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['JtaBa II1epBasd

§1 __ ATOoM — ci0KHadA yacTuiia

IlousaTue «aTOM» IPHILIO K HAM U3 HaJeKOi aHTHUYHOC-
TH, HO COBEpPIIEHHO U3MEHHUJIO TOT IePBOHAYAIbHBIH CMBICI,
KOTOPBIN BKJAALIBAJIU B HEro ApeBHUe I'DeKH (B mepeBoje
C TDEYECKOr0 «aTOM» O3HAYAET «HEJEeJIHMBIi»). OTHMOJIO-
rus Ha3BaHUA «HeNENIHMLIH» OTpakaeT CYIIHOCTHL aTOMa
¢ TOYHOCTBIO 0 HA060poT. ATOM JeJIHM M COCTOMT H3 dJIe-
MEHTAPHBIX YaCTHII.

C/I0KHOCTh CTPOEHHSA aToMa AoKaszaHa (yHJaMeHTallb-
HBIMH OTKPBITHAMH, clelaHHBIMH B KoHNe XIX u Hauyame
XX B. B pe3yJbTaTe M3y4YeHHUs IMPHPOALI KATOAHBIX JIydeid
(k. Tomcon, 1897 r.), oTkpeITUA sABJIeHHA (GoToddh(deKTa
(A.T. Croneros, 1889 r.), OTKPBITHA PAJHOAKTHUBHOCTH XHU-
Mudgeckux sieMeHToB (A. Bekkepeas, M. Cxkionosckas-
Kropu, 1896—1899 rr.), onpejeneHns OPUPOABI (-HaCTHUIL
(sxcnepumenTsl 3. Pesepdopaa, 1889—1900 rr.). YueHnsie
IPHILIK K 3aKJIIOUEHHUIO 0 TOM, YTO ATOMEI 00/1aaioT cober-
BEHHOM CTPYKTYPOIl, UMEIOT CJI0KHOEe CTPOeHHe.

Kak ke pasBuUBajiach KJacCHUeCKas TeOPHA CTPOEHHA
aroma?

B 1904 r. B pabore «O crpykrype aroma» 3. Tomcon
Iaj onmMcaHKe CBOeM MoJenu, MoJyduBIIei o6pa3Hoe Ha3Ba-
HHUE «CJIUBOBOIO IIyAUHTA».

B 1911 r. 9. Peszepbhop npesIoxHui NIaHETAPHYI0 MO-
JeJb aToMa.

B 1913 r. H. Bop BHec B ILJIaHETAPHYIO MOJENb aToMa
9. Pesepdopia KBAHTOBLIE NIpPEJCTaABIEHN.

B 1932 r. 6pl1a paspaboTaHa IPOTOHHO-HEHTPOHHAA Te-
OpHusA AApPa, COrJIACHO KOTOPOH Afpa aTOMOB COCTOAT H3 IPO-
ToHoB (}p) u HeitTpoHOB (}1).




Atom — SJIEKTI)OHeﬁTpaJIbHaH CHCTeMa B3aHMMO-
,IIBﬁCTBYIOIIIHX JJIEMEHTapHBIX YaCTHI[, COCTOdA-

mas U3 Aapa (06pa3oBaHHOrO IPOTOHAMH U HEUT-
POHAMH) U BJIEKTPOHOB.

ONeKTPOHKI, IPOTOHLI U HEHTPOHEI HA3LIBAIOT 3JIEMEHTAD-
HBIMH YaCTHUIAMH.

KaxoBHI ke cBOMCTBa 3TUX YacTuI?

KopnyckyasipHO-BOJIHOBBIE CBOMCTBA MHKDPOMHpA. OJe-
MeHTapHbIE€ YaCTHIIbI, & TaKyKe IIOCTPOEHHBIe U3 HUX aTOM-
Hble A]pa, aTOMBI U MOJIEKYJbl MMEIOT HUYTOMKHO MAaJibie
MacChl ¥ pasMephbl H MO3TOMY 06JIafal0T CBOMMH 0COOBIMH
CBOMCTBaMH, HEIIOXOKHMHU HA Te, KOTOPbIE UMEIOT 00'beKTHI
OKpYyJKalmero Hac maxpomupa. OEu o6pasyioT cBoii, cne-
OUDHIECKHH MUD — MUKPOMUP, ONUACHIBAEMbINH 3aKOHAMU
KBAHTOBON MEeXaHWKH, KOTOPBEIE B 3HAUYMTENBHOH CTEIEHH
NIPUMEHHUMBI JJIA YacTHI[ C OYeHb MAaJeHbKHMH MAacCaMu
1 OYeHb OOJIBIINMY CKOPOCTAMH.

KpaHTOBaA MeXaHHKa XapaKTePH3YeT YacTHI[BI MHKPO-
MHpa KaK O0BeKTHI ¢ JBONCTBEHHON IIPUDPOJAOM — KOpnyc-
KYAAPHO-80NHOBbLM OYaiu3mMOM: OHH ABIATCA OTHO-
BPEMEHHO ¥ YaCTHUIaMH (KOPIYCKYJIaMHu), X BOJTHAMH.

KopnyckynapHO-BOJIHOBOM Ayaau3M 00BEKTOB MUKPOMMU-
pa DOATBEP:KAEH M 9KCIEePHMEHTAIbHO 3HAKOMBIMH BaM H3
Kypca (pusmku uHTepdepeHnUed u Audpaxiueil 3JIeKTpo-
HOB, IPOTOHOB, HEMTPOHOB, ATOMOB U T. .

ONeKTPOH — 4YacTHIA, OIpeAenslnas Haubolee Xapak-
TepHble XHMHUYECKHe CBOMCTBA aTOMOB U MOJeKyJ. J[BoicT-
BeHHafA IPUPOJA 3JEeKTPOHA MOKeT ObITh IOATBEPIKIeHA HA
oneiTe. ECiM 3/1eKTPOHBI, UCIIYCKAEMble HCTOYHUKOM — Ka-
TOJAOM — IPONYCKaTh 4epe3 MajleHbKHEe OTBEPCTHA B ILIac-
THHKe, IIOCTABJIeHHOM HA UX IIYTH, TO OHH, Homajxas Ha (do-
TOILIACTUHKY, BBHI3BIBAIOT ee mouepHeHwue. Ilocse mpossie-
HUAA PoTOMIACTHHKHA HA HEH MOJKHO YBHAETH COBOKYIITHOCTH
YyepeAyIOIINXCSA CBETJBIX M TEMHBIX KOJIeIl, T. e. Ju(ppaKiiu-
OHHYIO KapTuHy (puc. 1).

OudpaKIMOHHAS KapTHHA BKJIKYaeT B ceds Kaxk Jdu-
¢pparkyuw — orudbaHMe BOJHON HPENATCTBHA, TAK U UH-
mepgepenyuio, T. €. HaJOXKeHNWe BOJIH APYr Ha Apyra. 9TH
SIBJICHHSI JOKA3bIBAIOT HAJHMYME V DJIEeKTPOHA BOJHOBBIX
CBOMCTB, TaK KaK TOJbKO BOJHBI CIIOCOOHEBI OrH0aTh IPEIAT-




CCl, cs
Pnc. 1. 91exTpoHOrpaMMsel razos (caeBa) ¥ KpuUcTalnos (cnpasa).
IlenTpansHOe NATHO 00YCIOBIEHO HEPACCEAHHBIM IYYKOM BJIEKTPO-
HOB, 8 KOJbIA — 9JIEKTPOHAMH, PACCeAHHBIMHY I10] PASHBIMH yTIIaMu

CTBMA ¥ HajaraThCa APYr Ha Apyra B MecTax HMX BCTDEYH.
OxHako, momajgas Ha oTOCJION, 9JeKTPOH JaeT IIoYepHeHne
JIAIIb B OJHOM MeCTe, YTO CBHAETEJbCTBYET O HAJIMYUH Y He-
IO KOPIYCKYJAPHBIX CBOMCTB. ByAb OH TOIBKO BOJHOM, OH
fosee WIM MeHee PaBHOMEDHO 3acBeuMBasa Obl BCIO ILIac-
THHKY.

Benenersue Qupakmuy 3J€KTPOH, NPOHAA OTBEPCTHE,
MOJKeT B IPHHIIUIIE IONACTh B JI00YI0 TOYKY (poTomracTuH-
KM, HO C PasHOH 8eposmHOoCmbio, T. €. MOXXHO FOBOPHUTE O
BEPOATHOCTH OOHADY)KEHHs OJIEKTPOHA B TOH MM HHON
o6sacTe GoTOCTOA, a B 00IIeM caydyae — B TOM MJIM MHOH
obsacTu mpocTpaHcTBa. 1loaTOMY JABHIKEHHE 3JIEKTPDOHA H
B aToMe Helb3s PACCMaTPUBATH KaK ABHKeHHE TOYeYHOI'0
3apfAza [0 CTPOr'o OIpeesIeHHOH 3aMKHYTOM TPAaeKTOPUH.

1 HasosuTte Te ABJIeHUA, KOTOPHIE IPAMO HJIH KOCBEHHO JOKAa3bI-
BAIOT, 4TO ATOM — CJIOXKHAadA YacTHIA.

2 Kak passuBanach KjaccudecKas TeopHsa cTpoeHHus atoma? Ka-
K¥e MOJIeJIM aTOMOB BaM HaBecTHEI? B ueM ux cyTtn? B uem —
HeJoCTATKH?

3 IlpuBeguTe OPHEMepHl SABJIEHUI, NOKa3LIBAIOLIMX JIBOMCTBEH-
HYIO (ZyaaucTUYecKyIo) IPHPOAY HaCTHL, MEKPOMHDA.

B yem oTnmune 06bEKTOB MEKDO- ¥ MaKpoMupa?

5 Ilon sJeMeHTApDHLIMH (HAMMEHBITHMH) YACTHIAMH MNOHMMAIOT
HemenuMble dacTuilbl. Kak Takoe NONyIleHne COOTBETCTBYET yT-
BePKIEeHHI0 (QH3HUKOB O TOM, UTO 3JIeMeHTapHAasd aTOMHAa#A Yac-
THIA — 2JNeKTpoH — genuma? KeraTH, MMEeHHO OTKDBITHE Jie-
JIMMOCTH 3JeKTpoHa Obuto ypocroeHo HobeneBckoil mpemMun
B 1998 r.




§ CocTosiHME 3JIEKTPOHOB
24,_ B aToMe

Mzr yaxe 3HaeM, YTO 3JIEKTPOH B aTOMe He HMeeT TPaeKTo-
PUM ABMXKEHHA, T. €. MOXKHO T'OBOPHUTE JIMIIIb O 6EPOAMHOCTU
HaXOXJIEHHUA ero B IPOCTPAHCTBE BOKPYT aAapa. OH MoKeT Ha-
XOAUTBCA B JII0O0OH YAaCTH 3TOr'0 IPOCTPAHCTBA, OKPYKAIOIIEro
SIPO, ¥ COBOKYIHOCTb PA3JIMYHBLIX IIOJIOKEHHI ero paccMmar-
PUBAIOT KaK JeKMmMpoHHoe 004aK0 ¢ OIpeae/IeHHOH IJIOTHO-
CTBIO OTPHIIaTeJLHOro 3apaza. ObpasHO 3TO MOXKHO IIpeJiCcTa-
BUTEL cebe TaK: ecinu OBl YAAJIOCH Yepe3 COThble MJIM MUJLIMOH-
HBIE IOJIH CeKYH/BI choTorpadupoBaTh NOM0MKEHHUE SIEKTPOHA
B aTOMe, KakK npu ¢GorodHuHHIIE, TO 3JIEKTPOH Ha Takux (GoTo-
rpaguax 6bL1 661 IpeacTaBIeH B BUie ToueK. [Ipu HamoKeHUN
GecumCc/IeHHOrO0 MHOXKECTBA TaKUX (pororpaduil moJyYmMIach
OBl KapTHHA 3JIEKTPOHHOIO 00/1aKa ¢ HanboablIel IJIOTHOCTHIO
TaM, I'/le 3TUX To4eK OyaeT GoJibIe BCero.

Ha pucyske 2 nokasaH «paspes» TaKOH 3JIeKTPOHHOM ILJIOT-
HOCTH B aTOMe BOAOPOAA, IPOXOAAIIHN yepes3 Aapo, a IITPHUX0-
BOIl TMHVeH orpaHudYeHa cdepa, BHYTPH Hee BePOSTHOCTE 06-
HapY)KeHHUs dJIeKTpoHa cocTasageT 90% . Bowxkaiimmii K aapy
KOHTYP OXBaThiBaeT 06J1acTh IIPOCTPAHCTBA, B KOTOPOIl Bepo-
ATHOCTh OOHApY:KeHuA ayeKTpoHa ~10% , BepoaTHOCTH Ke 00-
Hapy)KeHUsl dJIEKTPOHA BHYTPH BTOPOrO OT sifpa KOHTYpa CO-
crasiser ~20% , BHyTpu Tperhero — ~30% u T. I.

IToBepxHOCTE, OXBATHIBAKOINAA AAPO ATOMAa, 34 Ipejesa-
MH KOTOPO# BEPOATHOCTH NPeOhIBAHUA 3J€KTPOHA HCYe3alo-
e Maja, HashblBaeTCcHd PAHMYHON IIOBEPXHOCTHIO 3JIEKTPOH-
HOro obnaka. I'paHuYHAs MOBEPXHOCTH OXBATHIBAET OoJiee
90% sapsaga siekTpoHa U mepegaeT GOPMY 3JTEKTPOHHOTO 06-
JaKa. OJIEKTPOHHOEe OOJIaKo H ero
TPaHUYHYIO IIOBEPXHOCTH B AaTOMe
4acTO HAa3bIBAIOT AaTOMHOH opOu-
TaJNbI0. ITO MOLEJIBHOE IIPEeACTaBIIe-
HH€ COCTOSHUS dJIEKTPOHA SABJIAETCH
rpapu4ecKUM BBIDAXKEHHEM pellle-
HUA HEKOTOPOI'0 BOJIHOBOI'O YpaB-
HeHUS, OIUCHIBAIOIIETO JABUMKEHUE
3JIeKTpoHa B atoMe. IloapobGHee 06
BTOM BbI Y3HAETE IIPH UBVUECHUH XU-
MUU B BBICIIEH IITKOJIE.

Baxnueiime# xapaKTepHCTHKOMN
Puc. 2. 9nexTpoHHOE IBUXKEHUS 3JIeKTPOHA B aTOMe SB-
o6sakxo aToma BozOpOAa JAsieTca ero pHeprus. JIs Xapax-

1 + .




TEPUCTHUKHM 3HEPIUU 3JIEKTPOHA B aToMe, (DOPMBI SJIE€KTPOH-
HOro 06J1aKa ¥ HEKOTOPBIX APYTUX €ro CBOMCTB HUCIOJb3YIOT
KBAHTOBBIE uMcia. VX 3HAUeHMA YKasbIBAalOT Ha Hambosee
BePOATHBIN «aJpec» 3JIeKTPOHA B aTOMe.

OHeprus 3JeKTPOHA W pasMep dJIeKTPOHHOro obiaka Xa-
pPaKTEepHU3YIOTCS TJIABHBIM KBAHTOBLIM UYHCJIOM 72, KOTOpOe
IpPUHEXMAET IeJoYucIeHHbIe 3Hauenns: 1, 2, 3, 4, ... .

CoBOKYIIHOCThL ATOMHBIX OopOuTasiedl ¢ OAMHAKOBLEIM 3HaYe-
HIEeM KBAaHTOBOI'O YMCJIa HA3LIBAIOT IHEPZemuiecKum ypos-
Hem. COBOKYIIHOCTH 3JIEKTPOHOB, KOTOPBIE HAXOAATCA Ha OI-
HOM SHEpPreTHYecKOM YPOBHE, — 3TO 3JeKMPOHHbLU CAOL.
Haumensbmell sHeprueii 061agaioT 3JIeKTPOHBI IIEPBOTO 9HEP-
reTuuecKkoro yposusa. IIo cpaBHEHHIO ¢ 3JIEKTPOHAMY II€PBOro
VPOBHSA BJIEKTPOHBI IOCJIEAYIOIIMX YpOBHe#l OyAyT HMeTh
fospmnmii 3amac sHepruu. CrenoBaTelbHO, HAUMeHee IIPOYHO
CBA3AHBI C HAPOM aToMa 9SJEeKTPOHBI BHEIIHEr0 YPOBHA.
B MHOT02/IeKTPOHHBIX aTOMAaX 2HEPrus 3JIEKTPOHOB 3aBHCHUT
He TOJIBKO OT IVIABHOIO KBAHTOBOI'O UHCJA 1, HO TAKMKE U OT
opbumanvrozo (nob604H020) K6AHMOE020 LUCLA L. Ono
MOJKeT IPUHKMATE JII00bIe IeI0YUC/IeHHble 3HaYeHUA OT HY-
napo(n—-1):1=0,1,2,...,(n—1).

OpbuTasbHOEe KBAHTOBOE YHCJIO XapaKTepu3yeT pasnud-
HbIE SHepreTHYeCKHe COCTOAHMSA 3/IeKTPOHOB JAHHOI'O YPOBHA
(moxypoBHHM) U onpejenseT GopMy dNeKTPOHHOTO obyaka.

Opb6uTanbHOE KBAHTOBOE YHCJIO 0 1 2 3
O6o3HAUeHMe SHEPreTHIecKoro nogypoeaa s p d f

DIeKTPOHBI, XaPAKTePU3yIoIyecsd 3HAYEHUAMU II000IHOr0
kBaHToBOro umcna 0, 1, 2, 3, Ha3BIBAIOT COOTBETCTBEHHO
$-3JIeKTPOHAMH, P-3JIeKTPOHAMH, d-dJIEKTPOHAMY U [-2JIEKTPO-
HAMH.

DieKTpoHHOe 00JAaKO S-2JeKTpOHA obnajaer chepude-
CKOii cHUMMeTpHel, T. e. umeeT GopMy IIapa. JJIeKTPOHHOE
061aK0 p-3JIeKTPOHA MMeeT (JOpMy raHTeJd MJIN 06 beMHOM
BockMepKHu. Emnie Gosee cnoxHy0 PopMy UMEOT d- u f-anex-
TPOHHBIE 00JIaKa.

Ha pucyske 3 npuseZeHEl GOPMEL §-, p- ¥ d-2JI€KTPOHHBIX
00JIaKOB.

Toxypoeess ¢ I = 0 B cBA3H C IIAPOBOH CHMMETPHEH JJIeK-
TPOHHOH IJIOTHOCTH S-00j1aKa MMeeT TOJBKO OAWH BAPHAHT
OpHeHTAanuu B IpocTpaHcTBe. llojoKeHHWe APYTUX 00/IaKOB
B IIPOCTPAHCTBE OTHOCHTENHHO BHEIIHETO MATHMUTHOIO MM
SIIEKTPUUECKOrO 108 XapaKTePU3yeT MAZHUIMHOE KE6AHMO-
80e wucno m.




MarsuTHOe KBaHTOBOE YHCJIO M CBS-
3aHO ¢ OpOMTANBHBIM KBAHTOBBIM YMC-
JIOM ¥ MOXXeT NIPUHUMATH 3HAYEHUA OT
+l mo -1, Brawouasa 0. Tak, gna [l = 1
MAarHUTHOEe KBAHTOBOE YHMCJIO UMEeT TPH
sHavyenus: —1, 0, +1. Takum obpasom,
noayposess ¢ I = 1 obpasoBan Tpemsa
p-opburanamu. CooTBeTCTBYIOIKE 06IaKa
OPDHEHTHPOBAHEI B ATOME B3aMMHO IIep-
NeHJAUKYIAPHO, BAOJL OCEH MpPOCTPAHCT-
BEeHHBIX KOOpJAHMHAT X, Y, 2. Ecimm [ = 2,
TO MATHHTHOE KBAHTOBOE YHCJIO /M TIPHHHU-
Puc. 3. @opua s, p-  MAeT IATH 3Havenui: -2, -1, 0, +1,
M d-3IeKTPOHHBIX +2, TaKo# moAypoBeHbL 00PA30BaH MATHIO
061aK0B d-opburansiMu, a IOAYPOBeHL ¢ [ = 3

7 ofbpasoBaH COOTBETCTBEHHO CEMbIO [-Op-

OUTANAME, UMEIOLIAMH CJIeAVIOIIHe 3Ha-

YeHUsA MarsuTHOrO KBAaHTOBOro ymcaa: —3, —2, —1, 0, +1,
+2, +8.

CocrosaHme 31eKTPOHA B aTOME 3aBHCHT TAKIKE eIe OT OI-
HOHM ero XapaKkTepHCTHKY, HAa3bIBaeMoil cnuxom (0T aHri.
spin — BepereHo). CIIMH 9/1IeKTPOHA NIPOABJIAETCA B TOM, U4TO
9JIEKTPOH Be/leT cebA Tak, CIOBHO o00JiafaeT cOGCTBEHHBIM
MarHMTHEIM MOMEHTOM 3a CYeT BPAINEHHsS BOKDPYI «CBOEH
ocu». CooTBeTcTByIOIEe 3TOH XapaKTePHUCTHKE 3JeKTPOHA
CIHHOBOe KBAHTOBOE YMCJIO M, MOXKeT IPUHUMATH 3Haye-
HuA +1/2 wim —-1/2 B 3aBHCHMOCTH OT TOro, mapajjeIbHO
UM He MapajlleIbHO MATHUTHOMY II0JI10, 06YCJIOBJIEHHOMY
ABHKEHHEM DJIEeKTPOHA BOKPYT AApa, OPUEHTHPYEeTCHS Mar-
HHTHOE II0JIe BJIEKTPOHA.

Taxum 00pasom, B COBpeMeHHOII MOZEJHM aTOMA COCTOM-
HU€ 3JIeKTPOHA OIpe/lesIAeTCA YeThIPhMA NapaMeTpaMH, Ha-
3bIBAEMBIMHM KBAHTOBBIMH 4YMCJAaMH: I'JIaBHBIM (72), opOu-
TAJIbHBIM (I), MArHUTHBIM (/M) ¥ CIMHOBBLIM (m,).

PaccmorpenHEIii Marepuas o6o6men Ha pucyHKe 4 u# B
Tabaune 1.

Pasinunsle COCTOAHNS 3JIEKTPOHOB B ATOME HEPABHOIEH-
HBI ¥ 3aIIOJHAIOTCSA 3JeKTPOHAMH ONpeJelIeHHBIM 06pas3oM,
TNOAYUHAACE OCHOBHBIM 3aKOHOMEPHOCTAM:

1. IIpuEnUn MUHUMYMAa sHepruu. B ocHo8HoOM cocmo-
AHUU amoma KaxcOvlil 3NeKMPOH PaAcnoiazaemcs mak,
4molbL €20 dHepzus OblNa MUHUMALLHOIL.
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DHepreTH-
YecKHe
VPOBHH

ITogypoBER

Puc. 5. Cxema moapasgeie-
HHUA SHEPreTHYEeCKUX
YpOBHEH Ha NOAYPOBHH

Cornacuonpasmwry B. M. Kieu-
KOBCKOTO, 8 OCHOBHOM COC-
MOAHUU 2JLEeKMPOH 3AHUMA-
em YposeHb ¢ HAUMEHbULUM
snauernuem cymmur (n + 1),
npuuem cHavala  3anon-
Haemcs nodyposeHv ¢ Ha-
UMEHbWUM 3HAYEeHUeM 1.

Hanpumep, AJs aToMa Kajb-
OuA IIPH pacupeeeHUH dJIeK-
TPOHOB 10 SHEPHETHYECKHM
YPOBHAM  IpeAIOYTUTE/IbHEee
4s-cocroaaue (n + l=4+0=
= 4), yem 3d-cocroanue (n +1=
=3+ 2=D5). A nua aTroMa CKaH-
WA IpeAroYTeHue caegyeT oT-
nate 3d-cocroaHuio (n + [ =
=3 + 2 = 5), a He 4p-COCTOAHHIO
(n+1=4+1=05), TaKk KaK Npu
OJMHAKOBBIX CYMMax KBaHTO-

Beix umcea (n + [l) 3d-coc-

TOSIHYEe MMeeT MeHbIlee 3Hade-
Hue n = 3. Ha pucyHKe 5 MOKas3aHa cXeMa 9HePreTHIeCKHX
ypOBHell ¥ NOAYPOBHEH B IIOPAJKE YBeIUYEHUA SHEPIUU 3JIEKT-
poHa.

2. ITpunnun [laynu. B amome He moxcem Oblmb dsyx
27eKMpPOHO8 ¢ OOUHAKOBbLMU 3HAYEHUAMU 6Cex ‘e
mbipex K6AHMOBbLX LUCEeIL.

Iloaromy /1060l aTOMHOM OPOMTANIH COOTBETCTBYIOT MaK-
cHMYM J(Ba BIeKTPOHA (y KOTOPHIX IJIaBHOE, OpOUTANbHOE U
MAaTrHHTHOE KBAHTOBBIE YHCJIa OAWHAKOBBI) C IPOTHBOIIOIOMX-
HBIMHE cOuHAMU. VCIIONB3Ys 9TOT IPHUHIKAIL, MOKHO IOACYH-
TaTh MAKCHMAJIbHOE YHCIIO DIEKTPOHHEIX cocTosHuil N, co-
OTBETCTBYIONIMX PA3NMYHBIM 3HAYEHHUAM IJIABHOTO KBAHTOBO-
ro gucyaa n: N = 2n2.

3. [Ipasuno I'yama. Oaexmponsl. 6 npedenax 00HOZO
nodypoeHs pacnonazalomcs mak, 4moodvl cymmapHoe
CNUHOB0€ YUCLO UX ObllO0 MAKCUMATLLHBLM.

Taxum o0pasoM, HauboIee YCTOMIMBOMY COCTOAHUIO aTo-
Ma COOTBETCTBYeT MaKCHMAaJIbHO BO3MOMKHOe YHCJIO He-
CHapeHHBIX 3JeKTPOHOB ¢ OAMHAKOBEIME cnuHamu. Hanpn-




Mep, 3 3JeKTpOHAa Ha P-IOAYPOBHE GYAYT pacIpefeidThb-
cA TaK

, HO He Tak . ¥ He Tak ;

B sro#i 3anmcu kKaxkjas aromHas opbuTanb ob6osHaue-
Ha KJETKOM (KBAHTOBOH sA4elKOii), a 2JeKTPOH — cTpel-
KOi, HamnpaBJeHHe KOTODOH COOTBETCTBYET HAIPABJIEHUIO
CIIHHA.

£

ETERNENE NN ) eooe0® poOOOS

B macrosmee BpeMs He IPHHATO FOBOPUTH O BPAIIEHHH 3JIEKT-

1 POHa BOKDYT aToMHOro szxpa. [louemy?

2 YTo Taxoe sIeKTPOHHOE 06/1aK0 M KAK 9TO IOHATHE COOTHOCHT-
CH C NOHATHEM «OpOHuTaTh» ?

3 Kax ¢ momMomsio ssieKTpoIu3a onpese uTs 3apsy 3NeKTpoHa?

4 Yem ornmuaerca 1s-opburans ot 2s-opburanu?

5 Yro Takoe riasHEOe KBAHTOBOE YHCIIO?

6 Kaxue snauenus n u [ COOTBETCTBYIOT COCTOAHMAM 3/I€KTPOHA:
a) 4s; 6) 5p; B) 3d?

7 CroNbKO sHEpPreTHYECKWX MOAypOBHEH obpasyer: a) naThIH
SHepreTHYecKHil ypoBeHk; 6) TpeTnii sHepreTHUeckuii ypoBeHb?

§ 3 IJeKTPOHHBIE KOH(MUTYpaAIIUU
<@  aTOMOB XMMHUYECKUuX

JJIEMEHTOB

3HaHUe BO3MOKHEIX COCTOSHUI BIeKTPOHA B aTOMe, mpa-
Buno Kieuxosckoro, mpunnun Ilayam u mpasmio T'yapa
[O3BOJIAIOT PACCMOTPETE 3JIEKTPOHHYIO KOH(MDHUrypamnuio aTo-
Ma. [l 3TOro HCIoIb3yIOT 9IeKTPOHHEIE (hOPMY.JIEL.

ONIeKTPOHHOM (hOPMYI0ii 0603HAYAIOT COCTOTHIE 3JIEKTPOHA
B aTOMe, YKasbIBasA HH(POii IrIIaBHOE KBAHTOBOE YHMCJIO, XapaK-
TEPHU3YIOIIee ero CoCToAHME, a OyKBOil — opbuTanbHOe KBaH-
TOBOE YHCJIO. Yueso, MOKashIBaoIee, CKOJbKO JIeKTPOHOB
HaXOJUTCA B JaHHOM COCTOSHHM, 3aIMCHIBAIOT CIIPABa CBEp-
Xy ot 6ykBBI, 0603HaUAIOIIEH GOPMY 3IEKTPOHHOTO 061aKa.




Ilna aroma sogopoga (n=1,1=0,m = 0) smexTpoHHAA
dopmyna Gyger taxoi: lsl. Oba ajekTpoHa CJEAYIOIIEro
asemenTa renus He xapaxTepusylOTCA ONMHAKOBBIMH 3HA-
YeHHAMH N, [, M W OTIMYAIOTCHA JHUIOb CIMHAMH. OJIEK-
TpoHHAaA hopMy.Jia aTOMa reiusd 152, DnekTpoHHAaA 0607I049Ka
aToMma reJus 3aBepIIeHa W oueHb ycToitumpa. l'enuit — Gia-
rOpOAHLIN ras.

V anemenTos 2-ro nepuoga (n = 2, I = 0 uum I = 1) sanon-
HieTcs cHadaJia 28-COCTOAHHE, & 3aTeéM pP-TIOAYDPOBEHB BTO-
pOro SHEpPreTU4YecKoro ypoBH4.

DiexTpoHHas (GopMyaa aroma auTus: 1s22s!. JmeKTPOH
2s! cnabee cBazaH ¢ axapoM aroma (puc. 6), moaToMy aTroM
JIATUSA MOJKET JIEI'KO OTZaBaTh ero (Kax Bbl, 04€BHU/IHO, IIOM-
HHTe, BTOT MpOIleCC Ha3bIBAeTCSA OKHMCJIeHHeM), IpeBpaiia-
fck B 1oH Li*.

B aTome GepuJLINA Y€TBEPTHIM 3JIEKTPOH TaKXe 3aHUMaeT
2s-cocroaaue: 1522s2, JIBa BHeIIHMX 3JeKTpoHa aroMa Ge-
PHILIMSA JIETKO OTPBIBalOTCA — Be npH 2TOM OKHCJAETCA B
kaTuoH Be?*.

V aroma 6Gopa HosBJIsfeTCS 3JEKTPOH B 2p-COCTOAHMH:
1522522p!. Jlanee y aTOMOB yriepojia, a3ora, KHCIOpPOJa H
dropa (B coorsercTBuu ¢ npasuioM I'yHAa) ujeT 3amoHe-
HUe 2p-TIOyPOBHSA, KOTOPOE 3aKaHUYNBaeTC:A y 61aroposiHoro
rasa HeoHa: 1522s22p6,

Eciu XOTAT MOAYEPKHYTH, YTO 3JIEKTPOHBI HA JaHHOM IIOA-
YPOBHE 3aHUMAIOT KBAHTOBBIE AUEHKU IIOOAMHOUKE, B dJIEK-
TPOHHOH (hopMyJie 0603HaAUEHHE IOAYPOBHA COIIPOBOXKAAET HH-

Puc. 6. Ceuennsa 1s- 1 28-p/1eKTPOHHBIX 00JIaKO0B ILJIOCKOCTBIO,
npoxojsied yepes AAPO.




mexc. Hanpumep, anekTpoHHas (hopMysia aToMa yriepoxa
1s*2s%2p] 2p].

Y sneMeHTOB 3-T0 mEpHOJA 3aMONHAETCS COOTBETCTBEHHO
3s-cocroanue (n = 3, I = 0) u 3p-nmoayposens (n = 3, [ = 1).
3d-noxyposens (n = 3, Il = 2) npu 5TOM ocTaeTcs cBOBOZ-
HBIM:

1Na 1s22s22p3sl; |.Cl 1s22522pS3pS5;
1sAr  1s22522p%3523pS.

Wvorga B cxemax, uso6paskamomux pacIpeneieHHe
9JIEKTPOHOB B aTOMaX, YKashIBAIOT TOJBKO YHCJIO 3JIEKTPO-
HOB Ha KaXJIOM 9HEPreTHYeCKOM YPOBHE, T. €. 3allACBIBAIOT
COKpallleHHBIE 3JIEKTPOHHEIE (DOPMYJIBI ATOMOB XMMHYECKHX
37IeMEeHTOB, B OTJHYHE OT IPHUBENEHHBIX BEIIIE IIOJHBIX
dNEeKTPOHHBIX (POPMYJ, HAIIpUMED:

uNa 2,8,1; ,Cl 2,87 ,Ar 28,8,

¥ ssemeHToB GoNBIIMX HEPHOAOB (4-r0 U 5-T0), B COOT-
BETCTBHH C npaBujoM KJe4KoBCKOro, mepsble JBa 3JIEK-
TPOHA BHEIIHEro 3JIEKTPOHHOTO CJIOA 3aHUMAIOT COOTBET-
CTBEHHO 48- (n. = 4, I = 0) u 5s-cocrosanusa (n = 5, | = 0):

0K 2,8,8,1; 4Sr 2,8,18,8,2.

Haumnas ¢ TpeTbero ajeMeHTa KaKI0T0 GOILIIOro nepu-
071a, MOCNenyIoInye AeCATh 3JeKTPOHOB IOCTYIAIOT Ha Ipe-
abigymue 3d- u 4d-IOAYPOBHU COOTBETCTBEHHO (Y 3J€MeH-
TOB MOGOYHBIX MOATPYII):

23V 2,8,11,2; ,Fe 2,8,14,2; ,7Zr 2,8,18,10,2;
»Tc 2,8,18,13, 2.

Kax npaBuio, xorga OyzerT BzamosHeH OpeaLIAYIITHHA
d-TIOlypOBEHBb, TOrJla HAYHET 3aIONHATHCH BHEITHUIH (cooT-
BETCTBEHHO 4p- U 5p-) p-IOAYPOBEHbD:

;3As 2,8,18,5; Te 2,8,18,18,86.

Y oaneMeHTOB GOJBIIMX IEPHOJOB — 6-r0 He3aBep-
IIEHHOTO0 7-r0 — DHepreTHYeCKWe YPOBHH M NOAYPOBHH
3allONHAIOTCA 3JIeKTPOHAMH, KaK NPABHUJIO, TaK: IIePBBIE
ABa DIEKTPOHA IIOCTYNAIOT HA BHENIHWM S-TIOLYPOBEHB, Ha-
npuMep:

6Ba 2,8,18,18,8,2; . Fr 2,8,18,32,18,8,1;




caenyiomuii oaue anextpoH (y La u Ac) — Ha IpeABI Ay
d-1oAyYPOBEHb:

sLa 2,8,18,18,9,2 m gAc 28,18,32,18,9,2.

3arem nocraeayomue 14 3JeKTPOHOB IIOCTYIAIOT HA Tpe-
THH CHApPYKM DHepreTHMUecKuil ypoBeHb Ha 4f- m 5f-mox-
YPOBHM COOTBETCTBEHHO Y JAHTAHOM/IOB ¥ aKTHHOU/IOB!

oGd 2,8,18,25,9,2 u ,U 2,8,18,82,21,9,2.

3areM CHOBa HAYHET 3aCTPAUBATHLCA BTOPOM CHADPYXKH 9HEP-
reTUYecKuil ypoBeHb (d-IIOAYyPOBEHB) V 3J1€eMEHTOB IOOGOYHBIX
MIOATPYIIII:

sTa 2,8,18,382,11,2; R 2,818, 32, 32, 10, 2.

TonpKo mociae MOJHOTO 3aTI0JTHEeHUA JeCAThIO 3JIeKTPOHAMHU
d-nmonypoBHSA GyleT CHOBA 3AIONHATHCA BHEIHUN pP-TIOAYPO-
BEHBb:

Rn 2,8,18,32,18,8.

B saxjioueHMe elle pa3 pPacCMOTPHM DasHBIe CIOCOOBI
orToOpaskeHud 3JIEKTPOHHBIX KOH(MUIypanuii aToMOB 3Je-
MeHTOB 10 nepuogam tabauns: [I. 1. Mergeneesa.

PaccMOTpPHM dJIeMeHTHI 1-To mepuosa — BOJOPOJ U TeJIHM.

H @) e CxeMa 3/IeKTPOHHOTO CTPOEHUS
1 . aToMa BoJOpoaa

Bopopox

CxeMBl 3JeKTPOHHOTO CTPOEHHS aTOMOB IIOKAa3bIBAIOT
pacipefiesieHue 3JIeKTPOHOB 110 9HEPreTHYECKUM YPOBHAM.

ObosradeHHe
SHEPreTHdecKoro
VPOBEA
Yucso 371eKTPOHOB
l .~ Ha TOAypOBHE
1s 1 -— DnexrporHad (GOPMYyIa aTOMa BOAOPOAA
T (unTaercsd: «ONMH-3C-OJHH»)

ObosHadyeHue NOAYPOBHA

DieKTpoHHBIE (POPMYJIB ATOMOB IIOKAa3BLIBAIOT paclpese-
JIeHHe DIEeKTPOHOB 10 SHEePreTHYeCKHM YPOBHAM M IIOAYPOB-
HAM.

« Tpapuueckas snexTpoHHas GOPMYJIa
aToMa BOJODOZA
1s




I'paduueckue anexTpoHHBIE (HOPMYJIBI ATOMOB NOKA3bi-
BalOT pacnpejeseHue 3JeKTPOHOB He TOJbKO II0 YDOBHAM H
IIOAYPOBHAM, HO H I10 KBAHTOBLIM A4YeiKaM (aTOMHEIM 0p6u-
TaJNAM).

,He (+2)) 182
2

1s
Tenwni Cxema IneKTpoOHHAA I'paduyeckasn
3JIEKTPOHHOTO topmyna 3JIEKTPOHHASA
CTPOEHHA aToMa reus tdhopmyna
aToMa rexus aToMa rejaus

B aTome rens mepsblii sJeKTPOHHBIH 0l 3aBepIIeH —
B HeM 2 3JIeKTpPOHA.

Bomopon u renuit — s-anemernmut, y 9THX aTOMOB 3amoJI-
HAETCH 3JIEKTPOHAMH 1S-TIOAYPOBEHb.

¥ Bcex a7eMeHTOB 2-r0 NepPHOAA NEPBHI HIeKTPOHHBIN
CJIOH 3aII0JIHEeH, U 9JIEKTPOHBI 3aII0THAIOT 25- H 2P-COCTOAHUS
B COOTBETCTBHMY C IPUHIIMIIOM HaMMeHbIIel sHepruu (cHaya-
n1a 8-, a 3aTeM p-) u npasuaamu [laynu u Xyazga (Taba. 2).

B aTome HeoHa BTOPOIi 3/I€KTPOHHEIH CJIOM 3aBepIlnes —
B HeM 8 3JIEKTPOHOB.

CTPOEHUE 3JIEKTPOHHBIX OBOJIOYEK Tabauya 2
ATOMOB 3JIEMEHTOB 2-I'O IIEPUOJIA

CumBoa snementa, Cxema JIeKTpOH- ' I'paduueckasn
IOPAAKOBBIN 3JIeKTPOHHO- Had . 3JeKTPOHHAN
HOMEp, Ha3BaHHe ro crpoesua ¢opmyaa  Gopmyaa

) KL ' ] l
3‘%1 I @ ) 1s22g! T 2p
HTHH 2s

KL l I ]
Ei;nnnnﬁ ) Laraee gl =
8




Oxonuanue maba. 2

CumBoX anemMenTa, Cxema : DexTpon- T'padwmueckasn
TOPATKOBBIH | BIEKTPOHHO- HaA | 3eKTPOHHASA

HOMEp, Ha3BaHMEe  Io cTpoeHHs  dopmyna

@) |1zt |kl
‘ 1s

C ‘ 2
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N ' 8K TlﬂzTIT]
b § l 2 | P
Asor . @22 L e ‘;r_l2s
= s

0 | W 2p
8
1s22522p*
Kucnopon ‘ )) , i 2s
1 2 | |T_\L

1s
- KL : N 15;1 ]|
i D
?D'rop f 2 2 i & |T_l ;3
' | 1s
" T RO
1oNe | P
I-geor{ 22 LR | |I_lli+9
s

JIuruii Li, Gepunnuit Be — s-asemenmeut.

Bop B, yraepog C, asor N, kucnopoz O, ¢prop F, Heon Ne —
p-aJleMeHmbt, ¥ 3TUX ATOMOB 3AI0JHIETCA 3JIEKTPOHAMH
P-IoAypOBEHb.




CTPOEHHE 3JIEKTPOHHBIX OBOJIOYEK Tab6ruya 3
ATOMOB 3JIEMEHTOB 3-T'O IIEPHOIA

CuMBoa

ajeMeHTa Cxenia
"’ | 2uek- I'padpuueckasn
TOPARKO”  ohyommoro BAERTROIIAS 3JIeKTPOHHASA
BBIH e dopmyxa dopuyxa
HOMED, ik
HA3BBAHHE
5 KLM
nNa ))) 20 429,63 g1
Harpuii @ L
281
15Al KLM
Anromu- @))) 1522522p83s23p!
HuiL 283

A
i ))) 1522522p%3523pS N8N 3s
Apron T 2p
8 2s

1s

Y aToMOB 3JIeMEHTOB 3-r0 IepHoaa IEePBBIH M BTOPOH
3JIEKTPOHHEBIE CJIOM 3aBepPIIeHBI, I03TOMY 3all0JIHAETCA Tpe-
TUH 9JIEKTPOHHBIN CJI0H, B KOTOPOM 3JIEKTPOHEL MOT'YT 3aHH-
MaTh 3s-, 3p- u 3d-cocroaHusa (Taba. 3).

¥V aTroMma marsusa gocTpauBaeTca 3s-moaypoBeHs. Harpuii
Na u marsuit Mg — s-asemernmbt.

Y alOMHUHHA B HDOCJHEAYIOIIUX 3a HUM 3JIEMEHTOB 3am0JI-
HseTCHA 3JIEKTPOHAMH 3p-TI0AYPOBEHb.

B aTome aproHa Ha BHEIITHEM cJoe (TpPeTheM 3JeKTPOHHOM
ciaoe) 8 snmekTpoHoB. Kak BHENIHMH CJIOH, OH 3aBepIleH, HO
BCET'O B TPETHEM BJIEKTPOHHOM CJIO€, KaK Bbl yiKe 3HaeTe, MO-
JKeT OBITH 18 2/I€KTPOHOB, & 9TO 3HAUUT, YTO Y 3JIEMEHTOB
3-r0 mepHojia OCTAeTCs He3allOJHEeHHBIM 3d-COCTOSHHE.

W4 )



Bce anemenTs! or amomunus Al g0 aprosa Ar — p-aae-
MeHmbL.

§- ¥ p-sJIeMeHTEl 00pa3yior zuaéHble nodzpynnut B Ile-
PHOLUYIECKOM cucTeMe.

Y aTOMOB 3JIeMEHTOB 4-r0 mepHoaa — KaaHud U KaJIbIIHd —
NOABJAETCS YETBEPTHIA DYHEPreTHYECKUM YpPOBEHb, 3amoJ-
Hsercs 4s-oxypoBeHk (Tabu. 4), Tak Kak, COTJIACHO NPAaBHIY
KneukxoBckoro, oH MMeeT MeHBIIYIO SHEpPrur0, ueM 3d-TOI-
ypoBeHs. [ ympomeHus rpapu4ecKux 3JeKTPOHHBIX (op-
MYyJI aTOMOB 3JIEMEHTOB 4-T0 mepuoja:

1) o6osHauuM ycI0BHO rpad)uuecKyio 3JeKTPOHHYIO hop-

MYJy aproHa Tak: ;
2) He Oynem u3o0paskaTh HOAYPOBHH, KOTOPHIE V 3THX
aTOMOB He 3aIOJIHAIOTCSH.

CTPOEHHE SJIEKTPOHHBIX OBOJIOYEK Tabaruya 4
ATOMOB 3JIEMEHTOB 4-T'0O IIEPUOIA

CumBon

anemenra, Cxema
TOPAIKO-  DIeKTPOH- JJIeKTPOHHEIE ﬂﬁiﬁﬁfﬁﬂﬁ
Bolii | mOrO topmyst dopmyna
HOMEp, CTDOeHMH
 Ha3BaHMe ;
% KLMN
19 ll
Kaurmit ))D 15°25%2p%3s%3p®4s! s
2881
. KLMN
202 : 6242264 o2 il
LT )
2882
- KLMN | 1520520563523p64523d! | [T 1]
Soa @] ;
KaHAHN Yaas | 1522522p63s23p53dl4s? | 4s
. KIMN | 1522520568523p64523d2 HOEEN
m @) e | R
Turan 1522522p03523pP3d%452 8

28102




Oxonvanue maba. 4

B |
: ) |
‘amemenTa, Cxema g
| MOPAAKO- 3JIEKTPOH- | DJIeKTPOHHBIE * ?.;l‘;‘nl::;oma !
. BEU HOT'O | tdopmyas: i dopmyana |
 HasBaEMe | , '
bV ! @)‘"ﬁl)\r | 1s22522p63s23p®4523d3 | AT ]
' . | ' HIH il 3d
Banamit ; 98112 | 15725%2p®3s?3pf3di4s® ards
»Cr | —ELMN | 1522422p83523p%4513d" nnnnn
4 | 1
Xpom @)))\) 20 .2 61»1.}'1;1 6o 541 | 3 Sa
28131 1522522p%3523pB3d°4s _
HT. I
| [
| _KLMN | 1522s22p®3523p64513d10
2oCu ')))) e Mool
| Mems | (000 | 1s22s70p93s28pS3aoast | [mls |
(ioate.: Al o . e )
| K N | 1522522p63523p64523d10 |
Muax | el 1522522p83523p63d104 52 is
. __KLMN |1s?2522p®3s23p®4s23d'%4p’ LT
5Ga @)))) o | R 4|
Tanmmit eing | 1872s72p°3s?3p®3d 4s%4p! [adds
| | _KLMN |1522522p53523p54s?3d104p5| B |
56 KT )))) -l i mi!!i‘:lﬁlill 4p
Kpunron a1gg  18°2872p°3s?3p°3d'04s%4p° [alds
Kanmit K u xanemuit Ca — s-anemenmbl, BXOAAINIHEe B

rJaBHbIE MOATPYINEL. ¥ aTOMOB OT CKaHAUA Sc 10 IIUHKA Zn
3aloJHAeTCA 2JIeKTpoHaMu 3d-moAypoBeHb. IJTo 3d-aae-
menmbi. OHM BXOAAT B no6OYUHbLE nodzpynnvl, y HUX 3a-
DOJHAETCA TMPEJBHENIHWH JJIEKTPOHHEIN CJIOM, MX OTHOCAT
K nepexodHbLM ILeMEeHMam.




Obparure BHMMaHHe Ha CTDOEHHE 3JE€KTPOHHBIX 000J0-
YeK aTOMOB XpOMa ¥ MeJu. B HUX IPOUCXOAUT «IIPOBAT» Of-
HOTO 2JIEKTPOHA ¢ 48- Ha 3d-TOAYPOBEHb, UYTO O0BACHAETCA
OonbIIeil PHEPreTHYEeCKOH YCTOMYMBOCTHI0 00pas3ymoIuxcs
DY 3TOM 3JIEKTPOHHBIX KoH(purypanui 3d° u 3d10:

4s 3d
,.Cr 1522522p63523p83d44s2... NN

«IIPOBAJI» JJIEKTPOHA

4s 3d
2oCu 1522522p63523p63d %452, .

«OPOBaJi» 3JIEKTPOHA

B aroMe mMHKA TpeTHii SHepreTUYecKuil ypoBeHbL 3aBep-
IeH, B HeM 3aIl0JHeHEI Bce NOAYPOBHA — 38, 3p u 3d, Bcero
Ha HUX 18 aIeKTPOHOB.

Y caeayonux 3a MUHKOM 3JIEMEHTOB IPOAOJIKAET 3alloji-
HATHCA YeTBEePThIH SHepreTUYeCKUil ypoBeHb, 4P-TI0yPOBEHb.

dneMenTsl OT rayuusa Ga no kpunrora Kr — p-asemenmut.

V¥ aroma kpunTtosa Kr BHeIIHHUH 0 (YeTBepTHIil) 3aBep-
ImeH, uMeeT 8 aJIeKTpoHOB. Ho Bcero B 4eTBEPTOM 3JI€KTPOH-
HOM cJIoe, KaK Bbl 3HaeTe, MOKeT ObBITh 32 3JIEKTPOHA;
y aToMa KDPHUIITOHA IIOKA OCTAIOTCA He3aloJHeHHLIMH 4d-
H 4f-cocTosTHHA.

V anemeHTOB 5-r0 mepuoaa, B COOTBETCTBHMH C IIPAaBHJIOM
KieuKoBCKOro, HeT 3aI0JHEHUE II0AYPOBHEH B ClIeyI0IeM
nopanke: 5s — 4d — 5p. W raxike BCTpedyarTCA UCKJIOYE-
HUSA, CBA3AHHEIE C «[IPOBAJIOM» BJIEKTPOHOB, y 4 Nb, ,,Mo,
1R, 45Rh, (6Pd, ;7Ag.

B 6-m u 7-M mepuogax nosBiAA0TCA f-aaemenmbt, T. e.
BJIeMeHThI, Y KOTOPBIX MET 3all0JIHeHHe COOTBETCTBEHHO 4f- 1
5f-oypoBHE# TPETHEro CHAPYKH SHEPreTHYeCKOro YpOBHA.

4f-DneMeHTHI HA3LIBAIOT LAHMAHOUIAMU.

5f-DmeMeHThI HA3LIBAIOT aKxmuHoudamu.

ITopa0oK 3amoJHeHHUs 3JIEKTPOHHBIX NOAYPOBHEH B aTo-
Max aseMeHTOB 6-ro mepmoga: 5;Cs u ;sBa — 6s-aieMeHTSI;
s7La ...6s25d! — bd-onmement; ;3Ce — ;;Lu — 4f-anemenTs;
7oHE — goHg — 5d-anementsi; ;T — gsRn — 6p-aemMeHTE.
Ho u 31eck BcTpedarOTCsa 3JeMEeHThI, YV KOTOPBIX «HapyIiaeT-
cA» TOPANOK 3aI0JIHeHUA dHePreTHYeCcKUX MOoAYpOBHeil, 4To,




HaNpUMep, CBA3aHO ¢ 60JbIIeH SHEPreTUYeCKOH YCTOHYHBO-
CTBHIO HAIIOJIOBHHY | IOJHOCTBHIO 3allOJHEHHBIX [-IOJYDOB-
Heii, T. e. nf’ u nfl4.

B 3aBucuMocTH OT TOro, KakKoil MOJAyPOBEHL aTOMAa 3a10JI-
HAETCA JEeKTPOHAMH IIOCHEIHWM, BCE 3JI€MEHThI, KaK BEI
ViKe TOHAJNH, NEeJAT Ha 4YeThbipe 3JeKTPOHHBIX CceMeHcTBa
nau 6aoka (puc. 7):

1) s-amemMeHTHI; 3aII0JIHAETCA 3JIEKTPOHAMHU S-IIOAYPOBEHD
BHEIIIHET'0 YPOBHA aTOMa; K §-2JIeMeHTAM OTHOCST BOAOPOJ,
reJIMM U 2J1eMeHTHI riaBHBIX noarpynn I u I rpynm;

2) p-diIeMeHTBI; 3aNOJHAETCA 3JEKTPOHAMH p-IIOAYDO-
BeHb BHEIIIHEeIr'0 YPOBHSA aTOMa; K pP-3JIeMEHTAM OTHOCAT dJIe-
MeHTHI IJIaBHBIX noarpyni III—VIII rpymmn;

3) d-anemMeHTBI; 3aNIOJHAETCH 3JIEKTPOHAMH d-IIOAYPO-
BeHb NPe/BHEIIHEr0 YPOBHA aToMa; K d-3JIeMeHTAM OTHOCSAT
aseMeHTHI noGouHBIX noarpynn I—VIII rpynm, 1. e. amemMes-
Thl BCTABHBIX NeKajJ OOJBIIMX MEpPHOAOB, PACIOJJOMKEHHBIe
MeXAY S- U p-aieMeHTaMH. VIX TakKe HA3BIBAIOT IIepPexo-
HBIMH 3JIEMEHTAMH;

4) f-a;eMeHTHI; 3aII0JIHAETCA 2JIEKTPOHAMY f-IIOAYPOBEHb
TPeThero CHaApyX¥u YPOBHSA aTOMa; K HUM OTHOCHAT JIAHTAHO-
UABI M aKTUHOU/IEI,
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Puc. 7. lenenune [leproanyeckoi cucTeMsl (Taﬁ.nnum)
Ha OJIOKH 3JIEMEeHTOB
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1 CocTaBbTe CXeMEI BIEKTPOHHOIO CTPOGHUSA, 3JIeKTPOHHBIE (Op-
MYJIBL ¥ rpadyM9ecKue 3IeKTPOHHEIE (DOPMYJIEI ATOMOB CJAEYIO-
IMUX XUMUUYECKHUX 3JIeMEeHTOB:

a) KalblHusd; T) HHOOHA;
0) 'xesesa; ) radHusA;
B) LUPKOHNSH; €) soyoTa.

2 Hammmure anexkrporryio hopmyny anementa Ne 110, ucnomas-
3yA CHMBOJI COOTBETCTBYIOIIETO GIaropogHOrO rasa.

3 Yro Takoe «mpoBan» anexTpoHa? IlpuBenure MpUMEpPHI dJe-
MEHTOB, ¥ KOTODPBIX 3TO sABJIEHMe HaOJIIOLAeTCs, 3alHuIlINTe UX
3JIEKTPOHHBIE (DOPMYJIIBI.

4 Kax ompeznensdercs NpUHAAJIEMKHOCTH XMMHYECKOTO 3JIeMeHTa
K TOMY HJIH HHOMY 3JIeKTPOHHOMY CeMeicTBy?

5 CpaBHHTE 3JIEKTPOHHYIO B IPa(pHYeCKyI0 3JeKTPOHHYI0 (hopMy-
JIbI aTOMa cephl. Kakyio fonoaauTeIsHYI0 HHQOPMAIIHIO COIep-
JKHUT DoclenHaAa dopmymna?

§ BasenTHBIE BOBMOIKHOCTH
. ‘4_,:,%‘,_4 aTOMOB XMMHNYECKHUX
JJIEMEHTOB

CTpyKTypa HapyXHBIX 3HEPreTUYECKHX YPOBHEH aATOMOB
XUMUYECKUX 3JIEMEHTOB M OIIPEeJeiseT B OCHOBHOM CBOMCTBA
HX aTOMOB. OTH YPOBHH HA3LIBAIOT 8AJCHMHbLMU. DIEK-
TPOHBI 3THX YPOBHEH, a HMHOTAA M IPEJBHENIHHX YPOB-
Hell MOr'yT IPHHHMMAThL ydJyacTHe B 00pa30BaHMM XHMHUe-
CcKuX cBaAsei. TaKkWe SNeKTPOHBI TaK)Ke HA3BLIBAIOT B84a-
JEeHMHbLMU.

BaneHTHOCTL aTOMa XMMHUYECKOT0 3JIEMeHTA OIIpefeIsdeT-
CA B IepBYX O4Yepeab YHCIOM HeCIIapeHHBIX SHBKTPOHOB,
IPUHUMAKIOIIUX yIacTHe B 00pa30BaHMU XHUMHUYECKOH CBABH.

BasleHTHBIE 3JIEKTPOHBI ATOMOB 3JIEMEHTOB IJIaBHBIX IIO-
rpynn 3aHHMAaKT §- U p-NOLYPOBHU BHEIITHEr'0 SHepreTHude-
CKOI'O YPOBH#A. ¥ B5JIE€MeHTOB IOOOYHLIX IIOATDPYIII, KPOMe
JaHTAHOHZOB H AKTHHOHIOB, BaJleHTHBRIE 3JIEKTPOHBI pac-
IIOJIOXeHB]l Ha S-IOAYPOBHE BHEIIHET0 M d-TIOAYPOBHE IIPe.-
BHENIHEro 9HePreTUYecKOoro ypoBH4.




L

ITiiss Toro 94ToOBI BEPHO OLIEHUTH BaJ€HTHBIE BO3MOMHOC-
TH ATOMOB XHMWYECKHX 3JIEMEHTOB, HYMKHO paccMOTPETH
pacipejieieHue 3JeKTPOHOB B HHMX II0O SHepreTH4YecKHUM
VPOBHAM M MOAYPOBHAM M ONpEAENUTH YUCIO HeclapeH-
HBIX 3JIEKTPOHOB B cooTBeTcTBUH ¢ npuHnumom I[laynm u
npaBHJioM XyHJA AJs HeBo36ykJeHHOro (OCHOBHOIO, HJIH
CTAIlMOHAPHOT0) COCTOAHMS aToMa ¥ IJA BO30YKJEHHOTO.
ToBOpAT, YTO aTOM HAXOAWUTCA B BO30YKIAEHHOM COCTOfA-
HHH, €CJAW OH MOJYYHJ IONOJHUTE/JbHYIO HEpPrui, B pe-
3yJIbTATE Yero IPOM30IILI0 pPacllapUBaHUe 3JIEKTPDOHOB BHEII-
Hero cJIOA W Iepexo/ uX B Apyrue, He caMble 9HEPreTHYeCKHU
BBITOJHBIE COCTOAHHA. ATOM B BO30YKJIEHHOM COCTOSAHHUHU
0603HAYAIOT COOTBETCTBYIOIIAM CHMBOJIOM 2JIEMEHTa CO 3Be3-
noukoii. Hanpumep, paccMOTPHM BaJIeHTHBIE BO3MOYKHOC-
T aToMoB (hochopa B CTAIMOHAPHOM ¥ BO3OYXKIEHHOM COC-
TOSAHUAX:

-+ aHeprus
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B HeB030ykIeHHOM cOCTOAHHM aToM (dochopa UMeeT TPH
HecHapeHHBLIX 3JIeKTPOHA Ha p-moaypoBHe. IIpu mepexope
aToMa B BO30y:KJeHHOe COCTOAHWE OAUH M3 Iaphl 3JEeKTPO-
HOB 35-II0JyPOBHA IEPeXOAUT Ha 3d-noAypoBeHb. BajeHT-
HOCTh (pocdopa mpH 3TOM UBMeHAETCHA ¢ TpeX (B OCHOBHOM
COCTOAHHHU) 10 NATH (B BO30YKAEHHOM COCTOAHUU).

PasbequHeHHe CHAapeHHBIX SJEKTPOHOB TpebyeT 3arpar
sHepruu. BmecTe ¢ TeM pacxoJ 9Hepruu Ha IIepeBoJ aToMa B
BO30YKAeHHOe COCTOAHUE KOMIIEHCHDYeTCs Hepruei, BBI-
nensmomelica npu 06pa3soBaHUH XHMHYECKUX CBA3eH Hecna-
PEHHBIMH 3JIeKTPDOHAMH.

Tak, aTom yrjepoja B CTAIlTMOHAPDHOM COCTOAHWH HMeEeT
JBa HeCIIapeHHBIX 3JieKTpoHa. CiiefioBaTeIbHO, C UX YYACTH-
eM MOr'yT 00pasoBaTheA ABe 00IHe dJIEKTPOHHEIE Mapkl, OCY-
LIeCTBIAIOIIME JBe KoBaJeHTHEIe cBaA3u. OfHaKO BaM X0po-
110 M3BECTHO, YTO BO MHOI'MX HEOpPraHMYeCKHX M BO BCeX
OpPraHMYECKHX COeJUHEHWAX NPHUCYTCTBYIOT ATOMBI YeThI-



pexBajleHTHOTO yriaepoja. O4eBHAHO, YTO €ro aTOMEI ofpa-
30BaJIi YeThbIPe KOBAJEHTHHIE CBASH B 9THUX COEAWHEHUAX,

Haxong#AcCk B B036YJK,119HHOM COCTOAHHUH,
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3arpaThl SHEPrHM Ha BO30YKIEHHE AaTOMOB yIJIepoZa
¢ u30BITKOM KOMIIEHCHDPYIOTCS 3HEeprueil, Bbljessomieicsa
npu o0pa3oBaHMM [BYX JIONOJHHUTENbHBEIX KOBAJIEHTHBIX
ceaselt. Tak, 1A nepeBoZia ATOMOB yriiepoja U3 CTallHOHAD-
Horo cocroanusa 2s?2p? B Bosbyxnennoe — 2s'2p? Tpebyer-
csa sarpaTuTh okoJ0 400 k[Ik/Mons sHepruu. Ho npu obpa-
3oBaHuu C—H-cBA3M B mpejieIbHBEIX VIJIEBOJOPOAAX BBIZe-
nserca 360 kll»x/mons. CienoBaTesibHO, TpH 06pa30BaHUHA
aByx moneit C—H-cBageit Beigenures 720 k]I, 4TO NpeBbI-
HIaeT dHEePruio IepeBojia aTOMOB YIJIepoJa B BO30Y:KIeHHOE
cocroanue Ha 320 k]J[»K/M0JIb.

B zariaioueHme ciaefyeTr OTMETHTh, YTO BajIeHTHBIE BO3-
MOXKHOCTH ATOMOB XMMHUYECKHX 3JIEMEHTOB JaJleKO He HC-
YepHBIBAIOTCA YMCJIOM HEeCHapeHHBIX BJIEKTPOHOB B CTAIlH-
OHAPHOM ¥ BO30VIKJIEHHOM COCTOSAHUAX aTOMOB. Eciu BBI
BCIIOMHHTE JOHOPHO-aKIENTOPHLIA MeXaHH3M 00pa3oBaHusd
KOBaJICHTHBIX CBA3€H, TO BaM CTAHYT NOHATHEI U JIBE Jpyrue
BaJIEeHTHBIE BO3MOKHOCTH ATOMOB XHMHWYECKHX 3JE€MEeHTOB,
KOTODBIE ONPeieIAITCA HAIHIHEM CBOOOAHBIX ATOMHBIX Op-
furaneil ¥ HemoJeNeHHLIX HJIEKTPOHHBIX MAap, CIOCOOHBIX
JaTh KOBAJEHTHYI0O XMMHYECKYI0 CBA3b IO JOHOPHO-aKIlell-
TOPHOMY MexaHu3My. BecmomHHTEe 00pasoBaHue MOHA aMMO-
aua NHj. (Bosee moapo6HO MBI paccMOTpPUM pead3aIuio
I9THX BAJEHTHBIX BO3MOMKHOCTEW aTOMaAMHU XUMHMYECKHX dJIe-
MEHTOB IIPH U3Yy4YeHUH XUMHAYECKON CBA3H.)

Caenaem o0muii BeIBOJ. BajJleHTHBIE BO3MOXXHOCTH aToO-
MOB XMMHYECKHX 3JIeMeHTOB OIpejesiaioTesa: 1) uuciom He-
CIIapeHHBIX 3JIEKTPOHOB (OAHORJEKTPOHHBIX ATOMHBIX Op-
O6uraseil); 2) HanuuYueM CBOOOAHBIX ATOMHBEIX OopOHMTanell u
HeIloJleIeHHBIX IIap JIEKTPOHOB HA BAJEHTHOM 3JHEpPreTH-
YEeCKOM YPOBHeE.




1 Kaxkumu Tpems ¢akropaMy OIpefeNdioTCA BajeHTHLIE BO3-
MOXHOCTH ATOMOB XMMHYECKHX BIeMEeHTOB?

9 IToueMy MaKCHMAIbHAS BaJEHTHOCTH ATOMOB 3JIEMEHTOB 2-TO
epuojia He MOXeT ObITEH GOJIbIIe YeThIpeX ?

3 BenoMEATE, YeM pasJHYalOTCAd IOHATUA «BaJEHTHOCTB» H
«CTelleHb OKHUCIeHUA» . UTO Mex Iy HUMU o6mero?

4 VHKaKHTe BaJeHTHOCTL M CTeleHb OKHMCJEHHS aTOMOB a30Ta
B noHe ammouus NH].

5 OmpenienuTe BANEHTHOCTb M CTENEHb OKHMCJEHUA aTOMOB yrie-
poja B BemecTBax ¢ popmynamu C,Hg, C,H,, C,H,.

@ Ompereinre BAIEHTHOCTh M CTeNEHb OKMCJIEHHA aTOMOB B Be-
mecreax ¢ gopmynaamu N,, NF,;, NHg, H,0,, OF,, O,F,.

7 Onpenemd're BaJIeHTHbBIE BO3MOJMHOCTH aTOMOB CEDPBI M XJIOpa
B OCHOBHOM H BOSﬁYHC,[[eHHOM COCTOAHHAX.

§ 5 Ilepuoamueckuii 3aKOH,
Ilepuognueckas cucrtemMa
XUMUYECKUX DJIEMEHTOB
II. 1. MenneneeBa
¥ CTPOEHME aToMa

ITepuogugeckuit 3axos u Ilepuognyeckas cucreMa XUMHU-
yeckux aameMmenToB I[. M. MeHgeneeBa — OCHOBa COBPEMEH-
HOH xuMuu. OHM OTHOCATCA K TAKMM HAy4YHBIM 3aKOHOMED-
HOCTSAM, KOTOPEIE OTPAXKAal0T ABJIEHU, PEAJLHO CYIIeCTBYIO-
e B IIPHUPOJie, W IIOBTOMY HUKOTJa He IIOTEPAIT CBOETO
3HAUEHUS.

Hx oTKpeITHE OBLIO MTOATOTOBJIEHO XOAOM HCTOPHH
pPasBUTHA XHWMHH, OIJHaxKo HOTpEﬁOBaJIaCB T'eHHUAJBbHOCTH
.. MeupgeneeBa, ero gap Hay4HOro NpeIBHACHHUA, YTOOBI
BTH 3aKOHOMepHOCTH OblIM chopMyIHpOBaHbBI B rpadudue-
CKH IIpeACTaBJIeHEI B BuAe Tabaunel. Mbel OygemM mois30BaTh-
CAd COBPeMEHHBIMH CHHOHMMAaMH TeX TepPMHHOB, KOTOpPLhIE
IIPHUMEHSAJ BeJIUKHH PYCCKHH XUMHK.




IIpeanoceLIKM OTKPHITHSA
Ilepuognueckoro 3axona
A. A. MenneneeBbIM

Haxonnenne daxronoruueckoro
MaTepuaja

Ko BpemeHu OTKpBITHA IlepHoAmuecKOro 3aKOHa OBLIO
U3BeCTHO 63 XWMHUYECKHUX 3JIeMeHTa, ONMCAHBLI COCTAB M
CBOMCTBA UX MHOTOUHCIEHHBIX COeJUHEHHTH.

Pa6oTs!l yueHbIX — NpealIeCTBeHHUKOB
A. . Menneneesa

YueHble HEOZHOKDPATHO MPEANPUHUMAIYA HNONOBITKH KJac-
cU(pUIUPOBATE XUMHUYECKHE 9JI€MEHTHI, IIPUBECTH CBEJCHHN
o Hux B cucremy. K Korny 60-x rr. XIX B. HaCUHUTHIBAIOCH
6onee 50 pasJMYHBIX BApUAHTOB KJIacCUDUKAIUYN XHMHUYe-
CKHUX 3JIeMeHTOB (cpexu HUX: Kjaccuburanus Beprenuyca
Ha MeTaJUIbl U HeMeTaJlnkl, Tpuaasl JlebepeitHepa, CIAPAJIb
ITaukyprya, okraBsel Helonernaca, Tabauna Meiiepa u ap.).

BonbmuHCTBO yUeHBIX IBITAJHUCH BBIABUTH CBA3b MEXKIY
XVUMHUYEeCKUMHU CBOMCTBAMM dJIe-
MEHTOB M HX COeIUHEHHWH Wu
aromao# Mmaccoii. Ho cosmars
KJacCH(HUKAIA0, BKJIHYAIO-
IO BCe M3BECTHBIE B TO Bpe-
M XMMHUYEeCKHe 3JIeMeHThI, He
yrasiock. Hu oHA 13 MONBITOK
He MIpHUBeNla K CO3MAaHHUI0 CUC-
membL, OTPAIKAKIIEH B3aNUMO-
CBSA3b DJIEMEHTOB U BBIABJIAIO-
miedl IPUPOAY WX CXOACTBA H
pasauuns. OtkpeiTue Ilepu-
OWYECKOr0 3aKOHA M IIOCTPO-
eane Ilepmogudeckoil cHcre-
MBI XMMW9ECKUX 3JIEMEHTOB —
3aCJIyra BeJHKOTO pPYCCKOT0
yuenoro . . Mengeneesa.

B ornmume or paGor mpes- Puc. 8. [leproHaYaTBLHEIH
LWIECTBEHHUKOB, NPENJIOKEHHAA  papuant Ilepuoguueckoii cuc-
O. . MengeneeBsIM TaOMUIlA  rewmsr, BOCIIDOM3BEAEeHHEBIN Ha
Ilepuogugeckoit cucreMbl Xxu- 3aaEum B Camkr-IlerepGypre,
MHUYECKHX OJIeMeHTOB wmMeja IAe paGoran JI. M. Menaeneen
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