MmaBa 15. MHoroanekTpoHHbIX aTtoM. lepuoagunyeckasn
cuctema [1.. MeHpeneeBa

15.1 MHOro03/1eKTPOHHBbIH aTOM

PaccmoTpuM MHOTO3J7€KTpOHHBIA aTroM. [l ommMcaHus B3aMMOJEHCTBHS B TaKOM CHUCTEME
HEOOXO0IMMO HCIOJIb30BaTh BTOPOE IJIEKTPOCTATHUECKOE MPUOIIKeHre. B 3ToM nmpubimkeHun oneparop
MOTEHITMABHOM dHEpruK uMmeeT cienayromuil Buj (B cucreme CI'C):

~ 278 1&Ee
0- 3% 15S

2
2
rn n=1 m=1 rnm

(1

TJie 7', — PACCTOSIHUE OT M-TO DIIEKTPOHA A0 AIPA, Fym = |Fy - Fin|— PACCTOSIHIE MEXIY DJIEKTPOHAMH /1 H M.
[TepBoiii unen B (1) omuchIBaeT MPUTSHKEHUE SJIEKTPOHOB K siipy. BTtopoe unen B (1) omuceiBaer
ANEKTPOCTATUYECKOE OTTAIKUBAHHUE JIEKTPOHOB MEXKIY COOOIA.

B mepBoM 3nekTpocTaTHYeCKOM MPHOIMKEHUHA TEPM 3aBUCHT TOJIBKO OT TJIABHOTO KBAHTOBOTO
YHUCJa 1 U KPaTHOCTh (CTENEHB) BBIPOXKICHUS — YUCIIO BO3MOKHBIX COCTOSTHUM (OpOuTaneit) ¢ Takum n —
paBua 2n°. BOo BTOPOM SJIEKTPOCTATHYECCKOM NPUOIMKCHHH BOSHHKACT B3aHMOICICTBUC MEXIY
CnenoBareiabHO, B 3TOM

QJICKTPOHAMH, KOTOPBLIC HAXOIATCA Ha HCCUMMCTPHYHBIX Op6I/ITaJ'I$IX.

HpI/I6JII/DKeHI/II/I mepm zaeucum om Oeyx K6AHMOBbIX Hucen — 2l1d6H020 Nn u 0p6umaﬂbH020 l - E,,].
Op6I/ITaJ'II> 3aBUCUT OT UYCTBIPEX KBAHTOBBIX YHCCI

€CTb TEpMbl BO BTOpPOM

l//nlmlmx . To
OJICKTPOCTAaTUUCCKOM HpI/I6JII/I)I(eHI/II/I BBIPOXKJACHBI, HO KPATHOCTb BBIPOKACHUA MCHBIIC, YEM B ClIydyac
OIHOJJICKTPOHHOI'O aToMa. TeprI 0003HAYaIOTCI C IIOMOIIIbIXO YHCJIa n KW CHMBOJIA Op6I/ITaJ'II/I,

COOTBETCTBYIOIIEH 3HaUeHHIO / (cM. TabmuIy 1).

Tabmauma 1
[ 0 1 2 3 4 5 6 7
n S p d f g h i k
1 s
2 2s 2p
3 3s 3p 3d
4 4s 4p 4d 4f
5 Ss Sp 5d 5f S5¢g
6 6s 6p 6d 6f 6g 6h
7 7s Tp 7d 7 Tg Th 7i
8 8s 8p 8d 8f 8g 8h 8i 8k

3aBHCHUMOCTh PHEPTUH TEPMa OT KBAHTOBBIX YHCEJ OMPEAEISIETCs CASAYIOIUM paBuioM: E,; pacmem ¢
pocmom (n+1), npuuem ecau (n+1[) oounakogvl, mo suepeus Oonvuie y mepma ¢ OOILUWUM .
B Tabmwuiie 2 TepMbl pacIioioKeHbI B TIOPSIKE BO3PACTAHUS SHEPTHH.

Tabmauma 2

n+l= |1 2 3 4 5 6 7 8
\ls 2s 2p3s 3p4s 3d4p5Ss 4d5Sp6s 4f5d6p7s S5t6d 7p 8s




PaccMOTpuM CTPYKTypHBIE €IHHUIIBI ATOMA!

1) OcHOBHOW ~ CTPYKTYpHOIl ~efMHHLCH aToMa sBISieTCs opbumane Y. , KOTOpas

XapaKTepPU3yeTCsl ONpeICICHHBIMUA 3HAUYCHUSIMH BCEX YEThIPEX KBAaHTOBBIX YHCEI 1, [, m;, m.
2) DNEKTPOHBI ¢ OIMHAKOBBIMY 3HAYCHUSIMU 71, [, m; 00pa3yloT AueliKy.
3) COBOKYITHOCTb 3JICKTPOHOB C OIMHAKOBBIMU 3HAUYCHUSIMH 71, [ HA3BIBACTCS 1000O0NIOUKOIL.
4) DNEKTPOHBI C OTMHAKOBBIM 3HAYCHHEM TJIABHOI'O KBAHTOBOT'O YHCIIA 72 00PA3yIOT 00010UKY.
WNHorna 000J104KM Ha3BIBAIOT CIIOSIMH, a MOJO00O0JOYKM — 00O0JIOUKaMH, MOSTOMY HalIo OBbITH
BHUMATEIbHBIM K IPUHSITON TEPMHHOJIOTHH.

Paznuunpie 06009ku aTroma 0003HavaroT cuMmBosiamMu K, L, M, N, O, ... mo cxeme, yKa3aHHOU B

Tadiuue 3
Tab6muna 3
I'maBHOE KBAaHTOBOE YHCIIO 71 1 2 3 4 5
O0oJ104Ka K L M N (0

B MHOT0371€KTpOHHOM aTOME 3JIEKTPOHBI HE MOTYT HaXOJUThCS B MIPOU3BOJIBHBIX COCTOSHUSAX —
TO €CTh 3alOJHATh MPOU3BOJbHBIE OopOuTanu. CylecTBYIOT ONpee/IEHHbIE OrpaHUYEHUs] HA 3HAYECHUS
KBAHTOBBIX YHCEJI, ONPEIEISIIOIINX COCTOSIHUE 3JIEKTPOHA B MHOI'O3JIEKTPOHHOM aTOME.

PaccMoTpuMm mpaBuiia 3an10JIHEHUS 31eKTPOHAMHU OpOUTAJIell MHOT03JIEKTPOHHBIX ATOMOB!

1) Ilpunyun  munumyma dsuepeuu. B OCHOBHOM COCTOSHUM MHOTOXJIEKTPOHHOIO aroma
JIEKTPOHBI CTPEMSTCS 3aHATh COCTOSHUS C HAuUMeHblel YHEPTUEH.

2) llpunyun Ilaynu. B 0lHOM KBAaHTOBOM COCTOSIHUM MOKET HaXOJUTHCS TOJIBKO OJMH 3JIEKTPOH.

IIpHMEHHUTEIBHO K MHOT03JICKTPOHHOMY aTOMY 9TO O3HA4aeT, YTO Ha O/(HOM opOuTaid ¥/, , HAXOMUTCS

He 0oJiee 0JTHOTO AJIEKTPOHA.

PaccMoTpuM CTpyKTypHBIE €AMHHIIBI aTOMa C TOUYKH 3peHust mpuHIuna [laymnu:

1) Opbumane xapaktepusyercs ONMpe/IeICHHBIMU 3HAYEHUSIMHU BCEX YETBIPEX KBAHTOBBIX UUCEIN
n, I, my, my;. CemoBarenbHO, Ha OPOUTAIIM MOKET HAXOIUTHCS TOIBKO OJIWH JIEKTPOH.

2) AHueiika cOCTOUT U3 JIBYX 3JIEKTPOHOB C MPOTHUBOIIOJIOKHBIM HaIlpaBJIEHUEM CIIUHA (TO €CTh
pa3HBIMH 3HAYCHHUSIMU KBAaHTOBOTO UMcia my = +1/2).

3) Ilodobonouxa c omnpeneneHHbIMU 4uciamMu n U [ cogepxkut (2/+ 1) saeexk mmm 2(21+ 1)

JJIEKTPOHOB.
n—1
4) B 0601104YK€e C KBAaHTOBBIM YHCIIOM 71 COAEPKHUTCS 7 M01000I0YEK, Zl_o (2l +1)=n* sueek u
n—1 2
2170 2(2/ +1) =2n" 27€KTPOHOB.

B tabnune 4 ykazaHbl 4HCIO 3JEKTPOHOB C JAaHHBIMH 7 W [ W OOIIEe YKCIIO AJIEKTPOHOB HA

000JI0YKE.




Tabmuna 4

O6omouka n MakcuMaibHOE YUCIIO AJIEKTPOHOB B COCTOSTHUSIX Bcero

AJIEKTPOHOB
5 p d f g B o60§0q1<e

K 1 2 2

L 2 2 6 8

M 3 2 6 10 18

N 4 2 6 10 14 32

0 5 2 6 10 14 18 50

Eciau Ha momo0oiodke WM 00O0JIOYKE HAXOJUTCS MAKCHMMAlIbHOE KOJIMYECTBO JJICKTPOHOB, TO TaKas
1101000109Ka (0007I0YKa) HA3BIBACTCS 3ANOJIHEHHOLL.

dopMmysia  3aloJHEHHs  JJICKTPOHAMH  OpOWTalieii aToMa  Ha3bIBACTCA  OJIEKMPOHHOU
KoH@ueypayuer. OHa OOBIYHO 3aIKCHIBACTCS CUMBOJIMYCCKH CIICAYIONMM 00pa3oM. CHavana yKa3bIBarOT

IJIaBHOE KBAHTOBOE YHMCJIO, 3aT€M CHMBOJI COCTOSIHUSA MO OpOUTAIbHOMY uucihy (S, p, d, ...) U B BUJE
CTENEHN y TOTO CHMBOJA — YHCJIO JEKTPOHOB B JAaHHOM cocTosiHMM. Hanpumep, 1s> ykasbiBaeT 1Ba
NeKTpoHA B s-cocTosHuu (/ = 0) ¢ ITaBHBIM KBAaHTOBBIM YMCIIOM 1= 1; 3p° — HATH JIEKTPOHOB B p-
cocrosiauu ([ = 1) ¢ n =3 u 1.1. JIro6as snmexkTpoHHas KOH(PHUTYpaIis MOKET OBITh 3aIcaHa C TOMOIIBIO
ytoro mpasmna. Hampumep, 1s°2s>2p* mokasbiBaer, uTo aToM HMeeT 2 3IEKTPOHA B S-COCTOSIHHH C

n=1, 2 3JeKTpOHa B S$-COCTOSSHUU C n =2, 4 3JEKTPOHA B p-COCTOSHHUU C 1 =2. DTO DIIEKTPOHHAS
KOH(pUTrypanus aromMa KHCIOpojaa. AHAJIOTUYHO 3alMCBIBAIOTCS 3JEKTPOHHBIE KOH(MUTYpallUU JpPYTUX

aTOMOB.

15.2 Ilepunoauyeckas cucrema d1emenToB /.. MenneneeBa

XHUMHUYECKUE CBOWMCTBA 3JEMEHTOB ONPENEISAIOTCS BHEIIHMMH 3JeKTpoHaMH. Ilockonbky mpu
3alOJIHEHUHU OYEpEeTHOM OOO0JIOYKHA TIOBTOPSIETCS TIOPSAIOK 3alOJHEHHMS] TPEAbIAyIIer 0007I0YKH,
XUMHUYECKUE CBOWMCTBA DJIEMEHTOB OT OOOJIOYKHM K OOOJIOUKE MEHSIOTCS TEPUOJUYECKHU: 3arloHEHUE
KKI0W 000JOYKM HAaYMHAETCA CO MISIOYHOTO MeTalljla M 3aKaHYMBaeTcsl OJlaropoJHbIM razom. U3
TaOIUIBI 4 BUHO, YTO YHUCIIO PJIEMEHTOB B MOCJIEOBATEIBHBIX EPUOIAX UICaTHHON CXEMBI 3alOTHEHUS
00o0s0uek oKHO OBITh 2, 8, 18, 32, 50. B AeiiCTBUTEILHOCTH B MEPUOANYECKON cucTeMe MeHeneeBa
YHUCJIO 3JIEMEHTOB B TOCJIEIOBATEIBHBIX mepuomax paBHo 2, 8, 18, 18. Takum oOGpa3om, mocTpoeHue
peabHOM CHUCTEMBI SJIEMEHTOB OTIUYAETCS OT UCATLHOW CXEMBI 3allOJIHEHUs 000JI0YEK.

[IpuunHa pa3nuuus MEXy peajbHON M MACATIbHOM CXeMaMu COCTOUT B TOM, UYTO B UJEaIbHOMN
CXeME HE YYUTBHIBACTCS B3aMMOJICUCTBHE MEXKIY DJICKTPOHAMU W OTKJIOHEHHE TOJS OT KYJIOHOBCKOTO.
B Havane cumcTembl, KOT/a YHCIO DOJEKTPOHOB HEBEIMKO, KBAaHTOBBIC YHCIA Majbl, DJHEPTHUs
B3aUMOJICUCTBUS AJIIEKTPOHOB MHOT'O MEHBIIE IPOMEKYTKA MEXAY YpOBHIMU 3Hepruu. CieaoBaTeiabHO,
B3aUMOJICIICTBUEM MOXKHO TIpeHeOpeub. B 3TOM ciydyae 3amojHEHHE HIIEKTPOHHBIX COCTOSHHIMA

MPOUCXOUT B COOTBETCTBUU C UICATTbHOU CXEMOM.




PaccmoTpuM 3amosiHeHHE 0O0OJOYEK JJs HayalbHBIX 3JEMEHTOB OT BOAOPOAA O aproHa.
Y BOIOpOAAa UMEETCS BCErO OUH IEKTPOH, KOTOPBIM HAXOIUTCS B COCTOSIHUN ¢ MUHUMAJIBHON DHEpruen
ls . JlobGaBneHue eme OJHOTO 3MEKTpOHA i renus He naer xondurypamuio ls”. 3amoaHeHue mepBoi
000J10uKN 3aKaHuuBaeTcsd Ha reiauu He. Jlutuil Li oOpa3zyercs n00aBIeHMEM K TEJIMIO 3JEKTPOHA B
cocTOSIHUM 25. B COCTOSIHMM S-COCTOSSHMHM MOKET HAaXOAWUThCA 2 JIJIEKTPOHA, B p-COCTOSHUU — 6
AIIEKTPOHOB. 3alOJIHEHUE BTOPOU 000JI0OUKH 3aKaH4YMBaeTCs Ha HeoHe Ne. Tperuil nmepuoa HaYMHAETCS C

HaTpus, KOH(Urypauuss KOTOporo obOo3HaueHa Kak [Ne]ds. DTo o03Ha4yaer, 4YTO JJIEKTPOHHAs

KOH(UTypaluusi HaTpus MOJIy4eHa U3 KoH(purypanuu HeoHa Ne no0aBiIeHHEM OTHOTO 3s 3JIEKTPOHA.

B Tabnuue 5 npuBeaeHbI COOTBETCTBYIOUINE 3JIEKTPOHHBIE KOH(DUTYpaIiu

Tabnuua 5

DJIeMEHT DJIeKTpOHHAas DneMeHT DNeKTpOHHAas DneMeHT DneKTpoHHas

KOH(HUTypamus KOH(HUTypanus KOH(Urypauus
H Is N 1s*2s72p° Al [Nel3s*3p
He 1s? o 1s*2s%2p* Si [Nel3s*3p*
Li 15> 2s F 1s°2s°2p° P [Nel3s*3p°
Be 1s%2s? Ne 1s*2s%2p° S [Ne]3s*3p*
B 1s*2s%2p Na [Ne]3s Cl [Ne]3s*3p°
C 1s°2s*2p° Mg [Ne]3s? Ar [Nel3s*3p°

Jlanee HauMHAIOTCSA OTJIMYMS OT UIEATBHOM CXEMBbI 3alIOJHEHUS IEKTPOHHBIX o0oyouek. Tak s Kamus
K »sHepretudecku 0OoJjiee BBITOJHO 3amoiHUTH 4s coctosHue, a He 3d. MHorma okaseiBaeTcsi Oosee
BBITO/IHBIM NIEPEOPOCUTH JEKTPOH U3 4s -cocTosiHUS B 3d -cocTosiHue. Y HUKens Ni moiydaercs Takas
KOH(purypanus: (Nz') = (KL)3523 p°3d*4s’, rue cumson (KL) 03HAYaEeT IOJHOCTHIO 3allOJIHEHHbIE K- U
L-o6onouku. ¥V cienyromiero ganee 3a HUKeneM snaeMeHTa meau Cu no0aBiisieTcs OJUH 2JIEKTPOH, MPU
9TOM DJHEPreTHYeCKH O00Jee BBIFOJHBIM SIBJIETCS IE€pepaclpesielieHue 3JIEKTPOHOB, B pe3yibTaTte
KOTOPOro 3d -COCTOSIHME OKa3bIBAETCSl MOJHOCTHIO 3aMOJHEHHBIM, a B 45 -COCTOSHUM OCTAaeTCs OIUH
JJEKTPOH (Cu) = (KLM )45 . Y JaHTaHa JOMOJHUTENIBHBIA 3JEKTPOH J00aBIseTCs Ha BHYTPEHHIOIO
0001104Ky B 5d -COCTOSIHMH, a y CIEAYIOIUX 3a HUM 14 351eMeHTOB 3anonHsercs 4 f -cocrosHue. Tak kak
3JIEKTPOHBI B 4 f -COCTOSIHUM SBJIIOTCS BHYTPEHHUMH (00Jiee BHEUTHUE O00OJOYKU YK€ 3alOJIHEHBI), TO
9TO 3aloJHEHUE 4 f -COCTOSHUS HE U3MEHSAeT XMMHMUYECKMX CBOWMCTB 3THUX JIeMEHTOB. [loaTomMy Bce aTn
14 »1eMEHTOB UMEIOT OYEHb ONM3KHE XMMHUYECKHME CBOWCTBA M IIOMEINAIOTCS B OJHY KIETKY B
NEPUOANYECKON CUCTEME DJIEMEHTOB. AHAJIOIMYHAsl CUTYalUsl TOBTOPSIETCS I1OCJIE AKTUHUS.

WneanbHyro cxemy 3alOJHEHUs 3JIEKTPOHHBIX 000JI0YEK U OTVINYMS OT HEE MOXHO MOIY4UTh C
IIOMOIIBIO KBAHTOBOW MEXAaHUKH, €CIIM Y4E€CTh COOTBETCTBYIOIIUE B3aUMOJICHCTBUS MEXAY SAPOM aTroma

U DJICKTpOHaMMU. KBaHTOBast Mexanuka YAOBJICTBOPUTCIILHO 00BSICHIETCS BCE OCHOBHBIC 3aKOHOMCPHOCTH

NIEPUOIUYECKON cucTeMbl diieMeHToB [[.1. Menneneesa.
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