8§ 1. OCHOBHbIe MOM0XEeHNsA KBAHTOBOW MeXaHWUKK.

B koHue XIX 1. nosBUIUChL 3KCMEPUMeHTa/lbHbIE [0Ka3aTe/IbCTBa TOr0, YTO aTOM He ABNAeTCH
HefeNIMMOI YacTuLeli BelLecTBa, Kak CUMTanoch paHee.

B 1900 r. M. MnaHKoMm 6bIN0 NPeANON0XEHO, YTO MPOLLECC U3NYyYeHUS aToMamn CBETOBOW
3HEPrUN MPOUCXOAMUT He HEMpepbIBHO, a NOPLMUAMMN, KBaHTaMW, BEIMYMHA KOTOPbIX 3aBUCUT OT Ya-
CTOTbI UCMyCKaemoro ceeta: E=WN V



B 1905 r. A. 3liHWTeH NoKasas, 4To Macca Tefa CBsfidaHa C ero aHeprueii COOTHoweHnem E
I c2 YpaBHeHus MNnaHka H SiiHLITelHa Nal0T BO3MOXHOCTb MOMYUYNTb COOTHOLLEHME MEXAY
Maccoil pOTOHa H ANNHON BOMHbI CBETA, WAWM YACTOTOW CBETOBbLIX KonebaHwi:

E= 1C\' =mgC T  c=p (umnynsc)

B 1924 r JlyH ge bpoiinb npefnonoxun, 4To KOpnycKysapHO BOMHOBaA Npupoda npucyLua
He TONbKO CBely. HO 1 No6bIM APYruM MuKpoyacTuuam [1pu 3TOM A/IMHA BOMHbI, COOTBETCTBYIO-
Las aHHOM YacTuLe:

K ==
TC
OO6beKrbl MUKpoMMpa 06/1a4aloT CBOWCTBAMU, OT/IMYHBIMW OT CBOWMCTB (hM3NYECKUX Ten. C

KOTOPbIMW MOCTOAAHHO CTa/IKMBaeTCA 4esnoBeK. B 4aCTHOCTW, 3feMeHTapHble YacTullbl O4HOBpe-
MeHHO 06nagatoT npusHakamn 4acTuL 1 BOMH.

B 1927 r. fleBuccoH n [Jyxepmep 06HapyXwunu, 4To Npu AUQpakLUM 3NeKTPOHOB Ha HUKeNe BO3-
HUKaeT AMdpakLNOHHaA KapTWHa, CXOAHas C Audpakuueli cBeTa Ha KPUCTaNNMYECKON peLleTKe.
3T0 ABMEHME NOMYYMno HassaHue Audpakuuy 3NeKTPOHOB OHO CUMTAeTCA IKCMEepPUMEHTabHbIM
[l0Ka3aTeNnbCTBOM CyLL,eCTBOBaHMA BOMH fe bpoiing unm KopnycKynspHo-BONHOBOroO Ayann3ma
3/1EKTPOHOB.

B BONHOBbLIX CBONCTBax 3N1€KTPOHA 3aN10XEH OAUH W3 MPUHLMMNOB BO/IHOBOW MeXaHWKM.
BTopbIM ABNSIETCS MPUHLMN HeonpeaeneHHocTu MeiseH6epra (1925 r).

B MexaHuke HabntofeHne BO/HOBOrO Mnpouecca - Mepuognyeckoro KonebaHus CraoLiHow
Cpefbl - NO3BONAET ONpefennTb ANNHY BOMHbI U CKOPOCTb €e pacnpocTpaHeHns. Yem 6onblue 06-
NacTb MPOCTPAHCTBA, B KOTOPOM PAacrpoCTPaHAETCS BOMHA, TEM TOYHEe MOXHO OMNpefennTb 3TW
XapakTepucTukn WHaue 06CTOUT 4eno npu nepexode K o6bekTaMm Mukpomupa. [eiiseH6epr noka-
3a0. YTO TOYHOe OnpefeneHne MONOXKEHWUS 3/1EKTPOHA Ha OpbUTe U ero CKOPOCTb He MOryT 6biTb
3admkcmpoBaHbl  [pounsBefeHve HeonpefeneHHocTel nonoxeHus (Ax) u ckopocTn (Ap) HuKorga
He MOXET OblTb MEHbLUE, Yem b/T,..:

MpOMEXYTOK OKON0SAAEPHOT0 MPOCTPAHCTBA, B KOTOPOM Cy LLLECTBYET BEPOATHOCTb HaXOX-
[IEHUA M1EKTPOHA, HA3bIBAETCA 3NEKTPOHHBIM 06/1aKOM.

A yacTb OKONOAfEPHOrO MPOCTPAHCTBa, KOTOpas OXBaTbiBaeT 0K0/0 90% 371eKTPOHHOIo
o611aKa 1 3aKNto4aeT OCHOBHYIO YacTb ero 3apsfa, Ha3blBaeTcs aTOMHOV 0p6HTanbIo.

MpepcTaBneHne 06 atome ¢ onpefenéHHbIMW OpGUTaMK 3aMeHSeTCH B BOJTHOBON MeXaHuKe
npeAcTaBfeHNEM O BEPOSTHOM HAaXOXAEHWUW 3N1eKTPOHa B TOW MW MHOI yacTu atoma. OueHKa 3Toi



BEPOATHOE™ MNpOM3BOAMTCA MpU pelleHnn ypaBHeHMs LLIpenuHrcpa. ONMCbIBAlOLLErO [BUXKEHUe
3/71eKTPOHa.

Mcxoas 13 NnpefcTaBneHns 0 HaIMUKMKW Y 3/1EKTPOHA BOMHOBLIX CBOMCTB. LLpeaHHrep B 1925
r. NPeAnoNoXuA, YTO COCTOSIHME [ABUXKYLLErOCH B aTOMe 3/1eKTPOHa [JO/DKHO OMMUCHIBATLCA U3BECT-
HbIM B (hU3NKe YpaBHEHWNEM CTOAYEH 31eKTPOMarHUTHON BOMHbI. [10ACTaBMB B 3TO YpaBHeHWe Bbl-
paxeHue fe bpoiina (X=1)/wy). OH NONYyYMn NOBOE YpaBHEHWe, CBA3bIBAIOLLEE IHEPTUI0 INEKTPOHA
C MPOCTPaHCTBEHHbIMU KOOPAMHATaMW M TakK Ha3blBaemol BONMHOBOW (yHKuUMel (\>). cooTBeT-
CTBYIOLLEN B 3TOM YpaBHEHUWN aMnnunTyfe TPEXMePHOro BOIHOBOIO npoLecca.

------ Oon2a+(E-L)O=o0
8C121m
E - nonHas aHeprua. 1) - noTeHuuanbHas aHeprua anektpoHa. O'm - BTOpas NPouM3BOAHas
BO/THOBOW (PYHKLMMW NO OCAM X, Y. T.

Oc06eHHO BaKHOE 3HAYeHMe [N XapaKTepUCTUKN COCTOSHWA 3MeKTPOHA WMeeT BOJHOBast
(hyHKL S Mofo6HO amMnAnTyfAe NOGOro BOMHOBOrO MPOLECCa, OHA MOXET NMPUHMMATb Kak no-
NOXWUTENbHbIE. TaK U OTpULaTeNbHble 3HadeHWsi. OfHaKo BenuuMHa \|[/2 Bcerga MonoXuTenbHa.
11pHYeM 4YeM 6Gonblue 3HauYeHue 41" B JaHHOI 06/1aCTW NPOCTPAHCTBA, TEM BbILLe BEPOATHOCTb TOTO,
UTO 3M1eKT POH HPOSBLU-34€eCh CBOE AECTBUE, T €. ero CyLlecT BOBaHWe GyfeT 06HapyXXeHO B KaKOM-
nmbo usmnyeckom npouecce.

Bonee TOUHbIM ByfeT cnefytollee YTBepXeHMe: BEPOATHOCTb 06HApPYXXeHUsA 3NeKTpoHa
B HEKOTOPOM Manom obbeme AY BbipaxaeTca npoussegeHnem urflY Takum obpasom, cama
BennunHa \[I" BblpaXaeT NNOTHOCTb BEPOATHOCTU HaXOXAEHWUA 31eKrpoHa B COOTBETCTTOLLCA 06-
NacTy NpOCTPaHCTBa.

§ 2. KBaHTOBbIE Yncna

LiBMXXeHMe 3NeKTPOHA B aTOMe HOCUT BEPOSTHOCTHbIN XapakTep. OKoNosiAepHOe NPOCTpaH-
CTBO. B KOTOPOM C HanGonblueli BeposTHOCTbIO (0.9 - 0.95) MOXET HaXx0AMTbLCS 3NEKTPOH, HasblBa-
eTca aToMHoi opnuTansio (AO). AToMHas opbuTanb, Kak ntobas reomeTpuyeckas gury pa, xa-
pakTepu3yeTcs TpeMs napameTpamu (KOopAuHaTamu), NonyuMBLIMMU Ha3BaHWe KBAHTOBbIX YMCEN

(M, 1 .

KBaHTOBble 4ucna NpuHMMatoT He /to6ble, a onpedeneHHble, ANCKPeTHbIe (MpepbiBHbIE)
3HauyeHus. CocefiHVe 3HAYeHUs KBAHTOBbLIX YMCEN Pa3NMyaloTCH Ha efuHULYy. BO3MOXHbIe aHepre-
TUYECKMe COCTOSIHWA 3N1EKTPOHA B aTOMe OMpefenstoTc BENMUYNHO FNaBHOT0 KBaHTOBOrO Yncna
M. KOTOPOe MOXET NPUHUMATb MOMOXMUTE/bHbIE LeN0UNCNeHHble 3HaYeHns: 1 2.3.... nT.4. KBaH-
TOBble YMCNa CBA3aHbl C (PU3NYECKUMU CBOWCTBaMM 31€KTPOHA, H YMcno n (rnaBHoe KBaHTOBOE
uncno) xapakTepusyeT 3HepreTWYeckwii (KBaHTOBbIN) YpOBEHb 3/MEKTPOHA, MOKa3blBaeT HoMep
YPOBHSA Ha KOTOPOM HaxofAuTCA [aHHOe 3N1eKTPOHHOe 06/1aKo, ero paguyc, SHepPruio 1 YNCNOo NOg-
YPOBHell. HaumeHbLUei aHeprueii aneKTpoH obnagaeT Npu N= 1: C yBeNMYEHNEM N 3HEPrva anek-
TpOHa BO3pacTaerT.



CocTosHMe 3N1eKTPOHa, XapaKTepusytoLieecs onpedeNeHHbIM 3Ha4YeHUeM FNaBHOrO KBaHro-
VLW Yncna, MPUHATO HasblBaTb 3HEPTeTWYECKUM YPOBHEM 3/71eKTPOHa B aToMe: mpu n = 1 3nek-
M| HAXOAUTCA Ha NepPBOM 3HEPreTUYEeCKOM YPOBHE, MPWU M= 2 Ha BTOPOM U T.[4.

[lnA aHepreTMUYecKMX YPOBHEH 3/1eKTPOHa B aToMe (T €. /17 3N1eKTPOHHbIX CNOeB Uan 060-
LLIYeK). COOTBETCTBYHOLMX Pa3NNUHbIM 3HAYeHWUAM N, BblIM NPUHATBI CrefytoLine 6yKBeHHble 060-
MLUYEHHN:

["naBHOE KBAHTOBOE YMC/IO N 12 34 5 67
O603HaueHne aHepreTuyeckoro ypoBHASK b M N O P O

Mo6oyHoe (op6buTanbHoe) uncno - |, KOTOpoe MOXeT NMpMHMMATL 3HadeHus oT 0 go (n

1), rae n- rnaBHOE KBAHTOBOE YWCNO, XapakTepusyeT MOMEHT KONMYecTBa fBUKEeHUA (3Hepre-

LUIYCCKHH MOAY POBeHb) H onpeAenseT (OPMY 3MeKTPOHHOro obnaka. PasnuyHbIM 3HaYeHUAM n

0 (HeyacT pasHOe YMCNo BO3MOXHbIX 3HayeHun /. Tak, npu N = | BO3MOXHO TONbKO OAHO 3HaYeHune

0pbUTaNbHOr0 KBaHTOBOK uucna / = 0, Npu N = 2 opbuTanbHoe 4ncno / Moxet 6biTb pasHo O, |,
npnn = 3 BO3MOXHbl 3Ha4eHuns/ =0, 1,2.

COCTOAHUSA 3M1EKTPOHA, XapaKTepu3yloLWmecs pasIUYHbIMKU 3HAUYEHUAMM /, MPUHATO Ha3sbl-
BaTb SHEPreTUYeCKNMU NOAYPOBHAMMU 3/eKTPOHA B aToMe. ITUM MOAYPOBHAM MPUCBOEHbI Clie-
nytolne 6ykBeHHble 0603HaYeHMA:

OpbutanbHoe KBaHTOBOE yucno | 012 3

O603HaueHne aHepre Tyeckoro nogyposHas p (1 r

Yucno nl (MarHUTHOE, MW a3MMYTaNnbHOE) - MarHUTHbIi MOMeHT. OnpegenseT opueHTa-
LIMI0 3NeKTPOHHOTO 061aKa B NPOCTPaHCTBE, KOTOpas TakXKe He MOXET 6blTb NPOW3BOALHON Mar-
HUTHOE KBaHTOBOE YMCO MOXET NPUHUMATb NI06bIE LieN0UYNCNEHHbIE 3HAUEHUS, KaK NON0XUTENb-
Hble, TaK U OTpuLaTeNbHble, B Npeaenax ot +1 fo -1 yepes Hynb. lak, ans 5-nogyposHa (/" 0) BO3-
MOXHO TONbKO OAHO 3HayeHue W = 0; 419 P-3NeKTPOHOB (/= 1) BO3MOXHbI W * 1,0, -1, npn | =2
(-nofypoBeHb) BO3MOXHbI NATb PasfiMuHbIX 3Ha4YeHuid w = 2. 1. O, -1, -2 (CmoTpu B MpunoxeHuu
TabmLy «3HaueHne KBaHTOBbIX YMCEN U MaKCUMabHOE YUCNO 3/1EKTPOHOB Ha KBAHTOBbLIX YpPOB-
HAX 11 NOAYPOBHAX»).

3aHMMas Ty UM NHYIO aTOMHYI0 op6uTanb, 31eKTPOH 06pa3yeT 31eKTPOHHOe 06/1aKo, KOTO-
poe y 3NeKTPOHOB OHOTO M TOrO e aToMa MOXeT UMeTb pasnnyHyto hopmy v no pasHomy ( Kpo-
Me 5 -3N1eKTPOHHOro 061aka) OpueHTUPOBaHbI B NpocTpaHcTee (puc.3). PopMbl 3NEKTPOHHBIX 06-
NaKoB aHanormyHbl AO. VX TakxKe LUNbICA0 T 3N1eKTPOHHBIMI N aTOMHbIMI Op6UTansmu.

CnuHoBOe KBUHTOBOE 4ncno (T 5 xapakTepusyeT BepeTeHO06pa3HOe BpalLeHNe 3N1eKTpoHa
BOKPYT COBCTBEHHOI ocn — cnuH. CNWH 3N1eKTPOHa XapaKTepuayeT, TakuM o6pa3om, COBCTBEH-
HbIli MOMEHT [ABMXXEHUSA 3/1eKTPOHA 3a CHET BPaLLeHNs ero 0THOCUTEIbHO COBCTBEHHOW ocn. 3To
BpaLLeHVe MOXET NPOMCXOAUTbL MO YacoBOW CTPesike UAN NPOTUB Hee OTHOCUTENbHO OpOMUTHI
3NeKTPOHa. B 3aBMCMMOCTY OT 3TOrO CNUHOBOE YMCNO T, MPUHUMAET 3HaYeHns + ‘fs uan - Nl Ha
KXo aTOMHOM opbuTanm MOXeT HaxOAMTbCS He 6onee ABYX 3N1EKTPOHOB, NPU 3TOM UX CAWHbI
[OMKHBI BbITh NPOTUBOMOMOXKHO HaNpaBeHsbl.



Mofo6HO Nto60 cucTeme aTOMbl CTPEMATCH K COCTOSHWUIO € MUHUMa/bHbLIM 3arnacom
3Heprumn. Takoe COCTOSIHME AOCTUFAETCA NPU OMNpeaeneHHOM pasMeLeHUN 3NeKTPOHOB Ha op6uTa-

nax.

Pa3nnyaloT 0CHOBHOE (Hopmaanoe) n BOSﬁy)l(,quHOE COCTOSIHWUSA aTOMa. B OCHOBHOM co-
CTOAHUN 3HEPTrnA 3NEKTPOHOB MUHUMaIbHA, NPW 3TOM BbINO/THAKTCA YC/I0BUA, KOTOPbLIE NOYyYUnn

HasBaHWA NPUHUMNOB UKW NpaBun.

Puc. 2. ®opmbl 5, p- 1 cl- 3neKTPOHHbLIX 06nakoB (opbuTtaneii)

§ 3. MpuHLMNbI 3aN0NHEHNA aTOMHbIX OpbuTanei 3neKTpoHaMu.

Yncno aneKTpoHOB B aTOMe XMMUYECKOr0 3/ieMeHTa OnpejenseTcs 3apsaoM sapa, KoTopsblid
paBeH MOPSAKOBOMY HOMepy 3TOrO 3femMeHTa B mepuogmueckoin cucteme [.M.MeHgeneesa. Pac-
npegeneHne 3NeKTPOHOB B aTOMax MOAYMHAETCA TPEM OCHOBHbIM MPUHLMMAM.

I. MpUHLMA MUHWMYMa 3HEpruu. Snewponsl B NCBO3GYXAENHOM aToMe pacnpefe-
NAOTCA NO 3HEPreTMYEeCKUM YPOBHAM W MOAYPOBHAM Tak, 4Tobbl UX CymMMapHas
3Heprus 6bina MUHUMabHA. DHEPr1s 3NeKTPOHA B aTOMe B OCHOBHOM OMpejenseTcs
rNaBHbIM 1 OpPGUTANbHBIM KBaHTOBLIMYU YMCIAMM, MOITOMY CHauyana 3anonHATCS Te



noAypoBHU, ANf KOTOPbIX CymMma (M+1) ABNseTCA HauMeHblUeid. Ecnm gns pasHbix
nofypoBsHel cymma (n+1) ABNseTca 0AMHAKOBOW, TO B NepBYI0 OYepedb 3anofHAOT-
CA  3N1eKTPOHaMW MNOAYPOBHU C MeHbLIMM 3HauyeHWeMm uucna n  (npasBuno
B.M.KncukoBckoro) B cOOTBETCTBMM C 3TUM B MHOr03M€KTPOHHOM aTome Habnto-
[laeTca cnefytolas nocnefoBateNnbHocTh: 15<23<2p<35<3p<43< 31<4p<53
< 41<5p<63<4l=5)<6p<75<5l=60¢<6p. 3Ty’ NocneaoBaTesbHOCTb MOXHO
npeacTaBuTb B KpaTKoii hopme: E|[Is H _ IM~ E(n_2)r< E,¢ nnn n3obpasurb cxema-
TUYECKN:

|1l | vumn 11n n
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2. MpuHumun Maynu. B aToMe HeMOXKET 6bITb ABYX 31€KTPOHOB C O4MHAKOBbIM Habopom
BCEX YeTbIPEX KBAHT OBbIX YMCEN.

3/IEKTPOHbI B aTOME [0/KHbI OT/IMYATLCA XOTS Gbl OAHAM KBAHTOBbIM YMC/IOM, NO3TOMY B AO MO-
ryT HAXOAUTLCA He 60Nee BYX 3NEKTPOHOB, OT/IMHAIOLLMXCS CBOMMM CMHAMK (M3 = + 1/2).

3. Mpasuno Mywa. B HeBO3GYKAEHHBIX aTOMax 3N1EKTPOHbI B Npefenax AaHHOro NoAypoBHs 3a-
HUMAIOT MaKCUManbHOE YMCIO CBOBOAHBIX OP6UTaned, MpK 3TOM CyMMapHbIA CIUH MaKCUMaeH.

MaKcMManbHble 3HaUeHUs CrHa HabMIAAOTCA, eCK BCe Op6MTaNy NOAYPOBHSA COAEpXKaT
N0 OHOMY 3/IEKTPOHY C OfHOHAMNPAB/AEHHbLIMI CMIMHAMM: TaKOe pacnpedeneHne Nno3sosseT anek-
rPOHaM HaxOAUTLCS Haubonee AaNeko Apyr OT Apyra;

CocTaBneHne aNeKTPOHHbLIX OPMY aTOMOB.

ONeKTPOHHbIe (hopMYy bl OTOBPaXKatOT pacnpe/esieHne 31eKTPOHOB B aTOMe Mo 3HepreTuye-
CKWM YPOBHAM, NOAYPOBHAM (aTOMHbIM 0pbuTtansm). 3neKTpoHHas KOH(Urypauus 0603Ha4aeTcs
rpynnamm cumeonos nl5. rae n - rnaBHoOe KBaHTOBOE 4ncno, |- opbuTasbHOe KBaHTOBOE UYKMCNO
(BMECTO Hero yKasblBatoT COOTBETCTBYIOLLee 6yKBEHHOE 0603HaueHme -3, p, ©), 0, X - YNC/IO0 3NeK-
TPOHOB B JaHHOM NOAYPOBHE (0pbuTany).



TaK Kak 4ncno 3n1eKTPOHOB B aTOMe TOr0 WM MHOTO 3/1EMEHTa PaBHO ero MopsiAKOBOMY
Homepy B Tabnuue [.. MeHaeneesa, To Ans anemeHToB Ne 16 (cepa) v Ne 22 (TWTaH) aNeKTPOH-
Hble (hOpMYy/ibl UMEIOT BUL;

«5 18725:2p"3r3p4
2T! 152612 p/BK2Bp/BclAa-

DNeKTPOHHAasA CTPYKTypa aToOMa MOXeT 6bITb M306paXKeHa TakxKe B BUfje CXEM pasMeLLeHNs anek-
TPOHOB B KBAHTOBbIX (3HEPreTUYeCKUX) fueiikax, KOTopble fB-NAI0TCA CXeMaTU4ecKMM n3obpaxe-
HMeM aTOMHbIX opbuTaneii (AO). KBaHTOBYIO Aveliky 0603HavaloT B BUAe NpAMoyronbHukall,
Kpyxka O nau nuHeiiku |. a 3aNeKTPOHbI B 3TUX Auelikax 0603HayatoT cTpenkamu. B kaxaoi

KBaHTOBOW fuelike MOXeT ObITb He 60nee ABYX 31€KTPOHOB C MPOTUBONOOXHbLIMU cnHamu LU ,

- TWUrA~ B gaHHOM NOCO6UM MPUMEHSIOT NPAMOYTONbHUKN ® . OpbuTanu gaHHOro nNoaypoB-
HS 3aNONHAOTCA CHavana no 04HOMY 3M1eKTPOHY C OAMHAKOBBIMW CIMHAMW, a 3aTeM N0 BTOPOMY
3N1eKTPOHY C NPOTUBOMONOXHbLIMW CHAMK (NpaBuno XyHaa):

n=1 p
16* n*2 11 n
=3 w. 1

n=1l,q P

N=2 i« W d

n=311 A | r

n= 1 'TT | 11

§ 4. OCHOBHble XapakKTepnCcTukKM aTomoB 3/1EMEHTOB.

1 PagHyc aroma. Pa3mep atoma He MOXET 6OblTb ONpeAeneH TOYHO, T.K. 3N1EKTPOHHbI¢

6uTann aToMOB He MMEKT CTPOro OrpaHNYeHHbIX KOHTYpPoB CnefoBaTenbHO, pedb MOXET MATW ue
06 abCcoNoTHbLIX pasMmepax aToOMOB, a TO/MbKO O pa3Mepax 3TUX YacTuL, B KpUcTannax n Monekynax,
T e. 06 adhheKTMBHBLIX paguycax (T,,). dPPEKTUBHbIE pagnycbl aTOMOB NEPUOANYECKM U3MEHSIOTCA
B 3aBMCMMOCTM OT 3apafa WX afpa W yucna 3NeKTpoHOB. B nepuoge ¢ Bo3pacTaHuem 3apsfa sapa
aTOMHble pagnyChbl YMeHbLUAIOTCS BCMEACTBME YBEIMYEHUS CUA  B3aMOAECTBUA MEXAY 3MeKTpo-
Hamn 1 8apoM B rpynnax aToMHble pagnycbl 3N1eMeHTOB, Kak MpaBuio, BO3PaCTaloT CBEPXY BHU3,
T.K. YBEIMUYMBAETCA YNCNO 3NEKTPOHHbIX CNI0EB B aTOMaX 3/1EMEHTOB.

2. SHEPruu HOHH3aUHH. E, - 3TO 9HEprus OTPbIBA 3/1IEKTPOHA OT aToMa 3/eMeHTa ¢ 06pasc
BaHMeM KaTuoHa:

3 - & —» 3+ (kx/Monb).

B neproge HauMeHbLUYHO T, UMEIOT 3NeMeHTbI 1A rpynnbl (LenoyHble MeTansbl), T.K B aTOMax
3TUX 3N1EMEHTOB Ha BHELUHEM 3HEPTETUYECKOM YPOBHE HAXOANTCA 137eKTPOH, KOTOPbI/ 3HAYM-
TENbHO YAaneH oT Agpa. Mo3TOMY XapakTepHOW 0COGEHHOCTbIO LUENOUYHBIX METasNOB ABNSETCS
CKNOHHOCTb K 0TAaue 3NeKTPOHOB (MeTannnyeckue cBoiicTBa). B npegenax Kaxgoii rpynnsi A



3Heprus 1oLoalllll YMeHbLUAeTCs CBEPXY BHU3, YTO CBUAETENbCTBYET O 60/bLUEM B3anMOeii-
CTBUM MeXAy APOM W 3NeKTPOHaMu, KOTOpOoe YMeHbLLaeTCs No Mepe BennyeHns Kas rpynnax. B
rpynnax b (c1-anemeHTbl), 3a UckntoueHnem LB, n3meHeHWe 3HeprumM HOCUT 0BPaTHBbIIA

XapakTep: OHa YBeNNuMBaeTCs CBEPXY BHMS.

3. JHEpruM CPOACTBA K NEKTPOHY. ECp- 3ro 3Heprusi NpUCcoeanHEHNs 3NeKTPOHa K 3eK-
TPOHeTpanbiloMy aToMy 37eMeHTa C 06pa3oBaHMeM aHHOHA:

3+ & —3' (KOx/MOnb).

OHa Bo3pacTaeT y 3/1eMeHTOB B Mpefenax nepuoia cesa Hanpaeo, JOCTUras MakCUMyma y ranore-
HOB. Y 3/1IEMEHTOB Tpynnbl A CBEPXY BHU3 HabMOAAETCH YMEHbLIEHWE 3Heprum CPOACTBA BCed-
CTBUWE CYLLECTBEHHOTO YBENIUUYEHUS paguyca Y 3N1eMeHTOB rpynnbl b Ha060poT.

4. OTHOCcUTeNbHan anckTpooTpuuarensitocts (030) 3T0 BeNMUMHA, XapakTepusytoLlas
OTHOCWTE/IbHYH0 CMOCOGHOCTb aToMa 3/1eMeHTa MpUTArMBaTh K cebe 06LLMe 3N1EeKTPOHbI B MONEKY-
ne. 3a eguHunuy npuHaTa 30 atoma nTus, y Topa 3TOT NokasaTe/lb paBeH 4 Y 3/1eMeHTOB B MNpe-
fenax nepvoga c yBenuueHvem 3apsja fgpa Habniogaetca ysenudeHne 30. B cOOTBETCTBUM C
3TUM 3N1EMEHTbI CTAHOBATCS BCE 6onee cnabbiMy BOCCTAHOBUTENAMU U BCE 6ONEe CUNbHBIMU OKUC-
nutenamu. BHyTpu rpynnbl 30 3N1eMEHTOB YMeHbLLAETCH CBEPXY BHU3.

85. XnMMuyeckas cBssb

Mo COBpeMeHHbIM MPEACTABAEHUAM XUMUYECKAs CBA3b MEXAY aTOMaMn UMEET 3/1eKTPOo-
cTaTuyeckyto npupody log XMMUYECKON CBA3LI0 MOHWMAIOT 3/1IEKTPUUECKNE CUbI NPUTSHKEHMS,
YAePXUBAKOLME YacTULbl APYT OKONMO fApyra. YacTuupl, KOTOpbIe NPUHUMAKOT yyacTne B 06paso-
BaHUU XMMUYECKUX CBA3EH, MOTYT GbiTb aTOMaMu, MOIEKYlaMU UM HOHaMMW.

CyLecTByeT2 MeTofa ONncaHns CBA3N:

1 MBC - MeToj BalleHTHbIX CBA3el, NPeaioXKeH aMepuKaHCKUMK y4éHbiMn CneiiTe-
pom 1 lMonuHrom;

2. MMO - meTO[ MONEKYNApHbIX opbuTtaneit (MasHKeH).
OcHOBHble nonoxeHns MBC:

1 CBf3b BO3HMKAET MeX/Yy ABYMsi aTOMaMy Npu 0606LLECTBAEHUN BYX 3/IEKTPOHOB C PasHbl-
MU CMIMHAMU NN OAUH U3 aTOMOB NpeAoCcTaBnsieT Napy 3/1eKTPOHOB C NPOTMBOMON0XKHBLIMU CMNK-
Hamu, a apyroi - cBo6oAHY opbuTansb.

AL+B |-* A||B um AT1+ B->A1TB.

2.CBA3b BO3HWKAET B TOM HarnpaB/ieHUu, B KOTOPOM MepeKpbiBaHMe 31eKTPOHHbIX 06/1aKoB
MaKCUMasibHO.

3 W3 gByx opbuTaneii atoma Hambonee NpoYHyto CBA3b 06pasyeT Ta opbuTanb, KoTopas Cunb-
Hee NepeKpbIBaeTCs Op6UTA/bI0 APYTOro atoma.



Kaxpas XMuueckasl CBsisb NPeACTABAAETCS B CTPYKTYPHbIX (HOPMY/ax BaNeHTHOW 4epToid,
Hanpumep:

11 — cBA3b MexAay ABYMA aTtomMamu BOAopoja
H3b—H — cBA3b MeXAy aTOMOM a30Ta MOMeKy/bl aMMUaka 1 KaTMOHOM BOAOPOAa
(K+)—() — cBA3b MeXAY KaTMOHOM Kanus N NoAng-nonom

Xumnyeckasn cBAsb 06pa3yeTcsi Hapoil 3NeKTPOHOB (* W). KOTOpas B 3M1eKTPOHHbIX (hopMynax
CNOXHbIX YacTuL, (MONEKYA, CNOXHbIX NOHOB) 06bIYHO 3aMEHSAETCS BaNeUrHOH YepTold, B OTAUYMe
0T COGCTBEHHbIX, HEMOAENEHUbIX 3NEKTPOHHbIX Nap aTOMOB, HanpumMep:

-on: M—N—H 10=c=6:
I
[

A cBsi3b, 06pa3oBaHHas 3a CUET 06LLeli Napbl 3NeKTPOHOB, MOMy4YMNa Ha3BaHWe KOBaNeHT-
HOIA.

XumMnyeckas CcBs3b HasblBaeTCSH KOBAaNEHTHOW CBA3bIO, €cAM OoHa o6pas3oBaHa NyTem
06061 eCcTBAEHNA Napbl 31eKTPoHOB 06oumu aTomamu (M.H. fibloHc. 1916 ).

ATOMbI, BCTYNaKLLiMe B XMMUYECKYHO CBS3b, MOTYT OTBeYaTb OAWHAKOBOI WM pasHOl ancK-
TPOOTPULLATENLIKOCTH 3N1EMEHTOB, T. €. CMOCOGHOCTU Y/iepXKNBaTb OKONMO ce6s aNeKTPOHbI. Heme-
Tannbl 06nafat0T BbICOKOW 3NEKTPOOTPHLATENbHOCTLIO, MeTanlbl — HU3KON 31eKTPOOT-
pnLaTenbIlOCThIO.

B kaxaom nepuoge Meprofnyeckoil cucTeMbl 3N1eKTPOOTPULLATENIbHOCTL 3/1EMEHTOB YBeNN-
uMBaeTCs Npu BO3pacTaHMK NOPSAAKOBOro HOMepa (Cnesa Hampaso), B KaXoii rpynne Mepuogu-
4ecKoii CUCTEMbI 371eKTPOOTPULIATENIbHOCTb YMEHb-LLIAercs ¢ npy Bo3pacTaHWUy NopsAKoBOro Ho-
Mepa (CBepXy BHU3).

3nemeHT dTop [ 06nafaeT HauMBbICLLEN. a 3NeMeHT Le3unii C3 — camoii HU3KOW 3N1eKTpooT-
pULATCNILHOCTLIO CPeaN 3NeMEHTOB |—6 neprogos.

O6uiast 3N1eKTPOHHAA napa Mexay ABYMsi aTOMaMu He BCErAa HaxoAuTCs B PABHOM B/afeHWn
o6oummn atomamu. B Monekyne t: o6a atoma (hTopa WMEIOT OAMHAKOBYH 3/1EKTPOOTPMLATE b=
HOCTb. CNefioBaTeNbHO, 06/1ajaHNe 3N1IEKTPOHHOI Napoii ANA HUX OAMHAKOBO. TaKylo XUMUYECKYHO
CBA3b HA3blBAKOT HEMOAPHOIA, TaK KaK y KaXAoro atoma (Topa 9NeKTPOHHas NNOTHOCTb OAWHA-
KOBa M MOXET 6bMb YCNIOBHO pa3feneHa MeXAy HUMU MOPOBHY:

"PMI'K* u pO—pO

B 3TOM cnyyae roBopsiT, UTO CTeneHb OKUCNEHUs (hTopa B Monekyne Pa pasHa Hynto (0). no-
CKOMbKY Kak 1y cBO60HOro atoma (pTopa, Yy Kaxaoro atoma ropa B monekyne I”? umeercs no 7
Ba/IEHTHbIX 3/1EKTPOHOB. JNEKTPOHHAs MNNOTHOCTb He CMeLLeHa B CTOPOHY KaKoro-nméo u3 AByX
aTOMOB MOJEKY/bI.



B monekyne xnoposogopoda HC1 xumuueckas CBsiHb yXe MOJIHPHA, TaK Kak 3MeKTPOHHast
MNOTHOCTb Ha atoMe X/opa (3NneMeHTa ¢ 6OMbLUel 3NeKTPOOTPHLATENBIIOCTBIO) 3HAUUTENBHO Bbl-
LLe. YeM Ha aToMe BOAOpPOAA:

H|-C1:MH"—CI™

B 3TOM cny4ae roBopsT, 4TO CTeneHb OKMUCNEHWS xnopa pasHa (-1), umes B BUAY, 4Toy
CcBO6GOAHOrO atoMa Xsopa 7 BaneHTHbIX 3N1eKTPOHOB, a B Monekyne HC1 ux yxe ycnosHo 8. Cte-
neHb OKWUCEHNS BOAOPOAa paBHa (+1), N Monekyna B LieNoM HelTpabHa.

KoBaneHTHaa cBA3b, Hanpumep t—H, MoxeT 6bITb 06pa3oBaHa NyTeM 0606LLeCTBNEHNS BaNeHT-
HbIX 31EKTPOHOB ABYX HEMTpasbHbIX aTOMOB.

H* + *H - *1l—H, nmm H—H

Takoii MexaHU3M 06pa3oBaHWs CBA3W Ha3biBaeTCH 06MEHHbIM UM PaBHOLEHHbIM.

Mo fpyromy MexaHW3My KOBafeHTHas CBfi3b (11—11) BO3HMKaeT npu 0606LecTBNEHNN
3NeKTPOHHOW Napbl rmapua-HoHa !IM kaTmoHoM Bogopoaa H+:

Ht++ tH~-mmv H—H, nan H=H

KaTtuoH 1 Ha3biBalOT aKLenTopoM, a aHMoH H — [OHOPOM 31eKTPOHHOI napbl MexaHu3m obpa-
30BaHNS KOBAJEHTHO CBA3W B 3TOM Cnyyae 6yAeT AOHOPHO-aKLen ropHbIM, UM KOOPAUHaLW-
OHHbIM.

AHanormyHo npu 06pa3oBaHMK KOBaseHTHON CBA3WN MexzJy aTOMOM a3oTa MO/eKy bl aMMua-
ka blH3 H kaTnoHoM I aTOM a3oTa — [OHOP, a KATWOH BOAOPOJAa — aKLLenTop 3NeKTPOHHOI na-
pbl. B 0bpasytoLieMcsi kKaTuoHe amMoHus bIHA'T

Il L] Hl * H
‘M — bl ——-* N-—N-—H NN p=H:H
Hl . |Jr 1 H

BCe yeTbipe cBA3M N—H paBHOLIeHHbI (OAMHAKOBBI), H Y)Xe HeNb3s yKasaTb TOT aTOM BOf0POAa,
KOTOpbIN GblN aKLLEeNTOpoM Npu o6pa3oBaHUM YeTBepTOii cBA3M N—W. CTeneHb OKMCNEHNA a3oTa
B Monekyne N113u B kaTuoHe blH/ oguHakoBa u paBHa (—3):

(bF3H3H)" 1 01-3H4+)+

Mpu conocTaBneHnn NpoLeccoB 06pa3oBaHNs 06bIYHON BaNeHTHOW NAOHOPNO-
aKLLenTOpHOI CBA3EH MONYYalOTCH CNefyHOLL e CXeMb:

A+B=A:B 06bl4Has XMMUYecKast CBS3b.

A’+ B=A B  [O/OpHO-aKLEeHTOpnas CBA3b.

noHop nkHenTap



M3 3TUX cXeM BMAHO, 4TO 06a NPOLECca PasanyaloTca NPOUCXOXKAEHNEM CBA3YIOLLei
3N1EKTPOHHO!) Napbl, HO camu 06pasytoLiMecs B KOHEYHOM CUETE CBA3U OAHOTUMHLI U UMEIT 6onee
UMW MEHEe YeTKO BbIPaKEeHHbIN KOBANEHTHbIN XxapakTep.

OCHOBbIBaACb Ha 3MEKTPOHHbIX OPMynax 4YacTuL, (MONeKy, MOHOB) CNOXHBIX BELLECTB,
MOXXHO OMpefenuTb BaIEHTHOCTb KaXA0ro atoma. C TOUKM 3peHNst CTPOEHUS MOMEKY BaleHT-
HOCTb aTOMa B C/IOXHO YacTuLie — 3TO YMCNO O6LYMX 3NEKTPOHHbBIX Nap y 3TOro atoma B AaiiHoit
yacTuue (No OfHON Ha KaXAyt CBA3b), T. €. YNCNO0 O- U N1 - CBA3el . KOTOpble 3TOT aToM 06paso-
BaN C APYrMn aTomMamu npu hopMMPOBaHUK CNOXHOW YacTuLbl

Hanpumep, B Mmoniekyne MNC'l BaneHTHoCTb atoma 11 n atoma C1 paBHa |: B Monekysne bIH3
BafleHTHOCTb aTtoma N paBHa 3, a B kaTnoHe N11]' paBHa 4 npu 0fWHAKOBOI BasleHTHOCTM aToma
11 paBHoO# 1

KoBaneHTHas CBSi3b MeXAy aToMamu 06pa3yeTcsi NPy NepekpbiBaHNW aTOMHbIX op6uTanei;
Hanpumep. 15-op6utaneii npu o6pasoBaHun ceasm 11—, 2 p-op6nTaneH npu o6pasoBaHNmM CBA3N
—P, 18-op6HTanm atoma Il n ogHoit 3p-op6HTann atoma Cl npu obpasoBaHun cessum H—C1:

(5® 190

5-5 0-cBA3b P - P o-cBfi3b 5-P a-cBA3b

23r2p2p 2p© 23r2p2p2p @ 15® 35r3p2p rpNe>

MoMUMO NepeKpbIBaHNS 3N1EKTPOHHbLIX Op6uTaNneil No ocu, CoeanHAoLLEl siapa aTOMOB, BO3-
MOXHO WX MepeKpblBaHue B APYroi nnocKocTm.

T- cBA3b - BO3HWKAET B HANpaBAeHWMW NepPreHANKYNSPHOM TUHUU COEAMNHSIOLLEN LEeHTpbI
aToMOB, ee 06pa3yloT P, H P, aneKTpOHHble op6uTann. FMGpUAHbIE OPBUTANN HUKOTAA He
yuyacTBYHT B 06pa30BaHUN Tr- CBSA3N.

Cxema nepekpbiBaHUs 061akoB HPH 06pa3oBaHMK N1-CBA3H
MoHHas cBA3b.

VIOHHas CBA3b OT/IMYAETCA OT KOBaNeHTHOM I'IOI'IHpHOI7I TEM. YTO OHa HCHanpaB/ieHa H HC-
Harmuwacma.

VIoHHas CBA3b OCYLUECTBAETCA B pesynbTare 3/1eKTPOCTATUYECKOro NPUTSAXEHUA MNpoTu-
BOMOJIOXKHO 3apsXKeHHbIX YacTul, VoHHas cBsA3b He obnagaet Hanpas/feHHOCTbIO, T.K. 3/1eKTPOCTa-
TWYeCKoe Mosie HoHa UMeET CHepMUECKYI0 CUMMETPHUIO.
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LLeHTpaﬂbellz HOH He KOMMeHCUpyeTca OAHUM MOHOM NPOTUBOMO/IOXXHOIO 3HaKa, Te. ero
none ,U,EVICTByET MNo BCEM Hanpas/ieHWAM, MO3TOMY CBA3b Henacblllaema.

OTCYTCTBME ITUX CBOWCTB OBGYCNABNMBAET CKMAOHHOCTb MOHHBIX MOJEKYN K accoLuauuu,
T.e. K COBAMHEHUIO APYT C APYTOM.

VloHHas cBA3b BO3MOXHA MEXAY aToMaMy Pe3K0o OT/IMYALLUMUCH MeXIY co60oii no anek-

TpooTpuuaTeibHoe™ | Hanpumep MeXAy atomamy LLenoYHbIX MeTannos n ranoreHos - KC1, NeC1,
KBr.

§ 6. TMBpUAH3ALHN aTOMHbIX opbuTanei

Monekyna 06pa3yeTcs MULb B TOM C/y4ae, Koraa o6Lias 3Heprus MoseKy/bl MeHbLUe, Yem
3Heprust OTAeNbHbIX aTOMOB. M03TOMY NpPOLEcC 06pa3oBaHMs XMMUYECKOI CBA3U ABNAETCA IHepre-
TUYECKM BbIFOAHbLIM.

YunTblBas, 4TO0 B 06pa30BaHNM XMMUYECKNX a -CBA3el Y OAHOrO H TOro e atoma y4vacT-
BYIOT opbuTanu oTnuvatowmecs no gopme u aHeprum ( 5, p-, cL-3N1eKTPOHbI) MOXHO 6bi10 6Obl
NpeanonoXunTb, YTO 3HEPrus CBA3eil, 06pa3oBaHHbIX PasHbIMU 3N1eKTpoOHaMK, OyAeT pasnNYHOIA.
Ha npakTuke 310 He Tak. Hanpumep, B 06pa3oBaHnu CBsi3eii aToma yrnepoda yyacTsyto! ogHu 5- n
TPU p-3NeKrpoHa. HO BCe CBSA3W aToMa yrnepoga C aoTamu Bogopofa B Monekyne CH4 paBHOLIEHHbI
1 10 A/IMHE, W MO 3HEpruu.

YuéHble Cneiitep v MOAVHT NpeANoXMUAN KOHLENLMIO 0 rnbpnansaLmm aToMHbIX op6uTa-
neit. CornacHo e, B 06pa3oBaHNN KOBaNEHTHON CBA3N Y4acCTBYIOT He «UWCTble», a TaK HasblBae-
Mble «TMBpPUAHbIE», YCPeLHEHHbIe NO (hOpMe M pasMepaM, a, CnefoBaTeNbHO, U MO 3Heprun, opém-
Tann Yncno Takmx rubpugHbix opbuTaneii paBHO YMCY UCXOL4HbIX OpbuTaneil.

TM6puAHbIE Op6UTaNK BCNEACTBIE 0COBOM CUMMETPUM B 06PA30BaHNU /1-CBA3EH YUacTUs He

NPYHUMAIOT . TWnbl rM6prUAN3aLMK 1 NPOCTPAHCTBEHHOE PACNONOXeHNe rMBpUAHbLIX opbuTanei
nokasaHbl Ha puc. 24
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Puc. 24. MpocTpaHCTBEHHOE PacnonoXeHne rmbpuaHbIX opbuTaneil pasnuyHbIX TNOB

§ 7. BogopofHas CBA3b.

Cneumndunyeckoit pasHOBUAHOCTLIO MEXMOJICKYNNPHbIX B3aUMOAeiCTBUIA ABNSETCA BOLOPOAHAN
CBA3b. Y)Ke U3 HasBaHWA oToll CBA3N ACHO, YTO B ee 06pa3oBaHWUK MPUHUMAET yyacTue BXOAALLNA B
coCTaB MOJEKy/bl aram Bogopofa. [JaHHas cBA3b BO3HMKAET B TeX CMyyasx, Korja aTom BOAOpoJa
CBA3aH KOBA/EHTHOW CBA3bIO C CUNLHO 3/1eKTPOOTPULaTeIbHBIM aTOMOM, YTO CO3AaeT YaCTUYHBIN
NONOXNUTeNbHbIN 3apsij Ha aToMe Bogopoda [M03TOMy BOAOPOAHAs CBA3b XapaKTepHa [/ COeAm-
HEHWIA. copepKalymx CnabHOMONAPHbIE KoBaneHTHble cBasn: H—P; O—I1: N—11



BogoposHas cBA3b BO3HNKAET MeX/y aTOMOM BOAOPOJa OAHOW MOMeKynbl, HECYLUM Ya-
CTUYHBIV NONOXUTENbHbINA 3apag - H°+ 1 aneKTpooTpuLaTelbHbIM aTOMOM ApYroil MOEKybl, He-
CYLLMM YaCTWUYHbIN OTpULaTeNbHbIV 3apaj U COAepXallM HenofeneHHYH0 3/1eKTPOHHY0 napy-
YY" . BofopoAHas CBA3b CXeMAaTUUYHO M306paxaerca NyHKTMpom: X“ —H @ Y ° '

PaccmoTpum 06pa3oBaHue BOJOPOAHON CBA3M Ha KOHKPETHOM npuMmepe. B Monekyne Bogbl CBA3M
0-11cunbHO MOMAPHBI, NPY 3TOM Ha aTOMax BOAOPOJAA MMEETCS YaCTUUHbIV NONOXIrreNbHbI 3apag
0 +. a Ha aTOMe Ku1cnopoga - oTpuLaTenbHbIi 3apsg 6- 1, KpOMe TOro, y Hero ecTb [iBe HenogjeneH-
Hble 371eKTPOHHbIE Napbl. ATO CNOCOGCTBYET 06Pa30BaHNIO MOMEKY/ON BOAbI YETbIPEX BOAOPOAHBIX
CBA3eli ¢ cocejHUMN MoneKynamu Bobl. Mpy aTOM Kaxjas MoneKkyna BoAbl B iBYX BOJOPOAHbIX
CBA3AX BbICTYMaeT JOHOPOM /BYX CBOMX aTOMOB BOAOPOAA, HECYLLMX HYaCTUYHbIA MONOXKUTENbHbI
3apsag, a B ABYX ApYruX - JOHOPOM [iBYX HenofeneHHbIX 3/1eKTPOHHbIX Map CBOEro atoma Kucaopo-
pa. B pesynbTate Monekynbl Bofbl 06pasytoT MeXMONEKYApHbIe accounarkl, obnagatoLyue Tpex-
MEepHOIA CeTyaToii CTPYKTYpOIA.

10
r/6 H*;
—H-1/ .10
6 HB6.
H5° HG-O,- .
; 6

3a cueT BOZOPOAHON CBA3M NMPONCXOAUT MEXMOJIEKYNspHas accoumauus GTopoBoAoposa, aMMua-
Ka, CNMPTOB, Kap6OHOBbLIX KUCNOT:

—HE Tt B p—nE i HE O 12 B
(I)H3I CH3

cH3~cH 6.5-"c- CH3
O—H—10

Hanuuve MexmMonekynspHbix BOLOPOAHbIX CBA3el OTpaXKaeTcs Ha (|LU3HYECKHX CBOCTBax BeLLECTB
(TemnepaTypbl NNaBAEHUA H KUMEHUS, BA3KOCTb, MAOTHOCTb, PACTBOPUMOCTL). VIMEHHO BOOpOA-
HbIMMW CBSI3SIMW 06BACHATCS aHOMaNMM B CBOMCTBAX BOAbI: BbICOKME TEMMEPATypbl NAaBneHUs n
KUNeHus, 6oNbLuas NJOTHOCTb U BA3KOCTb, CMOCOGHOCTb 06Pa3oBbIBaTh KPUCTANIOMMAPAThI.

OHeprus BofopoaHol cBsizn (10-40 KXX/MOMb) MeHbLUE, YeM KOBANEHTHOW, NOHHOW Unun Mme-
TannM4ecKoii, Ho Bonblue, Yem 3HEPrus BaHAepBaanbCoOBbIX B3aUMOAeCTBMIA. B cOOTBETCTBUM C
3M1EKTPOOTrPHLATENbIOCTLIO 3N1EMEHTOB Hanbosee CUbHble BOAOPOAHbIE CBA3M 06pasytoTca C yua-
cTMeMm aToma (hTopa, 60nee cnabble - C yyacTMeM aToMa KUCNoposa, ele 6onee cnabble - ¢ yyacTu-
em atoma as3oTa. [nnHa BOfOPOAHON cBa3n — XIl—:Y—, onpegensemas Kak

pacctosHue Mexay atomamu X n V, coctasnseT 220-350 HM.



BogopogHble CBA3M MOTYT BO3HMKaTb He TONbKO MEXAY PasMYHbIMA MOJIEKYyNaMu, HO U BHYTPK
MOJIEKYibl, ecnn B 3Tl MOMeKyne UMelTCa MPOTONOAOHOPHBIC (—XH) 1 NPOTOHOAKLLENTOPHbIE
(:V—) rpynnbl. Hanpumep, B MoneKyne CaluLuioBOro anbAernia MMeeTcs BHYTPUMONEKYNspHas
BOZIOPOAHAsA CBA3b MeXAy aTOMOM BOAOPOAAa MAPOKCWUAbHOW FPynnbl M aTOMOM KMCA0poda Kap-
60HMNBHON rpynnbl H

CoefMHeHNs ¢ BHYTPUMONEKY/SPHOW BOAOPOAHON CBS3bIO, KaK MpaBWio, UMEKT MOHUXKEH-
Hble TeMMepaTypbl NNaBNeHUs H KUNEHUS H MEeHbLUYIO BA3KOCTb B XKMWA-

KOM COCTOAIHMW, TaK KakK UX MONIEKY bl MEHbLLUE acCoLMMpPoBaHbl C COCEAHUMWU MOJIEKYNamu.

Monekybl 6eKOB, HYK/NEMHOBbIX KACMOT W NOAMCaxapuioB cofepxa! MHOro NpOTOHOLOHOP-
HbIX (= bl-H, - 0-H) n npoTono-akuenTopHbix (=C=0. =>!) rpynn, CKNOHHbIX K 06pa3oBaHnI0
MHOXEeCTBa BOLOPOAHbIX MOCTUKOB MeXAY OTZAENbHbIMU YYacTKaMu OZHOW MONMEKy/bl UAN MEXAY
pasHbIMW Monekynamu. B pesynbTaTe MakpoMONeKy bl 3TUX 61MOMNONMMEPOB NpUoGpeTatoT onpe-
LeNeHHy0

NPOCTPAHCTBEHHYH CTPYKTYpY, 06GECNeunBalOLLYI0 WX BUONOrMYecKue PYHKLMU. PaspbiB BOAO-
POZAHbIX CBS3€l NPUBOANT K CYLLECTBEHHOMY M3MEHEHWIO MPOCTPAHCTBEHHOM CTPYKTYpbl MaKpo-
MOJEKY/ M NX GUOXMMUYECKUX CBOICTB.

OTHOCWTENbHO HU3KasA 3Heprvs BOAOPOAHOI CBA3M (B HEKOTOPbIX CAyYasX CPaBHMUMAs C 3Hepru-
el TeNNOBOro ABWMXXEHNA) NO3BONSAET e Nerko paspyLuaTbCa ¥ BOCCTAHABNMBATLCA NPU 06bIYHBIX
YCNOBUSAX, YTO 06yCNOBAMBAET Ty OFPOMHYIO PO/b, KOTOPYHO UrpaeT 3Ta CBA3b B GUONOrMYECKUX
cucTemax. 3a cueT BOAOPOA-NbIX CBA3el NoAAepXKMBAETCS BTOPUYHAA H TPETUUHbIE CTPYKTYpbI
CNOXHbIX 610M0AMMepoB (6e71KOB, HYKIEUHOBbLIX KMenoT). Moyt Bce 6MOXMMUYECKMe MPOLLeCChl
Ha TeX WM WHbIX CTaAWAX CONPOBOXAAIOTCA 06pa3oBaHNEM MW pa3pyLUEHNEM BOAOPOAHbLIX CBS-
3eil.



