[13 u IIC JI.1. MenaeineeBa B
CBETE KBAHTOBO-MEXaHNYECKOH

TEOPHUHU CTPOCHUS aTOMa.

COBpPEMEHHBIEC IPEACTABIICHUS O
[IPUPOAEC XUMUUYECCKOU CBA3ZU U
CTPOCHHUM MOJICKYII.




1. CoBpeMeHHAs1 MOACIIb CTPOCHHUS aTOMaA.

2. XapaKTepHUCTUKA SHEPTUHU AJICKTPOHA U
IIPOCTPAHCTBEHHOE PACHPEACIICHUE
BEPOSTHOCTH €I0 HAXOXKJICHUS B aTOME
CUCTEMOU KBAHTOBBIX YHUCEIL.

3. DIIEKTPOHHBIC KOH(UTYpALIMX aTOMOB.

4. 113 J1.1. Menaeneena.

5. Teopun xummueckoi cesa3u ( MBC u MMO).




- J1o KaKuX IOp MOXKHO JICIUTh MOPIUIO
BeIecTBa?

- BermiecTBO MOXXKHO OE€JIUTH JIUIIHL 10 TEX
0P, ITOKa HE OyayT MOIYyYE€HbI €r0

HAMMECHBIIINE YaCTHUIEL. - Tak yTBEep KAl
rpeueckuid pusnocod Jemokpur 3a 400 net
110 H.7. OH Ha3BaJ 3THU YaCTUIILI AmMoMamu

(HeJeITMMBIN).




B 1808 r. anrnuiickuii XUMHK /{anbmon
chopmynupoBa ATOMHCTHYECKYI0 TEOPHIO.

«Bce BellecTBa COCTOAT U3 aTOMOB,
Menb4anllinxX HeaenumbiX YacTul,, KOTopble He
MOTYT ObITb HX CO34aHbl, HU YHUYTOXEHbI».

~1900 r

Domoahghexkm - UCIIyCKAHUE DJICKTPOHOB METAJIAMH U
IOJTYIIPOBOAHUKAMHM IpH X ocBemeHun. (CtomeroB A.L.
1889r.)

Paouoaxkmuenocmsb — caMoIpOM3BOJIBHEIN pacmal
aTOMOB, COIIPOBOXKIAIOIMIMNICS NCITYCKAHUEM Pa3INYHBIX
gactuil. (A. bexkepens, 1896 1)




Kak yctpoen arom?

1911 r. 3. Pezeppopo

OnextpoH ( B 1867 pa3
nerye agpa, |V =10%wm/c)

Snpo (1,67 «10?"kr)




B 1913 r Hunwc bop ([Janus) mpeamnoioKuil, YTo IEKTPOH
IOBIDKETCS HE TI0 JIFOOBIM, a JIUIIE IO CTPOTO ONPEACIEHHBIM
(«pa3pemEHHBIM»,<CTAIHOHAPHBIM») OpOHUTaM, IPH 3TOM
HE wW3Jdy4d4as W HE [Oomomas J3Heprun. HMsimyyeHue
IIPOUCXOAUT TMPU IIEPECKOKE C OJHOM CTAllMOHAPHOU
OpOUTHI HA APYTYIO MOPIUSIMH - KBAHTAMH.




B 1924 r ¢panny3ckuil yuénsliil Jlyu oe bpoiinb
BBICKA3AJI TTPEATIOJI0KEHHUE O IBOMCTBEHHOM TIPUPOJIE
MaTE€pHaIbHBIX YAaCTHIl, B YACTHOCTH BJICKTPOHA.

B 1926 3. lllpeouncep

TEOPHUIO JBUKESHHS MUKPOUYACTHIL —
KBaHTOBas (BOJIHOBYIO) MEXaHUKY

CO3/IaHUE COBPEMEHHON KBAHTOBO-
MEXAaHUYECKOU MOJE/IU CTPOCHUSA aToMA.

JTa MOIENb He Harraadas |
( O4CHB YCIIOBHOE M300paKCHHE)

A=10%cm




1. DJIEKTPOH B aTOME MOKHO PaCCMaTpUBaTh KaK
4acTUIy, KOTOpas MPH ABUKEHUHN IIPOABIISECT
BOJIHOBBIE CBOMCTBA. 1.€. HEIb3s OIMUCATh
NBUKEHUE BJIEKTPOHA B aTOME OMPEAECICHHOMN
TpackTopueu (opOuToii).

2. DIICKTPOH B aTOME MOKET HAXOAUTHLCS B JIFOOOMU
TOYKE IIPOCTPAHCTBA BOKPYT SApa, OAHAKO
BEPOSTHOCTH €ro NpeObIBAHUS B pa3HBIX MECTaX
ATOMHOT'O IPOCTPAHCTBA pPa3InyvHa.




...3JIECKTPOHHBIM 00JIaKOM.

... aTOMHO# opouTajbio (AO)
(MNN 3NEeKTPOHHON NNOTHOCTLHO).

TepmuH "opbuma" (u3 mooesiu bopa) 8 8or1HO80OU
MoOesiu merepb MNosIHOCMbeIO yemyrnusi Mecmao
mepmuHy "opbumarne". Opbumarne umeem 4ucmo
8epPOSIMHOCMHbIU CMbIC/ U €€ rpocsam He rnymamsb

c opbumou, m.e. mpaekmopueu O8UXXEHUS
3/1EKMPOHa.

«Heyoicenu oeticmseumenvHo ObLIU MaKue
uouomol, Komopwle Oymau, Ymo 31eKmpoH
spauiaemcs no opoume?»

H. bop




O. WpeauHrep paccmatpuBasi BOIHOBOE noBegeHme
ABVXKYLLIErOCS 3NEeKTPOHa B aTOMe NPUMEHUIT
MaTeMaTUYEeCKMIA annapar, ONUCbIBaOLLMN ABMKEHNE BOMHbI B
TpexXMepHOM MpocTpaHCcTBe - ypaBHeHUe LLpeanHrepa.

PelleHne aToro ypaBHeHus1, T.e. MaTeMaTUyecKkoe onmcaHme
opbutanu (ykasaHue Tpex NpoCTPaHCTBEHHbIX KOOpAMHAaT),

BO3MOXHO J1NLb MpPU onpeanerieHHblX 3Ha4eHUAX Ha6opa TpeX
Lenbix Ynucen n, |, M, KOTOPbl€ HAa3blBalOT KBAHTOBbIMM.

KombunHauua yncen n, |, 1 m, He ogHa, NO3TOMY U peLleHNI
ypaBHeHusa LLpegnHrepa ToXe HeckonbKko. 1.0, KBAHTOBLIE
4yucna n, |, n m, (toyHee nx npnemnemsie KOMOMHaLNN)
onpenensitoT reoMeTpuyeckne oCODEHHOCTMN 3NEKTPOHHOM
nrotHocTun (AO).




Ypasuenue lllpenunrepa

h* ey dy  dy 9
8pm§dx dy2 dz’

.+Uy = Ey

O4eHb CNOoXHbLIN MaTeMaTU4eckn annapar!




BaXHbIM CJI€ACTBUEM TEOPUU KBAHTOBOU MEXAHUKHU
ABIIACTCA TO, YTO BCA COBOKYITHOCTH CJIOKHBIX
NBWKCHUU DJJIEKTPOHA B aroMe€  OIIMCHIBAETCA
YEThIPbMSA KBAHTOBHIMH YKCJIAMU.

XapakTepucTmka aHeprum afieKTpoHa u

NnpocTpaHCTBEeHHOe pacnpenerneHune
BEPOATHOCTU HaXOXOEeHUA ero B aTome
CUCTeMOU KBAHTOBbIX Yyucen.




[1a8HOE K8aHIMOBOE YUC/IO N — onpeaen4der...

XapaKTepusyer..

[IppHUMAaET LETOYUCIICHHBIC 3HAYCHUS OT 1 10 0.

Uem 1 n, TeM 1 aHepruen obrnagaet anekTpoH, n TeM crnabee
OH CBS13aH C 94pOMm

...MOXHO roBOpnTb O CyLLleCTBOBaHN B aTOMeE

3Hep2emuYecKkux yposHeu (3NMEKTPOHHbIX CIIOEB UM
000ro4eK), oTBe4arLmMx onpeaeneHHbiM 3Ha4YEHNSM a/7a8H020
KeaHmoegoe2o Yucria - n.

N 23 |45

O0o03HaueHme L MIN O
SHEPreTHYECKOTO CIOS




[lobounoe (opbumanvroe) K8AHMOBOE YUCLO
| —ompenenser ...

XapakTepusyer...

[IpuanMmaeT nenouunciiennnie 31a4d. ot 0 go (N-1)

| 0 1 2 3 4

bykBeHHOE S (j f g)

0003HaUYECHHE
IOAYyPOBHS

dopma
opOHuTaIn ‘




Huciio moaypoBHEN, HA KOTOPHIE PACIIEIUIICTCA
SHEPreTUYECKUN YPOBEHb PABHO HOMEDPY
ypoBHs. Hammpumep,

Oo0o3HauYeHHE
IHOAYPOBHSI

O (ombo 3HaueHme) |1s

0;1 (mBa) 2S, 2p
0;1,2 (tpm) 3s; 3p; 3d

T.0., snepeemuueckuii nooyposens — 3T0 COBOKYIHOCTh
AICKTPOHHBIX COCTOSIHUM, XapaKTCPHU3YIOIIMXCS
ONIPEACICHHBIM HAOOPOM K8aHmoavix yucen Nu |.




Maenumnoe keanmoesoe yucio M, —
OIIPEIEIIAET. ..

XapakTepusyer..

OHO IPUHUMAET BCE IICIOUYNCIICHHBIC 3HAYCHUS OT
— | mo + 1.

Hampumep, mpu | =0 m = 0;
npul =1 m=-1;0; +1,
npul =2 m=-2;-1,0; +1; +2;

JIrobomy 3Hauenuto | coorBercTByer (21+1)
BO3MOXKHBIX PaCHOJI0KEHUHN 3ICKTPOHHOr0 00J1aKa
JAHHOT'O THUIIA B MIPOCTPAHCTBE.




CrenoBaTeibHO, MOKHO CKa3aTh, YTO YHCJIO 3HAYEHUU
M yKa3bIBa€T HA YMCJIO OpOUTAIEH C TaHHBIM

3HAYEHUEM .

S-COCTOSIHUIO COOTBETCTBYET OJHA OpOUTAJlb,
P-COCTOSIHUIO — TPH,

d-COCTOSHIIO — IS Th,

f-cocTOSTHUIO — CEMB U T.1I.

Yucao opOuTaieit Ha momypoBHE paBHO (21+1),
a 00IIIee YMCI0 OpOUTAJICH HAa YHEPIeTHICCKOM
ypOBHE paBHO N,

Bce opOuTtanm, npuHaaieKaiime OJHOMY IIOAYPOBHIO
JAHHOTI'O PHEPrEeTUYCCKOTO YPOBHS, UMEIOT OJMHAKOBYIO

SHEPrUI0 B OTCYTCTBMH MarHUTHOIO ITOJIS
(BBIPOKICHHEIE).




Yucioo AO

| m, Hanpasienue B

Ha TOLYpOBHE = IPOCTPAHCTBE

= (21+1)
0 0 [ ] z
1 -1 [T 1] Z i Z
(P) 0 /8/ y ?67 pr
+1 X

2 | -2-1;0; [LLLLL] CIIOKHBIE CTPYKTYPBI
d)| +1;+2
3 |-3;-2;-1,0; |[CITTTTT] |CchaoXKHBIC CTPYKTYPhI
(f) | +1;,+2;+3




Yucioo AO

I m, HarmpasiicHue B
Ha MOJIYPOBHE =

- (21+1) IIPOCTPAHCTBE
0 0 [] Z
() ‘?7
1 -1 (1 1] z Z 7
() 0 /8/ y ?67 pr

+1 X

2 | -2-1;0; [LLLLL] CIIOKHBIE CTPYKTYPBI
d)| +1;+2
3 |-3;-2;-1,0; |CITTTTT] |ChmoXKHBIC CTPYKTYPhI
(f) | +1;,+2;+3




CoCTOSIHHE DJICKTPOHA B aTOME,

XapaKTEePHU3YIOLICECS ONPEACIICHHBIMU
3HaYeHUsIMHU yucen N, |,m HazpiBaeTcs
AMOMHOU OpOUMATBIO.




CrniuHoesoe KeaHmoeoe 4Yucsio S.

XapaKTepHU3yeT COOCTBCHHBI MEXaHUYECKUI MOMEHT
3JICKTPOHA, CBA3AHHBIN C BPAILICHUEM €TI0 BOKPYT CBOCH
OCH - T10 YaCOBOM CTPEJIKE Y ITPOTUB YACOBOM CTPEJIKHU.
CIIMHOBOE€ KBAHTOBOE YHCJIO MOXKET IIPUHAMATH,
CJIEAOBATEIILHO, TOJIBKO JABa 3HAYEHUS U B KBAHTOBOM
MEXaHHMKE OHM IPUHATE TakuMu. S= +1/2u s=-1/2.

1

2

Ha camom nene ...




OO1as XxapakTepUCTUKA COCTOSHUS 3JICKTPOHA B
MHOT'O3JICKTPOHHOM aTOME ONPEACIIseTCS
npuHuunoM [laynu: B atome He MOXKEeT OBITH
NIBYX 3JIEKTPOHOB, Y KOTOPBIX BCE YeThIpe
KBAHTOBBLIX YMCJIA OBLJIM Obl OIMHAKOBBLIMM.

Ha ogHOM opOMTaIM MOT'YT HAXOAUTHCS HE
0oJiee ABYX PJICKTPOHOB, OTIMYAIOIIMXCS
Apyr OT Apyra cumHamMu. MakcumalbHas

€MKOCTH DHEPTETHYECKOIO ITOAYPOBHS —
2(2+] ) siekTpoHOB, a ypoBHSI — 2N°.




JJIIEKTPOHHBbIE KOH(UIypauud aToMOB
2T0 ..

- [IpuaIIII MiN sHEprUn

ITOT IIPUHIOUII IIOATBCPIKAACTCA ABYMIA IIPpABUJIAMHA
Ki1e4koBCKOIrO:
1. C poCTOM aTOMHOI0 HOMEpPA IIEMEHTA

3JIEKTPOHOB Pa3MeIIalTCs MOCIEA0BATEILHO
Ha OPOUTAIAX, XapaKTEPHU3yECMBbIX
BO3pacTaHUEM CYMMBbI IJIaBHOTO U
OpOUTATBLHOTO KBAHTOBBIX uncen - (N+1).

2. IIpy 0IMHAKOBBIX 3HAYEHUSAX ITON CYMMBI
PaHBIIIE 3AMOIHACTCS OpOUTAIIL C MEHBIITUM
3HaYCHUEM N




MoKET OBITh 3aIIOJTHEHHUE AJICKTPOHAMH DHEPTETUYECKUX
YPOBHEU U ITOAYPOBHEU UIET B CICAYIOILEM HMOPSIKE:

.3 3p A 4s  4p...
(3+0) (3+1) (3+2) (4+0) (4+1)

3 4 5 4 5

IIPUMEHSAEM BTOPOE MpaBuiio K.

.3 3p 4s 3d 4p...

—————————————————————————>
YBenquueHue E




IlocieaoBaTe/IbHOCTD 3AI0JTHECHUS
IEKTPOHAMHU YPOBHEH U MOAYPOBHEH.

15225%2p®3s23p°4s523d194p°5524d195p°6s?
5d1414502-106p67526d15f146d2-107pS ...

He BOoaBasicb B Agetanu:

15225%2p®3s23p°4s523d194p°5524d195p°6s?

4f145d106p®7s25f146d107p". ..




[Ipy HanWUMU OJHOTHUIHBIX OpOMTAICH WX 3aMOJHCHHUE
IPOUCXOJUT B COOTBETCTBHM C IIpaBUIOM XyHJa. B
Npeaeaax  DSHEPreTUYECKOTO  IMOJYPOBHS  DBJIEKTPOHBI
pacIojlaraloTCcsl Tak, 4TOObl WX CYMMAapHBIA CIMH OBLI
MaKCUMaJIbHbIM. Harpumep,

2p| 111 p T |41 oo T 1T 1
%+?19+1:1 1+?19+1:1 %+%+%:_g
e 20 2 2 2 e 20 2 2

Zp?Tl ZDLTL mllx

: 210 1 16 1 CYMMapPHbIV
1+1+&i 19:1 c- —++—+(2— —==- = y p
2 2 @ 2g 2 e 29 2 e 29 2 ClnuH




«IIpOCKOK» 3JIEeKTPOHA

YcTtaHoBreHo, YTo Yy d-opbutanen ocobo
yCTONYMBbIMU KOHUrypaumamm aenstotcd d°> un dio
a y f-opobutanen ' n f14. BcBasm ¢ 3TMm B OCHOBHOM
COCTOSAHMW aToMa HabsogaeTcsl NPOCKOK 3MEKTPOHA
C Ns-noaypoBHs Ha (n-1)d-noaypoBeHsb:

Cr : ....3d*4s? — nenpaBUIbLHO
Cr : ....3d°4s! — npaBmiIbHO




Ilepuoanueckuu 3axkoH /I.M. Menaesieena.
OTtkpeIT B 1869 I. Benukum pycckum yueHbIM [[.M. MeHieneeBbIM.

“CBolicTBa 2JIEMEHTOB U CBOMCTBA 00pa3yeMbIX MU
IIPOCTHIX U CIOKHBIX COCAUHEHUN CTOAT B
IEPHUOINYCCKOM 3aBUCUMOCTH OT MX aTOMHOI'O Beca' .

3mo oripeoderieHUe HeMHO20 owWUbOYHO.

CospemenHas popmynupoBka I13 rmacut: CBoucTBa
XMMHUYECKHUX JICMEHTOB, a TaKKe (JOpMBbI U CBOUCTBA
UX COCMHEHUH HAXOAATCS B NEPHOTUYECCKOH
3aBUCHUMOCTH OT BeJMYMHBI 3apsiia aTOMHBIX s1iep B
pe3yJbTare MepuoaAn4eCKOro NoBTOPEeHusA
JIEKTPOHHBIX KOH(PUIypalMil BHEITHEI0
IHEPIreTHYECKOI0 YPOBHHI.




Ilepuooom B I11C Ha3bIBaeTCH -...

...0T NS 1o NS?P° (kpoMe mepPBOTo MEPHOA).

Dnemenmol —dHdajlocu, T.C. PACIIOJTOKCHHbLIC B

onHou mnoxarpynmne IIC, wuMET OIUMHAKOBOE
CTPOCHME BHEIIHHUX DJJEKTPOHHBIX 000JIOYEK
aTOMOB IIPH PA3JIWYHBIX 3HAYCHUAX N U IIO3TOMY
IIPOSIBJISIIOT CXOJIHBIE XMMHUYECKHAE CBOMCTRA.




IlepuoguyecKky MEHAKOIINECH CBOMICTBA aTOMOB

1. ATOMHBIE 1 HOHHBIE PAJNYChI

2. JHepIrus HOHU3AIUHU

3. CpoacTBO K JIEKTPOHY

4. DIeKTPOOTPUIATEIbHOCTH




AOCOJIIOTHBIE ATOMHBIE PAJIAYCHI. ..

3((EKTUBHBIC aTOMHBIC PAJINYChI, KOT.
PaccuuThIBaroT. ..

YMCHBIICHHC

>

[IPU 3TOM B ITpynmax A
TAKOE YBEIIUUYECHUE
IIPOUCXOAUT B OOJIbIIIECH
CTEIICHH, YEM B I'pyImax B.

YBEIIMYCHHUE




2. Jueprus nonmszauuu (E_ )
| k/{otc/mons]| unu [oBlamom] (1>Blamom= 100 xlxclmons. )
— IJTO ...

4

Y+ A

=Y " +4

eliecaoee

XapakTep U3MEHEHHS B IEPHOAAX OJJMHAKOB:




JHepauu UoHU3ayuu
amomMoe 3J/ieMeHmoe 2-
20 U 3-20 nepuodos

£, o

VYBEeJIUUYUBAECTCS
HEMOHOTOHHO

O
~
@n
O
=
n
@n
O
=
>

I'pynnut




DHEPruy HOHU3aWM 31eMeHTOB |1-T0 u |11-T0 neproaon

]
|, xJIx/MOJIB NEe
2000 »
= /
1500 "/ A

1000 Be .
AE T
| . )

500 ‘7'\4‘@\,{,/




Anamn3 nsMmerdenud 111 nmo3Bosger caenarh
HEKOTOPBIEC BHIBOJIbI.

1. B nepuogax I 1, 4TO BBI3BAHO CKATUEM
JIEKTPOHHOW 00OJI0OYKH BCIEACTBUE YBEIUICHUS 3D .

3apsjaa sapa.

2. HepaBHOoMepHOCTh B M3MeHeHuu 11U .....
I (B 25°2pt) < IIM (Be 25°) wu
[T (O 2s%2p?) < TI1 (N 2s°2p°)

3. Atombl meto9asx Me (NSt) nmeror camble
Hu3kue 111

4. AToMBI 0J1IaropoaHbIX Ta30B (NSNP®) uMmeroT
max 111




2. Cpoacro k dsiekTpony (E., )
| k/{otc/mons] unu [oBlamom] - 3t10 ...

Y+d =Y x4,

XapakTep U3MEHEHHS B IEPUOAAX OJJMHAKOB:




CpoOcmeo K 3/;1IeKmpOHYy amoMoe8
3JieMeHmoe 2-20 u 3-20 nepuodoe

— ”l:.pl:ul

s L1 ticpnron

-
L
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by
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I pynina




E.,, k/otclmons
400]
300}
200}
1004
i
aNa Ne
1\ 2 /3 4 5 6 7 Y8 _pynna
-100{ Ar
-200% Mg — || mepuon
Be — |1l mepuon




Ananns nzmedenus CO MO3BOJIAET cleiaTh
HEKOTOPHIC BHIBOJHI:

1. Min (orpuniarensaoe) CO HaOIIOmACTCS Y
aTOMOB, HUMEIOIINX 3aBeEPIIEHHBIE NS® 1 NSNPP°
IOy POBHH.

2. Heznauntenpno CO y aTOMOB ¢ KOH(pUTypallUeH
NP3 (yCTOMYMBEIN HAIOJOBUHY 3aIlOJIHEHHBII

IOTYPOBEHB )

3. Max CD o6mazaror aroMbl 7(A) rpymnmsl — NS?NP°




3. DJIEKTPOOTPHIIATEILHOCTH (C)
[kK[DxImonb]| unu [aBlamom] —  XapakTepusyer ...

C = % ("Jéfz' T "Jﬁé)

¥ i = %2 (900+60) = 280 x/x/Momb
¥ e = 72 (1700+310) = 1005 xIx/Momb

ITo ITomunary y L1 ycnoBHO nmpuHsTa 3a 1,
Ttorga ¥ F = 1005/280 = 3,6 . T.o. momyuaeTcs
O€3pa3MepHas BEIMYMHA - OTHOCHUTEIbHAS
1eKTPOOTpHIATEIbHOCTD (090).




anemernmoes no Jl.1lonunzy

'pynna

IVa

H
2,1

Li B C \ @) =
1,0 2,1 2,6 3,0 3,4 4.0
Na Al Si P S Cl
0,9 1,6 1,9 2,2 2,6 3,0
K Ga Ge AS Se Br
0,8 1,8 2,0 2,2 2.4 2.8

Rb In Sn Sh Te I
0,8 1,8 2,0 2.1 2.1 2.5

YMCHBIICHHC

—
YBEIIMUYECHUE




