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CoctosiHuE DBJEKTpOHAa B aTroMe, Kak W JAPYTrdX MHMKpPOYacCTHII,
OMUCHIBAETCS OCHOBHBIMU MOJIOKEHUSMHU KBAHTOBOW MEXAHUKH.

OJIEKTPOH, COTJIACHO KBAHTOBO - MEXAHMYECKUM IPEJICTABJICHUSM,
ABJISIETCSl YaCTUIEH, TaK KaK MMEET Maccy IMOKos W 3apsl. B To xe
BpEMsi OH HMMEET BOJHOBOM XapakTep, TaK KakK €ro JBUXXEHUE
XapakTepu3yeTcs JJIMHON BOJHBI, YACTOTOM, SIBICHUSIMU JUDPAKIUA U
uHTep(EepeHIINH.

CornacHo BEpOATHOCTHOMY TMOJIXOAY MaTEMAaTHYECKH MOKHO
ONPEACIUTh HE TOYHOE TMOJIOKEHUE DJICKTPOHA B aTOME, a BEPOSITHOCTD
€ro HaxoXJEHUs B TOW WIM HHOW OOJIACTH  OKOJIOSAEPHOIO
npoctpaHcTBa. [loaTOMy  COCTOSIHME  3JEKTPOHA  (COBOKYITHOCTB
uHpOpMaIMd O €ro SHEPrUM U O TMPOCTPAHCTBE, B KOTOPOM OH
HaXOJUTCSA) OMNMUCHIBAETCS C IOMOIIBI0 KBAaHTOBO - MEXaHUYECKOU
MOJIENU — JJIIEKTPOHHOIO 00JIaKa.

Anekmponnoe 006aaKko — TO MOJEIb, OTpa)xarollas COBOKYITHOCTb
BEPOSATHOCTHBIX  MOJIOXKEHH  3JEKTPOHAa B Pa3HbIX  YacTAX
OKOJIOSIIEPHOTO MPOCTPAHCTRA.

O06nacTh OKOJOSIAEPHOTO TMPOCTPAHCTBA, B KOTOPOMl HauboJsiee
BeposITHO (90-95%) HaxoXIeHUE JaHHOIO »JJIEKTPOHA Ha3bIBACTCS
INEKMPOHHOU opOumanvro. Paznudaior aToMHy0 opourtaiab (AQ) —
OpOUTANIH KKJIOTO AJEKTPOHA B aTOME€ M MOJIEKYJISIPHYI OpPOUTAJIbL
(MO) — nuHeliHy10 KOMOMHALIMIO aTOMHBIX OpOUTAJIEH.

CornacHO KBaHTOBO — MEXAHMYECKHUM MPEICTABICHUSIM AJIEKTPOH B
aTOME MOXKET HaXOJUTHCS B OMPEICICHHBIX KBAHMOBHIX COCHMOSAHUSX,
COOTBETCTBYIOIIUX OMNPEACICHHBIM 3HAYEHUSM SHEPTrUU €ro CBSI3U C
anpoM. IloaToMy cOCTOSIHUME 3JIEKTpOHA B aTOME MOXKHO OIKCaTh C
TIOMOIIBIO YEThIPEX KBAHTOBBIX YHcel: N, |, m, s.

I'nagnoe keammoeoe uucno (N) ompenenseT OCHOBHOHM 3amac
SHEPrUMU BJIEKTPOHA, T.€. CTENEHb €ro yJaJeHUsl OT sJipa WIH pa3Mep
AJEKTPOHHOTO obsaka  (opbutanu). OHO TpUHUMAET  JIIOOBIC
[EJIOYKCIICHHbIE 3HA4Y€HUs, HauWHasg ¢ eauHulpl. g peanbHO
CYILIECTBYIOIIUX aTOMOB B OCHOBHOM COCTOSIHAM N = 1+7.

CocTtosiHuE PJIEKTPOHA, KOTOPOE XapaKTEPU3yETCs OIpeIeICHHBIM
3HAYEHUEM N, HA3BIBACTCS IHEP2eMmuU4YecKUM YpOBHeM 3DICKTPOHA B
aToMe. OJEKTPOHBI, UMECIOIIME OJMHAKOBBIE 3HA4YeHUs N, oOpa3yloT
IneKmpounvle caou (IneKmponnvie 000104KU), KOTOPHIC MOXKHO
0003HauuTh U U(PpamMu U OyKBaMHU.



SIS ELE (214 (S | IR 1 234567
O6o03HaueHne IAEKTPOHHOTO CIOS ....... KLMNOPQ
HauMmeHblliee 3HAYCHUE DSHEPIHM COOTBETCTBYET n = 1, U

AJIEKTPOHBI ¢ n = 1 00pazyroT OKalui K sApy aToMa 3JIEKTPOHHbBIN
CJION, OHU O0JIee TPOYHO CBSI3aHbI C SPOM.

CoctrosiHMe aroMa ¢ MUHUMaJIbHOM DJHeprue HaumbOoiiee
YCTOMYMBOE W HA3BIBAETCSI OCHOBHBIM COCTOSIHUEM WJIA HOPMAJIbHBIM.
[Ipu cooOiieHnn YHEPTrUM U3BHE MyTEM HArpeBaHUsI WIH APYTUM MyTEM,
AJIEKTPOH, MOJIyYHMB KBAHT HSHEPrUHU, YXOAUT U3 Cepbl MPUTSHKEHUS
anpa (T.e. HapymIaeTcs CBsI3b DJEKTPOHA C SAPOM aroma) B Oojee
BBICOKOE JHEPreTUYECKOE COCTOsIHHME. Takoe COCTOSIHUE HAa3bIBAETCS
BO30YKJICHHBIM. B030yXJ€HHOE COCTOSHHE aToOMa HEYCTOMYMBOE, B
TaKOM COCTOSIHUM aTOM HaXOJUTCS TIe-TO 10°-10® CEK., MOCJIE YEero
ANEKTPOH TMEPEXOAUT OMSITh B MEHEE BO30YXJIEHHOE COCTOSHHE,
U3JIy4as mpu 3TOM DHEPTHIO.

Opoumanvhoe (nobounoe unu a3umMymanbHoe) K6anmoeoe 4ucio(
|) onpenenser opOUTaIBHBIH MOMEHT KOJMUYECTBA JIBHYKECHUS SJICKTPOHA
U XapakTepusyet Gopmy JEKTPOHHOro obsiaka. OHO MOKET MPUHUMATD
uenourciaeHuble 3HaueHus ot 0 go (m-1). g peanbHO CyIIECTBYIOIIUX
aTOMOB B OCHOBHOM cocTosiHuH | mpuaMMaceT 3navenue 0,1,2 u 3.

MakcumanabHOE YMCIIO OpOUTalNell Ha SHEPreTUYECKOM MOAYPOBHE
pasHo 2| + 1.

DNeKTpOHHBIE 00JIaKa MOTYT OBITh Pa3IUYHON (POPMBI HE3ABUCUMO
OT 3HAuYCHMUS TJIABHOTO KBaHTOBOro uwmcia. Kaxmoit dopme
AJIEKTPOHHOTO  O0JaKa COOTBETCTBYET OIPEJCICHHOE 3HAYECHUE
OpOUTAIIBHOTO KBAHTOBOTO YUCIIA!

OBosnaverue @ 8 C%j %

9JIEKTp. 00JaKa S P d f...

3nauecHue | 0 1 2 3...



PazubiM  popmaM  3JEKTPOHHOTO  00JIaka  COOTBETCTBYIOT
pa3MuHbIE  3HAYEHWS  DHEpPrud, T.€. B  IMpeleliax  OJIHOTO
DHEPreTUYECKOTO  YpPOBHS  MPOUCXOJAUT €ro  paculielyieHHe Ha
AHEPreTUYECKHUE MOTyPOBHHU.

Yucino sHEPreTUYECKUX NOAYPOBHEN Ka)KI0T0 AIEKTPOHHOTO CIIOS
pPaBHO HOMEPY CJI05, T.€. 3HAYEHUIO IJTABHOI'O KBAHTOBOT'O YHCIIA.

Tak mepBomy B3HEPreTUHYECKOMY YpPOBHIO (N=1) COOTBETCTBYIOT
OJIUH TIOJYPOBCHbB-S; BTOpoMy (N=2) — JBa MOAYPOBHS S U P; TPEThEMY
(n=3) — Tpu noxypoBH4 S, P, d; yeTBepTOMY (N=4) — YETHIPE TOTYPOBHSI
s, p,d, f.

Takum 00pazom, sunepeemuueckull NOOYPOBEHb — MO COCMOSHUE
INEKMPOHA 8 amome, KOMOpoe XapaKkmepuzyemcs OnpeoeieHHbiM
nHabopom keanmoswlx yucen N u l.

Takoe cOCTOAHME 3JIEKTPOHA, COOTBETCTBYIOIIEE OINPEACIEHHBIM
3HaYeHUsM N u | (Thm opOuWTanm), 3almMCHIBACTCA B BUJIC COYCTAHUS

g poBoro obo3HaveHus N u 6ykseHnHoro |; Hapumep: 4p (n =4; 1 = 1);
5d (n=5;1=2).

Maznumnoe keanmoesoe uucio (M) onpenaeaseT 3HaUCHUE TPOCKIHH
OpOUTATPHOTO MOMEHTAa KOJIMYECTBA JBIDKCHHS DJJICKTpOHA Ha
IIPOU3BOJILHO BBIACICHHYIO OCh, T.€. XapaKTEPHU3YET MIPOCTPAHCTBEHHYIO
OPHMEHTAIINIO JJIEKTPOHHOTO 00JIaKa.

OHO NMpUHHUMAET BCE LEIOYMCICHHBIC 3HaUeHHs oT —| 10 +l, B ToM
yucie 3HaueHue 0.
IIpu 1=0, m = 0. DT0o 3HAYUT, YTO S-BJIIEKTPOHHOE O0O0JIAKO
CHUMMETPUYIHO OTHOCHTEIBHO CHUCTEMBI KOOPJIWHAT B MPOCTPAHCTBE U
€ro MoJIOKEHHUE MO TEUCTBUEM MAarHUTHOTO I10JI HE U3MEHSIETCS.
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[Tpu | = 1 m MoxeT mpuHUMATH TpH 3HadYeHwHs: -1, 0, +1. D10
3HAYUT, YTO MOTYT OBITb TpU P-OpOUTATU C OpPHUEHTAIUEH TIO0

KOOpJIMHATHBIM ocsiM X, Y, Z

Z Z Z

JIrobomy 3Hayenwro | coorBerctByer (21 +1) 3HaueHwmi
MarHUTHOTO KBaHTOBOTO Yucia, T.€. (21 +1) BO3MOXHBIX pacrioIoKeHHUH
AJIEKTPOHHOTO 00JIaKka JAHHOTO THIA B MPOCTPAHCTBE.

S — cocrosinuio coorBeTcTBYeT 2-0 + 1 = 1 omHa opOuTab,

p- coctostHUIO - 2-1 + 1 = 3 Tpu opOuTanmy,

d-cocrostauio - 2-2 + 1 = 5 nsaTh opOUTANEH,

f-cocrosiamio - 2-3 + 1 =7 cemb opOUTaICH U T.1.

Cocmosinue 31eKmpoHa 6 amome, KOMoOpoe XapaKmepusyemcs
ONpeOeneHHbIMU  3HAYeHUAMU Keanmoswvlx uucen N, |, m, m.e.
ONpeOeNeéHHbIMU pasmMepamu, hopmou u opuenmayuel 8 NPOCMpancmee
INEeKMPOHHO20  00]1aKA,  HA3bIAEMCs  AGMOMHOU  IIeKMPOHHOU
opoumanvio.

YcnmoBHo AO 0003HauatoT B BHJE (PHEPTETUUYECKON SYEHKH)
KJIETKU: [ | MIIA « - ».

S opOUTaIb (S — HYHEPTETUUECKUN TOAYPOBEHb) [

p- opOuTans (p— SHEPreTUUecKuil moaypoBens) [ 1]

d - opOuTains (S — 3HEepreTHUecKuil moxypoBens) [

f - opOuTans (S — sHEpreTryeckuii moaypoens) [ L]

CnnHoBOe KBAHTOBOE, YHCJIO (CMIMH) S — XapakTepU3yeT MOMEHT
COOCTBEHHOTO BHYTPEHHET0 JBHXKCHHS, CBSI3aHHOTO C BpaIllCHUEM
BJICKTPOHA BOKPYT CBOEU OCH.



1 1
OHO UMeEeT TOIBKO ABAa 3HAYCHMUA +E )41 _E .

DNEeKTPOHBI, UMEIOIINE OJUHAKOBOE HaMpaBjieHue cruna (aubo +1/2,

6o  —1/2)  Ha3pBalOTCA  MapalieJIbHBIMH, a  HMEIOIIUe

IMPOTHUBOITIOJIOKHBIC 3HAYCHUC CIIMHOB — dAHTHUITAPAJIJICIIbHBIMH.

PaccMOTpeHHBIMH  YETHIPbMS KBAHTOBBIMH UYHCJIaMU  MOHO
OXapAKTEPU30BaATh BCKO COBOKYIHOCTh CJIOXKHBIX JBHKEHUW 3JIEKTPOHA
B aTOME.

3anoyIHEHWE AaTOMHBIX OpOUTAIEN JJIEKTPOHAMHM TOJYMHSACTCS
Py MpaBUIL.

Hpunuun MHaynu (“3anper” Ilaynu): B amome ne mooicem 6vimo
INEKMPOHO8 C OOUHAKOBLIMU 3HAYEHUSAMU BCEX Yemblpex KE8AHMOBbIX
yucen, m.e. ‘‘sanpeuwjeHo”’ 21eKMPOHAM HAXOOUMBCA 8 OOUHAKOBOM
K8AHMOBOM COCMOSHUU.

B coorBerctBuuM ¢ mnpudHiunoMm llaynu, aByM dJeKTpoHawm,
KOTOpBIC XapaKTEPU3YIOTCS OJMHAKOBBIMH 3HaueHusmu N, |, m (T.e.
HaxoJsTCS B  JAaHHOM  DHEPreTHYECKOM  COCTOSIHHHM)  JOJDKHO
COOTBETCTBOBATh PA3JIUYUE B 3HAUYCHUSIX S (CIIMHOBOIO KBAHTOBOIO

qucha).
CrnenoBaTeabHO, Ha TICPBOM DSHEPreTHYCCKOM YPOBHE MOTYT
HaXOJIUTHCSI TOJBKO JIBa, JJICKTPOHA C aHTHITAPAJICITHBHBIMU

CIIMHAMHU. YCIOBHO OJJIEKTPOHHYIO KOH(MUIYypalHil 3TOr0 YpOBHSA
3aMKUCHIBAIOT CIAEAYIOUIUM 00pa3oMm: 15°

CaenacrBue w3 npunnuna Ilaynu: wmaxcumanvno eoszmoorcrnoe
YUCTIO DINIEKMPOHO8 HA KAHCOOM DHEP2eMUUECKOM YPOBHE PAGHO.
Nmaxzzn2

DHEPreTUYeCKUEe YPOBHU M TMOAYPOBHH, HAa KOTOPBIX HAXOJUTCS
MAaKCHUMaJIbHOE KOJIMYECTBO 3JICKTPOHOB HA3BIBAIOTCS 3aMKHYTBIMU HIIH
3all0JIHCHHBIMH.

B Tabmume 1 mnpuBeneHbl 3HAYEHUS] KBAHTOBBIX YHCEN IS
PA3IUYHBIX COCTOSHUM JJEKTPOHA, a TAKXKE YKA3aHO MaKCHUMAaJlbHOE
KOJIMYECTBO  JJIEKTPOHOB,  KOTOPOE€  MOXET  HaxXxOOUThCA  Ha
ONPEJECIICHHOM SHEPTETUYECKOM YPOBHE U MOJIYPOBHE B aTOME.

IpaBuno I'ynpa: B npederax snepeemuueckoco nooyposHs
9NIeKMPOHbL  3ANOJHAIOM  OpoOumanu  maxkum  oo6paszom, 4mooOwl
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abconomuoe 3Havenue (MoOyib) CYMMbl CHUHOBBIX KEAHMOBLIX YUCE]
OBLIO MAKCUMATLHBIM.

Paccmorpum mnpaBuno I'yHaa Ha mnpuMepe 3arlojIHEHUS -
IOJTYPOBHS.

Mpumep: 2p°  ALATA]T WAL | [A]V]A]

¥s=3/2 ¥s=1/2 Xs=-1/2
BEPHO  HEBEPHO HEBEPHO
Taoauna 1
KBaHTOBOE COCTOSIHME DJIIEKTPOHOB, €MKOCTb JHEPTETUYECKHUX
YPOBHEM U MOJYPOBHEN

n | m S Yucio MakcumaiibHOE
BHGKTpOHOB Ha qUCIO
JAHHOM OJICKTPOHOB Ha
HOI[YpOBHe JaAHHOM ypOBHe
1 | 0(s) 0 +1/2 2 2
2 | 0(s) 0 +1/2 2
-1 +1/2 8
1(p) 0 +1/2 6
+1 +1/2
0(s) 0 +1/2 2
-1 +1/2
1(p) 0 +1/2 6
+1 +1/2
3 2 +1/2 18
-1 +1/2
2(d) 0 +1/2 10
+1 +1/2
+2 +1/2
0(s) 0 +1/2 2
-1 +1/2
1(p) 0 +1/2 6
+1 +1/2




-2 +1/2
-1 +1/2
4 | 2(d) 0 +1/2 10
+1 +1/2 32
+2 +1/2
-3 +1/2
-2 +1/2
-1 +1/2
3(f) 0 +1/2 14
1 +1/2
+2 +1/2
+3 +1/2

Pacnipenenenune HSIE€KTPOHOB B aTOME  JIOJDKHO — OTBEYaTh
HanOOJIBIIIEH CBA3U C SIAPOM aToMa, T.€. HAMMEHBIIIEH YHEPTUM.

CnenoBaTesibHO, 1eKMPOHbL 8 AMOME HE MO2YM 3aNOJIHAMb BblULe
Jledcawylo  opoumans, eciu Ha Hudxce Jedxcawel opoumanu ecmo
c60000HblEe  (BaKAHMHblE) Mecma — 5MO NPUHYUN MUHUMATHOLL
aHep2ul.

Hcxonss W3 3TOro MpUHIIMIA, TOPSJAOK 3aroJIHEHUS opOuTanei
JIOJI’KEH OBITH TAKHUM:

1s 2s2p 3s3p3d 4s4pddaf 5s5d5p5f 6s6p6d6f 7s...

Takast mocieoBaTeabHOCTD 3an0JHeHUS AO BBIITOIHSAETCS TOIBKO
U1  aTOMOB JJIEMEHTOB MaJjblX NEpHOAOB, T.€. JJsi TEpPBbIX 18
2JIEMEHTOB.

[anee, HaunHast ¢ 4-ro nepuoja MOSBJISAIOTCS KOHKYPHUPYIOIIHE
MEXay co00M 1o 3amacy SHEPTUH MO lyPOBHH.

4s u 3d; 5s u 4d; 6s, 5d u 4f; 7s, 6d u 5f

[TonypoBHU, BBIACICHHBIE >XUPHBIM HIPUPTOM, DHEPTETUUYECKU
BBIFOJHEE, T.K. OHMU OO0JaJal0T MEHBIIEH »dHEpruei, a IOTOMY
3aMOJHSAIOTCS PaHbIIE B COOTBETCBUH C IPUHIIUIIOM MiN SHEPIHUH.

OueHuTh  MOCIEAOBATENBHOCTh  (POPMUPOBAHUSI  ATOMHBIX
opOuTajeil aroMoB IoMoraeT mnpaBujio KiedkoBcKkoOro: opoumainu
3ANONHAIOMCSL DJIeKMPOHAMU 6 Nnopsioke eospacmanusi cymm (M + 1),
Ecau ona oseyx opbumaneu cymmor (n + 1) oounaxoevie, mo snauane
3aNnoNHAemCcs 2JIeKMPOHAMU OPOUMANL C MEHbUIUM 3HAYeHueM N.
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Tadauna 2
[lopsimok  3amonHeHust opOuTajgeld Mo CcymMMe TJIaBHOTO H
OpOUTAIBHOT'O KBAaHTOBBIX umcel (N + 1).

n | n+l OpOburainb Hopsnorx
3aIllOJIHCHUA
1 0 1+0=1 1s 1
9 0 2+0=2 25 2
1 2+1=3 2p 3
0 3+0=3 3s 4
3 1 3+1=4 3p 5
2 3+2=5 3d 7
0 4+0=4 4s 6
4 1 4+1=5 4p 8
2 4+2=6 4d 10
3 4+3=7 Af 13
0 5+0=5 5 9
5 1 5+1=6 5p 11
2 5+2=7 5d 14
3 5+3=8 5f 17
0 6+0=6 6s 12
5 1 6+1=7 op 15
2 6+2=8 6d 18
3 6+3=9 of 20
v 0 7+0=7 7s 16
1 7+1=8 p 19
I/ITaK, MNocCJICA0BaTCIbHOCTD 3allIOJIHCEHUA SJICKTPOHHBIX

SHEPreTUYECKUX MOTYPOBHEN B aTOME:

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d

3anucey pacnpedenenusi 21eKMPOHOE 8 AMomMe NO IHEP2eMUYECKUM
VPOBHAM U NOOYPOBHAM  NOJYYULA  HA36aHUE  IJIEKMPOHHOU
KoHn@uzypayuu (31eKmpoHHO hopmyiibl) Inemenma.

DneKTpoHHass KOH(UTypamus 3JIeMeHTa 0003HadaeTcs TPYIIon
cumBouioB hl¥,
rie N- rjJaBHOC KBaHTOBOE YHCIIO, |-opOMTalbHOE KBAHTOBOE YHCIIO
(BMECTO HEro YKa3bIBalOT COOTBETCTBYIOIIEE OYKBEHHOE O0O3HAUYCHUE
noaypoBHS: S, P, d, f) , X - 4KMCIIO AIEKTPOHOB HA JAHHOM IOIYPOBHE.
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Taxke cxeMy  pacrmpeeneHus IJIEKTPOHOB B aTOME MOXKHO
MIPEJICTaBUTh B BHUJIC KBAHTOBBIX SUEEK (KIETKA, KPY>KOK MM Y€PTOUYKA)
- I WM300paKeHWs DJICKTPOHHOM OpOMTalIu M CTPEJIOK - JIJIA
0003HAaUEHHSI DJCKTPOHOB, HAIPaBIICHHUE KOTOPBIX YyKa3bIlBaeT Ha
OPHMEHTAIIUIO CITMHOB AJICKTPOHOB:

1y @b v

IMMPUMEP 1. Hanumwute 3J€KTPOHHYIO KOH(PUTYpaIlMIO aToMa Kajus
PEIIEHUE:
10K — 15% 252 2p° 3s% 3p° 45"

n=4 1
n=3 |[1] LIt
n=2 |70 (DLl d
n=1 [1] p
S

Kax b1 3JIEKTPOH B aTOME MOYXHO OXapAKTEPU30BATh C TOMOILBIO
Habopa KBAaHTOBBIX YHCEIL.

IMPUMEP 2. Onumure COCTOSHUE MATOro JJIeKTpoHa Ha 4f
MMOJTyPOBHE (4f5) B aTOME C TOMOIILI0O HA0Opa KBAHTOBBIX YUCET.

PEIIEHUE
OnekTpoHn Haxomutcs Ha 4f-momypomHe, mudpa 4 mokaspiBaeT
3Ha4YeHWE TIAaBHOTO KBaHTOBOro umcia n = 4, a f-mogypoBaio

COOTBETCTBYET OpOUTAIbHOE KBAHTOBOE 4HUCIO 3 (cM. Tabnumy 1), T.e.
|=3. MarauTHOE KBaHTOBOE YHUCIIO IIpHOOpeTacT 3HaYeHus oT —| do +l,
T.€. B JJAHHOM IIpUMeEpE

fititlitt
32 -1 0 +1+2 +3

a MATBIM JIEKTPOH IONAJA€T B MArHUTHYK0 KBAHTOBYIO STYEUKY C

1
mM=+1. COuHOBOE KBAHTOBOE YHCIO S = — =

2

Cocmosnue amoma, npu KOmopom nooypo8eHs 3an0aHeH HANOJ08UHY
UU NOJIHOCMbIO, cuumaemcs 60Jee YCMoudUBbIM.
[ToaTOoMy CymIEeCTBYET ABJIECHHUE, KOTOPOE HA3BIBACTCS ‘NMPOCKOKOM
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Ui “‘nposanom’”’ siekmporHa Ha BHYTPEHHUE MOJYPOBHU C MEHbIIEH
SHEPTUEH.
PaznuuaroT 1Ba BUIa «ITPOCKOKA»
1) ¢ s nodyposns na d nooyposenwn: (Cu, Ag, Au, Cr, Nb, Mo,
Ru, Rh, Pd)
Hanpuwmep: Ni ...3d%4s’
Cu..3d4s® ——=...3d"%s"
JIOJIKHO OBITH peabHO

2) ¢ d nooyposns na f nooyposenn (y Ce)
Hanpumep: La ...6s°5d"
Ce ...65°5d"4f" — 6s250°4f°

JOJKHO OBITh pealbHO

Ilepuoanyeckuii 3aK0H U NePUOANYECKAsI CHCTEMA 3JIeMEHTOB
(IICD) JI. 1. MeHaesieeBa B CBeTe CTPOEHHUS JIEKTPOHHOM
000JI0YKH aTOMA

B 1869 rony Benukuu pycckuii yuensit 1. 1. Menaenees co3nman
€CTECTBEHHYIO KJIAaCCU(PUKAIMIO XWMHUYECKUX HJIEMEHTOB HAa OCHOBE
OTKPBITOTO UM MEPUOIUYECKOTO 3aKOHA.

B ocHOBYy knaccupukauuu XuMu4eckux osnementoB [, .
MeHzeneeB MOJIOKUI aTOMHYIO MacCy (BEC) XMMHUYECKUX AJIEMEHTOB.
PacrionoxuB HM3BECTHBIE K TOMY BPEMEHH XHUMHUYECKHUE DSJIEMEHTHI B
MOPSIIKE BO3pAaCTaHUsI ATOMHOIO BECa, YYEHBbIM OOHApYXKWJI, YTO
CBOMCTBA 3JIEMEHTOB IMEPUOJUYECKU MOBTOPSUIUCH C POCTOM aTOMHOTO
Beca.

OTO MNO3BOJWIO Y4dyeHOMY cdopMynupoBaTh 3akoH: Ceoticmea
NnpoCmuvlx mejl, a makxdce Gopmvl U CEOUCMBA COCOUHEHUU DNIEMEHMO8
HAX00SIMCsL 8 NePUOOUYECKOU 3ABUCUMOCU OM BETUYUHbL AMOMHBIX
6€C08 2J1IeEMEHMOE.

Pa3BuTne Teopum CTpOCHUS aToMa MPUBEIIO K YCTAHOBJIECHHUIO TOTO
¢dakTa, 4TO HauboJee CYIIECTBEHHOW XapaKTEPUCTUKOW 3JIEMEHTa
aBiaseTcs 3apsan  saapa. Ilostomy B coBpeMeHHOW (OpPMYyJIUPOBKE
NEPUOIUYECKUN 3aKOH 3BYYUT cleayroumuM obpaszoM: Ceoticmea
AmomMo8 XUMUYEeCKUX IJIeMeHmos8, a MmaKdice COCmag U Ceoucmea
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00pazyemvix UMU 8eujecme Haxo0sImces 8 nepuooUYecKol 3a8UCUMOCHU
om 8eaudUHbl 3apsA0a 0ep Ux amomos.

3apsl dapa  paBEeH aTOMHOMY HOMEPY 3JEMEHTA, ONPEAEaseT
YHCJIO DJECKTPOHOB B aTOME M, KAaK CJIEJICTBUE ITOr0, CTPOCHUE €Ero
AJIEKTPOHHOU 000JIOYKH B OCHOBHOM COCTOSIHUH.

B 3aBHUCMMOCTH OT TOro, KakOM DHEPTreTUUYECKUU MOAYPOBEHb
3aII0JIHACTCA DJIEKTPOHOM MOCJIEIHUM, pPa3jndaroT 4YeThbIpe THIIA
DJIEMEHTOB.

DNeMEeHThI, B KOTOPBIX 3alOJHSIOTCS S-OpOUTAIU TOCIETHETO
CJI051, HA3bIBAIOTCA S-2/1emenmamu. MakCUMaIbHOE YUCIIO JJIEKTPOHOB
S-opOuTa M — JIBa.

P-9/1eMeHmpl — DTO DJIEMEHTBHI, B KOTOPBIX 3alOJHAKTCA P-
OpOUTAIM TIOCIEIHEr0 cJiod. MaKCUMalbHOE YHCIO 3JIEKTPOHOB P-
opOUTaIN — MIECTh.

d-2;1emenmsl — 3TO DIEMEHTHI, B KOTOPBIX 3aIllOJHSIOTCS -
opOuTanu. MakCHMaIbHOE YUCIIO 3JICKTPOHOB - opOHTascii — 1ecsTh.
f-onemenmsr — 51O dnMEMEHTH, B KOTOPHIX 3amoiHSIOTCS f-

OpOHUTAIM TPETHET0 CHAPYXKH CJI0sS. MaKCUMaIbHOE YHCIIO 3JICKTPOHOB
f-opOuTancii — yeTbIpHAAIATD.

I pagpuueckum omobpadicenuem nepuooutecKo20 3aKOHA SGIAeMCs
nepuoouyecxkas cucmema snemernmos (I11C3).

K mnacrosmemy ™MomeHTy wu3BecTHO oOkoyio 700 BapuaHTOB
MEePUOJUYECKON  CHCTEMBl  3JeMeHTOB. (OOHAKO CYIIHOCTh  HX
MOCTPOEHUS HEU3MEHHA — B JIIOOOM BapUaHTE JIEMEHTHI pacoIaratoTcs
B MOPSIJIKE BO3pACTAHUS 3aPsJIOB SAEP UX aTOMOB.

CTpyKTypa nepuoanyecKoi CucTeMbl 3JIEMEHTOB

PaccmoTpuM cTpykTypy KOpOoTKOii, 8-mu kiietounou [1CD.

I'pynnsl — smo éepmukanbHvie psaodbl 31eMeHMO8, PACNOIONCEHHbIX 6
nopsioke 803paAcmanusi 3aps008 s0ep UX amomos, UMEIOUUX CXOOHOe
91EeKMPOHHOE CIMPOEHUE BHEUHUX FHEPSeMUUEeCKUX YPOBHEU.

HoMmep rpynmbl NOKa3bIBAET YUCIAO BaJEHTHBIX AJIEKTPOHOB, T.€.
YHUCJIO 3JEKTPOHOB, KOTOPbIE MOTYT Y4YacTBOBaTb B 00Opa3oBaHUU
XUMHUYECKUX CBA3EH.
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BanieHTHBIE 2JIGKTPOHBI aToMa B HEBO30Y)KJICHHOM COCTOSHUU
HaXOJMSTCS: y S-2/1eMeHn o6 Ha NS — MOAYPOBHE
y p-31emMenmog Ha NS U NP — MOAypPOBHeE
y d-21emenmos Ha NS u (N-1)d — mogypoBHe
y f-anemenmos na ns u (nN-2)f — nogypoBHe
OnemeHmovl CcO CXOOHOU 3JIeKMPOHHOU KOHueypayuel 6HeuHUux
SHepeemuyecKux yposuel  001a0arom — CXOOHbIMU — XUMUYECKUMU
CBOUCMBAMU U HA3LIBAIOMCS IIEKMPOHHBIMU AHAI02AMU.
Kaxknast rpymnmna cCOCTOUT U3 rJ1IaBHON U MOOOYHOM MOATPYTIIIHI.
I'nasnuvle noozpynnet BKJIIOYAIOT DJIEMEHTBI, Y KOTOPBIX
3aMOJHAIOTCS S- U P-TIOAYPOBHU BHEIIHUX YHEPTETHUECKUX YPOBHEU. Y
DJIEMEHTOB TJIaBHBIX MOATPYII ¢ HOMEPOM TPYIIBLI COBIAIACT YHCIIO
DJICKTPOHOB HAa BHEITHEM JHEPreTUYECKOM YPOBHE.

Hanpumep: B raBHOM NOATPYNIE IIECTOW TPYIIBI HAXOJIUTCS
cepa, y KOTOPOM Ha BHEUIHEM OJHEPIreTUYECKOM YPOBHE HAXOIATCA
. 24
IIECTh JJIEKTPOHOB: S — 3S°3p

Ilobounvie noozpynnsl BKIIOYAIOT DJIIEMEHTBI, Y KOTOPBIX
IPOUCXOJIUT 3amojdHeHUe BHyTpeHHuX (m-1)d- u (m-2)f-momypoBHeit, a
Ha BHEIIHEM JHEPTreTUYCCKOM ypOBHE (NS-TIOAYpPOBEHB) yKE HMEETCS
OJIMH-7IBA DJICKTPOHA.

Y 31eMEHTOB TOOOYHBIX MOATPYIIT ¢ HOMEPOM I'PYIIIBI COBIAIACT
YHCIIO DJJCKTPOHOB HA BHENIHEM M MPEABHEIIHEM JHEPreTHUYECKOM

YPOBHC.

Hanpumep: B no60YHON MOArpYyMIE YETBEPTOU IPYIITIBI HAXOIUTCS
TUTAH, y KOTOPOTO Ha BHEIIHEM W MPEABHEIIHEM 3HEPreTUYECKOM
- 2042
YPOBHE HaXOJIATCS YEThIpe AIekTpoHa: T1 - 45°3d

Ilepuoa — copuzonmanvhwviii pso 21eMeHMO8, PACNOLONCEHHDIU 8
nopsioke 803pacmaHusi 3apsa0o8 s0ep Ux amomos, 3J1eKMpPOHHAs
KOHueypayus  6HeuwHe20  IHepeemuuyecKkoc0  VPOBH1  KOMOPbIX
usmensiemcs. om NS 0o NS np6 (051 nepsoeo nepuooa ns' u nsz).

HomMmep meprojia moka3pIBaeT YHCIIO SHEPreTHUYCCKUX YPOBHEH, Ha
KOTOPBIX PACHOJIOKEHBI 3JSKTPOHBI M COBIAJAET CO 3HAUYCHHUEM
IJIABHOT'0 KBAaHTOBOI'O Y¥CJIa N BHENTHEr0 YHEPIETUYSCKOTO YPOBHS.

Kaxaplii mepro HaUMHASTCS IIEITOYHBIM METAIIOM, y KOTOPOTO
3aMoJIHACTCS  S-TIOJIyPOBEHb W 3aKaHYMBASTCS HWHEPTHBIM Ta30M, Yy
KOTOpPOTO Ha p-TMIOAYPOBHE 6 DJIJIGKTPOHOB, T. €. B TIEPHOJE C
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yBEIMYCHUEM 3apsijia siipa aTOMOB HAOJIOAeTCs TMOCTEIIEHHOE
W3MCHECHHE CBOWCTB: OT METATMYCCKUX K TUIMHUYHO HEMETAIUTHUCCKUM.
DTO CBfI3aHO C YBEJIWYEHHEM 4YHCJIA OJJICKTPOHOB HAa BHEIIHEM
YHEPTETHYECKOM YPOBHE.

Hanpumep: Na — 1322522p6351. AToMy HaTpus Jierye otaath le c S-
MOAYPOBHS, Y€M MPUHUMATh AJICKTPOHBI HA CBOOOHBINA 3P-TIOYPOBED.
[Ipu STOM HeiTpanbHBIH aToM mHpeBpamaercd B noH Na', uMerommii
AIIEKTPOHHYIO KOHPUTYPAIUIO 1322522p63so.

S - 1822822p63823p4. ATomy Jlerde npucoeauHUTh 2 € (10
3aBEPIICHUS P-TIOAYypOBHS), ueM oTaaTh 4 e. [lpu 3TOM HeWTpasbHbIN
aTOM  [peBpalaeTcs B HOH  S°, HMCIOIMH  SJICKTPOHHYIO
KOH(UTYpAIHIO 15°25°2p®3s%3p°.

[lepBeie Tpu mepuoja COAEPKAT TOJIBKO S- M P- DJIEMEHTBHI.
YeTBEpTHIN U MOCIEAYIONIME TIEPUOJIbI BKJIIOYAIOT B CBOM COCTAaB TaKKe
9JIEMEHTBI, Y KOTOPBIX MpOUCXOoauT 3anoiHenue d u f- momypomHeit
COOTBETCTBYIOIIMX BHYTPCHHUX IHEPTETHUYCCKUX ypoBHEH. f- amemMeHThI
OOBEAUHSIOTCS B CEMEWCTBA, KOTOPhIC Ha3bIBalOTCA JaHTaHouaaMu (4f-
DJIEMEHTHI) B akTuHOMIaMu (5f- amemenTs).

ITPUMEP 3: 3Has COKpaIleHHYIO 3JICKTPOHHYIO KOH(PUTYpPAIUIO
omementa - ..65°4f5d°, ompemenHTh €ro  MECTONONOKEHHE B
MEPUOINYECKON CUCTEME BIIEMEHTOB. ONpenenuTh, KAKOM 3TO 3JIEMEHT,
HAIKUCaTh €ro JICKTPOHHYIO KOH(PUTYpaIHIo.

PEIIEHUE:

1) 3HadyeHWeM TJIaBHOTO KBAaHTOBOTO 4YHCJIa N  BHEIIHETO
SHEPreTUYECKOTO YPOBHS COBMAMAaeT ¢ HoMmepom tepuoma [ICO,
CIEI0BATENBHO, N2pepyoma = 0.

2) V sjeMeHTa TOCIEIHUM 3aroiHsaeTcs d-ToaypoBEeHb, 3HAUUT
9JICMEHT HAaxXOJIUTCS B IOOOYHOM MOArpymmne W OTHOCHTCS K d-
CEMENUCTBY.

Ne snemeHTa B JaHHOM CEMENUCTBE paBeH 2.

3) YV osnemMeHTOB TOOOYHBIX MOATPYIIl C HOMEPOM TPYIMIIbI
COBMNAJACT YUCIIO DJJEKTPOHOB HA BHEIIHEM H NPEIBHENIHEM
SHEPreTUYECKOM YPOBHE, CJIEAOBATEIbHO, DJJEMEHT HaXOJUTCAd B
YETBEPTOU TPYIIIIE
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N3 Bcero BbIllI€ CKa3aHHOTO CIEAYET, YTO HCKOMBIM 3JIEMEHTOM
aBisieTcst Boabdpam — 74W.

4) Noyira = 74, 9TO COOTBETCTBYET KOJHUYECTBY JJIEKTPOHOB B
aToMe.

5) Hanwmmewm BJIGKTEOHHYIO KOH(l)I/IF%’ aluIo 3JICMCHTA.
15°25°2p°®35°3p°45°3d'°4p°55°4d 5p°65°4f 50

IlepnoAUYHOCTH CBOMCTB XMMHUYECKHUX 3JIEMEHTOB.

Tak Kak »JJeKTpOHHas KOHUrypaluss aTOMOB XHUMHYECKUX
BJIEMEHTOB HU3MEHAECTCS MEPUOIUUECKHA C POCTOM 3apsla UX siaep, BCE
CBOMCTBA, KOTOPBIE  ONPEOCISAIOTCA  JJCKTPOHHBIM  CTPOECHUEM,
3aKOHOMEPHO U3MEHSIOTCS T10 MEPUOJIAM U TPYIIIIaM.

K Takum CBOWCTBaM OTHOCATCSI: @mMOMHbIE U UOHHbBIE PAOUYCHI
(r), anepzua uonuzayuu (E,) unu uonuzauyuonnsiii nomenyuan (1),
cpoocmeo K nekmpony (C3), anekmpoompuyamenvnocms (30).
ATOMBI, KaKk U HOHBI, HE UMEIOT CTPOTO OMNPEACICHHBIX TI'PAHUIl B
CUJTy BOJIHOBOM TMPUPOJIbI DJIEKTPOHA, MOITOMY HU3MEPUTHh aOCOJIFOTHBIC
pa3Mepbl aTOMOB HEBO3MOXKHO. 3a paguyc CBOOOJHOTO aroma
IIPUHUMAIOT TEOPETUYECKU PACCUUTAHHOE IIOJIOKEHUE TIJIaBHOTO
MaKCMMyMa IIJIOTHOCTM BHEIIHMX DJICKTPOHHBIX OOJIAaKOB. DTO Tak
Ha3BIBAEMBIN 0pOUmaibHblil paouyc.

[IpakTHyeCcKU TPUXOAUTCA HMETh JEJI0 C paJdycamMud aTOMOB,
CBSI3aHHBIX APYT C APYTOM TEM WJIM UHBIM TUIIOM XUMHYECKOW CBs3U. B
ATOM ciiydae TMOdb3YITCS 3Gh(PEKTUBHBIMU (TIPOSIBIAIONIMMU Cce0sl B
NEUCTBUY) paadycaMH, KOTOpbIE ONPEAEIsIOT Kak IOJIOBUHY
pacCTOSHUSI MEXJy LIEHTpaMU CMEXKHBIX aToMOB. O(PQEeKTUBHBIE
PaINyChl ONPEACIISIOT MPU U3YUYEHUH CTPOCHUS MOJICKYJI U KPUCTAJIIOB.

Ecnmu arom ormaer D3IEKTPOHBI B XUMHUYECKOW  PEAKIUM,
MPEBpAIIASICh B MOJOXWUTEIBLHO 3aPSHKEHHBIA HMOH, €ro  paauyc
yMeHbInaerca. [Ipu npucoeaquHEHUM DBIEKTPOHOB K aTOMY paauyc
BO3pAacCTacrT.

Yem bonvute paouyc amoma, mem ciabee y0eprHcU8aomcs GHeuHue
IIEKMPOHbL U 68 OONbUUEl CMEeNneHU BbIPANCEHbL B0CCMAHOBUMENbHbIE
ceolcmaa.
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N3MeHeHue aTOMHBIX M OJHOTHUIIHBIX HOHHBIX PaUyCOB HOCHUT
MEpUOJNYECKU XapakTep. B mepuomax cieBa HampaBO aTOMHBIE H
MOHHBIC PAJUyChl aTOMa I[IOCTEIIEHHO YyMEHBIIAIOTCS, TaK Kak
MPOUCXOJAUT  3aIMOJHEHUE JJICKTPOHAMU OJJHOTO U  TOTO  KE
SHEPreTUYECKOTO ypOBHSA, a 3apsaa  sAapa aTOMOB BO3pacCTacT.
CrnenoBaTenbHO, IIEJIOYHBIC METAJUIBI — TUIIWYHBIC BOCCTAHOBUTEIIH, A
raJIOT€Hbl — TUITUYHbBIE OKUCIUTEIH.

HauGonbiiee yMeHbIIEHHE PaguycoB HAOIIOAETCs Yy SJIEMEHTOB
MQJIBIX MEPUOAOB, TAK KAaK y HUX MPOUCXOJUT 3alOJHCHUE BHEIIHETO
SHEPreTHYECKOTO ypoBHA. B Oosbmux mepuonmax B npeaenax d- m f-
AJIEMEHTOB HaOJIOJaeTcsa 0oJiee MIABHOEC YMEHBIIICHHE PaguyCcoB. ITO
YMEHBIIICHHE ParuyCOB Ha3bIBAIOT COOTBETCTBEHHO O- 1 f-coxatnem.

B rpynmax ¢ pocroMm 3apsaa saep arOMHBIE U MOHHBIE PAIUAYChI
aTOMOB YBEJIMYMBAIOTCI, IIPU OTOM B TJIABHOM NOIATPYMIIE TaKOE
YBEJIUYCHUE TPOUCXOJUT B OOJBIIEH CTEMEHH, 4YeM B IOOOYHOM
MOArpynIe. JT0 OOBSCHAETCS YBEIMYCHHEM YMCIa DYHEPreTUYECKHUX
YPOBHEH Y aTOMa.

XuMu4ecKas ~ aKTHBHOCTb  DJJIEMEHTa  ONpEACNIsIeTCS  €ro
CITOCOOHOCTBIO TEPATh WM IPHOOpETaTh 3JIEKTPOHBI. KoimdecTBeHHO
ATO OIICHWBACTCS C TIOMOIIBIO DHEPTUM HMOHHU3AIMKA aToMa M €ro
CPOJICTBA K DJICKTPOHY.

Ilepeasn nepeus uwonuzauyuu (1) - swepeus, neobxooumas Os
ompwviea 00HO20 MO Haubonee caabo CBA3AHHBLIX INEKMPOHO8 Om
00H020 MOJISI HEeB030VIHCOEHHBIX AMOMO8 KaKo20-1ubo 3jiemeHma OJis
npoyecca. D = D' +e

DHEPrur0 HWOHW3AIMM BBIpaXaroT B KJk/Mons wiaun »B/Moib
(311€KTPOH-BOJILT HA MOJIb ).

DHeprusi  WOHM3AIMM  XapaKTepH3yeT  BOCCTAHOBHUTEIHHYIO
CIIOCOOHOCTh d3JIeMeHTa. YeM oOHa MEHBINE, TEM JIeTUe YaalseTCs
AJIEKTPOH, TeM CHJIbHEE BOCCTAaHOBUTEIBHBIE CIIOCOOHOCTH AJIEMEHTA.
DHeprus MOHU3AIMA Bo3pacTaeT mo mepuoay. HamMeHbIiee 3HaUeHUE
DHEPTHHM WOHM3AIMM HMMEIOT IIEJIOYHBIC METAJUIbl, HaXOJSAIIUeCs B
HaJaJie TIepHoJia, a HAWOOJIBIIMMH 3HAYCHHUSAMU SHEPTUHM HWOHM3AIIUH
XapaKTePHU3YIOTCS 0JaropoHbIe Ta3bl, CTOSAIINE B KOHIIC TICPHO/IA.

B ogHOM M TOM XK€ TpyIe HSHEPrusT HMOHU3ALUU HECKOJBKO
YMEHBIIIACTCSI C YBEIMYCHUEM IIOPSIKOBOTO HOMEpa 3JIEMEHTa, YTO
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00YCJIOBJICHO YBEJIIMUYCHUEM PAa3MEPOB aTOMOB M PACCTOSHUS BHEIIHUX
MIOJYPOBHEM OT SA1IpA.

Cpoocmeo k nekmpouy(C3) Ounepeemuueckuii  3¢hghexm
NPUCOEOUHEHUS MOJISL INeKMPOHO8 K MOA0 HeUmpaibHblX amoMO8
HA3b18aemcs CPOOCMBOM K INEKMPOHY.

D+te=2

CponctBo K 25ekTpoHYy C3D  KOJHMYECTBEHHO BBIpaXaeTrcs B
kJx/Mone  wiam  snekTpoH-BoibTax (AB). HaumGonbimee 3HaueHwue
CPOJICTBA K AJIEKTPOHY UMEIOT TaJIOTEHbI, KUCIOPOJ, Cepa, HAMMEHbIIIEEe
U JaXe OTpUIATENIbHbIE 3HAuY€HUSI €€ — DJEMEHTbl C JJCKTPOHHOU
KOH(Urypanueu 5% ( He, Be, Mg, Zn), ¢ TOJHOCTHIO WJIM HAIOJIOBUHY
3anonHeHHbIME P-iogypoBHaMHE (Ne, Ar, Kr, N, P, As,).

Anexkmpoompuyamenvnocms(30) —  ycrosnas — eenuuuHa,
Xapakxmepusyowas CnocooOHOCmMb amoma 6 XUMUUeCKOM COeOUHeHUU
npumsacU8ams K cebe 3J1eKmpoHbi.

[To P. Mammukeny d3JIEKTpOOTPULIATEIIBHOCTL aTOMA OIPEAEIAIOT
Kak IMOJIy-CYMMY €0 SHEPTruM MOHHU3AIUM U CPOJICTBA K AJIECKTPOHY, T.€.
20 = (1 + C)I).

Nmeetrca okosio 20 mKan 3J€KTPOOTPUIIATEIILHOCTH, B OCHOBY
pacueTa KOTOPBIX IIOJIOKEHBI pPa3HbIE CBOMCTBA BEIIECTB. 3HAUYCHUS
AIEKTPOOTPHUIIATEIBHOCTEH  Pa3IMUHBIX  IIKaJd  OTJIUYAIOTCS, HO
OTHOCUTEIBHOE pacIoIoXeHNe AJIEMEHTOB B pany
AIEKTPOOTPULIATEIIBHOCTEN TPUMEPHO OJIMHAKOBO.

JIns mpaKTUYEeCKOM OIEHKHW ATOM CIOCOOHOCTH aToMa BBEACHA
YCJIOBHAs OTHOCHUTEJIbHAS IIIKajla »JIEKTPOOTPUIATEIBHOCTEH (CM.
npusiokenue 1). Ilo Takoi mikane Hambosee IIEKTPOOTPUIATEIbHBIM
AJIEMEHTOM sBJIsieTcsl (DTOp, a HaWMEHEee DJICKTPOOTPUIATECIbHBIM —
¢panumii. B mnepuone ¢ pocToM MOPSIKOBOTO HOMEpA 3JIEMEHTa
AJEKTPOOTPUIIATEILHOCT BO3pacTaeT, a B TpyIle — YOBIBaeT.
Hanmenbmmmu 3HAYCHHUSIMH ANEKTPOOTPHUIIATEIIBHOCTH
XapaKTEepU3yITCA S-3JIEMEHTBI, 4 HauOOJBIIUMHU — p-dJeMeHThl VI
TPYIIIHIL.

INPUMEP 4: V xakoro wu3 3JIE€MEHTOB YETBEPTOrO IMEpHOJa-
Maprasiia wid Opoma - CHJIbHEE BBIPAKECHBI BOCCTAHOBUTEIbHBIC
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cBoiictBa? JlaliTe MOTHMBHUPOBAHHBIM OTBET, PACCMOTPEB CTPOCHHUE
aTOMOB COOTBETCTBYIOIIUX 3JIEMEHTOB.

PEIIEHUE:

sMn — 15%25°2p°35°3p°3d°4s”

35Br — 15%25°2p°3s%3p°3d'%4s%4p°

VY aroma Maprasiia Ha BHEIITHEM PHEPIE€TUYECKOM YPOBHE HAXOJSITCS
7IBa 3JICKTPOHA, KOTOPBIC JIETUE OTJATh, YeM MPUHHUMATh JJEKTPOHBI Ha
CBOOOJHBIA p-TIOAYpPOBEHb. [lo3TOMY Mapraner] MPOSBISET TOJbKO
BOCCTAHOBUTEJbHBIE  CBOWCTBA M  HE  MOXKET  OOpa3OBBIBATH
AJIEMEHTapHBIC OTPUIIATEILHBIC HOHEI.

VY aroma OpoMa Ha BHEIIHEM HSHEPIeTHYECKOM YPOBHE HAXOIATCS
CEMb DJICKTPOHOB, €MY JIETUe MPHUHSTH (JI0 3aBEpILICHUS P-TIOJAYPOBHS)
oauH 3JeKTpoH. [loaTomMy Opom B OosbIiei cTrerneHu OyaeT MpOSBISATH
CBOMCTBA OKUCIUTENS (IO CPABHEHUIO C MAPTAHLIEM).

BOITPOCHI AJ151 CAMOCTOSATEJBbHOH NOJIOTOBKHA
1. TaiTe mOHATHE O ABOMCTBEHHOM MPUPOJIE JIEKTPOHA.
2. Uto xapakTepu3ylT KBaHTOBble uyucia? KakoBo cooTHOIIEHHE
MEXIY HUMH?
3. IlpuHuunsel ¥ 0OpaBuia, ONPEACISIONIME IMOCIEI0BATEIBHOCTh
3al0JIHEHUS AaTOMHBIX opOuTaned sjekTpoHamu (mpuHuun Ilaynm,
NPUHLIUI ~ MUHUMaJIbHOW  3Hepruu, npasuwio ['yHma, mnpaBuio
KneukoBckoro).
4. JaiiTe OHATHE O «IPOCKOKE» IJIEKTPOHA B aTOME.
5. Urto npeacTaBisieT coO0M 3MEKTPOHHAST KOH(UTrypauus (3J€KTpOHHAs
dbopmyna) ssiemeHTa’?
6. CoBpemMeHHast (OpMYJIMPOBKA MEPUOIAUECKOTO 3aKOHA U €€ OTINYHUE
oT opmynupoBku 1. . Menaeneena.
7. CrpykTtypa nepuoaudeckoil cucteMbl sjeMmeHToB (I1CD). [laiiTe
HNOHATHS O MEpUoaax, rpynnax u noarpymnmax [1CO.
8. JlaliTe mOHITHE O MTEPUOJUYHOCTHA CBOMCTB XUMHUUYECKUX JICMECHTOB.
9. Uto xapakTepu3yloT dHEPTrusi HOHU3AIMU, CPOJCTBO K IJICKTPOHY U
AIEKTPOOTPHUIIATEIFHOCTL? Kak M3MEHSIIOTCS 3HAaUCHUS ATUX BEJIUYUH B

[1CD.
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NHIANBUYAJIBHBIE 3A TAHUS

3AJTIAHUE 1
JlJI1 371eMeHTOB, IPUBEIEHHbIX HUKE:
1) Vkaxute MOJOKEHUE DJIEMEHTOB B mepuoamdeckoit cucteme J[.U.
MenneneeBa (TOPSIAKOBBIM HOMEpP, HOMEp NEpPUOAa, HOMEpP TpYMIIbI,
HOATPYIIITY, JIEKTPOHHOE CEMEHCTBO);
2) HAIHIITUTE JICKTPOHHBIC KOH(PUTYpAIK ATOMOB;
3) NOJYEPKHUTE BAIICHTHBIE JIEKTPOHBI.
JIJIfl IOA4EePKHYTOr0 3JIeMEHTA:
1) n300pa3uTe CXEMaTHYECKHM BO3MOXHBIC BO30YXKICHHBIC COCTOSHUS
aToma,
2) OMUIIUTE COCTOSTHUE (POPMUPYIOIIETO 3JIECKTPOHA C TIOMOIIBI0 Habopa
KBAaHTOBBIX UHCET;
3) Ha OCHOBaHMHM CTPOCHHS JJICKTPOHHOH OOOJIOYKH aroma
MOAYEPKHYTOTO DJIEMEHTA, OOBSICHUTE, KAaKUe BAJICHTHOCTU U CTEIEHU
OKHUCIICHUSI OH MOYET MPOSIBIISTS;
4) HanWIIUTE JIJI HErO AJIEKTPOHHBIC (OPMYJIBI B HU3MIECH W BBICIICH
CTETICHU OKHCIICHUS:
A. Jlutuii, 6poM, IUPKOHUH;
b. Maruuii, 010BO, MO,
B. Hatpuii, kpeMHU, KOOAIHT;
I'. Yrnepon, cyppbma, Maprasert;
. CTtpoHuuii, XJIOp, TUTAH;
E. PyOGunuii, cepa, Bosibdpam;
7K. Lle3uii, ceneH, BaHAaUM;
3. ¥Yruepoa, Tamium, ’Keies3o;
N. bapui, ceneH, pTyTh;
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K. ®panuuii, bocdop, HUKEIB;
JI. Kamui1, xj10p, HAHK.
M. Kucnopon, TeJutyp, TEXHEIUM.
H. Panuii, kpeMHUM, MEb
O. Harpuii, MBIIIBSK, pEHUN
II. Kamuii, docdhop, monmubdbacH
P. Kanpmuii, 6pom, Xpom
C. PyOuauii, rajmnui, ceaeH
T. bepunnuii, cBUHEl, HHOOUA
Y. lle3un, 0J10BO, pyTEHUU
®d. A30T, aproH, naTuHa

3AJIAHHE 2

[Tosb3ysch MIEPHUOINYECKON CUCTEMOU DJIIEMEHTOB u
AIEKTPOHHBIMH (hOPMYyJIaMU aTOMOB, COCTaBbTE (hOPMYIIBI BOJIOPOTHBIX
COCJIMHEHUM, OKCHIO0B M THAPOKCHIOB, YKa3aHHBIX 3JJIEMEHTOB (C
Y4€TOM BO3MOXKHBIX CTEIEHEeW oOKucieHus). OnuimrTe CBOMCTBA
OKCHUJOB U THUAPOKCHUIOB, IMPUBEIAUTE YPABHEHUS COOTBETCTBYIOLIUX
pEaKUUH.

A. MBIIBSIK JI. ®ochop
b. Cenen M. Maprasnen
B. I'epmanuit H. bpom

I'. Cypema O. CBunen
. Cepa I1. I"anmuit

E. Xpom P. Amtomunuii
K. Azor C. Ilunk

3. Hon T. Keneso

N. Kpemuuu Y. Maruui
K. Xiop ®. OnoBo
3AJIAHME 3

3.1. B xaxoii U3 mpuBEACHHBIX Map BEIOEPUTE:

1) yacTuiry, UMeroIyto OOJBIIUN PAJINYC;

2) 4acTHIly, UMEIOITYI0 OOBIITUI MEPBBIN MOTEHIINAT HOHU3AIUH;
3) yacTUIly ¢ MEHBIIIUM 3HAUYCHUEM DJICKTPOOTPUIIATEILHOCTH.



22

OOocHyiTe CBOM OTBET, MCIOJB3yS CTPOCHHE aTOMOB H HOHOB,
MEPUOJUYHOCTh U3MEHEHHUS CBOMCTB

A: 1)Cu—Cu2+,P—AS; 2) He—Li,Be—B; 3)P-S,Na-K.
B:1) V¥ -V* B-C; 2)V-Nb,Mo-W; 3)Mg-Cl,F-J.

B:1)S-S%, Zr — Hf; 2)Cl-Br,P-S; 3) Li— O, Ca- Ba.
I:1)Zn-27n*",Li—-Rb; 2)Al-Na, K-Cs; 3)Be-C,Se-S.
n:1)Br-J,C-0; 2)P—-As,Mg—-Ba; 3)Si—-CIl,N-F.

3.2. [lepeuncnure BakHEHIIME XapaKTepUCTUKU aTtoMa. Paccmotpure,
KaK OHH MCHAIOTCS B IIPCACIaxX I[&HHOfI I'pymIibl 9JICMCHTOB.

E:Li—-Na- KuN-O-F.

K: Na—-Mg-AluB-Be-Li.

3:5e—-S-0uP-S-ClI.

N.Cs—Rb—-KuO-S-Se.

K:O-N-CuMg-Ca->Sr.

3.3. YV kakoro wu3s ABYX JJICMCHTOB C YKAa3aHHBIMHU 3JJICKTPOHHBIMUA
dopmynamu OosbIle TEPBBIM MOTeHIIMAT HOoHU3aMK? CpaBHUTE y HUX
3HAYEHUS DICKTPOOTPULIATEIBHOCTEW W pPaguyCcbl atomMoB. OTBETHI
00OCHYMTE.

J: 15°25%2p°3s%3p? u 15°25°2p°®3s3p°.

M: 15°25°2p®3s°3p°4s’ u 15°25°2p°3s*3p°3d'°4s°4p°5s™.

H: 15°25°2p°®3s°3p®4s® u 15°25°2p°3s°3p°4s”

O: 15°25°2p°3s”3p° u 15°25°2p°

IT: 15°25°2p* u 15°25°2p®3s°3p™.

3.4. PaccraBpTe YKa3aHHBIC JJICMCHTBI B IIOPAAKEC BO3paACTAHUA
paanycoB aroma, IICPBOIo HNOHU3AIIMOHHOTI'O IHoTeHIuaJja,
ANEKTPOOTPULIATATIBHOCTU. OTBETHI OOOCHYMTE.

P: Bi, As, N, P, Sh.

C: Si, Sn, C, PDb, Ge.

T: Li, Na, K, RDb, Cs.

¥: Na, Cl, S, Al, Mg.

®: O, S, Se, Te, N.
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