Tema 1. OgHa yacTuHKa 3i cniHoM 1/2.

Ne 5.1(x),

[na yactnua co cnuHom s=1/2 HaliTu 13 peleHua
EEVER]Y Ha CO6CTBEHHbIE byHKUMM n
COOGCTBEHHbIE 3HAYEHWA CNUHOBble  GYHKUMMK
v ,(1=1,2,3) onucbiBatowue COCTOAHMUA

Yyactuubl C onpe,u,eneHHoﬁ I'IpOGKLI,MGﬁ CMnHa Ha
OCU X,y,Z CNCtembl KOOpAUHAT.
5.2,

YKasatb BuA onepatopa npoekunn cnmHa s Ha

NPOM3BO/IbHOE HanpaBieHWe, onpeaensemoe
€AMHUYHBIM BEKTOPOM N. Yemy paBHO cpegHee
3HaYeHWe NPOEKLMM CNINHA HA OCb H B COCTOSHUK
C onpefeneHHON NpoeKumelr CNuHa C 3eToe =+-
1/2 Ha ocb 3eT? KakoBbl BEPOATHOCTM NPOEKLMUU
cnNuHa +-1/2 Ha HanpaB/feHWe H B YKa3aHHbIX
COCTOAHMAX.

5.6.

Y6eautbcs B MOJMIHOTE CUCTEMbI M3  YeTblpex

ABYXpPAOHbIX MaTpuL, [,O'x,O'y,O'z

Ne 5.12
MoKkasaTb 4YTO A[NA OCTOAHM OMWUCbIBAEMOro
CMMHOBOW BOJIHOBOW bYHKUMeN
sina
v = e’y(—iﬂ) (He opobb a maTpuLa)
cosae

3710 ecTb Hanbonee o6LWMI BUA HOPMUPOBAHHOM
BOJIHOBOM  YHKLUMM  CMMHOBOIO  COCTOAHMA
YyactTuubl co cnuHom c=1/2, anbda 6onbie 0 u
MeHblle paBeH n/2

5.3,

Haitm cobcTBeHHble  3HauyeHMa  onepaTopa

f=a+bo, roe a 0bblyHOE Yncno, 6 — 0bbIYHbIN
BEKTOP a CUIMa 3TO MaTpMLbl Nayau.

5.8.6

n
Ynpoctutb BblpaxkeHne (ac) , rae a 0b6bIYHbLIN

BEKTOP @ CUrMa — MaTpuubl Mayau, H — uenoe
yucno.

Ne 5.7,

o ?

)

Kakow aBHbIN BN ONEpaTopos ‘O‘Z
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5.11,
Ona cnuHa ¢ s=1/2 yKasaTb BMZ MOBbIWIOLLETO U

MOHMXKaLWero onepatopos s, W PacCMOTPETb

WX [EencTBue Ha CcobCTBEHHblE OYHKUMM W .

2
KakoBbl onepatopbl 57,

5.15.

[na yactmubl co cnnMHOmM c=1/2 yKasaTb 3aKOH
npeobpas3oBaHMA CMMHOBOM BOJIHOBON YHKUUU
KCM paBHO maTpuua M3 Kcul u Kecu2 npwm
BpalLEHMN CUCTEMbI KOOpAMHAT Ha yron ¢u0
OTHOCUTENIbHO OCW  HanpaB/ieHWe  KOoTopoW
onpegeneserca  eAMHUYHbIM  BeKTopom  HO.
MoKa3aTb UYTO «BENUYMHA» HE WU3MEHMeTCa npwu
yKaszaHHOM npeobpa3oBaHuMM, T.e s BAseTcA
cKanapom

5.4.
MOI'yT N KBaApaTtbl NPOEKTU ENEKTPOHHOro
CMMHa Ha OoCKn X.y.3. MMeTb OAHOBPEMEHHO
onpeaeneHHbIe 3HayeHua?



Tema 3. [IpoexkTopu. PyHKI1ii BiJ CHIiHOBUX
oneparopis.
Ne 5.13,

Haiitn npoekupoHHble onepatopbl P _iyp Ha

COCTOAHUA  C  OMpefeNeHHbIM  3HaYeHWeMm
NPOEeKLUMK cnuHa s, =+1/2 Ha ocb z.

5.9,

HaliTn aBHOe BbIpaxkeHne  onepaTtopa BMAa

Ilef(a+55'). 3pecb F(X) - npowssonbHas

bYHKLMA NepemMeHHOM X, a - NOCToAHHaA, a b -
06bI4HbIN BEKTOP.

Ne 5.14,
HainTu npoekumoHHble onepatopbl P =11/2

Ha COCTOAHMA C OnNpegseHHbIM 3HAYeHUM
NpoeKuMmn cnuHa =+-1/2 Ha ocb onpegesemyto
€AMNHNYHBIM BEKTOPOM H.

5.9(exp).

Tema 7. AToM.

Ne 11.19(a,B),

HaliTu  BO3MOKHble  Tepmbl  BO3OYXKAEHHbIX
COCTOAHUM aToma C 3NEeKTPOHHOM
KoHourypaumen a) nsn’p b) npn’p v)npn’d.
11.20(a,6).

HaliTn BO3MOXHble TEPMbl aTOMa CO C/eAyowen
3NEeKTPOHHOM KoHdurypaumeir a) (np)*2, b)
(np)"3, v) (np)4, g) (nd)2

Ne 11.19(6),.

11.20(s,r).

Tema 4. /IBi yacTUHKMU 3i cniHOM 1/2.

Ne 5.17(a).

Ona [AByx 4YacTul, CO CnNUMHOM €=1/2 Haitu
CO6CTBEHHblE (YHKLUMM KCUM CC2 Onepatopos
CYMMapHOro CrnvMHa TOYHee ero KeBajpaTa U ero
NPOEKLMN Ha OCb 3€T.

= +57+255,=
=%(*12+&22+25152)
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Ne 5.17(6),

5.20.

MpeactaBuTb  BblparkeHue ((0102)2 B BuAae
cogeprkawem matpuubl layam curmal.2 B

cTeneHune He Bbllle Nepson...
Ne 5.18

Ilokasats, 4TO omeparop 0,0, B

COCTOSAHHUAX CHUCTCMBI nu3 ABYX HaCTHII,
OTBCHArOIIIuX OIIpCACIICHHOMY 3HAa4YCHUIO
CYMMAapHOIo CIMHa, TaKXE UMCCT OIPCACICHHOC
3HAa4YCHUC.

3.21,

HaliTn ABHbIV BUA onepaTtopa F =F (a+b6'15'2),

rae F(X) —npoussosnbHan dyHKuMA

nepemeHHou X,a a u b —uucna.
5.22.
Hcnonw3ys

(5.18), HalTH

MMPOCKOHUOHHBIC OIICPATOPLI PS:01 Ha COCTOSAHUA

pe3ynbTaT

JBYX 4acTuIl cOo cnuHOM S =1/2, orTBeuaroirue
OIIPEEJICHHOMY 3HAUYE€HUI0 CYMMAapHOIO CIHHA
YaCTHII.
Ne 5.24
[na cuctembl M3 ABYX 4acTUL, CO CNUHOM c=1/2
HalTM NPOEKUMOHHble onepaTopbl M3 CC 3 Ha
COCTOAHMA  C  onpeAeneHHbIM  3HAYeHUem
CYMMQAPHOro CrluHa 3C U ero NpoeKkuMn 3c3eT Ha
oCb 3eT

5.25.
HaliTu cobcTBeHHble ¢GYHKUMM U cOBCTBEHHE
3HayeHuA cneayowmx onepaTopos: a)

V.=a(o,, +0, )+booc2,
V,=ao, +a,c, +bo,c2 napametpbl a u 6

BelWweCTBEHHbI TaK YTO OonepaTopbl — 3PMUTOBbI.



Tema 9. Mogesb Tomaca-Pepmi.

Ne 11.29.

Mcnonb3ya  Bblpa)keHue ANA  3NEeKTPOHHOM
MNAOTHOCTU  HEeWTpPanbHOro atoma COrnacHo
mogaenun Tomaca-®Pepmu, HAMTU 3aBUCUMOCTb OT Z
CpeAHero paccToaHMA 3/IEKTPOHA OT Agpa M
CpeAHero 3Ha4YeHWsa KBagpaTa 3TON BEAMYMHGI.

Kakoso 3HaueHue " gna n>3?

Ne 11.30.

Haiitn pacipeneienue 3JIEKTPOHOB o
UMITyJbCaM B HEUTPaJIbHOM aTOME C 3apsaIoM
anpa Z cormacHo Mozenun Tomaca-®Pepmu.
VYdecTb, YTO yHUBEpCaNbHas (GyHKLIUS (D(X) 3TOM

MOJIETIH, OIpeaensionas o0bEMHYIO TUIOTHOCTh
3JIEKTPOHOB, MOHOTOHHO YOBIBA€T C POCTOM X .
Mcnonb3yAa  nNONyYeHHbIM  pe3ynbTaT, HaWTU
3aBMCMMOCTb OT 3apAaga Aapa Z cpeaHUX BeNNYUH
MMMNYNbCA U KNHETUYECKON SHEPTUM INEKTPOHA
11.33.

B momenn Tomaca —®Pepmu gns HeMTpanbHOro
aTOMa BbIpPa3UTb Yepe3 3NEKTPOHHYO MIOTHOCTb
n(r)  KWMHETMYECKYD  3HEpPrui  3/1eKTPOHOB,
SHEPruio 1x B3ammogencTasma apyr c pyrom m c
ALPOM.

Mcnonb3ya nony4vyeHHble BbIPaXKeHWA, Teopemy
BMpPMANa U MNOBEAEHME HA MaNbIX PACCTOAHMUAX
r~*0 9N1EKTPOCTATUYECKOTO noTeHumana
CaMOCOr/TacCOBAaHHOINO MNOAA 3/IEKTPOHOB U AApa
NONYYNTb YNC/IEHHOE 3HAYEHWE SHEPTUM NMOSHOM
MOHWU3aLMM aTOMa.

Ne 11.34,

B npubnumkenHnn Tomaca — Pepmu noayuymtb
BblpaxkeHne AnA NOJIHON 3HEepPrumn HemTPasbHOro
aToMa 4epes3 3/N1eKTPOHHYI nAoTHOCTb n(r).
PaccmaTpuBasa pyHKumoHan ?[«(0], noKasaTb, 4TO
HOPMMPO- BaHHaa o¢yHKuma M\ n(r)dvV = z\
MWUHMMMU3IMPYIOLWAA 3TOT PYHKUMOHAN, ABAAETCA

peweHvem ypaBHeHMA Tomaca — depmu.
Mcnonb3ya  MONYYEHHbIM  pe3ynbTaT, HaAWUTK
aHepruto NosIHOM MOHM3aUUM aToma

BAPWALMOHHbIM MeToA0M, BblbpaB yHMBepCanbl
Hyto PyHKUMIO %(X) mogenn B Buae 7nPoe(x) =
Mexp(—om:), a — BapMALMOHHbLIA NapameTp.
CpaBHMTb NONy4YEeHHOE BblpaXKeHue ANA SHeprum
MOHU3aLMM U NpobHYo dyHKUMIo jcnpocfx) npwm
ManblX K C M3BECTHbIMW pPe3yNbTaTaMW TOYHOIO
YMCNEHHOTO peLleHuns.

11.35.

Ncnonbaya 3KCTpemManbHble CBOMCTBA
¢yHKuMoHana E l«(/})], ycTaHOBNEHHble B
npegblgywen 3agadve, AOKa3aTb B pPamKax
mozenn Tomaca — GepmH: a) Teopemy BMpUana;
6) cooTHoweHne Ve ag = —7Uee mexay
SHEepPruaMM B3aMMOLENCTBMA SNEKTPOHOB APYr C
apyrom Vee n ¢ A4pOM

Ne 11.31,

B pamkax mogenn Tomaca — Pepmu pgna
HEeWTPanbHOro aToMa HaAWTU 3aBUCMMOCTb OT
3apAga Agpa Z:  a) XapaKTepHOW BeMYUHDI
opbuUTaNbHOrO0 MOMEHTA 3/1EKTPOHA; 6) saHeprum
NOJIHOM MOHM3ALMMN aTOMa.



Tema 11. BopHiBCbKe HAG/IMKEHHA Y
NPY>KHOMY PO3CIifAHHI .

Ne 13.4(a,6,r),

Halitn B8 60pHOBCKOM NpUBAMIKEHUN amnanTyay
paccefAHMA N MONHOE CeYeHne paccesaHUa YacTumL,
B nonsax U(r), ykasaHHbIx Huxe. WccneposaTtb
npeaenbHble Cnydam mManbix U 60NbLMX IHEPrUit
yactuy.  YKasaTb  YyCNoBMA  MPUMEHUMOCTU
paccmoTpeHus.

a)U(r)=as(r-R);
6) U(r)=Uqe "R
B) U(r)=%e‘r/R;

r)U(r)=%

U,, r<R
A)U(r):{oo r>R’

2
e) U(r)=Uge "R
13.6.
nOKa3aTb, YTO B YCNOBUAX NPUMEHNMOCTHU
60pHOBCKOI'O an6nM>KeHMﬂ nonHOe cevyeHne
pacceAaHnA 4acCTtul, B Npon3BoOZIbHOM
LLeHTPa/IbHOM NoJie KaKk GpyHKLMA 3Heprum

d
YA0BNETBOPAET HePaBEHCTBY E Ec(E)>0 (ie.,

Eo (E)— moHOTOHHO pacTyuwas GyHKUMA

sHeprun E)

Ne 13.4(,4,e),

13.7, NoKkas3aTb, YTO NP paccesaHnn YacTul, B
none nputaxexusa (1. e. npwm (/(r) » 0) nau B none
ottankmsaHua ((/(r)  0) B ycno- Busx
NPUMEHNUMOCTN BOPHOBCKOro NPUBANKEHNS
MaKCMManbHoe

3HayeHue ceyeHuna pacceaHuns o[E) umetot
YyacTuubl € aHeprmnen ? = 0.

13.13BbIpa3ntb B 6OPHOBCKOM NPUBANKEHNN
aMNANTYAY paccesHnA Ha ABYX OAMHAKOBbIX
CUIOBbIX LLEHTPAX, HAXOAALLMXCA HA PACCTOAHUM
a apyr ot gpyra, 1. e. f/(r)==fo(r)+ Vc(r — a), ue-
pe3 amnanTyay pacceanus fo Ha ogHoM LeHTpe
LrO(r). HaTV COOTHOLIEHMA MeXAY CeYeHUAMM
paccesHMA HH ABYX M Ha OAHOM LeHTpe B
cnyyasx: a)  ftfl<i (npyn atom BennumHa kR
MOXKET bbITb MPOU3BONbHOM, R — paaunyc
AENCTBUSA CUN OTAENIbHOTO LeHTpa); 6) kR~ 1
na >R (T. e. pacctoaHne mexay LEHTPAMN MHOTO
6onblue paguyca AeNCTBUA CUN OTAENbHbIX
LEeHTpOoB).




