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IIpeducaosue

HacTosmas xHura — nepebiii yueOHMK, NpenHazHa4eHHslif 1is Gaka-
JIABPOB H TNO/rOTOBJIEHHBIH B COOTBETCTBMH ¢ 00pa3oBaTesbHBIM CTaHap-~
TOM /11 TEXHHYECKHX HaIPaBlIeHHH H CTIeUHaIbHOCTEH.

VYueOHMK cocTOMT U3 ABYX uacrteid. [lepBas uacTe oxBaThiBaeT 00s3a-
TenbHBIE pa3fensl (pa3fensl nepBbif-TpeTHii) Kkypca. Bropas uyacTs
(pasmen ueTBepThI) BKIIOYAET IIaBBl, W3ydaeMbie MO BbIOOpY By30B B
COOTBETCTBUHM C HaNpaBJIeHHSIMH MOArOTOBKH OakanaBpoB.

ObereopeTrdeckyto 6a3y yueGHHUKA COCTABNIAIOT YYEHHE O CTPOEHHH
BEIECTBA, TEPMOAMHAMUKA W KHHETUKA XUMHYECKHX peaKuMil, TeOpHH
OOMEHHBIX M OKHCIMTEJBHO-BOCCTAHOBUTENbHBIX MpoueccoB. Ha atoi
0a3ze paccMOTpeHbl OCHOBHbIE XMMUYECKHE CUCTEMBI H Nporecchl. bosbine
BHUMaHHUA yJeneHo Hanbonee oOILMM 3aKOHaM M MpUHLMNIAM XuMuUH. [pu
U3NOKEHUU XUMHYECKOH CBA3H PacCMaTpHBAlOTCA METOAB! BAaJIEHTHOH
CBSI3M M MOJIEKYJIIPHBIX OpOuTanei, kak B3aMMHO JOTOJHAIOHIME ITOIXO0-
Ibl B TOHUMaHMU CBA3M. DTO MO3BOJMIO ¢ OOIIMX MO3ULMHA paccMOTpeTh
B3aHMMOJIEHCTBUSA YACTHLL B ra3ax, XKHIAKOCTAX M TBEPABIX Te1ax U CBOHCT-
Ba BEHIECTB B 3THX COCTOSHHAX. [IpH H3/T0)KeHUH XMMHUH TBEpPAOro Tesa 3a
OCHOBY TPHHSATBI CBOIMCTBA T€X WM HHBIX (a3. bonblioe BHUMaHUE yJe-
JIEHO XHMHYECKHMM MpolieccaM Ha rpanuile pasjeia (a3 u MexQasHbIM
B3aumoeicTBuaM. B pasnen «M36paHHbIe BONPOCHl XUMHHY, U3y4aeMblit
1o BeIOOPY By3a, BKJIIOYEHBI XHUMUS METAJUIOB, HEMETA/UIOB U MOJHMEPOB,
2JIEMEHTHl OPraHU4eCKOH XUMHH, SAEPHO-XUMHYECKHE MPOLIECCH, a TaKkKe
‘XMMHUeckve MIeHTU(UKauMa W aHamu3 BemiecTBa. Ocoboe BHHMaHHE B
y4yeOHUKE YyHeNeHO pOJM XMMHU B OXpaHe OKpyxarwuied cpeabl. IToT
BOMPOC paccMaTpUBacTCA MPAKTHYECKH B KaXKIO# riaBe U obobllaercs B
rnaee «XHMHS W DKOJIOTHA».

[ocne kaxporo naparpada npuBeAeHsl BONPOCH M (MIW) 3afa4u Ui
camornpoBepkud. OTBeThl Ha 3ala4yd MpUBEJEHbl B KOHILIE yueOHHKa, MO-
3TOMY CTYIEHT MOXET KOHTPOJIMPOBATH NPAaBUJILHOCTb PELICHHA 3a4ad.
JlononHuTe bHbIC 334a4H M METO/bl HX PEILICHHS CTYREHT MOXET HalTH B
yueOHOM NnocoOum, yka3aHHOM B CIHCKe JUTepaTypbl. B mpouecce oby4e-
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HUA CTYACHT BBITIOJIHAET abopaTopHble pabOTH A/ NOJMY4YeHUS HABBIKOB
obpaleHns ¢ XUMUYECKUMH peareHTaMM M NpoBeleHus peakuuii. B cru-
CKe JINTepaTyphl PHBEAEHO COOTBETCTBYIOLIEE yueOHoe nocobue.

VueOHUK peKOMEHAYEeTCS CTYIAEHTaM O4HOH M 3a04HOM GopM obyuye-
Huss. OCHOBHOH BMA 3aHSATHII CTYJAEHTOB-3a0YHHKOB — CaMOCTOSATENbHAs
paboTa u npexye Becero padbora ¢ y4eOHHKOM.

H3syyeHue OTAENBHBIX IJIaB KHUIH PEKOMEHIyeTcsl NIPOBOJUTH B ABA
stana. [lpu nepsom uteHuH cosgaercs obliee NPeACTaBICHUE O ColepxkKa-
HHH ¥ BBIACHAIOTCA €€ TpyAHBIE MecTa. [IpH MOBTOPHOM M3y4eHHH TEMBI
Jierye MOHATH CYIIHOCTh BONPOCA, TEOPETHUECKHE MOJIOXKEHUS, UX MPUMeE-
. HEHMe, MaTeMaTHYECKHE 3aBHCUMOCTH, YPABHEHUS XMMHUECKUX PeaKIHi.
TonaBnsromee GONBMIMHCTBO JIO/IEH Jlerde yCBaWBAIOT TMPOUYHTAHHOE,
€CJIH MapajuleNbHO ¢ YTEHHEM KHUFM BenyT KowHcriekt. Pabora Han KoH-
CMEKTOM TIOMOraeT MOHUMAHHIO MPOYUTAHHOTO M SBJIAETCS CPEACTBOM
koHTposs. Jlyuwas ¢dopma kOHcmekTHpOBaHHS yueOHMKA — TE3HMCHAS.
Tesuc, copMyaHpOBaHHBIA CAMOCTOATENILHO MPH YTeHHH yuyeOHMKa, Me-
pelaeT HE TOJbKO COAEPIKAHME KHHUIH, HO M OTHOLIGHHE K H3y4aecMOMY
marepuany. Haubonee BakHbie MONOXKeHHs M onpenesieHns nenecoobpas-
HO BBINMCHIBATH JOCIQBHO. PekoMeHayercsl 3aHOCHTH B KOHCIIEKTBI OC-
HOBHbIE 3aKOHbI U TOHATHSA, QOPMYIbl U YPABHEHHUS PeaklMi, HE3HAKO-
Mbl€ TEPMHMHBI M Ha3BaHHA, MaTeMaTHuUecKue pacuersl. [l mpoBepkH
YCBOEHHS MOJIE3HO BOCCTAHOBHTE MO MAaMSATH OCHOBHBIE MOJIOKEHHUS TIPO-
YHTAHHOTO, a 3aTeM CHOBA BEPHYTHCS K TOMY, YTO OKa3aloCh HEMOHAT-
HeiM. He cneaver nepexoiinTs K AanbHEHINEMy H3VHCHUIO MaTepHaa, He
YCBOMB NpeAbLAyLHii.

Pa6ota ¢ yue6HHKOM KOMKHA conposomuan;ca pelLleHHeM 3a1ad, YTo
6yner cnocobCTROBATH TYHLIEMY MOHMMAHHIO W 3aKPEIUIEHHIO MaTepHaia
Kypca. ‘ ’

Astop OGnarogaput MuHHMCTepcTBO oOmiero M mnpodeccHOHaIBHOIO
obpazoBanus P® 3a rpant, 6e3 koToporo yueOHHMK MOATOTOBHUTH OBLIO
HEBO3MOXKHO.

ABTOp BbipaxkaeT 61arofapHoOCTb KOJEKTHRY Kadenpst xumun Moc-
KoBckoro OHeprernueckoro MHctutyra (Texnuueckoro YHHBeEpcHTeETa)
3a MOCTOSIHHYIO TIOAZEP>KKY W MOMOLIb B MOArOTOBKE yyeGHHMKA U 3a Mo-
Jie3HbIe COBETHE U 3aMevaHH.’

ABTOp NpU3HATENEH KOJJIEKTHRY Ka@eapu xume MI'TY nm. H3. bayma-
Ha (3aB. kadeapoii npog., 1.x.H. B.A. Batiok) n nipod., ax.H. A.®. Bopobrery
3a MOJIE3HBIE 3aMe4aHNs B PeKOMEHIAIHH.

Aemop



VBaxaeMblii YHTaTEaD!

Iepen Bamy onnH M3 yyeOHHKOB HOBOIrO NMOKOJIEHHS 1O AUCLIMILIHHE
«XHUMUSA» NI CTY[JSHTOB BHICIIMX Y4eOHBIX 3aBeieHHi, o0ydaroiuxcs
110 TEXHYYECKHM HAIpaBJIEHHIM M CHELHabHOCTIM Npo(heccHOHaNbHOTO
00pa3oBaHus, HaNKMCaHHBIH U3BECTHBIM CHELUATMCTOM B 0ONACTH XHMHH,
3acnyKeHHbIM AedTeeM HaYKH U TexHukH Poccuiickoit ®Oenepauyn, 1ok-
TOPOM XHMHHYECKHX Hayk, rpodeccopom H.B. Koposunsim.

JanHblit yueOHHK siBiseTca OAHMM H3 rnobeaureneir Becepoccuiickoro
KOHKypca Yy4eOHHKOB HOBOTO IMOKOJEHHS Mo o6muM ¢yHIaMEeHTanbHBIM
€CTeCTBEHHOHAYUHbIM AUCLMIUIMHAM. MaTeMaTHke, HHopMaTHke, Qu3u-
K€, XMMHHU, OHOJIOrHH, IKOJOrHH, COBPEMEHHOMY €CTECTBO3HAHHIO. OTOT
KOHKYpC BIiepBbie B HCTOPHH BbicHIeH 1konsl Poccuu, B cBs3u ¢ pedop-
MHPOBaHHEM CTPYKTYPbl M COAEpXKaHWS NporpaMm Bhicliero ofpasosa-
Hus, 6611 nHHLUMpoBaH ['ockoMBy3oM Poccnm (B paneHeiem — MuHOO-
pazoBanueM Poccum) u nposeneH B TeueHue, 1995-1998 ronos Ha Gase
Poccuiickoro yHuBepcuTeTa ApykObl HAPOLOB.

B koHkypce npHHSIM ydacTde CBbille 350 aBTOPCKHMX KOJUIEKTHBOB
NpakTHYeCKH M3 Bcex peruoHoB Poccu; 3asBkM mpeacTaBnsuiach 1o 11
HOMMHALMAM, 2 B X OUGHKE Y4acTBOBaJIO Oosiee CTa BLICOKOKBaNMpUIU-
POBAaHHBIX IKCIIEPTOB. ‘

B pesynbTare ABYX TypoB KOHKypca 6put0 oToOpanHo 39 aBTOpCKMX
KOJIIEKTHBOB, UbH 3asBKH, a 3aTeM U PyKOIHCH GoJiee BCEro COOTBETCTBO-
BAJIM KaK HOBBIM yueGHBIM [IpOrpamMmaM, Tak H rocy/lapcTBeHHbIM 00pa-
30BaTe/IbHBIM CTAHJAPTaM MO KAXKI0H AUCLUILIMHE.

KoHKypcHas KOMHcCHsI ' M31aTeILCTBO «Bricias 1ikoa» BbIpaXaroT
HaneX Ly, YTO JaHHBI y4eOHUK BHECET MOJE3HBIH BKJIAA B €10 Nalb-
HeH1Iero COBepIISeHCTBOBAHHA POCCHICKOrO BHICIIETO NMPodecCHOHAIBHO-
ro oOpa3oBaHHUs U XKeJJaeT BCEM YUTATENdM — CTyJEHTaM M Mperojasare-
nsM — OONBIINX TBOPYECKUX YCHEXOB.

Kouxypcnaa rxomuccus
Hzoamenvcmeo « Buicuas wixonay



BBEJEHUE

§ 1. IPEAMET XUMHUHA

ITonsiTue o MaTepun # ABMKeHHH. Bech OKpyxarouuii HaC MHOTo-
o6pasHblii MHp, BCE CYILECTBYIOLIEE — ITO MaTepusi, KOTOpas MposBIsieT-
ca B AByX (opmax: BewiecTBa M Mosisf. BemectBo cOCTOMT M3 4acTHL,
MMEIOLINX COOCTBEHHYIO Maccy (Maccy NOKos), HanpHMep aTOMOB, MoJle-
KyJj1, HoHOB. [lone — 370 Takas dopMa CylecTBOBaHHA MaTepUH, KOTopas
Mpex/ie BCEro XapakTepusyercs sueprueii. [TocpesicTBOM Mois OCYIIecTB-
NSeTCs B3aMMOZEHCTBHE MEXAY YacTHLaMH BeliecTBa. B kavecTBe TIpH-
Mepa MOXHO MPHBECTH 3J1EKTPOMArHHTHBIE W MPABUTALIMOHHbIE TOJIA.

HeorbemneMbiM CBOMCTBOM MaTepuH ABNSETCS IBIDKeHHe. Matepus
HaXOAMTCA B HEMPEPBIBHOM JABHXXKEHHH, OHAa HEPa3phIBHC C HUM CBs3aHa.
@opMbl IBHKEHUS OYEHb Pa3sHOOOPasHbi M B3aMMOCBA3aHbl APYT C ApY-
rom. QopMbl IBHKEHHS MaTepUyl U3y4yaroTcsi pa3sHbIMU €CTECTBEHHbIMH
Haykamu: GU3NKOH, XUMHeH, 6uonorueil u np. Popmbl ABIKEHHS MOTYT
NepexoauTh Apyr B Apyra, HarpuMep XuMmudeckas dbopma JBHXEHHS MO-
XKET MEePEeXOIUTh B TEIUIOBYIO, TETIIOBAS B DJICKTPUYECKYIO H T. L.

Mepoii ABHKEHUS MaTepuu, KOJIMYECTBEHHOM €ro XapakTepHCTHKOH
CJIY>KHMT SHEpIHus, B TO e BpeMs Mepoil HHepLMH MaTepHu SBIIeTCS Mac-
ca, MO3TOMY 3HEpPIus U Macca — Ba)KHEHIIIME B3aHMOCBS3aHHbIE CBOMCTBA
MaTepHu.

3aKOH COXpAaHEHHS MacChl H 3HEPrHH. JTOT 3aKOH MO CYyLIECTBY
6bu1’ chopmympoBan M. B. JlomorHocoBbiM ete B 1760 r. CoBpemenHas
¢dopMynHpOBKA 3aKOHA TVIACHT: 6 UONUPOGAHHOU CUCMeEMe CYMMA MacC U
snepauil nocmosnHa. Jta GOPMYIIHPOBKA YUHTHIBAET, UTO MEXIY Maccoi
m v 3Hepruei E cylecTByeT B3aUMOCBS3b COTJIACHO YPaBHEHHIO

E=mc2, )]

rAe ¢ — CKOpOCTh CBETA B MycTOTe, paBHas 3-10° m/c.
DTO COOTHOLIEHHE MEXIy 3Heprueil cBera H ero Maccoil obHapyKun
pycckuii ¢usuk I1. H. JleGenes. [Toznuee A. Dnuireitn (1905) noxaszan,
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YFO ypaBHEHHUeE CNpaBelinBo Jui4 JiioObIx GopM marepun. YpaeHenne (1)
HA3bpIBacTCd ypaBHeHHEeM DHHINTeHHa.

Tak kak XMMUYECKHE pEaKUHH COMPOBOXIAIOTCS SHEPreTHYECKUMHU
spdekTamm, TO B pe3ynbrarte WX MPOTEKAHMS MPOMCXOAUT H3MEHEHHE
macchbl, OHaKo, Tak Kak sHepreTHueckue 3hGeKThl peakiuii HaxoIATCs B
npexgenax 10 — 1000 k/lx (xunomxoynei) HA €AUHULYY KOJTHYECTBa Be-
HIECTBA, TO W3MEHEHHE MACCH B COOTBETCTBHH C ypapHenueM (1) naxo-

‘purcs Ha yposre 10° — 107° r. Takoe HeGonbIIOE M3MEHEHUE MAcchl
MOJKHO HE YUUTBIBATH.

Cneayer oTMeTuTh, YTO ypaBHeHHe DHHINTEHHA yKa3blBaeT Ha B3au-
MOCB#3b, @ HE Ha 3KBUBAJICHTHOCTb MAcChl M SHEPIHH M HE HA UX NpeBpa-
HIEHHs APYT B Apyra.

Onpeiesienne XHMHH. XUMHUSI M3ydaeT XUMUYECKYIO (GOpMY JBHKe-
HUS MaTepuH, MOA KOTOpOW TIOHMMAKOT KAauyeCTBEHHOE H3MEHEHUEe Be-
[IECTB, T.€. [pEeBpallleHHe OTHUX BeillecTB B Apyrue. [lpM Xumuueckux
npoueccax MpoOUCXOJUT 0OMEH aToMaMM MEXIY pa3/IMYHbIMU BEllecTBa-
MH, Nepepacripeie/ieHNe 3JISKTPOHOB MEXAY aTOMaMH, pa3pylueHMe Of-
HUX COEAMHEHMI U BO3HHKHOBEHME APYrux. B pesynbraTe XUMHUYECKHX
NpPOUECCOB BO3HHKAIOT HOBBIC BEMIECTBA ¢ HOBBIMH XHMMYECKHMH H (-

3MYeCKMMH CBOHCTBaMH. Takum o0pa3oM, XMMHS — 3TO HayKa O BEUIECT-
' BaX ¥ 3aKOHAX WX NPEeBpPalICHHH.

CoBpeMeHHass XMMHS — 3TO Pa3BETBICHHAs CHCTEMA MHOTMX HAYK:
o0uiedl, HeOpraHM4ecKoH, OpraHuyeckod, (U3MUECKOW, AHAIUTHUECKOH
XUMHH, HIEKTPOXHMUM, 6uoxumunt U 7. . O61mas XuMUA H3yyaer
" Hanbonee o01ME 3aKOHBI M KOHLELHH XHUMUHK, BKJIKOYas NeproIMIecKHiH

3aKOH, TEOPHUIO XUMHUYECKOH CBA3H, OCHOBHBIE 3aKOHOMEPHOCTH XHMMUe-
CKHX MPOLECCOB, YYEHHE O PacTBOPAX, OKHCIUTEbHO-BOCCTAHOBHMTEITb-
Hble PeakLUH U Jp. :

OO6GBEKTOM M3YYEHHA B XMMHH SBJIAIOTCS XMMHUYECKHE 3JIEMEHThI U WX
coeqHeHus:. X MMUUYECKHM 3JeMEeHTOM Ha3blBAKOT BHI aTOMOB C
O/IMHAKOBBIM 3apsoM sjep. B cBoio odepenb, aTOM — 3TO HAUMEHb-
1as YacTHLia XMMHUYECKOro JIEMeHTa, COXPaHIIoLIas BCE ero XHMHUECKHE
cpoiicTBa. TakuM 06pazoM, KLBKIOMY XUMHYECKOMY JJIEMEHTY COOTBETCT-
BYET onpeiefieHHblil BUI aTOMOB. ATOMBI JJAHHOTO 3JIEMEHTa XapaKTepH-

- 3YIOTCSl OAMHAKOBBIMH CBOMCTBaMH.

Monekynol Ha3bBAIOT HAMMEHBLIYIO YAaCTHILY WHAWBUAYANBLHOIO
BEUIeCTBa, CIIOCOOHYIO K CAMOCTOATENEHOMY CYIIEeCTBOBAHUEO, 001aalolyo
€ro OCHOBHBIMHM XHMHYECKMMH CBOHCTBaMH M COCTOAIRYIO H3 OAHHAKOBBIX
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WJIM pa3iNuHbIX aTOMOB. Mosekynbl MOryT ObITb ORHO-, IBYX- U MHOFQ-
aTOMHBIMH. OHH ABASIOTCS COCTAaBHBIMHM YaCTHLIAMH BelllecTBa. Ecnu mMo-
JIEKYJIbl COCTOSAT H3 OAMHAKOBBIX aTOMOB, TO BELLECTBO HA3BIBAIOT MNP O -
CTHIM HIM 3JI€MeHTapHblM, Hanpumep He, Ar, H,, O,, Os, Sy, Se, Sg
u Py. TpocTtoe pewecTso sBnsercs Gopmoii CylecTBOBAaHUSE XHMHYECKOTO
3JiEMEHTa B CBOOOJAHOM COCTOSHHH.

Ecnu monexyna BeiecTBa cOCTOMT M3 pa3HbIX aTOMOB, TO BEHIECTBO
Ha3bIBAOT CJOXHBIM (UTH XHMHUYECKHM COCAMHEHHEM), HaTNpUMep
CO, H;0, NH;, CH,0, H;PO,. JTioboe BeuiecTBO xapakTepusyeTcs omnpe-
JeNeHHBbIM COCTaBOM (MIPUPOAOH M YMC/IIOM aToOMOB B €ro MOJIeKyJie),
cTpoeHHeM (MPOCTPAHCTBEHHBIM PacHONOKEHHEM aTOMOB B MOJIEKyJe) U
onpeaeneHHbIMH PH3HIECKUMY 1 XHMHYECKUMH CBOHCTBAMH.

XHUMHUYECKHe CBOMCTBA BELIECTBAa XapaKTePH3YIOT €ro CrocoOHOCTH
Yy4acTBOBaTh B XMMHUECKMX peakLMfiX, T. €. B Mpoleccax NpeBpaLieHus
OJHHUX BEIUECTB B Apyrue. Jiis MOHHUMAHHMS 3THUX CBONCTB HEOBXOAMMO
3HaTh M COCTaB M CTpOeHHWe BellecTBa. [loaToMy XMMHS H3yYaeT cocTas,
CTpOeHHE, CBOMCTBA BELIECTB M UX NPEBPALEHUs.

Kak onHa W3 oTpacneil ecTecTBO3HAaHHA, XUMUS CBSI3aHa C JIPYyrUMHU
€CTECTBEHHBIMH HayKaMy. XUMHYECKHE peaKiMu HrparoT BaXKHYIO
poab B (PU3MUECKUX, OUONOTHYECKHX, TEOJOTHYECKUX U APYTHX Ipo-
ueccax. CBs3p MeXAy pa3MYHBIMU €CTECTBEHHBIMH HayKaMH OUY€Hb
TeCHas, Ha CThIKaX HayK BO3HUKAIOT HOBBIE HAYKH, HAllpUMeEp saepHas
XUMUs1, ONOXUMHSA, TEOXUMHA, KOCMOXUMHS U T. Ti:

KoJsindeeTBo BemectBa. KoMuecTBO BELECTBA — ITO YHCHO CTPYKTYp-
HBIX 3/IEMEHTOB (aTOMOB, MOTEKYJ, UOHOB U 1p.) B cucteme. EnuHuuei us-
MepeHHsl KOJHMYecTBa BellecTBa sBaseTcs Monb. Moaw — xonuvecmeo Ge-
Wecmea CUCmemsl, KOmopoe COOepHCUm CmoIbKo ONPeOeneHHbLX CMPYK-
MYPHBIX INEMEHMO8 (MONEKVI, amOMO8, UOHOB, INEKMPOHO8 U M. O.),
cronbro amomog codepicumen 8 0,012 ke yenepooa-12.

TlpH MCNOB30OBAHUK TEPMHHA KMOJIbY CIEXYET yKa3blBaTh YaCTHLBI, K
KOTOPbIM OTHOCHTCS 3TOT TEPMMH: «MOJib MOJIEKY/D», «MOJIb aTOMOBY,
«MOJIb MIOHOBY», «MOJTh IEKTPOHOBY HJTH MOJIb APYTHX YacTHL, WM rpyIm
yactut,. Hanpumep, Monb MoJeKysl BOJIOPOAA, MOMb aTOMOB BOJAOPO/A,
Monb MOHOB Bomopoxa. Tak kak 0,012 kr yrnepoma-12 comepxut
6,022-10% atomoB yrnepoga (moctosnHas Asorampo, NA), TO Moab —
Takoe KOJIMYECTBO BELUIECTBA, KOTOPOE COAEPKHUT 6,022-10% crpykTypHBIX
3J1IEMEHTOB (MOIIEKY1, aTOMOB, HOHOB, 2JIEKTPOHOB U 1p.)
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Maccy oaHOro Mosis BelllecTBa HA3BIBAIOT MOJAPHOW Maccoi#
(M). OcHoBHOMI eaHHULIEH M3MEPEHHs MOJAPHOH MacChl SBISETCSH KHIIO-
rpaMm Ha Mosb (KI/MOJb) WM rpaMM Ha Mousib (r/Mosis). Hanpumep, mo-
nspuas macca xanas M(K) = 39,102 r/monb, monspHas macca aMMHaka
M(NH3) = 17,031 r/mons.

Tio6oe coemrHeHre KpoMe MOJIPHONM MacChl XapakTepH3yeTcs OT -
"HOCUTENBHOH MONEKYASAPHOHU Maccoi. Omuocumenvuas
MonexyiaspHas macca My — smo monapuas macca coeOuHeHus, OmHeceH-
Has k /) MOAApHOU Maccel amoma yenepooa-12. Hanpumep, M, (NH3) =
=17,031. Kak BMOHO, OTHOCUTEIIbHAS . MOJIEKYJISipHAsi Macca — BEJIMYHHA
6e3pa3mepHas. _

OmnocumenvHast amomHas Macca A, — 910 MOISAPHAA MACCA AMoMa
gewyecmea, omueceHHas x 'y MONAPHOU Maccel amoma yenepooa-12. Ha-
npuMep OTHOCHTENbHAS aTOMHas Macca Kajvs pasHa 39,102.

BOHPOCbl AJI CAMOKOHTPOSIA

1. Paccuuraiite u3MeHeHMe Macchl BEWECTBA B X0/1e peakumu
2AI+3 02=2A1203

B PE3YJILTaTe KOTOPOH BBLACHHAOCH 3350:10° .
2. Paccuuraiite MOJSIpHYIO Maccy METaHa.

§ 2. SBHAYEHHWE XUMHH B U3YUYEHUH I1PUPO /bl
N PA3BUTHHU TEXHUKH

TTosHaHue XUMUY KaK OJHOIN W3 BAKHEHIINX $HYHIaMEHTaNbHBIX ecTe-
CTBEHHBIX HAYK HeOOXOAMMO i (GOpPMMpOBaHHS HayYHOTO MUPOBO33pe-
uusa. M3yueHHe XUMUM HrpaeT BaXKHYIO pOJib B Pa3BUTHH 0Opa3HOTO
MBILIJIEHHS, B TBOPUECKOM pocTe Oy yLHX CleHUaIucTOs.

BaxkHy1o posib UrpaeT XMMHS B XKN3HH KAXKAOTO YejIoBeKa, B €ro rnpak-
TMYecKoM aearenbHocTH. OCODEHHO BETMKO 3HAUYEHHWE HAYKHW O BELICCTBE
B TEXHHKE, pa3sBUTHE KOTOPOH HEMbICIHMO 6e3 NMOHHUMAaHHs IpPOLIECCOR
npeBpanieHys BelecTB. [ nybokoe MOHUMaHNe 3aKOHOB XHMMHH M HUX TIPH-~
MEHEHHE MO3BOJIAIOT KaK COBEPIIEHCTBOBATH CYILHECTBYIOUIME, TaK U CO3-
[aBaTh HOBBIC [TPOLIECCHI, MaﬁlldHH, YCTAaHOBKM M npUGOpbi. XHMH3aUHA
HApPOJHOrO XO3fiCTBa ABIAETCS OOHUM W3 BAXHEHUIMX MyTeH UHTEHCH-
(hUKaUMK ero pa3BUTHA.
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XHMMHYECKHE PEAKIIMH LIKPOKO MCTIONB3YIOTCS BO MHOFHX TIPOM3BO/-
CTBEHHRIX Ipoueccax. OHu (Hanpumep, MpoUecchl OKUCIeHUs, KOPPO3HH
M 1p.) MPOTEKaloT Npu paboTe yCTAaHOBOK, MallMH U npubopos. [Tonyde-
HHE YJIEKTPO3HEPTHH, TOIUINBA, METAJIOB, Pa3fiHUHBIX MAaTEPHAIOB, NPO-
JYKTOB MUTaHHUS K T.II. HEMOCPEACTBEHHO CBA3AHO C XMMUYECKHMMH ‘PEaK-
uMsMH. B Hacrosllee BpeMs, HampuMmep, DJEKTPUHECKYI0 W MeXaHHJe-
CKYIO 3HEprud TIOJMy4aloT B OCHOBHOM IIpeoOpa3oBaHHEM XMMHMYECKOH
SHEPrUH MPUPOAHOro TomMBa. B npouecce storo nmpeobpasoBaHus mpo-
HCXOJAT CJIOXKHBIE XUMHUUECKHE peaKLUH: FOpPeHHUs, B3aHMOIEHCTBUS BO-
Ibl 4 ee npuMeced ¢ 'MeTalaMHi M T. 1. be3 noHMMaHus 3THX MPOLIECCOB
HEBO3MOXHO 00ecneunts 3 dekTHBHYI0 paboTy 3MeKTPOCTAHIMH U ABM-
ratesied BHYTPEHHErO CropaHus.

Hcnonp3oBanne XUMMMECKMX peakiuii B pAAe IPOM3BOACTBEHHBIX
MPOLECCOB MO3BOJISET PE3KO MOBBHILIATH NPOM3BOAMTENBHOCTH Tpyda M
KauecTBO MPOXYKLHH, 10Jy4aTh HOBbIE MaTepUaIbi.

[ToHumanme 3aKOHOB XMMMM M HX HCIOJIB3OBAHHE UCKIIOMHTEIBHO
B&)KHO TP pelieHun npobiaeMbl noBbieHHs 3¢ (GeKTUBHOCTH NPOU3BOA-
CTBa U KaYeCTBa NPOLYKLIVMH, TaK KaK yXy/IeHHe Ka4eCTBa U HaACKHOCTH
NPOAYKLUHH BO MHOIMX CIy4YasX BBI3BIBACTCH HEXKEJATEIbHBIMH XHMHYE-
CKUMM MpOLECCaMH, HAMPUMEp KOpPpO3Wel MeTalsioB, CTapeHueM MOJIH-
MEpOB U T.N. M3ydeHue MeXaHu3MOB XUMHYECKHX PEaKUUH I03BOJIAET
BLIOpATh palliOHANBHBIE METO/BI OXpaHbl OKpYIKatomel cpemﬂ cO3/aBaTh
HoBble Ge3spesiHble TPOLECCHL.

Xumuzanus 000 OTpacin HApOIXHOTO XO3AHCTBA NMPHHOCUT 60s1b-
IOH SKOHOMHMYECKHH 3 deKT.

Bozpocna poab XxuMuu B pa3sBHTHU 3IEKTPOTEXHUKH, MUKPOIIIEKTPO-
HUKH, PaJMOTEXHHKHM, KOCMHYECKOH TEXHMKM, aBTOMATHKHA W BHIYUCIIH-
TEJIbHOW TEXHHUKH. '

Jns pa3sBUTHA HOBOW TeXHHKH HeOOXOAMMBI MaTepHanbl ¢ 0COObIMU
CBOMCTBAMM, KOTOPBIX HET B MPHPOHE: CBEPXUHCTBIE, CBEPXTBEPIBIE,
CBEPXITPOBOASAIINE, JXKapocToiikie W T.N. Takue MaTepuasibl MOCTABISAET
COBPEMEHHAs XHUMHYECKass NMPOMbIIIEHHOCTb, [03TOMY MOXHO [IOHATH
BAXXHOCTh M3YyUeHHS XHMHH AT mo0oi cneunansHocTH. B anekrporex-
HUYECKOW MPOMBILIIEHHOCTH, HanpuMep, Ooaee 80% npogykumu Bhimyc-
KaeTcsi C MPUMEHEHHEM NOJUMEPHBIX MaTEPHANIOB.

§ 3. OCHOBHBIE KOJIMYECTBEHHbBIE 3AKOHbI XUMHN

3akon nocrosHcTBa cocTaga. CornacHo 3TOMY 3aKOHy KAoOoe Xu-
MUYECKU YUCMOoe COeOUuHenUe 8cec0d umeem OOUH U MOm e KOAUYECH-
GeHHbLU COCMAB He3asUCUMO OM crocoba e2o noayyenus. 3aKoH MOSBUIICS
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B pesynbrate mauresnbHoro (1801 — 1808) cnopa ¢panuy3cknx XMMHKOB
K. Ilpycra, cunTaBslIero, 4To OTHOILUEHHS MEXAY dAeMeHTaMu, 06pasyio-
LIMMH COeJIMHEHHA, NOKHBI ObITh nocrosaHHbIMYU, U K. Bepromne, xoro-
pblii CUMTall, YTO COCTaB XMMMYECKHX COEJMHEHMI NBIAETCS TepeMeH-
HbIM. XOTs 3aKOH IMOCTOSAHCTBA COCTABA CHITPaJl BAXKHYIO POJb B Pa3BUTHH
XMMHHU K IO CHX TIOp COXpaHWJ CBOEe 3Ha4YeHHe, BBIACHWIOCH, YTO He BCE
COEIOMHEHHs MMEIOT NOoCTosHHBIHA coctaB. B 1912 — 13 rr. H. C. KypHa-
KOB YCTaHOBWJ, YTO CYHIECTBYIOT COCAMHEHMS NEPEMEHHOro coCTaBa,
KOTOpBIE OH MpeAnoXu1 Ha3Bateh Oeprtonnuaamu. K Geprominaam
OTHOCATCSI MHOTHE KPHMCTAJLIMYECKHE COEJMHEHHs: OKCHAbl, KapOHubl,
HuTpuasl, dochuasl u 1. A. Hanpumep, B 3aBUCHMOCTH OT criocoba Moity-
YeHMs COCTaB OKCHAa TuraHa Moxer usMeHsTees oT TiOge mo
Ti0 33.Coernnenns moctosHHOro cocrapa no npemioxennto H. C. Kyp-
HAaKOBa Ha3bIBAIOT NaNbTOHMOAAMHU.
3akoH 3KBHBaJeHTOB. B pesynsrare pabor W.Puxrepa (1792 —
1800) Obi1 OTKPBIT 3aKOH YKBUBAICHTOB. 6CE€ GEWJeCmBa peazupyiom 6
9KGUSANICHMHBIX OMHOWeHUsX. B HacTosILEee BpeMs 9K8UBANIEHMOM HA3bL-
6QIOM peanvuylo UNU YCIOBHYIO HACMUYY 6eujecmeq, KOmopas mocem
3aMeuamnp, RPUCOCOUHAMb, BLICE0O0XHCOANb WU DblMb KAKUM-TUOO OpY-
2uM cnocobomM 3KGUBANIEHMHA OOHOMY UOHY 6000p00ad 8 KUCIOMHO-
OCHOGHBIX UM UOHOOBMEHHBIX PeaKyusix iy OOHOMY 31EKMPOHY 8 OKUC-
JUMeNbHO-80CCMAHOBUMENbHbIX  peakyusx. Hampumep, SKBHBalIEHTOM
IHApOKCHIA KalHs M consHol kucnotel 6yayT coorsercteenno KOH u
HCI, cepHolt kucmoTsl — '/, HySOs, thocdhopHOH KUCIOTBI — 15 HyPOy,
XJophaa aTiOMUHUS — A AlCl;, xnopuga tuTana — 'y TiCl,. Monb
- 3KBMBATIEHTOB COAEPXHT 6,022-10” sKBMBaneHTOB. COOTBETCTBEHHO 3a-
KOH DKBUBAJIIEHTOB MOXHO COPMYIHpPOBATH B CJIEAYIOLIEM BUAE. MOIb
IKGUBANEHMOE OOHO20 Gewecmea peazupyem ¢ OOHUM MONeM IKEUEANEH-
mos opyzo020 eewecmsa. Hanpumep, B peakuuu

'/ Al+HCl ="/, AICL;, + '/, H,

OJMH MOJIb KBHBaneHToB anioMunus (/3 monb Al) pearupyer ¢ ogHHM
MosieM 3kBuBateHTOB Kuciaothl (1 moias HCI) ¢ obpasosanneM oaHoro
MOJIA 3KBUBAJIEHTOB XJIOpHJa aTtOMUHUA ('/3 mosib AlCls) 11 ogHoro Mons
skBUBaIeHTOB Bogopona (*/; Mok Hy). ,
3aKoH KpaTHBIX OTHOIIEeHH#. 3aKoH, npeanoxeHHsi#t 1. Jlansronom
(1803) rnacur: ecau déa snemenma obpazyIOm MeNCOY CobOU HECKONBKO
PA3IUYHBIX COeOUHEHUT, MO HA OOHY U MY Jce MAccy OOHO20 U3 HUX Npu-
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x00amcs maKue Maccsl Opy2020, KOmopble OMHOCAMCA MeXcOy coboil Kag
npocmele yeaste yucaa. Hanpumep, MaccoBsie cooTHowmenus C:O B OKCH-
aax CO, u CO pasubl 12:32 1 12:16. CnegoBatensHO, MACCOBOE OTHOLLIE-
HHe€ yriiepofa, CBA3aHHOe ¢ MOCTOAHHOM Maccoit kuciopoaa B CO, u CO,
paBHa 2:1. Ha 6a3e atoro 3akoHa [[anbTOH BBEN MOHSTHE OTHOCHTENILHOM
aTOMHOM MAacchl, 3a €AMHHUIYY KOTOPO# OH MPHHSJ MAacCy aToMa BOLOPOAA,
Kak yka3ssiBasioch paHee, ceduac 3a eJHUHHULYY OTHOCHTEIbHON MOJIEKYsp-
HOH Macchl IIPHHSATA Y12 MOJIpHO# Macchl yriepoaa-12.

BO"pOCbI A1l CAMOKOHTpONA

3. Ha3somuTe 3KBUBATEHT MOHOB 0JIOBA B IPUBEACHHBIX peakuusx. Onpeaenure Mac-
CY MO 3KBHBAJICHTOB:

Sn** +2¢=8n*" &)
Sn* + 4 OH" = Sn (OH), ' ©)

4. Yemy pasna macca 1 Monb 3kBuBaneHToB HoHOB Fe'* B PeakuaX €ro BOCCTaHOB-
NICHHR: :

Fe*+e=Fe® (@) u Fe™*+3e=Fe (6)



Pa3soen nepevtii

CTPOEHHME BEINECTBA

I'nasa nepean

. CTPOEHHE ATOMA ¥ MEPHOHYECKAS
CHCTEMA DJEMEHTOB
J.A.MEHIEJIEEBA

OyHIaMeHTAIbHEIM 3aKOHOM TPHPOILl U TeopeTHueckod Oa3oi
XUMWH ABJISETCS NEPHOANYECKMit 3akoH, oTkpeIThlil [I. K. Menneneenpim
B 1869 r. na ocHOBe rTyOOKMX 3HAaHWE B 007aCTH XMMHHM U FeHHAILHOH
uHTYHIMH. [lo3aHee 3aKOH MOYYMII TEOPETUUECKYIO UHTEPIPETAlHIO Ha
OCHOBE Mozeneii CTPOCHHUS aTOMa.

§ L1, MOI[EJIL CTPOEHHA ATOMA

OTkphiTHE CYOATOMHBLIX YACTHI H HepBble MoAeJd aToma. B 1897 .
Jbx. Tomcou (AHrmmst) oTKpbUI 25ekTpoH, a B 1909 r. P. Mannuken onpe-
AEJHN €ro 3apsj, KoTopkiit pasen 1,6-10™" K. Macca anektpona coctas-
et 9,1 1-10%* r. B 1904 r. JIx. TOMCOH npesio1W1 MOZETs CTPOSHHS
aToMa, COrJacHO KOTOPOH aTOM MOXKHO TPEJCTABMTH B BHUOE MOJOMKH-
-TEbHO 3apsAXKEeHHOH cepsl ¢ BKPAIUICHHBIMH 37IEKTPOHAMH.

B 1910 r. B naboparopuu 3. Pezepdopnaa (AHIIHA) B ONBITAX 110 60M-
GapaupoBke MeTaU4ecko (ONBIY O-4acTHLIAMH ObLTO YCTaHOBJIEHO,
YTO HEKOTOpBIe O-YacTHILI pacceuBatoTes ¢omnbroi. Orcrona Pesepdopn
3aKJFOYMJL, UTO B LIEHTPE aTOMa CYIHECTBYET MOJIOXKHUTENBHO 3apsiKeHHOE
SApO MaJIoro pasMepa, OKpyXeHHOe snekTpoHaMd. Hanwume mnomoxu-
TENIBHOTO S/Ipa B aTOME MOJYYHIIO NOATBEPXkKAECHHE B JAIBHEHIUMX dKCIIe-
pumeHnrax. Paguycsl sagep nexar B npenenax 10" — 10" m, T.e. B 10" —
10° pa3 menble pa3Mepa atoma. Pesepdopa npeackasan cyliecTBOBaHUE
NPOTOHA U ero Maccy, kotopas B 1 800 pa3 npesbiliaeT Maccy 2JIEKTPOHA.
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Bugumoii
cser

Muxpo-
Slyun | Pentrernosckne {Ynvipa Wndppa- )
Ll ayum gmoner. KpacHule BonHoBbie Paguo
nysan nyun 1y : sontel
L1 11 1 ] Ll | ] 1 11 ]
10° 107 107 10 10° 10° 107 10° 10"
HAnuHa BonHs!, HM '
Puc. 1.1. Crektp 3JeKTPOMAarHUTHOTO U3/1yHCHHUS
LOnuHa BonHe!, HM
100 150 200 500 1000
] ]
|
i
cepua cepust cepus
Naimanra Banemepa [awena

Puc. 1.2. AtomMublif criekTp BoRopoia

B 1910 r. Pesepdopa npemnoxun saaepHyrO MIaHETAPHYKO MOJIENb
aToMa, COCTOSILIErO M3 TSDKEJIOro s/]pa, BOKPYT KOTOPOTO IBHFalOTCA IO
opbuTaM 3eKTPoHbl, 000HO JlaHeTaM coMHeYHol cuctembl. OnHako,
KaK MoKa3biBacT TCOpUA IBJICKTPOMArHUTHOrO HOHH,‘ 3JIEKTPOHBI B 3TOM
clly4ae JOJIXKHBI IBUTAThCA TIO CITHPAIH, HETIPEPbIBHO U3ITydas SHEPruio, H
najaTh Ha sApo.

Atomuble cmekTpbl. Ilpy HarpeBe BelIECTBO HCITyCKaeT JIy4d
(v3nyuenue). Eciau n3nyvenne umeeT oJHy JUTMHY BOJIHBI, TO OHO Ha3bIBa-
eTcs MOHOXPOMAaTHUYeCKUM. B GONBIIMHCTBE ke CilydaeB M3y4yeHHE Xa-
paKTepu3yeTcs HEeCKOJIbKMMH AauHamMy BosH. [Ipu pasnokenuu uzmyde-
HMS HA MOHOXPOMATHYECKHE KOMMOHEHTBI MOJYYaroT CHEKTP M3JIyueHHus,
rAe OT/eNbHbIE er0 COCTaB/IAIOIIHE BHIPAKAIOTCK CHEKTPaJbHBIMH JIUHHA-
mMu. Ha puc. 1.1 npencraBneH cnekTp 31€KTPOMarHHTHOTO W3JIy4YEHHS.
CnekTpsl, nonyJaromuyecs Npy H3MTyYeHUH CBOOOAHBIMH WM c1abo CBA-
3aHHBIMK aTOMaMH (HarpuMep, B rasax WIH Mapax), Ha3blBAlOTCS aTOM-
HbIMH criekTpamM. Ha puc. 1.2 npuBeneH aTOMHBIH CEKTp BOAOPOAA.
JnHuHBI BOTH, COOTBETCTBYIOIHE aTOMHOMY CIEKTpY BOAOpPOAA, onpene-
AsIOTes ypaBHeHuem bansmepa
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1 (1 1
]
e A— JUIMHA BOJHBL, R — nocrosinHas Punbepra (109678 CM'I); nam-—
uensie uucna (n = 1 g cepuu Jlaiimana, n = 2 — s cepuu Banbsmepa,
n=3 — nns cepun [lawena; m = 2, 3, 4 nus cepun Jlafimana, m = 3,4, 5
ans-cepud bansmepa, m=4, 5, 6 — s cepu [amena).

KsanTtbi n mogens Bopa. B 1900 r. M. Ilnauk (I'epmanus) Boickazan
MIPeIIOIOKEHHE, YTO BEECTBA MOITOIAKT U UCIYCKAIOT 3HEPTHIO TUC- -
KPETHBIMH TNOPHMAMH, Ha3BaHHHIMH MM KBaHTaMu. OHeprus kBaHTa E
TIPOTIOPIIMOHATIEHA YaCTOTE U3 TyUYeHus (Konebanus) v:

E=hv, 12

e b — mnocrosiHHas Ilnanka (6,626-107™

CBEeTa; A —- JUIHHA BOJIHAI.

B 1910 r. narckuii yuensii H.bop, ucnonssys monens Pesepdopna u
Teopuio [11aHkKa, MpeanoXun MOJENs CTPOCHUS aTOMa BOAOPOJa, coriac-
HO KOTOPO#H 371€KTPOHbI IBUTalOTCS BOKPYT SApa He Mo JoObIM, a TUIIb O
pa3pelieHHbBIM OpOMTaM, Ha KOTOPBIX MEKTPOH obiafaeT onpeaesieHHbI-
MH SHepTHsaMH. IIpy nepexofe 3EKTPOHA C OfHOH OpOHTH! Ha APYTYIO
aToM MOIIONIAET WM HCITyCKAeT SHEPruro B Buje kBaHToB. Kaxaas opOu-
Ta uMeeT Homep # (1, 2, 3, 4, ...), KOTOpBIii HAa3BaJIH [VIaBHBIM KBAHTOBBIM
yucaoM. Bop BermCIMN paguycel opouT. Paguyc mepsoit opOutsl ObLI
5,29-10"" m, paanyc apyrux opOHT GbLT paBeH:

re=n*(5,29-10"). (1.3)

) *
OHeprus 3MeKTpoHa (3B) 3aBucHIa OT 3HAYEHUS [VIABHOIO KBaHTOBO-
ro YHcIa n:

Ihx-c.); v=c/ A\, ¢ — CKOpOCTb

‘ E,=-13,6 (1/n*). (1.4)
OTtpuuaTesbHBIH 3HaK SHEPTUH O3HAYAET YCTOHYMBOCTh CHCTEMBI, KO-
TOpas TeM Goiee ycToluMBa, yeM Huxe (4em Gojiee OTpHLATE/IBHA) €€
SHeprus. ATOM BONOPOAa 00NaaeT MUHAMANbHOW YHepriei, Korja aek-
TPOH HaXOOHUTcs Ha nepeoit opbure (n = 1). Takoe cocTosHue Ha3bIBaeTCA
ocHoBHBbIM. [Ipu nepexozne snexTpoHa Ha 6051ee BHICOKHE OpOUTHI aTOM
CTaHOBHTCS B03 0y e HHBbIM. Takoe COCTOSHUE aTOMa HEYyCTOHYUBO.

*13B=1,6-10" Jx. Jdas onxoro moag gacti 1 5B = 96,5 xJx/Mons,
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EsB I[Tpu nepexone ¢ BepxHei opoUTHI HA
HIDKHIOIO aTOM W3Iy4aeT KBaHT CBe-

ot -5 Ta, YTO 3KCIEPHMMEHTaIbHO oOHapy-
= TWIV—7=% JKuBaeTcs B BUJE CEPHMI aTOMHOTO
2L cepus cnextpa (puc. 1.2 u 1.3). 3HaueHus n
B Wy avera o u om B ypasuenuw (1.1) cooTBeTCTBY-
4 Cepus IOT 3HAUEHMSM TIVABHBIX KBAHTOBEIX
bansmepa YHUCEJNl, C KOTOPBIX 3JIEKTPOH IEPEeXo-
™ AUT (M) ¥ HA KOTOPBIE 3JIEKTPOH Iie-
6 pexoaur (n).
- Teopus bopa no3soamna paccuu-
-8} TaTh JHEPTHIO JIEKTPOHOB, 3HAYEHUA
| KBAaHTOB 3SHEPrHH, UCIyCKAEMBIX NPH
ok nepexosie BEKTPOHa ¢ OJIHOTO ypOB-
Hd Ha ApyroH.
B Teopus Bopa nonyuwna skcne-
121 pHMeHTaNIbHOe MoATBepikaenue. On-
- ) n=! Hako OHa HE CMOINa OOBACHHTH TIO-

S——p——
.14L- HC%P"” BeJCHHE DJIEKTPOHa B MAarHUTHOM
anmara

roJie M BCE aTOMHBIE CHEKTPaJIbHbIE

Puc. } 1.3. CxemMa OHepreTMUECKHX nusun. Teopust Bopa okazanach He-
YPOBHCH H KBAHTOBBIC IEPEXOKBL ATOMA 1o o o O3TeKTDOHHEIX
BOJOpO/A pHrox AL P

} atomMOB. BosHuKa HEOOXOMMMOCTE B
HOBOW MOJIEITH aTOMAa, OCHOBAaHHOH HA OTKPBITHIX B MUKPOMHPpE.

§ 1.2. KBAHTOBO-MEXAHUYECKA MOAE/JADb ATOMA BOJAGPOJA

JpolicTBenHas npupoAa diekTpona. B 1905 r. A. DiivwreliH npea-
cKa3aJl, 4To Mo0oe M3MydeHHe MpeACTaBIdeT coOoil MOTOK KBaHTOB 3HEpP-
ruM, HasbiBaeMbIX (oroHamu. M3 teopum OiiHmTeHHA ClefyeT, 4TO CBET
HMEET JBOHCTBEHHYO (KOPITYCKYJIIPHO-BOTHOBYIO) IPHPOLY.

B 1924 r. JIyu ne bpoiine (OpaHuiis) BoIABHHY MPeION0KEHHE, 4TO
IEKTPOH TAKXKE XapaKTePHU3yeTcs KOPIYCKY/JISPHO-BOJIHOBBIM JIyaJlH3-
mom. TlozaHee 310 ObUIO MOATBEPIKACHO HA ONBITAX MO AUQPPAKHUM HA
kpuctauiax. Jle Bpoitne npennoxkun ypaBHeHHWe, CBA3pIBalOilee UTUHY
BOJIHBI A 3JIEKTPOHA WM JII00OH ApYyroi 4acTHIbl ¢ Maccoil m U CKOpo-

" CTBIO V, »
A=h/(mv). (1.5)

Bonnel yacTun Matepus ne bpoiib Ha3Ban MaTepHaNbHBIMU BOJJHAMH.
Onu coficTBeHHB! BceM HacTuiaM win TenaM. OnHako, Kak clexyeT u3
ypaBHeHus (1.5), ang MakpoTen UIMHA BOJIHBI HacTONBKO Majla, 4To B
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HacTosIlee BpeMs He MoxeT ObiTh oOHapyxeHa. Tak, AJd Tena ¢ Maccoi
1000 xr, siBHralomerocs co ckopocthio 108 km/4 (30 m/c) A =2,21-107% m.

B 1927 r. B. T'efizenOepr (I'epMaHus) NOCTYTHPOBa] NPHHLMM HEOM-
peleNeHHOCTH, COIVIACHO KOTOPOMY MO/TOXEHUE U HMITYJIbC IBHIKEHHS
cyb6aToMHOI yacTULbl (MHUKPOYACTHULBI) MPUHLIUIHATIBHO HEBO3MOXHO
onpeaennuts B mo6ol MOMEHT BpeMeHHM ¢ abCOJIOTHOH TOYHOCTHIO. B
Ka)KIIbIii MOMEHT BPEMEHH MOXKHO ONPEENIUTh TONBKO JIMLIB OAHO U3 STHX
csodicts. 3. Hlpeaunrep (Asctpusi) B 1926 r. BbIBesl MaTeMarHuecKoe
ONYCaHKe NOBEACHHS 3MEKTPOHA B ATOME.

Paborei IInanka, Diinmreiina, bopa, ne Bpoiing, leiizenbepra, a Tak-
xe lllpennnrepa, MPeTOKUBLIETO BOJHOBOE YPABHEHHE, 3ATOKMIAU OC-
HOBY KBAHTOBOH MEXaHHKH, H3y4yaiollei ABHIKEHHE M B3aUMOAEHCTBHE
MUKpPOYaCTHLI.

Opb6uTans. B cooTBeTCTBHE ¢ KBAaHTOBO-MEXaHHYECKUMM MpeACTaB-
JIEHUSIMH HEBO3MOXKHO TOYHO OINpEAETUTH SHEPTHIO U MOJIOKEHHE BJIeK-
TPOHA, [MO3TOMY B KBaHTOBO-MEXaHHYECKOW MOMENIM aTroMa HCIONb3YIOT
BEPOATHOCTHBIN MOAXOH Uit XapaKTepHCTHKH IOMOKEHHs 3JIEKTPOHa.
BeposTHOCT, HaXOXEHWs DJIEKTpOHa B omnpeAenexHoi obnacty mnpo-
CTPaHCTBa OMHMCHIBAaETCs BOMHOBOH (QyHKIMeEH \J, KOTOpas XapakTephsyeT
aAMIUTUTYQy BOJIHBI, KaKk (YHKUHIO KOOpAMHAT 3iekTpoHa. B nHamnbosee
NpPOCTOM Ciiyyae 3TO GYHKUMSA 3aBUCHT OT TpeX MpPOCTPaHCTBEHHBIX KOOp-
JAMHAT W HasblBaeTcs 0 pOMTallbio. B cOOTBETCTBHE C ONpesie/ieHHEM Y,
opbumanvio Hazvieaemca 06AAcmb NPOCMPAHCIMEA, 8 KOMOPoM Haubonee
8epoAmMHO Haxodxcoenue snexmpona. Heo6xoJHMO 3aMETUTh, YTO MOHATHE
OpOMTaNTb CYIIECTBEHHO OTJIMYAETCS OT MOHSTHA opOuTa, KoTopas B T€O-
pun bopa oszHauana nyTe 5neKTpoHa BOKPYr siapa. OpOuranb Xapaxktepu-
3yeT BEPOSTHOCTb HAXOXKACHUS 3JIEKTPOHA B ONPEENIEHHOM NPOCTPaHCT-
Be BOKpYT sgpa aroma. OpOHTasp OrpaHHYeHa B TPEXMEPHOM IMPOCTpaH-
CTBE TOBEPXHOCTAMH TOM WM MHOH dopmbl. BemnuuHa obmactu mpo-
'CTPaHCTBA, KOTOPYIO 3aHUMAET OpOUTAIb, OOBIYHO TaKOBa, YTOOBI BEPOAT-
HOCTb HaXO)KIEHHS IEKTPOHA BHYTPH €€ COCTaBJIsna He meHee 95%.

Tak Kak BJeKTPOH HeceT OTPUUATETBHBIN 3apid, TO ero opOuTaib
npexacraBnseT coboil onpeneneHHoe pacnpeiencHHe 3apsia, KoTopoe
MONYYHMIIO Ha3BaHWE 3JIEKTPOHHOTO obnaka.

KBanToBble 4Hcaa. s XapakTepUCTHKH TIOBEIEHMS 3JEKTPOHA B
aToMe BBeJeHbl KBAaHTOBbIE YHCA: TIaBHOE, OPOHTAIBHOE, MArHUTHOE U
CTIHHOBOE.

I'naBHOEe KBaHTOBOE YHCJO # ONpeaesseT SHEPTHIO H pas-
Mepbl 2JIEKTPOHHBIX opbutanei. [1aBHOE KBAaHTOBOE YMCIIO HPUHMMAET
3HaueHus 1, 2, 3, 4, 5, ... 1 xapakTepuzyeT 000N04KY WM SJHEPFETHIECKHI
yposeHs. YeM Gonblie #, TeMm Brlite 3Heprus. O6oa0uku (YPOBHH) UMEIOT
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OykBeHnHsle obosHadenns: K(n=1), L (n=2),M(n=3),N(n=4),Q(n=
=5), Nepexosl JJIeKTPOHOBR C,OIHOM 00O0I0UKH (YPOBHS) Ha JPYIyHO CO-
NIPOBOXKJAIOTCSI BELJEJIEHNEM KBAaHTOB J3HEPrHH, KOTOPBIE MOIYT HpO-
SBUTHCS B BUAE TMHUH cniekTpoB (cM. puc. 1.2 1 1.3).

OpburansrHoe KBaHTOBOe 4YMcCJO [ ompenenser dopmy
aTOMHOM OpOuTAIM. DJIEeKTPOHHBIE 00ONOYKH pacHIervieHbl Ha noaobo-
JIOUKH, NO3TOMY OpOMTaJbHOE KBAHTOBOE YHCJIO TaKXKe XapaKTeph3yer
SHEpreTHYecKue NOJYPOBHU B JIEKTPOHHOM 060I0UKe aToMa.

OpGuTtanpHrie KBAHTOBBIE YHCIA MPUHUMAIOT LEJOYHCIIEHHBIE 3Hade-
aus ot 0 mo (1 — 1). INomobonoukk TaKke 0603HaYaroTCA GyKBAMH:

ITogoGounouka (IIOAYPOBEHS). . .. . .. s p- d v
OpbuTtansHoe KBaHTOBOE YHCHO, /. . . . 0 i 2 3

ONEKTPoHb! ¢ OPOUTANTBHBIM KBAHTOBBIM 4HCIOM 0, Ha3bIBAIOTCA
s-3nexTpoHaMu. Opbutany U COOTBETCTBEHHO 3NEKTPOHHBIE Obaka
umMeroT chepuueckyro Gopmy (puc. 1.4, a).

ONEKTPOHBI C OpOWTANBHBIM KBAaHTOBHIM YMCIOM | Ha3bIBAIOTCA p-
3neKkTpoHaMHu. OpbuTann U COOTBETCTBEHHO 3JIEKTPOHHBIE OONMaKa
HUMeEroT GopMy, HAIOMHUHAIOLILYIO TaHTelb (puc. 1.4, 6).

OnexTpoHBl ¢ OpOMTAJBHBIM KBaHTOBBIM YMCIIOM 2 Ha3bIBAIOT d-
snexkTpoHamMHu. Opbutau uMmelor Oonee croxHylo ¢QopMy, 4eM p-
opbutamum (puc. 1.4, 6). “

Hakxonen, 371eKTpoHbI ¢ OPOGUTAIBHEIM KBAHTOBBIM YHCIIOM 3 HOJIy'IH-
/M HasBaHMe f-3 ek TpoHOB. PopMma ux opOuTaneii elle cinoXkHee, YeM
‘(opMma d-opOuraieit.

B opnoli u To#t xe ofomouke (ypoBHe) 3Heprus mnomodosodek
(monypoBHeit) Bo3pactaeT B paay (puc. 1.5):

E <E,<E;<E.

B nepgoii obonouke Moxer 6BITH OHA (5-), BO BTOpO#t — aBE (s-, p-),
B TpeTbeH — TpH (s-, p-, d-), B YeTBeprod — uerwipe (s-, p-, d-, f)-
noA060JI04KH. A

MarHuTHOe KBaHTOBOE€ YHHCJIO 7y XapaKTePH3yeT OpHEHTa-
uuio opburany B npocTpaHcTee (cM. puc. 1.4). B oTcyTcTBHE BHEIIHEro
MarHUTHOTO MOJA BCe OpPOHUTAIH OJHOrO MOAYPOBHS (MOA060MI0YKH) HMe-
I0T OAMHAKOBOE 3HauyeHHe dHepruu. IToa Bo3AeiicTBHEM BHEIIHETo Mar-
HHUTHOT'O TOJIA IPOUCXOIMT paciierieHHe SHePT UM 1ogo00a04eK.
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Puc. 1.4. DopMET 31EKTPOHHEIX 06/1aKOB PA3IIMHEIX ATOMHBIX op6maneﬁ
a—s;, 6-p;e— d

MarHHTHOE KBaHTOBOE YHMCIO NPUHMMAET LeJIOYUCIIEHHDbIE 3HAUESHMS
or —I no +l, rmovas Hons. Hanpumep, ans / = 3, MardMTHbIE KBaHTOBbIC
HMCJIa UMEIOT 3HaYenus —3, -2, —1, 0, +1, +2, +3. Takum obpasom, B naH-
HOH nonobonouxke (FnonoGoouKe) CyecTByeT ceMb opbuTaneii.

CootBeTcTBeHHO B NION060M0UKE 5 ([ = 0) MMeercs onHa opouTans (m, =
= 0), B nogo6onouke p (I = 1) — tpu opburamm (m; = -1, 0, +1), B nogo6o-
nouke d (I = 2) mate opburaneii (m; = -2, -1, 0, +1, +2) (cM. puc. 1.4).
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AtoMuas opOuTanas. Kaxkmad snekTpoHHas opbuTane B arome
(aromHas opOutans, AO) MOXeT XapaKTepH30BaThCH TPEMA KBAHTOBBIMH
uyucnamu n, I v m; Kak cnenyer 3 rabn. 1.1, obmee yucno AO B obonou-
Kax paBHO 1’ ' '

Tad6nauua 1.1. KBanroBbie unciaa B obojioukax cnor 1 go 4

O6onouka

n

Hono6onouku Opburann ‘Yucno AO
3HaueHue [ my :

GykseHHOE
0603HAUEHUE

K
L

N
S

p -

Uy

AT =«

0 0
0 ' 0
1

—

-1,0,+1
2,-1,0,+1,+2

|38

0
-1,0, +1
-2,-2,0,+1,+2
-3,-2,-1,0,+1, +2,+3

W -0

;\)u.i»—-\ochu-—-pw_‘—-

SHeprus

L° |

u

——

Obono4ku

»n O
oy

[ o]
7
| S |

THE

Puc. 1.5. Ilpumepnad cxema oT-
HOCHMTENBLHOTO PACTIONOXEHHA JHEp-
rETAYECKHX [TOTYPOBHEH B MHOIO-

3JIEKTPOHHBIX ATOMAX
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VcaosHO aTroMHYI0 opbHTams 0003Ha-
YKM B BHJIe KJICTOUKH [ |.

COOTBETCTBEHHO I S-TIOH000IOHKI
umeerca oana AO [ ], ana p-nogo6osoy-
xu — 1pu AO[_ [ | ], ans d-nopoBoso-
9ki — 1ath AO|_| [ T, ana £~ non-
obomoukn —cemp AOL_| | | | T T .

CnuHoBOe KBAHTOBOE “HCJIO Mg .
H3ydenne aTOMHBIX CIIEKTPOB [OKA3ano,
4TO TPEeX KBAHTOBBIX YHCEJ HEJOCTATOYHO
AJs OMHCaHHUs CBOWMCTB 3eKTpoHOB. Ka-
XKBJH INEKTPOH TAKKe XapaKTepH3yeTrcs
COOCTBEHHBIM MEXaHMYECKMM MOMEHTOM
ABIOKEHMS, KOTOPHI NMONYYHN Ha3BaHHUE
cnuHa. [Tpoekuys cnuHa Ha OCh KOOpPAH-
Hart Oyner papHa:

h
M=m5;; >



CnMHOBOE KBAHTOROE YMCIIO M1, HMEET TONBKO ABA 3HAUeHHs +'/5 U -'/,.
[TosiokuTenbHbIE ¥ OTpHLATENbHbIE 3HAYEHHS CMMHA CBA3aHBI C €ro Ha-
npaBNeHUEM. DJIEKTPOHBI C Pa3sHBIMH CIIHHAMM OOBIYHO 0003HAYAIOTCH
MPOTHBOTIONOKHO HANPABICHHBIMH CTpeTkaMu TV

Taxum 06pa3zoM, COCTOSHUE ANEKTPOHA B aTOME MOTHOCTHIO XapaKTe-
pU3yeTCs YeTBIPbMST KBAHTOBBIMH YHC/IAMU. 7, I, my ¥ mi;.

BO"pOCbI A CAMOKGHTPOARA

1.1. PaccyuTaiite 1uiHHY BOJNHBI T€la Maccoil 1 KT, IBHIalOlIETOCS CO CKOPOCTBIO
1 M/c, yunTBIBAS €MHHLY H3MEPERHS KOs [M7-Kr¢ 7],
1.2. PaccuuraiiTe MakcuManbHOE YHCNO DACKIPOHOB, KOTOPOE MOXKET HAXOIMTCS B
- obonoukax Mu N.

§ 1.3. CTPOEHME MHOT'O3JIEKTPOHHBLIX ATOMOB

JJAEeKTPOHHDbIE KOH(MUIypanuyu 3JieMeHTa. 3amuch pacnpefcieHHs
3/IEKTPOHOB B aToMe o 000M0ukam, nogobonoykaM U opOuTansM Toy-
ypiIa Ha3BaHME BJIEKTPOHHOH KOHpUrypauuu snemeHTa. OOBIYHO 37€K-
TPOHHAs1 KOH(UIYpaLHa NPUBOAKUTCA 111 OCHOBHOIO COCTOAHMS aToMma. B
ciy4ae, €Cii OAWH WIH HECKOJBKO 3JIEKTPOHOB HAXOAATCA B BO3OYKJieH-
_ HOM COCTOSHMH, TO W BJIEKTPOHHas KoH(urypauus OYHET xapaKkTepu3o-

Bath BO30YKACHHOE cocTostHUE ToMa. [Ipn 3anucu anektponnol xoHdu-
rypalHy yKa3biBalOT LHdpamMy IJIaBHOE KBAHTOBOE YUCIO (1), OykBamMu —
‘oa0000uky (s, p, d W f), a creneds OykBeHHbIX 0003HAYEHUH MOAO-
Honouex 0603HaYaET YHUCIIO SNEKTPOHOB B JaHHOW momobonouke. Hanpu-
Mep, MEKTPOHHAA KOHdUrypamws Bogopona — 1s', jmmusa — 15725, 6opa —
15%252p", maruns — 15°25°2p%35%, Turana — 157252p%35*3p%3d 45’

[Ipn cocraBieHnM >NEKTPOHHBIX KOHPUIypaimii MHOrO3IEKTPOHHBIX
aTOMOB YYMTBHIBAIOT; NMPUHLMUI MUHHMAIbHOH 3Hepruy, npuHuun Ilaymm,
npaeuna I'vana n Kneukorckoro.

IHpunnun mMuaEManbHOl 3Hepruu. CorjacHO 3TOMY NPHHLMITY
3JIEKTPOHBI B OCHOBHOM COCTOSIHHM 3alOJHAIOT OpOUTalH B MOPAAKE I10-
BBILICHUS YPOBHS dHepruu opbutaneii. [lepbiMu 3anonHsiores opouranu
¢ MHHHMAQJIBHBIMH YDOBHAMH 3Heprud. B MHOro3JIEKTpOHHBIX aToMax
3/IEKTPOHBI HCIBITHIBAIOT HE TONBKO NPHTSKCHHE SAEP, HO M OTTAIKHBA-
HHE JIEKTPOHOB, HAXOAAIMXCA Onyke K AAPY M 3KPaHUPYIOLMIMX AAPO OT
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Gonee nanexo pacnosoKEeHHBIX 3NEKTPOHOB. [loaToMmy moclienoBareisb-
HOCTb BO3pacTaHusi SHepruil opburanei ycnokHaeTcs.

IIpasuiio B. KireukoBckoro. YeejauueHUe SHEPruM U COOTBETCTBEH-
HO 3amojHeHue opOuTaniell MPOHCXOAWT B NOPAJKE BO3PACTAHHS CYMMBI
KBaHTOBBIX 4MCeN n+/, a Npu paBHOH cymme n+/ B mopsake BO3pacTaHUs
yuciaa n. COOTBETCTBEHHO 3TOMY TMpaBUITy MOA000I0YKH BBICTPaHUBAIOTCS
B CJIeAYIOLUH psa (cM. puc. 1.5):

15<2s<35<3p<4s5=3d<4p<Ss~4d<5Sp<6s=Sd~4f<6p<TIsu T. A.

Hciumiouenne cocTaBisioT d- ¥ f~37IEMEHTHI ¢ [IOMHOCTHIO U HAaNlOJIOBH-
HY 3alOJHEHHBIMH Mon000I04KaMK, Y KOTOpBIX HabonaeTcs Tak Hasbl-
BaeMblH M poBan snekrpoHos, Hanpumep Cu, Ag, Cr, Mo, Pd, Pt. 31o
sBjeHUE OyJeT paCCMOTPEHO MO3HEE.

HOpunauun 3anpera Ilayam. B 1925 r. Il. Tlaynu nocrtymuporasn
[PUHLMI 3a7peTa, COrNIACHO KOTOPOMY B aTOMe HE MOXET ObIThb IBYX
9JIEKTPOHOB, 00NajalolIMX OJAMHAKOBBIM HAGOpOM KBAHTOBBIX YWcen A, /,
my u m,. OTclofa cieayeT, 4T0 Ha Kaxaoi opburtanud MoxeT ObITh He 6o-
niee ABYX 37€KTPOHOB, MPHYEM OHH [OJKHBI MMETh MPOTHBOTIONOXKHBIE
(aHTMMapaiebHbIE) CITHHBI, T.€. JOMYCKACTCS 3arlONHEHHe | 1V M He J10-
MyCKaeTcs 3ar0JIHEHHE @ u 1. _

Hpasnao I'ynaa. B cooTBeTCTBUH ¢ 3THM MPABUIOM 3aTIOJTHEHME Op-
6uranieit oHOH NMOAOOONIOYKH B OCHOBHOM COCTOSHHH aTOMa HauMHaeTcCs
OJIMHOUHBIMH JJIEKTPOHAMH C OJIMHAKOBBLIMH crivnamy. [locne Toro kak
OJIMHOYHBbIE 3JICKTPOHbI 3alMyT Bce OpOMTaNM B JaHHOH noxo0o0ouKe,
3allOJIHAIOTCS OpOMTAIM BTOPBIMHM 3JIEKTPOHAMH C. NPOTHBOINOJIOKHBIMH
cnuHamu. Hanpumep, y aroma aszora opOuTany B OCHOBHOM COCTOSHHH
3aMONHAIOT P-N0A060NOUKY 2p° 10 OHOMY INEKTPOHY m , ay
aToMa KHCJIOpO/ia HAYHHACTCS 3arloHeHue p-opbutanu 2p* BTOPEIM dJiek-
TPOHOM

Bonpochl 115 caMOKOHTPOJIR

1.3. Vxamure, kakue AO B MHOTO3NEKTPOHHOM aroMe OynyT 3aronHATECS B MEPBYIO
ouepeas: 55 unu 4d? Kakoe npaBuio Bl HCIONB30BAJIH [ OTBETA Ha 3TOT BONpOc?
1.4, Yxaxwure, B kakoM cirydac AQ 3ar10/THEHb! TIPABUILHO, @ B KAKOM ~—— HENPABUNBHO?

) (AT o[ N[ | | o [N ]

Kakoe NPpaBUAO Bbl UCHOAB30BAIM A4 OTBETA HA 3TOT BOHpOC?
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§ 1.4. IEPUOJUYECKAA CUCTEMA 2JIEMEHTOB
A. H. MEHJEJIEEBA

Ilepuonuueckan cucrema JI. M. MenneieeBa H 3JeKTPOHHAs
cTpykrypa atomos. B 1869 r. JI. . MenzeneeB cooOmmn 06 OTKPHITHA
OEePHOJIMIECKOr0 3aKOHA, COBPEMEHHas (OpMyJIHpOBKa KOTOPOro clie-
OYIOLIAS: CEOUCMBO 37IEMEHNMOB, A MAKJiCe POPMbL U CEOUCMBA UX COeOU-
HeHWll HaX00AmCs 6 NepuooOudeckol 3asUCUMOCMU Om 3apaoa A0pa ux
amomos. HarnsaaHeIM BBIpaXXEHHEM 3aKOHa CITY>KHT MEpHOAHYECKas CHC-
tema . YI. MenneneeBa. K HactosimeMy BpeMeHH mpeioxkeHo Gosbioe
YHCIIO BAapHaHTOB cucteMbl. Hanbonee oOnienpHU3HAHHBIMHM SBIAIOTCS
KOPOTKAs W [JIMHHAas CHCTEMBbI, NPUBEIEHHbIE HAa IIEPBOM U BTOPOM (op-
3aiax ydeOHHKA. ‘

PaccMOTpuM CBA3b MEKIY MOJIOXKECHHUEM 3JIEMEHTa B IIEPHOAUYECKOMH
CHUCTEME H 3JIEKTPOHHBIM CTPOEHHEM €ro aTOMOB. ¥ KaKHOTO MOCIeNyIo-
LIErO JJIEMEHTA MIEPHOIHYECKON CHCTEMBI HA OJJMH 3JIEKTPOH OOJbIIe, YeEM
y npeasigyniero. [lonHsie 3anucy 3MeKTPOHHBIX KOHGUIypannit mepBHIX
JIBYX TIEPHOAOB IIpUBEAEHEBI B Tabn. 1.2.

[lepBBIft Mepu O COCTOMT U3 ABYX DJEMEHTOB: BOAOPOJAA H Te-
aug. AToMOM renus 3akaHuuBaercs ¢opmupoBanue K-o60104kd aTtoma,
obo3HaunM ee [He]. DnekTpoH, KOTOPBIH MOCIeTHUM 3aT0HAET OpOUTAIH
aToMa, HasbiBaeTcs G O pMHU P Y IO I U M, ¥ 3JIEMEHT OTHOCHTCA K TpYIIIe,
Ha3bIBAEMOiT 10 (hOPMHUpYIOILEMyY 3J1eKTpoHy. B aHHOM ciyuae o6a aie-
MEHTa HMEtOT (POPMHPYIOIIKE S-37€KTPOHEI ¥ COOTBETCTBEHHO HA3bIBAIOT-
CAsS-3JIeMEHTAaMHU.

Tabnuua 1.2. dnekTponnbie KOHPUIyPaLHH 3AeMEHTOB MEPBLIX ABYX 1EPHO0B

Atom- OneMenT ONeKTpoHHAA AToM- OneMeHT OnekTpoHHas
HBIH KOHGUTYpaLus HBIH KOHQUrypauus
HOMep HoMep
1. | Bomopon Is' 6 Vraepon 1s%25%2p"
2 Ienuii 2s* 7 Asot 1s2s%2p°
3 Jluruit 157 25" 8 Kucnopoxn 1s? 25% 2p*
4 Bepuuuit 1s* 257 9 drop 1s% 25% 2p°
5 Bop 152 257 2p! 10 | Heon 15? 25° 2p°

V anemenToB BTOpOro mepuona dopmupyercs L-o6onouka, 3a-
MOJHAIOTCA §- ¥ p-Noao60a04kh. DOPMUPYIOLIMMH JIEKTPOHAMH Y Tep-
BBIX JIBYX 3JIEMEHTOB SABIAIOTCS S-3JIEKTPOHBI, mostomy Li u Be oTHO-
caTes K s-aneMeHTaM. OcTanbHbie 1IECTh 3JIEMEHTOB MEePHOAa BXOMAT B
YHCJIO p-3J1 €M € HTO.B, TaK Kak (GOpMHpPOBaHHE UX OpOHUTaNeH 3aKaH4YM-
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BaeTCA p-3NIEKTPOHOM. Y onemerta Ne [OJHOCTHLIO 3alONIHEHA 2p-
nogo6o04Ka, 0503HaYMM €ro MEKTPOHHYIO KOHGUrypaudio kak [Ne]. B
Taba. 1.3 naHbI B KpaTKOM 3aIMCH 3JEKTPOHHBIE KOH(DUIypalKH 3jeMeH-
TOB B OCHOBHOM COCTOsIHHM. [IpH 3TOM He HPHBOOWTCA MOJNHAsA 3aIMCh
3EKTPOHHOH KOH(Urypaliy MHOJNHOCTHIO 3anO/HEHHBIX Moa06oI0Yek
npeabI Iy X MEPUONOB.

TpeTuil nmepuOa HayMHAETCA C HATPHS, IEKTPOHHAS KOHGMHIY-
pauus kotoporo 1s°2s°2p°3s' u 3akaHdMBaeTCs aproHoM ¢ 3IEKTPOHHOM
KOH(Urypaumei 1522522p63s23p6 [Ar]). Xors B TpeTtbeM ypoBHe (obosrouka
M) nmeetcs nopobonouka 3d, KOTopas OCTaeTCs HE3aNOJTHEHHOH, B Y€ T -
BEpPTOM MeEpHUOde HauMHaeT popMHpOBATLCA clieayonias 00osiouka
N (n=4) n nepnox HauMHaeTcs ¢ s-demeHTa kamus, [Arlds'. Dro oby-
~ CJIOBJIEHO TE€M, YTO SHEprud MoAypoBHs 45 HECKOJIBKO HIDKE, YeM SHEprus
nionypoBHs 3d (cM. puc. 1.5). B cootBetcTBUE ¢ mpaBwioM KneukoBckoro
n+ly 4s5(4) nmxe, uem n+l y 34(5). Tlocne 3anonnenns 4s-nogoSonouku
3anoaHsercs 3d-nogodonouka. DeMeHTsI, HaunHasg co Sc [Ar] 3d'4s* o
Zn [Ar] 3d "°4s”, umetomue GopMUpYIOILHE d-31eKTPOHBI, OTHOCKTCH K d-
s>nementam. Kak suaso ms tabn. 1.3, y xpoma Ha 4s-nopobonouxe
0CTaeTcst OAHH JEKTPOH, a Ha 3d-noJo0oN0UKe BMECTO HETHIPEX OKa3bi-
BAeTCA NATh d-2NC€KTPOHOB. Takoe sBIEHHE NOMYYWIO Ha3BaHHUC
«DIpOBana» 3MEKTPoHa C s- Ha d-nofobonoyky. Ito ofycrosneHo 6o-
Nee HU3KOM 3Hepruelt Kor(urypauuu 3d°4s' 1o cpaBHEHHIO ¢ KOH(UTY-
paupeit 3d*4s”. «TIpoBany 51eKTPOHOB HaGMIONAETCS ¥ Y APYTHX aTOMOB,
Hanpumep y aromoB Cu, Nb, Mo, Pt, Pd (tabn. 1.3).

Ta6nuua 1.3. dnexrponnbie KOHGHIYpaUNH 3JIeMEHTOB

TIepuon| INopaaxosetii| Inement| Dnextponnan (| [lepu-| [Topsaaxosstit] DnemeHT| DnekTpoHHas
HOMED xoHbHurypauus|| oxn HOMEDP KOH(QUrypauus

1 1 H 1s' 13 Al 3s73p"

2 He 15 14 Si 3s73p?

i 3 Li [He] 25" 3 15 P | 3573

4 Be 25 16 S 3s%3p*

5 B 25%2p" 17 Cl 35%3p°

2 6 C 252p° 18 Ar 3s73p°

7 N 25%2p° 19 K [Ar] 45

8 o) 2s%2p* 20 Ca 4s*

9 F 2572p° 21 Sc 3d'4s*

10 Ne 25°2p° 4 22 Ti 3d%4s

11 Na [Ne] 3s" 23 ' 3d°4s*

3 12 Mg 357 24 Cr 3d°4s'
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ITIpoodonxcenue mabn. 1.3

25 Mn 3d>4s* 68 Er 47%s*
26 Fe 34 %4s* 69 Tm 44657
27 Co 3d74s? 70 Yb 4f1%5?
28 Ni’ 3d%4s” 71 Lu- | 454" 65°
29 Cu 3d %' 7 Hf 5dP6s*
30 Zn 3d 045" 73 Ta 565
31 Ga | 3d%45%4p' 74 W 5d'6s”
32 Ge | 3d'%45%4p 75 Re 5d4°6s*
33 As 3d "as*ap’ 76 Os 5d°6s*
34 Se 3d as*ap’ 77 Ir 5d°6s"
35 Br 3d "°45%4p° 78 Pt 5d6s'
36 Kr 3d "4s*4p® - 79 Au 5d'"%s’
37 Rb [Kr] 5s' 80 Hg 54765
38 Sr 557 81 Tl 5d"%6s%6p"
39 Y © 4d'ss? 82 Pb | 54"6s%6p?
40 Zr 4d%5s* 83 Bi | 5d'%s%6p’
41 Nb 4d'5s' 84 Po | 54"%s%p’
42 Mo 4d5s" 85 At | 5d"6s%6p°
43 Tc 4d°5s* 86 Rn | 5d4'%s%p°
44 Ru 4d’5s" 87 Fr [Rn} 75’
45 Rh 455! 88 Ra 75*
46 Pd 44'055° 89 Ac 6d'7s>
47 Ag 4455 90 Th 6447s*
48 Cd: 44'°55% 91 Pa 5£7d"75%
49 In 4d'°55*5p! 92 U | 5£6d"7s
50 Sn 4d'%55%5p" 93 Np 51'6d"7s?
51 Sb 4d"55%5p° 94 Pu 5757
52 Te 4d'°55%5p* 95 Am 575
53 I 4d'°55*sp’ 96 Cm 576d"7s*
54 Xe 4d"55*5p° 97 Bk 5rf6d"7s
55 Cs [Xe)6s® 98 cf 50158
56 Ba 65 99 Es 51175
57 La 5d'6s 100 Fm 571275
58 Ce 4765* 101 Md 513757
59 Pr 465 102 (No) 51475
60 Nd 465" 103 (Lr) 6d'7s?
61 Pm 4165 104 Ku 6d*7s*
62 Sm 465" 105 — 6475
63 Eu 4765 106 — 64'7s*
64 Gd | 47 5d' 65° 107 — 6d°7s*
65 Tb 465 108 —

66 Dy 4165 109 —

67 Ho 41'65°
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YeTBepThlit neproy 3aBepmiaetTca GOPMHUPOBaHHEM OA000NOUKH 4p Y
kpurrrona [Ar] 3d' 4s*4p® wm [Kr]. Beero B uerBeprom nepuoze 18 ae-
'MEHTOB.

ITaTei#i mepHO] aHAIOTHUEH YeTBepTOMY nepuoay. OH HaduHa-
ercs ¢ s-onementa pyoumua [Kr] Ss' 1 3akaHuHBaeTCs p-371eMEHTOM Kee-
HoHoM [Kr] 4d'°5s°5p° wnu [Xe] n Brtouaet B cebst gecaTb 4d-3MeMeHTOB
OT UTTpUA 10 Kaamus. Beero B narom nepuoge 18 anemeHToB.

B mectoM mepuoae, Kak 4 B IIATOM, [OC/E 3aliONHEHUs S-TI0JO-
6omouky HaunHaeTcs GOPMUPOBAHUE d-MIOJOOOIOUKH MPEABHEITHETO YPOBHS Yy
nanraHa. OHaKo, y CJIeAYIOLIETO IeMeHTa SHEePreTHUeCKH BbirogHee Gpopmu-
poBanve 4/-110406004KH H0 CPaBHEHUIO ¢ Sd-1o1o6oi0ukoi. ITostoMy rocne
NaHTaHa cienyeT 14 naHTaHOUAOB ¢ GOPMHUPYIOIIMMH f-37eKTpOHaMH, T.e. f-
snemMeHTOB ot Uepus Ce [Xe] 4£°5d%s* no nyreums Lu [Xe] 4/*5d'65s°.
3areM NpoJoKaeTCs 3aNoNHEeHNEe OcTaBLIMXcs opouTatel B Sd-nionobosnovke
u 6p-rionobosouke. [lepyon 3aBepinaer pagoH [Xe] 4154 °6s°6p° num [Rn].
Takum o6pa3oM nepuoa umeer 32 37AeMEHTA: [Ba 5-2J1EMEHTA, MIECTh
P-DIIEMEHTOB, NeCATh d-3JIEMEHTOR ¥ YeThIPHALATD f-2IeMEHTOB.

CenpMoOil TepHOJ HAYMHAETCH M INPOJOIDKAETCA AHAIOTHYHO
IIeCTOMY MepHOJY, OJHaKo GopMHpOBaHHE ero He 3aBepiieHo. OH Taxke
HUMEET BCTaBHYIO €KLy W3 d-3JIEMEHTOB H YeThIPHAIUATD S5/-3IEMEHTOB
(axTurounioB). K HacrodieMy BpemeHd u3BecTHO 109 3y1eMeHTOB, B TOM
yyclie ceMb 6d-31eMEeHTOB. DieMeHThl, HauuHasg co 105 HoMepa, Toxa He
KBMEIOT OQHIMATIBHOTO HAa3BaHU. |

Crpykrypa mnepuoamyveckoif cucremsbl. [lepuoguueckas cucrema
3JIEMEHTOB COCTOHT M3 NEepPUOJIOB, rpynmn v noarpynm. [lepuosgoM Ha-
3pIBACTCS MOCI/ICAOBATEIBHBIH PAL 2JIEMEHTOB, pa3MELiCHHBIX B MOpPAAKe
BO3pacTaHus 3apsja A1pa aTOMOB, JIEKTPOHHAs KOHQUrypauus KOTOPbIX
M3MEHSAETCS OT 715 JI0 ns’np® (umu mo ns® y nepeoro nepuopa). Ilepuonsi
HAYMHAIOTCS C S-3JIEMEHTa M 3aKaHYHUBAIOTCS p-dJIeMEHTOM (y MepBoro
nepuoja — S-37€MEHTOM). Manble nepuosbl coepxar 2 U 8 s/1eMeHTOB,
6onbme nepronsl — 18 1 32 anemenra, cebMOI nepUoOJ OCTaeTCS Hesa-
BEPLICHHBIM.

B cucTeMe uMeeTcst BOCEMb I'p Y I T, YTO COOTBETCTBYET MaKCHMalb-
HOMY 4YHCJIy 3JIEKTPOHOB BO BHEIIHHUX moo0osoukax. ['pyinel aensrcs Ha
rinaBHble (OcHOBHBIC) M 10O 04yHBI e moarpymmnei. [logrpynmnel Brmo-
YaT B ce0A 3JIeMEHTHl ¢ aHAaJOPMYHBIMM JEKTPOHHBIMH CTPYKTYpaMH
(anemenTri-aHanoru). K rnaBHeM noarpynnam (noarpyrmam A) OTHOCAT-
¢ MOArpyIIIBL 371eMEeHTOB BTOoporo nepuoa: Li, Be, B, C, N, O, F u nox-
rpynmna GnaropoaHsix rasos. K noGoynsiv moarpynmnam (noarpynnam B)
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TIpUHAIEKAT d- U f~3nemeHTsi. [lepBrie miects d-aneMeHToB (ot Sc 1o Fe)
HaYKMHAIOT COOTBETCTRYIOLIUE MOArpynns! ot noarpymnmsl 111 (Sc) no noxa-
rpynmnet VI (Fe). B moarpynmy VIII Takke BKIIOYAIOTCA BCE JIEMEHTHI
cemelicTaa kenesa (Fe, Co, Ni) 4 UX aHaIOr¥ — TUIATHHOBBIE METAJLIbI,
Menp u ee aHanOrW, MMEIOLIME BO BHEMIHeH s-Mogobosiouke Mo OIHOMY
IEKTPOHY, 00pa3yIoT NepByI0 NOOOYHYIO NOATPYIITY, a IMHK M €r0 aHa-
JIOTH — BTOpYI0 MobouHy0 noarpynty. JIanTaHOMABI M AKTHHOWIBI
(f-anemenTsl) Haxoastes B 11l moarpynme B cooTBeTCTBHE C OCOOEHHOCTS-
MM HX 3JIEKTPOHHBIX KOHGHUrYpalui.

Bomnpocel g1s caMOKOHTPOJS

1.5. Harmmmure nojHBE 3NEKTPOHHBIE KOHQUIypalMd aTOMOB JJEMEHTOB C
nopsaaxoBsIM HoMepoM 17 1 25. HazoBute dopMupyomue 31EKTPOHBI 3THX JNIEMEHTOB.

1.6. Hanuniute 31ekTpoBHBIE KOHQUIYpalMyd aTOMOB XJIOpa W MapraHiia ¥ HOHOB
"Cl'uMn*",

§ 1.5. MIEPUOUYECKHE CBOMACTBA JEMEHTOB

Tak Kak 3JIeKTPOHHOE CTPOEHHE JIEMEHTOB M3MEHSAETCS MEepHOANYe-
CKH, TO COOTBETCTBEHHO MEPHOIMUYECKH H3MEHSIOTCS M CBONCTBA 3JIEMEH-
TOB, ONpEJAENIeMble MX 3JIEKTPOHHBIM CTPOEHMEM, TaKME KaK SHEprus
HOHH3aLIUH, Pa3MepPbl aTOMOB, OKHMCHTENBHO-BOCCTAHOBHTEIBHBIE H JIPY-
rue colictBa. B nannom naparpade paccMOTpeHa JHIUG NEPHOAMYHOCTD
SHEPrMH MOHH3ALMH, CPOJCTBA K WIEKTPOHY, IEKTPOOTPHLATENEHOCTH H
pasmepoB atoMoB. [lepuoanuHocTh NPYrux CBOMCTB OyAeT paccMorpena
no3JiHee.

JHeprast HOHH3ALMH. DHepaus, Heobxo0uMas ONA YOaNeHUusl 0OHO20
MOJIA 3/1EKMPOHOE OmM 00OHO20 MOJIA AMOMO8 KAK020 Mub0 37emeHma , Ha-
3b16aemca nepeou anepauetl uonusayuu 1. B pesynprare HOHH3aLUM aTo-
MBI NIPEBPAILAIOTCS B MONIOKUTENBHO 3apSIKEHHBIC HOHBI. DOHEPrHIO HOHHU-
3alUM BBIPAXKAIOT JIMOO B KUIOPKOYJIAX Ha MOJib (KJ[K/Monb), Tubo B 371ek-
TpoHBOJibTax (3B).

OHeprus HOHM3alMH XapaKTepH3yeT BOCCTAHOBUTENBHYIO CIOCO0-
HOCTh 37eMeHTa. [lepBas sHeprus Wonmuzanuu (puc. 1.6) onpenensercs
3JIEKTPOHHBIM CTPOECHHEM JIEMEHTOB H €6 U3MEHEHUE HMEET MEepHOANYe-
CKHH xapakTep. DHeprus MOHM3alLMHU Bo3pacTaeT no nepuoay. HaumeHs-
LIHMEe 3HAYCHHS DHEPTHM MOHMW3ALMH MMEIOT LIETOYHBIE 3JIEMEHTBI, Haxo-
Jsuyecs B Hauajle nepuoia, HauOONBIIMMH 3HAYCHUSAMH 3HEPIMH HOHH-
3alMH XapaKTepH3yIOTCs GraropoaHsie ra3pl, HAXOAAIIMEcs B KOHIE Me-
proaa. Iluku Ha KpuBO#l 3aBHCHMOCTH SHEPrMM HOHH3aLMH OT MOPAAKO-
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ria

4 BOrO HOMEpa 3JeMeHTa Ha-
6I01aI0TCA Y JIEMEHTOB C
3aKOH4YeHHOMH S-ox000I0u-
kot (Be, Mg) u d-nono6o-
nouko# (Zn, Cd, Hg), u p-
nogo6onoukoii, 8 AO Koto-
poH HaxomMTCHd MO OHHOMY
snektpony (N, P, As). Mu-
HUMYMBl Ha KpUBOH Ha-
OmogaloTes 'y 3JIEMEHTOB,

RN S ) ' 1 L 1 A ' k)
0 4 8121620 24283236 404448 575575 72852 VIMEIOIMX Ha BHEMIHEH TIo-.
IoOOJIOUKE 10 OZHOMY 3JTEK-

Puc. 1.6. 3aBucuMoCTs NEpBOil SHEPTIH HOHU3ALIMH
OT NOPSAKOBOTO HOMEpA dIeMeHTa Z TPOHY (LUEJIOYHbIE METasIbl,
B, Al, Ga, In).

B oziHO#M ¥ TOH e rpyMie 3Heprus HOHU3ALMH HECKONBKO YMEHbINa-
€TCA C YBEJIIMYEHUEM IOPALAKOBOrO HOMEpa 3JICMEHTa, 4TO O6YCHOBHGHO
yBeHI/IquHeM Pa3Mep0B aTOMOB H paCCTOﬂHI/Iﬂ BHCIITHHX HOH06OHO‘ICK oT
sapa.

KpOMe HepBOﬁ OHEPIrid UOHH3alKH, JICMCHTH! € MHOFOZ)HeKTpOHHBI-
MU aTOMaM# MOTYT XapaKTepH30BaThcs BTOpOH I, TpeTheit I; u Gonee
BBICOKOM 3HeprI/Ieﬁ HNOHHU3alUH, KOTOPLIC paBHbl COOTBETCTBCHHO 3HCPIHUH
OTpBIBA MOJIEH IEKTPOHOB OT Mojieit HoHoB O, D°" u T. 1. Ilpu aTOM
SHEPrHY MOHW3ALMH BO3PACTAIOT C YBEIMYEHMEM UX HoMepos, T.e. ) < [, < L.
OcofeHHO pe3Koe yBEIMYEHHe MOHH3AlMH HaGIoNaeTcs IpH OTphIBE
AJICKTPOHOB U3 3arioJIHEHHOH HOHO6OHO'-IKH.

CpoacTBo K 2JeKTPOHY. DHepzemuyeckuti a¢hgexm npucoeounenus
MOJISL 9NEKMPOHOE K MO0 HEUMPANbHbIX aMOMOS HA3bLIBALMCHL cpo@cm-
e8om k anexmpony. Hanpumep:

He

N
N S
v

20¢

N & oy

llepsan sneprus wonnsaunn, 38

O+e=03".

CponctBo K 3nekTpoHy E, konuuecTBeHHO BhIpaxkaeTcs B KJDx/Monb
wiu 3B. CpoacTBo K 3/1eKTPOHY 3aBHCHT OT TOJIOMKEHHS JJIEMEHTA B I1e-
puoauyeckod cucteme. Haubonpluue 3Ha4eHHs CPOACTBA K 3JIEKTPOHY
HMEIOT FaJIoreHbl, KMCIOPOo, cepa, HAMMEHBIIME U [ake OTPHLATENIBHEIE
3HAYEHMs €€ — DIIEMEHTHI C SeKTPOHHON KoHdurypaimeii s° (He, Be,
Mg, Zn), ¢ NOTHOCTHIO WM HATIOJIOBHHY 3aftOJTHEHHBIMH p-l’IO,E[O6OIIO‘IKaMH
(Ne, Ar, Kr, N, P, As).

DJIeKTPOOTPHIATEIbHOCTb. JUId  XapaKTepHCTHKH CMOCOOHOCTH
aTOMOB B COEAMHEHHX NPUTATHBATH K cebe 3JIeKTPOHBl BBEJCHO NOHATHE
snextpooTpuuarensuoct (20). YuuThiBas, 4to 318 CIocO6HOCTH aTOMOB
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3aBUCHT OT THMNA COEIWHEHMH, BAJICHTHOTO COCTOSHHUSA IEMEHTA, 7Ta Xa-
paKTepPHUCTHKA UMEET YCIIOBHBIA Xapaktep. OHaKkoO ee HUCIOIb30BaHHE JIO-
JIe3HO 1T OOBACHEHHA THITA XHMHUYECKHX CBS3€i U CBOMCTB coeHHEHHIA.

HMeeTcss HeCKONbKO WIKAT JNeKTPoOoTpuLaTenbHocTh. CornacHo P.
Masnnukeny (CILA) 3neKTpoOTpHLIaTEIEHOCTL PaBHa MOIYCYMME SHEPrUH
HOHHM3AUMH ¥ 3HEPTUH CPOJACTBA K 31eKTPOHY. ClI0XKHOCTh HCNOJIb30BaHHA
noaxona ManikeHa 3aK/II04a€TCA B TOM, YTO HET HAAEXHBIX METOIOB
KOJIMYECTBEHHOTO OTIPEIETIEHUA IHEPTMH CPOACTBA K 3/1eKTPOoHy. [TosTomy
JI. Tosmur (CLHA) npemioxuwi TepMoXuMHUecKdii MeTos pacdera 30 Ha
OCHOBE OHpEAE/eHH pa3sHOCTH SHEPIrUM AMCCOLMAllUU coeAuHeHua A-B u
obpasyroumx ero Monekysa A-A n B-B. Ou BBen OTHOCHTENbHYIO HIKATY
3/IEKTPOOTPHLIATENBHOCTH, NpUHABR DO ¢ropa, paBHOH udeThIpeM. DjieK-
TPOOTPHMLIATENIBHOCTD 37eMeHTOB (Tabn. 1.4) Bo3pactaeT no mepuony |
HECKOJIbKO YObIBaeT B. FpYNIAX ¢ BO3pacTaHHEM HOMepa Iepuoja y sie-
mentos I, II, V, VI u VII riasHsIx noarpynmn, II, IV 1 V — nobGounsix
HOATPYIIT, MEET CIOXKHYIO 3aBHCHMOCTh Yy 3nemenToB 1l rnaswo# nox-
rpymnel (MugumyM D0 y Al), BospacTaer ¢ yBeAHUEHHEM HOMepa me-
puozna y snemeHToR 1V — VIII nobouneix noarpynn. Haumensiiue 38a-
yeHHs D0 UMEIOT S-3/1eMeHThl | noarpymnmnei, HaubonbIINe 3HAYEHUS —
p-anementsl VH u VI rpynm.

Tabnuua 1.4. 3nempoorpuu§re.n5nocn anemenros no Ioaunry

H
2,1
Li ] Be BIC|NJ]O|F
1,01 1,5 12,0]25(3,0]3,5]4,0
Na | Mg | Al|Siy P S|l
0912 1,511,812,112,5]3,0

K | Ca Sc Ti| VICr|iMn|Fe|Co|[NijCu|{Zn]|Ga|{Ge| As| Se | Br
081,01 1,3 [1,5]11,6/1,6015]1.8/1,9]19]1,9{1,6/1,6/1,8{20]24/[28
Rb| Sr Y Zr [Nb{Mo|j Tc{Ru{Rh(Pd{Ag(Cd| In|{Sn|Sb{Te| I
081101 12 [14116118)1,9(22(22]12211,9|1,7{1,7{1,8{1,912,1]2,5
Cs{Ba|La-Lu| Hf [ Ta| WiRe|Os| Ir | Pt | Au|Hg{ TI { Pb{ Bi | Po | At
0,710911,0-1,21 1,3}11,5{1,7]11,9122122]122}124}119}11,8]1,911,9]2,0]2,2

ATOMHBIE pasuychl. ATOMBl HE HMEIOT CTPOTO ONPEAEHCHHBIX Ipa-
HHL H3-32 KOPITyCKYJIAPHO-BOJIHOBOI'O XapakTepa 3JeKTpoHoB (cm. § 1.2).
ToaroMy abconOTHO® 3HA4YEHHE paJuyca aToMa OfNpele/InTh HEBO3MOXK-
HO. MOXKHO yCJIOBHO NPUHATH 33 Paguyc aToMa TEOPETHYECKH pacCUUTaH-
HOE 3HAUEHHEe PacCTOAHMUS OT AAPa 0 Hauboee YATEHHOTO OT HETO MakK-
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ryum
4,25

0,20
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Puc. 1.7. 3aBucumocTs op6HTANBHEIX PaIMYCOB aTOMOB OT HOPAAKOBOTO HOMEpa 3Jre-
MEHTOB '

CHMMYMa 3JIEKTPOHHOMH IUIOTHOCTH (OpOMTaIBHBIH pagHyc aToMa) HJH 1o-
JIOBUHY PAaCCTOAHMS MEKAY LICHTpaMH [BYX CMEXXHBIX aTOMOB B KPUCTAJI-
nax (3¢dexrusHbie paguycsl atomoB). Habniogaercs nepHomgH4HOCTB
H3MEHEHHs aTOMHBIX paauycoB (puc. 1.7), oCOOEHHO y §- U p-3IEeMEHTOB.
V d- n f-aneMeHTOB kpuBas WU3MEHEHWs PaJMyCcOB aTOMOB MO MEPHOIY
umeeT Gosiee NUIaBHBINA xapaktep. B ogHOH M TO# e rpynne ¢ yBeluueHu-
€M HoMepa NepHoJa aTOMHBIE paJHychl, Kak MPaBUIO, BO3PAcTaloT B CBA~
34 C YBEJIMYEHHEM YHCIa 3JIEKTPOHHBIX 06osiouek. ONHAKO yBeIHMUCHHE
3apszia A1pa TIpH 3TOM OKa3blBaeT MPOTHBOMOIOXKHbIH 3deKT, nosromy
YBENIUYEHHE aTOMHBIX PaAUyCOB C yBelHUEHHEM HOMEpAa Mepuona OTHO-
CHTEJIbHO HEBEIHKO, a B HEKOTODPHIX CITy4yasx, HanpHMep y p-3J1eMEeHTOB
IIT rpynns! 3HaueHne opOutansHoro paauycay Al Gonbiue, yeMm y Ga.

Bonpocei 415 caMOKOHTpoOJIS

1.7. Hanuuiyre 31eKTPOHHYK KoHGUrypanuio aTomos ochopa v BaHanus. Ssnsiores
JI OHH aHaJoraMu?

1.8. Hanmuure 3€XTPOHHYIO KOHQUTypaLHIO GEpHIINA U YKaXHUTE SIeMEHTEI-aHa-
noru. Kak u3MeHsI0TCH CBOHCTBA aHANOTOB C YBeJIMYCHUEM HoMepa nepuona’?

1.9. TIpuBenurte 3MEKTPOHHYH KoHpUrypauuio kanus. [Tokaxure KaK M3MEHSAIOTCS
CBOMCTBA 31EMEHTOB TIEPHO/IA, B KOTOPOM HAXOJUTCS KAlHH,

1.10. Hanumute snexTponnsie koHpurypammu atomos Fe u F, a Taxke uonos Fe?*,
Fe’' nF-.
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I'naea smopan
XUMMYECKAJA CBA3b

B npenpipymieii rnaBe 6bUIO pacCMOTPEHO DMEKTPOHHOE CTPOCHHE
aTOMOB M IIEpHOJUYECKAs CHCTeMa deMeHTOB Menaeneesa. Crenyrommum
1I1aroM B TNIOHUMAHHH CTPOEHHUS BELIECTBA CIIYXKHUT BhISBIICHHE B3aUMOAECH-
CTBHA MEKIy aTOMaMH, T.€. BHIACHEHHS TaKOro MOHATHA, KAK XHMHYECKas
cBa3b. DyHIAMEHTAIBPHON OCHOBOH XUMHUYECKOH CBA3M SABWIACH TEOPHS
xuMuryeckoro crpoesus A. M. Bytneposa (1861 r.), cornacHo kotopoi
CBOMCTBA COEMHEHHI 3aBUCAT OT NMPHPOAbI M YHC/A COCTABAIOUMX HX
4acTUl M XUMHYECKOTO CTPOCHMA. OTa TEOpUA Hallljia IIOATBEP>KACHHE He
TONBKO JJIS OPTaHHYECKHX, HO H HEOPraHWYeCKHX BELIECTB, TO3TOMY ee
clleflyeT cuuTaTh (pyHIameHTanbHOH Teopueil xumuu. bonee mogpoGHo
Teopus ByTiiepoBa IpUMEHHTENLHO K OPraHHUECKHM COSaMHEHHAM Oyner
paccMoTpena B ri. 13.

§ 2.1. ONIPEJEJIEHHE Y1 XAPAKTEPUCTHUKH XUMHWYECKOW CBSI31

ITo/t XMMHYECKO#M CBA3BIO OHUMAIOTCH pas/iMyYHbie BHILI B3aMMOJCHCT-
BHI, 00yCnaBIHBatONIMe YCTOWYHBOE CYINECTBOBAHUE JBYX- H MHOTOAaTOM-
HBIX COeTMHEHHH: MOJIEKY 1, HOHOB, KPUCTALTHYECKHX H MHBIX BEIIECTB.

K ocHOBHBIM YepTaM XMMHYECKOH CBA3H MOMKHO OTHECTH:

a) cHmKeHue oblueli HHepruM ABYX- WIM MHOTOaTOMHOH CHCTEMBE 1O
CPAaBHEHHIO ¢ CYMMAapHOM SHeprued W30JHpPOBaHHBIX YaCTHL, U3 KOTOPBIX
3Ta CHcTeMa o6pa3oBaHa;

6) nepepacnpeeneHe IEKTPOHHOH IIIOTHOCTH B OOJIACTH XHUMMYe-
CKOW CBS3M TIO CPaBHEHHIO C NMPOCTHIM HANOXKEHUEM IEKTPOHHBIX IUIOT-
HOCTeH HECBA3aHHBIX ATOMOB, COJIMIKEHHBIX Ha PACCTOSIHHE CBA3H.

[o cBoeli npupose XUMHuYeCKas CBA3b IpeacTaBiaseT coboli B3aumo-
JieficTBHE MEXIY IOJIOKUTEIBHO 3apsSHKEHHBIMH SOpaMH ¥ OTPHLATENBHO
3apAKEHHBIMM YTEKTPOHAMH, a TAKOKE 3NEKTPOHOB JPYT € IPYTOM.

OcHoBHuble BHABbI cBa3eii. K OCHOBHBIM BHAaM XWUMHYECKOH CBA3H
OTHOCATCH WOHHAs, KOBAaJEeHTHas# W MeTauinueckas cBs3u. Meraminye-
ckas cBsa3b Oyaer paccMoTpeHa B I71. 4. Kpome Toro, Mexny MOJeKy/laMH
BO3HMKAET BOAOPOJHAAs XHMMHMYECKas CBf3b M TIIPOMCXOAAT BaHHAEp-
BaaabCOBBl B3auMoJeHCTBHA (CM. 1. 3).

Y
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B 1916 r. nemenxum ydensim B. Koccenem Ovlna BbICKa3zaHa uaes o
TOM, YTO aTOMbI IPH B3aUMOAEHCTBHH MO0 0TAaIOT, 60 nprobperaioT
JIEKTPOHBI, IpeBpallasch [PHU ITOM COOTBETCTBEHHO B KAaTHOHBI WIH
aHHOHbL, UIMEIOUIHE YCTOHUMBBIC 3MEKTPOHHBIE KOHGUTypaimu. B3aumuoe
HX IPHUTSKEHHKe 00yCIOBIHBaeT XMMHYecKyIo cBa3b. Maen Koccens nernmu
B OCHOBY pa3pabOTKM TEOpHH MOHHOH XMMH4ECKOM CBA3M.

B Tom xe rogy amepukanckuit ydeHsii I'. JIbloHC Mpeanonoxul, yTo
YCTOMUYHBBIC BHEIIHHE NEKTPOHHbIE KOHPUIYPALMH Y MOJIEKY]I MOTyYT BO3--
HHKHYTB B peayibTrare 0000LIecTBiIeHus a1ekTpoHoB. CBA3b, 00pa3oBaHHAs
3a cyeT 0600LIECTBIIEHHON Naphbl YMEKTPOHOB, TIOCTABIAEMBIX 110 OAHOMY OT
KOXKIOr0 aToMa, MOoTy4Yria TOTAa Ha3BaHNUE KOBANEGHTHOH CBA3H.

IIpaBuio oxrera. B pesyybrare o6pa3oBaHHUs XHMHYECKOH CBS3H
aTOMBbI MOTYT NMpHOOPETaTh TaKyIo K€ SNEKTPOHHYIO KOHOHUIYPaLIio, KaK
y OnaropoAHbix rasoB, KOTOpble (3a MCKIIOYEHHEM Trelusf) MMEIOT Ha
BHeLIHeH 000m04Ke BoceMb (OKTeT) AnekTpoHOoB. CTpeMiieHHe K CO3aHkIO
TAKOH YCTOMYHBOM 3/IEKTPOHHOM KOH(MIYpaluH TIOY4HII0 Ha3BaHHE Mpa-
BW/Ia OKTETA. 310 CHpaBeUTMBO KAK AJIA MIOHHOM, TaK M KOBAJIEHTHOI CBS3eHi.

Jueprus u Ajguna CBA3M. KONMYeCTBO IHEPTHH, BHUIEIAIOLIEECS TIPH
o0pa3oBaHUM XMMHYECKOH CBA3H, Ha3bIBACTCS OSHEPruell XHMHUYECKOH
cBasu E.. OHa uMeeT equnuiyy usMepenus kJhx/mons. [Jns MHoroatom-
HBIX COEAMHEHUH C OJHOTHIIHBIMH CBS3AMH 33 3HEPrUlO CBS3W NPHHHAMA-
eTcs cpelHee ee 3HA4YCHHE, PACCYHTAHHOE ACJICHHEM 3HEprHH 06pa3oBa-
HHS COEIMHEHHS U3 aTOMOB Ha 4Mcio ceaded. Harpumep, SHepruio cBsa3mn
B METaHe ONPEAEISAIOT MyTeM AeNeHHUs 3HEpPrdd obpa3oBaHHS MOJEKYIibl
CH, u3 aromoB Bomopozpa u yriepoia Ha uerbipe (1640 : 4 = 410
k/Dx/Mone). Uem Gonplie SHEprus XUMHUESCKOH CBA3H, TeM yCTOHYMBEE MO-
nexynsl. Hanpumep, monexyna HF ycroitunsee monexynsi HBr (tabn. 2.1).

Tab6nuua 2.1. Juepruu (E,) u paunst (/.,) HEKOTOPBIX XHMHYECKHX CBR3EH

Caa3b Ecs, les, Cas3p E,, - len,
kJDK/MOJTB HM k i/ MOJib HM
H—F 536 0,092 Cc—C 348 0,154
~ . 7
H—CI 432 0,128 c=C 614 0,134
v ~
H—Br 360 0,142 0=0 495 0,121
H—I 299 10,162 —C=C— 839 0,120
H—H 436 0,074 C=0 1040 0,113
H—S 380 0,134 N=N 940 0,110
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Ba)kHol XapakTepHCTHKOH XMMHYECKOH CBA3M ABJAETCA ee JUTHHA [,
paBHag pacCTOSHMIO MEXAY SApaMH B coeavHeHHH. OHa 3aBHCHT OT pas-
MEPOB 3IEKTPOHHBIX 00O0JIOUEK M CTeNeHH UX nepekpbiBaHusa. MMeercs
olnpefesieHHasA KOppeauusd MexAy JUIMHOA U 3Hepruel CEA3H: C yMeHb-
IIEHHEM [UIMHBI CBS3H OOBIYHO PacTeT SHEPrus CBI3H U COOTBETCTBEHHO
YCTOH4YHBOCTL MoJlekyn (Tab. 2.1). Hanpumep, B psay rajaoreHoBonopo-
o ot HF no HI nnuna cBasu pacrer, a ee sHeprus yMeHbIIaeTCA.

O6o3na4venue XHMHYeCKOH CBA3H. DJICKTPOHbI BHEIIHEH 000I0UKH,
y4yacTBYIOLUME B 00pa30BaHMM XMMHMYECKOH CBS3M, MOFYT H300pakaTbCs
Ttoukavu (popmyna Jlstouca), a cesizu — yeproukamu. Hanpumep:

Monekyna HI C,H, N,
Coszp H—1 H H N=
\ /
C=
/N
H H
dopmyna H:1 H:C::C:H ‘NN
JIptouca A
H H
Hassanue TIpocras JBoiinas Tpoitnas
CBA3N KOBAIEHTHAS  KOBQICHTHA!  KOBAICHTHasd

Kak BUOHO, U1 HOJ4, yrjicpoaa U a3oTa B paCCMOTPCHHBIX COC-
JUHEHHAX IPUMEHAETCS HPABUIIO OKTETa.

Honnas xuMuH4YecKas cBsA3b. MOHHas xuMU4YecKas CBs3b MpeAcTaB-
aser coboit 31eKTpoCcTaTHYECKOe B3aUMOJCHCTBME OTPHLATENBHO M IO-
NOXKHTETbHO 3apsDKEHHBIX HOHOB B XHUMHYECKOM cOeJWHeHHMH. Takas
CBA3b BO3HMKAET JIMIIG B Ciyyae 6onbuoi pasHocT D0 aTOMOB, Harpu-
Mep MEXy KaTHOHAMHM S-MeTaJIJIOB MEpBOH ¥ BTOpOH Ipynn nepHoaude-
CKO¥ cHcTeMbl M anuoHamu Hemeramios VI u VII rpymn (LiF, CsCl, K,O
Hap.).

Kak yxe yKa3blBaJOCh, TpH 0Opa30oBaHUH KATHOHOB M aHHOHOB MOTYT
BO3HUKATh YCTOHYMBBLIE OKTETHbIE DIEKTPOHHBIE KOHQUIYpauud. ATOMBI
M HOHBl C OAMHAKOBBIMH 3MEKTPOHHBIMH KOH(UTypalUiMH o0pasyioT
M3037IEKTPOHHBIE PAJbI, HANIPUMEP Pkl HEOHA, APrOHAa, KPUITOHA:

Ne, OF, F,Na', Mg®", Al — 15*25"2p® um [Ne]
Ar, S, CIL K, Ca?, 8¢ — [Nej 3s%3p° wm [Ar]
Kr, Se*, Br, Rb’", S©*, Y  — [Ar] 3d"%4s™3p° wmm [Kr]
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Tak Kak 3JeKTpPHUYECKOe NOJIe MOHA UMeeT ciepruecKHii XapakTep, TO
JU1 MIOHHOH XUMHMYECKOH CBSI3U He XapaKTepHa HarlpaBieHHOCTh. VloHHoMH
CBA3M TAKKE HE CBOHCTREHHA HACHIIAEMOCTH, TaK KaK HOH crnocoleH
B3aUMOJEHCTBOBAaThH CO MHOTHMH COCETHUMH HOHAMH [POTHBOTIOIOKHOrO
3HAKA, YUCIIO KOTOPBIX 3aBUCHT OT 3apAJOB MOHOB U COOTHOIUEHWH reo-
MeTpHuecKuX pasMepoB. MoHHas XuMuuecKas CBA3b NPOABJISETCH B TBEP-
ABIX BEUIECTBAX C WOHHOH KPUCTANNUUYECKOW pelietkoil, CROHCTBA KOTO-
pbix 6yayT paccMoTpeHbl B Ti. 4. Tak Kak sHeprus MoHH3aLMu OOJblie
JHEPrUM CPOJCTBA K ANEKTPOHY, TO TMOJHOIO Mepexoja 3NEKTPOHOR He
NPOHCXOJUT LaXke B ciyyae napbpl aToMOB C Gonblioi pasHocthio D0.
[ToaToMy ¥ 4KCTO MOHHAs CBA3L HE cyllecTByeT. MOXHO JIHilb TOBOPHTH
0 JI0Jie MOHHOCTH CBSI3H,

BOHpOCbI AJIA CAMOKOHTPO.JIA

2.1. Paccuuraiite cpepnioto 3uepruto cassu H—O B Monekyne BOABL, €CNH IHEPTHS
06pa3oBaHus BOJIb! U3 aTOMOB cocrapnser 926 k/x/Mons.

2.2, 3anumute popmyny Jiviouca s mosexy sl CoH,.

2.3. CocraBbTe U303JEKTPOHHBIH PAJl KCEHOHA.

§ 2.2. KOBAJIEHTHAS CBSI3b. METO/I BAJJEHTHBIX CBSI3EM

O6umue woHaTHA. Xumuueckas ce:A3b, 00pa308anHas nymem 0606~
wecmeienus napyl H1eKmMpoHO8 O08YMA amMOMAaMU, HA3LIEAEMCA K06a-
NeHMHOU CEA3BIO. )

PaccMoTpuMm juis npuMepa oOpa3oBaHHe KOBajJICHTHOM CBA3W B MoJe-
Kyfe Bogopoaa. [lpu cOmnkeHHH aTOMOB BOIOPOJA NMPOHCXOAUT TIPOHHK-
HOBEHHE MX 2JIEKTPOHHBIX O0JIAKOB APYr B JApyra, KOTOpOe Ha3bIBaeTCs
MepeKphIBAHUEM 3NMEKTPOHHBIX o0nakoB (puc. 2.1). DneKkTpoHHas IOT-
HOCTb MEXIy AApaMH BO3pacTaer. Slnpa NMpUTATHBAIOTCA IPYT K APYTY.
Bcenencteue atoro cHukaercs aHeprus cucteMst (puc. 2.2). Opnako, npu
OYeHb CHIBHOM COJIM)KEHHH aTOMOB BO3pacTaeT oTTalkuBaHue aaep. [lo-
ITOMY MMEETCH ONTHMANILHOE PACCTOSHUE MEXKIY sSApPaMH (I/THa CBA3M /),
npyd KOTOPOM CHCTEMa MMeeT MHHUMallbHyio 3Hepruio. Ilpum Takom co-
CTOSIHUM BBIZENASETCA JHEPrUs, Ha3pIBaeMas JHEpPryei caasu K.

H ‘ H Hz

+ —

/

Puc. 2.1. IlepekpbiBaHre 3NEKTPOHHEBIX 06/1aK0B NP1 06pa3oBaHUM MOJIEKY b
BOZOpOJA
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OcobeHHOCTIMH  KOBaJIEHTHOMH
'XHMHUYECKOH CBS3H ABNAIOTCA ee
HANPABIEGHHOCTh M HAChl-
maeMocTh. Tak Kak AaTOMHbIe
opBuTanM NpoOCTPaHCTBEHHO OPHEH-
THPOBaHLI, TO MEPEKPLIBAHHE 1K=
TPOHHBIX OONAKOB MPOUCXOAHUT MO
onpeneNieHHbIM HalpaBlIeHUAM, YTO - [~~~=- '

M O0YC/IOBIIMBAaET HAINPAaBJIEHHOCTB . ;
KoBaJeHTHOH cBasu. Konuuecten- [
HO HalpaBJICHHOCTb BBIPAKACTCA B Py c. 2.2. 3aBUCMMOCTb JHEPIUU CHCTEM
BUJIC BANTEHTHBIX YT/IOB MEX- M3 IByX aToMOB BOXOPOJA C Mapaiieib-
Ay HanpaBleHHAMH XHMHHYECKO#H HbIMH (/) W aWTHNapaiensHbIMK  (2)
CBS3U B MOJIﬁKy}]aX Vi TBep)lle Te- CHHHAMH1 OT PACcCTOAHUNA MC)?(I[)/ SApaMH.

- (E - oHeprus cBsasu)
jax. . :

HacsilaeMocTs KOBaNEHTHON CBSI3H BBI3BIBACTCS OTpaHUYEHUEM YHC-
na 3JIEKTPOHOB, HAXOIALUMXCA HAa BHEHIHHX 000JI0YKaX, KOTOpbiE MOTYT
y4acTBOBaTh B 00pa30oBaHUH KOBAJIEHTHOM CBA3M.

IHoasipHocTs KoBaJlenTHOH cBA3H. Ecnu koBaneHTHas cBs3b 06paso-
BaHa OAMHAKOBBIMH aTtoMami, Hanpumep H—H, O=0, CI—CI, N=N, 10
000611eCcTBICHHbIE /IEKTPOHBI PAaBHOMEPHO pacnpelesieHbl MeX1y HHMH.

-Takas cBA3p Ha3piBaeTCs KOBAaNeHTHON HemNmoONsApPHOH
CB 3610, ECiM ke 0iH H3 ATOMOB CHITBHEE MPUTATHBACT INEKTPOHDI, 10
3/IEKTPOHHAs Tiapa CMELLAeTCs B CTOPOHY 3TOro aToMa. B OTOM ciyuvae
BO3HHKAeT NOJAPHAas KOBaleHTHas CBA3b. Kpuiepuem crno-
COOHOCTU aTOMA, fIPUTATHBATE JIEKTPOH MOXKET CIYXKHUTb 3J1€ Tpodrpuua-
TensHOCTE. Yem Bhie IO y aToMa, TeM Gonee BEPOATHO CMELLCHHE J1eK-
TPOHHOH Mapbl B CTOPOHY A7pa JaHHoro aroma. [TosTomy pasHoCTh 3nek-
TPOOTPHUATENILHOCTH ATOMOB XapaKTEPH3YET NOJIIPHOCTb CBA3M.

Benencreue cMelneHus IEKTPOHHON napbi K OZHOMY M3 SJ€D MOBBI-
IaeTcs MUIOTHOCTh OTPHLIATENBHOTO 3apAAa y JaHHOTO aTOMa H COOTBET-
CTBEHHO aTOM TNOJy4aeT 3apsj, HadbiBaeMbld 3G PEeKTHBHBIM 3a-
pagoM atoma &-. Y Broporo aroMa NMoBbiIAETCsA TNIOTHOCTD MOI0KH-
TeNbHOTO 3apana do+. BeaeacTeue 3Toro BO3HMKaeT XM MO b, IPEACTAB-
NAOUWHN co00# MeKTPHUECKH HEHTPAILHYIO CUCTEMY C IBYMS OAMHAKO-
BbIMH IO BEJIMMHHE MOJIOKHUTENBHBIM ¥ OTPULIATENIbHBIM 3apAIaMH, HaXxo-
IOSUAMUCA HA OMpe/eieHHOM pacCTOSHUH (JUTHHA AuMnonA) /, Apyr ot

JnepeuRn

Paccrosnme
* ‘ Mexgy sgpamu
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Apyra. Mepo# NONSPHOCTH CBSI3M CIYXKHT DJNEKTPHYECKUH MoO-
. MEHT JMMONA [, PABHBIA MPOM3BENCHUIO 3DPEKTUBHOTO 3apsaa &
Ha AHHY Ao I ,
‘ Mo =81, 2.h

DNeKTpUYECKHId MOMEHT AU UMEET eIMHUILY H3MEePEeHHUs KyJIOH Ha
merp (Kn-m). B kauecTBe eaMHHUB! M3MEpPEHHS HCTIONB3YIOT TAKXKe BHe-
CHCTEMHYIO €IMHHLly H3MepeHms neGait D, papiyio 3,3-107°° Kim
(tabn. 2.2).

Kax BupgHo u3 Tabn. 2.2, snexkTpH4ecKHH MOMEHT QMO PacTeT ¢
yBenuueHueM pazHoctu 0.

Tabauua 2.2 Daekrpuyueckuit MOMEHT JUNONT XHMUYECKOH CBA3H B MOJIEKYJIAX

Cea3b Paznocts 20 Yica, D Ces3b Passocts 30 Uew, D
H—F 1,9 1,98 H—O 1,4 1,53
H—Cl 0,9 1,03 H—N 0.9 1.3
H—Br 0,74 0,78 H—S 0,4 0,7
H—I 0,4 0,38 H—C 0,4 0,3

TonspHyo KOBaJIEHTHY!O CBS3b ¢ O, mpubmkalomeMycs K 1, MOXKHO
CUMUTaTb HOHHOW CBA3bIO. OHAKO, 1a)Ke Y UOHHBIX COEIHHEHUH O HIDKe
eauHuupl. [losromy mobas MOHHas CBA3b HMEET OMPEENEHHYIO OO0
KOBaJIECHTHOCTH.

XuMHYeckas CBA3b B OONBHIMHCTBE XMMHYECKUX COSIMHEHHI coueTa-
€T CROHCTBAa KOBAJIEHTHOW W MOHHOMW CBA3M. 1103TOMY €& MOYKHO CHHTaTh
KOBAJICHTHOH ¢ olpedeneHHON foseldl HOHHOCTH. CTErNeHh HOHHOCTH Xa-
pakTepusyetcs 3)eKTHBHBIM 3aps0M aTOMOB M BO3PACTAET C yBeJIHUe-
HUEM pa3HOCTH JIEKTPOOTPHLIATENBHOCTEN. ‘

MerToa BajsieHTHBIX cBf3eil. ToyHOE onUCcaHue pacpencieHus dieK-
TPOHOB BO3MOXHO JIMILUG /Uit HeGonpioro yucnaa Monekyn. O6bHHO Hc-
NONB3YIOT NPUGIKEHHBIE METOMIB! pacyeTa JBYX- H MHOTOaTOMHBIX CHC-
TeM C KOBAJICHTHOH CBA3bI0: MeTOJ BaJieHTHH X cBadeil (BC)u
MeToa MolekynsapHHX opbutanei (MO).

MeTon BaneHTHBIX CBs3el Brepsble GBLT HCONp30BaH B 1927 r. He-
MellkuMH yueHsIMH B. eiitiepom n @. JloHxoHoM, KOTophIe MPOBEIH
KBAHTOBO-MeXaHHUECKHUH pacyeT MoNiekyiasl Boxopona. B merome BC
Mperoaraercs, YTo aTOMbl B MOJIEKYJIE COXPAHAIOT CBOIO HHIMBHIY2b-
HOCTb. DNIeKTpOHHas Napa 3acenser OpOHTajlb TO OAHOrO, TO APYroro
atoma. ['eiitnep u JIOHAOH MOKa3ajy, YTO MPH COMMKEHHH ABYX aTOMOB
BOAOPOJA C AHTUNAPAUIENbHBIMH CIIMHAMHM IPOUCXOIMT YMEHBINECHHE
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JHEpruu CHCTEMBI (CM. pHC. 2.2, kpuBag /), 4To 00YCIOBIEHO YBEIHIEHH-
€M JIEKTPOHHOH JUIOTHOCTH B APOCTPaHCTBE MEXY SApaMH B3aHMoZeH-
CTBYIOIMX aToMOB. PaccuMTaHHas MMM 5HEprus CBs3M OTIHYaIach OT
IKCIiepUMeHTanbHOK He Oonee, yem Ha 10%. Ilpu cOmxeHUH aTOMOB ¢
napaiieabHbIMI CIIMHaMH SHEPrus CUCTEMbI BO3pacTaeT (CM. puc. 2.2,
KpHBag 2) M MoJIeKyJla B 3TOM Clly4yae He obpa3yercs.

Tlozpnee meton BC nomyunn panepHeiiniee passutHe W ObUl pacripo-
CTpaHeH Ha japyrue Mmonekynbl. Meron BC Gasupyercs Ha cieayromux
OCHOBHBIX TIOJIOKEHUAX:

a) XHMHYecKasl CBA3b MEXIY JAByMs aTOMaMH BO3HHKAET KaK pe3yib-
Tar nepexkpriBanus AQ ¢ o6paszoBaHHEM 3EKTPOHHBIX map (oboCiueHue
IBYX 21EKTPOHOB); )

©) aTOMBI, BCTyNalolie B XMMHYECKYIO CBA3b, OOMEHMBAIOTCS MEXITY
cobo# sNeKTpOHaMH, KOTOpbie 00pa3yioT CBA3bIBAIOLIME Maphl. DHeprus
o0MeHa 2MeKTPOHAMH MEXAY ATOMaMH (SHEprusi. IPUTSHKEHHUS aTOMOB)
BHOCHT OCHOBHOIf BKJIa[| B 3HEPrHI0 XMMHUYECKOH cBi3u. J[OMOMHUTENb-
HbIii BKJIAJ B DHEPrHIO CBS3H AAOT KYJOHOBCKHE CHJIbI B3aUMOAEHCTBHS
YacTHIL;

B) B COOTBETCTBHM ¢ NpuHUMNoM [laynu xumudeckas cBa3p oOpasyercs
JIMLIb TIPYA B3aUMOJEHCTBHH 3JIEKTPOHOB C aHTHNAapaelbHbIMH CIIMHAMHY;

I) XapaKTEPUCTUKH XMMHYECKOR CBSA3H (IHEPrus, AJIMHA, MOASIPHOCTH
H JIp.) ONIpenensioTcs THIIOM repekpoiBanug AO.

Cornacuo Teopuu BC, KOBaJeHTHas CBA3b HalpaBjieHa B CTOPOHY

MaKCHMaJIBHOTO nepexpsiBarus AQ pearupyouHx aTOMOB.
"~ Crnemyer OTMETWTb, YTO 3JEKTPOHHAA CTPYKTYpa MOJIEKYJbI 3HAYH-
TEeJILHO OTJIMYAeTCsl OT 3IEKTPOHHOH CTPYKTYpPhl 00pa3yIolluX €€ aTOMOB.
Hanpumep, asnexkrpoHHsle opbuTtajd B MOJIeKYyJle BORXOPOAa HE HMEIOT
chepuueckor cuimmeTpuu, Kak AO aToMOB BOAOPOAA, TaK KaK JIEKTPOH-
Has napa rnocTOAHHO MEHSET CBOe MOJI0KEHHE OTHOCHTENBHO ABYX AAep B
MoJIeKyJle. DNEKTPOHHAA TIapa. B MOJIEKYJIE BOAOPO/a HaX0AMTCs Ha bonee
HU3KOM a»Hepreanecbe YpOBHE, 4e€M YpOBEHb 3JIEKTPOHOB B aTOMax
BOJIOPO/IA.

W3meHeHHMs MpeTepreBaeT d/IEKTPOHHas CTPYKTypa BHELIHHMX 000J10-
YeK U 10000JI04eK aTOMOB, KOTOpasi B OCHOBHOM U ONpENEnseT NPUPORY
u cBOHcTBa aToMOB. [loaTOMy B 00pa3oBaBLIEHCA MOJIEKYJIE aTOMBI C HC-
XOAHOM EKTPOHHOMN CTPYKTYpOU HE CYIUECTBYIOT. Y aTOMOB B MOJIEKY-
Je COXPaHSIOTCS JIHLIb 3IEKTPOHHBIE KOHQHTYPAaUUK BHYTPEHHHX 3JI€K-
TPOHHBIX 060JI0YEK, HEe NMepeKphIBAIOIUXCS NMPH 00pa30BaHUMN CBA3EH.
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[Mocneanee naer yAoOHY©0 BO3MOKHOCTL FOBOPHTL O TOM, YTO MOJIEKYJIbI
COCTOAT M3 TEX HIH MHBIX aTOMOB, HallpUMep MOJIeKyJla JHOKCH/IA cepbl —
W3 ABYX aTOMOB KHMCJIOPOJZa ¥ OZIHOTO aToMa Cepbl.

BasentHocrh no obmMennomy mexanusmy meroaa BC. Crocobrocme
amoma nPUCoedUHAMb UIU 3aMeUamb ONPEOESCHHOE HUCTIO OPYeUX armo-
MO6 ¢ 00pA306aHUEM XUMUNECKUX CGf3ell HA3bIBACMCS GAIEHMHOCMBIO.
Cornacno otmennomy mexanusmy merona BC kaknblii aToM oTnaer Ha
obpazoBaHHe OOLIeH 2NMEKTPOHHOM Napbl (KOBAIEHTHOM CBA3M) MO OJAHOMY
HecnapeHHOMY 371eKTpoHy. KonuvecTBeHHOH Mepoii BajleHTHOCTH B 00-
MEHHOM mexaHusMe Metoga BC cuMTaloT 4HC/I0 HecmapeHHBIX 3JEKTPO- k
HOB y aroMa B OCHOBHOM Wiy BO30Y>KAeHHOM COCTOSHHH aTtoma. DTO He-
crapeHHble INEKTPOHBI BHELUHMX 000/104EK Y §- U p-37EMEHTOB, BHELIHHX
M NpelBHEIIHHX 000/04eK Yy d-371IEMEHTOB, BHEIIHHX, NMpPEABHEIUHMX U
NpEANpeIBHELLIHUX ODOJIOUEK Y f~3/IEMEHTOB.

ITpu obpa3oBaHHUH XMMHUECKON CBA3H aTOM MOJKET NepeXOHTh B BO3-
Oy>XIEHHOE COCTOAHUE B pe3yNibTaTe pasbeAMHEHH napbl (MM f1ap) sMex-
TPOHOB W Mepexoje OJHOro 23JIEKTpoHa (MM HECKOJBKHX 3JIEKTPOHOB,
paBHBIX YUCNY pa3beJHHEHHBIX Map) B cBOOOAHYIO opbuTans Toi ke ofo-
nouku. Hanpumep, aneKTpoHHas KoHGHIYpaLus KalbUus B OCHOBHOM CO-

CTOSIHMM 3anKchiBaeTes Kak [Ar] 4s°. B coOTBETCTBHM C OOMEHHBIM MeXa-

A2

ai3moM merona BC BareHTHOCTD ero pasHa Hyo, T.e. ans Ca B==0.
VY aTtoMa kanbUMs B 4eTBepTOH obosouke (n=4) UMeEIOTCS BaKaHTHbIE p-
opburamu. [Ipu Bo3Gyxknennn atoma NPOMCXOAUT PACTIAPMBAHHE DIleK-
TPOHOB M OJMH U3 45-371EKTPOHOB MEPEXOUT B CBOBOAHYIO 4p-OpOHTAb.
BaneHTHOCTb KasbLiMs B BO30Y)XKIEHHOM COCTOSHHU paBHa ABYM, T.€. IpH

pacrapvBaHWH BaJ€HTHOCTb YBEJTUUHBAETCS Ha JIBE €AMHHLIBE:
4s 4p :

ca N1 > Ca* l 1 B*=

B ornuuue ot kucnopoaa u dropa (tabn. 2.3), aneKTpoHHBIE NAPHl KO-
TOPBIX HE MOTYT pa3beAMHATHCA, TaK Kak BO BTOPO# 000M0UKE HET BaKaHT-
HbIX opOuTaseH, 3JIeKTPOHHbIE Mapsl aTOMOB CePbl M XJ10pa MOTYT pacma-
pUBaTbCsl B BakaHTHbie opOUTanu 3d-nofo00N04KH, COOTBETCTBEHHO cepa
KPOME BAIEHTHOCTH OCHOBHOTO COCTOAHMS 1 112 , UMEET ellie BaNeHTHOCTH
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4 1 6 B BO30YX/CHHOM COCTOSIHHH, a XJIOpP KpPOMe BaJIEHTHOCTH 1 B oc-
HOBHOM COCTOSIHUM, MMeeT BAJICHTHOCTH 3, 5 W 7 B BO30Y)XHEHHOM CO-
CTOSIHUH. '

Cnemyer OTMETHTB, YTO Y aTOMOB GOJIBLIMHCTBA d- W f-37IeMEHTOB Ha
BHEWHUX 000JI0YKaX B OCHOBHOM COCTOSIHHM HET HECTIApEHHBIX 3JIEKTPO-
HOB, MO3TOMY HX BaJICHTHOCTh B OCHOBHOM COCTOSIHUM paBHa HYJIIO, He-
CMOTpS- Ha TO, YTO Ha TPEBHEIIHUX d- U f-monobonoukax UMEKTes He-
cnapeHHsble anekTpoHsl. [locnegnve He MoryT oOpa3oBbIBaThH JIEKTPOH-
HbIE Napbl C 3NEKTPOHAMM APYTUX aTOMOB, TaK KaK 3aKPBIThl JJIEKTPOHAMU
BHewHe# obonoukn. Ilpu Bo3Oy)xXIeHHH aTroMa pacliapeHHbIE 3JIEKTPOHB!
BHelIHeH 000JI0YKY BCTYMAIOT B XHMHYECKYIO CBA3b M OTKPHIBAIOT BHYT-
peHHHe U1eKTpoHHBbIe obonouku. Harpumep, BaneHTHOCTH Xkene3a B oc-
HOBHOM COCTOSSHHH PaBHa HYJIO:

3d 45 4p
Fe (VT (T ({T {7 ™ B=0

B BO30OYXIAEHHOM COCTOSHHH MPOMCXOAUT pazbeAUHEHUE 4s5-Mapbl
3IEKTPOHOB: « '
3d Co4s 4p

Fe* [N{T 2111 0 1 B*=2.3,4,5,6

BanentHocTh kesne3a B BO30OYKIEHHOM COCTOSIHUM ONpEAeNnserTcs He
TONBKO. 4s-, 4p-, HO ¥ 3d-HecnapeHHBIMU dNekTpoHamu. OptHako napa 3d-
3/EKTPOHOB HE MOXET PazbeJUHUTLCS, MOTOMY HTO B TpeTheH obonouke
HeT BaKaHTHBIX opOHTasel, MoITOMy MaKCUMallbHas BaJEHTHOCTDb JKejle3a
paBHa UIECTH.

VY ocmus npU BO30YXKACHHW MOTYT pa3beUHATHCSA HE TOJNBKO BHEUI-
HUe 6S-3MEKTPOHBI, HO W TPEABHEIIHUE Sd-3MEKTPOHbI, MOCKObKY B M-
ToM 06ONOUYKe UMeeTcs ele S/-nonobos0uka co cBOOOTHBIMY OpOHTaNs-
MM, IO3TOMY MaKCHMaJIbHas BaNeHTHOCTb OCMHS PaBHA BOCbMHU:

5d 5 6s 6p
os| 4] 1l 1] 1] 1 7] B=0
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5d 5f 6s 6p
osf| It 1] 2t |4 T

B*=2,3,4,5,6,8

JloHOpHO-akenTOpHLIH MexaHnm3M o006pa3oBaHHs KOBaJIeHTHOi
ces3H. OOMeHHbIH MexaHusM metona BC He MoxeT oObAcHHTE 06paso-
BaHUI XMMMHUYECKUX CBA3EH B HEKOTOPBIX coeauueHusx. Hanpumep, y vo-
Ha amMMonns NH; atom aszoTa ofpasyeT uYeTblpe KOBAIEHTHBIE CBS3M C
BOAOPOIOM: - - ‘

H +
|
H -——IT —H
e H -’
XOTS y aTOMa a30Ta BCEro TPU HeCHapeHHBIX 3JIEKTPOHA
2s 2p
™ "yt

YeTBepras KOBaleHTHas CBS3b B MOHE aMMOHHA MOSBJISETCS MO A0 -
HOPHO-aKUENTOPHOMY MEXaHH3MY, COrNIaCHO KOTOpPOMY 06-
pasyercs obmlas 5JEKTPOHHAS Mapa 3a CYET HEMOAENEHHOM Mapbl 3JeK-
TPOHOB OJHOrO aroMa ([OHOpAa) ¥ BAaKAHTHOM opbHTanu Apyroro aroma
WJIM HOHa (aKuernropa).

A30T MOJIEKy b aMMMaKa, UMEIONINI TPH KOBACHTHBIX CBA3HU C Tpe-
Mst aTOMaMH BOAOPOJIa MO 0OMEHHOMY MEXaHH3MY, HMeeT HENoICIeHHYIO
3NEKTPOHHYIO Napy, KOTOpas MOXET B3auMOAENCTBOBaTH O CBOGOIHOM
opbuTanbio HoHa Bofopoaa H', o6pasys 4eTBepTyI0 KOBAIEHTHYIO CBA3b:

—

H H +
H ::N: + H — H :N: H
H H

46



Takum o6pa3oM, B MOHE aMMOHHSI a30T MPOSBIISET BaNEHTHOCTS,
paBnyo 4.

YeTBepTas KOBaJeHTHas CBS3b, O0Dpa3’oBaHHad 10 JOHOPHO-
aKUENTOPHOMY MEXaHH3MY, XapaKTepu3yeTcs TeMH JKe MapaMeTpaMH, 4To
M OCTaJbHBIE TPU KOBaJCHTHbIE CBA3M, 0Opa3oBaHHBIE MO OOMEHHOMY
MEXaHU3MY, T.€. B MOHE aMMOHHS BCE YeThIPe CBA3W PABHOLICHHBI.

KoBasleHTHas CBs3b 110 HOHOPHO-aKIIENTOPHOMY MeXaHH3My o0pasy-
€Tcs Npy B3aMMOZCHCTBHH MHOTMX aTOMOB, HOHOB M MoJjekynl. Bonee
nonpobHo 310 B3auMozelicTeie OyneT paccMOTpeHoO B 1. 3. 3nech Noka-
XKEM 3TO Ha MpUMepax B3auMoneHcTBUs cBazeld TpudTopuna 6opa u ¢ro-
pua-uoHa ¢ o6pasosanveM Terpadropbopar-uona 1 B monekyne CO:

BF; + F~ = BF",
F C s 1= T 1? -
F :B + :F: > |F :B: F | wm F-—}IB———F

Kak cnenyer u3 tabn. 2.1, B monekyne CO umeeTcs npouHas TpOHHas
CBA3b, XOTA YriepoA B HeBO3OY KIEHHOM COCTOSHMHM M KMCJIOPOA ufteror
10 7IBa HECMAPEHHBIX 3NEKTPOHA, NEPEKPhIBAHUEM KOTOPBIX U obpa3syercs
JIBOAHAsS XUMHUUECKAss CBA3b. |IpeutoreHo HeCKONbKO Mopene#, o0biac-
HAOUMX cTpoeHHe Mojekysibi CO. CornacHo OAHOW M3 HHUX TPETbsl CBA3b
obpasyeTcs 10 JOHOPHO-aKLENTOPHOMY MEXaHU3MY, [pH KOTOPOM HemNo-
JleJIeHHas] fapa JJIEKTPOHOB KHMCJIOpOAa B3aMMOAEHCTBYET C BaKaHTHOM
“opbuTansio yraepoaa: , '

28 2p
c (N 0
C=0
o | VN
2s 2p

Kak cnemyer u3 3Toif MojenH, BaJeHTHOCTH KHUCIOPOJA M yrjiepoja
paBHBI TpeM, T.e. B Mojnekyiae CO cymectByer TpoiiHas cBa3b. OJHako
JlaHHasi MOJeNb He OOBACHAET OYEHb MaJIo€ 3HAYEHHE BJIEKTPHUYECKOTrOo
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MOMEHTa JuMons cBa3u (i,;=0,12D), He COOTBETCTBYIONIEE OTHOCUTENLHO
Hosbioit paznoct D0 kucnopoaa u yriuepona (A30=1). Ilpennoxena
Oonee crnoxkHai Molelb, B KOTOPOH mpenmnonaraetcs Sp-rHOpHaM3aniis
AO  yrnepoza (cM. § 2.3) u obpasoBaHue cBa3ell MO AOHOPHO-
aKLieHTOpHOMY MexanusMy. BanentHoctu C u O cornacHo 3Toif MoznesH
TaOKe PaBHB! TpeM. OfHa 13 ABYX sp-opOutanei ocTaeTCs HECBA3aHHOMN 1
KOMITEeHCHpYeT 3apsii, BO3HHKAIOWMI NMpPU CABHTe MEKTPOHOB CBA3ei K
KHCIIOPOJTY.

Takum o6pazoM, cymMmapHas 8aneHMHOCMb 1eMeHMA PAGHA YUCLY
HECNAapeHHbIX INEeKMPOHO8. (ODMeHHbII MeXanusm) NaocC YuUclo cessel,
06paA306aHHBIX O OOHOPHO-AKYENMOPHOMY MEXAHUIMY.

Bonpocs! aist CaMOKOHTpOJIS

2.4. YKaxHTe, Y KaKHX U3 HUXKE MPUBEICHHBIX MOJEKYJ] XHMHYECKHE CBSI3H MMEIOT
nonsphsiit xapakrep: F,, CO, N,, HBr, Br,.

2.5. YkaxuTe MOCIECA0BATENLHOCTH BO3PACTAHUA IMEKTPUUECKOTO MOMEHTa IO Y
ceszeii: B—N, B—F, B—C, B—O, B—2Br. :

2.6. Onpenennte BaJeHTHOCTb Hojaa U docdopa B OCHOBHOM H Bozﬁyxnenﬂom
COCTOAHUSAX. )

2.7. OnpejieuTe BAICHTHOCTL KPHITTOHA M XceHoHa 1o metoxy BC.

2.8. VkaxuTe MexauusM oGpazoBanua cesseii B none rugpoxconns H;0°. Kaxyio sa-
NICHTHOCTEL HMEET KMCIIOPOX B 3TOM HOHE?

§2.3. TIPOCTPAHCTBEHHASAI CTPYKTYPA MOJIEKY.JI

Kak y>ke yka3bIBanoch, KOBaJIeHTHass XMMHYeCKast CBA3b XapaKTepH3y-
€TCS HaIpaBJIeHHOCTHIO, YTO OOYCIOBIEHO ONpe/e/IeHHBIMH OPHEHTALIUA-
mu AO B IPOCTPAHCTBE.

Curma-cessb. Cga3v, obpazosannas nepexpwisanuem AO no au-
HUU, coeOUuHAIOWeN A0PA 83AUMOOEUCMBYIOWUX AMOMOE, HA3LIBAEMCS
0-c6a3bi0. CHrMa-cBsi3b MOXKET BO3HHKATh NPH TEPEKPbIBAaHHH s-0pOH-
taneii (puc. 2.3, a), s- u p-opburaneii (puc.2.3, 6), p-opburaneii (puc.2.3, 6),
d-opburaneii (puc. 2.3, 2), a Takxke d- u s-opburanefi, d- u p-opburaneit u
J-opbutaieii ¢ gpyr ApyroM ¥ JpyruMH opoutanamu. CurMa-cBa3p oObId-
HO OXBATIBAET [BA ATOMA H HE MPOCTHPAETCA 32 UX MPENEL, M09TOMY
SBJISIETCA JIOKATM30BAaHHOH ABYXILEHTPOBOH CBSA3EIO.

Kpatnsie ces3n. Jesokaauzanun cBasH. Kpome npocteix o-ceaseit
CYILECTBYIOT KpaTHble (BOMHbBIE H TPOHHEIE) CBSA3H, KOTOPhIe 0Opa3yroTcs
TPV HANIOXKEHHUH O-, M-, ¥ O-cBA3el. .
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Puc. 2.3.IlepexppiBanne atoMubiX opOHTane npu oGpa3oBaHKu o-CBA3CH

Cesnzb, obpazosannas nepekpuvisanuem AO no obe cmoponsl TUHUY,
coedunsowell A0pa amomos (60K0Gble Nepexpvi8aHus), HA3bL8AENICS
7643610, TIM-CBA3bL MOXKET 00Pa3OBBIBATELCA TIPH NEPEKPHIBAHHHA p — P-
opburaneii (puc. 2.4, a), p — d-opburaneit (puc. 2.4, 6), d — d-
opburaeii (puc. 2.4, 8), a Takxe f— p-, f— d- u f — f~opburanei.

Cen3b, 0bpazosannan nepekpevisanuem d-opbumaneti ecemu uemuvlpb-
M3 IenecCmKamu, Hasvisdemcs 0-cesasvlo (puc. 2.5).

COOTBETCTBEHHO, S-3JIEMEHTH MOTYT 00pa3oBbIBaTh TOJBKO G-CBSI3H,
P-3NEMEHTHI — G- W T-CBS3H, d-DJIEMEHTH — G-, T- U O-CBiI3H, a f-ane-
MEHTHI — G-, M-, 8- H eille 6onee CNOKHBIE CBA3H. B CBA3H ¢ MEHBIIMM
nepekpeiBanieM AQ NpOYHOCTE y T- U O-CBA3EH HibKe, YeM y C-CBA3eH.

Ilpy HajOXkeHUW T-CBA3M Ha GC-CBSI3b oOpasyercs /aBoOHHafd

C B A3 b, HAaIPUMEP B MOJIEKYJIaX KUCJI0pOAa, 3STWICHA, INOKCHAa Yriiepoaa.

; N\ /
Kparnas cBa3p uzobpaxkaerca Apyms yeproukamu: O=0, C=C, O0=C=0.
/ N\

d-d
8

Puc. 2.4. llepexpriBanue aTOMHBIX opbuTaneit npu o6pasoBaHuu m~cBs3ei
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XoTa 2Heprus m-cBA3M MeHbIIE, Yem
JHEpPrus O-CBA3M, ONHAKO CyMMapHas
DHEPrusi ABOWHOH CBA3H BBIIUE SHEPTHH
O/IMHAapHOM CBA3M, a NJMHA JBOHHOM CBi-
31 MEHbLIE AJTHHBI OAUHAPHOH CBA3M (CM.
tabn 2.1).

Puc. 2, 5 Hanpasnenus nepexpsi- HpH HAJIOXKEHUH NBYX T-CBA3€i Ha O-
BauA aTOMHBIX d-opGWTAieh MPH  GRy3p, BosHMKAeT TPOHHAA CBA3D,
oGpazoBanuy d-ceszeit
HanpyMep B MOJIEKY.1aX a30Ta, aleTHie-
Ha ¥ OKcHza yraepona. TpokHas cBia3b M3oOparkaeTcs TpeMs YePTOUKAMH:
N =N, —C=C—, C=0. OHeprus TpoiiHOH CBs3H Bbllle, a AJTHHA CBSI3H
HWKE, YeM SHEPruy ¥ JUTHHBI TPOCTOH U ABOIHOM cBazelt (cM. Tabm. 2.1).

Yucno cesseit Mexay aromamu B Metone BC Ha3piBaeTcss KpaTt-
HOCTbHIO CBA3H.

B HexoTOpHIX MOJIEKY/aX H HOHAaX, COJEpKallUX ABOHHBIC CBA3H, T-
CBSI3U SBJIAIOTCS [€JIOKANIM30BaHHBIMH, T.€. OXBATHIBAIOLIMMHU HE [Ba aTo-
Ma, a4 YacTh WIH Lienble MOJIEKYJ bl WM HoHbl. Hanpumep, cTpykrypa mo-
nexynsl 1, 3-6ytanueHa MoxeT ObITh 3alMcana B IByX GopMax

CH,=CH—CH=CH, wn CH;,—CH=CH-—CH;,

B NEHCTBHTENEHOCTH B YHCTOM BH/IE HE CYIIECTBYeT HH Ta M HH JIpy-
rag CTpyKTypa, a TMOpUIHas CTPYKTYpa, B KOTOPOH Ti-3JIEKTPOHbI HE MpH-
HaJUleXaT JIByM KOHKPETHBIM aToMaM, a BceH Mosnekyne B uenom. Ilu-
CBA3M B MOJIEKY/IaX WIM HOHaX, y KOTOPBIX BO3MOXHO HECKOJIBKO CII0CO-
6OB JIOKaNM3aLMK CBS3eH MEXIy aTOMaMH, HA3LIBAlOTCA AeJiOKaJH-
30BaHHBIMH CB#35MH, 0003HaUaeMbIMH TyHKTHPOM:

CHp====== CH ====== CH ====== CH,

TIpuBeneHHas CTPYKTYpa Ha3bIBAETCA PE3OHAHCHOM. :
JpyriMH' IIpUMepaMH - COeIMHEHHH ¢ [1e/IOKAJIM30BaHHBIMHA CBA3AMH

cyxar Monekyna o3oHa QO;, 6eH30na (cMm. 1. 13), a Takke HOHBI
NO;, CO?, SO7

O O O

O —
/ 7 / i
O=N & O—N < O—N O==N
A\ \ W\ %
o - 10 O O
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I'mOpuanszanns atomnbix opduraneii. B monexyne merana CHy cy-
. IIECTBYIOT yeThlpe cBsazH C—H, uMelolIne OouHaKoBbIE [UTHHBI M 3HEp-
run. Mexxay Tem y yriepoia B Bo30yXIEHHOM COCTOSHHM MMEIOTCS TPH
'P- Y OJIHA s-OpOWTaIU ¢ HECTIAPEHHBIMM 3JIEKTPOHAMM, KOTOPbIE MEPEKPhI-
‘BatoTed s-opOutansmu Bogopoaa. Mcexond U3 sroro, MoxkHO Oblio OBI
OXHUAATh, YTO XapaKTCPHUCTHUKH ONHOM U3 CBA3E} B MOJICKYJIe METaHa 6y-
AYT OTIMYATHCS OT XapaKTEPUCTHK APYTHX CBA3eil. Mexay TeM BCe YeThl-
pe CBSI3H B MOJIEKYJIE METaHAa PaBHOLIEHHBI.
. Amepuxanckuit yuensrit JI. Tlonuur BBIIBHUHY T MAEIO O THOPUAN3ALUH
‘aTOMHBIX op6uTaneit. COrnacHO 3Toi Haee, ecily y aToMa, BCTYNAIOMEro B
XUMUYECKYIO CBA3b, umeiorca pasHpie AO (s- p-, d- wm  fAO), 10 B
npouecce o6pasoBaHus XUMHHECKOH CBA3M MpPOUCXOAMT THOpUaM3alUs
(cmemenue) AO, T.e. u3 pazHbix AO o6pasyioT-
ca onuHakopbie (dkBuBaientHsie) AO. Crenyer
MOAYEPKHYTh, uTo rubpunnsie AO obpa3syiotcy
y OJHOrO aTOMa, UMEIOILEro pa3Hble OpOMTaIH,
[TprueM, rubpuau3anus NPOUCXOIUT y opOuTa-
Jed, UMeromuX ONU3KME 3HAYECHHA OJHEPrHH,
Hpes o rubpunmsannn AO — 310 ynoOHBIA 4
HATTSIHGIA TIPUEM OINHCAHHUSA CIOXKHBIX TPO-
‘1IECCOB, NPONUCXOAAIINX [IpH 06pa30BaHHPI XH- Puc. 2.6. AroMHas sp—
MHYECKHUX COCAUHEHHUIA. ruGpuaas opburans
®opma rubpunHoit AO otmdaercs oT GopMpl uexomubix AO (puc.
2.6). B rubpunHoit AO 3nekTpoHHas MIOTHOCTH CMEIAETC B OIHY CTO-
POHY OT slpa, NOITOMY IpY B3aUMOJEHCTBUH ee ¢ AO apyroro aroma
NPOHCXOJUT MAKCHMAJIBHOE IEPEKPLIBAHHE, KOTOPOE MPHUBOIHUT K HOBBI-
LICHHIO SHEPrUU CBS3H. JTO NOBHINIEHHE SHEPrUM CBA3M KOMIICHCH-
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pYET 3HEpruIc, TpeOyeMylo Ha oOpa3oBaHue T'HOpHMAHON opOUTAIA.
B pesynsraTe XMMHYECKUE CBs3U, OOpa3oBaHHBIE THOPHUAHBIMH Op-
OuTansaMy, MpodYHee, a NojlydeHHad MoJieKya 6olee yCToiuuBa.
 EcnaM B XMMHYECKYIO CB3b BCTYMAeT aToM, y KOTOPOTO Ha BHEIIHei
060/10YKe HMERTCS $- U D-9NCEKTLOHBL, TO Y JAHHOr0 aroMa B HpOLECCce

06pa30BaHUs CBA3M MPOUCXOAUT Sp-rHbpumusauus AO (puc. 2.7).
180°

Sp - eudpuduzaqun
Puc. 2.7. Cxema sp-rubpuansaunu

Eciu y aroMa, BCTYIalolIero B XdMHYECKYHO CBsI3b, Ha BHelIHeH 060-

2 .

JIOYKE UMEIOTCA OJMH S- U [(Ba p-3JIEKTPOHA, TO TIPOMCXOAUT Sp -rHOpH-
nmsaups AO opburanei atoro aroma (puc. 2.8).

Puc. 2.8. Cxema sp>-rubpunusaunn

VYV aroMa, MMEIOIIEr0 Ha BHelIHEH 00O0JOYKe OAMH S- W TPH p-

“ 3

SJIEKTPOHA, MPH XUMHYECKOM B3aUMOJIEHCTBHH TPOMCXOOUT Sp -
rubpunuzanms stux AO (puc. 2.9).

Puc. 2.9. Cxema sp’-rubpuausarym

Bo3moxkHbI Taroke Oosiee CIOXKHBIE BHAbI THOpHAM3AlMU C y4acTHEM
d- v f~opbuTtaneit atomoB (1abin. 2.4).
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Ta6auua 2.4. TpocTpancTBeHHasn KOHPUIyPALHS HEKOTOPBIX COETHHEHHUI

Tun re6puawsaumn "~ Koudurypanus Vron mexxay ceassamu,| Tlpumepsl coeauneHuit
LCHTPaIbHOIO aroma MOJIEKYJTHI rpan
sp Jluneifnas 180 SnCl,, BeF,
sp’,dp?, sd® | Tlnockas TprrosamsHasy 120 BCl,, AlF,
sp’, sd Terpasnp 10928’ CH,, SiH,
dsp* TInockmit keaapar 90 PdBr*"
dsp’ TpuroHancHas Gurv4 90 u 120 PF;
pamMuaa
Fspt OxTasap 90 SF, SbClg
d'sp’ Honexasnp Mo(CN)g™

Kak supHO w3 puc. 2.7—2.9, ru6pmmme obnaka obnagaror mpo-
CTPaHCTBEHHOM CUMMETpHEH, HaJIMuMe KOTOPOH CHUYKAET SHEPTHIO OTTAll-
KHBaHUS NEKTPOHOB IOPYT OT Ipyra H COOTBETCTBEHHO 3HEPIHIO MOJIEKY 1.

IpocrpancTBennas xondurypanus mosexya. IIpoctpaHcTeenHas
CTPYKTYpa MOJIEKYN OTIpE/Ie/IfIETC YUHC/IOM ATOMOB B MOJIEKYJIE U YHCIIOM
3JIEKTPOHHBIX Map CBsA3eil 3a cHET HeMOJAC/ICHHBIX JJIEKTPOHOB.

Monexkyna, o6pasoBaHHas JByMs aTOMamH, jiMHelHa. Ecnu Ha BHewn-
Heil obomouke aToMa WMMEIOTCA [1BA HECNAPEHHBIX p-3eKTPOHA, TO IpPH
nepexpbiBanuu ux AO opOHTATAMH JBYX APYrHX aToMoB 06pa3syroTcs
yryoBsie MoJteKybl. K TAKHM aTOMaM OTHOCATCS aTOMBI p-371eMEHTOB VI
rpynmst (O, S, Se, Te), snexTpoHHas KOHGHIypalLis BHEIHUX 000I04eK y
KOTOPBIX MPHBEACHA HIXKE

ns np

NN T

JlBa HecTlapeHHBIX p-3JIeKTPOHA B aTOME PAacroOJIOXKEHBI MEpPNeHHKY-
“ JIApHO APYT K ApYry, MO3TOMY yroj B miiockux Monexynax H,S, H,Se u
H,Te 6nmsok k 90°. BeneacTsre OTTANKMBAHHA 3JIEKTPOHOB BAEHTHBIN
yroj Mexay ceasamu B monekyse H,S Heckonbko Bbitte 90°. V monekyn
BOABI YION MEXIy CBA3AMH 3HauMTeNsHO Gonbiie u paseH 105° (puc.
2.10). Takyio CTPYKTYpy MONEKYJbl MOXHO OGBACHHTH, €CIH NPHHSATH,
YTO NPOMCXOAWT Ssp -rHOpuamammus AQO Kucnopoja npu o6pa3soBaHHH
~poapl. TIpH 5TOM J1Be rUOpUIHBIX OpPOUTANH NMEPEKPBIBAIOTC OPOUTATIAMU
Boznopoaa. Ha onnoii opOuranu ocraercs HENOMENICHHas Tapa JJIEKTpo-
HOB, M3-32 OTTAJIKMBaHHA OT KOTOPOH NPYrHX map aneKTpOHOB yron MEX-
Iy cBA3AMM yMeHbuaetcs co 120° mo 105°.
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1059

H H H
Puc. 2.10. Banentuple yrisl y Monekyn H,S, H,0O
CoenuHenus p-snemeHTOB V TPYNNbl C BOAOPOAOM W rajoreHamH
(PCl;, AsBrs, ¥ ap.) MMeOT NMPAMHAANBHYIO KOHQUrypauuo. ATOMbI
3THX 3JIEMEHTOB HMEIOT Ha BHEILUHHX 0DOJIOUKaX TPH HeCTIApEHHBIX JJIEK-
TPOHA, aTOMHBIE OPOMTAIN KOTOPHX PAcTONIOXKEHBI- B POCTPAHCTBE MOJ
yriom 90°%:
ns np

NI

Tpu 06pazoBaHuy Tpex XMMHUYECKHX CBA3eH NpH nepekpuiBanuy AQ
a3oTa opOMTaIAMM BOAOpOJA BOSHHMKAET NUpaMUAanbHas CTPYKTypa, C
BajleHTHBIMHU yriaamu 108° (puc. 2.11). Takoe 3HaueHue BaneHTHOro yria
MOXXHO OOBACHHTb, €CIIH NPHUHATH, YTO MPOUCXOAUT sp’-rM6punM3aLHs
AO asora. Tpu rubpuanbie OpOGUTaIH NEPEKPHIBAIOTCS OPOHUTAIAMH BOJIO-
poza, ojHa OpOUTANIb 3aHATA HEMOJAEIEHHOM Napoi 3JIEKTPOHOB a3oTa. M-
3a OTTAJIKMBaHHA OT 3TOM naphl 3/CKTPOHOB JPYTHX Map JIEKTPOHOB Yroi
MeXIy CBSI3SIMM YMeHbiaercss s sp -rubprmmsatian ¢ 109°30" no 108°
(cm: puc. 2.11).

[ubpuamsauus AO onpenend€T NPOCTPAHCTBEHHYIO KOHOUIYpaALMIO
mojiekys. Tak npu sp-rubpuanzalldd 00pasyroTcs JIMHEHHbIE MONEKYJIb!
(cm. puc. 2.7). Hanpumep; nipu B3aMMOJCHCTBHH KaJlbLMs, Y KOTOPOTO NpH
rubpuauzanmy AO Ha BHewHel 0000UKe OKa3bIBAIOTCS 1Be MMOpHAHbIE
sp-opGUTany, ¢ rajoreHamu, HarmpuMep ¢ XJopom, obpasyercd nHMHeHHas
CTpyKTYypa (pHuc. 2.12).

N
108°
p I CR I > O
- ) | o
Puc. 2.11. BaneHTHbIE yribl Puc. 2.12. TlepexpriBanue nByXx p-opou-
y Monekynst NHj Taned xjaopa ¢ JIByMs sp-OpOUTANAMH
KaJIbLIs
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Puc. 2.13. Koudurypaumu monekyn, obyciaosneHupix rubpuamsaumneii AO aromos:
nuHeiinas (a), TpeyronbHas (6), TeTpadapuyeckas (¢) M oxTasapHycckas (2)

Tpu sp*-ruGpunsaumm o6pasyroTCs MIOCKHE MONEKYJIbI ¢ BAJIEHTHBI-
Mu yrnamu 120°. Hanpumep, y antoMuHus B Bo30YKAEHHOM COCTOSHWH Ha
BHELIHEe Mo1006004Ke UMEIOTCS 35- H 3p-3/IeKTPOHBI:

35 3p
T4y

Ipu peakuun npoucxonut sp’-rubpuauzains U oGpasyercs maockas
Tpeyronbﬂaa MoJiekyna (puc. 2.13).

ITpu sp’ m6pmmsaunn ofpazyiorcs npochchmeHHme Terpaanpn-
yeckHe CTPYKTYpbl ¢ BameHTHbIMH yrmamu 109°29'. Takyio cTpykTypy
HanpuMep umetoT MoJiekylsl Metana CHy, gropoyrsiepoaa CF, .

BosmoxHbl Gosiee cioxHble BHABI MMOpUIH3ALIUAN H COOTBETCTBEHHO
NpOCTPaHCTBEHHbIE KOHGHUrypauuu mosnexkyn (cM. tabn. 2.4, puc. 2.13).
Haripumep, y cepbl IPOMCXOIHT Sp d’-rubpUaN3aLHs, KOTOpas NPHBOINT
K OKTasApuueckoi KoHbUrypauun Mosieky (puc. 2.13, 2)..

HoaapHocTs MoJiexyn. Monekynsl MOFyT ObiTb MONAPHBIMH H
HEMONSPHBIMHU Hohﬂpnocn MOJIEKYJT XapaKTepH3yeTcs 3HadeHHEM
INEKMPUYECKO20 MOMEHMA OUNONA M, , KOMOPbLI PABEH 8eKMOPHOU CYM-
Me 31eKmMpUuvecKux MOMEHmMo8 Ounoneti cenaseil, UMeIOWUXcsl 8 MoaeKyne.
DnieKTpUIeCKHii MOMEHT JIMMONIA BYXaTOMHbBIX MOJIEKYN W, PaBEH JIeK-
TPHUECKOMY MOMEHTY JHMOJIA CBA3H L. ECu CBA3L HemonspHas, TO M
MOJIEKYJIa HemojsipHa. B MHOrOaTOMHBIX MOJIEKY/IaX 3aBHCHMOCTD JJIEK-
TPHUYECKOrO MOMEHTA [IMMONA MOJEKYNbl OT JIEKTPUYECKHX MOMEHTOB
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aurionie ces3ed Gonee cnoxknas. Hanpumep, monexyna CO,, O=C=0,
HenosApHa, XOoTd cB3u C=0O NOJIPHBI, TaK KaK MPOHCXOAUT KOMIIEHCa-
Oug aunonei '

O~ C - O

¥ CyMMAapHBIH 3JIEKTPUYECKHHT MOMEHT AMNOJS MOJIEKYJIBI paiaeH
HYJTIO. '

BcenencTre T0ro, YTo CyMMapHbi€ 3JIEKTPUUECKHE MOMEHTBI AMIIONEH
MosekyJ ¢ rubpuamsanmeid AO ueHTpansHOTO atoMa, Takux kak CaCly,
(sp-rubpummuzanus), BF; (sp’-ruGpuamsaums), CH, (sp’-rubpummsanms),
paBHBI HYJIO, TO 3TH MOJIEKYJIbl HenosigpHbl. OQHAKO, eclH C aTOMOM, ¥
KOTOPOro MpoucXoauT rubpuausanus AO, pearupytoT pasadvHble aTOMBI,
TO MOJIEKyJla CTaHOBHTCA monspHoi. Hanpumep, monekyna BF,Cl, B or-
muure ot BF;, nonspHa. Dnekrpuueckue MOMEHTEHI m»monen HEKOTOPBIX
MOJIEKYJ1 IpUBe/IeHB! B Tabu. 2.5.

Tadnuna 2.5 JaekrpHdecKHe MOMEHTHI AHNOoJeli MosieKyn B ra3oBoii daze

Moekyna My D Monekyna o D Monexyna W, D
NO, 0,29 SO, 1,63 H,O 1,84
F,0 0,30 CeHsCl 1,67 H,0, 2,25
PH; 0,58 H,S 1,7 CH;COCH; 23
NH; 1,48 CH,;OH 1,7 CH,;CN 3,51

Bonpocm AJIft CAMOKOHTPOJIA

2.9. Ha3oBuTe MOJIEKYJIEL, KPOME PACCMOTPEHHBIX B yueOHHKE, Y KOTOPBIX Haﬁmona-
erca fenokampanys cegsedt. Hanmnure peoHatcHyIo CTPYKTYDY 030Ha.

2.10. Kakyro npocrpancrsenHyio koHdurypaumio umetor Monekynsl BaCl,, PbCl,,
PbCl,, Bry, AsHj, H,Te, CF,, GeH,, PCls, SBry ? Kakue us aTux Mosieky 1 NOnSpHL?

2.11. Kakue pacCTOSHNS MexIy LieHTpaMH 3apsnos 6yayt B Monekynax H,S u H,O,,
ecu npUHATH YPdEeKTHBHBIE 3apsabl AuNonei cootaercTBenHo 1,1-107" i 1,4-107"° Kn?

2.12. J{ns moneky 1l JMOPOMITHIIEHA BO3MOXHBI ABE CTPYKTYPHI (IBa H30MEpa):

Br Br  Br H
\ / \ /
C=C " C=C
/N /o

H H H Br

Kaxas u3 31X CTpyKTYp HonspHa?

56



§ 2.4. METOJ, MOJIEKYJISIPHBIX OPEUTAJIENR

Paccmotpennbiit meton BC obnagaer MHormMu goctomHcTBaMu. OH
OTHOCHTEJIBHO MPOCT W HArA44eH U NO3BONAET NpeACKa3biBaTh CBOHCTBA
MHOTUX MOJIEKYJI, TAKUX KaK MPOCTPAHCTBEHHas KOHGbHrypauus, rnosusp-
HOCTb, DHEPrUs U JAJTMHA cBsA3zed U Ap. OQHako CBOMCTBA HEKOTOPBIX MO-
nexyn 1 HoHoB MeTox BC o6bacHuTE He B coctosaHuu. B metone BC no-
CTyJIMpyercs ydacTHe B oOpasoBaHMU CBs3eil maphl 3JEKTPOHOB, B TO XK€
BpeMs CYLIECTBYIOT CBOOONHbIE pagMKaibl, MOJIEKYJISAPHBIE HOHBI, TaKHe
xak H;, He;, O3, KOTOpble HMEIOT HECTIAPEHHLIE 3MEKTPOHBL. O HATHYMH
HECMapEeHHBIX JIEKTPOHOB MOXKHO CYAUTh 0 MarHHTHBIM CBOHCTBaM Be-
miecTs. BelecTBa, HMeEOLKE HECMAPEHHbBIE DJIEKTPOHBI, NMapaMarHUTHBI,
T.€. BTACHBAIOTCA B MarHuTHoe rnoJje. BelecTsa, He HUMeloLIHe HECTapeH-
HBIX 3JIeKTPOHOB, JMAMArHUTHBI, T.€. BBITAJIKHBAIOTCS W3 MAarHUTHOIO
nons. CornacHo Metoay BC Monekyna kuciopoJa HE MMeEET HeclapeH-
HBIX JIEKTPOHOB, MEXK/Y TEM KHCJIOPO/ NTapaMarHUTeH.

Bonee o0muM sSBiseTcs METO/i MOJIEKYNIAPHBIX opburtanei (MO), no-
3BOJIIOMIN M OOBACHHTL PAA ABNCHHUI U (HaKTOB HETIOHATHBIX C TOYKH 3pe-
aus metoga BC.

Ocuosubie nousTusn. CornacHo meroqy MO 371eKTpoHbl B MOJIEKy-
nax pacrpeneneHbl MO MOJAEKYISpHBIM OpOHTanAM, KOTOpble Moao6HO
aToMHbIM opbutaiaM (AO) XapakTepH3ylOTCS ONpeENeHHONH JHepruei
(3HepreTHyeckuM ypoBHeM) u (opMoit. B otnnune ot AO MonekyispHbie
opOuTaNM OXBATHIBAIOT HE OAMH aTOM, a BCIO MOJIEKYJy, T.€. SB/SIOTCA
JBYX- WIH MHOroueHTposbiMU. Ecin B Metone BC aromsl mosekyn co-
XPaHAIOT OTpeNeIeHHYI0 HHINBUAYAIBHOCTD, TO B MeToae MO Mosekyna
paccMaTpUBaeTcs Kak elMHad cHcTeMa.

HaubGonee wupoko B meroge MO ucnons3yercs iMHeiHas koMOuHa-
uus aTomHslx opburaneii (JIKAO). Tlpu sTom cobmonaercs HeCKONbKO
NpaBul.

1. Yucao MO papHo obuiemy umciay AQO, U3 KOTOpbIX KOMOWHH-
pytorca MO.

2. Dueprus oaHux MO okasbiBaeTcs Bblille, JPYTUX — HIDKE SHEPrHH
ucxoadrx AO. Cpeauss sHeprus MO, nonyueHHsix u3 Habopa AO, npu-
Onu3UTENLHO COBMAAAET CO cpeHei snepruei 3tux AO.

3. Drnekrpons! 3anonHsoT MO, kak 1 AO, 8 nopsake Bo3pacraHus 3HeEp-
ruH, pu 3ToM cobmoaaercs npuHLMn 3anpera [aym v npasuno 'yapa.

57



H }
|
6
M b
i
-e@e— S
‘ io;
d e

Puc. 2:14. Kourypusic (bopmu CBA3BIBAIOILMX (g, 6, 0) ¥ paspeIXsiONNX (6, 2, €) MO,
00pa3oBaHHBIX PH NepekpriBanun s(a, 6)-, E,(e, 2)- U py(0, e)-A0

4. Haubonee 3¢ dextuBHo komOunupyrorcs AO ¢ temu AO, koTopbie
XapaKTepH3YIOTCAd COMOCTaBUMBIMH DJHEPrUAMH H COOTBETCTBYIONIEH
CHMMETpPHEH.

5. Kak u B Meroae BC, npoyHocts cBasv B Meroge MO nponop-
HHOHAJIbHA CTENeHH NEPEKPHIBAHHA ATOMHBIX OpOHTANeid.
. Ces3piBalomue H paspuixasiomue opburamm. Ecnu o603HauuTh
AO atomoB A u B yepes yu 1 g, a MO uepes wag, TO COTJIACHO JIKAO

Yas=awya t by, (22)
rae \Yag — BoJHOBas QyHKUMA dekTpoHa B Mosiekyne (MO); a u b —
ko3¢ uIMeHThi, YYHThIBatoIHe fomo kaxaod AO B obpazosanuu MO;
Wa M Yp — BOMHOBbIE (PYHKUMH 371eKTpOHOB (AO) COOTBETCTBEHHO B
aToMax A u B.

Ilpu 3nake rumoc mony4varorcs cBaA3biBalomue MO, npu 3xake
MUHYC — paspeixaswomue MO*. MonekynspHeie opburanu, nomy-
qajoiuuecs npu komOuHaimu s-AO, HaseiBatoTcs ©,-MO, npu kombu-
HauuH p-AO — ¢,-MO (roe x — nuHHA, cOAUHAOLLAsA AApPa aTOMOB),
npH KoMOuHaumu py- M p-~AO — 7 u 7-MO (puc. 2.14). n-Mone-
KyJIApHbIe OpOHTAIN Takoke HOPMHPYIOTCA NPH KOMOMHAUMH p- # d-AO u
HekoTophix d-AQ. Kpome Toro npu koM6uHauuu d-AO obpasytores 3-MO.

- . v}
Pasprixnstoimpe opourans 0603HaHaIOTCs 3BE3NOYKO.
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Puc. 2.15. luarpamMma dHepreTnieckux yposHeii AQ atoMoB 1 MO IBYXaTOMHEIX
MOJIEKY 1 IIepBOTO [IEpHOAA

ITpn dopmupoBanuu casspiBaroiux MO siekTpoHHAs MAOTHOCTEL B
OCHOBHOM COCpeJoTOYeHa Mexay aapamu (puc. 2.14, a, 6, 0), noaTomy
obpaszoBaHue cBa3piBalomUX MO CHH)KAeT IHEPTHIO MONEKYJIBI H YHpod-
HAET MONCKYHY. ,

Paspervisiomue MO HMEI0T HOHIKEHHYIO 3JIEKTPOHHYIO IUIOTHOCTB
Mexay sapamu (puc. 2.14, 6, 2, ), NO3TOMY OHHM HE CBS3BIBAIOT aTOMBI B
MOJIeKYJIy U Ha3bIBalOTCH aHTUCBA3bIBalOMMH MO.

Ilopsnok u 3neprus cssa3u. B Merone MO BMeCTO KpaTHOCTH CBA3U
BBOJAMTCA IOHATHE NOPANOK CBA3H N, KOTOPHI paBeH IOJIOBHHE
Pa3sHOCTH YHCJIA BJIEKTPOHOB Ha CBS3BIBAIOLMIMX N o M PasphIXJISIOLIHX
N,MO

peNeo =Ny 2.3)
2 .

Ecim ukcno N, = N, , o n = 0 u Mosiekyna He obpasyercs. C ysenu-
'YEeHHEM K B OJHOTUIHBIX MOJIEKYJIaX pacTeT SHEeprus CBA3M.

B otnmumne ot meroaga BC B meroge MO momyckaercs, 4To XuMHYe-
CKas CBS3b MOXeT ObiTh 0Opa3oBaHa HE TOJABKO MapoH, HO U OXHUM dJIeK-~
TPOHOM H COOTBETCTBEHHO MOPAHOK CBA3M MOXKET OBbITh HE TOJNBKO LIETIBIM,
HO ¥ JAPOGHBIM umcioM: n ="/, 1,%,,2,%, 3 ....

Oneprus cpsaspiBatoux MO Hibke >Heprum paspeixisiomux MO
(puc. 2.15). ,

OHeprus CBS3M BO3pacTaeT NMpH nepexoje ot kombuHaumii AO nepBok
060I04KH K KoMOHHAIMAM AO BTOpOit 1 apyrux obosouek ¢ Hosee BbICO-
KHMH FJIaBHBIMHM KBaHTOBBIMH HHCjIamMu. DHeprua MO, of6pasyeMsIx U3 s-
AO, (o,) Hwxe 3neprun MO, o6pazyemsbix u3 p-AO win d-AO (puc. 2.16).
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OnHako COOTHOLICHHE YPOBHeH 3HEpruil G,- H 1-MO MoXxeT H3MEHHTECA
JaXe B OJHOM M TOM K€ NepHojie H3-3a B3aUMOZCHCTBHS 31eKkTpoHoB MO,
Y KOTOPBIX pa3HHLA SHEPTHH He 0YeHb BesiuKa (puc. 2.16). Hanpumep, no
BO3pacTaHui0 3Heprud MO opbutany ABYXaTOMHBIX MOJIEKYH INEPBOrO
IlepHoaa ¥ Hadana BToporo nepuofa (1o N;) MOXKHO PacItOIOKHTh B Clle-
IYIOIHH psa:

ols <o ls<o2s <o*2s < n2p, = n2p, < o2p, <m*2p,= n*2p, <c*2p,.

MornexynspHele OpOMTATH ABYXaTOMHBIX MOJEKYJ1 KOHIIa BTOPOro Ie-
pHOAa IO BO3PACTaHHIO SHEPTHH PaCIioNaralTcs B HECKOJIBKO HHOH psi:

Cls <0*1s <025 <0 25 <02p, < n2p, = n2p, < ﬂ'2py = n'2pz <0 2p,.

JnexTpoHHbie KOHPUrypanuu moJiekya. OOpa3oBaHHe XUMHYECKOH
CBSI3M MOMKHO 3allHCaTh 4epe3 JJIEKTPOHHBIE KOHQHIrypaluh aTOMOB |
MOJIEKYJ/I. DTeKTPOHHble KOH(GHIypallHM MOJIEKYJ 3alMCBIBAIOTCS Yepes
o6o3nauenns MO. Hanpumep, o6pazoBaHHe XHUMHYECKOI CBA3H B ABYX-~
aTOMHOH MoOJNeKyne JIMTUS MOXeT ObITh MpPEeJCTaBJICHO 4Yepe3 3IIEKTPOH-
Hble KOH(UIyparuy aTOMOB ¥ MOJICKYJTB! JIHTHS:

2 Li[1s*25'] - Li; [(o1s)? (o*1s)* (025) ].

Tak Kak 3HeprHH Gls ¥ 6* s B3aHMHO KOMIIEHCHPYIOT YT IPyTa, TO
OHH He yYacTBYIOT B 0Gpa3soBaHMH XHMUHYECKOH CBA3H M HA3BIBAKOTCA
BHYTPEHHMMH HECBS3bIBAIOMMMA MO, N03TOMY B COKpaUIEHHOH 3amKcH
MoryT Ju60 He 3alHCHIBATECA, THO0 HMETh YCIOBHOE 0003HAYeHWe, Ha-
npuMep K. CoOTBETCTBEHHO COKpallleHHas 3IEKTPOHHAs KOHQUTyparms
Monekyiasl Li, umeer ¢opmyay Li, [ K, (0'23)2 1 MOHeKyJIBI Na, —
Naz[K2(03s) ], monexynpl Ny—N,[K; (c2s) (cr*2s) (n2py) (m2p,)(o2p:)],
‘Monekynel Br, — Br, [K) (025)(c*2s)*(n2p,)]:

Bonpocel AAst CAMOKOHTPOJIS

2.13. [IpuBenuTe 3MEKTPOHHYIO KORGUTYpALHIO MOJIEKYIBI KMCT0poa 1o Meroxy MO.

2.14. C nomoursio meToaa MO onpeaenute o3MoxHO 1M ofipasopaune nonos Hy u
H; ? Ecim  BO3MOXHO, TO OTIPEACIHTE TOPAIOK KX CBA3ei M YKOKUTE WX MAarHWTHBIE
XapaKTCPUCTHKH (TIapaMarHEeTH3M MM JHaMarseTusMm). IIpuBenute anekTpoHHBIC KOHQH-
rypauuy HOHOB.

2.15. C nomonpio Metoaa MO onpenenute Bo3MoKHO 11 o6pazopanue noHoB He; n
He; ?Eciay B03MOXHO, TO ONPEIEMTE MOPSIOK CBA3M H YKaKHTE WX MarHUTHBIC XapaKTe-
PHCTHKH (MapaMarHeTH3M HiIH JHAMarHETH3M). .
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§ 2.5. JIEKTPOHHBIE CTPYKTYPBI HEKOTOPBIX MOJIEKY.JI
TTO METOLY MO M HX CBOMICTBA

,I[ByxaTomnue MOJIEKYJ/JIbI H MOJIEKYJ/ISIpHbI€ HOHBI 3JIEMCHTOB
NepBOro mepHoaa. 06pa303aHHe XUMHYECKOH CBS3U B MOJICKYJI€ BOI[O-
PoLa MOXXHO IIPEACTABUTH JJIEKTPOHHBIMA KOH(i)I/II"ypaI.IPISIMH

2H[1s'] > H[(c1s)?]

B cootBerctBUM C 3HepreTn'iéCKoﬁ Juarpammoii (cMm. puc. 2.15) mpu
o0pazoBaHMKU CBA3M 1BA ls-3JEKTPOHA OKAXKYTCA Ha O ls-MONCKYNApHOM
opbutany, a c*ls-opburams Qyner HesamonHenHoll (puc. 2.17). Co-
OTBETCTBYIOLIHH NOPANOK CBA3U paseH (2—0)/2=1. MonekynasapHslii Bogo-
POJL AMAMATHHTEH. '

IIpu B3auMoOnEHCTBUM aTOMa M TMO0XKHTETHHO 3apsSXKEHHOTO HOHA BO-
noposia obpasyercs MoNneKyISpHbIi noH H;:

H{1s']+H+[1s"] » H} [ (c1s)']

TTopsimok ceasd MO pasen (1—0)/2=0,5 (Tabn. 2.6), AiMHA CBA3M Y
Monekynbl Hy Menbile, a s3Heprus cBa3u Oosnplie, 4eM Yy MOJIEKYIISPHOrO
noHa H;. Merog MO ykaspiBaeT Ha BO3MOXKHOCTh O6pa3oBaHHs OTpHLA-
TENBEHO 3apSIKEHHOTO MOJIeKyJIsipHoro Hona H;

H[1s']+H [1s’] - H; [(o15)’ (0*19)']

Iopsimox cessu pasen (2—1)/2=0,5. Ero SHEpTHA W JUTMHA CBA3M .
JOMKHBI GBITH GIIM3KH K SHEPTHH U UTHHE CBA3H HoHa Hj.

Kak suaHo u3 Tabn. 2.6, monekyna He, ne oGpasyercd, a MojieKymsap-
HeIlt HoH He; MOXeT CyIIeCTBOBaTb, YTO U MONTBEPHIEHO axcnepnmeﬂ-
tanbho. Honsl Hy 1 He; W303/1€KTPOHHBI:

Mo '
AO O7s A0
V e fr—
Vi \
18’ ,/ \\ 1
\\ /
(¢ /
\ 1s /
— N}

Puc. 2.17. Dueprernueckas aHarpamma AO aromoBs Bozopona 1 MO Monekyn
BOJIOpO.A
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Tabnuua 2.6. JNeKTPOHHBIE KOH(PHUIYPALHH H HEKOTOPbIe 3KCNEPHMEHTAJILHbIE
JAaHHblE JBYIOMOSIIEPHBIX YACTHI JJIEMEHTOB NMEPBOro nepuoaa

MO Hy Hi He+He He;
ols e — ™ T
ols ™ T N 1t
I[MopsoK cBA3H ' 1 C 05 0 0,5
JlnuHa CBA3M, HM 0,074 0,106 : Monek);na HE 0,108
DHeprua [HCCOLMAIMY, 436 256 obpazyercs 230
K JoKx/ MOJTL :

JByromMosizepabie JacTHILI 3JieMEHTOB BTOporo mepuoaa. Kax yxe
YKa3BIBATOCh, TIPH B3aUMOJIEHCTBMM aTOMOB JIHTHS B Mapax obpasyercs Mo-
nekyna Li;, uMmerowad AIMHY CBA3M 0,267. HM W 3Hepruro cBs3u 110 xJhx/
Mons. [Ipu B3aumozeiicTBIM ABYX aToMoB Gepwuins 2 Be [257] MOJEKy/1a He
obpasyerca, Tak Kak nopanok cBa3u cuctems! (Bet+Be) [K; (02s) (6°2s)]
PaBeH HyJIO.

B cootBercrun ¢ MerogoM MO monekyina B, moxer obpa3oBarbcs
(Tabn. 2.7), 4yTO M KOKA3AHO SKCMEPHMEHTANBHO. '

M3 tabn. 2.7 Takxe CleayeT, 4TO BO3MOIKHO CYIIECTBOBaHHE MOJIEKY-
ael C; ¥ HEBO3MOXKHO oOpa3zoBaHue Monekyiasl Ne,. Tak kak coryiacHo
metony MO snekTpoHHble KOHQUrypauuu aukuciopoiga O, HMEIOT jBa
HECTIAPEHHBIX BJIEKTPOHA, TO KUCIOPOJ AO/IKEH OBITH apaMarHUTeH, 4To
MOATBEPAKAEHO OIKCIIEPHMEHTaNbHO. IIpencka3saHHe MapaMarHHTHBIX
CBOMCTB KHC/IOpPOJA SBWIOCH BakHbIM ycriexoM Teopun MO. Ilapamar-
HHTHBIMH CBOMCTBaMH JIO/IXeH o61anath U AH6Op.

Kak caegyer u3 1abi. 2.7, BO3MOXKHO CYIIECTBOBAHHE MOJICKYISPHBIX

“uonos N3, O;, O3, F3, npuuem sueprus ceasu 8 O; u F; Gosblue, yem
SHEPTHs CBS3M B COOTBETCTBYIOIMX MOJEKyJIax. HacTuusl, MMerOImue
HeCTIapeHHbIE 3JIEKTPOHBI, Ha3bIBAIOTCS PafHKaaMH, CynepoKcha-HoH Oy
ABJISETCS aHHOH-pafukagoM. OH HUrpaer CyLIECTBEHHYIO pOJib B HEKOTO-
PBIX OKHCJIMTENbHO-BOCCTAHOBUTENBHBIX MPOLECCAX, B YACTHOCTH BHYTPH
KUBBIX KiIeToK. Katmon-paaukamst O;, N; SBISIOTCS KOMIOHEHTamH
BepxHei#l yacTi 3eMHOH aTMOChEpPh! H YYacTBYIOT B BAKHBIX OKHCIIHTEIIb-
HO-BOCCTaHOBHTENLHBIX fIpoLieccax. : :

3HaYMTEIBHO CJIOXKHEE JIEKTPOHHBIE KOH(GHUIypaluH y reTeposjep-
HBIX U OCOOEHHO MHOTOATOMHEBIX MOJIEKYN. B 3TOM Ciy4yae y4YMTBIBAIOTCH
‘He Tonbko BuABI AO, MX SHepreTﬁqecxne YPOBHH, HO M 3JIEKTPOOTpHIIa-

© TeNBHOCTb 2NEMEHTOB H BOIMOXKHOCTH rubpumsariy AO.
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TaGnauna 2.7 DneKTPORHbIE KOHPUTYPALHA N HEKOTOPDIE IKCIEPUMEHTANBHbIE
RaHHbIE ABYFOMOSAEPHLIX YACTHIL P-2JIEMEHTOB BTOPOro nepuoja

MO B, C, N N7 O,
o 2p, — — — — —
n2p,, W2, _ ] — = | - = - = + 2z
o2py — — o kS A
n2p,, n2p, M. M N S o e o o O X [ SO o1
025 M SRR S S M
o2s H bR H N bl
" Ilopsinox ceazu 1 2 3 2,5 2
JinuHa cBsi3H, HM 0,159 0,131 0,110 0,112 0,121
Ouneprus auccounauuu 288 627 940 828 495
K JIx/MONB .
MarHuTHEIE CBOHCTBA M’ am* M M M
MO 0; 05 F, F; Ne+Ne
o 2p, — — — —_ N
n2py, n'2p, —2 | N B |
2p, M 2 24 5 )
n2p,, 2p, ke R X I X A X L e U VUV, U MU, S
025 M M IS o M
025 r L S IES el
[Topsinok cesiau 2,5 1,5 1 1,5 0
Jlnuua cBasu, #M 0,112 0,126 0,142 Monekyna
. He
Oueprust nuccouvarmu) 629 390 159 318  loGpasyertc
Kk JK/MOJIE )
MarnuTHsle CBOMCTBa M M IM M

‘MM n JAM — napaMarHuTHeIE ¥ JHaMarHHTHBIE Bemeg:rsa.

Cpasnenne meroaos BAJIEHTHBIX CBSA3el H MOJIEKY/ISPHBIX OPOH-
Taneii. Meroapt BC 1 MO umeroT HekoTophie o0UIME MMOJIOXKCHHA H
BBIBOJIbI.

1. OBH AaloT OOMHAKOBOE paclipele/ieHHe 3/IEKTPOHHOH MIIOTHOCTH B
COCOUHEHHUAX, KOTOPOE MOXHO OOBACHHUTE O TOMY M JIpYTOMY METOAY.

2. YcnoBuem 06pa3oBaHUs XMMHYECKOH CBS3H ABJISETCA MEPEKPHIBA-
Hue AO, npuuem NPOYHOCTh CBS3H PacTeT C yBEJIMYEHHEM 2/IEKTPOHHOM
IUIOTHOCTH MEKIY SApaMH.

3. B 3aBucumocTH ot Tuna AO obpasyloTcs G-, T- W O-CBA3M.

OnHako, Kak yKasbiBaIoch paHee, MeTos MO 6osiee yHHBepcaTbHbIi U
MOXKET OOBACHHTH BO3HUKHOBEHHE M XapakTep cBs3eil y 6onee MHMPOKOro
Kkpyra coempHeHui. C ero MmOMOLEBIO YIAE€TCH pacCHHTaTh NapaMeTphbl
CBA3eH U COCIUHCHHM.
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Onmuako, oH Oosiee CI0XKeH, MEHee HarIifeH, KpOMe TOro OH He JaeT
XapaKTepUCTUKY OTJEIBbHBIX aTOMOB B MOJIEKYJaX H (parMeHTax MOJEKyI,
YTO B HEKOTOPBIX ClTyHasix UMeeT BaxHoe 3HaueHue. [loatomy metonpt BC u
MO He uckIO4alOT, a B3aUMHO JONOAHSIOT Apyr Apyra. Merox BC nosso-
JifeT OOBbACHHUTL XMMHYECKHE CBA3H M CBOMCTBA MHOTHX COeUHEHUH. Me-
Ton MO obecneunBaer OOLIHE MOAXOA KO BCEM THUMAM XHMHYECKHX CO-
enuHeHud. OH ynoGeH Ui NpoBeAeHUs pacueToB ¢ MOMOIbI0 IBM.

Bonpocbt Aast cAMOKOHTPOAH

2.16. Moxcer i 06pa3pBatscs HOH By 7 Eciu MOXkeT, TO KaKy!o 371eKTPOHHYIO KOH(pH-
rypauuio oH Oyaer uMeTs? YBEIHUHMTCS UM YMEHBLIMTCS SHEPIUs CBA3H [0 CPABHEHMIO C
JHeprueH casny B, ? .

2.17. O6bscuuTe, nodeMy yialeHHe dMexTpona u3 Monekyn O, u F, ynpounser, a u3
mosexys N, n B, ocnabnsier xummuyeckyio cBa3p?

2.18. Moxker U cyuectBopath HoH Ne; ?

2.19. OOBACHUTE, KaK USMEHHTCH NOPSANOK CBA3M NPY nonyyeHuy yactuuamu C,, Ny
F, no oanomy 3nexTpoHy?

2.20. Hapucyiite snepretideckue aaarpaMmasi Monekyn C,, N, u F, o meroay MO.

TI'naea mpemusn

B3AMMOJENCTBHS MEXK/Y MOJIEKY IAMH.
KOMILIEKCHBIE COEUHEHUS

B npeavtyied rnaese ObUIO paccMOTPEHO B3aMMOJEHCTBHE aTOMOB ¢
o0Opa3oBaHueM MONEKYJl, a TAK:KE NPEACTABIEHBl CTPYKTYPbl H HEKOTOpBIE
cBoiicTBa Monekyn. Hacrosmas rnaBa nocBalEeHa B3aUMOZEHCTBHIO
MOJIEKYJI.

Ipu cOs>keHUH MONIEKY TOABIAETCS NPUTAKEHHE, YTO 00YCIOBITH-
BAET BO3HHKHOBEHHE KOHACHCHUPOBAHHOIO COCTOSHHSA BeilecTBa. K ocHOB-
HbIM BHJIAM B3aHMOJAEHCTBHS MOIIEKYJ CIEAYET OTHECTH BaH/1E€PBaaIbCOBbI
CHJIbl, BOAOPOAHLIE CBA3H M IOHOPHO-aKLIENTOPHOE B3aUMOJACHCTBHE.

§ 3.1. BAHJIEPBAAJILCOBbI CHJIbI

B 1873 r. ronnanackuii yuenniii M. Ban-nep-Baanbe npeanonoxun,
4TO CYLIECTBYIOT CHIIBI, 00YCIIOBIHBAIOILME MPUTHKEHHE MEXIY MOJIEKY-
namMu. OTH CWJIbl MO3JHEE TMOJNYYWIH Ha3BaHHE BaHACPBAAILCOBBIX CHIL.
OHu BIUIIOHAIOT B ce0s TPU COCTaBJSIOLIME: AMIIONb-IHNOIbHOE, MHIYK-
LIHOHOE W AMCIIEPCHOHHOE B3aMMOeHCTBHS.
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@ v S JHnosib-AHII0/IbHOEe B3aHMO-

- @ @ neiicrue. [lpu cOmmkeHHu mO-

@ JIAPHBIX MOJIEKYJl OHH OpPHMEHTH-

pytorcs TakuM 00pazoM, YTOOGHI

NOJOXKHUTENbHAT CTOPOHa OJHOTO

aunons Oblila OPUEHTHpPOBaHA K

@ @ —_— @ @ OTPHLIATENLHOH CTOPOHE PYroro

e punons (puc. 3.1, a).

o Bosnukatoiee Mexay adnons-

MM B3aHMOJCHCTBHE Ha3blBaeTCs

@ @ - @ @ JUNOb-OUINONBHBIM WIIM OpHEHTa-

5 LIMOHHBIM. DHEpPrua AUMOJNb-AU-

Puc. 3.1. BaunepsaaibCoBrl B3aUMOZIEH-  [10NBLHOTO  B32MUMOJCHCTBHMSA IIPO-

a— RHHOHB-IIH‘I:]’:)?II::O? ((())gzgfa;umlmoc); 6— MOpUHOHATIbHA BJTCKTqueCuKOMy

MHAYKUHOHHOE, 8 — [AHUCTIEPCHOHHOE MOMEHTY AHIIOJII B UETBEPTOH CTE-

MEeHH W OoOpaTHO MPONOPLMOHANBHA

PACCTOSHHMIO MEXY LIEHTPaMH JHIOJIeH B LIECTOH cTerneHH H aGconor-
HOU TeMrnepaType B IEPBOH CTEIIEHH. ,

Muayxkunonnoe B3ammopeiicrBHe. [IMNony MoryT Bo3AeHCTBOBAaTh
Ha HENoJIApHbie MOJIEKYJbl, NpeBpallas UX B HMHAYLHPOBaHHbIC (HaBe-
aeHHbie) qunomu (puc. 3.1, 6). Mexxay NocTOSHHBIMHM M HaBEAECHHBIMM M-
MONIAMH BO3HHKAET TIPUTSKEHHE, DHEPIUs KOTOPOro NporopLHOHAILHA
JIEKTPUYECKOMY MOMEHTY IMIONS BO BTOPOH CTEnmeHH W oOpaTHO mpo-
MOPUMOHANIbHA PACCTOSHUIO MEXy LEHTPAMH MOJIEKY] B HIECTOH cTere-
HU. DHEprus MHAYKLMOHHOTO B3aUMOJEHCTBUA BO3PACTaeT C yBEIHUYCHHU-
eM MOJISPH3YEMOCTH MOJNEKYJ, T.. CIOCOOHOCTH MOJIEKysbl K 06-
Pa30BaHHIO IMIONS [0f] BO3JEHCTBHEM SIECKTPUYECKOTO Mong. Benuduny
MOJIAPH3YEMOCTH BBIPaXKaIOT B equHuULiax obbeMa. [londapusyemocts B 0f-
HOTHUITHBIX MOJIEKYJIaX PacTeT ¢ yBeTHUEHHEM pazmepa MoneKy: (Tabu. 3.1).
DHeprus MHAYKUHAOHHOIO B3aHMOACHCTBHS 3HAYMTEBHO MEHbILIE SHEp-
MM JMI0/1b-AMITONBHOTO B3auMoaeicTBus (Tabn. 3.1).

Jucnepcuonnoe npurskenue. B moboi Monekyne unu atome 6na-
rOPOJIHOTO Ta3a BO3HMKAIOT (UIYKTyaldH 3JEKTPHYECKON IUIOTHOCTH, B
pe3y/sTate 4ero TNOSIBISIOTCA MTHOBEHHBIE IMIONH, KOTOPbiE B CBOIO
ouepenib HHAYLHMPYIOT MTHOBEHHbIE AUITOIH Yy COCEAHHX MosieKy (puc. 3.1,
8). JlBwkeHHe MrHOBEHHBIX [MMOJIEH CTAHOBHUTCH COIJIACOBAHHBIM, HX
HOSBJIEHHE W pacnaj NMPOUCXOJUT CHHXPOHHO. B pesynbraTe B3anmo-
JIeWCTBHS MrHOBEHHBIX [HUIOJNEH DJHEPrus CHCTEMBl MNOHHIKAETCA.
DHeprus JYCIEPCHOHHOTO B3aHMOJCHCTBUSA MPONOPLHOHATIBHA MMOJSpH-
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3yeMOCTH MONEKYN W OOparTHO NpPONOPIHOHANLHA PAacCTOAHMIO MEXIY
LEeHTpaMn 4acTHI. J{1s HemoNApHEIX MOJIEKYJ JAHMCTIEPCHOHHOE B3aHUMO-
NEeHCTBHE SBIAGTCS €MHCTBEHHOW COCTABIISIOLICH BaHIEPBAATbCOBRIX
_cun (1abi. 3.1).

Jab6numa 3.1. Bkaaa oTaebHbIX COCTAB/ISIIOMINX B 3HEPTHIO MEXKMOJIEKYISIPHOI0

B3aHMoJeHcTBHs

nextpu- OHeprud B3anMoaeiicTaus, kx/Monb Temnepa-
geckufi | TTonapuzy- - Typa

BewectBo | MoMmeHT €MOCTh, |OPHEHTAUN{ MHAYKUH- | AUCMIEPCH- | CYMMApHaA| KHMNEHHSA,
JAFIONA, 3 4030 OHHas OHHaA OHHad K

M -10

H, 0 0,8 0 0 0,17 0,17 20,2
Ar 0 1,64 0 0 8,5 8,5 76
Xe 0 4,16 0 0 18,4 18,4 167
HCl1 1,03 2,64 3,3 1,0 16,8 21,1 188
HBr 0,78 3,62 1,1 0,70 28,5 30,3 206
HI 0,38 5,42 0,6 0,3 60,6 61,5 238

- NH; 1,52 2,23 13,3 1,5 14,7 29,5 239,6

DHeprus BaHAePBAAJLCOBA B3aHMOACHCTBANA. DHeprus BCceX BUIAOB
BaH/lepBaalbcOBa B3aUMOJIEHCTBUA OOpaTHO NPOMOPLHOHAIbHA paccTos-
HHIO MEX/y LIEHTPaMK MOJIEKYJl B LIECTOH CTETIEHH.

IIpu cunbHOM COMKEHHH MOJEKY/ NPOSIBISIOTCS CHJIBI OTTAIKHBA-
HUA MEXIY HHMH, KOTOpbleé 00patHO NpONOPHUOHAIBHBI PACCTOSHHIO
MeXXIy MOJieKyJaMH B ABeHanuaTol creneHd. I[Tosromy 3aBucHMOCTS pe-
3yApTHPYIOLLEH SHEPruM BaHAepBaajibcOBa B3auMogeiicTeus Ep oT pac-
CTOSHUS MEX[y MOJIEKYJIaMHU, /g, BBIPO)KAETCH ypaBHEHHEM

a
EB=—§+é, RERY
" rae awv b — nocTosHHbIE.
‘ MyuHuManbHas 3Heprus CHCTEMBI 0OecneynBaeTcs NpH PaCcCTOAHHAX
' MeXTy LieHTpaMu Mojekyi 0,4+0,5 HM, T.e. CyluecTBeHHO OoMbiIe NTHHBI
XUMHYECKOH CBA3H (CM. ri1. 2).

Kax BuaHO M3 Tabn. 3.1, ¢ yBequueHHEM pa3Mepa MOJIEKYJ B pAXy
Ar—Xe u HCl—HI pacrer ux nonaspuzyeMoCTb ¥ 3HEprug JUCIIEPCHOH-
HOro npuTsHKeHUs. OpHEeHTALMOHHOE B3aMMOJEHCTBHE BHOCHUT 3HAayH-
TeNBHBIM BKJIaJl B BaHAepBAaTbCOBHl CHIIbl JIMUIL B CIIy4ae MOJIEKY] C
GONIBILIAM  JIEKTPHYECKMM MOMEHTOM aunons. C yBeIMYEHHEM CyM-
MapHOH SHEPrHHM MEXMOAKYJISPHOrO  B3aMMONEHCTBUA  BO3PAacTET
TeMmreparypa KHIEHHsA >KHAKOCTEH, a Takoke TeruloTa MX HCIapeHHs.
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Cymmapnas 3Heprus BaHJEPBaalbCOBOTO B3aMMOIEHCTBMA MOJIEKYJT Ha
1—2 nopsaxa H1Xke SHEPrHH XHMHYECKHX CBA3EH.

Wtak, Mexay MoONeKyjlaMH BO3HMKAIOT OTHOCHTENbHO cialbble BaH-
JlepBaajibCOBBI B3aHMOACHCTBHS, BKJIIOYAIOLIHE JAUCIEPCHOHHBIE CHIIBI, a
ZUISL TIONAPHBIX MOJIEKYJ1 H JUIONb-JHIONBHOE TPHTSHKEHHE W HHIYKIM-
OHHbIE B3aHMOJIEHCTBHA.

Bonpoce! 18 caMoKoOHTpoaIA
3.1. Vxaxure, Kakue BHAB! BaHEPBaanbCOBLIX CHJI CYLIECTBYIOT B XuAkux CO,,
Clz u stq . -
3.2, Kakosa npupona npeobnafaromux CUl MeKMONEKY IPHOTO B3aUMOJCHCTBUA B
KaKAOM U3 cneayomx semects: O,, H,0, n H,0?

§ 3.2. BOIOPOHAS CBA3b

OO6mmne moHATHS. Xumuueckasn c6sa3b, 00PA306AHHAS RONOMHCUMENb-
HO HOAPUI0BAHHBIM 6000podom monexkyrner A—H (uwu nonspuoit epyn-
noi—A—-H) u anexmpoompuyamenvuvim amomom B opyeoii wiu mou oice
MONEKY/Ibl, HA3b18AeMCs 8000POOHOU cea3vio. Ecnn BOmOpOAHas CBS3b
ofpa3yerca Mexk[y pasHbIMH MOJIEKYJIaMH, OHa Ha3bIBAETCA M E€X MO -
NEeKYISpHOM, ecriu CBA3b 00pasyeTcs MeXy ABYMs IpynnamMi OfHOMH
H TOH K€ MOJIeKYNbl, TO OHA Ha3biBaeTCd BHYTPHMOJIEKYNNApHO#.
Bopopoauas csa3b Mexay Monekyiamu A—H u B—R obosnavaercs pe-
M TOUKAMH

A-H+B-R > A-H:--B-R
BOJOPOA B IaHHOM ciy4ae oOpa3yeT [ABe XMMHUECKHE CBA3M, IPUYEM OHHU
HE PaBHOLIEHHDI.

OG6pazoBaHHe BOIOPOAHOH CBA3H OOYCIIOBIEHO TEM, YTO B MOJIAPHBIX
monekynax A—H wnu nonspHeix rpynnax —A—H nonspu3oBaHHbIH aToM
BOJOpoaa obnajgaeT yHHKalbHbIMUA CBOWCTBAMM: OTCYTCTBHEM BHYTpeH-
HHUX 3JIEKTPOHHBIX 000/104Y€K, 3HAYUTEIbHBIM CABUIOM 3JIEKTPOHHOM Iapkl
K aroMy C BBICOKOH 3JIEKTPOOTPHLATENbHOCTBIO H OYEHb MallbIM pa3Me-
pom. TToaroMy Bomopon criocobeH rinyOoKko BHEAPATHCA B DJIEKTPOHHYHO
000JI0UKY COCETHErO OTPULIATENILHO NONIAPU3OBAHHOIO aTOMa.

Atomsl A u B MoryT GbITh OZIHHAKOBBIMHE, KaK NpH B3aumogeicTeiun HF

FO_H8" + FO_HS" — F-H.--F-H
HO MOI'YT ObITH H pa3HbIMH, KaK IPpH BSaI/lMOIleﬁCTBHPI BOABl H (bTOpOBO-
Jlopoaa
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M s H
F-H+O - F-H---O
“H - “H
JHeprus H AJMHA BOJOPOAHOi CBA3H. DHeprus BOAOPOAHON CBA3M
BO3pacTaeT C yBENHUYCHHEM 3IEKTpooTpHUaTeNkHOCTH (D0) M yMeHblie-
HueM pasmepos atomMoe B. Ilostomy Haubonee FIPOYHBIE BOJOPOAHBIC
CBSI3M BO3HHKANOT, KOrJa B KauecTse aToMoB B mmynam F, O unu N.
‘Oneprus cBs3u (k[bx/Monb) Bo3pacTaeT B piaay

. / S
-H--F (25-42)> - H---O\(13—19) >-H---N-(8-21)
N

HecmoTrps Ha Beicokyto 20, y xjiepa Bogopoasas ¢eszb —H---Cl— ot-
HOCHTENIBHO c1alas u3-3a 6OMBIIOro pa3sMepa aToma XJIopa.

Kax Bramo, SHEprus BO}IOpO}IHOﬁ CBA3M HMeeT NMpPOMEKYTOUYHOE 3Ha-
YeHMEe My SHepTHel KOBAIEHTHOH CBA3H M BaHNEPBAAIBCOBBIX CHIL
Taxxke NpoMerKyTOUHbIE 3HAYEHHUS HMEKOT [UIMHEI BOZOPOIHBIX CBS3E.
Tax, 8 mosasepe (HE),

.F AN
H’ H. ..

S . oM
s F F
nmunHa cBasH F-H = 0,092 um, a cask F---H — 0,14 um. ¥V Boas! anuHa
cBsizn O-H — 0,096 um, a cBstsn O---H — 0,177 ym.

Bangnue BOAOPOARBIX CBA3EH HA CBOHCTBa Bemtecys. |ipu 803-
HUKHOBEHUH BOJOPOJHBIX CBA3EH 00pasyiOTCd nuMephbl, TPUMEPHI HIIH
TOJIMMEPHbIE CTPYKTYpBI, HanpuMep 3ursaroobpasueie ctpykrypsi (HF),,

KOJIbLEBLIE CTPYKTYPhl HEKOTOPHIX OPraHHYECKHX KHCJIOT, HampuMep
YKCYCHOH KHCIIOTHI

O_H...O\
CH;-C C-CH;

win 6osiee CoXKHbIe KOHQUIYPaLMH, HAallPUMED y Nbaa, y KOTOPOTO MO-

JIeKYJIbl BOJbI 06pa3ytoT MO YEThIpe BOLOPOIHBIE CBA3U
H - - H H

0"
O---H" NH...0
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tkun,°C

100 |-
0 -
-100 |
CH;
L 1 L
Z 3 7

Puc. 3.2. TemnepaTypsl KMIIEHHS HEKOTOPBIX

COENVHEHHI BOOpoaa

COOTBETCTBEHHO B JKHJ-
KOM COCTOSHMM MOJIEKYJIb,
BCTYNAIOLWME B BOAOPOAHEIE
CBA3M, acCOLMMPOBAHBbI, a B
TBEPAOM COCTOSHUU 0Opa3sy-
IOT CJIOXHblE KpHCTaJliH4e-
CKHE CTPYKTYPbI.

ObpasoBaHle MexXMOe-
KyJISpHBIX BOJOPOJHBIX CBS-
3¢l NPUBOAUT K CYLUIECTBEH-
HOMY HW3MEHEHHUIO CBOMHCTB
BELLECTB: MOBLILIEHUIO BA3KO-
CTH, JMIJIEKTPHUECKOH MOCTO-
SHHOM, TeMnepaTypbl KHITEHHS
¥ TaBJICHUS, TEIUIOT IUIaBIe-
HUA ¥ nmapooOpasoBaHus. Ha-
npumep, Boaa, GTOPOBOAOPOS
¥ aMMHUaK MMEIOT aHOMASIbHO
BBICOKHE TeMIepaTrypbl KHIie-
HUs (puc. 3.2) ¥ TUIaBJIEHHS.
Ilon BnmAHMEM BOJAOPORHBIX

cBs3eil U3MeHsIoTCs XHWMHueckue cpoictBa. Hanpumep, HF — cnabas
KUCOTA, B TO Bpems ee aHanmor HCl — cunmeHas xucnora.’

BuyTrpumoJiekyiiipabie BOAOpPOAHbIE CBA3H.

BogopojHad cBs3b

MOJKET TaK>ke BOSHMKHYTh MeXKy aTOMaMH BOJOPOAA U OTPHULIATENBHBLIMH
aToMaMH NOJIPHBIX IPYII B OHOH U TOH ke MoseKynie. Hanpumep, B o-BHT-
podenone (@) B canuLUIOBOM anbaerune (6)

O

a

0

Ne

6

BO3HHUKACT BOAOPOAHAA CBA3b MEXKAY BOAOPOAOM TIpyIIN ~O-H u xucno-

pOOOM ApPYTHX TPYHI.
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Monekynbl ¢ BHYTPUMOIIEKYIAPHBIMHA BOJIOPOAHBIMH CBS3IMH HE MO-
YT BCTYTaTh B MEXMOJICKYJIAPHBIE BOIOPOAHbIE CBA3H, ITosTOMY Bee-
CTBA C TaKMMH CBA3AMH He 00pa3syloT accolMaToB, Hoee JeTyUH, HMEIOT
fonee HH3KHE BA3KOCTHM, TeMIEPaTYpbl KHIICHUS M IUIABJICHHS, YEM HX
H30Mepbl, cIIoCOOHBI 00pa3oBaTh MEXMOJIEKYJIAPHYIO CBA3b.

3nauyeHne BOAOPOIHLIX cBsizeil. Tak Kak MHOTHE COEJHHEHMS CO-
lepyatr KosaneHTtHbie ronsaphbte ceasd H-O u H-N, To Bogopontsie cBsi3n
OueHb PACIpOCTpaHeHbl. OHH MPOABIAIOTCA HE TOJIBKO B BOJE, HO M B
pasIMYHBIX KPHCTAIJTMHECKNX BELUECTBaX, NOJHMepax, Oeskax, MKHUBbIX
opranu3max. Hanpumep, npakTHyecku Bce colid 0o0pa3yioT KpHCTaJLIO-
THAPATh], B KOTOPbIX MMEKTCS BOJOPOAHBIE CBA3H. BeneacTBHe HEBbICO-
KMX 3Ha4€HUI 3HEpriM BOLOPOAHBIE CBSA3HW OTHOCHTENBHO JIErKO paspy-
IDAOTCA ¥ BHOBb BO3HHKAIOT.

Ba)xHyl0 ponb BOIOpPOIHBIE ¢BA3M HUrpaloT B Genkax, Y KOTOPBIX CITH-
panbHbBIE NONKMMEpPHBIE CTPYKTYypbl 00beauHstorcs cBsa3sMH N-H---O.
JIBOMHBIE CIMPAH HYKTEHHOBbIX KHCIIOT COEAHHAIOTCA MEKMOTEKYAP-
HbIMH BofopoaHbIMH cBst3siMu N—H---N u N-H---O.

UTak, MexTy MOASPHBLIMA MOJIEKY/IaMH, COAEPXKAIUMY B OTHON MK
00oMX MOJIeKy/lax aTOM BOJAOPOJA, BO3HHKAIOT BOAOPOIHBIE CBS3H, KOTO-
pble CYLLECTBEHHO BJIHSIOT Ha CBOICTBA BElLECTRA.

Bornpoch! A/ caMOKOHTPOJIsE

3.3. OOBsICHUTE 3aKOHOMEPHOCTU U3MEHEHMS TEMITEPATYPhI TUIABICHUS B PSILY:
CH4 (-182,5°C), NH; (-77,7°C), H,O(0°C)
3.4. Ilepokcun BoiOpOIa UMeeT Temneparypy naasienns —0,4°C u xunenus +150°C u
BBICOKYIO BA3KOCTB. DAEKTPUYECKNH MOMEHT JHIIONS MOICKy bl 2,25 D. ObbacHuTe npu-
YHHY TAKHX BBHICOKHX 3HA4YEHM{ TeMmIieparyp NaBICHHS H KMIICHHMS, @ TAKXE BBICOKOH

Bs3kocTH. Kakue BzamMoseiicTBus MOryT Obrth Mexay Monekyiaamu H,O, ? Ilpuseaute
CXEMbI CBA3CH. '

§ 3.3. KOMIIVIEKCHBIE COEAUHEHHA

JdonopHo-aknenTopHoe B3aumojgeiicrBue mogekyJ. Ecau onHa w3
JBYX MOJIEKYJI UMEET aTOM CO CBOOOIHBIMK OpOUTANAMH, a Apyras — aToM
¢ napod HeMoAeNeHHBIX DJIEKTPOHOB, TO MEXIY HHMM NMPOMCXONHUT IO-
HOPHO-2KLIENTOPHOE B3aUMOAEHCTBHE, KOTOPOE NPUBOAMT K 00pa3oBaHHIO
KOBaJIEHTHOMH CBSA3H, HANPHUMED:

NH3+BF3 = NH3BF3
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VY aroma a30Ta B MONEKYJIe aMMHAKa MMESTCs HenojeneHHas rapa
3JIEKTPOHOB, ay aroMa 6opa B MoJeKkyJne Tpn(bToppma fopa — BaKaHTHas
opbuTtais.

[Ipn B3auMOAEHCTBMM 1O IOHOPHO-aKUENTOPHOMY MEXAaHH3MY aToM
a30Ta OT/AeT Ha CBS3b NApy 3JIEKTPOHOB, @ aTOM 0Opa — BaKaHTHYIO OpOH-
Talb, B Pe3YJIbTATE 4ero BO3HUKAET KOBAICHTHAS CBA3b

P
H~N:+E|B~F—->H—N—B;F

| |

H F H F

B 1osly4eHHOM COCIMHEHHH CyMMapHbIe Ba/leHTHOCTH 6opa U a3oTa
PaBHbI YETHIPEM. .

Komniekcol. AHanornuHeiM obpa3oM obpazyetcs coenuHenue KPFg
npu B3aumoaeicteuu KF u PFs, kotopoe MoxHo 3anucarts B Bune K[PFql.
[Ipn B3auMomeHcTBUM cyiab(aTa MEOM M aMMHaka oOpa3yercs CJIOJKHOe
COEJUHEHHE

CUSO4+4NH3=CUSO4 . 4NH3
koTopoe Beipaxkaerca. popmysioit [Cu(NH;)4]SOy. Croocnsie coeounenus,
Y KOMOpbIX UMEIOMCA KOBaneHmHvle C6A3U, 00pazosanHvie N0 OOHOPHO-
aKYyenmopHOMY MeXAHU3MY, NOAYYUIU HA38AHUE KOMNIEKCHBIX WiU KOOp-
OUHAYUOHHBIX COEOUHEHU.

CornacHO KOOPAMHAUHMOHHOW TEOPHMH IBCHUAPCKOIL  YUCHOTO
A.BepHepa KOMIUIEKCHBIE COSEHHEHHS COCTOAT U3 BYX cep: BHELIHEH H
BHYTPEHHEH.

B nipuBeaeHHbIX Bhillie IPUMepax BHEIUHMMH cepamu sBisiotcsa K u
SO,*. BHyTpeHHss cdepa, Ha3bIBaeMas TAKoKe KO MIIJI€ KC O M, BKJTIOUa-
€T HeHTPaJbHBI UOH WJIH aTOM, BOKPYT KOTOPOTO KOOPAMHHMPYIOTCA OT-
pULaTENbHO 3apsHKEHHbIE HOHBI WIH HEWTpaslbHble MoJsieKybl. [Tpu 3amu-
CH KOMIUIEKCHOTO COEAMHEHHS BHYTPEHHIOIO chepy WM KOMIUIEKC 3a-
KmovaloT B ckobku, Hanpumep [Zn(CN)J*, [Zn(OH))", [Zn(NH3) >
LeHTpanbuplii HOH WIXM aroM Ha3biBaeTcd KoMniaekcoobpaszoBa-
TeJIEM, a KOOPAUHUDYEMbIE UM HOHBI MJIM MOJIEKYJIbl — IUTaHaMH.
B npuBeneHHbIX BhILIE NpUMeEpax KOMIUIEKCOOOPa3oBaTENsIMH SBIAIOTCA
noH ¢ocdopa B [PFs]” 1 non Menu Cu** B [Cu(NH3),J*". Yncno nuranios,
KOOPAMHHPYEMBIX KOMIUIEKCOOOpa3oBaTeneM, Ha3blBalOT KOOPAHUHA -
LULMOHHBIM YHCJOM. B nprBeneHHbIX npuMepax KOOpPAHHALHMOHHOE
YHCJIO PaBHO COOTBETCTBEHHO 6 1 4.
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B 3aBucHMOCTH OT 3apsAaa pa3iiM4alOT a H M O HH bl € KOMIUIEKCHI, Ha-
npumep [PFs],, [Zn(CN),]*, [AI(OH)s], kaTHOHHbBIE KOMIIEKCHI,
nanpumep [Cu(NH;) )™, [Ni(H,0),]*', 1 HeHTpanbHble KOMINEKCHI,
Hanpumep [Ni(CO)q] u [Pt(NH;),Cly]. HeiirpanbHbie koMieKchl He HMe-
10T BHELIHEH cdephl. 3apa/l KOMILIEKCA YUCIIEHHO paBeH anrebpanyeckoi
CyMMe 3apsiia LEHTPAJIbHOIO HOHa U 3aps/oB JuraHaos. Hanpumep, 3apsag
z komruiexca [Zn(CN),] >~ paseH Z = Zptt H4Zo =2+ 4 (1) =-2.

Komnuiekcoo6pazosatenn.  KommnexcoobpasopaTensiMi  Cyar
aTOMBI MJIH HOHBI, MMEIOLIHE BaKaHTHBIE opOHTan. CrocoGHOCTh K KOM-
NJ1IEKCOO0OPa30BAHMIO BO3PACTAET C YBEJMYEHHEM 3apalla MOHAa ¥ YMEHb-
eHueM ero pasMepa. K HanbGonee pacnpocTpaHeHHBIM KOMILIEKcooOpa-
30BaTes M oTHocATCS HOHBI d-3iemenToB VI, VIIL, I u Il rpynn nepuoau-
yecKoH TabIHLBl 2IEMEHTOB.

Jluranper. K tmcnzy NUraHoB OTHOCATCA APOCThIE aHHOHbI, Ta-
kue kak F7, CI', Br, I, S, cnoxueie aHuonsl, Hanpumep CN™, NCS,
NO,", monekynsl, Hanpumep H,0, NH;, CO, H,NCH,CH,;NH; (En). Hons!
WM OT/IESTbHbIE aTOMBl HOHOB ¥ MOJIEKYJ JIMTAHAOB UMEIOT HEMOAENEH-
Hbl€ Napbl JJIEKTPOHOB. B 3aBUCHMOCTH OT TOr0, KAKOE 4MCIIO BAKAHTHBIX
opOuTaneit y komriekcoobpasoBarens 3aHUMAIOT JIMFaHAbl, OHY IoApas-
NeJIAIOTCA HA MOHOJEHTaHTHble (oaHa opOurans) danpumep NH;, CI,
“OupenTtanTHele, Hanpumep N,H, win En, monmmaenTtanTHele, Haripumep
STUAEHAHAMUHTeTpayKeyeHas kuciora (EJTA), srsiomascs iectiieH-
TaHTHBIM JIUI'aHOM

HOOCH:C\ _CH,COOH
N —CH, - CH, = N
HOOCH,C” o ™\ CH,COOH

Hunarpuesas conb EJITA u caMa Kuci0Ta OTHOCATCS K KJACCy cOeaH-
HeHUH, Ha3bIBAEMBIX KOMTIJIEKCOHAaMH . bU- ¥ NonMaeHTaHTHbIE JH-
ranabl 1pd B3aMMOAEHCTBHM C KoMJlekcooOpasoBarensiMH oOpazyioT
3aMKHYTBIE LIHKJIbI, Ha3bIBAEMbIE X€JIaTHBIMU, TO3TOMY M KOMIUIEKCHl C
Ou- ¥ MONMACHTAHTHBIMHU JIMraHJaMH Ha3bIBAIOT XEJATHBIMU (WK KJIELl-
HEBHHBIMH), HATIPHIMED

HZ H2 2+
HC-N_ N-CH,
l Cu
. HC-N 7~ N N-CH,
- H, H;
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HomenkaaTypa KOMILUIEKCHBIX coequHeHHi. HaspaHue KoMrutekc-
HOI'O KaTHOHA 3a[IUCHIBACTCH OJHAM CJOBOM, HAYHHAIOMIHMCA ¢ Ha3BAHHA
OTPULIATENLHOIO INTaHAa ¢ MpHOaBIeHHeM OYKBLI «O», 3aTeM NPUBOATCS
HEHTPATbHBIC MOJIEKYAB! M LEHTPAIbHBI aTOM C YKazaHWeM pUMCKOMH
HUdpoii ero creneHH -OKUCIEHHA Il METAIOB IEPEMEHHOM BaJeHTHO-
cti. Jois monexkyn H,O (aksa), NH; (ammun), CO (kapbonnn), NO
(uuTpo3mMa) mawotca ocobblie Ha3BaHWA, ykasaHHbie B ckobkax. Uucno nn-
raHioB 0003HayalT rpeyeckUMH NMpUCTaBKaMu (au-, TpU-, TeTpa- U T.A.)
WM 6Mc-, TpHC-, TETPAKUC-, IEHTAKHUC- U rekcakuc- s 2, 3, 4, 5 u 6 co-
OTBETCTBEHHO Yy CIOXHBIX JvraHpoB. Hanpumep, coenunenue
[Zn(NH;),CI]Cl nassiBaercs xiopun xnopomdamud uuHka (II), a
[Ni(En),]Cl, — xnopun 6uc(atmnenauamun) Hukens (I). KomnaekcHbii
aHUOH 3aMHCHIBAETCA aHAIOTHYHO HA3BAHUIO KaTHOHA, HO ¢ A0DaBieHUEeM
cybdukca -«am» K Ha3BaHUIO KOMIUIEKCOOOpa3oBaTend, Hanpumep
Ko[Zn(CN);] — rerpaumanonumukar (11) kanus. He#irpanoHuiii xomnnekc
3apHchIBaeTCs NOAOOHO KaTHOHY, Hanmpumep Komruieke [Ni(CO,)] Hazbl-
Baercsa TerpakapOoHun Hukensa (I1). CooTBETCTBEHHO MO THIY JIMTAHAOB
KOMIUIEKCHI Ha3bIBAIOT akBakoMIuiekch! (aurana H,O), aMnHOKOMIIEKCHI
(nmurana NHj), auMaoKoMIUIeKChl (JIMraHAbl AaHHOHBI KUCTOT), KOMILIEK-
COHATHBIE KOMILIEKCHI (JIMMaHbl-KOMILIEKCOHBI) U T.A.

Y AN Ponb KOMIJIEKCHEIX COeMHEHHH B NpHpoORe H
2 Texnnke. KomnnekcHeie COeNMHEHHs LIMPOKO pacmpo-

P 4 )KHBBIX OPraHHU3MOB BXOIST COSHHEHHUs C MaKpPOLMKIIN-
AN N\ //  udeckuMM IuraHgaMu. B ynpolleHHOM BHe TeTpajeH-

CTpaHeHbl B npupoae. B coctas MHordx pacreHuil u

Puc.3.3. Crpyk- TaHTHBIH MakpouWKi nopduH NpéicTapieH Ha puc. 3.3.
TYPAMONCKYIITIOp K ompsieKebl ¢ y4acTHeM NOpQUHA Ha3bIBAIOTCS TIOPhH-

uria puHamu. OHH OTIMYAIOTCA APYT OT Opyra UEHTpasb-
HBIMH HOHAMH-KOMILUIEKCOOOPA30BATENIMH U 3aMECTUTE/ISIMH, NTPUCOeH-
HEHHbIMH K aToMaM yriepoja Ha nepudepun nuraiaa. B nanbosee npo-
CTOM BHJE NMOPHHHOBLIH LMK MPEACTaBJICH YETBIPbMS aToMaMM asora,
COeAMHEeHHbLIMH yrnepoaHbiMu uenamu (puc. 3.4, a). Kpome 1éro, umetor-
cq veTbipe WM bosee 3aMectuTeneil — paaukanos Ry, R 5, Ry, Ry ... B zene-
HOM Katanuzarope $OTOCHHTE3a — XJOpoduIe posib KOMITIeKcooOpa3oBa-
Tens BBITIONHAET MarHuii (puc. 3.4, 6). MakpOUHKIUUECKHH KOMILIEKC
)KeJie3a BXOJIMT B COCTaB reMorioouna (puc. 3.4, 6).
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Puc. 3.4. Cxemarnyeckoe n3obpaxeHne nopGupHHEOBOro Makpouukia (a), akruBHOrO
ueHTpa xaopoguina (6) U reMoryioGuHa ()

Yene30 KOOPAMHUPYET KMCIOPOJ B KOMILIEKCE reMOIIOGHHA M MepeHo-
CHT €ro 0 OPraHU3My C KpoBbi0.CBsi3b KMCJIOPOZA C KeJe30M B KOMILIEK-
Ce He OYeHb MPOYHAA M TIOITOMY KHCJIOPOA B OpraHM3Me JIETKO pearupyer
¢ BoccTanoBuTe sMH. HeaocTaTok skenesa B opraHMsMe NPHBOMMT K 60-
NI€3HH — aHeMHH. MaKpoLMKIbsl KPOBH MOTYT B3aHMOIEHCTBOBATh C KaTa-
JIUTHYECKUMM A1aMH, HATIPUMEP MOHOOKcHIOM yriepona CO, 4To IpHBO-
JUT K OTPAaBJICHHIO OPraHHu3Ma.

CIOKHBIE JIMTAHMIBbI-KOMILTEKCOHB! IIMPOKO HCIMONB3YIOTCA B aHANH-
THYECKO! XMMHH, B JHEPreTUKE /I OYMCTKH HaporeHepaTopoB OT HAKM-
IT4, B MEAHLMHE — JUI OUMCTKH MOYeK OT KaMHEeH, U1 BBIBEACHHUS SI0B U3
oprauuama, Takux kak Hg”', Pb”, Cd®*, B XuMun — KaKk KaTaamsaTopsl
HEKOTOPBIX PeaKIlHii, HANPUMEpP BOCCTAHOBIIEHHS KHCIOPOAA.

Takum oGpasom, UMeeTcss OOLUMPHLIA KIacc coeAWHeHHH, Ha3biBae-
MBIX KOMILIEKCHBIMH, B KOTOPBIX CYIIECTBYIOT KOBAJIEHTHBIE CBS3H, 0Opa-
30BaHHbIE MO JOHOPHO-AKIENTOPHOMY MEXAHW3MY MEXAY HEHTPATbHBIM
aTOMOM WJIM HOHOM (KOMILTEKCOOGpa3oBaTeemM-aKIenTopoM) H KOOPIH-
HUPYEMBIMH MM JHTaHAAMH, UMEIOIIMMH HENOAEICHHBIE Maphl 1eKTPO-
HOB (IOHOpaMHu).

BOHpOCbI‘ O CAMOKOHTPONA

3.5. Onpenenuth CTeNeHL OKMCIEHUA xkenesa B kommnekce [Fe(CN)g]*. Harmumre
€ro Ha3BaHHE.

3.6. 3anuuure QOpMYNTy KOMILIEKCHOPO COCAMHEHHS TPUC(3TUNEHINAMUH)KOGANE-
ta (ITD).

3.7. 3anmurure GopMy Ty KOMIIEKCHOTO coefMHeHus rekcaunanodeppara(lil) xamus.

3.8. 3anuimute GopMyJly KOMIUIEKCHOIO COEAMHEHUs, KOTOpoe obpasyeTcs TIpH B3au-
mozeiticte KNO, i Pt(NO,),. Hazosure 310 coetHeHHe.

3.9. Ucno:e3ya B kauectse auraHaos Cl, Hanumute kommiekcsi ¢ Pt(Il) u Pt(IV) u
JlafTe UM Ha3BaHWA.
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§ 3.4. IPUPOJA XUMIYECKOM CBSI3N B KOMILIEKCAX.
~ CTPYKTYPAH CBOMCTBA KOMIIEKCHBIX COEAUHEHUI

s o6bscrenns o6pa3oBaHHs XHMHUYECKHX CBs3ell B KOMILIEKCAX MC-
NONB3YeTCs KaK METOJ BAJIEHTHBIX CBA3€H, TAK U METOA MOJIEKYJIAPHBIX
opOutaneil. Kpome Toro, nis oObsicHEHHS TPUPOABI CBS3eH M CBOMCTB
KOMIUTEKCHBIX COEIWHEHHI MpHMEHAeTCs 3/MeKTpOCTaTHYecKas Teopus
KPHCTAJUTHUECKOTO Moisl. MHOrHe CBOMCTBA KOMIUIEKCHBIX COEIWHEHMH
MOXHO OOBACHHMTb C NO3MLUMH METOAA BAJICHTHBIX CBA3€, KOTOpBIA H
OyzeT MCNONB30BaH B IAHHOM YueOHUKe.

Merton Banentnbix cBaseii. (BC) CornacHo Meroxy BC mMexmay kom-
IEKCO0OPa3oBaTe/IeM H JIMFaHAaMHM BO3HMKAIOT KOBAJIEHTHBIE CBA3H MO
JIOHOPHO-aKUeNTTOPHOMY MexaHu3My. KomnnekcooGpazoBaresib npegocTas-
JIIET Ha CBSA3b BAJICHTHble OPOWTANK, a NUraHAbl — HeroueseHHble Taphl
IEKTPOHOB. PaccMoTpum 006pazoBaHHME XUMHYECKHX CBA3eil B KOMIUIEK-
cax [Cu (NH;).]** u [CoFe]’". V nona menu Ha BremHeil o6050uKe HMe-
I0TCSl BAKAHTHbIE 4s- U 4p-opOuTanu:

Cu*" — 3d°4s°4p°
3d 4s 4p
NN NN T

Q

Y atomoB azora B MOJICKYJIE aMMHuaka HMEIOTCA HEMNONCJIEHHBIC MNapbl
JJIEKTPOHOB!

H

:N-H

|
H

Tlpn ux B3aumoneiicTeum 00pasyeTcs KOMILIEKCHBIA HOH
Cu*" +4NH,=[Cu(NH3)s]**

NH3 2+

H:N — Cu — NH;

NH
n b
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Obo3HauMM JNEKTPOH Ha OpOMTAMNX, 3aHATHIX, 1O JOHOPHO-
aKUENTOPHOMY MeXaHH3My MyHKTHPHBIMH cTpenkamu 1V . Torna anex-
TPOHHYIO KOH(GHIYpALHIO KOMILIEKCA MOXKHO NPEACTABHTD B BHJIE:

3d 4s 4p
O R 0 I I e KU e ENR ER Y
Y N2 RNV

Kak BBIHO, B 3TOM Ciyyae B 06pa3soBaHuM CBS3eH YYaCTBYIOT OJIHA §-
H TpH p-OpOWTAIH, KOTOPhle TMOPHAM3MPYIOTCA (5p°), MOSTOMY KOM-
TUIEKCHBIH HOH 6y €T HMETh TETPasApHYECKOe CTPOECHHE.

Y sona Co>* Ha BHEmINEH 060101KE HMEIOTCR BaKaHTHBIE 45-, 4p- v
4d-opburanu:

Co™ — 3d°45°4pad°®
3d 4p ‘ 4d

' 4s
IR D |
(DTOPPIZ['PIOHBI HUMCIOT HeNOAC/ICHHBIE Tapsl 3ICKTPOHOB

2s 2p
DY

1

v - 3 ~
lpy B3aumogeiicteun F~ u Co’' obpasyeTcs KOMILIEKCHbIH HOH
[CoFe]™, B KOTOpPOM IIEeCTb JUraHAaoB I 00pa3yloT 1IECTh KOBAJEHTHBIX
CBS3€H MO JIOHOPHO-AKUENITOPHOMY MEXaHU3MY

3d 4s 4p 4d
N MN NN
R EE %W ‘H I
- T
Fo | F
Co
/1N
F F
F

Kak BuaHO, npu 06pa3soBaHMM KOMILIEKCA MPOMUCXOHUT sp d’-rnbpu-
RH3EMHA # COOTBETCTBEHHO MOAYHEHHBIH KOMIUIEKC HMEET OKTa3ApHYe-’
CKYIO CTPYKTYpY (cM. § 2.3).
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A

d-op6urany, d-opburany, HekoTopsle JIUTaH k]

MU301IMpP OBaHHDBI B none smmraHgos HJIN UX aTOMbl TaK¥Ke MOIyT
aTtom

dy22 dy2  MMETh BaKaHTHbIE OpOUTAI,
nanpumep PHs, H,S. B sTtom
ciyvyae obpazyloTcs AOMo-
HHUTEJILHBIC . CBA3H MO JO-
HOPHO-2KLENTOPHOMY  Me-
XaHu3My (JaTHUBHBIE CBS3H),
B KOTOPBIX JIMFaHI CHYXKHT
aKLIENTOPOM, a KOMILIEKCO-
obpa3zogarens, HMeEIOLIMii
HEroJeNeHHbIE Mapbl 3/IeK-
TPOHOB, — AoHopoM. Obpa-
30BaHUE [ATUBHBIX CBsA3eit
MPUBOHT K YBETUUEHHIO NPOYHOCTH KOMITIEKCOB.

Meton BC gBasercs oTHOCHTENBHO NMPOCTHIM W HATJSIHBIM U [103BO-
nsieT OOBbICHUTL CTPYKTYPY U CBOHCTBa MHOTHX KoMmnuiekcoB. OaHako, ou
He TMPHTOAEH 11 ONMMCaHUS CHCTEM C MHOTOLIEHTPOBBIMH CBSA3SIMH, He
00bSICHAET ONITHUECKHE M JApYyrve CBOMCTBA KOMIIEKCOB.

Teopus moas JUrauxoB. B Teopuu nons JHraHnoB npearnosnaraercs,
YTO MEXIY JIMTaHaMH W KOMILIEKCOOOPa30BaTeNIAMHU MPOUCXOIUT CIIOKHOE
aneKTpocTaThyeckoe B3aumoneiicrsue. C 0aHO#H CTOPOHBI, HMEIOTCS CHIIBI
MPUTSDKEHUS MEXKIY MONOKHTENLHO 3apPSKEHHBIMM HOHAMH KOMILIEKCOO0G-
pasoBatesis U OTPULATENLHO 3apSUKCHHBIMU JIMraHAaMHU WM HOJISIPHBIMH
moJiekyiamu auraina. C apyroi CTOpOHbl, OTPHULIATENbHO 3apsSKEHHbIC
JIUTaHAblI WM JUIONbHBIE MOJNIEKY/bl OTTAIKHBAIOTCA APY OT Apyra, a
TalOKe OT BHEIUHMX JIEKTPOHOB KomriekcooOpasosarens. Jluranas! pac-
nojaraloTcs BOKPYr KomIuiekcooOpaszoBaTeNs TakuM o0pa3zoMm, 4ToOsl
CWJIBl MIPUTSDKEHMS ObLJIM MakCUMalibHbl, a CHJIbI OTTAJKUBAHHA MHUHH-
MasibHBE. JIMraHab! OKa3blBalOT BAMAHHE HAa JHEPreTHYECKOE COCTOsAHME d-
3MEKTPOHOB Y KommsiekcooOpaszosarens (puc. 3.5). Dueprus d-opOura-
JieH, pacroNOKEHHBIX BIIOJIb OCEH X U Y (a’xz_v2 ) 1 z (d.) BO3pactaer, a

SHEPIUA

Puc. 3.5. Dueprus d-opburasneil B H30/MPOBAHHOM
aTOME M B [10J1€ JIAFAH0B

sHeprus d-opOuTasieil, HanpaBleHHBIX MEXAY OCAMH, YMEHbILAETCH, T.€.
NPOUCXOAUT pacilenjicHHe d-TOAYPOBHA Ha BeIM4MHY, 0003HauaeMmylo
yepe3 A. IIo BIMSHUIO HA BEJIMUMHY paCIUCIUIEHHS DHEPTrUU A JIMraHIbl
pacnionararoTcAa B pal, l'lOIly'-ll/IBU.II/Ifr'I Ha3BaHHUE CNEKTPOXHMHYECKOTO

I'< Br< Cl'< OH< F'< H,0< NCS'< NH;<En< NOx< CN'< CO

78



BiusiHMe UraHgoB Ha KOMIUIEKCOOOpa3oBaTeNb BO3pACTaeT B PALY
cleBa HanpaBo. JIMraHmpl, pacrofioK€HHbIE CrpaBa, Haubolee CHIIBHO
BIMMIOT Ha KoMijiekcooOpa3oBatens (OGonbioe 3naueHue A). [lpuuem c
yBeJIMMEHHEeM YMC/IA AMraHaoB 3HauyeHue A pacter. Tak, paciiensieHue
DHEPIUU d-opOHTaNel B OKTA3APHYECKOM TOJe JMTaHAOB BEIIE, YeM B
TETPAYAPHUECKOM TOJie NUranaoB. [lox JAelicTBHEM CHIILHOrO MoJA Jid-
TaHJOB MpH 00pa30OBaHHK KOMIUIEKCOB MOXKET npouéxonnrb niepepacrpe-
HeJIeHHe 3MEKTPOHOB, UX nepexon w3 d 2 d R opburaneit Ha dy-, dy.-,

d,-opburanu (cM. puc.3.5) u obpaszoBaHHe 1eKTPOHHBIX nap. Hanpumep,
B OKTa3/PHYECKOM rojie urangos CN” aneKTpoHst ¢ 3d,; - ¥ 3d,;_, -Op-

Gutaneii vona Fe?' nepexonsr Ha op6utanu 3d,, u 3d,, ¢ Gojnee HU3KUM
'y "
YPOBHEM SHEPTHH, H 3NIEKTPOHHAd KOHpUrypauus vioHa Fe
3d 4s 4p

INT_TTT

nepecTpalBaeTcs B KOHPUIypauuio
3d 4s 4p
( YAEIEY

Ilpn B3ammoneiicTBiy KOMIIJ'IeKCOOGpZBOBaTeJI}I H JUrap/a Npoucxo-
it d'sp*-rubpummaums u obpasyercs xommneke [Fe(CNg)T", xoTopbiii
HUMeeT OKTadAPHUECKYIO CTPYKTYpY. B 5TOM KOMIUIEKCE HET HecrnapeHHbIX
3JIEKTPOHOB, MO3TOMY €ro Ha3bIBalOT HU3KOCIMHOBBIM, U OH JAMaMarHu-
TeH. B oOpa3oBaHu# 1aHHOTO KOMIUIEKCa NPHHHMAIOT y4yacTHe opbutaim
He TOJILKO BHEINHEHW, HO W npeaBHeurHeil obonouek. Takue KOMIUICKCH
Ha3bIBa}OT TakKe BHyTpHopOHTaTBHEIMH. B xommnekce [Fe(H,0)e]**
HOHOB Fe’' He npoMCXOAHMT paciueruieHHs d-TOJIypOBHA U OCTAIOTCA He-
CriapeHHbIMH 3d-anmekTporbl. Takol KOMIUIEKC HA3bIBAIOT BHICOKOCITMHO-
BHIM, H OH TIapaMarHuTeH. BBICOKOCIHMHOBbIE KOMIUIEKCHI, KaK MpaBHIIO,
MeHEE NPOUHbIE, HeM HH3KOCTHHOBbIE.

Hou Ni** o6pa3yeT ¢ voHaMu CN° raxkske HH3KOCTIMHOBBIH TPOYHBIM
KOMILIEKC [NI(CN)4] 310 0OBACHAETCA pacluelUieHHEM d-HOIYpPOBHS,
BOIHUKHOBEHMEM BaKaHTHOH d—op6m‘ann 33 CYET CHapuBaHHs d-IJNIEKT-
potos. Tlpu sToM npoucxomut dsp’-rubpuamsamus AO M oGpasyercs
KOMILTEKC, HMEIOILHIT CTPYKTYPY TUIOCKOro KBaapara (cM. tabi. 2.4).

Teopus noJis MMraHgoB OKa3alach OYEHb MOJIE3HON A/ OOBACHEHMS
OKpAacKH, MarHATHBIX W JAPYTHX CBOMCTB KoMIulekcoB. OJHaKO, OHa He
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MOXET OOBACHHTH CBOHCTBA KOMILTEKCHBIX COSIMHEHHH, B KOTOPBIX A0Jis
KOBAJIEHTHON COCTaBJIAIONIEN CBA3M BEJIWKA, 4 TAKKe CTEXUOMETPHIO A
HEKOTOpbIe CBOIHCTBA KOMIUIEKCOB. OHa HEMPHMEHNMA K KOMIUIEKCaM $-
p-mtementoB. Coderanue metogoB BC u Teopuu Moss JTHraHIoOB paciiu-
pAeT BO3MOXXHOCTH OOBSICHEHHMs CBOMCTB KoMIUIeKcoB. bonee mmpokue
BO3MOXHOCTH 11 OMMCaHuA KoMIiekcoB uMeeT Meroq MO (cMm. ri. 2),
HO OH J0CTATOYHO CJIOXKEH.

CrpyxTypa U H30MepHs KOMILIeKCOB. ['eomeTprueckas CTpyKTypa
KOMITJIEKCOB OTIpe/IeNIeTcs MPexae BCero THIoM cBoOOAHBIX opOuTaneii y
KOMILIEKCOOBpa3oBaTeis, YMCIIOM M BJIMSHUEM JIMFaHIOB Ha KOMILIEKCO-
obpa3oBarenp W B KOHEYHOM CHeTeé THIIOM rubpuauzauuu opbOurancii. B
3aBUCHMOCTH OT BHAA rMOpHIM3aLiyg KOMILIeKcooOpasoBaTens o0pa3yroTes
JIMHEHHbIe, TpeyroyibHble, TeTpasApHUecKue, KBaJpaTHele (1j1ockue), Ou-
NHpaMUaTbHble, OKTadApUYeCKHe U Ip. CTPYKTYphl (cM. Tabn. 2.4). B
KOMIUIEKCHBIX COGAMHEHUSX C pasHOPOAHBIMHM JIMTAHAAMH, HaIlpumep
[Pt(NH;),Cl,], MoxeT nposBiasThcs H30Me p U i . M3oMepaMy Ha3BIBAIOT
COeOUHEHHS OMHAKOBOTO COCTaBa, HO pa3HOro cTpoenus. JoBoNbHO yac-
TO JUIS TUIOCKOKBAaJpaTHBIX M OKTA3[APHUYECKHX CTPYKTYp BCTpevaeTcs
MPOCTPAHCTBEHHAA W30MepHd, NpH KOTOPOH JIMraHAbl MOTYT 3aHHMaTh
pa3Hbie MecTa BOKpYr KoMiuiekcooOpazosartess. Ecnu ofuHaxkoBEIe Jin-
raHJbl pPacroyioXeHbl pANOM, TO 3TO yuc-HOpMa, eciiM HampoTHB — TO
mpanc-hopma '

Cl \Pt/NH3 Cl \pt/NH3
a” SNH, NH, Ol

yuc-hopma (OpaHKeBBIe KPUCTAIBI)  mparc-PopMa (KENTEIE KPHCTANIIBE)

HexoTopsbie cBoiicTBA KOMIUIEKCHBIX coedMHeHmil. Teopua mnoss
nuraHgos W merol BC mo3sonsioT npeackasaTh HEKOTOpBIE CBOMCTBA
KOMILIEKCHBIX COSIMHEHUH, TakKe KaK IPOYHOCTH KOMIUIEKCOB, MarHuT-
HbI€ CBOWCTBA U OKpacka coeinHeHnH. Y Hao00poT, U3 SKCIIEPUMEHTOB 110
W3YUYEHHUIO CBOMCTB KOMIUIEKCHBIX COEJIWHEHHMH MOXXHO CYyIUTBH 00 3nek-
TPOHHOH CTpyKkType KomIulekcoB. [IpouHocThs KOoMIulekcoB Oyaer
paccMoTpena nozaHee (cm. ri. 8).

MarHuTHbie CcBOcTBa ONPeHENAIOTCS YHCIOM HECHapeHHbIX
3JIEKTPOHOB B KOMIUIEKCHBIX CoedMHEeHusx. Hanpumep, B koMIuiekce
[CoF]* B.06pazoBanum cBs3ell He Y4acTBYKOT 3d-d7EKTPOHBI, TIOITOMY
yeThipe 3d-3NEeKTpoHa OCTaloTcs HecrapeHHbIMH. Kommneke [CoF} —
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‘BricokocnuHOBEIH M napamarauTHEE. HaoGopor, y nona Co® B koMiuiek-
¢e [Co(NH;)s]*" non BivsHHeM Mosis JHUranaa NPOHCXOIHUT pacuierieHHe
nonypoeneli 3d-opburaneii, cnapuBanve 3d-D/IEKTPOHOB, B pe3y.bTare
HEro He OCTaeTCs HECIapeHHBIX 31eKTpoHOB. llosromy sToT KOMMUTEKC
{rubpunusanms d'sp’) — AHaMarHuTeH.
OKkpacka KOMIUVIEKCHBIX COEMHEHHH 3aBUCHT OT THIA JHTAHAOB H
Komruiexcoobpasoparend. HM3-3a pacmenneHusa sHepruu d-opGuraneit no-
 MBIISETCA BO3MOKHOCTD NEPeX0Aa 3MEKTPOHOR C NMOXYPoBHeH dy, dy, di,

‘Ha BaKaHTHBIC MOAYPOBHH C Gostee BLICOKOW 3Hepruedt d ,, dzz_yl oa

JeHCTBMEM [OTNOLAEMBIX KBaHTOB cBeta. OJHAKO, IONOXEHHE 3NEKTPO-
HOB B 9TOM CiTy4ae HEYCTOWYHBOE, H OHA BHOBb BO3BPAUIAIOTCA B MCXOJI-
HOE COCTOsiHHE. B 3aBMCHMOCTH OT pa3sHOCTH PACIIETUIEHHBIX YPOBHEH A
(cM. puc. 3.5) KOMIUIEKCHI TIOrTIOLIAIOT KBAHTHI CBETA OIPE/IENeHHbIX quarna-
30HOB JUTHH BOJIH, IO3TOMY MMEIOT COOTBETCTBYIOLIYIO OKpacky (Tabin. 3.2)

~TabGnuna 3.2. Oxpacka REKOTOPBLIX KOMMACKCHBIX COeAMHennH KobanbTa

Komnnekchoe Okpacka KomriekcHoe Okpacka
COCIMHEHNC COCIUHCHHC :
[Co(H,0)]Cl, Posopas [Co(NH;)sCI]Cl, [ypnypuas
K2[CoCl,} Cunas mpanc-[Co(NH;),Cl,]CI 3eneHas
[CoNH;)]Ch Opamxcenas yuc-JCo(NH;),CL]Cl | ®nonerosas

Takum obpasom, couerasue merona BC ¢ snemeHTamMu Teopus nond
JHMTaHa0B 1103BOAAIOT OOGBACHWTL MexaHu3M OOpa3OBaHHUA XUMHUYECKHX
CBN3€# U MHOIME CBOMCTBA KOMIIEKCHBIX COEIMHEHHH.

Bonpocs! Asi cAMOKOHTPOSA

3.10. Ykaxure, xakde opburanu KoMmsekcoo0pasosareneit yuacTsyloT B oGpasosa-
HHY XUMHUECKHX CBA3eH B kommaekcax [Fe(NH;),l” n [Fe(CN)s]*? Vkaxure crpykrypy
KOMILIEKCOB. ’

3.11. Kaxue opburand komnaekcoofpaszoBarensd y4acTBYiOT B 06pa3oBaHKN XHUMHHE-
ckux cpsizelt B Kommuexcax [ZnNCSMY™ » [Ag(CN),}? Yxaxure CIpyKTypY KOMILIEKCOB.
JlMaMarHnTHLE HAY apAMarHUTHEBL 3TH KOMILIEKCEI?

3.12. Kommnekchsiit von [Co(NH;),]*" uMeeT TpH HECTIApeHHBIX 3/IEKTPOHA, & MOH
[Co(NH;)el" ne umeer HECMAapeHHBIX MEKTPoHOB. OOBACHHUTE NPUYHMHY TAKOI'O PA3NUIHA.

3.13. VYkaxwTe CTPYKTYPBl M MarHHTHbIE CBOWCTBA KOMIUIEKCOB, NPHMBEACHHBIX B
tabn. 3.2. [Tonpazaenute 3TH KOMILIEKCH! HA BRICOKOCITHHOBELIE M HU3KOCHHHOBEIE.



T'naea uemeepman

B3AMMOJENCTBHS MEXIY YACTHIIAMH BEIIECTB
B PAIMYHBIX ®W3WYECKNX COCTOSHHMAX
W CBOICTBA BEWECTB

B TNEPBLIX TPEX IJ1aBax 6b110 paccMOTPEHO CTPOCHHE AaTOMOB H MOJIE-
Kyn, ux B3ANMOJACUCTBUA U XAPAKTEPUCTUKH, & TAKIKE CBOWCTBA HEKOTO-
PbIX CHIOXKHBIX COEIMHCHMIA, MOJIy4a€MbIX T1pU B3aMMOISUCTBHH aTtoMoB,
HWOHOB U MOJICKYIL. O}lHaKO, JTHoau 00BIYHO UMEIOT €0 HE C MOJIEKyTaMHu
WIN aTOMaMH, a ¢ BeLleCTBAMH B F33006pa3HOM, KHIAKOM U TBEPAOM CO-
CTOAHMAX.

B 3ajavy HACTOSAINEH IMAaBbl BXOAUT BbIACHEHHUE Bﬂ?lﬂHldﬁ B3aWMOLCH-
CTBH MCXKAY arOMaMH, HOHaMH U MOJIEKYJIaMU BEUICCTB B PA3JIUYHBIX
COCTOSAHHAX Ha CBOMCTBA 3THX BELLECTB.

§4.1. DUBUUECKHUE COCTOSHUS BEHIECTB. XUMHYECKHAE CHCTEMbBI

BemeCTBa MOTYT HaxXOIMTbCS B TPEX d}HSquCKHX COCTOAHHSAX! ra3o-
0o0pa3HOM, XXHAKOM ¥ TBepAOM. [Ipn oueHb BHICOKMX TeMmepaTypax - Bo3-
HHKaeT ocobast pa3HOBHIHOCTh a3000pa3HOro COCTOSHHUS — MTa3Ma.

XapaxTepuble 0COGEHHOCTH BelUeCTB B Pa3JIHYHBIX (PH3HYECKHX
COCTOSTHHAX. B razoo0pa3zHoM COCTOSHHH MOJICKYJbl HaXOAITCH APYT OT
JIpyra Ha 3HAUHTENbHBIX PACCTOSHUAX H COOTBETCTBEHHO 3aHUMAIOT OUEHb
Mayro Jomo obbema. [103TOMY npH HEBBICOKHX NaBAEHHAX U TeMIlepaTy-
pax MONEKyJbl B ra3oo0pa3HOM COCTOSHMY MPaKTHUECKHW He B3auMozeH-
CTBYIOT ApYT ¢ ApyroM. CTpyKTypa BEeLIECTBA B ra3000pa3HOM COCTOSHHUH
He YHops/ioyueHa.

B >KHIKOM COCTOSHMH PacCTOAHUS MEXAY YaCTHUIAMH 3HAYHTESILHO-
MeHbllie, YeM B razoobpa3HoM cocTOSHUH. YacTHLIbI 3aHUMAIOT OCHOBHYIO
‘4acTh 00beMa, MOCTOSHHO CONPUKACAIOTCH APYT C APYTOM W MPUTATHUBA-
foTes Apyr k apyry. HaGmopaercsa HekoTopas ynopsaCHeHHOCTh HacTHIY
(6voxHMi nopsa0K). YacTHibl OABMXHBI OTHOCHTENIBHO APYT JIpyTa.

B TBepOM COCTOSHHH YaCTHLbI HACTOJILKO CONMKEHB! APYT C APYTOM,
YTO MeXAy HHMHY BO3HHKAIOT NPOYHBIE CBA3H. [lpakTHuecKH OTCYTCTBYET
ABWKEHHE YaCTULl OTHOCHTEIBHO APYr APYTa U CYMIECTBYET BBICOKAA YI10-
PAIOHEHHOCTL CTPYKTYPBI. ’

32



CoOTBETCTBEHHO CBOHCTBA BEIECTB B PA3HBIX (PHU3HIECKHX COCTOAHHU~
#X CyWeCTBEHHO pa3mdaiorcs (Tabi. 4.1).

Tabnuua 4.1. CeoficTBa BewecTB B PAIHYHBIX PHUIHYECKHX COCTORHUAX

Caoiictsa Gusnueckoe COCTOAHNE
razoobpa3snoe WUIKOE TBEPAOE
Obsem Cosnagaer ¢ 06be{ PHKCHPOBAHHBIN DHuKCHPOBaHHBIA
MOM cocyaa
3asncumocts 06h]
leMa OT TeMIIepaTYpPE Bricokas Manas Manas
M JaBNeHMS
Dopma ) Ipuuumaer dopmy 3anmommser cocys non{ PUKCHpOBaHHASA
cocyna : OCTBIO MJIY YaCTHYHO
CxumaeMoCTh Bricokas Hesnaunrensuas HMpaxtuuecku orcyTy
CTByeT
Téxyqecn Ouens BrICOKAS Beicokas Ilpu OOBIMHBIX TEMH
o - Ineparypax otcyTcTBYET
Inddyius BI;ICTpaﬂ Meaneunas Ouens Menneﬂﬁaﬂ
IlaoTHOCTH Huzkas Or ymepenHo# bonnnras
L 0 bonbuioH

Xumudeckue cHCreMbl. XUMHA H3y4aeT B3aMMOJAEHCTBUA YacTHIL
BELIECTB, HaXOAJUIMXCS B PamIU4HBIX (PU3HYECKHX COCTOSHMAX. Uuciao
ITHX YacTHIl orpoMHO. HanpuMep, eciv B KaKOM-TO COCYIe COREPKUTCH
Bcero 0,1 Monib BEIIECTBA, TO YMCIIC HACTHLL 0CTUTAET ACTPOHOMHUCTKHX
wdp — 6+ 10?2 yacTH. D70 HE MPOCTO YACTHIIbI, 3 CHCTEMA YACTHLL.

Cucmemoti Ha36186GEMCA COBOKYNHOCHb HAXOOAWUXCS 80 83aUMOOel-
CMBUN BeiteCM8 WU YACMUY, MBICIEHHO UAU qba;cinuuecxu obocobrennas
om oxpysicarowetl cpedul. Bee, YTO HAXOQUTCA BHE CHCTEMBI, Ha3bIBacTCA
BHE wHe# ¢ pe noii. Pa3nn4alor rOMOT€HHBIE M TETEPOreHHbIE CUCTE-
Mel. TOMOreHHBIe CHCTEMBI COCTONT W3 OAHOMN as3bl, reTEPOreH-
HBl€ CHCTEMBl — U3 ABYX Wik Gofee da3. Paza — 3TO YaCTb CHCTEMBI,
OHOpPOAHAS BO BCEX €€ TOYKAX IO XHMHYECKOMY COCTaBY M CBOMCTBaAM H
OTHEJIEHHas OT JPYTUX (a3 CHCTeMb! NOBEPXHOCTHIO pa3niesia. [JockonbKy
B COCTAB CHCTEMBbI BXOJIST BEIECTBA WIH YaCTHIIbI, CIOCOOHBIE K XMMHYE-
CKOMY B3aMMOZIEHCTBHIO, TO 3TU CUCTEMBl SBJISIOTCA XUMUUYECKUMU.

CHCTEMAaMHM. ;
XuMudeckasd CHCTeMa XapakKTepU3yeTcs ONpeAefCHHBIMH fapa-
MeTpaMu U CYUIECTBYeT TNpu ompejeleHHblx ycuobusax. K mapa-
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MeTpaM CHUCTEMbl OTHOCATCS TEMMepaTypa, HaBieHue, oObeM, Macca M
KoHUeHTpauusA. CucTeMBl CYILECTBYIOT MpPH ONpEJIENeHHBIX YCIOBUAX.
Hanpumep, cucrembl Ha 3emie HaxoasTCs NPH ONPERE/IEHHOM JIaB/ICHHK
U TEMIIEpAType, B'MarHUTHOM, DJICKTPHUECKOM U IPABUTAMOHHOM IIOJAX,
[IPH HEKOTOPOMH OCBELIEHHOCTH BHAMMBIM cBeTOM. B panbHeliuem Mol Oy-
JIeM CHYHUTATh BO3AEHCTBHE Ha CHCTEMY MarHWTHBIX, EKTPOMArHUTHBIX,
TpaBUTAIMOHHBIX U CBETOBBIX MOJIeH MOCTOAHHBIM M HE YYUTHIBATEL ero. B
JIaHHOM maparpade oCTaHOBUMCS Ha TpeX MapaMeTpax CHCTeMbl, HeoOXo-
JIMMBIX JUIS NANbHEHINEro H3JIOKEeHHs MaTepuana — TeMriepaType, faBjie-
HHM W KOHLIGHTpALUH.

Temneparypa. B HayuHsIX HCCIeI0BaHMAX HCIIONB3yeTcs abCOMOT-
Has 1Kaja Temmeparyp M likaaa temneparyp no lleabcuio. Enununeit
u3MepeHua abcomoTHOH wkane! temneparyp ciyxut KensBun (K). B
atol mkane Touka 0 K HaseiBaercad abconwoTHBIM HYynewm. Exunu-
ueil n3mepenus B uikane Lenscus ssnsercs rpanyc Lienscus, °C. Hyns no
Henscuro pasen 273,15 K.

XoTst abcoMmoTHBIA HyNb HEAOCTHXKUM, HO B na6opaToppmx MOy YeHb
TeMrepartypsi, oTiinyatomyecs ot 0 K sa 0,001 K.

Ilpu Temnepatypax, OIM3KHX K abCONOTHOMY Hymo TIPOSBIIAIOTCA
BeCbMa HEOObIYHbIE CBOWCTBA BEILECTB, TAKUE KAK CBEPXTPOBOAHU-
MOCTbH METAIOB, T.€. MOYTH MOJHOE OTCYTCTBHE JNEKTPHUECKOro CO-
NPOTHBIIEHHS, U CBEPXTEKYUYECTh lenus, T.€. MOYTH IOJIHOE HCUE3-
HOBEHHE BA3KOCTH. - , “

CpaBHEHHe CBOHCTB Pa3fHuHBIX BEIIECTB HEOGXOOMMO NPOBOIHTH
NPy KakoW-TO OfHONW — craHpapTHOH Temmeparype. CTanagapTHCH
cuuTtaeTca Temneparypa, pastas 273 K (0°C).

Jasnenne. B kadecTBe eqUHULBbI JABIEHUsS paHblle CTy>XHUTa aTMO-
cepa (aT™M) W BbicOTa PTYTHOro croiba B MWIIMMeTpax (MM pT. CT.),
1 arm=760MM pT. CT. DTH eMHHLIBI IO CHX TIOP MCTIONB3YIOTCS B MOBCE-
HEBHOM XKU3HH.

Opnako, B MexayHapoaHoit cucteme (CH) eaunuuelt nsmepeHus
naBiaeHus sBisercs [lackanb, (I1a), wam | H/m?, rae H — cuna B omun
HetoTon, 1 atM=101325 I1a=101,325 kl]a.

B razoBeIX cMecsx BaBNCHUS OTAENBHBIX i-COCTABNAIOLMX ra3a Ha3bl-
BAIOTC MapuUHMadbHBIMH JaBJEeHUAMH p. CoriacHo 3aKOHY
HanvToHa, obwee daenenue cmecu 2az06 pasno cymme napuuaabnbzx
"0aBAeHULI KOMHOHEHMO8 P

Pen=2Pi - B CRY)
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CraHnapTHHM JaBlIE€HHEM rasa I0 HeJaBHETO BPEMEHH CUH-
tanock 101,325 xIla. B 1984 r. MexnayHnaponustit Coro3 4ucTOM U Npu-
kragnod xumun (MIOTTAK) pekoMeHmOBan cuMTaTh B KauecTBE CTaH-
maprHoro nAapjienue, paeHoe 100 klla (1 6ap). IToaroMy B jpanbHeiiiem
6y/leM HCTONB30BaTh 3TY PEKOMEHAALMIO H MPUHHMAEM 3a CTAHLAPTHOE
nasnenre 100 xIla (1 6ap). :

Takum obpazoM, cTaHZapTHHIMM YCIIOBUSIMU SBJIAIOTCS TeMIieparypa
273 K (0°C) u pasnenue 100 xlla. Dty ycnoBHs MHOrJa Ha3bIBAIOT TAKXKE
HOpMaabHBMU. MHOTHE CipaBOYHBIE NaHHble OBUIH pacCuMTaHbl s
CTaHIAPTHOYO JaBJIicHY, KoTopoe paHee Obu10 pasHo 1 atM. Ilpu nepexo-
JIe K HOBOMY CTaHAapTHOMY JaBJICHHIO CIEAOBAIO Obl MEpeCUMTaTh ITH
nmaHeble. OaHaKo, 3TO NOTpedyeT CyilieCTBEeHHBIX 3aTpar. s ucnosb3o-
BaHHUs UMEIOUIMXCH CTPABOUHBLIX JGHHBIX LENecoo0pa3sHO BBECTH OTHOC-
TeNbHOE JABJICHHE p, PAaBHOE OTHOLICHUIO JABICHHS p K CTAHIApTHOMY
nasiernio 100 klla (panee 101,325 klla)

=2 - 001p. ' 4.2)

OTa BenuuuHa 6e3pa3mepHaﬂ. Ecnu napunansHoe vy ofiliee JaBie-
HHE PABHO CTaHJapPTHOMY JABJIEHHIO, TO OTHOCUTEJIbHOE MapuraibHOe
'imm o0l1ee AaBnenne paBHO SVHHLIC. ' A .

Konnentpanna. Omuouenue Konuvecmea wiy Maccet seujecmea, co-
deporauiecocs 3 cucmeme, K 0bbeMy wiu Macce 3ot cucmemsl HA3ZbIBA-
jom_konyenmpayuei. V3BeCTHO HECKONbKO CrOcoOOB BbIpakeHUs KOH-
"HeHTpauMu (CM. npuiioxenue 1). 3aech pacCMOTPUM JHLIB YEThIpE.

MonspHasd KOHNEHTpPaUUA BeuwecTBa B, cg — OTHOLIEHHUE
KOJIMYECTBA BEUIECTBA (B MOJIAX), COOEpsKallerocss B cucTeMe, Kk obbeMy
9TOH cucTembl. EIVMHHIIA H3MEPEHHS MOSAPHON KOHLICHTPALMH MOJB/M
(monbhas npowssonHas CHU — momw/n). Hanpumep, c¢(NH;)=1 momb/a,
¢(CO,)=0,5 Monp/m.

Monsapuasa aons BemecTBa B, x3 — OTHOlWIEHHE KONHYECTBA
BEUIECTBA JAHHOTO KOMIMOHEHTa (B MOJAX), COAEPIKALIIErocs B CUCTEME, K
ofuieMy KOJMHUeCTBY BelllecTBa (B Moisix). MonsipHast nons Moxer ObITh
BbIpaK€Ha B JONSX €AUMHHLB! (xg), fipoueHTax (%o) — COTaS{ [oJIs, Mpo-
Mue (%o) — THICAYHAA YACTb H B MHUTMOHHBIX 1onaX (MnH ') uinu ppm.

O6bemMHas goJs BewmwectBa B, g — oTHolleHHe oOBEMa
KOMMOHEHTa, COAepKallerocs B cucreMe, kK obmemMy 00bEMY. CHCTEMBI.
O6neMHan 0/ MOXKET OBITH BHIPaXEHa B JOJAX €OUHHIB], NPOLIEHTAX,
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IMPOMHUIJIC WIH B MHJUTHOHHBIX HOJIAX. B razoBbix cMmecsax napuraabHbie
ﬂaBHeHHSI KOMIIOHEHTA MPONOPIHOHAIBHBI UX O6”beMHbIM JOJIAM:

p K(pls
rae K — k03¢ ¢uiuMeHT nponopuHoOHaIbHOCTH; ©; — 00beMHAs J0JIA i-TrO
KOMIIOHEHTA.

Maccosas nonas seuecTBa B, wg — OTHOIIEHHE Macchl 1aH-
HOTrO KOMIIOHEHTA, CONEePKAIUEroca B CUCTeMe, K obielt Macce 3ToM cuc-
" Templ. MaccoBas [0J11 MOXeT OBITh BBIpaXeHA B [0MSX €AHHMLIBI, [1PO-
LIEHTAaX, MPOMMIIIE © MHJUTHOHHEIX AONIX.

JI1s OLIeHKH 3KOJIOTHYEeCKOH BPEIHOCTH BELIECTBA HCIONB3YETCs Mpeieib-
Ho ponyctimMas korueHTpaums (IT1K) BELLIECTBA. 310 AorycTUMas KOHIEHTpa-
1wst 1160 B BO3yXe paboueii 30Hb1 (MI/M’), nu6o B Boae Bonoema (Mr/).

Hrtak, cylecTBOBaHHE BEIECTB B TPeX (PU3HUECKHX COCTOAHHUAX O00Db-
ACHAETCS TIPOSIBICHHEM CHJI B3aMMONEHCTBHSA MEXAY YacTHLAMH MPH HX
CONMKEHUH U U3MEHEHUEM COOTHOLIEHUS MEXY dHeprueil NpUTsHKeHHS H
KMHETHUYECKOH YHEprueil 4acTuil NpH CHHKEHHH Temrnepatypst. [lpu n3y-
YeHWH CBOUCTB BELIECTB B XMMUM HCMONL3YETCA CUCTEMHBIH TOJIXOM, B
KOTOPOM pacCcMaTpHBAaeTCs CHCTeMa KaK COBOKYIHOCTH B3aMMOJEHCT-
BYIOLIMX YACTHLl, XapaKTepH3yeMmas OrpeNeseHHbIMH MapamMeTpamy, Ta-
KHMM Kak [aBjieHue, o0beM, Macca, TeMmreparypa M KoHueHtpaims. s
CpaBHEHHUs B3aUMOMEHCTBHS BEILECTB B PA3THUHBIX YCJIOBHAX BBOJMTCS
MOHATHE CTAHAAPTHHIX (HOPMAJIbHBIX) AABICHUH U TEMIIEpaTyp.

Bonpoc ans caMOKOHTpPOIst

4.1. Jlana razosas cucrema oGbeMom | M°, HAXOASUIAACH (TPK CTAHAAPTHBIX YCIOBUAX
u cocroamas u3 CO, (oO6vemuas nons 40 %) u H, (o6bemuas nons 60 %). Paccuuraiite
napuuanbHele JaBlIeHHA, MOJIAPHBIE U MAacCOBBIE 10JH (%) KOMIIOHEHTOB.

§4.2. TA300BPA3HOE COCTOAHUE BEHIECTBA

B nannoMm naparpade OCHOBHOE BHHMMaHue OYAeT yAeneHO 3aKOHaM
UJIeaNIbHBIX Ta30B, a TAIOKE OTKIOHEHHWIO MOBEJACHUS PEaTbHBIX Ta3oB OT
ITHUX 3aKOHOB.

3aKoHbl HACAJbHbLIX Fa30B. K OCHOBHOMY ra30BOMY 3aKOHY OTHOCHT-
Csl ypaBHEHHME COCTOsiHUA rasa (ypaBHeHre Menaeneesa — Knanelpona):

pV=nRT, . 4.22)
rae n — 4uciIo MojieH rasa; R — MonsipHas ra3oas NMOCTOAHHas, paBHas
8314 Jx/(K-mons), win (n-xlla)/(K-mons) B CH, unn 0,08206
(n-atm)/(K- MOJ‘Ib) €cliv 1aBJIEHHE BbIpaXkeHO B aTMocdepax.

Fa3 KOTOpb[P] MOAYHUHACTCA 3TOMY 3aKOHY, Ha3lpIBa€TCd M O€ajb-~
H bl M ra3oMm.
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B 1811 r. HraneaHCKHit yuerbiii A.ABOrajipo BhcKas3ad MMIoTe3y, KO- -
Topasi MO3/IHee NOAY4MIIa Ha3BaHHE 3aKOHa ABOTajpo, COMACHO
KOTOpOMY B paBHbIX 00beMax BCeX ra3oB NpH OJHUHAKOBBIX JABJIEHHH W
TeMrepaType COICP)KHTCS OJMHAKOBOE YUCIO MOJieKyl. B oaHoMm Mone
coaepxnrca 6,022 - 10* monexyi. Ilpu cranpaptHeIX (HOpMaJibHBIX) YC-
NOBHAX MOJb rasa 3anuMaeT 00beM 22,4 1.

3akon ABoraapo no3BoNiseT PaccCUMTATE TUIOTHOCTD rasa p, NPy CTaH-
JApTHBIX YCIOBHAX Ha OCHOBAHUH OTHOLUEHHH MOJIAPHONK Macchl M K 00b-
eMy MoJa:

P=M22.4. 43

Hanpumep, miIoTHOCTb a30Ta P CTAHJAPTHBIX YCIOBUAX paBHA

28 r/monn '

PoNy = g
, N T4 am* fmons

Ha ocHoBanuu ypaBHeHHs (4.3) MOXKHO ONpeRENNTh MOJISIPHYIO Maccy
raza ' : .
M=224p,. ' (4.3a)

MosifpHyI0 Maccy HEH3BECTHOrO rasa M, MOXKHO TaloKe OnpelesuTh,
3HAS MOJISPHYIO Maccy HM3BECTHOrO rasa M, u OTHOUIEHHE MIOTHOCTEH
3THX Ta3oB Py/Py:

, M=Mpip,

MongpHy1o Maccy Taloke MOXHO ONpENe/UTh, UCIIONb3ysl YpaBHEHUE

COCTOSIHUA MaeaabHoro rasa (4.2). Tak kak n=m/M, To

M=mRTI/(pV), “4.4)

e m —-macca rasa. :

MoJteKy IS pHO-KHHETHYECKANA TeopHa ra3os. Jiis vaeanbHOro rasa
'pazpaboTaHa MOJeNb €ro MOBeASHHS, KOTOpas Mo3BosseT 00bICHUTL ra-
30Bbie 3aKOHBL. [IpM ee co3maHWUM MCHOIB30BANNCH CHIEAYIOIIME MPEeANo-
JNIOXKEHWA: '

a) raz COCTOMT U3 GOALIIOTO MHCAAa MOJEKYJ, KOTOPbie HAXOAATCH B
HETpPEePbLIBHOM ABHKEHUH;

6) MonexyJTbl Ta3a 32aHUMAIOT NpeHeOPEXHUTEITEHO MaTyIOo oMo 00bema;

B) MOJIEKY/TbI ra3a He TMPUTATMBAOTCA APYT K APYTY;

r) BpeMs CTONKHOBEHHS MOJIEKYJT APYT C APYrOM OY€Hb Mo 1o CpaB-
HEHHIO CO BpeMEeHEeM MEXXIy CTOITKHOBEHHAMUY;

/) CpenHss KMHeTHYeckas SHEPrus Ta3a MPONOpLHOHaNbHA aGCoMoT-
HOH TeMniepatype.
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Ha ocHoBaHMM 3THX NPeTIONOXeHHH BLIBEIEHO YpaBHEHHE
, L :
pV = SNmu 2 4.5)

rie N — ucrio Morlekys; if'— cpejiHee 3HaueHUe KBaPaTa CKOPOCTH MOJIEKYIL.
CpeaHsis KHHETHYECKas SHeprys MOJIeKyJ ra3a € paBHa | '

g:%mtﬁ. (4.6)

W3 ypasHennii (4.5), (4.6) v fiocneHEro NpeanoIokeH s CIEAYET, UTo
pV=const, 4.7
13 (4.7) MOXKHO BBIBECTH ypaBHEHUE COCTOSHH rasa.

Ecnu ypasuenue (4.5) npuMmeHsercd K Momo raza, 1o Nm=M, a
pV=RT, Torna cpeaiHuii KBaapaT CKOPOCTH MOJIEKYJ1 PaBEH

a?=3RT/M , (4.8a)
HIIH ’ .
u=~3RT/ M. (4.86)

Kak BUHO, npy ONHOI U TOH Ke TeMmepaType cpeAHeKBajpaTHUHasd
CKOpOCTh MOJIEKYJl [a3a OnpenenseTcs ero MoaspHoii Maccol. Hanpumep,
cpennekBaapaTHyutas ckopocts Npu 273 Ky CO, /o, = 410 M/c,ay Hy -

uy, = 1930 m/c. Tpu nocTosuHOM TeMnepaType CpeHEKBAAPaTHYHAS CKO-

POCTb ABVIKEHHMS MOJIEKYJI rasa Takke nocToaHHa. OaHako, CKOPOCTH OT-
NEeNbHBIX MOJIEKYJl 3HAYMTENbHO pa3finyatoTcs. PacripenesieHHe MOJIEKYJ
M0 CKOPOCTSM Ha3blBaercs pacinpepeneHuem MakcBenna —

"Bboabumata. OHO 3aBHCHT Kak OT Tuna rasos (puc. 4.1), Tak u oT TeM-
neparypsl (puc. 4.2). [lonobHO pacnpeeneHnIo Mo CKOPOCTSIM CYILECTBY-
eT pacnpenencHue Makcpenia — bosibLiMana 110 JHEPrHAM YacTHIL.

lona mMonexyn

A
3:-10%
Cxopocte Monexyn, Mic
Puc. 4.1. PacnipeneneHue MOJIEKYJI 1O CKOPOCTIM
Makcaenna — BoabiMana npu temneparype 298 K

i
1-103 2-109
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BcrencTBre  HENPEPHIBHONO IBIKEHHS MONEKYNBl Ta3a CTPeMTCS
pacnpocTpaHuThCs 10 BeeMy o6bemy. Takoe pacHpOCTpaHEHHE MOJIEKYJI
nony4wtIo HaszBanue A M ¢y 3 un. CoracHo 3akoHy I'paxoma ckopocTs
Andhy3uy MoJeKys rasa yepe3 NOPHCTYIO NEperopoaKky obpaTHO npo-
NOPLHOHA/TEHA KOPHIO KBaApaTHOMY H3 IUIOTHOCTH rasa

va ~ /7.

CoOTBETCTBEHHO COOTHOILHEHHE ckopocTedt auddy3um ABYX rasos
Vu/Vy OnIpesiensieTcd COOTHOIEHHEM IUIOTHOCTeH 3THX ra3oB

valve = {p/p-

C yuerom ypapaenus (4.3), nonyuum

valva= My M, . - @49y

Kak cnenyer u3 ypaBrerus (4.9), ¢ nomoumpio nuddysnun yepes no-
PHCTBIE MEPErOpOKH MOKHO pa3feNsiTh rasbl, UIMEIOLIHE Pa3Hble MOJAp-
Hble Macchl. Takoi cnocod, HampuMep, MCNONb30BajCH IS pasAeneHUs
razooGpaaubix “*UF, u **°UFs.

Peannnsie radpl. Y peajibHBIX ra3oB HaONMONalOTCs OTKJIOHEHHS HX
NIapaMETPOB OT TIapaMETPOB, PACCYMTHIBAEMBIX N0 YPaBHEHMAM Tra3oBbIX
3aKOHOB. OTH OTIJIOHEHHS PacTyT ¢ yBeJIHYeHHeM JaBjieHus (puc. 4.3)nc
MOHMXeHHEM Temnepartyprl. OCHOBHOH NMPHYHHOH TAKHX OTKJIOHEHHH AB-
JIETCH MEKMONEKYIIIPHOE B3aUMONEHCTBHE (BaHAEPBAANBCOBbI CHITBL, CM.
. 3). KpoMe Toro, kaxias Monekyna umeer coOCTBeHHBIT 0O1eM, 4TO He
YYHTBIBAETCH KHHETHYECKOH TEOpHEH rasos.

" Hons monexyn

0 20 40 60 80 100 120

KOPOCTL MONeKyn P, Kbap
- Puc. 4.2, Bimaune temnepa- Puc. 43, OrknoHeHue cBoiicTs
TYpbl Ha pacnpeacneHue Mojie- peanbHbLIX Ta30B OT CBOWCTB Mie-
Kyn 1o ckopoctam (7, > Ty) AIBHBIX Ta30B NPY TeMIlepaType

273K
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B 1883 r. H.Ban-nep-Baanbc npenjioxun ypaBHeHHe COCTOSHUS pe-
albHOroO Trasa, TIojy4YHBIlee HasBaHNe ypaBHeHUs Bau-pep-
Baansbca ‘

an2

T (410)

TMocTosHHbIe a U b Ha3bIBaIOTCA MOCTOSsHHBIMU Ban-nep-Baanbca. [To-
NpaBKa, BHOCHMas B AAQBJICHHE, YYUTHIBAET MEKMOJIEKYSPHBIE B3aHMO-
JIelCTBHUA, a Nonpaska, BHOCHMAast B 00beM — obbeM monexyd (Tabin. 4.2).
CoOTBETCTBEHHO MOCTOSHHAS b pacTeT ¢ yBelIHUeHHEM pa3Mepa MOJIEKYT.
CpasHenue Tabx. 3.1 u 4.2 noka3siBaeT, YTO NOCTOSAHHAs d PAcTeT C yBe-
JMYEHHEM SHEPIHH BaHAEPBAabCOBa B3AUMOJEHCTBUA MOJIEKYJT..

Ta6nuua 4.2. BangepBaanbcoBbl MOCTOSHHLIE A/Isl HEKOTOPbIX ra3oB

a, b, a, b,
gi-_xﬂ_a n Fas 7% -xlla n
Fas ] wom? MOIb o MOJIb
H, 24.9 0,0266 N, 140,8 0,0391
Ne 21,4 0,0171 CH, 227.9 0,0428
Ar 32,6 0,0322 cO, 363,7 0,0427
Xe 42,4 + 00510 - ClL 657.4 0,0562
0, 137.8 0,3180 CCly 2066,0 0,1383

CocraB 3emuoii armocdepbl. AtMocdepa 3eMiaH COCTONT. U3 CIOEB
Tponocepst (Bbicota A0 10 kM), crparocdepst (Bbicota 1o 50 kM), Me30-
cgepsi (BbicoTa 10 84 kM) u Tepmocdeps! (BbicoTa a0 110 kM). Ha rpann-
uax MeXAy STHMH CIOSMH Temmeparypa HMeeT JHO00 MHHHMAalbHOE
(rponocdepa — crparocdepa u Mezochepa — TepMoctepa), MO0 MaKcH-
MaiibHOe (cTpatocdepa — Mesocgepa) 3HaueHus. C yBENHIEHUEM BICOTHI
JaBlieHHe B aTMocgepe ymeHblnaercs ot cpeaHero 3HadeHus 101,3 klla Ha
ypoBHe Mopsi 10 133 Ia Ha BbicoTe 50 kM 10 0,3 ITa Ha Bbicote 100 kM.

XuMuueckuii coctaB atMocgepbl JOCTATOYHO CJIOKEH U 3HAUUTENBHO
H3MEHSETC 10 ee BbicoTe. B Tabn. 4.3 mpuBeneH XMMHUECKHH COCT4B
YHUCTOIO CYXOro BO3AyXa OKOJIO 3eMHOH nosepxHocTH. KpoMe ykazaHHbIX
B Tab/iulle ra30B eCTh M APYrue, HarpuMep, mapbl BOAbl H KCEHOH. Yka-
3aHHbIe B TaOJIMIE ra3bl NOABUIKCH B aTMOC(epe B OCHOBHOM B pe3yJibTa-
Te eCTECTBEHHBIX NPOLECCOB, MPOHCXOMILIMX B aTMocdepe, ruapochepe
(B BoiHOM cpene) 3emnn U nutocdepe (3eMHoi xope). Kpome Toro, B ar-
mMoctepy nocTynaer GoablIoe YHCA0 NPOAYKTOB AEATEIBHOCTH YE/IOBEKa,
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TaKUX Kak OKCHJBI a30Ta, cepsl M yriepona, o30H (Tabm. 4.4), npudem
Ka’KJbIM FOJOM B BO3PACTAIOLIMX KONMHYECTBAX.

Tabnanna 4.3 Xumuueckuil COCTAB CyX0ro YMCTOro BO3AYXa HA YPOBHE MOpR
(p=101,32 kl1a) '

Monspras JlapunansHod Mosnspnas |[TapunansHog
Be eCTBO aons naaneuue’,’ Bemecmo aons JABJICHUC,
klla X klla

N, 0,78084 79,1 He |52-10°] 5.10°

0, 0,20948 21,2 CH, 2-10° 1 2.10%

Ar 0,00934 0,94 Kr L1-10°§ 1-10°

CO, 0,00034 0,035 H, 5-107 1 5.10°

Ne 0,00018 0,02 N,O 5-107 4 5-10°

Tabnuua 4.4. OcHoBHbIE NPHYHHBI NOSABJIEHUS U cpeaHHe KOHUEHTPaAAY
sarpsisurelieit atmocgepst

CpenHue KoHIEHTpaLKH, (ppm)
3arpasnureny Herounnku sarps3HeHUH
B Tponochepe | B GONBIMX
ropoJax
Co Paznoxenne opranH4ecKUX BEIECTB, CXHA
raHKe TOTINIMBA, [IPOMBILIIEHHBIC TPOLECCHI 0,05-0,1 10-50
SO, Bylikanaueckne rasel, JECHBIC I0XKaphl
’ baxTepHanbHas JeqTeNbHOCTh, NPOMBILLICH <0,01 0,08+2
HBIE TTPOLIECCHI
NO, 3NEeXTPHUECKNE Paspsibl, CKUTAHUE TOI 0,01 0,05+0,2
1HBa, MPOMBITIICHHBIC TIPOLIECCH]
0, Dnexrpuueckne paspaael, andpdysus i < 0,01 0,02+0.5
cTparoc(epsl, YOTOXUMHIECKHE MTPOLIECCHI

INprmecu SO, u NO, BHI3bIBAIOT KHCIOTHBIE NOXKIAH, KOTOpBIE HaHO-
cAT OOJIBIUOH BPES PaCTUTEIBHOMY M JKUBOTHOMY MHMpY, YEIOBEKY, TEX-
HUKE U MaMATHRKaAM KynbTypsl (cM. . 15). MoHookcHa yriepoaa, co-
€IMHAACH C aTOMOM >KeJle3a B reMornioGuHe (CM. Ii1. 3), CHWXKaeT ero cro-
cOGHOCTb MEPEHOCUTh KMCIOPOA MO OpPraHu3My M- 3TUM HapyulaeT HOp-
MallEHYIO JesTelbHOCTb Yenopeka. Hanbonpliee KOIM4ECTBO MOHOOKCHA
yriaepoJa 4ejioBeK nonydaeT B GONbLIMX ropojax, rie Ha TPaHCMOPTHRIX
MarucTpaisx 4 B MpoOkax ero cogepkaHue NpepbliaeT GOHOBOE Ha He-
CKOJIBKO MOPSIKOB. 3HauuTeNbHOe moBbieHue coepxkanua CO (B 2,5-5
pa3) nabiogaercsa B opraHusme y Kypwibiumkos. Konuenrpaunsa CO Bo
BIIBIXAEMOM npu KypeHun Bozgyxe npumepro B 1000 pas npepbimiaet
CPEeIHIOI0 KOHLIEHTPALMIO €r0 B YHUCTOM aTMOC(?pepe u B 40 pa3 — B aTMo-
cepe SonbuMX ropoaos.
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O3o0H B BO3ayxe Tponocdepsl SBISETCS HEXeNareJIbHOH NMPUMECHIO,
TaK KaKk OKa3bIBaeT BPeJHOE BHSHUE Ha 3A0POBbE UeloBeka (cM. 1. 15).

HM3-3a coxuranus ToriMBa B IocjieHee BpeMs IOCTOSHHO BO3PAcTaeT
coAeprkaHHe JMOKCHAA yriiepoja B atmocdepe. Tak, 3a mocineauue 30 jner
KOHLISHTPALMsl er0 BO3pocha npumepHo Ha 15 %. Bricokas KoHiieHTpaius
CO; 1 HEKOTOPBIX APYTHX ra30B B aTMOCGEpe BEI3BIBAET TaK HAa3bIBaeMBbIH
NapHUKOBHH 3] ekT, KOTOpBIH 0OYCIOBNMBAET NOTEIUICHHE KJTH-
MaTa Ha 3emjle CO MHOTUMH CEPBE3HBIMU TOCAEACTBUAMHU [T YeIoBede-
cTBa (cM. . 15).

Ha xumuyeckuii cocras atMocdepsl 0cob0e BJIMSHHE OKa3bIBAIOT XH-
MMUYECKHE peaKLyH, MPOTEKArOLKe 101 BO3ASHCTBUEM COJHEUHbIX Jy4YeH
(poToxummueckue peakLuu), KOTopsle 6yayT PacCMOTDEHBI B L. 7.

Ilnasma. Ilpu ovens Beicokux Temnepatypax (10° K u Bbiwe) ras ne-
pPeXoAUT B 0cO00e COCTOSIHME, HasbiBaeMoe Tuta3Moi. [lockonbky cBOHCT-
Ba BEILECTB B TUIa3MEHHOM COCTOSIHMM CYILECTBEHHO OT/JIHMYAIOTCSl OT
CBOWCTB BeIECTB B ra3000pa3HOM, )XHAKOM W TBEpAOM COCTOSHHUSAX, TO
T1a3My MOXHO pacCMaTpUBaTh KakK Y€TBEpTOE COCTOSHHE BELIECTBA.

B 3TOM cocTOSHMM ra3 coaepKUT MOJI0KUTENBHO 3apKEHHbIE HOHBI U
3MEKTPOHBI M 001aJjaeT MOHHO-3JIEKTPOHHOHN NpoBOAMMOCTEIO. TlodBienue
MOHOB M 3JIEKTPOHOB B IJIlazmMe 00YCIOBJISHO AUCCOUHALHEH MOJIEKYI HpH
O4eHb BBICOKHX TeMIIeparypax, HanpuMep

N, 2 N3 +e \ Ar 2 Ar +e

B myasMeHHOM COCTOSHMM HaXOOUTCS OCHOBHAs 4acTh BellecTB Bcee-
nennod, smouas CosnHue u apyrye 38e3nl. [1nasma cyilecTByeT B Bepx-
HHX ciosax atMocdepsl. ILiazmMa MoxkeT ObITh MOyyYeHa U HCKYCCTBEHHO
10 BO3/EHCTBHE BBHICOKHX JHEPruil B OCOOBIX amnmapaTax, Ha3bIBaeMbIX
M1a3MOTPOHAMH.

. XapakTepHoH 0cODEHHOCTBIO NIA3MBI SIBASETCH BHICOKUH dHepreTuye-
CKMii YPOBEHb €€ YACTHIL, YTO I03BOJISET IPOBOJMTL B IUIa3Me XUMHYE-
CKHe peakiuy, TpeOylolinue NoABoa BRICOKHX SHepruid. [liasma noaum-
HsieTcs Ia30BBIM 3akoHaM. OCHOBHOE ee OTJIHYHE OT OOBIYHBIX ra3oB Mpo-
'IBJIAETCA NPH BO3AEHCTBHM MArHUTHOTO M JJIEKTPUYECKOro MOneH, rnpH
KOTOPOM B TUIa3Me BO3SHMKAET HaNpasfieHHOE NBWKEHHE MOJIEKYJI M dIieK-
TPOHOB.

Kparko pesroMupys nauHblid naparpad, MOXKHO yTBEPKAATh, YTO HJie-
aJIbHbIE ra3bl XapakTepU3yIOTCH YPaBHEHHUEM COCTOSHHUS, 4 peaibHBIE I'a3bl —
ypasHeHueM Bau-sep-Baansca. K BaKHBIM 3aKOHOMEPHOCTAM ra3oB cne-
JlyeT OTHecTH 3aKkoH JlanmproHa O mapuuaNbHEIX AaBIEHHAX, 3aKOH -ABO-
rajpo, ypaBHEHHE CKOPOCTEH MOIeKyl W pacnpezaecnenve Makcsenna —
bonbumana.
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3agauu qus CAMOKOHTpoOJA

4.2, OnpelieNrTe MONSIPHBIE MACChl TA30B, UMEIOLUIMX TIOTHOCTL MPH CTAHAAPTHBIX
ycnoBusx cootsereraento 1,43 u 0,179 r/am®. Hazosure a1 rassl,

4.3. OnpeznenvTe nonpasky Ha fasnenue U 06veM s CH, 1 CCl, npu cranmapTHeIX
ycnoBuax. HazoBUTE 1S JAHHLIX Ta30B U yCNOBUH TOUHOCTL (%) BHIMOMHEHHMS YPaBHEHUS

COCTOAHHA HECAILHOTO rasa.

§4.3. )KUJKOE COCTOSAHUE BEUNIECTBA

Ilpy nNOBBIIEHWH [aB/IEHMSE PAacCTOSHHE MeKAY 4YacTHUAMM rasa
YMEHBLIAETCA U Bce OOINMBLIE MPOSIBASIOTCS CHAbI MPUTSKEHHS MOJIEKYIL.
[Tpu HEeKOTOPOM NaBJICHMH, 3aBHCALIEM OT NPHPOIbI BELIECTBA ¥ TeMIe-
PaTypbi, MPOKHCXOIUT NPEBPALIEHUE Ia3a B XKUAKOCTb — KOHAEHCALMS Ia3a.
B Hacrosmem mnaparpade oOCYXIalOTcs B OCHOBHOM HHAUBWAYANbHBIE
sunkocth, CBolicTBa pacTBOpoB OYAYT paccMOTpeHsl B 1. §.

MonekyaIpHO-KMHETHYECKAsE TEOPHSA KHIKOro cocToaHus. B
JKUJKOM COCTOSIHHHM PACCTOSIHUS MEXKIY YacTHULIAMM 3HAYMTETBHO MEHb-
ule, 4eM B razax, No3TOMY MEXIY HHMH BO3HHKAIOT BaHIE€pBAaIbCOBBI
B3aUMOJIEHICTRUA. AMCIEPCHOHHBIE, AUTIONb-AVNONBHEIE W WHAYKIHOH-
Hble. DTH B3aUMOJEHCTBUA yAEP)KUBAIOT MOJIEKYJIBLI OKOJIO APYT Apyra u
MIPUBOAAT K HEKOTOPOMY HX YIIOPAROYHBAHHIO WM OOBEAUHEHHIO YACTHLL.
OTHOCHTENEHO HEeOONbIIME TPYHIBI YAacTHI, OOBEJUHEHHBIX TEMH WU
HHBLIMH CHIIAaMH, TIOJIy4H/IH Ha3BaHuWe kKJacTepoB. B ciyyae oaunako-
BLIX YACTHIl KJIACTEPBI B MKUIKOCTH HA3bIBAIOTCS accouMva raMu. Tak
KaK yrnopsaoueHue NPOUCXOAHT HAa YPOBHE OTHOCHUTENIBHO HeGOIbUIMX
rpynQ YacTHL, TO N'OBOPAT O CYLIECTBOBAHUH B XKHAKOCTH OJIHXKHETO NO-

" paaka. CterneHb YNOPSNOYEHHOCTH MOBBIIAETCS C YBEJHUYEHHEM MNOJSp-
HOCTH MOJIEKYJI, TaK KaK NpH 3TOM pPacTyT BaHIepBaaibCOBbl CHIIbE (CM.
tabi. 3.1). OcobeHHO 3HAa4YUTENBHO YropsAnOoYeHHe Npyu oOpa3oBaHHH BOx
JIOPOMIHBIX CBs3el Mexay mMonexynamu (cMm. §3.2). V sxuskocredt ¢ Bomo-
POAHBIMH CBSI3IMH MEXAY MOJEeKy/amMH (HanpuMep y BoIbi, $TOPOBOIO-
pona, aMMHaKa) IposIBJISIOTCS aHOMa/IbHblE CBOHCTBA.

OnHaxo, gaxe BOAOPOAHBIE CBA3M U TeM OoNlee BaHAEPBAANbLCOBbI CH-
Jbl OTHOCHTENBHO HENPOYHBI, [TOITOMY MOJIEKY/bl B KHIKOM COCTOSIHHU
HaxoAsTcd B HEMpepbIBHOM ABKKeHUH. HenpepbiBHoe xaoTHueckoe IBH-
KEHHE YacTHU B >XHIKOCTH TMOMYYUSIO Ha3BaHHE OPOYHOBCKOTO
IABHMIXEHHS, IO HMEHH aHruiickoro ydenoro K.bpoyHa, kotopbiii
Bnepebie Habmoman 370 seneHue. CKOPOCTb ABWXKEHHS W JHEPrUs OT-
JENBHBIX MOJEKY/ B MAKOCTH pasnuuaroTcs. JIis JKHAKOTO COCTOSHUS
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TaKKe NPUMEHHMO PaCHpeneNcBUe MOJIEKYJT 10 CKOpPOCTAM M 3HEPTHIM
Makcaenna — bonblimana (cM. puc. 4.1 u 4.2). BenezncTsue HenpepbIBHO-
ro ABHXKEHHs OTAENIbHbIE MOJIEKYJbl, 00afalolHe OTHOCHTENLHO BbICO-
KO# 5Hepruei, MOryT BLIPBIBATHCA M3 JKUAKOCTH W IEPEXOIHTH B razo0b-
PasHOE COCTOsIHME. DTOT MPOLIECC HA3BIBAETCHA MCTIAapEHUEM JKHIKO-
cti. CrJIOHHOCTD XKMIKOCTH K MCHApeHHI0 Ha3bIBaIOT JeTydecTbio. Uem
MEHBIIE CHIIBY MEXMONEKYIAPHOIO B3auMONEHCTBUA, TEM Bbille HETY-
4eCTh XKUAKOCTH. BeneAcTBE HCTapeHUs pacTeT COOTBETCTBEHHO NapLu-
albHOE JlaB/CHHE Apa JAHHOH KHAKOCTU B ra3zoBoit dase Haj »KHAKO-
ctbio. [IpH NOBBIIEHHM NAPUHATEHOTO JAABNEHMA Mapa yckopseTcs of-
paTHBI nponece — 3axBaT MOJEKY! KHIAKOCTBIO, T.€. KOHJACH AL napa.
[Ipy "HekoTOpOM NapUMaNpHOM JaBICHHH CKOPOCTH MCIIAPEHHS U KOHICH-
CalliM Mapa CTAHOBATCA PaBHBIMM. Takoe JaBjeHHe NOJIyHW/JO Ha3BaHHE
JaBJeHHS HAacChIMEHHBIX MapoB XHAKoCTH.C yBenrHueHreM
JHEPIruH B3aUMOAEHCTBHUA MEXAY MOJEKYJIaMH MpH OLHOH M TOH ke TeM-
neparype AaplieHHE HACBIMIEHHBIX NapoB yMeHbwiaercs (puc. 4.4). Oco-
GeHHO 3aMeTHO CHIKCHHE JaBJIEHHUA HaChIIIEHHBIX NapoB Y XKHUAKOCTel, y
KOTOPBIX MEXAY MOJIEKYJaMH BO3HHKAIOT BOAOpPOAHBIE cBA3W. JlaBieHue
HACBIIIEHHBIX MTAPOB P pacTeT ¢ YBeJIUYeHHeM abCOTIOTHON TeMIIepaTyphl
110 DKCIIOHEHUMANBHOMY 3aKOHY

B
p—Aexp(——ﬁ), “4.11)

~.

vie A4 W B — KOHCTaHTHI.

b - [lpy napumaspHOM JaBjieHUH Ha-
K a.. ChILICHHLIX MapoOB XHUAKOCTHU, pas-
HBIX aTMocdepHOMY HarfAeHUIO, 00-
PAa3yrOTCA 1Ty3bIpbKH ra3a XHAKOCTH
Y Ha4MHaeTcs kuneHue. TemiepaTy-
pa, MpH KOTOPO#l AOCTUrAETCA 3ITO
COCTbﬂHHC, Ha3blBACTCA TEMIOE-
paTypod KUNEHHUSN KUIKOCTH.
Ona BO3pacTaeT € YBEJIHUYCHHEM
SHEPrHH  B3aUMOACHCTBHA  MEXAY
20 40 60 80 ’c  Moaekyidamu {(cM. Tabn. 3.1, puc.
Puc. 4.4. lasneune HaCHILLEHHBIX NAPOB 4.4). TeMﬂepaTypa KHIICHHA BO3pac-
HEKOTOPBIX XHUAKOCTEH: atetona (/), oTaHo- TaeT C YBEJIMYEHHEM AaBJICHHA. Ilo-
na (2), soasl (3), ykcycHoil KHCNOTH (4) M 3TH- 3TOMy, HanpUMep, B 3aKpHITBIX COCY-

neHraukons (5). Temneparypa KHNEHHS OpH
HOpMansHOM AasicHuU (6) Jax CKOPOCTbH NPHIOTOBJICHHS IMHIIA

100

80
60
40

20
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BbILLIE, 4EM B OTKPBITHIX, & B TOPAX HIKE, HeM Ha paBHHHE. Ocobennoctu
AKHUIKOTO COCTOSHUA cM. B Tabn. 4.1.

Hexoropnie cpoiicTBa xmakocteit. Kuaxoctu obnapaior Texyde-'
ctpio. ConpoTHBIEHUE KUAKOCTH TEKYUECTH TMOMyUYnsio Ha3BaHUE B A3 -
KOCTH. BA3KOCTb pacTeT ¢ yBeluueHUeM SHEPriul B3aWMOAEHCTBHS Yac-
THLL U 3aBUCHT OT CTPYKTYpbl MosieKyn. C yBeJUYEHHEM TeMNepaTypbl
BSI3KOCTb YMEHBILIAETCH.

Cuiibl MEXMONEKYNAPHOrO B3aUMOJCHCTBUA MOJIEKYJ, HAXOAAMIUXCS
Ha MOBEPXHOCTH, HE YPABHOBEWIEHDI, TAK KAK CO CTOPOHBI ra3a OTCyTCT-
BYIOT MOJEKYNbl JaHHOH KHAKOCTH. I1o3TOMy pesymbTHpyloWas cuna
B3aMMO/EHCTBHSA MOBEPXHOCTHBIX MOJIEKYJ HanpapieHa B ri1y0b XKHIKO-
crd. Tlon meHcTereM STOH CHIIbI XHIKOCTh CTPEMHTCH K COKPALICHHIO
TIomanH moBepxHOcTH. Tak Kak cdepa UMeEeT HaHMEHBLIYIO ILTOMIamb
NOBEPXHOCTH MO CPAaBHEHWIO C APYTMMH (GOpPMaMM YacTHLl OJUHAKOBOIO
obbema, To Kami XHAKOCTH BMeloT chepudeckyro dhopmy. [lng obpaso-
BaHHs HOBOH ITOBEPXHOCTH TpeOyeTcs AOMONHUTENbHAS IHEPrHs, KoTopas
NoJlyunsia Ha3BaHHe MOBEPXHOCTHOTO HAaTAXKeHHUS O, OHA BBI-
paxaercs B LKOY/IAX Ha ksapaTHbiil Metp (Jix/m’). [ToRepXHOCTHOE Ha-
TSOKEHUE BO3PacTaeT ¢ YBEIHHYEHHEM CHII MEXKMOJIEKYJISpHOrO B3aUMO-
aericteud. Hanpumep, NOBEpXHOCTHOE HATSDKEHHE BOJBL, Y KOTOPOH MeX-
MOJIEKYJISIpHOE B3aUMOAEHCTBUE BEAMKO H3-3a HAIWYHA BOJOPOAHBIX CBA-
3ei, papHo 72,8 wlbi/m? (273 K), B 1O BpeMs KaK y MeTaHona nuub 22,6
mbi/m? (273 K). TIoBEpXHOCTHOE HATHKEHHE YMEHBLIACTCA C YBEIHYE-
HHEM TEMTIEPATYpbl

C=0y —Kc T,
rae 6o 1 Kg — KOHCTaHThI.

JKuaxue KpucTawIbl. HeKoTophie BEWECTBA B XKHIKOM COCTOAHHMH
06J1a1dl0T BLICOKOH CTeneHsio yropsaoueHHocti. Kak npasuno, 3to Be-
LI{eCTBa, MOJIEKYJIbI KOTOPBIX HMEIOT YAJIHHeHHY0 dopmy. Takue Bemect-
Ba MOTYYH/IH- HA3BaHHE KHIKHX KPUCTAIOB. B KauecTBe NpUMEpOB XKUA-
KOKPHCTaJUTMUYECKHX BELECTB MOXKHO Ha3BaTh a30COEHMHEHHs, MPOH3BOJ-
HBbIE KOPHYHOM KHMCIIOTHI, a30JIMTUHOB M cTepounos. [lo crenenn ynops-
JIOYEHHOCTH M CBOMCTBAM OHH 3aHHMAIOT MPOMEKYTOUHOE [10JIOIKEHHE
MEKIY KIIKHM M TBEPABIM cOCTosHueM. OHI 06Iaal0T TEKYYeCThIO, HO
B TO )K€ BPeMs HMEIOT JAJIbHUHN MOPANOK, T.€ YHNOPAAOYEHHOCTh MO BCEMY
o6pemy. [Tpu HekoTopo#i TeMnepaType, Ha3bIBaEMOi TeMIEpaTypor npo-
CBETJIEHHS, OHHU TIEPEXOAST B OOBIYHOE KMAKOE COCTOSIHHE M CTAHOBSATCS
npospausbIMH. CTPYKTypa XKHUAKUX KPHCTAJIOB WU3MEHSETCS TaKoKe MO
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BO3/IEHCTBHEM 3MEKTPHUYECKHX M MATHUTHBIX TIONel A MEXaHHYECKHX BO3-
nericteuid. Hannune 3THX CBOWMCTB MO3BONMIIO MPHUMEHATb >KHUAKHE KpH-
CTaJUIBbI [UISl M3rOTOBJICHHS SKPAHOB JIMCIUICEB, MUKPOKAJILKYIITOPOB, LH-
(bepOnaToB yacoB, U3MEPUTENBHBIX MPUOOPOB B MEUIIUHE U T.1.

Hrak, MOJAEKYNSIPHO-KUHETHYECKAs TEOPUS C YYETOM CHJl B3aUMOJiei-
CTBHS MEXAY MOJEKYJIaMH [103BOJISIET OOBSCHUTH OCHOBHEIE CBOWCTBA
JKMIKOCTH: BSI3KOCTh, JIaBJICHHE HACHILIEHHBIX NapOB, OBEPXHOCTHOE Ha-
TAKEHUE U 1. ‘

BOHpOCbl H 332U AJ19 CAMOKOHTPOJAA

4.4. OOBACHUTE, [104YEMY BI3KOCTb M MOBEPXHOCTHOE HATAXKCEHUE ¥ OeH30/1a HIDKE, 4eM
Y BOJBI.

4.5. PaccuurTaliTe, BO GKOABKO Pa3 yBENMYUTCS A3BICHHE HaChILIEHHBIX NapoB 3TaHoja
NPH yBENHUEHHH TeMIEPaTyphl oT — 50°C go +50°C, ecnu Bemuunna B B ypasaennu (4.11)
pasHa 39,2 x/Ix/Mons.

4.6. Ha ocHoBaHu# pHc. 4.4 onpenennTe TeMNeparypy KUICHUS BOJBL, 3TAHONA M aue-

TOHa B ropax, ecnu JassaeHue 6yaer cocrasnats 80 kl1a.

§4.4. TBEP/ILIE BEILIECTBA

Ipy oxnaJeHHN XKUAKOCTH NPOHCXOINT JaibHellllee CHIDKEHHE KH-
HeTUYecKo# sHepruu Yactul. [Ipy HekoToOpoii TeMIepaType WK MHTEPBA-
e TeMIIePATYp JKHAKOCTh MEPEXOANT B TBEPIAOE COCTOAHHE, B KOTOPOM
YaCTHIIbl NPAKTUYECKH YTPAUHBAIOT MOCTYNATENbHOE [BHAKEHHE W COXpa-
HSIOT B OCHOBHOM Kosie0aHHs OkoJio cBoero nonoxenus. Hexoropeie oco-
OGeHHOCTH TBEpPAOTrO COCTOAHHS OBUIM yKazaHbl B Ta0N. 4.1. B otnnuue ot
Ta30B, HOCUTENISIMH CBOWCTB KOTOPBIX SBJISIOTCSA MOJIEKYJIbI, HOCUTEIIEM
CBOWCTB TBepHOro Teia sipisgercs (aza. Teepiable BemiecTBa MOTYT Haxo-
JUTBCS B aMOP(HHOM WM KPUCTAJUTMYECKOM COCTOSHHSIX..

AmopdHoe cocTosinne BemecTsa. Bemecrsa B aMmopdHOM cocTos-
HHWM HE HMEIOT YNopAAoYeHHOH cTpykTypbl. IlomobHo xuagkoctH y
amMop¢HBIX BellecTB Habmopmaercs ToNibko OnmkHUi nopapok. Ilostomy
BelllecTBa B aMOP(HOM COCTOSHMHU €Ul€ Ha3bIBAIOT MepeoXIaKAeHHbBIMU
KHIKOCTAMH C AHOMATLHO BBICOKOH BS3KOCTHIO. HekoTopble M3 HMX
O4YeHb MEAJICHHO TeKyT. HampuMep, mpu AMHTENBHOM cpoke cityxObl
OKOHHBIE CTeKJIa BHH3Y TOJLIE, YeM B BepxHei dactu. M3 amopdHeix Be-
INECTB Haubosiee M3BECTHO CTEKIO, OITOMY aMOP(HOE COCTOSHME €llE
Ha3bIBAIOT cTeK1000pazHeiM. B aMOp(hHOM COCTOSHHUH TakKe MOTYT Haxo-
JIMTHCS MHOTHE TIOIMMEPE], CMOJIBL, TIPOCThie BewecTsa (Se, Si, Ag v ap.),
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okcunnl (Si0,;, GeO,, B,O; u ap.), cynasdarsl, kapGoHaThl, HEKOTOPLIE
MHOT'OKOMITIOHEHTHBIE HEOPraHHYECKHE COEIHHEHH.

HexoToprle BellecTBa, HanpyUMep ONpeje/IeHHbIe MOJIUMEpPHI, B TBEp-
JOM BHI€ MOTYT HAXOIMThCS TOJNBKO B amopdHOM cocrosHud. Jlpyrue
BEIlleCTBa IMOJYYalOT B aMOP(PHOM COCTOSHHM O] BO3AEHCTBHEM OYEHb
BBICOKHX JIABJIEHHH WJIH IyTe€M CBepXOBICTPOTO OXJIAXKACHHUS PAaciUiaBoB.
[locaeanum cnocoboM, HanpuMmep, MOAyYaT TaK HA3bIBAEMbIe MeTajljId-
4ecKHe CTeKJIa, XapaKTepHdyeMble oCOObIMH KauyecTBaMH, B TOM YHCIIE
BBICOKOH YCTOWYHMBOCTBIO NPOTHB AEHCTBUSA XUMHUYECKUX BEILECTS.

AMopdHEIe BelleCTBA K30 TP O MH bl , T.€. UIMEIOT OJIMHAKOBBIE CBOM-
CTBa BO BceX HamparieHHsx. Kpome Toro, aMopdHeie BelecTBa IIABATCS
HE TpH CTPOro OnpeeneHHON TeMrepaType, a B HeKOTOPOM TeMIiepaTyp-
HOM HHTEepBale.

Kpucrannnueckoe coctonune Bemectna. [lonarngroniee GONbIIHH-
CTBO TBEPABIX T€T HAXOAUTCSA B KPHUCTATUTHYECKOM COCTOSIHMHM, [IO3TOMY B
JanbHeHIeM B JAHHOH riiaBe OyeT pacCMOTPEHO JIMLIb 3TO COCTOSHMUE.

KpucTaninueckoe COCTOSHHE XapaKTepu3yeTcs NAIbHUM TMOPSAKOM,
T.e. TPEXMEPHOH MEePHOHIHOCTBIO CTPYKTYPHI 110 BceMy 00BbeMy TBEpIO-
ro Tena. Perynsaproe pacroyioskeHHe 4acTHIL B TBEpAOM Telle H3obpaxaeT-
Cs B BHJIE PELIETKH, B y3/IaX KOTOPOH HAXOAATCS T€ WK MHble YaCTHLIBL,
COEIMHEHHBIC BOOOPaXKaeMBIMH JIHHUAMH.

MoHOKpHCTAIB! (OJMHOYHBIE KPHCTAIIB) XapaKTepH3yIOTCS aHH -
30TPONMHOCTHIO, T.€. 3aBHCUMOCTBIO CBOUCTB OT HAIpaBIeHHs B NPO-
crpaHctBe. CrieqyeT, OfAHAKO, OTMETUTH, YTO PeayibHbIC BELIECTBA IOJIH-
KPHCTAJUIMYECKHE, T.€. COCTOST U3 MHOXKECTBAa KPHUCTAJUIOB, OPUEHTHPO-
BaHHBIX [0 Pa3HBIM OCSM KOOPAHHAT, TIO3TOMY B TIOJIMKPHCTAJUTHIECCKHX
TeNIaX aHH30TPOTIHS HE MPOSBIAETCS.

Kpucranmuueckue BelecTBa IUIaBATCH TPU OINpEACTICHHOH TeMilepa-
Type, Ha3blBaeMOH TeMnepaTypoil nnasneHHU . [Ipu narpeBanuu
KPHUCTAJUTMYECKOTO TBEPAOTO Tesa MPAaKTWIECKU HEBO3MOXHO TPEBBICHTH
€ro TeMIIepaTypy IUIABJICHHs, [I0Ka BELIECTBO MOMHOCTHIO HE PACIUIABUTCA.

KpucTamisl XapakTepu3yroTcs 3Heprueif H OCTOSHHOM KpHUCTaJlTHYe-
CKOH pelieTKH, ¥ KOOPIUHAHOHHEIM uuciioM. KoopAHHanuOHHbBIM
YHCJOM Ha3bIBAETCA YMCIIO YACTHL, HEITOCPEACTBEHHO NPHUMBIKAIOLIMX
K JaHHOH wacTuue B kpucramie. YeM Gobiie KOOPAUHALIMOHHOE YHCIIO,
TEeM IUIOTHEE YTIAKOBKA KPUCTAUIA, T.€. TeM GoNpIyio noio odbeMa 3a-
HUMAIOT YacTHIIbl BellecTBa. [IOCTOSHHAA PELIETKH XapaKTepH3yeT pac-
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CTOAHHA MEXy LEHTPaMHM YacTHL, 3aHHMAIOUIMX Y376l B KpUCTAIE, B
HANPaB/IEHUH XapakTepPHUCTHYECKHX OCEil, T.€. OCel, KOTOpHIe COBMAJAIOT
C HanpapleHUAMH OCHOBHBIX paHeH.

DHeprueil KPUCTANAMYECKON pelIeTKH HA3BIBAIOT SHEP-
rUIO, HEOOXOMMYIO IS pa3pylLUeHHs OJIHOrO MOJIsi KpUCTaIa U yasie-
HUs YacTUL 3a Npenensl uX B3aumoaekcTeus. Ecnn B ysnax pewieTku Ha-
XOAATCSA aTOMBl UJIM MOJIEKYJIbl, TO SHEPTHsl PELUETKH Ha3bIBaeTCH IHEPTH-
eil cybnumauyn. OCHOBHOMN BKJIaJ B SHEPIHIO KPUCTAUNIHYECKON PELISTKH
BHOCHT 3HEPrus XMMHUYECKOH CBA3M MEXIy YacTHLaM4 B pelerke. Eau-
HHULIEH H3MEPEHUS SHEPryUH PEeIIeTKH, KaK U S3Hepruu XHMHUYECKUX CBA3EH,
aBnsercs KJx/Mons. :

Kpucrananveckne crpykrypbl. Hanmenbuiel cTpykTypHOH eavHH-
el KpucTaina, KOTopas BbIpaXKaeT BCe CBOWCTBA €r0 CHMMETPHH, SIBIS-
eTcs eMeHTapHas sueiika. [Ipy MHOroKpaTHOM MOBTOPEHHH SHEHKH MO
TpeM U3MEpPEHUSIM TOMYYaT BCK KPUCTAIMUECKYH petieTky. HMmeercs
ceMb OCHOBHbIX fueek (puc. 4.5), KOTOpBIE€ Pa3jM4aOTCd KaK NOCTOSHHbI-
MU peteTKH g, b ¥ ¢, TaK ¥ yriaMu Mexjly XapaKTepHCTUUeCKUMH OCAMH
o, B ny (tabn. 4.3). KpoMe OCHOBHBIX 3JIEMEHTAPHBIX AUEEK, UMEETCH eule
CeMb 37IEMEHTAPHBIX sfUeeK, SBJISIOMHXCS Kak Obl MPOM3BOAHBIMU OT OC-
HOBHBIX, HaNpuMep Kybuueckas o0bEeMHO LEHTPUPOBAHHAs U KyOuueckas
rpaHeLieHTpHpoBaHHas (pHc. 4.6).

| .
! |
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Puc. 4.5. 'eomerpuueckue QUIyphl, OTBEYAIOIIHE 3EMEHTAPHBIM
suehkam: - :

a — kyGu4eckoi; & -— TeTpadApUUYECKON; 8 — TeKCaroHaIbLHOMW; & — pombo-
HAPHUECKOH; 0 — OPTOPOMOHUECKOM, e — MOHOKIIHHHOMN; ¢ — TPUKIHHHOM.
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Tadnuua 4.3 [MocrosHHbIe 2IEMEHTAPHBIX AYEEK M YIIbI MEXKIY
XapaAKTepHCTHYECKHMH 0CAMHU

Tun 3aeMeHTapHOM ueiikn [TocTOAHHBIE pelETKY VYrae Mex Ay XapakTepucTu-
UCCKNUMH OCAMH

Kybuueckas a=b=c¢ o=p=y=90°
TerparouansHas a=bzc i a=p=y=90°
OpropomBuvecKas azh=c o=p=y=90°
MoHOKIMHHas azh#c a=y=90°, f=90°
TpukIMHHas azhxc ' o==y=90°
I"ekcaronansHas a=bzc o=B=90°, y=120°
PomBoanpuueckas a=b=c o=B=y=90°

Tun KpUCTaIMYeCKOl cucTeMbl onpesienseTcs NpUponoit ¥ pasmepa-
MH 4HacTHL, BHAOM XHUMHHECKHX CBA3eH MEXAy HHMHM, TeMNepaTypoil W
Apyruvu haxkTopamu. HacTuiisl pa3sMeLLAloTCs B pellieTKe TaKMM 00pazoM,
4TOOKLI IHEPTUSl CHCTEMbl Obl1a MUHUMaJIbHA. JIng Yactuu chepHUueckoi
(OopMBI ITO OCTUrACTCS MPH MAKCUMAIBLHOM KOOP/MHALIMOHHOM uuce,
T.¢. npu HauboJIee MIIOTHOH yrakoBKe (cM. puc. 4.6).

Hekoropele BeniecTBa 6AM3KOM XHMHYecKoH mNpupobl 0OpaszyloT
OJIMHAKOBbIE KPHUCTaJl/IMueckue CTPYKTYpbl. Takue BeluecTBa Ha3biBAlOT
mzomopbHbviMu. B Takux CprKTyan YacTHLB MOTYT 3aMEHiaTh
Ipyr apyra, Hanpumep Mg2+ u Ca’ B Ca,Si04 1 Mg28104 utn K" u Rb", a
takxe Al n Cr B keacuax KAKSOy,), - 12H,0.

Puc. 4.6. TpexmepHoe H300pacHUC yNakoBOK HIAPOB:
a — reKcaroHaipHasn; 6 — KyOHuecKkas rpaHeleHTPUPOBaHHas;
6— KyGuueckas 00bEMHO UEHTPHPOBAHHAA
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Tadnnna 4.4 Tunbi KPUCTAAIOB M CBOICTBA BeHieCTB

Bua wactuin Tun kpucramuion
B y3ax.
Caoiicrpa MOJICKYISpHBIE ATOMHO- MOHHbIE METALIHYECKUE
BCIIECTB KOBAJICHTHBIC
Yacruust Monexy sl AtoMsl Honsl ATOM-HOHBI
Tun cBsseit mexy Banacpeaans-
HacTHLIAMH COBbI CHIIBl, BO{KoBaneHTHbie |HMoHHBIE Mertananueckue
lnopoHbte
DHeprus cBs3eii HeBblcoxas Beicokas Bricoxas Or cpeaueit 1o
BLICOKOH
Temneparypa nnas| Huskas Bricokas . Bsicoxas Ot uuskoit g
neHus BLICOKOM
MexaHuueckue Msirkie Ovuenb TRepsle | - §BEPIBIC H Ot MArkHx Id
cBOlicTBA XpYIIKHE O4CHE TBEPABIX
DReKTpUYecKas Jimenextpuku | OT amanerpu-| JudnexTpuku | DnexTpoHHas
NpPOBOAMMOCTE KOB 210 MOJIYTPOA
BOJAHUKOB
Ilpumepst Bewects | Ar, O,, Ny, C, Ge, Si, KCl, CaF,, Li, Ca, Zn, Ni
COz, H2O 8102 SiC N3,2C03

Ilpu 3aMeliieHU# 1axe YacTH HOHOB MOIYT W3MEHSTHCS CBOWCTBA Be-
wectsa. HanpuMep, NpH 3aMeLieHUH YacTH AP B xopynne AL O; Ha wo-
up Cr'' npospaqﬂble KPHCTAJUIbI CTAHOBSATCA KpacHbIMH (pyOHH), a Ha HO-
et Ti'" 1 Fe®' — cunumu (candup).

MHorve coeqMHEHHs MOFYT CYLLECTBOBaTh Talkoke B ABYX Hiu Oonee
KPUCTA/NIMYECKUX CTPYKTypax. Takoe sBjieHHe Ha3blBaeTcs MOJIH-
Mopdusmom. B kayecTe nmpumepa noauMopdu3Ma MOXKHO yKas3aTb
cyitectsoBaHue SiO; B BHJE reKCaroHalbHOro KBapLa, poMOHHECKoro
TPUAUMUTA U KyOHueckoro kpucrtobanurta. [lonumopdHbie MOaUHKALIHH
CYIECTBYIOT U Y DONbINWHCTBA NIPOCTHIX BEILECTB, B ITOM Cilydyae OHY Ha-
3pIBAIOTCS  AJJIOTPONHBIMU (o ¢dopMe) Moaudukauusmu. B kauyecTse
npUMepa MOXCHO Ha3BaTh ajUIOTPOIHbIE MOAWUGUKAUHMH YIIepoaa: aiMas,
rpadur, kapbud u dynnepen (Ce). Kapbun Gpur otkpeiT B 1968 T.
(A.Cnagxos, Poccus), a dynnepen B 1973 r. teoperuuecku (J].bousap,
Poccus), u B 1985 r. — sxcnepumentansho (I".Kporo n P.Cmomnu, CLIA).

" Tlo mpupoje 4acTHl B y3jlaX KPUCTAIMYECKON PEHIETKH W XHMHYe-
CKHX CBSI3€H MEXIy HHMH MOXKHO BCE KPUCTAILIbI [10Jpa3e/IuTh Ha MOJie-
KyJISipHbIE, aTOMHO-KOBAJIEHTHbIE, HOHHBIE W MeTajliueckue (Tabn. 4.4).
Kpome TOro, cymecTBYIOT KPMCTAIbl CO CMELIAHHBIMH XHMHYECKHMH
CBAZAMM.
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MoJiexyasipabie KpHCTaMLIbL. B y31ax pemeTok HaxonasaTcs Moseky-
ABL, MEXAY KOTOPHIMH JIEHCTBYIOT BaHIEPBaaIbCOBBI CHIIbI, HMEIOLIVE He-
BBICOKYIO 3HEpruo (cM. ri1. 3). OTo u onpenesnseT CBOHCTBA MOJEKYNIAp-
HBIX KpHcTauioB (Tabn. 4.4 u 4.5). BemectBa ¢ MosekynaMu chepuye-:
CKOi (hOpMbI UMEIOT CTPYKTYpPY TUIOTHO#M yrniakoBku. Kpucrtamibl ¢ nonsp-
HBIMHM MOJIEKYJIaMH B y3/1aX UMEIOT Oosiee BBICOKYIO MPOYHOCTL W TEMIe-
paTypy IUIaBJICHUs, YeM KPHCTa/UIbl ¢ HEMOMSPHBIMH MOJIEKYJIaMH B y37lax
(tabn. 4.5). 3HaunTeENIbHOE YIIPOYHEHHE KPUCTAJUIOB OOYCIIOBIMBAIOT BO-
JAOPOAHbIE CBA3M, HAMIPUMep KpUcTaIoB nbaa (Tabdn. 4.5). U3-3a Hanpas-
JIEHHOCTH BOJIOPOIHBIX CBSA3eH KOOPAMHALMOHHOE YHMCIO WU TJIOTHOCTH
YIAKOBKH KPUCTA/UIOB CHWKaroTcs. Hanpumep, KOOpAMHALIMOHHOE YHCIIO
BOAbl B KPHUCTa/axX JIbJa PaBHO YETBIPEM W COOTBETCTBEHHO TUIOTHOCTHb
AbJA OTHOCUTENBHO HEBBICOKA (MEHBLIE TUTIOTHOCTH YKHAKOH BOABI).

Nl

Tadbnuua 4.5. XapakTepuCTHKH HEKOTOPBIX BeleCTB

Dueprust OnekTpryeckas
BemecTtso Bun kpucramna kpuctannuueckoit| Temneparypa NPOBOJHMMOCTD
PELIETKH, naasACHUA, npu 298 K,
kJx/Mons °C Cm - m!
CH, Monekynspubiit 10,0 -182 - -
HCI | MonexynapHsiit 21,3 -112 -
H,O MonexyngpHbiii ’ 50,2 0 -
C (anmaz) ATOMHO-KOBAJICHT- |- 715 3500 1-10°"
HBII
Ge ATOMHO-KOBJIEHT~ 369 938 1-2
HBIi
NaCl VouHbift 775 801 1-10"
Na Meranmueckuii 108,3 98 2,410
Al Merannuueckuii 310 660 3,8 107
Zn MeTanuyeckuit 131 420" 1,710
Mo Meranuyeckuit 651 2620 1,310

ATOMHO-KOBAJIEHTHbIE KPHCTAMLIBL. B y3i1aX KpUCTAINIOB pacnosa-
raroTcs arombl, 00pasyrouMe Apyr ¢ IpyroM NpOYHBIE KOBAJIEHTHBIE CBA3M.
310 00yCNOBIMBAET BLICOKYIO SHEPrHIO PelIeTKH U COOTBETCTBEHHO (H-
3MueckHre cBolicTBa BelecTB (Tab. 4.4 u 4.5). M3-3a HanpaBNeHHOCTH KO-
BAJEHTHBIX CBS3€il KOOPAMHAIIMOHHBIE YHC/A W TUIOTHOCTb YIIAKOBKH B
ATOMHO-KOBJIEHTHBIX KpHCTALIAX OOBIMHO HEBETHKH. Tak, B KpHucTauie
anMasa yriepoj UMeeT Sp -TMOPHIH3ALMIO U COOTBETCTBEHHO KOOPAHHA-
oHHOoe uucno 4 (puc. 4.7).
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Puc. 4.7. Ctpykrypa anMasa:

¢ —peweTKa: & — CXeMa HanpapJleHWit XUMHUECKHX CBA3CH -

Honnble kpucramibl. CTpyKTYPHBIMH €AHHMLAMH KPUCTAILIOB 3TOTO
THTIA SABASIOTCS TONOXKHUTENHHO M OTPULIATEIBHO 3aPSDKEHHBIE HOHBI, MEX-'
[y KOTOPBIMH MPOMCXOANT 3JIEKTPOCTATHYECKOE B3aUMOACHCTBHE, Xapak-
TEPU3YEMOE [JOCTATOHHO BbICOKOH DHEPTHEH. DTUM 00BACHAIOTCS CBOHCT-
Ba BELLECTB ¢ HOHHBIMM KpHCTannamu (tabn. 4.4 m 4.5). Uz-3a nenanpas-
JIEHHOCTH U HEHACBILIEHHOCTH CBA3eH U cdepuyeckor GopMbl HACTHI KO-
OpPAMHALIMOHHbIC YKCIa Y HOHOB MOTYT ObITb BBICOKMMH, KaKk Harpumep B
pewterkax NaCl (puc. 4.8) u KCI. ¥V coeanHeHuit co cI0OXKHbIMU MOHAMH
dopma KpUCTaNIMUecKo peleTk NcKaxaeTcs.

Meraninyecke KPHCTALILI H CBA3b. BOJABLIHHCTBO HICMCHTOB
nepuoauueckoit Tabauubl J[.M.MeHaeneepa oTHocATCs K MeTasniam,
KOTOpbIE XapaKTEPU3YIOTCH PAAOM OCOBBIX CBOHCTB: BHICOKUMH IEKTPH- -
uyeckod MpoBOAMMOCTLIO - (Tada. 4.5), TenmonposoaHocThio (OT Aoned
eauHun go 4,2 Bt/(K-cm)), KOBKOCTBIO M TUTACTUUHOCTBIO, MeTajlInye-
CKMM OJIECKOM M BLICOKOH OTpaXkaTelbHON cMOCOGHOCTLIO MO OTHOLIE-
HHIO K CBETY. JTH crieunpuieckue CBOHCTBA METAUIOB MOXHO OOBACHHTD
0COOBIM THIOM XHMHYECKOH CBS3H, MOMyUYHBLIEH HAa3BaHWE MeTallJl M-
UeCKOMH.

VY GoAbUIMHCTBA METANITIOB HA BHELIHEH 37€KTPOHHON 000/I0UKe UMe-
eTcsl 3HAUUTENILHOE YMCJIO BAKAHTHBIX OpOMTaseld M Manoe 4Mco 3JekK-
TpoHOB. [loaToMy 3HepreTnueckn Gosiee BLIFOAHO, YTOOBI ANIEKTPOHBI HE
OblIM JIOKANH30BaHbI, a MpUHagIexani sceMy Metanty. CorjlacHO TEOpHH
cBOOOJHBIX DJIEKTPOHOB B y3/1aX PELIETKH METa1a HAXOAATCS MOTOHH-

102



.

Puc. 4.8 Kpucrannnueckas cTpykTypa XJIOpHJa HaTpHis M YIAKOBKa
chpepHIecKUX MOHOB:

Gonsiume waps — C17; waps MEHbLLIMX pasMepos — Na*

TENbHO 3apPSXKEHHBIE MOHbI, KOTOpbIE MOrpPY>KEHbl B IEKTPOHHBIN «ra3y,
pacripeaeneHHsli Mo BceMy Metamty. Takum o6pasoM, BalleHTHBIE 3lieK-
TPOHBI Y METAJIOB HE JIOKaJHM30BaHbl. MexXAy MON0KUTENLHO 3apsKeH-
HBIMHM HOHaMW MeTajljia U HEJIOKAJIM30BAHHbIMU IEKTPOHAMH CYLIECTBYET
3JIEKTPOCTATHYECKOE B3auMoJeiicTBue, obecneunBaioliee YCTOHYHBOCTh
BEUIECTBA. DHEPrus JTOr0 B3aUMOJECHCTBHA SABJIAETCH NPOMEKYTOUHOH
MEXKAY IHEPrUAMH KOBACHTHBIX M MOJIEKYJIIPHBIX KpUcTawios. [Tostomy
37€MEHTbI C YHCTO META/LTMYECKOH CBA3BIO (S- M p-MeTajlTbl) XapaKTepH-
JYKOTCS OTHOCHTENBHO HEBLICOKMMH TEMIEpAaTypaMHy TIABJIEHUd M TBep-
10cThio. Hajtuue 371eKTPOHOB, KOTOpbIE MOTYT CBOOOAHO MepeMeliaTsCs
no obbeMy KpHcTasla ofecreurBaeT BbICOKHE MEKTPHUECKYIO NPOBOAU-
MOCTb U TEIUIONPOBOAHOCTb, & TAKXKE KOBKOCTb W TUIACTHYHOCTE METall-
n0B. Metannmueckuii 61eck 06ycioBIeH OTpakeHHEM CBETOBbIX JIyueH oT
NEKTPOHHOrO T'a3a, KOTOPbIH HECKONLKO BBIXOHMT 33 PPAHHIY MOMNOKH-
TeJIbHO 3apshKeHHbIX HOHOB. M3-3a HeHanpaBneHHOCTH cBsi3el, cdepuue-
cKkoH GOpMbl ¥ OAMHAKOBOTO pa3Mepa HOHOB MeTAJINbl KPUCTAIUTH3UPYIOT-
Cfl, KaKk TNpPaBW/IO, B MJIOTHOYNAKOBAHHBIX IEKCaroHaJIbHbIX WIH KyOude-
CKUX MpaHEUEHTPUPOBAHHbBIX CTPYKTYpax (cM. puc. 4.6).

Kpucraninl co cMemianHbIMHA cBI3SIMH. TOT WY MHO# BUA XHMH-
YeCcKOM CBA3HM WIIA B3aUMOJEHCTBUSA B YUCTOM BUAE B KpUCTALIax BCTpe-
yaetcsa pefko. OObIYHO MEXY HAaCTHLAMH CYIIECTBYIOT CJIOXKHbBIE B3aH-
MOJIEHCTBUSA, KOTOPbIE MOMKHO OTHCAaTh HAJIOKEHHEM JIBYX Win Gonee Bu-
JIOB CBsi3eil ApYT Ha Apyra.
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B HekoTOpsIX MOleKysIspHbIX KpucTaiax (Hanpumep, H,O, H,O,, HF)
Hapsaay ¢ BaHIEPBAalbCOBbIMU CHJIAMH BO3HHKAIOT BOAOPOJHBIC CBA3M,
KOTOPBI€ 3HAUUTENILHO YTIPOUHSIOT KPHCTANJIbL. ,

HoHHas cBA3b B YHCTOM BHE NMPAKTHUECKH HE CYUIECTBYET, TaK Kak
MEX]y YacTHLaMH B HOHHBIX KPHCTAJUIAX TAKXKe JCHCTBYET KOBaJleHTHAs
CBSI3b, MO3TOMY MOXKHO JIMIUE TOBOPUTH O TOH UM MHOM CTENeHW MOHHO-
CTH, KOTOpas BO3PACTAET ¢ YBEJIMYEHHEM Pa3HOCTH DJIEKTPOOTPHLIATEIh-
HOCTEH 4acTULl B KpUCTasiax.

VY d- n_f-MeTannoB HapsaIy ¢ HEOKATM30BaHHOW METATUTMYECKOH CBA3bIO
MOTYT JeHCTBOBaTh TaKXe JIOKAIH30BAHHbIE KOBAJIEHTHBIE CBS3M MEMCIY
COCEeAHUMH aTOMaMHM, HMCIOIINMH HeCTapeHHble d- W f-35ieKTpoHbl. B
3THX CAy4asx BO3pacTaeT BHEPrus KPHUCTAJUIOB, TEMIepaTypa MiaBlieHus
M MPOYHOCTH MeTAJTOB (cM. Tab. 4.5).

B aToMHBIX KpUCTa/IaX HapsAy ¢ KOBAJEHTHOH CBA3bIO MOTYT Cylle-
CTBOBATh BaHIEPBAabCOBBl CHUJIBI, HANPUMED Y OIHOHM W3 aljIOTPOIHBIX
moaudukanvii yriepoaa — rpadura. Ilpu o6pa3oBaHUH KPHCTAIOB Ipa-
duta y yrieposa TMPOMCXOAUT sp’-
rubpuansaums (cMm. ri. 2) ¢ obpasosa-
HUEM JIBYMEPHBIX (IJIOCKMX) CTPYKTYP,
Yy KOTOpbiX BAQJIEHTHBIE YIJIBI CBsi3eH
paBubl 120° (puc. 4.9). dnuHa cBszn
C-C e nnockoctu pasHa 0,142 um.
YeTeepThlit  BafCHTHBIA  AIEKTPOH
(p-DAIEKTPOH) KAKJIOTO aToMa BCTyIaeT
B T-CBSI3b MEX/y COCEJAHHWMH aTOMaMH.
OTH T-37€KTPOHBEI OYEHb TMOJBHXHbBI U
o0ecreunBaoT 3NIEKTPOHHYIO POBO-

‘\\\\\\\ ": \\\\ y AMMOCTb. Mexay MJIOCKAMM  CIIOAMH
. ‘rpacduTa BO3HHKaeT cnaboe BaHIepBa-

.
Puc. 4.9. Crpykrypa rpadura ajlbCOBO B3al/]MOHeﬁCTBHe, JIHUHA CBA3H
coctagJiser 0,35 HM (puc. 4.9).

[Ipounsie koBaneHTHble cBa3M (716 k]Di/Mons) obecreunBatoT rpa-
GbUTY BBICOKYIO TeMMepaTypy IUIaBI€HUS U XUMHUYECKYIO CTOHKOCTb, Ha-
JIMYHE TOABVKHBIX 3JIEKTPOHOB T-CBA3H — MIEKTPUUECKYIO MPOBOAUMOCTh
W TEIUIONPOBOAHOCTE. Tak, 3/IeKTpPOHHAsA MPOBOUMOCT: MOHOKpPHCTANIa
B HAMPABICHAHN, MAPAJIELHOM MI0CKOCTH sp*-ruGpUIM3ALMM COCTABIAET
2,6-10° Cm- M. Mi3-32 cnaGbix BaHIepBAANbCOBLIX CHI (FHepTHs cBa3u 17
iJDx/Monb) Mexay ciosMu rpadHT OYeHb MITOK, JIETKO pacclauBaeTcs,
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YTO T103BOJISET UCIOJIB30BATE €r0 KaK CMa3Ky M KaK HAMOJHUTENlb CTepk-
. HeH Kapanpalei. '

BeneacrBue 60ab110ro pacCTOSHUA MEKAY MIOCKOCTAMH H HH3KOH
DHEPTUM CBA3M MEXKY TJIOCKOCTAMH rpaduTa MOTyT BHEAPSATHCS aTOMBI
APYTHX 3]IeMEHTOB, HanmpuMep (TOp, LETOUHbIe METAIIITBI, HOHbI MU MO-
nexynbl, Hanpumep [Cl, FeCl;. B pesynbrate nony4aiorcst coenuHeHHs
rpactura, Hanpumep CqLi, C:K, CF,, CICl,.

Takue coenMHeHHs HA3bIBAKOTCS MHTEPKAJAATAMU WIM CHTOHMC-
ThIMH coeauHeHHsAMU. [Ipouecc BXoxIeHUS MOSEKY, HOHOB MK
aTOMOB B PEHIETKY Ha3blBACTCH HHTEPKAaNTHPOBAHUEM !

C+xF =CF,

HuTepkanupoBaHye xapakTepHO HE TONbKO Ans rpadura, HO U s
MHOT'MX JpYTUX NMPOCTBIX BEILECTB U coenuHenuit, Harpumep TiS,, V,0s,
MﬂOz. .

IIpH BKITIOYEHHH aTOMOB, HOHOB WIH MOJIEKYJ1 B rpadHUT U3MEHSIOTCS
MEXIIIOCKOCTHbIE PACcCTOSHUA KpucTanna rpadgura W ero cpoifcrea. Ha-
TIpUMep, 3MeKTpHUeckas POBOAUMOCTb HEKOTOPBIX WHTEPKalsTOB rpa-
¢dura npubIuwKaeTcs K MPOBOAUMOCTH METAJIOB, a MHOTAA M ee TPeBoC-
xoauT. MHTepKanaThl yxe HaAXOAST NPUMEHEHHE AJISl U3TOTOBIIEHUS MPO-
BOJOB, coelMHeHus rpaduTa co GTopoM ¥ JTUTHEM HCTONB3YIOTCS B Kaue-
CTBE MEKTPOIOB HOBBIX SHEPTOEMKHX XMMHUYECKHX UCTOYHUKOB TOKA.

CAoucTble coeIHHEHHs SIBJASIOTCS Pa3HOBMIHOCTBIO 0coboro kiacca
COEMHEHHMH, Ha3bIBAEMBIX KJaTpaTaMH WIM COEAMHEHHIMH
BKJIIOYEHH S, KOTOpble 00pa30BaHbl BKIKUEHUEM MOJEKya («rocTeiy)
B MOJIOCTH KPUCTAJUTMYECKOr0 Kapkaca, COCTOSLIEro U3 HacTHL ApYroro
BUAa («xo03s1€B»). KpoMe CouCThIX cOeANHEHHI (MHTEPKANATOB), K KaaT-
paTam OTHOCSTCS ra30Bble MMAPAThI, KIIATPAThl MOYEBHHBI U AP.

B razoBbix rugparax B noJOCTAX KPUCTALIOB Jbjia MOTYT HAXOAHWThCH
Cly, Ar, Xe, H5S, CHy, Br; unu ap. HanpuiMep, v3BecTHBI KIaTpaTs! npu-
mepHoro cocrasa CH, - 6H,O, B koTOpBIX Ha 46 MOReKyn BoAbl UMeeTca §
MOJIOCTEH, 3aHSTHIX MONEKY/IaMH METaHa. ‘ ‘

Ilo Teopun Jl.IlosmHra obpazosaHue razoBbiX M'MAPATOR B MKHAKOCTH
MO3ra SIBJAETCs NPUHUHOW aHeCTe3uM, Harnpumep kceHoHoMm. Knarpatb
CYLIECTBYIOT B npupoae. Harpumep, poccuiickue ydensle (A.A.Tpo-
(bHUMYK U Ap.) OTKPBLUIA, 4TO Ha 3HA4YNTEAbHOH rnyOuHe B 3eMuie B pailoHax
BEUHOH MEp3IOTHl CYILECTBYHOT TBEPABIC K/IAaTpaTbl MeTaHa. 3TO MCTOY-
HUK LEHHOIO ChIPbS, C APYroi CTOPOHBI — 3TO MOMOJIHEHHE NMAPHMKOBbIX
ra3oB 3a cuHeT MeTaHa MpH TasHuM kiaatpaToB. Kiarparbl Mcrnonb3yoTes
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JJIA pasjesnieHHs ra3oB, 0co0eHHO OnaropoaHbIX, ONPECHEHHS MOPCKOM
Boabl. [Ipn mopaue nponana mon jaBiieHreM oBpa3ylOTCs TBEp/bIE raszo-
BbIE€ KJIATPATBI, 10C/IE HX OTAENEHHS U HarpeBaHHA IONyYaloT YHCTYIO BO-
Ay W npornaH, KOTOPBIH CHOBa Mcnojb3yeTcs B npouecce. Ilpouecc onpec-
HEHHs MOXKHO BRIPA3MThb C MOMOLIBIO CJIEAYIOLHX YPaBHEHHHH:

(1-7)MIla,
(1-24)°C

Mopckas soga + n(C;Hg) ——= = (C;Hg * 6H,0), + Paccon
0,5MMa,

(CiHs - 6H,0), —2C 5 n(C3Hg) + 6nH,0

B 10 xe Bpemsa obpazoBaHHe ra3oBbiX MMAPATOB JOCTaBsieT DOJbLIHe
HENPUATHOCTH PabOTHHKaM He(TAHOM U ra3zoBOi MPOMBILLIEHHOCTH, T10-
CKOJIbKY OHU MOTYT 3a01BaTh TPyOONpOBOALI K armnaparypy.

Taxknm oOpazom, TBepjble BELIECTBA MOTYT HaXOJHThCA B aMOp(pHOM
M KpUCTaJLTMuecKoM cocTosHUuAX. HocuteneM CBOMCTB TBepabiX TeN SBIS-
erca ¢asa. CywectByer 14 THNOB KpHCTauTHYeckuX pewuerok. CBoiicTaa
KPHMCTaJUIHYECKUX CHCTEM MpEX/E BCErO OMpPEAEIOTCS THIIOM XHMUYe-
CKHMX CBs3€il M B3auMoaeHcTBUeM YacTull. B 6onbLIMHCTBE clTydaeB B KpH-
CTajlaX CyLIECTBYET HECKOJILKO BUAOB CBA3M MeXAY dacTuaMHu. Mmerot-
CA CIOXKHble KPHCTA/UIMYECKHE BELIECTBA, HAlIPUMEp, COEMHEHHs BKJIIO-
yeHus (KIaTpaThl), B TOM YHMC/IE MHTEPKAISTH, KOTOPbIE HAXOAST BCe 6o-
Jiec IMPOKOE NMPHUMEHEHHE.

B()l’lpOCbl AJ151 CAMOKOHTPOAA

4.7. KakoBa npupoAa cujl B3aMMOAEHCTBHS MEXAY YacTHIlaMu B kpuctamnax Xe, HBr,
CH;COOH, Na u NaCl? Pacrionoxkure ux no Mopsaky BO3pacTaHUs SHEPrUH KPHCTALIH-
YECKHX PELIETOK.

4.8. Kak BBl MoxeTe 00BACHHTE GOJIBUIYIO Pa3sHUIy B TeMIepaTypax riaBieHus Na,
Zn v Mo?

4.9. O6bsicHuTe, IOYEMY AIMa3 MMEET HCKITHOYUTENBHO BBICOKYIO TBEPIOCTD, a Apyras
aIIOTPOHAS PAZHOBUIHOCTE YTIepojia — FPauT — JOCTATONHO MATKOE BEILIECTBO.

4.10. OObAcHHTE, NOYEMY KOODAMHAIIMOHHOE HYMCIO0 KPHCTAMMYECKOM pELIeTKH
KPEMHHS PaBHO YETHIPEM, a ero cocea B Tabnve J1.M. Menzeneesa Ti — asenaniaru?

§ 4.5. IOHATHE O 30HHO# TEOPHUM KPUCTAJLIOB

XHUMHYECKYIO CBA3b M CBOMCTBA KPUCTATHYECKUX TEJl MOXKHO 0OBsC-
HWTB C UCIOJIL30BAaHUEM METO/]a MOJIEKYIAPHBIX opbuTaneit (MO) (cMm. r.
2). CornacHO 3TOMY METOAY NpH 00pa30BaHMM XHMHUYECKOH CBA3M oOpa-
3yIOTCSl MOJIEKYJIIPHbIE OpPOMTaNH, OXBAaTBIBAIOLME BCIO MOJIEKYJy, TIpH-
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4eM IIPOMCXOAMT pAacIleNICeHHE SHEPreTHUECKUX COCTOSHHM Ha CBA3bI-
Barowiue MO ¢ HU3Ko# sHepruei u pazpoeixisioutne MO ¢ 6onee BLICOKOM
s”eprueil. [lpu B3auMoaeHcTBUM OOJbLIETrO YHMCIA JEKTPOHOB aTOMOB
obpasyercsi cooTBeTCTBeHHO U Gonbliee yucao MO u yMmeHblnaeTcs pas-
HOCTb 3Hepruit mexay HuMH (puc. 4.10). Tlpu o6pazoBaHuM KPUCTAIIOB B
XWMHUYECKHE CBA3M BCTYNMAET OFPOMHOE UHCIIO YacTHll N U COOTBETCTBEH-
HO ofpasyercs orpomHoe uucio MO, OXBaThIBAIOHIMX BECh KPUCTAILI,
Pa3HOCTb MEXIY 3HEpreTHuecKMMH ypoBHAMH MO upe3pbluaiiHo mana. B
pesynbrate oOpasyloTCsl SHEPreTU4YECKHe 30HbI, COCTOSUIME M3 OTPOMHOTO
yucna noaypoeHeH (puc. 4.10). PazHocTh Mex Iy BepxHel W HIDKHEH 3Hep-
UMM 30HB! Ha3bIBAETCS LUMPHHOH 30HBI. Hampumep, ecnv 1iMpHHA 30HEBL
coctapnseT 1 3B (96,46 x/Ix), a B KpHcTaLIe coaepkurcss 1 MOJb YacTHL,
TO pasHHLIA MEXTY SHeprusamu Oyner umets nopsaok 107 k/bx.+B coor-
BETCTBUM C NMPHUHLIMIIOM MUHUMAJILHON SHEPTHH 3al0JJHEHHE 30H JIEKTPO-
HaMH IIPOUCXOIHUT B TNOPSAJKE BO3PACTaHM JHEPIHH, a COTIIACHO NPHUHLHIY
INaynu, Ha kaxgoit MO moxeT ObITh paszMmeltieHo He Gojiee IBYX 3JIEKTpPO-
HOB, TIpHYEM C aHTUNAapaIebHBIMU CIIUHAMU. COOTBETCTBEHHO B S-30HE
MoxeT ObiTh He Dosee 2V 2eKTPOHOB, B p-30He — He Ooriee 6N 371eKTPOHOB,
a B d-30He — He Gonee 10 N 2/1ekTpoHOB.

30Ha, TIOTHOCTHIO 3allOJIHEHHas
NIEKTPOHAMM,  Ha3bIBaeTCA  Ba- _—
JeHTHOHW. 30Ha, cBOOOAHas oOT
3JIEKTPOHOB H HaXOAALIAsCs 1O BHEp- .
I'MM BbILIE BaJICHTHOM 30HbI, Ha3bIBa-
eTcst 30HOH TMPOBOJAMUMOCTH.
BanenTHas 30Ha U 30HA MPOBOJAUMO- 7 2 4
CTH MOTyT 0O NepeKkpuIBaThCA, JH- Uueno atomos
60 He nepeKphIBATLCS /YT C PYTOM. Puc. 4.10. M3meHenue snHepruit moje-
Ecin st 30HBI He NEPCKPBIBAKOTCA  kyngpapix opbutaneii npH yBeAMHYEHNH
ApYyr ¢ ApyroM, To MeEXay HUMH Cy- YUClia pearupyrommux aTOMoB
IIECTBYET 3alipelleHHas 30Ha ¢ IIH-
punoit AE (puc. 4.11). HlupuHy 3anpelieHHON 30HBI ONPEAEIAET TUIT KPH-
CTajina: MeTajia, NMOJYNPOBOAHMKA WIM IHM3JIeKTpuKa. Teopus, ¢ mOMoO-
UIBI0 KOTOPOH OOBACHAIOT CBOMCTBAa KPHCTAJIJIOB, NOJYy4WUJa Ha3BaHHE
30HHOH TEOPHH. :

Merannbl. Y METanIoB BaTCHTHbIE 30HbI U 30HBI IPOBOJMMOCTH Tle-
pexpbiBatotes (cM. puc. 4.11). Tak, y s- ¥ p-MeTaI0B NEPEKPHIBAIOTCS
BHEUIHHE S- ¥ p-opOuTany. Tak KaK YHCJIO 3TIEKTPOHOB Ha 3THX OpOHUTaNiIX
MeHbIlle yaBoeHHoro uvcia MO, To umeercd OoNpIIOe YUCIO HE3AHATHIX
MO B 30He npoBoauMocTH. DHeprud MO B 30He MPOBOOMMOCTH OTHOCH-
TEJILHO MAlo OTJIMYAKOTCS APYT OT APYra, MI03TOMY 3JIEKTPOHBI MPH OYEHb
HE3HAYHTENNBHBIX BO30YXAEHHUAX JIETKO TMepeXxoaar ¢ ool MO Ha cre-

= I 1
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ayoutyro MO, yto u obecneunBaer 371eKTPUIECKYIO NMPOBOAUMOCTh U Te-
wionpoBoAHOCTs. [Ipu MoBBILIEHUH TeMIEpaTypbl Bce OOMBIICE YMUCIO
3/1IEKTPOHOB [1EPEXOJUT Ha BakaHTHble MO B 30HE MPOBOIWMOCTH, HTO
NPUBOMT K YMEHBUIEHHIO YMCIIAa BakaHTHBIX MO M COOTBETCTBEHHO K
CHWDKEHUIO BJIEKTPHYECKOHM NPOBOIMMOCTH. Y d-371EMEHTOB MPOMCXONT
repeKpeIBaHue ns-, up- U (n-1)d-3o4. OfHako d-30Ha OTHOCHTENBHO He-
1MPOKas, MO3TOMY MOMKHO CUMTATh, HTO YacTh d-35EKTPOHOB B MeTajjax
JIOKA/IM30BaHbl, T.€. 0OPa3ylOTCst KOBAJIGHTHBIE CBSI3M MEXY COCEAHMMH
aToMaMM ¥ OOYCIIOBJIMBAIOT MOBBIIEHUE TEMIEPATYPbI (LIABJICHUS M Me-
XaHUUYECKOH MPOYHOCTH d-37IEMEHTOB H OCOOEHHO 3JIEMEHTOB B CEpPelHHE
u B KoHLe nepuoaor (IV-VIII rpynn).

JudnextTpuxku. VYV nuanex-
TPUKOB (M30JATOPOB) BajleHTHas
BareHTHas 30Ha 30Ha M 30Ha NpoBOAHUMOCTH pa3-

r JeNEeHbl  3alpelleHHOH  30HOH
(cm. puc. 4.11, a), wuMpUHa KOTO-

3ona nposogumocrn POV TpeBbiaer 4 oB. Jlna Bos-
Oy>KIEHUS 3JIeKTPOHOB, T.e. HX

SoHa npoBogumocTH

E SanpeiyeH -~
= peliennan soHa  nepexoiia W3 BAICHTHOM 30HBI B
BaneHtHas sowa 30HY MPOBOANMOCTH, Tpebyercs
6 . OdeHb 3HAYMTENbHAS OHEprus,

Mpy TOABEAEHHA KOTOPOH KpH-

E
m Soma mposogumocry  CTAN MO paciuiasuTCs, HGO
paspyumtes. K 1uteKTpHKam

aE 3anpewennas sona ~ OTHOCATCSL MHOIME BeELUECTBAa C

WOHHBIMM W MOJIEKYJISIPHBIMU

m Banentran soma kpuctasnamu. 1lluprxa 3anpe-
a

HIEHHON’ 30HBI B MOHHBIX OWHap-
*Puc. 4.11. 304Had CTPYKTYpa AMINEKTPUKOB  Hpix KpUCTal]aX BO3pacTaeT ¢
(a), NOMYNIPOBOAHMKOB () N METALIOB (6) yBeJMUEHUEM PasHOCTH  dJiek-
TPOOTPULATENLHOCTEN  KOMIO-
HeHToB. Hanpumep, ecnu mivpuHa 3anpeileHHoi 30Hbl y Nal Gnnska k 6
3B, To y NaCl — « 8 3B. K nuanexkTpukam OTHOCATCS HEKOTOPLIE BELLECT-
Ba C KOBAIEHTHBIMHU KpHcTa/ulamMu, HarnipuMep anmas (AE =5,1 3B) u keapu
(AE=5,23B). ‘
IToxynpoBoanuku. [lpu wmwmpuHe 3anpeuieHHOH 30HbI HWke 4 3B
KpUCTAVTMYECKHE BEIUECTBA MPOSBIAIOT NOJYNPOBOJHUKOBBIE CBOMCTBA.
Ipu nornoluesuy 3HEPrux 3AEKTPOHBI BAJICHTHOH 30HBI BO30YKIAIOTCH U
nepexolsT B 30Hy nposogumoctH (puc. 4.12, a). B pesyabTate B 30He
NPOBOAMUMOCTH MOSBISIOTCS NOABUKHBIC 3EKTPOHDI, 2 B BAJIEHTHOH 30HE
BaKAHCHH WJIH MOJIOKHUTEJILHO 3apsiKeHHbIe AbIpku. Hanuune moaerxHbIX
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" Puc.4.12. CxeMa NpOBOIMMOCTH NONYNPOBOIHAKOB:
a — cobCTBEHHOM; 6 — NPHUMECHOH aKUENTOPHOMH (p-THNa); ¢ — NOHOPHOM (n-Tuna); 311 -
30Ha ‘NPOBOAMMOCTH; B3 — BanentHas 30Ha; AY — akuenTopHblit yposeHs;, 1Y — noHop-
HbI} YPOBEHB

3JIEKTPOHOB M IBIPOK obecneqnBaeT coOCTBEHHYIO HPOBOAUMOCTb MOIY-
MPOBOAHKUKOB. [IpH BHElLIIHEM 2JEKTPUUECKOM I10JI€ TTOABIAETCS JBHKEHHE
3JIEKTPOHOB B OJHOM, a JBIPOK — B MPOTHUBOIMOJOXKHOM HAaIpaBIEHUSX.
CoOcTBeHHy 0 NPOBOAMMOCTE MMEIOT, HanpyMep KpeMHHH U repMaHuii.
TIpOBOAMMOCTH MOTYNPOBOJHUKOB MOXET HOSBUTHECH H B pe3ysbTaTe
BBEJIEHUS HEKOTOPHIX MPUMECEH B KPUCTAIUIBI ¢ 3anpeleHHoH 30HoMH. Ec-
. 1 B KpeMHMi BBECTH KAaKOH-AMOO 3n€eMEeHT MATOH rpymnibl, HalpuMmep
CYpbMY, Y KOTOpOH MMeeTCs NATb BaJE€HTHBIX JJIEKTPOHOB, TO YeThipe
JNIEKTpOHa 00pasyIoT napbl C YETHIPbMs JIEKTPOHAMU KPEMHHMs, U OAMH
U3 3JIEKTPOHOB CYpBbMbI OCTA€TCst CBOOOAHBIM U NMpH BO30YXIEHUM nepe-
XOIHUT B 30HY MpoBoauMocTH (puc. 4.12, ), coobmas KpUCTauly SJIeK-
TPOHHYO NMPOBOAUMOCTEL. [IpUMecE CypbMBI B 3TOM Cllydae Ha3bIBaKOT A0-
HOpPHOW, a NONYAPOBOHK — [TOAYMPOBOAHUKOM A-THIA. EC/H K KpeMHUIO
JOOaBUTH IPUMECh WHIMSA, MMEIOIIEro TPH BAJIEHTHBIX 3JIEKTPOHA, TO B
3TOM ciydae 00pazyroTCsl TP CBSI3H KpeMHHUS ¢ MBAueM. JUid nosiHoro ok-
~ Teta (8 3MEKTPOHOB) B aTOME KPEMHHUS HEOOXOIHM €Ile OJHMH DJIEKTPOH, KO-
TOpHIfi MOXKET TEPERTH Ha CBA3b U3 BUICHTHOH 30HBI KPEMHUSA TIpH HEOOJIB-
: IIOM BO30Y)KIEHUHU. B 3TOM Cilydae B BaJIEHTHOHM 30HE MOSBHTCH IOJIOHH-
TENBbHO 3apsbkeHHas BakaHcus (Abipka). [losBnenue apipok obecrieunBaeT
TIPOBOAMMOCTE TOTYNPOBOAHMKA. [IpuMech MHAMA ABJISETCS aKUENTOPHOH,
* a NONMYIIPOBOHMK HA3BIBAIOT MOTYNPOBOJHUKOM p-Tuna (puc. 4.12, 6).
Cremyer OTMETHTB, YTO TIPH HEKOTOPHIX BHELIHMX YCJIOBMSX, HAIPU-
Mep TIPY CBEPXBBICOKOM JaBJIEHHMH, aTOMbl KPHCTAIUIOB HACTOJNBKO COJIH-
JKAroTCs Jpyr ¢ ApYroM, 4TO BaJICHTHAs 30HA M 30Ha [IPOBOAMMOCTH Iepe-
KPBIBAIOTCS, M TIOMYNPOBOAHMKH W J2XKe DIEMEHTHbIC AMAIEKTPHKH, Ha-
NpUMep BOAOPO/, MOTYT [IPEBPAIIATLCSA B METAJLIBL
HWrak, 30HHas TeopHs TMO3BOJSIET OOBACHUTH HJIEKTPUUECKHE M TEIUIO-
BbI€ CBOMCTBA METAJUIOB, NQIYIPOBOAHUKOB U AU3JIEKTPHKOB.,
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BOHpOCbl JJst CAMOKOHTPOJIA

4.11. Ecaun mvpyHa 3anpelieHHoi 30HBI B MONynpoBogauke cocrasiser 0,5 9B, To
KaKyl0 MHHMUMAJBHYK 3HEPTHIO HEOOXOIMMO MOABECTH, UTOOL! B 30HY NMPOBOAUMOCTH Tie-
petusio 0.1 Monb 3nEKTPOHOB?

4.12. Kakue npuMechl, KpoMe PacCMOTPEHHBIX B 3TOM Maparpade, HykHO N0GaBUTE K
KPEMHUIO, 4TOOLI MPEBPATHTH £r0 B: ) H-NONYMPOBOAHKK; 6) p-TIONYIPOBOAHHUK?

§4.6. PEAJIBHBIE KPUCTAJLIBI. COEAMHEHHUSI NEPEMEHHOI'O COCTABA

PeanbHbie TBepble Tela He NMPEACTaBsiOT co00l MAeanbHOr0 MOHO-
KpHCTaIa, MPOCTUPAIOLIErocs Mo BceMy o0beMyY BeleCTBa, a COCTOAT M3
OTAENbHBIX MOHOKPHUCTAJLIOB, Ha3bIBAEMBIX KPHCTAIIHTAMH, CPOCIIUXCS
JpYr C ApYroM M HMEIOLIMX MEXKPUCTAUNIMTHYIO rpaHuily paszjaena. Or-
Ae/bHbIE KPUCTAUTMTHI B CBOIO OYEPElb MMEIOT HECOBEPIICHCTBA, Has3bl-
BaeMbic D,ereKTaMPI

@ @@ HedexThl B Kpucrainax. Paziuuaror To-
YyeuHbie, JMHEHHbIE M Tnockue aedexTtsl. To-
yeyHble 1eQeKThl — 3TO MO0 OTCYTCTBHE HOHA
MM aToMa B y3Jlax pelmetkd (BakaHcuu) (puc.
4.13, a), nubO MOHB! HJIM aTOMbI, HAXOAAILMECS
Puc. 4.13. Toucunplii fe- MEXAY y3/1aMu pewieTkH (puc. 4.13, ). Jluuei-
(ext B HOHHOM KpUCTAIIE B ypie ned)eKThl, WM OUCIOKALH, — 3TO Hapy-
y3Je peweTky (a) npu nepe-
Xoze yoHa B Mexioyse (6) EHHA WICATBHOTO PaCIONOKEeHUs TPyl Yac-
THI, KOTOPbIE MOXHO PACIONOKHUTH B/IONb BO-
o6pa>1<aeM0u NpsAMOH HJIM KPUBOH, HATIpUMEP BHHTOBOH, JIuHHH. [Inockue
nedeKTbl — 3TO CMELLEHHE MOJOKEHUs TPyl YacTHL, KOTOpbIE MOXKHO
PACTIONIOKHMTh Ha KakoH-nubo ruiockocTd. Haubosnplree BnusHMe Ha XH-
MUYECKHE M HeKOTOphle (hH3HHEeCcKHe CBOHCTBA OKa3biBAIOT TOYEUHBIE Je-
(hekThl, MOATOMY OCTaHOBUMCSI Ha HHMX NoJApoOHee. K 0CHOBHBIM IpHUH-
HaM BO3HHKHOBEHHS TOUYEUHBIX NE(EKTOB OTHOCAT TEIIOBOE ABHXKEHHE
YaCTHLl, HAJIMYHE B KPUCTAIAX NMPUMeEceH H HECTEXHOMETPHS KPUCTAILIOB.

Kak y»e yxa3bIBajloch, YacTHLBl B KpPUCTAJIE HaXOIATCS HA paccTos-
HUSX, TIPYU KOTOPBIX 3HEPTUA CHCTeMbl MMHMMaNbHa. CaMy 4acTUlbI B y3-
nax peueTky KonebnoTcs OKoI0 CBOETO MOJIOKEHH paBHOBecHs. Kak v B
razax W >KHAKOCTAX, IHEPrHus 4acTHL MOAYUHAETCS pacrpe/ieneHno Mak-
csenna — bosbumana. Yactuipl, obMagarolme MakCHMalbHbIMH YPOB-
HSIMH SHEPruM, MOTYT BbIPBAThCA U3 COCTOSHUSA pPaBHOBECHs (y3J1a pelueT-
KHM) M TepelTH B MeXI0y3/Iue Ha OoJiee BHICOKHI DHEPreTHYECKHA ypo-
BeHb. TakuM 0Opa3oM, BO3HUKAIOT TEIUIOBBIE Ne(eKThbl, YUCIO KOTOPBIX
BO3pacTaeT ¢ yBEJIUUEHHEM TeMIIepaTyphl.
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IMpuvecHeie nedexTsl 00YCNOBNEHBI TeMH WM HWHBIMH TPUMECIMH,
NonajaoulnMH B TBEPOE TEJIO NPH €10 KpHCTAUIH3aUuH. Takue npuMecH
MOTYT BBI3BIBATh MOJTYIPOBOHUKOBbIE CBOHCTBA HEKOTOPHIX TBEPABIX TEJ
¢ KOBAJICHTHBIMU KpHCTa/aMH (cM. puc. 4.12). H3-3a Hann4uus aedexTon
HEKOTOPBIE HOHHBIE KPHCTaJibl 001azaloT HOHHOW HPOBOJAHUMO-
cTrio. Takve TBepable BeulecTBa, OOJanalOIIME WOHHOH NPOBOAMMO-
CThlO, Ha3bIBAlOTCA TBEPJABIMH DJJEKTpPOIHTaMHu. B kpucramuiax
Z1Q,, conepxailero HeOonbmoe KonuuecTBO (MonspHas gons 8-15%)
OKCHZAOB LIETOYHO-3€MeIbHbIX MeTasuios, HanpuMep CaO, unu penkose-
MEJIBHBIX METAINOB, HanpuMep Y,03;, MMEIOTCS HOHHBIE BaKaHCHH B CBS3H
€ MEHBIUMM KOJMYECTBOM KHCNIOpoAa Ha ofuH aToM y Y wiH Ca B 3THX
okcupax. CmerinanHble okCuabl (Zr0;)oo(Y,03)o1 CITyKaT 3J€KTPOIIUTAMH
B HOBBIX NEPCIEKTHBHBIX UCTOUHHKAX IHEPIHMU — TOIIUBHBIX NEMEHTaX
(cMm. . 9). Tlpuemnemas HOHHas NPOBOAUMOCTb Y 3THX OKCHM/IOB HAaCTy-
maet npu 900-1000" C. OxHako, B NOC/EXHME OB 00HAPYKEHBI HEKOTO-
pble TBEpABIC SACKTPONUTHI, MOHHAS NPOBOAMMOCTL KOTOPHIX NIPHU KOM-
HaTHOH TemmepaTtype Ha 5—6 MOPAAKOB BbILIE MOHHOH IIPOBOAMMOCTH
KJIACCUYECKUX TBEPABIX EKTPOIHTOB M MPUOIIDKAETCH K 3IEKTPUYECKOH
MPOBOAHMOCTH PacTBOPOB 3JeKTpoiuToB (cM. ri. 8). Takue TBepabie Be-
HIECTBA MOJYYWIM Ha3BaHHE CYNEPHUOHHBIX NPOBOAHHKOB, HIH
cynepuonukor. [Ipumepamu Moryt cayxuts CusRbChI,, Na,0-11ALO;,
Agl, Lil, Li;N. Hekoropsie u3 HMX HallIM IPUMEHEHHE B HOBBIX XMMHUe-
CKHX HCTOYHMEKAX T0Ka (cM. 1. 9).

Kpucranasl nepemensoro cocraBa. BenenctBue oOpazoBaHus
BAaKaHCUH XMMHYECKMH cOCTaB TBepIOoro Tesna u3MeHsercs. Hanpumep,
okcun THTaHa (1) Moxer cTabHipHO CylIeCTBOBATh NMPH M3MEHEHHHU CO-
- craBa oT TiOggo A0 TiO; 33, a cynndun kenesa ot FeqsS no FeS,;, npu
9TOM TUIl KPUCTAJUIMUECKOH PeIleTKH OCTaeTca TeM ke caMmbiM. Takue co-
€IMHEeHHs] Ha3bIBAlOTCSI HECTEXHOMETPHUYECKUMHU HIH COEU-
HEHUIAMHU NepeMeHHOro cocTtasa. OGbUHO obpazoBaHue He-
CTEXMOMETPUUYECKUX COCIMHEHHI BHI3EIBACT H3MEHEHHE CTENeHU OKMCIle-
Hust aromoB. Hanpumep, npy ob6pazopanun okcuaa FeOy.,, yacte Fe (II)
okucnsercs a0 Fe (III). H3-3a mosiBieHns Ae(eKTOB MOXET W3MEHHThCS
OKpacka HeCcTeXHoMeTpHueckoro coenuHenus. Hanpumep, npu obpasosa-
HUM HECTEXHMOMETPHUUYECKOTro CoeMHeHus ¢ W3ObITkoM MeTauia Gecuser-
usle kpuctauisl BaO, NaCl u KCl npespamiatorcst COOTBETCTBEHHO B ro-
ny6ble, xenthie U (HOJETOBLIE, a okpacka OpoH3pl Na,WO; usmensercs
OT ENTOro 10 CHHE-3€JIEHOI0 Yepe3 KpacHbIil u GuoNeToBbIH LBeT, Ko-
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raa x ymensiaercs ot 1 00,3, Jna obecrieweHus TeX Uitd UHbIX CBOUCTR
KPUCTAJZIOB MX CHHTE3MPYIOT C ONPEREICHHOW HECTEXHOMETPHYHOCTEIO.
OTOT METOI HCHONB3YIOT, HANPUMED, 1A MONy4YeHus (HOTOUYBCTBUTEIb-
HBIX MHIHECHEH B [IBETHBIX TENEeBU30paXx.

B HacTosiiliee BpeMsi HECTEXHOMETPHUYECKHE COeJHHEHHS ABAAIOTCA
NpeAMETOM MHOTHX HCCEHOBaHMI, B 3HAYMTENILHOH Mepe 00ycioBeH-
HBIX TEM, YTO HEKOTOpble W3 HHX OO0JIaJaloT BBICOKOTEMITEPATYPHOI
CBEPXIIPOBOJIUMOCTBIO. Y CBEpXIIPOBOHUKOB MIPH TeMIepaTtype, 61H3Koi
K abcomoTHoMy HyIO, (T;) 37EKTpHUECKOe COTIPOTHUBIIEHHE TIaiacT TpakK-
TH4YeCKU A0 Hyns. Temnepatypa T, TpaAMLHOHHBIX CBEPXIPOBOJHHKOB,
Haripumep Nb;Ge, Nb;AlGe, e npesbimnana 23 K.

B 1986 rony Jx. bennopu u K. Mrosutep OTKpbUIH, YTO Y COEAMHEHHUS
La,,Ba,Cu0O,.§ (rae 8 — HecTEXHOMETPUUHOCTh COEAUHEHHs), TeMMnepa-
Typa T 3HaunTensHo Bhie (30-35 K). CoennHeHus: ¢ OTHOCHTENBHO BBI-
COKUMH 3HAYEHHSIMH KPUTHYECKHX ' Temreparyp I, CTald Ha3blBaThCs
BBICOKOTEMNEPATYPHBIMH CBEepXNpPOBORHUKaMHU. Kpuru-
Yyeckasi TeMIlepaTypa HEKOTOPBIX U3 HUX He TOJIbKO NMpubmKaeTcs K TeMIie-
patype xxuaxoro asora (77 K), vanpumep, y La;LuBa;CucOy.§ 7= 50 —
65 K, Ho u npebimiaer ee, Hanpumep, Y YBaCu;O0..5 T, =90 K, y
(Tll_x Pbe)mBa(Srz)Ca 1-n Cu,,O m+2-0 TK =85 — 122 K.

'HTak, B pealbHBIX KPHUCTAIUIaX MMEIOTCH Ae(EKThl KPUCTATINYECKOH
pelieTkH, KOTopble OOYCNOBIMBAIOT HMOHHYIO TPOBOJHUMOCTb TBEPIBIX
PACTBOPOB, 3JIEKTPOHHYIO TIPOBOAMMOCTL MOJYNPOBOJHHMKOB M Apyrse
cBOHCTBa TBepAbiX Ten. OmHo# U3 npuyrH 0Opa3oBaHMS HECTEXHOMETPH-
YECKHUX COEIMHEHHH TakKe ABSIOTCA Je(eKThl KPUCTAIMMECKHX PELIETOK.

Bonpocs! ass caMOKOHTPOISI

4.13. Bo3HHKHYT M BAKaHCHH B KPHCTaJLIe, €Cid 4Yacth okcuaa raguusa HfO, 3ame-
HUTB OKcHIoM Maruus MgO? Ecnyt BOBHHKHYT, TO 110 KaKUM HOHaM?
4.14. Ecau curTe3upoBaHo coenuHeHue Ba; 50, TO 3aHUMAIOT ¥ U3OBLITOUHRIC HOHBI
' Ba* Y37IB1 KPUCTATIYECKOM PEHICTKH KHCOPOAa WM YacTh Y3JI0B KHCHOPOAA BaKaHTHa?



3AKJHOYEHMUE 110 PA3AEJY

Tlepnoanveckuii 3axon [I. 1. Menjeneesa
H KBAaHTOBO-MeXaHAYeCKasi TEOPHA — TeOpPeTHIECKHE OCHOBDI
‘ CTPOeHHAs BEIIECTBA

KBaHTOBO-MEXaHHYECKUE TPEACTABICHHUS I03BOJIMIOT OOBACHUTD
B3aUMOACHCTBUS MEXIY MEKTPOHAMH M SAPOM B aTOMe, MEXAY aTtoMa-
MH -— B MOJIeKyJe, MeXIOy aTOMaMH, HOHAMH ¥ MOJEeKylaMH B KOM-
TUIEKCHBIX COCIMHEHHAX, Ta3ax, KUAKOCTAX M TBepHbix Tenax. Ha baze
KBaHTOBO-MEXaHMUECKOH TeOpUH NMONY4H AajbHeHilee pa3BUTHE OCHO-
BOTIONIAralOMiA 3aKOH XUMHMM — Tepuoaudeckuit .3akon J[ M. Men-
Jeneesa. ‘

3Has KBaHTOBbIE 4WCJIA, NOHATHA «AaTOMHasd OpOMTaNb», NMPUHLMIIBL
MHHHUMYyMa 3Hepriy M 3anpeta [laynu, npasuna I'ynaa v Knedkosckoro u,
OCHOBBIBASCH Ha MOHMMaHUH nepuogndeckoro saxona JI.M. Menneneesa,
MOKHO HPEJCTaBUTH JAEKTPOHHYIO KOH(bnrypaumo moboro aroMa
NIPEJICKA3aTh CBOICTBA 3JIEMEHTOB.

Ha 6aze Teopuu A. M. ByTiiepoBa 0 XUMHYECKOM CTPOSHHH pa3BUIIach
TEOpHst XHMHUUECKUX CBA3eli. MeToR BaJIeHTHOW CBA3M /1a€T BOIMOXKHOCTh
onucath OCOOEHHOCTH XUMHYECKOH CBS3M, CTPYKTYpYy M CBOMCTBa 00jb-
HIMHCTBA MOTEKYJI, 4 TAK)XKE BAJEHTHOCTH 3JIEMEHTOB B COeAMHEHHAX. Bo-
Jiee MIMPOKHE BO3MOXKHOCTH TS OOBICHEHHMS XHMHUECKHX CBS3eH M T1O-
CTPOEHUS 3EKTPOHHBIX CTPYKTYP MPEROCTABASET METOJ MOJEKYISAPHBIX
opbutaneii. OH JOCTATOYHO CJIOKEH, OCOOEHHO /I MHOTOAaTOMHBIX MO-
JIEKYJl, TEM HE MEHee HIMPOKO MCTIONB3YETCs B KOJIMYECTBEHHBIX pacdeTax
C NpUMEHEHNEM KOMITbIOTEPOB.

Ha ocHoBe nipencraBieHH 0 BaHASPBAAIBCOBBIX CHIAX M BOAOPOIHOM
CBA3M MOKHO BBUCHHTh B3aHMOZCUCTBHA MEX]y MOJIEKyJaMH B raszax,,
KUJIKOCTAX W MOJIEKYJIIpHBIX KPUCTAIIAX W TIPEAcKas3aTh CBOWCTBA Be-
IeCTB B OTHX coctodnuax. KoopauHalMoHHas Teopus H JOHOPHO-
aKIENTOPHBIH MexaHu3M 00pa3oBaHUA KOBAXEHTHOMN CBA3M COBMECTHO C
3NeMEeHTaMH TEOPUH MO NUraHAOB OOBACHAIOT B3aMMOJSUCTBHS MEXLY
KOMITIeKCo00pa3oBaTe/ItMH U JTIMTAHAAMH B KOMIUIEKCHBIX COEUHEHHAX U
CBOMCTBA ATHX COETMHEHHH.

XapakTep XMMHUYECKMX CBS3ei W CBOMCTBa BeUIECTB B TBEPAOM CO-
CTOSHHHM MOHO [OHSTH, UCTIONB3YS TEOPHIO 3JIEKTPOCTATUYIECKOrO B3aH-
MogeHcTBHS (MOHHBIE KPHCTA/UIbl), KOBaJICHTHOH XWUMHYECKOHW CBA3H
(aroMHbIE KPHCTAJUTHI) M CBODOIHOTO JMEKTPOHA (MeTalMYeCKUe KpH-
ctautel). MeTol MONeKynapHbiX opOuTasieli B BUAe 30HHOW TEOpUM TIO-
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3BOJISIET OOBLACHUTH 3TEKTPUYECKHE U TEIUIO(pU3HUecKHe CBOHCTBA KpH-
CTATHYECKUX TEN.

Kak cremyer U3 3TOro KpaTKOro W3JIOXKEeHMs, NePHOJNHECKHI 3aK0H K
KBAHTOBO-MEXAHHYECKAs TEOpHsl TO3BOJSIOT OOBACHUTL CTPOEHHE H
CBOHCTBA MHOTHX BEINECTB, MPUYEM AJIS1 OTHOCUTEIBHO IPOCTBIX BEILECTS
MOKHO TIONTYYHTh KOJIMYECTBEHHbBIC PE3YJIbTAThl. J{J18 CIIOXKHBIX BEIIECTB
JaeTcs KayecTBeHHOEe 00bACHEHHE |

B HacTosiIee BpeMs MPOUCXOAUT YCIOKHEHHE TEOPHH, B YACTHOCTH,
OoJslee IIMPOKOE pacrpoOCTpaHEHHE METONA MONEKYTSIPHbIX opOurane,
BO3MOXXHOCTH KOTOPOTO PACIUIHPSIOTCS TIPY HCIO/Ib30BAHUM KOMIBIOTEP-
HOH TexHukH. [lanbHelilee pa3sBHTHE KBaHTOBO-MEXaHWYECKOW TEOPHH
MO3BOJISET TIOBLICUTH €€ MpeAcKa3aTelbHble CMOCOOHOCTH.

OcHoBHbIE 3aKOHOMEPHOCTH N NOHATHUSA

IMocne n3yuenns JaHHOTO pa3jena, CTYAECHTaM cielyeT 3HaTh!
. KBanToBrle uncna u aroMuble opOuranm.
. Tlpunuun Tlaynu, npasuna I'yuaa u Kneukockoro.
. llepuoangeckas cucrema 1. 1. Meungeneena.
. DHeprus HOHH3aLHK, CPOJCTBO K 3IEKTPOHY, JNICKTPOOTPHIATENHHOCTE.
. ITonsaTHs 0 pasMepax aTOMOB W HOHOB.
. Buaw! v xapakTepHCTHKH XUMHMECKOIT CBA3H.
. KopanenTtHas cBa3b 1 €€ npupoja.
. MeTton BaneATHEIX cBA3cH. BaTeHTHOCTD 10 0OMEHHOMY U IOHOPHO-RKLETITOPHOMY
MEXaHU3MY. \
9. l'uGpuauzanus aTOMHLIX opOUTANeH.
10. CTpyKTypa U MoasipHOCTL MOJIEKY L. DIESKTPHUECKUIT MOMCHT AWIIONS.
11. Meroa monekynspubix opGuraiefi. CBs3biBatOlline B paspLIXIIONME OpOHTaIH.
INopsnoxk cazu. -
' 12. BauaepsaaisCoBbl CHABL
13. Bonopoausie cBsi3u.
14. loHOpHO-2KUETITOPHOE B3aHMOJEHCTBUE MOJIEKY 1.
15. Koopaunauuontas teopus Beprepa.
16. Komnineke, JuraHzabl, KOMIUIEKCOOOpa30BaTey, KOOPAHHAMOHHOE YHCIIO K 3apsT
KOMILJIEKCA. '

3NN AW -~

17. YpaBHeHHE COCTOSIHUSA HIEATBHOTO U PEAJIBHOTO rasa .

18. MoseKy IpHO-KMHETHYECKas TEOPUS Ia30B U KHUAKOCTEIA.

19. AMop®hHOE ¥ KPUCTANNMYECKOE COCTOSIHUE TBEPABIX TEN.

20. XrMHYECKHE CBA3M B TBEPABIX TENAX: KOBANCHTHBIE, HOHHBIE M METAJIHYECKHE.

21. Kpucranipl co CMemaHHBIMU CBS3MH, KAaTpaThl (COEAMHEHHS BKIIIOYCHUSA, MH-
TEPKAIATHI).

22. DneMeHTH 30HHOMH TEOPMM KPUCTALNOB. BaieHTHas 30Ha, 3ampelleHHas 30Ha U
30Ha IPOBOAUMOCTH.

23. JleexTsl B peaipHbIX KpUCTajuiax. TBepable 3aekTponutbl. Hecrexuomer-
PUUECKUE COSAMHEHUA.
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OcHOBHBIE HABLIKH

CTyaeHTsl HOIKHBl YMETh!

1. CocTaBuTh 3NEKTPOHHYIO KOoH$Urypanmio noforo aroMa ¥ onpelleliuTh KBaHTOBbIE
YHMCIIa ITEKTPOHOR. i

2. Mo 37EKTPOHHBIM KOHQUrypaLHMaM ONPEACIHTH INEMEHT, €r0 MECTO B TaGmaue
JL.H. Meuzeneena n ero cpoficTaa.

3. OnpenenyTs BANEHTHOCTD DJIEMEHTOB B OCHOBHOM M BO30Y>KAE€HHOM COCTOSHMSIX TIO
0OMEHHOMY U JOHOPHO-AKLENTOPHOMY MEXAHU3MaM.

4. OnipesieNAT NONAPHA WK HEMONAPHA XMMAUECKas CBA3b U CTelleHb e¢ MONSPHOCTH.
TIpuBecTn NpuMepPH! NOJAPHBIX ¥ HEMOBIPHBIX CBA3EH.

5. OGBACHUTE CTPYKTYPY MOREKYJ C Sp-, Sp°-, B Sp°- rubpuInsalmell aTOMHbIX 0pGH-
TaJeh.

6. Onpeaenurs MOAAPHA WX HETIOJIAPHA MOJIEKY 1a.

7. [loxa3zaTs HEPreTHHUECKYI0 AHArpaMMy MONEKYNSpHHIX opOuraneil. Onpenenuts
MOPAOK CBA3H B MOJIEKYIE.

8. Vkaszar, npuMepsl BELICCTB, Y KOTOPBHIX MEXJy MOJEKYJIaMH BO3HMKAIOT: a) BaH-
[IEPBAlIECOBBI CHIbL, 6) BOJOPOAHBIE CBA3M.

9. Onpeaennts 3apsi ¥ KOOPAMHAHOHHOE YHCIIO0 KOMILIEKCOB.

10. Onpenenuth BakaHTHBIE OpOHMTAIM KOMIUIEKCOOOpa3oBareneii W HENOIEICHHBIE
3/IEKTPOHHBIE Napbl, OTBETCTBEHHbIE 32 06Pa30BaHNE KOBAICHTHEIX CBA3EH B KOMINIEKCAX.

11. fToxa3aTk IPOCTPAHCTBEHHYIO CTPYKTYPY KOMITIEKCOB.

12. Tloxazars KaueCTBEHHO KPHBYIO pacnpeaeneHus Makcseiia — bonblivana.

13. Onpenenurs crangapTHhE (Hopmanwme) YCHIOBHSL

14. Onpenenurh 06beM ra3a MpH H3BECTHBIX MAcce H YCIOBUSX.

15. O6BACHUTS NIPUYHHY PA3IMYHA TEMIEPATYP KHIIEHHSA, BISKOCTH H nonerHocmo--
TO HATSOKEHMA Y Pa3HbIX KUIKOCTEH.

16. HlpuBecTu NpUMEPHI KPUCTAIUIOB C PA3NHYHBIMU BUAAMH XMMHUYECKOH CBA3H.

17. OObsCHUTH CBOICTBA TEX MM HMHBIX KPHCTA/LTHYECKUX BELIECTB Ha OCHOBAHHU
3HAHHA XapaKTepa XHMHUIECKHX CBA3CH.

18. OGBICHUTE WIEKTPOHHBIC CBOMCTBA KPHUCTAIUIMHMECKMX BElieCTB Ha 6ase OCHOB
30HHOH TEOPHH.

19. Tloxasats BiMsHHE ACDEKTOR HA CBOMCTBA TBEPBIX TEI.



Paszoen emopoii

OBUIIUE 3AKOHOMEPHOCTH
XUMHYECKHX MIPOI{ECCOB

LleHTpanbHBIM B XUMHH SBASETCS YUeHHE O MPEBPaLIEHHSX BELIECTB, B
TOM 4mMciie 00 3HEepreTUKe H KHHeTHKe XHMHYECKHMX peakumil. YcBoeHue
3TOTO YYEHHs MO3BOJIHT IIpe/CKa3blBaTh BO3MOXKHOCTH M HANpaBJICHHE
XHMHHYECKHX M (H3HKO-XHMHUYECKHX TIPOLIECCOB, PACCHHTHIBATH SHEPreTH-
ueckHe 3QQEKTb M 3HEPro3aTpaThl, CKOPOCTh MOJYHYEHHS! H BBIXOX Ipo-
AYKTOB PEaKLUH, BO3JeHCTBOBATh HA CKOPOCTh XMMHMYECKHX TIPOLIECCOB, a
TaKKe NpeaynpexAaTh HEXeNaTeTbHbIE PEeaKLMH B TeX WIH HHBIX YCTPOH-
CTBAX, YCTAHOBKaX M Mpubopax. YuyeHHI0 00 JHepreTHKe, PaBHOBECHH. H
CKOPOCTH XMMHYECKHX IIPOLIECCOB MIOCBALLEHB! TPH IJIaBbI pa3jena.

Tnasa namas

SHEPTETHKA XUMHAYECKHX ITPOIECCOB.
XHUMHYECKOE PABHOBECHE

I'naBa nmpencrasnser coboil BBeieHHE B XHMHUECKYIO TEPMOJMHAMM-
KY, KOTOpas M3y4daeT SHepreTHueckHe 3((EKTHI, COMPOBOXKAAIOIIME XH-
MHUYECKHE MPOLECCH], HATIPABJICHHe W MPENENbl X CAMOMNPOM3BOJBHOIO
nporekaHus. B rnase 6yqyT paccMoTpeHbl OCHOBBI TEPMOXHMHH, HAIpaB-
JICHHOCTh XHMHYECKHMX PEaKiHi 1 XHMHUYECKOE PABHOBECHE.

§ 5.1. SHEPTETHYECKME D®®EKTbI XHMUYECKHAX PEAKLIVI

O6mmue nonsarns. [Ipy npoTekaHnH XUMHYECKHX peaKkLyi W3MEHSeT-
Csl SHEPreTHYECKOE COCTOSIHUE CHCTEMBl, B KOTOPOH HIET 3Ta peakuus.
CocTosiHHEe CHCTEMBI XapaKTepu3yeTcs TepMOIMHAMHYECKHMH IapamerT-
pamu (p, T, ¢ u ap.), Kotopble Oblin paccMoTpeHs! B §4.1. TIpy n3amMeHeHuH
1apaMeTPOB MEHSETCS M COCTOSHHE CHCTEMbI. B TepMOIMHAMHUKE CBOMCT-
Ba CHUCTEMBI PacCMaTpHBAIOTCA IPH €€ PaBHOBECHOM COCTOSIHUM. Tepmo-
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JUHAMHUYECKOE COCTOSHHE CHCTEMBbI Ha3blBalOT PABHOBECHBIM B TOM
ci1ydae, Korja ero TepMOIHHAMHYECKHE NapaMeTpbl OAHHAKOBBI BO BCEX
TOYKAX CUCTEMBI H HE W3MEHSIOTCH CaMOTIpOU3BOJIEHO (0e3 3aTparsl pado-
Thl) BO BpeMeHH. TepMoJIMHaMHKa H3y4aeT Mepexo/ibl CHCTEMbI W3 OAHOTO
cocrogHus B Apyroe. Ho repexoabl AOMKHEI OCYIIECTBAATECSA MPH TEPMO-
JUHaMHUYECKOM PaBHOBECHM C OKpY)KaroUleH cpenoil, T.e. oueHb MeJUleH-
HO, a B ueane — OeCKOHeYHO MeLIeHHO. [Ipy 3TOM MOTyT M3MEHSThCS
BCE [1APAaMETPhl COCTOSHUA CHCTEMBI, JIMOO HEKOTOPHIE MapaMeTphbl OCTa-
otea 6e3 uaMeHenrs. Ecnu mpoliecchl nepexoja CHCTEMBI NPOMCXOMAST
MIPY MOCTOSHCTBE KAaKMX-TO ITApPaMeTPOB CHCTEMBI, TO OHH Ha3bIBAIOTCA:
a) nzobapuyeckumu (p = const);
6) Hzoxopuueckumu (V' = const);
B) m3oTepMmyeckumn (T = const);
r) n3o6apHo-u30TEpMHUECKHUMH (p = const, 7 = const) u T.A.
TepmoauHaMHKa M3y4aeT BO3MOXHOCTb MM HEBO3MOXHOCTb CaMo-
TPOU3BOJIBHOTO MEpPEeXONa CHUCTEMBbI M3 OJHOTO COCTOSIHMA B JPyroe u
sHeprernyeckue 3¢ dexTsl 3THX niepexonoB. CKOPOCTE H MEXaHH3M Mpo-
HECCOB repexoia — 3TO 067acTH XUMUUECKOi KUHETHKH.
B nocneaHre oAbl MOAYSMiIa pa3BUTHE TEPMOIMHAMUKA HEpaBHOBEC-
'HBIX TIPOLIECCOB, KOTOpas H3yd4aeT H CKOPOCTH XHMHYECKHX peakuui.
‘OcHoBononaraowmuii Bkiajx B ee passute Bhec Y. Ipuroxun (benbrus).
Onnako, pacCMOTPEHHE 3TOrO HANpPAaBIEHUS TEPMOIMHAMHUKY BBIXOIHT 33
npeensl Hamero yueGH1Ka. ‘
TepMouHaMUYECKHE CBOICTBA CHCTEMBbl MOXKHO BBIPa3HTh C HOMO-
1160 HECKOJIBKUX (P)YHKUMH COCTOAHHMS CUCTEMBI, HAa3bIBAEMBIX X ApaK-
TepHCTHUYECKUMHU GyHkuuaMu. K ocobeHHOCTAM XapakTepu-
cTHdeckHx (yHKuuH OTHOCHTCS MX HE3aBHCHUMOCTh OT crocoba (ImyTH)
JOCTIKEHMsS JAHHOTO COCTOAHMs cucTembl. VX 3HaueHue onpexensercs
COCTOAHHEM CHCTEMBI, T.e. MapaMeTpaMH CHCTEMBI ( HAaBJICHUEM, TeMile-
parypoii u 1p.). K ocobeHnHocTsiM xapakrepucTHueckux QYHKUUHA TakKe
| OTHOCHTCS 3aBHCHMOCTb HX BEJTMYHMH OT KOJIMYECTBA WM MacChl BELIECT-
Ba, IO3TOMY NPHUHATO OTHOCHTB MX K OJIHOMY MOJIIO BELIECTBA.
B naiuem y4eGHHKe B OCHOBHOM pacCMaTpHBAIOTCS YeThIpe Haubonee
" ACIIONB3YEMBble B XUMHH XapaKTePUCTHYECKHE (PYHKLHM: BHYTPEHHSS
" aneprus U, sntansnus H, suTporis S v aneprus I'u66ca G.
‘ Hrak, cocTosiHAE M CBOWCTBA CHCTEMBl MOXXHO XapaKTepU30BaTh Tep-
MOAHHAMHYECKHUMH 1apaMeTpaMH H XapaKTePHCTHYECKHMH (Y HKUMAMM.
BuyTpenunsia Heprus, Tensora u padora. Ilpu nposeneHun XuMu-
4eCKOU peakUMy U3MeHSETCs BHYTpeHHAs 3Heprusa cuctemsl U. BHyTpen-
' Hss 3HEpPrus BKMOYaeT B ceOs Bce BHIABI DHEPTHUU CUCTEMBI (IHEPrHIO
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JBIDKEHUA Y B3aUMOJICHCTBHS MOJIEKYJ, aTOMOB, AAep M APYTHX YACTHL,
BHYTPHSIEPHYIO U IpyTHE BUABI DHEPruy), KPOME KMHETUYECKOH SHESPIUH
JIBUKEHUSL CHCTEMBI, KaK LIeJIOTO, M MOTeHLUMAIBHON 3Hepruu ee Hosioxe-
uug. Kak u nro6as xapakrepucTvdeckas (QyHKUHS, BHYTPEHHSA DHEPIrUs
3aBUCHT OT COCTOSHHs cHCTeMbl. Kak M mobyro sHepruto, BHYTPEHHIOK
SHEPTUIO Helb3s M3MepuTh. OHa npeacTtaBnseT coboil crocobHOCTL CHe-
TeMbI K COBEPLICHHIO PaGOTHl MM Mepeaaye TeroTsl. OQHAKO, MOKHO
OnpefenuTs e u3MeHeHue AU TpU nepexofe U3 OIHOTO COCTOSHUSA B

Jpyroe:
AU=U,— Uy,

rae U, n Uy — BHYTpEHHSAS S3HEPTHS CHCTEMBI B KOHEYHOM M HavyaJIbHOM
cocrosgHusx. 3Hauenue AU nonoxutensHo (AU > (1), ecin BHYTpeHHsA
3HEPrHs CHCTEMBI BO3pAcTaeT.

H3meHenwe BHYTpeHHeH 3Hepriyd MOXHO W3MEPHUTE C MOMOILBIO pa-
6OTBI M TEIJIOTHI, TAK KAK CUCTEMa MOXKeT OOMEHHMBATHCH C OKpYKalolei
cpenoi BeleCTBOM WITH SHepruel B gopMe ternotel () v pabotsl W.

Tennora Q npeacrarnser cobol KOIMUYESCTBEHHYIO MEPY XaOTHUECKO-
ro JABHXKEHMS YacTHIl JaHHOM CHCTeMBl WIH Tejla. DHeprus Oonee Harpe-
TOro Tena B (opme TeruloThl nepepaetcs MeHee Harperomy Teny. Ilpu
I9TOM HE MPOHUCXOTUT MepeHoca BEIECTBA OT OIHOM CHCTEMBI K JpYyroii
WIH OT-OJHOTO Tella K JAPYroMy.

Pa6ota W sBiserca KOIMUECTREHHOM MepOii HATIPABIIGHHOTO JBIKE-
HHS YACTHL, MEPOH SHEPIUH, epeaBaeMoil OT OHON CHCTEMBI K IPYyroi
3a c4yeT IepeMELLEH s BelllecTBa OT OJHOM CUCTEMBI K APYroi noa AeHcT-
BHEM TE€X WIM UHBIX CHII, HAIIPUMEpP I'PaBUTaLIOHHBIX.

Tennora u pabora usmepstorcs B mkoynsax (JDx), KHnomKoyn;lx
(k) u meramxoynax (MJx) u 1.4. TlonoxurensHol (W > 0) cuuTaetcs
paboTta, coBepliaeMas CHCTEMOM MPOTHB NEHCTBHSA BHEINHUX CHJI, U Tell-
nota (Q > 0), moaBoauMas K cucreme. B ornuume oT BHyTpeHHel dHep-
ruy, paboTa ¥ TeIUioTa 3aBUCAT OT crocoba MpoBEeNeHHs mpolecca, T.e.
OHH ABIAIOTCA GYHKUMAMHU MYTH.

KonuyecTBeHHOE COOTHOIIEHHE MEXAY H3MEHEHHEM BHyTpeHHen
SHEPIrUH, TennoTod U paboTol ycTaHaBnuBaeT MepBHIH 3aKOH Tep-
MOIHHaAMHKHU: )

O=AU+W. , 6y

Bblpameﬂue (5.1) o3navaer, 4TO TEIJIOTA, MOABEICHHAA K CHCTEME,
pacxoJyercs Ha TIpUpALIeHHe BHYTPEHHEH SHEPrid CHCTEMB! H Ha paboTy
CHCTEMBI Hajl OKpYXKaroIel cpenoi.
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Ilepsorii 3aK0H mepMOOUHAMUKU AGNAEMCA (DOPMOT BLIPANCEHUS 30~
Kona coxpanenus suepuu. Co2nacno 3momy 3aKOHY, IHEPIUS He MOJCem
HU €0O30A6amMbCA, HU UCHe3amb, HO MOJCEm Npespaujamvcsi u3 OOHOU
@opmer 6 Opyeyro. Ero cripaBeyIMBOCTb JOKAa3aHa MHOTOBEKOBBIM OIBITOM
4JeJIOBEYECTERA.

Hrak, mobas cucteMa XxapaKkTepusyeTcs BHyTpPeHHEH 3HeprueH, Mepa-
MM M3MepeHHs KOTOPOH CiyxaT Teriota M paGora. Ilpupaienue BHYT-
PEHHEH 3HEpruH CHCTEMEI B JIOO0M mpolecce paBHO CyMMeE TeIUIOTHI,
MOABEAEHHOH K cHcTeMe, H paboTHI, KOTOPYIO COBEPIUAIOT BHEIIHHE CHITBI
Haj CHCTEMOA.

DHTA/ILAAA CHCTEMbI H ee H3MeHeHHAe. Paboty W MOXKHO pasaenHTh
Ha JBa ciaraeMbix: pabory pacmmpenus pAV (p = const) ¥ Ipyrue BHABI
pabot W', kpome paGOThi pacIMpeHHs:

W=Ww+pAV,

rae p — BHellHee AaBieHue; AV — m3Menenue obvema (AV =V, — 1);
V; — o0BeM nmpoaykToB peakimu; Vi — o6beM ucxoaHbix Bemects. Co-
OTBETCTBEHHO ypaBHeHHe (5.1) Mpy MOCTOSHHOM JABJICHUH 3alMILETCS B

BHOE!:
O, =AU+W +pAV.

Ecnu Ha cHcTeMy He AeHCTBYIOT HHKaKHe ApYTHe CHIbl, KpOMe 1OCTO-
SHHOTO [aBJIEHHs, T.€. MPH NPOTEKAHHH XUMHUYECKOTO Mpolecca eaHHCT-
BEHHBIM BHJIOM paboThl sBiseTcs pabota paciuupenws, To W'=0.

B stomM cnyyae ypaBHeHue (5.1) 3anuiercs:

O0,=AU+pAV. (5.2)
TloncraBus AU = U, — U, , noy4um:
Op=U,— Uy +pVy —pVy = (Uy + pVy) — (U + pV1).  (5.3)
Xapakrepucrudeckas QyHKIHA
| U+pV=H i (5.4).
HA3bIBAETCA DHT AN bIHEH CHCTEMBI. JTO OJHA H3 TEPMOIMHAMHYE-

CKHX (DYHKUHMH, XapaKTepH3yIOIHMX CHCTEMY, HAXOMALLYIOCS [PH HOCTO-
aHHOM HaBienuu. [loactaBup ypasaenue (5.4) B (5.3), nonyuum:

O,=H,—H; = AH. (5.5)

Kak BaaHo u3 ypaBHeHus (5.5), B ciryuae H306apH4€CKOro Mpouecca

(p = const), TerwioTa, NOABEICHHAsA K CHCTEME, PABHA H3MEHEHHIO SHTAIb-
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IHM CUCTEMBI. Kak U Apyrue XapakTepHCTHYECKHE (DyHKIHH, SHTANbITHS
3aBMCHT OT KOJIMYECTBA BEIECTBA, MOITOMY ee usMeHeHne (AH), oGEIUHO
OTHOCAT K | MOJb 1 BeIpaXaioT B KK/ MOJE.
Taxkum 0Opasom, M3MEHEHHE SHEPTHH CHUCTEMBI MPH H300apHUECKHX
npolieccax, XapakTepusyIoT Yepe3 SHTANBIIMK 3THX Mponeccos AH.
TennoBolt 3dpdexr XuMuUeCKHX peakumil. Hamenenue suepauu
-CUCHEMBL NPU NPOMEKAHUU 8 Hell XUMUYECKOU peakyuu npU YCao8uy, Ymo
cucmema ne cosepuiaem nuxaxoil Opyzoii pabomel, kpome pabomut pac-
wupeHus, Ha3vleaemcs menioguimM 3P dexmom xumuuecxod pearyuu. Kax
ObUTO paHee Moka3aHo [cM. ypaBHeHMe (5.5)], NMPH MOCTOSHHOM JABJEHHH
(¥300apHYECKUX YCIOBHAX) TeIUIOBOH 3(QeKT peakUdH paBeH W3MeHe-
HUIO 3HTANbIUU cucteMsl AH. OH Ha3plBaeTcsi TakXke 3HTanbpnuei
peakLuu.
Ecnu cucrema HaxomuTes B H30XOpHYeckUX YenoBuaX (V= const, AV = 0),
TO U3 ypaBHeHus (5.2) cnexyer: :

Oy= AU, (5.6)

T.€. B 3TOM CJIyYae TeIUIOBOH 3(eKT XUMHUYECKOH peakiHH pPaBeH H3Me-
HEHHUIO BHYTPEHHEH SHEPIrUH CHCTEMBL.

ITockonpky B GONBLHIMHCTBE Clly4aeB XUMHUYECKHe peaKkLMd NpoTeKa-
10T NpU MOCTOSHHOM JIABJCHUM, TO B JajibHelieM, KpoMe 0co00 OroBo-
PEHHBIX HCKJTFOUEHHH, OYIyT paccMOTpeHs! H3o6apuyeckue yciaoBus. Te-
ToBO# 3¢deKT peakuuy OyaeM Ha3bIBaTh TAKKe DHTAIBIHEH pPeakUMH H
obo3Hauate AH. Ecnu ucxo/Hble BelllecTBa M NMPOIAYKTHI PEaKHUH HAXO-
JSTCS B CTAHJAPTHOM COCTOSTHMH (Tabi. 5.1), To Temnoroil a¢dexr peak-
. L[MM Ha3bIBaeTCd CTAHAAPTHOM PHTajlbNUeld peakKuuH u obo-
3Havaetcs AH’.

Ta6nuua 5.1 YcioBuS CTAHARPTHOMO COCTOSIHHS BElleCTB

CocToaHHE BewecTsa CranapTHoe COCTOSHUE BElLECTBA
Tlpocroe TBEp/lO€ BEIIECTBO Kpucraumyeckoe TBEPAOE BELIECTBO
IIpocroe KHAKOE BEIECTBO Yucras XKHIKOCT
Faszoo6pasHoe IMapuwmansHoe nasnenue 100 klla
(1 Gap) nim oTHOCHTENBHOE NaBneHue * 1
PacrBoperHoe " KoHuexTpauus** 1 mous/n

" Tlox OTHOCHTENbHBIM NaBcHHeM P GyNeM TOHKHMATH OTHONICHHE JABJICHHS, BHIA-
KEHHOE B KU/ONACKAILIX (xITa) k 100 xITa, T.e. p = p/100 = 0,01p.
™ Jlns, MIeamLHOTO PacTBOpa, & AIs PEATHHOTO PACTBOPA — AKTHBHOCTH | MOJB/T (CM. T 8).
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CriemyeT OTMETHTD, YTO CTAHIAPTHOE COCTOSHHME BELIECTB HE 3aBUCHT |
oT Temriepatypbl. Ecii B pe3ysibTare peaklyd TEIUIOTa BbIAEIAETCH, T.€.
SHTAIBNKA CHCTEMBI NMoHWKaeTcsH (AH < 0), To peakLiys Ha3bIBAaeTCA K -
30TepMHYecKoH. Peakuys, mpoTekaromas ¢ MOrJIOIEHHEM TEIUIOTEI,
T.€. C MOBBIIIEHHEM SHTAIBIHH cHcTeMsbl (AH > (), Ha3bIBacTCI 3H O -
TEPMHUYECKOIH. .

Termoro#t 3¢ dekT peakiiMyd 3aBUCHT (xom ¥ OTHOCHUTETHHO MAJIO) OT
TEMIIePaTyphl; MO3TOMY B WHJAEKCE OOBIMHO YKa3BIBAaeTCs TeMIeparypa

AH, vmu AHOT, Haripumep AHyg unu AH 5. .

Ji1a 60MbLIMHCTBA peakiiii H3MEHeHHe TeIoBoro 3ddekTa B npese-
nax TeMrneparyp, MMEIOMIMX NMPAKTHYECKOe 3HaYeHHE, OTHOCHTENBHO He-
Besnko. Hampumep, Tennosolt a¢dexT peakimu okucnenus rpadura: (C +
+ CO, = 2 CO) npH yBeIMYEHUH TeMnepaTyphl ¢ 5()0 no 1500 K uzmens-
eTcs Ha 5%, a peakuuu okvicienns asora (/oN, + '/, O, = NO (r)) npu no-
BHIIIEHHH Temreparypbl ¢ 298 mo 4000 K — numis Ha 2 xJDx/Mois
(2,2%). TToaromy B panbHeiiinemM OYIyT UCTIONB3OBATHCH 3HAUEHHA Alog
U B pacuerax 3HaueHus AH cuuratbes nocTosHHbIMH. [Ipu mposenennu
folee TOUHBIX PACYETOB YUHTHIBAETCS BIAMSHUE TEMIIEPaTyphl Ha SHTaNb-
nuto peakimu. Ha TeruioBoit addext Taroke Bnuset nasnenue. OHAKO, B
fpefenax AaBjE€HHH, MCMONB3yeMBIX B MpakTHKE, SQQEKT AaBIeHUS A
6onBIIMHCTBRA peaxupm OTHOCHTENBHO HeBenuk. Hanpumep, mpu ysenu-
gennn gasnenns ¢ 10° 10 5-107 Ia TeroBoit 5deKT peaKiyu CHHTE3a aM-
MHaKa:

N2 + 3H2 = 2NH3 (F)
n3Mensiercst Ha 5%. [losroMy B panbHeiileM B pacueTax BIHsSHUE JaBlie-
HMS Ha DHTIBIHIO peaKiMH He Oy/eT yduTeIBaThCs, a OYAYT HMCHONB30-
BaTbCA CTAHJAPTHbBIE 3HAYCHHS SHTAbIHM peakuuit (AH).

Hrtak, Tennosoil adexT xumurdeckoil peakLiiy NpH MOCTOSHHOM J1aB-
JEHUH paBeH U3MEHEHMIO SHTAJIBIINHM CHCTEMBI, KOTOPYIO Oy/ieM Ha3bIBaTh
SHTaJbIUER XUMHUUeckoi peakuuu. CTaHaapTHas SHTAJIBLNHUA M SHTAIBIMS
XMMHYECKOH peakliy OTHOCHTENIFHO MaJIo OTJIHYAIOTCA ApYr OT JpyrTa.
Peakiyst HazbiBaeTCA 9K30TEpMHUUECKOl IPH AH < 0 M SHAOTEPMUUECKOH —
npu AH> 0.

TepmoxumMuiecKkne ypaBHeHHs. Pazden xumuu, uzyuaowuii menio-
avle apghexmur xumuveckux peakyuii u azosvix npespawjeHul, NOAYYWI
HA36AHUE MEPMOXUMUU.

Vpasnenus npoyeccos, 8 komopuix ykazanvt mennosvle 3¢pgpexmul, Ha-
3vieatomes mepmoxumuveckumy. TennoBoi 3¢dexr 3anuceiBaercs aU60
HETIOCPEZICTBEHHO B YPaBHEHHH peaKUMH, HallpuMep:
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H, + '/,0, — 285,8 xJbx = H,0 ()
J160 HOCIie 3TOro ypaBHEeHHS:
H, + 5,0, = H,0 (), AH 505’ = — 2858 K]k

B nacrodiee BpeMs nocnenHss opma 3anucH ynorpebagercs yaine,
MO3TOMY B JajibHeHIleM B yyeOHHKe OyeM HCNOJB30BATH JHIIE €€, T.€.
3aMMCHIBATh SHTAIBIHUIO PEAKIIMH PS/IOM C YPaBHEHHEM MpoLiecca.

YToOB! OTHECTH SHTAIBIHIO PEAKLUH K OJHOMY MOJIO KaKoro-iu6o
BEILECTBA, TEPMOXMMHUECKHE YPABHEHHs MHOIAA MMEIOT ApobHbIe KO-
(pULIUEHTEI:

2A1 +%1,0, = ALO;,  AH5=-1675,8 kJ[x.
', Hy + /2N, +21,0, = HNO;, AH 05 = — 1738 k[Ix.

B HexoTopbix ciyuasx TemnoBo# ahdexT oTHocaT Kk | Monb Kakoro-
nu6o BemecTa, Hanpumep: AHy o5 = — 1675,8 khx/Monb ALO; .

B TepMOXMMHUYECKHMX YPAaBHEHHAX 3alHCHIBAIOTCA TaKXKe arperaTHbie
COCTOSIHMS WJTH MOAW(UKALNM UCXOAHBIX BEECTB U MPOAYKTOB PEaKIUH:
I' — ra3oBOe, X — JKUIKOE, T — TBEPJOE, K — KPHCTalIHYecKoe, p —
pacTBopeHHoe H Ap. Eciy arperaTHble COCTOSHHMSA BEIECTB JUIS YCJIOBH
peakuuu oueBHHbI, HanipuMep Oy, N2, Al;O3 v apyrue npu 298 K, o ux
00bI4HO He Yka3biBaloT. C TepMOXUMHYECKUMH YPaBHEHHSAMH MOXHO
ONepUpPOBAaTh KaK H ¢ ajrebpandeckiMH yPaBHEHHAMM.

Hrak, B TEPMOXUMHH YPaBHEHHS XUMHYECKHX peakiMi BKIIOYAIOT B
ce0s Teru1oBoi 3pexT 310l peakLiuH, KOTOPbIH 0OBIYHO 3aMHCHIBAIOT PY-
[IOM C YPaBHEHUEM.

nranbnnus (Temnora) odpaszoBanun. Tennogou a¢pghexm obpazosa-
nusa 1 monv eewyecmea uz npocmuix gewecms, ycmouuugoix npu 298 K u
oasnenuu 100 xlla, nazvieaiom s3nmanenueii (menwiomoil) cbpazoeanus.
OHranbnyio obpa3opaHus selectsa B o6o3navaror AHyg, 5 vitn AHp .

Ouranenuio 00pa3oBaHUs NPOCTHIX BEUIECTB, YCTOHUHBBIX npu 298 K
u aasnennn 100 kIla, npuHuMaror pasHoit Hymo. HyneBoe 3HaueHHe JH-
Tanenuu obpa3oBaHusa umeeT da3a WM MOAH(HKALMI BelllecTBa, Hanbo-
nee ycroitunsas npu 298 K u nasnennu 100 kIla, Hanipumep, razoo6pas-
HbI KHCJIOPOJ, XHUAKuii Opom, Genbii docdop, Genoe onoo, pombuue-
ckas cepa. TeruioBble d¢dexTsl peakuuii 0oOpa3oBaHHd BEILECTB B CTaH-
JapTHOM COCTOSHHHM (cM.Tabn. 5.1) Ha3pIBAT CTaHAAPTHBIMH
SHTANBNHAMH o6paszoBanua AH'sp wn AH’ 5 . OTH Benuun-
HbI OmnpeJesieHbl ¢ TOW WIH HHOW CTENEHBIO TOYHOCTH U1 HECKOJIBKHX
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TBICAY BEIHECTB H CBEJIEHB! B CHPAaBOYHUKM. B Mpusioskenuu 2 nipHBeqeHbl
3HAYeHHS] DHTANBNUN 00pa30BaHUSA HEKOTOPBIX BEIIECTB, HEOOXOIMUMBIX
JUIst IOCNEAYIOIINX PACYETOR B YIIPAXKHESHHH.

BOHpOCbl H 3a1a'H AJist CAMOKOHTpOIA

-5.1. Kax Ha3bIBaroTCA QYHKIMHA COCTOSHHS CHCTEMBI M OT 4erO OHU 3aBUCAT?
. 5.2. B pesynsTaTe KaKMX NpPOLECCOB BHYTPEHHAA JYHEPIHA CHCTEMBI yBEIHUHBACTCA?
Kakoit 3nak 6y1eT meTs pabora, ecru =072

S5.3. VBeAMYHUTCS 14 BHY TPEHHSA SHEPTHS CUCTEMBL, eCin Q=0 u W =07

5.4. K cucreme nojsenena temnora 200 k[bx, cucrema.cosepituna pabGoTy NpoOTHB
AeHCTBHs BHEWHMX cuil, paBHyo 150 k/Hx. Ha kakyio Bennunny w3MeHnnach BHYTpPCHHIS
sneprus cucteémsl? Kakoit 3uak umeer AL?

5.5. Kaxoe pasnuuue MexXay W3MEHEHHMEM BHYTPEHHEH SHEPIUM W IHTAIBIMH MPOLEC-
ca? Kaxue nmapaMeTpsl OTpaXkaroT 310 pa3andue?

S5.6. [Ip1 AUTENILHOM XPAHEHMH HEKOTOPHIX BEIIECTR (HANPHMEp. YTNISA) B MBUICBHA-
HOM COCTOSHUM MPOMCXOIUT HX CaMOBO3rOpaHue. SIBISETCs M Npolece caMoBO3rOpaHust
3HAOTEPMHUECKHM HITH 3K30TEPMUYECKUM?

5.7. llpu pacrBopennn NH4NO; B Boje Temnepatypa cucTeMb! MIOHH3WIACH Ha He-
CROITBRG MDAy CUB. ABIACTCA TH 3TOT (IPOHOCC FHAGTEPMURCCKAM HAH 3K30TepMﬁ¢{eCKﬂM?

5.8. Tlpu oxucnenuu onnoro Mo SO, g0 SO; Beenserca 98 kJx Terorsl. 3anu-
MIMTE TEPMOXUMHUUECKOE YPABHEHHE 3TOH PEaKLMH.

5.9. Kakas w3 moauukauni yriepoaa: anma3 umn rpadur Goiee ycToWyHBa NpH
06BIMHBIX YeRoBUsX? J1s 0TBeTa UCIONL3YHTE TaHHBIE NPHIIOKEHHUS 2.

§.5.2. TEPMOXUMHUYECKHE PACUYETHI

3axon I'ecca. B 1841rony poccuiickuit yuenslii I'.M.I'ecc oTkpeut 3a-
KOH, NONYYHBIIMH ero ums. Tenioeoii spdexm peaxyuu 3asucum om
nPUPOObl U COCMOAHUA UCXOOHBIX BEUECME U KOHEYHbIX NPOOYKMOS, HO He
3a8uUCUm Om HYMU PeaKkyuy, m.e. Om YUCIA U XapaKxmepa nPOMedHCYmoy-
Hulx cmaoui. 3akoH I'ecca NeXKUT B OCHOBE TEPMOXHMHYECKMX PacHeTOB.
OnHaKO paMKH ero JeHCTBUS OrpaHHUYEHbl H300apHO-H30TEPMUYECKHMH H
M30XOPHO-M30TEPMUYECKHMH NPOLIECCAMH.

Hponnmocrpplpyelﬁ 3aKkOH I'ecca Ha mpUMepe peakLUu CrOpaHHs Me-
TaHa:

CH,4 + 20, = CO, + 2H,0 (1), AHP93 =— 802,34 k/Dx.
DTy e peaklHio MOKHO NPOBECTH vepes CTaauio obpasosanus CO:
CH, +*/,0,=CO + 2H,0 (r), AP, =—519,33 kJIK,

CO+'1,0,=CO0,, AH°, =—283,01 k]JIx,

AHP = AHP, + AHP, = (= 519,33) kI + (= 283,01) kT = — 802,34 kIIK.
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AH, ' i §
CHy+205 Kak Buano, TeroBoit addexr pe

0 aKluy, NPOTEKAIOLIed Mo ABYM ITyTaAM,
OZHMHAKOB;

3akoH I'ecca xopowmo wutoCTpUpy-

2001 | AH, A , €1Cs C IMOMOILUBID SHTATBIUHAHBIX AMa-

rpamm (puc. 5.1).
Tak kak 3HTanNBNMA 3aBHCHMT OT CO-
CTOSHUA CHCTEMBI, HO HE 3aBHCHT OT
IIyTH TIpouecca, TO, eC/IH NPH MpoBese-
CO+2H0()+1/202 mum mpouecca cucTeMa BEPHYJIach B HC-
XO[HOE COCTOSIHHE, CYMMAapHOE H3Me-
-6001 ‘ AHs HEHHUE SHTPONUM CHCTEMBI PABHO HYIIIO
(AH = 0). Ilpoueccs, B KOTOPHIX CHC-
TEMa TIIOC/I€ TOCIEeNOBATEeNbHBIX Tpe-
-800 BpAlllcHAN BO3BpAIAETCAd B HCXOIHOE
Puc. 5.1. Onranmuiinas uarpaMma  COCTOSHHE, HA3BIBAIOTCS KPYT OB bl -
cropansi Merana MH MpoLecCaM¥ HIH [HKJIAaMHU.
MerTon LMKIIOB LIHPOKO HCHONB3YETCS B

-400 {~

<

COz+2H20(I')

TEPMOJMHAMUUYECKUX pacyeTax.
PaccMOTpuM HCIONB30BaHME MeTONa LMKIOB Ha IIPEMEpE peakiiu
B3aMMOJICHCTBHS MeTaHa C BOASHBIM napoM. Mcxomnas cucrema:
CH4+ 2 H,O (1), p=const, T=298 K:
CH, + 2H,0 (r) = CO + 3H, + H,0 (), AH, ;
CO+H,0(r)=CO,+H;, AH, ;
C02 +4H2 =CH4 ~1"’21‘12() (F) s AH3 .

B pesynbTare 3THX Tpex peakuuii cucTeMa BepHyIach B HCXOIHOE CO-
CTOSIHUE, MTOITOMY

AH1+AH2+AH3=0.

Ecny uzsectnsl moGsle npa 3HaueHust AH IaHHOTO YPaBHEHMS, MOXHO
onpenenuth Tpethe. Hampumep, ussectHo AH°; = —41,2 xJDhx/Moins,
AH®3 =-164,9 x]lx/mons, Torma AH’, =—AH®) — AH’; =+ 41,2 + 164,9=
=+206,1 kJx/Monb. )

Hrak, 3akon I'ecca nokassiBaer, 4T0 Kakum Obl MyTeM He TpoTeKala
peakuus, ee TemnoBoi s(pdekr Gyaer OAUHAKOB, €C/IM TPU 3TOM HE MEHs-
€TCA KOHEYHOE U UCXOAHOE COCTOSHMS CUCTEMBEI.
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JHTATBONH XAMHAYecKHX peaknuii. 3akoH ['ecca mo3sonser paccuu-
TaTh SHTATBIHIO XHMH4ecKuX peakiuii. CornacHo ClIeICTBHIO M3 3aKOHa
T'ecca, smmanvnua xumuyeckoit peakyuu pasua cymme sumanvhuii o6pa-
306aHUA NPOOYKMOS Peaxyuli 3a 8bIYeMoM CYyMMbl SHMANLNUL 06pazoea-
HUSL BeWecme ¢ YHemoM CIeXUoOMempuiecKkux Kospduyuenmos’

Tennosoit 3¢ ekt peakiuu:

BB +dD =IL+mM ' (5.7
paCC‘H’lTBIBaeTCH no ypaBHeHmo '
1 —lAHf,L“FmA}I/M—dAI‘I/D—bAI{fB (58)

Hanpumep, ctangaprabiii TeruioBoi 3¢¢dekt peakiiuy MofydeHHS Bo-
JOposa Y3 MPHPOAHOIO rasa: '
CH, + 2H,0(r) = CO, + 4H,

orpeneNseTcs no ypaBHEHHIO!

0 0 0
AHbgg = AHf 00, 298 + 4AH,9‘,H2,298 —-AHy cu,, 298~ ZAH_(/)',HZO(z),Z%*

[MoacTasiias 3Ha4eHHA BEJMYHH DBHTANBNUN 0Opa3oBaHUS M3 MPHUIIO-
enus 2 (B xJK/MoJB), noxyvaem

AH = —1-393,51+4-0~1(~74,85)-2(241,82) = +164,98 kb/Morb.

Kax BHAHO, JaHHAS PEaKIHs ABJACTCH SHAOTEPMHUECKOI,

MO3KHO TakKe pacCYMTarh 3HAYeHHEe SHTAIBIHA 00pa30BaHUA OJHOTO
W3 UCXOJHBIX BELIECTB MIIH MPOAYKTOB PEaKLMH, €CJIH W3BECTHbI SHTaJlb-
nuK 00pa3oBaHMs OCTATBHBIX PEareHTOB M SHTAIBIMA XUMHYECKOH peak-
uuy. Hanpumep, sHTansnuio obpasosanus semectsa M B ypasuenuu (5.7)
MO>KHO OIPEAENTUTH M0 BHAOW3MEHEHHOMY YpaBHeHHIO (5.8):

AHp = (AH - IAH,;, + dAH;p + bAGyg )/ m.

Ipumep. PaccumraeM cTaHgapTHYIO dHTanbmuio obpasoBanus mponaHa C;Hs, ecim
CTaHXapTHAs SHTAILIUA PEaKIUM €ro CropaHus

C;Hs + 502 = 3C02 + 4H20(I‘) *
baBHa AH 555 =— 2043,86 xJIx/MON5.

Pewmenue. B cooTBercruu ¢ ypasHeHuem (5.8):

0 _
AHY ¢ 298 = 3A1f’,?’, C0,,298 = S5AHY 0,,298 AHog + 4AH(},HZO(a),298-

Crcxnome’rpmecxnmn HA3EIBAIOT KO3(GUIMEHTE! B YPABHCHHAX XHMHYECKHX PEaK-,
i, Hanpumep 1, 3 u 2 B ypasHenuu N, + 3H, = 2NH,.

125



[oncrasus 3uauenne AH g5 ¥ CIIPABOUHBIE JAHHBIC, TIONYIHN:
AH? g1, 208 = 3(-393.51) + 4(-241,82) - 50— (~2043,86) = 103,85 K/l /MoTb.
Kak BPI,HHO peaxKs 06pa303aﬂuﬂ HpOTmMHA OTHOCHUTCH K IK30TCPMUYECCKUM TIPOLICCCaM.

Taxum oOpazoM, 3Hast SHTATBNAK 00pa30BaHHs MPOAYKTOB peakivy U
HCXOOHBIX BELIECTB, MOXXHO, UCIIOJIIB3YA 3aKOH I'ecca u ero CJICACTBHC,
paccyUTaTb 3HTAJIBITHIO XUMHUYECKOM PEaKILInM.

DHepraa XAaMH4YecKo# ¢Bain. Tak Kak SHTAIbNUA XHMMHYECKOH pe-
aKIIUW BO3HHUKACT BCJACACTBHC PA3pylIEHHU OAHUX H 06pa30BaHm{ ApYrux
XUMHYCCKHX CBﬂSeﬁ, TO 110 M3BECTHBIM 3HAYEHHUAM XMMHUYECKUX CBA3el
MOXXHO pacCHHUTATb JHTAIBIIMIO PpEAKIIUM HIH 110 W3BECTHOMN JHTANIBIIHH
peaKuyu — SHEPruH CBA3EH.

TIpnmep. [1powTIOCTPHpYEM 3Ty BO3MOXHOCTbL Ha NPHMEPE pacyera ABYXaTOMHON
MOJIEKYJIBL;, JJI1 KOTOPO# SHEPrHs XMMHYECKOM CBS3M paBHA SHEPrHM IMCOLMALMU: A, =
=2A, Ey o =AHO,,

Harnipumep, W3BecTHO, 4TO SHEPrus xumuyeckod ceazu H-H papna 436 x/Ix/Monb.

Pemenune. Paccunraem 1o 3akony ['ecca sHepruio aucconmanyu Monekyst H; ¢
Y4YETOM AGHHBIX TIPUIOKEHHS 2:

Hy(r) = 2H(r) ,
AHppe = 2AH] yy — AHY . = 2-217,94k Ik /moms — 0,0 = 435 88k /T /momms ~

~ 436k /Momb, T.e. Ey_y = Epy -
2

PaccMoTpuM Gornee CIIOXKHBII TIpUMEP MOJIEKYJIBI, COCTOsIEH U3 pa3-
HBIX aTOMOB.

Tpumep. Paccuntaem sHeprui0 XumMudeckoii cBssu B monekyne HBr, ecny sHTanenus
oGpasoBanus Monexy sl HBr u aHeprus nucconnanmu moaekyn H, u Br, u3BecTHEL

Pewenune: Ecau npeanonokuTs, YTo NPOLECC UAET Uepe3 CTAAMH AUCCOLMALHH
VCXOJHEIX BEIIECTB M 00pazoBaHue MoJekyssl HBr (Ro3nukaer xumuueckas cpsss H-Br),
TO €I0 MOXKHO 3aIUCATH C TIOMOILBIO CIEAYIOIMX YPaBHEHHH?

H, = 2H (1) AHY i = 43588 KLk /morts,
Br, = 2Br (r) ' AHfl Br, = 223,6x]lx/Mob,
Br (r) + H (r) =HBr (r) AH° HBr =x kJDx/mMonb,

H, + Br, = 2HBr (r) AHofm,, =-35,97 xJIx/mMosb.

B cooTBercTBHH ¢ 3ak0HOM [ecca:
AHY yp, = 1/2AH2H2 +1/2AH, g, +AH] g,

AH pyp. = AHppp, = 1AM e, Hy = "hAH peep: , =—35,97-217,94 - 111,8 =

= =365,71 kJIx/MoOb.
Orciofa 3HEprus CBI3H:

Eppr=— AH %p, = 365,71 xJIx/M01b.
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I/ITaK SHEPruto XHMHYECKON CBA3H MOKHO paccuyHrarh 10 U3BECCTHBIM
3HAYCHHUAM DHTAIBIIMH XUMHUYSCKHX peaKm/m

JHeprusi KpucTa/LmYeckoil pemerku. Kak Obiio yKa3aHo B I'll. 4,
SHEPrHsi HOHHOH KPHCTAJUTMYECKOH pEeIIeTKH paBHA 3HEPruH, HEOOXOIH-
MOH JJI1 pa3pyllIeHUs €e Ha HOHBI ¥ YAaJeHHE HOHOB Ha PACCTOSIHHUE, MPU
KOTOPOM OHH He TPHTATHBAIOTCH IpYT K ApYry. Ee 3HaueHre HEBO3MOXKHO
OTIPE/IENUTh IKCINEPUMEHTATLHO, TaK Kak MPU BO3TOHKe 00pasyloTcs aTo-
MBI, a He HOHBL. OJHAKO SHEPrvI0 KPUCTAUIMYECKOH peleTKd MOXHO
paccUMTaTh, UCTIONB3YA 3aKoH [ ecca.

PaccuuTtaem B KauecTBe npHUMepa YHEPIHIO KPUCTALTHMUYECKOH peleT-
ki xsopuaa Hatpus, AH nac.

DKcrnepuMeHTaNBHO onpeeneHa sHeprus obpasoBanus NaCl u3 kpu-
CTAJUTHYECKOT0 HATPHA M razoobpasHoro xjopa (myTs A).

Na + '/,Cl, = NaCl, AH o = — 411 kJI/MOJB.

MOoOXHO TIpenCcTaBUTh 3TOT MPOLECC B BH/IE HECKOJIBKUX CTaJHid, B KO-
TOpBIX 06pasyloTcs U pearupyioT Honbl Na' u Cl(1ryts B).

1. Aromuzanus (cyOauManus) KPUCTAIHIECKOTO HATPHA:

Na(k) ------- Na(r) AH’, = 108,9 kJDk/MOB.

2. Monusalis aToMOB HaTpHA:

Na(r) —e --—---Na'(r) AH' 4y = 496 K]JbK/MOTE.

3. JluccoLualiis MoJeKyJ1 XJIopa: .

1/2C12 ——————— Cl(r) AHO(A) =121 KlI)K/MOHb.

4. [IprcoeIMHEHHE MEKTPOHOB K aTOMaM XJiopa (PHepris CpoJCTBa K
BIEKTPOHY): '

Cl(r)+e - CI(r) AH = =360 kJx/Mons.

S. B3aumoneiicteue nonos Na' u Cl™:

Na'(r) + CI'(r)= NaCl AH's = — AHC, wac.

Cymmupys peakuud (1-5), monyyaem:

Na +'/,Cl,= NaCl
T.e. OyTh b PHBOAMT CHCTEMY B TO K€ COCTOSIHUE, YTO M ITyTh A.

Kak BHAHO, MOMyYeHHE KPHCTALTMYECKOTO XJIOpUIA HATpUs MOXHO
npeacTaBUTh uepes myTh A K myTh b. CornacHo 3akony T'ecca, sHTaNLITHS
TIPOLIECCOB, MPOTEKAIOIMX 110 MyTH A ¥ MyTH b, oMHaKoBa, Tak Kak OfH-
HAKOBBI MCXOIHBIE BEINECTBA M MPOAYKTHl peakiuH. COOTBETCTBEHHO
TIPHPaBHHBAEM 3TU BEJTUYHMHBI:
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AHO/'Naq:AHO +AHO +AHOCP_3_+AH05.
Orcrona Haxomum AH' k,NaCl = — AHs

AH' = AH',+ AH, + AH', , — AH"fNacx
= (108 +496 + 121 — 360 + 411) k[bx/Moms = 775 kx/Mons.

CrnenoatenbHO, HCMOB30BaHUE 3aKOHa ['ecca Mo3BoNseT paccUUTaTh
SHEPIrHI0 HOHHOH KPUCTA/UIHYECKOH PeLIeTKH MPH HM3BECTHLIX 3HAUEHMSIX
SHTAJIBIMHA APYrHX CTAAHH Mpolecca. -

Tenusiora cropanus Tongusa. Tennosoii sghghexm peakyuu oxucieHus
KUCTIOPOOOM IIEMEHMOB, 8XO0AWUX 8 COCMA8 8ewjecmea, 00 0Opd30eanus
GbICUIUX OKCUOOS HA3LIEASNICS MENIOMOU C2OPAHUA 3MO20 8eujecmed

. Pacyer teriorel cropanus, kak u moboro temnoBoro 3ddexra
rxponozxmcx C HUCIONB30BaHHEM 3aKOHa Fecca Hamnpumep, remnoty cro-
panus stanona npu 298 K:

C,HsOH(x) + 30, = 2CO, + 3H,O(r)
MOJKHO PacCUUTATh MO yPaBHEHHIO.

0 0 - '
AHerconon = 2AH £ c0, +30H  jy,0() =~ 28H 1 ¢ 1,08

Moncrasnss nanHble AH G U3 NPUIOKEHHUS 2, NONYYaeM CTaHAAPTHYIO
TETUIOTY CrOpaHHs dTaHoJNa:

AHY, ¢ hom = [2(=3935) + 3(-241.8) - (<277.7)]llk /mons =~ 1234, 7kl /Moms .

B TexHMuYecKHMX pacueTax' HCHOJB3YIOT YA EJbHYIO TENJIOTYy
cropaHus (r, KOTOpas paBHa KONHYECTBY TEIUIOTHI, Bbmenmomeplc;l
MPY CTOPAHKH | KT XHIKOTO WY TBEPIOTO BEUIECTRA U 1 M ra3oo0pa3zHo-
To BeIlecTBa 10 00pa3oBaHHA BBICIINX OKCHIOB

Or=—AH;1000/M (5.9a)
WITH .
'Or=AH1000/22,4, (5.96)
rae M — macca Mons seulecrsa; 22,4 1 — 06beM MOTIF rasa.

Ecnu pacyer TefuioTsl cropaHus AH’,, Benercs MPUMEHHTENEHO K Peakiiy
¢ 00pa3oBaHHEM. JKMIKOW BOJBL, TO Y/ebHas TEIUIOTa CrOpaHus Ha3bIBAcTCH
BHICLIEH, & JJI PeaKiMu ¢ 06pa3oBaHHEM ra3000pa3sHOH BOALI — HU3LIEH.
ITpu ymomuanny oOHBIMHO HMEIOT B BHAY BBICIIYIO TeILoTy cropanusi. Ha-
TpuMep, AJIs 3TaHONA:

Ory = 1366,7 x[bx/mMony/(0,046 kr/mone) = 29,7 MJDK/KT.

Kanopumerpus. Bo MHOrmx ciydasx pacder TerwioBoro sddexra
XHMHYECKOH peakiMHd HEBO3MOXKEH, MO3TOMY €ro OIpelensioT 3KCIlepH-
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MEHTalbHO B CIELMAIbHBIX NPHOOpaX, HA3bIBAEMBIX KaJIOPHMETPaMH.
OKCnepHMEHTAIBHOE ONpeerieHHe TeTUIoBbIX 3P (eKTOB Ha3hIBAIOT Kajio-
pumetpueii. Katoprmetp npeacraBngeT coboil TEIUIOH30IMPOBaHHBIi CO-
Cyl, B KOTOPOM MOXeT MPOBOJUTHCA Ta HJIH UHAs peakuus. Beigensiemas B
pe3yJabTaTe peaKkiMu Teriora nepeaaercs nubo Boae, b0 camoil peax-
LIHOHHOH CMeCH, BEI3bIBAs MOBBILIEHHE TeMnepaTypsl. KonuuecTso Temio-
THI, NONyYaeMOE B XOJI€ peaKLHH, BBIYHCIISIOT 10 YPaBHEHHIO:

g=[C.c+(mC,)] AT, (5.10)

rae C, — TersI0eMKOCTh cocya kanopumerpa (k- K™); C,— yAensHas
TEINUI0eMKOCTh pearupyromeii cmecy unm oasl (Jx - K - kr''); m — mac-
ca pear”pyomei cMecH WK BOJbI.

VaensHoM TernoeMKocTbio C Ha3BIBAIOT KONHYECTBO TETIOThI, HEOG-
XOAMMOE JUis MOBBIIIEHHS TeMmnepaTypbl 1 kr BeniectBa Ha 1K. Hanpu-

Mep, Cy,o = 4184 ke K7™\,

Kanopuiinocts nnmu. B opranusme nuina nepepabarsiBaercs ¢ 00-
pazoBanueM rmoko3sl CeHoOg, Hpa ¥ ApYrHX BEIIECTB, MPH OKUCIECHUH
KOTOpBIX BhIAeNAeTC TeroTa. Hanprumep, npH OKUCIEHHH MOJIA TIIOKO3BI
v CeH,,04(1) + 6 O, = 6CO, + 6 HyO(x)

Beigensercs 2816 kIbk TerIoTe.

YaeneHas TeIUoTa Cropanys MUY HONyYwIa Ha3BaHHE KAIOPHHHOCTS.
Ee moxHO onpepenuts B Kanopumerpe (tabn. 5.2).

OcHOBHasl 4acCTb HEPrHH HUINH PAcXOAYETCS Ha MYCKYJBHYIO Aes-
TEABHOCTb, OOMEH BEILECTB B OPraHHU3Me Y [UI NOLLCPKAHUS TEMIIEPaTy-
pbl Tena. B cpegHeM TipW MOKOe pacXojl 3HEPTHH B CYTKM COCTaBjsfeT Y
My>xurH — 6000 — 7000 k[, y eHIHH HECKOIBKO HUXKE, [IPH BBIIOJ-
HeHHH paboTel cpenHedl WHTEHCHBHOCTH — Yy MyxkuuH 9000 — 13000
kJDk, vy xeHmH 6700 — 9000 x[x, npH 3aHATHH QUIHYECKHM TPYIOM
pacxon sHepruu Bbimie. CpeIHMH pacxo[ JHEPrHH YeJIOBEKAa COCTABIAECT
(xLx/MuH): 6 nipu cunenns, 10 npu crosuum, 16 npu xoasGe u 40 mpu

“Gere. Ecnu pocTynneHse SHepruM C MMIilled MpeBblMIaeT ee 3amac, TO
SHEprus 3anacaercs B BUAE XKHpa.

Paccunrtaem a1 nprMepa KONHYECTBO caxapa, KOTOpOe MMeeT Kaio-
PHHHOCTB, JOCTATOUYHYIO, YTOOB! OeryHy rnpobexaTh 5 KM IpH CKOPOCTH
15 km/u. flpu Takoi ckopoctH GeryHy tpebyercs 20 muH ans npodera 5
kM unu pacxon sHepruu 800 x/x. na monyuenus 800 xJbk pacxomyercs
51,4 r caxapa.
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Tabnuuna 5.2: KanopuiiHOCTH HEKOTOPLIX BUAOB MUHAM B €€ COCTABHLIX HacTeii

TIuina, ee cocTaBHbie Kanopuitnocts
YacTH, HaNUTKN
kJbx/r KKa/r
3eneHbli ropoiex 1,5 0,36
ITuso ‘ 1,3— 18 0,31 — 0,43
AnensCuHb! 1,5 ) 0,35
S16n0ku . 2-—25 0,48—0,6
Monoko 3 ) 0,72
Kaprodens . 3,7 0,88
Sliua 6,0 —6,1 1,43 — 1,46
Beawiit xned 10— 12 2,39 —2.87
Msico roBskne (chipoe) 11,1 2,63
Puc . 15,4 3,68
Caxap 16,8 4,0
Corp (Uenzep) 17—20 4,0 —4,78
Opexu 23 —24 5,5—5,74
Macno cauBoyHOe - 304 7,26
VraeBoast 16 —17 3.8—40
benku ' 17 4,0
Kupsl ' 38 9

JHTaAbIHs (Pa30BbIX H NoaIAMOpPPHBIX npeBpamennii. [Ipyu npore-
KaHWH XHMHMYECKUX PEaKLHi 3a4acTylo MPOUCXOIT (a3oBbie W MOIUMOPQHbIE
NPEeBpALLCHHs!, COTPOBOXKIAOLIHECS SHEpPreTHIecKuMH dddexraMmu.

[Mpouecch nepexona TBEPAOro TeNa B >KHUAKOCTH (TUIaBl€HHE) W ra3
(cybnumanus), MAKOCTH B ras (mapoo6Gpa3oBaHHe), KPUCTAUTHYECKOTO
COCTOSIHHS B amMop(QHOe, MeHee yCTOoHuMBOH MoaudHkauun B Gojee yc-
TOHUMBYIO — SBISAKOTCA IHAOTEpMUUecKuMHU (Tabin. 5.3). ObparHele npo-
LECChl — KPUCTALIM3ALMH, KOHACHCAIHH, riepexoa aMoppHOro cocros-
HUA B KPUCTAIHYECKOE, IPOTEKAIOT 3K30TEPMUYECKH.

Tabnuua 5.3. Dueprernyeckue 3¢deKTbl HeKOTOPHIX (Pa30BbIX
M noJHMOPhHBIX NpeBpaileHui

[MpeBpamenue Temneparypa,K AH 03,
kJx/mMonp

H,0(x) nnasnenue — H,O(xk) 273 6,0

H,0(x) cybnumanms — H,O(r) 298 50,03
H,0(x) napoo6pazopanue — H,O(r) 373 40,9
H,0(x) napoobpazosanue — H,O(r) 298 44,0

Sb (amopduasn) — Sb (xpucrammmdeckas) 298 ~10,62
Sn (cepoe) — Sn (Genoe) 298 -2,1
C (rpadur) — C (anma3) : 298 1,8

S (moHoknuHHag) — S (poMbudecKas) 298 —0,38

130



Tennossle 3 dexTs! PazoBrix U MoIUMOpGHBIX MpeBpalleHHi 06bIY-
HO CYILECTBEHHO MEHBILE TEILTOBBIX d(pekToB XUMHIECKHX peakiui (cM.
T1abs1. 5.3. u OpunoKeHue 2).

BOHPOCL] H3agayu aasn CaMOKOHTPOJ:“l

5.10. [Tpuseaure asa nyTH okucieHus cepbl 10 SO;. CocTaBpTe SHTANBNUHAHYIO Ana-
rpamMMy Ipouecca.

5.11. T'a30Bble BLIOPOCH TEILIOBHIX CTAHUMMN M ABUraTeNCH BHYTPEHHETO CTOpaHus CO-
JIEpKaT OKCHABL a30Ta. Peaknyu X 00pa3oBanys O4YeHb CJIOXKHBI, HO B Hauboliee npocToM
BHIE KX MOXKHO IIPEACTaBHUThH YPABHEHHAMMU:

a) N, + ',0,=NO

6) NO +',0,=NO,

Onpenenure CTaHiapTHeIE SHTATBINN 9THX peakumii npy 298 K u YK@XHTE, Kakas u3
HHUX — JHAOTEPMHUIECKas, KaKasd — IK30TepMHUYecKas,

5.12. [epenauy TENJIOTH, HAPHUMEP OT aTOMHOTO PeaKTopa, MOKHO 06ecneqpm, qe-
Pe3 XUMHYCCKYIO PEaKIHIO. JIis 3TOro0 TEMmoTa TOro MY WHOro UCTOYHHKA NpeBpallacTcs
B XMMHYECKYIO SHEPTHIO TIPONYKTOB SHAOTEPMUHECKOH peakUH, HarpUMep:

CH,;0H(x) = CO +2H, , A5 = 128,1 xJIx/MONE.

I'a3006pa3Hble MPOAYKTHI OCTYMAIOT N0 TPyGoNpoOBOAaM K NMOTPEGUTEMO Ten-
JIOTHI, Y KOTOPBIX PEaKIyA MPOBOAMTCS B OOPATHOM Halpap/CHHH:

CO + 2H; = CH;0H(x), AHC505 =—128,1 x]JIx/MOnNE.

PaccuuTafiTe Maccy METaHONa, HeOOX0ANMYIO IS akKKYMYJ/IMPOBaHHS TEMIOBOH dHep-
ruy peakTopa MOMHOCTHI0 1000 MBT (10° [la/c) 8 Teuenue 10 4, npuaumas KIIJ npeo6-
pasosanus 100%. IIpemioxure Ipyrue XMMHUYECKHE PEakiMH AJIA 3TOH LENH U pacCUMTai-
Te UX Tennosne dpdekrrl. IegnecoodpasHo nu mns 3Toi LUEIM HCNONB3OBATH TEILIOBELIE
3¢ dexTs! PasoBbIX Nepexo0B? '

5.13. TepMuTHAs CMECh COCTOMT M3 MOPOIIKa amoMuBua ¥ Fe,0;. 3anumuTte ypapHe-
HHE PEAKITUH MEXIY STHMH BEHIECTBAMH U PACCUUTANTE SHTAIBIHIO STON PeaKiinu.

5.14. Paccuutaitte SHepruro xumuueckodl cpssy B Monekyne HF, npuanmas

AHOF =158 x]lx/mMos.

5.15. Paccumrtaiite 3Heprui0 kpucrammdeckoit pewetkd KCl, ucrmonesys naHHbie
npunoxenus 2, senuunsl AH%, u AH',,, npusenens B 5TOM naparpade U JHEPrua aro-
musaunu kamast AH%, = 90 kJlx/mons, a nonusaums kanus AHC, = 418 k[bx/mons. Hanu-
nmte Bee ypaBHeHus nonyudenns KCl no sy mytam. N

5.16. ITpu CropaHuy alleTHACHA Pa3sBHBAETCS OYCHBH BBICOKAS TEMIeEparypa, 4To oby-
CTOBNEHO BLICOKOH TEMIOTOM CropaHus ameTWleHa. Ha 3TOM OCHOBaHa AaileTHIEHO-
KACNOpOoAHas CBapKa YepHBIX MeTannos. PaccunraiiTe cTaHAAPTHYIO TEIUIOTY U YACTBHYIO
TEIJIOTY CrOpaHHs aleTUNEHa.

5.17. Onpenenure KOMTHYECTBO BBIAEAUBLIEHCS NPU pEAKIHMN TEIUIOTHI, €CIM B Kamo-
pHMETpe, coziepkarieM 2 KT BOJBL, TeMneparypa noxusutack Ha 70 K. (JIna ynpomenus Te-
TLIOEMKOCTBIO COCY/1a KallopuMeTpa npeHebperaeM.)

5.18. PaccuntaiiTe BpeMs, B TEHEHHE KOTOPOro H3pacXOJyeTCs SHEPrus, MolydeHHas
uenoBexoM oT 100 T SHLL, ECTH OH HAXOMMJIICS B PEXUME CHACHHA.

5.19. Onpenenure, Kakue U3 CHSAYIONMX MPOLECCOB IK3OTEPMUUECKUE: a) nepexoﬂ.
KPHCTALTHYECKOTO Testypa B amopHblif; 6) nepexon kapOHHa B rpaduT; B) MCHapeHue
6poma; I) HcIapeHRe XyXOB C IOBEPXHOCTH TeNa.
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§.5.3. DHTPONUA Y EE UBMEHEHUE NPH XUMHYECKOM PEAKIIUM

CamonpousBo/IbHEIE IIPoUecchl. MHOrHe MPOoUeccH MpoTeKaloT 6e3
TIO/IBO/Ia SHEPTHH OT BHELIHETO HCTOYHKKA. TaKHe pOLEeCChl HA3BIBAIOTCA
CamMoMnpon3BOJILHBIMA. [IpUMepamu caMOIIPOU3BOJILHBIX POLIECCOB MOTYT -
CIIY)KHTh TaZiIcHHE KaMHs C BBICOTHI, TE€HEHHE BOJBI MO YKJIOH, Nepexos
TEIUIOThI B MOMELIEHHH OT 60/lee HarpeToro Tena K MeHee Harperomy. Ye-
JIOBEYECKHU# OMBIT MOKA3al, YTO CaMONpPOH3BOJIBbHBIE MPOLECcCH B 0Opart-
HOM Harnpas/ieHHH He MOI'YT MPOTEKaTh CaAaMONPOH3BOJIBHO, T.€. CAMOIIPO-
U3BOJILHO HE MOTEYET BOAA B rOpy, KaMeHb He IOJIETHT BBEpPX, a TEILIOTa
He MEPEeHAET OT XONOJHOTO TeJIa K HArpeToMy.

MHorre XHMHYECKHME PEAKUMK TaloKe MPOTEKAIOT CaMOMPOU3BOIILHO,
HanpuMep, oOpa3oBaHHE PXKABYHHBI Ha META/UIaX, peakuus HaTpUs ¢ BO-
TIOH, PacTBOPEHHE COJIH B BOJE H Ip. ‘

YroObl MOHMMATE XHMHYECKME TIPOLIECCHl ¥ YNPaBIATh MMH, HEO0XO-
JMMO 3HATb OTBET HA BONPOC: KaKOBbI ABMXKYILHE CUIIBI U KPUTEPHU ca-
MOTIPOH3BOTbHBIX XHMHYECKHX HPOLECCOB?

OpnHoll K3 ABIKYLIMX CHII XHMHYECKOH peaKLWH ABJIjAETcs paccMoT-
PEHHOE HaMH paHee YMEHbLICHHE SHTAJIBIIHM CUCTEMBI, T.€. IK30TepMHYe-
ckuit TeruioBoH 3ddext peakumu. Kak roka3spiBaeT ONbIT, GONBIIMHCTBO
3K30TepMHyeckux peakuui (AH < 0) npoTekaloT caMoNnpou3BoibHO. Ofn-
Hako ycnosre AH < 0 He MOXKeET GBITh KPUTEPHEM CaMONPOH3BONBHOTO
TEUEHHs] XUMHYECKHX PEaKIMH, TaKk KaK CyIEeCTBYIOT CaMONPOU3BOIbHBIE
3HJ0TEpPMHUECKHE XUMHYECKHE peakUuH, Y KOTopbix AH > 0, Hanpumep,
pacTBOpeHHe HekoTopbix coneii (KCI, NH,NO;) B Bozte.

CrnenoBatenbHO, KPOME YMEHBINEHHS 3HTANIBIIHH CHCTEMBI (3HTAIb-
nuMAHOrO PaKTopa) MMEETCH Ipyras ABWXKYLIas CHJIa CAMONPOM3BOJILHOIO
npouecca. Takol CHNOH ABJIAETCH CTpeMIIeHHe YacTHL (MOJIeKyJl, HOHOB,
aTOMOB) K XaOTHYHOMY [IBHIKEHMIO, a CHCTEMBI — K Mepexofy oT Gosee
YHOPAAOYEHHOI'0 COCTOAHHUA K MeHee yrniopsouenHomy. Hanpumep, ecnu
JBa COCy/a ¢ MHAMBUAYANbHBIMH )KUAKOCTAMH COEHUHHTD APYT C IPYroM,
HanpuMep, 4Yepe3 OTBEPCTHE, TO Yepe3 HEKOTOpoe BpeMs NpOH30iaeT
CMeHIeHHe XuaKocTel (puc. 5.2), cucrema u3 Gosiee YHOPALOUYEHHOTO CO-
CTOAHHUA (MHAMBHIYAJIbHAA XHAKOCTH) TIEPEHIET B MEHEe YIOpAJ0YeHHOE
(cMech XHIKOCTEH).

JHTponns XMMHYECKOH peaknnn. Mepoil neynopadovennocmu co-
CMOAHUA CUCIEMbL CIYICUM MEPMOOUHAMUYECKAA DYHKYUA, NONYHUSUIAA
HA36aHUE IHMPONUU.
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Puc.5.2. Ilepexon cucteMsl u3 Gonee ynopsnoudeHHOTo
COCTOSHHXA K MCHEE YTIOPSA0YECHHOMY

CocrosHHe CHCTEMBI MOMHO XapaKTepH30BaTh MHKPOCOCTOSHHSIMH
COCTABJIAIOLIMX €€ YaCTHll, T.€. HX MITHOBCHHBIMH KOOPIMHATAMHM H CKO-
POCTAMH pa3IMYHBIX BHIOB ABWKCHHA B Pa3MUHBIX HanpasieHusX. Uuc-
JI0 MHKPOCOCTOSHHI CHCTEMBl Ha3bIBaeTCd TEPMOJAHHAMHUUYECKOMH
BEpPOSATHOCTHIO cHcTeMBbl W. Tak Kak 4HCIIO 4acTHIl B CHCTeMe
orpoMHo (Hanpumep, B 1 Monb umeercs 6,02+ 102 yactun), To TepMoau-
HAMHYECKasd BEPOSTHOCTh CHCTEMBbI BBIPAXKAETCS OTPOMHBIMH YHCIIAMH.
[MosToMy mnonb3yroTcs jAOrapuMoM TEPMOAMHAMHYECKOH BEPOATHOCTH
In W. Beanuuna, paBHas RInWW = S, Ha3piBaeTCI DHTpOTIMEH CcHCTE-
M bl , OTHECEHHOM K OJJHOMY MOJIO BelllecTBa. Kak M MonspHas rocTesH-
Hasg R, sHTponus uMmeeT enuHuny usMepenus JDu/(mons - K). Durponus
BEIlECTBA B CTAHAAPTHOM COCTOSHHM Ha3bIBAETCA CTAHAAPTHOM 3H-
rponuei S°. B crnpaBounnkax OGBIMHO MPHBOAMTCA CTAaHAApTHas SH-
Tponus s° 208 TipH 298,15 K (cm. npunoxkenue 2).

B omauuue om opyzux mepmoou-
Hamuveckux QYyHKYutl, MOJ’CHO onpe-
Oenump He MONLKO USMEHEHUe, HO U
abconomuoe  3HaveHue  IHMPONUU.
3TO BBITEKaeT W3 BLICKA3aHHOTO B
1911r. M. [InaskoM mocryjaara, co-
IIaCHO KOTOpOMY “IpH abCONMIOTHOM
Hyle OHTpONHUsA HACAILHOTO KpH-
CTajula paBHa HyJ0”. DTOT NOCTyaaT
NOMYYHT ~ Ha3BaHHE TPEThEro
3aKOHa TEPMOOHHAMHUKH.

[To Mepe TNOBBHILIEHHS TeMIIEpa-
TYpbl PacTeT CKOPOCTH pPa3TMYHBIX
BHOB JBW)KEHHI YacTHL, T.€. YHCIIO
HX MUKpPOCOCTOSSHUH H COOTBETCT-

BEHHO TEPMOJMHAMHYECKas BEPOAT-
HOCTb M JHTPOIMS BellecTBa (pHC.. Temneparypa

5.3). Tlpu nepexome BemecTBa M3 Puc.5.3. MaMeHeHHE SHTPOIIMH BELIECT-
TBEPHAOIrc COCTOSHHA B XKHAKOE 3Ha- Ba ¢ YBCJIHUCHAEM TEMIICPATY P

!
) !
Kpuctann  \kwaxocty ras
i

3uTporma S
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YUTEJILHO YBEIHWUHUBACTCA HEYMOPANOYEHHOCTh H COOTBETCTBEHHO IHTPO-
nus Bemectsa (AS;;). OcobeHHO pe3Ko pacTeT HeYNOPAAOYEHHOCTh U CO-
OTBETCTBEHHO SHTPONHS BEMIECTBA IPH €ro TIePexoie M3 KUAKOTO B raso-
obpasnoe coctosune (ASqy) (puc. 5.3).- DHTPONMsA yBeTHUMBaeTCS NP
NpeBpalleHHH BEIIECTBA M3 KPHCTAJUIMYECKOro B aMOp(HOE COCTOSHHE.
OHTPOIHA NPOCTHIX BELIECTB ABJIETCS NEPHOJUYECKOH PyHKUMeH nops-
KOBOrO HOMEpa 3JIEMEHTA. YBeJIMUeHHE YKCIa aTOMOB B MOJIEKYJIE M YC-
JIOXKHEHHE MOTIeKYIbl MPUBOAMT K YBEIMHEHHIO SHTponH. Harpuwep,
5%205(0) = 161, 8%05(02) = 205, $505(03) = 238,8 Ibi/(mons - K).

Cnenyer oOpaTuTb BHUMaHUE HA TO, YTO U3BECTHH a0COMIOTHBIE 3HA-
YEeHMS SHTPOTIHH BEIECTB (CM. MPUIOXKEHHE 2), B TO BpeMs Kak abco-
JIIOTHBIE 3HAYEHUs BHYTPEHHEH 3HEPrHHU U SHTAIBIIMH HEU3BECTHBI.

VsMeneHue SHTPOIIMM CHCTEMBbl B DE3yJIbTATe NPOTEKAHHUS XHMHYE-
CKOH peakuuu (AS) (3HTPOMHS Peakluu) paBHO CyMMe SHTPONHI MPOAYK-
TOB PEaKLMH 32 BHIUETOM 3HTPONMMH HCXOIHBIX BEIECTB C YUETOM CTe-
XHOMETpUYECKUX K03 buuueHToB. HM3MeHeHHe SHTPONIMH  CHCTEMBI
(3HTpOMNUs peakunu) B pe3yibTaTe MPOTEKAaHUI XUMHUECKOH peaKLHH:

dD + bB =IL +mM
paBHO:
AS = ISL + MSM - dSD - bSB

Hanpumep, 3HTpONHMS peakLMH:
CH, + H,O(r) = CO + 3H,

NPH CTAHIAPTHBIX COCTOSIHISIX PEAreHTOB M MPOAYKTOB fpouecca u 298 K
paBHa:

AS99g = SC0.208 + 351, 208 = SCi, 298 — SH,0(r),208 = 197,54+ 3-130,58 - 186,19 - 188,7 =
= 214,39 Ix /(Mons - K). s
Kaxk BWJiHO, SHTPONMMs CHCTEMbl B pe3yJbTaTe peakliyy BoO3pocia
(suTporus peakuuu nonoxurensHas) AS > 0. Tak xak sHTponus BelecT-
Ba B razoo0pa3HOM COCTOSHHH CYUIECTBEHHO BBIILE, Y€M B JKHIAKOM H
TBEPAOM COCTOSIHHUAX, TO BHTPOMHS PEAKLUH MOJIOKHUTENbHA, €C/IM B pe-
3yJIBTATe MPOLECCA BO3PACTAET YHC/IO MOJIeH ra3000pa3HBIX BEIIECTB, KakK
B TONBKO UYTO PACCMOTPEHHOM NpUMepe. BereacTsie BBICOKUX 3HAYEHHH
9HTPOITHH razoB, flOCAEIHUE Ha3bIBAIOT “HOCUTENIMH SHTPOIHA .
Hrak, sHTpONMHUS XapaKTepH3yeT YHCIO MHKPOCOCTOSHWH, sBHSETCS
mepoit Gecriopsika B chcteMe. Ee yBennuenne roBOPUT O MEPEXOJe CHUC-

TeMbl U3 Bonee YIOpPSAOOUYCHHOT0 COCTOSHHUA K MEHEC YNopaaAo4YeHHOMY B
pe3yJibTaTe TEX UK UHBIX, B TOM YHCIIE XMMHYECKHUX, NPOLECCOB. B cnpa-
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BOUHUKAX TIPHBOAATCS 3HAYEHUS CTAHAAPTHOM JHTPONMM BELUECTB MpPU
298 K, Ha OCHOBaHHMH KOTOPBIX MOXKHO PAacCHMTAaTh CTaHJAPTHBIE SHTPO-
11K TeX WIH MHBIX pEeaKLHi.

Bropoii 3akoH TepMOAMHAMMKM [UISi H30JMPOBAHHBLIX CHCTEM.
Bropoli 3akOH TepMOAMHAMHKH UMEET HECKOJbko (hopmyaupoBok. s
CHCTEM, KOTOpbIE He OOMEHHBAIOTCS C OKPYXXaIOLIEH Cpeaoil Hu SHEpTHEN,
1K BELECTBOM (H30/IMPOBAHHbIE CUCTEMBI), BTOPOH 3aKOH TEPMOIUHAMU-
KM MMeeT Cllefylolyio GOpMYIHPOBKY: 8 U30AUPOBAHHBIX CUCMEMAX Ca-
MORPOU360IbHO UOYIM MOALKO MAKUE NPOYecchl, KOMOopbie CONPOBONCIA-
romes gozpacmanuem sumponuu: AS > 0.

BTopoii 3aKOH TepMOIMHAMUKK ¥MeeT CTAaTHCTHUECKHUH XapaKTep, T.€.
CApPaBELIHB JIMIUL ISl CHCTEM, COCTOSIMX M3 OueHb OONBIIOrO Yucia
4acTHL. ,

CucTeMbl, B KOTOPBIX MPOTEKAIOT XHMMHUYECKHe peakiiiu, He ObIBaloT
M30JIMPOBAHHBIMH, TAK KaK OHHM COIPOBOXAAIOTCE M3MEHEHHEM BHYTpPEH-
Hed HepruM cucTeMsl (TersioBbM 3 dEKTOM peakuuu), T.€. CUcTeMa 00-
MEHHBaeTCs SHepruel ¢ OKpyXalel cpenod. XHMHUYECKHE peakLini Mo-
TYyT NpoTeKaTb CaMOMPOHU3BONLHO U G€3 BO3pacTaHWs 3HTPONMH, HO TNpPH
ITOM YBEJIMUUBAETCA DHTPONUs OKpyxatouiel cpenwsi. Hanpumep, xumu-
YecKHe peakLUMH B Opradu3Me Jmo0Oro cymecrsa CONPOBOXKAAIOTCA
YMEHBLICHHEM 3HTPOMHH (ITPOUCXOAMT ynopsaaoueHue cuctemsl). OaHako
'OpraHu3M MOJNydyaeT 3HEPryio U3 OKpyXKawuleH cpeibl (nHila, BO3XYX).
[TonydeHue NULIEBHIX NPONYKTOB COMPOBOMXKAAETCS BO3pAaCTaHHEM DHTPO-
MUK OKpYKalolleH Cpe/bl, T.€. KH3Hb KaXKAOro CYHIECTBa CBf3aHa C BO3-
pacTanueM JHTPOTIHH.

OHaKo, eciii B CUCTeMe NPOTeKAeT XUMUYEcKas peakiis, 1o cuereMa
0OMEHMBAETCS DHEPTHEH C OKPYXKalOLIEH CpeloH, T.e. He SABJIETCS M30JH-
pOBaHHOH. XUMHYECKHE peaKliH OObIYHO COMPOBOXKAAIOTCS H3MEHEHHEM
KaK 3HTPOIIHH, TaK H SHTA/IBNIHK.

OHTAILNAHHLIA M SHTpONuMiHLIA GakTopsl H300apHO-N30TEPMH-
yecKux mponeccos. M3 npenpiaymmx naparpador cienyer, 4yto B XMMH-
YeCKHUX NpoLeccax NposBIAOTCS ABE TEHACHUMH: a) CTpeMieHHe Kk obpa-
30BaHMIO TIPOYHBIX CBA3eH MEXAY YacTHUaMH, K BO3HHKHOBEHHIO Gosee
-CJIOJKHBIX BELHECTB, CONPOBOKAAIOILEECS MOHKEHHEM JHEPTHH CHCTEMBI;
0) cTpeMieHNE K pa3beAHHEHHIO 4acTHL, K Oecrnopsaaky, XapakTepusye-
Moe ' BO3pacTaHMeMm O3HTpomuu. IlepBas TeHzeHuMs B  H306apHO-
M30TEPMHUUECKHX YCIOBHAX XapaKTepHU3YyeTcs SHTAIBMUIHBIM (aKTOpoM
npoiiecca U KOJIMYeCTBEHHO Bbipaxaercs uepes AH (x[bx/monb). Bropas
TEHICHLHSA XapaKTepH3yeTCs SHTPONHKAHBIM (PaKTOPOM M KOMMUYECTBEHHO
BbIPAKACTCA TNPOU3BEACHHEM aOCOMIOTHOW TEMMEpaTyphl Ha 2HTAJBIUIO
npouecca, T.e. TAS (x x/mons).

135



BOI’IpOCbI H 33434 A9 CAMOKOHTPOJIA

5.20. IpuBeaure ApUMeEphI CaMOIIPOU3BONILHLIX NPOLIECCOB, CONPOBOXKAAIOIIUXCSH [10-
HUXEHHEM JHTATBIHY CHCTEMBI (3K30TEPMHUUECKHX NPOLIECCOR).

5.21. I'lpuBenute NpuMeEpsl CaMONPOU3BOJIBHBIX MPOLECCOB, CONPOBOXAAIOLIMXCS TIe-
pexonoM. cHCTeMbl M3 Gollee YIOPSAOUEHHOTO B MEHEE YITOPSAOUEHHOE COCTOSHHE,

5.22. Kakyio OTAMYHTENBHYIO QCOOEHHOCTH 3HTPONUM KakK TepMOAHHAMHYECKOM
hyHnKimn Bb 3HaeTe?

5.23. Kakolf 3HaK HMEeT HTPOIHAS NPOLECCOB: a) CyOauMalmu Hoaa; 6) mepexona Oe-
70T0 0N10Ba B cepoe?

5.24. Onpenenute 3Hak SHTPONHH peakliUy, NMPOTEKAOLIEH B HeHTpamM3aTopax aBTo-
mobuneit (noxurarensx CO):

CO + 1,0, = CO,
66‘.3 NPOBCACHUSA pacyeTta.

5.25. Onpepenure CTaHAApPTHYIO SHTPONUIO PEAKUMH CrOPaHHA METaHa, WCIHONb3YS
‘aHHble npunoxenus 2 (npu 298 K):

CH, + 20, = CO, + 2H,0 (1)

5.26. Paccunraiite snTponnitnoiif ¢akTop peakuuu cropaHus Merala 0 BOJASHOrO na-
pa ¥ JUOKCHIA YIIepola B CTAHAapTHBIX COCTOSHMAX pearentoB npu 298 K u cpaBHuTe
€ro C SHTANBNUIHBIM (aKTOPOM NPH ITHX XKE YCIOBHSX.

§ 5.4. JHEPT'MSl THBECA U HAIIPABJIEHHOCTbh XUMHYECKUX PEAKHHANA

Oueprus I'n66ca — KpATEpHil caMONPOU3BOJILHOTO NPOTEKAHMS
XHMHYECKHX peakumii. DHTANLNHHHBIA U SHTPOIHHHBIH daxropsl, xa-
paKkTepu3yloulye B NPOTHBOTIONOKEHHbIE TEHIEHIUM TPOLEcCOB -
CTpeMIIeHHE K OOBeIUHEHHIO, TIOPAJIKY U CTPEMIIEHHE K PasbhelUHEHHMIO,
GecrniopsaKy, B3sTbIE MO OTAENBHOCTH, HE MOTYT OBITh KPUTEPHAMH CaMo-
NMPOM3BOJILHOrO TeUeHUs ' XUMHYECKMX peakuuit. JIna u306apHO-M30TEp-
MHHECKHX TPOLECCOB WX 00beAUHSAET PYHKLHA, Ha3blBaeMas SHEpTrue i
I'u66ca’ nponecca (AG), pasHas:

AG=AH-TAS . (5.12)
VpaBHeHue MOYKHO 3ar1caTe B BHIEC:
AH=AG+TAS. (5.13)

Kak BuaHO, 3HTANbNHS XMMHYECKOH peakLMM BKIOYaeT B cebs IBe
yacty. [lepBas yacth (nepBblid uleH 3TOro ypasHeHus) AG, paBHa MakcH-
MasisHOM pabote, W,"™, KOTOPYIO MOXeT COBEpLUMTH CHCTeMa MPH PaBHO-
BECHOM MpPOBENECHHH MNpoLecca B HW300apHO-H30TEPMHUYECKHX YCIOBHSX.

: ,
Ora GyHxnus Ha3BaHa B YeCTh aMeprkaHckoro yueHoro [x. V. I'u66ca.
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CneposarenbHo, 3Heprus ['H66¢ca — 3T0 HacTh HepreTH4eckoro s¢dexra
XHUMHYECKOH peaKkLuH, KOTOPYIO MOXKHO NPEeBPaTHTh B paboTy:
- ~AGr" = W,™, (5.14)

[Nockonbky sHeprio I'n66ca MOXHO npeBpaTHTh B paboTy, TO ee
TaKKe Ha3biBalOT CBOGOAHOMN dHeprue.

Bropoi unen npasoii yacti ypaBaeHus (5.13) (3HTponuiinbli gakrop)
npeAcTaBiseT coOOH YacTh 3HepreTHueckoro 3ddexta, KOTOPYHO HEBO3-
MOXKHO TPEBPaTHTh B paboTy.

Ota yacTh 3dekTa paccenBaercss B OKpYXKaIOIYIO cpelly B BHIE Tel-
notsl.  IlosTomy 3HTponpmm,m ¢dakrop TAS Ha3pIBalOT CBA3aHHOM
3Hepruei.

Oueprus ['u66ca cnyxutr kpurepueM caMonpomBoanoro npoTeKa-
HUA XMMHYECKOH peakuuu. XvMHuYecKas peakuus NPUHLUMIHAIBHO BO3-
MOJKHa, ecii 3Heprus ['nb0ca ymensluaercs, T.€.

AG <0. | (5.15)

Vpaerenue (5.15) sBnsercs YCIOBHEM BO3MOXHOCTH camonpons—
BOJILHOT'O TEUEHHS PEaKLUH B MPIMOM HarpapieHHH.

Xumuueckas peaklys He MOXET MPOTEeKaTb CAMOIPOMU3BOJILHO, €CIiH
sHeprus ['u66ca cucteMsl Bo3pacraer, T.e.

AG> 0, - (5.16)

VYpasueHue (5.16) ssnsercs yénbsueM HEBO3MOXHOCTH CaMOTIPOH3-
BOJILHOTO TE€YEHHS PEaKUMH B NMPSIMOM HarpaBIeHHH. JTO )K€ ypaBHEHHUE
CHY)KHT TEPMOJHMHAMHUYECKHM YCIIOBHEM BO3MOXHOCTH camonponsaonb-
HOTo nNpoTekaHus o6patHoH peakuuy. Hakonewn, eciu

AG =0, 5.17)
TO PeaKius MOXET MPOTeKaTh Kak B NMPIMOM, Tak M B 0GPaTHOM Harpas-
JIEHHAX, T.€. peakuus obpaTuma.

HanpaBnenue XMMHUECKMX peaKUuii 3aBHCUT OT HMX Xapakrepa. Tak,
ycnosue (5.15) cobmogaercs npu moboii TeMnepaType Uis 9K30TEpMHue-
ckux peakiwii (AH < 0), y KOTOpBIX B XO/I€ peaKlUM BO3PAcTaeT YHCIIO Mo-
Jieit razoo0pa3HbIX BELIECTB, W ClIe/IoBaTeNbHO, SHTporHs (AS > 0). V Takux
peakuuii o6e newxyume cunbl (AH) n (TAS) HanpaiieHb! B CTOPOHY TIPO-
TeKaHus NpsMoil peakuud ¥ AG < 0 npu mobbix Temnepatypax. Takue

* -~
3HaKk MHHYC O3HAuaeT, 4TO CUCTEMA MOXET COBEpIIaTh paGoTy Ham OKpyXatoued
cpeno¥ npH yMeHsILIEHNH 3Hepruy [ n60ca B pe3ynbTaTe peakiy.
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peaKLi¥ CaMONPOM3BOJNIbHO MOTYT MATH TOJNBKO B MPSAMOM HarpaBlieHUH,
T.e. ABJISIOTCA HeoOpaTUMBIMU. B kauecTBe npumepa clykuT peakipns:
C(rpacur) + '/,0, = CO

O1a peakuus sk3otepmudeckas (AH = — 110,5 xx/Moib), B pe3yiib-
TaTe ee NPOTEeKaHMs Bo3pacTaeT HHcJIo Mosiel ra3oo0pasHbIX BeulecTs [AS =
= 89,38 Jhx/(monp-K)], T.€. mpu mobeix TemiiepaTypax AG < 0.

Hao6opoT, sHaotepmuueckas peakuus (AH > 0), B pe3yinrate KOTo-
pol yMeHblIaeTca YACIo Mosleld razoobpasHsix BeiliecTB (AS < 0), He MO-
AKET TIPOTEeKATh CAMOUPOU3BONLHO B MPAMOM HATIPABIEHUH 0pU JEOOOH
TeMmneparype, Tak kak sceraa AG > 0.

BO3MOMXHOCTH NMpPOTEKAaHUS MHOTUX PEaklUMil 3aBUCAT OT TeMIeparty-
pbl, TAK KaK C MBMEHEHHEM TEMIepaTypbl U3MEHsIeTCs 3HaK dHepruu ['ub-
Oca aTux peakuuii. Ecnu B pesynbTate sk30TepMHuueckoii peakiuyn (AH < 0)
YMEHbLIaeTCs YuCI0 MOJieH ra3oo0pa3HbIX BEUIECTB U COOTBETCTBEHHO
SHTpOIHSA chcTembl (AS < 0), To npu HeBbICOKOH Temnepatype |AH> |TAS]
M peaxiMsi MOXeT CaMONpPOU3BOJIbHO NPOTEKaTh B MPAMOM HalpaBliEHUH
(AG < 0). [1pu Bbicokux Temneparypax |AH| < |TAS| u npsamas peakuus
CaMOMNPOU3BONILHO MIPOTEKaThL He MOXeT (AG > 0), a oOpaTthas peakuus
BO3MOkHa. [IpuMepom Takoii peakiiui MoKeT ObITh:

Ca0 + CO, = CaCO;,
‘0 : 0
AH3og = AH_(/),CaCO3,298 = A ca0,208 = Ay co, 298 = -178,1x/bx /mons.

MoxHo 6e3 pacueTa npeackasaTb, YTO SHTPOIHS ITOH peaklMH UMeeT
OTpUUATEILHOE 3HAYEHHE, TAK KaK UMCI0 MOJIEi ra3000pa3HbIX BEHIeCTR B
pe3yabTaTe peakilMu ymeHbluaercs. PacueT nst cTranapTHOrO cOCTOAHMSA
MOATBEPKIAET 3TO MPEANOIOKEHHE:

0 0 0 0
ASy08 = SCac0, 298 ~ SCa0,298 = 5C0, 208 = —160.6[bx /(Mo - K).
COOTBETCTBEHHO,
s = AF Sss =
AG 208 = A 298 — 298A 298 T — ]30,24 K]I)K/MOJU).

TosTomy ass cTaHAapTHOTO cocTOsHMS ( peo, = 100 kIla) u 298 K
JlaHHas peakuds Bo3MoxHa. Tak kak AS < 0, To Npu BBICOKHX TeMIlepaTy-
pax, koraa |AH| > |TAS|, sHeprus ['n60ca peakuun CTaHeT MOJIOKHTENb-
HOH, a peakuus B MPSAMOM HanpaBAeHHUH HEBO3MOKHOH.

It onpeaenenus temneparypst, Bbllle KOTOPOH NPOHUCXOAUT CMEHa
3HaKa oHepruu ['ub6ca peakunm, MOXHO BOCTIONB30BATHCA YCIOBUEM:

T,=AH/AS, (5.18)

rae T, — TemnepaTypa, NMPH KOTOPOH yCTaHaB/IMBAaeTC PaBHOBECHE, T.€.
PaBHOBEPOSTHAs BO3MOXKHOCTh NPOTEKAHHUS NPAMOH U 06paTHOH peakuHH.
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Ecy IpHHATH, 4TO AS Mo H3MEHSETCA C MOBBILIEHHEM TEMIIepaTy-
pbl, TO MO ypaBHEeHHIO (5.18) MoxkHO onpenenutk T, BBIIIE KOTOPOH M3-
MeHseTcs 3Hak sHeprud I'm66ca. B ngaHHOM ciyvae Ui MpHBEAEHHOM
BbILIE PEaKUMM NPH CTaHOAPTHBIX COCTOAHUAX Bewects 1, = 178,1x
x10/160,6 = 1109 K.

Ecnu B pesynprare 3HaoTepMuueckod peakipn (AH > 0) ysenuuunpa-
€TCS YUCIO MOJieH razoo0pa3sHbIX BEIIECTB H COOTBETCTBEHHO IHTPOITHA
cuctemsl (AS > 0), To npH HeBBICOKHX Temneparypax, koraa |AH| > |TAS],
CaMOIIPOU3BOJIBHO TipAMast peakiusa uard He Moxket (AG > 0), a npH BeI-
cokux teMneparypax (I > T, = AH/ AS), xorna |AH| < |TAS|, npsamas pe-
aKLHAd MOXET IpoTekats caMonpou3BonbHO (AG < 0). Ilpumepom Takoii
peakuuy MoxeT ObITh NMONTyYeHHe BOAOPOJA ITyTEM B3aUMOIEWUCTBHA Me-
TaHa H BOAAHONO flapa:

CH; + 2H,O(r)= CO;, + 4H,
Owranbnus peakuuu npu 298 K v ctanpapTHOM COCTOSHUM TPOAYK-

TOB PeakLii U UCXOIHBIX BEIIECTB AH’ 208 = 164,98 xJx/mMonb. DHTpomnus
PeaKLuH IIPU STHX XK€ YCJIOBHAX paBHa:

0 0 0 0 0 ' '
AS>08 = Sco, 298 + 451, 208 — SCH, 298 — 25H,0(r),208 = 172,411k /(mons - K).

" Kak ¥ criefoBasio 0)kHAaTh, 3HTPONHS peaklHu Oonblle Hyns. DHep-
rus F u66ca peakuMH IPH JaHHBIX YCIOBHAX PaBHa:

AG 208 = AH 295 — 298A8" 295 = + 110,3 K x/Monp.

Kak BugHO, nipu Temneparype 298 K v craHaapTHOM COCTOSIHUM pea-
FeHTOB PeakKLiys B NMPSAMOM HallpaBjeHHH CaMONpPOMU3BOJILHO MATH HE MO-
xet. Tak kak AS > 0, To ¢ yBeJTMYEHHEM TEMIepaTypbl BO3pacTaeT SHTPO-
muiHeIA daktop TAS. Ipn T, = AH / AS ycranosurcs pasHoBecue, a AG < 0
npn T>T,= AH/AS.

Ecnu npeHe6peqb usmenennem AS’ u AH’ ¢ yBenuyeHHeM Temmepa-
TYPbl, TO MOXKHO ONpeleNIuTh 1, AN CTAHAAPTHOTO COCTOSIHUSA PeareHToB!

T,=AH/AS =962 K.

CnenoBareneHo, nmpy T > 962 K u cTraHnapTHOM COCTOSHHM pearcH-
TOB, peakLs B3aMMOAEHCTBHS BOASHOrO Napa M MeTaHa ¢ obpa3oBaHHeEM
CO, u H, MoxeT nporekaTs caMonpon3BOIbHO. PacCMOTpeHHEIE YeThIpE
THMA TIPOLECCOB CBEEHHI B Tabi. 5.4.

Utak, kpuTepueM CaMOIpOHU3BONBHOIO TEYEHWS DPEakUHH SBIAETCA
sHeprus ['n66ca 3Toit peakupin, KOTopas Cy MMMPYET JHTANBITUIHEIA U 5H-
TponuiiHbil dakTopel. Dueprus ['wb6ca peakiun Moxer 6bITh 06paTHMO
rnpespailieHa B paboTy. YCIOBHEM CaMOMPOU3BOILHOTO TEYEHHUS PEAKLIMH
ABAAETCS CHIDKeHUe sHepruu ['nb6ca cucremsr: AG < 0.
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Tabnuua 54 Bananue reMnepaTypr! Ha HANpPaBJIeHHe XHMHUYECKHX. peakuHil

AH AS —[ AG Hanpasnenue TIpuMepsb!
peaknun peaxuwii
AH<0| AS> 0| AG<0 IMpamas peakuus Moxer 6bith ca- | C(rpadur) + 1,0, =
. | MOTIpOM3BONBHOM 1IpU  MOOBIX =CO
TEMIEPaTypax
AH>0| AS< 0| AG>0 [psmas peakiis ne Moxker uamu | CO= C(‘rpa(bm) +
: CAMOMpPOM3BOJILHO MpPH  MIOGKIX +/,0,
TeMneparypax
AG <0

npH CaMOonpOoH3BOABHO MOXET HATH Ca0 +C02 CaCoO,
AH<0] AS<O0 T<T npsiMasi  peakilusi TNpH - HU3KHX
AG>( |Temneparypax u ofparHas peak-

pH HHMs OPU BHICOKMX TEMIIEpaTypax

T>T,
AG>0
npH CaMoripOu3BOJIEHO MOXET MpOTe- CH, + 2H,0(r)=
T<T Karh [psiMas peakuus MpH BBICO- =CO, + 4H,
AG<( |KuX Temmneparypax u oOparHas
peakius — IpH HU3KUX TeMmepa-
Typax

AH>0| AS>0

npy
T>T,

3Heprus ['nb6ca 3aBUCHT OT Xapakrepa peakluu (3HaueHuil Al u AS),
a Ui MHOTMX peakuuil u OT Temreparypbl. 3Has BenuuuHel AH u AS,
MOXHO paccuHTaTh AG U COOTBETCTBEHHO MPENCKA3aTh BO3MOKHOCTD HIIH
HEBO3MOKHOCTh CaMOTIPOHU3BOJIBHOTO TeUEHHS PEaKlHy, a TAloKe BITMSIHHE
TemIepaTyphl Ha HalpaBjleHne npolecca.

Jueprus’ I'mo6ca obpazoanus BewecrBa. Hzmenenue suepeuu
T'ubbca cucmembl npu obpazosarnuu 1 mone eewyecmea B uz npocmuix ge-
wecms, ycmotivueuix npu 298 K, Haszvieaemcs snepzueis I'ubbca obpazo-
sanus sewyecmeéa B, AG;s. Hanpumep, sneprus ['ubbca 06pa303amm am-
MMaKa AG; ny,) PaBHa dHepruu ['uG6ca peaKiun

"N, + *H, = NH;

Dueprus I'n66ca o6pazoBaHns MPOCTHIX BEMIECTB, B JAHHOM Cllyyae
N; u H, , npuxuMaeTcs paBHOH HyJIIO AG, y, = 0,AG, y, = 0. Ecnyt Bewect-
BO B U UcXOjHBIE MPOCTHIE BElleCTBA HAXOAATCA B CTAHAAPTHBIX COCTOA-
Husx (cMm. Tabn. 5.1), To osHeprus I['nb6ca oOpa3oBaHMs HazbIBaeTcs
cTaHxapTHOH sHepruedd 'n66ca Bemectsa B (AG";p). B cnpa-
BOYHMKAX OOBIYHO MPHBOASTCSA 3HAUEHHs CTaHAApTHBIX 3Heprui I'mbbeca
obpasosanus BewecTs npu 298 K. 3uauenns AG®j208 M5 HEKOTOPHIX Be-
11eCTB NPUBEAEHbI B NPHJIOKEHHH 2.
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Oneprus ['u66ca xumuuecknx peaknmii. Kax n mobas tepmonunamu-
veckas GyHkums, sHeprusa [nb6ca sensierca dynkumeil coctosHus, T.e. ee
3HaYeHHE He 3aBHCHT OT ITyTH MPOTEKAHHS NPOLECca, a JIMIID OT HCXOAHOTO U
KOHEYHOro cocTosHHuH cuctemMsl. TloaToMy anepeuo I'ubbea xumuueckoii pe-
axyuu AG mooicHo paccyumame kak cymmy anepzuii I'ubbea obpasoeanus
npooykmos peaxyuu 3a evryemom suepzuil Iubbica obpaszosanus ucxoonvix
6eYecing C y4emom CmexuomMempuyecKkux ko3gduyuenmos.

Oueprus ['n66ca xumuueckoll peakuuH:

dD + bB=1IL +mM
paccumThiBaeTCs 1o gopmyne: '

Hanpumep, sHeprus Fu660a MOMy4YeHus BOnopoﬂa MCTOI(OM B3aHMO-
JeCTBHA MeTaHa U BOJSTHOTO apa;

| CH, + 2H,0(r)= CO, + 4H,
paCC‘{HTbIBaCTCﬂ 1o ypaBHCHH]‘O:
AG = AGy co, +48Gy 1, ~ AGy cn, = 286G py009)-

[Tonyuennoe 3Hauenue AG ABIAETCA KPUTEpHEM CaMONPOU3BOILHOTO
TeueHus peakuuu (AG < 0). Ecnu ucxoansie BemecTa H MPOAYKTHl peax-
LIMM HaXOAATCS B CTAHJAPTHBIX COCTOAHMSAX, TO 3Heprus ['mb6ca HazpiBa-
eTcst cTaHpapTHO#W dHeprue#t I'm66ca xumuueckol peakuuu
AG H ABJISACTCA KpUTEPHUEM CaMOIIPOU3BOJIPHOro MpOTEeKaHHUA peakuuu
MPH CTAHAAPTHBIX COCTORHUAX UCXOIHBIX BELIECTB U MPOAYKTOB PEAKLHH.

Cas3b Mexcry AG 1 AG® BHIPaOXAETCS YpaBueHueMm, MOJIYSHBLIUM Ha-
3BaHue H3otepMbl Bautr-Todda (B uects romnanackoro pusmko-
XHMHKa), KOTOpas A PeaKLfH:

dD + bB = IL + mM
3AMMUCHIBACTCA B BUE.

AG =AG’+ RTIn(p" p” /p[)p 2 (5.20)

aubo B BUE: , ;
AG=AG"+RTIn(' ",/ ¢* ¢ )*, (5.21)

rie p,, P,y Ppy Py — OTHOCHTENIBHbIC NAPLMAILHBIE JABIEHUS COOTBET-

CTBYHOIIUX BEUIECTB, CL , C C [ KOHHCHTpauI/IH COOTBCTCTBYIOIINX

M’"D’* "B

PacTBOPECHHBIX BEICCTB.

‘B ypaBHeHHH (5.21) 113 KOHUEHTPHPOBAHHBIX PACTBOPOB BMECTO KOHLEHTpaLui
BXOST AKTUBHOCTH (cM. 1. 8).
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Ecnn EL = EM = ED = EB =1 WM ¢, = ¢y = ¢p = ¢g = | Monw/I, TO
AG=AG . ‘
Vuwureisas yro R = 8,31 Jx/(monsK) u In = 2.3 Ig, nosyqaem npu 298 K:

AGhos = AG%0s + 5,71 1g (7o 't / P% P'8)- (5.202)

Hrax, sHepruro I'n66ca XuMH4eCKOH peakUMHd MOXHO OIPERETHTD,
3Has 3Hepruio ['u66ca o6pazoBaHus MPOAYKTOB PEaKLUM U HCXOIHBIX Be-
IECTB ¥ UX NapUUaibHbIC AABIICHUS WY KOHLEHTPAUNU.

BO"pOCbl " 3aJa4H AN CAMOKOHTPOJIS

5.27. MoxHO 14 npeAcka3aTh BIUSHUE TEMOEPATYPhl Ha Hanpaaneﬂné XUMHYECKOH
peaKkLuy, ECIIM M3BECTHA e IHTaNbIM? OTBET NMONTBEPAMTE Ha NPUMEPE KaKoH-B0 peakiyy.

5.28. Bo3MOXHO 11 CAMONpPON3BONBLHOE OKUCIIEHNE a30Ta N0 YPABRHEHUIO: '

',)N, + 0, =NO,
TNpH CTAHAAPTHRIX COCTOSHUAX Ny, Oz, 1 NO,, nipu 298 K n apyrux temneparypax? Otser
NIOATBEPAHUTE PACYETOM. 7

5.29. B §.5.2. paccMoTpeH MeToI meperayd TEIUIOTH! Ha PACCTOSHHE B XHMHYECKOH

Jdopme sHepray, BanpuMep, yTEM UCTIONB30BAHMUS PEAKIUM:
CH;OH(x) = CO + 2H,

Vxaxure obnacti TeMneparyp, Npu KOTOPBIX 3Ta PEAKIHs MOXET CaMOIIPOU3BOILHO
NPOXOJUTh B NPAMOM HANPaBJICHUH, IPHHHMAS, YTO PEareHThl HAXOAATCH B CTAHAEPTHBIX
cocTosHUAX 1 3nadenns AH® u AS® peaktyi e 3aBHCST OT TeMITEPaTypHL.

5.30. IlpuBeauTe ypaBHeHMs peakuuh, 110 KOTOPHIM MOXHO Ompeie/uTh SHEPrUu
'u66ca o6pasosanus CO,, CaSO, u HNQO;.

5.31. B uem pasnuna Mexay sHeprueH I'n66ca u crannaprHoit sHeprueit ['n66ca xu-
MHYECKOH peakiuu? v '

5.32. IIpu cropaHuM TOIUIMBA, CONEPIKALIETO cepy, 006pa3yeTcs HUOKCHA cephl. Bo3-
MOXKHO JIM CaMOMNpPOU3BOJILHOE OKHCIIEHHE AHOKcHAa cepbl A0 SO; npH CTRHIAPTHBIX CO-
crosHusax 8O, u SO; u npu 298 K. Otser noarsepanute pac'{emM.

5.33. Paccuuratite sHepriro 'nb6ca XuMHUYeCKO# peakiy CHHTE3a aMMUaKa N, + 3/2H2 =
= NH; npn 298 K n 0THOCHTENBHBIX NIapUMAIbHBIX AaBlieHusx py, = 100,py, = 100 u

p_ NH, = 1,0
§ 5.5. XHUMHYECKOE PABHOBECHE

YeaoBHe xuMHYecKore pasHosecns. Kak Obimo nokazaHo B § 5.4,
MIpH HEKOTOPOH TeMIepaType SHTAJIBNHUAHBIA U SHTPONUHHBINA (akTOpHI
YPaBHHBAIOTCS, ABE INPOTHUBOMOJIOKHBIE TEHACHIMM YPaBHOBELINBAIOT
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Japyr npyra, T.e. AH = TAS. B atoM cnyuae cobironaercs ypaBHeHHe
(5.17): AG = 0, xoTOpOE ABNAETCH TEPMOTUHAMHYECKHUM YCIIOBHEM XHMM-
YECKOr0 PABHOBECHS.

XHMndeckoe paBHOBECHE MMeeT OUHaMUueckuii xapakrep. CkopocTh
peaxkuyy (4UciIo YacTul, oOpasyrIyuXcsd B €AUHHUIY BPEMEHH W €AUHHLIE
obbema) B NPAMOM HanpaBieHHH PaBHA CKOPOCTH PEaKIHH B 0OpaTHOM
HalpaBlIeHHU. B yCIOBHAX XMMHYECKOTO paBHOBECHS KOHLCHTpALMHU (WITH
napLyajJbHOE JABJICHHE B CIy4ae ra3oB) HCXOJHLIX BELLECTB U NMPOIYKTOB
peakliyu He H3MEHSIOTCA BO BpEMEHHM M Ha3bIBAIOTCA PABHOBECHBIMH
KOHHeHTpauusaMuU (WM NapuMaJbHLIMU JaBICHHIMH)
BelecTs. B nanbHelmem paBHOBECHbIE KOHLEHTpauun Oyaem o6o3HauaTh
CHUMBOJIOM BELUECTBA B KBaJAPaTHBIX ckoOkax. Hampumep, paBHOBecHblE
KOHLEHTAPIMK BOAOpOAa U amMMHuaka Oymyt obo3Hauatbes [H,] u [NHs).
PaBHoBecHOe mapumaisHoe napnenne Oyaem o0o3HayaTh UHIEKCOM p, Ha-
NPUMEDP, ppn, U PpNu,

Hrak, TepMOOVMHAMMYECKAM YCIOBHEM XHMUYECKOTO PABHOBECHS fAB-
AseTcs paBeHCTBO SHeprun [ ubOca xummyeckoH peakiuu Hymo, T.e. AG = 0.

Koncranta xumuueckoro pasHoBecusi. ‘M3 ypasnenuit (5.17),
(5.20), (5.21) cnenyer, uTo MpH paBHOBECHH XMMHUYECKOH peaKuuu:

dD + 6B =IL + mM

AG’=—RTIn(P, . P" o/ PopPlyn) (5.22)
Hin
AG® =-RT In([L] [M]"/ [D}¥ [B]"), (5.23)

ra€ ppL > PpM » PpD » Pp3 — PaBHOBECHbBIE OTHOCHTENbHbIC (p = p/100)
napIMaibHBIe JaBIeHHS COOTBETCTBYIOHIMX BeluecTs, [L], [M], [D], [B] —
PaBHOBECHBIE KOHLIEHTPALMM COOTBETCTBYIOLIMX BellecTs; /, m, d u b —
MOKA3aTENMM CTEINCHH, PABHBIE CTEXMOMETPHUYECKHM KO3 PHILIHEHTaM.

T @ o ! d )

Otnowenns (Plo1. Pomt | Pop D) wimt (LT, [M]” / (DY, [BI) mo-
Jy4WsId Ha3BaHHUS KOHCTAHT XMMHUYECKOTO PaBHOBECHS COOTBETCTBEHHO K,
wm K. ’

K= @ P"om! D0 o) » (5.24)
K.=([L] [M]"/ [D}*[B]"). (5.25)

OTH ypaBHEHHS ABJISIOTCA BAPHAHTAMH MaTeMaTHYECKOrO BhbIpaXKEHHs
3aKOHa OCHCTBYIOIMHUX MAacc, OTKPHITOrO HOPBEXKCKHMH Y4eHbI-
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mu K.I'ynenbeprom u I1.Baare (1867). 3akoH necTBYOLIMX MAcC MOXKET

ObITh CHOPMYJTUPOBAH B CIICAYIOWEM BHIE: OMHOUiCHUE MPOU3BeOeHUs

PABHOGECHLIX KOHYEHMPAYyUl nNpOoOyKmMo8 peakyuu 6 CHMenensx, pasHulx

cmexuomMempuuecKum Kosguyuenmam, K NpouU3seOeHUI0 pPaGHOBECHbIX

KOHYEHMPayuii UCXOOHBIX 6EYeCcnE 8 CIENeHsX, PAGHBIX CIMexuoMempuye-

ckum koaghgpuyuenmam, npu T = const, 61AemMCca BeMUYUHOT NOCINOAHHOU, ‘
HanpuMep, JUTS peakLMM CHHTe3a aMMHaKa:

N, + 3H, = 2NH;
3aKOH ACHCTBYIONINX MAcC UMeeT BHI:

K, = [NH;]/ [N, [H,)

NI

K, = p pNH, / (PpN, P p 1, )

Ecinu Bce peareHThl ra3006pa3Hbl H UX MOBeIEeHHE NOAYHHSAETCS 3aKO0-
HaM HJieaTbHBIX Ta30B, TO CBA3b MEXAY K, i K. MOXKHO BBIPa3HTh ypaBHe-
"HHEM: .

K,=K.(RDAV, (5.26)
rae AV —— uU3MeHEeHMEe 4YHCcPa MOJIEH ra3oB B pe3yabTare peakiuu:
Av =(+m) —(d+ b). Hanpumep, 18 peakuyu CHHTE3a aMMHaka AV =
=2-1-3=2uK,=K.(RD”.

Tloncranss KOHCTaHTY paBHOBECHS B ypaBHeHPIH (5.19) u (5.23), no-
JiydaeM:

AG’=—RTIn K,=~-23RTg K,, ; (5.27)
AG'=-RTm K.=-23 RTig K.. (5.28)

Ilpn 298 K AG%3 = - 5,71 lg K208 = — 2,48In K}, 293. YpaBHeHue
(5.27) moxxHO 3anucathb B BUJE:

K, =exp (-AG"/RT). . (5.29)

Paccunras BenuunHy AG® XHMHUYECKOMH peaKIHH, MOXHO OMpeEHTh
KOHCTAHTY XHMHUYECKOTO PaBHOBECHSL.

HTak, KOHCTaHTa XMMHUYECKOTO PABHOBECHS MOXKET ObITh paccuuTaHa,.
€CJIM M3BECTHO CTaHIAapTHOE 3HaueHue 3Heprun I'u66ca. Mcnonbsys 3akon
JOEHCTBYIOIIMX MAacC, MOXHO paccyMTaTh paBHOBECHBIC KOHLEHTpaLMu
WIH NapuualibHble JaBleHMs pearupyiommx Bewects. Haobopor, no us-
BECTHBIM PaBHOBECHBIM KOHUEHTPALHAM pearHpylomiuX BELIECTB MOXHO

OMPE/Ie/UTh KOHCTAHTY PABHOBECHA M COOTBETCTBEHHO CTAHIAPTHYIO
sHepruio ['n66ca XMMHUYECKOH peaKinH.
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Biinanne TeMmepaTypsl Ha KOHCTAHTY paBHoBecHsn. Kax cnemyer
U3 ypasHeHus (5.29), KOHCTaHTa paBHOBECHS 3aBHCHMT OT Temmneparypbl. C
yueroM (5.12) ypaBHeHHE NPUHNMAET BUA:

In K,=— AH'NRT) + AS/R - (5.30)
HIH .
K, = exp (-AH"/RT) exp (AS"/R). (5.31)

Ecnu npauats AH' u AS®  HesasucuMbIMu oT TeMHeparypsbl, TO IIpo-
W3BOAHAA JorapudmMa KOHCTaHTHl PaBHOBECHS MO TeMmrepatype Oyner
paBHa:

(din K,/ dT)= AH’ | (kT). - (532)

Kak BuaHO U3 M306apk! paBHOBeCHs (5.32), KOHCTAHTA PaBHOBECUS K-
30TEPMHYECKON peaKLMH yMEHbLUAeTCH, a8 JHAOTEPMHHECKOH peakuHu
BO3PACTAET C NMOBbleHHeM Temmeparypsl. C yBennyeHueM abCONOTHOTO
3HAYCHHS 3HTANbIIUH PEaKUHUH M YMEHHIUICHHEM TEMIIepaTypbl YyBCTBH-
TeJIbHOCTh KOHCTAHThI peakKLMK K H3MEHEHHIO TeMIIepaTyphl OBBIILIAETCS.

Pacuer papBHOBecHBIX KOHNIEHTPANHH pearnpyiolidx BemecTB.
PaBHOBecHBIE KOHLIEHTpALMH NIPH M3BECTHBIX HAYANbHBIX KOHLEHTPaLMAX
MOXKHO paccuuTaTh, UCTIONB3YS 3aKOH JEHCTBYIOMIMX Macc.

Ipumep. Paccuuraiite paBHOBECHBIE KOHLIEHTPALIMK UCXOIHBIX BEILECTB U IIPOAYKTOB
peaKLum; .
aA+bB=dD

" ecNM MCXOJHBIE KOHUEHTPAIIUU PABHH C,, Cp Y Cp.

Pemene. ATTOPHTM pactera MOXKET ObITh CleLYIOLMM.
1. KoHcTaHTa paBHOBECHS pEaKLIMM:

K.= DI (A} [BI")
Moxet 6rITh onpeeneHa no ypasuenusm (5.26) u (5.27)
K, = exp (~-AG%RT),
AGY, =d AG°(p—~a AG"[a— b A Gy,
5
( RT)(d —a-b)

(4

2. IlpuHKUMaeM, 4TO B XOZE PEAKLUH A0 COCTOSHUS PABHOBECUS! KOHLEHTPALMS KaKo-
ro-nubo BemecTsa, HanpuMep D, HaMenunacs Ha x MoJb/In,

3. OnpenenyM u3MEHEHNE KOHUEHTpaunii Py Beuiects. B coOTBETCTBUH ¢ ypas-
HEHHEM peakuHu, Ha nonyyenne d moneit BelectBa D pacxoayercs a Moliei Beuiectsa A u
b monei pemecrsa B. CooTBeTcTBEHHO HA MOyueHHe X Moneit seecrsa D pacxoxyercs
xa/d Bewecra A v xb/d Belectsa B.

4. OnipenenuM paBHOBECHBIE KOHLEHTPALMH BEUIECTB.

Kouneurpaums semecrsa D pasha [D] = ¢p + x,

sewrectBa A pasua [A] = ¢, — ax/d,

BellecTBa B pasHa [B] = cg — bx/d.
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S. HO}ICTBBHM‘ MOJIYYCHHBIC 3HAYCHHA B BEIDOKEHHC 44 3aKOHA IlCﬁCTB}’EOL[LMX Macc:

- (cp +x)?
(cp —ax!d)*(cg - bx ! d)’
Pewas naHHOe ypaBHEHMeE, HallieM 3Ha4YCHUE X, 3aT€M DABHOBECHBIE KOHLICHTPALIHM
Beniects [A], [B] u [D].
TIpousmmoCTpUpyeM pacHer Ha npuMepe. .
Ipumep. Brrguciimte paBHOBECHBIE KOHLICHTPAIMK BeecTs peakuuu CO + H,0(r) =
= CO, + H; mpu 1023 K, ecnu K, = 1, a Mcxomuple KOHUESHTPAIMH cog = 3Monb/ 1,

¢y,0 = 3MoOns /1.

Pemedne. Tak kak KOHLEHTPALMH NPOXYKTOB PEAKLMH HE YKA3aHBI, TO CUMTAEM,
4TO OHHM OBLTM paBHH HymO: cco, =0,cy, =0.

1. Koncranra paBaoBecHs peakuud (ipn K. =1 u T=1023 K):

K= [CO,][H.}/[COI{H,0]

2. TIpraEMaeM, 9TO XOHLUEHTpatms BewectBa CO, B XOJ€ PEAKIMH YBEIMUUIACH Ha X
Moniei, cootBercTBeHHO [CO,] =0+ x =x.

1o ypaBHEHMIO PEaKIMK Ha CTOJBKO XK€ YBEIMYHIIACH KOHLIEHTpAls BOAOPOAa [Hz]—
=0+ x=xwu yMmensmunacs konuenrpauus CO, r.e. [COl=3 -~xu [H,0] =3 - x.

3. Hozncrasum paBHOBECHKIE KOHLEHTPALMH B YDABHCHHE 3aKOHa AEHCTBYIOIMX Macc:

K=1=xx/(3-x)(3-x).
Orciona 9 — 6x + x> =%, T.e. x = 1,5 Mo/,

Cootsercrrenno [COY = 1,5 monw/n, [H;] = 1,5 mone/n, {H,0] =3 — x = 1,5 mons/n,
[CO] =3 —x= 1,5 moms/n.

Ecnu Gst kOHCTaHTa paBHOBECHS ObLila HEM3BECTHA, TO €€ MOXXHO OBUIO BHIMMCINTH M3
TEPMOIMHAMHIECKHX JAHHBIX PEAKUUH, T.¢. T0 ypasHeHHsM (5.26) u (5.27):

K. =K, (RTYAV u K, = exp (~AG%RT).

MoskHO pewsTs B 0OpaTHYIO' 3aflady, T.€. 0 M3BECTHbIM paBHOBEC-
HBIM KOHLEHTpallMidM OIpEeNe/INTh KOHCTAHTY paBHOBECHS, a 3aTeM —
HavaJbBbI€ KOBICHTPAIMH HCXOAHBIX BEIIECTB, €C/IA M3BECTHBI HAYAIIBHBIC

' KOHLIEHTPAL¥ NPOIYKTOB peaxiiny (0ObIMHO OHM PaBHbI HYJIIO). ‘

HTaK, Ha OCHOBC 3aKOHa JICﬁCTByIOHIHX Macc MOKHO pacCYHTATh paB-
HOBECHBIE KOHLEHTPAUMH PearupyroLiux BELIEeCTB, €CJIH H3BECTHBI UX HC-
XOHbIE KOHLIEHTPALKH, a TakXKe pellnuTh 0OpaTHYIO 3aiady.

Ilpnanun Jle Ilateabe. Ilpu BHemHEM BO3AEHCTBHH HAa CHCTEMY
MPOUCXOUT CMELICHHUE XUMHYECKOrO PaBHOBECHA, T.€. H3MEHIIOTCA paB-
HOBECHBbIE KOHLICHTPALlMH UCXOIHBIX BEIIECTB M MPOAYKTOB peakuuy. Ec-
AU B pe3yJIbTaTe BHEHIHErO0 BO3JEHUCTBHMA YBE/JIMYHMBAIOTCA paBHOBECHBIE
KOHLUEHTPAUHUH NTPOAYKTOB peaKLHH, TO TOBOPAT O CMEUEHHH paBHOBECCHS
BrpaBo. ECnu BCIEACTBHE BHEIIHEro BO3JCHCTBHA YBEIHYMBAIOTCS paB-
HOBECHBIE KOHLICHTpanHd HCXORHBIX BemeC’rB TO TOBOPST O CMELUECHHHU
paBHOBECHS BJIEBO.

XapakTep CMELICHHs MMOJ BIWIHHEM BHELIHHX BO3ICHCTBHH MOXHO
TIPOTHO3UPOBaTh, NpuMenss npuHUMN Jle IHaTense, naspanneii B
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9ecTh (PAHILY3CKOTO YUEHOIO: eC/Iu Ha CUCIEMY, HAX00AUYIOCA 6 PABHO-
8eCUY, OKA3bIBAEMCA HElUHEE 8030¢eliCmauUe, MO PAGHOBECUE CMEWAemcH
8 makom Hanpasienuu, Komopoe ocrabisem HewHee 8030elicmaue..

[Mpunoun Jle llarense cnemyer u3 3akoHa gedcTByromux Mace. Ecnu
CHCTeMa HaXOAMTCS NPH NOCTOSHHOH TeMInepaType, TO KOHCTAHTa PaBHO-
BECHs NIpH BHEUIHHX BO3LEHCTBMAX OCTaercs MocTosHHOM. [losToMy smro-
Hoe H3MeHEHHEe PaBHOBECHBIX KOHHEHTpaUMH (MapUHaibHbIX IaBJECHHIA)
OJIHOTO HJIK HECKOJBLKHX BEILECTB JOJDKHO MPUBOAUTH K TAKOMY H3MEHE-
HHIO PaBHOBECHBIX KOHLIEHTpaLMii (MapuyanbHbIX JaBjieHHi) Apyrux Be-
IECTB, 4TOOBI COOMONANOCEH MOCTOSHCTBO KOHCTAHTHI paBHOBecHS. [Ipo-
wunoctprpyeM tpaswio Jle 1llarense Ha npuMmepe peakuuii monydeHus
BOJIOpOAa KOHBepcUel MeTaHa:

CH, + 2H,0(r) = CO, + 4H,
K.=[COs] [Hy]' / [CH4] [H,0)

1. BnusHue xoHUeHTpauuil (napouaibHBIX AABJICHHH) KOMIMOHEHTOB
cuctembl. Ecny, HanpuMmep, B cucTeMy 100aBUTL MeTaH, T.€. YBEIHYHTH
€r0 KOHLEHTPaLMIO, TO paBHOBECHE cHCTeMbl Hapyluaercs. [Ipu stom yc-
KOPHTCS MpsAMas PeaKiHs, YTO NMPHBENET K YBEIMYEHHIO KOHIEHTPAlHH
npoayktop peakuuu CO; u Hy U yMEHBUICHHIO KOHLIEHTPAIMH BOISMHOTO
napa, T.. paBHOBeCcHe cMmelaeTca Bapaso. Ipouecc Oyner nporekars 10
TeX Top, HOKa HE YCTaHOBHUTCH HOBOe paBHOBecue. HoBrle paBHOBecHBIE
KOHUEHTPAUHH BCEX KOMITOHEHTOB OyIyT TaKHMH, YTOOBI COOTHOIUEHHE
MEXIY HHUMH, ONperessieMoe KOHCTaHTOH paBHOBECHs, OCTaBaloCh IO-
CTOSHHBIM. Ecny B cHCTEMY BBECTH NONOJIHHTENHHOE KONHYECTBO AHOK-
CHfA yIJIepoda, TO B COOTBETCTBUHU ¢ mnpuHuUunom Jle lllatense pasHoBe-
CHE CMECTHTCS BIEBO.

" 2. Baussue obiero aapneHus B cucreMe. Ecnu B pesysnbrare peakiuyy
_M3MEHAETCA YHCI0 MoJied ra3oo00pa3HbIX BELIECTB, TO U3MEHEHHe 0011ero
JIABJIEHHS B CHUCTEME BBI3HIBAET CMELICHHWE PABHOBECHSA. B cOOTBETCTBUM C
mpunuuom Jle llarense yBenudeHue o6itero naBjieHHsd B CHCTEME BbI-
3bIBAET CMEIICHUE PABHOBECUS B CTOPOHY YMEHBLICHUS YHCa MOJEH ra-
3000pa3HbIX BELIECTB, T.€. B CTOPOHY yMEHbIIEHHA AaBieHus. s pac-
CMAaTpUBAaEMOH peakiMH yBeNnUUeHHe JaBACHHUS O/DKHO CMEINaTh paBHO-
Becue BieBo (criesa XLv; = 3, cripaBa LV; = 5).

3. Bsiusuue remnepatypol. C yBeJIHUeHHEM TeMIEpaTypbl paBHOBECHE
CMelaeTcd B CTOPOHY 3HJOTEPMHYECKOX peakuui, T.e. peakiui, npore-
KaHHe -KOTOphIX ofecne4yuBaeT MOrIOEHHe TemloThl. Kak yKasblBanoch
paHee, HOBBIIICHUE TEMITepaTyphl BHI3bIBACT YBEJIHUICHHE KOHCTAHThI PaB-
HOBECHSI, @ COOTBETCTBEHHO BO3DACTAIOT OTHOLUEHHS KOHLIEHTpaLHi mpo-
IYKTOB PEaKLMU K KOHLIEHTPALMAM HCXOAHBIX BEHIECTB, T.€. PABHOBECHE
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CMEHLIAeTCsl B CTOPOHY SHIOTEpPMH4ECKHX peakuwmit. Hanpumep, yBennge-
HHE TeMIIEpaTypbl BBI3bIBAET CMEIEHHE PABHOBECHA pacCMATpHBaeMOH
peakuuu nonyuyeHus Boaopoaa (AH > () B npaByio CTOPOHY, a UIf 3K30-
TepMuyeckoii peakumn: 2H; + O, =2H,0 (AH < 0) — B neByio CTOpPOHY.

Hrak, npunuun Jle Illatense mo3BonseT nporHO3MpPOBATH BIWAHHE
PpasJiM4HbBIX BHEIHMX BO3ACHCTBUN HAa cCMeHICHHE PABHOBECHSL.

BOHPOCBI H 3axa‘H A CAMOKOHTpOAR

5.34. OnpenenuTe TEMIIEPATYpy, MPH KOTOPO#l yCTAHOBUTCS PABHOBECHE PEAKLMM TTO-
nyyenns ammuaxa '/, N, + */,H, = NHy(r), MPHYHUMAs, YTO BCE ra3bl HaxOANTCA B CTaH-
HApTHBIX COCTOSHUAX (PN, = PH, = Pru, = 1)-

5.35. Ompenennre KOHCTAHTY PaBHOBECHS DEAKLMH IOMyYEHHS METAHOIA U3 OKCHIAR
yriepona 1 Bogopozaa npu 298 K

\ CO + 2H, = CH;0H(x)

5.36. Kakue 3uaxn M 3Ha4eHHs npouIBoaHbX In K, no Temneparype 6yayT B ciaydae
peaxnuif npu 298 K: .
a) CH4 + 2H20(r)= C02 + 4H2

6) 2H, +0, = H,O(r)

5.37. MeTtanisl MOXHO NONYYHTE MPAMBIM BOCCTAHOBJIEHHEM BOIOPOJOM, HaNpHMeD,
KENE30 IO PeaKLiy:

FeO(x) + H, = Fe + H,O(r)

Paccuuraiite Temneparypy, Npy KOTOPOH yCTaHOBHTCS PaBHOBECHE NIPU CTAHJAPTHBIX
COCTOSIHMAX BEMIECTB, T.6. AG=AG’=0 .

Paccuuraiite paBHOBECHYIK) KOHLEHTPALMIO BOJIOPOAA ¥ MapOB BOABI B CHCTEME, ECITH
HaualbHas KOHLEHTPauns BoJopona 6ria S MoJb/N (B ypaBHEHHUE KOHCTAHTHI PABHOBECHS!
JIAaHHOM reTeporeHHON PEeakiMh BXOAST KOHLICHTPALMM TONBKO 'a3000pa3HbIX BEUIECTB).

5.38. Onun M3 BpeHBIX KOMIIOHEHTOB JABHIaTellsl BHYTPEHHEIO CrOPaHMA — OKCHA
yraepona. Ero MOXkHO HEHTpaIM30BaTh OKHCIICHHEM

CO + ',0,=CO,

Eciv B CHCTEME YCTAaHOBUTCS PaBHOBECHE, TO KaKMe BHEIIHME Bo3ncHcTeus OyayT
crioco6cTBoBars HelTpanusauuu CO?

5.39. Vraexucnora H,CO; crnocoGerByeT XMMUYECKOMY pa3pymeHMo (KOPPO3HH) Me-
tayna. OHa MoXeT ObITh YIalleHa U3 BOJB! MYTEM Pa3IOKEHHS 110 PEaKLUdM:

H,CO;(p) = CO, + H,0(x), (AH > 0).
Ecau cHcreMa HAXOAUTCS B PABHOBECHH, TO KakHe BHEITHHUC Bo3aeHcTeug OyayT cro-
co6crBoBath pasnokennio H,CO5?

5.40. ITpn pacTBopeHun KapOoHaTa HATPHA B BOJIE CPella CTAHOBUTCS OCHOBHOIM, 4TO
o0ycnoBiaeHO peakuue#t ruaponusa. Ilepsas cTyneHs FHOPOAM3a B MOJNCKYJSAPHOH dopme
‘MOKET OBITH MPEACTABIEHA YPABHEHHEM:

Na;COy(p) + H,0 = NaOH + NaHCO,

Ecnu cucremMa HaxomMrcsd B PaBHOBECHUH, TO KAaKUC BHCILIHHE BO3AcHCTBUA BBI3OBYT
YBCIMYEHHAEC KOHUCHTpALU wenoyu?
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Tnasa wecman
PABHOBECI/]H B FETEPOFEI-IIIBIX CHUCTEMAX

B nsToii riaee BBHI' MO3HAKOMHIMCH C XUMHYECKHM PaBHOBECHEM B
TOMOTEHHBIX CHCTeMaX. MHOTHE XHMHYECKHE PEaKUHH IPOTEKAoT Ha
rpaHune paszaena ¢as, o3TOMY OUYeHb BaXKHO MOHHUMATh 3aKOHOMEPHOCTH
XMMHYECKOFO PaBHOBECHS B FETEPOreHHBIX CHCTEMaX, (ha30BOTO H JPYTHX
BHJIOB PaBHOBECHS Ha rpaHHle pa3zena das.

§6.1. XUMMYECKOE PABHOBECHE B 'ETEPOT'EHHBIX CHCTEMAX

YciaoBHe XHMHYECKOT0 PABHOBECHS B reTePOreHHbIX XHMHYECKHX
peakuusx. Kax yka3bipajioce B Il. 5, XMMHYECKHE PEaKIMH, NPOTEKaro-
IIMe Ha TpaHuue paszgena (a3, Ha3bIBAIOTCA IETEPOFEHHBIMH XMMHYEC-
KuMH peaxrusmu. Ecim ckopocTH npsMoi W *00paTHOM reTeporeHHbIX,
peakLMil CTAaHOBATCA OJMHAKOBBIMHM, TO HACTYMAET XHMHYECKOE paBHO-
BECHE B FeTEpOreHHOH cHCTeMe, KOTOpoe B JajibHeHlleM OyneM Ha3blBaTh
reTEpOreHHBIM XHMHUYECKHUM paBHoBecueM. Ilpumepamu
reTeporeHHbIX XMMHYECKHX DPaBHOBECHII MOryT ObITh PaBHOBECHS MPU
NapoBOAAHON KOHBEPCUH yraepoaa

C(x)+2H,0 &= CO, +2H;
TIpPI BOCCTaHOBJICHHH OKCUIOB METAIJIOB BOOAOPOAOM
MO®K) +H; 72 M(x)+H.0
WIN NpH TEPMUYECKOM pPasloKeHUH kapOoHaTa KanbLus
CaCOx(x) =2  CaO(k) + CO,

Kak u nns moboro paBHOBeCHS, YCJOBHEM TIe€TEPOr€HHOro
XMMHUECKOrO PaBHOBECHS ABJSETCs paBeHCTBO 3Hepruu I'mb6ca peakumn
Hymto [ypasnenue (5.17)], r.e. AG=0.

3uauenue sHeprum ['mbOca peakluynd MOXXHO HalTH TIO W3BECTHBLIM
TEPMOANHAMUYECKUM (DYHKIUHMAM Pearupyromux Bemects (CM. L. 5).

Koncranra pasHoBecus. Kak 1 B ciydae roMOreHHOW XUMHYECKOM
PeaKiMH, KOHCTAHTA TETEPOreHHOro XMMMYECKOTO DaBHOBECUS paBHa
DTHOLIEHHIO MPON3BEAEHHA PABHOBECHBIX KOHUEHTpaUMH (aKTHBHOCTEH)
imH NapuMaJbHBIX JaBJIGHHH MNPOAYKTOB PpEakUHH K [MPOM3BENAEHHIO
PaBHOBECHBIX KOHLEHTPALHH (aKTHBHOCTEH) HJIM MapUMalIbHBIX JIaBleHUN
HMCXONHBIX BEIIECTB B  CTENEHAX, PaBHBIX  CTEXMOMETPHUECKHUM
K03(h(ULMEeHTaM COOTBETCTBEHHO MPOAYKTOB peakuMid M  HUCXOJIHBIX
BELIECTB.
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A ykasaHHBIX BbllE€ peakiHMii KOHCTaHTHl TE€TepPOrEeHHOrO
XHMMMYECKOTO  DABHOBECHS BBIPAKAIOTCA C IOMOWIBIO  CIIEAYIOLIHUX
YpaBHEeHMiA:

JU14 IApOBOASHOH KOHBEPCHU yTilepona

_ (pco,)p(pH, )5

K 7
(PH,0)"p

P

OJI BOCCTaHOBJIEHHUS MeTajl1a B
K, =(pu,0)p [(PH,)p,
A7 TEPMHYECKOTO PA3IOKeHHs KapGoHATA KalbLs
K, =(pco,)p-

Kak BWIOHO, 6 YpaeHeHuUs KOHCManm 2emepo2eHHO20 XUMUYECKO20
PagHoBecust He 6X00Mm HUKAKue YJeHbl, OMHOCAWUECS K MEepObiM
gewjecmeam, Yiacmeyiouum 6 npAmoil U o6pamHoil peaKyusax. '

OTO TpaBUNO ABASETCS OCHOBHOU OCOOEHHOCTBIO TETEpOTeHHOTO
XHMHUYECKOTO PaBHOBECHS.

Tak kak npsamas ¥ obpaTHas peakLWH MPOTEKAIOT HA OJHOW U TOH XKe
TIOBEPXHOCTH pa3iena (a3, To IIOoaAs HOBEPXHOCTH paszena da3 Takke
HE BXOJIUT B ypPaBHEHHE KOHCTAHThl XUMHUYECKOTO PABHOBECHS.

KoHcTaHTa reTeporeHHOro XHMHYECKOTO PpAaBHOBECHS 3aBHCHT OT
TeMnepaTypsl. OHa BO3pacTaeT ¢ YBEJNHYEHHEM TEMIIEpPaTyphl B Ciydae
JHAOTEPMHUECKOH mpaMoit peaxtun (AH > 0) u ymeHslnaercd ¢
YBEJIMYEHHEM TEMIIEPATYPhl B CIy4yae 3K30TEPMHYECKOHN MPAMOH peakumu
(AH < 0). KoHcTaHTa reTeporeHHOro XMMHYECKOT0 PaBHOBECHS MOXET
ObITh paccunTaHa Mo ypaBHeHHIO (5.29)

K, = exp[-AG® / (RT)).

PacueTsl paBHOBECHBIX KOHIEHTpaUMA W IABJIEHHH pearHpyroLIMX
BEIIECTB i1 [ETEPOre€HHbIX W TOMOTEHHBIX XWUMMYECKMX peakuuit
aHaormyHel (cMm. §5.5). B ypaBHeHHS [UIs pacyeTa pPaBHOBECHBIX
KOHLGHTpal#ii ¥ JaB/ieHUH He BXOJAT HWKAKHe WIeHbl, OTHOCAIUMECS K
TBEP/IbIM BEIECTBaM.

Ilpannun Jle IllaTtesawe. I'eTeporeHHOE XMMHYECKOE DaBHOBECHE
nomquvuserca npuHuury Jle lllarense (cM. ra. 5).° Ilpu noBbllIeHHH
TEMIIEPATyphl TETEepOreHHOE XHMHMUYECKOE pAaBHOBECHE CMeELIaeTcs B
CTOpPOHY 3HAoTepMHUeckol peakuvu. [Ipd MOBBIMICGHHW IABICHUSA WA
KOHLUEHTPAlMH HMCXOZHBIX BELIECTB PaBHOBECHE CMEILAETCS B CTOPOHY
00pa3oBaHHs MPOAYKTOB PEaKIMH, MpPH TOBBILIEHWH KOHLIEHTPALHH HIH

150



AaBJieHHs TPOJYKTOB peaKUUH pPAaBHOBECHE CMeEINaeTcs B CTOPOHY
obpatHo#i peakumu. Ilpm noBblueHHH OOINEro AaBjieHUs paBHOBECHE
CABMraerTcd B HANPaBJCHUH YMEHBIIEHHs YWCIIA MOMEKYJ razoo0pasHbIx
BELIIECTB. .

Teepdvre ucxoonvie gewgecmea u NPOOYKMbl peaKyuu He GIUAIOM Ha
CMEUERUE 2CMePO2EHHO20 XUMUYECKO20 PABHOBECUA.

TpancnopTHeie Xnmaveckue peaknun. K ocobomy Tumy peakumii
OTHOCHTCH 0OpaTHMble FeTepPOreHHble XMMHYECKUE peaKkundH, CONpPOBOXK-
AAIOUMeEcs MEPEHOCOM HMCXOMHOTO TBEPAOTO MM XKHAKOTO BELIECTBA H3
OJIHO¥ TEMINEPaTYPHOM 30HBI B APYIYIO 30HY B pe3ynpTaTe 0Opa3oBaHUs U
pas/ioKeHns IPOMEXYTOUHOTO ra3000pa3sHoro BeiecTa. Takue peakuuu
Ha3bIBAIOTCH TPAaHCNOpPTHHMU. B obuemM rune TpancnopTHas peak-
LM MOXeT ObITh 3alicaHa ypaBHEHHEM

t;,30Ha / t;, 30Ha 2
b B(x,x) + d D(r) ———>1 L(r)+(m M(r) tl) >
— H Bx,x)+ d D(T)

[pouecchl OpoBOXAT B TFepMETHYHBIX aNnnapaTax WIH eMKOCTIX,
HMEIOIMX [IBE TeMneparypHbie 30HbI (£, > f;). B pesyibrare peakuuu
TBEPAOTO WM xHAKoro Bewtectsa B ¢ razom D B 30He / npu Temneparype
t; obpasylorcs razoobpasHele npoaykrsl peakuuu (L(r), M(r) u ap.),
KOTOpBIE = TPAHCTIOPTHPYIOTCA B 30HY 2, Tlle TNpH Temneparype I
NPOUCXOAMT HX PpaszfioxkeHue Ha TBepaoe (kuakoe) Bemectso B wu
ra3oobpasHoc seiuectso D.

IlpnseneM B KauecTBe nprMepa TPAHCIIOPTHYIO peakLMIO LIUPKOHHUS C
HOJIOM

' 1, =200 —300° C
Zi(r) + 2 LD T == Zrl, ()
1= 1100 —1200° C

B 30ne / peakumns npoTekaer cieBa Hallpaso, ra3o00pasHbIi MOIUN
LIMPKOHHA NEPEXOAMT B 30HY 2, Ti€ CHOBA BBIAEIAETCS TBEPIBIA HMPKO-
Hui ¥ ra3000pa3HbIi HoOA.

B pesynbrare 3TOi peakuMy MOMYHalOT YHMCTHIA LIMPKOHUH, NpUMECH
nu60 OCTAlOTCst B HEMpopearupoBaBlIeM TBEPAOM Tese B 30He /, 6O B
raszax B 30He 2.

TpaHcnopTHble XUMHYECKHE PEaKHUHM HCIOAB3YIOTCS UIS OUYUCTKH
METAJIJIOB, TOJYYEHUS METAJUIMUECKHX TMOPOUIKOB, MOJMYINPOBOAHUKOB,
BbIPAUBAaHH MOHOKPUCTAIJIOB, HAHECEHUA MOKPBITHH.
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Hrak, rereporeHHoe XHMMYECkoe paBHOBECHE MOTUHHAETCS TEM XK€
3aKOHOMEPHOCTAM, YTO M FOMOFE€HHOe XUMHuecKoe paBHOBecHe. Ocoben-
HOCTBIO I'€TEPOreHHOr0 XHMHYECKOTO PaBHOBECHS SBJISETCS OTCYTCTBHE B
KOHCTaHTaX PaBHOBECHS WICHOB, OTHOCSIIUXCS K TBEPHBIM TeJlaM.

BOI’lpOCbI H 3a4a44 AJIsA CAMOKOHTPONSA

6.1. HanuipTe KOHCTAHTY XMMHHMECKOrO PAaBHOBECHS [/l PeakLuy
MgO(K) + COx(r) <=2 MgCOx(k), AH<O0,
Kakum cnnocoGoM MOXHO CMECTHTh XUMHYECKOE PABHOBECHE BIEBO?
6.2. KoHcTaHTa XMMHHECKOIO PABHOBECHS T€TEPOreHHOM PeakIuu
Fe O(x) + CO(1) (—-—; Fe(x) + COx(r)
npH HEKOTOpOH Temrneparype pasHa 0,5. Yemy pasHst papHoBecHbie koHueHTpawmu CO u
CO,, eciu ¥X HaYANLHBIE KOHUEHTpaLUH paBHel (Mob/n). ¢ (CO) = 0,05; ¢ (CO,)=0,01 7

6.3. Hanuutire ypaBHEHHs TPAHCTIOPTHBIX PEAKUMI [10JlydeHNs YHCTOrO aMOMHHHS H
THTaHA. :

§ 6.2. ®A30BBIE PABHOBECHS

PaBHOBecHe npoixecca nepexosa BeulecTsa U3 ofHOM (assl B Apyryto
6e3 M3MEHEeHHs XMMHYECKOro COCTaBa HasbiBaeTcs G a30BHM PaBHO-
BecueM. [Ipumepamn ¢azoBoro paBHOBecHS MOTyT OBITH CleIyIOIHE
MPOLIECCHI:

NAABACHHL
Taeplioe BEIIECTBO Kupgxocts
KpHCTAJTH3aLMS
HcrapeHue
XKuaxocrs Tap
KOHIEHCALHS

Ycaosne ¢azoBoro papnoBecnsi. DazoBoe paBHOBECHE SBISETCH
JUHAMHYECKMM paBHOBECUEM, T. €. CKOPOCTb MPSAMOro Npolecca paBHa
cKopocTH obpatHoro mpouecca. Kak M 1S XMMH4ECKOro paBHOBECHH,
ycnoBdeM (a30BOro paBHOBecus SBISETCS paBeHCTBO 3Heprun I'mbbea
npouecca Hymo: AG = 0.

Jina dazosoro paBHoBecus cobmopaercs npuHuMn Jle lllarenve.
COOTBETCTBEHHO NIPH MOBBIUEHAA TEMIEPATYPhl PaBHOBECHE CIABHIaeTCs
B CTOPOHY 3HHOTEPMHYECKOrO TIpollecca, HamnpuMep, I1aBJACHHSA U
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ucrnapeHus. C yBeNMUYSHHEM JABJICHHS PaBHOBECHE CMEILAETCS B CTOPOHY
NpOLIECCOR, TMPH KOTOPHIX Ta3 MM NMap MPEBPALIAIOTCS B XKHAKOE WITH
TBEPIOE COCTOSHHE,

Hpaenao ¢a3. K nHaubonee oOmMUM 3aKOHAM TETEPOreHHOrO
paBHOBeCHs (XHMHYECKOro # (ha30BOro) OTHOCHTCS MNpaBWwio (a3,
chopmymiposanHoe bk, Tub6com B komue npomnoro seka. CornacHo
npapuity a3, uncna creneHer ceobonnl C, a3 @, HE3aBUCHMBIX KOMIIO-
HeHTOB K M BHEINHHX YC/IOBHil 1, BIMAIOLIMX Ha PaBHOBECHE, B3aHMO-
CBSI3aHb! COOTHOLICHHUEM

C+d=K+n. 6.1)

Onpenenennre da3bl Ob110 aaHO paHee (cM. 1. 4). KoMTIoHeHTOM
Ha3bLIBAETCH XUMHUECKH OJHOPOJHAs COCTaBHAs YacTh BeIECTBa, KOTOpas
moxkeT ObITh BBIBE€AEHA M3 cHcTeMbl. HanpuMep, cMeck a30Ta ¥ kuciopoaa
cocrout u3 AByx koMnoHeHToB (O, u N,), a Bonusiit pacteop NaCl u KCI —
u3 Tpex komnoreHnTos (NaCl, KClu H,0).

B cnyuae $a3oBOro paBHOBECHS YMCIIO HE3aBMCHMBIX KOMIOHEHTOB
paBHO o0leMYy 4YHCTy KOMIOHEHTOB. IIpy mnpoTekaHMM XHMHUYECKHX
peakudid YHCIO HE3aBHCHMBIX KOMIIOHEHTOB paBHO oOLIeMy 4uChy
KOMIMOHEHTOB 3a BBIYETOM YHWC/]Ia XMMHUYECKUX PEaKLMii, CBA3BIBAIOLIMX
3TH KOMIOHeHTH. Hampumep, cucrema mu3 yriepoaa, MOHOOKCHIA H
JMOKCHIA YIJIepoAa COCTOHT U3 TPeX KOMIIOHEHTOB U JIBYX HE3aBHCHUMBIX
KOMTIOHEHTOR, TAaK KaK OJMH W3 KOMIIOHEHTOB MOXHO OTPEleUTh 1O
peakiy

C+C0O,=2CO

Unucnom creneneil ceob6oasl C Ha3bIBaeTCA YHUCIO BHEUIHMX
YCJTOBHI, KOTOpbIE MOXXHO HM3MEHATH B ONpEJeNICHHBIX Mnpenenax Oe3
u3MeHeHHs yucia ¥ Buaa ¢as. Ha ¢a3oBoe paBHOBecHe OOBIYHO BIHSIOT
TeMMepaTypa H JaBJcHHE, B 3TOM Cllyyae # = 2 M NpaBuiIo (a3 MOXKHO
3aMKicaThb B BUOE

C=K+2-0. (6.2)

®da3oBble AHArPpaMMblI A8 OJAHOKOMIIOHEHTHBIX  CHCTEM.

Jlnarpammei, MO KOTOPBIM MOKHO OINpeNeluTh YCIOBHS YCTOWIHBOCTH

‘tha3z u (Ha3oBOro paBHOBECHS, Ha3biBalOTCd G a30BBIMHM JgMarpam-

MaM¥ WIH fHarpaMMaMHd COCTOSHHSA. U1 ONHOKOMIOHEHTHBIX
CHCTEM NpaBWio (a3 UMeeT BUI

C=3-@ (6.2 a)



Kak BuaHO, ogHodasHas cHcTeMa HUMeeT JABE CTENEeHH CBOOOAbI W
Ha3biBaeTcs OuBapHaHTHOMH. [Ipyxda3Has cucTeMa HUMeEET OJIHY
CTerneHb CBOOONBI W Ha3bIBAETCS MOHOBapHaHTHOI, TpexdasHas

cucreMa He wumeeT creneHedt cBobGoast (C = 0) u HasbiBaeTcs
MHBApHUAHTHOM. '

B B kauectse npumMepa Ha puc. 6.1

npusefcHa  azoBas  Adarpamma

C Tlas pogpl. O0IaCTH, HAXOOSLUIHECT MEXK-

® Iy KpUBBIMH, SABISIOTCA OJaHO(pa3-

z Boga HbiMH obnactami (C = 2). Kpusble

§ COOTBETCTBYIOT ~YCJIOBHAM  PaBHO-

= Becus Mexay AByms ¢azamu (C = 1).

P _ Kpusas OC orpaxaer paBHOBECHE

Nap npouecca kuneHns. Kpusas xuneHus

A okaHuMBaeTcs Toukoil, C, KoTOpas

Temneparypa " Ha3bpiBaeTcs KputTHuecko. Ilpu

Puc. 6.1. lnarpaMma COCTOSHUS BOJbI TEMIIEPATYPE BHILE 3TOH TOYKH He-

BO3MOXHO TONYYHTb KHIKYIO BOXY
HU NpH KakoM faBjieHuy. Boma npu Temmeparypax Bbillle KPHTHYECKOH
NepexoAHT n3 napoobpasHoro B razoodpasHoe cocrosHue. Kpuruueckas
TeMmnepatypa mas Bonwl, Hampumep, 647 K, mna CO, —. 304 K
Kpurnueckoe papnende ais soasr 22,29 Mlla, aas CO, — 7,4 MlI1a.

Kpusag OB — 310 KpUBas TaBneHns. [IpH yBenufieHH NaBJeHHs
TeMIepaTypa T[UiaBJeHHs HECKOJIbKO YMeHbillaetcs, 4To 0OYC/IOBJIEHO
Pa3pbIBOM BOJOPOJHBIX CBS3el NpH NOBBILIEHHH AaBiieHus. s 6onb-
LIMHCTBA BELUECTB TEMIIEPATypa ILUIaBNEHHS HEMHOIO BO3PACTAET C YBEIH-
YeHHUEM JaBICHHS. : : .

KpuBas QA orpawxaer mnpouecc cybnumanud, T. e. Nepexona M3
TBEPAOrO COCTOAHUSA B ra3000pa3Hoe, MuHys kuakoe. Kpusas OD onucel-
BaeT MOBEACHHE BOAbl B HEYCTOMUMBOM (MeTacTabHNbHOM) COCTOSHHH.
Senenne oOpa3oBaHUs MeTACTaOMIIBHOIO COCTOSHMS TMONY4WIO Ha3BaHHE
NepeoXaaK ACHHUA.

B Touke O cymecTByeT paBHOBECHE OJHOBPEMEHHO MEXAY TpeMs
tdazamu. Takue TOUKH Ha3bIBalOTCH TPO HHBIMH. [lng Boxbl B TPpOHHO
Touke AapyieHue paBHO 610 I1a u Temneparypa 273,15 K. '

Metoa ¢pu3HKO-XHMHYECKOro aHaju3a. B ocHoBe MeTojga ¢u3sMko-
XMMHMYECKOTO  aHalu3a JIeKUT M3Y4YeHHE 3aBHCHUMOCTH  CBOMCTB
PaBHOBECHOH cHCTeMBb! (TeMnepaTyphl KpPHCTAUIM3alUM, [aBJICHHS
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HACBHIIIEHHBIX NTAPOB, PaCTBOPHMOCTH, SIEKTPHYECKOH IPOBOXHMOCTH H
Ip.) OT TTAPaMETPOB COCTOSAHUS (TeMIIEpaTyphl, JABIEHUs M COCTaBa). JTH
3aBUCHUMOCTH OOBIYHO MOJIYHalOT B BHIE AWAarpaMM COCTaB — CBOMCTBO
(nMarpaMma  COCTOSHMS) H COCTaB —— TeMmreparypa (guarpamMma
IUTABKOCTH ).

OcHoBononaralomuii BKJIaA B  pa3BUTHE (PUBHKO-XMMHYECKOTO
anaymza BHec H.C. Kypnakos (Poccust), koropeiii Ha 6asze npaBuna ¢as
chOpPMYITHPOBAI OCHOBHBIE . IPHHIMMLI METOAA, BKIIOYAS MPHHLHITbI
HETIPEpPBIBHOCTH M coOoTBeTcTBUA. COriacHO NnepBOMY  NMPUHLMITY, NpH
HETIPEPBIBHOM H3MEHEHMH [apaMeTpOB COCTOSHHMA CHCTEMBI (COCTasB,
TeMmnepaTypel M Ip.) cBoiicTBa ee ¢a3 u3MeHsioTcs HermpepbiBHO. Ilo
BTOPOMY NPHHUMITY Kax-
oM dase HIH COBOKYI-
HOCTH (pa3 COOTBETCTBYET
OINIPEJECIICHHBIH TeOMeT-
pudeckuil o6pa3 Ha auar-
pamme (TOuKa, JHHHA, Ya-
CTb IUTOCKOCTH U T. 11.). v

B metone duznko-xu- )

MHYECKOro aHajiH3a LiH-
POKO HCIIONBL3YETCA H3Yy- Bpemsa
YEHHE 3aBUCHUMOCTH TE€M- Puc.6.2. KpuBble oxaaxaeHus 4ucToro pemecTa (/)
HepaTypel UTABJIEHUS WITH M CMECH JIBYX BEIECTB (2)
KPHCTAIIM3aLMH OT COC-
TaBa (IuWarpaMMa IUTaBKOCTH). JIs NOCTpOEHMs IMarpaMmbl IIABKOCTH
MPEeABAPUTEBHO TTONTy4a0T KpUBble OXJTaxaeHus. {4 3Toro oxaakaaoT
pacriiaBbl MHOWBHOy&ILHBIX BelECTB W HMX cMeceid M Habmogalor
U3MEHEHHE TeMIepaTyphl BO BpeMeHH (puc. 6.2). Ilepexon YMCTBIX KOM-
fIOHEHTOB M3 PACIUIaBJIEHHOTO COCTOSHHS B TBEPJAOE IMPOHCXOMHUT IpH
oMpezeNeHHO TeMneparype — TeMIeparype ruiaBieHus (orpe3ok BC,
Kkpusas ). A3mMeHeHHe TeMnepaTypsl cMecell KOMIIOHEHTOB BO BPEMEHH
umMeer Oosiee cioXkHBIN Xxapaktep. Hanpumep, B ciiydae MexaHHYeCKO#
CMECH ABYX KOMMOHEHTOB TEMIIEpaTypa KPUCTaJUIM3alUM [UIaBHO H3Me-
HAETCA OT HAauANbHOM (TeMIepaTypa JMKBHIyca — TOuKa B kpuas 2) 10
KOHeuHoH (remneparypa commmyca — Touka C', kpupas 2). B Touxe od
(xpuBas 2) coctaBbl )UIKOH U TBepAOH (a3 CTAHOBATCS OJMHAKOBHIMH, &
TeMrepaTypa KpHCTA/UTM3alMK 1ocTosHHOH. [locne 3aBepuieHus KpUcTal-
JIM3AIAY TEMIepaTypa CHCTEMBI CHOBA TIOHIDKAETCH.

Temneparypa
=
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cucremsl CaCl, — MgCly cucremsl HyO — NaCl

Taknum 06pa3oM, METOA (PUIMKO-XUMHYECKOTO aHain3a 3aKII0UaeTCH
B M3YYEHMM 3aBHCHMOCTEH MEXAy CBOMCTBAMM JIBYX M MHOTOKOM-
MOHEHTHBIX CHCTEM M HX napamertpamu. 11lMpoxoe npHMeHEHHE HaXOUAT
JMArpaMMbl 3aBHCHMOCTH TeMIIEpaTyphi TUIaBJIEHHs OT COCTaBa (Harpam-
Mbl [L1ABKOCTH). v

JInarpaMmbi iiaBKocTH. MMeercs 6omplioe YUCHO THHOB UarpaMM
MUIaBKOCTH ABYX- H MHOTOKOMIIOHEHTHBIX cucTeM. K nanGosee THINIHBIM
MO>KHO OTHECTH JAHArpaMMbl ITABKOCTH 3BTEKTHYECKHX CMeCeH, TBEPABIX
PACTBOPOB M CHCTEM C XHMHUYECKHMH COEMHEHHSMH.

~ Ilpu xpUCTAM3ALMH TUIOXO PacTBOPMMBIX APYr B ApYre BELICCTB
ofpasyercss  CMeCh  MENKO3EPHHUCTBIX ~ KPUWCTAIIOB, — HasbiBacMaid
YBTEKTMUECKON CMECho Wik npocio d38TekTukoi. Temnepa-
Typa IUIaBJIeHHs BTEKTUKHA (MO rpedecku “JIErKOTIIABKUIA”) HIDKE TemIie-
patypbl MJiaBjieHHst 06pasyroLiMX e¢ KOMIIOHEHTOB. Kak BugHo u3 puc. 6.3,
Temmnéparypa nnasnenus ssrektHku CaCl, — MgCly, (Macc. noneit 51%
CaCl,), paBHas 611°C, mwxe temneparyps miasinesus MgCl, (650°C) n
CaCl, (772°C). B XunkoM COCTOSHHH CaCl, u MgCl, HeorpaHH4eHHO
pacTBOpPHMBI ApYT B JApyre, B TBepaom coctosnun MgCl, orpanudeHso
(macc. moneit 7—10% ) pactBOpUM B CaCl,, B To Bpems kak CaCly
npakTuyecky HepacTopum B MgCl,.

Eciu oxJaXaaTh paciUlaBieHHYIO CMECh COCTaBa @, TO NMPH NOCTHXKe-
HHHM TOYKH d Ha KpUBOH AE HauuHaeT 06pa3oBbIBATHCA TBEPABIH CaCl,, a
cMech oboramfaetcs xsopuaom MarHus. COOTBETCTBEHHO MO Mepe
yMEHBIIIEHAST TEMIIEPaTypbl COCTaB M3MEHAETCS BIONL KpHBOo# AE. B
Touke E KPHCTAIM3YeTCS 3BTEKTHYeCKas cMech. B Touke b obpasyerca
XJIOPHA MarHus, a cMech 0GOralaeTcss XJIOpHIAOM KaibLyd. JluarpamMmbl
IBTEKTHYECKOTO THUINA XapaKTepHbl I8 MHOTHX [BYXKOMIIOHEHTHBIX
CHCTEM, B YaCTHOCTH JUIS CHCTEM BoJa — COJlb (puc. 6.4). DBTeKTHYECKAs
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cnnasa Cu —Ni cucremsl H,0O -H,;SO4

Ni

CMECh BOJABI M COJIM Ha3biBaeTcs KpHoruapatom. Temmeparypa

3aMep3aHHsi MHOTUX KPHOTH/IPATOB HIDKE TEMIIEPaTypbl 3aMep3aHHs
Boabl. Hanpumep temmepatrypa rmiaBnenus 3rektukd H,O — NaCl
(Macc. gomu 23,4 % NaCl) =21,2° C. TToatomy cons (NaCl, KCI1, CaCl, u
Ap.) pa36pachiBalOT Ha JOPOTY B XOJNIOAHYIO OTOAY Ui NpeROTBpaLLCHHS
obpazoBaHus nbJa.

Ecnu BemectBa o0pa3syloT JKHAKHE | TBepAble pacTBOPbL, TO
TEeMIepaTypa 3aTBepAEBaHus paciuiaBa (TOYKa a) OIPEAEICHHOrO COCTaBa
BbILIIE TEMIEPaTyphbl IUIAaBJIEHHS TBEPAOrO pacTBopa (Touka b) 3TOro xe
cocraBa (puc. 6.5). CooTBeTCTBEHHO NpH OJHOW H TOH ke TeMmepartype.
cocTas »uAKOH (a3l (Touka @) U TBepAoH (assi (TOUKA ¢) pa3iuvaloTCs.
C M3MeHEeHHEM COCTaRa CIUIaBa MOCTENEHHO H3MEHSIOTCS ero CBOMCTBA.

Bbosiee ciioxxHyro (opMy HMEIOT AMarpaMMbl IUIaBKOCTH CHCTEM, B
KOTOphIX o0pa3ylorcs XHMHUYecKHe coenuHeHus. Ha guarpamme
TUIaBKOCTH TIOSBJIAIOTCA KaK MAaKCUMYMBbl, OTBedarolue oOpa3oBaHHIO
XMMHUECKHX COEINHHeHHH, Tak W MHHHUMYMbI, OOYCJIOBJIEHHEIE
o0OpazoBaHHeM HBTEKTHKH (pHC. 6.6).

Hrak, dhazoBoe paBHOBECHE MONYMHAETCH 3aKOHAM TEPMOAMHAMHKH H
npasiwry ¢a3. OHO MoxeT OBITh OXapaKTepHU30BaHO JUarpaMMaMu
COCTOSIHHS H HArpaMMaMH ITNaBKOCTH.

BO]’IpOCbl H 3aR3a49H JJI CAMOKOHTPOIsE

6.4. TIpuBenuTe npuMeps! $a3oBOro paBHOBECHL.

6.5. Kakoe yucno crenenei csoboawl mMeeT oaHO(asHas cucTeMa, cocrosmias us
tBepaoro ¥ xuakoro CO,?

6.6. B ueM pazHMIIa MEKIY HApOM M razoM?

6.7. Uro Takoe TpoiiHas Touka?

6.8. KakuM 06pa3oM MOXHO NOCTPOUTH JHATPAMMY TLIaBKOCTH?
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§ 6.3. AICOPBIIMOHHOE PABHOBECHE

IHosepxnocruas ’ueprusi. Kak 6bp10 nmokaszaHo B r1. 4, BEMECTBO B
KOHJIEHCHPOBAHHOM COCTOSHMM oOOJIafiaeT TOBEPXHOCTHOM OJHEprueii,
00yCIOBJIEHHON HECKOMIIEHCHPOBAHHOCTBIO CHJIOBBIX MOJIEH YacTHll Ha
MOBEPXHOCTH paszena da3. TepMUH «ITOBEpXHOCTHad 3HEPrus» OObIYHO
HCIIOIB3YETCS MPHMEHHTENLHO K IpaHHlle pazaena (a3 ra3 — TBEpHOE
Teno. Jns rpaHuubl pasgena KOHAEHCHPOBAHHBIX (a3 (KHIKOCTh —
KHIKOCTh, )KHAKOCTh — TBEPAOE TeJI0) MPUMEHSIOT TEPMHUH «MeXbazHas
sHeprua». JU1s rpaHuus! paszaena ¢as KHIKOCTH — ra3 (map) obbIuHO
HCTIONB3YIOT TEPMUH «yhenbHad (Ha 1 M”) NOBEpXHOCTHAs IHEprus»,
Ha3biBAGMass MOBEPXHOCTHBIM HATAXEHMEM, KOTODOE PaBHO
pabote 06pa3oBaHKs €AMHHULIBI TTOMWAAH pasaena das (JIx/ Mz).

OGBIYHO MOJ MOBEPXHOCTHOM 3Heprueit noHumaercs sneprus ['n66ca
obpazoBaHus mnoBepxHOcTH AG. OHa paBHAa MNPOM3BENEHMIO YHEILHOM
MOBEpXHOCTHOMH SHEPIHH G Ha IJIOAAL MOBEPXHOCTH pasaena ¢as s:

AG=os. (6.3)

VY nenbHas NOBEPXHOCTHAS SHEPTUs ONPEAE/AETCS TIPHPONOH TOTO HIH
WHOTrO BELIECTBA. HeM Bblllie SHEprus B3aUMO/EHCTBHA MEXKAY YacTHLAMA
BEIECTBA, TEM BBILIE Y/ENbHAaA OBEPXHOCTHA dHeprus. C yBeIHYeHHEM
TeMIepaTypbl yjeldbHas TOBEPXHOCTHAA JHepruss ymeHsmaerca. Jlia
HEaCCOLMMPOBAHHBIX JKHIKOCTEH BIATM OT KPHTHYECKOH TeMIepaTyphl
ylenbHas [OBEPXHOCTHas »Heprus (NMOBEPXHOCTHOE HATSIKEHHME) G
JMHEHHO yObIBaeT C yBEJHUCHHEM TEMIIEPATY Phl

G = 6o —o(T—Ty), (6.4)

roe oo — noserHocmoe HaTsKeHWe 1pu Temmepatrype 7p; o =

~ 0,1 MIx/(M* - K).

" Bonusu  kputHueckod TeMmnepartypsl (CM § 6.2) DOBEPXHOCTHOE
HaTsHKEHHE PaBHO HYJIO.

Ancopbunsn. Bceneactsue Hanuvds nosepxuocmou 3HEPrUH Ha
rpaHule paszjena ¢a3 NpOHCXOAMT HAKOIUIEHHE TeX WM MHBIX YacTHIL.
Hzmenenue (06bi4HO nogvluieHue) KOHYSHMPAYUU 8eujeCmea HA SPAHUYe
pazdera  az  Hazvieaemca  adcopbyuei.  Apcopbuua  —  3TO
Pa3HOBHAHOCTh COPOLMH, T. €. MOTNOLIEHUS OIHOTO BEUIECTBA APYTHM
BewiecTBOM. EciM BewecTBo mnoryiomaercs BceM. o0beMOM  APYroro
BeillecTBa, TO  mpoucxonuT adcopOuusa, ecnd  BEWIECTBO
KOHLIGHTPUPYETCS Ha TMOBEPXHOCTH pa3fena ¢a3, TO HMEET MECTO
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ancopbuus. Bewecrtso, cnocobHoe nornowars, ancopbuposath
ApYroe BELIECTBO, Ha3piBa€TCi aACOPOEHTOM, BElECTBO KOTOpOE
MOXKET ajicopbHUpoBaThCs — aACOPOTURBOM, a YxKe afcopOHpOBaHHOE
BentecTBO aic op 6aTo M. [porece, obpaTHsif afcopOuuy, Ha3kIBaeTCS
AecopOuHeH.

KonviuecTBeHHOH MepoH ancopOumu aisercs U30bITOK ancop614po-
BaHHOTO BewlecTsa I, KOTOpHIH paBeH PazHOCTH KOHLIEHTpALMi BellleCTBa
B TMOBEPXHOCTHOM CJIo€ H B 067>eme pactBopa. Egunuueit usmepeHus
ancopbuun (I') seaserca Mons/ M> wim Moss/ oM.

B 3aBHCHMMOCTH OT npUpOABI CHUN B3aUMOACHCTBHA ancopbupyio-
Lerocs BELLECTBa C aJCOpOEHTOM pasiMyaloT GHU3UYECKYI0 M XHMHYEC-
Ky1o (Xemocopburio) aacopSumio. B nepeom cnyuae npu agcopOSumu Bo3-
HHKa}OT BaHIEPBAAIbCOBBl B3aUMOJCHCTBHS, BO BTOPOM Cliyyae —
XUMHUECKHE CBSI3H.

Ousnueckad aacopOLUNs XapaKTepU3yeTcs OTHOCHTENBLHO HEBLICOKHMM
TenaoBbM 3 dexToM (AHs = «(8 — 20) kHx/M0B) ¥ 06PATUMOCTHIO.
XemocopOuusa nporekaer HeoOpatumo. Temosoit addext xemocopbuum
GM30K K TemnoBoMy 3 (eKTy XUMHYECKHX peaKLiuii. '

Tepmogunamnka ancopéuun. Ilockonsky ancopbuus nporekaer
CaMOoMpON3BOJIbHO, TO 3Heprusa 'nbbca aacopOumu UMeeT OTpULIATENBHOE
3HAauYEeHHE

AGyy <0.

Kak ye yKasbiBaloch, TeMnoBoi a¢dekr amcopbuuu Takke uMmeeT

OTPHIATENILHOE 3HAYCHE
AHazxc <0.

Tak kak ancopbuus oBbMHO MpOTekaeT M3 ra3oBoil (asbl Ha
NOBEPXHOCTH pazjena (a3 ra3 — XKHIKOCTh, ra3 — TBEPIOE TeJO JIMGOo 13
XuUAKOH (a3bl Ha MOBEPXHOCTHL pasfena ¢a3 XUAKOCTb — TBEPAOE TeNO,
TO B JIpOLiecce ancopOLMK IPOUCXOANT YNIOPIAOYEHHE aacopOHPOBaHHBIX
YacTHLL M 3HTPOTIMA CHCTEMBbl YMEHBILAETCH, T. €.

ASppc < 0.

Orclona cnenyer, 94To ¢ yBEJIMYEHHEM TeMnepaTypsl 3Heprus I'nobca
CHCTEMEBI BO3pacTaeT, M MNPH HEKOTOpod Temneparype 7T, Hactymaer
pPaBHOBECHE, KOT1a CKOPOCTb aAcOpOLMH paBHa CKOPOCTH JecopOImu

ancopbuus -
A Z Aanc
=~ JecopOuus
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B sTtom ciywae AGy. =0 u T, b ASipe = AHy. :

Ilpu T > T, paBHOBecHe CABUraeTCA B CTOPOHY AECOPOLMH, T. €. MpH
YBEJIMUEHHH TEMIIEPATyphl ancopbuus ymeHbmaercs. Takum oOpasom,
BELIECTBO MOXKHO aJICOPOMPOBATH NMPH HEBBICOKOH TeMmepatype H Jecop-
OupoaTh npu Holee BEICOKOH TeMneparype.

H3orepma aacopbuun. 3asucumocts afcopbuuu I or paBHOBECHOM
KOHLEHTPALlMW ¢ WIA PaBHOBECHOTO IIAPUHAJIBHOTO INapjieHHs p HpU
NOCTOSIHHOM TeMIepaType HasbiBaeTca M30TepMoil ancopbuun. Mmeercs
HECKONIbKO YpaBHEHWH H30TEpM ajcopOuMu, Hambonee 4acTo HCMONb-
3ylorci ypaBHeHud JIanrmwpa n @pelinagnuxa. [lpu BeiBoge
ypaBHeHus JIsHrMiIopa GbUIO cienaHo MpeAroIoKeHHe, YTo. IOBEPXHOCTD
ancopbeHTa OJHOPOJHA M NPH MAKCHMMAIBHOM 3amOfHEHMM ODOpasyercs
MOHOMOJIEKYJIAPHBIN cioii. B 3ToM cinydae ypaBHeHHe aacopOLMH MMeer
BUL:

K¢
=14 a (65 a)
1+ K,
HIN
K
r=r,—af » (6.56)
1+ K,p .
rne I, — ancopﬁum npH MaKCHMadpbHOM 3aIIOJIHEHMH; ¢ —
paBHOBeCHas KOHIEHTpauus ancopbara, p — paBHOBECHOE [aBlICHUE
ajicopbara; K, — KOHCTaHTa paBHOBECHs Mpolecca ancopoumn..
Omuowenue T/T, = O HaA36IGAeMCA CHIENCHLIO 3ANOJHEHUS

HOBepXHOCMU adcopbamom.
CooTtBeTcTBeHHO YpaBHeHHs (6.5 a) 1 (6.5 6) MOXHO 3anucaTs B B

K
Q= m, (6.6 a)
__Kp -
“T Ky . (6.66)

T'paduyeckn u3oTepma ancopOLMHU UMEET B, PHBEACHHBIH Ha pUC.
(6.7, a). ins HaxoXJEHHs 3HAYEHHH MNOCTOSHHBIX Ty, M K, MOXHO

NOCTPOHUTh 3aBHCHMOCTh BeIHYMHBLL, ofparHod azacopbumm 1/, OT
KOHILIEHTpaLH, KoTopas OyleT BhIpaXkeHa ypaBHEHHEM ’
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]
T Ky

1 1
—=—+ 6.7
' Ty, 6.7)

I'paguueckoe m3oOpakeHHe M30TepMbl N0  ypaBHeHuto (6.7)

npuseeHo Ha puc. 6.7, 6. Ha ocu opAHHAT OTCekaeTcs OTPe3oK, paBHbIM
/Ty atg o=1/(K, I'y).

- AHanv3upyq ypaBHeHus (6.5 a) u (6.5 6), MOXKHO OTMETHTb, YTO MPH
MaJIbIX KOHLEHTpaLMAX WIM MapUUalbHBIX AaBjieHUsX, koraa K,c << |
unm Kp << 1, uzorepma JIsarmiopa npespaiiiactcsa B ypasHeHue ['eHpu

=Ty Kic, - (6.8 a)
F=Ty Kp. (6.86)
HpH MaJlbiX KOHHeHTpaHI/IﬂX U napuu- r ‘

aNbHBIX JaBIEHHSX aAcopOuus NpONnopLH-
OHAJIbHA KOHLEHTPALMH WIH NapUHATbHOMY oo [~—memeu
JaefneHuro. [Ipu BBICOKMX KOHUEHTPALMAX,

xorga K,c >> 1, gocTuraercsi MakCHMaIbHOe
afioNHeHne I' = Ty .

Hzorepma Jlaurmiopa pesako  cobuto-
JaeTcs B PeAibHOCTH, TaK Kak YCIoBMS, ;
3aJI0KEHHBIE NPH e BbIBOZE, COOIIOAaIoTCs T
penko. IloaToMy mpensnosxkeHsl Apyrue ypas-

%

HEHU. 8 KOTOPBIX HCTIOJIB3YIOTCS HECKONBKO ”

nHbie nomyiienns. 1. Opedtngux B 1906 . 7~

NPEIUIOKH SMIHPHYECKOE YPABHEHHE M30-

TepMmsl ( ypaBHenne Opelinanmxa) 1/%
C=Kyp", ' (6.9) Puc.6.7 Hsorepua Jurmiopa

B IBYX (popmax
rae Ky ¥ n— NOCTOSHHBIE. '

Ypasuenue @peilHuinxa cobmonaercs npyd agcopOLUUH HEKOTOPBIX
BerecTe B 06acTu cpeHuX 3anonHenui (0 = 0,2 +0,8).

TloBepxuocTHO-aKTHBHBIE BemecTBa. [Ipn ancopOumn M3MEHSIOTCA
CBOWCTBA TTOBEPXHOCTHOTO Cj105l, B YACTHOCTH, TIOBEPXHOCTHOE HATsKEHUE.
ACOPOHPYIOIIMECS BELIECTBA MOFYT TOHMXKATh TOBEPXHOCTHOE HATSKE-
HHe (NMOBEPXHOCTHO-aKTUBHBIE BeLlecTBa — T1AB), nmoBmIlIaTs MOBEpPX-
HOCTHOE HATSDKeHHe (IIOBEPXHOCTHO-HHAKTHBHBIE BEIECTBA) U HE BIIHAT
Ha NMOBePXHOCTHOE HaTAXkeHHe (TIOBEPXHOCTHO-HEAKTHBHBIE BEILIECTBA).
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B nanbHeiimeM Gyzem paccMarpeBath AMinb [IAB, Tak Kak OHH
HMEIOT UpOoKoe NMpHMeHeHHe. CroCOGHOCTEIO yMeHbIIaTh MOBEPXHOCT-
HOE HATKEHME, T. €. MOBEPXHOCTHOH aKTUBHOCTBIO 00J1aat0T MOJIEKYJIbI
BELLIECTBA, UMeIOIliMe Henonapusle ruapodgobHbie YriieBOAOPOHbIE YaCTH
(“xBOCTBI”’) W nosisfpHbIe THAPOGUAbHBIE IPYINbI (“TOIOBBL”).

K nonspHeM npuHagiexar rpynrsl

/O .
— COOH, — , —OH, —S0O,, — NH,
0O —

B kauectse npumepa [1AB MoxHO npuBecTH MOJeKyIy BajlepHaHOBOT
kucnotel CH; — (CH;); — COOH wu HatpueBoii cojii cTeapHHOBOH
KHCIOTHI, BXoastieit B cocrae Mbma CH; — (CH,) ¢ — COONa.

O mirchs? TloBepxHocTHas akTHBHOCTH OOYycC-
NoBeHa THApPO(OOHOH 4YacThO Moje-
ky1 [TAB (“xBoctamu™), KOTOpEIE BEI-
TAIKUBAKOTCS K3 TOJAPHOTO  pact-
BOpUTENA, B TO BpeMs Kak THIpO-
¢unpHble rpynmsl  (“rosioBBI”)  yIep-
xKuBaloT mosexkynsl [1AB ma rpammie
pasmena ¢a3. Takum obpasom, Mone-
kyssr TTAB koHueHTpupyiotes (ancop-

. Oupyrotcs) Ha rpanuue pasgena das,

0,2 04 06 - _
emonih npuyeM ruzapodobHas ux uacte 0bpa

Puc. 6.8. 3aBHcHMOCTD MOBEPXHOCTHOrO LIIEHA B CTOPOHY rasa MJIH HEMOJsSpHOH
- HATHKEHUS G KapOOHOBBIX KMCIOT OT U ITKOCTH, rufpodHIbHAs HacTh — B

MX KOHUEHTPALUY KHCIOTHI: -
CTOPOHY TOJAPHOH JKHAKOCTH HWIH
]—wypasbunas HCOOH; 2—yxkcycHas p p A

CH,COOH: 3— macnsnas CyH,COOH; TBEPHOro ruapodHuILHOro ancopbeHTa.
4—sanepuanosas C;H,COOH Konuentpaums IIAB B . nosepx-
HOCTHOM CJIOE Ha HECKOMNBKO NOPANKOB
BblilIE, YeM B 00beMe KUAKOCTH, TIO3TOMY JaXKe MPH MAJIOM COJeprKaHHH
IftAB (0,01 = 0,1 macc. noneit %) OHM 3HAUHUTEIGHO CHIDKAIOT
TMOBEPXHOCTHOE HATSKEHHE, HarpuMmep, y Boasl rpu 298 K or 72,8 no 25
mIbx/ M>. TloBepxHocTHas akTiBHOCTs [TAB BO3pacTaeT ¢ yBeHUEHHEM
JUTHHBI YIJIEBOAOPOIHO#H dacTu MOy i ux koHuenTpauum (puc. 6.8).
H3meHeHne NoBepXHOCTHOTO HaTHXeHHUs rof neiicreieM ITAB Binser
Ha CMa4HMBaeMOCTh TBEPABIX Te/T XKHAKOCTEIO. ITOT 3 deKT Hcnonb3yercs
B Texuuke. Hanpumep, ais OYMCTKM TKaHe#d (CTHpKa, YMUCTKA) WIM
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METAJLIOB OT JKMPOBBIX 3arpssHenuii npumensior ITAB, npu apcopbuun
KOTOPHIX Ha rpaHHLE pasfienia (a3 Boga — KHp, BOAA — TBEPAOE TEJIO
(BOJIOKHA WM METa/lT) W3MEHAETCS NOBEPXHOCTHOE HATAKEHUE BOJALI HA
5THX FpaHyLIaX, YTO IPHBOIMT K MEPeXOoAy KHUpPa B BULAE KalleNb B BOAHYIO
cpeny. :

ITpumenenue TIAB nosBonser pasznensars MycTyro NOpoAy W pyAy mpu
dnoranuu pya. [Tycras nopoaa cMaunBaeTcs BOaoOH, comepxaineii ITAB, a
pyla NOAHMMAETCs BBEPX C My3BIPbKaMM BO3JyXa, IPOAYBaeMOro 4epes
MEIKOpa3apobsieHHYIe MOpPOAY B BOJE.

Ulnpoxoe npumenexnve [NTAB BrI3Bajio HENMpUATHBIE SKOJIOTHUECKHE
nocnencTBys, Tak kak [1AB nebnaronpusaTHO BO3NEHCTRYIOT HAa BOJOEMBI.
B nactosiiee BpeMs paspaboTaHbl cocOOBI OYHCTKH BOA, COAEPXKALUUX
[IAB. B OCHOBHOM IIpUMEHSIOTCS OHOJIOrHYECKHE OKHCIHTENH ¢
NnomMoublo PEPMEHTOB B CIIELIMANIBHBIX OTCTOHHHUKAX.

AjcopOuna Ha rpaHHIe pa3je)ia TBepaoe Teao — ra3. AacopOuuio
razoB yriem ortkpein K. Hleene (Llseuus) B 1773 r. u ®.®oHTaHa
(Mramus) 8 1777 r. B 1915 r. H. JI. 3enunckuii paspabotan crioco6
NOJy4YeHHs AaKTHBMPOBAHHOrO YIid, KOTOPbI OB MCIOIB30BaH B
NPOTHBOra3ax.

AfcopOuMio ra3oB Ha TBEPABIX TejiaX OOLIYHO H3MEpAIOT B MOJIAX
azicop6aTa Ha €HHHILY IOBEPXHOCTH (MOJIB/M” WM MOJIB/CM?).

B cooTBercTBHM ¢ H30TEpMOil axcopbuuu [cM. ypaBHeHue (6.50)]
ajicopOums pacTeT ¢ YBe/MYEHHEM MapUHAATHHOTO MABJIEHMS Ta3a M
coryiacHo ypaHeHusM (6.3) u (6.4) — c yMEHbLUGHMEM TeMIEpPaTyphl.
Ancop6uus, oTHECEHHas K €MHULIE MACChl, BO3PACTAET C YBEIHUEHHEM
NAOHIAH NOBEPXHOCTH afcopbenTa.

AncopOeHThl OOBIMHO  XapaKTepU3YIOTCA YAENbHOW  TUIOLAbIO
MOBEPXHOCTH, OTHECEHHOH K €HHHLE UX 0oObeMa WIM Macchl, KOTopas
BO3pacTaeT MpH H3MENbYeHUH ajcopOeHTa WM npu  0Opa3soBaHHH
[IOPHCTOM CTPYKTYpb!. [Ipy U3MENTbYEHHH TBEPAOTO Tesla IUIoWaab NoBep-
XHOCTH, OTHECEHHas K equHuie obbema S,, 0OpaTHO MPONOPLHOHATIbHA
pasMepy NONXYy4€eHHBIX IIPYU H3MEIbYECHHHU YacTHL /

| s -S_K
Vo
rae K — nocrogHHas, HallpuMmep, i YaCTHIL Kybuueckoi dopmer K = 6.

AncopOiys 3aBUCHT OT TIpHpOABI aacopOeHTa u ancopbara. Haubonee
pacnpocTpaHeHHbIe afICOPOEHTHI, aKTHBUPOBAaHHbIE YITIM, XapaKTEPH3yEMbIE
O4YeHb BBICOKOM yAeNbHOH miouaapio nosepxHocTH (mo 1000 M%),

(5 163



XOpOLIO afACOPOMPYIOT MalONOJISAPHBIE Ta3hl M Mapbl, HMEIOLIHE BBICOKYIO
temneparypy koHaeHcauud (Cl, SO,, yrnesomoponsi, aMMHAK), HO He
ancopbupyloT BhIcOKoMnoysApHele mapbl B rasel (HyO) ¥ rasel ¢ HM3KOH
Temneparypoii kouwaeHcauun (H,, N,, CO). Tuapodunereiii aacopbeHT
cuamKarenb (MOPUCTOE TBEPAOE TEIO HAa OCHOBE KPEMHHEBOH KHCIOTEI)
xopouo copbupyer napbl BOJbI K IPYFHE MOJIAPHBIE Ta3bl.

K ocoboMy iaccy aacopOEHTOB OTHOCATCS LEONMTRHI, anlOMOCH-
JIMKaTHBIE TTOPHCThIE BELIECTBA C KaHAJIaMU B BHIe TPYOOK ¢ AHAMETPAMM
or 0,3 mo 1,5 HM, B KOTOpble MOTYT TPOHHKHYTB TONBKO MOIEKYJIBI
COOTBETCTBYIOWIErO pa3Mepa. lleonuTbl HAIBBAIOT TAKOKE MONEKYIIAp-
HBIMM CHTaMH, TaK KaKk OHH 00ajaioT H30uparenbHOH ancopOIMOHHOM
CHOOCOOHOCTBIO.

To ancopOrpyeMOCcTy Ha METAIIAX T'a36 MOXKHO PACTIONOXKUTD B Psf

0,>C,Hy> CO>H,>CO,>N,

npuueM HauGonbled ancopOUMOHHON CMOCOGHOCTRIO 00JajarT d-diie-
" menThl IV — VIII rpynmn, a HauMeHb1IeH CIOCOBHOCTBIO — TAXKENBIE P-Me-
TaJIbl ¥ d-METAIUIBI C 3aNIOJTHEHHBIMH d-TIOy POBHSIMH.

AnrcopOuusi Ha rpasnune pasaena ga3l TBepace TEN0 — KUAKOCTH.
AncopOums yrieM opraHM4ecKHX BELIECTB U3 pacTBROpa OblUla OTKpbITA B
1785 r. T.E. Jlosuruem (Poccus). B 3aBacHMOCTH OT THIa aicopOHpYIOLLHXCS
YACTHI] pa3finyaloT MOJEKYJISPHYIO ¥ MOHHYI agcopOuuio. AncopOips
HOHOB OyzIeT pacCMOTpeHa B 1. 8. ,

OcoGeHHOCTBIO MOJIEKYJIApHOH afacopOuuM M3 pacTBOpa ABIAETCA
HaJTHYHe PaCTBOPHTEINA H €ro KOHKYPEHTHas aAcOpOLMS ¥ B3aHMOJEHCTBHE
¢ aacopbarom.

VYaenbHyo aacopOumio a (MONIb/KI) MOJEKyNl M3 pacTsopa onpeje-
JISIOT N0 YpaBHEHHIO

a=0= (6.10)

m

roe co U ¢ — KOHLeHTpanus aacopbaTa B pacTBOpe HO H TOCie
anmcopbuuu; ¥V — obbem pacTBopa; m— macca aacopbeHTa.

Afcopbuus M3 pacTBOpa 3aBHCHT OT TeX e (JaKTOpOB, 4YTO H
agcopbuMa w3 rasoBoit dasel, 3a HCKIIOYEHHEM ONOJIHUTEIBHOTO
BIMSHHUA pacTBOpUTeNs. Mosekysbl PacTBOPEHHOFO BELIECTBA MOIYT
B3aMMOJIEMICTBOBATh KaK C MOJIEKYJIaMH PAaCTBOPHUTENA, TaK U C YaCTHLIAMHU
. Ha moBepxHocTH apcopbenrta. [Tostomy ancopbums 3aBHCHT  OT
COOTHOIIEHHS CHJI 3THX B3aMMOAEHCTBUM, & Takke CHJl B3aMMOAEHCTBHS
PacTBOpPHUTEINS € aJCOPOSHTOM.

I1.A. Pebunmep (Poccust) npemioKHI TpaBHIo BEIPABHHBAHHSA
TIOIAPHOCTEM, COTNACHO KOTOPOMY Ha TIONSApPHBIX aacopOeHTax my4lue
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BCCro  aacopOMpYlOTCs  noNspHEle  afcopbaThl M3 HEMOJIAPHBIX
pacTBopuTesieil, a Ha HEMONAPHBIX ajcopbeHTaX — HENOJIpHHIE
ajlcop6ars! U3 MONSPHBIX PaCTBOPHTEIICH.

C nosblLIEHHEM. TEMIEPaTYpbl ancopOLMs yMeHbIIaeTcs, MOCKOIbKY
Ay < 0. OpHako Moryr ObITh HCKJHOYEHHS JUIS HEKOTOPBIX Y3KHX
1IpE/IeNOB TeMIepaTyp, Korjaa agcopOuus ¢ yBeAHYEHHEM TeMIepaTypsl
no3pacTaer. DTO NMPOUCXONHUT B ClIydae, €ClM ¢ YBeJMUeHUeM TeMriepa-
I'ypbl PACTBOPHMOCTh afcopbaTa 3HAYUTENBHO CHUIKAETCH.

3aBHCHMOCTb aficopOLIMH OT KOHUEHTpauun aacopbaTa MOXKET UMETH
pasHyio ¢popmy. Haubonee yacTo Ui OmMcaHHs NPOLIECCOB MCTMIONL3YIOT
vpaeHenue Jlanrmiopa (6.52) u Opeitnixa ‘

a=Ky", : (6.11)
rae Ky v n — nocrosnHele. ‘ '

ITpumenenne ancopOuun. AgcopOuMs HAXOAWUT LUMPOKOE MpHUMe-
HeHHe B pa3HbIX obnacTax Texnuku. Ha sBiieHuu amcopOuuu OCHOBaHBI
Crnoco0bl OYUCTKH Ta30B H KHAKOCTEH OT pa3iaHyHBIX MpuUMecei, B TOM
YWCIe TIPH MOJATOTOBKE MHWTBEBOH BOJbI, @ TAKKE BOJIbL, IOJABAaEMOK Ha
NEKTPOCTAHIIMM M 33BO/IBI TI0 POM3BO/ICTBY CTPOHMATEPHANIOB, TIPH OCYLIKE
rasoB, NpH TMMOMYYEHHH YHCTHIX BeIleCTB (Hanpumep, KHcaopoga H3
so3yxa). B meanumHe ancopOLMOHHBIE METOABI MCIOAB3YIOTCH A
U3BNIEYEHHsS BpPEAHBIX BelleCTB U3 KpoBH (reMocopObuus). Ocoboe
3HaueHKe NIPHOOpeTaeT aacOpGLMOHHAS TEXHHKA B PEILEHHH IKOJIOTMYECKHX
3a/1a4, B HaCTHOCTH, J/I1 OMUCTKH CTOYHBIX BOJI, BLIOPOCOB 3MIEKTPOCTAHUMI
¥ pa3iIiuHbIX NpeInpUsITHI.

Poccuiickue yuennie [1. PeOunpep, [O. Toprosos u E. Hlykun
yCTaHOBHIH, 4TO ancopbuns [1AB cHiXaeT sHepruio XMMHYECKHX CBA3eH
B MOBEPXHOCTHOM CJIOE TBEPAOTO Teja H COOTBETCTBEHHO INMPOYHOCTB
nociendero. Mcnone3zoBanne 3Toro sdexra Mo3BOIAET YCKOPHUTh
MeXaHU4ecKylo o6paboTKy MeTannoB, OypeHHe W paspylleHHE TOPHBIX
nopoz.

[llupokoe NpUMeHEHUE HAXOMMT METO XpoMaMmorpaduu, OCHOBaH-
HBI Ha JMHAMHUYECKOH ancopOLHH. )

Xpomatorpadust. /IuHamMHyecKHid MeTOHN pas3lejieHHWs U aHajlu3a
MHOIOKOMITOHEHTHBIX ~ CHCTEM,  OCHOBaHHBIH Ha  MHOIOKpAaTHO
MOBTOPAIOLIMXCA Tpolieccax COpOumy ¥ AecopOumu, MOy4H Ha3zBaHHe
xpomarorpaduu. JIHHaMHUECKUMHE, HA3BIBAIOTCS METO/bI, OCYILCCTBISICMbIC
B [IOTOKE WJIH M3 MOTOKA KHAKOCTH WK rasa. Xpomarorpapys OTKpbiTa B
1903 r. pycckum yuenbiM M.C. Ilpetom. IlpyM nBMKEHUM XUAKOCTH MM
rasa vepe3 KOMOHKY C HETOIBHIKHBIM COPOEHTOM NPOMCXOMMT pacTipelesieHre
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KOMITOHEHTOB CMECH MEXIY COPOEHTOM M TIOTOKOM ra3a Hiih XHIAKOCTH. B
KayecTBe ancopOeHTOB HUCHONB3YIOTCS BEHIECTBA C BBLICOKOPa3BUTOM
MOBEPXHOCTHIO: CHTMKAresib, aKTUBMPOBAHHBIC YIJIH, aJIOMOCHIHKATHI H
ap. B nepByio ouepenp U3 NMoToka ancopOHPYIOTCA BeleCTBa ¢ BBICOKOH
afcopbumonHo#t criocobHocThio. CrnaboamcopOupyromuecs BeniecTsa
HEPBBIMYM BBIXOHAT C TNOTOKOM H3 Xpomatorpacduueckoidl kononkw. Ilo
Mepe HAaCBIILeHHs ancopOEeHTOB M3 KOJOHKH HAYHHAIOT TOCTYNarh
BellecTBa c Oonee BBICOKOH aacopbumoHHO#N cnocobHocThio. Takum
00pa3oM, NPOUCXOOMT pa3lieieHHe MHOTOKOMITOHEHTHBIX CMeced Ha
oTIeNbHBle KOMNOHEeHTHE. I onpeneneHus KOMIMOHEHTOB Ha BBIXOJE M3
KOJIOHKH HCHOJNB3YIOT AMHAMHYECKHEe MeToAbl (H3HYECKOro WM
XMMHUYECKOTO aHa/lH3a, HalpHMEpP, OCHOBAHHbIE HAa OMNpPeAeSIEHHH
TEIUIONIPOBOAHOCTH WM BIIEKTPUMSCKOM NPOBOJUMOCTH.

B Hacrosimiee Bpems pa3paboTaHO O4eHb OOJblIOE YUCIO METOLOB
XxpoMatorpad i, KOTOpble UCHIONB3YIOTCS [UIS pa3iesieHus cMecelf ra3oB U
JKHAKOCTEH, aHaji3a KOMIIOHEHTOB, OYMCTKH ra3oo0pasHbIX M KHIKHUX
BEHIECTB U B HAYYHBIX UCCIIENOBAHUAX.

Takum ofpa3oM, BcIeNCTBHE HECKOMIEHCHPOBAHHOCTH CHIIOBBIX
nosed 4acTHIl B MOBEPXHOCTHOM CJIO€ TBep/ble H )KHIKHe Tesa ofnafaoT
MOBEPXHOCTHOH 3HEPrueid, B pe3yapTaTe KOTOPOH MpOUCXOIUT agcopOuus
Ha MOBEPXHOCTH pazzena ¢as. AxncopOuus pacTeT ¢ YBeJHYEHHEM
KOHLEHTpALMH WJIH JAaBJIeHUs aJCOpPOHDYIOLIMXCS BELIECTB COIJIaCHO
u3orepMe ancopOumH. Apcopbums -— 5K30TepMHUYEecKMH mpolecc u
YMEHBLIAETCA C YBEUYEHHEM TEMIEpaTypbl. Beneacteue  ancopbuvu
HEKOTOPBLIX BEUECTB (IlOBerHOCTHO AKTHBHBIX BCUIGCTB) yMeHLLUaCTCSl
NOBEPXHOCTHAs 3HEPrHs acOpOEHTOB.

Bonpochb! a1 CAMOKOHTPOJS

6.9. B uem zakmouaercs creiyduka ancopbIMOHHOIO paBHOBECHS 10 CPABHEHHIO €
APYT¥MHM BHAAMH FETEPOreHHOro paBHoBecna?

6.10. Paccuntaiite yAenbHYI0 NMOBEPXHOCTh TBEPJOTO Teia, pasapobieHHOro Ha
KyOukH ¢ pazmepoM pebep 10—7 M

6.11. Paccumraiite no ypaBHEHHIO JISHTMIOpA CTECHE 3aNONHEHMS MOBEPXHOCTH
ancopbeHTa MONeKyTaMu acop6aTa, paBHOBECHAS KOHUEHTPAUMs KOTOporo pasHa 107
MOnB/ 11, a KoHCTaHTa ancopbuuu K, pasra 10% M’/ monk.

6.12. Hazoswure xakoe-mu6o [IAB, kpoMe nepeyuciIeHHbIX B JaHHOM Naparpade.

6.13. B xakoit (opMe uenecoobpasHo 3anucaTh ypapHenue QpeiHannxa, 4TOOB!
MOXHO GbUIO OTIPEAEHTh MOCTOSHHbIC Kq, M R, €CITM DKCIEPUMEHTANLHO OMpENeneHa
3aBucuMocTs a = f{c) ? ,

6.14. B 4YeM OCHOBHOE OTIHYHE xpomarorpadmn oT J]pymx ancopGuHOHHux
npoueccos?

6.15. Kakue BBl 3HaeTe pUMephl IPUMEHERNS agcopOuun?

166



I'naea ceosman
XUMHYECKAS KHHETHKA

Kak 6b1710 nokazaHo paHee, XHMHYECKas TEPMOIHHAMHKA I103BONAET
npeackasaTh NPHHLUANHATLHYIO BO3MOXKHOCTD HITH HEBO3MOXKHOCTE CaMo-
NpPOU3BOJIBHOIO TEYEHHS XHMHYECKHMX PEaKiHH, a TakKe pacCu{TaTh paB-
HOBECHBIE KOHLIEHTPaUHH pearHpyiolux Beliects. OnHaKo, 3HAHHE pac-
CMOTPEHHBIX 3aKOHOMEPHOCTEH €Ie HeJOCTaTO4HO, YTOObI MpeAcKa3’aTh
peaIbHYEO BO3MOXKHOCTh XHMHUYECKOH PEAKLHH, ONPENENIHTE CKOPOCTh pe-
aKUMM ¥ €€ MEXAaHH3M, a TaKKe YNpaBiATh MpoueccoM. beicTpora peak-
LMK 334acTyIO He CBA3aHa CO 3Ha4YeHHeM ee dHepruu I'nb66ca. Hanpumep,
TePMOZIUHAMHYECKAs BEPOATHOCTb PEAKLIMH OKHUCIIEHHsI BOAOPOAA [0 BOIBI

H, + 1,0, = H,00x), AG 205 = —237,2 kJlx/Monb

3HaYMTeJIbHO BhILIE, YEM BEPOSTHOCTh PEaKLMH HeHTpaIu3aLuu ¢ o0pa3o-
BaHHEM BOZbI

H* + OH- = H,0(%), AG 305 = —79.9 kJTH/MOTB.,

B To >ke Bpems mepBas peakuus B OObIUHBIX ycIoBHAX Ge3 KaTanusa-
TOpa IPaKTHYECKH HE HIET, a BTOpasd peaKkiys MpoTeKaeT NPaKTHYECKH
MTrHOBEHHO. CKOpOCTh H MEXaHH3M XHMHYECKUX peakiMil H3ydaeT XUMH-
yeckas KMHETHKa. '

§7.1. CKOPOCTb XUMHUYECKUX PEAKHMH

O6une noHaTHs. CKopocmb XUMUYECKOU peaKyuu pasHa U3MeHeHUIO
KOTUYeCmaa geuecmaea 8 eOUHUYY 6PEMEHYU 6 eOUHUYe PeaKYUOHHO20 Npo-
cmpancmea. B 3aBHCHMOCTH OT THNA XHMHMYECKOH peaKuuu (TOMOreHHast
WIH TeTepore€HHas) MEHAETCS XapaKTep pPeakUUOHHOro MpOCTPaHCTBA.
[oMOreHHOH peaKLnUEl HA3BIBAECTCA peakiys, NMPOTEKAOWAsA B
ofHOpoaHoll cpene (B oaHodl ¢aze). [eTeporeHusie peakuu#u
MPOTEKAIOT Ha rpaHuue pasaena ¢as, Hanpumep Tnepuon U KHIKOH,
TBEPAOH 1 razoo6pasHoOii.

PeakiimoHHBIM TIPOCTPAHCTBOM FOMOTEHHBIX peakiui sBisercs 00b-
€M, 3allOJIHEHHBIHA peareHTaMH. TaK Ka\K OTHOLIIEHHE KOJIMYECTBA BELIECT-
Ba K eIMHMIE 06beMa Ha3bIBaeTCs KOHueHTpaunen ¢, TO CKOpPOCTb I'OMO-
reHHOM peakiMM paBHA W3MEHEHHIO KOHLEHTPAUMH MCXOHBIX BEIUECTB
WM MPOOYKTOB PEeakUHH BO BpeMeHU. Paznu4alor cpeHIO W MTHOBEH-
HYIO CKOPOCTH peakiyu. CpeHsas CKOPOCTh PeaKiui paBHa:
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v =(c; — c)/(lh— 1) =—Ac/AL, - (7.1

Te C; ¥ C] — KOHLIHTPALMH MCXOIHOTO BEIECTBA B MOMEHT BPEMEHH £, H 1.

3HaK MHUHYC O3Ha4aeT, 4TO KOHLUEHTpPAalHsd HCXOAHOIO BelIecTBa
_yMeHpIIaeTcs. B xone peakiyy H3MEHAIOTCA KOHUEHTpPALUMH pearnpyro-
IMX BELIECTB H COOTBETCTBEHHO CKOPOCTh peakuu. CKOpPOCTh peakiyu B
JaHHBI MOMEHT BPEMEHH Wi, MIHOBEHHadA (HCTHHHAsA) CKOPOCTH peax-
LMK v, paBHa:

v = +dc/dr. (7.2)

CKOpOCTh peaKklWH MPUHHUMAETCA BCEr/a MOJOXHTENIBHOM, MMO3TOMY
NPOHU3BOAHAS HCXOMHBIX KOHLIEHTpalMii Oepercs cO 3HAKOM MHHYC, a
MPOIYKTOB PEaKLUy — CO 3HAKOM IUIIOC.

W3 onpeneneHns cKOpOCTH peaklMu M aHami3a ypaBHeHus (7.2) cre-
JLyeT, 910 CKOPOCTh peakiyy B CH HMeeT e/IMHHIIY H3MEPEHHs MOJIb - M ¢,
OJIHAKO TAK)KE MCTIONB3YIOTCA M JIPYTHe eAMHHLb! H3MePERHs [MOMb-TT ¢~
[Monb-cM—-¢7"], [MOnB-cM—-MuH ).

B xone peakuMy U3MEHAIOTCA KOHLICHTPALMH BCEX HCXOIHBIX BEIIECTB
U IPOAYKTOB peakiwu. EC/iM y Bcex peareHToB OJMHAKOBbIE CTEXHOMET-
prueckue K03(hPHUIMEHTDI, TO U3MEHEHNS MX KOHLIEHTpauu# (Mo MOIyII)
BO BpPEMEHHM TaloKe ofuHakoBbl. Hanpumep, i peakiun

CO +H;0(r) =CO, + H,

deco, _ dey, _  deco _ dempo

de dr dr dt

Jns peakuuii ¢ pa3IM4HbIMM CTEXHOMETPHYECKUMH KO3 PHLIMEHTaMH
CKOPOCTH M3MEHEHHs KOHLEHTpaLHH peareHToB OyayT pa3sHbIMU. [lns pe-
aKIMH )

bB+dD—'IL +mM

dop _dom __dop __dep

4t mde bdt ddt

Hanpumep, ans peakuuu
CH, + 2H,0(r) = CO, + 4H,

chOZ - dCH2 _ chH4 - chZO .
de 4dr 7 dt 2d:

Kaxk BugHo, xoHuentpauus H,O n3mensercsa B 2 pasa, a _KOHUEHTpaLKs

H, — B 4 pa3a 6bicTpee, YeM KOHUEHTPALUH CH4 1 CO;. D70 M NOHATHO,

TaK Kax B xoje peakiyd Ha 1 mons CH, pacxomytoTes 2 Mo H,0 1 06-
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pasyrotca 1 Mo CO, u 4 mone Hy. [TosToMy B ypaBHeHHHM CKOPOCTH: pe-
4K1IMHM YKa3bIBalOT KOHKPETHBLH peareHT (MpoayKT peakuMy Wik HCXOAHOE
BeulecTBO). CKOpOCTh peaKLMH 3aBHCUT OT MPUPOALI pearupylollux Be-
wects. Hexkoropsle peakuuH, HaNpUuMep B3pbIBbI, IPOTEKAOT MIHOBEHHO,
ApYTHe MOTYT HITH roJaMH.

Ha ckopocTb peakups BIMSIOT MHOTHE (akTOpbl: KOHLEHTpalus pea-
reHTOB, TEMIIEPATYPA, KATAJIU3aTOPbl, BHEIIHHE BO3EUCTBUSA, HANPUMED
M3JTY4eHHS.

3aBHCHMOCTb CKOPOCTH peakuUMH OT KOHIEHTPAHHH peareHTOB.
Yrobbl mpoH3oLIIa peakuyst, HEOOX0AUMO CTOJIKHOBEHHE peardpyrouiux
yacTul, 1Ipu ogHOH U Toll XKe TeMIepaType YMCIIO CTOJIKHOBEHHH pacTeT ¢
yBEIHYEHHEeM HHCIla pearupyroLiuX YacTHLL B eAMHULE oObema, T.€. ¢ BO3~
pacTaHWeM KOHLEHTpauuu peareHToB. COOTBETCTBEHHO CKOPOCTh peax-
UMH MOBBILIACTCS ¢ YBEIMUCHHEM KOHUEHTPALHii pearnpyrolux BeLecTs.
CkopocTb HeOOpaTUMOH peakLnu

bB+dD - IL+mM
paBHa
v=kepfe? ’ (7.3)

rae k — KOHCTaHTa CKOPOCTH PeakllMy; ny U Mp — KOI(PPUIIMEHTHI, Ha-
3biBaeMble NOpsAKaMHKH peakunuu no seumectsaM B u D. Vpasnenue
(7.3) HazvleaeMCA KUHEMUYECKUM YPABHEHUEM XUMUYECKOU PeaKyul.

Koncranra ckopocT# peakuyu k He 3aBHCHT OT KOHLEHTpAlMH pea-
FeHTOR, HO 3aBHUCHUT OT HX MPHPONBI U TeMniepaTypsl. U3 ypaBHeHus (7.3)
cAeayeT, YTo npu cp =cg=! (Hanpumep, | MONB/N) KOHCTAHTa CKOPOCTH
peakuMn YUCIeHHO PaBHAa CKOPOCTH peakunu. M3 atoro ke ypaBHEeHHS
BU/HO, YTO Pa3MEPHOCTb KOHCTAHTHI CKOPOCTH PEaKLMy 3aBHCUT OT TO-
pAaKka peakiu, MOCKOIbKY Pa3MEPHOCTh CKOPOCTH peaKkLMH M BCEX ro-
MOTEHHbIX peaKLMH ONHAKOBA.

Hanpumep, mis peakLiay JHCCOLHAUH MOJIEKYJIb

A, > 2A
JU1s1 KOTOPOt
v=thes, , (ma=1),
€MHHULY U3MEPEHHS KOHCTAHTHI CKOPOCTH PeaKIu MOXHO ompe/ieUTb,
HCXOs U3 aHau3a pa?,M]epHOCTE:H [Monb - 1" - ¢='] = [x] [momb - ]
CootBeTcTBeHHO [X]=[¢™].
UTak, cKOpOCTb peakiud NMpOTIOpUUOHATIBHA MPOU3BEACHHIO KOHIIEH-

Tpaupm Pearc¢HTOB B CTCICHAX, HA3bIBACMbIX nopﬂnxamn p€aKkuun no pea—
r€HTaMm.
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ITopsiaok xuMHuecKO# peakunn. Cymma nopaokos peakyuu no pea-
CEHMAM HA3blBAEMCA nopﬂakom,pealcuuu n’

n=Yn , : (74)

rfie n; — TIOPAAOK PEaKLUM I10 i-PeareHTy.
Hanpumep, s ypaBHeHus (7.3)
, n=np+ng.
Teopernyeckn npejackasars NMOPAROK PeaKUMH TPYHOHO, €ro Onpene-
JIAIOT DKCMepuMeHTanbHo. TTopsiiok peakuud 3aBHCHT OT €€ CIOXKHOCTH.

Ecsnn peakis npocTas, T.e. NPOTeKaet B OAHY CTa/MIO, TO NOPAAOK peak-
LMY PAaBEH CyMMe CTEXMOMETPHYECKHX KOI(P(DHLIHEHTOB:

n= Z Vi ]
rge v, — K03¢)¢)HHKCHT nepen d)OpMyHOﬁ i-BC[IIeCTBa B YpaBHCHHUH peaK‘

uuH (crexuomerpuueckui kosdduuenr).
Hanpumep, ecnu Obl peakius:
bB+dD = IL+mM
IpoTeKana B OIHY CTAIUIO, TO Hg=h M np=d ¥ COOTBETCTBEHHO n=b+d. B

Imom ciydae KuHemuueckoe ypasHerue nis y1(a3aHHOﬁ PCakIiuu NpUuHH-
MaeT BUO '

V= kcgcg A (7.5)

U Ha3bl8AeMCSL 3AKOHOM OeLICBYIOUUX MACC OIS XUMUYECKOT KUHEMUKY.
Jlns peakuuy 06pa3oBaHHs HONIHMIA BOXOPOA

Hs + L (r) = 2HI(r)

v=kcy ¢ , T.e.n=1+1=2.
2 1y

OnHako B OONBIIHHCTBE CIIy4YaeB peakilMH MHOroCTaauiiHbI. [l MHO-
rocTaAMHHBIX PeaKUUi NOPSAKN peakUiH 10 peareHTaM, KaK IpaBHIIo, HE
COBMAJIAIOT ¢ CTEXHOMETPHYECKHMHU KOIPHUMEHTAMH, 2 OBLUME NOPAIOK
PEaKiMH He paBeH CyMMe CTEXHOMETPHUYEeCKHX KoddduuMeHTOB (CM.
§7.3). CooTBETCTBEHHO B ITOM Ciiyyae JUisi pacyera CKOPOCTH peakiliu
WCIIONB3YIOT KUHETHYeckoe ypaBHeHHe (7.3), a He ero yacTHeld cirydail —
3aKOH JAeHCTBYIOLNX MACC U1 KHHETHKH [cM. ypaBHeHue (7.5)].

Hanbonee uyacto BecTpewaroTcs peakuuH MepBOro, BTOPOro, MHOrAa ——
Tpetbero nopsaxo. Hekoropeie PeAKIIH. UMeIOT IpoOHBLE NOpSOK, HATpH-
mep, 0,5 1 1,5. Peakiuu Gonee BHICOKOrQ MOpAAKa, YeM TPETHiA, HEU3BECTHDI.

Hrtax, nopanok npocTodl (OOHOCTONHUIHON) peakiMyl paBeH CyMMe cTe-
XHOMETPHYECKUX KOI(P(DUIHUEHTOB, a CIOKHOH (MHOrocTaauiHON) peakuuH
HWKE 3TOH CYMMBI.
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CxopocTh peakUHMW MEpPBOTro MOPAAKA XapaKkTepusyercs
KWHETHHYECKUM YpaBHEHHEM

v=kc. | (7.6)

[lepBrIit NOPANOK, HANIPUMED, HMEIOT PeaKlWH AUCCOLMALMM WM paslio-
)KEHHs MOJIEKY

H, @ 2ZH
2N)Os5(r) 2 4ANO, (1) + Oy
, CH;0CH; = CH, +H, +CO
To ypaBHeHHto (7.2)
v=—dc/dt .
[TpupaeuuBas ypaBHeHus (7.2) v (7.6) v pa3nenss nepeMeHHbIe, TIoTyYaeM:
dclc = —kdt .

Peuienue JaHHOTO ypaBHEHMA JUIA HAYajbHOrO YCJIOBHS C-0 = Co TPHUBO-
JUT K BBIPAXKEHHIO:

c=coe™ . (7.7)
Honcraensas ypasuenue (7.7) 8 (7.6), natigem
v=kege™ . (7.8)

Kax BMAHO, KOHUEHTpalLMs PEareHTOB M CKOPOCTh peaKLHH MepBOro
NOpAAKa YMEHBIIAETCs BO BpPEMEHHM MO JIKCMOHEHLUANBHOMY 3aKOHY.
Ypasuenwve (7.7) MOKHO 3anucarh B BUIE

In(co/cy =kt (7.9 a)
Inc = Incy — kt . V (7.96)

Ilpeobpasys ypasneuue (7.9 a), HalieM BhIpaKeHMe IS KOHCTaHThI
CKOPOCTH peaKLMU

In{cy/c ‘ :
j = Inleo/e) (7.10)
t
Taxk xax In(cy/c) bGe3pasMepeH, TO KOHCTaHTa CKOPOCTH PEAKUMH Tep-
BOTO MOPSAKA HMEeT eAMHULY U3MepeHHs o6paTHOro BpeMeHH: [c']: ‘
W3 rpaduxa u3MeHEHHS KOHLIEHTPAaLMH peareHTa BO BPEMEHH
(puc.7.1, a) nerko ornpeaenaeTcd KOHCTAHTa CKOPOCTH peaKiHH:

tga=k=Alnc/At.

B kauecTBe KpHUTEpHs CKOPOCTH PEaKLMK HEPEIKO UCHONb3Yemcs ne-
puod nonynpespawenus (NoNypacnana) ty,, paeHbll 6pemMenl, 8 meveHue
KOMOPO20 KOHYEeHMPAYUs PeazeHma YMeHbUIaemcs 6080€ N0 CPAGHEHUIO C
navanvuoli Konyenmpayuet, m.e. ¢ = co/2. Tloncrasnas c=c;p=co/2 u
=t B ypaBHenue (7.10) u, npeobpasys ero, noyyyaem
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‘ in2 0,693 :
’1/2=%=——~k . (7.11)

Kak BHAHO, mepHOA MOyNpeBpalLEHHA peareHTa B Cllydae peakuuH
NepBOro NOpsAKa HE 3aBHCHT OT HAYATbHOH KOHLIEHTPAIlHH, a onpenes-
€TCA JIMILIL KOHCTaHTOM ckopocTH peakuuu. [lo ypasrenrto (7.11) moxHO
PacCUMTaTh KOHCTAHTY CKOPOCTH PEaKiluH, eCiii M3BeCTeH NePHoi Mony-
npeBpallieHuns.

CkopocTh peakUMH BTOPOToO MOpPANKA /U4 ABYX pearcH-
ToB B 11 D nogunsseTcs KUHETUYECKOMY YPaBHEHHIO:

v =kegep . (7.12)
ECHH Cp~—cCg WA €CJTU pe€arupyroT OAHHAKOBBLIC YaCTHLlbl, TO
' v=ke® . » (7.13)

BTopoil nopsaoK MMEIOT, HanpuUMep, PeaKUHH PaziOKeHHS HOIWa.

BOJOpPO/A U JHOKCUAA a30Ta
2HI=H,+1, , 2NO,=2NO+0,

Kak 1oKashiBaeT aHanW3, XapakTep W3MEeHeHMs KOHUEHTpALMu pea-
FeHTa BO BpeMeHH onuHakoB kak mist (7.12), tak v (7.13), nosromy B
JanbHeieM GyneM paccMaTpuBath Gosiee npocroe ypasHeHue (7.13).
Hcnone3ys ypasHeHue (7.2) W pazgesisg repeMEeHHbIe, 0y4aeM

de/c? = —kdt .
éne 1/¢

lﬂCo

3 L 1
10 20 30 te tc

Q 6
Puc.7.1. UsmeHenne KOHLEHTpALMif MCXOAHBIX BEIUIECTB BO
BpPEMEHM A1 peakuuii nepBoro (a) ¥ BToporo (6) NopsaxoB
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Pemenue YpaBHEHHs OJ11 HAYaJIbHOIO YCJIOBHUA C,-0—Co UMEET BHI

[
—_—— kK .
Pl (7.14)
WJIN
__% ‘ :
_]+kC0t. (715)

Kak BuAHO, KOHLEHTpAaLUSA peareHTa W3MEHSETCS BO BPEMEHH 10
CJIOXKHOMY 3akoHY. Bennumna, oOpatHas koHUEHTpaiMu, pacTeT BO Bpe-
MeHHu nuHeHHo. U3 ypaBHenus (7.14) nony4nm BelpaskeHHe A0S KOHCTaH-
Thbl CKOPOCTH peaKLHH

k:l(l-l). (7.16)
t\e ¢ »

W3 ananuza equHUL H3MepeHUs ypaBHeHus (7.16) ¢ [Momb '] 1 f]c],
MOJYYUM EIOMHHUIYY M3MEPEHHs KOHCTaHTbl CKOPOCTH peakuuum &
[monp"-n1-¢™']. KOHCTaHTY CKOPOCTH PEaKuMH MOXHO ONpEeNeNuTh rpa-
¢HYecKH 1Mo IKCTIEPHUMEHTaTbHOM KpuBoit (puc.7.1, 6)

Al
k=tga= Adje)
At
[epuon nomynpespaiienns B JaAHHOM CIy4ae YMEHBIIAETCS ¢ POCTOM
KOHLIEHTpAalHH pearcHra.

hin= 1/kC(). (7]7)

Taxum oOpazom, xapakTep H3MEHEHHS KOHLEHTPAalLMU pearcHra BO
BpeMeHM, MepHOJ MONyNpeBpalieHNs U eJHHULA M3MEPEHHS KOHCTaHTbI
CKOPOCTH PEaKIMU 32BUCAT OT NOpsAAKa PeaKLuH.

Knnernka o0paTuMbIX XHMAYECKAX peakuHil H XHMHYECKoOe paB-
HoBecne. OGpaTiMble peakLMH MPOTEKAIOT B NPAMOM U OOpaTHOM Ha-
TpaBJIeHHUAX, IOITOMY TPH-pacyeTe CKOPOCTH IpoLiecca HeoOX0AUMO yuH-
TBIBaTh CKOPOCTH NpsIMbIX. ¥ 06paTHpIX peakuri. Hanpumep, ans peakiuuu

A+B=AB
- - “ .
Y= V—VszACB—'kCAB, (718)
b d « - . - - e d «
rje v 4 v — CKOPOCTH MPsAMOH U 0O6paTHOW peakuuil; & ¥ k — KOH-

CTaHTHI CKOpOCTEil NpaMoii 1 oOpaTHOH peakiyi.
[To mepe npoTexkaHus peakUMHd KOHLUEHTPAaLHMHM HMCXOJHBIX BEUIECTB
YMEHBIIAIOTCS, 2 NPOAYKTOB peakuvH — pacTyT. [Ipu HeKOoTOpBIX KOH-
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LUEHTpaLMIX HCXOJHBIX BEUIECTB H MPOAYKTOB PEeaKLUH CKOPOCTH NPIMO
1 00paTHON peakHil CTAHOBSATCS paBHBIMH:

> o«

v=v,V‘—‘0. (7.19)
VpasuenHe (7.19) sBnsercs KHHETHUECKMM YC/IOBHEM XHMHUYECKOrO
paBHoBecus. C ydueroM.ypaBHeruit (7.18) u (7.19) nonyuaem:

% [A][B] = % [AB]
HUIIH
[ABV[A][B]= % /% ,

rae [A], [B] u [AB] — paBHOBecHpie KOHLIEHTpalMH BelecTB A, B u AB.
JleBas 1 npaBas 4acTH YPaBHEHHS paBHbI KOHCTAHTE PABHOBECHS

(7.20) -

Ypasuenue (7.20) saensiemcs eevipadicenuem 3aKOHA OelicmeyrOujux
macc [cm. ypaBHeHue (5.25)].

Hanpumep, mis peakuuu

I P
Hy+1,==2H K, =:=?T-}[T~][ll—i,
: 3 ¢ 2l

Hrak, ans obpaTuMbiX XMMHYECKHUX peakiiiii 1eo0X0aMMO YUUTLIBATH
CKOPOCTB Kak NpAMbIX, TaK U oOpaTHeIX peakuuit. KoHcTanTa xumuyecko-
ro paBHOBECHS paBHA OTHOIICHHIO KOHCTAHT cKopocrei npaMoi u obpar-
HOM peakuui.

Oco0eHHOCTH KHHETHKH reTeporeHHbIX peakumii. ['ereporeHHbie
peakUuM HJIYT Ha MOBEPXHOCTH paziena (a3, KoTopas U CIY>KHT peakiu-
OHHBIM ' IPOCTPAHCTBUM (TIOBEPXHOCTLIO). Tloamomy nepeou ocobenwHo-
CMbIO KUHEMUKY IMUX PEAKYULl AGIAEMCS GIUAHUE NIOWAOU PeaKYUOHHON
HOGEPXHOCMU HA CKOpochb pearkyuu. ECiy cyMMapHas niiomans nosepx-
HOCTH paBHa S, To 0OLIas CKOPOCTh reTeporeHHoH peakuud MepBoro ro-
pAaKa ONKCHIBAETCS ypaBHEHHEM:

v=keS (7.21)

Tie ¢ — KOHLEHTpaLHs peareHTa (ra3o00pa3Horo Wid JXHAKOro).
EnvHu1p! H3MepeHns CKOPOCTH M KOHCTaHTbl CKOPOCTH reTepOreHHOM
peakLuM OTIIHYAFOTCS OT €UHHL U3MEPEHHS COOTBETCTBYIOLUHMX BEJUYHH
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rOMOreHHOM peakuym Enununua Hwepeﬂﬂx CKOPOCTH reTeporeHHOH pe-
akunu — [momb-c™ "1, KOHCTAHTBI CKOPOCTH PEAKLINH MIEPBOTO MOPSIKA —
[M-c—"]. Ecau 6 peaxkyuu HenocpeoCmeeHHO yuacmeyem maepooe getyecm-
80, MO 6 KUHEMUYECKOe YPAGHEeHUe He 6XOOUM €20 KOHYeHMpayus, mak
Kax OHa nocmoanHa. Pob TBEpAOTO TeNa B KMHETHKE OTPaXKaeTca MyTeM
BBE/ICHHA TUIOLIAZH €ro MOBEPXHOCTH, HA KOTOPO# MIET peakuus, B KMHe-
THYECKOE ypaBHeHHe. Hanpumep, KHHETHKA reTeporeHHOH peaxiuu

’ CaO(x) + CO, = CaCO; (k)
OIUCHIBAETCH YPABHEHHEM:
V= kL‘CO2 S

HHorna BaskHO 3HATH VOENbHYIO CKOPOCHb PeaKyul, OMHECEeHHYIO K
eounUYye NAOWaoYU PeaKkyUOHHOU HOGePXHOCMU, KOTOpas I peakliu
TIEPBOr0 NIOPSAKA ONIUCHIBACTCA YPaBHEHHEM:

vs=vIS=kc. , (7.22)

B eaunuiyy u3MepeHHs yJIeJIbHOH CKOPOCTH peakiiiy BXOIMT €MHHIA
W3MEPEHUs TIOIAH, HANPHMED [MONIb-¢— M)

CKOpOCTb HEKOTOPBIX MeTePOreHHBIX peakuuil He 3aBUCHT OT KOHILIEeH-
Tpauuy peareHToB B pacTBope. Takue peakin UMEIOT HyJIEBOH NOPIIOK.
MoxHo jierko nokasarp, YTO B 3TOM ciy4ae KOHLICHTpALUs H CKOPOCTb
peaKLid THHEHHO YMEHBIIAIOTCS BO BpEMEHH:

c=c,~kt U v=v,—kt

OnHako, GONBIIMHCTBO peaklHit MMEET MOPANOK, OTIIHYAOUIMHCS OT
HYJIEBOTrO, HEPEAKO IPOoOHbBIH MOPAAOK.

B xoae peaklud yMmeHpaeTcs KOHLICHTPALUg peareHTa B 30HE peak-
UMM cy 10 CPABHEHHUIO C ero KOHLIEHTpauueil B oObeMe ¢y u3-3a pacxoaa
pearexTa. IloaToMy B ypapHeHHe CKOPOCTH peakLMH BXOJHMT KOHLIEHTpa-
LM peareHTa B 30HE peakumH Cy: .

v = kesS (7.23)
UK
vs = kes . (7.24)

TloaToMy cxopocme 2emepozenHol XuMueCcKoU peakyuu 3a6ucum om
cKkopocmu nodeodd peazenma 6 3ouy)xt§Muuecxoz? PeaKyuu, ymo AGNaemcs
8MOpPOoL 0COOEHHOCBIO IMUX PeAKYUTL.

Hauboneniee namenenue KOHLEHTaLUK peareHTa nponcxonm B TOH-'

KOM CJIOE OKOJIO PEaKIHOHHOW TOBEPXHOCTH, Ha3biBaeMoM nHp py3u-
OHHBIM cnoeM. [lepeHoc BeHieCTBa B 3TOM CJ0€ OCYIIECTBIAETCA B
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OCHOBHOM 3a cuer auddyzun. Cropocts guddy3un B 3T0M Cl0E Vv, B HAH-
6osee IPOCTOM BHAE OMUCHIBAETCSA YpaBHEHHEM

Vp = D(CV—-— C\)S/S s (7.25)

rae D — kosdduument auddysum, M* ¢~ 8 — Tonmuna audyIHOH-
HOT'O CJI041.

Kosdduuunenr aquddy3nn B 0CHOBHOM 3aBUCMT OT TEMIeEparyphl, a
TaKOKe OT MPHPOJb! PpeareHToB u cpeasl. TonuuHa aAuddy3HOHHOrO cios
YMEHbMIAETCS MpH TEepeMEeLIMBaHHU, COOTBETCTBEHHO MepeMellluBaHHE
YBETHYMBAET CKOPOCTH TojBozAa peareHToB. Ecmu ckopocts auddysun
HWKEe CKOPOCTH PEaKUMH V, « V, TO npouecc auMutupyetcs auddysuei.
Ecau ckopocts auddy3uu 10CTaTOUHO BLICOKA v, »V, TO TOBOPAT O KMHE-
'THYECKOM KOHTPOJIE, T.e. TPOLECC JUMHUTHPYETCS COBCTBEHHO XHUMMYE-
ckoii peaxuueit. Ecnu v, ¥ v comsmepnmbi, TO TOBOPAT O CMelIaHHOM
KOHTpoJie. PeanbHas CKOpOCTh peaklMy ONPE/eNAeTCst C y4eToM ypaBHe-
Hui (7.23) u (7.25). Tpu cTauHOHapHOM COCTOSHHM V,=V.

KuHerrka rereporeHHbIX XHMHYECKHX PEaKLUHH CYIECTBEHHO OCIIOXK-
HSETCS, €CIH B XOJe peaKklUM M3MeHSeTCs COCTOSHWE MOBEPXHOCTH, Ha-
npumep, 06pa3yeTca HoBas daza:

Ni + ',0, — NiO

CKOpOCTB OOPATHMBIX TeTePOreHHBIX, KaK ¥ FOMOTEHHBIX, PeaKuMi

- <«
3aBHCHUT OT CKOpOCTeH NnpsiMoil v ¥ 0OpaTHOH v peakuuit

KoHcTanTa paBHOBecHs reTeporeHHON XMMMYECKOH peakIMH Takike
paBHa OTHOILEHHIO KOHCTaHT CKOPOCTEH NPSAMbIX W O0paTHBIX peakLni

- -
Ke=k/k nnn Kp= k/k

Utax, obuiasn ckopocTs HeOOpaTHMOI FeTeporeHHOH XUMMUYECKOH pe-
aKUWH 3aBHCHT, a Y/Ie/IbHas CKOPOCTb pPeakUMH HE 3aBHUCHT OT ILTOLIaH
peaKkUMOHHOH ITOBEPXHOCTH. Ha CKOpOCTh reTeporeHHOH XHMHYECKOH pe-
aKLMH BJIHAIOT IPOLIECCH TIEPEHOCa PEAareHTOB B 30HY peaklH. CKOpocTh
00paTUMOH peakLHH ONpeAeNseTcs pa3HOCThIO CKopocTel npaMoit u 00-
pAaTHBIX peaKLUi.

BO“pOCbl H 322244 A1 CAMOKOHTPOJ/ IR

7.1. B pesynprare XUMHueCKHX peakiuii 3a 30 ¢ H3pacXoA0BaHbI B PEAKIIHOHHOM PO~
crpaHcree odnemom 1 11 cenyrowme Macest Beitects: a) Hy —21;6) CO — 19 1; 8) SO; — 20 1.
Kaxkas 13 3TMX peakumit nporexaet OpicTpee?

7.2, OripenenuTe CAMHMIY M3MEPEHUS KOHCTAHTHl CKOPOCTH PEAKLMH, A KOTOPOH
V= kC2 ACB-
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7.3. Onpegennute ckopocth peakimd A+B=AB npu Kouuempaumx A= 2 MOHI:/II
cp= 0,5 MOIL /T 1 KOHCTaHTe ckopocTH peakiui 10— moms~" e,

7.4. Cxopocts peakuun A+3B=AB; onpenensercs ypaBHEHHEM v = kcaCp. Onpenenﬁ-
TE TOPAAOK peakimu. Kak Bhl ayMaere, 3Ta peakius MPOTEKAeT B OJHY UIH HECKOJILKO
cranguii?

7.5. B BomoeM O CTOYHBLIMM BOZAM¥ NONas repOUIMA, HavyanbHas ero KOHHCHTpaIIHH
B BozoeMe cocTashaa 10~* mons/n. Onpenennte meproi NONyNpeBpalicHAs repGuLmna
NpH B3aUMOLEHCTBHU €T0 ¢ KOMIIOHEHTAMHU CPeJibl, M M3MEHEHHE €ro KOHLEHTPALUK Yepes
100 4, ecnu peakuys HMeeT NepBEI MOPAI0K, 3 KOHCTAHTa CKOpOCTH paBHa 10~° ¢~

7.6. [Uist yjianeHHs cepoBOLOPOAa H3 NPOMBIMIACHHBIX CTOMHBIX BOJ MPEMITONKEHE pe-
aKLMs er0 OKHCICHHUS

2H,S + 0, =28 + 2H,0

Peakius noa4UHIETCS YpaBHEHHIO Broporo nopaaxa. Ecmy koruentpauun O, 1 H,S

paBHBI 10— Mous/11, @ KOHCTaHTa CKOPOCTH peakuuy cocTasaser 10— mons-n-¢~', To kaxo-

BBl HAYAJIpHAs CKOPOCTh PEAKUUH U NEPHOA NONYNpeBpalleHus?

7.7. PaccynTaiite KOHCTAHTY CKOPOCTH T'eTepOreHHON XUMHYECKOH peakuiu nepsoro
nopsifka, TPUHUMAs CKOPOCTh Peakuuy 1 Monb/c, KOHUEHTpauuioo peareHTa 1 Moaw/i
(10° Mons/v®) 1 rwiorans nosepxHoctH 100 M2 PaccuuraliTe YACTLHYIO CKOPOCTD PEAKIWH.

7.8. Kouncranrsl ckopocteit npsmoit 1 oOpatHoit peakuuit mpu 298 K pasHbl cooTBeT-
creenno 10~5¢! n 10~%¢

Paccuuraiire crannapTayo sHepriio ['nb6ca peakunu.

§7.2. BIUSAHUE TEMIEPATYPBI HA CKOPOCTh PEAKLIMiA

Ipasuao Banr-Todda. Tlopbilienne TeMnepaTypbl yckopseT Gob-
IMHCTBO XiMHYeckHX peakimii. Cornacro npasuiy Baut-Todida npu no-
BbIIIEHUH TemnepaTypbt Ha 10 K ckopocts MHOTHX peakuui yBelWduBa-
ercs B 2—4 paza

vy =y O (7.26)
rae vy MV, — CKOPOCTH peakuuu npu temieparypax T, u Ty, ¥ — koad-
(ULMEHT, 3HAYCHHE KOTOPOTO )1 SHIOTEPMHHECKOH peakL1H BhILLE, YEM
JUTS SK30TEPMHUHUECKON PEAKUMH (Vs> Yo). 715l MHOTHX pEaKkUMH 7y JIEKHUT
B npegenax 2—4. '

Vpagsenue (7.26) MOXKHO HCTIOB30BaTh NUIIb IS opneHmposquiﬁx
pacyeToB, TaK Kak MX TOUHOCTb HE OYEHb BbICOKA.

YpaBuenne Appennyca. B 1889 r. wBenckuit yuensiii C.Appenuyc
Ha OCHOBAHWH DKCMEPUMEHTOR BBIBE/ ypaBHEHHE, KOTOPOE HOCHUT €ro NMs

k= koD (7.27 a)
rae k — KOHCTaHTa CKOPOCTH peakuuu; ky — Npea’KCNOHeHUHAIbHbIHA
MHOXUTE)b, ¢ — OCHOBaHHE HATypajbHOTo Jiorapugma; £, — nocTosH-
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Has, HasbiBacMad JHEepruel aKkTUBatuM, onpejenigemas NPUPOAOH peakimu. -
3navenns E, s XMMUYECKMX peakiyii nexat B nipenesnax 40400 kJbx/mMonb.

Ecnu npyu m3sMeHenMM TeMriepaTypbl KOHUEHTpalUMs peareHTOB OCTa-
€TCS TIOCTOSIHHOM, TO 3aBHCHMOCTb CKOPOCTH PEakiii OT TEeMINEepaTypsbl
OTIMICHIBACTCS ypaBHEHHEM

v =vg exp [~ Eg/(RT)],

rae vo=vnpu E; =0. '

YpaeHeHHe (7.27 a) MOXKHO MpeICTaBUThL B BHAE

Ink = Inky — E/RT (7.28a)
WITH
lgk = lgko — E/(2,3RT) = B — E,/(2,3RT). (7.286)

I'papuueckoe wuzoOpaxenne ypaBHenus (7.280) mnpuBegeHo Ha

puc.7.2. Kak BugHo u3 ypasHenus (7.286) u puc.7.2
‘ ’ EJ(23RT) = tgo = Algh/A(1/T).

YpaBHeHUe AppeHuyca MO3BOJAET MPOBOJUTH OO/Ee TOUHBIC PACYEThl
M3MEHCHHS CKOPOCTU PEaKLMH C yBETUMEHHEM TEeMIEepaTyphl, YEM ypas-
Henue (7.26). Ilpusenem ypaBHeHHe AppeHHyca Uil IByX TeMIepaTyp:

lgk] = lgkﬂ - Ea/(293RT])’
Igks = lgko — EJ(23RT).

BurunTas U3 BTOpPOro ypaBHEHHs NepBOE, NONy4aeM

E (1 1
ki) = m[;l——i) (729 a)
WU
In(ky / k) = ﬁ(i_ .‘_] . (129 6)
R\T T, -

ITo ypasHenusm (7.29 a,6) MOXKHO paccUMTaTh OTHOLIEHHE KOHCTAHT CKO-
POCTH peakUMH TPH ABYX TeMIlepaTypaX, €C/IM H3BECTHO E,, UK SHepruio
akTuBauuu E,, ecnM W3BECTHO COOTHOLIEHHE KOHCTAaHT CKOPOCTEH peak-
LIMH TIpH ABYX TEMIIEpaTypax.

AHaJOrHyHOe ypaBHEHHE MOXHO BBIBECTH H U3 CKOPOCTEH peaKLHH:

In(v /) = %[TLI_TLJ (7.30)

W3 ypaBHenuii (7.26) u (7.29) cnenyer, uro v = (k/k;) u AT = 10.
fay = _Eq_[l__i)
4 23R\, )
_ PacueTsl nokasbIBaloT, 4TO 7, paisﬂoe 2-4, coorsercrByer E, = 57-114
kbx/mone g Ty = 300 K u E, = 236-472 x/lx/mone nin 7, = 500 K.
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Orcrona cnexyer, uro npaswio Banr-I'odda [cM. ypasnenue (7.26)] co-
Onropaercs A OrPaHHHCHHOTO Kpyra peakLuH, NpoTeKaloMX NpH TeM-
nepaTtypax, OJIM3KHUX K KOMHATHBIM.

Hrax, KOHCTaHTa CKOpOCTH peakuuy (a
NMpH MOCTOSTHHBIX KOHHEHTPALMAX U CKOPOCTh
peaklM{) BO3PACTAET C yBETHYEHHEM TeMIe-
paTypbl MO 3KCMOHEHUMAILHOMY 3aKOHy. B
COOTBETCTBUH C YpaBHEHUEM AppeHuyca KOH-
CTaHTa CKOPOCTH peaKUMH YMeHbLIaeTCs C
pocToM sHepruu aktuBanud. U3 ypaBHeHus
AppeHryca Takke cielyeT, YTO uYeM BbIILE
3HEpPryUsl aKTHBAUMM, TEM BBILIE TI'PALUEHT
CKOpOCTH peakuyy 110 Temreparype. Y paBHe-
HUe AppeHHyca TMO3BOJIIET paACCUMTHIBATH
KOHCTaHTbl CKOPOCTH (M CKOPOCTH) peakLuH
NpY pazInyHbIX TEMIIEpaTypax. o

Jneprus akTuBannu. Kak GbUIO MoKaza- T
HO paHee, CKOPOCTb XMMHYECKOH PEaKUMH B Pyc. 7.2. 3aBHCHMOCTL JoTa-
3HAUHUTEILHOH MEPE 3aBUCHT OT DHEPIrUU aK- pudma KOHCTAHTHI CKOPOCTH
THBallUK. YTO TdKOE JHEPrus aKTHBALMHM U [10- PeakiMu o7 oBpaTHOH TeMrie-
YeMy OHa BIIUSET Ha CKOPOCTh peakumu? Jljist DParypsi 1O ypaBHEHHIO Appe-
OTBETA Ha 3TOT BOMPOC HeOOXOMMO XOTs Obl HityCa
B 00LIEM BHJIe PACCMOTPETE MEXaHH3M PeaKLHH.

B xome XMMHUECKOH peaKiliv paspylialoTes OJHM U BOSHHUKAIOT pr—
TME MOJIEKYJIbl U COEIMHEHHUs, NPOHCXOUT H3MEHEHHE XUMUYECKUX CBS-
3¢H, T.€. nepepacrnpencieHue 3MeKTPOHHOH MIoTHocTH. Eciu 651 ctapsie
XMMHUUYECKHE CBA3M B XOJ€ PEaKLUH cpa3y MOJHOCTBIO pa3pyllajuch, TO
Ha 3To NMOTpeboBaIoch Obl HONBIIOE KOIUYECTBO SHEPTUH M peakLius Mpo-
Texana KpaiHe MemieHHO. Kak nokasanm uccienosaHus, B X0/€ peakiuu
cucTeMa TIPOXOJUT Yepes MEPeXoJHOe COCTOSHHE, yepe3 oOpa3oBaHHe Tak
HA3bIBAEMOTO AKTHBUPOBaHHOrO koMsiekca. Hanpumep, xon peakumu

AB+DC=AD+BC

MOXKHO IIPpEACTABUTDH cxeMom

A

L
)
AV

A-B A ... B A B
AP S A U
D-C D .. C D C
Hcxoanele  AKTUBHPOBaHHbIH IIpoayxrsl
MOJIEKYTBI KOMILIEKC peakumu
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AKTUBHPOBAHHLI KOMIIeKT

Ty
T

IHepua

Hons Monexyn

KuHeTHveeKan IHEpPrna Honexyn Eq 3

Puc. 7.3. Onepreruyeckas amarpam- Puc. 7.4. Pacnipenenenne MONeKyt 1o SHep-
Ma X0Ja PeakupH ¢ o6pa3oBaHHeEM ak- THaM nipH aByx Temneparypax (T, > Ty)
THBUPOBAHHOIO KOMILIEKCA

B akTHBMpOBaHHOM KOMILIEKCE CTaphie CBS3M ellle He pa3sOpBaHbI, HO
yXe 0CJ1ab/IeHbl, HOBBIC CBS3M HAMETIIIMCh, HO elie He 0Opa3oBauch.
Bpems cylecTBoBaHus ero Hepenuko (mopsaka 107'°c). Ilpu pacnaze
KoMMuieKca 06pasyloTes 60 MpoayKThl pEaKUuH, TU60 UCXOIHbIE BeElle-
crBa. Jlnd oOpa3oBaHHA MEPEXOAHOIO KOMILIEKCAa HEOOXOAHMAa SHEPTHA.
CucreMa B Nepexo/IHOM COCTOSHUM MMeeT 6oJiee BHICOKYIO JHEPTHIO, YEM
B MCXOIHOM (H,,,,) B KOHEYUHOM (Hyon) cocTOsHMAX (pHC.7.3).

DHepaus, HeoOXOOUMAs ONA nepexoda Geuecmad 6 COCMOANUe aKmu-
BUPOBAHKO20 KOMWIEKCA, HA3LIaemcs sSHepzued axmusayuu. BozMox-
HOCTh 0Opa3soBaHUsS aKTHBHPOBAHHOTO KOMIUIEKCA, a COOTBETCTBEHHO M
XUMHYECKOrO B3aUMOAEHCTBHSA, ONpeaenseTcs sHeprueid Mosekyn. Morne-
KyJla, 9HEPrus KOTOPOH JocTaTouHa JUIt 00pa3oBaHHs aKTHBHPOBAHHOI'O
KOMILTEKCA, Ha3hIBAETC aKTUBHOM. J0JI1 MX B CHCTEME 3aBHMCHT OT TEM-
neparypbl. Kak OpU10 noxaszano B ri1. 4, 4acTHUBI PACHIPENENSIOTCA IO
DHEPTHAM IO CIIOXKHOM KpHBoil MakcBenna—bonbiMaHna, koTopas U3me-
HseTCA C yBe/IMYCHHEM TemnepaTypbl. Kak BuaHo u3 puc.7.4, ¢ yBenuve-
HHEM TEMTNepaTyphl PACTET OIS MOJEKYJI, 3HepTrUs KOTOPHIX paBHa WM
BBILIC DHEPrHH akTHBAaUWH E, COOTBETCTBEHHO pacteT ROJA MOJIEKYI,
- CNOCOGHBIX K AKTMBHBIM CTOJIKHOBEHHAM C 0Opa30BaHHEM AKTHBUPOBAH-
HOTO KOMILIEKCa, T.€. TPOMCXOUT YCKOPEHHe peakuud. YeM Bbillle 3HEp-
TUsl aKTUBALMHU, TEM OYEBUIHO, MEHbLIE JOJS YacTHL, CITOCOOHBIX K ak-
THBHOMY B3aMMOJEHCTBHMIO. DK30TEPMHUUECKHE pEAaKIMH IPOTEKAIOT C
MEHBIUEH JHEPrUel aKTUBaLMK, YeM SHIoTepMH4ecKre (cM. puc.7.3). Bel-
COKasl JHEPrUs aKTUBALIMH, HIIH KaK MHOIA FOBOPST, BBICOKHIA SHEpreTH-
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4ecKuil 6apbep ABAsSETCS MPUYMHON TOTO, YTO MHOTHE XMMHUYECKHE peak-
LMK OpY HEBBICOKHX TEMIIEPATYPaX He MPOTEKAIOT, XOTS M PUHIHIHAT -
HO BO3MOXKHbI (AG<0). Tak, B 0OBIYHBIX YCIOBHAX CAMOIPOU3BOILHO HE
3aropatorcs: IepeBo, TKaHH, Oymara, yronb, xjed, KepOCHH, XOTS 3Heprus
[Tub6ca peakiLmit OKUCIIEHHA 3THX BEWECTB Hibke Hya (AG<0).

IIpn BHICOKHX TeMnepaTypax A0/ aKTUBHBIX YaCTHUL AOCTATOYHO Be-
JIMKa W peakluH HayT ObicTpo. Hanpumep, npu temneparypax 10000 K u
BBIIIE PeaKLMH 3aBepiuatotes 3a 10— +10c. Pasden Xumuu, usyvarowuii
PeaKyuil 6 HUIKOMEMNEPAINYPHOU nidimMe, ROAYYWT HAZBAHUE NAAIMOXU-
muy. Tl1a3MOXHMMHYECKHE peakUUH YKE HaxOAAT PUMEHEHHE AJ1 OYHCT-
KH CTOYHBIX BOJ, BOCCTAHOBJICHHS OKCHIOB MeTa/UIOB, cuHTe3a NO u3
BO3yxa, ruapaszvia NoH,, nosydeHus TyronnaBkux 3JI€eMeHTOB, JTHOKCH-
[1a UMPKOHUS, BOAOPOAA, HEKOTOPBIX IK30THUYECKHUX COCOWHEHHI, HANpH-
mep, NoFy, TIN. B T0 ke Bpemst npu O4YeHb HU3KHX TeMIlepaTypax XHMH-
YeCcKHe peakldM TPOTeKaloT OueHb MeareHHO. OnHAaKo i HEKOTOpbIX
peakimii (HarpuMep, TMOTHMEPH3aLBN HEKOTOPbIX MOHOMEPOB) OGHapy-
>KEHO OTKJIOHEHHE OT 3aKOHa AppeHHyca B 00JacTH CBEPXHU3KHUX TeMIe-
paryp (vmxe TeMmneparypsl kuneuus azora —77 K) (B.H.I'onbnanckubi u
ap.), 3aKoYaroleecs B HE3AaBUCHMOCTH CKOPOCTH peakuyu OT Temiepa-
TYpbl B 3THX YCIOBUsIX. CKOPOCTh TAKUX PeaKLHii MPH CBEPXHU3KHUX TeM-
nepaTypax BbILUE [0 CPABHEHHIO CO CKOPOCTSIMH PeaKLdii, pACCUHUTAHHbI-
MH TI0 YpaBHEHHIO AppeHnyca. Obaacme Xumuu, uzyiauas XumMuiecKkue
peaxkyuy NpuU  C8EPXHUSKUX MeMNepamypax, HA3bléaiom Kpuoxumue.
KpHOXUMHYECKHE PEAKIIMK, HANPUMEP, MO3BONAIOT MONYYHUTH BEIIECTBA
BLICOKOH YHCTOTSHE.

Wrak, sHeprus akTMBalMi — 3TO 3HEPrud, HeoOXxoauMas Ajls Nepexo-
Jia YacTH1] B COCTOSHHE AKTHBUPOBAHHOrO KoMiekca. HYactuuel, sHeprus
KOTOpBIX paBHAa WM BBILIE€ DHEPIUH aKTHBALMM, HA3bIBAlOTCA AaKTHB-
HeIM KA. C pocToM TeMmeparypsl pacteT I0Js 3THX YacTHULL U COOTBETCT-
BEHHO CKOpOcTh peakimd. C yBenlnyeHHeM SHEPruy akTHBaLHM YMeHbLIa-
eTcs JOJIs AKTUBHBIX MOJIEKYJI H CKOPOCTb PEaKLHH.

MpemakcnoHennua LHBIE MHOXMTENb. M3 ypaBHeHus Appenuyca
(7.27) cnenyer, uto k=ko nipu £,=0. MoxHo Ob1110 OBI IPEATIONOKHUTE, YTO
.npy £,=0 xaxxa0oe CTOIKHOBEHHE YacTHLl MPUBOAUT K XHMHUYECKOH peak-
(umn. KuseTnueckas TeopHs razoB MO3BOMAET PACCUUTATh YUCIO CTONKHO-
' BeHUil yacTull B eAMHHULY BpeMeHH (z). Kak noxassisaeT onsit, fAns 6ofib-
LIHMHCTBA MOJIEKYN ko<z, T.€. HE KaKJI0e CTOJIKHOBEHHE NaKe aKTHUBHbIX
yacTHil NPHBOAMT K peaxuuy. Vimeercs ellle OfHO yCJOBHE HMPOTEKaHUs
peakuMH — OIpezieNieHHas OpMEHTallNs MoJieKyJl, OaronpusaTcTByomas
nepepacnpeneneHlio MEKTPOHHON TutoTHOCTH. Hanpumep, npu B3auMmo-
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aercteun CO u HyO Bo3amoxkHa ¥X pasnnyHas OpHEHTANHs OTHOCHTEIbLHO
Ipyr apyra:.

H o )
0+C=0-50=C=0 + H-~-H (1)
. H /
H .
0O+0=C -> HO+CO : )
H-—
B ﬂepBOM cnyqae OpHeHTaqu Monexyn 6HaFOHpH}ITCTByeT, a BO BTO-
pOM — npemi'rCTByeT OcylueCTBJleHI/IIO peaxunn. HOSTOMy HpeLISKCIIO-

HEeHUHaIBHBIH MHOXMTEND Ky BKIIFOYaeT B ceds GakTop OpHEeHTallHH Mo-
nexyn (BepOSTHOCTHBIA (aKTOp) Pop:
ko =2zP,, . ' (7.30)

BeposTHocTHBIH (akTOp YMEHBINAETCS C POCTOM YHCTIa U CIIOXKHOCTH
OIHOBPEMEHHO PearupyIONIX YaCTHIL OT AOJH eHHUIBI 70 10—,

Taxnm o6pa3oM, NpeaIKCIOHEHIHAIBHEIHT MHOXXHTEIb OTPAXKAET Yac-
TOTY CTOJIKHOBEHHS M OPHEHTAUWIO peardpyromyx 4acTHu. IIpuHuunu-
aJIbHO BO3MOXKHAs PEaKLMS NPOTEKaeT MpH COOJIIONEHHUM IOBYX YCIOBHIL
JOCTATOYHOH PHEPTUM M HAJIeXKalleH OPUEHTALIMH YacTHLL.

BOHpOCbI | 3aJa"H AJi CAMOKOHTPOAA

7.9. Onpenenure K03hGULUMEHT ¥ [UId peaklldu, CKOPOCTh KOTOPOii yBenu4unacs B 32
pasa npH yBeauyeHUn TeMmnepatypst Ha S0 K.
7.10. DHeprus akTHRaLMH pasnoxenns NO,

2NO, & 2NO + 0,

pasHa 111 x/Dx/Monb. Bo ckosbKko pa3 yBenMunTCs KOHCTAHTA CKOPOCTH PEaKUUH OpH Mo-
BbilIEHUN TeMrepatypst ¢ 300 g0 400 K?

7.11. Ompenennure 3HEPTHIO AKTHBALHUH PEAKIIAH, KOHCTAHTa CKOPOCTH KOTOPOH yBe-
nvgunack B 10° pas npu nossiiIeHHK TeMniepaTypsl ¢ 330 1o 400 K.

7.12. Kak U3BECTHO, BO3LYX COXEPIKUT 230T, KMCIOPOJ, JHOKCHA YTIEPOAR, BOLOPOA U
Japyrue raspl. [1o kakolf npuuyuHe npy OOBIYHBIX YCIOBUSIX HE TNPOMCXOIAT CaAMOIPOW3-
BONLHO PeaKiuu:

a) 'LN, + 1,0, =NO
6) I/ZNZ + Oz = NOZ
) H, + 11,0,=H,0

7.13. B npupozie B CaMOPOXHOM COCTOSIHWM BCTPEYAIOTCH cepa W 30710T0. Kak BoI Iy-

MaeTe, I0YeMY OHH JUTHTENEHOE BPEMSs COXPaHSFOTCS B BHJIE IPOCTBIX BELIECTB, a HE OKCH0B?
7.14. JIna xako# U3 OByX peakuuil Bhllie BEPOATHOCTHELE dakTop Pop

a) 2H, + 0, = 2H,0
6) 2CO + 0, = 2CO,
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§7.3. MEXAHU3Mbl XHMHUYECKHUX PEAKLIV

OcHoBHbIe NOHATHA, PaccMOTpeHHbIE BbIllie 3aBUCHMOCTH CKOPOCTH
peakuuii OT KOHLEHTPAUMH pearupyrolnx BellecTB W TeMNEepaTyphl I1o-
3BOJIAIOT PACCYMTBIBATh CKOPOCTH MHOTHMX TNPAaKTHYECKH BAXKHBIX peak-
UMii, KaK FIPOTEKAIOLIHX B MPHPOAHBIX YCIOBHSX, TAK H B TE€X WJIM HMHBIX
peakTopax, annaparax H yCTpoHCTBax. 3HAaHHE KHMHETHYECKHX ypaBHEHHIH
H €r0 KOHCTAHT O4€HP ITONE3HO U1 MOHUMAHHS MeXanHuMa XUMHUYECKOM
peaxiuHy, T.€. [OCIIENOBATENLHOCTH MPOTEKAHHS IPOCTEHINX (HJIEMEHTAPHBIX)
cTaui, 0Opa3’oBaHHI KOPOTKOXXHBYLIMX TNPOMEXYTOUHBIX YacTHIL (M H-
TepMEAUaTOB) peakuuu. BeisBreHHe MEXaHH3MA XUMHUYECKHX peak-
UMH ABIsieTes BakKHeHmel GyHAaMEHTATBHOH 3ajaueif XUMHH. ‘

Bce peaxuuy MOXKHO MOpa3AeAUTh Ha NPOCThbie U cloxHbie, ITpocThie
PEaKIHU NPOTEKAIOT B OJHY CTA/HMIO M HA3BIBAIOTCA OHOCTaXHIAHBIMH.
CnoxHble peakyH UAYT Au60 mocnenoBaTenbHo (MHOToCTaAuHHbI €
peakuuH), ubo mapasneasHo, b0 nocnenoBarebHO—IapanieabHo. B
CBOIO OuYepefib, B KaXI0H CTaAWM peaKHHMH MOXET y4acTBOBATh OJJHa MO-
nekyna (MOHOMOJEKYAAPHBIE PEaklHu), 18e MONeKyIsl (B UMO -
NEeKYNAPHBIC peakuuH) U TPU MOJEKYNbl (TPUMOJNIEKYJIAPHBIE
peakuuu). Yucio monexya peazeHma, NPUHUMAIOWUX yyacmue 8 HpO-
cmetiuieti (3nemenmapnoii) cmaduy, HA3LIEAEMCs ee MONEKVISPHOCIbIO.
Yaiue Bcero BCTPEUAIOTCS MOHOMOTNIEKYIAPHBIE H OHMONEKYIISpHbIE peak-
HHUH. Peaknmu ¢ MOJCKY/BIPHOCTLIO Dosplire TPEX HEU3BCCTHBIL.

Onunocraguiinbie peakuun. OTHOCHTENBHO HeOONBLIOE YHUCIO peak-
uHi MpoTeKaeT B OAHY cTaauio. K ofHOCTaAMMHEIM peakLHaM, HarpuMep,
OTHOCATCH: ‘

peaKiUH JUCCOLHALN

H,—»>2H, CL—> 2Cl, 2HI-> H,+I;

B3aMMOJEHCTBHE HO/Ia U BOJOPOIa ‘

Iz + Hz — 2HI

B3aHMO/IeHiCTBHE MOHOKCH/IA 230Ta C BOJAOPOAOM H 030HOM

2NO + Hz - N;_O + Hzo
NO+O3 = N02+Oz

OnHocTanuiiHbie peakiiy, Kak U CIOXKHBIE peaKlVH, MPOTEKaloT, KaKk
npasuio uYepe3 oOpa3soBaHMe AKTHBHPOBAHHOro Komiulekca (cMm. §7.2).
Jna onHOCTaAMIHBIX peakuuil MOPANAOK peakiuii coBMagaeT ¢ MOJEKY-
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JSPHOCTBIO PEAKLMH, T.€. MOHOMOJIEKY/IspHEIS, OUMONIEKYIAPHbIE ¥ TPH-
MOJIEKYJISIPHBIE PEAKLMK SBIISIOTCA COOTBETCTBEHHO PEAKLMAMH NEPBOTO,
BTOPOTO M TPETLEro NOpsKa. 4

Kunetnueckoe ypapHeHue OMHOCTAIMHHON XHMHUYECKOH peaxkuun
(7.3) coBnanaer ¢ 3akOHOM AeHcTBYromHX Mace (7.5).

Caoxnble peakunu. K c1oKHBIM OTHOCATCS peakUHH, NPOTEKAIOIHE
FIOCJIEIOBATENBHO Yepe3 HECKOBKO CTaAUM, WIH NapajneslbHo. BombuiH-
CTBO peaKIHii ABIAOTCA MHOTOCTaAMIHEIME. Harpumep, peakius '

2A +3B = A,B;
MOXET UATH YEPE3 CTaIUH!
‘ A+B=AB )
A+ AB=A,B (2)
AzB +2B = A2B3 ) . (3)
2A +3B= AzB3

Ecnu onHa W3 3THX cTaguii mpoTekaeT 3HAYUTENBHO MeIUIeHHee APYTrHX,
TO 5Ta cragus Oy/eT onpeeNsTh CKOPOCTH BCEro Mpolecca, U ee Ha3biBa-
0T TUMHATHpYIO I e (ckopocThonpenenstomet) cranueid. CKoOpocTh
Bcel peakuuu OyJeT onpenenarbcs CKOPOCThIO JIMMHUTHPYIOIEH CTaauu.
Hanpumep, ecnu mamutupyrowed 6yner cramus (1), To ckopocts 3ToM
CTa/Iul U COOTBETCTBEHHO Beeii peakuuy OyaeT paBHa
V = KCaCg

B nansHomM ciydae n=1+1=2 , 1.€. IOPAJOK peaKLiUX MEeHbLIE CYMMBI CTe-
xuomeTpudeckux Koadduuuentos (Y v, =5). OBGbIUHO NMMUTHPYIOWIAs
CTaaus 3aMMCBIBAaeTCs Kak HeoOpaTMas peaklysl, a Apyryue CTaJiud Kak oopa-
TUMBbI¢ peakiiyy. Haripumep, peakuus pasnoxeHus nenraokcuiza asora NyOs

2N205 = 4N02 + 02

NPOTEKAET Yepes CIeAYIOWHE CTaHK

N,Os 2 NO, +NO; (GwicTpas ctagus)

NO,; +NO; — NO, +NO + O, (MemneHHas cTanus)

NO +NO; & 2NO, (OvicTpas cTagus)
IlepBas craaus MOHOMOJEKYJIIpHast, BTOPast ¥ TPEThs CTaAUM — OuMore-
KyJsipHble. JIAMATHpYIOLIEH sBISeTCST BTOpas cranust. B xone peaxuuu o6-
Pa3yIOTCA’ MPOMEXKYTOUHBIE KOPOTKOXXMBYLIME YaCTHUb! (MHTEPMENMAThI)

NO; u NO,. JIns HaX0xKIeHHA yPaBHEHHS CKOPOCTH peakLiUH MPYHHMAIOT,
YTO YCTAHABJIMBAETCS CTalMOHApHAas KOHUEHTPALMs IPOMEKYTOUHBIX
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YaCTHLl HA OCHOBAHHHM FIPEOIIOIOKEHUS, YTO CKOPOCTh 00pa3oBaHHs MH-
TEpME/JMATOB paBHa CKOPOCTH WX pacxomoBaHHs. Bciencreue Takoro
NIPEAMNOJIOIKEHHS MOJKHO ONPEeAeNHUTh CKOPOCTh JIAMHTHPYIOLIEH CTaquH K
COOTBETCTBEHHO CKOpOCTh Bcelt peakuuu. HanpuMep, onpenenus KOHLEH-
tpatmio naTepMearatos (NO, u NO;), Mosry4smM, 4To CKOPOCTh BTOPOH CTa-
AWH H COOTBETCTBEHHO CKOPOCTH BCeil paccMaTpHBaeMOil peakiiui paBHa

v= k CN205 . ‘
Kak BugHo, mopsiiok 3ToH peakiuu (TepBblH) MEHBLIE CYMMbI CTEXHO-
MeTpudeckux ko3d¢unmentos (2). Ilopsnox peakuun (1) ornuyaercs ot

MOJICKYJIAPHOCTH BTOPOIi M TpeThbeil craguii (2).
Peaknus B3auMozeiicTBHA XJ10pa ¢ XJI0poopMoM

Cly(r) + CHCI3(r) = HCI(r) + CCly(r)
umeeT ApobHbIit nopaaok (1,5)
V= kc(‘:/lzzf«’cml3 s
TAK KaK NPOTEKAeT 110 CJIETyIOINEMY MEXaHH3MY
Cly(r) 2 2CIK(r) (6wicTpas cragus)
Cl(r) + CHCI;(r) > CCls(r) + HCl(r) (MeanenHnas crazus)
CI(r) + CClx(r) 2 CCly(r) (6bicTpas cragus)

Bropas craaus aBnsercs NMMMHUTHpYIOIEH, €€ CKOPOCTh ONpeAenseT CKOo-
pocts Beeit peaknuu. OnpeennM 3aBUICUMOCTh KOHLIEHTPALMH WHTEpMe-
auata Cl(r) or xonnentpauuu Cl;, KOTOPYIO MOJKHO BHIPa3UTh YpaBHEHHEM

=k 12
ca=h cCl, »
M nozcTaBuB KoHUeHTpawo Cl(r) B ypaBHeHHE CKOPOCTH BTOPOH CTafgMu
peakiHH v, HaifleM KMHETHUECKOE yPaBHEHHE BCEH peakHu
=y = - 1/2 = k12 '
v=v = kca conel, = Rk odi;Conai, = kediyecucl, -

HGKOTOPHG pe€aKkIv NPOTEKAOT NO [apaljieJIbHBIM ITyTAM, HAIpHMED:

D
A+B —r
—E

Peakuus pasznoxeHus rvapa3sdHa MOXKET MATH MO JBYM Napajuienb-
HBIM Ty TAM :

N2H4 —> Nz + 2H2
3N2H4 -> 4NH3 + N2
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B 3toM cityyae pacCuUMTBIBAETCS CKOPOCTh PEAKOHH MO TOMY M APYroMY
MyTH ¥ CYMMHpPYETCSl CKOPOCTb YMEHBIUCHUS KOHUEHTPAUHH HCXOOHOrO
peareHTa, B JaHHOM Cly4ae IMapasvHa. ECiv ¢ OfHMM M TEM e peare-
TOM OJHOBPEMEHHO B3aUMONEHCTBYIOT ABa WM Gosee BELIECTB, TO TaKKe
peaKLH Ha3bIBAIOTCSA C O I P 51 5K € H H bl M U, HalpuMep

A+B—> AB
A+D—- AD

B HEKOTOpBIX C/TyHasX CONPAKEHHE peakUUit MOXKeT BHI3bIBATH HX YC-
KOpeHHe. YCKOopeHHe MOXKeT ObITh BbI3BAHO OOpa3oBaHMeM HMHTepMeaua-
TOB B XOJ€ ORHON M3 pedKUHH, KoTopas yCcKopser Apyryio peaxuuto. Ha-
npumep, peakuus HBrO; ¢ HAsO, yckopsercs npn oHOBPEMEHHOM Npo-
tekaHuu peakuud HBrO;+HBr Bcneacrsue obpa3oBanus MHTEpMEIHATOB
HBrO u HBrO,, oxucnsomux HAsO,. ConpskeHHe peakuuii MOXKeT Bk~
ATh Ha TEPMOJUHAMHKY MpoueccoB. HanpuMep, eciu ais peakuuii

A+B - AB, AG>0,
A+D-—>AD, AG;<0
|AG, | Oyner Gonbe |AG;| , TO B 3THX YCIIOBHAX CTAHOBHTCA BO3MOX-
HBIM NpOTeKaHue MepBOii peakuyH, Tak Kak 3Heprus ['n66ca cymmapHoi
peakuun 6yaer HUKE Hys
2A+B+D=AB+AD, AG < 0. ,

Muorue 61oXUMHYECKHE PeaKiMH B OPraHH3Me MPOTEKaloT Mo Mexa-
HU3MY COMNPAKEHHBIX XUMMYECKHMX peakuuii.

Hennbie peakuun. HexoTopple XMMHYECKHE peaKLMH NPOTEKAIOT He-
06b19H0. CKOpPOCTB HX 33BHCHT OT NPHPOABI U 00beMa CoCyaa, Uis HeKo-
TOPBIX M3 HHX XapaKTepEH MOPOr AABIEHHN, HIKE KOTOPOTO PeaKLHs He
unet. Ilpu onpeneneHHbIX YCIOBHAX Peakliys yCKopseTcs JlaBMHooOpas-
HO. MexaHM3M 3THX peakumil cran NMOHATEH Mocje pa3paboTKH TEOpHH
LENHBIX peakuui. BrnepBble HAEO O BO3MOXKHOCTH LEMHONO MEXaHH3Ma
peaxuuit Beickaszan pycckuit yuenstéf H.A.lllunor 8 1905 r. bossuroit
BKIad B pa3paborky Teopu uenHbix peakuuii BHecnn H.H.Cemenos
(Poccus) u C. XunwensBya (BenukoGpuranus).

IenHble peakuny HauMHalOTCA CO CTaAMM HHULMMPOBaHUS, T.€. 00pa-
30BaHUS aKTHBHBIX YacTHLl — CBOGOIHBIX paaukaioB. CBoboaHsle pagu-
KaJibl TPEACTaBIAIOT COOOH OCKONKH MOJIEKYN, HMEIOLIHE HecTlapeHHEIe
anexTpoHsl. Hexoropnie cBoOoaHBIE panaMKaibl ABIAIOTCA <CBOOGOTHBIMH
npu oObIYHEIX yenosuax, HanpuMmep ClO,, Kpyrue — npH NOBBIIGHHBIX

186



TeMIIepaTypax, HallpyuMep, aTOMbI TaJlOreHOB, IEJIOYHBIX METAJIOB, Tpe-
TBH — HE CYIIECTBYIOT B BiJe CBOOOIHEBIX BemecTB, Hampumep, OH, CH;.
CeobonHble pajHKalsl MPUHATO 0003HAYaTh TOYKOM, MOCTABJIEHHOU ps-
7IOM € XMMHYeCKMMH cUMBOTamMu, Hanpumep, Cl1°, O°, OH®, HS®.
O6pa3zoBanue cBOOOZHBIX paJHKaIOB (MHHLHMPOBAHHE) MPOHCXOIJHT
B pe3ynbTaTe BO3JCHCTBMS Ha CHCTEMY CBETOM, W3TyueHHEM BBICOKOI
BHEPrHH, TemaoM M T.4. CBOGOAHBIE paauKalbl MOTYT 3apOXIAaThCsA H B
pesy/ibTaTe UPOTEKaHHs IK30TEPMMYECKHX XHMHYeCKMX peakuui. Cra-
IO BOSHHKHOBEHHS PaJMKajIOB elie Ha3bIBalOT 3apoxaeHuem uenu. Ha-
npHMep, HenHasg peakius B3aUMOACHCTBHS XJIopa 1 BOJIOPOa MOXET Ha-
YMHATHCS B pe3ysibTaTe BO3AEHCTBHUA CBETAa Ha MOJIEKYJIBI XJopa ¢ obpaso-
BaHHEM CBOOOJHBIX AaTOMOB XJIOpa! v

e} Bt e RN (31 + (31 win Cl, -2, 2C1°.

[otpebrenue HEpruM Ha HHULMUPOBAHUE B LEIHBIX PEAKIMAX HEBeH-
KO, TaK KaK aKTHBHPYIOTCS HE BCE MOJIEKYJTbI, @ TOJIBKO HeOOoMbIIas UX HOTIA.

B cnenyromei ctaqui LEMHOM peakUyy NPOMCXOAUT pocT Lienu. B pe-
3y/ibTaTe B3aMMONEHCTBHS PaJMKAIOB C MOJIEKyiaMH 00pasyloTcs Mpo-
TYKTEl peakiliy U HOBbIE PaJMKaJIbl, T.e. PEAKLMM MPOTEKAIOT Yepe3 Lierb
gocaeaoBaTeNbHbBIX CTa,[[PIl‘;I C O6pa3OBaHHeM HHTCMe}IHaTOB-paHHKaﬂOB.
Hanpumep: .

Cl'+H, » HCI+H
H +Cl, » HCl+CI*

Kak BumHo, B npouecce peakiid paguKasibl BOCIPOH3BOIATCA H LET-
Has peakiHs MPOHOIDKAETCH, T.€. PEaKis NPOTEKaeT Yepes Lemb rocie-
AOBaTENbHBIX CTAAMH, B KOTOPBIX 3apOXIAIOTCA H PEarupyloT CBOGOIHbIE
paaukasl. CBOOOHEIE paJHKaibl BecbMa PeakKHHOHHOAKTHBHEL M sHep-
M aKTHBALMM LETHBIX peakuuit Hepenuka (0—40 x/bx/mons). Hanpn-
Mep, SHEPrHsi AKTHBAIIMM PEeaKI{UK

H*+Cl, = HCI+CI°

€ocTaBsgeT Beero § KlI}KfMO{Ib, T.€. Ha 1—1,5 nmopsaAKa HIDKE 3HEPrUH aK-
TUBALY DONBUIMHCTBA XUMHUECKUX peakluid. [loaToMy LieTIHbIE peakiMK
1poTeKatoT ObICTpee OOBIMHBIX.

Tpetneii cTanueli LenHO#M peakuuu Apisercs o6psIB Lenu. B pesyins-
TaTe B3aUMOJCHCTBHS PaJMKaJOB HAa CTEHKAaX COCYJOB WJIM Ha HHEPTHBIX
MoJIeKy1ax obpa3yroTes HeHTpaibHbIE MOJIEKYIbl, HarpUMep:

H +H'=H,
Cl* + H" = HCl
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OruMm obbsacHieTcs BuusHie o6beMa .M MPUPOIbI COCY/a, WHEPTHBIX
npuMeceif 1 Apyrux GakTopoB, BAUSIOLIMX Ha CKOPOCTh LEIMHBIX PeaKLMii.

Takum oOpa3oM, UENHBE peakUyH HIYT
yepes CTafMy: 3apOoXKIeHHe (HHHLHHPOBaHHE),
poct u 0bpbiB Henu. BeneacTsie o6pa3oBaHus
AKTHUBHBIX YacTUL — CBOOOAHBIX pajgHKaIOB,
LICMHBIE pEakUHM ITPOTEKaoT ObicTpee peak-

LM, MOYIIHX M0 OOBIMHOMY MEXaHH3MY.
Pa3zBerBiiennbie nenHble peakuuu. Ecnu
B XOJIe LIEMHOH peaKkiii¥ BMECTO OAHOro POX-
JnaloTcs IBa WIM Gonee panmkana, TO HHCIO
palHKaJIOB pacTeT W TPOHCXOIMT pa3BeTBie-
Hue uenu (puc.7.5). Takue peakuun HazpiBa-
Puc.7.5. Cxemapeaxunc  HOTCH pa3BeTBJICHHBIMH. BerencTeue yBennue-
Da3BETBICHHbIMM ENAME  HUA YKCJIA PaUKaJIOB CKOPOCTh PEaKLHMH BO3-
pacTaeT JaBUHOOOPA3HO H MOXKET 3aBepLINTh-

¢4 B3pbiBOM. Hanpumep, B3pEIB rpeMyHero rasa nmpoTeKkaeT 1o cXeMe:

H, + 0, — 2HO® 3apoxneHue uemu '

HO®* +H, —» H*®+ H,O pocTt uenn
H* +0O; — HO® +Q° pasBersnenue uenu
0O* +H, -» H* +HO®

3aTeM BO3SHHKILHE PaMKa/Ibl BbI3bIBAKOT +/IBOGCHHE HOBBIX PaMKaNioOB,
CKOPOCTb PEaKLiK Pe3KO BO3PACTAET H B KOHLIE KOHLIOB MPOUCXOAUT B3PhIB.

Hennple peakun B IpHpoae # B TexHuke. [lo Mepe u3ydeHus nen-
"HBIX peaKLMid BBISCHHIIOCH, YTO OHH He TIPEJCTABAAIOT CO0OH HCKITIOYEHHE
W3 TpaBuWJi, a BCTpPEYarOTCA JOBOJIGHO 4YacTo. Ilo nenHoMy MexaHH3MY
NPOTEKAIOT MHOI'HE peakiuH B atMochepe (cMm.§7.4).

K uenHeIM peakuusM OTHOCHTCA M IOpPEHME TOIUJIMBA, T.€. PEaKLHd C
KHUCJIOPOJOM, TPOTEKAIOLIast ¢ BBIJEIIEHHEM TEIUIOTHI H CO CBETOBBIM H3-
ny4yeHHeM. B IBUrarensx BHyTPEeHHErO CropaHus LIETIHOH XapaKTep peak-
UMM MOXET BBI3BIBATH MHUKPOB3DPHIBBI (AETOHALMIO), 1A MX HPEAyIIPeX-
JeHHA B TOIUIMBO BBOJAT aHTH/ETOHATOPHI, HA KOTOPBIX MPOHUCXOAHT 00-
poiB nenei. Ilpu onpenxeneHHBIX yCAOBUAX rOpEHHE BOAOpOAA M APYTHX
BUJIOB TOILIMBA TAK)K€ MOXET NPHBECTH K B3pbiBy. [1o HenHoMy MexaHu3-
My TIPOTEKAIOT peaKiHH MOJIHMEPU3ALIMH MHOIHX MOIMMEPOB, OKHUC/IEHHS, ra-
JIOTEHUPOBAHHS, BLICOKOTEMIIEPATYPHOTO pa&ﬁoxcenm YIJIEBOAOPOAOB H Ap.
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BOI'I])OCH H 33124 AJIA CAMOKOHTPOARA

7.15. Hanuuinre KMHETHIeCKoe ypaBHEHHE PeakuuH
NO;+ CO=NO + CO,
lpoTekatoilieii yepe3 IBe NOCIE0BATENbHBIE CTANHH
NO; + NO, - NO; + NO (MeanenHas cramus)
NO; +CO & NO,+CO, (6uicTpas cragus)

7.16. Peakuus I(r) = 2I(r) nporexaer B onHy crammio. Hanummure kunerHueckoe
ypaBHEHME peakitMy. KakoBbl MOJEKYIPHOCTh U NOPSAOK 3T0H peakiiu?

7.17. Peaxuus 2NO, = 2NO + O, nporekaer B 0AHy cTaauio. Hanuumure kuHeTHYe-
CKOE ypaBHEHHE peakimy. KakoBbl MOJIEKYIAPHOCTE U IIOPAAOK 3TOH peakimu?

7.18. TpuBeayute cxeMy MPOTEKAHUA PEaKLUH

H; + Bry(r) = 2HB1(r)

NpUHEMad NENMHOH MEXaHU3M MpoLiecca.

7.19. Kakue Bbl 3HacTE PEaKLHN, 3aKaHYHBAIOUIHECS B3PbIBOM? MOXKHO JIM MX OTHECTH
K Pa3BETBIICHHBIM LIEMTHBIM PEAKLHAM?

§7.4. POTOXUMHYECKHE NPOLIECCHI

OcnosHable noustHa. IIpoyeccol, npomexaiowue noo 8o3oelicmauem
céema, NOAYYUIU HA3BAHUE (POMOXUMUYECKUX, A pazden XUMuu, Usyyaio-
wuti smu npoyeccel, Hazvigaemcsa gomoxumueti. Ilox Bo3meHcTBHEM
KB3aHTOB cBeTa Av (I — mocrogHHas [InaHka, v — YacToTa H3/yuyeHHs)
MOJIEKYJTbI CTAHOBATCA BO30YKAEHHBIMM, T.6. aKTHBHBIMH U BCTYNAKOT B
XMMHYECKOe B3auMoeiicTeie. Kpome Toro, Hof BO3AEHCTBHEM CBETOBOI
SHEPrHH MOTYT IIPOTEKaTh PeaklliH, KOTOpble MpH OOBIYHBIX YCJIOBHMAX
CaMOIpOU3BOIBHO He UAYT (AG >0).

CoracHo nepBoMYy 3aKoHY (POTOXHMHH, GOTOXMMHYECKH AKTHBHBIM
spnsgercd Tonsko morowednslid ceet (T.['porryc). Ilostomy Bumumbrit
CBET BBI3EIBAET (POTOXHMMHYECKUE PEAKIHH JIUIIG B OKPAIIEHHBIX BEILECT-
BaX, T.e. BELECTBaX, CIOCOOHBIX MOTJIOLIATh H3JIyYeHHE B BHAUMOU 00-
nactH cnekrpa. Hanpumep, GpoTocHHTE3 MPOMCXOAUT BCIEACTBHE MOITIO-
LIEHHS CONHEYHOro CBETa 3eJIeHBIM KpacHTelIeM XJIOpo(umioM, conep-
JKALUMCS B TUCTBAX pacTeHui. OHA U3 OCHOBHBIX peakiiuii GoToCHHTE3a
B HauboJee MPOCTOM BHIE MOXET OBITE NIPE/ICTABIEHA YPAaBHEHHEM

hv
6CO, +6H,0 = CeHpOs+60,,  AHo0=2815 k]l .

CormnacHo BTOpoMy 3akoHy (oroxumuu (A.DHHINTEHH) KaKIOBIHA MO-
FJIONIEHHBIH (OTOH BBI3BIBAET NEPBHYHOE U3MEHEHHE OJHOH MOJIEKYJIHI.
Hucno moaexkyn, npopeazuposasuiux npu NO2ROUJEHUU OOHO20 KEaHMA
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céema, HazbIEACMCA KEAHMOBHLM 86IX000M homoxumuyeckoii peariyuu. B
COOTBETCTBHMHM CO BTOPBIM 32KOHOM (POTOXMMHMM TEOPETHYECKMH KBAHTO-
BBl BBIXOJl IOIDKEH OBITh paBeH eauHuie. Harpumep, ¢ KBAHTOBBIM BBIXO-
J0M, OJIM3KHAM K eTUHULE, IPOTEKAET peakuus (oTopa3IoKeHHs aleToOHa

‘ hy
CH;COCH; ~Z50320m > CO + apyrne npomgykTst

KBaHTOBBIN BBIXOA MOXET OBITH HI)KE SIHHHLBI WU3—32 MPOTEKAHHA
TIapaJUIeNbHBIX (POTOMPOLECCOB WIN OOPATHBIX XHMHHYECKHX CaMOMpPOM3-
BOJIBHBIX peakuuil. B LenHbIX peakiMaX ¢ POTOXHMHYECKMM HHHLIHHPO-
BaHHEM KBAHTOBBIH BBIXOJ peakiMu odeHb Benuk (o 106), mockobKy
3HEPrus pacxoAyercs JHLIb Ha obpasoBaHue HebonpmIOH HacTH cBOOOA-
HBIX PaJUKaJIOB, KOTOPHIC 3aTEM POXKAAKOTCS B XO/€ LEMHOM| peaxuuy.

®oroxumAueckue peaknum B Texunke. lllnpoko u3secTHB (oTO-
rpajuyecKkue NpoOHECcChl ¢ HCI0Ib30BaHHEM CBETOYYBCTBHTEJNIbHBIX Mare-
puanoB, mpexje Bcero ranoreHuoB cepebpa. Ilon BoszeiicTBHeM cBeTa
raJIOreHUIbI cepedpa paznararores : ‘

2AgBr 2V 2Ag+Br2

‘B HacTosiiuee BpeMs Bce Gosblie UCIONB3YIOTCA HecepeOpsHble GOTO-
rpaduuecKkne MaTepuaibl, HaPUMED, COSIMHEHNS JKEeNe3a, XpoMa, AMa3o-
HH#1, HEKOTOPBIE T10;TAMEPBI. ' '

[Ton BO3AEHCTBHEM CBETAa NMPOHMCXOAAT TaKkKe (POTOXPOMHEIE MpoLEec-
Cbl, P KOTOPBIX U3MeHsieTcs BeT coejuneHHs. K oToxpomHbIM co-
IMHEHHAM OTHOCATCS HKUAKUE PACTBOPH! U MONAMEpPHbIE TUICHKH, COAEp-
Kamye (TaJOuMaHMHBl METaJUIOB, TOJMLMKINYECKHe YIJIEBOJOPOIb H
Ap.; CTeKJIa ¢ MHKPOKPHCTA/UIAMH TaJIOTeHHIIOB cepeOpa; KpHCTAIIBI ra-
JIOT€HHIOB LIENOYHBIX H LIEJIOYHO-3EMEJIBHBIX METANIOB ¢ R0oDaBKaMH
CaF,/La, SrTiOs/Ni; okcupg BonbdpaMa u ap. POTOXPOMHBIE MaTepHAbI
NIPHMEHAIOTCA B CBeTOQMWILTpAX, B Jlazepax, B yCTPOHCTBAX AJiA perucT-
palMu, HHAMKaNMKM 1 06paboTku onTdeckol HHGopManuuy.

DoToXMMHYECKHE IPOLIECCH] HCHONB3YIOTCA AN CHHTE3a PasiTHIHBIX
COe/IMHEHHH, HAIPUMEp NPOM3BOIHBIX IMKI00YTaHa, UHUKIOreKcaHa, Go-
TOTIOJINMEPH3ALINH METHIMETAKPHIATa B IPOU3BOACTBE OPrcTeK/Ia.

HIupokoe npuMeHeHHE GOTOXMMHYECKHUE IIPOUECCHl HAXOIAT B Nazep-
HOM TexHHMKe. B HEKOTOpBIX jajepax, Ha3bIBAEMBbIX XVMMUECKMMH, AJA
HAKOIUIEHHS SHEPTHH HCIIONB3YIOT TeTuloBbie 3G deKThl XMMUYECKUX pe-
aKUMH, HATIpUMeEp, PeakLMH GTopa C BOAOPOIOM.
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®oToXHMHYECKAE PeaklHH B BepPXHHX ciosix atMocdepsl. Doto-
XHMHYecKas peakius BO3MOXKHA, €CIH HEPrus MNOTJIOUEHHOTO KBAaHTA
H3Ty4eHHs BBILIE SHEPTHH, HeOOXONUMOIH JUIA IPOTEKAHUS TOH HIM HHOMN
XHMHYecKOH peakiuy. DHeprus (OTOHa paBHa

E=hv=hc/\,
rae b — mnocrosHHad [Inanka; v — uacrora U3Jy4eHHs; ¢ — CKOPOCTh
cBeTa; A — JUIHHA BOJIHBIL.
K Hanbonee BaxkHbIM POTOXHMHYECKHM MpPOLIECCaM, NPOTEKAIOUIMM B

BEPXHHX cJI0sX atMocdephl (Ha Bricote 100 kM H BBIlIE), OTHOCHTCA (ho-
TOAMCCOLMALMA MOJIEKYJI Fa3a H Mpex e BCEro KUCIopoaa:

Oy(r) + hv=20(r), AHS5;=495 xJbx/Mons (8,2:10"° Iix/Monexyna) .
Oneprueii 8,2-1 0" Ibk/MoriexyJta 06128a10T GOTOHBI ¢ ITMHOM BOJIHBI

8 ~34
/1=—h£=310 M/c 6,6_1190 le'C=241HM.
E 8221077 Ix

Kax Buano, ¢oTromucconuanus KHUCIOpOAa MPOMCXOOHUT MPH MOIJIO-
IEHUH KOPOTKOBOJHOBOrO (ynpTpaduoneToBoro) usmydeHus (A<241 um).
Kpome doTtomuccormai KUCIOPOa, TaKKe MPOUCXOJUT HOHH3AIMA a30B

N, + hv —> N; +e
NO+Av-—>NO" +¢'
O, +hv—>03 +e
-loHusalms ra3oB NPUBOAUT K MOSBJICHHIO [U1a3Mbl B BEPXHHX CJIOfSX ar-
mocepbi, KOTopasd 00yC/IOBIHBAET pacrpoCTpaHEHHE PaHOBOJIH.
Kak moxaspiBaoT pacueri, HOTOMOHM3ANWA YKA3aHHBIX ra3’oB BO3-

MOJKHA NpH MOrJIOEeHHH GOTOHOB ¢ AmMHO#H BosH 130—80 HM n HIXe.
OGpazyroLiyecs HOHBI 3aTeM peKOMOMHHPYIOT ¢ 00pa3oBaHHEM aTOMOB

N; e » 2N
0% +e - 20
NO"+e - N+O
KpoMe Toro, oyt peakiuu nepesoca 3ap3ma 1 oOMeHa, HanpuMmep:
Ni +0; » N;+03
Nj +0 > NO'+N
O"+N; > NO"+N

B BepxHHX c1oaX aTMOCQ)epLI HauboJiee pacpOCTpaHEHb! aTOMapHBIE KH-~
cropon | a30T u worsl NO',

191



PaccMoTpennble Bhillle peakii HMEIOT OFPOMHOE 3HAUYEHHS [IJIS HKH3-
HY Ha 3eMmile, Tak KaK B Pe3yJIbT4aTe MX MMPOTEKaHHs MOIOMAETCA 3HAUM-
TeJbHAsi 9aCTh IyOWTENbHBIX [T BCErO )KHBOTO KOPOTKOBOJHOBBIX COJI-
HeuHbIX J1ydel. OIHaKo, 4acTb KOPOTKOBOJIHOBOTO H3JIYYEHHS MPOXOHT
yepes 9TOT CHOH Y NOMIOILAETCS HU3IEKAIUM O30HOBBIM CJIOEM.
O30HOBBIH cJIOH 00pa3yeTcss B OCHOBHOM IO PEaKLHAM

0,+0=0;"
0;+0,=0;+0; wum O} +N,=0;+N}

CkopocTb 00pa3oBaHMs 030Ha MaKCHMajlbHa Ha BeIcOTe 30-50 KM.
Vka3aHHBIE peakUUH 3K30TEPMHUYECKHE, NMO3TOMY Ha Bbicote 50 KM Ha-
frropaeTcst MakCHMalIbHas TeMIiepatypa BepXHuX cioes atmocdepst (270 K).
O30H, B CBOIO Ouepe/ib, MOTJIOLIAeT KOPOTKOBOJIHOBOE M3IYUYEHHE M MpH
3TOM AMCCOLIMUPYET

O3+hV:OZ+O

OrtoTt npouece GOTOAMCCOLHUAINN 030Ha MCKIIIOYHTENBHO BaXKEH, Tak
KaK MHaue KOPOTKOBOIHOBBIE JIyYH Monafanu Obl Ha 3eMito. PacTeHus u
JKUBOTHBIE TMOTHOAOT TOH BO3JAEHCTBHEM Takoro uanyueHuda. OnHako,
030H MOXKET pa3JlaraTtbCs Takke NPU B3aUMOACHCTBHM ¢ HEKOTOPBIMM ra-
3aMH H NIPEK/JE BCETO ¢ OKCHAAMH a30Ta U BOJOPOLOM:

‘ O3+NO=N02+02
NOZ +O0=NO+ 02
03 +0 - 202

Kak BHIHO, OKCHIbI a30Ta NpH 3TOM HE PacXOIYKOTCH, HIpas poilb Ka-
taauzaropos mpouecca. (cm.§7.5). Tlon Bo3meiicTBHEM BOAOpPOAA O30H
"BOCCTAHABJIMBAETCS IO AUKHMCIOPOJA H BOJBL: '

O3+2H=02+H20

YKa3zaHHbIE MPOLECCHl ABIAIOTCA NPUPOJHBIMH MOpOLECCaMH, B pe-
3yJbTaTe KOTOPBIX YCTAHOBWIIOCH PaBHOBECHE, obecneunBatolee onpese-
JIEHHYIO KOHIIEHTpPAIMIO 030Ha B aTMocdepe (WM ornpeesieHHyIO TOJLIH-
Hy 030HOBOTO cntos). OfHaKo, B MOCIEJHHE ToAbl 0OHAPYKEHBI TaK Ha3bl-
BaeMble O30HHLI € I BIPBHI, T.€. 0OIACTH C MOHWKEHHOH KOHLEHTpalH-
eif 030Ha W C MOHWKEHHOH TONIMHON 030HHOrO cyog. MHorue yueHsle
CBS3bIBAIOT MOSIBJIEHHE O30OHHBIX “NBIP” C JESTEeNBHOCTHIO HElOBEKa H
NpexAe BCEro ¢ HeGNaronpHATHBLIM BO3JECHCTBHEM AHTPONOTEHHBIX |

.
3Hak * 03HA4ACT, YTO YACTHLA HAXOAUTCS B BO30YKICHHOM COCTOSHUM.
* ok
AHTPOIIOr¢HHBIE BELIECTBA — 3TO MPOJAYKThI AESTENBHOCTH YENOBEKA.
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xnopdTopMeTaHoB ((PpEeOHOB), @ TAKXKE AHTPONOTEHHOrO OKCHJAA a30Ta.
XnophTopMeTaHbl OKa3bIBAIOT HEOIArONpHITHOE BO3AEHCTBHE HA O30HO-
BbIH cnoll U3—3a KX doromusa

CF,Cly., (r) + Av = CF, Cly.(r) + Ci(r)

O6pa3sytolumiics xyiop yckopseT pasnoxenue O;:

O;+Cl=CIO+ 0O,

ClO+0=Cl+0,

03 = 02 +0O
Kak BHzaHO, razoobpasHsiii X0p BemeT cebs Kak KaTajlu3arop rnpouecca,
AHAIOTHYHO MOHOOKCHAY a30Ta.
MoHookcHA a30Ta B BEpXHHE CJIOHM aTMocdepbl MOnafaeT U3 HHKHHUX

cjoeB atmocdepn! (Tponocdepsl), a Takxke U3 cTpaTocdepbt OT CAMOJIETOB
3a CUeT peaKLiu ~

N, +0O;, —» 2NO

PoToXHMHYECKHE PEaAKIHH B HIUKHHX ci1osX atMocdepsl (B Tpo-
nocdepe). B tponocdepy (1a Bhicote Hike 10 KM) IPOHHMKAET COJIHEYHOE
M3JTy4YeHHe C [JUTHHaMK BOJH Beitie 300 HM. DTH JIy4H B3aUMOIEHCTBYIOT C
KOMIIOHEHTaMH Tponocgepsl U Mpexae BCero ¢ aHTPONOreHHbIMH Belle-
creamu: SO, NO,, yrnesoaopoznamu u ap.

JuokcHz cepel OKHCISETCs IO TPHOKCHAA CEpBI:

SO,(1) + hv + O, = SO4(r) + O(r) -
a7 cepei pearapyer ¢ H;O ¢ o6pazosannem H,SO;:
SO; + H,O = H,S04
CepHast KHCTIOTa, pacCTBOPEHHAd B BOJE, BHIIAAAET Ha 3€MINIO B BHIE
“KHCJIOTHBIX" JOXIeH, BBI3bIBags MHOI'ME HENPHUATHBIE 3KOJIOTHYECKHE HO-

creacreus (cM. . 15). Jlnokcua a3zora paznaraercs non JeiiCTBHEM H3-
MyuYeHHUA ¢ JIHHOH BOJIHBE HIDKE 393 HM:

NOy(r) +Av=NO(r) +O(r), AH3os = 304 k]x/mons.

‘Obpasyrowniicss aToMapHbli KHCJIOPOA B3aUMOJEHCTBYET C MOJNEKYNAp-
HEIM KHCJTIOPOAOM ¢ 00pa3oBaHHEM 030Ha

Os(r) + O(r) = O(r)

ATOMHBIH KHCHOPOJ TaKXKe OKHCAAET YIIeBOJIOPOJH A0 albACTHAOB:
popmansaernaa, aneranpiernga v ap. Kpome toro, npu zaumopeicTsun
OpraHUYecKMX COEAUHEHHH C ATOMapHbIM KHCJIOPOHAOM, 030HOM H OKCH-
AamMH a3oTta obpasylorcs cBOOOAHBIE PAJHKAAbl, KOTOPHIE YHacTBYIOT B

OO6pasyromuics Tpucs
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pasnu4HbIX PCAKUHAX € OPraHH4YeCKHMH COCOXHHCHHSAMH, BBIZLIBAKINHAX
MNOABJICHHE 0YCHb BPEAHBIX KOMITOHEHTOB, HANNPHUMED MEPOKCHALMIHHUTPATOB

O

I
R—C—0—0—NO,

VKkazaHHbI€ Bblllle COSAHHEHHS ABJSIOTCA COCTABHBIMH YaCTAMH CMO-
ra, BO3HMKAIOLIErO B KPYTNHbLIX Fopojax {(cM. ri. 15).

HWrak, non Bo3seHcTBUMEM CBETa MOFYT NPOTEKATh PEAKLMH, XapakTte-
pu3yeMbie [OJ0KHTENbHBIM 3HadenueM dHeprun ['ndbca. Creroroe uzny-
4yeHHe, Bbi3biBag 0Opa3oBaHHE CBOOOIHBIX paZMKajIOB, Taloke YCKOpseT
MHOTHE XMMHYECKHE peakiuu. DOTOXUMHUECKHE PEaKLUHMK MrpaloT Bax-
HYIO poJib B aTMOC(epHbIX npoueccaX. B BepxHHX ciiosx atMocdepsl OHH
MOTNIOIIAIOT SHEPrHIO KOPOTKOBOJHOBBIX JIyYeH, B HHXHHX CIOSIX aTMO-
cdepsl BbI3BIBAIOT 00pa30BaHHEe MHOIMX 3KOJIOTHYECKH BPEAHBIX COeIH-
HeHud. bnaronapsa sHepruM CONHEYHBIX JIydel mpoTekaeT (OTOCHHTES,
obecrevrBaroLHi 3eMITI0 KHCIOPOAOM M OHONOTHYECKH BaXKHBIMU Belle-
crBamu. DPOTOXHMHYECKHE PEaKLMH HAlUIM IIHPOKOe MPUMEHEHHE B ¢o-
torpamH, ja3epHOH TEXHUKE, YCTPOHCTBAX PErHCTPALiH H Tiepelavu
uHbOpMaLKK U Ap. '

BOI’IPOCLI H 323344 AJS CAMOKOHTpOAY

7.20. MoxeT /i npH OOLIMHBIX YCIOBHAX ITPOTEKATh PEAKLUs
YoN, + 1,0,=NO
M3Beotio. 4To B BepXHIX chosx armochepst o0pasyeres okens sora NO. Kak Ber soxkere
o0bscHUTE 0OpazoBanye NO? .
7.21. Paccuuraiite [UIMHY BOMHBI CONHEYHOIO H3iAy4eHHMH, KOTOPOE MOXET BhI3bIBATh
(POTORUCCOLMALINIO 030HA:

O3(r) + hv=0y(r) + O(r)
7.22. PaccumraliTe A/MHY BONHEI COAHEYHOTO M3/ydYeHHs, KOTOPOE MOXET BbI3BATH
(horoaucconuatinio Boas! npu 298 K
v H,O(r) + hv = 2H(r) + O(r)
DHEprus IMCCONMALIME MOJEKY IPHOTO Bojiopena pasHa 218 k/lx/Mons.

7.23. PaccunraiiTe JIMHY BOJIHBI CBETA, KOTOPaR MOXET BhI3BIBATh pasjioxkenne Opo-
Muna cepebpa.

§7.5. KATAJIN3

OcHoBuble nousaTHA. Haubonee MOHIHBIM CpeACTBOM HHTEHCH(HKA-
UMW XMUMHYECKHX peakiMii sBnsieTcs NPUMEHEHHE Kamanu3amopos, m.e.
seujecmes, Komopuie YCKOPSIOm XumMudeckue peakyuu, HO He UCNblmbléa-
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10m Xumudeckue npespawenus 8 ux pesynomame. enenue uameneHus ckopo-
cmu peaxkyuy 10O 8030eTiCMEUeM Kamaiu3amopo8 HA3bl8aemcs KAmaiu3om.

Kpome cnocob6HOCTH yCKOPSAThH peakiii, MHOTHE KaTalu3aTophbl 00/1a-
JAIOT CeNeKTUBHOCThI0 (M3buparensHocThIO). [loa BIMAHUEM KaTa-
JIM3aTOPOB PEaKHMH MOTYT MpoTeKaTh H3OHpaTenbHO, T.€. C YBeIHUYEHHEM
BBIXOA OMpEIETeHHBIX NPOAYKTOB. HampuMep, TaHON B NPHCYTCTBHH
OKCHJIOB aNIOMHHHSA ¥ TOPHS pa3jiaraeTcs Ha STWIEH U BOAY:

C,H;OH —Ak0:19% , ¢ H, + H,0

a B MPUCYTCTBHH HHKeJS, XeJie3a, cepedpa WM Med — Ha aleTalbAern]
1 BOZIOPOZL:

C,H;OH —2&% , CH,COH + H,

Karanutuueckas akTHBHOCTB, T.€. CIIOCOOHOCTB YCKOPEHHMS peaKlMH,
MHOTHMX KaTaJIH3aTOpOB BO3PACTAET IMpH A00aBICHHH HEOOIBIINX KOJIH-
uecTB HEKOTOPBIX BELIECTB, Ha3bIBAEMbIX NPOMOTOPaMH, KOTOpHIe 6e3 Ka-
TAJIM3aTOpa MOTYT OBITh KAaTaJMTHYECKH HeaKTHBHBIMH. Hampumep, cko-
pocthb okucienns SO, Ha KaTanuzaTtope okcuzae BaHaaus V,0s Bo3pacraer
‘B COTHH pa3 npu A00aBIE€HUH B CUCTEMY CYJIb(aTOB ILEJIOYHBIX METAIJIOB.

B Toxke BpeMst HMEIOTCS BELIECTBA, KOTOPbIE YXYAINAOT KaTaJIuTHYe-
CKYIO aKTHBHOCTL. WX Ha3bIBalOT KaTanMTHYECKUMH saamu. Hampumep,
KaTaJIMTHYECKVMHU AaMyl TUIATHHOBLIX KaTAJIM3aTOPOB ABIAIOTCA COEIH-
HEHWs CEPhl, MBIIIbAKA, PTYTh.

Crnenyer OTMETHTH OIHY OYEHb BaXKHYIO OCOGCHHOCTL KaTaJu3aTOPOB.
Onu He BIAMSAIOT HA TEPMOAMHAMHKY PEakUyH, T.€. HE H3MEHAIOT 3HTallb-
nuro U 3Hepruro 'ub6ca peakuun. Ecnu sHeprus ['u66ca peakiuu noso-
JHUTENbHA, TO B NPUCYTCTBUH KaTallM3aTOpOB OHA HE CTaHET CaMOIPOH3-
BONbHOM. KaTanM3aTopel MOTYT YCKOPATh HACTYIUIEHHE XHMHYECKOTO
paBHOBECHS, HO He BJIHMSIOT Ha KOHCTaHTy paBHoBecHs. Kartanusarop yse-
NIMHYHBAET KOHCTAHTY CKOPOCTH XHMHYECKOH peakimH. Tak kak KOHCTaHTa
paBHOBecHs paBHa OTHOILIECHHUIO KOHCTAHT CKOPOCTEH MpsAMoH U o6paTHOH
peakuuH, ¥ OT KaTajJH3aTopa He 3aBHCHT, CIIEIOBATENIBHO, KaTaIU3aTop B
OJIMHaKOBOW CTEICHH BIIMSAET Ha KOHCTAHTY CKOpPOCTed MpsMoH M obpat-
HOH peakumi. Hampumep, ecim KOHCTaHTa CKOPOCTH TNPAMOM peakiuH
yBenuumnack B 100 pas, To U KOHCTaHTa CKOPOCTH OGpaTHOH peakuuu
JIO/DKHA yBeAUUUThes B 100 pas;
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AB* ' MexaHu3M MHOIMX KaTaiu-
THUYECKMX peaKlUil OYeHb CJo-
JK€H U JUI HEKOTOPEIX U3 HUX JIO
CHUX mop He BeIAaCHeH. OpHako
HMMEIOTCS HeKOTOphble 00lIHe 3a-
KOHOMEPHOCTH KaTaIUTHYECKUX
MIPOLIECCOB, MO3BOJIAIOMINE MPH-
! OTKpBITh 3aHaBEC CLEHbI, HA KO-
Hray o TOpOW OHM NpoTeKaloT. B Ha-
flyre pearynn crosmee BpeMs OOLICTIPU3HAHO,
Puc.7.6. DHepreTvyeckas AMarpaMMa HekaTa- 4YTO KaTaAJIM3aTOPBl YMEHBLIAIOT
sTrgeckoit (/) v kaTanuTH4ecKoi (2) peaxuun NOJHYIO DJHEPrHI0 AKTHBALMH
A+B=AB
npouecca, Tak Kak KaTajnuraye-
CKMil MpoLiecC HAET M0 APYTroMYy MyTH, Yepe3 Apyroe NepexomHoe CoCTOos-
HHE, ¢ 00pa3oBaHHEM APYTHX TIPOMEXKYTOYHBIX YACTHI. AKTHBUPOBAHHEIH
KOMIUIEKC C Y4YacTHEM KaTalM3aToOpOB, HMEET MEHBIIYIO JHEPrHIo, YeM
KOMILIeKC 6e3 KaTalu3aTopoB, OITOMY JHEPTHA aKTUBALMH KaTaTHTHYE-
CKOH peakuuy HIDKe, 4€M 3Heprusd HEKATAIMTUYEeCKOM peakuuu, T.e.
E>E, (puc.7.6). B HEKOTOpBIX ciiyyasX KaTaJIMTHYECKHE peakLUM npo-
TeKaloT ¢ oOpa3oBaHHMEM He OJHOrO, a JiByX M Oonee aKTMBMPOBaHHBIX
koMIUiekcoB. O[IHAKO CYMMapHas SHEprus aKTHBALHWH KaTaIMTHYECKOTro
npoliecca BCe paBHO HIXKe, YeM mnpoliecca 6e3 KaTajiu3aTopoB
Ea,lcl + Ea,kZ < Ea .

MexanusM Katanuza 3aBUCUT OT TUNA Peakuuu. Pa3nuyaioT roMoreH-
HbIA K reTepOreHHbli KaTanus. ‘

Hrak, xatanusaTtopbl YCKOPSAIOT peaklMH, He H3MeHAs TepMOJHNHAMH-
Ky npouecca. Katanuzatopsl MOryT MOBBIIATH BEIXO/ TEX MM HHBIX NpO-
JyKTOB peakuuy. Ha akTMBHOCTB kaTanu3aropa BIMSIOT MPOMOTOPHI H Ka-
TaJJUTHYECKUE 5Bl YCKOpPEHHE KaTATUTHYECKOH peakUMH B OCHOBHOM
BBI3bIBAETCS YMEHBIICHHEM €€ SHePrHH aKTHBaLUH.

T'omorennnii karaan3. Katanusatopsl, KOTOpbI€ HaXONATCA B CHC-
TeME B TOM Jke (pa3s0BOM COCTOSIHMH, YTO M PEAareHThl, Ha3bIBAIOTCA [OMO-
TeHHBIMH. MEXaHU3M F'OMOTEHHOrO KaTalu3a MOXKHO OOBACHUTE Ha OCHO-
Be TEOPHH NPOMEXXYTOUHBbIX coennHeHuid. bonbioil Bknan B paspaborky
stoi Teopun BHecnu [1.Cabarse (Dpanuma) u H.J.3enunckuit (Poccus).
CornacHO 3TOH TeopHH, KaTaluzaTop o0pa3yeT ¢ peareHTaMH MpOMeEXKy-
TOYHBIE COEAUHEHHS, [TPUYEM PA3JIOKEHHUE TOCIENHEro ABJISCTCA JIMMM-

FHeprus
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THpYIoWeil cTafuneil. D10 NPUBOXMT K yMeHLlHeHPﬂO 3HEPruM aKTHBALUH
peakunu. HanprMep, peakuus:

AB+D—->A..B..D>A+BD

B npncyrci"sml KaTanu3aTtopa K MOXeT mpoXoauTh Mo cxeme:
D+K 5 D..K < DK
DK+ABSA..B..D..K—>A+BD+K

Kak BHOuM, B CyMMapHOe ypaBHEHHe peakuiu KaTtanusarop K He Bxo-
QMT, T.€. B PE3yNbTaTe PeakLUU OH HE M3MEHSAETCA.

[Tpumepamu razoda3Heix KaTaTUTHYECKMX FOMOTEHHBIX peakLHi Mo-
ryT GbIThb:

pEaKLMU OKUCJICHHS OKCHJA YIiepoa B IPUCYTCTBHH NApOB BOABI:

2C0 + 0, %0, 2c0,
pasnoxcel-me alcTaabAcruaa, KaTanmnpyemoe napaMu Hnoaga.
CH,COH —:® , CH,+CO

Panee (cM. §7.4) Opinu npuBeJeHBl peakUMH pa3ioxKeHHs 030Ha, KaTa-
NU3KMPYEMbie MOHOOKCHIIOM a30Ta M aTOMApHBIM XJIOPOM.

Bonee pacnpocTpaHeHsl TOMOreHHble KaTAIMTHYECKHE DEakUHH B
KuaKkoi daze. Hanpumep, peakuus pasyioxeHHs IEPOKCHIA BOAOPOAA:

2H,0(p) = 2H,00K) + O,
YCKOPSETCS HOMMI-HOHAMH, DTy PEaKLHs MOXKHO 3afTUCATh B BUJIE CXEMBL:
H,0:(p) + 1" 2 HyO(x) + 10
107+ H,05(p) —» HyO(x) + T+ 0,
2H,0,(p) — 2H,O(x) + O,

Kak BHIHO, HOOHI-HOH B pe3ysbTaTe peakuuH He pacxoxyercs. Kara-
JMTHYECKOE pasfoKeHue Nepokculia BOAOPOaa Nox BO3ACHCTBHEM Kara-
nusatopa vona Fe®* npoTekaer uepes ueTeipe cTamuu ¢ ofpasoBaHHEM
POMEXYTOYHBIX YaCTHLL: Fe’*, OH, HO®, HO,* u O,. CymmapHas 3Hep-
s aKTHBALMM peakuuu yMeHblaetca ¢ 70 mo 42 kk/MONb, a CKOPOCTH
peaKLMH BO3pacTaeT [OYTH Ha YeThIpe MOpsAIKa.

Ponp kaTtanusatopa B pacTBOpPax MOTYT UrpaTk PacTBOPHTESIH, OCO-
GeHHO BONa, HOHBI BOJIOPOJA ¥ MHAPOKCHA-HOHBL. Katanus wonamu H' u
OH’ Ha3pIBalOT KUCIOTHO-OCHOBHbIM. Hampumep, HOHBI BOAOpoOJa yCKO-
PAIOT peakLyIo rUApoIn3a 3GUpos:

R'COOR” + H,0 -, R'COOH +R"OH
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K roMorenHsiM KaTalUTHYECKMM DEaKiHAM OTHOCATCH OKHCJIEHHE
3TUJIEHA B BOJHOM PacTBOpe A0 aleTalbAeruia B IIPUCYTCTBUH HOHOB Me-
JM ¥ MIOHOB MaUIaAns, rHAparalus oneQHUHOBBIX YIIeBOAOPOAOB, KATAIH-
3UpyeMasi KUCJIOTaMU

/ u* \ /
C=C +H0 —/— c-C
HO H

I'oOMOTeHHEIMU TalOKe ABNAIOTCS MHOTME NPUPOAHBIC PeakuW#, KaTa-
nusupyemsie gepMerTaMu. MHorue mpouecchl, Hoyiue B Oprasu3Me ye-
A0BeKa, KaTadu3upyroTcs (epMenTaMd, Hanpumep, NnpeBpalieHue Kpax-
Mana B IJIIOKO3y, ruapons 3GupoB, pacuieruieHde OenkoB, pasnoxeHue
nepokcyaa sonopona, aeruaparauus CO, u3 kposu # ap. DepmenTsi 18-
NAOTCs nonumMepamu (GenKkaMu) Wik KOMILIEKCaM# [TOJIMMEPOR ¢ HU3KO-
MOJICKYISPHBIMM COeUHEeHUAMH. PazMephbl UX 3HAYKTENBHO MPEBHILIAIOT
pa3smMephbl HOHOB M MOJIEKYJ B PacTBOpAx, NO3TOMy (GEepPMEHTHl MHOTAA Ha-
3pIBAFOT MUKPOreTEPOreHHbIMY KaTanuzaropaMi. MexaHnuzM UX JeHCTRUS
MMeeT CBOIO crietinduky, HanpuMep, BIIouaeT oOpa3oBaHHe KOMIUIEKCa
aKTUBHBIH LEHTpP (epMeHTa — PeareHT 1o TUMy «3amok-kmouw. [Toaromy
dbepMEeHTaTUBHBIE KaTaIu3aTOphl OOBIYHO BHIZENASIOT B OCOOBIH Kiace Ka-
TaNu3aTopoR. MHOrHE U3 HUX 3HAYUTENHHO aKTHBHee HeepMEHTaTUBHbIX
karanusaropos. Hanpumep, (epMeHT kaTanasa CHIDKAET SHEPrHIO aKTH-
BalMM peakiMM pa3NoKeHus nepokcupa sogoposa B 10 pa3, a CKOpOCTB
peakuuy ypenauuusaer Ha 6onee yeM 10 nopsaxos.

Takim oOpa3soM, TOMOreHHbIe KaTaTUTHYECKHE PEeaKiiMM MPOTEKAKOT uepes
00 pa3oBaHMe NPOMEKYTOUHbIX COSAUHEHHH, B KOTOPOM YUaCTBYeT KaTanu3arop.

T'ereporennbiif Karanaus. Ecnu katanuzaTopbi ¥ peareHTbl HAXOAATCH
B pa3HbIX ¢a3ax ¥ UMEIOT IPaHHUITy pa3fena, TO XKaTaju3 Ha3biBaeTcs rere-
poreHHbIM. I'eTeporeHHpIMH OOBIMHO SBISIOTCA TBEPABIC KATATH3ATOPH], Ha
MOBEPXHOCTY KOTOPBIX PEarupyoT razoo0pasHbie WM )KUIKHE BELIECTRA.

CyMMapHas CKOPOCTh XHMHYECKOTO NPEeBPAIiCHHsT Ha TeTEPOreHHOM
KaTaIM3aTOpe 3aBUCUT OT TUIOIIAJM ero MOBEPXHOCTH, MO3TOMY OOBIYHO
MPUMEHSAIOTCS KAaTaIN3aToPhl ¢ PAa3BUTOMN MOBEPXHOCTHIO WM KATAIM3aTO-
pbl, HAaHECCHHbIC Ha TOMIOKKA ¢ OONBIION IUIOMAABIO NOBEPXHOCTH
(OpHCTbIC YTIIH, CUTUKATHI ¥ Ap.)

Karanutnyeckuid, kak ¥ moboil rereporeHHeifi npouecc, BKIIOUACT |
CTaJHIO MOJABOJA PEareHTOB B 30HY peakuuu. Eciu nponecc aMMuTHpyer-
cs CTajuei MepeHoca peareHra, To MPMMEHEHNe aKTHBHOTO KaTaiu3aTopa
TepseT CMBICI, TIO3TOMY F€TepPOreHHBIE KaTaliW3aTOpbl NPUMEHSIOT JMIIb
IUTSi IPOLIECCOB, KOTOPBIEC HE JIMMHUTUPYIOTCA CTaiMel epeHoca peareHToB
WK NIPOAYKTOB PEaKLUH.
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MexaHU3M KaTaJIHTHYECKHUX FeTePOreHHBbIX PeakHHii OUYeHb CIOKEH H
3aBHCHMT OT NPHPOAB! peakiiny. Bee kaTanuTHyeckue reTeporeHHbie peak-
UMM BKIOYAIOT B ce0a CTaauu aacopbLuu H aecopOuun. 3a cuer aHepruu
a/ICOPOLIIOHHOTrO B3aUMO/ICHCTBHS C TTIOBEPXHOCTHBIMM aTOMaMH KaTalH-
3aTOpa 0cNabnsoOTCA, @ HHOTAA U Pa3phIBAIOTCA, XHMHUYECKHE CBA3H pea-
rupyroiMx yactiy. HanpuMep, peakuus ruiporeHu3auly 3THIEHa Ha Ka-
TaJI3aTope NMPOTEKAET Yepe3 CTaAuM:

apcopbumu

CHy —55 CoHy e
H, —£5 2H,,
H JecopOLyn
CoHyane + 2Hane — CoHe

HmeeTca HecKkonbKO TeOpHH rereporeHHoro xaraiusa. CoriacHo Teo-
puu A.A.bananpuna (PoccHst) HEO6XOAMMO reOMETpHYECKOE COOTBETCT-
BHE MeXy NapaMeTpaMH KPMCTA/UIMYECKOM PEUIETKH KaTalu3aropa u
JUIHHAMH XHMHYECKHX CBA3€H peareHTOB H MpOAYKTOB peakuud. Kpome
TOro, AOJOKHO OBITh ONTHMAJIBHOE COOTHOLICHHE MEXIY SHEPrHiMM Xu-
MHUECKHX CBsi3eli pear€HTOB M TMPOIYKTOB peakLMH W 3Hepruei ancopO-
unu. B GonbIHHCTBE TEOPHH MpPEAIONIAraeTcs, YTO peakuus MAET He Ha
BCeii TIOBEPXHOCTH, a Ha aKTHBHBIX LIEHTpaX, T.e. Ha yyacTKax, Ha KOTO-
pbix 06€eCreYMBAIOTCA ONTHMANBHBIC YCIOBHA peakiyy. UHCio aKTHBHBIX
LEHTPOB ONpPE/ENSETCS COCTABOM TMOBEPXHOCTHOIO C/IOA, CIOCOGOM MpH-
TOTOBNEHHUSA KaTasin3aropa U oOpaborky ero nosepxHoctH. OOBIYHO NpH-
MEHAIOT TOHKOM3MEJIbYEHHbIE NOPOLLIKH, HOPHCTBIE CTPYKTYPbi ¢ BBICOKO-
Pa3sBUTON MOBEPXHOCTHIO, B TOM YHMC/IE MOPHUCTBIE HOCHTENIM C HAHECEH-
HbIM TOHKHM CJI0€M KaTaJM3aTopa.

IMonGop KaTanu3aTOPOB Ul TEX HIM MHBIX peaKLuii — [IeJI0 OYeHb
CJIOKHOE, TaK KaK HEeOOXOIHMBI aKTHBHbBIE, CTAOM/IbHBIE, 8 HHOTAA CeMeK-
THBHBIE KaTaau3aropsl. KpoMe TOro, BaXXHYIO pojib MFpaeT X CTOMMOCTD.
Hanpumep, npx noabope KaTann3aTopoB HEHTPaTH3alMH BbIXJIONHBIX ra-
30B aBTOMOOHNEH HeoGxoauMo Gb110 06ecneynTh CENeKTHRHOE MPOTeKaHue
peaxiyin okuciaeHns CO u yrneBoaopoaoB u BoccraHosneHuss NO u NO;:

2CO + 0, =C0O;,
CO+H,0=CO,+H,
2NO +2C0O =N, + 2CO,
2H; + 2NO =N, + 2H,0
2NO, + 4H,; =N, + 4H,0
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2 3 Karanuzaropbl He JOMKHBI

y] L

,,7 R ],1 YCKOPATb  PEaKLMH  OKMC/IEHHS
= [20005esY] ——» SO, go SO; H BOCCTaHOE/IEHHS
AT :},::Ei:,;;;e N NO no NHj. Kpome Toro, karanu-

3aTOPH! AOJDAHBI OBITh YCTOHYHBEI
Puc.7.7 Cxema Hempanmegopa BEIXION- ¢ KATATMTMYECKMM %1aM, HArpH-
HBIX I'a30B aBTOMOOUIA:
! — 1moToK ra3zos B BRIXJIONMHOH TpyOe; 2 — MEp, K CBHHIL, BXOAAIEMY B CO-
HEHTpanu3aTop; 3 — Hacamka ¢ KaTaau3aTopoM CTaB aHTHAETOHAUHOHHBIX H06a-
BOK K, OensuHy. Ilocnemsroro 3a-
Aady MOKa HE YZANOCh PEUIMTh, MOITOMY BBITyCKaeMble HEUTpa3aTOpEl
MOTYT TPUMEHATHECSA JIMILb HAa aBTOMOOMIIAX, paboTaomux Ha GeHaune Ge3
no6aBok coelMHeHUN cBuHIA. B KauecTBe KaTamu3aTopoB HeHTpanu3aluu
HCIIONB3YI0TCA KoMIutekchl, HanpuMep AL, O; B CuO ¢ Pt u Pd uinn Rh.

K naubonee pacnpocTpaHeHHBIM NPOMBIINIEHHEIM KaTaiuzaTopam
orHocarcsa Pt, Pd, Rh, Fe, Ni, CuO, RuO, V,0s, NiO, Fe,03, Zn0O, SiO,,
Cr,0s5, ALO;, Ag,O, amoMochnukarsl. IX MCIONB3YIOT MU MONYYESHUH
aMMHaKa, a30THON M CEPHOI KMC/IOT, METaHONa, BOAOPOAA, XJIOpa, STHIIe-
Ha U JPYTHX MPOAYKTOB XUMHMYECKON NPOMBILINEHHOCTH, [IPH KPEKHHTE
YIJIEBOZIOPOJOB, NOTYYEHHH MaprapHHa. JlanbHelinee paclidpeHHe Kara-
JMTHYECKUX TIPOLIECCOB H YJIYUIIEHHE KaTaIW3aTOPOB 0BECTIEHHT 3KOHO-
MHIO HEPrHH M Chipbs. Hanpumep, npuMeHeHHe HOBOTO KaTajlH3aTopa B
ekl CHHTe3a MeTaHOI4 MO3BOJMIO CHH3WTH JaBiexnne B 10 pas, a
Temneparypy ¢ 350 no 270 °C. Ve ceifuac Katamms HCNONB3YETCH B pe-
LIEHHH JKOJIOTHYECKHX 3af1ad, HamnpuMep, NIPH OYHCTKE BHIOPOCOB aBTO-
mobune#i (puc. 7.7) 1 cTounbiX BoA. B manbHeifmem npuMeHeHne karaiu-
3aTOPOB NMOMOXET TAKKE B CO3MaHHH JKOJIOTHYECKU YHCTBIX MAIOOTXOA-
HBIX TeXHONOTHH. BaxkHoe 3HaueHKe MMeeT peLieHHe 3a1a4uH yBETHUCHHS
CpoKa CITyXObI KaTajM3aTOPOB, KOTOBIE C TEUSHHEM BPEMEHH MOTYT H3-
MEHSATh XUMHYECKHI U a30BbId COCTAB U IUCHEPCHOCTS.

HUtak, reTeporeHHbie KaTAIMTHYECKHE peakliMd HAYMHAIOTCS CO CTa-
Ivd afcopOuuy, B pe3ynbTaTte KOTOpPoH ocnabnaioTcd WiM pasphiBaloTcs
XHMHYECKHE CBS3M B MOJIEKyJlaX peareHToB. JIas ycKopeHHs peakuud
NPUMEHAIOTCS KaTaJIM3aTopbl ¢ Pa3BUTON MOBEPXHOCTHIO. B HacTosiee
BpeMs HAILTH IHPOKOe IPHMEHEHHE Pa3/IMYHbIe KaTaTU3aTOPbI.

BOI’IpOCbI H 3aaa44 A0S CAMOKOHTpOAS.

7.24. DHeprua akTHBaUMH peaklly pa3yiokEeHUs HOMMAA BOJAOpOAA MPH HCIIONL30Ba-
Huy Katann3aropa (Pt) ymeHsmaercs ¢ 168 no 59 kJlx/mons, Bo cxonpko pa3 Bospacter
cxopocTh peakuuu rpu 500 K?

7.25. Ckopocrh peakuuu okucnenus SO, npu 710 K noa aeficTBuem npoMoTtopa Bo3-
pactaet B 500 pas. Eciu c9uTaTh yMEeHBUIEHHE IHEPTHH aKTHBALIMH OCHOBHOH npnqnnou

YCKOPEHHS peaKiUH, TO HACKOJBKO YMEHbIIUIacs £,?
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7.26. Onxoit 3 peakmi, MPOTEKAIOHIMX HA KATAIHU3ATOPE HEHTPAIM3ATOPOB BBIXION-
HbIX ra3oB, MOXeT ObITh B3auMogeiicteue CO ¢ NO,:

CO +NO,=C0O,+NO
Ecan npn 3ameHe xatanusaropa 3Heprus axrmBaimu npu 700 K cuusunace Ha
92 k[»/MOib, TO BO CKONBKO Pa3 BO3POCa CKOPOCTh peaxiuu?

'7.27. B Xoi¢ reTeporeHHOMN KaTANMTHYeCKOH PeakHH MPOMCXOMUT YMEHbLIEHHEe CKO-
POCTH PEaXLHH, XOTS KOHIIEHTPALHH MCXOAHBIX BEIHECTB M TEMIIEPATYPA OCTAIOTCA TOCTO-
sHHBIMH. Kakne MoryT GbITh IPMMHHEI YMEHBLIICHHS CKOPOCTH peaxunu? Kakue BBl BUANTE
crnocoBsl ee yCKopeHHs?

7.28. 'oMmoreHHas peakuug

A+B=AB _
KaTanusupyerca MoHaMu Bojopoja. Kaxde cxeMbl MPOTEKaHWs NMpoLecca Bl MOraH Obl
NPELIOKHTL? :

7.29.B anTexax npopaloTcs pazbaBleHHbIE BOJHBIE PAacTBOPHI MEPOKCHAA BOAOPOIA,
KOTOPBIE MOTYT XPaHUThCA AOBONEHO AnuTenbHoe BpeMs. [Ipu 06paborke e cBexeit paHs!
GRICTPO TIPOTEKAET PEAKLMsA Pa3NoXKEHUS NEPOKCHIA BOAOPOIA

2H201(p) -> 2H20()K) + 02 '

Kak Bbl 00BSICHUTE YCKOPEHHE 3TOH peakund B cBexel pane? Cis3aHa JIM 3Ta peakuus
KAKHM-JIHO0 00pa3oM C XXH3HENEITENBHOCTHIO YenoBeka?

7.30. HazoBHTe KaTanu3aTophl HECKOMBKMX Peakuui.

3AKJIOYEHHE 11O PA3AEJTY

OGmue 3aKOHOMEPHOCTH XHMHYECKHX NPOLECCOB

3HaHHe 3aKOHOB XMMHUYECKOH TEPMOIHHAMHKH T03BOJIET pacCUHThI-
BaTh 3Hepretrudeckue 3¢ ¢exTsl XMMHYECKHX peakuuid H (asoBbix mpe-
BpAILEHUEH, NpeICKa3biBaTh BO3MOXHOCTh WIM HEBO3MOJMHOCTBH IPOTEKA-
HHUS XMMHWYECKHX MpPOLIECCOB, a TalOke HaXOAMThb YCIOBHS XHMHUYECKOTO,
¢$a3oBoro ¥ ancopOGLMOHHOTO paBHOBECHH, H PABHOBECHBIC KOHILICHTpa-
U pearnpytomux Beiect. [Ipunuun Jle Illatense ykasbiBaeT Ha Ha-
TpaBJieHHe CMEHIEHHs XHMHYECKOTO H Ja30BOro paBHOBECHH.

CKOpocTh XMMHYECKOH peakLUMH 3aBUCHT OT KOHUEHTPALMH pearH-
PYIOIIAX BEILIECTB, BO3PACTAeT C YBEIMUYCHUEM TeMIepaTypbl U INpH HC-
TIO/IL30BaHHH KaTaiu3aTopoB. CKOpPOCTh XMMHUYECKOH peakuMH MOXKHO
PaccUYMTaTH C NMOMOINBI0 KMHETHYECKOrO YPAaBHEHHA M ypaBHEHHA Appe-
HHyCa IIpH H3BECTHBIX KMHETHYECKHUX flapamMeTpax peakiuH.

XnAMHYEeCKHEe peakUMH MOTYT NpOTeKaTh yepe3 OAHY WIH HECKOABbKO
9JEMEHTApPHBIX aKTOB (CTaAHil), KMHETHYECKOE YpaBHEHHE OJHOCTaHM-
HBIX peakiuii COBNAAAET, & MHOTOCTAAMHHBIX PEaKUMH HE COBMANAET C
KHHETHYEeCKHM 3aKOHOM jJeifcTByromux macc. [IpakTudueckH Bce XUMMYe-
CKHE peaKkIUH HAYT Yepe3 NPOMEXYTOUHBIH aKTUBHPOBaHHBIM KOMIUIEKC,
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00pasyemblil HCXONHBIMH YacTHLIAMH (MONIEKYJIAMH), 3HEPrUs KOTOPBIX HE
HH)KE HEKOTOPOrO 3HaueHMs, HasHBaeMoro sHeprueii aktueaumu. [Tossi-
lIeHHe TeMIepaTyphbl YBEIHYHBAET YHCIO aKTUBHBIX MOJIEKYJI, KaTaiu3a-
TOPBl YMEHBIIAIOT dHEpruio akTupaimu. [lo ocobomy mMexaHwsmy npore-
KalOT LETIHbIE peaKLUMH, KOTOPbIE HAUMHAIOTCA C reHepaluM aKTHBHBIX
4acTHL — CBOGOAHBIX PAIMKANOB, CBOOOAHBIC PaJUKAJIL! BOCIIPOH3BOAAT-
cs B Xozie 1ernHoii peakuuu. [Ton BosneiicTBUeM cpeTa BO3HHKAIOT MHOTHE
XYMMUUECKUe peakiud B aTMocdepe, UMEIOUHE UCKITIOUMTENBHO BAXKHOE
3HaYeHHE A/ XHM3HHU Ha 3émie. Bece Bonee mupokoe npuMeHeHke B TeX-
HHKE U PeLIeHMs SKOJOTUYECKHX TPOBIEM T10TyHal0T KaTanu3aTopsl.

OcHoBHBIE 3AKOHOMEPDHOCTH H NOHATHA

[Tocye u3yueHus AaHHOTO pa3aeia CTYACHTAM CICAYET 3HaTh:

1. Tepmoaunamuueckne QYHKIMM: BHYTPEHHYIO JHEPTHIO, JUTAILINIO, IHTPONHUIO U
aHepruio 'ubbcea.

2. Tennoty u pabory.

3. [TepBblit 3aK0H TEPMOJVHAMHKH.

4. 3akoH I'ecca.

5. DHranenuio 00pa3zoBaHMs XUMHYECKUX COCAHHEHMIA,

6. Bropo#i 3aKoH TepMPANHAMHKH,

7. YciaoBue coOMONPOMH3BOABHOIO NPOTCKAHUS XHUMHYECKHX peaKLHif.

8. YcioBue TepMOAHHAMHYECKOIO PABHOBECHS.

9. KoHctanta xuMuteckoro pasHosecus. 3akoH jeficrsyromux macc. [lpuuumn Jle
Hlarense. : ; ,

10. ITpasuno §a3. Pasopsie AuarpamMmbl. MeTox hU3HKO-XHMUYECKOTO aHANM33.

11. oBepxHocTHas dHeprus. Ajncopbims.

12. Yizorepmsl agcopbuny Jianrmiopa u @peiti, Livira.

13. [ToBepXHOCTHO-aKTHBHbIE BELIECTRA.

14. Kunernueckoe ypassenue. [lopszok peakuus.

15. Tlpasuno Banr-T'odda. Ypannenue Appenuyca. SHEPrHio akTHBAlHH.

16. Mexanusm M MOJIEKY ISPHOCTD peaxiluii.

17. OcobeHHOCTH MeXaHW3Ma LETTHBIX PeaKLuii.

18. 3aKoHBI POTOXMMHUYECKHX peakuuii. POTOXMMHYECKHE PEaxiiny B aTMoctepe.

19. Karanius n karaniusaropbl. MexanusMe! roMOreHHOTO ¥ TETCPOTCHHOTO KATANU3A.

20. OcHOBHbIE 00J1aCTH NPUMEHEHHA KaTATH3aTOPOB.

OcHOBHDbIC HABLIKH

CTyneHTs! JOIKHBI YMETh: ,

1. Paccuurarh: a) SHTANBLINIO, SHTPONHIO ¥ 3Hepruio ['n66ca xuMHyeckux peakuuii; 6)
KOHCTAHTy PaBHOBECHS; B) PABHOBECHBIC KOHIIEHTPALIMM Y MapilHalbHbie JaBJICHAS pearn-
PYIOUIMX BEIIECTB.

2. OnpenennTts BO3MOXHOCTD MM HEBO3MOKHOCTh IPOTEKAHUA XUMHYCCKHX IpOLEC-
COB, TEMIIEPATYPY, IPH KOTOPOH YCTAHABNIMBAECTCA XMMHYECKOE PABHOBECHE, HAMIPAB/ICHHE
CMELICHNUS PABHOBECHS NOM BO3ACHCTBUEM TEX UK MHLIX Gaktopos.
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3. AHanu3MpoBaTh (hPa30BBIE JUATPAMMEI.

4. OnpenensTs MaKCUMaibHYIO afcopOLMIO H KOHCTAHTY PaBHOBECHS aiCOpOLMH TIpH
MOCTPOEHUM H30TePMBI JI3HrMIOpa.

5. Paccuurarh M3MEHEHNE KOHLEHTPALMM BO BPEMEHH, a TaKOke NMEpHOJ NONyHpeBpa-
UIEHHS TIPH H3BECTHBIX KOHCTAHTE CKOPOCTH H MOPSUIKE PEAKLIIH.

6. PaccuuraTh: a) U3MEHEHHE CKOPOCTH PEaKLMK IPH H3MEHEHHH TEMIIEPATYPhl, €CIIH
M3BECTHA DHEPTYA aKTUBALMK; O) JHEPTHIO AKTHBALHH, €C/IH U3BECTHO H3IMEHEHHE CKOPO-
CTH peaki{HK IpY H3IMEHEHHH TEMIIEPATyPhI.

7. PaccuMTarh JIMHY BOJHBI CTIEKTPA COJHEYHOTO H3JyYEHHs, KOTOPOE BBI3BIBACT TY
WIIM HHYIO PEaKLHIo.

8. PaccunTars M3MEHCHHE CKOPOCTH PEaKLMM, ECIM W3BECTHA BEMMMMHA YMEHBIIEHUS
9HEPryM aKTHBALMH TP HCTIONB3OBAHHY KaTaJIN3aTopa. '

9. BemonHurs 1abopaTopHBie ONBITHI ) MO ONpPEASACHHIO TEIUIOTH peakiuy, 6) no
H3YUYCHHIO BIMAHUA KOHLUEHTPALMI PEAreHTOB, TEMIIEPATYPBl M KaTaIH3aTOpa Ha CKOPOCTD
PEaKUAH; B) 110 OTIPEAENCHHIO ANCcOPOUUM HEKOTOPLIX BELIECTB C NOCTPOEHHEM M3OTEPM

ancopbuun.



Paszoen mpemuii

PACTBOPBIL. OKUCJIUTEJBHO-
BOCCTAHOBUTEJIBHBIE ITIPOLECCHI

XUMHUECKNEe peakUHMd MOAPA3NCIAIOTCS HA OKHCIHUTENHHO-BOCCTa-
HOBHTe/bHbIE ¥ OOMeHHbie. Eciii Npu peakiiy HPOHCXONWT H3MEHEeHHe
CTEeNeHH OKMCIIEHHS BEILECTBA, TO TaKME PEAKLMH Ha3bIBAIOTCS OKHCITH-
TeNbHO-BOCCTAHOBUTELHLIMHE. B3aumoelicTeus 6e3 NM3MEHEHHS CTeNeH
OKHCJIEHHS BENECTBA TOJTYYH/IA Ha3BaHHE OOMEHHBIX peakii. B nanHoM
pasnene GymyT paccMOTpeHbl OOMEHHBIE M OKHMC/IHTENbHO-BOCCTAHOBH-
TeNbHBIE PEAKLMH, TIPHUEM OCHOBHOE BHUMaHMe GYIeT y/eneHo peaKiu-
M, TIPOTEKAIOLIMM B PacTBOpaXx.

I'nasa eocoman

PACTBOPBI. JTUCITEPCHBIE CUCTEMBI

OueHb MHOTHE XMMHUYECKHE pEaKLH, B TOM YHCJIE TEXHHYECKH U
MU3HEHHO Ba)XKHbIE, IPOTEKAIOT B XKUIKUX pacTBOpax. Tak kKak HA paBHO-
BECHE M KMHETHKY 3THUX PEaKLHil OKa3pIBaeT BIIMSHHE PACTBOPHTEINb, TO
MpOLECCHl B PAaCTBOPAX MMEIOT CBOM OCOOEHHOCTH, MOITOMY paccMarpH-
BAIOTCs B OT/ENbHON MiaBe. CrocoObl BHIPAKEHHS KOHUEHTPAl|Y PacTBo-
poB GBUTH yKa3aHHI B I71. 4 u npoxkenuy 1. KpoMe pacTBOpoB B HacTos-
IleH 7IaBe PacCMATPHUBAIOTCA MIMCIEPCHBIE, B TOM YHC/IE KOJUIOMIHEIE,
CHCTEMBI ¥ peaKLUMH OOMEeHa HOHAMH MEXAY TBEpPIbIM TENOM H >KHIKO-
CThIO (MOHOOOMEHHBIE PEAKIHH).

§8.1. OBIIIME CBOMCTBA PACTBOPOB

Onpenenennsi. O61MMH ABIAIOTCA CBOKMCTBA PAacTBOPOB, KOTOPBIE
3aBHCAT OT KOHLEHTPALMU W NMPAKTUYECKH He 3aBUCAT OT MPUPOIBI pac-
TBOpeHHBIX BemlecTB. OHHM TakKe Ha3bIBAlOT KONJUTaTHBHBIMH
(xonnexTHBHBIMH). Takue cBOCTBA MOTYT TIPOSB/IATECA B MOJHOH Mepe B
UIeanbHBIX pacTBOpax. HoeanbHuiM HA3LI8AIOM pPACMEOP, 8 KOMOPOM He
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NPOUCX00SM XUMUYECKUE DeaKYUU MedCOY KOMNOHEHMAMY, a CUTbL MediC-
MONEKYAIPHOZ0 3AUMOOCUCBUS MeNCOY KOMNOHeHmamu oOunaxogul. Co-
OTBETCTBEHHO, 00pa30BaHHE 3THX PacTBOPOB HE COMPOBOMKAAETCH TEILIO-
BbIM 3hexToM (AH=0) 1 KaX Bl KOMIIOHEHT BefeT cebs B pacTBOpe He-
3aBHCHMO OT APYruX KOMNOHeHTOB. K MaeanbHBIM pacTBOpaM MO CBOMM
CBOMCTBaM MPUOIMKAIOTCA JIMIIL O4€Hb pa30aBAeHHBIE pacTBOpHI, T.e.
pacTBOpEI C OYEHb HU3KOW KOHLEHTpalMeil pacTBOpeHHOro Bemecrsa. K
obmmpM cBOMicTBaM pacTBOPOB OTHOCSTCS MOHM)KEHHE [aBiieHHs HAacChI-
LHEHHOTO TIapa pacTBOPHTENA HAJ pacTBOPOM M TEMIIEpaTyphl 3aMep3aHus,
MOBBIILICHHE TEMIIEPaTyphl KWMEHHS M OCMOTHYECKOE MAaBIEHHE. JTH
CBOICTBA NpPOSBNSAIOTCA B Clydae PacTBOPOB HENETYYHX PacTBOPEHHBIX
BELECTR, T.e. BEIIECTB, AaBJIEHUEM NTAPOB KOTOPBIX MOXHO NpeHebpeys.
3akon Payias. Monekynsl HejeTy4ero pacTBOPEHHOTO KOMIIOHEHTa
pacTBOpa MPENATCTBYIOT YIETYUHBAHHIO W3 PacTBOpa MOJEKYJ pacTBOpH-
Tens. OpaHiy3ckuid yueHstit P. Payib OTKpBLI 3aK0H, COTTIACHO KOTOPOMY
NOHWKEHHE JaBJIeHUs HACHIIEHHOTO rapa pacTBOpUTeNs A Hall pacTBO-
pOM Ap, TIPOTIOPLMOHAIILHO MOJISIPHOM [0Jie PACTBOPEHHOTO HENeTy4ero
BEILECTBA Xp:

P’a-pa=Apa=paxs, (8.1)
rae p’a, pa — NABIEHHMS HACHIIIEHHOTO 11apa PacTBOPHTENA COOTBETCT-
BEHHO HaJ] YHCTLIM PACTBOPUTENEM W Hall pacTBOpOM; Ap, — Pa3sHOCTh
MEJ Ky AaBICHHSMH HACHIUEHHOTO Mapa pacTBOPUTENA Haj pacTBOpOM,
Pa Wl PACTBOPHTENIEM D 4.

M3 ypaeuenus (8.1) caenyer, €10 ¢ yse-
JMYMEHHEM COIEpXKKAaHM HEJETYdero pacTBO-
PEHHOTO KOMITOHEHTa [aBjeHHE Mapa pac-
TBOPHTEIS HaJl pacTBOpPOM yMeHbmaercsa. M3
3akoHa Payna BO3HMKAOT ABa CIENCTBHUA.
CornacHo ofHOMY U3 HUX memnepamypa Ku- g
NeHUsl pacmeopa eviule memnepamypul Kune- / '

Hus pacmeopumens. 10 OOYCHOBJIEHO TEM, 4 At |

YTO AABJICHHE HACBHILICHHOTO Napa pacTBOpPH- |

Telif Haj PACTBOPOM CTaHOBMTCA DAaBHBIM _afAt 9 TIOO .
atMocepHOMY AaBJIEHHIO (YCIOBUE KHITCHHS emneparypa,’c
XKUJKOCTH) TIpH GoJlee BBICOKOH TeMiiepaTry- Puc. 8.1. 3asucumocts naBie-
pe, YeM B CiIy4ae YHCTOrO pAacTBOPHTEJNI HAs HACHIMEHHOrO rapa pactBo-
(puc. 8.1). IlopblIeHHE TeMIEpAaTYphl KUIe- PHTENA  OT  TEMNEPATYPRl Hak

aust AT, TPOMOPUMOHAIBHO MOJISIIBHOCTH HCTHIM pacTBOPHTC/ICM (Bozoi)
ACTBODA C (1) 1 Hax pacTBOPOM HENETYUETO
p P2 Cm KoMmroHenta (2)

101 f=—=——p;—
0y,
2 |

3

Aasnenue, klla
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ATKHH = Kacm s (82)

rae K, — 30ynuHockonuueckas NMoCTOSHHAsE pACTBOPHTENS.

CornacHo BTOpoMy CIEACTBHIO M3 3aKOHa Paynst memnepamypa zamep-
3aHuA  (KpucCmanu3ayuy) pacmecpa Hudce MeMnepamypa 3amep3anus
(kpucmanauzayuy) uucmozo pacmevpumens. 1o obycnosneHo dosee HU3-
KMM [aBJieHHEM Ilapa pacTBOPHIENS HAX pacTBOpPOM, YeM Haj pacTt-
BoputeneM (cM. puc. 8.1). [ToHmwkenre TeMneparyphbl 3aMep3aHmsl (KpyucTai-
3anH) AT,y NPONOPLHOHATEHO MOJJIBHOCTH pacTBOpa

ATSBM = Kl(cm H . (8.3)
rae K, — KpHockonn4eckas rocTOAHHaS.
3nauenus K, u K, 3aBUcAT OT npHpo/ibl pacteoputens (Tabi. 8.1).

TaGauna 8.1 Ibyauockonuyeckne ¥ KPHOCKONUUECKHE NOCTOAHHDIC HEKOTOPLIX

pacTBopHTeaeit
TlocTosHnbie PactBopurenn
pacTBOpH’I‘CI{CP‘I, BOJA ITaHON 6eH3on TETPaXJIOpHL
kr-K-Momp yriepoaa
K, 0,52 1,22 2,53 : 5,02
K, 1,85 1,99 5,12 29,8

Hcnonssys ypasHeHus (8.2) u (8.3), MOXHO olpenesuts MOJNAPHYIO
Maccy BengecTBa. [l1s 9TOro SKCNeprMEHTANIBHO ONpPEAENAIOT NOBBIIICHHE
TeMIepaTyphl KHIEHHs WM 3aMep3aHus pacTBopa. Eciu M3BecTHa Macca
PACTBOPEHHOTO BELIECTBA M PACTBOPHUTENS Ma, TO MOAPHYIO Maccy pac-
TBOPEHHOTO BellecTBa Mp OTIPEAEIAIOT N0 YPaBHEHHIO

3
M=K 2o (8.4)

roe K=K, nubo K=K,

Bonee TOYHBIE AaHHBIE MOAYYAIOT MO M3MEPEHUIO TEMIIEPaTypHl 3a-
Mep3aHHA. ,

OcMmorndeckoe aapjenne. CaMONPON3BOIBHBLA MepeXoll PacTBOPH-
Tens yepes INOoMyMpOHULAeMyIo MeMOpaHy, pa3fieNIIoLIyI0O PacTBOp U pac-
TBOPHTEJIb HJIM [IBa PACTBOpA C Pa3IMMHOM KOHLIEHTPALKEH pacTBOPEHHO-
ro Beulectsa, HasbiBaerca ocMocoM. Ocmoc obycnopien gubdysueit

. MOJIEKYJT paCTBOPHTEJIS Uepe3 NOTYNPOHHIIAeMYIO NEePeroponxy, KOoTopas
MPOMYCKAeT TOJNBKO MOJIEKYJIBI pacTBOpUTENA. MoneKysbsl pacTBOPUTENS
I PyHIUPYIOT U3 PacCTBOPUTENS B PaCTBOP WIH U3 MEHee KOHLIEHTPHPO-
BaHHOI'O pacTBOpa B OoJiee KOHLEHTPUPOBAHHBIN, IO3TOMY KOHUEHTPHPO-
BaHHBIH pacTBOp pa30aBiifeTcs, MPH TOM YBEJIHYMBAETCS M BHICOTA €ro
ctonba (puc. 8.2). KonnyectBeHHO OCcMOC XapakTepHw3yeTcs OCMOTHYE-
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CKHM JaBIECHHEM, PAaBHBIM CHJIE, TIPUXONALIEHCS HA eAWHHULY IUTOLIAIH
TIOBEPXHOCTH, H 3aCTaBJIOMEH MONEKyJbl pacTBOPHTENS MPOHUKATH Ye-
pe3 nonyrnpoHuHnaeMyio neperopojaxy. OHO paBHO JaBieHHIO cronida pac-
TBOpa B ocMoMerpe BbicoToi /1 (puc. 8.2). Ilpu paBHOBecUu BHelHee NaB-
JICHHE YPABHOBEUIHBAET OCMOTHUECKOE AaBiieHHe. B 3TOM ciiyyae ckopo-
CTH IIPSIMOTO M 0OpaTHOrO NMEepexoaoB MONIEKYJT Yepe3 NOJYNPOHHLIAEMYO
MIeperopoiKy CTaHOBATCA OJHWHaKOBbIMU. EciiH BHelIHee naBiieHue, MpH-
J0KeHHoe K 0osiee KOHUEHTPUPOBaHHOMY pacTBOPY, BbILE OCMOTHYEC-
KOTO T, T.€. P > T, TO CKOPOCTh NE€PeX0a MONEKyN PacCTBOPHTENS U3 KOH-
LIeHTPHPOBaHHOTO pacTBopa Oyaer Goablile, U pacTBopuTeb OyaeT nepe-
XOJHNTH B pa3baBiieHHbIH pacTBOP (WIM YHCTHIH pacTBOPHTENb). ITOT Mpo-
LleCC, Ha3bIBaeMBbIi OGPATHBIM OCMOCOM , HCTIONB3YETCS IS OUMCT-
KM NPHPOIHBIX M CTOYHBIX BOJ, Ui MOJy4eHHUs MHTHEBOH BOABI U3 MOD-
cxo#t Bogbl. OcMoTHYECKOE AaBlIeHHE BO3PACTAET C YBEJIMYEHHEM KOHLIEH-
TpaLM{ PacTBOPEHHOTO BellecTBa W TeMmnepatypsl. Baut-I'odhd npexno-
JIOXKHUIT, YMO Ol OCMOMUMECKO20 OABNEHUA MOJXCHO NPUMEHUMb YpasHe-
HUe COCMOAHUS UDeATbHO20 2a3a

nV=nRT wm == ?'/'—RT,

OTKyJa

n =¢RT, (8.5)
Te T — OCMOTHYECKOE JABICHHE*; ¢ — MOJISPHAd KOHLEHTPALMA pacTBopa.

[

4

OcmMoc HrpaeT O4YeHb BaXKHYIO poib B 6HO- )
JIOFHUECKUX Tipolieccax, obecrieumBas HOCTYIN-
JleHHe BOMAbl B IKJIETKH M JApPYrde CTPYKTYphl.
PacTtBoprl ¢ OOMHAKOBBIM OCMOTHYECKHM IaB-
JIeHHeM Ha3bIBAlOTC W30TOHHUYECKHUMHU.
Ecnu ocMOTHUECKO€ JaBICHHE BBIIC BHYTPH-
KJIETOYHOTO, TO OHO Ha3bIBaeTcs THNEPTO-
HHY€CKHNM, eCII HIDKE BHYTPHKIIETOYHOTO —
runotoHuvyeckum. Hanpumep, cpennee
OCMOTHYECKOE AaBlieHHE KPOBH NpPH 36°C paeHo
780 kIla.

I'inepToHuYeckye pacTBOPH caxapa {cHpon)
¥ comn (paccos) IMHMPOKO MNPHMEHSAIOTCS [UIs
KOHCEPBHPOBaHHS MPOAYKTOB, TAK KAaK BbI3bIBa-
0T yJaJieHHe BOABI U3 MHKPOOPTraHH3MOB.

P u ¢ .8.2. Cxema ocMomeTpa:
1 — pona; 2 — pacrsop; 3 —
AOMyNpoHHLIaeMas MeMOpaHa

* Anangs eavHun u3Mepenu# mokassisaer, ¥ro 1 JHx - =1kl

207



AxtHBHOCTL. 3akoHel Payns u Baur-T'odda cobmonatorcs nums B
pa3zbaB/ieHHBIX pacTBopax HeanektposutoB. Ilo Mepe noBpllIEHHs KOH-
LIEHTPallMH PacTBOPEHHOTO BELUECTBA BO3PACTAIOT OTKJIOHEHMA OT 3aKO-
HOB HZ€anbHbIX PACTBOPOB. DTH OTKIIOHEHMsA OOYCIIOBJIECHBI Pa3NUYHOrO
poJa B3aUMOAEHCTBUAMH MEXIY YaCTHUI[AMH PaCTBOPEHHOT'O BeLLECTBA, a
TaKKe PaCTBOPEHHOrO BEILIECTBA M PACTBOPHTENS. YUeT BIMSHUA Ha CBOH-
CTBa PaCTBOPOB 3THX B3aUMOACHCTBHIT OYEHb CJIOXKEH H He BCerzaa mpax-
THYeCKH ocylectBuM. [1oaToMy Gbi0 MPeIOKEHO COXPaHHTh /S OMH-
CaHHs CBOMCTB pacTBOPOB Bce OOIIME 3aKOHOMEDPHOCTH, NPUMEHHMBIE K
UIeanbpHBIM PacTBOpaM, HO BMECTO BXOAAIIMX B HUX KOHIEHTpauui KoM-
MOHEHTOB BBECTH aKTHMBHOCTH. AKTHBHOCTb @ CBS3aHAa C KOHLICHTpalue
CIIEAYIOLIMM COOTHOLIEHHEM ’

a=1yc, (8.6)

raey —kKo3GpDHUHEHT aKTHBHOCTH, KOTOPHIA GOPMATLHO y4H-
ThIBACT BCE BBl B3aMMOJEHCTBUA YAaCTHI| B AaHHOM PacTBOPE, NPHBOIA-
11He K OTKJIOHEHHIO OT CBOHCTB HIEaIbHOTI'O pacTBOpa.

Koo duument akTHBHOCTH BBIYMCIIAIOT MO SKCNIEPHMEHTAIbHBIM JaH-
HbIM. J{ns 3TOro H3MepsIOT Kakoe-ibo U3 CBOMCTB pacTBopa (Harpumep,
TEMIIEPATYPY KUIIEHUS WM 3aMep3aHHs) U Onpeaensior Ko uiMeHT ak-
THBHOCTH KaK 4acCTHOE OT JEJICHHS 3KCIIEPHMEHTAJBHO MOJYYEeHHOH Be-
AMYMHE! HA TEOPETHUECKH PACCUMTAHHYIO IO 32KOHAM WACATBHBIX pac-

TBOPOB:
IKCNEPUMEHTANBHAA BEIHYHHE

v = . (8.7)

TEOpCTHYCCKAA BCIHYHHA

YucnuTenb H 3HaAMEHATENb MMEIOT OJHH H T€ )K€ €{MHHIIb H3MEPEHHS,
nMo3ToMy ko3 GHIMEHT akTUBHOCTH — Ge3pasMepHas BelHYHHA.

Kpome 3KcnepUMEHTAJIbHOTO OMNpEeAeICHHA, HMEIOTCS TEOPETHUECKHE
MeTobl pacdera ko3¢ duureHTa akTHBHOCTH. -C HEKOTOPBIMH M3 HHX IIO-
3HAKOMHMCS B ClIeIyIOLIMX naparpadax. '

BOIIpOCH M 3aZa4YH A4S CAMOKOHTDOJIA

8.1. Chopmynupyiite 3akoHbr Payns u Bant-I'odda xas pacrsopos.

8.2. Yro takoe ocMOTHYECKOE JaBaeHHe? -

8.3. B I n Boasl pactBopero 54 r rmokosst CgH ;0. Paccuuraitre: a) H3meHeHwe nas-
NIEHHs HaCHILIEHHOro Napa Moj pacTeopoM Ap (p°=100 xITa); 6) U3MeHeHUE TeMIEPATYPhi
kuneHus AT,,,; B) H3MEHEHHE TEMIIEPATy Pl 3aMep3aHts AT,,,; T) OCMOTHYECKOE JaBJICHUE
pactBopa ripu 298 K, yuntsisas, uto 1 Iw/n=1 lla.
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§8.2. PACTIPEAEJEHVE BEHIECTBA ME)KﬁY JABYMA
HECMEIIABAIOINMMCA XKHAKOCTAMHU

3axkon pacnpexesenus. Eciu B cocyne pacTBopsercs Kakoe-nmubo
BEIIECTBO B JBYX HECMELIMBAIOINUXCH MEXIY co0O0# XHUAKOCTIX, TO CO-
Omopaercs 3akoH pacnpeneneHus HepHcra — Illunosa,
COTJIaCHO KOTOPOMY Mpu NOCMOSHHOU memnepamype COOmMHOUEeHUe pas-
HOBECHBIX KOHYeHMPAYUL MENCOY HeCMeWuBaioWUMUCS IHCUOKOCTISMU
(asamu) aeisemcs GenuMUHOU NOCMOSHHOM, He3aBUCUMOU Om ObWe20
KOnu4ecmsa KOMNOHeHMos. _

Kpac = CA/CB, ' (88)
rie Ky — K03G(OHILMEHT pacripeneNeHus; Cy ¥ Cp — MOJIAPHBIE KOHLIEH-
TpalMK BeLIECTBa B XKHAKOCTAX (dazax) A u B.

Hanpumep, koddduiment pacnpefie/ieRus  Moaa MEXy STUIOBBIM
CIIPTOM M cepoyrneponom paseH 2,8 (18 °C), TeTpaxJIOpHIOM ymepona U
somoii — 85 (25 C) a Mexuy cepoyriepoaom U Boaoii — 413 (1 8° C).

Jerpaxiius. 3aKOH pacnpeleneHis HaXoauTcs B
OCHOBE METONOB SKCTPAKIHMH (M3BIEHYEeHHS), B KOTO-
pOM H3BJIEKaeTCs OJMH M3 KOMIIOHEHTOB CMeceii

(pacTBOpPOB) C MOMOIIBIO PACTBOPHTENS, HE CMELIH- 1 ¢asa B
BaIOIIETOCS C pacTBOpOM. {11 OOHOKpaTHOrO pasje- —
JeHHA UCIONB3YIOT Pa3feNUTElbHYIO BOPOHKY (PHC. 4 pasa A

8.3), B KOTOpPYIO HAJIHBAIOT KCTPAareHT H PacTBOp ¢
M3BJIEKaeMbIM KoMIIOHeHToM. [locie nepemeunpa-
HHA (BCTPIXHMBaHHMA) U PAccIOCHHUS XHAKocTel obpa-
3yiotes aBe (asel. HmkHaa dasa (dasa A) cocrout
U3 JKCTpareHra ¢ KOMIOHEHTOM, H3BJIEYEHHBIM M3
sepxueii (asel (dasel B) pacTeopa, U3 kotoporo yaa- Puc. 83. Jemarens-
nsfeTcst KOMMOHEHT. HukHHil COM C H3BAeYeHHBIM oF BOPOMKA JUI3ke-
KOMIIOHEHTOM 3aTeM CIIMBAiOT. B NpOMBILLIEHHOM TpaKtHE
MaciTabe 3KCTPaKUHIO MPOBOAST METOAOM NPOTUBOTOKA PacTBOpa U 3KC-
TpareHTa. DKCTPaKUMsA MCTIONB3YETCS VIS pa3feneHus MpOLYKTOB paano-
aKTHBHOTO pacriaja oTpaboTaBIIHX CPOK TEIUIORBUIENAIONINX JJIEMEHTOB
ADC, n3BneYeHHs peAKHX METAIOB H3 PYA B METALTYPruH, BhIICICHHS
OpraHHYeCKHX BELIECTB W3 PACcTHTENLHOTO CHIpbA, pa3feneHHs JIeKapcT-
BEHHBIX MPENapaTos.

Pacnpenenntennuas xpomarorpagus. 510 0JIHa U3 Pa3HOBUAHOCTEH
xpomatorpadus (cM. II. 6), OCHOBaHHad Ha pasinuud ko3 duLHeHToB
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pacnipefie/ieHHs BCIUECTB MEXKAY HEMOABIKHOM xuakoi ¢azoil, HaHeceH-
HOM B BHJI€ TOHKOTO CJI0S HA TBepAblii HOCHTEb, M ABWKYINENCS KHAKO-
CTBIO (9/0€HTOM). KOMITOHEHTE! NBIOKYIIEHCA JKMAKOCTH NEPEXOAST B
HETOABIKHYIO XKUAKOCT TIPU NBWKEHUH DITIOEHTA BJOJIb XpoMaTorpadu-
4eCKOM KONOHKH. [lepBOHAYANBHO M3 KOJIOHKH BBIXOIMT YHCTBIH pacTBo-
puTelib, He COACPXKAUINIA BeLIECTB, KOTOPbIe OBUIA PacTBOPEHH! B HEM He-
pell MOCTYIIEHHEM B KOJIOHKY. 3aTeM B COOTBETCTBHMH C 3aKOHOM pacripe-
JleJIeHUs U3 KOJIOHKH BBIXOIHMT pacTBOPHUTENb, 0OOrallileHHbI cHa4ana of-
HHUM, 3aTeM APYIHM, TPETBHM M T.J. KOMITIOHEHTaMH. [leTekToph! onpene-
JIIOT KOJIMYECTBO KAK/Or0 KOMIIOHEHTA B BBLIXOJALIEM d/TI0eHTe. Pachpe-
JeNUTENbHAs XPOMOTOTpadMA WUPOKO HCHONB3YeTC A Pasfie/leHus H
aHA/IHM3a KOMIIOHEHTOB JKHIKHX PacTBApPOB.

BOI’IpOCbI AJA CAMOKOHTPOJINA

8.4. Chopmymupyitre 3akoH pacnpenencuus Heprcra — [Hunosa.
8.5. Ha ocHoBaHHMM MMEIOIMMXCA B JAHHOM naparpade JaHHBIX YKKHTE My4quikh xc-
TpareHT AN HORa.

§8.3. XUMHUYECKHUE PABHOBECHS B PACTBOPAX

CoubBaranus. Bzaumoekictsie MeXIy MoJIeKyIaMH H HOHaMH pac-
TBOPAEMOTO BEIHECTBA M MOJIEKYJIAaMH PacTBOPHTENA (CONHBATALUA) MO- .
KET COCTOATH M3 HECKOJIBKHX NMPOHECCOB, MPOTEKAFOIMX MOC/IERAOBATENb-
HO HJIH OJTHOBPEMEHHO: MOJIEKYNISPHOM AHCCOUMALMH, OOpa30BaHUs COMb-
BATOB, HOHHM3ALMH M JJIEKTPOSIMTHYECKOH nuccolnaniy. B 3aBHCUMOCTH
OT THMIa PACTBOPSIOIIMXCH BEUIECTB YMCIO CTajMil MOXKET M3MEHATHCA.
Tak, B -ciyyae MOHHBIX KPUCTa/UIOB CTaguy OOpa3oBaHMs COJIBBATOB M
SNEKTPOIUTHYECKAS JHCCOLHALUA COBMEIEHDI.

B crywae acCOUMWPOBEHHBIX BELUECTB NEPRON CTajMeil ABNAETCH
MONEKyNspHasg AHCCOLMALMA pacTBOpeHHOro Beiectsa. Tlpouecc Mone-
KyJISPHOH QHCCOLMAlMH NMPOMCXOAUT BCIIEACTBHE XHMHYECKOrO B3aUMO-
JEHCTBUA MEXIY MOJIEKYJIAMH pacTBOpPAEMOro BelliecTBa AB u (n+m) Mo-
JIEKyJIaMM PACTBOPHUTENA S ¢ 0Opa3oBaHHEM COJILBATHPOBAHHOW MOJEKY-
ss1 AB(n+m)S:

AB+(n+m)S 2= AB(n+m)S (a)

O6paszyromuiics COJbBAT AUCCOLUMUPYET HA COMbBATHPOBAHHBIE HOHBI
(cTagus >neKTpONUTHYECKOH duccouralym):

AB(n+m)S &2 A”" nS+ B*mS (6)

. . .
Accoupnanued HaznIBacTC 06BEAUHEHHE OIMHAKOBBIX MOMNEKY .
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Puc. 8.4. Cxema BaumMonelicTBus MONAPHON MONEKYIB! pac-
TBOPAEMOTO BEHIECTBA C MONAPHLIMH MOJIEKYJIaMH PAacTBOPH-
Tels (coNbBaTaLIMs)

CxemMaTH4HO Npouece COBBATALMM, Ha NpuMepe peakiwii (a) u (6),
TIpe/ICTaBJIeH Ha puc. 8.4.

INpouecc conbBaTaliMi MOXET OCTAHOBHTHCA Ha TIOOOH cTauu.

PacTBOpnl HedekTpoanToB. Eciu mponecc conbpBarallMd OCTaHaB-
NMMBaeTca Ha craAuu (a), TO CHCTeMa NpeACTaBiseT coboil pacTBop He-
snekrponura. OHa XapakTepusyeTcs OTCYTCTBHEM HOHOB B PacTBOpe H
COOTBETCTBEHHO He 00agaeT HOHHOM 3JEKTPUYECKOH NMpPOBOJAUMOCTEIO.
Pa36aBneHHble pacTBOPBI HEINEKTPOIHTOB MOAYHHAIOTCS 3aKOHaM Hie-
aIbHBIX pacTBopos (3akoHu Payns, Baut-Iodda, cm. §8.1). [Tpumepamu
PacTBOPOB HEINEKTPOIUTOB MOTYT CIY>KHUTb PaCTBOPHI KHCIOpOJA U caxa-
pa B BOJIe, YIJIEBOJOPOAOB B YIJIEBOAOPOAAX.

PacTeoprl 3nexTposnToB. Eciu npouece conbBaTalluM TIPOTEKAET 0
cranum (6), To cucTeMa SABNAETCA PaCTBOPOM 3IEKTPOJINTA, T. € HUMEET Me-
CTO JIEKTPOJIMTHYECKAs AUcCcOoLHaLma ¢ o6pa3oBaHueM HoHOB. Maes ato-
ro mpouecca 6Opuia BorasuHyTa C. AppeHHycoM. YpaBHEHHE 3JIEKTPO-
JIUTHYECKOH JMCCOLMALAM MOXKHO 3amycaTh, OIyCTHB IPOMEXXYTOUHBIC
CTaJ[U¥, yKa3aB JTHIIb Ha4ajabHble H KOHEUHbIe MPOXYKTHl PEaKIHH

AB + (m+m)S 2 A" nS + B  mS

HanpnMep, npouecc I[HCCOLIPI&IIPIH YKC}’CHOPI KHCJIOTBHI B BOOC NIPpOTE-
KaeT cneayroummuM 06pa30M’

CH;COOH + (n+m)H,0 2 CH;COO™ * nH,0 + H' - mH,0

OcoBEeHHOCTEIO COMTBBATOB KaK XMMHUYECKHX COSIHHEHHH ABAsSETCS TO,
4TO KO3 PHUIHUEHTBI 1 M M MEHSAIOTCS C H3MEHEHHEM KOHLIEHTPALMH, TEM-
nepaTypsl M JpyTHX NMapaMeTpoB pactBopa. [loaToMy npuseneHHsle Gop-
MYJIBI COJIBBATOB HE OTPaXalOT MX MCTHHHOTO CTEXMOMETPHYECKOIo CO-
CTaBa, U B YPaBHEHHAX XHMHYECKHMX peaklMi COJbBATHPOBAHHbBIE MOHBI
06brHO 3amuceiBatoT i CH;COO™ - aqu H' - aq, wm CH;COO u H'.

Ilpu pacTBOpEeHHMH HOHHOTO COEAHHEHHUS NMPOLECC CONbBATAlMY, B pe-
3yJNbTaTe KOTOPOTrO MPOMCXOAMT 3JIEKTPOIUTHYECKAas AMCCOLMALHA, MO-
JKET MPOTEeKATh MPAKTHIECKH HEOOPATHMO:

AP BT +(n+m)S-> AP nS+BY mS
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Onnako 4acTo B MOZOGHBIX YPaBHEHHMSIX OIMYCKAKOT MOJIEKYJbI pac-

TBOpUTENS (1 + m)S, 3aMUCHIBad UX B TAKOM BHIE
A" BT > AP+ BY

IlpviMepamH pacTBOPOB 3NE€KTPOJIMTOB MOTYT CIIy>KHTh PacTBOPBI 1ie-
NIoYeH, coneit 1 HeOPraHUYeCKUX KUCIIOT B BOJIE, PACTBOPH! psAa coneil B
KHIAKOM AMMHAKe ¥ HEKOTOPBIX OPraHHYEeCKUX PacTBOPHTENSX, HAPUMED
alleTOHUTPHIIE. '

PacTBOpEI 2/€KTPOJIMTOB SIBIAIOTCA HOHHBIMHM TIPOBOAHHKAMH (Tpo-
BOJHHKaMH BTOPOro poza). B HuX HaOMIONaI0TCA OTKIOHEHHS OT 3aKOHOB
Payna u Baut-I'odda. Hanpumep, cornacuo 3akoHa Payns npu BreneHun
0,1 mons Bemecta Ha 1000 r BoAb! TeMmmepaTypa 3aMep3aHHs IOJDKHA
cHwkartbed Ha 0,186 K, a daxtruecku cHuxaercs Ha 0,318 K y NaCl n Ha
0,52 K y MgCl,. Banr-T'odd Been B ypaBHenue (8.5) nonpaBo4Hbiil KO-
s¢duLmenT /, Ha3bIBaeMBIH H30TOHHUUYECKHUM Kod3bpuuneaTom
1 TIO3BOJAOWMH HCTIONE30BATh 3TO0 ypaBHeHne ans mOOBIX pazdaBNeHHBIX
pacTBOpOB: .
T = ICRT. (8.9)

TloacraHoBka m30TOHMYecKoro kodgduuyedTa B ypaBHeHHs (8.1) —
(8.3) mo3BonseT NpUMeHATH HX U Ul PacTBOPOB 3eKTponuToB. M3oro-
HUYECKUH KO3QUIMEHT XapaKTepu3yeT OTKIOHEHHWE OT 3aKOHOB - Hie-
albHBIX PAcTBOPOB  BCIEACTBHE  OJIEKTPOIMTHYECKOH AHCCOLHALMA
3JIEKTPOJINTOB. »

CTeneHn JHCCOMHANMH JJEKTPOJIHTOB. B pactBopax HeKOTOpPLIX
3JIEKTPOJIMTOR JUCCOLMHUPYET JIUIID YacTh MOJIeKyN. Jlns konuuecTBeHHOH
XapaKTePHCTUKH JIEKTPOJINTUUECKON qUCCOUMALH ObLIIO BBEAECHO MOHA-
THE CTENEeHH Auccourauny. OmHowenue yucia MoexKyn, OUCCOYUUPOBaH-
HbIX HO UOHBI, K 0bujeMy “uCTy MONEKYn pacmEOPENH020 SREKMPOIUMA
Hazvieaemcsa cmeneHvio ouccoyuayuy o. Ilo cteneHn AMCCOLHaLU B pac-
TBOpaX BCE€ AJIEKTPOIMTHI Aesistcad Ha ABe rpymnnbl. K mepBoit oTHOCAT
3]IEKTPOJIMTEI, CTETIEHb AMCCOLMAIMHM KOTOPHIX B PACTBOpAaX PABHA €IH-
HHIE M MOYTH HE 3aBUCUT OT KOHLEHTPAaUMH pacTeopa. HXx HaspBaoT
CHIBHBIMM 30eKTponuTaMu. K CHIbHBIM 3J€KTPOIMTAM B BOM-
HBIX PacTBOpax NMPHHAIJIEKHUT TOAABNsIOLIee GONBIUHHCTBO COMEH, Lieno-
4el, B TalOKe HEKOTOPBIE KHUCIIOTHI. :

ONEeKTPONHUTHI, CTENEHb TUCCOLMALIUH KOTOPBIX B pachopax MEHBILE
€[IUHMIIBI H YMEHBIIAETCS C POCTOM KOHLIEHTPAaUHH, Ha3bIBAIOT € 120 bl -
MH 21eKTponuTaMu. K HIM OTHOCAT BOTy, PAX KUC/IOT, OCHOBaHMS
p-, d- ¥ f-311eMeHTOB. MeXly 3THMH ABYMs TPYNIIaMé HET YeTKOH rpaHu-
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Hbl, OZIHO H TO K€ BEHIECTBO B OJHOM PacTBOPHTEJIE TIPOSBIAET CBOMCTBA
CWJILHOIO, a B IpyroM — ciaboro siekrponuta. Hanpumep, xnopua nu-
THA M HOJIM/l HATPHS, HMEIOLIHE HOHHYIO KPHCTAJUTMYECKYIO PELIETKY, IIPH
pacTBOpEHMH B BOJAE BeyT cebs Kak THIMYHBIEC CHIbHBIE DJIEKTPOJIHUTEI,
NPH PacTBOPEHHUH K€ B ALIETOHE WM YKCYCHOM KHMC/IOTE 3TH BEIICCTBA SB-
AAI0TCA €1a0BIMH 3MEKTPONIHTAMH CO CTENEHbIO AUCCOLMALIMM B PacTBO-
pax MeHbuIe €AMHHULIBI.

bonee noapobHo cinalble H CHIBHBIE SJIEKTPOINTH OyQYT paccMoTpe-
Hol B §8.4.

H3MeHneHHe SHTAILINH M 3HTPONNH CHCTEMbI NIPH PACTBOPCHAH.
PacTBopeHne ciefyer pacCMaTpyBaTh KaK COBOKYHNHOCTb (PM3H4ECKUX H
XUMHYECKHX SBIECHUHA, BbIAEss DU 3TOM TPH OCHOBHBIX [IPOLIECCA:

a) paspyllieHHE XMMHYECKHX M MEXMOJIEKYJSAPHBIX CBA3eH B pacTBo-
pAIOHIMXCA ra3ax, XKMIKOCTIX MW TBEPAbIX Tesax (B TOM YHCJIe U CBA3eH
B KpHCTEUUIa'X), TpeOyrolee 3aTpaThl JHEPTUH. DHTANBLIMSA CHCTEMBI TPH
5ToM pacret : AH> 0 _

0) XHJMHYECKOE B3aUMOACHCTBHE PACTBOPHTENA C PaCTBOPAIOIIHMCSH
BEILIECTBOM, BbI3BaHHOE 00pa30BaHMEM HOBBIX COCIWHEHHUH — CONbBATOB
(WU TEOPaToOB) — M COMNPOBOXKIAKOLEecs BBIICIEHHEM BSHEPruH. OH-
TAJIBIINA CUCTEMBI TIPH 3TOM yMeHbtnaeTcs: AH, < 0,

B) CaMONPOU3BOJIBHOE MEPEMEIIMBAHME PAcTBOpa MM PaBHOMEpPHOE
pacrpenesieHHe COJIbBaTOB (TMAPATOB) B PACTBOPHUTENE, CBA3AHHOE C
nubdysueit 1 TpeOyromee 3arpathl SHEPrUM. DHTANBIHMA CUCTEMBI MpPH
a1oM pacter: AH;- 0.

Cymmaphbiii TersioBol s@dexr npouecca pactBopenmns {(AH = AH, +
+AH, + Af3) MOXET ObITh TTOJIOKHUTENBHBIM (3HIOTEPMHUYECKOE
pacTBOpEHHE) U OTPHHATENbHBIM (3K30TEpPMHUYECKOE pac-
TBopenue) Ecnu B BoOe pacTBOPSAIOTCS rasbl WIH )XUIKOCTH, TO DHEp-
rus AH,, 3aTpaunBaeMas Ha pa3pbiB MEKMOJIEKYIAPHBIX CBA3el, HeBeUKa
M TIPOLECcC PacTBOPEHHUS COTIPOBOXKIAETCS BbleNeHHeM TernoTel (AH<0).
Ecan pacTBOpArOTCS KpUCTaJlIMHecKe BELIECTBA, Pa3pyLIeHUE PEeLLETKH
TpeOyeT 3HauuTeNbHOM 3aTpars! 3Hepruu. [losToMy pacTBOpeHHe TBEpIbIX
BEIECTR B BOAE YaCTO NMPOXOAUT C NornoueHuemM termnotel (AH > 0) u a8-
JISIeTCS IHROTEPMHUUECKUM HPOLIECCOM.

Ternnora pacTBOpeHHs, OTHECEHHAS K OJHOMY MOJIO PacTBOPEHHOTO Be-
1ECTBA, 3aBMCHT OT COAiepXkaHus pacTsoputens m. Tak, Hanpumep, TenIoTa

pacteopeHns HuTpata amMmoHus NHy;NO; B BoZie MokeT MEHATHCS TaK:

3aech U panee npeanonaracTcsa, 4UYTo pacTBOPEHHME TIpOTEKacT B 14306apHo-
MUIOTCPMUUCCKUX YCIIOBHAX.
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m,rH,O na 1 Mmonib conut . . . 100 1000 10000 ®©

AH'08, kIli/MOMS . . . . . 18,16 24,31 25,75 25,77
AmnaJiornunbie JaHHble 14 cepHOH kucnotel H,SO,:

m, r H,0 Ha 1 MOJIb KHCITOTHL, . . 100 1000 10 000 o

AH g, kIKIMOTS . . . . . 53,39 73,41 -7696 96,19

PactBopenne nporexaer camonpomseonbho (AG < 0) BIUIOTH 4O Ha-
ceimieHus pacropa. IIpu stom Tennosoii a¢dexT npouecca pacTsopeHus
(AH) 1 M3MeHeHHe SHTPOIHH TIpH pacTBOpeHuH (AS) MOTyT GbiTh M HOJIO-
JKUTETBbHBIMM, H OTPULATENEHBIMYA (TIPOLIECC HE MOXET MPOTEKATh CaMmo-
MPOU3BOJIEHO TOJIBKO TOTAa, korga AH > 0, a AS< 0; em. 1. 5).

PacTBopenue razos B BOI€ HUAET C BhlAeNeHHEM TemoThl (AH < 0) u ¢
y6binbto sHTponuu (AS < 0). CornacHo ypasHenuro (5.22), caMonpous-
BOJIbHOMY TEUEHHIO MPOLECcCa PacTBOPEHHS ra30B B BOJIE CIIOCOOCTBYIOT
HU3KMeE TeMreparyphl. Uem Beile Temmeparypa, TeM Oosee BepOATHO, UTO
BesinuMHa TAS pocTurset 3HaueHus AH, a pasenctBo AH = TAS orsevaer
paBHOBecHIO npoliecca pactBopenus (AG=0), T. €. HaCBILEHHIO PACTROPA.

PacTBopeHte KPUCTALTHYECKHX BELIECTB 4acTO W/ET C TIOTIOIEHUEM
tennotsl (AH < 0) n 06b1uHO corpoBokaaeTcs poctoM 3HTponkH (AS > 0).
CornacHo ypaBHeHHiO (5.22), caMONPOM3BONIBHOMY TEYEHHUIO Mpoliecca
PACTBOPEHUS KPUCTAJUIMYECKUX BEILECTB B BOME CNIOCOOCTBYIOT BBHICOKUE
TeMaepaTypsl. [IpH HU3KMX TeMrepaTypax BO3MOXHO, UTo BeJinunHa TAS'
He JOoCTUrHer 3HadeHHss AH # aneprusa ['ub6ca npouecca Gyier MoONOXH-
TensHa (AG > 0).

Pacreopumoctn. [lpn pacTBOpeHMM BelleCTBA MOMKET BO3HHKATH
paBHOBecHE, MPH KOTOPOM CKOPOCTh PacTBOpEeHUS ¢a3bl paBHa CKOPOCTH
ee obpazoBaHus:

PacTBOpCHHE

PactBopsiemoe BelecTso ($aza) Z PactBop
o6pasopanne a3t ‘

Ilpu paBHOBecHH HM3MeHeHHUe dHeprud I'nbbca cHcTeMbI paBHO HYJIO,
(AG = 0). Pacmgop, 8 KOmMopom YyCMAHABTUBAENICA PAGHOBECUE MENCOY
pacmeopenuem u obpazosanuem (ocaxcoenuem, Kpucmaviuzayuet, guloe-
JICHUeM) Bewyecmeq, Ha3bl8aemca HACLIUEHHbIM, a KOHYEHMPAYUS MAKO20
pacmeopa — pacmeopuUMochIbio.

Tak Kak pacTBOPEHHE Ta30B IMPOLECC DK3OTEPMHYECKMI, TO HX pac-
TBOPUMOCTb YMEHbINAETCS C YyBEJMYSHHEM TeMnepaTypbl. Pacmsopu-
MOCmb 24308 6 JHCUOKOCIU NPONOPYUOHANLHO UX RAPYUATbHOMY Odélle-
nuio Hao ocuoxkocmero (3akoH IeHpu). [lockonbky OOIBIMMHCTBO
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TBEP/LIX BEHIECTB PacTBOPSAETCS C MOINOIEHHEM TEMJIOTHI, TO UX pacTBoO-
PHMOCTh BO3pacTaeT ¢ yBenuueHuem TemnepaTyps (puc. 8.5). Onnaxo,
PacTBOPHMOCTb HEKOTOPBIX Collel, Hanpumep FeSO, - H,O, Na,SO, - H,0,
Na,SO, cHwxaetcs ¢ yBenuueHHeM Temneparypel. Ha pactBopumocTts
OKa3bIBAET RJAHAHHME MPUPOAA pacTBOpuTens. J{ng opraHudeckux coeu-
HEHHIA NMPHMEHUMO TPABH/IO0, COMACHO KOTOPOMY BELUSCTBO Ny4lile pac-
TEOPSAETCH B TAKHX PACTBOPUTE/AX, KOTOPHIE XMMHUYECKH €My TOJOGHSI,
HarpUMep YrAeBOOOPObl B YIAEBOAOPOIHBIX PACTBOPUTENNX, NOAAPHBIS
BEUIECTBA B MOJMPHBIX PACTBOPHTENIAX.

Teopun KHCJIOT U OCHOBAHMIA.
KucioTHO-0CHOBHEIE  B3aUMOACHCT-
BHS LIMPOKO pacnpoCTpaHeHbl B
NpHPOJIE H TEXHHKE, MTOITOMY JABHO
TNPUBNEKATH - BHUMAaHHE  YYEHBIX,
OPEUIOKUBLIMX HECKONbKO TeopHii
3THX mpoueccos. B mocneanue rojpl
ObIIO0 MOKa3aHO, YTO GONBIUMHCTBO -
TEOpHii He NPOTHBOpPEYAT IPYyT ApY- : :
ry, pHO MMCK‘))T pa3n€4qmﬂe F:)}(,Snagzln 01030 50 ,bf,‘i,ep;‘,’?yp;f% '
npumeneHus. Hanbonee H3BECTHBl py, ¢ 85, 3asucumocts pactsopumocts
TEOPHS, OCHOBAHHAA Ha MEXAHH3ME  HEKOTOPHX COCXMHEHHIT OT TEMIICPATY B
INMEKTPOTUTHUYECKOH JHCCOLIMALIHH, '
OPOTOHHAS U WICKTPOHHAS TEOPHH KUCAOT ¥ OCHOBAHHH.

COrACHO Mmeopuy IIeKMPOTUMUNeCKOT JUCCoyuayut, IPUMEHHMON K
BOJAHBIM PACTBOPaAM, KUCTOMOU ABIACMCA SIEKMPOIUM, KOMOPBIl OUCCO-
yuupyem ¢ obpazosanuem uonos H'. Cwmbbie xuciaors (HCI, HNO;,
H,SO; u Ap.) AHCCOUMHPYIOT TIPAKTHYECKH MOTHOCTHIO, Y CJIAa0BIX KHCIIOT
JUCCOLIMMPOBAHA JHILb YaCTh MoKyl O CHITE KMCIOT MOMKHO CYaUTh 110
KoHcTauTe auccouuaiivi. Yem Gonblie KOHCTaHTa AuccouMalyy, TeM 6o-
ne