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JIEKITNS 7

KBanToBasi pmnsmuka

Ecnan Bemuunna F coxpansiercsi, To

d<F>

0.
dt

Tenepb HY2KHO MOHATD, CIIPABEJIUBDI JI 3aKOHBI N3 MAKPOMU3UKI B KBAHTOBO (husu-
Ke. B KkBaHTOBO# (hu3uKe IBOIONUS CUCTEMBI OLIpEIeaTCs dBotonueit -byukmn. Kak
3aAIMCATh 3aKOHBI COXPAHEHUSI C TIOMOIIBIO Y-pyHKIIN?

Benuuuna F' coxpansgeTcs, ecjii, OHa KOMMYTHPYET ¢ TaMUJIBTOHUAHOM CHCTEMDI:

[HF)=0=HF —FH — cko6ku Ilyaccona.
IIpumep 7.1 (s sHeprum). S
HH—-HH =0

IIpumep 7.2 (i uMimysibca).

st yTJIOBOrO MOMEHTA 9TO TOYKE BEPHO.

B kBanToBoit husmke ects erre Apyrue 3aKoHbl. OMUcaHe CUCTEMbI HE JOJYKHO 3aBH-
CeThb OT TOr0, KAKyI0 CUCTEMY KOODJMHAT MbI BBIOpaIN — IPaBYIO WX JieByi0. [oBOpHT,
YTO 3TO Ollepalusd — olepalus HHBEPCUH.

R — s

Omnepanust ”HBEPCUN SKBUBAJIEHTHA 3€PKATbHOMY OTParKEHUIO.

Puc. 7.1.

MozkHO /Tt HA caMOM JieJie OJHO3HAYHO BBIOPATH JIEBO U TIPABO?
Y10 nmpoucxouT ¢ BOJIHOBOH (GyHKIMEN Tpn 3epKaJbHOM oToOparkenun! Beemem orre-
paTop MHBEPCUU U IOJEHCTBYEM UM Ha BOJHOBYIO (DYHKIIUIO

py(r) = o(=r).

JIBoitHOE IMpUMeHeHne olepaTopa MHBEPCUN HUYIETO HE MEHSeT:

PU(r) = p(py) = pio(=r) = d(r).


http://lectoriy.mipt.ru

http://lectoriy.mipt.ru 2us3 b

Jleknua 7. KBanroBas ¢usnka

CobcTBeHHBIE 3HAYMEHUS OIIEPATOPa P:
Y = T,

rae m — 3TO COOCTBEHHBIE 3HAUCHUS orrepaTopa.

22

P =7,
Orciozia mosrydaeM, 4To cOOCTBeHHbIE 3HaYeHUs: T = F1. 3HaunT QyHKIUA MOXKET ObIThH
cumMeTpuaHON min acummerpudnoil. [lycrs dyukiusa cunmerpuuna. CoxpansieTcs Jin
omepaTop MHBEPCUN!

pH — Hp = 0.

[TockosbKy coOCTBeHHBIE YHUC/Ia OllepaTopa uHBepcuu +1, To 3TO BbINOIHAETC. [0BOPAT,
YTO 9€THOCTH BOJTHOBOI (DyHKIHE coxpaHsieTcs. OHa MOxkKeT ObITh Y€THON MM HEIEeTHOII,
T. K. IMEHHO 1? oIpeJieiaeT BepOaTHOCTD.

Oxka3zbIBaeTCsd, 9TO YACTHUIBI TOXKe 00JIaJIAal0T YeTHOCThI0. Jlg mporona, HeHTpoHA:
7y = +1 A g atoma yimtusi: m = —1. Hanpumep, i1 peaknuu:

p+"Li —*He +*He

3aKOHBI COXPAHEHUs SHEPIUH, UMILYJIbCA, TO3BOJISIOT €€ MPOBECTH, HO 3aKOH COXPaHe-
HUS 9€THOCTU He TO3BOJIAET TON peaKIni CYIeCTBOBATD.

Ecnn ecTh aBE 9aCTHUIIBI, Y KOTOPBIX CBOM Y€THOCTH 71, Ty W OHU HAXOJATCS B COBMECT-
HOM JIBUKEHUU ¢ OPOUTATILHBIM MOMEHTOM [, TO CyMMapHas YeTHOCTD

Ty = mma(—1)%

B saBucumocTu or umcia [, cucrema 3JeKTPOHOB B aTOME MOXKET ObITh UeTHOW WJIN
HEYECTHOMN.

Ho 6b11 1mpoBejieH SKCIlepuMeHT, B KOTOPOM YeTHOCTb He coxpaHsiercd. Bce, 9TO MbI
paccMaTpUBAJII — 3TO HEPEJISITUBUCTCKUN ciIydail, a B PEJIITUBUCTCKOM — YECTHOCTh
MOXKET He COXPaHSIThCH.

B mMukpomupe ecTb oJiIMHAKOBBIE YACTUIILI. Harpumep 371€KTPOHBI WJIM aTOMbI JIMTHUS.
STO Ha3bIBACTCA IIPUHIUII TOZKJICCTBEHHOCTH.

W3 npuHIuna ToxK/1eCTBEHHOCTH BBITEKAET OYCHb BAYKHBIN MPUHITAIL: TIPU CMEHE TOXK-
JIECTBEHHBIX YACTHUIL HUYEro He TOMEHSIETCS.

CocrosiHue CUCTEeMbI OIUCHIBAETCsT HAOOPOM KBAHTOBBIX unces. OHU OIMCHIBAIOTCS
KBaHTOBbBIMU YHMCJIaMU 61, 62. OHepaHI/IH CMEHbI 9aCTHUIl HE TOXKIAECTBECHHaA OTPazKCHHIO.
Ho eciin [ = 0, To 310 TO 2Ke camoe.

CymMmMapHast BOJTHOBast (DYHKITUST JIBYX UACTHI

@1,2(51752) = €ia‘1/2,1(52, 51)-

S,HQCB MbI ,LLO6&BHHH (ﬁl)aSOBbIﬁ MHO2KHUTEJIb, KOTOprfI HE MEHACT MOJIYJ/Ib.

W1 2(&1, &)1 = [Wo1(&, &)

Orcrosia ostydaeTcst, ITo
eZCM — :l:l

— TO 2Ke€ CaMoOe€, 9TO U JIJid Oollepalluil MHBEPCHUMH.
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cDyHKL[I/II/I OLIBAIOT CUMMETPpUYIHBbIC 1 aHTUCUMMETPpUYIHbIC!

W(&1,6) = V(&2 61).

Ecnm mmoc, To cummerpudHasg. Munyc — aHTHCHMMeTPUYHAS.

YacTuis!, 061a/1a10MIne MeIbIM CIIMHOM, HasbiBaloTced 6ozonamu. Hampumep, 7, v, He.
OHM OIHUCHIBAIOTCS CUMMETPUIHBIMU BOJTHOBBIME (DYHKITASIMHU.

Yacruipl, obagaomme MoayneabiM CIIMHOM, Has3biBatoTcs (epmuonbl. Hampumep,
e, p,n,>He. OHI ONHUCBIBAIOTCS aHTHCHMMETPHYHBIME BOJTHOBBIMHI (DYHKITHAMIL.

Kak npaBmjibHO 3anmcaTh BOJHOBYIO (DYHKIIMIO JIBYX YaCTHIL, OMUCHIBAIONINXCA KBAH-
ToBBIMU uncyiaMu & u &. Hajgo yauTeiBaTh, YTO MBI HE MOXKEM OTJIMIUTH OJIHY YACTHUILY
OT JAPYIOW.

\I]CI/IM(aHTI/ICI/IM) = % {wa (él )1/16 (52) + wa (52)1% (51 ) } .

Mpbl cuMMeTpu30BaIn BOJTHOBYIO (byHKINO. ToXKIeCTBEHHBIE YACTHUIIBI BXOIAAT CHMMET-
puvHO. DTa BOJIHOBas (DYyHKIUS J/TsI JIBYX 9acTUIl & 1 [, ¢ KBAaHTOBBIMU ducyiamu & u &o.
Teneps momectum gactuisl BMecte: o = (. Torma momyantes Voymens = 0.

OkasbIBaeTCst, ecjau JacTHIlbl — (DEPMHUOHBI, TO OHU HE MOT'YT HaXOJUTCS B OJHOM U
TOM K€ KBAHTOBOM COCTOSHWHU, B OJIHOI U TOI Ke TOYKE IMPOCTPAHCTBA.

Puc. 7.2.

A ecimm yacTHUIBI — OO30HBI, TO OHU MOTYT HAXOIUTHCSI B OJHOM M TOM K€ MeCTe, IMesT
OIMHAKOBbIE KBAHTOBBIE YHUCJIA.

Buepssie, na 310 obparui sBuumanue [layu, mosToMy 3TO HA3BIBAIOT MPUHIIAIIOM 3a-
npera [laynu. B cuny 3anmpera Ilaymnu, ece asexmponvt ne cousaromesn ma nusntcnuti sHep-
2emudeckutl YpoBeHs, G BLIHYHCIEHDL PACIPEIEAANDLCA NO YPOSHAM.

Tenepb MbI MOXKeM 00bACHUTL Tab Uiy Meneeena.

2 (H, He), 10 (...Ne), 18 (... Ar), 36 (...Kr), 54 (... Xe), 86 (...Rn).

DT Ync/ia Ha3BAJIM MAruvecKue, OTOMY UTO HUKAKOM 3aKOHOMEDHOCTH B HUX HalTH
He moryu. Ho ceifuac MBI MOKazkeM, 9TO OHHU CJIEIYIOT U3 3aKOHOB 3allOJIHEHUS 3JIEKTPO-
HaM# ypOBHEIL.

Memn ie1eeB pacipe/Iessi 3JIEMEHThI B COOTBETCTBUU € MACCOi 3j1eMeHToB. 3atem Mo3z-
JIN TIPEJIJIOXKUIT PACIpeIesIATh JIeMEeHTHI 10 3aps iy sjapa. Ho kak HaliTu 3aps siapa’

DJieKTpoHbl pacnosaraiorcsd Ha ciaogx. K, L, M-ciou. Eciiu ob/1yanTs aroMm usiryueHu-
€M, TO MO2KHO BBIKMHYTh, HarpuMmep, arom u3 K-obomouku. Ho ero mecto cpasy xke 3aiimer
9JIEKTPOH ¢ OOJIee BBICOKOTO YPOBHSI W IIPHU 3TOM HU3JIYYHTCA KBAHT cBeTa. VI3mepuB 310
n3mydenne, Mo3an moyInns TaKyo 3aBUCHIMOCTbD:

Vv=a(Z —b) — zakon Mozmu  (a,b — const).
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Puc. 7.3.

[Ipu nepexosie, OyIeT U3/IyUaThCA TaKasi SHEPIHs:
hw, = Ey — Ej.

CaMblit OJIMKHUI K s/IPY 9JIEKTPOH HE UyBCTBYET BJIUSHUS JIPYTUX JIEKTPOHOB.

s ciemyionero snekTpona 3pheKTUBHBIN 3apsi/ OyIeT MeHbIIe Ha 1, T. K. €ro 9Kpa-
HUPYET 3JEKTPOH Ha HIKHEM YpOBHE. [[j1g 97IEKTPOHOB CJIeYIONIEro YpoBHS, 3(hHeKTHB-
HBII 3aps1 Oy/IeT MeHbIIle Ha % = 3,5, T. K. U3 CEMH SKPAHUPYIOIIUX JIEKTPOHOB TOJIHKO
II0JIOBHHA paboTaeT

Torna juts KazKJI0ro U3 ypoBHEN MBI OyeM MMETb BOJOPOIOIOIOOHBIN aToM, ¢ 3aps-
JIOM, paBHBIM 3(DPEKTUBHOMY.

2 2
R R G I G A B S R

ny No

Mosznu obnapyxKuj, 4ro B Tabauie MeHje/ieeBa HaJI0 IIOMEHATh MeCTaMU HUKEIb U
KOOAJIbT, a TaKyKe OCTABUTH MECTO I0J TEXHEITHH.

Eciu Mbl 3HaeMm 3apsy sjapa, TO ¢ HOMOIIBI0 npuHNmma [layau, MOKHO HMOCTPOUTD
9JIEKTPOHHYIO KOH(MUTYPAIUIO aTOMA.

[TorrpobyeMm 1oJIyuuTh 3TU CaMble Marudeckue ducjia. KarxKiplil 3/ieKTpoH 00/1a1aeT
CJICJTYIONNMA XapaKTePUCTUKAMU:

57ml7m57j =1+5s.

Ho eciin 3/1eKTpOHOB MHOT0, TO KakK IOJIyIUTh OOIIUI MOMEHT.
Jlns rerkux smemenToB cipaseymBa Pacces1 — CayHaepoBcKasi cBsizb. OHa 3aKITHO-
qaeTcd B TOM, 9TO JIJIsI aTOMa, MOJTHbIE MOMEHTHI:

S=>"s, L=> 1L J=Y (si+j)=>_J

Arom 1 H omuceiBaercs ciemytommm obpazon: 221 ;

[TocTpoum 3/IeKTpOHHBIE KOH(MUIYPAIUK /IeMeHTOB Tab uibl MeHie/ieeBa.

Kora zanosmsiercst 0607109Ka, MosBIIsieTcs Oyiaropojinblii ra3 (caadasna He, morom Ne
u . 1.). Korga sanosuasiercs d-o6osouka, To 3ro 6ymer Ar. Ho motom, okasbiBaercs, 9To
XUMHUYCCKH, HHEPTHBIE 9JIEMEHTHI Y2Ke He Te, Y KOTOPBIX 3aI0JIHEHA 000JI0UKA.

NuepTHOCTH 00BACHAETCS TEM, UTO BAJEHTHDIN 3JIEKTPOH, KOTOPBI BCTYIIAET B CBA3b,
O0YeHb CUJILHO CBSA3aH C sAJIPOM U 9JIEKTPOH HE yIaCTBYET B PEAKITUSIX.
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Tabauma 7.1.
DJieKTpoHHasT KOHMU- | DJIEMEHT OcnoBraoe | K L [TosHOE
ryparust COCTOSTHHE YUCTIO
3AI0JI-
HEHHBIX
1s1 'H %S, 1 0 0
2 5 2
(18%) 2He 280 2
2
(151) 251 sLi 2, 2 |1
2 5 2 3 2
(15:) (251) (Be 1S, 2 |1
2 2
(135) (235) 2; B 2 | 2(25)
1(2p)
2 2 3
(13;) (25;> <2p1> 1oNe 2 | 2(28)] 10
2 2 2
6(2p)

Jlnst snektpona ¢ | = 0, cymecTByeT TOJIBKO KYJIOHOBCKHiT moTeHma . Ho kak To/b-
KO yBeﬂI/I‘{I/IBaeTCﬂ l, TO HaYMHaET BCE 6OJ'H)H_[e CKa3bIBaTbCA HeHTpO6e}KHbII>i IIoTeHIa.JI1,
KOTOPBI CTPEMUTHCSI OTOPBAaTh JIEKTPOH OT siapa. I[losroMmy Ha camom jese, 3JeKTPOH
JIydIlle BCETO JIEPKUTCS B TOME, TO eCTh 00/1a/1aeT HaubOIbINeil SHEPTHeil CBI3H, IIPU 3a-
nostHeHnn d-000/109KH. [l03TOMY MHEPTHBIE Ta3bl — 9TO UMEHHO Te, Y KOTOPBIX 3aII0JTHEHA
d-0b0J104Ka.
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