBIMU B LNOITOMY JIETKO Pa3phi-

BaoTCyd (3HEPrAf AUCCOMHANEA MOJIEKY-

ma P, Ha aromml cocraBaser Bcero 200 x[dx/Mons — cpapsETE
C COOTBETCTRYIONMMM 3RagYeHEeM g N.).

bemuii  ochop yEExaner mo cBoedi xmMmEdeckod AKTHBHOCTH
H PalHTCNLHO OTNHYAETCE OT 330TA. [aKk, yEe OpH KOMHATHOR
TeMiepaType Menkoascnepcasiil dochop camosocnnamenserce, o6-
pasys aneudpud Gocdopenix xacnor P,Os (Tommee, P,Oy): .

Py+503=P 04 : (16.3)

IIpm seppcTATEE XECTOPOAA 66paaye'rcx oxcan dochopa (IIT)
P,0O; (Tounce, P,Os, dopMamsEo spnsmiommiics aETHAPEAOM 0¢yXoc-
roenoii dochoprcroii xacnoth H,PO,):

P4+30,=P406 (16.4)

Tax xe axTHBHO Genmrii pocdop pearmpyer ¢ ranoremamm, cepoii
(asor ¢ 3TAMH 3nEMEHTAME HENOCPEICTBEHHO HE Pearupyer) — OpH
arom obpasyiorca PCl,, PCly, PBrs, PBr,, P.S;, P.S;:

P4+6Cl; = 4PCl; (16.5)
P4+10Cl, - 4PCl; (16.6)

Kpaceriéi a1 sepEE pochop sBIaoTCs moaaMepHRIME Moadu-
KanusMH, H y EHX ropa3fo OoJiee BLICOKHE TEMUOEPATYphI I1ABICHAS
H KHOCHHS (f3y(Prua)=600 °C mox nasnemmem). OHE BeTyDaior
B aBAJIOFHYHLIE PeakEd mpH GoJice BHICOKHX Temueparypax. Tak xe
Eak H a3oT, dpochop pearmpyer ¢ metamnamu, obpasys gocghopudu,
[OCIEAHEE, B3aMMOJEHCTRYS C BOJOH HMH KHCIOTAMM, BHLAEIAIOT
gocgpun PH,:
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6Mg+Py=Mg;P; (16.7)
MgsP;+ 6H;0=3Mg (OHY, + 2PH;1
2A1P 4 6HCl w 2A1Cly + PH;1 (16.8)

Tomsko Gemuit docdop pearnpyer ¢ ropsuei menoYsio, obpasys
dochan v aumodocum:

P, +3KOH + 3H,0 = 3KH,PO, +PH; 1 (16.9)

Peaxmus HCOONME3YETCR B TACOPATOPHAX JIS HOJYICHAS q:oocq:lma

Cnenyer OTMETHTD, ITO DONy4HTH tdochir mpAMEIM CHETE30M H3
sofopoAaa B thocopa BpaxTHIECKH HEBOIMOXKHO.

llomywesse azoTa u qboctbopa. "Asor B nabopaToOpEA HONYYAOT
Pa3OXEEHAEM CONCH AMMOHAS — JAUXPOMATA HIH HATPHTA:

(NH ),Cr;,07= Cr,05+ Nat +4H,0 (16.10)
NH4NO, =N,1 +2H;0 (16.11)

B OpOoMBIIUICHEOCTH 30T OOJY4RIOT HYTEM CRIDKCHEA BO3INYXA.

Benwit dochop monmywaioT BoccraHoBleHEeM GocdaTa xanemEs
B AICKTpHEYECK0 neuw He3 docmyna 8o3dyxa M B OpECYTCTBER Si0,,
Kxomopuiit 6s0dam oan cenzvisanusr CaO 8 sezxonsasxuil wiaax:

Cay (POy)y + 38i0; + 5C = 2P + 5CO +3CaSiO;

BRErpaIn B 3HCPTHE OTPOMEE: £,,(Ca0)=2627 °C, t,,,,(CanO;)-
=1544 °C.

§ 16.3. Amvmax. Pocdun. Fanoremn s gocdopa

Avvusk. B 0OmMEHBIX ycloBMSX -— OeCHBeTHHIE ra3, ¢ PC3KHEM
3amaxoM (3anaxoM HAIMATHIPH); CXuxaeTca opa — 33,4 °C m 3aTBep-
nemaer opr 77,7 °C.

Monexyng aMMuaxa EMeeT GopMy MHpaMHIR (cM. § 3.7), B xuA-
KOM aMMmake Mojnexynnl NH; Cas3aBbl BOZOPOAHRIMH CBSISMH,
OOYCIIOBIEBAA TEM CAMBEIM AHOMAJILHO BHICOKYIO TEMIIEPATYPY KHIIE-
s, IHongpanie Monexynmsl NH; ovens xopowo pacmsopumst 8 eode
(700 obzemon NH,; B ogaom obseme H,0) — ayume, wem moboit
Opyro# ras.

Jins monywemss ammmaxa B J1a60OpATOPHEIX YCIOBHSX 06LMEHO
HArpeBaloT CMeCh XIOPHAA aMMOHMS B FHIDOKCHNA KabIHA:

2NH,Ci +Ca (OH), = CaCly +2H;0 + 2NH;1

Jleficrpae menodell Ba CONE AMMOHHS — KAYECHBERKAR PEAKYUA
HA OOHAPYNCEHUE UOHOB AMMOHUR. :
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Pacteop ammHaxa B BOAE NPC/CTABISET coboii pacTBOp rEapo-
KCHAA AMMOHHSA, COAEPAKAITHR onnonpeucm{o Mo.nexynnpme 9aCTH-
o NH, 1 NH,OH u ot NH," s OH™:

NH;+H;0 & NH3-H,0 2 NH,OH 2 NH* +0H™ (16.12)

Boonwiii pacmeop ammuaxa ofiradaem caoucmeauu caabozo ocrosa-
HuA, KOHCTAHTA €r0 JACCONUANHH 1,8-10753,

IlpoxyxTHl B3aMMOAEHCTBAS AMMHEAKA C KHCIOTAMH IPEICTABIA-
10T coboil cone ammonna. Bre avmonuiinsle coau pacrBOPEMEL B BOAE
H IpH 3TOM 2udpoausyromcn. CollH aMMOHHS TEpMHYECKR HEYyCTOd-
YMBL ¥ OPHE OPOXATHBAHWN DAINATAOTCH, IPHIEM HA MPHHITHITAA Nh-
BO pa3JHYHKE DPOAYKTH — cpapEETe peaxnud (16.10), (16.11) = cie-
AYIOLIHS PERKTHM:

t
NH;Cl = NH3t +HCl]
t
(NH41PO, = 3NHa\? +H,PO,
!
NHHCO3 = NH;3t +CO,1 +H;0

A30T B AMMBAKe MMEET HAHMEHBIYIO CYENSHb OKMCIICHHS H NO-
3TOMY NnpoAGAREM MOALBKO 80CCMAMHOSUMEAbHbIE ceoiicmsa. Tax, Ha-
OpEMEp, OpH TOPEHAR aMMMAaKa O0pa3yIoTc a30T H BOJA:

4NH; 4-30,=2N; +6H,0 (16.13)

B OpHCYTCTBHMH Kamaau3amopa AMMHAK MOXET OKHCIIATECE H 10
okcEna azora NO:

4NH;+ 50,=4NO+6H;0 (16.14)

IIpn Harpepasnu aMMHAKA C OKCHAGMHE TSDKCJIBIX METALIOR, IaJjo-
reHaMH, IEpOKCHAOM BOAOPOAa 0bpa3yeTcs MOJICKYNSPHLIA 430T:

3Cu0+2NH; =3Cu + Nyt + 3H,0
2NH3 + 3Br; =N, + 6HBr
2NH; + H;03 =N+ 6H,0

AmMBAX BAET riaBERM 00pa’oM HA NPOMIBOICTBO A3OTHOM
KHCIOTH M pasmEianx yaoOpemnii — maTpara ammomns NH,NO,,
xapGamvmaa (Modermnkl) (NH,),CO, amMmodioca (cMecH rEgpo- H JH-
reapotoctharor ammorus (NH,),HPO, 8 NHH,PO,).

DochdH — wpesssivaiing Adosumbli 2a3 ¢ 3a0aXOM THHJIOH PHI-
OB, TOPA3XO MEHES YCTONYMBRIM, YeM AMMHAK, H OAHOBPEMEHHO —
ropasao Gonee CHIbHBIE BOCCTAHOBHTENh. T4K, Ha BO3AyXE OH CaMo-
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nponanonmo BOCINAMEHACTCH C obpaizceanneM d)ocd)opaon KHC-
JOTRL:

2PH 3 +40,;=2H3P0,

B ornpiee or ammmaka, PH, mpakTmuecks Ee pacTBOpsercs
B Bozae (0,3 o6rema Ha omeE obveM H,0) B ne'o6pa3yem-eu@poxcuﬁa
goconun, aro obbECHEETCH TOPA3NO MEHLMCH AKTHBHOCTBIO 35
Henoneneuuoﬁ N1EXTPOHHOR HaphI tochopa B dpochprBe Do cpasee-
EEr0 ¢ 25* mapoii azora 8 NH,. B 3Tol CBS3M NONE3IHO CpPaBHATHL
opoxykTh peaxmmii (16,2) 1 (16.8). ‘

Canoreangr: docdopa. 1lo gsym npraamaM nenecoobpa3so pac-
CMOTpeTh ranoresuasl ochopa oraensno. Bo-nepsrix, ux obpazosa-
Hte B PE3YALTATE HENOCPENCTBEHHOro B3ammopelicTEs (ocdopa
C TAJIOTCHAME uAmocmpupyern Hotee CusbHblE BOCCIMEHOBUMEALHYIE
csoticmaa ocghopa no cpaswenwo ¢ aszomom. Bo-Brophx, Ha HX
OpPEMEpPE YMECTHO NOMYEPKHYTh YCIOBHOCTH JACICHHA XHMHH Ha Op-
ragE9eckyl0 H  HEOprammdeckyro. Tak,  HeopraHHYCCKHe
BEIeCTRa — xnopuau gochopa — ouens wupoxo ucnoab3yIOmMes
8 op2anuNecKoti Xumuu Kax xAopupylowue peazermst (CM. HEXe).

Pocthop obpasyer aBa xaopaaa: TpAXaoprAa dochopa PCly A nen-
Taxnopun dochopa PCls.

Tpuxsopud dochopa 1107Iy9a10T, OPONYCKAHS XNOp HaJl IHOBEPX-
HOocTRIO Gestoro docdopa [cm. peaxmuro (16.5)].

Tprxnopra dochopa raaporasyeTcs BOACH ¢ o6pazosanaeM gho-
cfiopucmoii XECIIOTHI B XJIOPOBOAOPOAA:

PCly + 3H,0 =H3P0O3+ 3HCl

Iermaxaopud ocghopa MOKEC HOIYIATH B I200paTOPHKIX yCIO-
srsx 1860 no peaxmu (16.6), 6o nO peaximu X;10pa ¢ TPHXIOPH-
aoMm dochopa, nposoaEMOil IpH HAIKHX TeMOEpaTypax, TOCKOMBKY
peakmus o6paTama:
PCl3 +Cl: 2 PCls

IerTaxnopun dochopa — 6 Ie/(HO-KENITOE KDPECTALIEYECKOE Be-
HIeCTBO, 0HO OYpHO pearmpyeT ¢ BOAOH, obpasys dochopuyio xHC-
IoTYy:

PCl5+4H;0=H3PO, + SHCI

Kax newraxnopmp ochopa, Tax H TPHXIOPHA ncndm:fsylo'r KaK
XIOPHPYIOLIHE PEaredTHl B opragmdeckodl xumpu. Tak, anpAeraisl
4 KeToHRl pearapyoT ¢ PCl; amu PCly 8 6e3somunoit cpeae, obpasys
AMXJIOpaNKAHLL

CH,CHO + PCl; » CH,CHCI, +POCl;
© L 1-paxnopeTan
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CHj~ 00— CHjy +PCly - CH, —CCl, - CH, + POCI
2.2-Aexopnponan

OOpasylomuecs JEXIOPIPOH3BONHEE ANKAROB, B CBOIO OUEpLHb,
IDHPOKO HCIIONB3YKTCE B OPraRHIECKOM CHHTE3E.
. Tpaxnopexa ¢ochopa 1 goc‘%:gn TaKke HCIOML3YIOT B Jaboparop-
HOH DpaxTHKe Jn4 nonyueHrs Qochopa ocobol THCTOTH:

2PH;+2PCly 2 P4+ 6HCO

§ 16.4. Oxcuanl a3ora.
A30THAN N 230THCTAN KHCAOTH

Oxcaasl 230T4. B OXCHAAX CTelleHs OKHCICHAN 430Ta MEHECTCSH OT
+1 g0 +5. Oxcemnr N,O 2 NO — HecnBeTHBIe Tashl, OKCHJ 230Ta
{IV) NO, — 6ypri# ra3, poayuspInHil B OPOMNIIIEHBOCTE HAYBAHAE
wmmca# xpocT». Oxcax azora (III) N,O, — cEASA KHAXOCTH, OKCHN
asora (V) N,O; npr o6bMHEEX yCI0BESX -— OPO3pavHble GecrBeTHbIE
KPHECTAILUTEL

Yacto HCOONL3yeTCA TPHBHAILHOC EA3BaHEE OKcuda da3oma
(I) — pecensmu ras, CBEIANHOE ¢ TEM, ¥I0 ¢rO BALXAHEE B HeGONL-
OIAX HO38X BEIKBACT KOHBYILCHBHBIM cMex.. B Measmmme OxcHA
azota (I) rcnonpayercs AN HATANAMEOHHOTO Hapko3a. JI4 noxyde-
gEE N,;O MOXeT HCHQUIL3OBATECH TEPMHYECKOE PAIOMKCHAC HHTPATA
aMMOHHRS, IIPH 3TOM He0OX0ZEMO COOIIONATH TAKHE XK€ MEDAL Ipel-
OCTOPOXEHOCTH, K8K M B ClIyqae ¢ peaxm|amMu pasnoxerns NH,NO,
B (NH,).Cr,0,. Kpome Toro, N;O nony4aior OpH B3aEMOACHCTBHH
METRIUIOB C OdYeHE paibasienpoll a30THON XMCIOTOH [CM. ypaBHeHHE
(16.22)]. On obnagaer cpoMcTBAMM OKACIHTENS H MOXET NOLIEPKH-

BaTh TOPEHHEC CEPEl, yriepona, pocdopa:
P4+ 10N20 =+ P00+ N3

Oxcud asom (11} obrvE0 monywaroT pelicrBmeM 50%-HOro pac-
TBOPa A30THOH KHCIOTH B2 MeTAILNH Ho cxeMe (16.29). On obpasyer-
€ TAXOKE IPH KQMAAUMUYeckoM OKECIICHAN AMMAAKa [CM. ypaBHeEHe
(16.14)). Oxcux a3zora (I1) nerxo oXECHAETCH HA BO3AYXE, mprobperas
Oypyro oxpacky:

2NO +0;=2NO, (16.15)

Oxcaanl N;O u NO Ee pearupyror ¢ Bomoil H INeio4aMu, TOrga
kak N,O; u N;0O;, SB/I99CH ARTHAPEAAME, NPH B32HMOAEHCTBHA C BO-
' Boit Jar0T COOTBETCTBYIOLIAE KACIOTHL
N203+Hy0=2HNO;
N3O+ Hy0=2HNO,
a NpR B3auMOACHCTBYY CO MEICUAME — COOTBETCTBYIOMEE COMM.
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Huoxcuo azoma NO, B nabopaTOpHH HOMYIalOT HATPCBAHHECM
KOHIEHTPHPOBAHHON A30THOH XHCIOTH € THKEILIMA METAILTAME,
'IPH 3TOM BOCCTAHOBIICHHE KHCIIOTHI DpoHCXomaT mo cxeme (16.20).
NO, 06bMHO CYmEcTBYET B PABHOBECHH CO CBOEM dusepom N,O,,
OpH oxnaxAcHus oOpa3ys XHAROCTE GheqHO-XKEITOro NBeTa;

2NOy(r) =N;04(x)

IIpm pacrpopesnn B Boae #a xo409y NO; o6paraMo ducnponopyu-
oHUpyem: _
2NO,+H,0 2 HNO, + HNO, (16.16)

INocxombxy 06pasyromascs a30THCTas KHCIOTA neycroﬁqnna TO
npu nazpeeanuu peaxnns BACT no-npyromy

3NO; +Hz0 == 2HN03+N0 (16.17)

ITocnepame gBe peakndd, a Takxke peakmus NO, co menovamm
HUNIOCTPMPYIOT €r0 ABOHCTBEHEYIO OKHMCIHTEILHO-BOCCTAROBHTCIbL-
Hy10 QyERImmO:

2NO; +2KOH =KNO; + KNO; + H,0 (16.18)

Ecma NO; pacrsopsioT B BOAE & NPUCYmMCMEUU KucAopooa, TO
NOJYYACTCH TONBKO A30THAA KACJOTA!

4NO; +2H,0+ 0, =4HNO; (16.19)

1Y peaxmuio BCOOMB3YIOT /LS NOJyHEHNs KHCIOTE! B OPOMBIN-
JICHHOCTH.

Azotaan xucaora HNO; B uacToM BEIE — GecnBeTHAR KAIKOCTH
C PesKEM YAYILTHBREIM 3anaxoM. B HefOnbmEX KOJAYECTBAX OHA
obpasyercda npH rpo30BHX pa3paAax H OPHCYTCTBYET B JOXACBOR
BoZe (CM. BHIDE PEAKIHE a30Ta ¢ XHCIOpoaoM, oxcrna NO ¢ xeceno-
POZIOM H PERKITHIO (16.19)). '

on neficreEeM CcBeTa 830THAL KHCIOT& JACTHYHO DPAa3/Iaracrcs
¢ BuaeneEmeM NO, m 3a cvyer aroro mproGperaer cperno-Gyphii
HBCT!

‘ 4HNO; =4NO7 +2H,04-0;

A3OTHAA KHCJIOTA NPHMEANICKHT X TBCTY Haubfosee cuibHulx Kuc-
Aom B )8 HEe XapaKTepHHl BCC PCAKIMH, B KOTOpHIE BCTYHAIOT
KBCIIOTHI,— € OCHOBAHMSMH, OCHOBBEIMY OKCHIAME H T. 1.

Cneyudivueckum e CBOHCTBOM A30TEOM KRCIOTH SBISETCH €€
APKO BHIPaXEHHAA OKUCAUMEAbHGs cnocobHoCTh, CyNTHOCTE OKECIE-
HES PA3JJAYHKX BEMIECTB A30THOH KHCIOTH 3aKII09AETCH B TOM, 4TO
. moH NO,™, EMelonmif B CBOEM COCTaBe a30T B CTCHEHH OKHCICHAS
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+ 5, B 3aBECHMOCTE OT YCIOBHI (KOHIOEHTPAIMHE KHCIOTH, OPHEPOILI
BOCCTAHOBHETE/IS, TEMICPATYPhl) MOXET UPHHMMATL OT OJHOrO RO
BOCLMH 37eKTpOHOB. BoccTaHoBacERe agHoEa NO,;™ B CBA3H € 3THM
MOXCT MPOTEKATH AC PA3IHIHLIX BEINCCTB:

NO;~ +2H* + 1~ - NO,+H;0 (16.20)
NO;~ +4H" +3¢~ - NO+2H,0 (16.21)
INO;™ +10H* +8¢™ - N0+ 5H0 (16.22)
2NO;~ +12H* 4 10e™ = N3+ 6H,0 (16.23)
NO;~ +10H* +8¢~ - NH;* +3H,0 (16.24)

IlpE NpovAX paBHKX YCIOBHAX 00pazosanue mex uslu uHblx npody-
KMmoé 80CCMAHOSACHUA AIOMFAON KUCAOmMb! 3aBACHT OT KOHYEHMpPayuu.
A3oTHas KHCIOTA 0OJAJRET OKHCIHTEILHEOH CIOCOGHOCTRIO PR A70-
boii Kowyenmpayuu, OPH 3TOM, ONHAKO, 9eM KOHICHTPHPOBAHHES
HNO;, 1eM MeEee riayboK0 oHA BOCCTAHABIRBAETCH.

C oqaEM B TEM Xe BOCCTAHOBHTE/IEM, HADPAMEP MEHKOM, KHCIIO-
T4, €CIH OHA KOMyeHmpuposannas, GyneT obg3aTelbHO pearHpoBaTh
no cxeme (16.20) ¢ puigencaueM NO,; ecna HNO; pasbasasennan, To
OHAa MOXET B3aEMOJeHCTBOBATL C TeM e IMHEEOM N0 obo# cxeme
(16.21) — (16.24) B 3aBHCHMOCTH OT CTeNeHH pa3fapieHHs.

A30TEAR KECHOTA B3ABMOJCHACTBYET €O BCEMP METAJLIAME, 34
uckarouenuem Au, Pt, W. Kounesrpepopasrags HNO; He B3ammonaei-
CTByET npu obviunblx ycaosuax Takxe ¢ Fe, Al w Cr, xoTophie oHa
naccusupyem, OTHAKO npu oueky cuaskiom nazpesaruu HNO, g3aumo-
delicmgyem u ¢ IMUMU MEMALIIMU,

BolbMIEACTBO HEMETAILIOB H CIIOXKHEIX BEINECTB BOCCTAHABITHBA-
10T HNO;, xak opasaio, a0 NO (pexe mo NO,):

3P 4-HNO3 +2H,0=3H;P0,+NO
S+2HNO; =H,80, +2NO

3C+4HNO; = 3C0, +4NO +2H,0 (16.25)
ZnS + 8HNOy(xoam) = ZnS0, + NO2 +4H50
6HC1+ 2HNOs(xonm) * 3Cl, +2NO +4H,0 (16.26)

Ocobo¢ BHEMAHHE CKOHIIEETPHpYEM Ha mocnemHeil peaxpma. 06-
pamumas peaxyus (16.26) OpOXOAAT NPH YCIOBEA CMEITHBARAS OXHO-
ro obrema xommerTpHpoBaBHO# HNQO; (TOwmEee -— omHOrC MOAR
HNO,)) B Tpex 00BEMOB KOBUCHTPHPOBAHHOHM COJIJHOH XHCIIOTHI
(rounee — tpex moaeii HCl). O6pa3ylomascs IpH 3TOM PaBHOBECHAS
CMECh BEIIECTB 004adaem CuAbHetlUMY OKUCAUMEAbHBIMU CBOilCM-
gamu H HAIEIBACTCH yapckoii godkoi. Croe ApeBHEE HA3BAHHC CMEChH
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OoIyqHaa H3-32 TOrO, Ir0 OEA pPacTBOPHET JaXe «Maps meral-
JIOB» — 30JI0TO;

Au+HNO, + 3HCl =AuCl3 + NOT + 2H,0 (16.27)

JeiicTBAEe DAPCROE BOAKA OOBSCHACTCH TEM, UTO B CMECH IOCTO-
SHHO NPACYTCTBYET XJIOP B MOMEHT BHIXCIICHES — amMOMapHeili X310p,
sBIfIoMEkce CRbLHeAmM oxacraTeaeM. FIMeEEO noaTtomy npH pac-
TBOPEHYHE METAIUIOB B IAPCEOH BoAKe 06pa3yioTCd EE CONM A30THOMH
KHCJIOTHL, & COOTBETCTBYIOIIAE XJIOPHALL *.

Hurparsi. [IpakTHvecKn sce HIMp@mbl XOpowo pacmsopumst & 80-
Oe, MOITOMY NPHPOIHLIC MECTOPOXKACHHS HHTPATOB pedkm (HADpH-
Mep, HaTpeEeBag cenuTpa NaNOQO, B Ywm; orciona eme ofHO Hassa-
HEe — THIHACKad cenaTpa). OCHOBHEIC KOJINYSCTBA HHTPATOB HOMY-
93J0T MCKYCCTBEHEO, HA XHMHYCCKHX 3aBOXAX, HCXOA4 H3 a30THOH
KHCJIOTHl B COOTBETCTBYIOIHX IHAPOKCEAOB.

B mETepaType peaxo obpamaroT BHAMAHAE Ha OJHO OYeHb 8aXC-
Hoe ceoticmso HUMpPAaMos, HAXGOAWUXCA 8 KUCABIX pacmeopax:. OBM
CHOCOGHEI PAcTBOPATH METAJLIL AHATIOTHIHO Pa30aBIeHHOR a30THON
xaciaore. HanpumMep, Mens pacTBOpSeTCs B TAKHX PACTBOPAX ¢ BhIIe-
sneEreM NO:

3Cu + 2K NO; +4H;80, = 3CuS04 + K80, + NOT +4H,0

Ilpn HarpeBaHAY maepdulx HIAMPAMOS 6Ce OHU PA3AUZAIOMLR C 8bi=
desenuem Kucaopoda (ACKIIIOYEHACM SBIIAETCH HATPAT AMMOHHES), KPR
STOM HX MOXHO Pa3’Jie/dTh Ha YCTHIPE IPYINIHL.

" Hepsyro 2pynny COCTSBISIOT HHETPATHL WEAOUHLIX MEMAAL0E™*,
KOTOPBIC IPH HATPEBAHHH PA3IaraloTcs HA HumMpumbsl B KUCA0po9:

IKNO; =2KNO; +0;1 - (16.28)

Bmopyio epynny cocrasnset ossuaaicnso auTpaToB (OT MEN0T-
HO-3EMENbHRX METaJUIOB 0 MEIH BKIIIOYHTEILHO), palnararoliaxcs
B2 oxcud memarna, NO, B Kuciopod:

2Cu (NOy)p = 2Cu0 +4NO, +-0;

. *Bemr mapexag ROOER COACPEHT mIOWTOK consHON XHCHOTH, TO pacYsope-
HEC 30J0T4a OPOHCXOZHT ¢ 00pazoBaEmEM 30JO0TOXIOPOBOACPORHON KHCEOTH
H[AuCly}, » xoTopoil crenenn oxEcieHES 30m0Ta +3 (TAKAa® Xe, Xak W B XNOpHOIE
3onora (H):

Au+HNO; +4HCl=H [AuCL]+NO+2H,0 (1627)
**JcEmoTeHEReM ABJSETCS ARTPAT MMTHL, KOTOPHIl PalaraeTcs N0 YPaBECHHIO:
4LiNO;=2L{;0+4N0; + 0,
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Tpemuio zpynny COCTARISIOT HETPATH Haubodee mAMNCEAbX me-
maanose (AgNO; u Hg (NO,),), paznararomuecs A0 c60000H020 Me-
maasaa, NO, B xucaopoda:

Hg(NO;);=Hg+2NO;+0;
Yemaepmyio zpynny COCTABIACT HUMPAM AMMOHUR:
NHNO;=N;0+2H,0

Azorscras kmciaora HNQ, npmsajiesBT k caabHM KBCIOTAM
(K=6-10"* opr 25 °C), EeycTONYHBA B H3BECTHA AL B pa3baBies-
HbIX PACTBOPAX, B KOTOPHIX OCYINECTBJIACTCHA PABHOBECHE

2HNO; 2 NO+NO;+H0

HurpeTiz B OT1HYHEEe OT cAMOH KHCIOTH YCTONYHMBEL jaxke DIpH
garpepapnn. FcxmrodenseM sBrsercs XpUCTAILIAYCCKUE Humpum am-
MOHUR, KOTOPHI IPA HATPEBAHEM PA3NAracTCK HA 230T B BOAY:

NHsNO;=N,1+2H;0

Kax a30THCTas XRC/I0TA, TAK A HETPHTH COAEPAAT 30T B pOMe-
XyToqHOM cTeHeHH oxHcnerns (+ 3) m moaromy B OBP Moryr nposs-
J9TH CBONCTBA K2K OKHCIHTENEH, TAK H BOCCTAHOBHATEIH:

2HNOy+2Hl = | + 2NOT + 26,0
 HNO,+H,0, =HNO; + H,0
2NaNO; +NagS +2H,80, = 2Na;804 +S + 2NOT +2H;0
5S5KNO; + 2KMnO, +3H,80, = SKNO; + K80, +2MnS0, 4 3H,0
HETpaTH — OPOMEXKYTOYHRIC COCAHHCHHS B NPONECCE YCBOCHAN
HATPATHOTO A30T4 OPraHH3MAME JXHBOTHRX H pacremdsmu. Ilo-
ODAas B OpPraHE3M 4elOBeKa ¢ OpOIYKTAMH NHTAHHR, HUMpamsi

CHEXAIOT HMMYHHYIO YCTOMYHBOCTD M IOITOMY € 3aMEMHBIX 0034X
ROO8UMMBIL.

§ 16.5. Oxcagnt 1 KECXOTH ocdopa

- Oxcnanl docdopa. Pocdopnenii anzudpud P,Os («mpocrediman
dopmysia) sengercd Hambonee crafumbaniM oxcanom (ochopa mpr
OOBMEEIX YCHOBHAX. JTO — Benoe xpucrarmmmyeckoe (HIH CTEKIO-
BHIHOE) OueHb zuzpockonuueckoe BemecTso cocrasa PO Kaxaniii
aToM (octopa oXpyXkeH TETRIpPbMs AaTOMAMH KHCIOPOJA:
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PO aKTHBHO B3IAHMOACHCTBYET C BOJOM, a TaKke OTHHMAET C¢
OT ApYrEX COCHAHeHHil, o0pa3ys B 3aBECAMOCTH OT YCIOBHHA /OO
memagocghopuyro HPOs, :mbo opmogocpopuyiw H;PQ,, nabo nupo-
docgopryro H P,O, xmcnoTh [cM. pearmmm (12.5)]. MmeaBEo mosTomMy
P,O;; mEPOXO HCOONB3YETCA KAK OCYuiimens PA3IAIHREIX BEIHECTB OT

NapOB BOEL ,
Gochopucmuiti anzudpud ONBCHBaeTcs nHpocrTedmed dopmynol
P,0, u ucrurnOl opmynoi PO
AN
o} \ o}
l ci l
P kP
‘t‘ 0/' Pl
o] 0
P4Os

Doctop B P,Os X0OpARHANMOHHEO BEHACKIICH M HOYTOMY SBJISCT-
cs meycrofivmerM. JlrokcEn docdopa (III) — Genas Bockoobpasgas
maccd, ofpasyemMan npH oxaciIeHRA Gocdopa B yCl10BHAX HEAOCTATKA
xuciopona [em. ypapaerme peaximn (16.4)).

BaamMmoneiicreae PO ¢ B00% mprBoaHT K 06pasosammto gocdo-
pucmoit KECTIOTHL '

P40+ 6H,0 =4H,PO,

Tazoo06pasueti HC pasnaraer P.Os:
P05 +6HCl =2H;P0; +2PCl;

Gocopanie KRCIOTH — O ITHM HA3BAHHEM OOLEIMHMIOT KMC-
JOTHL, Cojepxanige aTtoMmil (ochopa B CTENEHH OKHCICHHS +5.

215



H3 tpex dochopanx xHcnor BauGombUiee NPAKTHISCKOS IHAYCHEES
aMeetT opmogocghopran xucnora H,PO, (qacTo ee Ha3bBaIOT OpPOCTO
docghoproii) — Genoe TBepROE BEIEeCTBO (I, =44,4 °C), xopomo pac-
TBOpDEMOE B Bozgc. B BOAHOM pacTBOpe OHA IHCCOUHAPYET CTY-
peEdaro, ofpazys TpE BEIa aHHOHOB (Quzudpogpocghamm H,PO,”,
audpogpochamu HPOZ~ m docame: PO,°”) B Haxomsicer C HAMHE
B DaBHOBECHH B COOTBETCTBHH C KOHCTRHTAMH AHCCONHanBm: K=
=7,5'10"3, K,=59-10"%, K3=3,5'10"13 (cM. § 9.2). Ouemp Ha-
IISHO 3TO KUBOCTPHEPYET JHATpaMMa Ha pHC. 16.2, mokaskBaromas
JOIO0 KaXAOH B3 YACTHI B 338BHCHMOCTH OT KHCJIOTHOCTH PacTBOpa
{pH pacreopa). Hanpamep, nons camoit xucaora o (H,PO,), onpe-
Jeaeman dopMynon

[HsPO)
[H3POJ +[H,PO, "]+ [HPO2"1+[PO,* "]

w(H3POy)=

npesamapyer, ece pH <pK; (1gK;). U maobopor, TONBKO IIpH
pH>pK: Baummaer npepammpoBath gonx dochar-momos PO
IIpomexyrounsie morsr (H,PO,~ r HPO,?~) noMmHEpYIOT IpH 3Ha-
gennsx pH, xoropue Haxoasrcs mexnay pk; u pki.

Bce duzudpogpocthamut pacmsopumst & sode. VI3 raapodoctaTos
u docdaros B BoaS PACTBOPHMEI TOIBKO COJE INEJIOYERIX METAJLIOR
H aMMOHHR (CM. TA0NHNY pPacTBOPUMOCTH).

Conr ¢octhopHOE KHCIOTH — UEHHLIC MEECPAILELIE yROOpeHH:.
HamGosnee pacopocTpaHeHHEIE Cpeqy HEX — cynepdociam, npeyunu-
mam m ocgopumnar smyxa. IIpoemoii cynepgocgham — cmecyr nHTH-
apodoctara xkammms Ca (H,PO,); B «6annacra» CaSO,. Ero monysa-
KT, obpabaruBas pocopaTH B amaTHTH cepHO# xEcnorod. Ilpm
o6paGoTke MupepamsaRx bochaTor docdoproi krCIOTOH HOMyda-

1,0

05

F R T T ., |

14pH

Prc. 16.2. Jlong paBHOBECHEIX 9aCTHI B 3asEcAMocTy o pH pacracpa
Ope MHEOTOCTYOeRHaTOod mHecommanmr HLPO,
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10T Odotinoii cynepgocdham Ca (H,PO,),. Ilpr ramennn docdopHOik
KACIOTH H3BECTHIO DOonyqaioT npeyunumam CaHPO, 2H,0.

Baxuoe 3HayeHAE HEMEIOT CIOXHEIE yaoOpenns (T. €. coaepxamue
oxHOBpeMeHHO a3oT H docthop; mna azor, dochop B xammit). s mmx
aanbonee nonesen ammogoc — cmecs NHH.PO, 1 (NH ), HPO,.

Tax xe¢ kax oprodochopras xECIOTa, nupogocgopnas HP,0,
(9eTHIpEXOCHOBEAS) — KHCIOTA cpedueil cunnl. Conr 3ToH KkHCio-
Thl — nupofocams: — B BOOEBIX PARCTBOPax THAPOJH3YIOTCR H Ha-
10T cnabomenounyro cpeay. Ilmpodochopryro xECIOTY monydaioT
ma6o marpesammem 100%-mo oprodochopro¥ xECIOTH, IR0 HO-
GaBigg B nocneamo:o quokena gochopa (V):

!
2H P04 - HyP20q +H20
8H, PO, +P40Op — 6H P20,

B ormmume or. apyrax dochopHEIX XECIOT Memagociopuan
HPO,; -— cuspnan KHCIOTA H, KAK CICICTBHE, €€ COJH — Memagoc-

damvl — Be rEApOIE3YIOTCE BomoH. MMenno Meradochopras xmc-
nora obpa3yercs npd noriomennd maoxcuaoM dochopa (V) somsr

P4Oyp+2H;0=4HPO,
«Oreamas» Boay or 100%-moii HNO,, amoxcax tbocd)opé. 4]
Takxke o0paayer metadocdhopHyr0 KECIOTY:
4HNO3+P4010=2N205+4HPO;
ﬂpn KHOS9CHAR PACTBOPA Meratbo@opﬁoﬁ KEBCIOTH oﬁpasyerca

oprodochopras:
HPO; +HyO=H3PO,

Huzmme gocdoprnciopoannie lmc.lwm Brmme 6bUIO IOKa3aEo,
910 OpH BlamMmoaeiictBun P,O; ¢ Bomo# obpasyerca gocgopucman
kacnora HyPO,:

H,PO,
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HecMoTps ER TO, 9TO KECIOTA COACPXHT TPA aToMa BOACPO-
A4, — OHA J8YXOCHOEHAR, TAK KK aTOM BOZOPOAA «HE KHC-
JELD, T. €. B¢ JACCONMAPYET B BOAHKIX PACTBOPAX H He 3aMemiacrcs
(cM. cTpyxTypy). PocthopmcTas xucnoTa — KHCIOTa cpedweli CHIN
(K1=2"10"% K,=210""), obpasyer apa psana cone#t — ochumsl
WA 2udpofocgpumsr, W3secTHa Takme odnoocHoshas gpocgoprosa-
mucman xucnora HPO, cpeneit cumer (K=9°1072), coma — 2uno-
docgumpi. ‘

Ixasa 17
NOATI'PYIIIA YIJIEPOIA

§ 17.1. Ofmas xapaKTepucTEKa

CaaBEYIO DOATPYIIlY YETBEPTOH IPYINLI DEPHOJHIECKON CHCTEMEL
JIEMEHTOB COCTABIAIOT YIIEPOR, KPeMHHH, repManHi, 0JI0BO H CBH-
Hen. BCcE 3TH 3MEMEHTHl HMEIOT 3IEKTPOEHYIO KOHOHrypanmio BHe-
IIHEro BaJCHTHOTO cog ns’np? (rae n=2, 3, 4, 5 1 6 COOTBETCTBERHO
y C, Si, Ge, Sn u Pb). Ha sHemEem 3MeKTPOHHOM CIO€ ATOMEI
INICMEHTOB NOATPYONE! YIIEPOZa HMEIOT 4 BAIEHTHBIX 3JIEKTPOHA,
H B COSARMHCHAXX OHA MOTYT OPOABJIATh CTENCHE OKHECICHHS 0T +4
Ao —4. JIng Bcex 31eMEHTOP NOATPYIIN H3BECTHRI CTENCHH OKHCIe-
g +4, +2,0, —4.

Vrnepos B XpeMHEHE — THOHYHRIC HEMETAJLIEL, IEPMAHHH, 0JI0BO,
cBHEuen] — MeTayUml. IIpn nepexoae oT yrnepoaa k CBHHIY BeMeTall-
NAYECKWE CBOHCTBA HCYE3AIOT, OPH 3TOM YMEHBLIACTCE CHOCOGHOCTL
[IPHCOEANHSTE 3JIEKTPOHK! B YBEJHYHABACTCA COOCOGHOCTh OTAABATH
HX. B OOWMHLIX YCIOBMSX YriepCl, KpeMuHH, repMapmil, OJIOBO
YCTOMYHBEI 10 OTHOIICHHAK) K KACIOPOAY BOIAYXA, CBRHEN — OKHCIIN-
ercs.

B coepmHeBASX ¢ KHACIOPOROM AaTOMbI HOATPYORLL YLIEPOAA
CKJIOHHH IPOSBJIATH CTeneHs oxkmcieHEs + 4. Kucnoroobpasyromme
€BOHCTBA OKCHIOB YMEELIIAIOTCA B pagy oT C xo Pb. YcroiitreBocTs
COEMHCHME KHCIOpOxa C 3J7EMEHTAMH IO €O CTEUEHLIO
okHCIIEHRS + 2 ypelmuEBaerca 3 paay ot C go Pb. Oxcunmr yrumepo-
jga (1) m xpemmma (II) sBnsmoTcs HeconeobGpasylomuMme, a COOTBE-
TCTBYIOIIEE OKCHALI I'€pMaHHd, OJIOBA H CBAHIA DPOSBISIOY aM-
¢dorepHLe cBOficTBA.

B a1eXTPOXEMEYECKOM PSAY BANPSKCHHEA ONOBO M CBHECH Baxo-
AArcs Ao no.uﬂ)o,ua, repmanait — mocie. ITosToMy CBHEED H OJIOBO
pearapyiot ¢ HCl m pa36asnennoit H,SO, ¢ BrgeenneM Bogoposa,
4 repMaERi HEe pearupyer.

IIposBneERe aTOMaMH 3JIEMEHTOB IOATPYLIE YIJIepoja B COeOH-
HEHHSX CTEEHH OKACTENHd — 4 CBA3AHO C IPHCOSTUHEHAEM dYeThIpEX
3/IEXTPOBOB n_oﬁgaaonannem YCTOHYHBOK BOCEMEJICKTPOHHOM KOH-
¢arypamaum ns’np®. C BonoponoM oEE 06pasyioT COCAMHEHHS ¢ KOBa-
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neHTHO# CBa3sio H ob6meil dopmynol DH,. VerolivmsocTs rEapEaoOB
ymeBhInaeTca B paxy or merama CH, no mmombama PbH,. Ora
m.mgnm.t He NPOSBASIOT HE KHCIOTHLIX, HI OCHOBHEIX CBOKCTB.
repoa, Kak H JPYTHE 371eMEHTHI, 06IA/aeT CIOCOBHOCTEIO 06-
Pa3’0BLIBATH TOMOATOMHENE OQHHADPHEISC B KPATHEIE. CBA3H,

Jlns aroMa yrinepoja XapakTepHa BRICOKAS NPOYHOCTh CBEIH
C—C. Monexynsl COeQMHCHRAH, COACpEAMEE 3Ty CBE3b, OLIBAIOT
CAMLIX PA3HYHEIX THIOB: JIHECHHBIC, Pa3BCTBICBHKE, MKIRYECKHE,
O Pacopocts (5 semmolf xope) y C

ACOPOCTPaHEHHOCTE B upHpoje (B aemuoll xope) y C cocrasnger
0,3% (mo macce), Sl—-276/p Ge —1,5'107*% a Pb — 1,6: 107 3%.

Yruepon B npHpOAE BCTPEIASTCH B cnoﬁommm COCTOSHEH B BHJE
anMansa, rpadnTa u yrng. B armochepe oB HaxoquTCd B BAAC OKCHIA
yraepoxa (IV) — 0,03%. Kameranii yroms coaepxrT 90 — 96% C,
6ypaiit — 62 — 72%, sedte — 83 — 86%, Topd — 53 — 62%. Vr-
JIepoJ BCTPEYacTCd B BHAC MHOTOYHC/ICEHEX MEHCPANIOB: ME44d, 138e-
cmnnxos, mpamopa CaCO,, maznezuma MgCO,, dosomuma MgCO;
*CaCO0,, masaxuma CuCO, ' Cu(OH), 1 ap.

3uAvHATELHEE KONHYECTBA YINCPOAA OPEACTABICHLI IPHPOIHH-
M# Ta3’aMHe H He(ThIO.

Vriepox sBnseTcs BAXKHeHIIEH COCTABHOM JACTLIO TRAHEH PacTe-
HEE M XABOTHERIX. B XHBOTHEIX OpraHEsMax €ro coucpxanme xonueh-
neres oT 1 o 26% ot xumeo# Maccul B Ao 45% oT cyxoif Macce
pacTenmi.

KpeMuunii — manGonee pacnpocTpaEeEHRIH DOCIC KACTIOPOaa 3Je-
MEHT 3¢MHOBE KopH. B cB0o00QHOM BHJIe B MPHEPOAC He BCIPEYACTCH.
Kpemanid sxoguT B COCTAB MHOXECTBA MHHEPATOB, KOTOPHE Hpe-
HEMYINECTBEHHO ABJIAIOTCE KHECIOPOAHRIMH COCAMHCHRAME (OKCHL
H CONH KpEeMHEEBHIX KACIOT — cHMEKATHI). Hambonee H3IBCCTHRIME
H3 HEX SRICOTCH KBapil, CIDOJA, INEHH, acOecT, TanbLk, ropHerii
Xpycranb, SIMa, araT, onai, XaimefoH.

T'epmanmii B cnoﬁ'onnou BRJC B IPHPOJS HE BCTPEYACTCA. H3pect-
BO HECKONIbKO MHECPAIIOB, COACPKALMMX repMAHHM: apragopAT, rep-
MaenT ® Ap. Kax npaMecs ‘repMaemil scTpedaeTcs BO MEOTHX IIHHKO-
BHX pyIax, B 30Ji¢ KAMCHHLIX B OypEX yrieii.

Onoso B cBOGOAHOM BHAE BCTPCIACTCH KpaHEE penko. Ham6onee
PACOPOCTPAHEHEHLIM OJIOBOCOACPEAUINM MEHEPAIOM HBISCTCS Kac-
CEpHT.

CBEHEn BCTPEWaceTCH B HPHPONE TONLKO B PHAE COCTHHCHHH.
Hawmbonee pacnpocTpaHeEHEIMH MEECDANAME HBISIOTCA TAJICHHT,
ANTNICAAT H HEPYCCHT,

§ 172, ¥Yraepoa

Vriepon H3BECTEH YEIOBEYECTBY ¢ ApeBHedMmpx BpemeH. Ero
aleMeATapHAS OpHpona Owina ycrasopneHa A. JlaByasne o BTOpOH
monopasne XVIII B,
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Iopanxopsii soMep yriaepona 6, atomuag macca 12,011. Atom
HMEET SAPO C 3apaaoM + 6, 3nexTpornas xondurypamus 15s225%2p2.
Vrinepon BMeeT npa ycroiumpnx msortoma: §°C  (98,892%) =
33C (1,108%). Ouenpr Baxer paduoaxmusnsiii usomon $*C (uepmon
noaypacnana 5570 ner), acoyckaromei f-nywm. C noMommsio pajao-
YIIEpOAHOr(Q AHAHM3IA HOYTEM ONpEACICHAS KOHUCHTPAHEH H3O0TOIA
{%C yueHnie ROBONBHO TOYHO OHPENENNIOT BO3PACT YIJIEPOACONCD-
AAmMuX NOPOA, APXEONIOTAYECKHAX HaXOKO0K, TCOJOTHIECKEX COORITRIE,

Vzaepoo B cBOGOXHOM COCTOSHER & npupode 6cmpedaemcn 6 eude
.. ZBYX 8JUIOTPONHRIX MOARGEKALMI: aimasza B zpaguma. Hexyccmegen-
HO noAyuensl Kapbut, amopgnviii y2aepod (apeBecHLI yronp, AKTHBH-
POBAHHKE YTOJIB) H gystepen. '

B atmaze amombl yzaepoda uaxodamca 6 cocmosuuu Spi-zub-
puduzayun, Bce CBA3H 3KBHBAICHTHL H 09¢Hb NPOUYBEL. ATOMEI 06-
PasyioT HempephIBHLI TPeXMePHELIA Kapxac (puc. 17.1). AnMa3s apis-
€TCS CAMhIM TBEPABIM BEIIECTBOM B OPHPOAE, KPHCTAIIEI amMala
OecriBeTHRIE, IPO3PATHRIE, CATLHO DPCIOMISIONIEE CBET; IIIOTHOCTh
amma3a 3,5 rfem®. Anmas nopr 2073 — 2123 K 6e3 aocryna Bo3xyxa
Opeppamaercd B rpadur.

B zpagume amomut y2aepoda HAXOIAMCR 8 COCMORHUU Sp-zub-
pudu3zoyuu B PACOONOXCHL B IapajUieJIbBRIX CJIOMX, 0Opalys rex-
CaroHaIbHYI0 ¢eTry (cM. § 4.5 u puc. 4.11). BeyTpE cios aToMbl
CBA3AHEI IOPa3’fio CHIbEEE, 9€M MEXKJY CIOSMH, O0OLeAHCHHLIMH
BaHAEPBAANBCOBRIME CHNAMH. I103TOMY KPECTALIN rpadETa HMCIOT
IUIACTHHYATYIO CTPYKTYPY: 3THM OOBACHAIOTCH «IMINYIIME» CBOBCTBA
rpadmra. IMosromy me rpadmr obnamaer anuzomponHsIML CBORCT-
paMu (BelHMYHHA pPAna PHAMTIECKHX CBONCTB 3aBACHT OT HANpABJC-
pHA). Tax, B OT/IHYHE OT A1IMaia, 2padum XOpOIIO nposooum 34exm-
Ppuneckuii mok, HO MOALKO B onpedeseHnbix nanpasienusx (Opospne-
HE¢ aHH30TPONHAH).

Tpagpum npencrapiser coboii ce-
pPyI0, ¢ MeTaJLIRYeCKEM OeckoM, He-
Opo3pavuHyl0, XHPHYI0 Ha OmMylb
Maccy ¢ mioTROCTIO 2,3 Tfem®. Tipa
garpepannd no 2773 K # opH Jasne-
HEH 6 10%—-10-10° xIla abmopaer-
¢A 4ACTHYHOC IpeBpamieEne rpaduara
B ajMal [cM. § 7.4 m ypaBHemHe
(7.12)).

Kapbun Baadane O6L1 DOMYICH CH-
HTETHIECKH, 4 3aTeM Haii/icH B OpHpO-
Jie B MHHEpAJe YA0HT B npedcmagin-
em coboil AuHelnbili nosumep, HMe-
wmul CTpoCHAE

(-C=C—C=C-) wm (=C=C=C=),

Puc. 17.1. KyGaueckas
CIPYKTYPa aMasa



B xapbune amomul y2aepoda HAX00AMCA 8 cOCMORKUY Sp-2ubpudu-
sayuu. Kapbun npencrasnser coboit Genmie xpHCTAIUIEL (BKIIOYCHAS
B YA0HTE) HIB MENXOKPHCTAJUIHYEeCKHH 9epHani DOpOMICK C RI0T-
Bocreio 3,23 — 3,30 rfcm®. Ipm marpepammm go 1073 K xap6um
opeBpamaercs B rpadur.

Amopgniii y2o4s DONYI2I0T PA3IEIHEIME COoCcO0aME B3 Acpesa,
kaMmenHoro u Syporo yris, HedTH, NpHEPONHEIX ra’oB H JPYrHX
BpOAYKTOB. MHOrEEe HCCNENOBATENH CIMTAIOT, ¥TO TAK HAIKIBACMBIC
amMopdEbe YImH GaKkTHYECKH INBIIIOTCS MEKPOKPHCTAIUIHYECKHMH
¢dopmamu rpadura.

Tlocnemasas annorponEas Momdduxanma — dyasepenn — o6b-
SAMHSET HECKONBKO CTPOr0 ONPEAe/ICEHRIX MOAEKYARPHHX (POPM yr-
JIEpOAa; €OCTaP OTACALERIX Moyekyn orseiaer. popmynam Csy, Cr,
Cos B gp. DynnepeEn MOXHO NPATOTOBATH PA3THYHEIME coocobamMu.
Bnepsme B 1985 r. 6buna nomydena monekyngpeas GopMa cocTasa
Ceo- Asutorpon o6pa3oBancg B CTPyeé WHCTOrO I¢HE, CO CBEpX3-
BYKOBOH CROpOCTLEY OGAYBAIOIEro rpadMTORLIA WIEKTPO, HOBEPX-
HOCTh KOTOpPOro, B CBOIO O49epelpb, O6IyIaATH MOMHEBIM Ja3epoM.
Monexynnl ¢yinepeEOB OPEACTABIMOT co00f «xak Obl 3aMKHYThIC
KNeTKH», 00pa3’oBaHELC COCAAHCHHRIME N0 pefpaM NpaBEILERIMH
IATHYTOJIBHEKAME FUIM [MECTHYroNbHAKaME. Tax, ynneper Cq (ero
HHIHBAAYAILHOE Ha3BaHHE Haxmuncmepdiyaseper) obpasopas 20 me-
CTHYIONIbHEK2MH K 12 paTHyrommmkamm (pec. 17.2) B poxox Ha

dyrOonbanE Mxa. Pagmyc Taxo#t moiexynsl cocrasiser — 3,35A.
EcnH xe roBOPHTh HA CTPOroM (PHIEYECKOM F3LIKE, TO MONEKY.JA
Cy npencraenger coboii cheporn ¢ ExocasapHISCKOH CHMMeETPHEH,
B KaXA0# BepmHAe ROTOPOI'c HAXOAHTCH ATOM YITIEpOJa, CBA3AHHRIM
C TpeMa ApPYTEMH aToMaMu ¢ noMomplo s-ceaseli. IIpm 3tom 60
R-3JIEKTPOHOB (DO OZHOMY OT KaXAOre aroma) oGpasyloT eAHHYIO
conpxxeaRyro cucreMmy. Mojyiexyna Cg SBISCTCH POOOHAUANLHUKOM
[Oenoro Kiacca ajulOTpONoOB, DORoOrC TOMY, Kak, Hampumep, Gen-
3051 — pOAOHAYANBLHHAK apOMAaTHAYEC- '

KEX yriaesogoponoB. CBoe Ha3BaERe
dyatepens: DONYIAIH B 9€CTH AMEpH-
xascxoro apxurexropa P. b. ®ymwne-
P2, KOTOPLIA OpefIOXwI CIPORTh aH-
rapsl W Jpyrge noJcOHHWE COOpyxe-
mEA B Qopme chep, mOBEPXHOCTH KO-
TOpLX 00pa30BaHLl NSTH- H IIECTH-
yromarkamA {cM. pac. 17.2). Crom
noApo0EEIE pacckad o dyureperax
ompasAaH, HA HANI B3rNA4, OO He-
CKOJRKHM HOpHvWHAM. Bo-mepsmx,
HMEETCH COBCEM HEMHOIC KHAT (&ns _
MKONBHAKOB) HA PYCCKOM S3EBIKE, Puc. 17.2. Crpyxrypa
B KOTOPEIX HE TO YTO PacCKa3nIBACTCA, Gaxmumndynepera Cqg
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Eo xoTg 6 ynommuaerey o dynneperax. Bo-BTopux,— ® 3T0 rnas-
HOE — CBOHMCTBAa (yJnepeHOB OKa3adHCh HACTOJEKO HHTEPECHRIMH
H HeoOBIYHEIME, 9TO HHTEpEC K HEM He ociabepaeT ¢ MOMEHTA HX
OTEPLITHS, B YUCHHIC, OTKPHBIOME BHX, B 1996 r. Owum ynocroeHn
Hobenesckoit npeman. Pynnepess 06:1a8a10T MEOTEME HEOORYHE-
MH cBoi#icTBaMHA. B oTNHUHE OT APYTAX ANNOTPONOB OHA PACTBOPHMEI
8 HENOJIMpPHKX PACTBOPHTEIAX, HANPHEMED, B DeH30Jic HIH YETRIPEX-
* XJIOPHCTOM YTIEpOAE; OpH 3TOM pucmeopbt iy asepena Cg 0b1adarom
KpacHo-guosemogoil oxpackoti, fyisepena Cqy — opansiceao-sceamot.
Pdyanepenn B3aAMOAEHCTBYIOT C rajoresams, obpasys EpPOIYKTHI
npucoeouHeHuR.

QOcobeHn0 HETEPSCHHIM 0KA34NOCH TO, U0 dynnepensl Cg, BB
CTynag B KAYECTBE IMIAHJA, MOI'YT B3aHMOACHCTBOBATEL CO ILOENO0Y-
HEIMH B HEKOTOPRIMH ApyriamE Merannamm. IIpu stom obpasylores
KOMIJIEKCHLIE coeqmBerRus cocrana Me,Cg, obnanaomme cpolicypa-
MHE @bicOKOmeMnepamyphvix ceéepxnposodnuxos (puc. 17.3). Temmepa-
Typa DEPEXofia B CBEPXDPOBOASINES COCTOSHEE COCTABJINCT /A
KiCs — 18K, ang PbCs,Cg — 33K, ans RbT1:,Cs — 43K.

B 06KMERIX YCIOBHEX YIIICPOJ XEMHYCCKH HHEPTCH, H3 IAJIOICHOB
TONEKO (JTOp HEONOCPEHNCTBEHHO BIaHMOANCHCTBYST ¢ obpa3oBapmeM
TerpadrropEna yriepoaa: .

C+2F;=CF,4

~ IIpm EHarpepaHmd ¢ M3ORITKOM BO3AYXa yriepoj ofpasyer mu-
OKCHAO: .

C+0,=C,
IIPHE HCAOCTATEE KHCITOPONA NONY4aeTC MOHOOKCHL
2C+0,;=2C0

IIpm BEICOKEX TeMIIEpaTy-
pax yraepoj BCTyOaer B XHMM-
9ecKHe PeAKIEE CO MHOTHMH He-
METaJIAME. -

1200 °C
C+28 = CS;

1800 °C
2C+N2 = N, (17.1)

A METaNIaMH

Ca+2C=CaC; -

4A1+3C =Al401
Pac. 17.3. DparMesT CTPYKTYpL Coequnenus yrioepona ¢ me-
-<BepxaposogmMoro cocraba K;Cgy TAJUIAMH IONYYHIH HA3IBAHHE
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xapbupos. Kapbuow npencrasnsior coboll TeepAwe, TYromiapxme,
9acT0 XHMHYCCKH cToHxHe BemecTBa. Hanpemep, xapbun THTaHA He

BerynaeT B peaxnms ¢ H,O m HCI gaxe npa 600 °C.
BompmancTso xapbunos s3ammopelicreyior ¢ H,O m HCL:

CaCy +2H;0 =Ca (OH); + C;H,t
ALC;+12H,0=4A1 (OH); + 3CH 1
AgzCy+2HCl = 2A¢Cl+C;Hat

‘ YI‘JIOPOJI BOCCTAHARIIHBACT MHOTHE MGT&HJIH H3 HX OKCHIOOB:
!
2Fe03+3C = 2Fe +3C0;]

H
2Cu0 +C = 2Cu+C0;}

[Ipm prcoXO# TemuepaType YIIeposd, B3aHMOACCTBYS ¢ ORCHIA-
MH IDEIOTHO-3¢METBHAIX METAILIOB, a.moymm{x, KPEeMBESR H APYTHX,
oﬁpaayer Kapbmpm:

Ca0+3C=CaC;+COt

" 2A1,04+9C=ALC3 +6CO1
8i0,+ IC=SiC +2CO1

PackaneHHEI YTIEpOA BOCCTAHABIHBAET BOAY (BOJASHEIE IADE):
, . _
C+H;0 = CO+H;

KOHINEETPEPOBAHNKLIE a30THAS B CEpHAS KHCIOTHL OXMCISIOT YIIEpoa,
00 MHOKCHAR:

C+4HNO, = CO,1 +4NO,t +2H,0 (17.2)

C+2H;80, = 0031+ 5051 +2H,0 (17.3)

B OpHCYTCTBMH KATATH3IAaTOPa H OpH HArPEBAEHH YriEpop B3a-
HEMOAEHCTBYET ¢ BOXOPOROM:

t, xaT
C+2H; = CH,

§ 17.3. Oxcag yraepoaa

Oxcua yraepoaa (1) (yzapnwtii 2a3) — GecrBeTHEIH ra3, Oe3 3ana-
Xa ¥ BKyca, IUIOXO PpacTBOpEM B Boae. TemuepaTypa miasie-
g — 205 °C, Ttemmepatypa KuoeEHs — 191 °C, ormOCHTEIBHAR
monexyaapaas Macca CO pasua 28, DO3TOMY OH MAJIO OTIIMYASTCH 110
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IIOTHOCTH OT BO3AyXa. Yzaphuill 263 — Adosumoe sewpecmso. Orpan-
nengne B Jerkoit dopme conposoxiaeTcs roNoOBOKPYXREHHAEM, I'ONOB-
po#i Gomio m pBotoii. CHNBHOE OTpaBleHHE HNPHBOJHT K CMEPTH.
Otpasnmomee aelictere CO oO6bscHSETCH  TeM, 9T0 OH ofpasyer
6osee mpoIHOE, €M KHCIIOPOA, COCTHBERHE ¢ reMornobuaoM. B cas-
3% C ITHM HAPYIIACTCHE MEPEHOC KBCIOPOAA OT JIETKAX K TKAHAM.

®opmanpEas crencEs OKHCICHHS YIlepoaa +2 HE OTpPaXaer
crpoerre Monexyian CO. B monexyne CO, noMEMO ZBOHEOH CBS3H,
obpazopanmoii 0606mIeCTBIICHREM IEKTPOHOB YIJIEPOAA H KHCIIOPO-
JA3, HMeeTCa JONONHRTEIRHAS, TPeThH CBa3b (H300paxeHa cTpenkoin),
ofpasosaHHag OO AOHOPHO-AKIENTOPHOMY MEXAHH3MY 34 CIET HEmo-
JCNIEHHOM MapH 3JeKTPOHOB KHCIOPOIA:

Ce0:

B cea3m ¢ sram Monexkyna CO mposma. Oxcud yzaepoda (1I)
RBAREMCR HecoAeobpasylowum H He B3aEMOIEHCTBYeT B OOKMHBIX
YCHOBESX C BONOH, KHCJIOTAMH H Imenodamy. IIpH DOBBIICHHBIX
TEMIEpaTypax OH CKJIOHCH K PeakIisiM NPHCOCAHHEHHS H OKHCIe-
gAs — poccragoBnernd. Ha Boszayxe CO ropar CHEHM IIAMEHEM:

2C0+ 0,=2C0,
Oﬂ BOCCTAHABJ/IHBAECT MCTAIIBEL H3 HX OKCHIOOB H colei:;
Nio+c0 "L Ni+co,
PACL, +CO +H,0=Pd} +2HCl + CO,

ITon neiicrsmeM obnydesns (Ha ODpAMOM CONBEYHOM CBETY) WA
B OpEcyrcrBuH karanm3aTtopoB CO coemmmaserca ¢ Cl,, obpasys
gpoczen — Kpaiife adosumeiil 2a3:

C0+Cl,=COCl,

Co muormmz Metannamu CO poa nasneEdeM obpasyeT JeTydde

rapbonuAb;

Ni+4C0O=Ni (CO)
(17.4)
Fe+5C0O=Fe (CO);

Kopanenrnas cpase Me—-C B monekyne xapbommna obpa3syercs
[0 JOHOPHO-aRNENTOPHOMY MEXaHH3MY (moapobHee cMm. § 20.4). Ipu
HATPEB2HAM KapOOHHIILI METATLIOB PA3NAralOTCA Ha METAILI H OKCHJ
yrirepoga (II), 910 HCmonb3yeTcs JUIS NOJIy4eHHS META/LIOB ocoboi
YHCTOTEH. '

B opupope okcup yraepoaa (II) npaxradeckn Be nerpevaercs. O
MoOXeT 00pa3oBRBATECE IPH 00E3R0KHBAHAM MYPABLHHOH KHCIIOTH .
(naboparoprRI coocob nonyieHns): '
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H,50, (xoxz)
HCOOH-~————— CO+H;0

Hcxops B3 DOCNEAHEr0 OpeBpaIleHns, wucmo Bopmasbho MOKHO
cuutaTts CO aErEapHAOM MYpaBLEHOM KHCIIOTHL DTO HOATBEPXAA-
eTCH crenyrolnel peaxmuel, X0ToOpag OPOACXOJAT NPH OPOOYCKaHHH
CO B paciias HIENOMH OPH BHICOKOM JABJICHHH:

CO+NaOH =HCOONa

Oxccun yraepoga (IV) (duoxcud yzaepoda, yzaexucavtii 2a3) — rai
Oc3 mBera H 3amaxa, HA BEKYC CJerka KHCIOBATHIHA, He HOAACPKABA-
omuii JuxaEEs B ropeEEs. OH xopomo pacTeopuM B Bone (88
obsemos CO, B 100 obGvemax H,O mpu 293 K). Ilpe obnramoi
TEMIIEpaType noj JaBJcHEEM 60 aTM THOKCHA YTIepoIa HepexoJdT
B XEaxocTh. IIpE oxnaxaecamm jgo - 76 °C okcua yrnepoma (IV)
DpeBpamaeTcd B TBEPAYIO bemyro mMaccy, HA3KIBAEMYIO cyXum Ab00M.
Teepnas APYOKACH YrIepoAa NEPEXOAMT B razoobpasgoe COCTOSHHE
(cybaumupyem), MuBys KHIOKOE. ,

OTtaOCHTENLHAS MOJIEKYIIgpHad Macca JHOKCH/A YTICPORa paBHA
44, nmosTroMy OH B 1,52 pa3a Taxenee BO3IAyXa.

Ilpr Goasmo# KOHUCHTpamHH OKCHZa yraepoaa (IV) B Bosxyxe
' MOAH M XHBOTHEIE 3aAbixatorcsa. IIpH comepxaBuH B Bo3ayxe 3%
y qenosexa sabmoaaercs ywamenEOe muixamde, 10% — moteps co-
3HAHHA ¥ CMEpPTh, npE 20% — MIHOBEHHEIA Hapanmd.

Oxcud yenepoda (IV) xax xucsommvtil oxcud B3aUMOAEHCTBYET
C OCHOBHEIMH OKCHaMH H MEJIOYaMH:

K10 +00,=K,C0;
INaOH + C0O,=Na,C0O;+H;0
lel pamog/)emm B BOOEe NHOKCHI YTIICpOoaa Bsamoneﬁcrsye'r
L

¢ Beit (Meree 1% oOT pacTBOpeHHOro KOJH4YeCTBa) ¢ obpa3zoBaHHEM
Epalige ¢ratol B HenpoYHOR YroILHOH KACIIOTHI: -

CO; +H;0 2 H2CO;,

O ee cnaGoctn roBOpHT R TOT (PAKT, ITO H3 COC/HHEHHE OHAa
BHITECHACTCH JaXke YRCYCHOH KHCIOTOMH!

CaC04+2CH3,COOH =Ca (CH3CO0); +H;0 +COy?

Vraexucasi ra3 cnocobeH BRCTYOATE OKHMCIATENeM; NPH HArpe-
BaHAH C YTrllepoaoM obpasyercs yrapHhii ras:

C+C0,=2C0

3axckeEHAas Ha BO3AYXE JIEHTA METAIUIHIECKOr0 MArHHS OpPOXOI-
xaeT ropets B atMocthepe CO,:
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Mg +COp =2MgO+C

OxcHp yraepoza (IV), marpersii no 350 — 400 °C, Hag HEkeneM
BOCCTAHABIMBACT BOAOPOAOM AO METAHA: :

. CO; +4H; = CHy +2H0

Oxcun yraepoapa (IV) nomydaloT TEpMAYECKAM Pa3IOXEHAEM CO-
nei yrompHOM KHCIOTHI HIH JelicTBHEM Ha HEX pacTsopoB Oonee
CHUIBHBIX KHCJIOT:"

CaC0y =Ca0 +COs1
Na;C0O;+H, 80, =Na 80,4+ Hzo +CO,t

§ 17.4. Yro/muas KECIOTa K ee COMH

Kax cxajaso Bwmme, npE pacrBopennr CO, B BOAE 9YaCTHYHO
(K=3,7+10"3) o6pasyercs yrombHad kacaoTa. IIpn 3T0M B pacrsope
YCTAHABIIMBAETCS PABHOBECHE

X K, . ¢
H;0+CO; 7 H,C0; 7 H* +HCO3™ 3 2H* +C04?"

CymecTBOoBaHHe pasHOBecHS OOBACHACTCE TeM, 4TO YroJbHAad
KACIIOTa sBagercs ovesp cuaboii xacinoroit (K, =4,3'1077, K;=
=4,7-10"'! nopm 25°C). B cBo6ogBOM BHAE YroJLHAS KHCIOTA
HCH3BECTHA, TaK KaK OHA HEyCTOMYHBA M JIETKO Pa3naraeTcs.

VronsEas KACNOTA KaKk JBYXOCHOBHAZ oDpasyer CpeaHHe co-
JH — Kapbonamsl B KHCIHE COJIH — 2udpokapbonamsi. Kavecmsen-
Kol peaxyueil Ha 3TH oAU ABIIHCTCH OelicMBUe HA HUX CUABHBIX KUCAOM.
IIpE 3TOM yronsHas KHWCJIOTA BHITECHAETCA H3 CBOHX CONedl H pas-
JIATRETCH ¢ BHUICJICEHEM YIJICKHCIIOrO Tasa:

Na;C0y+2HNO3 =2NaNO3; + H,0+CO31
NaHCO;+HCl= NaC] +H;0+CO,t

IIpn nponycxapms CQO, B H3BECTKOBYIO BOJAY BHNAjaer Oelrniif
HEPACTBOPUMLIN B BOAE OCATOK:

Ca (OH); +CO; =CaC03) +H;0

M3 pcex xapSoHATOB B BO/IE PACTBOPHMEL KAPOOHATE MENOTHEIX
METAIOB H aMMOHHSA. 'mapoxapboHATH GOIBIIMHCTBA METAJUIOB
XOpOImoO PACTBOPHMEI B BOAe. B BOIHEIX pacTBopax kapOoHaTh
#A FEOPORKAPOOHATREI IEAPONHA3YIOTCH, JABAY OPH 3TOM MIEIOYHYIO

Ilon ﬁeﬁmnem H36KITK2 okcuaa yriepoaa (IV) HepacTBopHEMEIE
B BOAc KapOOHATH HpespanmaloTCs B pacTBOPHMBIE THApokapho-
HATHL
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MeCO; + H,0 + COy =Me (HCO;),

TI'uopoxapbonamer npu wazpesamuu pacnadmomcs Ha xapOOHATHIL
YIISKUCIEIA a3 | BOAY.

, .
2NaHCO; = Na;C03+H,0+CO0st

Bee xapbomathi, Xxpome KapOOBATOB IIENOYHBIX METAJ/LUIOB, IpH
HATPEBAHAA PA3NATaroTCs HA OKCHI METAIUIA B JHOKCH] yricpoza:

MeCO; = MeO+C0;1

KapfosaThl HaTpEd H Kanus uwiaBarca 6e3 paznoxkenns
(t2: (N2,C0;) =853 °C, 1, (K,C0O;)=89%4 °C).

H3 coned yroibHOE KHCIOTH HAROONLIIES MPAKTHIECKOE 3HAYC-
HEe BMeeT coda Na,CO, ODta comp ofpa3yer HECKONBKO KPHCTRI-
JOTRAPATOB, H3 EKOTOPHX CAMKM YycTroWumBRIM sBiacTcd Na,COy-

‘10H,0 (xpucmassuueckas coda). IIpa mpoxan@gBandn KPECTAILIH-
eCKOH COARI mOaydaioT Ge3BONBYIO HIH KAAbyUHUDPOSAHHYIO coay
Na,CO,. Mlupoxo wcnonslyercH Takke numsesar coda NaHCO,. U3
coleli OPYrHX METAIUIOB BaxHOe 3HaycHHe EMeOT nomaw K,CO,
g% CaCOQ,, pacHpoCTPAHCHELN B NPHEPONS B BEAS U3BECMHAKA, MeAd
" opa.

Oy, JHMb B BeOOMLIMX KOJEYCCTRAX BCTPEYAIOIYIOCE B NPHE-~
poac (BoAa CONgHEIX O3ep, NPEPONHEIE 3AJEKH), NOIYYRIOT HBYMS
cnocobaMu: CyALMATHEIM ¥ aMMBAYHEM.

B ocroBe cyaparaoro cnocoba (cnocob H. Jlebaana) nexar cue-
AYIOUTHE PEaXITAN;

2NaCl(1) + HS04(xomx)=2HCIT + Nay$0,

- 1000 «C
NazS04+2C = Na§+2C0.1

1000 °C
Na;54CaC0Oy = NayCOy+CaS

Tonyuensnii » nocnejaell peaxmme cmiae ofpaGarmsaercs BO-
Joli, pacTBop mocjie OTCTAaHBaHHA C/IMBAIOT M BHIIAPHBAIOT H HOJY-
FAI0T «CHPYIOP {C GPEMECHME) COXY, KOTOPYIO 3aTeM NEPEKPHCTAN-
J30BRBAIOT H3 BOMRL

AvvumaTELIK umeoﬁ (cnocoﬁ 3. Coanee) OCHOBAH HA CIEAYIOUIRX
peaximmax: ‘

CaCOy = Ca0+C02T

NHj+ C0O; +H30=NHHCO;

' <30 *C
NHHACO;(p-p)+NaCl = NHyCl+NaHCOy}
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Ipn Temnepatype HEke 30 °C pacTBopEMOCTH THApORapboHaTa
PATpHS 3HAYATENLHO Xyxke, ueM y NHHCO,, NaCl u NH,Cl. O6-
Pa3oBABIIAHCK OCAOX DHTLEBOH COMMI OTPRILTPOBHBAIOT, NPOMEI-
BAIOT XONOMHOH BOJOE H IPOKAIHBAIOT!

INaHCOy=Na;CO;3 + H,0 +CO,t

BLjemEsmmiica OpE 3TOM OKCHA yriepona (IV) BEOBL HCIIONBL3Y-
T B npomasoacTee. Harpenag pacTBop, copepEamuil XTOpAR AMMO-
HHH C H3BECTHIO, HOTYJAIOT BHOBb AMMHEAK:

2NH,Cl+ Ca (OH), =2NH; 1 + CaCly+ H,0

" § 17.5. Kpemmnii

. Kpemmuit B cBoboHOM BEAE B HPAPOJE HE BCTPEIACTCH, XOTH €ro
COSABRCHES RCHONL3OBAIECh ¢ HE3ANAMSTHRIX BpeMeH. B anemenTap-
HOM BR/IC KpeMERi 61U onywen B 1824 r. mpencxam xavuxom K. 51
BepnemmaycoM ¥ HR3BAH cHymMeM. PycckuM BalBaBdeM «(KpeMHHE»
anemerT 06s3an I. K. Teccy (1834).

TTopsamxoBsfi BoMEp KpeMuuA 14, OTHOCHTEIbHAS Macca 28,086.
AroM mmeer gapo ¢ 3apsgoMm + 14, anexTpommas komdHrypamms
1522522p%35%3p%. M3pecTHH TPH cTabILELIX B30TONR: 2551 (92,23%),
1251 (4,68%), 4Si (3,09%).

- Kpemnmii cymecTByeT B BEAE JBYX AJLNOTPONHKX MOZBGHKAMIA:
amopdHO# B KpECTALIIHIECKON. AMopdrniii kxpemruii — Gyphii mopo-
IIOK C IIOTHOCTLIO 2,35 rfom?®, kpucmanauueckuii — ceprie, Teppie,
EO XPYIKHE KPECTAILIN ¢ INIOTHOCTLIO 2,5 rjcM>, Temuepatypa muas-
nesrs 1415 °C, Temmepatypa xanemms 3249 °C. Kpucmasauvecxuii
Kpesuuii TONY9al0T BOCCTAHOBICHAEM KPEMHEIEMA YIIIEPOIOM B 37Ie-
KTpHIeCKO# neqs:

' 8i0,+2C=8i+2CO

__AMOpPPHEN KpeMHHH DONYYAIOT BOCCTAHOBICHHEM €ro OKCHJA
Si0; m30KTKOM MArBMd OpHM HArpPCBAHAH:

§i0; + 2Mg =Si+2MgO

W3 apyx a.:morpbnm MoaubARameil kpemuns xamuaeckn Gonee
AXTHBHEIM SBJICTCE AMOPOHLIE KpeMHEHMH.
IIpr varpepanwm o 400 — 500 °C ol pearapyeT ¢ KECIOPOLOM:;

8+ 0,=8i0,

a TaKKe CO BCEMM TaJIOTéHaME, o6pasys Terparanoremmmi SiHal;
¢ ¢TOpOM Xe KpeMEME B3aEMOJCHCTBYET H LIPH KOMEATHOM TeM-
nepatype, o6pasys razooGpasmeni TerpadTopE XpeMHHS:
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&'+2F2H$F4

Ipa caimaoM Harpesanmm (1200 °C) xpeMEHI pearapyer ¢ cepoi
H a30TOM: :
48i + Sy =4SiS,;
38i+2N,=SisN,

Tlpn BHcoOkoll TeMmeparype XpeMER COSIARNESTCH C YIIEPOROM,
o6pasys kapbopyno — BEIIECTBO, O TBCPROCTH OiH3KOE K AMasy:
Si+C=8iC
Ilpn HArpepaHHHA C OKCHIAME AKTHBHHX METAJLIOB KpeMHEi JHc-
TPOHNOPTRCHEPYET, O0pasys cusuyuonl:
IMgO + 38i=Mg,Si +25i0

B peaxmuix ¢ AKTHBHLIME METaJUIRMH, OpOTeKaromux ¢ ofpaso-
BaHHEM CAIMIHMAOB, KPEMEHI BEICTYIAET B POIIH OKHCIHTENN:

2Mg+5i=Mg,Si

IIps neficTRyE Ha CEIHIMALI CONMHOK XHCHOTON NONYIAIOT DpO-
" crelimee sojopoaHOe coearHeENe KpeMund cusan SiH,:

MgSi +4HCl=2MgCly +-SiH 4t

B yieGmmkax peaxo obcyxnaerca Taxkod JmoGonnITHRIE (axr:
B OTJIHIHE OT YITIEPOAA Kpemuul He ydaemca pacmeopians daxce npu
CUADHOM HA2DESANHUL & KOHYEHMPUDOSGHHWIX DACMBOPAX CEPHOU uAu
azommuoit xucaomst, Kaszanoce OHL, gyny'm Oonee CANMEHEIM BOCCTAHO-
BHETENEM, YeM YIIepold, KpeMHEHN noJDkeH JIETKO peardpoBaTh C KHC-
JIOTAME-OKHCIHTENAME, OH U peazupyem, BAUIPHMED:
t

38i -+ 4HNO;(xom) = 38i0,] +4NOT +2H0

HO B pe3yIbTATe HAYABINCHCH PEaKkIMH MOBEPXHOCTHHHE CIo# Kpem-
HHS MIHOBEHHO IOKPHIBAETCH HE PACTBOPMIOMIMMCH JAJICE OKCHAOM
xpemuERE (IV) (kucsomuniii oxcex). [losroMy B caydae meolixomamo-
CTH KpeMERil pacmsopsiom mabo & cMecu KOHNEHTPAPOBAHHLIX a30T-
HOH H [IABHKOBOH KHCIOT! ,

3Si +4HNO; + 12HF =38iF,1 +4NO +8H;0 (17.5)
mabo B godHuix pacmecpax menoYeH, HANPAMED:
Si +2NaOH +H,0=Na;8i05+ 2H»t

Panee (cM. § 14.3) yxe OTMEHAJIOCH, 9TO 71QEuUKO8GA KACIOTA
pactsopser Si0, [cMm. Taxxe mrxke peaxnmo {17.6)] — 1o B obpEcHS-

229



€T, DOYEeMY KpeMHE#H pacTBopseTcs mo peaxoum (17.5) k CMECH KHC-
JIOT, HO HE PACTBOPXETCHE HO OTACNLHOCTH B KaXIOM M3 HHX,

§ 17.6. Coeaunenns KpeMEHY CO CTEICHBIO OKEC/ICHEN +4'

Oxcax xpemumx (IV) (Oayoxucey kpemnusn, duoKkcud KpeMHuR, KPEM-
Heiem) — NPO3PavHLIC WK G¢Nble XPHCTAILUIH MM GeNbuil MOpOIOK.
CymecTByeT OpH HOPMAJILHLIX JaBICHHSX B BHZC HCTRIPEX DONH-
mopheRx Moaudmxammil — amopginoil B Tpex KPHCTAILTHICCKHX!
Keapya, mpudumumad B kpucmobasuma. 1IpE oORMHRIX TeMICpaTypax
ycrouupol MonmbEKanuel ABIMFOTCA KBAPL, C POCTOM TEMIEPATY-
phI IPOHCXOAST OOMAMOP(HKIE OpeBpaITcHAS

80 °C 1470 °C L1728 °C
Kpapn — Tpumamer -———+ KpacToGanar —— Pacmnas

JlByoKHCH XpeMEHA BO Beex Momabmkanmax noymamepHa: (Si0,),.
MaxpomoJiexyngpuasd KpUCTAJUTAYECKAS PEIIETKa NOCTPOEHA H3 TeT-
pa3zpos [SiO,), B xoTOpO# kaxIkI# aTOM KHCIIOPOJA CBA3aH C OBYMA
ATOMAME KpPEMHHS:

Biammuoe pacnonoxenre [SiO,] B TpexmepHO# pemerke onpeae-
nAeT TY Wi HHYI0 Moardukanmio kpemEesema. Paznmwaane Momads-
KanmH okcaaa Kpemuka (1V) oTim4aiorca APyT OT ApyTa OPOIHOCTHIO
cea3e, BeymumHOE yrnos ceasm Si—O—Si ® paccrogmmeM Si—O.
TpugumET B KpRCTOOGAHAT 0obNagaT Oonee «PHXAOH» CTPYRTYPOH,
geM xBapn, OO 3TOM CBHACTENLCTBYET Pa’iMiHE B INIOTHOCTSX. 1Ak,
IWIOTHOCTHL KPHCTODAIHMTA, TPHANMHTA H KBAapna COOTBETCTBEHHO
paBBH 2,32, 2,26, 2,65 rjem®.

Pacnnas kpeMEE3eMA IPH MEAJIEHHOM OXJIRXIACHHHM JIETKO 00-
pasyeT aMOp(PHOE KBAPLEROE CTEKIIO:

1650 *C
Pacoinas e——— Crexino
—

Kpemnesem B BHAe CTEKIa BCTpedaeTcs ¥ B npupoge. ILioTEOCTS
aMOpPQHOrO. CTEKIA HHXE, 4EM Yy BOEX KPHCTALTHIECKHX MoaudHKa-
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muii, @ pasEa 2,2 rfcm®. Keapnepoe CTeKI0 MMeeT He3HAYHTEIbHLINA
TeMuepaTypHei xo3h(dHAMACET paCIIApEHAs, NO3TOMY H3 HEro roTo-
BAT naGopaToOpHYIO NOCYAY, VCTOHYMBYIO K DPE3KHM H3IMCHEHHSM
TEMDEPATYPH.

Bee mooupuxayuu oxcuda xpemwun (IV) 6 gode npaxmuvecku
Hepacmeopumbt B OPOSBALIOT MATYI0 XEMMYCCKYIO AKTHBHOCTE. Peak-
IEOHHAA cNocoOHOCTE MOTHRKANEE THOKCHIA KPEMHAS BO3pACTAET

OT KBapna X KpecTobamRTyY B aMoppHOMY KpeMHEIEMY.
JAHOKCHA KpeMHAE B3auMOAEHCTBYET ¢ razoobpa3aeM dropom:

8i0; +2F; =8iF+ 0,

H3 xucaom na oxcud kpemuur (IV) deilicmsyem moasko naasuxo-
8aR Kucaoma . '

8i0, +4HF =SiF,1 +2H;0 (17.6)

JiBOKCER KpeMHHs OpH HANDCBAHAHK anexlmqno B3aEMOeRCcTBYET
¢ TAKEMH BOCCTAHOBHTEAMH, kak C, Mg, Al m ap.:

$i0; +2C=8i +2C0
380, +4Al = 38i + 2410,

OxcRIL! IENOYHED METAJJIOB H IHEJOMH NPH CIUIABIEHAN C AHOK-
CHOOM KpCMEHA 00pa3yioT PACTBOPHEMBIC B BOJE CHIIAKATHI:

Si0y + Naj,0=Na;8i0,
8i0, 4 2KOH =K ;Si0s+ Hz0 (17.7)

Oxcupn xpevuns (IV) opr cruasiena® B3apMoaeicTeyeT ¢ xap6o-
BATaMH H THAPOKapOOHATAMM:

80y + CaCOy = CaSiO1 +CO4t

$i02 + 2NaH CO3 = Na;§i03+ H,01 +2C0;,1 (17.8)

KpeMEEEBbie KHCIOTH H X couH. COCTAB KPeMEHEBRIX KACIOT
MOXHO BHpa3aTh o6mek dhopmynolt xSi0; ' yH,O, rae x 1 y — nense
4HCIIA!

b x=1, y=1: 8i0; H;0, 1. e. H;Si0; — MeraxpeMunepas xuc-
nora;

2) x=1, y=2: 8i0, 2H,0, T. ¢. H,SiO, — opTOKpeMHEEBad KBC-
noTa,

3) x=2, y=1: 28i0; H,0, 1. e. H;8i;05 — msyMeTakpeMHECBAS
KHCJIOTA. .

KpemuneBnie KUCIOTH, B MOJIEKYJIaXx KOTOPLIX coaepxurcs 601b-
me oaHo# Monexyns Si0,, OTHOCATCA K NOIHKpeMHHEBHM. Camo#
nopocroii kxpemunepoli kHcnoToit gengerca H,Si0,, xoropyw 4dacro
HA3RBAKT OPOCTO KpeMHHEBAS KHCIIOTA,
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Bce xpemuueswie xucaomut ouehb caabvie (cnabee yromsuoi). Coau
BCEX KPEMHHCBEIX KMCJIOT HASWISQIOM CUAUKAMAMU, XOTS, KAK IIPaBH-
10, B y4eGHOH IETEepaType mO4 CRIMKATAME NOAPA3IYMEBAIOT COJNM
METAKPCMEBHEeBOM KHECIOTH. IIpE CTOMHEE HA BO3AYX€ PAaCTBOPHI
CHUTAKATOB MYTHEIOT, TAK KaK HAXOAgmuiica B BO3AYXE OKCHA YIIepo-
aa (IV) BEITeCHSET KpEMHHEBYIO KHCJIOTY H3 €€ CoJieH:

Na;8i03+ 003 +H,0=Na;CO; +H,8i03)

Kpemnuesan Kucaoma npaxmudecku Hepacmsopuma & 800e — 3TO
CBOHCTBO HCTIONB3YIOT KaX KAYECTBEHHYIO PEAKNHIO Ha HOH Si0;2~

CRIMKATH HONYYRIOT CILTABICHAEM OKCHAA KPEMHHS CO INENI0Na-
ma HnE kapbosaTama [cMm. peaxuns (17.7) — (17.8)).

Hambonse ampoxo ECOONB3YIOTCH CRIHKATH HATPHEL H KAJHA.
KoHNEHTPHEPOBAHEEIC PACTBOPH 3THX COJICH HAAKBAKOT MCUOKUM Ce-
KA0M; OHA HMEIOT CHILHOMEIOYEYI) PeakOdlO BCICACTBHE IHAPOIH-
3a. XKuakoe crexno ACIOJIE3YIOT IPH HIrOTOBNCHAR KNES M BOJOBED-
POHANAEMALIX TKaBeH,

TBepaoe CTexIo HOAYYaloT CIUIABJICHEEM IPH BLICOKHX TeMIepa-
Typax (=1500 °C) cMecH COmBl, meCKa M H3BECTHAKA no 103 1: (1]
yOajeHHs ra3os:

N2a;C0;3+CaC03+ 68i0;=NayO - Ca0 - 65i0;+2C0;t

B crexna ocoboro HasHAYCHHA — CATHRILAKE, KEKOPATHBHEIC,
IOBEJIHpHBIE H ApyrEe — AolaBiimoT oxcuawl Gapms, ceEENA, Gopa
H Ap. Jlns noJIyieHRs OBETHRIX CTexoJl A00aBIsIOT: OKCHA KobansTa
(11} — cuBee crexno, oxcma xpoma (III) — 3eneHoe cTexio, OKCAR
mapramna (IV) — «9epHoe» CTEKNO M T. A.

YacTHIHO 3aKPECTA/UH30BAHERIE CTEKTa — CHTAJUIA — HAXOXST
MMPOKOe NpHMEHEERE Onaromaps BHICOKOH MeXaHWYeCKOH MpOYHO-
CTH H XHMMYeCKOi cTOHEOCTH,

He Menee paxdo BCIOIL30BaHAE okcuaa xpemuug (1V) npu nony-
YeHHM NeMeHTA. [[emenm HAXOOMT MHPOKOE NPHEMEHEHHE B CTpO-
HTEIbCTBE KAK BOKYIIHH MaTepHas, 3aTBEpACBAIOIIHAN NIpA CMENIHPa-
HEH ¢ BoAoii. ODLIMHO DEMEHT MONYYAIOT B pe3yasTaTe obXkmra
{=~1500 °C) r pasMona B GOJBIIEX BPAMAIOIMXCH IIEYAX H3 H3IBECT-
HAKOB R I'JIHHBIL.

Haaﬁonee PACIPOCTPAHCHERI nopmickOyeMerint AMEET CICLY-
womui cocras: Ca0 — 62 — 65%, AlL,O; — 6 — 8%, SiO, — 21 —

23%, Fe,03 — 2 — 3% ®W apyruc OXcAafh.

B ocHOBe cxBATHIBAHAH HOPTRAAHALEMEHTA lEKAT CRCAYIOIMME

XAMHAYECKAC peAKIHN:

Ca;8i0 s+ H50=Ca,8i04+ Ca (OH),
CaSi04 +4HyO = CaSiO4 -4H:0
Cas (AlOs), + 6H;0=Cas (AlOg), 6H,0
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~ § 17.7. Coenanesns xpemMuns c0O CTENeHLI0 OKHCICHRE —4

~ Crenenn oxacieEEs —4 KpeMHHH IPOSBIILET B COCIHHEHHX C Me--
TA/UIAMH H BOAOPOAOM.

CoeTHEEHAS KPEMHHN ¢ METAJUIAME HOJYTHIE HA3BAHHE CUAUYU-
Ooe, CRIBIEIEL ONY9AI0T IPH HENOCPEACTBEHHOM B3AHMOJEHCTRAR
¢ MeTaIaME OpH Temuepatypax 500 — 1000 °C ¢ xpemEmeM min
okcHAOM KpeMERS (IV):

Si+2Mg=Mg,Si
Si0; + 4Mg = 2MgO + Mg, Si

OBER Takke MoOryT OLITh DOJIy3eHBI B3aHMOACACTBHEM KPEMHHN
¢ TEAPAJAME METAILIOB, HAUPHEMED:

2CaH, + 8i=Ca,8i + 2H,T

CanEoEas MEOTHX d-MeTalUioB 00namaloT BEICOXOH TEpMOCTOM-
KOCTBIO, BJIATOCTORKOCTBIO H XEMHAYECKOH HEepTHOCTEIO. Hampamep,
canMnydy MoimmbaeHa He B3aEMOAEHCTBYET CO BCEMH H3IBECTHHIMHE
KHCIOTAME E HX CMCCAMH.

CrnunEasl MENOYHHNX H MEN0MHO-3eMENBERIX METALIOB JIErKO
OKHCJISIOTCH, THAPOJNH3YIOTCH, PealHpYIOT C pPacTBOpaMH KHCIOT
H Imenoqei, BROENAA OpocTeiimee BOJOPOAHOE COSTHHEHHE KpeM-
Hus — cual SiH,:

CaSi+4HCl=2CaCly + SiH,t

Cusan — BecrBeTHRIH ra3, IMelOIHE 3anax IIeceHH, CaMOOpPOn3-
BOJILHO BOCIUIAMEHMIOINAINCH HA po3ayxe, cropas g0 Si0, v Bogwr:

SiH 4+ 20, = 8i0; + 2H,0
Mlenoun 09eHb IErKO pasnararoT CAIAH N0 YPaBHEHHIO
SiH,+ 2KOH + H;0=K8i03 +4H3t -
BOJI2 TAKXKe FHAPONM3YET CHJIAH, HO 3BATHTECIILHO ME/UICHHEE!

SiH,; +2H,0=8i0, +4H,t

IIpr marpepannn Beime 400 °C 6e3 jocTyna BO3dyxa CHAaH pac-
IAAaeTCd HAa KpeMHHA H BoZopox (oAHH H3 cnocobos NonydeHMs
KpeMHHSA):

8iH,=S8i+2H,t

Kpome MorOCHIaHa, H3BECTHHL TaKXKe HNECHWIAH Si;H TpHCAIAH
Si;H,;, Terpacmnam Si;H,, H T. A B HEAMBEAYATLHOM COCTOSHHH
BLIIGIEHL coequEeHns mamb a0 SigH;, BxmrountentHo. Bee 3TH
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COeMHEHNS OTHOCATCE K TOMOJIOFHISCKOMY PANY CHIIAHOB, KOTOPRIM
orBeuaer obmax dopmyna SiH,,,,. [Topo6HO anxaEaM, CEIaHBI
GeCLBETHE, NEPBRE WIEHA! FOMOJIOTAYECKOTO PANA IPH OOKRMHEIX
yC/IOBESX ra3o00pasnel, cremyomue — XEAKOCTH. XHMHYECKAs akK-
THBHOCTh CHJIAHOB H YTIEBOACPOJOB Da3nEMHa: B OPOTHBONIONOX-
HOCTh AOCTATOMHO HEEPTHBIM AJKAHAM, CHJIAHH BECHMA PEAKIHOH-
HOCOCOGHEL D10 06BECHAETCH MEHBLIAM O CPABHEHHIO C YIJIEpPO-
IOM CPOJCTBOM KPeMHHS K BOAOpPOAY B oueHb HoNbmmM CpoacTBOM
kpemuns x kaciaopory. K toMy xe cBa3m Si—Si Menee upoTHbI, 7eM
ceg3n C—C. B orimame ot cexag C-—-H cpazp Si—H mmeer Gonee
HOHHBIA xapaxrep. B Tabn. 17.1 opEBeeHRI COOTBETCTBYIONME SHEP-
THH CBS3eH.

Tabxaua 17.1. Fuepran cagseit Si— 3 a C-3

e e
Si-H 34 C-H a0
Si—Si 213 c—C 47
§i—-0 443 Cc-0 S 387
Si—-C 313 C—si 13

Manoii npourocThIO cBA3A Si— Si 06yc10BNeHA OrpaBEYCHHOCTD
roMOJIOFHIeCKOrO Psijia CHIAHOB. '

Cnasa 18
CBOVICTBA s-METAJLJIOB 1 X COETHHEHMI

§ 18.1. O6mas xapAKTEPHCTEKS

Bee anemenTH riasERX noarpymm I m II rpymn mepmogmyeckoit
CHCTEMEI, 4 TAKEE BOOOPOA M TelIRH OTHOCHT K s-3IeMeHTaM. Bee
OHH, KpOMe BOZOPOAA H reimd,— memadrs.. Meramin 1 rpynou
HA3KIBAIOT WeA0uHbMU, TAK KaK OHH 00pa3yroT menoud. Metawn I1
IpymiH, 38 HCKIOYCHHMEM Oepminmws H MarHus, OTHOCST K yetou-
ro-3emenstivin. Opannmit, sapepmatommii I rpyomy, B paaui, 3asep-
warommi I1 rpynmny,— paduoaxmususie.

Bce s-meTaitisl EMEIOT 0O OAHOMY WIH AB2 BRJICHTHEIX 3JEKTPOHA
H MOIYT JIETKO HX OTIAaBaTh, O0pa3yds HOHBI C YCTOHYHBLIMH KOH-
trrypamasme 61aropoAHEIX razoB. 3T0 00BSCHACTCE OYCHb HAZKMMHU
3HaYCHHAMH HX IOTEeRNHAaNnoB (3Hepruit) wopmianun (ITH) u anexrpo-
orpanarensaocrelt (30) (tabn. 18.1).
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Tabnans 18.1. Hexoroprie coolicrna s-meTannos

Snesenr | Meranm- A, 30 po p, o feup,
ookl pa- 3B Toneary /o’ o oc
BHYC, HM
Tpynna I
Li 0,152 532 1,0 0,53 181 1347
Na 0,190 514 0,9 0,97 98 - 883
K 0,227 434 08 0,36 64 74
Rb 0,248 4,18 0,8 1,53 39 688
Cs 0,265 3,89 0,8 1,87 28 678
Tpynna IT .
Be 0,113 9,32 1,6 1,85 1278 2970
Mg 0,160 7,65 13 1,74 649 10%)
Ca 0,197 6,11 1,0 1,55 839 1484
Sr 0,215 5,70 1,0 2,54 769 1384
Ba 0,217 5,21 09 3,59 729 1637

CpaBHATe 3ga49c¢HHAS HOTCHIWAJIOB HOHH3AIAA MENQOYELIX META-
JIOB (cAaMue HA3KEC 3HAYCHAS H3 BCEX IEMCHTOB) C AHAJIOrHIHLIMH
3HaYeHHAAMH OaroHeIX ras’op (CaMmele BHICOKHEC 3HAYEHHR H3 BCEX
aneMeHTOB — cM. Tabi. 21.1).

damueckue caoiicTna. IIpn oOnyERIX yc.nonnxx S-METR&JLIE HaXo-
I9TCe B KPHCTAJLTAYECKOM COCTORHHH, 00pasys memantuneckue KpH-
CTALIRYECKAE PeIIeTEH. ATOMEL, oﬁpa:syiomne CTPYXTYpEL, YOIPOIIEH-
HO pacCMAaTPHBAIOT B BAJE IIAPOB:

: | 2hy

VoakoBaTh («<yIOXHTH») MAPH Tax, YTOOLI OHA 3aMONEHIH BCE
OpOCTPAHCTBO (YTOOK DIPOMEXYTKOB He Ohilo coBceM), HEBO3MOXHO.
EciE Xe 3TH OpOMEeXYTKH CBEAeBLl K MAHHMYMY, TOBOPST O NAGHIHO
ynaxoeannslx cmpykmypax. I10NOBEEY 3KCHIEPEMEHTAIBEO ONpPeAeIL-
€MOro PaccTOSHAS MEeXITY SApaMu Gnusalniyx aToOMOB (r..) HA3HIBA-
10T memasnuveckum paduycom (cM, Tabn. 18.1).

VaBecTHH TPH THIA KPHCTA/LTHYECKHX c'rpyx'ryp MeTanos {cm.
§ 4.5), HasmIBaeMEIX 2eKcazowaAvhoii niomuoiu ynaxoexou (TTIY),
ZpaneljeHmpuposanHOL xyﬁmecxaﬁ ynaxoskoti (TKY) u obsemno yenm-
puposannoil Kybuxecxoii ynaxosxkoii (OLIKY).

Bee Merauml I rpymmhl EMerOT CTPYKTYPY OIIKY. Bepmmnu
A MarHHi EMeroT cTpykTypy I'IIY, xamsmmd W crponmmid — I'KY,
Gapmii -~ OLIKY.
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- Meranmel I rpysioer — MATKAE B AEMCIOT BeGOMBIIYIO IWIOTHOCTS.
JIuTaii, BaTPHi W KanHE 4ezve 600 H «ILTABAIOTY, pEarApys C HEWH.
Meranma I rpynne Teep:e B NOTHee menovHEX. HA3KAE 3BaYCHAL
TeMIepaTyp IUIABNEeHAS H KHNCHES s-MeTamnop (cM. Tabn. 18.1)
06BacHTIOTCE CNAOKNME XMMHYECKEMH CBS3SMH B KPHCTAJUIHYECKHX
peeTKax 3TEX MeTaiunos. Tak, 3Eepras ceg3n (3B) NMHTHA cocTaBmsieT

-1,65; sarpas — 1,11; xamaa — 0,92; py6uaas — 0,84; nesns — 0,79;
COOTBETCTBYIOIOEE 3HA4YCBHS y GepEnmas — 3,36, marmms — 1,53;
xanemas — 1,85; crpopmas — 1,70; 6apas — 1,87.

Jlns cpEPHEHER DpEBEAEM 3HATCHHN YHCPrEY cBxE (3B) max armommmns (3,38),
maaxa (1,35), menesa (4,31), mema (3,51), cepebpa (2,94), TTama (4,87), MONESIERa
(6,82), somdpanma (8,80).

PacupocTpagernocTs B upaEpone. EcTecTBeHHO, BCe S-METaJUIH
BCTPEdAIOTCH B OPHPOAE TONBKO B BAJAC COcHHHCHW — ymbo B co-
crase munepanob (KCl, NaCl, CaCO,; m 1. 1), 1860 B BEIE HOHOB
B Mopcxoit Boae. Kannwnmii, saTpHii, kanmid B Maremif oo pacmpocT-
pPAHEHHOCTH HA 3eMie 32HMMAIOT COOTBETCTBCHHO HETOE, IIECTOL,
cenpMoe H BocbMoe mecta. CTpORmEE pacmpocTpaneH B YMEPEHHBIX
xommdecTBaX. OCTAIbHEE S-METAIN COCTABIAIOT HE3HAYATEILEYIO
9ACTh 36MHOH KOPH H OKCAHHYECKHX BOZ.

§ 18.2. Xumuaeckue cpoiicTsa MeTALIOB

Ha cBexeM paipe3e s-METaJUIH EMEIOT GlIeCTAIyI0 NOBEPXECCTD,
ONHAKO BCTYDAs B KOHTAKT C KHCIOPOAOM BO3XYyXa, OHH OKHCIAIOTCH
H OHICTPO TYCKHEIOT, HO3TOMY B Clydac HeoOXOMAMOCTH HX XpaHST
1o CJIoEM KepocHHA (33 HCKTIoveHReM GepRiLEs B MATHAS, KOTOPBIS
o0palyloT Ha NOBEPXHOCTH 3ALIUTHLIA ClIO# OKCHIA).

Bee s-metannm ropar B atMmochepe Bo3ayxa, obpasys OECHABI
OJHOrC HIH HECKOJHKEX THIOB — HOPMAJBHREIE OKCUOB COCTABA
Me,O (I rpymma) m MeO (II rpymna), nepoxcudst cocrasa Me,O, (I
rpymna) ¥ MeO, (II rpymna), cynepoxcuds coctasa MeO, (I rpynma)
u MeQ, (11 rpymua).

IIpr 3TOM MOALKO aumuii CTOpaeT HA BO3AYXE ¢ 0Opa30BAHMEM -
OKCHAA

4Li+0,=2Li,0
a ApYyrEe MEOYHLE METAILTH O0pa3yroT NepoXCHALL ¥ CYOCPOKCATE
(AIH EX cMech):
3Na +20;=N2,0;+NaO,

Oxcasl HATPHS A KAJHS MOryT ORITh HOJYIEHHE TONLKC IPH
HArpeBaHHM CMECH NEPOKCHAA C M3DWITKOM METalna B OTCYTCTBHE
KHACIIOpPOAA: :

K70, +2K=2K,0
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Bce s-meTaninl cOCOHESIOTCS ¢ BOJOPOAOM LPH HATPEBAHMH,
ofpa3ya zudpude: (cmM. ri. 13), OpH B3aEMOACHCTBHEA ¢ rajlOreHaMH,
cepofi, asoroM, dochopoM, yrnmepoaoM H kpemmEmeM obpasyrorcs
COOTBETCTBEHHO 2dsozenudst (cM. 1iL14), cysvguow (oM. ra. 15),
rumpuost u gocudet (cM. 1. 16), xapbuds: B cusuyudse (cm.-rn. 17).

IIpu B3aEMONeHCTRAR INEI0YHLIX METAILIOB C BOAOH 06pasyroTcs
IIETIOYH A BONOPOXd. AXTHBHOCTh METAJLIOB BO3PacTaeT CBEPXY BHH3
no rpynue. Tax, naTHI pearapyet ¢ BOAOH OTEOCATENILHO MENNCHHO,
TOIZIa KAK Kasuii PearHpyeT CO B3PHIBOM H 20pum duosemosvim
naamenesm Bd NOBEPXHOCTH BOALL:

2Li+2H,0=2LiOH +H,t

Peaxmmonsas cocobEoCTS MIEJIOYHO-3¢MEABHRX META/UIOB Tak-
&e yMEHLIIaeTCH OpH nepememnennd cHA3y BBepx I rpynmm. bapumii,
CTPOHIHE H KaNbOHH 3HSPrUYHO PEATHPYIOT YA€ C XOJI0AHOH BOXOi:

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

- 'Marmii OveHb MEICHHO Pearspyer € XOJOJHOH BOMOH, HO
OypEHO ¢ BoAsEEIM mapoM. Bepmnnmili He pearApyer c xonogHol
BOMOE H MEINNEEHO pearmpyeT HE TONbKO C ropsyeii BoAoH, HO
Jaxe ¢ NapoM.

C xECmoTaMM BCe MEIOYHRIE METAIUIR PEATHPYIOT CO 43DbieoM,
OO3TOMY TakHeé peaxlud CHemEansHO He mpoBoast. Illenodno-ze-
MeILHBIE METANIK Takke OYPHO pearHPYIOT ¢ KHCIOTaMA,

Metamns 1 rpynnnl, a Takke Kansimi, crpoHnHid B Gapmii mpe
B3aHMOACHCTBHH C HCuoKIM AMMHAKOM HIIH DDA HArPCBAHAH B napax
ammuaxa 06pa3yioT amMudsl B BOJOPOM:

2Na+2NHy=2NaNH; + H;1

OOpa3yrompeca aMBIE — KPHCTAJUIH, JICFKO FEAPOIH3YIOIHAECS
¢ oOpasoBaHReM IMETOYH H AMMHAKA!

KNH; +H;0=KOH +NHst

Memasaw 1 u 11 2pynn (32 mckmoueaneM GepRILTAS) MOTYT B3a-
HMOAEHCTBOBATH €0 cnupmamu, o6pa3lyd ajJKoronarhl:

HOCH;—-CH,0H +2Na -+ NaOCH;— CH;0Na + H;t

a TaKke C op2axuvecKumu Kuciomamu, oGpa3ys comH, monoOHEIE
aneraty matpas CH;COONa. HaTpreBHE COJNH BRICITHX XHPHBIX
xucnor (Hampumep, C;7H,;;COONa) mapeko ECnoib3yIoTcE A1 HO-
JIY4EHHHA MBLIA. N .

OTMETHEM TaKXKe H3BECTHYIO peaxywo Bropya — BiamMOJeACTBHE
HpPH BarpepaHdH MOHOTAJOTe€HO3aMeElleHHRIX alIKaHOB ¢ METaJLIHYeC-
KMM HaTpHEEeM (cM. ri. 23):
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‘R—Hal+2Na+Hal—R — R—R +2NaCl

IIpn naanﬁoneﬁmm e MazHuA © TAIOreHankagaMu obpasyercs
3HAMEHHTOC MATHHHOpPTaHEYCCKOE coemamHeHHEe cocraBa R—Mg—
Hal, nonyiusmee na3zpanue peaxmusa Iputivrpa: '

'R—HaJ+Mgf'f» R—Mg—Hal ' (18.1)

Peaxims (18.1) nporexaer ¢ XOpoImHAM BLIXOJOM IpH AobaBIcHER
pPacTBOPa COOTBETCTBYIOMIErO TAJIOTCHAJNKAHL B AHITHIOBOM 3(Hpe
K TOBEKOH3MENLYeHHOM MarmmeBodi crpyxke, Peaxtmpnl I'pHEBspa
MHEPOKO HCHOML3YIOTCHA B OPraHAYECKOM CHETE3E PA3IHYHRIX CHMp-
TOB (CcM. 111, 27, 28).

Honysenme. BOILIIABCTBO S-METAILIOB EMEIOT BRICOKHE HNEKTPO-
JHBEE DOTCRIEAIIL H SBIAIOTCA CAILECHINAMA CPECAH H3BECTELIX BOC-
cragoBETeNeH. [I03TOMY 242KMpoAu3 60OHWX pacmeopos coAeil 3THX
© META/LIOB He npusodum K LOJYYECHHIO CAMMX METAJlIOB, 4 JHIIb
K obpaszosarwo weaoveid (cM. § 14.2). Crobonmnie memarsst noayua-
10m 3AEKMPOAUIOM PACNAABOE UX 2AN02EHUOOE.

Tax, Opu 3CKTPOJH3E pacniasa XNOpHAA HATPES (f,, =801 °C) na
Kamode BRIEISCTCS METAJUTHMSCKHE Hamputi, a #a anode — ra3oo6-
pasEnIi lxiul)p. CxeMa 3IEXTPOTHTHIECKOrO HPONEcca HPEACT2BIICHA
Ha puc. 18.1. ‘

NEKTPOATHYECKAR BaHHA (3IeXTpONH3ep) npeacrasager coboi
(dyTepoBaHHRI OrECYNOPHKIM KHPIAYOM CTANLHOR cocyA. B xawect-

N (—— C

NaCl

Pac. 18.1. Cxema 1exkTpOIA3E PacniaBa XNOPHJA HATPRS:
1 — meeiixa; 2 — xaroa; 3 — anox; 4 — EO/UICXTOD ANA EATPHK; 5 — XOJIOKON
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BE aHOAA HCHONB3YIOT IpadHTOBHEC CTEPXKHH, B KAYECTBE KATO-
Ha — CTALHOH mMUmMBApP. B BepxHei 9acTH BAHHBI HMECTCH YCTPOM-
crBo ann cbopa xmopa (xonoxon). Briensiommiics B KaTomHOM
OpOCTpRHCTBE MeTannw4eckhll marpaii coOmparT B xonnerro%p
(yerpoiicreo g c¢Oopa HaTpEs Oe3 OocTyna Bo3xyxa). TakEm ob-
pasoM, nekTponns pacnaasa NaCl — comocod omHOBpEMEHHOIO Io-
JIyuCHHMS XJIOPA H METAJUTHYECKOrO HATPHA.

§ 18.3. CoeHuenns 5-METALIOB

Brane oTMedaocs, 9TO S-MeTaLThl o6pa3yloT OKCHARI TPeX TH-
1OB, KOTOpEIe 0ONAnaI0T THUEYHRIMH OCcHOSHbimu cBolicrBamm. Ox-
CHJIBI, HEPOKCHIbLI B CYHEPOKCH/L! S-3JIEMEHTOB PEArHPYIOT C BOJAOH,
obpasys menodb, HAIpHMED: ‘

Ca0 +H;0=Ca (OH);
Na;0+H;0=2NaOH
Ba0; +2H;0 =Ba (OH); + H;0;

2K03+2H;0=2KO0H +H;0,+ 0,1

Panee (cm. § 15.2) oTMevanach MCKINOYHTENLHAR PONb HEPOK-
CHJOB H CYNEPOKCH/OB INEJIOYHLIX METAILIOB U pe2eHepayuu Kucao-
poda B3 YINICKHCIIOTO ra3a, BEIAGNSEMOIO YCJIOBEKOM B 3aMKHYTHIX
cpepax:

2Na0; + C0; =NuC0; +3/,0:1

I'aapoxcEanLl MENOTHEIX METAJUIOB YCTOWYHBLI K HATPEPAHHIO, 3d
uckalouenuem zudpoxcuda aumus, KOTOPHH Tak &e, KAk THXPOKCHIL
II rpynnsl, npy npoxaTHBAHAE Pa’aracTcd Ba OKCHA H BOAY:

2LiOH =Liz0+H;01
Ca (OH),;=Ca0+H,01
Ba (OH);=Ba0 +H01

Hanommsrm, 4T0 okcHA KadboRg Ca0 9acTo HA3LIBAIOT He2quieHot
uzsecmyio, a rappokcuy Ca (OH), — 2awenoil ussecmpio.

Hlenoaz KOH 1 NaOH — paxneiimme coefuHeHAS; B IIPOMKLIL-
JICHEOCTH HX HOJIYSAIOT 34€KMPOAUIOM PACmEopos XIOPHAOB.

Ipr peaknum menowcii ¢ KHCIOTAMH (PEaxmEl HeEMPaAsu3ayuu)
obpasyrorcs coma — noapo6eo cM. i1 12; TaM Xe cM. 0 B3aHMOJCH-
CTBHH menodel ¢ ranoreEamMu, cepoi, pochopoM H kpeMHEREM [peak-
maE (12.13) — (12.19)], a Taxxe c ampoTepELIME OKCHAAMA H TAIPO-
KCHIOAMH,

Taapume, cynsduass, marpuan, dochnas g kapOHIN s-MeTan-
JIOB PEardpyioT ¢ Bojiol B kacioramu. HanpaMmep:
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BaH;+2H,0=Ba(0H), +2H,t
Ca;P; +6HCl = 3CaCl; + 2PHat
CaC, + 2H,0 =Ca (OH); + CH,t {18.2)

O6Rapyxenne BEKOTOPRIX S-META//IOB N0 OKPANINBAHEIO TLTAMEHH.
[ToTenumam: (3EEPrEE) HOHM3ANKA [IEJIOYHEIX H INEI0YHO-3EMENb-
HEIX METAILIIOB HEBECJIHKH, IO3TOMY OpPH BHECEHHH METAJUIA HIIH €ro
COCOHHCHAS B IUIAMS 3JIEMEHT HOHA3YETCH, OKPAINHBas IUIAMS B L[BET,
COOTBETCTBYIOINMH €ro COeKTPAIBHOH THHHE BO3OY®RNCHNE. Keambiti
OBeT XapaKkrTeper A4 COCOHHEHME HAMPUA, Puosemosniii — xarun,
KUPRUYHO-KDACKsE — JUIA COSNMHCHAN KAAbYUA.

INpavenenne s-META/LI0B H HX coeauHenud. MApoBoe nponsnonc*r—
Bo NaOH ppepmmaer 30 MuH. T B TOA, OH HCOONBIYETCH ANA
H3rOTOBJICHAS MBLIA, CHHTETHYECKAX MOIOMIEX CPEACTB, MOIYICHAN
MHOTHX OPraHHYECKAX COeNHECHMIt, HanpaMep. (emona. OO0meM mpo-
H3BOACTBA COABI TaKXke AOCTHIAcT ACCATKOB MIH. T B rof. Tolbko
CTEKOJIbHAN IPOMBIILICHEOCTE BOTpebnseT exeronuo okono 10 MiE.
T COARL

Kaauil gprgeTca OAHAM W3 HE3aMEHHMBIX NRTATE/LHEIX BEINECTB
IUIS pacTeHH, DO3TOMY €ro MHPOKO HCHONL3YIOT B KavecTBe yaoOpe-
EEg B (popme maTpaTa. ITotam K,CO; Bcnom3yerca p IPOH3BOJCTBE
CTEKJIA H KHAKOrO MBLIA.

CaMBIM BaXERIM COSJHHEHHEM KaIbWuA ABJIKETCA ero KapOoHAT.
On npeacTasnser coOOM rIaBHYIO COCTABHYIO TaCTh UISECMHAKA,
mpamopa, mesqa. KapboHaT xaibOoua HCIOJIL3YIOT B IPOH3BOICTBE
HeMEHTa, CTaH, CTEKIA.

Haxogen, oTMETEM, 9TO MEOTHE COSIHEEHHAS S-METAILIOB (a4 9aCTO
H CaMM METAILNL — cM. peakyulc Bropya) NpEMEHMIOT B OpraHEdec-
KOH XHMHH, HanpHMEp, KapOHA Kanbnes B OOILIIEX KOJHYESCTBAX
HCIIOJIb3YeTCH B IPOR3BOACTBE aneTuieHa [peaknas (18.2)], peaxmusot
TpunbaApa — B OPOH3BOJCTBE CUHPTOR H T. A.

I'xana 19
AJIOMMHUI M1 BOP

§ 19.1. O6mas xapaKTepuCTHKA

Amomunuii — OCROBHOM IpeACTABHTENb MEmaii08 TIABHOH HOI-
rpymsi III rpyomnk: nepuommdeckoil cacTeMul. CBOMCTBA €r0 aHAJIO-
OB — 2QAAUR, WHOUA M MAAAUA — HATIOMHHAIOT CBOMCTBA AJIKOMH-
HHS, TOCKOULKY BCS OTH DJEMEHTH HMEOT OAMHAKOBYIO JIEKT-
POHHYKO KOH(HIYPaIMIO BHEINHETO ypOBHS ns’mp! W MOTYT npoma-
NIATh CTENeHb OKACTeHHs + 1 wm + 3 (Tabn. 19.1).
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Tabarma 19.1. JaexTpommoe CTPOSHRe 3AEMEHTOR

raaspoll noarpymm: I rpymma
AtoM- Hassamme . DneKTPOBEAX ATonmEnill l'lﬁ, T30 o] Crenezn
=Hhif H CAMBON xoadATYpaI@EY paEye, 3B ITo- oXuC-
HOMep : . M memETy | nerAs
5| B'?p [He]2s™2p" - 0,083 | 83 | 2,0 +3
13 Amo;tllmzi [He3s23p? 0,143 60 | L5 p+1, +3
31 l"aén:ui [Ar]3d1%5%4p? 0,122 60 | 1,6 | +1, +3
a .
49 PIlIm;ui [Kr}4d' 9552 5p 0163 | 58 | 1,7 | +1, +3
n
81 Tm%mﬁ [Xelds**54"96526p* 0170 [ 61 | 1,8 | +1, +3

C yBemHYeHHeM LOPIAKOBOIO EOMEPA METAIUIHYECKHH XapaxTep
3]IEMEHTOB YCHIMBAETCS.

Bop — nememaas, 3EAYATENLHO OTHEIAIONMAHECK WO CBOHCTBAM
OT OCTANBHBIX 3EMCHTOB (BLICOKHE 3HAYCHHS NOTEHIAANA HOHHE3A-
meu (T1A), SHepruM CBA3H, fy; M hgn — cM. Tabn 19.1 m 19.2)
B Gonbine NOXOXEA Ha KpeMHHE (CM. HEXE 3aME4aHHE O Ouazo-
HAALHBIX COOMHOWEHUAX MeXAy 3neMeHTamuE). OcTalbHLE 37CMeEB-
THl — NErKOIUIaBKEe MeTauk, In 1 T] — upessagaiino Markme.

Tabaroa 19.2. Omurweckee ¢aolicTRa JICMERTOS

riangoli soarpymm I rpymms
DneMesT Bnepmalncsnn. P, rjem® fan °C tom, °C
B 583 2,34 2300 3658
Al 3,38 270 660 2467
Ga 2,87 591 29.8 2227
In 2,52 7,30 156 2080
Ti1 1,89 11,85 304 1457

Bce 3neMeHTH rpylnksl TPEXBaJICHTHBI, HO C YBEMHICHAEM HOPS/I-
KOBOro HoMepa Golee xapakTepHOM CTAHOBHTCH BaICHTHOCTE I.

Panee yxe orMeanochk (CM. I, 3), 9TO JJIEKTPOOTPRIATEILROCTD
3NeMEHTOB OORYHO YBE/IHIHBACTCH IPH NEPEeMEMCHAR BOPaBo BAOIL
DEPHOAA, HO YMEHLIACTCH NPH OépeMeINeHHHA BHA3 N0 rpyme. B pe-
3yNbTAaTE 3TOr0 Hanbollee peaKEOHBOCIOCOOHKIE Mematbl cocpedo-
MOVERB! 8 HUNCHEM Ae80Mm Y24y NEpHOARTEcKoH Tabnunm, a Harbosee
PEAKIMOHHOCIIOCOOHRIE HEMETAILALI — 6 8epXHeM Npagom yzay. JTa
3aKOHOMEPHOCTh AOCTATOYHO HOApoGHO ObCyXkAaeTcs B IIKOILHOHR
yuebroll /mTepaType H HO3TOMY XOPOIIO H3BECTHA IAHHTEPECOBAH-
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HOMY TATaTeno. K coxaneEMio, 09eHb peako obpammacTcs BHEMARHE
HA JPYIy10, Ka3aJIoch OB 9aCTHYIO, HO TAKKE OYCEL BAXHYIO 32KOHO-
MEPHOCTE — CYIIECTBOBAHNE TAK HAZLIBACMEIX ORA20HAAbHLIX COOM-
nowenufi B nepaoAuueckoit Tabmmame. Kaxnpoe duazonassnoe coom-
Howienue ceazvisaem Mexny cobo#l napy ssemenmos, naxooauwuxcr
@ COCEOHUX 2pynnax, Ho 06AAOAIOWUX CXOOHBIMU XUMUHECKUMU U (Pusu-
veckumu ceoticmaamu. Knaccaueckamy NpEMEPAMH TAKHX AP HA3BI-
'BAXOT JTATHIA B Maremii, Gepuiumi B AFOMEERN, 60p u KpemHull:

I'pynma
I I m

2-i mepwony Li Be B
A" A A"
3-it nepmorn Mg Al Si

Bxoxpesme amomaEns B Gopa B QHATOHAILHLIC OAPH — €INE
ORHO O6CTOSTEILCTEO, -ONPABAKIBAIONIES PACCMOTPEHAC B JAHHOM
IJ1aBe CBOBCTB TOJILKO 3THX ABYX 31E€MECHTOB HOATPYINLI AMIOMHAHAS,
KaKk THORYHOYO OPE/CTABHTENA P-METAJLIOB, H p-Hemerama Gopa,
OPOSABISIOIEr0 AHOMAJLHLIE CBOKCTBA N0 CPABESHHIO CO BCEMH ApY-
FEMH JIEMEHTAMH DOAIPYIIEL.

PacupocTpaRensocTh B me. AJIOMHEHEE — camblil pacnpocm-
 panennwiii memass Ha 3emue (3-€ MeCTO CpeAH BCex ieMeHTOB; 8%
cocTaBa 3eMHOM xopil). B BEje cBo6ONHOrO METRJUIA B IPHPOJAE HE
. BCTPEYAETCH; BXOAHMT B COCTAB 2aunozemos Al,O, H 6Goxcumos

Ale; ) xH20.

Cogepxanne Gopa B 3emu0# Kope cocrasnset Beero 0,001%. Ero
BaXECHIMIM NPAPONHEIM MAHEPAIIOM ssiaeTcs Oypa Na,B,0, - 10H,0.

AMOMHEHE HMeeT eZEBCTBEHEHLI! cTabwipHeii mioTom F1Al,
6op — mpa: 3°B, 19,9% = L'B 80,1%.

- § 19.2. CaoiicTBa M Noxyvesue NPOCTHX BEMIECTB

C@uamvecxae croiicyra. AmoMEHER B cBOOOZEOM BHIE - cepel-
prcro-Oennil Merasni, obnanaromu# BHICOKOH menaonposodnocmuio
H 34eKmpudecKkoli npoeodumocmsio. AIOMEHAN HMEET HEBLICOKYIO
ILIOTHOCTD ~— OPEMEPEO BTPOE MEHBINE, 9€M Yy XKelie3a HIE MeIH
(cpasEmTe namEbe TaGn. 19.2 7 20.2), # OJHOBPEMEHHO — 3TO OPO-'
9HE METaJLI.

Bop cymecTByeT B HECKOILKAX AJUIOTPOHHBEIX MOJH(DHKAIMSX.
Amopghuviii 6op mpeacrasnger coboli TEeMEO-KOpHYHEBBIH HOPOIIOK.
Kpucmasauueckuii Gop — cepo-4epHRIA, ¢ MeTaNAHIecKHM OieckoM.
Ilo TBepaOCTHE KpHECTANLIAYECKHR 0P 3aHAMAET BTOPOE MECTO (IIocne
anMasa) cpeE Beex BemecTB. 1IpE komHaTHOM TemmepaTtype Gop
I10X0 OPOBOJIAT 3JICKTPRYCCKAHA TOK, HO, KaK H KpeMHHEH, ox obaada-
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€M NOAYRPOBOOHUKOBWIMU CBOLiCMBAMU, IOITOMY €ro IEKTpHYECKAs
IPOBOJAMOCTh PE3KO BO3pPAcTaeT ¢ HOBHINCHHEM TeMOECPATYPHL.

XumEveckne csoiicrsa. IToBepXBOCTL AMIOMHHAS OGLMEO NOKDEI-
Ta NpoYROH mnesxo# oxcuaa Al,O,;, xoTopas NpenoXpaHseT €ro oT
B3aEMOACHCTBHN C OKpyxalomel cpenoii. Ecim 3Ty mneexy yaansior,
TO METaJl MOXET SREPrudB0 PearHpoBaTh C BOXOM:

2A1+6H;0 =241 (OH)3 +3H,1

B pEAe CcTpykex miM NIOPOINKA OH SPKO TOPHT HA BO3AYXe,
BhijengR DOJbINOe KOTHIECTBO TEIUIOTEL:

2A1+3/20, = ALO, + 1676 x/Tx

210 06CTOATENLCTBO HCOONB3YETCH ANA DOIYYCHHS PS/a METAl-
IOB B3 HX OKCHAOB METONOM amomMomepmuu. Tax HajzBamm BOC-
CTAHOBNEHHES OOPOIMTKOOOpasHLIM AIFOMMHHEEM TEX METAILIOB, ¥ KO-
TOPHX TEILTOTH 00pa3l0PAHAN OKCHJIOB MEHLINE TEIUIOTHL 00pa3oBa-
HEE Al,O;, HanpEMED: :

Cr;03+2A1 w2Cr + Al;05 + 539 x]lx

Kop, B OTIHYEE OT AIOMARKASA, Xumuvecku unepmen. Tax, ¢ KBCIO-
_ POOOM OH pearspyer TOJIBKO HPH BRICOKEX Temmeparypax (> 700 °C)
¢ obpa3zosaBneM Hoprozo anzuopuda B0y

2B +30;=2B,04

¢ 80001l bop ne peazupyem HE BpE KakEx obcrosrenscreax. Ipm eme
Gonee BricOKOE Temmeparype (>1200 °C) oH BilamMOAeHCTBYET
C a30TOM, Aapas Henoe KPECTAILIAYCCKOE BEMECTBO — Humpud bopa:

2B +Ny=2BN (19.1)

"O6pasyromuitcs TAXAM oM HETpaE) Gopa no csoell CTPYETYpe B cBOHCTRAM
BO MEHOMOM HANMOMHHACT gT. JIpaumag TAKof CXOEECTH B TOM, YTO ¥ ABYX
ATOMOBR EHTpE;R Oopa (oamoro atoma B u ommoro — N) cTompko Xt INEKTPOHOB
(12), cxomexo BX EMRETCA ¥ ABYX ATOMOB YTJISpOaa. , TTO SCIH
no cxeme (19.1) saTpey Gopa marpesats manee (oxoxo 1400 °C) mpm owesb BHICOXHX
AABNEREYX (BSCKONLEO NECATEOB THICAY aTmocdep), TO OH NPEeBPAITACTCE B aj-
sasononobHCE BEmECTB0 — Oopason. Ero TREPZOCTL HESHATHTENLHO YCTYMAET TBe-
POOCTA amMdsa (MEl 3HAEM, Y0 [PE BEICOXHA TEMISPATYPAX M NABIEHEEX Tpadur
cocoben MpeBPAINATLCA B AMAa3; CXOXECTH ARIOTpomod rpadera m momadExamed -
BN oscpmnngn).

JIaom co ¢ropom 6op pearHpyeT OpE KOMEATHOH TeMIepaTtype,
PeakmEH ke ¢ XJIOpoM H 6pOMOM IDPOTEKAIOT TOJLKO OPH CHILHOM
sarpepasmn {400 = 600 °C cooTBeTCTBEHAO); BO BCEX STHX CIIy4asx OH
obpasyer mpuzasozenudst BHal, — nqumsmme Ha BO3Ayxe JeTy1he

KHAOKOCTH, JIETKO IHAPOIA3YIOIHECH BOJIOﬁ:
| 2B +3Hal, = 2BHal,
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B peaynbrare regponnza obpasyeTca TpexocHOBHAsS opmoGopHas
(6opras) xmcaota H,BO,:

BHaly +3H,0 =H;BO;3 +3HC!

B ormvme ot Gopa a/FOMEEHH yXe OpH KOMHATHOH TEMIEpaTy-
pe aKTHBEO pearHpyer cO BceMH rajgoreHamu (cM. § 14.2), obpasyx
2asozenudn:. IIpE HATpEBAHAH OB B3aEMOAcHCTBYET ¢ cepoit (200 °C),
azotoM (800 °C), pochopom (500 °C) m yrmeponom (2000 °C):

2A1+3S = ALS,
YR ANMFOMIIHRE

2A1+N, = 2AIN
' ERTDEI AMKIMERRAN
Al+P= AlIP
docdrn amonEy

4A1+3C = ALC,
IapbEf AMoMENRE

Bce 31 CO¢OEHCHAS MOJHOCTHIO TEAPOJH3YIOTCE ¢ 0OpasoBanm-
€M, COOTBETCTBEHEC. IHAPOKCH/A AMOMMHES CEPOBOAOPONA, AMMAR-
ka, bochuea 1 MeTanHa.

AmomenEi JIETE0 pacTBopseTCs B CONEHO#M KACIOTE MOGOM KOH-
OeHTPANEAH:

2AL+6HCl =2AICl; +3H3t

Konyenmpuposammvie cepnans u a30mHAR KUCAOMH HA X0A00Y He
deiicmsyiom na amomunuii. IIpR nazpesanuu amoMWHEE coocoben
BOCCTAHAB/IHBATEL 3TH KHCIOTHL fe3 enldeacnus 8000pooa.

2A1+ 6H380,(xomm) = Al, (SO4); + 380,17 + 6H,0
Al+6HNOs(xorm)= Al (NOy)3 + INO,;1 + 3H,0

B pasbasaennoii cepHON KACIOTE AIOMHHEA PACTBOPAEICH C BhI-

JeneHreM BOJOPOIA.
2A1+ 3H804 = Al (S04} + 3H,t

B paszbasaennoii a30THOH KHCIOTE AIIOMHHHHA TAKKE PACTBOPIACT-

¢, HO IpH 3TOM Brenmorcs mmbo oxcep asora (II), mabo oxcup

a3zora (I), 60 gaxe MONEKY/IAPHEIA 30T, HO Hukoz0d He sbldesnem-
ca sodopod:

Al+4HNO; =Al (NOq); + NOT +2H,0
10Al + 36HNO3 = 10A! (NO3); + 3N21 + 18H,0
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B pacrBopax menoueii aroMaami pacrBopseTcs ¢ ofGpa3opaHuaeM
mempazudpoKCuaLIO MIHAMOE:

2Al1+2NaOH +6H,0 =2Na {Al (OH)4]+ 3H,?

KHCIoTH, Be SBISIONMECS OKHCIHTENSAMA, ¢ 60poM He pearmpy-
0T ® TOJBLKO KoHNeHTpEpopaEEas HNO, oxmcnser ero mo Hopmoi
KHCIIOTHL:

B+ HNO;(xomm) + H,0 = H3BO; + NOt

Iloayuesme Gopa. ITpoMumuienHOE NONyYeEne Gopa OCHOBAHO Ha
obpaborke 6ypH cepHOM KRCIOTOMH:

Na;B40; 10H,0 + H,S0,=4H;BO;} + Na,S0, + 5H,0

Kpucranma H;BO; oT(RIETPOBHBAKT B HPOKAIHBAIOT:

" -
2H;BO; = B;03+3H,0

Amop(bm.rﬁ 6op momyuaror BOCCTAHOBJICHHEM OKCHAA 6opa mar-
HHEM:

B
B,0y+3Mg = 3MgO+2B

Bop mmMpoxo BCIONB3yeTCH B Ka49eCTBE KOMIIOHGHTA KOPPO3HOB-
HOCTOAKHX H XapONpOYHHX CILIABOB, OPOH3IBOACTBE CHCHHANBLHEIX
COPTOB cTekia, 3Maneit. B mocnemaAe rogn ROAYICHO MEOTO HOBAIX
KepaMMYeCKAX MATEPHANIOB HA ocHOBe KapOmpa Gopa B,C; m3memma
H3 HEX obnamaroT Soibmoil H3HOCOCTONKOCTEIO.

IMoayqenne amomumna, Bonee 100 ner Hasan OBUI paapaﬁoran
ANEKTPOXAMAYECKHE CIOCO0 NONYICHES AMOMHAHEA, KOTOPHIH IPAMC-
HAeTCS OO CerOHANIHErO NHE, OH 3aKsouaemcn 8 34exmposuse Al,O,,
pacmaopennozo 8 pacnaasaennom Kpuoaume NasAlF .

HCxOHEIM CHIDBEEM NPH MOJYSCHHR AIOMPHHS SBIMIOTCE Gok-
cump (TRAPaTHPOBAHBEEIH oxcua amomuuns Al,O; xH;0, «sarpss-
EEHHBI, Kak npapmwio, Si0; m CaCOs).

ITepprnM sTamoM B mepepaboTke pyA SBAAEICS HX OYHECTEKA OT
OpEMecedi, BTOPEIM 3TanoM — TIATENbHOE obezgodcusarue® OK-
CHJA AMOMHHHA.

Jasiee npoBoAAT 3MEXTPOJHA3 pacTBopa uncToro Al,O; B pacnnae-
nespoM kproaaTe Na,AlF,, KpHoiHT HCOOIB3yercd Kak pacTBOpPH-
Telb OKCHAAZ ATIOMMHHS;, 3TO NOHMKAeT TEMICPATYPY ILUIABICHHS. .
c 2045 go 950 °C. '

*INeKTpONE3 BOAHKIX PACTBODOB COSTHHCHRE AMFOMHEHMS He IO3BOISET NOJIY-
YRTL METALN, T4K Xak HoH Al** Gonee axTrBen, %eM mor H30* . BanencTsae sroro Ha
FATOJ€E W3 BOJHHX DACTBOPOB COeMMHENMI aIOMEHKE BLINEISCTCK BOTOPON.
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JneETPOJE3 OPOBOOST B CTANLHHX 3JICKTPOJIATHYCCKHX BaH-
Hax (pmc. 19.1). BamBa BrulokxeEa rpadeETOBRIME OnOKaME, Tak
KaK pacIIaBleHHRE (PTOpEALI OOGLMHYIO OrHeymopHyH GyTepoB-
Ky pacrBopsior. I'paduToBEIe 610KH Yy OCHOBAHHNE BAaHHK BMECTC
'C PacIiIapJicHHRM aMIOMHHHEM CIIYXAT KaTOJOM; aHOIK HIpeAcTaB-
nsior coboif yrombHBIE CTEpPXHH, cnocoﬁlme OHyCKaThCd IO Mepe
CTODAHHA,

B anexTpoim3epe  OPOBCXOAST  CICAYIOIME  IPONECCHI:
ALO; 2 2A13* +30%"; peaxyun na xamode Al** +3e~ — Al(x) npu-
BOJHAT K 00pa’zoBaHAI0 XHAKOro aIOMHHHS, KOTOPLIA HaKanIABAeT-
C4 HA JAHE BAHHLL, OTKYJa OH INEPHOTHYESCKH BHIIYCKAESTCH HAPYXY;
B Pe3yILTATE IMEKTPOXEMHYECKON peaxyuu na anode 207~ —4e™ —
— O,(r) ofpasywomuaiics ra3oo0pa3saslii KHCIOPOA BCTYHAeT B peak-
IO C TOPSYEME rpadETOBEIME aHOAAMH, H B pe3y/IbTaTe IOIyIacT-
cs yraexHcaki ras: C(T)+0yr)=CO0,(r). IMeHEO MO3TOMY KOHCT-
PYKIES BRHHLI TAKOBA, 9TO AHOJLI MOXKHO ONYCKATh IO MeEpe HX
CTOpaHHd, a8 3aTeM 3aMEBATH HOBLIMH.

Hpavecaenwe amomunmg. 13 Bcex MerajuioB AMiOMHHAN HMeer
Haubonee pasHOCTOpOHHHE NpEMeBeHRd. OH IPHMEHSETCHS B TPAHC-
HOPTHOM MAMIAHOCTPOCEHH, HANPHMED, B KOHCTPYKIHSX CAMOJIETOB,
cynoB m aBTomMoOEncl. B xmMmuveckoll DPOMBIILIEHHOCTH €ro HC-
HONB3YIOT B X49¢CTBE BOCCTAHOBHTEINA, B CTPOHTEIBHOR — JUIg B3Iro-
TOBJICHHS OXOHHHIX PaM H ABEpeH, B CHINEBOH — JS HITOTOBICHHS
YIAKOBOYHERIX MATCPHAJIOB B KyXOHHOH LOCYZIEL

Konreiinep ana
1" okcuga amoMmuHun

PacnnapneHHbii
amOMHHWA

ToxpuiTeii

pa
cTansHod Karon

Puc. 19.1. Cxena EKTPOIHTHTECKOTO DOIYICHES AIOMHARNS
E3 Al,O3 B paciLianieHEOM KPHOJIHTE
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§ 19.3. Coenmunenna Gopa H a/noOMEEES

Oxcama. B nabopaTopan OKCHA aIOMHEMS NOJIYYAIOT, CEHTAs
DOPOmOK AIOMHEHA B KHCIIOPO/IC HIIH NPOKAIHBAN erC IHAPOKCHI!

2A1(OH)y =ALOy +3H,0

Oxcun a/oMEEES, GYXyTH amgiomepHbism, MOKET PEATHDOBATD He
TONLKC ¢ KHCJOTAMH, HO B ¢O mexodame (cMm. § 12.2):

ALO; +2NaOH +3H,0=2NaAl (OH),

a TaxXe OpH COVIABJIEHHA ¢ XApOOHATAMH MIENOYEHLX. METAILIOB,
naBas UPH 3TOM MeMaamoMuRaIMsl:

ALO;+Naj C03 =2NaAl0; 4+ COLT
H ¢ KEC/IEIME COJSME :
' ALO; + 6KHSO,=Al, (S04} +3K ;504 +3H,0

INono6rO ApyraM pacTBOPHEMELIM OKCHIAM HeMemaAAudeckux ne-
merTOB, oxcEx bopa (III) mBaserca xucaomuwm OKcHAOM. OB Men-
JIEHHC pearmpyer ¢ BOAOH, obpaiyia oYeHb maﬁyro Gopnym KHCIOTY
(K;=5.8"10"1° K,=4-10"13, K;=4"10"1#

By03+ 3H30 =2H;3BOy

Iipr ox.uaxnem OopHag KMCIIOTa OCAXXNAETCE B BHIE XJIOIhe-
BHAHNX Oc/hIX KPHCTAILIOB.

I'mapoxcemul. Tudpoxeud amomunus — Gennoe CTYASHECTOE BOIIE-
CTBO, OPAKTHYECKE HEPACTBOPHMOE B BoJe, oOmanaromee amborep-
HEIMH cBodicrsamMB. OH MoxeT OWTH momyieH obpaloTtxoif comeif
ANOMHHEA INEJI09aMH HITH IMAPOKCHAOM aMMOHHS. B mepsoM ciiy-
ya¢ HyxHO H30erate H3ORITKR ImMENOYH, NOCKONLEY B IPOTHBHOM
CyYae rHAPOKCH/ SMIOMAHHS PacTBOPETCH ¢ o6pazopanmenm xomm-
JeXCHEIX mempazudpoxcodsomuriamos [Al {OH),), sampamep:

AlBry +3KOH = Al(OH),} +3KBr
Al(OH); +KOH =K [Al (OH),]

3aMeTEM, 9TO Ha caMOM jele B NOCNeAHeH peakumi o0pasyioTes
mempazudpoxcoouaxeaasomunam-noan [Al (OH)(H,0),]”, oxmaxo
IUIg 3a0HECA peakumii OORMHO BCEONB3YIOT YOPOMEHHYIO GopMy
[Al(OH),]”. Haxe npr cnaboM OOAKHCIEHAR TETPArAAPOKCOATIOMHE-

HATH PA3pYMIAKOTCS, HAIPAMED: :

Na[Al(OH)4+ COy=Al{OH),} + NaHCO;
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T'udpoxcud Gopa — Genwle KPACTANIE, PACTBOPHMEIC B BOZE, ob-
Jaaa10[Ae CBOHCTBAMM KHCNOTH (CM. BHINE); DONYJal0T AelCTBHEM
COJISHOM RIIA CEpROH KRCIOTH Ha pacTsop Oyph (cM. Bramle).

Conu amoMeEms B ranoremaau Gopa. M3 rEapoKCHAa aIOMHEHHS
MOXKHO NOJYYATh DPAKTHYCCKHA BCe CoNH amoMarrs. Iloura Bee conn
aMOMWHHAS H CHIbHRX KHCIOT XOPOIIQ PACTBOPHME! B BOJE M IPH
3TOM CHIBHO IEAPOMHIOBAHLL

MEorre comM aAJIOMBHHS HMEIOT OpAKTHYECKOE 3HAYCHHE. Tak,
HROPEMEP, X6acybl ATIOMHHES H3ABHA HCTIONL3YIOT OpH ,uyﬁnelmn
KOXM, IPAMEESIOT Kak KPOBOOCTARABITABASONICe CPEACTRO UPH Helo-
JILIOTAX nope3ax. Keacyst — 3mo dsoiinble cOAu AIOMHAHRA, AMEIOIAE
oﬁmym dopmyny M@AI(SO,)," 12H20 3aece M(1) — oaHO3apAn-
et mon TEEa Nat, K* mau NH,*. TIpm pacTBOpeEHH XBAacmos,
HATDHMeP, xa.lmenux oEM 06pa3yloT mpocTele MoHEI K™, FAEES
H SO4 -,

Tanoremaan 6opa B AMOMAHAA PACCMATPHBAIOT KaK KJI2CCHAYCC-
xue k@cnoTH Jietomca (cM. § 3.1 B Tabn. 1.2), xoTopele Moryr
pearsFpoBaTs ¢ OCHOBaHusMH JIniodca (HampHMep, aMMHAKOM HIH
aMUHAME)!

F H
| / F\ ,H
B+ iNw—H — Fam B-— Nea—H
VA \ 4 \
F H F H

MexageiM KHCITOTHO-OCHOBHOrO B3amMoRelicTeEg no JIpkoHCY
HarJMgHO AeMOHCTpHpYyercs peaxmmeii (19.2) (xmciora — axyenmop
3MeKTpoHOR), IMeBHRO H3-3a cnoco0HOCTA NPosBIsThL ceH8 B KadecT-
pe kucnoT JibloEca ranoreHsakl Gopa B 0cOOEHHO MAIOTEHAAR! A0~
MHHEHHSA 43CTO ECHOJILBY!OT € Kauecmse xamaausamopog HCKOTODhIX
OPraHUvYeCKAX PeAXIHiA.

Tak, manpaMep, Ge3BONERIN XJIOPHA AMIOMHAHHN ncnomye-rcn
B K44ECTBE KATAMH3ATOPA OpPH NCIYYCHAR TOJIYOIA [0 peam,mu Dpu-
dean — Kpaghmca (peaxkums anxmmupoBasus — cM. § 2

Alcl,
CGHG + CH3C1 — CﬁHs — CHg +HC}T

T'uapapsl Gopa B wpommnas. [Epocreiimam reapaaoM Gopa asng-
erca dubopon B:H¢. Atomm Gopa B Monexyne gubopaHa CBS3aHE
APYT € APYTOM BOROPOAHEIMH H (MOCMUKOBbIMU» CBAIAMH:



Ar6opan — OGecOBETHRIE ra3 ¢ OTBPATHTENHHEIM 3aIAXOM, OYEHb
Adogum (ty= — 165 °C, tn=—92,5 °C).
Temnora cropanns ;mbopana

ByH+ 30, =B,03 + 3H,0 + 2040 xJlx/moms

3HAYHTETbHO NPCBHONAST TEIUIOTH CrOpaHAf GOJLIIMHCTPA OPraHH-
9eCKAX COCHHMHCHWHE, MOITOMY Jubopas HCHIONLIYETCS KAK ONHH A3
KOMIOHEHTOB 3()peKTHBHOIO PakeTHOrO TOIUIABA.

I'eppax amoMmmAs mpocTeimero coctasa AlH; cymecteyer TO-
TbKO B ra3oBoi ¢aize IpH NOBHIICHERIX TEMIEPATYPax, OpH OG-
HBIX JK€ YCJIOBHAX OTAeIbLHElE Monexynst AlH, ces3nBalorcs apyr
¢ APYTOM 49€pe3 «MOCTHKOBEIE» ATOMBI BOAOPOAA TPEXICHTPOBEIME
CBE3SMH, AHAIIOTHYHEIME CBE3AM B Mojekynax Oopasos. B peayim-
TaTe obpasyeTcs TBEpIOWH amopgruii noaumep, COCTAB KOTOPO-
ro MoxHo BHpasats (AlH,),. ITonEmep npm HArpeBaHAH BEIIE
100 °C pa3naraercs Ha IPOCTHIC BEIIECTBA:

r 3n
(AlH3), = nAl-l-; Ha)t
BONOH LONHOCTEIO TEOPONHIYETCA!

(AlH3), + 3nH70 =nAl (OH)s ) + 3nH,1

T'nasa 20
IJIABHBIE ITEPEXOHLIE METAJLIBI

§ 20.1. O6man xapaKTepECTHKA

IlonsaTHe nepexodwsiii 34emenm HBCOONB3YETCH B YIPOMIEHHOM
cMEICHE AnA obo3mauepmEs moSoro H3 4- WM f-37€MEHTOB. JTH
3NEMEBTH ACHCTBHTENBHO 3aHAMAIKOT NEPEX0AEOE NOJOKEHHE MEXKIY
TICKTPONONIOKHATENLHEIME S-3JIEMEHTAME H 3ICKTPOOTPANATEILHEI-
ME p-anemeRTaMu. CornacHo 6oliee CTPOroMy OOPEACICHHIO, K MEpe-
XOZHBLIM OTHOCHT JNIEMEHTHI C 6AACHMHbBIMU O~ UaU f-oremermanu.

d-Daemenmvl Ha3LIEAIOM 2AQBHBIMU NEPEXCORbIMU FASMEHMAMU.
Onu xapakTepH3YIOTCA skympennell 3acmpoiicoi d-opbumaaedi, Tax
KaK s-op0uTals HX pEemmHeH 06070ukH 3am0imenHa yXe A0 3aloJHe-
HES d-opGuramu. Xumuueckue caoiicmaa smux 34eMeRmMos onpedeasn-
HOMCA yudcmuem 8 peaKyunx IAexmponos obeux ykasannvix obosoqex.

d-DnemenTal 06pa3yloT TpE OEpeXOAHBIX paga — B 4, 5 B 6-M
OeproIax cooTBeTcTBenno. Ilepariil paa sxmouaer 10 3neMeHTOB, OT
cxagmas g0 maEka. OH Xapakrepmsyercs BHYTpPeHHEH 3acTpoiiKol
3d-opburaneit (Tadua. 20.1). 3aeck cnenyeT OTMETHTL JBE AHOMAJIHHE:
xpom u medb AMeIoT Ha 45-OpOHTAIAX BCETO NO 0OHOMY SACKMPOHY.
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TlonysanonHeBHRe HIA 3anonHeHEHE d-nogobonouxm obmanaror
Oomemeii ycro#EBOCTBIO, 9EM HaCTHYIHEO 3aNONHEEHKIE, B arome
Xpoma Ha xaxnoll w3 nara 3d-opbmranei, oOpasyiommx 3d-nonobo-
JIOYKY, HMEETCH L0 OJEOMY IEKTPOEY (uo:gaanonnennan nono6o-
no9xa). B aroMe Meau Ha kaxkaoil B3 naTh 3d-opburaneil HFaxomATCH
OO Oape 3ICKTPOHOB (AHaA0zudHO obvacHaemcn anomanun cepebpa).

Bce d-aaemenmst aeamomen memasiamy C XapakTepHLIM METalI-
mveckuM OneckoM. Ilo cpaBEEEHIO ¢ s-METalLIaMH HX HPOYHOCTB
3HAYATENLHO BHINE.

" d-Daemenmbl u ux COCOUHEHUR UMEIOMm XAPAKMEPHblE CEOlicmea:
OepeMEHHRIE CTENEHH OKHCIICHRS, cnoco0HOCTE K 06pa30BaRHIO KOM-
ITEKCHKIX HOHOB; 00pa3oBaHE¢ OKPANCHHLIX COCAHHCHHHA.

Hanee obcyaEM cBoiicTBa HamrQoOJIee BAKHEIX METANIOB DEPBOTO
nepexoasoro psxa (Cr, Mn, Fe, Cu, Zn), a Takxe cepebpa — pax-
HOTO OpeJCTABETC/IR BTOPOTO NEPEXOXHOTO PAAA.

Tabamna 20.1. Isexrpominie Xonbarypames 35eMearod IV nepsona
0T CKAREE N0 HEFKA

DnemMent Caason Tlopsn- OnexTpOREAX XORGRrypATHS
XOREIH
HOMED
Cranmmit . S 21 18 26°2p% 393p%3dL 457
Taras Ti 22 1# 257205 3823538 487
Bana i v 23 19 25%2p% 3PP 48
Xpom Cr 24 1# 2522 373518 4st
Mapranen Mn 25 15 25%2p% 323pS3F 4°
Kenezo Fe 26 1 252205 3s23p%3d5  ds?
KobateT Co it A 12 2¢%2p% 39235347 4
Haxems Ni 28 1 25%2p% 3573p534% 457
Menms Cu 29 1 25%2p5 323p53d10 44!
LIaex Zn 30 1# 25°2p5 35%3p%341° 48
nny'tmen eLmn
3acrpodixa obfonouxa

d-DneMeRTR XapaKTEPH3IVIOTCH GONbIIOR TBEPAOCTHIO H BHICO-
KEMH TEMIEpATYPaMH ILTaBJICHAA B KAneaAs (a6, 20.2), wro o6bsc-
HASTCH OPOYELIMHE METAJUIHYCCKAMH CBM3AMH B HX pemerkax (cpas-
HATE HX 3HEPTHH CBA3H C AHAJNIOTHYHLIMH 3HAYCHHAMH A7d S-MeETal-
noB B Tabn. 18.1). '

Tabaaoa 20.2. Juamgeckne crolicTRE d-MeTRALIOS

Snemenr | AroMarit IIH, 30 no | Dmeprma p, [ [
pamayc, aB HNomnry | cusa, rfea® °C o
HM 3B .
Cr 0,125 6,77 1,6 4,11 7,16 1857 | 2672
Mn 0,124 7,44 1,5 2,91 7,44 1244 1962
Fe 0,124 7,87 1,8 431 787 1535 2750
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Hpodoncerare maba. 20.2

Onenent | AToMERE N, 30 0o [ DEeprma "y tam [
pamyc, - aB Tomery | camm r)&s’ °oC °C
By )
Cu 0,128 1,713 1,9 3,51 8,96 1083 2567
Zn 0,133 9,39 1,7 1,35 1,13 420 207
Ag 0,144 7,58 1,9 2,95 10,5 962 2212

d-Meraiy Do CpaBHEHHIO C APYTHMH X4PakTCPH3YIOTCH Takke
Bojlee BRICOKOH ILIOTHOCTHIO, ITO OOBACHACTCA CPABHHTCIBLHO Ma-
JILIME PaJHYCAMHA HX ATOMOB.

d-MeTalIl — XOpOIIHe OIPOBOAHMEH 3JIEKTPHYECKOTO TOKA, OCO-
GeHHO Te H3 HHX, B ATOMAX KOTOPRX HMeeTCH TOJBKO OAAH BHEIIHHI
s-anexTpoE. Metanim ¢ 3anonsensoli s-o6onouxoit o6ranaT MeHL-
meii 3nexTpEYecKod mpoBOAHMOCTEIO. Tak, Meak, cepedpo H 3010To,
obnaJaromue BHCIIREH IeKTpOHHOH KOE(Erypammeit @'°s', mposo-
JAAT 3NEKTPHYSCKHH TOK ECCPABHEHHO ;que, qeM [HEHK, KaMEE
H PTYTh, o0maaatomuae xondrrypamueit d™ %%,

ONeXTPOOTPHNATE/IHHOCTE H HOTCHIEANL HOHH3AIMH METAJUIOB
OepBOro DEPEXOMHOro PAAa BO3PAcTaloT B EANPABICHHH OT XpOMa
K IHEXY. DTO O3EAYACT, YTO METAILIAYCCKHE CBOACTBA 3NCMEHTOB
OEPBOTO MEPEXONHOrO PEAa MOCTENEHHO OCNafGeBaloT B YKA3AHHOM
HanpanieHd. Taxoe u3MCHERHE HX CBONMCTE NPOABISETCH H B NOCHE-
JOBATEJBEOM BO3PACTAHHMH OKHCIHTEILHO-BOCCTAHOBHTE/IBHEIX HO-
TEHIHAJIOB C NEPEXOJOM OT OTPHNATENBHAKX K NOJOXHTEILHEIM 3Ha-
YCHHSAM.

CramgapTHEE OKHACIHTENLHO-BOCCTAHOBHTCALHBIC HOTEHITHANL
BCEX METAILUIOB MEPBOTO LHEPEXOHOrO PUAia, 3@ ucKAloueHuem medu (8
cepefpa BO BTOPOM IEPEXONHOM PAHNy), B cHcTemax MZ*/M or-
pROATENLEH. B COOTBETCTBEM € 3TEM METAJUILI DSPBOTO PAAA AOLK-
HH PACHOJIATATECE B JJIEKTPOXHMEMCCKOM PNy HANPKEHHY BLINC
BOZOPOAA H BETECHATH BOZOPO/ M3 MAHCPAIBLHEIX KHCIIOT.

§ 20.2. XpoM ¥ ero COe/HECHES

Xpom — 6Gnecrammii MeTai cepo-besroro opera, nuacrTaicH, ob-
NIafaeT BLICOXOH DOPOYEOCTHIO H JIOCTATOYHO XHMHYECKHE aKTHBCH.
YIpe BLICOKHX TEMIEpATYpPAX XpOM FOPET B KHclopone ¢ 0bpa3sona-
gEeM Cr; 0y, pearepyer ¢ oapaMu BOAbI

2Cr +3H;0 2 Cr:044-3H2

H ¢ ranoresams, o6pa3sys rajoresaas coctaga CrHal,, Hepactsopam
B [IENI0Y3X, BHO OKHCJIACTCA NP HATPEBAHAH CO CMECHIO HHTPATa
M TBJIPOKCHIA KAJTHS:

Cr+ 2KOH + 3KNO3 =K ,Cr04 + 3KNO, + H,0
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Xpom (Tax xe, kax aMOMHEERHA H KENE30) naccKeupyemcs X0N0A-
HhIME KORneATpupoRamaniMu H,SO, @ HNO,. Omaaxo npu cussrom
Ha2peadnuu ITH KECIOTH PACTBOPAIOT XpOM:

2Cr +6H2504(l0m1) = Cry(804)3 + 3801 + 6H20
Cr-+6HNOy(xomm)=Cs (NO3); +3NO,1 +3H;0

ITpna o6rrBOM TeMIEPATYpe XPOM PACTBOPAETCH B pa’baB/ieHHRIX

xacnorax (HCI, H,S0,) ¢ BnjenenseM. Boxopoaa, ofpa3ys coam

Cr**. O6pabaThBas HX PACTBOPHI INENOYAMH, NONYHAIOT MHCEAMbIi
ocadox ?.udpoxcuda xpoma (11):

CrCl; +2NaOH =Cr {OH)3{ + 2NaCl

3710 coeIMEEHAE NPOSBIISET TOJBKO OCHOBHHIE CBOBCTBA M SBNAETCH
OYCHL CHNLELIM BOCCTAHOBHTEEM, HAOPHAMED, Aaxe moj AcHEcCTBHEM
KHC/IOpOJA BO3AYXa OHO OHICTpO OKECIEETCE:

.4Cr(OH)z+2H,0 + O; =4Cr{OH),

Hpr npoxamasasar Cr (OH), B oTcyTcTBAe KRCIOpOAa obpa3yer-
ca oxcud xpoma (I) CrO.

Coma Cr3* cxommm ¢ ana.nornmmm coname amomuRns. IIpu
neiicreun menogeit ga cond Cr* Brmajaer cmydneab’pasubm ocadox
2udporcuda xpoma (111) sesenozo ysema:

Cr; (SO,); + 6N2OH = 2Cr (OH)y ) + 3N2,80,

obnanarommii amgomepnvimu cBoiicTamm, ‘OH PacTBOPHETCH KAK
B KAcIoTax ¢ obpasosammem conelt xpoma (I1I):

2Cr (OH)3 + 3H;80, =Cr; (S04)3 + 5H20

TAK H B menodax ¢ o6pa3oBarmeM mempazudpoxcuxpomumoa, 1. €.
couneli, B koTopsx Crt BXOAHT B cOCTAB AHHOHA:

Cr(0OH)3+KOH =K [Cr (OH)4]

B pesymstate npoxammsanms Cr{OH), nmomywalor oxcud xpoma
(III) Cr;0; — setensie kpucmaanbl, HEPACTBOPHMEIE B BOAE. OTOT
OKCHJI, IONY4alOT TAKKE IPOKAIMBAHHEM JHXPOMATOB KAIHA H aAM-
MOHHASN /

H
(NH):Cri09 = Cra05+ Not +4H0
H
4K ,Cr;0q = 2Cr,03+4K,Cr04 + 30,1
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Ipr conapnernr Cry0; cO mMenoYaMm, COROE B KBCILIME COJISME
3
noay4aroTca cocqrucHEs Cr, pacTBOpHMEIE B BOAE:

€103+ 2NaOH m 2NaCrO, + H;01
Cr;03+Na;003 = 2NaCr0O, + CO,1
Cr,03+ 6KHS04=Crz (SO4)s + 3K 7504+ 3H;0

Ham6onee BaXHRIMEH COCAHEEHHSME XPOMA B BHICIICH CTeleHH
OKECICHHS + 6 SBnmro1ca okcud xpoma (V1) CrQs, xpomam (VI) xasus
K;CrO, 5 duxpomam (VI) kasus K, Cr,0,.

Oxcup xpoma (VI) — anzudpud xpomoso H,CrO, m maxpomonoi
H;Cr,0, xncnor ~— npepcrapnser cofol ApKo-Kpackbie KpucmaAssl,
pacTBopEMEIe B Boje. OH TAXXe pearEpyeT co menodamum, obpasys
aceamvte xpomaThl CrO,%~:

CrO03+2K0OH =K ,CrO, + H,O

B xmcno#t cpepe mom CrO,2~ npespamaercs » mon Cr,0;2".
B menovHON cpene 3Ta peakiMs OPOTeKaeT B OGpaTHOM Hanpa-
BJICHEM:

20r03~ +2H* i

Cr;04*" + H;0
Heaoamas cpons ’

AuxpoMaThl (Kak @ XpOMATH) OPOSBISIOT SPKO BRIP2XECHERIC
OKHCIHTEIRHEIE CBOMCTBA, BOCCTAHABIHBANCH IPH 3TOM B COJIA XpO-
ma (+3)

6KI +K3Cry07 4+ THz80,=31I3| + Cra (8043 + 4K 2804+ THO
3 (NH),S+ 8K ;Cr0, + 8H,0 = 8K [Cr (OH)q]+ N3 1 +3S + SKOH

+6

TaxamM o6pasoM, ¢ prdy coedunenudi Cr2* — Cr®** —Cr yeususaem-

CA OKucAumeAsHan cnocobrocme, eme onHa 3aXOHOMEPHOCTH B 3TOM

Xe PARY FHAPOKCHAOB —— OC/IabIeHAe OCHOBHKIX H YCHIGHHE KHCIIO-

THHIX CBOHCTB rEAPOKCcEAOB. Taxas 3aKOHOMEPHOCTL XaPAKTEPRA ML
KCHIOB BCEX DEPEXOOHKX METAILIOB.

CTBLE XpOM DONYyYalOT ATMOMOTEPMEYECKEM METOA0M (CM.

§ 19.2). XpomoM (u EEKeneM) JIEFTHPYIOT Xee30, YTOOH HOMyIATh

HEPXABEIOIYyIO CTalb.

§ 20.3. Maprasen s ero coeTuHeHHs

Mapzaney — TBepARIl MeTamLI ceporo neera. B coenupeRnax Ma-
PraEen OPOMBJISET CTENCHH OKHCIeEMs +2, +4, +6 u +7. Uem
BEINE CTENEHL OKHCICHAN, TeM 6olee XOBaleETHR COOTBETCTBYIOMME
COGHHEHHS, TEM BhIIIE KHCIOTHOCTh [0 OKCHOOB.
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Mapragen B MenxopasapotleEHOM COCTOAHER OKHCANETCS TANo-
reHaMH, KHCJIOPOIOM, cepolf, oOpa3ys NpPOA3BOAHBEIC CO CTENEHLIO
OKHC/ICHHS + 2; JISTKO PACTBOPACTCH B paifaBNeHHLIX KHCHOTAX «HE
OKHCHHTEIINX», OPH 3TOM Bcerga obpasyercs conb €O CTEIEHBIO
OKHCIICHHY Maprasna +2:

Mn+H;3804=MnS04+H,t
Mn +2HC1=MnCl,; +H,t

Crenerr oxacicEms +2 Haubonee xapakrepHa HE TOMBLKO ATIA
conedl MapraAma, €d OTBeHal0T Takxe OkcHA MnO B rEAPOKCHA
Mn (OH),, o6naxaromue TENWIHRIMA OCHOBHEIMHE CBOHCTBaMH.

Oxcud mapzanya (I1) MnO npr Barpesannm MoXeT ORITH OKHCJICH
Iaxe KHCIOPOAOM BO3AYAa AC OKCAAa Maprasma (IV):

£
2MnO +0; = 2MnO;

Oxcud mapzanya (IV) — BepacTBOPEMOE B BOJE COSOUHCHHE KO-
Puuredo-veprozo TBETA, ONHC W3 HauGonee BAXKHEX COCONBERRHA Map-
raana (IV).

Oxcra maprarna (IV) o6nafaer OKHCIHTEIFHRIMEA CBORCTBAMA:

MnQ; +-4HCI = MnCl; + Cl,T +2H,0

OXHAKO H caM MOXeT OWTH okucneH ¢ obpajopanmeM coemmBeHHH
HICCTHBATIEHTEQrO Mapranna (MaETaHARTOB), HAPAMED IPH CILIABMIC-
HHH €r0 ¢ HETPATOM ERAIHA H MEN0IbIo:

- Mn0;+KNO; + 2KOH =K MnO, +KNO, +H;0

Coeauperns Mapramna (VI) — marnzanamsi — ycmoiinugol moavko
¢ weaounoii cpede. OHE AMEIOT TEMHO-3eneHYI0 OKpacky. FIx okmcre-
HHEe XJOpOM OPHEBOAAT K 00pa3opaHMI0 INEpPMAHTAHATOB -— IPOM3-
porERIx maprasma (VII), duosemoso-maruriosozo ysema:

2K,;Mn0y + Cl, =2KMnO, + 2Kl

CooTBeTCTBYIOMEE CTENCHAM OKACHCEME +6 ¥ +7 oxcmaw MnO,
" Mn,0,; 061a8350T TONBKO KACKOTHRIMA CBONCTBamy. s mocnen-
HETO M3BECTHA OYCHL CH/IBHAN MapraEnopas xacirota HMnO,.

Hepmanzanamol — cusbneiiuve oxucaumeau. O6paEC B nabGopa-
TOPHAX HCHONB3YIOT MAJIOPACTBOPHMEIA, 2 HOTOMY JIETKO IIOJIy4da-
eMEI nepMaHramaT Kamus. B 3ammcumocte ot pH cpepn nepman-
raHaThl BOCCTAHAB/IMBAIOTCH AC PAa3NHYHREIX CTEHCHEH OKHCICHHA.

B weaouroli cpede o6pasyroTCa manzanamsi:

N2;80; + 2ZKMnO, + 2K OH =Na,580, + 2K ;Mn0, + H,0
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B netimpasvroti — Ouoxcud mapzanya:
3C;H s+ ZKMnO, +3H;0 = 3C,H, (OH); +2Mn0, ] + 2KOH
B xucaoit cpede, xak npaBaiIo,— coau mapzarya (II):
2KMnO,+ SKNO3 + 3H;80, = 2MnSO,4 + SKNO; + K804+ 3H,0

Maprasen noay4aioT nelicTBEEM KpeMHHES Ha JHOKCHZ MapraEna
IpH HATPEBAHAH:
MnO; +8i=Mn+8i0,

BOnbImy1o 4acTe €ro HCHONBIYIOT B KA96CTBE JETEPYIOIMEX IO~
6aBOK K CTajH, XOTOPOHl OH IPHJAET TBEPAOCTh ¥ KOPPO3IHOHHYIO
CTOHEOCTE.

§ 20.4. Tprana menera

Pacuonararonguecs o cocexcrBy B tabumpe Menaeneesa B oOT-
HOCSINHECE K BOCHMOH rpymnine xeneso, kobalbT B HAKETL 00pa3yloT
TpHANY Xenesa. Bee TpE snemenra — cepeOpucTo-Gensie MeTALIK,
OpOYHLIE H B YECTOM BHAE KOBKEE, 06nanalomue xopomeit Temwonpo-
BOJHOCTHIO H 3/IEKTPHIECKOH NPOBOAEMOCTLIO B OPOSBIsEONTae dep-
poMargeTE3M, OHE 061a/Jaf0T 3NMCKTPOHHAIME KOH(QRTYpanHAME
3d%4s?, 3d"4s* B 4d°%4s* B Bce NMPONBISIOT CTENEHL OKHCICHAS + 2.
JKene3o nposSBIsET H CTENCHL OKMCICHHS + 3, HOCKONbLKY IPH 3TOM
obpasyerce BanonoBEHy 3anomHeHHELE 3d-yposens (Fe3*: 3d%45°).

XKeneso, xo6anbT M HEKENh XHEMHYCCKH AKTHBHEI H B3aRMOJEH-
CTBYIOT C TAJIOTEHAMH, Cepoil H KHCIOPOAOM, 00palyd COSTAHEHAS CO
CTENEHBIO OKHCIICHHS + 2, 33 ECKmoYeHneM (ropHna, XJIOPHAA B OK-~
CHAA Xeice3a, IAc NPOMBIRETCH CTeleHb okmcneHHs + 3. Pearmpysa
¢ BONSHEIM DapoM, Xkene3o obpasyer cumewsannviii okcu xenesa (11,
II) FeO ' Fe,05(Fe;0,):

3Fe+4H;0(r) 2 FeyO4+4H;

B mpupoae oxcmx Fe,O, BcTpesaerca B BHAC MHEEPANA Maz-
Hemwma (DposBigeT beppoMarERTHEIE CBOMCTBA).
Ha Bo3gyxe B IPECYTCTBHH BIArH XeJIE30 porcageent:

4Fe+ 30, +6H,0=4F¢ (OH),3

Bce mpu memasaa naccusupyiome’ KOHIECHTPAPOBAHHEIME CepHO
H a30THOH KHCIOTaMH Ha X0400y, HO IPH HAIPCBAHAH PACTBOPIIOTCH
B HHX OYeHb JE€rko, OPHYEM JKEne30 Bceraa obpasyer coad <o
CTCOEHLIO OKHCIECHHA -+3, a kofanmbr H HHKENL — CO CTECOCHBIO
OKHCJICHHA +2:

2Fe +6H350 (xon) =Fe; (804); + 380,1 + 6H,0
255



Ni+2H,504(xoan) =NiSQ, + 80,1 +2H,0
Co +4HNO;(xot) = Co (NO3)y + 2N, + 2,0

Pa36apncHHaS cepHas KACIOTA, & TAKKE TAJIOreHOBOIODOJHEIE
H JpYTHE KACIOTH — «HE OKHCJIHTEIH» IEPEBOAAT METAILTRI B COJIH
CO CTEIEHBKO OKHCICHHE -+ 2.

Fe+H,80,=FeS0,4+H,t
Co+2HBr = CoBr, +H,t

IIpm AecTPEHA MEIOMH HA CONE JBYXBAJCHTHEIX METAILIOB BHIIAAA-
YOT B OCAJKA COOTBETCTBYIOMME ruapoxcaasl: fessii Fe (OH),, pozo-
astii Co(OH), B ceemao-zeaenviti Ni(OH),. M'mapokcan xemesa (II)
OLICTPO OKHCNEETCS HAa BIAXHOM BO3AyXe, NaBag Gypeifi THAPOKCHN

xeneza (II):
4Fe(OH);+ 02+ 2H,0=4Fe(0OH),

B ommrme ot Fe{OH), ranpoxcupakl ABYXBAJIEHTHOIO HHEKEH
H xofansTa HE OKHCIAIOTCHE KHCIOPOAOM Boiayxa. TowHO Tak xe
coyn xene3a (II) nerko okAcIMOTCE B BOOHBIX PACTBOPAX: :

6FeS0, + 3Cly =2FeCl; + 2Fez (SO4)3

TOrAa KAK COOTBETCTBYIOINHE OPOM3BOAHEIE K0OankTa H HEKEIA
K OKMCHACHHIO JOCTATOYHO YCTOMHBEI.

IIpn neficreEr Ha conm xerne3a (III) pacTBopaMu mesnoueil Buma-
IAeT ocadox 2udpoxcuda nceqeza (III): '

FeCly+3KOH =Fe (OH)y| +3KCl

xomopwiii 8 ornmame oT Fe(OH), ampomepen: npm parpepanus on
coocobed pacTBOpETLCH B MIeslovax ¢ oOpaszoBaEmeM mempazudpox-
cugpeppuma (IIT).

: Fe(OH»+KOH =K [Fe(OH)] . (20.1)

IIpn pasnoxenun rn,npoxcn,na xee3a (III) oBGpasyercH okcud
xcesesa (I1T):

2Fe (OH); =Fe,O4 +3H,0

Komopueiil Takke amgiomepen H cHocoOeH pearspopaTh KaK C KHC-
JIOTAME

Fézog +6HCl =2FeCl3+3H;0
TaK U C pacIliaBaMH Imenode#
Fey03+2NaQH =2NaFeQO, + H,0 (20.2)
o6pasys comu xenesuctoii kucaorsl HFeQ, — geppumit.,
256



Ilo cBoeMy OTHOIIEHMIO K KHCJIOTAM H IIENOYAM COCOUHEHUA
sscenesa (II1) nanomunaiom coomsemcemasyrowjue npouseodnvle aromu-
HUR U XPOMQ.

Oxncnenne cosel xene3a (11T} xnopoM B menoIEoH cpeae NpABO-
IAT K 00pazoBammIo gieppamoe — coemuHcHEE Xene3a (VI):

2K. [Fe (OH)4] + 3Clz + BK OH =2K ;Fe0, + 6K Cl + 8H:0 (20.3)

OTH COCOMHEHHS KpdcHozo TBETA — CHNLHEHIINE OKHC/HTEIH, HA-
OpEMEp, B HIENOYHOM CPeie OKACIAIOT BOAHE aMMUAK!

2K ;FeOy + NHy + 2H,0 = Ny + ZKOH + 2K [Fe (OH) 4] 20.4)

Kommnexccanie coeantentd. [13yqas mko/bAS KYPC XHEMHH, MBI
3HAKOMHEMCH B OCHOBHOM C COCAMHCHHMSMH JEne3a, B KOTOPHIX Tpex-
BAJIEHTHOS HIIH JBYXBAJICHTHOE XKeNe30 HAXOANTCH B BHJE KaTHOHOB.
Ongraxo daa xcese3a (PABHO KaK H I8 HAKEIS ¢ KOOAILTOM) ussecm-
Hbl TAKKE MHOTOYHCICHHEIC COCQUHEHUA, 8 KOMODHIX OHO GX00uUm
8 cocmad anuonos. B xavecTBe IPHMEPOB BhINE YXKe€ NPeNCTABIICHBLL
COOTBETCTBYIONIAEC KOMIUICKCHBIE COCJHHEHHMA [CM. peakmus
(20.1) — (20.4)}. ,

OTMeTEM emie ABe BaXHEIC KOMILICKCHEIE COIH Xele3a: rexcams-
anodeppar (II) xanua K [Fe (CN)g (acemman xposanas coav) B rex~
cammasodeppat (I11) xamiz K,[Fe(CN)g (xpacnas xpossnan coab),
ABJIAIOITHCCA DPEAKTHBAMH JUIA KAYECMBCHHOZO ONpPEDeAcHUR UOHOE
Fe** g Fe?* coorsercraenno®.

Ho6Gasnesme pacrpopa rexcanmmapodeppara (II) x pacTBopam,
B KOTOPHIX cojiepxarcs moHH xeneaa (I1I), swnisaer oOpasoBamme
TEMHO-CHEEr0 OCAJKa, YaCTO HAIRIBAEMOTO OepAuHCKO Ad3YpPbio:

4K, [Fe (CN)+4Fe** =4KFe™[Fe" (CN)g} + 12K+ *)

Takoii xe TeMHO-CHHHI 0caJoK oOpasyercg® OpR Ho0aBICHAH
pacrBopa rexcamanodeppara (I1IT) x pacrsopaMm, coaepxanEM HOHED
xene3a (I1). B sToM ciydae 0cafok HA3BIBACTCS MYPHOYAACB0i CUKbIO:

3K [Fe(CN)g+ IFe?t =3KFeP[Fe™ (CN)g)l + 6K * **
YcragoBneno, uto GepnuHcKad nasyps B TypaGyniaeBa CHHR — -

3T0 OHO H TO X€ BEMECTBO, TaK KAK KOMIUIEXCHI, ofpajyiomuecs
B peaxmaax (*) -— (**}), gpaxoadTcs Mexay cofoii B pABHOBECHH:

*Kargoun! Fe®* moryr Owrh oOHApYREHH Takke ¢ MOMOINBK GecHPeTHOrO
pacTeopa THomEaEaTa aMmoEas NHNCS, xoTopeli ¢ COOTBETCTRYIONEME COMIME
ofipasyer pOIAHE] XeNe3a Xpoeadn-KpacHo2o UBETA:

Fe (NOs3 )y +3NH,NCS =Fe (NCS)3 + 3NH,OH
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KFe™[Fe (CN)s 2 KFe"[Fe™ (CN)g

OcobrM THIOM KOMILTEKCHRX COCAMECHHE SBISIOTCH KAPOOHUAB
nepexogHnx MervaiunoB. JKeneso, xoGaibT H HEKeIb peary é'lo
C yrapEEIM razoM DOX AaBieHMeM, obpasys Fe (CO)s, F 0)4
H Ni(CO), (cM. § 17.3). KapGoRainl HETEpECHH TeM, IT0 METAJUI

 IPOABJIMIOT B HAX HYJIEBYIO CTeNeHs okmcnenns. O6cyaam obpasopa-
HHE Kap6OHHNA HA OpAMepe KapOoHANa XKee3a:

Fe +5C0 =Fe (CO)s
B ceofogEOM MeTaLe XEeneso ofnamaer 3mexTpoEEOH KO eﬁ 35452
(cm. Tabn 20.1). B 3036ymAeHHOM COCTOSHHE XCNE30 MOXKST mPH 1TE SHEp-

TETAYECKE BLITOMHYIO ACKTPOHNYIO Xonbar Spanmo 3F45s'4p (1. ¢. HMEX BANOIOBERY
3ANO0THEHAYIC d-opﬁm) Mounexym CO, spiasrompecs MOHODAME ICKTPOBHOHR
TADH, BIZVMO, sm-r ¢ BARAETHLIME 3d—op6mm, ofpasys DPH 3TOM KOB&-
JienTELE cpaan Fe—C 0o JOHOPHO-axMenTOPHOMY MEXAHMIMY, MPHYEM INCKTPOHREAN
IIOTHOCTS CMEIIACTCS OT ATOMA YTICPO/iA K ATOMY Xe/R3a:

Fe(CO),

YacTHeHO! YBROIHICHEE OTPEUATENLHOIO 28pSJ3 HE ATOME METATIA XOMIL-
nnnpymx YURCTHEM 70 d-3IEKTPOHOB B CBA3H, HOITOMY CTer¢Hb OKHCJIEHME METAILTA
pasaa 0

IIPH HarpCBaHHE xapﬁomu MCTAJUIOB pAlIAralTCs Ha METaJl

® oxcuy yraepoxa (II), aro HCIOJIL3YeTCR Anf nonyqem METAIUIOB
0coboti wucmomnl,

§ 20.5. TIpowIBOACTEO YYIYH B CTRIN

YHCcTOe METAIUIAYECKOE Xeae30 MoXkeT OLITh HONMYYeHO HyTeM
BOCCTaEOB/ICHAR OKCHAa Xkene3a Fe,O, BonopoaoM opd HarpesaHAw.
'B Bacrosmee Bpemsa paapaﬁoram METO/LI, KOTOPEIE HO3BOJISIOT
HONyIHTS XKeneo, copepkamee 10~ 9% npumeceir. Opmaxo Ha npax-
THKE OCHOBHRIC KOJIHYCCTRA XENe3a HCIONIL3YIOTCA He B THCTOM BHJAE,
4 B BUAE CITABOR C YIISPOAOM H APYIHEMH KOMUOHCETAME (qyrym

M CTAJH).

[poMuIMIEHERIM OPOE3BOACTBOM YYIYEOB B CTANeR 3agAMaeTCH
9yepHAs METaJUTYPraf, KOTopas gepepabaThiBaeT Pyl XKene3a B JKe-
neaane cunasul. IIpE mepepaboTke PYX CHAYANA WOAYIAIOT IYIVH,
2 3aTEM 9YTYH OEPeBOASAT B CTaNb. YyzyHsl — CILIABK JXKEle3a, Coaep-
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xamue commeme 1,7% yrnepo-
Aa. Cmasu — CILIABEL XKeae3a,
cojepxamue mesee 1,7% yr-
nepoaa.

Honygenme wyryna. IHory-
YEHHE TYTYHA BOCCTAHORJICHH-
€M XEJIEABEIX PYS OPOH3BOANT
B JOMEHHEX Oedax. Jlomen-
HHIE IE9H OpPEACTABNSIOT CO-
6ofi orpoMHEIe, CIOXHREIE CO-
OpYXeHHf, HAMCIOmHE opmMy
IBYX YCEYCHHBIX KOHYCOB, CO-
CAAHCBHEBIX OCHOBAHHAMH
(puc. 20.1).

3arpy3xy AOMCHHOR meym
KOMIOOHEETAME  IPOHIBOAST
4epe3 ee BEPXHIOKO 9acTh. 3a-
rpyska conepxmr: 1) Nnceses-
HYI0 pydy — HCTOYHHE EEne-
33; 2) XoKC — TOILIMBO M BOC-
CTAHABJHMBAIOMMH PEATCHT OM-  Pge. 20.1. Cxema AOMERROrO mpOmLeca
HOBPEMCHEO; 3} u3gecmuax —
Ang ofpasoBaHAs IUTaka, PacTBOPHIONMIErO NPHMECH, KOTOPhIE HME-
JOT BEICOKHE TEMIIEPATYpHI IUTaBneHnd. [IpeaBapRTEILHEO HArpeThid
BO3YX BAYBACTCA B HEXHIOI 49acTh nedd. B npomecce pabornl
3arpy%aeMEll MATEPHAN NOCTENEeHHO ONYCKAaeTCs B IO IYTH HATpEBa-
eTcd ra3’aMH, DONHHMAIOIAMECY CHE3Y. OCHOBHEIMH PEAKIEAMA AO-
MEHBOI'O NPOLECCa SBJIAIOTCH:

1) ropennre xokca:

C(x) +0:() =CO(r)

2) m30RITOK KOKCA BOCCTAHABIMBACT AHOKCH] YIJIEPOAA AO MOHO-
OXCHIA

C(r)+C0a(r) 2 2CO(r)

3) MOHOOKCHA YINIEPOAR, MOAFAMANCE BHYTPH €N, BOCCTAHABIIE-
BAET XEIC3HYED PYAY, ONYCKAIOIYIoCcHs BHE3!

Fey03(1) + 3CO(r) = 2F e(x) + 3COa(r)

4) HenpOopeaTHPOBABINAR XKEIe3Had PyAad BOCCTRAHABIHBAETCS £IIE
He NPOPeardpoOBaBIIAM KOKCOM:

2Fe,0n(r) + 3C(x) = 4Fe(x) + 3C0:(F)
5) B3BECTHSK pa3jlaraeTcs:
CaCOs(r) = CaO() +CO4(r)



6) OKCHZ KaNbOHY BCTYNAET B PEAKITHIO ¢ IPHMECAMH, HMEIOMAME
BRICOKYIO TEMIICPATYPY ILIaBjieHHA, o0palys wax:

CaO(r) + SiOy(r) = CaSiOs(x)

KOTOphIA Takxke OpeJOXPAaHseT PACIIABIEHHOE XeNne30 oT packaleH-
HOro BO3AYXA, OPOAYBAKOIMErO Bedb.

BrninapneHELIH B AOMEE 9YT'YE OpeacrasigeT coboi cmiap xene-
3a ¢ yraeponoM (yraepona 6oxee 1,7%), a Takke ¢ APYrEME 3/1CMeH-
TaMmu — cepoit, (ochopoM, kpeMEEEM, MEIIBLAKOM, MAapraemeM
(06LMEO B uyryHe COAepEATCH Be meHee 90% Xkene3a, a OCTAlILHEIE
10% Dpmxoasrcs Ha yraepoa ® nepednCleHHBIE BLHINIE CONYTCTBY-
IOLIHE 3JIEMEHTEI). '

IparoTosaesse cramy. [1o XEMHYECKOMY COCTABY TYTYHEL AENATCE
Ha Aumetible B CneyuaAbnble, OPEMEHSEMBIE A9 H3TOTOBJICHHASA Y-
IYHHEIX H3jenmii, B Ha nepedesvibie, BOYIUHE HA M3rOTOBJICHHE CTa-
Jiel, Jlaom ~ 10% 4yryEa maer Ha H3TOTOBIICHHE MYT'YHHLIX H3JCIHA,
ocrarbEREe ~ 90% nepepabaTmBaroTcs Ha CTAND.

Crann gpIgeTcs CILIABOM XKeJie3a ¢ yriaepogoM (yriepojia MeHee
1,7%), conepxammm, KPOME TOI0, HEKOTOPHE KONHICCTBA KPEeMHHS,
mapramna, docpopa, ceprt. OORMYHO B CTAMH JOMYCKACTCS CONEpMKa-
HHE CONOYTCTBYIOIHX JIEMEHTOB B CTPOr0 OrpaHMYCHHLIX KOJIHYECT-
pax, Hanpamep Si<0,3%, P<0,05%. Crans B OTIH4HE OT 4yrysa
JIETKO HOJAETCA KOBKE H IPOKaTKe. ‘

Ilpeppamenue 9yryEa B CTANL OPOBOAST B TAK HAIKBACMBIX
KOHGepmopax, B KOTOPHIE 3AJIMBAETCS PACILUIABJICHHNH IYTYH H Yepe3

L

Pac. 20.2. Koaseprop ms NOTYYeHAS CTajiel
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OTBEPCTHA OPORYBaercs Bo3ayx. Konsepmop (puc. 20.2) npeacrasinn-
eT cobofi GobImoR rpYMEBAARLIE METAIUTHYCCKHR COCY (BMECTHMO-
creio 20 — 60 1), dyTrepoBaBHEIA HIRYTPE OrHEYNOPDHLIM MATEpHA-
JIOM, OH MOXeT BpaliaThCa BOKDPYr TFOPH3OHTAILHON ocd. [{amme
KOHBEPTOpa CHAOXKEHO OTBEPCTHAMH, 9€Pe3 KOTOPHIE H BAYBACICH
Bo3yx. IIp® 3TOM OPOBCXOOAT «BRIOpaHHE» {(OKHCICHAC) IPAMECEH:

Si+0;=8i0; C+Oy=C0;
Mn+0,=2MnQ, 5+0,=80,
P4+ 50, =2P,0;

a TaKke B HeOONbInol cTeneHH Xeme3a
2Fe +0y=2Fe0

Bee 1 peaxnpm SBIFIOTCH 3E30OTEPMEYECKHMM, H BCH Macca
B TeueHHe mponecca, nporexatomiero 10— 20 mmE, ocraercs
pacmiasjenHOM. JTOro BpPEMEHH [HOCTATOYHO MU jo0asieHEs
B CTajib CHCIMANLHBIX AE2upYIOWuXx 3JIEMEHTOB, KOTOpEIE IPAAAIOT
CTAJH OIpeAenesHEE cBoHcTBa. Tak, HanmpuMep, XpoM H HHXE/b
A00ABIMOT I NOAYYCHAS HepXAaBeloOllel cTama; Jobaska BOILG-
paMa cOocoOCTBYET YBENMICHHIO TBEPACCTH («HHCTPYMCHTAILHAD)
CTans); Ro6aBka Maprafna yaydnaeT «IpyXHAHRLICH CBOHCTBA CTajeH
HT. A&

§ 20.6. Meanb n ee cocaHRenns

Meds — MeTann xpacho-nceamozo yséema. OH OTHOCHTENLHO MA-
YOK, OYeHb NIacCTH4YeH H oOnafaer BHICOKOH TEIIONPOBOAHOCTHIO
| H 3/CKTpE3ECKOH NPOBOAHMOCTBIO, YCTYNAR IO 3THM HOKA3ATE/IAM

TONBKO cepelpy; oblagaeT HamMeHbmMEE AKTHBHOCTBIO CPENH pac-
CMOTpPEHHBIX BRIIE 3d-METAIIIOB, KOTOPhIE BLITECHAIOT MEAb B3 pac-
TBOPOB €€ COJieH, HATIpEMED:

CuS0,+Fe=FeS0+Cu (20.5)

Mens e pearapyer ¢ conuHoil B pasbaBnernofl cepHO# KHCIOTA-
MHE, HO PACTROPAETCA B KOENEHTPHPOBAHBEOKE CEPHOH KHCIOTE, A Tak-
Xe B a30THOH KHCIOoTe MoOOH CTeneHy OKACICHHA! :

Cu + 2H 80 y(xomm) = CuSG4 + SO, T + 2H,0
Cn +4HNO;(xomm) = Cu (NO3)2 + 2NO2T +2H0
3Cu +8HNO;(pas6)=3Cu (NO3); +2NOT +4H,0
Upu peiicTryn wenoyei Ha conn menu (1) Bmagaetr 2oayboii ocadok

THOPOKCAJA:
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CuSO,4+ 2KOH =K ,80,+Cut (OH),|

xor:gu.ﬁ YEC B rOpS4eM paCTROpE pasnaraercs, obpalys uepubzﬁ
okcud medu (I1):

Cu (OH), = Cu0 +H,;0

PacTBOpeHreM OKCHJA HIIH THAPOKCHA MERH B KHACIOTAX HONYYaloT
coedurenun medu (I1), pacTBOPE KOTOPIX 0 gameuu 8 204y6ol ysem
ﬁna.ronapn mamrnno B Ex BoEa [Cu (H,0)4**

Ilpa pacreoperss ragpoxcens Mema (1I) B XORNEATPAPOPAHELIX MENOTax obpasyroTes
mempazudpoxcoxynpans: (11):

2K OH + Cu (OH); =K [Cu (OH){]

wero chemyer, Iro audpokcud medu (11} obradasm amgomeprviru caviicmeamu,

Boawwiit pacreop amvuaxa Takme pacrsopser Cu(OH), 32 cuer
00pa30BaHAg APKO-CUHE20 KOMIUIEKCA!

Cu (OH); +4NHj =[Cu (NH1)4] (OH),

Coemmnesna mean (I). ITomunmo coeapBeHnit CO CTENEAbIO OKHCIIE-
HEd +2 OIS MeJA H3BECTHR! COCOHECHHS CO CTENEHbIO OKHCIEeHHH
+ 1. Comm menm (I), kax npasano, sepacTeopaMsu B Bope (Cull, Cul,
Cu,;S), Ho 3aT0 0OYeHL XOpPOImO PaCTBOPHME! B KOHINCHETPHPOBAHHOM
pacTBope ammHaka ¢ ofpaloBamHeM KOMILICKCHRIX cojielf; Taxke
XOpomo pPacTBOPHCTCA B aMMHEaKe okca meaa (I):

CuCl+ 2NH; =[Cu (NHa);IC!
Cuy0+4NH; + H,0=2[Cu (NH3)0H

Coemanerrs Menm (I) mmeior Genyie okpacky mbo OGecrmBeTHH.
310 obsacAseTCE TeM, 910 B HoHE MenH (I) Bce maTe 34-opbuTarneii
3an0NECHE DApaMHB 3NEKTpOHOB. VICKmOYeHHEM SBINETCH OKCHJ
Cu,0, xoTopriii mMeeT Kpacnosamo-xopuwnesyio (OPAHKEBYIO)
OKPACKY. '

HaMenense OXpacKd COCAMHEHHH MEJH OpHA USPEX0/c B3 CTCOCHA
OKHCJIeHMS +2 B CTeIeHb OKHCIIeHAS + | HCOONL3YETCR B opzanuvec-
Koll Xumuu OAR Kavecmsewhozo ahasuza. Tax, cBeXeOCAREHHbIN
Cu (OH), ronyforo neeTa BOCCTAHABIIABACTCH AMBACTHAAME HIH YT-
JeBoaaMA (FIIOKO30H) B Mceamwiii ocadox rAgpoxcmma menn (1)¥;
nocnenHAi gaxe OpR cnaboM HArpeBaHMH PacnaAacTCH HA BOAY
o opanxcesniii oxcug Cu,O:

. *Ha camom pene regpoxcasn Menp (I) X4k HHARBHAYANLHOS COSARHEHRE HE
TIOTyden; B pacTBope obpasyeTcs IEppaTHpoRazHEERM okcan CuyO- xH;O, a m pac-
TBOpa MOXeT OHTh BROensR momiko Cu0 (cm.: XemAveczay 3EOEEKTODEAES. — M.:
Corercxay >Enpkionemas, 1990. T. 2. C. 1329,
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CH;—C:/O +2Cu (OH); -
H
O F
- {CH;——C/ +2Cu (0H)+H20} -
: \OH

O
- CH;—C'// +Cu0+2H,;0
H

3amMeTEM Takke, 9TO XOMIUIeXCHBIe coma Mexm (I) nmpoxo mc-
DONMB3YIOTCA 8 Op2anudecKkofi Xumuu 048 obDHapy»scenwus, a HHBOTAA
B 047 sbideAenun AAKuHOS M3 CMecell BX ¢ JIPYTHMA YIIIEBONOPOAAMHE
ép;;sz)mer 06 anmxmeEax c TpOHMHOR CBA3BIO Ha KOHye yenu — CM.

R~C=CH +[Cu (NH3}]( -+ R - C=C—Cun| +NH,+NH;

Ty

B 1a60paTOpPERX YCJOBHAX MCAER NONYIAIOT POCCTAROBJICHACM
CuO pogopoAOM RJH BLITECHSHMEM RENe30M HIH DHHEOM IO CXEME
(20.5) m3 Boxmoro pactBopa CuSO, IIpoMeImneEHOE IOJIYYCHHE
Meqd ocHOBaHO Ha ob6paborke cympdEAELIX pyn menn. Mems B wn-
CTOM BHJC HCOONB3YETCH A H3IOTOBJICEHMS Kabejid, IpPOBOIOKH
H Tpy0. BOmbiDag 49acTh MEAH HCOONB3YCTCE B BHAC CIUTAEOB,
OCHOBHAS 4aCTh KOTOPRIX Aagmynu (MEAHO-IHHKOBRIC CILIABEI, CO-
gepxamme oT 4 go 50% pmHERa) @ Oponsei. Epoussi — CILUIABH
HR OCHOBE MeaM, B KOTOPHIX INIABHRIM JISTHPYIOMIHM 3JIEMEHTOM
Moxer Onrh Jsrofofi xmMmEveckmil 3neMeHT, 33 MCEMIOYcEMeM Zn
a Ni. Han6onee mapectaRl onopsHEHKE (10 ~ 2 Sn) M amoMHABAEBLIC
{or 4 no 10% Al) 6ponsnl. OnopsHEas OpoH3a — npesreimmE
CIUIAB, BHILIAB/ICHALIN 9CTIOBEKOM.

§ 20.7. Limax B ero coeupenns

Hurx — cepebpucro-Gennii Merann. B ormEYHE 0T OCTANBHAIX
OEPEXOQHAEX METAILIOB YeTBEPTOrO NEpPHOAA OR Jerkoniabok. Kpome
TOTO, IHHK HPOABIACT TOJLEO ORHY CreneHs oxucnesma: 2. ITo-
CEKOJILKY LpH poTepe ABYX 4s-3j1€XTPOBOB 00pas’yercs UOIHOCTHIO
3anoJTHEHEL 3d-nomyposens (3d 45 —2e~ — 34%), ugEK DO cBOEM
CBOBCTBAM 33aHEMACT DPOMEXYTOUHOC HONOXKEHME MEKAY Hepexoi-
HEIMHE H BEIEPEXORHEIME METAIINAMH.

1la8x — BecbMa aKTHBHLI MeETaNn, OH pearHpyeT C CHIbHLIMM
meJo9aMH NpY HATPEBAHEM H CO BCEMH KHCIIOTAMH! -

Zn 4 2NaOH + 2H,0=Na; [Zn (OH)4j+Hat (20.6)
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Zn+ 2HCl=ZnCly +H,1 (20.7)

B peaxman (20.6) o0pasyercs AHHOHHEIR XOMILIEKC mempazuopox-
cuyurikama; peakipad (20.7) mmpoko ucmonmiyercs B abopaTopHOH
OpAKTHKE I DOXYISHAS BOJOPOIA.

IIpu He6ONLIIOM HArpeBAHAH IHEK BCTYHAeT BO B3AHMOREHCTBHE
¢ KACHOPOJAOM, raloreBaMH, cepolf, 4 HIpE CHILHOM Harpesa-
HAM — CO MHOTHMH APYTHMA HEMCTAJLIAMH.

Oxcud yunxa Zn0, xax B 2udpoxcud yumxa Zn (OH),, npospismoT
amg@iomepusie CBOMCTBAR, PEarHpys KAK C KHCIIOTAMM!

Zn0+H380,=7ZnS04+H,0
Zn (OH); +2HBr = ZnBr; +2H,0

TaK H CO INENOYaMH; IPH 3TOM IOPH BIAHMOJCHCTBHE C pacmseopamu
menogeit 06pa3yIOTCA KOMILICKCHBIE MeMmpazudPoKCuasio MUHambl:

Zn (OH); +2KOH =K;(Zn (OH)4]

C MIapJCHRECM Xe THAPOKCHAA HIH OKCAHAA IHHKA CO OleJjovaMH

OONYIAKT YURKAMbL.
ZIn0 + INaOH =Na,Zn0, + H,01

B nmafoparoprax NmWMHK NOMYYAIOT BOCCTAHOBNCHEEM OKCHAA BO-
JOpPOOOM, YIjIeM HIA oXcHioM yriepona (II). B xavecrse mexoqsoro
CHIpbS B MPOMKIUICHEOM OPOM3BOACTBE LHEXA HCOOILIYIOT CYyib-
trmarie mEEKOBEE pya. OCHOBHAA YACTh IIHHKA MCHOJB3YETCH JUId
OIHHKOPAHHA XKeje3a. KpoMme TOro, mMEK BXOAHT B COCTAB MHOTHX
BaXHLIX CIUIABOB, HaAbosee H3BECTHRLIH B IMHPOKO NPHMEHSEMEIH A3
KOTOpHX — NaTyHb (cM. § 20.6).

§ 20.8. Cepebpo m ero coeauneHns

Cepefipo — Gennlil MeTaiL], KOTOPHIE ABISETCA HAMIYYIAM LpPO-
BOJHHKOM TEIUIOTH ¥ JJ1eKTPHIECTBA CPEAH BCEX XHMHIECKHX JJIEMe-
HTOB (OQHOBPEMEHHO €I'0 OTHOCAT K CEMERCTBY 6.4a20podHblX Meman-
408). Cepebpo npurapiexnT k noarpynre Mean. Kax g Mear, cepebpo
He peazupyem ¢ pa3basAcHHbIMU COAAHOU ¥ CEPHOL KuCAOMAMU, HO
pacTBOPAETCE B KHCIOTAX-OKHCIIHTEIIAK.

2Ag+ 2H.80y(rorn) = Ag:804 + SO-T +2H,0 (20 .7)
Ag+ZHNO;(xopm) = AgNQ; +NO,1 +H,0 (20.8)
3AR -+ 4HNO;(pa36)=3AgNO; + NOT + 2H,0 (20.9)

B 6oapmunECTBE cociHHCHAR cepeOpO NpOSBIIAET CTENEHD OKHCIIE-
gug + 1, xax, manpAMep, B oxcude Ag,O mna zudpoxcude AgOH
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(kcraTh, BecbMma BeycroumpoM). OKCHJI DPOSBASET TONBKO OCROB-
HBI€ CBOACTBA: OH PACTBOPHM B KHCIOTAX B HEPACTBOPEM B IICIOYAX.
Pacteopermem Ag,0 B xmcioTax (WIH MCTALIHUECKOro cepebpa
B KHCJIOTAX-OKECTHTENSX — oM. (20.7} — (20.9)) nonyuaroT comm ce-
pebpa(d). VI3 sEx B Boue pacrBopaEMEl ¢TOPHA, ANCTAT H HATPAT.
ITocnemauit McnoIE3yeTcs XAK PEAKTHS VIS Ka4ECTBEHEOr0 ONpPeAcIe-
Erg HoHOB C1™, Br™ m 17, mockomsky mps 3TOM 00pa3yoTcs xapak-
Tepanle ocaaxd AgCl, AgBr mnm Agl (cMm. § 14.3)

Ag* +Hal™ =AgHai]

ITpr noGasnermn menoud k pacrBopy AgNO; obpasyerca mem-
ro-xopuwnesstii ocadox oxcuaa cepebpa Ag,0O (re reRApoxcBI):

2AgNO; + 2NaOH= A0} +2NaNO; + H;0

Iloaobao coeamnermanv Menn(I), ocaaxrn AgCl m Ag,O moryr
PacTBOPATHCA B PACTBOpAX aMMHAKA ¢ 0Opa3oBaHMEM ROMILIEKCHEIX
COCTAHCHAH:

AgCl+2NH;=[Ag (NH3);Cl

Ag,0 +4NH; + H,0=2[Ag (NH;)JOH

ITocnenumii KOMILICKC «aMMEAYHLIE PACTBOP OKCHIAA cepebpan
HCHONB3YETCA B OPTaHHYECKOH XHMMH § KQYecmseHwoil peaxyun ha
assdezudsl (peaknnd «CcepeGpAHOro 3epranay):

CH3CHO +2Ag [(NH31):JOH =CH;COONH+ 2Ag} + 3NH3 + H,0

Taxmm 0Opa3zoM, MOXHO OTMETHTB, YTO HE TONLKO THJIPOKCHI
cepebpa, HO H MHOTHE APYrHe COeXMHCEHH cepeOpa SBIAIOTCH HE-
ycroiraHBnIME, ocobermo npa BEemHAX BOsacHcremsx. Tax, yxe Ha
CBETY TaJIOreHsau Cepebpa pa3naralores 4o ceoboxnaoro Meraia (8
IpH 3TOM OKPAIIHBAIOTCA B CEphIli HITH 9EPHLI OBET), ITO HCNOJIB3Y-
ercsa B doTorpadmn:

b
2AgBr = 2Ag| +Br;

TaK %e¢ JErko MOoA BO3ACHCTBHEM CBETA KA IPH JIETKOM HArpeRa-
HeH {~ 100 °C) pa3naratorcs 10 ¢cBoSOAHOTO METa/T1a OKCH/l, HHTpAT

H xapbonaT cepebpa:
2A8,0=4Ag+0,1

2AgNO;=2Ag +2NO; T + 0,1
2A8,C03=4Ag+2C0,1+0,1
B caMoM BAYATIE MBI OTMETHJIR, 10 cepebpo oTEOCHTCE k cemellcTBy O1a20podubix

Memaatog (3TO — NOPOTOCTOSIIAE METRJUIH), @ HOITOMY, HECMOTPE B2 1o, WT0
cepebpo — caMmulll pacHpOCTPAHCAHBIE B ApEpOJe B3 GUArOPOAHAIX METALIOB, BCE

265



cepebpocomepxamine OTXONN DIPOMNILISHAOCTE B TexEoorun (orpaboTananie doro-
MATEPHA T, EORTAKTH ATEXTPOHAOMN AIMAPATYPH A T. I1.) 06S38TE/EHO MOBCPIAIOTCR
uepepaboTEe ¢ DENHLIO H3BJNCUCHHN «BTOpEYHOTO® cepefpa. «Bropmwmoe» cepebpo
BHOBE PACXOAYETCA B OPOMRITIIEEHOCTE B KoTAIecTe ~ 60 — 70% oT oSmero noTpe-
Gregny cepebpa. -

Tnasa 2l
BJATOPOJHBIE ARl

§ 21.1. Oﬁmu XapAKTEPECTEKA

BraroponsLMe (EHCPTHEIME) FA34ME HASHBAIOT 31€MEHTH FlIaB-
Ho#t noxrpynner VIII rpymnsr: zeausi He, reon Ne, apzon Ar, xpunmon
Kr, xcenon Xe u padon Rn (pagHO2KTHBHEIN 37HeMCHT). Kaxmwili
OnaropopBBi ra3d 3aBepIIACT COOTBETICTBYIOIHX OEPHOA B ICPH-
OAMMYECKOH CHCTCMC B HMECT YCTONYHBALIN, DONHOCTHIO 3aBEPINCHHLIA
BHEMIENH JNCKTPOHERIE ypoBeHb (Tabn. 21.1). _

Tabaena 21.1. necrposmoe cTpoeunt GIArOpOXEMIX ra308

Hasmaame BnexTperRas xoEdGATYpaATI Pammyc Moremmean | Crenesm
_u'rmn, B jpoEmarmm, 9B)  oxpcneARs
Temtdi He 15 6,122 24,6
Heor Ne Me]2572p* 0,160 216
Apros Ar . [NeJas?3p® 0,191 158
Kparror Kr [Ar]3d*%4524p% 0,198 14,0 +2, +4
Kcenor Xe [KrJd105525p6 0,209 12,1 +2, +4,
+6, +8
Pajger Rn [XeJf 145419652 6p5 — 108 +2, +4, +6

Bcee 61aropoasic ra3sl BXOAAT B cocTas poaayxa. B 1 m? Boxyxa
conepxurcy 9,3 n aprona, 18 M1 Beona, 5 M reJms, 1 MI KpEOTOHA
u 0,09 M1 xcemona. I'emmiit — BTOpO# MO PacmpocTPaEEHHOCTH (IO~
cne Bogopoga) anemeeT Bo Beenemno#. Conanme npamepro Ha 10%
COCTOHT M3 Ieids, KOTOphIi ofpa3yercds H3 BOAOPOAA N0 DEAKOHH
SIEPHOrO CHHTE3R:

AYH — *He + 28" +27

(8" — nosmrpon, v — amTEEel#iTpEHC). B cnexrpe mnyuemms Co-
JIHIA JOBOJHHO HHTEHCHBHO NPOSBIIAIOTCA JIHHHH Te)HfA, KOTOphIe
6nunm BoepBric oORApyxensl B 1868 r. Ha 3emne renwmit Onin wadinen
TONBKO B 1895 r. npH coexTpaEHOM aHANH3E r430B, BRIAEISIOMIAXCH
OpE PpacTBOPEHHM B KHC/IOTAX MmHepana xiueperta U,0p Vpan,
BXOAMIAN B COCTRB MHHEpana, CAMOOPOM3BONLHO PACHANAETCH IO
YPaBHEHHIO: :
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3387 — 234Th +*He

Ecma g/1pa ypana pacnanarorcsa B o6neme ofpasna, To obOpasyrommpmii-
CE Te/IHiA 3aCTpeBaeT B NYCTOTAX KPHCTAJLIMYECKOH PEIICTKH H OCBO-
6oxpaeTcy NpE pacTBopeHEH o0pasna.

OctamsEne OnaropojgEnie rasel ORI BRIAENCHH H3 BO3IAYXA
(370 — ocHoBEO# cnoco6 mx monydepms). Ilepprm 6ui1 OTKpPHEIT
aprod. B 1893 r. V. Pamsaii m JI. Paefi oOparnim BHAMAaHNE HA TO,
9TO OJ{HH JTHTP 330Ta, BHICISHEHOr0 B3 BO3/yXa, BECAT HpH HOPMAIL-
HEIX ycnopasx 1,257 r, a IRTP THECTOTO a30Ta, HONYYCHHOTO XHEME3EC-
KEM IIyTEcM, HAaOpEMEp pPAa3OXeHECM HHETPHTA AMMOHHN, BECHT
1,251 r. DTOT pe3yabTAaT O3HAYAN, ITO A30T M3 BO3AYXA COACPKHT
OpEMECE SoJlee TAXREIOro raia, KOTopest ORI BEIEICE OyTEM Yaaie-
HES 230Ta H HA3BaH aproHoM (OT zpey. HelledTeIIbHELH).

Bee 6naroponusie raskl COCTOAT A3 OTHOATOMHRIX MoJexyl. Ilpa
OOLIMHEIX YCIOBHSX — 3TO rasn 6e3 ppera H 3amaxa, IUIOXO pac-
TBOpEMEIE B BoJe. FIx TeMnepaTyphl nnaBIeHBS H KHICHHS 38K0HO-
MEPHO YBEIIHYHBAIOTCA ¢ YBEJIHUCHECM aTOMHOIO HOMEpA.

VHEKAIbELIME  (H3EYECKEME CBOHCTBaMEH 00IazaeT remi.
Bo-nepBrix, 310 — EIUECTBEHHOS B3 H3BECTHLIX B OPHPOAE BEIIECTB,
KOTOPOZ OCTaeTCd XAHAKAM HOpH CAMBIX HHIKAX TeMIIEpaTypax,
o1 o 0 K. OB KpECTANIA3YeTCS TONLKO DO AABNCHAEM 25 aTM.
Bo-BTOpHIX, renmmii HMeeT caMyl) HHIKYI0 H3 BCEX BEINECTB TeM-
geparypy kumenms. Haxomenm, camoe HHTEpECHOE CBOMCTBO re-
nEs — ceepxrexydects. IIpu Temmepartypax Emke 2,2 K xuaxmit ‘He
CYIIECTBYET B BHAC CMCCH ABYX KHIKOCTCH, OAHA H3 KOTOPAIX HMECT
oOkrELIe cBoiicTBa, 8 Apyras — aEOMANbHEEIE. CBepXxTekyd4asd KOM-
DOHEHTA XEAKOTO FElHa EMeeT HPAKTHIECKR BYJIEBYIO BS3KocTh (B 10
MIpJ. pa3 MeHbIIle, 96M Y BOJIEL).

§ 21.2. Xammvieckne coeumenus Gnaropoasnx razon

B cBs3¥ C 38BEPIERHOCTHIO BHCMIHENO 3JIEKTPOEHOIO YpPOBES
OraropofHKE ra’sl Ype3Bhvaiiio XEmMHYECKH HEepTHR. o 1962 r.
CYHTANIOCh, YTO OHH BOOOINE HE 00pa3yIOT XEMHICCKHX COEAHECHHN.
K sToMy Bpemenn GLLIA NOJTydeHsl HEKOTOPHIC COSMEHCHRS KNATpaT-
HOTO THIOA, B KOTOPHX aTOM Olaropomsoro rasa mMexaswveckn (Gea
ofpa3soBaHHd XEMHICCKHX CB3€i) YACpEHBAcTCH B KapKace, obpaso-
BAHHOM MONEKyJaMH apyroro Bemiecrsa. Hanpumep, HpE CHIBHOM
CKATHE AProna HaJ NepeoXIaXACHHOM BONo’ Grin BRIEICH KPACTAN-
noraapaTt Ar-6H,0. B To %xe BpeMs Bce DONLITKE 3aCTABHTH Garo-
POAEBIC ra3pl BCTYOATh B PEakAM JaXe C CAMLIMH 3HEPrHYHLIMHA
oxmcnnTenaME (TAKHME, Kax ¢TOp) 3aKaHYHABAIHCE DE3pe3yILTATHO.

Tleproe xEMHAUECKOE COCAUAEHHE, B KOTOPOM ATOM BJ1aropoaHoro
raza ofpa3’yeT XHMHYSCKHE CBAIM C JPYTHAME 3IEMEHTAMHE, ITOIYYRI
B 1962 r. H. BapTnerT. B.ogHOM H3 2KCOEPHEMEHTOB C reKCad TOPEAOM
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mnaraEn PtFg BapTrieTT noMyYAi KpacHHE KPECTRIUIB, KOTOPEIE 110
pe3yIETaTAaM XEMHYECKOro aHamm3a mMend ¢opmyny O;PtFg m co-
crosuH B3 sonos O;* & PtF;~. DT0 o3masano, aro PtFs — HACTO/Ib-
KO CHIIbHBIH OKHC/IATENS, 9T0 OTHEMACT 3ICKTPOHK JAXKE Y KBCIOpPO-
fa. BapTnerT penman OXHCIHTL eme Kakoe-BuOyab sddexTHOE Bense-
CTBO H co00pa3mi, 4T0 OTHATE IECKTPOHKL ¥ KCEHOHA €IIe JIerde, IeM
y KHCJIOpofia (HOTeHIHANE! RopH3amaa: 12,2 3B y O; B 12,1 3B y Xe).
OH noMecTHN B COCYA rekcadTOPHA (WIATHHEL, 3AMYCTHI TYAA TOYHO
H3MEPEHHOE XONHYECTBO KCEHOHA H 4Epe3 HECKOJbKO JacoB IOyl
rexcad TOpOIIATABAT KCEHOHA!

Xe+PiFg=Xe[PiFg
Becrope BaprieTT OCymiecTBHEN H PEakIHIO KCEHOHA ¢ GTopom.
Oxa3zanocs, 9T0 KCEEOH XOpOmO pearHpyer ¢ (ropoM IpH Har-

PCBAEMH B CTEK/INHHOM COCYAe, NpH 31oM obpasyerca cMecs dro-

PRIOB.
dmopud xcenona (11) XeF, obpazyerca mox AeHCTBAEM REEBHOFO
CBEeTa Ha CMeCh KceHoHa ¢ $pTopoM npH obrrino# Temmeparype:

Xe+Fy=XeF,
HIH OpHE B3amMogeiicTBrr xcernona H F,0Q, opu — 120 °C:
Xe+F20:=XeF2+05

XeF, — OecrnpeTHRIE KPECTANLIL, PACTBOPAEMAIE B Boge. Moneky-
1a XeF, maneiina. Pacteop XeF, B BoA¢ — OYE€HBL CIbHLIA OKHCIIH-
Tens, 0CO0EEHO B KHCIOH cpefe, rAie OH cnocofen oxHCNSTHE GpoMm
¥ MapraHer A0 HX BeCneH cremens okucieHmEs (+7). B menmouno#
cpeae XeF, reaponuayerca OO0 yPABHEHHIO:

2XeF; +4KOH =2Xe+4KF + 0, +2H;0

Omopud xcerona (IV) XeF, obpasyerca npa HArpepaHAH CMECH
kceHoHa ¢ pTopoM no 400 °C:

Xe + 2F2 =XCF4

XeF, opeacraBnmer cofoil Oecnpermnie xpmeranmu, Moaexyna
XeF, — «xpagpat» c atoMoM kKceHoHa B penrpe. XeF, — oueEn
CIIIBHHA OKBCIIHTEIH, HCOOAB3YETCH KaK GTOPHpYIOIME AreHT:

XeF 4+ Pt=PtF4+Xe
XeF4+2Hg=2HgF;+Xe
ITpu B3amMopelicTerm ¢ Boaoi XeF, nucnponopoEoOEApYET:
6XeF 4+ 12H,0=2XeQy+ 24HF +4Xe+ 30;
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Dmopud xcenona (VI) XeF; ofpasyercs 3 30EMEHTOB PR Harpe-
BaHHH H NOBLINICHHOM JaBIICHEH (ropa:

Xe+ 3F, wXeFg

XeF, — Gecnpersnie kpucrauml. Monexyna XeF, npeacrapnger
cofoit HCkaXeHHRIA OKTA3AP ¢ ATOMOM kceBoHa B nerrpe. IlogobHo
IpyraM (ropEaaM KceHOHa, XeFg — OUCHb CHILHBIE OKHCIHTENb,
MOXET MCHONL30BATHCA Kak dTopapyromaii arenr:

8i0, + 2XeF 4 =2Xe0F 4 4-81F
Bono#k XeF¢ 9acTH4HO pasjaraercs:
XeFg+ Hy0 = XeOF , + 2HF

Oxcud xcenona (VI) XeO; obpasyerca npa ragpoimse XeF, (cM.
pume). D10 — Gemnoe, EeneTyuee, OYeHL B3PHIBUATOS BEHIECTBO, XO-
poOIIO PACTBOPHMO B BOJE, INPHYEM DPacTBOpD HMEET CnabokHCIyIO
Cpeay 3a cueT peaKnMi:

XeOy+H0 2 HoXeOy 2 HY +HXeO4 ™

Ilpu peiicteap o3oHa ma mienowmoli pacreop XeO; obpasyercs
COJIb KCEBOHOBOM# KHCIOTHL, B KOTOPO#H KCEHOH HMECT CTeHCHb OKHC-
JiegEn +8:

XeO34 03 +4NaOH = Na XeO;+ 05+ 2H,0

Oxcud xcernona (VIII} XeO, Moxer GNYbL DOJYYCH BPH B3aHMO-
IeficrsHRr nepkceHaTa Oapma ¢ Oe3BoAROH cepHOH KECIOTOH DPH
HH3KAX TEMIICpaTypax:

Ba;XeOg+ 2H2804 = 2BaS04+ XeOy 1 + 2H20

XeQ, ~— GecupeTHLIH ra3, KoTophifi 04YeER BIPEIBOOIACEH H pa3iara-
ercs IpH TeMueparypax ssime 0 °C:

3XeO0y=2XeOy+Xe+30;

Y3 coemmmennii apyrax Onaropoannx rasos mi3pectHu KrF,
KrF,, RnF,;, RnF,, RnF,, RnQ;. Cauataercs, 9TO AHAJIOTHYERE COCHH-
HeHHs TeIAf, HCOHA M aproHa Bpan aH Gyayr xoraa-aubyixb noryde-
HH B BH/C SHAHBAIYANLHLIX BEIIECTB.

Tem He McHESe XMMHYECKHE COCNHHCHMS FeJds, HEOHA M AProHA
CYLISCTBYIOT B BHAE TAaK HA3LIBACMBIX IKCUMEDHbIX MOJIEKYH, T. €.
MOJICKYJI, Y KOTOPRIX YCTOHYHBLI BO30YKACHHEIE JIEXTPOHHKIE COCTO-
sSHES H HEYCTOHMYHBO OCHOBHOE cocrosnme. Hanpmmep, mpm amext-
pHYECKOM BO30YXKAGHMM CMECH AProHA H XJI0Pa BO3MOXKHA rasodas-
HAaf peaxkmus
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Ar+Cly - ArCl+C1

¢ ofpasopammem sxcamepHOE Monexyms ArCl. AmanormdEo, npH
peaknasx Bo30YXJCHHLIX 2TOMOB 61aropoaHbIX ra3os MOXHO HOJY-
9ETH NEJRE Ha00p ABYXaTOMBBEIX MOJICKYII, TaxHx, Kax He;, Ne;, NeF
B T. . Bee 3TH MOJIeKy/IE! HeyCTONYHBH B HE MOTYT OBRITH BRIACICHRE
B BH/I¢ RHAHBHAYAIBHRIX BEINECTB, OAHAKC HX MOXHO 3apErHCTPHpPO-
BaTh M H3YIHTE CTPOEHHE AX MOIEKY]l C HOMOIIBIO CHCKTPOCKOIHYEC-
KHX METOZIOB. ‘ :

§ 21.3. Ilpamenenne GraropofHLX raos

Bnarogaps cBOBM He3aypsmgHLIM (H3HIECKAM H XHEMHYECKHM
CBOHCTBAM OnaropojsEnie rainl MHEPOKO OPHEMEHSIOTCH B TCXHHKE
H B HAYYHBIX HCCICIOBAHWAX.

Kunxait remalft Bcnons3yerca B JA0OPATOPHRIX MCCICAOBAHHSIX
AN DONYYEHHS CBEpXEmIKMX Temueparyp (mmke 4 K). Cmecs 80%
rexms 2 20% xBCIOpoaa mpeacTasaseT coboii ACKYCCTBEHRYIO ATMOC-
bepy ans AnIXaEWS BOA0aa30B. Iemit — camurit lerkmil nocne BOgo-
pola ras, I03TOMY €r0 9aCTO HCDOJBL3YIOT JJIS HANOJHCHAS JHPHKA-
6neii, aspocrarop ®H 30HH0B. IlogneMHAS CENA TeuHs Ha BO3AYXE
cocrasmger 93% ot nogneMuoil crik BOROpOAA.

Heon, aprog, xpEOTOH H KCCHOH IMHPOXO HCOOJIL3YIOTCA B CBETO-
TEXHHXE ANSE OPOEIBOACTEA Ial0pa3pagEkx TpyOok. Ilpa mpoxoxpae-
HEH TOK2 epe3 HEOHOBRIC H/IH AProHOBLIE TPYOKH ra3 HavuHHAET
CBETHTBLCH 3a CUET INEKTPOHEKIX HepexoioB Thma (* — obo3magaer
Bo36yx/eaHOe COCTOSHEE ATOMA):

Ar* — Ar+hv

IIBeT B3NyvCHAS 33BHCAT OT AABJICHHS ra3a.

AproH — camusit pemesrrid w3 Graropogseix rasoB. ITosTomy
HMEHHO OH HCTIONLIYETCH B TEX CHYIaKX, KOrAa HeoOXomEMO coazaTh
HHCPTHYIO TMOC(HEpY, HAIPEMED OPH IPOBCICHAR XAMHEIECKAX peak-
i, DIPOAYETH KOTOPHX PEarupyloT ¢ KHCIOPOJOM BO3XYXA.



YACTbSD IIX
OPTAHUYECKAA XUMMSA

Caasa 22

| OCHOBHBIE IIOHATHA N 3AKOHOMEPHOCTH
B OPTAHUYECKON XUMIN

§ 22.1. IlpeameT opragreckoll XEMER

OpraEmyecKyso XAMHIO IPAENTO ONPEACIATL KAK XUMwo coedune-
Kutl yz2Aepoda. Vrnepon BHAENSSTCS CPEAH BCEX 31eMEHTOB TEM, 9TO
€ro aTOME MOIYT CBSSHIBATHCE NPYr C APYIOM B JUIHAHLE NEOH HIH
k. MeHRO 3TO CBOHCTBO mO3PONgET yriaepoay oOpajoBHIBATH
MUARUOHD. cOedurenul, H3AyIeHnr0 KOTOPLIX HOCEBAINEHA Nexas ob-
JIACTL —— OPZAHUNECKAR XUMUA.

Hecxompko OpEYEE O0YCIOBEIA HPOSBICHAS YIIEPOAOM BhIINlE
OTMCYEHBRIX CBOHCTB. JIOKA3aR0, 9TO 3BEPrHs CBM3H (UPOYROCTH
ceman) C— C conocraBuMa ¢ npodsocThio cBsieit C— O, ing cpasee-
HES YKAKEM, 9TO CBL3b Si— O HaMHOTO Dpousee ¢BE3m Si— Si. Vrie-
poA obnanaeT BO3MOKHOCTHIO OPOSBISTH HEe OXHY, & LCNHIX TPH
PASHOBEAHOCTE rEOpHEIaman opburaneli: B cnyyae sp’-raGpuamsa-
naE obpasyrorcs weThipe rubpEgENX OPOATATH, BMEIONHEC TCTPAI-
PHYECKYIO ODREETALHIO; C HX DOMOINBLIO 0Bpa3yloTCs BPOCTHE X08a-
AcHmHble CBE3M; B Clydae sp?-rubpmamsanum obpasyorcs tpE rab-
PEABLC OPOHTAIM, OPHCHTHPOBAHHEIE B ONHOH IUTOCKOCTH, H € BX
DOMOIMEK OOpasyloTca dsolinblie Kpamnubie CBA3H; HAKOHEN, ¢ NOMO-
B0 ABYX sp-rEGpEIA3OBAHELIX OpOETamcH, MMEIOmMEX IHHEHHYIO
OPHEHTANAIO, MEXAY ATOMAMHA YIJIEPONA BOSHEKAIOT mMpouksie Kpam-
nvte cpasd. CeifMac X0pomo H3BECTHO, 4TO ATOMM YIiepoaa ciocob-
HH 00pa3OBRBATE OPOCTHE, ABOHHLEIE H TPOHBEE CBE3H HE TOJLKO
APYT ¢ APYroM, HO TAKXKE K ¢ JPYTHMH 31cMeHTamMd. Taxmmv o6pa3onm,
COBPEMCHHAA TEOPHS CTPOCHHN MOJEKYJN (e€ OCHOBH CM. B Il 3)
oOBACHEET H OrPOMHOE THCIIO OPraHMMECKAX COCAHMACHHI, H 3aBHCH-
MOCTE CBOUCTB 3THX COSHHACHAN OT HX XEMHYECKOTO cTpocHHA. OHa
e HONHOCTHEX0 NOATBEPXAET OCHOBHLIC NPHHOMAILI MEOPuld Xumu-
yeckozo cmpoenus, paspaborasEoli Bo BTOpol monosmeEe XIX B,
B KOTOPYIO PEMIRIONIHEA BKAR BHEC/IA HAYIHAN MKOJa BHARICINETOCK
pycckoro xemaka A. M. Byrneposa.

OCHOBHEIE OONOXKEHKS 3TOH TEOPHR (HHOI A €¢ HAa3hIBAKOT CMPYK-

myproil} CBORSTCH K CTIEAYIOMEMY:
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1) aToMB B MONEKYTIAX COSUHEHE MeXK LY coboll B onpeneneunoMm
POpPAJIKe XHMMYECKHMH CBE3fIMH COIJIACHO HX BAJIICHTHOCTH;

2) cBOHCTBA BEIECTBA OLPEACIIAIOTCS HE TONBKO KAYCCTBEHHBLIM
COCTaBOM, HO H €r0 CTPOCHHEM, BIAMMELIM BIHSHMEM aTOMOB, KaK
CBS3aHHBIX MCEAXY CO0OH XHMHYECKAME CBA3AMHE, TaK d BeMOCPEACT-
BEHEO He CBE3AHHLIX,

3) cTpoeEEe MONEKY MOXET ORITH YCTAHOBIICHO HA OCHOBE H3y4e-
HHS HX XHMHYECKHX CBOHCTB.

Bax\riM cnepcTsEEM TeOpHH CTpPOcHHS ObLT BRIBOA O TOM, 9TO
KakZ0e OpPraHAaeckoe COe/fHHCHENE NO/DKHO AMETh OQHy XHMHYECKYIO
dhopmyy, ompaxcaiowyw ee cmpoenue. Takoli BRIBOA TEOPETRICCKE
0GOCHOBRIBAJI XOPOIIO H3BECTHOS VXK€ TOTAR ABICHHC UIOMEDUL, OT-
kpertoe B 1830 r.,— cywecmaosanue sewecme ¢ OTABAKOBRIM MOJICKY-
IIEPHEIM COCTABOM, HO 001 AI0IMIMX PasTHYHLIME CBORCTBAMH.

CymecTBoBaHAE u30Mepos NOTPeGOBAIIO ACIONE30PAHNY HE TONb-
KO OPOCTHIX MOJCKYNEPHHIX GOpMyl, HO H cmpykmyprbix bopmyi,
OTPAXAIONHEX NOPIA0K CBA3H ATOMOB B MONICEYJIe KAKAOT0O H3I0MEpa.

Cmpykmypran gopmysa — m300pakeHde XHAMHYECKEX CBAsci
MEEAY ATOMAME B MOJNEXYNE ¢ YISTOM HX BANCATROCTH (oM. ro. 3).

§ 22.2. Knaccndmcamn OPraHEYEtKEX COLIHBeHn

Kiascempuxamms. g xnaccAQHKANRA OpragmvyeckuXx COCAHREHHHN
Io THEAM H UDOCTPOCHHS HX HA3BAHAH B MOJIEKYJIE OPTaHHYECKOIO
COCTHHCHHS OPHESTO BRIICIATE y2A4epodusiil ckesem B dyrKyuaHaty-
Hble 2pynnul.

Yrneponuslii cxener npeacraBngeT coboll mocnenoBaTENLHOCTH
XAMHYSCKM CBR3AHHEIX MEXxay cobo#i aromoB yriepopa. Pydxom-
OHaNbEbIC IPynmu! o0pasyroT BCe aTOMRI, KpOMEe BOAOpPOAA, HIH
IPYODEL ATOMOB, CBS3AHERIE C ATOMOM YIJIEpOAa.

Tunvt y2aepodustx ckeaemoé. YTIEPOJHLEE CKENETH PAICISIOT Ba
ayukauvecxue (He CONEPKAINHE IHKIIOB), YUKAUUECKUE B 2emMepOYuUK-
AUYECKUE,

NS
NN -
bbb C—C~C—C— >C c—C—C—
—O——— 7 T 0 4T o T,0
Yo €—C— JC o<
|
2T eCRHEH HEEJIETeCKRii reTeponEKIEIeCKAl

B TETCPOIHKIHICCKOM CKeJiere B YPJICIJOJIBLIﬁ OHKII BXKIIHOYIACTCA
OJHH HIIH BECKOIBLEO ATOMOB, OTIIHYHEIX OT YTIIEpOJA. I/ICI‘OPK‘ICCKH
CIIOKHIIACH TPAOHIHA HE pPacCMATPHBATh TAaKHAC I CTCPORTOMBI KakK
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GyYEKIHOBAIbELIE TPYINILL, A CIATATh HX YACTHIO YIICPOJHOTO CKe-
nera.

B camix yriepoIHEIX CKENETax DOJIE3IHO KIACCHPENHpOBATL OT-
JeIbHERIE ATOME YINEPOJa DO THCIY XEMHYCCKH CBA3AHHEIX ¢ HAMH
atomMoB yriepona. EciE naHERmi aTOM yriepoaa CBE3AH C 00HuM
4TOMOM YTIIEPOAA, TO €r0 HAIKBAIOT MEPEUNHBIM, C OBYMAR — 8MO-
DUNHBIM, MPEMA — MPEMUYHBIM B YeMBIDLMA — YEMBEPMUNHHIM,

ITockonbky aTOME! YIIEpORa MOryT o6pasoBLIBATE Mexay coboil
HE TOJILKO OZUHEAPHLIE, HO H KPaTHHIE (JBOHEIE H TPOMHLIE) CBX3HE, TO
COEHHCHHAS, COZCpXAIIAC TOILKO OJAEAPHLIE CBA3H YIIEpOA — Yr-
JNEPOR, HA3HIBAIOT HACHIU4EHHbIMY, COCHWHCHAS C KPATHEIME Yrie-
POA-YTNEPOABLIME CBS3SMM HA3RIBAIOT Henacbiuennbimu. Coemune-
HHS, B KOTOPHIX aTOME ogr.negona CBS3AHH TOJBKO € ATOMAMHE BOJO-
poAa, HAIKIBAIOT y2AL8000POOAMU.

YrneBoAopoAsl DPH3HAHKI B OPraHAYECKON XHMHHE podonavats-
Huimu. Pajspoofpa3sHne coeadueEHs PAcCMATPHBAIOTCH EAK IPOM3-
BOAHKE YIJIEBOAOPOROB, HOJYICHHKIC BECACHHCM B HHX (YHKITHO-
BaIbHLIX TPYHIL -

Pysxmwonyibianic rpynosl. B 60MBMIABCTEE OPraHAYCCKAX COCTH-
HEHHH, KpOME ATOMOB YIJEPOAA H BOAOPONA, COACPEATCHS ATOMEI
APYTdX 3JIeMEHTOB (HE BXOAAmAe B CKeJeT). DTH ATOMBl HIH BX
I'PYIIAPOBKH, BO MEOIOM OOPEe/gIOMHEe XAMHEYCCKNE H (PHIMIECKHE
CBOHCTBA OPraHHYECKAX COCAHHCHWH, HASHBBAIOT (IYHKYUOKAABHbIMU
zpynnamu.

QyHXIHOHAILEAS [PYNIA OKa3LIBACTCH OKOHIATCARHBIM IpH3IHA-
KOM, IO KOTOPOMY COeTHHEHHS OTHOCSTCA K TOMY HJTH HHOMY KJIaccy.
Baxweiimae rpynusl npABeAcHEs B Tabn. 22.1.

Tabaana 22.]. Bampelmme $yEKIMOBSILELE T'YIIL]

QyHIMACEAILHAS TPYINA : Kmace coemelmx
ofoamavyenne BA3BAHEC
—~F, —-Cl, —Br, —1 Tanoren Tanoresonpoussommkie
. YTIEBOROPONCE
—0OH Tampoxcen Crrpral, beroms
) C=0 KapGopmx Anbnerspg, XeTOHE
A
—C Kapboxcan Kapboroste XRCIOTH
\
OH _
—NH; AmmAoTpynna AMBER
—NO, Herporpymma Herpocoengaeaas |

CoenHECHAS, KOTOPHE COMCPKAT HECKOIbKO (YHKOROEANLHBIX
IpyIl, HA3KBAIT NONAGYHKITHOHAILHEIME.
Hng onncaHEMs OPraHAYECKHEX COCAHHCHHH NONCIHNM SABAACTCH
HOHSITAE FOMOJIOTHISCKOTO paja. '
273



- Comoaormgecknii pan ogﬁuym' COe/IHECHNS, OT/INTAIOIMEECH JPYT
oT Apyra ha rpymy — CH,— noﬁ:mmonme CXOMEIME XUMEYEC-
KEMH cpoficTsamu.

§ 22.3. HoMeHKIATYPA OPranEvecKHX COeNHuenni

CoppeMeHEa® HOMCHKIATYpAa IOJDKHA ORTH CHECTEMATHYCCKOR
H MEXXYHAPOAHOH, 9TOOH CHENHATMCTHI BCEro MApPA MOIJH OTOG-
PajHTh B HA3BAHHH CTPYETYPY ooemexmxBn, paobopoT, o Ha3pa-
HHRIO OMHO3HAYHO OPEACTABHTH .- B HacTOsIIIEe BpEMA OpH-
3HAHA cucmeuamnugzcxaﬂ uoucmj%;a HIOIIAK UPAEIIp —
Mexayeapoansiii cot03 TEOPEeTAYECKOH H NPHKIANHON XEMEH).

Cpeq# BAPHAHTOB CHCTEMATHYCCKHX HOMCHKIATYP, PEKOMCHIY-
emrx V11O , HaADOIEe pacupOCTpAHEHHOH ABISETCA 3aMecrni-
meAbHaR noueumamypa Camo Ba3BaHHC HOMCEKIATYPH IHOKA3AIBA-
€T, YTO B COCAMHCHHH BLUICTIACTCA HEKAS OCHOSQ, B XOTOpPOH NpoH3-
BCICHO 3aMeyjerue aTOMOB BOAOPOAA HA. HHBIE ATOMBI HIIM I'DYHIRL
An8 DOHAMAEMS OOIIMX OPHANHEOOB NOCTPOCHAS Ha3PaHEA Opramd-
YecKHX COeAHHEHMI{ O 3AMECTHTELHOM HOMEHKJIATYpe HeoOXOomuMo
B NEPBYIO OvEpe/lb YCBOHTL HOMEHKIATYPY YINIEBOAOpOAOB. Bmecte
¢ reM npasana HIOITAK no3somsmeT yonorpelisTs HasBamas op-
raAMIecCKHX COCOUHCHHNR, NOCTPOCHHEIC Ha OCHOBE YCTAPEBINHAX mpu-
suaAbnofi B payuonassioli HOMEHKIATYD. IIpaBana HCmoJab30BAHHA
ITHRX HOMCHKIATYP H3NOXKEHH HHXE,

Io npasusam HWIOITAK Ba3saEHe OpraHHYECKOro COCIHHCHHS -
CTPOHTCH H3 HABAEHA IiasHOMN menm, o6pasyiomero KOpeHb CIOBA,
H HadBaAwl GyBEKOHI, HCOONBIYEMEIX B KAYCCTBE HPHCTABOK HITH
cyp¢mrcos.

Hns npa.nmmnoro HOCTPOCHHA HA3BaHAS HeoOX0JHMO IPOBECTH
BHIOOp INaBHOR HENH H HyMEPAKIO ATOMOB YIISepoAa B Hel.

B zaMecTHTENbHOA HOMEHKNATYpe HA3BRHHEE COCAUHEHHS LIpea-
craBngeT coboii COCTABHOE CIIOBO, KODEHB KOTOPOTO BKIIOYACT Ha-
3paHAe poroHAdanbHOM cTpykrypel. Haipasmus 3amectmrencdi obo-
3Hagar0TCH npedhrkcamm (nprcTaBkamMu) H cydduxcamm.

3aMmecTHTENL — 3T0 MOGOH ATOM MM rpymma aToMOB, 3aMerna-
OIEX aTOM BOAOPOAA B POJOBAYANBHON CTPYKTYpE.

DyHKYUORAALHAA Zpynna — 3TO ATOM HIIM IpYONa aTOMOB HEYI-
JICBOJOPOSHOTO XAPAKTEPA, KOTOPLIE ONPEACIAIOT IPHBAUIEXHOCTD
COCHHCHHS K OIpEeieIICEHOMY KJIAcCy.

Xapaxmepucrmuueckan zpynne — 3T0 (QyHKUHOHANLHAS [pYIHA,
CBA3AHHAA C PONOHAYANLHOH CTPYRTYpOl. un TOCTPOCHASA HAIBAHHSA
B NEPBYIO OvYepedb ONPENEIAIOT THI XapaKTEPHCTHYECKOH TI'pYIIHI
(ecnme ona upHcyrcreyet). Korma xapagTepsCTHYECKEX IpyOu B CO-
€HHCHHA HECKOJILKO, TO BRIACNNIOT CMAPuiyio XApaKmepucmuieckyio
2pynny. Jins XapaxTepRCTHYSCKHX IPYIN YCIOBHO YCTAHOBACH NOPSH-
Jox crapmmecTBa. B Tabn. 22.2 5TH rpynnw OpHEBEJCHH! B MOPAIKE
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YORIBAHHA CTAPMHECTRA. 32T€M OUPeAEIIIOT POACHAYANLHYIO CTPYK-
TYPY, B KOTOpYI0 OOS3aTENLHO AOMKHA BXOAHTL CTApiNas Xapax-
TEPECTAYeCKAd IpyDma. :

Tabnuma 22.2. Tipepmocad u cyfmocd s oﬁo:m;'lem
BEKOTODLIX XAPAKTEPECTIMECKEX [PYINI

W Hpedome Cyibduxc
Tpynua

—(CYOOH* — -0Bag KHCAOTA
—COOH xapboxcH- *xapboHOBAN KECHOTE
—SO,H cyasdo- ~CynsOXECIOTA
—(CH=0 OKCO- -&1b
—CH=0 dopaero- -xapGansperen,
jC=0 OKCO- -OH
—~0OH THAPOKCA- -0n
—SH MEDEANTO- -THOX
—NH, asEHO- L
-NO, EHTPO- —
—OR ANKOKCH- —
—F, —-Cl, —-Br, —~1I QH'OP‘, xnep-,

M-, BOI- —
(—Hal) T4JIOTeH-)

* ATOM YIIepoas, 3aK0OYCHEE B CxobKH, BXOQAT B cOCTan IIasHol yracpomaol
IS,

Kak BEAHO H3 Tabn. 22.2, HEKOTOPHIC XAPaKTEPHCTHIESCKHE IPym-
IH, 3 HMESHHO raJIOreHEl, HETPO- H AJIKOKCHTPYNIEL  OTPAXAIOTCH
B oOmeM HA3BAHKH TONLKO B BHAC mpedmxcop, HampHMEp 6pom-
METaH, 3TOKCHITaH, BETPOOEH30I1.

Hymepaywo amomos yz2aepoda 6 24asHofé yenu HAYHHAIOT C TOTO
KOHNA NenH, Ommke K KOTOpPOMY PacloIOXEHA cTapilas rpynma.
Ecnm Taxmx PO3MOXHOCTEH OK2IWBACTCHS HECKONLKO, TO HYMEPALHIO
OpOBOIAT TakHM 06pasoM, uToOm /60 xpaTHAS CBE3b, THOO Apyroi
3aMecTHTEIb, MMCIOIMEECY B MONEKyle, OOJYYHIH HANMEHbLIOHEA
HOMEP. :

B xap0ODERIAMCCKAX COCMHECHANX HYMEPANHK) HAYHHAIOT OT
TOr0 aToMa yriaepoAd, OPH KOTOpOM HAXOAHTCH CTAPIIAR Xapak-
TepEcTHIeCKAs rpymaa. Ecnm npr 3T0M HEBO3MOXHO BHOpaTH OOHO-
3HAYHYIO BEYMEPANKIO, TO HHKJI HyMEPYIOT TaK, YTOOH 3aMeCTHTEITH
HAMEIIH HAIHMCHBIIAES HOMEPA.

B rpynne DMEIHYECKEX YIJIEBOAOPOXOB 0cob0 BRIAENAIOTCH apo-
mamuyeckue YIIeBONOPONKl, INIS KOTOPHRIX XAPAXTEPHO HAJIHYME
B MONexyne OeH30IEHOTO KOJbHa. HeKOTOpHE HMHPOKO H3BECTHHIC
NIPEACTABHTEH APOMATHIECKAX YIIEBOACPOJOB H HX IPON3BOAHKIX
HMEIOT TPUBHAILHBIE HAIBAHUS, ACIOIb30BAHHE KOTOPLIX Pa3peleHo

275



mpaeanava HIOTIAK: Gem3on, Ttonyon, ¢emon, Gen3oiimas kxmc-
TIOTA:

ot e oo

TOIYOI Ben30n tderon fGemsofiEas ERCIOTE

Cnepyer o6paruTe BEHMMAHHEe Ha To, ur0o pamakan CdHs;—, o6-
paioBanEnii A3 Geg3ona, naswBaerca @denus, a He Gensan. Bensutom
HasnparoT pamuxan CsH;CH,—, obpa30osanBLIii H3 TOIYOIA.

Cocranniesse HRIBAREN OPTAHAMECKOro coeuEenHy. OcHOBY HA3BA-
HHs COSJHECHHS COCTABIAET KOPEHE CJI0Ba, 0603HAYAIOIIHHN Ipeaeh-
HBIH YTJIEBOAOPOI € TeM Xe¢ THCJIOM ATOMOB, YTO H IJIABHAA LEOb
(ganpamep, smem-, am-, npon-, Gym-, newm-, 2exc- 1 T. 1.). 3atem
cnenyer cybdrkc, XapakrepEIyIOMuil CreréHh HaCLINEHHOCTH, -G,
ecnd B MOJICKy/i¢ HET KPATHHEIX CBS3CH, -eH IPH HAJIMYHAH JBOAHKIX
cpsdel W -uM HiN 'rpoiim:tx cBE3cH, BAOpEMED DEHTAH, NEHTEH, NeH~
THE. Eci xpaTHHX CBaded B MOJICKYJI¢ HECKOJBKO, TO B cydduKCe
YKa3hBacTCH YHCIIO TAKAX CBH3CH, HAIPHEMEP: -0ueH, -Mmpuen, a Nocle
cyddmKca 06s3aTEMbED apabCKAMH MEGPAME YKA3KBACTCS MOTOKe-
HHEE KpaTHO# cBa3d (Hanpumep, Oyren-1, Gyten-2, Oyranuen-1,3):

CH,~CH,-CH=CH, CH,-CH=CH-CH, CH,=CH-CH=CH,
Syrem-1 Gyren-2 Gyranen-1,3

Hanee B cypdHKC BRIBOCHTCH HAa3BaHHE CaMOH crapme# Xxapax-
TEPHCTHYECKOH Ipynnmul B MOJIEKYJEe € YKA3QHHEM €€ MOJOXKEHHSA
mudpoii. IIpoure 3amMecTHTEm 0003HAYAIOTCA ¢ NOMONILE NPHCTa-
Bok. IIpa 3TOM OHM OEepeTHCIAIOTCS HE B NOpAIKe CTAPIIAACTBA, a [0
andbasuTy. IlonoxeHEne 3amecTHTEN VKaznmacrtca undpoit mepeq
OPHCTABKOH, BAOpAMEpP: 3-MeTAX; 2-xnop u T. 0. Ecna B Molekyie
HMECTCH HECKOJIBKO OJJAHAKOBRIX 3aMECTHTENICH, TO Nepe/] HA3BAHAEM
COOTBETCTBYIOIEHA IPYIIILI CIOBOM YKA3RIBACTCH HX KOJIHYECTBO (Ha-
opaMep, AHEMETWI-, TPHUIOp- H T. A.). Bee npbpw B HasBaEmsX
MOJICKYJI OTAS/ISIOTCH OT CJI0B JeHCOM, 2 APYT OT APYTa 3aIATHIMHA.
YrieBoqopoaHkIe pagAKaIkl HMEIOT CBOH HA3BaHHA.

TIpenenbHble yrinesoaopo HEIE PagMKATIBL

CH,~ CH,-CH,— CH,—CH,—CH,- e\ el
METHI atan TpotmuT H3"r
, TROOpOTEN
CH3-—CH3—CH2'—CH2~ CH,—CH,—CH-CH,
Gyran l

emop-GyTAn
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CH,
CH,\

|
CH—CH,— CH;—C—CH,
CH,/ |

mobyman mpem-GyTan
Henpeaensshie yrieBOAOPOAHEIE PATHKAIILL:
CH,=CH- HC=C- CH,=CH-CH,-

BHEET = STHEAN &TEN

ApomaTHYecKHe yi‘nenonoponnme PaJHKATIEL:

O O~

Germn Germamn

B xadecTBe IpEMeEpa HA30BEM CICAYIOMEe COSTHLCEHE:

5 4 3 2 1
CH,=CH-CH,-CH-CH,
!
OH

i) swbop nend OXHO3HAUCH, CIEAOBATEILHC, KOPEHL  CIIOBA —-
newm; nasiee cnenyer cybdBxc -en, YRA3HIBAKOIIHY HA HATAIAC KpaT-
HOM CBH3H, :

2) nopsaok Hymepaume obecnevmsaer crapmeid rpynme (—OH)
HAMMEHBINHH BOMED;

3) nonEoe Ha3PaHHe COENMECHAS 3aXaguHBacTCA CydduxcoM, obo-
3EAYAIONIEM CTAPINYIO IPYHHY (B JAHHOM cilydae cy(upHKC -04 yxasul-
B3ET HA HAJAYHS THAPOKCANLHOSN TIpYyNNb);, HONOXEHAS ABONHOR
CBS3H M THAPOXCHILHOHR rPYNOLl yKa3nBaeTcs HEdpami.

CrenoBaTenbHO, OPHBENCHHOE COCAHHCHHC HAILIBACTCH 7eH-
men-4-04-2.

TpRBRR/ILEAS HOMEHIJIATYPAR DpeicTapnseT coboit COBOXYNHOCTD
HECHCTEMATHYECKHX HCTOPHYECKH CIOXHMBINMXCH HA3BAHHE OprafH-
9eCKAX COenMHeHWd (HampAMep, ameTOH, YKCyCHAas KHClIoTa, QopM-
anmpaerdn ¥ T. A.). Baxselimue TpHBHAaIbHRIC HA3BAHHA BBOJATCS
B TEKCT¢ IPH PACCMOTPEHEH COOTBETCTBYIONIHX KITACCOB COCTHHCHHH.
‘ Paimona saas HOMEPKIATYPa HOIBOISET CTPOMTh Ha3BaHAE BEIIC-

CTBA Ha OCHOBAHHH €ro CTPYKTYpPH ¢ foJsree nDpocThIM COcOHECHHEM,
BHIOpaHEBEIM B XxayecTBe npotorHna. Cnocod Takoroe mocTpocHHMs
HWUMIOCTPHPYIOT CIEIYIOUIHE NPAMEPHI:

TPHMETHIMETAHR AHETATANETOH deEmIYRCYCHa S XBCIOTA
OPOTOTHNAL: {(MeTaH) (aueron) (yEcycHas KkmCI0TA)
Cil, 0 0 = 0
I ] v er—cf
CH, CH, CH,—~C—CH,— C—CH, NoH
H
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§ 22.4. M3oMmepas OprauEvecKux CoeHHeaHil

Brme 6ri10 noxa3ano, ¥To cnocobHOCTE aTOMOB yrieposa K o6-
Pa’0BAHHAI0 SETHIPEX KOBAICHTHLIX chaaell, B TOM YMCIE H C OPYITEMHE
aTOMBMH YIJIEpOAa, OTKPHIBAET BO3MOXHEOCTh CYIIECTBOBAHEY He-
CEOJbXMX COCAMHEHEH OfHOTO 3JIEMEETHOTO COCTABa — MIOMEpPOB.
Bce B3oMepHl AenaT Ha aBa OONBOIMX KIACCA — CIMPYKMypHbie U30-
Mepbl B NPOCMPaKCMBeHHbie UIOMEDHL.

CmpyxmypHbimy Ba3BBAIOT H30MEPHI, OTBCYAIOITHE pPa3IHYHEIM
. cTpyxrypEEM dopmynam opramecxux coeqERCHER (C pasubim no-

PAOKOM COEOUHENUR AMMOMOE).

Ipocmpancmeennsie uzomepsl EMEIOT ONMHAXOBLIC 3AMECTHTEIHR
y KAXZOro ATOMA yriiepoJa H OTIHYAIOTCS JHOL HX B32HMHBIM
PacHONOXKCHAEM B BPOCTPAHCTRE,

e mIoMepel. B cooTBeTCTBAH ¢ LIpHBEACHHOM BHIIE
KIacCR(ARATREH OPraEAvcCEKHX COCRHCHHE DO THRAM Cpeff¥ CTPYK-
TYPHEIX H30MEPOB BHACIIOT TPH IPYyIIAL:

1) coeguEcHAS, CocpXAIIAE pPa3EvHbe (YHKOHOHAILELIC TPy~
Ohl H OTHOCSIIHECS K Pa3/HIHERIM KJIACCAM OPraHHYECKHX COeJHHe-
Hul, HappAMeED:

CH,-CH,-NO, HOOC-CH,-NH,

NETpONTRR AMEROYECYCRAN XRCHOTS

ﬁnw)
2) COCARHCHMA, OTJHYAIOINALCH YIICPOAHBIMHA CKCJIGT&MH:
2
CH,—?H—CH, CH,—CH,—CH,—CH,
Cli; Eym
2-MeTRIIpONAN
{moliyran)

3) coenHBEHHY, OT/IHYAIOMMCCH NONOKEHAEM 3AMECTHTCIHE HIN
KpaTEOH CBH3H B MOJIEKYJie:

CH,~CH=CH-CH, CH,—CH,—CH=CH,

GyTren-2 Gyren-1
CH,-CH-CH, CH,—-CH,—CH;—OH
I S———

OH
' nponamon-2

IlpocrpascTeenHbie H3oMepnl (cTepeomiomephl). CTepeoB3oMeEpH
MOXHO PA3feiHTh HA ABa THENA! Y¢OMETPMYCCKHE W3OMEpHl M On-
THIECKHE HIOMEDHL.

Teomerpayeckas W3oMepHa XAPaXTEpHA [NS COeSUHEHEi, copep-
XKAAX ABOAHYIO CBf3hb HIM NHKJI. B Taxmx MoOJekynax 4acTo BO3-
MOXKHO MPOBECTH YCIOBHYIO NIIIOCKOCTH TAKAM 00pa3oM, 4TO 3aMe-
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CTHTEIH Yy pa3jH4HLIX ATOMOB YIJIEpOAa MOTYT OKa3aThCA OO OAHY
CTOPOHY (ytic-) HIIA 0O PasHKe CTOPOHE! (Mpanc-) OT 3TOH IIOCKOCTH.

H3IMCHEHHE OPHCHTAIIEA 3JTHX 33MECTHTENEH OTHOCHTEIbHO
IIOCKOCTH BO3MOKEO TOJILKO 33 CHET pa3phiBa OJHON H3 XHMHICCKHEX
cBE3€H, TO rOBOPAT O HAJHYHH IeOMETPHIECKHX H30MEpPoB. I'eoMer-
PHEYECKAE H3OMEPH OTIAYAIOTCH CBOMMH (HIAYCCKMMM H XEMHYEC-
KHMH CBOHCTBAMA. : -

YeonoBHaR NNOCKOCTh

CH,
@ Q H N M N /GH‘i
CHs / C=C N P C= C\
. CH, CH

3 CH, CH;, CH, H
TpaHe-1,2-gumeTun- uie-1,2-gumeTn- ywec-6yran-2 TpaHc-6yTen-2
umKnorentaH UKMKAOrenTaH ’

OnTEMECKRME R3IOMEPAME HAIKIBAIOT MOJIEKYABL, 3ePKATbHRIEC H30-
6paxeEHs XOTOPLHIX HECOBMECTHMEI APYT € APYTOM.

TaxeM CBOMCTBOM ©O0JIAHAIOT MOJIEKYJIBI, BMEIOIINE dcummen-
puveckuii (xupaashetil) yeHmp — amom y2aepoda, CBI3ABHEH C yembi-
PbMa pAIAuUHLIMU 3amecmumessmu. Hanpamep, B BHAE ABYX OD-
THICCKHX HM30MEPOB CYINECTRYET MOICKYIA MO404HOL KHCIOTH
CH,CH (OH)— COOH, copepxamas OHE aCHAMMCTPHYECKHH NCETD:

"H
l

O=—1I

by

O~ 0n, .
.
HO

HC
Ho' OOH e
CxeMa HArISAHO JEMOHCTPHPYET, 49TO Ommuveckqs H3IOMEpHS

XapaKTepHa A8 MOJEKY), KOTOpHE HE COBIJAIOT CO CBOHM 3ep-
KAJILHREIM 0TOOpaxkeHHeM.

Ha cxeme HCHONBIOBAH CASAYIOMALN npHeM E300pAXeRES TPEXMEDHEX CIPYRTYD
B ILTOCKOCTH (KHA JEcTe SYMATm:): CBASH, JENCAUNIE 6 MAOCKOCH JTACTA, UIOGpaANCIOm
OOLIMELIMUY CRACWINBLMY AUFUAME; CBS3E, EATIDABIICHHRIE OM HAC, 38 NAOCKGCME AUCma
Gymars, mIOOPAXAIOTC MYNKIMUPHBIMU AUNUAMY, CBASH, HAUDABJEHAKE OM AuCma
OyMars x vumame 10, P300pAXAIOTCE KAUAOOOPAZHLIMY JTAAASME.

§ 22.5. Daexrponunie 3PPEKTH B PeAKNHOHHAAN CTOCODHOCTD
OPraENveCKEX CoeNHeHRH

Monexyna OPraHA¥ECKOro COeTHHEHHs NIPEICTABIAT coboH co-
BOXYIIHOCTh 4TOMOB, CBS33HHLIX B ONpEAC/ICHHOM NOPANKE, Kak
OpaBHJIO, KOBAJCHTHRIMH CBA3gMH. [IpH 5ToM CBE3aHHBIE ATOMBI
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MOTYT pasiHYaTHCA HO 3HAYEHHIO 3JIEKTPOOTPHOATEILEOCTH (CM.
I, - 3). ONeXTpOOTPHIATEILHOCTHE B 3IHAYHTEILHOH CTemeHH ompe-
JeJSIOT TAKHe BAXHeHmme XapAKTEpHCTHKM CBA3H, KK ROAAPHOCMD
H npovHocms (anepaun obpaszosanus). B cBolO 0depens, NOIAPHOCTH
H NpOYHOCTL CBENell B MOJCKYJe B 3HAYHTEILHOH CTENEHH ONpe-
OeIMOT BO3MOXKHOCTH MOJICKYNEI BCTYNATh B T¢ HIH AHHE XHMH-
YECKHE PeAKIHHE.

DJIEKTPOOTPRENATENLHOCTD aTOMA YITIEPOAA 3ABHCHT OT COCTOS-
HEA ero rebpramlamEn. 310 CBI3AHQ C Aonei s-opﬁn'raml B ru0paa-
HO#f OpbHTanm: OHA MEHBIDE y sp’- B Gomme y sp- H sp-rub-
DHIOH3OBAHHKIX ATOMOB.

Bee cocrasngiomme MOJIEKyy aTOMEBI HAXOOATCA BO B3IZHMOCBS3H
# HCTHBITHIBAIOT B3aHMEOE BIIHFHAC. JTO BIRAHHE OCPEJacTCE B OC-
HOBHOM HePe3 CHCTEMY KOBANCHTHLIX CBA3CH C IMOMOIIBIC TAK HAZL-
BAEMBIX 3AeKMPOHHBLX 3thfexmos.

" Daexmponnbimu 3@exmamu HAZBIBAIOT CMEINCHHAE 3JIEKTPORHOR
MIOTHOCTH B MOJIEKYJIC IO BIHAHAEM 3aMecTHTEle.

AToMEI, CB3aHHLIC MOJAPHOM CBA3BIO, HECYT YACTHIHKIC 3apEALI,
0603HaTaEMIE rpeseckoil OykBoH «waenmbTa» (8). ATOM, «OTTHIHBA-
IOMAID 3MEKTPOHNYIO IIOTHOCTh 0-CBE3H B CBOIKO CTOPOHY, OpHOO-
peraeT oTpAnAaTenbuLt 3apss § - . Hpr pacemoTpenus napsl ATOMOB,
CBE3AHHHX KOBANCHTHOH CBH3pIO, 6osee 3JeKTPOOTPHOATEIILHELH
4TOM HA3BIBAIOT 31exmpoaxyenmopom. Ero napTeep no o-CBs3H cOOT-
BETCTBCHHO OyacT MMCTh DaBHEI 0O BeqMuRHE NCHHIMT I1€KT-
POHHOE ITOTHOCTH, T. €, YACTHMHEL! LOJOXHTCILHRIE 3apsg O+,
B OyJeT HaskBaThCH 34eKMPOHOOOHODOM.

CMemenne 31eKTPORHOA WIOTHOCTH 1O IIENA ¢-CBA3CH HAILIBAET-
¢ undyxmususim adighexmonm 1.

UunyxTusand adupext IepenacTCs OO LEMH ¢ 3ATYXAHHEM. Ha-
UpapICHNE CMCIIEHHS JIICKTPOHHOH [UIOTHOCTH BCEX g-CBA3eH obo-
3HAYACTCH OPAMBIME CTPEIIKAMH.

B 3aBHACEMOCTH OT TOIO, YO3JISETCs JH 3NCKTPOHHAS INIOTHOCTH
OT pACCMATPHBAEMOr) ATOMA YIIEPOAd HIH NpHONEEACTCE X HEMY,
HEAYKTHBHE 3¢dexT Ha3nBaroT OTPENATEIBERM (— /) HITH HOJIOXH-
TenpueM (+ ). 3Hax ® Benmumpa wRnyxTEBHOro bdexTa onpeaens-
IOTCS PA3TEIHSAME B 3JICKTPOOTPHIATEARHOCTH MEXAY PaCCMAaTPHBA-
eMBIM ATOMOM YIJIEpOJa H IPYNNOH, €r0 BRI3KIBAIOIICH.

ONeKTPOHOAKUCHTOPHLIE 3aMECTMTEH, T. €. aTOM HNA I'pynna
aTOMOB, CMEMIAIOIHAE JIEKTPOHHYIO IUIOTHOCTh O-CBA3H OT aroMa
yrlepola, DPOABNNIOT OTPHNATENHLHRIH EEAYKTHBHEN sddext

— Faddexr).

OneXTpOHOAOHODHLIE 3aMECTHTENH, T. €. ATOM HIH TIpynna
aTOMOB, CMEMAIOIIHE WIEKTPOHEYIO IUIOTHOCTL K 2TOMY YIIIepoaa,
MPOABIAIOT HONOKATENLHEIH HHAYKTHBHEN ddext (4 [-addexT).

+ Fagdext mpoasismoT anHpATHYECKHE YIIEBOAOPOAHLIE DASH-
KAJIHI, T. €. @JIKAJIbHRIE PAJHKATR (METHII, 3THI H T. 4.). BoabmmueCT-
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BO (YHKIHOHATBHEIX IPYID HposBiaior — I-adupexT: ranoreHsl, aMm-
HOTpyIma, FEAPOKCHILAAS, KapOOHRIbEAS, KAPOOKCHILHAY IPYIINEL

HuxyeTERHELDE 3(deKT NPOSBIAETCS H B CIyuae, KOrJd CBY3aHHKE
aTOMEl YrIepoja PasNH4YHH 0 COCTOSHHIO rEbpEam3anea. Hanps-
MEp, B MOJIEKYJIe OpoNcHa METHIbHAS Ipyrnna npossaseT + [-apdekT,
UOCKOMBKY ATOM YIIIepoJia B Hell HAXOAHTCH B sp -rRGPATHOM COCTO-
SHEH, 4 Sp?-THOPHAH30BAHALLT aTOM (IpH ABOKHOR CBA3H) BHICTYNALT
B POJH 3IEKTPOHOAKNENTOPA, TAK KAK HMeCT Oornee BRICOKYIO 3MIeKT-
POOTPHIATEILHOCTE:

CH; ~+CH= CH2

Ilpr pepemade HHAYKTHBEOTO 3Pdexra MeTHNLEOH Ipynusl Ea
IBOEHYIO CBE3L B OEPBYIO OUEPEAL €€ BIHAHAE HCOLITHIBACT DOABH-
XKHAd T-CBHA3b.

Bmasane 3aMecTHTENA Ha PacupelcicHEe 3IEKTPOBHON IIIOTHO-
CTH, LIEpeiaBACMOE N0 T-CBA3AM, HAIKBAIOT MEI0MEPHbIM 3P exmom
(M). Mesomeprniii 3dQbekT TAaKke MOXET OBITH OTPHNATEILHEIM
H NONOXHTENLERIM. B CrpykTypHHX dopMynax ero HioOpaxaior
H3OTBEYTOH CTpenko#, BAYAHAIOMEHCE Y NEHTpa DIEKTPOHHOH ILIOT-
HOCTH ‘H 3aBepmaromeiics B TOM Mecre, KyZa CMemjaercd 3JeKT-
" pOHHAY ILIOTHOCTE. '

Hanwuwe snexTponmbix 3(hdexToB pemeT X mepepacnpeeIcHHIo
MEXTPOHAOH MIOTHOCTH B MOJIEKY.IE B NOSBIEHNIO YACTHYHEIX 3aps-
OB HR OTIEJBHEIX ATOMAX. JMO ONnpedesRem PeaKyuoHuylo cnocob-
HOCMb MOAEKY AbL.

§ 22.6. O6mas XApAKTEPHCTEKA

TlpacTYynas x H3y4eHHIO XAMHYECKOTO HOBE/ICHHS OPTaEHICCKHX
COEMHCHAH, He0OXOAEMO NEPBOHAYAIILHO O3HAKOMHTLCH C HEKOTO-
PHIME OOMAME HOAXOA3aMH K ONCHKE HX peakmHOHHOM cnocoGHOCTH.

B xoz¢ peaknpH B MOJIEKY/aX PEardpyIOIHX BEMECTB pa3pniBa-
I0TCA OAHH XHMHYECKHE CBE3H H o6pasyrorca apyrae. OpranHdeckue
PEAKIHHE KNACCHPHDHPYIOTCS IO THOY Pa3phiBa XEMHYCCKHEX CBaseil
B pearMpylrommx vacThuax. M3 mx umcna MOXHO BBUIENHTDL JIBE
Gonemue rpynnsl peakiidi — paJHKANBLHEE M HOHHBIE,

Papaxansabie peakiy — 3T0 OPOLECCH, HAYIIAE C FOMOTETHYEC-
KHM Pa3phiBOM KOBAEBTHOHR CBs3d. IIpH roMONETHIECKOM pa3phIBE
mapa 3NeXTPOHOB, o0pa3yiomad ¢cBa3b, JeNATCH TakeM o6paloM, uTo
Kaxag w3 00pa3ylomHEXCs YacTHI MOJIy4aeT OO OXHOMY 3JCKTPOHY.
B pe3yinTaTe roMOJMTHYECKOTO paspriBa obpasyroTcs cBoOOIHRIC
PaJgHKA L ‘
ARB- A'+B’

I-IeiiTpam,nuii ATOM KIR YACTHI ¢ HECHAPEHHEIM ICKTPOHOM Ha-
IRBACTCH CBODOIHLIM PANHKATOM.
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MoBHLIC PEAKIEE ~— 3TO ODPONECCHI, HAYIHE C TeTEPONMTHICCKEM
PaspHEBOM KOBaJICHTHHIX CBf3cH, xorna o0a JJNeKTpOHA CBA3H OCTa-
I0TCH ¢ OfEOM H3 paHee CBA3ABHEIX YACTHIL :

A:B—+A"+B*

B pesynbTaTte reTepONMTHIECKOTO PA3pPHIBA CBSA3H HOJNYHalOTCH
3apsKeHHKE JACTHIM: HYKASO(PHILHAS H ICKTPOPHIbHAS,

Hyxneodrneaas 9acTena (Hyxaeogus) — 3T0 9aCTHNA, AMEIOMAN
[apy 3JEKTPOHOB HA BHCIMIHEM 3JEKTPOHHOM YPOBEE. 33 CY4eT maphl
3NEKTPOHOB Hykneodmn cnocoben o0pa3oBHEBaTh HOBYIO KOBAJCHT-
HYIO CBSE3b. o

Onexrpodmimaag 9acTHOa -(31exmpogus) — 3TO YaCTHIA, HMC-
IoINas HE3ANOHEBHLH BHEINHHHA 3JIEKTPOHHEIA YPOBEHb., JIIEXTPO-
$RN npeAcTABINET HE3ANONHCHHRIC, BAKAHTHRE OpOHTANE Aw 06-
Pa3OBAHEA KOBAJIEHTHOH CBA3A 3a CYCT JICKTPOHOB TOH YACTHIIAL,
€ KOTOpoil OH B3aHMOICHCTRYET. -

Kpome Toro, B opraggiecxoil XaMHH peakul 2acTo kiaccupaug-
PYIOTCS TaK Xe, XaX B B HCOPraHEYeckOd XEMHEE,— IO CTPYKTYPHEOMY
opa3gaxy (cM. tadn. 1.1 § 1). B opraamueckoli xEMEE BCE CTPYKTYD-
HEIE H3MEHEHHS pPACCMATPHBAIOTCH OTHOCHTENLHO AaTOMA - (HIH
aToMOB) yriepopa, yd4acreyrouwlero -B peakuud. Hambonee wacto
BCTPeYArOTCH CISAYIOIIAC THHH NpeBpanmeHuii:

1) peaknam npucoedunerus A (addition), manpumep:

RCH =CH; + XY - RCHX —CH;Y

2) peaxnus 3ameuwsenun S (substitution), Hanpamep:
RCH,X +Y - RCH,Y +X

3) peaxmuu omu;eménuﬂ E (3aumuruposarur — elimination), Ba-
OpHEMeEp: _
RCHX—CH;Y - RCH=CH,+XY

4) peaknan noAumMepuIgyuy, HaopAMeED:
r{CH;=CHj) » (- CH;—CH3z~),

s GoIbIHMECTBA PACCMATPHBAEMEIX B OPraHMYECKOM XHMHA
peaxmail HCIONBL3YIOT CHMBOJIBEL, COCTosIHE B3 Oyxs A, S, E, 0bo3Ha-
JAJOIIHX THI PEAKHH IO xapaxreﬁpy A3MeHCHH{ B MOJIEKYJIe, a TakKe
Huxcnezo undexca R, E m N, obo3Haqalomero xapagrep JacTHIEL,
aTaKyIollell peaknMOHHRIA DeHTp Molekyas: R — radical (paguxan),
E — electrophile (anextpodun), N — nucleophile {(myxneodm).

B COOTBETCTBEE ¢ BLONEA3IOKEHHLM XNTOPHPOBAKAC METAHA HOJ
AclicreEem cBera (cM. . 23) KnacCHQHOHPYIOT KaK PAAMKATILHOE
3aMeIneHNe Sp, NPHCOCAHHEHHE r2JOreHOB K ajikeHaM (CM. Il
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24) — xak 3nekTpodEILHOE IpHCOeARHCHRE Ag, 3 THAPOIH3 AJKHJ-
ranoresnaos (M. ri. 27) — xak BHykneodaIbHOE 3aMeImende Sy.

Muoroobpa3ge OopragmiccKEX peaknmil, KOHETHO Xe&, HE HCYep-
ULIBAETCH YeTHIPbMS OPHBEJCHHEIME BROIE TRAOAMH peakrmi — JO-
CTaTOYHO HA3BATH CINE PCAKIME OKUCACHUA B 80CCAHO8ACHUR, KpeKu-
H2a, noAuxouOeHcayuu W T. 1. Bce mepevBcneHHHE THIK peaxlmﬁ
paccMATPHBAIOTCA B HOCHEAYIOMAX pa3l/iciiax.

T'nama 23 ‘
HACBINEHHBIE YTJIEBOAOPOABI

§ 23.1. Amcama

B coOTBeTCTBHE CO CTPOCHAEM YIJIEPOJHOTO CKEJIETa YIICBOAOPO-
BT JETIAT Ha aﬁugﬁamuuecxue (c oTXpEITOM YyraepoaHOM DENBIO) M 3uK-
Auveckue (C 3aMKRYTOR yrnepoaBol nemsio). B 3aprcEMOCTE OT THIA
ca3eH MEXAy ATOMAME YINEpORA Xak ajAdarHveckse, Tax M IEK-
JIYCCKHAE YITIEBOAOPOALI AT HA HACbieHHble, COREPRKANTHE TOILKO
O-CBS3H, H HeHACHyerHble, CONEPRANTEC KK 0-, TAK H N-CBI3H.

K pachimeBSRIM yrIeBOZopoOAaM OPUHAIICKAT GAKGHH B YuKAO-
QAKaHbL.

AJTIKaBEI SBISIOTCE HACHINEHERMH, HIIH OPeReIbELIME, YTIICBOI0-
POXAMH, IOCKOILKY BCE CBODOAHLIE BANEHTHOCTH 3TOMOB YIi¢poaa
3aHATH {IOMHOCTHIO KHACHUIICHBD?) aroMaMe Bogopona. Ilpocted-
MM OpCACTABATENEM ANEAHOB CayxaT MeTal CH, Hausras ¢ gero,
MOXHO HOCTPOHTH PE, B KOTOPOM EAXKKIA NOCHEAYIOMMEIA yricBo-
JOPOX OTIHMYAeTCs OT mpeAkiaymero Ha oxHy rpymony CH,. Unesm
9TOr0 PAAA HAIKBAKTCA FOMOJIOTAMH, a CAM P — rOMOJIOTHYEC-
kM. O6mas dopMyiia roMororudeckoro pana anmkanos CH,, o,

ITo cacremarmieckoii EomeEKIaType MIOITAK nepBnM weTRIpeM
9JICHAM T'OMOJIOIAYECKOTO PAAA ANIKAHCR IPHCBOSHLI HX HCTOPHEYECKH
CIOXMBHIHCGCH HA3BAHAN — METaH, TaH, nponan, Oyran. Halpanus
OCTANLHLIX ANTKAHOB ¢ HOPMANBHOH, T. €, HEPA3BETRACHEOH yruepos-
HO¥ [enbio, COCTABMIOTCA B3 IPeYecKoro HiIH JaTHECKOTO Ha3BaHHI
4HCIHTEILHOT0, COOTBETCTBYIOMErO TACIY ATOMOB YrlicpoJa B NelH,
¢ nobapnermem cyddmkca -an. Tax, rpedeckoe Ha3BAHHE YHCIMTENb-
HOro 5 — «meHTaR, oTC10Aa yraesopopon C,H,, HasnBaeTcs DenTaH.
Jns 3T0ro %e COeAHECHAS MOXHEO BCTPCTATh HA3BAHHCE H-TCHTAH, ITO
NOAYCPKHUBACT HATHIHC HOPMATLHOE MErH.

Haumnag ¢ Gyrana ¥ fajee /U KaXA0r0 HOPMANLHOIO aiKaHa
CYLIECTBYIOT CcMpyKmypHbie K30MEphl C pa3BeTBIEHHOH yensio. Ha-
3BABHA CYPYKTYPHBIX H3OMEDOB COCTABINIOT N0 OOKMHBIM mpaBaIaM
CHCTEMATHMECKOH HOMEHKIIATYPHL

ATOMEI yri€poAa pa3IHYaroTCs 0 MECTONOIOXKCHHIO B IIEOH.
AToM yrnepoaa, CTOAUIHA B HAY4NE NEOH, CBA3aH TOJBKO C OJHAM
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COCCAHEM aTOMOM YTJIEpO/ia B HAa3LBACTCH NepsuyHbiM. ATOM yrie-
poza, CBE3AHHRIA C IBYME JPYTHMHE ATOMAMH YITIEPOAA, HA3KBAETCH
EMOpUNHBIM, C TPEMS — mpemuitibiM, C UYEeTHIPEMS — Yemsepmu-
ynoim. QUeBEAHO, ¥TO B MOJIEKYJIaX HOPMAJbHBIX ANKAROB COXEPXKAT-
cS NepPBHYHBC (H3 KOHIAx uenn) H BTOPHIHEIC (B LCIH) ATOMBI
yriepoaa. TpeTAIHEE H qe'mep"rmme aTOMBI COZEPXATCHE TOJIBLKO
B aJIKaHAX C pa3BCTBJACHEOH Nenkbio, Bee 3TH ATOMEL yraepoaa Hecko-
JIBKO pasnHYAlOTCs L0 peaknaoHHCH cnocoBHOCTH.

CrpyxrypHas u3omepus ofycosnuBaer H MHoroobpasue yrieBo-
ZOPOAHBIX padukaso8. YTIeBOJOPOHEI pagdKall HOXy9aeTcs, eciny
OT MOJIEKYJIH ANIKAHA QTHATH OJHH ATOM BOZOPOAA. DTOT TEPMHH HE
cneayeT OyTaTh C DOHATHEM «C80600nbii paduxas», XapaKTepH3y-
FOIAM 2TOM C HECHAPEHHLIM 3J1eKTPOHOM.

Ha3panne¢ pagBkana OPOH3BOART OT HAa3BaHHA COOTBETCTBYIOINE-
ro anxaga ¢ 3aMeHOH cydpdukca -ax Ba cypdrkc -ur. B odmem Bane
paHEEANL, OPOMIBEACKHBIC OT AMM(ATHICCKHX YIIEeBOROPOAOB, Ha-
IRBAIOT a4KuAbHNMU B 0003Ha43ar0T OYKBO# R.

H3oMepns pagMkanoB HAYHHAESTCA C OPOOAaHa, JJIE KOTOPOro
BOIMOXHE ABA FIOMEPHEHX pajaxana. Ecox aToM BOROPOIa OTHATH
OT OEPBRYHOIO aTOMa YIJIEpoAa, TO HOJYYHTCA PAaJAKAN OPOIHN
(+-nponnm), eCNE 0T BTOPHYHOrO — MOJIYIHTCA pajHKal H30NPOLHIIL.

Ousaeckae caolicTBa. B oOLYERIX YCITOBHAX HEPBEHIE YETHIPE Wie-
Ha roMoinorgueckoro psga ankasop (C, — C,) — rasut. Hopmais-
PRIE ANKAHL OT meHTaHa go remragexada (Cs; — Ci7} — XmAKOCTH,
saupeasn ¢ C;; B Buime — TBepane Bemectsa. Ilo Mepe yBeHYeHHs
9HCIA ATOMOB YIISpojAa B LENH, T. €. C POCTOM OTHOCHTCIBLHOH
MOJIEKYJISPHO#E MAcChl, BO3PACTAIOT TeMIIEPATYPhLI KANICHAS H ILIaBIIe-
HHg anxaHoB. [Ipr OXMHAKOBOM YHCIIE ATOMOB YIIEPOAa B MOJIEKYIe
AlKappl C Pa3BEeTBJCHHHIM CTPOCHHEM HMEIT (oliee HA3KHE TeM-
NepaTyphl KANEHAs, 9eM HOPMAJIbHBIE AJIKAHBL.

AJKAHEI NPAKTHYECKE HEPACTBOPHMEL B BOJE, TAK KAK HX MOJEKY-
Akl MANONONAPHEI H HE BIAMMOJSHCTBYIOT C MONICKYIAMH BOMKI.
XKuaxue aIkaHsl JIEFKO CMEIMIHBAIOTCH APYr ¢ ApyroM. OHH XOopomio
pPAcTBOPSIOTCS B HEHOMSAPHLIX OPraHHYECKHX PACTBOPHTENAX, TAKHX,
XAk DeH3oi, TETPAXIOPMETAE H Ap.

Cnocoﬁn noayuemns. 1. H3 nenacoliyenmumx yzaeaodopodos. Baa-
HMOACHCTBAE AJIKAHOB C BOJOPOROM IPOHCXOAHT B IPHCYTCTBHH
MeTaJH4ecKnX KaTammsaTopos (Ni, Pd) npe Harpepanmn:

CH;—CH=CH,+H; - CH;—CH,;—CH;,

2. H3 2aaozenonpoussoonvix. 1Ipn HarpesanAA MOHOTAJIOT€HO3a-
MEMEHHRIX ANKAHOB C METAJUIHHSCKHM HATPHEM [IONYHAt0T ANKAHE
¢ YOBOeHELIM YHCIIOM aTOMOB yriepoga (peaxyus Bropya):

CHBr+ 2Na +Br - CH — CH ;- CHs+2NaBr
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Ilogo6mayro peakmaio He OPOBOAAT ¢ XBYMS Pa3HKIMH IajIOTEHO3a-
MEIMCHHRIMEA AIKaHAME, NOCKOIBKY IIPH 3TOM OOIYYaETCA CMECH TPEX
pa3TAYHEIX AJIKAEOB.

3. H3 coaeii xapGonossix rxucsom. IIpE cnnasneHmn Ge3BOAHKIX
conel xapOOHOBLIX KHCIIOT C INEOYaAMH NOJIYYAI0TCH aKaHKl, COAEp-
XaniEe Ha OAMH ATOM YIIIEPOAA MEHBINE IO CPABHCHHIC C YrIepoa-
HOHM enbi) HCXOAHBIX KApOOHOBKIX KHCIIOT:

t
CH;COONa +NaQH - CH,1 +Na,CO,

4. DAeKMPOsUMUEECKOE OKUCACKUE AHUOKOE OPTAHMIECKEX KHCJIOT
HA HECPTHRIX AHOJAX 3nexTpormiepa (cm. § 11.4):

IRCOO™ —2¢~ -+ R—R+2C0;1

B anexTpmdeckod Ayre, ropamed B atMocdepe BOROPOLA, BO3-
MOXHO HOJNYICHHE MeMaHA:

C+2H,—+CH4

Takas %e peakqEs RAET OpH HATPEBAHHHA YTIEpojia B atMochepe
Bogopoaa g0 400 — 500 °C Oope DOBLIIICHHM AABJICHAE B OPHCYTCT-
BHE KaTaym3aTtopa. Jipyrae yriaeBogopojasl uo,uoﬁnhm cnocobom
DOJIy9aTh BE YAACTCA.

B naGopaTopHEIX YCIOBHAX METAE 4acTO IOIYYaroT H3 xapbmaa
ANOMHHKA:

AlyCy+ 12H;0 — 3ICH4T +4A1(OH);

XamuveckHe CBolicTEA. B OORIMEBIX YCIOBHSX aIKaHK XHMHYECKH
HHEpPTHL, OHH YCTOHYRBH K JCHCTBHEIO MHOTHX PEarcHTOB: HE B33-
MMOIEACTBYIOT C KOHIIEHTPHPOBAHELIME CEPHOM H a30THOH KHCIOTA-
MH, ¢ KOHOEHTPRPOBAHHKIMH M PpACIJIABICHHRIMH INeNOYaMH, HE
OKHCIISIOTCS CHILHBIMH OKHCIHTC/SMA — NePMAHTAHATOM KaJIHA
KMnO,n T 1

XaMuYecKkas YCTOMYMHABOCTD aNIKAaHOB OOBACHAETCH BRICOKOH mpo-
yEocTEI0 o-caded C—C B C—H, a Takke HX HENOJEPHOCTBHIO.
Henonapusie cemu C—C 1 C—H B ankasax He CKIIOHERL K HOHHOMY
PAa3pLIBY, HO CHOCOOHRK! PACIIENNSTECS TOMOJIRTHYECKH OO NCHCTBH-
€M AXTHBHHIX CBOOOAREIX pajukanoB. IlosToMy das aaxarnos xapax-
mepHbl  paduKasbhble peakyuu, B pe3yibTaTe. KOTOPEIX NOJyYaloTCs
COCOMHEHR, IJie ATOMEL BOJAOPOAd 3aMEIEHBI HA APYTRE ATOMEL HIIH
rpymoll aTomoB. CnenopaTensHO, AJIKAHH BCTYHAIOT B peaknyH,
OPOTEKAIOLIME IO MEXaHW3IMY padukatbhozo samewerun, obo3nada-
emoro cumBoloM Sy (or amrn. substitution radicalic). Jlo 3Tomy
MEeXaHHIMY TIeT9e BCET0 3AMEMIAF0TCH ATOMEI BOJOPOJA ¥ TPETAYHEIX,
3aTeM ¥ BTODHYELIX H DEPPHYRLIX ATOMOB YIJIEDOJA.
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1. T'asozenuposanue. Ilpa B3aBEMONEHCTBAR AJIKAHOB C aloTeHa-
ME (XIOpOM B OpoMoMm) noa aekcrereM Y O-A3IIySCERS WIR BRICOKOH]
TeMIepaTyphl 0bpa3yerca cMeCh IPOAYKTOB OT MOHO- A0 MOJMTAMN0-
TEHOJAMEINENELIX amxanos. O6Inat cxema 3Tol PeakilE NoKa3asa BA

OpEMEpE METAHA!
' a, a, a a

CH s CHaCl —2 CH,Cly — s CHCly ——
““ha Y g B g *Thag M

2. Humposanue (peaxyun Konosasosa). Ilpn JOcHCTBHA pa3bap-
JlegHO# a3otHOli xHCnOTH Ha ayxamkl mpE 140 °C m Bebomnmom
OaBIIeHER NPOTEKAeT pafEKallbHAS PEAKIAR:

CHy—CH;+HNOy » CH;— CH,—NO,+H;0

3. H3zomepusayun. HopMalibHEE a/KaHEl IOPH ONpeAcIeHHBIX
YCJIOBHEX MOTYT OPEBpaIIaThcd B alKaHL! ¢ pa3BeTBJICHHON nenvio:

AICY,, 100 °C

CH,—CH;—CH,—CH, CH3—CH—-CHjy

I
CH,

4, Oxucaenue. ITpr MATKOM OKHCIIEHHA METaHA KHCIOPOAOM BO3-
Ayxa B DPECYTCTBHH PA3/IHYHLIX KATAIH3ATOPOB MOTyT GHITH mOMyUe-
HbI METRJIOBRIH,CIAPT, hopMaibAeraR, MypasLHHAS KHCIIOTR:

zaTagasaTop, O, CH’OH
CH, 3 -+ CH, =0

wc L ., HCOOH

Ha Bo3nxyxe anxamul cropatot xo CO; 1 H,O:

t
CoHlzs2+ " 1,02 = nCO T +(n+ DH;0

§ 23.2. Hmxnoaaxans

O6mas dopmyna roMonorgdeckore pana imaxnoanxasos CH,,.
Towro Takoii xe dopmynoli OOECHIBASTCH rOMONOIHYECKAN pPEx all-
ECHOB, H3 ¥er0 CICAyeT, 9TO KaKA0MY NAKIOATKARY B3OMEPEH COOT-
BETCTBYIOIMH AJIKCH — 3T0 OPAMED TAK HAZKIBAEMOR MeNCKAACCO8O
H3IOMEPHH.

Ilo pasmepy mMEna DHKIORIKAHEI JCIATCE HA pm rpyum, m3
KOTOPBIX 0coObLIME cBolicTBaMu o6nagatoT massie (C,; C,) mukasL.

Ha3panAd DHK/I0AIKAHOB CTPOSTCH myTeM AOGABICHAS OpPHCTAB-
KH yuKA0- K HA3BAHHIO QJIK4HA ¢ COOTBETCTBYIOIIHM YHCIOM aTOMOB
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yraepoaa. Hymepammo B akie Tpou3BOAST TaKEM 06pa3oM, yTobu
3aMECTHTEIH MOJYYAIIA HRHMCHBIIHE HOMEPA.
CrpykrypEEE (OpMYyIH NIHKIOCAIKAHOB OORMHO 3AMHACLIBAIOT

B COKDANICEHOM BHAE, HCIONb3Yyd ICOMETPHYCCKYIO (OpPMY HMKNA
H ONyCKas CHMBOJIL ATOMOB YIIE€PORa H BOAOPOAA:

CH, H,C __CH,
AVEVANEN
H,C'——CH, H,C — CH,

MEHEKIOUPOOay mExiobyran

Cmpyxmypraa M30MEPHY OEKIOAIKAHOB 00yCNOBICHA PA3MEPOM
maxIa (HampEMEp, NEKI00yTaH H MeTEIIERIONPONaH — H3IOMEphL)
H NONOXCHAEM 3aMecTHTEIed B muxie (Eanpamep, 1,1- 1 1,2-mnve-
THNIOyTan).

JUiS MEKIOANKAHOB XAPAKTEPEE €HIe O/HE BHJ H3OMEPHE — Mpo-
CMpaHCMEenHan BI0OMCpPHES, CBS3aHHAN C PA3/IHIHLIM PACIONOXCHHEM
3aMECTHTENCH OTHOCHTEIbHO MIOCKOCTH nHKna. [IpH mx pacnojoxe-
HEH IO OAHY CTOPOHY OT HIOCKOCTH IHEKJIA DOJYIACTCH Yuc-m30MEp,
00 pazHble CTOPOHK — mpanc-B3omep. Hanpumep, B Monexyne
1,2-mamergmmmxnonponasa ase rpymisl CH; MOryT BaxomEThCE IO
ONEY CTOPOHY OT IUJOCKOCTH NMHENA (yuc-H30MEP) HIH OO DAIHRIC
CTOpOHH (Mmpanc-A30Mep):

HyC \A/CHs HyC AH

H H H  CH,
LHAC-3OMBp TPAHC-WaOMED

Ouamveckse cooiicTea. [IepBhie OBa WICHA 3TOrO PSAA — ralkl,
C;—Cy¢ — xmurnxocTn, Hatarag ¢ Cyy 4 Bbllie — TBEPALIS BEMIECTBA.
TeMuepaTypsl XulicHAS W IJJABJICHHS IHKNOANKAHOD HECKONILKO Bhl-
e, 9eM Y a/IKAHOB DPH OAHHAKOBOM WHCIEC ATOMOB YIJIEpOAa.

Cnocobu noayuesus. O6muM cocofoM NONyICHAS MHKIOANKA-
HOB SBISCTCH Oelicmsue Memasioe HG OUZaA02€HONpOU3SOOHBIE af-
KaHog, HALPHMED:

t
Br—CH,;-CH,—CH;—Br+Zn —+ C;H;+ZnBr,

CocnuHeHAs paja MEKJIOreKCaHa MONYYAIOT 2uUOPUPOSAHUEM apo-
MAMUYECKUX Y2Ae6000p0008, BEAIPEAMED: .
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Sn=ld

Xumueckne cBoiicrsa. B cTpOCHNA IHKNIOAIKAHOB HMECTCE P
ocoberHOCTeH, ONPelNENMIONIAX HX XHMHAYSCKHE CBOlcTBa. Massie
THEIED (ocoﬁenno OEKIOOPONan) HEYCTOHYHBLL B CIOCOOHE: K pai-
PHIBY, HO3TOMY OHH CKJIOHHBI K PEAKIHAM npUcoedurerun, HalOMA-
HAS HEHACKIOCHHEIE CoeAwHeHHS. Tak, IHXIONPONAH NpPHACOEAMHACT
6pomM ¢ pasphiBoM nukia, o6paays 1,3-aubpovmponas (peaknux Baer
TPY/JHEE, YeM ¢ OPONCHOM):

CH:;CH: +Bry <+ BrCH, - CH,—-CH,Br

AN
CH,

«Obnrme» mEKIs (C @ BLINE) 09€HL YCTOXYHBRI H BCTYHAIOT
TOIILKO B PEAKIIHH 3aMeINeHns, T0A06HO ankagaMm:

Br
+ Br, —» + HBr

Huxnooponan # MUKIOOYTAH MOIYT Mpucoeounsms daxce 800o0-
pod, 1aBas COOTBETCTEYIONIHE EOPMANBHBIC a/IkaHEL. [IpacoeaEeHAE
OPOMCXOAHT IPH HArPEBAHHH B UPHCYTCTBHH HHKEIIEBOT0 KaTaH3a-
TOpa:

H,C~CH, .
| | +Hz —» CH3—CH2—CH2—CH3
H,C-CH,

Hezudpuposariue yuxro2excana B IPHACYTCTBHA HHEKENEBOro KaTa-
AH3ATOPA ODPABOANT K OOPa’OBARMIO Hendosa.

1, Ni
Cgtly; — CgHg+3H,



'nampa 24
AJKEHBI A AJIKATUEHBI

§ 24.1. Anxesns

_ Aaxenasmu Ba3RBAIOTCH HEHACHIICHHEIE YIJEBOJOPOALL, MOJIEKY-
JIEL KOTOPHX COZiepHaT o0y IBOMEHYIO CBu3b. ATOML yriaepoza,
CBA3AHHLIC JBONHOH CBA3BI0, HAXOAATCA B COCTOSHAR spz-mﬁpmxma—

UM, NBOHHAN CBA3b YBIYETCH COYCTAHHEM 0- H 7-CBA3CH (CM. pHC.

3.11, 3.12). Obman bopmyna romonormieckoro pana ankeaos CJH,.

Tlo cAcTeMaTHYecKk0#d HOMEHKIATYpe HA3BAHAS AKCHOB CTPOATCH
TaK, ITO B Ha3BaHHM ATKAHA, COOTBETCTRYIOIIEIO 3TOH poAOHAYATE-
HOH CTpYKTYpe, cydpdrKc -ax 3aMeHseTCs HA -en. B ciydae passersie-
HHAS [NAaBROE CYATAaeTCd Lefb, CoAepXamnas ABOHHYIO CBH3b, dadice
ecau 3Ta Ienk H He SBJISeTCH caMoll JIMHEOH.

VYrieBoROPOAREIE PAAHKANIEI, 0OPAIOBAHHLIC H3 ANKEHOB, AMCEIOT
cyhdurc -enus. HexoTophie pagyrandsl MMEIOT TPHBHANBHLIE HA3BA-
HHs, HANPEMED, gunua (3TEHHN), a1 (IPOLEHNT).

Cmpyxkmypuas A30OMEpHS aIKeHOB 00yCHOBIEHa HE TONLKO CTPO-
CHHEM YINICPORHEOTO CKEeTa, KaK 3T0 CBOHCTBCHHO ajKA&HAM, HO
H nosoxcenuem ABORHOM CBE3H B TIaBHOR yriaeponHoi nens. [leppuiM
TOMOJIOroM, Iji KOTOPOTO OCYIIECTBJIACTCH H3IOMEPHES C YIETOM ITHX
AByX npw3pakop, spnsercs anxen C.H;. '

IIpocmpancmeennan B3IOMEPA% ankenoB oOyclopaeHa HaTAYHEM
B MOJIEKYJIe ABOHMHOM CBS3H M PasIHYHLIM PaclONOXCHHEM 3AMECTH-
Tenel OTHOCHTENHHO IUIOCKOCTH 7-CBS3u. MHOTHE ajKeHEl MOTYT
CYUICCTBOBATE B BHJE yuc- B MPAHC-A30MEPOB.

Puzmteckne caoiicrer. ITo PH3HTeCKUM CBORCTBAM aJKEHB MO
OTIHIAKOTCA OT AJKAHOB ¢ TEM XK€ YHCIAOM ATOMOB B MOJEKYJE.
Husmme romonora C,~C,; dpE HOPMAILHBIX YCIOBHSX — FA3NL
C;—C;7 — XHOKOCTR, BRICIIIHE FTOMONOIM — TBepALIe BeINecTRa. AJ-
KeHbl HEPACTBOPAMEL B BOJE, XOPOIMIO PACTBOPHMELI B OPTAHHYECKHX
PACTBOPHTENAX. _

Cnocofbnl poTyqenMs. ANKCHLl #BIAKOTCH LEHHRM CHIPREM AT
OPOMLINTEEROIC OPraHHvYecKoro cmHTe’a. B opupose oEm npaxTh-
HECKH HE BCTPEYaIoTCH, HO3TOMY paipaboTaHo MBOTO METOACE HOJY-
4CHAA ANKCHOB Pa’JIMYHOrO CTPOSHHS. :

1. Kpexunz asxanos. Kpexmurom oOHMHO HA3BBAIOT LHPONECCE
XMMEYECKHX OPEBPAINSHHH OpraHuYecKHX COCIMHCHHE, NPOHCXOAA-
HIFe MpH BHICOKOK TemMnepaType. KpekHsr ankaHos gB/IMETCA BaKBei-
HIAM OPOMEIIUICEERIM CO0CO00M NONTYYCHHS 4/IKCHOB H3 BRICOKOKE-
nammx paxuuid sedra. Ilox geficrBaeM CHILHOIO HarpepaHus (o
700 °C) B MoJIeKy/IaXx aIKaHOB FOMOJIMTHYECKH PACHIEISIOTCH o-CBS-
au C—C, opa s1oM 0Dpa3yeTca cMech RH3KOMOJIEKYISPHEIX 2JIKaHOB
H AJIKCHOB:
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CiH,y5—+ CsH g+ CH3— CH=CH;

2. Peakyuu 3asumunuposanus. ITa Tpynla peakudll JIeXHT B OC-
-HOBE 60JIBINHECTBA CocO60B MOJYyIeHHAd aIKCHOB.

Jaumunuposanye — 310 OTILEMNEHAE ABYX ATOMOB HIH Ipymn
ATOMOB OT COCSHAX ATOMOB YIJIEpPOAa ¢ 06pa3oBaHAEM MEXKAY HEMH
n-cpa3d, OOmasx CxeMR pPEAKNEE SNEMBEEMPOBAHES TpeJICTABNCHA
B§ 22 6. ATOMSI yrJiepoia UPH STAMBEHPOBAHAE NEPEXOJAT H3 sp -
B sp’-ralpryEoce cocTosEme. VCXOMENME BEMECTBAME MOTYT cy-
XHTh OPEACTABATEIH PA3HKIX KJ3CCOB OPraHHYCCKHX COCAHHCHHH.

a) Jezudpozasgzenuposarnue NPOHCXOTAT OpPA JeHCTBHH CHAPTO-
BRIX PACTBOPOB MIeJIOYed Ha MOHOTAJIOrCHHIEL

CH; —-CHBr — CHi+ KOH(cmapr. p-p) —+ CH3 - CH=CH,+KBr +H;0

B monexyne 2-6pommponana aroM BOAOPOAR OTINEIUINETCH OT
oBoro A3 COCEAEAX ATOMOB YIJIEpOJ3, TAK KaK OHA PABHOLOCHHEL.
B cnywasx, KOrAa COCSIHRE aTOMEI YIIEPOAA HE OTHEAKOBHL, OTIEN-
JICHAE ATOMA BOAOPOAA NMPOHCXOAMT OIPEHMYINECTBEEHC OT Haumenee
TEAPOTEHAIHPOBANHOrO aToMa yriaepoja (r. €. HMEIOMEro HauMeHb-
Imee YECIO0 ATOMOB BOIOPO/Aa). DTa 3aKOHOMEPHOCTE HOCHT Ha3BaHHE
npasusa 3ailyesa.

6) Jezudpamayun cuapTOB IPOHCXOJAT PH WX HATPEBAHHHE C CEP-
HOH KHCIIOTOH HNM NpOHYCKAaHHAH NapoB COHPTA HAX KATAH3ATOPOM:

CH;-C)H(OH)—CH;-CH; —+ CHy—CH =CH — CH; +H,0

~ B) fJezarozenuposanue NpOACXOAAT NPH HATPCBAHNH JATAIONCHA-
JOB, HMEIOMMEX ATOME! TAJIOTéHA Y COCEJAHAX ATOMOB YriIepoaa,
C aKTHBHRIMH METAILIAMH;

CH:BT"CHBT‘-CHz-—Cﬁg +Mg—)
—+ CH;=CH - CH;—CH3+MgBr;

r) Jezudpuposanue ankanoB 'uponom opu 500 °C B mpECYTCTBHA
KaTaJMA3aTopa:

CH3;~-CH;-CH; - CH;—CH=CH;+H,

Xamuveckue CBOHCTBER aNKCHOB OOPEASIAIOTCH HAIHYHAEM B HX
MOJICKyJax NpofiEo# CBA3M. DNeKTPOHEOE OONAKO N-CBAB HOABED-
racTcd aTake ICKTPOPHIBERIME areETaMu. IlosTroMy MHEOTHE peak-
[MH ANKEHOB NPOTEKAIOT MO MEXAHHIMY 31eKkmpodiuiskozo npuco-
edunenun, oO0O3HAYAeMOMY CHMBOJIOM Agp (OT AaHTI. ition
electrophilic). Peaxnem 31exTpodHIBHOIO DPBECOSIAHEHAS — 3TO
HOHHBIE IIPONIECCHI, NPOTEKAIOITHE B HECKOJILKO CTaAHi.

Xapakrepao#i 0CcOOEHHOCTRIO IAEKTPOHHONO o0laKa n-CBN3H fB-
ngerc ere nmoApuXHOCTH. [lox BIMIEHeM 3aMeCTHTEICH 3JICKT-
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POHHAA IIOTHOCTh R-CBS3H MOXKET CMEMIATLCA K ONHOMY H3 ATOMOB
yriaeponaa. n-CBa3b TOrAA CTAHOBETCS HOJSPHOM, 8 HA ATOMAX YrJje-
pona, CoOeTAHEHHEIX ABOMHOR CBY3bIO, BO3EAKAIOT JACTHIHELIE 3aps-
Asl. YBeIM4YeHHe NONAPHOCTH B KOHETHOM CYETE MOXET NPHBECTH
K I'eTePOIMTHIECKOMY Pa3pHIBY N-CBS3H:

&+ 4 é— 5+
R-CH=CH, CF3+~CH=CH,
+ Foders —Fadest

1. I'udpozarozenuposanue. IIpa R3amMoONeHCTBER AJKCHOB C rano-
regopogopogavu (HCl, HBr) oGpasyroTcs raioreHalkassl, opadeM
€CIlM ACXOJHBIH allkeH HECHMMETDHYICH, TO peakimus OpoTeKaeT Lo
opaBmily MapKoBHHAROBA.

IIparEno MapicoBERiKOBA: IPH OPHCOSAMHEHAH NONAPHLIX MONe-
kya TEoa HX K HeCHMMETPHIERIM QJIKEHAM BOAOPOA HPHCOCAHHSET-
cg X Gosee rEIPOTCHH3HPOBAHHOMY ATOMY YIJEpOJa DPH ABOHHOH
cB3u. Tax, HanpAMep;

CH3;-CH=CH;+HBr -» CHy—CHBr—CH,

2. 'udpamayus. TIpa p3asMOIciCTBEM aTIXeHOB ¢ BOJOMH B IpACYT-
CTBHE MHEEpAaNbLHLIX KHCIOT (cepHOi, pocdoprOiE) oOpasyoTcs cnm-
pTH. MEEEpaILHEIE KACAOTH BHIIOIHIIOT POJIb KATATA3ATOPOB A SB-
AMOTCH MCTOYHHXAMH NpoToHOB. IIpHCOcARHEEHe BOAKI BAET 0O
opasany MapxoBHHKXOBA;

CH, CH,
I H3P04 | ~
CH;3; - C=CH;+H;0 —— CH3~C—-CH;
|
OH

3. Iaaozenuposanue. Hlpn nobapincewn K ankeny Opoma (B sune
6pomuoii Bogu) 6ypas oxpacka Opoma GricTpo dcdesaer. Jra peak-
IHA SBIASTCH KauecmsernHtoii HA ,ZIBOiHYIO CBHA3Eb:

CH;=CH,+Br; —» BrCH,-CH,Br

4. Oxucsenue. JIpA OKHECICHAH AJIKCHOB HNEPMAHTAHATOM KajH4
KMnQ, B melitpamsuoif mimd coaboenodHOd CpeAc OpOHCXOOdT
Pa3pslB 7-CBA3M M OPHACOEAHHSHHS FHAPOKCHILEON IPyNIEl K Kax-
JOMY aTOMY YIrIepona, T. €. Peaknnd rEAPOXCEIHPOBAEHS. B peaynk-
TATE PEaKIMA OKpANCHHLIN pacTBOp NepMaHraBEaTa Kajuug OnICTpo
ofecnBeaHBACTCH M BRINAKAET KOPHIHCBEIH OCAOK OKCHJA Mapramna
aAV) (cm. § 20.3). 3ma peaxyun, Kax B OpeibIAYIIas, SEAREMCH
KauecmseHroi Ha NBOWHYIO CBA3b!
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3CH,— CH = CHj + 2KMnO, + 4H,0 -+
-+3CH3—CI1H—-CH2+2Mn021+2KOH (24.1)
: I

OH OH

B cBa3H ¢ TEM YTO OpraHWdeckAe COSJHECHHS IPH OKHCICHHH
ofpazylor Hapgiy ¢ OCHOBHLIMH pPsJl «@ODOYHEIX» HPOAYKTOB, BO3-
HHKAIOT TPYAHOCTH B YDAPEHBAHWHA 3ITHX DEAKIHAN. TPYAHOCTH
JIETK0 DPeoioNeBalOTCE IpPH HCOONBIOBAHMA METOAA  3MEKT-
POHHO-HOHBOTO 0ananca:

3 | CHy—CH=CH,+20H" —2¢~ - CH,~CH—CH,

OH OH
2 | MpO,” +2H,0+ 3¢~ - MnO,} +40H"

3CH3—CH=CH,+2Mn0,~ +4H,0 - 3CH;— CH—CH,+2Mn0,} +20H "
é)H E)H

B tex ®e cnydasx, KOrAd B XOA¢ OPraHAdecEOd peaknyH BaXHBL
JIEIN, OCHOBHEIE OPraHMIecKHe ONPOAYKTH OKHCIICERN HJIH BOCCTAHOB-
JleBud, CIOXKHANACh TPAJHITHS 3AIMCHIBATL 3TH PEAKITHH B BHAC cxeMm
¢ 0603Ha9eHHEM DPOMECCca OKHCIICHUS CHMBOJIOM 3JIEMEHTa KHCJIOPO-
Aa B xBAnpaTHEIX cKoOKax [O] (maa crpenkoii) B nponecca BOCCTAHOB-
NIeHHsl — CHMBOJIOM 3NeMeRTa Bogopoxa [H]; non crpenkoit Moxer
6LITH yKasaHa cpena o T. I0.

Tak, OpH OKHCJ/ICHHH DCPMaHraHATOM KATTHS B KHCJIOH cpeae IR
XpOMOBOH CMECHIO OPOMCXOXHT DOJHHEN pa3pelB ABOHHOH CBA3H
¢ ofpaioBpaHACM MPONYKTOB OKHACICHHS. Ty Igeaxmuo Ha3kIBAIOT
OKUCAUME AbHBM paciyenaenuem deotinolt cenzu. Haupamep, w3 Mone-
kyneul Gyresa-2 B pe3yabTaTe OKHCIHTEILHOI0 pacmernicHns obpasy-
FOTCS ABE MOJIEKYJILI YKCYCHOM KHCIIOTHI; CXeMaMUYHO PEAKIAA 3anH-
CHIBAETCH OPOCTO:

O
C_H3 —CH=CH-CH,4 -[]-E]_':’"} 2CH, - COQH

Hapncanne x¢ noiaEoro vpashenur Nandoli OB peaxuwmd BHOBL
norpebopano 6m OpHBIEYEHAE METOAA 3JEKTPOHHO-HOHHOro 0Oa-
Jafca;

3CH;3~ CH=CH — CH;+4K,Cr;0; +16H;S0,=
=6CH;y— COOH +4Cr, (S0,); +4K,50, + 16H,0

‘ 5. Boccmanosaenue (THAPAPOBAHHE) AIIKEHOB IPOHCXOIHT HOJ
JeACTBAEM METAUIHYECKHX KAaTAITH3aTOPOB!

) oy
CH; —CH=CH;+H> i) CH3;—-CH;—CH;
1
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‘6. Peaxyuu nosumepusayun. OcoBHM THIIOM peaxildil OpECoeqH-
HEEHA K AlIKeHAM SBJIMCTCA HMX OOIMMEPH3AIMA, KOTOPAS MOXET
KATANE3HPOPATECH Kak EKTpOo(ENaMH, Tak H PAagdKalaMB HIH
COCAHHCHASME NEPEXOJHEIX METANJIOB,

Peaxnus nommMepr3anan ~— IT0 HOCHSAOBATEILHOE NPACOERHHE-
. HAE MOJICKY]l HERACLITICHHKIX COSAMHEHEH pYr K Apyry ¢ obpa3osa-
HHEM BRICOKOMOJIEKYISPHOrO NPOAYKTa — noAusmepa. MOCKYIIN a-
KeHa, BCTYMAIONEE B PEAKIFK MOMHMEPHIANHE, HA3HBAIOTCE MOHO-
MEPAMU;

\ / [
n\C=C/ = (-C-C-),
{ A '

MOHOMED HoEMep

IMomamepr3anud — 3TC OENHAS pPeaknus, B, U1 TOro 9To0kl oHd
HAYANach, HCOOXOAHMO AKTHEBHPOBATH MOJEKY.IEI MOHOMEDA € OMO-
UTLIO TAK HA3KBaeMBIX HHANAATOPOB. TAKHMHE HHAIHATOPAMA peak-
OHH MOTYT ORTL cBOGOXHLIE pajAKANH HAH HOHL (XKATHOHEI, AHHM-
OHHI). B 3aBHCHMOCTHE OT IPAPOJLI RHMIHATOPA PA3NHHAIOT PajH-
KApHEIN, KATAORHEY MITH AHAOHHKIA MEXaBEM3IMEI DOTKMEPUIANHA.

HauBonee PacOpOCTPAHEEHHIME HOJAMEPAMHA YIIIEBOAOPOHOM
IPHPOJL! ABIAIOTCH DOJHITHIEH H NONHIPOIRICH,

Hoausmusen 00My9aloT TONEMEPRIANEECH ITHIICHA:

nCH;=CHj — (— CHz—-CHz—}a

IToaunponusen NONYYAIOT CTEPEOCTICHRGHICCKOR MOMAMEPR3ANHA-
eit mponmuera (nponeHa). Crepeocnemmbrveckas noMMMepH3aNAL —
3TO MPOLECC NOTYICHHAS NOAMMEPa CO CTPOrC YHOPSAQYEHERIM IIPO-
CTPABCTBEHHEIM CTPOCHBEM. ‘

K noimmepr3anan coocofEb MEOTHE APYTEe COCAAHCHAS — HPO-
H3BOJHELIE 3THICHA, EMeromme obmyio dopmyny CH,=CH-X, rae
X — pa3nEYERIE ATOME] JUIH I'PYOIH ATOMOB.

- § 24.2. JAHenoBnie Yr/icBOAOPOIRN

Aaraduenamu (TEEHOBLIMH YI'IEBOAOPOAAME) HA3BLIBAIOTCE HEHA-
' CHIIIEHBRIE YIJIEBOA0POAK!, COnCpARAnAe Ape JABoinnie ¢aa3n. Odman
dopmyna anxampesop C H,, ).

O sanyEd ABYX ABOMHEIX CBs3ell B MOJeKyJje rOBOPHT cyhdurc
-duen. N4 yKa3aHAA NOJIOXCHAS KAX/JOH ABOMHON CBA3R riIaBHYIO
YIIEPOAEYIO NEnb HYMEDPYIOT TaK, YTOOH B Hee BxoJuinA ofe ABOH-
HBlE CB3H, 4 ATOMHE YIICpOAd, CBN3AHHBIE NBOWHEIMH CBA3SMM,
HOJTy4R/H Ha¥MEHbIMe BoMepa. [{JIf HeKOTOPHIX AJIKAACHOB IPOAo-
JOKAFOT HCIONb30BATH TPHBHANLHEIE HA3ZBAHWN, HAOPHMED UIONPEH
(2-meTunbyrapuen-1,3).

Ecng asoiiskie CBS3H pa3feNeEH B IenA AByMa WiB bonee o-CBi-
asmA (neETagBeR-1.4), TO Taxue ABOHHLIE CBSIA HAILIBAIOTCH U30-
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AuposaHHbiMu, XAMAYCCKAE CBOHCTBA ANXAJECHOB ¢ H30/JHPOBAHHKI-
MH ABOHHBIME CBM3AMHE TAKHS K€, KAK H ¥ A7IKeHOB, C ToH pasHHne,
4YT0 B pPeakmuA MOIYT BCTYNaTh HE OJHA, & IBE ABOHHLIC CBAZH
BE3aBHCHAMOC OPYT OT ApYra. ‘

Ecnu ABOHHERIE CBEIA PA3IASICHL] B NENH TONLKO OFBOH d-CBA3LIO,
TO HX HA3LIBAIOT CONPANCSHHBIMU. B 3TOM CIywae B MOJEKYNE ABOH-
HEI¢ B OfMHEADHGLIC CBA3HM YEPeAyIOTCH, K4k, HANpEMep, B Oyramm-
ede-1,3 CH,=CH—CH=CH,, xoTophiii fBISeTCE DPOCTECHIIHM CO-
IPSKECHHEEIM ANKATKHCHOM. ‘

. CoenaHEHAS ¢ YEPeAyIOMHAMCS PACHOIOKCHHEM ABOHHBEIX CBA3CH
OTIRYAKTCE HO CBOHCTBAM KakK OT AJKEHOB, TAK H OT APYTHX THIOB
anka;EeRoB. OCOOEHROCTH XHMHYECKOTO MOBEACHHS 3THX COCHHHE-
HHAH OOBACHAIOTCE HATHYHEM CONPANCEHUR.

Conpaycenue — 310 00pasoBaHde ¢HHOrO 3EKTPOEBOro obnaka
B pe3ynnpTaTe B3aHMO/EHCTBEA HerHGpAaH30BaHEEEIX p-opOHTAIICH
B MOJICKYNIE C 1CPEAYIOIEMHCH ABOHHKMY H OZHHADHLIMH CBA3ISMH,

Tax, B Gyragmene-1,3 Bce d9eTHIpe ATOMA YINEPOAA HAXOASTCH
B cocTosHHE sp’-rafpauwianma. OHH NEXAaT B OAHON NIOCKOCTH
H COCTABJIAIOT J-CK&JIET MoJlekylsl. Hernbpaamsosannue p-opbura-
JE ¥AEIOTO ATOMA YriCpoJa NePneHABKYASPEL: [IIOCKOCTH 0-CKene-
T4 H DapajuIeNbHEL APYT APYTY, 9TC CO3AACT YCJIOBHA /IS HX B3aHM-
HOTO Nepexphipabns. Ilepexphipanne NPORCXOANT HE TOILKO MEXIY
aromMamE C-1 — C-2, C-3 — C4, HO # YacCTHYHO MEXKJY ATOMAMM
C-2 — C-3. 1Ipr nepexpuBaHER YeTHIpeX p-OpORTaneii DpORCXOABT
obpazoBanre ¢QMHOTO 7-3JIEKTPOHHOrO OOJaKa, T. €. CONpSKEHHE
ABYX MBOMHEIX )cBa3ell. DTOT THN compExeHHs HA3RIBAETCHA 7,M-CO-
OpKCHHEM, T3k Kak B3aHMOACHCTBYIOT OpOHTAIHN n-CBA3CH.

B coppsxeHHOH CHCTeME 7-MCKTPOHEI YXe¢ HE NpHHAIIEKAT
onpeAcsicHHRM CBA3AM, OHH 02A0KaAU308aHbI.

Hesoxasusayus 3MeKTPOHHOH ILTOTHOCTH — 3TO €€ pacmpepcrie-
HHE 00 Beel CONMPREXEHHOH CHCTEME, 110 BCEM CBA3EM H ATOMAaM.

Ifenr conmpgxenAs MOXET BKJIOYaTh Oobmoe wdcio ABOHHBIX
ceaseir. YeM oHa pmuHBee, TeM Golniiie AENOXAA3ANAA N-3JICKTPO-
HOB H TEM YCTOHYHBEE MOJICKY/A.

Cuocobnt noaywenms. Baxmoe OpOMBIUIIEHHOE 3HAYCHHE HMEET
6ymaduen-1,3, WA dusurui, Tax Kax OH SBNHETCH CHIPhEM IS HPOH3-
BOACTBA CHHMTETHIECKOTO Kaydyxa. Byragmer-1,3 nonyvaior m3 Gyra-
HOBO}i ¢ppakums kpexunr-nponecca redTa. I[Ipr Temuepatype 600 °C
HPOHCIONAT CTYNECHIATOC NeTHAPHpOBande GyraEa Haji KeTAIM3ATO-
poM (Cr,0;, Al;O;) ¢ o6pasoarnem Oyranmena-1,3:

-H —~H
CH,—CH,~CH,—CH; —— CH,CH,;~CH=CH, —— CH,=CH-CH=CH,
) 6yran Gyren-1 Gyrammen-1,3

Karamatugecxnif cooco6 moaysesns OyragmeBa-1,3 u3 sraBosia
6611 oTkpuT B 1932 r. C. B. Jlebeaennm. Ilo c¢rocoBy Jlebenena
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6yTasmen-1,3 nonyyaercsa B pe3yibTaTe OXHOBPEMEHHOTO dezudpupo-
eazluﬂon dezudpamayy 3TAHONA ¢ KATAIA3ATOPAMM HA ocHOBE ZnQ
H Ul

440 °C
2C;HsOH —— CH;=CH—-CH=CH;+H,+2H;0

Iépyrm BAXHEIM NpPEICTABHTENEM ANKAJAHCHOB SBJISCTCE 2-Me-
musbymaduen-1,3, wiIA usonpes, NPefCTaBARIONHE COOOH NerEoKmIIS-
INYI0 XAAKOCTL. M3ompen snepphie OGLUI MONTyYeH B3 HATYpPaNbHOTO
KayTyka cyxoili meperoExo# (BarpesammeM 0e3 XocTyma Bo3nyXa).
B macTosmee BpeMs B NPOMBLIIUIEEHOCTH H3ONPER MOAYYIAOT B OC-
HOBHOM H3 JIIerkmx (paxnuii yrieBoROpoxOB, 0OpasyloIHXcs IpH
KpexkHHr-nepepaboTke He(TH, BANPEMEpP, ACTHAPHPOBAHES 2-METHI-
OyraHa B4 OKCHIOHKIX KATAIH3ATOPAX:

CH, CH,

] $50 °C ]
CH3;—CH—-CH;—-CH; —— CHy=C—CH=CH;+2H,

Xuvmraeckue caoiicrna. 1. JIns anxapgenoB xapakTepHhl peakiag
aexmpodhuslozo npucoeduretiun Ag. OOHAKO B XEMHYSCKOM IOBEAE-
HHH ANKAAECE0B-1,3 ecTh ocofeHHOCTM, CBE3ARHLIE ¢ HAIAYHEM B BX
MoJleKye conpskenns. Tak, B peakHsaX DPACOCIMECHES MOTYT OBITE
ponydeHbl B2 gpoaykra. OOuH H3 HHX HOJYYRETCK 3a& CHCT OPHCO-
enmaennd no moGoil geoliEOH cBa3m (I,2-npucoedunenue). B sToM
cnydae ankammeH Beaer ceba momobHO anxeny. [pyrod mpoRykT
OIYYAETCE B pe3yabTare ,4-npucoedunenusn. B 3T0M ciryiae MOJIEKY- .
I3, AIKAJMEHA BeAeT ceDd Kak ¢NHHAS CONPAXEHHAas CACTEMA, H MpH-
coeaHEeHne K Hed maeT xax On Do ee «xoEHaM». B monywaromemcs
opoaykTe Mexay aromamu C-2 — C-3 conepxurcs ABOHEAY CBI3b.

IIpeAMymecTBeHHOE NPOTCKAHAE PEAKMHHA OO TOMY HIH HHOMY
IYTH 3aBHCHT OT XOHKPETHBIX YCIOBHH. :

2. IHoaumepusgywo anxajmeHoB Ha OPEMEpAaX CHHTE3a Kaydyka
CM. B 1. 36.

Cxasa 25
AJKHMHBL

§ 25.1. O6mas XAPARKTePACTHKA

Aaxunamu Ba3LIBAIOTCA HEHACHIIIEHHRIE YTIECBOJOPO/bL, MOJIEKY-
JIkI XOTOPKIX COAEpXaT oouy TpolEyro cBa3b. O6mas dopmyna au-
xuBoB C,H;,_,.

Ilo somerxnarype HIOTIAK Hamdee TPORHOHR CBA3K B MOIEKYIC
ofo3mavaetca cyGdUKCOM -un, KOTOPHIHA 3aMerseT cy(pdHKe -au B Ha-
3BaHHA COOTBETCTBYIOIIETO ANKAHA!
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- HC=CH CH,-—CECH CH,~C=C--CH,
3THE HpPONHE Gyran-2

TI'naBHYIO YrIEpOAHYIO LEOE, 0DS3aTENRHO BKIIOYAIOINYID TPO#-
HYIO CBf3b, HYMEPYIOT TaK, WTOBHI aTOMEI, CBA3aHHKE TPOHHOH
CBE3bI0, NOJYYHIIH HaWMEHBIIAC HOMEpa:

CH,
] 4 3 i1

I
CHg-CH-—CHz—CECH CH;—C-—CH:-—CEC‘—CH3

| |
CH, CH,

4-MeTRymenTHE-1 5,5-qAMeTENTeXCHA-2

TpupranbROe Ha3BaHEE NEPBOr0 WICHA TOMOJOTHYECKOTO paia
anxgaoB — ageTanes HC=CH, [ostoMy ankERH Y3CTO HAIHBAIOT
ANCTHIICHOBRIMHA YITIEBOAOPOJAMH H PACCMATPHBAIOT K2K IPOAYKTHI
3aMEmeHHs 2ITOMOB BOAOPOHA B ANSTAICHE HA YINEBOAOPOIHHIE
paquKaiBl, HanpEMEp METHNANESTHICH, JAMETHIANCTHICH.

Cmpyxkmypras H30MEpHS aJIKHHOB, KAK M aJIKCHOB, obyciaopieHa
CTPOSHHEM YFJICPOIHO 1A R HOJIOXeHREM B Helt TPOHAOH CBs3H.
[IpocTpaBcrBennas H3OMEPHS /U1 a/IKHHOB HC XapakTepHa.

Crpoense mpoiinoii ceasu ZeTanLHO PacCMOTPEHO B § 3.2.

Pu3nueckue ceoiicrea. ITo huangeckuM cBOMCTEAM ATKMHEI HANO-
MHHAKOT ankasel ¥ ankeHnl. Hazmye anxmewm C; —-C, npepcrapnsior
coboii rasel, C;—Cjs — XKHAOKOCTH, BHICIIHE AJKMHK — TBEPOLIE BE-
MecTBa. TeMICPATYPH KANCHAS AJKUHOB HECKONLKC BLILIE, YEM Y €O-
OTBETCTBYIONMX ATKCHOB.

Ilogo6uo ankaEaM B AJIKEEAM, AJIKHHE nepamOpm B BOJIE, HO
pPAcCTBOPHME! B HENONSPHLIX OPTAHAYECKHEX PACTBOPHTEIISAX.

§ 25.2. lonyvienne ¥ XEMAYCCKAE CBORCTBA

Crnocof nosywemss. 1. O6mum cnocoGoM MONYYSHHES ATKAHOB
ABJIRETCS Peakyus de2udpo2aio2esuposany s — OTINEIICHAS ABYX MO-
JICKYJI rallor€¢HOBONOPOAA OT AATAJIOTCH3AMCINCHHBIX aJIKaHOB, KOTO-
pHIe CONEPKAT (B ATOMA rajioresa 1abo y COceHHX aTOMOB YIJIEpO-
Ha (Eanpumep, 1,2-qa6pomoponas), naGo y oHOTO aToMa yriaepoa
(2,2-mbpommiponan). Peaknus npoHCXoauT noja meiicTBHeM chupmo-
8020 pacmeopa uOpoKCcuda Kaaus,

KOH, r
CHg— CBr;—CHy ———— CHg—CECH ’
JTHHON

KOH, ¢ ‘
CH; - CHBr—-CH3;Br ——— CH3;-C=CH
3TAHOI
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2, [Tpocrefimui H3 aANKHEOR — ayemuier — MOJIYYAIOT B IPOMEI-
LTERHOCTA OyTeM BBRICOKOTEMIICPATYPHOIO KpeKMEra MeTaHa:

1500
2CHy —— CH=CH+3H;

B nmaboparopEE aneTEneE MOXHO NMONYYHTh THAPOTHIOM Kap-
Gupa xannoes XoIonHO# BOMO:

CaC;+2H;0=Ca (OH); + C;H;

Xunveckne ceoiicrea. Tpoiinas ceass ofpasyerca xeymMs aToMa-
MH YIIEpOAA B sp-rEOpHAIEOM COCTOSHEH. JIBe 0-CBS3H PACIIONOKEHLI
gon yraom 180°, a mBe n-CBS3H pacmONOXKERH BO BIaHMHO NCpICH-
FEKyISpHLX obnacrsx (oM. puc. 3.10). Hanmume n-camseil obycnos-
JHEBaeT COOCOOHOCTH ANKHEOB BCTYNATE B PEAKIHA 34ekmpodussnozo
npucoedunenus Ap. OAHAKO 3TH PEAKIEH IS AJKHHOB OPOTEKAIOT
MeJUIeHHEee, YeM AaA ankenoB. OQObAcEseTCd 3TO TEM, 9TO 7M-ONCKT-
pPOHHAY IMIIOTHOCTh TPOMKEOH CBs3H pacuonoxena Gonee KOMIAKTHO,
9eM B AJKEHAX, H DO3TOMY MEHeC NOCTYNHA A B3AHMOJCHCTBAS
€ Pa3IHIHBIMH DPEATCHTAMN.

1. I'anrozenuposarue. T'anoreHsl UPACOSIMHESAIOTCA K AJIKHHAM B JBE
cragen. Hauprmep, npecoeamHenre GpoMa K aneTHNCHY NPHBOMMT
K o6pa3oBarmI0 JMOPOM3TEHA, KOTOPHIH, B CBOK) 09Epeab, PEarapyeT
¢ HI30NTEOM OpoMa ¢ oGpa3oBaHEeM TeTpabpomaTaHa:

Br, Br,
CH=CH -—> CHBr=CHBr —+ CHBr,—CHBr;

2. l'udpozaaozenuposanue. I'anoreHOBOAOPONL NPHCOSTHHIIOTCH
K TpOHHO# CBA3H TpyAHee, 4eM K aBofHOM. [{71Is% akTRBAIAM rajoreso-
soaopoaa HcnomsayioT AlCl; — cumbryio kmcnory Jistonca. Ha ane-
' THUIEHA NPH 3TOM MOXHO [OJYYATH BEHHIXJIOPHA {XIOPITEH), KOTO-
palii HCOOJL3YETCA AJIN NICJIYICHAHR BaXHOTO HOJIHMEDA — HOJHBH-
HAITLIOPANA:

AlC,
CH=CH +HCl —5 CH,=CHCl

‘B cayuae B30mTKA ALNOpOBOZOPOAR DPOHCXOZHT AauLHEHIICE
OPECOCIHECHEE XIIOPOBOAOPOA K XJIOP3TEHY:

CH;=CHCl+HC -» CHa—CHCI,

- Caeayer o6paTuTh BEEMAHHAE HA TO, YTO NPHCOCIMHCHAE BTOPOH
monekyisl HCl nponcxomut B coOTBeTCTBHE C npaBunoM Mapxos- -
HHAKOBA.

.3. Tudpuposarnue (peakiiBd GccMancatchus). ANKHAN OPHCOCAH~
BSIOT BOAOPO/ B NPHCYTCTBHH METALIMYECKEX KATAIH3ATOPOB NPH
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marperanga. Peaxums MOXeT npoTexars B Ase crajgmm, Ha neppod
craman ofpasyercs ajkeH, a OpH NOJHOM FEAPHPOBAHAH — aJIKAH:

H, H,
CH;—CECH — CH;-—CHSCHZ -_ CH3--CH2-—CH3

4. Nudpamayusn. NIpHcoeqAHCHRAE BOAH K ANKuEAM (peaxyun Kyue-
posa) KaTamm3EpyeTca conamu pryta {II):

1+ +

Hg**, '
CH=CH +H;0 7, [CH;=CH—-OH] - CH;—-CH=0 (25.1)

Ha peppoit cTammm peakunr obpa3syeTcd HeOpeAeNbLEEH CIHPT,
B KOTOPOM IHAPOKCOrpyna HAXONHTCE HENOCPEACTBCHHO Y aTOMA
yriepoja Npr ApOEmOM cBa3H. Takwe CHEPTH OPHHATO HAa3bIBATh
SUHUAOBBIMYU HITH EHOAGMU.

Ornpaurenbaol YepTol OONBLIIHACTBA €HONOB SBJIMETCH HX HE-
yerolimsocth, B MoMeRT 0GpasoBanms onE uzomepusylomen B Honee
cTa6HNbLALIC KapOOHAIRHEEIE COSAHBCHAN (ANb/ACI B BIH KETOHRI) 3a
CYeT HEepeH0Cca MPOTOHR OT THAPOKCHIBLHON IpymmEl K COCENHEMY
aToMy yrinepoaa mOpR Apoiimo#i ceasw. IIpE 3TOM 7-CBA3L MEXIY
aToMaAMHA YINepola palphisaerca B o0Opasyercs 7-CBA3bL MEXRIY
2TOMOM YTIACPORA H ATOMOM kEcIopoma. [Ipmamuoit waoMepuiagun
ABJgeTcy SoibINag npovHoCTs ABOHHOM cBa3R C=0 mo cpaBHCHHIO
¢ gBoiiHo#E cBa3bi0 C=C.

Peansao o6pajoranne 3TaRONA (YECYCHOTO IIBJIETHAA) DO peaxmEH (25.1) oposc-
XOOMT OpHE ngo razoobpa3roro aneTaneHa Jepe3 mOMCTDETHIA BONHKI pac-
TB0p (~ &0 °C) ceprolf xmenoTH H cymdara pryta ().

B pe3yneTaTe peakiuH rEAPATAUHH MOALKO dyemusey UPEBpALIa-
eTcs B aAbdezud; 2udpamayun 20MoA0206 AUETHICHA OPOTEKAET IO
npasany MapkoBHHKOBA, B 0Opasyiomuaecs €HONE H30MEPH3YIOTCS
B xemonnl. Tax, HaNpAMED, UPONHE NPEBPAINAELTER B ANETONH:

g“ H*

CH;~C=CH+H,0 [CH;—C(OH)=CH,] —
- CH;—C0O—CH; (25.2)

5. Kucsomnwvie ceoticmsa. OcoOeHROCTHIO AJIKAHOB, BMEIOMAX KO-
HIEBYI0 TPOMHYIO CBA3b, ABJNETCH HX CHOCODHOCTD OTINEIUINTL HPO-
TOH NOJ JeHCTBHEM CHIbLHAIX CCHOBAHHH, T. €. HPOABIATL Cilabble
KHCTIOTHBIE cBOlicTBa. Bo3MOXHOCTE OTIICIUIEHAs IPOTOHA 0bycnos-
JleHa CANBHOM monspu3ansei o-cBa3d =C « H. Ipaterol nonspn-
JAI¥K ABJIAETCH BRICOKAN DNEKTPOOTPHIATEIRHOCTh ATOMA YIIEPONa
B sp-rabpuapoM cocrosHmd. [1o3TOMY ANKHMHEL, B OTIHYHE OT all-
KEHOB H aJKaHOB, COCOOHKI 00pa3oBHBATH COAU, BA3HIBACMEIE Qye-
mueHudaMu;

SR --C=C—-H+NaH »2R—C=C—Na+H;
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Aneranepaan cepebpa w Mean (1) nerxo ofpasyloTcd u BhINana-
0T B 0CAZ0K OpH NPONYCKAHHA ACTHYICHA 4Epe3 aMMHAYHLIE pac-
TBOP oKcHAa cepelpa i xaopraa meam (I} (cM. o6pasoBaHAe 3THX
xoMmmuiekcor” B § 20.6, 20.8). DTR peakmam HCHONLIYIOT Znd OO-
HAPYXEHAN ATIKAHOB C TPOHHOH CBA3BIO HA KOHYE Yenu:

HC=CH + 2 [Ag(NH;3;}OH —» Ag— C=C— Ag| +4NH, + 2H,0
Genurli ocamox

R—-C=CH+[Cu(NH3);]C1 » R—C=C—~Cu{ + NH,Cl+NH,4
KpacHEIH Ocamox

AneTriennan cepedpa H MEA¥ KAK COJH O4eHb caabux xmcior
JIETKO pa3jaralorcy Opu Ie#CTBHA XJIOpOBOIOPOAHOE KHCIOTH C BH-
AeJIeHHCM RCXORHOrC AJKHHA!

R—-C=C—-Cu+HCl+R-C=CH+CuCl

Takum oOpa3zoM, Acnonp3ys peakiud oOpa3oBaHAs M Pa3IoKcHES
ANCTHICHANOB, MOXNCHO 8bI0CARAMb QAKUHbE U3 CMecel ¢ Opyzumu yaae-
a0dopodamus.

6. ITorumepusayun. B NpECYTCTBHH KATANH3ATOPOB ANKHEBI MO-
I'yT PEArHpOBATH APYT C IPYroM, DpHieM B 3aBHCEMOCTHE OT YCIIOBHH
obpasyroTcs pa3siIMYBHIE NPOAYKTH. lax, mon felicTBHEM BOAHOIO
pactsopa CuCl u NH,C| anermnen nuMepa3yeTCs, JABas guHuAaye-
muACH:

HC=CH+HC=CH - CH;=CH—-C=CH

BaaRaneTanes ofmanaer- OONBIIOH peakKnMOHBOCOOCOOROCTHRIO;
OPHCOSAHHSA XIOpoBoaopon, oH obpalyer xaoponpen, ¥cnonbye-
MErif Aas DonydeHEs RCKYCCTBEHHOTO KaydIyXa:

CH;=CH~-C=CH+HCl - CH;=CH-C(Cl=CH;

Ilpr mponyckaudE aneTHNeHA HaJ aKTHBHPOBZHEKIM YIJIEM ODH
600 °C upoucxoant MpuMepL3ayUs ANCTNIERA C o0bpazosanuem Gen-
30Ja:

3HC=CH - CgH, _ (25.3)

7. Peaxyuu oxucsenus. AJKHHE OXECISIOTCH PA3TAYHEBIMA OKHC-
JIHTENAMHE, B YaCTHOCTE NepMasranarom kanuds. [Ipm srom pacrsop
HePMAHIaHaTa KaTHe obecuBeydBACTCA, 4TO CAYKHT YKa3aHAeM HA
HATHYHE TPOKHON cBasM. IIpm OKMCIIEHAHM B KHCNO# cpeie oOBMHO
IPOACXOXAT PachicIncHAE TpOHHOH cassd u obpa3yrorcs kapboso-
BBIC KHCIIOTHI:

R—C=C—R'+[0]+H,0 —+ R— COOH +R’—~ COOH

K peakussm OXMCIEHHS, KOBEIHO e, OTHOCATCS H Peaklpd zope-
wur. LOpenme aneTBiCHA B KucAopode HOPOTCKAET ¢ BhIACHEHHEM
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COnBIIOro KONHYECTBA TEILNOTH (CHIBHO IK30MEPMUNECKAR PEak-
IHs); ' .
2C,H4+ 50, — 4CO,+ 5H,0, A, H°® (298 K)= — 1257 x[ix/mom

Bricopa® TemMuepaTypa, PR3BEBRKOMIANCH B XOAC ITOH pEakmEy
(~ 3000 °C), no3BoJigeT HCLIONL30BATE ¢ HA NPAKTHEE AJId KACIOpO-
JEO-aUCTAJNICHOBOM Pe3KH H CBAPKA METAIUIOB.

CropaEne aneTHieHA M4 €030yXe OKS3LIBACTCH HEOOJHEIM, MO-
CKOIIBKY AIETANCH HMEET BRICOKOE OTHOCHTEIIRPEOE CONCPKAHHAE YTJIE-
pona; B pe3ynbTaTe OH rOpPHT SPKHM KONTSINAM ILJAMEHEM H3-32
ofpa3oBaHAs yriepoJHEIX YaCTHL:

CH;+0; - CO+C+HO

Caapa 26
APEHBI

§ 26.1. O6mas XaApaKTepHECTEKA

Apenamu {apomamuveckumu y24e6000podamu) Ba3LIBAXOTCH Yrie-
BOAOPOAL!, B MOJICKYIaX KOTOPKIX COACPXATCE OMHO BUIH HECKOJLKO
OCH3ONLELIX XOJeN — NHKJIFYECKHX TPYHI ATOMOB YIiepoaa ¢ 0Co-
6rIM xapaxTepoM cBa3eil

TepMmuE apomamuneckus BH3YANE HCOQIBIOBAICS NPEMEHMTENLHO K OPOAYETAM
OPAPOTACTO MPOACXOXACHAL, KOTOPKE EMEIOT apoMATARE 3amix. lecxomxy cpeam
ITHX cotREBCHME OBUIO MEOTO TAKHX, KOTOPHE BLIOWAIOT GeHIONBLERE XOMbOA,
TEPMHEE <«APOMATHYECNHID» CTANA OPHEMEHATS X JOOHM COSHHEHHMSM, HMEEOIIEM
KOJBINA. :

B coBpemcHROE XUMAH TepMEH «apOMaTHYECKHE) HCmoaRayioT LM Jpoboro
COSMANCHAER C ONHAM HIF HECKOILXHMH ber30MLHEDME KOJILIAMHE, HE3IABHCHMO OT
HAYHY ¥ HEX ADOMATHOIO 3a1axa.

ITonsTre «beH3ompHOE KOIBMO» cpa3y TpebyeT pacmmgposkn.
HAns 31oro HeoOXOMEMO X0TH OBl KODOTKO PacCMOTPETh CTPOEHHE
monekynsl 6ensona. Ileppas cTpykTypa GeH300a Ghlla OpeIOREHA
B 1865 r. aemenxaM yueHEM A. Kexyne: .

I | HAH
H

O1a ¢opmyla NpABHIBHO OTPAXAaeT PpaBHONEHHOCThL INECTH
ATOMOB YTJI€poAa, OAHAKO He o0bacH#eT pan ocofmx cBo¥icTe Gen-
sona. Hampumep, HECMOTPA Ha HEHACKUMIEHHOCTh, (GEHI0N HE mPOAB-
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JISeT CKJIOHHOCTH K PEaxIusIM IPHCOCAWHEHHs. OH He obecnBeunBaeT
6poMHyl0 BOAYy H paCTBOp NEpMAHTaHATa KaJHd, T. €. HE JaeT
THIEYHBIX JUIA HEOPEAEIHHLIX COCAHACHHUN Ka4eCTBEHHRIX peaKIiMi.

Crpoenne 6en30,bHOro Koabina. OCo6eHHOCTH CTPOSHHS B CBOMCTB
GeHsona ynanoch HOJHOCTHIO OOBACHHTH TOJBKO HOCHC pPa3sBHTHA
COBPEMEHHOH KBaHTOBO-MEXAHAYECKOH TEOPHH XHMHYCCKHX CBf3CH.
ITo coBpeMeHHBIM HpECTaBJICHHSM BCE INECTH ATOMOB Yrjepona
B MoOJieKyse GeH3ona HaxoasTcs B Sp>-rEOGpHAHOM cocrosHAH. Ka-
XKIOLIA aTOM yriepoaa o6pa3yer g-CBA3b C ABYMS JPYTHMH aTOMAMH
YIJIepoJa H OJXHAM aTOMOM BOAOPOAA, JeKAIIHE B OJHOH IIIOCKOCTH.
BanenTHnIE YIVIM MEXAy TpeMs o-CBsa3siMH paBHH 120°. Taxmm
obpasoMm, Bce mecTh ATOMOB YrllepoJia JeXaT B OJHOH ILUTOCKOCTH,
obpa3ys npaBWILHBHIA [NECTHYTOJLHHK (0-cKesem MOJEKyNnl Gen-
3071a).

Kaxawiit aToM yriepoja HMeeT OJHY HerHOpHAH3OBaHHYIO p-Op-
6urans. llects Takux OpbHTaNIEH pacnoNaraloTCs OCPICHIUKYIAPHO
IUIOCKOMY O-CKEJIeTy H HapajulesIbHO Apyr apyry (pmc. 26.1, a). Bee
IIECTh p-3JIEKTPOHOB B3aHMOAEACTBYIOT MexnAy cobol, oOpasys
T-c6A3u, HE JIOKAIH30BAHHKE B NApH, Kak Opd oOpa3oBaHHE OOBIY-
HbIX JBOMHBEIX CBs3el, a OOBENHHEHHHIE B eJ0uHOe T-3JIEKTPOHHOE
obnaxo. TakaMm obpa3oMm, B MoJeKyje HeH30Ia OCyIIECTBISETCS KPY-
rosoe conpsikende (cMm. § 24.2). HanGonpmas n-31€KTpOHHAS ILIOT-
HOCTh B 3TO#l COOPSIKEHHOM CHCTEME pacmojaraercs Hax H HOX
ILTIOCKOCThIO o-CKeJleTa (pHc. 26.1, 6).

B pesyiabTare Bce CBS3H MEXAY aTOMaMH yriepojaa B Gem3oue
BHIPOBHEHHI M #MeroT mmmHy 0,139 EM. DTO 3HAaYCHHE SBISCTCH
OPOMEXYTOYHOR MEXAy AJIMHOK OfMHAapHOM cBa3d B ankaHax (0,154
HM) M JumHOM JBoitHO# ca3y B ankenax (0,133 am). PaBHOnenHOCTH
CBs3e# NPHHATO H300paxaTh KPYKKOM BHYTpH mEkia (puc. 26.1, 6).
KpyroBoe compsikeHHe aaer BRHIphim B 3Heprad 150 xJ{x/moisb.
D70 3HaYeHAE COCTABIISET SHEPZUIO CONPANCEHUA — KOIIMIECTBO 3HEP-
rHH, KOTOPO€ HYXHO 3aTPaTHTh, YTOOLI HAPYIIHTL APOMATHYECKYIO
cacremy Oen3osia (CpaBHATE — JHEPrHsl CONpPSDKeHHs B OyTamdcHe
pasHa Bcero 12 k/x/Monm). ‘

O-ckener

a) 6) 8)

Pac. 26.1. Ctpoenre MoNeKyk Gerasona
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Taxoe a/eKTPOHHOE CTpoeHHE 06BsicHIeT Bce ocobennocTn Gen-
3ona. B acTrHOCTH, MOBATHO, HO4YeMy GeH30J1 TPYAHO BCTYHAET B pe-
aKIMH OpPHCOENHBEHHES,— 3TO NPHBEJIO OB K HAPYIICHHIO COOpPsDKe-
HAA. Taxde peaknuE BO3MOXKHHI TOJNBKO B OYEHb JKECTKHX YCIOBHSIX.

HoMeRkaTypa M H30MepHs. Y CIIOBHO apeHbl MOXKHO Pa3JeIATh Ha
mBa psaga. K mepBoMy OTHOCAT mpom3BoAHnle GeH3ona (HampEMep,
TONYOJN WM THQEHAN), KO BTOPOMY — KOHOEHCUPO8arHsle (noausdep-
Hble) apeHRl (OpocTedmuii m3 HAX — HadTamuH). Huxe mpeacras-
JIEHBI CTPYKTYpHEIE (POpMyYJILI HEKOTOPRIX HaBboOJIee pacopoCTpaHeH-
HEIX apeHOB. VX CHCTEMAaTHYESCKHE HA3BAaHHS HEPEJKO COBEPIICHHO
OTJIHYAIOTCS OT TPHBHAILHLIX. OOpaTHTE TakXke BHAMAaHHAE HA TO, KaK
HYMEPYIOTCS aTOMBI yrilepoaa B 6eH301HOM KOJIbIE COrjacHO HOME-
HKJIATYPHBRIM IIPaBHIIAM.

Cucmemamuueckoe nasganue Tpueua/tbuoe Haseanue

6 2
@ Benson Benson
5 3
CH,
@ MeTtrnberszon Tonyon

CH,
CH 1,2-TameTrnbenson opmo-Kcanon
s (o-EcmION)
-\
CH, '
1,3-IameTanGenson Mema-Kcanon
(m-EcHION)
CH,
CH,
@ 1,4-JumveTrnGerson napa-Kcanon
n-KCHIION)
CH,

“ Habernn Jadernn

Hadranmae Hadranman
Oe AmnTpanen AnTpaunen

(3
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Jasnee MBI paccMOTPHM TOJIBKO I'OMOJIOrHYECKHi psix HGensona ¢ 06-
me#i opmynoi C,H,, . Ha3pamue apeHOB TIOMOJIOrHYECKOrO
psna 6erH3ona NPOACXONHT OT ClI0Ba «6eH30M» € YKa3aHHEM 3aMECTH-
Tejel B 6eH30IbHOM KOJIbIE H HX HOJIOKEHHS.

Cmpyxkmypnas usomepus B roMOJIOTHYECKOM psany 6ensona obyc-
JIOBJIEHA B3aHMHKIM PACHOJIOKEHAEM 3aMeCTHTeIeH B simpe. MoHO3a-
MEINEHERIE NPOH3BOJHKIE 6eH30/1a HE AMEIOT H30MEPOB IOJIOKEHHS,
TaK KaK BCE aTOMKI B 6€H30I5HOM s/ipe paBHOIECHAR!. [H3aMeleHnLIe
OPOH3IBOJHEIE CYIIECTBYIOT B BHJI€ TPEX H30MEPOB, Pa3IHYAIONIAXCS
B3aHMHKIM pacloJioKeHAeM 3amectateleil. Ilonoxenne 3amecTHTe-
JIeH yKa3hBaoT DU paMH HIM OPUCTABKAMH: opmo- (0-), mema- (m),
napa- (n-) (cM. BHIIIE Ha IPEMEPE JAMETHIOEH30JI0B (KCUA10408).

Paankanel apoMaTHYECKUX YITIEBOAOPOAOB HA3HIBAKOT APUALHbIMU
panmkanamm. Pagmxan C¢H; HasnBaeTcs genua.

Puznueckne cpoiictBa. IlepBrle WieHK rOMOJIOTHYECKOro psaaa
6en3oia (HampEMep, TOJIYOJI, STAIOEH301 B Ap.) — GecHBETHHIE XKHI-
KOCTH co cnemudryeckaM 3anaxoM. Oxu aezue 6006l A B BOJE HEPACT-
BOpPEMEI. XOpOIIO PacTBOPSIOTCS B OPraHMYECKHX PAaCTBOPHTEIIAX.
BeH301 H €ero roMoJIOrd camMy SIBJISKOTCA XOPOIIHMH PACTBOPHTENS-
MH I MEOTHX OPraHHYECKHX BEmecTB. Bce apeHH ropaT KonTsamuM
IIaMeBEM BBHJIy BHICOKOTO COJAEPKAHHS YrJIepoAa B HX MOJIEKYJIax.

§ 26.2. Iloryvenne B XHMHYECKHE CBOHCTBA

Cuocobm noxydenns. 1. H3 asugpamuueckux yzaesodopodos. Ilpn
OPOIYCKAaHAH AJKAHOB C HEpPa3BETBJICHHON IENbiO, HMCEIOIMMX HE
MEHee INEeCTH aTOMOB YIJIEpoJa B MOJIeKyJie, HaJl HArPEeTOd MIaTHHOM
HUIH OKCHIOM XpOMa IPOHCXORHT Oezudpoyuxausayusn — obpasona-
HHE apeHa C BRIACIICHHEM BOJOpOJA:

CH;—(CH,)s— CH; - CgH;—CH3+4H,

2. Jlecudpupoeanue yux10a1xaro6. Peaknust IPOHCXOMHT IPH HpPO-
IyCKAHHA [1apOB nnmorexcaaa H €ro roMOJOroB HaX Harperoi

IUIATHHOM:
t, Pt
— + 3H,

3. Tpumepuszayueti ayemusena — cM. peaxumio (25.3).

4. Ilony4enne romoiioros 6en3ona no peaxyuu Ppudean — Kpad-
mca (CM. HAXE).

5. Cnaasaenue coaeii apomamuieckux KUciom co weaousio:

C¢H;—COONa+NaOH — CgHg + Na,CO;3
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3amernM, 9TO B 1a60paTOPHRIX YCIOBHSX OEH30J CHEMAAIILHO HE
nosydarT. s XMMHKa-OpraHHKa CHHTE3HPOBATH OEH30N TaK XKe
6eccMBICTIEHHO, KdK AJIS BEOPraHWKa — CHHTE3HPOBATh BOJY.

O6mas XapaKTepHCTHKA XHMEMeCKEX cBoiictB. OOsajas noABE-
XHOH IIeCTepKOM 7-3JIEKTPOHOB, APOMATHYECKOE SAPO SBIILETCSH
yaAOOHEIM OOLEXTOM JyUIi aTaku 3JeKTPOQHIbHLIMH pearcHTaMH.
DToMy CHOCOOCTByeT TakXe NPOCTPAHCTBEHHOE pPACHOJIOXKEHHE
T-3]IEKTPOHHOro 00J1aka C JBYX CTOPOH IJIOCKOTO O-CKEJIeTa MOJIEKY-
mu (puc. 26.1, 6).

Hnsa apeHoB Hamboiiee xapaKTepHHI PEakIMH, NPOTEKAIOIIHE IO
MEXAHA3MY 91eKmpodusshozo 3amewjenun, 0603HaYaEMOro CHMBO-
oM Sg (ot aHri. substitution electrophilic).

MexaHHE3M 3JICKTp0%KJIbHOI‘0 3aMemMEeHAs MOXHO HIpPEJCTABHTH
cnenyromaM obpa3oM. DnexkrpodmwibHE peareHT XY (X sBnsercs
anexTpodmrIOM) aTakyer 31eKTpoHHOEe 06Iako, H 3a cueT ciaboro
JIEKTPOCTATHYECKOI'0 B3aHMOJIeHicTBHS 00pasyeTcd HEyCTOHYHMBBIA
T-KOMILIEKC. ApOMaTHYeCKasi CACTEMA IIPH 3TOM €Ille He Hapy[aeTcs.
Orta cragma nportexaer Owicrpo. Ha BTopoii, Oonee MemieHBEO# cra-
aud GopMHEpPYETCH KOBAIEHTHAS CBA3b MEXAY 3nekrpodnrnoM X  oa-
HHM H3 aTOMOB YIJIEPOAA KOJIbIA 3a CYET ABYX 7-AJIEKTPOHOB KOJIbIA.
DTOT aTOM YIJIEpOAa NEPEXOJUT H3 Sp>- B sp>-THOPHIHOE COCTOSHHAE.
ApOMaTHYHOCTL CACTEMEI IIPH 3TOM HapymaeTcs. YeThpe OCTaBIINe-
Cs 7-3JIEKTPOHA PACHPEACIISIOTCH MEXKAY HATHIO APYTHMH aTOMAMH
yriaepoaa, # Mosiekyna 6ensona obGpasyer xapbrxamuon, AR g-KOMI-

Tiexc:
. X
Y e ‘4H+Y‘

(nepsas cragus) (8TOpas cragus) ‘

T -KomMInexc G-KOMINeKc

Hapymenne apoMaTHYHOCTH 3HEPreTHYECKH HEBBIIOJHO, IO3ITOMY
CTPYKTYypa 0-KOMILIIEKCA MEHEE YCTOMYHBA, YeM apOMATHYECKAS CTPY-
KTypa. 19 BOCCTaHOBIEHHS APOMATHYHOCTH HIPOKCXOIMT OTIIEILIE-
HHAE IPOTOHA OT aTOMa Yriepojia, CBA3AHHOIO C 3JEKTPOdHIOM
(Tperba cTtanus). IIpr 3TOM ABa 371€KTPOHA BO3BPAIAIOTCA B T-CHCTE-
MY H TEM CaMBIM BOCCTAaHABIIMBAETCH aPOMATHYHOCTS!

X
@ —-+——Y——-—- +HY
(Tpetbst cTagns)

& -xomnnekc npogyxT
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Peaxmun 3nexTpodHIbLHOrO 3aMEmEHHs MIMPOKO HCIIONb3YIOTCH
JUIs CHHTE33a MHOTHX IPOH3BOAHBIX GEH30IA.

Xumuveckne cmoiictBa Gemsona. 1. I'arozenuposanue. Berson pe
B3aHEMOJCHCTBYET C XJIOpOM HIH OpoMOM B OORYHEIX YCIIOBHSX.
Peaxmass MoxeT mpoTekaThb TONLKO B IPHCYTCTBHH KaTaJIA3aToO-
poB — Ge3Boaanx AlCl;, FeCly, AlBr,. B pesyabraTte peaxmmm 06-
Pa3yloTCA rajloreH03aMemIe ke apeHBl:

Cl
FeCl,, 25 °C
+Cl, —— +HCl

Ponp xarama3aropa 3aximovacTcs B DONSPH3ANMHM HEHTpabHOR
MOJIEKYJIH TaJioreHa ¢ o6pa3oBaHAEM H3 Hee dIeKTPOdHILHOHR Ha-
CTHIIHL

Cl—Cl+FeCly 2 Cl* [FeCly]~

2. Humposanue. ben3on o9eHp MEAJICHHO pPEearApyeT ¢ KOBICHT-
PHPOBAaHHOH Aa30THOH KHCIIOTOH JAaXe NpH CHJILHOM BarpeBaHHAH.
Onnako upu ACHCTBHM Tak Ha3KIBaeMOR Humpyroweil cmecu (CMech
KOHIEHTPHPOBAHHKIX a30THOH H CEPHOM KHMCJIOT) peaxnus HATPOBA-
HHAY OPOXOOHUT AOCTATOYHO JIErKO:

H,SO,
CsHg+HNO; — C¢H;—-NO, +H,0

3. Cyavgpuposanue. Peaxmms JIerko IPOXOJHT HOJ ACHCTBHEM
«OBEIMAIEH» CepHOM KHCIOTH (oJeyMa):

CeHg+ H3S04 - C¢Hs —SO3H +H,0

4. Aaxuauposanue no Opudemo — Kpagmcy. B pesynprare pe-
aKUWH OPOHMCXOJUT BBeACHAE B OEH30/IbHOE SAPO AJIKHIBHOM IpyIbl
C moJIydeHHeM romMoJioroB Oem3ona. Peakmus nporekaeT HpH OeH-
creaE Ha Gem3oa ranoresankaHoB RCl B mpECyTCTBHE Katasm-
3aTOPOB — raJIOreHH/IOB ATIOMHEHS. Pollb KaTana3aTopa CBOAHTCS
K moisapuianar Motekynnl RCl ¢ oOpa3zoBasmeM anexrpodunbHOM
9aCTHIIBI:

R—Cl1+AICI; 2R [AICL)™

B 3zaBucEMOCTH OT CTpPOCHHS pPABKAJIA B rajIOrcHaJIKaHe¢ MOXHO
OOJIYIATH Pa3HhEI€ FOMOJIOTH Gem3ona:

AICI,
Ce¢H;+RCl—— C¢Hs—R +HCI
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5. Aaxuauposanue asxkenamu. ITH peaknud MIAPOKO HCTIOIB3YIOT-
C# B IPOMBIMUICHHOCTH AL HONYYCHAA ITHIOEH30NA H H3ONPOIHI-
6ensona (kymoaa). AIKAIApOBaHAE OPOBOAST B OPHCYTCTBHH KaTa-
mazaTtopa AlCl;, Mexagu3M peakndd CXOZEH C MEXaHM3MOM IIpe-
IeIaymel peaxnan;

AIC
C¢Hg+ CH,=CH—CH3——> CgH5—CH (CHs), (26.1)

Bee paccMOTpeHHBle BRIIE peakid IIPOTEKAIOT IO MEXAHH3IMY
NEKTPODAILHOTO 3ameujerun Sg.

Peaxnmn npucoedunenusn X apeEaM OPHBOAAT K pa3spymICHHIO apo-
MATHYECKOH CHCTEMHI H TpeOyIoT GOJIBIIAX 3aTpaT 3HEPrHH, HO3TOMY
NIPOTEKAOT TOJLKO B XKECTKHX YCIOBHSX.

6. I'udpuposanue. Peaxnus mpHCOeIHHEHHS BOIOPOAA K apeHAM
HACT OPH HAIPEBAaHMM M BLICOKOM JAaBJICHHA B MPHCYTCTBMHE MeETal-
maveckux katanmzatopoB (Ni, Pt, Pd). Benzon npeBpamaerca B nux-
JIOTexCcaH, @ rOMOJIOTH GeH30/1a — B OPOW3BOAHLIC MAKIOreKCaHa:

CeHg+3H; - GgH),
CsHsCH3 +3H; - CgH;CHj

7. Paduxaavnoe zasozenuposanue. BaamvoneiicTBae nmapoB Gen-
30J1a C XJIOPOM IPOTEKAET N0 PAAUKAILHOMY MEXAHH3MY MOAbKO TOJX
BO3ACHCTBAEM XECTKOrO yiIbTpadHOsIeTOBOro manayuenns. IIpa sTom
6eH30n mpHCOeMHSET TPH MOJEKYJIH XJlopa B obGpasyer masepoutii
npodyxm — rexcaxyopnukiorekcat (eexcaxaopan) CsHeClg:

H Cl1

e cl H

+ H
3cL, ~——— H cl

H

Cl H

8. Oxucaenue xucaopooom ¢o3d0yxa. IIo ycTORIABOCTH K JEHCTBHIO
oxucruTeneii OGEHION HANOMMHAET AJIKaHbl. 1OJILKO HIPH CHJIBHEOM
pgarpeBanmd (400 °C) mapos 6eH30151a C KACJIOPOAOM BO3AyXa B IPHCY-
TCTBHE KatanmsaTopa V,0; nonydaercs cMech MRJICHHOBOR KHCIOTHL
H €e aHrHJpHAA:

=0 ~0
H cZ H c”
~¢” " >Sonr g7
+0, —= il + Il y;
_Cu,.-OH _Cx
AV LN

0 +H,0
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Xnamuueckue cpoiicTsa romosioros Gemsona. I'omosiorm Oensona
HMEIOT LEeJIbI pAl OCOOBIX XHMMMYECKHMX CBOMCTB, CBS3aHHEIX CO
B3aHMHBIM BJIASHAEM 2JIKAJILHOIO pajdKaiia Ha 6eH30JIbHEOE KOJILIIO,
g Haobopor.

Peaxyuu e 6oxoeoii yenu. [To XAMEYECKAM CBOKCTBAM AJIKAILHEIE
pagHEKal ToXOOHK aKkaHaM. ATOMBI BOJOPO/JAa B HAX 3aMEINAIOTCH
Ha rajores 1o cBo00JHO-paARKaAIEHOMY Mexaam3My. [TosToMmy B oT-
CYTCTBHE KaTaJM3aTOpa OpH HarpeBaHmE Win Y P-06aydeHHH BAET
panguKanbHAs peaxkmds 3aMemeHEs B O6okoBod nemn. Brmsieme GeB-
30JILHOTO KOJIbIA HA AJIKAJIHHKIE 3aMECTHTEIH IPHBOJAT K TOMY, 9TO
3aMemaeTcs gce2da AaTOM BOJOPOJA y aTOMA YIiIepoAa, HENOCPEACT-
BEHHO CBA32HHOTO ¢ OEH30JIbHEIM KOJIBIIOM (o-amoma YIIEpoaa).

CHCH, ) 4y CHCICH,
- + HCl.

3amemienne B 6eH30IbEOM KOJIbIE BO3MOXKHO TOJRKO IO MEXaHH-
3My Sg B OpHCyTCTBHH KaTammsaTopa AlCl:

AlCl,
CeH;—CH;3+Cl;—> Cl-CgH,;~CH3+HCl

Huxe Bl y3BaeTe, KAKAE A3 TPEX H30MEPOB XII0pTONyona oGpasy-
I0TCS B 3TOH peaknud.

IIpn geiticrpau Ha romMosiorda 6e3ona NepMAaHraHaTa KaJlHs ¥ Apy-
rEX CHJBHBIX OKHCHHTeNneil 60koBhle memu okHCIsrOTCH. Kako# Onl
CIOXHOM HA ORLIA MENb 3aMECTHTES, OHA pA3pPYIIACTCH, 334 HCKIIO9e-
HAEM o-amoma yriepoia, KOTOpHIH OKHCHsSeTcs B KapOOKCHIBHYIO
rpymty.

T'omomnorn Gensona ¢ ogHoMl GokoBOR nenmbro (M06O#H «IITHHLD
H CJIOXKHOCTH) JAKOT HeH30iHYI0 Kucaiomy:

CH; | COOH _CH{(CH,),
R ————

I'omounorm, cogepxamue ABe H6OKOBHIC NeNH, AIOT ABYXOCHOBHEIE
KHCIIOTHI:

COOH
COOH H,— CH—CH,
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§ 26.3. OpuenTanThl (3aMeCTHTEIH)
HepBOro H BTOPOro poaa

BaxgpeimuaM ¢axTOopoM, OOpeleNSIOMMM XHMHYECKHE CBOMCTBA
MOJIEKYJIhI, SIBISECTCH PacIpe/icicHAe B Hel 3JIeKTPOHHOR IMIOTHOCTH.
XapaxTep pacupene/ieHAs 3aBHCAT OT B3aHMHOI'O BJIHSHAS aTOMOB.

B Monexynax, HMEIOIIEX TONbKO 0-CBS3H, B3aHMHOC BIIHMSHHE
ATOMOB OCYIIECTBIISETCHA 4Yepe3 MHAYKTHBHHIA 3ddext (cMm. § 22.5).
B Monexynax, mpeAcTaBIsIommx cobo# conpsikeHHbIe CACTEMEL, OpO-
sIBIISETCS NEHCTBHE Me30mepho20 dhexma.

Bausnue 3amecmumeneil, nepedaiowjeeca no conpanceHHod cucme-
Me T-c8Aseti, Hazvieaemcen mezomepuvim (M) sgidfexmom.

B Mouexyne 6eH30na T-35IEKTPOHHOE O0OJMAKO pacmpenciieHO pas-
HOMEPHO IO BCEM aTOMaM YTIJIepoAa 3a cueT compsixeHHs. Ecmm xe
B 6eH30JIbHOE KONBIO BBECTH KAKOK-HEOY AL 3aMECTHTENb, 3TO PABHO-
MEpHOE pacnpehelieHAe HapyInaeTcs B NPOHCXOJHT Iepepacmpeserie-
HHE 3JIEKTPOHHOM IJIOTHOCTH B KOJIbIE. MeCTO BCTYIJIEHHS BTOPOrO
3aMeCTHTEIA B O€H30JIbHOE KOJBIO OIpENEIsieTCs NPHPOJOH yxe
HMEIOMIErOCH 3aMECTATENS.

3amecTHTEM HOJAPa3feisioT Ha ABE IPYNILI B 3aBHCHMOCTH OT
gpossisiemMoro uMH 3¢dexra (Me30MepHOrO0 WIH HHIYKTHBHOIO):
34eKMPOHOOOHODHbIE A 31eKMPOHOAKYenmopHble.

qumponogonopubte 3aMECTHTEIH OpOSBIAIOT + M- B + I-3d-
(G)eKT H NOBHIIAIOT IEKTPOHHYIO IUIOTHOCTh B CONPSDKEHHOM CHCTE-
me. K EuM oTHOCATCHE rEApOKCHILEAA rpymma ~OH m ammeorpynna
—NH,. Henosenennas napa 31eKTPOHOB B 3TAX I'PYONAax BCTyHaeT
B obmee conpsokeHne ¢ T-3IEKTPOHHOM CHCTEMOM 6€eH30IbHOrO KOJIb-
Ia H YBENHYHBACT JUIHHY CONpSIKCHHOM cHCTeMHlL. B pesymbrare
3JIEKTPOHHAS IUIOTHOCTh COCPEOTOYMBAETCA B 0pmo- H napa-moJio-
KEHHSAX:

:OH C: NH,
o /-)5— 5 U=
< <
RS P}

ANKHIILHREE TPYOOR HE MOIYT y4acTBOBaTh B o0mieM compsoke-
HAH, HO OHH OpOosBIOT -+ [-3dpdexT, mox AedcTBAEM KOTOPOro
OPOHCXOJUT AHAJIOTHYHOE Hmepepacnpe/elieHAe N-3JEKTPOHHOM IIOT-
HOCTH.

Jduaexmporoaxyenmopusle 3aMECTHTENM NpPOABISOT — M-addexr
M CHHXAIOT 3JICKTPOHHYIO ILIOTHOCTh B CONPAXKEHHOH CHCTEME.
K HmM otHOCsTCE HETporpymma —NO,, cynsdorpynma —SO;H,
anpaeragaasi — CHO- u xap6okcanbeas — COOH-rpynnel. Ot 3a-
MECTHTEH 00pa3yroT ¢ 6eH30IbHEIM KOJILIIOM OOMIYIO CONPSKEHHY IO
CACTEMY, HO obiriee 3JIeKTpOHHOE 00/1aK0 CMEIAeTCA B CTOPOHY 3THX
rpymn. Takam o6pazom, obmas 3neXTpOHHAs ILIOTHOCTh B KOJbIE
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YMCHBINACTCA, MOPHIEM MCHBIIC BCCIrO OHA YMCHBIIACTCA B Me-
ma-noJIOXKCHAAX!

(0 H
\N/ \ Cf/;o
2 9
<
o5~ O 65— 5€ < &

ITosBOCTBIO rajIoreHA3HPOBAHARE AIKHILHEE PAAHKAIE (HAIpH-
mep, —CCl;) nposnsmor — -3ddexT m Taxke cnocoOCTBYIOT OHH-
XCHHIO 3JIEKTPOHHOM ILIOTHOCTH KOJIbIIA.

3aKOHOMEPHOCTH NPEAMYIMIECTBEHHOIO BANpPABJICHHA 3aMEIIECHHS
B OEH30JIbHOM KOJIbLE HA3hIBAIOT NPasuAGMU OPUEHMAYUU.

3amecTrTenn, obnagaromue + I-apdexroMm mm + M-3ddexToM,
COOCO6CTBYIOT 3NeXKTPOPHILEOMY 3aMEMEHHAIO B 0pmo- B napa-noJio-
XeHuax OeH30NIBHOrO KOILNA H Ha3HBAKOTCH 3amecmumenamu (opu-
eHmanmamu) nepaozo pooa:

~CH; —OH —NH, —CI(—F, —Br, ~I)
+1 +M, -1 +M,-I +M, -1
3amectrTenn, obnanaromue — I-ahdexToMm B — M-3pdexToM,
HANPaBIAIOT MEKTPOPHILHOE 3aMEINEHAE B Memqg-nooxKends OeH-
30JIbHOIO KONbIIA H HA3KIBAIOTCH 3amecmumenamu (opuenmanmamu)
emopozo pooda: ,
—SO;H —CCly —NO, —COOH —-CH=0
+M, -1 I -M, -1 -M -M
Hanprmep, Toiyols, coaepKalmEil 3aMECTHTENbL HEPBOTO PoJa,
HATpyeTCA B OPOMHEpPYETCSA B napa- ¥ Opmo-NOJIOKCHHAS:

CH, CH, CH, CH, CH,
Br
NO, HNO, Br,
e B +
* H.S0, FeBr,
N 02 Br

Hutpoben3o, coaepxaimyi 3aMecTHTENIL BTOPOrO pojia, HUTPYETCS
u OpOMHpPYETCE B Mema-IIOJIOKECHHE:

NO: N 02 N02
Br, HNO,
S ———
: FeBr, H,SO,
Br NO,
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TIoMAMO OPHEHTHPYIOMIErO JCHCTBHS, 3AMECTHTEIH OKa3bIBAIOT
BJIASHAE H Ha PEaKHHOHHYIO CIOCOOHOCTH OGEH30JIBHOrO KOJbOA!
OpPHEHTAHTH Nnepeo2o poAa (KpoMe TalIOreHOB) obiezuarom BCTYILIE-
HHE BTOpOro 3amectarens. Tax, Genson ve pearapyer ¢ GpoMoM Ge3
KaTajm3aTopa, a deson nerko pearmpyer ¢ GpomHOH BomOH maxe
B OTCYTCTBHE KaTalH3aTOpa:

H H
Br Br
+3Brg —» + 3HBr (26.2)
Br

OpHeETaBTH smopozo poaa (A TaJIOreHh) YMEHBINAIOT AKTHB-
HOCTb 6EH30JILHOrO KOJIbLA B PEaKmHsAX IEKTPOOHILHOrO 3amemie-
HHAS H 3aTPYNHSIOT BCTYILUICHHE BTOPOTO 3aMECTHTENA.

ICaasa 27
CIIUPTHI 1 ®EHOJBI

§ 27.1. O6mas xapaKrepaCcTHKA

Cnupmamu Ha3pIBaIOT COSAAHCHHS, COACPKAIIAE OAHY HIA HECKO-
JIbKO IEIPOKCHILHBIX I'PYIN, HENOCPEACTBEHHO CBA3aHHMLIX C YIJIEBO-
JOPOIHBIM PaJHKAIOM.

B 3aBHCEMOCTH OT XapakrTepa yriIeBOJOPOJHOIO pajHKana, COoup-
THL JEJATCA HA amufpamunecKkue, aruyuxauveckue ¥ apomamuyiecKue,
OpHYEM Y NOCIEAHAX HAPOKCHIILHAA rpylIa HE CBA3aHA C aTOMOM
yraepoaa GeH30JbHOTO KOAbLa:

— _ﬁl

Amadarageckne AmuuK iaveckne Apomatmueckne
CH,CH,0H _ O/ OH @ CH,OH
3TaHOJ IHKIIOTEKCaROI Gem3mnoBLli CoMpT

CHuspThH, Y KOTOPRIX I'AAPOKCHIIbHAS IPYNNA HENOCPEACTBEHHO CBA3A~
Ha C apOMATHYECKHM KOJIBIIOM, Ha3BIBAIOTCS (ieHO1aMU.
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B 3aBACHMOCTH OT 4YHCIa THAPOKCHIBHRIX [pYON, COHPTH
OOApPA3OeasiioT Ha OXHO-, ABYX- H TpEXaTOMHHE. JIByxaTOMHEIE
CHHPTH 9acTO HA3HBAWOT 2auxkosamu. CIOAPTHL, COAEpXaIlHe He-
ckompko rpymn —OH, o0GbeauusioT oOmHEM Ha3BaHHEM MHO20-
amomuble Cnupmel.

Odnoamomusie Heyxamomnuie Tpexamomnsie
CH;--OH CH,-CH, CH,-CH-CH,
! | : J | I
OH OH OH OH OH
METaHOX taEgEon-1,2 OponasTpHoa-1,2,3
(3TRIICATTHKONb) (rmanepan)

B 3aBHCHMOCTH OT TOT0, IPH KaKOM YyIJIEPOAHOM aTOME HAXOMMT-
Csl TEAPOKCHIIbHAS PYIa, pa3jA4aloT cuupTh nepsuunsie (RCH,0OH),
emopuunbie (R,CHOH) 1 mpemuunsie (R;CCH).

M5 paccMOTpHEM TOJLKO anu(paTHIECKHe CHEPTH (Aajiee — Hpo-
CTO COMPTH) B QEHOILL.

\

§ 27.2. OgHOATOMHEIE CIHMPTHI

Cmpyxmyprar u3omepun OpeAeibHRX OJHOATOMHEIX CHHPTOB
OIpPENeNIACTCH CTPOCHACM YIJIEPOJHON NENH H HOJIOXEHHEM THIPO-
KCHAJILHO# rpynnsl B rens. FlzoMepus AByX- H TPEXaTOMHBIX CIIHPTOB,
KPOME TOTO, OOpeleNAeTCH B3aUMELIM PACIOJIOKEHAEM [HPOKCAIb-
HBIX IDYII.

Ilo cucremaTrvecko¥f HOMEHKIATYpe HA3BaHASA CHHPTOB 0Opa3y-
0T, OobaBisa cybdHKC -04 K HA3BaHAIO YIJIEBOAOpOAA C CaMOM
IUIHHHO#M yIrjlepoAHOH NEMNbIO, BKIIKOYAOMIeH MEPOKCHIBHYIO IPYyIY.
Hymepanmio nend Ha9MHAIOT C TOTO Kpas, 6ympkxe x xoTopomy pac-
NOJIOXKEHA THAPOKCAIILHAS I'PYNIA.

®du3uveckne CBOMCTBA CIMPTOB 3aBHCAT OT CTPOCHHH YIJIEBOXO-
PONHOTO pajAKaja, YHCiIa THAPOKCWIBLHKX IPYHO H HX MOJOXKECHHS.
IlepBhie mpeNCTABATENH MOMOJIOrHYECKOIO Psiia COAPTOB — JKHAKO-
CTH, BHICIIIAC — TBEPALIE BEMECTBA. MeTaHoI H 3TaHON CMEIIABAIOT-
cf ¢ BOAOH B mMOORIX cootHOmeHHsAX. C pOCTOM OTHOCHTEILHOH
MOJIEKYJIIpPHOM MACCH PacTBOPHMMOCThH CIHPTOB B BOJE majgaer. Bei-

"CIIA€ COHMPTHI NPAKTHYECKHA HEPACTBOPHME B Bode. CoapTH obnana- .
OT aHOMAJLHO BHICOKMMH TeMIEpATypaMH KHMIICHAS [0 CPaBHEHHIO
C YrieBOAOpOJaMH, rajioreHalkaHaMH WIH aMEHamu. Hanpmmep,
TeMIepaTypa KAOEHHA 3TaHoNa cocTarser 78 °C, roraa kak y xjop-
stana — 13 °C, a y stara — Muuyc 88 °C. D10 00BACHSCTCA CHIIb-
HOH acconmmanueil MOJIEKYJ] COHpPTAa B XHIKOM COCTOSIHHH 3a CYET
0o0pa3oBaHns JOCTATOYHO IPOYHKIX BOAOPOAHBIX CBA3EH:
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BopopoaHasi ceA3b

O6pazoBamme accomuaToB Kak ORI yBelIHYHBAEeT MAacCy COApPTA
H HOHMXKAET €ro JerydecTnh. Jlus mepexoga MOJEKYNl CHHpPTa H3
XHAOKOrO B ra3zoobpasHoe cocrosHEe TpeOyercs AOIOIHATENbHAS
3Heprus, Heobxoaumas I OpeABapPATEILHOTO pa3phBa BOAOPOJ-
HBIX CBs3eH. DTHM H OOBACHAIOTCS BHICOKHE TEMIIEPAaTyphl KHICHHA
couproB. Hambonpiiyio CKIOHHOCTh K OOpa3oBAHHIO BOJOPOMHEIX
CBsI3¢H NPOSABISIOT NEPBHYHLIE COAPTHL. [{JI BTOPDHYHLIX B OCOOEHHO
TPETHYHLIX ‘CIIAPTOB CIOCOOHOCTh K aCCONMANAM YMEHBIIAETCH, HO-
CKOJIbKY 00pa30BaHHIO BOJOPOIHBIX CBS3€H MPENSITCTBYIOT Pa3BETB-
JICHHKIE YIJIEBOJAOPOMHEIE PAMHKAIIBI.

Cunocobsr moydennst. FICXoqHEIMA COSMHEEHASIMA UIS DOJIy4EHHAS
CHMPTOB CIYXAT HEOpeNeNbHLIE YrICBOJOPOMLI, FAIOreBONPOR3BOA-
Hble XapOOHHIIbHEIE COeHHEHN (AIbIETHIBI B KETOHKL).

1. IToayuenue u3 asxenos. T'mOpaTanus aJKeHOB IPOTEKAET IO
MEXaHH3MY 3JIeKTPOGHIBLHOrO OPUCOCARHEHAS Ay Mo npasmiy Map-
KOBHHKOBA (B IPHCYTCTBHH KHCJIOTHOI'O KaTaIM3aTOpa). DTO OJHH H3
panbonee BaXXHBIX IPOMBIIUICHHLIX CIIOCOOOB HOJIy4e€HHUS CIIHMPTOB:

H+
CH;CH =CH,+H,0 — CH;3;CHCH,
l
) OH
Ipornes IPOHAHOJI-2

2. IToayuenue u3 2anozernonpouszeoonsix. IanorenaaxaHel TARAPOIIH-
3YIOTCH O] JEHCTBAEM 800HBIX PACTBOPOB mIejoYei. Peakmus npore-
KaeT 00 MEXaHH3MY HYKICODHILHOrO 3aMEICHHS:

R —Br+NaOH — R —OH + NaBr

3. Boccmanogaenue xapbonuavhbix coedunenusi. IIpn Boccranosiie-
HHH a1b0ezudoé obpa3yloTcsl nepsuuhble CIAPTHI, IIPH BOCCTaHOBJIE-
HHHU KeMOHO8 — 8MOPUUHbIE:

CHj3— CH =0 +2[H] — CH;CH,0H
CH;~ CO —CH; +2[H] » CH;~ CH (OH)— CHj
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4. Heticmsue peaxmusoe I'pumvsapa na xapbouuabmble coeduHeHus
(cm. § 28.3).

Xumuaveckse cBoiicTsa. CiieacTBEEM GOJNBINOR 3JIEKTPOOTPHIATE-
JIbHOCTH aTOMA KACIIOPOJa B MOJIEKYJIe CIHPTA ABJIAECTCS NOJIAPHOCTD
ceaseit O—H m C—O. Ha aromax Bogopona u yrnepoia, Henocpea-
CTBEHHO CBA3aHHBIX C 4TOMOM KHCIOpPOJAa, BO3HHKAIOT JaCTHYHHIE
HOJIOKHTEILHBIE 3aPSIBL.

Honspraocts cBa3m O — H npenomnpeenseT BO3MOXHOCTD €€ rere-
POJIATHYECKOrO pa3phiBa, H, CIENOBATEIbHO, BOBMOXKHO NOSBIICHHE
HOHOB BOAOPO/Ia, IIO3BOJISIOINHUX PacCMaTPABATh CIMPTHI KaK cAabble
Kucaombl. B TO e BpeMs HaJIAYHE B MOJIEKYJIe CHHPTA aTOMA KHCIIO-
poJa, EMEIOIICro HemoAeICHHYIO Iapy 3NEeKTPOHOB, IpeonpeneseT
IPOSIBJICHAE CIHPTAMH CBOMCTB OCHOBAHHIMA.

Cs3p C—O BCIIEOCTBHE ee MOJIAPHOCTH TakXke CIOCOOHA K rere-
POJIATHYECKOMY pa3phiBy. ATOM YIjepoaa, CBA3aHHRIA C THApO-
KCHIILHOH IpYNIIOH, HECET YaCTHYHEIA IONOXHATENbHBIA 3apsal B MO-
KET BRICTYNATH B POJIH JIEKTPOPHILHOro NEHTPA, & CIEXOBATEIbHO,
NONBEPraThCA ATaKe HYKICODHILHLIM peareHToM. DTO 03HAYaeT, YTO
0AA CRUPMOS 803MONCHO NPOMEKAHUE peaKyuli HyKAeoPuibHo20 3ame-
WeHua THAPOKCAILHOM I'PyNNLL.

Brnarogapss HaJH4YHIO B MOJIEKYJIE CIOHpPTa aToMa KHCIOpoaa
C HENoJieJIeHHOM Hapod 3JIEKTPOHOB. COAPTHL CIOCOOHBRI BHICTYHATH
B pOJIH HyKICODHIbHBIX pPEareHTOB B peakndix C JPYTHMH CO-
€AHHECHASIMH.

OCHOBHbIM HykneodmnbHbliz
LEHTp LeHTp
5 .

R—= CH, = O =— H -——— KucnomHuiit ueHtp

T

OneKTPOMUNLHLIA LieHTp

B pesynbrate coMpThi COOCOOHEL IPOSBIATH aM(OTepHLIE CBOHCT-
Ba. Pa3H4alor ABa OCHOBHKIX THIA PEaKNHii COMPTOB C YYaCTHEM
¢yaxnronansHOM rpynns — OH:

1. Peakuum ¢ paspuBoM cBs3u O —H: a) B3auMOAECHCTBAE CIIHPTOB
€ WIEJOYHEIMH H IIIeJI09HO-3eMENbHRIME MeTalIaMH ¢ o6pa3oBaHHEM
AJIKOKCHIOB; 0) peaknMH COHPTOB C OPraHAYECKHMM H MHHEpPAJb-
HRIMH KHCIIOTAMH C 00pa3oBaHHEM CIOXHEIX 3(QHPOB; B) OKHCICHHE
CIHPTOB [OA ACHCTBHEM QHXpOMATa WIM HNEpMaHraHaTa Kajus JO
KapOOHWIBHEIX coeamHeHni. CKoOpocTh peaknmid, IPH KOTOPBIX pas-
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peiBaeTcy csa3p O—H, yMmeHbImIaeTcs B psxy: HEpBHYHLIE COHPTHI
> BTOPHYHBIE > TPETHYHEIC.

2. Peaxmmn, coupoBoxiarommecs paspuiBoM cBsizsHa C—O: a)
KaTaJIATHYeCKas Jeruapatanus ¢ oOpa3oBaHHEM aJKEeHOB (BHYTDH-
MOJIEKYJIsSipHAS JETRAPATANMS) HIX NPOCTHIX 3GHPOB (MEXMOIEKY-
IapHas germapatamds); 6) samemenwe rpynosl —OH ranoresom,
HaOpHEMEp NpH JeHCTBHH rajJOreHOBOAOPOAOB ¢ 0Opa3oBaHHEM ail-
xmirajoreBngoB. CKopocTh peaxknmif, IPH KOTOPHIX pPa3phIBAETCS
cBsa3b C—O, yMeHbIIAETCA B PAAY: TPETHYHKIE CIMPTH > BTOPHYHKIE
> NEpBHYHLIE.

Kucaomuvie CBO¥CTBA CIMPTOB BHIPAXKEHH 0ueHb cnabo. Husmme
CHHPTH OYPHO PEarapyioT C INEJOYHLIMA METAJLIAMH:

2C,Hs—~OH + 2K - 2C,Hs—OK +H31

C yBenmyeHueM [UIMHLI YITIEBOAOPOAHOIO pajMKala CKOPOCTh 3TOH
peaknuy 3aMe/lIsAeTCs.

B mpucyTcTBHEE ClieAoB Biard oOpasyrompecs ajIKOTOIATHL paz-
JIAraroTCs A0 HCXOMHEIX CIIMPTOR!

C;H ;0K +H,0 - C;HsOH +KOH

D70 HOKA3RIBAET, YTO cnupmsl — bofee caabble Kuciomel, uem 8004.

CnaGnle ochoembie cBOMCTBA COBPTOB (KaK MOKa3aHO BhIme) o6yc-
JIOBJIEHKI HANHYIHCM HENOMENCHHON 3/NEKTPOHHOH maphel HA aTOMe
KHCJIOpPO/Ia B NPOSBIAIOTCH B 0OPAaTEMBIX peaKIdsX C rajloreHoBoJo-
ponamu:

C;HsOH +HBr 2 C;HsBr +H,0

ITonoxenne paBHOBECHS 3aBHCHT OT COOTHOIIICHHS PEarcHTOB.
Obpas3zosanue caoxcnbix 3upos MpoTeKaeT O MEXaHH3IMY HYKIle-
0bHIBHOrO NPHCOEAHREEHHA-OTICNICHHS:

+

H
CH;COOH+HO—-CH;3; & CH 3COOCH3 +H,0

B xasecTBe HywiIeo(dHIa BHICTymaeT MOJIEKYJAa COMPTA, aTaKkyromas
aToM yrijepoaa KapOOKCHIILHOR rpynnkl, HECYIIHH YaCTHYHBIA HOJIO-
JKETENbHEM 3apsan. OTIHYATENbHOH OCOGEHHOCTBIO 3TOH peakmuu
ABJIAETCH TO, UTO 3a1v1emenne IpPOTEKAET Y aTOMA yrIeposa, Haxo/s-
INErocs B COCTOSHAHU Sp>-THOPHIA3AIAH.

Mexcmonexyaapuan dezudpamayus cudptoB. Ilpm HarpepaHgu
CHHPTA B IPHCYTCTBHH KATATATHYECKHX KOJMYESCTB CHIIbHON KHCIIOTHI
OPOHCXOJMT OTINENJICHWE MOJIEKYJIBI BOJBI OT JBYX MOJIEKYJI COMpPTA
7 obpazyercs npocmoii 3ghup:

+

2C;HsOH — C;Hs— 00— C3Hs+H-,0
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Peaxyus s3sumunuposanus (8Hympumosexyiapuas dezudpamayus)
Gbira paccMoTpena B § 29.1. Ota peaknus OpOXOJAT C XOPOMIHM
BBIXOJIOM, IIPH HCHIOJIH30BaHHHA OOJILIIHX KOJAYECTB KHCJIOTHL:

+

H*,
CH;— CH;~ CH,— OH —— CH; —CH =CH, + H,0

Peaxyuu oxucaenun. TlepBHYHEIE CIIHPTH OKHCIISIOTCS B aJIbJICTH~
JIbl, KOTOPBIE, B CBOK OYEpPEAb, MOIYT OKHCIATLCA B KapOOHOBBIE
KHCJIOTHL:

[0] [0]
R—CH;—~OH— R—CH=0—R—COOH

BTOpHYHEIE COAPTH OKACIISFOTCH B KETOHEL
, [0]
R-CH-R'—s R—-C-—-R’

| |
OH o)

Tperuuskle coapTrl Gonee YCTOWYHMBLI K OKACICHUIO. [IpH aeficTAN
HA HAX CHNbLHKRIX OKHCIIMTEJEH MOXET HOPOMCXOJHMTH PACINCIUICHHE
YIJIEpOAHOIO CKEJIETA MOJIEKYJIH TPETHYHOrO CHApPTA ¢ 00pa3oBaHH-
€M kapOOHOBRIX KHCJIOT H KETOHOB C MEHBIIAM HCIIOM YIJIEPOJHBIX
aTOMOB, €M B MOJIEKYJIe HCXOAHOTO TPpeTH4HOro compra. OKHcnenne
0OBIMHO IPOBOAAT JHXPOMATOM HIIH NEPMAHraHaTOM KAJIHA C CEpHOM
KHCIIOTOH.

§ 27.3. MHOroaToMasie COHPThHI

JByx- H TpeXaTOMHEIE CIHPTHL HOJYYAIOT TEMH Xe cmocobamu,
9TO B OJHOATOMHBIC. B kadecTBe HCXOAHLIX COCAWHEHHM MOryT
OBITL MCHOJIL30BAHHEL AJIKEHBI, FaJIOT€HONPOM3BOAHLIE H IPYIHE CO-
CAHHCHUS. ’

O6mmEM MeTOAOM CHHTE32 IIHKOIEH sBIAETCH OKHCICHME aJl-
KCHOB MEPMAHTAHATOM KaJIAs B HEHTPaJILHOM HIH INENOYHOH cpene
[eMm. peaxmm (24.1)]. ‘

Jnsg qByx- H TpeXaTOMHBIX CIIHPTOB XapaKTePHBI OCHOBHLIE PEaK-
MM OAHOATOMEHBIX CHEPTOB. OJHAKO B MX XMMMYECKHX CBOMCTBaX
ecTb 0COOEHHOCTH, OGYCIIOBNIEHHRIE IPHCYTCTBHEM B MOJIEKYJIE JBYX
¥ 6oJ1ee TIAPOKCAILHBIX TPYHI.

Kucaomnocms muozoamomublx cnupmos eviuie, uem OOHOAMOM-
HbIX, 9TO OOBACHIETCS HAJIAYAEM B MOJIEKYJIC JONIOTHHTEILHRIX THA-
POKCHJIbHBIX Ipynn, 00najarommxX OTPHNATEIbHBIM HHIYKTHBHBIM
s¢pdexrom. ITo3TOMYy MHOrOaTOMHEIE CIOHPTHI, B OTJIHYHE OT OJHO-
aTOMHREIX, peazupylom co weaouamu, obpasys cond. Ilo amanormm
C AJIKOTOJIATAMH COJIM J{ByXaTOMHKIX CHHPTOB HA3bIBAIOT 2AUKOAAMA-
Mu, 3 TPEXATOMHRBIX — 2AUYEDPAMaAMU.
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IIpa B3ammopneiictema ragpoxcuga Mema (II) ¢ rimnepEROM
H APYTEMH MHOTOATOMHBIMH COHPTaMH OPOHCXONHT PACTBOPCHHE
TAAPOKCEIA B obOpa3yeTcs KOMILIEKCHOE COCMHECHHE CuUHE20 yéema.
Ora peakn|s HCIONb3yeTCs I 0OBapyXeHAS MHOTOATOMHBIX CIHp-
TOB, UMEIOWUX 2UQPOKCUbHbIE ZDYNNbl NPU COCEOHUX AmMoMax y2aepo-
da —CH (OH)—CH (OH)—:

- CH,OH
2 CHOH Cu(OH 2KOH ——
Cl + Cu(OH), + —an,0
CH,OH
rmuLepuH
o o 2"
N CH, .
— Cu | 2K

|

HC / \ CH
AN

HOHZC/ (o] O/ \CHZOH

1% MEHOroaTOMHBEIX CHEPTOB XapaKkTepHO 00pa3oBaHHe CIIOKHBIX
a¢EpoB. B 4acTHOCTH, IpH pEaknHH IJIMOCPHHA C A30THOH KHCIOTOR
B IPHECYTCTBHE KATAIATHYECKMX KOJHYECTB CEPHOH KHCIOTHL 00-
pa3yeTcs TPHHHTpAT IJIHNEpHHA, IMHPOKO H3BECTHRIA HOJA TPHBH-
aJIbHRIM HA3BaHHEM Humpozauyepur (NOCICIHCC HA3BaHHE HEBEPHO
¢ TOYKH 3pEHAS CHCTEMATHYIECKOM HOMEHBKIATYpHL, IIOCKOJIBKY B HH-
TpocoexmHeHMX rpynmna — NO, HeNOCpeACTBEHHO CBA3aHA C AaTOMOM

yIiIepona):

H,S0,
CH,—CH—CH, +3HNO, ——2%, CH, ~ CH~CH, +3H,0
| | | { | |
OH OH OH ONO, ONO,ONO,

3ameTHM, 4TO BaxHeAmeMy KiacCy CIOXHBIX 3¢mpos, obpaso-
BAaHHBIX IJMOCPAHOM H BHICHIEMH KapOOHOBHIMH KHCIIOTaMHM,— JCU~
pam TOCBANIIEH cnenuabHEIA pasgen (cM. § 30.6).

§ 27.4. Genonml

denosamu HA3KBAIOTCA HIPOA3IBOJHEIE ApOMATHICCKAX YIJIEBOMO-
pOIOB, B KOTOPhIX OJHMH HIH HECKOJBLKO aTOMOB BOAOpPOJa, HENO-
CpeACTBEHHO CBf3aHHBIX C ApPOMATHYECKHM KOJIBIOM, 3aMEHEHRI Ha
THIPOKCHILHBIE I'PYIIIEL

B 3aBHCAMOCTH OT 9HCIIa THAPOKCHIBHLIX Fpynn (PeHOJIBI AeIATCH
Ha OJHO-, IBYX- H TpeXaTOMHEIE.

Hassanus $eHOIOB COCTABIAIOT C YYETOM TOIO, YTO JUIs POJOHA-
qanbHOH CTPYKTYpH no npasuiam WHOITAK coxpaHeHO TpHBHAIL-
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HOe Ha3BaHHe «(perom». Hymepanuro atoMoB yriepoaa 6eH301bHOTO
KOJblla HAYAHAIOT OT aTOMA, HENOCPEACTBEHHO CB3aHHOIO C THAPO-
KCHJIbHOM rpynmoii (ecim oHa sBifgercs crapmeil ¢ysxnneii), 1 mpo-
JOJIXAIOT B TAKOH HOCIEHOBATEILHOCTH, YTOOK HMEIOIIHECH 3aMe-
CTHTENH NOJIYIAIH HAHMEHbIAE BOMeEpa.

MoHo3aMemensbe NPOA3BOAHEIE (PeHONA, BaIpAMEp MeTHIde-
HOJ (Kpe30JI), MOT'YT CYyIIECTBOBaTh B BH/IE TPeX CTPYKTYPHBIX H30-
MEpPOB — Opmo-, Mema- A napa-Kpe30JIoB.

@uszmveckne cBoiictea. PeHONL B OOJBIMAHCTBE CBOEM — KpH-
CTaJUIHYECKHE BemecTBa (Mema-Kpe3os — XHAKOCTh) IPH KOMHAT-
HOM Temmepatype. OBHE 00JIaAalOT XapaKTEPHKIM 3aHaXOM, 0080AbHO
naoxo pacmgopumst 8 800¢, HO XOPOIIO PACTBOPAIOTCS B BOJHBIX
pacTBopax menodeii (cM. Huxe). PeHonn 06pa3yloT DPOYHbIE BOJO-
POAHLIE CBA3H H MMEIOT JOBOJBLHO BHICOKHE TEMIIEPATYPHl KHICHHS.

Bce BrOmeckasapHOE HNPOWLIIOCTPHPYEM HA IpHMEpE IpocTei-
mero m3 Qenonos — cobcrBenso ¢enona CH;OH. dPenon — bec-
ysemnoe KPHCTAIIHYECKOE BEIIECTBO C XapaKTePHBIM PE3KHM 3ama-
XOM, IOPH JOJTOM COIPHKOCHOBEHHMHM C BO3JyXOM IpHOOperaromee
PO30BEIA OTTEHOK. XOpOIIO PACTBOPHM B 3TAHOJC H alEeTOHE, yMe-
peaao B Boxe (6,7 r B 100 mn Boawm mpm 16 °C), ommaxo npm
TemmepaType Beune 70 °C pacTBopsieTcs B Boj€E B J1I0O0M COOTHOMIE-
HHH; 1, =40,8 °C, tz=181,8 °C.

Cuocobu monywemnn. 1. IToayuenue uz zanozenbenzonos. Ilpn Ha-
rpeBaHAH XJI0pGEH301a H THAPOKCHAA HATPHS MOJ AAaBJICHHEM IOIY-
4ajoT (PEHONAT HATpHS, OpH JanbHe#imei 06paboTke KOTOPOro KHc-
noroi obpasyercs derom

CgHs—Cl+2NaOH ~ C¢Hs—ONa +NaCl + H,0
2. Ioayuenue uz apomamuueckux cysvghoxucasom (cM. § 26.2).
Peakiasi OpOBOAHTCH NPH CIJIABICHHH CyJIbGOKHCIOT C IEJ0YaMH.
Ilepsonagansao ob6pa3syromuecs (eHOXCHAN 00pabaThIBalOT CHIIb-

HEIMHA KHCJIOTAMH JUI IONy4eHust CBOOOAHRIX deHoIOB. Memood oOkI-
THO NPUMEHAIOM OASL NOAYUEHUR MHO20AMOMHBIX (HEeHON0E:

SOzH t ONa
+ 6NaOH() —= @/ 4+ 2Na,S0; + 4H,0
ONa
ONa OH
+ 2HCl — + 2NaCl
OH

1,3-auruapokcubeH3on
(pesopuikH)

SO,H

ONa
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3. Kymoavnetii cnoco6. Haubonee 3¢exTHBERIM H3 COBPEMEHHBIX
METOAOB HOJyYeHHs GeHONa SBISETCA KyMOJbLHHEIE cmocob momyue-
A (enpona. Baavane 6eH307 aJIKHIMPYIOT HPONAJIEHOM B IPHCYTCT-
BHHE XJOPHJA AIIOMHHHS, aKTHBUPOBAHHOIO XJIOPOBOJZOPOJOM [CM.
peakuuio (26.1)]. O6pasylommiics KyM0.J1 OKHCIISIOT KACJIOPOJOM BO3-
IyXa B OPACYTCTBHH KaTalM3aTOpa B THAPONEPOKCHN KyMOJa, KOTO-
puIi 3aTeM 00pabaTeBaroT pa3zbaBneHHOR cepROM KucnoTol. deson,
HOJIy4aeMBI KyMOJIbHBIM METOOM, HMECT O4Y€Hb BBICOKYIO CTEHCHb
YHUCTOTHI, OPHYEM B KaueCTBE OCHOBHOTIO «10DOYHOro» HpOIyKTa
obpasyercs Takke O4YeHb BaXHOE BEIIECTBO — AIETOH:

@ 0,,~100°C @ H,S0,,~70 °C
———i ——

CH,~CH-CH, CH,~C-CH,

KYyMOJ (J) —OH
THAPOTICPOKCHA KYMOTIa

. + CH,-C~-CH,
O
OH
¢eHon alleTOH

He BpaBagce B NeTaNA, OTMETHEM, 9TO Bruepsue ¢enosr OhII BLIIEICH H3 KaMEHHO-
YTOJILHOTO NErTA. YYHTHIBAS KucCAOMHbie CBOHMCTBA (cM. HEXeE) H coocob BeiueneHHs,
deHON ® nOAYyIHN CTapHHEHOE TPHBHAILHOE HA3BaHWE Kapbo.io8od xucioms: (OT JAT.
carbo —— yrom #m oleum — maco).

Xumuueckne cBoiicTBa. XuMHAYeCKAE CBOHCTBA GEHOIOB Onpenesis-
IOTCSI HAJIMYAEM B MOJICKYJI€ KaK THAPOKCHIBHOM Ipynisl, Tak H GeH-
30/IbHOrO KOJBHA, KOTOPhEIE OKA3RBAIOT ApPYr Hd ApPYra B3aHmMHOE
piusiage. B eronax p-opOmTans aroMa Kucinopoaa obpasyer ¢ apo-
MATHYECKAM KOJBLOM €JWHYIO T-CACTEMY. BclieICTBHE Takoro B3a-
HMOJIEHCTBAA 3JIEKTPOHHAS IIOTHOCTL ¥ aTOMAa KHCIOPOJa YMEHb-
maercs, a B OeH30bHOM KOabne mnoBbmmaercia. IlonspHOCTE CBS3H
O—H ysemmumBaercs, m Bojopoa OH-rpymmnel cranoBETca Gonee
PeaxnqMOHHOCIOCODOHBIM W JIETKO 3aMeInaercs Ha MeTall Jaxe NIpH
JeficrBay 1esioveil (8 omauuue om npedeabHblX 00HOAMOMHBIX CHup-
mos).

Kpome Toro, mockoiabKy refpoxcuiipias rpymma —OH seisercs
31eKMpO0OHOPHBIM 3aMECTHTENIEM (OPHEHTAHT NEPBOro poaa — obs-
3aTensHO BepHHUTECh K § 26.3), TO OHA DPOSBISET MOJIOKHUTEILHRINA
Me30MepHHH (+ M) B oTpHnaTenbHb HEAYKTHBHEN ( — I) 3 dexThI,
npuieM + M-3¢pdext npeBrmaer — I-3ddext. B pesynbrare 31meKkT-
POHHAs ILTOTHOCTh COCPEAOTOYHBACTCS B 0pMoO- B napa-noJI0OKEHUAX,
yBEJHMYMBAs NpPH 3TOM PEaKIHOHHYIO CHOCOOHOCTL OEH30ILHOrO
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KOJIbI]A B PEaKmusaX 3JIEKTPOGHILHOTO 3aMelleHHs (rajoreHHpoBa-
HHSl, HATPOBAaHHS, IOJAKOHACHCAAY H T. 1.).

1. Kucaomnwie ceoiicmsa ¢eHONa NPOSBISIOTCS B PEAKIHAX CO
IEeJI0YaMH:

CgHsOH +NaOH 2 C¢H;ONa +H,0

Koneuno xe, deHon ovens nerko obpazyer deHONATH OpH B3a-
HMOJEACTBAN C IMENOYHLIMH H INEIOTHO-3¢MEILHBIMA METAJLIAMH.,

Denoa, OTHAKO, O4eHb caabaa kucaoma. IIpH NPONyCKaHHHA depes
pacTBOpP (PEHONATOB YIIIEKACIOro MM CEPHACTOrO ra3oB BHUAEIAETCS
beBON — TaKas peaknmEs AOKa3kBaeT, 4T0 ¢eHon — Gonee cnabas
KHCJIOTa, 9€M YroJIbHas A CEPHHCTAA:

CgHsONa + CO; +H,0 — CgHsOH + NaHCO;

Kucnoraeie cpoiictBa ¢eHONOB OCHa0NAIOTCA OpH BBEACHAA
B KONBOO 3amMecTrTeneil 1 poaa A ycuausaromesn npu eeéedenuu 3ame-
cmumezeii 11 poda.

Ilocnexnee yTBepXAeHHE HILIIOCTPHDPYET, HAIPHMEP, CpPaBHEHHE
KHCJIOTHBIX CBOKCTB ¢ieHONIA H 2,4,6-TpHEHTpOdEHONa (HETpOrpynna
—NO,; — 3amecraters II poga), o6pazoBanue KOTOpOro mMOKa3aHO
HIDKE.

2. Humposanue. Ilox neiictBueM 20%-HOH a30THOH KMCIOTHI
(eHON JIerKO mpeBpaINaeTcsi B CMECh OpHio- M napa-HATPOEHOIIOB.
Ecnu EATpOBaTE (EHON KOHYyeHmpupoeanHol a30THOH KHCIOTOH (ee
CMeCh C KOHICHTPHPOBAHHOH CEPHOH KACIOTOH 49acTo Ha3KBAKOT
Humpyroweii cmecoio), To obpasyercs 2,4,6-rprpurpodeHon — cutb-
Hana Kucaoma (nuKpunoeas):

NO,
—on o OH
+ 3HNO, H,S0, (xouu,) + 3H,0
0, NO,

NHUKPHHOBas1 KMCJI0Ta

ITUKpPAHOBASN KMCIOTA — KPHCTA/LIMYECKOE BEMIECTBO XexToro mpera. Cond nak-
PHHOBOH KHC/IOTHI HA3HLIBAIOTCE MAKparamu. IIWkpar aMMOHHS — CHILHOE B3DLIBYA-
Toe pemecTBO. B cepepmne XIX B. MAKPHHOBYIO KHCJIOTY BIEPBHIE NPHMCHWIH JULL
OKpaIIFBAHKS INenka. ITO ObUI mepBRIi cryYail HCOONL30BAHAN ACKYCCTBEHHOTO Kpa-
CAINEro BEMECTBA (X0 3TOT0 MCIOJIB30BANACH TOJNHKO NPHPO/HEIE KPACHTENH).

3. Obpa3sosanue caoxncuvix agupos. B oTimume ot coupros, deno-
Il He oOpa3syloT CIOXHBIX 3(GHPOB IpH AeficTBHM Ha HHMX Kapbo-
HOBBIX KHCIIOT; [UIS 3TOTO HCIOJIB3YIOTCH XJIOPAHIHAPHILI KHCIIOT:

CgH;s0H +CH;—-CO—Cl » C¢lH5s— 0~ CO—-CH3+HCI

4. T'anozenuposanue. Ilpu pmeiicTBE Ha (eHON GPOMHOM BOMIEI
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icpannn're C ycnoBdsMH OpPOMHpOBaHMS O€H30J1a — CM. PEaKIMIO
26.2) obpasyercs Gemmiit ocadox 2,4,6-rpubpomdenona:

OH OH
Br Br
+ 3Br2 — l + 3HBr (271)
Br

910 — Kauecmsennas peaxyus [jsi oOHApPYXeHAS (eHoa.

S. Oxucaenue. PeHONBI NIETKO OKHCIAIOTCHA JIaKe NOJ AEeHCTBHEM
KHCIIopoAa Bo3ayxa. Tak, Opd CTOSHAM Ha BO3ayxe (eHOI MOCTEeneH-
HO OKpAmIMBAETCH B PO3OBLIM OBer. IIpH 3HEPIMYHOM OKMCICHHH
¢eHONIA XpOMOBOH CMECHIO WIH HNEPMAHIaHATOM KaMsA B KHCIIOH
CpeAe OCHOBHHIM IPOAYKTOM OKHCIICHHS SABJISETCS XHHOH. [IByxaTom-
Hble (PeBOJIKI OKHCIIMIOTCA emle Jjierye. IIpn OoxmciieBHE THAPOXHHOHA
Takxke obpa3yercs XHHOR:

: OH 01 : o o1 : OH
‘ o) HO

theHon XUHOH FUAPOXUHOH

6. Peaxyuu noauxondencayuu. Ilpu Harpesannn ¢desona ¢ popma-
NbJErAi0M B OPHCYTCTBHHM KATaJA3aTOpa HPOHCXOMAMT PEAKIHUA IO~
JIAKOHJEeHCAaN|H, B oOpasyerca genorohopmassdezudnan cmora —
BLICOKOMOAEKY AAPHOE COeQuHEeHue C PA3BETBIICHHOR CTPYKTYpOM THOA:

‘ OH OH OH
CH,
!

f

IIpr cobmoaeHAN CrenHAIBHBIX YCIOBHH B NPHCYTCTBHH KHCIIO-
THOTO KATAJIA3aTOpa NOJHMKOH/ICHCAMA MOXET HPOTEKaTh TOJILKO
JMHe#HO; mpHA 3TOM oOpasyercs NHHEEAHBIH cMOIOOOpa3HEIN HmOIH-
Mep — HOBOJIAYHAN CMOJIA:

OH

_ OH OH OH
n + (n-1)CH,0 — @'(CHz@CHréj + (1-1)H,0
n-2

Hosonaumast cMOlla B COHPTOBOM DAacTBOPE HCHONB3YETCH B KAYECTBE KJICEB
(m3BecTHRIC BO-2, BD-6 1 op.). Kieli BP-6 pexoMeHIOBAR ULl MEAHIMACKOTO IPHME-

320



genns. IIpa HageceREH HA KOXY OR OLICTPO BEICHIXAET, 06pa3yR MPOTHYIO INACTHIHYIO
IUICHKY, O3TOMY ODPAMCHACTCH U1 JICICHHS MCEJIKAX PaH.

B 3akmoveHne OTMETHM, 9TO OPH peakmue (eHoJIa C pacCTBOPOM
xnopapa xeneda (III) obpa3syeTcs KOMILIEKCHOE COENHHEBHE huoe-
moeozo yeema, Hapsany ¢ peaxmaeil (27.1) amo — eme oxHa Kauecm-
8eHHAA peakyusn HA oDHapyXcenue erosa. '

I'saBa 28
AJBAETrNAbBI 1 KETOHBI

§ 28.1. O6mas xapaKTepHCTHKA

Anvlezudvt u Kemowsl — B2 POACTBEHHBIX KJIACCA COC/MHCHHH,
XAPaKTEPU3YIOMHAXCA HAIAYHEM KapOOHHIBHOK rpymmbl \ C=0, no-

3TOMY HX Ha3KIBAIOT €IIE H KAPOOHUALHBIMU COCOUHEHUAMMU.

AJIBACIEOEL COAEPKAT B MOJIEKYJIe KapOOHRIBHYIO I'D , CBSI-
3aHHYIO C aTOMOM BOJOpOja, T. €. adbaerngayio rpynny —CH=O0.
Keronh copepxaT kapOOHHIBHYIO IPYIINY, CBA3aHHYIO C JBYMS yIJie-
BOAOPOJHLIME pagdKallaMH, T. €. KETOHHYIO IpyImy —(ﬁ‘—.

0]

B 3aBHCHMOCTH OT CTPOEHHS YIJIEBOAOPONHLIX PAAUKANIOB Alh-
JErAOB B KETOHH OBIBAIOT AMH(DATHYECKHMH, ATHIMKIAIYECKAMH
H apOMATHYECKHMH:

l——— KapGoHWnbHbIe COEAUHEHUst

Anbperunst KeroHst
R—C /O R—C—R
=~ I
O A A )
CH, -_CfH {  Amparnieckne ) CH,— ﬁ_ CH,
A2 R4
Auetansperun le)
AuetoH
(o]
i . R o
C< ( ANMLUKIMYBCKNS )
H \ —y/
LinknorekcaH- LinknorekcaHoH
kxapbansgeryy

A 5\ O
Il < Apomarndeckue ) Il

Bensansnerua BeHaodeHoH
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IIpEMEpOM CMEMAHHOTO KETOHA HBISETCA METHJI(EHHIKETOH
(anerodenon) CsH;COCH,.

H3omepus anpleraioB CBA3aHA TONBLKO CO CTPOCHAEM pajH-
KaJIOB.

JUis aJbAernioB 9acTO MCHONB3YIOT TPHBHANLELIC HA3BAHHS, CO-
OTBETCTBYIOINHE Ha3BaHUSAM KHCIOT (C TEM XE 9HCJIOM YIJIEpOIHEIX
aTOMOB), B KOTOpHE aJbACTHNH IEepexoiaT npH okmcicHuH. Ilo
CHCTEMAaTH4eCKOM HOMEHKIAType Ha3BaHHN aJbJErHA0OB 00pasyioT,
oprbaBiiss OKOHYAHHAE -ab K Ha3BaHHIO POJIOHAYaJILHOTO YIJIEBOHO-
pola ¢ caMOil JUIMHHOM yrjiepoJHOH Nenblo, BKIIIOYalomed kapbo-
HHJIbHYIO IPYIITy, OT KOTOPO# H HAYHHAIOT HyMepanuio nenn. Hazpa-
HAS apOMATHYECKAX AJbACTHIOB IPOH3BOAST OT POJOHAYAILHOK
CTPYKTYpH paaa — 6emsanbaeraga CsHs;— CH=0O0.

W3omepHsa KeTOHOB CBS3aHA CO CTPOSHHEM PaJHKANoOB H C HOJO-
XKEHHEM KapOOHANLHOM rpynnnl B yriepoJHO# nend.

KeroHH 9acTO HA3KBAKOT 0O HAUMEHOBAHHIO paJHKaJIOB, CBH3aH-
HBIX ¢ KapOOHWILHOH Ipynnmo#, AIH NO CACTEMATHYSCKOH HOMEHK-
naType: X HA3BAHWIO OPENEIbEOrO yriaesojopoaa xobasnszoT cyd-
GHKC -or B YKa3HBAaIOT HOMEp aTOMA YIJIepoJa, CBA3aHHOIO C Kap-
GommibHELIM KHECIOpoAoM. Hymepaumio HaummaroT 6meamnero
K KCTOHHOH rpynme KOHNA ICiH.

B Monexyne xeroHa pajuMKalIhl MOr'yT OHTH OJHHAKOBHIMH HIIH
paseeivA. Ilo3TOMy KETOHRI, KaK H OpPOCTHIC 3DAPHI, ACIATCA HA
CUMMEMPUYHble B CMEUAHHbIE.

MBI paccMOTPHEM TOJBKO amm(aTHYECKHE H ApOMAaTHIECKAC Kap-
GOHRIIBHEIE COEXHEECHMS.

Oumimveckue croiicTea. Kapbopanbanie coeuHeHMS HE CIOCOOHK
00pa30BLIBATH BOAOPOJHKIE CBA3H, HO3TOMY HX TEMUEPATYpPHI KHIIe-
HHS 3HaYATEILHO HAXKE, YeM COOTBETCTBYIOINEX coapToB. Hanpamep,
Temmeparypa kanepds anerambaersga 20 °C, Torja xak 3TaHOJA
78 °C. TemuepaTyphl KHICHHS KETOHOB OOLMHO OHIBAXOT HECKOJBLKO
BhIINIE, 9€M H30MEPHAIX MM aJIbJACTHIOB.

‘B obbiumblx ycao08uax moavko gopmasbdezud ARBAREMCA 2A30M.
OcraimbEnie XapOOHANbHLIE COCOMHEHHS — JXKHJKOCTH HIH TBEpALIE
pemecTBa. Popmamsgeran H,CO mMeeT pe3kmit HeIpHATHRIN 3amax.
Cpenare roMonore psga dopMamnieraga o6IafaoT YCTORIMBRIM
XapakTepHRIM 3amaxoM (aJbJergHEIA 3anax). Bricimde anbaermanl
(C;—C¢) obnamaroT NPHATHRIM 3aaXOM H IIHPOKO HCHOOIL3YIOTCH
B naptdroMepan.

®Dopmansdezud XOpoImoO PACTBOPHEM B Boje, ero 40% -BheIil BOAHEIH
PacTBOP HA3KBAIOT Popmasunom. Ayemaavoezud (3TaHANNb, YKCYCHRIA
amsaernx) CH,;CHO Takxe X0opomo pacTBOPHM B BOJIE.

Ayemon (OpONAaHOH, WIH IUMETHIIKETOH) — OECHBETHas XHA-
KOCTh, XOPOIIIO PacTBOpHMas B BOJE, COHPTE A 3pHpe. ITO MHPOKO
HCHONML3yEMEI OPraHA4eCKHl paCTBOPHTENDL, OH XOPOOIO PACTBOPSACT
XHPBI, CMOJILI H MHOTHE JPYTHE OPraHHYECKHE BEIIeCTBA.
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Bensasvdezud — GecnBeTHAS MACSHACTAS XHAKOCTH, AMEET NPHATHEIA apomart,
HADOMHHAOIIHI 3aIaX FOPHKOrO MARJAIS.

IIponenam (axponemn) CH,=CH — Cf — ppocTeiinmii mpex-
H

cTaBATENh AMHGATHIECKAX Henpedeabhblx ATTbACTHAOB; 3TO KHIKOCTh
C O4Y€Hb PE3KHM YAYNUIABRIM 3aaxoM, 33 KOTOPHIA OHA M HOJYYHIA
CBOE Ha3BaHHE akpoqeur (OT NIAT. acris — OCTpuI H oleum — ma-
¢J10).

§ 28.2. Cﬁocoﬁm HOTyYeHH

- HcxonEsIMA COeMBEHRSMH 1UIs MOJYYCHHS AIbJCTHAOB H KETO-
HOB MOTryT OHITb YIJIEBOAOpPOANI, TAJIOr€eHOHPOHM3BOAHKIE, CIHPTHI
HIH KHWCJIOTHI.

1. I'uopamayusn asxuros. B3amMonaeiCTBAE AKHHOB C BOXOHR Opo-
HCXOMT B npHECyTCcTBEE coneit Hg?* m naer aneramaeran CH,CHO
B ciydae apermieHa (peaknua 25.1) ¥ pa3’iMYHEIE KSTOHHL B ClTydae
roMOJIOroB aneTujena (cM. peaxouio 25.%;).

2. Oxucaenue cnupmos. 1IpA OKECIIEHME NEPBHYHRIX CHAPTOB 00-
Pa3’yIOTCS aIbACTHALI, BTOPHYHLIX — KETOHK (CM. pa3zaen 6 B § 27.2).

. BaXXHEIM DPOMBIILIEHHEIM CIOCOO0M mONydeHHs iopmanbieau-
oa (Merana.nﬂ) SIBJIAETCH KaTAJMTHYIECKOE OKHCIIEHME METAHA KHCIIO-
poaoM Bo3ayxa (CM. pasgel «XHMHYCCKHE CBOHCTBAa aJIKAHOB»
B § 23.1).

. 4. IMpoyecc Baxepa — OKHCIICHHE aIKeHO6 XJIOPHIOM IIaJUIaJ s
(II) B npecyrcrBEm CuCl,, B KadecTBe KaTaJm3aTOpa — OAHH H3
COBPEMEHHKIX IPOMBINLIEHHKIX COOCOO0B NOJyYeHHSA AIbAETHAOB!

Cucl, L
iy =CHy + PaCly +H;0— CHs ~ +Pd+2HCI
H

5. T'udpoauz ouzasozenonpousgoonuix. Ilpu menoYHoM rEAPONIA3E
IATaJIOreHAIKaHOB, CONEPKAIHX 068a AMOMA 2aA02€HA NPu OOHOM
amome yzaepoda, 06pa3yrOTCs IByXaTOMHELIE CIMPTEI, B KOTOPHIX ABE
rpymsl OH coenuHEHEI ¢ OJHAM aTOMOM YriepoAa. OTH BEmecTBa
HEYCTOMYHMBH M OTIIEIUISIOT BOAY, OpeBpamiasck B KapOOHMILHBIE
COEMHEHH: '

2NaOH
CH;3; —CHClL — -
—2NaCl

[CH3CH (OH)3] » CH3~CH =0 + H,0

6. Ayuauposanue apomamuueckux y21e6000podos. IIpu nedcTBHH
Ha GeH30J WM ero rOMOJIOTH XJIOPaHTHAPHIAMHA KapOOHOBEIX KHC-
JIOT B IPHCYTCTBHH XJIOPHJA aTIOMHHHS B G€H30JIbHOE KOJLLO BBO-
[JHUTCS COOTBETCTBYIOIHHA aMMIbHBIA OCTATOK. Peakuiusa npoTekaer no
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MEXaHH3MY 34ekmpodusbro20 3amewenua Sg. AINAIAPOBAHHE IO
Oprpemo — Kpadrey seaserca o6mmM cnocoboM cHETE3a apoMa-
THYECKHX H CMCINAHHKIX KETOHOB:

#0 ALCL
@ * CHy=C_ — C—CHg + HCI
Cl g
C//O _AICI,
| + HCl
0

§ 28.3. Xummveckne CBOlCTBR

XumMmHu4ecKHe CBOMCTBA AlbACTHAOB H KETOHOB 00YCIIOBJICHEI OpH-
CYTCTBHEM B HX MOJICKYJIC axTHBHOH KapOOHHILHOM IpyNIEI, B KOTO-
poii ABOiHAS CBA3b CHIILHO IOJISPA3OBAHA B CHITY Gonbmon 371eKTpO-

OTPHIATEILEOCTH kAcIOpoxa (>C=0).

B pesyinbratre Ha XapOOHEILHOM AaTOME YIrjepoaa BO3HEKACT
3aMETHLIA DOJIOXKHTENbHRI 3apsia. [1osToMy ans alnbACrHNOB H Ke-
TOHOB XapaKkTepHHl peaknWd OPHCOSJMHEHHS IO ABOHHOHK CBS3H
C=0. BonbmUECTBO B3 HHX HNPOTEKAET KaK HYKIICOQHILHOE IpPH-
COCIAHEHHE,

Kpome peaxnue nprcoeauHeHHs no KapOoHMIbHOMH rpynme, Nis
aJIbJACTAN0B XaPaKTEPHEKl TAKKE PEAKIMH C YIaCTHEM X-aTOMOB BOJO-
poaa, coceRHAX ¢ kaGoHmWILHOMH rpynmo#. Mx peakxnuonHas coocob-
HOCTb CBf3aHA C 3JICKTPOHOAKIIENTOPHBIM BJIHSHAEM KapOOHHIbHOM
TPyONEL, KOTOPOE HOPOSBIAETCS B NOBHINEHHOH NONAPHOCTH CBI3H
C—H. D10 npHBOIAT K TOMY, 4TO AJBIACTHILI, B OTJIHYHE OT KETO-
HOB, JIETKO OKHCAMIOTCH. MX B3amMopacHcTBHE ¢ aMMHAdYHHRIM pac-
TBOPOM OKCHJIa cepeGpa sBIfeTCs KAaYeCTBEHHOH peakimdeil Ha alb-
ACTHAbL. '

Peaxnus wyki1e0QHILHOr0 NpHCOeMHEHHN. AJIbJCTHALL B KETOHKL,
obnagas 3MeXTPOPHILHRIM LEHTPOM, COOCOOHH BCTYHaTh BO B3a-
HMOAEHCTBHAE C HyKJIeO(HILHKIME peareHTamMu. [1j1a oKcocoeJHHECHMAM
HauboJiee XapakTepHbl PEaKIHH, HPOTEKAIOMME IO MEXaHU3MY HYKAe-
odhuavnozo npucoedunenus Ay (ot anri. addition nucleophilic).

1. Peaxyus c¢ yuaroeo0opoonoil (cunuavnoil) xucaomoii. Peaxnus
HMeEET BaXXHOE 3HA4YCHHE B opranumdeckodl xummm. Bo-nepBmix, B pe-
3yIbTaTe Peakiil MOXHO YUIHHHThH YIJIEPOMHYIO IEUb; BO-BTOPHIX,
OPOAYKTHI PeakKHH — THEAPOKCHHATPHIB — CIIYXKAT HCXOMHBIMH CO-
CIAHEHASMH [II4 CAHTE3a IHAPOKCAKaApOOHOBHIX KHCIIOT:

CH;~CH=0+H—-CN - CH;—-CH (CN)-OH
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2. Bsaumodeticmsue co cnupmamu. AbAErEAL] MOTYT B3aHMOCH-
CTBOBATh C OJHOH AIIA JBYMA MOJIEKYJIaMH CIHPTA, 06pa3ys cooTBer-
CTBEHHO HOJIyANETAH H aNeTalH.

Ioayayemassamu Ha3NBaIOTCA COCRHHEHHS, COJICPXAIINE NIPH OA-
HOM aTOMe yrjepofia THAPOKCHIBHYIO H aJbKOKCHJILHYIO IPYIIHL.
Ayemasu — 310 COSAMHEHHS, COACPXANME OPH OJHOM aTOME yIJe-
pola IBe AJKOKCHIbLHBIE IPYIIbI:

(I)H (l)R’
R—(II—O—R’ R_CI:—OR,
H H

noJgyaneTaib aneTalib

Peaxpuio nosnydyeHns aneTajiei INAPOKO HCIONL3YIOT B OpraEdyec-
KHX CHHTE3ax JUlf (GAMTHD AKTHBHOM albACrHOHON Ipymmbl OT
HEXENATENAbHbIX PeaKIiuii:

H+
CH;— CH=0+2CH;0H —— CH,;—CH—-0CH;+H,0
I
OCH,

3. ITpucoedunenue 2udpocybghumos CIyXKHMT IS BHIICJICHAS allb-
JETEN0B H3 cMecel C JPYrHMH BEINECTBAMH H 1A HONYYCHAS HX
B YACTOM BHJE, IOCKONBKY HIOJy4Y€HHOE CyJIb(hOmpoH3BOAHOE OYCHB
JIETKO TEAPOJIA3YETCH:

R—CH=0+NaHS0; +» R—CH—S0;Na
I
OH

4. ITpucoedunenue peaxmusa I'punvapa. B opraEu4eckoM CHHTe3€
9pe3BLMAHHO 9ACTO HCHOJb3YETCA PEakTHB I pHHBApA — OJHO M3
OPOCTEANAX METAJUIOOPTAHMYECKHX COCTHHCHAN.

IIpn noﬁannexmn pacTBOpa rajJoreHajKaHa B AASTHIOBOM 3GHpe
K MareHEeBOHA CTPyXKKe JIETKO IPOBCXOQHT 3K30TEPMHYECKAs peakmus,
MATHH# nepexoJuT B pacTBOp H 0Opasyercs peakTHB [ pHEBSpa:

R-X+Mg—-R—-Mg—X

rae R — ankuibHEL HIE apWIbHEBIHM pajuakall; X — rajores.

a) B3amMogeiictBEeM peakTABa I'pmEBApa C (popMaIbAECTHAOM
MOXHO DONYYHTh NpaKTHYECKH JnoOO# nepsuumviii cnupm (xpome
MeTagosa). [JUis 3TOro NpOAyKT NPHCOETHHEHHs peakTuBa I prHbLApa:
THAPOJIM3YOT BOIOMH:

H,0
—~Mg(OH)X

H,CO+RMgX - R — CH,—-0—MgX

R—CH,—
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6) nIpE ECOONL30BAHHA MOOLIX APYrAX aMMGATHYECKHX AJIbACTH-
JIOB MOTYT OHITH HOJIY4EHBI 8MOpUYHble CRUPMbI:

CH;CHO +RMgX —
H,0
- CH;~CH—0—~MgX ————— CH;—CH-OH
e ~Mg(OH)X [
R R

B) B3aHMOJEACTBAEM PeaKTHBOB I pHHBSIpa C KETOHAMH IOIYYaIOT
mpemuyHble cnupmei:

(CH3,C=0+R —MgX -

H,0
- (CH3),C (R)~ 0 —MgX ————— (CH3),C(R)—OH
~Mg(OH)X

5. Boccmanosaenue oxcocoedunenuil — cm. § 27.2.

6. Peaxyuu oxucaewus. ANLACTHABI H KETOHHI IO-Pa3HOMY OT-
HOCATCS K ACACTBHIO OKHCIIATEJNIEH. AJIbAErHIEL JIETKO (3HAYHTEILHO
Jierde, 9eM CHOHEPTH) OKHCIIAIOTCH B COOTBETCTBYIOIMHME KapOOHOBEIE
KHCIOTH. [lIs BX OKHCIEHHS MOXHO HCHOJIL30BATL TAKAE MITKHE
OKHCJIMTENH, KaK OKCHA cepebpa B ru,upoxcnn mema (1I1).

KeToHH K AeHCTBHIO OKHACIHTENCH HHEPTHEI, B YACTHOCTH OHH HE
OKHCISIOTCA KHCIOPOAOM BO3AyXa. KeTOHHI pearmpyioT TONBKO
€ OYeHb CHIBHBIMH OKHCIHTEISMH, CHOCOOHKRIMH pa3opBaTh yrije-
POJ-YriIepOAHbIE CBSI3H B HX MOJIEKYJIE:

a) OgHOM W3 KauecmeenHblX peaxmuil Nis OOHApYXKEHAS aIbACTHA-
HOH IpYNIILL ABJIAETCH peaKyun «cepebpAH020 3epKanay — OKHCIICHHE
AMBACTHAOB OKCAAOM cepebpa.

Oxcun cepebpa Bceraa roToBST HENOCPEACTBEHHO MEPEN ONBITOM,
nobasnsis X pacTBOpY HHTpaTa cepefpa pacTBOp THAPOKCHAA aM-
MOBHS:

- AgNO;+NH,OH - NH ;NO;+ AgOH
2AgOH - Ag,O+H,0
Ag20 +4NH; +H,0 — 2 [Ag (NH3),] OH

B pacrBope ammmaka okcmz cepebpa oOpa3yer KOMILIEKCHOE
COEQUHEHNE, IPH JEACTBAN KOTOPOTO Ha ANIbJETH] PORCXONAT OKHAC-
JIATEIBHO-BOCCTAHOBHTEIbHAS Peakimms. AJbACTA]] OKHCISETCS B CO-
OTBETCTBYIOMIYIO KHCIIOTY (TOYHEE, B €6 AMMOHHMMEYIO COJib), & KOMII~
JIEKCHEI KaTHOH BOCCTAHABJIHBAECTCH OO METAaJLIMYECKOro cepedpa,
KOTOpOe ZaeT OjiecTsInuil HANET Ha CTEHKaX HpOOHpKH — «cepedpsi-
HOE 3epKaJIo»:

CH;— CH=0+2[Ag (NH;),] OH —
;
— CH3;COONH, +2Ag| +3NH;3; +H,0
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6) Apyras KavecTBEHHAs PEAKUAS HA AJbJCTAALI 3aKNIOYACTCH

B OKHCJicHEH BX ragpoxcaaoM Mean (IT). Ilpu oxucnenrE anbaeraaa

cBeTno-rojay6o# ruppoxcan Menm (1) npeBpamaeTcd B XKeNTHIH rUA-

‘poxcax Menm (I) mpm xomEaTHOM Temmeparype. Ecim mozorpers

pacTBop, To raapokcey Mead (I) mpespamaercas B okcHx mexd (1)

KpacHOro NBETAa, KOTOPHIA IJIOXO PaCTBOPHM B BOAC H BHIIAAACT
B OCaJIOK:

CH;— CH =0 +2Cu (OH); - CH3;COOH +2CuOH +H,0
2CuOH - Cu;0+H,0

7. Peaxyuu nosuxomOencayuu — CM. CXEMYy peaknEH (peHOIA
¢ dopmanbaeruoM B § 27.4. 3ameTHM, YTO NONHKOBACHCAIAA BO3-
MOXEHA HE TOJIBKO Mexay ¢eHoloM B GopMaIbAErHAOM, HO TaKXe
H C APYTHMH aJIbACTHAAMHE, HAOPAMEP C YKCYCHLIM a/lbJErHa0M:

CH

n + (n~1)CH, - COH —

OH OH OH
——in
CH CH
| [ + (n-1)H,0
CH, vy CH,

I'nasa 29
KAPBOHOBBIE KMCJIOTHI

§ 29.1. Knaccuduxanus, HOMEHKJIATYPa H H3OMepHS

Kapbonosvimu xucsomamu Ba3bBAIOT COCHHHCHHS, COACpXKAIIHE
xapboxcuavryto zpynny COOH. :

Kap6okcrnbHas rpymia COCTOMT W3 KapGommnbHO# rpymmat CO
H rEapoxcwibHOM rpynmsi OH. CsoficrBa kxap60OkCHIBHOR Ipymmkl
OT/IHYAIOTCS OT CBOKCTB COCTABISIONHX €€ IPYNH H3-32 HX B3aHM-
HOro BmusEHEs. BenencrBre 601bmOH 3NEKTPOOTPHNATEILHOCTA KAC-
JIopoAa 3eKTPOHK, COCAMHAIOMHAE aTOMbI YriepoJa H KHMCIOpOAa
B KapOOHAILHO# Ipynne, CMEMEHs B CYOPOHY

~
—C—0—H

I
(¢
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aToMa KHCJIOpOJa, YTO B CBOIO OuY€pelb IPHBOAHT K CMEINCHHIO
3NEKTPOHHEON NaphHl OT aTOMa KHCIOPOHAa THAPOKCHJILHOM IpYIIEI
K aToMy yriepoia (HampaBlIcHHE CMEIIEHHS 3JIEKTPOHOB IOKA3aHO
crpenkamu). 1103TOMy KHCIOTHI He CHOCOOHK K peakmusM IpPHCO-
€IHHCHHAS, XapaKTePHbIM JUIS KapOOHHIbHLIX COCAHHEHRHE. ATOM BO-
Jopoaa xapOOKCHIIBHBIX rpynn KapOOHOBHIX KHCIOT B BOJHBIX pac-
TBOPax OTINEIJISCTCA B BAJE HOHA

R-COOH Z2R-CO0~ +H*

OcraTtox kap6oroBoi kuciaoTel R —COO™ HOCHT Ha3Bamre kap6o-
KcuaT-gona. Hanmpumep, ocraTok MypaBbHHOM KHACIOTH HA3BIBAKOT
dopmmatom (HCOO™), ykcycnoit — anerarom (CH;COO™) & T. 4.
OcraTox xkap60HOBO# KHCIOTH R —C — HOCHT Ha3BaHME amuIa,

|

0]
HanopAMEp, OCTAaTOK leOHHOHOBOﬁ KHACJIIOTHl HA3RIBAKT HNPONMHOHH-
JIOM (CH3 - CH; - (‘.l: - ),

o
macismo# — 6yrapunom (CH;— CH,—CH,— (If -)HAT A

6]

Kap60HOBEIE KHCIIOTBI MOXHO pPacCMaTpHBATh KaK YIJIEBOAOPO-
Obl, B MOJIEKYJIaX KOTOPHIX a*rom(mg BOZIOpOAa 3aMemeH(bl) Ha Kap-
6oxcunbRyIo(bie) rpynny(st). 1o wucay xapbokcuavhbix 2pynn, CONEp-
KAIIAXCA B MOJIEKyJIe KapOOHBOBO# KHCIIOTH, pasauuaiom:

1) monoxapbonossvie KA ONHOOCHOBHHEIE Kucaomsl (OJHA rpymnna
COOR);

2) Ouxapbonosbie WA NBYXOCHOBHBIE Kucaoms! (OBe IpPYIILI
COOR);

3) noauxap6orosvie MM MEOTOOCHOBHBIE Kuciombl (TpH M Gonee
rpyma COOH).

B 3agucumocmu om cmpoenun y21e6000podHo2o paduxard, ¢ KOTO-
pPHIM cBfi3aHa KapOoKCWIbHAS rpyNOa, pa3/AdaroT:

1) nacenyennvie (npedeasvrble, aJIKaBOBEIC) KAPOOHOBEIE KuUCA0MDbL,

2) nenacoiyenmvie (Henpedeavrble) KAPOOHOBRIE KUCAOMBL,

3) amuyurcauueckue xap6oHOBRIE KucAombl,

4) apenoevie (apomamuuecxue) KapOOHOBBIE KUCAOMBI.

B 3asucumocmu om cmeneHu HeHACLIYECHHOCMU Y2428000POOHO20
padcuxaia pa3nu4aroT:

1) aaxenosvie xapOOHOBEIE KuCcAOMBbL,

2) aaxaduernosvie KapGOHOBRIE KUCAOMDbL;

3) aaxampuenossle KapOOHOBEIE KucA0mal;

4) asxunogbie XKapOOHOBLIE KUCAOMbL.

Ecnu B yrieBOOOpOAHOM pagakajie KapOOHOBBIX KHCIOT ATOM
BOJOPOJ2a 3aMemeH Ha Apyrue (QyHKNHOHAILHBIE IPYINLI, TO TaKHE
KUCJIOTH HAILIBAIOTCS 2emMepodiyHKYUORAABHLMU.
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KapGoHOBEIE KHCTIOTEI, CONCPXKAINAE B INEKIHIECKOM g)&zmxane
reTEPOATOM, HA3KIBAKOTCA 2emepoyuxauveckumu. B Tabn. 29.1 ykasza-
HEl HEKOTOPHIE NpPENCTABATEH KAPOOHOBEIX KHCIIOT.

Tabnmnma 29.1. Hucoropue upeacTasTe N KapbOROBLIX KECIOT

Dopmyna CacremaTEIecKOC TprsraTEHOS
HA3BAHAC Ha3BaHE®

Monoxapionosiie XBECHOTH

HCOOH Mertanosas MypassaRas
Jimcap6oHOBRIE KECJIOTH
HOOC-COOH OrasmEoBas IMfasenepas
TpuxapSonopnie KNCIOTH
CH,—COOH ‘ Hponerrproas  AKORHTOBaS
C—-COOH
gH ~COOH
Hacamemauie (peaesunic) kapGononnie KRCAI0TH
CH3;COOH JranoBas VkcycHas
CH;—(CHj);— COOH Oxranexanopas  Creapunopax

Henacoumemmie (Beupenensmie) kaploBonsie KRCIOTH
Asxenogsie xucaomoi

CH,=CH-COOH Iponenopas Axprinosas
CH3—(CHy)y—CH= yuc-9- OnesroBas
=CH-(CH;);—- COOH OKTaJIeIeHOBAS
Asxaduenossie Kucaomul

CH3—(CH;);— CH=CH —-CH;— Oxranexan@acs- JImmONepax
—CH=CH —(CH;);— COOH 9,12-oBas

Aaxampuenoeme xucaomol
CH,H;—(CH=CH—-CH;);— OxTagekatpuen- JImHomeHoBas
—(CH;)s—COOH 9,12,15-0Basx

Asxunossie kuciomoi
CH3;—-C=C—-COOH Byrans-2-osas Terpopas
CH;-(CH,);—-C=C-(CH;); - COOH Orranem-?-onan Creapmiopas

ApoMaTaEdecKne Kap6oROBLIE KHCIOTH
C¢H;—COOH Benzenxapborosas Ben3oitaas

Ce¢Hs— CHz —COOH ®epmmaTanopas  PepANyKcycHAs
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Ilpodosxcerue maba. 29.1

Dopmyna CrcraMaTETecKOe TpappamsHOE
ERspamme BAIBAHEC

Cerepodymcnmonassanie KaplonoBie KBCIOTH
Tarozenxapbonosvie xucsomu

CICH,—-COOH XoropmerasoBas  XIIOpyECYCHAS
Humpoxapbonoavie xucsomo:
NO, - CgHy—COOH HeTpobemoimne Herpobemoitane
(o-, M-, n-) (o-, M-, n-)
Amunoxucrone
H;N-CH,;-COOH AmuaOMeTagoBas I'mampEe
Oxcuxucaomu
CH;3;—-CH-~COOH 2-I'mgpoxcenpo- Monodras
| ' DAHOBAK :
OH
Asedezudoxuciomn
H—ﬁ—-COOH Oxcoaranosas Imoxcanesas
(o)
Kemoxucaomu:
CH;3;~-C-COOH 2-Oxconponaro- IIaposmEOrpagHas
Il Bag
(o)
Cereponmxareckse xapbononkie KECIOTH
2-Oypan- TIapocimsenas
(/ \5 COOH xapGonopas
O
3-ITupuaan- HuxormroBas
(TCOOH xapboHOPAx

Homenxaamypa. Hazpapss kapO0OHOBRIX KHCJIOT IIPOH3BOJNAT JO-
GaBieHMEM X Ha3BaHMIO COOTBETCTBYIONIErO YriIeBOAOPOAa OKOHYA-
HHS -06aA (JNs IBYXOCHOBHBIX KHCIIOT -Q#0&dA) H CIIOBA KACIIOTA (CM.
Ta61. 29.1). Hymepanaio yrieBoAOPOAHOR e HAMHHAIOF C aTOMA
yriiepoa KapOOKCHJILHOM IpyImsl, HAIpAMeEP:
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[ 5 4 3 2 1
CH3;—CH,—CH-CH,;—CH-COOH
| {
CH, Cl
2-xJ10p-4 METHITEKCaHOBAS KHCIOTA

5 4 3 2 1
CH;—CH-CH=CH-COOH
|
CH,
4 METHIIERTER-2-0Bas KACJIOTa

4 3 1
CHj3;~CH—CH;—COOH
: I

OH

3-oxcubyTanoBas KHCIOTA
HOOC-CH,;—-CH,—-COOH
6yraEIEOBag KACIOTA

Ha3zpagmsi apOMAaTHYECKHX KHCJIOT HpPOH3BOAAT OT Oen3oiHOM
KHCJIOTHI, HROpAMED:

COOH
1

4 2
¥ P CH,

2-3TWwibeH30liHag KMcnora

@ COOH

n-aMuHo6eH30MHasA KHUC/IoTa
(4—amuHOGEeH30IHAsA) KUCTOTA

NO

M-HUTpoOGEeH30MHasA
(3-HuTpobeH30iiHast) KucsoTa

2~runpoxcnﬁeﬂaoﬁnaﬂ Kucnora
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Ecim xap6GokcHIbHAA rPyINa HAXOAHTCH He B O€H30MBLHOM sfpe,
a B GokoBOH# NenH, TO HA3BAHHS TAKHX APOMATHYCCKHX KHCIOT
IOPOH3BOAAT OT HA3BAHAN COOTBETCTBYIOIMEX HM KapOOHOBRIX KHCIOT
aymagaTAYECKOro psaxa, HapAMeEp:

CH, —~CH ~ COOH

2~ ¢eHUINponaHoBas KHCAOTa

Ha3spanue reTeponMKIAYECKAX KHCIOT OPOHM3BOAAT OT HAa3BAHHS
rereponukia. Hanpamep, mAPOCIH3IEBYIO KHCIOTY

4 3
O
1

HA3HBAIOT 2-pypaHKapOOHOBOHR KHCIOTOH, HHKOTHHOBYIO KHCIOTY

4
s {—COOH

X 2
1

— 3-nupEaHEKApOOHOBON KHCIOTOH.

H3omepus. ¥V xapOOHOBRIX KHCIOT BO3MOJXKHEI CJICAYIOIIAE BHILI
H30MEpHH:

1. N3omepus yrnepoanoi nenm. Ona Bauwmmaercs ¢ GyTanonon
KHCJIOTBI, KOTOpas CyIIECTBYET B BHIE ABYX H3OMEPOBR:

CH,—-CH,—-CH,—-COOH CHS-—(IIH—COQH
CH,
6yTaHoBas (MaciasHag) 2-MeTHIIPOnanOBas
KHCIIOTE (¥30MacIsHAR) KHCTIOTA

2. I3omepHs HOJIOKCHAS KPATHOH CBS3H, HAPHMED:

CH,=CH - CH,—-CH,-COOH
HEHTEH-4-0Bas KACIOTA

CH;—-CH=CH-CH;—COOH
NEeHTEeH-3-0Bad KACIOTa
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CH;3;~CH;—-CH=CH-COOH
NeRTEH-2-0Bag KHCIOTA

3. Huc-mpanc-A3oMepHs, BAOpAMEP:

H H H,C H
Ne=c” Nc=c”
7 N
H,C COOH H/ \COOH
yuc-6yren-2-opas mpanc-6yren-2-o8as
KHCJIOTA KHCIOT2

4, MexxknaccoBasg H30OMepHS, HAIPAMED, BAJIEPAAHOBOM KHCIIOTE
CHy—COOH mn30MepBER: METHIOBHIE 3pHP MACIHHOH KHCJIOTH
C;H,COOCH,, sTminoBhi#  admp OPOONAHOBOH  KHCIOTH
CH;—COOC;H;, nppomanoBeii 3pHp yKCYCHOH  KRCIOTH
CH,;COOC;H,, 6yrriossii 3¢pap Mypassusoi xucinorsl HCOOCH,
HT A

5. V rerepodyEKIHOHANbHRIX KHCJIOT BO3MOXHA H30MEpHS, CBSi-
3aHHAA C DOJIOXEHHEM (YHKIHOHAILHOH rpyInsl, HAPAMED, Cymle-
CTBYIOT TPH H30MEpa XJOPMACIIHOH KHCIIOTHL:

CH;3—CH,— CHC]--COOH
2-x10p6yTaEOBas KECIOTa
CH;—CHC]—CH,;~-COOH
3-x10p6yTaROBaR KHCIOTR

CH,Cl1-CH,;-CH,;-COOH
4-x10p6yTaHOBAN KHCIOTA

6. Hna rerepodyHKOMOHANBGHBIX KHCIOT BO3MOXKHA TaKXke OI-
THYECKas H30MepHA (CM., HAIPpAMEP, ONTHYECKHE H3IOMEPH MOJIOYHOH
KHCJIOTHI HJTM AMHHOXKHCIIOT).

7. V apomarmdecKkmx XapOOHOBBIX KHCJIOT H3OMCEpHS CBA33HA
C DOJIOXEHHEM 3aMecTATeJedl IO OTHOMEHHIO K KapOokcmiIbHOR

rpyune, HanpaMep:

4 - MeTun6eH3oiHan KHCIOTa CH;
3-meTunOeH30fHas KMCIoTa

COOH @_ CH, — COOH

2-meTbeH30MHad K1cnoTa (emtyKeycHas KHCoTa
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8. L1 rereponAKIHYSCKAX KapOOHOBRIX KHCIIOT XapaKTepHa H30-
MEpHSi, CBA3aHHAS C IOJOXCHHEM KapOOKCHILHOE rpymmel mO OT-
HOIIEHHIO K reTepoaToMy, HallpEMeEp:

COOH
= = l COOH ~ l
- S N COOH
N N N
4-nupUInH 3-nupuauH 2-NpHIMH
KapGoHoBas KapOOHOBasI KapboHoOBast
KUCJIOTa KHEIoTa KUCTIOTa

§ 29.2. OnuooCHOBHEIE MpeAeTLHBIE KAPGOHOBEIE KHCIIOTE

Hacpunernrie (npeaenpHbie) KapOOHOBRIE KHCIOTHI — COEHHAHE-
HES (B YINIEBOJOPONHOM PpaJMKANE OTCYTCTBYIOT KPATKHE CBSI3H)
amerot obmyro popmyny C,H,,. COOH.

Cuocobrl momyvenns

1. Oxucaenue nepsuunvix cnupmos:

3CH,CH,0H + 2K;Cr;,0; +8H,80, — 3CH;COOH +

+2K 580, +2Cr3 (SO4)3 + 11H,0
2. Okucaenue arbde2udos: ' .
5CH,CHO + 2KMnO, + 3H,S04 » SCH;COOH +K,80, +2MnSO; +3H,0

3. I'udpoaus croxucubix 3gupos:
H+
R’'—COO—R"+H;0 & R'—COOH+R"OH
4. T'udpoau3 mpuzan0zeH3aAMEWEHHLIX NPOU3EOOHBIX Y2Ae8000-
po0os:

c OH

0
/ / 4
R—C~Cl+3NaOH - 3NaCl+R-C—-OH -»R—-C +H,0
\ \ \
a OH OH

5. Bzaumooeiicmgue peaxmusa I punbapa c oxcudom yzaepooa (IV):

H,0
RMgBr + CO; - R —COO —MgBr — - R —COOH +Mg(OH) Br
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6. T'udpoaus anzudpudoe KapboHOBbIX KuCAOM:

R O

\Wi
C

>o +H,0 - 2R ~COOH

C

I\
R O

7. I'udpoau3s zanozenarnzudpudoe xapborosvlx Kucsom:

o]
/I H,0
R—C\ - R—~COOH +HCI

a

CymectByroT cnemapHEdecKHe COOCOOBI NOJIYYEHHS OTACILHBIX
mpeAcTaBETeNCH (CM. MypaBbHEYIO H YKCYCHYIO KHCJIOTHI).

Ouzaveckue caoiicrea. IIepBrie OpeCTABATENH FOMOJIOTHYECKOrO
pana ankasOBREIX KHCIOT (C, —C;) npH OOLMMHLIX YCIOBHSAX SABJISIOTCS
JIETKO NOABEXHBIMH XHIKOCTSMH, 001aJaloOIMMH PE3KAM XapaKTep-
HhM 3amaxoM. Hanprmep, 3TanoBas (YKCycHas1) KHCIIOTa HMEET Xapa-
KTepHBIH «yKCycHEIN» 3apmax. CpemHHe IpEeJCTABHTEIH 3TOro psja
(Cy—C;) — Bu3kme, «MacaooOpa3Hnie» XHOXOCTH C XAPaKTEPHBIM
3amaxoM. KHCIOTH € 49HCIOM aTOMOB YIjiepoJa JeCATh H BHI-
e — TBEpjIblie BeieCTBA, IPAKTAYCCKA HE HMerornme 3anaxa. Kap6o-
HOBHIE KHCJIOTHI XOpOIIO PacTBOPHMBI B OPraHHYECKHX pPacTBOPH-
TelIAX, B BOAE HX PACTBOPHMOCTb YMCHBIIAETCH C POCTOM I IHHAI
yrnepogopoanoro papmkana. Kuciorsl, coaepxamme 1 — 3 yrie-
POAHBIX aTOMa, HEOTPAHHYCHHO CMEIHBAIOTCE C BOXOM,
4 — 9 — orpanrveHHO, 10 B BEIOE — B BOJE NPAKTHYECKA HEpaCT-
BOPHMEI.

TemmepaTypa KHICHHES KapGOHOBEIX KHCIOT 3HAYHTEILHO BRI
TEMIEPATYphl KHIICHHA COOTBETCTBYIOIMHX HM CHOHDTOB H QJIbJCTH-
0B. DT0 OOBICHIETCA TEM, YTO KapOOHOBHE KHCJIOTHI B razoobpa3s-
HOM COCTOSHHE 00pa3yioT JEMEpHl 33 CYeT BOAOPOJHHIX CB3eH,
KOTOpHIE Jerko 06pa3yrorcs B cany ocobeHHOCTER CTpOoeHHS Kapbok-
CAJIbHOH I'DYNIHL:

0--H-0
i \

\ O—H.O I

C-R

B 1abn. 29.2 ykazamn ¢(u3mdeckHe CBOHCTBA HEKOTOPBIX HpeA-
craBHTENCH npeaenbHAX KapOOHOBBIX KHCIIOT.
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Tabnrna 29.2. Grimeckne cBoiiCTRA BEKOTOPHLIX UPEACTABETeJIEH
mpeaeabELX KaplOHOBHIX KECJIOT

Haspamne Dopmyna Temnepatypa Temneparypa

KHCIOTH . nnaeneans, °C xeneEns, °C
MypaBpaHas HCOOH 82 100,5
Vcycnag CH,COOH 16,6 118,5
IIpommonoBag C,;HsCOOH —20,7 141,1
Macnanag C3;H,COOH -3,1 163,0
Banepnanosag C4HyCOOH —34,5 186,0
Kanporosag CsH,;;COOH -1,5 205,3
DHarTOBag C¢H13:COOH —10,5 223,0
Kanpanosas C/H,;5COOH 16,2 237,5
Ilenapronosag CgH,7COOH 12,5 253,0
KanprreoBas CgHCOOH 31,5 .268,4
ITanesmETEHOBAS C,sH3;;COOH 62,6 271,5
C'reapmionax C17H3 5CO0H 69,4 287,0

Xamuaeckue caoiierna. 1. Juccoyuayusn xucsom. Kapbonosrie xac-
JIOTH — 6osee CHIIbHBIE KHCIIOTHI, Y€M CIOHPTH], IOCKOJIbKY aTOM
BoJopoAa B KapOOKCHIbHOM rpynne 06/1ajaeT HOBHILIEHHOR OABH-
XKEOCTBIO Onarogaps pmusEmio rpymnb CO (cM. Bemme). B BogaoM
pacTBOpe KapOOHOBEIE KHCIIOTHI AHCCOIMHPYIOT:

RCOOH .~ RCOO~+H"

Tem He Menee m3-3a KOBAJICHTHOTO XapaxTepa MOJIEKy] KapOo-
HOBBIX KHCIIOT YKa3aHHOE BhIIIe PABHOBECHE NHCCONMANHHA JOCTaTOY-
HO CWILHO CABHHYTO BJIeBO. Takxmm o6pasoM, xapbomosvie Kucao-
mbl — 3TO, KaK OPaBMIIO, caabble kucaomsl. KOBCTaHTH JUCCONHBATIAA
HaChINECHHBIX OJHOOCHOBHEIX KapOOHOBHIX KHCIOT HaXOAATCS B Ipe-
nenax ot 1,77-10~* (HCOOH) no 1,28 1073 (C¢H;;COOH), T. e. mo
CPABHEHMIO C TAKHMH HeopraHAueckEMH kucioTamu, kak HCl, HNO,
w H,SO,, omH sBimiorcs ciabeiMe, HO 6olee CHNLHBIMHM, YeM
yroisHas kaciora (K;=1-1077).

2. Obpa3zosanue coneii. Kap60HOBEIE KACIOTH 001aJal0T BCEMH
cBo#icTBaMH OOBMHBIX KHCHOT. OHH pearmpyroT ¢ aKTHBHBIMH Me-
Ta/JIaMHM, OCHOBHRIMH OKCHAAMHM, OCHOBaHHSMH M COJIAMH Clabnx
KHCJIOT:

2RCOOH +Mg — (RCOO);Mg+H,?

2RCOOH + Ca0 — (RCO0),Ca + H,0
RCOOH +NaOH - RCOONa +H;0
RCOOH + NaHCO; - RCOONa + H,0 +CO,t
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Kap6onOBHIE KBCIOTH — Ca0bie, IO3TOMY CHJIbLHBE MHHEPAIL-
HbIE KACIIOTHI BRITCCHSIOT MX H3 COOTBETCTBYIOIHX COJIEH:

CH;3;COONa +HCl —» CH3;COOH +NaCl

Counz xap60HOBEIX KHCIOT B BOGHEIX PACTBOPAX IHAPOIH3OBAHKL:

CH,COOK + H,0 .~ CH;COOH +KOH

Ornause xap6OHOBRIX KHACIOT OT MEHEPANBHHIX 3aKIIOYACTCH
B BO3MOXHOCTH 00pa3oBanns psaa GYBEKIHOHAILHRIX HPOH3BOHRIX.

3. Obpasosanue PyHKyuOHAALHLIX NPOU3EOOHBIX KapbOHOBbIX Kuc-
aom. IIpn 3amemennd rpynosl OH B kap60HOBRIX KHCIOTax pa3idd-
HeIME rpymnami (X) obpasyrorcs ¢yEKOHOHAIbHBIE NPOH3BOJHBIC
KHCJI0T, AMetomue obmyio dopmyny R —CO—X; 3nece R o3magaer
AJKATLHYIO JIH00 apRILHYIO rpymmy.

Xaopanzudpuon monyqalor ne#ictsreM xnopuaa docgopa (V) Ha
KHCIIOTHI:

R —CO—OH +PCls —» R — CO—Cl+POCl; +HCl

Caoxcnvie 3gbupsl 06pa3yloTcs IPH HArpEeBAHAA KACHOTHL CO CIHAP-
TOM B IPACYTCTBHM CEPHO#A KHCIOTH (0bpamuman peakmas smepugdu-
Kayuu).

............ H,SO,
R-CO—:OH+H: —~OR’ —— R~CO-OR’+H;0

Mexanu3M peaknam 3TepapHKanEA GhL1 YCTAHOBJIEH METONOM «Me-
9eHBIX aTOMOBY.

Cinoxume 3¢upsl MOXKHO TakXe LHOJYYHTh IPH B3aHMOJEHCTBHH
XJIOPAHETHAPHIOB KKCJIOT H aJKOrOJIATOB INEJIOYHEIX METAILIOB!

R—-CO-Cl+Na—O—-R’'-»R—-CO—-OR'+NaCl

Peaxmun XJIOpaETHAPHAOB KApOOHOBBEIX KHCIOT C aMMHAKOM IpH-
BOJAT K 0OpA30BaHMIO aMUd08:

CH3;—CO-Cl+2NH; - CH3— CO—NH;+NH,Cl

Kpome Toro, aMmmul Moryr OBITH HOJIyYeHBI OpH BarpeBaHHH
aMMOHHHMHBIX COJICH KapOOHOBBIX KHCIIOT:

t
CH;—-COONH; — CH;—CO-—NH;+H;0

4, Pao ceoiicme xapOOHOBLIX KHCIIOT 06YCA081€EH HAAUYUeM Y2160~
dopoonozo paduxasa. Tax, UpHE NedCTBHH rajOreHOB HA KHCJIOTHEl HA
cBeTy 06pa3yroTcs raJoreH03aMemeHHble KACIOTE], IPHYEM Ha rajo-
reH 3aMEINAETCs aTOM BOAOPOAA OpPH COCEAHEM C KapOOKCAIBLHOH
rpynnoi atome yrieposa (x-atome):
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hv
CH; - CH,;—-COOH +Br; — CH3;— CHBr—COOH +HBr

5. OxucaumeavHo-8occmanosumenbHble peaxyuu XapGOHOBRIX
KHCIIOT.

B armocdepe O, Bce kap6OHOBEIE KHCIOTH OKACHmoTCE 10 CO,
): ¢ Hzo:

t
CH3COOH 420, - 2C0,+2H,0

Hacrimerasie MOHOKapGOHOBRIE KHCIOTH YCTOAYMBHEI K JEHCT-
BHIO TAKHX CHIbHHIX OKHCIHATENEH, KaK KomneHTpApoBanEsie HNO,
" H,SO, (32 HCKIIOYCHAEM MYpPaBLHHOM KHCIIOTHI).

KapGoHOBBIE KHCIIOTHL HIPH ACHCTBHE BOCCTAHOBHTEINCH B IPHCYT-
CTBHH KATAJH3aTOPOB CHOCOOHKI IpeBpAMaTLCH B AJIbAETHALL HIH
CHEPTHL:

2[H]
CH;COOH —— CH;CHO+H;0
4[H]
CH;COOH ~— CH3CH,0H +H,0

6 Peaximn dexapbokcuauposanus. Hacrimenanie neaamemennmc
MOHOKapGOHOBhLIE KACIOTH H3-3a 60sbmoi npoynocru cssm C—C
IIpHE HarpeBaHEH IexapOokcHmmMpyroTcs ¢ TpyAoM. J{ng sroro Heob-
XOOMHMO (nAaeAcHue CoAu WeAOYHO020 Memanaaa xapéouoeou Kucaombi
€O weaoubio:

t
CH;~CH,—COONa + NaOH ~ C;Hgt +Na;CO;4

OTtaennnnie npeacrasares®. Mypasvunasa (memarnosan) Kucasoma.
Hassanme cBs3aHO C TeM, YTO KHACJIOTa COJNEPXHTCS B BHIICJICHAAX
mypasbeB. HCOOH — GecnBerHass ¢ pe3KHM 3amaxoM XHAKOCTH.
MypaBbuHyI0 KHCJIOTY HOJIYYalOT IPH HarpeBaHHMH OKCHAA Yriepo-
na (II) c nopomxooOpa3HEIM rHEAPOKCHAOM HaTPHA

H,SO,
NaOH +CO ——-» HCOONa —~—~} HCOOH

B ormaiEe OT ApYrEX HACHINEHHRIX MOHOKAPGOHOBBIX KHCJIOT
MypaBbHHAS KHCIIOTA HEYCTOHYHBA K AEHCTBHIO xonnearpnponannon
CepHO# H A30THOM KHCIIOT:

H,SO,(xorx
HCOOH H;S0(xomm) COt +H,0

SBnasce OAHOBPEMEHHO ANIBACTHAOM, MypaBbHHAS KHCIIOTA HpO-
SBJISET CBOMCTBA CHJIILHOTO BOCCTAHOBHTEIS:
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t
HCOOH +2[Ag(NH;3),]OH — 2Ag| +(NH4),CO;+2NH;31 +H,0

HCOOH +Cly » CO; 4 2HCI
HCOOH +HgCl, - Hg} + CO,1 + 2HCI

(DO])MEB.TH MEJIOYHRIX METAJINIOB IpH CIUIABICHAH NCPEXOMAT
B COJIA MABEJIEBOH KMCIOTH

t
2HCOONa — H,1+NayCy04

MypaBbaEas KACIOTA IHPOKO HCOONL3YETCH B XHEMHIECKOM, (ap-
MAaleBTHYECKOH, TEKCTHIbHOR M KOXKEBEHHOH IPOMBIILICHHOCTH.

Vxcycnan (s3manosasn) xucaoma CH;COOH — GecnBerHas xmna-
KOCTb C PE3KHM 3aIaxOM. YKCYCHYIO KHCIOTY MOJIY4aloT KaTallATH-
9eCKHM OKHCJIeHHeM OyTana

2C4Hjo+50; 25 4CH;COOH +2H,0

JAns numeBnIXx ¥ papManeBTHYECKMX IEJCd YKCYCHYIO KHCIOTY
NONYy4aroT YKCYCHOKHCIILIM OpOXXeHHeM XHIKOCTEH, COOepKammX
3THJIOBBIA CHHAPT

tdepment
C,Hs;OH ———— CH3;COOH +H,0

B xmmMHvYecKOM OTHOIDGHHH YKCYCHAs KHCJIOTa SBISETCH TH-
IHYHELIM OPEJCTABATEICM OJHOOCHOBHEIX IPEJEIbHEIX KapOOHOBRIX
KHCJIOT.

VKcycHasi KHCIIOTa IIMPOKO MCIOIb3YeTCS B XHMHYECKOH, dap-
MAIEeBTHYECKOM, NAINEBOH, TEKCTAILHOR M JIAKOKPACOYHOR IPOMBIII-
JIEHHOCTH.

Hasemumunosasn (zexcadexanoeasn) xkucaoma C,sH; COOH 1 cme-
apunoeas (oxmadexanogan) xucaoma C;Hi;sCOOH — TtBepanle Ge-
IBle BemecTBa 6e3 3amaxa M BKyca, HEPACTBOPHMEIE B BOAE, XOPOIIO
pACTBOpEMEIE B OPraHHYECKHMX pacTBOpHTENsX. Bxoadar B cocras
GONBIIMHECTBA PACTHTENLHKIX MACEN H XHBOTHHIX XHpOB. Ilomysaror
OMBUIEEHEM JXHPOB ¥ Macen. CMech NaTsMATHHOBOR H CTeapHHOBOR
KHCJIOT Ha3kIBAIOT CTEAPHHOM.

ITo xmMu4YecKHM CBOMCTBAM SBISIOTCA THOHYHHEIMHA IPEACTABH-
TEIAMH OpenenbEhX KapboHoBeX kuciaoT. Illmpoko ucnone3yrorcs
B IPOM3BOJICTBE MOIOMIAX H KOCMETHYCCKHAX CPEACYB, B XHMHYECKOM
¥ (hapManeBTHYECKOH NPOMBIILIEHHOCTH.

§ 29.3. OgHoocHOBHBIE HenpeAeIbHbIEe KapOOHOBBIe KHCJIOTHI

Kap6onosnie kncaotnl. HenpeenpHbie (HeHaCHIIICHREIE) KAPOOHO-
BLIE KHCTIOTHI — COEHEHHS, B YI1IEBOOOPOIHOM PaHKAJe KOTOPHIX
HMEIOTCH KPaTHHIE CBSA3H.
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B 3aBECEMOCTH OT HX 9HCIIAa H OPHPOALI Pa3IHIAIOT:

1) anxeHOBHle KapGOHOBHIE KHCIOTHI ¢ obmeit dopmymoi
C,H,,-COOH, mMmeromme 0Hy OBOHEYIO CBA3b;

2) anxammeHOBBIeé KapOOHOBHIE KHCIOTH ¢ obmeit dopmynoit
C,H,,-;COOH, aMelomue ABe ABOMHEIC CBA3H,

3) asxaTtpmeHOBHE KapOOHOBHIE KHCIOTHI ¢ obmeit dhopmynoi
C,H;,-sCOOH, suMmeromue TpH JBORHEIE CBS3MH;

4) ankumHOBHIE KapOOHOBEIE KHCIOTH ¢ oOmeit dopmynoi
CH;,_sCOOH, ameromme oy TPOHRYIO CBH3b.

" Coocob moxywenms. 1. Oxucaenue nenpedesbHbvlx arb0e2udos:

H o OH
cH,=CH-c” 4 cH,=cH-c”
No N

aKpoNens AKPpHIIOBAK n;cno-ra
2. Jezudpozanozenuposanue 2aro2eHkapboHosbix Kucaom:

CH,-CH,—CH,—COOH+ 2KOH —»CH1=CH—C_H2-COOK+2H20+KC1
| (compT.p-p)
(o]

3. Jezudpamayun B-oxcuxuciom:

~H,0
CH,~CH,—COOH ——+ CH,=CH —COOH
!

OH

®u3mvecxne cpoiictsa. Hemachmensnie kapOOHOBBIE KHCIOTHI
C YACIOM aToMOB yriepoza 10 m Gonee, mmeromue yuc-xondmrrypa-
IO, B OTJIMYHE OT IPEAEIbEbLIX KAPOOHOBBIX KHC/IOT HPH OOBIMHBIX
YCIOBHSX SBJISIOTCH KHAKOCTSAMH.

Tpanc-m3oMepnl HenpeACHbHRIX KapOOHOBRIX KHCIOT € JIOORIM
9HCJIOM aTOMOB YIJIEPOAA SIBIAIOTCH KPHCTAJUIHYECKHMMH BEIIECT-
BaMH.

B 1abn. 29.3 yxazagn ¢m3EdeckHe CBOMCTBA HEKOTOPHIX IpeEl-
CTaBHTEJICH HenpeaebHHX KapOOHOBRIX KHCIIOT.

Ta6nrna 29.3. Oniaveckne cBOACTBA HEXOTOPHIX DpeACTABATECH
Belpese/bEMX KapbonoBrIX KHCHOT

Ha3parue Dopmyna Temueparypa TemnepaTypa
' KHCNOTH mnasnerns, °C xancuns, °C
AxpanoBas C;H3;—COOH 12,1 140,9
IIpommonopas C,H-COOH 17,6 144
KpoTtonosag C3H;—COOH 714 — 71,7 185
(mpanc-m3omep)
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Hpodosxcerue maba. 29.3

Haspsaune DopmMyaa ﬁ'-l‘mneparypa TeMnepatypa
’ KACHOTRL masyesns, °C xumesns, °C
Haoxporonosas C3H;—COOH 15,5 169
(yuc-a30Mep)
OnerBOBas C;7H33COOH 134 228/15
(yuc-maomep)
DnauaEHOBAS Cy7H33COOH 4 234/15
(mpanc-m3omep)
JImronepas C|7H31 COOH -5 149/ 1
JIngonenopas C17H29COOH -11,3 184/4

ITocinemnaue deThIpe KHCIOTHI KHOST OPH HA3KHX JaBlieBHsAx (yKa-
3aHEl B MM PT. CT. 4e€pe3 ApoOs).

Xumuieckue cpoiicTsa. Hanmime B yrnesoROpOAHOM panHKalle
IBOMEKIX M TPOHHBIX CBf3el BIMSET HA CAIYy KapOOHOBBIX KHCIOT.
Ecir y DpomMOHOBOH KHCJIOTH KOHCTaHTa Juccompamdm K=
=1,34-10"3, T0 y axpHIOBO# KHCIOTH OHA IPHOIH3ATENLHO B 4 pa-
3a Gomme (K=5,6'10"3), a y nponmos1oBoii KACIOTH OHa Goibine
B ThICHYY pa3 (K=1,35-10"2).

Hangure KpaTHHIX CBfA3€H B MOJIEKYJIax HeOpeXeIbHEIX kapOoHO-
BLIX KHCJIOT OOYCIOBIHMBaeT HX COOCOOHOCTh BCTYHATh B pPEakial
IPHCOEIHEECHAS ¥ MOJAMEPH3ANHA B OCOOCHROCTH NPOTEKAHUS PeaK-
IHi OKHCIICHHAS.

1. Peaxyuu npucoedunernus:

xar
R—CH =CH —COOH +H; —» R —CH,;—CH,~COOH
EAT
R — CH =CH— COOH +Cl; — R —CHCl—CHCl-COOH

Kar
R—CH=CH-COOH +HCl — R —CHC|-CH,;-COOH
2. Peaxyuu noaumepusayuu:

R R

| I
nCH=(l!H - —(—CH'—CIJH—),.—

COOH COOH

3. Peaxyuu oxucaenus.
a) OpH OCTOPOXHOM OKHCIIEHHH 0oOpa3syrorcs JTAOKCHKHCNOTHI

- [01+H,0
CH,=CH—COOH ————2— CH,OH—CHOH—COOH

axpaIoBas JHAOKCHIPOIHEOHOBAS
KHCIOTA KHCIOT2
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6) npH 3HEPrEIHOM OKMCJICHAH MPOHCXOMHAT Pa3phiB MOJICKYJIbI IO
'MECTY KpaTHOH CBsi3d ¢ 06pa30BaHAEM CMECH OJJHOOCHOBHOH H JABYX-
OCHOBHOHA KHCIIOT:

(¢] ;
CH;—~CH=CH-COOH —[—-]-» CH3;COOH + HOOC— COOH
EKPOTOHOBAS YKCYCHAS INapeIesas -
KHCJIOTA KHCHOTA KHCROTA

OTaemnanie UpeACTABATENH. AKputoeas (nponmewoean) Kucaoma
CH,=CH —COOH npexacraBnser cofo#f XHAKOCTh C Pe3KHM 3ama-
XOM, CMEIIABAETCH C BOXOH BO Beex oTHOMmeHnsX. Illrpoko ucnonbay-
ercs JUis DOJIyYeHHS Pa3IHIHLIX OJIEMEPOB.

Oaneunosan xucaoma CgH,,CH=CH —(CH,);,—COOH coaep-
XHTCS B BHIEC IIHOEPHAOB B OOJBIIMHCTBE PACTHTENBLHBEIX Macel
H JXABOTHHIX XHPOB, HOJYYa€TCH HX THAPOJH30M, IpPEICTaBIAET
co6oii GecBeTHYH0 MACISHACTYHO XKHIKOCTD, JIErKO OKHCIISIOMIYIOCH
Ha BO3AyX€, PACTBOPHMYIO B OPTaHHYECKAX PaCTBOPHTEJIAX H HECMe-
mmBaromyocs ¢ Bogo#. Mcnonp3yerca s mpoH3BoiaCcTBa mapdio-
MEPHEIX H KOCMETHYECKAX CPEACTB, ICHOOYACTATENIEH, CMaYABaTENEH
H IJIaCTH(PHKATOPOB.

Jlunoseean xucasoma CH,— (CH,),—(CH,—CH - CH),— (CH,),—
— COOH. CogepxuTca B BHIE IIAINEPAAOB B PACTHTEILHEIX MacHax,
IOJIyYaeTCd HX THIPOJIA30M, NpPEeACTaBIAeT COo0OH CBETIIO-XKEITYIO
XKHJKOCTb, XOPOIMIO PAacCTBOPHEMYIO B OPTaHHYECKAX PacCTBOPHTEIINX
H HEPACTBOPHMYIO B Boze. JIerko OKHCIAETCA B HOJHMEPH3YETCS HA
BO3OYyXE.

Junosenosan xucaoma — MacCISHHECTask XHIKOCTh CBETJIO-XEIITO-
ro mBeTa, HEPaCTBOPHEMAs B BOJAE H XOPOMIO PacTBOpHMAs B Op-
ragmdeckax pacrBopHTessix. CoaepXHuTcs B BHIE INIHIOCPALOB B pac-
THTEJIbHBIX MACJIaX H IIOJIyYaeTcs B pe3yJbTaTe HX raapommsa. Jlerko
OKHCIISIETCH H NOJTHMEPH3YETCH.

JImHONEBas A IMHONEHOBASA KACIOTH B OPraHA3Me YeJIOBEKa M JKH-
BOTHBIX HE CHHTE3HPYIOTCSH, HO HEOOXOQHMEl A XKHU3HCAEATEILHO-
CTH, B OpraHH3M OOCTYHNAIOT C MHMIEH, MO3TOMY OHH OTHOCATCS K TaK
HA3LIBaeMEIM HE3AMEHAMEIM XHPHLIM KHACIOTAM.

§ 29.4. ApomaTHuecKkne KapboHOBRIE KHCJIOTHI

ApomaTHYecKaMH (aPEHOBLIME) KapOOHOBEIMHA KHACIOTAMY HA3hl-
BaloT OpOM3BOAHBIE Oen30sa, coaepxaliue KapOOKCHIbHYIO rpymmy.
Onm amerot obmyro hopmyny C,H,, _;—COOH.

Coocobnl momyvenus. MEOrse apoMaTHYECKHE KHCIOTHL MOTYT
OHITE MONYYEHRI 2UOPOAUIOM UX CAONCHBIX 3HuUpO8, B BHIE KOTOPHIX
OHH COJIEpPXAaTCA B PACTHTENLHBIX CMOJIaX.

CHHTETHYECKA APOMATHYECKHE KMCIOTHI HOIY4A0T H3 COOTBETCT-
BYIOIIHX COSJHHEHHH BCEMH METOAAMH, KOTOPRIMM MOI'YT OBITH mO-
JIy9eHbl KapOOHOBBIE KHCIOTHI XHPHOIO PsAa.
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Hanprmep, GeB30ifHyI0 KHCIOTY MOXHO HOJIYYIMTh OKHCICHHEM
TOJyoJia IEpMAaNraHATOM KaJIHs B KHCIIOH cpene:

@Cﬂ3 o}, H ©COOH Ho
2

PuiEueckHe CBOHCTBA. APOMATHYECKHE KHCJIOTH HPECTaBIISIOT
co60il KpECTAJLIHYeCKHE BEIECTBa, XOPOIIO PACTBOPHMEIE B OpraHA-
YeCKHX pPaCTBOpPHTENIAX H IUIOXO HJIH HEepacTBOpEMEblE B Boze. Hc-
KJIOYeHHE cocTaBisdeT OeH3oHHas KHCIIOTa, KOTOpas XOpOIO pac-
TBOPpHMA B rops4eil Bone.

XuMHEYecKHe CBOHCTBA. APOMATHYCCKHE KHCIIOTH SBISIOTCH 6onee
CHILHEIMH, 4YeM ammdaTHdeckme KHCIOTH. Hanpmmep, sHanTOBas
KHCJIOTa C‘,H,;COOH HMeeT KOHCTaHTy [HCCOIHAIHH, pannyro
1,46 1073, y Gem3oiiHoi KHCIOTH KOHCTaHTa paBHA 6,6° 105

JAns apeHOBHIX KHCIOT XapakTepHHl BCE PEakiHd, B xowopue
BCTYHAIOT IpeAcbHEE KapGOHOBLIE KACIOTHI.

Conr apoMaTHYeCKHX KHCIOT AOCTATOYHO JIETKO JeKapOoKcHIH-

pyroTcs
t
CeHsCOONa +NaOH — CgHg+Na;CO;

Ornemanie npencrasurenn. bensotinan (bensenkapbonosan) xuc-
aoma CH;COOH — 6enoe XpRCTAILIIAYECKOE BEMECTBO, Iy, =122 °C,
XOpOIIO pacTBOpAMOE B ropsuei Boge. HaxomaT mmpokoe mpEMene-
HHEE B IIHINEBO# B papManeBTHIECKOM NPOMBIIUIEHHOCTH KaK KOHCEp-
BHPYIOIEE CPEACTBO H B IPOH3BOACTBE KpACHTENIEH H APYTHX Op-
raEHYeCKHX BEIECTB.

Denuayxcycrnan (penussmanosan) xucsoma CgHs;— CH,—COOH,
KPHCTAJUIHYECKOE BEmECTBO C Iy, =78 °C, mMeer MeAoBhii 3amax,
BCIEACTBHE YE€ro MHPOKO HCOONL3YeTCa B mapdroMepHO# B TAMEBOA
IPOMBIIILIEHHOCTH.

§ 29.5. /isyxocHoBHbIe KapOGOHOBLIE KHCIOTH

JAByxoCEOBHEIE (IAKapPOOHOBLIE) KACIOTH — IPOH3BOAHLIEC yIiie-
BOAOpOAA, B MOJIEKYJIE KOTOPOrO Ba aTOMa BOAOPOJA 3aMeIeHbI Ha
KapOOKCANBHBIC I'PYIIIHL.

B 3aBRCEMOCTH OT OPHPOAHl YIJIEBONOPOJHOTO paaMKaia OHH
MOryT OHTh DpefeIbHRIMH, HenpeNeIbHLIME B ApOMATHYSCKAMH.

Cuoocobul moayvenns. [IpHHDMIMAILHBIX omauuuti 8 nOAyYeHuu
08YXOCHOBHBIX KUCAOM OM 0OHOOCHOSHWIX He Cyujecmsyem.

PuamveckHe cBoiicTBa. Bce AByXOCHOBHBIE KapOOHOBLIE KHCJO-
Thl — KPHCTAJIIA4ECKHE BEIIECTBA, HA3KOMOJIEKYJISPHEIE NPEICTABH-
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TEH PaCTBOPHMEI B BOAE, C POCTOM MOJIEKYJISSPHOX Macchl HX pac-
TBOPHEMOCTh YMEHBINACTCH.

XuMAveckne cBoiicTea. XHMHYeCKHE CBOKCTBA AHKAPOOHOBRIX KHC-
JIOT OnpedeARIomcs Haauuuem 08yx KapboKcuabHulX zpynn u npupoooi
y2428000p00H020 padukasa. J[IAXapOOHOBEIE KHCIOTHI H3-32 B3aHM-
HOrO BJIHSHHS KapOOKCHNBHEIX rpynn sSBISIOTCE 6ojiee CHIILHBIMH,
9eM COOTBETCTBYIOIIHE HM ONHOOCHOBHBIE KHCJIOTHL. [{ByXOCHOBHEIE
KHCJIOTH JUCCOIMAPYIOT CTYIEHYATO:

K,=3,510"2
COOH CO0~
[ | +H*
- COOH COOH
K,=53"10"2
CO0™ —————— COO~
| [ +H*

COOH COo0~

Ilpr BarpeBaHHH BHINE TEMOEPATYPHI IUIaBJICHAS JHKapOOHOBLIE
KHCJIOTHI JeKapOOKCHIAPYIOTCH:

t
HOOC-—-COOH — H—~COOH +CO,

IaBeneBas MyDaBbHHAS
KHCJIOTa KHCIOTa

OTtaensanie npencrasarem. [fasesesas (3manduosas) xucaoma
HOOC—-COOH — KpHCTaJUIHYECKOE BEMIECTBO, =189 °C, xopo-
IO PACTBOPEMA B BOJE, MHEPOKO PACHPOCTPaHEHA B PACTHTEILHOM
MHpe B CBOOOJHOM BHAe H BuJe cojeif (okcanaros). Ee conn B 35a9n-
TEJIBHEIX KOJIMYECTBAX CONEPXATCS B JIACTBSAX INABENf, KHCIIHIbI,
pesens. KavectBenHOH# peaxnueii a1 o6HapyXeHHs INaBejICBOA KHC-
JIOTHI H €e PaCTBOPHEMEIX COJIEH CIIyKET 06pa3oBaHAE HEPACTBOPHMO-
ro OKcajlaTa KaJbIHs: ‘

KOOC- COOK + CaCl, - (COO),Cal +2KCl

IlaBeneBass KACIOTa, KAK H MypaBbHHAs, 00J1aJJaeéT BOCCTaHAB-
JIMBAIOIAMHA cBOMCcTBaMHE. OHA MIMPOKO HCOOJIB3YEeTCH B IPOH3BOACT-
Be KPAaCHTeJed, B TCKCTHIbHOH, KOXKCBEHHOH H JepeBooOpabaThiBa-
[omell IPOMBIILIEHHOCTH.

Bymaouonosaa kucaoma HOOC — CH=CH — COOH — xpucrain-
JIAYECKOE BEMIECTBO, XOPOIIO pacTBOpEMOE B Boge. CymecTByer B BH-
e [OBYX H30MEPOB: yuc-A30Mepa — MAaJICHHOBOM KHCJIOTH, I, =
=130 °C u mpanc-u3omepa — pymMapoBoil KACIOTH, ¢, =287 °C.

ManeunoBas H (ymMapoBas KHCIOTH IIMPOKO HCHOJb3YIOTCS
B hapManeBTHYECKON IPOMEIILIEHHOCTH B B IPOM3BOACTBE HOIHMEp-
HBIX MaTE€pHAJIOB.

Omanesan (1,2-benzosduxapbonosan) xucioma HOOC—-CH,—
—COOH — XpHCTaJLUIHYECKOE BEINECTBO, f,, =200 °C, xopomo pac-
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TBOPHMA B OPTaHAYECKAX PaCTBOPHTENAX, mioxo B H,O. Ilpumensier-
Cs B IPOH3BOACTBE KPACHTEJICH, IEKaPCTBEHHBIX BEMICCTB, HHCEK THIH-
JIOB H NOJIAMEPHLIX MATEPHATIOB.

Faxasa 30

®YHKITUOHAJILHBIE ITPON3BO THBIE
KAPBOHOBBIX KMCJIOT

§ 30.1. Knaccadpnxanus ¢yEKNHROHAILHLIX HPOR3BONHLIX

IIpr 3amemennr rpynnsl OH B XapOOHOBHIX KHCIOTax pa3imy-
HBIMH rpynnMpoBkamMu X oOpa3yiorcs coequueHHs ¢ obmeit popmy-
not R—C—X, nonyunemme Ha3BaHEE PYHKYUOHAALHBIX NPOU3EO0-

Hbix. B Takoil 3ammcE R o3HavuaeT ankunbHEBIE THOO apHILHBIHA
pagEkaj (3a HCKIIOYEHHEM NPOH3BOAHLIX MYPABbHHOM KHCIOTHI,
y xoropod R — arom Bogopoama). B Tabn. 30.1 mpencraBnema
Kknaccapuxanud (QyHKOMOHAILHLIX NPOH3BOJHKIX KapOOHOBHIX KHC-
JIOT B 3aBHCHMOCTH OT HOpHpOAH 3aMectHTeNnd X, a Takke
[PHABEJCHB! HEKOTOPHIE OTAEIbHEE IPEACTaBATEH GYHKIHOHAIBHEBIX
IPOH3BOAHEIX.

Ta6aana 30.1. Ipouisoaamie KApGOHORMWX KECIOT

CoeauHenve Mpumeps!
Kucnota o o o
4 4 &
R -—C\ CH;—C C\
OH OH OH
SraHoBas (yKcycHas) .
Kucnota BeHsoitHas kucnota
XnopaHruapua Kucnovbl
O 0 (0]
Y 2 .
R—C, CH—CZ @—c\’
Cl Cl Cl
SraHounxnopun
(aueranxnopu) Bexsounxnopug
AHrMAPUA KMCTIOTbI c
R« Ha\
/ =0 /C=O /C=O
N~ N~ N~
B _C=0 ~C=0 C==0
CH;,
DT1aHOBLIA (YKCYCHbIR)
aMruapun BeHaoliHbii aHruapun
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IIpodosrxncerue maba. 30.1

Coennaerne Ipamveps
Cnoxuuiid_sdup
o] O
7 . &
R --C< : CH; —C\/ c <
OR O—C,Hs O— CH,
JrunsraHoar (srunaverart) Merun6ensoar
Amun :
0 o} o
z z &
e, ©r<
NH, NH, NH,
SraHamug (aueramvp) Bensamup

IIpexne WeM paccMAaTpHBATh KakAhd knace (YyHKIEOBAIBHBIX
OPOH3BOAHBEIX, OTMETHM, 4YTO 6ce (PYHKYUOHAAbHBIE NPOU3EOOHbIE,
KaK u camu KucAomsi, CHOCOOHEI BCTYHDATh B PEAKIMH HYKJICO(DHIb-
HOro 3aMmemieHHs Sy ¢ oOpa3oBaEWeM JpYrEX (PYHKIHOHAIBHBIX
OPOH3BOJHLIX.

BaxnnM obmEM cBOMcTBOM Bcex (PyHKIHOBANLHEIX IPOH3BOJI-
HBIX KapOOHOBHIX KHCIOT SBIfSETCS HX CHOCOOHOCTH T'HMAPOJM3O0-
BaThCH B COOTBETCTBYIOIME KapOOHOBLIE KHCIIOTHI:

0 o)
R—-CI +H20-+R—C// +HX
N AN
X OH

§ 30.2. Anrnapaanl KapGOHOBRIX KHC/IOT

AEBraapanaMa Kap60HOBHIX KHCIOT HA3hBAIOTCHE (PYHKOHOHAIIB-
HEIE OPOH3BOJHEIC, Y KOTOPHIX 2UODPOKCUAbHAA 2DYNNA 3AMEWjeHa Ha
KapboKcuAam-uon.
©  O6mas ¢popmyna aErEAPHAOB KapOGOHOBEIX KHCIIOT:

o)
-
o
R -C
W

Homenxiarypa. Hazpanns agrAAPHIOB KapOOHOBHIX KACIOT IpO-
H3BOAAT OT Ha3BaHHIH COOTBETCTBYIOIHX KHCIIOT:

CH3;—C—0-C—CH;
I
o o

YECYCHEIH aETHAPHL
B cnydae cMemaHHRIX AHTHAPAAOB HA3BaHHA KHCJIOTHRIX OCTa-
TKOB IPHBOAAT B a1haBATHOM HOPSHKE:
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CH3—-C—0O-C—-CH,—CHj;

I I

o o
OPONAOHOBOYKCYCHBIN aHTHIPHI

Hiomepas. [{ng aBEraapuaoB KapOG0OHOBHIX KHCIIOT XapaKTepHHI
IBa BHIA H3OMEDHH: a) A3OMEDHA YIJepoaHoi memm; 6) mMexxmac-
coBas m3oMmepHs. HM3omepusn y2aepoOnost yenu HAYHHACTCH C AHTHAJ-
PHAOB OYTAaHOBOH KHCIIOTHL:

CH;3—CH,— CH;—C~0—C~CH,—CH,—CHj
‘ ! !

o o)
CH
*\ CH-C-0-C—CH;—CH,—CH;
CH, / [ [
o o .

/ CH-C-0-C-CH \
CHj; fl Il CH;
(0] (0]

Mexckaaccosan uszomepus. Hanpmmep, asrmapaay yKCyCHOH
KHCIIOTH
CH;—~C—0O—C—CH,
I o
(o] (0]

H30MEPHEI CIEAYIOIHEE COETHHECHA:
CH;=CH—0O-C—CH;

I
o

CH,=CH-0-CH,;—C—OH
i
o

Ioayveane. AEruapuaE KapGOHOBHIX KHCIOT MOryT ORITH LOJIY-
L 5: 15K 4
1. ITymem nazpesarnus xkapboHoB0E KUCAOMbl 8 NPUCYMCMBUU OK-

cuda gocgpopa (V):
t, P,0,
2CH3—(":-—OH ———D—CHg—(ﬁ—O—Cl:l—CH3+H20
O o O

YKCYCH2H KHCIIOTa YKCYCHBLIH aHTHIPHI

2. ITymem @3aumodeticmsus 2a102eHan2udpudos ¢ cotrmu Kapbo-
HOBbIX KUCAOM:
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CH3;—-C—Cl4+NaO—-C—-CH;-—-CHj; #CHg—C—O—Cu—Cﬂz—CH3+NaCl
I I I

(o] (o) o (o]
OPOIMOROBOYKCYCHAIN ARTHIPAL

®maveckue cBolicTBA. AHrHAPHAL HH3MMX KapOOHOBHIX KHC-
JIOT — XHIOKOCTH C Pe3KHM 3a11aX0M; aETHJPH/LI BRICIIHX H apoMa-
THYECKAX XapOOHOBHIX KHCJIOT — KPDHCTaJUIAYeCKHEe BemecrBa Oe3
3anaxa. AHTHAPAAKI KApOOHOBHIX KHCJIOT IUIOXO PACTBOPHMEL B BOAC.

Xuvuveckne cpolicrsa. 1. Peaxyus 2udpoausa. ABIBAPHIH Kap-
GOHOBRIX KHCJIOT ILUIOXO PaCTBOPHMEI B BOJE, HO JIEFKO I'HIPOJIA3Y-
FOTCH 10 COOTBETCTBYIOIIMX KHCJIOT: ‘

CH;—(ul—O—(u:—CH2—CH2—CH2—-CH3+H20—v
o o

- CH3— COOH + CH3— CH,— CH; — CH;— COOH

2. Peaxyun 83aumodeiicmeus co cnupmamu npusooum x oGpasona-
HHIO CJIOXHOrO 3dmpa:

CH;—%—O—%—CH;-FC;H@H ind CH;—%—O—C2H5+CH3—COOH
o o o

3. Peaxyun 83aumodeficmsus ¢ amMMuaKom u amMunamu OPABOAHT
K 00pa30oBaBHIO aMH/IOB!

CH;—%———O—("I—CH3+H2NR - CH;—-?IZ—NHR +CH3;—COOH
o o o

§ 30.3. I'uorenAUrHIPHIL KapHOHOBHIX KECAOT

I'anoreHanraaApuAaMH HA3KBAT (GYBEKOACHAILHEIE OPOH3BOJ-
HbIe KapOOHOBHIX KHCIIOT, Y KOTOPHIX 2UOPOKCUAbHAA 2DpYNnna 3ameuye-
Ha HA amMoMm 2aA02eHa.

O6mas ¢popMyna raJoreEaHrAAPHIOB:

R—ﬁ:—Ha]
o

Homemcnarypa. Ha3spanus ranoreHaBEruapuI0B KApOOHOBBIX KHC-
JIOT HPOHIBOAST H3 HA3BAHHAS COOTBETCTBYIOIEro KMCIOTHOTO OCTa-
TKa (anana) ¢ nobasnenweM Ha3panms ranoresnaa. Hanpamep:

H-C-F CH,—C~Cl1

! I

[¢) o)
dbopmandropan ANEeTHIXJIOPAL
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—CH,—(III-Br cn,-cn,-cn,-cnz—l

0] (o)
npomacHMIGpOMAL GyTHpRIEOH,

HMaomepna. [In4 rajnoreHaETHAPAXOB KapOOHOBHIX KACIOT Xapak-
TEPHHI /{BA BAA H30OMEDHH: a) H30MEPHA YriepoAHO#H nemn; 6) Mex-
KJIaccoBas m3oMepus. M3omepua yz2aepodnoti yenu BATAHAETCH C raJio-
TCHAHTHAPHAOB OyTaHOBO#M KHCIIOTHL

CH,
~
CH,—CH,—CH,—C-Ql CH-C-Q
) CHy |
o o

Mexcxaaccosan uzomepus. Hampamep, XIopaETEIPHAY YKCYCHOM
KHCJIOTHI
—~C-Cl
I
o
H30MEpeR MOHOXJIOpaLleTa IbACTHL
O
CHz—C\/
| H
Cl

IMoayvensne. ITpu s3aumodeiicmeuu xap6¢moabzx KucAom ¢ 2a102enHu-
damu docgpopa:

CH;—C—OH +PClg -+ CH,— C—Cl+POCl; +HCl
| I

0] (o]
3C6H5—i:—OH+PBr3 -~ 3C6H5——%-Br+H3P03

o o

®u3uavecxne coiictea. Hr3mme ranoresanTAAPAAR! (38 HCKIIOTC-
HAeM GOpPMHNIPTOPHAA) — JIErKOJETYYHE XHIAKOCTH C PE3KHM pPa3-
ApaxaromeM (CJIe30TOYHBLIM) 3allaXOM; BEICHIHE H  ApOMAaTHYEC-
KHe — JXBIKOCTH HJIH TBepAbie BemecTBa. IIpE pacTBOpeHHH B BOXE
3HEPrHYHO I'AAPOIA3YIOTCH.

Xuvuweckre csoifctea. 1. ITpu deticmsuu 600wbt ea/toeenanzm)pw)u
Ae2K0 2UOPOAUYIOMCA:

CH3;—C-Cl+H;0 - CH;— C—OH +HCl
II I
O
2. Ipu deucmeuu Cnupmos8 Ha 2an02eHaH2udpudbl o6pa3y10mcn
cAoxcHble 3gupot:
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CH3—C—Cl+CH30H - CH3—~C—OCH; +HCl
I I

o O

3. IIpu e3aumodeiicmeuu ¢ AmMMUaKom U AMUHAMU 2A402eHAH2UO-
pudel obpazyrom amuoor:

CsH;~C—Cl+2NH; - C¢H;—C—NH,+NH,Cl
I I
0] 0]

-R—C~Cl+2H,NR = R—C—NHR'+R'NH;3Cl
I I
o o

4. IIpu e3aumodeticmsuu ¢ coAAmMu KapbOHOBbIX KUCAOM 2AA02EHAH-
2udpudsl NpespawyaloMmca 8 aH2uOpudbsl:

CH3—C~Cl1+CH3COONa - CH;—C—0~C—CH;+NaCl
I I
o : o o

5. ITpu kamasumuueckom 60CCMAHOBACHUU 2AA02eHAH2UdPud08 06-
pasyiomca cnupmoi:

4[H], xar
CH;— |(|: —Cl ——— CH,CH,0H +HCIl
t

O

§ 30.4. AMuan KapOOHOBRIX KBCJIOT

AMEJAMHA Ha3LBawT (QYEKIHOHAIbHEIE HPOH3BOAHKIE XKapboHO-
BBIX KHCJIOT, Y KOTOPHIX 2UOPOKCUAbHAA 2DYnna 3amewjena Ha amu-

Hozpynny.
O6mas dpopmyna aMua0B:
/0 /O /0
R—-C 7 s R-C \/ R R-C \/ R’
\NH, NHR’ N~
\RII

Homenxnatypa. Ha3sanagd aMHI0B IPOA3BOAAT M3 HAa3BaHHS CO-
TBETCTBYIOUIETO KHCJIOTHOrO OCTaTKa (amMia), HampHMeEp:

O 0]
b/ V/
H—C< CH,-C 7
NH, \NHz
¢opmaman aneTaMun
(MeTaHaMuR) (3Tasamum)
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40 o
CH,—CH,—C CH,—-CH,—CH,—(,(
NH, NH,
DPOMaHaMHUL Gyramaman

HMaomeprs. [{ns aMAn0B KapOGOHOBLIX KHCIOT XapakTEPHHI BCE
BH/ILI H30MEPHH, IPHCYIHE KApOOHOBLIM KHCJIOTaM.

Ilonyqenue. [Jeticmsuem ammuaxa na 2anrozesanzudpudnl Kapboro-
suix kucaom (cM. § 30.3) wuru npu nazpesanuu ammoruiinvlx cosetl
xapbonosbix Kuciom: -

0 0
t v
ca,—-¢Z  Scn,-c?  +Hp0

“onNH, )

Quigueckne cBoiicrBa. 3a HcKmoYeHEeM GopmaMmmIa, aMHAR
KapOOHOBHIX KHCIIOT SBJISIOTCH KPHCTAJUIAYCCKHEMH BEIIECTBAMH.
Husmme aMBEALI XOpOIIO PACTBOPHMHE B BOJE.

Xumuvieckne csoiicra. 1. B xucaoii u weaounoi cpedax amudst
KapOoHOBYIX KUCAOM 2UOPOAUIYIOMCR:

//O H,0, HC], ¢ 40
NH, OH
‘ /o H,0, NaOH, ¢ /o
cn,-c< i vt chimtuiein 2 cn,-c< +NH,1
NH, ONa

2. Hpu xamasumuueckom 80CCMAHOBACHUU AMUOLI NPEEPAUYAIOMCR
8 nepeuyHble AMUHbL:

o)
2 H,, xar
CH,-C< ~2 5 CH,-CH,-NH,+H,0
NH, '
aneraMen ITAJIAMHABR

3. ITpu nazpeaanuu ¢ oxcudom gocgopa (V) om amudos omuenan-
emca 800a u obpasylomca HUMpUAb:

/0 t, P,O
cn,-cﬁm ——22 CH,—C=N+H,0
2 AUETOHHTPAI

4. Peaxyun ¢ azomucmoii KucAomoti npomexaem oueHb Ae2KO0 C 8bl-
deneHuem azoma:
0.
CH,—C</ +HNO, » CH,COOH +N,1+H,0
NH,
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§ 30.5. Caoxnanie 3puprx

Cpems PyBKIMOHAJBHEX HPOA3BOJHKIX KapOoHOBHX ocoboe me-
CTO 3aHHMAIOT CJIOKHbIE 3QHPH — IPOH3BOAHKIE KACIOT, Y KOTOPHIX
THEAPOKCHIbLHAS I'PyNNa 3aMeHEHa aJIKOKCH-TPYIIOH.

Obmas ¢popmyna croxesX 3$HEPOB:

R-C-O-R’
I
o

rae R B R’ — yrnesogopojHnie pagukaisl (B CJIOXHBIX 3¢mEpax
MypaBbHHOHR KHCJIOTH R — aToM Bomopoaa).

Homenxnarypa. Hazpamms cnoxssx 3GHPOB HpOH3BOAST OT
HA3BaHHS YIVICBOAOPOJHOrO pajH¥Kalia H HAa3BAHUS KHCIOTHI, B KO-
TOPOM. BMECTO OKOHYAHHS -06aA KuCAOMA WCIONb3YIOT cyq)q:mcc
-am, HanpEMep:

CH,—-(Il-—O—Csz CGH,—(ﬁ—OCHs CH2=CH—-(“3—-OCH3
|
o o} o
Tajanerar mermiibersoar METHIAKPRAIAT

HN3omepns. ,ZIM CAONCHBIX 3UpPO8 XxapaxmepHsl mMpu 8uda uio-
mepuu:

1. M3omepus yzaepodwoii yenu BaTAHAETCS OO KHCIOTHOMY OCTa-
TKy ¢ 6yTaHOBOH KHCIOTHI, IO CHEDTOBOMY OCTATKY — C IPOIHJIOBO-
ro CoupTa. ’

2. UV3oMepHS 1noAoxceHus — CAONCHOIPUDHOU  2pYNnuposKu
—COO—. J1oT BEA H30MEpHH HauyuHAETCs C 3QHPOB, B MOJIEKYJIAX
KOTOPBIX COAEPXKHATCH He MeHee 4 aTOMOB yriepoja.

3. Mexckaaccosan usomepus, HanpaMep, METHIANIETATY A30MEpHA
[IpONAHOBAs KACIIOTA.

JAns cnoxsbx 3¢EpoB, colepKanmMXx HeIpeAeIbHYIO KACIOTY HIH
HEeNpeNeNbHbId CHHPT, BO3MOXHEI €me OBa BHIAa H30MEDHH: H30-
MEpHS HOJIOXKEHHSI KPATHOM CBSI3H; YUC-MPAHC-A3OMEPHS.

INonywenne. OqHAM H3 pACHPOCTPAHEHHKLIX CHOCOOOB HONYyYEHHS
CIIOXHBIX 3()HPOB ABIACTCA 43aumoleticmaue KapbOHOEbIX Kuciom co
cnupmamu (peaxnusi srepapuxanan — cM. § 27.2).

Cnoxabie 3pHEpHI Takke MOrYT OLITh HOJIYYEHH AITHIAPOBAHHEM
CHHPTOB rayoresasraapuaama (cMm. § 30.3) m aErgapuaamMu Kap-
60HOBEIX KHCIOT (cM. § 30.2).

®u3uveckne cBoiicrea. ClIOXHLIE 3QHPHl HH3MMX KapOOHOBEIX
KHMCJIOT H CHHPTOB IPECTABISIOT COO0H NeTy4ne, MalopacTBOPHMEIE
HIIH IPAKTHYCCKH HEPACTBOPHMbIE B BOJIE XHAKOCTH. MHOTHE M3 HUX
HMEIOT npusmmubli 3anax. Tak, HaupuMmep, 6y'rm16yrupaT HMEET 3a-
max aHaHaca, H30aMHJIaneTaT — IPYIIH ¥ T. A.

Croxase 3dHpH HMEIOT, KaKk IpaBuio, 6ojiee HA3KYIO TeMmepa-
Typy KHICHHS, 4€M COOTBETCTBYIOIIME HM KHCIOTHL. OOBscHsercs
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3TO TEM, 9TO MEXJY MOJEKYJIaMH CJIOXHEIX 3(HPOB OTCYTCTBYIOT
BOJIOPOJHEIE CBS3H.

Cnoxsnle 3¢HpH BHICIIEX XHPHBIX KACIOT H COHPTOB — BOCKO-
obpa3Hbie BemecTBa, HE HMEIOT 3amaxa, B BOAE HEPACTBOPHMEL,
XOpOIIO PacTBOPHMEI B OpPraHH4eCKMX pacTBopHTelsx. Hanpumep,
IMIETMHLIA BOCK HpeacTaBigeT coBoli B OCHOBHOM MHpPHIHINAJL-
MHTAT (C] 5H31C00C31H53).

Xumuveckne cBoiicTBa. 1. Peaxyusn 2udpoausa, usu omsisenun. Kax
yxe OBUIO CKA3aHO BEINIE, PEaKmEs 3Imepuguxayuu nganemca o6-
pamumoii, IO3TOMY B IPACYTCTBHHE KHACJIOT OyaeT mpoTekaTh obpar-
Hasl pCakIMs, Ha3hBACMAs THIPOJIM3OM, B pe3yabTaTe KOTOpPO# 06-
Pa3yroTCH HCXONHKIE KXAPHHIE KACIOTH H COAPT:

+

H
CH3COOC;Hs+H,0 2 CH3;COOH +CHsOH

Peaxmms rEApOJIA3a KaTAA3APYETCA H IIEJIOYaMH; B 3TOM ClIydae
THAPOJIA3 Heobpamum:

OH
R—-COOR'+H,0 2 R-COO~ +R'OH

TaK KaK Noay4armasics kKapGoHoBas KHCIOTa CO MEN04Ybio obpasyeT
COJIb:

R —COOH +NaOH — R - COONa + H;0

2. Peaxyun npucoedurenun. Cnoxsble 3pHpLI, AMEIOIIEEC B CBOEM
COCTaBe HENmpeAe/bHYIO KACIOTY HJIM CHHPT, CHOCOOHBI K peakmuiM
OpucoenuHeHAs. Hampamep, IpE KAaTAJIHTHYECKOM THAPHPOBAHAH
OHM NPHCOCOUHSIOT BOZOPOX.

3. Peaxyus eéoccmanosaenusi. BocCcTaHOBIIEHHE CIOXHBIX 3GHpPOB
BOJOPOAOM IPHBOART K 06pa3oBaHRIO [BYX CHHPTOB:

R’'—COOR" —[E-]» R’'—CH,—-OH +R"OH

4. Peaxyus obpazosanus amudos. 1lox neicrsaeM aMMBaxa CIrox-
Hele 3(HPH OpeBpAINalOTCsAs B AMHIABI KHCJIOT ¥ CHHPTHL:

R'—-CO-~OR"+NHj » R'—CO—-NH;+R"OH.

§ 30.6. XKupxi

Cpenr cioxHBIX 3(QHPOB ocoboe MecTO 3aHHMAIOT NpPuUPOOHbie
adbupvl — Hcupsbl u macaa, KOTOpbie 06pa3OBaHbI TPEXaTOMHBIM CIIHP-
TOM FJIHIEPRHOM H BRICHIAME XHUPHBIMH KHCIIOTaMH C HEpa3BETBJICH-
HOH YriepoAHO# Ienblo, COACPXKANMMH YemHoe YUCAO y2AEPOOHBIX
amomog. JXHphl BXOAAT B COCTaB PACTHTEILHLIX H XHBOTHEIX Op-
raHM3MOB H MrpalpT BaxHylo Gmonormyeckyio ponb. OHH CoyxaTt
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OJHHEM H3 HCTOYHHKOB 3HEPIHH XHBBIX OPraHH3MOB, KOTOpas BBIIe-
JiseTCa IPH OKHCJIeHAH XkHpoB. O6mas popMyna XApOB:

o
i
CH,-O-C-R'
. * o
. |
CH-0-C-R"
|
CH,—O—(H:—R"'
o

rae R, R", R — yrnesoaopoaHble paaHKaIhl.

Xuphl GHIBAIOT «TPOCTHIME» H «CMEMAaHHKMED. B cocTaB mpo-
CTHIX XHPOB BXOAST OCTATKA OJHHAKOBHIX KHCioT (T. e.
R'=R”=R"), B cOCTaB CMCIIAHALIX — PAa3THIHEIX.

B xmpax HamGoJiee YacTO BCTPEYAIOTCH CICAYIOMHAE XAPHEIE KHC-
JIOTHI: '

Asxanoswie xucaomo:

1. Macaxnas CHj3—(CH,),— COOH
2. Kanponosax CH3-(CH,)4—COOH
3. ITansMATEEOBAS CH;3;—(CH,)4— COOH
4. Creapunonpas CH3—(CH,)4— COOH

Asxenosvie xucaomo

5. OnermroBas C7H3;COOH

CH;—(CH3);— CH=CH —(CH;); - COOH
Aaxaduenoavie Kucsoms:

6. JImaonepas C;7H3;COOH

CH;—(CH3)4— (CH =CH —CH3);— (CHj)s— COOH
A sxampuenossie xucaomsl

7. JIamoneBOBas C17H2sCOOH

CH;— CH;,— (CH =CH —CH;); — (CH3)— COOH

IIpupoannie XAPHI OpeACTaBIAIOT COO0H cMech IPOCTHIX H CMe-
IMaHHLIX 3(GHPOB.

Homemma'rypa Ha3sagns XHpOB HPOH3BOAAT H3 TPHBHAILHEIX
Ha3BaHHH OCTATKOB XHPHEIX KHCJOT, C YKa3aHAEM HX KOJIHYECTBA
H nobapnennem cyboduxca -us. Hanmpamep:
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1 1
(i:Hz“O—C"CnH” ([‘Hz—O—C~CuHs3

CH -0-C-C,;H;, CH -0-C-C,,H,,
I |
o 0O
CH,—O—ﬁ—C,,H,, Cl-lz---O—(Ii--C”Hzg
o 0
TPHCTEAPHIITTHIEPRH 1-omeonn-2-1AHOICOR T

3-IHBEOIEBOR T TRNEPHE

®ua3mueckne cpoiicTsa. [To arperaTHOMy COCTOSIHHIO IPH KOMHAT-
HOH TeMIepaType KHphI JeJIATCA Ha XHAKHE H TBEPALIE. ArperaTaoe
COCTOSIHHE JKHPOB ONpPEe/ISeTCS NPHPOJOH KHPHLIX KACIOT. T8epobie
JKHPEI, KAK IIPABHIIO, 06pa30BaHKl NPESIEIEHRIME KHCTIOTAMHE, HCUOKUE
KHPH (EX 9aCTO Ha3hIBAIOT MACAAMU) — HeOpeAeNbHRIMA.

B cocTaB XHBOTHEIX XHPOB HPEHMYIIECCTBEHHO BXOAAT HACHIIICH-
HBI€ KHCJIOTHI, B COCTaB PacTHTEJIbHLIX — HEeHAchIMeHHke. [ToaTomy
AWBOTHRIC JKHDHI, KaK NPAaBHJIO, TBEpJLE BEMECTBA, 4 PACTHTENb-
' Hele — 9Yalne BCEero XHUAKHe (PaCTHTEILHRIC MACa).

JKHpH pacTBOPHMEI B OPTAHHYCCKHX PaCTBOPHTEIX (YrieBoIo-
pOIKI, HX IaIOreHOIPOA3BONHEEIE, ZUITHIOBHIHA 3Hp) H HEPACTBOPH-
MEI B BOJE.

Xumuveckre cBoiicTBa. 1. Tudpoaus, WA oMblieHue HCUpos, IPOBC-
XOIHT NOA JeiCTBAEM BOJH B IPHCYTCTBHE KaTaIW3aTOpa — KHCIIO-
TH (0OpaTEMO) WM meao4el (HeoOpaTAEMO):

(.l‘,H,—O—-CO—R' cI:H,—OH R'COONa
v CIH—o—co—R" +3NaOH — |CH_OH+ R"COONa (30.1)
CH,-0—CO—R" CH,-OH R"COONa

IIpn menoyHoM rufpon3e 00pa3yrOTCA COH BRICIIHX JKHPHBIX KHC-
JIOT, Ha3kIBaeMEbIe Mbliamu (CM. HHXKeE).

2. I'udpozenusayueti scupog HA3HIBACTCA NPOLECC NPHCOEIHHEHUA
BOJOPOJA K OCTATKaM HeNpeRelbHBIX KHCIOT, BXOASAIIHX B COCTAaB
x#poB. IIpr 3TOM OCTATKH HenpeAeNbHRIX KHCIOT HEPEXOIAT B OCTa-
TKH IpeJeNbHBIX KACIOT, H JKAPH H3 XKHAKHAX NPEBPamialoTCs B TBE-
paxie:

CH,—-0-CO-C,.H,, CH,—0—-CO—C,,H,,
| 4, Ni |

CH —0—CO-C,,H;;+3H, —— CH —0—CO—C,,H,;
l I

CH,-0-CO-C,.H,, CH,—0-CO-C,,H,,

Meuna. HatpreBhie H KaJHeBhIE COJIH BBICIIIHX JKHPHBIX KHCJIOT
Ha3BIBAIOT MbIAAMU, TAK KaK OHM 00JAJal0T XOPOIIHMH MOIOIIHMH
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cBoiictBama. HaTpHeBrle COMA COCTaBNAIOT OCHOBY TBEPABIX MBLI,
B TO BpeMs KaK KaJIHEBBIE COJIA — XHAKAX. VX nosny4aioT KAns4eHH-
€M XHBOTHOro caja JHOO pacTHTEJIbHOTO MACHA C THAPOKCHAOM
HaTpHA WIH KaJiHid [cM. ypaBRenme peakimmu (30.1)] — orcioma cra-
PHHHOE Ha3BaHME IIEJIOYHOTO IHAPOJIH3A KHPOB — (OMBLICHUEY.

Ownamaromme (MOIOIAE) CBOXCTBA MbL1a OOBACBAIOTCA cMavusa-
roueii cioco6HOCTHIO PACTBOPHMEIX COJIE# BRICIIHX XKAPHKIX KHCIOT,
T. €. aHHOHK MBUIA O0NaJar0T CPOACTBOM KaK K JKMPHBEIM 3arps3He-
HHSM, TaK H K Boae. Auuonnas xapbokcuzpynna obnagaer cpoacTrsoM
K BOJie: OHA 2udpoghusvra. Y24e6000pooHan xe yenb KAPHOA KHCIOTH
o6anaeT CPOACTBOM K KHPHEIM 3arps3HeHdsM. OHA mpeacTaBisieT
coboii zudpogpobnuili PparMeHT MOJEKYIH MBIIa. DTOT (parmenT
pacTBOpSETCH B Kaljle IpPs3H, B Pe3yJIbTaTeé Ye€ro OPOHCXOJHT ee
TpascopManus H OPEBpalliCHAC B Muyeasy. Y HalleHue «dqeBoobpas-
HBIX» MHIEIUI C 3arpS3HEHHOH NOBEPXHOCTH JOCTHTAETCH €€ IPOMBI-
BaHHEeM Bogoi (pmc. 30.1).

B 1ak HasmmBaeMOH xcecmkoii sode (conepxameit momn CaZ*
A Mg?*) nmporcxomdT ymeHbIIeHEE MOMOmEH CHOCOGHOCTH MBLIA,
IIOCKONIbKY, B3aHMOJCHCTBYS ¢ HOHAMH KaJbIHA H MArHHS, MBLIA
00pa3yroT HepaCTBOPEMEIE KalbOHEBblC B (HJIH) MArHHEBHIC COJIH,
HaIpHMED:

2C;7H3sCO0~ +2Na* +Ca?* +2HCO;™ — (CanscOO)zCal +2Na* +2HCO;3"
B pesynbTaTe 31010 MBLIO 06pa3yeT XJIONbs HepacTBOPEMBEIX Mg-
a1 Ca- conedl u pacxoxyercs 6GecHOJIE3HO.

a) 6)
AHHOH MOREKYns! Msina PacTsopenve yrnesofopoarHoro parMeHra
aHMOHa MONEKYIIb! B FPSI3HOM Xnpe

Honsi Hatpus

MA’\/\'@

YrnesogopogHas AHUOHHbBI
yenb rUapopHILHBIA
{rmapogobHas) parmMenT

6

O6pasosaHne MuLenisl rpsiI3HOro Xupa

TpA3HLIA Xup

Puc. 30.1. Moromee nei{crnne MBUIA. YTIIEeBOAOPOAHEE LENH aHHOHOB MeLIA (a)
pacTBOPSIOTCE B XApHOH rps3d (6). 3T0 NMpHBOAAT Kk 06Pa30BAHMIO MHIIEUT XHPHOM
IPA3H (6), KOTOPRIE CMBIBAIOTCA BOJOH
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I'aasa 31
YIUVIEBOJBI (CAXAPA)

Yanes00amu nasviearom npupoomnvie opzanuveckue CcoeouHeHus,
umerowjue, Kax npaBuio, obwyyio gopmyay C,H20,(CnH:0),), rae
mu n23. Hexwouenue COCTABISIOT 0e30KCUcaxapd, KOTOPLE HMEIOT
o6myio popmyay CpHzn.20. '

B 3aBHCHMOCTH OT CHOCOOHOCTH K THApPOJIH3Y BCE YIJIEBOAKI
JeJIAT Ha:

1) monocaxapudvi — yrieBoanl, MOJIEKYJIH KOTOPHIX HE HOABEP-
KeHEI TAIPOJIA3Y;

2) oauzocaxapudvl — YIICBOABI, A3 MOJIEKYJ KOTOPLIX IPH IHIPO-
Jm3e obpa3yercs ot 2 10 10 OAHHAKOBBIX HJIH pa3JIHYHLIX MOHOCAaxa-
PHOOB (QHCAXapHALI, TPHCAXAPHILL H T. 1.);

3) nosucaxapudet — yrieBoakl, H3 MOJIEKY] KOTOPBIX OPH T'AAPO-
Jm3e obpa3syercs OT HECATKOB JO THICAY M BRIIEC OJWHAKOBLIX HIIH
pa3’MYHLIX MOHOCAXapH/IOB.

Vraesoanl — MHEPOKO PACHPOCTPAHEHHBIA B IPHPOAE KJIAcC Op-
rasgveckax coeausennii. OEn coctaBsmoT A0 80% cyxoro BemecrBa
pacTenmii [Kpaxman, KierdaTka (din neyunoinosa)], 20 — 30% cyxoro
BEIleCTBA MEKpOOpramH3MoB H 2% cyxoro BEmIECTBA XHBOTHBIX
OpraEH3MOB.

Vriaepoasl ObUIH H3BECTHEL 9€JIOBEYECTBY €IIE B JPEBHOCTH.

YenoBek M XHBOTHBIE HE CHOCOOHH CHHTE3HPOBATH YIJICBOJEL,
H HeoOXOqAMEIEe IS XH3HEACATEILHOCTH HX KOJIHYECTBA NOIYYAloT
C DMIIEBHMH OPOAYKTAMH PaCTHTEILHOIO IPOMCXOXICHHS.

B pacrenmsix yriesoasl 06pa3yroTcs B pe3ynbTaTe peakmun Goro-
cuate3a u3 CO; v H,0:

. hv, xnopodpmnn
6CO, +6H,0 pod

CEH 1206 + GOZT

§ 31.1. Monocaxapaast

MoBocaxapuasl B 3aBHCHAMOCTH OT YHCJIa YIJIEpPOJHBIX aTOMOB
B MoJiexyie fensat Ha: TpHO3H (C;HO3), Terposnt (C;HO,), menrosnt
(CsH,005), rexcosmr (CeH;;06), remrosmt (C/H;s0;) B oOkTO3H
(CsH,40s).

Monocaxapuibl OTHOCSTCS K AuGyYHKNHOHAILHBIM COCIAHCHASIM,
Tak KaK B COCTaBe KaXAO#H MOJIEKYJIhI COAEpKATCA HECKOILKO MHAPO-
KCHJIbHBIX I'Py0 ¥ OHa KapOOHHIbHAs. B 3aBHCHMOCTH OT IPHPOBI
KapOOHMIBLHOM rpynnsl (ANbJAErAAHAS HIIA KeTOHHAA) MOHOCAaXapaahl
JeJIAT Ha ABa KJacca: a1b003bl B Kemo3sl. HanpaMmep, MOBOCaxapus
2eKco3a CYWECTBYET B BHAE CTPYKTYPHBIX H30MEPOB — aJIbJOreK-
cosul (I) (2ar0x03a) u xerorexcosm (II) (fpykmo3sa):
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0

V
‘CH,—’CH—‘CH—’CH~’CH—1C< o

P -
OH OH OH OH OH

$CH,—*CH —*CH —*CH —*C—!CH, an

I | I | I
OH OH OH OH O OH

H3omepus MOHOCaXapHAOB 00ycioBieHa: 1) HaIAYHEM aJIbACTHA-
HOH WM KETOHHOH rpynmhl; 2) HANIHMYAEM ACHEMMETPHYCCKHX ATOMOB
yraepoaa (cM. ri. 22); 3) cymecTBOBaHAEM TayTOMEDHH.

MoHocaxapaanl 001a1a0T ONTHYECKOH aKTHBHOCTBIO — CHOCO0-
HOCTBIO BpamaTh IUIOCKOCTEL IOJISIPH3AIHA CBEeTa, KoTopas obyciios-
JIHA HaJAYAEM aCHMMETPHYECKHX aTOMOB yriaepoia. Monocaxapun-
IO, KaK H JpYyrAe COCNHHEHASA C ACHMMETPHYSCKHMHE aTOMAaMH yriie-
poAa, CyIIeCTBYIOT B BHJIE ABYX 3¢PKAIbHLIX HIIM OOTHYECKHX H30-
mepoB — D- u L-dopm.

OtHecenne MoHOcaxapuzoB K D- m L-bopmam mpom3BomsT mo
PACHOJIOKEHAIO THAPOKCHIBHOM IPYNIEI y aTOMa yriepoia, cocel-
HEr0 C NEPBHYIHOH CHHEPTOBOM rpyunmApoBko# (cM. dopmymm D-
A L-pubosmn):

H O H O
\ /I A/
C ' C
[ |
H—-C-OH HO-C—-H
I I
H-C-OH : HO-C-H
I |
H-C-OH HO-C-H
I ; |
CH,0H CH,OH
D-prbosa L-prfo3a

- HeobxoauM0 OTMETHTH, YTO HAIPABJICHHE BPAIICHAS ILTOCKOCTH
HOJIAPH3AIlAM CBETA 3aBHCHT OT KOH(HIypallHH 3aMeCTHTEJIEH y BCex
ACAMMETPHYECCKEX aTOMOB yriepoaa. HanpaBiieane BpameHAs onmpe-
JeJAIOT IO 3HAaKy B CkoOKax mocne OyKBeHHOTOo OOO3HAYECHMS: IS
IpaBOBpAINAIOIHEX H30MepoB (+ ), A1 JiepoBpamarpmux (—).

Bce MOHOcaxapuanl CymieCTBYIOT B BHAE HECKOJILKHX TayTOMED-
HBIX (opM: omkpeimoti (AaNEKIMIECKOR) H YuK AudecKoil.

IMaxmveckas popma obpasyercs B pe3ysibTaTe BHYTPHMOJIEKY-
JISPHOTO B3aHMOJEHCTBHSA ANbACTHAHON (KETOHHOM) IpYNIHPOBKH
C OHAM M3 FHAPOKCHAIOB (cM. ri. 28).

Haubosbimeld ycTORIHBOCTHIO 00NaAAI0T IHECTH~ H NATAYWICHHBIE
IMKJIEI, Ha3BIBA€MBIE COOTBETCTBEHHO NUDAHO3HbIMU U (HYDUHO3ZHBIMU
mukiaamMu. CxemMa o6pa3oBaHHS NHPAHO3HOrO IHKNA!
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:CHZOHO /H_\\
HETN P
4(?\?'4 ,,I.| G
H Cs Icz H
H OH

ArtoM BOAOPOAA rEAPOKCHILHON IPYNIIK NPACOEAMHIETCH K aTO-
My KHCJIOpOJA ajibJAECrdAHOM rpyINHPOBKH 33 CYET pa3phiBa 7M-CBA3H.
Ilpm 3TOoM 06pa3yercs Tak Ha3KBaEMEIHA no.gyayemasshviti (CM. 1. 28)
WIH 2AuKo3udnbtil 2udpokcua. Ilocne mepesoca’ aTomMa Bozopoaa OT
TEOPOKCHIBHOM I'pyNkl HA aJIbACTHIHYIO aTOM KHCIIOPOAA COCIHHS+
ercs C aToMOM yriepoaa ¢ obpa3oBammeM mEkia. B pesyinbrare
IMKJIA3AIAA B MOJIEKYJe MOHOCAXAPHIA HOSABIIETCH AONOJHHATENL-
HEI aCAMMETPHYSCKAHA aTOM Yriuepoaa.

Ob6pasyomuecs maxmieckae GopMbl OTJIHYAIOTCH APYT OT Apyra
PacIONIOXEHAEM [OJIyaleTalIbHOro ruapokcana. OqesE H3 aHOMEPOB
obo3gavaerca Gyxsod a, apyroi — f. K a-amOMEpaM OTHOCHT MO-
HOCaxXapHjbl, y xoro%m IIAKO3HAHEI THAPOKCHJ BAaXOJATCS HOX
IUIOCKOCTBIO KOJIbIA, X f-aHOMEpaM OTHOCST MOHOCAXapHJHIL, y KO-
TOPHIX HOJNyaneTanbHLIA IHAPOKCHJ HAXOAMTCH HaJl ILIOCKOCTHIO
KOJIbOA. ' _ '

Haxe npHBeAeHL] HEKOTOpHE H3 PaBHOBECHH H30MepHBIX (hopMm
rmoxo3nl (mpeobGnanarommEmme  GopMaMH SBISIOTCH NUPAHO3HbiE

dbopmmr):

B-D-miokonupanoza o -D-mioxonuparosa

H OH
B-D-rniokodypaHosa o -D-riokodypano3a
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s pasmMYHLIX poacTBeEHLIX GopM GPYKTO3H Hpeobiaaaronn-
MH OKAa3hIBaIOTCH HypaHosHbie GOPMEIL

B -D-¢pykTonupaHosa a -D-ppyxTonupaHosa

OH H
B-D-dppyxTotdyparosa o -D-ppykTodypaHosa

OH H

Hanpvme B MoOJexylIax MOHOCAXapHJAOB HECKOIBKHAX ACHMMET-
PHYECKHX aTOMOB YIJIepOAa, cHOCO6HOCTh K TATOMEPHLIM IIpEBpamie-
HHASM, pa3IM4YAe B OpHPOE KapOOHAIIBHOMR rpynnsl OOBACHIIOT CyIIe-
CTBOBaHHE 60JbIOro yucna H3oMepoB. Tak, HanpuMep, IS FEKCO3EI
H3BECTHO 24 NWHEHHALIX M 96 MEKIAYECKHX CTPYKTYP.

Cuoocobnl nmomykenms. 1. Buidenenue c80600HbIx MOHOCAXapudos,
BCTPEYAIOIHMXCA B OPEPOAE B OBOIAx H (HPYKTax.

2. I'udpoaus noaucaxapuodoa.

®nr3gueckre cpoiicTBa. MoHOcaxapuau — GecOBEeTHRIE KpHCTAJ-
JIRYeCKHE BEIECTBa, IUIABAIIHECS 4acTO C pPa3jIOKECHHEM, XOPOIIO
pPacTBOpHMEIE B BOLE, IUIOXO — B OpPraHHYECKHX PaCTBOPHTENSAX,
B PacTBOpax BpAaINArOIHe MOJIAPH3OBAHHLIA CBET, CJIAJIKHE HA BKYC.

ecKkHe cpoiictBa. MHOroo6pasme XMMHAYECKHX CBOMCTB MO-
HOCaxapHaAOB oO0BsACHSETCA X JAGYHKIMOBAIBHOCTEIO.

1. Peaxyuu obpa3sosanun sghupos. Hanaume B MoOJieKysIax MOHOCA-
XapHJOB THAPOKCHJIBHBLIX PAJUKAIOB OOBICHAET HX CHOCOOHOCTH
06pa3oBEIBATH OIPOCTHIE B CIOXKHEIE s?mpm. Hanbonee nerko npowc-
XOJUT 3aMeNIeHHAE IOJyaneTalIbHOro (TJIMKO3IEAHOIO) rHAPOKCHTIA!

o -D-rmokothypaHo3aa

CH,OH CH,OH
H oH H O oH
H CH,OH H
OH H HCI OH H
OH OH OH OCH,
H  OH H OH
a -D-rniokosa o -O-meTun-D-rnukoaup
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IIpocrtrie a¢uphl monyYrIHM Ba3BaHHE 24uKo03udos. Heyrnesomnas
9aCTh IJIHKO3HJA NOJYYHIa HA3BAHHE Ad2AUKOHA.

I'mako3sgsl ¢ 6osee CIOXHERMHE arjEKOHAMH IIHPOKO PacHmpocT-
paHEHH B OpHpoAe H 06lnafaroT BHICOKOHM OGHOJOrmYecKod axKTHB-
HOcThIO. Hanpamep, rimko3nmabl, OKa3hBaloOINHE BIHSHAE Ha COKpa-
MEHEE CepJCYHOH MBINIELI, HNOJYYHJIA Ha3BaHAE CEpACYHBIX. B Tex
ClIy4asx, KOrja yricBOJHbLIA H HEYTJICBOJHKH KOMIIOHEHTH CBA3AHKI
MexAy coboH wepe3 aToM KHCIOpoJa, roBopsar o6 O-rimko3maax,
4epe3 aToM a3zota — N-rimko3ggax. B cocrase PHK Bcrpevarorcs
HYKIICO3HABI, B KOTOPHIX YIJIEBOJHBIA KOMIIOHEHT H OCHOBaHHE CO-
enuaeHB! Mexay cob6ofi C— C-cBs3bI0 — TAaKHE COCHHEHHS MOIIYyIH-
Jm HaspaHHe C-TJIAKO3HIOB.

B ApyrEx ycnoBHSX BO3MOXHO aJIKHIHPOBAHHE H IO OCTaBIIAMCSH
JPYTBEM rBAPOKCHILHBIM IPYIIaM:

CH,OH CH,0CH;,
o}

H Mo achy B H
Ag,0 OCH; H ¢ 4H
OH OCH, H,CO OCH,
H OH H OCH,
a -O-Merun-D-rnukosug neHTameTun-D-rnuko3ua

MogBocaxapunl CHOCOGHRI 00pa3’oBLIBATH CIOXKHEIE 3(HPH KaK
C MEHEPANLHBIMH, TaK H ¢ KApOOHOBRIME KHCIIOTaMH, HAPAMED:

CH,OH CH,OCOCH,

H OH H OCOCH,

B-D-rntokosa B-neHraauerun-D-rnoko3a

FBosvwoe 3navenue umerom 3gupvl gocdoproii xuciomst pubosv
u Oe3okcupubossl, SIBISAIOMAECH CTPYKTYpHBIMHA (parmenTame PHK
u JHK (cMm. ra. 35).

2. Peaxyua xomnaexcoobpazosarnun ¢ zudpokcudom meou (11). Ilpn
p3auMozeicTear ruapokcuna meqn (II) ¢ MoBOCaxapuaaMH IpPOHC-
XOAHT DPACTBOpPEHHE CHAPOKCHAA MEAH H 0oOpa3yeTcsi KOMILIEKCHOE
COEOUHEHHE CUHe20 ysema.

3. Oxucaumeavrno-eoccmarosumeashnsvie peakyuu (OBP). Ilpn kara-
JIATHYECKOM I'HJPHPOBAHHH MOHOCAXapHAOB MPOUCXOJHAT BOCCTAHOB-
JieHAe KapOGOHUIIBLHOM IPyHObl O CIMPTOBOTO I'MIPOKCHIIA!
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0
& Hz 3 Ni
HOCH, —(CHOH),—CZ —%—, HOCH,—(CHOH), — CH,O0H

TJHOK038 copbmT

bpoMEas BoAa OKHCISET albACTHAHYIO IPYyIIMPOBKY AO KapOoK-
CWILHOH: '

o)
.
HOCH, —(CHOH), —C \/ +Br, +2H,0 - HOCH, —(CHOH), ~ COOH + 2HBr
III0OK034 H T/BOKOHOBAA KHCJIOTA

Bonee CAIbHRE OKHCIHMTEIH OKHCIAIOT KaK kKapOOHAIBHYIO rpymy,
TAK H IEPBHYHLIA COHPTOBO# FHAPOKCHI MOHOCAXapHxOB, obpa3ys
OpPH 3TOM JBYXOCHOBHBIE KHCIOTHL:

HOCH,—(CHOH)‘—C</O +2HNO, (x08m) -

TIoK032 H
- HOOC--(CHOH),— COOH +2NO+2H,0
caxapHas KHCIOTa

OKHCIIeHAE KeTO3 OpOTEKAeT C YMEHbIIEHHEM [UTHHE] YIJIEPOXHOM
neny:

HOCH, — (CHOH), — C— CH,,0H +2HNO,(x08x) —»
dpyxroza | _
o

- HOOC—(CHOH), - COOH +2NO+2H,0+CO,
apaGHHAPOBAN KMCIIOTA

OBP ¢ okxcudom cepebpa (I) («peaxmus cepeGpsHOro 3epkaja»)
u 2uopoxcudom meou (II) ucnosvayemca Kax xauecmeeHHan peaKyus Ha
ab003bl U KeMo3ol:

t
HOCH,— (CHOH), ~ CH=0+2[Ag(NH,),] OH —»
- HOCH,— (CHOH), - COONH, + 2Ag} + 3NH, + H,0

t
HOCH, —(CHOH),~ CH =0 +2Cu(OH), —»
- HOCH, - (CHOHL —COOH +Cu,0|+2H,0

KpacHHH
OCafioK

Kemosbl daiom me xce cambie peakyuu, Tak Kax B IENOIHOHR cpeae
OPOHCXOJHT HX M30MEPH3ANHNS B AJIbJO3KL:
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CH,OH CHOH  CHO
| OH™ || |
C=0 — C—-OH — CHOH

| | |
R R R

4. Peaxyus 6poscenus. MoBOCaxapuasl CIOCOOHEI PacIIeIUIATHCS
B 3aBACHMOCTH OT IPHPOJAK (epMEHTa 10 3Marnoaa, MacAaHoll Kucao-
mbl, MOAOYHOU KUCAOMbL B OPYTHX BEIIECTB:

depMeETH ApoxXKeH
CeH;,04(0-p) i 2C,H,OH +2C0,1

depmenTH
MaC/ISHOKACIIEIX

Gaxtepuii
CeH 1,06(P-p)

C,H,COOH +2C0,1 +2H,1

depmerTH
MOJIOTHOKHCIIHIX
Gaxrepmit

CeH ,,04(p-p)

2CH,,— CH (OH)— COOH

Heobxoaumo OTMETHTH, 9TO OGPOKEHMIO HOABEPTralOTCH MOHOCA-
XapHABLI C THCIIOM aTOMOB YIJIEPOAA, KPATHRIM TPEM.

§ 31.2. OrnensHbIe NpeACTABETEH MOHOCAXADHI0B

I'moxo3a — GecrBETHOE KPHCTAJLIHYECKOE BEIECTBO, CJIAJKOE HA
BKYC, XOpOIIO PacTBOPAMOE B BOJE, MJIOXO — B OPraHMYECKHAX pac-
TBOpHTENISX. B cBoGOgHOM BHIOE COAECPKHMTCH B OBOMAX, Arojax
B dpykTax, Mmeae. 13 ee ocTaTKOB HOCTPOEHDI BayKHEHINIAE JACAXapH-
Ael B noaucaxapujel. M3-3a Gonpmoro coaepixapms riIOKO3bI B BH-
HOTpaJHOM COKE €€ YaCTO Ha3kBAaIOT BHHOrPaAHKIM caxapoMm. B op-
TaHH3ME Y€JI0BEKA CONEPKHTCHA B HEOOJBIIMX KOJIHYECTBAX B KPOBH.
IIpH HEKOTOpPHIX MATOJIOrHYECKHX COCTOSIHHNAX (CaxapHbI# aHabeT)
TIOSABIISETCS B 3HAYHTEIILHRIX KOJMYECTBaX B KPOBH H MOYE.

B opraEmsMe dYenoBeka W KHBOTHRIX TIIFOKO3a HOABEPraercs
CIOXHOMY NPOIECCY OKHCIICHHS], KOHCYHRIME MPOAYKTAMH KOTOPOIO
ABTAKOTCA OKCHI yriepoaa (IV) m Boga:

CeH |06+ 60,=6C0, +6H,0; AH = —2802 kJIx/MOb

Britensromascs mpu 3TOM 3HEPrHS HAET Ha 3HeproobecrmeyeHHe
KH3HEIeATEIbHOCTH OPraHA3Ma.

OcHOBHEIM CHOCOOOM HOJIy4€HHS! TIIIOKO3HI SBJIFETCS THOPOJIH3
Kpaxmaina (cM. Hike). XHMHYECKHE CBOHCTBA I'IFOKO3bl 00YCIOBICHR
HAJIAYAEM ANbIErHIHON IPYNIHL M NSTH THAPOKCHIBEEIX IPynn (CM.
BHIIIIE).
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A. M. ByrnepoBaM 6nin1a TaKKE NOKa3aHA BO3MOXHOCTh CHHTE3A
FJIFOKO3HI H3 (popmanbaernaa:

Kar
6HCOH — C6H1205.

Opnrako 3TOT cnoco6 mMeeT cyrybo TeopeTHdeckoe 3HaYeHHE, TaK
Kak B pe3yJbTaTe IPOTEKAHHA PEakmmd obpa3yeTcs cMechb TPYAHO
pa3jieiiieMbIX MOEOCaXapHIOB.

I'moko3a HaxOMT MHEPOKOE NPHEMECHEHHE B IAMEBOH, papmanes-
THYECKOR H TEKCTHJILHOM IPOMBIIUIEHHOCTH.

®pyxmo3a — CTPYKTYPHRIM H30Mep INIIOKO3H. becnBeTBOE KpH-
CTaJUIH4ECKOEe BEIECTBO, XOPOMO PacCTBOPEMOE B Bone, 6oee cnaj-
Koe, 9eM rmoko3a. B cBo6ogHOM BHAE COAEPXKHTCE B Meae H Qpyk-
Tax. M3 ee ocTaTKOB mOCTpOEH NONHMCAXapHi HHYIHH, KOTOPHIH
COJCPKHTCH B 3HAYMTEILHLIX KOIHYECTBAX B KIYyOHEX 3eMusiHOMK
rpymd, HApsAAY C INII0OK030# PpykTOo3a BXOAHT B COCTAB CaXapO3kl.

Honyvaror $pykTO3y rEAPOIA3OM HHYJIHHA:

HO ZSCHZ f (o] CH,—}— 0 CH,
ON—H| Ao Ao
H O nH,0, t

0 o] 0

EHZ—H _\_HZ-—-OH SHZ—-HO
HOH,C H OH, H HOH,C H

HOH,C HO
O \
H—
—— \FI
H CH,OH
HO H

Xummaeckue cBOMCTBA QPYKTO3H O0OYCIOBICHR HAMIAEM KETOH-
HOH H OATH FEIPOKCAIILHBIX PYIIIL.

OpyxTO3a HAXOJHT MMPOKOE NPHMEHEHAE B KOHIHTEPCKOM 1 ap-
MAIECBTHYECKOH OPOMBIILICHHOCTH.

Puboza — GecniBeTHOE KPHCTAJUIMYECKOE BEMIECTBO, XOPOIIO
pactBopuMoe B Boae. B Bume ¢ypaHosHO#H (opMbI BXOZHT
B coctaB PHK.

Xmmmyeckne cBoicrBa pubo3nl o6ycioBieHH ee quGYHKIIHOHA-
JLHOCTHIO (HAJIHIMEM QJIBJETHAHOR M THAPOKCHIBHBIX TIpyIm).
IIpm BoccramoBnenun - pubo3nl obpasyerca coapT — pubum
HOCH,—(CHOH); —CH,OH, a npu oxucnesmH — pufionosan Kuc-
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soma HOCH,— (CHOH); — COOH. B pacreope pu6o3a cymecrsyer

B aNPKIHYeCKOH M mukmveckodl dopmax. HAke mpHBEZCHH pPaBHO-
BecHBIE GOPMEI pHOO3LI:

{3-D-pubonuparosa a-D-puGonupaxoza
H

H' H A0 H
4 4 H 1
H H

\H;’ 4T sT :!4_, 0 /OH OH
/ EHOHEHZHC\H\

CH,0H.O_ OH CH,0H.0
5 3 5
H HM H >
h 4
H [ * H HJ° * OH
OH OH OH  OH

B-D-pubosa . a-D-pubosa
{-D-pubodypanoaa)

ITony4aroT pu603y rEAPONIH30M MOHOHYKJICOTHAOB HJIH OKHCIIE-
areM D-rimoxo3nl.

He3oxcupuboza — GecHBeTHOS KPACTATLIMYCCKOE BEMECTBO, XOPO-
IO pacTBOpEMOE B Boge. B Buie ¢pypanosHoit dopMEl BXOAHT B CO-
cras IHK. Kak m gpyrae MoHOcaxapajahl, Ae3okcHpu0o3a B pac-
TBOPE CYIECTBYET B aHKIMYECKOH H MUKIMYECKOd popmax, cmocob-
Ha 06pa30BHIBATH OPOCTHIE H CJIOXHEIE 3(HPHI, IPAHAMAET yJacTHE
B OBP 1 peaknusx xoMiLiekcooOpa3oBasHsi.

0
Vi

C\

1 H
H- z(l.',‘—H
H- 3C —OH

[
H- ‘(|:— OH

,CH,0H
2-ne3okcapubosa
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§ 31.3. O:marocaxapuani

Oauzocaxapudamu Ha3HBAKOT YIJIEBOALI, A3 MOJEKYJ] KOTOPHIX
npH ragpommse obpasyrorcs ot 2 1o 10 ogEHAKOBRIX HIIH Pa3IHYHBX
MOJIEKYJI MOHOCaXapHJIOB.

HanGosee H3y4eHHBIMHE OJIMIOCAXapHIaMH SBISIOTCS AHCaXapH-
Il Jlacaxapeasl NIAPOKO pacnpocTpaneHsl B upupoae. OHE conep-
XATCS B 3HAYHTENbHBLIX KOJIMYECTBAX B IUIOZAX, OBOMIAX, CaxapHOH
CBEKJIE, CAXapHOM TPOCTHHKE, MeJe.

Croco6st noryvenns. [MCaxapujkl HOJIYIAIOT H3 NpUpOOHBIX ucC-
MOYHUKOE: CaXapo3y H3 CAXapHOM CBEKJILl HIIM CaXapHOI0 TPOCTHHKA,
MabTO3y — (DEPMEHTATHBHEIM rHAPOJIHM3OM Kpaxmalna, JIaKTO3y —
H3 KOPOBLETO MOJOK3, B KOTOPOM €€ COJIEPXaHHe JOCTHTacT
4 — 5%, nemloﬁuoay — CAAPOIA30M LEJUTFOIO3bI.

@u3udeckre cBoiicTBa. J{ucaxapuanl — OecnBeTHBIE KPHCTAJLIH-
YECKHE BEMIECTBA, 9aCTO HE HMEIOMNE YETKOA TEMIEPaTyphl H JaBlie-
HAs, KaK OPABAJIO, XOPOMIO PACTBOPHMEIC B BOJC (ACKIIOUEHHE CO-
CTaBIfET JIAKTO3a), CIAJKHE HA BKYC.

Pa3mmuwaroT JBa BHAA JHCAXAPHIOB.

1. TIpocrrie 3¢uEph (r1EKo3mLD), 06pasyromuecs 3a CYET B3aHMO-
JeHCTBAA NOJTyalleTaIbHOTO FHIPOKCHIA OHOM H3 MOJIEKY]I MOEOCA-
Xapuaa H OZHOTO H3 CHEPTOBHIX THAPOKCHIIOB (YaIme BCEro y YeTBEp-
TOrO aTOMA Yrilepoja) APYrod MOMEKYIIH:

, CHOH , CH;0H
H S O_H

4 +
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Mounekyna obpasyromerocs OpE 3TOM [AECaXapHaa COAEPAKHT
OJIHH MOJIyaneTAJLHLIA I'AAPOKCHI H CHOCOOHa NEPEXOAHTH B AIHK-
JIH9ECKYIO aJbACTHARYIO (popmy. [lono6mbie mucaxapuasl cmoco6HEI
BOCCTAHABIHBATh Tak@e BemecTsa, kak Ag,O, Cu(OH),, 3a wro ux
HA3BIBAIOT 60CCMAHABAUBAIOWUMY CAXADAMM.

K soccmanasausaowum caxapam OTHOCATCA TaKkXe yesro6uosa
H AaKmo3a:

uenno6uosa nakrosa
CH,OH CH,OH CH,OH CH,OH
OH—0 H oH OH H OH
H 0 H H H
OH H OH H OH H OH H
H H : H H H H »
H OH H OH H OH H OH
ocTaroK OCTaToK ocTaToK oCTaToK
B -D-rnioko3b! B -D-rniokoab! B -D-rmiokoab B -D-rntoxoab!

2. IIpocruie 3¢EpE 06pa3yloTCs 3a CYCT B3aHMOJCHCTBHS ABYX
IONyaneTaNnbHLX IEAPOKCHIOB:

“CH,OH 1
HOCH, O H
.2 +H,0
“H,0
OH CH,OH

H OH OH H
o -D-rriokoaa B -D-thpykTosa
[}

CH,OH

5

caxapoaa

Hucaxapudsi smozo muna we darom peakywio «cepebpanozo 3ep-
Kasa» M HE BOCCTaHABIHBAIOT ruapokcua memm (II), mostomy ux
HA3b18A10M HE80CCMAHABAUBAIOWUMY CAXAPAMU.

Hucaxapuasl, kKak H MOHOCaXapHihl, CHOCOOHKI 06pa3oBHIBATHL
HPOCTHIE B CIOXEHHE DHPHI.

XapaxTepHO# 0COOEHHOCTBIO AUCAXaPHIOB, KaK H APYrHX MHOIO-
ATOMHEIX CIHPTOB, SBJISETCS HX CIHOCOOHOCTHL B3aHMOACHCTBOBATH
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¢ raapoxcagamu MerauioB — Ca (OH),, Cu (OH), ¢ obpazoBammem
XOpOIIO PACTBOPHAMEIX KOMILIEKCHBIX COEJHHEHHAH caxapaTos.

B xucnoii cpefe AECaXapHALl JIETKO THAPOIA3YIOTCH ¢ 06pa3zona-
HMEM OJHMEAKOBHIX (MannbTO3a, HeJUI00H03a) HIM pa3mAYHBIX (Tax-
TO3a, CaXapo3a) MOHOCAXapHAOB, HAIPHMED:

CH,OH CH,0OH
H O 0 H O _oH .,
H H J_—A"
OH H OH H
OH H H
H OH H OH
uennobunosa
CH,0OH CH,OH
H O OoH H O_ oH
-_— H
OH H + OH H
H OH H OH
B-D-rnioxo3a B-D-rnioxosa

ITpumenenme. Caxapo3a siBNsZeTCA OJHOM M3 BaXHEHINMX HPOIYK-
TOB NOHTAHHA, NIHPOKO NPAMEHAECTCH B NHINCBOH H KOHIMTEPCKOH
OPOMBIILIEHHOCTH.

JlakTo3a HaxOMUT NPHMEHEHNE MIPH M3TOTOBJICHHH JIEKAPCTB, TaK
KaK y ee HOpPOIIKa OTCYTCTBYET THIPOCKOIMYHOCTD,

ManpTo3a OPAMEHSETCH B MHKPOOHOJIOrHYECKOH NPOMBINLIEH-
HOCTH.

§ 31.4. Ilomcaxapuas

IToaucaxapudamu Ha3HBAIOT IPHPOAHEIE BEINECTBA, COCTOMINME
3 OOJIBIIOro 4YMCiIa OCTATKOB MOHOcaxapumoB. OOmas cdopmyna
IIOJIICaxapuIoB, 06pa3oBanHbix ocraTkaMi neHTo3 (CsHz0,),, rekcos
(C5H1005),,, rpe n= 103 — 105

Hawm6oplnee pacnpocTpaseHAe H 3HAYCHAS HMEIOT IPOH3BO/IHBIE
[TIOKO3BL Kpaxmall H IeJlII0J103a.

Kpaxman sBnsieTCsE OCHOBHBIM KOMIIOHEHTOM . Kaprodens
(20 — 24%), xyxypy3sm (50 — 70%), mmenmnm (=70%), puca
(~80%) u T. &

Ilennon03a sBnsieTcs rjaBHOM COCTABHOM 4YacTBIO ApPEBECHHBI
(= 50%), neea (~80%), xnonka (90 — 97%) u t. 1.
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Kpaxmaa — 6enniit nOpomox, HePaCTBOPHMEIHA B XOJIOMHOM BOJE,
B ropsdeil Boae Habyxaer, o6pa3ys kpaxmanbaeni Kieiicrep. Kpax- .
MaJj COCTOHT M3 IBYX bpaxmmit: amusosei (15 — 25%) m amusonex-
muna (75 — 85%). '

Amunoza npenctasnsier cobol NTEHCHERI OHONOIAMED, IEOL KO-
TOPOro COCTOHT H3 OCTATKOB INIIOKO3bl, COCAHHEHHBIX depe3 KHCIIO-
POIHBIE ATOMBI B OJI0OXeHHH 1 1 4:

*CH,OH

*CH,OH

*CH,OH

OrHOCHTENIPHAS MONEKYNIApHas Macca amMmiao3nl ot 150000 mo
500 000 a.e.M. B 3aBHCEMOCTH OT BH[a PACTEHHA.

Amunonexmun npencrabigeT coboit GmomonEMep € pa3BETBICH-
HOM IEmbI0, COCTOAMEH H3 OCTATKOB INIIOKO3BI, COCIMHEHHKIX Yepe3
KHACJIOPOJHBIE ATOMEI B IOJIOXKECHEAH | — 4\ 1 — 6:

°CH,OH

OTHOCHTEIbHAS MOJIEKYJISIPHAS MACCA AMHJIONEKTHHA COCTABIIACT
IOpAAKa MHIJUTHOHA a.€.M. B 3aBHCAMOCTH OT BH/Ja PacTEHHA.
XapakTepHbIM NPA3HAKOM Kpaxmala SIBJISETCS ero cnocobHOCTh
B KHCJIOM Cpeie WIM B NPHCYTCTBHH (epMEHTOB TI'HIPOJIA30BATHCS.
CxeMaTHYECKH 3TOT OPONECC MOXHO IPEACTABATH CICAYIOIIHM 06-
pa3om:
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H,0 H,0 H,0
Kpaxman ——— Jlexctpgr ——— Mamto3a ——— a-D-I''moxo3a
(Cet11005)x (CeH1604)x C12H;,04, CeH 1,0,
TAe x<n
+

H
(CsH 1505)n +nHz0 —— nCqH 1205

Kpaxman He JaeT peaknuio «cepeOpAHOro 3epkajga» H HE BOC-
crapapimBaeT raapokcHn Mead (II) m3-3a odeHL HHM3KOH KOHIICHT-
PalHA NOJyameTabHEX 'EJAPOKCAIIOB B pacTBOpe' (CM. CTPYKTYpPHYIO
dopMyny xpaxmana). Hajmqse 3HAYHTENLHOTO YHACIA CIOHPTOBBIX
TEAPOKCHIOB OOBICHIET CHOCOOHOCTE Kpaxmana o6pa3oBRIBaTh Opo-
CThIe H ClIOXHHIE 3duphl. XapaxTepEbIM CBOMCTBOM Kpaxmana (Bep-
HEe, €ro COCTABHOM YaCTH aMHJIO3HI) fBJEETCE 0Opa3oBaHHe C pac-
TBOPOM HOAA KOMIUIEKCA, HMEIOMIEro CHHIOIO OKPAcKy.

ITony4aroT KpaxmMan H3 DPHPOAHLIX KPaxMajlOCOACPXANIHX IPo-
IOyKTOB, YalIle BCero kaprogeis B KyKypy3bl.

Kpaxmay mMHEpOKO HCIOJb3YETCH B Ka4eCTBE HPONYKTA NHTAHWS
H KaK CHIpbe JUIf NPOM3BOACTBA III0K03kl. Kpaxman maxomaT mmpo-
KO€ IPAMCHEHHE B IHINEBOH, KOBAATEPCKOH, OyMaXkHOM H TEKCTHIIb-
HOH# NPOMBLIIUICHHOCTH H B IPOH3BOJICTBE ITHIOBOTO COAPTA.

Ileamoao3za — Genplii BONOKHHCTHIH MATEpHAll, HEPACTBOPHMEIH
B BOJE, HO pacTBOPHMEIH B aMMHa4YHOM PacTBOpe FEAPOKCHAA Me-
mu(II) (peaxtms Isefinepa). [lns meTionosbl, Tak Xe Kak H Ui
Kpaxmajia, H3BECTHO TOJBKO TBEPAOE COCTOSHHE, OHA HE ILTABATCH
A TeM Gonee Be HCHapsieTcs, a OpH JOCTHXKCHHH TemuepaTypr 350 °C
HavymHaeT obyrmmBaThes. Llenmonosa mMeer Takoi Xe 3JeMEHTHBIH
COCTaB, KaK H Kpaxmall. Pazauuue mexcoy yeas04030ii u Kpaxmarom
3aKJIOYAETCH B TOM, 49TO:

1) B nepBOM CiIyuae OCTATKH I'/IIOKO3bI COSAMHEHR f-ITHKO3HIHOM
CBA3bI0, 4 BO BTOPOM — O-TJIAKO3HHOM CBSA3bIO;

2) B ciyvae DEJUIIONO3R MOJIEKYJa HMeeT JHEHEHHyI dopmy,
a B ciy4ae Kpaxmana — GopMy TpPeXMEPHOH YaCTHIbL.

®parMeHT JHHCHHON CTPYKTYpHI LEJUIIONO3LI BRITISAMT CIEXY-
roruM obpazom:

CH,OH CH,OH

Monekynspaas macca neamono3s ot 106 mo 10% a.em.
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Hanpume 3Ha9mMTEILHOrO YACIA CHHPTOBBIX THAPOKCHIOB OOBsC-
HSAET COCOOHOCTh LEJLUIONO3KI OOpPa3OBHIBATL HPOCTHIE (METHIINEN-
g:;nosa) H CIOXHHE (HHTPOLE/UII0J03a, AlEeTHINE/UII0N03a H Ap.)

HPHL.

Tak xak KaXgoe 3BEHO MOJIEKYJH HEJUIIOJIO3R COACPKHT TPH
THAPOKCHJIbHBIE IPYNIKLI, TC BO3MOXHEIE €€ CIIOKHEIE 3QHPH C a30T-
HOH H YKCYCHOH KHCIOTaMH MOXHO BHIPAa3HTh CIeAyIOIEME (op-
MyJIAMH:

[CcH,0,(OH),0NO,},  [C;H,0,(0H)(ONO,),l,  [CcH,0,(0ONO,),l,
MOHOHHTPONE/LTION032 IIEHATPONEILTION032 TPHHATPOLELTON03a

[CeH,0, (OH),0COCH;},  [C¢H,0,(0H)(OCOCH,).]l,  [C¢H;0,(OCOCH,)sl
MOHOAIETINEIUTION03a MANETH/EIUTON032 TPHANET/IIEIUTONO03a

Hemmono3a, mogo0HO KpaxMmally, B KBCJIO#R cpejie rEIpOIH3YETCS.
CxeMaTHYECKH 3TOT IPONECC MOXHO IPEJCTaBHTH CIEAYIOMHM 06-
pasoMm:

H,0 H,0 H,0
Lewmnonoza ——— Ammnomn ——— lemwiobuoza ——— I'moxosa
(C6H1005)n (CeH 405)x C1,H;,04, C6C1206
x<n

ITony4aroT mEJUIFOJIO3y OyTEM «Bapkd» (HarpeBaHHe IOJ HaBle-
HEEM) H3MEJILYEHHOM [APEBECHHB C THAPOCYIbGHTOM KaabiEs
Ca (HSO,),.

Leiunono3a mHpOKo NpAMEHSETCH JJIA H3rOTOBJIeH s OyMarn, ee
aneTaTHhIE MPOM3BOJHEIC HCOOJIB3YIOTCH IUIA H3TOTOBJICHHS ILUICHOK
(meyutoan), TAKOB, HCKYCCTBEHHOTO INEJKa, HATPONPOH3BOAHBIC —
IUI M3rOTOBJICHAS HATPOJIAKOB, HELTYJOHAR H Oe3ALIMHOrO mOpo-
xa (TPHHETPOLEILIIOI03a —— MEPOKCHIAH). 3HAYMTENbHBIC KOJIHIC-
CTBAa NEUNIOJO3Rl HCHOOJBIYIOTCS [ OOJY4YECHHMS THAPOJHA3HOIO
COHpTA. :

I'xasa 32
AMHUHBI

§ 32.1. ITpenenbanie ampaTEYeCKHe AMEHLL

AMmunbl — OpraHgYecKHue OPOH3BOJHEIE aMMHAKa, B KOTOPOM
aTOMH BoAOpoAa (OAHH, ABA HJIA TPH) 3aMeIEHkl Ha YIrIeBOAOPOJI-
HEIE PaJHKAJLl. AMHHLI JEJIST Ha OEpBHYHLIE, BTOPHYHKIC, TPCTHY-
HEIE B 3aBUCHMOCTH OT TOrO, CKOJIbKO aTOMOB BOAOPOJAa 3aMEIIECHO
HA pajJHKalL

3N



RII
I
R—NH, R—~NH-R’ R-N-R’

NCPBETHLIC AMAHLI BTOPDHYHHC AMAHBI TPCTHIHBIC aMHHBL

CymecTByIOT TaKXe OpraHHYECKHE aHAJIOIH COJiel aMMOHHA — 3TO
verBepTHIELIE comd tana [R,N]TCl™.

B 3aBHCHEMOCTH OT HpPHPOALI PajJHKAJIOB, aMHHHI MOIYT OHITH
aympaTrieckaMHE (DpeaesbHbIMA B HenpeJeIbHbBIMH), IMKJIHYECKEMH,
apOMATHYECKAMH HUIH CMEMAHHLIMA (BXJIOYAIOMAMA PAJHKAEI Pa3-
HBIX KJIACCOB).

O6masn popmyina npeaensabx anudparadeckax amuaos C.H,, , 3N.

Crpoense. ATOM a30Ta B MOJIEKYJIaX AMHHOB HaXOJHTCA B COCTO-
sHER spi-ra6pumm3anuu. TpE m3 wernpex rEOpHAEEIX opbHTANEH
y9acTByIOT B oOpa3oBammE o-cBm3ei N—C m N—H, Ha 9erBeproit
OopOHTAH HAXOJHTCA HEMOJE/ICHHAas 3JeXTPOHHAas Ilapa, KoTopas
00yCIIOBITHBAaET OCHOBHEIE CBOMCTBA aMHHOB:

Rr

\
N :
RI'

IIpenenbHEBIE yIrieBOAOPOAHLIE pagHKalinl 061aaloT 371EKTPOHO-
JOHOPHEIMH CBOHCTBAMM H YBEIHYHBAIOT 3JCKTPOHHYIO IUIOTHOCTH
Ha aTOMeE a30Ta, YCHIABAs TEM CAMBIM OCHOBHBLIE CBOMCTBAa aMHHOB.
Bropuusbie aMMBEI — 6oJiee CHIBHBIE OCHOBAHHAS, €M NEPBHYHEIC,
TaK Kak JBa YIIEBOAOPOAHHX pajHKaja CO3JJal0T HA aTOME a30Ta
60JIbIIYIO 3JIEKTPOHHYIO IUIOTHOCTB, 1€M OZHH. B TPETHYHHIX aMHHAX
BaXHYK) pOJib MIPacT NpPOCTPAaBCTBEHHENA (GaxTop: TpH paadkana
3aropaXxHBalOT 3JCKTPOHHYIO Hapy 4TOMA a30Ta M 3aTPYAHAIOT ee
B3aHMOJICACTBHE C APYTAMHA MOJIEKYJIaMH, IO3TOMY OCHOBHOCTb Tpe-
THYHBIX AMHHOB MEHBIIIE, YeM IIEPBHYHLIX HIH BTOPHYHEIX.

WN3omepas aMAHOB CBA3aHA CO CTPOEHHEM YIICPOIHOrO CKENETa
H IoJIokeHAeM amuHOrpynnel. KpomMe Toro, nepBavebIe, BTOPHYHEIC
H TPETHYHHIE aMHHBI, COACPXKAIAE OJHHAKOBOE YHCIIO ATOMOB YIJIe-
poaa, H30MepHH MeXnay co6oit, Hanpumep: :

CH,—CH,—NH, CH,—NH—CH,
3THJIAMHH JHAMETHJIAMHAH

Hassarus aMMHOB OOHIYHO 00pa3yIOT, MEPEYHCIAS YIIEBOAOPOA-
HBIE pagdKkaibl (B andaBHTHOM IOpsiAKE) B N00aBIss OKOHYAHHE
-amuH, HaIpUMED:
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C,H,—NH, CH,—NH-C,H, (CH,),N
3THIAMHH METHIITRJIAMHH TPHEMECTHIIAMAH

Pu3nvecKHe cBolicTBa. MeTHIaMHMH, JUMETHIAMEE H TPHMETHII-
aMHH — ra3bl, CpeJHEE WICHH aJA(PaTHYeCKOrO psAaa — XKHIKOCTH,
BLICIIAE — TBEPJbIC BemecTBa. Mexay MOJIEKyJJaMH aMBHOB B XHJ-
Ko ¢aze obpasyrorcs cnabrle BOXOPOAHEIE CBS3H, MO3TOMY TEM-
OepaTyphl KANCHHS aMHHOB HECKOJIbKO BHINIE, Y€M Y COOTBETCTBY-
FOIIHUX YIJICBOJJOPOJOB.

Amuan Takxe o6pa3yroT cnabrle BOJOPOIHEIE CBS3H C BOJOI,
OO3TOMY HH3IIME aMHHHI XOPOIIO PacTBOPEMH B BOAE, IO Mepe
pocTa yriaepoJHOrO CKelleTa PacTBOPEMOCTh B BOJE YMEHBIIIAETCH.
Huzmme aMARKI AMEIOT XapakTepHEIM «PRIOHLIN» 3anax, BHICIIHEE HE
HMEIOT 3amaxa.

IToayuenne. 1. OcHOBHO# cOCOO NOJY4ECHHS AMHHOB — QAKUAU-
Pposanue ammuaxa, T. €. 3aMEIMIeHAe ATOMOB BOJIOPOAA HA YIJIEBOHO-
pOAHEIE pAAKATILI, KOTOPOE IPOHCXOJHT HOPH HATDCBAHHH AJIKHII-
TaJIOTEHAAOB C aMMHAKOM HOJ JABJICHAEM:

CH;3Cl1+2NH; - CH3NH, +NH,Cl

IIpu H30EITKE aJKAITAJIONEHRAA NOJYICHHBM NePBAYHEIA AMHH TaK-
XK€ MOXKET BCTYHIATh B PEaKOHIO aNKHIMPOBAHHMSA, NPEBPaasch BO
BTOPHYHEIA MM TPETHYHLIA aMHAH, HAIPHAMED:
CH.Cl+CH3NH, - (CH3),NH,*Cl~
2CH;Cl+CH;NH; — (CH3);NH *Cl~ + HCl

IIpakTHyeckd B Takmx peakiidsax NOJY94AeTCHs CMECh CONeH mepBHY-
HOro, BTOPHIHOrO H TPETAYHOTI'O aMHHOB, H3 KOTOpO# aMHHEI BBIIC-
JISIOT NOA ACHCTBHEM INEJIOYHA H pPa3Ae/IIOT OyTeM INePeroHKH.

2. IlepBHYHKE aMHHLI TaKXe HOJYYAIOT 80CCMAHOBACHUEM HUM-
PpOcoeduneHuil Io cxeMme:

RNO, +6[H] - RNH;+2H,0

Jns BOCCTAHOBICHHS HCHOOJBL3YIOT CyIb&HI aMMOHHS (peakyun 3u-
HUuHa):
RNO; +3(NHy),S - RNH; + 3§+ 6NH; + 2H;0

[OMHK MJIM XEJEe30 B KHCIIOH cpele:
RNO;+3Zn + 6HCl - RNH; +3ZnCl, + 2H,0
aIIOMHMHHH B INECJ0YHOHR cpene:
RNO, +2A1+2N2OH +4H,0 — RNH, +2Na [Al (OH),]

WIM HEIOCPEeACTBEeHHO BOAOPOX B ra3oBo# dase.
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Xumudeckre cpoiicTsa. 1. Brnarogapsa HaMYHIO 3JIEKTPOHHOH Da-
phl Ha aTOME a30Ta, BCe AMUHBI 00IaJJaI0T OCHOBHbIMU C80licmaamu,
opEYeM anrdaTHIecKHe aMHHEI — §ojiee CHIBHBIE OCHOBAHHS, YeM
aMMHaK.

Boannle pacTBOpE aMHHOB MMEIOT IIEIOYHYH) PEAKIIHIO:

RNH,+H,0 2 RNH3;* +OH~

Bnar oJaps 3TOMY pacTBOPEI aMHHOB, KaK H aMMHATHAST BO,!Ia MOryT
oCax/JaaTk HEKOTOPBICE META/UIBI H3 PACTBOPOB HX COJ'IEH B BHIC
HCPAaCTBOPHMEIX FHAPOKCHAOB, HAIIpAMED!

FeCl3+ 3 (CH3),NH + 3H,0 =Fe (OH)3| + 3[(CH3),NH,] Cl

910 — obMeHHas peaxnds, B KOTOpoH Oonee CHILHOC OCHOBAHME
BHTecHsET boee cnaboe u3 ero conm.

Bce aMHAEEBL B YHCTOM BHAE HIH B PacTBOPaxX B3aHMOACHCTBYIOT
¢ KACIOTaMH, 0bpa3ys coym, KOTOpHIE SABISIOTCA aHAJIOraMH COJIEH
aMMOHHS:

CH;NH;+H,80,4 - [CH3NH3] HSO,
2CH,;NH, + H;80, - [CH;NH;1,804
CgHsNH; + HCl1 - [CgH sNH;3] Cl
Conn aMHHOB — TBEPABLIC BEIIECTBA, XOpOIIO pACTBOPHMEIC B BO-
J€ H IUI0OXO PACTBOPHMEIC B HCIONAPHLIX OPraHAYECKHX PACTBOpPH-

Tensx. Ilenodu mpeBpammaroT COIMM aMHHOB B CBOOOJHBIE AMHHKI
noao0HO TOMY, KaK M3 CoJiell aMMOHES ILEJI09H BHITECHAIOT aMMHAK:

t
[CH3NH3] C1+NaOH - CH3NH,t+NaCl+H,0

2. IlepBauHble H BTOPHYHBLIE AMHHBI PEardpylOT C a3zomucmoil
Kucaomoti, obpa3syromeiics npH 1o0aBICHAM HHTPHTA HATPHS K pa3-
0aBreHHOHN COJIIHOM KHCIOTE:

NaNO, +HCI ~ HNO, + NaCl

IlepBryHBIE aMHAHKL DO ACWCTBHEM a30THCTOH KHCIOTHI IpEBpa-
MJAIOTCA B COHPTHI:
RNH;+HNO; - ROH +N;1 + H,0
IIpoMeXyTOYHBIM COCHHEHHEM B 5TOH pPEaKiHH SBJISCTCH HEYCTOM-
YMBEIA HOH qua3omEus [R —N=N]*.
Bropuysbie aMHHBI C a30THCTOM kucioTod naroT N-HATpO3aMu-
Hbl — MACJISHHACTHIE KAAKOCTH C XapaAKTEPHLIM 3aI1aXOM:

R,NH+HO—N=0 -R,N-N=0+H,0
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Tpernunnie anmpaTHIecKHe aMHEHEBI C a30THCTOM KHCIOTOH He
pearmpyioT. TakaMm 06pa3oM, a30THCTas KHCIOTA — PEAreHT, 103BO-
JISIOIEA ONpeAeasTh THI aMHHA.

3. Amunnl, nono6HO aMMBaKy, MOryT o0pa3OBLIBATL KOMNAEKC-
Hble coeduHenus C NEPEXOMHEIMA MeTAaJUIaMH:

Cu?* +4CH;NH; =[Cu (NH,CH;3),**

Henopenennas napa 3;1eXTPOHOB aMHMHA B 3THX KOMILIEKCAX 3aHH-
MaeT cBo60HYI0 OPOHTaIL BO BHEIIHEM CJIOE nen'rpa.m,noro aroma,
obpa3ys JOHOPHO-aKNEOTOPHYIO CBA3b.

4. Ilpn cropaEmm aMEHOB OOpa3ylOTCH YIJIEKHCIHH ra3, as’oT
H BOAA:

4C,Hyp ; 3N +(6n+3)0;=2N; +4nCO; + (4n +6)H,0

Ota peakmus OTIMYAET aMHHELI OT AMMHAKa, OPH CrOPaHHA KOTOPOro
ge obpasyerca CO,.

Ilpamenenme. Hu3mme anudaTHUecKHe aMAHLI HCIONB3YIOTCSA IS
CHHTE3a JIEKapCTBEHHRIX CPEACTB, IECTHIHIOB H IJIACTMACC.

§ 32.2. Ammn

Anuaun (permnamun) CHNH, — ponoragansEEk Kiacca apo-
MATHYECKHX aMMHOB, B KOTOPHIX AMHHOIpPYymna HEOOCPENCTBEHHO
CBA3aHA ¢ OGEH30JBLHRIM KOJBIOOM. OTa CBA3b NPHBOAHT K BaKHBIM
CIeICTBHSM.

Crpoenme. Henonenennas 371eKTpOHHAs Iapa aToMa a3oTa B3a-
HMOJICHCTBYET C 7-3JIEKTPOHHOM CHCTEMO¥ OEH30IBHOTO KOJIBIA.
Jangoe B3amMOAEHCTBHE MOXHO ONMCATh CIEAYIOIAMH CTPYKTY- .

pam=:
:NHZ ) N+H2 NH2

OTH cTPyKTYpHEIE GOPMYILI IOKA3KIBAKOT, 9TO AIEKTPOHHAS Mapa:
a30Ta BTATHBaeTCA B OEH30/IbHOE KOJIBIO, IPH 3TOM Ha aTOME a30Ta
HOSBJISIETCSA JACTHYHBIA MOJIOXATEIbHRIA 3apsl, H OCHOBHbIE CBOMCT-
Ba aMMHOTpYINR yMeHbINAaKwTCs. B 6eH30nbHOM KOJIBIE, HAPOTHB,
3JIEKTPOHHAS IUIOTHOCTh YBEJIHYHBAETCs, IpHYeM Hambosee CHIb-
HO — B NOJOXEHHMAX 2, 4 m 6 (opmo- M napa-) mo OTHOIIEHHIO
K aMHHOTpynme. DTO 03Ha4aeT, YTO aMHHOTpynna npH GeH3onbHEOM
KOJIbLIE — OPHEHTAHT 1-ro poaa (opmo-napa-opuenram)
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ITpuBeeHERIE BRIIE CTPYKTYPHBIE HOPMYIIEI MOXKHO ob6beEEATH
B OJHY, B KOTOpOil CMCOICHHE 3IEKTPOHHOM IIIOTHOCTH (+ M-3ddext
rpymnsl NH;) B306paxkeno crpenkaMu:

CINH,
e

v

du3pvecKure cCBOHCTBA. AHHIIRH — OecrBeTHAs MACIISHHACTAS XHA-
KOCTb, HEMHOTO TSXeJee BOJLL, MaI0 PaCTBOPHEM B BO/IE, PACTBOPHM
B 3THIIOBOM CIHPTE H B OeH30II€.

IToxyuenme. OcEHOBHO# cnoco6 NOIYYCHAS aHHIIHHA — 80CCMAHO-
énenue Humpober3osa. B NpOMEINIICHHERIX YCIOBRAX BOCCTAHOBJICHAE
OpoBOAAT BogopoaoM npH 250 — 350 °C sa HEKeneBOM MM METHOM
KaTaJmM3aTope:

CeHsNO, +3H; - CgHgNH, +2H,0

B nabopaToprm Ui 3TOH Nend HCOOAB3YIOT AHK B KHCIIOH cpene
HAJIE ATIFOMHMHH B IMEJIOMHOH cpese (peakE| — CM. BHIIIE DOIyYeHHE
aMAHOB). B moclemHEX [BYX peakmuiax peaIbHBId BOCCTaHOBH-
Teb — BOAOPOA B MOMEHT BBIAC/ICHHS.

Xuvuveckre cBoiicrsa. 1. Ammnar — ropasgo 6oxnee cnaboe oc-
HOBaHHE, YeM alIH(AaTHAYeCKHEe aAMHMHBI. JTO OOBIACHSAETCA TEM, 9TO
37eKTPOHHAS Mapa aToMa a30Ta, KoTopas 00yClIOBIABAET OCHOBHBIE
CBOMCTBa AMHHOB, YaCTHYHO CMEINASTCH B OEH30IBLHOE KOJIBIO.

ABHAIHE Pearapyer ¢ cuabHbiMu Kuciomamu, 06pasys conn penn-
ammonus CgH;NH,;*, xoToprle XOpomo pacTBOpHMEI B BOAE, HO
HEPACTBOPHMBI B HENOJNAPHLIX OPTraHAYECKHX PACTBOPHTENNAX!

CgHsNH,+HCI - CqHsNH;Cl

2. AHAIAH BeCbMa aKTHBEH B PEaKNHIX 31eKmpoguibHozo 3ame-
wenus B OEH30NBHOM KOJIbIie. DTO OOBSCHAETCH 3JIEKTPOHOIOHOD-
HbBIMH cBo#icrsamu rpymnsl NH,, xoTopeie OIpHBOAST K YBEIHICHHIO
3JIEKTPOHHOM ILIOTHOCTH B KOJIBIIE.

AHHIIMH Jlerko OpoMmpyeTcs Naxe noj AedcredeM GpOMHOM BO-
IBI, naBas Genwrit ocanok 2,4,6-1pubpoMaHAIMEA:

*»
NH, NH,
Br Br
+ 3Br, —— + 3HBr

Br
2,4,6-TpnbpoMaHnnmy
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C KOHNEHTPHPOBAHHOMK a30THOM KHMCIOTON aHHIHH PEArHpYET CO
B3pPLIBOM, IO3TOMY HENOCPEACTBEHHOE HATPOBAaHAE OCYINECTBHTH HE
yaaercss. MoxHO, ojHako, Ha BpeMsi peaknHH 3aIATATbL AMAHOTPYII-
1y, €CjIA Iepe]] HATPOBAHHEM NOPEBPATHTL €€ B aMEAHYIO rpyrm
—NH —-CO~— CH;, a nociie HATpOBaHAS IHAPOIA3OBATh AMHJ C O
pa3oBaHAECM HCXOJHOM aMHHOIpymmhl. /laHHAA HOCNENOBATENLHOCTH
peaxknEi NPABOIAT K IPEeAMYMECTBEHHOMY OOpa3oBaHHMIO 4-HHTpO-
anAJIAEA.

3. Ilpr peaxnumpg aHWIMHA C AzomMucmoil KucAomoti oGpasyxorcx
aHasocoeaHeHns: — conn arazonpms CH N

CgH3sNH; +NaNO,+2HCl — [C¢H s— N=N}*Cl~ +NaCl+2H;0

Jaa3ocoequHEHAs MOXHO BBHIJCJHAThL B BHJAC KPHCTAJUIHYECKHX,
JIETKO B3pHIBAKOIIHEXCA BemecTs. Biarozaps cnoCOOHOCTH AHA30HH-
€BOM IPYIOEL JIETKO 3aMeIAaThC HA ApYyrue QyHKIAOHANLELIE Ipyn-
OBl, 3TH COEJHHEHHS IIAPOKO HCHOJIB3YIOTCS B OPraHHYECKHX CHH-
Te3ax. Bo MHOTEX CiydYasix MOXHO HE BHLAC/IATh AHA30COCAHHCHHS
B KPHCTAJUIAYECKOM BHJIE, 3 ACHOJIL30BATh HX CBEXKEIPHI OTOBJICHHRIE

pac'rm:)‘gll;rn.Jl
HH JIETKO OKUCAAEMCA PA3AUUHBIMU OKUCAUMEAAMU C 06-
Pa3sOBaHHEM psfia COEAMHCHHMA, IOITOMY OH TEMHEET IPH XPAHCHHH.
Ilpm peiicteam xnopsoi misectn Ca (Cl)OCl ma BogBHIE pacTBOp
aHWJIAHA NOSBISETCS HMHTCHCHBHOE (DHOJIETOBOS OKpAlIMBaHHE.
OT0 — Kauecmsennas peakyus Ha aHWIIHH,

Ilpamenenne. OcHOBHaAs 06J1acTh IPAMCHCHHAS AHWIHHA — CHHTE3
KPacHTeJIeH H JIeKapCTBEHHRIX CPEICTB.

I'anasa 33
AMMHOKHMCIOTEL ITEIITU Ibl. BEJIKU

§ 33.1. AMEHOKHCIOTR

MHorae 6HOIOrHYECKA AKTHBHEIE MOJIEKYJIB BKIFOYAaIOT HECKOMIb-
KO XHMHYECKH pPa3HYHLIX (yHKOMOHAIBLHRIX TI'pPyON, CIHOCOOHBIX
K B3aHMOJEHCTBHIO MeXJy co0oii mmH ¢ GyHKIAOHAILHEIMA Ipyn-
IAMHE JpYrEx Moiekys. OquE 3 OpEMEpOB — MOBOCaxXapHIHL, B CO-
CTaB KOTOPHIX BXOHAT HECKOJBKO THAPOKCHIBHBIX TPyl H OJHA
kapOounnbHas rpymna. pyroii BaxHeii npamep O6mdyHKIHOHAIL-
HBIX OPAPOAHLIX COEAHHEHHH — AMHUHOKHCIJIOTHI.

AMHHOKHCIIOTH — 3TO Opranmdeckde OHGYHKOIHOHATIBLHBIE CO-
e[MHEHHH, B COCTaB KOTOPHIX BXOAAT KapOOKCHIbHAs rpymona
—COOH u amunorpynma —NH,. B 3aBHCEAMOCTH OT yAaJIEeHHOCTH
AMHHOIPYIIE OT KapOOKCHILHOM rpynmsl pa3jM4aoT o-, f-, y-amMa-
HOKHCIIOTHL B T. A. Krnaccabuxamus amMHEHOKMCIOT OHpPEACIAeTCs
aTOMOM yIrjepoAa, CBS3aHHOIO € AMMHOIpyOHOR: Ommkadimmi
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K xépﬁoxcmnoﬁ rpynme aroMm yriepoaa obo3zmadaercs Gyksoi a,
cnexyromuit — GykBo#t f u T. I.:

B « B '3
CH,—CH—-COOH CH,—CH,—COOH
I I

NH, NH,
0-aMAHOIOPONHMOHOBAS  f-aMAHOIPOMEOHOBAS

KHECIOTa KHACNIOTa

M1 OyaeM pacCMATpPHBATE TONLKO O-AMUHOKUCAOMbI, IHOCKOJIIBKY
JpyrHEe aMHHOKHCIIOTHLL 8 Npupooe He 6CMpeudaiomcs.

B cocraB 6eixoB BxoaaT 19 aMBrBOKHCIOT B OAHA MMHHOKHCIIOTA.
Bce npEpofHEE AMHHOKHCIIOTH HMEIOT TPHBHAIbHEIE HA3BAHAL.

IIpocreiilnas aMAHOKHCIIOTa — IJIAINEH (aMHAHOYKCYCHAas KHCJIO-
Ta). OCTaibHEKIE OPHPOAHBIE AMMHOKHCJIOTH MOXHO pa3feiHTh Ha
CNeAyIoHe OCHOBHBIC I'PYIIIBI:

1) romonorn rimEnAAa;

2) cepocoepkamue aMEHOKHCIOTHI,

3) aMHHOKHECIIOTH ¢ aA(aTEYeCKOH rEJPOKCHILHOM rpynmoi;

4) apoMaTHYeCKHEe AMAHOKHACIIOTHI;

5) aMHBOKHCIOTHI € KECIOTHBIM PajlHKAJIOM;

6) aMAHOKHCJIOTHL C aMHHOH rpynnoi;

7) aMHHOKHACIIOTH C OCHOBHLIM PaJHKAJIOM.
3 lI-chcoropx.m OPEJCTABUTENH 3THX IPyIN IEpPEUMCICHHI B Tabu.

Ta6Gnana 33.1. IlpeacTaBATEIN OCHOBELIX KJIACCOB
OPEPONEIX o-aMEEOKECIOT ofmel opmymsa
H,N- ?H—-COOH

R

AwmmBaOXHECIOTS O6o3raveHAR -R MO;:;{:I;;:H“
Tnames Gly (G) |-H C,HNO,
' AJIAHBH Ala (A) |-CH;, C3H,7NO,
Urcrenn Cys (C) |-CH,;—SH C3H;SNO,
Ceprra Ser (S) |—CH,—OH C3H.NO,
DenunaTaHAH Phe (F) |[—-CH,—CgHs CoH;;NO;
Taposar Tyr (Y) |—CH;—CgH,y—OH CsH;1NO;
Inyramuanosas Glu (E) |-CH,;—CH,;-COOH CsHoNO,
KBCIIOTa
JIasan Lys (K) |—(CH2);—NH; CeH 1«N;0;
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HMsomepnn. Bo Bcex a-aMHHOKHCIOTax, KpoMe IJIHIHHA, 0-aTOM
yriepoJa CBA3aH C YeThIPbMs Pa3HHIMHA 3aMECTHTEIIAMH, IO3TOMY BCE
3TH aMMHOKHCIOTHI MOTYT CYIIECTBOBATh B BHAE ABYX H30MEpPOB,
SBJIAIOINEXCS 3€PKAJIbHRIMA OTPAXEHAAMHE ApYr aApyra. Kaxanii mao-
Mep OTHOCAT K D- win L-psxy B 3aBHCHMOCTH OT TOT'O, COBIAJAET
ero xoEpurypanmusa ¢ koEdurypamueit D-rnEnepaHOBOrO anbaeruaa
HIA HET:

COOH COOH
| I
H-C—-NH, H,N-C-H
{ {
R R
D-aMHEHOKHCTIOTH! L-aMHBOKHCIOTH

B cocras GenKOB AXMBOTHHIX OPraHA3MOB BXOJAT TOJIBKO L-ammHo-
KHCJIOTH.

@u3gvecKkne CBoiicTBAa. AMHHOKHCIOTH IPEACTABISIOT coboi
TBEp/ble KPACTAJLIAYECKHE BEINECTBA, XOPOIIO PACTBOPAMEIE B BOJE
H MaJIO PaCTBOPHMBbIEC B OPraHAMECKAX PACTBOPHTEIAX. MHOrHEe aM#-
HOKHCJIOTHI HMEIOT CIIAJKHH BKYC.

Iloxy4enne. OcEOBHEH cocob mOJTydeHAs AMAHOKHCIIOT — 3ame-
Wjenue amoma 2aA02eHa HA GMUHOZPYNNY B TaJIOTeHO3aMEMEHHBIX
KHACJIOTaX. DTOT cnocod aHANIOTHYeH HOJYYCHHIO aMHMHOB H3 aJIKHJI-
TaJIOreHANOB H aMMHAaKa. Braensmommiics npA 3aMelIcHAA rajore-
HOBOJODOJ CBS3BIBAIOT H3ORITKOM aMMHaKa:

Cl—CH (R)—COOH +2NH; — H,N— CH (R)— COOH +NH,Cl

XuMuveckue cBoiicTBa. AMAHOKHACIIOTHL — 3T0 OPraHMYECKAE aM-
doreprnie coemmmenns. OHH CONEPXAT B COCTABE MOJEKYNHL JBE
(GbyBEKIMOHANBHEIE I'PYIOH NPOTHBOIONOXKHOIO XapakTepa: aMHHO-
IPYINy C OCHOBHBIMHM CBOWCTBAMH M KapOOKCHIbHYIO IpyIIy C KHAC-
JIOTHBIMHM CBOWCTBAMHA. AMHMHOKHCIIOTH! PEArHPYIOT KaK C KuCAoOma-
MU, TaK H C OCHOBAHUAMU:

H,N — CH,— COOH +HCl - Cl[H;N — CH,— COOH]
H,N — CH,;— COOH + NaOH — H;N —CH,; —COONa +H,0
IIpa pacTBOpeHHMH aMHHOKHCJIOT B BOJE KapOOKCHIbHAs rpymna
OTHIEIIISET HOH BOJAOPO/a, KOTOPHIH MOXET IPHCOSIUHUTHLCSA K aMH-

Horpymne. Ilpu 3toM obpa3syercs éuympennas cob, MOJIEKYJla KOTO-
poii npencrasiseT coboil OHNONAPHLINA HOH:

H,N—-CH,;-COOH 2 *HsN—-CH;—-COO0~

KucnorHo-0CHOBHBIE MPEBpPALICHAS AMHHOKMCIOT B Pa3/IHYHBIX
cpenax MOXHO H300pasuTh Cielayromei obmel cxeMoid:
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*H,N—CH—CO00"
|

. R
: 1
+H,N-—(ITH—COOH = H,N—(llH —-COOH {2 H,N—?H-—COO‘
R R ' R
KHClIag cpena HefiTpaibHAg cpena ieJIOYHAs Cpena

Boaanle pacTBOphl aMHHOKHCIIOT HMCIOT HEHTpPAIbHYIO, M09~
- HYHO HJIH KHCIYIO CpeLy B 3aBACHMOCTH OT YHCNa (P)YHKOHOHAILHKIX
rpymn. Tak, riyraMmeEOBasi KHCIIOTa 00pa3yeT KHCJIHE pacTBOp (ABe
rpymn —COOH, ogsa —NH;), nu3mE — meno4so# (ogsa rpyn-
na —COOH, mse —NH,).

ITonobHO NepBEYHKIM aMAHAM, AMHHOKHCIIOTHI PEATHPYIOT ¢ d30-
mucmoil Kucaomoti, IpA 3TOM aMHHOTpYNIa NPEBpAaINaeTCs B I'AAPO-
KCOTpymmy, 3 AMAHOKHCIIOTa — B I'HAPOKCHKHCIOTY:

H;N—CH (R)—COOH +HNO, - HO— CH (R)— COOH +N,1 +H,0

AMHABOKHACIIOTH MOTYT PEArHpOBAaTh CO CrRupmamu B IPACYTCTBHH
ra3oo6pa3Horo xJ0poBOAOPO/A, OpEBPAMIAsACh B CIOKHLIA 3¢up (TO-
YHee, B XJIOPOBOJOPOJHYIO CONb 3dupa):

HCl ,
H,N-CH (R)— COOH +R'OH ——— H,N—-CH (R)—COOR’+H,0

Crnoxable 3pHpH aMHHOKHCJIOT HE HMEIOT OHIONSAPHOH CTpYK-
TYPHL B SBIAIOTCH JICTYYAMHE COCIMHCHAAMM.

Baxseitmee CBOHCTBO aMHHOKHCIOT ~— HX CHOCOOHOCTH K KOH-
nencamun ¢ o6pasoparneM nmenTuaoB (cM. § 33.2).

KavecTsenupie peakimd. ‘1. Bce aMAHOKHCIIOTE OKHCISAIOTCSH HUH-
2udpurom ¢ obpa3osanuem npodyKmMoa, OKpauleHHbLX 8 cute-ghuosemo-
8vlil yeem.

OH
OH
o
2. Tlpn BarpesanMH apOMATHYECKHMX AMHMHOKHMCIOT C KOHIEHT-
. PHpPOBAaHHOM a30THOH KHCIOTOM NPOHCXOAMT HHUTPOBAaHHE GEH30IIb-
HOro Koiiblla H o0Opa3syloTcs COeIHHEHHS, OKpAIlEHHLIE B JKEIThIA

nBeT. OTa peaknus Ha3hIBACTCH KCAHMONpomeunogoti (OT rped. KcaH-
TOC — XENTHIH).
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§ 33.2. Hemraau

Ilenmuds: — 310 IPOAYKTH KOHICHCAIHHA ABYX WM GoJiee Mote-
KyJl aMHHOKHCJIOT. J[Be MOJIeKyIsl aMHHOKHCJIOTH MOTYT pearapo-
BaTh JIPYT C JPYTOM C OTINEIUIEHEEM MOJIEKYJILI BOJLI B 00pa3oBanH-
€M OpOAyKTa, B KOTOPOM (parMeHTH CBA3aHH NEOTHIHOH CBS3bIO

' g 3

Py oy
P
-+H;N-CH-C—-NH-CH-C-OH+H0

TEOCITHY

ITosryuenBOE COeAMHEHAE HA3KBAIOT JANEONTHAOM. Moekyna manen-
THAA, KaK H AMHHOKHCJIOTHI, COAEPAKHET aMAHOIpYINy H KapOOKCHIIb-
HYIO I'pYyHIy H MOXET peargpoBaTh €e ¢ OQHOH MONEKYIOo# aMHHO-
KHCJIOTHL: :

Yy iR
H;N—CH-C—NH—-CH—-C-~OH+H;N—CH~C—OH -
AHNENTH

TYoOorY v
— H;N—CH—-C~NH—CH—C~NH—CH~—C~O0H+H,0

TpHEIenTHL

ITponyxr peaxnum HaskBaercs TpunentHaoM. Ilponecc mapammusa-
HHAS OCOTHAHOH Iemd MOXET NpOAOIXAThCH, B IPHHIMIE, HEOT PAHH-
YEHHO M OPHBOJHTHL K BEIMIECTBAM C OYEHb BRICOKOM MOJIEKYIAPHOH
Maccoil (Genkam).

DOopMyJInl HEOTHAOB OOLIMHO 3aMACHIBAIOT TaK, 4TO cBobonHas
ammHOrpynna Haxozmrca cieBa (Ha N-xoHme memw), a cBob6ommas
KapOokcmiabHas rpymoa — cuopasa (Ea C-xompe). OCHOBBas 49acThb
OEeOTHIHON NEeNH IOCTPOEHa M3 mOBTOpsIomuxcs ydactkoB —CH —
—CO—NH — u 6okoBrx rpymn R, R’ B T. 1. (cM. Tabu. 33.1).

CrpykTypy DENTHIOB, coAepXaumx OoJbIIoe YACIO OCTATKOB
aMHHOKHCIIOT, YA0OHO 3aIHCHIBATH B COKPAIIEHHOM BHJIE C HCHOJIb-
3opagHeM oOOo3Hauenmii, npuBeaeHERIX B Tabn. 33.1. Hampmmep,

CTPYKTYpY TE€TpamenTHAa
H,N-—- (fH —CONH -—(|3H—CONH —CH,—CONH— (l:H —COOH

CH,SH CH, CH,OH

I
CeHs

381



MOXHO W300pa3HTh B COKPAIIEHHOM BHJIE C HCIIOJIb30BAHAEM Tpex6y-
KBEHHBIX H OJJHOOYKBeHHBIX 0003HaYeHHH aMHHOKHCIIOT!

Cys— Phe—Gly —Ser mm CFGS

Xummaecxne csoiicrea. 1. IlenTEAb, TaK K€ KaKk H aMMHOKHCIIOTHI,
coliepXaT pa3Hule QYHKIHOHAIbHLIE IPYINLI B CKJIOHHE! K PEAKIHAM
coaeobpaszosanun. 1lpu nelicTBE Ha nDenTHAn pa3baBICHHBIX pac-
TBOPOB KHCJIOT HJIA INeo4edi 06pa3yroTcss COOTBETCTBYIONIAE COJIHA:

H,N—~ CH—CONH —CH - COOH +KOH -
I I
R R’
- H,N—CH— CONH — CH—COOK +H,0
|
R R’

H,N—CH— CONH — CH~ COOH + HNO, -

R R’
- [H,N- (iH —CONH - (‘iH—— COOH] NO,

'R R’

Ecmm papuxanst R, R’ B T. A. conepxaT KHCIOTHbIC HJIH OCHOBHBIC
ocTaTKH (Kax, HanpEMeEp, B JIM3WHE HJIH ITyTAaMHHOBOH KHCIIOTE), TO
OHH TakKXe MOTYyT BCTYIaTh B PeakimH coneoOpa3oBaHms.

KOHDEHETpEpPOBAHHEKE PACTBOPHL KHCIOT H INENIOYEH BBI3BIBAIOT
Pa3phiB OCOTEOHLIX CBSA3EH.

2. OcHOBHOE CBOMCTBO HENTHAOB — CnocobHocmb K 2udpoausy.
Ilpn FEOpomA3e DPOHCXOAHT MOJHOE HIH YACTHYHOE PaCHICIUICHHE
menTHAROM nemm B 00pa3yrorcs Oosee XOPOTKHE NENTHALI C MEHBINIEH
MOJIEKYJIIPHOR MacCOd WJIH 0-aMHHOKHCJIOTHI, COCTABJISIIOIIHE IEMb.
AHanH3 IpOYKTOB NOJIHOIO rHJPOA3a NO3BOJIAET YCTAHOBATH aMu-
HOKHCJIOTHBIH CocTaB menTa/a. 11osHel raApOIH3 NPOHCXOAHT LpH
JUIHTEILHOM HATPEBAHHH LENTHAA C KOHIJEHTPHPOBAHHOH CONAHOW
KHCJIOTOM:

H,N—CH-CONH-CH—-COOH +2HCI+H,0 —»
R R
-+R—-CH-COOH +R’'—-CH-COOH
NG N,a
Ilonnemi rugpoOIA3 NENTHAOB HeGosbmoro pasMepa MOXeT Ipo-

KCXOJ.IHTI: H OO AcHCTBHEM KOHIICHTp!IpOBaHHHX pacTBOpoOB IIIE-
JIOYeH:
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H,N—CH-CONH-CIH-COOH +2KOH -
I

R R’
—»H,N—(I:H-—COOK+H,N—(IIH—-COOK+H,O

R R’

ITocnenoBaTenbHOCTh AMAHOKHCIIOT B ENH MOXeT OHTHL yCTaHO-
. BIEHA IyTeM YaCTHYHOIO rEApoim3a nenruxa. s aToro Heobxonm-
MO IOCJIEROBATENBHO, OJHY 3a APYroHf, OTIIEIUISTh AMHHOKHCIOTHI
OT OJHOTO H3 KOHIOB ICIIH H YCTAHABJIHBATH HX CTPYKTYDY.

I'maporms menTHAOB MOXET NPOHCXOAHMTh HOA AeicTBHEM dep-
MeHTOB. DepMEHTATHBHLIA THAPOJHA3 BakEH TEM, YTO IIPOTEKAET
ceAeKmusHo, T. €. IO3BOJIAET PACINEIUIAThL CTPOro onpenenenme
Y4aCTKH OCOTHAHOHR NemH.

§ 333. Bemcu

beaxu — 310 mpHpOAHLIE ONMHNCHTHALI C BHICOKAME 3HaY¢HHAMHA
Moexynspao Maccul (oT 10000 xo necaTkoB MRILTHOHOB). OHE
BXOAST B COCTaB BCEX XHBHIX OPraHH3MOB H BLINIOTHAIOT pa3H0006-
pasanie 6Hooradeckae GyBEKIHA.

. MOXHO BHICIIHTD YETHIPE YPOBHS B CTPOCHAM MOJIHIICH-
THAHOX nemm. Ilepeuunas cmpykmypa 6eaxa — 3TO KOHKpETHas HO-
CIICAOBATEILHOCTS AMAHOKHCIIOT B IOJAOENTHAHOR nerm (puc. 33.1).

IlenTAaEas nens EMEET JIHHEHHYIO CTPYKTYPY TOJBKO Y HeGonb-
moro mcaa 6enxos. B GonpmmEcTBe 6eNK0B NENTANHAS NeNb onpe-
JeJICHERIM 00pa3oM CBEpHYTa B IIPOCTPAHCTBE.

Bmopuunas cmpyxmypa — 310 XoHbOpMAIMs DONMOCHTHAHOM
OeOH, T. €. conocobd CKpyuMBaHHA LHEOM B IPOCTPAHCTBE 3a CYET
Bojopoaskx cBa3eil Mexay rpymmamu NH m CO. CymecrByer asa

OCHOBHBIX cpmocoba yknagks nenm — a-CoHpaIs (pc. 33.2) n
B-ctpyxtypa.

B a~cmEpaym Ha OZHOM BHTKE YKJIAJLIBAIOTCS YEThHIPE aMHHOKHC-
JIOTHHIX OCcTaTka. Bce pagHKkaim aMHHOKHCIOT HaXOASTCH CHAPYXKH
cnupaym, Mexay rpymamvua NH g CO, paxoasmaMBcs Ha COCeTHAX
BHTKaX, 06pa3yloTcs BOAOPOJHLIC CBS3H, KOTOpbIe crabmwm3nEpyior

CHpAab.

Puc. 33.1. IlepBawnas crpykrypa Genxa
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Pac. 33.2. ®parmesnt Puc. 33.3. YeTpepTHuHas
«-CIEpaIbHOl KOHOp- crpykrypa 6enka
MalUH IOIMICITHIHOR

e

B B-cTpykType (CK1ag4aToM Cloe) NONMIENTAAHAS eNb PaCTsHY-
Ta, €¢ YYaCTKH PAacCHOJIaraloTCs mapajuiensHO APYr IPYry B yaep-
KHBAIOTCA BOXOPOJHLIME CBA3SMH. BOJIbIIHHCTBO 6€IKOB COASPXKHT
KaK g-CIHpaJd, TaKk H S-CTPYKTYDHL

Tpemuunan cmpykmypa beaxa — 3TO TpeXMepHas KOHGHIypanus
3aKpYYCHHOM 0-COMpAIH HIH S-CTPYKTYPHL B OPOCTpPaHCTBe. Tperny-
Has CTpyKTypa oOpa3yercs 3a cYeT AHMCYIbQHIHBIX MOCTHKOB
—S—S— Mexay MECTEHHOBRIMHA OCTATKaMM, HAXOASITAMACH B pa3-
HEIX M€CTax DOJMOCHTHAHOM nend. B 06pa3oBaHmA TPETAYHOHR CTPYK-
TYpHI YYaCTBYIOT TaKKe HOHHbIE B3aHMOJAEHCTBHS MPOTHBOIOJIOXKHO
sapsokenHsx rpyma NH;* 1 COO™ m rmapodobanie B3auMOAEHCT-
BHA, T. €. CTPEMIICHHE MOJIEKYJHI Oenka CBEpHYTBCH TakK, 4TOOEI
raapodobHBIe YrIeBOAOPOJHBIE OCTATKH OKAa3ajHCh BHYTPH CTPYK-
TypHL.

Tperw4nas cTpykTypa — Bricmias ¢opMa OpOCTPAHCTBEHHOR Op-
ragm3aman GenkoB. OpHaxo HekoTophie Oelxu (HAampHMep, reMor-
1100HH) MMEIOT uemgepmuuHyio cmpykmypy (pac. 33.3), koTopas o6-
pasyeTcd 3a CYET B3aMMOJECHCTBHS MEXIY Pa3HBIMH HOJHIECUTHA-
HBIMH DEHSMH.

IIpo6ema onpenenenus crpyxTypnl Gemxos. Caare3s 6emcon. Kiro-
4eBO# 3Tal ONpENCICHAA CTPYKTYpPHl Oenxa — pacmmdpoBKa mocie-
JOBATEJILHOCTH aMHHOKHCIIOT B IEpBHYHOH CTpyKType. Hdas sroro
6en0k CHavana pa3fensioT Ha NOJHAINENTHAHLIE NENH (ECIH HX HECKO-
JILKO), 4 3aTeM aHAMM3APYIOT AMAHOKHCIIOTHEIA COCTaB IENel myTeM
OOCNENOBATENBHOIO OTIICILUIEHHS aMUHOKHCIIOT. DTO — 4pe3BhIYaii-
HO TPYAOEMKas NpONeaypa, MOITOMY HEPBAYHAN CTPYKTYpa HaJEeKHO
YCTAHOBJIEHA TOJBKO JUIA JOCTATOYHO HPOCTHIX OEJIKOB.
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GIVEQCCASVCSLYQLENYCN
FVNQHLCGSHLVEALYLVCGERGFFYTPKA

Prc. 33.4. Cxema CTpoeHHS MOJIEKYJIHI RHCYJIHHA
B oHOOYKBeHHOH CHMBO/THKE

Ileppuii 6emok, y Kotoporo Onina pacmmbpoBaHa HepBHYHAS
CTPYKTypa,— ropMoH uxcyun (1955). Oto — npocroit 6enok, cocro-
SIIAHE M3 JByX NOJHIEOTHOHHX nened (oasa nenb colepxHT 21
aMHHOKHCIIOTHBIM OCTATOK, Apyras — 30 OCTaTKOB), COCAMHEHHKIX
aeyms macyiabduaariMa Mocrakamu (prc. 33.4). Ha ycranosnenme
€ro CTPYKTYpHl aHrimiickomy Omoxmmmky ®. Camrepy morpebopa-
Jock 10 ner.

ITpocTpaBHCTBEHHYIO CTpPYKTYPY O€IKOB aHAIA3BPYIOT, H3ydYas
JAHHBIE PAaCCEessHHS PEHTTCHOBCKOTO H3JIyYE€HMS (PEHTT€HOCTPYKTYp-
HBIH aHATH3) WA HeATpOHOB (HefiTtpoHOrpadms). YacTto npuMeHSIOT
TaKXe CHOEKTPOCKOINHMYECKHE METOJbl, OCOOCHHO IS HCCIIeAOBaHHA
CTPYKTYpHI 6€JIKOB B BONHEIX PacTBOpAXx.

Jns caETe3a 6€JIKOB IMPOKO HCOOAb3YIOT TBepAodha3HKIH METOA,
pa3paboranEnld B Hadaje 60-X roJOB aMEpPHKAHCKHM XHMHKOM
B. Mepprbunaom. B aToM MeTOAe nepBas AMAHOKACIOTA 3aKpeIIs-
eTcs Ha NOJIMMEPHOM HOCHTEJNE, H K Hell moceoBaTeIbHO HOAIIABa-
FOTCS HOBhIe aMHHOKHCIIOTHL. 10 OKOHYaHHH CHHTE3a rOTOBas NOJIH-
OEeOTHAHAS OEelb OTPHIBAETCA OT HOCHTEINS.

B HacToOsmIEe BpeMA HCKYCCTBEHHOE MOJIy4eHHE OCIIKOB OCYIECTB-
JISETCSA HE C DOMOIILIO XAMHYECKOro, a C IOMOIbI0 MHKPOOHOI0rH-
YecKOro CHHTe3a, IyTeM HCHIOIb30BAHMS MHKPOOPTaHH3IMOB.

B xuBO#i mpHpoe cHETE3 GEIKOB IPOMCXOMT YPE3BRYANHO OHI-
CTPO, BCErO 3a HECKOJILKO CeKyHA. JKHBRIC KJIETKH — 3TO XOpOIIO
opragu3oBaHHEE «(aGpAKH», B KOTOPHIX YETKO HAJIaXEHAa CHCTEMa
OOCTaBKA CHIphsi (aMHHOKHACIOT) H Texonorus c6opku. Vadopma-
A O NEPBHYHON CTPYKType BCcex OENKOB OpraHd3Ma CONEPKHTCH
B ae3okcapubonykienaoBoi xuciaore (JHK) — cm. rin. 35.

Puindeckune cBoiicTra GeJIKOB BecbMa pa3HOOOPA3HLI H OHpeAcis-
10TCA BX cTpoenreM. ITo pu3mdecknM cBoMCTBaM OEIKH JENAT HA ABA
xyacca: 2406yaapubie beaxu, KOTOpbIe PacTBOPSIOTCE B BOAC HIH
06pa3yroT KOJLUIOHAHKLIC PACTBODH, M Pubpusirapusvie beaxu, Hepact-
BOPHMEIE B BOJE.

Xuamuvueckne cBoiicTBa. 1. Paspymenne BTOpHYHOM H TPETHYHOH
CTPYKTYpH OejIka ¢ COXpaHCHHEM NEPBHYHOH CTPYKTYPhI HA3bIBAIOT
Oenamypayueii. OHA IPOMCXOAHT IPH HAarpcBaHHH, H3MCHCHHH KHC-
JIOTHOCTH Cpejbl, AcHCTBHM u3nyuenus. lIpumep nesaTypanuu —
CBEPTHIBAHAE SHYHLIX OelKoB UpH Bapke suin. JleHatypanus OnBaeT
obpaTtuMoii 1 HeO6paTUMOH.
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Heobpatamas feHaTypamas MOXET OHTH BRI3BaHa 06pa3oBaEHEM
HEpacTBOPHMBLIX BEIECTB OpH JcHCTBHA Ha OenxHd coyiell Tsaxelnx
METAJUIOB — CBMHNA HIH PTYTH.

2. T'udpoau3s 6eaxos — 3T0 HEOOPATHMOE Pa3pyIICHAE NEPBAYHON
CTPYKTYPH B KHCJIOM HIIH IEJIOYHOM pacTBope ¢ ob6pa3oBaHEEM
aMHMHOKHCJIOT. AHAJIA3HPYS ODPOAYKTHI THAPOIH3a, MOXHO YCTaHO-
BHThH KOJIAYECTBEHHEBI# COCTaB GEJIKOB.

3. Jlna GenxoB H3BECTHO HECKONBKO KauecmsaeHHblX peaxyuii. Bee
COEMHEHHS, COAEPXKAINAEC NENTHAHYK CBA3b, JAKOT (HOJIETOBOE
OKpAaIDEBaEAe OpH AciicTBaE Ha HEX cojecd memm (II) B memounom
pacTBope. DTa peaknus HA3LIBaeTCa Guypemosoii. belxu, comepxa-
IEE OCTATKH apOMATHIECKAX AMHBOKHCIOT (pernnanasuaa, TAPO3R-
Ha), NAIOT XeJITOE OKPAIIWBAHAE IPH ACACTBHH KOHIIEH TPHPOBAHHOK
a30THOM KHCJIOTH (KCaQHMONpomeuHo8as peaknus).

Buronormueckoe 3uavenHe OemcoB Ype3BHIYAHHO BENHKO. YHOMS-
HEM TOJBLKO BaxHelmue QyHKOEE O€IKOB B JXHBRIX OpraHA3Max.

1. A6conroTHO BCE XAMMYECKHE PEAKIMA B OPraHA3MeE IPOTEKAIOT
B OPHCYTCTBHH KaTajim3aTopoB — gepmenmos. Bce m3BecTHHE dep-
MEHTHL CTABISIIOT COGoi OenkoBrie MOJEKYIhl. BeJKH — 3TO
oueHs 3¢ ¢eKTABHEIE B, CAMOE I'JIABHOE, CEJIEKTHBHELIE KATATH3ATOPHI.
OHH yCKOpSIOT peaknud B MHJUIHOHH pa3, OPHYEM A KaxJOi
peaknun CYIMeCTBYET CBOM eIMHECTBEHHLIA (epMEHT.

2. Hexoropune O6elKH BLIIONHAIOT TPAaHCHOPTHHE (yHKIHEH
H OEPEHOCAT MOJIEKYJILI HJIA HOHRI B MECTa CHHTE3Q HIH HAKOILICHHS.
Hanpmmep, comepxamuiics B XpoBH OelIOK 2emo2406un TNEPeHOCHAT
KHCJIOPOJ X TKaH#M, a Oenoxk muoza06un 3amacacT KHCIOPOX
B MEIIIAX.

3. Benxu — 3TO CTPOHTENLHEIA MaTepHal KieTok. VI3 HEX mo-
CTPOEHHI OHOPHKIE, MBINICYHLIE, IOKPOBHLIE TKAHH.

4. Besnxn ArparOT BaXHYIO POJIh B AMMYHHOM CHCTEME OpraEA3Ma.
CymecrByror cnenuburdeckue 6enka (anmumenda), KOTOPEIE CIIOCOOHBI
pPAcIO3HABAaTh H CBA3BIBATH TyXKEPOJHEIE OOBEKTHI — BHpYCHI, 6ak-
TEpHH, YyXKHE KIIETKH,

5. BelkB-penenTopsl BOCIPHHAMAIOT H HEPEeAaroT CHrHAJIBLI, IO-
cTynaloimme OT COCEJHHX KJIETOK HWIA B3 OKpyXkaiome#t cpeanl. Ha-
OpAMep, AeficTBAE CBeTa HAa CETYATKY ria3a BocOpHEEMaetcs ¢oTto-
penenTopoM POAOLICHHOM. PenenTophl, aKTHBH3HPYEMBIE HH3KOMO-
JIEKYISpHBIMHE BEINECTBAMH THIA AlCTHIXOJIHHA, IEPENAIOT HEPBHRIE
MMIIYJIbCH B MECTaX COCIMHEHAS HEPBHBIX KJIETOK.

W3 opmBenensHoro mepeunst Qyexumii GelxoB scHO, 4TO Oeikm
XH3HEHHO HeOOX0 MBI IOOOMY OpraHA3MY H SBJISIOTCS, CIEA0BATE-
JIbHO, BaxXHeHme#l coOCTaBHOM 9aCThI0 IPOAYKTOB IATaHuA. B mponec-
ce mHIueBapenus OelIKM THAPOIM3YIOTCS IO aMHHOKHUCIIOT, KOTOphIE
CIYXaT HCXOOHBIM CHIPBEM A1 CHHTE3a 6esikoB, HeoOXOJEMEIX AaH-
HOMy opranu3My. CymecTBYIOT aMHHOKHCIIOTHL, KOTOPHIE OPraHu3M
HE B COCTOSHHHM CHHTE3HpPOBAaThb CaM M NpHOOpETaeT HX TOJBKO
¢ mumeid. OTH aMHHOKHCIOTH HAa3KIBAXOTCS HE3AMEHUMbIMU.
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I'nasa 34

A30TCOAEPXAIIME I'ETEPOIIMKJIMYECKHNE
COEJMHEHMA

§ 34.1. MMlecTHYICHALIE IeTEPONEKILI

I'emepoyuxauveckue coeqWHEHAS — OPTaHWYCCKHE COCIHHCHHS,
cozepkalliie B CBOHX MOJCKYJIaX INHUK/ILI, B OOpa30BaHAA KOTOPBIX
OPHHAMAIOT Y4aCTHE HEYIJIEPOAHEIE ATOMH (rerepoaToMsl). I'erepo-
OHKIHYECKAC COSTHHEHAS KIACCAQAAPYIOT O YACIY ATOMOB B ITHK-
Jie H o THOy rerepoatoMa. B JaHEOM riiaBe MBI pacCMOTPHM TOJILKO
HEKOTOPhLIE a30TCOJEpKAIIHEe IeTEPONHAKIIBI, IPOA3BOXHEIE KOTOPHIX
HMEIOT BaXXKHOE OHOXHMHYECKOE 3HAYCHHAE.

ITupuoun CHsN — npocTeiimmii IIeCTAWICHHABIH apoMaTHYECKHiH
reTepoNnMKII C OJHAM aTOMOM a30Ta. Ero Moxso paccMaTpHBaTh Kak
aganor GeH3ona, B koropoM onsa rpymna CH 3amenesa Ha aToM
asora:

H
1
H C H
\C/ §C' N
h I unu I nnu @
C C >
H \N7 “H N N

Crpoenme. Ilo 3neXTPOHHOMY CTPOEHHIO NHPHAMH HANOMMHACT

6er3on. Bece aTOMB yriiepoaa H aToM a30Ta HAXOASTCA B COCTOSHHHA

. sp2-rubprmmsamun. lllecTh 31eKTPOHOB (IO OJHOMY OT KaX0rO aTo-

Ma), HaXOAAIHEXCA Ha HerHOpHAHKIX OopOHTaILX, 00pa3yloT 7-3JIEKT-

POHHYIO apOMAaTHYECKYIO CHCTeMY. M3 Tpex ruOpHAHEIX opOHTanei

aToMa a30Ta JBe BCTynaloT B o6pa3oBanne o-cBszet C—N, a Tperbs
COJIEPXKHT HENIOJENIEHHYIO Hapy 37eKTpoHOB (pHC. 34.1):

Puc. 34.1. DieKTpPOHEHOE CTPOEHAE MOJIEKY IRl IMPATAHA

®u3uvueckne cpoiictBa. [Impamme — GecnBeTHas XHAKOCTh, He-
MHOTO JIeT49€ BOJIRI, C XapaKTePHBIM HENPHSTHLIM 3auax0M, € BOAOH
CMEIIABAETCH B JIFOOBIX OTHOINECHHSAX.
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Honayyenme. IIapuns 66i0e1A10m U3 KAMEHHOY20AbHOU CMOAbL.
B 5naGopaTOpHBIX YCIOBHSX IHPHIHHE MOXHO CUHME3UpPOGAMb U3
CUHUABHOL KUCAOMbL U AYemUNEHA:

HgCl,
2HC=CH+HC=N —-3 CHsN

XamaYeckHEe CBOHCTBA IHPHIMHA OHOPECACISIOTCS HAJIAYHAEM apo-
MATHYECKOH CHACTEMEI M aTOMA a30Ta C HENOJENEeHHOH 3JEKTPOHHOK
napoi.

1. OcHosuvie csoticmsa. IIupuaan — cnaboe ocHoBamme (cnadee,
yeM andpaTAdecKue amMuBbl). Ero BOAHEIA pACTBOP OKpAIIHBAEeT
JIAKMYC B CHHHH IIBET:

z ' -~ -
o
N N

H

IIpn p3aAMONCHCTBEN MPHANHA C CHILHBIMM KHCIOTaMH 06pa3y-
IOTCH COJIA HAPUIVHMUSL:

A
| _] +HCI —> [
+2
N N cr-
H
MPHEIHAN XJIOPH[ OHPHIAHHS

2. Apomamuueckue ceoticmsa. IlonobHO OeH30sy, THPHAHE BCTY-
oacT B pEakmHA 3ﬂ€l('mp0¢u/lbu020 3amewenuna, OJHaKO €ro akKTHB-
HOCTb B 3THX peakIHaX HHXKeE, 4yeM Oen3oa, u3-3a OOJLINOH 3/1EKTPO-
OTpHIATENLHOCTH aToMa a3ota. [lupmaun murpyercs opu 300 °C
C HA3KMM BBHIXOJIOM:

N t N N02
| "] +HNO, ——> [/)’ + 1,0
N N

3-HATPONHPE AR

ATOM 23072 B peakiHsx 3MEKTPOQUILHOTO 3aMemeHHsa BeAeT cebs
KaK 3aMECTHTENb 2-T0 pojAa, N03TOMY 3JeKTPO(HIBHOE 3aMEINECHAE
OPOHCXOIUT B MEMA-TIOTOXKEHUH.

B ornmupe o1 GeH3ona, NMPUAHH CIOCOOEH BCTYHATHL B pPeaklUH
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HyKAeourbHO20 3amewjenus, NOCKOJILKY aTOM a30Ta OTTATHBAEeT
Ha cebs 3IeKTPOHHYIO IUIOTHOCTh H3 apOMATHYECKOH CHCTEMEL,
# 0pMo-napa-noJjlIoKEeHHs 0 OTHOIICHHIO K aTOMy a30Ta OO¢IXHEHBI
anekTpoHaMu. Tak, NAPAAAE MOXKET PearupoBaTh C aMHIAOM HATpHS,
c6>6pa)3yx CMECh Opmo- H napa-aMMHOUHMPHANHHOB (peaxyun Yuuuba-
uHa):

’ ! 7 H,0 el
| +NaNH, —= | — | |
~ "y
N N” > NH,

N NHNa

3. Ilpm 2udpuposanuu mapunuHa obopasyeTcs nunepuduH, KOTO-
phIA OpencTaniser cob0# MUKIAYECKAR BTOPHYHKINA aMAH U SIBISETCS
ropa3zao 6osee CHILHBIM OCHOBaHHEM, YEM IHPHIAH:

N Ni, ¢
I % 3H, — O
N N

H
ITAIEPHIHH
Hupumuoun C;H,N, — mecTuiIcHHBIM IeTEpOIEKJI C ABYMS aTO-

MamHu a3oTa. Ero MoxHO paccMaTpHBaTh Kak aHajior 6eH3ona, B KO-
topoM ase rpymisl CH 3aMeHEeHRI Ha aTOMBI a30Ta:

A
N /C\ /H .
NT TN ‘N
Ll w0 WO
H” \N7 “H N N

Brnarogaps HanMyMio B KOJbOE OBYX 3JIEKTPOOTPHIATEIbHBIX
aTOMOB a30TA ODAPEMH/IHH €IIe MEHEEe aKTHBECH B PEaKIMAX JICKTPO-
brIBHOTO 3aMemenns, 9eM NupuanH. Ero ocHOBHBIE CBOBCTBA TAKXKe
BRIpaxeHsl crabee, YeM y DHPHIHAHA.

OCHOBHOE 3HaYCHAC MHPHMHAIAHA COCTOMT B TOM, 4TO OH #ABJIFET-
Cfl POOOHAUAABHUKOM KAACCA NUPUMUOUHOEBLX OCHOBAHUI.

TTupumudunogvie ocnoganua — TPOM3BOJHKIE HNHPHMMIHHA,
OCTaTKH KOTOPHIX BXOJAT B COCT2B HYKJIEMHOBBIX KHCIIOT: YpammJI
C4H4N202, THMHH C5H6N202, HOUTO3HH C4H5N30.
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- OH o}
N/’j H‘N |
HOJ\\N o)\l}l

yparmEn (2,4- JATE APOKCATTAPAMH{AH)

OH O
N7 | CH; HL | CHs
HO/RN OJ\N
I
4 H
TEMUAH (2,4-TATAAPOKCH-5-METAINMPAMHIHE)
NH, NH;

Ealole

HTO3MH (4—-amuo-2-mnpoxcmpmmn)

Kaxxoe H3 3TEX OCHOBAHH#I MOXET CYII'ECTBOBaTh B ABYX Gop-
max. B cBoboaHOM COCTOSHHE OCHOBAaHHS CYyIIECTBYIOT B apOMATH-

yecKOH ¢opMme, a B COCTAB HYKJICMHOBHIX KHCIOT OHH BXOISAT
B NH-dopme.

§ 34.2. Coeanuenns ¢ NATHLICHALIM OAKJIOM

ITuppoa CHsNH — nsTH4ieHHLIA reTepoIlAKy C OAHAM aTOMOM

A
L e O LD

N \
| H H
H
C'rgoenue ATOMEI yriepoja H aTOM a30Ta HaXOIATCSA B COCTOS-
HHH Sp*-raOpHan3anu. 4 3]IEKTPOHA, HAXOASAINAECH Ha HETHOpATHKIX
OpOHTANAX aTOMOB YIJIepoAa, M 2 3IeKTPOHA HAa HErmOpHAHOH op-
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Puc. 34.2. DnekTPOHHOE CTPOSHAE MOJIEKYJIHI APPOIA

6uTamm atomMa a3oTa 0Opa3yroT 7-3NEKTPOHHYIO apPOMATHIECKYIO
cacreMy (pac. 34.2).

B oTnmume oT mHpHIAHA, JNCKTPOHHAS IIapa aToOMa a30Ta B IHp-
pojie BXOOHT B COCTaB apOMAaTHYECKOH CHCTEMALI, DO3TOMY IHPPOJ
OPaKTHYECKH JIHIIEH OCHOBHEIX CBOKCTB.

®Puimvecxne csoiicrBa. ITappon — GecnBeTHas XHAKOCTH C 3ama-
XOM, HaDOMHHAIOMMEM 3amax xjopodopma. ITappon ciabo pacrso-
pEM B BOJE, HO PacTBOPEM B OpPraHHYECKAX pacrBopuressix. Ha
BO3JyXe DRICTPO OKHCIACTCH H TEMHEET.
o.sryuenne. [Tappon nony4aloT koHdencayueil ayemuaena c ammu- -
akom:

t, Fe, 0,

2HC=CH+NH3; - C4H4NH +H,

Xumuveckue caoiicrsa. 1. CHnbERIE MEHEPAJIBHBEIE KBCIIOTH MOI'YT
BHTATHBATh 3JICKTPOHHYIO Dapy aTroMa a30Ta H3 apoOMaTHYeCKOH
CHCTEMBI, OPH 3TOM apPOMAaTHYHOCTh HapyIIaeTCs, H IHPPOJI MpeBpa-
aeTCa B HEYCTOWIMBOE COEAMHCHAE, KOTOPOE Cpaly IOJIHMEPH3YET-
ci. HeycrodamBOCTE NEpPOJIA B KACTION Cpelie HA3KBAIOT «ayudogdhob-
HOCMbIOY.

2. ITappon nposisier ceoticmsa ouevb caaboii kucaomei. OH pe-
arapyeT ¢ KaJieM, o6pa3ys DEppOJI-Kandid:

@ +K ——— @ +1/2 Hy

N
| |
H K
mEppoX MEPPOJI-Kamai

3. ITuppon xak apoMaTHYECKOE COEABHEHAE CKJIOHEH K PEakIasaM
IAeKMpOoPUNLHO20 3aMeweHus, KOTOPhIC IPOTEKAIOT HPEH €CTBEH-
HO Yy a-aToMa yriepoaa (cocegHero ¢ aroMoM a3ora). Ilockoibky
IHPPOJI NOA XEHCTBAEM KHCIOT HOJAMEPH3YETCH, TO JIA OPOBEACHHS
3aMENICHAS HCHOJIb3YIOT PEAareHThl, He COJAEpAalHe IPOTOHOB.

4. Ilpn 2udpuposanuu nuappona obpa3yercs NHPPOTHAMH — IHK-
JIAYECKHA BTOPHYHLIN AMHH, IPOSBIISIOMMA 3HAYMTEIILHEIE OCHOBHbIC
cBoiicTBa:
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@"'ZHz —_— Q

)
H H
oEppON [HAPPOTAIEH

Ilypun — reTepoONMK]l, BKIIOYAIONIAN JBAa COWJICHCHHBIX IIHKIIA:
MECTH'WICHHLH (IAPEMBAIMHOBLIN) B IS THUICHHRIH:

H

ApomaTtmdeckas cucreMa nypuHa BKJnovaer 10 m-anexTpoHOB (8
3JIEKTPOHOB ABOMHEIX 'CBfi3efl H HemoZElieHHAs 3NEKTPOHHAS mapa
OAPPONILHOro aroma azora). Ilypmn — amdoTepHOE COeAMHEHHE.
Cnabpie OCHOBHBIE CBOMCTBA IypHHA CBS3aHHEI C aTOMAaMH a30Ta
OIECTA'WICHHOI'O IMKJIA, a ciiabnle KHCIIOTHRIE CBOMCTBA — C IPYNNOH
NH nsTr41eHH0r0 NHKIA.

OcHOBHOE 3HAa49€HHE UYypHHA COCTOHT B TOM, 9TO OH SBJISACTCH
POAOHAYAJILHAKOM KJIACCA IyPHHOBBIX OCHOBAHMIA.

ITypunosvie ocroGanus — NPOU3BOJHBIE IIypPHHA, OCTATKH KOTO-
pPHIX BXOJAAT B COCTAB HYKJICHHOBBIX KHCNOT: aaeHnH C;H;Ns, ryannn
C5H5N50:

NH,
NN
S
N ';‘

H

aJenuH
(6-aMHEHONYPHH)

o]
H

N7~ N \N N
LY —= 3

S P
HN N ‘ H,N N T
H

ryaHuH  (2-aMUHO-6-rUapOKCUNYPUH)
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I'nasa 35
HYKJENHOBBIE KNCJIOTHI

§ 35.1. HykaeoTHILI B HYKJ/ICO3HIB

Hyxkaeunosble kucaomsl — 3TO OPEPOJHEIE BLICOXOMOJIEKYJISPHEIE
COCIMHEEHS (noAunyKAeomudbl), KOTOPHE HIPalOT INABHYIO PpOIb
B XpaHCHHHM H Iepejavue HaceACTBEHHOM HHGOPMANMHM B KHBHIX
opramm3Max. MornekyispHas Macca HYKICHHOBRIX KHCJIOT MOXKET
measATbesa or 100 ThIC. X0 60 Mupa. OHE GBLLTH OTKPHITH H BBLIEJICHEI
A3 KIeTouHRX Aaep eme B XIX B., oAHaK0 X OHONOrMYECKasi poib
OBLIa BRISICHEHA TOJILKO BO BTOpO# nmonosmHEe XX B.

Crpoenne HyKJIEHHOBRIX KHCIOT MOXHO YCTAHOBHTD, aHATH3HPYS
OPOAYKTH HX rEfpoim3a. IIpE mojHOM TrEApOJmM3e HYKJIEHHOBBIX
KHCJIOT o6pa3syercsl cMeCh IHPHMHAHHOBRIX H OYPHHOBHEIX OCHOBA-
Hui, MoBOCaxapun (f-prbo3a win f-mezoxcapubo3a)

HO-CH, O OH HO-CH, O OH
H H H H
OH OH OH H
B -pnbosa B -nesokcupubosa
(CSHIOOS) (C5H1 004)

H pochopras kdCIOTA. DTO O3HAYAET, YTO HYKJICHHOBHIC KHCIOTHI
HOCTPOEHH B3 (parMeHTOB 3THX BEINECTB.

Iipm vacTEYHOM rHApPONHM3e HYKJIEHHOBRIX KHCIOT oOpasyercs
CMECh HYKAe0muoog, MOJIEKYIIHl KOTOPHIX HOCTPOEHB M3 OCTATKOB
dochoproii xuCNOTH, MOHOCaxapuaa (PHOO3K HM Ae30KCHPHOO3LI)
H a30THCTOTO OCHOBaHHS (IlypHHOBOro M nHpAMAARHOBOrO). OcTa-
TOK (ochopHOi#l KHCIOTH CBsi3aH C 3-M HJIA 5-M aTOMOM YyTriiepona
MOHOCaxapHa, a OCTATOK OCHOBAaHHA — C NEPBBHIM aTOMOM YTIJIEPO-
aa mMoHocaxapaaa. Oomue GopMyIE HYKICOTHAOB:

HO

?
_ﬁ-

rae X=0H pns pubonyxaeomudos, n0OCTpPOESHHLIX HA OCHOBE pHOO3HI,
H X=H nns deszoxcupuborykseomudos, NOCTPOCHHLIX HA OCHOBE J€-
30KCHpHOO3Ll. B 3aBACHMOCTH OT THIA a30THCTOrO OCHOBAHHS, pa3-
JIAYai0T OyPHHOBLIE M THPHMUAMHOBLIE HYKICOTHARI.
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Hyxneornn — ocHoBHas cr%m‘ypnax €QHENMIA HYKJICHHOBBIX
KHCJIOT, AX MOHOMEPHOE 3BeHO. HyKJIeHHOBEIE KHCIIOThI, COCTOSIIHME
H3 &nﬁonyxnegmnon, HA3LIBAIOT PUOOHYKACUHOBBLIMU KUCAOMAMU
(PHK). Hyx/eHHOBEIE KHCIOTHI, COCTOAINHEE H3 JIE30KCHPHOO -
OTHJOB, Ha3hIBAIOT 0e30KCUPUDOHYKAeuHo8bIMU Kucaomamu (?[gjlj(
B cocras mosiexkyn PHK BxoasaT HyKJICOTHABI, COAEpXAalIEe OCHOBA-
HAS aJieHHMH, T'yaHAH, OETO3HH H ypamui. B cocraB monexyn JHK
BXOJAT HYKJIEOTHABI, COJepXKallHe aJCHHH, I'yaHHWH, DUTO3HH H TH-
man. Ing o6Go3Ea4eHAs OCHOBAHHHM MCOONB3YIOT ONHOOYKBEHHBIC
COKpaIleHns: afeHuH — A, ryamus — G, TEMEH — T, OHTO3HH —
C, ypamun — U,

eckHe cpolicTBa Hykiaeotnxos. 1. HykieoTaasl nposiBiasioT
Kucaomuble cgoticmea 3a cieT ocraTka (ochopuoit xucnornr H,PO,.
Tak, OHH pearupyroT ¢ OCHOBHRIMH OKCHIAMH:

RH,PO,4+Ag,0=RAg,PO,+H,0
C OCHOBAaHHSMH M C paCTBOPOM I mpoxapGOBaTa HaTpHA:
RH;P0O,4+2NaHCOQ;=RN2a;P0,4+2C0,;+2H,0

2. HykieoTranl cnocoGHEI K 2udpoau3y B INEJIOYHOH H KHCIIOH
cpene. B meno4Ho# cpeae DPOMCXOAMT YACTHYHALIA TAAPOJIH3: OTINEI-
nseTcs OCcTaTOK (pochopHOH KHCIOTHI H OBpas’yroTcs HyK.1e03uobl,
MOJIEKYJIhI KOTOPHIX COCTOST H3 OCTaTKa HypHHOBOIO HJIM IAPAMHEIHA-
HOBOT'0 'OCHOBAaHHS, CBS3aHHOI'O C OCTATKOM MOHOCaxapsaaa — pabo-
36 WA Je30KcHprb6o3n. Huxe npHBeZieHB CTPYKTYpHBIE GOPMYIIhI
OCHOBHBIX IyPHHOBHIX H NHPAMHAHOBBIX HYKJIEO3HIOB:

Tlypmmonrie HyKIe03RIBL:
NH, o}

N
aneHUH —» NKJI \>
N
N~ N

OH X
ageHosun (X = OH) ryaHoanr (X = OH)
Ae30KcnafieHosuH (X=H) Re3okcuryaHosuH (X=H)
IInpEMERAOBLIE HYKIE0IAILI:

H (0] NH,
ypauun b\ J]/ " N))
—— W —p.
) o 4!\N LMTO3MH OJ\N

HO~CH,_.O
H H
OH X OH X
ypuivk (R=H, X=0H) uarmguH (X = OH)
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YPaBHCHKC YaCTHYHOr0 ruJpoJia3a BYKJICOTHIOB MOXHO 3anHCaTh
B BHJE!

RH,PO4+3NaOH =Na3P04 + ROH (ayxse03mn) + 2H;0

B xmcno# cpege MOXKET OPOHCXOJHTH HOJHBIM I'MIPOJIHM3 HyKIIe-
OTHIOB IO CXEME:

Hyxneorsn + 2H,0 = H3PO, -+ MoBocaxapan + A30TACTOS OCHOBaHHAE

§ 35.2. Crpoenne HyKJICHHOBHIX KHCJIOT

B monexynax JJHK u PHK ornenbHBIE HYKIEOTHAB CBA33HBI
B €UHYI0 HOJMMEPHYIO [eNb 332 CUeT 00pa3oBaHMs CIOKHONPHPHEIX
cBs3ed MexAy ocTaTKamu (pochopHO#E KHCIOTH H THAPOKCHILHBIMHA
rpymnaMd npH 3-M B 5-M aromMax yriiepoja MoHocaxapmaa. Dpar-
meaT crpykrypul JHK, comepxammit ocTtaTkm THMHHA, ajJcHAHA
H [MTO3WHA, NIPEACTABICH HAXKE:

|
HO~p—0--
o)

Csoiicmsa HK u PHK onpedeasiomca nocaedogameabrocmulo
OCHOBaGHUT 8 NOAUHYKACQMUOHOT Yenu U NPOCMPAHCMBEHHBIM CMPOEHU-
em yenu (cm. Huxce). IMTocaedosameavHocme ochosanuil codepicum
2eHemuuecKkyl0 ungopmayuo, a ocmamKku monocaxapuoos u gocgop-
HOIl KUCAOMbL UZPAIOM CMPYKMYPHYIO POAb (HOCUMEAU OCHO8aHUIL).
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Ilpocmparcmeennan cmpyxmypa nommaykieoTHAERX neneit JJHK
d PHK 6511a onpeneneEa METOAOM PeHTTEHOCTPYKTYPHOrO aHAJIH3A.
OmHEM ¥3 CaMHEIX KPYOHBIX OTKpHITHI Omoxmmmm XX B. okazanach
Moaens TpexmepHod CTpykTypun JHK, koTOpyr npemnoxwid B
1953 r. Ix. Yorcon u @. Kpuk. O1a MOZAENb COCTOHT B CICAYIOIIEM.

1. Monexyna [THK npeacrasiser coboil JBOiHYyI0 Crmpais H CO-
CTOHT H3 IBYX HOJHMHYKJICOTHIHLIX Iened, 3aKpyYeHHHIX B IPOTH-
BOIOJIONKHKIE CTOPOHKI BOKPYT obmeit och.

2. ITypAHEOBRIE H TAPAMHJAHOBLIE OCHOBAHHS PACHOJIOXEHBI BHY-
TPH cudpamm, a octaTkd pocdara A Te30KCHpHOO3bI — CHAPYXH.

3. Jmamerp compaid — 2 HM, PacCTOSHAE MeXJIy COCeXHAMH
OCHOBaHHSMH BAOJL OCH compamd 0,34 HM, OHM HOBEPHYTHL OT-
HOCHTEJIBHO Apyr Apyra Ha 36°. Taxam o6pa3oM, Ha NOJIHEI BATOK
cnapam (360°) npuxomuTcs 10 HyKJIEOTHHOB, 9TO COOTBETCTBYET
IUIMHE COHpaM 0o ocH 3,4 BEM.

4. lBe cnmpanu yACpKHBAIOTCS BMECTE BOJOPOAHLIMH CBSA3SMH
MEXIy mapamm ocHoparmil. Baxueiimee coiicteo JJHK — n3bumpa-
TEeIBLHOCTH B 00pazoBaHum cBssedl (komniemenmaprocms). PazMmephl
OCHOBaHMH H ABOHON cnEpaym HOROOpaHK! B OPHPOIE TAKHM 00-
pasoM, uro temeH (T) 06pa3yeT BOOJOPOAHLIE CBSI3K TOIBKO C aACHH-
#oM (A), a nuro3ma (C) — Toawko ¢ ryassaoM (G):

CH, H
o |

" N.

H.
N _N Ne N, o)
-~ ~ e .
\fr H'\N/ N Y H~N N
N G G W
TAMWUH \N N HUTO3NH N N - N N
I ) I

afleHuH ryaHuH

Taxum obpasom, aBe cnupam B Monxekyne JJHK xomiuiemerTap-
HBl Apyr apyry. IlocieRoBatenpHOCTH HYKJIICOTHIOB B OJHOM H3
CIHpajicl OQHO3HAYHO ONpEJesfeT HOCIEAOBATEILHOCTh HYKJIEOTH-
JIOB B JIpYro#t coEpanm.

B kxaxzo#t mape OCHOBaHMI, CBA3aHHLIX BOJAOPOIHLIMH CBs3SMH,
OJAHO M3 OCHOBAaHHH —— OYPHHOBOE, a JPYyroe -— IHPUMHIHHOBOE.
Orcrona cneayet, 4To obmiee YHCJIO OCTaTKOB IYPHHOBLIX OCHOBABHM
B Monekysie JJHK paBEO 4HCIy OCTATKOB NHPHMHAMHOBEIX OCHO-
BAHHHA.

HByxcnupanbnas crpykrypa JHK ¢ xoMmieMenTapHeIMH HOIHM-
HYKJICOTHIHAIMHA LeNsMH 00ecneYnBacT BO3MOXHOCTD CAMOYABOCHHS
(penauxayuu) 3TO# MOJIEKYJIBI. DTOT CJIOXKHBIH MPOLIECC MOXHO YIPO-
IEHHO OPEACTABUTDL CIERYIOIHM 0Gpa3oM.

Ilepen ynBoenneM BOJOPOXHBIC CBS3M Pa3phIBAIOTCS, H JBE IIEOA
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pacKpy4HBAIOTCs H pacxozsarcs. Kaxjas nenb 3aTeM CIYyXKHT MAT-
pHICH U1 00pa3oBaHAA HA Hel KOMIUIEMEHTAPHOHR IELH.

TakaMm obpa3oM, mocne pemwidkaumd obpasyercs hBe HOYEpHHE
moniekynnl JTHK, B xaxmoil 3 KOTOpPHIX OJHA COHpaJlb B3SATa H3
ponmrensbckod JAHK, a apyras (kommemeBTapHas) COHpaib CHH-
Te3HpoBaHa 3aH0BO. CHHTE3 HOBHIX Henedl NPOACXOOAT C YYACTHEM
depmerta JJHK-noaumepasvi.

Jomea nommRykiaeoTHaERIX neneil [JJHK npaxTAYecku HEOrpaHm-
9eHa. Yacno nap oCHOBaHAK B JBOWHOM COMPAIIM MOXET MEHSTHCS OT
HECKOJBKAX THICSY Y IIPOCTEHINMX BHPYCOB IO COTEH MHJUIHOHOB
y denoBeka (1abm: 35.1). Kaxaoil TEICSYe nap OCHOBaHHH COOTBET-
CTBYET JJIMHA OCH CIHEpAH (Ha3kBaeMasi KOHTYpHOH JmHOH) 340 EM
H MOJIEKYJISipHAs Macca npEMEpHO 660 ThiC.

Ta6anrna 35.1. Mapamerpnt mexoropurx Moxexya JTHK

Oprasaam Yncno nap KoBTypHas Monexynspaas
OCHOBAHAN JUIMHA, CM Macca, MIH.
Bapyc SV40 5100 1,7:1074 34
Baktepmodar T4 110000 3,7-1073 73
Bakrepns E.coli 4000000 0,14 2600
JApozodmna 165000000 5,6 1,1-10%
Yenosex 2900000000 100 1,9-10°8

B ormamre ot JHK, monexynm PHK cocTosT B3 0O NOIHHYX-
JleoTEIHOH nend. YmClIo HyKNIeOTHAOB B nenm kojebnercs or 75 mo
HECKOJILKHX THICSHT, 8 MoseKyaspaas Macca PHK Moxer E3MEBATHCH

B npenenax ot 2500 o BeckoapkEx MHULTHOHOB (Tabi. 35.2).

Ta6bnuna 35.2. Tlapamerpu mosexyn PHK Gaxrepmn E.coli

Taa PHK Yncno ocEOBaEwM Monexynspaas Macca, ThiC.

Pr6ocomuas

23S 3700 1200

16S 1700 550

58 120 36

Tpamcnoprras 75 25

Hndopmanmmonnas 1200 390

(cpenn.) (cpena.)

Tlonmuyxneornanas nens PHK He mMeeT cTporo ompeaeneHHOR
crpykTypel. OHa MOXKET CKIAJLBATLCH cama Ha cebf ¥ oOpa3oBHI-
BATh OT/ACJIbHLIE IBYXIENOYEYHbIE YIACTKA C BOAOPOJHBIMH CBA3SAMH
MEXy NYPHHOBLIMH H MHPHMHIAHOBLIME OCHOBAHHSMH.

Bonopoannie cBi3d B PHK He nomMHSIOTCA TakMM CTPOTEM
npasunaM, kak B JJHK. Tak, ryasusn (G) MoxeTr o6pa3oBLIBATHL
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BoAopoaHEle cBA3HM Kak ¢ ypamanoMm (U), Tak m ¢ marto3meoMm (C).
IIoaroMmy aByxnenodednsie yuactky PHK HekOMIIEMEHTApHEL, H HY-
Kieoraganni coctaB PHK Moxer MeHSThCS B MIMPOKHX OpEAesiax.

§ 35.3. Brosoraveckas poJib HyKJICHHOBBIX KHCIOT

JHK — rnapaas MoJieKyJla B XABOM opranm3me. OHa XpaHAT
Te€HETHYECKYI0 HHGQOPMAIHIO, KOTOPYIO MEPENAET OT OJHOrO MOKOJIe-
aHA K aApyromMy. B monekynax JHK B 3axoAHpOBaHHOM BHJIE 3alIHCAH
cocras Bcex GenkxoB opraHA3Ma. Kaxnoit aMHHOKHCIOTE, BXOoAsimei
B cocraB benxos, coorBercTByeT cBOi xox B JIHK, T. e. HekoTOopas
OOCIENOBATEIBHOCTh A30THCTHIX OCHOBAHHUH,

JHK coaepxHT BCIO reHEeTHYECKYI0O HHGOPMANHIO, HO HEMOCPE-
' CTBEHHO B CHHTe3¢ OelikoB He ydacTByeT. Pollp mocpennmka Mexmy
JAHK r mecroMm cmatesa 6enxa BemoinasgeT PHK. Ilponecc cunresa
6erxka Ha OCHOBE reHETHYESCKOH HHGOpMAIHH CXEMATHYHO MOXHO
pa3baTh Ha [Be OCHOBHHIE CTAIAH; CIATHBAHAC HHGOpManwa (mparc-
Kpunyus) B caaTe3 Oenka (mpancaayus):

Tpasckpumms Tpascranms
parerp PHK P - Benok

Knerkn copepxatr tpu thma PHK (cM. Ttabn. 35.2), xortopmie
BHINOJHMIOT Pa3IAYHLIE PYHKIHAH.

1. Hugopmayuonnan, usu mampuunan, PHK (ee obosmauaror
MPHK) cuuThHIBACET H HEPEeHOCHT IEHETHYCCKYI0O HHGOPMAIHIO OT
JHK, conepxameiica B XxpoMocoMaXx, K pabocoMam, re OpoACXOaAT
CHHTe3 feska co CTpOro onpeJelIeBEHON mMOCIeIOBATEIbHOCTHIO aMH-
HOKHMCIJIOT.

Moanexyna MPHK nopn neiicrerem depmenta PHK-nonmmepasu
CHHTE3HpyeTCs Ha OTAEIBLHOM y4YacTKe oxHol m3 aByx memed JIHK,
npaYeM OOCnenoBaTenbHoCcTs ocHoBanuii B PHK crporo xoMiweMen-
TapHA mociieAoBaTenbHOCTH ocHoBaHHi JTHK mo cxeme:

JHK MPHK
aaACHBRH ypauu|x
THAMHAR ancHAaH
TYaHHH IATO3HH
IHTO3HH TYaHHH

TaxaMm o6paszom, mEdopmanms, comepxkamasics B JIHK, xak
6n1 pepeneyatrBaercs B MPHK, a mocneqass AOCTaBISET ee B pH-
60CcOMEL

2. Tpancnopmnan PHK (TPHK) nepeHoCHT aMHHOKHCIIOTHI K pH-
6ocoMaMm, rie OHH COSTHHSIIOTCS HENTHIHOHN CBA3BIO B ONpe/elIeHHOM
NOCAEOBATENILHOCTH, KOTOpPYIO 3anaeT MPHK.

398



3. Pubocomnas PHK (pPHK) HenocpeACTBEHHO Y4acTBYeT B CHH-
Te3e 6enxoB B pubocomax. Pu6ocoMbl — 3TO clnoXHBIE HaJMOJIEKY-
JISIpHBIE CTPYKTYPHI, KoTOphIe cocTosaT B3 deThipeXx pPHK B Heckoib-
KHX fAecuTKOB OenmxoB. ®akTtEieckm puOGocOoMEI — 310 habpEkH no
MNPOH3BOJACTBY OEJIKOB.

Bee saanl PHK cunTe3mpyroTca Ha aBoiHO# cnEpam JJTHK.

ITocnenoBarensHOCT, OcHOBaHHH B MPHK — 310 renermaeckmit
KO/, YIPaBIMIOMHAA NOCIEA0BATEIbHOCTEIO AMAHOKHCIIOT B Oenkax.
Omn 6nu1 pacmmudpoBan B 1961 — 1966 rr. 3amedarenbHas ocoben-
HOCTb T€HETHYECKOTO KOJA COCTOHMT B TOM, 49TO OH YHuBepcaneH OAR
ecex mcugvix opzanuimos. OAUHAKOBRIM OCHOBaHAAM B pasHex PHK
(6yop To PHK uenoBexa mim BHpPYCa) COOTBETCTBYIOT OJHMHAKOBEIE
aMHMBOKHCJIOTEL.

1Ipa pacmrdpoBKe IeHETHIECKOro KOJa OBLIM IIOIYYEHHI CIEy-
FOITME BaXHBIE PE3YILTATEL

1. Kaxpoii aMHHOKHCIOTE COOTBETCTBYET CBOS IIOCJIENOBATEIDb-
HOCTb U3 mMpexX OCHOBAHMW, HA3KBAEMAas KOJOHOM.

2. Kax e KOIOH COOTBETCTBYET €AMHCTBEHHOM aMHWHOKHCIIOTE,
ONHAKO HEKOTOPhIE aMEHOKHCJIOTH KOAHPYOTCE HECKOJIBKAMH KOJO-
HAMA. DTO 03HAYAET, YTO I'EHETHYECKHH KOJ svipoxcden. Tax, nei-
OUHY, CCPHHY H aprEHWHY COOTBETCTBYET IO MIECTh KOJOHOB, NATH
aMHHOKHCIIOTAM — HO Y€ThIpE XOJOHA, H30JICHIIAAY — TPH KOJOHa,
JEBATH aAMHHOKHCIJIOTAM — IO [Ba KOJIOB4, 3 MCTHOHHHY M TPHITO-
¢dary — mo ogaomy. Takum o6pa3zom, 20 aMHHOKHCIIOTaM COOTBET-
cTByer 61 xozoH. Elne TpH KOAOHA SBIAIOTCA CATHAJIAMH JU1A IpEeKpa-
IIEHHS CHHTE3a HOJHMIENTHIHOM [ENH H Ha3hIBAIOTCA KOJXOHAMH-TEP-
MHHATOPAMH.

3. I'eneTm¥ecKkHil KOA HE DEpeKpRIBacTCA. IJTO O3HAYAET, YTO
Kaxzaoe ocHoBanme B PHK npuHajgnex®T TOILKO OJHOMY KOZOHY.
ITocnenosarenvHOCTs OCHOBaHHMi B PHK ¢ ompenenensoro mecra
pa3bmBaercs Ha HAyUIHE NOAPSA HENEPEKPLIBAIOIIMECS TPHILIETEI,
KaXJIOMy M3 KOTOPHIX COOTBETCTBYeT ojfHa H3 20 aMHHOKHCIOT,
HanpaMep:

A (I Gjju I Cjy A T ARY Cl; Cji\ G G AjU T c

Thr —— Tyr —— Arg — Ser —Gly — Cys

OTH pe3yIbTaThl, KOTOPHIE OPHBEIA K pacmm@poBke reserwdec-
KOro KOJia, O3BOJIAT B NEPCIEKTHBE yYUPABIATh XHMHYECKAMH OpPO-
[IECCAMH B XHBHIX OpraHH3MaX, IOCKOJLKY K HACTOSAINEMY BPEMEHH
pa3paboTaHK XMMHYECKHE METOALI CHHTE3a HYKJIEHHOBHIX KHCIOT
C 3anaHHoi'1 OoCIea0BaTCIIbHOCTBO HYKJICOTHOOB.

\
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I'aasa 36
CUHTETHUYECKME BLICOKOMOJIEKYJISPHBIE
COEIUHEHMS (TIOJIUMEPHI)

§ 36.1. O6mas xapaKTepaCTHKA

Ioaumepv: — coemupesns ¢ GonbmoR MoJEKynspHOH MaccoH,
MOJIEKYJIBI KOTOPhIX COCTOST H3 OOJILIIOro 9HCiia IOBTOPSIOMHXCS
¢parmenTos. B ru. 31, 33, 35 MBI paccMOTpEIH CTPOEHHE H CBOMCTBA
OPHPOAHEIX NOJAMEPOB — NOJIACAXapHIOB, 6eNKoB (OJIHMNCITAXOB)
H HYKJICHHOBHIX KHCTTOT (IOJIHHYK/ICOTHAOB). JlaHHAd rnasa ocBsIme-
Ha [J1aBHBIM 06pa30M CHHTETHYECKHM HOJIAMEPaM, KOTODHIE nrpafor
OrpOMHYIO POJIb B COBPEMEEHOR NPOMBIILICEHOCTH.

HoBombHEO gacTo obmyro ¢opMysly DOJAMEPOB MOKHO 3aIHACATH
B BHAC

(_X_)m

rae GparmesT —X — HA3KIBACTCHA 31EMEHMADHLIM 38€HOM, 4 THCIIO
n — cmenenb noaumepusayuu. JTO IHCIO IS Pa3HBIX HOJAMEPOB
MOXET H3MEHATHCS B IHHPOKOM AHMANa30OHE, OT COTEH A0 [IECATKOB
ThHICS1. B OT/IHYHE OT HE3KOMOJICKYJIIPHBIX BEIIECTB, COACPXKAIMX
' MOJIEKYJIBl TOJILKO OJHOrO COCTaBa, pa3Hble MOJIEKYJILI OJAHOTO H TO-
ro ¢ nOJIAMEpPa MOTYT HMETh PA3HOE 3HAYEHHE 72 H PA3HYIO MOJIEKY-
JNEPHYIO MAcCy, HO3TOMY I XaPAKTEPHCTHKH NOJIEMEPOB HCIONbL3Y-
YOT HOHSATHS cpedHeil CTENIEHH NOJIAMEPH3AIAA B CpedHeti MONEKYJIAp-
HOM MAaCChL.

B 3aBHCHMOCTH OT CTpOSHHS YIIIEpONHOH NEOH, PA3AYaloT Au-
Heilnbie (HEpa3BETBIEHHRIE), pa3gemaacHHble U cemyamble (CIIATHIE)
noymMeprl. JIdHe#iHRle M pa3BeTBICHHEE HNOJHMEPH! CIOCOOHHI 06-
Pa30BLIBATL NPOYHLIE BOJIOKHA H IJeHKA. OHH 3NaCTHYHH H MOTYT
IUIAaBHTBHCH B PACTBOPSITLCS B PA3NHYERIX pacTBopHTensx. Ilpamep
JIMHEHHOTO NOJHMEpa — HOJMITHWICH, pa3BeTBIIEHHOrO — HATYpa-
JILHEIA KaydyK. B ceT9aThIX moruMepax pa3IHYHbLIE YIICPOOHRIE HEOH
«CHIHTED MeEXAy coOo#, W BemecTBO mpeacTaBifgeT coboit omHy
THraHTCKYI0 Monekyny. IlpamepomM MoryT ciyxuTh ¢eronodopma-
JIbJETHIHBIE CMOJIEI. Taxue BeImecTBa HE3NACTAYHEI H HEPACTBOPHMEL.

ITonaMepEl MOTYT HMEThH pe2yAApHOe M HepezyAAPHOe CTPOCHHE.
Ecim Bce 351eMeHTapHBIE 3BeHbSI B MOJIEKYJIE XapaKTepA3YIOTCS ONH-
HaKOBBIM IPOCTPAHCTBEHHKIM PAaCIOJOXKEHHAEM aTOMOB (HaOmpHMep,
B HATYPaIbHOM KaydyKe), TO IOBOPSAT O PEryjsipHOM CTPOCHHH,
B IPOTHBHOM Clly4ae — O HeperyasapaoM. IToJHMepsI ¢ peryaspHbEIM
CTPOEHHEM HMEIOT 0c000 LeHHBIE GH3IAKO-XHUMHYECKHE H MEXaHHYEC-
KHE CBOMCTBA.

Ilonumepsl mONYYarOT C DOMOIIBIO PEeaKlMil ABYX OCHOBHEIX TH-
[IOB — NOAUMEPUIAYUU U NOAUKOHOCHCAYUU.
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Ilommmepr3amas (NOJMOPHCOEAMHEHHEE) NPOTEKaeT mO Ob6memy
YPaBHCHHIO: '

nX-»(—-X-),

Monexyna X Ha3bBaeTCi MOHOMepom. Peaximmum DOJMMEpH3aIHH
HIYT B pe3yJbTaTe NPHCOEAHHEHAS NO KPATHHIM CBA3AM HIIM 33 CYET
packpheITHs NUKJIOB. B 3aBACHAMOCTH OT 3apsia 4acTHIRI, KOTOpas
HHAIMAPYET OPONECC MPHCOCAHHEHHS, PA3NIHYAIOT KAMUOHHYIO, GHU-
OHHYI0 U PAOUKAAbHYI0 TOJIAMEPH3AIMIO.

OCHOBHHE CTaJHH NpPONECCA NOJAMEPH3AIMHMHM MOXHO pPacCMOT-
peTh Ha OpHMEpE PAARKAILHOIO MEXaHA3MA.

IlepBas crapms — nauaso yenu. Ha 3Toi cTagEe B peaknMoHHOM
cMecH ofpa3yercs CBOOODHBIA paadkaj, KOTOPHIA NPHCOCIAHACTCH
K MOJIEKyJle MOHOMEpA:

R-+CH,=CH -»R—CH,——?H'
| .
X X

. O6pa3oBaBmasca JacCTHNA TaKXKe SBISECTCH CBOOOJHBIM paJHKa-
JIOM H cnoco6Ha DOCIeA0BATENBHO IPACOEAHHATD APYTHE MOJNEKYIh
MOHOMEPA, BLI3LIBAsA POCM Yenu:

R—(CH,;—~CH-),+CH,=CH —»R—(CH,— CH=), 1’
[ | |
X X X

Ilocnennas cragus — obpuls yenu — MOXKET NPOH3OKTH 3a CUET
IPHACOCAHEEHAS cBOOOAHOrO paamkasa R x KOHIY IIEOH HIH 33 CYET
pexoMOHHAMA OBYX PacTYyIOHX Henei.

Peakias moMHMEpH3aMH, B KOTOPYIO BCTYIAeT HECKOJILKO MOHO-
MepOB OJHOBPEMEHHO, HA3LIBAETCA conosumepusayueii (T. €. COBMECT-
HOH monmMepr3anueir). O6pa3yiomuics NpH 3TOM CONOJIAMEP MOXET
HMETb PEryJspHOE CTPOEHHE, IPE KOTOPOM 3JIEMEHTAPHHIE 3BEHbA
CTPOTO YepenyloTcs:

(=X=Y-)n

I HEpEryJispHOE CTpOeHHe ¢ OecnopsJovHO 4YepeAyIOIIMMHACH 3Be-
HBSAMM:

—X-Y-X-Y-Y-X-X-X-Y-X-X-Y-Y-Y-X-Y-

IIpaMepoM [aHHOM peaknuE MOXET CIYXKHTb comonmiepHianas Oy-
Ta/IACHA M CTHPOJIA C 06pa3oBaHHeM OyTaMeHCTHPOILHOrO Kaydyka.

B peakiusx HOJMKOHAECHCALNMHM YYACTBYIOT MOHOMEpHI, HMEIOIIME
JaBe uiM 6onee QyHKIHOHAILHRE TPYNOB, KOTOPHIE MOTYT PEarapo-
BaThb APYr C APYIOM C BEIACICHHAEM OPOCTON MoeKyinl (06nraHO
BoARl). 1IpH peaknum mONMKOHACHCAIHM H3 n MOJIEKYJI MOHOMEpa
BeLaensiercs (n— 1) Monexkyna Boasl (cm. ri. 33). .
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§ 36.2. IlnacrMacenl

IMaacmmaccamu HA3HIBAIOT MATEPHANEI HA OCHOBE HOJIMMEDPOB,
coocoOHEIE H3MEHSTh CBOIO (OpMY IpH HArpeBAHHA H COXPAaHATH
HOBYI0 Gopmy mocne oxnaxznesus. bnarogapsi 3TOMy CBOHWCTBY
IUTACTMACCHL JIETKO NOANAIOTCS MEXaHHYECKOH 06paboTke H HCOOIb-
3YXOTCS I DPOU3BOJCTBA M3JEeNMi ¢ 3a1aHHON HopMoOH.

IInacTmMacchl ORIBAIOT ABYX OCHOBHBLIX THIIOB: MEPMONAACMUYHbIE
H mepmopeakmusHole. TepMOILIACTHYHEIE IJACTMACCHL MOTYT MHOTO-
KpaTHO HM3MEHSTh CBOIO (GOpPMY IpH HAarpeBaHHH H HOCIEAYIOIIEM
oxnaxnennu. K HEM OoTBOCATCS HONMMMEDH C NHHEHHKIMHA NEHSMHA.
CnocobHOCTh TaKAX HOJIMMEPOB pa3sMAriaThbCd IPH HATPEBAHHH CBS-
33HA C OTCYTCTBHEM HIPOYHELIX CBSI3EH MEXAY PA3NMYHBIMHA NENsiMH.

TepMOpeaKTABHEIE IIACTMACCHL IPH HAIPEBAHMH TaKKe M3MEHS-
0T CBOIO (pOpMY, HQ HIpH 3TOM TEPSIOT INIACTHYHOCTh, CTAHOBATCSA
TBEpALIMA H mocieaypme# obpaboTke yke HE DOINAIOTCH. IJTO
CBA3aHO C TE€M, YTO Pa3ldIHEIE NOJIAMEPHBLIE HENH PR HATPeBaHHH
IPOYHO CBA3KIBAIOTCS JIPYT C APYTOM.

PaccMOTpHM HEKOTOPHE OCHOBHELIE TRIILI IUIACTMACC.

IMoausmunen (— CH,—CH;—), — OIMH H3 OPOCTEHIHX MOJIEMeE-
poB. Ero monexynsapeas macca xonebnercs or 20 THIC. A0 3 MIIH.
B 3aBHCHMOCTH OT cnocoba nonyuenus. [lonmsTunen ¢ HU3KOH MoJe-
xymxpngii MACcCO# M pa3BeTBIIEHHOH CTPYXTYpoli mOIydaroT pajad-
KaJbHOH IOJIMMEPH3AIMAel 3THIICH2 TPH BEICOKOM napjeHmH (120 —
150 MIIa) B npACYTCTBHHE KACIOPOa WM OPraHAIECKAX NEPOKCRIOB.
Ecne mponecc HOJIMMEpPH3aI¥H HPOXOJHT HPH HA3KOM JABJICHAH
B IIPECYTCTBHHA METAJUIOOPraHA9IeCcKHX KaTaM3aTOPOB, TO HOJIy4aer-
Cs HOJIA3THAIICH C BHICOKOM MOJIEKYJISPHOH Maccod H CTpPOro JIEHEH-
HO#M CTPYKTypo#i. DTOT mponecc OpOTEK2ET HO HOHHOMY MEXAHA3MY.

Ilonm3aTHIEH — NpO3padHblil, TEPMOIUIACTAYHLIA MAaTepHas, 00-
JIAXAIOMINA BRICOKON XHMHMYECKOH CTOMKOCTBIO, IIOXO NPOBONAIIHEA
TEILUIOTY H J3JIEKTPHYECTBO. Ero IpUMEHSIOT JUIS H3OIANAH 3JIEKT-
PHYECKHX IPOBOJOB, H3TOTORJICHHS IPO3PAYHEIX IUIEHOK H OBITOBBIX
pEeIMETOB.

Mono3amMenieHELie TPOA3BOJHGIC ITHIEHA NOIMMEPHIYIOTCH MO
0bmeMy ypaBHEHHIO

nCH, =CH - (- CH,—CH -),
| I
X X

rae X — 3aMeCTHATeNb. B pelyibTare NOJMMEPU3ANHHM B TCIABHOH
[EOH HOABJIMIOTCA ACHMMETPHYECKHE aTOMBI YIIIEPOAa, KOTOPLIE OT-
JIAYAF0TCS MONOXEHAEM CBSI3aHHOM C HUMH rpynnbl X OTHOCHTEILHO
rjIaBHOM nemd. Pasnuuaror uzomaxmuueckue, cunouomaxmuueckue H
amaxmuueckue nonaMepsl. B H30TakTHYECKHMX TONHMMEpPaX 3aMECTH-
TeJIH HAXOJATCHA CTPOro HO OJHY CTOPOHY OT IJIABHOHM IENH, B CHH-
JIMOTAKTHYECKHX NOJMMEPaX — MOOYEPEHO N0 PA3HKIE CTOPOHBI OT
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OElH U B ATAKTHYECKAX — XAOTHYHO IO TY WIH JPYIYIO CTOPOHY OT
15118

B mepBeix OBYX Cily4asx rOBOPST, YTO IOJHAMEP HMEET CTepeope-
ryiaspaoe crpoenne. M3orakrHieckue HOJMMEpPH OTIHYAOTCH OCO-
6eHEO neHHLIMA (DPH3HKO-MEXaHHYECKHMH CBOMCTBAMH.

IToaunponuaen (— CH,— CH (CH,)— ), mony4aioT HOJIHMEpH3aH-
el mpommMIena noj AaBJIeHAEM B IPACYTCTBHA METAJLIIOOPraHAYECKAX
KaTtanm3aTopos. IIpm a3ToM 06pasyercs crepeoperyisipHbI HOJHAMED.
Ilomanponunes mo cBodcTBaM MOXO0X HAa HOJH3THIEH, OJHAKO OT-
JAYaeTcs OT Hero Oollee BRICOKOH TeMOeEpaTypodl pa3MsryeHHs
(160 — 170 °C mpotaB 100 — 130 °C). IToJMOpONOHAIEH HCOOIB3YIOT
U1 M3rOTOBJICHHS H3OJAIHH, TpyO, neraneli MalMH, XAMHYECKOH
ammapaTyphi, KaHaTOB.

Ioaucmupoa (—CH,;—CH (C¢Hs)—), — TepMOIIacTHYHEH HO-
JIMep, AMCIOIAH JTHHEHHYIO CTPYKTYPY H MOJCKYJISPHYIO MacCy OT
50 no 300 tec. Ilo cBodcTBaM OH IOXOX HA HOJHMSTHICH. Tem-
meparypa pa3MsricHHS araxmalecxoro nonucTupona’ 85 °C, a’ m3o-
TakTHYeckoro nmomamepa — 230 °C. IlosmcTHpON HCOOIBL3YIOT IS
H3rOTOBJICHHAS A€TaJIed pagroannapaTyphl, 06 IANOBOYHLIX IUIHT, HO-
CyARl, HIpymiex H npyrux miaenait. [IApoko NpEMEHAIOTCHS CONOJIH-
MEpHl CTHpOJA C aKpHIOHHTPHIOM H APYrHMH MOHOMEpaMH. OTH
COmOJIAMEPHI HMeoT 0ojiee HEeHHbIE MEXaHHAYECKHE CBOMCTBA, YeM
HOJHCTHPOIL. | '

Hoausunuaxaopud (—CH,— CHCl—), — TepMoONnacTHYHLIA mo-
JAMep ¢ Monexyaspaoi Maccoit ot 300 o 400 Teic. OB oT/H9aeTcs
XOpOMme# NPOYHOCTHIO H BHICOKOH XHMHYECKOR CTOHKOCTBIO, IO3TO-
MY M3 HETrO H3rOTABJHMBAIOT ASTAIH XMMHYECKOH amnaparypsl, pabo-
TAIOIIeH B arpecCABHBIX CpEax.

Denoroghopmarviezudnan cmond — TEPMOPEAKTHBHEIA MOJIHMED,
KOTOPHIA HOJNYYAIOT IIO.PeakmHHl NOJMKOHAcHCamud (eHona c ¢op-
MANLACTAAOM B NPHCYTCTBHHE kucioT. Havano mponecca IOJIHXOH-
OSHCAIAH MOXHO NIPEACTABHTH CICAYIOMAM oOpa3oM:

OH OH OH OH
CH,
N
+ CHZO + —_— + Hzo

O6pasyromascs MOJEKyJla MOXET Yepe3 MOJIeKyay (opmanbaeraaa
COETMHATHLCA C APYTEMHE MoJjieKyinamu ¢ernona. Ecim nponecc coenn-
HEHHS OPOHCXOJHMT TOJBKO B opmo-noyioxkenmsx k OH-rpynme, To
obpa3syerca nmHCHHRIN TepMoNIACTHYHEIM nomamep. 1Ipu marpesa-
HAM 3TOr0 OOJIHMEpPA BO3MOXHO COCAMHEHHE PA3JIHYHbLIX JIMHCAHLIX
renei vepe3 napa-nojoxeHde ¢ o0pa3oBaHHEM IPOCTPAHCTBEHHBIX
CTPYKTYp THIA!

403



CH, CH,
- i * CHY i ~
OH OH

JaHEbI MaTEpHAaJ OPOSBIACT TEPMOPEAKTHBHLIC CBOHCTBA.

®enonohopManbAeraJHEE CMOJBLI HCIONB3YIOT KaK OCHOBY pa3s-
JIAYHBIX KOMIIO3HIIMOHHEIX MAaTEPHAJIOB, B COCTAB KOTOPHIX BXOJSAT
TaKxe HANOJHHTENIH, OTBEPIATEIH H APYrHE KOMIOOHECHTHL. M3nenns
H3 TAKHX MATEPHAJIOB OTJIMYAIOTCH NPOYHOCTHIO H XOPOINMMH JIH-
9JIEXTPHYECKAMH CBOMCTBAMH.

§ 36.3. Bosoxna

OnHa #3 BaXHEIX 00acTedl MIpAMEHEHHS IOJIAMEPOB — H3TOTOB-
JieHAE BOJIOKOH M TKameil. KitaccHprKkannus BOJOKOH NpHABEAEHA HHXKE.

BOJIOKHA

, Y

! MNPUPOAHbLIE | XUMNYECKUE
Pacmtensroro XKnsorHoro Ueckycers CuHTeTnyeckue
NPOUCXOXGEeHNA NPONCXOXACHNA 4 it
Xnonxosoe, Lepcraroe, Buckosrioe, fascan,
NIbHAIHOE WesIKoBoe ayerarHoe HEANOH

Bonokgsa, /s NIpOH3BOACTBA KOTOPHIX HCHOJBL3YIOT XHMHYECKHE
METO/Ibl, COCTABJIAIOT IPYINY Xumuueckux BonokoH. OHH AensTcs Ha
ucKkyccmsentvie B cunmemuueckue. VICKycCTBEHHBIE BOJIOKHA NOJyda-
IOT XHMHAYeCKOd MomubHKanaed OPHPONHLIX MATEPHANOB (XJIOHKA,
WIEPCTH), TOraa KaK s OpPOM3BOJICTBA CHHTETHYECKHAX BOJIOKOH HC-
OOJIL3YIOTCH TOJIBKO CHHTETHYECKHE MATepHajibi — MOJEMEpH. Mul
PacCMOTPHM J[ABA BaXKHCHANIAX CHHTETHYECKHX BOJIOKHA — AQ6CAH
B HaliAoH.

Jagcan nony4aroT NOJHMKOHACHCAIMEH 3THIICHIIHKOJNA H Teped-
TaseBoit (ben3on-1,4-q1ukapOOHOBOH) KUCIOTHI:
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0 0

, I i

HOOC @—c OCH,CH,0 c@- COOH —=
—» HOOC —@— co—ocrqg;mo—co——@» COOH+2H,0 w74

Ob6pasyromuiics JMHEHHLIE NOJHEMEp HNpeacTaBier cobod noau-
3ghup, INEMEHTAPHOE 3BEHO KOTOPOI'0 BEILIHT CICAYIOMHM 00-

pa3om:
_OCHZCHZOMCO—@—CO—)

BoJIOKHO, M3rOTOBJEHHOE M3 JaBCaHa (Apyrae Ha3BaHHS 3ITOrO
noyEa(Epa — TEpWIEH, JAaKpoH), obnajmaer Xopomel NpoYHOCTHIO,
TEPMOCTOMKOCTBIO, YCTOMUMBO K IEACTBHIO pa3baBIeHHBIX KHCIOT
H IIeNovei.

Haiiaon — no1maMHABEOE BOJIOKHO, KOTOPOE HOJIY4aOoT HOJHKOH-
aeacanmeit rexcamermienguammea HoN (CH)NH,; n ammmmsoBO#
kucioter HOOC (CH,),COOH:

n

H,N—(CH,)s—NH — [H +HO| - CO—(CH,), ~COOH -
- H,N—(CH,);— NH —CO~(CH,), ~COOH +H,0 a 1. .
OJjeMeHTApHOE 3BEHO HAMIIOHA HMEET BHJ
(~HN~(CH,)s—~NH—CO—(CH,), ~CO~),

Haiinon » npyrue noimamMuHbRIC BOJNOKHA XapaKTEPA3YIOTCSA BhI-
COKOM IPOYHOCTHIO H YCTOWYHBOCTHIO K McrHpaHuo. Henocratkamu
HX SIBISIOTCS BRICOKAsA 3NEKTPH3YEMOCTh H HEyCTOHYHBOCTL IPH Ha-
rpeBanpd. IlosToMy opexiy u3 HainOHA HeNb3s I'TAJHTL TOPAYHM
YTIOTOM. :

§ 36.4. Kayuykn

Kayuyku — NpOAYKTH TONHMEpPH3ANHME [HECHOB H HX IPOH3-
BOJTHBIX. :

Hamypaasubiii kayuyx MONY4YaIOT H3 JIATEKCA — COKA HEKOTOPHIX
Tponmyeckux pacteHuit. Ero crpoeHHe MOXBO yCTAaHOBHTH HO XH-
MMYECKHM CBOMCTBAM: KaydyyK mpucoeluHsier 6pom, GpomMoBomopon
H BOJOpPOJ, a NMpH HarpeBaHuH 6e3 JocTyma BO3JyXa pacnafaeTrcs
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¢ o0pa3oBaEMeM m3ompeHa (2-MeTHAOyTaameHa). DTO O3HAYAET, 4TO
Kay4yK NpeACTaBiseT co00H HempeaelpbHHM HOIEMEP — IOJHH30-
opeH. IIpm Gonee aeTanbHOM H3YYEHAH CTPOCHHS HATYPaJIbHOFO
Kay4yKa BBUACHHIIOCH, YTO KaydyK — JIHHCHHLIH IOJIBEMEp, OPOAYKT
1,4-n0/HOpACOS TABCHAS H30NPEHA:

nCH,=C—CH=CH, - (—CH,—C=CH—CH, ),
{ I
“CH, CH,

MounekyiapHas Macca Kayiyka a3MeHsieTcs oT 100 Tric. mo.3 MuH.
Kaxpgoe 3jieMEHTapHOE 3B€HO B IOJIHHA3ONPEHE MOXKET CYIECTBOBATh
B yuc- 1 mpanc-popmax. B HaTypasbHOM Kaydyke HOYTH BCE 3BEHbA
HMEIOT Yuc-KOH(QHrypanmro:

—H,C CH,—
A P

N
Hc” H  /n

D10 03HAYAET, UTO HATYPAILHLIA KAYIYK HMEET CTEPEOpPEeryNIapHOE
CTPOEHHE, KOTOPOE oGycnonnaBae'r €ro NEcHHBIC CBOKCTBA.

Baxneiimee pusugeckoe CBOACTBO KayTyKa — 31aCTHIHOCTS, T. €.
cnocob6HOCTE 00paTEMO pacmrmaan,ca IOJ ACHCTBAEM JAaxe He6o-
mpmo# ¢unnl. [lpyroe BaxHOE CBOMCTBO — HENPOHHIAEMOCTH IS
BOJHI H ra3oB. OCHOBHOM HEJOCTATOK KAy4yKa — YyBCTBHTEIILHOCTH
K BHICOKMM M HH3KMM TeMmuepatypaM. IIpH HarpeBaHHHM KaydyK pas-
MAr4aeTcss H TepseT 3JIACTHYHOCTh, a IPH OXJIaXACHAH CTAHOBHTCH
XPYIKHM H TaKXE TEPHET NACTAYHOCTD.

OTH HEXOCTATKA MOXHO IPEOAOJIETh, €CIIH HArpeTh Kay4yK Bme-
cre c cepodi. DTOT IpoNecc HAa3LIBACTCA 8Y/AKAHU3ayueil Kaydyka
H OPABOJHUT K CIDHBAHHK HOJHAM3ONPEHOBEIX Hemed 3a cuer obpaszo-
BaHHA MEXKIY HHMH JHCYIb(HIHEIX MOCTHKOB:

H,C H
\C=C/
—H2C/ \(':H—

S
I
S
I
—H,C CH—
\C= C/
H,C/ \H

ITonyueHBRIH DpOAYKT Ha3nBaeTcs pe3mHOH. OH MMeeT pa3BETB-
' JIEHHYIO IPOCTPAHCTBEHHYIO CTPYKTYPYy H MO3TOMY MEHee 3JIaCTHYEH,
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9eM HaTypallbHEIM KaydyK, OHAKO o6najzaer 3HAYATENbHO OoJbmiei
OpPOYHOCTHIO.

Curnmemuueckue kayuyxu. IIpoMuImnneHHnIi cOpoc HA KaydyK 3Ha-
YHTEJLHO OPEBOCXOMAHT BO3MOXKHOCTH €r0 HPHPOJHBIX MCTOYHHAKOB,
NO3TOMY XHMHKAaM IpPHILIOCH pemiaTh mpobneMy CHHTE3a Kaydyka,
He YCTYNAKIMero no CBOACTBaM HAaTYpajlbHOMY HPOAYKTY.

IlepBhiii mpOMBEIIUIEHHRI CHHTETHYECKAN KayiyK OBUI HONy4eH
B Poccanm B 1931 r. IIpodeccop C. B. JIebeneB OTKpbU1 3XKOHOMHIHBIH
cnocob mpom3BojcTBAa OyTaJHACHA H3 STHIOBOrO COMPTA M OCYIIECT-
BHJI DOJHMMEpH3anMio OyTrajgmeHa 0O paJAKAIIbHOMY MEXaHA3MY
B OPHECYTCTBHA METAJUIMYECKOTO HATPHA:

nCH,=CH—CH=CH, —» (—CH,—CH=CH—CH, —),.

ByranmeHOBLIH Kaydyk o0yagaeT Xxopomel BONO- H ra30HENPOHHA-
O3EMOCTBIO, OJHAKO MEHEE 3JIACTHYCH, YeM HATYpaJIbHBIM Kaydyk,
NOCKOJIBKY HMEET HeperyispHoe crpoeEme. B ero memm yuc-
H mpanc-3BeHbA pacnpeeeHnl xaoTiiso. Kpome Toro, monumepnsa-
[HA OpOTEKAeT He TONLKO Kak 1,4-, HO | Kak 1,2-npucoendBeHne, OpH
3TOM 00pa3yeTcs mOJIEMEP C pPa3sBETBICHHON CTPYKTYpOH.

B 50-x rogax 6buta pa3paboraHa TEXBOJOIES HPOH3BOACTBA CHH-
TEeTH4ECKOro 6yTa HeHOBOrO Kay4yKa C JIMHEHHOH cTepeoperyispHOH
CTPYKTYpO# (Takodl Kaydyk Ha3HIBAIOT Ousunuaosvim). Jlnm 3toro
HCIIONB3YIOT METAJUIOOPraHHYECKHEe KAaTATA3ATOPHl — aNKHIIMPOH3-
BOJHEIE AMOMHHESA C J0o6ABKaMu coJiel THTaHA, MAPKOHASA H APYTHX
BEIIECTB. AHANOTAYHMIM 06pa3oM HOJY4al0T CHHTETHYCCKHHA H30M-
PEHOBRIH KaydyK CO CTEpeOperyasapHO# CTPYKTYpoOil.

HexoToprie CHHTETHYECKHE Kay4yKH IOJIYYaloT, HCOOJIb3ys OpO-
necc comomMepm3andd. Hanpmmep, 6ymaduencmupoavhbiii Xaydyk
CHHTE3HPYIOT IO PEaKIMH:

n CH = CH, +nCH,—CH=CH —CH,

(~CH-CH,-CH,-CH = CH-CH,-)

—©

IIperMymecTBO METOJA COMOJMMEPH3ANKEHE COCTOHT B TOM, YTO,
BabHPYsi COOTHOINCHHE MEXKIY KOMIIOHEHTAMH, MOXHO YOPAaBISATh
CBOMCTBaMH KaydyKa.

B macTosmee BpeMs OpOA3BOACTBO CHHTETHICCKHX KAyTyKOB B He-
CKOJIKO Pa3 IPEBOCXOAMT IPOH3BOJACTBO HATYpAILHOIO Kaydyka. 13
CHAHTETHYECKHX Kay4YyKOB HM3roTOBISIOT Goyee 50 THIC. pa3IHIHEIX
g3aenmit. OcHOBHKIE 00JAaCTH HX IPEMCHEHHS: INMHEI, OOYBb, 3JIEKT-
POH3OJISIHAS.

n
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Ilepronnyeckas crucTeMa XMMHUYECKUX

"TPVIIIIH
[IEPHOMIBI| PALBI
bl PAL 1 II 1 v v
! H
I I {Bogopon
. 1,00797
3 Li[4 Be|S Bl 6 Cl7 N
I1 2 | Jlumit Bepunmmii | Bop Yenepon Asor
6,939 9,0122 10,811 12,01115 14,0067
I Nali2 Mg|13 All14 Si[15 P
111 3 {Harpuit MarHuii Amomunnit | Kpemumit ®Gocdop
22,9898 24,312 26,9815 28,086 30,9738
19 K0 CalSc 2Ty nly 3
4 | Kammii Kambuwit Cranmuit | Turan Banammit
39,102 40,08 44,956 47,90 50,942
v Cu 29(Zn 3031 Gal32 Ge |33 As
5 |Mem unx Tyt TepMaunii | Mbimbsk
63,546 65,37 69,72 72, 74,9216
37 Rb[38 SrlY 39|Zr 40/Nb 41
6 | Py6umit Crpoxugit | Mirtpuit upkoHnit | Hrobuit
Pyora 85,47 o u87,62 P 88,905 Hlep . 92,906
\% 47 48 CIE In|50 Snl5t Sh
7 | Cepebpo il Wnpwit Onoso Cypbma
107,868 112,40 114,82 118,69 121,75
55 Cs|56 Ba|La* 57| Hf 72|Ta 73
8 | Lesuit Bapuit JlanTan Tacommii Tantan
132,905 137,34 138,81 178,49 180,948
VI Au 79|Hg 8081 |82 Pb|®3 Bi
9 | 3onoto b Tanui Caunel Bucmyr
196,967 200,59 204,37 , 208,980
87 Fr |88 RalAc** 89 | Db 104 J1 105
VII | 10 |®panmit | Pamuit Axmurni | JyGuuit XKomoruis
[223] {226] [227] [261] [262)
BHICIIME R,0 RO R,0 RO R,0
OKCHBI 2 23 2 "2
JETYYHE
BOJOPOIHBIE RH, RH,
COEMHEHHA
Ce 58(Pr S9Nd 60(Pm 61{Sm  62|Fu 63
JIAHTAHOMAB® |{fonyji | Tlpaseomum |Heomum  |TlpomeTwit [Camapmii  |Enpormit
140,12 140,907 144,24 [145) 150,35 151,96
Th 90| Pa 91U 92|Np 93|Pu 94| Am 95
AKTHHOMJLb! Topuit  |[TporakrxHuii| Ypas Hentynmit {ITnyroruii |Ameprunil
232,038 [231] 238,03 [237] [242] [243]




snemeHToB J.1. Menneneena

SIEMEHTORB

V1 VII VIII
2 He
Temmit
. 4,00226
8 09 F 10 Ne
Kucaopoy  |®rop Heon
15,9994 18,9984 20,183
16 S[17 al— 13 Ar
Cepa Xiop TOH
32,064 35,453 Ap 39,948
Cr 24\ Mn 25(Fe 26| Co 27| Ni 28
Xpom Mapranenr | XKeneso KoGanst Huxens
51,99 54,938 55,847 58,9332 58,71
34 Se [35 Br 36 Kr
Cenen Bpom Kpunron
78,96 79,904 83,80
Mo 42 1Tc 43 [Ru 4[Rh 45 [Pd 46
Momubnen  |Texuenmit Pyrenuii Pomwit Tamnanui
95,94 [99] 101,07 102,905 106,4
52 Te |53 I 54 Xe
Te Hox Kceron
P 127,60 126,9044 131,30
W 74| Re 75| Os 76 Ir 77 Pt 78
Bonedpam | Penmit Ocmuit Wpuanit Tinaruxa
183,85 186,2 190,2 192,2 195,09
84 Pol®s At 86 Rn
Mononmit Acrar Pagon
{210] 210 (222]
Rf 106 | Bh 107| Hn 108| Mt 109
Pesepdiopauit | Bopuit Tanuit Meiituepuii
[263] [262] [265] [266]
RO, R,0, ‘ RO,
H,R HR

Ho 67|Er 68{Tm  69(Yb 70{Lu 71

Tanomuumit| Tepbuit | Mucnposuit{ ToneMuit  |Opbuit | Tymmii  |MrrepOuit |Jorewmit
157,25)  158,924]  162,50] 164,930 167,26 168,934 173,04] 174,97
Cu 96|Bk 97|Cf  98[Es 99 .fm 100(Md 101{No 102fr 103

Gd o64Tv 65Dy 66

Kiopuit | Bepxmit  [Kanndoprni) Dituureitumi| Pepmuit  [Menenesuij Hobemmit  |Jloypercuit
[247] [247) {249) [254) [253] [256] [255) [257)
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xaxncooil meme daemcs Heobxodumblii meopemuyecxuil Mamepuas, noOpobtivie peuieHun
OCHOBHBIX Munos 3aday, a MaKdce CospemenHbie S0MPOCHl U 3a0auu C OMEEMAaMu.
Juanason caoxcrocmu 3aday wUPoK — om CMandapmubix 00 CEEPXCAONCHBIX.

2. Kyapmenxo H. E., Epevmn B. B., TTonkos B. A. Hasana xumun. CoBpeMeHHEII
KyPC A1S mocTynaommx B Byasl.— M.: 1-g Geneparasras Kmaroroproas KoMnasms,
1997, 1998, 1999.

Camoe nodpobroe u yHugepcaisioe nocobue no xumuu 043 ROCMYNAOWUX & 8Y3bl.
Colepocum obuiupHblli meopemuyecKuii Mamepuan, U3AOHCEHHbIE HA CAMOM COBDeMEN-
HOM ypoeHe, u 6oAblioe YucA0 3a0au, 6ONPOCOS u ynpadicHenuld. -

3. Kyssmeaxo H. E., Epemas B. B. 2400 3amat o xaMa®R AIS MKOJLHAKOB
H NOCTYNaromux B By3sl.— M.: Jipoda, 1999.

Vnusepcasvmniil 3adaunux, komopniii oxeamvisaem ace pasdeabl WIKOALHOU NPpozpam-
MBl, @ MaKoKe MHO2Ue acnekmsl cospeMennoil xumuu. B nem mooicno uatimu 3adauu Ha
moboil 6xyc: wiKoAbHBIE, IKIAMeHayuoHHble, omumnuadubie. Ko ecem 3adauam oOamwi
Kpamxue omeemsl u YKAIAHUA. T

4. Ilysaxos C. A., IToukon B. A. [Tocobme no XAMEE A% HOCTYNAIOIMEX B BY3HI.
TIporpamvul. Bonpoch, ynpaxpesmus, 3agatd. OGpajnoel 3K3aMeHAIMOHHHIX Ome-
T0B.— M.: Brlcinas mxona, 1999.

B nocobue axaioueHbl npozpamMms N0 Xumuu 048 ROCMYRAIOWUX 8 8Y3bl, 06paIybs
aK3aMeHayuonnblx Guiemoa, xomopvie npedaazasuce abumypuenmam e 1997 — 1998
200ax, a maxdice okoa0 3700 80npocos, OPUZUHAALHBIX CUMYAYUOHHBIX U PACYEMHBIX
3aday. Pasobpano pewenue 83 pacuemmusix 3aday.

Kaxcdoii us pasdeaos nocobus codeporcurn xpamxoe meopemuveckoe 8dederue
u cnpasounbiii mamepuas, Heobxooumwii 01a camocmoamensHou pabomwy & npoyecce
Nnod20moeKu K KOHKYPCHbIM UCRHIMAHUAM. Bxuiouen donoanumervhviil Mamepuas 04R
YUOWUXCA CReYUaIUIUPOBAHHBIX MEOUKO-bU0A02UYecKUX KAACCos.

5. Babxon B. A., IlonkoB B. A. O6mas m Heoprammieckas xamas. ITocobme mns
CTapIeKnacCHAKOB H abrrypmenTos.— M.: U3n-so MI'Y, YePo, 1998.

ITocobue npednasnaveno @ ocHOBHOM OAA NOO2OMOBKYU K- 6CIMYNUMEbHBIM IKIAMe-
HOM 8 YHuBepcumembl, MeduyuHcKue, ceabckoxosaiicmeennbie u Opyzue @y3wi. [Jas
aKmusu3ayuL NO3HABAMEALHOZ0 NPOYECca 8 meKcme Npuaederbl MHO20%UCAEHHbIE npYMe-
pbi pewienuna 3aday u 3adanus OAA camocmoamensrozo ewinoanenuA. Ilpu nanucamuu
KHu2U UCnOAb30BaHbl HOBethuiue Oannbie nepuoduvecxkux usoanwii (xwcypras «Xumus
8 wxone» u 0p.). Ocoboe sHumanue ydeseHO BONMPOCAM HAUAALHOZ0 Kyped XuUMuu,
HEOCMAMOUHO ACHO OCBEUEHHBIX @ WIKOABHBIX YHeDHUKAX U NOCObURX.

6. Xumus. ITocobme-penerarop / ITon pen. A. C. Eroposa.— Pocros-Ha-Jory:
Dennxc, 1996. ’

Hannoe nocobue cocmasseno 8 coomsemcmguu c¢ npozpammoil no xumuu 018
nocmynaowjux e syan Poccuiickoii Pedepayuu.

Iocobue codeprcum nodpobroe meopemuueckoe u3A0dCEHUe KYPCa XUMUU, A MAKlICE
peuierue munogslx 3aday u boavuioe uucto 3adanuil 01/ caMmocmoamensroil pabomo: (@
MOM uucCAe IneKMusHble Mecmsi ).

7. Xamuas: Gonbmioi CIpaBOYHAK VIS IIKOJIHAKOB H MOCTYNAKOIIAX B BY3H [/ E. A.
Andeposa, H. C. Axmeros, H. B. Boromonosa u ap.— M.: Hpoda, 1999.

CnpasouHux A8AAEMCA YHUKAALHBIM YUeOHBIM nOCobueM no XuMuu, codepicawjum
Kax meopemunecKkuti mamepuai, max u NpaxmuiecKue 3a0anun, KONmposHble u npoae-
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pounbie pabomyt, mecmbt, pazHooGpasnbie cnpagouHble Mamepuasl, a MaKNce npuMepHsle
bunemot u omeemsl 347 NEO20MOEKYU K 6INYCKHbIM Ik3amenam 6 9 u 11 xaaccax. Ezo
ceoeobpasue 8 MoM, YMo, OX8aAMBIBAR BCE pa3debl UKOALHO20 Kypca, o8 npedcmasasen
803MONCHOCMY BbICMPO U KOMNAKMHO UYYUMb UAU NOBMODUMb OCHOBHbBIE CBEOeHUs NO
meopemuyecKoil; HEOP2AHUYECKOL U OP2aHUNECKOR XUMUY.

Knuza nomosxcem cmapuexaaccHuxam u abumypuenmam yCneuiHo nod20moeumsca
K 8bINYCKHbIM IK3AMEHAM 8 obueobpazosame Hoti wiKoae, A MAKice K 8CMynume bHuM
ax3amenam & 8y3. Ipencdasumesu naiidym 6 Heil 3adaHUA PA3AUNHOI CAOMNCHOCMU,
no3801A10Wue ONpedesums CMenenb YCB0eHUA IHAKUL YUaujuMUucs.

8. Epemuna E. A., Epemmm B. B., Kyasmenxo H. E. CopaBo4H#K INKONMLHAKA IO
xemum: 8§ — 11 xmacesr— M.: poda, 1996, 1997, 1999.

Knuza codepowcum 6bosee 90% xumuueckux peaxyuii, npedaazaeMblx Ha IK3AMeHAx
N0 XUMUU 8 WUKOAAX U 6CNIYNUMEnbHBLX IK3ameHnax 6 gy3ax. Hezamenuma xax cnpasounoe
nocobue 048 mex, Kmo He OUeHb Y8epeHHO 3HAen Xumuio.

9. Kyasmenko H. E., Epemun B. B. Xumus. 1000 sBonpocoB ® oTBeToB. YuebHOE
noco6Hre IS noCTynaromeX B By3bl.-— M.: Kewxnrit Jom «YBrBepcaTeT», 1999.

Hacmoswan xnuza npunyunuasneiM o6pa3omM omausaemca om 8Cex npeovidyuux,
HANUCAHHBIX HAMU U OPYZUMU a6MOpaMu OAR WKOALHUKOE u abumypuenmos. Ona
npedHasHauena, 8 nepsyio ouepeds, 048 CaMOCMOAMENbHO20 KORMPOLA SHAHUIL MO XUMUY.
Knuza codepocumn 32 21a6bi, HANUCAHHBIX 6 BUOE MeCMO8, OX6AMbIBAIOWUX 8Ce DA3OEAbL
WIKOABHOU NPOZPAMMBL N0 XUMUY, G MAKXMCE NPOZPAMM OAA NOCMYNAIOUSUX € EY3bl.

10. ®empaman ©. I'., Pymserac I. E. Xemusa. Vee6bauk no xemer g 8 — 14
K1accos cpemueit mxouw.— M.: IIpocsemenwe, 1989 — 1995. B

’ Omu xnuzu — yuuiue yuebriixu no xumuu. Om MHOZ2UX YueOHUKO8, NOABUBUIUXCA
8 nocnedHue 200bl, uUX OMAuHAEM XUMUYECKAS 2PAMOMMNOCIb, NOCACO08aMebHOCMD,
npocmoma u ACHOCMb UIAOXNCEHUA.

11. Axmeros H. C. Heopraamueckas xamus.— M.: IIpocsemenne, 1992.

IIxoavHblil yuebHUK bICOK020 YPOGHA, NPEOHASHAYEHHbIT 0AR Y2AYbAeHHO20 u3yye-
HUR XUMUU. .

12. a) Bepaonocos C. C., Xapos A. M. CopaBoysmk NIXONbHHEZ OO obmeit
xamem.— M.: Axsaprym, 1997. .

6) Bepaonocos C. C., XKupos A. V1. CipaBoYHAK INKOJLHAKA NO HEOPraHAYECKOH
xamar.— M.: AxBaprym, 1997.

Hea cnpasounsix nocobus, Komopyie codepicam HAYYHO GbIGEDEHHIIO UHPOPMayuio.
Bce peaxyuu 6 smux Knuzax onucansi max, Kax OHU UOYmM HA CAMOM Oene; XUMUR
30ect — peasvran, a we «bymaxcuasy. Knuzu npeduasnauens, 21a6nbim o6pasom, o1a
JOHBIX XUMUKOE.

13. Opraamieckas xumus [ Iloa pen. Trokaskmroit H. A.— M.: Memammna, 1998.

Ouenv zpamomubiil yuebHux no opzavuuecxkoti xumuu. Yposenv Kuuzu 3amemuo
npesbiuiaem wxoAbHbIG, 0OHAKO NPOCMOMA U ACHOCT, USAONCEHUR NOBOAREM PEKOMEHDO-
8aMb e¢ WKOALHUKAM CMAPUILX KAGCCO8 047 OONOAHUMEALHBIX 3aHamutl ho XuMuu.

14. ®pamanta M. Xumes B geiicrsrn.— M.: Mup, 1991, 1998.

Jyuwian xuuza 018 acex, kmo yesexaemca xumuetl. OHa u3 mex KHuz, Komopble
yumaiom «0AR Oyuiu». Asmop ymeem noKaszams uumamento, ¥mo XUMUR — uHmMepecHan
u HeobbluHAA HAYKA, C KOMOPOLl MAK UK UHAYE CEA3AHbI 8CE CMOPOHbI MCUIHU.
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