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2. CTPOEHHUE ATOMOB
2.1. OcHOBHbBIE OHATHS

CrpoeHre BemecTBa — yU4eHHE O TOM, KaKHe CHIIBI ONPEIEISIIOT ero COCTaB 1
CTPYKTYpy. B ciyuae Xxumuu cocTaB U CTPYKTypa ONpEACISIOTCS Ha YpPOBHE aTo-
MOB U MOJEKYJH, a JAeHCTBYIOIINE MEXIY HUMU CHJIBI ONPENEIIIOTCS B3auMozeii-
CTBHEM 3apsDKEHHBIX 3JIEMEHTapHBIX YaCTUIl — 3JIEKTPOHOB U NMPOTOHOB. [Ipu u3y-
YEHHWU CTPOCHMS BEIECTBA NMPUHSITA €CTECTBEHHAsI IIOCIEJ0BATEILHOCTh: CHavana
U3y4aloT CTPOCHHE aTOMOB, a 3aT€M — CTPOCHHME COCTOSIIUX U3 HUX MOJEKYT U
HEMOJICKYJISIPHBIX BEIIECTB, TO €CTh XUMHUYECKYIO CBSA3b MEXKIY aTOMaMH.

Mo xonma XIX Beka mosiarajid, YTO aTOM — HEJENIUMAas U HEU3MEHSIOUIasics
gactura. OTKPBITHE PaJHOAKTHBHOCTH ypaHa M HEKOTOPBIX APYTHX 3JIEMEHTOB
(A. bekkepenb, 1896 r.) n oOBscHeHUE €€ paciieruieHneM saep atroMmoB ( D. Pe-
3epdopa, @. Comam, 1903 r.), a TakKe OTKPBITHE SJIEKTPOHA, KAK COCTaBHOW da-
ctu atroma (J[x. Ctoneit, 1881 r; JIxx. Tomcon, 1897 r.), nokazanu cI0XKHOE CTPO-
eHHe aToMa.

Bruto sxcnepuMenTanbHO fgokazano (3. Pesepdopa, 1911 r.), uto atom cocto-
UT U3 TOJIOXKUTENIBHO 3apsKEHHOTO TSXKEJIOro Apa, UMEIOIIEro pa3Mepsl HopsIka
10® uM u nerkoii 0GOTOUKH W3 OTPHIATEILHO 3APSKEHHBIX HICKTPOHOB, HMEIO-
mieit pasmepsr mopsiaka 10™ M (1.e. B 100000 pa3 Gombiie, 4eM sapo); Macca sapa
npumepHo B 2000 pa3 Gobllie MacChl SJIEKTPOHOB, a 3apsbl SIpa U JIEKTPOHHON
000JI0YKH paBHBI MEXIY co00i. Snpo aTroma, B CBOXO odyepeib, COCTOUT H3 MOJ0-
JKUTEIBHO 3apsDKEHHBIX YacTHIl — IMPOTOHOB (p) W HE3apsHKCHHBIX YacTHI[ —
HEHTPOHOB (N), UMEIOIIUX MPUMEPHO OJMHAKOBBIE Macchl (Tabm. 2.1). Ilpu stom
a0COITFOTHBIE BEMYMHBI 3aps/I0B YACTHI[ IPUHATO BBIPAKATh B €AMHHUIAX 3apsiia
anexkTpoHa — 1,602- 10"Kn=1 el1. 3apsja.

Tabnuma?2.l — CBoiicTBa 3JIeMEHTAPHBIX YACTHII

Yacruna MecronooxeHue OTHOCHUTENBHBII OTHOCHTENBHAs
(cumBoOI) B aTOMe 3apsng Macca (a.e.M.)
IporoH (p) B sIpe +1 1,00728
Heiitpon (n) B siIpe 0 1,00867
DnekTpoH (e) B 000JI0YKE -1 0,00055

IIpupona anemenTa, €ro OCHOBHbIE XUMUYECKHE CBOWCTBA ONPEIEISIOTCS YUC-
JIOM TPOTOHOB B fJIp€, paBHBIM €ro 3apsaay Z. ATOMbI, UMEIOUIUE OJUHAKOBBIN
3apsn sapa (MU Y9KCiIOo POTOHOB B SiAPE), OTHOCATCS K OJHOMY U TOMY K€ dJie-
MEHTY. ATOMBI OJIHOTO M TOTO € JJIEeMEHTa, MMEIOIINE OJUHAKOBBIN 3apsia spa,
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HO pa3InYHOe YUCII0 HeHTpoHOB B sipe (N), Ha3pIBaroTca m3oTomaMu. Hampumep,
M30TONAMH 3JIEMEHTA KallbIHs SBISIOTCS

%0 ,Ca (20p + 20n), *,Ca (20p+22n) u *® ,,Ca (20p+23 n).

OOpaTtnTe BHHMAaHHE: COCTaB sApa W30TONA YKa3bIBaeTCs LU(PpaMU Tepen
CHMBOJIOM 3J1eMeHTa. [Ipu 3ToM BepXHHUH MHIEKC 0003HA4aeT o0Iiee YuciIo mpo-
TOHOB M HEUTpOHOB (HykJOHOB). CymMmMy npoToHOB (Z) u HeitpoHoB (N), comep-
JKaIMXCs B sJpe aTOMa, Ha3bIBalOT MAacCOBBIM 4nciioM (A). HmwkHuit naaexc 060-
3Ha4yaeT YMUCIO0 MPOTOHOB (Z), a pa3sHOCTh MEXAy HUMHU paBHAa YUCIy HEHTPOHOB
N = A — Z. Cymma Macc IPOTOHOB ¥ HEHTPOHOB aTOMHOTO /pa BCerjia HECKOIb-
K0 GonbIle, ueM Macca sapa. Hanpumep, macca sapa usotomna * ;He, conepiariero
JIBa TIPOTOHA W JBa HeWTpoHa, coctaBisieT 4,001506 a.e.M., a cymMmMa Macc 3THX
yeThlpeXx HyKIOHOB paBHa 4,031882. Pasmmma ( medekT Macchl) COCTaBIseT
0,030376 a.e.Mm. JledeKT Macchl OnpeaerseT YCTOHINBOCTh aTOMHBIX SIIEp B dHEP-
THIO CBSI3M HYKJIOHOB B siipe. OH COOTBETCTBYET 3HEPTHH, KOTOPask BBIACIACTCS
mpy 00pa30BaHUM sIpa U3 MPOTOHOB U HEUTPOHOB M MOXKET OBITH pacCUMTaHa IO
ypaBHEeHHIO DiiHIITENHHA: E = mc’.

B Hacrosmmee BpeMs A BCEX 3JIEMEHTOB H3BECTHBI M30TOIBI: BCETO OKOJIO
300 ycroiiuuBeix U Oonee 1400 HeycTOHYMBBIX (paaroakTUBHBIX). Onpenensor
UX IO MaccaM (Macc-CHeKTPOMETpPHs), a PaAHOAKTUBHBIE — IO CIEKTpaM H3JIyde-
Huda. UccnenoBanus, npoBeneHHble B KOHIE XIX Beka M Havane XX, MOKa3aiu
HETIPUMEHUMOCTD 3aKOHOB KJIACCHYECKOW (DU3UKH JUIsl OTMCAHUS TIOBEICHHS MUK-
poobwexToB. Ha ocHOBe 3THX HccienoBaHUN Obljla cO3/1aHa HOBast HayKa — KBaH-
ToBas ( BOJIHOBAs) MEXaHUKa, B OCHOBE KOTOPOM JIeKaT MPEACTaBIECHUSI O KBAaHTO-
BaHWM 3HEPI'HHU U JIBOMCTBEHHOH ( KOPITYyCKYJISIPHO-BOJIHOBOI) NPUPOJE MUKpOYa-
CTHIL.

XUMHUYECKHE CBOMCTBA aTOMOB OMNPEACIAIOTCS MX 3JIEKTPOHHBIMH 00O0JIOUYKa-
MH, TT03TOMY XMMHKaM HEOOXOJMMO 3HAaTh CTPOCHUE 3THX 000JI0UEK; 3TO, B CBOIO
odepellb, 03HAUYAeT HEOOXOUMOCTh ONMCAHHS COCTOSIHHUS JIEKTPOHOB B aTome. B
OCHOBE KBaHTOBOW TEOPHH 3JIEKTPOHHOTO CTPOCHHUS aToMa JIeXaT paccMaTpHBae-
MBI€ HIDKE SKCIICpUMEHTAIbHbIE TaHHbIe. ATOMHBIM CIIEKTp SIBISETCS BaKHEHIEH
XapaKTepUCTHKON aToMa M OTpakaeT ero BHYTpeHHee cTpoeHue. [lmaHerapHas
mozenb Pesepdopaa mporuBopeunna (akTy ycTOWYMBOrO CYyLIECTBOBAHMS aTO-
MOB. B pe3ynbpTrare yCKOPEHHOTO OBIDKEHHS AJIEKTPOHA PACXOAYETCS SHEPTHS ero
3JIEKTPOCTATUYIECKOTO B3aMMOJAEHCTBHSA C SIPOM H, COTIACHO pacderam, depes
10" ¢ anekTpoH KomKkeH yracTh Ha spo. CormacHo Mozenu Pesepdopa, sHeprus
aToMa JI0JDKHA YMEHBIIAThCS HENPEPHIBHO 3a CYET M3JIydeHHs, oOpasyromiero
cIuIomHON cnekTp. OJHAaKO SKCHEPUMEHTAIbHO YCTAHOBIEHO, YTO BCE aTOMHBIE
CIEKTPHI UMEIOT JIMHEW4aThld ( JUCKPETHBIH) XapakTep. ATOMHBIE CIIEKTPhI MHO-
TUX JJIEMEHTOB MMEIOT OUY€Hb CIIOKHYIO CTpyKTypy. Hampumep, cmektp atoma
JKeJle3a HaCUMTHIBAET CBBINIE 5 ThICSY JMHUNA. Hanbosee npocToii criekTp y atoma
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BoJOpoza. B Buanmoii 0o61acTu ceKkTpa aTroMa BOAOpPOJa UMEETCS TONBKO 4 JIH-
HuH. VI3 3TOrO CliemyeT, 9TO aTOM MOXKET HaXOAWTHhCS B HECKOIBKHUX ( MHOTHX)
SHEPTeTUYECKUX COCTOSHUSX, HO OHM HE HEMPEPBIBHBI, a IPEPBIBUCTHI, TO €CTh
KBaHTOBaHBIL. Ilepexox n3 0JHOTO COCTOSHHMSA B APYTrO€ MPOUCXOIUT CKadykoM. [Ipn
3TOM M3JTy4aeTCsl WM TTOTJIOMACTCS JIEKTPOMarHUTHOE H3IyIEHHE ONPEICIICHHON
YacTOTHI U JUIMHBI BOJHBI. M3 37€KTPOXUMHUYECKUX HCCIIEIOBAHUH, TPOBEACHHBIX
B INIEpBO IMOJOBUHE 19-rO CTOJETHS, CTaJO OYEBHIHO, YTO aTOMBI MOTYT HECTH
MOJIOKUTENNBHBIA WM OTPULIATENBHBIA 3apsijl, TOCKOJIBKY OHH BBIJICINSIOTCS Ha
KaToje wiu aHoje mpu anekrponuse. B 1870 roxy CToHH mIbITancs onpenenuTh
BEJIMUMHY €TUHUYHOTO 3apsja, CBS3aHHOTO C OJHUM OJHOBAJCHTHHIM aTOMOM M
Ha3BaHHOT'O MM 3JIEKTPOHOM. 3apsiJi ¥ Macca 3JIEKTPOHA ObUTH ONpeJesieHbl TT03Ke
P. Mammkernom (1909 t.): 3apsin qe =1,602.10"° Ki; a Macca mokost 3JIEKTPOHA M
=9,11.10"" kr.

B ombitax mo paccesamio o-gactui (He?") D. Pesepdopmom Gbu1o mokasaHo,
YTO TIOYTH BCS Macca aroMa COCPEIOTOYECHA B OUYCHb MaJloM 00BeME — IIOJIOKH-
TENBHO 3apshkeHHOM siape. CormmacHo Mozaenn Pesepdopma, BOKpyT siipa Ha OTHO-
CHUTEJIFHO OOJIBIIOM PACCTOSTHUHM HEIPEPBIBHO IBHKYTCS 3JICKTPOHBI, TIPHUYEM KX
YHCJIO TaKOBO, YTO B IIEJIOM aTOM 3JIEKTpUYECKH HeWTpasneH. Juamerp aapa npu-
MepHO B 10° pa3 MeHbIIe aToMa, a Macca OJHOTO MPOTOHA mpuMepHo B 2000 pa3
6osblIIe Macchl 3JIEKTPOHA.

Jnst oObsicHeHUsT 0COOEHHOCTEH CIEKTPOB H3JIyYEHHs HAarpeThiX Tesl HeMell-
kuM yueHsiM M. [lmankom B 1900 r. Oputa mpeanoxeHa Teopusi, OCHOBaHHAs Ha
TIPEIION0KEHUH, YTO YHEPTUd HE M3IydaeTcsl aTOMaMHU HEIIPEPBIBHO, a UCIyCKa-
eTcsl OTACIBHBIMH MEJIbYAHIIUMI HEJETMMBIMHU TIOPIUSIMH — KBAHTaMH, BEJIMINHA
KOTOPBIX 3aBUCHUT OT YacTOTHI M3JIydaeMoro cera. JHeprus ksanTa (E) mponop-
[MOHANBHA YacToTe u3nydeHus (konebanus) v: E = hv, rme E — sHeprus kBaHTa
(J1x); v— 4acToTa, ¢ '; A — [UIMHA BOIIHBI n3nydeHus (cM); h = 6,626.10* ( JIx.c) —
noctostHHast [lnanka ( Mepa auckpernoctH). Ilocrostanas [Inanka — oqna n3 dyH-
JAMEHTAJIBHBIX MTOCTOSHHBIX, OHA BXOJHUT BO BCE KBAHTOBO-MEXaHWYECKHE COOT-
HoureHus. CorylacHo ypaBHeHUI0 [11aHka SHEpPrus 4acTHIBI MOXKET MEHSTHCS Ha
BEJIMUMHBI, KpaTHble h v. M311y4yas KBaHT CBeTa, aTOM IEPEXOAUT M3 OAHOTO IHEp-
TEeTUYECKOTO COCTOSIHUSA B Jipyroe. TakuM o6pa3oM, MPOUCXOXKAECHUE JINHEHIAThIX
CIIEKTPOB MOKHO OOBSICHATH KaK Pe3yJIbTaT Mepexo/a SJIEKTPOHOB B aTOME MEXKIY
JIICKPETHBIMU COCTOSIHUSIMHU, 00J1aal0INMH JIUCKPETHBIMU 3HAYCHUSIMU SHEPTHH.

B nanpueiimem B. I'eitsen6epr (I'epmaHust) MCTONKOBAJI B3aUMOCBS3b BOJIHO-
BBIX M KOPITYCKYJIIPHBIX CBOWMCTB 3JIEMEHTApHBIX YacTUI] B BHIE COOTHOIICHHS
HeonpeneneHHocTe. CoriacHo 3TOMy MPUHIMITY HEBO3MOXKHO B JJAHHBIH MOMEHT
BpPEMEHHU TOYHO ONPEENIUTh MECTOHAX0XKICHUE YaCTHIIBI M €€ UMITyJIbc P = mv:
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AX AP = —.

CoBpeMeHHasi TEOpHs CTPOEHUs aToMa OblIa BIEPBBIE MPEUIOKEHA aBCTPUM-
ckuM uszukom O. Hlpenunrepom (1925-1926), KOTOPBIH 00BEIUHWI B €AUHOM
BOJIHOBOM YPaBHEHHH OIUCaHHE JBIKEHUS DJICKTPOHA KaK YacTHUIIBI C €ro OIuca-
HHEM B Buje BONHBI. YpaBHeHue lllpenunrepa — ¢yHmaMeHTaIbHOE ypaBHEHHE
KBAaHTOBOW MeXaHHKH. OHO OTHCHIBAET JBIKCHHE 3JIEKTPOHOB B aTOME C YUETOM
UX JBOWCTBEHHOM NPUPOIBL:

n o Ay #ly Ay
-——{—+—5+—=)+Uy=Ey
En'm &x° " oz

rae h — mocrosiHHas [Inanka; m — macca anekTpoHa; E — ero momHas sHeprus;
U — noTeHIMaIbHAS SHEPTHUS, X, Y, Z — KOOPAUHATHI; ¥ — BOJHOBAs (DYHKIIUS 3J1€K-
TPOHA — aMIUTUTY/Ia €70 BOJIHOBOTO ABM)KEHHS B TPEXMEPHOM IPOCTPAHCTBE.

IIpn pemennn ypaHeHus lllpenuHrepa HaxXoIsT 3HEPTHIO 3JIEKTPOHA M €r0
BOJHOBYIO (yHKuHIO . TOUHOE penieHne ypaBHEHHUs MOJTydaeTcs AJisl aToMa BO-
JI0poJia WIM BOAOPOJONOAOOHBIX MOHOB, & JUII MHOTOIEKTPOHHBIX CHCTEM HC-
MOJNB3YIOTCSL  pa3iuyHble  NpuOmmkeHus. KBagpaT  BoJHOBOW  (yHKUMH
yPonpeensieT BeposSTHOCTh OOHAPYIKEHHS SIEKTPOHA HA TOM HIIH HHOM PACCTOSI-
HHUHM OT si/Ipa aroMa. B CBS3M ¢ HOBBIMH TIPEJCTABICHUSIMHU O ABHIKEHHH 3JIEKTPO-
HOB B aTOMax B KBaHTOBOW MEXaHHKE IOSBIISETCS HOBOE MOHATHE — aTOMHAs Op-
OuTanb.

AromHas opourtans (AO) — 006acTb ATOMHOTO TPOCTPAHCTBA, B KOTOPOIl IBH-
JKETCsI BJIEKTPOH; 00JIacTh Hanbosee BEPOSITHOIO HaXOXKJICHHUS dJeKTpoHa. Dopmy
AO omnpenensier TpaeKTOPHUS ABWKEHUS ICKTPOHA. ATOMHAsi OpOHTallb XapakTe-
pusyercst sHeprueH, GopMoii U HaIllpaBJIEHHEM B IIpocTpaHcTBe. Bee aTn xapakre-
PHUCTHKHM KBaHTOBaHBI (M3MEHSIOTCS CKaYKaMM), OHM OIMCHIBAIOTCSI C MOMOIIBIO
KBaHTOBBIX YHCEJL.

2.2. KBanToBbI€ YncJIa

CocrosiHiEe JIEKTPOHA B aTOME ONMCHIBAIOT YEThIpe KBAHTOBBIX YMCIIA, KOTO-
pBIe XapaKTepU3yIOT SHEPTHUIO AJIEKTPOHA, (OPMY IEKTPOHHOrO 00Jaka, ero opu-
EHTAIMIO B MPOCTpaHcTBe M ero ciuH(puc. 2.1.). [Ipu nepexosne atoma U3 0JHOTO
COCTOSIHUSI B JPYTO€ IPOMCXOJAUT IEPECTpOiiKa 3JIEKTPOHHOrO o0JjlaKa, TO €CTh
WU3MEHSIOTCS 3HAYCHUS! KBAaHTOBBIX YHCEN, YTO CONPOBOXKIAETCS IIOTJIONIEHUEM
WM UCITyCKaHHUEM aTOMOM KBaHTOB 3HepruH. I 1agnoe keanmosoe uucio (n) xa-
paKTepu3yeT 3HEPTHI0 UIEKTPOHA HAa JAHHOM 3HEPreTHUECKOM YPOBHE, HCIOIb3Y-
eTcsl KaKk HOMEp YHEepreTHIecKOro ypoBHs | TaBHOE KBAaHTOBOE YHCIIO MMEET 3Ha-
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ot OykBamu K, L, M, N . ., KOTOpbIE OOTBETCTBYIOT YHCIICHHBIM 3HAYCHHSM 1,
2, 3, 4.... Uem MeHbIIe n, TeM OOJBIIE SHEPTHS B3aHMMOICHCTBHA AIIEKTPOHA C
SPOM.

SHEPTUA

OPBMTANBHHIA MOMENT
KONUMECTBA ABUXEHUA

BENUYUHA I l HATNPABNEHHE

!

(my=x '/2)

=123, o {=0,1,2, @)

Puc.2.1.XapakTepucTHKA COCTOYHMSI 3JIEKTPOHA B aTOMe

Opoumanvnoe keanmosoe uucno (1) onpenenser GopMy aToMHON OpOUTAIIH,
XapaKTepu3yeT SHepreTHYECKUi MT0IypOBeHb U NpHHUMaeT 3HadeHus ot 0 1o (n-
1), To ectp n 3HaueHnii. OpOHUTANBHOE KBAaHTOBOE YHCJIO MPHUHATO 0003HAYaThH
OYKBEHHBIMU CUMBOJIAMH:
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DIeKTPOHBI ¢ OJMHAKOBBIM 3HaueHHeM | o06pas3yloT B aroMe SHEpreTHYecKuii

OTypOBeHb (puc.2.2.).

Z

/_’ 2s * }/_’
X
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y
Puc. 2.2.@0pMBbI 2J1eKTPOHHBIX 00/12KOB /151 PA3JIMYHBIX COCTOSIHHIA JIEKTPOHOB B ATOMaxX

Tabnuima?2.2 - O6o3HaueHHe OPOUTAIBLHOI0 KBAHTOBOI0 YHCJIA U MOJI-
YPOBHe#

n (3HEPreTHYECKUI YPOBEHb) | (3HepreTHUecKuii TOYPOBEHB) O0o03HaueHHe MOTyPOBHEIT
1 0 1s
2 0,1 2s, 2p
3 0,1,2 3s, 3p, 3d
4 0,1,2,3 4s, 4p, 4d, 4f
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Kaxxgomy 3HaueHnto 1 cooTBeTCTBYET OpOUTANE OTNpeneneHHon Gpopmbl. Pemre-
Hue ypaBHeHus Llpenuarepa mokaszano, uto s-opoutans (1 = 0) mmeeT dpopmy mia-
pa, p-opburains (1 =1) — hopmy rarrenn u T. A.. {75 3IEKTPOHOB MIEPBOTO HEPTE-
TUYECKOT0 ypoBHSA (n = 1) BO3MOXHA TOJIEKO oHA (hopMa opOuTanu (S), 111 BTO-
poro (n=2)—aBe (sup) u T. 1. Takum 0Opa3oM, SHEPTeTHIECKHAE YPOBHU COCTO-
AT U3 OJHOTO WM HECKOJIBKUX 3HEPreTHUECKHUX MoAypoBHEH. [t n = 1 BO3MOXEH
TOJILKO OJIMH moaypoBeHb ¢ 1 =0, mmain=2—nBacl=0wul=1 uT n(radm.2.2.).

CocrosiHHE 3JIeKTpOHa B aToMe 0003HavatoT nudpamu u OykBamu. Hampumep,
3MEeKTPOH, Yy KoToporo n = 1 u I = 0, o603HauaroT 1s. CocTosiHEE 4p O3HAYALT, YTO
9JIEKTPOH HAXOJIUTCS Ha YETBEPTOM SHEPreTH4ecKoM ypoBHe (n = 4); ¢dopma opou-
Tanu coorBercTByeT rantenu (1= 1) u .1.

Maznumnoe keanmoeoe uucio (m) — XapaKTepU3yeT NPOCTPAHCTBEHHYIO
opueHTaIuo opoutany. OHO 3aBUCHUT OT OPOUTAIBHOTO KBAHTOBOTO YHCIIA  TIPH-
HUMAaeT 3Ha4eHHs OoT — | 1o Hyst ¥ oT Hyns no + 1. Hanpumep, ecamn opdutansHOe
KBaHTOBOE 4HCJI0 paBHO 0 (S-OpOHMTaNb), TO MAarHUTHOE KBAHTOBOE YHCIIO MMEET
onHo 3HaveHue (0), ecu opOUTaIbHOE KBAHTOBOE YUCIO paBHO | (p-opOurtans), To
MarHUTHOE KBaHTOBOE YMCIIO MMEET Tpu 3HaueHus: —1, 0 m +1, a ecnmn opOuTans-
HOe KBaHTOBOE 4HMCIO paBHO 2 (d-opOWTanbp), TO MarHUTHOE KBAHTOBOE YHCJIO
uMeeT nath 3HadeHuit: —2, —1, 0, +1 u +2 u 1.4 Takum 00pazoMm, A KaxI0ro
3naueHus | umeercs (21 + 1) 3Hauennit m. Bee opOuranu ogHoro nmoxyposHs 1 06-
JaJaloT ONUHAKOBOM JHEprueil, HO M0-pa3HOMY OPHEHTHPOBAHBI OTHOCHUTEIBHO
Ipyr apyra. Takue COCTOSIHUSI DJIEKTPOHOB B KBaHTOBOIH MEXaHHKE HA3bIBAIOTCS
BBIPOXKICHHBIMH: P-COCTOSTHHE TPEXKPAaTHO BBIPOXKIEHO, d-COCTOSHHE — MSTH-
KpaTHO | T.1.

W3yueHne aTOMHBIX CIIEKTPOB ITOKa3ajlo, YTO TPEeX KBAHTOBBIX YHCEN HEJOCTa-
TOYHO JUIS OTMCAHUS CBOMCTB 3JIEKTPOHOB. J[OMOIHMUTEIHHOE YETBEPTOE KBAHTO-
BOE UHCIO — cnuHogoe (s) ("spin" — BpaIlleHHe, BEPETECHO) — XapaKTepPH3yeT co0-
CTBEHHBIH MEXaHWYECKHH MOMEHT ABI)KEHUS HJICKTPOHA, KOTOPOE YCIOBHO Ipe.-
CTaBJIIOT KaK BpAlIeHHEe BOKPYT coOCTBEHHOI och. OHO MOXKET NMPOUCXOAWTH B
JIBYX B3aMMHO NPOTHBOIIOJIOXHBIX HarpasieHusx. [l03ToMy CIIMHOBOE KBaHTOBOE
YHUCJIO0 MMEET TOJIBKO JBa 3HaueHus: +1/2 u — 1/2. Hanuuwe criuHa y 3eKTpoHa
OBUIO MOJTBEPIKACHO DKCIIEPUMEHTAIBHO. DJIEKTPOHBI C pa3HbIMU CIMHAMHU 000-
3HAYAIOTCs CTPEJIKAMH, HATIPABJICHHBIMH BBEPX U BHU3.

2. 3.IIpaBuia 3anoJHEHUS] AaTOMHBIX OPOUTAJIEl U MOAYPOBHENH

Pacnpenenenue 31eKTpOHOB B MHOT'O3JIEKTPOHHBIX aTOMax 0 YHEPT€TUYECKUM
YPOBHSIM U MIOJYPOBHSIM HOJTUHHSIETCS CIEIYIONINM 3aKOHAM:

Ilpunyun naumenvuieil IHepzuu. DNEKTPOHBI B aTOME PACHPEACTISAIOTCS IO
opOUTANISIM TaKUM 00pa3oM, UTO DPHEPIHsI aTOMa OKa3bIBAETCS HauMeHbIen. Kax-
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IO aTOMHOW OpOMTaIM OTBEYAeT OIpenelneHHas >Heprus. [lopsamox ciemoBaHUs
AO 110 5Hepruy onpenensercs 0gyma npasuramu Kneukoeckozo:

1) sHeprHst 3JI€KTPOHa B OCHOBHOM OMpPEeNSIeTCs 3HAYEHHSIMH TJIABHOTO (n) u
opb6uransHOTOo (1) KBaHTOBBIX YHCEI, IO3TOMY CHaYaja JIEKTPOHAMH 3aIOTHIIOTCS
Te TIOAYPOBHH, JJIsI KOTOPBIX cyMMa (n + 1) MeHbIIe.

Hanpumep, Mo>kHO OBITIO OBI MIPEANOIOKHUTE, YTO 3d-ITOTyPOBEHb MO SHEPTUH
HIKe, yeM 4s. OnHako, coryiacHO npaBuiy KiieukoBckoro, sHeprust 4s-COCTOSHUS
MeHsble, yeM 3d, Tak kak it 4s cymma (n+1)=4+0=4, ama3d— (n+1)=3
+2=5.

2) B ciayuae, ecni cymma (n + 1) ams [ByX moxypoBHe# oguHaKOBa (HampuMep,
it 3d- u 4p-TIoAypOBHEH 3Ta CyMMa paBHA 5), CHavaja 3aroHsICTCs 3JICKTPOHA-
MH ypOBEeHb ¢ MeHbBIIMM n. [loaToMy (opmupoBaHHEe YHEPreTHYECKHX YpPOBHEH
aTOMOB DJIEMECHTOB YETBEPTOTO MEpHOJa MIPOUCXOAUT B TAKOW MOCIIENOBATEIBHO-
ctu: 4s — 3d — 4p.

Hanpumep: +21SC 15°25°2p°3s?3p®4s°3d”.

Takum oOpa3om, ¢ ydeToM mpaBui KIe4KOBCKOIO 3HEPrus aTOMHBIX OpOUTa-
JIeil BO3pacTaeT COrJIacHO Psy
1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s<4f<5d<6p <T7s<5f

<6d<7p

Ilpumeuanue. 3nak < o3Ha4aeT, yTo >Hepruu AO ONU3KHU, TaK YTO 3/1€Ch BO3MOXKHO HapylLIEHHE

npasu Kiieukosckoro.
HOJ’IBSy;ICL OTUM PSAAOM, MOXHO OINPCACIIUTb 3JICKTPOHHOC CTPOCHHUC JIF000r0
aToma(puc.2.3.).
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Puc.2.3. Pacnpeneiienue 3JIeKTPOHOB N0 OPOUTAISIM B ATOMAX I'eJIMsl M 2JIEMEHTOB BTOPOI'0 NepHoia

J1J1s1 3TOTO HYXHO MOCIIEAOBATENIFHO 100aBIATh M pa3MeIlaTh Ha OAYPOBHSX U
aTOMHBIX OpOHTANAX 3JeKTPOHBI. [Ipy 3TOM HEOOXOAMMO YYMTHIBATH MPUHINI
ITaynu u nBa npasuna ['ynna.

Ipunyun Ilaynu onpenenser emkocth AO: B aTOME€ HE MOXET OBbITh IBYX
3JIEKTPOHOB C OJMHAKOBHIM HA0OPOM BCEX YEThIpeX KBAHTOBBIX 4Hcel. VIHBIMHU
cnoBamH, Ha ogHOM AO, XapakTepu3yeMol TpeMs KBaHTOBBIMH YHCIAMH, MOXKET
Pa3MECTUTBCS TOJBKO JIBA 3JIEKTPOHA C NPOTHUBOIOJIOKHBIMU CIIMHAMH, T.€. IS
onHo AO MOXHO 3amucaTh JjBa BO3MOJXKHBIX BapHaHTa €€ 3allOJHEHUSA: OJHUM
31eKTpoHOM | M IByMs snekTpoHamu |T. Ilpu 3TOM KOHKpETHOE HalpaBiieHUE
CIIHMHA JUIS OJTHOTO 3JIEKTPOHA Ha OpPOMTAIIM HE MMEET 3HAYCHUS, BXKHO JIMIIb, YTO
CIMHBI 171 BYX JIEKTPOHOB Ha OJHOM AO HMEIOT NPOTUBOIOJIOXKHBIE 3HAKU.
[Mpuaunn Ilaynu 1 B3anM03aBUCHMOCTD MEXK/1y 3HAaU€HUSAMHU N, |, 1 m onpeaensior
MaKCHMAJIbHO BO3MOKHOE KOJMYECTBO JJIEKTPOHOB Ha OpOHTaNM, MOJYpOBHE U
YPOBHE:

— Ha o1HO AO — 2 31eKTpoHa;

— Ha moxypoBHe 1 — 2(21+1) anekTpoHa;

— Ha ypOBHE N — 2n? 3JIEKTPOHOB.
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Jea npasuna Xynoa (I'ynoa) onucsiBaloT NOPSAOK 3aI0JHEHUS 3JIEKTPOHAMU
AO 0IHOTO TOAYPOBHS:

Ilepeoe npaguno: B NaHHOM TIOJYPOBHE JJICKTPOHBI CTPEMATCS 3aIONHATH
sHepretudeckue coctosHua (AO) TakuM 00pa3oM, 9TOOBI CyMMa WX CHHHOB IIO
abcoMIOTHON BeMMuuHE ObUTa MakcuManbHA. [Ipu 3TOM 3HEpPTHsl CHCTEMBI MUHH-

MaJIbHA.

Oco0y10 pojib B XMMHH MIPAIOT JIEKTPOHBI TOCIECTHUX HE3alOJIHEHHBIX YPOB-
Hell ¥ NoJypOBHEil, KOTOpbIe HAa3bIBAIOTCS BAJICHTHBIMH.

ITo Ha3BaHMIO MOCJIEHETO 3alOJIHAEMOrO MOJYypPOBHS 3JEMEHTH HA3bIBAIOTCA
S-aJieMEHTaMH, p-dieMeHTamHu, d-anemeHTamu U f-anemenramu. HaiineHHble mo
OINMCaHHBIM TIpaBHiIaM (OPMyIIbl BaJICHTHBIX JJIEKTPOHOB HA3bIBAIOTCSI KAHOHHUYE-
CKUMH. B nmelicTBuTENBbHOCTH peanbHBIE (OPMYIIBI, ONpEACNsEMbIE M3 3KCIEpH-
MEHTa MM KBAHTOBOMEXAaHHYECKUM PacueTOM, HECKOJIBKO OTIMYAIOTCS OT KaHO-
HHUYECKHX, T.K. paBuia KieukoBckoro, npuHnun [laynu u npasuna ['yHna nHorna
HapyIIaloTCA.
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