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MaiaraloTcsi coBpeMelHble NPEACTABJIeHHS O CTPOEHHH aTOMOB,
“MOJIEKYJl H KDHCTAJUIMHECKMX Tel H IPUPOLE XMMHUYECKOH CBS3H.
KHHra cOCTOMT H3 YeThIpex yacrefi: CTpOeHHe aToMa, NePHOLHIECKH
34KOH W €ro CBsi3b CO CTPOeHHEeM aToMa, CTPYKTypa MOJIEKYJl U XUMH-
yeckasi CBfi3b, CTpOeHHe BellecTBa B KOHIeHCHDOBAHHOM COCTOSIHUH.

Hacrosmuii Kypc npejuiectByeT Kypey XHMHUHM H cnocoGeTBYET
{OBbIlIeHHIO YDOBHst 3HAHMA MO HeopraHHUecKOd XMMHH H 6onee
yray0ieHHOMY H3YUeHHIO OpraHuyeckoii H AHAJHTHUECKON XUMHH.
Kuura npenHasHauesa jAjs CTYACHTOB XMMHKO-TEXHOJIOTHYECKHX, TO-
IMTEXHHUECKHX H HEXHMHUECKHX BY30B, B KOTOPBIX H3y4alTCa Kypchl
HeopraHudeckol U Oprafnueckoil XuMHH. Moxer 6BITh MOJIe3Ha s
HHXKeHepHO-TeXHHUeCKHX H HaydHhIX pabOTHHKOB, MPOH3BOJACTBEHHARA
MM HCCICOBATeNbCKAst JesTeNbHOCTh KOTODBIX cBfi3aHa C XHMHYE-
KOl TeXHOJOTHel, MeTa/LTypruei, reoxumueil. Bropoe u3janue cyiie-
CTBeHHO nepepaboTaHo M AONOJHEHO.
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MNPEAUCIIOBUE

bBypHoe pasButHe XuMHH 3a TIOCIeAHHE HecATHNeTHH Tpebyer
BHECEHHS ONpe/le/IeHHbIX KOPPEKTHB B cHcTeMy o6yveHus. B Hacros-
luee BpeMs BLICOKHH yPOBEHb NPENONABAHHS XHMHUCCKHX NHCIHIIIUE
HEBO3MOXKeH 6e3 IMHPOKOro HCNOJb30BaHHS NpeACTaBJIeHUHA 0 CTpoe-
HHM aTOMOB, MOJICKYJ, KPHCTAJ/UIHYECKHX Tedl H O NpHUpode XuMHYe-
ckO# cBsi3H. [Tostomy cTymenTn BY30B yxe Ha EPBOM Kypce 10JK-
HBEl MO3HAKOMHTBLCH € TEMH NOHATHSIMY H METOZaMH, KOTODHIMH Ofie-
PUpYeT COBpeMeHHasi TEOPHsI CTPOeHH s BelleCTRA.

Craso TpagHLHOHHEIM H3MOXKeHHe CBe/ICHAH O CTPOEHHH Belnect-
Ba B KypCe OGIIeH ¥ HeOPTraHHYECKOH XHMHK. Ho ara HHpopManus
TOHET B OGIUEM NOTOKE MHOTOYHCACHHBIX CBeAEHHH no obwmed U He-
OPraHHYECKOH XHMHH H He CKJafLIBAeTCs B OCHOBY JaJibHefllerc
H3YUCHHS BEPEHHUB! XMMHYECKHX NHCHMILIAH. JLisi TOro 49TO6B! IaThb.
STOT MaTepHajJ B CHCTEMAaTHYECKOM H3JIOKEHHH W Ha 6osee BHICO-
KOM ypOBHE, B MOCKOBCKOM XHMHKO-TEXHOJOrHYECKOM HHCTHTYTe
uM. 1. M. MennesieeBa B 1964 r. NpenofaBaHHE NHKJAA XHMUYECKHY
OUCHHUIVIHH GBlJIO HAYATO C YTEHHS B lepBoM CeMecTpe Kypca «Crpoe-
HHE BEIIECTBA», KOTOPHHA NpPElIecTBOBAJ H3JI0KEHHIO HeopraHuye-
CKOH H OPraHHYecKOH XHMHH. BBegenue TaKOTO Kypia NOTPeGOBaJic-
NePECTPOHKH NPENOoIaBaHHs BHCIICH MATEMATHKH: B IIEPBOM CceMecT-
pe OBUIO XaHO KOHUEHTPHPOBaHHOe H3J/I0KEeHHe OCHOB AH(pdepeHnU-
aJ1bHOTO H HHTErPaJIbHOTO HCYHC/ICHHHA H METOJOB pelieHHda npocreii-
WHx auddepennHanpHEX YPaBHEHHH; €O CMBICJIOM HOHSTHIL «Npo-~
H3BOJHAsI», «<HHTErpas», «auddeperunainuoe YPaBHEHHe» CTYJeHTEl
O3HAKOMHUJIACh YXe Ha NepPBHX JEKIHSX. OKCIepUMEHT ypancs —
Kypc «CTpoenHe BemiecTBa» Gbij XOpOLIO YCBOGH H 3TO NO3BOJHJIGC
SHAYHTE/]LHO MOBBICHTL YPOBEHb NPENOAAaBAaHHA He TOABLKO XHMHYe-
CKHX, HO M Ipyrux pucuumaums. B MXTH um. JI. H. Mengeneena
PCIICHO NPAKTHKOBATh NAHHYIO CHCTEMY OGYYCHHS,

Hacrosmas kaura samdcama kak y4e6HOe nmocoGHe no ykasaH-
HOMy Kypcy. B ee ocHoBy nosomen Teker HOCOGHS, H3ZAHHOTO B
MXTH um. [1. V. Menzeneea B 1964 r. Pasymeercs, oHa MoOxker
OBITH HCHO/NB30BAaHA H NPH TPANHIHOHHOM H3JIOXKEHWH 06lnell H He-
OpraHHYeCKOH XHMHH.

YueHne o cTpogHHH BemecTBa SIBJIICTCSl, BEDPOSATHO, HaHGOTee
CNOKHOH 06/1aCTbIO COBPEMEHHOr0 CCTCCTBO3HAHHS; OHO HCHOJIb3yeT
IPAKTHYECKH BCE NOCTHXEHUA (QU3HKH M I'PaHLHO3HEI MaTeMaTdye-
CKHH anmapat. OYeBHIHO, MHOTHe CYIIECTBEHHbIE BONPOCH He MOryT
GBITE KOJIHYeCTBEHHO PaccMoTpeHEl B Kypce, nmpeAHa3HAYEHHOM s
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guTaTeell, 3HAKOMBIX TOJMBKO C HauaJlaMH MaTeMaTHYeCKoro aHaJH-
3a. [To3TOMy 3ajaueli JaHHOH KHHTH SIBJSIETCA H3JOKEHHE OCHOBHBIX
3aKOHOB, NMOHATHA H npejcTaBJeHHil O CTPOEHHH BellecTBa C MOKa~
30M TaM, TAe 3TO AOCTYNHO, KOJIHYUECTBEHHOfl CTOPOHBI pa3bHpaeMblX
BOMpPOCOB, @ TaKKe 03HAKOMJCHHE C NPHHUHIAMH COBPEeMEHHBIX Mé-
TOLOB HCCAEAOBaHUs CTPYKTYpHL. IIpn HCNIOAB3OBAHHA mMaTeMaTHue-
CKOFO amnapaTa Mbl CTAPaJHCh H3GexaTh rPpOMOSAKHX BbIKJIaJI0K, HO
BMecTe C TeM AaThb, T€ 3TO MPEeACTABAANOCH BOSMOKHBIM, «KJII0U» K
Gosee rayGOKOMY H3YUEHHIO. EctecTBeHHO, 4TO psifl BONPOCOB B Ha-
cTosiIell KHUTe TIPHILIOCH H3/T0KHTb B HECKOJIBKO yNPOLIECHHOM BHJIE.

TTocKOMbKY UTeHHe 3TOl KHHTH MOMET NpelllecTBoBaTh H3y4eHHIO
BY30BCKOTO Kypca XHMHH, 3]1€Ch NPHILIOCH paccMOTPETh HEKOTOphIe
pasbupaeMbie B 9TOM Kypce BONpOCH (cTemeHH OKHCJIEHHS 3JIeMeH-
TOB H KHCJOTHO-OCHOBHBIe CBOMCTBA coeluHeHuil, oblie CBefCHHS
0 KOMIJIeKcax W Ap.). ITOT MaTepHal Mbl CTapauch H3NOKHTH npe-
JenbHO KpaTKo. Heo6xoanmo 6bLI0 TaKiKe COOGUINTD P CBeJeHHH
W3 06JacTH (PU3NKH; OHH JaHH B NPHJIOKEHHAX B KOHILe KHHTH.
B npuioxeHHe TaKxKe BbHECEHH BbIBOIM HEKOTOPbIX COOTHOUICHHH
U cBejleHHsi, KOTOpble MOryT ObiTh ONYyLIEHB! INPH nepBOHauabHOM
03HaKOMJIEHHH C pa36HpaeMbIMH BOIPOCAMH.

Hacrosiillee H37aHHe OTIHUAeTCs OT INepBOro, BEILIELUIETO B
1967 r. MHOTHe pa3ieibl KHHTH nepepaGoTaHbl, BBEICH psil HOBHIX
naparpaoB, HCIpaBJieHbl HEKOTOphIE HeTOYHOCTH. JTH H3MeHeHHs
BOBHUK/JM B OCHOBHOM B pe3yJbTare yueTa MHOTOUHC/EHHKHIX cose-
TOB, NMOXKeJaHHH W KPHTHUECKHX 3aMeuaHHil, MOJYyUeHHBIX aBTOpaMH
ot npod. C. M. Apusi 0 ApYTHX KOJIET, 03HAaKOMHBILUHXCH ¢ NEPBHM
H3JIaHHEM.

ABropnl 6yayT 6aarofapHb UATaTENAM 32 AanbHeAUIHe NpeaJo-
JKEHHs MO yJNy4LIeHHIO KHATH.



YACTDH I
CTPOEHME ATOMA

BBE[AEHME

1. Atomsl. [Toc/ielHHM H3BECTHEIM B HacTosmlee BpeMs npenenaoM
ACTHMOCTH BEWECTBA SIBASIOTCS 9ACMEHTAPHOIE 4ACTUYbL — IPOTOHDI,
HeHTPOHB H Ap. 3a Noc/iefHHe NeCATHICTHS Gnaroapst mosiBJIEHHIO
MOIIHBIX yCKOpHTe/NeH H TINATeNbHOMY HCCAEHOBAHHIO COCTABAa KOC-
MHYECKHX JyyeH CTa/Jo H3BeCTHO OKoJo 200 3JIeMeHTapHBIX YaCTHIL.
Tenepb craBuTcst BONPOC 06 X CTPOEHUM; B CBSI3H o 5THM BMecC-
TO TEPMHHA «3/I€MEHTapHble YaCTHLbI» HHOTAA HOMB3YIOTCS BHIpa-
XKeHHeM «(dyHAaMeHTalbHBIE 4YaCTHUBI»., ATOMamu Ha3uIBaIoTCs
HauGosiee HPOCTHIE S/EKTPHYECKH HelTpasibHble CHCTEMBI, COCTOS-
liHe M3 3JEMeHTApHBHIX YacTHI. Dosiee CJA0XKHBE CHCTEMBl — MO-
AEKY 6L — COCTOAT H3 HECKOMbKHX aTOMOB. XHMHKAM NPHXOXHUTCS
HMeTb JeJI0 C aTOMaMH, 00pasyoIUMH 8eUeCT8q, — aTOMAMH XHMH-
YECKHX 3JI€MEHTOB; OHH NPEeACTABASIOT HaHMEHLIIHe YaCTHUBI XH-
MHYECKHX 3/eMEeHTOB, SBJSIINMECS HOCHTEAAMHM MX XHMUYECKHX
CBOHCTB. ATOM XHMHYECKOTO 5/€ME@HTAa COCTOHT H3 HOJOXKHUTENBHOTO
A0pa, COAEPKAILIETO NPOTOHLL U HehTPOHbL, W ABHXKYIHXCSI BOKPYT
SAPA 3REKTPOHOB *. MHOrMe H3 3THX aTOMOB YCTOU4UBbL;, OHH MOTYT
CYLIECTBOBATb CKOJb YroAHO foaro. MaBecTHo Takke Gospluoe ukc-
10 PAGUOAKTUBHOLY aTOMOB, KOTOpHie CHyCTsl HEKOTOpOe BpeMsl Npe-
Bpallalorcs B Apyrue aTOMH B pe3y/bTaTe H3MeHeHHI, [POHCXO/IA-
IIHX B siApe.

UHcao 3M€eKTPOHOB B HedTpaJdbHBHX aToMax
A1E€MEHTOB PaBHO NOJOXHTEJNbHOMY 3 apany aapa
(BbHIpaXKeHHOMY B eIMHHUAX SJIEMEHTapHOro 3apsiia); 3apsix aapa
PaBeH N0 BeJHuHHE H NMPOTHBONONOKEH IO 3HAKY CyMMe 3apsI0B
3JIeKTpOHOB. [IpH yAaneHHH OLHOrO HAH HeCKOMBKUX 3JIeKTPOHOB OT
aToMa 06pasyercsi MONOKHUTeNbHBIH HOH, IpH HpHCOeIUHEHHH 3JIeK-
TPOHA — OTPHIATENbHBI HOH.

Hucno anekTpoHOB B aToMe, a C/Ie10BATENbHO, HOJMOXKHTEABHBIH
3apaAl snpa onpenessier HOBefeHHE aTOMOB B XHMHUECKHX peaxIusx.
XHMHYeCKHH 3MeMeHT—3To COBOKYNHOCTL aro-

* CylLecTBYIOT aTOMBI, 0GpasoBaHHble H3 NO3HTPOHA H 3JEKTpOHA (NO3HTPO-
HHf), W3 NpOTOHa W Me3oHa (MesoatoMB) u ap. BpeMs xH3HH 3THX aTOMOB
COCTaB/IAeT MeHee MHJTHOHHON JOMH CeKYHIBI.




MOB ¢ OLMHAaKOBBIM 3apsaaoM dALpa. 3apsg sigpa ompe-
fessieT MoJoXKeHne 3jJeMeHTa B nepuonuueckoit cucreme [I. . MeH-
LeneeBa: mopAZKOBEA HOMep 3JEe€MEHTa B NMEpHOLH-
YecKOll cucTeMe paBeH 3apaAy AApa aToMma sJae-
MeHTa (BHPaKeHHOMY B €JHHHUAX 3JIEMEHTAPHOTO SJEKTPHYECKO-
ro sapsaza).

Mpest 0 TOM, 4TO BCE Teja COCTOAT M3 IPeAebHO MaJblX H naJjiee HefeJHMBIX
yacTHI — aTOMOB, ITHPOKO o0cyxpajach ele 10 Halielt 3pbl APEBHETPEYECKHMH
¢punocopamn. CoBpeMeHHOe NPEICTABJCHHE 06 aToMaX Kak MeJbyaHIliHX 4acTHUax
XUMHYECKHX 3JeMEeHTOB, CHOCOOHBIX CBA3BIBATHCA B 6oJiee KpPYyHHble YaCTHIBl —
MOJIEKYJbl, H3 KOTOPHIX COCTOAT BEIIECTBa, 6oulo BepBhle BoickasaHo M. B. Jlomo-
HocoBbIM B 1741 r. B paboTe «DjeMeHTH MaTeMaTHYeCKOH XHMHH»; 3TH B3TJALbE
IpONAraHipoBalnCh HM HA MPOTAXEHHH Bcefl ero HayuHo@l gesTenbHOCTH. CoBpe-
MEHHHKH He 0OpaTHJH MOJIKHOTO BHHMaHHS HA paBorst M. B. Jlomonocosa, xoTa
oun GbiM onyGJHKOBaHbB B HM3JaHUAX [lerep6yprckoit AkageMuu Hayk, noJydae-
MBIX BCEMH KPYIHBIMH OHOJHOTEKaMH TOTO BpPEMEHH. B nauaae XIX B. [lajbton
(ABrams) HCHOMB30BAJ MeHee COBEpUIEHHLIE NpefcTaBJeHHs] 00 aTOMHO-MOJEKY-
JAPHOM CTPOEHHH BeIlecTBa (B 4aCTHOCTH, B OTJHYHE OT M. B. Jlomonocosa on
He JOMyCKaJ BO3MOXHOCTH OOpa30BaHHS MOJIEKYJ H3 OIHHAKOBLIX aTOMOB) MAJif
OGbACHCHHS COOTHOMEHHH, B KOTOPbIX BEIECTBA BCTYNAIOT B PEAKLHH APYT ¢ Apy-
rom (3TH AauHbie BO BpeMEHA M. B. JloMoHOCOBa He OBbIJIH H3BECTHBI). Pa6ortb
JlaabToHa CIyCTA HECKOJIBKO JieT mocie HX ONyGAUKOBAHHS TPHBJEKJIH BHHMaHHE
GONbIIOro UHC/A - HCCeAOoBaTeell; ¢ 3TOTO BpeMeHH Hauajoch MIHPOKOE HCIIOJIb30-
paHHe aTOMHO-MOTEKYJAPHEIX IPEACTaB/eHUil B XUMHH H ¢usHKe.

9. Yycao Asoragpo. Huciao atToMoB B OAHOM TrpaMM-
aToMe JAI0G0T0 3JeMeHTa Ha3bBaercs HUCIOM
ABorajpo; 3Ta KOHCTaHTa 0GO3Hayaercs N,. HauGonee To4HBIE
¥3MepeHust TOKa3LIBaIoT, UTo

No— 6,02296-102 2-am—1.

TakoBO Xe 4YHCI0 MOJIEKYJa B TpaMM-MOJEKyJe J060T0 HHANUBHAY-
aJBHOTO BelliecTBa. DTa BeJMUKHA, BEIpaxalollas OTHOWIEHHE MACCh
rpaMMa K !/i2 Macch aroMa C!2, siBasieTcsi OJHON M3 HauGonee BaX-
HBIX B XUMHH ¥ (H3HMKe YHUBEPCALbHbLX NOCTOAHRLLY, OHA HE 3ABUCHT
OT NPHPOJHI BEllecTBa U ero arperaTHoro COCTOSIHHAL.

Upncao ABorapo MoxerT GbITh HaliIeHO pasaHUHBLIMH, COBEpLICH-
HO HesaBHCHMBIMH APYT OT APYra CMocoGaMH, KOTOPHIX B HACTOALLEE
ppeMs u3BecTHO oxoJo 60. Mbi pasfepeM JBa M3 HHX— OJUH U3
HanGosee HATJSAHEIX M OJIUH U3 Haubonee TOUHBIX.

1. TIpn pacnajle HEKOTOPHLIX PaJAHOAKTHBHBIX 3JIeMEHTOB HCHyC-
KaloTCs q-UacTHIBI — fAApa aTOMOB T, Berpeuast Ha CBOEM NyTH
KAKOe-AMG0 BElleCTBO, OHM TOPMO3ATCS B HEM H, MPHCOSAMHAT X
ceGe IBa 3/€KTPOHA, NMpeBpALLAlOTCA B aTOMBL TeJIMI. KonuuecTso
BHIIESOEr0cs NPH 3TOM reJHs HEBEIHKO, HO €r0 MOXHO onpefie-
JUTH TPH NMOMOIIY MHKPOMETOLOB. Tak, 6blJ0 HaligeHo, uto 3 1 &
paaus (coiepKamlero NPOAYKTEL pacmaga) oGpasyercs 159 mad
renyis B roq uan 5,03 - 10-9 cx® He B cexynay.

o-UacTuia, #3 KOTopoll o6pasyercs aToM reqnd, o6najgaer sHep-
ryefl, 10CTATOUHOM AJS TOTO, YTOGH MPOM3BECTH 3exT, BUIUMBIHR
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rnasoM. Hanpumep, npu nonananuu a-vacTuns na 9KpaH, NOKPHTHI
cynpQHAOM LUHHKA, HabJIOnaeTcs BCOBIIKA CBETa (cuuaTHANSAUMS),
KOTOPYIO MOXHO yBHAETD B JIYIly; 3TO HCIOAB3YETCH AN CYETA q-yac.
Trl. VIMEIOTCS B IpyrHe cnoco6H nabaiofenus u cuera q-yacruu. Ta-
KHM 06Da3OM, MOXHO COCYHTATDB, CKONBLKO @-9aCTHL HCOYyCKaeTcs
Ou€Hb MAIELIM, HO CTPOTO ONpEJeNeHHBIM KOJHYECTBOM paHOaKTHB-
Horo BemecrBa. [TockonbKy kaxpas e-uacTHia npespaiaercs B
4TOM Tre/iHd, H3 3THX JaHHEIX MOXKHO PAaCCUHTATb, CKOJBLKO ATOMOB
renns nonyvaercs H3 1 2 paanoakTHBHOTO mpenapara, a sHast 06bem

R O W T @ B s

Prc. 1. CxemaTryeckoe n306paxenne YCTaHOBKH MHnn-
KeHa [JI1 H3IMEDPEHHS 3apsija SMEKTPOHa:

1, 2 — naactuun KOHZAeHcaropa; 3 — MeTaanuueckas KaMepa;

4 — TepmocTar: 5 — PAaCHelTHTeNb Macaa; 6 — OTBepCTHE B nJa.

CTHHe; 7 — 3pHTenbHas Tpy6a; & — Gatapes AKKYMYJISATODOB;

9 — maHoMeTp; 10— PEHTreHOBCKast TpyGkKa; [/ — TEePMOCTATH-
pyomas XKHAKOCTb (KepocHm)

06pa30BABUIETOCS TeNMS, JETKO HAHTH YUCAO 4ATOMOB, COZepXallHx-
¢ B 224 4 TeNHs, H3MEPEHHOTO PN HODMANLHBIX YCJAOBHSX. Mo-
JICKy/a reJius OJHOATOMHA, H KOJHYECTBO ATOMOB B TPaMM-MoJeKy-
JSDHOM OGbeMe 3TOro rasa paBHO YHCNY MOJIEKYa — yucny ABoraj-
po. Takne usMepenus BHepBHe GbLIH npousBeaeHt Pesepdopaom c
coTpyanukaMH B 1911 r. Onu manuiu No=6,1:10%, yto noBONBHO
GJIH3KO K YCTaHOBJIEHHOMY B HacTOSIee BpeMs 3HAYEHHIO.

2. Yncno Asoraapo Moxer 6bTh TaKXe HalJleHo ¢ [OMomIbio
BEIHIHHEL 3apANA 3JEKTPOHA — (DYHAAMEHTANBbHON KOHCTAHTHI, 3Ha-
HH€ KOTOPOH HeO6XOAHMO JJis TCOPHH CTPOCHHSA BeIlecTBa.

Tounoe onpenenenne sapsina SJIEKTPOHA GLIIO BHEPBbIE OCYIIE-
CTBJIeHO B 1909—1914 rr. Munaukenom (CIIA).

CxeMa ycranoBxH, CKOHCTPYHpOBanHOH MHNHKeHOM, H306paxxe-
Ha Ha puc. 1. OcHOBHO# ee yacThio ABASACS 9JIeKTPHYECKHH KOHJeH-
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caTOp, COCTOAIIHH H3 JATYHHBIX IUIACTHH 1 u 2, KOTOpLIA HAXOLUJICH
B MeTaJJMueckoii Kamepe 3, sakmouensoil B tepmocrat 4. IIpu mo-
MoOLLE pacmbliuTeNsi 5 B KaMepe CO31aBaucs TyMaH M3 MaljieHbKHX
kameap Macia. Uepes oTBepcTHE 6 B BepXHEH nacTHHe Kaman Mor-
M TOMAajAaTh B KOHAeHCATOP. 32 HX IABHKEHHEM MEXIy JaCTHHAMHE
KOHJEHCATOpPA MOXHO GblIO HaGaiofath B 3PHUTE/BHYIO Tpyby 7.
OcBellieHHe HAXOASAIErocs B PUOOpe BO3LyXd PeHTI EHOBCKHMH ay-
yaMu (MX HCTOYHHKOM CJyXHJ/a Tpy6Kka 10) BbI3bIBAJSO HOHH3AUHIO;
o6pasyloluecs: B pe3y/brare 3Toro cBOGONHBIE 3JIE€KTPOHB (HJIH TO-
JOKHTebHbIE HOHB) TOMafajH HA KalUIH Macia  Kaluli NoJdydaii
3MeKTpHUecKHl 3apal ex. Vamenss nanpsKenne Ha MJacTHHAX KOH-
JeHcaTopa, MOXHO GblIO MOR06paTh TaKoe ero 3HaueHHe, IPH KOTO-
pOM cHJa 3JEKTPHYECKOro Mo ypaBHOBeNIMBaJa CHJIY THAKECTH
3apsXKeHHON KalulH, H OHa OCTaBajtach HenoBHKHOH B MOJe€ 3pEHH.

Torpa
mg =e.E, [(99))
rlie m—Macca Kaluii; g — ycKopeHnHe cuan TsKecTH; E — nanps-
3KEeHHOCTb 3JIE€KTpHYECKOro Momd. JIna MJAOCKOTo KoHJeHcaTopa

|4

'd—, 1.2)

E=

rge V — NpuaoKeHHOe K MIACTHHAM HaMPAXEHHE, d — paccrosinue
Mexay naacthaamu. U3 (1.1) u (1.2) caenyer, 410

d
o =L, (1.3)

|4

OTCIOfla, 3Hasd Maccy Kaljn, MOXHO GbLIO HAlTH BEAUUMHY ex (Mac-
ca Kamau MozeT GbiTb ONpejeeHa MO CKOPOCTH €e fnajfieddss B BO3-
JiyXe B OTCYTCTBHE 3JIEKTPHYECKOr0 MOJIs) .

MHUJIHKeH 06HapyKuJ, YTO 3apAbl Kaneb Bcerfa 6biBalOT KpaT-
HbBIMH HEKOTOPOH BeqHuHHE e, 3apsil, MeHbILMIT e, He HalJjonaeTcd.
D70 MOXKHO GbLIO OGBACHHTL TeM, UTO Kamjd MOXKeT 3axBaThiBaTh
ofuH, ABa H T. J. IEKTPOHZ (nan WoHA) HO HHMKOTAA He NPUCOCILH-
HgeT AOJIO 3JEeKTPOHA, TAaK KaK 3JEKTPOH petenuM. OTciopa Hau-
MeHbUIHH 3apsi] Kaliyd — 3TO 3apal 3JIEKTPOHA.

[Tponeaas GoJabilloe YUCIAO HaMepeHHil 3apsiia 3JEKTPOHa, Mua-
JUKeH MOJNYUHJ 3HaUeHHE

e = 4,77-10—10 3a.-cm. 0.
BrnocaeacTBHH 3Ta BeJIHUHHa obLa onpenenena 0oJiee TOUHO, B Ha-
crosuiee BpeMd npnﬂ\nmae’rcsl, 4yTo
e =4,80286.10—10 s.2.-cm. €0. = 1,60206-10—19 «.

TakoBo 3HaueHHe 3TOH UpPe3BbHIYAHHO paxkHoll AN QU3HKH H XH-
MUH MOCTOSHHOH. C ee MOMOIIbIO MOXHO HaliTH, B HACTHOCTH, H

gucao Asoraapo.



JleficTBUTEJIbHO, cOryiacHo 3akoHy Dapajes, 0is BuAeNeHHs Of-
HOro TPaMM-3KBHBAJIeHTA BeleCTBa NPH 3JEKTPOJH3E HeOGXOIHMO
NpONYCTHTh Yepe3 pacTBOp OAMH (apafied 3JeKTpHuYecTBa, pPaBHbiil
96491 k. B yacTHOCTH, Takoe KOJHYECTBO 3JEKTPHUECTBA Heo6XO-
JUMO IJIs1 TOrO, YTOGB! U3 COJSAHOH KHcJOTH BblleauTh 1,008 2 Bogo-
pona u 35,453 e xnopa. Ilockoabky npH saekrposause pactsopa HCI
npoucxoAuT paspsn HoHoB H+t u Cl-, kaxaplii H3 KOTOpBIX Hecer
3apsij, paBHBIH 1O BeJHYHHe 3apAAYy 3JEKTPOHA, TO OUEBHIHO, UTO
JdeneHue (apanes 3JeKTpHYecTBA Ha BEJHYHHY 3apsijia 3JE€KTPOHA
IOKaXeT, CKOJBbKO aTOMOB cofepkurcs B 35,43 2 xzmopa wuaum B
1,008 e momopoaa, uau Boobme B rpamMMm-aToMe Jai000r0 3jJeMeHTa,
T. €. IaCT YHca0 ABOrajpo; cjiefoBaTeabHO,

F
Ny=—, (1.4)
) e
rae F— uucao ®apagesn. Orciona *

96 491

No=T%02.10-1

—6,023.1023.

Yucno ABoraapo orpomHo. IIpeacrasuM, uro Mel co6pany YKo
TOpOLIMH, paBHoe unucay ABorafpo. Ecian npuHATb 06beM rOpOMIUHDI
paBpiM 0,3 c#%, TO Takoe wuHcAO0 TOPOmMHH 3aifiMeT 06beM
0,3-6,023-10%=1,8-10% cu®=1,8-10% xu®. KyGuueckuil sHUK Ta-
KOH BMeCTHMOCTH UMeJ Onl AIHHY peGpa 565 xu.

H3 Toro ¢daxra, uro uncjao ABOrafpo OueHb BeJMKO, BBLITEKAIOT
JBa BaXHBIX AJA XHMHKA MOJOXKEHHSI.

1. Jaxe Takue MaJjibie KOJHYeCTBA BeleCTBa, KOTOPhie eBa pas-
JIMUMMbl B ONTHYECKHUH MUKDPOCKON, COJNepXaT OTPOMHOE KOJHYEeCTBO
artomoB. [losToMy BemecTBO MaKpOCKONHYECKH MpeNCTaBJAseTCS HaM
CILIOLIHBIM.

2. Jlio6oe, naxe caMoe uMcTOE BEUIECTBO BcerAa COIEpXKHT B Ka-
YyecTBe NpHMeceHl HEKOTOPOE KOJHUECTBO ATOMOB Pa3JIMYHLIX 3JeMeH-
TOB. B HacTosilllee BpeMsi HEBO3MOXKHO MOJIYYHTb B 3aMETHBHIX KOJH-
4yecTBax BellleCTBO TAaKOH YHCTOTHI, UTOGH B HeM He ObLJIO HH OXHOTO
atoMa npumeceil. Cefiyac nosyuaiorT HeKoTopble BellecTBa (KpeMHH,
repMaHHd M Ap.) ¢ colepxkaHueM npuMeceit 1076%, a B HekoTOpBIX
cayuasx paxe 10-7—10-8%. Ho paxe B TaKMX CBepXYMCTHIX Mare-
pHasax copepiarcsi MULIMapIel aTOMOB NpPHUMecH Ha TpPaMM.

3. Macchl # pa3Mepbl aTOMOB. 3Hast yucjio ABOTaApo, MOXHO Haii-
TH Maccy J1060ro aToMa B rpaMMax M OLEHHTb pa3Mephl aTOMOB.

* TeopHst ONMCaHHBIX 37eCh METOJOB ONpeleseHHs uncaa ABOrajgpo jaHa
B HECKOJBKO ympomeHHOM BHje. jKenaiompe 03HAKOMHTBCSL CO BCEMH JeTANAMH
SKCIEPHMEHTOB M PacueToB MOryT HaflTH HX B KHHrax: P. ME A H ke H. DJekTpo-
HBl (<4 H —), OpOTOHBI. GOTOHBI, HeATPOHH H KOCMHuECKHe Jy4H. [oc. Hayu.-TexH.
n3a. HKTIT CCCP, 1939; 2. T'yrrenrefim u Jx. Ilpy. OH3HKO-XHMHYECKHe
pacuersl. IJI, M., 1958, ctp. 40—45, 463—467.



Macca atoMa m HaxoAuTcsl IeNeHHeM TPaMM-aTOMHOTO Beca * A Ha
yucao ABoraznpo:

A
me==——"—.
Ny
ITosToMy Ias1 aToMa BOJOPOZA, HAIIpHMeEp,
1,008
=_=— = 1,673- 1024
MH =g gez om0 &

JJIST aToMa ypaHa ¢ Maccoii 238

m —-——238———3 95.10—22
U~ 6023108 e

Ecnu Mbl pasfenuM o6beM, 3aHUMaeMblil TpaMM-aTOMOM NPOCTOrO
BeHlecTBa B TBEPAOM COCTOSIHHH, Ha 4HCIO ABoraipo, To HalijieMm
o6beM v, npuxoasuuiics Ha 1 atom. IIpubankeHHo MOKHO paccMar-
pHBaTh aTOM KaK IIap, BIHcaHHHEIH B Ky6 o6beMoM v. Ilockoabky B
TBepAbIX TeJaX aTOMbI HaXOJATCS JOCTATOYHO GJH3KO IPYT K APYrY,
Takoe MpHOMHMEHHe He jJacT odyeHb Gosbmod omHOxu. Toraa aua-
MeTp aToMa MOXKHO HaiTH, eCJH H3BJeub KyOHUeCKHH KOpeHb H3
obbeMa, npuxopsdierocs Ha 1 atom. [IponsBeneM Takod pacuer ijs
aTtoMa MejH.

ITnotHOCTL Menu paBHa 8,93 2/cm®; no3TOMY 0O6GBEM TpaMM-aToOMa
Menu cocraBaseT 63,46/8,93=7,10 cu?, otkyna

7,10

You = Tg 923.1028

= 1,178-10—23 cu3

3 3 o
deu~V veu= 1/1,178‘.10—23 =2,28.10-8 cu.

Clle0OBaTeNbHO, PajHyC aToOMa MeIH COCTaBJIfAeT NMPHOIH3HTENbHO
1,14- 108 cm.

JInsi TOUHOTO pacyera Pa3MepoB aTOMOB HeOGXONHMO 3HATh HX
pacno/iokeHHe B KPHCTaJJIaX TBePAbIX BelleCTB. DTH CBElCHHS NaeT
MeTOoJ, PeHTTeHOCTPYKTypHOro aHanusa (cM. cTp. 256—259). Ilpose-
IleHHBlE 5TUM METOZOM HCCAeNOBaHHUS MOKA3anH, 4To y GObIIHHCTBA
MeTaJJIOB, B TOM 4HcJe H y MelH, paclojoxkeHde aTOMOB TaKoe Xe,
KaK NpH IUIOTHeHmIeHd ymakoBke mapoB (moapoGHee cM. CTp. 263—
264). B mioTHefime#l ynakoBke apoB o0beM HIAPOB COCTaBJAET
749, oT o6beMa BCero 3aHHMaeMoro HMH IpocTpancTBa. MMes 3TH
NaHHHe, JerKo HafiTH TOYHOe 3HAaueHHe pajdyca arToMa Mejgu B
kpHcTaase. [IpousBeneM 3ToT pacuer.

* TepMHHBl «aTOMHBIl BEC», «MOJEKYJ/ISPHEIA BeC» He BOJHE TOUHHL, NPABU/b-
Hee GBLWIO GHl TOBOPHTb OTHOCHTEJbHAas aTOMHAasf Macca», OTHOCHTE/bHAT MoJe-
KydspHas Macca». OfHAKO YHOTPeGJeHHe BHPAXKEHHSi «aTOMHBIA BEC», «MOJIeKy-
JADHEIA Bec» MPOUHO YTBEPAMIOCH B XHMHUECKOR JuTepatype W Mil GyJeM mois-
30BaTbCA HMH.
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O6bem atoma Vi, =1,178.10-28.0,74=0,870- 1023 M3, oTKyma

3 3 )
3V 3.0,870-10—23
,Cu=l/ Cu ]// ——0—’8——*=1,28-10—8 cM.

4 x 4.3,14

Kax BHIHO, TOYHOe 3HAaYeHHe pajuyca aToMa MedH B KPHCTajje He
OYeHb CHJIbHO OT/IHYAeTC OT HaWJeHHOH Nepex 3THM NPHOJIH3UTENb-
HOH BEeJTHYUHEL.

HyXHO OTMeTHTh, 4TO HHKaKOH pes3Koil IpaHHLbI MeKAY aTOMOM
# OKpYKAIOIHM €r0 NPOCTPAHCTBOM HET (3TO 0GCTOSITENBCTBO GyAeT
elle MOAPOGHO paccMaTpHBAThCsd B AanbHelileM). ITostomy ompene-
JIeHHBIH pasMep aTOMa MOXKHO YKasaTh JHIIb ycaoBHO. Ceftyac, To-
BODsS1 O pasMepax aTOMOB, MEl HKMeeM B BHAY HX PafHychl B KpHCTaJ-
Jax mpOCThIX BEIIECTB; pAaJHyCOM aTOMa HPH 3TOM CYHTAETCH MOJO-
BHHA PAacCTOAHHA MeXIy
AApaMHi COCENHHX aTOMOB. 2 Yrana

Pamiycs Beex arowos ki
HMEIOT OJHH U TOT XKe IOo-
PANOK BeauyuHsl 10-8 cu,
[TosTomy B Teopuu crpoe-
HHSI BelllecTBa YAOOHO 110J1b-
30BaThcA eAHHHLEH H3Me-
pennst, paBuokt 1078 cu; sra  Muewumpve nong neprenin
€/IHHHIla Ha3blBaercsd ade- ”’””/M”/fa”/f//;mmm’m”y
cTpem u o6o3Havaercs Gyx-

BOH A. IaKHM 06pa3oM, Puc. 2. CxematHueckoe H300pakenne npubopa
rea=128 A. AN ONpefieNleHHs BENTHYHHBI e/m JJs 3JEKTPO-

Kak BugHo, aToMhl HoB
oueHb MaJjbl. Munanon
aTOMOB Me]H, PacroNOXKeHHbIX OfHH 3a APYTHM, 06pa3yIoT HEenoyKy
IJIHHOH Bcero aulib 0,26 mam.

4. CocraBHble YacTH aTOMa — 3JEKTPOHB M sapo. Kax yKe yKa-
3bIBAJIOCh, ATOMBI XHMHYECKHX 37EeMeHTOB COCTOAT U3 SAApPa H XBH-
KYWHXCA BOKPYT HEro 3/eKTpoHoB. CBOHCTBAa 3/1€KTPOHOB GbLIH
“3Y4eHBl [OCJe TOTO, KaK BO BTOPOH MOJIOBHHE MPOIWIOTO BeKa yja-
JI0Ch TIOJIY4YHTb IIOTOKH 3THX 4YacTHU. Brauane Gblia WsMepeHa BesH-
YHHA OTHOIUIEHHS 3apAla 37eKTPOHA K ero Macce e/t,.. dTa BeJHUHHA
ONpENEJSeTCS N0 OTKAOHEHHIO Y3KOTO MyYKa 3/JeKTPOHOB B 3/MeKTpH-
YECKOM H MarHHTHOM NoJsX. BrepBoie Takve H3MepeHHS GBLIH IpPO-
BefieHsl B 1897 r. JIxk. JI:x. ToMconOM (AHrmHsi); KOHCTPYKUHS Hc-
N0JIb30BAHHOTO MM NPHOOpa cXeMaTHYeCcKH H306pakeHa Ha puc. 2.
B nacrosimee Bpemsi ananormuHble yCTpo#CcTBa — 3/IeKTPOHHO yUe-
Bble TPYOKH — IIHPOKO HCIO/B3YIOTCS (HANpHMep, B TeleBH30pax).
Teopusi nannoro mMerona KpaTko paccMOTpeHa B NPHAOXKeHUH 1 (cMm.
crp. 288). C NOMOILIBIO 3THX 3KCHEPHMEHTOB GBIO HAlAEHO

=5,273-10'7 s..-cm. €d./2.
me
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Bennuuna 3apsifa 3/1eKTPOHA ONpefesieTcsl NPH NOMOLUHN MeTO1a,
KOTOPHIl 6Bl paccMOTpeH Ha cTp. 7—8. 3Has BeMHUHHH elme u e,
MOXKHO BBIYHCJAHTh Maccy 3JeKTPoHa; 0Ka3anoCh, 4To

- me == 0,9109.10—27 2.

Jlnsi HAarJsiZHOCTH CPABHHM 3Ty BeJHMUHHY C Maccoil aToMa BOAOPO-
12, KOTOPYIO MH BHUHCIH/IH paHee (cM. cTp. 10):
m, 0,9109.10—27

my  1,673-10-24 1837 '

Mbl BHAMM, UTO MacCa 3/eKTPpOHa BecbMa MaJa IO CPaBHEHHIO C
Maccoil Jeruaiimiero atoma. TakuMm o6pa3oM, IOYTH BCS Macca aToMa
cocpeoTOYeHa B €ro siipe. SIApo odeHb Malo; ec/H aTOM HMeeT
pasmep nopsigka 10~8 cu, To pauycel aTOMHBEIX fifiep HaXOAATCS B
npegenax 10-13—10-'2 cu. Byayun 3apsnKeHHBIMH YaCTHLAMH, AAPO
W SJeKTPOHH CO3JaI0T BOKPYr cels 3JleKTpHYeCKHe I0Jid, KOTOphie
«3aTNOJHSOT> NPOCTPAHCTBO BHYTPH» aTOMa H NPOCTHPAIOTCA 3a
ero <mpefienn». [loje — 3T0 Takoe e MaTepHa/bHOe 06pa3oBaHHe,
KaK 3JeKTPOHH, siipa H APYrue YacTHILbL.

Hanuune B atome sigpa ObLIO 3KCIePHMeHTaNbHO YCTaHOBJIEHO
B 1909—1911 rr. Pesepdopaom c corpyannkamu (Axrams). Hccae-
Aysl TPOXOXAeHHEe @-YaCTHI uepe3 O4YeHb TOHKHE MeTa/IMueCKHe
IJIACTHHKH, OHM HeOXHMAAHHO OOGHAPYKHJIH, 4TO HEKOTOpHIE @-4acTH-
up (npu6aumsureapHo 1 m3 10000) wne npoxoaaT uepes doanry, a
oT6packwBaioTcsl HadaA. DT0 MOXKHO OGBACHUTh TONBKO CTOJNKHOBE-
HHeM @-9aCTHIbI C MACOHBHOM NOJIOXHTENbHO 3apsXKEHHOH 4acTH-
ieff — AJpOM aToma.

slgpa aToMoOB COCTOSIT M3 JABYX BHAOB 3J€MeHTAPHRIX YaCTHLl —
NpOTOHOB W HeliTPOHOG; TIPeCTaB/eHHe O TAKOM CTPOGHHH sfpa Gbl-
70 BlepBhle BhcKasaHo M ofocHoBano B 1932 r. [I. Ji. MBaHenKo H
E. H. I'anonom (CCCP). I[IpoTon —sApo aToMa JIETKOro HM30TONA
Bogopoza jH! — HMeeT nOM0KHTeNbHBI 3apsA, paBHbLi IO a6coioT-
HOll BeJMUHHe 3apsifly 3JeKTPOHA; HeHTPOH — He3apsXKeHHasi HacTH-
na. Maccsl mMpoTOHA M HefTpOHA MOYTH OAMHAKOBH! H GNIM3KH K eiu-
Hulle aToMHOTO Beca. OHM 6oJibliIe MacChl 371€KTPOHA COOTBETCTBEHHO
B 1836,12 u 1838,65 pas. 3apsai fapa OnpeieseTCss YHCIOM Haxo-
ASIIEXCA B HeM NPOTOHOB; CyMMa YHC/Aa MPOTOHOB Z u HelirpoHOB N

naeT Maccosoe 4ucso A:
A= Z 4+ N.

Pa3HOBHAHOCTH 3JEMEHTOB, aTOMbI KOTOPHIX HMEIOT OXHHAKOBBHIH
3apsj fApa, HO Pa3aMuHble MacChl, HA3BIBAWOTCS U30TONAMU *. HU3o-
TONBl JAHHOTO 3JIeMeHTa OTJIHYalOTCs APYr OT APYra KOJHYECTBOM

H‘GﬁTpOHOB B sijipax UX aTOMOB.

* B nepeBofe C IPeYecKoro «M3oTONbI» 3HAYMT PaBHOMECTHLIE (3arAMaomHe
OJIHO M TO 3Xe MEeCTO B MePHOJHYECKOH CHCTEME).
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Tnaaa nepeas
ATOMHDBIE CMNEKTPDI

OKClepUMeHTaNbHBIM OCHOBAaHHEM TEODHH CTPOEHHA aToMa Cay-
AT JaHHBIE O CHEKTPAaX XMMHYECKHX 3JeMeHTOB. [Ipn H3MepeHusx
ANMH BOJH CNeKTpaabHBIX jJuHUH TouHocTh 0,0019% B Hacrosuiee
BpeMd SBAAETCs OOBIUHOH; BO MHOTHX HCCJIEJOBAaHHfIX OHa 3HAUH-
TeNbHO Bbillle. BecbMa TOYHO MOXKeT GBITh ONpejesieHa TaKxKe UHTeH-
CUBHOCTb CIEKTPaJbHbIX JuHuH. Takum o6pa3oM, HallM 3HaHHS
O CTPOEHHH aTOMOB OCHOBBLIBAIOTCSl Ha BeCbMa HAJE€XHOM 3KCIEpH-
MeHTaJbHOM MaTepHaje. C paccMOTpeHHA 3THX JAAaHHHIX Mbl HauHeM
u3yueHHe CTPOeHHSI aToMa.

1. Mpunumn geficTeus cnekTporpada; BUAB CREKTPOB. B criekTpo-
rpade nyuoxk cBeTa, NPOXOAAUIMH yepe3 ilejb, NONagaerT B YCTPOH-

o,
e A

Tk
T Tl
SRR X T WWI/
RN =N
\\\\\\\\\\.“-\\}“\\‘\\\\\\\\\\\\\\\\\ y _— "\ /l////”l/////l/ [%%ﬁ%

NS

W
CTBO, KOTOpPOe pasjaraeT H3JyYeHHe Ha €ro COCTABJAAIOIHE H
HanpaBAfeT ux B PasHble MecTa (ororpaduueckoll IJacTHHKH, COOT-
BeTCTBYIOIlHe ONpejiefieHHbIM JIIHHAM BOMH. /s HccaenoBaHUA Bu-
AMMOTO U YJIbTPA(PHOJETOBOTO H3NYUEHHS OGBIYHO HCTIONbIYIOT ONTHU-
YecKue cneKTpoepagibt, B XOTOPHIX H3JIyueHHe PasJiaraloT Nponycka-
HHEM ero uepes MPH3My M3 CTekjJa (And BHAHMOTO CBETa) HJIM H3
KBapua (ans yabrpaduoseroBoro wuamyuenus). IIpurmMnUasbHAS
cXeMa cnekrporpada noxaszaHa Ha puc. 3. PasioxeHue cera npus-
MOH O06GYCJIOBJIEHO 3aBHCHMOCTBIO TIOKAa3aTeJsl NPEeJOMJEHHS OT IJH-
HBl BOJHBI CBeTa; JJIsi GOJIbIUMHCTBA CpeJ MOKa3aTedb NPeJoMACHAS
yMeHbIaeTcsl C yBeJHYeHHEM JJIHHbFBOJHHI.

Crekrpsl, moyuaemble PasioKeHHEM HCNYCKAEMOTO TeJaMH H3-
JYyYeHus, Ha3bIBAIOTCA IMUCCUOHHbIMU. OHH GBIBAIOT HenpepoLeHbIMU,
AUHEH4ATOLMY UK noAocaToLmu. HenpephBHBIA ClleKTp UMeeT H3JTy-
UCHHE PAaCKaJIEHHBIX TBePAbIX H XKHIAKHX Tes. V3ayueHnue rasos (ero
MOXKHO BbI3BaTb HarpeBaHHeM HJH 3JEKTPHUECKHM Pa3pajaoM) aaert

Oy //////////////
U

Puc. 3. Cxema neficTBusa cnekTporpada

“AnHeHYaTHIH CNeKTP, COCTOSHIMH H3 OTAEJbHBIX JHHUH, HJAM noJjoca-

T criekTp, cocrosmuil u3 nosoc *. IpuMenenne cnekTporpados Bui-

* Muorue rassl (Hp, Clp n ap.) npu narpesasun uan aeficTBHH 3JeKTpHue-
CKOro paspsifia HapsiAy C JuHeAYaTuiM (HJH NOJOCATHIM) CHeKTPOM JAAIOT TaKXKe
H HenpepoiBHOE H3JTyueHHe.
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COKOM paspeuiarouleil CMOCOGHOCTH I10Ka3blBaeT, YTO 3TH MOJOCHI CO-
CTOAT M3 GOABLUIOrO YMC/Ja JHHHE, PaclNOJOXKEHHHBX OueHb OJH3KO
Jpyr x Apyry. B Hacrosiuiee BpeMsl yCTaHOBJIEHO, 4TO JHHeH Y a-
THH CHEKTD MOJYyyaeTcs OT H3JAYUYeHHSd, HCNIyCKae-
MOro aToOMaMH, a NDOJOCAaTbhiH—MoOaeKyaaMu Artoum
KAXKJIOT0 3JeMeHTa M MOJIeKYy/a KaXKIOro BellecTBa HMEIOT CBOM Xa-
PAKTEepHBIH CIEKTP, KOTOPHIH COCTOUT M3 COBEPLIEHHO ONpPEeLeSeHHOr0
mabopa JMHAN WIH [0JIOC, OTBEYAIOUIMX CTPOTO ONpeneieHHbIM 3HA-

Vom!

14300 76700 20000 25000
| '

i i

Jl I
HeI

7000 6000 o Y009 4000

2,A

Puc. 4. Cxemaryuyeckoe H300paKeHHe CIeK-
TPOB HEKOTOPBIX 3JEMEHTOB

TomuuHa JWHHE B3sATA DA3NHUHOA, 4TOGH MOKa-

3aTh WX OTHOCHTEJIbHYIO HHTEHCHBHOCTb; B Je#i-

CTBHTEJABHOCTH Bce JIHHHH HMEIOT OJHY H TY XKe

TOJMIYHY, COOTBETCTBYIOUIYIO HIHDWHE  INEIH

cnekrporpada. Bo H36exaHue 3arpOMOXIEHHs

pHCYHKa H306paKeHbl TOJBKO HaM0ojee spKHE
JUHUE

geHUsM AJAMH BOJH. B gaHuHO# riase Mol O6yIeM paccMaTpPHBATh
aromrbie cnektpol. TIpAMepbl TAKHX CIEKTPOB [I0KA3aHH Ha pHC. 4, HA
KOTOpPOM, MOMHMO IIKaJbl [JHH BOJH, HaHeCeHA LiKa/a BOJIHOBBIX
sspces * v,

CrnekTpbl MHOTHX 3/J€MeHTOB OYeHb cJ0XHB. Hanpnmep, B crext-
De XKejleda HaCYUUTHIBAETCS CBBILIE NATH ThHcAY AuHKMH. Padora ¢ uys-
CTBHTEJDBHOM amnapaTypoil MokasbiBaeT, 4TO MHOFHE JHHHA B aToM-

* BoJIHOBHIM 4YHCJIOM V HasbiBaercs BeJHudHa, obparTHasd AJHHe BOJHH,
w=1/A, T. e. YHCJIO BOJIH B O/JIHOM C2HTHMETpe; OHa XapaKTepH3yeT YacCTOTy KoJe-
Gadri (M. npHJIoKeHHE 2).
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HEIX CIIEKTPAX COCTOAT H3 HECKOJBKHX OYeHb GJH3KO0 PAClON0KeHHBIX
JUHHE — ABJAIOTCH MYyAbTUnAeTamu, JBOHHBIE JUHHH HAa3LIBAIOT
dybaeramuy, TpoHHbie — TpunseTamy (OIHHOYHBHE JHHUH HA3LIBAIOT
cuneseramu). ECNH NOMECTHTh MCTOYHHK H3JYYeHHS B MaTHHTHOe
noJjie, TO OPOH3OHIET pacuiensenue OIHHOYHHIX JHHHH — BMeCTO oOJl-
HOH JIHHHH B CleKTpe MOSABHTCH HECKONBLKO OJIH3KO PacloNoXeHHHX
JAHHEA (9hpeT 3eemana). Ananornynoe siBieHHe HAGIIONaeTCA PR
noMelleHHH HCTOYHHKA H3JyyeHHs B 3JeKTpHUecKoe node (3gpexr
LlTapra).

2. Cnextp Bomopona. HauGosnee nmpoct crnexTp Bogopona. B Bu-
AuMOH 06JIACTH B HEM HMEIOTCH TOJBKO 4 JHHHH (CM pHc. 4), onwr
oGosnauatoorca H., Hs, H; u H;. B npuneramomeii X BHIXMOR
yabTpaduoneropoi o6nacm HMeeTcH ellle PAJ JHHHUH, KOTOpHle BMe-
CTeé C YKa3aHHBIMH 4eTBIPbMS JHHHAMH 06PasyoT CepHIO (puc. 5),
HOJYUUBIIYI0O Ha3BaHHe Cepuu Baavmepa mo mmenu UIBeAlapCKOTO
y4eHoro, o6HapyxuBuero B 1885 r., 4To BOJHOBHIE YHCJIA v JIHHHRA

3TOH CepHH OY€Hb TOYHO BBIpaxKaloTcid (I)OpMyHOH, KOTODYIO MOXHO
3amucaTthb CenYyIoUulHM O6pa30M§

V=

IS

R
n?

rie R=109678 cx™' u n=3, 4,5 ... Bxonswas B 31y dopMyay Kon-
craHTa R Ha3plBaeTcs NOCTOAHHOL Pudéepea
Hccnenosanue cmnexktpa BoO-

o o< Y- 4 o
HOpoAa B JaibHedl yAbTpaduo- & ~ NN
netosoit u B mHppakpacHolt 06-  § § §8%
JacTax OOHapyXuJAO elle He- S 3 3
CKOJBKO CepHUH JHHHH, Ha3BaH- 1 |
HBIX [0 HMEHH HCCAEHOBABLIHX
HX yueHBIX cepusamu Jladmana
(yaeTpacdmoneroBas  064aacTe), ! ]
Hawena, Bpexkera u Ilpynda  Ha Hg  Hy Hy Heo

(uadpakpacnas obaacts). Oxa-
3a/10Ch, YTO BOJIHOBBIE YHCJIA JIH-  Pyc. 5. ATOMHENI CHEKTp BOIOpoZa B
HUH B 3THX CeDHAX BBIPAXKAIOT- BHIMMOH M GJH3KON YABTpadHOMETOBOMR
csi dopMyaaMH, -aHAJOTHYHHIMU obaactsix (cepus BansMepa)
bopmyne bBaneMmepa, comepxa-
WUMHE BMecTo 22 cooTBercTBeHHO 12, 32, 42 y 52,

Taxum oGpaszom, BonopoldHblil ciekTp Belpaxkaet obuias dhopMyna

- 13€ /.
V____R.__R_’ y':hz— ”‘Li-‘y (1.5p

2 2
ny ny

rie ny ¥ fg— Leable YHCIA; IPH 3TOM ne>ni. Kaxk BuaHo H3 (1.5),
YHCJI0 JHHUHA B CIeKTpe BOJOpona GeCKOHEYHO BEJHKO (M0 Kpasm
cepui, cOOTBETCTBYIOLIHM GOJBIIHM 3HAYeHHAM fp, JHHHH pachoja-
raloTcsl OYeHb GJH3KO APYT K IPYI'y H CTAHOBATCS TPYAHO Pa3nnum-~
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mbiMu) . UTak, 6oablioe KOJAHYECTBO JHHUH, HaOJII0aeMbIX B CIeKTpe
BOJOPO/ia, ONKUCHBAETCS BeCbMa NPOCTOH 3aBUCHMOCThHIO.

3. CnekTpnt APYrux 3jaemenToB. Cepun JUHUH OBlAH 06GHApYXKeHBl
¥ B CHEKTpax BceXx APYTHX 3JEMEHTOB. DTH CHeKTPbl ABJAAWTCA 6O-
Jlee CJOXKHBIMH NOTOMY, YTO B OTJIHUHE OT CHEKTPa BOAOPOAA CepHH
3jlech He PAacnoaraloTcsl OTAeNbHO B Pa3JUYHbIX y4aCTKAX CIEKTPa,
a HakJaABBalOTCA JAPYT HA JApyra; TeM He MeHee MO ONpeleeHHBIM
npu3HaKaM (BHELIHHI BHA JIHHHI — pe3KHil HIH PasMBITbIL — «AH(-
dysumlit», cnocob ux Bo3GyxAeHHS — AYTOBOH HIIM HCKPOBOH, MyJb-
THIVIETHOCTh, XapaKTep pacilelIéHHss B MarHUTHOM H 3JIeKTpHYe-
CKOM TOJISIX ¥ JP.) CHEKTPOCKOMHCTBI HayYMJHCh MX PasJHyath.

B 1889 r. PunGeprom (llIBemus) O6bln0 HaiAeHO, YTO BOJHOBBIE
quc/a JMHHHA CNeKTPaJbHOH CepHH BCerAa MOTyT ObiTb BbIParKeHBI
KaK Pa3HOCTH ABYX (QYHKIMHA LEbIX YHCEI 1y U Ng:

v=T(m)—T(m); (1.6)

npH 3TOM np>n,. HHclAeHHble 3HAUYeHHS 3THX (QYHKUHH Ha3bIBAKOTCA
Tepmanu *.

Jlns atomMa BOJAOpOAa, ofHO3apsiAHOro Hona renus Het, nByx-
sapsaHoro MoHa Li** u Apyrux 4acrtHi, coJepKamuxX TOJIbKO OJLHH
3JIEKTPOH, CHEKTPajbHble TepMbI BhIpaxarTcs GopMyJoi

RZ?

T = o (1.7)

Has atoMa Bogopoja BeduyuHa Z=1, 11a ORAHO3apAAHOTO HOHA
Het+ Z=2, pns nsyxsapsasoro woHa Li*t Z=3 u 1. 4. [lna atoMoB
APYFHX 3JIEMEHTOB TePMBbl MOTYT OBITH BbipazkeHbl (hopMysioit

T = _Rz ,
(7 + oy

TZe a@ — Apobb, MeHblas eIMHHLBL, KOTOpas NOCTOSIHHA /s JIHHHHA
JAaHHo#l cepuu **. [{ns pasnuuHbIX cepuil MONpaBKH a 0603Hayar0TCs
6ykBamu s, p, d, f. D11 o6o3HaueHHs ABAAIOTCA MepBbIMM OGyKBaMu
aHIVIMACKHMX Ha3BaHHH cepHit: «sharp» — «peskas», «principal» —
sraaBHasn», «diffuse» — «auddysnasn», .«fundamental» — «ocnos-
Has», Kak u B ¢opmyae (1.7), ans cepuii, oTBeuaromux HeHTpa/b-
HbIM atomam, Z=1, I;is 01HO3apsAAHBIX HOHOB Z=2 U T. [.

Takum o6GpasoM, GblI0 OOHAPYKEHO, YUTO MOUCTHHE HeoGo3puMOe
KOJNIMYEeCTBO CHEKTPAJbHBIX JHHHI OMHCHIBACTCS CPABHHMTENILHO MPOC-
TBIMM 33BHCHMOCTSMH, OTJIHYHUTEJNbHOH OCOOCHHOCTBIO KOTOPBHIX SIB-
JfeTcsl HaJHYHe LeJOUYHCHNEHHBIX mapaMeTpos.

©(1.8)

* Cl0BO «TepM» B MepeBOJe O3HauaeT 4JeH ajare6pauyecKoro YpaBHEHHS.

** VpapHenue (1.8) HauboJee TOUHO ONHMCHIBAGT CNEKTPHI ILEJOYHBIX METANIOB;

IAs JpYFHX 3J1eMEHTOB OHO HE3HAUMTEJbHO PACXOMAITCSA C OMbITOM; 3TO pacxoxje-

HHe MOXeT GLITb YCTpaHEHO BBeIeHHEM KpoMe g elie OHOH HeCOAbIOH MONpaBKHM
K 1eJOMy UuHCTy f.
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4. llpeacrasaenne o cBeToBuIX kKBaHTax. B 1900 r. [Traukom (Tep-
MaHHA) 105 0ObACHEHHs OCOGeHHOCTeH paclpejeseHHs] SHepPrHH B
CIeKTPAaX HarpeThix Tea Obula pasBuUTa TeOopUSl, OCHOBAaHHAs Ha
f1pe]N0JIOKEHHH, UTO SHEPTHS He H3JyuyaeTcsd aTOMaMH HelpephiBHO,
a HCNYCKaeTcs OTACAbHBIMH MeJbYaHIIAMH HEASJHMBIMH IOpPUHS-
MH — K8QHTAMU, BETHYMHA KOTOPBIX 3aBHCHT OT YaCTOTHl H3JyYaeMo-

ro cBeTa, a UMCHHO!:
- E=hv; (1.9)

B 9TOM COOTHOIIEHHHM, Ha3biBaeMOM. ypasnenuem [laanka, E — snep-
THA KBaHTa; v — dacrora Kogaebauuil; h — nocroannaa Ilaranka:

h =6,62517-10—27 spe-cex.

Taxum 06pasoM, sHeprus Te1a MOXKeET MeHSITbCSl HA BENHYHHBI, KpaT-

Hole Av, OJ06HO TOMY, KaK 3JEKTPHUECKHH 3apAa MOMKET MeHSTbCS
JIUIIb-HA BeJHUHHY, KPATHYIO 3aps1y 3JeKTPOHA.

BruiBoxb Teopuy Ilianka oxasajuch B NpeBOCXOJHOM COOTBETCT-

BHH C ONBITOM. B pasbHefieM GBbLIO MOAY4YeHO MHOTO IPYTHX 3KCIle-

PHMEHTAJbHEIX NOATBEPXKACHUH NpecTaBICHHS O CBETOBHIX KBaHTAaX.

Ypasuenve [lnanka BbipaxKaeT OMH H3 BaXKHEHIIHX 3aKOHOB NpH-

poaui. Ilocrosunasa Ilnanka, tTak e Kak cKOpPOCTb cBera M 3apsif

3JIEKTPOHA, OTHOCHTCA K HHCAY PYHOAMEHTAAbHbIX KOHCTAHT, KOTO-

-prxe He MOTYT ObITb BblpaX<eHbl Yepe3 Kakue-1u60 Apyrue Gosee 37e-

eHTapHBIE NapaMerphl.

G\-) [Tockoabky xaxknasi cnekTpajbHas JHHHsSI XapaKTepH3yeTcsi CTPo-

"\ [0 Onpefie/IeHHOIl JJIHHON BOJHBI, a CJ1eA0BATENbHO, H CTPOTO ONpe-

\(3 JdeJIeHHOH YacTOTOH, TO 3TO O3HayaeT, YTO aTOMbl MOTYT H3Jy4YaTb

KBAHTBl TOJBKO CTPOrO ONpeje/ieHHOH 3HepPriH, BeJHYHHA KOTOPOM

Q\nnﬂ KaxJ0# CneKTPaJbHOH JHHHH MOXeT OBITb BHIYHC/ICHA MO ypas-
Henuio [lnanka. Hanpumep, ansa sauuun He (cM. puc. 5)

) = 6562,88 = 0,656-10™% ¢,

u B coorBercTBuH ¢ (1.9)
E =6,625-10-27-4,57- 10" = 3,03.10-12 spz.

Kax BHaHO H3 3TOro npuMepa, 3HeprHsi KBAaHTAa BHIMMOTO CBeTa
peicTaBnaseT cob60i oyeHb HeGOJbIIYIO BEIHYHHY.
Msnyuyas xBaHT cBera, aTOM IEpPeXOXMT H3 OAHOTO SHEpreTHUe-
CKOro cocrosinus B Apyroe. OTcioga cTaHOBHTCS SICHBIM u3HUECKHH
| CMBICJT  CMEKTPAJbHBIX TePMOB—TEPMB XapaKTepH3YIOT
YPOBHH 3HEePrHH 3JeXKTPOHOB B artoMmax¥* Takum 06-

* Tlockoabky PO 3HAYHTENBHO TsIXKeJee 3JEeKTPOHOB, €r0 MOXKHO CHHTATH
HENOABHKHBIM M pACCMATPUBATDL BCE SHEPreTHYecKHe M3MEHEHHS B aTOMe, He 3aTpa-
THBAlOINMe CTPYKTYpPY sApPa, KAK H3MEHEHHs 3HePrHH 3JEeKTPOHOB (KMHETHYeCKOR
¥ TIOTeHIUHAJLHOM ).
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pasoM, MBI IPHXOJHMM K BBHIBOAY, YTO 3J E€KTPOHB B aToMax
MOTYyT 06aAaxarth TOABKO CTPOrO ONpeleleHHBIMH
3HAYUEeHHUAMH 3Heprull, XapaKTepPH3yeMbMH PAAOM
Leawx 4ucel.

s ypasuenuit (1.6) m (1.9) cnenyer, 4TO HEPrHH 3JEKTPOHOB
B aTOMaX CBSI3aHBI C BEeJHUYHHAMH COOTBETCTBYIOIHX WM TEPMOB CO-

OTHOILIEHHEM
E=—heT. (1.10)

DHeprus B3sATA CO 3HAKOM «MHHYC», TaK KaK 3a COCTOSIHHE C HYJEBOJi
SHepruell MPUHAMAIOT TAKOe, KOIJad 3JEKTPOH YAajeH OT aroMa Ha
GeCcKOHEUHO 6OJIBIIOe PACCTOsIHAE. 3HAUUT 3HEPIUsi SNEKTPOHA B aTO-
Me Bcerjla MeHblile HYJIsI.

B coorserctBuu ¢ (1.7) mas aroma Bogopona coortHouenue (I.10)

2 . ( . )

YpoBHH 3HEPrUM B 4TOMe BOJOPOJA MpEACTaBJeHbl HAa PHC. 6.
DHepruu BHpaXKeHb B 3JEKTDOH-BOJBTAX; ITOH efnHHUed yI06HO
[0Jb30BATHCA TIPH PACCMOTPEHHH aToMa. JJEeKTPOH-BOJABLT
(36) —3Heprusi, KOoTopyi mnpuobperaer 3JAEKTPOH,
VCKOPEeHHBIH 3JeKTPHYECKHUM TNOJeM Ha ydacTke
C Pa3HOCTHIO NOTEHUHANOB B OXUH BOJABT

1 28 = 1,6027-10—12 3pe.

KpoMe CHeKTpanbHBIX KAHHBIX, HMeETCi MHOTO JPYFHX (aKTOB, CBHJLETEl]b-
CTBYIOIIHX O TOM, YTO 3JEKTPOHMBI B aroMax 00/afaloT cTPOFO ONpPEfe/eHHBIMH
SHePrHaMM. B uacTHOCTH, BecbMa yGeTHTe/bHBIM [LOKa3aTe/bCTBOM STOrO ClyiKart
Pe3y/bTATH ONLITOB [0 H3YUEHHIO 3AEKTPOHHO20 yOapa, BIEPBHE OCYWECTBAEHHBIX
B 1912 r. ®pankom u lepueM.

B ommtax ®panka u Tepua aTombl rasoB (mapsl PTYTH, KPUNTOHA H op.)
SoMGapaupoBany 3JeKkTpoHaMu. [Ipu STOM MOXKHO GhIO OUEHHTL HOTEpPH SHEpIuH
3JEKTPOHOB TIPH CTOIKHOBEHHH HX ¢ atoMaMu rasa. MccsiegoBanne noxasaso, 410
€CJIH SHEPrHH 3/IEKTPOHOB MeHbIe HEKOTOPOil Be/NHYMHEL, TO OHH YIPYro OTpaxa-
JOTCSI OT ATOMOB rasa, NPaKTWUecKH He TepefaBas MM SHepruH. Tak, Hampumep,
IIPOMCXOJUT NIPH GOMOapAMPOBKE PTYTHOTO Mapa 3/EKTPOHAMHM C SHepruefi, MeHb-
weit 4,9 3s. Ecau sHeprua GoMGapIupYIOLMX 3/IEKTPOHOB mpebmmaer 4.9 38, 10
NPOHCXOJUT Mepejaua HX SHeprHH aToMaM PTyTH. OTtcioga MOXHO cHeJiaTbh BbIBOJ,
uTo 4,9 38 — 5TO 3Heprus, HeoOXonuMas [AJisl [epeBoja 3JEKTPOHa aTOMa PTYTH
¢ Hawmbosee HHBKOTO SHEpreTHUECKOr0 YPOBHSI HA C/eIYIOWHMH 3HepreTHyeckHii
ypOBEHbB.

Ilpu GoMGapIHpPOBKE aTOMOB PTYTH 3/EKTPOHAMH C sHeprueft 4,9 38 M Bbilue
HabaiogaeTca W3jgyueHHe ¢ AJMHHOR BosiHbl 2537 A, 4TO COOTBETCTBYeT 3HEPrUH
KBautoB, paBHofi 4,87 38; 3Ta Be/WuMHA M[PaKTHYeCKH COBNAAAET C SHeprHei
3/1eKTpoHOB 4,9 38, HEOGXOAMMOR A/t BO3OYXKJEHHSI H3JyuYeHHs. JlanHoe siBJeHHe
MOJHO OOBSICHATb TEM, UTO 3JeKTPOHbl aTOMOB, epeBefeHHbie Ha 6oJee BHICOKHTI
SHEPreTHuecKH# ypoBeHb 3/CKTPOHHBIM YJIapoM, nepexogar oO0paTHO Ha Gosjee
HU3KHI YPOBeHb, H3/IyUasi COOTBETCTBYIOLIMA KBAHT.

C noMompI0 3JMEKTPOHHOTO yrapa GoJsblileli SHeprHH MOXHO NEPEBOMHTL 3JeK-
TPOHbI ATOMOB Ha TPeTHH, YeTBepThlA M T. . YPOBHH, YTO OTMEYAeTcs MO MOTJio-
LIEHHI0 SHEPTHH GOMOapIUPYIOUIMX 3JEKTPOHOB. [lpu cOOGWEHNH ONmpefeneHHOM
SHEpTHH TPOHCXOLHUT OTDHB 3/1EKTPOHOB OT AaTOMOB — HaO/I0AeTCS HMOHH3AlHA
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rasa. OTUM METOAOM ObLIO YCTaHOBJEHO, YTO AJSi HOHH3aLHH aTOMa PTYTH HEOO-
xonuMa sneprus 10,4 as.

Taxum o0GpasoM, JaHHLIE ONBITH HATJSXHO IEMOHCTPHPYIOT CYIIECTBOBaHHE
B aTOMax 3/1IeMEHTOB ONPEJEACHHOrO Ha60pa IHEPTreTHYECKHX YPOBHEIL.

5. McTopus pa3sBuTHs NpPEACTaBJEeHHH 0 CTPoeHHH aToMa. Pesep-
¢dopa, ycranoBuBuinit B 1911 r. HanHyKe y aTOMOB siApa, NPeAOKHUI
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Puc. 6. Yposun 3Hepriu 3JeKTPOHa B aTOMe BOAOPOIA

AAAHETAPHYIO0 MOOEAb aTOMA — 3JIeKTPOHB! BPALIAIOTCS BOKPYT SApA
TaK Xe, KaK nyadeThl Bpamatorcs Bokpyr Coania. OjHako H3 3JeK-
TPOAHHAMHKH HM3BeCTHO, YTO Bpamalomuiicd BOKPYT HEKOTOPOTo
LeHTpa 3apaA/ sSIBJSETCS HCTOUHHKOM 3JeKTPOMATHUTHEIX KOJeGaHui,
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MO3TOMY 3JIEKTPOH, H3jyuasi, JoJKeH Obl1 OGbl HenpepblBHO TepATb
3HEePTHIO H B HTOre ynactb Ha fgpo. B 1913 r. Bop (Ilanus) npeino-
JOXHJ, YTO B aToOMe CYIIEeCTBYIOT CTQyUOHaprble OpOuTsl, MO KOTO-
PbIM 3JIEKTPOH MOXKET JABHIaThCsl Ge3 H3JIyYeHHst SHEPILHH; s ITHX
op6HT, cornacHo Bopy, ZOMKHO BLINOJHATHLCS COOTHOLIEHHE

h

mevr = n—
2n '’

(1.12)
Te MUr — MOMEHT KOAUMECTB8A OBUNCEHUS SJIeKTPOoHa *; M, H U ~—
Macca M CKOPOCTb 3JeKTPOHa; r — paguyc opburts; n=1, 2, 3..., A —
nocrosinHas Ilnanka. Bennunny A/2n npussto o6o3mauars i (uH-
TaeTcs «all nepeuepkHyroe»), rorga (1.12) sanumercs

myvr = nk. (1.13)

Hcxoas u3 3Toro mpeanosioxkenHs, bopy yaanaoch pa3paborath
TEOPHIO CTPOeHHs1 aToMa Boxopopa. lleficTBHTeNbHO, NpHPaBHUBAS
LHEHTPOCTPEMHTENbHYIO CHJYy CHJIe NPHTSXKEHHSI 3J€KTPOHa K SApY,
MOXKHO 3alHCaTh

m? 2.

- X (1.14)

pewas cucreMy ypaBuennit (1.13) u (1.14), MoxHO HallTH BbipaKe-
HHSI JIJIs1 CKOPOCTH 3JICKTPOHA Ha CTANHOHAPHOM op6HTe

e2
= — [.15
v=—> (1.15)
H ee pajHyca
P n2n? 1.16
r= e . (1.16)

[loacraBnsisi 3HaUeHHs BeJHUHH, BXOAAIIHX B ypasHenue (1.16), na-
XOHM
Q
r=0,520n2 A. 1.17)

CrefoBaTesbHO, paiuyc NepBod OOPOBCKOH OpOGHTHI COCTaBAAET
0,529 A, uro corjacyercsi no NOPAJKY BEJHUHHBI C U3BECTHBIMHU pas-
MepaMu atoMoB (cM. crp. 11).

* MOMeHTOM KOJHHYECTBAa NBHIKEHHs WACTHIBI, Bpallalouiefics no Kpyry ¢ pa-
JHUYCOM 7, HA3bIBAETCS BeJHYHHA MUr, TAE M M U -——Macca H CKOPOCTb YACTHIM.
B ofmieM cJyyae MOMEHT KOJIMYECTBA JBHKEHHS MaTepHAAbHOH TOUKH OTHOCHTENb-
HoO Kakoro-1uGo nentpa O paBeH NPCH3BEAEHHIO €€ MacChl Ha PACCTOAIHHE I MEXAY
MaTepHa/ibHOl TOUKOH K 1enTpoM O K Ha MPOEKIHIO ee CKOPOCTH Ha JIMHHIO, Jiexa-
Uiyl0 B MJIOCKOCTH IBHIKEHHS NEPNEHAHKY/JAPHO OoTpesky r. IloHsrne o Momente
KOJIHUECTBA ABHIKEHHA IIHPOKO HCHOJb3yeTCs B TEODHH CTPOeRHA aToMa. B nure-
paType 3Ty Be/HuHHy HA3BBAIOT TaKXKEe <MOMEHT HMNYJbCa», <BpaLiaTe/bHbIA
MOMEHT», «YIJO0BOH MOMeHT». MOMEHT KoJiHuecTBa JBHMKEHHS SIB/ISETCH BEKTOPOM;
OH HanpaBl/ieH NEPNEHAHKYNAPHO TIOCKOCTH, B KOTOPOH NPOHCXONHT BpalieHHe.
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DHeprus 3JM€KTPOHA CKAAAbIBAETCA H3 KHHETHUYECKOH H NOTEHIH-
anbHOi. TToTeHUHaNbLHAA 3HEPTHA * CHCTEME! JABYX TeJa C 3apsafaMu e
pasHa — €?/r. Tloatomy

Ee mov2 +<___e_2_>. -(1.18)
2 r
IloxcraHoBKa B 310 ypaBHenue sHauwennii v (I.15) n r (1.16) naer
1 Tmget const
Fem e s .19
2 nn2 n? ( )

T. €. COOTHOlLIEHHE, NMelollee TOT Xe BHJ, uTo U Bhipaxenue (l.11)
I7si ypOBHeH 3Hepruy B aToMe Bogopoza. IlpupaBHsiB 3TH Buipaxe-
HUs, MOXHO HalTH TeOpeTHYeCKOe COOTHOUIeHHe OJs NOCTOSIHHOH
Pupobepra: .
212me4
R=——. 1.20
ch3 ( )

BrluncsienHoe 1O 3TOMY ypaBHEHHIO 3HaueHHe R coBIajaeT ¢ 3KCIie-
PHMEHTabHbIM.

Takum o6pasom, Bbop Teopernueckn paccunran CnekTp Boaopoia.

B manbneiiuiem (1916—1925 rr.) 3ommepdennn (Iepmanus) u
IpyrHe yueHole pa3paloTadH TeOpHIO CTPOEHHS MHOro03JeKTPOHHBIX
aTOMOB, KOoTopas siBUiachk pa3BuTHeM Teopun Bopa. Buio npennodo-
JKeHO, YTO CTAlHOHApHble OPOUTH B aTOMaX MOTYT GHITb He TOJbKO
KPYFOBBIMH, HO W 3JAJHNTHYECKHMH H MOTYT pa3iH4HHM o00pasom
pacnonararbcsl B IpOCTpPaHCTBe; NIPH 3TOM pa3Mephl opOHT W HX pac-
NI0JIOXKEHHe B NPOCTPAHCTBE 334aBajIUCh NPABUAAMU KBAHTOBAHUA,
npeAcTaBasgoMHMH o6o6uieHue ypaBHenus (1.13). Tlpm nomoun
3TOH TEOpPHH YAAA0Ch OODBSACHHTL MHOTHE 3aKOHOMepHOCTH, Xapak-
TepHble Aas cnektpoB. Onxnako Teopusi Bopa — 3ommepdennaa ne
YIOBJIETBOPSIET COBPEMEHHOMY cocTosinMIo HaykH. Hecmorpsa Ha ToO,
YTO OHa OGBCHSET MHOTHE OCOGEHHOCTH CIIeKTPOB, OHa HMeeT psl
HEeyCTpaHHMBIX HE€JOCTaTKOB, KOTOpHe 00yc/l0BAHBAIOT Heo6XonaH-
MOCTb €€ 3aMeHHl 0osiee COBEpLIEHHBIMH NpeacTaBieHnsiMA. [ 1aBHble
HeJoCTaTk# TeopHH Bopa — 3oMmepdennaa TakoBH:

1. OcHoBoO#l Teopuu SIBAAIOTCA MpaBHJa KBAaHTOBaHWs, He BHITe-
Kalollyie U3 3aKOHOB MEXaHHKH H 3J1eKTPOJHHAMHUKH,

* TloTeHuBanbHast SHEpPrHst ABYX PA3HOMMEHHO 3apSKEHHBIX Tel C 3aps/JaMH
e, u ey, HaXONSUMXCs HA PACCTOSIHHH 7 JPYT OT Apyra, omnpefensiercss paboTof,
KOTOPYI0O HeoOXOHHMO COBepHIHTb IJsi IepeMelleHHs 3THX TeJ H3 [0JOXKeHH:S
€ HyJeBofi HOTEHHHAJbHOH sHepruefi (KOTOpoe COOTBETCTBYET r=oc0) Ha 3aflaHHOE
paccTostnHe r; 3Ta paGoTa B COOTBETCTBHH ¢ 3aKoHoM Kyioma BrIpaxKaercs HHTe-
rpajoM

r
€16 eie
S_lz_drz Loy

re o
- :
KOTJa 3apsfbl Tel OJHHAKOBH [0 BeJHHUHHE, KaK B DaccMaTpHBAaeMOM cClyuae,
NOTeRIHAJbHAS SHEPIHs paBHa —e2fr.

21




2. 3ta TeOpHA NPH pacuere PslA CHEKTPAJdbHBIX XapaKTePHCTHK,
B Y4CTHOCTH, HHTEHCHBHOCTH CHEKTDAbHBIX JHHHA H HX MYJbTHILIET-
HOCTH, JlaeT pe3y/bTaThl, He COBNA/alOUIHe C ONBITOM.

3. Teopuss bopa — 3omMepdesbaa npH pacyeTe 3HEPTHH 3JMEKTPO-
HOB B MHOTO3/IEKTPOHHBIX aTOMaX TaKXKe JaeT He COBNajaiouiue C
ONBITOM pE€3yJAbTaThl ([aXKe /A CaMOro INPOCTOrO Caydast — arto-
ma He).

4. JlaHHY1O TEOpHIO 0Ka3aJOoCb HEBO3MOXKHBIM MPHUMEHHTL [JA
KOJIHUeCTBEHHOTO 06bsicHeHHs XHMHUeckoil csizu. Tak, npou3BesieH-
HBII pacuyeT 3HePTHMH pa3pbiBa CBA3M B HauboJgee NPoOCTOl CUcTeMe —
HOHM3HPOBaHHOH MoJekyne Hyt— gan oTpunareabpHOe 3HaueHHe
3TOH BeJHMYHMHBL, T. €. MOKa3aJ, YTO TAKOH HOH He MOKeT CYLIecTBO-
Batb. OIHAKO B ACHCTBHTENBHOCTH OH CYUIECTBYET, H 3HePIus pas-
pHIBA CBSI3M AJi Hero paBHa +64 kxkas/mons (cm. crp. 193).

Fnaees BTopas
BOJNIHOBLIE CBOMCTBA MATEPHMAJIbHLIX YACTHLL

CoBpeMeHHAas TeOPHsS CTPOEHHS aTOMOB H MOJEKYJ OCHOBaHa Ha
3aKOHAX, ONHCBHIBAIOUIHX [ABHKEHHE 3JIEKTDOHOB H ADPYIHX YACTHL,
obagaoUMX BechMa MaJjod Maccol, — MuKpoob6BeKTo8. DTH 3aK0-
Hbl GbIJIM OKOHUATebHO chopMynanpoBansl B 1926—1926 rr.; ouu pes-
KO OTJIHYAIOTCS OT 3aKOHOB, ONPEACISIONIMX JBH:KeHHe OOJBLINX
Tesl — MAKpoOOBEKTO8, K UHMCAY KOTOPHIX NpPHHAAJeXKaT BCe Hpejl-
METH!, BHAHUMBIC B ONTHYECKHH MHMKDOCKON MJAHM HEBOODYKEHHBEIM
TJ1a30M.

B ocHoBe coBpeMeHHOH TEODHM JIEKHT NPeJCTaBleHHE O JBOHCT-
BeHHOH NpHpORe MHKPOOGHEKTOB — OHH MOTYT NPOABIAThL ceba Kak
YACTHLb H KaK BOJHBI— M HKPOOOBEKTH 06/JaMal0T OXHO-
BPEMEHHO KODPHOYCKYJSADPHBIMH M BOJNHOBBMH CBOIi-
CTBaMH.

1. kBoiicTBenHass npupoja cBera. Bnepsble Takas ABOHCTBeHHAn
iipupona Gbljia yCTaHOBJEHA AJs cBera. B nepsoil no/aosuue npoui-
JIOTO BeKa B pe3y/bTaTe H3ydeHHs uHTepgeperyuu W Oudparkyuu
cBeTa OBIIO 3KCIEPUMEHTANbHO 060CHOBAHO, UTO CBeT IPEACTABISAET
coGoi Iolepeunble 3JeKTPOMariuTHele KoseOanus. Bosuukuosenne
B ONpeJe/eHHBIX YCAOBHAX sBJIEHHH HHTeD(QePEHUUH H AMdpaKLHN
ABJSETCI HEOTheMJeMoll 0COGEHHOCThIO JMI0GOr0 BOJHOBOTO Mpolec-
ca (cM. npunoxeHue 2).

Opnnako B XX B. cTano H3BECTHO GOJBIIOE UHCIO ABNEHUH, CBHIe-
TeJLCTBYIONIMX O TOM, YTO CBET IipejcTaBiseT cobof MOTOK MaTepH-
aJbHBIX YaCTHL, MOJYyYHUBUIHX Ha3BaHUE CBETOBbLLX KBAHTOE WIH (O-
TOHOS. [

TlpencraBnenre o KBaHTaX, KaK YK€ yKashwBaJoch Bbllle, BHep-
Bble OblI0 BBefeHo B Hayky B 1900 r. Ilnankom. Kopnyckynspuue
cBolicTBa cpera 0COGEHHO OTHETAMBO INPOABJSIIOTCS B JABYX fBJe-
HUAX — B (poToahpexte u agppexre Komnrona.
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SIsnenue Qoroadderra, orkpuitoe B 1889 r. A. I'. Crosnerosnim,
COCTOMT B TOM, UTO MeTaslInl (MJH NOJYIPOBORHMKH) NPU HEeHCTBUHU
Ha HUX CBeTa HCIycKalT 3JekTpoHbl. O6bscHuTL $oTO3ddexT, uc-
X0l U3 BOJIHOBOH TeOPMHM CBeTa, HeBO3MOXKHO. Pacuer mokasmiBaer,
4yTO BBHAY HE3HAUMTENbHBIX Pa3MepOB 3JeKTPOHA KOJHYECTEO 3Hep-
ruu, coobljaeMoe nafalonIMK HAa Hero 3JeKTPOMAaTHUTHLIMM BOJIHA-
MH, TaK Mand, uro NpH OCBEeLIEHMH COJHEYHLIM CBETOM NOoTpeloBa-
Jg0ch 6B 06JyueHue N0 KpaHHell Mepe B TedeHHe HECKOJbKHX 4acCOB
77151 TOTO, YTOOBI 3JIeKTPOHBI HAKOMNMJM IHEPTHIO, JOCTATOUHYIO JJIs
BHIXOZA M3 MeTajuia (M TO NPM OTCYTCTBHMHU IepefauH MOIJOUIEHHOH
3/1eKTPOHAMH 3Hepruu aToMaM). OZHAKO BHUIET 3JEKTPOHOB HAGJI10-
faeTcs Cpasy Ke I0CTIe OCBELEHHS MeTanna. KpoMme Toro, cormacuo
BOJHOBOH TeopuH, 3Heprus L, 371eKTPOHOB, HCIYCKaeMHX MeTaljoM,
IoJKHA GBITH MPONOPUHOHAJIbHA HHTEHCHBHOCTH NAafalolero CBeTa.
Oxuako GbIO ycTaHOBJEHO, 4TO Ey OT MHTCHCMBHOCTH cBeTa He 3a-
BHCHT, 4 3aBHCUT OT ero 4acTOTHl, YBeJUUHBAACh C POCTOM V; BO3pac-
TaHUe HHTEHCHBHOCTH NPUBOAMT JIMIIb K YBEJHUYEHHIO UMCJIa BhLIe-
TAIOUHX ¥3 MEeTaJlj1a 3JeKTPOHOB.

B 1905 r. ditunrreiin nokasadn, uto ¢ortoaddeKT noayuaer mpoc-
TOe HCTOJKOBAHKE, eCIH PAacCMATPHUBATH CBET KaK IIOTOK YacCTHI[ —
cf)OOTOHoB. CraJKuBasich C 3JeKTPOHAMH, GOTOHH HepefaloT UM CBOIK
SHEPTHI10, PABHYIO B COOTBETCTBUH ¢ ypaBHeHueM [lnanka sennuune
hv; moayuus oObsicHeHue M TOT $akT, 4TO AJHUHHOBOJIHOBOE H3Jyye-
Hue He Boi3biBaeT (oToaddexra — 3Heprus (HOTOHOB B 3TOM Clyuae
HeJOCTATOYHA AJs BHIPBIBAHUA 3JeKTPOHA U3 MeTaJslJa.

MaxcuManbHol 2Heprueft 6yayr o6JajaTe Te H3 BbLIETAIOWHUX
3JIeKTPOHOB, KOTOPHIe He TlepeRany NoJydeHHOH 0T (OTOHOB 3HEPTHH
aToMaM Meraaia. OueBHZHO, 3HePIUs ITHX 3JEKTPOHOB paBHa pas-
HocTH 3Hepruyu $oToHa Av U pabOThl, KOTOPYIO TpebyeTcsl COBEPIIUTh
NPOTHB CHII, YllePXKUBAIOUMX JMEKTPOH B MeTalle, — paboret 8bLX0-
da 24eKTpoHa A; TakuM eépasom, -

N (Eduage = hV—A ) _ (I1.21)

D10 ypaBHeHHe, NOJyuUBIHEe Hue 3akona dnwreina 0as do-
TO3¢hheKTa, TONHOCTBI0 COOTBETCTBYET ONBLITHBIM HAHHEIM. BecbMma
TLIATeJNbHAs SKCIIepUMeEHTaJbHAasA NPOBepKa ero Oblja OCyllecTBJaeHa
B 1916 r. MunauxernoM. MakcuManbHast 3HepTHs HCIyCKAaEeMBIX 3JeK-
TPOHOB M3MepAJach NMyTeM NPHIOXKEHHS BHEIIHETrO 3JeKTPUUeCKOro
10JIs, IPH KOTOPOM IpeKpamiaeTcs (HoTO3JeKTPHUECKHH TOK — IpH-
JIOXKEHHOE HanpsiKeHHE He NO3BOAET MCKTPOHAM A0METATh 1O SJIeK-
TPOZAA; B 3TOM ciayuae -~

1
{\ Ve = -2_ me"’2 (Es)maxe,s (1.22)

Tde M, € U U-— COOTBETCTBEHHO Macca, 3apAJ U CKOPOCTb 3JIEKTPO-
Ha; V — nanpsixeHue 3eKTPUUECKOrO TI0J.

Ha ocHoBaHum 3aKoHa DHHIITelHa MOXKHO HAHTH BeJHYHHY IO-
crosuHoi [lmanka; s 3TOFO HYXKHO ONpejequTh 3aBHCHMOCTb
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(E5) maxe OT 4acTOTH majaoilero cBera. HafigeHHas 3KcnepHMenH-
TaJbHO 3aBUCHMMOCTD JJist le3Us npejcTaBieda Ha puc. 7. Kak BuaHO
u3 ypaBHenuit (1.21) u (1.22), maknon npsiModl B KoopauHarax V—v
paBen hfe. [HaHHbIll MeTo] sABJseTCs OAHUM M3 HauGoxee TOYHBIX
crnocoGoB onpeneneHus nocrosinHoi [lnauka.

IMpexkxge ueM mnepedTH K pacCMOTPEHHIO JAPYTOro sABJEHHS,
NOKa3blBAIOIIETO KOPNYCKYJASIPHYX  NPUpOAY CBeTa—aq)q)eKTa
KoMmnToHa, HeoOGXOAMMO CKa3aTb O 3aKOHE B3aMMOCBSA3H Macchl

H 3HepTrHUu.
2. 3aKOH B3aHMOCBSI3M MacChl H 3Hep-
Ve rud. B 1903 r. DiiHmTEHOM ngu——a-emmm
7| #eetga pa3paGoTaHHOM UM Teopul OTHOCUTEAbHO-
cTU GbLIO AOKA3aHO, YTO Macca ABHXKYHRIErO-
Csl Tesia MPeBLIIIAET ero Maccy B COCTOSHHU
2t TIOKOSl; [IPH 3TOM BHIMOJIHSAETCA COOTHOMIE-
Hue - ’

P — (1.23)

T o
] - —
o6 c2

L ! A L s El

2 4 6 8 1012 rae m—macca IOBHXKYIIErocsa Tenaa, Moy—

107"y, cex €ro Macca HOKOfl; U — CKOPOCTb ABHIKEHHH,
€ — CKOpOCTb CBETa B BaKyyMe.
Puc. 7. 3aBucuMocTb Ha- Takum o6GpasoMm, yBejnueHHe CKOPOCTH

OPIKENU, TpH KOTOPOM  npyikennss Tejta M, C/Ie[OBATENbHO, yBejH-
npekpamaercs  GoOTOTOK,

oT uacTotsl nagaowerc UEHHE €CO SHEPTHH MPUBOIHT K yBENHUEHUIO
cBeta (mas uwesus) MaccCHl.
AfnmrefinoM OB1JI0 NOKA3aHO TaKKe, UTO
Macca Teja CBfI3aHa C ero 9Hepruel COOTHOLIeHHEM

E = mc2. (1.24)

OT10 ypaBHeHHe, Boipa)kalolilee 3AKOH B83AUMOCBA3U MACCHL U 3HEp-
eut, MOKa3biBaeT COOTHOIIEHHEe MeXJy BeJHYMHAMH MacCel M 3Hep-
THH, KOTOPHIE 10 NOSBIEHUS TEOPHH OTHOCHTEIbHOCTH CUNTAIHCh He-
33aBHCUMBIMH IPYT OT Apyra. ¥YpasHenue (1.24) ycranaBiuBaer B3au-
MOCBA3p MeXJy H3MeHeHHAMH Mmaccnl Am u sHepruu AE B nwo6om
Apollecce; ero MOXKHO 3anucaTh Takxe B BuAe AE=Amc?,

Henbss cautath, uto cootHomenune (I.24) cBugerenncTsyer 0 BO3-
MOXKHOCTH TpeBpalleHlsi Macchl B 5HePTHIO M TeM $ojiee MaTepuu B
9HepTHI0. Macca H 3Heprus — JiHIUb CBOHCTBA MAaTepHu; mepBast siB-
JsieTCsAl MepOH ee MHePTHOCTH, BTOpas — MepOH ABHXKeHHS, HOITOMY
OHH He CBOAATCS APYT K ADYTy W He MpeBpamaiorcst ApPyr B Apyra.
IpeBpaliuenue ke MaTepHu B ABHXKEHHe 03HA4aj0 G5l BO3MOXKHOCTD
IBHXKEHHS Ge3 MaTepHH, 4TO ABasieTcss abcypaoM. YpasHeHue (1.24)
HOKasblBaeT JiMIlb TO, YTO OJHA M3 XapaKTePUCTHK MaTepHaNbHHIX
TeJ — HX Macca — 3aBHCHT OT ABHKEHHS.

YpaBuenus Ilnanka u DfiHmwreliHa n03BONSAIOT MOJNYUHTb COOTHO-
IieHHe MeX Ay AMHHOH BOJHH CBeTa U Maccolt ¢oToHa.
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@dOTOH He HMeeT MAacChl INOKOsSl; 3TO 00VCAOBJEHO TeM, 4YTO OH
IIBHKETCS CO CKOPOCTHIO CBeTa (NpPH HAJHYHH CTATHYECKOH Macchl
B cooTBeTCTBHU ¢ coorHouleHwem (1.23) Macca m sHeprusa ¢otona
6u1au 66 GeckOHeuHo Goabuinmu). [losromy Bess Macca ¢dortoHa AB-
JsieTCsl NTHHAMHYeCKOH, T. e. 06YyCJOBJeHA ABHXKEHHEM *, H MO¥XKeT
6biTh BHIUHCJAEHA W3 FHepru# doTona no ypasHenuio (1.24).

C apyroii cropoHsl, cornacHo ypasHentio [lnanka

E=hv=:h~;—. (1.25)

Coueras 310 cootnoutenne ¢ (1.24), nonyuaem

¢
2= ph —
mc h o
OTKYyla .
A= . (1.26)
me

JlanHoe COOTHOLIEHHe BHIpa)KaeT B3aHMOCBA3b KoAudecTsa O0su-
sicenua ** porona mc ¢ AAMHOH BOJHBI CBeTA; €r0 MOKHO 3anucaTh B

BHUOE
h
—, 1.27)

re P — KOJHYeCTBO JBHXKeHHsa (HMnyJasc) ¢oToHA.

3. 3ddexr Komnrona. B nanHoM siB;1enHH HOTOHBI, B3aHMOMeHCT-
BYs C 3JeKTPOHAMH, flepealoT UM YacTh CBOeH 3HEPTHH; B Pe3yilb-
TaTe 3TOTO YBeJIHYHBAeTCs JJHHA BOJHH M MEHSETCH HalpaBjeHHe
pacnpdcTpaHeHHs H3JyUYeHHS — [IPOHCXOAHT €T0 paccessHHe. 3ITOT
3 ekt 6611 orkpHT B 1923 1. KoMnronom (CIIIA). On of6Hapyxua,
4TO NpPU OGJYyYeHWH pa3JHUHBIX BelUeCTB PEHTTeHOBCKHMH JydaMy
AJMUHA BOJHBl PaCCesHHOTO ‘M3JyueHHs OKasblBaeTcss OoJblie, ueM
nepsonHayaasHoro. [Ipu 31oM H3MeHeHHe AAWHBI BOJHBEI AL He 3aBH-
CHT OT IpPHPOJAH BelleCTBa H OT [JHHB BOJHB NEPBOHAYAJLHOIO
H3JyueHHsI; OHO OJHO3HAYHO Onpejiensiercsl BENHYMHOH yraa ¢ Mex-
Jly HANPaBJeHHSIMH PacCesiHHOIO M MePBOHAYAJBHOTO H3JyYeHHH.

Oxkasanock, 4TO ypaBHeHHe, TOUHO OonuchHBawee 3bderT Komn-
TOHA, MOXKHO BBIBeCTH, €cJIH paccMarpuBaTh B3auMoldedcTBHe (oTo-
Ha C 3JeKTPOHOM BeniecTBa KakK yIpyroe CTOJKHOBEHHE JBYX 4ACTHIL,
IIPH KOTOPOM BBIMOJHAIOTCS 3aKOHBI COXPAHEHHS SHEPTHH H HMIYJb-
ca. Ilpocaenum ator BHIBOA, KOTOPHI Haercs 31ech C HEKOTOPBHIMH
VIPOUEHHSIMH.

* DTe moJoOXKeHHe HAYHHAIOMMM HHOTA KaXKeTCs CTPaHHBIM, HO OHO O3Hayaer
JIMIb TO, YTO HEMONBMIKHEIA (OTPH He CYIIECTBYeT, T. € CBeT BCerfa HaXOmHTcH
B JBHKEHHH.

** KoAHYecTBO JBHKEHHS WM UMNYALC YACTHIBI — 3TO NPOU3BEJCHHe ee Mac-
Cbl Ha ckopocTb. MiMmyJbe, B OTAHUHE OT 3IHEPTHH, SIBJSETCS BEKTOPOM; €ro Ha-
HpaBJieHye cOBNafaeT C HampaBJieHHEM CKOPOCTH.
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ITycts ¢otoH ¢ sHeprHeis Av (puc. 8, a) craJkuBaercs C 3JAEKTPO-
HOM, 3HEPrHsl M HMIYJbC KOTOPOTO NPHHHMAIOTCS PaBHBIMH HyJIO.
[Mocae CTOJNKHOBEHHSI SHeprusi (OTOHa CTAaHOBHTCsl paBHOH Av’, pac-
cesiHHBIH (DOTOH [BHKeTCsS IOJA YIJIOM ¢ K HanpabJeHHI0 MepBOHa-
qaJpHOro (OTOHA. DJIEKTPOH, NOJYUYHBIIMA OT (OTOHA HEKOTOpoe
KOJHUYECTBO 3HEPIUH, — 3AEKTPOH 0TOa4y — JIETUT B HANpaBJEHHH,
COCTaBJSAIONIeM yroJ 0 ¢ HanpapJeHHeM JBUKEHHUS IePBOHAYANBHOIO
¢orona.

p@(l)

Puc. 8. K o6wpscHennio sddexra Komnrona:

& —cxeMa ABHXKEHHA (OTOHA H 3JMeKTPOHAa; 6 — BEKTOpHOE ClO-
KeHHe HMITYJbCOB 5JIEKTPOHA OTAAYH M paccesnHoro ¢oToHa

CorsacHo 3aKOHY COXPAaHeHHs 3Hepruu KHHeTHUCCKasl IHEeprus
3JICKTPOHA OTAA4YH T BbIPA3UTCS COOTHOIUCHHEM

T=hv—hv = —h (' —v)=—hAv. (1.28)

1
Kunernueckas 3HEPrus 4YacTUlH, paBHaﬂ—é—va, rge m 1 v — Mac-

ca ¥ CKOPOCTb YaCTHIBI, CBsA3aHa C ee HMIIYJbCOM p=muv ypaBHe-
HHUEM

2
7= (1.29)

Coueras smpaxenus (1.28) u (1.29), Haxoxaum CcOOTHOIIEHHE AJS
UMIIYABCA 3JIEKTPOHA OTAAYH:

2= —2mhAv. (1.30)

CorjiacHO 3aKOHY COXDaHEHHs] MMIIyJbca BEKTOPHas cyMMa HM-
IIyJbCOB PACCESHHOrO (OTOHA M JIEKTPOHA OTLAUM PaBHA HMITYJbCY
nepoHavanbHoro ¢orona (puc. 8, 6). IlpuMenssi TeopeMy KOCHHY-
COB, IONyuaeM

2 2 2
Pe=Py(1) + Py = 2Pp1) P2 ©O5 ¢ (.31

TAe Paiy U Ppe — BEINUHHB HMIYJbCOB MePBOHAYAJBHOTO H pacce-
AHHOro (HhOTOHOB. 3HAUEHHS Pygu) U Pp@ PAa3IHYAIOTCH HE CHJBHO,
NpUOAUKEHHO MOXHO CUHTATh

2 2

Po(1) = Py(2) *
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Torpa ypasHenne (1.31) npuoGperaeT BuI

p? = 2p§)“) (1 — cos 9).
[TockoabKY

¢

l—cos<p=2sin2—§—,
MOXHO 3aIllHcaTh

o
p§=4pfbm sin2 > 1.32)

Hwmnyasc dotoHa cormacHo ypaBHeruwo (1.27) onpenensiercss coor-
HOIIeHHEM
hv

—r_ 1.33
p——)\— (1.33)

c

[Toxcrasnsag Beipaxenwe ajad ppay U3 ypaBHeHms (1.33) B (1.32),

HMeeM
B2

sinz & . (1.34)

pPo=4 2

[IpupaBuuBas npasuie yacTH ypaBHenu# (1.30) u (1.34), Haxomum:
12 ol

2 .
—meAv=2——c? sin2 5. (1.35)

Ecau npoauddepeHnupoBaTh COOTHOIIEHHe v =C/A, TO HoJyYaeTcs

[
d =—‘—d .
v 2 A
IMockoabky Av HeBelMKo MO CPaBHEHHIO C Vv, NPUGIHMKEHHO MOXKHO
CYHUTATh, UTO

¢
Av = Ty AX. (1.36)

3ameHuB v B BeipaxeHun (1.35) Ha ¢/A ¥ nogcTaBUB B Hero 3HayeHue
Av (n3 1.36), monyuaem ypaBHeHHe, onuceiBaiolnee 3ddexr Kowmm-
TOHA:

AN =2 sin2%. (1.37)

mepe

Bxoasamas B ypaBHenue (1.37) Beawuuna h/m.c umeeT pasMepHoCTb

JJuHB, oHa paBHa 0,0242 A; ee 4acTo Ha3bIBAIOT KOMNTOHOBCKOU
JAUHOL 80AHbL 3AEKTPOHA.

Hcenenosanua nokasanu, uto ypasHeHue (I.37) monsocThio co-
raacyercs C 9KCIepHUMeHTAJbHBIMH TaHHBIMH,

4. Boanwl pe bpoiias. B To Bpems xak dotosddekr H addekr
Komnrona coBepmleHHO ompeleneHHO YKasbBAlOT HA KOPIYCKyJAsdp-
HYIO0 IPUpPOAY BHAHMOTO H DEHTIeHOBCKOI'0 H3JydeHus, ero uurepde-
peHUHA ¥ JubpaKUHA CTOJb e onpeleleHHO CBHAETENbCTBYIOT O
BonHoBo# mpupofe. OTciona cleqyer BbIBOJ, 4TO ABHKeHHe (OTOHOB
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XapaKTepH3yeTcss OCOOBIMH 3aKOHAMH, B KOTODHIX COYETANOTCA Kak
KOPTIyCKyJIsipHble, TAaK H BOJIHOBBle XapaKTepuCTHKH. ExnHCcTBO Ta-
KHX, Ka3anochb Obl HECOBMECTHMBIX, UepT BhIPaXaercss COOTHOIUEHH-
em (1.26), cBsisbiBalOIEM Maccy (QOTOHA C JJTHHOH BOJIHbI H3/yYeHHA.

B 1924 r. ge bpoiinp (PpaHuus) npeanoJoxRuI, 4TO ABOACTBEH-
Hasi KOPIYCKyJSApHO-BOJIHOBAsl MPHPOAA MpPHCYyLla He TOMBbKO ¢oTO-
HaM, HO Takxe JIOObIM APYDNHM MaTepHaJbHbIM 4acTHuaM. [IBuxe-
HHe Ji000f1 MaTepHaJdbHOH dYacTHUB MOXHO paccMaTpHBaTb Kak
BOJIHOBOH MpPOLIECC; NPH 3TOM CNpaBeIHRO COOTHOLIEHHE,

h
A= , (1.38)
muv

aHajsorunuoe (1.26), B KOTOpOM M H v — Macca H CKOPOCTb YaCTHILHI.
TH BOJHE NOJYYH/IH Ha3BaHHe 804H 0e bpodas.

[Tpennonoxenne Ae DBpoitna B nanbHeillieM MOATBEPAHIOCH —
6bl1a o6HApyXeHa Judparyus 3.4eKTpoH08. 11pu NPOXOKIAEHHH Myd-
Ka 3JeKTPOHOB uepe3 AHMPAKIHOHHYIO peleTKy Ha (QOTOMIaCTHHKE
HaBaofa ach Takas Xe AHGPaKUHOHHAs KapTHHA, KaK H MpPH Npo-
XOXKAEHHH H3JIyueHHs] ¢ AJHHOH BOJIHBI, paBHOH 3HAYEHHIO A, BHIYHC-
nenHoMy no ypasuenuio (1.38). B kauectse LHQpPaKIHOHHO! peller-
KH MCIOJb30BaJHCh KPHCTAMIBl MeTasaoB. ATOMbl B KpHCTajIax
pacroJoXeHsl B NPaBHIbHOM MOpPsiAKe, 06pasys €CTeCTBEHHYIO IH-
(pakuuoHHyI0 pelerky. BriepBbie TaKHe OMBITHI OBUIH MPOM3BE/EHH!
B 1927 r. HesucconoM u IxepMmepoM (CUIA); B ToM xe 1927 r.
nudpakuuio saektpoHos Habmonanu k. I1. Tomcon (Aurans) n
I1. C. Taprakosckut (CCCP). ,

Teneps AuQpaKUHs MEKTPOHOB WIHDPOKO HCHOMb3YeTca AJS H3Y-
YeHHs! CTPYKTYpHl BemecTBa (cM. crp. 129—135); ycraHoBKa, B Ko-
TOpo# Ha6JI0ZaeTcs 3TO sBJIeHHe, — 3.1eKTpoHozpad cTaja oOuU-
HEM NpPHGOPOM B (H3HKO-XHMHYeCKHX JaabopaTopuax. Ilas crpyk-
TYpHBIX HCC/IELOBAHHA NPHMEHseTCS Takxe AH(PPAKUHS HEHTPOHOB.
Bria u3yueHa AndpaKiHs aTOMOB Te/IHs, MOJIeKyJl BOLOPOAA H ApY-
THX 4aCTHIL.

TakuM 06pas3oM, ABOAICTBEHHAs KOPIYCKYJAPHO-BOJHOBast MpH-
pola MaTepHaJbHbIX YACTHU SBJAETCS HaJekKHO YCTAHOBJEHHHIM
3KCIepHMEHTaNbHBM PaKTOM.

Ecau 61 Mbi ¢ noMomnibio (1.38) BHIUHCAHIH 3HAUEHHS A /1S pas-
JIMYHBIX OG'bEKTOB, TO OGHAPYXKHIH GBI, UTO [/ MAKPOOOBEKTOB OHH
Hcuesaolle MaJgbl. Tak, AJAs HacTHUBl ¢ Maccolt I e, nBHKyuedcs co
ckopoctbio 1 cam/cek, h="6,6-10-27 cu. ITO O03HAUALT, YTO BOJHOBbLIE
CBOHCTBA MaKpOOG'BEKTOB HH B 4UeM He NPOsIBJAAIOTCA: eclH AJIHHA
BOJIHBI 3HAUMTENbHO MeHblle pasmepoB atoMa (10-% cu), TO HeBO3-
MOXKHO MOCTPOMTb AUMPAKUHOHHYIO PelleTKy WM Kakoe-THGO npy-
roe npucroco6eHHe, 103BOJsIONIEe OGHAPYKHTH BOJHOBYIO PHPOLY
yactuupl. MHOe Heo — MHKpouacTHIB. Tak, ABHXXEHHE 3JIEKTPOHa,
YCKOpPeHHOro MoTeHIHaloM B 1 8 ( v=>5,94 - 107 cm/cex), cBsizaHo ¢
A=1,22.10"7 cm.
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MoxXHO NoKa3aThb, YTO CKOPOCTh PacnpocTpaHeHus BoaH Ae bpoii-
Jisl @ CBfA3aHA CO CKOPOCTBIO JABHIKEHHS YaCTHUHI U COOTHOLUEHHEM
c2

W= —

, (1.39)
v

Tle ¢ — CKOPOCTh cBeTa. Takum o6pa3oM, TOAbKO A (GOTOHOB CKO-
POCTb pacHpocTpaHeHHs BOJIH Je Bpofins coBmajaer co CKOPOCTbIO
gactuupl. Jas Bcex APYTHX YaCTHL CKOPOCTb PACHPOCTPAHEHHS 3THX
BOJH NpeBHIIAeT CKOPOCTb CBeTa; NO3TOMY BOaHB Ae Dpoias me
AepPeHOoCAT SHEPTHH. T. €. MX HEeAb3d PacCMaTpHBaTh KaK peajbHoe
konebanue. [lonstre o Boanax e Bpofias He uTo uHoe, Kak mpuewm,
€ MOMOLUIbI0 KOTOPOr0 MOXKHO ONHMCATh ABHXKEHHe MHKpouactui. Kak
Mbl YBHJIHM, 9TO ABHXKE€HHE HEBO3MOXKHO HAIJISIAHO NPEUCTAaBHTh, NO-
CKOJIbKY B MHKDOMHpDE HENPHMEHHMBI TaKHE IOHATHs, KAK TPaeKTo-
pHsl B CKOpPOCTb. MBI yBHAHM Takike, UTO CYylIecTBYeT Godee o6mas
¢opma BbIpaxKeHHs 3aKOHOB JBMKEHHS MHKPOUACTHL, He COHEpka-
fad napaMmerpa A.

5. Ksantosas mexaHHKa; ypasHenue peaunrepa. Mccaenosauus
ne Bpoiiia nonoxuiM Hauano CO3NAHMIO MEXaHHKH, ONMHCHIBalomei
ABH)KeHHe MHKpouacTHu. B 1925—1926 rr. 'efisenbepr (epmanus)
o Hlpenunrep (ABCTpHS) NpeNONKHAH He3aBUCHMO ADYr OT Apyra
JBa BapHaHTa HOBOH MEXaHMKH; BIOCAEACTBUH ObIJIO MOKa3aHO, 4TO
006a BapHaHTa NMPHBOAAT K TOXKAECTBEHHBIM pe3yabTataM. Merox
Lpeannrepa okasasncs Gosee yROGHBIM 1451 BHIOJAHEHHS PAacueTOB;
COBDeMEHHasi TEOPHs CTPOEHHS] aTOMOB H MOJIeKYJl OCHOBBIBaeTcd Ha
9TOM MeTole. MexanHKa MUKDOOGLEKTOB MOMYYHAa Ha3BaHHE KBAH-
TOBOLL MEXAHUKY; MEXaHUKY, OCHOBaHHYIO Ha 3akoHax HplotoHa, npu-
MEHHMYIO K ABHKeHHIO OObIYHBIX TeJl, CTAJH Ha3blBaTh KAACCULECKOL
MEXaQHUKOU.

B orauune or reopun Bopa — 3ommepdennna kBanrtoBas mexa-
HUKa He ABJAETCH HCKYCCTBEHHBIM COEIHHEHHEM KJIAaCCHUECKHX Mpej-
CTaBJIeHHH C NPaBHJAAMH KBAHTOBAHHUS; 3TO CTPOMHAS TEOPHS, OTHO-
BaHHAas{ Ha CHCTEMe NOHATHH, He COxepKamlell mporuBopeumii. Bce
pe3yabTarhl, NONyuYeHHble KBAHTOBOH MeXaHHKOH, HaxoAaTCs B MOJ-
HOM COOTBETCTBHH C 3KCNIEPHMEHTOM, :

3aKOHBI ABUIKEHHS MHKDOYAaCTHL B KBRHTOBOH MeXaHHKe BhIpa-
xaores ypasnenuem Illpedunzepa, xotopoe urpaer B Helt Ty xe
poab, uro u 3akoHnl HbloToHa B kinaccuueckoii MexaHuKe. Kak
3aKoHnl HbploTOHa, 3T0 ypaBHeHHe HEBO3MOKHO BHLIBECTH M3 KaKHX-
au60o Gonee o6iux nonoxenuit. OHO MoOXKeT GHITH NMOAYUEHO, HCXOAS
H3 ONpeJeJCHHON aHaJIOTMH MEXAY yPaBHEHHSMH MEXaHUKH M OIl-
THKH.

Ypasuenune llpennnrepa ssasercs Ougbpepenyuansrbim ypagHe-
HUEM 6 4ACTHLLY NPOU36OOHLLX; IAS PacCMOTPEHHS 3ajay, BCTPe-
YAIOWHXCs B TEOPDHH aTOMa M MOJEKyJanl, ypaBHenne Llpeaunrepa
AJst ONHOH YaCTHHBl MOXKeT ObITh 3aMHCAHO B caAelyouLeil dopme:

iy e s . Uy = E; 1.40
_81?m(ax2+0y2+022>+ v =Ey (@.40)
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anecb h— nocrosiuHaa Ilmanka; m — macca wacruunl; U — moreH-
nuaiabHasi 3Heprusi; E -— HONHAsT 3HEpTHsA; X, Y, 2 — KOOPIMHATHI.
[Tocrpoenne ypaBHenusi IllpeiauHrepa noxasaHo B NpUNOXKeHHH 3 *.

Bxoasias B 3TO ypaBHeHHe llepeMeHHAst BeJHYHHA ) Ha3LiBaer-
cs1 80410806 (ynxyueti. Ee xBaapar {2 uMeer onpeneeHHbl (HU3H-
YeCKH#l CMBICJ, XapaKTepu3ysl BepOSITHOCTb HAXOMKJEHHUS YaCTHIBI B
IaHHOM MecTe NPOCTPAHCTBA; BhIpa)Kasichb TOYHO, BeJJHUHH a {2dv
paBHa BepPOSATHOCTH HaXOXJIeHHMS pPacCMaTpusa-
eMOH YacTHUB B 3JeMeHTe oO6beMa** du.

B coorBercTBHU ¢ PU3UYECKHM CMBICJIOM BOJHOBOH (YHKIUU OH a
NO0aXHa OBITb XKOHeyHOH, HempepLIBHOH H O XHO-
3HauYHO#H, a Takxe ob6pamaTbcsl B HYJAb TaM, rpe
yacTuma He MoXeT Haxoautbcsa Hanpuwmep, npu pac-
CMOTPEHHU JIBUKEHHS 3JEKTPOHA B aTtoMe 1 JOJXKHA CTAHOBHUTbCA
paBHOH HyJMI0 Ha GeCKOHEYHO 60JIbIIOM PacCTOSIHHH OT sApa.

KBaHTOBOMeXaHHYeCcKOe pellleHHe 3a1a4 B TEOPUH aToMa U MoJe-
KYJBl CBOAUTCS K HaXO0XKAEHUIO YA0BJAeTBOPAIOUHNX ypasHeHuio [Ipe-
nuHrepa QyHKIMA ¢, 06MazaOUUNX YKa3aHHBIMH CBOHCTBAMH, U 3HA-
yenuil sHepruu E. Pemenne ypaBuenus llpeavnrepa B GoJblIHHCTBE
clyyaeB NpeACTaB/feT BecbMa CHOXKHYIO MaTeMaTHYeCKYIO 3amayy.

B KBaHTOBOMEXaHHYECKOM PacCCMOTPEHHH aTOMOB YacTO HOJb3YIOTCH CIIelHalb-
HOMl CcHCTeMOfl eHHHI, IPHMEHeHHe KOTOPOH NO3BOJSIET YHPOCTHTb 3aIUCh HCIOJb-
3yeMbIX H [OJyYaeMblX COOTHOIWIEHHA. B 3Tofl cHcTeme 3a efHHHUY H3MEpeHHS
IJHHLL OPHHAT pafiuyc neppofi 6OpPOBCKOH OpOMTHI 3/1EKTPOHA B aTOMe BOAOPOAa

0,523
ap=-—-=0, 9A,

a 33 eJHHHLY SHePTHH — BeJHYHHAa NOTeHUHAJbHOH 3HEPrHH 3JeKTPOHA Ha 3Tofl
opOuTe

72 ag ’

EjuHUEAMH 5/AeKTPHUECKOTO 3apsiia H MacChl CUUTAIOTCH 3apsJi H Macca 3/]eKTPOHa.
VkasanHble eJHHHIBI OLIIM NPefJIOkKeHb aHIVIHACKHM yuyeHbIM XapTpH, OHH Hasbl-
BalOTC aTOMHbiMU edunuyamu (uwiu edunuyamu Xaprpu). Tlpu HCHOIB3OBAHHK
aTOMHBbIX eiHHL ypasHenue llpenunrepa nist 0fHOTO SJekTpoHa npuoBpeTaeT BHI

1(ey ey _
T2 (aﬂ oy ? + 022 ) +UY= £y

CucreMa MOHSATHII KBAHTOBOH MeXaHUKH pe3ko oTanyaercsa oOT
Knaccuueckoil. KBanroBass mexaHuka jpaer BEPDOSATHOCTH HA-

* Ypasuenue (1.40) npuMeHHMO TOJNBLKO B Tex CaAy4asx, KOIJA COCTOSHHE
CHCTeMbl He H3MEHsETCS C TeueHHeM BpeMeHH, — 3To ypasuenue lllpedunzepa
048 cTayuonapustx cocToanud. B coelt obmeit dopme ypasuenue Llpegunrepa
BKJ/IIOUAET BpEM.

** BonHopas (DYHKUHS MOXET BHIPAXATbCs KOMILIEKCHOH BETHYHHOH; B 3TOM:
clyyae BepOATHOCTh HAXOXKIEHHS YaCTHubl ONpejfiesieTc MpoH3BeleHueM P*,
rae Y* — KOMIJIEKCHO-CONpsiXKeHHass BesHYHHA; BeauyuHa Y {4* naswipaercs
MOfy7ieM BOAHOBOf (yHKUMH u ofozHauaercs |¢p|; Takum 06pasoM, BEPOATHOCTD-
HAxOMXIeHHs uacTHHbl B ofWem caysae pasHa |¢{2 dv.
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XO0XkK/JeHHs! YAaCTHI H HHYEr0 He TOBOPHT O TPAEKTOPHH YaCTHIH, ee
KOOpAMHATaX H CKOPOCTH B TOT HJIM MHOH MOMEHT BpeMeHH — 3TH
NoHSITHSI B KBAHTOBOH MeXaHHKe He HMeloT cMuicia. OxHako B Heil
COXpaHsIOT CBOe 3HAYeHHe IOHSITHS O BEIHYHHAX MAacChl, SHEepTHH,
MMNYyJabCa H MOMEHTA KOJIHYECTBA ABHKEHHUS 4aCTHILBI.

" OgHHM M3 OCHOBHBIX IIOJIOXKE€HHH KBAHTOBOH MEXaHHMKH SBJSETCH
cooTHOUlenue wHeonpedeasenHocTel, ycraHoBaeHHoe I'elizenGeprom.
CorjacHO 3TOMY COOTHOLIGHHIO HEBO3MOXKHO OZHOBPEMEHHO TOYHO
OnpepeIUTh MECTOMOJIOXKEHHEe YACTHIH H ee HMIYJbc p=mu. Yem
TOYHee ONpeAesieTcss KOOpAHHATA 4acTHI, TeM 0oJiee HeollpepeeH-
HHIM CTAHOBHTCS €€ HMIYJbC, H, Ha060pOT, YeM TOUHee H3BECTeH
HMHOyJabC, TeM OoJiee HeollpefleleHHa koopanHara. CooTHOLIeHHe
HeonpeAeJeHHOCTell HMeeT BHJ,

AxApy> h (1.41)
HJIN
A

AxAvy > gt (1.42)

rhde Ax — Heomlpe/eJeHHOCTh B IMOJOXKEHHH YaCTHIH (B 3HAYEHHH ee
KOODAHMHATH X B pacCMaTpuBaeMbli MOMEHT BpeMeHH), Ap, U Av, —
HEONpeACNeHHOCTH B BeJIHYHHAX COCTABJSIOMHX HMIYJIbCA H CKOPO-
CTH B HallpaBJIeHHH KOODAHHATH X. AHaJOrHYHBle COOTHOIIGHHS 3a-
HMCBIBAIOTCA H AJS1 KOODAHHAT Y H 2.

CooTHOllIcHHe HeonpeJeJeHHOCTed JesaeT IOHATHHIMH MHOTHe
oco6enHocTd MHKpoMHpa. OHO yacTo MO3BOJsIET GBICTPO H MPOCTO
oHeHHTb 3Q(eKT, TOUHBIH pacueT Kotoporo cuaoxed. Ilokaxem ato
Ha OJHOM IIpHMEpe — PACCMOTPHM C NMOMOIUIbIO COOTHOLICHHST Heom-
peleseHHOCTeH JBHXKeHHe 3JeKTPOHA B aTOMe BOAOPOJA.

bByaeM cuHTaTh, YTO ABHIKEHHe 3JIEKTPOHA IIPOHUCXOAMT B 06J1aCTH
panguyca r; Toraa HeONpeleNeHHOCTh B ero MOJOXKEHHH MOXHO IpH-
HATb paBHOH r. Orciofa cornacHo coorHouenuio (1.41) MuaHMaJb-
Hasi HeONIPeJleJIeHHOCTb Ap B 3HAUYeHHH HMITYJIbCa 3JEKTPOHA p paBHa
h/r. SlcHo, uTo BenMuMHA HMIYJbCa He MOXeT GbITh MeHbIle HEOmpe-
HAeJIeHHOCTH B €r0 3Ha4YeHHH, II03TOMY MHHHMMAaJbHO BO3MOXKHOE 3Ha-
yeHHe HMIyJbca OymeT :

p=—. (1.43)

OHeprusi 3/IeKTPOHA CKAAJbIBAETCSi H3 €0 KHHEeTHYeCKOH 3Hep-
THH, paBHOH coryiacHo ypasHenuio (1.29) p2/2m, w noTeHunanbHOI
JHEpruH, KOTOpast Ha PACCTOSIHHM r OT siipa paBHa — e2/r; oTcioga,
yuursiBas (1.43), mosyuaem jnst mosHo# snepruu E ajiekTpoHa B aTo-
Me BOJ0OpPOZa COOTHOLICHHE

E

2 e 1.44)
T 2m,r2 T (.44

Halizennas 3aBHCHMOCTb SHEPTHH 3/1€KTPOHA OT r MpeACTaBAEHA
Ha puc. 9. Kak BHAHO, KpHBasi HMeeT MHHHMYM; BEJWUHHY rg, TIPH
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kotopoit E MUHMMaJpHa, Jerko HaiTH, TaK KaK B TOYKe MHHUMYMaA
dE/dr=0. [1ponssoas guddepeHnuposanne, uMeeM
1)

- + 82 = Os
mro

OTKyAa
ya 52

me?

ro= (1.45)

IMoxcrasasag 3To 3HaueHue ro B ypasHeHne (1.44), HaxoauM Bhipa-
JKeHHe AJs MUHHMaJbHOH 3HEprHH 3JEeKTPOHAa B aTOME BOAOPOAA

_1_ met
T2 R

. (1.46)

EMHH =

IMonyyeHnHblit peayabTaT uMeeT ray6okuit cmeica. CormacHo Kiaac-
CHYECKHM IIPEJCTABJEHUSAM 3JIeKTPOH OyAeT uMeTb MHHHMAaJbHYIO
SHEPruio, Korja OH ymajieT Ha

€50 SIAPO; ONHAKO KBaHTOBasg MeXa-
20} HHMKa IIOKa3blBaeT, 4YTO SHEPrus
3JIeKTPOHA MUHHMMaJbHA, eClM OH
He «IOKOMTCS Ha fiApe», a ABH-

lnor XKeTcs B Ipeienax cdepsl c pa-
AMYCOM rg; TIPH 3TOM €ro TouHoe
ot MOJIOKEHHe BHYTPH JaHHOH cde-

pbl TPHHUMNHAJbHO HE MOXKET
6Tk ykasauo. Ilpu r<ro snep-
10t I'us 3JeKTPOHa Bo3pacraer.
Cpasuenue ypasuenuit (1.45)
# (1.16) noka3seiBaer, uTo BeJH-
yfpHa ro paBHa paauycy IepBoi
GOpOBCKOH OpOUTH, a H3 COMNo-
L L L , Crapjenusi ypasHeHuit ([.46) n
0 0.5 1a 15 64 (1.19) BuaHo, 4T0 Eyus, HafleH-
Puc. 9. 3aBHCHMOCTb 3HEPTHH 3JEKTPOHA HAA ¢ HOMGIIBIO COOTHOMIEHUSA
oT paguyca o6jacTH, B KOTOPO# mpoHc- HeonpeleJeHHOCTeH, coBmamLaer
XOAHUT ero pBHXKeHHe
¢ MHUHMMAaJBHBIM  3HaYeHHEM
3HEpruy 3JeKTpPOHa B aroMme BO-
NOpOAa, yKasbiBaeMbiM Tteopueil Bopa m HccienoBaHueM BOLODPOA-
Horo cnekrpa. Koneuwo, paccmorpeHHas 3azada chopMynuposaHa
npubIMKEeHHO, ABHUAKEHHE 3JeKTPOHA B aTOMe HEBO3MOXKHO OrpaHu-
4uTh KakoH-au6o crporo onpexeieHHol cdepoit. Tem ne menee ra-
Koe paccMoTpeHue oGbACHAET, IOYeMy 3JEeKTPOH B aroMe He MafaeT
Ha pO, U NMO3BOJIAET NPaBHJBHO OLEHATb MHHMHMAJbHOE 3HA4YCHHE
3HEpruM 3JeKTpoHa. TOT }Ke pe3ysbTaT MOXKHO BIOJHE CTPOro NOJy-
yuTh Nyrem pemenus ypasHenus Ulpenunrepa aasa aroma sopopozna,
HO 3TO Tpe6GyeT WCIOJb30BAHHA OYEHb CJI0XKHOTO MATEMaTHYECKOro
anmapara.
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Kaxk Mbl yBHIAMM fasee (cM. cTp. 46), pamuyc nepsoii 60poBckoit
Oop6HTHl SIBJAETCH TeM PacCTOAHHEM OT Alpa, Ha KOTOPOM npeGuiBa-
Hue 3JEeKTPOHA B aTOMe BOJOpoAa HaHbojee BEpOATHO (/s COCTOSA-
HHA ¢ MHHHMAaJbHOMH 5Heprueit).

[TockomnbKy BelMuHHa /i, BXOAsIAsi B COOTHOLIEHHE HEONpeAeseH-
HOCTeHl, OUeHb MaJja, A3 MHKPOOOLEKTOB HeONpeleeHHOCTH B 3Ha-
yeHHAX KOOPAMHAT M HMIIYJbCOB COBepLIEHHO HHUYTOXKHBI; 0GYCJ0B-
JeHHble UMH 3 (PEKTbl HE MOTYT ObITh OOHApY:KeHbl HHKAKHMH IpH-
Gopamu. [lpu paccMOTpeHMH [BHXEHHS MaKpPOOGBLEKTOB CJAELyeT
rOBOPHTb 006 MX TOUHOH TPaeKTOPHH H MOJb30BAThCH KAACCHYECKOH
MeXxaHHKOH.

fnase Tperthbs
KBAHTOBOMEXAHUYECKOE OBBLACHEHME CTPOEHUS ATOMOB

1. Pewenne ypasuenns llipennnrepa njas onnomepHoro mores-
unMajbHOro swmka. Pewenns ypasnenus Illpeaunrepa B 3apmauax,
BCTPEUAIOIIHXCA B TEOPDHH aTOMa M MOJEKYJbl, ABASIOTCS BecbMa
CJIOXKHBIMH; OHH H€ MOIYT OBITh IOJAYY€- o __
Hbl B 3TOH KHHTe, OJHaKO AJs TOrO YTO- |
OBl NOHATH XapakTep paccMaTPUBaeMbIX i
HHXKe DPe3yJbTaTOB KBAHTOBOMeXaHHYeC- r r
KOTO H3yuYeHHA aToMa, CTOMT pa3obparth
pewenne ypaBHenus llpenunrepa xots
6bl Ha OJHOM mpocToM npumepe. [ToaTomy
Mbl pelllUM ero s BoofpaxKaeMOH Mo-
ZesH, KOTOpasi Ha3blBaeTcs MOTEHYUAAE-
HbLM AUUKOM.

CHagana nojgyuuM pelleHHe OJA V-0 z

00HOMePHO20 NOTEHYUAAbHO20 AujuKka. B z-0 rz
5TOH MOJeJH uacTuia (HaopHMep, 5JeKT-
POH) MOXKET JABUTaThCHl TOJBLKO B OJHOM
HalpaeJeHHUH, HAPHMep IO OCH X B OT-
peske Mexay x=0 u x=a (puc. 10) *.
B mpenenax 3TOro oTpeska NOTECHUHAJbHAsA 3Heprus yacTuip! U sB-
J5eTCSl MOCTOSIHHOH; ee YAOOGHO NPHHATHL paBHOH Hya0 (NOTeHUH-
aJIbHYIO 3HEPTHIO MOXKHO OTCUMTHIBATh OT JII060T0 BHIGPaHHOTO YPOB-
HA). 3a npelelaMH NAaHHOTO OTPe3Ka IOTeHUHaa V, HAeficTByOUMi
Ha 4YacTuuy, AejsAeTcqg OeckoHeYHo OOJbLUIHM; 3TO 03HAYaeT, 4TO
YaCTHIA He MozKeT BBIATH u3 oTpe3ka O0<<x<{a (mns atoro morpeto-
Banoch Gpl GeckoHeyHo (OJpLIOE BO3pACTAHHE e YHEPTHH).

Prc. 10. OxunomepHuilt noTen-
LUaJbHBIH SIHK

* HecmoTps Ha TO, 4TO faHHasi MOfeJb SIBJSETCS NPefebHO YNPOIUEeHHOR, OHa
HCIOMB3yeTcs] M NpH PpelleHHH peaJbHBIX 3agad. TakK, HanpuMep, JBHKeHHe
T-3NEKTPOHOB B CHCTEME CONpSIKEHHBHIX JABOAHBIX CBf3elf B OPraHHYECKHX COELH-
HeHUsix (cM. crp. 185 m mpunmoxenne 9) MOKeET npubSHHKEHHO paccMaTpHUBaTbhCs
KaK MX [BHKeHNHE B OfHOMEDHOM IIOTEHI[HAJbHOM SIIIHKE.
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Vpasuenne llpenunrepa (1.40) anas ciayyass OZHOMEpHOro mo-
TEHUHAJBHOTO SIHKA NPHUMET BHA

h? ﬂ'—E 17‘
—8‘{t2m dx2 2 (1.47)

JI1a peluieHHsi 3TOTO YPaBHEHHS HEOOXOJAHMO HAHTH QYHKIHMIO ¢
H Takoe 3HadeHHe 3Hepruu E, Koropoe yIOBJIETBOPSIO Obl JaHHOMY
YpaBHEHHIO; NMpH 3TOM GYHKUHA ¢ NOJMKHA OHTH KOHEYHOH, OXHO-
3HAUHOH M HENpPepHIBHONH M CTAHOBHTbCS DPaBHOH HyJI0 MpH Xx=0 u
x=a (II0CKOJbKY BHE 3TOTO OTPe3Ka YaCTHUa HaXOJAUTLCS HE MOXeET,
BeDOATHOCTb €e HaXOMXKAEeHH:, OnpefensieMasl BeJHIHHOA V2, 3a npe-
JeJaMH JaHHOTO OTpPe3Ka paBHa HyJIO; YTOOB (QYyHKIHSA OCTaBaJacCh
HenpephIBHOH, B TouKax x=0 W X=a OHa TaKkKe HOJKHA GHITH paB-
HOH HYJII0). =

®yHKUMel, KOTOpas YAOBJIETBOPsSieT YKa3aHHBIM YC/IOBHAM, $iB-

JsaeTcsa

nn
$=Asin ax, (1.48)

rae n=1, 2, 3... 1 A — HeKOTOpast NOCTOsIHHAS BEJNHUHHA. 3naveHue
n=0 HCKJIOUeHO, TAK KaK OHO O03HadaJo Obl OTCYTCTBHE HUaCTHLUEI
B swnke (P2=0).

To, uro JaHHas GYHKUHS yHOBJIeTBOpsieT ypasHeHuio lllpennnre-
pa AJs PaccMaTPHBAaEMOro CJyuas, MOXKHO IOKa3aTb MOICTaHOBKOH
ee B JeByiO H npasywo yactu ypasHenus (1.47). Toraa, mpoussons
nuddepennupoanre (1.48), umeeM:

h2 n2mn2 . nux, n2h? . nax
(—- o ) Asin = *

JeBasad 4aCThb: —
812m

| nnx
npaBas 4aCTb: EAsin .
a

OueBHAHO, [OJyUEHHblE BHIPAXKEHHs] PABHbI, €CJIH HEPTHsl UaCTHIbI

onpeuenm’cg COOTHOUICHHEM .
F2 ARy
E=g—-, W, w0 (1.49)
ene

rae n=1, 2, 3...

Takum 06pa3oM, Mbl HaULIH @YHKUHIO ¢ M 3HAUCHHST SHEPIHH,
yaosaersopsiioline ypasreHuio (1.47), T. e. pelnad ypaBHEHHE
lilpenunrepa AN 0XHOMEPHOrO MOTEHUHAJBHOrO SALIMKA. Paccmor-
PHM IOJyUeHHOE pelIeHHe.

[Ipexxne Bcero HeOOXOAMMO OTMETHTb DE3KOE OTIHUHE Halijen-
HOTO pesy/ibTaTa OT KapTHHBI, KOTOpas HabJI0Aanach Obl B aHaJo-
CHYHOH sajaue AJf YacTHUbI, A KOTOPOH CHpaBeVINBbl 3aKOHbI
kaaccuueckoii mexanuku. OQUeBH/IHO, Heprusi TAKOH 4aCTHUBI MOrJa
6nl NpUHHMaTb JIOObie 3HAUEHHS H BEPOATHOCTD ¢ 0OHapyKeHHUs
6bl1a Gbl OAMHAKOBOM AJIs JIIOOOH TOUKH Ha OCH X.

HaoGopor, kak BuaHo u3 (1.49), sHeprus uacTHUb, 1/ KOTOPOH
cripaBe/l/iMBB 3aKOHB KBAHTOBOA MEXaHWKH, MOXKET HpHHUMATH
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TOJIBKO DS CTPOTO ONpelelieHHHX 3HaueHHH, XapaKTepH3yeMHIX Be-
JHYAHOH LeNOYHCAEHHOro Ko3dduuuenta #. YpPOBHH 3IHEpPrdu Ajad
yacTHIB B NOTEHHHMAJRHOM silyKe Noka3aHsl Ha puc. 11, OGparture
BHMMAHHE Ha TO, YTO KBAHTOBaHHWE SHEPTHH NOJYyYaeTC KaK Heus-
Ge:KHBIH pe3ynbTaT peuleHHs ypasHeuus lllpeawnrepa, xoTs camo
3TO YpaBHeHHe He COAEPKHT HaGopa LEIOYHCAEHHBIX K03dduUu-
EHTOB.

n=3

£ v

56

256
n=2

156,

9t

4£,
N7
0

n=1

Puc. 11. YposHr 3mep-
THM 4YacTHOBl B OJHO-
MepHOM  TIOTEHIHAJb-
HoM suuke (E,— Hy-
JeBasi HEpPTHA, OTBe-
yalouas 3HaYeHHIo
n=1)

Z I

[ 2 0

&

Prc. 12. dyukupu P u $? yacTHOH B OXHO-
MEpHOM NOTEHLHANBHOM SILIHKe

JlaHHBIA BHJ pelIeHHs, NOKA3RIBAIONINA cylllecTBOBaHMe AJIsT MHK-
JpodacTHLE CTPOTC onpedejeHHOro Habopa paspelleHHLIX 3HayeHHH
3HEpTHH, XapakTepPeH He TOJABKO 151 ABHIKEHUS B MOTEHHHAJLHOM
sIHMKe; aHAJAOPHYHBIA pe3yabTaT NoMyYyaeTcsl IPH PaccCMOTPEHHH JI0-
60l 3agauy, rie MUKPOYACTHIH YAepKUBAKOTCA NeHCTBHEM CHJ B Oll-
pelenennoii o6nactu npocrpanctsa (cM. crp. 39). Takum obpaszom,
KBAHTOBASl MeXaHHKA OGBSCHAET HaJHYHEe V 3JEKTPOHOB B aTOMax M
MONEKy/Nax OUCKPETHbIX IHEPTeTHUECKHX YPOBHeH (O KOTOPHIX CBH-
AeTeJbCTBYIOT CIEKTPhl) H AaeT BO3MOXKHOCTb BBIYHCAUTbL TEOPETH-
YeCKH 3TH 3HAUeHHs IHEPTHil.

[Tockonbky B BBIpa:KeHHH AJISE 3HEPTHM YACTHHBl B MOTEHIHAMNb-
HoM suHKe n%=0, To 1 E He MoXeT GHITh paBHOH HY/II0; MHHHMYM
3Hepruu (Hysesas 3nepaus) oTBeuaetr n=1.
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CyluecTBOBaHHE y YacTHI, HYJEBOH SHEPIHH ABJAETCS OXHOA H3 X3PAKTEpHbIX
YepT MHKpPOMHpa. DTO CBS3aHO C KOPIYCKYJ/ADHO-BOJHOBOA NPHPOXOH MHKpoOYac-
i, OOGmWHA XapakTep KaHHOH 3aKOHOMEDHOCTH clie[yeT H3 NpHHIHIA Heolpeje-
JeHHocTH. Mu Bugesn (cM. crp. 32), 4TO /IOKAJIH3aUMS 3SJEKTPOHA B HEKOTOPOH
o6aacTH HpocTpaHCcTBa OGYCJIOBJHBAET NOSBJEHHE y HEIO ONPEJEeJ]EHHOr0 HMIyJb-
ca H, CjaeoBaTesbHO, KMHETHYECKOH 3HEDIHH, KoTopas TeM OoJbllle, Yem GoJee
OrpaHHyeHo KBHKEHHe 3JeKTpoHA. TO Ke MOXKHO cKasaTh ¥ O moGoft xpyrof
MuKpoyacTHue. He cymecTByeT TaKOro COCTOSHHS BEIUECTBA, B KOTODOM KHHETH-
YecKasi 9HePrHs €ro yacTHI, Oblaa Obl paBHa Hymo. Jlaxke mpu Temnepatype aGco-
JIOTHOrO HyJsi He TOJBKO 3JEKTPOHE!, HO H aTOMbl B LEJAOM OyAYT HaXOXHThCS
B HENPEPHIBHOM JBHXKEHHH, coBepmias KoneGaHHA OKOJO INOJNOKEHHA DaBHOBECHS.

Hynesble KoseGaHHS aTOMOB CKa3bBAlOTCA Ha MHOTHX CBOHCTBAX BeIeCTB.
Hx peasbHOCTb NOATBEpAKAAETCH H3ydeHHeM XHGDpPAKUHM DEHTTEHOBCKHX Jy4ed
KpHCTaJ1aMH. DTH HCCI€AOBAHHA NOKA3bBAIOT CYyIECTBOBaHHE KaXe MpU TeMme-
patypax, OJH3KHX K aOCOMIOTHOMY HYJ/IO, HEKOTOPOH HeyNopsLOYeHHOCTH B pac-
HOJIOXKEHHH aTOMOB, 00YCJIOBJIEHHOR HX HyJeBLIMH KoJeOaHHAMH.

JloKazaHHOe KBaHTOBO MeXaHHKOH HaJHMuHe Y aTOMOB H ADYFHX 4acTHI, HyJe-
BOH 9HEprHu eiue pas NOATBepXKAaeT NPABHJIbHOCTbL YTBEPKAEHHS [HAJEKTHYECKOTO
MaTepHaiu3Ma O HEBOSMOXKHOCTH CyLIECTBOBAaHHA MaTepHH Ge3 ABHKEHHA.

Ha puc. 12 npencrasnens rpapuku QyHKunf ¢ 1 2 Aag 4acTH-
OB B OZHOMEPHOM TIOTeHIHaJbHOM AUIHKe npu n=1,2 u 3. ['paduk
3aBHCHMOCTH ' OT x HanmoMuHaeT u3oOpakeHHe KojeOaHMi 3akpemn-
JIEHHOH ¢ JABYX CTOPOH CTPYHHI, KOT/la BO3MOJXHE JIHIIbL TakHe KoJe-
GaHust, IpPH KOTOPHIX BAOJBb CTPYHH! yKJaAblBaeTcs LeJ10e YHCJIO MOo-
aysoaH. Kak BugHOo u3 puc. 12, QyHKUMH BepoATHOCTH 2 Takxe
HMEIOT BHA, Pe3KO OTJIHYHHIN OT KJaccHuecKod KapTHHb. M3 puc. 12
BHIHO, UTO BEPOSATHOCTh, HaXOXJAEHHUS UACTHIBI B PA3JHYHBIX TOYKAX
MOTEHIHaJbHOTO flHKa HeodHHaKoBa. KpoMe Toro, npu 3HayeHHAX
n>1 B HEKOTODPHIX TOUKAX BHYTPH fllIHKa BEPOATHOCTL HaXOXKJAeHH:
YacTHUBl paBHA HYJIO — pe3ysabraT, COBEeDIIEeHHO HEBO3MOXHHIA ¢
TOYKH 3peHHs KIacCHYeCKHX NpeacTaBJeHHuH.

Onanako, Kak BHOHO H3 ypaBHenust (1.49), npu mocraToyno 60.b-
HIHX 3HAYEeHHAX Macchl YacCTHIHB m (a cJefoBaTe]bHO, H BeJHYHHH
a) u ee sHeprud E KapTHHA ABHXCHHA NPAKTHYECKH COBIAJaeT c
KJIaCCHYeCKoH — J103BOJIEHHbIE YDOBHH 3HepTHH OyAyT JeXaTh Tak
6JIM3KO JIPYT K IPYTY, 4TO HX Henb3sf GyAeT SKCIepHMEeHTaJbHO pas-
JMYHTh — MOMKHO CYHTaTh, YTO 4acTHua crnocobHa o6aagaTh JioObi-
MH 3HAUEHUAMH 3HepTHH. TakuM o6pa3oM, AJsi MaKpooObEKTOB KBaH-
TOBast MeXaHHKa NPUBOAUT K TeM JKe pe3yJbTaTaM, YTO H KJaccH-
yecKas.

OcraeTcsi cKasaTh O 3HayeHHH NOCTOAHHOH A B ypaBHeHHH
(1.48). C Touku 3peHHst MaTeMaTHUeCKUX TpeGOBaHUH mocrosifHas A
Moxer OpiTh moGoi. Ojgnako GusanueckKuil cMmbicy QyHKuuu hp? ofyc-
JIOBJIMBaeT HeoOXOAMMOCTh BeIGOpa ONpejesieHHOTO 3HaueHHsas A, a
HMEHHO BeqHurHY A BHIOMpaloT Takoil, yToObl cyMMapHas BeposiT-
HOCTh HAXOMXKAEHHS YACTHIB B NOTEHUHAJBHOM filluKe OBLJIA paBHa
eIMHHIE. DTO YCJOBHE MaTeMaTHYeCKH BBIpAX<aercs COOTHOLICHHEM

Snlﬂ’dx: 1. (1.50)
0



Haxoaar Takoe 3nauenue A, npu Koropom ypassenue (1.50) Bhmos-
usiercsl. Iloacranoska B ypasHenue (1.50) BHIpaskeHHS! AAS BOJIHO-
Boii pyHKuMH (1.48) u peleHue nnTerpana KarooT

/T -

a’ .

PaccMorpennas MaTeMaTHuecKkasi omepanys, HasblBaeMmas HOp-
MUPOBKOLL, NPOBOJUTCH BO BCeX caydasx, Korjga HeoOXoauMo HATH
[10/1HOe BbIpaxKeHHe JUIsl BOIHOBOH (DYHKIHH — ONpe/leMTh 3HAUCHHE

BCerja BXOJSILIEH B Hee NOCTOSHHOH; 3Ta MNOCTOSHHAS Ha3blBaeTCs

HOPMUPYIOWUM MHOJNCUTEAEM. B oOllieM BHe ypaBHeHHe HOPMHPOB-
KH 3aluIleTca

A=

fo2du=1, (1.51)

rie dv — sllemMeHT o6beMa. UnTerpuposanue NPOH3BOJHTCS 1O BCe-
My 00beMy OT 3HaueHHsl KaXIOH M3 KOOPAMHAT — 00 0 3HAUEHHS
+oo. ¥Ypasnenue (L51), xak u (1.50),
IIOKa3blBAET, YTO CyMMapHasi BEPOSATHOCTD
HaWTH YaCTHIY PaBHa e[HHHIle — HaXOXK-
JIeHHe paccMaTPHBaeMOd YacTHIB! TAe-TO
B [POCTPAHCTBe fIBJsETCH JOCTOBEPHBIM S
CcOOBITHEM. Z

2. TpexmepHHIit NMOTEHUHAJbHbI
sk, M3 nonywennoro pemenus ypasne- 0
nust Wpennnrepa must ogrOMepHOro mo- 7200
TEHUHAbHOTO SAMHKA CTAaHOBHTCS MOHAT- | /k : ¢
HbIM CyllecTBOBaHHe AMCKpeTHoro Habo- |.”
pa 3HepreTHYECKHUX yPOBHeH 3/IeKTPOHa B
aroMe. Jlisi Toro 4To6H MOSICHUTL ApY-
THe OCOGEHHOCTH 3JIeKTPOHHOTO CTPOeHHs! .
aTOMOB, Ielecoo6pasHO  paccMOTpeTh PHE: 13}1 TI;"XMFP“"‘“ ToTeH-
ABHKeHHe YaCTHIL B TPeXMePHOM NOTeH- HHAUIDHE ALK
YUAAbHOM AwuKe.

B sroit 3anave wactuna 3aknouena s IPOCTPaHCTBe BHYTPH HO-
TEHIHANLHOTO sAuHKa — Ky6a ¢ pe6pom a. Hawamo Koopauuat
TMOMEILEHO B 0/IHOM U3 yrioB Ky6a (puc. 13). IToTeHuuanbHas sHep-
THs HacTHIBI BHYTDH fAlIMKA NOCTOSHHA; 3a €ro npejlelaMH MOTeH-
UHaJl HMeeT GECKOHEUHO GOJIBIUYI) BeJHUHHY; BBHJY 3TOr0 4acTHIa
HH [IDH KaKUX YCIOBHSIX HE MOXKeT BBIHTH 3a I'DAaHHIBI SILIHKA.

Kax u B npefibinymest onoMepHoit 3ajaue, 31ech Mbl HMeeM Ieso
¢ BooGpaxaeMoii cutyanuefi. OfHaKO CYIUECTBYET pealibHOe sIBJe-
HHe, B U3BECTHOH Mepe OTBeYaiollee NOCTABJIEHHBIM YCIOBHSM — 3T0
ABHKEHHE 3JIeKTPOHOB NPOBOAMMOCTH B KycKe MeTaJ1a. dTu 3JIeKTPO-
HBL IBHXKYTCs1 BO BCeX HANpPaBJeHUsX, HO 3a mpejlebl Kycka He BHI-
xonar. IlosToMy Mojlefb TpexXMepHOTO NOTEHIHAJIbHOTO AIHKA
HCTOJIb3yeTcsi B TEOPHH MeTaJiIH4eCKOTO COCTOSIHHS,

B nannom ciyuae meo6xoaumo Hafith pemienue ypasHenus Llpe-
AnHrepa nns tpex u3Mepenuii. IIpu pelienuu nofo6HHEIX 3a/1a4 yacTo
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HCIONB3YIOT CHEeAYIOUIHA NPHEM: aHAJHM3HPYIOT paccMaTpHBaeMoe
ypaBHeHHe ¥ NPOGYIOT Pasie/fuTh ero Ha YacTH, Kaxaas 3 KOTOPHIX
BKJIIOYaeT TOJbKO OJHY M3 Tpex Koopauxar. Ecim arto ynaercs, To
HaxOX eHHe HCKOMO# (GYHKUHMH 3HAUHTEJNbHO YNpPOINAEeTcs. IMonw-
TaeMcst HAlTH C MOMOILIBIO TOr0 MPHEMAa BOJHOBYKO (GYHKIHIO 1.

[orenuuanbryio 9Hepruio U(x, y, 2) MOXHO NPEACTaBHTL B BHAE
CYMMBI TPEX YJIEHOB, KaxXJbili H3 KOTOPBIX ABJACTCH dbyHKuMel TOMNb-

KO OJHOM KOOpAHHATHI:
U(x, y, 2)=U(x)+U @) +U(2). 1.52)

AHaJOTHYHO pasjiensiercst U NojHass 3Heprusi. CKOpOCTb 4YacTHLH,
v GyZyuH BEKTODOM, MOXeT OBITb pasJioKeHa Ha COCTaBJSIONIKE MO
OcsIM KOOPAHHAT Uy, Uy M U, H KMHETHUYECKas SHEPTHsl MOXET OHITH
NpeJicTaBleHa CyMMO# COOTBETCTBYIOUIHX MM WICHOB; yIHTHIBASl 9TO
u (1.52), sannmem

E=E;+{Ey+ Ez. (1.53)
[IpeAnonOXEM TeNeph, YTO HCKOMas QYHKUHS 1 MOKET 6uITH Npej-
cTapJieHa KaK IpOH3BeleHHe TpeX (QYHKuHil, Kaxpaasg H3 KOTODBIX
3aBHCHT TOJBKO OT OJHOH KOOPJHHATEL. T. €. IPHMEM, 4T

W g A=XWY @ Z (2, (1.54)

¥ [OCMOTPHM, He YAacTcsl JIH HaHTH pelleHHe YpaBHEHHs Hpenun-
repa ¢ MOMONIBIO TaKO# pa3feNleHHOH (QYHKIHH. Jna coxkpallleHus
sanucu Gyzem o6osnauarh QyHKunu X(x), Y(y) ® Z(z) mnpocro X,
Y n Z

Toxcrasus HoBylo ¢ynkumio (1.54) u coorHowenus (1.52) n
(1.53) B ypasnenune (1.40), momyuaeM

B[, BX @Y 2
8r2m x? e T oz )+

+ U@ +U@+U(NXYZ=(Ex+ Ey+ E)XYZ. A{&\
4/
Y

Paanenum HaiigeHHOE COOTHOIIEHHE Ha XYZ:
h2(102X'162Y 1622)

X o VY op T Z o
+ U@ +U@+U(2)=Ex+ Ey+ Ez.

[TonyueHHOe ypaBHEHHe MOXHO paccMaTpPHBaTh KaK CyMMYy TpeX cO-
BepIUEHHO aHAJOTHYHLIX YPaBHEHHH THIIA
h? 1 02X

~em X om HU I B

B 2x
e e U X = EQ@\J (1.55)

Pewenne ypasrenusi (1.55) HaMm H3BECTHO; OHO GBLIO MOJYYEHO
NIpH pacCMOTPEHHH 3ajau 06 OXHOMEDPHOM NOTEHUHANLHOM sIHKe
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{dynkuuo U (x) coriacHo ycioBuio 3a1a4 MOXKHO IPHHATb P aBHOH
HYJTIO) -

TakuM 00pa3oM, NPOHM3BEJEHHOE pa3jie/ileHHe NaeT BO3MOXKHOCTh
HallTy 3HaueHds PYHKUHHM P ¥ 3Hepruu vactyubl £; a ©MenHo, BOJIHO-
Bas QyHKLus Bbpaxkaercs cootHomlesueM (1.54), B xoTopom

\Lé(x) =[A, sin Mt

f)’ () = Ay'sin LY
u kf?(z) = A, sin

2 o 2 2
neh?  pyh? n;h?

, tme ng=1,2,3,...

, rne ng=1,2 3,... (1.56)

2
, rnenz=1,23,...

E=E,+Ey+E;= 2.(1.57)

2 2 2
8ma? = 8ma2 8ma2 (e + 1y + 122) 8
Tak ke, KaK H B clydyae OJHOMePHOro NOTEHIHAJbHOTO flHKa, Be-
JIMYHHBI g, Ny ¥ N, MOTYT NPHHHMATh TOJBKO I €JOYHCIJEH-
#uple 3HaueHHus. Takum oGpasom, Hepexol OT ONHOMepHOH 3a-
Jaud K TPeXMepHOH BEI3BaJ IOsIBIeHHE TP €X NeJOYHCAEeHHBIX
XapakTepPUCTHK B BHIPaXKeHHH BOJHOBOH (YHKLHH.

[MonyuenHsiil pesyibTar HMeeT oOllee 3HaueHHe. KpaHTOBOMe-
XaHHYECKOe pacCMOTpeHHe Pa3/HUHBIX cJydYaeB ABHKEHHsI MHKpOYa-
CTHI| B OTpaHMueHHOH o6GJacTH NMpoCTpaHcTBa (HampHMmep, B aToMe,
MoJieKyJde H T. m.) ¥ NokasbBaeT, 4YTO BOJHOBasi G YHKUH A
9acTHI B BCerja coaepxXHUT OGe3pasMepHBEe TNapa-
MeTpbl, KOTOPHEe MOTYT HDHHHMAaTh pPAA ILeJJOYHC
JeHHB X 3HaueHHHU OITH BeJHYHHBl Ha3BIBAIOTCA KBAHTOBLIMU
qucaamu, KoluuecTBo co/epKalHXCs B PeHIeHHH KBAHTOBBIX YHCEJ
PaBHO uucAy crenenel c60600b. yacTHnbl. UM caoM cTenmeHed
cBOGOJMHE Ha3BBaeTcs YHCJAO HE3aBHCHMBIX cJaa-
ramuux ABHXKEeHHN uacTHUH. Tak, B 0JHOMEPHOM IOTeH-
H1aJdbHOM SIUIHKE YacTHLA HMeeT TOJBKO OJHY CTeneHb CBOOOALI; B
cyuae MOCTYNaTesJbHOTO ABHXKEHHS B IPOCTpaHCTBe OHA oO0Jajael
TpeMs CTeNeHsiMH CBOGOAB — JBHMKeHHe BO3MOXHO B HalpaBjeHHH
Kax 0ol M3 TPex KOOPJAMHAT X, Y H 2; eCJIH HacTHia NPH 3TOM MOXKeT
BpallaThCsl BOKPYT COOCTBEHHOH OCH, TO MOSIBJIAETCS 4YeTBepTasi CTe-
fieHb ¢BOOGOJB U T. 1.

Ecnu B 3ajaue o [BHKEHHH YacCTHIE B OJIHOMEDHOM NOTeHlHalb-
HOM AIIYUKe Pa3/HUHLIM 3HaYeHHsIM KBAHTOBBIX YHCEJ COOTBETCTBYIOT
pasjJuuHble 3HEPTHH, TO B TDeXMepHOH 3anaue MOABJSITCA COCTOSA-
HHSl, XapakKTepH3yeMble pas3JHYHbIMH KBAHTOBBHIMH YHCJAMH, HO
OTBEYAIOLIMe OJHOI W TOil ke 3Hepruu. Taxk, mpu n,=2, n,=1 n

=1 sHeprus yacTHubl Gyaer Ta e, KaKk H IPH Age=1, n,=2

* BripaeHHe «OTpaHHYeHHaH 00JacThb» HYXKHO NOHAMATbL B TOM CMLIC]IE, YTO
4acTHUA YAepiKHBaeTCst JeACTBHEM KaKHX-JHOO CHJ H BEPOATHOCTh HafTH ee 3a
fipefesiaMy ofipeflesieHHOH 30ubl 0JiH3Ka K HYJIO.
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n,=1. Eciu oaHoll H TOfl Xe 3HepruH OTBEYAIOT HeCKOJbKO Das.aiu-
HBIX COCTOSIHHAI (XapaKTepU3yeMBIX Pa3JHUYHbIMH KRAHTOBBIMH YHC-
JaMu), TO TOBOpAT, 4TO JAHHBIT 3HepreTHUeCKHH YDOBEHb 8bLPOX -
Oen. B 3aBMCHMOCTH OT YHMCJA COCTOSIHHI BHIpOXKIEHHE MOXKET OHTh
JABYKpaTHOe, TPeXKpaTHoe H T. [,

Ha paccMoTpeHHBIX YNDOLIEHHLIX NpHMepax Mbl MO3HAKOMUJIHCh
¢ HEeKOTOPHIMH OOUIHMH KBAHTOBOXHMHYECKHMH 38KOHOMEDHOCTSIMH.
Temeps MOXHO HepefTH K pacCMOTPEHHIO [BHKEHHA 3JEKTDOHOB B
peasibHBIX CHCTeMaX — aToOMaX XHMHYeCKHX 3/71eMeHTOB.

3. KpaHToBOMeXaHuUeCKOe OObsAICHEHHE CTPOEHHST aromMa BOHO-
pona. Arom BoJopofa ycTpoen Haubosee NMPOCTO — OH HMeET TOJb-
KO OJIMH 3JIeKTPOH, ABHXYIIHIcs B noJe ajapa. B stom cayuae sxoas-
masa B ypaBuenue lllpeaunrepa ¢yHKOHA NOTeHHHAABHOH SHEpPrUR
U npunumaer Bug (cM. crp. 21)

g2
=— (I.33)
r

Jto HebosiblIOe, KAK MOrjo Obl IOKasaTbcsl Ha MepBHI B3I,
yC/OXKHEeHHe YpaBHEHHS M0 CpaBHEHHIO C 3ajadell Ui MOTEHUHAJb-
2 HOTO SILIMKA JelaeT ero pellleHne
BECbMa CJOKHOH MaTeMaTHYECKOiH
3ajaueil, Kotopas He MoxKeT GHTb
paccMoTpeHa B JaHHoil kuure. Ilo-
3TOMY MBI OTMETHM TOJbKO OCHOB-
Hble OCOBEHHOCTH '3TOrO PELIEHHS H
o6cyZuM HX (PHU3HYECKHI CMBIC.

¢ /. JlBuiKenne 3JeKTpoHAa B MOLOG-

HHX 3ajauax yIoGHO paccMarpi-

0 BaTh B IOJSIPHOH CHCTEMe KOOpMIH-

@ X WaT, umenTp KOTOpOHl coBmazaer c

N\ adpoM aroma (puc. 14). Ecau B

N npsIMOYroAbHOH (IeKapToBOi#) cu-

N cTeMe KOODJAHHAT IIOJI0XKEeHHEe Yac-

14 THIIB 33/[aeTCsl KOOPAHHATaMH X, Y
H 2, TO B TOJSIPHOH CHCTeMEe OHO

Puc. 14. Tlonspuas cucrema olpepensieTcs BeJHYHHOH paguyca-
KOOpAHHAT BeKTOpa r (paccrosiHHeM OT LEHT-

‘ pa) u yraamu 0 (yrojl IuHpoTH) H
¢ (yrox Roarotwl). W3 puc. 14 BHAHO, 4TO NOJSPHBIE KOODIHHATHI
CBSI3aHBI C NPSAMOYTOJNbHEIMH CJAEAYIOHIMMH COOTHOIUIEHHIMH:

x=rsinfBcosp, y=rsinbsing, z=rcosB. (1.59)

Kak u npu pelueHuy 3aflayd As TPeXMEPHOTO NOTEHIHAIbHOTO SAIIH-
Ka, QyHKIHIO 1 YAOGHO MPEACTaBHTb B BHAE NPOH3BEIEHHs TpeX
¢GyHKuKi, Kaxaasd U3 KOTOPBIX COJAEPXKHT TOJbLKO OJIHY IepeMeHHYIO:

b(r, 8, 9) =R (r)B(6) D (¢).
Bripaxenne R(r) nasnBaercs paduasvHot 4acTbl0 BOMTHOBOH (YHK-
uuH, npoussefenue 6 (0) D (@) cocrasisier ee ye108Y10 4ACTb.
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Haauune Tpex crenedefi cBoGobl IPHBOAUT K TOMY, 4TO B pelle-
HHH NOABJASIOTCS TPH BeJIHYMHBI, KOTOpble MOTYT IPHHHMATh TOJBKO
HeJouYHC/AeEHble 3HayeHHst — TPH KBAHTOBBIX YHCJAa; OHH 00603HAva-
joTcst 6yKBaMu 7, [ ¥ m. TH BeIWYHHBI BXOAAT B BHIPAXKEHHS Kak
paanajbHOIl, TaK M YIVIOBOH COCTABJSIOIIMX BOJHOBOH (yHKuuH; B
camoMm oOlieM Bume pe3yabrar peuienusi ypaBHenus Illpemumnrepa
ZJI51 aTOMa BOJAOPOJa MOXKHO BLIPA3HTh 3aMUCHIO

R(r)= f1(n,D,
8(0) = foll, m), {.60)
D (9) = fa(m).

Ksaurossle yncia #, [ © m MOTyT NPHHUMATH Cle/lylollde 3HAYEHHUS:

n=1,2 3 4,...,",

1=01,23,..., (n—1), (1.61)
m=0, +1, £2, £3,..., +1.
n={ n=2 n3
| L0 L=0 i =0
i 3 Is
i | 25 1 Lt 1
1s Le

ynririr)

i ] 'i > 3 J\/

1 1 )
0 2 0 2 # 6 8 0 2 46 ¢ 101,
rA
Puc. 15. PaguannHoe pacnpefeseHHe BepOSTHOCTH HaXOXK-

JAeHUSA 2JIEKTPOHa ANd pasJHUHBIX COCTOSIHHH aToMa BOXO-
pona

Kak mMbl yBHIMM HUXKe, KBAHTOBLIE YKCHda 7, | 1 M XapaKTepH3yIoT
JBHKEHHE 3JeKTPOHA He TOJBKO B aTOMe BOJOPOAd, HO H B J1060M
IpYTOM aToMe.

Kax sugno us (1.60), kBanToBBle yncjaa 1 ¥ | BXOZAT B Bbipaxe-
Hie GYHKUME R, OITOMY OHH ONPEAENsIoT (PYHKYuw paduasbrozo
pacnpedesenus 8epOATHOCTU npebovleanus 3AeKTpoHa 6 arome. I'pa-
¢buky 3THX GyHKUHMIA AJs aToMa BoAOpoia nokasansl Ha puc. 15. Ilo
OCH OpAMHAT 3JIeChb OTJOXeHbl 3HaueHusi R?(r), yMHOXEHHbiE Ha
4ar?, JJannple BeJHYMHHE XAPAKTEPH3YIOT BEPOSITHOCTH NpeCHIBAHHMSA
3JEKTpOHA B TOHKOM IIAapOBOM CJOE DajHyCOM r; 5Ta BEpOATHOCTh
nponopuronaibsia 4nr?R?(r)dr, rge dr — Tonmuna cjosl.
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H3 puc. 15 caenyert, uto B orJnune OT Teopun bBopa — 3omMMep-
thesabga, cOr1acHO KOTOPOH 3J1E€KTPOH ABHXKETCS 110 OllpefeleHHbIM
opOuTaM, KBAHTOBAA MeXaHHKA NOKA3bIBAET, 4TO 3JIEKTPOH MOXKeT
HaXOJMThCS B J1000f TOUKe atoMa, 0JHAKO BePOATHOCThL ero npeG-
BaHMS B pPa3JIMUYHLIX 06J14CTAX NMPOCTPAHCTBZ HEOAHHAKOBA. Taknum
oGpa3oM, ecsiu 6b1 MBI MOTVIM HaG04aTh 3JIEKTPOH B aTOMe, TO yBH-
nenu Gbl, 4TO OH ualle ObiBaeT B OAHHMX ME€CTAX H pexe B APYTHX.
[TosToMy coBpeMeHHLIM NpPEACTABJEHHSIM OTBedyaeT INOHATHe 06 3.e-
KTPOHHOM 00.AaKe, ILAOTHOCTb KOTOPOTO B PAa3JIMUHLIX TOUKAX Ompe-
JessieTcsl BEPOATHOCTbIO NpebniBaHuA 3aeKkTpoHA. [loatoMy B mHayu-
HOH JIHTepaType BMeCTO TepMHHa «opOMTa» Telepb NOJB3YIOTCS
TEPMHHOM «Op6uTAAb>, MOJ KOTOPHIM NOAPa3yMeBaeTcss COBOKY Ii-
HOCTb NOJOXEeHHH 31eKTpOoHA B aToMe. Kaxnoit opbu-
TaJli COOTBETCTBYET OIpelesleHHAsl BOJHOBas (PYHKUHSA 1.

JJs1 XapaKTepHCTHKH COCTOSIHHSL 3JICKTPOHOB B aTOMAax HCHOJb-
3yIOTCA ciedyloiide 0003HaUeHHs: BeJIHUHHA KBAHTOBOIO YHCIA 7
o0o3unauaerca uudpamu, a 3HaueHus [ — cTpounbiMu OyKBaMud B CO-
OTBETCTBHH CO CXEMOH

l....... 0 1 2 3 4 5
0GO3HAYEH € s p d f g h

[TepBuie ueThipe GyKBHI COBNAAAIOT ¢ 0003HAUEHHAMH CHEKTPaJb-
HBIX cepufi (cM. cTp. 16); BOBHMKHOBEHHE 3THX CEPHH OGYCJIOBJEHO
nepexoJaMu 3J1eKTPOHOB, COOTBETCTBYIOILIHMH OTpeJe/IeHHBM 3Haye-
HHSIM KBaHTOBOrO uucaa l. JIse mociiequue GyKBH — g U A — B3AThI
Kak crosiiine B andaBute nocie f. Takum oGpasoM, 3anuch ls cie-
JyeT MOHBMMAaTh Kak 0003HaueHHe 3JEKTPOHA, y KOTOporo n=1 #a
!=0; 3anucp 2p — kak 0Go3HaUeHHE 3JEKTPOHA, Y KOTOPOro n=2 u
[=1 u 1. n. Uacsao 37€eKTPOHOB B aTOMe C AAHHLIMH 3HAUYEHHSIMH N
u [ o6o3Hauaerca unaekcoM cBepxy. Tak, 3anuch 2s% (uuraercs «iABa
3C ABa») NMOKa3bIBaeT, 4T0 B aTOMe ecTh 2 3JjeKTpoHa ¢ n=2 u [=0.

B Ta6n. | npuBeeHsl BHIpaXKeHHs BOTHOBHIX (DYHKUMH AJI3 HEKO-
TOPBIX COCTOAHHE 3JEeKTpOHa B aToMe Boxopoia. OHH AaHBI B 2TOM-
HHIX efuHHIaXx. KpoMe TOro, TpuroHoMerpHueckHe (YHKIMH YIJIOB
JJ1A COKpAILleHHs 3alUCH ONpeje/ieHbl Yyepe3 JeKapTOBbl KOOpAHHATHI
X, Yy ¥ 2 ¥ paccrosHue r. AHaJOTHUHBLIMH BOJIHOBBIMH (YHKIHSMH
XapaKTepH3yercsl JABH:KEHHE 3JIEKTPOHZ B OIHO3JIEKTPOHHBIX HOHAX
(Het*, Li*t u 1. 1.); uro6bl MepeliTH K BEIpAXKEHHAM AJI 3THX HOHOB,
HYXXHO YMHOXKHUTb IpPHBeJeHHble BOJHOBble HYHKIMM Ha Z*: u 1101-
CTaBHUThb Zr BMeCTO r.

Ha puc. 16 nokasanwl 3JjekTpoHHBe 06/1aKa /sl pPa3/IMUHBIX CO-
CTOsIHUE 3JleKTPoHOB. Puc. 16 usobpakaer ¢opmy noBepXHOCTel,
OTPaHUHYUBAIOIIMX NIPOCTPAHCTBO, B KOTOPOM 3aKJioueHa OOJbHIas
yacTb 3/71eKTpoHHOro obsaka (~90%). Popma 3TuX NOBepXHOCTEd
ompejeasieTcsl  YIVIOBOH  COCTaBJISIIOIIEH  BOJHOBOH  (DYHKIHMH
O (0) D (¢). JanubM cioco6oM u306pakKeHHs] 3/1eKTPOHHLIX 06/1aKOB
Mbl GyeM HEOJHOKPATHO MOJIb30BAThCA B JAajibHEHLIEM.
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Ta6auna 1

BosHoBhe (QYHKUHM 9J€KTPOHa B aroMe BOROpOAA

;Ig?ég;;f:ae;:{e“ PaanaibHag 4acThb VYraosag yactb
1
1s 20T .
2V a’
2s - 1 2—r)ye"? To xe camoe
2)2
1 —ri2 V3 .
2p —re = (x/r)
2V 2V =
20, To xe camoe ———E_ (z]r)
2V n
3
2py To ke camoe Vv w/r)
2V x
4 . V15
3 2 _ye —— 2T ——— [(x2—y2) /7]
817/30 4V :
V 30
3d 2 To we camoe —— (x2/[r?)
2 VQn
V5 -
3d To we camoe ——— [(322 —r2)/r2?]
14V =
30
3dy: To xe caMoe -V—__(yz/rﬂ)
2V2n
- 15
3d 4y To_xe camoe —1/—:- (xy[r?)
2 Vﬁ

4, KzanToBble YyncJa 9JeKTPOHOB B aToMax. KsaHTosble uHcia

XapaKTepH3ylOT NBUKEHHE 3JIeKTPOHOB He TOJbKO B aToMax BOAO-
poia, HO ¥ B MOOBIX APYrHX aroMaX. JDTH XapaKTEPUCTHKH O4eHb
BaKHBl AJIS TOHMMAHHS CBONCTB BELIECTB H INPHPOAB XHMHUYECKOH
cesisu. [TosToMy clenyer nogpoGHee O6CYAHTb HX CMBICI.

KsauToBble uncaa n, [ 1 m onpejensitoT reoMerpudeckue ocoben-
HOCTH 3JeKTPOHHOTO o6saka. OHH TaKkKe CBA3aHbl ¢ (QU3HYECKHMH
XapaKTePHCTHKAMHU [BHKEHHS 3JE€KTPOHA.

KBaHTOBOe YHCNO n PaBHO YHCAY Y3JOBBIX IO-
BepxHocTeli op6Gurtanu Y3n0BOH nosepxrxocr/b«lo’
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Ha3bplBaeTCcsi reoMeTpPHYEeCKOE MeCTO TOYeK, A9
KoTopbiX %=0. OueBuano, ecan =0, To Y?=0; nosTomy mI0T-
HOCTb 3/IeKTPOHHOTO 06saka Ha Y3/10BO#l MOBEPXHOCTH paBHA HY.IIO.
B uncio y3noBeix moBepxHOCTeli BK/IiOudercs TakKXke IOBEPXHOCTD,
Aexaiuasi Ha GeckoHeuHo 0OJBIIOM DACCTOSIHHH OT sifpa; KaK bl

3HaeM, B 3TOM cJyuae 1 Bcerja paBHa HYJIO.

Puc. 16. DopMbl 3/1eKTPOHHLIX O6JIAKOB MJA Pa3JHUHBIX CO-
CTOSIHHHA 3JIEKTPOHOB B aToMaXx

CyumecTBoBanHe Y3/M0BBIX IOBEPXHOCTeil B paclpefeNeHHH 3Je-
KTPOHHOM NIOTHOCTH CBSI3aHO C OOLIMMH 3aKOHOMEPHOCTSIMH MHKpO-
MHupa. [IBHKeHHe MHKDOYACTHIl ONMHCHIBAETCS COOTHOLIEHHSIMH, aHa-
JIOTHYHBIMH  ypaBHEHHUSIM BOJHOBOTO [ABHiKeHHA. B a1060fi Bosaxe
HMEIOTCsl TOYKH, Fie CMellleHue KoJefaomelicss BeJIHYHHBl PAaBHO Hy-
at0. Ecan koseOaTenbHblll Ipoliece NMPOHCXOMUT B TPEX H3MepeHusx,
TO COBOKYMHOCTb HaHHEIX TOYeK O6pasdyeT y3JIOBYIO MOBEPXHOCTD.
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¥Y3/0BHle MOBEPXHOCTH B aTOoMax OHIBAIOT ABYX BHIOB — He IIpo-
XOAfLIHe Yepe3 IeHTP aroMa (SIAPO) H MNpOXOAflLHE Yepe3 HeEro.
[TepBble ABASAIOTCA cdepaMH, HEHTP KOTOPBHIX COBIIafaeT C SIAPOM,
BTOpbI€ — IVIOCKHMH HJIH KOHHYeCKHMH NOBEpXHOCTAMH. Hannune
cepHUECKHX Y3JI0BBIX MOBEDXHOCTEH MNPOABJAETCA B DaAHAJbHOR
YyacTH BOJHOBOR GYHKIHH — Ha OlIpejesieHHbIX PacCTOAHHAX OT AApa
{ GBIBaeT paBHa HYJIO; 3TO XOPOWIO BHAHO M3 pHC. 15.

BesnunHa [ 1OKa3bBaeT, CKOJbBKO y3JOBB X IO-
BepxHocTel BOJHOBOH QGYHKIHH 3JNeKTpPOHa HMNpoO-
XOAHUT Yepe3 gApo. Kak ykaspBajgoch, OJHA H3 Y3JIOBHIX I0-

Puc. 17. Pacnosoxkenue y3JOBLIX mOBepXHOCTell
AJs1 Das/IHYHBIX COCTOSIHHH 3JEeKTpoHa

BEpXHOCTeH Bcerja JexXHT Ha GecKOoHeYHOo OONbIIOM PacCTOSHHH OT
anpa. Orciofa MOHATHO, YTO [ MOKeT M3MeHATbcs B Ipefesaax ot 0
no n—1. Ha puc. 17 nokasano pacrosoxkeHue y3JOBBX HOBEPXHO-
CTeH, MPOXOASIUMX Yepe3 IIEHTP aroMa, M DPAa3JHYHBIX COCTOSIHHA
saekTpona. [lose3no cpaBHHTb 3TOT PHCYHOK ¢ pHC. 16.

Kax y:xe oTmeuanoch, COrJiacHO KBaHTOBOH MeX4aHHKE, 3JIEKTPOH
B aTOMe MOXKET HaxXOAHTbesA Ha JI060M PacCTOSHHH OT fAApa, OLHAKO
BEPOAITHOCTb €ro NpebblBaHHA B Pa3HBHX MecTax aToMa pasJHyHa.
3nas pacnpejesneHue 3JeKTPOHHOH NJIOTHOCTH B aToMe, MOXKHO BHI-
YHCHUTD CpedHee paccTosHue 3JeKTPOHA OT fJApa rep, KOTOPOE Xa-
paKTepH3yeT pasMmep OpOHTANH; rcp MOXKHO HAaHTH HHTeIPHPOBaHHEM
dYHKUMHA pafHaNbHOrO pachpenesneHus. Bennunna rep, onpelensiercs
3HAUEHHSAMH 1 U [; 1J1s 5JeKTpOHa B aToMe BOJZOpoAa H B BOJ0POJO-
NOoAO0GHKX HOHAX 5Ta 32BHCHMOCTD BbIPAXKAeTCsl COOTHOIIEHHEM
I

z 5 ol It (1.62)

rcp =
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rne Z — 3apan aApa u do — pajuyc nepsoil Goposckofi opGuTH. K3
ypapuenust (1.62) BuAHO, UTO BENHYMHA Fcp MPHOMHM3HTENBHO TPO-
nopmuoHasibHa n2. TakuM 06pasoM, MOXKHO CKasarh, 4TO 3Ha4e-
HHe 1 ONpefensieT pasMep OPOHTANH 3JeKTPOHa.

ClleflyeT OTMeTHTD, UTO MAKCHMYM BepOSITHOCTH HaXOXK/eHHUs afe-
KTPOHA B aTOMe BOAOpOAa mas 18, 2p, 3d, 4f ¥ 1. 1. COCTOSIHUA coBIa-
XAeT ¢ PalHycOM COOTBETCTBYIOLIeH GOPOBCKOH OpOuTH (CM. pHc. 15).

DHeprus 3MeKTPOHA B aTOMe BOAOPOAA 3aBHCHT TOJILKO OT BEJH-
uunbl n; pelleHne ypashenus llpexnnrepa naeT coOTHOIIEHHE

1 meet

E=—— .
2 n?h?

(1.63)

Kak BHIHO, TIOJIyYaeTcsi TO XKe BHpaxeHue, yTo n B Teopun bopa
[cM. ypasuenne (1.19)], HO B OT/IHYUKe OT MOC/eHeH KBAHTOBAS Mexa-
HHKA NPHXOHT K 5TOMY pe3y/abTaTy, He IpHOerasi K NpOH3BOJIbHOMY
HPeANOJI0KEHNIO 0 BO3MOKHOCTH IBHXKEHHs 3JEKTPOHA MO Olperne-
JeHHOMY Habopy OpOHT, 3aZaBaeMOMy PSZOM LENbX GHCeN.

Bsuzy TOTO, UTO 1 ONpeJeNsieT OCHOBHYIO XapaKTepHCTHKY 3JeK-
TpOHa B aToMe BOZOPOZa — eT0 3HepTHIO, 3T BeJHYHHA NOAYUHJIa
Ha3Balle 24a8H020 KBaHTOB8020 ducia. KsaHToBoe umci0 [ HA3H-
BaeTcs OPOUTAALHOLM; OHO OIIpefieliseT BeJIHUHHY OpOUTALbHO20 MO-
MEHTQ KOAuuecT8a 0suscenus 3nexTpoHa M, a MMeHHO

M=rViId+1). , (1.64)

Kak mbl 3Haem (cM. crp. 20), MOMeHT KOJHYeCTBA [BHXKEHHS
fBaslercd BeKTOpoM. Ero HampasjeHHe oOlpefenseTci KBAHTOBBIM
‘ugcjoM m. WHbIME CIOBaMH, M XapakTepHu3yeT pacnoio-
Menue opbuTanm B nmpoctpancrtse Hanpasienne pex-
TOpa MOXeT GBITh 3aaHO BEJHUYHHOH MPOEKIMH HAa KaKyk0-1160 ochb,
HalpHMep Ha OCh 2 (MOXKeT ObITh HalJieHa NPOeKIHs Op6GHTAJBHOIO
MOMEHTA TOJBKO Ha OXHY OCb, HAXOXKJEHHe NPYTHX NpPOeKUuil He 10-
lycKaeTcss COOTHOLUEHHEM HeONpefeseHHOCTeH; ecan Gbl Mbl 3HaJi
TPH MPOeKLUHH, TO 6bIa 6b H3BECTHA TPaeKTOpHs sJekrpona). IIpo-
eKiusa opGHTANBbHOTO MOMEHTA KOJMHYECTBA [BHIKEHHA OIpenesercs

COOTHOWEeHHEM
M;=km. (1.65}

KBaHTOBOE YMCJO 71 Ha3blBaercs MAarHHTHBIM ¥, TaK KakK OT HEro
33aBHCHT NIPOEKUHs OPOUTAAbHO20 MASHUTHOZ0 MOMEHTQ 3AeKTPOHAa
(cM. mpunoxenue 8).

* [TockoabKy aGcOMIOTHAS Be/MUMHA M HE MOXET NpeBHINarTh ! [em. (L1.6D)],
cootromrennss (1.64) u (1.65) TOKa3bIBAIOT, YTO BEJHYMHA MPOEKUHN OPGHTAJNLHOIO
MOMEHTA KOJHUeCTBA [BHKEHHS BCET/d MEHbIUE ero MOJHOH BeHYHHHl. JTO TaKKe
ABASIETCS CJACACTBHEM COOTHOLIeHHs HeompefenenHoctefi. Ecan Gul npoekuus opGu-
TAAbHOFO MOMEHTa Ha OCh 2 Oblla PaBHa ero BeJHuHHe, TO Mbl Obl 3HaJ/H, YTO €ro
NpPOeKHH HAa OCH X M Y PaBHb HyJI0; TakMM 00pasoM, Gum Obl H3BECTHBI BeJH-
YHHAa H TOYMOE HATIpABJEHMe BEKTOpa MOMEHTa KOJMYecTBa ABHIKEHHSA 3JEKTDOoHa,
a 3TO NPOTHBOPEYAT COOTHOUISHHIO HeOnpefeeHHoOCTeH.
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[ S S

KpaHTOBHIe yHCAA 7, [ H m, GUTYpHpYIOllHe B pPelleHHH YpaBHe-
aua Ipenunrepa mjis aTOMa BOAOPOJA, He MOJNHOCTBIO ONpeleJsior
JBUKEeHHe 3JEeKTPOHOB B aToMax. MsyyeHue CHEKTPOB H Apyrue Hc-
CcJleIOBaHHs MOKa3aJH, YTO K 3THM XapaKTepHCTHKaM cJjexyer xoGa-
BHTH elile OAHY. DTO CBA3aHO C TeM, YFO, KaK MOKa3hpBaeT OIMT,
3JIEKTPOH HMeeT YeTBePTYIO CTeneHb CBOGONLI; YMPOIIEHHO MOXHO
CKa3aTb, YTO OH BpaLaeTcst BOKPYI COGCTBEHHOH OCH. DTO JBHKEHHE
HaspiBaercs CAUHOM ¥, OHO OOYCJOBJHBAeT HAJHuHe Y 3JEKTPOHA
COBCTBEHHO20 MOMEHTA KOAudecT8a O8uscerus. D1o cTolp XKe Gyn-
JZaMeHTaJbHOe CBOHCTBO 2JeKTPOHA, Kak ero 3apax H Macca **. Kak
noKa3aJH SKCIepHMeHTalbHbe HCCAeI0BaHHsA, TPOEKIHs COSCTBeH-
HOFO MOMEHTa KOJIHUECTBA JBHIKEHHS JEeKTPOHA MOXKET HMEThb TOJb-
KO IBa 3HaueHH: +!/pA u —!/ofi; 3HAKH «NJIIOC»> H «KMHHYC» COOTBET-
CTBYIOT Pa3iHYHBIM HAlpaBJeHHAM BPALIEHHs JEKTPOHA. TakKHM
o6GpasoM, cnun(;&oe lcaimroeoe 4uca0 § MOXKET HMeTbh TOJbKO [Ba
3HaUYeHHUA + -5 " — ?,
TOBBlEe YHC/A, HA eIMHHIY. YueT ClHHA B BhIDaKeHHH JJIsfi BOJHOBOH
(GYHKIHH MOXKeT GBITb OCYUIECTBJICH BBeJeHHEM MHOXKHTeJs.

YeTHpe KBAHTOBBIX YHCJAA 71, [, M U S TIOJNHOCTBIO XapaKTepPH3YIOT
IBUKeHHe 3JeKTpoHa B aToMe. HHKaKux ADYruX, HesaBHCHMBIX OT
KBAHTOBBIX YHCEJ XapaKTePHCTHK, y 3TOTO ABHKEHHS He MOXKET OHITb.

[TockoabKy 3HepTHs 2JEKTPOHA B aTOMe BOAOPOAA ONpenessfeTcs
BeJIMUHHOH n H He 3aBHCHT OT OCTaJbHBIX KBaHTOBHIX uHCeN, TO,
OueBHAHO, MOXKeT GHTh HECKOJIBKO COCTOSIHHH 3/1EKTpOHA C OJHHAKO-
BOil 3Hepruefl. DTH COCTOSIHHS ABJSIOTCA BBHIPOKIEHHEMH (CM.
crp. 40). BolpoxaeHne HcuesaeT NPH BO3JEHCTBHH Ha 3JEKTPOH B
aTOMe BHEILIHeTO 3JIeKTPHYECKOT0 HJIH MAarHHTHOTO noJis. DJEKTPOH B
COCTOSIHHH C OJHHM H TeM XKe f, HO pa3/JUYHBIMH [, m HIH § NO-pas-
HOMY B3aUMOJEHCTBYeT ¢ BHELIHHM NOJIeM; B pe3yJ/bTaTe 3JHeprHH
3THX COCTOSIHHH CTAHOBATCS HEONHHAKOBHIMH. DTHM 0ODBAcCHsETCs
paciiienyieHHe CIeKTPaJbHHX JHHHA NPH NOMEIEHHH HCTOYHHKA M3-
JYYCHHS B /EKTPHUeCKOe WIH MarmuTroe nose (3ddextsl llrapka
H 3eemana).

OueBuHO, Bce, uTO OBUIO cKasano o0 aTome BoJOpOAad, MOJ-
HOCTbIO IPHMEHHMO K JPYTHM aHAJOTHYHBIM OJHOJIEKTPOHHBIM CHC-

T. €. OTJIHYaThCs, KaK H OCTaJIbHHI€ KBAaH-

* Or aHrIMACKOTO C10Ba <«Spinl», 03HAYalOLIEro BpallleHHe, KPy4eHHe, Kpy-
xenwe. CoBa <«Bpalilaercss BOKPYF COOGCTBEHHOH OCH» HYXHO NOHHMAaTb TOJBKO
B TOM CMEICJIE, UTO SJEKTDOH MMeeT COOCTBeHHbIH BpamlarenbHbiit momedT. Ilpex-
CTaBAATb 3/EKTPOH KaK Bpallaloluiicd 3apsAXKeHHbIA [MAPHK HEJb3s; B YaCTHOCTH,
€c/H, T0Jb3YACh YDABHEHHSMH 3JEKTPOJHHAMYKH, PACCUHTATb CKOPOCTb ABHIKECHHA
TOYKH Ha MOBEPXHOCTH TAKOrO IapHKa, TO MOJYYHTCH, YTO OHa 00Jblie CKOPOCTH
ceera. Kak u Apyrue xapakTepPHCTHKH JBHXXeHHS MHKDPOUACTHI, CIIHH NPHHUHOHATb-
HO HeBO3MOXKHO CBA3aTh C KaKOH-IHG60 HAIMAAHON MOJebio, HCNO/b3YIOMmEl MaKpo-
CKONHYECKHE TOHATHA.

** Cnefyer MMeThb B BMAY, UTO CYIIECTBYIOT 4YacTHLH, 06janaioliye UeTbIM
(B YacCTHOCTH, HYJIEBbIM) CIIHHOM.
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TeMaM — vonam Het, Li%* u . 1. DHeprus 3/eKTpoHa B 3TOM Caydae
BbIPA3HTCH COOTHOHIEHHEM

1 meetZ? ,‘
E-:——2 prrvan (1.65)

5. MHoroajekTponHnie atoMbl. Kak ¥ B aToMe BOLOPOLA, B MHO-

TO3JIEKTPOHHBIX aTOMaX COCTOSIHHE KAaXKJLOTO 3J€eKTpoHa

onpepensieTcss 3HAYEHHU -

4 5 6 MH uyeTbipeX KBAaHTOBHX

f qyHCcea n, [, mu §; 5TH 4KCaAa MoO-

'—“’{ 5 YT IPHHUMATL Te Ke 3HadeHus,
3

n=1 2 J

&

4YTo U B aToMe BOJXOpOCa.

B MHOr03JeKTPOHHEIX aTOMax
9JEKTPOH [BHKETCH HE TOJBKO B
noie f4apa, HO H B IOJe JPYrUX
3JICKTPOHOB; BJHSIHHE 3TOro ¢ax-
TOPa NPHBOAHT K TOMY, YTO SHeEp-
THH 3JeKTPOHOB, 06aaI0HUX O/LH-
14 HAKOBHIM 171, HO Da3HBHIMH [, CTaHO-
s BATCA DasaHYHBIMH. Ilpuunub 3T0-
— ro sIBJeHHS OOCYXKIEHH HHXKE, Ha
crp. 80. IlosToMy >HeprHsa 2JeKT-
POHOB B MHOTO3JEKTPOHHHX 4TO-
Max OIpexeJasercs 3HAueHHSIMH
ABYX KBAHTOBHIX uyHces 7 u [. [Ipu
5TOM SHeprHf BO3pacTaeT KaK c
yBeJIMUYEHHEM 7, TAK U C YBEJHYCHH-
eMm [. 3aBucuMOCTb 3Hepruu or [
CTAaHOBUTCH TeM GoJee 3aMeTHOH
[0 CPAaBHEHHIO C 3aBHCHMOCTBIO OT
n, 4eM GoJsbllie 3JEeKTPOHOB COAEp-
KHUT atoM. Tax, ana naubonee yna-
i JIGHHOTO OT f7Ipa 3JIEKTPOHA B aTo-

Me HaTpHsi Pa3HOCTb SHEPruil AJjs

Pruc. 18. DnepretHyeck#e ypoBHH YPOBHEH € XBAHTOBHIME 4YHCAaMH

B MHOTO3JIEKTPOHHBIX  aTOMax n=3, (=0 (3s) u n=3, I=1 (3p)

(npuMepHas cxema) X

pasua 2,1 96; 3Ta BeaHYHHa Npu6-

JUKACTCS K DPAasHOCTH SHEPTHH

ypoBHeil ¢ n=3, [=0 (3s) u n=4, [=0 (4s), KoTOpas cocrasjaser

okoJio 3,1 36. Jlast aToMOB, coaepKallux euie GOJbllee YHCIO BJIeK-

TPOHOB, BIHsiHHE [ HA HEPrHI0 3JMEKTPOHA B HEKOTOPHIX CJAYYasix

MOXET 0Ka3aTbhCsi 6oJlee 3HAUUTENBHBIM, UeM BJMSHHE 7, — 06CTOS-

TEJIbCTBO, ONpefensiiolee 0COOCHHOCTH CTPOEHHS psiga MHOTO3JEK-
TPOHHHIX A4TOMOB. .

B o0mewm, sHepreTHYecKHe YPOBHH B MHOr03/JeKTPOHHBIX aTOMAax
ONHUCHIBAIOTCS CAEAYIOUICH 3aKOHOMEPHOCTbIO: YpoBHHU 18, (n—1) du
(n—2)f cpaBHLTe/IbHO MO PA3NUUYAIOTCS TIO SHEPIHH H BCET/la HMe-
10T 0oJlee HH3KYIO 3HEPTHIO, ueM yposeHb np. Takum 06pas3oM, no-

w

K|

> =

Juepeun

S5
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cJe0BaTeJbHOCTh 3HePTeTHYECKHX YPOBHEH B MOpPsIAKE BO3pacTaHus
3HepruH NPUMEPHO ¢ IOHIaH N
1s < 25 < 2p <3s<{3 <?y <4p<5s~4d<5p<6s~5d 4f < 6p.

Ha puc. 18 npelchaBJIeHa CXeMa, NOKA3HIBAIOlIAsl OTHOCHTE/IBHOE
pacroJioKeHHe 3HepPreTHUeCKHX YPOBHe#l B MHOTO3JIEKTPOHHEIX aTo-
Max. JlJis Toro uro6H He HesaTh YepTeyk CJAMIIKOM pPAaCTAHYTHIM,

YPOBHH, COOTBETCTBYIOIIHE n=1 u n=2, pacnoJ/IOXeH:! BhIlle, YeM B
aeiicreuTesbHOCTH. CXema fBJfeTcsi npHOJH3UTENbHOMN (OHa npH-
MepHO clIpaBeJiMBa JJIsl MepBhIX ABaJIlaTH 3JeMeHTOB), TaK KaK pac-
HOJIOXKEHHE YPOBHeHl 3aMeTHO HM3MeHseTcs HpH Nepexofe OT OZHUX
aToMOB K ApyruM (cM. cTp. 76—77).

CocrosiHMe 3JIeKTPOHOB B MHOTO3JEKTPOHHBIX aToMaX Beerjia
OTBeuaeT KBaHTOBOMeXaHHYeCKOMY 3aKoHY, chopMyJHpOBaHHOMY
Mayau (npunyun Iagau). CornacHo 3TOMYy npuHImMny, B A10GOWN
ATOMHOH MJIHU MOJNEKYJAPHOH cHcCTEMe He MOXKeT
GbITh ABYX 5JEKTPOHOB, V KOTOpPHX BCe UYeTHpe
KBAaHTOBHX Ydcaa OBJAHM OBl OZUHaKOBHMH. [Ipuanun
{3anper) Ilaysu orpaHHuHMBaeT YHUCAO 3JEKTPOHOB B aToMe, 00Ja-
LamuXx onpeAedeHHbM 3HauendeM #. Halgem st uucna aasgs n=1
H n=2,

Ecmu n=1, ro [ ¥ m MoryT NpUHUMATDb TOJBKO HyJeBhe 3HAUEHHS
[ex. (1.61)). TosToMy saekTpoHH ¢ 7=1 MOTYT OTJHYATHCA TOJBKO
3HaueHHSMH CIHMHOBBIX KBAaHTOBBIX Uuces. Takum oGpasoM, B arome
MO3KeT GBITb TOJBKO IBa 3JEKTPOHa € TIJIaBHBIM KBaHTOBBIM UHC-

JoMm n=1:
n | m s
1-# anexTpoH 1 0 0 -+1/2
2-it anekTpOH 1 0 0 —1/2
Paccyxnan anajoruyHsiM o0pasoMm, Mbl Haliiem, YTO B ciydae n=2
MOXeT OBITH TOJBLKO 8 He MOBTOPSIOMMX APYr Apyra KoMmOuHanui

yeTbipeX KBaHTOBHIX YHCEJ: -
n ! m s n [ m s
2 0 0 +1/2 2 1 0 +1/2
2 0 0 —1/2 2 1 0 —12
2 1 —1 +1/2 2 1 41 +1/2
2 1 —1 —1/2 2 1 +1 —1/2

DNoxoGHEIM ke 06pa3om MoxHO Oblio 6H HaliTy, uTo A1 n=3 MakK-
CHMaJIbHOe YHCJIO 3JeKTPOHOB paBHO 18; gasi n=4 oHOo pasHO 32
U T. 1. B obuem ciayuae MaKcuUManbHOE YHCJAO 3JEKTPO-
HOB B aToMe, KOTopre MOryr ob6aapgatrh HaHHBEM
3HadeHueM n, pasHo 2n°. B TaGa. 2 3TH pe3ynbraTh npej-
cTaBJeHH B 0000MIeHEO] GopMe.

ITockonbKy BenuuHHa n ompegelser cpefHee PacCTOSIHUE 3J€KT-
pOHa OT sigpa, COBOKYMHOCTh 3JIEKTPOHOB B aToMe, 00Jagalomiux
OJIMHAKOBBIM 3HAYEeHUEM 1, MB OyAeM HasnlBaTh IAEKTPOHHOIM CAO-
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em. DieKTPOHHBlE cJoM 0GO3HAualOTCsl MPOMHCHBIMM OYKBaMM B CO-
OTBETCTBHH CO Cleylollell cxeMof:

£ 2 1 2 3 4 5 6 7
Odozpauenne cion K L M N O P Q

COBOKYIHOCTD 3JeKTPOHOB C OIHHAKOBLIM 3HaueHHeM [ GVeM Hasbl-
BAaTb 3AEKTPOHHOL 000A0UKOW; pa3anuaior S§-060J0YKH, p-060J0u-
KH U T &*

Cor/iacHO M3J0XKEeHHOMY, YHCJIO 3JeKTPOHOB B 3JEKTPOHHOM
cJloe He MOXKET NpeBHIIIaThb 2#% TakKUM 00pasoM, B NEepBOM cjoe He
MoKeT GbIThb GoJlee ABYX 5.1€KTPOHOB, BO BTOpOM — GoJiee 8 u T. 1.
MakcHMalbHOe YHCI0 3JeKTPOHOB B 0060/0uKe paBHo 2(2/+1).

Ecau B $-060/104Ke MOTyT ObITh TOJBKO JBa 3JE€KTPOHA (C NMPOTH-
BOMOJNIOXKHBIMH CIIHHAMHU), TO yKe B p-000J049Ke HX UHCJIO MOXKeT A0~
cTUrHyTh Wectd. [To3TOMYy BO3HMKaeT BOmMpoC, KakKMM 06pasoM Opu-
€HTHPOBAHH CTIHHBL 3JeKTpoHoB. Tak, AJs atoMa a3oTa KoHpHUrypa-
uny  1522s22p3 (2 saekTpoHa B NepBoM cjoe, 5 — BO BTOpOM)
OTBeuaoT JBa MBICIUMbBIX BApHAHTA:

P P
T o]
i i

H
1 1

Kax ol guefikKe Ha 3THX cXeMaX COOTBETCTBYeT OnpejeseHHas oOp-
futanp. Ha xaxngo#t op6uTanu MOryT HaxXOAHUTbLCH
ABa 3JeKTpPOHAa ¢ NPDOTHBONOJOXHBMH CHHHAaMH
B nepBoii cxeMe Bce p-3JeKTPOHB MMEIOT pasHble 3HA4YCHMs M, BO
BTOPOH — V ABYX p-3JIeKTPOHOB OHH OAHHAKOBBI.

KaxkoMy u3 3THX [BYX BapuaHToB clelyeT OTAATb NpeAnouTeHHe?
DTOT Bompoc TeM 6Gojiee yMecTeH, YTO YMCJO MBICIHMBIX BapHaHTOB
JA5 TSKebIX aTOMOB MOXKET CTaTh 3HAUMTENbHBIM, TaK KakK B d-060-
JIoUKaX YMCJIO siUeeK PABHO NSATH, a B [-000/104KaxX — CeMH, T. €. B
11epBOH MOXKeT OBbITh JecsiTh, a BO BTOPOH YeTHIPHAAUATH 3JIEKTPOHOB.

KBanroBasi MexaHHMKa u aHa/JM3 CHEKTPOB IOKAa3bIBAIOT, YTO 34-
noJHEHHe KBaHTOBHIX siueeK, oTBeYalollee HU3LIeMy SHepTeTHUECKOMY
COCTOSIHMIO aToMa, MPOUCXCOHT clefyiomuM obpasom. Ilpu sanmoJ-
HeHnH 06O/IOUKH 3JeKTPOHBI CcHauaja pacnojaralotcs no sfdefikam,
OTBERaIOUIMM Pa3/JHYHbIM 3H2UeHHSIM MarHHTHOI'O KBaHTOBOTO YMC/IA,
M TOJBKO MOCJe TOTO KakK Bce siyeliKH B 000JI0UKe 3amoJHEHbl, NpH
JlanbHelimieM npuOaBJeHHH 3JeKTPOHOB B siuefikax mosIBAfeTCs IO
JBa 3JeKTPOHA C NPOTHBOMOJOXKHO HanpaBJeHHBIMU ciuHaMu. Mnbl-
MH CJIOBaMH, 3amnoJjJHeHHe >SJEKTPOHHBX 060J0UeK

_* Ykasannbie TepMuHB YNoTpeS1SI0TCA He BCeMHM aBTOpaMH. BaecTo Bhpaxe-
HHH «C/iOf» B «000J0YKa» B /uTepaType 4acTO NMHHIIYT «000JIOUKa» M «MOZ000J04-
Ka», €yPOBCHbY M «IIOJYPOBEHbY.
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NPONCXOANT TakKuM o06pasomM, 4TOOGH CyMMapHBIH
cnuH OBJ MAaKCHMaAbHB M ¥ DT0 BaXXHOE IOJOXKEHHE HOCHT
Ha3BaHHe npasusra Xynoa.

B crenyromefi yacTd KHUrH 6yJeT mMokasaHo, YTO MEPHOAHYHOCTD
XMMHYECKHX ¥ (PU3HYECKHX CBOHCTB 37eMeHTOB 00yCJOBJeHa MocTe-
TNIEHHBIM 3aMOJHEHHEM 3JIEKTPOHHBIX CJIOEB; NIPH 3TOM B CTPOEHHH
KaxJAoro MocaedyIoIero cj1os NoBTOPSIOTC OCOOEHHOCTH CTpOEHHA
npeablAYyIIErO CJI0L.

6. Ilpoucxoxnenune cnekrpoB. Eciu arom He mopeepraercsl Hu-
KaKHM BHEIUHHM BO3AeHCTBUAM, TO €ro 3JeKTPOHB HaxoisATcs B
TaKHX COCTOSHHSMX, B KOTOPHIX HX HEPrus MuHuMaabHa. CocrosiHue
¢ MHHHMaJbHOH SHepruefl HasblBAETCH HOPMAAGHOIM HIH OCHOBHLIM
cocrosindeM aroMma. Ilpu cooluierun atoMy sHepruu (B pesyJbrarte
CTOJKHOBEHHSI ¢ APYTHM aTOMOM, NOTJIOIEHHS KBAHTA CBETA, JEKT-
DPOHEOTO yAapa # T. IL.) OJHH HJIM HECKOJbKO 3JEKTPOHOB B aroMe
MOTyT nMepedTH Ha 0oJjee BBHICOKUM SHEPTEeTHUECKHI YPOBEHbL, B 3TOM
clyuyae aToM CTAHOBUTCS 8030yxclennbim. B BO3GYXAEHHOM cOCTOS-
HHH aTOM, KaK IpaBU/I0, HAXOJHTCSA OueHb KOPOTKOE BpeMs (IopsiKa
10-5—10-8 cex), mociie yero 3JeKTpOH BO3Bpalllaercs Ha Haubo.lee
HHU3KMA 3HEePreTHYeCKHH YPOBEHb W aTOM CHOBa NepPeXOJUT B HOp-
MalbHOe cocrosgHHe. Ecau mexiy HH3IIUM YpOBHEM 3HEPrHu H TeM
YPOBHEM, Ha KOTOPOM HAXOJMTCS 3JEKTPOH, HMEIOTCS IMPOMEXYTOou-
HBle YPOBHH, TO YKa3aHHBI{ MEPEXOJ MOXKeT COBEpPUIATHCS B HeCKOJb-
KO 3TamoB.

[Ipu nepexole 3JexkTpoHa ¢ 060Jee BBICOKOIO HEPTETHYECKOIO
YPOBHs1 Ha GoJiee HH3KHI H3/yuyaercd KBaHT CBeTa, YaCTOTa KOTOPOro
B COOTBeTCTBHM ¢ ypaBHenuem [laamka (1.9) onpegmenasiercsa coort-

HOIICHUEM
Eo— E; = hv. (1.67)

STa yactoTa XapaKTePU3yeT COOTBETCTBYIOLIYI0 JHHHIO CHOEKTpa.
Taxum o6pasom, mosiBleHHe KaxuAOH CHEKTPa/JbHON JHHHH 08yCa0B-
JIEHO NepPexoJOoM 3JeKTPOHa C OJHOIO 3HepreTHUeCKOTO YypOBHS Ha
apyroit (cM. puc. 6). [Tostomy cnexTp sjaeMeHTa MO3BOJSET CYAHTH
00 3HEepreTHYECKUX MepeXofax 3JeKTPOHOB, NPOHCXOAALNX NPH BO3-
BpalLIeHHH aToMa U3 BO30OYKAEHHOrO COCTOSIHUA B HOpMAJbHGE.
[Tepexo[pl 2JIEKTPOHOB, NPHHALIEKAIIUX K BHYTPEHHUM CJOSM,
JAI0T PEHT2eHOBCKOEe U3AYHeHUe, JIUHA BOJH KOTOPOro 3HAYHTENLHO
MEHblle, YeM [JIHHA BOJH BHAHMOrO cBeTa. D10 0OYCJOBJAGHO TeM,
4YTO BHYTPEHHHE 3JEKTPOHH 0ojiee MPOYHO CBSI3aHH C SAPOM; II03TO-
My HX IEPEXOAB CONpsiAKeHH ¢ OOJbIIMMH SHEPTETHYECKHMH H3Me-
HEeHHSAMH, 4yTO, corjacuo ypasHerHwo (1.67), mpuBomur K H3nyuyeHuo
BBICOKOH YacTOTH H, CjAeJoBaTelbHO, Manofl AAHHB BOJHH. Pentre-
HOBCKHE CIEKTDhl COCTOAT H3 HeOGO/IBLIOro Yuciaa JUHHUH; HX 4acTOTh

* Cnun, onpeaesaeMbili COGCTBEHHEIM MOMEHTOM KOJHUYECTBA NABHMKEHHS 3JIEK-
TPOHA, ABJAETCH BEKTODOM, IO3TOMY OH oGo3Hauaercss cTpenkod. CyMMapuuifi cnun
ABYX 3JIeKTDOHOB C IIDOTHBOIIOJIOKHBIMH CIIHHAMH pPaBeH HYJIO.
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3aKOHOMEDHO H3MEHSIOTCS C BO3pacTaHHEM 3apsilia siApa NpH mepe-
X0z€ OT OLHOTO 3JeMeHTa K Apyromy (cM. cTp. 63).

[Tepexoant BHEIUHMX 3JEKTPOHOB B aTOMax COMNpSKEHbl C MeHb-
IIHMH SHepreTHYeCKUMH U3MEHEHHUAMH H 00y CJIOBJHBAIOT BORHUKIIO-
BeHHe CIIEKTPa B BHAMMON U yAbTpadHOIeTOBOH 06aacTax.

HccieloBanye CUEKTPOR AaeT BO3MOXHOCTh ONpeAeduTb 3JeK-
TPOHHOE CTPOEHHE aTOMOB 3JeMeHTOB — HAHTH 3HAUEHHS KBaHTOBBIX
yHceJ U 3HEPTHH 3JeKTPOHOR
B aTroMaxX (OObIUHO TOA Tep- £ ;4

MHHOM <«3JEKTPOHHOE CTpoe- sos ,..\».?owwd Sl oo . oo
7

HHe aToOMa» MOHUMAIOT €ro
CTpOeHHE B HOpPMAa/JbHOM CO-
CTOSIHHH) .

Al <o -————
Onpenenienne  3AKTPOH- ~/ fo—ts — 7 S "i 4y
HOTO CTPOEHUS 10 CIIEKTp aJb- o NI
HBIM JaHHBIM BO MHOTHX CJY- =2 7 e 3
yasxX oOueHb cioxHo. i _, }5 o
3TOTO HEO6XOAMMO ycTaHo- | N\ N
BHUTb NPHHANJIEXKHOCTb JHHHUH sy
[-=]

B CIIeKTp€ K ONpefeleHHHM
cepuAM H BBIACHHTb, UCNOAL- -Jf
3yq OpaBuJa KBaHTOBOH Mexa-
HUKH, KaKUM INepexomoM ofy-
CJIOBJICHO TIOSIBJEHHE KaXKmoH
U3 CNeKTPaJbHBIX JUHUHN. Yuu- K
TBIBasi OTPOMHOE KOJHYECTRO Q
JUHUH B CNEKTPaX, MOXKHO 10~ Li
HATb TPYAHOCTb 3TOH 3agauu. -5t
Onnako B pe3ysabrare KpomnoT- 25
JHBOH paboTe 6OJBILOTO uHC-

Ja uccjleaoBareneil B HacTos- -6

g =2

Ypobuu Bodopoda

1ee BpeMfA HM3BECTHO 3JEKT-
pOHHOE cTpOoeHHe GOJBIINHCT- )
Ba 3JIECMEHTOB. BOJIbLLIyIO poJsb  Puc. 19, Cxema, noKaskeBamllasg BO3HHKHO-
B IeJe CHCTEMAaTH3alluyu U pac- BeHHE CIIEKTpa JHTHA. ,HJIH CpaBHEHHA na-
HII/I(prBKI/I ATOMHBIX CHeKTPOB Hbl YPOBHH 3HegI‘HH snex'rpona B aTtoMme
CHITpan mepHOJHUecKuil 3aK0H onopora
IL. 1. Menpeneera.

Ha puc. 19 B KauecTse npnMepa npHuBeeHa cxenma SHepreTuue-
CKHX ypOBHeil HapyXXHOTO 3JEKTPOHA B aToMe JHTHA. JIMHuH, coequ-
HAIUEe pasjuuHble YPOBHH, TOKa3blBAIOT NepeX0Jbl 3J]eKTPOHOB;

Ha CXeMe yKa3aHbl AIUHHE BOJH (B A) COOTBETCTBYIOIHMX CHeKTpasb-
HbIX JuHUH. Kax BHAHO, I/l BHEWmIHEro 3/eKTPoHa B aTOMe JIHTHS
25-COCTOsAIHHME €CTb COCTOsIHME C HaHMeHblllell sHepTHeil. I1pu noMomu
HaHHON CXeMbl MOXHO MOCTPOMTh CHeKTp JautHdA. HcciaezopaTtedb,
U3Y4alolMil CHEKTPEHl, pemaer 06paTHY 3ajauy — HA OCHOBAHUH
CIIEKTPa OH NOJKeH MOCTPOMTb AHATPAMMYy, noAo6GHYyI0 M306paxKeH-
HO# Ha puc. 19.
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DHeprerHyecKHe ypOBHH M pacrpejielenne 3/J€KTPOHHOH IIJIOTHO-
CTH B MHOTO3/IEKTPOHHBIX aTOMaX, TaK Xe Kak ¥ B aTOMe BOACPOAa,
B NpHHIKIE MOTYT GHITh PACCUNTAHb TEOPETHHECKH METONAMH KBAH-
TOBOfi MeXaHHKH; OLHAKO 3JeCh BCTPEUaioTCA OTPOMHbIE MaTeMaTH-
yecKue TPYIHOCTH. B TaKHX pacyerax MPHXONMTCH pellaTh ypaBie-
nue IlIpenuHrepa msi MHOTHX YacCTHI. OHO uMeeT BHJ

E=N
02 0% f 2 8:x2m [ e2Z 8n2m
2 B E A I ( —Uk) |+ EY=0
9x2 oy 9z 2 Iy h?
k=1 k gk -3 J
(1.68)

31ech CYyMMHpOBaHHE PAaCHpOCTpaHsAETCs Ha BCE SJAEKTPOHbI, MMEIO-
Huecs B aToMe (rx — PaccTosHue k-ro 3JeKTpoHa OT aapa), a uaeH
U, VuHTBIBaeT SHEPIHIO OTTANKHBAHHS JAHHOTO 3JIEKTPOHA OT py-
TUX; OH paBeH cyMMme €?[rpi, pasitofi ot i=1 go i=N, rnoe rp; — pac-
CTOsIHKME MeXAY k-M H i-M 3JekTpoHamy. TakuM oGpasom, Aaxe 14
npocTefiero MHOTO3/EKTPOHHOTO aTOMa — reJus — OjlHa TOJBKO
cyMMa BTOPHIX IPOM3BOXHBIX CONEDKHUT UIECTb H/IEHOB. Tounoe pe-
llenHe TAaKOf 3a1ayd NOKa He HalileHo, OXHAKo paspaGoTaHbl MpH-
Guskennbie MeTonbl. OHE BecbMa CJIOXKHBI ¥ BBINOJIHEHAE YHC/ICHHBIX
pacueToB sB/SETCA UPE3BBNAMHO TPYMOEMKHM; B HACTOALILEE BpeMs
751 3TOCO HCHOMB3YIOT 3JEKTPOHHBIE CHeTHbIE MALIHHBL.

7. DHepreTHUECKHE XapPAKTEPHCTHKH aTOMOB — JHEPIHsA HOHM3A-
1My # 3JIeKTPOHHOE CPOAcTBO. IloBeleHHe aToOMOB B XHMHHUECKHX
nmpoueccax B 3HAYHTE/bHOH Mepe 3aBHCHT OT TOrO, HACKOJBKO npou-
HO MX 3JEKTPOHBI yIepXHBAIOTCA Ha CBOMX opburansax. Ilostomy
BaJKHOIl XapaKTePHCTHKON SABJIAETCA IHEpeuUl uoHusayuu —3HeEp-
rus, KoOTopylo Heo6xoAuMO 3aTpaTHTh AJNA OTPEL
Ba sJeKTpoHa OT aToMa, Haxojsaumerocs B HOP-
MaJbHOM COCTO S HHH. ITO NOHATHE NPHMEHUMO H K MOJEKY-
JiaM. BeJuynHy SHEPrUH HOHH3AlWH, TAK Xe KaK ¥ ypOBHH SHEPIHH
5J€KTPOHOB B AaTOMax, MOXKHO OfpEeIeNHTh H3 CNEKTPaJbHBIX
HaHHbIX.

Koporkosoarnosas epanuya CIIEKTPaJbHOH CepHH, oTBevaouleli
mepexolaM 3JeKTPOHA B OCHOBHOE COCTOsIHHE, COOTBETCTBYET BbIe-
JeKHI0 HEpPrHH NPH Mepexoje 3JeKTpOHA, HaxoAsllerocs 3a mpe-
JeJaMi aToMa, B OCHOBHOe coctosinye. OueBHJIHO, /I OTPHIBA JIeK-
TpOHa OT aToMa Heo6XOAMMO 3aTPAaTHTH Ty Ke SHEpIHIO. Takum
06pa3oM, SHEPrUs WOHH3ALMH MOXKET 6bITh BHIYKCAEHA [0 YpaBHe-
auto Inanka (1.9) M3 4acTOTHI, COOTBETCTBYIOLIER KOPOTKOBOJIHOBOH
rpaHuile YKasaHHOH CepHH; TepM, oTBeuyaolui Haubojee HH3KOMY
3HepreTHUECKOMY YPOBHIO, Ha3HBAIOT OCHOBHBLM.

DHepruu HOHH3AUHMH MOMHO ONPENeNHTb W JpYrHMU crocoGamy,
B 4acTHOCTH, METOJAMH 34€KTpOHHO20 ydapa W (HOTOUCHUBAUUL.
DHeprusi MOHM3aN¥H OOBIYHO BbipaxKaercs B SJEKTPOH-BOMLTAX, ee
YacTO HA3BLIBAIOT UOHUSAYUOHHbIM NOTEHYUQAAOM, ¥iMes B BHIY pas-
HOCTb IOTEHIMAJN0B (BHIpaXKeHHYIO B BOJbTax), MOX IeHCTBHEM KO-
TOpOIl 3]eKTPOH IPHOGPETAaeT SHEPIHIO, paBHYI0 SHEPTHH HOHUIALMH.
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DHeprui0 MOHM3alUHKM aTOMa BOAOPOJa JIETKO pacCuuTaTh Teope-
tuyeckH; U3 ypaBHenus (1.63) BuzaHO, 4TO OHa BBHIp@XKaeTcsi COOTHO-

HieHHEM
1 meet
I = ? -—hz—‘; R (I 69)

[0JcTaHOBKA 3HaUeHHH BXOLSMIMX B Hero BeJHuHH Jaer /=13,60 8.
J1is1 MHOTO3JIEKTPOHHBIX aTOMOB CYIIeCTBYeT HeCKOJbKO 3HeprHit

norusauuu Iy, I ..., COOTBETCTBYIOMIMX OTPHIBY IIepBOr0 BTOPOTO
M T. I. 3ICKTPOHOB, IPH 3TOM Bcerjia
h<ly<Is< ..., (1.70)

TaK KaK C yBeJHYEHHEM UYHCJ/a OTPbIBaeMbIX 3JIEKTPOHOB pacTer 3a-

psij o6pasyonierocst MOJIOXHTeJNbHOTO HOHA, KOTOPHIA CHIIbHEE NpH-

TAruBaeT 3JeKTPOH.

B ra6Js. 3 npuBeieHbl 3HaYCHHS 3HEPTHI MOHH3aLMM HEKOTODBIX
atoMoB. M3 Hee cieiyer, yTO HaHMeHblllee 3HadeHHe [, HMelOT Iue-
JIOUHble MeTaJlIbl ¥ YTO [Jisi JIaHHOTO 3JIeMeHTa IIpH Iepexole OT
onsoro 3Hayenus | k ppyromy HabJaiolaercsl pe3Koe H3MeHellHe M0-
TeHnHaJa HOHH3auHH. Tak, A 60pa OTPHIB 4-r0 H 5-TO 3JEKTPOHOB
TpebyeT NpHMePHO AecATHKPATHOH (no cpaBHeHHIO ¢ 1, 2 1 3-M a7ek-

Ta6auua 3
3Hep|"ﬂﬂ HOHH33UHH ATOMOB HEKOTOPBIX 3JEMEHTOoB *
I, a8
AToM
1 2 3 4 5
H 13,595
He 24,581 54,403
Li 5,390 75,619 122,419
Be 9,320 18,206 153,850 217,657
B 8,296 25,149 37,920 259,298 340,127
C 11,256 24,376 47,871 64,48 392,00
N 14,53 25,593 47,426 77,450 97,863
0] 13,614 35, 146 54,934 77,3%4 113,873
F 17,418 34,98 62,646 87,23 114,214
Ne 21,559 41,07 63,5 97,16 126,4
Na 5,138 47,29 71,65 98,88 138,60
Mg 7,644 15,031 80,12 109,29 141,23
Al 5,984 18,823 28,44 119,96 153,77
St 8,149 16,34 33,46 45,13 166,73
p 10,484 19,72 30,155 51,354 £5,007
S 10,357 23.4 35,0 47,29 72,5
Cl 13,01 23,80 39,90 53.5 67,80
Ar 15,755 27,62 40,90 59,79 75,0
K 4,339 31,81 46 50,90 —
Ca 6,111 11,868 51,21 67 84,39

* Bricmie noTeHnManbl, Haywnas ¢ 6-ro, B Ta6auiny He BKJOYeHnl. IIpouyepk O3HAuaer
@TCYTCTBHE 3KCIIepPHMEHTAJbHBIX AaHHbBIX.
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TpoHaMH) 3aTpaThl 3Hepruu. [locnennee o6crosiTenbCTBO Hemocpen-
CTBEHHO CBHIETEJIbCTBYET O TPYINHPOBKE 3JEKTPOHOB B CJIOH.

Ha puc. 20 nokasanbl (6e3 coOGamogenusi maclitaba) YpPOBHH
SHepTHd W 3Hauenus [; (i=1, 2, 3, 4, b) nss 60pa u ero nonos. Bos-
pacrtaHde HepTHH CBA3H 1S- H 25-3JIEKTPOHOB C fIPOM NO Mepe
pocta [ oObACHAETCA yMeHbleHHeM pa3Mepa HOHa ¢ YyBeJHYeHHeM
ero 3apsja.

XoTd B NpUHIHIE MOXKHO OCylUlecTBHThH JIOOYIO CTelleHb HOHU3a-
IIHH, OJHAKO XHMHKa HHTEePecYIOT JHlIb HePBble 3HePTHH HOHH3a-
IIHH, TaK Kak, ec/I¥ yiecTh, UTo | 38 skBuBanenteH 23,1 kxaa/e-aron,

E TO CTaHeT OUEeBHIHBIM, UTO
sHepreTrueckne 3ddekTH

3:{ 321+ 3
ZP 1, 12
2s -H'

is -H- -H- +

3 [ 5+
B B XMMHUECKHX [POLeccoB co-
I/J I, Iy H3MepHMbl HMEHHO ¢ Iep-

BbIMH NTOTeHIHATaMH HOHH-
sanun (cM. crp. 126). Ileii-
x CTBHTEJIbHO, €C/IH XHMHUEC-
-H' KHe Tpoleccsl CONPOBOXK-
_H_ JalTcsd  BbIIEJIEHHEM HJIH
MMOTJIOLIeHHEM 3HEepPrHH [10-
pAdKa [eCATKOB H COTeH
+|. KKQA[MOAb, TO, HalpHMeD,
v IIPOLECC OTPLIBA CEMH 3JieK-
+ TPOHOB OT aToMa dropa
) B + 82 + BJ + B‘ +

F—F'+
Puc. 20. DHepruM HOHH3aUHMH H YPOBHH
SHEPIMH aToMa M HOHOB 6opa (cxema) norpeboBan oLl 6oJiee
15000 kKaafz-aT.

DHepruy MOHH3ANMK SIBJSAIOTCA BecbMa BaKHLIMH XapaKTePHCTH-
KaMH aTOMOB;, B 3TOM Mbl yOequMcs HuXKe, 37€Chb XKe 3HaAYeHHE ITHX
BeJIMUHH B XHMMH MOXKHO HJJIIOCTPHPOBATH CJAEAyIOIIHM IPHMEDPOM,.
B 1962 r. Bapraerr (Kanama) cuuresupoBan coeguHenne OpPtFs.
Teopernueckue coo6pakeHus NPHBEJH ero K BbIBOAY, YTO 3TO COEIH-
HeHHe coctouT M3 HOHOB O.* u (PtFg)—. Torma Baptaerr o6patun
BHHMaHHe Ha TO, UTO HepIHH HOHM3aluu MoJeky/nl Op H atoma Xe
IOYTH ofMHAaKOBHl (coorsercTBenHo 12,2 m 12,13 38); orcropa 6blio
cHesiaHO 3aK/I0UeHHe O BO3MOXKHOCTH NOJYYHTb aHaJOrHYHOE COeAH-
HeHue C KceHOHOM. JleficTBHTeJibHO, MyTeM B3auMojercrausa Xe ¢
PtF¢ Baptierr cuntesuposan XePtFg. Tak Obuio mosioxkeHo Hauasno
OJyUeHHIO COeIHHeH il 6IarOPOJHbIX ra3oB * — ONHOMY H3 3aMeua-
TeJbHBIX JOCTHXKEHHH XHMHH NOCJEIHHX JIeT.

«* Yacto Gaaropofnble ra3bl Ha3blBAalOT pPeJKHMH KHAH HMHEPTHHIMHM Ta3aMi.
Bee 3TH TepmuHbl He Ge3yrnpeuHbl. Mbl OCTaHOBHJIHM CBOA BHIGOP Ha MepPBOM, Tak
Kak BTOPOH ycJoBeH (aproHa cOJEPXKHUTCH B BO3JYyXe OKOJO 1%), a rperHii mpo-
THBOPEUMT PEAKUHMOHHOI CHOCOOHOCTH STHX /eMeHTOB. B CBA3SH XKe ¢ BHIGpAHHEIM
TepMHUMOM BCHOMHHM, YTO U GJIaropojHble MeTasJIbl HMEIOT CKJIOHHOCTb K XHMH-
HeCKOMY B3aHMOJEHCTBHIO.
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DJNeKTPOHN B aToMaX YAEPXKHBAIOTCA MNOJEeM sApa; 3TO TNoJC
NPHTATHBAeT TaKXe W CBOOONHEII 3JEKTPOH, €CIH OH OKaxkercs
BG6/IM3H aTOMa, IIpaBAa, TOT 3JeKTPOH HCILITHIBAET OTTAJKMBAHUE
3JIeKTPOHOB aToMa. TeopeTHYecKdii pacyeT H SKclepHMeHTaJbHbIE
JaHHEIE NIOKAa3bIBAIOT, YTO JJIsi MHOTHX ATOMOB 3HepPTrHs NPHTSXKEHUS
JOTIOJIHATENBHOTO 3JEKTPOHA K AAPY npeBbILIaeT 3HEPTHIO €ro OT-
TaJKHBaHHS OT 3JeKTPOHHHIX 060JI0UeK; 3TH aTOMEI MOTYT HPHCO-
€JIHHATE 3JEKTPOH, 00pasysi YCTONUHBHIH OTPHIATENBHBIH OJHO33-
PSAAHBIA HOH. DHeprus OprIBaLV\'E'KTpOHa OT TaKOro HOHa onpefens-
eT cpodcTeo aroma K 3AexTpory. llomoGHO >HeprHM HOHH3alMH
CPOJCTBO K 3JIEKTPOHY OOBIYHO BBIPAKAIOT B 3JEKTPOH-BOJNBTAX.

KsaHToBOMEXaHHYECKHE pacueThl NOKa3BIBAIOT, YTO NPH IIPHCO-
eIMHEeHHH JABYX H 0oJiee 3J1eKTPOHOB K aTOMY SHEPrHs OTTAJKHBAHUA
Bcerjga GOJbllle SHEPIUH IIPHTAXKEHHS — CPOJCTBO aTOMa K JIBYM H
6oJiee 3JeKTpOHaM Bcerja orpHuareabho. I[lostoMy omHoaToOMHLIE
MHOrosapsifinsie orpunareasnsie Houol (02—, S~ N3~ u 1. 1.) B CcBO-
60/HOM COCTOSIHHH CyLIleCcTBOBaTh He MOryT. Kak Mbl YBHIHM B Jaflb-
Hedimem (cM. crp. 218), ectb ocHOBaHMs moJaraTh, 4YTO TaKHe HOHBI
He CyLIECTBYIOT H B MOJIeKyJlaX H KpHCTaJ/l1aX; NO3TOMY 3anHchk (op-
mya Ca*tS8?—, Cu**0O% u 1. m. clepyeT paccMaTpuBaTh JHIIL Kak
BecbMa rpyfboe npuGJIHKeHHE.

DNeKTPOHHOE CPOACTBO H3BECTHO HE IJiA BCeX aToMOB. B Tab.. 4
OPHBOJATCA €r0 3HAUYEHHS JJis1 aTOMOB HEKOTODEHIX 3JeMeHTOB, Mak-
CHMaJbHEIM CPOJCTBOM K 3JEKTPOHY 06JafaloT aToMbl _TaJOTeHOB.

ITpn nepexone oT GTOPa K HOLY 3JEKTPOHHOE CPOICTBO cHayaJja He-
CRONBKO BuspacraerT (Ev=3,58 38, a Eq=3,81 36), a 3arem menen-
HO najpaer. O BBIUHC/JAEHHH 3HaYeHHH 2JIEKTPOHHOIO CpOJACTBa CM.
crp. 274.

Ta6auuma 4
Cponcrso aATOMOB HEKOTOPBIX 3JEMEHTOB K ANEKTPOHY

ATtoMm E, 38 AroMm E, s8 ATtoM E, 58 AToM E, 38
H 0,747 C 1,24 Na 0,47 S 2,33
He 0,19 N 0,05 Mg —0,32 Cl 3,81
Li 0,82 O 1,47 Al 0,52 Br 3,56
Be |—0,19 F 3,58 Si 1,46 I 3,29
B 0,33 Ne - 0,57 P 0,77




YACTB H

NEPUOAMMECKMA 3AKOH A. U. MEHAENEEBA
M CTPOEHUE ATOMOB 3JIEMEHTOB

BBEJEHME

1. CospemeHHass (OPMYyJHDOBKA TNEPHOAHYECKOTO 3aKOHA. Ie-
pHoaMuecKuil 3aKoH Obl1 OTKpmT [I. U. Menaeneesnm B 1869 r.
cthOopMYMHPOBAH HM CAELYIOMHM O6pasoM: CBOMCTBA MPOCTHIX
Ten*, a Takxe GOPMB H CBOHCTBA COeIHHEHHUH
53JeMeHTOB HAXOAATCA B MEPHOAHUECKOH 3aBHCH-
MOCTH OT aTOMHBIX BECOB 3J€MEHTOB.

J1. 1. Mengenees noJarai, yTo NepHOAHYECKHi 3aKOH fABJAETCA
OTparkeHHEM INYGOKHX 3aKOHOMEPHOCTEH BO BHYTPEHHEM CTPOECHHH
pemectsa. OH mucan B «OCHOBAX XHMHM»: «..NEPHOAHYECKHH 3aKOH
He TONBKO OOHAJ B3aHMHBiE OTHOINGHHS 3JIEMEHTOB, HO H MpH-
Hal HEKOTOPYIO 3aKOHUEHHOCTb YYeHHI0O O (opMax COeAHHEHHH,
06pasyeMbIX 3JeMEHTAaMH, MO3BOJHI BHAETH IIPABHJAbHOCTb B H3Me-
HEHHAX (UIHUECKHX H XHMHYECKHX CBOHCTB MPOCTBIX H CJIOXKHBIX
ten. [TomoGHble OTHONIEHHS AAIOT BO3MOXKHOCTb NPEAyragaTb CBOW-
CTBA €llle ONbITOM HE H3YUEHHBIX MPOCTHIX H CJI0XKHBIX Tell, a I03TOMY
[IOATOTOBJASIOT MOYBY NSl NOCTPOEHHS ATOMHOH M MOJEKY.ISPHOH
MeXaHHKH».

BoipaxeHueM MepHOJHYECKOr0 3aKOHA ABJIAETCA nepuodudeckan
cuctema 3rementos. Kak u3BecTHO, QYHKIUHMOHAJAbHbIE 3aBHCHMOCTH
MOTyT GHITh BbIDXKEHBI TpeMs CHoco0aMu: NPH NOMOLUH YpaBHEHHH,
B BHJe TpaduKoB U B BHAe Tabmuu. A NEPHOAHYECKOTO 3aKOHA
HanGoJiee yIOGHHIM OKa3aJcsi NOCAEAHHE crnocol BblpaxeHus. Buum
IPeJIOKEeHbl COTHH PA3JHUHbIX BADPHAHTOB MEPHOIHYECKOH CHCTEMEL,
OZHAKO WIHPOKOE MPHMEHEHHE MOJYUHJIH TOJNBKO T€ H3 HHX, KOTODbHIE
BecbMa GJH3KH K Talauue, cocrapaennoit /1. 1. Mengeneesnim.

M3ayuenne CTpPOEHHs aTOMOB MOKAa3aJo0, YTO NEPHOAHYECKas CH-
cTeMa MO:KeT ObTb mpeicTaB/ieHa TalJHileH, B KOTOPOi 3JeMeH-
TH PAacNoOJOXEHb B OmMpeAaeJeHHOM mOpAAKE B CO-
OTBETCTBHH CO CTPOEHHEM 3JeKTPOHHBX o06ouao0-

* TIpocTeiM TenOM (Tenepb Yalle TOBOPAT <«NpocToe @ewecT80s) HA3BIBAIOT
BELIECTBO, COCTOAIlee H3 aTOMOB C OJZHMHAKOBHIM 3apsAjfoM Aipa, T. €. U3 aTOMOB
OMHOTO JeMeHTa. IIpUMepaMy TaKHX BeILeCTB ABJSIOTCA MeTaJUIHYeCKHil HaTpHi,
anMa3s, rpaduT, aproH u T. A. XHMHUECKHI 3JeMeHT NpeJCTaBiAeT COBOKYNHOCTH
aTOMOB C OJMHAKOBHIM 3apsafOM spa; 5TH aTOMbl MOTYT HaXOQUTbCA KaK B MNpo-
CTHIX BemecTBaX, TaK M B COEJHHEHHAX.
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gyeX HX aToMOB. MoOXHO nopaXarbCsi reHHaJbHOCTH . 1. Men-
JesieeBa, KOTOPHI COCTaBmA 3Ty Talauuy Tak, 4TO OH3, 6ynyun
JOBOJBHO IPOCTOH, TEM HE MeHee OTMedaeT BCE OCHOBHBIE JeTaln
B CTPOGHHH aTOMOB, H Ha NPOTsIKEHHH BOT yXKe 100 ser ne mperep-
resa HAKAKHX MPHHUHNHAJILHBIX H3MEHEHHH.

DJIEKTPOHHOE CTPOEHHE aroMa B HOPMaJbHOM (neBO30YyXKIEH-
HOM) COCTOSIHHM ONpeJeJsieTCsi YHCJIOM 3J1eKTPOHOB B aTOMe. Ecan
atoM He BO3GYXKIeH, 3J1eKTPOHB 3aHHMAIOT TaKHe OPOHTAJH, Ha KO-
TOpbIX MX JHEPTHS MHHHMAJbHA. Yncso 3JeKTPOHOB B aTOME€ PaBHO
OJIOKHTEIbHOMY 3apsify sizpa. Takum o6pasoM, 3apad sAnpa sB-
AsieTcsl XApaKTEDHCTHKOH, OIpejelsiiolllell 3JMeKTPOHHOe CTPOeHHe
aTOMOB, a CJefOBaTeJbHO, W CBOHcTBa 3JeMentos. [lostromy B Ha-
cTosiliee BpeMsi NepHOAHIECKHH 3aKOH (OPMyJHpYeTcs CIe/yIollM
06pa3oM: CBOHCTBAa NPOCTH X BelmecTs, a TaKXe CcBOiH-
cTBa U GOpPMB coelHHeHHH 3JTEMEHTOB HAXOAATCHA
B MepHOJHYECKOH 3aBUCHMOCTH OT 3apsajna sApa
ATOMOB 3JeMeHTOB. '

B GosmbIIMHCTBEe cJydaeB Bo3pacTanue 3apsana sijapa (yBeanye-
HHe B HEM UHCJa IIPOTOHOB) CONPOBOXKIAETCS TaKXKe H yBeJIHIeHHEM
cpejHEro 3HaueHHs MacC M30TONOB, OGPA3YIOIIMX 3/EMEHT, — aTOM-
Horo Beca sJeMenta. Baaroxapa atomy o6crosreanctsy Jl. M. Men-
lleJleeBy YIAJOCh COCTaBHThb NEPHOAMYECKYIO CHCTEMY, PACIOJIOKHB
3JeMeHTbl B MOPSA/IKe BO3PACTAaHHS ATOMHbIX BecOB. JlanHOe mpaBuio
He BbIIONHSeTcs 1Js geThipex map saementos: Ar u K, Co u Ni, Te
u I, Th n Pa; nepsblil U3 3/1eMeHTOB KaXKnoil Iapbl HMeeT HEMHOro
GoJbILIii aTOMHBIH Bec, 4eM BTOPOH, XOTS 3apsfn fAlnpa aTroMa y Hero
menbiue. JI. M. Menaenees pacnoaoxun K, Ar, Co, Ni, Te u I B Ta6-
JMue He B NOPSiIKe BO3PACTAHUsT aTOMHBIX BeCOB; coBpeMeHHas ¢op-
MyJHDOBKA [ePHOJHMYECKOTO 3aKOHA YCTPaHMJA 3TO Kaxylleecs
HecoOoTBeTCTBHE *. '

[NepronuuecKnii 3aKOH yKas3blBaeT Ha nepHOAHYECKHH XapakTep
yHKUHOHANBHOM 3aBHCHMOCTH CBOHCTB 3JIeMEHTOB OT 3apsia sipa
aTOMOB, TaKOH BHJ HMeeT 3Ta 3aBHCHMOCTb [JIsi OTPOMHOro 4HcIa
caMbIX pa3HOOGPa3HBIX XaPAKTEPHCTHK 3J1eMEHTOB. Ha puc. 21,a n6
fnoKa3anbl TpaduxM 3aBHCHMOCTH aTOMHBIX o6beMoOB ** n TeMnepa-
Typ TJaBNeHHs, a Ha pHC. 21, 6 — NepBbIX JHePrHd HOHA3AUHMH aTo-
MOB OT IIOPAZIKOBOTO HOMEpA 3J1eMeHTOB. DTH 3aBHCHMOCTH BbIpaa-
JOTCS NepPHOJAMIECKHMMH KPHBBHIMH, HMEIOLINMH pSJ MakCHMyMOB H
MHHEMyMOB. AHAJOrWuHbIA XapaKTep -UMeeT M0A00HAs 3aBUCHMOCTH
H Ui MHOTHX ApPYrHX cBOHCTB (KO3(¢HuueHTHl CXHMaeMOCTH, KO-
3¢ }HuuneHTH pacliupeHus, TeMIepaTypbl IJIaBJEHHS H KUIEHH,
MATHHUTHBIE CBOHCTBA, JHEpPTHMM [IHCCOUHALMWH, pPaJaMychl HOHOB

* [lepBbifi 3/MeMEHT KaXAOH M3 3THX Map COAEPXHT CPABHHTEJLHO MHOrO
TsKenaoro u30TOMa. TaK, aproH, COCTOAINMA M3 M30TOMOB C MAaCCOBBIMHM UHCJIAMH
36, 38 u 40, conepxuT 99Y% 1sAr®; Kaanii Xe, COCTOSINHA U3 H3OTOMOB C MACCOBHL-
MH uncaamy 39, 40 u 41, conepxut 93% ;oK.

** ATOMHbLIM OFBEMOM Ha3biBaeTcsi O6beM, 3aHHMaeMbli [paMM-aTOMOM HMpo-
CTOTO BemiecTBa: OH PaBeH YacTHOMY OT JeJeHHs aTOMHOTO Beca Ha MJIOTHOCTD.
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H T. I.), B TOM 4HCJie H XMMHYECKHX (B wacThocTH, TemnoT o6paso-
BaHMA COeAMHEHHIl, HapUMep OKCHIOB). .

IlepHoauyHOCTb CBOMCTB MOXET NpPOABJATHCA BeCbMa HEHETKO
WM Jaxe He OOHapYXHBAaTbCSl, €CIH TPH M3YYEHHH 3JEMEHTOB He
GynyT coG/IOfeHbl COOTBETCTBYIOIHE YCIOBHS. Tak, maorue ¢usu-
yecKHe cBOficTBa (TeMmmepaTtypa IJaBjeHHs, IIOTHOCTh, TBEPROCTH
M Ap.) 3aBHCAT OT CTPOEHHS BellecTBa. TToaTOMy COMOCTaBJSATL 3Ha-
YeHHS 3THX CBOMCTB HaJO AJS TOXKJAECTBEHHBIX CTPYKTYp, B 4aCTHO-
CTH, CPaBHHBATb AaTOMHBIE DafHyChl IpH OJAHHAKOBOM OKDPYXKCHHH
aTOMOB.

BecbMa MaJio CBOHCTB, A/ KOTOPBIX OTCYTCTBYET NMEpHOAHYECKAsE
3aBHCHMOCTb OT NOPSA/IKOBBIX HOMEPOB.
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Pue. 22. 3aBHCHMOCTb aTOMHOM TemJIOeMKOCTH OT NOPARKOBOTO HOMe-
pa a3JeMeHTa

Ha nepsuiil B3M/IsiAl, K HeNEPHORMYECKHM CBOHCTBAM MOXHO OTHE-
CTH YAeJbHYI0 TeIJIOeMKOCTb TMPOCTHIX BeLIeCTB. IeficTBuTeNbHO,
aTOMHAS TelJoeMKocTh C — NpoH3BeJeHHe YAeJbHOH TellJOeMKOCTH
¢ (xaafe-2pad) Ha aTOMHbI Bec A, COrIacCHO npasury ru u o-
AOH24, eCTh BeJHYMHA NPHOIH3UTENbHO OCTOAHHAN!

C=cA=~6,3. ({1.1)

IIpasuno Ity u Jliofonra HMeJ0 B CBOE BpeMs Gosibllioe 3uayeHHE
ISt HAXOXKAEHHs T aBHJIBHBIX BEJHIHH aTOMHbIX BecoB. OHO moka-
3BLIBAET, UTO C POCTOM ATOMHOTO Beca yAeJbHas TelJOeMKOCTb I1aB-
HO yMeHblIaeTcs; TaKuM 06pas3oM, AaHHOe CBOHCTBO KaK Gynro Ont
He oGHapyxupaer nepuoguusoctd. CrpaBeyIHBOCTb STOrO NpaBUJa
WJTIOCTPUpYeTCs Ha pHC. 22: ec/ld HCKIIOUHTh CaMbie JICTKHE 3Je-
MeHTBI, TO TOUKH Ha rpaduke maa 273° K geficTBHTENbHO TPYMIHPY-
j0TCSl BOKPYT oxmoii ropusontaiu. Onnako ecnu TOYKH Ha rpaduKe
C=f(Z) npn T=273°K TAroTeloT K rOpPH30OHTA/H 6,3, To pacnojo-
JKeHHe ToueK Ha TOM e rpaduke mpu 50° K cBuAerebCTByeT O me-
DHOJMYHOCTH H3MEHEHHs TemIoeMKOcTH. B CBf3H C 3THM KpHbad
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nasa t=0°C na puc. 22 yKa3biBaeT cKopee He Ha NPHGJIHXeHHOCTb
ypapHenusi (IL.1), a Ha mposBieHHe TepHUOANYHOCTH, CIJIa’KeHHOH
noBhIIeHHEM TeMmnepaTyphl (o6paTuTe BHHUMaHHE Ha PacloJOXKeHHe
TOueK AJs [eJ0YHBIX MeTaJJIOB Ha puc. 22).

Henepronryeckum CBOHCTBOM MOXHO CYUHTATh YacCTOTy JIMHHE
PEHTreHOBCKOro cleKTpa. JTa BeJHYHHaA NJIaBHO H3MEHsieTcs C yBe-
JuYeHueM MOPAAKOBOro HOMepa 3/eMeHTa B COOTBETCTBHH C YpaBHe-
HUEM'

V=4 —b); (11.2)

3liech v — BOJIHOBOE UMCJIO ONpeeJeHHON (nepBoii, BTOpOA H T. A.)
JUHUM CEPHM PEHTTEHOBCKOrO cIeKkTpa; Z — NOPAAKOBBIH HOMep

04V
16 ¢

g 2 49 ¢g 69 2

Puc. 23. 3aBucuMoCTs vV IAs JAUEME  PEHTIEHOBCKOrO
CIIEKTPa OT NORALKOBOFO HOMEpa 3JeneHTa

saementa; A u b — xoucranrtel. CnpaBenausocts ypasmenusa (I1.2)
HAMIOCTpupyercsi puc. 23. dta 3aKOHOMepHOCTb Gblia YCTAHOBJEHA
sKcnepumentanbHo B 1913 r. Moszenmu (Aurams). PaGora Mosean
1103BOJIKIA 10Ka3aTh, YTO 3apAf Afpa aTOMa YMCJIEHHO paBeH MOPsil-
KOBOMY HOMEpY 3JieMEHTa, H NOATBEPIAHMTh NPABHJIBHOCTH PAaCIOJO-
JKEHHS 3JIeMeHTOB B IepHOAMYECKO cucreMe.

YpaBrenue (I1.2) snerko Moxer ObITh NOJYYEHO TEOPETHUECKH.
Kak mbt smaem (cM. crp. 52), peHTreHoBckmit cnexTp 0GYcCJIOBJIEH
nepexofamMu 3JEKTPOHOB, NpHHaAJMeXKalluX BHYTPeHHHM 0060;104KaM
aToma. JIsis aTOMOB M HOHOB C OJHHM 3JEKTPOHOM TepM BHIparKaer-
¢ cootHomennem (1.7). BumouameHuM 3TO COOTHOLIEHHe TpPHMEHH-
TeJIbHO K 3JEKTPOHY Ha OZHOH H3 BHYTPEHHMX 000/J0YeK aToMa.
DJIeKTpoHBl, Haxoxsliuecs Ha GOJbIIEM PACCTOSHHH OT aapa, yeM
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paccMaTpPHBAeMbiil, OKa3LBAIOT Majioe BJHsHHE Ha 3HEPTHIO Do-
cJefHero, TaK KaK OHH 3HAuHTe/JbHO MeHee IIPOYHO CBSI3aHH C
SAPOM; HUX BO3JeficTBHEM Ha paccMaTpHBAaeMBIH 3JIEKTPOH MOXHO
npenebpeunb. Te 3/JeKTPOHbI, KOTOPHE HAXOAATCSH MeXAYy paccMarpu-
BaeMBIM 3J€KTPOHOM H sApoM, OyAyT yMeHbWIaTb ero IPHUTAXKeHHe
K sapy. Ot1oT 3ddekT MOKHO (OpMaJbHO paccMaTpHBaTh Kak
yMeHblLIEHHEe [AefiCTBYIOLIEr0 Ha 3JEKTPOH 3apsiia aipa Ha HeKoTo-
pYIo BeJMUHHY b, Ha3HBAGMYIO NOCTOSHHOU JKparuposatus. Toria

BhIpaKeHHe AJ1s TepMa npuoGperaeT BUX
Z—b)2
r— g =92
n2

OTcrona MOXKHO HalTH BOJHOBOE UHCJIO:
Z 1 1
-,:T(nl)_r(n2)=(2~b)2k<——-_ )

n’ n
Ecau paccMaTpHBaTh NePeXOAsl MeXIy OJHHMH U TEMH XKe SHepre-
THYeCKMMH  yDOBHAMH B pa3HbBIX aroMaX, TO  BeJIMUHHA
R(1/n,2 — 1/ny2) Gyner nocrosiHoil; o6o3naunm ee A2 Torma moay-
YUM ypaBHEHHE
v = A2(Z — b)2,

Tox aecTsenHoe gopmysae Mozean (I1.2).
Bo3sHuKHOBEHHE PEHTTEHOBCKHUX CIEKTPOB CBSI3aHO C Iepemenle-
HHEM 3JIEKTPOHOB, PacHOJOXKEHHBIX G.H3K0

: 1120 x aapy. Kasanoch 6w, 3akon Mosean cBH-
23 S U9 JeTeqbcTByeT 00 OTCYTCTBHH NEPHOAUYHO-
34 17 {18 CTH B CBOHCTBAX BHYTPEHHHX 3/J€KTPOHOB.
S 2 Onpnako ypasuenue (II.2) cnpasennuso
35 TOJIBKO TMOTOMY, UTo B AAHHOM cClydae pedb

2 uner 00 H3MEHEHHH >HEpPTeTHKH 3JAEKTPOHA
> 53 ¢ OJMHAKOBbIM HaGopOM 3HaUeHHH KBaHTO-
is_l BBIX YHCEJ 110 XOAY BO3pacTaHHsl NOPALKO-
Boro Homepa. [Ipy 3TOM YCJIOBUH 3SHEPTHS

6 CBSI3H 3JEKTpOHA ¢ aapoM Oyaer MJIaBHO

yBeAMUMBATBCA C BO3pacTagueM 3apsaia
A aapa. Ecau xe paccMaTpUBaTh BBLICOKHE
9 SHEPrHH HOHH3alVH, TO OHH OyAyT NepHo-

7] nHueckod QyHKUHe Z, TaK Kak B 3TOM Cay-

yae Mpl GyleM HMETb AeJO ¢ 3JeKTPOHaMHU,

7 o6JaanalEME pa3HuHabIM HA00pOM KBAH-
ool TOBBIX uHCced.

) Takum o6pa3oM, IIepUOAUMYHOCTb MPHCY-

p Ia 3JeKTPOHHOH 000JIOUKe B LEJ0M, a He
uc. 24, CxeMaTHYeCKOE  1onpKO €e nepudepHH.

HSOGan(EHHe nepuoauye- &
CKOflL CHCTEMBl 5MeMEHTOB 2. CTPyKTypa nepHOAMYECKOH CHCTeMBL.

J. . Menneneena B cooTBeTCTBUU C nepuoainideCcKuM H3MeHe-
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HHeM CBOHCTB 3/1eMeHTOB cucteMa JI. . MeHieneeBa COCTOMT H3
HECKOJIbKHX nepuodos. CxeMaTHYeCKH STO NPeACTABJIEHO Ha pHC. 24,
Ha KOTOPOM yKa3aHHl NOPAAKOBble HOMepa NePBOro, NPeNNoCAeIHErO
H NOC/JCIHEro 3JeMeHTa Kaxporo meproma. Tpu nepmoma (I, Il u
1) — maarsvie, ognopsanubie; NepBHH COAEPKHT JHIIbL Ba 3JeMeHTa,
BTOpO#l H Tperuit —no Bocemb. OcranbHble nepHoaw — 6oasuwine; B
AByx u3 #ux (IV u V) no 18 snementos, B VI — 32. Cenpmoi NepHOL
He 3aBeplleH. Ec/in He CYUHTaTh NepBbI NEpHOJ, TO OKA3bIBAETCH, YTO
Kaxnasd napa nepHofoB— coorsercTBenro II u III, IV u V, VI u
VII —mocrpoesa nogoGHBIM 06pa3om — 06CTOATENbCTBO, KOTopoe
MOXHO MOATBEPAHTb H CCHIIKOH Ha puc. 21.

Tenepp nepefiieM OT cXeMbl NEPHOAHUECKOH CHCTeMHl K ee fe-
TaJbHOMY CTPOEHHIO (cM. hop3al| KHHTH).

Kaxauiii ¥3 nepuofoB(sa HCK/TiOYeHHEM NepBOTO) HauHHAeTCs
THNHYHBIM MeTalioM (coorserctBero Li, Na, K, Rb, Cs, Fr) u
3aBepuraercs Gaaropoannm rasom (Ne, Ar, Kr, Xe, Rn), KOTOpOMY
npenmecrsyer THOH4HbH Hemetranan (F, Cl, Br, I, At). Otu saemen-
TH H GBUIH OTMeueHEl Ha pHC. 24 (nOpsAKOBble HOMepa 6aaropoa-
HBEIX ras’oB 3aK/I04eHbl B JBOHHbe paMkH). Ilepexox or Li x F, or
Na x Cl u T. 1. cBA3aH ¢ HocTeneHHbIM OC/1a6JeHHEM CBOACTS, npH-
CyIHX METa//laM, H C YCHJIEHHeM CBOHCTB, XapaKTeDHHIX [ He-
MeTaJllJIoB.

Buaaroponuuii ra3 sBiseTcs TeM «nepeBaJOYHBIMY OYHKTOM, KO-
TOPBIH OTHe/AET THNHYHbIA HeMeTalul AAaHHOTO NMepPHONA OT THIHY-
HOTO MeTalla, OTKPBIBAIOLIEro CAEAyIOUHA nepHoA. B mepsoM me-
PHOZE, KPOME TIeJIHfl, HMEeTCsl TOJbKO OJHH 3JeMEeHT — BOAODPOL;
3HAYHT, CJIelyeT OXHAaTb, 4YTO BOXOPOJ COUETaeT CBOACTBA, THIHY-
Hble KaK [JI MeTa/UIOB, TaK H [JIA HeMeTalJoB. B stom Mum yGe-
JMMCA B JaJbHeRIIeM.

I ByXpsiiHbIe YeTBepTHA M NATHIA MePHOAH B OTIHYHE OT BTO-
poro  Tperbero NEpPHOAOB COJAEepPKAT 8CTABHbIE Oexadsbl 3/1eMEeHTOR:
Berel 32 BTOpHIM 3snemenToM IV mepuwoga (Ca) pacnodoxeno
10 nepexodnvix saementos (mexama Sc— Zn), 3a KOTOPEIMH Haxo-
AATCA OCTajIbHble 6 OCHOBHEIX 3JIEMEHTOB NMepHoAa (Ca—Kr). Axa-
JIOTHYHO mocTpoeH V mepuol. Tak Kak 3JeMeHTH BCTaBHHX HeKaf
ABJIAIOTCA METaNIaMH, To 4eTHble pAlbl IV u V nepHolos comepxar
TOJbKO MeTa/libl. Haluune B 3THX ABYX nepHofax MeXAy THNHYHHIM
METa/l/IoM H TUIHYHBIM HeMeTa/uIom (COOTBeTCTBeHHO MeXAy K u
Br, Rb u I) 16 snementoB, BMecTo 5 B Ma/bix nepHoiax, NPHBOAHUT K
TOMY, 4T0 B IV 1 V nepropax cocenume sieMenTH MeHblIe OT/IHYA-
lorcd Apyr or Apyra, uem Bo II u Il nepuogax. Kak Mum yBuamm
HHXe, 3T0 0OBACHSETCS TeM, YTO ecd B pagy Mg — S Habop BHell-
HHX 3JICKTPOHOB HEOZHHAKOB, TO B psitax Sc—Zn u Y—Cd om
S8 E€IMHHYHBIMHM HCKJIOUEHHSMH ONHHAKOB (Ba BHEIUHHUX S-3J€K-
TPOHa).

Crenyiomue ABa NepHOsa XapaKTePHIYIOTCH HATHUHEM ABOAHEIX
BCTaBOK. Bcaien 3a Bropuim siementoM VI neprona (Ba) momxkua
OBITb pacnosoeHa BcTaBHAs JeKana (nepexomHEle 3JI€MeHTH:
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La — Hg), HO mocae nepBoro Iepexofnoro siementa (La) B Hee B
cBOIO0 ouepeab BcTabaeHo 14 anementoB (Ce— Lu). [Mocae Lu upo-
NOJIKAeTCs ¥ 3aKaHunBaercsl BcTaBHasA fekaia (Hf — Hg), a sateM
pacrosaraioTcsa ocTaisHele 6 ocHoBHbIX aseMenToB VI mepuona
(Tl — Rn). AnanoruyHo nocrpoed HesaBepieHHbld VII mepuon, BO
BCTaBHON AeKaJe KOTOPOro MoKa yTo HaxoAuTcs 3 sjeMeHTa, pasie-
nennple 14-snementrolt BecTaBkoil (Th — Lr). Bropas BcTaBra Tak-
’Ke COAEP:KHT TOJALKO MeTalJibl, IHpuYeM CXOACTBO MEXAy HHMH
Gospilie, YyeM MEXKAY 3JeMeHTAMH BCTABHOW JeKalbl (HarasaansM
NOATBEPKACHHEM 3TOT0 CHYKHT puc. 21),— 06cTOATENBCTBO, HO3BO-
JAI0lIee MOMECTHTL Bce 14 3/1eMEHTOB YCJIOBHO B OAHY KIETKy (co-
oTBercTBelno ¢ La u Ac). Do npespatuiao 661 VI u VII nepuoznnt B
AByXpsAAHbie, T. €. cAenano Obl UX noxoxumu Ha IV u V nepuHomsL
CXOJACTBO e STHX 3JeMeHTOB cooTBercrBenHo ¢ La m Ac nenaer
MOHATHLIM M HX Ha3Bauus: Aaxtaroudvr (Ce —Lu) u axkrtunoudst
(Th — Lr). Pasanuue B CBOHCTBAX TeX M APYTHX CBA3AHO C HEKOTO-
PBIM pa3uuHeM B SHEPreTHUecKHX YPOBHAX (12— 1)d u (n—2)f.

Xots, KaK clelyeT W3 BLILEH3/I0KEHHOro, BO3pacrailliee CX0A-
CTBO COCEAHHX 3JEMEHTOB ¢ IepexoioM OT 8-3/MeMeHTHOro K 18- u ot
18- kK 32-s/eMeHTHBIM IiepHOJAaM OTHOCHTCH IIpexJAe BCero K cepe-
[MHe NepHoAa, OAHAKO OHO HaGMOAAeTcs U AJA IMepHola B LeEJOM.
Tax, ecau Mexkay C 1 N CXOACTBO [OYTH OTCYTCTBYET, TO MexAy Pb
4 Bi 0HO 3HAYHTEJBLHO.

PacrnpeseseHue 3JeMeHTOB IO NeproaM MPHBOAUT K TaKOMY HX
PACIIONOKEHUIO, YTO B BEPTHKAJbHBIX CTOJNOLAX OKA3HBAIOTCA Ce-
MeilicTBa CXOAHLIX 3JeMeHToB, ofpasywuux epynnsl. Hamnuue
BeraBubix Aekan B 1V, V, VI u VII nepuogax m BcTaBoK u3 14
3JeMeHTOB B ABYX IOC/JeAHAX [ePHOAaxX IPHBOAMT K (opMHpPOBa-
HHMIO TPeX BUILOB ROO2pYyni.

OcHosHble (24a6Hble) TIOATPYIIEL 00Pa3yIOT OCHOBHbIE 3/IeMEHTH
Kax0T0 rnepuojia. DTH MOArPYIIisl caMple AJIHHHBIE; OHM HAYHHAIOT-
cs ¢ 3JeMeHTOB BTOporo nepuoaa. OCHOBHBIE HOATPYIIIBl — 370 MOA-
rpyunnt Li, Be, B, C, N, O u F; K HuM clefyeT IPHCOEAMHATD 671a-
TOPOAHBIE Tas3Hl, COCTABJAOLIME HYJNeBYK TCpymmy (CM. TpPHM. K
ctp. 104).

DileMeHTH BCTABHHIX AeKaf 06pasyior nepavie nobounsie (donoa-
nureavroie) moarpynnsl. OHH KOpoue OCHOBHBIX H HauMHAIOTCA C
IV nepuoaa. MIx HecATb, [0 YHCIAY NEPEXOIHBIX 3JEMEHTOB — MOA-
rpymunst Cu, Zn, Sc, Ti, V, Cr, Mmn, Fe, Co, Ni. DaeMeHTHl IepBHIX
ceMH M3 HHX OOBbelHHEHBl ¢ 3JeMeHTaM#{ CeMH OCHOBHBIX HMOATPYIN
8 rpymnsl. CHMBOJIBL 31€MEHTOB, BXOJAIINX B OCHOBHBIE H nio6oyHBIe
MOATPYNNH, B TabJuue CABAHYTHl OTHOCHTeNbHO ApYr Apyra (cM.
dopsan); TUM TOAYEPKHBACTCA UX pasidyme. DJIEeMEHTH TPexX Io-
ceAHHX MOBOYHBIX HOATPYIN 06Pa3yioT BOCAMYIO IPYIIY.

TakuMm 06pa3oM, HyJeBad H BOCbMAas TpPYINEl OTIHYAIOTCA OT
ocTaNbHBIX: [ePBasi He COLEPIKHUT SJEeMeHTOB MNOCOYHBIX TOATPYN,
BTOpas — 3J1€MEeHTOB OCHOBHBIX HOArPYyMI (CM. IPAM. K CTP. 104).
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CaMBIMH KODOTKHMH SIBJISIOTCH 8TOpble nobounbie MOATPYIIIH,
COCTOAIINE U3 JAHTAHOMJOB M AKTHHOMIOB. B KaX10it U3 HUX o ABa
3/1eMeHTa — OMNH JIAHTAHOUJ H OAMH aKTuHOMA. OHM HAYHHAIOTCH
VI nepnopa. Taxux nmoarpynn vyeTslpHazuath. Bce oHH BXOASIT B
IIT rpynny. Takum o6pasowm, III rpynna saHumaer 0cooe monose-
HHe: B Hee IOMHMO D 3JIeMeHTOB OCHOBHOI MOATpyInsl U 4 3JeMeH-
TOB NMOGOYHON NOATPYNNBI BXOAAT 28 3J€MEHTOB BTODBIX NOOGOYHBIX
NoArpynn. Jto camas GoJibliasi PPYNNa; B Heil 37 3JeMeHTOB.

B npepenax kaxaofi rpynmbl CBOHCTBA 3JeMEHTOB OCHOBHBIX W
NepBHIX NOGOYHBIX MOATPYNI He COBHANAalT, OXHAKO HX OTJHYHe
MeHseTCs OT TPYNNHI K rpynne. Byayusm 3HauyuTeIbHBIM B nepaoi
TpyIIi€e, OHO 3aTeM OC/l1aGeBaeT, BHOBb YCHIHBAETCH U ACAAETCH OYeHb
GoabWIHM B ceAbMOll rpynme. Tak, ecau B NOArPYNNY MeIH BXOIAT
ManoakTHBHBle Meralibl (Cu, Ag, Au), pesko orTauuamouHecs or
AKTHBHBIX METAJI0B NMOATPYIIb JHTHS (B YaCTHOCTH, OT K, Rb, Cs),
To 3aeMeHTHl [1] rpynnsl cpaBHuTeNbHO GIH3KH IO CBOMM CBOHCTBaM,
a S3JeMEHTHl NOArpynnel Mn CuIBHO OT/HYAIOTCH OT TaJOreHOB.
OxHako, noauepkHBasi CTeleHb OTJIHYMS, BCeria clelyeT MOMHHTh
0 uepTax CXOACTBa BCeX 3/€MEHTOB JAHHOH TPYNIbl — 06CTOATENb-
CTBO, KOTOPOe SIBJISIETCA NMPeAMEeTOM NOAPOGHOr0 06CyKaeHHs B Kyp-
Ce HeOPraHWYeCKoH XuMUN (cM. TakxKe crp. 104).

Kak yxe ykasniBasoch, CYUIECTBYET MHOIr0 BapHAHTOB H306pakeHHs nepuo-
JIMYeCKOl CHCTEMHBl 3JeMeHTOB. Huke (rabn. 5 u 6) NpHBEJeHbl [ABA HJHHHO-

TIEPHONEIX BAPHAHTA Tab/UILEL; OHM HAPSILY C PACCMOTPEHHBIM KOPOTKOIEPHOTHBIM
BAPIHAHTOM ABJSIOTCA HauGosee pacnpoCcTpaHEHHBIMH,

TIEPBOM M3 5THX BaPHAHTOB — 3/IEMEHTH MEePBHLIX MOGOYHLIX NOATPYNN moMe-
LIEHB! OTAEMLHO — MeXAy noarpynnamu Gepwiaust (LIA) n Gopa (ITTA) B BHpme
AeCATH BEPTHKANLHBLIX CTONOLOB, a BTOpble MoGouRLIe MOArpyNns:  (JaHTaHOHZbE
H dKTHHOH[IEI) BbIHECEHbl 33 NPeAeJBl TAOMHIL, H NPELCTaBIIEHb ABYMA TOPH30H-
TaJbHLIME CTPOYKaMH. Bo BTODOM BapHaHTe, B OT.iHuHe O NpebIAyHIero, JanTa-
HOMAL M AKTHHORALI BBENeHbl B TaG/MIY M PACTIONOKEHH B BHIe YeTbIPHAJHATH
BEPTHKAJbHBIX CTOJOLOB MeXIy MOATPYNIAMH CKAHMMsS (I1IB) m turana (IVB).
B nanvuefiiem mbi GyzeM nons3oBaTbes KOpOTKO# HOopMOR TabauusL.

3. Mpeackasanme cBOMCTB BemiecTB ¢ MOMOULIBIO MEPHOIHYECKOTO
3akoHa. [lepnonuueckuii 3akon JI. U. Mensesneena HaeT BO3MOXK-
HOCTb ONpeaeTaTh HeH3BeCTHbIe CBONCTBA NPOCTHIX BELIECTB H XHMH-
YeCKUX coeluHeHull. BmnepBole Goabumioe yHedo Takmx onpeaeneHul
OblJI0 ocyutectBieHo camum JI. M. MenpneneesniM; oH paccuurtan
CBOHCTBA M TeX 3JIeMEHTOB, KOTOpLle He ObUIM eile OTKPHITHL. Kak
H3BeCTHO, mpenckasanusa JI. M. Mengesneesa moiuocTbio noareep-
aunuce. Mcropus ecrecTBo3HaHus He 3Haer APYTHX TpPHMepOB
CTOMb  MHOTOCTOPOHHETO IPOrHO3a, KOTOpPHIl G6bl Tak OJecrale
onpasaaJcs.

Hna npexckasaHus cpoiicTs HOPOCTEIX BEMECTB H COeAHHeHUH
snementos 1. M. Mengenees ucnoaniosan CIeyOuIHi NpueM: OH
HaXOlu1 HeH3BECTHBIE CBOHCTBA KaK cpelHee apHbMeTHUYe-
CKO€ M3 CBOHCTB OKPYXKAIOMIMX 3JeMeHT cocefell B nepHOoJH1eCKOM
CHCTeMe: cnpaBa H cJleBa, CBepXy H CHHM3Y. JTOT crnoco6 MoxeT GHITh
HasBau merodom . H. Mendenreesa.
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Ta6anuma b5

Teproamyeckas CHCTEMa SJACMEHTOB O. U. Menneaeepa
(nasHHOMEPHOAHAS, MEPBHIf BapHaHT)
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Tak, HanmpuMep, COCeAAMH CeJeHa clesa H CnpaBa ABIAIOTCA
MBIIBLAK ¥ OpoM, oOpasyioulde BOJOPOAHblE COELHHEHHS HzAs u
HBr; oueBHAHO, CelleH MOXeT 00pa3oBaTh COCNHHEHHE HsSe u csofi-
cTBa 5TOr0 COefMHeHHs (TeMmeparyphl NJaBJieHHs M KHIeHH#, pac-
TBOPHMOCTb B BOZE, ILTOTHOCTb B JKHAKOM U TBEPAOM COCTOAHHAX
H T. A.) GYAyT OJH3KH K CpelneMy apudMeTHYeCKOMY H3 COOTBET-
creylomux ceofictB HzAs u HBr. Tak xe MOXHO ONpEITHTH CBOH-
crBa HoSe Kak cpefHee H3 CBOHCTB aHAJOTHYHBIX COeIHHeHHH 3Je-
MEHTOB, PACNOJIOXKEHHBIX B NEPHONHYECKOH CACTeMe CBEpXy I CHH3Y
OT ceseHa, — cepHl H Teanypa, T. e. HoS n HoTe. OyeBHAHO, Pe3yJlb-
TaT NMOJyuHTC Han6ojlee NOCTOBEPHBIM, €C/iM BBIYHCIHTD cBOficTBa
H,Se kak cpeiHee u3 CBOHCTB ueThipex coenunenunil: HgAs, HBr, HsS
# HyTe. JlaHHBI MeTOJ IIHPOKO NPHMeHsAETCA ¥ B HACTOALIEE BPEM:
/15l OLLEHKH 3HaYeHMH CBOACTB HEH3YUCHHBIX BEILeCTB.

OHAKO BO3MOXHB M ApYyTHe MyTH NpHMeHeHHs NEpHONHUECKOro
3aKoHa M5 ONpefe/JeHHs HEH3BECTHBIX (H3HKO-XHMHUECKHX KOH-
CTaHT. 3eCh Leecoo6pa3HO OCTAHOBHTbCSH HA HCHOJb30OBAHMH ne-
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PHOJMYECKOTO 33aKOHAa B MeT00ax CpaBHUTENAbHO20 pacweTda, paspa-
GaToiBaeMbix B necaenosanusax M. X. Kapanerpanua.

B 3Tux merojax, KaKk ¥ B MeTO/€ M. Y. Menpeneena, GpU3HKO-XH-
MHYeCKHe KOHCTAHTH HAXOMST CONOCTABJIEHHEM H3BECTHBIX BENHHHMH.
PaccMOTpHM ABA NpHMepa HCHNONb30BAHUS NEPUOLNTIECKOTO 3aKoHa
B MeTOJC, KOTODHIH Ha3bBaercs rnepsoim METOOOM CPABHUTEAbHOZO
pacuera (Bcero TakKux MeTONOB [1eCThb).
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Puc. 25. 3aBrcuMOCTb paccTostEnil 9—3 Puc. 26. B3auMoCBA3b MeXaTOMHBIX

a4 D — 0O OT NOpAIKOBOTO HOMEpa 3.1¢- paccrosumit @ — O ¢ 93-S
. MeHTa

Ha puc. 25 paccTosiHHs MeXAy aroMami cepbl ¥ CBSI3AHHBIX C
Heli 5JeMeHTOB 4eTBEpPTOH IpYIIbI C, Si 1 Pb B rasoo6pasHeix CS,,
SiS, n PbS; oT/I0XeHb! B 3aBHCHMOCTH OT IOPAAKOBbIX HOMEPOB
spemenTos. Kak BHIHO, Kakoi-mTu0o POCTOil 3aBHCHMOCTH, 103BO-
Aol ONpefeNTh HEH3BECTHbIE 3HAUCHMA paccrosimnit Ge— S »
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Puc. 27. BsaumocBs3b HOHH3AIHOHHAEIX [OTEHIIHANOB:
HATpUsl U KaJHs
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Sn—S, ue wmabaionaercs. Awnanormumas CNIOXKHasT 3aBHCHMOCTD
HMeeT MeCTo H IJas paccrosuuii @ — O (3 — arou 3JeMeHTa) B
coequHeHHAXx COz, SiO; GeOQ,, SnO; u PbO,. Onnako ecau cormo-
CTaBHUTb, KAK 3TO CAENAHO Ha pHC. 26, pacCTosiHHA D — S ¢ paccroga-
#uAMH D — O, TO TOUKH XOpOWIO J0KATCH Ha OPSAMYIO, UYTO II03BO-
JIsleT HaHTH HEeH3BECTHH® BeJHYHHBL paccroanuii Ge—S u Sn— 8.

Ha. puc. 27 nokasano, uro amanoruumpim METOJOM MOXKHO Olle-
HHTDH SKCIEPHMEHTAJbHO He ONpefleleHHOe 3HAUeHHe NMATOTO HOHH3a-
LIMOHHOTO [IOTeHIMAIa aTOMAa KaJiug.

Kak BugHo, B o060mx PacCMOTPeHHBIX CJyyasiX NPOBOXUTCH
CPaBHEHHE CBOHCTB DOJACTBEHHHX BellecTs. [Mepuonnue-
CKHIl 32KOH YKa3blBaeT 0GbeKTHl, IPHrOAHble AJA MOoAOGHBIX COMNO-
CTaBJIeHHIT CDENM HEOPraHHYECKHX Bell[eCTB,

FnaBa nepeasn
NEPMOAMUYECKAS CHUCTEMA M CTPOEHME ATOMOB 3NEMEHTOB

1. 3anonHeHHe 3JEKTPOHHBIX CiloeB M o6oaouek. Paccmorpum
OB713b MEXIY 5J€KTPOHHEIM CTPOCHHEM ATOMOB M NOJIOKEHHeM 3Je-
MEITOB B NEPHONHUECKOH CHCTeMe. DJICKTpOHHOE CTPOEHHE aTOMOB
npelcTaBaeHo B TabJ. 7.

IlepsriM B mepHOmHUECKOH cHeTeme pacnonoxed Bogopox. Mu-
HUMAJIPHOE 3HAUCHHE SHEPTHH s €0 eJHHCTBEHHOIO 3JIeKTpOHa
orseuaer K-coto (n=1), 1. e. cocrostummo ls. ¥ Teliusl IBa 3/1eKTpo-
#a (ls?), orHuaromuecsi cnuamy.

Haunnasi ¢ autus dopmupyerca L-caoit (n=2), tak xax noma-
Aaliue TPETBEro 3J1eKTPOHA B MepBbli CJI0H 03HAYAI0 GhI HapyIeHHe
sanpera Ilayau. Bropoit ol sasepmaercs Yy HeoHa; y Hero 3amoJ-
HeHbl H §- U p-o6onouku. O HAaTPHS 10 aprowa KOMILJIEKTYeTCs Tpe-
THH 'cJTo#, mono6HO BTOpPOMY.

Xors mocae 3Toro B TPeTbeM cCJIoe ocTaercss cBOGOLHOH Bes
d-o6osouka (10 BaKaHCHH), ONHAKO y CAEAYIOWHX 32 aproHoM Ka-
U H KaJbUHs HAUHHAeT 3aN0HATCS 4-H CJI0H H JHIUb cO CKaHIOHs
BO30GHOBMAAETCS NOCTPOHKA 3-r0 1051 (bopmuposanue d-060/10uKH).
DTa HOCTPOiKa 3aKAHUHBAETCS Yy Meln. 3anonHeHde d-060J0YKH B
Jdexaze Sc—Zn ocyuiecTBasiercs He BIOJHe peryJasipHo —y aToMoB
Cr u Cu mpoucxomut «HpoBas» BHEWIHEro S-37eKTPOHA Ha Mpefiie-
CTBYIOIYIO d-060/10uKy. 3d- 1 4S-COCTOSHHS B Iexalre Sc—Zn 6u3-
KH MO SHEPTHH M N0GaB/eHHe 371eKTPOHOE MOXKeT BHI3BATEH nepeMeHy
B34HMHOr0 pacnosoxeHus sTHx ypoBHell. «IIpopam» 3JIeKTPOHA B
4ATOMe XpOMa TpPHBOAUT K 3alOJHEHHIO d-060J0uKH HaIoJOBHHY
(xondurypauus d5), a Y MelH —K ee NOJHOMY YKOMHOJEKTOBAaHHIO
(koudurypauus d'°). Axasornunas HED aBHOMEePHOCTDb B 3acTpoiiKe d-
11 f-o60/10uek HabaOnaercs 1 B CIeNYIOMHX HepHoaax (CM. Tabul. 7).

Ilocne numka BugOTH gO KpHNTOHA TPOROIKAETCH 3aNOJHeHHe
4-ro cnos (4p-o6omoukn). Takum o6pasoM, BCaex 3a IBYX- H IBYyMS#
BOCBMHU3/IeMEHTHBIME NIepHONAMH HAET GOJIBILOH TIEePUOJ, COmepxKa-
wui 18 snementos.
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JneKTpPOHHOE CTpOeHHne aTOMOB 3IEMEHTOB 8 HOPMAaNbHOM COCTOSHHU

O6o3nauenna’
G 3AKOHUEHHLIH 3NMERTPORKLIE Caoh
£ 3 nepexoAHbE 3nEMEHTH
v AaHTAXONAL W BKTHHOWAOW
] H 1s
2 He @ 1 nepnong
3 Li 2s
4 Be 232 «
5 B “2p °
6 C - 2p? =
Q
7 N . 2p8 °
8 0 - 2pt e
] F " st o
10 Ne | K [25%2p5
u Na [K] L ]3s
12 Mg - L !35"' et
13 Al »3p o
14 Si » 397 :
15 P » 8p® o
16 S » 8p* <
T vt ®
18 Ar - 3p°
19 K . o 4s
20 Cs .o 43
£ Sc . 0B . °
=
*2 Ti » »3d® . a
%23V . o 3d . o
%24  Cr o o 3d° 4s €
#25  Mn . e3d® s> ¥
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Hpodorsceriue raba, 7

226  Fe 35’3p°3d° 45"
*27  Co o 3d 4
*#28  Ni oo 3% o
%29 Cu [K] L [3593p°3d")4s =
#30 IZn[kK[ L [ M ]4as*- a
81 Ga[k] t [ M }op °
32 Ge [K] L ] M ). 4p? e
33 As (k] L1 M ] 4p <
k7 Se |[kKi L | M }.ap
36 Brsk] ¢t T M ].4
36 Ke [k £ T M ] .4¢
37 e[k ¢ T M 1o 5s
38 Skl oM ). 5s2
¥39 Y [K] L | M ]..4a “
#40  Zr [K[ L | M ]w n»ad .
#4  Nb[K[ L ] M |+ a4d 5s
%42  Mo[K[ L | M |« » ¢d 5s <
%43 Tc[K[ L | M ] u - 4d 552
#4 Ru[K[ L T M w4 5s
%46 Rh[K[ L | M _J. 44" 58 ®
%46 PA[K[ L ] M Ju. 4d° @
[ ]
47 AglKl L ] M a0 5¢ e
#48 Cdf{K[ L T M Jwu u 5s? o
49 Infek] L T M Jon o o 5p
50 Snlk[ 0T M Jow o Sp?
51 sb{k[ £ ] M |ow n 5p°
52 Telk] L T M fuwaw = v Sp
53 UV KL L] M Jee o » 5p®
54 Xe [K] LT M Jwa 5p°
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ITpodoascenue taba. 7

65 e [K] L ] M Jas*4°4d®  5s%5p° 6s
56 Balsk][ L T M }oo w oo 6s?
%57 La[K] ¢ 1T M ] » » n 5d "
vss Ce [K] L | M| » 4 o "
vso Pr[k] L [ M ]woe o 4 o -
VONI[K[ L | M _]ww » 4 ” -
vei Pm{K] L | M ] »o » 4 o . "
veasm[K] L | M ] o 4° o -
ve3Eu [K] L | M ] o 4 " "
veaGd[K] L | M ] o o 4 o u5d "
veo To[K]T L | M oo« 4 o w "
ves Dy [K] L | M ] oo v 4 v .
weTHo[K] L | M ] o 4% "
wesEr (K] L | M ] o o 4% u "
veo Tn[K[ L | M ] oo o 4% w "
viovo [K[ L | M ] . 4 . . "
v Lu [K] L ] M J4s%4p°4d"4%] - . 5d "
w2 HE[K] L | M | N ] . .sd®
%73 Ta[K[ L | M ] N . . 5d°
s WKL L | M ] N ] . .s5d' .
#®16  Re[K] L | M | N ] . . sd®
w16 Os[K] L | M | N | .. .osa® .
7 [ K[ L | M | N ]. .5d "
#8 Pt[K][ L | M | N ]w u5d4° s
w19  Au[R[ L | M | N ] . 54" 6s
80 Hgl[x] L T M 7 N ] 6s®
81 Tk L T M T N | w 6p
82 o[k ¢ T M ] N | - 6p?
a3 Bi {K[ ¢t T M ] N ]. . w6p°
84 Ppo[k] L T M 1] N ] . " . 6p*
85 at [kT LT M 7 N R . 6p°
86 Rn[K] £ | M ] N | R -PL




I podoaxcenue Taba.

87 Fefk] L ] M | N ]5s75p%5d”  6s%6p°  Ts
83 Ra[k] L | M I N B " w o 7s?
w80 Ac[K[ L | M | N 1o o w o 6d u
wvoTh [K] L | M | N Jn o»o» o w647
wor Pa [RK[ L | M ] N ] won 5 o n 6d
voU [K[ L [ M | N Jw ow ow 5 o o 6d <
vo3 f\lp [*kT 1T M 1| N o 56 v " o
wosPu [K] L | M | N v oo w5 e - <
wos Am[K] L | M| N IE w 5w " o
weCm[K[ L | M | N o v w5 . w6d o
worBK [K[ L | M | T e 5w "
wosCi [K[ L | M ] N o v o 5% m
wooBs [R[ L | M _ | N e omoe 5" W . ” o~
wwooFm[K] £ | M | N ]~ w 5% 0w N
wiormd[K[ L | M 1| N |- w 51% .
woeNo [K[ L | M | N ] w 5P . "
wiosLr [K] L | M ] N ] = v owow 6d w
#1068 KulK[ L | M ] N ] G 6d7
# 105

3aroJHeHHe 3JEKTPOHHBIX 000JI0UEK Y MocaeayoIux 18 saemen-
ToB (Rb—Xe) aHAJOTHYHO 3aMONHEHHIO 3/1EKTPOHHHIX 060J0UeK yiKe
paccmoTpeHHBIX 18 snementoB 1V mepuona (K—Kr): Bcaen sa
Rb(5s) u Sr(5s?) ma nporsxennn fexkams Y (4d) —Cd(4d') c =e-
CKOMIbKHMH «TIPOBajaMu» KOMIUIEKTyeTcs 4d-060104ka; 3aTeM II0-
CJ1e10BaTEJbHOCTh HAPYIIAETCS U 3/1€KTPOHbBI IOCTYNAIOT B p-060/104-
Ky 5-T0 C/10s1, XOTs1 ¢BOGOAHA Bes 4f-060m0uKa.

JlanpHefimas 3acTpoiika CONPOBOXKAAETCA YXKe JBYMs Hapyle-
HASIMH TIOCJeJ0BATENbHOCTH B MPefeaax OLHOTrO NMePUoAa: XOTs Moc-
e Cs(6s) u Ba(6s?) umer La(bd), ognako monagaHue 3JeKTPOHOB
B HEJOCTPOEHHBIH paHee ¢JIOH Ha 3TOM 3JEMEHTE BPEMEHHO IpeKpa-
maercs. 3atem coanaercs 4f-o6omouka, T. €. ot Ce(4f?) mo Lu(4f')
5J1eKTPOHBL MOCTYNAIOT B HEAOCTPOEHHLIH eie panee Gosnee rayCHH-
uelll 4-fi caofr. Ilocae morenus or Hi(5d?) mo Au(5d'°) sakanuu-
paercs 3acTpoiika bd-060/104KH, a HauuHas ot Hg n xonyas Rn npo-
JIOMKaeTcsl 3aCTPOMKA mIecToro cios. Tak 3aBepuIaercs MECTOH ie-
PHOA, cofepkamuil 32 saeMeHTa.

CenpMoii MEPHOX aHa/J OTHYEH LIECTOMY: BCJAEH 3a 7S-31€MEHTaMH
{Fr, Ra) naunnaercs BcraBHas Aekaga Ac(6d), xkotopas npepbiBaer-
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csl BcTaBKOH u3 14 aktunoumos —or Th go Lr(5f'4). Ilocne nux
BO30OHOBJIsSIETCSl BCTaBHAsl JeKala; 3leCb M3BECTEH KypyaTOBHit
(£=104) u uMeioTcst Ranuble 06 OTKPHITHH 3J€MEHTa ¢ MOPSIAKOBbIM
noMepom 105. Takum o6pasom, ceibMOil TepHON He 3aBeplIeH *.

[Topsimok samosiHeHHs 060JIOUEK MOKA3aH Ha pHUC. 28.

Hapymenue nociiel0BaTeIbHOCTH 3aNOJHEHHS 9JEKTPOHHHIX 060-
JOYeK — 1o ofHOMY pa3y B IV u V nepuogax u no gBa pasa B VI u
VII nepnonax — o6bscHseTcs TEM, YTO BpEMEHHHIH NPOMYCK COOTBET-
CTBYIOUIMX O0O0/IOUEK OKa3bIBaeTCS SHEPreTHHEeCKH GOJiee BHITOLHBIM.
Tak, nocnenoBatenbroctb 3p5—>4s%5-3d'%° (Bmecto 3pf—>3d!10—>452)

. o6yc/i0BJIeHA TeM, UTO NOmaja-
nd 2 I 4 5 -6 7 & yys yoporo snekTpona B TpeTuit

D s LA 3 s S cnoil, rae ux y¥e BOCeMb, CBf3a-
R YAV /7 /p p HO CO 3HAUHTENBHBIM HX OTTaJj-

' p-rJ b p/p/ #, kuBaHueM. Bospacramne ke 3a-
@/ d/ a4 /d d/d psiia sApa JmenaeT SHepreTu-

4 ,/f/f/f/ YeCKH BHIFOZHBIM  NONMafaHue

3JIEKTPOHOB B paHee NPONyLIeH-

Puc. 28. TlocnenoBarteabROCTh 3a- Hbie 060JI0YKHM — KOMIEHCHpYeT-

NOJIHEHHS JIEKTPOHHHIX 060JI0YeK Cs1 BO3MYyLjaiollee BJIHSAHHE 3JI€K-

- TponoB. C pocToM 3apsiia sixpa

BO3pacTaer TakxKe U CTeNeHb IKPAHUPOBAHMS sAPa SJIEKTPOHAMH,

NO3TOMY HapylleHHe OXBaTbiBaeT GOJIbIIOE YHCJIO CIOEB, KaXKyIAii-

sl 3apsif fApa CTAaHOBHUTCS MEHbIIE H MOCJENYIOWHE 3JeKTPOHL BCe

GoJblie OTTANKUBAIOT NPeAInecTByouIHe. «[IpOBaNbI» 3/eKTPOHOB Ha

GoJiee HU3KHe 3JeKTpOHHBIe 060s0ukd y Cr, Nb u xpyrux sneMentos
(tabu. 7) TakXKe SHEPreTHUECKH BHITOAHBL.

Crenyer TakXe HMeTb B BHAY, UTO SHEPTHs JE€KTPOHOB KaKIOi
0GOJIOYKH 3aBHCUT He TOJNBLKO OT ee HOMepa, HO M OT 3apsiia supa,
ADYTHMM CJOBaMH, SHEPTHA NAHHOIO YDOBHSI MeHsleTcst OT OJHOTO
aroMa K Apyromy. 9to NoKasaHO Ha puc. 29, mo ocu abcluce KOTO-
poro oTnoxeH (B sorapudMuueckoH IIKaje) MOPSAKOBHE HOMep
3/IeMeHTa, a M0 OCH OPAHHAT (TaKXKe B JorapubMuueckoil mwkane) —
KBaJipaTHbIAi KOPEHb U3 3HEPTHH JIEKTPOHA (C 0GP aTHBIM 3HAKOM) **.
Xox KpMBbIX, O3HAYAIOWUH YMeHbUICHHE DHEPTHH KaXIOTO YPOBHS,
CBfI3aH ¢ BO3pacraHueM 3apsina siapa. Peskufi cmag d-kpuBwx 06-

\\

* Bonpoc 0 3aBeplienny 3TOro NEpHOLA CBA3AH C BONPOCOM O BepXHed rpaHH-
Ile CHHTE3a 3JEMEeHTOB (ecTecTBeHHas IpaHMIa OODHIBAeTC Ha ypaHe). 3iech
ClefyeT YYHTHBaThb PAX OGCTOATENLCTB: HEeOGXOZHMMO, YTOGH BpeMs KH3HHM HOBHIX
3JIeMEHTOB GhlI0 GoJbllle BpeMeHH sAePHHX NpeBpalleHHil (IOC/HexHee OlLEHHBAETCH
BeqHUHHOA mnopsiaka 10-2° cex); ¢ pOCTOM NOPAZKOBOTO HOMEpa COKPaLiAKTCS
pasMeprl 3JeKTPOHHHIX o6osoueK, # npr Z= 137 paguyc nepBofi OGOJNOUKH HOJKeH
CTaTh CTOMb HE3HAUHTENbHHIM, YTO JEKTPOH C Hee MTHOBEHHO NOTJOTHTCA SLPOM;
pacueTH MNOKa3HBAIOT, YTO AApa 3JEMEHTOB C NOPAAKOBHIM HOMEPOM, OOJbIIBM
114—116, pO/MKHH nOABEpraThbCs MTHOBEHHOMY CAMONDOHMSBOJLHOMY pacnagy
(cnonrannoe desenue). TlpaBaa, B nocefiHee BpeMs BHICKA3bIBAIOT NPEANOJIOKEHHE
O CYmIECTBOBaHMH o6JacTeli cTaGHMIBHOCTH AJIS O4YeHb TAXKENHX HeHTPOHOH3GHITOU-
HBIX spep.

** Ilpumenenue JorapHpMuIECKOR MIKAJb [O3BOJISAET HAa CPABHHTEJILHO HeGOJMb-
UIOM OTpesKe OTJIOXKHTH GOJBINOA WHTEPBAN 3HAUEHHH apryMenTa # (yHKIHH.
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|

yCNOBJIMBAET TOSBJEHHE TMEePEXONHBIX 3/eMeHTOB (mTpMXOBKa HaX
ocbio abcumec), a enle Gojiee pe3kuil cmax [-KPHUBBIX — TOsABJIEHHE
JaHTaHOHAOB (ABOHHAs IITPHXOBKA HaA OChIO aGCUMCC) M AKTHHO-
HIOB.

He cneayer nyMarb, 4TO pacCMOTPeHHBble Bbillle HapylIeHHs I10-
CeJ0BATEJbHOCTH 3all0NHEHNs 3JEKTPOHHBIX 000J04YeK SBASIOTCH
HapymeHdeM mpHHNUNA [laynd; 3TOT NPHHUHN JaeT JHIb M a KCH-
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Puc. 29. 3aBHCHMOCTb 3HEDrHH 3JIEKTDOHOB B Da3JIMUHBLIX CJIOAX H

060/10uKaxX OT MOPSAKOBOrO HOMEpa 3JeMeHTOB. 3a elNUHHUY IHEpIrHH

B3aTo 13,6 36 (3ueprusi 31€eKTpOHAa B HEBO3OYXKAEHHOM aTOMe BOIO-
poaa)



MaJdbHO€ YHCJAO KOMOHMHALHUH KBAaHTOBHIX 4yuces, HO He
COAEPAKHUT KaKHX-Aub0 yKa3aHHH HAa NOCJAE€Z0BaTE€JbLHOCTD
3amnoJIHeHusa SHePreTHUeCKHX YPOBHEH, COOTBETCTBYIOIMX 3THM KOM-
OuHauUAM.

Hrax, xax b nocieAyOIMUH 371E€MeHT B MepHOAHUYECKOH CHCcTeMe
OTJIM4AeTCH OT MpeABAYLIEro TeM, 4TO y HEero Ha OJMH 9JeKTpOH
GoJabuie. DTOT 9JEKTPOH MO0 HauuHaeT HOBbIH cloé (Li, Na,...),
Ju60 BXOAMT B COCTaB yXKe€ CYUIECTBYIOUIErO BHEIIHEro CJ0A (Be,
Mg, ...), 1100 BXOJIMT B cOCTaB paHee 00pa30BaHHOIO BHYTPEHHErQ
cros (Se, Ti, ...).

Taxum 06pa3oM, OCHOBHEIE OCOOEHHOCTH 3alOJHEHHS 3JEKTPOH-
HEIX CJI0€B H 000/I0ueK aTOMOB B TIEPUOJAMUYECKOH CHCTeMe CJaexy-
omue:

1. Hagano meproia coBuajfaeT ¢ HayajoM 00pa3oBaHHs HOBOTO
3JIeKTPOHHOro c/104. [lepHon npeacrasiseT coboi mocae0BaTeNbHbIH
PS4 3JeMEHTOB, aTOMbl KOTODBIX Pa3JHYaOTCs YHCJAOM 3/eKTPOHOB
B HAapYXKHBIX cJa0fX. Kaxabid nepuos sasepiiaercsi 6J1aropoIHBEM
rasoM. ¥ Hux (xpoMe rejiusi) HapyxHas 000J0YKa COCTOUT H3 8 a/1ex-
TPOHOB; elf OTBeuaer cuMBOJIuKa nsnps(n>1).

2. D7leMeHTH IVIaBHBIX H NOGOUHBIX HOATPYIN OTJIHYAIOTCA @O
3aTIOJTHEHHIO JIEKTPOHHBIX 000/10UeK, ¥ BCeX 3JEMEHTOB TFJIaBHBIX
NoArpynn sanodugiorcd JAu00 BremnHe ns-obonouxkd (I n II rpyn-
NBl) — 5TH  JIEMEHTbl HAa3bIBAIOT $-34eMEHTAMU, JHOO BHEUIHHE
np-o6onouxu (I1I—VII rpynnet); Taxue aJeMeHTH Ha3BIBAIOT p-34e-
menTaMmy. Y 3JIeMEHTOB IepBbIX MOGOYHBIX MOATPYII (3a MCKAOUe-
wuem Mn, Zn, Tc, Ag, Cd u Hg) 3anmonusiiorcs: sBuyrpennue (1n-—1)
d-060104KH. DileMeHThl NOOOUHBIX TOATPYIN 00pa3yoT TPH BCTABHbIE
pekagpl: 21(Sc)—30(Zn); 39(Y)—48(Cd); 57(La), 72(HI)—

. 80(Hg); nauano uerBepToii BcraBHOH Jekaznel 89 (Ac) — B HesaBep-
mennos VII mepunoge. DaeMeHTBl 3THX AeKald Ha3bBaloTcs d-3ae-
MEHTaMU.

3. Bo BropeIx mOGOYHBIX NOArpyNNax — HOATPYIIE JAHTAHOHIOB
58(Ce)—71(Lu) u moarpynme akruzonaos 90(Th)—103(Lr) mnpo-
HCXOJAHWT 3anosuenue (n-——2) f-000/0ueK — COOTBETCTBEHHO 4f-
5f-o6osouek. [Tosromy 5Tu 2/eMeHTEl Ha3HIBAOT [-34eMeHTAMU.

Yxa3zaHnHble OCOOEHHOCTH 3JEKTPOHHOIO CTPOCHHA OIpepe/soT
Mepeync/jeHHble HHMKe TJAaBHeHIIHe 3aKOHOMEDHOCTH H3MEHEHHS
CBOHCTB 9/1eMEHTOB B epHOIHUECKOH CHCTEME.

Has Toro uToGBl ACHO TIpEeLCTAaBHTL 3TH 3AKOHOMEPHOCTH, HYXKHO
UMeTb B BHALY, UTO H3MeHeHHE SHeDIMM BHEIIHHX 3JIEKTPOHOB, obyc-
JIOBJMBAIOIMX XUMHUeCKHE cBOHCTBa 2JIeMEHTA, MIPH Mepexofe Ot
JNAHHOTO CJI0A K CJAeAYIOHeMY C POCTOM 7 yMekbIlaeTcs (CcM. puc. 29).

1. DneMentel NepBOro MepHOAA — BOAOPOA W requil, B aToMax
KOTODBIX 3aMOJHSACTCH MEePBbIA 3/JeKTPOHHBIA CJ0M, MmO MHOTHM CBOH-
CTBaM SIBJISIIOTCS YHHKAQJIbHBIMH; HEKOTOpBle WX CBOHCTBA HE BCTpe-
YaIOTCA HU y OAHOTO JAPYroro sjemeHta (cBoiictsa HoHa HY, cBoii-
cTBa xuakoro Hewu T, 1.).

2. DeMeHTB BTOPOrO NEpPHOJA, B aTOMax KOTOPHIX 3allojHseTcs
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BTOPOH 3JEKTPOHHBIH CJIOH, CHJABHO OTJIHYAIOTCA OT BCeX JAPYrHX
3/71eMEeHTOB. JTO OOBSACHSETCS TeM, YTO 3HEPTHsl 3JIEKTPOHOB BO BTO-
poOM cJi0e 3HAYUTENbHO HHXKe HePTHH 3JeKTPOHOB B NOCHeNYIOILHX
ciosix (cM. puc. 29), M TeM, 4TO BO BTOPOM CJ0€ He MOYKEeT HAXO-
nuthes Bodee 8 3/1€KTPOHOB.

3. DeMeHTHl BCTABHBIX I€Kaj, B aTOMAaxX KOTOPHIX 3aMOJIHSIIOTCS
BHyTpeHHUe d-0060/I0UKH, 3HAUHTeJbHO MeHbIlle OTJAUHUAIOTCA ADYT OT
apyra (mo naHHOMY TePHOIY), uUeM 3JIeMeHTHl IVIaBHLIX HOJIDYIH,
y KOTOPHIX 3aCTpauBalOTCsd BHEHIHUE SJeKTPOHHBIe CJOH.

4. Pazguunsa B c¢BOACTBax JIaHTaHOUAOB, B aToMax KOTODBIX 3a-
crpauBaercs [-000/04Ka, NpHHAIeXKAllas K TPeTbeMy CHapyxkH
CJI010, IBJSIIOTCS He3HAUHTEJbHBIMH *.

[To Muorum cpoilicTBaM NOXO0XH APYr HA Apyra H AKTHUHOUIH,
B aTOMax KOTOPBIX 3acTpawBaercs [-o00Ji0uka, NPHHAIJIEXalias
Taxxke K TperbeMy cHapyxH ciaow. Opnako passwuns B cBOHCTBaX
AKTHHOUAOB 0oJjiee 3HAUUTeNbHBl, UeM JIAHTAHOMIOB, TaK KaK 3acT-
paupamollasics B UX aToMax 5f-060/0uKa HAXOAUTCH Hajblie OT fAfl-
pa, ueM 4f-060/10uKa JAHTAHOUAOB, T. €. ABJsETCS «Gojgee BHENIHeHY,
yeM y JIAHTAHOMJA0B. BBHAY 3TOro pasHuna Mexay HEPTUSIMH 3JeK-
TPOHOB B 0fosoukax 5f u 6d B aToMax aKTHHOHIOB CTAHOBUTCS He-
Gosbiiof (cM. puc. 29); oHa 3HAYHUTENBHO MeHbIle, YeM Pa3HHLA A/
obosiouek 4f u 5d nanranounos. Ilostomy noGaBienue 37eKTPOHOB
K 5f-000/10uKe Y aKTHHOHIOB 06YC/IOBANBAET MPUBIUZUTENLHO TAKOE
JKe H3MeHeHHe CBOHCTB, KaK W aoGaBijeHHe d-3JIeKTPOHOB B psuax
nepexoIHbIX 3J1eMeHTOB.

2. 3aKOHOMEPHOCTH B H3MeHEHHH 3Hepruii HOHHM3auMH. DHeprus
HOHU3AUHH SABJsETCS OUeHb BAXKHOH XapakTepHCTHKOH atovos. Kak
MBl YBHJUM B AaJjbHelillleM, OT Hee B 3HAUHTeNbHON CTemeHH 3aBHUCAT
XapaxkTep M NPOUYHOCTh XUMHuecKo# cBs3u. OT 3Hepruy HOHU3ALMH
3aBHCAT TaKXe BOCCTAHOBUTENbHBIE CBOMCTBA aTOMOB, MOCKOJBKY
yeM_MeHbllle HOHH3AaUHOHHBLIH IOTeHIHaJ, TeM Jierue aToM OTAaer
3JIeKTPOH. -

3aBHCHMOCTb HePBBIX 3HEPTHHl MOHU3ALHMH OT MOPSIIKOBOIrO HO-
Mepa moKazaHa Ha puc. 21, 8. Brime oT™Meuasock, 4TO HOHH3AIIHOH-
HBHIH IOTeHU AN ABJAETCs CBORCTBOM, H3MeHSIOIHMCS IePHOANUECKH.
Tenepr Hy:xHO HoAPOGHee OGCYIHTL 3Ty 3aBHCUMOCTD,

OHeprus MOHH3AUHH paBHA MO BeJHUMIe W ofpaTHA MO 3HAKY
TOH 3Heprum, Xoropoit obganaeT Haubosee ciabo CBIZAHHBIA 3/eK-
TPOH, KOria atom (WM HOH) HAXOMUTCH B OCHOBHOM COCTOSHHH.
[Tosromy n/is BBISICHEHHSI 3aKOHOMEPHOCTeH JHePrHM HOHH3ALHU
HeoGxonumo Gostee noxpofHO, ueM 3TO OBUIO CAeJaHO pawHee,
paccMoTpeTh () aKTOpPH, OmpenessiONiHe 3HEPrHI0 3JeKTPOHOB B
aToMax.

Ecnu 6B, XpoMe paccMaTpuUBAeMOro 3JeKTPOHA, APYTHX 3JeK-
TPOHOB B aTOMe He OBIJIO, TO IHEPIHs TaHHOTO SJIeKTPOHA B COOTBET-

* TlosTomy oTmeneHHe COeIHHEHHiI ITHX 3JEMEHTOB APYL OT APYra IIpenCTaB-
NISieT OYEHDb CJIOXKHYIO TEXHOJOIHYECKYIO 3ajgauy. '
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cTBHH ¢ ypaBHeHueM (1.66) saBucena Gbl ToabKO OT 3apsifa Afpa Z
U TJIaBHOTO KBaHTOBOro yuchaa n. UeM Goawme Z ¥ ueM MeHblIe 7,
TeM HHXe JIEXKHT 3HePreTHYeCKHHd ypoBeHb B OJQHOSJIEKTPOHHOH CH-
cTeMe, TeM (oJiee MPOUHO 3JEKTPOH cBS3aH C ANpoM. Haanume apy-
THX 3JeKTPOHOB B aTOME, KpOMe paccMaTpABaeMOro, BHOCHT 3HaUH-
TEJbHBIE H3MEHEHHS B 3TY MPOCTYIO 3aBHCHMOCTDb. YSICHATb OCHOBHBIE
0COOEHHOCTH HX BJHSHHS MOXKHO C MOMOUIbIO ABYX B3aHMOCBSI3aH-
HBIX MOHATHH: NPEACTABJEHHS 06 dKpanuposanuu 3apsada 20pa u o
NPOHUKHOBEHUL INCKTPOHO8 K ApY.

S¢dexr sxpaHHpOBaHHs, yKe YNOMHHaBLUMACH Ha cTp. 64, co-
ACTOHT B YMEHBLIEHHH BO3JeHCTBHS Ha 3JEKTPOH IMOJOXKHTEJIbHOTO
3apffa sApa, YTo 06yCIOBIEHO HAaAHYHEM MEXAY PacCMaTPHBAeMbIM
"9JIEKTPOHOM H AAPOM APYTHX 3JEKTPOHOB. ITOT 3P hEKT MOXKET OHITh
KOJIHUECTBEHHO YUTEeH BBEACHHEM NMOCTOSTHHOR 3KpaHuposanug, [Tpen-
‘CTaBJieHHe 00 3KpaHHPOBAaHHH — 3TO (HOPMabHH CIOCO6 yuera B3a-
‘HMHOTO OTTaJIKHBAHHA 3JeKTpOHOB. OUeBHAHO, YTO IKpaHHPOBaHHe
BO3pAaCTaer C yBeJIHYEHHEM YHCJIA SJICKTPOHHBIX CJI0€B, OKPYXKAIOMHX
aapo.

AddexT NpOHHKHOBeHHS OGYCAOBJIEH TeM OGCTOATENBCTBOM, YTO
‘COTrJTaCHO KBAHTOBOH MeXaHHMKE 3JEKTPOH MOXKET HaXOAHTbCH B JIO-
Goit Touke atoMa. [Tosromy naxke BHEIIHHH 3JEKTPOH ONpEAETEHHYIO
JOJII0 BpEeMEHH HaxoAuTcss B 06sacTH, GAH3KOH K SLAPY, IAe MaJo
pOABJIAETCH 9KpaHHpylomee ACHCTBHE APYTHX 3JEKTPOHOB; MOMKHO
€Ka3aTb, UTO HAPYXKHBIH 3JEKTPOH MPOHHKAeT K SIAPY YepPe3 CJOH
BHYTPEHHHX 3JIEKTPOHOB. SICHO, 4TO 3¢)(eKT NPOHHKHOBEHHS yBeJH-
YHBaeT MPOYHOCTb CBA3H 3JEKTPOHA ¢ sapoM. [Ipy oaMHaKOBOM 3Ha-
YEeHHH 71 B HETOCPeACTBEHHOH OGJH30CTH K S/PY CKOHLEHTPHPOBaHa
TeM 6osbiuast 4aCTb 3JeKTPOHHOro 06jaKa, yeM MeHblue [, moatomy
HauboJiee NMPOHUKAIOIMEMH SIBJAIOTCS §-3JEKTPOHBI, MEHee — p-3/1eK-
TPOHHl H elle MeHee — d-3JeKTPOHBl, DTHM OGBSICHSETCH yXKe H3Be-
CTHafd HaM IOCJAeH0BaTEbHOCTb HEPreTHUECKHX ypOBHe#H s-, p-, d- H
f-371€KTPOHOB — NPH OAHHAKOBEIX 1 U Z HanGoJiee HHA3KYIO SHEPTHIO
HMEET S-COCTOSIHHE, GoJiee BEICOKYIO — P-COCTOSIHHE M T. J.

Kpome yxasaHHBIX ¢$aKTOpOB, GOJIbIIOE BAHSHHE Ha TPOYHOCTD
CBA3H 3JICKTPOHOB B aTOME€ HMEET B3aHMHOE OTTaJKHBaHHE 3JeK-
TPOHOB, NPHHALJIEX AKX K OJJHOMY H TOMY e CJIO0K0; 9TOT 3¢npexT
TaKXe HHOTJa HasblBAalOT 3KpaHHpoBaHHeM. Takoe OTTaJKHBaHMe
0cO6EHHO CHJBHO, KOTAA /Ba 3JE€KTPOHA C IPOTHBONOJOXKHHMH CIIH-
HaMH HaxXoJsTCA Ha OAHOH OpGHTANH.

IMoap3ysich H3N0KeHHBIMH 3/leChb CBEAEHHSIMH, MOKHO OGbICHHTD
3aKOHOMEDHOCTH H3MEHEHHAS SHEPIrHH HOHH3ALHA B NEePHONHYECKOH
cucreMme. PaccMOTpHM nepBbie SHEPrHH HOHH3AIMH.

BeanunHbl nepBHIX 3HeprHil HOHH3aUMH aTOMOB LIEJOUYHHIX Me-
Taan0B cocrasastor (38): 5,39(Li), 5,14(Na), 4,34(K), 4,18(Rb),
3,89(Cs). DHepruy HOHH3AUHMH 3THX 3JeMeHTOB SABJIAIOTCH HamGosee
HH3KHMH. DT0 OOBSACHAETCS CHIbHBIM SKpaHHPOBAHHEM 3apsja sjapa
3JIEKTPOHHBEIMH 000JOYKaMH aTOMOB GJaropoAHOTO Ta3a, KOTOpHIe
fIpeALICCTBYIOT BHEINHEMY 3JeKTPOHY. YMeHbLIeHHe 3HEPTHH HOHH-
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3anud OT JHTHA K Ne3uio 06ycjoBJeHO BO3PACTaHHeM PacCTOAHUSA
3JeKTPOHA OT AAPa N0 Mepe yBeJUUEHHA PasMepa aTOMOB.

PaccMoTpHM Telepb M3MeHeHHe HePTHH HOHH3allMH BO BTOPOM
ﬂ'lepHOJIe, DJeMeHTHl 3TOTO0 neprHona HMEOT <cJeAyioliie BEJHYHUHDI
1,(38): 5,39(Li); 9,32(Be); 8,30(B); 11,26(C); 14,53(N); 13,61(0);
17,42(F); 21,56(Ne). Takum o6pasom, mpu nepexome ot Li x Ne
NPOHCXOIUT BO3PACTAHHE IHEPTHH HOHH3aUMH. IT0 OObACHAETCH
yBequueHHeM 3apfAna fAApa (YHCAO IEKTPOHHBIX CIOEB IIPH 3TOM
ocraercs ofHuM H TeM Ke). OJHako, KaK BHIHO H3 NPHBeJeHHBHIX
JaHHBIX, Bo3pacTaHue /| MPOHCXORZUT HEPABHOMEPHO; Y CJAEIYIOMIUX
3a GepuaaueM u asorom 60pa u Kucaopona Habiionaercs Haxke He-
KOTOpoe yMeHbllenHe /). ITa 3aKOHOMEPHOCTb BblTeKaer u3 ocobeH-
HOCTeH 3JeKTPOHHOTO CTpOeHHs. ¥ OepHiud, HMeIoWero KoHpury-
pamuio 1522s?, BHelIHAA $-000J0UKa 3alOJIHEHa, MO3TOMY y Clely-
10Iiero 3a HUM Gopa 3JeKTPOH NMocTynaer B p-060J04Ky; P-3JeKTPOH
MeHee NPOYHO CBS3aH C SILPOM, 4eM S$-3JEKTDOH, MOITOMY IepBas
9HepTusi HOHM3alUMH y Gopa MeHblule, uem Yy Oepunnua. Crpoenue
BHEIIIHEr0 3JeKTPOHHOI'O CJOS aTOMa a30Ta B COOTBETCTBHH C mpa-
BusioM XyHIA BEpaxaercd cxeMmol

p

N

#3 KOoTOopOoH BHIHO, UTO HA KaxXJo# p-opOuTaJH HMeercsd MO OJHOMY
SJEeKTPOHY. ¥ CAeAYIOLEero 3a a30TOM KHCJAOPOAA 3JIEKTPOH MOCTY-
faer Ha p-opOHTaNb, 3aHATYIO yKe ONHUM JIEeKTPOHOM

© T

JIBa 3/1eKTpOHA, HaXOAAHecs HA OLHOH M TOH XKe OpGHTA/H, CHIABLHO
OTTAJIKHBAIOTCH, TO3TOMY OTOPBATb 3JIEKTPOH OT aTtOMa KHCI0pona
Jerue, ueM OT aToMa a30Ta.

Anasiornunas nociaefoBaTeJbHOCTL HabJ0gaeTcs Bo BceX TepHo-
JlaX — HaHMEHBIUIYIO HEPTHIO HOHH3AUHH HMeeT HaUYMHAIOWHA NepH-
oJl meJ0uHoH MeTasi, HauGoJAbUIYIO — 3aBepluatowuii mepuon Giaa-
roponublii ras. Bo BcTaBHBIX JeKanaX HEPIrHH HOHM3AUHH CPaBHH-
TeJIbHO MaJio H3MeHSAIoTcsS TpH TepeXode OT ONHOTO 3JeMeHTa K
ADPYrOMY; OHH BbIINe, UeM JJf METalJOB TJIaBHBIX HOATPYNI; 3TO
06yclioB1eHO NPOHHKHOBEHHeM BHEIIHHX S-3JIEKTPOHOB MOJ «3KpaH»
JIPYTUX 31€KTPOHOB.

Taxosbl OCHOBHBIE 33aKOHOMEPHOCTH H3MEHEeHHsS IHeprHh HOHH3a-
IHH B TlepHOJHYECKOH cucTeMe. Mbl BUIHM, UTO OHH NMOJYYalOT MPO-
CTOE HCTOJKOBaHHE HAa OCHOBe NAHHBIX 00 3JIEKTPOHHOM CTPOEHHH
4TOMOB 3/1eMeHTOB.
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3. Bropuunas nepuopmunocts. HenpasuabHo 6bi10 66 mpexno-
JlaraThb, YTO CBOHCTBa 3Je€MEHTOB (M UX COCIHHEHHUi) B NOATPyNNax
BCerZa MOHOTOHHO MEHSIOTCS ¢ MOPSAAKOBHIM HOMepoM. OTJIOXKHM,
HalpuMep, MO OCH OPIHHAT CYMMY HEeDPBBIX YETHIPEX HOHH3aLMOHHKX
noTeHnUanoB aaementoB IV rpynnel, a mo ocu abenuce — ux nopaa-
KoBbIi Homep. M3 moayuennoro rpaduka (puc. 30) BUAHO, 4TO TOYKH
ans aromos C, Si, Ti, Zr u Hf moryr 6eIThb coenuHeHbl muasuo
xpusoii. Ho B pany C, Si, Ge, Sn, Pb xox HeMoHoTOHHBI (n03TOMY
HeJb3sl, HAaNpUMep, HAHTH CyMMapHbIN noTeHnxas A1 Sn Kak noay-
cyMMy 3THX Beauuun ajas Ge u Pb). Anasoruuneli pesyabrar paer

rpapuK 3aBHCHMOCTH KOJHUECT-

(1,202 0,41,), 36 Ba BBLAEAMBINCIICA 3HEPrUM HpPH
10¢ o6pasoBanuu okcuzos tuna 0s
ot H3 TpPOCTHIX BEHIECTB MJA 3Je-
il MeHToB IV rpynnel 3pech Takxke

OPOSABJSETCA  HEMOHOTOHHOCTh
120} ceoiicte. OHa noayyiaa HasBa-
il HUE BTOPUYHOL nepuoduHHOCTU.
ok Orkpoitoe E. U. Buponom (Poc-
cua) B 1915 r. ABIeHne BropHY-
@t HOH NepUORMYHOCTH 6blIO ycTa-
aot HOBJIEHO JJs1 MHOTHX CBONCTB.
D10 ABJeHHe ObIO 06DbACHEHO

W 30 4 50 @ 7 & Z C. A Hiyxapessim (1940). Ono
CBA3aHO C 3aNlOJHEHHEM B COOT-
Puc. 30. 3aBucuMOCTb CyMMBI MEpPBBIX

yeThpex NOTEHUHAJ0B uoHusanuu ato- BCTCTBYIOIIHMX MECTaX CHCTeMbt
MOB aaeMedtoB IV rpynnsl 0T nopsia- d-un f—O6OJIOqu, NpHBOAAIUM K
KOBOTO HOMepa YIPOYHCHHIO CBA3H C  SAPOM
BHEIIHUX S- U p-3J1eKTPOHOB. DTG
yNpouHEHHE CHJIbHEE BCEr0 CKasblBaeTcs Ha CBONCTBAX S-3JEKTDO-
HOB, MeHee —Ha p-3JEKTPOHAX U elle MeHee —Ha d-3J1eKTpOHAX.
[TosTomy BTOpHYHAA NEPHOAHUHOCTL NPOSIBJAAETCH pe3ye BCETO B
CBOHCTBAX COEIMHEHHIH OCHOBHBEIX MOATPYIN, OTBEYAIOUIUX BaJeHTHO-

CTH, PaBHOH HUJH GJIM3KOH HOMepy TPYMNILL.

Pacemorpum ewe onun npumep. B yerBeprom nepuoie npu nepe-
xone o1 K ¥ Cu u or Ca x Zn npoucXouT BO3pacTanue mepBof
SHepTUH HOHM3AUUM COOTBeTCTBeHHO Ha 3,4 u 3,3 38. D10 cBsI3aHO
C NpOHHKHOBeHUEM 45- 1 452-3/1eKTPOHOB NOA BCe G0Jee 3aN0JHAEMbliF
3KpaH 3d-3/1eKTPOHOB H, KaK CJEACTBHE, C POCTOM 3(deKTHBHOro:
3apsAna sfapa, NPUTATHBAIOLUIETO BHEIIHUE 5JEKTPOHLL. AHaJOrH4Han
KapTHHa Habawopaercs U B maToM nepuone. B mecrom nepuone mepe-
xox ot Cs k Au u or Ba x Hg conpoBoxnaercst snauntenbuo 60Jb-
KM BospactanueM I, (coorBercTBenHo Ha 5,33 u 5,22 38), uto 06bsic-
HAETCS NPOHUKHOBEHHEM 6s- u 6s?-371eKTPOHOB 10X IBOHHON 3Kpam
5d- u 4f-3/1€KTPOHOB — BO3HHKAET JONOJHHTENbHOE [-yNIPOUHEHHUe.
ITosToMy asmemenTH, CTOSILIME 33 JaHTaHOMIaMH, 06Ja1al0T 0COBeH-
HO BHICOKHMH 3HEPTUSIMH MOHU3AUHH. YIPOUHEHHE CBA3H S-3JEKTPO-
HOB, BBI3BAHHOE IPCHUKHOBEHHeM 1o d- U [-opOuTanu, cosgaer
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OCHOBY 3HAUMTEJNbHOTO [A3JHUHSA, KOTOpOEC Habaogaerca B CBOUCT-
8ax S-3JeMeHTOB OfeMX MOATPYnI MepBoH W BTOPOH Trpymnm (cm.
ctp. 67).

EcrecTBeHHO, UTO TpPeACcKazaHue CBOMCTB HeH3YUCHHBIX 3JeMeH-
toB (1 ux coepunenui) mo meroay [l. M. MenneneeBa, xoria uH-
TepHOJIALMS OCYUIECTBASETCSl KAaK 10 BePTHKA/H, TaK H IO TOPH3OH-
TaaH, yMeHbIlIdeT BO3MOKHOCTb TOTPENIHOCTH, CBA3AHHOH ¢ NOABJIe-
figeM BTOPHYHON NepHOAHYHOCTH.

Tnasa sropas

SNEMEHTAPHBIE CBEAAEHMA O OPMAX M CBOMCTBAX XMMMUECKMX
COEAMHEHMHA

Mpl HO3HAKOMHJHCH ¢ 3JEKTPOHHBIM CTpOCHHEM aTOMOB 3JeMeH-
1oB. [Tpexje ueM mepefiTy K PaCCMOTPEHHIO BIHAHHA. /1EKTPOHHOIO
CTpOEHHs aTOMOB Ha opMbl H CBOACTBAa COGIMHEHHH 5/eMeHTOB,
Heo6X0AHMO NMO3HAKOMHUTBCS C HEKOTOPBIMH OCHOBHBIMH NOHATHAMH
B Jannoi o0JaacTH.

1. Crenedp okucaeHusi. OanMM W3 OCHOBHBIX TIOHATHH B XHMHH
fBasieTcs TOHsiTHe O crenenu okucsenus™. Tloa cTemeHbIO
OKHCJAEHHS MOHHMAWT 3apsj artoMa >JeMeHTa B
coefHHeHHH, BHIUMCJIAEHHBIH HCXOAS H3 WpeLHo-
JoMKeHusd, 4TO BeulecTBO MNOCTPOEeHO H3 HOHOB.

Mebr 6yseM ykasblBaTh CTENeHb OKHCHAEHHsT apaGCKHMH nudpamu
CBepXy €O 3HAKOM -+ mau — nepex HHGPOi (manpumep, CI¥7) **.
Korpa ecrb OCHOBAHMsI CUHTATh, 4TC B COeAHHEHHH HJIH B PacTBOpe
JefiCTBUTENBHO CYIIECTBYIOT HOHBI, TO AJsi 0603HaueHHs MX 3apsia
3HAK -+ HIH — CcTaBAT mocje mudpbt (3apsan 1+ u l— obo3na-
4aloTCsl A1POCTO 3HAKAMH -+ WJIH —), HalpHMED, Ba%t, Nat u 1. I

Jlas HAXOXJAEeHHsl CTeleHedl OKMCJEHHS] HCIOAB3YIOT CJefylollie
fipaBHaa:

1. CremeHb OKHCJEHHSI aTOMOB B MPOCTBIX BeL[eCTBAX pPaBHA
HYAL0.

2. B HefiTpaJbHBIX MOJeKyJax ajreGpanyeckas cymMma cremenei
OKIHCJIEeHHs] paBHa HYJ0, AJ1s HOHOB 9Ta CyMMa paBHa 3apsiy HOHA.

3. CrelleHb OKHCJICHHS IIEJNOUHBIX MeTajasioB Bcerga pasHa + 1.

4. Boxopod BO BCeX COeJHHEHHAX, KpOMe THAPHJOB MeTanjoB
{NaH, CaH; u Ap.), uMeeT CTeleHb OKHCAEHHS +1; B rTuHapupax
MeTa/JI0B CTellenb OKHCIeHus Bogopoaa paBua —1.

5 Crenenb OKHCAcHHs kucaopoxa paBna —2. Mcxkaouenue co-
CTaBJSIOT  TIEPOKCHABI — COEAHHCHHS, cojepxaulie  TPYNNIy
—0—0—, r]e cTenenb OKHCIEHHs Kieaopoaa —I1, u HeKoTopble Apy-
fue BelecTBa (CyNepOKCH/B, O30HHABI, PTOPHIb! KHCJICPOAA).

* CHHOHHMBI — «COCTOSIHHE OKHCJEHH», «OKHCJHUTENbHOE YHCJIO», «IJEKTPO-

XHMMHUECKasi BaJeHTHOCTb».
** Crefenb OKHC/IeHHsI 0603HAUAIOT B JUTEPATYpe TaKikKe PHMCKAMH HudpaMu

8 CKOGKax mocse ciMBoJa sjeMenta (HanpuMep, Mo (V1) ).
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C noMouibio H3MOKEHHBIX MPABUJ JIETKO HAHTH CTENEHH OKHC/e-
HHS SJIEMEHTOB B Pa3MHYHbIX cOoelHHeHusX. Tak, Hanpumep, B coenn-
HeHnsix Nagt1SO03~2 u NasHSO,~? crenenu okuclIeHus cepbl paBHbI
coorBercTBenHO +4 u +6; mapranen B KMnQO, HMeeT creneHp oKHe-
AeHusi +7 W T. #. M3BecTHH CinyyaH, Kora CcTeleHb OKHCJAEHHS
BbipaxkaeTcsl APOGHBIM UHCAOM; Tak, ecad B HoO naaa KHCJIOpOAa
osa paBHa —2, a B HyOp; —I, To B KOy 1 KO3 — cooTBeTcTBeHHO
—1/2n —1/3.

Crelyer mOAYEPKHYTD, UTO MOHSATHE O CTENIeHH OKHCJIEHHS SBJSeT-
¢l (popMaNbHHIM M OGBIYHO He NaeT NPeACTaBJeHHT 06 HCTHHHOM
3apsjne paccMarpHBaeMOro aromMa B COefHHeHHH. Bo mHorhx ciy-
4asiX cTeleHb OKHCAEHHS He paBHA H BAJEHTHOCTH JaHHOTO 3JeMeH-
ta. Hanpumep, nasa yrnepona B merane CH,, merusoBom CIIHpTE
CH;0H, ¢opmanbaeruge CHz0, mypaseunoii xuctore HCOOH u
ABYOKHCH yriepoxa CO; cTenedn OKHCJEHHS yriepoaa paBHBI COOT-
BercTBeHHO —4, —2, 0, +2 u +4, B 10 BpeMs KaK BaJeHTHOCTh
yrJIepojia BO BCeX 3THX COeJHHEHHSX PABHA UYETHIpeM.

Onnako NOHSATHE «CTelleHb OKHCJAEHHSA» OYeHb MOJE3HO M5 KJIac-
CH(HKAIHH BEIeCTB H TPH COCTABJCHHH XHMHUYECKHX ypaBHeHHH.
Tak, HanpnMep, onpesienns cTenenb okncnenus Gochopa B coenume-
nuax HP0;, H3P+50, u HyP3*50;, M BHINM, UTO 3TH COeAMHEHHS
IBJAIOTCS POACTBEHHBIMH H KOMXKHB CHJABHO OTIHYATBLCH MO CBOMHCT-
Bam or coenuHenust HyP+30;, B kotopoM cremenn oxucienns doc-
bopa apyras.

Oco6eHHO MHPOKO HCMOMb3YeTCsl NOHATHE CTeNeHb OKHCAeHHS IIpH
U3YYCHHH OKUCAUTEAbHO-80CCTAHOBUTEAbHLLY PeAKyuUll — MHPOKOTO
KJacca XHMHYECKMX IIPOLECCOB, B KOTOPBIX M3MEHSIOTCA CTelleHH
OKHC/IEHHs 3TeMEHTOB. JTH TIPOLECCH MOAPOGHO PacCMaTpHBAIOTCH
B Kypce HeOpraHHYeCKo# XUMHH. 3[ecb OTMETHM TOJBKO, UTO B MpO-
necce OKHC/IEHHS NPOHCXOAHT YBeJIHUEHHE CTENEeHH OKHCAEHHS, a B
nponecce BOCCTAHOBJIEHHS — YMeHbIIeHHe CTeNleHH OKucreHust. Ilo-
3TOMY BeIlUeCTBAa, B KOTOPHIX NPOHCXOAHT yYBENTHUYEHHE CTEeNeHH OKHC-
JIeHHsl 3JIeMEHTa, Ha3blBalOTCS B0CCTAHOBUTEASAMU, A BellecTBa, B
KOTOPBIX MPOHCXOAHT YMEHbIIEHHE CTeIeHH OKHCIEHHS 5JeMenTa, Ha-
3bIBAIOTCS OKuUcauTersmi. B BhCeldi CTelleHH OKHCJIEHHSI aTOMBI
NPOSIBJIAIOT TOMBLKO OKHC/JHTEJbHBIE CBOHCTBA, B HH3IICH CTEnEHH
OKHCJIEHHsl — TOIBKO BOCCTAHOBHTE/bHbIE cBolicTBa. B mpomexyrou-
HOM CTeIeHH OKHCJEHHS aTOM MOKeT GbiTb W OKHCJAHTEJIeM H BOC-
CTaHOBHTEJIEM.

IIprMepoM OKHCIHTENbHO-BOCCTAHOBHTENbHOR peakiuu CIYyXKHT
npouecc

2KMn*70,4 + S"=2Mn*40, + K,S*00,

Oxucnurenem B neMm sasaserca KMnO,, soccranosrTeneM — cepa.
B pesynbraTe peaKuun MapraHell BOCCTaHABJIHBAETCS; €r0 CTelleHb
OKHCJIE€HHS! yMeHbiuaercsl oT +7 Ao +4. Cepa OKHCIfeTess; ee CTe-
fleyp OKHCJIeHHs yBenHuuBaercd ot 0 g0 +6.

Croco6HOCTb BelleCTB PearupoBaTh B KayeCTBe OKHCJ/IHTeNell HITH
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BOCCTAHOBHTeJIeHl MOXKeT ObHITb KOJHUECTBEHHO OXapaKTepHU30BaHa
H3MeHeHHeM H300apHO-H30TEepMHUECKOro MNoTennHala AG, Kotopoe
COMpOBOXaeT NaHHYIO OKHCIHTENbHO-BOCCTAHOBHUTENBHYIO peakiiHio;
5TH BEJIHYHHB ONpefeeHbl Jiaa GoablIIOro YHeaa nponeccoB. OfHako
yacTo TOBOPAT, He YKasblBasi TOUHOro 3HaueHUs AU, — «CHIbHHIH
OKHCJHTENb (BOCCTAHOBHTENb)», <«OKHCJIAHTENb (BOCCTaHOBHTEND)
cpeAHell CHABI», «CIa6GHH OKUCANTENb (BOCCTaHOBHTENb)». Mul Tak-
ke GyIeM Moab30BaThCS 3TOH TepMUHONOTHEH.

2. AtoMHble H HOHHBiEe PajHychl. B XUMHM M JIpYrHX 06aacTsax
yaCTO NPHXORUTCS MOJAb30BATLCA IIOHATHEM O pajHycaX aTOMOB H
HOHOB. DTH BeJHYHHE! SBJIAIOTCA YCJIOBHBIMH, OHH BHYHUCJAAIOTCA H3
MeXXaTOMHBIX DacCTOSIHHH, KOTOpble 3aBHCAT He TOJBKO OT MPHPOMbE
aTOMOB, HO TaKxe H OT XapakKTepa XMMHYeCKOH CBSI3H MeXAY HHMH
H OT arperaTHOTO COCTOSIHHUS BeleCTBa. '

ATOMBEI H HOHBl HeJb35l pPacCMaTPUBATh KaK HECKHMaeMhble Ila-
pHi, «Je€xallHe» HENOABHKHO, CONpHKacasch APYr c Apyrom. Mul
3naem (crp. 36, 158), uto nmaxe mnpu TeMmmeparype abCOMIOTHOrO
HYJd TPOUCXOAAT KoMeGaHUA Afep B MOJEKYJax W KpHUCTaaaax. Bo
MHOTHX CJIYy4asX SJeKTPOHHAsd (UIOTHOCTb NMafaeT HpaKTHYECKH A0
HYJiS Ha pAacCTOSAHHAX, MEHBIIHX, YeM paAMyChl aTOMOB H HOHOB;
c ApYroH CTOpOHB!, PacCTOSHHE, Ha KOTOPOM MpPOABIACTCA JEHCTBHE
aToMa HJH HOHa Ha JpYTHe YacTHLUH, MOXKeT OHTb SHAYHTEAbHO
GoAbIIHM €ro YCIOBHOTO paauyca. HakoHnell, «paaMepbl» aTOMOB H
HOHOB 3aBHCAT OT HX B3aUMOIEHCTBHS CO CBOMMH COCENSIMH.

Tlpu paccMOTpeHHH NHPOCTHIX BEINECTB, a TaKKe OpPTaHHYECKHX
coefMHeHHA OOGBLIYHO HCMOAb3YIOT MOHATHe 06 ATOMHbLX paduycax
rar, NPH H3YYeHHH HEOPTAHHYECKUX COeJHHEHHIH — mpelcTaBieHHe 06
UOHHBLX paduycax ruon.

AToMHBle pafuMycH NMOApPA3AeNdOT HAa PagHyChl aTOMOB MeTaJ-
JIOB, KOBAJIEHTHHE PAaJHYCH HEMETAJIHUECKHX 3JEeMEHTOB U pagHycChl
aToMOB 6JaropoXHLIX Ta30B.

B nacrosimee BpeMms CTPYKTYpH! GOJBLUIHHCTBA METAJIJIOB XOPOLIO
H3BeCTHBHL. PaslienuB momnosaM pacCTOHHE MEXKIY UEeHTpaMH JIOGhX
JIBYX CMEXHHIX aTOMOB, MH MOJy4aeM aTOMHEI paxuyc *. BenuuuHbl
ATOMHBIX PaJHyCOB METaJJIOB MpHBefenbl B Ta6a. 8. AToMuble pagu-
yCBl MeTaJlJIOB B IePHOJAX yMEHbIUIAIOTCS, TaK KaK B HHX TIDH ORH-
HAaKOBOM YHCJN€ 3JEeKTPOHHBIX CJOeB BO3pacTaerT 3apan sfAApa, a
CNeOBATENbHO, H NPUTAKEHHE HM 3JEKTPOHOB; TaK (rar)nNa=1,89;
(rar) Mg=1,60; (rar)m=1,43A. CpaBHHTEJNbHO MEIJEHHO YyMEHb-
waeTcs rar MNEMEHTOB BCTaBHBIX HeKal, 0COGEHHO B TpHalax 3Je-
MeHnTtoB, Bxoaaumx B VIII rpynny; Ttak, eciu (rar)se=1,64A 1
(rar) m=1,46A, T0 rar gns Fe, Co u Ni paBubl cootBercrBenso 1,26;
1,25 u 1,24A. Eme MelJeHHee MPOUCXOAHT YMeHbIUEHHE Far B TOA-
rpymninie JaHTAHOHZOB (M AKTHHOHAOB); TakK, Npu mnepexofe or Ce
(1,83A) no Lu(1,74A) ray manaer Bcero na 0,09A.

* Merozbl OnpefiesieHus MeKaTOMHBIX PAcCTOAHUA B KPHCTaJJ1aX pacCMOTpPEeHb:
Ha cTp, 255—259,
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B raaBHBIX NMOArPyUNax pajuychl aTOMOB DACTYT CBepXY BHH3,
T4aK KaK BO3PacTaer YHC/O 31eKTPOHHBIX CJIOEB.

B nmo60uHBIX MOATPYIIAX IPH NMepexoAe OT NIepBOT0 3JeMeHTa KO
BTOPOMY TPOUCXOAHUT BO3PACTaHHE Tay, & TIPH IlepPeXoje OT BTOPOTQ
K TpeTbeMy — jfaxke HeKoTopoe cokpamienue. Tak, B moArpymmne TH-
TaHAa Fay COOTBETCTBEHHO paBHbl 1,46; 1,60; 1,59 A. D10 ob6bAcHACTCS
JaHTaHOHAHBIM cxaTtueM (cm. c1p. 89).

Tab6auuma 8
ATOMHbIE pajHyChl METaJJIO0B *

Q Q e} Q
MeTtana Tar A Meraan Tapr A Meraan Tarr A Merzan e A
Li 1,55 Cu 1,28 Cs 2,68 Pr 1,82
Be 1,13 Zn 1,39 Ba 2,21 Eu 2,02
Na 1,89 Rb 2,43 La 1,87 Gd 1,79
Mg 1,60 Sr 2,15 Hf 1,59 Tb 1,77
Al 1,43 Y 1,81 Ta 1,45 Dy 1,77
K 2.35 Zr 1,60 w 1,40 Ho 1,76
Ca 1,97 Nb 1,45 Re 1,37 Er 1,75
Sc 1,64 Mo 1,39 Os 1,35 Tm | 1,74
Ti 1,46 Te 1,36 Ir 1,35 Yb 1,93
% 1,34 Ru 1,34 Pt 1,38 Lu 1,74
Cr 1,27 Rh 1,34 Au 1,44 Th 1.80
Mn 1,30 Pd 1,37 Hg 1,60 Pa 1,62
Fe 1,26 Ag 1,44 Tl 1,71 U 1,53
Co 1,25 Cd 1,55 Pb 1,75 Np 1,50
Ni 1,24 In 1,66 Ce 1,83

* Tadauua B3Atra u3 padorel: . B. Boxkuit. JAH CCCP, 69, 459, 1953.

B ta6a. 9 npuBepenbl KOBaJeHTHBle paauychl HeMmeTasnaoB. OHU
‘TaKKe BBIYHC/ISIOTCH KakK II0JIOBHHA MeXKaTOMHOIO PACCTOSHHSA B MO-
JIeKyJaxX HJIH KPHCTAJ/IaX COOTBETCTBYIOIIMX IIPOCTHIX BemlecTB. Kak
H aToOMBI MeTaJJIOB, B IPYMNax MepuoAnyecKOd CHCTEMBl 4TOMBI He-
MEeTaJ/0B ¢ JOJBHINM IOPSAAKOBEIM HOMepOM HUMeioT Goabmiuii pa-
JAuyc. ITo 05yCJOBJNEeHO BO3DAcTaHHEM YHCAA 3JEKTPOHHBIX CA0¢B.
B mepuomax 3aBHCUMOCTb DAaAHycOB ATOMOB HeMeTa/JoOB OT TNOpPAA-
KoBoro HoMepa Gogee ciaoxHasd Tax, BO BTOPOM IepHOAE far 'CHA-
yaJa majaer, 4 3aTeM CHOBA BO3pacTaeTr; TakKas 3aKOHOMEpPNOCTb
06DbACHARTCS 0COBEHHOCTAMH XUMHUECKO# ¢Bsisu (cM. cTp. 200).

Panuycht atomos 6aropoanbix razos He, Ne, Ar, Kr u Xe paBun
coorBeTcTBenno 1,22; 1,60; 1,91; 2,01 u 2,20 A. [IpuBeaeHuse Besu-
YHHBL MOJYYEHbl H3 MEeXAaTOMHBIX PACCTOSIHHA B KPHCTAJ1aX AaHHBIX
BellecTB, KOTOPbie CYINECTBYIOT MPH HH3KUX TeMIepaTypax. 37ech
TaK:Ke HabaiofaeTcs POCT Far C YBEJHUeHHEM MOPAAKOBOIO HOMepa.
Paguycel aroMoB GJarOpOAHBIX Fa3cB 3HAUHTENbHO GOMblIe pagny-
COB 4TOMOB HeMeTa/jIOB COOTBETCTBYIOIIHX MepHOA0B (Tabu. 9). 1o
006yCJI0BJEHO TeM, UTO B KpHcTamaax 6JaropoAHbIX ra3oB MexaToM-
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TaGaunma @
KoBaneHTHble pagMychl HEMETaJJIOB

DaeMeHT H{ B C N (e} F Si p

s, A |0,37]0,80,77]0,55]| 0,60 | 0,71 1,18 0,95

H

JaeMeHT S Cl Ge As Se Br Te I

oA (1,02]09 |1,15]1,25| 1,06 | 1,04 | 1,35 | 1,33

’ ?

HOe B3auMojelcTsHe OueHb cl1aboe (cM. crp. 247), a B Moaekyaax
IPYTUX HeMeTaJJIOB HUMeeTcs MPOUHAs KOBAJeHTHAN CBA3b. \
OcoGeHHO Ba)kKHOe 3Ha4YeHHe I/ XHMHUKa-HeOPTraHHKa HMeloT

BeJIHUYHHBl PAaJHyCcOB8 HOHOB; MX MBI paccMOTpPUM moxpobuee. Ecanm.’

KPHCTAJLT COCTOUT U3 HOHOB (mampumep, NatCl-, Ca?*Fo~), 10 Mex--
sIePHOE PACCTOSIHHE MOXKHO PACCMATPUBATh KaK CyMMY MOHHBIX pa-
AUYCOB Iyon. HO mas Toro uTo6bi ONpeneJuTb OZHO H3 cJaraeMbix,
HaJ0, KPOME CYMMBbL, 3HaTb U Apyroe ciaaraemoe. Ha ocHoBanuu gan-
HBIX PSIfa IKCIEPUMEHTAbHBIX H TEODETHUECKHX HCCAeLOBaHUM NpH-
HHMaeTcsd, yTo paauycel HoHOB Q% u F- paBubl cooTBeTcTBeHHO 1,32
u 1,33 A. TIpu nomom# 3THX BEJHUHH H3 MEXATOMHBIX PaCCTOAHMI
B KPUCTaNMax HaxXOAAT paauychl APYrHX HOHOB. MIX 3Hauenusa mpex-
craBjieHsl B Ta6J. 10; na puc. 31 noxasaHel OTHOCHTENbHbIE pasMephl
OTHEJbHBIX HOHOB.

CpaBHeHHUE ray C ryon NOKASBIBAET, UTO PAJHyC KATHOHA 7y MEHb-
me rar; TaK, rmn=1,30, a rymn?t=0,80 A. F3meHneHHe 7yon 10 cpaBHe-
HHIO C ray TeM 3HAUHTENbHee, ueM GOJbllie 3apsj HOHA; TaK, rym2t=
=0,80, a rMn*+=0,60 A; ror+=0,63, a re5+=0,52 A. 310 06BSICHSCT-
Cs1 TEM, 4TO NpeBpaleHHe aTOMOB B KATHOHbI BbI3LIBaeT CTATHBaHHE
3MEKTPOHHBIX 060JI0UeK, IPHUEM COKpallleHHe TeM 3HauMTeabHee, yeM
6oJblle JethAIUT 3JEKTPOHOB.

Paccmorpenue ta6a. 10 u puc. 31 obHapyxupaeT ciaepymomue:
YeTbIPEe 3aKOHOMEPHOCTH A BEJHUHH pPagMycoB 3JeMeHTapHbIX
HOHOB.

1. Jlns HOHOB OZHHAKOBOTO 3aPSX& CO CXOAHBIM 3JEKTPOHHBIM
CTPOEHHEM pajuyc teM 0ojbllle, yeM 60JblUe 3JECKTPOHHBIX CJI0EB
CONLEPXKHUT HOH.

2. Jlna HOHOB, COZepKAIHX ONMHAKOBOE UYHCIO 3JEKTPOHOB
(UB03NEKTPOHHBIX UOHOB), PAANYC HOHA YMEHbIIACTCH C POCTOM €ro
sapsga. Tak, B pany S2-, Cl-, K+, Ca%+ paguych paBHEI COOTBETCT-
Benno 1,74; 1,81; 1,33; 0,99 A. 310 yMeHblueHHe CHJAbHee AJsT 1OJO-
KHTETbHBIX HOHOB. OHO 06YCJOBIE€HO B OCHOBHOM ABYMS MpPHYHHA-
MH: BO-NEPBbIX, NPH YBeJHYEHHH 3apsia HOHA 3JeKTPOHBI CHJAbHee
NPUTArHBAIOTCA K UEHTPY HOHA; BO-BTODPBIX, HOHBI GOJbINErO 3apsiaa
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cHJbHee B3aUMOAEACTBYIOT C HOHaMH NPOTHBONOJIOXKHOT0 3HAKa, UTO
BelleT K YMEHbUIEHAI0 MeXHOHHBIX PacCTOSHHA H, CJAelN0BaTelbHO,
pajuycoB HOHOB. B ciyuae OTpulaTeNbHBIX HOHOB HPU yBEJHUEHHH
sapsifa 3JeKTPOHb, HAa0GOpOT, CHIbHEe OTTAJIKHBAIOTCHA OT LEHTpa
HOHA; OJHAKO BJHsHHE BTOPOTO ()aKTOpa OCTaeTCs TeM Ke CaMbiM,
¥ OHO, XKaK npaBuJo, TIPeBbIlIaeT JefcTBHE OTTANKUBAHHSA 3J€KTPOHOB
OT UEeHTpPa HOHA.

Qo ) ° °
Be?* Ba+ Cd* Nb,

@ Q @ o o o

Mg AP" st pir 8t it

Mn70

Puc. 31. CpaBHHTe/bHEIE Pa3Mephl HOHOB

3. MoHbl 6maropofHOrasoBOro THNA, T. €. HMEIOIIHe BHEINHHE
000/104YKH aTOMOB OJIarOPOAHBIX ra3oB (S- U p-oGonouxu), obiaana-
10T 60JbIIAMH DaJHycaMH, UeM HOHHl, HMeWl[He BO BHeINHEM cJjoe
d-3nekTponbl. Hanpumep, paguycel uonoB K+ m Rbt cocraBasior
1,33 u 1,47 A, a panuyc nona Cut pasen 0,96 A. dto cBA3aHO ¢ Tewm,
4TO B IepHOJaX fpH Tepexole OT S- H P-3/71eMeHTOB K d-3JeMeHTaM
sapsan fAnpa pacreT; Tak, Zx=19, a Z¢y=29. B nepuomax y HOHOB
d-371eMeHTOB OZHHAKOBOTO 3apAAa PaAHyCH TaKxKe yMEHBLIAIOTCH C
pocrom Z; Tak rmn**=0,80 A, a ry®+=0,69 A. VYmenblueHne paguy-
COB HOHOB B pANY d-3/IeMEHTOB Ha3blBaercs d-CHATUEM; OHO 0COGeH-
HO 3aMeTHO JJ1d 37eMedToB VIII rpynmel.
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Taéb 10
Papmycn wounos * abauua

Hon A Won A Von A Hon - A
Li+ 0,68 Mn7+ 0,46 Ccdz+ 0,97 Lud+ 0,85
Be2+ 0,35 Fe2+ 0,74 In3+ 0,81 Hf4+ 0,78
B3+ 0,23 Fed+ 0,64 Sn2+ 0,93 Tas+ 0,68
Ca+ 0,16 Co2+ 0,72 Snd+ 0,71 We+ 0,62
N3+ 0,16 Co3+ 0,63 Sb3+ 0,76 Re7+ 0.56
N5+ 0,13 Niz+ 0,69 Sbs+ 0.62 Os6+ 0.69
02— 1,32 Cut 0,96 Te2— 2,11 Ir4+ 0.66
F— 1,33 Cu2+ 0,72 Ted+ 0,70 Pte+ 0.80
Na+ 0,97 In2+ 0,83 Te6+ 0.56 Pt4+ 0.65
Mg2+ | 0,66 Gas+ 0,62 || I- 2,20 Aud+ 0.85
Al3+ 0,51 Ge2+ 0,73 15+ 0,62 Hg2+ 1,10
Si4+ 0,42 As3+ 0,58 [7+ 0,50 Tl+ 1,47
p3+ 0,44 AsS+ 0,46 Cst 1,67 Tia+ 0.95
ps+ 0,35 || Sex— 1,91 Ba2+ 1'34 || pbe+ 1.20
S2— 1.74 || Sett 0,50 || Lad+ 1,14 || Pba+ 0.84
S4+ 0,37 Seb+ 0,42 Ced3T 1,07 Bi3+ 0.96
S6+ 030 || Br— 1,9 || Cett 0,94 || Bis+ 0,74
Cl— 1,81 Br5+ 0,47 Pr3+ 1,06 Po6+ 0,67
Cis+ 0.3¢ || Rb+ 1,47 || Nd3+ 104 || A+ 0.62
Cl7+ 027 | St 1,12 || Pm3+ | 106 || Fr+ 1.80
K+ 1.33 Y3+ 1,06 Sma+ 1,00 Ra2+ 1,43

- Ca2+ 0,99 Zrit 0,87 Eudt 0,97 Ac3+ 1,18
Sc3+ 0,81 Nbs+ 0,69 Gds+ 0,97 Tha+ 1,02
Ti4+ 0,68 Mo+ 0,62 Tb3+ 0.93 Pat+ 0,65
V5 + 0,59 Te7+ 0,56 Dy3+ 0,92 U6 + 0,80
Cr3+ 0,63 Rus+ 0,67 Ho3+ 0,91 Np¢+ 0,95
Cré+ 0,52 Rh3+ 0,68 Er3+ 0,89 Put+ 0,93
Mn2+ 0,80 pdz+ 0,80 Tm3+ 0,87 Am3+ 1,07
Mns+ 0,60 Ag+ 1,26 -

* Pagnychl KATHOHOB B3SITHl W3 CBOAKH ApeHCa (1952 r.), AHHOHOB — H3 CBOJKH Feaba-
mMugra (1926 r.) (Landolt — Bérnstein. Zahlenwerte und Funktionen, Berlin, 1955, Band I,
Teil 4, Scite 523—525). IpuBeneHHbIe pannqy“ccb;xy %?HOB COOTBETCTBYIOT KOODAWHAIHOBHOMY

4. AHaJOTHUHO YMeHbIIZITCA C POCTOM HOPSAAKOBOro HOMepa
3JIeMEHTOB paAHyChl HOHOB, o6pa3ye‘Mb1x JJAHTaHOHA2MH (palmyc
uona Ce’+ pasen 1,07A, a Lu*t—0,85A). Ira 3akoHOMEpHOCTb
Ha3bBAeTCAd AQHTAHOUOHBIM CHCATUEM. B HoHax JaHTAaHOUAOB UHCJO
3JIEKTPOHHBIX CJ10€B OJAHMHAKOBO. VBennuenue 3apdapa ajapa ycHJIH-
Baer \HpI/ITH}KEHI/Ie SJIeKTPOHOB K A1py, H BCJaenCTBHE 3TOrO yMeHb-
uraercs paanyc HOHOB.

M3 puc. 31 BujgHa TakKe MEPHUOAHUYHOCTD H3MEHEHHS
paxunycoB HOHOB. CJexoBaTeJbHO, B AJA I'yon MBI OBl MOaY-
ynau rpaduk, NOACOHLH puc. 21, a. 3aK0HOMEDPHOCTb H3MeHEHHS Iuon
MOXHO ONHCaTh H KOJHUYECTBEeHHO, 'BOCHOJb30OBAaBUIHNCE METOLOM
CPaBHHTEJIBHOTO pacyeTa. DTa BO3MOXHOCTbL Ha JABYX HpHMepax HJI-
Jioctpupyercsa puc. 32. Ha puc. 32, a conocras/ieHn 3HaYeHHs HOH-
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HBIX PaJHyCOB MeTasoB OCHOBHbIX moarpymn I u Il rpynnm mepuo-
IUYECKOH CHCTeMB! 3JeMeHTOB, Ha PHUC. 32, 6 — 3HAUeHUN Fyog H30-
3JIeKTPOHHBIX HOHOB IIeJOYHBIX MeTasJoB H rajoreHoB. Ha ocHoBa-
HHH A aHHHX, IPHBeJeHHHX Ha puc. 32, 6, MOXHO OLLGHATL 3HaueHHe
VAt .
Kak yxe 6blJI0 CK232HO, TIOHATHe 00 HOHHBIX DaAUycaxX BO MHO-
THX CJayuasX YCJHOBHO; TOCTOSHCTBO BeMHYHHBI Fyom B D AasaHyHbIX
COeIHHEeHUsAX COOMI0aeTcs AHIDb Npubauxenso. Jla u Benuuuny 3a-
psila HOHA CjelyeT MOHHMATh OYKBaJbHO TOMbKO /s 0THO3aDsIIHbIX
H JBYX32pAJHBIX HOHOB, TaK KaK HOHB ¢ GONbLIMM 3apsigoM dpak-

J'M(n‘ .& a_'ﬂ
o] iy
101 201
g5+ Beﬂ ’,5 -
L’
0 L 10 /:f 2'0 /,0 1 i {
45 1 A A/ 10 15 o
a ’FAQ’:A a Z T

Puc. 32. CpaBHeHUe DajfuycoB:

a — HMOHOB MeTaJs/0B OCHOBHBIX moarpynn I u II rpynnm; 6 — H303MEKTPOHHBIX HOHGB METAJ-
JIOB H TAaJIOFeHOB

THYECKH He BCTpeyaloTcs B KpHcTadaax. B coenuHeHHsix, comepxa-
[IHX 3JeMEeHTH B CTelleHH OKHCJIeHHU s BHIe -+ 2, CBA3b, KaK IpaBuio,
He GHIBAET HOHHOH ¥ [103TOMY IOHSITHE O paJHyce HOHA B ATHX CAY-
Yyasix fBJSETCSH TaKUM Ke (POopMajabHBIM, KaK IOHSTHE O CTeleHH
okuciaeHust. OIHAKO H3MeHeHHe paJHyCcOB HOHOB XapaKTepH3yeT
HM3MeHeHHe MeXKaTOMHBIX PacCTOStHHi, & 3To [03BOJAET MOHITH MHO-
ride CBOHCTBA BeIlECTB, COAEPIKAIUX JMeMEHTH B JAHHHIX CTeHEHsX
OKHCJIEeHU.

3aKOHOMEDPHOCTH B H3MeHeHUH PaJHyCOB HOHOB OUEeHb BAXKHH H
IJst TOHHUMaHHUSl pacCMaTpUBaeMbiX HHXKe CBOHCTB COeIHHEHHH aie-
MEHTOB B CBfI3H C HX IOJOXKeHHeM B TepuoguuecKoil cucteMe. Hano,
KpOMe TOr0, YUHTHIBaTb, UTO B DaCTBOpaX MHOT032pAIHLIE HOHLI
CYIHECTBYIOT.

3. KoopaunauuorHoe 4HcH0. Kax bl aToM HJAH HOH B KpPUCTal-
JHYECKOM BellleCTBe BCerja OKPy:KeH APYTUMH aTOMaMH, HOHAMHU
WM MOJexkyJdaMd. B MHOTOAaTOMHHX HOHaX KHCJIOPOXCOAEPXKAINHX
kucsror, HanpuMep B aHuoHax (SO4)?—, (PO,)%-, (ClO4)~, Bokpyr
aToMa HeMeTajdja HaXOAATCA AaToMbl Kucaopoma. HcciaemoBanus
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NOKa3bIBAWOT, 4TO YHCJAO COcellell, OKPYKAWOIKUX aTOM WJAH HOH, He
MOXKeT 'ObITh KAKHM YrOJHO: OHO, KaK MPaBHJIO, GbIBaeT onpepeeH-
HBIM M 33BHCHT KaX OT NPHPOAH paccMaTPHBaeMOro atoma (HoHa),
TaK ¥ OT €ro okpyxeHua. Uncmao dacruu (MOHOB, aTOMOB
HJAH MOJEeKyJ), HEeNOoCpPeXCTBEeHHO OKPYXAaIOILHUX
paccMaTpupaeMBld HOH (Mau aToM), HaselBaercs
KOODAMHAUMOHHBIM uucaom Tak, B wuouax (SO4)2-,
(PO4)?%, (ClO4)~ KOOpAHHAUHOHHO® YHCJIO aTOMOB cepHl, (ochopa
H XJI0pa pPaBHO HerhipeM, B noHax (SO3)%-, (CO;)%, (NO;)= xoop-
IMHAHOHHOE YMCJO Cepbl, yIAepoaa U a30Ta PABHO TPeM.

Jas GONBIIMHCTBA METAaMI0B KOOPIMHAIHMOHHOE YHCIAO paBHO
ABeHaAUaTH, 4TO COOTBETCTBYeT Haubosee IJIOTHOH ynakoBke (cM,
crp. 263). Paaxnycho aroMOB M HOHOB 3aBHCHAT OT
KOOPDAHHAUHUOHHOrO uyucaa. Tax, nIpum yMeHblIeHHH KOOD-
IMHAUHOHHOrO yHcsaa M ot 12 10 8, 6 u 4 ryp, oTBevaromui n=12,
HYXHO YMHOXHTb HA KO3(HIHeHTHl, paBHble cOOTBeTcTBeHHO 0,97;
0,96 u 0,88. lns HOHOB MpH mepexoje OT KOOPIHHALHOHHOLO YHCAA
6 x 12, 8 u 4 BeNHUYHHY Iyoy HYXKHO YMHOXKAThb COOTBETCTBEHHO Ha
1,12; 1,03 u 0,94.

B coennnennsx nauGosee yacTo BCTPEYAIOTCS KOODAHHAIIMOHHbI®
unicaa 3, 4 u 6. Hanpumep, B kpucTaze X10puaa HaTpus, B KOTOPOM
nonepeMeHHO pacnoJsoxensl HoHsl Nat u ICl—, xoopauHaunonuoe yuc-
J10 st 0GONX HOHOB OAHHAKOBO M PaBHO Wectu (cm. crp. 265). Jas
HOHOB, HMEIOIHX aHAJOTHYHOE 3/IeKTPOHHOE CTPOEHHE, KOOpAHHAUH-
OHHOE YHCJIO, KaK MPaBHJO, BO3PACTaeT C yBeqHUEHHEM pa3Mepa
HOHA; 3TO MOXKHO TIOKA3aTh Ha NpHMepe aHHOHOB KHCJIOPOLCOAepIKa-
I{HX KHCJOT JeMeHTOB OCHOBHOH moarpymnsl IV rpymnnetl. B coot-
BETCTBHH C yBeJqHueHHeM pasMmepa D+ B Honax (CHO;)2, (Sitt04) 4
u {Snt*(OH)¢J*~ xoopaunanuonnsie yncaa D+ paBHH COOTBETCTBEH-
HO 3,4 1 6.

4. Coepunenns, cogepxaune cBsasn 3—H u 3—0—. B naapueii-
ureM MBI YBHAMM, K&K CBOHCTBA BEUIECTB 3aBHCAT OT CTENeHH OKHC-
JIEHHs, paauyca HOHOB (aTOMOB) M OT KOODIHHAIHOHHOTO HYHCJA.
Ho cnayana crenyer no3HakKOMHTBCS ¢ HEKOTODBIMH KJIaCCaMH XH-
MHYECKHX COeIUHeHHi, '

Cpenu coeuuneHuil upesBeYafiHO BaxKHYI POJb HIPAlOT Belle-
CTBA, B KOTOPHIX ATOMBI 3J€MEHTOB CBS3aHBl C BOJLODOIZOM MJH C
KHCJIOPOAOM. 3Hauenwe 3THX BelIECTB OGYCJOBJEHO TeM, YTO KHC-
JIOpOZa M BOAOPOJA Ha Hamlel m1aHeTe OYeHb MHOTO H MO3TOMY C HX
COelMHEeHUsIMU NIPHXOHUTCSI BCTPeUaTbes OyeHb uacro. Ilostomy npn
paccMoTpeHHH GOPM U CBOHCTB COeJHHEHHH 3JeMeHTOB nepHoxHye-
CKOH CHCTEMBl MBI TI0Ka OTPAHHYHMCS JIHIIL 3THMH COEXHHeHHSIMH,
TeM GoJee, 4TO 3aKOHOMEPHOCTH, XapakTepHble HJs JABYX yKasaH-
HBIX THIIOB BEIECTB, B 3HAUHTEJbHOH MeDe NMPHMEHUMBl M K APYTHM
KjaccaM COeHHeHHH. Mpl OrpanHuuMCs TAKKe PAaccMOTpPEeHHeM TOJb-
KO TeX M3 HA3BAHHBIX BellecTB, KOTOpPhle MOTYT CyMIECTBOBATb B
TIPHCYTCTBHH BOXEI.
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[IpuMepaMn cOeqMHEHHH, COAepxaluxX cssisu I—H, saBiasiorcs
CH.,, SiH4, PH;, H,O, HCI. 910 BOROpOAHLIE COEAHHEHHT 3JEMEH-
toB. Csssp D—O— cogepxutcsi 8 NaOH, KOH, Ca(OH)s,
TIOH u apyrux OCHOBaHHAX (TMAPOOKHCSiX), 2 TakkKe B KHCIO-
poxrcosepxamux kuciorax (HsBOs;, HsPOs HNO; m xp.) n ux
CONSAX.

XuMuKaM OdeHb 4acTO NPUXOAUTCH MMeThb HeJI0 Kak B JjJabopa-
TOpPHH, T@K U B TIPOMBIIIIEHHOCTH C BOXOPOZHBIMH COCIWHEHUSMH
3JIeMeHTOB, OCHOBAHHMSIMH W KHCJIOPOACOAePIKalIMMH KHCJIOTaMH.
B naGopaTopHBIX HCCAEZOBAHHSAX M NPOH3BOACTBEHHBIX Ipoleccax
OueHp 6OJbIIOe 3HAUEHHEe HMEIT KUCAOTHO-OCHOBHbIE CBOHCTBa Be-
I1eCTB.

5. Kucaorbl, ocHoBanus u amdortepuble coenunenus *. Kucio-
TOH HasbBaeTcs BOJNOpPOACOJepINKAalee COedHHE-
Hue, Aalomee MNPpH OAUCCOLHMAaIDHUH B BOZHOM pac-
tsope uoHM H*. OcnHoBaHuem sfiBJAseTCH BellecT-
Bo, cogepxamee rpynns OH u auccconnnpyipomee
B BOZe ¢ o6pasoBaHueM rugpokcup-uonos OH-
PasauuHble BelleCTBa, cOJepiamiue B CBoeM cocrase HOHEl H+ n
OH-, He OZHHAKOBO JIETKO HX OTIIEMJAAIOT. Pas/iuynasi cnocoOHOCTh
BellleCTB K paclajfy Ha HOHBI XapaKTePH3YeTCsi HX CTenenvto Jucco-
yuayuu B pactsopax. CreneHp0 NTHCCOUMALUU @ HAB3H-
BaeTcss OTHOWIeHHE wHCJHAa MOJeKyJa, pacHasIlHX-
csi Ha WOHHB, K o6meMmMy uucay Moaekysa Osna
Bhipaxaercs B Buge Apo6u (0,1; 0,2 u T. A.) WK B IpOLEHTAX (10%,
20% wu T. A.) W 3aBHCHT OT KOHIIEHTPaIHH PacTBOPEHHOrO BelllecTBa
¥ OT TeMIepaTyphl; 3TH 3aBHCHMOCTH pacCMaTpUBAIOTCs B Kypce He-
opranmueckoil xumuu. CTeNeHb AUCCOUMALNM B3aBHCHT TaKKe OT
npupoAsl pacTBopHTensi. 3xech Mbl OyieM FOBOPHTb TOJIbKO O CTe-

. TIeHH JUCcCcOolHallMu KHCIOT H OCHOBAHWH B BOIHBIX pactsopax H

o6CyAMM BJIMsiHHE JHIUb OTHON NepeMeHHON — MPUPOAB pacTBOpsie-
MOTO BelllecTBa.

B 3aBMCHMOCTH OT CTEHNEHH AMCCOIMALMH KHCIO0TA Ha3pIBaeTcs
cuabHoil, caaboil MIN KUCJIOTON cpedreil cuabl, Te XKe TEPMHHBL IpH-
MEHSIIOTCS U K OCHOBaHHMAM. KHCTOTY YCJIOBHO MOXKHO CUHTATh CHJIb-
Ho#t, ecam B 0,1 H. pactBope a>30%), crnaGoit — ecnu B pactBope TOH
Xe KoHUeHTpanuy a<3%; 415 KucaoThl cpexnedt cumsl 5 0,1 H. pac-
tBOpe 30% >a>3%. To xe OTHOCHTCS ¥ K OCHOBAHHAM.

HekoTophle BemecTBa MOTYT AHCCOUMHUPOBATH U KaK KUCJHOTHI, H
KaK OCHOBaHHWS;, TAKWEe COeIWHEHHS Ha3blBaloTcsi am@oreprsimu. K
num otHocsitesi Al(OH)s, Zn(OH)e, Cr(OH);3 u np. Kak kucioTHsle,
TaK M OCHOBHBIE CBOMCTBAa y aM{QOTEpHBIX COeAWHeHHH OOBYHO BbI-
paxeHbl c1afo. C CHIbHBIMH KHCJIOTaMH OHHM pearupylor Kak cia-
Gble OCHOBAHMS, C CHJABHBIMH OCHOBAHUSMH — Kak C/1a0ble KHCIOTHL.

* 3jmech MPHBOAMTCS MOHATHE O KUCJAOTAX M OCHOBAHHMsAX, OTBevaloLiee yipo-
[EHHOM K YacTHOR TpakToBKe. Bosee o6mee W CTPOroe u3JoxKeHue faercs B Kypce
HeOpraHHYeCKOH XHMHH.
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V3BeCTHO MHOrO KHC/IOT, B KOTODHIX aTOMBI 3/eMeHTa yepeny-
i0TC € AaTOMaMH  KHCJA0poja. KucaoTsl, colepxamme menu
—3—0—3—, Ha3bIBAIOTCA UBONOAUKUCAOTAML. K uuM ornocsites,
Hanpumep, HyS»0; (mupocepnas xuenora), H,P,0; (mapodocdop-
nas xucaora), (HPOs)s (rpumeradocthopnas kucaora). CrpyxTypa
3THX BELIECTB CJenyloLlas:

0
OH OH OH OH HO_ /\. ,0
L l | |- >p b/
0=S—0-—S5=0, o=1'>—o-p:o, 07| | NOH
I i | 0
0 OH OH V%
P
7\
HO O

Kucnorsl, conepxkamue nenn —3;—0—3,—, T. . TIPOU3BOJHbIE
KHCJIOPOJCOACPKAIIHX KHCJIOT, B KOTOPbIX HOHB O~ MOJHOCTHIO HAH
YacTHYHO 3aMelleHH Ha
. KHCJIOTHBIE OCTATKH JPYTHX
KHCJIOT, Ha3blBaIOTCH 2eTe-
ponoaurucroranu. Ipume-
pOM Taxkoro coeJHHEHHs
MOXeT cayXuTb ¢ocdop-
HOBOJb(paMoBas KHCJOTa,
colepxamas ¢dparmenr
—P—O0—W—. Oco6enno
MHOTO H30NOJHCOeIHHEHHH
H3BECTHO JJI1  KDEMHHS, Puc. 33. Cxema Koccensn
¢octhopa u 6opa. O6paso-

BaHHe TAKHX COCLMHEHHH OOycNOBAMBaeT OTPOMHOe MHOT006pa3ue
CHJIHKATOB; IIOYTH BCe CHJIHKAThl, KAK NPHPOLHELIE, TaK M HCKYCCT-
BeHHHIE, coZepxKar uenu —Si—O—Si—. :

6. 3aBHCHMOCTb CHJIBI KHCJIOT H OCHOBaHHH OT 3apsja paanyca
HOHa o6pa3syiolero Hx saemenTa. I[Ipexje yeMm nepedith K paccMorT-
PEeHHIO CBOHCTB M OPM COeLHMHEHHH 3JEeMEHTOB, He0GXOIHMO ycraHo-
BUTb, OT KAKHX (haKTOPOB 3aBHCHT XapakTep AHCCOLHALHHA BelIaCT-
Ba, BBISICHHTD, MoueMy, HanpuMmep, Ca(OH), sBaserca ocsoBanuen,
a cxolHoe 1o tdopmyne coexnnenne B(OH); — kucaoron.

Has storo nemecooGpasHo paccMoTpeTsb YIPOUIEHHYIO CXeMy,
KoTopasl TEM HE MeHee MO3BOJISET SICHO TIPeACTABHTbL CyLIECTBO BO-
mpoca. JTta cxeMa Gbia mpepioxesa Kocceaem (I'epmanus).

Cxema Kocceast npusenena na puc. 33. Oua H3obpakaer rpym-
nupoBKY aTOMOB 3—O—H. Housl 2** u O-2 npencraBiaeHs B BHIe
ctep, paaMyCh KOTOPHIX COOTBETCTBYIOT PajHycaM HOHOB, HX B3aH-
MoJeficTBHe onpelensiercs 3akoHoM Kyaona. Paauyc nona BOJOpOJA
(IPOTOHA) HHYTOXKHO MaJ TO CPaBHEHHIO C paauycaMH HoHa 2Dtn
3/7eMeHTa D H HOHA KHcopoaa. [IpuHuMaeTCs, 4TO PacCTOSHHE Mex-
Ay HOHOM BOAOPOAA M HEHTPOM HOHA KHCIOPOAA DABHO pajgHyCy
HOHa KHCI0pOJa.
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Hanpasnienne AHCCONMALUH COEAHHEHHS, COAEpALILro Ipynia-
posky atomoB 9—O—H, saBucur or OTHOCHTEJbHOH IPOUHOCTH CBA-
seli 9—0 u O—H. TIpouHOCTh XHWMHYECKOH CBA3H ONpeNeadercs
sHeprueil, KOTOPYI0 HEOOXOXMMO 3aTPATUTh Al TOfO, yT1oOBl Paso-
pBaTh AaHHYIO cBA3b (CM. CTP. 125). [lpu 3TOM caexyer pasanvarb
pa3phIB CBA3H, AAIOMMN HefiTpaNbHbEIe aTOMbl (H/IH T'PYyNNbI aTOMOB),
¥ paspbiB CBA3H, npoucxoAsuuit ¢ o6pasoBanueM HOHOB. B naunoM
cayuae Mbl paccMaTpuBaeM pacnaj BeUleCTs Ha nouwl. Ecnu npou-
Hee cB3b 9—O, TO NIpH JHCCOUNAUNH PaspbiBaeTCA CBASD O—H, t.e.
OTHIENAAETCS HOH BOAOPOAA — COEJUHEHHe BHICTyNaeT B POJH KHC-
notel. Hao6opoT, ecld mpouHee CBA3b O—H, 10 npH AucCOUHALHK
paspbiaercs cBsizb 9—O H otmenaserca won OH—, T. e. BelecTBO
BeneT ceGs Kak ocHoBaHHe. EcaH CBA3U 3—0 u O—H npubausu-
TeJbHO OAMHAKOBO MPOYHBI, TO COeAUMHenue ABAACTCA aM¢pOTePHbIM.

Cornacuo cxeme Koccens, cBsisb 9—O TeM mpounee, qeM 60J1b-
e 3apsij M UeM MeHblle pajHyC HOHA 3JaeMedTa 2* C ppyro# cro-
pDOHBI, yBeJHYeHHe 3apaja H yMeHbllenue painyca HoHAa 3JeMeHTa
ocnabasier cssisb O—H, mocxoabKy OJOKHUTENbHO ‘3aPsAXKeHHblit
[POTOH TOT/la CHIbHee OTTaJKHBAeTcsd OT HoHa agemenrta. [loatomy
yBenuueHne CTeNeHH OKHCIEHH 3JeMeHTa &
yMeHbUIeHHe pajguyca HOHA 3JeMeHTa NPUBOAAT
K yCHJAeHHIO KHCJOTHOrO Xapakrepa coelHHe-
mus. ClefopareibHO, CHAbHbE KHCJOPOACOAepKallne KHCAOTH
o6pasyloTcs 3JeMeHTaMH, CTOSIUHMH B BepXHell MPaBo# uacTH ne-
PHOAHYECKOH CHCTEMBL Hao6opoT, yMeHbIIEHHE CTeNeHH OKUC/ICHH:
¥ yBeNWdeHHe pajuyca HOHA yCHIUBAIOT OCHOBHEIE CBOHCTBa Beflle-
ctBa. ClenoBaTelbHO, CHIbHble OCHOBAHHA 06pasyioT 3JeMeHTh

o

rJaBHBIX MOATPYIH, PacnoJoxeHnnble B JeBOU HIZKHeHd 4acTH mepHo-
IHYeCKOH CHCTEMBL.

Anajnorvunbie mpeACTaBJeHUS MOTYT GBTb NpPUMeHeHH H K CO-
eJHHeHHAM, cojep:KaniuM CBA3H »—H. Ecau cuutath B KauecTse
NepBOTO, CaMoro rpygoro mpUOAMKeHUsA NaHHYIO CBi3b HOHHOH, TO
MOKHO CleaaTb BBIBOA, UTO OHa OyAeT TeM IpOUYHee, 4eM BLIIE IO
AGCOMIOTHON BeJMUHHe cTeneHb OKHC/IEeHUs 71eMeHTa M 4eM MEenbllg
pajnyc ero HoHa. Takum 06pa3oM, yCHJIEHHIO KHCJAOTHOCTH BOXO-
DOAHBIX COeJMHEHHi cnocofcTByeT yMeHbLleHHe (no a6conmoTHOMH
BeJluurHe) CTeNEHH OKHMC/EHHs 3JeMeHTa H yBeJHdCHHE pazuyca era
HOHA.

CuaefyeT emie pas noJA4epKHYTb, 4T0 CXeMa Kocceasn — ato upes-
pLuaiiHo rpy6oe ympoutenne. CBs3b O—H He aBNAeTcH HOHHOH 1

# [Ipn PACCMOTPEHHH MHCCOLHAUHH BEILECTB HYXIO VYHTHIBATD HE TOJBKG
B3auMOneficTBHe HOBOB JAPYr ¢ APYroM, HO H B3aNMOJCHCTBHE HX C MOJCKyAaMH
BOJbL — PHApaTanuio (CM. CTP. 980). B nepsoM npuOaHXeRHH 3TOT 3(QQeKT MOKHO
yuecTh BBeieHMeM B (OPMyNy 32KoHZ KynoHa BeanHusl AH3JEKTPHYECKOA mnpo-
punmaemoctu (cM. crp. 283). Benenctsue THApaTalHH B3aHMOAEHCTBUE HOHOB B
BOLHOM cpexe MPUCIH3HTEALHO B 80 pa3s cnabee, yeM B IIyCTOTE. [Tpu Takom ympo-
[{eHHOM MOJXOAE, UTHOPHPYIOUIEM OCOGeHHOCTH B3aUMOJACHCTBHsE COOTBETCTBEHUO
30- u H+ u D+ u OH- ¢ MosnexkyJaMH BOZbl, OCTAIOTCs B CHIE 3aKOHOMEPHOCTH,,

ykasbipaeMble cxeMof Koccend.
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paccroAnue MexJy LeHTPaMH aTOMOB KHC/IOPOAa u BOAOPOXa HH-
korxa He paBHO 1,32 A, moH Bomoponma «yTomieH» B 3JIeKTPOHHBIX
oGosiouKax Kucaopoaa (cM. crp. 218). Kpome Toro, B claydae BRICO-
KHX CTelleHell OKHCIEHHS CBS3b MKy 3/J1eMEeHTOM D H KHCAOPOAOM
TaKKC He SIBJSAeTCS HOHHOM, H CTEelleHb OKHC/ICHHS, KaK yKa3biBa-
JIoCh BHILIE, He COOTBETCTBYET 3apsAxy HOHa sjdeMenTta. OQHAKO He-
CMOTpsl Ha Bce 370, cXeMa Kocceas B iGodpmuncTse cayuaes TpHBO-
AHT K COBEpLICHHO NPABHIbHBIM KaYeCTBEHHBIM BHBOAM IIPH COIO-
CTaBJCHHH CXOLHBIX COGNMHERMIl, CKaXKeM, THAPOKCHIOB 3JEMeHTOB,
TDHHAA/IEK AKX K OXHOH H TOH e TPyNIe mepHOLHUECKON CHCTEMbL.
Dra HeoXKHIaHHAs NPHMEHHMOCTH CTOJb IPyGOro nocrpoeHusi o6yc-
JIOBJIEHA TEM, YTO Ja¥e B cayyae cBA3eH, CHIBHO OTIHYAIOUHXCH OT
HOHHDIX, HX NPOYHOCTE PACTET C yMeHbIUCHHEM MeXKAaTOMHEIX pac-
cTostHui (2 CleLoBaTeNbHO, H BEYHCASEMBIX U3 HHX PamuycoB «HO-
HOB») M C YBeJHYCHHEM CTelleHH OKHCJICHMS. [Tostomy cxema Koc-
CeJIst moJIe3Ha A5 TIepBOKavaJbHOH O6LIeHl OpHeHTHPOBKH B MHOTO-
0o0pa3HOM MaTepHaJie HeopraHUYeCcKOH XHMHUH.

Fnasa rpetbs
SNEKTPOHHOE CTPOEHME U CBOMCTBA SNEMEHTOB M MX COEAMHEHMHA

Pacemorpum kuci1oTHo-ocHOBHBIE ¥ OKHCJHTENbHO-BOCCTAHOBH-
YeJbHble CBOMCTBA 3/1€MEHTOB H HX COeXHHeHHH 1o TpymnaM nepuo-
Audeckod cucrems . Y. MeHnesneeBa, OTPaHHUYHMBIUHCH JHIUL HaH-
GoJiee THIIMYHBIME CTeIeHAMH OKHC/ICHHS.

1. Mlepsas rpynna. [Tepsas rpynna cocToHT u3 HOJATPYNN JUTHS
{Li, Na, K, Rb, Cs 1 Fr) u memn (Cu, Ag, Au).

Jlutuil, vaTpuil, Kaauit, pySuanil, uesui u bpanuuil B coenune-
HUAX TPOSBJAIOT CTeNeHb OKMCJAeHHA + 1. ATOMH 3THX 3JeMeHTOB
JIETKO OTAZIOT eNMHCTBEHHBIH 3JEKTPOH BHEUIHETO CJIOS H NO3TOMY
ABJAIOTCA CHJIBHBIMH BOCCTaHoBHTensiMH. HX BoccTaHOBHTENbHAR
CIOCOGHOCTB pacTer OT autua K Pppanumo. Us seex APOCTBIX BellleCTB
HaHboJee CHABHBIM BOCCTAHOBHTEJNEM SABJSETCS bpaHUul, Tak Kak
€ro aToMbl GOJIbLIC aTOMOB APYTHX 3JeMeHTOB noarpynnu. Hlenoy-
HBIE  METAJUIBlL B BOAHBIX pacTBOpax 06pasyloT  COemHHeHHS
A" —O—H, xoTopbie ABJAIOTCH CHILHBIMH XOPOIIO PACTBOPHMBIMH
OCHOBAHUSIMA — LIRI0OYAMH. DTO 06yC/I0B/IeHO MaJd0H BeHUHHON 32~
psAnos HoHoB (1+) u GonbUIOH BeaHUHHON HX PamHycos.

Yacro x nepsoii riasHoi H[OATpyIIie OTHOCAT H BOLOPOM, ABJISIO-
IHACH, TAaK XK€ KaK H LieJOYHBle MeTaJJbl, S-ajaeMenToM. OxgHako
Haxe B ofuuX TPH3HAKaX (CXOXHBIH XapakTep cmekrpa, o6paso-
BaHHE HOHa D%, BOCCTAaHOBHTeJbHAs CNOCOGHOCTD, PeaKlUHH B3aHM-
HOTO BLITCCHCHHS MeTalJ0OB M BOAOPONA) COMEpIKATCA U 4ePTH
OTIHUHA BOAOPOAA OT MeTaJ/IOB: NPOTOH HECOH3MEpPHMO MeHbIIIe
KaTHOHOB LIeJOYHBIX METaNI0B H BCEraa rayGoko BHEADPSETCS B 3JIeK-
TPOHHbIe 05OJIOUKH COGNHHECHHOTO ¢ HHM aToMa; 3HePTHA HOHH3AUHH
BOAOPONA MOYTH B TPH pasa GOJblIe NPHMEPHO OLHHAKOBBIX HepBhIX
3HCPTHH HOHM3AUHH LIETOUHBIX METAJIOB; NoBeJeHHe BOAOPOAA
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CXOJHO C TOBEJeHHEM METaJlIOB TOJbKO B BOIHBIX DAaCTBOPAaXxX; €ro
BOCCTAHOBHTE/IbHASE AKTHBHOCTb NPOfIBASIETCSA JHIWb MNPH BBICOKHX
remnepaTypax. C Xpyro#l CTOPOHH, MOXHO YKa3aTb Ha MHOIO4YHCJICH-
Hble CBOMCTBA, KOTOpHle OOBEIWHSIOT BOAOPOXA C rajoreHaMH (cm.
crp. 102). TlosroMy Mbl NPHCOGNMHHAH BOXOPOX K MNOArpynne
¢ropa.

Atomer Cu, Ag ¥ Au TaxKe HMeIOT Ha BHEIUHEM CJ0€ OAWH dJeK-
tpon. Ho oxHO3apslHbIe HOHbl 3THX 3.JEMEHTOB MEHbUIE HOHOB IIe-
fAounblx Metannos. Ilostomy y Hux cBasb J—O mpounee, UeM B
coeJMHEHHAX OCHOBHOH moxrpynnbl. JleACTBHTENBHO, HX THIPOKCH-
1bl — Gogee caabble OCHOBAHHSA, YeM THIPOKCHABI MIeJOYHBIX MeTaJ-
A0B. Bropoe ornnune o6ycaosieno TeMm, yto y Cu, Ag u Au mpen-
nocnenHuil caoil sBagerca 18-snekTponHBIM (s2p8d'%), T. e. conep-
KHUT d-3J€KTPOHEL, KOTOpble MeHee NPOYHO CBS3AHB C sAApOM, 4eM
S- H p-3J€KTPOHBI NpPEANOC/HeJHHX CJOeB 3JEeKTPOHHBIX o6ojioyex
IIeJOYHBIX MeTaan0B. [103ToMY 34eMeHTH NOGOYHON NOATPYNNbL MO-
YT MPOSIBASTD H CTENEHH OKHC/IEHHS, GoblIKe +1. J1eH#CTBHTEJbHO,
8 BOJHbIX PAacTBOpPax s 3THX SJIEMEHTOB XapaKTepHhbl cieAylomue
creneny oxucaenus: Cutl, Cut?, Ag*, Autd. Cu(OH). sBasercsa
ciabbLiM OocHOBaHHeM, obaanaer €1a60 BHIPAXKEHHHIMH aM(QOTEPHBI-
mu csoiictBamu; Au(OH);— amdorepHoe coelnHenue ¢ mpeobia-
daHHEM KHCJOTHHIX CBOHCTB — yBeJHUeHHe 3apsna ¥ BbI3BAH-
HOE 3THM yMeHbliende pasmepa I+ MNpUBENO K YKPeIJEHHIO CBfi-
su 9—O0.

2. Bropas rpynna. Jlas Bcex 371€MEHTOB STOH IPYNINbl XapakTep-
Ha CTETIeHb OKUCJAeHHS +2. ATOMBl 3/1eMeHTOB IJIaBHOH NOATDYINIIEE
(Be, Mg, Ca, Sr, Ba n Ra) umeioT Ha BHelIHeM CJO€ 1B S-3JEKTPO-
Ha. 10 BOCCTAHOBHTEJBHOH CROCOGHOCTH 3JEMEHTHl 3TOH MOArpym-
OBl YCTYNAlOT ILeNOYHBIM MeTansaM (aToMBl NOCAEJHHX HMEIOF
GésbilMe pa3Mephl), XOTs B CBA3H C BO3PACTAHHEM aTOMHBIX paluy-
coB Ca, Sr, Ba 1 Ra sBJfIoTCS CHIBHBIMH BOCCTaHOBHTeAsIMH. HoHb
Be2+, Mg?+, Cat?, Sr?+, Ba?* y Ra®t, Gyayun aHajoraMH HOHOB
NOATPYIIEl JTHTHS, HMEIOT KOHGHUIypaluio aTOMOB 5JaroOpPOJHbIX Ta-
30B, HO OTJMYAIOTCA OT D+ 3apsiioM H MeHbWHMMH paguycami. [To-
5TOMY HX THIDOKCHABI cjabee FMIPOKCHIOB IIENOYHBIX METaJJOB.
PocT paxuycos poHOB B psny Be?*—Ra** mpHBOIHT K TOMY, UTO €CJIH
Be(OH); — amdoreproe coenunenue, a Mg(OH);— craboe ocHo-
pande, To Ca(OH)q— cuabHOEe OCHOBAaHHE, a Ba(OH)2 — ouenb
CHJIbHOE OCHOBaHHe, XOPOILO PacTBOPHMOE B BOJXE; 3TO IIeJNO04Yb, YTO
HAIUJO OTPAXKEHHE H B ero Ha3Banuu (eNKHH GapHr).

DnemenTH noGOYHON MoArpynnbl — Gosee caabbie BOCCTAHOBHTE-
M, YeM 3JeMEeHTH OCHOBHOH MOATPYNIbl, TAK KAK HX ATOMBL HMEIOT
CPaBHHTENbHO HeGoJsbilMe pajuych. Pajguycsl HOHOB Zn%*+, Cd*t wu
Hg?*+ Takxke MeHbile PaJHyCOB HOHOB COCEJHHX C HHMH SJIEMEHTOB
rJaBHOM NOMrpynmbl (CKa3HBaeTCsi HajuyHe 18-3aekTponHO 060-
noyku). [105TOMY THAPOKCHIB STHX MeETaJJOB SABJIAIOTCA cnabbMu
ocroBanuamu. Zn(OH), — amdoreproe coexunenne (B STOM NPOsB-
asioTcs uepthl  cxonctBa ¢ Be(OH)g); amdorepHHe CBOHCTBA.
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Cd(OH): Bupaxens caato, HgO neamdorepna *. Tak kax sjqemen-
Thl DOATPYNNHl UHHKA SBJSAIOTCA NOCAeNHHMH d-3/eMeHTaMH (OHH
3aBepIIANOT BCTABHbIE NEKalb), To B HX CBONCTBAX MpPOABATIOTCA
HEKOTOPBIE YepTHl CXCACTBA CO CJACAYIOHIHMH 32 HHMH 3J€MeHTaMy
noarpynnsl Ga.

3. Tperbsa rpynna. [lns sjeMenToB moarpynnsl 6opa (3a HCKIIO-
YeHHEM TaJlIMA) xapakrepHa cremenb okuciaenus +3. [locaenueit
cooTBeTCTBYIOT coexnHenust D(OH)s;. Npouexonur panbHeiimee oc-
aa6aenue (or I rpymnsl K II, or II k III) ocuoBHHX cBoiicTs. Ecan
LiOH —ocHoBanne, a Be(OH);— amdoreproe coenunenue, To
B (OH); — xucnora. Takum o6pasoM, npH nepexosie X TpeTbeil Tpyn-
e MBI BIIEDBble BCTPEUAEMCH C 3J1eMEHTOM, 06PasyiolUlHM KHCJIOTY
(sTum Gop orinuaercs u oT Beex asementoB III rpynmm), u ¢ u3o-
TOJMKHMCJIOTAMH, KOTOpble TaKXkKe XapaKTepHsl 115 60pa. B cooTser-
CTBHH C yBelHUEHHeM DaJhyCcoB HOHOB 3y1eMeHTOB B psny Al (OH);—
TI(OH)s mponcxoautr ycunenuwe ocHoBHBIX cBoiicTB. Ecim Ga(OH)s
OT/IMYAETCS NMPAKTHYECKH OJHHAKOBOH cTelleHbI0 NHCCOLMALMH C OT-
meriendeM HoHoB OH~ u H¥, to y In(OH); Heckonbko mpeoGaana-
10T OCHOBHbIe cBO¥CTBA, a y TI(OH); amdorepnbie coiicTBa BhIpa-
XKeHbl oYeHb ciabo. Obpauiaer Ha cebs BHHMaHHe OUeHb MelJICHHOE
YCHJIEHHE OCHOBHHIX CBOHCTB B 3TOM DPAAY coemuHeHHH, D10 obbsc-
HSETCS TEM, UTO €CJIH ATOMBl 3JIEMEHTOB TpeTbel rVIaBHOH moxrpym-
NIBl ABJASAIOTCSA 3JEKTPOHHBIMH aHAJOTaMH (MX BHELIHUH 3JeKTpOHHbI
CJI0fl HMeeT CTpoeHHe s2p), 10 HoHH B3+ u AR+ cuabHo oTaHuamTCH
ot Ga®*t, In® m TI3* (mo3TOMY-TO yacTo HX OGBENHHSIOT B OTIENb-
HyI0 TOArpynny — noArpynny rajnaus). IlepBre umeror mapyXuwoe
060JIOYKH aTOMOB 6J1aropONHHIX ra3oB, a BTopbie — 18-3/1eKTpOHHbIE
oGomoukH, conepaiiyre 10 d-anekTporoB. Beiencrsue 3TOro yBedH-
YeHHe PAaJHYCcOB HOHOB {lOC/]e aJIOMHHHS CTAHOBHTCS MeHee 3HAUH-
TeJbHBIM, UTO U NPHBOAHT K MEIJIEHHOMY YCHJIEeHUIO OCHOBHOTO Xa-
paKTepa cOelWHeHHH. 3jech, Tak Xe Kak H B mpelblAymedl rpymme,
Ha6MIONAeTC JHArOHAJbHOE CXOACTBO: aM(OTepHbie T'HAPOKCHIHI
Al u Be 6nusku no cBoficTBaM. A

Mbr yxKe oTMEYanH, UTO CpefH 3J]EeMEHTOB MOATPYINb 6opa Hc-
KIIOUeHue npexcraBiasger taanud. Jlns Hero xapaxkTepHa cTeneHs
orucaeHuss + 1, mpuuem TIOH saBasieTcss cHABHBIM OCHOBaHHeM. DT0
obbsACHseTCs TeM, uTo Agas T1 Gosee NpOUHBIMH OKA3BIBAIOTCA CORIH-
HEHMS, B KOTOPHIX aTOM COXPaHSeT 3JeKTPOHH Ha S-opOuraau. Ilo-
atoMy y Tl, xak u y caenyiomux 3a uum siémentos VI nepuona
(CM. HHXe), BAJIGHTHBIM CTaHOBHTCA B MePBYIO ouepenb pP-3JeKTPOH.
Has In u rem Gonee nas Ga 310 He XapakTepHO. ITosromy Gat+—
OYeHb CHJIbHBIA BOCCTAHOBHTENb, a T13+ — cusbHEH oKHCAMTEND, UTO
Kacaercs toro, uro TIOH sBAfiercst CHABHHIM OCHOBaHHeM, TO 3TO
OODBACHSETCS 3HAUNTENbHLIM pazMepoM HoHa TI+ u MaabiM ero 3a-
psinoM.

* Coenunenne Hg(OH), meycroftunso u pacnanaercs ua HgO u H,0. 7
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Jlns aneMmentos mo6ouxoit moarpynnet (Sc, Y, La u Ac) Takxe
XapaKTePHH CTeNeHH OKMCJIeHHs] +3 H MM COOTBETCTBYIOT COEIHHE-
nus D (OH)s. Atomul Sc, Y, La u Ac He ABIAIOTCA 3JEKTPOHHBIMH
anajoraMid B u Al; Ha BHemHeM cJ0e Yy HHX COLCDPXKHTCA JBA
s-s7exTpoHa. Omnako uoHsl B3+, A%, Sc*, Y+, La** u Ac3t aB-
JAI0TCS SJAEKTPOHHBIMH aHAJOraMu — BCE OHM MMEIOT SJEKTPOHHOE
cTpoeHHe aToMOB 6J1aropoOJHBEIX ra3oB. TTosToMy H3MeHEHHE CBOHCTB
coenuHenuft mpu nepexone oT B k Ac sBasAeTcs fosee 3aKoHOMep-
ubiM, uem npH nepexofe ot B x Tl, B uacTHOCTH, B PALY B(OH);—
~—Al(OH)3—Sc(OH)3—Y(OH)3—La(OH)3——Ac(OH)3 ObicTpee
YCHMBAIOTCS OCHOBHbIE CBOMCTBA: €CaH Sc(OH); siBasierca caabbim
OCHOBaHUMEM C TIOUTH OTCYTCTBYIOIIUMH NPH3HAKAMH aM{QOTePHOCTH,
to La(OH)s — yxe cuibHOe OcHOBaHHe. Boabline paauychl HOHOB
Lad+ u Ac®+ genaror cBsisb 9—O ManonpouHOl, 4TO MPHOAUKAET HX
FHAPOKCHAB! MO cuje K THAPOKCHAEAM OCHOBHO# NOACPYIMHE BTOPO#
rpyIIEL

DeMeHTbl ceMelicTBa JaHTAHOUAOB UpE3BBIYaHHO MOXOXKH ApYT
Ha Apyra mo csofictaM. [lis HHX HauboJaee XapaKTepHa creneHb
oxucenusi +3. T'mapoxcunst aantanougos O (OH)s neamdorepnsl;
ix ocHOBHHe cpoiicTBa ocaabepalor or Ce K Lu; 3t0 cBA3aHo ¢
yMeHbIICHHEM PajHycOB HOHOB (IaHTZHOHIHOE cxarue). Tak kax
reett<rett, TO OCHOBHBIE CBOWCTBA Y Ce(OH)4 70 HBI TIPOSIBISATD-
cst cnabee, uem y Ce(OH)s. MHeiictsurensno, Ce(OH)y sBasercs
OcHOBaHHeM €O cJ1abo BhlpaXKeHHHIMH aMQOoTepHBIMHU CBOII-
CTBaMH.

AKTHHOMAB! TIPOSBJSIIOT Pa3JuuHble CTENEHH OKHCICHHUT OT +2
o +6. C yBenuueHHeM HOPSIAKOBOrO HOMEpa BCe fosee Xxapakrep-
Holi CTAHOBHTCA CTETeHb OKHCJeHHs —+3. MBI paccMOTPUM CTENCHH
OKHCJICHHS M COeNMHEHHs TOAbKO Tpex Haubosee BaXKHBIX s MpaK-
tuxu snementos — Th, U u Pu. [Ina Th xapakrepHa cTeneHb OKHC-
nennss +4. Th(OH), sBasercs HeaM@OTepHbIM OCHOBAHHEM,; STO
ofbsicHAETCsl GOJMBIION BEJTHYUHOW paauyca HOHA Th*+. Haut6oaee
XapaKTepHOH CTeNeHbI0 OKHCACHUs A5 U sapasercss +6. On obpa-
ayer coemunenne UOz(OH)y—ruapokeun ypanuaa. 1o — amobo-
TepHOe COeNUHEHHE; OHO MOXET pearnpopaTh KaK ¢ KHCJO0TaMHU, Tak
U ¢ LieJ0yaMH. B ruapoKcuae ypanuiaa COAEPIKHTCA HOH (UQg) %,
KOTODBI{ BXOAUT B COCTAB MHOTHX ApYTHX coeAMHEeHNH, cofepKalmx
ypaH B CTENEHH OKHCICHHs +6, HAaTIpUMep XJOPHAA YypaHHIa UO,Cly,
untpara ypauuaa UOz(NOs)e u 7. A. O6pasoBanue MOROGHBIX TPYII-
THPOBOK XapaKTePHO [JIs1 BEICOKHX CTeNeHei OKHCICHHs MHOIUX Si1e-
MmeHTOB. Tak, GopMysna CepHOH KHCIOTbHI MOKeET ObIThH 3anucaHa B
puge SOz (OH)2; H3BeCTHB COeAUHEHHS SQ.Fs, SO,Cl; u Ap., sBAS-
jolecss aHajgoramu conet ypanuna. O6pasosanne coequMHeHHi, co-
pepxamux (D0z)%, MeHee XapaKTepHO A cephbl, HEM AJs ypaHa,
BBHAY 3HAaUMTEJbHO MEHBUIEro Panuyca S+8(rg+6 =0,30 A, ryte =
—0,80 A), mosTomy S*6 oOBIUHO yHepKUBAET OKOJIO cebs He ABa, a ye-
ThIpe HOHa KHCJIO0POAa, HOH (SO4)?~ npounee, 4éM HOH (UOy)%.
[Ipu B3auMoAeHCTBHH MHAPOKCHAA YpaHHIA C meaouamMu o6pasyioT-
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csd ypanatl Meyt(UO4)?~ u auypanater Mey* (U,0;)2-, npH peax-
IHUsAX C KHCJIOTAMH — COJIM ypaHuiaa. XapaKTepHOH CTeNeHbIo OKHC-
aeHust Pu sasercs +4. Pu(OH); — Gonee caaGoe OCHOBaHHe, 4eM
Th(OH), (Bausinne akTHHOHAHOTO cxKaTus).

4. Yersepras rpynna. Ecau 11a saeMeHTOB noArpymns! 6opa oc-
HOBHOH CTeNeHbI0 OKHUC/IeHHs 6bl1a +3 U JHMIb B e1HHAUHBIX cayua-
X +1 (B CBSI3M ¢ YeM OKHCIHTENBHO-BOCCTAHOBHTEIbHBLE npoueccs
lepexolla OT OAHOTO M3 3THX COCTOSHHH B Apyroe GbIH HE THIOHY-
Hbl), TO JJIS1 31eMeHTOB NOArPYINH yriepona (C, Si, Ge, Sn, Pb) B
COOTBETCTBHH CO CTPOEHHeM BHELIHErO 3JIeKTPOHHOTO CJIOS Xapak-
TepHbl J1Be cTeneHd OKHcaeHus (+2 u +4). IlepBas oTBeuaer
BOCCTAHOBHTEJNBHBIM CBOHCTBAM, BTOPas — OKHCIAHTENbHBIM CBOHCT-
Bam. IIpu nepexone or C k Pb crenenb oxucaenus +2 CTAHOBHUTCA
Bce 00JIee XapaKTepHOH, B CBSI3H ¢ yeM pacTer # yCTOHUHBOCTL Be-
mects, conepxkamux 2. Ilaa C u Si crenenb okHeleHHS +2 npo-
ABJSIETCS B OUeHb HeGOJbIIOM KOJHUECTBe COeAHHeHHI (nanpumep,
CO, SiO); ans HUX XapaKTepHa CTelleHb OKHC/IeHHsS 4. Ge(OH),,
Sn(OH)2 u Pb(OH),— amdporepubie COeJHHEHHSI; WX OCHOBHbIE
coficTBa ycuausalorest ot Ge k Pb; y Ge(OH), npeo6nanaer kuc-
JoTHas noHusauus, y Pb(OH); — ochoBras. Bemecrsa, collepKa-
wue uonel Ge?t, SBAAIOTCS CHIBHBIMH BOCCTAHOBHTEJSIMH, COeNHHe-
Hust Pb™ — cuabHbIME oKuCIHTONIAMHY.

Tak xak rat<<rs+? to cBsizp DH—0 npousee cBs3H 0.
[Toatomy coeannenus, cogepxkaune rpynny 9+—O—H, npossasior
KHCHAOTHble CBOHCTBA. YTIJepol B cTeleHH OKHCJAeHHs +4 obpasyer
yroabuywo xucaoty HyCOs; 310 ouenp cnabas xuciora. Eme Gosee
C1aObIMU SIBJASIOTCST KUCAOTH H,;Si0,, Hy[Ge (OH)g], Ho[Sn(OH)] u
Ho{Pb (OH)e]. Koopaunauuonnoe uncao B stom psIly BemIecTB B CoO-
OTBETCTBHH C yKpynHeHHeM D+ pospacraer ot 3 (mnis C*) no 6
(ans Pb+*). Bce 3TH coeguHeHus MaJIOyCTOHUMBLI; OHH pa3Jaraior-
€51 C OTIleNVIEHHEeM BOJLI, ONHAKO BNOJIHE YCTORUMBHEI HX coMH. Mel-
JEHHOCTb OCMa6/IeHUsT KUCAOTHHIX CBOHCTB 00yc/I0BJIeHA NpHYHHOH,
3HaKOMOH HaM mo Tperbeil rpynme; monsl Gett, Sn*+ y Pb* umeior
18-s;mexTponnble 060/10uKH; MO3TOMY BO3pacTaHue PagHyCOB MPOHC-
XOAHT MeLJeHHO. 31eCh TaKKe NPOSIBISETCH AHATOHAIBHO® CXOLCT-
Bo. Taxk, Si+* noxox na B+3. Ux CXOACTBO, B YaCTHOCTH, BbIpaxKaeTcs
B TOM, uTO 1JIs1 KDEMHHA, KaK U A5 Gopa, H3BECTHO GOJBLIOE KOJH-
YECTBO HU30TOJHCOeAUHeH M.

Bop obpasyer psix somopoanrix COeJHHEHHH, HO 3TO He Xapak-
TEPHO LJIs1 OCTANbHEIX 3J)eMEHTOB TPeTbell IPYMIbL; B UETBEPTOH ke
rpynne o6pa3oBanue BOZOPOAHBIX COELMHEHMIl CBOHCTBEHHO BCeM
saeMeHTaM. OAHaKo WX yCTOHUHBOCTL B NOArpyllle pe3Ko Hajpaer,
Tax, ecin yroepon o6pasyer orpomHoe umeso BOAODPOAHHIX COelnHe-
HHH, TO /5 KPEMHHS HX H3BECTHO CpPABHHTEJbHO HEMHOTO, AJs rep-
MaHU5 uX HECKOJBKO, 1u1s1 0/10Ba — ABa, a 415 Pb yxanock noayants
TOAbKO 01HO — PbHy4, na u oHo oxasanocw xpaiine HEYCTOHYUBLIM.
Beuay Goabwoit crenenn oxmcaeHHS smeMeHTOB Bee BOLOPOINbIe
COCAMHEHHs] He ABJSIOTCS KHCAOTAMH. :
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Ilast anemeHTOB moGounoil noarpymnst (Ti, Zr u Hf) xapaxtep-
HOIl CTelleHbIO OKHCAeHHs Takxe sBisiercst +4. Coenunenns J(OH),
am(oTepHb, HX KHCAOTHble CBoiicTBa mpH nepexozne ot Ti k HI ocaa-
6eBaloT.

5. Marag rpynna. Jlns saemenros raasHoit noarpynnst (N, P,
As, Sb # Bi), BHeIUHHH 3/I€KTPOHHbIH CJIOH KOTOPHIX HMeeT KOHQH-
rypanuio $2p3, yKe XapakTepHbl TPH CTeleHH OKHCIeHHs: +5,
+3u —3.

Crenenb okuc/IeHuss +5 mpy mepexofe or azora K pocdopy cra-
HOBHTCS GOJlee YCTOMUMBOM, a 3aTeM yCTOHU#BOCTL D+° yMeHbluaer-
csi. Dopmyan coepumnennit: HNOs, HiPOs (a raxie H,P,07,
(HPO3)3 1 60abIu0e 4MCI0 APYTHX M30TMONUCOENHHEHHIT), H3AsO4 u
H{Sb(OH)¢]. Kax BMAHO, KOOpPAHHALUOHHOE YHCJIO TIPH NEpPexofie oT
a30THOH KMCIOTHl K cypbMsiHoH Bospacraer oT 3 no 6. HNOs sB-
JAeTCs CHIBHBIM OKHCJIHTRNEM.

CrelleHb OKHC/JeHHS -3 @pH TiepeXole oT a30Ta K BUCMYTYy CTa-
HOBHTCA BCe Gosiee YCTOMUHBOH, M OCHOBHOH XapakTep COeNHHEHHH
yenausaercst: HNOg u H3POz — kuciors, H3AsO; — amdoTepHOe
coelMHeHHE C TNpeo6Jafaio(UMH  KHCJIOTHBIMH  CBOHCTBaMH,
Sb(OH) ; — am@poTepHOE CcOefluHeHHe C MPE06IaaAOHMH OCHOBHBI-
mu csofictBaMi, Bi(OH)s — Heam(OoTepHBIH THAPOKCHL. JTH COClH-
HeHHsl MOTYT IpPOSIBISATb M OKHUCJHTENbHble H BOCCTAHOBHTE/NbHbIE
cBOHCTBA.

Bopopoanble COeAUHEHHS] YKa3aHHBIX 3/€MEHTOB HMEIOT bopmy-
ay 3—%Hj,; oHH He AIBJASIOTCS KHCIOTAMH. DTH coelHHEHHUS — BOCCTA-
HOBUTEJH. BocCTaHOBMTebHAas CHOCOOHOCTb IO NMOArpymne Bo3pa-
CTaer.

Ilas V, Nb u Ta, cocraBasiomux MoG0YHyi0 MOArPYyINIy, Xapak-
TEpHO#l CTeleHbi0 OKHCASHHS SBJAETCH +5. Onu obpasywr clabbie
kucaorst HIO0s; ux cuaa ymenbuiaercs or V K Ta.

6. Illectas rpynma. XapakTepHbIMH CTelNeHAMH OKHCIEHHS dJe-
MenToB raasHoil moarpynmsl —S, Se, Te u Po—B coorBerCTBuH
C 3/J1eKTPDOHHOH KOHUIypamued BHEIIHero IO SBJAIOTCA +6, +4
u —2. Kuclopon mMeeT cTeleHb OKHCIeHHs —2 (06 MCKIIOUEHHAX
cM. cTp. 83).

Coenunenusi, conepxamue +6, umerot dopmyis H;SO,, H2SeO4
n HeTeQs. Takum oGpa3oM, Npu Ilepexolie OT CEa€HA K TeNLAypy
NIPOMCXONHMT yBeduueHHe KOOPIHHAUHOHHOTO YKCaa OT 4 10 6. d10
06yC/IOBJIEHO YyBelHYeHHEM palHycoB B PpALY S+6__Set6—Tets,
H,SO, u H;SeO4 — cunpuble KHCJIOTH, HX CHJIa MOYTH OJHHAKOBA,
TeaaypoBas — clabas kucaoTa. OKuCIHTENbHAS aKTHBHOCTH BO3pa-
craer mpu nepexone oT HySO4s k HpSeOy 1 yMeHbIIARTCH [PH Iepe-
xone x HgTeQs. Takum o6pasom, psi H,S0,—H,Se0;—HgTeOg
NaeT THIMYHEI MpHMep BTOPHYHOM mepuoauyHocTH. [ToaTomy CBOHCT-
Ba HySeO; He mnpeACTaBJAsIOT CpelHEr0 H3 ceoiictB HeSO4 u
HsTeOs.

Coenunenns, cofepxkamue I+, umeor dopmyay HeD0; u sisas-
JOTCH KHCJIOTaMH CpelHed cuibl. B psiay H;SO03—H:SeO3—HyTeOs
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APOHCXOIUT Ocaabenne KHCAOTHBIX CBOWCTB, ¥ TENAYPHCTOH KHCIO-
THl MOSABASAIOTCA Npu3Haky aMboreprocT. Ecan HSO3; — noBoasro
CHJIbHBIA BOCCTaHOBHTENb, TO 151 HyoTeO; xapakTepHO MpOsiBIeHHe
OKHCAUTEJAbHBIX CBOHCTB.

Boxoponnnie coepunenus 3—2H, Moryr AucCONHHPOBaThL ¢ OT-
tlenieHHeM HOHA BOXOPOAA; B COOTBETCTBHUH C YBEAWUEHHEM Paiuy-
COB MOHOB KHCJIOTHHIE CBOHCTBA YCHAMBAIOTCH NpH nepexoie o1 HyS
K HoTe. HsS, HsSe n HoTe — cunpHule BOCCTAHOBHTENH; HX BOCCTA-
HOBuTeJpbHAd CIocoOHOCTL yBenuuuBaercs ot HeS x HyTe.

daemenThl noboynoil noarpynnsl Cr, Mo, W o6pasyior coenune-
HHsl, OTBeYalOllHe CTeMeHsAM OKHCJAeHHs oT +2 mo +46; naunbGoaee
THIHYHA CTelNeHb OKHCAeHMs +6, a Aas xpoMa u 3. Tlpocrue
coenuHeHNs uMeior (popmyay HeD0,4. Bcee oM SIBASIOTCH KHCAOTAMH.
B psany HCrO4—H;MoO,—H,WO, cnna xucaor yMeHbluaercs.
Kpome TOro, Anst cTeneHH OKHUCAeHHsT + 6 H3BECTHO GOJbIIOe YHCIO
usonoaucoenunenuii (Hanpumep, HoCro07). HyCrOy4, HoCroO7 u ux
COJIH — CHAbHHeE OKHcauTe H. OKHCAUTeNbHAS CIOCOGHOCTL COSAHHE-
Hui D6 B moArpynne nafaer. Paguyc uona Cr3+ (0,63 A) 6ausok k
panuycy uona Al (0,51 A). dtum MoxKHO 06bsICHATH, uTo Cr(OH);
oono6uo Al(OH); spasiercss aMdoTepHBIM COedHHEeHHEM.

7. Ceppmas rpynna. 'nasras moArpynma 910l IPYIOEL COXEPKHUT
ranorensl — ajneMenTH F, Cl, Br, I, At. CroGonnbie ranorens — oKH-
caurean. [TepBHil 31eMeHT NOATPYNIB IaJOreHOB — (PTOD — SABASET-
€Sl CaMBIM CHJIbHBIM M3 BCeX M3BECTHHIX OKHcAMTe ed. OH 3HAUHTENb-
HO OTJHYAeTCS OT APYTHX 3JEMEHTOB NOATPYNILI U MOXKET NPOSABAATDH
TOJIbKO OJHY * cTeneHb okMcaenus —1. Boxnwiit pacrsop HF spaser-
Csl KHCJOTOH cpefHedl CHHL

XapaxTepHoli HJs xJopa, OpoMa M HOJa CTENeHbIO OKHCJIeHHS
Takxe ABasercd —I; OJHAKO OHH MOTIYT TIPOSIBJAATbL U APYTHE CTe-
tleHH OkucjeHusi. B BogrOM pactBope HD — kuciaoTH; ¢ yBennye-
HHeM r 3 ux cuna Bospacraer or HCI x HI. H pearupyior xak
soccranosuTess; B psaxy HCl—HBr—HI BoccranoBureasnas cmo-
COGHOCTb YCHJIHBAETCH.

Kpome crenenn oxkucaenus —I, xjop, 6poM H unox oGpasyior
COeIHHEHHUs], B KOTOPHIX HMEIOT MOJOKUTENbHEE CTeleHH OKHCAECHHS.
Hau6GoJsee BaKHble COeAHHERN 3/IeCh CAeXYIOILHE:

+1 +5 +7
HCIO HClO3; HClO,
HBrO HBrO3
HIO HIO;  HslOg
Y cTOHYHBOCTDL KHCJIOT BO3pacTaer ¢ MOBHILIEHHEM CTENEHH OKHCJe-
ausi ¥ npu nepexone ot ‘Cl x I. ITo BepTuKanu cuia KUCAOT yMEHb-

{yaercs, MO TOPH3OHTAAH — Bo3pacraeT. DTo Bo3pacranue Haubosee
3HaYUTeNbHO A5 Kueaor xnaopa. HefictBurensro, ecan HIO — am-

* B ToM uncne M B COeHHEHHH C KHCIOpoZoM; mostoMy Fy O+2 me okcun
¢TOpa, a dropux xucaOpOAA.
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¢oreproe coepunenne, 10 HClIO, — cavasn cuabHas U3 BCeX H3Be-
CTHHIX KHCJIOT.

Kak yxe roBOpHJOCH BBILIE, BOLOPOL TaKXKe MOMKHO NPHCOETH-
HUTb K TaJoTeHaM, TaK Kak OH MoXKeT 06pas3oBaTb HOHBL H—, Koro-
pHle, KaK H uomnbl rajorenos (F-, Cl-, Br—, 1=, At~), usosnexTpontn
aToMam GaaropopHbix rasoB (coorTBercTBenno He, Ne, Ar, Kr, Xe,
Rn). K 31OMy MpH3HAKy CXOICTBa MOXKHO 106aBHTH ra3oo6pasHoe
COCTOSIHHEe BOAOpOJa, ABYXaTOMHOCTb €r0 MOJEKYJ, JerKoCcTh 3aie-
menusi BOZOPOAa B OPTaHHYECKHX COEIWHEHHAX TajoreHamu, 6.u-

30CTb 3HePTrHiH pa3JoXKeHHs MO-
8¥np Kna 1/ 1010 aexya Hy u Haly, consmepumocts

¢} ) MOTEHIUATOB HOHU3AUMH BOJO-
pola M TEpBHIX IOTEHUHANOB

HOHH3aHUH TajJ0TeHOB U T. A. Pa-

I 3yMeeTcs, Hedb3sl He YUHTHIBAThb
oTJHYHe BOAOpoAa OT rajoTeHoB

2L (oHO 06YCAOBJEHO TeM, 4TO ra-
JOreHsl Kak pP-3JIEMeHThI O6pa-

3yIOT COEJHHEHHs, B KOTOPHIX

1f HMEIOT cTelleHb OKHCJAeHHs GOMb-
Hy we eaunuusl). Onnaxo ananorus

g , , , B CBOMCTBaX BOJAOpOZa H Talo-

/3 1

-250 -150 -S5¢ S0 150 TeHOB 0oJjee 3HAUUTeNbHA, YeM
tan. °C MeXIy BOAODPOIAOM H MeTaaJaMn
Puc. 34. B3zaumoceasp Mexay Temnepa- (CM' CTp',, 95)' Ecte eme onnn
TYpaMH IJIABJEHHS U TemioTaMu naas- CEPBE3HBIM NOBOL B MOJB3Y 3TO-
JIEHHS TaJOTeHOB U BoJopoia ro YTBEPXKACHHUA — PE3YJAbTaTbl
NPpUMEHECHHS METOLOB CpaBHH-
TenbHoro pacuera. Ha onrHoM npumepe 3710 HAIOCTpHPYyeTcs pHUC. 34;
Ha HeM COMNOCTaBJCHbI TEMMNEpPATYypPbl U TEMNJA0THl NJAaBJeHUA B DALY
rajJJOTeHOB; TOUKa 1/ BOOOpoJda OKasanach Ha OJHOH HpaMoOil ¢ TOU-
KaMH 174 ranoreHos. CﬂeﬂOBaTeJIbHO, npaBHJ/JbHEE CYUTATE BOAOPON
HENOJHBIM aHaJJOroM cpTopa W noMeliaTb ero B TabJuile 3JeMeHTOB

Han F, a sax Li aump B cKoGKax.

DneMenTh mobounoil moarpynnel Mmn, Te¢, Re, xapakrepusywomu-
ec 3JeKTpOHHOH Konburypauneli (n—1)s?ptdins?, umeT MHOro
cTellenedl okucaenus —or +2 no +7. las mapranuna naubosee
xapaktepust +2, +4, +6 u 7. My oTBeuaoT coeluHeHuA
Mn+2(OH),, Mn*+*(OH),;, HoMn+®0, u HMnt70,. B coorBetcTBHI
co cxemoit Koccenss mpH noBBILIEHHH CTENEHH OKHC/JEHHS YCHJIHBaeT-
ca KHCIOTHHH xapaktep coexuneHuii: Mn(OH), — ocHoBanue,
Mn(OH),— ouenb c1ab0e OCHOBaHHe €O ¢1a2060 BbIPAKeHHBIMH aM-
GboTepHBIMH CBOHCTBAMH (3To COeJHHeHHEe Jerko pasjaraercs Ha
MnO; u H;0), HiMnO, u HMnO, — xucaotsl. HMnO, aerko pac-
nagaetrca Ha MnyO; u HyO; HoMnO4 Takke ABaAeTCA MaloycCToil-
YHUBLIM COef[HHEHHEeM, HO MHOTHE COJHU 3THX KHCJIOT BIIOJIHE YCTOH-
guBol. B pany Mnt2—Mn+4—Mnt6—Mn*7 ycHIHBAIOTCSH OKHCIHTEb-
Hhe M oca1a6eBaloT BoccTaHOBHTedbHble CcBo#cTBa; Mnt2(OH).
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JIETKO OKHCJSICTCS, T. €. ABJASeTcs BOccTaHOBUTeneM; coin HMnO, —
oueHb CH/MbHble OKucauTedu. Has Tc m Re Hambomee xapaktepHOR
cTeneHblO OKHCAEHHS siBaseTcs +7. CooTBETCTBYIOINHe COefHHEHHS
umeroT ¢opmyast H20,4. Cuia Kucaor u ux OKHCAHTENbHAS CIIOCOG-
#goctb B pAgax HyMnOs4—HyTcO,—HyReO, 1 HMnO,—HTcQ,—
HReO, nagator.

8. BocbMas rpynna. JTta rpynna He ¥MeeT TTaBHOH MOATPYNIH *.
Ona moxeT ObiTb pa30uTa Ha IBe YacTH: 3JeMeHTH cemelcTsa ie-
se3a (Fe, Co, Ni) u cemedcrso naarunoseix merasros (Ru, Rh,
Pd, Os, Ir, Pt). Crenenp okucaenus komebmercs or +2 mo -8.

Has Fe, Co u Ni xapakTepHbl cTeneHu oKHcjAeHHS +2 u +3;
npu nepexofe oT Fe k Ni coeiuHeHns co cTemeHblo OKHCJeHHS -+3
CTaHOBAITCA MeHee YCTOHUMBBIMH. B cooTBeTcTBHM ¢ HeBOJBIINM
YMeHbllleHHeM paJIiycOB HOHOB mpu mepexoge oT Fe ¥ Ni ocHOBHBbIe
CBOJCTBA IHAPOKCHAOB ocnabesaior. D (OH), sBasiorcs HeamdoTep-
#bIMH OcHoBaHUsAIMH, D (OH)s; — oueHb crabbIMH OCHOBAHHUSIMH CO
ca6o BHIpaxKeHHBIMy aMpoTepHbiMu CBOHcTBaMU. CoeluHenHa Felt
ABJISIIOTCS BOCCTAHOBUTeNsAIMU cpefiHell cunbl. B pany Fet?—Co+t2—
Ni*? nagaer BoccraHOBHTeJbHast cmocob6HocTb. B psgy Fet3—
Co*+3—Nit® BospacTaer oKucauTeNbHAs CIOCOBHOCTD.

Jlnsa xKesmesa u3BeCTHa TakxKe CTeNeHb OKHCJIeHHS -+6, efi CoOT-
sercTByeT coefinHenne HoFeOy; ata Kucnora neycroitunsa, HO MHOTHe
ee cond noayyeHsl. B pany Fet?—Fet3—Fet6 npoucxoaut ycunenue
OKHCJTHTEJIbHO! CIOCOGHOCTH; OHO 0COGeHHO 3HAUMTENBHO IIPH Nepe-
X0Jle OT CTelleHH OKHCAeHUd -+3 K CTeleHH OKHcHeHus -+6.

Jag NaTHHOBEIX MeTaJJoB HM3BecTHO GOJBINIOE YHCAO cTeneHel
OKHC/IeHusi. JLasl MIaTuHBl, B YaCTHOCTH, XapakTepHH CTelleHH OKH-
crenusl +2 u +4. Tuapokcun Pt(OH), Heamporepen (6oabmioi
paanyc uona Pt**). Coennnenne Pt(OH), amdorepHo; oHO pearu-
pyeT KakK C KHCJAOTaMH, TakK ¥ C lleJoYyaMH. Beiclias cremeHbp OKHC-
JieHnst 48 u3BecTHa TOAbKO JAns Ru u Os yu mposiBaseTcd B COedH-
netusix RuOy u OsQO,. Iast 310f cTeneHH OKHCJAeHHS He H3BeCTHO
KHCJIOT U OCHOBaHWil, noToMy urto coeaunenuss RuQO, u OsO, sas-
10TCH KOOPOUHAYUOKHO Hacbliyennbimy (paceMoTpute psif HoWO,—
HR€O4'—H()OSO4) .

Hapsny c 3akoHOMepHBIM H3MeHeHHEeM CBOKCTB B Mpefenax Kak-
JIOT0 M3 JBYX CeMEHCTB 81eMeHTOB MOXKHO PaccMAaTpPHBaTbh H3MeHe-
Hue B CBOACTBax IO TpeM NOATPYANaM, T. e. [0 BepTHKaau. Tak,
8 psafy Fet6—Ru+6—Os+é mpoucxoauT peskoe ociabieHHe OKHC/TH-
TeJbHBIX CBOHCTB: ecidun KyFeQs— OueHb CHJABHBIH OKHCAHTEND
(Fets>Fet?), To KzRuO4 srerko BOCcCTaHABAMBaeTCs (zo RuQy), a
K050y cpaBuuTtenbno serko okucasercs (zo0 OsO,). Ecnu FeO, ne
cymecrsyer, a RuO, pasnaraercs (mpu HarpeBaHuu) CO B3PHIBOM,
10 OsO,4 XUIHT 6e3 pPasJoKeHHUs.

9. Hynesas rpynna *. HyJepas rpynna cofiepXHT TOJbKO IiaB-
Hy10 noAarpynny; B Hee BXoAAT Gaaropofsble rasnt He, Ne, Ar, Kr,
Xe u Rn. Jlo 1962 r. cunranoch, 4To aToMul 6/1aropofHLHIX rasoB HE

* Cum. npumeuvanue na crp. 104,
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moryT o6pa3oBaTbh NPOYHHIX MOMEKYJd ¢ aTtoMaM#u APYTHX 3JeMeH-
TOB — NPOSIBJAIOT HYJEBYIO CTelleHb OKMCJIEHHs. DTO MHEHHe OIIpo-
BEPTHYTO B TOcJeAHHe Tofnl (cM. cTp. 56); B HacToOsiillee BPeMs yike
H3BeCTHH HECATKM COeJHHEHMA KCEHOHA ¥ HEeCKOJbKO COeIHHeHHI
KPHMIITOHA M PajioHa (COelMHEHHa ApYrux GIaropojHbIX ra3os He MO-
ayuens). IIpOYHOCTb coelMHeHWH O/1arOPOAHBIX Fa30B BO3pacTaeT
C yBeJHUeHHeM HMX NOPsiKOBoro moMepa. HauGonee nayuens coemu-
HeHHsi KceHoHa, AJsi Hero oGHapyXKeHbl cTelleHH OKHCJIeHHS +2,
+4, +6 n +8. M orBeuaioT, B YacTHOCTH, COeAHHEHHS XeF,,
XeOF,, XeOs, Na,XeOg - 8H0. DTu coerHenysi CPaBHHTEJLHO NPOH-
Hbl, OHH MOTYT CYIIleCTBOBATb [IPH KOMHATHOH TeMmepatype *.

10. Hekotopele BhBogbl. O6o61lasa MarepuaJ N0 KHCJIOTHO-OC-
HOBHBIM ¥ OKMCJHUTeJbHO-BOCCTAHOBUTENbHHIM CBOMCTBAM COeAvHe-
Huil, cotepxamux cBsisn —O—H n 3—H, Mbl MoxeM cllenath pan
BHIBOROB. Ecsim paccMaTpuBaTh Kakylo-iu6o OfHY CTelleHb OKHCJIe-
HHsi, TO B KaXJO# MOATPYINIE CBeDPXY BHHM3 YCHJIHMBAIOTCS OCHOBHBIE®
¥ ociiabeBaloT KHcJOTHHIe cBofictBa. IIpn Bo3spacTaHHH cleneHs
OKMCJIeHHS] JAHHOTO 3JeMeHTa, Hao6opoT, ocaabJsiloTCsi OCHOBHBIE
ero cBOMCTBA WM yCHJAHBaIOTCs KucioTHEe. Ilo Mepe nmepexona K rpyn-
naM c¢ GOJILIIMM HOMEPOM Bo3pacTaeT cTpPeM/ieHHe K NDOSiBJICHUIO
Pa3JMUHBIX CTeleHell OKHCIEHHS, B TOM YHCJe OTPHIATe/bHbIX, NPH-
YyeM TOCJEe[HHE B COOTBETCTBHH C POCTOM CPOACTBa K 3JIEKTPOHY
CTAHOBATCH BCe GOJee THNHMYHBIMH (B IJIaBHBIX NMOArpynmax). yae-
JAvyeHMe Bapuanuil CTeleHell OKMC/IeHWsi NpPOsiBJsiercs B BO3pacTa-
HHAH BEPOSITHOCTH TPOTEKAHHSi OKHCJHTENIBHO-BOCCTAHOBHTE/bHBIX
peakiMil H B YBeJHUEHHH MX PasHOOGDa3us.

Mer yxe oTmeuanu (ctp. 67), uro mpH mepexope oT I rpynmet k
VII pasiuune B CBOHCTBaX 3JIEMEHTOB OCHOBHOH H HOGOYHOA MOA-
rpynn ocjabeBaer, 3aTeM YCHIMBaeTcsi H CTAHOBHTCS BecbMa 3HAuM-
tenbHbiM. Ho 3TO pasiivuve BeIHKO IS HH3IIMX CTeneHed OKHcJe-
HUSi H He3HAUMTEJbHO AJsa BHcmux. Tak, xdop (1s22s22p63s23p°) n
Mapranen, (1s22522p%3s23p®3dS4s?) He MMeEWOT HHuero oGllero, He
cxomEe W cBoiictBa  coemuHenmit  Clt(1s22s22pf3s23p!) n
Mn+2(1522522p03s23p%3d5), Ho  coemmmenns Cl7(1s22s%2p%) B
Mn+7 (1522522p63s23p%) M0KHE 00/afaTh CXOAHBIMH CBOFCTBaMI,
4TO H HMeeT MeCTO B JeACTBHUTEIbHOCTH.

Takum o6pasom, xotsi cxema Koccenst ABisiercsi npubiHKeHueM
u TeM GoJee rpyObiM, ueM BHIIIe CTENEHH OKHCJEHHsS 3/eMEeHTOB,
OHAKO OHA IO3BOJAET He TOJBKO CHCTEMATH3MPOBaTh OGMIMPHBIR
MaTepHaJ MO CBOHCTBAaM BaXKHeMIIHMX COeJMHEHHH, HO M OCYIIeCTB-
JATh pas/iuuHble NPorHo3nl. IToaToMy BhIILIEH3JI0XKeHHOe MOXKHO pac-
cMaTpUBaTh Kak HEOPraHHYEcKyl0 XWMHIO B MHHHATIOpE, Kak Oni ee
3CKH3.

* B cBsiaf C CYLIECTBOBAHHEM COe/lHHEHHH O6,arOpOAHBIX [as30p HYJIEBYI
rpynny craam 4acto HasuBaTh VIIIA, nojuepkusas 3THM, 9TO0 TSIKC/EE mpeicra-
BHTEJH 3THX 3JE€MEHTOB 00pa3yloT COeJHHEHHS C BHICIIeH CTENEHbIO OKHCACHHS +8.
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Fnasa yeiBepraa
O 3HAYEHMM NMEPMOAMYECKOTO 3AKOHA

®. JHreJbc HasBald OTKphitHe [I. 1. MeHJe/ieeBLM mepHOAHYE-
TKOro 3aKOHa «Hay4HbIM MoJABHroM». Cefiuac, Korjga nepuoIMyeckKHil
3aKOoH BOCHPHHHMaeTCsi HAMH elle CO WIKOJbHOH CKaMbH KaK OJMH
H3 OCHOBHBIX 3aKOHOB IPHPOJH, TPYAHO OLEHHTb H NPOYYBCTBOBATH
BCIO FeHHAJIbHOCTb 0000uieHus, chenansoro J. M. MengeneeBuM,
Benp B TO BpeMsi, Koria Obla cOpMyJHPOBAH NEPHOAHYECKHE 3aKOH,
ObiJI0 M3BECTHO TOJBKO 63 3JieMeHTa, MpHYEM aTOMHEIE Beca H Ba-
JIEHTHOCTH MHOTHX H3 HHX OBUIH YCTaHOBJEHH HeBepHO. IeM He
mernee [. K. MeHnnejeeB Ha OCHOBaHMH NEPHOAHYECKOTO 3aKOHA
H3MEHHJI BAaJICHTHOCTH H HCHPaBHJ aTOMHble Beca MHOTHX 3JeMeH-
TOB, Pa3MeCTHJ PsiJ 5J€MeHTOB B TalJHLY BONMPEKH OPHHATHIM B TO
BpeMsl MPEACTABJAEHHIM 00 HX CXOACTBE APYr ¢ APYrOM, He mOALAJ-
sl cO0JIa3Hy HCNPABHTL KaXyliHecsi (KaK Mbl Teneph 3HaeM) OTKJIO-
Henusi. Bosiee Toro, o mpexcKasas cyuiecTBOBaHHe MHOTHX SJeMeH-
TOB, yKas3aB JJIs1 HEKOTOPHIX H3 HHX Ja)e CBOHCTBA OCHOBHEIX
COeIHHEeHHH.

Llenp ucTHHHOM HAYKH — 3HaTh, YTOGbl NpeABHIETb — 3TO Gec-
CIOPHO, HO 3HAYeHHe NEPHOJAMYECKOrO 3aKOHA He HCYepPNHIBaeTCA
TeM, YTO OH JaeT BO3MOXKHOCTb OLIEHHTb OFPOMHOE KOJHYECTBO Heol-
XOAUMBIX AJISi TEOPHH M NMPAKTHKH 3HaueHHA (HU3HYECKHX H XHMHUe-
CKHX CBOHCTB IPOCTHIX BEIIIECTB H HX COeIHHEHH.

Ecau Obl He GbLT M3BecTeH MepHOAMYECKHE 3aKOH, GHIIO 6Bl He-
BO3MOXKHO YCTaHOBJIEHHE CTDOEHHS aroOMOB 3jeMeHToB. I[lozo6Ho
TOMY, KaK HUTb ApHaJHbl OMOIJIA I€POI0 ApEeBHErPEYeCKOro MHba
BoiOpaTbcsl U3 JaOHPHHTA, TAK H NEPHOAHYECKHI 3aKOH NO3BOJIMJ
pasobpaTbCst B CTPOEHHH aTOMOB — PEeLIHTh BONpoc, GoJiee 3anyras-
Hblfl IPHPOMOH, YeM JIereHAaPHblil TaGHPHHT.

Heo6xonumo oTMeTHTB, UTo CBEeXEHHSI O CTPOEHHH aTOMOB, He-
CMOTPSl Ha HX OTDOMHOe 3HaueHHe A/ HAYKH, He 3aMeHSIOT NMepHo-
Juiyeckoro 3akoHa. Ilepuoanueckuii sakon xaer BO3MOXKHOCTB Tpef-
C£Ka3blBaTb H BBIUHCASATD TaKHe CBOMCTBA 5JEMEHTOB H MX
COeJIMHEHHH, KOTOPble NMOKAa He MOrYT GbiTh PACCYHTAHH TeOpeTHUe-
CKH Ha OCHOBe NAHHBIX 00 3/IeKTPOHHOM CTPOEHHH aTOMOB H MoJie-
kys1. OueBnaHo, KajibHelinlee pasBHTHe HayKH NpHBeXeT K yBeJHYe-
HHIO BO3MOXKHOCTEH TEOPETHYeCKOIo pacuera, HO SICHO TaKXe H TO,
4TO OHO NMPHBEAET H K H3YUEHHIO elie GOJIbLIEro YHCAA BelecTB H
CBOMCTB; NMO3TOMY Pa3pblB MeXIy TE€M, YTO HO3BOJSET BHLIYHCJIHTH
TeODHA CTPOEHHS aTOMOB M MOJEKYJ, H T€M, YTO MOXKHO HANTH C IIO-
MOIIBI0 NEPHOAHYECKOTO 3aKOHa, BHAHMMO, Bcerxa Gyaer CyllecTBO-
BaTh. CnpaBelJHBO TOJIOXKEHHe HAJNEKTHYECKOTO MaTepHAIH3Ma,
yTBepxKaalouiee, YTO XHMHs He MOXeT OBITh cBeleHa K (usHke. Bee
3aKOHBl U3HKH cOOMI0AaIOTCS H B 06/1aCTH XHMHH, OXHAKO B XHMHH
€CTb PsJ CBOHX, TOJNIbKO eHl NMPHCYIUHX 3aKOHOMEpHOCTel; HanGojee
BaXHOW U3 HUX sIBJASETCS NepHOAHYECKH 3aKOH.
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Ilepnoanueckuii 3aKOH H HepHOJHYECKas CHCTeMa 3JeMeHTOB
XOTS1 B CO3JaHBI B TO BpPeMs, KOTJla aTOM cuuTalcs HeAeTUMEIM, sB-
JSI0TCs PyHZaMeHTaNbHEIM 00o06lLieHreM. B npoctoM 3akoHe Bhipa-
JKEHO OTPpOMHOE pasHoOOpasHe C/IOXKHEeHUINX NPHUPOJHEIX 3aKOHOMep-
HocTell. Bee mocneayiollee pas3BUTHE HAyKH —H OTKPHTHE HOBHIX -
3JIEMEHTOB, K OlpeJeseHue UX CBOHCTB H CBOHCTB 06pasyeMbIX HMR
COelMHEHHUIl, M OTKPHITHE paJHMOaKTHUBHOCTH, H3OTONHH, CJONKHOMK
CTPYKTYpHl aTOMa, HCKYCCTBEHHO!l paJMOaKTHBHOCTH M MHOTHE Apy-
THe 3aBOEBAHUSl HayKW — JUIIb YKPelmuJao INepHOLHYecKHH 3akoH,
pPacKphLIO HOBBI€ €r0 CTOPOHHI, PaCUIMPHJIO H YrayOuJo ero cojlep-
xkaune. COwIHCh, cObiBalOTC M OyayT cOBIBATBCH IPOPOYECKHE
cioBa JI. . Mengeneena: «[lepuoanyeckoMy 3aKOHy He TPO3HT pas-
pylienune, a o0eUIalOTCA TOJNBKO HAJCTPOHKA H PasBHTHE».

[lepuoanueckuil 3aKOH — 3TO KBHHT3CCEHIIUS XMMHYECKOH HayKH,
3TC OCHOBA, KOTOpas MO3BOJSET CBA3aTb U OCMbICANTL HEO603PUMBI
no o6wemy ¢akTHUYecKMH MaTepual, 3TO HeHcCAKaeMHH pOZHMK
HOBHIX OTKpHTHH H 06GoGueHuil. [lepuoanueckas cucrema,— nucan
Hunbc bop,— 3T0 «myTeBoaHas 3Be3fa AJs1 HcciaenoBartenell B 06Ja-
CTH XMMHH, OH3UKH, MHHEPAJIOTrHH, TeXHHKH». OH oKasan orpoMHoe
BJMsiHHe Ha Pa3BUTHE TE€OJOTMH, TeOXHUMHUH, igepHod du3nKH, acrpo-
¢dbusukn, KocMoroHuu. I[lepuoauuecku#i 3akoH — 5TO OAMH H3 TeX
OOIIAX 3aKOHOB NPHPOZBI, KOTOpble NMOCTOSHHO 06OrallaloT Hayky.
B 3TOM ero orpoMHoe obuIeHayyHOoe 3HAYEHHeE.

TpyaHo nepeoneHuTs B ¢uaocodCcKoe 3HAUEHHE NEPHOINYECKOTO
3aKoHa. B HeM HamuJd spkoe BHIpaXKeHMe B3aHMOCBSI3b H B3aUMO-
o6ycJoBIEHHOCTE fBJAeHHHA. Bce 3/MleMeHTH €BfiI3aHH, KakK 3BeHbS
eJnHOH nenH. Kaxapil 3/JeMeHT MOXHO M3y4aTb TOJbKO B CBSI3H C
NpPOYUMH, BCIO NEPHOAHYECKYIO CHCTEMY MOXHO OXBATHTb TOJBKO B
CBETe CBOHCTB Kaz/JOTO 3JeMeHTa.

TpynHo Ha3BaTb JAPyro#l 3akoH NMPHPOJABI, KOTOPHII 6ojee omnpe-
JeJE€HHO YyKasbiBaja Obl, KaK KOJHYeCTBEHHble H3MeHeHUst (poct Z)
APUBOAAT K KAuyeCTBEHHEIM HM3MEHEHMSIM — HOSABJEHHIO . HOBHIX
CBOHCTB 9/1€MEHTOB U HX cOeMHeHH . .

Hayyasi mepHoaUYecKyi0 CHCTEMY 3JIEMEHTOB, Mbl MHOTOKpaTHO
y6exapaeMcsa U B TOM, YTO OHA COAEPXKUT APKUE NIPUMephl, NOATBepXK-
JamKe 3aKOH eIMHCTBA U 60pbOB IPOTHBONOJI0KHOCTEH, COCTaB/Isl-
OUIMA SIpPO AUANEKTHKH: NEPUOAB 00BeAUHSIOT NPOTHBOMNOJOXKHbE
MO CBOHCTBAM 3JIEMEHTHI, 1a U 2J€MEHTH B 3aBHCHMOCTH OT yCJIOBHHA
MOTYT peaTHpPOBATh pas/iuHbiM oGpasoM. Tak, Hanpumep, cepa Mo-
}KeT OBTh KaK CKHCJAMTEJNEM, TaK H BOCCTAHOBHUTEIEM, MBIIIBSK 10
OHUM CBOHCTBaM IOX0:K Ha MeTaJJbl, a N0 APYTHM — Ha HeMeTall-
JHl U T. I.

MoxHo npuBecTH W MHOTOUYHCJ/IEHHBIE NPHMEDPH NOATBEP:KACHUS
TPETbEro OCHOBHOI'O 3aKOHA AMaJeKTHKH — 3aKOHa OTPHLAHHUSA OTPH-
nauus, OrpaHHyHMca OZHUM — I€pexo] OT OJHOTO nepuosa X Apy-
roMy, cBf3aHHBIH ¢ POPMHpPOBaHMEM HOBOT'O 3/J1€KTPOHHOIO CJOH, —
3TO NMOBTOPEHHE B NpoLecce Pa3BUTHs NPOIIeHHbIX CTyNeHe#l Ha Ho-
BOHl, BbIcIIell OCHOBE.



YACTbH HI
CTPOEHHUE MONEKYN U XMMMUYECKAS CBA3b

BBEAEHME

1. MoJaeKy.bl, HOHB, CBOGOAHBIE paiHKaJdbl. ATOMBI 3/E€MEHTOB
MOryT o6pasoBath TPU BHAA YACTHL, YYACTBYIOIIMX B XHMHYECKHX
npoueccax,— MOALKYAbL, UOHbL U 80000HbLE PAOUKALbL.

Moaexkyaoll Has3bBaeTcH HauMeHbmasag HeH-
TpaJbHas YacTHla JAaHHOTO BemecTBa, 00Ja-
Jaoimas ero XHMHYECKHUHMH CBOicTBaM#H H CIO-
cof6Hasds K CaMOCTOfATENbHOMY CYLECTBOBAHHIO.
PasznuyaroT o0HoaToMHbie, 1BYX-, TPEX- U T. 1., B 06LieM MHO20QTOM-
#oie MONeKyabl. DB OOBIYHBIX YCJAOBHAX H3 OJXHOATOMHEIX MOJIEKYJ
coCTOAT GJaropoJHble Fasbl; MOJIEKYJbl BHICOKOMOJIEKYJSIPHBIX CO-
¢JyHeHuH, HalPOTUB, COEPKAT MHOTHE THICSYH aTOMOB.

MoH—3apAKeHHas YyacTHLa, npelcTaBJasionias
co60fl aTOM HJH TPYyNny XHMHUYECKH CBfi3aHHBX
aToMOB ¢ H30OBITKOM (aHHOHB) HMJH HEJOCTAaTKOM
(kaTHOHL) 3NTeKTPOHOB. B BemiecTBe NOJOKHTEAbHbBIE HOHBI
Bcerja CYIIECTBYIOT BMecCTe C OTpHUATEILHBIMH. Tak Kak 3JaeKTpo-
CcTaTHyeckHe CHJIL, JeHCTBYIOHIMEe MeXKAy HOHAMH, BeJHKH, TO He-
BO3MOXKHO CO3AaTb B BelleCTBe CKOJbKO-HHOYIh 3HAUHTENbHBIN
136EITOK HOHOB OJHOTO 3HAKa.

CBoGOZHBM paJlHKaJdoM Has3biBaeTcsd 9acCTHIA,
o6nagamnmas HeHaCBHIEHHBIMH BAaJEeHTHOCTHAMHY
(unxe, Ha ctp. 193 paHO ompenenenne 3TOro TMOHATHS Ha OCHOBe
3JIEKTPOHHLIX NpeAcTapJjeHuil). TakuMH 4yacTHUAMH $BJAAIOTCH, Ha-
npumep, CH; u NHy. B 06bluHBIX yea0BHsX ¢BOGOAHBIE paluKasbl,
KaK NPaBuJIo, He MOTLYT CYHIeCTBOBAaTh AJMHTedbHOE BpeMs, DTH yac-
THIBl HIPAIOT 4Ype3BLIYAIHO BAaXKHYIO DOJAb B XHMHYECKHX MHpoIec-
cax. IlpoTexanne MHOrMX peakuHii HeBO3MOXKHO G6e3 yuyacTHs
cBoGOJHBIX pafuKasoB. [IpH oueHb BHICOKHX TeMmepatypax (HampH-
mep, B atmocepe CosHua) eAHHCTBEHHBIMH JBYXaTOMHBIMH YacTH-
1aMH, KOTopnle MOTYT CYILeCTBOBaTb, ABJIAIOTCS CBOGOAHbBIE pajau-
kaaol (CN, OH, CH u mexoropsie apyrue). Muoro cBo60AHBIX
palfKaJJoB NPUCYTCTBYET B MJAAMEHH.

HMsBectHnl cBO6OAHBIE PaguKadnl Gosee CIOKHOTO CTPOEHHS, KO-
TOpble SBJSIOTCH CPaBHHTENbHO CTAOUALHbIMU ¥ MOTYT CYMIECTBO-
8aTb NPH OOBIYHBIX YCIOBHAX. TakoB paaMkaa TpHGEHHIMETH], C
OTKPLITHS KOTOPOrc HAyajloch H3yueHHe CBOGONHBIX PagHKaJoB.
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B 1900 r. l'omGepr (CILIA) monmwmitanca nonquTb rekcadbeHMI>TaN )
CsH; CgHs
C5H5-C——(|I—C5H5
CgHs C¢Hs

i 9TOFO OH HCHOJB30BaJ PeakiHio B3aHMONEHACTBHS MeXAy TpHdenumxaop-
meranom (CgHs)sCCl u UMHKOM, Mefbio HJH MeJKOAMCNepcHbiM cepeGpoM. B pe-
3yJMpTaTe H3AHMOZEACTBHA MeTalja C XJOPOM Y MoJeKya TpHQeHHIXJIopMeraHa
KOMKHA Gbuia 0cBOGOXKZATbCS OXHAa BaJeHTHOCTb M 00pa3oBaBLIHECS pajuKaJht
(CgHs)sC — pomxunl 6bi1u Gbl CBA3BIBaTECA APYL € APYroM, jaBas rekcadenunstan

(peakuust Biopya — durrura).
Oznako [oMGepr nOJyuu] BELIeCTBO, CBOMCTBA KOTOPOTO OKa3a/iHCh HEMOXOXKH-

M# Ha CBOACTBA YIVIEBONOPOAOB. D10 — GecllBEeTHHE KPHCTAl1bl, NPH PacTBOPEHHH
KOTOPHIX TNOJydYasuch siPKO-)KeJNTHe pacTBOPbl; NOCJNELHHE JIETKO DeardpoBain
C HOZOM, KHCJIOPOIOM BO3LyXa M APYrHMH BelllecTBaMH, Ha ocHOBaHHHM 3THX JaH-
unx [omGepr BHIcKasas NPefNOJOMKEHHe, 4TO rekcadeHuisTau B PacrTBope pacma-
naercsi, nasasi CBOGOAHKIA panHKasa TPHQEHHIMETHI:

(CgHs)sC—C (CgHs)s = 2 (UsH5)sC—

HOCJIEJIY}OIILHE HCCef0oBaHusA MMOKa3aJH, 4TO 3Ta peakUud JEeHCTBHTE IBHO NpoHCXOo-
JHT, XOTA H HE B TaKOH 3HAYHTEJbHOH CTeNeHH, KaK 3TO npeapnoJaran F0M6epr;
AHCCOLHALHNA rexca(beamxaTaHa Ha Tpmbemxmwemn CTaHOBHTCS 3HAYHTEJbHOH TOJb-

KO npH Temneparypax 50—100° C.

OnHolt U3 MPHYMH CPaBHUTENbHOH YCTOAUMBOCTH TpH(QEHHIMe-
THJI2 SIBJASIIOTCS NPOCTPAHCTBEHHble 3aTpyOHers — BOJIbUINE PasMe-
pbl ¢eHuabHbix rpynn CeHs npenaTcTByOT COEAMHEHHIO DajHKalOB
B MOJIeKyJy rekcaQeHHI3TaHa; O APYrHX NPHYHMHAX OyleT CKa3aHO
auxe (cM. crp. 184). M3BecTHH u Apyrue craGuibHBIE CBOGOAHBIE
panuKaJbl, 10L06HbIC TPHGEHHIMETHIY.

2. HcTopus pasBHTHsI MPEACTABJIEHHA 0 XHMMYECKOH CBA3H W
BaJeHTHOCTH. [lepBas MOMEITKA CO3ZaHHSI TEOPHH XHMHUYECKOH CBS-
anotHocHTcs K Havady XIX B, koraa Beprman (Ilsenns) u bepronae
(®paHuus) BBHIBHHYJH HIEI O TOM, YTO CTPEMJeHHE YacTHI Kk
B3aUMOMEHCTBHIO * BBI3BaHO HEHCTBYIOIIMMH MEXIYy HHMH CHJIaMH
BcemupHoro TaroTeHus. OnHako 0Ka3ajoch, YTO XHMHYECKOe CPOX-
CTBO He MPOMOPUMOHANBHO MaccaM aTOMOB, COEAHHSIIOUIMXCA B MO-
JieKyJsly; Hanpumep, atom pryTh B 200 pas TsKeJee aToMa BOJAOPO-
Ja, HO BOJa HeCPAaBHEHHO MpOYHee OKHCH PTYyTH (HOMOJHHTE 3TOT
npuMep APYrHMH, CONMOCTAaBHB, HaNpHMep, NPOYHOCTb COEIMHEHKS
LAaHHOTO 3JeMEHTa C PAAOM IPYIHX, BXONAIIMX B OJHY H Ty XK€
NOArpynmy nepuofuueckoil cucremul). Kpome TOTO, CHJIBI TATOTEHHA
JeHCTBYIOT Ha JIOGBIX PAaCCTOSIHHAX, B TO BPeMs KaK BJHAHHE XHMH-
yeCKHX CUJ CKasbiBaeTcsl Bcero aumb Ha 0,5--3 A. TlepBbie HeBennkn
H yMeHbmaloTcsi 06paTHO MpPONOPUHOHAAbHO KBAaJApaTy pPacCTOSHHS;
BTOpble KoJoOcCadbHbl (OHH nmpuMepHo B 10% pas Gosbuie rpasura-

* D10 crpeM/eHHe OGHIYHO OMpEJE/SIOT CJIOBOCOYETAHHEM XuMmuieckoe cpod-
€T80 — TePMHH, BOCXONAIMMA K AJXHMHYECKOMY MEpHOAY XHMUH.




OHOHHBIX CHJI) H BO MHOTHX CJIyyasiXx YMeHBIIAIOTCS C pacCcTosHHEM B
cTeneHH, 3HaUUTeJbHO GoJabueft aByx. CuJja TATOTEHHs HeHachILlae-
Ma, BellleCTBO 06pa3yeT OTPOMHEIe CKONJIEHHS] aTOMOB (B YacCTHOCTH,
B BHJeE TJIaHeT); MeXJy TeM, HarnpuMmep, K aTOMy BOJAOpOJa, COelH-
HUBIIEMYCSI C APYTHM aTOMOM BOJAOpPOJAA, TPeTHil yiXKe He NPHCOeAH-
HsieTcsl —XHMMHUECKHEe CHJAB XapaKTepH3YIOTCs Ha-
chmaeMocThio. Kpome Toro, B oripude OT IPaBHTAlHOHHBIX
XMMHYECKHE CHJIbI OOBIYHO CBSI3aHBI C ONpeAeseHHHIM HanpaBJeHHeM
B npocrpaHcrBe (cM. crp. 115). Ecam cuna rtsArorenus B COOTBeT--
cTBHH C 3aKoHOM HploToHa Bo3jeficTByeT Ha BCe TeJa, TO BJ H -
HHe XHMHYECKHX CHJA cnelH(HUYHO — aToM XJopa CBf-
3bIBAIOT C aTOMOM HAaTPHH NpPOUYHBIE Y3BI, C ATOMOM XJOpa— GoJiee
cnabule, a ¢ rejneMm, HanpuMmep, HHuKakKde. Ecam yyecTh npud 3TOM
BJMSIHHE Ha T[POYHOCTH XHMHYECKOH CBsI3M BHENIHHX YCJOBHII
(B wacTHOCTH, TeMIepaTypHl), TO CTaHeT SICHBIM, IOYeMy 2pasuTayu-
oHHas Teopus Deprmana — DBeprosJe okasanace HeXH3HECIHO-
CoGHOR.

Ee cMeHuna sAeKTpoxumudeckas Teopus, co3faHHasl IIBEICKHM
yuensiM BepneanycoM (1810 r.). CornacHo 3Toil TeopuH, aTOM KakK-
JOr0 3J7eMeHTa HMeeT ABa NOJI0Ca — NOJOKHTEbHBIA U OTPHIlATEb-
HBIH, MpPHYeM y ONHHX aroMoB mnpeo6iajgaer nepBulfi, y JAPYrHx
Bropofi. CoelHHeHHe 3JEKTPOMOJIOXKHUTENBHOTO MAarHHSA C 3JEKTPO-
OTpHLaTeNBHBIM KHCJAOPOAOM C TOUKH 3peHHsl Teopuu DBepueanyca
06BACHANOCH NPUTAXKeHHeM 11peobaJaloniuX B HUX MOJIOCOB, HMEI0-
IIMX NPOTHBONOJOXHHE 3HaKH. EciH npoMCXOZHT uacTHuHAs KOM-
neHcauusa 3apaAoB, TO NPOAYKT pPeaKUUMH He yTPATHT HX NOJHOCTBIO,
DTuM 00bACHANHM 06Gpa30OBaHHe CJOXKHBIX MOJeKyd (Hanpumep,
kKap6oHaTa MarHHsl B pe3yJbTaTe COEIHHEHHS <«IOJOXHTENbHOIO»
MgO c «otpuuarensieiM» COg). Teopusi Bepuenunyca siBuiach, pas-
ButHeM uuell Jasu (1806 r.) o Tom, uTo XMMHYecKasi CBSI3b BO3HH-
KaeT 6jarofapsi B3aWMHOMY NPHTSIKEHHIO PAasHOHMEHHO 3apsiKeH-
HBIX TelJl. DAEKTPOXUMHUUeCKasi TeOpHsl, Ha MepBhlil B3rJsl, NPENCcTaB-
JsieTcsl NpaBAONofo6HOH M KaK OyATo moATBep:KiaeTcs NMPOLECCOM
3JEeKTPOJH3a: 3JeKTPOJH3 Kak Obl BO3Bpaliaer aTOMaM MOJSPHOCTD,
yTpaueHHYI0 HMH npd o6pa3oBaHuu coexuHeHus. Ho npu rakom moa-
X0Jle,— nucal no nosony reopuu Bepueanyca [erenn,— «BcTpeualo-
IMecss B XMMHYECKOM nponecce H3MeHeHHSl YIeldbHOA TAXKeCTH,
cuenJieHusi, GUrypol, 1BeTa U T. H., KaK PaBHO KHCJOTHHIX, €NKHX,
HIEJOYHBIX H T. A. CBOHCTB, OCTaBJsIOTCS 03 BHUMAHMSA, H Bce Hcue-
3aer B aGcTpaKunu asnekTpudectBa. [lycte e mepecranyr ynpekats
duocoduio B «aGCcTparnPOBAHWH OT YACTHOIO H B MYCTHIX OTBJICYEH-
HOCTSIX», pa3 (U3HKH MO3BOJAIT cebe 3abbITh 0 BCeX NepeuHC/IeH-
HBIX CBOHCTBAX TeJECHOCTH PajiH NOJOKHUTEIbHOrO H OTPHUATEIHLHOTO
sJexkrpHuectBa». JefcTBUTeNBHO, BCKOpe 3JeKTPOXMMHYECKas Teo-
pHs Hcuessia M3 Hay4yHOro o6Hxoaa, H60 M CYHIeCTBOBAHHE IIPOYHBIX
MOJIeKyJi, COCTOSINMX H3 aTOMOB ONMHAKOBOH MOJSIPHOCTH (HANpH-
mep, Hy; u Cly), u ocymectsiaenne ([dioma, 1834 r.) mpomeccos, B
* KOTOPHIX pasHONoJsIipHElE 0 TeopHH Depueanyca saeMeHTHl 3aMe-
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HsJad APYTr Apyra B COeJUHEHHAX, OKa3a/UCb B HEIIPDHMHPHMOM C Hell
IIPpOTHBOpEYHH.

B 40-x rogmax mpowsoro cronetHs ¢paHuysckue XxuMHKH JlioMa
u JKepap BHABHHYH Teoputo Tunog. COracHO 9TOH TeopUH, XHMH-
YyecKHe CBOHCTBa BeIl[eCTB 3aBUCSAT OT aHAJOTHH B COCTaBe UX MoJie-
Ky/1 H HOYTH He 3aBUCSIT OT NPHPOALI aTOMOB. DTO GbLIO MOMNBITKOM
HOCTPOEHHSI TeOPUH XHMHH, HCXOJAs TOJbKO H3 AAHHBIX O COCTaBe
BelllecTB. PasnuuyHble OpraHHuecKse coeauHeHHs pACCMaTpUBAJHCh
KaK NpPOM3BOJHble HECKO/JbKHMX HeopraHuyeckKHx BelllecTB. Tax, 3TH-
soselit cnupt CoHsOH u puatunossiit a¢up CoHs—O—CyoHs otHOCH-
an K tuny HpO, paccmartpuBas Mx Kak NpoAyKThl 3aMellleHHsi COOT-
BETCTBeHHO aToMa Bogopopa Ha rpynny CeHs u aByx atomoB Bojo-
pora na gse rpymnbt CoHs. Ananorununo cumranu, uro CH3NH, u
(CHs)oNH npunagnexar k tuny NH; u 1. a. Tak 6buia ocylitectie-
Ha CHCTeMaTH3alHUs MaTepHana, OJHAKO IO YHCTO (OPMAJBHOMY
npusHaky. [leno moXoAuJao g0 TOro, 4TO pajd BTHCKHBAHHS B «NpPO-
KPYCTOBO J0OXe» THIIOB MHOTOYHC/IEHHBIX BHOBb OTKPBIBA€MBIX CO-
e[HHeHH{ NPHXOAHAOCH NPUNHCHBATL OAHOMY H TOMY XKe BelleCTBY
pasanyHble GOpMyabl (B 3aBHCHMOCTH OT pPeakUHH, B KOTOPYIO OHO
Bcrynaer). J)Kepap B cBoeM PYKOBOACTBE II0 OPTraHHYeCKOH XHMMH
nHcal: «...NPHKOBLIBAs B HEKOTOPOM pOJAe TeJO K OAHOH eIuHCTBeH-
HOi (opMyse, 4acTO CKPHIBAIOT B Hell Te XHMHYyecKHe OTHOLICHHS,
KoTophle Apyras ¢opmyJsa no3Bosusia Gbl NOHSITb». IlONBITKH BhIsic-
HHTb CTPOeHHe MOJIeKy/ NPHHUMIHAJBHO OTBePrajuch, MOCKOJIbKY
3T0 SIKOGBI HEJOCTYNHO AJISi Hallero pasyma, KOTOpbIil He B COCTOA-
HUH TIPOHHKHYTb BHYTPb HeH3MepHMO masoro. Cuurajocsh, 410 H3y-
yeHHe BeljecTBa B XHMHYeCKHX [poleccax TO3BOJSeT YCTAHOBUTDL
JHWIb ero mnpomoe u OyAylllee, HO He HacTosilee; HHUTPOBaHHE
CeHs —3t0 mpomioe HuTpoGeH30/ma, €ro BOCCTAHOBJEHHe [0
Ce¢HsNH; — 310 ero 6yaymee.

Bckope nosiBasiercss pabora, pe3yJbTaThl KOTOPOH mnpuBead K
MeicIH 00 Oonpepe/eHHOM CTpOeHHH MoJseKkysa. B 1852 r. anranifickuii
HccnenoBarenb ®paHkJgaHA Ha OCHOBAaHHHM H3yyeHHsi 06pa3oBaHus
HEKOTOpbIX MeraJjnoprandyeckux coegunenHust {CH3;Na, (CHs)o.Hg,
(CHs)sAl, (CH3)4Sn v np.] BBen mousitue 0 ganenTHOCTU (aTOMHO-
CTH), YHCJEeHHO BHIPaXKaloueil CrnocoGHOCTL aToMa JAHHOTO 3JeMeH-
Ta BCTYNATh B COEJIMHEHHE C Onpe/ieJeHHbIM YHCJIOM aTOMOB APYroro
snemenTa. [IpUHAB BajeHTHOCTb BOJOpOAa PABHON eAHHHIe, MOMXKHO
CYHTATh, YTO BANEHTHOCTb APYTHX 3JIeMEHTOB fBJASETCH YHCJOM, TO-
KasblBAIOIKM, CO CKOJBKHMH aToMaMH BOAOpOAa (HJH HHOrO OAHO-
Ba/JIeHTHOTO 2/IeMeHTa) MOXeT COeJAUHUTbCS AaTOM JaHHOIO 3Je-
MEHTa.

BesnynHa BalleHTHOCTH 3aBHCUT OT TOTO, B KaKOM COCTOSIHHH
HaxOMUTCs paccMaTpuBaeMblll 3/1eMeHT, KaKOBa NPHPOAA pearupyio-
HIEr0 C HHM 3J€MEeHTa, KAKOBHl yCcJOBHS B3auMmoneicTBHA. Bcee ae-
MeHThl MOXKHO Pa36uTb Ha ABA ceMefiCTBa, BKJIOUHB B OJHO H3 HHX
3JIeMeHThl ¢ NOCTOSIHHOI BaJIeHTHOCTIO (K HUX YHCAY OTHOCHTCH, Ha-
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npuMep, HaTPHUi), a B APYIYIO — 3JIeMEHTHl C nepeMeHHOR BaJIeHT-
aocthio (docdop, cepa u ap.).

3. Teopuss xummuueckoro crpoenns A, M. byraeposa. B 1861 r.
A. M. BytsiepoB BHABHTAeT TeOpHIO, CYIIHOCTb KOTODOH MOKHO
chOpMYIHPOBATE CACAYIOWHM 06pa3oM:

a) aToOMH B MOJIEKYJle COeAMHAIOTCS APYT € APYTOM B ONpejelieH-
HOM MOpSiIKE;

6) coeauHeHHe aTOMOB IIPOUCXOAMT B COOTBETCTBHH C HX BaJeHT-
HOCTBIO;

B) CBOMCTBA BellleCTBA 3aBHCST HE TOJBKO OT NPHPOJB aTOMOB
1 OT UX KOJHYECTBA, HO M OT HX PACHOJIOXKEHHS, T. €. OT XHMHUECKOTO
CTPOEHH S MOJIEKYJI.

dra teopus oObACHUIA MHOTOOOGpa3ue OPraHHUECKHX BeillecTB H
HaHecsqa PeIIWTEJbHBI yAap TO arHOCTHUECKOH TEOPHH THIOB:
A. M. ByTaepos moKasaJg, uTO BHYTpeHHsisi CTPYKTypa MOJIEKYJ] mo-
3HaBaeMa, AOCTYIIHA [Jsi CO3HATEJbHOrO BOCIpOu3BeneHus. M3ayuas
XMMHuecKHe IpeBpalleHusi, MOXKHO Ha OcHOBe Teopun A. M. Byr.ae-
poBa y3HATh CTPOEHHMe MOJIEKYJ — 3Ta TeODHs yKasala XU M H 1 e-
CKHUe MEeTOHLBLl HCCJHeJLOBaHHS CTPOEHHS Belle€CTBa.
Tak, HanpUMep MOJIeKyJla 3THIOBOTO crupTa uMeer dopmyay CoHgO,
1J151 KOTOPOH, YUHTHIBASl BaJIEHTHOCTH 3JeMeHTOB, MOXKHO IIpelrnoJio-
JKHTh TOJbKO JBa BapHaHTa CTPYKTYDHI

H H H H

(I | |
H-C-C—O0—H u H—C—0—C—H

| [
H H H H

HccaeqoBande XUMHIECKHX PeaKUUil ITHJIOBOrO CIHpPTa MOKa3biBaer,
4TO ero MOJIeKyJa HMEeT IepBYI0 H3 NPHBENCHHBIX CTPYKTYp. Tak,
npu AEACTBMA Ha CIOHPT MeTaJJMYeCKOTO HATPHS IPOMCXOAMT 3aMe-
LleHHe TOJABKO OJHOTO aTOMa BOAOPoOJa:

2C2H60 -+ 2Na= 2C2H5Na0 + H2,

YTO COTJIAaCyeTcsl ¢ mepBOH GopMyJ0o#H, B KOTOPO# OJHH aTOM BOAODPO-
Aa OTJMuaercs OT BCEX JAPYIMX — OH CBfI3aH ¢ KHUCJOPOJOM, a HE C
yrJIepoAoM.

3a crojieTne, Opolllexllee MOc/]e CO3JAHUS TEOPHH XMMHYECKOTO
CTPOeHHSi, B pe3yJibTaTe HacTONUMBOH pabOoTH yueHBIX Oblinm HaHze-
HEI CTPYKTYDHEIe (pOPMyJIBl MHOTHX TBICSIY OPTraHHYECKHX H I.IE€MEHT-
OpraHMYecKHX BELIECTB. ¥ CTAHOBJEHHE HEKOTOPBIX H3 HHX NOTpebo-
BajJo Goabliunx ycuauil. Hanpumep, [AJAs BHIICHEHHSI CTpPOEHUs
MOJIeKy/IBl XMHHAHA noTpeboBasoch Gosiee 60 Jer; 3TOT BOMpOC paspa-
GateiBasicsi GOJIBILHMM UHCJIOM HccJefoBaTesNell B pasHBIX CTPaHax.

[Mocienyoliee u3yyeHHe CTPYKTYpPHl MOJeKyJ, IIpOBeleHHOe C
nmomoiipio pa3dpaboranHeix B XX B. ¢pU3HIECKHX METOAOB (OHH pac-
CMOTpeHbl HHKe), OJectsiine MOATBEpAHIO PacloJiOKeHHe aTOMOB B
MoJleKyJax, HaliieHHoe ¢ oMoulbio Teopund A. M. Byraeposa. Takum

ill
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o6pa3om, Teopuss A. M. ByriepoBa 32/10:KH/1a OCHOBBI COBDEMEHHOTO
yueHHS O CTPOEHHH MOJEKYJ.
Teopus XHMH4YecKOTO cCTpDOEHHS BBeJla B HayKy MNpeXcTaBJ/eHHe

.0 B3AaHMHOM BJHAHHH aTOMOB B MOJeKyJaX, KOTOpoe

SIBUJIOCh Ype3BblYalHO MIOAOTBOPHHM. OKa3anoch, YTO B MOJeEKyJe
B3aHMOAEHCTBYIOT He TOJbKO HEHNOCPEACTBEHHO CBS3aHHble aTOMBI,
HO CyLleCTBYET B3aHMHO€ BJIHsiHHe BceX aTOMOB. PasyMeeTcﬂ, 3(b-
(heKT B3aHMHOTO BJMAHHUSA HENOCPEACTBEHHO HE CBSI3aHHBIX aTOMOB B
MoJIeKyJle — UHOYKYILOHHOL 3hheKT — cpaBHHTENBHO  HEBEJHK.
OpHako B psile clydaeB OH 3HauyuTeNeH. TaK, €CJH B TPETHYHOM

GYTHJIOBOM CIHPTE
CH;,

!
H3C-('Z—O—H
CH;

3aMeHHTb BCe aTOMbI BOAOPOJAAa OJAHOH H3 METHJbHBIX I'DYNI Ha ¢rop,
TO cnHPT npHoOpeTaeT cBOHCTBA KHUCAOTHL. ITO OOBACHAETCS TeM,
4yT0 (GTOp, OOMamaIOWUil GONBLUIHM 31eKTPOHHBIM CPOACTBOM, CHJBHO
IPUTATHBAET K cebe 3JIEKTPOHBl H €ro BBeJeHHe B MOJEKYJy BhI3bi-
BaeT CMeILeHHe 3JIeKTPOHOB BJOJMb 1IelIH aTOMOB

Fx. CH, )
Ft--Ce-=-Ce---0¢---H
il CH,

DTO CMellleHHe 3aTyXaeT MO MepPe YAaJeHHs OT aTOMa, BhI3BABLIETO
HHAYKIHOHHBIH 3¢ (eKT.

Haxoneu, Teopust A. M. Bytsteposa oGbsicHHa siBleHHe U30Me-
puu, otkpuitoe B 1823 r. JIu6uxom u Benepom H chirpasiiee B CBOIO
o4epeldb BAXKHYIO POJib B CTAHOBJEHHH TEODHH XHMHYECKOrO CTpOe-
HHSl. DTO sIBJeHHe 3aKAIOYAETCS B CYIECTBOBAHHH HECKOJbKHX CO-
efnHeHHH, 00JalaiolHX OAMHAKOBBIM COCTABOM, HO pPAa3JHYHBIM
CTPOEHHEM MOJIEKYJ] H OTCIOZA pasJuYHBIMH cBofictBaMu. Hpes
0 CYIIecCTBOBAHHH TAKHX BelLIECTB BOCXOAUT K HCCIEJOBAHHAM
M. B. Jlomonocosa. B pa6ote «O meranmuyeckoM Gaecke» (1745T.)
OH IHCaJl, YTO OJHOH H3 BO3MOXKHBIX TIPHYHH H3MeHEHHS CBOICTB Be-
HIECTBA CJHYKHT NepeMeHa pacloJOoXKeHHS €ro yacTed.

MspecTHO JaBa THDA H30MEpHH — CTPYKTYPHARL U RPOCTPAH-
CTBeHHAaA.

4. CrpykrypHas maomepus. CTPYKTypHAst H3oMePHst 06YyC/I0BJe-
Ha pas/HYHOH NOCJeJ0BaTEIbHOCTBIO CBSA3eH MekKIy aTOMaMH B MO-
Jekyne. CyliecTByeT HECKOJBKO BHIOB CTPYKTYPHOH H30MepHH.

Ecan Monexkynbl pasanuarotcs pacnosiokeHHeM aTOMOB YIJepo-
Aa, 00pasylollHX HX KapKac, TO TOBOpAT 00 usomepuu ckeaera.
Bor mpumep:
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CHg—CHg—CHQ—CH2~CH3 H CHg—?H—CHg-—CHg,
' CHj

HOPMAABHBIA MeHTA { 2-MeTuabyran

YHucao mofo6HOro poAa H3OMEpOB OYeHb GHICTPO BO3PACTAET C yBe-
JHYeHHEM 4YHCJa aTOMOB yrjiepoja B MoJekyJe. Tak, ecau gasa CgH ,
ux wectb, T0 Aasi CooHae ux yxxe 366 319. A penn B HacTosmee Bpe-
Ms MBI 3HaeM O CyIUeCTBOBaHUM coeuHedH# coctapa CgoHoge! M30-
MepHIO, CBA3aHHYK) C H3MEHEHHEM YIJEePOIHOTO CKeJeTa, MOXKHO
NIPOJIeMOHCTPHPOBATb H Ha JAPYTHX IPUMEpax, BOT OJHH H3 HHX:

CH,—CH, CHy—CH,
HQC< >CH2 " H3C—-HC<
H,C—CH, CH,—CH,
HHKJADreKecan MEeTHAMUKIAONEHTAH

MoJiekysibl ¢ ONMHAKOBBIM YIVIEPOAHBIM CKEJEeTOM, HO OTJHMYalo-
lHecs MOJNOKEHHEM QYHKYUOHAAbHOIX epynn *, HaA3HBAOTCH U30-
Mepamu noroxenus. TakAMH H30MepaMu ABJSIOTCS, HANPHMep,

CH;—CHy—CH,0H 1 CHz—CH—CH,
]
OH

HOPMAAbHBIHA TPOMHAOBBI H30NMPONHUAOBHIA crupT o
CHHPT
1™\ cl N\
L]
Cl
7 AV
OPTOIHXAOPSEH30A METaxUXA0POLHB O

Cuaenyer ormernts, uto A. M. ByTiepos, Hcxoas u3 csoei TEOPHH,
TNpeACKasa CyuleCTBOBaHHE TPETHYHOro GyTHJIOBOIO CIIHPTA H BIEp-
Bbie OCYLIECTBHJI CHHTE3 3TOrO M30Mepa HOPMAJbHOr0 GyTHJIOBOrO
CMHpTa (BOCCTAHOBJIEHHEM KOTODPOIO IOJTYy4HJ eIHHCTBEHHBI] H30Mep
6yrana — u306yrtan).

Hanuune B MoseKynax pamnkanos, oTaruaommxes mo COCTaBy H
CTPOCHHIO M CBA3AHHDBIX C HEYIJIEDOAHBIM aTOMOM, PHBOIHT K TPETb-
€My BHIy CTPYKTYPHOH H30MepuH — MmeTamepuu. Tak,

CH3——O——CH2-CHQ—CH3 H CH3'—CH2—O—CH2— CH3

METHATPONUIOBHE ahup AHITUAOBHIA adhrp

UMEIOT OJIMHAKOBYIO CyMMapHyI0 (popMyiy, OT/IHYASICh COCTABOM pa-
AHKaJIOB, CBA3AHHBIX C KHCJAOPOAOM.

Crpykryphsie usomeps o6pasyor u BeIIecTBa, OTJAHYaloLHecs
XapakrepoM (YHKUHOHAJbHBIX rpymm. Ilpumepom Moryr CAYXKHUTD

* Tlox  GYyHKUHOHALHLIME rpymnamu HOAPA3yMeBAIOTCH TPYHAL  aTOMOB
(K unM orHocares rpynmst — OH, —NO,, —NH,;, —COOH, —SO;H u gp)),
ONPENEsAomHe B 3HAYHTENLHOM CTENEHH XHMHYECKO® NOBejeHHe BEmecTBA H B
CBASH C STHM HPHHANIEKHOCTE K TOMY HJIH HHOMY KJACCY COeHHeHHIL,

113

S e




0
CH,COOH 1 CH, (OH)—C<
H

ykcycHast KRCJIOTa TARKOJNEBBI anblernn

Oco6bIM BUAOM H30MEpHH fBJIsieTcs OuHaMU4eCKas U3omepus,
N TayTomepus, Korja obe usoMmepHsie (GOPMHI JIETKO MEPeXOAsAT
OfHA B JAPYIyI0 M HAXOAATCA B DaBHOBeCHH HApYr C APyrom. Ato
sBJIEHHe, JOTMYeCKH BHITEKAoLlee H3 TpenCcTaBlIeHH A. M. Byrtne-
pOBa O JMHAMHYECKHX B3aUMOOTHOLIHHAX aTOMOB B MOJIEKY/I€, NIPEL-
BueJ] U BlepBble OOBACHUJ CO3[aTe/b TEOPHH XMMUYECKOro CTpoe-
nus (1862 r.). Tayromepus MOXKeT OBITH NPOACMOHCTPHPOBAHA Ha
npuMepe Tak Ha3bIBAEMOTO KeTO-eHOJIbHOTO PaBHOBECHS, B JaCTHOCTH

CH3— C—CH3 2 CH3—C= CH2
I |
0O OH

KetTo-cc pMa eHOJbhad pcpma

He ciemyer AyMaTh, 9TO CTPYKTypHas H30MepHsi CBOMCTBEHHA
TOJIbKO OpraHHueckuM coeauHenusM. OHa BCTpeyaercs ¥ Cpein He-
opraHuyecKux BelecTB. Bot aBa npumepa:

HO—N=N—OH u O,N—NH,

a30THOBATUCTaA HHUTPaMuL
KHCJHOTa

0]

I 0]
F—Cl=0 n F-—O—Cl<

I 0

0]
nepxaopuAGTOPUR XAOPHAOKCHDT OPHA

Yenexu pasBuTHA aTOMHOH (QHU3UKHU NMOCTAEAHAX JecsiTUIETUR NpH-

BeJI K OTKPBHITHIO HOBOTO BHIa H30MepHH, KOTOPHI MOXHO Ha3BaTb

u3oton-usoMepueil. [IpuMepoM MOTYT CJyKHTb MOJEKYJIbl CH;COOH

1 CH;COOH, koropble MeueHH paAHOAKTHBHBIM YIJIEpPOLOM: Tep-
Basg — B MeTW/IbHOI Mpynme, a BTOpas — B KapOOKCHIIbHOH rpymnne —
COOH.

Tospko pabotsr A. M. ByTiepoBa Mmo3Bo/uId OXBATHTH BCe BUIDE
CTPYKTYpHO! M30MepHH eJHHOH Teopued. Jlo TOTO BpeMeHH eIMHHY-
Hbie GakTH H30MepuH «OECTPHIOTHO CKHUTAJMHCH? (o BEIpaXKeHHIO
JIubuxa) mo o6jaacTu HayKH. :

B siBleHUH M30MepHH NpOsiB/IfeTcs OfHa u3 GopM nepexojia Ko-
JHYECTBEHHBIX H3MeHEHHil B KaueCTBEHHBie: KOTJa YHCJO aTOMOB B
MOJIeKyJie IOCTHraeT OnpejeneHHON BEJIHYHHDI, NOABISETCs BO3MOX-
HOCTb BapbHPOBaHHA HX TPYNIHPOBKH.

5. MpocrpancTeennan uzoMepus. B 1874 r. K Teopuu A. M. byt-
JepoBa OBLIO CAENTAaHO OJHO CYLIECTBEHHOe NOMOJNHEeHHe. Hezasucumo
APYT OT Apyra TOJJIaHACKMH y4eHBIH Bant-Todd u dpannysckuit
HeeJdefoBatens Jle Beab Bbickazasu mpelnoJsioXkeHue, HTO HUETbpe
BAJIEHTHOCTH YIrJepofa OlpefiefeHHbM 00pasoM pacHO/OXKEHE B
npocTpaHcTBe. A MMEHHO, BaJIeHTHOCTH aroMa yriepoia Hampas/e-
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Hbl K yrJaM Terpasdpa, B UEHTPE KOTOPOrO HAXOAUTCA aTOM YrJje-
poaa (puc. 35) *. Yrab MexIdy BCEMH CBSI3SIMH B 3TOM CJydae paBHEI
# cocTaBJsaioT 109,5°. DTo yTBepk geHHe 03HAUAET, YTO eCJH COELH-
HHTb JIHHUSMH LEHTD 4TOMa yIiepo/a ¢ UEHTPAMH OKPYXKAIOLIHX €ro
APYTHX aTOMOB B MOJIEKYJ€, TO JIHHHH CBsI3H OyAyT HanpaBJIeHB K
yraam TeTpasipa, B LUEHTPe KoToporo pacmosoxed atom C. Tak
BO3HHUKJIO TPEACTaBJeHHE O NPOCTPAHCTBEHHOM CTPOEHHH MOJIEKYJI,
Koropoe pasBWJIOCH 3aTeM B pasiesl XHMHH, Ha3blBaeMBIll cTepeo-
xumuel.

Ha ocHoBaunu ykasanuoro mpepnosoxenust Baut-Todpdom u Jle
Benem Obl1 clienaH BHIBOA O BO3MOXKHOCTH CYIECTBOBAHHS 0COGOrO
BHJa H30MEDHH — 3EPKALbHOL U30oMepUL.

Paccmorpum artom yraepoxma, coemu-
HeHHBIl ¢ YeTHIPbMS Pa3JHUHBIMH ATOMa-
MH HaM TPYIONaMH, KOTOpble Mbl 0603Ha-
yum 6yksamu A, B, D u E (puc. 36). Ta-
«OW aTOM Ha3bIBAETCS ACUMMETPULECKUM.
Kak BugHO U3 DHC. 36, B laHHOM Caydae
BO3MOXKHH JIBa BaPHAHTa CTPYKTYPhI — &
f O; IpH 3TOM CTPYKTypa a sIBJAsieTCH KaK
Obl 3epKatbHBIM H300pakeHHEM CTPYK-
Typpt 6. Ilockombky Bce paccrostuust  Pue. 35 Pacnonoxenne
MexJly aTOMaMH, PaBHO Kak M yrjb  PAJICHTHOCTEH aToMa yrie-
Mex1y CBA3AMH B 00eHX CTPYKTypax, co- poxa B mpoctpancine
BeplIeHHO OJHHAKOBBI, TO B COOTBETCTBHH
c Teopueil A. M. ByT/iepoBa XHMHYecKHe CBOHCTBa TAaKHX H30MepOB
NOKHB ObITb TOXKAECTBEHHBIMH.

®aKThl CyUleCTBOBAaHHS ONpECAENEHHBIX BELIECTB B HECKOJBKHX
¢dhopMax, HeDa3JHYAMBIX 110 XHMHUECKHM CBOHCTBAM, GLIIM H3BECTHH

Puc. 36. CrpykTypa 3epKaJbHBIX H30MEPOB

* Terpasap — 3T0 Tpexrpanuasi NHPAMHIA, TPAHSIMH KOTOPOH SBASIOTCA Tpa-
BHJIbHBIE TPEYrOJbHHKH.
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3ag0aro 10 nosBaenusi pa6or Banr-Todda u Jle Bena. Jannoe
siBlleHHe OblT0 OoTKphiTo B 1848 r. ITacrepom (Ppanuus). Uccrenys

BHHHYIO KHCJIOT
y y COOH—CH (OH)~ CH (OH)—COOH

oH 06HApYKUJI, UTO 3TO COeJHHEHHe CYLIeCTBYeT B ABYX (opmax, Ko-
TOpBIE TOXAECTBEHHBI M0 CBOHM XHMHYECKHM CBOACTBAM, HO pa3JH-
YaloTCa MO ACHMMETPHH KPHCTAJIOB; KPHCTA/Ll OLHOH QOpMEHI siB-
AsieTcsl KaK Obi 3epKajJbHBIM H300paKeHHeM KpHCTala Apyroi gop-
mbl (puc. 37). Takue kpu-
g § CTaJI/Ibl Ha3BIBaIOTCHA 3HAH-
TUOMOpHBIMU, a 06pa3y-
IoIKe HX BelllecTBa — ONTH-
YecKkumu anTunodamu.
Baur-Fopd u Jle Bean
OOBSICHHJIH CYIleCTBOBaHUE
ONTHYECKHX aHTHIIOLOB TEM,
Z 7 UTO MOJIEKYJBl 3THX Be-

mecTB CodepaKar -aCHMMeT-
Puc. 37. Kpucraansl 3epKajbHHX H30MEPOB
HaTpHeBO-aMMOHMHAHOA CO/MH BHHHOR KucioTni ~PHUECKHE aTOMBI yriepoia
Ias Toro ‘ITOgbl noKa3aTh gchMeTpmo xgncTamxon, H, CJel0BaTeJibHO, MOryT
) H a , - ) .
ABe rpPaHH, O OSHa‘IeHl;%:aHYHKBaM H 3amTpH HUMETb HSOMepr, CprKTypbl
KOTOPBIX OTBEYAIOT NpHBeE-
NeHHBIM Ha puc. 36 BapuantaM. [leficTBUTeAbHO, B MOJIeKyJe BHHHOMN
KHCJIOTHI

.

HO OH
NGBt &P
HOZ” | | NOH

H H

aTtoM yrJjiepojpa, OTMeueHHBIH nHGPOA 2, ABAsAETCH acHMMeTpHUe-
CKHM; OH CBfI3aH C YeTHIpbMS Pa3JINYHBIMH pagnkanami — H, — OH,
—COOH 1 — CH(OH) — COOH. TIlostoMy paHHOe BellecTBO
JOJIKHO HMeTh [iBa ONTHYECKHX H3oMepa *,

HyXHO OTMeTHTb, UTO 3epKajbHOH H3OMEPHH He CYIIECTBOBAJO
6bl, ecip Gl yeThIpe JIHHHH CBSISH aTOMa Yriepoda HaXOAWJIHChb B
OJHOM NJIOCKOCTH. B 3ToM caydae B CTpyKTypax

A B A B
N/ N/
C C
N\ N\
D E E D

paccTosinisA MeXJy aToMaMH (HanmpuMep, Mexnay atroMaMud D u A)
6bliH Obl pasJHYHBIME H JaHHble H30MEPHl OTJIHYAJHUCL Obl N0 XHMH-

* AcHMMeTpHUECKHM ABJfETCH TaKXKe aTOM yriepoia 3; OJHAKO BBHLY OfiH-
HAKOBOT'O OKPYXEHHS aTOMOB 2 H 3 H30Mephl, 0GycJOBJeHHHE acCHMMeTpHel aTo-
Ma 3, Te Xe caMEle, 4TO H H30Mephl, 00YC/IOBAEHHEIE aCHMMETpHeR aToMa 2.
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YyecKHM CBOACTBaM — HalJjiofajcs OBl JAPYrofi BHA H3OMEPHH, O
KOTOpOM 6YIeT CKa3zaHo HHXKe.

Onrtuueckas H30MepHs CBOACTBEHHA BCEM COEXMHEHHSIM, cOHep-
KallUM aCHMMETDHYECKHE YrilepoAHble aTOMBL BOT HeCKOJbKO mpH-
MepOB NOAOOHBIX BellecTB (acHMMeTPHUYecKHH artoM 0003Hauen

3Be3/109KO#)
CHj3 OH

L [+
CyHs—C—OH CH3~(I]—COOH

l

H H

u306y THAOBHI ciupT MOJMOYHAg KHCJI0Ta

OH OH OH OH

H P A |

>c—<£—c*——c*— —CH,OH
o | 1 | |
H H H H

reKcosa

C nosiBnenneM B MoOJIeKyJie KaXJOro CAeAyIOIEro acHMMeTpHYe-
CKOr0 arOMa YHCJIO H30MEPOB BO3DACTaeT BJABOe, UPH HaJHUHH 1t
TaKuX aTOMOB OHO paBHO 2". [lo3ToMy xJa nociejHero coexHHe-
HHS1 — FeKCO3bl — BO3MOXHbB 16 H30MepOB; Bce OHH GBLIH HAlHeHHI.
HeTbipe U3 HAX BCTPEYAIOTCSA B OPHPOJE, OCTANbHBIE GbLIH MOMYYeHb}
HCKYCCTBEHHBIM ITYTEM.

Kak yxe ykasbBaloch, XUMHYECKHE CBOHCTBA ONTHYECKHX AHTH-
NOXOB COBEPIICHHO OXMHAKOBBL. DTH M30Mephl OTJHYAIOTCS ADYT OT
ApYTa TOJbKO CHMMeTpHell (TO4Hee, aCHMMETpHeil) KpHCTAJIOB 1
HanpaBJeHHEM BpameHHSA NJOCKOCTH MNOJAPHS3a-
ILHH CBETA,

Ecan nponyckaTh moJsipH3OBaHHBI CBET * uepes OJMH M3 ONTHUECKHX H30Me-
PoB (B3ATHA B KPHCTA/UIHUGCKOM, XKHMAKOM, Ta3o0o6pasHOM HIM DaCTBOPEHHOM
COCTOSIHHH), TO MJOCKOCTh MOJAPH3AllHH NOBOPAUHBACTCS HA ONpENENeHHHH yrod,
3aBHCALIHA OT TOTO, CKOJLKO MOJEKYJ BellleCTBa HaXOAHTCS Ha NYTH CBETOEOIG
ayya. BeuecTsa, Bpamalomue NJIOCKOCTh NOJSPH3allHH CBETa, HA3HBAKOT ONTUHE-
CKW axTusroiMu geujecréamu. Tlpu nponyckamMH NOJSPH3OBAHHOTO CBETa Yepes
IpYrofi H3oMep IJIOCKOCTh MOJAPH3AUHMH NOBOPAUMBAETCH Ha TOT XKe CaMBIi yroJ,
HO B jpyryio ctopoHy. OnHM H3 H3OMEPOB HA3BIBAIOT npasospaujaouum (+),
Ipyroit — sesospaujarouum (—).

B opramuueckoi xuMun pasmmuant D (npaByio) —u L (a1eByio) — xoudury-
palMH OnTHuecKHX H3oMepoB (D m L aBastioTesi HauaJbHEIMM OYKBAMH JIATHHCKHX.
cnoB «dexter» — npasmit ¥ «laevus» — gesnft). Tak, D- 1 L-POpMbI aMHHOKHCIOT
paccMaTpHBAlOT KaK NPOH3BOAMbE D- M L-H30MepOB aMHHOKHCJOTH aJaHHHA
(puc. 38).

B xuMuuecKHX peaKuusx, NPOHCXONAIIHX Ge3 yTACTHS ONTHUECKH AKTHBHLIX
BEleCTB, BCerlla MOJYYaeTcsi CMeCh H30MEpOB, comepxamas oGe GOPMBI B CTPOro
OJIMHMAKOBLIX KOJIHuecTBaX. M3BecTHO TpH MeTOIa pasfeNeHHs ONTHYECKHX H30Me-
POB; Bce OHHM ObLLH BriepBHe npesJoxenn [Tactepon. . :

1. Tlpu KpHCTaNIM3aUHH CMECH ONTHUECKHX H30MEPOB OHH OGPa3yIOT KpHCTaI-
76l Pa3/IHHOR ACHMMETDHH; BHUMATENBHO PACCMATPHBASH 3TH KPHCTAJIH, MOKHO
OTO6PATh KPHCTA/LNbl OJIHONO H30Mepa OT KPHCTAJIOB JPYroro.

* SIBnenHe MOJIAPH3AUHH CBETA PASGHPARTCA B MPHJIOKEHHH 4.
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9. MUKPOODraHH3MBbl, MHTAIOIHECS JaHHBIM BEIIECTBOM, K4K MPABHJO, pPa3py-
L110T TOJIBKO OfHH K3 ONTHYECKHX M30MEPOB, OCTAB/AS HETPOMYTHIM APYroi. 3TOT
«aKT OOBACHSETCS TeM, YTO /A MOCTPOEHMS JKHBBIX OPTAHU3MOB MOCYT ObiTh
HCIOJb30BaHbl TOMBKO ONpejeseHuble GOopMLI ONTHYECKH AKTHBHBIX BEIULECTB.

3. Tpu oGpa3oBanHuK XMMHYECKHX COELMHEHHI ONTHYECKHX H30MEPOB ¢ APYTHM
ONTHYECKH AKTHBHLIM BElECTBOM MOJyYalollHecss NMPOAYKTH yXe He OyAyT oiMHa-

COOH COOH
}&CH: A CH,
H,N H H NH,
L - ananuH D-anauiu

Puc"38. Ontuueckde u30Mepbl aTaHuHa

KOBBIMH N0 CBORCTBAM. DTO OGBACHSETCA TEM, YTO PACCTOSAHUA MEXJY aTOMaMH B
9TOM cJydae pasauubi. Kak Moxuo BuieTb u3 puc. 39, npu OOBENHHEHHH B MO-
JAEKYJy ABYX U4CTHI C ACHMMETDHYECKHMH aTOMaMH MeXaTOMHbie DPaccTosHusd,
manpumep paccrosiune DD’, He MOryT ObiTb ONMHAKOBBLIMH [Jifl PA3/IMYHBIX H30Me-

Puc. 39. Crpoenue mnpoIYKTOB COEAHHEHHS
ONTHYECKHX H30MePOB ¢ [JPYTHM ONTHYECKH
AKTHBHBIM BeIleCTBOM

pos. Iloayuns Takue COeIMHEHHS, MOXKHO OTJAEJIHTb HX JADPYT OT JAPyra, a 3areM
CHOBAa BbI/IEIUTb U3 HUX ONTHYECKHE H30MEDHI.

HHTepecHo, 4To GeIKH BCeX JKUBHIX OPraHM3MOB COCTOST TOMbKO H3 L-u3oMe-
poB aMHHOKHMcAOT. [IpUuMHBL 9TOro sBJNEHHS TMOKa He BbisickeHbl. ITockodabky
B ODraHHU3Max HMCNOJAL3YIOTCA TOJDBKO Onpeie/ieHHble GOpMbl ONTHYECKH AKTHBHBIX
BElLIECTB, APYIrHe uX (OPMBI ABASIOTCH GECNOJE3HBIMH AJf KHUBBIX CYUIECTB. ITHM
00DBsACHAETCA TOT (PakT, YTO MHKDOOPraHH3Mbl pPaspyllaioT TOJbKO OJHH U3 ONTH-
YecKHX H30MEPOB B CMECH, OCTaB.IAS ADPYIO#l HETPOHYTHIM.
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JIpyTHM BHIOM NpPOCTPAHCTBEHHOM H3OMEpDHH, He CBA3aHHBHIM C
HaJIH4YHEM HECOBMECTHMOTO 3epPKa/jibHOTO DAaCHOJNIOXKEHHS aTOMOB B
MoJieKyiax, ABJsieTcsa 2eomerpuueckas uzomepus. OHa BH3BaHa He-
OIMHAKOBBLIM pagMellleHHeM aTOMOB M XapaxkTepHa AJs Henpejesb-
HBIX H ITHKJIHYeCKHX OPTaHHYECKHX coelnHeHHH. Pa3nanyHoe pacnoso-
JKeHHe 3aMecTHTeJied Y YIJIepOAHKEIX aTOMOB OTHOCHTEJBbHO ABOHHOM
CBsA3u (B c/ydyae HeNMpeNeNbHBIX COEAHHEHHH) WJM TJIOCKOCTH LHKJa
(B cyvae UMKIHYECKHX COEIMHEHHH) — BOT NDHYHHA 3TOTO BHAA
H3oMepHH. B mepBoM ciyuae m3oMepaMu SBJIAIOTCA BellecTBa, co-
Aepxkalllie MO OJHOMY HEOJHHAKOBOMY 3aMECTHTENIO0 Y KaxKJOro H3.
aToMOB, COEJIMHEHHHX ABOHHOH cBs3bio. BemectBo, B YOTOPOM OJH-
HaKOBbIe 3aMECTHTEeJIH PacCMoJIoXKeHbl MO OXHY CTOPOHY MJOCKOCTH,
MBIC/IEHHO MPOBEAEHHO! Yepe3 NBOHHYIO CBSI3b, HA3LIBAETCH YUC-U30-
mepom. Y TPAHC-UB0MEPA 3aMeCTHTENH pacloNoXKeHH MO Da3Hble
CTOPOHBl 3TOH IIocKocTH. [l1a coepnHenmi, comepKallux LHKJIb,
pasJjuune OnpepessieTcs TeM, PACIOJOXKEHHI JH OJHHAKOBLIE 3aMe-
CTHTEJH 110 OAHY (4uC-) UMK MO pasHHe (TPAHC-) CTOPOHBI LHK.IA.
Takum o6pasom, B 4uc-GpopMe OIHHAKOBbIE 3aMECTHTEH ¢OJIUKEHE,
a B Tpauc-dpopme — yraneHsl APYyr oT Apyra. Ilpumepamu cayxar
MOJIEKYJIBI

H\C— C/H
a’” Na

yuc-1,2-1ux10paTHICH mpanc-1,2-1HXA0PaTUIEH

H cl
\ /
H C=C
ct” \y

- Cl o]
CHT—#\ ! CH9—¢\K;‘
HaC HoG M HQCQ H
ey # ,/ cHe &
Que -1.2- AHXJTOPUNKIGNEHT AH Tpanc-1,2- AIMXNopNHKIACHEHT aH

CienyeT moguepKHyTh, UTO 4UC — TPAHC-H3OMEPHA OTCYTCTBYeT
B HEUHK/IHYECKHX COEJHHEHHSX, COHEepPKAaUUX TOJbKO OAHHAPHLIE
CBAI3H MeXJy aTOMaMH yriepoia, BC/eJCcTBHe BO3MOKHOCTH Bpalile-
HHSl BOKDPYT oxuHapHO# cBsisu (#anpumep, rpynn CHj B stame).

[eomerpuueckne n3oMeprr B OTJHUHE OT ONTHUCCKHX H3OMEpOB
06/1a1al0T HEOJHHAKOBHIMH (M3WYECKHMH H XHMHUECKHMH CBOMCT-
Bayu. Tak, TemMnepartypsl mIaBJeHHS {UC- W TPAHC-TUXJIOPSTHICHOB
orinuaioTcs 6oJee uem na 30° C.

Takum o6pasom, mpu HEKOTOPHIX OCOGEHHOCTAX CTPOEHHS MOJe-
KyJ OKa3blBaeTcs HENOCTaTOYHOH HHGOPMALHA O NocAeloBaTelLHO-
CTH CBSI3H aTOMOB, HaJl0 3HaTb U HX NPOCTPAHCTBEHHOE pPacIoJoXKe-
HHE, T. . KOH(U2Ypayuio MoJexky.

HyxHo oTmeTHTh, uTO0 mnpocTpaHcTBeHHas H30MepH#I, KaK I
CTPYKTYpHasi, XapakTepHa H JAJs HeOPraHHWYeCKHX COeJHHeHHIH, B
1aCTHOCTH, KOMIITEKCHBIX COeANHEHHH (cM. cTp. 224-—226).
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Fnasa nepsas

OCHOBHBIE XAPAKTEPMCTMKM XHMMMUECKOW CBSA3M — QJNIMHA,
HANPABJIEHHOCTb, NNPOYHOCTb

OCHOBHBIMH NapaMeTPaMK MOJIEKYJ ABAAIOTCA Oautol ceasel
Mexay aToMaMH (MexbsiepHble paccTosinug), yranl, o6pasosannbie
B MOJIeKyJaX JHHHSMH, COCJUHSIOUMMHA LEHTPbi aTOMOB B Hampas-
JICHHM JNeHCTBHS MeXAy HHMH XHMHUECKHX CBs3ell (6asenTHble
yeabl), a TakkKe dHepeuu ceased, onpeieasiollne UX MPOUHOCTH *,
TIJs MOJIHOf XapaKTEPHCTHKH MOJeEKYJ bl He0GX0AUMO 3HATh pacnpe-
Ze/leHHe B Hefl JeKTPOHHOH IJIOTHOCTH M COCTOSIHHS 3JIEKTPOHOB.

1. Jaunw cBsideii **. TIpHOJMKEHHO OUEHHTb IJIHHY CBssH d
MOKHO HCXOAs H3 ATOMHBIX HJIM MOHHHIX DaZMyCOB HMJH H3 pesy./bra-
TOB OPHEHTHPOBOYHOTO ONpEJE/eHHs! pa3Mepa MOJeKyJ ¢ NOMOLUIbIO
yucaa Asoragpo (cm. crp. 10). Tak, 06beM MOJeKyJbl BOBI

18
V4,0 = W: 29 7.10—2¢ cmM3;
OTKyAa

3 r———— o
dyo=VY 29,7.107%x3.1078 cu= 3A.

TleficTBUTEAbHO, AUHBL cBssel nopsiska 1 A. Jlas npuGiuiKeHHOH
oLieHKH d MOXHO NIPUMEHHTb TaKxke GopMyay :

: dy_pn+dp_s

dy_pg = 9 »

OCHOBAHHYIO Ha AONYLIEHHH, YTO KaXJblii aTOM BHOCHT MOCTOSIHHBIA
BKJaJ B MeXaTOMHOE pacCTOsIHHE.

Mertonb, O KOTOPHIX OyAeT CKa3aHO B JAaJjibHeillIeM, NMO3BOJSIOT
HallTH TOuHbLle 3HAUEHHs AJAMH cBa3eil. Tak, ¢ NOMOUIbIO 3THX METO-
OB ObLtd Haiigensl Beduumunl d: ans Hp—0,74, No—1,09, Os—
1,21 A. 3aKOHOMepHOEe M3MeHeHHe aTOMHbIX (MOHHBIX) pajHycos B
TIePHOJAMYECKOH CHCTEMe 2JeMEHTOB BJeueT 3a co060i1 3aKOHOMepHOE
u3MeHeHHe MexbagepHbix paccrofnufi d. Tax, mIs MoJeKyJ. HX
umMeeM:

H—F . .....092A H—Br. .....1,42A
H-Cl......1,28A7 H—1 ......162A

Ec/H 3aMeHATb B TOM PsSAy BONOPOJ HA JPYTOi 3jeMeHT (Ha-
fIpHMep, HA Yriepof), TO XapakTep H3MeHEHHs d nas Tex ke X co-

* TIpouHOCTb CBA3H MOMHO XapaKTepH3OBaTh KaK 3HeprHedi, Tak H CHJOR,
TpeGyeMoft N pa3phiBa CBASH; 3TH XapaKTEDHCTHKH HepaBHO3HauHel Mol noup-
3yeMcs TePMHHOM «IPOYHOCTb» KaK CHHOHHMOM <«IHEeprHs».

** 3nech y B JajbHelllleM peub KAET O MeXbAJEepPHOM DACCTOHHHH, OTBEYalo-
1leM YCTORYMBOMY COCTOSIHHIO MOJIEKYJ, KOFAa CH/BI NPUTANKEHHST ypaBHOBEIIH-
aamTigs)cnnamn OTTAaJKABAHHS M NOTeHIHAJAbHAS 9SHeprHs MHHAMadbHA (CM.
cTp. .
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xpanutcs. TMapannenusm uaMenenuit d B AByXaTOMHHX MoJeKyJax
MO3BOJIAET JJIf MX KOJHUYECTBEHHON OHEHKH BOCIOJIb30BATbCH METO-
LaMH cpaBHHTeJNBHOrO pacuera (cm. cTp. 70) *.

AHaJu3 ONHITHBIX JaHHbIX OKa3blBaeT, YTO IIPH HEM3MeHHOM Ba-
JIEHTHOM COCTOSIHHH MeXbfilepHOe pPacCTOsiHHe MJig JaHHOIO THI&
CBSI3HM OCTAeTCsl B PA3JHYHBIX COEIMHEHHAX IIPAKTHYECKH IIOCTOSH-
HpiM. Tak, Bo Bcex ajaudaTHUeCKHX COelHHeHHAX dc—c JEeXHUT B <
nenaax ot 1,54 no 1,568 A; B apomMaTuyeckux coeluHEHHAX — m@
no 1,42 A.

TIpn mepexojle OT OJMHADHOH CBSI3H K KDaTHOH MeXbfAJepHble:
PACCTOSIHHS COKPAIaloTCs, YTO MOXKHO CBA3aTh C YNPOUHEHHEM CBf-
3u. Ecin de—¢=1,54, T0 dec=~1,34 u dc= ¢=1,20 A.

2. BaneHTHbie yrabi. BenuuyuHBl BajleHTHHIX YIJIOB 3aBHCAT OT
TpUpOXH aTOMOB H XapaKrepa cBsA3H. Eciiu Bce NIByXaTOMHEIE MoJe-
Kyab (Bufa Ap unn AB) Moryr 6biTh H306pareHs! Tak:

.

&—0
~A B

TO AJIf TpeX-, YeThIPEXaTOMHBIX H 60Jlee CJOXKHBIX MOJIeKYJ BO3MOXK-
Ha pas3jHyHasi KOHQUrypauus.

TpexaToMHas MoJeKyJ/a MoXeT HMeTb WJH JHUHEHHYIO, HAH HeJH-
HelAHYI0 QopMy:

NN O

B A B B B
<« BAB=180" <BAB<180°

K mepBOMYy THIY OTHOCSATCS MOJIEKyJlbl, COJepKalllHe HEKOTOpBIe
saementsl 11 rpynnel (nanpumep, BeCly, ZnBrg, Cdlz) u psan Apyrux
(COg, CSy); Takoi xe konpHrypayueli 06/1a1al0T HEKOTOpble MoJe-
KyJibl C HEOJHHAKOBBLIMH MEXbNePHbIMH PACCTOSHHAMH (B YaCTHO-
cta, HCN). Ko BropoMy THNy NpHHaAJeXAaT MHOI'HE COeJIHHEHHS
p-3nementos VI rpynnst (SOg, H:O mT. 1)

B psagy cxommbix MoJeKyad ZBAB 3akoHOMepHO H3MeHSeTCH.
IMpumepom wmoxer cayxuts psag HO (104°287), HoS (92°), HeSe
(91°), HoTe (89°307).

YeruipexaToMuasi MoJekyla AB; Moxer uMers H/H IIIOCKYIO,
HJIH THpaMuaaibayio GopMy (puc. 40). Ilepsbiit THI MOJeEKYJbl Xa-
paKTepeH JJIs HeKOTOpbix coefuHeHHil saeMentoB III rpynmer (BCls,
AlBrs); m10cKyi0 KOHGUIypauuo uMeT H HekKoTophle HoHH (NOs™,
CO;2-). Mpumepom T-o6pasHoit Mosekynl cayxur ClF;.

* 31uM crocofoM yaajaoch onpeneduTh sHauehus d Goxee, yem nas 100 pas-
JUYHLIX CBs3ed, [/l KOTOPHIX SKClePHMEHTaJbHBiE NaHHEE OTCYTCTBYIOT. :
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Yalle BCTpeuaeTcsl HENJIOCKOE PAacIo/OXKeHHe aTOMOB B MOJIEKy-
sax. Ilapamupanbroit ¢opmoii obaamator NH; PCl; m gpyrue
COeMHeHUsl P-3jieMeHTOB V Ipynnbl. 3Aech Takxke HabJiojaeTcs 3a-
KOHOMepHOe H3MeHeHHe yTIJIoB, HanpuMep B pagax NH; (107°20") —
PH; (93°20’)—AsH; (91°50")—SbH; (91°207); PCls (101°)—AsCl;
(97°)—SbCl; (96°)—BiCls (94°) u PF; (104°)—PCl; (101°)—

PI; (98°).

&£BAB=120° LBAB<120'

Puc. 40. BapuaHTH CTPYKTYPBI  MOJIEKYJbl

B uyeTbipexaTOMHBIX MOJIeKyJaX BajieHTHbie YIJIbl MOTYT NPHHH-
MaTb M APYrue 3HAUEHHs. YKaxeM B KaueCcTBe NPHMEDOB Ha aLETH-

JieH H nepeknch Bogopoaa (puc. 41).

H, Cy C H
° ,OﬁJ\V 21 O 1,06 °

<BAB=99°

Puc. 41. Crpoenue Moaekym:  Puc. 42. Bapuantu

a — alueTHaeHa; 6 — NEPEKHCH BO-
nopopa  (Han CBH3SIMH YKa3aHbl
MeXKATOMHbIE DacCTOSAHHA)

Mounexyab ABy MoryT uMeTh ¢popMbl, H306paXKeHHble Ha puC. 42.
[lepsuit THO BcTpeuaercsl cpaBHuTeNbHO pedko. Ilpumepom KBax-
paTHOl miockoil uactuusl Moxer ciayxutb uoH (PdCly)?-. Bouee
pacnpocTpaHeHO TeTpa’ApHUECKOoe pacmosoxkeHHe aToMOB. OHO TH-
nuyHo AJs yraepoxa (cm. crp. 115) u ero ananoros mo IV rpynne.
TeTpasapuueckyio cTpykTypy umeeT u uon (SO4)%.
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ITpnMepoM MOJIEKYJIb THIIA

Ilpumepom mepsoit cayxur PCls (Tpuronasbmasi Gununpammuua),
BTOpO#i — IFs. Huxke npuBeneno cxemarnueckoe n3obpaxenue MoJe-
kyan ABs (okrasap) u AB; (neHTaroHambHasi Gunupamuna)

[Tpumepom mepBoit ciyxut SFe, BTOpoii — IF;.

B anudaTnueckMx OpraHuuecKHX COegMHeHHSIX IJHHA CBs3edl
C—C pasHa ~ 1,54 A, a BanenTHBe yranl Mexay cssizsiMu C—C
cocrapsiior 109,5°; yrieBogopoAn! psna MeTaHa HMeEIOT CTPYKTYDY
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auraaroo6pasHoil menouku. B KauectBe IpuMepa Ha puc. 43 usobpa-
JKEeHO CTPOEHHE MOJIEKYJbl HOPMaJIbHOTO NIeHTaHa.

B HachIlleHHHX IHKIHYECKHX YrieBolopoax Miuna ceaseil C—C
(1 C—H) Ta e, HO BaJIeHTHBlE YTJIBl HCKaMeHBl. JTO HCKaXKeHHe
YIJIOB NPHBOLMT K HANpsXKeHHIO Lukiaa. Mosekyna IHMKJOTeHTaHa
yiKe HMeer TeTpasjpHuecKHe yIJibl; 4eThipe aroMa B HeH pacrnosioxe-

Puc. 43. CrpoeHHe MOJEKYJsl HOpMaJbHOTO MeH- Puc. 44. Ctpoenue MoJe-
TaHa KyJbl HHKJONEHTaHa

Hbl B OJHOH MVIOCKOCTH, a NMATHIA JexXHT npuMepHo Ha 0,5 A Bbime
(puc. 44).

Mouseky/ia IMKJIOreKcaHa TaKXKe HMeeT HeIVIOCKYI0 CTPYKTYpy C
TeTpasApHUeCKHMH BAJEHTHBIMH YriaMH. 31ech MoxeT ObiTb 1Ba Ba-

a g
Puc. 45. BapuaHThl CTPYKTYPbl MOJEKYJHl UHK/JOTE€KCAHA:
a — «Kpecio»; 6 — «BaHHa»

pHAHTa — «KpecJo» H «BaHHA» (pHC. 45); mepBas CTPYKTypa CUH-
Taercsi Gomee BepoaTHOH. Vccneqopanus NMOCJAEIHHX JIET INOKasaJ,
YTO MOJIEKYJbl LHKJIOTeKcaHa B OGBIYHBIX YCHOBHAX NEHCTBHTEJBHO
HMeloT popMy «Kpecia».

Ha npuMepe nepeyncleHHbIX BHIE COEJWHEHHA YIJIEpoia Mbl
y6exaeMcst B TOM, YTO JJIsi OJHOTO M TOTO JKe 3JeMEHTa Ba/CHTHbIE
yribl B Pa3JH4YHbIX COEIWHEHHAX MOTyT 66ITh HeOZHHAKOBHIMH. T4
ONpe/e/enys. 3HaYeHHH BAJEHTHBIX YIJOB, OMHMO METOLOB 3JICKT-
poHorpaduueckoro (cM. crp. 129—135), penTreHorpaguyeckoro
(cm. crp. 255—259) ¥ cmeKTpaJbHOrO (CM. CTP. 135—139), noJab-
3YIOTCSl TaKXKe H3MepPeHHeM JHIIOJbHbIX MOMEHTOB (cM. crp. 144—
148). :
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3. IlpouHocTs cBA3M. Mepoil NPOYHOCTH XHMHYECKOH CBSI3H MO-
IKeT CJIYXHTb KaK KOJIHYeCTBO SHepruH, 3aTPauyHBaeMoil Ha ee pas-
DHIB, TaK H BCIHYHHA, KOTOPas NpH CYMMHPOBAHHH N0 BCEeM CBS3SM
JiaeT HePTHIO 00pa30BaHHS MOJEKYJbl H3 aTOMOB («CpeAHsAA 3Hep-
THSl CBA3H»). JHepeus paspoléa c6a3u (SHePTHA NHCCOLHALMH CBS-
3H) BCeria NOJIOXKHTeNbHA; JHepeus 06pa308anus C6A3U N0 BeJaHYH-
He Ta e, HO HMeeT OTPHIIaTebHEI 3HaK.

Hns nByXaTtoMHBIX MOJIEKYJl SHEPIHsl CBA3H PaBHA N0 BeJHUHHE
3HepruH auccounauuu. s MHOTOATOMHEIX MOJIEKYJ C OJHHM THIOM
CBsi3H, HalpHMep A1A MoJekya AB,, cpeausis sHepris cBsA3H paBHa
1/n-fi 4acTH NOJHOH SHEePTHH 06pa30BaHHA COeJdHHEHHS H3 aTOMOB,
Takx, sneprus, norsouiaeMas B npouecce

CHy— C 4 4H

pasua 397 kkaa/m0r6. Ho B MoseKysle MeTaHa Bce ueThlpe cBSI3H
C — H paBHoueHHbI; 103TOMY cpenHsisi SHeprHs 3TOl CBS3M

397
C-H= = 99 xrxanr|moas.

DroT pacuer onpelenun ¥ Macutab snauenns E; mas sozopoga 104,
Ans kucdopona 118 xxaa/mors. OTthecs Kaxpgoe u3 3Hauennii E K
OJHOH MOJIeKyJle, Mbi MOJYYH/IH Obl BeHUHHY mOpsAnKa ~ 10-19 xauz,

Ho nonycrum Tenmeps, uto ocymecreasiercs npomecec mocJe g o-
BaTEJbHOT O oTphiBa atoMoB B or monekyast AB,. Ilpu Takoi
AUCCOLMALMHE MOJEKY/bl OY/AeT NPOHCXONHTh H3MEHeHHe SIlepHOH H
3/IeKTPOHHON KOHQHTYPALHH CHCTEMEHl M, KaK CJeICTBHE, H3MeHeHHe
SHepIHH B3aHMOJEHCTBHS aTOMOB, BXOAALIKX B MoJekyny. Tak, ecan
B CH, yrast H — C — H pasum 109,5°, To B8 CH; onu cocraBasior
npaMepro 120° — rerpasapuueckas rpynna CHs B merane npeBpa-
[aeTcsd B HOYTH NJOCKHH METHJIBHBIA paaHKaJ.

BoTt nouemy sHeprusi nocsef0oBaTeNbHOTO OTPHIBA KAKAOTO H3
atomoB B B Mosexyne AB, Gyaer Heoaunakosa. [Ipu sToM Bo3MOXK-
HBl pas3/iHyHble ciay4yad. Eciau paspuiB oqHOH cBSI3H Tpebyer HeKoro-
poro ocnabiieHHsl APYrof, TOTa SHEPrHs MOCAEAOBATENBHOTO OTPHI-
Ba Oyner yMenbwatbesl. [Tpumepom ciyxut monexyaa HyO. Orpeis
nepBoro aroma Bojopoxa TpeGyer 118 xxas/moas, BTOpOrO —
102 kKas/moae (mocnenHAss BeJMHYMHA XapaKTepH3yeT npoYHOCTh
panukana OH). Eciu paspbis ofuo#l cBs3H cOnpsikeH c yIpOUYeHH-
€M IpPYTOH, TO mocJefoBaTeNbHOCTh Gymer oGpaTHofi. Tak, oTpHB
aTOMOB XJIOPa OT MOJIeKyJIbl xJopuja amomunns AlCl; conpsiken c
sarparoil 91, 95 u 119 kKkas/moso. Bo3MOXKHBH H Goslee CAOKHBIC
ciyda. Tak, nocienosarensbHul OTPEIB aTOMOB BOXOPOLA OT MeTaHa
CBfA3aH C 3aTPaToi SHeprHH, paBHOH coorBercTBeHHO 102, 88, 124
80 xxar/moss. Onnaxo past MOGOro BeillecTBa CpeRHss apudpMernye-
CKas BCJMYMHA COBNAlaeT cO cpe/Hell 3Hepruell cessu. Tak, amas

CH, nmMeem

102 4 88 4+ 124 + 80
C—H = 4 = 99 Klfa./L/MO./L‘lz;
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Dneprusi OTPbHIBA aTOMOB H3BECTHA /UIsi HEMHOTHX MOJIEKYJI, TO3TOMY
noA0GHBIH pacueT OCYyLIECTBHM B eIHHHUHBIX caydasx.

Ecnn B MOJeKkyse colepXurcs GoJiee ABYX PasiHYHBIX aTOMOB,
NOHSITHe O cpe/lHell SHEPTHH CBSA3H HE COBINAMAET C NOHsATHEM 00 3Hep-
IHH JAHCCOIHALHH CBA3H. EC/IH-B MOJieKyJle NIPEACTaBJIEHbl Pa3JIHYHble
THIIbI CBSI3H, TO KaX</JOMYy H3 HHX B I€PBOM MPHOIHKEHHH MOXKHO
IpHIKCATh OMpefeleHHoe 3Havenne E. DTO NMO3BOJSET BBLIYHCIHTD
sHeprui0 06pa3oBanusl MOJEKY/Ibl H3 aTOMOB. Tak, sueprusa o6paso-
BaHHS MOJIEKYJibl EHTaHa H3 aroMoOB yrjaepojia H BOTOPOJa Ompene-
JsieTCsl H3 ypaBHeHHs * '

E¢om,, =4Ec—c+12Ec_n

-
B rta6a. 11 mpHBefeHE SHepTHH HEKOTOPHIX CBsided. PaccMarp-
Basl 3TH BEJHUHHBL, Mbl yOexX/aeMcsl B 3aKOHOMEPHOM HX H3MeHEeHHH

Ta6auma 1F
JIAMHB H 3HEPTHH, Pa3phHiBa XHMHYECKHX ces3eii

Cra3n Coenunes ust Jlauua cRA3H, A E, kxaa/moas
C—H HacollmenHsle yraeBoaopoan . . . . 1,005 8.7
C—F P 1,381 116,3
c—cCl CCly, CHCl3 . . . . ... .. 1,767 75,8
C — Br |Bpom3aMelieHHbte MpeReabHbIX yrie-

BOMOPOMOB « & o v v o 0 o o o« » 1,94 63,3
C—1 Hon3avenieRtisie IpeleibHBX YyTie-

BOLOPOMOB « « « « o v« o o o « - 2,14 47,2
c—C HacH meHHble YyraeBogopols . . . . 1,54 79,3
C==C BEH30M . ¢ ¢ v v v v v v v e v 1,40 116,4
C=C STuneH ¥ ero IMPOU3BOAHBIE . . . . . 1,34 140,5
C=C AyeTHneHoBEe YrJieBOJOPOTHl . . . 1,20 106,7
C=0 COpv v v v v e e e e 1,160 191,1
O—H HoOW v v v v o v v v e e s 0,958 109.4
O—H |Chmuprbt . . . . . oo oo o 0,96 104,7
0-0 HoOg « o v v v v v o o o o 1,48 33,3
S—H HoSo v v v v o oo oo 1,346 86,8
S =0 SOs . v v v v i o 1,432 125,9
N —H NHg, aMiHBL « & . .« .« - - - . 1,008 92,0
N=0 NO . . v v et v e e e 1,151 149,4
As—H AsHy . v v v v v v v v o 1,519 47,5

B MepHOAHYECKOH CHCTeMe 3JeMeHTOB. Tak, yMeHblleHHe SHEprin
ceasu B pagy C— X (X=F, Cl, Br, I) ofyciosneno ocrabieHnem
cBsi3ell ¢ POCTOM MEX'bSIEPHOTO PACCTOSIHHSL YI/IePoJ — raljore.
Bouapmas npouoctsb ¢Bsishk C — F sBasieTcss 0HOH H3 NPHYHH XHMH-
yecKoil HHepPTHOCTH (PTOPNPOU3BOAHBIX YIIEBOJOPOLOB, B YACTHOCTH
nepdropankaioB CnFante. YcuieHHe CBS3H B ALY CBHIAETEIbCTBYET
0 BO3PACTAHHH ee MPOYHOCTH H, KAK CJE[CTBHE, O COKPAIEHHH MEX-

* KoHeuno, Takoil IyTh HaeT JHIIb OPHEHTHPOBOUHb pesyabrath. Ou mpu-
BOZHT (BONpPEKM ONBITHBIM AAHHEIM) K ONMHAKOBbIM aTOMHBIM SHEDTUAM 0Gpaso-
BaHMsl BCEX H30MEPOB JAAaHHOTO COELHHEHHS,

126



aTOMHBIX PacCTosHH# (CM. cTp. 121). Ilpu mepexoge or oguHapHOH
CBs3# K JIBOMHOH H TPOAHOH (MeX1y OJHHMH H TeMH JXe aTOMaMH)
SHeprus CBSI3H BO3pPacCTaeT, OJAHAKO CBA3b YKPeIJIAeTCs Hemponop-
LHOHAJbHO YBeJHIeHHIO ee KPATHOCTH.

3aKOHOMepHOe H3MeHeHHe £ B ONHOTHNHBIX CBA3AX MO3BOJsieT
BOCNOJIb30BATbCsT AJIsl HX OLEHKH MeTOJdaMH CPaBHHUTEJNbHOrO pacye-
Ta. Tak, MOKHO CpaBHHBATb 3HAYeHHs] CpeJHHX SHEPTHil CBSI3H B
ABYX psiiaX OJHOTHIHBIX COeAUHeHMil (Hanpumep, B psagax Dy u HDI,
rae 3=Cl, Br, I). [Iprmep Takoro poga conocras/ieHus NpHBeJEH Ha
puc. 46, rie CpaBHHBAIOTCA 3HAaYeHHs CPEJHHX SHEDPTHIl CBs3ell sJe-

€co, rran
280 o) Eos, 007
120
2201
100 ¢
180¢
' S 60}
Se
wr A, 601
1 L :
1 1
140 160 220 10 15 20 A
Loy, KKQN 2y,
Puc. 46. BaauMocBsiab  3Hepruii Puc. 47. BsauMocBsiab 3Hep-
CBSI3H COENMHEHHMH KpDEeMHHS W HH H JJIHH CBfA3eH B MoJe-
yriepoaa KyJaX rajlIoreHdJI0B Yriaepoia

MEHTOB IVIaBHOH MOATPYNNbI LIECTOH TPYNNbI ¢ YIVIEPOAOM H KPeMHH-
eM (rpaduueckoil sKCTpanonsiHeli MOXKHO OLEHHTh HeH3BECTHOe 3Ha-
yenue Ec_re~ 132 kKas/morv).

Tenepn paccmoTpuM npumep comocrasiends 3uauenusi E co 3Ha-
UCHHAMY IPYTOro CBOHCTBA B OAHOM Dsify BelliecTB. MH yzKe Bumeiu,
YTO SHEPTrUsl CBA3H yMeHbLIAeTCsi C BO3PAacCTaHHeM MAJHHbI CBS3W.
HonycTum, uto B mepsoM npubiauxeHns 310 YMeHbllleHHe 1Jsi CBA3H
AQHHOTO 5JIEMeHTa C pANOM aHAJIOTOB JHHeHHOe (HampuMmep, AJs
cesisu C— 3, rge d=F, Cl, Br, I). CrnpaseanuBocts Takoro mpen-
TIOIOKEHHst HILTIOCTPHpPYeTcs: puC. 47. K 3ToMy npuMepy MoxHO Gbi-
10 OBl NPHCOEJHHHTL CpaBHEHHe MeXDbiAepPHBIX paccTosiHu# U 3Hep-
THil CBSI3H YIJIepOA — YIJIepon B 3aBHCHMOCTH OT KpaTHOCTH CBd-
34 M AOp.

3navenus E 1 OpraHuWuecKHux coeluHeHHH Gosee JIOCTOBEPHHI,
4EM U1 HeOPraHHYeCKHX, TaK KakK NepBble XapaKTepH3yIOTCs OUYeHS
GOJIbIISM Pa3HOOGD a3HEM H3YYeHHDBIX MOJIEKYJI IIDH He3HaUYHTeJbHOM
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umc/le PasNMuHBIX cBs3ed; BTOphle, Ha060POT, NpeiCTaB/eHH BecbMa
GOJIbIIMM UYHCJAOM Pa3HOOODA3HBIX CBfi3eH NMpH CPaBHUTENBHO CKyI-
HOM 3KCepuMeHTaJbHOM MaTepuane. He ocranasausasch Ha Meto-
LaX onpefeiennst SHEPTHi CBA3H (IYTEM H3MEPEHHs SHEPreTHYECKAX
30 deKToB pa3/IMYHbIX NPOLECCOB, aHalN3a CIEKTPOB H ap.), yKaxem
Ha cJefyioliee: 3Hasi 3HEPIHIO JaHHOro INpouecca # SHEPLHIo BCexX
cBsi3ell, KPOMe AAHHOH, MOMKHO BBIUHCJAHUTE IOCAELHIOKW. Tak, npmn
CropaHHH BOJAOPOAa IO PeaKuHH

2H2 -+ 02 = QHQO

suensiercs 116 kxkaa. IlpencraBum ceBGe, uTO HpollecCc NpoTeKaer
tak: pyrcs ceasu H—H 1 0—0, a o6pasoBaBliyecst aTOMbl
coenuusiioTcst B MoseKy sl HoO, Kaxaast H3 KOTOPBIX COAEPKHT JBe

cesiam O — H.
~116

2H, + Q3 —*2H,0
253-31 Eo-o )&0,6 i
4H + 20

Torza U3 3aKOHA COXpaHeHUs 3Hepruu clefyeT, UTo
2Ey_ny + Eo—o — 4Eq_y=— 116,

OTKy[a, 3Has 3HAUEHHe SHEPTHH AJIst MOGHIX IBYX cBsisedl, naxoaum E

IJs TpeTbell cBA3H. TaK,
2Ey_g + Eo—g + 116
Eon= """ n

Toxcrapaas B 3T0 ypabHenne sHauenna Ep mg=104 n Eo_o=
=118 kkaa/mosb, naxomuM Eo_g=110 kKar/moxb. .

SHeprus 06pa3oBaHHs COEJIHHEHHsl U3 aTOMOB pABHA IO B&/IHYH-
He W NPOTHBONOJOXHA [0 3HAKY CyMMe 3Hepruil CBA3H. [Ipu atom
nofpasyMeBaercs, 4T0 KaK HCXOAHAs MOJIeKyJa, TaKk H NPOLYKTH &¢
AHCCOLMALMH HAXOAATCA NMpPH aGCOJIIOTHOM HYJe H o6nazalor cBOii-
CTBaMH HaeajbHOro rasa (cM. ctp. 244), npuyeMm NPOAYKTH AHCCO-
[MALMH HAXOAATCS B OCHOBHOM cocrosinny. OJHAKO XHMHK JOJ/DKEH
IOMHHATb, 4TO OH YACTO BCTpeUaercs ¢ peaKUuAMH INPH BbICOKHX TeM-
nepaTypax M JaBJEHHSX H C PEAKUMAMH MEKIy COOTBETCTBYIOIUAM
06pa3oM BO30yXKAEHHHIMH aTOMaMH. Eciau n3MeHeHHe TeMIlepaTyphbt
¥ JABJeHHs MaJlo BJMsSeT Ha SHEPrHIi0 CBS3H (MO3TOMY BCe NPHBE-
JeHHbie Bhime 3nauenus Ecp Baate npu P=1 arm u t=25°C) *, 10
nepexof B BO3GYXKIeHHOE COCTOSHHE CONPOBONKAACTCA 6oabIINM
IHepreTHuecKHM 3 deKTom.

+ Pasnuuue B sHaueHusx Ecp npu T=0u T=298°K, KaK npaswio, He npe-
Buimaer 1 Kkaa/monv.
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fnasa aropas
DOHIHHECKME METOMIbl ONPEARENEHMA CTPYKTYPbI MONEKYR

Kak ykasbiBasoch Bhie, TEOPHSl XHMHYECKOTO CTPOEHHS
A. M. ByrepoBa ycraHoBuaa, uro Kaxaas OpraHuvecKasi MoJIeKyJia
HMEET CTPOTO OMpENEeNeHHYIO CTPYKTYpPY, H yKasaJa XHUMHUECKHe Me-
TOABI, C MOMOIIbIO KOTOPBIX MOXHO YCTAHOBHTH CTPOEHHE MOJIEKYJ.
XHMHYeCKHE METOIAB HcCefOBaHHS CTPYKTYpH Oblid paspaGoTaHm
TAKKe JJI51 ONpeNe/eHHs CTPOeHHS KOMIVIEKCHHIX cOeAHHeHHH —
OAHOTrO W3 BaXHBIX KIACCOB HEOPTaHHYECKHX BEUIECTB  (CM.
crp. 224—226). C NOMOIIBIO XMMHYECKHX METOLO0B GbLIO OHpeleseHO
CTPOEHHE OTPOMHOrO KOJHYECTBA BEIUECTB; 3TH JAHHblEe HADALY C
PESY/IbTATAMH H3YUEHHS CBOWCTB COJMHEHHH M 3aKOHOMEDHOCTAMH
HX M3MEHEHUs, OGHADYKEHHHIMH B CBSI3H C OTKPHITHEM H Ppaspabort-
KOH NMepHOAHYECKOTO 3aKOHA, SBUJINCD OCHOBOH, ONpefeuBLIeH NYTH
Pa3BHUTHA XHMHYECKOH HAYKH.

XuMHUYeCKHe MeTOAbl HCCJefoBaHHS CTPOEHHsSI MOJIEKY.T IIHPOKO
ucnoAbayloTcs H B HAcTOsIIEe BpeMsi, ONHAKO Hapsily ¢ HAMH HPH-
MeHAETCA PAA (GH3HYECKHX METOAOB CTPYKTYPHOTO
MCCAEeAOBAaHHS, KOTOPHIE AT BO3MOMKHOCTb H3YUHTh OCOGeH-
HOCTH CTPOEHMSI MOJIeKyJl, He ONpedessieMble XHMHUECKHMH cIOco6a-
MH (TOUHblE 3HAYeHHS PacCTOSHHI MEXIYy aTOMaMH M YIVIOB MeXAy
CBA3SIMH, pacnpefeNerHe 3JIeKTPHIECKUX 3aPAA0B B MOJIeKyJle ¥ Ap.).

OnHHUM M3 HIHPOKO MCHOMBb3yeMBIX METOAOB H3Y4YEHHS CTPYKTYpHI
ABJISIETCS IAEKTPOHOpAPUS.

1. duaextponorpadusa, B meroge 3JMeKTPOHOTpaHH HCHONB3YeT-
cfl ABJIEHHE QHPPAKUKMH 3/1EKTPOHOB Ha MOJIEKYJIax. DJIeKTPOHBI, KaK
H BCe JDYIHe MHKPOYACTHUbI, 06J/1aJaj0T BOJHOBHIMH CBOHCTBAMM.
[Tostomy npu Berpeue myuka SJIEKTPOHOB, XapaKTepH3yeMbIX AJUHON
BOJIHBL Re Bpofina A, ¢ npensTcrarenm, HMEIOUIHM pa3Mepnl TOTO Ke
NOpsAAKa, YT0 H A, BO3HHKAeT AH(PaKIHOHHAs KapTHHa, COOTBETCT-
BYIOLIas 3TOH AJHHE BOJHBI . :

Hsyuenne mudpakuuu saexrponosn IIDOU3BOJIUTCA B YyCTAHOBKe,
Ha3bIBaeMOl 3J1eKTPOHOTPaOM; cXeMa, NOKasblBaomas NpHHIMD
AeHCcTBASA 9TOTO n1puGopa, npejacrasideda Ha pHc. 48.

Hcrounnkom smektponos B dJeKTpoHOrpadax OOBIMHO CIAYyXKHT
PACKaJIeHHAsA MeTa/IMyecKasi HATH: IPH CHJBHOM HATDEBaHHH Me-
TaJ/LTbl HAYHHAIOT HCIYCKaTh 3/1eKTPOHBL. BhlleTamoliue W3 HuTH 3Je-
KTPOHEL YCKOPSIIOT Pa3HOCTHIO MOTEHHUAJIOB, KOTOpast IPH HCCAERO-
BAHHM CTPYKTYPHl MOVIEKYJ COCTABJISIET HECKOJbKO AECATKOB THICHY
BOJILT (06b1yHO 30—60 ThiC. 8); B pe3y/IbTaTe MOMYyYyaroT 3MEKTPOHH,
obaanaioiue G0MbIIOH CKOPOCTHIO, — GoicTpote snexrponst. Beawun-
Ha A JUISl 3JIEKTPOHOB, YCKOPEHHBIX Pa3HOCTbIO NOTeHUMANA0B V, Mo-
KeT ObITh NMOJACYUTAHA NOACTAHOBKOMN B ypasHenue ae Bpoinsa (1.38)
SHAYEHHUA CKOPOCTH SJEKTPOHOB U, BBIYHCJEHHON H3 COOTHOIICHHS
m vl
ev = — (M. 1)
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rfle e 1 M, — COOTBETCTBEHHO 3apsil H Macca 3/eKTPOHA. Tak, nas

V=110 000 8 noayuaercst A=0,12 A.

[Ipu nomowy auadparMbl u3 NOTOKA YCKOPEHHBIX 3JICKTPOHOB
BBIIEJISIOT Y3KHi MyYoK (TOJIMHA [PYMEHSEMOr0 B 3JEKTPOHOTDA-
dax myuka cocrasJsieT 0OHYHO OKOJIO 0,1 mm). s n3ydyenus CTpyk-
Typbl B IIy4OK 9/€KTPOHOB BBOJAHTCS HEKOTOPOE KOJIMUECTBO MOJIEKY.I
yiccle/lyeMOTo BelllecTBA. Ecau BellecTBO sBJIAETCS TA30M WM Jer-
KOKMIsIIell JKINKOCTbIO, TO €T0 MOMEIaKT B CTEKISHHBIA 6ajIon ¢
oTBOAHON TpyOKO# (cM. puc. 48), 3aKaHYHBAIOIIEHCS Y3KHM COIIOM,
[ToBopoT KpaHa faeT B TeueHHe KODOTKOro BpeMeHA (mopsiaxa

K Mowromy
Garnyym-nacocy

Auagppazna |
N —
P WY~
L7
Il \
=
Hcmoynuw _Yeroparmuee
anenmpanol HANPAMEHUE
Hrenedyenoe
« N _— pewecmbo
o

Puc. 48. Cxema ycTpofictBa sJekTponorpada

0,1 cex) cTpywo Hccleayemoro rasa. Ecan BeinecTso UMeET BLICOKYIO
TOUKY KHIEHHS, B 3JeKTPOHOTpade MOHTHDPYETCs HeboJbIilasl 3J€KT-
puuecKasl rieub, HarpeBallas uccjaeayemMoe BELIECTBO 10 TOH TeMIe-
paTyphl, IpH KOTOPOH OHO MpeBpallaeTcss B map. [Tpu npoxoxaeHuyu
Iy4Ka 3JMEKTPOHOB 4epes CTPYI HCCJeyeMOro BElleCTBa HPOUCXO-
AAT Audpakuysl 3JeKTPOHOB, KOTOpasi PerucTpupyercs Ha ¢ororpa-
¢uueckoil IJIACTHHKe, NOMeIlaeMOH HA HEKOTOPOM paccTOAHMH
(o6bruno 10—25 cm) oT cTpyH. ‘

[Mpu usyyeHnn Andpakuun JIEKTPOHOB B npubope HyXKHO MOA-
JlepKHBaTh BecbMa BLICOKHH BaKyyM; MO3TOMY YCTaHOBKA CO€NHEHA
C BaKyyM-HAcocoM GOJbIION MPOU3BOANTENLHOCTH, HENPEPLBHO OT-
KauHBalOIIAM BBOAMMBIH B 3JeKTpoHOrpad ras. Buicoknii Bakyym
HeOGXOAMM BBHAY TOTO, UYTO 3JEKTPOHb! OYeHb CHJILHO TOPMO3ATCH
BeIIeCTBOM. JTO 7Ke 0BCTOSATENbCTBO Je/laeT HeoOXOIMMLIM ACHOIb-
30BaHde OLICTPLIX 3JEKTPOHOB MNPH H3yYeHHH CTDPOEHHS MOJEKYJ.
Me/leHnble 3JeKTPOHbI ¢ 3Hepraeit mopsaaxka 100 26 OyayT mnoJ-
HOCTBIO 3aTOPMOYKEHBI, €C/TH BCTPETAT Ha CBOEM MyTH BCEro JHMIb
5—6 MoJeKyJl BelecTBa.
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[Moayyaemas Ha oTonnacTunke An(bpPaKUHMOHHAS KapPTHHA, HA3hi-
BaeMmasl 34EKTPOHO2PAMMOL, COCTOUT H3 UeHTPaslbHOro nsiTHa, o6Gpa-
30BaHHOTO 3JIEKTPOHAMH, HE NpeTeprHeBLIAMU OTKJIOHEHHS], H U3 KO-
Jel, pas3JHYHOH HHTEHCHBHOCTH, 06YCI0BAEHHBIX nonananuem Ha ¢o-
TOIJIACTHHKY 5JIeKTPOHOB, PACCESIHHBIX 1O Pa3JHUHbIMH yriamu 9 K
N€pBOHAYAJbHOMY HANPABJIEHHIO NMyyKa. 3MeHeHHe HHTeHCHBHOCTH
Ha 3JEKTpOHOrpaMMe B 3aBHCHMOCTH OT yria 0 sBasieTcs cTporo
ONpENeNeHHBIM H 3aBHCHT OT CTPOEHHSI MOJIeKY.I HCCIelyeMoro Bellle-

a b
Puc. 49. dnexrponorpamum:
a—CCl; 6~CS,

ctBa. Ha puc. 49 B KauecTge TIpHMepa NoKasaHbl 371eKTPOHOrpaMMbl
anst CCly u CS,. Pacmugposka 3JIEKTPOHOIPAMMB JaeT BO3MOMK-
HOCTD ONPENeNHTb CTPYKTYDPY MOJNEKYJIbI.

Has pacmudposku S/JEKTPOHOTPAMMbI HCIOAB3YETCH COOTHOLIe-
HHE, OTIpelensIoniee HHTEHCHBHOCTD | TOTOKA 3JICKTPOHOB, paccesiH-

HBIX MOJIEKYJaMH TOA yrJiom 6 K TIepBOHAYATBHOMY HalpaBJIeHHIO
3JIEKTPOHHOTO JIyya: OHO UMeeT Buj *

n n
ins
1~2 2 2,7, —280 (111.2)
l m sSr
1

1

_—

* BuiBoa cooTHomenus (II1.2) gan B npuaoxenuy 5.
5% 131




B XaHHOM BbIpaxKe€HHH
47 i

s = —sin — 1.3
. 9 ( )
a f—-—Me}K'bSUIer-Ioe paccrosm’ne; 3HaK ~ dBJAAETCHd 3HAKOM |Hp0°

MOPIHOHAJBHOCTH.
Ilpu BHIYHC/IEHHSX NPH NOMOULY ypaBHEHHA (I11.2) npousBopuT-
¢l CyMMHpOBaHUe BeJHYHH

sinsr
ZlZm

sr
At KaXKAOro M3 aTOMOB, BXOAAUMX B MonekyJay. Ilon Z, nogpaay-
MeBaeTca 3apsij S4pa PaccMaTpPHBAeMOro aroMa, NoA Zm — 3apin

Sinx

777 1406 2048

N

\i/,y ST 65~ 4 T

’ &
S D
=N
T T

Puc. 50. Tpadux dyHknuu
sinx
y:

X

AApa COCEAHEr0 ¢ HUM aTOMa, a MOA r— PaccTosnHe MeXIy Aad-
HERIM aTOMOM ¥ cocefnuM. IlepBHIM COCeAOM paccMarpuBaeMoro
aTomMa CumTaeTrcss OH caM, B 3ToM caydae Zj=Zm, r=0, a
(sinsr)[sr=1; TakuM 06pa3oM, NaHHBI dJeH CYMMBI paBHAETCH
npocro Z2.

PaccMOTPHM HCHOJb30BaHHE COOTHOIIEHHS (I11.2) Ha HeCKOJLKHX
npuMepax.

JAst IBYXaTOMHBEIX MOJIEKYJ], COCTOSILIMX H3 ONMHAKOBBIX aTOMOB
(manpumep, Clg, Bry, No u T. m.) ¢ 3apsajaoM fnpa Z, COOTHOLIEHHe
'(111.2) npuoGperaer Bul ‘

1~zz+z2—§1.s—f—~z2(1+$i). (11.4)
Sr- Sr

B noayueHHOM BBIPAXKEHHH COJEPKUTCS WICH (sinsr)/sr, B KOTO-
pHIl BXOJAHUT MEXbAAEPHOE paccTosinue r; H3 (I11.3) BumgHO, 49TO §
MMeeT Pa3MepHOCTb €M~!, M03TOMY Sr SIBASETCA GeapaamepHOHl Be-
anumpoit. Ha puc. 50 nmpeacTasien rpaduK QyHKIUN
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y=—nX (I1L.5)
X

Jrta QYHKUUS ABJASETCH MEPHOAMYECKOH # HMeeT MaKCHMYMEL ¥ MH-
HAMYMBIL, KOTODbIC C DOCTOM X CTaHOBSITCH BCE MEHEE 3aMETHLIMH.
IlepBbie HeTEIpe MaKCHMyMa JexaT NpH 3HAYEHHUAX X, PaBHHX 7,73;
14,06; 20,46 u 26,66. QueBnano, uro yYMHOXeHue ¢yHkuHuH (sinx)/x
Ha NOCTOSIHHYI0 BEJHUMHY H3MEHHT TOJBKO aMIUIATYAY KoJeGaHui
H HE TOBJHSET HA MNOJIOXKEHHe MaKcUMymoB. He uaMenur ux mojo-
JKeHHs TaKxKe H NPuGaBJIeHHe K NaHHOH DYHKINH KaKOH-Iu60 10CTO-
AAHHOH BEJHYMHEI; 5TO NPHBEAET JHIIbL K NOAHATHIO BCEl KPHBOH Hax
ocbi0 x. Takum 06pasoMm, HHTEHCHBHOCTB PacceslHUsl  3JIEKTPOHOB
ABYXaTOMHbLIMH MOJIEKYJIaMH, ONHCbIBaeMasi COOTHOILEHHEM (I11.4),
ABJACTCA NEPHOAMYECKOH (yHKUmedl Benuumnbl sr; sta dyHKIHA
HMEET MaKCUMYyMBHI, JIeXKalllHe NP 3HAYCHHSX ST, paBHHX 7,73; 14,06;
20,46; 26,66 u 1. 1. U3 puc. 50 BuxHO, 4T HamGoTee pPe3KuM siBJsIeT-
Csl MEePBLIH MAKCHMYM.

Has pacuudpoBku saextp OrpaMMbl IBYXaTOMHOH MOJIEKYJIH
HYKHO HAaiTH BeJHUMHY ymos@nm KOTOPHX HHTEHCHBHOCTB {10-
TOKa paccessHHBIX 3JEKTPOHOB SBASETCS MaKCHMaJbHOH. DTH YIIIH
MOXHO ONIpelesIuTh, H3MEPHB PAXHYCH KOJEI Ha 3JIEKTPOHOI'DAMME;
OTCIOL3, 3HAA PACCTOSIHHE OT HCTOYHHMKA MOJIEKYN X0 (OTOMIACTHH-
KH, JIETKO BBIYHCAHTL HCKOMBH yroa. Ilopcranoska Beduumn 0 B
coorromenune (II1.3) nosBonsier BeuuCHAUTL 3HAUEHHS S, COOTBETCT-
BYIOLHE MAKCUMyMaM HHTEHCHBHOCTH. C Apyro#l cto OHHY, KaK GHIJIO
YKa3aHO Bblllle, H3BECTHH 3HAUCHHS ﬂpOHSBelIEHHH@EKé) TIPH KOTOPHIX
HHTEHCHBHOCTb DACCEAHHBIX 3JIEKTPOHOB HMEET MaKEMMAaJbHOE 3Ha-
yenne. OTCi0na MOXeT GHITL ONpefe/NeHa BeJHYHHA MEXBbALEPHOro
paccrosHus r.

Tax, onpenenennsie KcnepHMEHTANBHO 3HANCHHS s IJ1S1 TIepPBHIX
TPEX MAKCHMYMOB Ha 3JIEKTPOHOrpaMMe XJopa paBuH 3,87; 6,93 u

(4
10,29 A-!; Beluucienne r NpHBOAMT K CIEeAYIOUHM Pe3yJbTaTam:

7,73 ° 14,06 o 20, °
_ 2 ¢ e 2 s r=—"_199A.
r 3.87 2,004; r 6,93 2,03A; r_10,29 1,997

TakuM o6pasoM, MexbsinepHoe paccrosiiue B MOJIEKyJIe XJopa Mo-
KET ObITh IPHHSATO PaBHEIM

r=2,01 + 0,023,

Haist HaxoxaeHHS] MeXBAZEPHOrO PacCTOSHHA B ABYXaTOMHBIX
MOJIKyJlaX MOXHO OTPAaHHYHUTLCA H3MEPEHHEM BeJHUHHBI S, COOTBET-
CTBYIOIeHl NIePBOMY MaKCHMYMy HHTEHCHBHOCTH Ha 3JIEKTPOHOTpaM-
ME; KaK yxKe yKasblBaJoch, STOT MaKCHMyM HaHGojee DE3KO BhIpa-
ZKeH, I0STOMy OnpeielleHHe 3JeCb MOXKeT OHITb OCYLIECTBIGHO ¢
GoJlbIeH TOUHOCTEIO, YeM AJIS MOCTELYIOWUX MaKCHMYMOB,

Ins paclindpoBKH 37MeKTPOHOrpaMM 6ojee CIIOMHBIX MOJIEKY/l HCHOJB3YIOT
#eT00 npo6 u owubox. DTOT MeTON COCTOHT B TOM, 4YTO HCCIEAYeMOH MOJeKyJje
TIPHIHCBIBAIOT ONpejieNleHHOe CTPOEHHE H C MOMOIIBI0 COOTHOMEHH (I1l. 2) paccun-

133




THIBAIOT 3aBHCHMOCTb HHTEHCHBHOCTH TOYEDHEHHS Ha SJIEKTPOHOrpaMMe OT Beal-
yHHBL § H 3aTeM CPaBHHBAIOT 3TY 3aBHCHMOCTb C sKcnepHMeHTanbHOH. B cayuae
COBNAJICHHsT MaKCHMYMOB TEODETHYECKOl H SKCHepHMEHTANbHON KPUBBIX MOXKHO
CuMTaTh, PO MOJIEKYJa HMEeT Ty CTPYKTYpY, KoTOpas 6nna npenanosoxena. Ecin
cOBMNafeHHs HeT, TO HYKHO HCHHITHIBATL APyrHe BAPHAHTH CTPYKTYpLI 10 TeX Mop,
noKa He Oymer ROCTHTHYTO COOTBETCTBHE pacCUHTAHHOM H SKCHEPHUMEHTAJIbHOR
KPHBBIX.

B kauecTBe NPHMEpAa PACCMOTPHM pacueT KPHBBIX HHTEHCHBHOCTH paCCesHHs
SJEKTPOHOB AJIS HETHIPEXXJIOPHCTOrO yriaepoaa CCl u 6ensona CgHs. Ipeanosno-
SKHM B COOTBETCTBHH C JAHHBIMH OpraHHYECKOH XHMHH, 4TO MOJEKYyJa CCl, umeer
TeTpasApHuueckoe CTpoenne (pHC. 51). UMs paccMOTpeHHS MOJReJH, H306pakeHHOM
Ha puc. Dl, ClIeayeT, 4TO_€C/IH paccTosHHe C — Cl 0603gauiTh R, TO PaccTOsHNG
Cl — Cl 6yzaer papuo 2J%/s R=1,63 R. B COOTBETCTBHH C ONMWCAHHLIM BLIILIE npasH-
JOM COCTABHM (VHKIHMIO HHTEHCHBHOCTH DaCCesiHMsi 3JEKTPOHOB i RaHHOR

" C

Cl
Puc. 51. Cxema pusa pacuera Puc. 52. Cxema aJis pacue-
anekrpororpammet CCly ta snexrponorpamMmel Cets

MomgeaH. PaccMOTpHM CHauajna aToM YrVepOAa. ITepBbiM COCEAOM STOrO aTOMa
GBJAETCS OH CaM, 4TO RaeT uien Z; APYTHMH COCENAIMH aTOMa C 6ynyT aTOMbi
Cl, xoTOpHE HAXORATCS HA PACCTORHHH R, 5THX aTOMOB UeTHpe; TakuM 06pasoM,

B CyMMe NOSIBJIAETCA Cllaraemoe
sin SR
42—
sR

Tenepp paccMOTPMM aTOMsl XJ0pa. Kaxnuit atoM xnopa (a HMX uersipe) HMeeT
coCensIMU CaMOro cefsi, ORHH aTOM Yr/epofa Ha paccTOsHHH R ¥ Tpu aTOMa XJI0pa
Ha paccrosiunn 1,63 R; orciona B CyMMe MOSIBISIOTCA CllaraeMble

N sinsR o _sinl ,63sR
4ZCl + 4ZCZC1 sR + 4. 3ZC1 1 ,638R
CxJanbiBasi BCE WIEHbl, MOJyYaeM
n sk sin1,63sR

si
[~ Z2 4 472 4 82— + 1223

C Cl Cc~Cl sR Ct 1,638R

o
Ecnn npunats R=1,75 A, TO monmyuaercsi KpHBas HHTEHCHBHOCTH, BCE MAKCHMyMbl
KOTOpOH COBNAJaloT C aKCHepHMeHTabHbIMH. Takum 00pa3oM, METOR 3JEKTPOHO-
rpaduu MOKa3HBaeT, 4TO MOJEKYJa HMeeT TeTpasipHYeCKOe CTPOeHHe H paccrosi-
o

gust C — Cl # Cl — Cl paBubl COOTBETCTBEHHO 1,75 u 1,63-1,75=2,85 A.

[Ipu pacueTe KpuBO{ HHTEHCHBHOCTH AJ GeH30/la HYXHO HMeTb B BHRY, YTO
METOZOM 3JeKTpOHOrpadHH TPYAHO yCTaHOBHTb NoJIOYKEHHe aTOMOB BOAOPONa
B MOJIeKyJie. DTO OOYC/IOBIEHO TeM, UTO 3apAn AApad aToMa BOJNOPORA — NPOTOHA,
paBHbIfl eNHHHLE, OueHb Mal O CPABHEHHIO C aapsifaMi AAEp APYTHX aToOMOB,
oTCI0Aa pAacCesiHHe JEKTPOHOB Ha NMPOTOHAX He3HauHTeJAbHO H MaJi0 CKa3bBaercs
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Ha Kpupblx HUTeHCuBHOCTH. [TosToMy mpu pacuere 3JIEKTPOHOTPAMMEL A5 GeunsoJa
8 MEpPBOM MPHOJHXKEHUH MOXHO VUHTBLIBATL TOJNDKO CTPOEHHE YIJepOLHOTO <«CKe-
Jeras.

IMpeanonoxum, yro wecTs yraeponusix atomo CeHg mexar B ogmoii miocko-
CTH, 06pa3sys UpaBHIbUBIL WECTAYTOABHHK € pacCTOSTHHEM MeXIy CcOoceAHHMH
aroMamH, pasubiM R. Torxa, kKak Bummo us puc. 52, KaxXAbli aToM yriepoaa
HME®T, KpOMe caMoro ceds. WATb cocefedl, nsa H3 KOTOPBIX HaXOAATCH Ha pac-
CTOSIHUH R, IBa Apyrux — Ha paccrosunu} 3 R=1,74R 1 oxun Ha paccTosiuuu 2 R.
Otcofa Aas HHTEHCHBHOCTH PACCesHHEIX 3JIeKTPOHOB MOJIyaeM BhIpaKeHHe

72 sin §R sin 1, 74sR n2sRk
c 1,74sR 2R

o
Ecom npunsite R=1,40 A, To monoxenye BCEX MaKCHMYMOB Ha TeOpeTHYEeCKOR
H SKCHepHMEHTaJbHOH KPHBBIX coBmagaer. Takum 00pa3oM, MeTop 3JIeKTPOHOrpa-
thHE  moxTBepXgaer IPeRNoNoKeHne
O UHKNHYeCKOM CTpoeHHH Geusona u mo- [
3BOJIIET OMpENEeNHTb Pa3Mepbl Geu3OJp-

Hdoro koubla. Ypessbiuaiino Goabuioe .
3HayeHHe uMeeT TOT (akKT, 4To, KaK fo- A \’V\.—J\/ 112
XasblBaeT SJEKTPOHOTpadHuecKoe Hece- /\/ N

I ~62% 412 + 1222

o Si
+ 625

JloBanue, Bce CBSI3H B GEH30JbHOM KOJb- 105¢
de MMEIOT ONHHAKOBYIO HaHHy. Ofbsic-

HeHne = 3Toro  (akta  coBpeMmenHo#
TeOpHell XHMHYeCKOH CBSI3H cM. Ha /\/'\_\/\,.-\/mio
ctp. 182—185. N
Ha pnc. 53, npusesens ua6moznae- N\ 102°
N

Mas H paCCYHTaHHbIE KDHBHE HHTEHCHB-
HOCTH paccesinust 31eKTpoHoB aas CHF,.

Pacuer cpenan nnst pasnaHuHbix 3mave. Habmodaeman
HUE yIJI0B Mexay cBsssMu F— C — F. urmencubnocms
W3 comocrabnenns kpusnX MOXHO \/"\“ .

~AesnaTb BBIBOA, YTO 3HaUeHHe AaHHOTrO
yrna B Mosekysme CHF; gaexur MeXIy 5 10 15
106 u 110,5°.

Henocrarkom merona npo6é " owH-
GOK SIBIsIETCS HeOGXOAHMOCTH 3apanee
3a1aBaTbCA TOH HJIHM MHOH MOZENbIO MO-
nekyabl. B cayyae ciaoxubix MOJIeKy.I,
fNI€ BOSMOXKHO MHOTO BapHA4HTOB CTPYK-
TYPBL, CTAaHOBHTCA TPYAHHIM OTBICKATD TOT, KOTOpblii OTBEYaeT HCTHUHOMY CTPOEHHI0
MOseRyJsl.  Cylecrsyior u Apyrue MeToibl pacuindpoBKH 3JIEKTPOHOTPAMM, He

<

20 s 47

Puc. 53. Ha6monaemas u paccyuTauuble
KPHUBBIE  HHTEHCHBHOCTH  pacCesiHHBIX
3nekTponoB s CHF,

B Ta6a. 12 npusexens HEKOTODLIE De3yJbTaThl 3JeKTPOHOTpa-
¢rueckoro ueeseoBaHus CTPYKTYDPBI MOJIEKY.I.
CTOL 3/eKTPOHOTpaMH He BCErza MOMKET GbITh HCIIOJIb30BaH
A YCTAHOBJICHAS CTPYKTYphI MoJnekys1. Kak yxe ykaswiBagocs, on
C TPYLOM OTpefessieT NMOJOKEHHE aTOMOB Bogopoxa. Ilpumenenne
SJICKTPOHOTpaduu BCTpeuaeT GoMbLIne 3aTPYAHEHHS B CIyyae CJA0K-
HBIX MOJIEKYJ, COXEPKAaLUIUX MHOTO Pa3JIMYHBIX TPYNIl aToMOB.
2. Moaekyasipubie cekTpe. IIpu paccmorpenun atomubx cnext-
POB (cM. crp. 52) 6biio YCTAHOBJIEHO, YTO CHEKTDajdbHbIE JHHUH
BOSHHKAIOT B pesyiabTaTe Mepexofos SJEeKTPOHOB B aTOME C OJHHX
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Ta6auna 12

Pe3yabTaThl 9J€KTPOHOrPAHYECKOrO ONPERENEHHR CTPYKTYpH
HEKOTOPHX MOJEKYJ

Paccrosnue Mexny
Moaekyaa aToMaMH, CA ®dopMa MOJAeKyanl
Bry Br—Br 2,28 Tanrenn
Ciy Ctl—Cl 2,01 >
COq C—0 1,13 Jluneiinas
CS, C—S 1,54 >
SO, s—-0 1,43 Waornyras, yron O —S— O pasen
1204£5°
CCl, c—Ct 1,7 TaTpasap
PCl, p—Cl 2,00 Mwpawuna, yron Cl—P—Cl pa-
pen 10112° .
Ce¢Hs c—C 1,40 TInockoe KOabUO
CeHie c—C 1,52 Konbuo € 3Mr3aroo0pasHWM pacno-
70X eHHeM aTOMOB
CyHg cC—C 1,55
CoH, C=C 1,34
CoHy c=C 1,22
BF; B—F 1,30 Taockas, yron F— B— F pasen 120°
SiF, Si—F 1,54 Terpasap
N (CHg); N—C 1,47 lols'!)upamuna, yron C—N— C paBen
Py P—P 2,21 TeTpasiap
(HF), F—F 2,25 3ursaroo6 pasHas menb
uuc-CQHQCIg Cl—Cl 3,22
mpanc-CoHoCly 1 CL—Cl 4,27

sHepreTHYecKHX ypoBHeil ma apyrue. CyliecTBOBaHHue JHCKPETHHIX
ypOBHeil SHEPFHH B aToMax OOYC/OBJIEHO KBAHTOBOMEXaHHUECKHM
XapaKTepoM JBHIKEHHS 3JIeKTPOHOB. B Mosekyaax, Kpome JIBUXEHHR
5JeKTPOHOB, BO3MOMKHO Takke NepeMemenne Aaep Apyr OTHOCHTEJIb~

‘ §O APYra — MOTYT BO3HHKATb KOAeOanua W 6palyenue aTOMOB BO-
KPYT HEeHTpa MacC. DTH JBHKEHHs TOXe KBAHTYIOTCH, O/HAKO BBHLY
3HAUATEbHO GOJbIIE Macchl 4aCTHIL 3HEpreTHIeCKHe ypOBHH 31€Ch
JeskaT O4eHb GJH3KO APYT K APYTY; MEHbIUe BCEro DasiHiaiorcs
yPOBHH BpalIeHHsl MOJEKYI.

OG6BIUHO H3YUAIOT CREKTPbL NOSAOWEH U MOJIEKYJL. Jas storo de-
pe3 Hcc/elyeMOe BemecTBO MPOmycKaloT CBET H NIpH OMOIIH CTIEK-
Tporpata yCTaHaBJAHBAIOT, H3/IydeHHE KAKHX JUIHH BOJH forJomaeT-
cs. Tlorjolasi KBAaHT H3JIyyeHHs, MOJIEKyJaa TepeXOAUT H3 OQHOro
5HEPreTHUeCKOrO COCTOSIHHSL B APYroe; MNOrIOmaioTess TOMBKO TE
KBAHTHI, SHEPTHA KOTOPHIX DPaBHA IHEPTHH STHX IEPEXONIOB; TAKHM
06pa30M, CIeKTp TIONIOLIeHHs, TaK XKe KakK H SMHCCHOHHBIH CIEKTP,
N03BOMSET CYAHTb 06 SHEPTeTHYECKHX YPOBHAX B MOJEKYJIE.

B COOTBETCTBHH C H3JO0XKEHHBIM Bbllle pasjindyaloT TPH BHAA MO-
JeKyJSPHBIX CIEKTPOB — CNEKTPoL IAeKTPOHROLY nepexodoa, Koaeba-
TeabHole (BUOPAYLOHHble) CNEeKTPbL U 8pauyareiorole (porayuon-
noie) cnexrpe.. Ha puc. 133 (mpuioxenne 2) ykasaHBl 3HEPrud u
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BJIUHBL BOJH H3JyUeHHS, COOTBETCTBYIONINE Pa3JMUHbIM H3MEHEHUSIM
B COCTOSHHH MOJIEKY.JI.

HanMenbliyo BeJqHUYHHY uMelOT SHEPTHH BPalllaTeNbHBIX nepe-
XO0IO0B B MOJIEKY/aX; UM COOTBETCTBYET H3JYUEHHE, Jexkallee B 0alb-
well unppakpachoii o6iactu. BpamareabHble CIOeKTPH MOXHO Ha-
6a0naTh «B YMCTOM BHAE» (e3 HAJOXKEHHS Ha HHX HU3MEHEHHH B
APYrux BHAAX JBHXEHHSA — KONeGaTeNbHBHIX H 3JEKTPOHHBIX depe-
X0J0B.

OHeprus KoJeGaTeJbHHX IepPeX040B NpHOIU3HTEAbHO B 10 pas
Gousplle SHEPTHH BpalaTeJbHBIX NEPeXOJO0B; COOTBETCTBYIOLIEE HM
U3JyuYeHHe JEeXHUT B bauicHer ungpakpacuoi obaactu. VameHenus
8 KoJeDaTe/NbHOM IBHIXEHHH MOJIEKYIbl BCerfia CONpPOBOXKAAIOTCH
U3MEHEHHSIMU BO BPANIeCHHH, NOITOMY KoJeGaTe/bHBH CHEKTP B OT-
JIHUHE OT BPAILATeJbHOT0 He MOXKeT HaGJIONATbCS «B UHCTOM BHIES;
STH CHEKTPH BCerja HakJaAblBaioTcs APYT Ha Apyra, o6pasys Ko.e-
barenvro-8paujaTenbHbLI CREKTD.

TTepexonam 2/1eKTPOHOB B MOJI€KyJax, TaK e KaK H B aTOMax,
COOTBETCTBYIOT SHEPTUH B HECKOJDBKO 3/I€KTPOH-BOJIDBT; B 3TOM CIydae
H3JIYyUeHHE ABJACTCH BUOUMbIM UIH YAbTpaguoserosoim. Tlepexonn
SJIEKTPOHOB CONPOBOKAIOTCA H3MEHEHUSAMHU B K0JIe6aTeNbHOM H BDa-
IaTeIbHOM IBHXKEHHH; BCe 3TO OTPAXKAETCA Ha CHEKTPe, KOTOPHIl
B 3TOM C/yuae MOKa3biBaeT COBOKYMHOCTb BCEX BHIOB 3HepreTHue-
CKXHX U3MEHEHHH B MOJeKyJax,

Hayuenne MoaekynApHHX CHEKTPOB AaeT MHOI'O BaXKHHIX CBeje-
HHH O MOJIEKYJIaX, B TOM YHCJIe H 06 UX CTPYKType.

Hccrenoanue Bpamare bHBX CHEKTPOB NO3BOMSET ONpeaesUTh
MOMENT urepyul MoNeKynas (DH3HYECKHH CMBICA MOHATHA «MOMEHT
HHEPLHH» DACCMOTPeH B MPHJOXKeHHH 6), 3Has KOTOpHIH, MOXKHO
Ches1aTh ONpe/le/eHHBle 3aKMIOUEHH O CTPYKTYpe MOJEKYJIHL.

[losyunM ypaBHeHHe, ONHUCHIBAIOIIEE YACTOTH JTHHUI Bpamaredb-
HOTO CIIeKTpa ABYXaTOMHOH MOJIEKYJH, COCTOSIIIEH U3 aToMOB A u
B. Jlust 310TO BBIPA3MM 3HEPTHIO BPALlaTeqbHOTO ABUIKEHHS yepe3
MOMEHT KOMH4YeCTBa mBuxKeHnd M u momenTt mHepunu ! Momexyubi
{cm. nprioxenue 6):

— (111.6)

Jlisi HaxoXAeHHs BlpakeHHS, OTPeNesIONer0 MOMEHT KOIHIeCTBa
IBHxKeHHst M, HeoGXoQMMO pPELIHTL ypaBHeHHe Ilpenusnrepa pas
YaCTHIDI, pABHOMEPHO Bpall2IOLIeACsi Ha OCTOSTHHOM PacCTOSHHH OT
UEHTPA; TAKyI0 CHCTEMY Ha3bIBAIOT HECTKUM POTATOPOM. DTO pellle-
gue (OHO He MOXeT GHTb 31eCh MPOCJeXEeHO) NOKa3biBaer, 4To Mo-
MEHT KOJIHMYECTBA NBHXKEHHS MKECTKOTO POTAaTOpa ONpefelsieTcs Co-
OTHOLIeHHEM

M=wVIiu+1), (11.7)

rle J — KBaHTOBOE YHCJIO, KOTOPO® MOXKeT MPHHHMATh 3HAUEHHST 0,
1, 2,.. Kak BuaHo, nosmyuaercss 3HakoMoe HaM BHIpaxKeHHe — TaKOH
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Ke OPMYJIOHl oNpeleisercs MOMEHT KOJHUECTBA ABHKEHUS 3JIEK-
tpoHa B atoMe [cM. ypaBHenue (1.64)]. [Toacrasaas (111.7) s (II1.6),
HMeeM

B2 )
Ep =10+, : (111.8)

Ypasueuune (II1.8) ompenensier ypoBHH 3HepTHH Bpauamouenca Mo-
JIEKYJIBL.

Hatinem pasnoctb suepruit AEg, 1ByX ypoBHelt, 417 KOTOpbIX J
OTJHMYaeTCs Ha EJHHHIY; MyCTh AJS OJXHOTO YPOBHS 9TO KBAHTOBOE
yncso 6yner J, a gas gpyroro J'=J 41, Toraa

K2 k2
Ay = [+ DU +D—1(+Dl=—F 0 +D. (111.9)
BonHOBOe 4HCI0 JHHHHM CIeKTpa, COOTBETCTBYIOLIeH Hepexopy Mo-
JIeKyJIbl U3 OXHOIO COCTOSIHHS BpalleHHsl B APYroe, ONpPefesuTcs co-

OTHOILIEHHEM
1 AEg

otciona, yuutsiBas (I11.9), nMeem

— h -
T —— 4+ 1). X
= Ut (111 . 10)

[} ‘),i_

C nomotgpio ypasuennsi (II1.10) mo anunaM BOMH MuHHE Bpa-
[[ATEJIBHOTO CIEeKTPa HAXOAST MOMEHT MHEPUHH, H3 BEJIUTHHB KOTO-
pOro Moxer ObITb Ompejle]eH0 PacCTosHne MEeXAy sAPaMH aTOMOE
A u B (cm. npunoxenue 6). COOTHOIIEHHA, NOSBOJAIONINE ONpese-
JATh W3 BPAIATEJbHBIX CIHEKTPOB MEXAaTOMHBIC PaCCTOAHHS, MOTYT
6LITH TOJYUeHBl W AJs MOJEKYJ, COCTOsIMX Oojee ueM H3 ABYyX
aTOMOB.

inI CMellleHHH aTOMOB B MOJIeKyJe OTHOCHTEJbHO NOJOXEHHA pPaBHOBECHST
BO3HHKaeT BO3Bpalllaloiilasg CHJa f ﬂ,Ol‘lyUlEHPIe, Y10 OHAa MPOMOPUHOH&AJbHA CMele-

HUIO Ar, T. €. 4TO
f = RAr, (IIL.11)

OTBeuaeT YCJOBHIO TapMOHHYECKOro KoOJeGaHHs. KosdduuHeHT npoONOpUHOHAND-
HOCTH £ Ha3biBAeTCH CUA0680[ NOCTOAHHOL. DTa BeJHUMHA ONPEledsAerca Ha OCHO-
BAHHH aHaIH3a KoJaeGaTeabHOro CreKTpa H3 ypaBHEHHS

k
AE o =Hh ‘/Tn:_' (I11.12)

BLIP2XKAIONIEr0 PasHOCTb JBYX SHEPTeTHYeCKHX YPOBHEH As IapMOHHUECKOro BHO-
patopa; m* — mpHBejeHHas Macca (CM. MPHJIOXeHHE 6). 3HaueHHe R 3aBHCHT
OT TIpHpOLbl AaTOMOB M OT KpaTHOCTH cBs3H. Tak, ecin kcp,=321-10° u kycy=
=4,74-10° (oguHapHas CBA3b), TO kg =11,3-10° (upoitnas cBasb), ky, =22,2-10°
(Tpofiias cBsisb) dusu/cm. B psny aHAI0TOB HF — HCl — HBr — Hl; ona ymeHsma-
etca ¢ 8,65+ 105 (HF) no 2,89 -10° dusjen (HI).

[pu GoabiHx Ar KOJeGaHUs CTAHOBATCH aHrapMOHHYECKHMH, BO3Bpainaloilas
CUTa C POCTOM MeKATOMHOTO PACCTOSIHUS NPOrpeccHBHO YMEHBUIAGTCA M ypamHe-
une (111.11) nepecraer GuITh CIpaBelAHBLIM.
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OueBHAHO, €C/H yBeJIHYHBATH 3SHEPTHIO BO3AeHCTBYIOUIETO Ha
MOJIEKYJY HM3JIy4EHHS, TO MOXKHO B KOHIle KOHLOB BHI3BATh paclaj
MOJIEKYNBl — ee Guccoyuayuro, JlanpHelmee yBe/nHYeHne coobuiae-
MOH HepTHH NPHBEIET JHIIb K BO3PACTAHHIO CKOPOCTH MOCTYIATeb-
HOFO JBHXKeHHs! 0GPa3yIOIHXCS MPH AHCCONMALHHE aTOMOB, KOTopoe
He kBaHryercs. [ToaToMy npu onpexenenHoil AJHHe BOJHBI CIIEeXTp
CTaHeT HenpepuBHHIM. TI0R06HO TOMy KaK Mo KOPOTKOBOJHOBOI rpa-
HHIE aTOMHOTO CTEKTPAa MOXHO BBIYHCJHTbH SHEPTHIO OTPHIBA 3JIEK-
TPOHA OT aToMa — SHEPTUI0 HOHH3auuu (cM. cTp. 54), Tak u KopoT-
KOBOJIHOBAsl TPAHHLA 3JICKTDOHHOTO CMEKTPa MOJIEKyJbl AaeT JHep-
THIO JHCCOUHALHH MOJEKYJBl; OTCIONa MOXHO HaHTH 3HEprHIO
CBSI3ML.

B Tta6n. 13 cobpanbl naHHBlE O CTPOEHHH HEKOTOPBIX MOJIEKy/I
U SHEPTHSX CBS3H, NOJIyUeHHble H3 M3yyeHHS CleKTpoB. Kax BuaHO
u3 npuBeAeHHbIX B Taba. 12 u 13 snavennii ana Cly, COy u SO,
Pe3yJbTaThl 3J1EKTPOHOrPA(HUIECKOTO H CNEKTPAJIBHOTO ONpeeNeHus
CTPOEHHS MOJIEKYJ XOPOLIO COTJACYIOTCH.

Ta6auna 13

Pesy.nb'ra'ru CMEKTPAJNLHOIO HCCJACHOBAHHA HEKOTOPWX ABYX- H TPeXaTOMHBLIX
MOJIEKYJ AJif BEIeCTB B l‘a3006pa3HOM COCTOSIHHM

Monexyaa r £ Ecgo28
Hy 0,74116 4,4763
Lig 2,6725 1,03
Na, 3,0786 0,73
Cl, 1,988 - 2,475
HF 0,9175 5,8
HCI 1,2744 4,430
KCi 2,6665 4,97
Csl 3,315 3,37
Moxexyna Mexbageproe paccrosuue, a
Baaeutunit yroua,
2pa
) (3) (2 T3 To3
O0=C=0 1,160 1,160 180
H—0O—H 0,958 0,958 . 104,5
0=S8S=0 1,432 1,432 122
O, 1,278 1,278 117
O0=C=S§ 1,1€0 1,50 180 \
H—C=N 1,059 1,157 180 ’

Kpome snextponorpaduueckoro u CIIEKTPAJIBLHOTO METOA0B,
Gonblioe 3Hauenue IS yCTAHOBMEHHS CTPYKTYDBl MOJIEKYJ] HMeeT
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METOJ PEHT2eHOCTPYKTYPHO20 GHAAUZA KPUCTAAAO8 (CM. CTP. 255—
259).

CJaexyeT oTMETHTb, YTO KOH(HIYPAUHsi MOJEKYJb B KPHCTAILIE
MOMKET 3aMETHO OTJHYAaTbCd OT KOHUIYpalHH H30JHPOBAHHOR
MOJIEKYJIEL.

Fnaess Tperhb s

OCHOBHbIE TMMbI XMMMUECKOH CBA3M — MOHHAS
M KOBAJIEHTHASA CBA3b

1. DNeKTPOOTPHIATENLHOCTh dJMeMeHTOB. TIpecTaBEM cebe, uro
BO B3aUMOJeHCTBHE BCTYNAOT aToMbl A H B H UTo XHMHYecKas CBA3b
OCYHIECTBJISIETCS 3@ CYET CMeEIeHHsl 3JEKTPOHA OT OHOro aToMa K
ApyroMy. Bo3HHKaeT BONIPOC, KAKOH M3 8THX aTOMOB OTTSIHET Ha CBOIO
060J104Ky 371eKTpoH? JLOMyCTHM, 3JI€KTPOH NEPeXOUT OT A x B: DTor
mpolecc CBA3aH ¢ BbigeneHHeM sHeprHH (Ep—/a), rae Ep —anex-
TPOHHOE CPOACTBO aToMa B, /a — sHeprus HOHM3ALUHH aTOMa A. Tlpu
obpaTtHoM nepexofe Oyler BBIAENATbCS IHEPTHs (Ea— I8). Hanpas-
JleHHe Mpolecca OTpPeleJHTC MAKCHMANbHbIM BHIHIPhILIEM 3HEDPTHH,
TaK KakK BblieeHHe SHePIHH cTaGHIH3HpYyeT cucTeMy. JlonycTim, 4TO
(aKTHYeCKHil Nepexof, NPOHCXOTHT OT atomMa A X aToMy B. 3to

03Hayaer, yTo
(Eg—13)>(Ex —1p)

(Ug+ Egy> U, + Ep)-

HIIKR

Beanunna Yo (/+E) MOJyunjia HA3BaHHE 3AEKTPOOTPUYATEAbHOCTU.
O6o3HaunM ee yepe3 x. CleloBaTeJbHO,

1
x=5d+B). (111.13)

TakumM 06pasoM, 3JEKTPOH NePEeMeCTHTCS K aTOMy TOTO 3JeMEHTd,

* KOTOPBIH HMeeT GOMBUIYIO 3JEKTPOOTPHIATENBHOCTD. dNeKTpoOoOT-

pHIATeAbHOCTDH XapakTepH3yerT cTpeMJeHHE
HIAHHOTO aToMa K MPHCOEJXHHEeHHIO 3JeKTPOHOB
npH O6Gpa3oBaHHH XHMHUECKOH CBA3MN Ilpusenen-
HHIH CI0CO6 BHIYHCAEHHS! 3JEeKTPOOTPHLUATENbHOCTH GblI MpeJoXKeH
Mannukenom (CIIA). Hemocratok 3TOr0 MeTOfa COCTOMT B TOM,
YTO 3JeKTPOHHOE CPOJACTBO H3BECTHO JHIIb JJIi HEMHOTHX ATOMOB.

Ha puc. 54 npuBeJeHsl 3HAUEHUs! 3NEKTPOOTPHUATEIBHOCTH pas-
JMYHBIX 3JeMeHTOB mo ITOJHHTY, KOTOpBI DEeKOMEHAOBajn ApYro#
crnoco6 ompefeseHHst STHX BeJHYHH (CM. CTP. 221). DneKTpooTpH-
naTenabHOCTb (ropa B cucreMe IlosnHra yc/aoBHO MPHHATA paBHoOH 4.
He coBceM o6bluHas (popMa yepTeka MPOAHKTOBAHA KeJaHHEM NIPH-
faTh rpaduKy OOJHK MepHOIHYECKOH CHCTEMBL Kak u caexosaio
O0XHAATh, HAKGOMbIIEE 3HAUEHHE X HMeeT (rTOp, HAKHMeHbllee — Ile-
3uil; BOJOPOJ 3aHMMAET MPOMEXYTOUHOE NMONOXKEHHE, T. €. IPH B3aH-
MonelCTBHE C ORHHMH 3Je€MeHTAMH (manpumep, ¢ F) oH oraaer
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3/IeKTPOH, MPH B3aUMOAEHCTBUH C APYrHMH (Hanpumep, ¢ Rb) —
npuobperaer 3JeKTPOH. .

Bulo npennoxeno MHOro (okosno 20) IIKaJ 9J4€KTPOOTPHIATENb-
HOCTH,; B OCHOBY KOTOPHIX NOJIOXKEHH pa3iuyHble CBOHCTBA BellecTs
(MexpsilepHbIE DAacCTOAHUSA, SHepruM CBfizeir u T. 1.). OHM palor
HEOAUHAKOBHE 3HAUEHHUSA X, HO BaXKHH MX pasHocTd. OTHOCHTENbHEE
e 3HaYeHHs x Gnusku. KavecrBeHHOe coBNajeHHe Pe3yabTaTOB B
pasJMIHBIX IIKaJaX O3HAYaeT COBNAJEHHEe DPACHOJOKEHHS IIEMeH-
TOB B PAAY 31eKTPOOTPULATENLHOCTEH.

T R T H
Tepuadsr
! H2/
7 40
¥/
' |
/4
'
/8
1 1 i i
aq !/ 2 J 4z

Puc. 54. DeKTPoOTpHLATeNbHOCTh 3aeMeHTOB (o IlosmHry)

Bosee cymecrsennbim sBisieTcs caeayiommee coobpaxkeHue: NMOJb-
3yCh 3JIEKTPOOTPHUATEIBHOCTHIO KaK BeJAMYHHOH, XapaKTepuaylo-
ed coocoGHOCTh atoMa K TPUTSAKEHHIO BaJeHTHBIX 3J€KTPOHOB,
HeOOXOAUMO NOMHHTb, YTO 3JEMEHTy, CTPOTO TOBOpPS, HeNb3sl NPH-
MUCaTh NOCTOSAHHYIO 3JIEKTPOOTPULATEJbHOCTL. OHa 3aBHCHT OT TOTO,
B"COCTaBe KaKOr0 KOHKPETHOIO COeIMHEHHS MBl PacCMATPHBAEM ero
aTOM, B OKDYXKEHWH aTOMOB KAaKHX 3JeMeHTOB OH Haxomputcd. Tax,
CBOGOAHLIA aTOM XJ0pa ¥ aToM xJaopa B moaekyaax Cl,, NaCl, CCl,
# PdCl; o6aanaor HeoIHHAKOBLIMM CBOHCTBAMH, CregosaTesbHO,
CTpPOTO roBOpsl, HaZ0 HMeTb B BHAY He 3JeKTPOOTPHUATENbHOCTD
3JeMeHTa BOOOILE, a 37IeKTPOOTPHIATEAbHOCTL SJEMEHTa, o6pa3syio-
LUeT0 KOHKPeTHble XHMUYECKHE CBA3H B KOHKDETHOM OKDYXKeHHH, B
KOHKDeTHOM Ba/IeHTHOM cocTosiHMd. OXHAaKO HeCMOTPS Ha 3TO, NOHS~
THE 3JIEKTPOOTPHIATEABHOCTH SBJASETCH NOJE3HBIM IS 06bICHeHHS
MHOT'HX CBOHCTB XHMHUECKHUX CBf3ell.
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2, Honnan 4 KoBajieHTHas cBa3b. [lepexon 3/eKTpoHa TpH B3aH-
mojeicTBur atoMoB A H B, pe3ko OT/IHYAIOIKMXCS MO 3JEKTPOOTPH-
LaTeJbHOCTH, MpeBpalacT 3TH aTOMbl B IPOTHBOINOIOKHO 3apsAKEH-

Hbl€ HOHBI: ¢
A=At e+, (111.14)

B + e= B~ — Ej (111.15)

agech Iy u Ep — 3Heprusi HOHH3aUuu aToMa A H 3JeKTPOHHOE CPOA-
ctBo atoMa B. Bosuukawuee mexay A u B anexrpocratuueckoe
TPUTSIKEHHEe NPUBOIHT K 00Pa30BaHHIO MOJEKY/IbL:

At 4+B-=A*B~+E (II1.16)

(E — anepreruyeckuii agpdexr). B pesyabrate HOHBI B MOJEKyJe
0Ka3bIBAIOTCSt Ha PaCCTOSHUH, Ha KOTOPOM IIPHTAKeHHE YpaBHOBEIIH-
BaeT OTTajnKuBaHHe (OJHOMMEHHO 3apsiKeHHbIX 3/7eKTPOHHBIX 060J0-
YyeK HOHOB H siiep). Tak BO3HHUKAET UOHHAA CBA3b, HAa3blBa€Mas TaK-
Ke 2eTeponoAfpHoLl Uy 31eKTposasentHol. Clel0BaTebHO, HOHHAA
CBA3b OTBeuaeT peaKuud

A+B=A‘B—+4 1, —Ey+E (11.17)

noayuaemoii cymmupoBanuem (I11.14), (II1.15) u (111.16).

[IpeBpalieHHe aTOMOB IVIaBHBIX MOATPYIMI NEPHOAHUIECKOA CHCTe-
Mbl B MOHBI COMPOBOXKAAeTca NpeBpalleHHeM HX 3JEKTPOHHLIX 060-
JoYeK B cTabHJbHbIE 3JeKTPOHHBIE OOOJOUKH COOTBETCTBYIOLIMX
6aaropoanbix rasos. Tak, npu o6pasosanuu KF uon K+ mpuobpe-
TaeT NEKTPOHHYI0 Konpurypanuio Ar, a von F-—Ne. Msnoxennnie
B3rJsibl G611 passuTel Koccesem B 1916 r. Kax Mbl yBHAHM HHXKe
(cM. crp. 222), nonHbl# nepexoj 3JAEKTPOHOB OT OJHOrO aToMa K
Apyromy nukorga He mnpoucxogut — 100%-no#i HOHNOH cBs3H He
ObiBaer. z

XuMuueckoe B3auModelicTBHe He orpanHuedo o6pasoBanHeM HOH-
Hoil cBsasH. Eciu, nanpumep, cuurath, uto B ‘CIF, kak u B CsF,
BAJICHTHBIH 3JEKTPOH OTTATHBAETCS K (PTOPY, TO pacueT MPHBOAUT K
OTPHLATENbHOMY 3HaUeHHIO sHepruk paspeiBa cBsisH Cl—F. 910 03-
nauaet, uto Mosexkysaa CIF He mMOXKeT cCyIlecTBOBATb — IOJOXKEHHE,
HaxojJslleecsi B SIBHOM IIPOTHBOPEUYHH C ONBITOM: XOTH (PTOPHCTBHIA
XJ0p — BelecTBO OuYeHb PeaKUHOHHOCMOCOOHOE, 0AHAKO OHO YCTO¥-
upBO (3KCllepUMEHTa/bHOE 3HaueHHe 3HepPTHM CBsA3H paBHO 2,6 38).
BuiBOJ OueBMJEH — B 3TON MOJeKyjle CBA3b He SBJAsSETCS HOHHOM.

PaccMoTpuM Telepb MOJEKydy, COCTOAIIYI0 M3 aTOMOB, HMeO-
IHX OJMHAKOBble JIEKTpooTpuuartenpHocTH. IlpuMepoM Taxo# Mmo-
aekynabl cayxur He. B 3TOM cayuae o6a aToMa B 60pbbe 3a 3/ek-
tpon pasnonpasubel. B 1916—1918 rr. Jlbwouc u Jlsnrmiop (CLHA)
BbICKA3aJ/i MpeanoJoKeHHe, YTO XMMHUecKas cBsi3b o0pasyercs 3a
cuetT ofiiedl mapbl JIEKTPOHOB, MPHHAANeKALUEH obouM aToMau.
CBsi3b, 06pa30BaHHYIO 3JeKTPOHAMH, NpHHAAIEKAIUHMH 060HUM aTo-
MaM, Ha3LiBalOT 20MeONOAAPHOL, UIH KO8aAeHTHOU. Eciii BajleHTHYIO
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uepTy 3aMeHHUTb, ciaenys JIbloucy u JIsHrMiopy, AByMs TOUKaMH, H30-
OpaKaloWKMH 3Ty 3JIeKTPOHHYIO mapy, To BMecto H—H Moxno
sanucate H:H. [Tonbsysch 3Tofi cuMBOJMKOH [/l BHeUIHEro cjost
(BaeHTHBIX 3JIEKTPOHOB) MHOTO3JIEKTPOHHBIX aTOMOB, MOXKeM Ipe]-
CTaBHTb CTPO€HHe MOJIEKYJ XJIOpa M a3oTa CJeAylouHM 006pa3oM:

CICI :N:::N:

Pacnpocrpansisi 3Ti 0603HaueHAs: Ha MOJIeKYJIbl, COCTOAMME U3 aTO-
MOB Pa3/IMYHBIX 3JIeMEHTOB, MNOJYUUM

H:(-I.:H H:C:Cl: 2
H " H H

Hucso noaoGHEIX NPUMEPOB JIETKO YMHOMHTD, YUHTHIBASL OTPOMHOE
HHCJO OPTraHHYECKUX COeNHMHEeHHH, rlle KOBAJIeHTHAasl CBS3b SBJSETCH
TUOHYHOM. 31ech, TaK Xe Kak M B cJayyae HOHHOH CBSI3H, HAJHIO
CTpeMJleHHe XK (DOPMHUPOBAHHIO 3JIEKTPOHHBIX OKTETOB (HJH XyGJe-
TOB).

Cuepyer 06paTHTh BHHMaHHe Ha TO, YTO €CJH UCKJIOUHTH MOJe-
KYJbl, COCTOALNHMEe H3 OJMHAKOBHIX AaTOMOB (a HX CPABHHTEJNbHO.
HEMHOTr0), TO BCE OCTaJbHble KOBAJEHTHble MOJEKYJbl XapaKTepHay-
t0TCS HEKOTOPBIM (GOJIBWIMM HJIH MEHbUIHM) CMelleHHeM 3JeKTPOH-
HBIX Map K OXHOMY H3 aTOMOB, TaK KaK OHH 06pa3oBaHbl aTOMaMmy,
OTJHYA IO HUMUCS [0 3JeKTPOOTpHLaTedbHocTH. Takas cBssb sBJsieT-
sl NOAAPHOU KoBaAeHTHOU. K MosexyjaM ¢ MONSpHOi CBSI3bIO OT-
HocsATCA, HanpuMep, Mosekyabl CFq u CH3Cl. IMoasipuyio xoBasenrt-
HYIO CBSI3b yJAOGHee OTMETHTb He CABHTOM COOTBETCTBYIOIIHMX Map
royek, a crpeakoil: Cl—F. IMomapuocteio cBa3u Q< — — H o6bsic-
HAIOTCS MHOTHE CBOMCTBA BOJBI, B YaCTHOCTH 3JeKTPOJHTHUECKAs
JMCCOLHANUA PACTBOPEHHBIX B Hell BelllecTB.

B cBeTe H3/10:KeHHOTO HOHHYIO CBSi3b MOXKHO PAacCMaTPHBATb KaK
Npelle/ibHbl Clyqall MONSAPHON CBA3H, KOIAAa 3JeKTPOHHAs Tapa
(3/1eKTpOHHbIe Maphl) NPaKTUYECKH MOJHOCTBIO CMeleHa, T. e. cTa-
HOBHTCSI COCTABHOH 4YacTbi0 3JEKTPOHHOH 060J0YKA OIHOTO U3
aTOMOB,

KouinuecTBo K0BaseHTHBIX MOJIEKYJ Ay OrpaHHUEHO YHCIOM BUAOB
aTOMOB B NEPHOAMYECKOH CHCTeMe, a CHMMETPHUHHIX MOJEKYJd A,
e 722, HEMHOTO; MOJIEKYJ ¥Ke ¢ YHCTO HOHHOH CBA3LIO NpaKTHUE-
CKH Her (cM. crp. 222). [ToaToMy B MOJeKyJdax GOJbIIHHCTBA H3Be-
CTHHIX HaM cOelHHeHHH (a HX ‘ceffuac,HacunThiBaercs Gojee Tpex
MHJUIHOHOB) XHMHYecKas CBSI3b SIBJSETCH NOJNSPHOH KOBAaJEeHTHOL

3. IunoabHblii MOMEHT M CTPOeHHe MoJiekyJ. IIpeacrasum ceGe,
YTO MBI HALIJIM HEHTPHI TAXKECTH OTPHLUATENbHBIX ¥ HOJOKHTENbHBIX
yactedl MoJiekyJabl. Torma Ml 6B OGHApyXHJIH, YTO BCE BenlecTBa
MOYKHO pa3GuTh Ha ABe rpynnul. B oxHy momdaaud 6bl Te U3 HHUX, B
MOJIeKyJlaX KOTOpbIX 06a UeHTpa TAXKECTH COBNALAIT. DTH MOJEKY-
Akl Ha3BIBAIOTCS HenoAdpHoimu. K HUM OTHOCATCH BCe KOBaJleHTHBIE

143




ABYXaTOMHBIE MOJEKYJB BHAA Ag, a Takke Tpex- H Golee aTOMHble
MOJEKYJbl, HMelHe CHMMeTPHUHOe CTPOeHHe, HalpHMep COy, CS,,
CCl,, C¢Hg n np. (cMm. cTp. 136). Bo BTOpylOo rpynny nomaparmor Bce
BelllecTBa, MOJEKYJbl KOTOPHIX XapaKTepH3YIOTCS 3JeKTpPUueCKOH
acuMMeTpHeil, T. €. y KOTOPbIX LEHTPHI TSKECTH 3apAA0B B MOJIEKyIe
He COBNANAIOT. DTH MOJeKYJbl HAa3bBAIOTCA noAApHbimu. K HEM OT-
HOCSITCSI COeAMHEHHS ¢ WOHHBIM THHnOM cBssu (mampumep, CsF),
mobble BemecTBa coctaa AB (Tak Kak HX atoMbl HMEIOT pasind-
HYIO 5/eKTPOOTPHIATEIbHOCT) 1 cocTaBa AnBy npH ycn0Bun acnm-
METPUH UX CTPOEHHSI.

ITonsipHOCTb MOJIEKYJIB! XapaKTepH3yeTcs OunoAbHoLA MOMEHTOM

p=el, (I11.18)

rAe e —3apsaj 3JeKTpoHa W [ — paccTosiHHe MeXAy HeHTPaMH TH-
eCTH MOJOKATEIbHHX H OTPUIATeIbHHX 3apafoB. UeMm Gojee mo-
ASPHBL MOJEKYJbl, YeM 3HauHTe/bHee CMEILEHH BaJEHTHBIE 3JIEKT-
POHHHe NMaphl K OXHOMY W3 aToMoB, TeM Goabuwe p. HaoGopor, ecnu
SJeKTpHUecKass aCHMMETPHS MOJNeKy/] He3HauuTelbHa, TO | HeBe-
JIHKO.

JunonbHble MOMEHTHl OMPeeNsioT SKCIePHMEeHTalbHO, H3Mepssd

' QUIAEKTPUHECKYIO0 NPOHUYAEMOCTb BEIlecTB TPH Pa3IHYHBIX TeMIle-

patypax.
Ecau BemecTBO TOMECTHTh BO BHelIHee 3JEeKTpHUecKoe IoJe, Co-

aJgapaeMoe KOHAEHCATOPOM, TO eMKOCTb MOCJAEZHEro B03PacTeT B &
pas, 1. e.

¢ = — {I11.19)

rie Cp U C— eMKOCTh KOHZEHCATOpa B BaKyyMe H C BelleCTBOM,
& — AH3JIEKTPHIeCKash NPOHHIIAeMOCTb BellecTBa.

BospacTande eMKOCTH (B pe3yjbTaTe yMeHbUICHHS CHJBI 3JeK-
TPHUYECKOTO TOJsI) BHI3BIBAETCS HE TOJbKO HA/HYHEM MOCTOSHHOrO
HHIOJBHOTO MOMEHTa W, TPHUCYIIEro MOJeKyJaM LaHHOrO BEILECTBa,
HO H uX nedopMauued MOX AEHCTBHEM TOJS. VHBIMY CIOBaMH, TIOJ
BIHSHUEM 3JeKTPHUUECKOTO MOJIA NPOUCXOAUT He TOJBKO OPHEHTAUHUS
MOJIEKYJl MOJISIPHOIO BelgecTsa (10 HalpaBJEHHIO NOJs), HO W BO3-
HHUKHOBeHUe J[OMOJHHTENbHOTO — Hagedenno2o (UHOYyLUpOs8anHO20)
OunoabH020 MOMEHTA pugy 3@ CUET CMEUIeHHs 3JeKTPOHOB (OTYACTH
H Ajxep).

Jlnst He OueHb CHJBHBIX HOJeHl MOXHO CYHTATb, YTO MHAYUHHPO-
BaHHBIA JUIOJbHBIA MOMEHT NPONOPLHOHAJEH HANpPSXKEHHOCTH TO-

as E:
Ppnp =akE. (III.?O)

Koa(ruiiyenr nponOpHHOHANbHOCTH o HA3HIBAETCH NOAAPU3YEMO-
croro (W JeopMAYUOHHOI NOAAPUBYEMOCTbI0); OH TeM Goibile,
yeM Gojlee MORKaeTcss MojeKyia AedopManHd, T. € 4YeM MeHee xe-
CTKH €€ 3JIeKTPOHHble 000/10ukH. HaseneHnbll JUNOJbHBIA MOMEHT
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Hcyesaer, KaK TOJNDBKO nose cuuMaerca: corgaacuo (II1.20), npn E=0
H pn=0.

MoXHO noxasaTb, UTO AJS rasoB, a TakxXe I NOJAPHBIX Be-
UIECTB, PACTBOPECHHBIX B HENOJAPHBIX PACTBOPDUTENAX, MCKAY € H W
CyLIeCTBYeT CBfA3b, BhipaxkaeMas ypaBHeHHEM

Lol M4 Nov? 1121
E+QP_—’3HO(OL+3RT>, (1I1.21)

rie M — MoJjeKyJsApHBIH BeC BEIleCTBa; p— €ro TWIOTHOCTh; Ny —
yucno Aporanpo; R — yHuBepcajbHast Ta30Bast NOCTOSHHAA u T —
abcoatoTHasn temneparypa. [lepsoe ciaraemoe B ¢x0o6xaX oTBeyaer
nedopmanHOoHHOMY 3(dexTy, BTOpoe — OpHeHTalHOHHOMY 3ddeKTy.
[TocneHH#H, OUEBHIAHO, AO/IKEH GBITH TEM 3HAYHTEJNbHEE, YeM NOJSp-
Hee MOJIeKyJla, T. €. ueM OoJbllle |, H UeM HHXKe TeMlleparypa, Tak
KaK HarpeBaHHe, YCH/HBaf TellJIOBOe ABHKEHHE MOJEKYJ, MPeNsaTCT-
ByeT HX opueHTauuu *. B coorserctsun ¢ ypasHeHuem (II1.21) npu
HU3KHX TeMIepaTypax mpeoGialaeT OpHEHTAl[HOHHBIH 3bbekT, npu
BBEICOKHX — AedopmaluoHHbIH 3 dexT.
Beenem o6o3HaucHuS:

e—1 M

12 =y, (111.22)
47N,

S0 g, (111.23)
3

A NZ2

=B, (111,24

R (11.24)
1

— =, 111.25
T =* ( )

Torza ypasnenne (III1.21) moxuno sanucarb Tak:
y=A+ Bx. (111.26)

[TosToMy, ecan OTKJIajblBaTh 110 OCH aGCuucc O6paTHYIO abcoJIoT-
—1 M

——(—, T0 NOay-

e+2 p’ y

YUTCA NpsAMad, N0 HaKJAOHY KOTopod (B) nerko Ha¥TH IHNOABHBIH

MOMeHT. JleficTBHTeNbHO, B COOTBETCTBHH ¢ ypaBHeHusamu (I11.24)

u (I11.26) .
- ‘/—QR—Bz —0,01282-10°}/B. (I11.27)
43rrN0

4
HY10 TeMIepaTypy, a 110 OCH OPAHHAT BeJHYHHY

¥ @, a NIOTOMY M Pumyx OT TEMOEPATYPH! He 3aBHCHT, TAK KAK Pa3HHLA MeXAY
HOpManbHBIM H BO3OYXK/EHUBIM YDPOBHSIMH 3JIEKTPOHOB B MOJIEKYJaX OdYeHb BeJHKA,
T. € [JIl MepecTPOAKH 3JAEKTPOHHOA O60NOUKH HeoOXOAHMa BechbMa 3HAUHTENbHAd
SHEpPTHsI; el COOTBETCTBYET OYeHb BLICOKAS TeMIEPATypa.
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Jlas Toro uToObl MOCTPOUTb 3TY NPSIMYIO, HaJO0 H3MEPHTb E€MKOCTb
KOHJEHCAaTopa C HW3yyaeMbiM BelUIeCTBOM XOTs Obl MpH ABYX TeMIle-
paTypax, a TakKe 3HaTh MJOTHOCTb BelIeCTBA NpH ITHX TeMmepa-
Typax.

Merog pacuera uadocTpHpyercss puc. 55 (B=tgf). Hs mero
BHIHO, 4TO pmc>WHBr>WHI H pm,=0; ¢ IOMOLIbIO ypaBHeHUS
(I11.21) us pHc. 55 Jerko Takxe olpeldeHTh a.

OuennM Macitab p: Tak Kak e=4,802-1071° a [ cousmepumo c
pasMepoM MoJiekya (108 ca), To p sABAseTCH BeNHUMHOH mHOPsiAka
10-!8. 3T1a eAuHNLA AHOOAbHBIX MOMEHTOB NOJyYH/Ia Ha3BaHue debas
(D) mo nMenu roqstanjackoro ¢usuka Jledas.

£l M s
75

y=

™

10+

H2 L
) L

s s . 10 15 20

9002 4003 Qo0&  4O0S YT ’ fens, D

Puc. 55. 'paduk nas onpepenennss nu-  Puc. 56. CpapHeHHe JUIOJbHBIX MOMEH-
MOJBHOTO MOMEHTa (u=0,01282X TOB BOXODOAHBIX COEXHHEHHA 3JIEMeH-
XIO“‘BV@B) toB VII 1 V rpynn nepuoxuyeckofl cH-

CTeMBl

HauneM, xax u paHbIle, C TOrO, KAKHM o06pa3oM MeHsercs LaH-
Hoe cpoiictBo B rpymne cxoaubix Bemects. Has HCIl, HBr u HI
AHNOJBHLIE MOMEHTHl paBHbI coorBercTBeHHQ 1,04; 0,79 u 0,38 D.
[Tagenne pn B 3TOM psAgy 0O0DbACHAETCA TeM, YTO yMeHblIeHHe pas-
JIHUASl B 3JE€KTPOOTPHLUATENbHOCTSIX YMeHbLIAET CTeNeHb HOSPHOCTH
CBfI3H.

[Mapansenn3m Xona 3HaueHHH p B ABYX CXOAHBIX pAAax WIIIOCT-
pupyercs puc. 96.

[Tpu paccMOTpeHHH AHIOJbHBIX MOMEHTOB CJIOXKHBIX MOJEKYJ
KaxkJA0H CBA3H Leaeco06pasHo MpUIHCHIBATD ONpEAe/eHHoe 3HaUeHUe
I, YUHTBIBAsl IPH 3TOM He TOJIbKO €ro BeJHYHHY, HO H 3HaK (B 3aBu-
CHMOCTH OT HAIpaBJeHHsl CMELIeHHs 3JeKTPOHOB), T. €. PACCMATpPH-
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Basi AMTIOJbHBIA MOMEHT, IPHXOAAMAIACA HA CBA3b, KaK BeKTOp. I1pn
3TOM HAJAO HNPHHMMATbL BO BHHMAaHHE BKJIAA B AHIOJbHBIH MOMEHT
HeNoJIeIeHHbIX Nap 3JEeKTPOHOB (cM. cTp. 189). .

HunonpHbli MOMEHT MHOTOATOMHON MOJEKYJB MOXKHO CUHTATh
PaBHBIM BEKTOPHOH CyMMe IMNOJILHBIX MOMEHTOB BCeX CBsidei (mpe-
Hefperasi UX B3aHMHBIM BiMsiHHeM). BekrtopHoe ciloxeHue AHNOMDL-
HbIX MOMEHTOB CBsI3€H NMOKa3aHO Ha puc. 57 (BO BCeX caydasx OpHu-
HSTO, YTO BEKTOP HaNpaBJeH oT + K —),

Puc. 57. Cyoxenne AHIOJbHBIX MOMEHTOB CBf- LT
3efl B MoOJIeKyJax:
a— HCN; 6 —S0; u 8 — CH;Cl

M3 u310XeHHOTO clIeayer, 4To onpejeNenHe IHTOJbHOTO MOMEH-
Ta NMO3BOJAET CAENATh 3aK/AOUEHHS O XaPaKTepe XHMHUECKOH CBS3H
(MOHHAs, MONAPHAS WJIH KOBA/JeHTHAsI) H O TeOMEeTPHUYECKOH CTPYK-

l?l
i

H,
He” o
L0 ue”  .ypp oM
a ]

Puc. 58. [lumosbHbie MOMEHTBI JBYX MBICJAHMBIX Ba-
PHaHTOB CTPOeHHS MOJekyan NHj:
a — nuaockasi; 6 — nupamunanbuast

Type Moaeky.nn. Tak, ans onpefeneHust cTpoeHHs BeliecTBa BBIUHC-
As0T p (M0 NPABHIY CJI0KEHHS BEKTOPOB) s PASAHUHBIX MOTeeil.
[lpaBunbHOfi OkaswiBaeTca Ta M3 HHX, AJs KOTOPOH BbIYHCJEHHOE
3HayeHHe HauGoslee GJIHM3KO K ONBLITHOMY. :

Paccmotpum neckosbko mpocrsix npumepos. M3 gByx Mbicaumbix
BapHaHTOB (@ M 0) CTPOEHHS MOJIeKyAbl aMMHaka (pHC. 58) BLIGH-
paeM 6, NOCKOJIbKY H3MEDeHUs MOKa3LIBAIOT, 4TO MOJEKyJa HOJsp-
Ha (cm. Takxe crp. 189). Mbl cuHTesupoBasH JuxJa0p6en3on
CeH4Cly. Kakoit u3 tpex? -
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I 7/ \Im ct/ \lm
c& / cx”\' 7 "\ J

oprio- napa- xema-

JlonmycTuM, 0KasaJoch, YTO AHMMOJBHBIA MOMEHT MOJYYE€HHOTO COefH-
HeHHSl paBeH IUNOJNbHOMY MoMeHTy xJyopGensona CgHsCl. Torama
MOCTPOHB MapajliieJIorpaMM AHIONbHHX MOMEHTOB cBsizeil (puc. 59),
yGexpaeMmcs, 4To OblI CHHTE3HPOBAH META-H30Mep, TAK KaK JIJs
napa-guxaopGensotta u=0, a aas opro-guxaopOeHsona* p=
=uc-a V' 3.

Tlo AMOOJNBHOMY MOMEHTY MOXKHO DasfiHUHUTh W YUC- U TpaHc-
u3omeps. Tak, y TPAHC-AUXJOPITHIEHA B OTJIMYHE OT YUC-IUXJIOP-
3THJIeHa AUTOJNbHEI MOMEHT paBeH HyJIO.

A 41 ",

Ha
opmo- nape- mema-

Puc. 59. Junonbusie MOMEHTH H30MepoB guxJopGen3ona (Kax-
nas crpejka B MacuraGe paBHa BedaHuHHE Rc_cy)

[Ipn HanMuuy B MOJEKyJe MHOTOATOMHBIX 3aMECTATENEH cleny-
eT y4ecTb X MPUPORY. DTO MOACHAETCSA IPHMEPOM C HHTPOOEH30/I0M
H TOJYOJIOM

’/ ¢—NO, “/ \IE—Eﬁs

AN
L U

Ipynnet NO; 1 CH; naiot Bk/agbl B JHIOJBHBIA MOMEHT MOJIEKYJIBL,
OT/IMYAIOIKeECs He TOJBKO 0 BeJIHYHHe, HO H 110 3HaKYy.

4. 3ddexTrBHble 3apanp. Korga atoMm o6pasyeT XHMHUECKYIO CBA3b, €T0 3JEKT-
POHHAS MJIOTHOCTb MeHseTcHd. DTO H3MEHEHHE MOXKHO Y4ecTb, NPHIHCAB aTOMY
HeKOTOpHit 3pexTusHoyl 3apad § (B enMHMUAX 3apajna 3JeKTpOHA). DdderTus-
Hble 3apsfbl, BbpaxKaloiHe aCHMMETPHIO 3JIEKTPOHHOTO 00jaKa, HOCAT YCJOBHBIA
xapakrTep, TaK KaK 3JeKTPOHHOE 00JIaKO NEeJIOKAaJNH30BaHO U ero Helb3s pasfesHrhb
MeXJy fAApaMi. ’

Jina atoMoOB, 06pa3yOmHX KOBaJeHTHYIO MOJeKyay, 6=0; B HOHHOH MOJeKyJie
s deKTHBHHH 3apsal aTOMOB paBeH 3apany HoHa. [las pcex APYrHX (HOJAPHBIX)
MOJIEKYJl OH HMeeT MPOMEXYTOUHEIE 3HAYEHHA.

IToa BaMsHHeM BHeEIIHero moas & yBeJHUHBaeTCA BIJIOTb A0 3HaueHHsd, OTBe-
4aolEero HOHHOR cBs3d. DTO BO3pacTaHHe TeM OOJbLIE, yeM 3HAuHTE/bHEE IOJS-
pU3yeMOCTb, KOTOpas, B CBOK OYepefb, YBeqHUHUBAETCHA ¢ 3JEKTPOOTPHUATE]b-
HOCTBIO.

* MaMepup AJs TNOCJEJHEro BELIECTBA BEJIHYHHY [, Mbl Obt yGeXHuHCb, uTO
ONIBIT JaeT HeCKOJBKO NpPeYMeHbUIEHHOe 3Ha4eHHe MO CPABHEHHUIO € DPACHETOM —
pe3yJbTaT OTTajkMBaHUS GIH3KO PaclOJOXKeHHHX aTOMOB XJOpa, MeCYIIHX OTpH-
HaTeJbUbIf 3apaj.
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3nayenns O onpegensioT Da3IHYHLIMH METOJAMH: HA OCHOBAaHHH H3yueHHs
ONTHYECKHX CNEKTPOB NOTJIOLIEHHS, PEHTTEHOBCKHX CIEKTPOB, SIEDPHOrO pPe3oHaHca
HT. I

At dexTHBHBIA 3apsa MOXHO paccMaTpHBAaTh Kak MEPY NOJAPH3YEMOCTH KOBa-
aentHof ¢BaA3H. Tak, pacueT, ocyiiecTBjeHHbii HA OCHOBAHHH HCCJELOBaHHS PEHT-
FeHOBCKHX CHEKTPOB NOIVIOIEHHA, AJsi XJIOPOBOAOpOAA [aj CAeAyIOHe BeJiu-

YHHBI:
H +0,2Cl—0,2

d1oT pesyabTaT MOXHO TPaKToBaTh Tak: B MoJexysae HCl 3soma maxcmmaabHOro
NepeKpHIBaHHS CBS3YIOIIHX 3JEKTPOHHHIX 06/iakOB CMemieHa B CTOPOHY Godee
3JEKTPOOTPHIATEILHOTO 4TOMA XJIOpa, B Pe3yJabTATE 9ero aToM BOAOPOAA MOJA-
puayercsi moJoxnTensio (0m=0,2), a arom xJjopa 5 orpunareapHo (8 = —0,2).
MOXHO CKasaThb M HHaue: CcBfisb B MoJekyie HCI| npuMepro ©a 209 umeer
HOHHbLIl Xxapaktep. TakuM oOpasoM oHa OJH3Ka K KoBaJeHTHOfi. MoJgekyaa xe
NaCl, pas xotopofi Na+0.8 Cl-0,8, mpencTaBHT NpHMep COeAMHEHHS, Tlle XHMHYE-
cKasi cBsi3b, HaoGOpOT, 6JHXKe K HOHHON. DTH Pe3YJbTaTH MOAKPEIISIOTCS H CJie-
zyomnMu aasubiMi: Wy =1,0D; py,e =10 D.

3Hauennss § Ha aroMax — aHaJqorax B OZHOTHIHBIX COEAHHEHHAX MEHSIOTCA
3akoHoMepHo. HeficreatennsHo, B pany HI' nmeem: 865=0,45; 8, =0,2; 85, =0,12;
3y =0,05. OuepHaHO, B MOAOGHLHIX PAAax MOJeKyJd Gyaer HabJionaThes KoJHye-
CTBeHHBIA NMapaJJieJH3M MeXJy 3HayeHHSMH § u BeJHuHHaMu U(a). '

B rtaba. 14 npuBeneHbl 3HAYeHHS 5QQEKTHBHBIX 3apHJOB aTOMOB AJA HEKOTO-
PbIX coeqHHEHHH, Hafi/leHHbIe 110 PEHTTeHOBCKUM CHIEKTpaM morjomeHnxsl. XoTsl 5TH
3HayeHHs] O SBJSIOTCA OPHEHTHDOBOUHBIMH, HO H3 HHX MOXHO CJeJjiaTh BIOJIHE
onpefeNeHHble BBIBOABI: Tak, oOpamjaer Ha ceGs BHuMaHue TOT (aKrt, 4To Her
coeHHeHHs, B KoTopoM >(exTHBHBIA 3apsAa aroMa Guul 6H GoJvlue 2; B coeau-
HEHHAIX ORHOTO M TOro Xe aroMa ero 3¢QexkTHBHBIN 3apa] MaaeT ¢ YBeJHUEHHEM
crenenn okucaeHus (Crt2Cla—Cr+3ClL—K,Crt604) T, e. uem Boiie GopMaabHas
BAJIEHTHOCTb, TeM OoJbllie N0JA KOBaJeHTHOfi CBA3H (4TO OGYCJOBAEHO YMeHblie-
HHEM MOJSIPHOCTH CBA3eH [0 Mepe YBeJHYeHHs HX THCJA).

Ta6auna 14
9ddexTaBHBe 32pAAN ATOMOB B HEKOTOPHIX COEAHHECHHSX
BewecTno ATom 3 Bemectro AToMm 3
HCI Cl —0,2 GeBry Ge . +1,1
SO,Cly Cl —0,1 Br -—0,3
C2H4Cl2 Cl 0 ZﬂBl’g Zn +0,5
KCiO; Cl +0,7 Br —0,25
LiClOy4 Cl -+0,8 IBr Br —0.1
H,S S —-0,2 GeH,y Ge -+0,2
SO, S -0,1 GeOq Ge +1,0
SC]Q S +0,2 KQCI'207 Cr +0,1 :
CaSO, S +0,4 KoCrOy4 Cr 40,2
KMnO, Mn +0,3 CrCl; Cr +1,3
CaTiO; Ca +1,5 CrCl, Cr +1,9

Fmaaa yetaeprasd
KBAHTOBOMEXAHMYECKOE OBbSICHEHME KOBAJIEHTHOW CBA3M

YcraHoBHTD '(I)I/IBH'{ECKI/IE NPHYHHDBI BO3SHHKHOBEHHA CBA3H MEXAY
ATOMAaMH yJAaJiochb TOJBKO II0CJe TOr0, KaK CTaJlH H3BECTHBEI 3aKOHBI
ABHZK EHHUA Mnxpoqacmu—*ﬁbma €031aHa KBaHTOBasd MeXaHHKa.
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B 1927 1., uepes rox nocsae nosBaenus craten lpeanurepa, B KOTO-
poit OblI0 NMpefJoKEHO YDaBHeHHe, HOCdllee €ro MMs, TOABHIACH
pa6ora eiitnepa u Jlonaona (I'epmanusi), comepxxkaiiasi KBaHTOBO-
MeXaBHUecKHH pacueT MOJeEKYyJbl BoJopoAa. JTta paGoTa MONOKHIA
HayaJo TIPHMEHEHHIO KBAaHTOBOH MeXaHHKH /s pelleHHs XuMHUe-
CKHX Npo0bjeM.

CJyeiyeT OTMETHTb, UTO TOYHOe pelllenne * ypaBHeHusi Ulpeann-
repa AJsi KOHKPeTHBIX 3ajau, BCTPEUalOUMXCs B TeOpHH aToMa H
MOJIEKYJIbl, CONpPSXKEHO C upe3BbUaiiHO OOJBIIMMH MaTeMaTHYeCKH-
MH TPYAHOCTSIMH, KOTOpble y4aJOoCh NPe0JoJeTh TONbKO B HEMHOTHX
clyuasix. Tounoe peiresne HaHAeHO NOKa TONLKO [Jisl OLHO3JIEKTPOH-
HBEIX CHCTEM — aTOMa BOAOPOJa U BOAOPOAONOLOOHHX HOHOB, a TaK-
e HOHM3HPOBAHHOH MoJeKyas Bojgopoaa Hot. Ilist Apyrux aToMoB
1 MOJIeKyJ B HacTosilliee BpeMs BO3MOXKHO MOJyueHHEe TOJNBKO M p H-
GAHKEeHHBX peimenuil ypaBuenus llpeannrepa. dTu peiue-
HUS HMeEIOT GOJIbILOe 3HAUeHHe IS XHMHUecKOH HayKd, TaK KakK OHH
06BACHAIOT IPHPOAY M CBOICTBA XMMHUeckux cBsizedl. TloaToMy mpe-
JKIe 4eM MPHCTYIHTL K PACCMOTPEHHIO Pe3y/JbTaTOB KBAHTOBOMeEXa-
HHYeCKOH TPaKTOBKM XHMHUECKOH CBsA3H, 11e/1ec006pasHO NMO3HAaKO-
MHTBLCSl ¢ HEKOTOPBIMH MaTeMaTHuecKHMH NIpHeM aMi, HCII0JIb3yeMbIMH
npu npubauKeHHOM pelueny ypasnenus llpenunrepa.

1. Pemienue ypasHenus Ulpexunrepa ¢ Hcnonb30BaHHEM NPHGJIH-
KenHpix GyHkumil. YpasHenne lllpennurepa n ero pelllenne 1is
npocTofi Boo6paykaeMOH MOZe/H — ABHKeHHS UYaCTHLbl B IOTEHIH-
aJbHOM SilHKe — paccMoTpensl Beie (cTp. 29—39). B 3agaue o mo-
TeHUHaJbHOM fILIHKE yAaJ0Ch HafiTH QYHKUHIO P u BHpaXKeHHe AJs
sneprun E, ynosaersopsioimne ypasaennio Ulpennnrepa aas pac-
cMaTpuBaeMoro caydyas. PellleHne 0Ka3a/joCh HECJIOXKHBIM BCIEACT-
BHe TOro, UTO HOTEHIHAJbLHYIO 3Hepruio yactiubl U MOXKHO OblIO
NPHHATL PAaBHOH HYJIO; TOrAa 3a&aya CBOAMIACH K OTBICKaHHIO QYHK-
1YY, BTOpas MPOM3BOJHAA KOTOPOH BbIpaxKaercs TOH ke caMoH
dyHKUMeH, B3ATOH ¢ 00paTHBHIM 3HAKOM, M3BECTHO, UTO 3TOMY YCJO-
BHIO YAOBJETBOpseT PyHKIHA CHHYyCA.

Kax Mbl YBHAHM HMIKE, IPH PAacCMOTPeHHH MOJIEKY/bl BOAOPOZa
(YHKUNS TOTEHIHaAbHOH 3HEPrHH 3JIEKTPOHOB AaeTcs BhIParKeHHEeM,
coCTOSIHM U3 6 uienoB. JIJd Apyrux MOJeKy/ NOTeHLHabHaA 3HED-
rus 3JeKTPOHOB onpexessieTcd emte 60jee CA0XKHBIMH COOTHOIIEHHS-
Mu. OTbicKaTh GYHKIHKIO P, YAOBIETBOPsIONIyIo ypaBHenuio lpenun-
repa, B 3THX CJAyuasx He yaaeTca. [TosToMy cTapaiorcs Haith QyHk-
waio § 1 3Hauenns E, 6iauskue K TeM Heu3BecTHsiM Y H E, KoTOpble
ABJaAIOTCA peiuenueM ypaBHeHus llpexunrepa.

* 3nech M jajee NMOL TOYHHM pewenweM ypasrenua Ilpeannrepa Mbi mowu-
MaeM TOUHOe B MaTeMaTHYeCKOM CMBICJE — HaXOK[€HHE aHANIHTHYECKHUX BblpaiKe-
uull gast P u E, noxcranoeka KOTOpHx B ypasrenue Llpenmdrepa ans paceMmarpu-
BaeMOH 3afaud TpeBpamlaer ero B ToxkJecrso. IIpuGiamxenHoe pemeHue e 00s3a-
TeJbHO GyfeT Majo TOUMEM B NpaKTHIeCKoM cMmbicie. Tak, Hanpumep, B fajbHed-
WeM Mbl YBHAMM, 4TO NpHOJHXXEHHBIE METOQb! MO3BOJAIOT PacCUHTATL SHEPIHIO
cBa3H B Mojekyne Hs ¢ He MeHbllefi TOYHOCTbIO, Ye€M [AeT IKCIePHMEHTANbHOE

onpejeneHne.
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I[JIH ABHXXECHHUA OﬂHOﬁ HaCTHIBI 3TO YPaBHEHHE HMeeT BUI

h2 0% 02y a2y
- ! b= E{. .
8n2m ( 0x2 0y2 + 922 )+ U(x, y, 2) b= E{ (111.28)

Ono Moxetr GbiTL 3anucano B Gojee KOMNAaKTHOH ¢opMe, ynoSuoi
AJS HaXOKJAeHHs npHOJHMEHHHIX pemenddi. Beegem o6o3Hauenus,
N03BOJIAIOIIHE TMPHAATL 1aHHOMY YDaBHEHHIO TaKYIO GopMy, uTO6b:
AN onpefeieHHod (QYHKUHHM NoTeHnHadbHON 3Hepruu U(x, y, 2)
sesnunHa E morsia GHITh HafiieHa NPH NOMOLIH (YHKUHH, KOTOPYIG
MO HO CYHTATh JOCTATOYHO XOpOUIUM NpHOIHKEHHEM K HeH3BECTHOMH
Gbynkuun P, sBAsOWeNRca pemlenneM ypaBHenusi Ulpenunrepa.
Hcnonbzyem obo3Hauenune
02 02 02

2 = .
V= e T op T om

(I11.29)

Cumson V? (nabna B kBajaparTe) masblBaercsi oneparopom Jlanaa-
ca*. Oneparop Jlamiaca siBisieTcsl COKpAIleHHBIM YCJAOBHBIM BHIpa-
KeHHeM AJisi 00o3HauyeHHsi CYMMHDOBAHHSI BTOPHIX NpPOH3BOXHBIX
Gbynkiuu no koopaunataM. C BBesenueM 3Toro oGo3Hayenus ypas-
Henue lllpenunrepa npunumMaer BuA

2

- V4 U= Ey, (111.30)
8n2m

NpH 3TOM MoapasyMesaercs, uyto U sBasieTcsi ¢dyHRuHedl KoopaMHAT
X, yHz

Hans eme Gonplliero ynpolleHusi 3aNucH BBoauTcs oneparop [a-
MUALTOHA (2AMUABTOHUAH) :

H=—

24U, II1.31

8n2m vt ( )
C BBelenueM raMuJbTOHHAHA 3anuch ypasuenusi llpenunrepa npu-
HHMaeT oYeHb NIPOCTYIO (hopMy:

HY = EY. (111.32)

Cnellyer MoqYepPKHYTh, YTO B 3TOH 3alHMCH M3MeHeHA TOJbLKO CHCTe-
via oGosnauenuii: ypaBHenue (I11.32) roxknecrsenno (I11.28).

Tenepr ymuoxkum oe uactu ypasuenusi (111.32) na dynxuuio ¢,
TOTAA NOJYYHM

YHY = VEY (111.33)
HJan
VHY = E{2, (111.34)
OTKyIa
SHY
E= " (111.35)

*OnepaTopoM Ha3LIBalOT CHMBOJ MaTeMaTHUYEeCKHX [ef-
CTBHH, nmpeBpallamux oAHY GYyHKHHIO B apyryw. Hanpumep,

d d
B BhpaxXennsx tgq, Iga, L U onepatopamii sasioTcs [tel, [ig], [—dx ]
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Ecnn 6B GBUIO H3BECTHO BhIpa)eHHe JJs GYHKIWH 1, ABJAIOUIEECH
pewendeM ypasuenus Ilpenunrepa, To ypasnenne (I11.35) masaso
6bl Beauunny E npu noxcrasoBke sHauenuit YHY u 2 ansa moGoi
TOYKH IIPOCTPAHCTBA *.

QueBHAHO, €CAM B3SIThb NPUOMHKEHHYIO DYHKIHIO ¢, TO TOXCTA-
HOBKAa 3HAaYeHMH 3TOH (QYHKuMM nact npubiu:KeHHble 3nauenus E.
[Tocxkoabky GyHKIHA ABJIAETCA HNpHOIMKEHHOH, MCIOJNb30BAHHE He-
KOTOPbIX M3 ee 3HaueHHWil MOxKeT IPHBeCTH K BeauuuHe E, oyenp
CWJIbHO OTJHMYalomielics OT ee HCTHHHOro 3Hauenus. Heonpegemen-
HOoCcTh B BhiGope 3Hauennit YHY u Y? ycTpansiercs, eC/u NPOU3BECTH
MHTErpUpOBaHue 3THX (QYHKHHH MO BCeMy NpocTpaHcTBy (OT 3Hauve-
HHS KaXk[0# M3 KOOpAHHAT — oo 10 3HAUEHHs -+00); TOorjaa ypaBHe-
HHe /IS BBIYHCJIEHN S SHePTHH NIPHHAMAeT BHA

Hﬂwu
E=-—7rr,
Jonaa

rae dv — sneMent o6beMa. Ecan ¢yuxuus § nopmuposana (06 olle-
pauuy HOPMHDOBKH CM. cTp. 37), TO HHTerpaJ, CToflluii B 3HaMe-
HaTesle, paBeH efxuHHue, 1 ypasHenue (II1.36) mpuoGperaer Qopmy

' (111..36)

E= y YHY dv. (I11.37)

Ypapuenusa (111.36) m (I11.37) Moryrt OHLITH HCHOJb3OBAHBL MAJA
BbIYHUCJIEHHS SHEPTHH H IJIS1 CHCTEM, COAEPIKAIIMX HECKOJBKO 3JeK-
TPOHOB. B 310M C/Iyuae raMHJIBTOHHAH 3aNHIIETCS TaK: -

h2 y
—— 3 1.
i sty 2 Vi TU (II.38)

rae V2 —oneparop Jlanjaca, conep:kauuii KOOpAUHATH i-r0 3J€K-
TpOHa (CYMMHpOBaHHe MPOHU3BOXMUTCS IO BCEM 3JEKTPOHAM).

C nomoiuplo ypaBHenus (I111.36) moxHO npHOIHIKEHHO paccyH-
TaTh OCHOBHYIO XapaKTEePHCTHKY CHCTEMBI (aTOMAa WJIH MOJIEKYJBl) —
ee 3Hepruio, ecyan HafimeHa GyHKuusa 1, L0CTATOYHO IOJIH3KAS K HC-
THHHOH BOJIHOBOH (pYHKIHH cHCTeMH. BriOOp Haugayullero Buga NpHu-
OumKeHHOH (GYHKIHMH IPOH3BOAUTCA C IOMOLIBIO B8APUALUOHHOZ0
Meroda.

B BapwanuoHHOM MeTOIe MCXOAST M3 TOrO, YUTO YeM MeHbIle
seaqunurgna E, monyuaemas no ypasHenunio (II1.36)
pian (I11.37) mpwm nomMomu BHOpaHHOH PyHKuHUH 1,
TeM OHa OJHWXKEe K HMCTHHHOMY 3HAUYeHHIO 3Hep-
MM OCHOBHOTIO COCTOSHHS CHCTeMBH, a BHOGpaBH-

* 3anucs YH P Hempss samenuts Ha P2 H unu H ¢? (kak u VX Ha $V?)
10Z06HO TOMy, KaK Helb3s 3aMEHHTb 3anuCh .
d d 0
——y Ha — y2
y dx ° dx Y
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Hasfli BOJHOBasg PYyHKOHUA—EK HCTHHHOH J[JlaHHoe no-
JoXeHHe MOXeT 6blTh CTPOTO Jokaszano. He npusons storo mokasa-
TeJIbCTBA, MOXKHO OOBSICHHTD MNPHHLUMI BapHAIHOHHOTO MeToZa
CleflylOIlUM paccyxJeHHeM. Kak Mel 3HaeMm, BosHOBasi (YHKUHH
ONUChIBaET pacmpese/neHie IVIOTHOCTH 3TeKTPOHHOTo 061aka. OcHOB-
HOMY COCTOSIHHMIQ MOJICKYJIbl ~— COCTOSIHHIO ¢ HauboJdee HH3KOH 3Hep-
ridefl — OTBeuaer Kakoe-TO ompeleneHHoe pacnpe,ueneune 9JeKTPOH-
HOM WAGTHOCTH, BRIpaXkaeMoe HCTHHHOH BOJHOBOH QYHKIHeH, KoTo-
pas Heussecmaj, pHDIHKCHHAN nBonHosaﬁ'@yHKuuﬁ oTBeuaeT Ka-
KOMY-TO HHOMY . pacnpenenenmo 9JEKTPOHHOH IIJIOTHOCTH, IJIsI
KOTOPOTO 3HEpTHs oyzer 6oabme. Uem Gamke BasiTas '(byHKlU/lﬁ K’
HCTHHHOH, TeM HHXe OyJeT BBIYHCJIEHHAs C ee NOMOIIbIO HEpTHS,
TeM Gnuxe OyleT NOCHeAHsst K HeHCTBHTeNbHOMY 3HaueHuio E
OCHOBHOTQ COCTOSIHHS! CHCTEMBI.

Pemenne kxBanToBOMeXaHHUYCCKHX 32 a4y B TEOPDHH MOJIEKYJIBl CBO-
JOUTCS K HCNOBITAHHMIO Wpu noMouid ypaBHenus (I11.36) pasmauunbix
dyHKIUA, coTnacyomuxca ¢ Gu3HYeckKol KapTHHOH IBHKEHHS 3JieK-
TPOHOB B MoJeKyJge. Ta u3 3atHx ¢yHKuH#, Koropas nacT MHHH-
MaJbHOe 3HayeHHe E, MOXeT CUHTAThC HAaWMy4IIUM 06GPasoM onu-

c el coCcTosIH
[lpu npHMEHeHHH BapHaHHOHHOI‘O ‘MeToxa 'lerlﬁJIH}KEHHaH BOJI-

HOBas ¢dyukuus P 06HYHO Gepercst Kak CyMMa IpOH3BeJeHUl Hesa-
BHCHMBIX APYT OT Hpyra QyHKUHH @i, @s, P3 e B KO3 QHLHEHTOB
C1, €2, €3,..., T. €.

Y= 0191 + CoPg + €393+ «+. + €pPp- (111.39)

K yuxkunam @i, ¢g,... IpeABABAAIOTCH Te XKe TPeGOBaHHSA, UTO H K
BOJNHOBOH ()yHKIHMU,— OHH IO/KHB OLITh KOHeUHBl, HeIPepPhIBHEl H
OJHO3HaUHBl H AOMKHB 00pallaTbcd B HYAb Ha GeCKOHEUHO GOJb-
IIOM PacCTOSIHMH OT MOJeKyas (cM. crp. 30). Pasymeercs, neo6xo-
auMO, uToObl (DYHKIHH COOTBETCTBOBAJIH paccMaTpuBaeMoil 3afaue —
OHH JOJIXKHBEL 3aBHCeTb OT 3apsna sfiapa u KoopauHart. JKenarteabHo,
4TOOBl OHHM BO3MOXKHO TOYHEe YUHTHIBAJH BCe OCOOEHHOCTH paccMar-
puBaeMol CHCTEMBI, B YaCTHOCTH, B3aHUMHOE OTTaJKUBaHHUe 3JEKT-
POHOB.

QOueBusHo, yro npu noxacrasoske ¢yukuuu (I11.39) B ypasueune
(I11.36) Benuuuna E 3aBHCHT OT 3HaueHHil KOIPDUIUEHTOB €, Ca,
€3, ... . CoryracHo mpHHIHNY BapHaUHOHHOTO MeToJa, 3TH Ko3dduuu-
eHTBl HY>XKHO BHIOpaTh TaKUMH, UTOOH BeauuuHa E Ovlna MHHHMaJb-
HOH. D10 yHO6HO clesaTh, paccMaTpuBas Ko3ddHIueHTH Kak mepe-
MeHHEIe BeJHYHHBl, OT KOTOPBIX 3aBHCHT 3Hauenue E; Torma ycaosue
muHEMyMa E BeIpasurcs cucTeMolt ypaBHeHHH

OE 0E oE

=0; —=0;... =0. I11.40
601 dey de, ( )

Pemenue naHHOH CHCTeMBl ypaBHeHHH N03BOJsieT HAHTH 3HAUYEHHUS
€1, C2, C3, ..., IPH KOTOPHX BeJHUHHA SHEPTUH CHCTEME MHHHMaJbHA;
B 3TOM caydyae GyHKIHA P, npeacrasienHas cymmoit (I11.39), nau-
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Gojiee 6sIM3Ka K HCTMHHOH BOJIHOBOH (PYHKUMH, ABISAKINEHCH pelie-
uueM ypasHenus Lpenunrepa.

PaccMorpuM, kKak 310 AelaeTcs, Ha [IpUMepe BOJNHOBOH (yHKHMH,
comepxkaulell 1Ba KO3(DPHUHEHTa ¢| U Cg

$ = c191 + Co%9. (111.41)

a 3aTeM DAaclpoOCTPaHHM MOJNYUeHHBIH pe3yabTaT Ha (PyHKUHMIO, co-
IepKaulyo Joboe YHcI0 KOIDPHIHEHTOB.

IMoncraBus Beipaxenue (II11.41) B ypasuenue (I11.36) n yuursr-
Bas, YTO TAMHJbTOHHAH CyMMbl MOXHO TpeACTaBUTb KaK CyMMY
raMHJIbTOHHAHOB CJlaraeMslX, TojydaeM o .~

1}‘?1”‘9140 + c1e9 f P1H$dv - ¢109 f‘PzH?l dv +, czf‘?zﬂwzdv . 42
= e - : )
fq’l dv + 20102j<91<po dv + 025' 9g dv

Idns cokpaulenus 3amucu unrerpajsl B ypasnennn (I11.42) ynoGuo
o6osnaunth GykBamMu. WMuterpassl, cogepxkamiue onepatop I'amusnb-
ToHa, o6o3HaualoTcss GykBoH H, He copmepiKall¥e raMHJIbTOHHAH —
6ykBoit S. MHpekcaMu CHH3Y yKa3biBaercsl, KakHe (YHKUMH CTOAT
nox 3HakoM uurerpaJja. Tak, Hy, (unraercsd «am OZMH—OZMH») cO-
OTBETCTBYeT HHTerpany | ¢iHe;dv, aHaJIOTHUHO

Hip = [ 91Hey dv,

Hy1 = [ ¢He1 dv,

Hy = [ 9oHeqdv,
Sn={o1p1dv = [ ¢} dv,
S = Sp1= | ¢19¢ dv,

Sy = [ g9 dv = [ ¢} dv.
MoK Ho mokasarb, 4To
‘ Hig = Hoyy. (111.43)

C nomompblo 3THX oGosnauenuil ypaBHenue (111.42) samuimercs
B Gojiee KoMnakTHOH hopMe: D
2H + 2c100H 1 + Cg}"zz Y 74

E=— < cl, (I11.44)
¢;S11 -+ 2¢169819 + €3520 172

B coorserctBun ¢ yciaoBuamu (I11.40) myxHo npoauddepeHunpo-
BaTb BhlpaxkeHue s £ 10 ¢ U ¢; ¥ IPHPABHATH Nl0JAYUYEHHbIE MPO-
n3BoiHble Hysio. sl 3TOro cieayer BOCTOJIB3OBATHCS hopMyJI0H,
BhIpakalollell IPOM3BOAHYIO APOGH

( u )’ vu' — uv’
v - 2 ’
154 ~ - .
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3necb & B U IIpeACTaBJSIOT BbIpAXKEHUA, CTOALLHNE B YHUCJIHUTEJE U

B snamenarese (I11.44). B Hamwewm cayuae

u\ va' — uv’
-— :——:0,
(v) v2

. -._')(L':)v'=0
U
HJH y
u’ —@1’= 0.

IlpousBoasa auddepeHIIUPOBAHUE 110 €|, OJaYydYaeM

2e1H11 4+ 2¢9f 19 — E (261811 + 205S19) = 0
HJIH
(Hy—ESp) e+ (Hip— ESp) ¢y == 0.

oTCroAa

Huddepenunposanue no ¢ ¢ yueroMm (111.43) npuBoaur x anano-
THYHOMY BHIPaKeHHIO

(Ho1— ESy1) 1 + (Hoy — ESg9) €3 = 0.

Taxum ofpasom ans onperedeHHs HHTepeCYIOUIHX Hac Kodddu-
ILHEHTOB €1 U C2 HEOBXOAUMO PEUIHTh CHCTEMY ypaBHEHHH

(H11— ES11) €1+ (Hig— ESpp) ¢ =0, }

(141.45)
(Hopr — ESo1) €1 4 (Hog — ESg9) 5 =0,

IlanHble ypaBHEHHWH! HA3BIBAIOTCA B8eKOSbIMU. DTOT TEPMHH 3aHMCT-
BOBaH M3 HeOeCHOH MeXaHHKH, Ille C IOMOIIbI0 aHAJOTHYHBIX CHCTEM
ypaBHEeHHH OTIpejlesIIIOT U3MEHEHHs B [ABMIKEHHH I[JaHeT, NPOHUCXO-
JSIHe B TeUeHHe CTOJeTHH — BeKoB. PaccMaTpHBasi GIHCaHHYIO
CHCTEMY ypaBHEHHH, Mbl BHJAUM, UTO NePBbIA HHAEKC Y 0603HAUeHHH
HHTETPAJIOB COBIafaeT C HOMEPOM YpaBHEHHS, a BTOPOH — ¢ HoMe-
poM ujeHa B JaHHOM ypaBHeHHH. B ofmewm ciyuae, KOTia BOJHOBas
¢dyukuus paercs BoipaxenueM (I11.39), copepxamum n koadpduuu-
eHTOB, CHCTEMAa BEKOBbIX ypaBHEHUH 3amuuieTcs

(Hu—ESp)er+ (g — ESy) o+ -+ + (Hin— ES1p) ¢, =0,
(Ho1 — ESop) 1+ (Hyp — ESpe) €0 + -+ + (Hop— ESyp) ¢, =0,

(111.46)

(Hni—=ESp) e1+ (Hpg— ESpg) ey -+ -+ + (Hyn— ESpn) ¢, = 0.
BMecTo npHBeIeHHON 3alHMCH MOXKHO AaTh 60Jee KPaTKyo
Z(Hij— ES;ij)cj=0,
rie { ¥ j MPeACTaBJASIOT COOTBETCTBEHHO HOMepDa ypaBHEHHH H HX
Y/IeHOB, MIPOXOALINE BCe 3HAYeHHUs OT 1 10 7.

HsBectHo (cm. npuaoxkenue 10), uro noaoGHble cHCTeMbl ypas-
HEeHHHl HMEIOT pelIeHHs, OTJHYHBIe OT HyJs, B TOM Cjyuae, Korja Je-
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TEPMUHAHT, COCTABJIEHHEHA U3 K03()QHUHEHTOB NIPH HEHU3BECTHHX CH-
CTEeMEl, paBeH HyJIo, T. €.

Hy —ESny Hyy —ESyy .. .Hiy —ESis
H21 —ESzl H22 —'ESQZ .o .H2n _ESZII
Hoy— ESni Hyy— ESng ++.Hun— ESpn

3T1or JeTepMHHAHT HA3LIBAlOT BEKOBBIM; ponee KpaTko JAaHHOE yCJlo-
BHe MOXHO 3amucaTh B 0011eM BHe

| Hij—ESij| =0.

PemuB BeKOBOH JeTePMHUHAHT, HAXOAAT BHPaXKeHHE A5 SHEPIHH
E; 3aTeM, NOJCTaBHB €TI0 B CHCTeMY BeKOBHIX ypaBHEHHH, onpezens-
10T KO3 PHULHEHTH €1, Ca....

Ecan cymma (111.39) cozmepxkur 60JipliOe YHCIO HYJICHOB, TO BH
GyHKUHA @, @2, .. OKa3biBaeT CPABHHTEJIbHO MAajoe BIMsHHE HA
pe3yabTaT. Bhi6paB HajdeXaluM 06pasoM KO3IQOHIHEHTH C1, C, ...
MOXKHO NOJYYHTh AOCTATOYHO XOpollee NPHOIMIREHHE K HCTHHHOH
BOJIHOBO# pyHKIMH {npy GecKOHeUHO GO/bLIOM YHC/e WIeHOB B ypas-
vennu (111.39) c n06BIMH QYHKIIHUAMH, COOTBETCTBYIOIIHMH paccMar-
puBaeMoli 3ajaue, IPH Haj/ieXXalmuM 06pa3oM HaiJACHHHX KOIPdH-
HMeHTax BeJuuuHa E, BoiumcaenHas no ypasHenuwo (111.36), cosna-
naer ¢ ucTuHHOMH]. EcTecTBeHHO, 4TO IpH OONBLIOM YHC/E YIEHOB B
ypasrenny (111.39) BbiuMcieHHsi CTAHOBATCH OYeHb CAOXHBIMH.

Hao6opor, ecau Gepercs CyMMa, COCTOALIAash M3 MaJioro 4yuciaa
4IeHOB, BBHIGOP GYHKLHE, COCTAaBAAIONIMX CyMMY, HMeeT Golibuioe
sHayeHrne. QueBHHO, YTO YJOBJETBOPHTEJNBbHBIH PE3YJbTAT MOXET
GHITH MOJIy4YeH TOJIBKO B TOM CJy4dae, eC/IH B3sTast QYHKIHA OTpaxKaer
peajbHOE COCTOSIHHE CHCTEMB, a 3TOrO NPH MajioM YHCJe 4JIeHOB
MOIKHO JOCTHTHYTb JIMIUb IIPH yAa4HOM BEIOOpE QYHKIHI.

2. KpuBbie HOTEHUHAJbHOH IHEPIHH ISl MOJIEKYJ. IMpexne ueM
nepeATH K H3JI0XKEHHIO De3yJbTaTOB KBAaHTOBOMEXAHMYECKOro pac-
CMOTpPEHHsI MOJIEKYJI, HY>KHO NO3HAKOMHTBCS C 3aBHCHMOCTDBIO NIOTEH-
I{HaJbHON 3HepPTHH MOJIEKYJbl OT PACCTOSHUS MEXAY aTOMaMH.

PaccMoTpuM 7iBa aroMa, fiipa KOTOPHIX HAXOAATCSH HA PaccTos-
HHH r ApYr OT Apyra. BuiACHMM, KaK H3MeHAeTcs IOTeHHnHajibHas
SHEPTHsi TaKOH CHCTEMH NPH H3MEeHeHWH r. Y106HO CUHTaTh HYJIEBOH
HOTEHIHAJBHYIO SHEePTHIO AJs COCTOSHHS, KOrja aToMbl HaXOAATCA
Ha GeckoHeyHO GOJBIIOM PAacCCTOSHHH JAPYT OT Jpyra H He B3aNMO-
JeHCTBYIOT MEXAY coGoil. Eciin aToMbl CIIOCOGHH COIUHATBCSA B MO-
JeKyJay, TO IPH YMeHbUIEHHH DAcCTOSIHHS MeXJ]y HHMH HauyHHAIoT
NeflCTBOBATb CUAbL NPUTANCEHUS W TIOTEHIMANbHAs 3HEPTHsI CHCTEMbI
noHHKaeTcsd. DTO NOHMXKEHHe NMPOAOJKAeTcs 10 HEKOTOPOTro pac-
CTOSIHHSA ro. [IpM najbHelmeM yMeHbIIeHHH r NOTEHUXANbHAS SHED-
risi HAYHHAeT BO3PACTaTb, YTO OOYCJOBJIEHO AEHCTBHEM cus OTTAA-
KuBAHUs, KOTOpble HMEIOT 3HAYHTeIbHYIO BEeJHIHHY IDH MabIX pac-
CTOSTHHSIX MexKAy aroMamH. TakdM 00pa3oM, 3aBHCHMOCTb IOTEHIH-
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aJbHOH SHEPTHH OT r BblpaxKaercsi KpHBOH, HMelomell munumym. Ha
puc. 60 nmpexacraBiieHa KpHBas NOTEHUHAJbHOH 3HEPTHH IJAS MOJe-
KyJHl BOJOpoaa. . .

PaccMoTpiM Tenepb KPHUBYIO NOTeHUHAJNBHOH SHEPTHH IJs ABYX
4TOMOB, KOTOpble He MOTYT COEJHHHTBCHA B MOJeEKyJ1y. B arom cayuae
NpH BCeX 3HAUYEHHAX I NPe0GNajaloT CHIBl OTTAJIKHBAaHHS (OTTAJKH-
BaHHEe 3JIEKTPOHHBIX 000J0YeK) M KPHBAs NOTEHUHANbHOH 3HEpIHH
HMeeT BHJ, H300paeHHHH Ha puc. 61; ¢ yMeHbIIeHHeM r KpHBas
Bce BpeMsl NOJHHMaeTCs BBepx *. i

PaccMoTpenHble KPHBble IOTEHIHANBHOH 5HEPTHH IJS MOJEKYJ
NpeACTaBAAT (GopMajbHOe ONMHCaHHE TOH CYMMBI 3HEPreTHUeCKHX

£ 38
3 -
2 -
, -
0 £
=i
-2+ -f Dbnacme
¢ npumANenus
-3F :
-[’—‘
-5‘-
> 1 ] 1 1 i |
g 06 12 18 2% 32 38 42, 4 r
»
Puc. 60. Kpusas mnoTeHuug#buon Puc. 61. Kpupan noresnuanbuoil
SHEPrHH JUIA MOJEKYJH BOZLOPOJA SHEPTHH AJA ABYX aTOMOB, Mex-

Iy KOTOPHIMH He BO3HHKAeT XH-
MHYECKOR CBS3H

H3MeHeHHH, KOTOpble NPQACXOAAT B aToMax NpH yMeHbIUEHHH pac-
CTOSIHHSL MeXAy fAapayi. 3a BHIUETOM MNOSBISIOLIeHCS npu c6amn-
HEHHH aTOMOB HeGOJAUION MO BeNHUHHE HYAe60l sHepeuu Koieba-
Huli adep (cM. HHXKE) M3MeHeHHe SHEPIHH CHCTEMbI, BHIpaXaeMoe
KPHUBOH NOTEHUHANHHOR 3HePTHH, NMPEACTABAAET CYMMY H3MeHeHHi
TNOJIHOH 3HEPTHH SJEKTPOHOB, BXOAALIHX B COCTAaB MOJeKyJsl. [103To-
My KBaHTOBOMEXaHUYeCKHH pacdeT SHEPrHH 3JEKTPOHOB B MOJeKyJe
¢ noMomp1o ypasHeHua (II1.36) mnas pasauyabix 3HadeHwil r mo3zo-
JIfIeT HANTH TEOPeTHYeCKH KPHUBYIO IOTEHLHAaJbHOM 3HEPrHH MoJle-
KyJbl. KpHTepueM npaBHIbHOCTH TaKOro pacueTa sBJASETCS CTENEHb
COBNAJieHHA TEOPETHYECKON W 3KCNEePHMEHTAadbHOH KDPHBLIX NOTEH-
[HaJbHOH 3HEPTHH.

Ecnu Mojlekyna maxoluTca B HeBO3GyKIeHHOM COCTOSIHHH, TO
€e SHEPrusd fABIAETCH MHHUMaabHOH. IloatoMy B HeBO3GyxaeHHOI

* Mexay aToMamH, He oGpasylOMMH MOJeKyJy, nefictYioT Takke caaGble
CRJIEL MPUTAMEHHUA, 0CYCAOBICHHbE TaK HA3BIBAEMEIM OUCREpPCUOHHbIM B3aumodeil-

£T8Uenm (cM. c1p. 247), OHAKO 5TH CHAB OYEHb MAJbl H 31€Cb UMM MOXKHO Ipeue-
Opeub.
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‘MOJIEKYJIe sifpa aTOMOB HaXONSTCA Ha PABHOBECHOM PACCTOAHUU fq.
OueBHIHO TaKiKe, YTO MHHUMYM Ha KPHBOH MOTeHLHaJbHOH 3HEPTHH
COOTBETCTBYET B35iTOM C OOpATHHIM 3HAKOM 3HEprHH pa3pbiBa CBS3H
B MoJsekyae Ecs, H60, coraacHo omnpefenenuto (cM. crp. 125), ara
BeJIMYMHA TIPEJICTaBJ/fACT 3HEPTHUIO, KOTOPYIO HYXKHO 3aTpaTHTb, YTO-
Obl OTAENIHTbL COCTABJSAIONINE MOJEKYJay aTOMbl H OTBECTH HX 3a Mpe-
leasl B3aHMOAeHCTBHA (TeOopeTHuecKH Ha O6eCKOHEUHO GoJiblioe
paccrosinde ApYT OT Apyra).

[Tapamerpsl KpUBOil MOTEHUHAMbHOH 3HeprHH MOTYT ObITH onpe-.
JeJieHBl KCIepHMeHTaabH0. Paccroanre MexXIy A/paMH HaXOAHTCA
IpH TOMOIIH METOJI0B, KOTOpHle
ObLIH paccMOTPEHbI B I1aBe BTO-
poii; 3nauenne Ecs MOXKeT ObITb
olpejleleHO U3 CIEKTPOCKONHYE-
CKHMX HaHHbIX (cM. cTp. 139) nau
MerogaMu Tepmoxumu (06 3THX
MeTOnax TOBOPHTCH B Kypce He-
OpraHHYeCKOH XHMHH).

D, 15t MoJieKyJ bl BOXOpOJa K3
Apomsnd CMEeKTPaJbHbIX AaHHBIX HalJeHo
“1r0=0,74116 A u E.s=4,4763 38
Pic. 62. Paccrosust Mexay sactumaqn (Taba. 13). Kak yxe ormeua-
B MOJeKyJe BOAOPOAA JOCh, laXke B HeBO30OYXKAEHHOM
COCTOSIHMM  KaxXfasg MoJleKyJaa
HMeeT HEKOTOPYIO HYyJeBYIO 3Hepruio koJeGanuii sfep (0 HyJaeBOii
3Heprum cM. cTp. 36). Jas mMoaekyabl BOAOPOAA, KOTOpasd COREPXKHT
HanboJee Jerkue s/ipa, 3Ta HEPTHSI CPaBHHUTENbHO BHICOKA; OHA CO-
craBaser 0,2703 3s6. [Ipu paspbiBe MOJeEKyJbl 3Ta 3IHEprHUs Bbije-
Jasercs (B aToMe BOAOPOAA B OTJIHUHE OT MOJIEKY/bl HMeeTcs TOJIbKO
OmHO SIAPO, W MO3TOMY KoJeGaHHs HeBO3MOXKHbI). Takum oGpasom,
AJS HaXOXIEeHHS yMeHbIIeHHS SHePTHH 3JeKTPOHOB NpH 0o6pas3oBa-
HHH CBSI3H OT 3HEPTHH CBSI3H, B3ATOH CO 3HAKOM «MHHYC», HYKHO
otuaTs 0,2703 9s. AT0 Haer 3naueHue £=—47466 36.

VMeroTcsi 3KcnepHMeHTaJdbHble MeTO[bl, II03BOJAIOIME Omlpeje-
JSTb ¥ JPyrde NapaMeTpbl KPUBLIX NOTEHIHaAbHOH 3HEPTHH LIS MO-
JEeKyJI.

3. Pe3y/sbTarhl KBAaHTOBOMEXAHHYECKOr0 PACCMOTPEHHSI MOJIEKY-
abt Bopopoza no eiitanepy u Jlounony. B modaeky.ie Bofopesia uMeer-
csi JIBa 3JeKTPOHA, IBHXKYWHXCA B ToJe ABYX sfep. Ecam o6osua-
YMTb PACCTOSTHUS MeXJY YaCTHLAMH, KaK 3TO ceqaHo Ha pHc. 62, To
BhIpakeHHe 715 NOTEeHLHaJbHON SHePTHH 3alluleTcs B BHe

Inexmpon !

Inexmpon 2

/7,0/770;/ a

2 2 2 2 2 2
L AL S Ry (111.47)

Ras re a1 a2 I'po Iy

[Tpu mocTpoeHHH BOJHOBOH (YHKLHMH 3/71eKTPOHOB MOJEKYJ/bl BOJO-
pona Tefitnep u JIOHZXOH B3AJH 3a OCHOBY BOJHOBYIO (QYyHKUHIO
3JIeKTpOHA B aTOMe BOJOPOAa, HaxXoAsALleMCsi B HOPMaNbHOM COCTOS-
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HHH — B | s-cocTosHMH. Ota BonHOBAasA (PYHKUHA ONpenessieTcsi Co-

oTHoueHHeM (cM. tabu. 1)
1

Ve
Fle r — pacCTOfiHMe 3JIEKTPOHA OT siapa (BLIPAXKEHHOe B ATOMHBIX
eMHMIAX).

OueBHaHO, €C/TH aTOMBI HAXOAATCS Ha GOJBLIOM PACCTOAHHH APYT
OT Jpyra, To ABHXXEHHE HX 3JeKTPOHOB He Gyjer INpereplneBaTh Cy-

LIeCTBEHHBIX H3MEHEHUH H BOJIHOBAs (PYHKLHS CHCTEMBI MOMKET GLIThb
BbIpaXKeHa NPOHM3BeJEHHEM BOJHOBLIX (QYHKHHH ABYX aTOMOB BOZO-

poxa:
Y =d, (1) dp (2). (111.49)

Takoit Bua ofluell BOMHOBOA (GyHKUHM OGYCIOBJEH TeM, UTO P? BhI-
paxaer BEPOATHOCTb HAXOXKIEHHA 3JeKTPOHA B paccMaTPHBAeMOM
3JieMeHTe 0o06beMa, a BepPOSTHOCTb OJHOBDEMEHHOTO IpeGHIBAHUS
3J1IeKTPOHOB B COOTBETCTBYIOUIMX 3JeMeHTaX o6beMa OllpeRelsiercs
NpOU3BELEHHEM BEPOATHOCTEH (COTJIaCHO 3aKOHY TEOPHH BEepOSTHO-
CTefl BEPOSTHOCTL OJHOBPEMEHHOTO OCYLIEeCTBJIEHHS IBYX COOBLITHH
paBHAa TIPOM3BENEHHIO HX BeposATHOCTel). Bxoasmas B BhipaxeHue
(111.48) Bemuunua r ans dyHkuum P, (1) paBHa rqy, a agas dyHKIHH
V5 (2) — ree.

ITockonbKy 3/1€KTPOHE! a6COMIOTHO HEPa3THUMMBI, TO MOXKHO, Ha-
06OpOT, CUHTATb 3JEKTPOH 1 ABHTaloWHMcs OKOJO Anpa b, a siek-
TPoH 2 — okoJi0 sAxapa a. [losTomy amajoruuxo (I111.49) moxHO Ha-
nHcatTh

Y15= e’, (111.48)

=95 (1) dg (2). (111.50)

Benencrsue HepassiHUMMOCTH 3J€KTPOHOB BhlpaKeHHs (I11.49) =
(I11.50) paBHO3HAUHBI; HO 06a OHH SIBJASIOTCA IJIOXHM npubauxe-
HHEM K JIefCTBHTENbHOMY BHAY BOJIHOBOH (YHKIHH B MoJIeKyJie BO-
A0poja, TOCKOJNLKY HBHUMKEHHE 3JIEKTPOHOB B MOJIEKYJe CHUJABHO OT-
JIMYAeTCS OT MX IBHXKeHHS B cBOGOAHBIX aTOMaX.

Feittiep u JIoHaoH Npeanomoxuiay, 4To A0CTATOUHO XOpOLIUM
DpuG/IHKEeHneM K HCTHHHOMY BHAY BOJHOBOM GYHKUHH B MOJIeKyJie
BOAOpoJa OYyAeT BLIpaKeHHe, YUUTHIBAIOLlee BO3MOMKHOCTb IBHIKe-
HUH 3/IEKTPOHOB, BbIpaxkaeMblXx 0GOUMU COOTHOLIeHHAMH. TakuM 06-
pasoM, GbuIa «CKOHCTPYHPOBAHA» BOJHOBas (GYHKUHS IJIS 3JIeKTpO-
HOB B MoJieKy/le BOAOPOAA, ABMAOWIASACA AuUHElHOl KomGunayued
byukuuit (111.49) u (111.50):

v=c1¥a (1) ¥p (2) -+ e2dp (1) $a (2). (H1.51)

Kax Buano u3 coorsowenus (I11.48), B npeaao:xenHoit Iefitie-
poM u JIOHAOHOM BOJIHOBOI (YHKIHH 3JEKTPOHOB B MOJIEKYJIe BOJIO-
POAA yUHTHIBAETCH HX B3aHMOJEHCTBHE C AApaMu (BeJMUHHA 1 Ma-
A4eT ¢ yBenuyeHHeM r), HO He MPUHUMAETCH BO BHUMAaHIIe B3aUMHOR
OTTaJIKHBaHHE 3J1EKTPOHOB.
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C nomouipio ¢yukuuu (I11.51) Gwina paccuntaHa sHeprus 3Jek-
TPOHOB AJI5 Pa3/WuHBIX 3HAUEHWH DACCTOAHHA MEXAY AApaMH Rap.
[IpuMeHeHHe BapUallHOHHOTO METOlA MOKa3blBaeT ¥, uTO B NaH-
HOM Cllyuae BO3MOXKHbI Ba DelIeHHs CHCTEMbl ypaBHEHHH (111.40);
B OJHOM CJjiy4yae -
C1==0(9,

B JApyrom
Cg == — C1.

Takum 06pa3oM, BO3MOXNHBI JBAa BapHaHTa BOJHOBOH (QYHKUHH

(111.51):
gg=csl¥a (D) ¥ @+ 5 (1) $a(2)] (I11.52)

U

Ya =cp [Ya (1) ¥ (2 — o (1) ba (A]- (111.53)

. ®B oTHX ypaBHeHHAX KO3(D(HUHEHTH Cs H Ca ABJIAIOTCA HOPMHPYIO-

UMY MHOKHTENSIMH, OHH BbIOHPAIOTCS TaKHM 06pa3oM, YToObl CyMm-

MapHas BEpOATHOCTh HAXOXK/EHHS 3JeKTPOHOB B MPOCTPAHCTBe Oblsia
paBHa enunune (cM. ctp. 37).

Vpasuenue (II11.52) mokasmBaer, 4TO €CH MOMEHATb MECTaMH
siIpa MM 3J1eKTPOHH (T. €. MepecTaBuTb Hupekcel (1) u (2) wan
a u b), To bynxmus Ps ocraHercsa Toi xe camoit. [Tosromy ee Haswi-
BAIOT CUMMETPUMHOL OTHOCHTENBHO KOOPJIHHAT KaK sfANep, Tak H
snexkTpoHos. Hao6opor, npu nofo6Ho# mepecTaHOBKe ANs QyHKUHH
Pa MPOMCXOLMT M3MEHEHHe ee 3HAKA; MO3TOMY (YHKUHA P HA3bI-
BAeTCHA AHTUCUMMETPULHOLL.

Kak MOXHO (pH3HUECKH HCTOJNKOBATL CHMMETPHUHYIO H aHTHCHM-
MeTpHuHyoo ¢yskuuu? Benomuum npunnun [Tayan. CornacHo 3ToMy
IPHHUMAY, B aTOMHOM WIH MOJEKYNsApHOH CHCTeMe He MOXeT GblTh

: [BYX JCKTPOHOB, Yy KOTOPHIX BCe ueThipe KBaHTOBbIX YHc/a GbLIH
| /Obl OMHAKOBBIMHU (cm. ctp. 49). KpauToBhie YYCJa ONpenelsioT BHI
) \/ BW\mmeﬁ cocTosinMe SacRTpend” 1lo-

CROTLKY 1pH MepecTaHOBKE 3JEKTPOHOB CHMMeTpHYHAs QYHKIHUA He
H3MEHSICTCS, TO MOXKeT MOKa3aTbCs, YTO ITH 3JIEKTPOHBI HAXOAATCA
B OJIHOM M TOM K€ COCTOSIHHHM, YTO NMpOTHBOpeuuT mpunuuny [laynn.
OnHako BoJHOBble GyHkuuu atoma Bomopoga (I11.48), us koropsix
coctaBnena ¢yuxuus (I11.51), ve yuuTIBalOT cnuH 3JaekTpona. [lo-
3TOMY 3/1eKTPOHH B MOJEKyJe COCTOfAHHE KOTOPBIX
BolpaXaeTcd CHMMeTpHUYUHOH ¢ -byHguueld, X0JxK-
Hbl MMeTb pa3fiMuHble COIHHOBBlE KBAaHTOBble YHC-
na, T.e. 9TH JeKTPOHBI GYAyT HMeTb IPOTHBOMOJOMKKHO HANPaBJIeH-
Hble, HIH QHTURAPAAALAbHOLE, CRUHDL.

* Tefitaep u JIOHIOH NPOBOJMH pacyeT TaK HA3LIBAEMEIM METOOOM 603Myuje-
HUi; ONHAKO K TeM 3Ke pe3yJbTaraM NPHBOAHT BAPHAIMOHHEI METOZ, O KOTOpGM
6LLIO CKAa3aHO BHILE. DTOT MeTOH fABJaAeTcA Oojee NPOCThHIM, H B IMOCAEMYIOLIHX
6oJee TOYHBIX KBAaHTOBOMEXAHHMYECKMX pacuerax MOJEeKyJabl BOROpOAa Hpyrue
HCCAEROBATENH HCNIONb3OBAJH BaPHALKCHHBIA METO.L.
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Hao60poT, aHTHCHMMeTpPHUHasi (YHKLHS OTBeyaer TaKoOMy CO-
CTOSIHKIO, KOTAA 3JIEKTPOHbI HMEIOT OJHHAKOBO HAaNpaBJIeHHBIE, HJIH
napaiiesvHble, CRUHSL.

Honcranoska Bonmossix Gymkuni (111.52) u (I11.53) B ypaBwenne (I11.36)
H BLIIOJHEHHE YKA3AHHMX B HEM MAaTeMATHYECKHX ONEpAltMii NPHBOAAT K BbIpa-
HEHHAM JUJIS1 SHeprHH, KOTOPLlE MOTYT OhIThb 3anHCaHH B OGIIEM BHAE TaK:

NSl CHMMETPHYHOH GyHKUHUH

E =1tK L (I11.54)
. ST 1482
ISl aHTHCHMMeTPHUYHOA PyHKUHH I—x l/
Eqg= —n. 111.55
AT s (111.55)

B atux coorHomennsx penHuMHLL, 0603HaYeHHbIe Gyksamu J, K u S, onpegeqsiorcs
MHTETpalaMH, 3HAYeHHe KOTOPHIX 3aBHCHT OT PACCTOSHHS MEXIY AApPaMH aTOMOA.
OTH uHTerpajbl B o6uieM BH/e MOTYT GHITh 3aIHCAHH TaK:

I = 41y dv;
K= 4HYy dv;
Y1 = Ya (1) dp (2);
Y11 =1%a (@) $p (1);

3Jech

RO T ——
e et = At ey e e st s, s A
/ Unrterpan, oGosnauennwii Gykeoir J, HaswBaercs KYAOHOBCKUM, OH XapuKTe-
/ pH3yeT 3jeKTpOCTAaTHUECKOE B3amMOneHCTBHE 3JEKTPOMOB C siApaMM, a TakXe
' 3JeKTPOHOB H Afep MexKny coboil. Vnterpas, o6osnauennnii K, nasupaercs obuew- /
HoLM *, OH ONPENeIsieT yMeHbLIEHHE 3HEpTHH CHCTEeMH, OBYC/IOBICHHOE NBHKeHHEM |
KamIOTO 9/eKTPOHA OKOJIO 06OHX afgep (Takoe JBHXEHHe MOXHO YCIOBHO Ha3BaTh :
O0MEHOM 3JIEKTPOHaMH). MDHINYECKH CMBIC TaKOf 3aKOHOMEPHOCTH Bymer o6cyx- - K
e Hrxe. OOMeHHbIt MHTerpa HMeeT OTpHuATE/bHbII 3HAK; OH BHOCHT OCHOBHOR
: BRJIAL B SHEDIHIO XHMHYECKOH cBasu. Umrterpan S maswisaercs uwrezpasom nepe-
; kpoiganus. OH NOKa3HBAET, HACKONBKO CHJBHO TEPEKPLIBAIOTCS BOJHOBHE PYHRIAM |
| STEKTPOHOB aTOMOB BOAOpOAA. JTOT HHTErpas H3MeHserca oT 1 npe Rap=0 10 0 .-
i
1

npa Rap=00; npH Rup=ry oH pasen 0,75, .
ph Mat T IR Rev=ro S

-

Pesyaprarsl pacuera smepruu JNIEKTPOHOB B MOJekyte Hp npea-
CTaBJI€Hbl Ha pHC. 63. [lonyuatorcs aBe Kpustle, COOTBETCTBYIOULHE
BripaxennsiM (111.54) n (111.55); B cayuae CHMMETPHYHON BOJHOBOH
GyHKLME KpHBast HMeeT BHL, XapaKkTepHbd AJA MOJEKYJbl, — OHa
NIOKa3blBaeT 06pa3oBaHie XHMHYeCKOH cBsA3H. .BeluncaenHoe no me-
toay lefitnepa u Jlongona pasHOBecHoe paccrosinde MeXAy aToMa-

-]
MH 7o Coctasaser 0,869 A, naMmeHeHHe SHEPTHH 3JIEKTPOHOB NPH 06-

J+K.
14-.82°

aneco nepuit wien (2Ex) suipaxaer SHEpPruio JByX aTOMOB BOJAOPOJA B HOPMab-
HOM COCTOSIHHH, 4 BTOPOM — 3HepreTHuecKHe H3MEHECHHS, KOTOPbIe NIPOHCXOAAT NpH

cOHxernn atomor. Ipu Taxod ¢opme sanuca (I11.54) KyJoHOBCKHEA H OGMeHHBH
HUTErPaJibi IPHOGPETAI0T HECKOLKO HHON BHI,
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pasoBanun cBsisn E=3,14 98 (72,3 Kkaa/moas). Kak yxe ykaspiza-

Jloch, Han6oJee TOYHBIH 3KCIEPHMEHT [aeT ro=0,74116 ZX u E=
=4,7466 se. IIpunnMasi BO BHHMaHHe BecbMa NpPHONMKEHHBIA Xa-
paKTep HCOJb30BaHHOH BOIHOBOH QyHKIHH, COCTaBJIeHHON M3 HEH3-
MeHeHHBIX BOJHOBBIX (DYHKUMH aTOMOB M He YUHTHIBAIOWIEHd B SBHOM
BHJE B3aNMHOTO OTTaJIKHBaHHS 3JIGKTPOHOB, TaKOe COBIafeHHe MOXK-
HO CUHTATh BIOJHE YAOBJIETBOPHUTENbHBIM.

Takum o6pasoM, pacdyer [lefitnepa u JloHnoHa Ran KOJHYeCT-
BeHHOE O6bsCHeHHe XHMHUecKol CBfi3H Ha OCHOBE KBAHTOBOH Mexa-
pukda. OH 1nokasaj, 4TO ecqH

£ 5JeKTPOHBl aTOMOB BOAOpOJa 06-
TN 1afaloT NPOTHBOMOJOXKHO Ha-
sl 1 NpaBJeHHBIMH CIHHAMH, TO IpH

‘ \ CONHIKEHHH aTOMOB {IPDOHCXORHT
2t || 3)\ 3HAUHTEBHOE yMeHblIeHHE
AN ~ SHeprHH CHCTeMBI — BO3HHKAaer
o4 ~. XHMHYeCKas CBA3b. QOo6pasoBa-

i = HAe XHMHYeCKOH CBf3H 00YCJOB-

-1t v MeHO TeM, 4TO NPH HAJHYHH ¥
ok 3JIEKTP OHOB aHTHNapasesb-
4l \‘ HBIX CIIMHOB CTaHOBHTCH BO3MOXK-

HHIM NepeiBHIKEHHEe 3JEKTPOHOB

-4} DKOJIO 0GOHX siep, KOTOPO€ HHO-

-5 [aa He BIOJHE yAayHO Ha3BIBAIOT
e oo 411 «O6MEHOM 3JeKTpPOHOB». Bo3-
0 4F 1z 18 2% 2 j;ﬁol’z MOYKHOCTb [BHIKEHHSl 3JIEKTDO-
’ HOB OKOJIO O6OHX Siep MNPHBO-

Puc. 63. ConocraBnende pacyeTa MOoJe- IHUT K 3HAUHTEJbHOMY YBeJaHYE-
Kyabl BOZOPOa ¢ SKCTIEPHMEHTATBUBIMA yyyjo  [IOTHOCTH 9JIEKTPOHHOTO
Aa B 06JaKa B NPOCTPAHCTBE MEXKLY

I — sKcmepuMeHTalbHass KpHBas, 2 — pacyer
¢ IOMOMIbI0 CHMMETDPHYHOH BOJNHOBOH (YHK- ﬂnpaMy]. Me}KZly HﬂpaMI/I nosiB-

wan (L e oymms (11155 T JisieTcs 061aCTh € BBICOKOM MIIOT-
HOCTbIO OTPHILATEJBHOI'O 3apsna.
KOTOpHIH «CTATHBAeT» NMOJNOXKHTeNbHO 3apsikennbie sinpa. Ilpura-
JeHHe YMEHbLIAET MOTEHUHAJbHYIO SHEpPTHIO 3JeKTPOHOB, @ CIeno-
BaTeJbHO, H NOTEHIHAJbHYIO SHEPTHIO CHCTEMbI — BO3HHKAET XHMH-
gyeckag cpsash*. CraeposarenbHo, o06pa3oBanue XHMHYE-
CKOfi CBSidH O6GBACHAeTCA NOHHXEHHEM NOTEHIH-
aNlbHOH SHepruud SJNEKTPOHOB, OOGYCHTOBJEGHHHM
yBeJHuUeHHEM MNJAOTHOCTH 3JeKTPOHHOTO o6/naxa
B NPOCTpPaHCTBe MeXAy sSApPaMH.
Ha puc. 64 nokasaHo pacnpejesieHHe JEKTPOHHOMH MJIOTHOCTH B
cHCTeMe, COCTOsNell H3 IBYX fJep H JABYX 3JeKTPOHOB, BHIUHCICHHOE
npH nomomy sonHoBbX QyHkuuit (111.52) 1 (111.53) (BcmOMHUM, 4TO

* TouHble pAaCyeTH [OKasbIBAIOT, YTO NpPH 06pa3oBaHHH CBASH TPOHCXORHT
HEKOTOpOe yBeJWueHHe KHHETHYECKOH SHepriy SJeKTPOHOB, HO OHO HEBEJHKO
N0 CPaBHEHHIO C YMeHbIICHHeM MOTEHIHAbHOf SHEPTHH.
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TJIOTHOCTb 3JIEKTPOHHOTO 06J1aKa ompelesseTcss KBafpaTOM BOJHG-
BO# QYHKIHH). YUacTKH € Goablell IIOTHOCTBIO SJIEKTPOHHOIO 0612 -
Ka cAelaHbl Ha puc. 64 Gonee TeMubiMH. Tak Kaxk npu Hasuynu y
3JIEKTPOHOB aHTHNAPaJJICAbHBIX CHOMHOB MX BOJHOBBIE (YHKUHH
CKJIaJBIBAIOTCS, TO NIOTHOCTH 3JEKTPOHHOTO 06/aKa MeXAy siipaMH
BO3pacTaeTt; B 3TOM CJydae roBopsT, UTO 3JeKTPOHHLB e 06.a-
Ka (TOYHee, BOJNHOBHE QYHKIUHH) HDEPEKpPHBAIOT
Apyr Apyra.

[TepexpbiBanne 3JEKTPOHHBIX 06/1aKOB HENb3si PacCMaTPHUBATh
Kak IpOCTOe HaJ0XKeHHe 3/IEKTPOHHOIo 06/1aKa OJHOrO H30JHPOBAH-
HOro aToMa Ha 3J1eKTPOHHOE 06JJaK0 IPYroro H30JHPOBAHHOIO aToMa.

H

a J
Puc. 64. OuextponHple ofigaka aTOMOB BOZOpOAa IpH
Pa3NHUHOM B3aHMHOR ODHEHTAUHH CIHHOB 3JEKTPOHOB:

a — aHTHNapanjesbHble CIHHB — ATOMBl COERUHAIOTCS B MOJje-
Kyny; 6 — nmapajjenbHble CIHHBI ~— aTOMBl OTTaJKHBAIOTCS

[Tockombky cKiIambIBAIOTCA BOJIHOBBIE (PYHKLUHMH, ompeaesseMasi Be-
JHYHHOH P? 3/1€KTPOHHAS NIOTHOCTh MEXKAy aToMaMH GyieT Gosblie
CYMMH IJIOTHOCTEH 3JeKTPOHHBIX 06J1aKOB H30JHPOBAHHBIX aTOMOB
A TeX e paccroanuit or agpa. Ilpm oGpazoBanuu xuMHyeckoi
CBSI3H 3JIGKTPOHHBbIe 06Jaka Kak Obl BHITATHBAIOTCA HABCTPedy APYT
Apyry.

HaoGopor, B cilyyae aHTHCHMMeTPHYHOH BOJHOBO!M dyHKUHH, KO-
TOpas XapaKTepH3YeT 3JIEKTPOHH € NapajeNbHBIMH COHHAMH, OJIOT-
HOCTb 3JIEKTPOHHOTO o6JiaKa MeXAy aTOMaMH nafaer A0 HyJs —
5JIEKTPOHB BLITAJKHBAIOTCS U3 NPOCTPAHCTBA MEXIY AAPAMH H XH-
MHYeCKOH CBSI3H He BO3HHKAET.

KBaHTOpoMexaHHUeCKHI pACUET MOMEKYJIHl BO/AOPOJa, BHIIONHEHHBI BlEpBbIe
TefitiepoM u JIoHIOHOM ¢ TIOMOUIBIO NPHO/HKEHHON ¢ysguun (I111.51), B mans-
HeffllleM HEOJHOKPATHO OCYWIECTBJAACS APYTHMH 2BTOpPaMH, KOTOpBle HCIOJb30BaJIH
Goslee CJOKHbE BHpPaXKeHUs 1 BOJNHOBON (YHKIMH (IPHHAMAJHCh BO BHHMAHHe
AdedopmalHsa 3JEeKTPOHHLIX 0GOJI0UeK, B3aUMHOE H3GeraHHe 3/JE€KTPOHOB H T. 1.).
OTMeTUM HekoTOpHIE H3 3THX padoT. B 1935 r. Jxemc u Kymmx (CIOJA) ucnoan-
30BaJM B KauecTBe NPHOIHKeHHON BOMHOBON (YHKIHMH BHpaXeHHE, CRCTOSLeE
H3 13 ujeHoB; NpH STOM OblIM NOJYUEHH 3HAUEHMS ro W E, BecbMa G/H3KHe
K SKcnepuMentasbabiv (tabn. 15). B 1960 r. Koaoe u Pyran (CIJA) ucnoabsosa-
IH eme Gojlee CJI0XKHOE BHIpAaXKeHHe, cOcToguiee M3 50 uneHOB; GHIIH NoAydeHH
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e3y;’IbTaTbT, OTJJaHYue Ko’ropblx oT 3KCHEPHMEHTa.ﬂbHHx JauupiX HUYTOIKHO MaJo.
pOBe,’IEHHe pacyeToB B 3TOM CJiydyae cTaJjo BO3MOXUBIM TOJLKO 61131‘0}3(8[)5!
HCIO/Ib30BAHMIO OLICTPOAEACTBYOIIEH S/EKTPOHHOA CUETHOR MallHHEL
Tabauna 15
Peay.nb'raru KBAHTOBOMEXAHHYECKOro pacyera MOJIEKyJIbl Boaopona

Yucao WA HOB
ABTOpH Bg’f::;::;" 7o, CA E, as
dyuxkunu

Tefitnep Tn Jlowtom (1927). . . . . 2 0,889 3.14

Hwenme u Kyanpx (1935) . . . . . 13 0,740 4,72
Kosoc u Pyrau (1960) . . . . .. 50 0,74127 4 7457
JcnepHMEHTATEHBE 3HATEHT . . 0,74116 4,74656 +
+0,0007

Taknum 06pa3oM, HECMOTPS Ma MEBO3MOXKHOCTb HaXOXK/EHHs TOYHOTO pelleHus
ypasuennsi IlIpeauurepa njst MOJIEKYJsl BOROPOAA, HCMOJB30BAHHE BpuG/KEHHBIX
MEeTONOB NO3BOJASET PACCYUTATh 3TY CHCTEMY C BecbMa BHICOKOH CTeNeHbio Tou-
BOCTH.

Fefitiepom u JloHZoHOM Obi1 TakxXe [POU3BEJeH KBAHTOBO-
MeXaHHYeCKHH pacueT dHePTHH B3aUMOJAEHCTBHSI MOJIEKYJbl BOAOPO-
Ja ¢ TPeTbHM aTOMOM Bogopofia. Pacuer mokasai, 4To TPeTHH aToM
He GylleT npHTATHBaTbes — oGpasoBanue MojeKyabl Hs nHeBo3MOZMK-
g0 *. Tak GblJI0 JaHO TeopeTHueCKOoe 060CHOBAHHE BAXKHEHIIEro CBOH-
CTBa KOBAJEHTHOH CBS3H — HACHIL4AEMOCTU.,

He paccMaTpuBasi HaHHBIA PacueT, MOXHO MOSICHHTb €0 pe3yJib-
TaT HCXOMAS M3 TOTO, 4TO GHIJIO CKA3aHO Bbillle O Pe3yabTaTax pacyera
Moiekyabl Hy. IpucoenuneHne Tpersero aroMa x Mosekyiae Hp me-
BO3MOXHO, MOCKOJbKY YCJOBHEM /s NepPeKPbIBAHHS 3JEKTPOHHBIX
006/1aK0B, KOTOpPOEe HaeT XMMHYECKYIO CBs3b, fBJSETCA HaNH4YHE Vv
5JIeKTPOHOB AHTHIAPaJIeNbHbIX CiuHOB., CHMH 9/1€KTPOHA TPETHErO
aToMa Bojgopoja HeudGexHO OyaeT cOBNALATH MO HAMPaBJeHHIO CO
€NHHOM OJHOTO M3 _ 3JEKTPOHOB B MoJjekyne. [losTomy Mexay
TPEeTbHM aTOMOM BOJOPOJA H MOJEKYIOH BOXOPONA Oynyt aeicr-
BOBATb CHJIB OTTAJKHNBAHHA, 10006HBIE TEM, KOTOPbIE [OSABJISIIOTCA IPH
cOaAMKeHHH IBYX aTOMOB BOJOPOAAa C Napa/JeNbHbIMH CIHHAMNA.

4. Ba/leHTHOCTb 3JieMEHTOB Ha OCHOBaHMM Teopun Feitriepa u
Jlonzona. ITono6Ho ToMy Kak GblIo PAaCCMOTPEHO B3aHMOJEHCTBIIZ
Mosekyabl Hp ¢ TpeTbuM aTOMOM BOAOPOXA, MOXHO DacCMOTpETbH
B3aumojeiicTaue atoMa He ¢ aromom H.

DJleKTpOHHOE CTPOEHHE aToMa rejlds B HOPMajbHOM COCTOSIHHH
Bhipakaercs ¢opMyJoi 1s?; Takum 06pa3oM, B aTome Te/Hsd, HMEIOT-

* XoTsi npUCOEAHHUTL TpeTufi aToM BOAOPOAA K MOJEKYJe H; nesosmoxHo,
O/lHAKO -PHCOSRMHUTL K Hell JHIICHHBI 3JeKTPOHOB HOY HOLOpOAA H+ moxuo;

HOHH3MpOBaHHAS MOJEKYJA Hgl‘ cyulecTByer.
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CH iBa 3JIEKTPOHA, y KOTophix n=1, /=0, m=0. CorsnacHo NPHHLIHIY
{Taynu, 5TH 3JIEKTPOHbl AOJKHBI UMETh aHTHIAPAJIE/]bHBIE CITHHBL.
OueBuanO, 5ICKTPOH aTOMa BOJXOPOA MMEET CITHH, HANPABJACHHE KO-
‘TOPOro COBNAJAeT ¢ HANpPaBJICHHEM CIHHA OXHOTO M3 3JEKTPOHOB
8 aTtoMe renus. [loaToMy obuiee anekTpoHHOE 06/1aK0, CBSI3bIBAIOMIce
aroMbl He u H, ne MoxeT 06pa3oBaTbesi; MexK Ay STHMH aTOMaMH He
BO3HHKAeT XHMHUYECKOH CBSI3H.

Tefitmepom u JlonnoHoM GbIO paccMOTpeHO TaKkKe B3auMopeil-
ctBue AByx aromoB He. 3xech TOXKE HeBO3MOKHO 06pa3oBaHHe XH-
MHYECKOH CBSI3H, ITOCKOJbKY KaXJBIH H3 3JIEKTPOHOB ONHOTO H3 aToO-
oB GyleT HMETb CIIHH TOTO XK€ HaNpaBJAEHHS, KAK Y OLHOLO H3 3JeK-
TPOHOB JPYroro atoma.

DnexTpoHHOE cTpoeHHe aToMa He MOXeT 6bITh BHpakKeHo cxeMoi

He

‘

KOTOpasi MOKasblBaeT, YTO [Ba JEKTPOHA HAXONATCH B OAHON KBaH-
ToBO# syefike (cM. crp. 51). IBa anexTpona c HPOTHBONOJOXHEMH
CIHHAMH, 3aHAMaIONHe OJHY KBAHTOBYIO siuefiKy, Ha3blBaiOT cna-
pennoinu. Tlonb3ysics 310l TepMUHOMIOrHEH, MOXKHO CKa3arth, 4YTO CO-
rracio Teopuu Iefitiepa u Jlonnona Bomopox cmocoben k obpa3so-
BaHuio MoseKyasl Hp moToMy, 4To B ero atome HMmeercs omuH Hecrna-
PEHHBIl 3JIEKTPOH, a TeNHll He MOXKeT o6pasoBarb Moaexkyay He,
8BHAY TOrO, 4TO 06a 3/1eKTpoHa B aToMe He SIBAAITCH crapeHHbIMH.

PaccmorpuM Tenepb B3aumopeiictBue AByx atoMoB Li. daexr-
POHHOE cTpOoeHue atoMa autus (1s?2s) Beipaxaercs cxemoit

2/ t |
Lil

B sTtom arome HMeercs OJIMH HeCIaDeHHKH 25-3J1eKTpoH; [103TOMY 32
CHET CNapHBAHUS ONMHOYHBIX §-3JEKTPOHOB MOXKHO OXKHIATDH obpa-
30BaHUST MONEKYAH Lis, anamoruyuoii mosexyne Hy. Jleficrsurensho,
MosIeKyda Liy cyinecTByer. Dueprus cssisu B mousekyne Lip (1,13 28)
MpUOTH3ATENbHO B YeThipe pasa MeHbille SHEPTHH CBSI3H B MOJEKyJe
H; (4,48 26). D10 06ycnoBieso HamuumeM 0KOIO ilpa JIHTHS mep-
BOTO 3JEKTPOHHOTO cyost — cBs3b Li— Li sHaunteasHo Gosee miuu-

o o
Has, uem cBa3b H —H (2,67 A smecr0 0,74 A 3 Moitekyae Hy); kpo-
M€ TOro, B¢ Naphbl 3JEKTPOHOB IEPBOMO CJAOH CHABLHO 9KPaHUDYIOT
3apdAl fipa H OTTAJKHBAIOTCS APYT OoT Apyra. Bee sTo OPUBOJIUT K
3HAYHTENbHOMY OCJaBJAEHHI0 CBA3H.

Pacnpocrpansis nposenennbie PacCyXNeHus Ha IPYTHE CHCTEMBI,
MOXHO CKa3aTh, YTO XMMHYECKasi CBSI3b BO3HHKAET B Tex cayuasx,
KOrjja BCTpevaloTcsl JBa aToMa, UMEIoIHe HecrmapeHHbIe 3J1eKTPOHHI,
Toraa cranoBurcs BosmomHBIM NIEPeKpbIBAHHE 3JEKTPOHHBIX 06Ja-
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KOB (TOYHee — BOJIHOBBIX dyHKUui) HeCnapeHHBIX 3JIEKTPOHOB, B
pesyJ/ibTaTe KOTOPOro Mexay aToMaMH CO3/aeTc 30Ha NOBBIHICHHOMN
3J1eKTPOHHOH IJIOTHOCTH, OGYyC/IOBJIHBAOLIAS XMMHUECKYIO CBA3b,
OueBHIHO, €CAH B ATOMEe HMEETCs £ HECNapeHHLIX 3/IEKTPOHOB, TO
5TOT aTOM MOIKET 06pasoBaTb XUMHUECKHE CBASH C 1l ADYTHMH ato-
MaMy, UMEIOIHME 10 OJHOMY HeCnapeHHOMY SIEKTPOHY. ITosromy
corsiacHo Teopun IeiiTiiepa ¥ JIoHfOHa BAJMEHTHOCTD Sa€eMeH-
Ta paBHa YHCJAY HeClnapeHHHX 3/ ¢KTPOHOB, KOTO-
pHie uMewTCs B €ro aToMme. Takum 06pa3oM, KBaHTOBO-
MexaHuueckue pacuersl I'efitiepa u JIoHgoHa A/l TEOPETHIECKOE
0B60CHOBAHHE TIPEANON0KEHHIO JIbloKca O TOM, UTO XUMIUECKas CBASH
06ycJ0BJ€Ha 12pOi 3/1eKTPOHOB.

PaccMOTpHM, HCXOAS U3 H3/I0KEHHBIX npencTaBJIeHAH, BajeHT-
HOCTb 3JEeMEHTOB BTOPOrO IepHona MepHOAUYECKOH CHCTEMBL.

Juruti. Kak yxe yKasplBajgocCh, JAUTHI HMeeT OJUH HeclapeHHbIN
3J1eKTPOH, IO3TOMY €r0 BaJEHTHOCTb paBHa SJMHUUE.

Bepuaaut. AToM Gepuilsius HMEET SJICKTPOHHOE crpoenne 1s22s%;
pacnpene/ieHne 3J€KTPOHOB MO KBAHTOBLIM suefiKaM [peAcTaBjeHo

[JI51 Hero cxeMoi

p

LT 11
Be ,

1

Takum 06pasoM, aToM GepuVIHs B HOpMA/ILHOM COCTOsIHUHM He HMeeT
HEeCIIapEeHHBIX 3JIEKTPOHOB, MOSTOMY €ro BaJIEHTHOCTL paBHa HYJIO.
OpHakKo coobiieHne aToMy GepU/Ids HEKOTOPOro KOJHUYEeCTBa 3Hep-
ruu (62 KKaa) nepeBOLUT €T0 B B030YXKAEHHOE COCTOSHAE

Be (1s22s?) __62mxag Be* (15 2s 2p)
P p

T — O

B 5TOM COCTOSIHHH MMEeTCs ABa HeClapeHHBIX 3JEKTPOHa, T. C. aTom
GepHsIdsl TPOABJSET BaJEHTHOCTD, paBHyl0 AByM. 3arpaTbl JHED-
ruM, HEOGXOAMMOH MAJIsi TMepeBoja aToMa B BO36YKAEeHHOE COCTOs-
aue, ¢ M3GBHITKOM KOMIIEHCHPYIOTCH sHEepTHell, BHAIAIONIEHACT Mph
o6pa3oBaHuU XJMHUECKOH CBSI3H (BCIIOMHHM, 4TO 3HeprHA ONUHAD-
HOjl CBSI3W HMeeT BeJuuuHYy MOpAAKa 100 xxa4, cm. cTp. 125).

Bop. DeKTpOoHHOEe CTPOEHHE HeBO30yXKAeHHOIO aTOMa 1s22522p.
PacnpejeneHne 3JEKTPOHOB MO KBAHTOBHIM AueiiKkaM BbIpamKaercs

cxeMoi :



[+ e ——
oL 1 |

1

Hannune B HOpMa/NbHOM COCTOSHHH ORHOT'O HECHAPEHHOro 2p-3ieK-
TPOHa O3HayaeT, YTO aTOM Gopa HMeeT Ba/JeHTHOCTb, PABHYIO eMH-
uune. OnHako AJS HETO OJHOBAJNEHTHOE COCTOSIHHE HE XapaKTepHO,
MOCKONBKY He OYeHb GOJblIOe 3HepreTHeCKOe BO3AEHCTBHE Ilepe-
BOJHT €r0 B BO30YXKIeHHOe COCTOSTHHE.

/, -
B (1s225%2p) 27.3 rwas B (ls?2s 2p?)
p ;
——A———— esmtiva—

1

QE}ID:J L]

B 3TOM COCTOSIHHH €ro Ba/JIEHTHOCTb PaBHA TPeM. -
Yenepo0. dnexTpoHHOe CTPoeHHe aToMa 1522522p2 COOTBETCTBYET
PacnpenesieHHIo 3NeKTPOHOB N0 sfTYefikaM, B KOTOPOM, COTVIACHO Mmpa-
Bu1y XyHAa, MMeeTcs ABa DAMHOYHBIX 3/MeKTPoHa. ONHAKO BajeHT-
HOCTb Ba ISl yIJIepojia He XapaKTePHa *, IOCKOJbKY CPaBHHTENbHO

JIETKO OCYWEeCTBJAAECTCS IIePeXOn aroMa B B036y}K,IleHHO€ COCTOAHUE,
B KOTOPOM €ro BaJ€HTHOCTb pPaBHA YeThIpeM:

Cl1s22s22p2) o " (15226 2p%)
P p

N ERNDEY AT 1T

1l {

-1 O

Tax »xe, kak # aas atomoB Be u B, sHeprus posGyxmenns yraepon-
HOTO aTOMa KOMIleHCHpyeTcsl 00pa3oBaHHeM OOJbIIEro uucia XH-
MHYeCKHX CBA3eH.

A3or. DneKTpoHHOe CTpPOeHHE aToMa a3oTa 1s225%2p3 orBeuaer
pacnpene/NeHHIO 3J1eKTPOHOB 10 KBAHTOBLIM sidefiKaM

P
N

AT

N (1s22522p%)

* Kak Mbl yBHIHM HuXe (CM. CTP. 188), B mosexkyne CO yraepon He nByx-
BaJIeHTEH.
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B atoMe a30Ta B COOTBETCTBHH C MPaBHJIOM XYHAA HMeeTcs TPH O1H-
HOUHBIX p-3JEeKTpOHa, MOJITOMY BaJEHTHOCTb a30Ta paBHa TpeM.
CrnefiyeT OTMeTHTb, YTO @30T He MpOsMBJsieT BAJEHTHOCTb, DaBHYIO
nata. Jnas atoro morpe6oBasoch Obl mepeBeldeHHE 3JIEKTPOHOB Ha
HOBBI (TperTHil) 3/EKTPOHHLIA CJIOH, a 3TO CONPAKEHO C TaKol 3a-
TPaTO# SHEPTHH, KOTOpas HE MOXeT ObiTb KOMIEHCHDOBaHa 3Hep-
ruell Kakoi-nu60 XHMHYECKOH CBSI3W a30Ta ¢ ApYrHM atomom. Ilo-
3TOMy a30T B OTJIHYHE OT APYTHX 3/IeMeHTOB V TpYMIbl He 06pasyer
coennnennii NCls, NBrs u T. n. Crpoesne MOJIeKy/bl a30THOH KucC-
JIOTHI, B KOTOPO#i CTeNeHb OKHC/IEHHs a30Ta +95, pacCMOTPeHO HHIKe
(cM. crp. 190); ceffuac JulIb OTMETHM, YTO a30T B HNOj3 1 N3Os ne
ABJIAETCA MATHBAJEHTHHIM.

Kucaopod. DneKTpOHHOE CTPOeHHe aTOMa KHCIOpPOAa M pacmpe-
NieJieHHe JeKTPOHOB 110 KBAHTOBBIM AuefikaM GyayT

p

Eﬁr—‘rﬂ“‘]

O (152 2522p*)2
1

TaknM 06pa3oM, aTOM KHCJIOPOAA NpPOSB/ISET BaJeHTHOCTb, PaBHYIC

OBYM.
®rop. DNEKTPOHHOE CTPOEHHE aTOMa H paclpelesieHHe JIeKTpPO-

HOB 110 KBAHTOBBIM fiuefikaM

5
F {152 252 2p?) 2 m

1

NOKa3blBalOT, 4TO B aTOMe (TOpa HMeeTcs TOJBKO OJHH HeCnapeH-
HbIl 9J1eKTPOH; T03TOMY QTOP ONHOBAJEHTEH.

Heon. DneKTpoHHOE CTPOEHHE aToMa U paclipejelieHHe 3J1EKTpPO-
HOB IO KBAHTOBHLIM AueHKaM

P

Ne (1s*25?2p*) zgm

TAKOBBl, YTO B aTOMe HeOHa HeT HecllapeHHBIX 3J1eKTPOHOB. Heow,
Nofo6HO re/uio, He oGpasyeT MOJIEKYJ C ADYrHMH . aTOMaMH, €ro
BaJEHTHOCTb paBHa Hyaio. s Bo36yxaeHHs aTOMa Ne nHeoGxonu-
Ma oueHb 6oJbllas 3HepTHA — BO3OYyXKAeHHe CONPSXKEHO C Mepexo-
IOM 3JIEKTPOHOB Ha HOBBifl 3JIeKTPOHHBI# CJIOH. .
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IIpoBefenHoe paccCMOTPEHHe BaJIEHTHOCTH 3JEMEHTOB BTODOTO
nepuoia MNO3BOJseT MNOHATb NPHYMHY BecbMa OGOJBIIOTO OTJIHYHSA

3THX 9JeMeHTOB OT BceX APYTHX 3J1eMeHTOB NepHOANIeCKOH CHCTEMD.
BTO OTJIMYHE yXKe OTMedanoch uHamu (cMm. c1p. 79). Ouenb cuabHO

HO BBIpaXkKeHO AJ5 TPeX 3JeMeHTOB -— a30Ta, KHcJaopoda M ¢ropa.
KpoMme ocobennocreil JaHHBHIX 3/1€MeHTOB, OOYC/AOBJIEHHBIX MaJblM
pPajHycoM MX aTOMOB H HOHOB, 3TH OTJHYHS CBfI3aHbl TaKkKe H C
TeM, 4TO y YKA3aHHBIX 3JIeMEHTOB BHeIIHHE 3JEKTPOHBI HaXOAATCH
80 BTOPOM CJiOe, B KOTOPOM HMEIOTCH TOJMBKO YeTbipe KBAHTOBbIE
syeiiku. [103TOMy JaHHble 3JeMeHTHl He MOTYT NpPOABJATb BBICOKHE
BaJeHTHOCTH, KOTOpHle H3BECTHB! IS HX aHAJOr0B.

[pencraBaenua Tefitaepa u Jlowgona o MexaHusMe obpa3zoBa-
HUsS XHMHYECKOH CBA3H OKa3aJuch Ype3BblUalHO MJIOAOTBOPHBIMH H
{IOCAYXKUAN OCHOBOH miA OObsicHeHHSI H NPUOJMIKEHHOTO pacuyeTa
CBA3H B Gosiee CJOXKHBIX MOJeKyaaxX. DTH npejcTaBjeHus ObLIH pas-
BUTH B TEOPHIO XHMHUYECKOH CBSI3H, MOJYYMBIIYIO Ha3BaHHe MeTOOQ
BQNEHTHBIX CB8A3eli UAU MeTO0Q 3AeKTPOHHBLIX nap. 3HAUUTEJbHBIH
BKJaJ B CO3/laHHe H pa3BHTHe MeTOJa BaJeHTHHIX cBfA3eH Obla BHe-
ceu Cneiitepom u [Monuurom (CIHA).

OcHOBHEIE  TIOJIOKEHHS METOAAa BAJEHTHBIX CBA3ed CJAeLy-
IOLIHE: -

1. EfuHHYHYI0O XMMHYECKY10 CBA3b 00pas3yi0T ABa 3JeKTPOHA C
{IDOTHBOMOMOKHBIMH CIMHAMU, NPHHAJexKallde AByM aroMaMm. [lpn
STOM MPOUCXOAMUT TNepeKpblBaHHEe BOJHOBBIX (YHKIHH 3JeKTDOHOB;
MEXIYy ATOMaMH BO3HMKaeT 30Ha €O 3HAYHTEJbHOH 5J1€KTPOHHOM

[IOTHOCTBIO0. DTO NPHUBOJHUT K YMEHbUIEHHIO norenunanbnou 9HEpTHH
CHCTEMBI, T. €. K 06pa30BaHHIO CBA3M.

2. CBA3p pacnonaraercsd B TOM HalpaBJeHUH, B KOTOPOM BO3-
AI02KHOCTb T€peKPBIBAHHA BOJHOBHIX (YHKUHH 3/JAeKTpPOHOB, o6pa-
3YIOLIUX CBSI3b, ABJASETCS HanGoaburel.

3. U3 nByx opOuraneil aroMa Gosiee npounyio cBa3b oOpasyer
Ta, KOTOpasi CHJbHee NMepekpblBaeTcss OpGHTANbIO IPYTOro aroMma.

HMcxons u3 satux HOJIO)KeHI/IPI, METOJ BaJEeHTHBIX cBs3el maer Teo-

pernueckoe 060CHOBaHHe HANpPaBJeHHOCTH XMMHUECKOH CBA3H.

5. O6bsicHenye HanpaBJEHHOH BaJEHTHOCTH. ATOMBH 3JeMEHTOB
BTOPOTO H MOCJEAYIOUIHX MEePHOLOB MOKHO paccMaTpUBATh, KAK CO-
CTOALINE M3 0CTO8Q, COAEpPKAIIEro BHYTPEHHHE CJIOH, W HOPYIHCHbLX
BANEHTHLLX IAeKTPOHO08. B HACTOAL{EE BPEMA W3BeCTHBl NPHOIHKEH-

HB[E BHPAKeHHsa AJs1 BONHOBbIX QYHKUUIl BaJEHTHBIX 3JIEKTDOHOB B
pasanuHbix aroMax. Mx mmpoxo NpuUMeHSIOT B KBaHTOBOMeXaHHue-
CKUX pacueraX MoJexya. Oguako IJs1 Ka4eCTBEHHOTO M HAarjasIHOTO
paccMOTpeHHsi YAOOHO ynpoIUEeHHO CUHTATh BOJHOBHIE ysxuun 2s-,
2p-, 3d- ¥_T. . 3]1eKTPOHOB ONMHAKOBHIMH IIO CBOEMY BHLY IJIi BCex
ATOMOB, TAKMMH e, KaK JJ5 aTOMa BOJAOPOJa H BOAOPOAONOA0OHbIX
HIOHOB. DTHM YnpouleHueM Mbl OyJeM HeW3MeHHO NOJb30BaThCcs B
JanbHeHIIeM.
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Boime (cM. crp. 41—43) Obuiu mpHBeJeHbl JaHHbie O BOJHOBBIX
GYHKUHSIX 3JeKTPOHA B aToMe BOJAOPO/A; AONOJHHMM Teleph HX ellle
rpaduyeckuM H300paxKeHHEM.

Ha puc. 65 npeacraBienbl rpaguKu paguanbHbIX COCTaBJSIOMHMX
BOIHOBHIX pyHKIMA R(r) (cM. Taba. 1) mas ls-, 2s- u 2p-cocrosiHuii

Puc. 65. Boanosbie ¢yHKUHH 18-, 25- U 2P, -3/1eKTPOHOB (+ H —
3HAKU BOJIHOBOH (PyHKIHH)
3uauennss R(r) coorsercTByior sapsay sapa Z=1

snekrpoHa. [Tox kpuBbIMH H306pakeHbl (UIypHl, JAalollne HArJsi-
HOe IIpeACTaBjeHHe O 3aBHCHMMOCTH BOJHOBOH (QYHKIHH OT Hampas-
JeHHsl B TPOCTPAHCTBE, ONpeleasieMOl ee YIJIOBOH cocTaBJsOILEH
©(0)D (¢). dtu Gurypn NOKa3EIBAIOT 3aBUCHMOCTb i OT YIVIOB O H ¢
npu ¢HuKcnpoBaHHOM r. OHH IOCTpOeHB! TAK, 4YTO pajHyC-BeKTOp,
COeAMHAIOUIMH JMIO6YIO TOYKY HX NMOBEPXHOCTH C HayaJoM KOOpAMHAT,
NPOTOPIHOHA/EH BeIHUHHE P B TOUKe, JeXKameH Ha JaHHOM Hanpas-
JEeHHH Ha KaKoM-TO ornpejeneHHoM (HanpuMep, paBHoM 1 A) pac-
CTOSIHHM OT siApa.

Kak BuIHO, BOTHOBEEe (YHKHHH S-3JeKTPOHOB HUMeEIOT cepHue-
CKYI0 CHMMETPHIO, IPH 3TOM BOJHOBas GyHKUHMs 2S-5J€eKTPOHOB Me-
HSIeT 3HAK: Ha GOMBIIMX PaCCTOSIHUAX OT sipa OHA MOJOMXKHTEJbHA,
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Ha Madblx — oTpuuaTenbHa. Y-OyHKuna Ads 2p-3/7eKTPOHOB MMCET
HUAMHEAPHUECKYI0O CUMMETpPHIO (B cayyae 2p,-371€KTPOHOB OCbI0 CHM-
METPHH SIBJASIETCA OCb 2) H COCTOMT M3 ABYX IOJOBHHOK, HMEIOIIMX
pasJHuHbd 3HaK.

PaccMOTpHM Temepb NPUMePbl, KOTOPbIC NO3BOAAT NOHATD obuiue
3aKOHOMEPHOCTH B HaNPaBJIEHHOCTH XUMHYECKOH CBA3H.

O6cyauM cHadasa XHMHUECKYIO CBSI3b B MOJIEKyJie BOJBL. Moue-
xyaa HyO o6pasyercs M3 aroma KMCJAOpPOAa H JBYX aTOMOB BOJO-
poga. AtToM KHCI0POJa HMeEeT [Ba HeCNapeHHEIX P-3J]EKTPOHA (cm.
crp. 168), KoTopbie 3aHMMaT ABe OpOHTANH, PaCHONOKEHHbIE MOA

-— -

Puc. 66. BonnoBuie dyHKuMM aTOMOB BOgo-  Puc. 67. TlepexphiBaHMe BOJIHOBBIX
pona  Kucaopoja (cXeMaruyeckoe n3o0pa-  QYHKIHMA 3JEKTPOHOB NpH oGpaso-
JXeHHe) Bauuu moaekyas H,O

yraom 90° Apyr K Apyry. ATOMH BOXOPONA HMeIOT lS-3/1eKTpOHH
Ha pHc. 66 nokaszasbl BOJHOBbE (PYHKIHA HEcNapEHHBIX 3J€KTPOHOB
B aToMax Kucjaopoja # Bogopopa. OueBnano, npu cOAUKEHUH aTOM3
BOAOPOJA C 3JEKTPOHOM, CIHH KOTOPOrO HampasJ/eH MPOTHBOMOAOXK-
HO CIHHY OJHOTO H3 HeCHapeHHHIX p-3JIeKTPOHOB aTOMa KHCJAOPOAA,
5TH 3JeKTPOHbI 06pasyioT ofllee 3JeKTPOHHOe 00/1aKO, CBA3LIBAIO-
1iee aToMbl KHCJI0pOoaa U Bogopoga. [Ipu aToM yroa Mexay cBA3AMH
NOJXKeH GLIThb GJAH30K K YIJIy MeXAy OOJakaMH p-3JeKTPOHOB, T. €.
k 90°.

Orsiuume yraa Mexay cBassaMu B Mouexyie HyO, pasroro 104,5°
ot Beanynsbl 90°, KOTOpOH MOXKHO 6blI0 Obl 0XKHAAaTh HA OCHOBAHHH
NpPUBEIeHHOH CXEMbl, MOXKHO OOBACHHTb ABYMS NPUUAHAMH!

1. Ceasp O —H saBasierca nOnfpHOH KOBaJEHTHOH CBSA3HIO —
3JeKTPOHB CHJAbHee OTTAHYTH K aToMy KHcaopoma (cM. rpaduk
3JIeKTPOOTpHIaTeabHOCTEH, pHC. 54). B pesysabraTe 3TOr0 y aTtoMoB
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BOJOpoHA MNOABJASETCS HEKOTOPHIH NOJIOXKUTEABHLIH 3apsif; or-
TaJKHBAHHE 3THX 3apsA0B NPHBOAUT K YBENHYEHHIO YIia MEXKAy
CBA35IMH,

2. DnexkTpOHBI, NpHHaANexauue aByMm cpasaM O —H B Moane-
Kyne HyO, nMelor OQHHAKOBO HampaB/ieHHble COHHBL. DTO BeAeT K
NOSIBJEHHIO CHA OTTAJKHBaHHA (2HAJOTHYHOE SBJCHHE NMPOUCXOLUT
IIpH B3auMOJeficTBHH ABYX aToMoB He).

Prc. 67 cxeMaTHUYeCKH I[0Ka3biBAeT MePEKPHIBAHHE BOJIHOBLIX
¢yHKuHit 31eKTpoHOB B Mosekyae HqO.

Bausnne ykasanunix GakTopoB Gyser MeHblle B MOJEKYyJe aHa-
Jora Boabl — ceposoaopona HyS. B stom coenuneHnu cBsisb Mmenee
nonsipHa (cM. rpadMK 3JeKTPOOTPHUATENBHOCTEH) M DACCTOsHUE

2 MEeXAY aToMaMH OGoablue.
Yroa Mexay cBA3aAMH B
HsS  cocraBasger 92° B
1:Se ou pasem 91° (cu.
cTp. 121).

Ananoruuno MOXKET
ObiTh HalifleHa CTPYKTypa
MOJIEKYJBl aMMHaka. ATou
a30Ta HMeeT TPH Heclapen-
HHIX p-3J€KTPOHA, OpGura-
JI4 KOTOPBIX DPaclOJIOKeHbE
B TPeX B3aMMHO IIepIeHaH-
KYASIDHBIX  HalpaBJeHHAX.
OueBHIHO, B COOTBETCTBHH
¢ TpeGOBaHHAMH MeT01a
3JIEKTPOHHEIX 11ap, TPH CBA-
si N—H pomxkuw pacno-

Puc. 68. Cxema nepexpuiBamHs sjekTpow-  MOKHTBCA ITOX yriaMu Apyr
HHX 0GJaKOB NIPH 0OPa3oBaHUH MoJeKyaiwm K ADYTY, OaH3kuMu k 90°.
NH, Monekyna NH; nomxna
HMeTb $OpPMY MHPAMHAH C
aToMOM a30Ta B BepliHHe (pHc. 68). DKcnepuMeHTaNbHOe 3HAUEHIIe
yria Mexay cBs3siMH B Monekyide NHj pasno 107,3°. OrinuHe ot
BeJIHUHHEI, 1aBaeMO NPHBeJeHHOH CXeMOH, 06VCIOBAEHO TeMH Ke
NpHYHHAMH, 470 U B caydae HyO. Kak u B nmpeasiaymem npumepe,
BJAHSIHHE NMOGOYHBIX HAKTOPOB yMeHbIaeTcst NIPH BO3PACTAHHH pas-
Mepa atoma. B coenunenusix PHs, AsHs u SbHs yrab mexay css-
3MH COCTaBJAIOT cooTBeTcTBeHHO 93,3; 91,8 u 91,3°

Ha ocHOBaHHH H3JI0XKEHHOTO MOMKHO CAEAaTh BHIBOJ, YTO CB f-
34, o6pa3oBaHHble p-OPOGHTANSAMH, €CAH He npHu-
HHMaTh BO BHHMAaHHe NMOGOUHBIX (GakKTODOB, pac-
noararamowrcs nox yraom 90° mgpyr k apyry.

Bosee co:xnas KapTHHAa HMeer MeCTO NpH 06pa30BaHHH CBs3elt
aToMoM yraepona. Kak yxke ykaswlBajoch, 3TOT atoOM B BO30YiK-
JleHHOM COCTOSIHHH 00J1aJaeT 4eThipbMs HEeCNaPEeHHBIMH 3JeKTPOHa-
MH — OZHHM S-3JIEKTDOHOM H TpeMs p-3JeKTPOHAMH.
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Paccyxnass aBajoru4HO, MOKHO OblJ10 Obl OXHJAaTh, 4TO ATOM
yraepoia OyAeT naBaTb TPH CBSI3H, HanpaBJeHHbe mox yraoMm 90°
APYT K APYry (p-37eKTPOHbI),  OXHY CBf3b, 0GPA30BAHHYIO S-3J€K-
TPOHOM, HalNpaBjieHHe KOTOPo#l MoxKeT ObLITh [POHU3BOJLHLIM, MO-
CKOJIbKY S-OpGHTa/Nb HMeeT cepHuecKyi0 CHMMETPHIO.

Cbasu, o6pasoBaHHble p-3JeKTPOHAMH, JOJNKHB ObITH GoJee
NPOYHBIMH, TaK KaK p-op6uTanu 6osee BHTAHYTH OT sSApa, YeM S-0p-
6utanb, ¥ JOJKHBE CHJIbHee NepeKPHIBaTbCA C OPOUTANASIMH ApYTUX
aroMoB, 06pasywlHuX cBA3b ¢ yraepoaoM. OxHaKo, KaK Mbl 3HaeM,
BCe CBf3H YIVIEDOJAHOTO aTOMa PaBHOLEHHH M HANpaBJeHbl K BepIiy-
HaM Terpassipa (yroa Mexay HUMH coctasaset 109,5°).

Teopernueckoe o6bsicHenne 3TOTo ¢aKTa GblJIO MNpensOoXKeHo
CneiitepoM u ITonunroM. Oy moKasasu, 4TO NP MCTOJKOBAHHU H
pacuete XMMHUYeCKO# CBA3M HeCKOJbKO pa3iHuHbiX OpGHTaneil, ne
OYeHb CHJbHO OTJIMYAMNIKXCA N0 SHEPTHH, MOKHO 3aMeHHUTb TeM XKe
KOJIH4eCTBOM ONHMHAKOBHIX OpOuTajed, Ha3bBaeMbiX 2ubpudnbimu.
BonnoBasa ¢ymknus ruGpuiHoil opGHTaNM COCTaBJASETCH M3 BOJHO-
BHIX (DYHKIUA paccMaTpHBaeMBIX 3JeKTPOHOB, NOMHOXKEHHBIX Ha He-
KoTopble Ko3(p¢uunuentol. Tak, npu 006pa3oBaHHM ueThipeX cBsizeft
aTOMOM yrylepojia ruGpuanble BOJAHOBbie (PYHKIHH 3JIeKTPOHOB yIvie-
poja BHIpAKAIOT COOTHOIHEHNAIMU BRAE ~

~

5

i Yruop = @Ys + bep, by, +dby - '- (111.56)

Bennuunbl ko3¢ duuuentos @, b, ¢ 1 d HaXOHAT U3 yCJAOBHH HOpMu-
POBKH M HEKOTOPLIX ADYrHX MaTeMaTHUeCKHX TpeGOBaHMH, npexbsiB-
JseMBIX K BOJHOBBIM QyHKIHSAM. JTH KO3((PHIHEHTH MOTyT GbiTh
KaK I[OJOXHTeJbHbl TaK M OTpuuaTebHbl. Onepanus HAXO0XKAEHUA
ru6puanHbix opOuTanefi aHalOrWUHA 3aMeHe BeKTOpa CyMMoll ero
ApoeKIHil HA OCH KOOpAMHAT.

Kak Bunno u3 puc. 65, Bonsobast GpyHKIHs 28 Ha MaJbiX paccTos-
HUAX OT siipa OTPUIlaTenpHa, a Ha GoJblIKX IosgoxkuTenbua. OgHako
OTpUIATENbHASA YaCTb PAcHOJOXKeHA GJAU3KO K sIpy, eft cooTBercT-
ByeT HEOOJIbIUAS JOJs 3JEKTPOHHOTO OGJ1aKa M OHa NpaKTHYeCKH
He y4acTBYeT B nepekpbiBaHud op6urajeit. 2p-Opbutanp Nno OxHY
CTOPOHY OT Hayajla KOOPAHHAT NOJIOKHTeNbHA, a N0 APYTYI0 — OTPH-
narenpHa. Ilpu cnoxkenun 2s-op6utanu ¢ 2p-opOUTaNbI0 NONONKH-
TeJdbHas YacTb 2p-OpGHTANH YCHAMBAETCS, a OTPHIATeNbHAS YMeHb-
uraercs. Haobopor, npu BuiuMTanmny * 2p-opGuranu u3 2s-opGHTAIH
BO3pacTaeT OTpHLlaTe/bHas HacTb W yYMeHbIIAeTCs HOJOXKHTENbHAs.
[losToMy ruGpusnbie BoMHOBHE (QyHKIMH MMEIOT HeGOJbIUYIO- BeJH-
HHHY 10 OJHY CTOPOHY OT siipa ¥ 60Jbilyio — 0 Apyrymo. [lopepx-
HOCTb, H300paxawllas Tu6pHAHYI0 OGYHKUHIO, NpeACTaBieHa Ha
puc. 69.

Yervipe rubpuinpie OpGHTaNH aTOMa YIepoAa PaciONONKEHH
nox yriom 109,5° Apyr x APYry — OHM HanpabBJieHnl K BepUIXHMAM
Terpasapa, B LEHTPe KOTOPOTO HAXOAMTCA aToM yriaepona. Ha puc. 70
NokasaHa (opma 3JeKTPOHHBIX 0GNAKOB AJist THOPHAHLIX OpGUTalelt
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yraepopsoro atoma. Kak BuaHo u3 puc. 69 u 70, rubpunnas op6u-
TaJb CHJIbHO BHITSHYTa B OJIHY CTOPOHY OT sipa. DTO 06yCAOBAHBAET
ropasfio GoJiee CHIbHOE NMEPEKPbIBAHUE TaKUX OpOHTaNeH ¢ opfuTa-
JASIMH 3JIeKTPOHOB, NPHHAJICKALUIUX APYTHM aTOMaM, UeM NepeKphbl-
BaHHe OpGuTaseli S- U p-3JEKTPOHOB. B COOTBETCTBHH C TPETbUM
ROAOKEHHeM MeTO[a BaJeHTHBIX CBsidell 3TO NPHUBOJAMT K obpasopa-
Huio Gosee mpouHOH cBa3H. ITosToMy ruGpuansalus BHI3bIBaeT 06-
pasoBaHHe Gojee YCTOHUMBBHIX MoJexysa. ['mGpuausauuu cnocober-
ByeT Takxe TO OOCTOATENBCTBO, UTO 3JIEKTPOHBI B MHOTOJIEKTPOH-
HEIX aTOMax B3aHMHO OTTAJKHBAIOTCS M CTPEeMATCS ABUTAThCH TAKHM
06pa3oM, 4ToGel GEITH BO3MOXKHO JaJjblle APYT OT Apyra. ITOMy yc-
JOBHIO GoJiee COOTBETCTBYIOT THOPHAHBIE OPOHTaNH, YeM HeruOpH-
J30BaHHbIE.

Puc. 69. TloBepxHOCTH THOPHIHON Puc. 70. TlpocrpancrBeH-
BOJHOBOH (yHKUHU HOe pAacCloJIOKeHHe THO-

. PUAHEIX 3JEKTPOHHBIX 00-

JaKOB  aTOMa yruiepopa

Ha puc. 71 cxeMaTHueckH NMOKa3aHa NeperpynnupoBKa 3JeKTPOH-
HeIX 06JaKOB aTOMa yrjepofa NpH 0GpasoBaHMH THOPHAHBIX Op6u-
Tajed.

Taxum 06pa3oM, mpu 06Gpa30BaHHM COeJHHEHHH DasJIUYHBIE Op-
6UTanH BaJeHTHHIX 3JIEKTPOHOB aToMa yriaepojia — OjHa $-opOurain
H TPH p-opOUTaJH — NPEBPAINAIOTCA B yeTblpe OAMHAKOBbIE THOPHA-
Hble Sp3-0pOUTaNH (YUTAETCS «3C Me TPU»). DTHM OGbsACHsACTCS PaB-
HOLEHHOCTh YeThIpex CBs3eH YriaepOAHOrO aroMa B COEQMHEHUsX
CH,, CCly, C(CH3)4 ¥ T. . ¥ MX HAaNPaBJAEHHOCTb NOJ OAMHAKOBLIMH
(TeTpasApuyecKHUMHU) yriaMH APYyr K ApYry.

Cu6pugusauusi opOGuTaneil BaJeHTHBIX 3JEKTPOHOB XapakTepHa
He TOJIBKO JJIsi cOeAUHeHuii yriepoga. Heo6X0auMoCTh B HC-
NOJAb30OBAHMHN HNOHATHS O THOPHUAM3AaLUHUK BOSHHU-
KaeT BCAKHH pas, KOrZa HeCKOJbKO CBside#i 06-
pas3ymloTCcs 3JeKTpOHaMH, KOTOphle B aTOMax 1pH-
HajgjdexaT K pas3JduuyHBM O060J0OYKAM, He OUYeHb
CHNbHO OTJHUAWIMHUMCs MO d3HePruUH (3HAUYHTEJb-
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Hoe pasjHuYHe 3HEepTrHli 3JeKTPOHOB nNpensATCT-
ByeT FHGpHIAHK3ALHKH). .

Huke paccMOTpeHBl NPHMepEl Pa3l]HYHbIX BHAOB I'HOPHIH3ALHMH
s- H p-opOutajeii (COOTBETCTBYIOLHE BBHIPpaXKEHHS LIS BOJHOBBIX
dbyHKUHA JaHBl B IPHJIOKEHHH 7).

Fu6puausands ONHOH s- W OAHON p-opbuUTalH
(sp-ruGpHLH3allHsa) NIPOUCXOZHT NpH 06PA30BAHHH TAJIOTCHH-
J0B Gepuuiusl, a TaKXKe LHHKA, KAIMHA H PTYTH. ATOMH 3THX 3Jle-
MEHTOB B HOPMaJlbHOM COCTOSIHHH HMEIOT Ha BHeEIIHEM cjoe JBa
cnapeHHHX S-3JeKTpoHa. B pesayabraTe BO3CYKAeHHs ONMH H3
S-3/1eKTPOHOB CTAHOBHTCSl p-3/1eKTPOHOM — NOABJSETCS ABa Hecla-
PeHHBIX 3/1€KTPOHA, OJIAH H3 KOTOPHIX S-3J1EKTPOH, a JIpyrofi p-ajek-

..

S:px:py,pz sp‘? Jp'i5p~35p3

Purc. 71. CxeMa, moOKasbiBaollas MepepacnpejeeHue
5JEKTPOHHOR NJOTHOCTH NPH OGPA3SOBAHHK THOPHAHBIX
op6utaaen

tpon. [Ipr BO3HHKHOBEHHH XMMHYeCKOi CBSI3H 3TH JBe pas/iuiible
op6uTanu npeoGpasyioTcs B IBe OAWHAKOBbie FHOPHJIHBIE op6HTaNH
(sp-opGuranu), HanpasieHHsie mox yraom 180° mpyr k mpyry —
JBe CBSI3H HMEIOT MPOTHBONOJNOKHOE HaNpaBilenue (puc. 72). Jkcrne-
DHMeHTAJIbHOE ONpeneleHne CTPYKTypH Modekyn BeXy, ZnX,, CdX,
u HgX, (X —rajoren) mokasajno, 4TO 3TH MOJIEKYJbl ABJISIOTCA
JHHEHHBIMH H 06Ge CBsI3M MeTaJsjla ¢ aTOMaMH rajorefa HMeT oJu-
HAKOBYIO JJIHHY. -

Fu6pupusapgua ofHOH §- H HABYX p-opb6utanaeh
(Sp2-rHGpHAM3aIHs) HMeeT MeCTO NpH 06pa3oBaHHU COEJAHHECHHH
6opa. Kak yxe ykaswBasocb (cM. ctp. 167), Bo3OyXKAeHHbIH aTOM
Gopa o6nagaeT TpeMsi HecmapeHHbIMH 3JeKTPOHAMU — OIHHM S-3Jle-
KTPOHOM ¥ ABYMS p-3jieKTpoHaMmu. M3 aTHX opGuraneli ob6pasyrorca
TPH 3KBHBaJIeHTHBle Sp2-rHGPHIHbIE OPOHTAJH, PaCHOJOKeHHEIE B
OHOM MJIOCKOCTH ToA yraoM 120° apyr k apyry (puc. 73). IeficTBH-
TeJbHO, KaK NOKA3LIBAIOT IKCIEPHMEHTAJbHEIE HCCAefl0OBAHHS, MOJie-
KyJbl TaKuX coeiuHenuii 6opa, kak BX;(X —ranoren), B(CHs)s —
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TpumetHa6op, B(OH)s — GopHas kucaora, HMelOT miockoe cTpoe-
rue. IIpu stom Tpu cBA3K 60pa B yKasaHHBIX MOJeEKYJaX OXHHAKO-
BOH JJIMHBl H DPACIOJIOXKeHbl NoA yraoM 120° apyr K apyry.

OTOT pe3yabTarT MNOKa3bBaeT NPEHMYILECTBO KBAHTOBOMEXaHH-
YECKHMX MPeJCTaB/IeHHH 110 CPaBHEHHIO CO CTapOH CTPYKTYPHOH TeOpH-
eit. C TOUKH 3DEeHHS 3TOHA TEOPHH MeXKIY CBSI3SIMH B COeJHHCHHSX

Cl Cl
! !
B u N
VAN VAN
Cl Cl Cl CI

HET KaKoro-au6o KauecTBeHHOro oTanuus. OfHaKo nepBasi MoJIeKy/1a
NJ0CKas, a BTOpas HMeeT OpMy NHPAMHJBI ¢ aTOMOM a30Ta B Bep-

Puc. 72. Pacnonoxenve saektpomunix  Puc. 73. Pacnosoxemue 3/IEKTPOHHBIX
00/1aKOB NpPH Sp-THOPHAM3AlHE 06sakoB NpH Sp’-rHOpHAH3aL MK

wune. (IlosToMy, B 4acTHOCTH, OHH OT/IHYalOTCA MO NOJIIPHOCTH:
pa, =0, pnc,70.) Kak BHIHO M3 BHIUNEH3/I0XEHHOTO, COBpEMeH-
Hasi TEODHsl XHMHYECKOH CBSI3H JIaeT 4eTKO cHOpMY/IHPOBaHHOe 06b-
fiICHeHHe 3TOMY (DaKTy M O3BOJIAET NPEJBHAETH APYrHe aHAJOTHUHBIE
3aKonomMepHOCTH. TaKum 06pasoM, KBaHTOBasi XMMHs, KDOMe pacie-
Ta CBOHCTB MOJIEKYJ, CO3/laeT HOBYIO CHCTEMY NOHSITHH — JaeT Ho-
BhIfl XUMHYECKHH SI3bIK, KOTOPBIA JONOJHSET M Pa3BHBAET [OJOKEHHUS
TEOPHH XHMHYECKOTO ctpoeHusi A. M. Byrneposa.
Fn6punusanus ogHOW s- u Tpex p-opburtadaei
(spruGpuIu3anus), Kak yKe YKasblBaloch, 0OBACHSIET Ba-
JIEHTHOCTH yriaepoJHoro aroma. O6pasosanue sp3-rubpuansix casizeil
XapaKTepHO TakKXKe M JUJUIsi aHAJ/IOrOB YIJepola — KpeMHHS M TIep-
MaHusi; BaJEHTHOCTH 3THX 3JIeMeHTOB TaKie MMeIoT TeTpadJipHue-
CKYI0 Hanpas/eHHOCTb. MOXKeT BOZHHKHYTb BONpPOC — €CJH THOpHI-
Hule 0p6uTa/iu o06ecneyrBaloT GOMBIIYI0 KOHIEHTPAUHIO 3JEKTPOHHO-
o o61aka MeXIy AApaMH H, Clel0BaTe/lbHO, GoJlee NPOYHYIO CBSI3b,
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TO MOYeMy OHH He BO3HHKalOT B HyO w NHs? Ha nannbti BOIIpOC
CJIeAyeT OTBETHTDb, YTO HANPaBJEHHOCTb CBSI3€ll B 3THX COENHHEHHSX
TaKXKe MOXKHO OObBSICHHTH Sp’-rubpuamsauueil. Takoil nomxon sis-
JsieTca Jaxe Oosee TOYHBIM, YeM H3J0XKCHHDLIE Ha crp. 171 u 172,
He caexayer, oagako, 3aGuiBath, uto 06a MOAXOMa sBASIOTCS npH-
GunxKeHHbIMH. TIpu 00pa3oBanuu Monexyist HyO atom KHCAOpoJAa

KeT nproGperaTs KOHPHIYPAUHIO HAPYXKHOLO clOS P12Po2PanPy,
TRe 1, P2, Ys H Py — SP*-TUOPHIHbIE BOJHOBBIE (BYHKIHH; BepXHHE
MHICKCEI yKa3EIBAIOT KOJIHYECTBO 5JEKTPOHOB, 3aHHMAIOMIHX JaHHYIO
op6uranb. Takum o6pasomM, IBe H3 ueThpex THOPHIHBIX opO6HTalei
aTOMa KHCJIOPOAa 3aHATEl HECNAPeHHBIMH 3eKTPOHAMH H MOFYT 06-
pasoBaTb XHMHUECKHC CBA3H: yroJl MeXJAY 3THMH CBS3SMH AOJKEH
cocrasiare 109,6°. D10 3nauenue 6Gammxe K 3KCIepUMEeHTalbHOMY
(104,5°), uem Benuunna 90°, naBaecMas cxemof, paccMoTpeHHoOl Ha
crp. 171. Onpnako ecnu ma crp. 171—172 NpHIIIOCh O0BACHATD OT-
KJIOHEHHE TEOPETHUECKOH BEJHUHHB OT SKCNePUMEHTANLHON IS MO-
qekyast HyO, To 3mece HyXHO 0GbsicHHTS, NoueMy YIabpl MeXIy
CBA3AMH y ananoros Boasl H,S, HySe u HyTe 3amersno ornnuaiores
ot 109,6°. 310 06 bsAcHAETCS AeficTBHEM psila ¢akropos. B yactHocTH,
B COCMUHEHHAX, COAepKAUIUX GOJIbIIUE aTOMH, cBA3b Gosiee cliabas
¥ BBIHTDBIIN 3HEPI'HH B pe3yJbTaTe O6pa3oBaHHs CBHSH THOPUAHBIMH
OpGUTAJIAMH e ~KOMNeHcHpyer HEKOTOpOe BO3pacTaHHe IHEPTHH
$-3JIeKTPOHOB, 06ycnoBJféHH0'é'Hk'ﬁéﬁexi)ﬂom' HA 'Sp*-rubpuanble Op-
Ourany. OTo NmpensTcTByer ru6puausaunu. Kpome toro, K3K IOKa-
SalH HCNaBHO BBHINONHEHHHIE TOYHBIE PacCUETHI, Tipu o6pasopanuu
cBasH O —H 2s-op6urann xucnopoxa (1 asora) cuibHee mepekpsi-
BaloTcsi ¢ 1s-op6utansiMu Bogopojxa, uem 2p-opbutanu. aa auago-
TOB KHCIOpOAA, HAoGODOT, CHIbHEE MepeKphIBAIOTCH p-op6HT AN,
310 06yC/IOBNHBaeT GONBIIHA BKAAN S-COCTOSHHIL (rubpuausanuio)
B MojekyJsie HyO, uem B ee anasiorax. [Tosromy BaJienTHbe yribl B
H,S, HySe u HyTe 61usku k 90°,

AnanoruuHo NpH NMOMOWH MOHATHS 06 Sp3-ru6pUAM3alHE O6B-
ACHACTCA CTPYKTYpa moneKyasl NHs. DaekrponHoe crpoenne 3Toii
MOJIEKyJIbl MOXKeT OBbITh BBIPa3KEeHO CXeMOi

Banenrunbie S/ICKTPOHBI aTOMa a30Ta 3afMyT ueThipe Sp3-ru6pun-
Hble op6uTann. Ha Tpex w3 HEX pacnonoxutes no OJIHOMY 3JIeKTPO-
HY; 3TH OpPOHTaNH 06pa3yloT CBA3H ¢ aTOMaMH Bojpopoaa. YersepTasn
opburtanb Gyier sausrta ABYMsl 3JIEKTPOHAMH, He 0GpasylOIHMH XH-
MHYecKoi cBA3H. Kak noxasmpalor HccnenoBanus, qunoabHeli Mo-
MEHT aMMHaKa 00yC/oBieH B OCHOBHOM 3TOil Henodenennod napo#t
3JIEKTPOHOB,

Bxnaj Henoje/neHHOR mapH B HNONBHBIA MOMEHT MOJIEKYJIb]
MOKHO NOKa3aTh cpaBHeHHeM BeJqHuHH p aasi NH; u NF,. Crpykry-
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pa THX MOJIEKYyJ aHaJOTHYHA. Cepssb N — F OGoJaee nonaspHa, 4em
cesiab N—H (cM. rpadHK 3JeKTPOOTPHLATENbHOCTEH, PHC. 54).
[MpuHEMas 3TO BO BHHMAaHHE, MOXHO 6bl10 6Bl AyMarb, YTO UNF,
Gyner Gonpme pnm,. OAHAKO B neficTBUTENbHOCTH HalJ/ofaercs
obparnoe: punm,=1,48D, a pnE,=0,24D. Jaunbiii GakT OObscHsET-
¢Sl TeM, 4TO HallpaBJeHHe JHUIOJBHOTO MOMEHTA cesaseil N—H #n
N — F pasiuunOe, B IIePBOM cilydyae aToM a30Ta 3apseH OTpHuiua-
TeJbHO, BO BTOPOM — IOJIOKHUTEJBHO. B MoJeKyJie NH; cymmapHBii
MOMEHT CBf3ell ¥ MOMeHT HeNOJeJeHHOH Mapbl HMET OJHHAKOBOE
HanpasJeHue, OHU CKIajbpBaioTes; B NF; HanpaBienue STHX MOMEH-
TOB NIPOTHBOMOJIOXKHOE H OHH BBHIYHTAIOTCH. Beaenctsue 31Oro  AM-
nonbHb# MoMeHT NF3 nMeer HeGOJbIIYIO BETHYHHY.

CornacHO M3J0XKEeHHBIM INpeJACTaBJeHHSM, BaJeHTHbie YIJIbI
H — N — H B mMosnekyae NHj zo/mKHB GHITb PaBHBL 109,5°, uto Os1H3-
KO K 9KCIHEpHMEHTaJbHOMY 3Ha4YEHHIO 107,3°. OTKJIOHEHHE YIJIOB
MeXK/y CBS3SIMH OT 3TOH BEJMUMHBI Y aHAJOroB aMMHakKa PH;, AsH;
u SbH; 06yc/0BJeHO TeMH Ke IPHIHHAMH, UTO H AJIA aHAJIOroB H,0.

Tu6puan3anus. He HCYEPIEBIBAETCH PACCMOTPEHHLIMH CAyuasiMH.
Bo3MOKHEB H ApYrHe THIbI TMOPHAH3ANHH, B YaCTHOCTH rubpuau3a-
uus ¢ yuactueM d-opGuraneit (cM. CTp. 229).

6. Opunapubie, ABOHHbBIE W TPOHHBIE CBA3H. O6cyxaeHHe aHHOTO
Borpoca yA06HO HayaTb ¢ pacCMOTPEHHs cpsisell B MoJsieKyJe No.

Artom asora, o6aajamomuit KoHGHUrypanuei 1522522p3, umeerT TpH
opGHTaNH, PACIOJIOXKEHHbIE BO B3aHMHO NEPIEHIHKYJIAPHBIX Hampas-
JEHHAX — 110 OCsIM X, Y 1 2. [IpeinoJOKHM, 4TO ABA aroMa asoTa
npubanKaoTcs APYr K APYTy, ABMrascb B HalpaBJCHHH OCH X. Tor-
Ja npu AOCTATOUYHOM COJMMEHHH NBe 2px-0pOUTANH TIEPEKPOIOTCH,
o6pa3sysi obIiee 31€KTPOHHOE OGJIAKO, PACIOJNOKEHHOE BAOJIbL OCH,
coenuHsomed siapa atomos. CBsi3b, 06pa3oBaHHas 3NEKT
POHHEHM 006JaKOM, T HMemHM MaKCHMaJAbHYIO
HNOTHOCTb HAa JHHHH, COENHHAOMENR HeHTPB aTo-
MOB, Ha3biBaeTcs G-CBs3bIO.

[TocMOTpHM, yTO GYJET MPOMCXOAUTb C JPYTMMH HeCHapeHHLIMA
sJeKTpoHaMH atoMos a3ora. Ha puc. 74 H300paKeHbl NOBEPXHOCTH
BOJIHOBBIX (PYHKUHH 2p,-3JIEKTPOHOB aTOMOB as30Ta. Kak BuiHO, BOJ-
HoBble (DYHKIHH NEPEKPHIBAIOTCSH, HO STO NEPEKPHIBAHKE HMEET HHOH
BHJI, 4eM TO, KOTOPOE TIPOHCXOJUT NPH 06pa30BaHHU O-CBA3H. B na=-
HOM cJyyae oBpasylorcs ABe 00/1acTH MepeKpEIBaHUA, KOTOPBIE pac-
OJIOMKEHB! 10 06e CTOPOHH OT JIHHHH, COeHHSIOIEH sAapa aTOMOB;
NpH 5TOM ILIOCKOCTD, POXOJsALLast Yepe3 KOOPAHHATEL 2 H X, SBJIACT-
sl IIOCKOCTBIO CHMMeTPHH obJjacreil nepeKpbiBaHHA. CBsi3b, 06-
pasoBaHHas 3JeKTPOHAMH, op6uranu KOTOpHIX
faloT HaubGosnbllee nepeKPbHBAHHE MO 06e CTOpPOHH
OT JNHHHUH, COEJHHAmMEH HEHTpPH aroMoOB, Ha3H-
BaeTcsl T-CBsA3bIO.

OueBH/HO, 4TO ABA 2p,-3JEKTPOHA aTOMOB a30Ta 00pasyor BTO-
PYIO 7-CBSI3b, KOTOPAsl PACOJIOKEHa OKOJO NJIOCKOCTH, npoxoasleit
yepe3 KOOPJHHATH § H X.
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Takum 006pazoM, B MOJIEKyJle a30Ta HMEIOTCA TPH XHMHYECKHE
CBSI3H, OJHAKO 3TH CBfI3H HEOJHHAKOBHI: OJlHA M3 HHX CO-CBA3b, a LBe
ApyrHe — 7-CBA3H; TPH YEPTOYKH, KOTODbIMH CTapas CTPyKTypHas
teopuss o0o3Hayasa CBA3H B Mojekysae Ng, OKashHIBAIOTCS HEPaBHO-
LeHHBIMH.

PaccMoTpHM Temepb XHMHYECKYIO CBSI3b B HEKOTOPHX COEJAMHEHH-
sX yrJaepoja.

Ha puc. 75 nao6paxeno ctpoente MoJekyss atana CoHe. Uerbipe
CBSI3H aTOMOB yIJepoJa B 3TOM COeJHHEHHH o0pa3oBaHbl I'MGPHIHDI-
MU sp3-op6uTasiMH, KOTOPHE pachoJoxeHsl nof yrioM 109,6° apyr

T
H H
H H
He H

/4

Pie. 74. CxeMa, noxasmBamwuias o6pasoBanue xuMmu- Puc. 75. CtpoeHne MoJe-
YyecKHX CBsA3efi B Mojekyde Nj kyan CoHg

K Apyry. Bce cBasu B Mogekyie CyoHg onunaphble, Bce OHH fBJAIOT-
csl o-CBA3AMH.

dnekTpouHoe 06JaKO 0-CBA3H, PACIONOXKEHHOE BAOJb OCH, COeNH-
HAIOWIEHA NMEHTPhl ATOMOB, HMEeT NHIHHAPHUECKYI0 CHMMETPHIO OTHO-
cUTeJNbHO 3TOH ocH. [IoBOpOT OJHOrO H3 aTOMOB BOKPYT JaHHOH OCH
He H3MeHMT pachnpeieeHds 3JeKTPOHHON MJOTHOCTH B O-CBA3H H,
cJIeIOBATENbHO, €0 MOXKHO OCyLIeCTBHTh, He pa3phiBas H He aedop-
MHPYs NAHHYIO CBfI3b. M3j0XKeHHOe OGBACHAET NaBHO H3BECTHBHIA
XHMHKaM (PaxT BO3MOXHOCTH CBOOOJHOTO BpallleHHsA aTOMOB BOKPYT
cesisn C — C, o6ycJ0BAHBAIOIIAA OTCYTCTBHE YUC — TPAHC-H3IOMEPUH
Y TpOH3BOAHBEIX 9TaHa ¥ APYTHX OPraHHYECKHX COeMHEHHA C ONH-
HapHOM CBA3BIO MEX 1y aTOMAaMH yIJiepoja.

Pa3GepeM Tenepnb cBaA3b B MoJeKysae tuneHa CoHs Paccmotpe-
HHe Pa3JIHYHBHIX BO3MOXKHBIX BapHAHTOB 00pa30BaHHA CBA3EH B JaH-
HOI MOJIeKyJie MOKa3biBaeT, YTo HauGoJblilee nepeKphiBaHne opOHTa-
Jel, a cJeJoBaTeJbHO, CHCTEMa C HAaWMeHBbIIeH NoTeHIHAaJIbHOH JHep-
rHell BO3HHKaeT, KOTJa ojHa S-OpOHTalbh W JBe p-opOHTAJH aTOMOB
yriepoga o6pasyoT TPH sp-rubpuinble opOurTal, a TpeTbd — p-0p-
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6utajib — ocraeTcss «4HCTOH» p-opburansio. Cxema 06pasylolUXCH
B 3TOM CJlyyae CBsi3efl IpeJcTaBJjieHa Ha puc. 76.

Kak Mmsl yxxe 3HaeM (cM. ctp. 176), npu sp?-ruépuan3anis 3/1eKT-
poHHble 06/1aKa PacrnoNoXeHbl B OAHOH MJIOCKOCTH nox yraamu 120°
IPYT K Apyry. DT TudpuaHbie opburaan o6pasyioT TPH O-CBA3H —
onuy cBsisb C— C u aBe cBasu C — H, koropsle Jexar B OfHOH
miockocTty mog yriamum 120° gpyr x Apyry. DKcnepHMeHTaJbHOE HC-
cJef0oBaHME NOKa3niBaeT, 4yto MoJsekysa CoH, nefictButensso umeer
niockoe crpoenne. QueBnHO, 4TO OCTaBIUHECS HernOpHAU30BAHHBI-
Mu p-opGuTaju aTOMOB yrjepojaa o0pasyioT m-cBsA3b. BBuay cTpeM-
JleHHsl SJIEKTPOHOB pasHbIX cBsidell u3beraTh Jpyr JApyra (cM.
crp. 172) m-cBA3L PACHONONKHUTCS B TJIOCKOCTH, NepHeHINKyJasipHOi

Puc. 76. Cxema, mnoxaseiBamoulas obpa3oBaHHe
XHMHYECKHX cBsiseil B Monekyjae CoH,

TJIOCKOCTH, B KOTOPOI JiexkaT o-cBsi3u (cM. puc. 76). Takoe pacnoJo-
JKeHue cBsizell OTBeuyaeT MHUHMMAJbHON 3HEPrHH MOJIEKYJH, T. €.
YCTOH4YHBOMY €€ COCTOSIHHUIO.

Taxum oOpasom, aBe CBSI3H MeXJy aTOMaMH yIJjepoja B MOJIeKy-
Jie STHJeHa HeOJHHAKOBBI: OJHA M3 HHX O-CBA3b, a Apyrasa—
7-CcBsI3b. DT0 06bsicHsIeT OCOGEHHOCTH ABOMHOH CBSI3H B OpraHuue-
ckux coepnnenunax. Ilepekprisanne op6utaell B ciydae o6pa3oBaHus
7-CBSI3H MeXJAY aTOMaMH YIJIepOoja MeHblle, H 30Hbl C TMOBLIIIEHKOH
3JIeKTPOHHOI IUIOTHOCTLIO JIeXKAT Aafblie OT sfiep, 4eM Ipu obpaso-
BaHuy o-cBsa3H. [T09TOMy m-CBSI3> MeHee NPOYHA, YeM o-cBsi3b. Buny
MeHbllell POYHOCTH n-gBﬁaeﬁ MeXAYy aTOMaMHu yrjepoja 1o cpas-
HEHHUIO C G-CBA3SMH 3HEprus apoiiHol cBsizu C=C MeHbllle yIBOEH-
HOH sHepruu oxuHapo#t cBsizau C — C (cm. Ta6a. 11); nostomy 06-
pa3oBaHue M3 JBONHOH CBA3H ABYX OAHMHAPHBIX 0-CBSI3€H NPUBOJUT K
BLIUFPHIIY 3HEPrUH, 4TC K 00bsiCHSIeT HEHaCHIEHHLIA XapaxkTep Op-
TaHWYECKHX COeHHEHMH C JABOHHOI CBA3DIO.

n-CBsi3b B OTVIMYHME OT o-CBS3M He olJajaer UHJIHHADHYUECKOR
cUMMeTpuell OTHOCHTEJIbHO OCH, COeJHHsIOIel LedATps aTtoMoB. Ilo-
3TOMY HOBOPOT OJHOTO M3 aTOMOB BOKDPYr NaHHOH OCH NPHBEJET X
H3MEHEHHI0 KOH(QUIVPAUnH 3J1eKTPOHHHX 00;1aKoB. Kak Buaso u3
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puc. 76, npu noBopote atoMa Ha 90° 7-CBSI3b pasopBetrcsa (0-CBA3L
MpH 3TOM OCTaHercA 6e3 u3MeHenHi). ITOCKOJBKY paspuiB m-cBs3u
" TpeGyeT 3HAUMTENbHON 3aTPaTel 3HEPTHH, CBOGOLHOE BpallleHHe BO-
kpyr cssisi C — C B Modekyne C,H, HEBO3MOXKHO; 3TO, KaK H3BECT-
HO, NPOABJACTCA B CYLWECTBOBAHHH YUC — TPAHC-U30OMEDPUH MPOU3-
BOAHBIX aTU/eHa. C APYrofi CTOPOHH, NPH 3HAYHTENBLHBIX 3HepTeTH-
YeCKHX BO3JEHCTBUAX HAa MoJeKysly (HanpuMep, 0pH HarpeBaHHH
BellleCTBa) BO3MOXEH Pa3PHIB 7-CBSI3H, HOBOPOT OXHOTO H3 ATOMOB.
yriaepoaa BOKpyr o-cBfisu Ha 180° u BTopHuHOE 06pa3oBanue 7-cBA3M.
B pesyabrare sroro mnpomcxoaur mnpespaienue yuc-u3omepa B.
Tparc-u3oMep. IlogoGuble GakTEH XOpPOLIIO H3EECTHDL Hanpuwmep,
YuUC-H30MEp — MAJIeHHOBAsl  KHCJOT4 — NIPH HAarpeBaHHH INpeBpa-
LlaeTCsl B TPArC-H30Mep — QyMapoEByio KHCAOTY:

HOOC COOH H  COOH
N/ p N/
C=C L ¢=¢
/N VAN
H H Hooé

MaJEHHCB2Sl KUCAOTA dymzpoBag KucaoTa

sp?-T'ubpuan3ainus, KoTopas ompexensier HaMpaBJEHHOCTh XHMH-
YECKHX CEBsI3ell B ITH/IEHE, HMEeT MeCTO TaKkKe H B JAPYTHX MOJIEKY~
Jax, TAe aTOM yriepoia CBsi3aH ¢ TpeMsl APYTHMH atoMaMH MW
Tpynnamu; HanpuMep, B CoeHHEHH X

cl 0 0
Ne=0 H-¢/ H—cd
c1”/ \H NOH
XAOPOKUCH MY paBBHHBI MypaBbHHAH
yr}lepona anbrerux KucaoTra

(¢ocren)

CBJA3SH TAKOT'0 aToMd Yriepoia PacnoNOkKeHbl B OJHON IJIOCKOCTH W
YToJ MeX1y HUMH GJIu30K K 120°,

Ha puc. 77 cxematnuecku H300paKeHO paclo/okKeHHe CBsA3ell B
MousekyJe anetnaena HC=CH. B paunsom cayuae TonbKo [iBa 3J€KT-
pona yIJepoJHOro aroMa 06pa3yioT ruOpHIHbIe OpOHTATH — IpOoHC-
XOmUT Sp-rHGpuAHsauusa. [[Be Sp-ruGpumHbE opluTann pacno.aara-
1ores noj yraom 180° apyr k aApyry; atu op6uranu 06pa3yioT o-CBA3L
MexXIy atoMaMmu yriaepoaa u cBsAsu C — H. Monekyna CoH, nmeer
JHHEAHYIO CTpYKTYpy. [{Be p-op6HTamu aToma yIJepoaa, oCTagpline-
¢ HeruOpHAH30BAHHBIMH, PACNONATAIOTCS O yraom 90° mpyr k
Apyry. 9T opGuTaMM 0o6pasyioT ABe m-CBA3M, 3JIeKTPOHHBle ofJaaKa
KOTOPBIX DAcnoNaraloTcs OKOJIO ABYX B3AHMHO [epIleHAMKYJIspHBIX
IJIOCKOCTEH. -

Beaencrese Toro, uto BaJeHTHOCTH aToMOB yriaepoja, He yuact-
Bylomue B 006pa3oBaHuH TpPOAHOH cBA3H, HanpasJeHsl MON YIJA0M
180° apyr x Apyry, aJas coeauHeHHI yriepoaa c TPOHHOH CBHA3BIO B
OT/IHYHEe OT CcOeAMHEHHH ¢ JBOAHOH CBA3LI0 HEBO3IMOKHA yuc —
TPaKC-H30MepHSl.
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He caeayer, oAHAKO, AyMaTb, 4TO AJsA coepuHeHHit obuiell §op-
Myabl ApBg yuc — TpaHC-H3OMEPHs B TDPHHIANE HeBO3MOXKHA. Bce
32BHCUT OT NPHPOJABl XHMHUECKOH CBSA3H. Tax, HelaBHO TOJIy4eHHbi
mdropauasun NoFp cyllecTByeT B ABYX H30MepHBIX dopmax

F
N=N NN/
VAN /
F F F
uuc-pcpma mpanc-hopMa

B janHOM clyuae MoJeKyJa HeluHeilHa, a CBf3b MeXAy aToOMaMHu
a30Ta [ABOiHasA, cBOOOHOE BpalleHHe BOKPYT TAKOM CBSI3H HEBO3-
MOKHO; 3TH (aKTOpbl 00YCIOBIKBAIOT CYUIECTBOBAHHNE yuc — Tparc-
H30MepPHH.

r
N E ¢
o 6¢ s O
7 l
r
Puc. 77. Cxema, mokasmBamonias o6pa- Puc. 78. Cxema, TNOKa3sslBamouan
30BaHME XMMHUECKHX CBsi3edl B MOJEKY- 06pasoBaHHe XMMHUECKHX  CBs3eil

ne CoHp

B Mosekyae COg

Cesian C—H B aueruiexe, 06pasoBaHHble sp-ruGpuaHBIME OpGH-
TaJAsIMH, CHJIbHO OTJIMYAIOTCS IO CBOHM cpoiictBam ot cBsizeit C—H B
HACDILEHHBIX YIJIeBOJOPOAAX, BOSHHKAIOUIHX U3 sp3-opburanei. Tax,
HampuMep, BOJOPOJ B alleTnieHe A0BOIbHO Jerko 3aMelyaercsl Ha
MeTaJuJi, B Y4aCTHOCTH, TIpH NPONYyCKaHHH CoH, B pacTBOpH, COAEPKA-
mue Cut, Bpimafaer 0cafckK anerninna mean CugCo.

sp-Tu6puausanus HMeeT MeCTo TaKXe B MoJleKyJie JBYOKHCH
yraepona COq (puc. 78). IiBe sp-ruGpuAHbIC op6utanu yrJaeposa
06pasyioT ABe 0-CBA3HM C aTOMaMH KHCIOpOAd, a OCTaBlIHeCs] HeTHO-
PHAKH3OBAHHBIMH p-OpOHTANH yIIepona 7a10T C ABYMsl p-OpOUTAISAMH
ATOMOB KHCIOPOJA fi-CBSI3H, KOTOphIe pacnosaraiorcs nepneHAnKy-
AsipHO ApYr K mpyry. MsmoxeHnHoe oGbsicHseT JHHelHOe CTpOeHue
~ moaekyan COq.
~ U OcO6bli BRI XHMHUECKOH CBS3H OCYIIECTBASETCS B MOJEKyne

Oensona
- /CH
7N
HC CH .
i
HC CH
N/
CH
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B nanHO# MoJieKyJie KaxX bl aTOM yrijepojia COeJlHHEH C TPpeMs aro-
maMu — 1ByMa atoMamu C u omuum H. Kak u npu o6GpasoBanuu
3TH/IEHA H JAPYTHX PacCMOTPEHHBIX Bhillle MOJIEKYJ, B KOTOPHIX aTo-
Mbl yIJlepoJa HMeloT TpeX cocelell, B JAHHOM CJyyae IPOHUCXOJIUT
sp?-rubpumusauus. Tpu rubpuausie op6uranun o6pa3yioT TPH G-CBS-
3u — 1a8e ¢ atromamd C u ogny ¢ H, KoTopbie pacnonoxeHs B OXHOM
miockocty nox yriaamu 120° npyr k apyry. Dtum o6bsAcHAeTCA MIOC-
koe ctpoenue Mmonekyanl CqHg, uMeromeit ¢popmy nmpaBuibHOrO mIec-
TUyroJibHuka. OpOuTaJu HeruGpUIH30BaHHBIX p-3JeKTpoHOB B CsHs,
Tak e kak u B CoH,, pacnosnoxenn NepreHIUKYJSAPHO TIOCKOCTH
monekyabl. Ha puc. 79 n3o6paxeHbl MOBEPXHOCTH BOJHOBHIX (YHK-
Ui p-30€KTPOHOB aTOMOB yrjiepoma B MoJekyie OeHsona. Kak
BUJHO, Kaxaas p-opOHTaJb MepeKphiBaeTcsl ¢ APYIHMH p-opGHuTas-

Puc. 79. Cxema, mokasbiBawomlas ofpa3oBaHue XUMHYECKHX CBs3eil
B MosekyJe C¢Hg (u4TOGH He 3arpoMoXKAaTb yepTex, MOKA3aHbl TO/b-
KO TpH p-OpOMTaJH)

MH C IBYX CTOpOH. MH 3HaeM, 4TO mepekpbiBaHHe OpOuTajed ABYX
*aTOMOB JaeT BO3MOXKHOCTb 3JIeKTpOoHaM ObIBaThb OKOJIO O0OMX aTo-
moB. ITockoabky B Moaekyine CgHg Bce p-opOurtanu nepekprBaloTCs
IPYT ¢ APYroM, Kax[Iblii p-3J€KTPOH B 3TOH MOJeKyJe MoxKer Obi-
BaTh OKOJIO JIIOGOro U3 atoMoB yraepoza. ni-CBasu B MosekyJe GeH-
30Jla OJMHAKOBO CBfI3LIBAIOT BCE€ YIJIEPOAHblEe aTOMBH; IIPH 3TOM He-
BO3MOKHO yKa3aTh, KAKHM aTOMaM NIPHHAIJIEKHT Kaxaas H3 Tpex
Iap 3JeKTPOHOB, 06Gpasyolinux m-cBA3H B MoJjeKkyiae Cels,— B nan-
HOH MOJieKyJe 7i-CBSI3H SIBJSIOTCS HEAOKAAUS0BAHHbIMU. T-DJEKTPO-
Hbl B Mmosekyste CgHy mepelBUTAIOTCH BAOJb KOJbBLA YyII€POIHBIX
4TOMOB, HE BCTpeYasl CONPOTHUBJEHHA, TIOZOOHO TOMY, KaK 3TO TIpOHcC-
XOIMUT B HEKOTOPHIX MeTaJjiax IIPH OYeHb HHU3KOH TeMiepaType, Kor-
Ila BO3HUKAET SIBJIEHUE C8EPXNPOBOOUMOCTLU.

Bo3mMoxHOCTh ABHKeHHS1 3JeKTpoHOB B MoJaekyne CgHs oxkoio
BCeX YIIepOAHBIX aTOMOB MPHUBOAHT K YMEHBIIEHHIO HX KHHETHUeC-
KOH 3Hepruu, cjief0BaTeNbHO, K YBEJHYEHHIO TIPOYHOCTH CBH3H. IJTO
OODBACHAET XUMHUUECKHEe CBOHUCTBAa O0€H30J1a, KOTOPHH 3HAYHTEJBHO
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MeHee CKJIOHeH K peakuusM NPHCOeJHHeHHs, YeM 3THJeH M Jpyrue
HenpeJe/bHble YTJEBOAOPOMbL.

Tesokanuzannesi 3J1eKTPOHOB OOBACHIIOTCS Taxkxe CBOHCTBA
npousponbix Gensona. [Ipu 3ameHe 0fHOTO M3 aTOMOB BOJOPOAA B
moaekyise CeHg Ha KaKy0-A160 Irpynny nocjaefHsAs OKa3biBAET CHIb-
Hoe BJAMAHHe Ha BEPOSITHOCTb NONajaHHsA CJAeAYIOIero 3aMeCTHTENs -
B OJHO U3 BO3MOXKHbBIX IOJIOXKEHUH — OpTO-, MeTa- WiKu napa-. Beau-
KO K B3aMMHOe BO3JellCTBME HeCKOMbKMX (YHKIMOHAJIbHBIX TPYyNN B
apoMaTHYeCKUX CcOefHHeHHAX. Bce 3To oObsicHseTcsi pacnpocTpahe-
HHeM BO3MYIeHHs 3JeKTPOHHOro o6/jaka OKOJIO OJZHOTO H3 aTOMOB
yrieposa Ha Bce GeH3oJbpHOe Koabuo. biaromaps neinoxkanusauun
BaJeHTHBIX 3JIEKTPOHOB SIBJSIIOTCS CPABHMTEJbHO YCTOHYHBBIMH CBO-
60/Hble PAafHKaJgbl, TOXOGHble TpHbeHnamMeTHay (cM. CTp. 108).

[Mockonbky ni-cesizu B Mosekyne CeHg siBnsiioTCA HENOKANU30BaH-
HBIMH, OYeBHJHO, YTO HCHOJb3yeMble IIPH 3JeMEHTAPHOM H3JI0XKEeHHH
CTPYKTypHBble GOPMYJIBLI ¢ JABOHHBIMH CBsI3fIMH He OTPaXaioT peaJb-
HOTO 3JIeKTPOHHOTO CTPOeHHsi 3TOH MoJeKyJbl. VcTuHHOE cTpoeHue
nmostexyanl CgHe siBsieTCA MPOMEXYTOUHBIM MEXAY ABYMS BapuaH-
TaM, Bbpa)KaeMbIMH CJEAYIOIHMH CTPYKTyPHBIMH $OpMYyJaMHu:

" CH CH
HC CH HC CH

HC CH HC CH
CH CH

TlockoabKY TPH mapbl T-3J1€KTPOHOB, KOTODHle B CTPYKTYpHOH (op-
MyJe 0003HAYAKTCs YEPTOUKAMH, NOKA3LIBAIOIUMH ABOHHYIO CBA3b,
pacnpeneieHsl PaBHOMEDHO MeXIy BCeMH aToMaMM Yrjepoja, TO
uso6paxenneM mogekynanl Celg, Gosee cOOTBETCTBYWOIUMM NeHCTBH-
TEAbHOCTH, BJsIETCH ' -

37ech NyHKTHPOM NOKasaHbl HeJOKaJH30BaHHble m-cBsisH. MHTepec-
HO OTMETHTb, Y4TO K BHIBOAY O HEJOKAJH30BAHHOCTH HBOMHBIX CBA3eCH
B Mosekyde Ce¢He u 1esecoo6pasHOCTH BHIPAaXKEHHS €€ CTPOeHHs
TOJILKO YTO MpuBefeHHON Popmynoll HeMeuKHH XMMHK Tuie npumel
eme B 1899 r. (T. e. 3a10/1r0 10 Pa3pabOTKH KBAHTOBOMEXaHHYECKOH
TEOPHH XMMMYECKOH CBA3M) HA OCHOBAHHH aHA/NM3a NoBelenus OeH-
30J1a B PA3TMYHBIX PeaKyHsX.

O ToM, uTo cBA3n B MoJsekyle CgHg no csoemy xapakrepy fpjs-
J0TCH NPOMEXKYTOUHBIMH MEXKAY OAHHAPHBIMM M IBOMHBIMH, CBHJE-
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TSR s Qe

TeJIbCTBYET TOT (aKT, 4TO, Kak BUAHO u3 pHC. 80, X AJAHMHA, PaBHas
1,40 f{, JEXHT MeX]y AMHHAMH OJHHADHOH U JABOHHOM cBssell, co-

Q =
CTaBJSIIOUIUMH COOTBETCTBeHHo 1,54+0,02 A u 1,32+0,02 A.
OGpasoBanue HeJOKAJH30BAHHBIX 3JEKTPOHHEIX Tap XapaKTepHO:
HE TOJILKO I MoJIeKyJbl GeH30Ja, HO TaKXKe H [Js1 MHOTHX APYTHX
OPTraHHYECKHX MoJeKyJ, rie B ymeponnofl LelH PacnoJioKeHo psi-
MOM HECKOJIBKO aTOMOB yIJjepola, Ka bl . :
#3 KOTODHIX HMeeT Tpex cocejell. [Ipume- @A
paMH TAKHX MOJIeKYJd ABJSIOTCA

/CH,
CH2=CH—C\CH
2

CHy=CH—CH=CH—CH=CH,

B 3THX cTPyKTypax, KOTOpHE NpuUBENeHH B
TPaIUIMOHHOM HalHCaHHM, ABOHHHE CBS3H
YepeayloTCsl ¢ OAHHAPHBIMH — HMeeTcsl, Kak
TOBODSIT, CUCTEMQ CONPAMEHHbLX O0B0UHOLY 414

cenzell. Tak—xe"Rak W B MONeRyN& CeHs, .7 ? 2
00/1aKa HeruOpUAU30BAHHBIX P-3JIEKTPOHOB tpamuocms clriu

BceX aTOMOB yrjepcia B TakoHl cHCTeMe

CBsI3eH TEPEKPHIBAIOTCS, M 3JEKTPOHEI MO- Sginy Sghﬂﬂziiﬂﬂxggzg
TYT cBOOOAHO NEPENBHTaThCsl BAOADL LENH

H HMX KPaTHOCTBIO:
STHX aTOMOB. I — sran; I — stanen: I —

Kak yxe ykaswBasioch Buiule (cM. crp. anernaen; IV — Genon
33), ABHKEHHME I-3/IEKTDOHOB B CHCTEME
CONpSIKEHHBIX NBOHHBIX CBSI3eH CXOIHO C ABHMKEHHEM UYaCTHI B O1-
HOMEPHOM TIOTCHUAAIBLHOM siiKe. C NOMOIIbIO 3TOH MPOCTO KBal-
TOBOMEXaHHUECKOH MOJENH BO MHOTHX CJyYasiX MOMKET GHTb J0CTa-
TOMHO TOUHO PACCUMTAH CHEKTD COEAHMHEHHH, COAepKAIIUX COMps-

XKeHHble JNBOHHbe cBsisu. [IpuMepnl Takux pacuertos OpHBEIEHH B
npUIoKeHHH 9.

Kak yxe ormeuanoch (ctp. 184), ru nepsas (1), Hu BTOpPas (2) crpykrypure
¢opmybl (BaNeHTHBE CXeMbl) He OTPAaXKAIOT CBOACTB GeHsona, T. e. Ue OTBEYaiOT
ReHCTBHTEJLHOMY CTDOEHHMIO €TO MOJeKyabl. [lycrh stHM CTPYKTYpPaM COOTBET-
CTBYIOT BOJHOBbIE hYHKUMH ) H 1o. Cka3aHHOE BEINE 03HAYAET, YTO HH Y1, HE s,
KaX[0fl ‘M3 KOTOPHIX OTBEYalOT JIOKAJM3OBAHHbIE CBA3H, He OMHCHIBAET MOJIEKY Ty
GeH30.1a, XaPaKTEPH3YIOIIYIOCH HAMMYHEM HeAOKA/IH30BAHHBIX q-ceazell. Jlyymum
apu6aHXenneM Gyger auneiinoe coueranne Y1 H P

b= c1d1+ eads, (111.57)

TIpEAnoaraolliee paBeHCTBO AJMMH Beex cBAseil. KaXIOMy M3 cnaraeMeix B cMe-
IIaHHOA BOJHOBOW QyHRumn COOTBETCTBYET TIpefleflbHast (HeBO3MYyIeHHas)
ctpykrypa (1) uan (2). :

Tak xak mpegenbusie crpykrypu (1) u (2) ornuuaioTcs MM MepecTaHOBKOR
OJMHADHBIX H JBOMHBIX CBs3el, TO €,=Co. QyHKuEH P 6yner COOTBETCTBOBATH
MEHblICe 3HAYEHME SHEPTHH, T. €. MBI NPHGH3HMCA K Pe3yJAbTATAM TOYHOFO petmie-
HUs ypashenus [lpenunrepa.
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Pesy/ibTaT OKakercsi elle GoJjee TOYHBIM, €CIH BMECTO ABYX B PAcyeT BBeCTd
9ITh BAJCHTHEIX cxeM, npuGaBuB K (1) u (2) caepyomue TpH (CTPYKTYpHHE dop-
myast Jbloapa):

3 4 5

B sToM cayuae cMellanHas BOMHOBAA QYHKUUA OpUMET BHI
b= c1¥1 + coby + etz + cabs + e5ds5s (111.58)

The Vs, Ps U P5 — BONHOBHIE QYHKUMM AJsi CXeM C JHATOHANBHBLIMU CBSSSIMH;
OUeBHAHO, C3=Cys=Cs, T. e. B (I11.58) BxoasT numb aBa Koapduumenrta. [1paBaa
SHeprHsl 3JEKTPOHHBIX COCTOSHHUH, OTBEYAIOMHX CTPYKTYpaM (3), (4) n (5), Boime,
yeM cTpyktyp (1) m (2) (tak Kax B CTpykpypax [bloapa oxna H3 m-cBsI3ed caabee
ocranbhbix). [TosToMy HX BKJIaj B BeJHYHHY 1P Oyaer MeHplue, 4eM BKJaj MepBhIX
ABYX CTPYKTYP. JTO O3HayaeT, yTO B MePBOM MNPHOJMKEHHH MOXHO He MPHHHMATDh
. BO BHHMaunHe Y3, P4 | 5, OTPAHHYHBAACE P1 K Pa.
’ PaccMoTpensblll Ha npHMepe GeHsosa Cmoco6 pacdera XHMHYeCKOR CBSI3H B
. MOJIeKyJax TONY4YH/ Ha3BaWHe MeT00Q HAAOWEHUR BANERTHLIX CXEM (Teopuu peso-
* Haxca). 3Aech HCMOJB3YIOT BOJIHOBbIe (GPYHKIHH BHAA

b =Zesdy, (111.59)

IpHYeM B KaXXAOM H3 CjaraeMbix W; OTBeYaeT OMNpPeJe/ieHHOMY PaclOJiOXKeHIo
cBsizelt B MosekyJde. C nOMOINbI0 BAPHALHOHHOIO METOJAa MOXHO BBIYHCIHTbL HEP-
rio MoJekyJisl. Kaxpas us §; Bxoant B (III. 59) ¢ rem Goabwum KosddHIHEH-
TOM ¢; (WJiH, KK NPHHSTO TOBOPHTh, ¢ TeM GOMBIIHM «BECOM»), YEM MeHbIIe sHep-
THsl COOTBETCTBYIOMIeH el CTPYKTYPHI.

PasyMeeTcsl, MeTOA Ha/OXKeHHS BaJEHTHHX CXEeM, MCIOJb3YIOLHA padiudubie
BapHAHTBH MPeJCTABJEHHS BOJHOBOH (YHKIHMH 5JEKTPOHOB B MOJIEKY/ie, HAalpUMep
aas CeHs — Menee Tounntit (111.57) u 6Gosee tounnit (IIL58), sBAsercs anilp
MaTeMaTHYeCKHM IIpHeMoM. KcTHHHOe pacmpejesenune 3JeKTPOHHOA [UIOTHOCTH B
MosieKyJie, HaxoAsulefics B JAHHOM 3HEPreTHYECKOM COCTOSIHHH, BIOJHE OMpene-
JeWHOe W eJMHCTBEHHOe, HHKAKHX H3MeHeHHA B HeM ne npomcxopmt. [lostomy. He-
IIPaBUAbHO GBLIO GBI CYATATD, YTO GEH30/ COLEPHKHT cMeCh MOJIEKYJ, HAXOASIHXCA
B IIATH Pa3/iMYHbIX COCTOSHHAX, HJIH YTO CTPYKTYpa MOJIEKYJ, Ofpejessiomas cpoit-
CTBA TOr0 COELHHEHHUs, SBJSETCS HAJOXKeHHeM (De30HAaHCOM) MSTH peasibHO Cylie-
CTBYIOIMHX CTPYKTYp. HasjoKeHHe BajeHTHBIX CXeM Hesb3s CUHTATh (YHIHUECKHM
SIBJCHHEM. ST0 cnocof KBaHTOBOMEeXaHHYECKOro PacCMOTPEHHsS COCTOSIHHS 3JEKTPOo-
HOB, [BHXeHHe KOTODHIX He JOKaJH30BAaHO OKOJO ONpejes]eHHOH Mapel aToMOB.
Jlanubi npHeM HCIoJb3yeTcst TOAKO B MeTOAe 3JeKTPOHHLIX Map H He QUIYPHPYeT
B Apyroil WIKPOKO MpUMeHAeMOH KBAHTOBOXHMHYECKOA TEODPHH — MeTOAe MOJIEKy-
ASIPHBIX Op6uTasiefl, KOTOPHIA MBI PaCCMOTPHM B JaJbHeHIIEM.

IMosToMy 6BLIO 6Bl HempaBHJbHEIM BKJAJBBATb B HaJOXKeHHe BAJIEHTHBIX CXeM
IpeAcTaB/ieHde O JAEHCTBHTENbHOM CYIIECTBOBAHHH 3THX CTPYKTYp, HeIPephBHO
MepeXoAsmuX APYT B ApYyra, TOBODHUTb O TOM, YTO HAJOXKeHHe CTPYKTYp cTaduiu-
3HPYeT MOJIEKYJy, 0GYCJOBJMBaeT ee CBOHCTBA H JaXe CyllecTBOBaHWe (mpHueM
3a OT/eJibHble CBOHCTBA OTBETCTBEHHDI OT/AeJbHbE NPefesbHble CTPYKTYpHI).

[IpoBenenne pacueTOB ¢ MOMOLIBIO METOAA HAJOMKEHHMS BAJEHTHBHIX CXeM A
CIOXKHBIX MOJeKys COMpsIKeHO ¢ GOJbHIMMH MaTeMaTHYECKUMH ¥ BBIMHCAHTEbHbI-
MH TpyaHOCTIMH. Ecad n — uHCJ0 HeOKa/JH30BAHHBIX 3JEKTPOHOB B MOJIEKYIE,
TO YHCJO He3aBHCHMBIX BaJeHTHBIX CXeM, KOTOpHe ClleflyeT YYHThBaTb B pacuere,
6yner paBHO : ’

n! .

.Lz_|_n_1|
2.(2+).
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IlosroMy, HanpaMep, A HadTanuHa

VAVAN

AYAV 4
oHo Gyner paBHO 42, a AJs aHTpaneHa

VAYAYAN

NN\

nocrurHer 429. BrruucieHHs B TaKHX CAy4asX OueHb CJOKHbH H HE MOTYT GbITh
BHIIOJIHEHs! Ge3 GOJIbIIOro 4YHCia JONYHICHHH, YTO Pe3KO CHHXKAeT AOCTOBEPHOCTH
HoyuaeMblX pesylbTaToB.

B mepuos «yBjeyenns» TeopHefi pesonanca (40 m 50-e rogb) MHOTHE XHMHKH
Ge3 Kaxux-1u60 XBAHTOBOMEXaHHYeCKHX obocHoBauHi BhIGHpanH us HaGopa Ba-
JICHTHHX cXxeM Te, KOTophle, KaK HM Kasaloch, Gojlee COOTBETCTBYIOT CBOHCTBaM
QAHHOTO BellecTBa, H YTBEPXJAajH, UTO XHMUUECKOE [OBeJeHHE BEIIECTBa OMpefe-
AseTcss AaHHOM cTpyKTypoh. EcTectBeHHO, 4ro AJsa OOBACHEHHT OAHHX Dearuui
OJHOTO H TOTO e BEeNeCTBa MPUXOLHIOCH MOJb30BAaThCA OAHHMH BaJIeHTHBIMH CXe-
MaMH, a AAA APYTHX — APYTHMH. 3TO HacTO MPHBONHJO K NyTaHHOEe H HeA0pasy-
MeHHSM.

Pesko BospacTaloumias C yBeJHYCHHEM HHCI2 aTOMOB B MOJEKYJe CJOXKHOCTH
pacueToB MO MeTOJY BaleHTHHX CBAseH ABUIAChb OJHOH H3 NpHYMH, BBHI3BABLIMX
yCHIeHHYIO pa3paboTKy APYTHX CHOCOGOB KBAHTOBOMEXaHHUECKOH TPAKTOBKH XHMH-
4ecKOH CBf3H.

7. JloHOpHO-aKUenTOpHas CBsA3b. PaccMOTpHM Tellepb XHMHUE-
CKyI0 cBfisb B MoJiekyne okucH yriaepona CO. Pacnpenesenne sJfex-
TPOHOB N0 KBaHTOBLIM fiuefikaM B B03OyX/JeHHOM aToMe Yriepoiaa

CE_-LID]II

H B aTOMe Kucjlopoaa

TAKOBO, YTO BO3MOXHO 0OpasOBaHHe IBYX XHMHYECKHX CBf3ed — B
atoMe KHCJOpOJa HMEIOTCS JBa HeCmapeHHbX 3jekTpona. OnHako
IIPH Iepexojie OJIHOr0 3JeKTpOHa OT KHCIOpoJa K yraepory B obpa-
3oBaBmnxca HoHax C~ u Ot OyaeT mo TPH HeclapeHHBIX 3JeKTPOHaA:

C',IEEI ]
t

OTH MOHB HMEIOT TaKYIO XKe 3/JeKTPOHHYI0 KOH(DHIypalHUIO, KAK aToM .
asota (cM. crp. 168); npu coennnennn nono C— u OF BO3HHKHET
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TpOfHAs CBSI3b, aHAJOTHUHAsA CBA3H B MoJekyae Na. OuesusiHo, Tpoii-
Hast cBsA3b GoJiee IpoYHa, YeM JBOHHAs; ee 06pa3oBaHHe NPUBENET K
COCTOsiHMI0 C GoJlee HH3KOH MNOTeHNManbHOH 3Heprueir. I[losTomy
MOXKHO OXKHJAATb, YTO B Mojekyde CO ocyluecTBAsIeTCS HMEHHO 5Ta
¢Bs3b. JleficTBUTENBHO, KAaK BUAHO U3 Tabi. 16, dusuyeckue cBoiicTBa

TaGauma 16
CaoiicTBa OKHCH yriepona B asora

Croficran Cco ) N,
o]

Mexbateproe paccrosie, A, . . . .. ... 1,13 1,09
JHePrus YOH BAMMY, 38+ o v o v o o o o v o W 141 15,5
dneprust paspeBa CBA3N, KKAA]MOAb . . . . . 256 225
Teuneparypa nzaBtents, °K . . . . . . . .. 65 63
Teumnmeparvpa kunens, °K . . . . . .. ... 83 78
Ta0oTHOCTD B XHAKOM COCTOSH 1Y, 2/cM3 . . . . 0,793 0,796

a30Ta W OKHCH yIyepofia BecbMa GJIH3KH; 3TO FOBODUT B NOJIb3Y Bbi-
CKa3aHHOTO IPE/INOJIOKEHHS O XapaKTepe cBsi3d B mMosekyiae CO.

Boamoxken HeCKONbKO HMHOM XOJ PacCyXIeHHH, NPHBOASILHME K
TOMy Xe pesyJbrary. HeBo3GyxaeHHBIH aToM yriaepoaa

¢ ]
ty

HMeeT JBa HeCllapeHHbIX 3JIeKTPOHa, KOTOprle MOryT o6pasoBarthb JiBe
o0uine 5/1eKTPOHHBIE Naphl C ABYMs HECNADEHHBHIMH 3JeKTDOHAMH
aToMa KHclaopofia. OnHaKo HMeroluecs: B aToMe KHCJI0pPOfa ABa Cla-
PEHHBIX p-3J1eKTPOHA MOTYT 06pa30BaTh TPETBIO XUMHYECKYIO CBA3b,
IIOCKOJ/IbKY B. aTOMe yTJIepoja MMeeTCsi OlHA He3alloJHeHHas1 KBaHTO-
Basl siueiiKa, KOTopasi MOXKeT IPHHSATh 3Ty I1apy 3JeKTPOHOB. X U M H-
yeckKass cBsi3b, OOycJOBJNEeHHAas MNapoi 3JeKTpoO-
HOB, MNpHHajfJAeXameiHh JO o06GPa3OBaHHMS CBA3H
OXHOMY H3 aTOMOB, Ha3bBaeTCcs JOHODHO=aKI[eMn-
TOPHOH CBA3bI0. Jas 0603HaueHHs 3TOrO THIA CBA3H UCIOJb-
3YIOTCA TaKXKe TEPMHUHBI CeMUNOAAPHAA HNH KOOPOUHAUUOHHAS
€843b. ATOM, MOCTABJASIOWIMI 3/1EKTPOHHYIO Napy, HA3HBAIOT JOHO-
pom, a aTOM, K KOTOPOMY 3Ta Napa IepeMeHiaeTcs,— AKYenTopom.
Cwmernenne 31eKTPOHHOM Naphl fieaeT cBA3DL TOJAPHON; 3THM 0Gbsc-
HSETCA NMPOUCXOXK/JEHHEe TePMHUHA CeMHIOJsIPHAsi («HANOJIOBHHY DO-
JISIpHafA»),

B dopmynax nonopHo-akuentopHas cBsizb 0603HAYACTCS 3HAKAMH
+ M —— Yy COOTBETCTBYIOLIMX aTOMOB, KOTODble IIOK43LIBAIOT, 4TO
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SJIEKTPOHHAs NIapa CABHTA€TCSl K OXHOMY H3 4TOMOB, HJH CTpEJKOT,
KOTOpasi TaKXe MOKA3bIBAET CHABUT 3JI€KTPOHHOH MapBI:

C,_.

Hl

o+ : C=0

HyxHo oTmernTh, 4TO NpHBeseHHas cxeMa XMMHYECKOH CBSI3H B
mosiekyse CO mBisieTCs JIHIIb NePBHIM MPHOJIHKEHHEM. TTepexon
OIHOW 3JIEKTPOHHOM NMaphl aTOMa KHCJOPOJAa B COBMECTHOE obJsana-
HHE C aTOMOM yIJepolia HO/KeH Obln Obl clenaTh MOJIEKYAy CHIBHO
nosisipuoii. OnHako aunosibHbii Moment CO odeHb mad, OH paBmeHn
0,12 D. B paMkax npHBeIEHHOH CXeMBl 3TO MOMHO OOBSCHUTD He-
KOTOPBIM CABHIOM 0GpasylOlUX CBs3b 3JEKTPOHHBIX map K aToMy
Kucaopoxa. Huxe (crp. 201) xaso Gosee tounoe omucanie MOJIeKy-
ast CO, Takke MpPHBOAAUIEe K BHBOAY, UTO CBS3b B 5TON MoJIeKyJie
TpoiiHas.

PaccMoTpin eille HECKOTbKO NPHMEPOB MOJIEKY.I, cofeprKaliux
AOHOPHO-AKLEITODHYIO CBA3b.

Mouekyna NH; nmeer ssexktponnoe CTPOEHHE

H
H:I\"‘:
H

B nefi Tpu 3neKTpoHHBle maphl o6pasyior cesisk N—H, a uersepras
Mapa BHEUIHHX 3JIEKTPOHOB NPHHALIEXHT TOJIBKO aToMy a3oTa. OHa

MOXKeT OaTh CBA3b C HOHOM BoZOopoxa: B pe3yJbTarte o6pa3ye’rca
HAOH aMMOHHA: .

H H "
H:l.\:: + H+— H:I\::H
H H

TakuM oGpasom, asor B none NH,* siBasercs ‘UeThIPeXBAJJTCHTHBIM.
Crenyer nox4epKHyThb, YTO B HOHE aMMOHHS BCEe 4eThipe CBA3H paB-
HOIEHHBI -—— 3JIEKTPOHHAA INJOTHOCTb DPaBHOMEDHO pacrhpefeseHa
MeXKIAY HHMH.

3zech yMeCTHO 06paTHTh BHHMaHHE HA TO, YTO 3a CYeT cBo6oaHO
3JeKTPOHHOH NAPbl TUIOJbHBII MOMEHT aMMHAKa 60JIbIle BbIYUHCICH-
HOTO, €C/IH HCXOAHTD TOIbKO M3 CMEILEHHs! 3MeKTPOHHBIX ap MOJIsp-
Hbix cBszeli N—H (B ewte Goviblieii cTemenn 3T0 OTHOCHTCS K MoJie-
kyae HyO, B kotopoii y KHCJIOpOZa 1Be HENO/eJeHHble 3JeKTPOHHbIe
mape1). VIrHOpHpoBanHe Henole/eHHBIX [ap MoxeT Jgaxe HPHBECTH
K HENPABH/ILHOMY HaXOXNeHHIO HANpaBJEHHS BEKTOPa (.

Monekyna aMmuaka Moxer NPHCOETHHATD TAKKe H Apyrue yac-
THIE, CHOCOGHEIE PHHHMAThL 3J€KTPOHHYIO napy, HampuMep

H I:“ H:F:
H‘§=+ B:F: H:I_\'E:E: F s
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B coelnHeHHH

l—ll F
|
H—N— B—F
o
H F

KakK a3oT, Tak H 6op SIBJISAIOTCSA tIETI)I‘peXBaJIeI»lTI»lblMI/I.
UeThIpeXBaJEHTHBIA a30T TaKXKe COJCPIKATCH B a30THOH KHCJOTE,
dopMy/ia KOTOPOH MOXKET OBITb 3alMCcaHa TaK:

o /°
No-
B pesyJbTraTte nepexona OJJHOTO H3 3JIEKTPOHOB aroMa a3oTra K ato-
My KHCJI0pOLa B aToMe a30Ta NOABJIAIOTCS 4yeTbeIpe HeClIapeHHDbIX
3JIEKTPOHA, KOTOpbIC MOTYT AaTb 4eTblpe XHMHUECKHE CBS3H. Taxk kak
aToMbl KHCJI0OpPOJIA, cBSI3aHHBIE TOJIBKO C a30TOM, OJJHHAKOBBI, TO H
BO3MOXXHOCTb nepexoja 3JIeKTPOHOB K KaxJaoMy H3 HHX TaKxKe 4B-
Asietcst oguHaKosoii. ITosroMy 3anuch
H—-O—N{"o
%0

[IOKa3BIBaIOllasi, 4TO 4eTBepPTas CBsA3b pasje/ena MOPOBHY MexIy
IBYMSI aTOMaMH KHCJI0POAa, Gosee Touko Bhpaxaer crpoentie HNO;,
yeM npefblmyliasi gopmyna. Monexyna HNO; uMeer CTPYKTYpY,
u3o6paxennyio Ha puc. 81. Kak BHJHO, CTpPOeHHE MOJIEKY/bl HaXO-
JHTCSI B COOTBETCTBHH C NPHBEJEHHOH BhIIE dopmyaoii: cesizu N2 O
HMeIOT OJJHHAKOBYIO JJIHHY H KOpoue, 4eM CBs3b N—O.

MoJieKkysla a30THOTO aHTHAPHAA N;Os B H301HUDPOBAHHOM COCTOA-
HUH ( B mapax) HMeeT CTPOeHHe

Os e
S N—0—NE
0¥ o

anasornunoe crpoernio HNO;z *.

JIOHOPHO-aKUENTOPHAs CBS3b OCYIIECTB/ETCS TAKKE B HySO4 1
H;PO,; 3/1eKTPOHHOE CTPOEHHE ITHX MOJIEKY/] MOXeT ObITh 2aMTHCAHO
Tax:

H:0—H l—ll:fj——H
(L . ! .
:O—P—0: :0—-S—0:
o8 ‘ (1) .9 I -w

H-0: :0:

* Kak TOKA3biBAIOT HCCJAENOBAHMS, KpHCTaJMuecKas MATHOKHCH —2307a
ABJISIeTCS HOHHBIM COeJMHeHWeM, HMeEIOUIM CTpoeHHe {(NO;) *(NOy)—, — 310 HHUT-
pat HutpoHusi. B 3ToM cnyyae oGa atoMa asota B NyQs TakXe SBJSIOTCA YeThIpex-
BaJIEHTUBIMY. :
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Onnako atoMbl cephl H dochopa B OTIHUHE OT aTOMa a30Ta MMEIOT
BO BHellHeM cJioe cBOGOAHBle d-OpGHTajdu, KOTOphHie B H3BeCTHOM
-Mepe 3aMNOJHAITCS HENOASNEHHEIMH 3JIeKTPOHHBIMH [apaMH aTOMOB
kucaopofa. Takum o6pa3om, cBsizu cepel U dochopa ¢ KucaopogOM
cpelHHe MeX]y OJHHADHbIMH M JABOHHBIMH. B JaHHOM cilyuae 10-
MyCTHMO HCIOJb30BaHHE TPaIMIHOHHBIX GOpMYJI:

Onnako oHu (Tak Xe Kak H Ji06ble CTPYKTYpHbIe HOPMYJLI) HETOY-
HO nepenaioT crpoerde Mogaexkya H;PO, u H,SO, Ckaszannoe otHo-
CHTCH H K JPYTHM KHCJOPOACOAEPXKAIUHM KHCJAOTAM 3JeMeHTOB
TPETbero H CAeAYIOUIHX 32 HHM IepHOJIOB.
UYro kacaercss a30Ta, TO OH He MOXeT OHITh
naTHBadeHTHHIM. OUeBHAHO, HEBO3MOXKHOCTh
MPOSABJATb KOBAJCHTHOCTb, PaBHYIO HOMepY
TPYNNBl, XapakTepHa H AJS APYTHX cJedy-
IOIIHX 332 a30TOM 3JIeMEHTOB — KHCJIOPOAa
H (Topa—B CBA3H C OTCYTCTBHEM B HX
BHENIHEM 3JeKTPOHHOM ciioe d-fdeek.

Mpl BHAMM, YTO TpPaAHIHOHHOE CTPYK-
TypHOe H300paxKenHe MoJeKya, Oyayuu
OUeHb IOJIE3HBIM /1A NpelCTaBJeHHs Ipo-
CTPAHCTBEHHOH IIOCTEA0BATENbHOCTH COe- Puc. 81. CTpyKrypa Mode-
AMHEHHA aTOMOB, YaCTO BecbMa HETOYHO KYJ a30THOM  KHCJAOTH
[I0Ka3blBa€T 3JIEKTPOHHOEe cTpoeHHe, Bo
MHOTHX CJy4asX ero 0cOGeHHOCTH BOOGIIe HeBO3MOXHO BHIPA3HTb
TNpH MOMOLIM BaJIEHTHBIX MITPHXOB. AKTyanabHOH 3aZadell SBAAIOTCS
NOHCKH YNOCHBIX M HalJMSATHBIX CNOCOGOB H306PaKeHHs XHMHUECKOI
CBfI3H, LAIOMIHX Gosbie HEQOPMAIHH OO 3J€KTPOHHOM CTPOCHHH, YeM
OOBIUHble CTPYKTYpHBIE (OPMYJIEL

8. CBsA3b B 9JIEKTPOHOACPHUHUTHBIX mMoJsiekyaax. CyuectsyioT
MOJICKYJIBI, B KOTOPbIX MEHbIIE 3JeKTPOHOB, 4eM 3TO HeOoGXOAHMO
A7 00pa3oBaHHA JABYX3JeKTPOHHHIX CBsidell. B KauecTBe IpHMepa
paccMorpum Mosekyay aubopana ByHg. Kasanmocs 6b1, ona momxna
HMETb 3TaHoNnoA0OHyI0 cTpyKTypy. OfHAaKO, B OTJAHYHE OT MOJIEKYJIH
CoHs, B ByHs amiun gBenaguaTh BasleHTHBIX 3JIEKTPOHOB. JKCIEPH-
MEHTAJIbHbIE NaHHble CBHIETENbCTBYIOT O TOM, YTO B paccMaTpHBae-
MOH MoOJIeKyJle aTOMbl BOZOPOAa HePABHOEHHHI: qeTblpe H3 HHX
JErko 3aMemarnTca (Hanpumep, Ha rpynnet CH;), a samemenne
OCTaJIbHBIX JBYX CBI3aHO C PacmagoM MOJIeKYJIbl [Ranpumep, Ha
ABe mosekynnl B(CHs)s]. O mepasromennocts aromos BoAOpOAa B
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B,H¢ cBHAETENBCTBYIOT H Pe3yJbTaThl H3yUeHHA ee sIIepHOr0 Mar-
HHTHOTO pe3oHaHca. [103TOMy ecTb OCHOBaHHs NpHNHcCaTh AHGOpaHy
TaKylo CTPYKTypy:

3xech ueThlpe ABYX3JeKTPOHHble KoHLeBble BH-cBs3M, ocTanbHble
yeThlpe 3JeKTPoHa oObeluHAIOT paaukansl BH2 ¢ momompbio BOxRO-
POLHBIX MOCTHKOB, JI€XKaIHX B INIOCKOCTH NEPIEHAUKY/ISPHOI MIoC-

‘ ) KOCTH pacloJoXKeHHss aToMoB Oopa,
Ha GONbIIeM PacCTOSHHH MO CpaBHe-
HYIO ¢ JPYrHMMH aToMaMH BOXOpOZAa.
Takum oO6pa3oM, BOKPYF KaxIoro
atroMa Gopa (GOpPMHpYyeTCS HCKaXKeH-
Hbd TeTpasap (puc. 82).

Kaxkabiii MOCTHKOBHIH atoM BOXO-
poXa obpasyer ¢ AByMs aTOMaMH 6o-
pa ofmyl0 OB8YXIAEKTPOHHYIO Tpex-
yenrposyro csa3b B—H—B. Oxna snep-
FeTHYeCKH BbIroJHee OOLIUHBIX HBYX-
uwentposbix B—H-csizell: (wa 14

Puc. 82. Crpoenne gubopama KKGA) H BO3HKKaeT B DesysbTate

nepekphIBaHAS JBYX Sp3-opOHTaneit
aToM0oB 0Gopa  O0XIHOH s-opOuTaidm artoMa BOAOpOAA:

Y

Tak GoOpMHpPYIOTCS TaK Ha3biBaeMble¢ «OaHaHOBBIE» CBSI3H:

H\é A/H
1’ BQ A 7B\H

CoenuHenust ¢ AeHUUTOM 3JEKTPOHOB fIBJIAIOTCH aKLeNTOpaMu
saekTponoB. [osTomy, Hanpumep, npu BaaumogeiicTsun BoHg ¢ Ka-
JHeM 3a CueT 3JeKTPOHOB TNOCJHEIHEro MPOHCXOMHT 0CpasoBaHHE
Gopanata kaaus KoBoHg, B pesynbrare uero Bce (CBA3H CTaHOBATCH
ABYX3JIEKTPOHHBIMH.
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[Ipumepamu 3JaeKTPOHOLEDHIHTHBIX MOJIEKYJ MOTYT CJAYXKHTb
Al{CHs),, Bes(CHs)q u 1p.

9. Meroj, eKyJsIPHBIX opOuTadeit. PaccMoTpennslli Bhuie me-
TOJL BaJIHTHHIX CBsI3eHd, IOMHMO TPyXHOCTell, CBI3aHHHX C nposeje-
HHEM DacueToB, BCTPeYaeT B Psjle CJAyYaeB M NMPHHUHNHMAJIbHble 3a-
TpyAHeHus. Tak, HccleloBaHHe noKa3sslBaer, UTO B Psifie MOJIEKyJ
OIIpeAeJIEHHYIO POJib B 00Da30BaHHM XUMHYECKOH CBS3H HIPaIOT He
SJIEKTPOHHBIE 1aPhi, @ OT/IeJIbHbIE 3JEKTPOHBL.

B03M0oXKHOCT 00pa30BaHusi XHMHYECKOH CBS3H He NpH NOMOLUH
SJIEKTPOHHON Maphl, a NMOCPEACTBOM OLHOTO 3JIEKTPOHA Haubosee
OTHET/IHBO BHAHA HA NPHMepe HOHH3HPOBAHHONK MOJEKYJIBl BOIODPOAA
Hg+. Dta wacTuua 6una otkprita B Konme XIX 5. JIx. Jx. Tomco-
HOM; OHa NoJy4aercs npu GoMGapaIHPOBKE MOJEKY.I BOJOPO/Ja 3JIeK-

TPOHAMH. CHEKTPOCKOHP{'{ECKHQ-HCCJIe}IOBaHHﬂ HOK&SbIBalO’g, 4T0o pac-

CTOSTHHE MEXIY sSApPaMH B STOH HacTHIE cocTasasier 1,06 A, a 3Hep-
THsl CBA3H paBHa 2,79 96; TakHM 06pasoM, 3To JOBONBHO IIpouHasn
Mosekyaa. [Tockoabky B Hot mmeercs Tosbko opun 3JIEKTPOH, TO oYe-
BHIHO, YTO B N aHHOH MOJIeKyJle OCyIecTBAsIETCS OLHO3JIEKTPOHHAS
CBsi3b.

Bo MHOrHX MHOroaTOMHBIX YacCTHHmAX HMeoTCS HeclapeHHbie
3JIEKTPOHBL. 31ech HpeXie BCEro CAELYET OTMETHTH cso6oMHbIe pa-
Aukanel (cM. ctp. 107). CBoGogume PAaLHKAaAB —3TO
YacTHNB, oOO0Jdagalomue BHCOKON PEaKnIHOHHOI
CHOCOGHOCTHIO M cOfepXKamue HecmapeHHHe
5AeKTPOHH. Hecrnapennbie 3/1eKTPOHB HMEIOTCH TaKXKe B HEKO-
TOPHIX OOGBIYHEIX MOJIEKYJ/aX, B YaCTHOCTH, B COJlePXKaIiHX HeYeTHoe
4HCI0 3/1eKTPOHOB MoJjieKyaax NO, NO; u ClO,, a Takxke B MOJIEKyJle
kucnopona O, Ilocrenmss npencrasasier ocoGuii HHTEpeC IJs
TEOPHH XHMHYECKOI CBSI3H. :

AToMm kucaOpOma uMeeT nBa HeCHapeHHHIX 3JeKTPOHa

v iy
i TIT]
in

[I0STOMY HA OCHOBAHHM MeTOXA BAJEHTHHX CBSI3eH MOIKHO OBLIO OB
OXHAaTh, YTO MPH COEAUHEHHH ABYX aToMoB O o6pasyioTcs ase sJfeK-
TPOHHLIE NIAPbI ¥ HECTIAPEHHBIX 5JEKTPOHOB B Mosiekyie O, He Oyxzer.
OnHako HcclleoBaHHe MarHUTHBIX CBORCTB KHCIOpoAa (CM. MPHJIO-
KeHHe 8) CBHIETeNLCTBYET 0 TOM, uTO B Moaekyne Op uMeroTcs 1Ba
HecllapeHHBIX 3JeKTPOHA.

C TOUKH 3peHHs MeTONa BaNeHTHHX cBAzedi HESICHO, KaKyl0 poJb B
06pa3oBaHuy CBSI3M B yKa3aHHBIX MOJIeKy/lax HrpaloT HeclapeHHHe
5JeKTpoHBl. PsnoMm uccaenoBateneli Gbuiu NPeANpPHHATE! TIOMHTKH
YCOBEDIICHCTBOBATL METOJ BAJEHTHHIX CBA3€H H CHeNaTh ero TpUTOA-
HBIM JUIST HCTOMKOBaHUA 3TUX hakToB. OxHaKo Gosee MJI0I0TBOPHBIM
OKasaJicst IPYrofl MOAXOA K OGBSCHEHHIO H pacuery KoBaJeHTHOH
CBsi3H, IIONYYHBIUHH HasBaHWe MmeToda MOLEKYAAPHOLX  op6uTaiseti
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(coxpauentoe o6osnauenne —MO). 3nayuTenbHB BKIAL B CO3.a-
HHe H pa3paGoTKy AaHHOro MeToia BHeceH P. Mannnkenom (CLIA).
DTOT METOH, MO-BHAMMOMY, ABJISAETCS JYYMIAM H3 CYHIECTBYIOLIAX B
HacTosilliee BPEMs CNOCOOOB KBAHTOBOMEXaHHYECKOH TPAKTOBKA XH-
MHUECKOH CBSA3H.

Eciau B merofe Iefitiiepa u JIonacHa cocraBiasieTcss BOJHOBaAS
¢ynkuus (111.51), omHceiBaiomas ABHKEHHE 0060HX 3JECKTPOHOB B
monekyne Hy, To MeTOld MOJEKY/IAPHBIX opGuraneil HCXOXHUT U3 BOJ-
HOBLIX (PYHKIMii OTHE/JBbHBIX 3MeKTPOHOB. B aTOM METORE HAXOAAT
posiHoBble pyHKUMH 1-r0, 2-TO, .. ., N1-TO SNEKTPOHOB B MOJIEKYyJIE

‘;’1, 4}2;' [} ‘Prp

TakuM 06pa3oM, CUATAeTCs, YTO KAXKIBIH 3MEKTPOH B MOJEKy/e Ha-
XOIMTCS Ha ONMpENEeJeHHO MOJEeKYJspPHOH op6uTany, ONHCHIBAEMO#
COOTBETCTBYIOMIeH BOJHOBOH (DyHKuHEH. Kaxpaocfi opburain oTBeyaer
onpenenennas sneprus. Ha oJHON opOuTaNTH MOTYT HAXOAMTBCA ABA
3JeKTPOHA ¢ MPOTHBONOJIOKHO HANPABICHHBIMA CTHHAMH. BonaHosyio
QYHKIHMIO P, XapaKTepu3yIoulylo IBHNKEHHE BCEX paccMaTpHBAEMLIX
3J€KTPOHOB B MOJIeKyJ/e, MOXHO NONY4HTD, B35B NpoOu3BefeHne BOJ-
HOBHIX QYHKIIHH OTAENbHBIX 3JEKTPOHOB

Y=1drdo.. . dpn (111.60)

B MeToe MOJEKyJAspHEIX opOuTaselt HaXoAsAT npu6aHKeHHble BEpa-
JKeHHUst AJ5 YKa3aHHBIX OJHO3JEKTPOHHBIX BOJTHOBBIX byukunit. s

: pHOOpa BHpaxeHuil, HauOonee GIH3KHX
K HCTHHHHIM, TaK Xe Kak H B MeTo[e
BaJIeHTHBIX CBsi3el, HCIOMb3YIOT BApH alii-
JHHBIH NPHHLUIL.

VmeloTcsl pasinyHble BapHaHTHI Me-
TOAa MOJEKYJISPHBIX OpOHTaeH. B na-
cTOgIee (BpeMsl OYeHb WHPOKO HCIOJb-
A - syeTeg ciQco6, B KOTOPOM MOJIEKYaAp-

Prc. BS. Paccrosmis Mex-  \HHle OJHOJEKTPOHHBIE BOJHOBbie QyHK-

Ay YacTHUaMU B HORUSHDO=, u GepyTcs Kak JHHelHbie KOMOHHALHH

. panuoit monexyie Hy'  “:gojgopwix (QyHKUHI 3MEKTPOHOB B ATO-

~ _ %&x, 13 KOTOpbIX 06pa3oBaHa MOJIEKY-

na. DTOT Bapnaﬂljggxpameﬂﬂo o6o3nauaerca MO JIKAO no Ha-

yaapHBIM GYKBaM ClOB «JIHHefHAS KoMOHHALMsl ATOMHBIX OpOH-
Tanei».

Jinsi BBISICHEHHsI OCOGeHHOCTEH OHO3IEKTPOHHBIX MOJIEKYASIPHBIX
BOJHOBBIX GVHKIHII le1ecoo6pasfo paccMOTPeTh NPHHINM KBaHTO-
BOMEXaHHUECKOr0 pacuera HanGojiee MPOCTOM CHCTEMBI — HOHH3HPO-
BaHEON MoJeKyJsl Bogopona Hyt.

PaccTosinust MeXKAy YacTHLAMH B MOJEKy/e Hyt npelcrabiieHbl
na puc. 83. [ToTeHuuanapHas 3HEPTHA HACTHIL B JRAHHO¥ cHCcTeMe BBbI-
pasuTcsl COOTHOUICHHEM

e? e? o2

U:———'—'-—-—'——'—.~

Rab Ta Ty
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B COOTBETCTBHH ¢ H3/M0XKeHHBIM Bhillle BOJHOBYIO GYHKUHIO 3J1eK~
TpoHa B Hyt MOXKHO BHIPa3uTh cooTHOmEHHEM

Y= e1¥, + co¥s, (11.61)

TRe Yo U Pp — BOTHOBBIE GYHKUHM 371€KTpPOHA B HeBO36YK JeHHOM
aToMe Boxopona, onpenenseMeie ypasHenueM (111.48). C nomouipio
BapHAalHOHHOrO METOX2 MOXKHO HafTH 3HaUeHHS KO3)ODHUHEHTOB B
(II1.61); nmonyuaercs xBa peayabrara
C1= Cq
"
Co = — Cj.

CJIelIOBaTeJIbHO, BO3MOXHBI IB€ BOJIHOBBIe (I)YHKLLI/II/I, BbIpaxaluine
ABHXKEHHNE 3JIEKTPOHA B cucreme, comepxauied IaBa fAlpa:

Ye=¢g(Ya+ bp) (111.62)
"

Ya = ¢4 (Ya— bp). (111.63)
Ieppas u3 Hux HasslBaercs CHMMETPHUYHOH, BTOpasi — aHTHCHMMeT-
PHUHOR.

ITposenennniit pacuer Hyt ¢ nomoupio CHMMETPHYHOH (QYHKIMA

o

TIpHBOXHT K PaBHOBECHOMY DacCTOSIHMIO ro=1,3 A u SHEPTHH CBAI3H
E=1,77 38. Coraacno SKCIepHMEeHTANbHBIM JaHuBM, ro=1,06 A u
E=2,79 56, 1. e. pacuer faer KagecTseHHOE COOTBETCTBHE C HKCNEPH-
MenroM. HMcnoassosanne aHTHCUMMETpHYHOH ¢ynkuuu (I111.63) no-
Ka3blBaeT, UTO B 3TOM caydae MoJeKyaa Ho+ we o6pasyercs.
¢~ BusicHEM ($H3HYECKHI cMBICA CHMMETDHYHOH M aHTHCHMMeTpHY-
HOH BONHOBEIX OYHKUMI; B HaHHOM c/yuae OH HECKOJBKO HHOH, ueM
B pacuere MoJekysel Hy no merony Tefitaepa u Jlongoua, nockosn-
Ky 3/1eCb DaCcCMaTPUBAETCsl OfUH 3/1€KTPOH.

B coorsercteun ¢ (111.48) u puc. 83 BHIpaXKeHHe M1 aHTHCHM-
MeTPHYHO! BOJIHOBOM (QyHKuuH ( I11.63) umeer BuR

(e i)

Va

M3 wamucarsoro Buawo, uro IpH ro=Trp BOIHOBAA (YHKHMSA CTaHO-
BUTCH paBHON Hyaio. IIpu sToMm, ecrectBenHO, o6pamuraercs B HyJ b H
BeqHYHHA Y2, Koropas XapakrepH3yer BepOSATHOCTb HAXOXICHHA
snekrpoHa. COBOKYIHOCTb TOUEK, /IS KOTOpHIX ro=rp, 0oGpasyer
RAOCKOCTO cummerpui Monekynnl. CieroBaTenbHO, ecin IBHXKeHue
SJICKTPOHA BEHIPAXKAETCS aHTHCHMMeTPHYHON QyHKIHeH, TO BepoAT-
HOCTb HaXOXJAEHHS 3JIEKTPOHA B IJIOCKOCTH CHMMETPHH MOJIEKYJIb
PaBHa nymo. B mauHoM cayuae anektpoHHOoe 0671aK0 He 6yxer co-
CPEAOTOUCHO MeXAYy SiADAaMH, H 3TO NPHBEIET K HX OTTaJAKHBAHHIO.
Ioatomy, ecan pBHXKeHne 3/IEKTPOHA BbIpakKaeTcsi aHTHCHMMETpPHY-
HOH dyHRuMell, TO Mostekyna Hyt me oGpasyercs. Takum o6pasom,
MOXHO clenath OGIMMH BHIBOL, 4TO OpOMTanb onMchiBaemas aHTH-
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CHMMeTDHYHOH BOJIHOBOH ¢dyHKuHeH, He TPHBOIUT K 06pa30BaHHIO Xu-
MHUECKO# CBsI3H, Ba06OPOT, OHA JelaeT MOJeKydy HeyctoiunBoil. Ta-
kas opOHTalib Ha3bIBAETCs QHTUCEA3bIBAIOWell, HIH Pa3pbLXAsioujed.

Hao6opoT, KaK BHAHO H3 ypaBHEeHHs (111.62), nas CHMMeTPHUHOM
QYHKIHH NPH rg=Ip JEKTPOHHAL JIOTHOCTb MeXIy aTOMaMH He
paBHa HyJIO; ee BEHUMHA MpeBhllaeT CyMMy 3JIeKTPOHHBIX NJIOTHO-
cTefl H3OJHPOBAHHBIX aTOMOB BOJAOPOAA (na cOOTBETCTBYIOIEM pac-
CTOSIHHM OT fipa), TAaK Kak TNpH BO3BEAEHHH (111.62) B kBagpar
KpoMe WIeHOB Cs™pa’ H csPpy? TOsABJSETC TaKXe 4WieH 2csPathe.
TakuM o6pa3oM 3HauHTeJbHAsT HaCTb 3J1eKTPOHHOTO 00JIaKa KOH-
IeHTpUpyeTcs B TMPOCTpAHCTBE MeXAy SpAMH, YTO TIPHBOJHT K HX
CTCHBaHHIO — O6PA30BAHHIO XHMHUYECKOH CBSI3H. ITostomy opOH-
TaJib, BhIpaxaeMas CHMMeTpPHUHOH BOJIHOBOH (YHKIHEH, MOXeT ObITH
Ha3BaHa ceaavisarouiel.

YkasaHHble NpeJCTaBJeHHs TOJOKeHb B OCHOBY METOAa MoJie-
KyJIipHBIX OpOuTaiedl B BapHaHTe JIKAO. B atoM MeTole K CHCTeMe
ATOMHBIX SLED, <3aKPeIlIeHHbIX» B CBOHX pAaBHOBECHBIX MI0JIOKeHH X,
110 OJHOMY NPHOABJAIOTCS 5/EKTPOHDBI, KOTOPHIE pacrmoJjiaraiorcst Ha
MOJIeKyJisipHBIX OpOHTaIsAX. BsauMomelicTBHEM 3JIEKTPOHOB Ipyr C
ApPYroM IpH 3TOM npeneGperaior. Ilepexon s/eKTpOHa C aToMHOH
op6uTaiM Ha MOJEKY/APHYIO CBS3bBAIOUIYIO op6utaib COMPOBOXK-
JaeTcsl yMeHbUICHHEM €ro SHepruH — TaKaid opGutanb CcTaOHIH3H-
pyeT CHCTeMy. Hao60poT, pa3pbixsiouied op6uTain COOTBETCTBYET
Gosiee BHICOKAs SHEPIHs — HJIEKTPOHY BHTOfHEe HAXOAHTHLCH B arto-
Me, ueM B MoJjekyJae. Bonpoc 06 yCTOHYHBOCTH MOJIeKYJibl CBOAHTCS
K SHepreTHyeckoMy Ganancy Bcex CBS3LIBAIOIKX M Pa3pbiXJisIOMNX
2J1eKTpOHOB, I'py60 OPHEHTHPOBOUHO MOXKHO CYHTaTh, UTO OJHH pas-
PHIXJISIONME 3JIEKTPOH CBOLHT Ha HET JeficTBHe OJHOTO CBf3BIBAIO-
[ero 3JaeKTpoHa. Ec/H NPOBOAHTL aHAJOTHIO C METOLOM BaJIeHTHBIX
cBA3eil, TO MOXHO YCJIOBHO CUHMTATh, 4TO 06pa30BaHHIO ONHHAPHOH
CBSI3H COOTBETCTBYET HajlHuHe B MOJeKyJe JIByX CBAI3BIBAIOIINX
9JIeKTPOHOB, fAeficTBHe KOTOPHIX HE YHHYTOXXEHO HaluyHeM pa3phbix-
JISIIOLIHX 3JIeKTPOHOB.

Mnl cHauajda KauecTBeHHO PacCMOTPHM pe3yJIbTarhl, JapaeMble
METOZOM MOJIEKYJIApHbIX OpOuTajedl [Jisi ABYXaTOMHBIX MOJIEKY,
06pa3oBaHHEIX U3 ATOMOB 3JEMEHTOB NIepBOTO H BTOPOTO TEPHOLOB,
a 3aTeM Gosiee JeTajbHO pasbepeM HHPOKO HCHoJib3yeMblil B opra-
uuueckoli XuMuu Bapuant MO JIKAQ — merod XiokKeas.

10. MoaeKyasipHBe OpOHTaIH B JBYXaTOMHBIX Mmoaekyiaax. Ilo-
no6HO TOMY, Kak B aTOMe KaXIblll 3JEKTPOH XapaKTepH3yercs
HaGOpOM KBaTOBBIX YHCeJ, TaK H B MOJEKYJe OH HMeeT OnpesesieH-
gble KBAHTOBbie UHC/Ia. ODHEPrHs SJEKTPORA B aToMe 3aBHCHT OT
BeJMUMHB KBaHTOBBIX wucea n i [ MarHHTHOE KBaHTOBOE YHCJIo M,
onpenessiioniee BeJHUHHY NPOCKIHH MOMEHTa KoJiHuecTBa IBHXKeHHs
Ha Kakylo-1H60 OCb H XapakKTepH3yioliee pacrnosioxeHne OpOHTalH B
npocTpaHcTBe, He BJIMSET Ha SHEPruio 3JieKTpoHa. DTO 00bsACHSeTCA
TeM, YTO B aToMe HeT KaKoro-Jn60 npeuMyLieCTBEHHOTO HampasJie-
Hys 1Js OpHeHTauHH opOuTajn — Bce noJsioxXeHnst opOuTaan 3Hepre-

196



r

THYECKH paBHOUeHHbl. MHas curyanusa s MoJekyJe. B xByxaToMHOR
MOJ/IeKy/ie eCTb OJHO HallpaBJeHHe, KOTOPOe BhIAeIdeTcs cpeny BCex
APYTHX,— 3TO HanpaB/leHHe JIMHHM, COeNMHAIOLIeH AApa aTOMOB.
ITosToMy 3meprus snekrpona na MOJIEKYASIDHOH OpOHTANH 3aBHCHT
OT ee PaCHOJIOKEeHHUS.

Pacnonoxenne monekynspuoi opGHTann B OpoCTpaHCTBe xXapak-
TepH3yeTcss KBAHTOBHIM YHCJIOM A, KOTOpOe omnpepenser BEJHYHHY
TIpOEKIHH MOMEHTa KOJIMYeCTBA ABHXEHHS 3JeKTpoHa Ha JIMHHIO,
COCIMHALILYIO f1pa aTOMOB B MosiekyJe. Takum 06pasoM, o CBo-
eMy (QH3HIECKOMY CMBICTTY MOJEKy/sipHOe KBaHTOBOe 4HCAO A aHajlo-
THYHO aTOMHOMY KBaHTOBOMY uncay ‘m. IToxo6Ho m, kBanTOBOe uic-
JI0 } MOXKET NpHHUMATh 3Hauenus 0, +1, +2, . -» KOTODBIM COOTBeT-
cTByeT OyKBeHHas 3amuch o, m, o, ... (aHasorHuHO TOMYy, Kak
BeTHUMHBl [ 0603nauaoTes GyKsamu s, p, 4, ...). Nosromy TOBOPAT
0 0-, 7, ¥ §-COCTOSTHHUAX SJIEKTPOHA B MoJleKy.Te. .

Coraacro npuununy Mayau, sa oguol’ o-opburann Moryr Haxo-
AUTBCA JIBa 3/IE€KTPOHA C PasUYHBLIMH criuHamu, Ha ;- 6-op6u-
TaliX MOTYT HaXOIMTBCA MO HYeThpe 3JAEKTPOHZ, B OTJHYHE OT
G-0pOHTa/IH, LIS KOTOPOH MOXeT GbiTh TOJIBKO OJHO 3HaueHHe A =0,
311eCb BO3MOXKHbI ]|Ba 3HAUYEHHS A — MOJOKHTEAbHOE K oTpHlaTe/b-
HOE, KaX/OMy H3 HHX MOTYT COOTBETCTBOBATb JIBA 3HAUEHHS CLIHHA.

PaccMotpumM, ucnonbays ‘manoxennbe npexcraeiaeHHs, oGpaso-
BaHHe JByXaTOMHBIX MOJIEKYJ] H3 aTOMOB 3JeMeHTQB epBoOro
nepuoza. T

OGpasoBanue Monekynbl _Hy* JMoxker 6mith OpeACTaBJaeHO
3aTHCBIO
H[ls] + H* — Hj [s1s],

KOTOpas NOKa3bIBaeT, YTO M3 1s-aToMHO# op6uTanu oGpa3syercs cBs-
3bIBAIOLLAA MOJEKyAsipHasi 0-0p6#Tadb. AHAJOTHYHO MOXHO 3aNH-
caTb 00pasoBaHye MoJeKyan Hyw

2H [1s] = Hy[(a15)2].

JBa 5/1€KTPOHa B MoJeKyJle BOJOPOLA 3aHHMAIOT IBe CBA3LIBaIOIHHe
opGurany, o6pasosaBiInecss U3 1s-aToMHbIX opGuraneii. Kak 6blio
yKa3aHO BHIlle, MOXKHO YCIOBHO CYHTaTbh, YTO JBA CBA3LIBAIOLIHX
5/7€KTPOHA COOTBETCTBYIOT OLHOH XHMHYECKOII CBSI3H.

PasbepeM crpoeHue IByx HeOGBIUHBIX Mosekysa — Hept m He,,
B neproit MostekyJie Tpu ls-anekrpoHa aTtoMoB renus HYXKHO pasmec-
THTD 110 MOJIEKYNAPHBIM OpOGHTAadAM. QueBHAHO, YTO HBA H3 HHX
3allOMHAT CBA3HIBAOIYI0 ¢ls-op6urans, 2 TPETUHl_3JeKTpPoH moii-
JeT Ha paspeIXJsIomyio o*1s-op6urans (paspuixafipoue op6uraiu
IPHHSTO OTMeuaTh 3Be3mOukoii). Takum o6pasom, MoTekyna Hegt+
Gyller HMeThb 3JIeKTPOHHOE CTpOeHHe .

SR ”

C T He;‘ [(alsﬁlc*ls)];

B Hell 1Ba CBA3LIBAIOMUX SJeKTPOHA M OJHH PA3PLIXJAIOLLHIT;, B COOT-
BETCTBHH C NpHBeJEHHLIM BhILIe NP aBHJOM TaKast MoJieKyJia JoJKHa
OHTh yCcToiumBa. He#icrBurensuo, MoJekyna Hept CYHIECTBYET, XOTA
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A MeHee cTabunbHa, ueM MoJexyna Hp: 3Heprusd cBA3M B Hey+
(70 kKaa/moab) MeHblue, yem B Hy (104 kxaa/moav).

B monekyne Hey HeoGXOAMMO pa3MeCTHTb H2 MOJeKyJsAPHHX
op6uTansx yeThipe 5J€KTPOHA, KOTOpHIE B aTOMaxX 6BlIu 1s-3J1eKTpo-
Hami. OueBHIHO, YTO [BAa M3 HUX 3aliMyT CBA3HIBAIOULYIO OpGUTATbL
H Ba — Pa3pHIXJAAULYIO:

He, [(s1s)2(s*15)2].

TTocko/bKy, Kak ObIJIO YKa3aHno BHIIIE, OAHMH Pa3pHXJISIOIHN 37TeK-
TPOH YHHUTOXKaeT AeHACTBHe OJHOrO CBASBLIBAIOLIErO (B JdeHCTBUTENb-
HOCTH BJHMSIHHE Pa3pHXJAIONIEro 3JeKTPOHA JaXKe HECKONbKO CHIb-
Hee, UeM CBA3HIBAIOILEr0), TO AAHHAf MoJeKyJa He MOXET CyIecT-
BoBaTh. Takum 06Gpa3oM, MeTOA MOJEKYAAPHBIX opbutaJseil, TaKk Ke
KaK ¥ MeToJ BaJeHTHbIX CBA3ell, yKa3bBaeT Ha HEBO3SMOXHOCTD obpa-
3oBanusi MoJexyanl Hes.

I[Tepeiinem Temnepb K PacCMOTPEHHIO MOJEKYJ, o6pa30BaHHBIX H3
ATOMOB 5J1€MEHTOB BTOPOro mepuofa. s 3THX MOJIEKYJ MOXKHO
CYMTATh, YTO 3JEKTPOHH MEPBOTO JeKTPOHHOTO €0 (K-cnot) ato-
MOB He NPHHHMZIOT yyacTusi B 06pa3soBaHUH XMMHYECKOH CBS3H,
_COCTABJSIS_OCTOE, KOTODHI B 3alHCH CTPYKTYPbl MOJEKYJbI o0603Ha-
yaercst 6yxBoh K. HyxHO Takke HMeTb B BHAY, HTO MOCKOJBKY
p-37eKTPOHBl B aTOMe MOTYT 06JaflaTh KBAHTOBBIM UHCJ/IOM 1, paB-
HbM Kak O, Tak u =1, To npu 06pa3s0BaHHH MOJEKYJbl 3TH 3JeK-
TPOHBL MOT'YT 3aMOJIHATH KaK 0-, TakK U n-opGuTaJy.

DKclepHUMeHTaNbHOe HCCIeNoBanHe (H3yYeHHe MOJEKYJIAPHBIX
CHeKTPOB) MOKa3aJo, YTO 0pOuTaIH B PacCMaTpUBAEMBIX MOJEKyJaax
pacrmosiaraiotcss B TOpsiAKE BO3PACTaHHS SHePrHH CIENYIONHM 06-

pasom
ols < o*ls < u2s < a*25 < 02p L n2p K a*2p < e*2p

zo gt Lxa Lwitt Lon* Lud*

DHepruu 3JeKTPOHOB Ha opburansax o2p u n2p GIM3KH, H B HEKOTO-
pbix Mosexyaax (Bg, Cs, No, 0s)- coerHOIIEHHe MEXy HumMH 06part-
HOe NpHBEJEHHOMY: YPOBEHb G2p JIeXKHUT BbIILE n2p. YxaszaHras I0-
CJIe[I0BaTEIbHOCTb ONpefelsieT NOPSANOK 3aNOJHEHHsT MOJIEKYIAPHBIX
opbutaseil — Ipu 06pPa30BAHHH MOJEKYJBI 3JEKTHOHDI pacrnonara-
jOTCS Ha OpbHuTaAXx c HauGojee HU3KOH sHepruefi. ITox cHMBOaMR
op6utaneil BO BTOPOH CTPOKe NPHBENEHHOr0 psila HalHCaHbI opyrue
uX 0603Hauenusi, npeioxensble MasuxeHom (Ilepell CUMBOJaMu
MOJIeKYJ/ISIPHEIX OpOHTaNell MOCTaBJeHH 6YKBHl JATHHCKOTO an¢aBu-
Ta B OGpaTHON MOCJ€L0BATENbHOCTH). Ot 00603HAUEHHA JeJatoT
sanuch GoJee KoMIaKTHOH, B juTtepaType HCIOIb3YIOTCA obe cucre-
Mbl 0603HaueHH. ™ 7

B COOTBeTCTBMH C BHIIIEH3JIOKEHHHM o6pa3oBaHHe MOJIEKYJIks

Lip 3anumercs Tak:
9Li [K2s] —> Liy [KK (325%];

B JaHHON MoOJeKyJie umeerci IBa CBA3BIBAIOHINX 3JEKTPOHA.
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Mouneryna Be; jomxHa HMeTh a1eKTPOHHYIO KoHurypamumo
Bey [KK (925)2(o*25)?],

8 KOTOPOM Ha MOJIEKYJIADHBLIX OpGHTANAX pacrosiaraerc qeThipe
SJIEKTPOHA — 110 ABa OT KaXMOro aroMa. B Takoll Mosekyse umcio
CBASLIBAIOLINX H DPA3PLIXSAIOUIEX 3J1€KTPOHOB OAMHAKOBO, IIO3TOMY
OHa JOMXHA OuITh HeycrofunBoi. Kak um Monexyna Hes, MoJIeKyaa
Be; ne obnapyxena.

B wmouekysne Bj.Ha MoseKyaspHBIX opGHTamsix pasMellanTcs
111eCTh 3JIEKTPOHOB, €€ CTPOEHHE BHIPAKAETCS 3aTHChIO

By L{S‘{S{(GZS‘)Q (*2s)2 (;r(2p)2] .

B nanuo#t MosieKysie Ha yposHe n2p, KOTODBIA MOXET BMECTHTH ue-
THIPE 3MEKTPOHA, PACMNOJIaralTcs ABa JEKTPoHa. B CoOOTBETCTBMH C
fipaBuaOM XYHIa OHH JNOMKHBI HMETh MapasyieibHHe €IHHEL Heit-
CTBUTEJLHO, SKCNIEPHMEHTA/bHEIE HCCAEROBAHHMA TMOKA3LIBAIOT HaJlH-
“He B NAHHOH MOJIEKyJe ABYX HECIaPEHHHIX JEKTPOHOB.

B moaexyne yraepona C, na MOJIEKYJISIDHBIX OpPOHTANAX HaXo-
ZATCA BOCEMb IEKTPOHOB; T2 MOJEKY/Aa HMeeT KoH(puTrypauuio

Cy [KK (c25)2 (a*25)2 (n2p)4].

B moneryne Cy pasphixasiolux 3n1eKTPOHOB ABa, a CBA3LIBAOLIAX —
QeCTh, H3GBITOK CBASHBAIILIKX MEKTPOHOB PaBEH 4eThIpeM, MO3TO-
My MOXKHO CUMTaTh, YTO CBH3b B NAaHHON MOJIEKyJe NBOMHAd.

ITpu obGpasoBanun MoseKynn asoTa Ha MOJIEKYJIAPHEIX OpOMTAa-
JIAX HYXHO pa3mecTHTb 10 371eKTpOHOB aToMOB asora. B cooTmer-
CTBHH C IIPHBEACHHLIM BHIIIE NOPSNAKOM 3alOJHEHHs opOHTaMNel KOH-~
¢urypauus Moaekynas Ny 6yaer

Ny [KK (25)2 (9*25)% (n2p)* (o2p)?],
#.1v B Apyro# popMe 3anucu
Ny [KK (29)2 (yo*)2 (wm)* (x9)2].

Takum o6pasoM, B MosieKyJe a30Ta 8 CBA3HBAOIKX H 2 pasphIx-
JIAIOUIMX SJCKTPOHE, T. e. H3GHITOK CBASbIBAIOLIHX 3J€KTPOHOB paBeH
6 — B Mmonekyne N Tpofinaa cBase. OGpasoBanue MOJICKYJISIpHBIX
opburaneii B MosieKyae a3ora HamocTpupyetcs puc. 84. Paau npo-
CTOTHl Ha HEM NOKasaHO 06pa3soBaHHE MOJEKyJAPHEIX opGHTaneli
TOJIBKO U3 2p-aTOMHBIX 0pGuTaMek.

B Mosiekysne Op no MoseKynsapubim OpOHTANAM JOMNKHBE! GHTH
pacnpenesienbl 12 a/eKTpoHOB: aTa MoJeKyna GyaeT HMeTb cAenyo-
tilee CTPOeHuE:

Oq [KK (202 (ya?2 (w4 (xa)2 (vr*)2].

B nanHoii Monekyne Ha paspuixasiousei op6ufanu un*, rge Moryr
PACNOJIOKHUTBCS UeTHIPE JEKTPOHA, HAXOAATCS TOJBKO ABA 3JIeKTpoO-
#Ha. B coorsercreuu ¢ .mpasniom Xynna oHH GyAyT MMeTb napaa-
JICIbHBIE CIHHBL. JTO HE NPOTHBOPEYHT npunnuny Ilaynu, tak kax
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ONMH 3JIEKTPOH OYHET HMETb A=1, a apyroit A=—1. Takum oGpa-

30M, MeTOJ MOJEKyJIAPHBIX op6uraneil ecrecTBeHHO OOBACHAET Ha-

nuune B Mosekyjie Og ABYX HeClapeHHBIX 3JIEKTPOHOB, KOTOpLIE &

06yC/IOBIHBAOT TlapaMarHeTu3M KHCJI0pola (cM. mpmioxerue 8).

VI36bITOK CBA3LIBAIOLINX JEKTPOHOB B MOJeEKyJe O, paBeH ueThIpeM.
Moutekysa GTOpPa UMEET JIEKTPOHHOE CTPOeHHE:

Fy [KK (29)2 (yo*)? (x9)? (wm)* (w2 )]s

3fech uMeeTcs M30GHITOK M3 ABYX CBA3HIBAIOUIKX 3JIEKTPOHOB, CBf3B
B 3TOf MoJIeKyJle OXHHapHad.

4

i
!
|

1 ¥t

! H]
A b i ,

Amomusse \Wanenyrspren Amomisre
!
i
]
[}
1

Bospacmarue snepeul

opbumant a/zia/rm//ug a,o}/ma/m
N N, | N

[

Puc. 84. Cxema o6pa3oBanus MOJEKYJIAPHHIX opbu-
taneit B Mosekyme Ny (HOKa3aBbl TOJbKO 2p-31€KTPO-
B atoMoB N

OueBHAHO, B MOJIEKYJIE
Neg [KK (20)2 (yo*)2 (x0)2 (wm)t (va*)* (us*)]

YHCNO PA3PHIXJSIOIMX 3JEKTPOHOB CTAHOBHTCA DABHEIM YHCJy CBfl-
3BIBAIOIHX JEKTPOHOB; MO3TOMY OHA (kak u Mosekyna Hep) ne
oGpa3ayercs.

 MHTepecHO NpPOCHENHUTb H3MEHEHHe sHeprufl ¥ JUIMH CBfI3eH NJIS
pacCMOTPEHHBIX MOJEKYJI. Sru JaHHble TNpejcTaBiensl B Tabx. 17.
Mbl BHIMM, YTO YBeJHYeHHe H3CBITKAa CBA3BIBAIOLIMX 3JCKTPOHOB
BeeT K BO3PACTAHHMIO MPOUHOCTH CBfA3H. MexaTOMHbE PacCTOAHHA
npu nepexofe oT Liz K Np ymenblllaiores; 310 06yCJI0BJIEHO COKpaLie-
HEEeM pa3MepoOB aTOMOB TIOJA BAHSHHEM BO3paCTAIOLIEro sapajia Anpa
¥ yBeJuUEHHEM IPOYHOCTH CBA3H. IIpu nepexoge ot Nz K Fp mruna
CBf3W paeTer; 3TO O0OGYCJOBJIEHO ocna6aennem cpsisu. CxasanHoe
JeJaeT TOHSTHHIMH 3aKOHOMEDHOCTH B HM3MEHEHMH KOBAJEHTHHIX

pamuycos atomMoB (cM. cTp. 86).
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Ta6auuna 17
XapakTepHCTHKE ABYXATOMHBIX MOJICKYJ

Mosnexyaa Liy By G, N, (07 Fy
M36BITOK cBA3MBAIOMIHUX -sr.emponos 2 2 4 6 4 2
Een, kxan)mons . . « . . . .. .| 25 69 | 150 ;225 | 118 34
Mewxaroyroe pacetosmme, & . . .| 2,671,591 1,31|1,10|1,21] 1,42

Tenepp paccMOTDHM HEKOTOpHIE NBYXaTOMHEIE MOJIEKYJIBI, NOCT-
pOeHHbIEe U3 PA3THYHBIX aTOMOB.

B mosekyie CO Ha opburanax pacmoaaraiorca 10 BajieHTHBHIX
37EeKTPOHOB; 3Ta MOJIEKYJla HMeeT TaKoe ke 3JeKTPOHHOe CTPOEeHHe,
KaK 1 MoJiekysa Ny

: CO [KK (20)? (yo*)2 (wn)t (x0)2].

QarHaKoBoe 37eKTpOHHoe cTpoeHHe MoJsieKysd Np m CO, ykasbiBae-
MOe MEeTOJOM MOJIEKYJSpHBIX opOuTrajiefl, ecTecTBeHHO OOGBACHAET
©JIN30CTb CBOACTB 3THX BewlecTB (cM. ctp. 188). B momekyae CO
#30bITOK CBA3LIBAIOIUMX 3JeKTPOHOB paBeH 6, O3TOMY cBf3b B HaH-
HOH MOJIeKyJ/i€é MOXKHO CYHTATh TPOHHOM — MBI NpPHILIH XPYTHM Iy-
TeM K BBHIBOAY, KOTOPHI# Obli cllenad Ha cTp. 188.

B monexkyne NO Ha op6Guransax pacnonaraercs 11 aieKTpoHOB,
94TO IPUBOJHT K CTPOCHHUIO

NO [KK (20)2 (y3*)2 (w)t (x2)? (0 *]].

Kax BHJHO, 4HCJIO U36BITOYHBIX CBA3BHIBAIOILUX 3JEKTPOHOB B AaHHOR
soseKyae paBHO 5. B moHusupoBanHO# Moaekynae NO+

NO * [KK (29)2 (yo*)2 (w1) (x0)?]

#130bITOK CBASHIBAIOIKX 3/1eKTPOHOB paBeH 6. [loaromy wmosekyaa
NO* gonxHa Guith npoudee NO; JefCTBHTeNbHO, eCaAH SHeprHa
<zt B NO paBia 149 xkasa/moss, 10 B NO+ oma paBHa
251 kkaafmoss. Opnako Ecot=192 xxas/mose wmenbme Eco=
=256 kKas/mons.

Taxum o6pasom, Haxe To HeGOJbIUOE YHCAO NPUMEPOB, KOTOPOE
OBUI0O TpHBEJEHO, NIOKa3biBAaeT HACKOJBKO MJONOTBODHBHIM OKAa3Hl-
BaeTcsl MEIOJA MOJIeKYJIsIpHBIX 0pOuTadedl 118 NCTOAKOBAH -
<Ka3aHHA CBOHCTB MOJIEKyJI.

11. Merop XwKkeas. B nociefsue rogsl MeTol MOJEKyJspHBIX
©opbuTasel GbuT IPUMEHEH AJIA pacyeTa XapaKTepPHUCTHK OYeHb MHOTHX
Mostekyld. OH IIMPOKO NPOHMK JaKe B TakHe OTpacid 3HAHUA, e
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HEeCKOJIbKO HecSTKOB JieT TOMY Hasaji caMa MBIC/Ib O BO3MOXKHOCTR
HCNOJB30BAHHS KBAHTOBOH MeXaHHMKH Kasajach He 3acClyXKHBalo-
Ileft BEUMaHHA (anTa3Hell — B TEOPHIO OPraHHYECKHX peaKuu#, 6uo-
XHMHIO, MOJeKyJIsipHyI0 6Hosoruio. Oco6enHO IMPOKOE pacnpocrpa-
HeHHe B yKa3aHHBIX oOJjacTsx mosyuns sapuant MO JIKAO, npen-
JoXKeHHBIH D. XIOKKeJeM.

C noMoilbio Meroga XIOKKess HaXOAAT 3HEPTMH ¥ BOJIHOBHIE
(GyHKUMH 3J€KTDOHOB, 006pasylOmHX HeJOKaJIH30BAHHEIE fi-CBA3H.
M3BecTHO OTPOMHOE KOJIHUECTBO MOJIEKYJI, COJePXKAINX TaKHe CBA3H;
OHM MTPalOT OUeHb Ba)KHYIO POJib BO MHOTHX OPraHHYECKHX peakuusx
1 GHOJIOTHUYECKHX TIponeccax. .

Beime (crp. 185) ykasweiBasoch, UTO JABHXKeHHE 3/1€KTPOHA B CH-
cTeMe HeJOKa/JIM30BAHHLIX fi-CBf3eil MOXeT OHITH PACCMOTPEHO ¢ NO-
MOIIBIO MOJEJH OXHOMEPHOTO MoTeHuuasapHoro Aiuka. OmHako ator
He BcelZa JaeT NPaBHJIbHBIE Pe3yJbTaThl, TaK KakK HaHHas MOMe/b
ouenb rpy6Gas. Kpome rtoro, oHa onpeje/sier JMIlb YPOBHH SHePrui
3/IeKTPOHOB H He IN03BOJIfIET CYAHTb O PAacrpelesieHHH 3JIEKTPOHHO
IJIOTHOCTH B MOJIEKYJIaX ¥ NPOYHOCTH CBASH MeXKIy Te€MM HJIH HHBIMBP
atoMaMu. T103TOMy Takoe pacCMOTpeHMe MMeeT JIMIIb OTpaHMYeHHOE
npumenenue. Meron XIOKKesl HeCPaBHeHHO GoJiee POy KTHBEH.

B pesyJibraTe HCIOJIb30BAHHS JaHHOIO MeTola c(OPMHPOBAJIHCEH
TPH NOHSATHS, UMelOIHe 60JbIlOe 3HaUeHHe B COBPEMEHHO! OpraHuye-
CKOH XMMMH — NpeJCTaBieHHs] 0 nopadke c8A3U, O N-IAEKTPOHHOL
naotHocTu ¥ uHdexce cgo600roil sarentHocri. Celiuac MBH B CaMBIX
o61mux uepTdX OXapaKTepH3yeM 3TH NOHSATHS M IOKaxKeM UX NPHME-
HMMOCTD;, cTporasi ¢opMyJiHpoBKa GyleT AaHa HHKe, MIOCTe H3JI0XKe-
HHS CyllleCTBa MeTOAa.

PaHee yKa3bBaJOCh, YTO B MOJI€KyJiaX C HeJOKaJM30BAHHEIMD
3JIeKTPOHAMH XHMHUYECKHe CBSI3H MOXKHO paccMaTpuBaTb Kak IpoMme-
KYTOUHBle MexX1y ABOHHBIMH M OAMHApPHEIMHU. IlpeicraBienwe o mo-
pSJKe CBSI3HM JaeT 3TOMY NOHATHIO KOJIHUECTBEHHYIO XapaKTePHCTHKY.
EcJin nOpSiIOK CBSI3H PaBeH eIMHHIlE, TO CBS3b CllellyeT CUHTATb OAH-
HapHOH, IBYM — JBOHHOH, OJHAKO 3TOT IapaMeTp MOXeT HMETb W
NPOMeXyTOUHble 3HaueHHA. UeM BEIIE MOPSNIOK CBA3H, TeM, NPH HPO-
YHX PaBHBEIX YCJIOBHAX, IPOYHee JaHHAs CBA3b. B crpykrypHo#t ¢op-
MyJie 6yTagueHa

1,894 1,447 1,804
CH CH

H,C CHy
HHGPBL HaZ COOTBETCTBYIOMMMH CB3SIMH YKa3bIBAIOT HX NOPSMOK; 3TR
BeJIMUMHEL HaHJeHBl ¢ NIOMOIIBIO MeToNa XIOKKessl; BHAHO, 4TO MO
KpasM [eny MOPAAOK CBA3H BHIIIE.

71-DJIeKTPOHHAs TVIOTHOCTb XapaKTepH3yeT BePOATHOCTD NpeObiBa-
HHS HeJIOKaJH30BAHHOIO N-3JIeKTPOHA y paccMaTpHBaeMoro aroma.
UeM Bhillle 5Ta BeJIMUMHA, TeM Gojiee OTpHIATe/IbHO 3aPsizKeH JaHHbI}
aToM. DTa XapaKTepHCTHKa ONpejelisleT HaNpaBjieHHe NPEBpPALleHHsR
MoJleKyJIBEl IPH BO3LEHCTBHH Ha Hee 3apsiKeHHBIX YaCTHI. Tak, Hanpu-
Mep, B MOJieKyJle HUTPoOeH301a
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v
0,79|/ \10,79
0,05, /0,9
0,61
T-3JIEKTPOHHBIE TFIOTHOCTH OTMEYEHbI UM(paMHU OKOJIO COOTBETCTBYIO-
[[HX aTOMOB. BHIHO, 4TO 3TH BeJHYHHBl IJIS aTOMOB, HaXOAAIIMXCH
B META-TIOJIOKEHHHU 10 OTHOIUEHHIO K HUTPOTDYIIe, HMEIT HaHO60b-
weé 3Hayenne. [103TOMy HPHM HMTPOBAHHMH — BO3IEHCTBHHM Ha MoJe-
kyay nonama NOs+ — nociiennye OyAyT npeHMyLIeCTBEHHO 3aHUMATh
Mmera-nojoxKenusi. TakuMm o6pa3oM KBaHTOBOMeXaHHYeCKHHl pacuer
06 bACHSIeT, TOYEMY IPH HUTPOBAHHMM HHTPOOGEH30Ja B OCHOBHOM IIO-
JIy4aeTcsi MeTa-AUuHUTPOGEH30.1.
Unnekc cBoGOJHOH BaJ@HTHOCTH XapaKTepuayer cnocobHOCTh aTo-
Ma B MOJIeKyJle pearupoBaTh ¢ HeHTPaJbHBIMH aTOMaMH H CBOOOIHBI-
M¥ pajauMKajgamu. DTa XapaKTepHCTHKa 0603HauaeTes CTPeaKoil, 0K0JIo
KOTOpPO# yKasblBaeTcsl ee 3HaueHue. Tak, Hampumep, B OyTaaueHe
uHIeKcH cBOGOXHON BajeHTHOCTH OynyT

He 1w
>C=C~—C=C<
H” § ¥ ¥ { “H
0,838 0,391 0,391 0,838

OTcl0ja MOXHO 3aKJIKYUTh, YTO NPU BO3AEHCTBHH HEHATpaJbHBIMH
aTtoMaMu (HampuMep, pu GPOMHPOBAaHHH) OHM OyAyT MpHCOeIUHATD-
¢l K KpailHUM yIJIepOJHBIM aToMaM MOJIeKyJbi OyTanueHa, 4yTo H Ha-
6a101aeTcA B AeHCTBUTENbHOCTH. Beuuunbl nHAeKcoB ¢cBoOoAHOM Ba-
JIGHTHOCTH IJiA Ha¢TadHHA

0,101 0,452

Tt 0,404
/\r\/’

N/ N\

§0Ka3bIBaIOT, 4TO NNPH GPOMHpPOBaHNM HaPTANHHA JOJKEH H0AYy4aThCa
a-GpomuadTaann

Br
AN\

A

DTO NOJHOCTBIO COOTBETCTBYET ONBITHHIM TaHHBIM.

PaccMorpum cHavajla mpuMeHeHue MeTojna XIOKKesas mjs HauGo-
Jiee npoctoro caydas — Mojekyasl sTuaeHa CHo=CH,. Crpoenue
STOA MOJIeKy Iy (ee yriepoiHBIl CKejeT) MOXKeT OBITh TIpeXCTaBJIe-
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HO CXeMO#, Nokasnipalomed aTombl C U CBSA3b MEXAY HHMH:
L5

3/lech UMelOTcA ABa AMeKTPOHA, o6paayiomue fi-CBA3b; K HHM H OTHO-
cuTcs pacyet no MeToAy Xiokkens. BonHoBast QyHKUHS 115t KX AOTO
M3 3THX 3JIEKTPOHOB B COOTBETCTBHU ¢ TPeOOBaHHAMH MeTOda MoJe-
KyJsIpHBIX opOuTa/edl cocTaB/sercs H3 BOMTHOBBIX (PYHKIMI p-37eK-
TPOHOB aTOMOB YITIepOAa Qid Pa:

b= c191 + copy.

B namem paccmMoTpeHHH HeT HeOoGXOAMMOCTH 3HaTh (POPMYJIHL,
BbIpaKaloOlIHe Q1 H 2; HOSTOMY 3aMeTHM JHIlb, YTO B TeX cAyyasx,
Korja oHd TpebyloTcsi, 06bIYHO GepyT NPHOIHKeHHbIe BEIPaXKeHusT IJIs
BOJHOBHIX (DYHKUHHA 3JeKTPOHOB B aToMax, noayuyeHHble CieiiTepom.

Kak ykasbiBanoch panee (crp. 156), 11a HaxoxaeHus koadpduuu-
€HTOB C; H C2 HYXXHO COCTABUTb CHCTeMY BEKOBBIX ypaBHeHHH U IpUpaB-

HSITb HYJIIO BEKOBOM JleTepMHHAHT.
BexoBbie ypaBHeHHst B paccMaTpHBaeMOH 3a/laue HMEIOT BHI

(Hu—ESn) ey + (Hig— ESp) e =0, }
(Ho—ESy) ¢1 + (Hoy— ESp) ey =0.
HHTterpansl, BXoAsmue B 3TH COOTHOLIEHHSI, UMEIOT clelyIOllHe
BEIDAXKEHUS H HA3BaHHUS: '
Su=[op1dv=[2dv=11n Sp =
- = [ ¢spdv = [¢2dv =1 — HOPMMPOBOUHbIE HHTErPAJIEI;

Hy = Hiy= [ ¢:1H3,dv— o6MeHHbE (HIH Pe3OHAHCHble}
. . HHTerpaJsl;
Sip= Sp1= { 91925dv — unTerpats nepekprBanus;
Hy = | 91Ho1dv u Hyp= [ 9yHesdv— Ky10HOBCKHE HHTETPAIbL.

(111.64)

B BhIpaxeHHs KYJOHOBCKOI'O M OGMEHHOI'O WHTErpajoB BXOIUT
onepatop ['aMuibTOHA, B HOPMHDOBOYHOM HHTErpajie ¥ HHTErpajie
nepeKpHBaHHA OH OTCYTCTBYeT. B KylTOHOBCKOM HHTerpaje comep-
&Kartcs Jise ofiHHaKosble QYHKUUH, B 06MeHHOM — pasHble. AHAI0THY-
HO OTJIHYalOTCl HOPMHPOBOYHBIH HHTerpal W HHTErpal MepeKphi-
BaHHS.

B merone Xiokkens Aenaiorcs caeAyomue Aonyluenus: 1) o6-
MeHHBle HHTErpaJbl [ BOJTHOBHIX (VHKIUE, He NpPHHAMJERKALIHX
COCEIHMM aTOMaM YIJepORa, CUHTAIOTCA DPaBHBIMH HyJI0; 2) Ans
JM06BIX COCETHHX aTOMOB yriepofia OOMeHHBle HHTerpaibl OJHHA-
KOBBl; BCe KYJOHOBCKHE HHTerpajbl TaKiKe OIHHAKOBE, 3) BCe
HHTeTpaJibl NepeKPLIBaHks NPUHHMAIOTCA pPaBHBIMH HYJIO. SIcHO, uTO:
3TH AONYILEHHS ABJIAIOTCA OyeHb I'PYGBIMH, HO OHH BecbMa yIpo-
uanoT pacyersl. HauMeHnee 060CHOBaHHBIM TIpeACTaBJAETCS HOCHEN-
Hee JoNylieHHe, TaK KaK pacueThl MOKA3HIBAIOT, YTO HHTErpass
NepeKpHIBaHKSA, COllePXKaluuil BOMHOBbe (DYHKIHH P-3JEKTDOHOB CO-
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ceHMX aTOMOB YrA€poXa, pasen nmpubausurenbso 0,25. Onnaxko Go-
Jlee CTPOTOe PaccMOTPeHHE BOMpOCa, BKJIIOUAlONlee HHTErpasbl nepe-
KpHBaHHs, N0Ka3aJo, YT0 BHOCHMas JolylleHneM 3) morpemHocTb
He oueHb BeJIHKa, He cielyer TaK:Ke AyMaTh, 4TO HeJb3f NPHHHMATDH
paBHBIM HYJIO MHTETPaJ NePeKPHIBAHHMA, MOCKOJbKY XHMHYecKas
CRA3b BO3HMKAeT HMEHHO B pe3yJjbTaTe NEPeKPbIBaHHA ATOMHBIX
opburaned. Hy:xHo HMeTb B BHIY, UTO 3TO MEpPEXpLIBaHHE o6ycJyioB-
NHBaeT TaKXKe W NosiBJeHHe OOGMEHHOro HHTErpaja, BKJaj KOTOo-
pOro B 3HEPTHIO CBA3H 3HAUATENLHO Gonpiue «BKJafa» HHTErpaja
MepeKpLIBaHKA; NOITOMY NOCTEAHHM B ePBOM nprbJIHAKEHHH MOXHO
npexebpeds.

B paccMmaTpuBaeMoli mpocreiie 3ajgade LONYLIEHHS 1) u 2) ne
HCIOJIBL3YIOTCA, TaK Kak JBa dToMa yriaepojia B MOJexyJe CoHy
spasiorcs cocexnumu. C yueToM JOMyllleHHs 3) H PaBeHCTBA elH-
HHIle HODMHDOBOUHBIX HHTErpPajioB CHCTeMa BEKOBBIX ypaBHeHHHA
nproGperaer Gosiee NPOCTOH BHA

(Hn—E)e1 + Hiey =0, }
Haey + (Hyg— E) 62=0.

KyJ10HOBCKHE WHTErpasibi NPHHATO 0603Hauath CyxBoft a, a 0GMeH-
urie p. Torna (I11.65) npumer Bux

(a— E)e1 + Beg=0, }
Ber+ (@—E)eg=0.

(111.65)

PasjennM o6a ypaBHeHusi Ha § U BBefleM o0o3Hauenye
a—E '
B
CHcreMa BeKOBHIX YDaBHEHHI OKOHUATEJbHO 3aNHUINETCs
xe1+ =0, }

e1+ xeg=0.

= x. (111.66)

(11.67)

ITpupaBHAB HYJI0 BEeKOBOH JIETEPMHHAHT, HMeeM

x 1
=x2—1=0.
1 x
Orciona x==+1. Tloacrasaaa x=—1 u x=1 B (I11.66), nosyuaem
IBa BbipaXKeHHS JJs SHEPTHH 3JIEKTPOHOB
El =qa} B (111.68)‘
"
Ep=a—8. (111.69)

Mgl nosyuw/iu ABa COOTHOLIEHHS, BHIPAXKAIOIIHE ISHEPrHIO JJeK-
TPOHOB, 06pa3yiomux n-cBA3b B Mojekyde CsHy OOGMennbii HHTEr-
pan g Bcerfia orpuuarecH. IlosroMy sneprus E, menbme Ej. Ypas-
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uenne (I11.68) onpenensier 3Hepruio cwsisbiBaOwWel opGuranw,
ypaBHeHne (II1.69) — pa3puixasoumeli op6utasu. B HeBo3GyxieH-
Hoil Monekyne CpHs nBa paccMarpuBaeMblX 3JeKTpoHa GyAyT Ha-
XOAHMTBCSI B COCTOSIHHH C HauboJjee HH3KOH 3HEPruel, T. e. Ha CBA-
3biBaolileil opOHTadH. DTO CXeMaTHYECKH NMOKa3aHO Ha puc. 85.
Hainem tenepp 3HaueHus1 KO3 PUUHEHTOB B BbIPpa*KeHHH BOJHO-

Boit dynkuun. Jlas cesasbiBaomei opourtann x=-—1. Ioxcrasassa
310 3nauenue x B (111.67), umeem
¢1=¢y HIM cC1/cy=1. (111.70)

Mb! nmosyunsiu BHIpaXKeHHe, ONpelelsiioniee COOTHOLICHHe Koadhdu-
HUEHTOB; IJs OmpeleieHus HX aOGCOJIOTHBIX 3HAueHHH HYXKHO BOC-
M0.1530BaThCsl YpaBHEHHEM HOPMHPOBKH:

£ [v2d0 = [(erp1 + expp)2dv=1.  (UI.71)
PackpeiBasg cCKoOKH, nosiyuaeM
c?f :pfa’v + 2¢cq109 5?1?2 dv + cg j ?g dv=1.

Tak kax aTomuble BOJHOBHE QYHKUHH @) U Q2

o HODMUDPOBAHbBI, TO MepPBLIl H HOCAELHHH HH-

TerpaJel pasusl efunuie. Bropoi uxHterpas —

HHTeTpan MepeKpblBaHHA — B MeTofe XIOKKe-

Py ,_.H_ Js OpuUHHMaeTcs paBHuIM Hyaio. Orcioga no-
Jayuaeu

S 4el=1. (111.72)

Puc. 85. Yposun swep-  yyyrppas (I111.70) u (I111.72), uMeem
THH JL-2J1E€KTPOHOB B

9TH/IEHe 1

C1= 09 =

Taxum 00pa3oM BhIpaxKeHHe AJS1 BOJHOBOR (YHKUHH CBA3LIBaIOWeH
opOuranu 3anuuieTcs

1
b= ——(p1+ ¢ (I11.73)
Ve
IIposoxns coBeplieHHO aHaJOTHYHble omepanuu ¢ x=1, HaxoauM
1
€1 = Py H (9= — ——,
Ve Va2

Orciona p/1s1 paspouixasioieil opGuTaiu

1
$ o= ——— (1 — ¥9). (I11.74)
Ve

Mbl HamiaM BHIpaxKeHHS! IJisi 3HEPrHM M BOJHOBHIX (YHKUMH
7t-2J1EKTPOHOB B MoJieKyae CgoHy, T. €. pelllnan KaHHYIO KBaHTOBOMe-
xannqecxylo 33,&8‘!)’.
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~"HOB B

//%CMOTpHM GoJiee CJOOKHBI IpPHMEP — COCTOSAHHE T-3JIEKTpPO-

BOﬁOlIHOM pajuxKaJe aJijinJje
™\, CHy=CH—CHy—
1 2 3

CTpoeHHne 3TOH YaCTHUBI C TAKHM Ke PABOM MOXKeT GLITh BHIpaXKeHO
dopmyJioi
— CH;—CH=CHj
1 2 3

D710 NOKa3LIBAET, UTO T-CBSI3H B NAHHOH CTPYKType HeJIOKaJH30BaHBI.
Ha n-MOJeKyJIspHBEIX 0pOHTANIAX 31eCh HeOOXOAUMO Pa3MECTHTh TDH
5/1eKTPOHA, He NPHHUMAIOMHX yuacTHst B 06pasoBaHud o-cBf3ef;
mocaennue B MeTojxe XIOKKeJsl He pacCMaTpuBaroTcd, NpUHHMaercH,
4TO OHH HHKAK He B3aHMOJEeHACTBYIOT C fi-CBA3SMH.

Crpoenne yIJepOJHOTO CKeJeTa B JIaHHOM CJyyae BhIpasuTCd
cXeMoH

1 2 3
O———O- -0

a BosHOBasl (PyHKHHA 3MEKTPOHA — COOTHOLICHHEM
b= 191 + 299 + €33,
rJe @1, P2 H Q3 — BOJHOBble PYHKUHH P-3JIEKTPOHOB B COOTBETCTBYIO-
KX aToMax yriepoja.
CHcTeMa BeKOBBIX ypaBHeHHH HMeeT BUJ
(Hy— ES11) ¢1 + (Hig— ES1) ¢ + (H13 — ES13)¢3 =0
(Ho1— ESs1) e1 + (Hog — ESo) ¢y 4 (Fly3— ESp3) 3= 0
(Hs1— ES31) ¢1 + (H3— ES3p) ¢ + (H3z3— ESz3) ¢3=0
C HCIOJB30BAHHEM H3J0XKEHHBIX Bhille JONYIEHHA U COKpaLleHHOH
cucTeMbl 0603HaUeHull OHa puHUMaeT Qopmy
xc1+cp=0, ‘
1+ xco +c3=0, (111.75)

¢y + xc3=10.

BexoBo#i netepMiUHaHT HMeeT pellleHHe

1
11

=x(x2-~1)—x= x3—2x=x(x‘2—2)::0.

x
1
0 0 x

- %
R —
i
%

OT1cI04a HAaXOJMUM TPH 3HAYEHHSA X:
S —
x1=0; x=—V2 x3=1}2.
[Moncrasiss Kaxao0e U3 3THX 3HaueHnit B cootHowenue (I11.66), mo-
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Jy4yaeM TPH BbIpaxKeHHS /IS 3HEPTHH

El=g Ez=a+V5ﬂ; E3=‘1—V§ﬁ-

PaccMOTpHM noJyyeHHBIE BHIDAXKEHHS.

IlepBoe coOOTHOWIEHHE HE COLEPKHT OOGMEHHOTO HHTerpasia B.
Oneprus 3JeKTPOHA Ha COOTBETCTBYIOIEH opO6HTaIH NPaKTHYECKH
Takas e, KaK H B H30JAHPOBAHHHIX aTOMAaX,— KYJOHOBCKHH HHTer-
pal a BHIpaXaeT SHEPTHIO SJIEKTPOHOB B OTCYTCTBHE XHMHYECKOH
cBA3H. JTa opbuTanL Ha3bIBaeTCs Hecssasbisaroujeli. DNEKTPOH, Mo-
Najaloluil Ha TaKyio 0pGHTalb, CONMIaCHO MeToLy XIOKKesds, He OKa-
3BIBaeT BJHSIHHS Ha NPOYHOCTb CBS3H B MOJIeKyJe. DTO, KOHEYHO,
YIpPOIlleHHe; B NeACTBHTEJbHOCTH NAaHHBIA 3JIEKTPOH BHOCHT HEKOTO-
pbift BKNAJX B 3HEPTHIO CBSI3H, HO 3TOT BKJIaJ HEBEJHK H NPH OPHEHTH-
POBOUHOH OlLleHKe HM MOXHO IpeHelpaub.

£ Bropoe BHpaxkeHHe HaeT HAHM2Hb-
o-28 mee 3Hauenne E (oOMeHHHII HHTerpan
OTpHlIaTeJeH). DTa 3HePrHs OTBeyaeT
: _ cBasbiBalomed opburaau. Tperve cootHo-
®-pr ' ieHde, Hao6OpPOT, HaeT HAHGOMBLIYIO

3HePryio — TAaKOH 3JIEKTPOH 3aHHMaeT
i 4 pasphIXJsIouy10 opOHTalb.

' " Ha puc. 86 mnpexacrasmena cxema
YPOBHEH 3HePrHH B YaCTHIAX, HMEIOL[HX
a+g | ¢opmyny CsHs. B nefitpansnom pagnka-
H M - ne CsHs na xioxkeneBckux Mouekyasp-
CH; CHy cCjn; HbX OpOHTa’nax pacnonaralotcs Tpu

3JeKTPOHA — JiBA 3aHHMAIOT CBS3bIBAIO-

Puc. 86, Vpoun omeprmy VIO OPOHTANDL X +onnH—HeCBasbeaxq:
n-3MeKTpoHOB B pagmkane ULYI0. B mone C3Hs* Ha HecasmBatomei
CsHé u obpasosamneix n3 we- OpGHTANH Her 3;ekTpoHOB, B CsHs— ma

ro- HOHax 3TOH OpOHTalM HaXONATCS [Ba 3JeK-
TPOHA.

Hafinem tenepn koaduuunesTH B BbIDAXKEHHSIX BOJIHOBHIX (hyHK-
uuif. JIns BX BBIYHC/IEHHS HeOGXOJHMO HCHONBL30BATh ypaeBHeHHe
HOpPMHPOBKH; OHO aHaioruyHo (II1.71) m npmBomuT K BHIpaXeHHIO

S+eafei=1, (I11.76)

a+28)

aHajoruyuomy (I11.72).
Hasi necBaspiBatoment op6urann x=0. [ToxcTasass 570 3HaYeHHe
B CHCTEMy BEKOBHIX ypaBHenuit v yyuteiBas (II1.76), maxozum

LI 1
Ve Ve
- Bonnoast pyHKuHs 3anHmercs

Y L 9 !
== 1— . -
Ve V2 ¥

Kax BuaHo, smekTporHoe 061ako HecBSI3BIBaOILeH op6HTa/H cOcpe-
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NOTOYeHO OKOJIO KpaWHHX aToMOB 1 u 3,— BOJIHOBas ()YHKUHA @z B
BHIDAXKEHHH MOJIEKyJAsapHOA opOutaau orcytcrByer. Ilostomy zam-
HBIl 3JIEKTPOH HE O0Ka3bIBAET CYIeCTBEHHOIO BJIHAHHA Ha IPOYHOCTH
CBSA3H.

IOas ceasuiBawowed opbutanu x=— } 2. Hcnoan3ys 3to 3made-
Hile, TEM XKe cIIocoGOM MoJydaeM

1 1
01=C3=7,‘ Co = .

Va2

BosHoBas QyHKLUHUS ONpeeNHTCH BIPAKEHHEM

1 1 1
4’2=??1+—?z+ o5 ¥s-

Ve

Paso6Gpannble NpuMepH JalOT NpeAcTaBleHHE O MeToje XIOKKe-
asa. Ilponenypa pacuera sBiserca cTaHgaptHOil. Pemennem Bexo-
BOrO JeTePMHHAHTA HAXOJAT 3HAUEHHA IapaMeTpa X; OTCIOAA IIOJY-
YalT BBIPAXKEHWs JJs SHepruH M 3HAYeHHA KO3(DODHUIMEHTOB B
YpaBHEHHAX BOJHOBHIX (PYHKUMH. 3aTeM pacnojaraloT HeJoKaJau3o-
BapHblE T-3JEKTPOHH Ha OpOHTaAAX ¢ HauboJee HH3KOH 3SHEpruei.

Bricuian crenenp X B ypaBHEHHH, IOJyYaeMOM pacKpPHITHEM Be-
KOBOro JEeTEPMHHAHTA, PaBHA YHCJIy AaTOMOB B PaccMaTpHBaeMoi
MoseKyle (AJA STHJEHA NOJYYHJIOCH YDaBHEHHE BTOPOfl CTEHERH,
ans annuna— tperbel). Iloatomy B pacuerax a8 MHOroaTOMHBIX
MOJIeKYJ/l MIPUXOJHTCH peliaTh ajare6paHyecKHe ypaBHEHHsS BBICOKHX
creneneii. M3BectHbl pasnuunble MaTeMaTHYECKHE IIPHEMBI, I103BO-
JAAIHE HAXOJHTH KODHH TaKHX YPaBHEeHHHA ¢ BHICOKOR CTEIIEHbIO
TOYHOCTH.

BriuncanTeNbHbIE TPYAHOCTH B METOJE€ MOJEKyJdspHHX OpGHra-
Jefi 3HaYMTENbHO MEHbHIe, YeM B METOJe BAaJeHTHHX cBA3eh. Eciu
fIpY PACCMOTPEHHH HeJOKaJHM30BaHHHIX T-cBA3el Merogom MO cre-
nieAb II0JyYaeMoro aareGpanyeckoro ypaBHeHHs DaBHAa YHCAy aTo-
MOB B MOJIEKyJie, TO B METOJ€ BaJeHTHHIX CBA3efl OHA PaBHA YHCIY
HCMONBb30BAHHBIX BalleHTHHIX cxeM. Mul BuJenu (cM. crp. 186), uto
YHC/IO BAJICHTHBIX CXeM Jake JJIi He OYeHb CJIOXKHBIX MOJEKYJ Gbl-
BaeT BeJHKO.

PaccMOTpUM BHLIYHCTIEHHE T-3JEKTPOHHBIX IVIOTHOCTEH, MOPALKOB
CBSI3H H HRJIEKCOB cBOGOAHOM BaNEHTHOCTH.

ODJIEKTPORHAA IJIOTHOCTH ¢, CO3/aBaemMasi 3JEKTPDOHOM Ha pac-
CMaTPUBAaEMOM aToMe 7, onpeJensieTcd KBaApPaToM KoO3hdHLHenTa
€y, C KOTOPHIM OpPOHTa/b aToOMa 7 BXOJAHT B BHIDaXKEHHE MOJEKYJsAP-
HOfi BOMHOBOH (ynKumu. O6mas 3JeKTPOHHAA IJIOTHOCTH Oepercs
KaK CyMMa 3JIeKTPOHHLIX IJIOTHOCTEH, CO3[JaBAaE€MHBIX KaXKAbIM 3JIEK-
TPOHOM. TO MOXKHO BHIPA3HUTh PABEHCTBOM

g, = Z nc%,, 1.77)
i
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Thae ¢, — 3JeKTPOHHas NJOTHOCTb Ha atoMme 7, Cjy— KoadduuneHT
npH BOJHOBOK (YHKHHH atoMa r B Bhipaxennu j-ton MO, sausrtoi
n 3nexTpoHaMu. Tak, B 3THIeHe AJs aToMa 1

o)

To Ke 3HaueHHe ¢ MoJaydaercs H JJs aToma 2.

B anaunne
1 \2 1 2
q1=qa=2('2—) +(—T: =1
V2

o35

31ech 3AeKTPOHHBIE IIOTHOCTH Y BCeX aTOMOB TaKiKe PaBHHI 1.

TMopsiioK cBSI3W p XapaKTepH3yeTcs BKAaJOM COCENHHX AaTOMOB
(0o603HaunM HX r H S) B NepeKpuBaHHe opbutaneh. OH onpenensier-
csi mpousBefeHHeM KO3()(DHUHEHTOB NPH COOTBETCTBYIOIHX aTOM-
HHIX BOJHOBHIX (PYHKLHsX; GepeTcsi cyMMa 3THX BeJHYHH s BCeX
3JIeKTPOHOB!

p,3=2njcj,cjs. ([I[.78)

Tax, g5 3TAeHa noJyyaeM

el 3

Haa anaunna
1 1 1

Pr=pr=2{—+—"\|=——"7"=0,707.
( 2 Ve ) Va
DeKTPOH, HAXOAAIMACA HAa HecBsi3biBaiomedl op6uTand, He BHOCHT
BKJajla B NOPAAOK CBsi3H, TAK KakK 4Jd Hero C2=0.

anBeﬂeHHOG BBIUMCJAEHHE faeT MOPAIOK Jt-CBA3H; 4 HaXOjKIle'
HHS OOJIHOIO INOpsAAKa CBA3H HYXKHO HpHﬁaBHTb eAUHHLY — MNOPSALOK
o-cBsizd. TakuM o6pasoM, NOPAAKH CBs3efl B 3Tu/eHe U alJuie
OynyT

CHy 2% cH,y; cHy 2% et 1Y cHy—

I/IHﬂeKC CBOﬁOﬂHOﬁ + BAJEHTHOCTH F OIIpelleJIﬂeTCH COOTHOITe-
HAAMHU
F= NMaKc— Nry (I”.’lg)

Nr=2pr8,

rie N, — cymMa MOpPsiIKOB BceX n-cBfA3edt, B 06pa3oBanud KOTOPHIX
yuacTByeT atoM r; Nyaxc — MAaKCHMaJbHOE 3HaueHHe NMOPsAAKa CB#-
3H, BO3MOXKHOe /I aToMa yriepofa; OHO peajlu3yeTca B pajuKaje
TpHMeTHIeHMeTaHe
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CH,

f

Cr, .

2 4
—H,C/ \CHy—
1 -

B 3Tofi yacTuue MOpPAAOK m-cBasu atroma C pasen }/ 3=il,732 — sto
MaKcHMalbHO BO3MOXHOe 3Hauenne N. Mcmosawsysi cooTnolueHme

(111.79) u nonyuewHble paHee 3HAYEHHs MOPALKOB m;-CBsized, Haxo-
JAMM MHJeKchbl cBOOOIHON BaJeHTHOCTH B STHJEHe H AJJHIe:

0,732 0,732 1,025 0,318 1,025

t 1 4 4 $
HyC=——CH, CHp=CH—CH,—

Tnasa naraa
HOHHAA CBA3b

1. dueprusa vonHo# cesa3H. Monnuble MoMeKyabl ABAAIOTCA 00beK-
TaMH, C KOTOPbHIMH XMMHKY IPHXOAHTCSI BCTPeYaTbCs HECPaBHEHHO
pexe, UeM C 4aCTHIAMH, T1e aTOMBbI CBA3aHBl KOBAJICHTHOH CBSI3bIO.
Kak Mbt yBunum Huxe (cm. crp. 260), B HOHHBIX KPHCTaLIax He Cy-
L[eCTBYeT OTAENbHBIX MOJjeKyJ. B GoablupHCTBE PACTBOPOB HOHHBIX
coeJHHeNHH TakXe HeT HX MOJeKyJl, IIOCKOJNbKY NPH PACTBODPEHHH B
MOJSIPHEIX PACTBOPHTeNAX (BOXA, CIIHPTHI M T. 1) HOHHBIE COeIHHe-
HHS IOJIHOCTHIO JUCCOLMUPYIOT, a B HenoaspHbIx (CCly, CgHg u 1. 1.)
©OHY OOLIYHO HEPACTBOPHMBL.

HonHble MOJEKyJb MOXKHO OGHapyXHThb B Napax HOHHBIX CO-
equHenuil. Jis HCcnapeHus 3THX BeLLeCTB, KaK MBI 3HaeM, Tpefyerca
HarpeB 10 BBHICOKOH TeMmepatypsl. HyXHO OTMeTHTB, uTO B mnapax
HOHHHIX COeJHHeHUH COIepKAaTCs He TOJBKO MOJEKYJH, HO H IpPyrHe
Y3CTHIB: aCCOLHATHI H3 HECKOJBKHX MOJIEKYJ, a TaKxKe NPOCTbie H
CJOXHBle HOHBEL. Hanpumep, B mape XJopuia HATpHs, KPOMe MOJe-
xya1 NaCl, npucyrcrBylor Takxke accouuarsi (NaCl)s u (NaCl)z u
wonbt Na,Clt 1 NaCly—.

[TockonbKy nNpHTSIKeHHe HOHOB ONHCHIBaeTcsi 3akoHom Kysona,
TO [/I1 HOHHBIX MOJIEKYJ MOXHO CPABHHTeJbHO NPOCTO PacCYHUTATh
sHepruio cBsi3u. Ecnu paccmatpuBaTh HOubl Kak HefehopMHpYeMBIe
3apsKennble ape, TO NPHTSKEeHHe MeXAy HHMH ONDPEIE/HTCA IO

sakony KyJaona
€169

fop = ; (111.80)

r2

31ech fup — CHJA, ¢ KOTOPOH HOHEl, HAXOAIIMECS WA PACCTOSHHH r
# HMeloIlHe 3apsibl € H ey, NPHTATHBAIOTCS APYT K Apyry. Dueprus
MEXHOHHOH CBA3H, BBIAEJAIONIAsiCH, KOTAa NPOTHBOMNOJOCKHO 3aps-
JKeHHble MOHB! M3 GeCKOHeYHOCTH MOJOHAYT APYTr K APYFy Ha pac-
CTOsIHHE 1, OyleT paBHa
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dr = ——=; (1I1.81)

r

S €189 218
r2 r

oo

r N
Unp=5fnpdr=

saBucuMoctH Upp=[(r) oTBeuaeT HMKHss NMyHKTHDHAs KpHBas Ha
puc. 87. .

Ha ouenb MaJibiX PacCTOSIHHAIX NPOSIBASIIOTCSA TaKiXKe CHIBI OTTaj-
KHBaHHS, OOYCJOBJEHHBIE B3aHMOJEHACTBHEM 3JIEKTPOHHBIX 060J0-
yexk. Bopu u Jlauge B 1918 r. nokasany, uTo SHEPIUIO OTTANKHBAHHA
B mepBOM NPUGIHMKEHHH MOXHO NPHHATb 00paTHO MPONOPUHOHANb-
HOH pacCTOSIHAIO MeXIy HOHaMH B

7 CTelleHH n:

Uorr = rl: . (111.82)
\/””" 3aBucumocTb Ugpr=f(r) npexcranme-
\ Ha BepXHell NYHKTHPHOH KpHBOH Ha

Y puc. 87.
> = BenqudHa n NoAYyYHJIA Ha3BaHHe
KoaghguyuenTa 60pHOBCKO20 OTTAAKU-
v Us ganus. Ona 3HauuTeAbHO GoNblle enu-
HHOBI, TaK KaK CHJIB OTTAJKHBaHUA
% 7 OricTpo nanmaloT ¢ paccrosgHueM. Ko-
s 5QdUUKEHT 7 3ABUCHT OT MNPHPONbE
/ HOHA; AJsS HOHOB C KOHdurypanuei
He, Ne, Ar, Kr u Xe aror ko3¢ dunu-

Puc. 87. Kpusbie notenunans- €HT P@BeH COOTBeTcTBeHHO 5, 7, 9, 10

HOH suepruu guia uommolt Mo- M 12. Ero MOXKHO ompenenuTh MO CXKHU-

JeKYJIBE MaeMOCTH KPHCTaldloB (cM. cTp. 272)

H Ha OCHOBAHHH ONTHUYECKHX CBOHCTB

Bemects. M3 (I11.82) B cooTBercTBHH C TeM, UTO CHJIa €CTb NepBas

NpPOU3BOAHAA OT SHEPTHH NO PACCTOSHHIO, NOJyuaeM
dUo-r'r _ nB

forr= dr = o .

(111.83)

C HM3MCHEHHEM 7 MEHSIOTCH H fgp U forr. Ha paBHOBecHOM pac-
CTOSIHMH ro MeXIY HOHaMH 3TH cuJibl paBHbl [loaToMy B cooTBerct-
suu ¢ (I11.80) u (111.83) mpu ycnoBuy, uto €, =es, MONyUaeM

e _nB_
r% r(’,"H
OTKyZa
e2ri—!
B=—1—. (111.84)

Coueranue (111.84) ¢ (I11.82) mpu r=ry naer

o2
Uorr= o (111.85)
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Takum o6pa3om, yaaeTcsl MCKIAIOUMTb BeJHUMHY B u3 ypasHeHus

(111.82).
Taxk Kak 3Heprusl B3aNMOJefiCTBHSA

U= Unp + Uerry

To B coorserctsuu ¢ (I11.81) m (II1.85) mas r=ry momyuaem ypas-
HeHue

U ——f—(l_l) (111.86)

= nl’ '

BhIpaxkaiouiee 3HePTHiO B3aUMOAEHCTBHA MeXIy ABYMS HOHAMH, Ha-
XONANKEMUCA Ha PacCTOSHHH ro; OHO M3BECTHO Kak ypasHexue Lop-
na. Kpupasi 3aBucuMoctd Us=f(r) Takxe mnpusemena Ha puc. 87.
MpuHEEMYM Ha Hell OTBeuaeT PaBHOBECHOMY DACCTOSIHHIO ro K 3HEPTHR
B paBHOBecHOM cocTosiHuu Up. VI3 xapakTepa 3TOHl KpmBo#H BHAHO,
uyro ypapuenue (I11.86) moxkHO GLIIO OB HOJYYHTEL H U3 YCJIOBHS MH-
HAMYMa NOTeHIHadbHON SHe PrHH

au
( ) =0
dr r=ry

[ToTeHnMalNbHElE KDHBBlE M HOHOB CPaBHHTEJNBHO MelJIEHHO
CTPeMATCA K HYJeBOMY 3HaueHHIO — HeHCTBHe 3JIeKTPOCTaTHUeCKOTO:
IPHTSKEHNS] TIPOCTHPaeTCd Ha ropasfo GOJbIIHe pPacCTOSIHHS, 4YeM
JeficTBHe KOBaJIeHTHOH CBA3H.

Jnsi MOJeKys, COCTOAIMX M3 JABYX MHOTOBAJeHTHHIX HOHOB,
ypasHenne (II11.86) npuoGperaer By

: 212962 1
Up= ———{1——}, 111.87
0 7o ( n) / ( )

Tle 2; H 29 — 3apAAHOCcTH HOHOB. YpaBuenue (I11.87) ucmonwnayercs
3HauHTenbHO pexe, ueM (II11.86), mockonbky cBfA3b B mONOGHBIX MO-
Jekyjaax NMOYTH Bcelna Jajeka OT HOHHOH; CJlelOBaTelbHO, YPaB-
uwenne (II1.87) moxHO paccmaTpuBaTh JHIIL KaK BechbMa IpyGoe
npubauxeHue,

CrnenyeT uMeTh B BHAY ABa OGCTOSITeNIbCTBA, BLHITEKAIOIIHe H3 Xa-
pakrepa ypaBHenusa (II1.86): 1) suauemne Uy Mano uyBCTBHTeNBHO
K Kone6aHuaM f; Tak, npuHAB #=11 BMecTO 1=9, MH GB H3MeHHJH
seauuudy Uy Tonbko Ha ~20 (10/11—8/9=2/99); 2) npubmauxken-
Hoctb (I11.82) moutn He oTpaxkaeTcs Ha pesy/bTaTax, TakK Kak SHep-
THS OTTANKHBaHHA cocTasaseT ~ 10% ot U,.

Jnsa npouecca o6pa3oBaHNs HOHHOM MOJIEKYJbl U3 aTOMOB OJHO-
BaJIEHTHBEIX 3/IeMEHTOB, KOTOPHIl MOXKHO npeACTaBHTb OGIIMM ypaB-

HeHHeEM
A4+B=A+B—,

JeflCTBUTE/ILHO COOTHOIIEHHE

2 1
—EAB==-;%<1—;-)+EB—IA, (II1.88).
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8 KoTopoM E,p-— 3neprusi 0o6pa3oBaHus ra3oo0pa3HOfl MOJEKYJIbI
AB 13 cBoGoxHBIX Ta3006pa3HbIX ATOMOB, paBHas 110 BeJHyHHe HEp-
THH cBs3H; [4 — sHeprus HoHusauuu aromMa A u Ep — azextpoHnoe
cpoxctBo atoMma B.

Bocmoabsyemcsa ypaBHenuem (I11.88) pas ouenku BeMuHHbl Exp
Ha npuMepe raszoo6pasnoii Mosekyasl KCl (ro=2,67 A, Eq=3,81 3s,
Ix=4,34 38). Ilpumem n=9, torna B coorBercrBuu ¢ (II1.88) *

(4,8-10-10)2 ( 1 )
_ = I—— |4+3,81—4,31=
Exci 2,67-10—8.1,6-10—12 g JT°

=4,78 + 3,81 — 4,34 = 4,25 38 = 97,8 xrar/moxs.
{lonyyennas BesuyuHa G/IM3Ka K ONBITHOMY 3HAUEHHIO SHEPIUH CBS-
3u B MoJsiekyJqe KCl (101,2 kxaxa/moane).
Heob6xonuMo nmoguepkHyTbh, 4YTO Haxe AJAs aTOMOB LIEJOYHBIX Me-
TaJIJIOB M TaJIOTEHOB, NpeBpallieHHe KOTOPBIX B KaTuoH (A+) u anuon
- (B~) cBs3aHO COOTBETCT32HHO ¢ moTepell H

6 & NpHCOe[MHEHHEM TOJBKO OJXHOTO 3JEKTPOHZ,
l L HeJb3sl TOBOPUTb 00 06pa3oBaHUM HIeaJbHOM
(«cronponenTHoii») HOHHOH cBs3u. deficTBH-
TeJIbHO, BCJEACTBHE BOJIHOBOH IPHPOIABI 3JeK-
TPOHOB BepOSTHOCTb NPeGLIBAHUS 3JIEKTPOHA

0KOJIO aToMa A B Moaexkyiae AB aumb ouens
= MaJja, HO He paBHa HYJIO, T. €. B JaHHOM CJy-
yae HeBO3MOXKHO IIOJIHOE pa3je/ieHHe 3apsamaos
(uTo XapaxTepHO JJs1 CBOOOJIHBIX MOHOB AT u
B-). 910 MOXHO MOATBEPAHTb M TAKHM HpH-
Mepom: ecau Obi B rasoobpa3Hoit MoJexyJe
NaCl coxpanuauce cBoficTBa, NpHCyIHe cBOGOAHBIM HOHaM Na+ u

o
Cl~, T0 Torza 66l MexaToMHOMY paccrosnuio (~2,5A) orseyano
3HaYeHHe pNaci=12D; B NeACTBHTENbHOCTH Xe pnac <12 D.

2. Moasipuzauust HOHOB. MOXHO pacCMaTpHBATh OTK/IOHEHHE OT
YHCTO HOHHOH CBSI3M B JIOGOM COEJHHEHHH H C JPYTHX MO3HILHI —
'CIMTATh, YTO HOHBI, BXOMSILLNE B MOJIEKYJY, IefCTBYIOT APYT Ha APY-
ra. Jlannoiii a¢dexr ne 6u1 yuten npu BHBome ypasnenus (I111.88);
'3TO fABJAETCA OAHOH M3 IIPHYHH €r0 PACXOKIEHHS C ONBITOM,.

Bunsiiue npyr Ha Apyra 6/u3Ko pa3MellieHHBIX IPOTHBONOJOKHO
B3apsXKEHHLIX HOHOB BBI3bIBAET HX B3aUMHYIO noaspusayur. Tlpu
«COJMKEHHH HOHOB IPOHCXOLHMT CMelIeHHe 3JEKTPOHOB 10 OTHOIIe-
HHIO K Py ¥ BO3HMKAeT HHAYUHUPOBAHHBIA AHIONBHBI MOMEHT lygn
(puc. 88). Otknonenne or ypasnenus (I11.88) TeM 3HaunTeabHee,
€M CH/bHee MOJSPH3YIOTCS HOHBL. Tak Kak 3TOT MpOIecc yCuauBaeT

CBA3b MeXAy HOHaMH, To pacuer mo (II1.88) mpusoguT K mpeymenb-
TIEHHbIM pe3yJbTaTaM.

Puc. 88. Bzamnasn no-
JISAPH3AUHA HOHOB

* Jlns mepesojia 3pros B 3/eKTPOH-BOJLTH B 3HAMEHATE/h BBeJeHA BeJHYHHA
1,6-10-12,
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Jns omeHKH BeNMMYUHBI KO3(duuUeHTa NOASAPU3YEMOCTH @ (CM.
ctp. 144) crenyer ydecTb, YTo @ M3MeEpSETCs B €IHHMHAX MJHHBH B
Ky6e. JeficTBHTeNIbHO, HHAYUMPOBAHHBIA IHIIOJNBHBIA MOMEHT OIpe-
neJsieTCsl NPOM3BeIeHHEM 3apsAfa Ha AJHHY IHIOJS; B TO XKe BpeMs
OH BHIPaXKaeTcsl NPOU3BelleHHeM aF, Tle HanpsiKeHHocTh noas E B
CooTBeTCTBHH ¢ 3aKoHOM Kysona pasna (F/e) =e/r?. Orciona cneny-
€T, UTO NOJSAPU3YeMOCTb UMeeT YKa3aHHYIO BHIIIE PA3MEPHOCTL, T. €.
ABJISeTCS Mepodl 3aHMMAEMOro 4acTHIAMH IpPOCTpaHcTBA. B mepsom
npUOAHIKEHHH MOXKHO NPHHSATD, UTO

a3, (111.89)

T. e. =107 cu®. 2TC TOATBEPKAAT JaHHLIE, NPUBEJCHHbIE B.
tabn. 18.

[Ipouecc noasipusanHu ABJAseTCs ABYCTODOHHUM — B HeM COYeTa-
I0TCSL NOAAPU3YeMOCTbd HOHOB C UX NOAAPU3YIOUUM OelicTauen.

[MonsipusyeMocTh HOHOB 3aBHCHT OT THIIA MX 3JIEKTPOHHOM CTPYK-
TYphI, 3apsia ¥ pasMepa. Tak Kak HaHMeHee NPOYHO CBsi3aHa C
SIIpOM BHEWIHsAs 3JEKTPOHHas 060J10YKa, TO pajy YNPOLIEHHs B Iep-
BOM NPUOTHIKEHHH MOXHO NPHHATD, UTO NOJSAPU3ALUA HOHA 06YCI0B-
JeHa TOJbKO Zedopmanued 3TOH 060J10YKH, T. €. CMellleHHeM BHell-
HUX 3JIeKTPOHHBIX CJIOEB IBYX MOHOB OTHOCHTEJbHO uX sizep. [lpmw
OJHHAKOBHX 3apajax ¥ 6Ju3KUX pajuycax NOJsIPU3ANUSA MHHHMAJb-
Ha y HOHOB ¢ KOoHburypanuehi 6JaropogHOro rasa U MaKCHMalbHa
y HOHOB ¢ 18 BHEIUHUMH 3JIEKTPOHAMH; 0. UMeeT IPOMERKYTOUHOe 3Ha-
deHHe Y MOHOB NEPeXOJHBIX 3JIEMEHTOB C He3aBeplleHHOH @-060J0u-
Koil. Bosbian nongpusyeMocTb HOHOB He6JArOpOAHOra30BOI0 THINA
00DbsCHsieTcsl GOJIbIIHM YHCJIOM BHEIUHHX 3JIEKTPOHOB y HHX.

Tabauma 18

TMoaspsasyemocTs a(°A3) # Ky6bl pannycos r3(.ﬂ3) HEKOTOPBIX HOHOB

Hon 3 rs Uoxn o rs Hon o re Hou [ r2

Li+ |0,029] 0,32 {Bez+|0,008{0,043] F— | 0,96 | 2,35 | 02— | 2,74[2.30:
Na+ [0,187{ 0,92 | Mg2+{0,103|0,29 | C1— | 3.57 | 5,92 || s>— | 8,94/5,3
K+ 10,888| 2,35 |Ca3+ [0,552(0.97 | Br— | 4,99 | 7,56 | Se2—|11.4 |7,0
Rb+ (1,49 | 3,18 |Sr2+ |1702 [1,40 | 1= | 7,57 [10,6 | Te2—|16.1 (9,4

Cs+ |2,57 | 4,67 | Ba2+ |1,86 |2.40

Ilo moarpynnaM (oZuHaKOBEIE 3J1eKTPOHHAS CTPYKTypa H 3apsin
MOHOB) ToJApu3yeMocTb pacteT (Taba. 18). D10 obbscHAeTCA TeM,
YTO yBeJIMYEHHE YUCJa 3JeKTPOHHBIX CJI0eB Yy HOHOB-aHAJOTOB IIPH-
BOAHT ONHOBPEMEHHO K OTHAJIEHHIO BHEUIHEro 3JIeKTPOHHOIO CJIOS:
OT sipa M K YCHJEHHIO 3KPAHHPOBAHHs siApAa BHYTPEHHHMH 3J€K-
TPOHHBIMH CJIOSIMH, 4TO U criocobeTByer Gosiee UHTEHCHBHON Hedop-
MalHy HOHOB.
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Ecau nanHblifl 31eMeHT o6pasyer HOHBI Pas3/aHYHOTO 3apsja, TO
€ro MoJsipuayeMoctb GyLeT TeM MeHbuIe, YeM GoJbHIe ero 3apial, Tak
KaK pOCT TMOCHeIHEr0 MPUBOAHT K YMeHbIUEHHIO paauyca HOHA H
YIPOUHEHHIO CBA3HU JEKTPOHOB C ALPOM.

B pany u3037eKTpOHHBIX HOHOB ¢ 6JaropOJHOrasoBOH KOH(puUry-
paudeil MOAAPH3YEMOCTb PACTeT C yMEHbIUEHHEM IIOJOXKUTEIbHOTO
sapasa (manpumep, B paxy Mgt?—Na+t—Nel—F-—02%~, cm.
tabn. 18). B mozo6HbIX pSAax YHCIO IJTEKTPOHHHIX CI0EB OAHHAKOBO
H POCT MOJAPH3YEeMOCTH OODBLACHAETCH yMEHbIEHHEM 3apsjga fuapa.

IMonspusyoniee AefcTBHe HOHOB TAKXKE 3aBHCHT OT UX THIA, 3a-
pana u paguyca. OHO TeM 3HauuTeNdbHee, 4eM Oonbuie 3apsill, YeM
MeHbIlle paJHycC H YeM yCToi4uBee 3JIeKTpOHHAA obonouka. Haubomanb-
miee MOJsApH3yOIlee AEHCTBHE OKAa3blBAIOT Te HOHBI, KOTOpble caMH
c1a6o noaspusyiorca. Tloatomy ecnu manHbIf 31eMeHT 06pasyer Ho-
HBl Pa3AHYHOTO 3apAfa, TO HX MONSAPU3YIOLIAa CHJIa Pe3Ko BO3p acTaeT
€ 3apfAlloM, TaK Kak OJHOBPEMeHHO C yBeJIHYeHHEM 3apafa MpOHC-
XOIHUT yMeHblIeHHe HX paauyca. Hao6opor, umeromue Goabiine pas-
Mephl MHOTOAaTOMHble (KOMILIEKCHbIE) HOHBI, KaK MPaBH/O, CHJIbHO
Jedopmupyemble, OGBIYHO OKAa3bIBAIOT HE3HAYHTEJIbHOE MOJMSPHU3YIO-
Liee gedcTBHE.

Cnenyer o6paTuTh BHUMAHHE HA HHTEHCHBHOCTD MOJAPH3YIOLIET0
JefictBusl HoHOB. Bocnonb3osaBmuchy 3akonom Kyaona, omeHum Ha-
NpSAXKEHHOCTb 3JeKTPHUECKOro 1OJA ‘Ha paccTofHun r=10-7 cu

(IOX) OT HOHa:
e 4,80-10-10 .
= = T0=7.10-7 =4,80:10" s2.-c7. edfcn?
uaia 4,80-10%-300=14,4.10% g/cm; 3TO OorpomMHasi BeNHUMHA.

OnucaHHBIM 33KOHOMEDHOCTAM ‘B H3MEHEHHH IIOJAPU3YEMOCTH
MGKHO NMPHAATh KOJHYECTBEHHHIH XapaKTep, €ClH BOCIONb30BAThCs
MerofaM# CpaBHHTENbHOrO pacyera. 3TO BUAHO U3 IIPHMEpPOB, Ipel-
crasiaennbix Ha puc. 89. Ha puc. 89,a conocrasieHsl 3HaueHus o
B pAlax aTOMOB 0JaropofHHX [a30B M H303JEKTPOHHHX UM OIHO-
33PANHBIX KATHOHOB WOATPYINH JUTHA, Ha puc, 89, 6 cpaBHUBaIOT-
Cst TIOMIIPU3YEMOCTH ITap 4aCTHIL, MOCTPOEHHBIX MO HHOMY IPH3HAKY.
DTH npUMepH. METOIOB CDaBHHUTEJNBHOTO pacueTa, KaK U JIpYrue, B
TOM YHCJIe paccCMOTpeHHble panee (cm. puc. 26, 27, 32, 34, 46, 47,
56), BHOBbL CBHIETENbLCTBYIOT O 3aKOHOMEDHOM H3MEHEHHH CAMBIX
Pa3nUYHBIX CBOHCTB B MepuUoau4ecKod cucreme sjemento JI. H.
Mengeneena.

Tax Xak AJad aHHOHOB XapaKTepHH GOJblIME pa3Mephl H MaJblil
3apsl, a UX 3JeKTPOHHAsA CTPYKTYpa, Kak MPaBHU/IO, OTBEYAET CTPYK-
Type 6,JaropogZHOrO ras3a, TO MOMAPU3YIOIlee AeHCTBHEe aHHOHA Ha
KaTHOH 0O0bIYHO HeBeJHKO; [IOITOMY MM 4YacTO MOXKHO mnpeHebpeus,
T. €. CUMTATh, YTO IOJAAPHU3ALHA HOCHT ONHOCTOPOHHHH Xapakxrep.
Ecau, oqnako, KaTHOH Jerko AedOpMUPYeTCs, TO BO3HHKIIHH B HeM
IHN0Jb YCH/HMBAET €ro moJspusyioliee AedcTBHE HA aHHOH; TOT B
CBOIO O4Yepellb OKa3bIBAaET JONMOMHUTEIbHOE NeHCTBUE HA KATHOH U T. [.
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310 TMPHBOAHT K TOMY, UYTO BO3HHKaeT OONOAHUTEAbHbLL NOAAPU3A-
yuonubLl agpghext, teM 60JblIMHA, ueM 3HAYHTeNbHee MOJSPH3YIOTCS
KaTHOH H AHHOH.

JlonoaHuTeNbEbIA NOAApH3annOHHbIH 3P deKT # TeM caMbIM CyM-
MapHoe MOoJsipu3yloulee 1e#CTBHe 0COGEHHO BENHKH 11 18-31eKTpoH-
HBIX KaTHOHOB (HanpmMmep, aas ZnZt, Cd?+, Hg?t) *.

. i g
dMe ) ¢4

Jr Cs'

¢ Y A
24 o g T,

Puc. 89. CraBHenHe noJaspH3yeMmocTeil:

a — aTOMOB 6,1arOPONHEIX Ta30B H HOHOB
e 0YHEIX MeTasl10B; 6 — IBYX DSNOB H30-
9JeKTPOHHbIX AHHOHOB

VBennHueHue CTATHBaHHS HOHOB B peayabraTe HX zedopManuu
NPHBOAHT K TOMY, 4TO AJHHA JHIOJNS OKa3blBaercs MeHblle MeXb-

* JIoMHMO KYJOHOBCKOTO M TOJSPH3AIHOHHOTO B3aUMOMEACTBHSA, CJAEAYET YYH-
THBATh M TaK Ha3bBaeMule NHCNEpCHOHHEIE CHJHN (cM. cTp. 247). 3xech MH yKaiKeM
JUMb HA TO, YTO 3TH CHJBI: a) JeACTBYIOT H MeXAy OJHOMMEHHO 3apsKEHHbIMH
HOHaMH, ocJabJisist TeM caMbIM HX KyJOHOBCKOe OTTajJKHBaHHe, H 6) BO3pacTaloT
NPOTIOPUHOHAILHO TIPOH3Beienti0 Kos3GhGhHINEeHTOB TOASpH3yeMOCTH G B3aHMOAef-
CTBYIOIINX 4YacTHu (MOSTOMY OHM OCOOEHHO 3HAYHTeNbHH A 18-3JeKTPOHHBIX
KaTHOHOB).
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SIAEPHOTO paccrosivus (Tak, AMuHa aunons B monexyie KCl pasua
1,67A, B To BpeMsl KaKk MexXbSlepDHOE pPaCCTOSIHHE COCTaBJseT

2,67 A). 310 paznuyue 0CoGEHHO BEJIHKO y BOAOPOICOAEPIKAUIHX CO-
enunenuil. Ecan npenefpeub pasMepaMH HOHAa BOAOPOAA, TO B Cay-
yae YHCTO HOHHOH CBfI3H DPacCTOSHHe MeXAYy SAPAMH BOAOPOAA K
rajnoresa JIOJKHO PaBHATLCA rx ™. Oanaxko dg_x<<rx— AJas Bcex X;

Tax, ra—=1,81A, a da_q=1,27 A. D710 03Hayaer, UYTO B OTJIHUHE OT
JApPYTHX KATHOHOB NIPOTOH NPOHHKAET BHYTPb 3JEKTPOHHOHR 060JI0UYKH
aHHoHa. BHeapuBLINCh B aHHOH, IPOTOH OKa3biBaeT CHJbHOE NOJA-
pH3yOlllee neHcTBHE, YTO MPHBOIHT K PE3KOMY YMEHbILIEHHIO MOJsp-
HOCTH BOAOPOAHBIX CO€THHEHH#l (MO CPaBHEHHIO C aHAJOTHUHBIMH
coequHeHUAMH Apyrux kartuouos). Ilonsipusaunonubifi ke 3adpdext
NPHBOTHT K TOMY, YTO JAHMOJb HCI umeer gauny He 1,27, a Bcero

0,22 A. Haxonel, NpOHHKHOBEHHe NIPOTOHA BHYTPb aHHOHA 06ycJOB-
JigBaeTr yMeHbleHUe AeQOpMHPYeMOCTH MOCHELHErO.

Tloasipusanusi HOHOB, MpeJCTaBasiomas co60i Ty HIU HHYIO CTe-
NeHb CMelleHHsl JIeKTPOHOB, HMeeT oueHb (GOJbIIOE 3HAUEHHE, TAK
KaK OHa, IPHBOAS K COKPAUICHHIO MeXaTOMHBIX DACCTOSIHUH, U, KaK
c/lefiCTBHE, K YMEHbIIEHHIO JHNOJbHOIO MOMEHTa, MpeBpallaeT HOH-
HYIO CBSI3b B NOJSIPHYIO KOBa/leHTHyw. C yBeauyeHueMm AepopMHDY-
eMOCTH aHHOHA MOXKET NMPOU3OHTH NOJHBIH NepeXOx 3JeKTPOHOB OT
Hero K KaTHOHYy, T. €. 00pa3yercsl KOBaJIeHTHasl CBS3b; MOCIAeAHsA
OoTJIHYaeTcs] OT HOHHOM PSIIOM TIPH3HAKOB, B YaCTHOCTH, HampasJeH-
socTblo. HaoGopoT, yeM MeHblie MOJSpU3allus HOHA (HampuMep,
aHHoHa), TeM OJaHKe COCAHHEHHS JAHHOrO aTOMa K HOHHOMY THIY.
Tak Kax M0JAApH3ALHS Pe3KO YBeJHUHBAETCS C POCTOM 3apsaa HOHOB,
TO CTAHOBHTCS OYEBHAHBIM, YTO CpefiM coelHHeHHi Tuna AZB?~ unn
A tB2- u Tem Gonee A3+B3— (uwau A;t*B%) He Moxer ObITb BellecTB
C YHCTO HOHHBIM THIOM €BA3H (Haxe masi GJaropoAHOrasoBbIX
CTPYKTYP).

ITonsipusanuoHuble NpeJCcTaBJeHHs BaXXHBl H NOTOMY,. YTO OHH
[I03BOJISIIOT BHECTH COOTBETCTBYIOLIHE KOPPeKTHBBI B cxeMy Koccens
¥ TeM CaMbIM TOYHee ONMHCaTb CBOHCTBA CaMbIX Pa3HOOGPA3HBIX €O-
eJMHeHHH, HX HHAHBUAYaJbHble OCOGEHHOCTH.

3. BansinHe noasipu3alny Ha cBOHCTBa BeecTs. [JonapusyemocTs
¥ MoJspu3yiollee AefCTBHE OODBACHAIOT MHOTHE OCOGEHHOCTH pas-
JIUYHBIX BEUIECTB.

IMonapu3zauusi HOHOB B MOJIEKYJe, HIH, TOBOPSl UHBIMH CIOBaMH,
Haluyue B Hell OTpeJeNeHHON JOMH KOBAJEHTHO! CBSI3H, yBeJNHYH-
BaeT ee mpouxocTb. K ypaBHeHHIO s pacyeTra 3HEPrHH CBS3H
(I11.88) B 3TOM ciyyae HyXHO H06aBHTb UJeEH, YUHTBIBAIOMHH 11O~
Jaspusanuio, En; Torna oHo npumer BHA

2
— Eap = -e——(l——l-)+En+ Eg —1I,. (111.90)
rg n

He HyxXHO, OZHaKO, AyMaTb, YTO MOJIeKyJbl CO 3HAYHTEJbHOH
JloJiell KOBaJIeHTHO! CBSI3W Bceraa 6oJiee IPOYHBI, YeM HOHHBIE COemH-
HeHusl. 3/echb CJelyeT pasjHdyaTb YyCTOHYHBOCTb B OTHOIMEHHHU
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pacnaja Ha HOHB H YyCTOHYHBOCTD B OTHONIe-
HHHM pacnajia Ha aTOMBL

Ypagnenne (I11.90) Bripaxkaer sHepTHi0 06Pa30BAHHS MOJIEKYJIbL
H3 aTOMOB; 3Ta BeJHUYHHA CHABHO 3aBHCHT OT 3HePTHH HOHH3aluup
atoMa [, KOTOpasi MOXET W3MeHATbCS B IIMPOKHX Tpefenax. Mz
ypaBHenusa (I11.90) BuzHo, yTo yBenuueHwe /o BefeT X yMeHbile-
HHIO 3HEPTHH Pa3phbiBa CBS3H. DHEPTHsl pacliala MOJEKYJL Ha HOHbE
onpexensiercs ABYMs NepBbIMH uieHaMmu ypasHenus (I11.90).

CKkasaHHOe MOXHO WJIIOCTPHPOBATH CONOCTABJEHHEM JBYX Be-
utects: HgCly uCaCly. Monexyna HgCly, conepskaiias CHABHO moJsi-
pusyiommit non Hg?t, ropasgo TpyzaHee pacnalaeTcsi Ha HOHBI, YyeMm
CaCly; B 0,1 5. BogHOM pacrBope cysneMa NPAKTHUECKH HeIHCCOUH-
HPOBAaH4a, TOrJa KaK XJODHI KaJbllHsl JHCCOHNHHPOBAH HOJHOCTBIO.
Oxnako sHeprusi MoHH3auuu aroma prytd ([;=10,4 38, [,=18,7 38)
3HAYHTENbHO 0OJIblle 3HeDIHH HMOHM3alHH aToMa Kajbuusa (/=
=6,1 38, I,=11,9 38); noaromy menexyna HgCl, ropasno wmenee
NpouHa B OTHOILEHHH pacnaia Ha aToMHl, yem Mosekymaa CaCl,.

ITosiipH3anusi NIPHBOZHT K YMEeHbIIEHHIO PACCTOSTHHSI MeXIy HO-
HAMH H K yBeJHUYeHHIO SHepTHH CBA3H MexAy HHMH. Ilostomy, na-
npHMep, XOTS ragt COM3MepHM C rNa™ H rxt, oflHako MOJASIPH3YIONiee
BausiHHe Agt ropasno Goabiue, uem Nat u K+, 1o oxHa us mpuuun
toro, moueMy AgCI pacTBopsiercs B BOAe ropasio xyxe, ueM NaCl
H KCI. B psany coexuHenuil 1aHHOTO KATHOHA C aHHOHAMH-aHAJOTa-
mHu (Hanpumep, ¢ Cl—, Br~ u I~) cTemeHp aucconuanuu B pacTBopas,
Kax JIpaBHJIO, YMEHbIIAETCs — CKA3bIBAETCs BO3pacTaHHe TONSIPH3Y-
€MOCTH aHHOHA.

Bsaumnuag nonsipusanus HOHOB ofJierdaeTr paspyllieHHe KpHCTaJ-
JIOB, T. €. TIOHHIKAeT TeMHepaTypy IJaBJeHHS, H TeM CHJIbHee, ueM
cHibHee JedopMHpYeTCs B pe3yJbTaTe NOJsSPH3AIMH KPHCTaJIHYe-
ckas pemwerxa. Tak, xors y RbF u TIF paguych kaTHOHOB cOBma-
LAaloT, oAHaxo HOH Tl+ cuibHee MoNSpH3yeTCs H OKA3bIBAaeT 3HAUH-
TeqbHO OoJiblilee MOJAPH3YIOMee JeficTBHe Ha HOH F—, ueM nou Rbt;
3TO CKa3hnBaeTcd, B YACTHOCTH, HA TeMIlepaTypax IJIaBJIeHHd yKa-
3aHHBIX conell: (Igx)ryrp="780, a ({xq) mr=327°C.

Hanyuye MakCHMyMOB Ha KPHBBIX 3aBHCHMOCTH TEMIIEPATYpH
IJIaBJIeHHS] OT MOJIEKVJSIPHOTO BeCa s TaJIOreHHJ0B IIeJOYHBIX
MeTaJJIOB JeNaeTcsl MOHATHBIM, eCJIH ydecTb ociabieHue MOJSPH3Y-
follero fefictBust xaruoHoB B psay Lit—Nat—K+—Rb+—Cst+ n
yCHJeHHe noasipuayeMoctd B psagy F~—Cl—Br—I—.

IloBbienne TeMmmepaTypbl OGBIYHO CHOCOGCTBYET MOJSpH3ANLHH;
TaK Kax HarpeBaHHe YBeJHYHBAaeT paszMmMax KojeOaHHi HOHOB H TeM
caMbiM CcOJIHXK3eT WX, TO OHO MOXeT IPHBECTH K NOATATHBAHHIO
OJHHMX HOHOB K JDYTHM, T. €. K IlepecTpOHKe CTPYKTyphl BelIecTBa;
NPOHCXOAHT NOTHMop(dHOe NpeBpainenude (cM. cTp. 253). He Hckaio-
H4eHa BO3MOMHOCTb TOI'O, UTO HarpeBaHHE BHI30BET IIOJHOE IepeTsrH-
BaHHe 3JeKTPOHA (3JIeKTPOHOB) OT aHHOHA K KaTHOHy. B peayibrarte
IIPOU30fieT TepMHYECKasi TUCCOIHAINS BemecTBa. UeM cHabHee No-
JAsipu3ans (noJsipusyiolliee AeHdCTBHe), TeM HHXKe OyIeT Temmepa-
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Typa auccounauuu. [Toaromy, nanpumep, fapee Nagaer IS AaHHOTO
katnoHa oT MeCl k Mel u ana nandoro anumona or NaX k LiX.
Jlpyrofi npuMep: ecau pasnoxenne Cal, Tpe6Gyer BbICOKHX TeMIlepa-
Typ, To peakuus Aulz=Aul+I; npoucxoaur npH HM3KHX TeMuepa-
Typax; Hpu eme 6osee HU3KMX TeMIepaTypax AOJKHA HATH AHCCO-
yrauus Culy; 103TOMY B OOGBIUHBIX YCJIOBHSAX 3TO BEILECTBO He CyIle-
CTBYeT.

YMeHblLIeHHe TeMIepaTyphbl Pa3JIOXKEHHS ¢ YBeJHYEHHEM NOJSApHU-
3yIOmed CUJbl MOXHO NPOHJIICTPHPOBATb M Ha Gojiee CJIOKHBIX
00beKTaX, Ife MeXaHu3M TepMHUYecKoH auccoumauuu HHOH. Hefict-

BHTEJbHO, ‘CdC‘Os(er2+=O,972&) pasnaraercs mpH 360°C, a

CaCO;z(rca®t=0,99 ,&) —mpu 850° C. B nanxoM cayuae rpouecc npo-
TeKaeT {10 YpaBHEHHIO
MeCOg = MeO + CO,

TaK KaK OfMH U3 aTOMOB KHCJIOPOJAA IOJISIPH30BAH He TOJbKO yriie-
pOXOM, HO H MeTaJiIoM (KOWTpnoaspusayus). Pasnnuve B NOMSApH-
saunn csaseil Me—O u O—C ¢ TeMnepaTypod yMeHbilaercs, 4To
H NPHUBOIMT B KOHIE KOHIUOB K QHCCOLHALMH. DTa KOHTPIOJsSipH3a-
uus B pALY ONHOTHNHBIX HOHOB (manpuMep, Cat—Sr?t—Ba?+)
ocaabeBaet, UTO H OOBSICHSET MOBLILIEHHE TeMIepaTypbl AHCCOLHA-
UHM COOTBETCTBYIOIMX KapOGoHaToB. KOHTPHOJASPH3AUHA MOXKET
€TaTb CTOJIb 3HAYWTEJNbHOH, YTO cOeJMHEHHE MOXeT O0Ka3aTbcd
yCTOMYMBBIM TOJBKO MPH OUeHb HH3KHX TeMIepaTypax.

XHMHKaM XOpOIIO M3BECTHO, YTO CBOGOAHBIE KHCJIODOIACOAEpXKaA-
{llde KHCJIOTHI, KaK NPaBHJIO, MEHee YCTOHYMBEI, YeM OOJBIUHHCTBO
ux codedi. IIpumepom Moryt cayxutb HyCOs; 1 HaSOs. 310 06bsic-
gsiercsl, BO-MePBLIX, OYeHb CHJIBHBIM MOJADH3yOMHKM AedictBuem H*
i, BO-BTOPbIX, HHEIM XapaKTepoM KoHTpHoaspusauuu. [IporoH, BHex-
psisicb B KHCJIODOAHBIH aHHOH, CHHIKAET ero 3apsji W YMEHbIIaeT
repopmupyemoctb; mosromy HCO3— nu HSO3;~ MeHee ycTOiYHBBI,
yem cootBercTBeHHO CO32— n SO;%~. Bropo#l npoToH Aenaer yacTHHy
eme MeHee yctoiuuBoi, nosromy u HaCOjs, n HpSO; nerxo tepsiior
BOLY. DTO sBJAsAETCA TAaKKe ONHOH H3 NPHYHH TOrO,.YTO KHCAOPOX-
colepxamue KHCJIOTbl — GoJjiee CH/IbHbIE OKHC/IHTENH, YeM HX COJIH.

Hedopmupyemoctp 371eKTpOHHOH OOOJIOUKH CKa3blBaercsd M Ha
ONTHYECKUX CBOHCTBax BemecTB. IlorjomeHue TeX HJIH HHBIX JydeH
CBA3aHO ¢ BO36YXJEHHEM BHEUIHHX 3JIeKTPOHOB. DJEKTPOHHbIE Ile-
PEXOJbl OTBEUAIOT TeM MEHbUIHM JHeprusim, yeMm GoJiee NonsapUsyeMa
yactuia. Ecad mochenusia ycroiiunBa, TO B036yxIeHwe TtpebyeT
60JbIIMX 3HEprHil; UM OTBeYaloT yabTpadHoseroBbie Jsyud. Eciu
aToM (MOH) Jerko moJspH3yercs, TO BO3OYX/[eHHe BO3HHKaeT I[pPH
HeBOMbLUIMX 3HEPTeTHYECKHX 3aTPaTax; UM OTBeydeT BHAMMAs YacTb
cnektpa. BemecrBo oka3biBaercst okpaileHHbIM. [TosTomy napsiny ¢
BEIIECTBAMH, UBETHOCTb KOTOPBIX O0YyCJOBJEHa OKPAacKo# colepxa-
1ierocsl B HHX HOHa (HOHOB), CYILECTBYIOT OKpalleHHblE COeAHHeHHs,
o6pasoBanHbie GecUBETHbBIMH HOHaMH; B TAaKHX cAyiasX LBETHOCTb
COeHHeHHsl SIBJASIETCS Pe3yJbTaToM MeXHOHHOTO B3aHMOJAeHCTBHA.
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Yem GoJbllle TONAPH3ANAA M NOASPH3YIOllee AeHCTBHE HOHOB, TEM
6osipllle OCHOBaHW KJAaTh NOABJAeHHs OKpackd. OQueBHAHO TaKKe,
YTO C YCHJIeHHeM 3THX 3(d)exToB okpacka HOJKHA YTayGJATbCA.
D1y coobpaxeHusi MOXKHO NOATBEDAHTb MHOXKECTBOM IIPHMEpOB.
OrpaHuYuMcsl HEKOTOPHIMH M3 HHX, IpU4YeM NPeJOCTaBHM YHTATENdIO
B803MOXKHOCTL caMoMy 00bsAcHNTh Kaxiblil. Pbly okpawen, Cal, Gec-
1BeTeH; CPeAH CyJab(HIOB MeTalJ0B BCTpeyaercs ropasfo Goabiie
OKpalIeHHbIX CcOeJHHeHHH, ueM cpelu OkcuaoB; B psaly NiClo—
—NiBry—Nil; okpacka yraybasercs; eciH GpOMHA AaHHOTO 3/1eMeH-
' Ta He OKpallleH, TO BPAA JH OyleT OKpallleH ero XJOPHI; MOXKHO
#a3BaTh PSAJ BellecTB, NPHOOPETajolHX OKPAacKy NPH HarpeBaHUH.

4, NoasgpHasd cBf3b U IEKTPOOTPHLATEAbHOCTb. CBSI3H B MoJe-
Kynax Agu By, coflepkallux oJHHaKoBble aTOMbI, KOBaJeHTHH. Ecau
661 B Mostekyae AB cBs3p TakxKe GblIa KOBaJeHTHOH, TO, To Npe-
gonoxeHuio [loannra, co6aonanocsk 66l paBeHCTBO

Ey p=V Es_afp 3B - (111.91)

(roe E — sHepruu cooTBeTCTBYIOIIUX CBA3eH), MHaue roBOpsd, B BH-

paxeHHH
AE=Ep p—V E£5_nFp_3 (111.92)

AL paBHanocs 661 O (3ameHa cpeiHero apHpMeTHUECKOTO CPEeIHAM
reOMEeTPHYECKHM NPHBOJUT K TOMY, 4TO BO Bcex cayyaax AE oxa-
3bIBRIOTCH BeJHYMHAMH MOJOXKHUTEJIbHBIMH). JHeprus HecHMMeTpHU-
Ho#l cBA3HW, BHluMCAeHHas no ypaBHeHuio (II1.91), Bcerma wenbine
palileHHON U3 olblTa. TO 0ODBACHASTCH TEM, YTO KOBAJNEHTHAS CBA3b
MeXAy pa3MHYHBIMH aTOMaMH Bcerja B TOH WM HHOH CTeNeHH INo-
asipHa. [Io cremeHu orkjoHeHHs BenuuynHH AE OT HyJs MOXKHO
CYIUTb O CcTelleHH MOJSAPHOCTH KOBAJeHTHOH CBfI3W W _TEM CAMEIM_ 0O

¢ffocoDHOCTH aTOMOB NDHUTAHYTb K ceDe 3JeKTPOHH (Xapakrep H3-
MEHeHHsI AL W AHIIOJBHOTO MOMeHTa OJHHAKOB; a NOoCae/]HHH Bo3pa-
CTaer ¢ yBeJHYeHHeM CTelleHH NOJAPHOCTH CBHA3H).

Bennunna AE 32BHCHT OT Pa3HOCTH 3JeKTPOOTpHIaTenbHOCTEH X
aneMeHToB. [lonuHr Hallen, 4yTO 3Ty 3aBHCHMOCTb MOXHO BBIPAa3HTb
UpHOJMKEHHBIM COOTHOLIEHHEM :

AE == const (xg— x,)2. (111.93)

SnekTpoOTpHIaTENbHOCTH B cHcreMe [lonuHra BeIOpaHbl TaKHMH,
4yTOOB HX pasHocThb AaBajda AE B snekrpon-soabTax (const=1);
3JIeKTPOOTPHUATeNbHOCTD ¢TOpa npuHsaTa pasHoi 4,0. (Ecau Hyx)HO
noayinth AE B kunoxainopusix, To BeauuyuHy const 6epyr paBHOK
23,03.) Coueranue ypasuennit (I111.92) u (111.93) nossossier Beiyuc-
JIUTh BeJHUHHY E,_p.

[lpu xa=xB cBA3b KoBadeHTHa U AE=0; npu Xs5=xp CBsA3b
noaspHa. UeM 3HauMTeNbHee OTIMYAIOTCHA APYT OT APyra Xs H Xg,
TeM GoJiee OJSPHA 3Ta CBA3b; €CHH Xs<KXp, TO CBfA3b MOXKHO CUH-
TaThb HOHHOH., TakuM 06pa3oM, ¢ yBeqHueHHEM Da3HOCTEH 3JeKTPO-
OTpHIlaTeJbHOCTEH pacTer cTelledb HOHHOCTH CBA3H. Puc. 90 npubnu-
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2KEHHO BHIDAXKaeT 3aBUCHUMOCTb MEXJY CTeHeHbI0 HOHHOCTH CBA3H B
Pa3HOCTBIO 3JEKTPOOTpHIATENbHOCTEH 3JeMeHTOB. M3 puc. 90 cie-
AyeT, UTC TOJABKO IJA (PTOPHIOB IIEJOYHBIX H HIeJOYHO3EMeJbHBIX
METAaJJIOB, AJf KOTOPBIX Xp— Xa=2,8--3,3, CBsA3b MOXHO CYHMTATH.
6/H3KOH K HOHHOH.

BroBb moguepKHeM APHOIHKEHHOCTh KOHIEIIHH 3.1eKTPOOTPHIA -
TeAbHOCTH (cM. crp. 141) wu,

% wor.ct B YacTHOCTH, HPHHUMUIIKAAb~
HYIO HeTOYHOCTb YDPaBHeHHst

g0+ (I11.93) (cM. Takxke crp. 215).
Benb npu o6pa3oBaEnH Mode-

ok Kyanl AB MoOXeT M3MeHUTbCSH

KOJIMYECTBO CBA3HIBAIOIIUX H
Pa3pHIXJIAIIHX 3JEKTPOHOB.
JoF [Tostomy me Bcerma 6yaer
ONpaBlaHa CBfA3b JHEPTHUR
B3aUMOJeHCTBUA TOJABKO C ua-

1 1 1
o a8 15 24 CTHYHO HOHHBIM XapaKTepoM
fg=% cBsA3d. Pacuer sznekrpoorpu-
Puc. 90. 3aBucumoctsb crenend nonnocrn  1aTeJAbHOCTH 1o Iloaunry mo-
CBSI3H OT PA3HOCTH 3JIEKTPOOTPHILATE 1b- 2KeT IIPUBECTH K 3HaUYHTeNdb-
wocreft (no Ionnnry) HBIM DacXOXKACHHAM MeXAIy

ONBITHBIMH M PacCUHTAHHLIMH
3HAYCHHAMH 3HEPruH CBsA3H (OcoGeHHO NpH GOJBLIOM [A3JIHUYHH B
3HAUYEHHAX XA M XB), OAHAKO OH yJ06eH A5 NPHOIHKEHHBIX OLEHOK
H 15 1nejed cucreMaTisanHdH.

FlnaBa wecras
XMMHMUECKAS CBSI3b B KOMIUIEKCHBIX COEAMHEHMSIX

1. Komnaekcubie coenunenns. B cTpyKType KOMIIEKCHBIX coey-
HEHHHA MOXHO Da3fIHUATh KOOPOUHAUUOHHYO (. BHYTPEHHIOW) che-
PY — TPYNIHPOBKY, COCTOfLLYIO H3 LEHTPAJbHOH YaCTHIBl — KOMM-
Aekcoobpasogaress — MOHA MM aTOMa M OKPYXAIOUIHX €r0 AU2aH-
006 (adden006) — MOJIEKY/ MJIM HOHOB NPOTHBONOJOXKHOTO 3HAKA.
B QopMynax KOMIVIEKCHBIX COGAHHEHHH KOOpIHHALHOHHAs cdepa
00603HaYaeTcs KBafpaTHHIMH CKoGkamu. [IpuMepamu mojoGHbIX Be-
mecTs ABaA0Tc KyfFe (CN)g], KofHgly], [Ag (NH3)2]Cl, KoZn (OH) 4],
[Ct(H20)6]Cl;. Yncno auramaos, pacnoaarawomuxcs BOKPYI' KOM-~-
N71IeKCOOOpa3oBaTeNifi, HA3BIBACTCS  KOOPOUHAUUOHHOIM  HUCAOM.
Honbl, naxoaamuecs 3a npefesaMu KOOpAHHAHOHHOM coeprl, obpa-
3YIOT BHEUIHIOW Chepy KOoMILaeKca.

Koopaunaunonnas cepa coxpaHsercs 1 B pacTBOpax KOMMJIeKc-
HBIX COeJIMHEHHUH; HaNpUMep, NePeuncaeHHbIe BelllecTBa AHCCOUHHpY-
10T B’ pacTBOPaX '¢ 06pa30BanNEM KOMAACKCHbIx uonos [Fe(CN)gl-,
[HglLF~, [Ag(NHs)ol*, [Zn(OH) 42, [Cr (H,0)¢*+.

Hanoxennble 3/ech MpefcTaBACHHS O CTPOSHHH KOMINIEKCHBIX CO-
eIMHEHHH JleXKaT B OCHOBe KOOpOUHAWUOHHOU Teopuu, BHIIBUHYTOI
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¥ pa3paboTaHHOM BO BTOPOH NOJIOBHHE NPOLLIOrO Beka Bepnepom
(IIIseinapusa). KoopanHanuonnas TeopHs, NOA66HO Teopud Byrie-
poBa ANsf OpPraHHYeCKHX BelLlecTB, Jajla BO3MOXKHOCTb YCTaHOBHTb
CTpPOeHHe KOMILJIEKCOB 3a70/T0 A0 pa3paboTku (H3HUeCKHX MeTOIOB
onpenejeHHs CTPYKTYPhl, KOTOpLie MOJHOCTbIO MOATBEPIHJH eC Bbl-
BOJIBI.

MHuorse KoMmmiekchbl MOTYT GBITh HOJYyUYeHbi B pe3yJabTaTe COelH-
HeHHs OGBIUHLIX BellleCTB, HAlpHMep

CuCly 4 4NHjz = [Cu (NHg)4] Cly
Agl + KI =K [Agl]

HMeeTcsl TakKe MHOrO JIPYTHX METOJOB CHHTe3a KOMIUIEKCHBLIX CO-
e HHeHH .

KoMnnekCHBIX COe/HHEHHI H3BECTHO 3HAYUTENbHO GOJblie, UeM
Bcex APYIHX HeopraHuueckux BellectB. OHHM HaxomAT IPAaKTHUECKOE
npHMeHeHHe B caMbIX pasJiHUHLIX 06/1acTAX; BeHKA POJb KOMILJIEeK-
COoB B GHOJNOT'HUECKHX IpPOIECCax; JAOCTATOYHO CKa3aTb, UTO KOMII-
JIeKCHBIMH CO€IHHEHHSIMH ABJAIOTCA IBa BellecTBa, 6e3 KOTOPHIX He-
BO3MOXKHa XH3Hb BBLICIIHX XKHBOTHHIX H pacTeHHHd — reMorJo6UH
(xoMiuieKcoo6pa3oBartens Fe?t) u xmopoduan (KOMmaekcooGpaso-
Barenb Mg?+).

Cpeny KOMIUIEKCHBIX COEAMHEHHH HMEIOTCHA KHUCAOTHI, OCHOBAHHSA
¥ COJIM; eCTb TaKXKe M BellleCTBa, He NHCCOMHHUDPYIOILYE HA HOHHI, T. €.
HEINeKTPOALTOL. BOT HECKONBKO IPHMEPOB:

KHCJOTH OCHOBaHUS conn HEBNEKTPOIHTH
H[AuCly] [Ag (NH3),]OH [Ni (NHp)g](NO3), [Pt (NH;),Clo]
Hy[SiFe] [Cu (NH3)4](OH), Nas[AlFg] [Ni(CO)4]

Kowmmniexcoo6paszoBanne 0CO6eHHO XapakTepHO JJs HOHOB Iiepe-
XOJIHBIX METaJJOB, B Y4aCTHOCTH, O4€Hb MHOTO KOMILIEKCOB H3BECTHO
nast monos Cu?t, Ag+, Aust, Cr¥t u uouos anementos VIII rpynmul
[IepHOAUYECKOHR CHCTEMBI.

JIMraHaaMH B KOMIIEKCHBIX COeIHHEHHAX 4YacTo GLIBAIOT HOHLI
rasnorenos, CN-, NCS—, NO,~, OH-, SO%—, C,02—, CO;?  wuHeii-
TpanbHbie Moiekyan HyO, NH;, NoHy (rugpasun), CsHsN (nupugus)
NHy; — CHy — CHy; — NH; (sTHienanaMun).

KoopavHallHOHHOE YHC/I0 AJISi HEKOTOPHIX KOMIIJIEKCOOGpasoBaTe-
Jieid MOCTOSIHHO, HanpHMep BO Bcex koMmaekcax Cr3+ u Pt'+ ono
paBHO 6; 0HAaKO JJIst GOMBIIMHCTBA HOHOB-KOMILIEKCOOGpa3oBaTenel
OHO MOXeET ObiTb Pa3J/IHUHBIM, 3aBUCSALIHM OT IPHPOALI JHTAHIOB H
ycinoBuil 06pa3oBaHHsi KOMILIEKCOB, HalpHMep B KoMmmekcax Ni2+
BCTPEUAIOTCA KOOpAHHANMOHHBIe uHcaa 4 u 6. CaMbIMH OGLIYHBIMH
KOOpAHHAIHOHHBIMH YHCJIaMH B KOMILIeKcax siBasiiorces 6 u 4; usse-
CTHO OYEHb Malo KOMILIEKCOB ¢ KOODAHHAUHMOHHLIM YHCAOM, 60Jb-
uuM 8.

HexoTopbie /auranabl HMEIOT B CBOUX MOJEKY/lax HECKONLKO
TPYINH, KOTOPHIMH OHH MOTYT IPHCOeJHHATHCA K KOMMekcooOpaso-
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pateato. Hanpumep, B mosnekyne NHy — CHp; — CHy — NHy comep-
xkarcst aBe rpynnst NHs, KOTOpble JIETKO MPHCOENHHAIOTCA K HOHAM
Cu?+, Cr3+, Co®t u ap. Kaxapii u3 3THX JHMraHIOB MOXKeT 3aHHMaTh
B KOMIIJIEKCaX MECTO ABYX OOBIUHBIX JIKTAHIOB, TAKHX, KaK MOJIEKY-
anl NH; uaum HyO; xoopdunayuonnas emxocrs ( O0eHTaATHOCTL )
NH; — CHy; — CHy; — NH; paBra mBym. MsBecTHbt JHTaHABL ¢ KO-
OPZMHALHOHHONA €MKOCTbIO, PAaBHOH TPeM H Naxke ueThpeM.

Cpeln KOMIUIEKCHBIX COeIMHEHHA pasluyalT: aKeocoedu-
Henus (auraugsl — Monekyasl H,0), nanpuMmep [Cr(H;0)4]Cls,
[Ca(H:0)¢]Clo; ammuaxare: (auranmst — Mosexyanl NHsz), nanpu-
mep [Cu(NH;3)4SO,, [Ag(NHs),]Cl; eudporcocoedurenus (nuran-
ael —uoHsl OH™), nanpumep KiZn(OH)., NajfSn(OH)¢], B
ayudoKomnaexcel (JNMraHibl — KHCJIOTHBIE OCTAaTKH), Hampumep
KyFe(CN)¢l, Ko[Hglyl; u3BectHo Takxke MHOro coexHHEHH#l Cme-
wannozo tuna, HanpuMep [Co(NHsj) 4C12]C1 [Pt (NHj3) 4 (H20)JCl,.

HasBanusa KOMIUIEKCHBIX COeCIHHEHHH O06pasylOTCA aHaJOrHYHO
HasBaHuAM o6biuHbIXx cojtelt (NaCl — xjopux natpusa, KeSO, —
cyabdar Kaaus ¥ T. I.), ¢ TOR JMIIL pasuuilel, UTO YKasbiBawTCH
JIUTAHIbl H CTENMEHb OKHUCJEHHA LeHTpatbHoro noHa. Mosnexyas HyO
# NH; 0603HauatoTcs COOTBETCTBEHHO «aKBO» H «aMMHH». Bor He-
CKOJIbKO TIPHMEPOB, HJIIOCTPHPYIOIIHX HOMEHKJATypPy KOMIJIEKCOB:

K, [PtClg]
rekcaxnopomnarunar (IV) kaxaus
[Cr(H20)6] Cl3
xnopug rexcaaksoxpoma (III)

[Pt (NH3),Clg]
AuxnopoauaMMHuHniaTuna (II)
[Co (NH3)4 (NOg) C1] C10,4
nepxJaopar XJOPOHHTPOTeTpaaMMuHKoGaabra (III)

Ky [Zn (OH)4]

Terparaapoxkconnukar (II) kaausa

2, l/lsomepm] KOMILIEKCHBIX coennnenuii. Cpenu KOMIJIEKCHBIX CO-
eIMHEeHHH, TaK Xe KaK H Cpeliu OPraHHUeCKHX MOJeKyJ, IMHPOKO pac-
IPOCTPaHeHOo siBJleHHEe H30MepHH. VIMEHHO H3yueHHe H30MEpHH KOM-
IIEKCOB BlepBhie MO3BOJMNO YCTAHOBHTL WX MPOCTPAHCTBEHHOE

CTPOEHHE. :
KpaTko pacCMOTPHM OCHOBHBLIE THITHI H30MEPHH KOMILIEKCHBIX CO-

eHHeHHuH.

Hownusayuonnan uzomepus CBa3aHa C PasJHUHBIM pacnpefeieHH-
eM HOHOB MeXAy BHelllHeH M BHYTpeHHeH cdepaMH KOMINIEKCHOIO
COeMHeHHs, HanpHMep

[CO (NHa)sBl’] SO‘ H [CO (NH3)5SO4] Br
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[Co(en)y(NOg) Clj CI u  [Co (en)oClo] NO,

Bo Bropom npumepe GyKBaMH en cokpameHHo 0603HaueHa MOJIeKya
srunenauamMusa NH; — CHy; — CH,; — NHo.

Koopdunayuonnas usomepus npucyimia TeM COeIUHEHHAM, B KO-
TOPBHIX KaK KaTHOH, TaK H aHHOH SIBJISIIOTCS KOMIVIEKCHBIMU; OHA 006y-
CJIOBJIeHA PAa3JIHUHBIM pachnpeiejeHHeM JUraHIOB MeXIY KOMIJIEK-
coob6pasoBartenaMu. [Ipumepamu Takux H30MepPOB CyXKar:

{Cu(NHy)4] [PtClg] u [Pt (NH3)g] [CuCly]
[Co (NHg)g] [Cr (CN)s] n [Cr(NHg)e] [Co (CN)g]

Hsomepus auzandos BO3MOXKHZ B TeX CAyuadx, KOTAAa SBJAIO-
HHECs JIMraHJaMH¥ MOJIEKYJibl WM HOHBl MOTYT CYIIECTBOBATh B He-
CKOJIbKUX H30MepHHIX (opmax. Takoil BUA H3oMepuH Habaogaercs,
HanpuMep, KOTJAa JUTaHAaMU ABJSIOTCA coeJHHEHHR

HsC CHj, CHj

N/ I
NH2—C—CH2 -—NH2 H NH2'—CH——CH2—CH2'—NH2
HJan
NHy—CHy—CHy—CHy—CHy—NH; #  CHy—NH—CHy—CHy~NH—CHj

Tak e, KaK U JJ151 OPFraHUYECKHX MOJEeKyJ, A/ KOMIJIEKCOB Xa-
PaKTepHbl BHAB H30MEDHH, CBA3AHHbIE C PAa3JIHYHEIM IPOCTPAHCTBEH-
HbIM PacHOJIOXKEHHEM YaCTHIl, YUC — TPAHC-U30OMEPHS U 3epKajbHas
H30MepHs. :

Ilnsa KoMIJeKcoB ¢ KOOPAMHAUHOHHBIM YHCAOM 4 yuc — Tpasc-
H30MepHsI BO3MOXKHA, KOTAAa YeThIpe JHraHga HAaXOmATCH B OXHOM
niockocti. [Ipumepom apasercs [Pt(NH;).Cly):

Cl. .NHg NH;. .Cl
Pt ‘Pt
Cl*  "+NH; 1 " NH,
yue-usoMep mpanc-u3oMep

I[Ipu TerpasapuuecKOM pacHONOXKEHHH JUTAHAOB YUC — TPAHC-H30-
Mepusl HEBO3MOKHA.

[IpuMepoM sepxanbHBIX H30OMEPOB ABASIOTCS KOMILIEKCH TpexBa-
JIEHTHOTO XpOMa, cOJepxalllie ABe MOJEKYJH 3THAeHAHaMuHa. Ko-
opauHanHonHoe uucio Crit+ paBHo 6; Juranpnl pacnosaramTes mo
BeplIHHAM OKTasJpa, B LeHTpPe KOTOpPOro Haxoxutcs mod Cri3. Mo-
JeKyJa STHJAeHIHaMHHA, UMeIOmas H30THYTYio GopMy, npHcoenuHs-
ercs K MOHY XxpoMa nByms rpynnaMu NH,; (kKak yxke ykaswsanochb,
OHa 3aHHMAET JBa KOOpAHHAUMOHHHIX Mecra). [Ipu namuuuu B oKTa-
3JPUYECKOM KOMIIEKCe NBYX MOJEKYJ STHJeHAHAMHHA BO3MOMHBI
ABa BapHaHTa CTPYKTYpPhl, NoKa3aHHbie Ha puc. 91; sty gopmu or-
HOCATCA JAPYT K APYTY, KaK NpeaMeT K CBOeMy 3epKaJbHOMY U306pa-
XKEeHHIO.

Kax u B ciiyuae opranuueckHx cOeIMHeHHil, 3epKajJbHbe H30Me-
PH KOMRAEKCOB HMEIOT COBEpILICHHO OAMHAKOBHE XHMHUECKHe H (-
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anueckue cBoficrBa. OHH pPasiuyaloTCcd AMIIb acMMMeTpuedl Kpucran-
JI0B ¥ B PasAMUHbIX HANMpPaBJIEHUsX BPAILAIOT MVIOCKOCTb MOJSPU3A-
[IHU CBeTa.

CyiiecTBOBaHHe 3€PKAJbHOM H30MepPHHM KOMIUIEKCHBIX COeLuHe-
Huil 6bI0 mpejcKkasano BepHepoM Ha OCHOBaHHM KOOPZAHHAIMOHHOH
reopuu. VM xKe GblIM CHHTE3HPOBAHE TaKHe COEJUHEHHS.

3. O6bscHEeHHe XHMMYECKOH CBA3H B KOMINIEKCAX C TMOMOWibIO
SJIEKTPOCTATHUECKHX npeacraBaennii. Teopus, oGbsicHAlOmas o0pa-
30BaHHe KOMIUIEKCHBIX COeJVHeHHH, BlepBble Hauaja paspabatsbl-
BaTbcst B 1916—1922 rr. B uccaenosarusix Koccens m Marnyca
(Tepmanusi). B ee ocHOBY Obliu MOJOXEHBl 3JEKTPOCTATHYECKHE
npencrapienns. OueBHIHO, HOH-KOMIIEKCOO6pa30BaTeNb Oyzer npu-
TATHBATb K cebe KAaK MOHBI IPOTHBONOJOXKHOrO 3HaKa, TaK W NOJAP-

Puc. 91. CxemaTuueckoe H3o0paxenre CTPYKTYp 3ep-

KaJbHBIX H30MEPOB KOMILJIEKCOB XpoMa ¢ 3THJEHIHAMH-

poM. ATOMBH BOZOpOAa B MOJIeKyJjie ITAJNEHAMAMHHA He
[OKa3aHbl

Hble Mosiekydbl. C APyroi CTOPOHE, OKpyXatouue KOoMILTekcooOpaso-
BaTeNb YACTHIH OyIyT OTTaNKMBATbCs JPYyr OT Jpyra; NpH 3TOM
SHepPrusi OTTaNKHBaHUs Oyler TeM 3HauMTeNbHel, YeM OGoJblle 4a-
CTHIL TPYNNHPYETCs BOKPYT LEHTPaJbHOro HOoHa.

FEcau cuntath, Kak 310 Aenann Kocceab H Marsyc, B3auMoJei-
CTBHe YaCTHI, B KOMIJIEKCAX YHCTO 3JIEKTPOCTATHYECKHUM, NPOUCXOAA-
nuM o 3akoHy Ky/oHa, To MOXeT GHITh NOACYHTAHA SHEPTHs CBISH
JNTaHAO0B C KOMIUIeKcooOpasoBaTeaeM. B aTux pacuerax KOMIIEKCO-
06pa3oBaresb W JUTaHIbl PacCMaTpPUBAIACH KaK HegedopMHpyeMbie
3apsKenHble cdepsl. Unrarenu Jerko MOTYT NPOBECTH TaKHe BEIMUC-
nenns nas voHoB [Hgld?— (rerpasipuueckoe crpoenne), [AlFgP—
(oxTasgpHuecKoe pacnojoxeHune anrangos), [Agll]~ (numeiiHas
CTPYKTYpa), BOCIOJb30BABIIMCH BeJHUMHAMHA  COOTBETCTBYIOLIMX
HOHHHX pajuyCoB.

STH BLIUMCJAEHHS JAIOT MPaBHJIbHBIA MOPANOK BeJHYHHB! SHEPTHH
CBSI3M B KOMILIEKCAX YKa3aHHOro tuna. [last KOMIJIeKcoB, rae JHrat-
JHaMH SBJSIOTCS TOJIApHblE MOJEKYJbl, Pe3yibTarbl pacdera XyxKe,
OHH MOTyT OBITb HECKOJDbKO YJYUIIEHBl, €ClH yuecTb adodexT noas-
pusaunn (cM. cTp. 214).

Pacuerti Koccenss 1 MarHyca NMoKa3aJd Takxe, UTO NpH 3Ha4H-
TeAbHOM YBeJHUEHHH YAC/IA JIMTAHIOB CHJBl @TTANKHBAHHA MEXKIY
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HMMH HAaCTOJBKO BO3PaCTaloOT, YTO KOMIUIEKCHl CTaHOBSTCS Hempou-
gumyp. Takg, 6blg0 Ha#eHO, UTO AOCTATOYHO NPOUHBIE KOMIJIEKCH
IOJKHBL B clyuae OJHOBAJCHTHHIX KOMILIeKcoo6pa3oBarelleli HMeTh
KOOpIMHALHOHHLE uxcaa 2 u 3, B clyuae IBYXBaJCHTHBIX 4, ans
TpexBaneHTHHX 4, 5 1 6. ITH pe3ypTaTH LOBOILHO GIM3KH K TOMY,
yT0 Habmopaercsd B AefiCTBUTENNLHOCTH.

TakuM o06pa3oM, 3JEKTPOCTaTHYECKHe TNpPEeJNCTaBJICHHS YKasalu
B mpHHNMIe TPHUMHY OGPa3oBaHHA KOMIJIEKCHBIX coelHHeHHUH, mo-
3BOJIMJIN TeOPeTHUYeCKH OUEHHTh HX MPOYHOCTb H B NMEPBOM npubnu-
JKeHUH OGBSICHUTH Ha6Ji0faeMble KOOPIHHAUHOHHbIE YHCaa.

OnHako OpeflcTaB/eHHe O KOMIIEKCaX KaK arperarax, cocros-
mux u3 HeldedopMHUpYeMBIX 3apsXKEHHBIX cep, ABJIACTCH, KOHEUHO,
oueHp TPYGOil MOZENBIO H TMO3TOMY He MOXKeT OGBSCHHTbL MHOTHX MX
ocobeHHOCTeH.

Tak, 3JeKTpOCTaTHUECKHe MpelCTaBNeHHs He MOTYT O0GBACHUTS,
104eMy PSJ KOMIJIEKCOB ¢ KOOPAHHAUHOHHBIM YHCIOM 4 yMeer maocC-
xoe cTpoenne (kommaekcsl Cu®+, Pt u 1p.), Bellb ec/li MONb30BATD-
csi MOZE/bIO 3apsiKEHHBIX I1IapOB, TO 3HEPreTHYeCKH HanGojee Bbl-
FOAHBIM fIBJIIeTCS TETPa’JpHyecKoe pacrnojoxKeHHe YeTHpeX JHraH-
ZIOB BOKPYT KOMIJeKCcoo6pa3oBaTeds.

Vka3anHas Mojedb 0OKa3ajach TaKXe COBEPLIEHHO HEMPHTOAHOH
17151 O6bSICHeHHsI MAaTHUTHBIX CBOMCTB KOMIVIEKCHBIX COeHHeHHIL. Kak
Mbl 3HaeM (CM. MpHJOXKeHHe 8), uccile0BaHHe MAarHATHHIX CBOHCTB
BelllecTBA MO3BOJISIET ONPEJeNHTh YHCJO HeclapeHHHIX 3JEKTPOHOB.
TTockoabKy, cormacHo npexcraBienusim Koccenss u Marnyca, B3au-
MOJIHiCTBHE MOHOB C JUIaHJaMM He NPHBOAHUT K H3MEHCHHIO 3JIeKT-
DOHHOTO CTPOEHHS, UHCIO HEeCHapeHHBIX 3JEKTPOHOB HOHA B KOMII-
7eKce JHOKHO GHITH TAKHM e, Kak M y cBoGoxHoro moHa. Omxnako
OMBIT MOKA3HBAET, UTO B KOMIUIEKCAX 3TO YHCJIO MOXET OHTh HHHIM,
MpHueM Pas3HbIM B 3aBHCHMOCTH OT NMPHPOXBL JHTAHI0B. Tak, y nona
Fe?+ umeercs 4 HeclapeHHBIX 2JEKTPOHA; CTOMBKO Ke HX B KOMIJIEK-
ce {FeFel*~; onnako B mone [Fe(CN)¢]*~ Bce saexTpoHsl ABIAIOTCHA
cniapeHHBIMH.

[TosToMy coBpeMeHHasi TeopHs Hapsily C 3JEeKTPOCTATHYCCKHMH
(hakTOpaMH yUHTHIBaeT TaKKe KBaHTOBOMEXaHHYeCKoe B3auMOJeHcT-
BHe YacTHIL.

4. KBaHTOBOMEXaHHYECKHE METOJAbI TPAKTOBKH XHMHYECKOH CBf-
3H B KOMILUIEKCHBIX coeluHeHusiX. B nacrosiee Bpemsi 1Js 06bsiCHe-
HHUS ¥ pacueTa XHMHUECKOH CBS3H B KOMINIEKCax HCMOJp3YyeTcs He-
CKOJIbKO KBAHTOBOMEXaHHYECKHX METONOB.

B merode sasenTHbix (8a3ell MpeANoJaraercs, 4To Mexnay JH-
raHaaMH H KOMIIekcooGpasosareseM o6Gpasyercsl NOHOpHO-aKuen-
TOpHas cBsi3b (cM. crp. 187) 3a cuer map 3JIeKTPOHOB, MOCTaBJAE-
Mpix aurangamu. C noMollpio 3TOTO MeTola 6blJI0 06hACHEHO CTPO-
eHHe M MHOTHe CBOicrBa (B TOM 4YMcJIe M MaTrHUTHBE) GOJBLIOTO
yHMCla KOMIVIEKCHBIX coenuHenwil. OnHako B psne ciayuaes 3TOT
MeTOX BcrpeuaeT 3aTpynHeHus. OH Takke MaJo MPUTOJEH IAs KO-
JINYECTBEHHHIX OLEHOK.
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Teopus Kpucraasruueckozo noas, HaoGOPOT, OCHOBbHIBAETCA Ha
YHCTO 3/EKTpOCTaTHYecKod mojenn. Oanako, B OT/IHYAE OT NMEPBO-
HavanbHOH Teopun Koccens n Marnyca, 3aech paccmarpHsaloTcs
H3MEHEHHs! B 3JIEKTPOHHBIX 00OJI0YKAaX HOHA-KOMILIEKCOOGpa3oBaTe-
Jis1, IPOHCXOAALIKE NOJ AeACTBHEM JIUraHgoB. DTa TEOPHS 0KA3aaach
Ype3BbIYAHO IVIOLOTBOPHOH. B Hacrosimee BpeMs OHa uMeeT 3nauu-
TeNbHO GoJbllIee NPHMeHeHHe, YeM MeTOJ[ BaJIeHTHBIX CBs3eil.

EcrecTBeHHO, 4TO TeOpPHsl KPHCTANAMYeCKOro MO, HCXOASLIASN
H3 HOHHOM MOJlenH, TPpeOyeT BHIOM3MeHEHHS] B TeX CaAyuasX, Korjia
B KOMIJIEKCEe HMeeTcsl 3aMeTHas HOJs KosajeHTHON cBs3H. Korpa
3Ta A0Js1 CPABHHUTEJIbHO HeBeJHKA, HCIOJb3YeTCs Teopus NOAA Al-
2and08, B KOTOPOil HaJiHuHe KOBAJIHTHOH CBS3H YUHTLIBAETCSl BBe-
JAeHHEM OIpPEeAC/NeHHLIX NIONPABOK B PAacyeTsl, IPOBOJHUMbIE METOLAMH
TeOpuH KpHCTaJJIHYyeCKoro mond. B ciyuae sHaudTeqbHOH AOMH KO-
BaJICHTHOH CBSI3H TIPHMEHSIETCS] METO0 -MOAEKYAAPHBIX Opbutaiet,
HCIO/B3YeMBlil C yYeToM NpPeACTaBJEHHN TEOPHH KPHCTAJIHYECKOro
nosst (Takoi MONXOM HHOTZA TAKKe Ha3blBAlOT TeOPHell MOJS JHraH-
ZOoB). _

Huxe Mbl OCTAHOBHMCsSI Ha METOJe BaJICHTHHIX CBSI3€H H TEOpHH
KPHCTANJIHYECKOr O MOJS.

5. Mertox BaneHTHBIX CBsi3eif. Mur snaem, uto von NH{ o6pasy-

_eTcil 3a cuer HeNojeNeHHO! eKTPOHHO! NADH, HMeio e

) : [MeIOIIeNACcs B MOJe-
_Kyne ammuaka (cu. ctp. 189). Ero dopmuposanHe MoxHO paccMar-
pHBaTh Kak nphcoeiunHeHde Modekysasl NH; x HoHy Bogoposa. AHa-

JIOTHYHO MOKHO TDAKTOBATb IPUCOeAHHEHHE MOJIEKYJ aMMHakKa K

mep
Cut + 2NHj = [Cu (: NHy)y | +
Zn2* + ANHy=[Zn (:]NHp)2+

CoraacHo TeopuH BaJIeHTHHIX CBs3ell, NPH O6Pa30BaHUH KOMII-
JIEKCOB BO3HHKAIOT JOHOPHO-aKUENTOPHble CBA3H 33 CYET HeMojiesIeH-
_HBIX 3/IEKTPOHHBIX Map JIHTaHA0B. DTH /EKTPOHHBIE Naphl NOCTyna-
10T B obuiee M0/b30BaHHE JHraHAA H UEHTDPAAbHOTO HOHA, 3aHHMAs
IpH_5TOM CcBOGOAHbe THOpDHAHEle OpGHTanH KOMIJIEKCOOGpa3oBa-
TeJlsl, k
D TIpHBEICHHRIX npHMepax HoHbl Cut u Zn’t MMelOT 3aKOHYeH-
HLIH TpeTHH CJIOH, B clielylollleM, YeTBEPTOM, CJI0E Y HHX HMEIOTCS
CcBoOOAHBIEe §- H p-opGuTay. CorsiacHo H3JI0XKEHHOMY, B KOMIJIEKCE
[Cu(NHs)oI* nBe snekrponnsle napsi mosexyn NH; sanumaior gse
§p-rHOpHAHbIE OPOUTANH; TaKOH BUA rHGPHAH3ALUH, KAaK Mbi 3HaeM,
_00yC/IOBNHBAGT JIMHEHHYIO CTPYKTYpY uacTHubl. B  KoMIuiekce
[Zn (NHs) 4P+ ueTbipe saekTpoHHLIe Mapbl 3aHHMAIOT sp3-ruGpUIHble
OpGHTAJIH; KOMIVIEKC HMeeT TeTpasipuuecKoe CTPOeHHE, o
" Tlpu o6pasoBaHHH AOHODHO-aKLENTOPHEIX CBsI3ell B _KOMILIeKcax
MOI'YT HCNIOJIB30BATBCS HE TOALKO S- H p-0pOuTand, Ho U d-opGuTany.

B 3THX Cciyuasx, cornacHo TeOpHH BaJICHTHBIX CBsidef, BO3HHKaeT
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ruGpHan3anus ¢ yaacrueM d-op6uraneil. B Ta6a. 19 npusenenst He-

- KOTOpbie BHIAbl THODHUAM3AUHH H COOTBETCTBYIOIIHE HM CTPYKTYpHL
B nocnenseii rpade sTolt TaGauun ykasaHu! HOHBI-KOMIIEKCOOGpa-
30BaTe/H, B KOMILIEKCaX KOTOPbIX METOJ BaJIeHTHBIX CBf3el mpej-
noJjaraer HaJMude AAHHOIO THIA THOPHAH3ALMH.

Ta6bnuma 19
Buaw ruGpuausandn H COOTBETCTBYIOIIME MM CTPYKTYPH KOMNJEKCOB

Tubpuaizanus Crpyxrypa l/lmrm
sp Jluneiinan Ag+, Hg2+
sp3 Terpasppuyeckas - A3+, Zn2+, Co2+, Tid+, Fe2+,
Ni2+ (penko)
spd Inockas xBaaparnas Pt2+, Pd2+, Cu2+, Ni2+, Aus+
sp3d2 Oxrasapuyeckas Cr3t, Co3+, Ni2+, Pd4+, Pta+

Bun ru6pHaH3anMH H CTPYKTypa KOMILIEKca ONpeJeNsIIoTCA B OC-
HOBHOM 3JIEKTPOHHLIM CTPOECHHEM LEHTPaJbHOTO HOHA, HO OHH TaKXKe
3aBHCAT H OT NIPUPOJRI JIUraHAOB. PaccMOTpuM 3T0 Ha npuMepe HoHa
Ni2+, Hon Ni%t umeer kondurypanumo d®; B cOOTBETCTBHH C npaBH-

soM KyHpna 8 d-3/eKTPOHOB pacnpeieNsiioTcs 10 KBAHTOBHIM siuefi-
KaM ‘CJIeAYIOUHM 06pasoM: :

ad
s INININEAER

Ilpu o6pasosanuu KoMmiekca ¢ wonamu Cl-, cpaBHHTeabHO Clabo
B3aHMOJIEHCTBYIOIMMH ¢ HoHamu Ni2t (woH Cl- uMeer 60oabmoii pa-
RHyC), SJIeKTPOHHBIE NMAapHl MOCTYNAOT Ha OpGHTaJIH CHeAYIOLIEro
3/IEKTPOHHOI'O CJI0S. DTO MOXKHO NPeACTABHTb CXEMOM

3d 4s 4p
wic TOIONTTT] [

Sp*-rHGPAAM3aNEs, TeTPasApHIYECKoe CTPOEHAE

C moaexyramu NH;z non Ni2+ B3aHMOJEHCTBYET CHJIbHEE, YeM C

nonamu Cl=; mostomy oum npucoexmusier 6 monekyax NHs, oGpasys
uon [Ni(NHs) ¢+, umetommit crpoenue

4s 4 4

: , P d_
S iy s I

Sp*d*-rHGPAAH3ANAA, OKTA3APHUECKOE cTpoeHHe

Eme 6osee cunbno mon Niz+ B3aumojeiicTByer ¢ HoHaMu CN—.
B stom cayuae npoucxoaur cnapusanue ABYX d-3JIeKTPOHOB HOHa
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Ni2+ u o6pasoBaBluasics cBOGOJHAsA sfueiKa 3aNOJNHAETCS SJIEKTPOH-
Ho# napo#t nora CN—:

L 34 - 4s 4p -
men HHEHBNN [ [HHN] ]

sp?d-ruGpuM3alns, NIOCKOE KBaJpaTHOE CTpoeHue

M3 npuBeIeHHOrO MpHMepa MBI BHIHMM, UTO YHCJIO HECMHAapeHHBLIX
3/1eKTPOHOB B KOMIUIEKCAX, 06pa3yeMbIX ONHHM U TEM K€ HOHOM Me-
Tajna, Moxer 6uITh pasanunbiM. Tak, B [NiClJ>~ u [Ni(NHs) P+ ono
paBHo 2, a B [Ni(CN)4?~ HecnapeHHBIX 3/1EKTPOHOB HET; NEPBbIE 1Ba
KOMIUIeKCa apaMarHUTHBI, TPeTHH — JHaMarHUTeH.

M3 mpuBeIeHHOro nNpUMepa BHAHO TAKXKe, 4TO HOpUAH3ALHs C
ydacTHeM d-opGurasefi MOXKeT OBITb JBYX BHIOB: C HCNOAb30BAHHEM
BHewHux d-op6uraneii (4d B cayuae [Ni(NH;)¢?+) u ¢ ucnonbsosa-
nueM BHyrpeHnux d-opoutaneit (3d nas [Ni(CN)4?*). Bor eme npu-
Mep «BHelHefi» H «<BHyTpeHHeH» THOpHAU3aLHH:

4d

ad s 3P -
trerad™ MITTITTTTY] (0 [Ty [ 1]

«BHemHAS» Spd?-rubpupH3anHs; KOMIUIEKC TapaMarHuTeH

treeN) [T (0 (DT CL T T 11

«BHYTpeHHsISI» Sp3d?-ruGpuiH3anusd; KOMNJEKC AHaMarHHTeH

BoJbIIHM TOCTOHHCTBOM METONla BaJIeHTHHIX CBA3eH ABAsieTcs To,
4TO C er0 NOMOIBI0 MOXKHO NPEACKA3aTh PEAKYUOHHYIO CROCOBHOCTL
KOMIJIeKcHbIX coenuHenuii. [locaennss B 3HauHTENbHOH CTeNEHH OM-
peaensieTcsi CKOpocTbro ObMmena JHUraHIOB KOMILIEKCA HA JApyrHe
HOHBI HJIM MOJIEKYJIBl, IPOHCXOASALIETO B pacTBOpe. ¥ C/OBHsAMH, Gia-
FONpPHATCTBYIOWHMH OOMEHy JIMTaHJOB, ABASAIOTCA: 1) «BHEWHss»
ru6puau3anust u 2) HaJHuMe y KOMIUIEKCOOOpasoBaTesisi cBOGOAHbIX
«BHYTpeHHUX» d-opGHTaleil,

B cayuae «BHewHel» rHOPHAN3ANHH CBS3b JIMTAHIOB C KOMIJIEK-
coofGpasoBareiieM ciabee, yeM NpPH HaJHYHH «BHYTPeHHEH» rHOPUAH-

- 3allun. nOBTOMy OIUH M3 JHUTaHIOB CPABHHUTEJDHO JIETKO MOXKET OT-

JIeJHTbCS OT KOMIUIEKCAa, MPELOCTaBHB CBOE MeCTO APYrofl Haxoxad-
ueiics B pacTBope dacruue. Tak, kommaekc [Fe (NHsz)g]*, B koTopom
HMeeT MeCTO «BHEIUHsiss» PMOpHAM3alHus, ropasfo GoJjee peakIHOH-
Hocnoco6eH, 4eM [Fe(CN)egl*, rie rubpuansanus «BHYTPEHHSA».
Tpu HaAMYMH CBOGOAHBIX «BHYTPEHHHX» d-OopOHTaledl MEXaHH3M
o6Mena apyroil. B aTom caydae 61aroaapsi cyumecTBOBaHHIO CBOGOI-
HOH Op6uTaju CTAaHOBHTCS BO3MOXKHBIM NPHCOENHHEHHE K KOMIUIEK-
Cy HOMOJHHTENbHOH YacTHUH M3 TeX, 4TO HaXOJSTCSH B PacTBOpe.
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Tlocne Takoro NpHCOCAHHEHHST MOXKET NMPOH30ATH OTILENJIeHHEe OLHO-
ro u3 aurannos. Takum o6paszom, IPOHCXOAHT 3aMeHa OJXHOTO H3 JIH-
raiajios B KOMILUIEKce.

B kauecTBe mpuMepa, HIMIOCTPUPYIOINEro NpHMeHeHHe HNPUBEJEH-
HOTO NpaBHJ/Ia, ykaxeM Ha kommjekcsl [Cr(NHs)elP+ u [V (NH;) B+
CorJylacHo MeToJy BaJICHTHBIX cBfi3edl, 3THM KOMILTEKCAM MOXKHO npH-
NHCaThb CAeyiolee CTPOCHHE:

3d

4s ap___
ernee® (TTITITO  [ (AI0I

v T [0 [0

Bropofi Kommexc ropasmo 6GoJiee peakuHoOHHOCNOCO0EH, YeM mep-
BHIH, UTO O0GbsACHAETCA HaJMHUHEM CBOGOAHON «BHYTpeHHe#» d-op6u-
TaJlH,

6. Teopus kpucramnuieckoro moas. dra reopus paccMarpuBaer
BO3/ICHCTBYE JIMIaHJOB Ha d-OpPGHTA/H HOHA-KOMIIEKCOOGpa30BaTe-
as. PopMa u mpocTpaHCTBEHHO® pacnonoxkenHe d-op6uTasied npen-
CTaBJieHBl Ha puc. 16. B cBoGopHOM aToMe WM HOHe 3HeprHH Beex
d-311€KTPOHOB, IPUHALJICKAIHX K OJHOH H TOH Ke 3JIEKTPOHHOH 060-
JIOYKE, ONMHAKOBBI — 3TH 3JEKTPOHHl 3aHHMAIOT ONHH 3HepreTHue-
CKHMH ypoBeHb. JIurauasl, NpHcoefHHEHHbIE K NOJIOXKHTENILHOMY HOHY,
ABIAIOTCS WIH OTPHUATENbHBIMH HOHAMH, HJIH NOJSDHBIMH MOJIEKY-
JlaMH, HOBEPHYTHIMH K KOMIIIEKCO00Pa30BaTeli0 CBOMM OTPHLIATE/b-
HbIM KOHHOM. MeXAy 3JeKTpoHHbIMH 061aKkaMH d-3JIeKTPOHOB H
OTPHUATE/ILHBIMH JHTaHAaMH JAEHCTBYIOT CHJIBI OTTAJIKHBAaHMS, NPH-
BoAsiHe K YBEJHUYEHHIO 3HepTHH d-3nexktpoHoB. OnHAKO Bosmeiict-
BHE JIMFaHJ0B HA pasijHubble d-OPOGHTA/NH HEOJMHAKOBO. JHeprus
3JIEKTPOHOB Ha d-0pOUTANAX, PACHONOKEHHBIX GJIH3KO K JHUrasjam,
Bo3pacTaer Goablie, a Ha d-OpOHTANAX, yAaJeHHBIX OT JINTaH/I0B,
MEHbIIe — IOX  NeHCTBHEM JIMTAHAOB INPOUCXOIHT pacujeniexue
sHepeeruueckux yposueil d-op6urased.

Paccmorpum curyaunto, Bosnukamomymo IpH OKTa3APHUECKOM H
TETPA3APHUECKOM DACHOJOKEHHSAX JIHTAHAOB BOKPYT KOMILIEKCOOG-
pasoBarelis.

Kak Bunno us puc. 92, B oxrasapuueckom OKPYXKeHHH opOHTalu
dz» 1 dy—y:, 0G03HAUAEMBIE dy, PACTIONATAIOTCS TAKHM o6pa3om, uro
OHH MOABEPralTCs CHWILHOMY BO3JEACTBMIO TIONS JMCAHEOB. DJeKT-
POHBI, 3aHHMaIONIHE 3TH OPOHTANH, HMEIOT OOJIbIIYIO 3HEPTHIO. DJleK-
TPOHBL, HaXofswHecs Ha opOuTansX dyy, dxy u dy, (WX HpuHATO
0603HauaTh d,), Ha060POT, 06JaAI0T MeHbIIeH snepruedt. Ha puc. 93
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floKa3aHa CXeMa pacluienaeHnda SHEpreTHYeCKux ypomleﬁ B OKTasx-

PHYECKOM ToJe.
[Ipyu TeTpasnpHYeCKOM OKDYKEHHH HOHA JHTAaHAAMH, KAK BHAHO
94, op6utanH dg» i dx—ys 061anaI0T GoNee HH3KOH 3HepTHeil,

U3 pHC.
a op6uTanH dxy, dy: B dx, — GOMee Bbicokoil. BosHnkaiomee pac-
IenieHHe SHEPreTHUeCKHX YPOBHell cxeMaTHUeCKH MOKa3aHO Ha

puc. 95.
Puc. 92. Opburanst d .2 u d ey B OKTA3[PHIECKOM [OJE
4,2, d, y Z
22, dy2. 2/0'/
/
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CBobodnsiu
uoH
Puc. 93. Pacuengense 3sHeprerudeckHx Puc. 94. Pacmonoxenne Koopauuar-
ypOBHel d-3/EKTPOHOB B OKTA3[DHUECKOM  HBIX OCeil B TETPASAPHYECKOM KOMI-
noJe JieKce
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BenuunHa 3Hepaul pacujensenus A 3aBHCHT OT NPHPOAL JIHraH-
0B H OT KOHQHrypalMH KoMmiekca. Ecan avrasfnsl u ux paccros-
HHSl OT LEHTpA KOMILIeKCOOGpasoBaTelsi OAHHAKOBHL, TO BeJHYHHA
A LIS TeTPa3ApHYecKOro OKPYMKeHHs cOCTaBisieT /o Beamuunn A
IJ151 OKTA3APHIECKOTO OKPYKEHHs.

Benuuuna 3HepTHH pacuienyends A MOXeT GHITb pPacCyHTaHa Te-
OpeTHYeCcKH METOJAMH KBAHTOBOH MEXaHHKH H MOXET GHTb onpe-
JelieHa 3KCNepHMMEHTAJbHO MO CNEKTPaM NOIVIOMEeHHs KOMIJISKCHBIX
coeJHHeHH . '

Kak mbl 3Haem (cM. crp. 137), ClieKTp MOIJIOUIEHHS B BHAHMOMH
H yabTpadHoeToBOH 061acTAX CBfA3aH C MEpPexoJaMH 3JeKTPOHOB

0;'{' dxz'%z
/
/

// Afffﬁ

/
a,
// , 72, dx?-‘ll
/ ,/hbﬁﬁ/neﬂwagd-
// // PUYECKOM none

Juepeuf

CBo00dnsrd
uoH

Puc. 95. Pacuiensenve 3suepreTHuecKHX
ypoBHell d-3JIEKTPOHOB B TETPa3[ApPHUECKOM
noJe

C OIlHMX 3HepreTHUecKHX ypoBHell Ha npyrue. BeulecTBo mormomaer
Te KBAaHTbl CBETa, 3HEPTUs KOTOPHIX paBHAa 3HEPrMH COOTBETCTBYIO-
IMX 3JeKTPOHHBIX nepexonoB. CriekTp NMOrJOLIeHHs (a C/el0BaTelb-
HO, H_OKPacKa) GoJbLIMHCTBA KOMMJIEKCOB d-3JeMEeHTOB 06YCA0BAEH
3JEKTPOHHEIMH NepexofaMu ¢ Hu3wel d-0p6uTain Ha d-OpOHTAL C _
- Gonee BHICOKOH sHeprueil. Tak, HampuMep, KOMIIEKC [Ti(H2O) PP+
HMeeT MaKCHMYM IOIJIOLIEHHS NPH BOJHOBOM yHcae v=20 300 cm~ T,
3710 0GYCI0BANBaeT (DHOJETOBYIO OKpPAacKy HaHHOrO KoMmmjiekca. Mom .

Ti* uMeeT TONLKO OJWH d-3JEKTPOH, B OKTa3JAPHYECKOM KOMILIEKce

~ 3TOT 3JICKTPOH MOXKET NepexOfuTh ¢ de-OpOHiaim Ha dy0pGHTANE;
JHeprusi KBaHToB, omBeqatomas v=20300 cx~!, (4To B mepecyere Ha
2-uon cocraBiaser 57 KKaa), paBHa B COOTBETCTBHH C H3JIOXEHHBIM
BblIIE BeJIHYHHE A.
Takum 00pa3oM, TeopHsi KPHCTAJIHYECKOrO IOJs OCDbACHAET XO-
pPOLUO H3BECTHHH XHMHKaM (paKT, YTO HOHBI 3J€MEHTOB-BCTABHHX Ae-
KaJ OKpalleHH, B TO BpeMsi KaK HOHbI, HMeIOlIHe KOH(UTypamHio
621arOpORHLIX Ta30B, OecipeTHH. CTAHOBHTCA TaKXKe MOHATHBIM,
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noyeMy HOHBI Cut GecueTHhl, Toraa Kak uoHn Cut oxkpauensl; HoH
Cut umeer kondurypaumio d'% snech sanonHeHH Bce. d-opGHTANH,
MO3TOMY MePexoibl 3JIeKTPOHOB C OxHON d-QpGHTANM. Ha JPYLYIO He- .
BO3MOXKHEI, y noHa Cu?t (d°) oxHa d-op6utanp.cBoGomua. Ilo Toii
" e DpHuKHe GeCliBeTHbl HMEIOIIHe 3JIeKTPOHHYIO KOHdurypauuo d1°
nounl Agt, Zn?t, Cd?+ u Hg?+.

Kak yxke ykasblBajoch, BeJHYHHA A, XapaKTepH3ylOIlas CHJIY
C03[1aBaeMOr0 JIMFaHIAMH I0Jis, 3aBHCHT OT IPHPOABI JIHIaHIOB.
HayueHue cnexTpoB KOMIJIEKCHBIX COeAHHEHHH, MO3BOJIMBLIEE OIpe-
IeJUTb 3HauyeHHd A, M0Kasajo, YTO JHTaHABl MOTYT ObITh PacnoJo-
JKeHbl B TIOpAIKe YOBIBAHWS CHJIbl KPUCTAMJIHYECKOTO MOJs B CJAedy-
IOIMHA pAA:

CN—> NO3 > swuaenauamun > NH; > NCS— >

> H,0 >F— > CO0~>0H~> Cl= >Br—>I—

3TOT pAL HaMHCaH IJ5 OKTa3ApHYECKHX KOMIJIEKCOB, HO MPHSIN-
3UTENBbHO Ta K€ M[OCNAEeJOBATEJbHOCTb COXPAaHAETCH W MpPH IPYTEX
KOH(HUTYpaLHAX.

Ecnn KosnnyecTBo d-3/71eKTPOHOB y KOMILIEKCOOGpasoBaTens He
npeBbIlaeT ykcao d-opOuTaniell ¢ HH3KOH Heprueil, TO OMH, ecTecT-
BeHHO, pacrnoJjaralorcs Ha 3Tux opburansx. HanpuMep, Tpu d-anekr-
poHa nona Cr3+ B oKTa3ApHYeCKOM MoJie 3aHUMAIOT TPH d-OpGHTAH
C HU3KOH 3Hepruei:

is 27

= IALAEAN

Bnaromaps Takoil 3JeKTPOHHOH KOH(UTYpalluK KOMIJIEKCHl TpexBa-
JIEHTHOTO XpOMa OueHb MpPOYHBbl, HGO 3JeKTpOHHble 006JaKa de-0pOH-
Tajefl pacrnonaraloTcs MexXIy JHUraHAaMH M c1abo 3KPaHHDPYIOT 3a-
pAx sapa xpoMa. DTHM OGbscHAETCS TO, 4TO KoMmaekcoB Cr3+ ua-
BEeCTHO OYeHb MHOTO.

Kax mbt 3maeMm (cM. crp. Hl), 3JeKTPOHH pacupeneasiorcd Io
KBAHTOBBIM flYeKaM —— OpOHTANAM — B COOTBETCTBHHM C IIPABHJIOM
XyHaa: Ipu JOCTATOYHOM KOJIHUECTBe fiueeK B KaxKJOHW M3 HUX pac-
noJaraercsl 10 OJHOMY 3JeKTPOHY. DTO OObACHAETCSA TEM, UTO dJeK-
TPOHBl OTTAJNKHBAIOTCA APYT OT ADYra M NOTOMY CTPEMATCA 3aHATh
pa3nuyHble opOuTanu. [ TOro 4ToObl NepeBecTH 3JAEKTPOH ¢ OpOH-
TaJjM, Tae OH OJMH, Ha APYyTyio OpOHTaNb, TAe YyKe HMeeTCcs 3JeKT-
poH, TpefGyeTca 3aTpaTa HEKOTODOTO KOJAWYECTBA 3Hepruu P; Benu-
yuHa P MoxeT ObiTh ONpefiesieHa KBAaHTOBOMEXaHHYECKHM pacyeTOM.
B cBA3n ¢ 3THM NpH HAAMYHH B HOHE KOMILIeKcooGpasoBaresis
O6J/IblIero KOJHYECTBA 3JIEKTPOHOB, YeM YHCJIO op6HTanell ¢ HH3KOH
SHeprueil, MOT'YyT BO3HHKaThb JBe CHTyauuH. B Tex cayyasx, Koraa
A< P, 37ekTpOHB LEHTPaAJbHOTO HOHA B KOMILIeKce GyIyT 3aHUMaTh
Te e opbGurany, 4To H B cBoGoxHoM HoHe. Mon Meranna 6yner na-
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XOIMTbCA B COCTOSHHH C 8bicoKkum cnusom. Ecau xe A>P, 10 Kpu-
cTaJJIMYecKoe noJjie OyAeT BbI3BIBATH NI€PEXOM 3JEKTPOHOB B yXKe 3a-
HATHle siuefiku ¢ GoJiee HU3KOH 3Hepruell; B pe3yJbTaTe CHAPHBAHHUSA
3JE€KTPOHOB CIHH YMEHbIIHTCS — HOH MeTajja OyleT HaXOIUTbCS
B COCTOSIHHU C HUSKUM CRUHOM.

B tab6a. 20 npuBelleHsl IJIs1 PA3JHUHHX KOMILVIEKCOB ONpeleeH-
Hble M3 CINEKTPOB NOIVIOUIEHUs BeJWYHHBE A, BHIUHCJCHHbIE 3HAYEHHS
P u pauHble O CIOHHOBOM COCTOSIHHH HOHA, NOJyYeHHBe H3 MAarHHT-
HBlX u3MepeHuil. Kak BujgHO, npuBeneHHble B Ta6Ja. 20 cBeneHus Ha-
XOIATCS B COOTBETCTBHMH C BHIIEH3J0XKeHHEIM. Takum o6pasoM, Teo-
pHsl KPHCTAJVIHYECKOTO NOJIS YCTAHABJHMBAeT KOJIHYECTBEHHYIO B3aH-
MOCBSI3b MeXK/y MarHHTHBIMH H CIEKTPaJbHBIMH XapaKTepHCTHKAMH
KOMIIJIEKCOB, YTO He yZaercs clelJaTb ¢ [OMOILBIO Merojda BaJjeHT-
HBIX CBS3eR.

: Ta6auma 20
XapakTepHCTHKH HOHOB B OKTa3JpPHYECKOM MmoJe

Koudurypanus Hoxu P, kkaafz-uon Jiurauas A, kKaa/2-uok S,n;’f,(;i;%
d4 Cr2+ 67,2 Hy0 39,7 Bricokoe
Mn3+ 80,0 Ho0 60,0 >
a5 Mn2+ 72,8 H,0 22,3 >
Fedt+ 85,7 HyO 39,1 >
db Fe2+ 50,3 H.O 29,7 >
CN— 94,3 Huskoe
Co3+ 60,0 F—- 37,1 Beicoxoe
NH; 65,8 Huskoe
dar Co2t 64,3 H,O 26,6 Bricokoe

HenosHoe yKOMILIEKTOBaHHE 3/eKTPOHAMU opOuTaseil de unu dy
HapyllaeT CHUMMETPHIO KOMILJIEKca; 3To HapylleHHe MOXKeT OBITb
oueHb cHABHHIM. Taxk, mampumep, y uona Cu?t, uMmemouero KoH¢H-
rypaunuio d° B OKTa3ApHYECKOM OKDYKEHHH HA OPOHUTANHU dyi—y> Ha-
XOAUTCS TOJBKO OJHH JEKTPOH. DTa Op6GUTANbL SKPAHHUPyeT 3apsl
sifpa MeHbllle, YeM JApyTHe; NOITOMY pAaclloJOKEHHbBIE OKOJO Hee
yerspe JUTaHAa (cM. puc. 92) GyAyT cBA3aHH 3HAUHTEJbLHO NPOYHee,
yeM JBa APYTHX; NMOCJAEJHHE MOI'YT JIETKO OTMIENJISTbCS OT KOMILIeK-
ca. [lostromy nmst wona Cu?t xapakTepHO KOODIHHALHOHHOE YHCJIO
4 ¥ NJI0CKOe CTPOeHHe KOMILIEKCOB.

JedicTBHe NoJIs JUraHIOB OKA3bIBAET BJIHMSHUHE HA caMBle pasiuy-
Hble cBOHCTBa coepuHenuil d-sseMentoB. Ciejgyer yuHTHBATh, YTO
HOHB B BOJHBIX PacTBOpax, KaK Mbl YBHIMM HuiKe, 06pasyioT eud-
paTHele Komnaexkcol. B KpucTaJdiax HOHBI HAaXONSITCA B OKPYKEHHH
CBOHUX cocellell, T. €. B COCTOSTHHH, aHAJOTHYHOM TOMY, KOTOpO€e HMeeT
MeCTO B KOMIJIeKcax (OTCIOZa ¥ BO3HHK TEPMHH «T€OPHS KpHCTaJl-
JIHYECKOTO TMoJs»). Mbl OrpaHHUNMCH PACCMOTPEHHEM 32KOHOMEDHO-
CTeH H3MEeHEHUsI paJlHyCOB HOHOB.
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Kak mbl 3naem (cM. cTp. 88), pamnychl HOHOB 3J€MeHTOB BCTaB-
HBIX JleKaJl HMeIOT TEeHAEHIHIO YMEHbIIAaTbCA C POCTOM TIOPSIAKOBOTO
HoMepa. Oanako npH 06MLIeH TEHACHIHH K YMEHbLICHHIO 3aBHCHMOCTD
pajuycoB HOHOB OT 3apsifia A/pa HMeeT AOBOJIbHO CJOXKHHIA Xapax-
Tep. [laHHasi 3aBHCHMOCTb JJIsl PajJHyCOB [BYX3apsilHBIX HOHOB B
OKTa3pHYECKOM OKpYxKeHHH B papy Ca%t — Zn?+ npexncrasjena Ha
puc. 96. JTa 3aKOHOMEDHOCTb XODPOWIO OOGBSCHSETCH TEOpHel Kpu-
CTaJlNINYECKOTO NoJs. JleACTBHTeabHO, npH nepexoie or Ca?t x V2+
d-3/1eKTPORE  TONafaloT Ha caaGo 3KpaHHpyOmHe de-0pGHTAMNH,

1 1
CaT ST T VA T T Pt GoF NI O 2

Puc. 96. MameHeHHe paHycoB HOHOB B pamy
Calt — Zn2+

YTO BBI3bIBAET CHJIbHOE YMEHbIUEHHEe paJuyca HOHA IIPH BO3PAacCTaHHHA
3apsna sapa. B mowax Cr?+ u Mn? 3anoJiHsiOTCS CHIBHO 3Kpauu-
pymoilue dy-0pOUTAH U pafHyC HOHOB NMPH YBeJHUEHHH 3apsia anpa
He yMeHbIIaeTcs, a pacrer. AHajorHyHas KapTHHa HaGJiofaercs y
CJAeNYIOIHX 3JIEeMEHTOB: 3JIeKTPOHBl 3amoJHSIOT CBOGOAHBIE MecTa
cHauaJa B de-siuefikax, a 3aTeM B d,-sauefiKax.

[TockoJIbKy OT BelMYHHB HOHHBIX PagHyCOB 3aBHCAT NMPOYHOCTH
CBA3H B COCJAHHEHHSX, KHCJIOTHO-OCHOBHble CBOHCTBA H ApyrHe Xa-
pPaKTepHCTHKH, TO B H3MEHEHHH 3THX CBOHCTB B Psly d-3JeMEHTOB
Ha6/I0Na10TCst aHAJOTHYHbE 3aKOHOMEDHOCTH.

InaBsa cepgbman
BOLROPOAHAR CBA3bL

B Tex cayyasix, Kora BOZOPOA COEJHHEH C CHJIBHO 3JeKTPOOT-
PHUATEJbHBIM 3JeMEHTOM, OH MOXeT 06pa3oBaTh eme OAHY AOTO-
HHTe/IbHYIO CBSi3b, IPABJa, 3HAUHTE]bHO MeHee NPOYHyIo, ueM OBbiy-
Hast BaJeHTHas cBsidb. Cnoco6HOCTh aToMa BOROpoOja CBSA3HLIBATH B
psane ciiyuaeB IBa aToMa BllepBHe OBlJIa yCTaHOBJeHa B 80-x rojax
npourtoro crojerdss M. A. HMapuackum H H. H. Bekerosnim. [Tpo-
HIJIO HECKOJIbKO NeCATHJETHH, npexJe ueM NpeAcraBieHHe 06 3Tol
CBAA3H, IBJASIOLIEHCA MPOMEXKYTOUHOH MeX]y XHMHUYECKOH H MexMo-
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JekyaspHoil (cM. ctp. 245—249), yrBepAnaoch OKoHYaTesbHo. Ona
noayuyuJia Ha3BaHHe 6000POOHOI cea3U.

Dra cBA3b OGYCJ0BJCHA TEM, YTO CMelleHHe 3JeKTPOHA OT aTOMa
BOJAOPOAa NpeBpamlaeT €ro B YacTHIy ¢ YHHKaJbHbIMH CBOACTBaMH.
Ecnu paccMaTtpuBaTb 3Ty YACTHIY KaK KaTHOH, TO OHa: a) HE HMeer
3JIEKTPOHOB H [O3TOMY B OT/JHYHE OT OCTaJbHHX KaTHOHOB He OT-
TaJKUBaeTcsA 3JeKTPOHHLIMH 0600YKaMH APYTHX 4acTHI, a HCIBITHI-
BaeT TOJbKO NpUTHKeHHe; 6) oO0nafaeT HAYTOXKHO MaJblM pa3MepoM
(MPOTOH B THICSYH pa3 MEHblIe OCTAaJbHBIX HOHOB).

BonopoaHasi cBfi3b NPOSABJASETCA TEM CHJbHee, 4eM GoJblle 3Je-
KTPOOTpHUllaTeJbHOCTb aTOMa-flapTHepa H 4eM MeHblIle ero pasMmephl;
HNO3TOMY OHa XapaKTepHa NpeXJe Bcero AJs coeluHeHHH ¢rtopa, a
TaKXe KHCJIOPOZa, B MeHbHIeH cTeNeHH a30Ta, B ellle MeHbLIeH Cre-
neHu s xjaopa ¥ cepol. COOTBETCTBEHHO MEHsIeTCsi H 3HeprHs BO-
noponHo# cBsA3u. B obmeM ciyyae oHa 3aBHCHT KaK OT BHAa H CO-
CTOSIHMSI aToMa-NapTHEpa, TaK H OT TOrO, C KAKHMH aTOMaMH Io-
caefuuii cocencrsyer. Tak, sneprusa sogopoaHol csasn H...F (azech
U B JajbHefimeM 3ta cBsA3b 0003HayeHa TOYKaMH) paBHa ~ 10, cBs-
38 H..O~5, H..N~2 kkas. CocexcrBo 3/eKTPOOTPHLATEAbHbIX
aTOMOB MOXeT aKTHBH3HDOBaTh K 06pa3oBaHHIO BOLOPOXHON CBA3H
¥ atoMbl CH-rpynn (XoTsi 3/eKTPOOTPHIATENILHOCTH Yriepoxa H
BOJOpO/a NIOYTH OJHHAKOBH) . DTHM OObACHAETCS BOSHHKHOBEHHE BO-
IOpPOJHBIX cBsI3€H B TaKHX, HanpuMep, coeiuHeHusx, kak HCN,
CFsHu T a. ' o T

C ycusnenvem BOJOPOLHOM CBSI3H YMEHbLIAIOTCHA H COOTBETCTBYIO-
mye paccrosHud. Tak, eciu B HyO paccrosume O — H wMeHsbme
H...O, To nns groposonopona o6a paccrosuust (H—~—F u F..H) oxnu-
HaKOBHl, T. €. NPOTOH pacnoJjaraercs nocepeiHHe MexXIy HOHaMH
¢ropa.

DBaaronapsa BonopoAHBIM CBA3AM MOJEKYJbl 00beJHHSAIOTCH B IH-
Mepbl K nosuMephl. ITocaennue Moryr uMeTb JuHeldHOe, pa3BeTBJICH-
Hoe WJIH KoJbyaToe crpoeHue. Tak, MypaBbHHasA KHCJIOTa KakK B XKHUI-
KOH, TaK H B ra3oo06pa3Hodl ¢ase cymiecTByeT TIJaBHbIM 06Gpas’oM
B BHJe IHMepa; ero cTpyKTypa

1.6 !
o O=-=H-—0
N \

H—C" }121° /—-H

— -

yCTaHOBJIEHA "MeTo0M 3jekTpoHorpaduu. Cnoco6HOCTD K accoyua-
yuu oTiHYaeT BOAY, aMMHAK, CIHPTHl H MHOTHE JpyrHe XHAKOCTH
OT HeaCCOUHHPOBaHHLIX KHUAKOCTEH (HanpuMep, OT YIJeBOILOPOJOB).
Accounanys npHBOJHT K NOBHIIIEHHIO TEMIEPaTypHl IaBJeHHUS, TEM-
NepaTypbl KHNEHHs H TeNJIOTH Napoo0pa30oBaHHs, H3MEHEHHIO pacT-
BOPAIOIIEH CNIOCOGHOCTH H T. [.
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Kak yxe yka3bBaJdOCb, 3HEPr¥s BOLOPOJAHOH CBSI3H HeEBeNIHKa
{OHa Ha MOPSAROK MeHblle 3HEPTHH XUMHUUECKOH cBs3u). [Tostomy mo-
BbIIEHHE TEMIlepaTyphbl NPHBOIUT K pa3pbiBy BOAOPOAHLIX CBs3el;
OIHAKO 3TOT MpOIece, KakK NMPaBUIO, pacTAHYT HA CPABHUTENbHO LUH-
pOKHil MHTepBan TeMmepaTyp. B kapGoHOBHIX KHCIOTax, HampuMep,
acconuanusl coxpaHsercs JaxKe IPH HX NapooGpasoBaHHu.

Ecau B3Tb PAA CXOAHBIX BEIleCTB, TO C POCTOM MOJEKYJSIPHOTO
Beca CHefyeT OXHIATb yBeJlHUeHHS HX TeMIlepaTyp IUIaBieHHs H
KHIeHHs] H TeIUIOT mapooGpa3oBaHHsA; ORHAKO, KaK BHAHO M3 Tab.
21, npu nepexoge or HF x HCI u or HyO k HsS npoucxonur pesxoe

AHp, 0 KKAT/PMONG

F oH,0 .o
2 (twun)B,9 . °C 0
L [
g0 F
8 =
60}
6 Jor
HyTe
H,Se ol Te
X7 "H,S
45 (H,0) ? I
(H,0) 0L se
S /Br
2F -60r
Cl
-ga '- L i 1 1
2 I i - :
-.90 - -
0 w41 j0M 0 a8, e
Puc. 97. 3aBuUCHMOCTb TEMJIOTH Puc. 98. CpaBuenue TeMmepatyp KHe-
napoo6pa3oBaHus OT MOJIEKYJIAP- Hua B panax HI u H,d’

HOro  Beca HAJd9 BOAOPOAHBIX
coenuHeHni amementos VI rpym-
TIBl

flaJleHHE YHCIeHHOrO 3HaueHHS 3THX CBOHCTB. DTO OODBACHAETCS TeM,
uyto MexAy MosekynamMu HF u mexny monekymamu HoO cymecrBy-
I0T CHIbHble BOJOPOJHble cBA3H. Macmra6 3T0ro 3dpdexra BHIEH U3
puc. 97.

Hau6onee yno6HBIM HHAMKATOPOM BOAOPONHOMH CBS3U SABJSIETCSA
TeMIlepaTypa KMIeHHs, TaK KaK ee Jerko HaMeputh. Onpenenus tem-
nepaTypy KuleHus Ans Kakoro-nu6o cnupra ROH u coorBercrayio-
mero emy Mepkanrana RSH, Mbel 661 y6epunuch, uro anst ROH oxa
oonblae, uem Lt RSH. Ilpocthle a¢upnl gaxe ¢ G6AbLIIEM MOJEKy-
JSIPHBIM BECOM, UeM CIHPTHI, ABAAIOTCH Gogee neTyduMH. Ecau Gwl
BOJa He Gblia acCONMMPOBAHHON XKHJKOCTBIO, TO OHA HMena Obl TeM-
neparypy maasigenus okoao —100° C u TeMneparypy KHIIEHHsI 0KOJIO

238



—80°C (uTo Jerko YCTAHOBHTb mo AAaHHBIM Taba. 21 ¢ nmoMmolubio
yepTexka, MOAOGHOTO puc. 97) *,

Ecau BOCNOJAb30BATbCS METOLOM CpaBHHTEJAbHOTO pacyeTa M CO-
IocTaBUTh TeMIlepaTypy KuneHus B pspax H3 (3=F, Cl, Br, I) u
Hy3" (9’=0, S, Se, Te) (puc. 98), To U3 xapakrepa OTKJAOHEHHS
toukd ajas HF — H,O u u3 Toro ¢akra, 4TO MOJEKYJbl BOASAHOrO
napa IOYTH He aCCONMHPOBAHBI, MOXHO 3aKJIOYHTb, YTO B OTJAHYHE

Ta6nuua 21

Temneparypa NJaBJjieHHs, TeMNEepPaTypa KHNEHHS H Tem-
Jora mapooGpa3osanHHs (B TOYKe KHIEHHS) HeKOTOPHIX

BEILECTB
AH ’
BewjecTro toa °C L °C KKa/lI/I;(I())/lb
H,0 0,0 100,0 9,75
H.S —85,5 —60,7 4,50
H,Se —64,8 —41.5 21
H,Te —49.0 — 2,0 5,8
HF —83,1 —19,5 7,20
HCl —112 —84,9 3,6
HBr —87 —66,8 3.9
Hi —50,9 —39,4 4,2

oT BOABl accoliHalyd (GTOPOBOAOPOA COXPAHACTCA U B NapoBo#l ¢a-
3e (B MPOTHBHOM cCiyyae CJIef0OBaA0 Obl 0XKHIAATb, yK/AaAKH Ha MpH-
MYyIO BCEX YeTbIpeX TOYeK); 3TO CBHIETEJbCTBYeT & GOJblled Npou-
noctu cBssn H...F no cpasuenuio co ceaspio H...O. Chenannubiét Bbi-
BOJ MOXHO MOATBEPIHTb M 3aMETHO MeHbIIeH pasHHUIeH B TeloTax
napooGpasopanna HF wu HCI no cpaBnenmio ¢ HyO u H,S
(raba. 21). JefictBuTeabHo, B mapaX ()TOpoBOAOpPOAa CyILIeCTBYIOT
moaekyab (HF),, HMeolliHe cTPYKTYpPY

,’f\ . Pad F\
Heo H 134 H H

A XOTA /15 GOJNbIIHHCTBA 4acCTUI 7 =4, HO €CTb M YaCTHIBI, AJs KO-
TOpBIX n=5 U 6.

Bce paccMOTpeHHBle NIPUMepBl OTHOCHAHCH K CJAyd4alo MexcmoOAe-
KYyAsapHOil BoJopoanOo#H cBsidu. Hepelko BOZOpPOAHAs CBf3b 0OBEAH-
HSIeT YaCTH OJHOH W TOH Ke MOJEKYJBI, T. €. SABJASETCA BHYTPUMO-

* D710 OPHEHTHPOBOYHLIE 3HAYEHHH, TAK KaK I0J00HAs SKCTPANOJALHA He YuH-
THIBAET HEKOTOPHIX OCOOEHHOCTeH B CBOHCTBAX COENHHEHHH 3JIEMEHTOB BTOPOro
nepHoaa.
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AeKyAspHol. DTO XapakTepHO /11 MHOTHX ODraHHYECKHX BellleCTB.

B GoablnuHCTBE ClyuaeB BOJOPOJA BXOJUT B IJIOCKOE IECTHUJIEHHOE

KOJIBLO; eC/IH BO3HHKHOBEHHe TaKoro LHKJa 3aTPyAHeHO, TO BHYTPH-

MoOJIeKyJIsipHasi BOJAODOJHas cBA3b He obpasyercsi. Bor Heckodabko

IpuMepoB 0OPA30BAHMsSt BHYTPHMOJEKYJASPHOH BONOPOAHONH CBS3H:
H

A 20 O\ 20N :
', NN ’ H\
(o “ N/ H H’ N/o\\ 0/ \‘/C/H
/ \ cZ
O . © . . O . O
CaJHIHNOBLIR opTonuTpotdeHon 2,6-auokcuGen3oiinas opTO3THHHAD eHoON
anbAerHg KHCJI0Ta

Ecau y o-uurpodenona BoJOpoJHAs CBA3b BHYTPHUMOJEKYJAsipHAS, TO
y n-HuTpodbeHOJa OHA MeXMOJEeKyJAspHasi, TaK Kak B MOCJefHeM
BellleCTBe BOJOPOX YAaleH OT KHclIopoaa HHTporpynnsl. Koncranra
quccolnanun 2,6-n1uokcuGensoinofi  kucaorel npu 25°C  pasua
5,0-10-2; ans 3,5-muokcuGensolHOH KHCJIOTH oHAa B 550 pas MeHb-
ure. 310 oGbsCHSETCS TeM, UTO B [ocldeXHell BHYTPHMOJeKyJ/spHast
BOJOPOJHAsi CBsi3b [OYTH He NPOSIBJISETCH, YTO YCHJIHBAeT CBHA3b
O —H B kapGokcuabHoH rpymnne. MoJsekyna 0pTo-aTuHHIdEeHON2
HHTepecHa TEeM, YTO B Hell BOJOpPOAHAas CBA3b of6pasyercss 3a cyer
7-3JeKTPOHOB TPOHHOH CBSI3H.

Yuer BAHAHHUST BOXOPOILHOH CBSI3U IIO3BOJIHJ OCMBICAHTH MHOTHE
¢daktel. Tak, o6pasosanue conedt tuna KHF,; u NaHF,; o6bsicusercs
cyltecrBoBanem npounoro wona HF:', o6pasylomerocs B pesyabra-
te npouecca HgFs=H*++HF:; neiicrButensno, pasxHoBecue HF +
+F-=HF [ cmemeno Bnpaso (Kgs=>5,1); sHeprusi BomopoHOH
cesizd B F—H...F~ cocrasasier 27 xxaa/moss. Bausinue BogoponHoi
CBSI3HM Jejaer MOHATHBIM H TO OGCTOATENbCTBO, 4TO HTOPOBOXOPOL-
Hast Kucjaora B orauude ot ee aHanoroB (HCl, HBr u HI) ne
SIBJISIETCH CHJbHOH KHCJOTOH; ee KOHCTaHTa [IHCCONMAlMH paBHA
7,210,

BaxxHyio poJb BOIOPOZHBIE CBSI3H HIPalOT B CTPYKTYpe BOJBL M
apga. Ha puc. 99 nokasan ¢parMeHT CTPyKTyphl Jdbja. Kaxiawii
aTOM KHCJIOpPOXa B 3TOH CTPYKTYpe TeTpPas’IpHUEcKH CBSI3aH C ye-
THIPbMSI APYTHMH aTOMaMH; MeXKAy HUMH paciloJaaraiorcsi aToMbl BO-
nopoja; ABa MOCHENHHX COENMHEHB! C NAHHLIM aTOMOM KHCIOPOX2
NOJIAPHOH KOBaJeHTHOH CBAsbio (d=0,99 A), nsa APYTHX — BOJO-

poaHofi cBs3bio (d=1, 76A Eo. m=5 Kxaa/noav),T. e. BXOASAT B CO-
craB AByx Apyrux monaekyn HyO. Cospaercs axypuas cTpykTypa,
dajexkas OT IJIOTHOH ynakoBkd. Otcioza HeGosbliasi NJOTHOCTb H
3HAYUTeJbHAasl PHIXJOCTb JbjAd. [IpH mJaBjdeHuH Jbja BOJAOPOAHBIE
CBfI3H YacTHYHO paspywmaorcs (OpuMepHo Ha 10%); 37O HECKOIbLKO
cOnuxKaer MOJIEKYJbl, I03TOMY BOJa HeMHOro IJIOTHee Jbja. Harpe-
BaHHe BOJBI, C OJHOH CTOPOHBI, IPUBOAHT K €€ DaCUIKpEHHIO, T. €. K
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yBeqHUYeRHI0 06'beMa,c APYrofi CTOpPOHH, OHO BHI3HBAeT AajbHefllee
paspylIenrHe BOZOPOJHBIX CBA3EH H TeM CAMHIM yMeHbllleHHe 00beMa.
B pesyabraTe IVIOTHOCTb BOAB MPOXOXHT Yepe3 MAKCHMyM (mpH
4°C).

Igozwpozmaﬂ CBfI3b HrpaeT GOJbHIYIO POJb H B IPOUECCAX PacT-
BOpeHHs, TAK KaK DAaCTBODHMOCTb 3aBHCHT H OT CIIOCOGHOCTH Be-
llecTBa AaBaTh BOJAOPOAHbIE CBA3M ¢ pacTBopHTesneM. IIpu sToM ua-
cTO 06pa3yioTcsl MPOAYKTH HX B3aHMOMeHCTBUS — CO4b8aToL B Ka-
YecTBe NpHMepa MOXKHO yKa3aTb Ha PacTBOPeHHe CHHPTOB B BoXe.
STor mpolecc COMPOBOXKAAeTCA Bhlese-
HHeM Temvla H YMeHblUleHHeM o0ObeMa, T. €.
OPH3HAKAMH, CBH/JETeJbCTBYIOIIMMH 00
o6pasoBaHuH coefHHeHHH. B nomoGHBIX
cay4yasx HeJlb3st TOBOpPHTb 06 o6pasopa-
HHH COJLBATOB 3a CYeT 3JeKTPOCTATHYe-
CKOr0 TNPHTSANKEHHS HOHAMH JHNOJbHBIX
MOJIEKYJl pacTBopuTe/s, Tak KakK peub
U7eT O PACTBOPeHHH HEHOHH3HPYIOLHXCA
coepuHenui. OTCYyTCTBHEeM BJHAHHA BO-
JAODPONHO# CBA3H MOXHO OOBACHHTb H Te
cJIydad, KOTa TOJADHBIe COefHHeHHS He
pacTBopuMel B BOfAe. Tak, noJApHbIA
YOMMCTHI 3THJ XOPOLIO pacTBOPSeT He-
HOJISIPHBIA HadTaNuH, a caM He PacTBO-
pfieTcsl B TAKOM [OJIIPHOM PacTBOPHTeNe, KaK Boja. ‘

Bonpoc o npupOne BOXOPOJAHOH CBsI3H OKOHUYATeJbHO He perieH.
$lcno, 4TO 3Mech HIPAIOT POJib H MeXXJIHIOJbHOEe B3auMojeficTBHe, H
addexT noAApH3AUH, H JOHOPHO-aKUENTOPHBIH MexaHH3M. Tpya-
HOCTb KBAHTOBOMeXaHHYeCKOr0 pacyeTa BOJOPORHOH CBA3H 06YyCJIOB-
JieHa TeM, YTO NOrPeliHoCcTb BHYHCJIEHHsl 3HAUHTeNbHO GOoJblile BesH-
YHHBI 3HePTHH BOROPOAHO#N cBsA3u. [lo-BHpguMoMy, HauGoJsee Ha-
JexXHble Pe3yJbTaThl MOXKHO OXKHAAThb OT MeToJa MOJIEKYJAPHBIX
opGuTanei.

Bopoponnasn cesi3b mnposiBiseTcs MOYTH [IOBCEMeCTHO — H B .Opra-
HHYeCKHX KpHucTaaax (B HHX ectb atoMnl C, H u O), u B Genkax
(copepxamux atoMel C, H u N), # B nosuMepax, u B XKHUBBHIX Opra-
nuamax. Ilpeanonaraior, uto u peficTBHe maMsiTH CBA3aHO C XpaHe-
HueM HHpoOpMauHuy B koHdurypauusax ¢ H-cBassamu. «BceoGinocTb»
BOZOPOHOH CBA3M oGycioBJieHa TeM, yto Mosekyabl HoO Bcrpeua-
I0TCSl MOBCEMECTHO, a KaxKjaas H3 HuX, UMesd B CBOeM cOCTaBe JIBa
aToMa BOZOpONAa H JBe HeoGOOlIeHHBIE 3JIEKTPOHHHIe MapH, MOXKeT
06pa3oBaTh YETHIpe BOLOPOAHBIE CBA3H.

Puc. 99. OxpyxeHHe MOJeEKy-
JH BOAH B CTPYKType Jbja



YACTB IV

CTPOEHME BELLECTBA
B KOHAEHCHUPOBAHHOM COCTOSHMM

BBEQEHME

1. ArperaThble COCTOSIHMS. B 3aBUCHMOCTH OT PACCTOSTHUSI MeXIy
YACTULAMU Y OT CHJI B3aHUMOJEHCTBUS MEXIY HUMH BEIIECTBO MOXKET
HAXOIUTbCS B TBEPAOM, XHIKOM WJIH rasoo0pasHOM [COCTOSHHSAX.
ArperaTHoe cOCTOsIHHE BEIIeCTBA 3aBUCHT U OT TeMIeEpaTypbl ¥ 1aB-
JIeHHs.

Ilpu nocraTouHO HHM3KOH TeMIepaType BeWeCTBO HaXOAMUTCH B
TBEPAOM COCTOSIHHH *. PaccTOSIHHS MeXy 4acTHUAaMH KPHUCTaJIHye-
CKOro BellecTBa — IOPsiika pasMmepa camMux yactun. CpeaHss 1o-
TE€HHHAJbHAsI 3HEPTHS YacTHU OoJblie HUX CpelHell KHHETHYECKOH
HepTHH. JIBHKeHHe YaCTHL, COCTABJSIOUUX KPUCTANJbB], BECbMa Or-
panudeHo. CuJbl, 1eHCTBYIOIIHE MeX/IY YaCTHUAMH, YIEPXKUBAIOT HX
BOJIM3H paBHOBECHBIX MOJIOXKEHHH; MO3TOMY BEPOSITHOCTh NpebHBa-
HHUS YacTHl, B 3THX Mecrax MakcuMajabHa. C 3THM OGCTOATENLCT-
BOM CBSI3aHO HaJIMUYM€ y KPHCTAJJIMYECKUX TeJ COOCTBEHHBIX HOpMH
U 06beMa U GOBUIOE CONPOTHBJEHHE CIBUTY.

B pesyabrate nJaBJeHHsi KDHUCTAJJIOB 0GpPAa3yercss XHIKOCTb.
JKupkoe BemecTBo OTJIHYAETC OT KPHUCTANIHYECKOTO TeM, YTO He
BCE 4ACTHLBl PacnoJoXKeHH HAa PAcCTOSIHUAX TOTO Ke MOpsigKa, UTo
U B KPHCTaJJax; 4acTh MOJIEKYJ HAXOAUTCS HA 3HAYUTEIbHO GOJib-
IIHX PaccTOSIHUSAX. B 3TOM COCTOSIHMU cpefHSsT KMHeTHYecKasi Hep-
THs MOJIEKYJ NPHMEPHO pPaBHA UX CpelHeH NMOTEeHUHAJbHOH SHeprHuu.

Teeproe # XKHIKOE COCTOSTHUSA YaCTO OO'BbeXUHSAIOT 00IIUM TepMu-
HOM ~— KOHOGHCUPOBAHHOE COCTOSHUE.

B pesynprare HcnapeHus (KUneHus) XKHAKOCTh MEPEXOJUT B ra-
3006pasHoe cocTosgHUe. B 3TOM cOCTOSIHUHM HacTHUH HAXOAATCH Ha
paccTOsIHUAX, 3HAUHUTEALHO IPEBLILAIOMHX HX pasMepul. [loaTomy
CHUJbl B3aUMOAEHCTBUsI MEXJY HUMH OuYeHb MaJjbl. Hacrtuusl MoOryT
cBoGoAHO nepemewtathcs. Eciau B TBepJOM BeiecTBe BCe YaCTHIbI
0o6pa3yoT eIHHHl arperart, a B KHIKOCTH — BG0/bHIOE KOJHYECTBO
KPYIIHBIX ¥ IPOUHEIX arperaros, TO B Ia3ax MOTYT BCTpPeuaThCs JHIIb
YACTUIH, COCTOsIIiHe U3 2—5 MOJEKY/, NpHYeM HX YHCI0 OGBIYHO

* UckawouenneM siBasgercs requfi. O6 amopdHOM cocTosHHH cM. crp. 285.
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cpaBHUTebHO HeBenuko. Cpennsis KuHeTHUYecKas IHeprusi 4acTHIL
rasa 3HauMTeNbHO GOJbllle HX cpefHell MOTEHUHANbHOH 3Hepruu. [To-
TOMY ICHJIBI IPUTSXKEHHs MeX/y HHMH HEIOCTATOUHbI IJisl TOTO, 4TO-
6b1 yAEpPXKarb HX APYr BO3Je Jpyra.

Htak, cocrosiHMe M CBOHCTBA MHIMBHAYaJbHOTO BellecTBa Ollpe-
JeJsIIOTCS TeMnepaTypo#l W AaBienueM. Eciau nasjiende HeBeaHKo,
a TeMIepaTypa AOCTAaTOYHO BBICOKA, TO BELeCTBO OyleT HaXOAUTbCS
B rasoo6pasHoM COCTOSIHHM; IIPM HH3KOH TeMmIepaType OHO Oyner
TBepAHM, IIPH yMepeHHHX TeMNlepaTypax — XHAkuM. B coor-
BeTCTBUH C 5THM pa3osan Ouazpamma 6euieCTs8a COCTOHT H3 Tpex
nouseit (pmc. 100), OTBeyalOIMX KPHUCTANLIHUECKOMY (K), KHAKOMY
(%) u rasoo6passHomy (r) cocros- P )

HuAM. DTH 06JacTH OTAeJeHsl APYT
OT JApyra KPHBHMH ILIaBJIEHHS P,
(xkpucrannuzanun) Ob, xumenus
(xonpencauuu OK wu cybaumanuu
(necy6numanuu) Oa. Touxka ux
cmuikanust O Ha3wiBaercsl TPOUHOU
Touxol: npu P=Pyu T=T, Bemecr- c
BO COCyLleCTBYeT B TpeX arperar- /1 |*
Heix coctosiHusX. Touka K o6peiBa B }----5-- T
KPHBOH KWIIeHMsl Ha3biBaercs Kpu- p, 4
ruueckol Toukod: nipu P=Px uT= a
=Tg KUNsLasi KHAKOCTb H CyXO#H Ty Ty
HacbllleHHBIH map coBeplIeHHO He-
OTAMYAMEL APYT OT Apyra. Puc. 100. Huarpalvnvia COCTOSIHAA
OJHOKOMIOHEHTHON CHCTEMBL

W3 puc. 100 BuaxO, uTO IpH A 2B-
nexu, GojapleM Py, HO MeHblIeM
Py (nanpumep, npu P;; Touka ¢) usob6apHoe HarpeBaHue TBepJOro
BellleCTBa NPHBOAMT K ero njasijenuto (Touka d). [locae Toro, Kak
BCE BElleCTBO paciljiaBHTCs, NOABOJ TENJOTH BHOBb IIpHBeJeT K IO-
BHIIIEHHIO TeMIeparypl (mpoilecc de); B TOUKe € XHIKOCTb 3aKH-
naer, T. €. TeMIlepaTypa BHOBb IlepecTaHeT Bo3pacTarh. [locne npes-
pallleHdsl B Iap Bcero BelllecTBa, HarpeBaHue NPUBOJAHUT K Ileperpesy
napa (mpouecc ef). dauteabHOCTb 0GEHX TeMIepaTypHBIX OCTaHO-
BOK (B Toukax d u e) omnpepnelsiercsl IpH NMPOYUX PaABHHIX YCJAOBHSAX
KOJIHUEeCTBOM BelllecTBa H ero npupoaoi. Yem Gosbine B3STO BellecT-
Ba H UeM 3HauHTejbHee ero TelJoTa IJIaBJeHUsi H T1apoo6pa3oBaHus
(T. e. yeM GOJibllle 3HeprHs CBSI3H B KPHCTaJljie H B XHAKoH (ase),
TeM Ha OOJbIIMII WHTepBajJ BPEMEHH DAacTHYTCS H30TepMUYecKHe
«nepeBasibl» dyepes kpusbie Ob u OK.

IMpu P<P, (nanpumep, npu Ps; Touka g) npousoiizer npespa-
IleHHe H3 KPUCTAJJHYECKOTO COCTOSIHHSI HENMOCPeACTBeHHO B ra3oo6-
pasHoe (B Touke A1), T. e. cybaumayus. Jlas nopasasiomero 60Mb-
muHCTBa BelllecTB Po<<l arm. JIas TeX HeMHOTHX BELIECTB, AJf
KOTOPHX Poy>1 arm (npuMepoM MOXKeT CJHYXKHTb ¥ NBYOKHCH yIT-

Jepoja), HarpeBaHHe KPUCTaAI0B npu P=1 arm BH30BeT X cy6au-
MaluIo.

!
i

1
}
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Hakonen, npn P>Pg (nanpuMep, npH Ps; Touka k) HarpesaHHe
KPHCTA/JIOB 1oc/e MX IJaBjenus (ToYKa [) IPUBOAMT BeHIECTBO B
HaIKPUTHYECKOE COCTOAHNE. YoTpeG/ieHHeM 3TOTO TePMHHA MbI MOJ-
YepKHBaeM JMIUb TOT $akT, YTO B 3TOH 061acTH (Hanpumep, B TOUKe
m) XHAKOCTb U I'a3 HEOTIHNYHMH.

Uem BHiue JaBJieHHe, TeM NpH GOJbllelil TeMiepaType NpoHcXo-
INT NJaBJeHue, napoo6pasoBanye u cybauManusa. Mckawouyenne co-
CTaBasAIOT HeMHOTHe BetlectBa (B ux uncae HpO u Bi); nas mux no-
BbIIIEHHE JaBJEeHHs BLI3bIBAET MOHUXKEHHe TeMMepaTypHl IJ1aBJaeHHA.

Mz paccmotpesn npocrefimyio ¢asoByio auarpammy. Ecan man-
HOoe BellecTBO HMeeT He OJHY, a HECKOJbKO MOAHGHKAUMH, TO AH-
arpaMma yCJNOXKHHTCA, TAK KaK JJd KaxKJoH HoBo#t ¢asH mossHTCH
HoBas 06aacTb.

Ilpsimas unm o6paTHas nocseJoBaTeNbHOCTh B LeNH MpeBpalile-
HHH «TBepioe — XKHIKOe — rasoo6pasHoe» He ABJAAETCH BCeoGuiel.
Mbl BHIEAH, 4TO BO3MOXHBI C/yYaH, KOTAa HarpeBaHHe BeINeCTBa
OCYLIECTBJSIIOT B yCIOBHSX, NPHBOAAMIMX K HENMOCPeJCTBEHHOMY mie-
pexomy TBepAoro Tejia B rasoobpasHoe cocrosuue. He HcKaioueHb
CAayyaH, Korfla 3ra Lelb O6GpbiBaercd BCJAENCTBHE TOrO, YTO HACTY-
naer XAMHUeckoe HsMeHenHe. Taxk, narpepanue KpHcraaios MgCO;
BHISbIBaeT NPH ONpelesneHHOH TeMmepaType (0OHa GyAeT TeM GoJablue,
yeM Boie gaBaenHe CO,) ero pasnoxenne na MgO u CO, (a e
nnasinenne). Takxe neabss nepesecty NO, M3 rasoo6pasHoro co-
CTOSTHHSA B XHJAKOE H KPHCTaJJINYecKoe: OXJaxKAeHHe (CKaTHE) MpH-
BOAHT K 006pa3oBaHHIo Apyroro BemecrBa — NoOy.

BHOBb BepHEMcs K ra3006pa3HoMy cOocTOAHHI0. UeM Bhimre teMme-
parypa ¥ HHXKe HaBJeHHE, TeM 0oJjiee He3aBUCHMO IBMIKEHHE 4aCTHI
rasa. B npenene npu P—>0 craHOBATCA NMpeHeGPEXXKMUMO MaJBIMH
KaK B3aMMOAEHCTBHE MEXIy YaCTHLAMH TaK H HX 0GbeM MO cpas-
HeHHUIO ¢ 06’beMOM, 3aHNMaeMbiM rasoM. TaKo#l ras HasmBawoT ude-
QAbHBIM.

Ecrectsenno, uro B3auMocBssb Mex[y [OaBienneM P, Temmepa-
Typodl T n o6beMom V nieanpHOTO rasa omucbiBaercs HanGosee npo-
CThIM ypaBHEHMeM; 3TO ypasnerue Mendeseesa — Kaaneiipona

PV = nRT, av.n

B KOTODOM 7 — 4McJ0 MoJjiell rasza B o6beMe V; T — ero a6conor-
Hasl TeMnepaTtypa M R — yuHBepcajbHas rasopas mocrosnHad. Jlas

OJHOTO MOJIs
Py =RT; (1v.2)

3Jlech U — MOJIbHBIH 06'beM.

B ycaoBusix yMepeHHBIX H BLICOKHX IaBJIeHHil M HA3KHX TeMiepa-
Typ, T. €. KOTZa cXKaTHe MPOUCXOINUT 3a cUeT 06G'beMa, He 3AHATOTO
CaMHMMH vYactHuamy, ypabsenume (IV.2) pomxuo 6oith 3aMeHeHO

ypaBHeHHeM
P(v—b)=RT, (IV.3)

B KOTOPOM MNONPaBOYHMLIN UjeH b yuuTbiBaeT coGCTBEHHBIH 06beM MO-
JIEKyJ1 H B3aHMHOe OTTaJKHBaHHe MeXKAY HMMH IPH MAaJbIX paccros-
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nusx. Ypasnenie P(V—b)=const moxmo 6610 6bl HasBath ypas-
HeuneM M. B. JlomoHOCOBa, BiepBbie yKasaBuIero Ha TO, YTO «...IIOT-
HOCTH BO3AyXa™ npH OOJBUIHX CXAaTHAX He NPONOPHHOHAJBHD!
yNpyrocTAM ero», i 0GBACHHBLIETO 3TOT GaKT KOHEUHBIMH Pa3MepaMH
yactHi. JleficrBUTeNLHO, NHIUBL NIPHHSAB, yTo b =0, NOJyYHM TIPH JaH-
HOH Temmneparype, uro PV=const unu p=const’- P, rae p — naor-
HOCTb rasa.

KpoMe Toro, B HeHlleaNbHOM rase Helb3sl He YUHTHIBATH H CHJIbI
B3aHMHOrO NPHTAXKEHHS MOJIEKYJ, T. €. HaJo NOJb30BATHLCA YpaBHe-
HHeM BHIA

(P +Pp)(v—8)=RT, av.4)

B KOTOPOM NONPaBOYHBIH uleH Py, YUHTHBAIOUIWA B3aHMHOE NPHTH-
KeHHe MOJIeKYJ, Ha3blBAIOT BHYTPeHHUM OasieHueM. YpaBHeHHe
(IV.4), B koTOpOM 3TOT WileH HPHHAT NPAMO NPONOPLHOHANBHEIM
KBajaparty INIOTHOCTH, HasblBaercd ypasHeruem Ban-dep-Baaasca.
Oxo siBnsieTca ONHHM H3 HauGoNee paHHHX H HaHGOJee H3yYeHHHIX
Ypasrerul COCTOAHUS pearbrblx 2a308. Beero Takux ypaBHEHHE 6bi-
JIO NpPEeNJIOKEHO OKOMO ABYXCOT. MIX oGHiHe CBHIETENbCTBYET O
CHIOXHOCTH TOYHOrO ONHCAHHA CBOHCTB pealbHLIX rasos.

Ecan rasy cooGmute crosib GOJBUIYI0 SHepruio, 4T OT €ro MOJIEKYJd HAYHYT
OTPLIBATHCA SJIEKTPOHBI, TO B NPEJOCTABJIEHHOM eMy NpOCTpaHCTBe GyIyT HAXO-
AHTBCS TOJOXKHTENBHO H OTPHUATENBHO 3apAXKeHHble 4acTHUbL. IIpOHCXOIMT Tep-
MuuecKas UOHU3AYUA, B Pe3yJbTaTe KOTOPOHl r'a3 CTAHOBHTCS IPOBOIZHHKOM 3JIeK-
TPHUECTBA, NMEPEXOAR B NAAZMEHHOE COCTOAAUE. MeXNly MAa3MOlf # rasoM HeT pes-
Koit rpanuusl. Ho oHa Bo3HHKaeT, KaK TONbKO BeleCTBO MOMANAeT B MATHHTHOR
ToJIe; TaK KaK B HEM JBIXKEHHE 3aPSAXKEHHbIX YacTHL CTAHOBHTCA YIODAAOYEHHbIM.

2. MexMonekynsipHoe B3auMoneiictue. [Ipu H3yYeHHH CBOHCTB
PasJMYHbIX BeIIeCTB Hapsly C BHYTPHMOJNEKyJSPHBIMH B3aHMOJedl-
CTBHAMH, OGYCHOBJEHHHIMH MAefiCTBHEM BaJIeHTHBIX (XHMHYECKHX)
CHJI H XapaKTepH3YIOMHMHCA HACHIIAeMOCTBIO, GOJBUIHMH 3Hepre-
THYECKHMH d(deKTaMu M cnenHHIHOCTHIO, CleyeT YuHTHIBATbL H
B3aMMOJleHCTBHEe MeX/1y MOJeKyJlaMH BellecTsa. B mpomeccax pac-
IMpeHHsl Ta30B, KOHJNEHCAlMH, aficopOHiH, PaCTBOPEHHS H MHOrHX
ApPYTHX NPOABJSETCH HeHCTBHe HMEHHO 3THX cHA. Uacto HX Ha3mbl-
BalOT cuaamu Ban-dep-Baaasca. dtum moguepKHBaercs, yro X cy-
INeCTBOBaHHEM OGBSCHSAETCS OTJIHYHEe peaJibHBIX Fa30B OT HIealb-
HBIX, OTVIHYHE BeNHUYHHB! Ppy B ypaBHeHuu (IV.4) or nyns.

Mexmonekyasproe B3aHMOJIEHCTBHE HMEET JeKTPHUECKYIO TIpH-
pOAY; OHO OTJIHYaeTcss OT XHMHYECKOFO TeM, UTO nposiBAseTcs Ha
3HAYATENbHO GOJBUINX PACCTOSHHAX H XapaKTepH3yeTcsd OTCYTCTBH-
€M HACHINAEMOCTH ¥ Cneln(bHIHOCTH, HeGOMbIHMH SHepTHAMH. s
OleHKH BEJNHYHH NOCHELHHX yKAaxKeM, YTO TEIJIOTa KOHAeHCAMH Ma-
Pa B XHAKOCTb, XapaKTePH3yIOIasd 3HEPruio B3aUMOLHCTBHA MexK-
Ay MoOJIeKyJaMy Tapa, CPaBHUTEJNbHO HeBelHKa (Hampumep, aas HI
OKONO 5 KKkaa{moab). Takoro xe mopsaKa sHepris MeXMOoJeKyJIsp-

* B nepsoit noosune XVIII B. eMACTBEHHbIM H3BECTHEM Fasom GhiA BO3MIYX.
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HBIX CHJ B JKMIKOCTH. DHEpTHSl Ke XHMHUECKOrO B3aHMOJeHCTBHSA
aHauuTeNbHO Gosblie (Tak, 3sHeprusi csasm H — 1 npesbimaer
70 kkaa/moab).

Ha cpasuTebHO GOMBIIMX PACCTORHHAX r MEXAY MOJIEKyJlaMHy,
KOTIA WX 3JeKTPOHHbIE 0GONOUKH He NEePEeKPEIBAIOTCS, NPOSABJSETCA
TOJBKO JeHCTBHE CUA NPUTANCEHUA. B

— E¢AH MOAeKYAul DOJAADPHB, TO CKa3biBACTCA 3JIEKTPOCTATHYECKOE
B3aMMOJelcTBHE HX APYT C APYTOM, Ha3biBaeMOe OPUEHTAUUOHHbIM
agpgpexTom. OHO TeM 3HaUHTENbHEE, UueM Gosblre JAMIOJbHBIH MOMEHT
MoJiexyJ1 p. IToBHIIEHHE TeMIepaTyphl AOMKHO OCHab/aiTe 3TO B3a-
HMOJeHRCTBHE, TAK Kak TEMJOBOE ABHIKEHHE CTPEMHTCS HApYIUHTDb
B3aHMHYIO OpPHEHTANHI0 MoJeky/. [IpuTsaxeHue NOIAPHBIX MOJEKYJ
GHICTPO YMEHbIIAETCS ¢ PACCTOSTHHEM MeXAy HEMH. Teopus (B. Kee-
aoM, 1912 r.) B npocTefimeM Cjaydae I IHEPTHH OPHEHTANHOHHOTO
B3aHMOZelCTBHS HaeT ciaelyiolliee COOTHOLIEHNE:

(1V.5)

B HeM Ny — unciao Aporagpo, R — yHHBepcadbHasi ra3osas IOCTO-
aunas u T — a6GCoONIOTHAA TeMneparypa. DTO ypaBHeHHe BIIOJIHE TOY-
HO NpH BBHICOKHX TeMIepaTypax M HeGO/NbLIMX JaBJeHHAX, KOTAa
paccrositie MexAy AHMOJAMH 3HAUMTEbHO GOMbINE ANHWEBI AUNOJIS.

Eciii MOJEKYJH BelleCTBA HEMOJAPHH, TO OPHEHTAUHOHHBIA 3¢-
dexr orcyrcrsyer. Ho, monas B noje cOCefHHX YaCTHI (Monekyua,
ATOMOB, HOHOB), MOJEKYJHl NOJSIPH3YIOTCA; B HHX BO3HHKaeT HHAY-
IMPOBAHHDI AUNONbHBIA MOMeHT. HHOYKyuUOHKbIE IhpeKT TeM 3Ha-
yuTenbHee, ueM Jerue AedopMmupyerca Modekyna (cM. crp. 144).
OHeprusi B3auUMOMENCTBHA TAaKHX MOJIEKYJ BO3PacTaer C yBeJHye-
HHeM p H GLICTPO MAafaer ¢ pPOCTOM f, HO OT TeMMepaTypel He 34BH-
CHT, TaK KaK HaBeJeHHe HAUNOJeH MPOHCXOLHUT NPH JH06OM MpOCTPaH-
cTBeHHOM pacnonoxenuu Moiekyld. Teopus (He6ait, 1920 r.) zaer
L7l SHEPTHH HHIYKIHOHHOTO (ZehOPMaIHOHHOTO) B3aHMOLEHCTBHS
ABYX OJHHAKOBEIX NOJNAPHBIX MOJIEKYJ 3aBHCHMOCTb

2ap2
ré

Uiy = — , (1V.6)
rie o — MNOJASPH3YyeMOCThb.

DTUMH [IBYMsl ClaraeMbIMH MeXMOJEKyAsipHOe NPUTAXKEHHE He
ucuepnuiBaercs. OpHeHTAHOHHbIE ¥ HHIYKIHOHHbIE B3aHMOJAEHCT-
BHS COCTABJSAIOT JHIIb YaCTh Ha6/110JaeMOT0 BaH-1ep-BaanbCcoOBCKOTO
NPUTSAXKEHHs, NpHUEM LIS MHOTHX COeJHHEHHH — MeHpIIYI0 4acTb
ero. Jlasi Takux e BelllecTs, Kak Ne u Ar, o6a cnaraeMblX paBHEI
HYA10 (YaCTHIB STHX BELIECTB HEMOJAPHbI, H HX 3/EKTPOHHbIC o6o-
JOUKH SBAAIOTCS BECbMa MKECTKHMH); TeM He MeHee 6/aropoiHbie
raabl cxKHIKaloTCs. DTO CBHIETENbCTBYET O CYLIECTBOBAHHH ellle OX-
HOIl COCTaBJsIOMeN MeXMOoneKyaspHbix cuil. Kakopa ee mpupona?
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IMycts uMeloTcsi JBa aToMa GiaropopHoro rasa. Ecau paccemat-
pHBaTh CTaTHYeCKOe paclpejle/ieHue 3apsilOB B HHX, TO 5TH aTOMBI
He JNOJIKHH BJHSITH APYT Ha apyra. Ho onwiT ¥ KBaHTOBas Teopus
FOBOPAT O TOM, YTO B JIOGHX YCJIOBHAX (B TOM 4HCse M HpH abco-
JIOTHOM HyJle TeMIepaTyphi) comepikallHecssi B aTOME€ YaCTHIB Ha-
XOLATCS B HENpePLIBHOM IBHXKeHHH. B mpollecce NBHIKEHHST 3JICKT-
POHOB pachpeje/eHHe 3apAJ0B BHYTPH aTOMOB CTAHOBHTCS HECHM-
METPHUHBIM, B Pe3yJbTaTe Yero BOSHHKAIOT MTHOBEHHblE JIHIOJIH.
TIpu cOawkeHHH MOJEKYJ JBHKEHHE STHX MIHOBEHHBIX NHMONeH me-
pecraer GbLITb HE3aBHCHMBIM, UTO H BHI3bIBAaeT NPHTsKeHue. BaauMo-
JeficTBHE MIHOBEHHBIX AMIOJEHl — BOT TPeTHH HCTOYHHK MeXMoJe-
KYJAPHOTO MPHTXKeHHs. DTOT 3 (deKT, HMeIonHil KBAHTOBOMEeXaHH-
yeckHil XapaKTep, MOJAYYHJ HasBaHHe OuCnepcuonnozo spgexra, Tak
Kax KoyieOaHHs 3JIeKTPHYECKHX 3apfJ0B BHI3HIBAIOT H IHCIEPCHIO
cBeTa — pasjiiyHOe MpeJIoMJIeHHe Jyuedl cBera, HMEIOLUIMX pasJjuy-
HYI0 AJUHY BOJHBEL. TeopHs AHCIepCHOHHOrO B3aWMOLEHCTBHsA GOblIa
paspaGorana JlonpoHom B 1930 r. M3 H3noxenHoro cieayer, 4ro
NHCIEePCHOHHBIE CHIBLL AeHCTBYIOT MeXy YaCTHILaMH JIIOGOro BellecT-
Ba. VX sHeprus npuGiAHKeHHO BHIpaxKaercs ypaBHEHHEM

3hvga?

U ppen = —
4r6 '

av.n

rae h— nocrosiuasa Ilnanka; vo—uacrora koJebGaHHH, OTBeualo-
mas Hysaesoit sHeprun Eo, T. e. sHeprusa npu I'=0 (nysneBas sHeprus
Vo

9 ;
o — moJsipusyeMocThb. [IpuGIHKEeHHO BeJHUHHY Avy MOXKHO CYHTATDH
paBHOH MOTeHIHA/y HOHH3AIHH.

KoJeOJIonienca YacTHILLI BbIpazxaeTCs COOTHOIIEHHEM Ey=

Ta6auna 22

Benaymun Urs . 1050 (3pz - cu®), xapaKTepu3ywollue
ODWEHTALHOMHOe, HHAYKUHOHHOE ® JIWCTIEPCHOHHOE
B3aHMOJefiCTBHN MeXAY OJAMHAKOBHMH MOJEKYyJaMu

BsanMmozeficTsue
M

onetya OPHe}:{?:HOH- MHAYKIHOHHOE | TUCTIePCHOHTOS
CO 0,0034 0,057 67,5
]]:Ilgl 18,3 2,45 105

r 6, ,0 176
HI 0,35 1,68 382 -
NH; 84 10 93
M0 190 10 47
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B Ta6n. 22 npueenenn cocrasasiomue cun Ban-gep-Baansca. fis .
HEeKOTOPHIX BelecTB. JTH AaHHblE CBHAETENBCTBYIOT O TOM, 4TO:
a) aucnepcHoHHbIH 3 (eKT BeHK M HrpaeT OCHOBHYIO pONb ANA He-
NOMSPHBIX H MaJIONOJSIPHBIX MOJIeKYJ; 6) AJsl CHIBHO MOJSIPHBIX MO-
JeKyJl BKJaJ OPHeHTalHOHHOro asddexra sBASETCS OGONbIHUM H
B) HHAYKHMOHHBIH 3(QdekT o6biyHo HecymecTBeH. OH cTaHOBHTCS
. 3HAYATENbHLIM JHIIb TOTAA, KOrja
4 TI0JISipPHble  MOJIEKYJIBl COCYILeCTBY-
! 10T C CHJIBHO TONAPH3yeMbIMH Mo-
‘ sNekynaMH. Tak, uurpo6GeH3oJ B pe-
! 3yabTare NOASPH3ANHOHHOTO B3aH-

i

—Uorr Mope#icTBHS o0pasyer ¢ Hadirauau-
! HOM MOJIEKyJAsipHOe  COefHHeHHe
\ Ce¢HsNO;y - C1oHs. Tlono6uoro pona
‘\ coeHHEHHIl H3BECTHO OYeHb MHOTrO.

L CkJlazpiBast HEPTHH OpHeHTa-

IIMOHHOTO, HHAYKIHOHHOTO M JHC-
NepCHOHHOTO B3aHMOJEeHCTBHH #
U o6beauHsisi Bce MOCTOSIHHBIE, B COOT-
BeTcTBHH ¢ ypaBHeHusmMu (IV.5),
(IV.6) u (IV.7) nonyuaeM anepruio
MEXMOJIEKYNSIPHOTO NPHTSKEHHS

o i
— 4

Unear n

f’ Upp =— —, (1V.8)
ré
Puc. 101. KpuBbie nmoTeHHaabHOR Tae Q4N Sa2hy
SHEPTHH MeXMOJIeKyIspHOTO n= o + 2ap2 + a0y
B3aHMOZeHCTBHA 3RT 4

Takum o6pasoM, cHABI NPHTAKEHUS] OGPATHO NPONOPLHUOHAJHHbE
MeXXMOJIeKYJIIPHOMY PaCCTOSIHHIO B CeIbMOH CTeNeHH.

[Ipn Manbix paccrosHHAX MeXIy MOJEKyJaMH, KOraa HX 3JeKT-
poHHBle 000JIOYKH CHIBHO IePeKPHIBalOTCs, T. €. KOTJAa 3JIeKTPOCTa-
THYeCKOe OTTaNKHBaHHe AJep H 3J€KTPOHOB CTAHOBHTCA GOJblie HX
B3dHMHOTO NPHTSXEHHs], MPOSABAsieTcs NeACTBHE CUA OTTAAKUBAHUSA.
Ha cymecrsoBaHHe 3THX CHJl yKa3biBaloT MHOrHe (akTbi, B 4aCTHO-
CTH, Majlasi CXXHMAaEMOCTb XHAKOCTeH H TBEPABIX TeJl.

B nepsBoM npHOGIMIKEHHH 3HEPTHS! OTTANKHBAHHSI MOJEKYJ MOXKET
ObiTb BLIpaXKeHa ypaBHeHHEM

m

o (1V.9)

;Uonz
apanornyubiM  (IV.8); 3pecs M — NonoxuTeNbHAdA MOCTOSHHAS —
KOoHcTaHTa OoTTasKkusanusa. Vs ypasHenus (IV.9) smano, uto cHabl
OTTAJIKMBaHHs HAYHHAIOT NPOSIBASITHCS HAa OYEHb MaJblX PacCTOSTHH-
SIX H BecbMa OLICTPO PacTyT ¢ YMeHbUICHHEM 7.

[Tonnas sxeprust B3aHMOAEHCTBHS MeXAY MoOJEKyJlaMH paBHa

U=Unp+Uoﬂ (lV.lO)
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HJIH B cooTBeTcTBHH ¢ (IV.8) u (1V.9)
=3 (Iv.11)

OT0 ypaBHeHHe HasbiBaercs Gopmyaoi  Jennapda — Moonca
(1924 1.) *. Ona orBevaer xpusbiM Ha puc. 101. MunuMyM Ha CyM-
MapHO# KDHBOH COOTBETCTBYET 3HEDPIHH MEKMOJIEKYJASPHOTO B3aH-
MozeficTeus Us H paBHOBECHOMY DAacCTOSHHIO o MeXLYy MOJIeKyJa-
MH. DTH KpHBble HAallOMHHAIOT KDHBHIe, XapaxTepH3yIOLUHe 3aBH-
CHMOCTb 3JHEPTHH MEXHOHHOTO B3aHMOJEHCTBHS OT MeXHOHHOIO
paccrostHust (cM. puc. 87). OgHako rpaduku puc. 87 u 101 xomuue-
CTBEHHO CHJIBHO OTJIMYAIOTCH, TAK KaK OTIHYAIOTCS H MacloTa6hl 3Ha-
ueHHH U u r, ¥ BHIpa)XeHHS 3aBHCHMOCTH Unp 1 Ugrr o7 1.

fnasa neppasn -
KPUCTANNUYECKOE COCTOSHME

1. OcoGeHHOCTH KPHCTALTHYECKOro CcOCTOSHHS. CJI0BO <KDH-
CTall» BCEra acCOLUUHPYETCs ¢ MPeJCTaBJIeHHEM O MHOTOrpAHHAKe
TOl WK HHOH dopmul. OxHaKO KPHCTaJ/IIHYeCKHe BelllecTBa Xapakre-
PH3YIOTCA HE TOJNDBKO CNOCOGHOCTBIO AaBaTh OGPa3OBaHHS onpene-
JeHHol GopMbl. OCHOBHON OCOGEHHOCTBIO KPHCTAMIHUECKHX Tea SiB-
JAETC HX QHU3OTPONUS, WIK BeKTOPUAALHOCTS CBOLCTE — 3aBHCH-
MOCTb Dsiia CBOHCTB (IPOYHOCTH Ha pa3pHIB, TeIIONPOBOAHOCTD,
CZHMaeMOCTb H JIp.) OT HallpaBJEHHS B KPHCTallle.

Hosichum 310 npumepom. M3 cTekna MOMKHO H3FOTOBHTEH burypy
TOUHO TAKOH e (DOPMBI, KaK KPHCTAJJl KaJblUTa (CaCOs); onxnako
Pas/Inu1e KDUCTANIA H €r0o CTEK/IHHOH MOJeNH cpasy e GyjeT 3a-
METHO — KaJIbIUT 06HaPY:KHBaeT SBJeHHe JABOHHOrO Jyqenpenomie-
Husa (cM. npunoxenue 4). C apyroi CTOPOHHI, H3 KaMeHHOH COJIH Ha
TOKapHOM CTaHKe MOKHO BHITOUHTH IUap, He OTJHUHMBIH N0 BHeLIHe-
My BHIY OT CTeKJIsfHHOro. OXHaKO MPOCTHIM HCHBITAHHEM MOYKHO IO-
Kasarb, YTO TAaKOH LIap H3TOTOBJEH H3 KPHCTAJUIHUECKOTO BElIlecTBA.
s aToro Hago Harpers lap ¥ MOJIOXKHTB €ro Ha napaduHOBYIO
MJIaCTHHKY. BeneficrBre Heoxunaxkosoil TENJIONPOBOJHOCTH KpHCTaJ-
a1a NaCl B pasnmunex nanpasienusx napadu Boxpyr mwapa Gyger
NJIaBHTbCS HEPaBHOMepHo.

HeobxoxuMo kpatko ocranosuTbes Ha HEKOTODHIX CBEJECHUSIX O
(opMe KpHCTaMI0B, ,

QopMy KDHCTaJIIIOB H3yuaeT 2e0MeTputecKas Kpucrarioepagpus.
ITa OTpacib 3HaHHA Hauana passuBaThcs B XVIII B. B ee ocHose

JeKAT ABA 3aKOHA: 3AKOH NOCTOAHCTBA OBYZPAHHBIX Y2A08 U 3GKOH
yeaslx uucea.

* Crenyer o0paTHT, BHHMaHHe Ha IBA OGCTOSTEbLCTBA: 1) ypaBuenne (IV.11)
MOJXHO pacCMarpHBarTh JHUIL KaK NePBOe MPHOIHIKEHHE, TaK Kak IpH r mopsnika
O
1A ypasnennst (IV.5) — (IV.7) cranosstcs HETOUHBIMH; 2) BCe H3JOXKEHHOe BHIIIe
HE BIOJHE NMPUMEHHMO K pac/aBJeHHHM COMAM H MeTajjam.
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CoriacHO NepBOMYy 3aKOHy, OTKphToMy B 1783 r. Pome ne
JI'Unem (Ppanuust), BO BCeX Kpucraanrax OAHOro #
TOr0O J}e Bel[eCTBa YyrJp MeXJ1y COOTBETCTBEH-
HeiMu rpaHsmMu paBHb. Tak, HanpuMep, B KPUCTaLIaxX XJI0-

o AN (Y A
Al O] || s :
\p L '\5,'

Puc. 102. Pasauunsie GopMB KPHUCTAJ/JIOB KBapua
puia HATpHs BCe YIVIBI MeXXAy rpaHsiMH paBHbl 90°. 3aKOH MOCTOSAH-
CTBa yIJIOB He O3HAYAET, YTO KPHCTaJJIBL OAHOTO M TOrO e BellecT-
Ba BCeraa MMelOT OJHY M Ty XKe GopMy. ITO NMOJOKEHHE MOXKET ObITh

B - )
%

|

()

A

Puc. 103. O6pasoBanye TpaHH OKTa3/PHYECKOTO
KpHCTaaia, TMOCTPOEHHOTO H3 siueek, HMEIOMHX

¢dopmy xyba

WIIIOCTPMPOBAHO Ha IPMMepe KPUCTALI0B KBapua (puc. 102) *. He-
CMOTPs Ha TO, YTO H300paXKeHHbIe HA PHUC. 102 xpucTaddbl pasiH4Hbl
no opMe, yrasl Mexay COOTBETCTBEHHBIMHM IpaHsMu (HanpuMep, @
u b uan b 1 ¢) y HUX OJHHAKOBHL.

Coracio 3aKOHy UeJbIX 4YHCed, OTKpHToMy B 1784 r. Talon
(Ppanuusi), rpaHM KpucTajajga BCerjga OpHeHTHUPOBaA-

* Pyc. 102 npuBoauTCs TNO KHHUTE: I B. Bokui <«KpHCTaNNIOXHUMHSAY.
Usp-so MIY, 1960; xax ykasmBaer I'. B. Boku#i, 3TOT PHCYHOK B3SiT U3 MOHOTrpa-
¢un Pome ge JTHasn (1783 r.).
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Hbl B NPOCTPAaHCTBE TakHM 06pa3oM, 4To oTpe3-
KH, OTCeKaeMble Ha TPeX KOOPAHHATHH X 0OCAX KpH-
CraJjJa OXHOH IPaHblo, OTHOCATCH K OTPe3Kam, o1T-
CeKaeMBM Ha TeX Xe ocaX APYro#i rpaHbo, Kak
Leable YncJa. ['alon 0ODbACHAI 3TOT 3aKOH TeM, YTO KPHCTAJbl
TOCTPOCHB W3 4acTHI, HMeomux GpopMy MHororpannukos. Ha puc.
103 usobpakeno 06pas3oBaHHe rpaHH KPHCTallaa, COCTOSIIETO U3 Ky-
6HKOB, a Ha puc. 104 MoKa3aHo, UTO ABe 'PaHH MOCTPOEHHOTO H3 KY-
6uKoB KpHCTalIa MOTYT OTCeKaTh Ha ocu 2 otpe3xH OC u OC’, or-
HocsilHecd APYr K APYry, Kak 2: 1.

OrkpoitHe ['aton 3akoHa IeJBIX 4HCeN, CBHAETEIBCTBOBABUIETO O
NpepLIBHOM CTPOEHHH MaTepHH, NpeAllecTBOBag0 paboraM JaapTo-

? ]
ch
RN
AY
N\ CIL*\
M ARSI
0 L1 Y 0 ks
a /]

Pic. 104. Vinmoctpanua 3akoHa nesbix uncen. Otpeskn OC
u OC’, orcekaeMble Ha OcH 2z rpamamu CB u C’'B’, oTHo-
caTcA, Kak 2: 1

Ha ¥ 0xa3ajio ompejeleHHOe BIHAHHe Ha (GOPMHPOBaHHe ero B3rJsi-
AOB; YCTaHOBJIEHHE 3TOT0 3aKOHa MOXKHO CYHTATb OFHOH M3 BaKHell-
IIMX BeX B Pa3BUTHH aTOMHO-MOJEKYJSPHOrO yueHHS.

Pasymeercsi, uacTuubl, H3 KOTOPHIX COCTOST KPHCTaaJH, — aTo-
MBI, HOHBl MM MOJIeKyJibl, He SIBASIOTCA KyOHKaMH WM NapaJJee-
NHIEAaMH, HO, KaK MBl YBHIUM HHXKe, OHH Paclo/ioxXKeHsl B KPHCTAJ-
J2X B NPaBHJbHOM NOPsifiKe, 00pa3ys KPUCTAAAUYECKYIO peweTKy,
KOTOpYI0 MOXHO paccMaTpUBATh, KaK COCTOSIYIO H3 IAeMEHTAPHbLX
fA4eeK, IMeIOMHX (opMy napaiiedelHne 0B,

Hecmorpst Ha orpommoe MHOrOO0Gpa3ue GopM KPHCTAJIO0B, OHH
MOTYT GBITb COBEpIIEHHO CTPOTO M OZHO3HAUHO KJIACCH(HIHPOBAHIL.
Ora cHCTeMaTusauus Gbia BBefleHa B HayKy paGoTaMu pycckoro
akagemuka A. B. T'agoanna (1867 r.); ona ocHOBaHa Ha 0cOGeHHO-
CTAX CHMMETPHH KPHCTAAJI0B.

CuMMeTpHuHBle TeoMeTpHuecKHe GHrypHl 064afalOT OXHHM HIH
HECKOIbKHMH IAEMEHTAMU CUMMETPUL — OHM HMEIOT ILEHTPHl, OCH
HJIH TJIOCKOCTH CHMMeTpHH. [lentpom cummerpuu C HasBIBAIOT TOU-
Ky, AeJAllyi0 MONOJaM BCSAKYIO NPOXOAANIYIO Yepe3 Hee NpSIMYIO,
MPOBEACHHYI0 0 mepeceueHHst ¢ rpaHHLaMu ¢urypu (puc. 105).
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Mrockocre cummerpuu nenuT GUrypy Ha JABe YacTH, KaxKjaas H3
KOTOPBIX sABJsieTCS 3epKaJbHBIM H300paxeHHeM Apyroit (puc. 106).
Ocbr0 cummeTpuu Ha3BIBAIOT JIHHHIO, TIPH TOBOPOTE BOKPYT KOTOPOH
Ha 360° urypa coBmajaer cama c co6oii # pas (puc. 107). Uucao n
HasbiBaeTcs nopa0Kom ocu. Pasnugaior ocH BTOPOro, TPETHErO H T. A.
MOpsAKOB (OCH MepBOTO MOPSAAKA He pacCMaTpPHBAIOTCA; HMH Oyler
o61ajaaTth BcsKas Qurypa — noBopor Ha 360° BOKpyr J0G0OH nuHuH
MPHBOAUT K COBMellleHHIO). Kpome OOLIYHBIX OCeHl CHMMETDHH, Cy-

iy

Puc. 105. ®urypa, Puc. 106. urypa, Puc. 107. ®durypa, obna-
o6najallias UEHTPOM  HMelOmas  MJOCKOCThb Jawias ocblo CHMMETpUH
cummerpuun C cumMerpuu AB AB(n=14)

LIECTBYIOT UHBEPCUOHHbIe W 3epKaAbHO-nogopoTHble ocu. Ilpm ux
HaJIHY{H 151 coBMelleHus1 GUrypsl caMoll ¢ cofoil BpalleHHe BOKPYT
OCH JOJIKHO CONpPOBOXKJAAThCs moBopoToM Ha 180° BoKpyr aApyroit
OCH, MepNeHuKyAsipHOH 1aHHOH (MHBepCHeH), HWIH 3epPKAJbHEIM OT-
paxenneM ot Niockocrd. Ha puc. 108 npuseaeHsl npumepst uryp,
06J1aal0UMX TAKHMH OCSIMH CHMMETPHH.

B 1867 r. A. B. F'agonunasiM ObII0 MaTeMaTHYeCKH MOKa3aHo, UTO
BO3MOXKHO CyllecTBOBaHHe 32 BHAOB CHMMETPHH KPHCTAJIIHYECKHX
¢opM, KaxIbli H3 KOTOPHIX XapaKTepH3yeTcsi ONPeJe]eHHBIM COYe-
tTanueM 3jieMenToB cuMMetpuu. Cefluac MBl 3HaeM KPHCTaJNIBl BCexX
32 BunoB cuMMeTpuH (Bo BpeMeHa A. B. 'ajonnna 6blJI0 H3BECTHO
oxoJ10 20 BHIOB).

Bce BHAB CHMMETPHH KPHCTAJJOB NOAPa3JeIAIOTC Ha TPH Ka-
Te20pul: HUBWYIO, CPeOHIo K Gbicuyto. KPHCTAJIb HH3MIEH Kare-
ropHH He HMeIOT Ocelfl BBHICIIErO MOPAAKA — Bhille BTOPOro; AJs
cpenHeil KaTerOPHH XapaKTepHa O[Ha OCb Bhiculero MOpsAKa, AJs
BhICIIell — HeCKOJBKO TaKHX ocell. KaTeropuu pesasircs Ha Kpucrai-
AudecKue CUCTeMbl WIIH CUHSOHUL ¥,

* Tepmuu KCHHIOHUSI» COCTaBJIeH H3 JIByX TI'PeYecKHX CcJIOB «CHH» — CXOJHBIA
H <«TOHHA» — YroJ; TaKuM 06pa30M, 3TO CJIOBO MOXKHO IepeBeCTy KaK «CXOHQHO-

YTOJIbHOCTBY».
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Husurasi kareropusi BK/IIOUaeT TPH CHHTOHHH — TPUKAUHHYIO,
MOHOKAUKHYIO W pombudeckyro. B Kpucramiax TPHUKIHHHOH CHH-
TOHAU HET HH oOcell, HU INIOCKOCTell CHMMETDHH: MOXKET OTCyT-
cTBOBaTb (HO He 06f3aTeNbHO) M LEHTP CHMMETPHH. IIpumepa-
MH BelLlecTB, KPHCTAJIH3YIOUIMXCA B TPHKJIAHHHOM cHCTeMe, SIB-
Jaswored KoCro0O; u CuSO4-5H50. ¥V MOHOKJIHHHBIX KPHCTAaNJOB
(CaSO0:- 2H20, CiHeOs — BHHHaSI KHCJOTa M ApP.) MOMKeT GbITh Kak
OCh, TaK H MJ0OCKOCTb CHMMETPHH, OLHAKO He MOXeT GbITh HECKOJb-
KHX Ooced HMJH IIOcKOCTel cAMMeTpHH. [lns poMmG6Hueckoil cucre-
Mo (BaSO: MgSO.-7TH20 wu xp.) xapakTepHo Hanuude He-
CKOJIbKHX 3JI€MEHTOB CHMMETPHH — HECKOJbKHX OCeH HJAH IIoc-
Kocreil.

CpenHAss KaTeropusi noipaspie-
JsieTcsl Ha TPH CHHTOHHH, KOTOpHiE
Ha3blBalOTCSA MO THNY I[MaBHOH OcH
(ocb BbICIIEro MOpSAKa): Tpueo-
#HaabHoU (MMeeTcsl 0Ch TPeThero mo-
panxa, npuMepsl: Kanpuur CaCOs,
zonomMur CaMg(COs)2), Terpaco-
HaabHoU (MMeeTcsl OCh YeTBEpPTOro
nopsinka, npuMepsl: SnQ,y CaWO,,
PbMoOy4) u eexcazonarvrod (ume-
€Tcsl ‘0ch LIECTOTO NOPsAKa, NpUMe-
pui: kBap1 SiOy, KNO;, Agl).

Briciias kareropust uMeer Tosb-
KO OAHY CHHTOHHIO — Kybuueckyto.
Kpucranasl 310l cHHPOHMH (Hanpu-
mep, CaFs, NaCl, NaClO;) umeror
HECKOJIPKO OCell BBICIUEro MOPSAAKA. Puc. 108. duryph, obaajaomue 3ep-
Ha puc. 109 npuBenennl mpHMepbl — KanbHO-MOBOPOTHOA (@) M HHBep-
KPHCTA/VIOB, [pHHAAAEXalIMX K cnorHokt (6) ockio
YKa3aHHBbIM CHHTOHHSAM. :

Heo6xonrMbiM ycnoBHeM JJisi 06pa30BaHAs KPHCTANIOB BBICOKOM
CHMMETPHH SBJISIETC CHMMETPHYHOCTH COCTABJASIOIIMX HX YacTHII.
ITocko/BKY GOMBIIMHCTBO MOJIEKY/ (B 4aCTHOCTH, MHOXKECTBO OpTa-
HHUYECKHX MOJIEKYJ) HeCHMMETPHYHO, KPHCTaJJdbl BHICOKOH CHMMeT-
pHH COCTABJAIOT JHIIb HeGOJBIIYIO LOJMI0 0T OOH[ero 4Hcia H3Be-
CTHBIX.

Vi3BecTHO MHOTO cnyuaeB, KOTJla OXHO H TO Ke BEIECTBO CYLIe-
CTBYeT B Da3JIHYHBIX KPHCTANIHUECKHX (OpMax, T. €. OTJIHUAEeTCH IO
BHYTPpEHHEMY CTPO€HMIO, a MOTOMY H IO CBOHM (PH3HKO-XHMHYECKHM
cpoiicrBaM. Takoe siBneHue HasbiBaeTcs noaumopgusmon. Hanpu-
Mep, A/ NBYOKHCH KpeMHHs HU3BECTHBl TPH MopudUKallHk: KBapil,
TPHAHMHT H KPHcTOGaauT. IIpu onpeleneHHOil TeMmeparype ycToii-
UMBBHIM fIBJASIETCA TOMNBKO OLHO M3 NOAHMOP(HLIX BHAOH3MEeHeHHH
Bellecrsa. Tak, mpu o6biuHON TeMmepaType ycroiiuusas ¢opMa
SiOp — KBapI, TPHAMMHT YcTOHYKB B uHTepBane 870—1470° kpucro-
Ganmut — shime 1470°. Tlepexon HeycroiiunBoll GopMul B ycroifuuByio

I
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NpH HHU3KOH TeMmmepaType 4acTo NMPOHCXOAHMT OUEHb MeAJIeHHO; Be-
IMeCTBO MOXKeT AJUTENbHOE BPEMs CYIIeCTBOBATh B HEYCTOHYHBOM,
HJIH, KaK TOBOPAT, METACTAGUALHOM COCTOAHUU *.

MHorue razoobpasHble BellecTBa, npespamancs IpH OXJaxie-
HMM B KpHCTaJUIbl, 06pa3yloT HECKOJbKO MOAHGHKaNui. B nocneanne

-
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7

Puc. 109. Kpucraans pasaHdHbIX CHHIOHHI.

Hu3masi KaTeropusi, CHHrOMHH:

! — TPUKAMHHAA (KHCJbI}i BHHHOKHCJBIA CTPOHLHIT
Sr[COOH(CHOH)QCOO]g) 2 — MOHOKJIHHHAafA {MOJOUHBIN ca-
xap Ci2Hz2oO0u - H,0 ); 3 — pomGuueckas (cepa);
CpefHAsl KaTeropus, CHHTOHHH:

4 — TpuronajibHafl (TPUTHApar nNepHolaTa HATpHA
NalO4+ 3H;0); & — TetparoHanbpHas (xaccutepur SnO,);
6 — rexkcaronaibHaa (uedenaun NaAlSiO.):

BbICWI4Sl KaTeropuf: 7 — KySuueckana CHHFOHHA

. (xaMennas coab NaCl)

JecsiTUeTHsl B CBA3H € Pa3BepThIBAHHEM HCCJeIO0BaHHMH MIpH BHCO-
KHX JaBJeHHAX OblIO OCHApYXKeHO, YTo o0pasoBaHHe Pa3JIHYHHX
KPHCTAMJIHUECKHX MORM(UKAIHA IPH BBHICOKHX TaBJEHHSIX TaKXKe
fBJifeTcsl THNHYHBIM. TakuM o6pasoMm, MOXHO TOBOPHTBH O LIMPOKOH
pacnpocTpaHeHHOCTH siBjieHHs noauMopdusMa. Tak, okaszanoch, 4To

* TepMHHOM «MeTacTaGUIbLHOE COCTOsiHHE» OO0O3HAYalT COCTOSIHHE CHCTEMBI,
KOTOpOE SIBASIETCS HEYCTOHUMBLIM, HO TeM He MeHee MOXeT COXPAHAThCH B TeUeHHe
AANTeNbHOrO BpeMeHH. HanpHmep, B cMecH BOZODOAR C KHCJIOPOAOM (TpeMydwil
ras) npH KOMHATHOH TeMIepaType peakuHs He HJeT, HO ee BbI3bIBaeT caMast He-
Goabiast uckpa. Takum o6pa3om, cMecb Hy 1 Op MpH OOBIMHOMK TeMMepaType Haxo-
JHTCH B MeTacTaGHJIbHOM COCTOSTHHH.
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ects 7 Mopupuxauuit KNO;, 8 mopuduxanuiit NagSO4, 16 Moaudu-
Kanufi HadTaNUHA,

Cpend KpHCTaNJHYECKHX TeJ HepeJAKO Takxke HabJIOAaercs sB-
JIeHHe U30MOpPEuU3MA — CBOHCTBO aTOMOB, HOHOB HJIH MOJIEKYJ 3aMe-
HIATh APYT Epyra B KPHCTANJIHUECKOH peHieTke, 06pasys CMelliaHHbie
KpucTaaanl. Tak, HalpHMep, GecuBeTHble KPHCTAMAbI ANIOMOKaJHe-
BoIx KBacmos KAI(SOs)2-12H2O u ¢HoneToBble KPHCTAMIBL XPOMO-
kKanueBbiXx kBacuoB KCr(S0.)z+ 12H;0 uMeloT 0IHHaKOBYIO OKTA3A-
pHueckylo ¢opMy. Ecau nmpHroToBHThr pacTBOp, COAepiKailui o6a
3THX BeIllecTBa, H 3areM €r0 BbINAPHUTb, TO BBIAENSIOTCH KpH-
€TaJabl, COAEpXKAllHe M aqlOMHUHHH H XpoMm. TO e NpOHCXOZHT
Ipy BhlapHBaHuM pacTtBopa, cozepxamero KAI(SOs)s-12H,0 u
RbAI(SOs)2- 12H20. Cmemannble KPHCTAMIb SBASIOTCH COBEpIIEH-
HO OZHOPOJLHBLIMH CMeCSIMH TBEPAHIX BEILECTB — 3TO T8epdble pacTao-
puL 3ameujerus. I1osToMy MOXKHO cKa3aTh, 4TO H3OMOp U3 M —
3T0 cnoco6HocThr 06pa3oBaTh TBePALE PACTBOP L
3aMeluleHu.

Mgl npuBenn 1npuMepnl HaH6oJee COBepIIEHHOTO H30MOp(H3-
Ma — Bell€CTBAa POJACTBEHHLl H 110 XHMHYECKOMY COCTaBY, H 110 THIY
XUMHYECKOH CBSI3H, H MO (OpMe KPHCTANJIOB, H 10 CTPYKType, H MO
BaJICHTHOCTH 3JIEMEHTOB, H II0 pa3MepaM 3aMelalOUMX APyr Apyra
YaCTHH.

Ecan ke cobaionaloTcst He BCe IIPU3HAKM CXOACTBA U TeM GoJee
JUWb ONMH H3 HHX (HanpuMep, H30CTPYKTYPHOCTB), TO H30MOp(uU3M
SIBJISIeTCS] HeCOBEPIUEHHBIM (4TO, B YaCTHOCTH, MOXKET NPOSBHTLCH B
OrpaHHYeHHOH CMECHMOCTH) MM xe BooGIe orcyTcrByeT. Tak, He
coBepmeHen usomopduam SrSO4 u KBF,; kpucranam NaCl u KCI e
H30MOP(HH, XOTH H THI CBASH, U XUMHUeCKuii cocTas, 4 ¢opMa, H
CTPOEHHE HX TOXKHECTBEHHBI; CKa3biBAeTCS pasjdudHe B pagHycax
Nat u K+. Pasnuuve aTOMHBIX PaguycoB M THOA XHMHYECKOH CBS3H
nenaeT noHsTHok HeusoMopdHocTs kKpucraanos CuCl u CuZn, umero-
IIMX OJHMHAKOBYIO CTPYKTYPY M OZHMHaKoBYyio ¢opMy. XoTs ry,t=
~ reat, opHako NaCl u CuCl Takke HensoMop(HBI; CXOICTBO Hapy-
II€HO 3HAYHTENbHLIM pAa3/HYHEM NONSPH3ALHOHHBIX CBOHCTB Ka-
THOHOB.

2. Hccnenosanne cTpyktypnl Kpucramios. [Ipasunbhas dopma
KPHCTA/JIOB 00yCJIOBJeHa YHOPSZOYEHHBIM PaCHONOKEHHEM COCTaB-
JAOIHX HX YaCTHL — 4TOMOB, HOHOB HJIH MOJeKyJ. DTo pacmoJo-
KEHHe MOXeT OLiTh NMpeJCcTaBJeHO B BHJE KPUCTANJIHUECKOH pemieT-
K4 — NPOCTPAHCTBEHHOIO KapKaca, OGpa30BAHHOTO TepeceKaioliy-
MHCA APYT C APYrOM MNpsAMbIMY JHHASIMH. B Toukax mepeceuenus —
Y34axX peuleTKu — jiexxaT LEHTPHl YaCTHL, OGPasyOIHX KPUCTAJI.
Taxue nmpeAcraslienuss o CTPOEHHH KPUCTANNHYECKHX TEJ BBICKA3BI-
BaJyCh HaBHO MHOTHMHM HCCJeIOBaTeNsiMH, B yacTHocTdH, M. B. Jlo-
MOHOCOB HCINOJIb30BaN HX AJs O6bACHeHHs CBOHCTR cenuTpbl. OfHAKO
A0Ka3aTb 3TO 3KCHEPHUMEHTAJIbHO H HCCIEI0BATh BHYTPEHHIOW CTPYK-
TYPY KPHCTaJJIOB yHaJocbh TOJbKO B XX cTOJeTHH, IIOC/IE TOFO Kak
B 1912 r. B pa6orax Jlays, ®puspuxa u Kuunnunra (Iepmanus)
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G0 OTKPLITO siBJeHHe AN(PPAKIHH DPEHTTeHOBCKHX JiydyeH, Ha KOTO-
POM OCHOBaH MeTOO PeHT2eHOCTPYKTYPHOEO AHAAU3Q.

JiuHbl BOJIH DPEHTTEHOBCKHX JyueH TOro Ke TMOpPsiAKa, YTO H pas-
Mepbl aToMoB. [T03TOMY KpHCTas, COCTOSIUHA H3 YNOPAXOYEHHO
PACIIONIOKEHHBIX YaCTHIl, PeACTaB/sAeT eCTEeCTBEHHYI0 NH(GPaKIHOH-
HYIO PelleTKY JJIsi pEeHTT€HOBCKHX Jyded.

PaccMoTpHUM TPOXOXKJeHHe uepe3 KPHCTal1 Ny4Ka MOHOXpoMa-
THUECKHX ¥ PEHTTEHOBCKHX Jyuell ¢ LJIHHOH BOMHbI A. BBHAY 3Hauu-
TeJbHOH INPOHHKAMWILEeH CIOCOGHOCTH pEHTIEHOBCKOIO H3/ydeHHs
Gosbuasi 4acTb ero NPoXOAHT dYepes KpHcraml. OnHako HekoTopas
JONf H3AyYeHHs OTPaXKaercs OT INIOCKOCTeH, B KOTOPBIX pacrnojo-
eHB  aTOMBl, COCTaBASIOMHE  KPHCTAMIHYECKYID  DeleTKy
(puc. 110). OTpaxeHHble Jy4iH HHTepGbepPUPYIOT APYT € APYroM, B

Py wc/
PN 2

Puc. 110. K BuiBony ypasnenus Bperra — Byusda

pesysbTaTe 4ero NPOHCXOMUT HX B3aHMHOe yCHJEHHe WM noraie-
Hue. OUEeBHAHO, YTO Pe3y/bTaT HHTepdepeHIUH 3aBHCHT OT Pa3HOCTH
X0Aa O Jyueil, OTPaXKEeHHBIX OT IapajleJIbHBIX MJIOCKOCTeH. Ycuie-
HHe NPOHCXOAHT B TOM CJydae, KOrAa 6 paBHO HeNOMY YHCAY AJIHH
BOJIH, TOrJa OTPaXKeHHHe BOJAHHI GyAyT B oAuHakosoil dase. Kax
BanHO H3 pHC. 110, ayu Si, OTPaXKeHHHH OT IMIOCKOCTH aToMoB Pj,
NPOXOAHT MEHBIUMH NyTb, 4eM Jy4 Sp, OTDaXKEHHBIH OT cocearel
niaockoctd Pg; pasHOCTb 3THX NyTed 8 paBHa CyMMe JJIHH OTPE€3KOB
AB u BC. Tlockonsky AB=BC=dsin¢, 1o 6=2dsing (rie d—
paccTosHHe MeXIy IIOCKOCTAMH OTpaXKeHHs, a ¢ — yroi, o6pasye-
MBIil TTaJa0MHM JYYOM ¥ INIOCKOCTbIO), YCH/IEHHE OTPaXKeHHOro H3-
JIy4eHHs IPOHCXOJHT TPH YCIOBHH, UTO

nk=2dsing, - (1Vv.12)
rie n — nenoe uncao. Ypasuenue (IV.12), BbiBenennoe ogHOBpeMeH-
Ho M HeszasucuMo B 1913 r. Bperrom (Anraus) u 10. B. Bynspom
(Poccusa), ABASIE€TCS OCHOBHBIM COOTHOIIEHHEM, HCIIOJb3YeMbIM L7
Onpe/ie/ieHHsI CTPOEHHS KPHCTaJIOB.

* MoHOXpPOMATHYECKHM Ha3biBAETCH H3JYUeHHe, cOCTOsILIee H3 Jy4er ¢ oJHHa-
KOBOH JJIMHOH BOJIHBIL
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Ecap KpHCTaAad OpMEHTHPOBAH IO OTHOIICHHIO K IajaiolleMy Ha
Hero PeHTTEHOBCKOMY JYUy Tak, YTO BBINOJHSAETCS COOTHOIIEHHE
(IV.12), To MoxHO HabaioxaTL oTpaxenue Jgyua. Ecan xKe ycaosue
(IV.12) He cobaromaercsi, TO oTpaxKeHHe He NpoHCXoAuT. Tak, npu
O, paBHOM I[10JI0BHHE JJHHBEL BOJHBI, JYiH, OTPaXeHHble OT COCeIHHX
nockocTel Py u Py, Haxoasitcs B aHTH(as3e H B3aHMHO Iorallalor-
cs1; ecnn 6=3/5A, To AYY, OTPpaxeHHHH OT IIOCKOCTH P, moramaercs
JIy4oM, HAYLUIHM OT IJIOCKOCTH P3 u T. 1. )

Pasymeercs, uepe3 aToMbl B KPHCTAJJIHYECKOH pellleTKE MOXKHO
NpOBeCTH OYeHb MHOTO IJOCKOCTeH. Olmaxcz, Kak BHIHO H3 pHuc. 111,
IJIOTHOCTh 3aflOJIHEHHS] MHOTHX IMJIOCKOCTeH aTOMaMH HeBeJHKa, ¥
103TOMYy OTpaxeHHsi oT HHX Oyayr caaleimu. Kpome toro, npu pac-
CTOSHMSIX MEXKAY COCEIHHMH IIOCKOCTAMH d, MeHbIIHX, YeM A/2,

Puc. 111. Pa3nuuHble IJOCKOCTH, TpPO-
BeJICHHLIE Yepe3 aTOMBI B KpHCTalluye-
CKO#l pelueTke

ypasHenne (IV.12) ne BHnoaHsercs HH NPH KaKHX 3HAYEHHAX Q.
Taknm oOpasoM, TONIbKO HeMHOTHe IJIOCKOCTH JAaloOT SIpDKHe OTpa-
xKeHusi. HMHreHcuBHOCTD oOTpameHuli HeommHakoBa. OHa 3aBucHT
OT 4YHCJ1a aToOMOB, NPUXONSILHXCS Ha eNHHHIY IIOmagH ILIOC-
KOCTH OTpaxeHHsl, H OT pacceHBaooulefi crnocoGHOCTH JaHHOrO
BHZA aTOMOB.

B nacrosiiee BpeMsi AJsi peHTreHOCTPYKTYPHOrO HCCIEZOBaHHA
KPHCTA/NNOB HaubGo/Jiee IIMPOKO HCIOAB3YeTCA MeTO0 Bpatienus.
B 3rom MeTrome KpuCrama ykpemssierci Ha crepXkKHe B IleHTpe LH-
JUHADHYECKOH KaMephbl, Ha BHyTpeHHeHl CTeHKe KOTOPOH 3akperlieHa
dororpaduueckas miaenka (puc. 112). I[Ipu nomomu yacoBoro mexa-
HH3Ma KpHCTaJa MeAseHHO Bpaulaercs. COOKy B KaMepy BBOAMTCA
MOHOXPOMATHYECKHH DeHTreHOBCKHH Jyd, KOTOpBbIH HampasJjsiercs
flepHeHIUKYJISPHO OCH BpallleHHs.

TIp# Tex MoNOXKeHHSIX KPHCTAJAJNOB, IIPH KOTOPBIX BHIMOJHSAETCS
coorHomenue (IV.12), mpoucxoant orpaxeHse pPeHTTeHOBCKOIO Jy-
4a, KOropoe perHcrpupyercs (oTonmeHKOH; takuM obOpas3oM, moay-
yaeMasi penTeen02pAmMM@ COCTOMT H3 pSJAOB TOYeK, SBJSIOUIMXCS
clellaMH OTpaxKeHHHX Jiydyell. /s onpefeneHusi cTpykTypbl CHHMa-
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IOT HECKOJIbKO DEHTI€HOrpaMM IpH Pa3/JHYHBIX OPHEHTAIHUAX KpH-
cTaJl1a OTHOCHTEJIBHO OCH BpalleHHs.

Tax Xe, kak u B Merofie ajeKkTpoHorpaduu (cMm. cp. 133—135),
OJHHM M3 crocoGOB PacIH(POBKH PEHTr€HOIDPAMM SBJAETCA MeTO]
npo6 u omun6ok. MceaeayeMomy BemecTBy NpPHIHCBIBAETCS Onpeie-
JieHHas CTPYKTypa H npH moMmomu coornowmenus (IV.12) paccuutn-
Baercsl ero pPeHTTeHorpamMma, KOTOpYi0 CPaBHHBAIOT C 3IKCHepHMEH-
tTanbHOH. [IpH 3TOM YYHTHBAIOT HHTEHCHBHOCTb PasJHYHHX OTDaXKe-
uufi. EcrecTBenHO, YTO MAaHHHA MeTOA NPHMEHHM JIHIUL B Tex
cayvasx, Korfia CTpyKTypa BemecTBa A0cTaTouHo npocra. s yera-
HOBJIEHHSI CJOXKHBIX CTPYKTYP HCIOJB3YIOTCA JPyrHe [pHeMbl,

Luappaema

Penmeenofcrud ayy

Koucmann Damanserxa

Puc. 112. CxemaTnyeckoe H306pakeHHe KaMephbl AJifi IO-
JYYEHHs] PpEeHTTeHOrpaMM IO MeTOAY BpalleHHs KpH-
cTaJjia

KOTOpble He MOryT OHITh 3[ECh PacCMOTpPeHbI; pacliH(pPOBKa PeHT-
reHorpaMM BO MHOTHX CJydYasX NpeACTaB/dsdeT BecbMa CHOXHYIHO
3ajady, H OPOH3BOJAUMBIE MPH 3TOM pacueThl OGHLIYHO Upe3BHIYAHHO
TPYAOEMKH; B HACTOsAIEe BpEeMA OHH NMPOU3BOAATCHA C TOMOIIBIO 3JI€K-
TPOHHBIX CUETHBIX MalIUH.

Hepenxo GbiBaeT TPYAHO MOJYYHTh CPaBHHTENLHO GObLINE KPH-
CTaJJIBl BellleCTBa, KOTophle Tpe6GyloTca AAS NMPOBeAeHHST HCCIEeA0Ba-
HHSI METOOM BpaiteHHusa. B aTux ciyuasax Henoansyor xerod nopout-
Ka (merod Hebas — llleppepa). B stom merome (puc. 113) pentre-
HOBCKHH J1yY MPOXOAHT Yepe3 LHIHHIADP, CIPECCOBAHHBIA U3 MEJKHX
KpPHCTaJ/VIOB HcclefyeMoro BemtectBa. Cpelld GoJiblIOro 4uc/ia KpH-
CTaJUIMKOB B NOpOLIKe Bceraa HalAyTcsa TaKHe, OpHeHTalust KOTOPHIX
ynosnerBopsier ypaBrenuio (IV.12); stu xpucraaas gagyr orpaxe-
uua. [Tonyvaemeie TakuM 06pa3oM peHTreHOrpaMMbl HasbIBaKOT de-
6aezpammamu. Mero nopoika 3KclepHMeHTaNbHO Gojee IPOCT, 4eM
MeTOJl BpalueHus, ofHako pacundpoBka AeGaerpaMMbl, KakK NpaBH-
J10, GoJiee CI0KHA; I/ HEKOTOPHIX THIOB KPHCTAJJIOB MOJHOE yCTa-
HOBJIEHHE CTPYKTYpPHl 3THM METOAOM B0OOGIle HeBO3MOKHO.
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OTtpaxeHnde PEHTTEHOBCKHX Jiyuell OT aTOMOB IIDOHCXOAHUT B pe-
3yJibTaTe B3aHMOJEHCTBUS H3JNYueHHs C 3JIEKTPOHAMH; IIOITOMY OI-
penelsieMble PeHTreHorpadHuIecKH HEeHTPBl aTOMOB ABJSIOTCS «IEHT-
paMH TsAXEcTH» 3JeKTPOHHEIX obosjouek. [l MHOro3/JeKTPOHHHX
aTOMOB 3TH IEHTPHI TIPAKTHYECKH COBNAJAIOT ¢ SAPaMH, OAHAKO AJA
JIErKHX aTOMOB IOJIOXKeHHE silep MOXKeT 3aMeTHO OTJHuaThcd. Me-
CTOHaXOXKJeHHe MOHOB BOAOPOJA2 — NPOTOHOB, Yy KOTOPEIX OTCYTCT-
BYIOT 3JeKTpoHHBle 060J10uKH, Boc.6llle He MOXKeT OHTb yCTaHOBJIEHO
PEHTTeHOCTPYKTYPHHM aHaduzoM. Jlns pelleHuss 3TOH 3ajgauM Hc-
noJB3yIoT HccaenoBanue dugpaxyuu Hedrporos. Tlyuku neliTpoHOB
MoJyualoT OT aTOMHOTO peakrtopa. B oTiuune OT PeHTreHOBCKHX Jy-
qefl HeHTPOHBl He B3aHMOJEHCTBYIOT CO CIapeHHHIMH 3JIEKTPOHAMH,
HO OHH OTParkaloTCs aTOMHEMH AAPaMH.

54

Puc. 113. Cxema cuarus geGaerpaMMsi:

1 — penTre€oBckast TpyOka; 2 — namadparma; 3 — Hccaexyemoe  BellecTBo;
© 4 — dorTonaenka

Jnsi MccllefloBaHHsA CTPYKTYPH KPHCTaJJIOB NPHMEHSIIOT TaKxke
snektpoHorpadHio. Ilockonbky 3/MeKTpPOHB 3alepXKUBalOTCA Belile-
CTBOM 3HAQYMTEJILHO CHJIbHEE, YeM PEHTTeHOBCKHE JIYYH, IIPU 3JEKTPO-
HOrpadHuUeCcKOM H3y4YeHHH TBEPABIX TeJ HCHNOJb3YIOT HJIH OUeHb TOH-
KHE CJIOM BellleCTBA, WM HcCAeAyloT AHQPPAKIHIO 3JeKTPOHOB IPH
OTpaXKeHHWH HX 0T noBepxHocTd. ITocaenHuil MeTon ILeHeH TeM, 4TO
OH JaeT BO3MOXKHOCTb M3y4aTb CTPYKTYPY TOHKHX IOBEPXHOCTHBIX
cJ0eB, HaupuMep NOKPHIBAIOHIME METaJJbl IVIEHKM OKCHAOB, HHTPH-
JOB H JADYTHX COeJUHEeHHH.

B nacrosmee BpeMsi MeTOZaMH CTPYKTYPHOrO aHajlu3a H3yuyeHO
CTPOEHHE HECKOJNBLKHX JECATKOB THICAY KPUCTAJNJHYECKHX BEIECTB H
KaXAbl MeCAl NosBJasercss 0OJbIIOe KOJHYECTBO HOBBIX JaHHHIX.
C TmOMOMmIBI0 3THX MeTONOB YAaJOCh YCTAaHOBHTBH B OOLIMX depTax
MOJIEKYJISIPHYIO CTPYKTYPY, KOTOpasi; IO-BHAMMOMY, fABJSAETCA HaH-
Gosiee CJI0XKHOH M3 BCeX CYLIECTBYIOIHX B TPHUPOJE — CTPOEHHE Ha-
C/JA€CTBEHHOTO BEIECTBA XKUBBIX OPraHH3MOB.

3. THnbl KPHCTANAMYECKHX pelleToK. Kpucrannuueckue pelleTKH
0Apa3leNAoTcs Ha HECKOJbKO THIOB B 3aBHCHMOCTH OT BHJa 4a-
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CTHL, HAXOAALIMXCS B y3J1aX DemeTKH, H OT XapakKTepa CBA3H Mex-
Iy HHMH.

B ysnax aromneix KpHCTanJMueCKHX pelIeTOK HAXOAATCS HeHT-
pajbHBE aTOMBI, COGAHHEHHHE APYr C JPYIOM KOBAJIEHTHBIMH CBsi-
3aMu. Bemtects, o6nanalomux aTtoMHOH pemIeTKOH, CPaBHHTEJNbHO
HEMHOTO; K HHM OTHOCSITCS a/IMa3, KpeMHHH, COeAHHEHHS HEKOTOPLIX
3/1eMeHTOB C YT/IePOAOM 1 KPeMHHeM — KapOUILl U CHAHUHUALL. B sTHx
TBEPJBIX TeJax BCe aTOMbl OAHHAKOBO CBSI3aHbl JPYr C APYroOM.
B cTpykType aTOMHOrO KPHCTa//ia HEBO3MOXKHO BBEIAEMHTb OTHeb-
Hble MOJIEKYJIBl, BeCb KPHUCTAJJI MOXKHO PacCMAaTPHBATb KaK OAHY T'H-
TaHTCKYI0 MoJieKyJy. [Tocko/sbKy KOBasleHTHBIe CBSI3H BecbMa fpoY-
HBI, BEIIECTBA, HMeEIONIHe AaTOMHHE peHIeTKH, BCerAa ABJSIOTCA
TBePABIMH, TYTOMJIABKUMH H MaJIOJIETYUYHMH; OHH NPAKTHYECKH He-
pacTBOPHMBI.

B morexyaaproix KPHCTA/IHUECKHX DEIIETKAX B Y3JaX DelleTKn
HAXOASITCS MOJIEKYJIBI. -DOJIBIIHHCTBO BellleCTB C KOBAJIGHTHOH CBA3bIO
00pasyioT KPUCTAMILI TAKOTO THIA. MoJseKy/sipHELe pelleTKH 06paay-
IOT TBepJble BOAOPOJ, XJIOP, ABYOKHCh YIVIEPOAA M APYTHe BelleCTBa,
KOTOpble IPH OOLIYHO TeMmepaType rasoo6pasubl. Kpucraaas: 60Jb-
UIHHCTBA OPTaHHUYECKHX BEILECTB TaKXKe OTHOCATCA K 3TOMY THUMYy.
Taxum 06pasom, BelecTs ¢ MOJEKYJNSAPHONH KPHCTANIHUECKON pemIeT-
KOH H3BECTHO OYeHb MHOTO. MoJsieKyJibl, HAXOASIHECH B y3JaX pe-
IIETKH, CBSI3aHBl APYT C APYTOM MeXMOJIEKYJADHHMH CHJIAMHU (1IpH-
poxa 3THX CHJ Oblla pacCMOTpPeHa Bhiile; cM. crp. 245—249). Tak
KaK MEeXMOJIEKYJ/IDHble CHJILI 3HAUHTENbHO cjabee CHJA XHMHUECKO
CBSI3H, TO MOJIEKYJSPHble KDHCTAJJIbl JIETKOIUIAaBKH, XapaKTepH3y-
IOTCS 3HAUMTEJIbHOH JIeTydecThbio, TBepAOCTh uX HeBenuka. OcobenHo
HH3KH TEeMIIePaTyphl NJIaBJIE€HHS H KHIEHHS Yy TeX BEILEeCTB, MOJIEKY-
Jbl KOTOPHIX HemoJsipHbl. Tak, HanpuMep, KpHCTaJnbl mapaduHa
OYeHb MSTKH, XOTA KoBajieHTHble CBI3H C—C B YIVIEBOAODOIHBIX
MOJIEKY/IaX, U3 KOTOPBIX COCTOAT 3TH KPHCTAJJIbI, CTOMb XK€ MPOYHE,
KakK CBsi3H B anMase. Kpucranaawl, o6pasyeMble GJaropoJHbIMH ra-
3aMH, Takxe CJeJyeT OTHECTH K MOJEKYJsSPHBIM, COCTOSAINHM H3
OJHOATOMHEIX MOJIEKYJ, MIOCKOJIbKY BaJIeHTHbIE CHJIBl B 06Da30BaHHM
3THX KPHCTAJJIOB DOJIM He HIPAIOT, H CBA3H MeXAY YacTHUAMHU 3[iech
HMEIOT TOT XK€ XapakTep, YTO H B JPYTHX MOJIEKYJSIPHBIX KPHCTaJ-
Jax; 3T0 06yCJOB/JAMBAaeT CPABHHUTEJbHO OOJBIIYIO BEIHUHHY MEX-
aTOMHBIX PACCTOSTHHH B 3THX KPHCTaJJax.

Honnbie KpucTaNHUecKHe DeUIETKH, B y3Jax KOTOPHIX INOMepe-
MEHHO HaXOHSITCS TMOJIOXKHTeJIbHbIE H OTPHUATEeNbHbIe HOHHI, Xapak-
TePHBl /15 COeZHHEHHUH 371eMeHTOB, CHIbHO OTJHYAIOMMUXCSH 110 3JeK-
TPOOTPHIATEJNbHOCTH. THHHUHBIMH HDENCTABHTENISIMH 3TOr0 Kjaacca
BELEeCTB SIBJAAIOTCA «(DTOPHABI LIEJAOUHBIX MeTaioB. Kak u B ciayuae
4ATOMHBIX PelleTOK, B HOHHBIX KPHCTAJJAX HeJb3s! BLIAETHTh OTAENb-
Hble MOJIEKYJIbl (HeT NMpPeHMYLIeCTBEHHOTO B3aMMOJAEHCTBHA NaHHOTO
HOHA C KaKHM-JH60 ONHHM HOHOM IIDOTHBOMIOJIOKHOTO 3HAKA), BeCh
KPHCTaJIJ1 MOXKHO DAacCMaTPHBAaThb KakK OJHY THTAHTCKYIO MOJEKYJy.
Cpsi3u MeXJy HOHAMH SIBJAIOTCS NPOYHBIMH, NO3TOMY HOHHBIE coe-
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AMHEHHS HMEIOT BHICOKHE TeMilepaTyphl I1aBJdeHHsi H 06JalaloT Ma-
70 JIeTYdeCTbIO; OHH OTIHYAIOTCs G0.IbIION TBEPAOCThIO, XOTSA 00bIY-
HO HECKOJbKO YCTYNAlOT B 9TOM OTHOIICHHHM BEUIECTBAM C aTOMHOH
peweTkoil. CiienyeT o0paTHT, BHHMaHHe HA [Ba OOCTOATENbCTBA.
Bo-nepBHX, TBEPAOCTh H TYrOMJAaBKOCTb HE O0A34TENbHO CBSI3aHbI
TOBKO ¢ HOHHEIMH (CHJaMH. TBepnOCTb H TYTOIJIABKOCTh UOHHBIX
COeJMHEeHHIl YacTO MEHbIUE, YeM y BEILISCTB € aTOMHOH PEIIETKOH.
Bo-BTOpBLIX, MHOTHE HOHHBEIE KDHCTaAJbl COJePXKaT B CBOEM (CO-
cTaBe MHOTOATOMHBIe HOHHI, Takde, Kak SO0,2~, NOz-, [HglJ*,
[Cu(NHs)4J*+, [AlFel*— n 1. n. B To BpeMs Kak cBfI3H MeXJy YaCTH-
maMy, 06pasyoOmMUMH TaKyIo pellleTKy, ABJAITCA HOHHBIMH, BHYTPH
CNOKHBIX HOHOB AaTOMBl, KAK MPABUJ0, COENHHEHb KOBaJCHTHOH
cBf13b10. I10CKONbKY KOMILJIEKCHBIE MOHBI MMeIOT OoJbliHNe Da3MepH,
To NPH PaBEHCTBE 3apAN0B CHJIH B3aUMONEACTBHS YaCTHI B peller-
Ke, cofiepKamell MHOrOaTOMHble HOHBI, OyAyT 3HAauUUTEeIbHO caalbee,
_yeM B pellerke, COCTosumiell M3 ONHOaTOMHLIX HOHOB. BBuay artoro
TeMIEepaTyphl MJIABJACHAA ¥ TBEPAOCTh BELIECTB, COMePK aUX MHOrO-
aToMHBIe HOHBI, Gonee HU3KHe, Tak, HanpuMep, TeMIepaTypa IJIaB-
nenust NaCl pasna 801°C, a NaNO; — roasko 311°C.

KpHcranauyeckne peleTky, o6pasyeMbie METaAIaMHU, Ha3bIBAOT-
ca Merassudeckumu, B yanax takux pellleroK HaXOnaATcs TI0J0XKH-
TeAbHEE HMOHBE METAJ]JOB, 4 BaJEHTHBIE 3JEKTPOHH MOTYT MepeiBH-
rathCa MEXJY HAMH B pa3iuyHbIX HampaBieHHAX. CoBOKyIHOCTb
cBOGOJHBIX 3JEKTPOHOB MHOTJA Ha3HIBAIOT 34eKTPOHHbIM 2azom. Ta-
KO€ CTpPOeHUEe pellleTKH OGYCJOBJAHBAET OGOJABINYIO 37€KTPONPOBOJ-
HOCTb, TEILIONPOBOJAHOCTb M BHICOKYIO NIA2CTHYHOCTh MeTaJJI0B — IIPH
MexaHuyeckoMm aehOopMUDPOBaHMU He TPOUCXOJUT pasphiBa cBA3eH H
paspylleHHs KDHCTaJsa, IHOCKOJbKY COCTaBAfAIOIHE €ro HOHB Kak
6bl m1aBaloT B 007aKe 3JeKTPOHHOTO rasa.

4. Hekoropeie KpPHCTaJJIHYECKHe CTPYKTYpel. Kak yxe yxasbiBa-
J0Ch, YACTHIBI B KPHCTaAJAaXx DacCHOJOXKEHB B OIpeieJeHHOM MO-
psnKe, 06pasys KpHCTAJAHUECKYIO PEIUETKY. :

I[Tomo6no BuemHuM ¢opMaM KPHCTAAJN0B, KPHUCTAJJHYECKHE De-
IeTKH MOTYT OHITh KAaccudHUUPOBaHB MO HX cuMMerpuH. Eme 3a-
A0Jr0 A0 pa3paBoTKn 3KCNEPUMEHTaJbHBHIX METONOB HCCAENOBaHHA
crpykrypsl B 1890 r. takas kaaccuduxkauusa Opljaa BHBEAeHa MaTe-
matnuecku E. C. @enopoBniM, KOTOPH MOKa3ad, uTO JJsA PELIETOK
BO3MOXKHO 230 BapuaHTOB COUETAHHs 3JAEMEHTOB CHMMeETpHH. IDTH
COYETaHHs TOJAYYHJAH Ha3BaHHsl (PedOposCKuUX epynn CUMMETPUU.
KomGuHanuii 371eMEHTOB CHMMETPHH /IS KPUCTAMJIN4YEeCKHX DEIIETOK
sHauuTeAbHO Gogpme (230), ueM 1/ BHeWHHUX (HODM KPHUCTANIOB
(32), BcnencTBue nosiBAeHHST NONOJHUTEAbHEIX 3J€MEHTOB, Xapakre-
PH3YIOLIHX BHYTPEHHIOW CHMMETPHIO KPUCTAJIOB.

Jl106yio Kpucrananyeckyio pelleTKy MOXKHO paccMaTpHBATL Kak
COCTOSAILYIO W3 3JIEMEHTapHBIX fAYeeK. DJeMEeHTapHOH Auel-
KO# Ha3bIBAWT Ty HaHMEHbIIYIO YacTbh KpHCTAaX-
Aa, KoTopas HMeeT Bce OCOOGEHHOCTH CTPYKTY-
DB, XapakTepHbe RO JHaumHO# pemertkn Ha puc 114
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H300paxeHa KPHCTAJJHYECKAs pelleTKa MeTaJJHYeCKOTo HaTpHi, B
KOTOpOIf INTPHXOBKOH NOKAa3aHa OJHA W3 371eMeHTAapHHIX syeeK. ie-
MEeHTapHad fAueilka mpeAcTaBJsieT coGoil mapaifienenunem, mepeMe-
Ias KOTOpbIH B HaNpaBJNeHHH KaXXZOH H3 TpeX KOOPAHHATHBIX oceil
X, Y U 2, PacmoIOXKeHHBX INapa/ielbHo peGpaM (GHUTYPH, MOXKHO
MOCTPOHTE KPHCTA/VIHYECKYIO pelleTKy. DTa onepanusi HaNOMHHaeT
nostyyeHHe KHPIHUHOH K1aAKH. [IIHHK peGep 3JeMeHTapHOro napaig-
Jdelenunexa, o6osHadaeMble GykBaMu a, b H ¢ (UM COOTBETCTBYIOT
KOODIUHATH X, Y H Z), HA3bIBAIOTCH NApameTpamu fA4elxu. diemen-
TapHYIO A4eflky MOMKHO TOJHOCTBbIO 0XapaKTepH30BaTb, yKa3aB Be-
JIHYHHE! pebep napaJiienenunesna, yrios Mexkay HOIMH H KOOpJHHAaTH
aToMOB B siyellKe; MOC/TeAHHE OOBIYHO BHIPAXKAIOT B AOJAX COOTBET-

Puc. 114. Kpucraiannueckas pelieTka HaTpHs (BHeJeHa OXHA 3ie-
MeHTapHas fuefiKa)

CTBYIOLUHX mapaMerpos sueiikd. Ha puc. 115 B xauectse mpumepa
MOKa3aHbl 3/71eMeHTapHble AUelKH MeAH H HaTpHA. B mpHBOAHMBIX HH-
XK€ OMCAHHAX CTPYKTYDP BellleCTB HHOTJAA AJIsA GoJbluell HarMALHOCTH
NIOKa3aHbl HEKOTOPLIE aTOMBI, KPOME TeX, KOTOpbie 06pasylor aeMeH-
TapHYIO AuelKy.

PaccmatpuBas cTpoeHHe KPHCTA/MIHYECKHX BEUIECTB, HYMKHO pas-
JHYaTb TOHATHA O CTPYKType H CTDPYKTYpDHOM THIEe.
CTpyKTYpHBIHi THI' XapaKTepu3yeT OTHOCHTEJIbHOE pacroJsoxeHue
aTOMOB B NDOCTPAHCTBe Ge3 yKasaHHA DACCTOAHHH MeXAy HHMH.
Korza Mbl XoTHM 0XapakTepH30BaTh CTPYKTYPY TOro WJIH HHOTO Be-
WeCTBA, TO, KPOMe CTPYKTypHOrO THIA, AO/KHHL yKasaTb TaKikKe
napamMeTpel djeMeHTapHoi suveiiku. Haumenosanue crpykrypHoro
THIIA [2eTCA MO OAHOMY H3 BEIIECTB, HMEIONIMX pelIeTKy AaHHOrO
Tdna. Bosbiloe YHCIO CTPYKTYP MOXKET OTHOCHTBLCH K OXHOMY H TOMY
XKe CTpyKTypHOMY THNy. Tak, HanpuMep, MHOrHe MeTaLIb 06pasyior
KPHCTa/bl, MpUHAAJMEKalHe K CTPYKTYPHOMY TUNY MarHus. Huxe
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ONHCaHsl HEKOTOPBble CTPYKTYpHHEIE THIBI, XapakTepHeie /s HeOpra-
HHYeCKHX BelecTB. :

HauneM paccMOTpPEHHE CO CTPYKTYp MeTasnoB. Kax yxe ykasH-
Bamnock (cm. crp. 10), Ans 6ObUIMHCTBA METANIOB XapakTepHa MaK-

- — — —

Puc. 115. DemenTapHas sidefika KPHCTAMIHUECKOH DPEIIETKH:

a — MeAu (KyGuueckasi rpaHeleHTpHPOBaHHAsA pemeTka); 6 — HaTpus (KyGuue-
cKas Oo6beMHOLEHTPHDOBaHHas pelleTKa

CHMaJbHO IJIOTHAs ylakoBKa dacthil. CyuecTByloT 1Ba BapHaHTa
naoTHeiwel ynaxoéKky cdepHuecKHX TeJ — xKyOHueckas H rexcaro-
HaJbHas.

Puc. 116. norsce pacnoo- Piic. 117. Tlnotnas ymakoska
KEHHE ImapoB Ha IJIOCKOCTH IBYX CJOeB I1apoB

[Tpeacranum ceGe, uTo yJa0XKeH OXMH caoi mapos. Toraa Haudo-
Jee TIOTHBIM GYIET uX pacloNoXkKeHHe, MpeACTaBaeHHoe Ha puc. 116.
B 31OoM chyYae KaxABIH II1ap CONMpHKacaerc ¢ IIECTbIO APYTHMH.
Tenepb pacHOJOXHM APl CBEPXY H CHH3Y 3TOro cnos. OueBHAHO,
906 NMOJYYHTH MAKCHMAJbHO IVIOTHYIO yNIaKOBKY, IIapbl BEDPXHEro
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H HHXKHETO CJI0EB CJelyeT paclosarath Tak, 4ToObl OHH MOMAAadH B
yriay0/eHus Mexay WapaMu cpefnero ciaos. Ha puc. 117 n3o6paxe-
Hel ABA €0 IIAPOB; MIAPEI HAXKHEro CJ0Si NMOKa3aHbl MYHKTHPOM,
yriyG/ieHHs, B KOTOpble OHH NONAAAIOT, CAeAaHH TeMHbIMH, Kak BHI-
HO, BO BTOpOM cJ/IO€ IIApOB NOJOBHHA yraybjeHuil ocTraercs Hesza-
HATHIMH IapaMu TEPBOTO CJA0S; 3TH YrayG/eHHs 3alUTPHXOBAHLL.
IIpn pacnonoxenn: TpeTLEro €105 BO3MOMHBI IBA BAPHAHTA: MOKHO
NOMECTHTH WAphl WM B TeMHble YraylJeHHs, WIH B 3aITPUXOBaH-
HLIE; B TEPBOM Clyuae Mbl HMeeM 2eKCA20HAAbHYIO Ynakosky (ee
¢parment nokasax na puc. 118, a), Bo Bropom — Kybudeckyro epate-
yenTpuposannyio (puc. 118, 6). B o6oux cayyadx cremens 3amonme-
HAs MPOCTPaHCTBA WiapaMH ONMHAKOBA M cocTasaser 74,059,.

Puc. 118. TlaoThefiras ynakosKka mapos:
a — rexcaronaanHas; 6 — KyGuuecKas

KoopanHanuonHoe yHClIO aTOMOB M B TOM X APyroM BapHMaHTax
CTPyKTYphl paBHO 12. IIpumepom meraana, umeromiero Ky6HUecKyo
NIOTHEHIIYIO YNAaKOBKY, SIBJISETCS MeLb, [€KCArOHaIbHYIO — MarHHi.

Hexoropeie Meraaiet HMeIOT HHOH THN KpHCTAMIUYECKO peler-
KH — KYOuieckyto 06veMHOYEHTPUPOBAHHYO (s;emenTapHas sigeii-
Ka TaKoH pelleTKu Gblia H306paxeHa Ha puc. 115, 6). Takyio crpyk-
TYPY, B 4aCTHOCTH, HMeeT Xele30 (a-popma xenesa, ycrofiumBan
NpH KOMHATHOH TeMmnepatype). Kak Bumuo us puc. 115, 6, koopan-
HallMOHHOE 4HCJIO B 3TOM Cilyyae paBHo 8. B Taba. 23 ykasawo, k
KaKHumMm CprKTyprIM THIIaM OTHOCATCH peleTKu pa3anuHbIX Me-
TaJJO0B.

Ctpykrypy, cxomuyio c 00beMHOLEHTPUPOBAHHON pelIeTKOH Me-
TaJlJIOB, HMeEeT XA0pud yesus; oHa n3obpaxkeHa Ha puc. 119. B or-
JINIHE OT METAJ/UIMYECKHX PelleTOK 3Ta CTPYKTypa COCTOHMT M3 ABYX
pasnnuHplx BHAOB yactuy — HOHOB Cst u Cl-. KoopauzaumnoHHOe
YHCJ0 A/ TOrO M APYroro Buja HOHOB B 3TO# CTPYKType paBHO 8.
M3 puc. 119 Buano, uto non Cs+ okpyxen 8 nonamu Cl-. Boxpyr
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Ta6anupa 23
Kpucrannnueckas cTpykrypa Meranios

Li Be
3 2
Na Mg
3 2
K Ca Se Tt V. Cr Mn Fe Co Ni Cu Zn
3 ;2 L2 2;3 3 3 — 53 ;2 L;2 1 2
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd
3 1 2 23 3 23 2 1;2 | 1 1 2
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg
3 3 L2 23 3 3 2 1;2 1 1 1 —
OGo3naueHHn: | — KyGHuecKas mwioTHeAMas ymakoBka; 2 — reKcaroHadbHas mJoOTHefimas

YnakoBKa; 3 -— OObeMHOUEHTDPHPOBAaHHad KyGuuecKas pellleTKa.

kaxcJoro u3 HoHos Cl~ aHasornunbIM 06pa3om pacnojaralorcs 8 Ho-
HoB Cs*, w3 nux Ha pHc. 112 mpemcraBiien TONBKO OJMH, Haxons-
wuiica B uentpe adefixn. Ocranpuble noHbl Cst j1exar 3a npenenamu
3TOH AYEHKH.

Puc. 119. Kpucrasiuueckas CTPYKTypa XJOPHAA HE3HA
CaerJible mapbl — HOHbI Cs+; TeMable — HoHbl Cl™ . CrneBa nokasana suefika CsCl

Unyio crpykrypy umeer xa0pud narpus. Ona n3obpakena Ha
puc. 120. Pacnonoxenue HOHOB OAHOTO BHAa (HaNpHMep, HOHOB
CI-) B ctpykrype NaCl takoe xe, KaK 1 OpH KyOHuecKkoil MJIOTHell-
uledl yNaKOBKe — 3TH HOHBI HAaXOAATCHA B yryiaXx Ky6a W B IleHTpax
KaxJoH ero rpanu. B meHTpe 3T0ro Ky6a HaXOAMTCH HOH HATpHS;
Jpyrue HOHbI HATPHs pacliojiaralorcs HocepernHe pebep kyba; Bce
BMecTe OHH 00pa3yloT TaKylo Xe CeTKy, KaK M HOHBI xJopa. Koopau-
HaUMOHHOE 4YMCA0 Kak AafA noHoB Nat, tak u ais nonos Cl— 3iech
paBHO 6; BOKpPYr KaxKJOro HOHa pacmojaraercs 6 HOHOB APYroro
3HaKa, 00pa3ys mpaBHIbHBIH OKTA3/p.
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Crpykrypubie Tunsl NaCl u CsCl aBasiorcsi 10BOJIBHO INHPOKO
pacnpoOCTPAHEHHBIMH CPelH CTPYKTYyp HeOpTaHHYeCKHX BelIeCTB, B
yacTHOCTH, BCe TaJUAbl IeIOYHEIX METaJyIoB HMEIOT CTPYKTYPH, IpH-
HamjexaiHe K 3THM THIaM. B OGHYHBIX YCJIOBHSAX DeIleTKy THIa
xnopuna uesus umerr CsCl, CsBr u Csl, ocranpHble ranuasl uee-
J0YHBIX MeTam10B uMeloT cTpyKTypy Tuna NaCl Ilpu ouenb BHICOKHX
[aBJeHHAX €CTECTBEHHO OXKHAAThb MOJUMOP(HBIA Iepexon OT CcTPyK-
typet NaCl k Gonee miotnoit crpykrype CsCl. HeaaBno 310 Oblio
YCTAHOBJEHO ONBITHBIM TyTeM JJIs MHOTHX Ta/JHIOB ILIENOUYHEIX Me-
TaJIJIOB.

Puc. 120. Kpucranmuyeckas pemerka NaCl
CBeTable wWapel — HOHK Na+t; Temusle — noHm Cl—

Psn npocTHX BelleCTB (KpeMHUi, TepMaHHH, cepoe 0J0BO) HMe-
eT KPHCTa/UIMYeCKHe DEIIETKH, MPUHalJexale K CTPYKTYPHOMY
Tuny aamasa. Sluefixa TakoM pemeTKH Hsobpaxkena Ha puc. 121
B anmase kaxkIH# aToM yryiepolia CBsI3aH YeThHIDbMS KOBaJEHTHHIMH
CBA3SIMH C YeTHIPbMS APYTHMH atoMaMH. fluefika 3TOA pemeTKd MO-
CTpoeHa chaeldyiouuM obpasoM. K rpaHeneHTpHpOBaHHOMY KyOHue-
ckoMy pacnonoxenuio 14 aromoB noGasaserca eue 4. Ilocaennue
HaxoZATCs BHyTpH Ky6a B IleHTPEe TeTPasApoB, 0OPa3oBaHHBIX aTo-
MOM, HaxoNslMMcsl B BepliuHe KyOa, H €ro Tpems OGuaHxaAIIUMH
cocellsIMH, PaclONOXKEHHBIMH B LeHTpaXx rpaned. Koopaunaiuontoe
YHCJAO ATOMOB B pellleTKe ajiMasa PaBHO 4.

Pemetke ajiMasa NON0GEH CTPYKTYPHOUL TUR charepuTa — OTHOR
u3s Moxudukaiuit ZnS. Pemerka cdanepura u3obpaxena na puc. 122.
CTpyKTypy 3TOI'0 BeWIeCTBA MOXKHO TOJYYHTb H3 CTPYKTypH anvasa,
ecJiH TMOJOBHHY ATOMOB yIJiepofia B pellleTKe aJMa3a 3aMEHHTb aTo-
MaMu ZI, a APYTylo NOJOBHHY — atoMaMH S (cpaBaure puc. 121 n
122). CrpykrypHbii THI cajepuTa XapakTepeH s OHHapHBIX CO-
eIHHEHHHA, TIe CyMMapHOe UHCJIO BaJEHTHBIX 3JEKTPOHOB aTOMOB
Takoe e, KaK H y yriepona. Tako# cTpykrypo#t o6nanaior, B yacr-
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soctH, SiC, BN (kyGuueckas ¢opma), AlP, InAs, InSb, GaAs,
CuCl. CymMa uncesl BHELIHHX 3JIEKTPOHOB aTOMOB, 06pa3yloLIUX 3TH
BelecTBa, paBHa 8.

Puc. 121. Ctpykrypa anmasa Puc. 122. Ctpykrypa cdanepura
MaJsieHbKHe 11apbl — HOHBI Zn2+; Gosbluge —
voubl S27

Crpoenue npyrofi Moguduxauun ZnS — sr0pyura — NOKa3aHo Ha
puc. 123. B mpencrasiieHHOM (parMeHTe pellleTKHM aTOMBl OJHOIO
BHJA PACNONAralorcs B yraax IIeCTHIPaHHOH NPHU3ME, B I[EHTPAX ee

Puc. 123. Crpykrypa Bropunta Puc. 124. CrpykTypa npna

BoabllAe mapul — youst S27; Mma-
AeHbKHE — Hount Zn2 T

BepXHeH M HHMXKHeH rpaHell W BHYTDPH TPeX M3 LIECTH TPeXTPaHHBIX
{IpH3M, COCTAB/IAIOLINX PACCMATPHBAEMYIO LISCTHTPAHHYIO MPH3MY.
AToMBI Apyroro BHIa HaXonsTCH Ha GOKOBHIX pefpax BCeX LIECTH
YKa3aHHHIX TPEXTDAHHBHIX NPH3M, 4 TAKXKe BHYTPH TeX H3 HHX, Ile
HMEIOTCS aTOMH JPYroro jeMeHTa.
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Pacmosoxenne yacTHIl B CTPYKTYpe BIODIHTA TaKOBO, YTO KaxK-
AbIA aTOM OJQHOrO 3JeMeHTa OKDYXXEH TeTPasAPHUYECKH 4YeTbiPbMS
atroMaMH apyroro sajgemenTa. Takum o6pa3om, B OTHOLenNy GauxKaii-
1Iero0 OKpy:eHHA CTPYKTYPH BIOpUMTA U cpanepuTta He oTaMualoTCo.
Pasnnyne 3THX pelleTOK COCTOMT B TOM, YTO PACHOJOXKeHHe ORMHA-
KOBHIX aTOMOB B c(ajepuTe Takoe xe, KaK B KyOMUeCKOH nJorHeii-
lie# ynakoBKe, a B BIOPIIUTe — KAaK B TeKCATOHAJBHOM.

ARanoTHYHO BIOPUMTY TIOCTPOEH Jel. Ecan Mbl 3aMEHMM aTOMHI
UMHKA M Cepbl B BIOPUUTE MOJEKyJaMH BOABI, TO MOJYYHM HX pacro-
JOXXeHHe B CTPYKType JAbja. PparMeHT 3TOH CTPYKTYPH NOKA3aH Ha
puc. 124. Kaxnaa Monekyna B CTPYKType Jibaa cOeJHHeHa BOAOPOJ-
HBIMHM CBSI3SIMH C YeTHIPbMS APYTHMH; BORODOXHBIE CBSI3H MOJEKYJ]
H;O umeroT TeTpasnpuyeckylo HanpaBJeHHOCTb, O0GYCJOBIEHHYIO
TeTpasApHUeCKHM pacnoJiokeHHeM Sp3-ruGpunnslx op6uTaseli atoma
KHCJIOpOJa, AB€ M3 KOTOPHIX [AI0T KOBAJEHTHYIO CBA3b C aTOMaM#
BOMOpOAA, a4 ABe ApYrue 3aHATH HeNOJEJEHHBIMH 3JEKTPOHHBIMH
napaMH, KOTopble NPUTATHBAIOTCS HOHAMM BOJZOPOAA COCEJAHHX MoO-
nexkya HeO. Ha puc. 124 yepuble Kpy»KKH IOKa3bIBAIOT TOJIOXKEHHE
Boaoponaa, a ITPUXOBKA — 0671acTb, FAe COCPeAOTOUEH OTPHHATE]b-
HBIR 3apAz.

Kax Bunno n3 puc. 124, xpucrannuyeckass CTpyKTypa JbJa HMe-
€T NOJOCTH, YTO OOYCJOBJNBAET €ro HH3KYI0 MJIOTHOCTb, MEHBINYIG
IJIOTHOCTH BOAHL. IlosocTn B KpHCTaannyecKOR pelleTKe JAbJa MOTYT
ObITb 3aMOJHeHBl APYrUMH MoJaekyaamu, Hanpumep CHy, H,S, ogno-
ATOMHBIMH MOJIeKyJaMu 6JaropofiHbiX Ta3oB W T. I.; B pe3yibTaTe
o6pasylorcd cBoeoGpasHble xHMHueckue coexnHenus. CoenHHenus,
nojyyaeMble B pe3yJbTaTe BKJIOYEHHS B IOJOCTH KPHUCTANTHYECKOM
pelleTKH MOJEKYJ NDPYTHX BelLIecTB, Ha3blBAOTCH KAATPATAMU.

Kak Mbl yBuauM B pajbHeiilieM, B XKHAKOH BOAE COXPaHAIOTCH
(dparMeHTbl KPHCTAJIHYECKOH CTPYKTYpHl JbJAa, H 3TO OODBsACHAET
MHOTHE ee CBOHCTBA.

Mul onucann HeCKONbKO CTPYKTYPHBIX THIIOB BelllecTB O6LIeH
topmyasl AB — Ha 0MH aTOM ORHOrO BHJA NPHUXOAUTCH OJHH aTOM
Apyroro supa. PaccMoTpuM Tenepb ABa Npumepa CTPYKTYD BeLIECTB
¢ ¢opmyaoi AB..

B crpyxkrype ¢payopura CaF, (puc. 125) 8 uonos ¢ropa, pacno-
JIOXKEHHBIX B BepIIMHAX Kyba, HaxOmATCHd B OKpyxeHun 14 wHOHOB
Kaabuus, 8 M3 KOTOPHX 3aHUMAIOT BePIIMHB ¥ 6 — LeHTPH TpaHed
gonpmoro kKyba. B wu3o6GpakeHHOil 3neMeHTAapHOH siuefike HOHOB
Kaabuus G6oabiue, 4yem HOHOB ¢ropa. OnHako Bce HOHBI ()TOpaA MpPH-
HaJlJIeXXaT TOJbKO NaHHOH sAyeHKe, IOCKOJbKY OHM HAaXORATCA BHY-
TpH Hee. Bce HOHBI Kaabuus, HAao60pOT, MPHUHAAJIEKAT HE TOJBKO
DAHHOH siyedKe, HO W JADPYrUM, cocegHUM. MoHb, Haxoasiuecs B
BepIIMHAX KyOa, OJHOBPEMEHHO «OOCHYXKHBAIOT» 8 AyeeK; Pacnojo-
XKEeHHble B IleHTpax rpaHeil —2 cocenHHe sueiiku. TakuMm o6pasom,
Ha 8 monoB (propa mpuxoxurcs B cpexHeM 8- —;+ 6- —;— = 4 noua
KaJdbuusi, 4To U cooTsercTByer popmyae CaFoe.
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Jpyro#t pacnpocTpaHeHHOH CTPYKTypoil coeauHenuil suga AB,
apaserca crpykrypa pyrusa (TiOp) (puc. 126). B snemenrtapuoit
suedKe DPYTWiIa aToMbl THTaHa 06pasyloT 0ObeMHOLEHTPUPOBAHHBIHR
NPSMOYTONBbHBIN mapaJJesenune] ¢ KBaApaTHBIM OCHOBAHHEM — HC-
KaxeHHBIH KyG. ATOMBI KMCJIOPOAA pPACHOJIOKEHH HAa JAHATOHAMAX.
B namHo#i cTpyKType Kax/blii aTOM TUTAaHA OKPYKeH 6 aToMaMu Kuc-
Jopoja, o6pa3ylomMy BOKPYT Hero NpaBUJbHBIE OKTA34p, a KaxK-
OB aTOM KuCJaOpOda HAaXOJMTCA B LieHTPe pPaBHOOeINpeHHOTO Tpe-
yroJbHUKA U3 TPeX aToMOB THTaHa. Takum 06pasoM, KOOPAUHALMOH-
Hble YMC/J1a TUTAHA M KHCJIOPOAa B JaHHOH CTPYKType paBHb
COOTBETCTBEHHO 6 u 3.

Puc. 125. Ctpykrypa Qayopura Puc. 126. CTpykTypa pyTHIa
CeeTsble wapsl — HOHBE F ; TeM- CgpeTable wapbli — aToMEl O; TeéMHHe — aToMul Ti
Hbié — HOHBI Ca‘2+; KaXAbli HOH @TO*
pa OKPYXEH TETPasAPHUYECKH 4YeThiPb-
M HOHAMH KalibIlHfi, H2 DHCYHKE mO-
Ka3aH MYHKTHPOM OAHMH TaKoi TeTpa-

3ap

TaxkoBbl HeKOTOpHle NMpUMephl KPUCTANJIUUECKHX CTPYKTYp. py-
rue TUNH KPUCTANJIHYECKMX DellleTOK paccMaTpuBalOTCA B Kypce
HeopraHu4yecKod XUMuH.

5. JHepreTHKAa HOHHBIX KPHCTAMI0B. [10CKOIBKY BO MHOTHUX HEOp-
raHHYeCKHX BellleCTBAX XUMHYECKas CBA3b MeXAYy yacTHaMu 6Jau3-
Ka K MOHHOH, 3TOT TUN KPUCTAJJIUYECKUX peHIeTOK IMpelcTaBasaer
0coOblfl MHTepec AJjsi HeopraHuyeckofi xumuu. Dosblioe 3smauenue
HMeeT BeJHMUYHUHA SHeprUU KPUCTAJAJNUUYECKOH pe-
meTkun U; usmepsiemas paGoTOl, KOTOpPYyIO HeoO6-
XOAUMO COBepWHUTHh AJg yJAaJdeHUs COCTAaBJHI0-
IMHX KpPHUCTAaJnad HOHOB Ha OeckKOHeUYHO GONAbIIOE
paccTofdHHue Jpyr of Apyra. Iry BeluiuHy OOHYHO
OTHOCAT K TPAMM-MOJIeKyJe BellleCTBa.

Beauuupa sHeDruy KPUCTAJAJNYECKOH pellleTKH onpefiensieT IpOU-
HOCTh _KPHUCTaJJIOB, UX PACTBOPUMOCTbL U JPyTHE CBOMCTBA. KAk Mbl
yBUAUM HUZKe (cM. crp. 281), 3HAas 3HePrui0 KPUCTALINYECKO
pelIeTKH, MOKHO HAATH 3HEPTHIO B3AUMOJNENHCTBHS HOHOB PACTBOpEH-
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HOro BeIleCTBa C MOJIEKYJaMH pPacTBOPHTENA — 3HEP2UIO COAbBA-
rayuu, OT BEJIHYAHDL KOTOpOﬁ BO MHOrOM 3aBHCHT NIOBEAEHHE BEIUECTB
B pacTBOpax.

SHepFHﬂ KPHCTAVIHUECKHX PEHIETOK MOZKET ObITb HaligeHa u3
3KCNepHMEHTAJNbHBIX JaHHBIX H BblYHC/IEHA TEOPETHUYECKH. Paccmor-
puM cHauaJna €€ LEODETHHGCKHﬁ pacuer.

BﬂepBbIe yPpaBHEHHE JJis1 BBIYHC/IEHHA 3HEPruy KPHCTANIAYECKHX
peweTokK ObLIO noJy4yeHo BOpHOM; OHO MMEET BUA

2129 Nge? 1
U0=a‘—“'£—(1——). (IV.13)
ro n

Kak BuaHO, 3T0O ypaBHeHue orauyaercs oT Gopmyan bopua pas
pacyera 9HepTHH HOHHbBIX Mouaekya {ypasuenne (I11.87), crp. 213]
MHoxkuTeasiMu No u a. TlepBasa BenuunHa siBasieTca uucaom ABorai-
po; OHa BBejAeHA B ypaBHeHHe JJiA flepecuyera 3HePrHH HA MOJb Be-
mecrsa *. Beauunna a HasuiBaercs Kodgpuyuentrom Madeaynea (no
HMeHH HCcJefoBaTess, BhluncauBmero snepssie B 1918 r. sty Benn-
yuny anaa NaCl). Bsegenne 3toro koadduuueHra B ypaBHEHHe
(IV.13) o6ycnoBaeHo TeM, 4TO B KPHCTAIMUECKOH DeLIeTKe B OT/IH-
yype OT HOHHON MOJIeKyJ/Ibl KaxAbl HOH B3aHMOJEHCTBYET He C OLHHM
MOHOM NPOTHBONOJIOXKHOIO 3HAKa, a ¢ 60JblIMM KOJIAYECTBOM NOJIO-
KHUTEJbHBIX M OTPULATEJbHBLIX HOHOB, HAXOIALIMXCA Ha DPasiHYHbIX
PAacCTOSIHUSAX OT paccMaTpHBaeMoro HoHa. [1oscHUM NPHHIMI BBIYH-
clenus kKoaboduuvenra Magenynra Ha npwMepe XJIOpHAA HaTpHs.

PaccMOTPHM OJMH U3 HOHOB HaTPHs 8 KPACTANINYECKOH pelleTKe
NaCl (cm. puc. 120). Kaxaeiit nos HaTpusl uMeeT CBOMMH OJHKai-
IAMU COCeAsiMH 6 HOHOB XJIopa HA PacCTOSHHU r; 3HEPTHA KYJIOHOB-
CKOr0 B3aMMOAeHCTBUS ¢ 3THMH HOHAMH Gyler

e
u1=—6—.
r

Jlanee Bokpyr BbiGPaHHOrO HOHa pacmoJarawrcd 12 noHoB HaTpHd;
paccTosiHMe MEeXJY HHMH M paccMaTpiiBaeMbLIM HOHOM COCTaBJseT
rV 2. IlockoabKy 3TH HOHBl MMEKOT TOT € 3HakK, YTO M paccMarpH-
BaeMblll HOH, SHEpPrHs B3aNMOAeHCcTBHA 3aNHUIIEeTCs

o2
dy = 12 ——

rV2
ClefyOIMMH COCEAsIMU HOHA fBJAAKTCA BOCEMb HOHOB XJopa, pac-

NOJ02KEeHHBIX Ha PaCCTOAHHU f]/3; 3TO Za€T BKJAaJA B 3HEPTHIO B3aH-

MOJEeHCTBHUSA
o2

§——.

rV3<

. * DHeprus KPHCT2/IHYECKOH DEUIETKH ABJSETCS I0JOXKHTENbHOH BeNWIHHOM,
TOCKOJIbKY, COIVIacHO ONPEIEJeHHIO, 3TO IHEP2UR Pa3pyulenus pewerku. Inepzui

oﬁpaaoeaﬂuﬂ peweTky H3 cBOGOMHBIX HOHOB HMEET TY Ke BeJHUHHY, HO OHA OTpH-
1aTeabua.
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B ofmeM BHAe BHIDaKEHHe NJIsi HEPTHH B3aMMOJEHCTBHS MOUZKET
6HITH 3aMHCAHO TaK:

Ug=u1+ug+uzt+---
JlanHBI pAx ABASAETCH CXOASLIMMCH *; BHUMCIUB, TOL00HO TOMY KakK
3TO GBLIO CHENAaHO A Uy, Uy H U3, AOCTATOUHOE YHCJAO UIeHOB, MOXK-

HO HAHUTH, UTO
e2 &2
Uy==—a—=—1,7475 —.
r r

C/eoBaTeIbHO, HePTHsI KYJOHOBCKOTO B3aUMOAEHCTBHA OAHOTO HO-
Ha CO BCeMH JPYrMMH HOHaMH B pelleTKe XJODHAA HATpUA B a Das
npeBbiliaeT 3HEPIHIO B3aHMOAEHCTBHS ABYX OZHO33aPSAHBIX HOHOB,
HaxoAAIuXcA Ha paccrosinuu r. Takum o6pasom, kospduunent Ma-
nenynra a pas NaCl pasen 1,7475. AHaJOTHYHBIM METOZOM MOMKHO
BHIYMCJHTD 3TH BEJHYHHB M M APYTHX KPHCTAMIHUECKHX PelleTOK.
3nauenus KosdduunentoB MajenyHra A HEKOTOPHIX THIOB KpH-

CTaJAJHYECKHX CTPYKTYpP MpHBeAeHH B TabJa. 24.
Tabaouma 24

KoadduumesTt Magenynra @ ajs HEKOTODHIX THNOB KPHCTAJJIMYECKHX DeuleTox

CTpyKTYpHHA THR dopMmyna Koopruranmonsoe 4Hcx? a
X7IOpHR HATDHA . . . NaCl Na 6; Cl A 1,7475
Xnopna uesus . . . . CsC1 Cs 8§ Cl 8 1,763
Cdanepur . . . . . . ZnS Zn 4, S 4 1,638
Biopuur . . . . . .. ZnS Zn 4; S 4 1,f41
dTOopux Kanbuusg . . . CaF, Ca 8 F 4 2,520
Pyran . . . . . . .. TiO, Ti 6 O 3 2,408

ConocraBnenne ypapuenus (II11.87) mas pacuera 3Hepruu cBasu
B HOHHOH MoJekyJie H ypaBHenus (IV.13) mas pacuera 3HepTuu KpH-
CTAJIHYeCcKoH pelleTKH MOKa3hlBaeT, YTO €CJd NpeHe6peub CpaBHU-
TeJbHO HeOOJbIIMM H3MEHEHHEM ro IPH INepexoie Tra3o06pasHbIX
MOJIEKYJ B KPHCTAJJ, TO MOXKHO CYHTATh, UTO IHePrust oOpa3oBaHus
KpuCTalda U3 HOHOB B @ PAa3 NpPeBHIIAET IHEPTHIO 06pa3oBaHUs
COOTBETCTBYIOIIEro YHCAa HOHHBIX MoJdekya. Kak BuaHo U3 Taba. 24,
ko3pdunuentt Magenynra Goasume egununpl. [lostomy obpasosa-
HHe KPHCTaMJa U3 HOHHBIX MOJIEKYJ CONPOBOXKAAETCS BHIAEIEHHEM
3HAYMTENBHOTO KOJHYECTBA SHEPTHH H, Ha0o6OpOT, NpeBpallieHle KpH-
cTajsla B ra3 (COCTOSIIMH M3 MOJIEKYJ), T. €. ero cyGanMauus, Tpe-
Gyer 60AbIIOH 3aTpaTe sHepruu. [103TOMY HOHHDBIE KPHCTAILL UMe-
IOT BEICOKHE TeMIleDaTryphl NJAaBJAeHHA W OOJAbLIHE TENJAOTH CYyOJIH-
Mailgy.

* Pan HaspiBaeTcA CXOAMIIMMCS, KOTAa NPH YBEJMYEHNH YWCJIAa UJNEHOB HX
aareSpaHYecKas CyMMa CTPeMHTCS K ONpefeseHHOMY Tpejeny.
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OHeprusi OTTaJKHBAHHA 3JEKTPOHHHX oGoaouek Us («6opHoB-
CKO€ OTTAJKHBaHHe») OBICTPO YMEHbIIAETCH C PacCTOSHHEM Mexay
YaCTHLAMH, MO3TOMY NpH €€ BBIUMCAEHHH MOXHO OTDAaHMYHTHCS pac-
CMOTpEHHEM B3aHMOMAEHCTBHA HOHA TOJNBKO C OMUNKANIHUMH Coceds-
MH, KOTOpble HaXxozarcsa Ha pacctosuuu r. TloaToMy MoxHO Ha-
faucaThb
N0?122€2 4 NoB

r rt

U=U+Us=—a (IV.1hH
Beanunna B onpenensieTcs M3 yCJAOBHSI PaBEHCTBA CHJI Ha paccrod-
HHH ro TaK e, KaK 3To OblJI0 ONHCAHO Ha cTP. 212; B pesyabrare
noayuaercs ypasHenne (I1V.13).

Bxoasimu#t B ypasnenne (IV.13) kosdduunent 6opHosckoro or-
TANKUBAHUS 7 HAXOAAT H3 JNAHHBIX II0 CHUMAEMOCTU KPHCTAJIOB,
paccMOTPHM NPHHIHUI 3TOMO pPacyeTa.

Tlon ckumaeMOCTbIO KpHCTalJa % INOHHMAIOT OTHOCHTEJAbHOe
yMeHblleHHe 00beMa, TepeCUHTAHHOE HA €IHHHLY IPHIOKEHHOTO
JaBaeHus P, T. e.

! ﬂ 1V.15)
Vv o ap’ av.

Ilpy cxxaTHM KpHCTa/daa NPOHCXOAHT CONHKEHHE HOHOB — yMEHb-
maercst r, Bxoasuiee B ypasrenne (IV.14). OueBupHO, 06BbeM MO/aA
KpHCTaJ/Ja NPONOPLHOHAMEH KyOy MEXKHOHHOIO PAacCTONHHSA, T. e.

V = Br3; (IV.16)

KO3(UHHEHT NPONOPIHOHAJbHOCTH B JEeIKO HAHTH M3 reoMeTpHue-
CKHX COOTHOIIEHHMH, €CJH H3BECTEH THII CTPYKTYpbl KDHCTAMIA; AJS
kpucraanos Tuna NaCl p=2 N,.

YMeHbLICHHe 7 NPHBOAHT K H3MEHEHHIO NOTEHIHAJbHOH 3HEDPTHH
dU; npupaBHuBas 310 H3MeHeHHe pabGore PdV, coBepmaemoil naB-
JIeHHEM, HMeeM

— dU = PdV,
103 TOMY
b AU
- av
u
d a2
ap U . (av.17)
av dave

Takum o6pa3oM, C:KHMaeMOCTb KPHCTAJa, ONpeje/seMas COOTHO-
wendem (IV.15), Moxer GbITb BHIpAKE€HA 4epe3 BTOPYIO NPOH3BOA-
HyI0 IOTEHIHAJbHOH 3HEePTHH HOHOB 110 00beMy.

ITockonbky umetorca coorHomenus (IV.15) u (IV.17) u usse-
CTHO TaKKe BblpayKeHHe A5 MOTEHLHANbHOH 3HEPTHH HOHOB B KpH-
craaae (IV.14), To MOKHO IIPeACTABUTD CKHUMAEMOCTh KaK PYyHKIHIO
ro ¥ n. IlpoBeneHHe COOTBETCTBYIOIUX BbIK/IAJ0K, KOTOPHE HECMOK-
Hbl, HO I'POMO3KH (MO3TOMY OHM 31eCb He IPHUBOAATCA), JaeT IAs
KpuctaanoB tana ATB— Belpaxenue
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(IV.18)

OTKYAa MOXHO BBIMHCIUTD 7, €CJU U3BECTHH % H ro. CKUMaeMOCTb
KPHCTAJIJIOB % MOXET ObITb ONpejesNeHa 9KCHePUMEHTadbHO. TH u3-
MepeHHs NO3BOJMJH HAHTH 3HaueHuss n, NPUBEeJeHHble Ha crp. 212.

PaccMOTPUM Tellepb BHIYMCTEHHe SHEPTHH DeleToK H3 9KCIIepH-
MeHTaJbHBIX AanHHX. st STOTG Tpebyercs 3HAHUE SHEPTETHISCKAX
3QPeKTOB psia NpoOLeCcCoB, COBOKYNHOCTb KOTOPHIX MOMKET GbITh
MpeiCTaBleHa CxeMO#, HasbiBaeMoli yuxaiom Bopua — Fabepa. Pas-
GepeM 3TOT LUK Ha PUMepe XJIOPUAA HATPHUA:

AH

c)’fﬂ> N Na )
Na (B) 5.0 a(ras) 118,6_) Na+ (ras)
+ —180.4—Uo> \NaCl (vB);
B 7 e ~Eai / )
e _— —_ _
5 Cly (raz) 2.9 Cl (ras) _907 Cl— (ra3s)
.............. A ogy
' — 98,4

B 5rOoM LuKJIE Mbl MBICICHHO NEPeXOAHM OT TBEPAOTO MeTauIHue-
CKOTO HAaTpHs ¥ ra3006pasHOro xjopa (/1eBasi YaCTb CXEMBI) K KPH-
CTaJTMUECKOMY XMOpPHAY HATpUS (NpaBas YacTb CXEMbl) ABYMS Iy-
T5iMH. [1epBEI# COCTONT B npeBpauennn HaTpus u XJ0pa B COCTOSTHHE
Honos Nat u Cl~ u o6pasosanuu u3 HHX TBepaOro XJIOpHAa HaTpHs.
B cooTBercTBuM ¢ ONpeleneHHeM NOHATHS <3Heprus KpHCTadnuye-
CKOH pemreTku» npH ob6pasosanun NaCl us razoo6pasHbX HOHOB
BBIAC/IACTCA 3HEPTusd, paBHasg no abcomotHoli Beamuuse Uy s
NoJyueHHst HOHOB HATPHs TpeOyeTca NPEBPATHTh METAJNTUYECKUH Ha-
Tpuit B nap. Ha sro sarpaumsaerca temmora cyGaumanmn AH g6,
BEJTHYMHA KOTOPOH MoxKer OBITh ONpefesieHa TePMOXHMMUUECKAMHU Me-
TOJaMH. 3aTeM HYXHO NOABEPTHYTb aTOMB HOHH3ALUH, UTO Tpebyer
3aTpaThbl SHEPTUH HOHM3ALUHH [/Na, KOTOPAS TaK¥kKe MOKeT GblTh U3Me-
pena (cM. crp. 54). JIas noayueHUS HOHOB XJ0opa HeoO6X0AUMO
CHaua/na pasopBarte cBsi3b B Moaekynae Cly; Ha moayueHHe OZHOTO
aTtoMa xJopa norpebyerca 3arpara !/; Ecy (06 onpegeseHds IaHHOH
BETHUHHB CM. CTp. 139); sareM K aToMy X/10pa HYKHO NPHCOELHHUTD
3JCKTPOH, OTOPBAHHHA OT aToMa HATPHsl; NPH 3TOM BHLAEJSIETCS
3HEPTHsE JJEKTPOHHOrO cpolcTBa Eq.

Bropofi nyrb HemocpencTBeHHO NPHBOAHT OT XJI0pa ¥ HaTpuA K
kpucrasapieckoMy NaCl. Tennosoit addekr gannoro npomnecca cpas-
HHUTEJBHO JIETKO MOKer ObiTh H3MEPeH — 3TO TemIoTa 00pasoBaHHUs
XJ0opula HaTpHA H3 npocThix Bewects AHqgp.

Cornacno sakony Iecca, TensoBoit 3dhekT He 3aBUCHUT OT nyTH,
10 KOTOPOMY NPOXOJHUT MPOLECC, a ONpefeNsIeTCs TOMbKO HAYa bHbIM
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i KOHEUHbIM cOCTOSIHHSIMH cucreMbl. ITockoabky B oBoux paccMmor-
peHHBIX BapHAHTaX MPOLECcCa KOHEYHOe H HAYa/IbHOE COCTOHHSA O1H-
HAKOBBI, TO CyMMapHEIH 3HepreTuueckuil 3peKT Nepsoro nyTH pasen
TenaoBoMy 3ddekTy BToporo — reniiore o6pasosanus NaCl us mpo-
CTBIX BeleCTB. TakuM 00pa3oM, Mbl MOXKeM 3alHucarh:

1
AH j6p = AH cygn + Iy, +"5‘ Een—Eg —Uh,

OTKyJA

U0=_AHO6P+ AHC}’6J£+INa + ECB—ECl‘ (IV-IQ)

1
2
Bce BeiHUMHBI, CTOALHe B IpaBofl 4acTH ITOrO COOTHOIIEHHS, MOTYT
6biTb H3MepeHbl; TAKHM 0GpasoM, MOXKeT OBITh Hafi/leHO 3HAadeHHe
Up. B npuBeleHHOM Bblllie IHKJE Bopna —'abepa mns NaCl yxka-
3aHbl 3HepreTHueckue apdex-
THI [1/1 BCeX HAlHCAHHBIX IIPO-
leccoB (B KKaa).

W3 BeanunH, BXOASIIHX B
nuka Bopna—Tabepa, Hau-
fosee TPYAHO H3MEPHTH 3JieK-
tponHoe cpoactso E. ITosTomy
BHauajie 3TOT IIMKJ HCIOJb30-
Bajcsi He JNS HAaxXOXAeHHS
3Heprufl KpHCTAMIHIECKHX pe-
IIeTOK, a [Jisi ONpefelieHust
9JICKTPOHHOTO CPOACTBA; 9HED-
[Usl pelLieTKH B 3TOM CAydae

‘ . L L L BHIUMCIAJACH  TEOPETHYECKH
oo 600 0 (,;f’,’f,’(,,,,,,%’,,"b no Merony Bopra. B maapneil-
Puc. 127. BaaumocBsi3p 3Heprufl pelie- meM, Koraa Gbmm paspaGora-
TOK coeannenuit Kanpuusi (U;) u crpon-  HbI METO[bl SKCHEPHMEHTA/Ib-
uns (Uyp ) HOI'O OmpeAeNieHHsi 3JeKTPOH-
HOTO CPOACTBA, 0Ka3aJoch, 4TO
Beanyunbl E, HafiieHHHE H3
TEOPETHUECKHX 3HAYeHHH 3HePTHil PellieTOK, JOBOJNIbHO GNU3KH K IKC-
nepuMeHranbubiM. TakuM o6pasoM, Teoperuueckuit pacuer Up mis
HOHHBIX KPHCTAJNHYECKHX pellleToK AaeT NPAaBHJAbHLIE BeJHYHHBLI.
Pasnuna Mexay TeopeTHuecKHMH 3HaueHHIMH Up u Beanunnamu U,
BbIYHCJIeHHBIMHE K3 uuKaa Dopra — ['abepa, ans ranuaos meao4HbX
METaJJIOB COCTABJSsET HECKOJbKO NPOLEHTOB, AN cojedl MHOroBa-
JIEHTHbIX ME€TajJoB OHa Oojblie. DTO MOXKHO OOBACHHTh HaJAHYHEM
ONpepe/eHHOM [[0JH KOBAaJEHTHOH CBSI3H B 3THX COeJIMHEHHSX.
3HaueHHs] 3HEPTUH KPHUCTAMIMYECKOH DeHleTKH /5 HEKOTOPBIX
coefuHeHHH, HafiAeHHble W3 3KCIEePHMEHTAJbHBIX AaHHbIX, MpHBEIe-
Hbl B Taba. 25. Kak Buano, nag cojell, COCTOALNX H3 OMHO3apsAIHbBIX
HOHOB, 3TO BeJIHYHHB nopsigka 200 xkaa/morb; NJsl BEWIECTB, COLEP-
KamHKX MHOrO3apsilHble HOHBI, OHH 3HauHTeJbHO Goabwe. [lapaasne-

Uy, nxa@n/moss

800 +

700

s00 1

J00+

400
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au3M xoxa U, B psilax CXOJHBIX BeleCTB HJAJIOCTPHPYETCH COIMO-
craBAeHHeM, IpHBEJEHHBIM Ha puc. 127,

O6a Merona HaxOX/IeHHS 3HEPTHH pelieTKH — 3KCNEePUMEHTAJb-
HEIl H TeopeTHYeCKHH — TPeOYIOT NaHHHBIX, NOJyueHHe KOTOPHIX CO-
NpSAXKEHO ¢ oNpeleJeHHBIMH TPyAHocTAMH. Tax, AJAS BHIUHCIEHHSA
Kospduurenra Majeaynra HeoO0XOAHMO 3HAaThb KPHCTANJIHYECKYIO
CTPYKTYPY BelecTBa, KOTOpas onpelensieTcss IOCPEICTBOM CJAOXKHOM
pacmudppOBKH peHTreHOrpaMM KPHCTAJJIOB, a TaKkKe BETHUHHY CXKH-
MAaeMOCTH ¥, H3MEPeHHe KOTOPOH CBsI3aHO C TEXHHKOH BHICOKHX 1aB-
JeHH#H, ROCTYNHON JMHIUL HeMHOruM JaabopartopusaM. ITostoMy mupo-
KO HCNO/b3yeTcsl ypaBHEeHHe, NpelJoKeHHOe NJIsi pacueTa 3Hepruii
pewetok A. ®. Kanycrunckum; Beludcaenne Us mpu moMouid 5Toro
ypaBHeHHs TpeOyeT 3HaHHS TOILKO HOHHBIX PaTHYCOB.

TaGauua 25

JHeprus KPHCTAJIHYECKHX PEMIeTOK HEKOTOPHIX BEHIECTB, KKAA/MOAb

Anuou
Katuon - cr— Br— — 02— 52—
Li+ 247 202 191 177
Na+ 219 180 177 165
K+ 194 169 162 153
Rb+ 186 164 158 149
Cs+ 179 156 151 144
Be2+ 826 713 692 670 1080
Mg2+ 689 505 577 553 040 778
Ca2+ 617 525 508 487 842 722
Sr2+ 580 504 489 467 791 687 -
Ba2+ 547 468 463 440 747 | €55
Zn2+ 642 633 620 €70 852
Cdz+ 662 508 593 563 911 802
Hg2+ 624 624 630 940 842
Pb2+ 590 534 528 497 850 732
Mn2+ 589 920 841
Cu2+ 660 9c0 8°0

A. ®. Kanycrutckum 6blI0 3aMeyeHo, 4To Koadduuuenr Mate-
JYHI'a AJSl PASJHYHBIX BemlecTB NPHOJH3HTENBHO TPONOPIHOHAJEH
YHCAY aTOMOB, BXOJSIIIUX B MOJEKYJdy COMH. Belio Taxxke mpenso-
KEHO CUHTATh K03(pduuHeHT GOPHOBCKOrO OTTAJKHBAHHS A OfHHA-
KOBBIM JJISl BCEX COe[lUHEHHH H 3aMEHHTb MeXHOHHOE PacCTOsIHHe g
CYMMOM DalHyCOB KaTHOHa H aHHoHa. Torza ypasHemme (IV.13)
IIpHHHUMAET B

ZrZA2n
Up— A—2 (IV.20)
I'K -+ fA )
rie A — nocTosiHHAs BeJHYHHA; XA — YHCJAO HOHOB, BXOLSMIHX B
¢opmyay conn (nanpumep, aas CaCl, 2n=3); zx ¥ 25 — 3apagHO-
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CTH KaTHOHA M aHHOHA; rx M rp — HUX paauycel. M3 NaHHBIX MO 3Hep-
THSAM KPHCTaJJIM4eCKUX PElIeTOK BelqHunHa A Gblia HakjeHa PpaBHOM
256,1 (ecau Beipaxkatbh Uy B KKaA/MOAb).

HecMmorpst Ha 1O, uTo Popmyna A. ®. KanycTHHCKOTO COREPKHUT
PAA yUpolleHHui Mo cpaBHeHMIo ¢ ypaBHenuem BopHa (IV.13), ona
JaeT He MeHee TOYHbIEe Pe3yabTaTel. DTO OOBACHALTCS, NMO-BUIUMOMY,
TeM, 4TO HeTOUHOCTH, BHOCHMBble yKa3aHHHMHU YNPOIIEHUSAMH, B 3Ha-
YHTeJbHOH CTeleHH KOMMEHCHPYIOTCS OTKJIOHEHHSMM peajbHbIX 3Ha-
yennt Uy OT TeOpeTHUECKHX BEJNHUMH, aBaeMbix ypaBHeHHeM bop-
Ha; 9TH OTKJOHEHHSs, KAK YKe YKa3blBaJoCh, 00yCI0BIEHH HalHUHeM
BO BCeX KPHCTAJJIMUECKHUX BelleCTBAX ONpe/le/IeHHOH 011 KOBaJeHT-
Holl cBsidH. Pacuernl nmo ypaBHeHuio A. ®@. KanycTHHCKOro 4pesBhl-
yalHO TMPOCTH, H OHO IUNHPOKO HCMOJb3yeTcsl B CaMbIX Pa3jHYHBIX
o6nacTax HayKH.

Ffnaaasropas
WHUAKOE U AMOP®HOE COCTOAHMA

1. Crpoenne xupkocred. JKunkoe arperatHoe COCTOSIHHE SBASET-
CS TPOMEXKYTOUHBIM MeXAy KPHCTANNIHUECKHM ¥ rasoo6pasHbiM (CM.
puc. 100). [Toatomy npu BEICOKMX TeMIepaTypax CBOACTBA XKHAKOCTH
NpHOIMKAIOTCS K CBOHCTBAM Heu/leaJbHOro rasa (rie BecbMa 4acTsl
MHOTOKPaTHbIe CTOJIKHOBEHUSI MOJIEKYJN), 1P HU3KUX — K CBOHCTBaM
KPHCTAJJINYECKOro BelllectBa. Tak, ecqd KHAKOCTb HarpeBath IOA
BO3PACTAIOIMM J[aBJeHueM (MHade OHAa MpPeBPaTHTCs B map), TO
MOXHO AOCTHYb TAKOTO COCTOSIHMsSI, NPH KOTOPOM TapoofpasoBaHue
MKUAKOCTH He CONMPOBOXKAAETCH PACXONOM IHEPrHH. JTO COCTOSIHHE
Has3HBaeTCH KPUTUMECKUM, eMy COOTBETCTBYIOT KPHUTHUECKHE TeMile-
paTypa u AaBJeHue, pasHble AJIS PasaMUHbIX BemecTs (cM. puc. 100).
B Kputuueckod TOuKe Bce CBOHCTBA XKMJAKOCTH M mnapa (3Heprus,
NJIOTHOCTb M T. J.) CTAHOBATCA TOXKJAeCTBeHHBIMH. CJeqoBaTeNbHO,
eCcJIM KUAKOCTh NMOABEPTHYTh HarpeBaHHIO NMOJ KPUTHYECKMM [JaBie-
HHeM, TO NPH MOCTHKEHMH KDHUTHUECKOH TeMIepartypel OHa HHueM,
B 4aCTHOCTH,— HH XapakTepOM JBHKEHHS 4acTHIl, HH CTPYKTyPO#,—
He 6Y/eT OTJIHYATLCS OT CBOEro mapa *.

C apyro#l CTOPOHbI, CXOJCTBO KHIKOCTH C TasoM (TepMHUHBI Ta3
¥ Tap caeflyeT CYHTATb CHHOHHMaMu) 1O Mepe IOHHKEHud TeMllepa-
TypHI OCTeNIeHHO ycTynaer Bce fosiee YCHIMBAIOIEMYCH ee CXOACTBY
C COOTBeTCTBYIOIMMH el kpucTaanaMu, OHO cTaHOBUTCH MaKCHMallb-
HBIM BO6JM3M TOukM Kpucrasiudanui. Ho H B Touke KpucTaniusanuu
06a 3TH cocTosiHuA oTauuatorcs **. OQHaKO u3MeHeHHe CBOUCTB Bellle-
cTBa NpH €ro oTBep/eBaHHH (IIaBJAeHHH), KaK MPaBHJIO, HeBeIHKO.
Ha npumepe HeKOTOpHIX MeTalI0B 3TO BHAHO u3 Taba. 26, B KOTO-

* UepThl CXOACTBA Tasa C MKHAKOCTHIO NPOSBJAIOTCH U B TOM, YTO CHJBHO
CKaThHie CMeCH HEeKOTOPbIX a30B PaccjaHBaloTCs MOAOGHO TOMY, Kak pacc/ausa-
{OTCA HEKOTOpPbIE XUIKOCTH, OTPaHHYeHHO PacTBOPUMBIE APYT B ApyTe.

** OnpiTBE MOKAa3aJH, 4TO JaXKe NPH OYeHb BBICOKMX JAABJAEHHAX Pa3iHUHS
B CBOJCTBAX ReleCTBAa B KMAKOM H KPHCTAJJIHYECKOM COCTOAHHUH He HCYe3aloT.
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Ta6bauuma 26
HexoTophie XapakTepHCTHKH DHAa MeTaJJoB B TOYKE MJAaBAeHHS

-7 — X, —
Meraax 10 °C % Pre 100 e -100 X__T3.100 AH_ KkKas/z-ar
I U1s ‘1n *re
Cd 321 4,7 3,4 30,0 1,47
Hg —39 3,6 —2.4 6,4 0,55
Pb 327 4,8 7,7 8,3 1,20
Sn 232 2,8 —6,3 21 1,66

poil MPUBOAATCA OTHOCHTE/bHBIE H3MEHeHHs 00beMa U, TEIIOeMKO-
CTH ¢ H KO3(Q(HUUHEHTOB CXKHMAEMOCTH % NpPH IJIABJEHHH, a TaKkKe
TemnoThl maaBiaenus Affy, Hekoropsix Meraanos. Caenyer noJyepK-
HyTb, YTO aHAJIOTHYHAS KAPTHHA HabJ/iofaercs MIs CaMbIX pasjnu-
HBIX BelleCTs (@ He TOJNBKO MJIA MeTa/IoB) H AJIsl MHOTMX APYTHX
CBOHCTB (@ He TOJBKO MJs IVIOTHOCTH, TEIVIOEMKOCTH H K03 HIH-
eHTa CxHMaeMmocTd). Tax, AaA GoJbIIHHCTBA BeHIeCTB H3MEHEHHEe
ofbeMa NpH KPHCTANIU3ALMY cOCTaBsseT oKoJo 10%. dto o3Hauaer,
YTO MEXYaCTHYHOE PACCTOSIHHE MeHAeTCs BCEero Juib Ha ~ 3%, T. e.
YTO pACIOJIOXKEHHe YACTHI, B XKHUAKOCTH GJH3KO K HX PACIONO0KEHHIO
B KpHCTaJle. BJIH30CTh e TemI0eMKoCTell XKUAKOTO pacnaaBIeHHo-
TO M OTBEPAEBLIEIO BEIECTB CBHAETENbCTBYET O CXOJACTBE TEMJIOBOTO
ABHXEHHS YaCTHI B KHUAKHX U TBepAbIX Tenax. VX sHeprerHueckoe
CXOACTBO B TOUKE NJIABJEHHS NOATBEPKAALTCA U TeM, UTO B OTIHUHE
OT TemNoT napoobpasoBadusi Ay, TenaoThl miaBjeHHs AHy,
HeBedukH. Tak, mas HI AHp,p=5, a AHy,=0,7 kKxaa/mons (cwM.
rakxe Tabn. 26). MIHBIMH cloBaMH, B XKHIKOCTH, N0 Kpa#Hell Mepe
BOJIH3H TOUKH KPHCTAJJIN3AIHH, CBOHCTSBeHHOE KpHCTaJJ1aM yHopsi-
JOYEHHOE PACNOJOXKEHHE YACTHI yTpPaudBaeTcs JHIOIb YaCTHUHO.
[IpencraBienns, OcHOBAHHBE HA GJH30CTH XKUIKOCTH K Kpucramnay,
Brepshbie BoIABHHY SI. . ®@penkenn (1934 r.).

Hannune B x)uaxoctd nmpocrpancrseHHoro YNOPANOYEHHS MOJe-
KyJ MOATBEPXKAAETCS W MHOTHMH APYTHMH baKTaMu, B 4aCTHOCTH,
SKCIEPUMEHTAMH N0 PACCESHHIO CBETA M PEHTTEHOBCKOI'O H3JyueHHS,
HEHATPOHOB H 3JEKTPOHOB.

HebaerpaMmbl xuaKoCTeH, H3YYeHHBIX MpU TeMneparypax, 6/u3-
KHX K TeMIlepaTypaM KpHCTaN/IM3alHH, CXOAHBI C PeHTreHorpaMMa-
MH KPHCT2JJI0B; OHHM OTJIMYAIOTCA JIHIIb PA3MBITOCTbIO KOJell, KOTO-
pas BO3pacTaer ¢ teMmeparypoi.

Pe3ynbrathl peHTreHoBCKOTO aHA/NH3a KHUAKOCTEH MONKHO OG-
FICHHTD, NIPEACTABHB HX CTPYKTYPY Ju00 KaK CKONJeHHe MHOMKECTBa
yIbTPAMHKPOCKONHYECKHX 3HAUHTEJbHO Ae(opMHPOBAHHBIX arpera-
TOB, JHOO B BHJE HENpPePLIBHOM CTPYKTYPHOH CETKH, B KOTOPOH 3Jie-
MEHTBI CTPYKTYPHOTO IOPSZIKA OTPAHHUEHBl GJHKAHIIHMH COCENAMH.

[lepoe npeanosioxenHe 0O3Hauaer, YTO ONPOMHOE UYHCJAO MeJb-
YaHIIHX «KPUCTAJJIHYECKHX OCTPOBKOB» (OHH TIOJYYHAH HasBanHe
cuboTakcuteckux 2pynn) pasgeleHbl 06aacTAMU Becropsii0uHOro
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Pacno/IOKeHH s YaCTHIL. DTH IPYNbl He HMEIOT Pe3KHX TPAHHL, M1.1aB-
HO Tepexois B 06JacTH HeynopsIOYEHHOrO PacCro/IOKeHHs YaCTHIL;
OHH NepeMelaloTcs H He TOJAbKO HeNpephiBHO YTPAuHBAOT OXHH
YacTHIE H MONMOJHATCA JAPYTHMH, HO MOTYT pa3pyliaThcs H CO31a-
BaThbesi BHOBb. Kak B rase, OHHM mepeMellaloTcs MO 00beMY; Kak B
KpHCTa/1ax, KOJeGII0TCA OKOJIO MMOJI0XKEeHH:A DaBHOBECHS. Harpena-
HHe COKpallaeT BpeMs «OCeJJIOH» XKH3HH CHOOTAKCHUECKHX FpYIN,
oxJaXIeHHe NPHBOJIHT K TPOTHBONOMOXKHOMY pe3yabTary. Takuw
06pa3oM, MpeJCTaBleHHe O XKHAKOCTH (QOpPMHpYeTCs HAa OCHOBAHHH
pe3y/bTaTOB CHHTE3a NpPEeJCTaBleHHA O rasax M KpHCTa/miax — Co-
YeTAHUS 3AKOHOMEPHOTO PACHOJI0XKEHHS MOJIEKYJ B HeGOMBIIHX 05D~
eMax C HeymopsIOYeHHBIM pacrnpejeieHHeM BO BCceM 00beMe.

Broooe nmpeAnoJioxKeHHe CBOJUTCS K NMPEACTABJEHHIO O KEASUKpU-
CTAAAUYECKOU CTPYKTYpe HuOKOCTU: Kaxaas MoJeKysna OKpyKeHa
COCeJHHMH, KOTOpble PacroJiaraloTcs BOKPYT Hee MOUYTH TaK XKe, Kak
W B KpHCTaJJe TOro e Bemlectsa. OXHaKo BO BTOPOM C/O€ MOSB-
JSIOTES OTKJOHEHHS OT YNOPSZOYeHHOCTH, KOTOpble yBeIHUHBAIOTCH
IO Mepe OTJajeHHsd OT NePBOHAYAJbHO B3ATOH MOJIEKYJTbl; HHAUue
roBops, OTCTYIJIEHHEe OT NPaBUJIBLHOTO PacHOJOXKeHHs M0 Mepe ynxa-
JeHHsT OT NAHHOH MOJIEKYJBl CHCTEMaTHUeCKH BO3pacTaeT H Ha
GOJMLIIOM PACCTOSHHH CTAHOBHUTCSA OYE€Hb 3HAUHTEJNbHBIM — B JKHIKO-
CTH CyIeCTBYeT OAUMHUL NOPAGOK. DTHM CTPOEHHE XHIKOCTH OT-
JAMYdeTcs OT CTPOEHHS KPHCTA/IOB, XapakKTrepHayioulerocs crporoit
NOBTOPAEMOCTHIO OJHOTO H TOTO Ke 3JeMeHTa CTPYKTYPH (uoHa,
aToMma, TPyl aTOMOB, MOJIeKYJ1) BO BCeX HanpaBJeHHAX, T. &. daab-
num nopaokom. TakuMm o5pa3oM, npu T—Txpuer KHAKOCTD ABJAAETCS
MCKaXKEHHBIM KPHCTaJUIOM, B KOTOPOM yTpaueH Na/bHHil NOPAJOK.
O6pa3Ho BHpPaXasnch, KPHCTAJI MOXKHO yNOJOGHTb TOPLIOBOH MOCTO-
BO#l, XKHUIKOCTb — GYJIBIKHOH MOCTOBOH.

Kakas Touka 3peHHs NpenoyTuTe]bHee — CKasaTb TPYLHO. Bax-
HO TO, UTO B JKHAKOCTH CYyLIeCTBYeT ONpeJeJeHHHH MOPAIOK, TeM
Goslee BBICOKHE, ueM OJHxe XHAKOCTD K TOUYKe IJIaBJieHHsd, H 4TO
06e THMOTe3s OOBACHAIOT CBOACTBA XKUAKOCTH.

M3yuenne paccesHHs PEHTTEHOBCKHX JYYeH B JKHAKOCTAX, COCTO-
AI(AX M3 MHOTOATOMHBIX MOJeKYJl, NOKa3ajo He TOJbKO Ynopano-
yeHHOE PACNOJIOKEHHE MOJIEKYJ, HO H H3BeCTHYIO 338KOHOMGPHOCTH
BO B3aMMHOH opHeHTanuu yacruu. [lociaefHss CTaHOBMTCA 3HAYH:
TeJLHOH /8 TOJAPHBIX MOJeKyJ. DTa OpHEHTauHda YyCHAHBaeTCH,
eC/IH TIPOABAAETCS JeACTBHE BOXOPOLHOM CBAM.

XOTS NpH KPUCTANNH3aLHH XUAKOCTH B 00LleM pacnpejeneHHe
4aCTHI MeHAETCA HeaHaUHTEbHO, OXHAKO Y OJHHX BelIeCTB OHO MOY-
TH He HM3MeHfeTcs, a y [APYrHX CTaHOBHTCHA CYIIECTBEHHO HHBIM.
B noclenHeM caydae, KOrAa KPHCTA/UIH3aLHsA TPpeOyeT 3HauuTe bHOA
«nepeynakoBKH» UYacTHL, ee OCYIIEeCTBJIeHHe Gosiee 3aTpYyAHEHO.
3ajepx)Ka KPHCTAIMH3aUHH OOYCJIOBIHBAET BO3MOMKHOCTL MEBPEOX-
JaKJIeHHsA XHIKOCTH — OXJaxK/eHHs ee JI0 TeMilepaTyphl HHXKE TOU-
Ky naabaeHns. Tak Kak BO3MOXKHas CTeNeHb Mepeoxiax/eHHs Oy neT
NpU NPOYHX PaBHBEIX YCHOBHAX TEM Gonblne, YeM MeHee «H30CTPYK-
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TYPHO» BELUECTBO B XKHUAKOM H TBEPAOM COCTOAHHAX, TO IIC CIIGCO6-
HOCTH K [ePeOX/axJeHHI0 MOXHO KOCBEHHO CYAMTb M O CTPOEHHH
2KUAKOCTH.

Becnopsnounce ABuKeHHe MoJieKysJ KHAKOCTH NPHBOIHT K He-
NpepbIBHOMY U3MEHEHUIO DACCTOSAHUH MexkIy HUMH. 9TO MOKHO Bbi-
PasuTb CA0BAMH: CTPYKTYPA JKHAKOCTH HOCHT CTATHCTHUECKUI XapaK-
Tep. B 3TOM cOCTONT CyllecTBeHHOE OT/IHYHE XKUAKGCTH OT KPUCTAJ-
7108. CratucTuyecKHH Xapakrep yHOPSAOUEHHOTC pPacIONOKEHHS
MOJICKYJ XKMIAKOCTH NPHBOXHT K (PAIOKTYQUUAM — HeNPepbIBHO TIPO-
HCXOAAIIKM OTKJIOHCHHSIM HE TOJIbKO OT CpeaHeHl NJOTHOCTH, HO M
OT cpelHeil OPHEHTAUMH, TAK KAK MOJEKYJbl MKHIKOCTH CIOCOGHBI
00pa3oBarh IPYNNE, B KOTOPBIX MpeoGaafaeT OupeledeHHas OpHeH-
Tauus. Yem MeHblle aMIVIATYAa 3TMX OTK/JOHEHWH, TeM uyalle OHH
BCTpeyawoTce.

W3 xuIKHX Teld 1Ja HeOpraHWyecKol XHMHH HaMGOABIIUI HHTe-
pec MpEACTaBJISIOT BOAA H BOAHBIE PACTBOPBI 3EKTPOJIHTOB; NIGITOMY
MBI NoApOOHEe OCTAHOBUMCA HA MX CTPOEHHH.

2. Crpoenne xunkoii Boaw. Kak yxe ykasbiBasoch (cM. crp.
240), monekyant HyO B Kpucranianmueckoll pellilerke Jbga CBI3aHbI
Apyr ¢ APyroM BOAOPOAHBIMH cBA3SAMH. Kpucrananueckas ctpykrypa
JIbJa BecbMa Jajieka OT IJOTHedwed ynakoBku. Ecau npomsBectu
pacuer, oOpaTHBIi ONMCAHHOMY Ha cTp. 11, u, ucxons u3 onpejesieH-
HOTO peHTreHorpaduyecku pagmyca Monekyisl HoO B cIpykrype

o

Jbla (1,38 A), nogcunraTh MIOTHOCTL BOXBI, COOTBETCTBYIOLLYIO I10T-
Heilllell yIakOBKe, T MBI IIOJIy4nM 3Hauenue 2,0. Sta Beauyuna 60-
Jiee 4eM B 1Ba pa3a nmpesbllaer MIOTHOCTD JbAA, KoTopas pasHa 0,9.

Bepnan u ®aynep (Anraus), suepsble NpofesaBile TILATEb-
HO€ PEHTIeHOCTPYKTYPHOE HCC/IE€J0BaHMe BOLBl, yCTAHOBHAHY B 1933 1.,
4TC B BOJAE OCTAlOTCH (parMeHTbl CTPYKTYpPhl JbRA — «KPHUCTAJAHU-
YeckHe OCTPOBKH» (cM. cTp. 277); A/l BOAbI T SBJEHHE BbIPaKEHO
Goslee pe3ko, yeM AJ/1A GOJBIIMHCTBA APYTHX xHAKocTedl. [lis 60ab-
uledf YacT¥ MOJAEKYs B HIKOH BOJe COXpaHAeTCA TeTpadnpHUeCKoe
OKpYXKeHHe, KOTOpPOe OHM MMeJH B CTPYKTYpe JbAa; cpednee Koopdu-
HAYUOKRHOE HUCAO MOJIEKYJI B XKUAKOH Bofe GIM3KO K UeTbipeM — IIpH
2, 30 u 83°C ono paBuo cooTBercTBeHHO 4,4; 4,6 u 4,9. Boabmas
4aCTb BOAOPOAHBIX CBsA3el, Coequuaomux Moaekyasl HoO B pemerke
JIbA2, COXPAHACTCA U B BOJE: A/ PA30PBAHHBIX BOAGPOAHBIX CBA3eil
npH 0, 25, 60 u 100° C cocrasaser coorBerctenno 9, 11, 16 u 20%.

Hanuuue snementos kpucranandeckoi CTPYKTYpPBI HAPAAY ¢ 60Jb-
UIOH BeHYMHON AMNIONBHONG MOMeHTa Mosekyasl HyO 06ycioBausa-
€T 0YeHb 60/IbLIOe 3HAYeHHE XUICKTPUUCCKOH MIPOHHI(AeMOCTH BOXH
e, npu 25°C oHa pasma 79,5. Takum o6pasoM, B3amMomelicTBue
MexAy 3apsKeHHbIMM yacTHIAMM B BOJHOH cpefe npubAnU3uTeabHO
B 80 pas cnaGee, yem B mycrote. Baaromaps 3TOMy Bce HOHHbIE
COCMHEHHs] B BOAHBIX pacTBopax AUCCOUMHPYIOT. B otanuue ot apy-
rHX PacTBOPHTEJEH C MeHbUINM 3HAYEHHEM € B BOXHON cpexe AHUCCO-
nualns fBAAETCSA NPAaKTHYECKH MOJAHOH. B BogHOM pacrBope mucco-
UUUPYIOT HAa HMOHBl TaKXKe MHOCHe COeIMHEeHHsS C NOJISIPHOH CBA3BIO
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B MOJeKyJaxX, TakHe, KaK raaorexopogopoanl, HpS, comn kaamus
U Ap.; AJs NOLOGHBIX COeJHHeHHH cTelleHb AHCCOUHANHHM MOXKET He
paBHaTbes 100%.

3. PacrBopbl 3JEKTPOJNHTOB. BONBIIMHCTBO HEOPraHWYECKHUX Be-
1[eCTB B PacTBOPax B 3HAUHTE/JbHOH CTeleHH AHCCOUMHDOBAHHO Ha
wonsl, CyllecTBOBaHHE HOHOB B PacTBOPaX 3JeKTPOJHTOB 06yCJ]OB-
JIHBAeT HX 3JeKTPONpPOBOAHOCTb, HECTPOE IPOTEKAaHHE OOMEHHBIX pe-
aKIHH ¥ MHOTHE Apyrue oco6eHHOCTH.

IIpuuunoil, BbI3bIBalOIIEH paclaj PacTBOPEHHOTO BeIleCTBa Ha
HOHBI, ABJSeTC HHTEHCHBHOE B3aHMOJEHCTBHE HOHOB C MOJNEKY/NIaMH
PAacTBOPHUTEJIsSI — COAbBATAYUA UOHO8. JaCTHHIM CIy4aeM coabBaTa-
IIHM MOHOB sBJsieTcsl 2u0parayus — WX B3aHMOLEHCTBHE ¢ BOROM.

BrepBbie Ha 3HauYeHHe B3aHMOLEHCTBHS MeX1y DacTBOPEHHHIM
BellecTBOM H pacTBopuTejeM ykasaa B 60-X rofax npouuIoro Bexa
JI. U. MeHnenees, BbIABHHYBIIHH XUMUHECKYIO TEOpurdo pacrsopos,
COTJIACHO KOTOPOH BOJHble PACTBOPBI COAEPKAT PSA HEYCTOHUHMBHIX,
npespalfaomuxcs APYr B APYra cOefuHeHHH PacTBOPEHHOTO Bemle-
cTBa ¢ BOLOH — 2udparos. IIpumenuB (QHU3UKO-XMMHYECKHe METOZAbI
uccaenopanus, [1. . MeHje/eeB 10Ka3aJ CylleCTBOBaHHe MOROOHKIX
coequnenuil B xupkoii dase (B cucremax HySO4—H0, C;H;OH—
H,0, CH;OH—H,0). [efictBuTenbHO, TENEPb Mbl 3HaeM, 4TO B pac-
TBOPaX CYINECTBYKOT OTHOCHTENbHO YCTOHYHMBBIE MOJIEKYJADHbIE
rpymnel, o6pa3oBaHHbie MOJEKY/IaMH PacTBOPHTE/S U PACTBOPEHHO-
ro pemtectBa. [To mepe ymeHblIeHHs TMOJISIPHOCTH PacTBOPUTEJA CTpe-
MJeHHe K 06pPa30BaHHI0 MOJEKY/ISPHEIX coeaunenuii nagaer. Hepen-
KO CBSI3b PaCTBODHTENS C PAaCTBOPEHHHIM BeEILeCTBOM COXDAaHACTCA H
B TBepAOM COCTOSIHHH — IPH KDPHCTaJMIH3AlHH M3 PacTBopa 4acro
BRILEAIOTCA KPUCTAAAOCOALEATL; IPUMEDAMHU TaKHX BellleCTB ABJIA-
10TCA ‘CUS‘O4 . 5H20, CaCl,- GHQO, Li!Cl4O4 '4‘CH3OH, AlBrs « CgHs.
Ec/M KPHCTaAJIN3aMOHHAs BOJa BXOAUT B COCTaB MHOTHX coJef, TO
«KPHCTAJH3AUMOHHBIH CIIMPT» BCTPEYaeTcss He 4acro, a, Hanpumep,
«KPHCTAJJIH3aUHOHHBIHA OKTaH» — OYeHb PellKo. _

I[lpencraBienue O 2udparayuu UOHOS, BBEJEHHOE B HAyKy B
1890 r. Y. A. Kabayxosbim u B. A. KucraxoBckum H 06beaHHHBLIee
TEOPHIO 3JEeKTPOJHUTHYECKOH AUCCOUHalHH Appenuyca ¢ XMMHYeCcKoH
teopueli pactBopoB JI. M. Menneneesa, okasanoch uYpe3BbIYaHHO
NVIOZOTBOPHBIM AJ151 OGbSCHEHHS] CBOHCTB PacTBOPOB 3/EKTPOJHTOB.

VIHTeHCHBHOCTb B3aHMOAeHCTBHSI HOHOB C MOJIEKyJaMH BOJE:
MoXeT ObTb OXapakTepU3oBaHa TeNJOTOH THUApaTaUHH
AH.—TeM KOJHYECTBOM TeNJOTH, KOTOpOe BH Ie-
AsieTrcAa TNpH Tnepexofe OXHOTO TpaMM-HOHA
(6,023-10% woHOB) H3 BaKyyMa B BONLHHH pPacCTBOD.
Beguuuna AHp MoxeT ObiThb HafifleHa M3 3KCIEDHUMEHTAJAbHBIX AaH-
HBIX; HMEIOTCSl TaKXKe MEeTOJbl ee TeOPeTHYeCKOro pacyera.

Ilas pacuera AH; u3 SKCTIEDHUMEHTA/IbHBHIX AAHHBIX HYXKHO 3HATH
SHePTHH KpHcTaianyeckux pemreTok Us u TemoTbl pacTBOPEHMs CO-
aeit AHp. Tlpounecc pacTBOpeHHS COMH MOXHO MBICACHHO pasouthb
Ha IBe CTaJWH — Pa3pylleHHe KPHCTaJJIHYeCKOd PeIeTKH Ha HOHBI,

280



COTPOBOXKAAIONIEeCs NOIVOMEHHeM TelaoTH, paBHEM Up, M rHuapa-
TA4lHIO, B pe3yJjbTaTe KOTOPOH BHIJENAETCH KOJHYECTBO TENJOTH
AH*, OueBuliHO, TennoBo# 3dxpekT paCTBOPEHUA COJIH PaBEH aJjre-
GpanyecKodl cCyMMe 3THX BEeJIHUHH:

AHp= AH + Uy,
OTKyJAa
— AH =Uy— AH . (av.2n

Kak Mbl 3Haem (cM. crp. 275), 3HeprHH KPHCTaNJIHYECKHX DEUIETOK
M3BECTHHI JJISl MHOTHX COJIell, a TeMJIOTH pacTBOPEHUS CPABHHUTENbHO
JEerKko ONpeJensioTcs 3KCIepHMeHTalbHo. ViMeda 3TH BeJMUHHBI NDH
nomoutd ypasHenus (IV.21), moxHo Ha#iTH TeNJOTH TIHIpaTaluH.
MoOXHO TakXKe ONpeleJHTb H3MEHEHHe SHTPONHH NpPH THApaTalHu
AS: ¥ 10 ypaBHEHHIO

AG, = AH.—TAS;

BHIYHCAUTDL H3MEHeHHe H300apHO-H30TEepMHUECKOTO NOTEHIHANA TIPA
fepexoje HOHOB H3 BaKyyMa B PacTBOp; BeJIHuHHY AGr yacTO Ha3wl-
BaloT 9Hepauel 2udparayuu. DHepPTUX U TelJIOTHl TMAPATAlUHHd pas-
JMYAIOTCA HA HECKOJBKO IPOUEHTOB H B HE OYEHb TOUHBIX PacueTax
H CONOCTaBJeHHsX 3HaueHHs AGp 4acTO 3aMeHAIOT BeJHUYHHAMH
AHp, xOTOpBIe H3BECTHH AJ151 OOJBILIEro UHcjga HOHOB.

Ilpu pacuere mo ypaBHenuio (IV.21) mu nonyyaem cymMmy remjor
ruapatauuu 060UX BHAOB HOHOB, O6pa3yIOIHX COJIb, — KaTHOHOB K
aHuoHOB. JLJIsi HAXOXKJEHHUS TEIJIOT THAPATALMHM OTAENBHBIX HOHOB
3Ty BEJMUYHHY HYXKHO Pa3ieJHTb HAa COCTAaBJAIOINHE /9 KaTHOHOB M
aHHOHOB; BBIOOD TpPAaBHJIBHOTO MeTOAAa pasfeleHusl NpencrasJser
I0BOJIBHO TPyAHyl 3agauy. B 1953 r. A. &. KanycruHnckui,
C. U. Hpakuu u B. M. $fIxymeBckuii nokasa/au, 4T0O H303JIEKTPOHHBIE
HOHBI, HMelolllMe pa3HHblil 3HaK 3apsAga (Hanpumep, Nat u F—, K+ x
Cl- ¥ 1. 1.), B BOAHBIX pacTBOpax MaJo OTJHYAlOTCA 110 GBOHCTBAM,
H 3TO pasjiuMe yMEeHbIIAeTcs C POCTOM pa3Mepa HOHOB. [loatomy
MOKHO ¢ JOCTATOYHOH TOYHOCTBIO ONpeNeNHTh XapaKTEPUCTHKH HO-
HoB Cs* u I-, pasmenun momosam cymMmapsble BeawuuHnt pis Csl
HMest 3TH BeJWUYMHE], MOXKHO NIOJYUHTD JaHHBIE H AJSl JPYTHX HOHOB.
BoiyucienHbie TakuM 06pa30M 3HEPrud MApaTAlMH HEKOTOPHIX H6-
HOB NpHBeJieHb B nociaejHell rpade rabma. 27.

Kak BujAHO 13 Tabs. 27, SHepru¥ THApaTallid OXHO3aPSALHLIX
MOHOB ABJAAIOTCA BeauynHaMmu mopajgka 100 xkkaa, AByX3apARHBIX —
nopsagka 300—600 xkas, Tpexsapazamx 800—1100 xxas. Takum
o6pa3oM, 3Heprerudyeckuil 3dgexT rujpaTallid He MeHee 3HauuTe-
JeH, ueM 3pdexkr 06BHIYHOTO0 XMMHUUECKOTO B3auMoeiictsus. M3 aroit
tabauubl BUAHO TakkKe, 4YTO 3HEPTUM THApPATALMH HOHOB B TIpymle
NepHOJUUECKOH CHCTeMBI yMeHbIIaloTcsi (YTO CBA3AHO C POCTOM pa-
JHYCOB HOHOB).

* Tlo mpHHATOMY B HacTosilllee BpeMsl [PaBHJY 3HAKOB BbiJIeJIEHHIO TeIIOTHE
COOTBETCTBYET 3HAaK «MHHYC».
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XapaxkTepHCTHKA THAPATAUHH HOMOB C KOH(pHErypauuei

Tadbnuuna 27

6JaaropoaHEIX rasos

(AG:, krans/2-uon)

d 9’

Hon n Me§”i° ag! ag!! AG,
Lit+ 4 2,02 —91 —A48 —121
Nat 6 2,42 —81 —43 97
K+ 6 2,79 —67 —39 —79
Rb + 8 2,92 —72 —38 —74
Cs T 8 3,10 —66 —36 —66
Be2+ 4 1,62 379 —216 —577
Mg2+ 6 2,04 —287 —1€0 —450
Ca2t+ 6; 8 2,42 —234 —171 —373
Sr2+ 8 2,60 —214 —163 —341
Ba2+ 8 2,74 —188 —158 —310
Als+ 6 1,88 —670 —448 —1091
Y3+ 9 2,44 —507 —384 —850
La3+ 9 2,74 —A457 —355 —771

Ha puc. 128 nokasan napa/ielusM B M3MeHEHHH TEIJIOT THA-
paTauuu OXHO- U ABYX3apAAHBIX HOHOB C KOHQHUrypauuei G1aropos-

HBIX Ta30B.

BOMbUIMHCTBO HOHOB B PACTBOPE MPOYHO CBA3AHO C OKPYIKAIOUIU-

(~8Hr )y ot kxanse-uon
600

500

400

200

n

1
80 190 120
(~DHr) e KKEA/2-

60

Puc. 128. B3auMocBsi3b TENJIOT THAPATALHA

katioHos Met u Me?2+

uUgH

]
%0

MH HX MOJEKYJIaMH BOJH,
pbpasyda eudparHvle KOMN-
aexcol; TOCAefHMe HepelIKo
COXPaHATCS NMPHU BHJENeHUR
comu H3 pacTsopa B ofpa-
SYIOIUXCA HPH  9TOM KpU-
¢raanoceudparax. Hanpumep,
pPEeHTTeHOCTPYKTYPHHEH  aHa-
U3 TAKUX COeJHHEHUH, KakK
MgCl2-6H20, NaSO4- 10H20,
KAI(S80,), - 12H,0, NiSO.-
- TH20, Nd(BrOs)s-9H20
IOKA3EIBAET, UTO B HHUX cOJep-
aTCd KOMIJIEKCHBIE MOHHI
[Mg (H20)el2*, [Na(H20)e}",
[Al(H20)ep?+,  [Ni(Hz20)sJ*t,
[Nd (H20) 3+,

B rab6a. 27 mnpuseneHsl
HalJeHHble M3 JAHHBIX pPEHT-

TeHOCTPYKTYPHOTO HCCAENOBAHUA KPHUCTAMJIOTHAPATOB KOODAHHAUHK-
OHHBIE YHCJIa HOHOB 7 H PACCTOSHMA MeXKAY HOHOM M OKDYKalOUHMH
€ro MoJIeKyJaMH BoJbl dme-1,0. [IpOBeieHHbIe HelaBHO TOUHEIE PEHT-
resorpaduueckie HCCIeAOBaHUs CTPoeHHs pactBopoB (A. ®. Ckpui-
mesckui, A. K. Jlopour) mokasanH, 4TO Te Ke PacCTOAHHA MeXIy
HoHOM u MoJsekyaaMud HoO coxpanaioTcsd U B XKHAKOH dase.
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Takum o6pasom, rujparaluio MOXKHO pas3flelHTb Ha nepsuy-
HYt0 — B3aHMOJeHCTBHEe HOHA ¢ OJHXAHIIHMHU MOJeKYyJaMH BOJAbI —
H BTOpU4HYIO — B3aHUMOJelicTBHe ¢ GoJee AaJbHAMH MOJEKyJaMH
H;0.

. BrnepBble ypaBHeHHe A4 TeOpeTHUYECKOrO pacdeTa IHEPTHH THA-
patauuu Guut0 mpeasioxeno B 1920 r. boproM. D10 ypaBHeHHe BhI-
Be/leHO, HCXOASl H3 TOrO, UTO 3HEPTHIO llepexoj]a HOHa H3 BaKyyMma
B BOJHBIH pacTBOp MOXKHO TPeJCTaBUTh KakK pa3HocTb pabor 3aps-
a#enus 4acTHUB! B 3THX cpedaax. Mon ympoulenHo cunraercsl mpoBo-
nsell cepoit ¢ paguycoM 7.

PaGoty 3apsizkeHusl cepnl MOXKHO PacCUHTATh, IPEICTaBHUB cele
MBICJIEHHO, 4TO 3apAX MaJbMH NMOPUHAMH dq;, dqs, .. NepeHoCHTCA
U3 6eCKOHeYHOCTH Ha MOBepXHOCTb 3ToH cdeprl. Pabora dA, cosep-
maeMas NMpH CO3JaHWH A00aBOYHOrO 3apfizia dg Ha TMOBEPXHOCTH
chephl, 3apsax KOTOPOH yXKe paBeH ¢, BEIPa3HTCAd COOTHOILIEHHEM

qdq

dA = .
r

‘Cymmapuas paGora, TpOH3BOAHMAN [IPH YBeJHUEHHH 3apsaga ot 0
Io g, Oyaer paBHa
q

q g2
1 ~—dg = _— .
A S Lag=L (IV.22)
0

I.[JIH 3apsaaa, NMOMEIEeHHOTo B Ccpeay ¢ HHQHEKTPHHECKOﬁ IpoHHIlae-
MOCTbBIO &, aHAJIOTHUHO MOIKHO HalTH
q2

A=——. (1V.23)

B pesyabraTte soiunranusa soipaxenus (IV.22) us (IV.23) nonyuaer-
csl ypaBHeHHe Il SHePTHH THAPATALHH: ’
2 1
—AG, =L (1——). aV.24)
2r 3
Tak kak ans HOHOB g=ez, To ypaBHenue (IV.24) moxer 6LITb 3anu-
caHo B BHJe

e222 1 '

Ypasuenue Bopna (IV.25) naer BesMuUMHBEL SHepruil rHAPaTALHH,
KOTOpBble OTJIHYAIOTCH OT IKCHEDPHMEHTAJNbHBIX 3HAUeHHH, KaK Impa-
BHJIO, Ha HECKOJIbKO JecsATKOB fpoueHToB. Takoe pacxoxaenHe ecte-
CTBEHHO BCJEACTBHE rpy6O NPHOGIHAKEHHOTO XapakTepa MPHHATOH
TIpH ero BLiBOJe MOje/JM — HOH CUHTAETCS 3apSKEHHOH NpOBOAsALIeH
cepoi, a PACTBOPHTEIb — HENPePHIBHONH Cpeaoll ¢ AUJIeKTPHUeCKOl
TPOHHUNAeMOCTbI0 &. OAHaKo 3T0 ypaBHeHHe BeCbMa NPOCTOe H AaeT
BO3MOXKHOCTh NPABHJIBHO OLUEHHTb NMOPSZOK Beanudnubl AGp, mo3TO-
MY OHO UIMPOKO HCIIOJIb3YeTcsl.
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B nocjiejHHe rojibl MOABAsETCH BCe GOJblle JAHHEIX, NOKAa3blBaOIIHX, YTO
B3aHMOJEACTBHe HOHOB C MOJIEKYJAMH DACTBOPHTE]s B 3HAUHTE/bHOH CTeNeHn
06YCIOBJEHO KBaHTOBOMEeXaHHUeCKHMH (GaKTOpPaMH ¥ 1O CBOed MpHpPOjie aHAJIOTHY-
HO 00Pa30BAHUIO KOOPAHHALHOHHOM CBSASH B KOMIIJIEKCHLIX COEJHHEHHAX.

Haua/io TakoMy DAacCMOTDPEHHIO COJbBATAlUH OBUIO NMOJNIOXKEHO B YKe YHNOMH-
masuefics paGote Bepuana u ®ayaepa (cM. crp. 279), KoTopule o6paTuin BUEMA-
Hue Ha TOT HAKT, YTO SHeprHH FHIPATAUMK KATHOHOB OJIM3KH [0 BEJIHUHKE K cymme
sHeprufi Mouusanuy X/, OTBEYAIOWHX MPEBPAIEHUIO HEHTPAILEOFO aTOMa B COOT-
seTcTayomuf Hou. B cesasu ¢ sTuM Bepsan u ®aysep NPeLNoJIORKMIH, YTO B3aHMO-
HeficTEHe HOHOB C PAcTBODHTEJeM COCTOHT B OCHOBHOM B BO3BpAlleHHH HOHMY
HEOCTAIOmMHX (10 06pa3oBaHHs HeHTPa/bHOH YaCTHUbI) 3/EKTPOHOB. B nanbnes-
meM Takoit moixox Obu1 passut B. A. Muxaiinosum u C. M. lpakuHEM, paspa-
60TABIUNMA METOJ pacueTa SHEPrHH M SHTPONHA THAPATAUMH, AAIOLIHA BEJHYHHDI,
XOpOHIO COTVIACYIOWHeCs C FKCIepHMEHTANbHBIMH JAHHBIMH.

TlockoabKy, HaXOjAILHACS B PacTBOpe HOH 006pasyeT CO/bBATHBIA KOMIJIEKC
B OCHOBHOM 3a cUeT B3aHMOJIeHCTBHA C Helo/leleHHHIMH apaMH 3JIeKTPOHHO- 10KOP-
HEIX ATOMOB pacTBopHTeNs (OGbIMHO ATOMaMH KHCJIOPOJa HIH a30Ta), TO HA HEp-
THIO CO/IbBATAllMH CPAaBHUTEJbHO MaJO BHSET OCTa/bHA# YaCTb MOJEKYJbi PacTBO-
puTens. II03TOMY BSHESPrHH COJIbBATAUMH HOKOB B DA3IHYHLIX PACTBOPHTEJX
¢ OMHHAKOBLIM 3JeKTPOHO-JIOHOPRLIM aTOMOM oueHs 6iuski. Tak, sHepruu cosbpa-
ranmuy wona Lit B H,O, CH;OH,; C,HsOH u HCOOH paBHue COOTBRTCTBEREO
~—121,0; —120,0; —119,0 1 —120,0 kKxaa/e-uom.

Ocofenno HHTEHCHBRO AOHOPHO-AKUENTOPHOe B3aHMOJEACTBHE C PaCTBOPHTe-
neM HoHa BOXOpoia. OH NPOYHO COGIWHHETCH C OJIHOH MOJIEKYJIOH PacTBOpHTE.s;
B BOAHLIX PacTBOpaX OH ofpasyer HOH runpokconus HsOt.

[IpH pacCMOTPEHHH COJIbBATALIMH HOHOB CJISYeT TaKKe MPHHHMATL BO BHIMa-
Hue sddeKT BuHenpeHHs HOHa B CTPYKTYPY PacTBOpuTelsi, B PesyJbTare 4ero
B pacTBOpHTeJe 00pasyeTcsi MOJOCTb H PBYTCs CBS3H, CYIIeCTBOBABIIME MeEXJy
MoJieKy/iaMu. L BONHHIX DPACTBOPOB SHEPrust 00PAasOBaHHA TAKOM MOJIOCTH Ay
MOMKET GuTb NPHOJMKEHHO BHINHCIEHA, HCXOAH H3 OHePIHH BOJOPOKOH CBA3N
Eo..m, paBHON D kKka4/z-uoH, O yPaBHEHHIO

A, =0,97E u, (1V.26)

rjie. n — KOOpIMHAILMOKKOE YHCJIO HOHA, a (akrop 0,9 yuHTBIBAeT, 4TO npubaH3n-
reapro 109 BOZOPOAHMEIX cBsise B Boje mpH 25°C yxKe pasopBano (cm.
crp. 279). Kak Mpt 3HaeM, Kaxjas MoJekysa H.O moxer o6pa3oBaTb ueThlpe
BOJIOPOJIHLIX CBH3H CO CBOHMH COCEAMH. Byiyud ofpauieHa OjHOA CTOPOHO!N K
HOHy, OHA MOXeT 06pa3oBaTh C HAXOAAUIMMHCA BOKpYI Hee MOJeKyJ1aMmiu BTOpO#
FHAPATHOR O00OJIOUKH JIHWIb ABE BOJAOPOJHLIE CBS3H. IlockoJbKy cBsi3b BO3HHKAET
MexX/Jy ABYMA MOJEKYJaMH, HA «/I0JI0» KaXJl0f MPHXOAHTCH 1/, sHepruy CBsI3H,
OTCIOla B BHIPAKEHHH MORBINETCH MPon3sejente nEo.. a.

C yyeToM H3JOXEHHOIO BHPAXKEHHe [JIs BEeJHYHHLL SHEPTHH HADPATAIMA HOHA

AG, MOXHO (pejCTaBHTb CYyMMOH
AG, = AGL + AG! — 4, (1V.27)

rae AG! u AGH— cootsercTBerto snepruu NepBHIHOA W BTOPHYHOA THAPATALMH.

Ypasrenue Bopra (IV.25), He yuHreIBaiOllee AOHOPHO-AKUENTOPHOIC B3aHMO-
mefCTBHS HOHa C PACTBOPHTEJeM, JlaeT HETOYRENl De3yJbTaT MPH pacuere LOMHOR
SHeprHH THAPATALMH, HO OHO BIIO/IHE MPHTOJHO /A’ BBIMHCACHHSA SHePrHH BTOpHY-

soft ragpatauuu. Jlna pacuera AGLI s ypasuerne (IV.25) ciegyer mnomcTaBHT
pajnyc THAPATHOrO KOMILEKCA, KOTopHIl CJIOXKHTCS M3 pajpyca HOHa 1 MaMeTpa
MoJeKkysint Bojet. Haiigst Ag u AGLl W 3uas SKCIepHMenTajbHue sradenia AGr,

MoxHO no ypaBHermio (IV.27) BbHIYHC/IUTD AG}.. PesyabraTil Takux pacyeToB
nokasansl B rtada. 27. Kak BuuHo, AGl! OGbLIYHO  3HaumTeJbEO CoJIbllUe AGIE_
Puc. 129 nokassiBaet, 4TO AGIE JJI8 HOHOB 6J1aropojIHOrasoBoro THIA MPOop-
nuonassua 21,
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Bce ckasanHOe Bhllle O CONbBAaTallH¥d HOHOB OTHOCHTCS K OU€Hb Pa3(aBJeHHBIM
pactsopam. IIpu mepexose K pacTsopaM CpPeZHHX H BBICOKHX KOHUEHTpau#il Kap-
THHa B3aHMOJAEACTBHA 3HAYHTENbHO YCJIOXKHeTCH. 37ech HAa B3aHMOJEHCTBHE HOHOB
C PacTBOpHTEJEM HaKJaABBAeTCs HX B3auMopnelictBHe Apyr ¢ aApyrom. IIpu neGoab-
UIKX KOHIIEHTOAUMSX 3JEKTPOJHTA OHO IPOsIBARETCS B 0GPA30BAHHH OKOJIO HOHOB
UOHHbLX QTMOC(ep u3 HOHOB NPOTHBOMOJOKHOIO 3HaKa. B Gosiee KOHUEHTPHpOSBaH-
HBIX pacTBOpax oG0pa3yloTCA AaCCOUHATHI M3 COJNLBATHPOBAHHBIX HOHOB — UOHMbLE
napol, TPOWUHMKH M Ap. Hakomel, B OueHb KOHUEHTPHPOBaHHBIX PacTBOpaX PacrBo-
puTens He xBaTaeTr AJA (OPMHPOBaHHS COJbBATHLIX DGOJOYEK W MOHBI AECOJbBATH-
posannl. B cBsizu ¢ stuM K. [1. Mumenko u A. M. CyxoTuHniM ObLIO BBeIEHO
TIOHATHE O 2paHuye noAHOl Coavéarayul — TOH KOHUEHTpPAUHH pacTBopa, KoOrja
pacTBopuTeasl elle KOCTATOYHO X/ 00pa30BaHUs UEPBHIX COJbBBATHHIX cdep.

ITepexon yepe3 rpaHuly NOJHOH COJIPBATALUK BEJET K PE3KOMY H3MEHEHHIO MHOTHX
CBOWCTB PacTBOPOB.

; 1000}

46 T or
HHUH/G-UUH AR
-800}+

Y3+
La3*

-600

Bel’+

- 400_ N\QZ"

Ca?*

Sr2+

-200F Ba®*
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CS’; 1 ! I 1 1

n 200 400 600 800 1007 1200
I, wnansz-uon

Puc. 129. B3aumocBsi3b 5Hepruu IepBHYHOH THA-
paTauHMH M CyMMapHO{l 3Hepriy HOHH3AUUU

Pa3pa6oTka KOJHYECTBEHHOH TEOPHH XKHIKOTO COCTOSIHHMS B Ha-
CTOsIlllee BPEeMs ABJsETCHA TpeIMeTOM YCHJIHH MHOTHX HCCJAeloBaTe-
Jieil; OJHAKO CO3]aHHe TAKOH TEOPHH COTPSIKeHO ¢ GOJbIINMH TpyI-
HOCTSIMH — TEOPETHUSCKUN aHaNHu3 3aTPYIAHSETCH TeM 0OCTOSTe bCT-
BOM, YTO B JXHAKOCTH HMeeT MeCTO COYeTaHMe HHTEHCHBHOTO
B3aMMOJEHCTBHSA YaCTHI € X 3HAUHTeJAbHOH HEYIOpSAOYEeHHOCTHIO.
DTO 00CTOATENbCTBO He [O3BOJSAET, B 4aCTHOCTH, BOCHOJIb30BAThCS H
IPOCTBIMH MOJENSIMH, NOJOGHBIMH TeM, KOTODHIE COCHYMHIH HeMa-
ayio cayx0y B cO3JaHHH TeOPHH ra3000pa3HOTO H TBEPIOTO COCTOS-
HMA: NpelcTaB/eHHeM 00 HIeaJabHOM rase, Kak O IpeledbHO paspe-
JKEHHOM COCTOSHHMH BellleCcTBa IIPH NOJHOH HEYIOpsSTOYEHHOCTH €ro
YaCTHI, M TIpeJcTaBJeHHeM 00 HIea]bHOM KpHCTajjie, B KOTOPOM
COYeTaloTCs GOMbIIas IUVIOTHOCTL € NONHOH YIOPSJOUEHHOCTbIO Ha-
CTHIL.

4. Amopgnoe cocrosiHHe. AMOpdHbIe BelllecTBA OTJIHYAIOTCH OT
KPHCTaJINUEeCKHX U30TPORHOCTLIO, T. €., MOJOGHO MKHUIKOCTH, ONH-
HaKOBHIMH 3HaUeHHsIMM JaHHOTO CBOHCTBA NPH U3MEDPEHHH B JIOGOM
HallpaBJeHHH BHYTPHU BellecTBa. AMopdHas CTPYKTypa, TaK xe Kak
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H CTPYKTYPa XKHAKOCTH, XapaKrepusyercss GIHXKHUM HopsakoM. [To-
3TOMy nepex0on aMop¢HOTro BemecTBa M3 TBepao-
ro COCTOfSHHA B XHAKOE He CONpPOBoOXZaeTcH
CKauK0oO6pa3HbIM H3MeHeHHEeM CBOWHCTB—BOT BTO-
poil BaxHEI} NPH3HAK, OTIHYAOWHA aMopdHOe COCTOAHHE TBepAOro
BEIIECTBA OT KPHCTAJIHYECKOro cocTosinks. TaK, B OTIHYHE OT KDH-
CTAJIMYECKOro BemecTBa, UMEIOLero 04Ky niasienus Tuy, npu Ko-
TOPOH TNpPOHCXOAHT CKaukooOpasHoe H3MeHeHHe CBOHCTB (pic.
130, @), aMmop@HOe BeleCTBO XapaKTepU3YeTCHd UHTEPEANOM pa3mse-
4enuss Tq =+ Ty W HeNpepHIBHBIM H3MeHeHHeM (cBOfcTB (puc. 130, 6).
DTOT MHTEPBAJ B 3aBHCHMOCTH OT TIPUPOIBI BelIeCTBA MOXKeT HMETb
BEJHUHHY NOPALKA JecATKOB U Jaxe COTeH rpaxycos. Haauuwme un-
TepBaJjia pasmATUeHHH, B KOTOpOM aMop(dHOe BelecTBO HAXOIHTCH

4
;Kaﬂl(ﬂﬂmb

= pnabrenue

3
=
(2
3
A=%
k=)

Puc. 130. MaMenenne o6beMa NpH HarpeBaHHH KDHCTaJUIHYeCKux (a)
H aMopdHBIX (6) BemecTs

B IJAaCTHYHOM COCTOSHHH, HeIOCpPeACTBeHHO CBHIAETEJIbCTBYET O
CTPYKTYPHOH He9KBHBANCHTHOCTH €T0 YaCTHL H, KaK c/JIeJCTBHE, JHIIb
0 NOCTeNeHHOM pa3pylIeHHH cBfA3ell npu HarpeBaHud. Onnako sra
HEIKBHBAJEHTHOCTb He CTOJb yX BEeJHKA, 0 UeM KOCBEHHO MOXKHO
CYAHTb IIO TOMY, UTO TelJOoTa NpeBpauieHus aMOp¢HOro Tena B KpH-
CTaJlJIHYeCcKoe He3HauuTesbHA.

Mpbl He cayuafiHo cKa3aJd HMEHHO 08 3TOM MNpeBpallleHHH, TaK
Kak amopdHOe TeJO MeHee YCTOHYMBO, ueM KpHcTaaamueckoe. [To-
aToMYy Jio6oe aMopdHOoe Teno B NPHHUHIE JOMKHO KPHUCTAJIH30-
BAaTbCH, U 3TOT NpOLecc HOJkKeH OBITh 3K3oTepMuUuecKuM. [lostoMmy
H Tensota ofpa3oBaHus aMopgHOro Tesna BCerla MeHbllle TENJOTHI
0o0pa3oBaHus KPHCTAJNIHYeCKOTO (M3 OZHHX M TeX XKe HCXOZHBIX
BemecTB). Tak, TennorTel obpaszoBaHusd aMopdHOH H KpHcTadaHde-
cko#t Mmogudukauuit BoOs U3 npocTbiX BellleCTB PaBHBI COOTBETCTBEH-
HO —301 1 —306 xKkaa/moab. DTOT NpUMEp NOATBEPKIAET U HE3HA-
YHTEJNBHOCTh PA3JHUUS B CTPYKTYPe KPHCTAMI0B H aMOpQHBIX
BelIEeCTB, a COM3MEPUMOCTh TEIMIOTH Tepexofa (B JaHHOM HPHMepe
OHa paBHa b KKa@A/MOab) C TEINIOTAMH [MJaBJeHHHA NOATBEP:KAAET
CXOACTBO aMop(HOTO ICOCTOSIHHSA 1€ XKUAKHAM.
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Uacro amopdHble M Kpucradandeckne GOpMbl— 3TO pasTuyYHLIe
COCTOSIHHMS OJHOTO M TOTO XKe BellecTBa. Takx, CymecTBylOT aMopd-
Hble (opMbl psiga NPOCTHX BemlecTB (cepol, cesieHa W AP.), OKCHIOB
(B2O3, SiOg, GeOy u ap.). Onnaxko MHorue aMmopdHbie BelecTBa,
B 4acTHOCTH GOJbUIHHCTBO OpraHMYecKHX IIOJHMEPOB, 3aKPHCTAMIH-
30BaTh He ypaercs.

Ha npaxTtuke KpHacTanausanys aMopdubix BemecTB Habaioxaercs
OueHb pPeIKO — CTPYKTYpPHbIe HM3MEHEHHs 3aTOPMOXKeHH GOMbUIOH
BA3KOCTbIO TBepabiX Tes. 1loatoMy ecawm He mpuGeraTb x clemualb-
HBLIM CPeACTBaM, HalpuMep K AJHTeJbHOMY BLICOKOTEMIEpaTypPHOMY
BO3AeHCTBHIO, TO TlepeXO/A B KPHCTa/LIHUeCKOe COCTOsIHHE IPOTeKaer
¢ HcYe3alole MaJod ckopocTbio. B MoZoGHBIX cayyasix MOXKHO CUH-
TaTb, YTO BEIIECTBO B aMOpdHOM COCTOSIHHUHM TIPaKTHUECKH ABIASTCH
BIIOTHe YCTOHYHBBIM.

Yionobasaa aMopgHoe Tea0 XKUAKOCTH M paccMaTpPUBas ero Kak
HepeoXJJax/JAeHHYIO XHAKOCTDb, «OLlelleHeBUIYIO» H3-3a OUeHb 60abUIoH
BSI3KOCTH, CJIeAyeT IIOMHHTb, 4TO, B OTJIHYKe OT XXAAKOCTeH, B amop -
HOM BelllecTBe OOMeH MeCTAMM MeXJAy COCeIHHMH YaCTHILAMH Ipak-
THYEeCKH He NPOMCXOAHWT. Bonblnas BA3SKOCTb pacnaaBOB 3aTpynHseT
JBHXKeHHE H NlepPeOPHeHTHPOBKY MOJIEKYJ, YTO IPelsATCTBYeT 06paso-
BaHuIo 3apoanineli TBepaol dasnvl. IlosaTomy mpu G6uicTpoM oxmaxkge-
HHM XHAKOCTell (paclllaBOB) OHM 3aTBepAEBAIOT He B KPHCTalaHue-
CKOM, a B aMOp(HOM COCTOSIHHH.

Tax xax THONYHBLIMH aMOpP(PHBIMHU TeTaMU ABASIOTCS CHIHKATHHE
CTeKJa, TO 4acTo aMopdHOe COCTOsSIHHe Ha3BIBAIOT CTEKA00OPA3HbIM,
moruMas NHofA cTekaoMm amopbhHo (T. e. 6e3 KpuCTaNIu3anMu) 3a-
cToiBUIME paciiiaB. OrpoMHasi BA3KOCTb CTEKOJ COXpaHseT UX Thics-
yeJeTHAMH 6e3 BHAMMBIX IIPU3HAKOB KPHUCTAJIU3 all|H.

AMOpOHLIMH BeleCTBAMH SBASIOTCS H NOAUMEPSL, OHH OTJAHYA-
10TCA OT OOBLIYHLIX aMOpP(HBIX Tea TeM, YTO 006pa3yioTcs H3 COOTBeT-
CTBYIOINHX XKHIKOCTeil (MOHOMEpOB) He B pe3y/JbTaTe NOHHKEHHS
TeMIlepaTyphl, @ B pe3yJbTaTe XMMHYECKOTO COEIMHEHHUS MOJeKy.l.
Bropoe oTnuune 3ak/aiouaercs B TOM, 4TO IIpH Ilepexoje HX U3
aMOpP(pHOrO COCTOSIHMS B KPHUCTaJIMYECKOE KPHUCTANIH3alHsA OXBa-
THIBAeT JIHIIb HEKOTOpHle YYAaCTKH, TaK KaK AOCTHIXKEHHIO BHICOKOH
CTeleHH YNOPAAOUEHHOCTH MellaioT GoJibliue pasMepbl MOJeKYJa —
KPYIHbIM H B3aHMHO IlepellJIeTeHHHIM MOJeKyJaM TPYIHO CHMMET-
PHYHO PaclOJOXHTbLCA B IPOCTPAHCTBE.

UeM cHMMeTpHyHee caMH YacTulbl, YeM CHMMeTpHYHee OHH pac-
TIOJIOKEHBl X YeM MeHbllle CBSI3b MeXJY HUMH B XHAKOM COCTOSTHHH,
TeM GO0Jbllle OCHOBAaHWH IpPEANONaraTh, YTO OXJaXKAeHHe XKHIKOCTH
IpuBeleT K ee Kpucranaausanui, JledACTBHTeNbHO, pacilaaBJeHHbIe
MeTaJJbl, PacnosoxeHne aToMOB KOTOPBHIX 6Jau3K0O K IIOTHOH yla-
KOBKeE, JIET'KO KPHUCTaJMIH3YIOTCSl, 2 pacljaBaeHHble CHJAHKATH 4acTo
TIePeXOoHAT B CTek1006pasHoe cocTosanue. Opranuieckye coeuHeHus,
cojepxamue THAPOKCHJAbHBIE TPYNNH (Hanpumep, TAULEpPHH), B OT-
Ju4Yue OT yIJeBOJAOPOJOB, 3aTBepjaeBas, 0ObIYHO He KPHCTAMIH3YIOT-
¢Sl — CKasbiBaeTcs BJAHSIHHe BOAOPOAHBIX CBf3edl.



MPUNTOEHUA

1. Onpefnenensie OTHOUIEHNAS /M s SNeKTPOHA. PacCMOTPHM NYHOK 3J€KTpO-
HOB, NPOXOASIHA MeXJY IVIACTHHAMH IIOCKOTO KOHAEHCAaTopa (puc. 131). B nmoae
KoHgencaropa Ha 3JeKTPOH JeilCTByeT CHIA

|4
f3n=eE=e';"»- (1.1

rae e — 3apsil 3MeKTpoHa, E — HanpsKeHHOCTb MOJIs B KOHAeHCaTope, V — Hamps-
JeHHe Ha IJAacTHHAX, d — PACCTOsIHHE MeXAY IJIACTHHAMH. DTa CHja cooduiaes

Nonrc Ma2numa

Nomon 3nenmporol

sesasserhssmacnmmonnnnan

fngemura wondexcamopa

Puc. 131. K BHBOAYy COOTHOUIEHHH, ONpPENE/SIOWEro e/m
ISt 31eKTpOHa

3JEKTPOHY YCKODeHHe B HalPaBJeHHH, NEPIEHAHKY/SPHOM MepBoHaYanbHOMY Ha-
NPABJEHHIO 3IEKTPOHHOIO Jy4a,

fan= Mea; (1.2)
afech @ — yCKOPeHHe, M, — Macca 3meKTpona. B cooTserctsuH ¢ (1.y u (1.2)
e |4
a= oy s

3a BpeMs f, KOTOpOe 3J€KTPOH HAXOAHTCS MeXIY INIACTHHAMH, MPOHCXOAHT CMe-
HEHHE JyYa Ha OTPe30K Y; er0 BEJHYHHA Ofpe/eserCs COOTHOLIEHHEM

1
=—af2, 1.3
¥y=7g (1.3)
OueBuaHo, uto {=I/v, rae | — AAHHA IAACTHHBI; 3 U — CKOPOCTb JIEKTPOHA; TAKHM
o6pa3oM
1  evi2 . 1.4
Y= 79 "medve * (15
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PaccrosHHe y MOKHO ONPEJeHTb N0 BeJHYKKe OTPe3Ka AB na akpane.

Oxnako B cooTHoinenue (1.4) BXOZHT CKOPOCTb 3JIGKTPOHa U, KOTOpas MOKa
wenapectHa, OHa MOXKeT OHIThb ONpeNeJeHa NO OTKJOHEHHIO 3JEKTPOHA B MAarsuT-
HoM moJie. ¥ 06HO MPUMEHHTb TAKOE MArHMUTHOE MNoJe, 4T0OB OHO KOMMEHCHPOBAJO
OTK/IOHEHHE JeKTPOHOB B JIEKTPHUECKOM TNOJE ¥ HATlpaBJieHHe 3JEKTPOHHOTO Jy4a
0CTaBaJoCch OH HeHaMeHEHHBIM, TOTXa

f5n=fuarﬂ; (1-5)

T fyarn — CHJa, [AefCTBYONIaf EA 3JIEKTPOH CO CTOPOHH MarHHTHOrO NOJA.
I BHXKymeMycs 3JeKTpOHY COOTBETCTBYET 3/1eKTpHYECKHA TOK 1§, paBHHIA ev.
OTCi0a colNIaCHO 3JeKTPOAMHAMHKE MarHHTHOe Toae 6yAeT nefiCTBOBATb HA 3JeK-
TPOH, JBHKYLIHACA NePNeHIHKYIAPHO MO0, C CHJIOR

fwvarn = iH = evH, (1.6)

tae H — HanpsaXeHHOCTb MarHHTHOTO MO/, YYHTHIBas (1.6), (1.5) u (1.1)_ moxno
3anucaTh

H_
v = —
[4 4

ik
|4

dH

TakuMm ob6pasoM B ypassexnH (1.4) ocraerca Juillb OXHO HEH3BECTHOE e[m, , Koro-
DOE MOKET ObITb ONPEEJIEHO.

2. XapakTepHCTHKH BOjHOBOro ABmxenus. Hurepdepennus u nudpakuns
goaH. BOJHOBOH TpoHeCcC XApaKTEpH3YEeTCH NapaMeTpamu: OAUHOR BOAHbL A, ee
annautydoii a (puc. 132) u ckopocroio pacnpoctpanenus u. TToCKOAbKY 3a eju-

N A\

A

y

Puc. 132. TlapameTprl BOJHH

HHIY BPEMEHH BOJIHA NPOXOJHT PACCTOfIHHE, PABHOE U, YHCJIO BOJIH, KOTOpOe YyKja-
JHBaercss B OTPe3Ke 4, DaBHO ufA; NOC/eAHAS BeJHYMHA eCTb YHCIO KoJebaHui
B6e1mmmy BpeMeHH, oHa HashBaeTcsl #acToroi n o6o3Hauaercss 6ykBOH v; TakHM
0o6pasom, :

Tak Kak YacCTOTH 3JIEKTPOMAalHHTHHIX KojeGaHuil Ansl BHAKMOTO H YJabTpadwo-
JIETOBOT'O H3J/IyUeHHS OueHb BEJHKH, TO BO MHOTHX C/y4asX yAOGHO NeJb3oBaThCs
BONHOBLIM HUCAOM V

- 1
Y= T .

7\
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Kax BHAHO, v OT/JHYaeTcss OT V HA MOCTOSIHHbIA MHOXHTENb U. Boanosoe uncao

TMMOKa3blBaeT, CKOJILKO BOJIH YKJAJbIBaeTcs B 1 ca.
J{nuHbI BOJIH, COOTBETCTBYIOLIHE Pa3JHYHLIM BHAAM 3JIEKTPOMATHHTHOrO H3Jy-

yenud, NMoKas3aubl Ha puc. 133, TaM Xe mpusejedbl SHEPruu KBaHTOB (B pacyerte
H4 MOAb), OTBEYAIOH[HE DASJIHYHEIM [JHHAM BOJH.

Buda- Ynempa-
Anppakaac merd guoncmy. Penmeenal-

Paduobonnss HOlE Sy yu chem Jeienguu CAUE nydu  y-nyvn
. il
P A AP S AT S A A
) 107¢ 1076 97 7 97 1706 109
£, xxan/mons I Y S TSR N DU TN SO TR TN SN SR T TR TS MU SO SO |

pb;mwef/af KanebawyA ﬂepexo/b/ sren Adeprsie
oAEkYN  amarald mponol ba brym- Zp yecess
Omonekynal) pesnUZ 0007099Ka

Nepexodst anesmponal 4
//g/z HHOIT 000/7109KAT
oMO8 U MOERYN

Puc. 133. JInuHB! BOJIH H SHEPIHH PAa3/HUYHBIX BHAOB 3JIEKTPOMATHHATHOTO H3/yYeHHS

SIBnenye unTepgpeperyuu COCTOMT B TOM, UTO ONHO BOJHOOOGpA3HOE JBHKEHHEe
YCHIHBAeT HJH ocaabaser Apyroe. YcHJeHHe HaGmojaercs TOraa, KOUAd BOJHb
HIYT B 00uraxosol ¢hase, 1. e. Korja rpeGuA W BHAJHAbI 06EHX BOJH COBNAJAIoT,
HaoGopor, korma rpefeHb OpfHOM BOJMHMBI COBNAAeT C BHAJHHON JAPYrofi BOJHBI
(BOJIHBI HAXORATCH B aHTUase), NPOUCXORAT NOTANICHHUE BOJH.

Hugpaxyuel Ha3bIBAIOTCS sIBJAEHHS, NMPOHCXOASLIHE MPH OrHGAHAH BOJHAMY
HPENATCTBHR; 3TH ABJEHAS OGYCJOBJEHb! pasfesieHHEM BOJHLL Ha HECKONbKO Fpylin

St =34/d
N\ Jn78=21/d

A/d
/=24/d
Sinf=31/2
/’/
- FE@L
Hemovnuk LAupparyuonsga
“CINYIEHUR p(f&az:m[faz

Puc. 134. Cxemarnueckoe H306paikeH#e BO3HHKHOBEHHS AHGMPAKLUHMOHHOR Kap-
THHB [PH MDPOXOXKACHHH H3JTyYeHHA Yepe3 1udPAKUHOHHYI0 PELieTKY
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BOJIH, HHTepdepHpYIOUIMX APYr € JApyroM. TaKMM MpPemsiTCTBHeM MOXeT ObITh
Ougpaxyuonnan pewerka (puc. 134), nmewnouias Gosbllloe UHCJIO NPOCBETOB, pac-
TOJI0XKeHHBIX HA OAHHAKOBOM DAaCCTOSTHHH APYT OT [ApYyra, COM3MEpHMOM C AJHHOK
BOJIHBI.

IMockoapky BOJIHA He MOMKET NPOATH KakK LEJoC yYepe3 PeleTKy, Kakblil Npo-
CBeT CTAHOBHTCS CAMOCTOSITEJNbHBIM HCTOYHHKOM BOJIH, KOTOPbiE PACHPOCTPaHAITCA
BO BCeX HanpaBJeHHSIX ¥ uHTepdepupyoor Apyr ¢ apyrom. Kak Bugno us puec. 135,
H3 NPOCTHIX FeOMETPHYECKHX COOOpaKeHHIl CJedyeT, YTO BOJAB HAXOASATCHA B OAH-
HakoBO# (ase B HANPABICHHSX, ONpPeAeNsieMbIX COOTHOILEHHEM

. ni
sin § = —
rie n=1, 2, 3,..; 0 —yron MeXXay AaHHBIM HanpaBieHdeM H JHHHell, IepHeHIH-

KyJspHOli _peleTke; A — AJHHA BOJHB; d — PACCTOSIHHE MeXay IIPOCBETaMH
pemeTkH. B HanpaBsieHHsX, YAOBJIETBOPSIONHX 3TOMY COOTHOIMIEHHIO, GygeT Ipo-
MCXOAHTb ycuileHHe BoMH. Hao6opot, B HanpaBJeHHSX, 3a4aBaeMblX aHAJOTMYHBIMA
COOTHOIIEHHAMH, COAEPXKAMHMH NOJMyLeble 3HadeHust n(n="175, 3/, %/3 ..), Bonun
111yT B aHTH(dA3e, B pe3yabTaTe IPOHCXOIUT KX B3aHMHOE NOralleHHe.

AIIITE,

[

P

PITIIIEILIII S CIPIAI 177,

Yeunewue Bonnst

= St t_i
S 8 7 o4 7

ez

Prc. 135. Hurtepdepentus Bonn npH npoxoxaeHnd depes AH(PAKUHOKHYIO
pelleTRY

Ha skpame, mocraBnennom nepes AudpakumoEHOR pemertkoll, Habaozaercs
OuPaKYUOKHAR KAPTUNG — TIEPHOJHYECKOE H3MEHeHHe OCBEI@HHOCTH BIOJb SKpa-
Ha (3TO CXeMAaTHYeCKH IIOKa3aHo Ea puc. 134). OuesBHaHo, n3MepHB yrau O u sHas
pacCTOsHHe MeXNY NPOCBeTAMH PeleTKH, JIETKO ONpeNe/]HTb HJHUHY BOJHHI A.

HrdpaKuvoHHyI0O KapTHHY MOXHO Ha6monaTh Ee TOJMbKO TIPH [POXOMIEHHA
BOJIHB 4€Pe3 pellleTKy, HO ¥ NIPH OTPaXKeHHH OT Hee.

o]

Hudparunonnrie pemerkn Axs suauMoro cBeta (A=4000—7600 A) msroras-
JIMBAIOTCS HAHECEHHEM Ha CTEK/SAHHYIO IUIaCTHHKY ODH IIOMOLIM aJMasHOr0 OCTPHs
GOJIbIIOr0 YAC/A TapasiesibHBIX ITPHXOB, JeXalUWX OYeHb GJH3KO APYr K Apyry;
Ha | MM JIMHB Takoi muacTHHKM mpuxogntcst 1000 u Gosee mrrpuxos. EcrecTBeH-
EbIMH AH(PAKUHOHHEIMA pelleTkaMu [Jis PEHTIEeHOBCKUX Jydell CJAyXKaT Kpucrat-
Jibl, HaCTHIB B KPHCTa/ax PacHOIOMKeHb B CTPOTO ONpeAeteHHOM NOCIel0BaTeNb-
EOCTH H pacCTOAHHA MeXJy CJAOSMH aTOMOB HMeIOT TOT XKe MOPANOK BeJHYHHBI,
4TO ¥ JIJIRHBI BOJIH PEHTTEHOBCKUX JIyued.

3. MocTpoenne ypasHenns Wipenunrepa. YpasHeHHe MOHOXPOMATHYECKOH 3ieK-
TPOMAarHUTHOMH BOJIHB HMeeT Buj *

* Cu., nanpumep, K. A. IlyTtunos, B. A ®acpuakant Kypc husue,
1. [II. ®uamartrus, M., 1960, crp. 12.
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3 ; 3.1

0x2 + oy2 + 022

02a 02a 02a 27 \2
(3
3/iech @ — aMIIMTYAA; A — JJIHHA BOJHbL.

s momyueHus ypaeHeHus [lpeawHrepa B 3TOM COOTHOINGHHH BEJMUHHY @
3aMeHSIOT B0ANOB0L (pynkyueil b, a BMECTO A MOACTABASAIOT 3HaueHHE 5TOA BeJH-
YyHHH M3 ypaBHeHHs Ae Dpofina A=h/p, roe p— uMOyapC uacTule (p=rmv);
TaKAM 06pa3oM, MOJAy4aloT

R0 ey Ry 4w

: 2y =0. 3.
ot oy T o T P 3.2

KHHCTquCKaﬂ SHEPrug yacTHIbI Ey CBAi3aHa C HMIIYJbCOM COOTHOIIIEHUEM

p2
EK= 2’” ’

oTciona

o 2y SumE,

ox2 T 9y2 ' 022 h2
Ho.uyqe}moe YpaBHeHHEe HE€ YUYHTHIBaeT NOTEHUHAJbHYIO 3HEPrHIO YaCTHIIBI — 3TO
YPaBHEHHEe JBHXCHHA CBOGOﬂHOﬁ YacCTHIBI. inI ABUXKEHHH 4YacCTHOH B IOTEH-

O¥aJpHOM MOJe ee NOJHas 3Heprus E ckJaablBaeTcs H3 KHHETHYECKONl 3HeprHm
H MOTeHUHAAbHON sHepTHu U, 3aBucsAllefl OT KOOPAHHAT X, Y U 2:

b=0. 3.3)

p? ,
E= o +U(x, y, 2). 3.4
Orcona
pP2=2m[{E—U(x,y, 2)]. 3.5)

Mopcrapassa (3.5) B (3.2), okOHuaTe bHO MOJydyaeM

02y 02y a2y 8n2m ‘
— < =0
x? o7 5t T [E=U(x, gy, 2)]¢

RJAH

B2 ey W 8%
: ' = EY.
( x2 ot oz ) +U(xy, 2)V=Ey

812m

4. NMonspusauus cseta. CBeT mpeAcTaBiseT cofofl monepeudbie 3j1eKTpoMar-
HUTHBle KoJeGaHud. JTO O3HauaeT, 4TO IEKTPHUeCKOe (M MarHHTHOE) MmoJjie coBep-
maer KosleGaHHA MEPNEHAUKYJNSPHO HanpaB/IeHHIO PacIpOCTPaHEHHA BOJHBL ITn
KoJleGanus MOTYT MPOHUCXOAMTb B DAa3JHYHBLIX MJIOCKOCTAX, MPOXOASIUHX 4epes
JIMHHIO CBeTOBOTO Jyua (puc. 136).

CaeT, HcmycKaeMbifl Pas3JHYHBIMH HCTOUHHKAMM (COJIHIE, CBeda, 3JIEKTPHUECKAs
JlaMna 4 T. A.), He MOJIAPH30BaH, T. e. KoJeOaHHs MPOUCXOLAT BO BCeX BO3MOMKHBHIX
IIJIOCKOCTSX.

CBeT Ha3LBAaIT MNOJNAPHU3OBAHHBIM B TOM cJiyuae, KOTaa
KoJe6aHusg MOJHd ODPOUCXOLAT B OAHOH NJNOCKOCTH, NJOC-
KOCTb KoxefaHHW® MAaTHHUTHOIO NOJSA Ha3bBaeTcCcd MNMAOCKO-
CThI0 NONAPH3ANHH .

[MonspusoBaHHbI cBeT MOMeT ObiThb MOJNYUeH pas3/HUHBIMEH  COCOOAMH.
B OfHOM M3 ITMPOKO NPHUMEHSIEMbIX METOJZOB HCIOJB3YIOTCHA ONTHYECKHE CBOACTB2
KpPHCTAJJIOB.

[Ipu mpoxoxpaeHHW cBeTa yepe3 KpHCTaJli B HampaBJeHHH, He COBNajaolleM
C OMTHYECKOH OCbIO KPHCTaJa, NMPOMCXOZMT pasfieleHHe CBETOBOTO Jyya Ha [Ba
TONSPH30BAHHHX Jyya, MAYIHX TNOA OMNpefe]eHHHIM YLJIOM JpPYr K Apyry
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(puc. 137) *. D10 cBA3aHO C TeM, 4TO IS KosieGaHuil, TPOHCXONALIHX B Pa3jaHy-
HHX [JIOCKOCTAX, MOKa3aTeH TpPeJOMJEHHs B KPHCTajie HeONMHAKOBH. Ouens
CHJbHO OTO fBAcHHE BHIPAaXKeHo U KPHCTAJJIOB MMHEpana KalblATa (CaCOs),

Puc. 136. Kone6auusa 3JeKTpHYECKOTO H MAarHUTHOTO NO-
Jefi B 3JEKTPOMArHHTHOA BOJIHE

L5 KOTOPOTO YroJl MeXpgy JayuaMu cocrapiser 6,5°. Kpynume, npospaunbie KpH-
cTannbl 3TOTO MHHepasja, HasbiBaeMble HCJIAHJICKHM UINATOM, HCHOJb3YIOTCA AJf
NOJIydeHHs] TOIPH3OBAHHOTC CBETa.

e

Puc. 137. Tlpoxoxkpuenue ayua cBeta Puc. 138. Ilpusma Huxoas
yepe3 KPHCTA/UT HCAAHACKOTO WINaTa

I TosyueHHs NOJAPH3OBAHHOTC CBETd HYXKHO OTHEJHTb ONMH W3 Jyueh,
HEYIWHUX B KPUCTAJJe, OT APYToro; 4acTo AJs 3TON LeJH HCMOJb3YIOT ONTHYECKYIs
CHCTEMY, Ha3HBaeMyio npusmol Hukoas.

[Ipusma Hukons (puc. 138) npeacraBasier KpPHCTa/J HCAaHACKOre NInara,
pacnM/eHHBIi MO AMATOHAJM M CKJEeHHbI BEIIECTBOM, MOKa3aTesb NPeJOMJICHHA
kotoporo GoJbmie, weM y HCAaHACKOTO IUnaTa. B Takoi npusme OLMH M3 Jyyed
HCTIMITBIBAET TOJNHOE BHYTpPeHHee OTpaXceHHe W YXOQHT Ha 60KOBYIO paHb, KOTOpad
OKpalllHBAeTCA TOI/OmAnefi cBeT YepHOA KPAackofl; BTOPOR Jyd, majaommi ua

- * ﬂf:lHHOe ABaeHre He HalmoxaeTcs AJs KPHCTAJIOB, NMPHHAJJEXKANHX K Ky-
GHUECKOHN CHHTOHHH.
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FpaHuly pasfena MOX MHBLIM YI7OM, MPOXORHMT wyepe3 nphsmy. Taxum o6pasom,
nponyckas cBeT yepes npusMy Hhkons, Ml nonyyaeM noaspusoBamHE ayy. Ecawu
Ha MyTH TAKOTo .yua NOCTABMTL BTOPYI npu3My HukoOMA, NOBepHYTYI® BOKpYT
ocu Ha 90° TO moOaspH3OBAaHHLI CBet uepes Hee He npoiiner. Taxum o6pasowm,
npu nomow Bropon npusmnl Hiuxons — anaauzaropa — moxHO onpepenuts Ha-
npaBJeHHe IUIOCKOCTH NOJSPU3alMH CBeTa. [IpH Hec/leNOBAHHH ONTHYECKH AKTHB-
HBIX BEUIECTB H3YyyaeMOe BELIECTBO NOMEIAloT MeXAy ABYMs npusMaMu Hukonas n
ONpelensioT yroJ, Ha KOTOPHI NOBOpauHBaeTcs IJOCKOCTh NOJSAPH3ANHH CBeTA.

5. BHIBOL COOTHOWEHHS, ONHCHIBAIOWETO AMGPAKUHIO 3JIEKTPOHOB Ha MoJIeKy-
Aax. [las nonyuyenus COOTHOLIEHHS, BLIDAXKAIOUIET0 HHTEHCHBHOCTb MOTOKA 3JieK-
TPOHOB, pacCesHHbIX IOX HEKOTOPHIM YIJOM O K nepBOHAaYasbHOMY HanpaBJeRHIO
SJEKTPOHHOTO NYYKA, PACCMOTPHM AHOPAKIUHIO 3J€KTPOHOB Ha ABYXATOMHOH MOJe-
Kyne, cocrodueil u3 aromos A u B. [Tpu s10oM paccrosinue Mexjny SApaMn maHHbIX
ATOMOB PaBHO 7.

[ockoabky B siBAeHHH AHOPAKIHH 37€KTPOHOB NpPOSBAATCH HX BOJHOBHIE
CBOACTBA, NOTOK 3JEKTPOHOB B LaHHOM C/yyae MOXKHO paccMaTpHBATh KAk ayy

Puc. 139. Paccesnne BoaH MoJjeKynoi

€ IMunOit BoJHbl A. Mapk u Bupiw (FepMmanus), Blepsme npuMeHHBLINe nudpak-
OHI0 3JE€KTPOHOB 1JIS1 H3YYEHHSA MOJIEKYJ, BOCNOJb30BaJHCh 0€3 KAKHX-JHG60 H3Me-
HEHHI TeOpHel pacceAHHA PEHTTEHOBCKHX Jyuell, pa3apaGOTaHHOR KO 3TOro Hebaem.

Ilycte nnockas Bosnma mamaer ma monekyny AB (puc. 139). Ilpu BcTpeue
BOJIHEL C aTOMaMH NPOHCXOJHT ee paccesHHe BO BCEBO3MOXKHHIX HalpaBsJeHH:X,
H paccesnHbe oT aToMoB A 1 B BoJHH mHTepdepupyoT 1pyr ¢ gpyrom. Pacemor-
pHM HHTepOEpEHNHIO PACCeANHbIX BOJAH B HAIPaBJEHHH, COCTABAAIOMIEM HEKOTOPBIH
yroa 8 x nepBoHauaJbHOMY HanpaBneRHIo ayda OA.

Tak ke, Kak U B npuMepe ¢ AUPPAKUHOHHOH pelIeTKOH (cMm. npunoxenne 2) .
YCHJICHHE UM NOTalueHHe BOJH 3aBHCHT OT pasHoCTU (a3 O, KoTopas cBA3aHa
¢ pasrocTeic xoda nyyeit 8 cooTHOLIeHUEM

23
=22 (5.1)

Kaxk Buano us puc. 139
=AM — AN,

rae AM u AN — npoekuun otpeska AB, paBHoro r, Ha HanpaBJeHHs Najxaloumero
H paccesHHOro Jayyef.

Ecan wa paccmatpuBaeMulX manpaBienusx OT/I0XKHTb oTpesku AE u AS, pas-
HblE 1O BeJMuyHHe r, W MposecTd uepe3 Toukn S u E npsMylo, To oma oGpasyer
¢ gunnell AB yron ¢. C noMomei 3Toro BCIOMOraTeNbHOIO MOCTPOEHHS] MOXKHO
BLIDa3uTh O uepes r w yrawt 6 u . HelicTBHTeNnsHO, pasHocTs npoekunit AB na na-
Tpasnenns OA u AP MOxXHO 3aMEHHTH Da3HOCTBIO NpOEKLHil OTPE3KOB, paBHHX
AB, OTIOMEHHEIX Ha THX HalpaBJEHUsX, Ha Hanpasienne AB. Torna pesmunHa O
paBHa pasHoctH npoekunit AE u AS na AB. Ho pasnocTh NpOeKuuii IBYX CTOPOH
TpeYroibHHKa HA KaKoe-mGo HanpapJenlie paBHa NPOEKLHH TPEThEHi CTOPOHH Ha
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TO Ke HampaBleHHe, TakHM ofpasom O Oyjmer pasHa mpoekuun ES Ha AB,
1. e. ES cos 9. OuesnjHo, 410

.0
ES = 2r sin 9
0TCI0Aa

]
B=2rsin—5—cos P.

Takum oGpasoM, pasHocTb (a3 BOMH, HAYIHX B HanpapieHun AP, seipasutcs
COOTHOIIEHHEM

= A sin—g— 0
P= I 2 cos®
HIH
p = Srcose, (3.2)
rae . ]
B
:T sin —2— (5.3)

AMnantyap $a ¥ B paccesnnbix aToMaMr A u B BOJH 32BMCAT OT HHTEH-
CHBHOCTH B3aWMOJefiCTBHA najaiolleil BOJHL ¢ aTOMaMH; B JaFHOM cjaydae, xorja
MBI paccMaTpHpaeM JHM(PAKUMIO OGLICTPHIX 3JIEKTPOHOB,
aMNJAKTYLb MOXKHO CYATATb NPONMOPLMOHAJbHBLIMH 3aps-
namu sinep Z. MHTeHCHBHOCTb TOTOKAa 3JeKTPOHOB MPO-

NOPUHOHAMbHA KBaApaTy aMNAHTYAb DPe3yJabTHpYIOLleh %
BOJIHBE (MbI paccMaTpHBaeM BOJHBL je Bpohss, a ajek- L)
TPOHHAsI MJOTHOCTb ONpeJeNseTcd BeAMYHHOH V2).

Tlpu uuTepdepeHUHH BOJTH TPOHCXOAMT BEKTOPHO® V4
ciaoxeHHe ux aMmnauryn (puc. 140). ¥Yrom p Mexny Ha-
npaBJAeHHSMH BEKTOPOB paBeH pasHOCTH da3.

Kax cnenyer u3 puc. 140, xBajpaT aMIIHTYIH BOJ-
Hbl, BO3HHKAWIleH B pe3yiabTaTe HHTep(dEpeHIUH, BHpa-
BHTCS COOTHOLIEHHEM

Ypea= VA + 3 + 2V ypcos ¢ (5-4)

Voer

YUHTBIBAS, YTO HHTEHCHBHOCTb MNOTOKa 3JEeKTpoHos [
nponopuHesansHa P2, a Ya~Zy u Pp~Zp (~ —
3HAK NPONOPIHOHANLHOCTH), MOXKHO 3aMHCAThb

0 0 Puc. 140. Bekrophoe
I ~Z3 + Zg + 2Z,Zgcos p. (6.5) caoxenme  aMIUIHTYA

TOGH CHeaTh MeHee IPOMO3LKHMH MOCAENYIOUIHe BLIKJIaaKH, Mbl GymeM paccMmart-
pHBaTh TOJILKO Ty 4YacTb OGLIell HHTEHCHBHOCTH NOTOKA 3JEKTPOHOB, KOTOpasi
3aBHCHT OT ; /15 Hee MOXKHO HaIHCaTh

I ~ZyZpcosyp.

Heofxoaumo, onako, yuecTb, 4T0 BHUYMCAEHHAS HAMH PasHOCTb ha3 p 3aBHCUT
OT MNOJIOXKKEHHs MOJEeKYJH II0 OTHOIIGHHIO K IOTOKY 3JEKTpOHOB. Pacnosioxenune
MOJIEKYJ/l B rase Moxer ObTh KaKHM YrOJHO, II03TOMy A1 HaXOXAEHUS peasibHOM
HHTEHCHBHOCTH [I0TOKa 3JeKTPOHOB HYXKHO BLIYHCJAHTb CpeiHee 3HayeHHe COS P
AJisi BCEBO3MOXKHBIX TIOJIOKEHHH MOJIeKyJl.

[Tonoxenne MOJeKy/nnl OTHOCHTENbHO NMAJAOlIell BOJHHI TPH (HKCHPOBAHHOM
3HaYeHHH yraa O moxer ObiThb 3aman0 yraOM . [103TOMYy HYXHO BHIUHCIHTD

CpefiHee 3HaueHWe COS P J/151 BCeX BO3MOXKHBIX 3HaueHH#l @ ot 0 mo . Ono ompe-
J&TUTCA COOTHOLIEHHEM
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jcos pdp

Jdo

EDH 3TOM HHTErpaNbl JAOJ/KHBL Ob(Th B3ATH B TaKHX Npefedax, 4ToGH yroa @
M3Meruics ot 0 go .
Hposenem unterpuponaure. Coracho (5.2),

cos p = (5.6)

dp = —srsine dy;

EO3TOMY
T K
j.dp = ‘wsrsincpdcp= §rcos ¢ = — 2sr;
0 0
T
jcos pdp = — 5. €Os (Sr cos @) srsing dey.
0
Tlociieannft mATerpas BEIYHC/AEM, NOAOKHB COSP=u, Torna du= — sin ¢do, cne-
ROBaTeJbHO,
T L3 T .
. sr sin(sru)
— 5 €Os (Sr cos 9) Srsin ¢ dcp———j‘ cos (sru) srdu == | —————— =
r
0 0 0 §
k3
= [ sin(sr cos ¢) = [— sinsr —sinsr] = — 2sinsr.
0
Taxum oGpa3zom, cpesHee sHAYeHHE COS O GyneT
sinsr -
€OS p = ———, 6.7
: sr

H BbipaXKeHHe AOJ HHT€HCHBHOCTH paccessHHBbIX JIEKTPOHOB npnoﬁpe‘rae‘r BHI

sinsr
I ~ 2,75 ————. 5.8
A“B T, (5.8)

i1 MHOrOATOMHOM MOMEKYJH, CONEpIKAllefl n aTOMOB ABYX BHAOB [ H m,
HYXHO NPOBECTH BEKTOPHOE CYMMHDOBaHHE aMIVIHTYN BOJH ne bpoiada aas snek-
TPOHOB, paccefHHHIX KaXAbiM aTOMOM. DTO JOCTHraeTcsi MOCTPOEHHEM COOTBET-
CTBYIOIIETO MHOrOYro/JIbHHKA BEKTOPOB COBEpIISHHO aHAJOTHYHO TOMY, KakK Ha
puc. 140 GbiT NOCTPOEH TPeyrONBHHK. 3AMBIKAIOMASA MHOTOYTOJbHHKA [deT pesyJib-
THPYOIIYIO aMIVIHTYAY. B sToM cayyae cymMMapHash WHTEHCHBHOCTb PacCesiHHBIX
3JIEKTPOHOB BBIDA3HTCH COOTHOUICHHEM -

= "o .“-\“

B sin sr ,
1~E 2 2\ Zy ———. -9
-.“\ ! m sSr -

1.

Tlpa 3toM cyMMHpOBaHHe MPOH3BONMTCA AAA BCeX pacCTOSHUR MEXKAY aToMaMH,
B TOM uyHCne H AJs r=0, KOraa cOoceIOM PacCMaTpPHBAEMOro aroMa CYMTAeTCsl OH
caM; B nocnenneM ciyyae (sinsr)/sr=1. Takum o6pasoM, npu nogoGHOM CyMMH-
POBAHUH NOABJAIOTCA YJEHH Z % H Z?,,, KOTOpBlE Mbl BDEMEHHO ONYCTHJH NPH NOAY-
YeHHH Bblpakenns (5.8).

HanoxenHasn 3jeck Teopus pacCMaTpHBAET TOJbKO KoeeppentHoe (ynpyroe)
paccesinie 3JMeKTPOHOB MOJICKY/IaMH, [IDH KOTOPOM MOJIEKYabi He NMepeXxOfsT B BO3-
Oyxpennoe cocrosnne. OfHaKo npK 60MGapaHPOBKe MOJIEKYJT GBICTPBIMH 3JIeKTpO-
HaMH NPOHCXOAMT TaKXKe N HeKozeppeHTHOoe (HEYNpYroe) pacCesiHHe 3JEKTPOHOB,
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fIPH KOTOpOM MOCJEJHHe OTAAI0T YacTh CBOefl 3HEPrHH MOJeKyJaM, NepeBois HX
B B030y:KieHHoe cocrofHue. IIpH STOM H3MeHAETCH AJHHA NeGpoiJieBCKOR BOJ-
H#el A TagalollHX Ha MOJIEKYJbl 3JeKTPOoHOB. HexoreppentHoe pacceMHHe Jaet
CILIOMIHOi, 03 MakCHMYMOB (OH, KoTopbifi ObICTpo ocjlaGeBaeT ¢ pocToM mnapa-
MeTpa s. PeasbHas KpHBaA HM3MGHEHHS MHTEHCHBHOCTH DacCesiMHBIX 3JEKTPOHOB
onpejeaseTcs CyMMoli KOTePPEHTHOr0 H HeKoreppeHTHoro paccesnumii. Ha prc. 141
Takoe CYMMHpOBaHHe [TOKA3aHO [l [ aCCesHHA JIEKTPOHOB Mojexynamu Brj.

Tlpu Bu3yasbHOR pacilidpPOBKe 3JEKTPOHOIPAMM HEKOreppenTHOe paccesHne
MOXKHO He YYHTHIBATb — YEJOBEYECKHil IJ1a3 XOpPOIIO YYBCTBYET HapyLIeHHs MjiaB-
HOTO CHaja HHTEHCHBHOCTH ModepHenHs (OTONNACTHHKY H JIETKO 3aMedaeT MaKCH-
MYMB H MHHHMYMEI, COOTBETCTBYIOLIHE KPHBOH KOTeppEHTHOTO paCCenHHA.

AN

-

ds

0 ¥ & Z 15 sr

Puc. 141. Pacnpesenenne HHTes-
CHBHOCTH TIIOTOKa  3JIeKTPOHOB,
paccesiHHBIX MoJsekyJamH  Bra:
{ — ®oreppeHTHOe paccesiHde; 2 — He-
KOreppeHTHOE paccesiiHe; 3 — cyMMap-
Haa KpnBasd (HeCKOJbKO CHABHHYTA
BHH3, qToGbI T0Ka3aTh CX0JICTBO
C KPHBO# 2)

Puc. 142. K ypasnenuwo
(6.2)

6. Momenr mHepnuu. IlpeacraBuM cebe, uTo MarepHa/ibHAs# TO4YKa BpalllaeTcs
BOKDYT HeKoTopoHl ocH (puc. 142). CkopocTh aBMKeHHSF Te1a eCTh NPOH3BOJHAR
NyTH MO0 BPEMeHH:

ds

v = 7. 6.1)

B ciyuae BpamlaTeNbHOrO JBIKEHHS 3JEMEHT NyTH ds MoOXKeT GbiTb BhHIpPaXKeH KakK
fipou3BejieHNe PajHyca r OKPY:XKHBOCTH, 0 KOTOPORA [BHXKeTCs MaTepHaJbHas TOU-
Ka, Ha BeJIHUHHY yrila d@, beteercTEyIOWEro nepeMellleBuio ds:

ds=rdsg; (6.2)
rorxa sMecTo (6.1) MoxXuo 3amHcathb
de
=p —, 6.3
v=r dt (©.3)

Besnunna do/dt, o6osnauaemas GykBoll ®, Ha3bBaercsa y24080il ckopocrow. TakuM
o6pa3om,

U=ro. (6.4)
KHHETH‘IGCKHH 3Heprusa teaa OMNpenesAeTCA BblpaXKernHeM
mu2
E, = .
2
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—

Yuyureigas (6.4), uMeeM
E mr2e2 Tw? 6.5)
K=y =T ©.

Besmnunna [=mr? na3blBaeTcsi MOMeNToM unepyuu. YpasHenue (6.5) OTHOCHTCSH
K MarepHa/bHOl Touke. MOMEHT HHepluH Tesa NPEACTABJSET CYMMY MOMEHTOB
HHepIMH MaTePHaJbHBIX TOUEK, COCTABJAIOIHX AaHHOE TeJO:

I=3Smr?. (6.6)

Ha}"meM COOTHOIUCHHE MEeX Y BHEPFHeﬁ BpalaTENbHOTO ABHXKEHUSA

my2
5

Epp =

MOMEHTOM KOJHYeCTBA ABHXKeHus M=mour u uone-
<D HToM HBepuun /=mr2 Tlockosabky

M2 = m2v2r2,
TO OQUE€BHAHO, UTO .
EPP = M2/2mr2.

z Takum o6pasom,

. Enp= M2/2I. (6.7)
@ B

Hafinem BoipaxceHHe JJ8 MOMEHTa HH2pIi
JNBYXaTOMHOA MOJIEKYJbl, COCTOsIIeA H3 aTtoMoB A
H B, fifpa KOTOpPEIX HAXORATCS Ha PACCTOAHHH I IPYT
or ppyra (puc. 143).

Cpo6onHoe BpallleHHE MOJEKYJH GYyXer cosep-
1IaTbC BOKDPYr OCH, NMPOXOJAILNEfi Yepe3 HEHTP MacC
NEPNEeHAMKYNADHO JIMAHH, COEAMHSIOmER fapa aTto-
Puc. 143. Bpamenne gpyx- MOB. ITlycTb paccTosiHs slep OT OCH BpalieHHs

ATOMHOIl MOJIEKYJIbI 6ynyt a u b (puc. 143). TIpH BpameHHH [0JKHO
BBIMOJIHSTBCS COOTHOLIEHHE

mya=mpb, (6.8)

[he ma ¥ mp — Macchl atoMoB A u B; ¢ apyroi croposs,

a+b=r. (6.9)

Pewas cucremy ypasuenwir (6.8) u (6.9), naxomum Bsbipaxenus Ajs a H b:

me rmA
o= —2b . A (6.10)
mp + my my +mg

Coraacuo (6.6), MoMent uuepunu Monexysel AB 6yner pasen
I =mya? 4 mgh?.
HMopcrasass Bbipaxenus s a 1 b,. nosiyyaem
I = [mpmg/(m, + mp)] r2. (6.11)
Bemuunna m* 55, onpepensemasn COOTHOLIEHIIEM

myp = mymp|(my + mg), (6.12)
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HasbiBaeTcs npusedennot maccod. Taxkum oGpa3om,
®
= mypr?. (6.13)

7. BupaxkeHusi Ajs BOJHOBHX (YHKIHI THOPHAHNX opOuTaxeil.
sp- ruﬁpnnnsaunﬂ

'tJl_ —(q’s ‘p . kp? —_(VS_(‘pr)'

Ve Ve
sp2-rubpunuzanus

(6 + V24, );

3
o[, VI, VE,
T\ 2 Tpy 2 "y
. sp3‘rn6pmm3aupm
1
Y11= —2—(‘1JS+VP +pr+4’p) ("pS+Vp —pr 1pz)

1 1
=—(US_"‘r,px+"Ppy_quz); ‘-!’4=—2'(q’s_q’px_q)py+dﬂpz)'

8. COHH 37eKTPOHA H MarHHTHHeE cBoiicTBa BemecrBa. Ecim Marnut, Ha Koi-
15aX KOTOPOTO HaXOASTCA «MAaTHHUTHbLE 3apPsAJL®, PAaBHBE ¢, NOMECTHTH B MATHHTHOE
TI0€, TO Ha Hero GyaeT JeilcTBOBAaTb napa CHJI, CTPEeMSILAsiCs PacrnoJOXHTb Mar-
HHT BJOJb CHJOBHIX JMHHHA MaradTHOro noJas (puc. 144). Momeutr cun M, noso-
payHBaIONIX MaruuT, paseH

M = qlH sing, 8.1)

ANANNUARNRNNANY

7
Puc. 144. BsaumogeiicTsue Puc. 145. Koutyp ¢ To-
Mar#HTa ¢ MOJEM KoM
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rae [ — aauHa MarHuTa; F — HanpsKeHHOCTh MaTHHTHOTO MoJsi; @ — yroJ, o6pa-
ayeMbii MarHHTOM C CHJIOBBIMsI JHHHSIMH Hoasi. IIpousBemenue gl=lyarn Ha3bI-
BAIOT MAZHUTHOIM MOMEHTOM.

Kax H3BeCTHO H3 SJEMEHTADHOTO Kypca (H3HKHM, Ha KOHTYp, [0 KOTOPOMY
HIEeT TOK, B MATHHTHOM IOJ€ Takxke AEACTBYeT lapa CHJ, CTpeMsulafdcsl pacro-
JOXHTb €ro NepreHAHKYIApHO nomo. [103TOMy KOHTYp ¢ ToKOoM ofJajaeT MarHuT-
HBIM MOMEHTOM; MOXKHO I10Ka3aTb, YTO B JaHHOM CJjydYae

Puars = iS, (8.2)

rie {—cHia TOKa, a S — njomlans Koutypa (puc. 145). TIpH 5TOM MarsuTHbIR
MOMEHT, KOTODHI SIBJIAETCA BEKTOPOM, HaNpaB/JeH MepleHAHKYJISIPHO IJIOCKOCTH
KOHTYpa. :

JIBHXKeHHe 3apsTKEHHOH YACTHIb MO 3aMKHYTOA TPaeKTOpHH aHAJOTHYHO Iipo-
TeKAaHHI0 TOKA [0 KOHTYPY; OHO Takxe OGYC/JOBJHBAET MNOfBJEHHE MarHHTHOTO
momenTa. Ecad paccMaTpuBaTh, KaK 3TO [enaercs B Teopud DBopa, ABHxkeHHe ssiek-
TPOHA 110 OpOHTE, TO C [OMOIIbIO ypaBHeHHS (8.2) MOXHO BBIYHCIHTD 0p6uTA.1b-
Holl MaeHuTHold MOMENT 3aeKTpoxa. Jlnsi nepBoil: GopoBcKoil opOHTH BenuuuHa
MAarHHTHOTO MOME@HTA 2JIEKTPOHa NoJydyaercsl paBHOH

° 1 eh

Puarn = 7o mc |
e

(8.3)

The & — 3apaf 3JeKTpoHa; ki — nocrosiHHas I1nadka, feneHHas Ha 235; m,— Macca
JIEKTpOHA; € —— CKOPOCTb cBeTa. BennynHa [ °yaru XapaKTEDH3YeT 3HAUYEHHE
NpoOeXKHNHH OpOGHTANbBHOTO MATHHTHOTO MOMEHTAa 3JEKTpO-
v a; oma cocrasasier 0,927 - 10-20 spe/eaycc u naspiBaeTcs mazHeroHom Bopa.

IMpoexkuusi opGHTaNbHOTO MATCHHTHOTO MOMEHTA 3JEKTPOHA Ha HamnpaBleHHe
MAarHHTHOTO TOJISI PaBHA NIPOM3BEJeHHIO MarHetoHa DBopa Ha MarmWTHoe KBaHTOBOe
gyucao m. OuesHAHO, YTO KOTAa 7 PaBHO HYJI0, YKa3aHHasl [POEKUHS TaKkKe
paBHa HYJIO.

DnexTpoH 00;1a5a€T COGCTBEHHBIM MAZHUTHLIM MOMEHTOM, 00YCIOBJIERHLIM ero
cnHHOM. BesnuHHa NpOeKuHH ero CcoOCTBEHHOrO MAarHHTHOTO MOMEHTa paBHa
OJHOMY MarHetoHy Dopa; B 3aBHCHMOCTH OT paclOJOXKEHHS CNHHAa B MpocTpan-
CTBE OHA MOXEeT HMeTb MOJOXKHUTENbHbIH HJIH OTPHUATEJIbHBIH 3HAK; 3Ta NPOEKIHS
He MOXeT ObITb PABHOH HYJIO.

MarHuTHblE MOMEHTHI 3JeKTPOHOB B MOJIEKYJie CKJIafblBAlOTCA MO IpaBHIY
cnoXeHHs1 BekropoB. Korga Bce 5JeKTpPOHH B MOJNeKYyJae fABJA-
I0TCSl CHAPEHHBIMH, €€ Pe3yAbTHPYIOMUI MATHUTHBIA MOMEHT
paBeH HYJIO.

Haanuue HaH OTCYTCTBHE Y MOJIEKYJ Pe3Y.IbTHDYIOLIEr0 MarHHTHOrO MOMEHTa
JIETKO MOXeT ObTb ONpeJeeH0 [0 B3aHMOJAEHCTBHIO BeIIeCTBa C HEOLHOPOIHBIM
MaruyTHbIM nostleM. Ecan MOJMlekyJ el BemecTBa 0o6aafal0T MAarHuT-
HBEIM MOMEHTOM, TO BeHmeCT BO SABJASeTCH NapaMarHuUTHHM,
OHO BTSITMBAaeTCsN B MAarHHTHOE NoOJe; B cJydae OTCYTCTBHS
Yy MOJekYyd MAarHHTHOTO MOMeHTa BemecTBo OyaeT AHamar-
HHTHBIM, OHO BHTaJlKHBAa eTcsl H3 MarHHTHoro noJas. Ilo cure
B3aHMOLEACTBHSA BEIIECTBA C MATHHTHbLIM [OJIEM MOXET ObiTb onpefeseH pe3y/bTH-
PYIOIHHA MATHHTHBIA MOMEHT MOJIEKYJL.

Kucnopon — napamarautHoe BemlecTBo. [TpHOJN3HB MOMOC CHJABHOTO MarHuTa
K TIOBEpXHOCTH XKHIKOFO KHCJAOPOAA, JEeTKO 3aMEeTHThb, YTO KHCJAOPOJ NPHTATHBAETCS
K MarHuty. M3mepenusiMu OblIo YCTAaHOBJEHO, YTO MarHHTHBIA MOMEHT MOJIEKYJb
O, oTBeyaeT HaJHYHIO B Hell ABYX HECNAPEHHBIX 3JEKTPOHOB.

9. Pacyer cnekTpoB nOrnomeHHs MONMMETHHOBBIX Kpacurenefl. Kaxk yka3sbl-
BaJoch Ha cTp. 185, B uenu yriepoAHBIX ATOMOB, COAEpKallell CONpsKeHHBIE 1BOH-
Hble CBA3M, KOTOPYI0 MOoXHOo o06o3Hauuth — (CH=CH)m —, m-snekTpoun He noka-
JIM30BAHB!; OHH MOTYT CBOGOJHO N€peMeilaTbCsl BAOJDb LENH. YCJOBHA [BHIKEHHs
SMeKTPOHa B TAaKOH NOJHMETHHOBOR nenH (pafukan —— CH=Ha3blBalOT- METHHOM)
JHOBOJbHO GJH3KO COOTBETCTBYIOT MOMNEJH OJHOMEDHOTO NOTeHUHAJbHOTO SIIHKA
(cM. cTp. 33—36). TIpH nomolyn 3T0R Mojend MOryT ObITb [AOBOJbBHO TOYHO pac-
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CYATAHB CIEKTDH NOIJIOUIEHHS PAJa COEAHHEHHH, BBIPAXAeMBIX obmumu  $op-

MyJaaMu
\
C=CH—(CH=CH) =—=C

q'/ tl— ————————— nl 2“ \\ + (A)
I /, N l
CoHg CoHg

"
- &)
CHg—N C=CH—(CH=CH) 7= C // /N—C2H5
NCH=CH.~ ~ T TTTTTT T —(CH-CH’ ’
| U \‘ —

TIyTb, 10 KOTOPOMY MOTYT JBHTATbCHl SNEKTPOHBI, YKA32H NYHKTHPOM.
DHeprus >JEKTPOHA B OJIHOMEPHOM TOTEHIHAJBHOM SUHKE BbIPaNAETCsH
COOTHOLIEHHEM
n2h2

8m.a2

B YKa3aHHLBIX CO€AHHCHHAX YUCJC HEJNOKAJU3OBAHHBIX {T-3JME€KTPOHOB PaBHO 2m,
3TH 9JEKTPOHHI 3afiMyT M NEPBHIX SHEPreTHUECKUX ypOBHeH B OJHOMEpDHOM IOTeH-
NHaNbHOM SIIHHKE, AJst KOTOPBIX N paBHO 1, 2, ..., m; Ha KaxXJIOM 3HEPTeTHUECKOM
yposHe 6yJIYT HAaxXOLUThCA JABa 3JAEKTPOHA C IMPOTUBOIOMOKHO HanpasJeHHbIMK
CIIHHAMH.

HOCKOJIbe BCE JHEPreTHUECKHE YPOBHH, AJA KOTODBIX A<Cm 3ar0JIHEeHbl, MpH
COOOLIEHHN MOJEKyJe 3SHEpruu OyAeT MPOUCXOAUTH MEPEXOJ 3JEKTpOHA, HAXOAs-
Iierocsl Ha YpOBHE, T M=11, Ha CAEAYIOWMH YPOBeHb, A/ KOTOpOro n=m+1.
MOJIeKlea 6y11€T MOrJIOIATh KBAHTHI, COOTBETCTBYIOLHE 3HEPTHH [1aHHOTO nepe-
xojaa:

E=Epi1— Ep.

JIAHHA BOJHBI WSJYYEHHS A, OTBEUAIOWIETO STOH SHEPTHH, MOXET OHTh MOACYHTAHR
€ OMOIIbIO COOTHOMIEHHH

E=h ¢
= 1YV, Y= ",
; X

PasMep MOTEHIHAALHOTO fAIIIHKA @ PaBeH JJAuHe UenH aToMoB, BIOIDb KOTOpOﬁ
MOXKET ABHraTbCsi SHJAEKTPOH. Ecau cuMTaTh, YTO pPACCTOAHHE MEXAYy aroMaMmi
o

yraepoja B NMOJHMETHHOBOM uenmu paBHo 1,40 A ¥ 4TO KOHUH! «sINHKA» HAXOAATCHA
Ha PACCTOSHHH OJHON AJMHBI CBA3H 32 aTOMaMHM a30Ta, TO pacyer paeT Pe3yab-
rarhl, NpuBeAeHHble B Taba. 28. Kak BHAHO, BBIUHC/IEHHBE 3HAYEHHA A JAOBOJBHO-
6aH3KH K HaG/II0aeMBIM MAKCHMyMaM MOTVIOIMEHHSt 1Jd COeJUHEHHH YKa3aHHBIX
THIOB.
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Ta6auuya 28

nllllHl:l BOJIH HBJY4YCHHS, MOrJomaeMoro COCAHHEHHAMH

(A) » (B)

Hauna BoAHBL MakcuMyMa
MCTAOEHUS; SKCU2PHMEHTANb] [ 1yya Boanbi,
" Hbie nanmbie, A paceunTand
Coeannenus Coennuenus Tef{unam::c’ro
(&) (B) FRK
2 4250 — 3280
3 5600 — 4540
4 6500 5900 5800
5 7600 7100 7060 ¢
6 8700 8200 8330
7 9900 9300 9600

10. PenieHne OAHOPOAHBIX CHCTEM JHHEHHBIX ypaBHeHHil. CHCTeMu ypaBHeHH#
BHAA
anXi 4 apxy + -+ +0pxy =0,

G91X1 -+ GgaXy + -+ - + ayx, =0,

® ® ¢ e s % s e s e s s s e s »

Ap1 X1+ ApoXg + - -+ + Appxy =0,

TAe Xi, X3, .., Xn — HEU3BECTHBIC H 4i;, Q2. — KO3DPHUUEHTH (nepBH HHAekC
COOTBETCTBYET HOMEPY YPaBHEHHA, BTODOW — HOMepY UJeHa) Ha3bLIBAIOTCH 0OHO-
pOOHbLMLL.

Jns nomoGHBIX CHCTEM BO3MOMKHBI ABA THOA pemwenus. Bo-nepssix, sicHo, uTO
Bce ypaBHeHHsl OYAYT BLIIONHATLCA OPH DABEHCTBe HYJIO BCEX HEH3BECTHHIX:
x=0, x,=0, .., xn,=0. Takoe pelueHde HasbBaeTcs HYyAesbiM UJH TpUBUAAbHbIM,
Oro uMmeercst BCeraa. Ecau cHcTeMa He HMeeT APYroro peiueHus, TO roBOPAT, UTO
YpuBHEHHS HeCOBMECTUMDbL.

UwmewTtcs TakXKe cHCTeMbl, 15 KOTOpbIX BO3MOXKHO TakXXe H HETPUBHAJLHOE
peuleHiie. yC!IOBI{EM ero CylueCTBOBAaHHS ABJALTCA paBeHCTBO HYJIO derepzuuuaum,
COCTABIEHHOTO 13 KO3)(UUHEHTOB OpH HEU3BECTHHIX CHCTEMBL. ITO BhIpaxKaercs
34M1HChIo

an app -+« Qip

Qg1 Ggg -+ agp
c e e e e s
2.1 Qny +++Qpp

TTo3HaKOMHMCS ¢ MOHATHeM JeTepMuHaHTA. ITycTh MMeeTcst Tabiuua, cocTas-
JIeHHas 13 KaKiX-JM00 BeamuiiH, HanpuMep

a b ¢
d e f
g h n

TaGauua, cocTaBieHHas H3 KakKHX-IHGO BeJYHH, PaclioNOMKeHHLIX B BHIE DAAOB
U cT0:I0U0B, HasblBaeTcsa marpuyeil. OGpasyioline MaTpUIy BeJHuUHbI HA3LIBAKOTCS
ee ozementamu. Ecmu uncao cTpox paBHO uHeay cTOAGLOB, TO MaTpuua Gy1eT
Kk8adparnolil.
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Hdetepmunant (onpenesnTesib) — 5TO BEJHWYUHA, BLIYHCJISIEMass H3 3HAYeHUA
3JIEMEHTOB KBaJPaTHON MaTpPHIEI IO OmpelesieHHOMY npaBuiy. etepMunanr 0603-
HayaloT, cTaBsi MO 00OHM CTOPOHaM COOTBETCTBYIOLIEefl MAaTpHILI ABe BepPTHKaJ/bHHE
YepThl.

Ecau mMaTpuna cOCTOMT H3 YeTHIpEX 3J1EMEHTOB, TO LEeTEPMHHAHT ONpele’sercs
pa3sHOCTHIO MPOH3BEIeHUH 3JIeMEHTOB, CTOSIIMX MO HAroHaNsAM, HaOpHMep,

a b
= ad — bc.
¢

TIpexnme uem paccCMOTPETh BhIUHCJEHHe GoJiee COKHLIX JETePMHUHAHTOB, BBeeM
nousitue o muxHope. MHHOpOM Ha3nlBaeTCsi AETePMHUHAHT, MOJyuYaeMbii H3 JaHHOTO
TyTeM BLIYEPKHBAHHA CTPOKH M CTOJOI@, B KOTOPBIX CTOMT Kako#-jiiHGo BEIGpaH-
HBIA 3JIEMEHT.

Tenepp MOXHO cOPMYIHPOBATh HPABUJIO BEIYHCAEHHS JHOGOTO AEeTEPMUHAHTA.
Jnsi HaxoXpueHHs: 3HAYeHHst NeTePMHHAHTa ClejYeT YMHOXHTb KaxK[Iblli 3JIeMeHT
NepBOH CTPOKH HA COOTBETCTBYIOIIMH €My MHHOD M MNOJYuYeHHHE NPOH3BeIeHUs
anreGpaHyecKH CJIOXHTh, B3SB HX CO 3HAKOM IIIOC, eCiau 3JeMEHT HeueTuudl (mep-
BbIf, TPeTHR H T. A.) H CO 3HAKOM MHHYC, €CJH OH YeTHbifi. 3HaueHHS MHHODOB,
€cJH 3TO HeOOXOZHMMO, MOMHO BBLIYHCIHTH C NOMOUIBIO TOTO e TpaBuia. Takum
o6pa3oM 06O neTEPMHHAMT B KOHEYHOM HTOTe BHIPaXKaeTcs ajrefpauyeckof
CyMMoO# TpOu3BelleHuli erc snementoB. B kauecTBe mpHMepa MOXKMO NMPUBECTH BhI-
ulcaeHHe [eTePMUHAHTA, UCMOJbL3YeMOro NpPH PacCMOTPEHHH MOJEKYJH GyTajleHa
MeTOJ0M XIOKKeJsi:

x 1 00
x 1 0 110
1 0
* —x|1 x 1|{=1]0 % 1|=
01 x1 01 0 1
x

001 x *

x 1 11 x 1 0 1
= x2 —x —1 +1 =x2(x2—1)— xx—x2+

1 x 0 x 1 x 0 x

Fl=xt—x2—x2— 24+ 1=x4—3x24 1.



3HaueHHs HCOONbL3OBAHHLIX €AUHMI H3MepeHHs H QUIHYECKHX KOMCTAHT
B cucreMe CH

{1 A=10-10 n.

1 e=10-3 k.

1 kkas=4,184-10% doxc.

1 58=1,603-101° .

1 ape=10-7 Ouc.

3apsapn snektpoHa e=1,602-10-1° «.
CKopocTh cBeTa ¢=2,998-108 m/cex.
ocroaunasn [Nnauka h=6,625-10-% doc- cex.
Marserou Bopa uoyara=9,273-10-2 a- 42,
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