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Mepenik 3apay 3 aTOMHO-,AepHOI hi3nKKN, IKi MPOMNOHYIOTLCA AN CTYAEHTIB 3-ro Kypcy
DTD ta DED B 5-My cemecTpi 2009/2010 HaBYaNIbHOrO POKY
Tema 1. Mopenb atoMa 3a ToMcoHoM. dopmyna Ta Moaesnib atToMa

Pe3epdoopna.

AyaouTtopHe 3aHATTA 1.
2.1. Buxonsum 3 TOMCOHOBCbKOI MOZeni aToMa, BUSHAYNTW:
a) padiyc aToMy BOAHIO, SKLWWO AOro eHepris ioHisauii gopisHioe 13.6eB;
6) YacToTy KONMBaHb €NEKTPOHA, SKLO Pagiyc aToMy BOLHY LOPIBHIOE r. [py SKOMY 3HAYEHHI r
OOBXWHA XBUIi BUNPOMIHEHOr 0 CBiTNa fopisHE 600HM?

BkasiBkun.

2.5 a—4acTuHKa 3 KiHeTnuHoIo eHeprieto Ky Hanitae 3 npuuinbHuM napametpom 0,9 107" cM Ha Hey
AP0 CBUHLIO. 3HANTKY:

a) Mo4ynb NPUPOLLEHHS BEKTOPA IMNYNbCY PO3CIHOT A—4acTMHKK, SKWwo K, =2,3 MeB.

6) Npu sikoMy 3HauveHHi K, Moaynb NPUPOLLEHHS BEKTOpA iMMYNbCy PO3CiSHOT 0—4acTuHKM by e
MakcuMManbHUM AAs 4aHOro NPUUiNbHOro napametpa. Skuii npy LboMy KyT pO3CitoBaHHA?

BkasiBku.

2.16. By3bkuin ny4yok NpoTOHIB 3 KiHeTn4HOO eHeprieto 100 keB nagae HopmanbHO Ha 3010Ty OT
ToBWWMHO 1.0 Mr/cm?. Po3cisiHi nig KyToM 60° NPOTOHM PEECTPYE NIYNNBHMK, KPYTNIA BXiOHWA OTBI
akoro Mae nnouy 1.0cM?, i 3HaxoaUTbes Ha BiacTaHi 10cM BiA PONbIU Ta OPiEHTOBAHUIA
nepneHanKynspHO A0 Nagakymx Ha HbOro MPOTOHIB. Slka [0NS PO3CiHWMX NPOTOHIB NONaAae B OTI
niynnbHukKa?

BkasiBkun.

2.17. 3HainTn nonepeyHnii Nnepepis sapa atoma 3010Ta, SKWIA BiANOBIAAE PO3CISAHHIO NPOTOHIB 3
KiHeTnyHoto eHeprieto K, =1,2 MeB B iHTepBani KyTis Big O=773 0o 7t

BkasiBku.

JomallHe 3aBaaHHA 1.

2.2. Ha siky MiHiManbHy BiAcTaHb NpUbNN3nTbLCS 0—4yacTuHKa (Sapo aTomy “;He) 3 KiHeTn4HoI
eHeprieto K,=40 keB (npn no6oBoMY 3iTKHEHHI):

a) [0 HEepPYyXOMOro aToMy CBUHLIIO 2g,Pb;

6) 0o nepBiCHO HepyxoMoMy sapa ‘sLi?

BkasziBku.

B nepuwomy Brnanky, OcKinbKu S4p0 HEPYXOME, 3aada Po3B’sS3yeTbCs B NabopaTtopHii cucTemi
KoopavHat. B MOMEHT 3ynMHKN Q—4acTUHKM ii KIHETUYHA eHepris NOBHICTIO MepexoanTb B NMOTEHL|

K, =2Z¢ Ir,, . 3sinkn: 1, =27’ | Kc&S5.9 107°

mi

B opyromy Bunanky macu B3aeMOLilounx saep nopiBHAMbHI | 3a4a4va NOBUHHA PO3B’A3YETHCS B CUC
ueHTpy mac, ne K, = K, /(1+ma /mu) .Toni MiHiManbHa BiAcTaHb LOPIBHIOE:

f =(22eK0 ) (0 g ) =3.4108%

min
2.3. 3a [onoMoror 3aKoHiB 36epeXeHHs eHeprii Ta MOMEHTY iMMyNbCy BUBECTU (DOPMY Ny 3B’S3KY
TaHreHca KyTa poacitoBaHHs (0) 3 napameTpamy 3iTKHEHHS 3apSOXEHOT YacTUHKYM (q;), SKa HaniTa
KiHeTnyHoto eHeprieto (Ky) Ha HepyxoMe S4po (gz) 3 NPULLINBbHOIO BiACTaHHIO b

tg(6/2) =(qq,)/(2bK,) .
Ap q1
BkasiBku. ”



I3 3aKOHy 36epeXeHHs eHepril BUTIKaE, WO MOAY b iMNYNbCYy PO3CISHOT YACTUHKU 3aNMWIAETHCS TE
Xe $K 00 pOo3CisHHA. 3BiAKN 04epXMMO MOAYNb MPUPOCTY BEKTOPA iMMNYNbCy PO3CISHOT YacTUHKK

‘E}‘ZZposin(H/Z) (1).

3 iHworo 6oky, MOy b MPUPOCTY BEKTOPA iMNYNbCy AOPIBHIOE

‘X;l;‘ = @pdr = éqzr;ﬂdt =49 W, (2)

Ie F,- npoekuis BekTOpa CUM B3aeMo4ii Ha HanpsIMoK BekTopa Ap. 3HaMEHHUK nigiHTerpanbHor
BUpA3y 3rifHO 3aKOHY 36epeXeHHs1 MOMEHTY iMMyfbCy mr2@=bmvo, DOpiBHIOE r2ﬁ=-bvg, e vp -
WBMAKICTb YaCTMHKW Aaneko Big agpa. licns iHTerpysaHHs, oaepXumo

UL

‘Ap‘ =(2q,9,/bv,)cos(812). 3)
I3 piBHSsIHBL (1) Ta (3) 0Tp|/|MaeMo:tg(9/2) :(qlqz) /(2bKa) :

2.4. a—YacTuHka 3 iMnynbcoM pe=53 MeB/c (ae ¢ —wBMaKicTb CBiTNA) po3cisnack nig KyTom 60° B
KyNOHIBCbKOMY MO HEPYXOMOro sapa ypaHy. HanTu npudinbHy BigcTaHb.

BkasiBku.

CkopuncTyemMochb (hopMynoto 3B’A3KYy TaHreHca KyTta po3citoBaHHs (8) 3 napametpamu 3iTKHEHHS
3apsaaXeHOTl YacTUHKN (g4), SIKa Hanitae 3 KiHeTUYHoto eHeprieto (Ky) Ha Hepyxome s0po (0z) 3

NPWLINbHOIO BiACTaHHIO b:1g ( 9/2) = ( qlqz) /(ZbKa) . 3Bigknb = ( q,qﬁ/tQZ a (9/2) . OcrTin
K,=p,’ /(Zma) , OTPMMAEMO

b=(q,q,)m!/(p’tg(6/2))=0.6 nm.
2.22. By3bkuin ny4oK NPOTOHIB 3 KiHeTNYHOIO eHeprieto K,=1. MeB nagae HopManbHO Ha NaTyHHy
cponbry ToBwUHOW Pd = 1.5 Mr/cM®. 3HaiTK [0 NPOTOHIB , SIKi po3cisinnch Ha KyTu Binbwe 30°, s

MacoBe BigHoweHHs Mifi (®*xCu, pc, =8.9 r/cM®) i unHKy (%*30Zn, Pz, =7.0 T/cM®) y PONb3i BiANOBIAHC
DOpiBHIOE 7:3.

BkasiBku.
: . . dN :
CkopucTyemocb hopmynoto Pesepdopaa ans BiAHOCHOT KinbKOCTi YaCTUHOK (W ), PO3CisiHWX B

TinecHuii Kyt dQ nig KyToMm @ [o NOYATKOBOrO HanpsiMKy X pyxy:

N %%sm “012)°

Lle n—KinbkicTb 80ep POoNbrn Ha OAMHULIID NOBEPXHI; K — KIHETUYHA eHepris nagakymx YacTUHO
BigHocHa KinbkicTb sinep, ski poacianucb Ha KyTu binbwe 30°, BU3HAYaETbCS iHTErpanom

" 2rmsin &4 6
¢ sin (9/2)
MoBHa BiHOCHA KiNbKICTb PO3CiSHNX YACTUMHOK Byae CKNagaTuchb 3 KiNnbKOCTi YaCTUHOK PO3CisHNX

apax midi (g, ), 1a aapax unHky (1], ), SKi BU3HayaloTbCs BiAMOBiLHOKO TOBLLVHOK (OOSbrn:

( ,Od)cu = 0.7x1.5 mr/c™® = 0.105 mr/cm?® ; ( ,Od)Zn = 0.3x1.5 Mr/c™? = 0.045 Mmr/c™?.

KinbKicTb UMX S4ep Ha OAMHULIO NOBEPXHI i3 ypaxyBaHHSM yucna Asaranpo
(N=6,023x10? (rpam-aTom) ") nopiBHIOE: N, = (pd)cLl N/A.,, ne A., —macose 4ncno migi.

MincTaBnsitoymn YMCeNbHI 3HAYEHHS, MaeMO: N, = (0.105x107  6,023x10”) /63 =10" snep/cm’



BigHocHa kinbKicTb I'IpOTOHiB PO3CiHMX Ha agpax Migi

quu ZITSin &i 0 _ 18 16296 1 1 <
2 —10 JT — —— > 1
sm 6/2) 1.0 in®(77/12) sin®( 772)

Tema 2. Bo,u.l-le-no,mﬁl-u atomun. CnekTpanbHi cepii BogH0. KombiHauinHmMn
npuHuMn PiTua

AynutopHe 3aHATTA 2.
2.29. Bupaxysatu ons aToMapHoOro BOIHIO:
a) JOBXWMHMU XBM/b NEPLUMX TPbOX CAEKTpanbHWX NiHin cepii Banbmepa;
6) MiHiManbHy po3ainbHy 3gaTHiCTb A/OA cnekTpanbHOro npunaay, npwu skin MoXxHa po3ainMTu
nepwi N=20 niHin cepii banbmepa.

Bkasisku:
a) [ns 3HaxonoXeHHs OOBXUHW XBUAI CNeKTpanbHOI NiHii cepii BanbMepa CKopucTyeMoch

_ 1 1
hOPMy IO NS CMEKTPOCKOMIYHOTO XBUAbOBOro uncna: K = zzR(? -—),nen=345..,
n
1 .
K= 1 T06TO nepwa crnekTpanbHa fiHis cepii banomepa Ans aTOMApHOro BOAHIO 3HAXOAUTHCS

Tak: A =(K”)™ =[12R£t72$5— —3—2)]_l =650 . Tak camo 3HaxoAsTbCS AOBXUHU XBUNb i ANS

Opyroi i TpeTboi cnekTpanbHUX NiHin.
_ A A _(A A2
6) CkopucTyeMoCb OOPMY OO ANS PO3MNOAINbHOT 30aTHOCTI —— ,

A A=A, A A

10670 AN N=20 (Le o3Hayae npunan NoBUHEH BiAPi3HATK 20-t0 NiHilo BiA nonepenHboi — 19)

A, = A, =367,8343um; A, = A, =367,5354um. % =1230 =1.23010°

2.30. B cnekTpi BUNPOMIHIOBaHHS aTOMapHOro BOOHIO BiflOMi JOBXWHW XBUb ABOX NiHiA cepii
Banbmepa: 410,2 ta 486,1 HM. [Jo K01 cepii HaneXxunTb cnekTpanbHa NiHis, XBUbOBE YUCO AKOT
OOPIBHIOE Pi3HMLI XBMNBOBUX YMCEN LUUX NiHIN? Ska Ti [OBXUHA XBUAI?

BkagsiBku:

[ns BupiweHHs Liel 3aaadvi NoTpibHO ckopucTyBaTUCh KOMBIHAUIRHUM NpuHLUMMOM PiTua: akiwo
BiIOMi [1Ba XBUNIbOBMX YMCNA OLHI€ET cepil, TO iX pi3HMLSA Byane TakoX XBUIbOBMM YMCIIOM SIKOICb
NiHiT iHWOT cepii uboro atomy. 3 hopMynu Ans CNEKTPOCKOMIYHOro XBUAbOBOro Ynucna cepii

1 1 1
Banbmepa K’ = ZZR(? -—),nen=345.. K= 1 3HalOemMo n Ans OBOX BiOOMUX OOBXUF
n

xgunb: n, =6, n, =4. Tobto K :R(% —é)- ue opyra ninis Bpeketa. K% :%,
A =2627um.

2.34. Y sikoro BogHe nodibHOro ioHa pisHULS OOBXWH XBUMb FONOBHMX NiHil cepii Banbmepa i
Nanmana popisHoe 59,3 HM?

BkasiBku:

3annwemMo chopMyny Ans 3HaXO0LXEHHS XBUIbOBOrO YuCa roNoBHUX NiHiA cepiin banbmepa i
1 1 5R 1 1 3R 1

Narimanxa: K]B =7’R(—=-—=)="—Z"1a K =7°R(= - ) == 77, K=—.

22 37 36 & 4 A



1 1 _ 88

PisHuLUSs OOBXWH XBU/b rONIOBHUX NiHilA BU3HAYAETbCS 5K M=—-—

K’ K" 15R:*’
zZ= /i 3.TobToue [;**.
15RAA

JomallHe 3aBoaHHSA 2.
3apaya 1. 3HanTy B DOBXUHAX XBUb CNEKTPasnbHi iHTepBanu, B AKX MiCTATbCA cepii JlainmaHa,
Banbmepa i MaweHa nns atomapHoro BogHo0. 306pasnTy Ha WKani XBurb iX BiGHOCHE
po3TallyBaHHSA Ta BULINMMTU BUOUMY YACTUHY CNEKTPY.

3HaxXoanMmo

Bkaasisku:
Jna 3HaxoaXeHHs cnekTpanbHUX iHTepBaniB CKOPUCTYEMOChb ChOpMynamMmn ANs CNEeKTPOCKOMNIYHUX

1 1 1 1
XBUNLOBWX Yncen Ans 3aaaHnx cepii — K7 = R(l—2 -—),n=23..;K"= R(? -—),
n n

n=3,4.:K"= R(?)i2 —iz), n=4,5..., sarapaemo, wo K =% Ta NiACTaBUMO rpaHNyHi
n

3HaYEHHS, Hanpuknag ons cepii JlTanmaHa n QOpiBHIOE HA NiBOMY Kpai iHTepBany 2, a Ha NpaBoMy

|
6eskiHeyHicTb. Ansn=2 A = 3’”31 = %(llz —2—12)§ =[1.19® (1 -1/4)]" =121.21Hm,

|
| 1 1 _
n= 1=§'8 -&— e =[1.19® 1]"' =90,91Hm. Moai6Ho 80 UbOro
3Haxo4ATbCS iHTepBanu AN iHwWux cepii. MNigkaska: Bnanma yactuHa cnekTpy - 400+750 Hm.

2.32. SKi niHii MICTUTb CNEKTP NOrIMHAHHSA aTOMapHOro BOLHIO B Aiana3oHi JOBXWH XBUSb Big
94,5 oo 130,0 HM?

BkasiBku:
B yMoBi 3agaui BkasaHo, wo Tpeba 3HanTK NiHii y cnekTpi NorfnMHaHHS — ue o3Havae, wo Tpeba
BMKOPUCTOBYBATM hOpMyny ANa niHii JlaiimaHa (BOHa BiAMoBifa€ nepLLIOMy eHepreTUYHOMY

1 1 1
pisHio) - K7 = R(l—2 -—).he K= ; . nsi po3B’sizaHHsl 3a4adi NoTpibHO 3anucatu Lo

cpopMmyny OBivi Lns pisHUX A Ta BUpasnTtu 1, 1a n, .

1

— =1,823

_ 1 ’ . To610 cnekTp MicTUTh 2 (121.6 HM), 3 (120,6 HM), 4 (97,3 HM) Ta He
RA,

MicTUTb 5 (94,9). Nomunnika B TOMY, WO MW He BPAxOBYEMO pyX sApa.

2.35. B cnekTpi fesiknx BogHe-noAibHMX iOHIB AOBXWHA XBUNi TPeTbOI NiHil cepii Banbmepa
nopisHioe 108,5 HM. 3HaNTN eHeprito 3B’A3KY eNeKTPOHa B OCHOBHOMY CTaHi LMX iOHIB.

BkasiBku:
[na poss’sa3aHHs 3a4adi 3anmweMo qoopMyny CeKTPOCKOMIYHOro XBUIbOBOroO Yncna

. . . 1 1 _
BOHeNomi6HMX aTomis Ans cepii Banbmepa: K” = zzR(? ——) n=3,4.... 3sincu 3Hannemo z
n

I 1
3apsa anpa aroma. z = [AR(? -—)] "2 ra nigcTaBuMo n=5 (TOMy WO TPETS NiHisi, paxyemo
n

noynHatoum ¢ 3); nonyummo z=2. CKOpMCTaEMOCh CHOPMY OO ANs NOBHOT eHeprii 3B’A3aHOoi



, Rhe

cuctemn £ =—

Vs =15 11
= g LO17100 4.1316 103 10" _ ., o on

Tema 3. Mopenb BoaHenoni6HMX atomiB 3rigHo Teopii Bopa.

AynoutopHe 3aHATTS 3.
2.24. OUiHNTK Yac NPOTSroM SIKOro eNeKTPOH ynae 6y Ha SAPO, AKWO BiH PyXaeTbcs no opbiTi 3
pagniycom 0,5 10 cM i BTpauae eHeprito 3riaHo 3 knacuuHoto Teopieto dE / dt = —( 26 /3c3) a’

[le a-NMpUCKOPEHHS enekTpoHa. BpaxysaTw, Wo BEKTOP NPUCKOPEHHS BECb Yac CrpsMoBaHUii Ao
LieHTpy aToma.

BkasiBkn:
3anuwemo 6anaHc cun Oito4nx Ha eNneKkTPoH 3rigHo 3 MoJeN N0 atoMy BooHIo no bopy:
myv? ze V2 ze*
e = =, OCKiNlbKN — = g TO 3HaOEMO g = —- MiopcTaBnMo a B chopmyny 3rigHO SKOT
r r r mr

. . - 26 e'
€NeKTPOH BTpayae eHeprito Ta po3[innMo 3MiHHi: dE = — D—dt Posnuwemo eHeprito
3¢’
my’ _ze® _ze’ ze’ _ zé’
E=K,6+U = == = =-"__ . [lndpepeHuiloemMo BMpa3 Ans eHeprii no r ta
2 2 2r r 2r

NiACTaBNSEMO Y AMepeHLinHe piBHSlHHFl 3anucaHe sule.

ze* d 262 7%e! d
2 3 3 4 2 t
r c’ zZ'm
3m*rc’
dt = —————dr
de” 7

s 0m.317 107"¢

rec
Yac nafiHHa enekTpoHa BM3HavaeTbes gk T = @ @1—

2.26. Beaxatoun a4po HepyxoMunm BupaxyeaTtu ans ioHa He*:

a) pagiycu nepwux aox bopoBcbkux opbiT;

6) KiHETUYHY eHeprilo enekTpoHa Ta Aoro eHeprito 3B’S3Ky B OCHOBHOMY CTaHi;
B) MepLmniA noTeHuian 36y AXeHHs Ta LOBXWHY XBWi PE3OHAHCHOT NiHil.

BkasiBku:
Po3B’si3aHHs 3anadi nofnibHO [0 PO3B’S3aHHS AOMALHbOT 3aadi HOMep 2.26[4 Ta BiApi3HSETbCS
AW TUM, WO 418 Fenito z 4OPIBHIOE OBOM, a HE OOMNHULL.

2.36. EHepris 38’s3Ky enekTpoHa B atoMi He nopisHioe E..=24,6 eB. 3HaiTu eHeprito HeobXiagHy
LLNsi NOCNiQOBHOMO BUy4YeHHS 060X eNeKTPOHIB 3 LIbOro atoma.

Bkaasisku:
LLnsi BUNYyYEeHHS Neploro enekTpoHa noTpibHO 3aTpaTUTy eHeprito 3B’s3ky B atoMi He, a ans

2 4
+ m, 7 e
[Ipyroro — eHeprito 38's3ky He' . EOB =|—— =

2.47. BupaxysaTtu ons mesoaroma BOAHIO ( (B SIKOMY 3aMiCTb €1IeKTPOHA PyXaeTbCs MIOOH, SKUIA
Mae Toi Xxe 3apsag, ane Macy B 270 pas binbuwy):

a) BiACTaHb MiX MIOOHOM i 10POM B OCHOBHOMY CTaHi;

6) OOBXWHY XBUJi pe30HAHCHOT NiHii;

B) EHEeprito 3B’93Ky B OCHOBHOMY CTaHi ME30aTOMIB BOLHIO, S4pa SKMX NPOTOH i BEATPOH.

=35 ' Egeua :Esl;s[e + e EH9a6

36



JomalluHe 3aBaaHHSA 3
2.264. Beaxatoun 54po HepyXoMUM BUpaxyBaTu 418 atomMa BOAHIO H:
a) pagiycu nepwux asox boposBcbkux opbiT;
6) KiHeTUYHY eHeprilo enekTpoHa Ta Aoro eHeprito 3B’13Ky B OCHOBHOMY CTaHi;
B) MepLmMiA noTeHuian 36yXeHHs Ta OOBXWHY XBWi PE30HAHCHOT NiHii

BkasiBku:
a) NS 3HAX0LXEHHs pagiyciB nepwux Box BopoBcbkux opbiT noTpibHO 3anucatu chopmyny

. . . . . — 2 .
pagiyca n-oi ctauioHapHoi opbitn - 7, = 2—|]’£ Ta nigcTtaenTu B L0 doopmyny n=1,2; ons
ze'm

2742
BOAHIO z=1. 1, = (1'05_!%'120 ) — € =526@907; 1, =5, @ =2.190"
148 107) 9.1 107

6) ANa 3HAXOAXEHHS KIHETUYHOT eHeprii enekTpoHa NoTPIbHO 3ragaTtu hopmyny Ans KiHeTUYHOI
2

eHeprii - K =my? /2 Ta 3anucati qopMyy ANs WBUAKOCTi €NeKTPOHY V. = % | , TO6TO
n
2 4
K= wgl—z OCHOBHWIN CTaH O3Hauae, o z=1.
2[h m
9.1~ 1> (4.8 107" -
K! = wo I —— ) d;z2.19€&0 "epe =13.69¢B 1a E,, = K|
2 (1.05 107) 1

_ |E, - E,| ,
B) Nepwwit noTeHuian 30yAXeHHs 3HaX0ANTbCS, K V, = 1221 ra popisHioe
e

1 1
VB= 13.6[|(1—2 —?) =10.2 . HosxuHa XBUANi pe30HaHCHOT NiHil BU3HaYaeTbCA 3

cnissigHoweHHs eV, = AV , Big ctoav 3Haxoavmo V Ta sragaemo, wo A =c/v .

s 0 -15
_ch _3"%" 4136 10 =121.651m

eV, 10.2

2.45. BupaxyBaTtu BiOHOWEHHS Macu NPOTOHA OO Macu eneKTpoHa, SKIWO BiAOMO, WO BigHOLWEHHS
ctanv Pigbepra Baxkoro Ta nerkoro BogHwo fopisHioe 1,000272, a BifHoweHHs mac sigep 2,00.

BkasiBkn:

m
3 yMoB 3apaui - R_D =1.000272 ta —= =2 . 3anuwemo doopMmyny ONns 3HaXOOXEHHS cTano
m

H H
I
R=R ( :
Pun6epra - |+ M. Mepennwemo 11 Ans NBOX AaHWX BUANAAKIS (BaXKuit Ta neruv
mﬂ
m, - m
I+ =) 2(==+1)
. _ . R, 2mp m,
BO,D,eHb) Ta po34IMMO OAWH BMpPA3 Ha HWUN: —— = m = m , MOMHO>XNMC
R ey g™
m m

P p



m, m,

HaBXpecT, 2R, +R,—=2(R, +R,), 3HaX0AMMO CiBBiAHOWEHHS

p P
2(1—2§)

ml’ — RH -1 -

— =[———] =1838.24

me &—2

RH

2.46. 3HalT oNs Nerkoro i BaXKOro BOAHIO Pi3HULIO:
a) B eHeprisix 38’a3Ky eNeKTPOHIB B OCHOBHMX CTaHax;
6) neplwmx noTeHuianie 36y o eHHS;

B) JOBXWH XBWUIb PE30HAHCHUX NiHIN.

Bkaasisku:
Zmet 11
a) 3anuwemo chopMyny Ans BU3HAYEHHS eHeprii 3B’a3ky " 2 »? 1+ m, . PizHnus
m

s

o . D H .
EHeprin onga Nerkoro 1a Ba>XXKoro Bo4HIB BU3HAYAETbCA AK ‘El _E'1 ‘ Ta OOPIBHIOE

4
‘EID—E€$:Z§[ 1m - Im 1=136 [ 1m - 1m 1 37 10°
1+ e g [ P
2m, m, 2 1836m, 1836m,

6) pi3HMUS Nepwnx NnoTeHuian 30yaXeHHs 3HaxoauTbCs, SK

E,-E 1 1 _
Vio ~VB| :w@? _?] =3.7Q® 3/4 =278€07 . OosxuHa xsuni
- _ch 3490 6.62 107
pesoHaHcHoT nikii sik [A, =A,| = = ~ =
e|Vi, =Vl 2.78[]10

Tema 4. KopnyckynsipHi BnacTUBOCTi e/1leKTPOMarHiTHoro BUNPOMiHIO BaHHS.
doTtoenekTpnyHum ecpekT Ta edoekT KomMnoTHa.
AynuntopHe 3aHATTA 4.
1.42. MigHy Kynbky BigganeHy Big Apyrux npegmeTiB ONpPOMIHIOTb enekTpoMarHiTHUMM
NPOMEHAMN 3 [OBXUHOI XxBUAi A =200 HM. [10 IKOro MakcumManbHOro noTeHuiany 3apsauTbes
Kynbka?
1.45. Enektpoam BakyyMHOro oOTOENEMEHTY (OLAMH LEe3IiEBUIA, OPYTrUiA MiLHUA) 3aMKHYTi 30BHI
3aK0poTKO. LlesieBuin enekTpoa ONPOMIHIOKTb MOHO-EHEPTrETUYHUM BUNPOMIHIOBAHHSAM. 3HANTW:
a) DOBXWHY XBUNi BUNPOMIHIOBAHHS, NPW SKilA 3’IBUTbCS POTOCTPYM;
6) MakcmanbHy WBNAKICTb POTOENEKTPOHIB, SKi NigAiTaDTh [0 MIOHOrO eNeKTPoay SKLO
JOBXWHA XBWAi BUNPOMIHIOBAHHS OOPIBHIOE 220 HM.
1.51. By3bKuiA My40K PEHTIEHIBCbKOr0 BUMPOMIHIOBAHHS 3 LOBXWHOI XBMAi A nagae Ha
po3citoBanbHy pevoBMHYy. 3HANTU A, [OBXUHM XBUNb 3MIlLEHUX CKNAA0BUX BUMPOMIHIOBAHHS
poscisHoro nig kytamm 8=60° Ta 6=120°, Biopi3HAOTLCA OPYr Big Apyra B ABa pasw.
1.54. doTOH 3 eHeprieto 0,46 MeB poacisiecs nig kyToM 120° Ha HEPYXOMOMY BiNlbHOMY €NeKTPOHi.
3HanTu:
Q) eHeprilo Po3CisHOro OoTOHA;
6) KiHETUYHY eHeprilo eNnekTpoHa.
1.56. MNpy ONPOMIHEHHI PEYOBMHW PEHTIEHIBCbKM BUMPOMIHIOBAHHSAM 3 AOBXWHOK XBUII A
3HalAeHo, WO MakcMManbHa KiHeTUYHA eHEeprisi KOMNTOHIBCbKMX €NeKTPOHIB Tyae=0,44MeB.
BuaHauntu A.

JomallHe 3aBOaHHA 4




1.44. 3HaTN MakcUManbHy KiHETUYHY eHepritlo POTOENEKTPOHIB BMPBAHMX 3 NOBEPXHI NiTil0
€NeKTPOMarHiTHUM BUNPOMIHIOBAHHSIM, HAMPYXXEHICTb €NeKTPUYHOI CKNanoBoi SKOro 3MiHIOETbCS
3 4acoM no 3akoHy: T=a(1+coswt) cosWet, e a—cTana; w=6-10" ¢ ; We=3,6-10" ¢

Bkaasisku:

3anuwemo dpopmyny EiiHwreinHa ans dpotoedpekty K, =hv —A . .LOns nitio AgB=12.39
Mepenuwemo coopmyny AN BU3HAYEHHS HANPYXEHOCTi

cos(w— ) )t +cos( wt ¢

2

T =a(l+cosax)cos &t =acos &t +acos wcos ¢ =acos @ +a

a a
= acos wyt +§cos(al —a)t) +5cos( W+ qr)

Bubupaemo makcumanbHe 3Ha4YeHHs YactoTu, W+ G Ta NiacTaBngemMo Moro y nepuy copmyny.
K. = h @B w+ @) —A,, =h( w+ @) —A,,, ue nopisHioe
KeB =1@95+102 (6 10" 33 10°) 239 0.36

1.48. POTOH 3 [OBXMHOW XxBUAI A =17 NM BUPKBAE i3 HEPYXOMOro atoMy enekTpoH. EHepris

3B’A3Ky sikoro E,,=69,3 keB. 3HaiiTi iMnynbc nepenannici atomy B pedynbTaTi Takoro npouecy,

SAKLWO €NeKTPOH BUAETIB Nid NPSMMM KyTOM A0 HanpsMy HENiTalo4oro hoTOHY.

1.49. KopucTytounch 3aKkoHaMu 36epeXeHHs MoKasaTty WO BiflbHWA €NEKTPOH HE MOXXE MOT INHY TV
POTOH.

Tema 5. Xsuni pe-bponns. CniBBiagHOLLEHHA HEBU3HAYEHOCTEN.

AyauvTtopHe 3aHATTA 5.
3.2. Mpwu 36inbleHHi eHeprii enekTpoHa Ha 200 eB iforo nebpoliaiecbka OOBXWHA XBUI

3MiHMnacs B ABa pasu. 3HariTv NoYaTKOBY OOBXMWHY XBUAi €NeKTpoHa.
3.9. +3.10. PensatumsicTCbKa YacTMHKa 3 MACOIO CMOKOI0 Mo.Ma€ KiHeTMYHY eHeprito K. 3HanTu:
a) pebpoiiniBcbky NOBXWHY XBUAI YACTUHKMY;
6) 3HauYeHHs K, npum siknx noxmnbka B LOBXWHI XBUNi BU3HAYEHOT 3rigHO HEPEeNSTMBICTCbKOT
doopmynu He nepesullye 1% 015 enekTpoHa Ta NpoToHa.
B) 3HATU KIHETUYHY eHeprito Npw sKiil nebpoiaiBcbka AOBXUHA XBUNI eNEeKTPOoHa

LOPIBHIOE MO0 KOMMTOHIBCBKIA JOBXWHI XBUNI.

3.23. BneBHUTUCD, WO BMMIPIOBAHHS X- KOOPAUHATY YaCTUHKKN 3a JOMOMOro0 kc
Mikpockony (puc 3.1) NPUBHOCUTb HEBU3HAYEHICTb 10 Ti iMaynbcy Ap , Taky, wo Ax Y
Ap,>h/21. MaiiTe Ha yBagsi, Wwo po3aineHHs Mikpockony d=A /sin 6, ne A - noBxuHa ‘\ﬁi/
XBWSi BUKOPUCTAHOrO CBIiTNa. e
3.26. OUiHNTN HEBM3HAYEHICTb B WBWUOKOCTI €N1eKTPoHa B aTOMi BOOHIO

npwvnyckaroym wo po3mip atoma nopaaky 10° cm. MopiBHATM oaepXaHe 3HaYeHHs 3i A T T T

WBWIKICTIO €NneKTpoHa Ha nepuii Boposcbkili opbiTi.
JomallHe 3aBOaHHA 5
3.1. BuaHauntm nebpoiiniBcbky AOBXWHY XBUIi €NEKTPOHA Ta NMPOTOHA, sIKi pyXarTbes 3

Puc. 3.1

nopisHioBaTtn 100 nm?

BkasiBku:
3anvwemo hopmyny AN AOBXMWHU XBUAI Y KNACUYHOMY (HEPENSATUBICTCbKOMY BUMaLKY)

PO . 4.136[]107™
— —F/—— .oHanaeMmo gng enekTpoHa -
JK[Pm P J1010° 2.1 107 /(1.6[1077)

TaknuMm caMyMM YMHOM 3HaxX0OMTbCS OOBXWHA XBUAI A ANs NpoToHA.
Lnsi 3Haxo4XeHHS KiHETUYHOT eHeprii Npy BiAOMOT AOBXWHU XBUNU NOTPIOGHO BMPa3nTK 3 Liel
2

=38.8nm

opmynn K =
m

3.7. HeinTpoH 3 KiHeTnyHoto eHeprieto K,=0,25 eB npyXHO 3iTKHYBCS 3 NEPBICHO HEPYXOMUM

A0poM aToMy “He. 3HaNTU JOBXUHU XBMb 060X YaCTUHOK B iX LI - cucTeMi Ao Ta nicns 3iTKHEeHHS,



3.14. TloTik MOHO eHepreTUYHNX enekTPOoHIB Nagae HopManbHO Ha diadpparmy 3 By3bKOH LWiTUHOK
WUpUHO b=2,0 MKM. 3HaWTK eHeprilo eNeKTPOoHIB, SKWO Ha eKpaHi Ha BiAcTaHi Bif wWinvHu 1=50 cv
WMpVHA LLEeHTPanbHOro AngpakuinHoro makcumymy ctaHosmtb Ax=0,36 mMMm.

3.22. lMokasatn, WO BMMIPIOBAHHA X — KOOpPAMHAT 4YaCTMHOK 32 [LOMOMOrOK BY3bKOI LWiNMHY
WWPWHOK b BHOCUTb HEBU3HAYEHICTb A0 TXHiX iMAynbCiB Ap, — Taky, wo AxAp,= h.

TeMma 6. Po3BsasyBaHHSA piBHAHHA LLUpeniHrepa ona 3apaHoro noteHuiany

AynuntopHe 3aHATTA 6.
3.47. YacTuHka 3 Macolo m 3HaxoauTbCs B OAHOBMMIPHOMY NMOTEeHUinHOMY noni U(x) nokasaHoMmy
Ha manoHky 3.3, ne U(0)=co. 3HainTu:
a) PIBHSIHHSA sIKe BU3HA4Yae MOX /MBI 3HAYEHHS eHepril YacTuHKK B obnacTi E < Uy; npuBecTn noro

0o Buay
sin ki =xkI(0/ /2ml U, ), k= 2mE /h

[MokasaTtu 3a JONOMOrolo rpadivyHOro BUPIWEHHS LbOro PiBHSAHHS WO MOXX/IMBI 3HAYEHHS eHeprii
YaCTUHKW CTBOPIOIOTb OANCKPETHUI CNekTp:

6) MiHIManbHi 3HaYEHHS BENUYUHK [> Uy Npu SIKMX 3'BNSIOTLCS Neplmnii Ta N—ii AUCKPETHI PiBHi.
Ckinbku piBHiB MicTUTb siMa ans skoi FU, = 75h%/m?

(=]
3

BkasziBku: 2m

U vt Puc. 6

Uy

0 l T 0 l L
Puc. 3.3 Puc. 3.4
3.48. B nonepepHii 3apnadi eHepris eanHoro piBHA E = Uy/2. CKOpUCTaBLINCDH PillEHHSAM €T
3ajavi BU3HAYUTU:
a) 3HaueHHs [* U, Takoi amu;
6) HaibinbL BiporifiHe 3HAYEHHS1 KOOPAMHATM YaCTUHKN Ta 306pasnTy NpMbIn3HWA rpadoik
3anexHocTi Y3(x);
B) BIpOriOHICTb 3HAXOAXEHHS YaCTWUHKK B 0bnacTi x > /.

BkasziBku:

,"/)2

AN

-

l iy

0

LI
—

Pue. 7

JomaliHe 3aBOaHHsA 6
3.49. YacTuHKa 3 Macolo m 3HaxoaMTbCs B 0LHOBUMIPHOMY CUMETPUYHOMY MOTEHLIAHOMY MO
U(x) nokazaHOMy Ha ManioHKy. 3HaTu PiBHAHHS, SKe BU3HA4Ya€e MOXMBI 3HAYEHHS eHepril
yacTuHkM B 0bnacti E<Up; npyvBecTw oro no Buay

kl = nmt -2 arcsin (hk//2mU, ) , k= /2mE /h , a n- uine yucno.

MokasaTty 3a 4ONOMOro0 rpadiyHOro BUPIWEHHS LIbOr0 PIBHSAHHS WO MOXMBI 3HAYEHHS eHepril
YaCTUHKW CTBOPIOIOTb ONCKPETHUIA CNEKTp

BkaasiBkn:



0 K Kyake K
Puc. 8

3.50. CKOpWCTaBWINCH PilleHHAM NMomnepeaHboi 3aaa4i BUSHAUNTU 3HAUYeHHS [2 Uy npu sSikomy:

a) eHeprisi OCHOBHOIO CTaHy YacTMHKK Ta 306pasnTtun E = Uy2:
6) 3'9BUTbCS OpYyruid Ta n — il ANCKPETHI PiBHI. CKiNbKy OUCKPETHUX PIBHIB MICTUTbL siMa ANs SKOT
FU, = 75n*/m?

Tema 7. MpoxopXXeHHS YaCTUHOK Kpi3b NoTeHuianbHuMn 6ap’ep Bucotow Ui
wmpuHoto L.

AynouTOopHe 3aHATTA 7.

3.61. YacTuHka 3 macoto m Ta eHeprieto E nagae Ha NpPsSIMOKYTHWIA UA
MOTEHUiNHMA 6ap’ep NokasaHuii Ha MantoHKy 3.7 3HanTw:

a) koediuieHT npo3opocTi D Ta KoediuieHT BiobuTTs R B BUNAaky E >
Up. BneBHUTUCH B TOMY WO OAepXaHi BUpasu crisnagaroTb 3

BiANOBIAHMMYK OOPMYNnaMun nonepeaHboi 3a4adi SKIO B HUX 3MIHUTU \
3Hak B Up. 3Haintn D npu E = U,.
6) nepui Tpn 3HaYEHHS E, npn Sknx enekTpoH byne npoxoauTu yepes Y

Uy

E

uein 6ap’ep 6e3 nepelwkoam, skwo Uy,=10, eB a /= 0,5 Hwm;

B) KoedpiuieHT npo3opocTi D B Bunaoky E < U, CnpoctuTtn ogepxaHui
BMpas gkwo D<<1;

r) BiporigHicTb MPOX0OXEHHS eNeKTpoHa Ta NpoToHa 3 E = 5 eB yepes ueii 6ap’ep, skwo Up.=10,
eBa/=0,1Hm;

0 l
Puc. 3.7

JomalliHe 3aBOaHHA 7
3.60. YacTuHka 3 Macolo m Ta eHeprielo E nagae Ha NpsIMOKYTHY
NOTEHLUIVHY SIMy NokasaHy Ha ManoHKy 3.6, ne | —wupuHa

amu, a U,.-ii rnmbuna . 3Hantu: A
a) koeiuieHT npo3opocTi D Ta koediuieHT BiobuTtTs R; /

L

6) 3HaueHHs E, npu skux YacTuHka 6yae npoxoamTu Yyepes Ui simy 6e3 0
nepewxkoan. BneBHNTMCh B TOMY WO Lie TPANMTHLCA NpU YMOBI | = NA/2, y
ne A-DOBXWHW XBWAI YaCTMHKKN BcepeaunHi amn, n=0, 1,2, ...

Un

Puc. 3.6

Tema 8. AHani3 po3B’si3aHHSA piBHAHHA LpepniHrepa B cchepuyHmnx
KoopAuHaTax.

AyoutopHe 3aHATTA 8.

4.64. YacTumHKa 3 Macol m pyxaeTbCs B LEHTPanbHOCMMETPUYHOMY NOTeHUiHOMY noni U(r).
3HanTu:

a) pisHaHHSA WpeniHrepa ons KyTOBOT Ta pafianbHOT YaCTUHU XBUNbOBOT OYHKLT
Y(r,0,9)=R(r)Y (6, ¢). Beaxaroun BnacHi 3HaueHHs onepaTopa L? BigoMmMun npmeecTtu
piBHSIHHA ons dpyHKUii R (r) oo surnagy

2
d12€ 2dR 8n’2m LZ)R:0
dr rdr h? r




6) 3anexHiCTb XBUNLOBOT PYHKLT Bifl a3UMyTansHOro kyTta @.
4.65. YacTuHka 3HaxoAnTbCS B LEHTPabHOCUMETPUYHOMY NOTEHUIAHOMY MONi B CTaHi, KW
XapaKTepuayeTbCsi XBUNboBOK dyHKuieo W (r,2,9) = R, (r)Y,, @9 ). Skunir cpisnuruii avict

dYHKUT ‘Yl,m/ (19,¢)‘2 ? CkopucTasluce Tabn.. 4.1 (Habpatb aTy Tabnuuy!) Bupaxysatu

HOPMYBasbHi KOeILIEHTN CPYHKLIN
A) Yl,();

B) Y.

Tema 9. Po3B’si3aHHs piBHSIHHSA LUpepniHrepa ons BogHe-noAai6bHUX aToMiB.
PapianbHa cknapoBa.

AyOounTopHe 3aHATTSA 9.

4.70. NpusecTu piBHSHHA, SIKe BU3HAYae pagianbHy YaCTUHY XBUNbOBOT OYHKLIT enekTpoHa B
KyNOHiBCbKOMY Mnoni sapa Z, no 6e3po3MipHoro suay. 9k 0AVHWLI BUMIPIOBAHHS B3STW aTOMHY
OOMHMLIO AOBXWHW (Neplumnii 6opiBCbKWA pamiyc) Ta aTOMHY OAVMHWLIO eHeprii (EHeprito 3B’A3KY
eNeKTpoHa B aTOMi BOJHIO).

BkasiBku:
Ins po3r’a3aHHs Uiel 3anavi noTpibHO 3anucaTu piBHAHHS LpeniHrepa nns BoaHenonibHmMx
aToMiB:

d’R 2dR ze’2m 2m
—+ =+ X R =-TFR
dr rdr ri? [0y
Ta 3rafaTy YoMy LOPIBHIOE EHEPTis 3B’S3KY OCHOBHOMO CTaHy €/1eKTPOoHa, nepwiit 6opiBCbKMi
, _me | h2 , _r __E
pagiyc: E, :|E1| = > s >— . Mpueenemo no 6espoamipHoro euay: P =—, € =—
2h | em, n E,

Ta nepenuvwemo pisHsHHS WpepiHrepa 3 ypaxysaHHsM umx amiH (R(r)  R(p)):

1 d? R 2 dR ze*2m 2m . 5 ,
— +——-R = —— E,£R . TloMHOXWMO Liel1 BMpa3 Ha 7, Ta MiAcTasnMo
rdp? pn dp prh h

3Ha4YeHHs 1 i€:

2
dR 2dR 21317’1R+2m2r1 E&R =0
dp’ pdp ph h
2 V) 4 4
d’R 2 dR L e 2m, h R+2m€ h* me £R =0

dp’ pd,o o e’m, W e'm? 2k

d°R Ed—R+(—+£)R =0

dp* pdp p

4.72. EnekTpoH B aToMi BOAHIO nepebyBae B CTaLiOHAPHOMY CTaHi, SIKAA OMUCYETLCS CHEPUUHO-
CUMETPUYHOIO XBUNbOBOIO yHKuielo (U(r) = A(l+ar)e”, ne A a i a - peski crani. 3z
Jonomoroto pisHaHHA LWpeniHrepa 3HanTw:

a) ctani ai a, a TakoX eHeprilo enekTpoHa

a) HopMyBanbHU KoeqiuieHT A.

BkasiBku:
Ins po3r’a3aHHs Uiel 3anadi noTpibHO 3anucaTu piBHAHHS LpeniHrepa nns BoaHenonibHmMx
aToMiB:



Ay  2dy  2m (I+1)
— L+ + = F + =0
dr*  rdr I v- v ‘/f

i NiACTaBMTU XBUbOBY cpyHKuuo 3 yMOBVI 3apavi, 4ns LbOro crnoyaTky 3Hannemo nepuy ta apyry
noXigHy:

aw = Aae” +Aa(l +ar)e® =A@ +a +aar)e®”
-

d’y
dr?

=Aa(@ +a+aar)e” +e"aa =Ae” (a @’ +ax ’r).

MigctaBnsemo 0o pisHAHHA WpegdiHrepa:

ar

A" [2aa+a’ +aar] +era’(a +0 +a ar) +1—TEQ(1 +ar)e” + e
r

l [+ 1
2mE 2mEar 2me’ 2me*  1(1+1) I +1)
2 + 2 + 2 ta 2 2
h h rh h r r
Bupas nig ckobkamm Mae LOPIBHIOBATMW HYJIIO, TOMY KOEWILIEHTW NPV OJHAKOBUX CTENEHSX T
MatoTb JOPIBHIOBATW HYNIO, PO3NOYHEMO C HANMEHLLOrO:
2+ =091 =0, ) Tomy Hanani Hemae KoediLieHTiB , SiKi cTOsNM Nopsia 3 [ .

2
A" [2aa+a’ +aor+=(a+a) +Xa +
r

2(a+a)+2me =0
2mE ~0
rl:a0'2+2mEa =0

Maemo cuctemy piBHAHb:

_ me®
ata =- 12
daa +a +2";16 a +—2;12E =0
2mE

2mE
vy

3 0CTaHHBOrO PIBHSHHS: O =

(a 0), cKopUCTYEMOCH UMM Ta nepenuiiemo apyre

PiBHSIHHS ypaxyBaB nepuie:
daq +a’® -2(a’* +aa)-a* =0

—2a* +2aa =0
a=q
me’
Toai 3 Nepworo piBHAHHA: @ = ——— = ——— . EHeprilo 3HaxoanMo 3 OCTAHHLOrO PIBHSHHS
2h 2r,
me* me* 1
cnctemn: E=——— = ———.
8h 2h* 2

-r

. r. o . y o
3anuwemo camy XBunboBy doyHkUio: (J = A(1 —2—)621 . 3HarnemMo HopMyBanbHWIA KoedilieHT A
h

BUXOASYM 3 TOrO, LLO BiPOriAHICTb 3HAX0LXEHHS eNekTpoHa Ae-Heby b LOPIBHIOE OANHNLL:



| |2 dv =1 2 r 2 _rL 2
W , dV =47ridr . TobT10 D4 (1—2—) e "41r dr =1. IHTerpyemo Ta nonyyaemo
v 0 h

A - (8”713)_”2

JomaliHe 3aBaaHHS 9
4.71. Bukopuctaswu niactaHosky R(r) = x(r)/r, 3HainTm acuMnTOTUYHUI BUA padianbHoi
4acTUHW XBUNbOBOT AOYHKLIT R (r) Ans 38’A3aHUX CTaHIB €NeKTPoHa B KYNOHIBCbKOMY Moni sapa:
a) Ha BENMKUX BiACTaHAX Big 80pa;
6) Ha Manux BiacTaHsX Big a4pa.

BkasiBku:
Lnsa poss’sa3aHHg wiel 3agavi 3anmwemo piBHAHHSA WpeaiHrepa:

d’R 2dR 2:R _I(+1) , _ 2mE

ar* rdr nr r’ h’
Lboro 6epemMo nepuy Ta Apyry noxiaHi:
2 2
d—RIld—X—){(r)iz Ta d’R :ld X _ dX ! +2)((r)l lMicna nigcTaHOBKM MaeMO Take
dr rdr r ar’* r a’r2 dr r’ r
_ 1d? d 2.1d 1. .2z I(1+1 2mE
pianmas: [+ 2 X 29X L yays ) ]+ - X X))+ 2 X MO0y = 2Ey
rdr dr r’ r nor r rh

[(l+1) 2mE

CKOpPOTMUMO Ta MOMHOXMWMO Ha 7 : & X (—Z ( 5 )+ n12 )X =0.
rr r h
a) Ha BENUKUX BiACTaHSX Bif 84pa — CKOPOTUMO YNEHU 3i CTYNEHIO MPU ¥ HUXYOI0 3a —] :
d’x 2mE
+ =0
ar* I’ X
2mE

PilleHHs uboro piBHAHHA Mae Takui Bua: X = ble_” +b2e” ,he k= . I3 ymoBu

-Kr

1
obmexeHocTi R(r) maemo: b, =0, Tomy R(r) —e
r

6) Ha Manux BiACTaHSAX Bif sOpa — CKOPOTUMO YNEHN 3i CTYMEHIO NPU 7 BUWOK 32 —2 :

2
+
cjl )2( - 1a > D X =0 . ns uboro piBHAHHS WyKaeMO PilleHHs y BUAT Y = Ar® . Nigctasnsemo:
r r
L -1
al@ -1)Ar"? —(—2)A “ =0.Maemo a, =/ +1 1a a0, = —/ . Bukpecnioemo O, BUXOASYM i3
r

L .
yMoBu o6mexeHocTi R(r) . To6to R(r)[] =r'"" =1'.
r

Tema 10. EHepreTUyHi piBHi B aTOMax Ny>XXHWUX MeTarsi..

AynutopHe saHaTTa 10.

5.2. Bupaxysatu kBaHTOBI fepektu S-, P-, Ta D- TepmiB aTomy Li, aKwWwo BiAOMO, Wo eHepris
3B’A13Ky BaNIEHTHOrO eN1eKTPOHa B OCHOBHOMY CTaHi fopiBHoe 5,39 eB, nepwwuin noteHuian
36ynxeHHs 1,85 eB a posxuHa xBWAi ronoBHOT NiHiT AudpysHoT cepii 610 HM. SAkuii i3
nepepaxoBaHnX TEPMIB Habinbw 61M3bKWiA 00 BOAHE-NOLIGHOro Ta YMM Lie 3yMOBIEHO?

BkasiBku:
3pobUMO ManoHOK:



s (1=0) p (I=1) d (1=2)

Piska cepis

['onoBHa cepist 2

HudysHa cepist
1=2 - 1=1

KBaHTOBMIN AehekT — Lie nonpaska 38’s3aHa 3 HELeHTPanbHICTIO MONS (O1B. MANOHOK HUXYeE),
siKe [je Ha BaNneHTHUN eNeKTPoH - J, .
3anuweMo hopMyny Ans eHeprii Ha N-My PIBHIO 3 yPaxoBYOUM BULLE CKA3aHWA edDeKT:

13.6¢eB

(n-0)*"

wmm —

n,l

3 yMOBW 3afayi eHepris 38’13Ky €1eKTpoHa B OCHOBHOMY CTaHi fopisHioe £, = ‘Ega =535 |

/13.6
3Biacu mu 3Haiigemo 0, =2 — |[—— =0.41.
E,,

Mepwmit noTeHuian 36yaxeHHs eAP =1.85 .3 -
iHWoro Goky ‘ELO‘ —‘EZ’O‘ =el@ . 3iacw e
7 - -~
[ 136 7 -7 RN
0 =2~ |—="— =0.04. s e N
5.35-1.85 // 7
JloBXwrHa XxBWNi FONOBHOI NiHiT Andy3HoT cepil / // T TN
A, , =610mnMm - ue pizHnus eHeprilt pieHis (2, 1) Ta (3, I' / e h N
/ /
hc . : / / \
2): ‘Ez,l‘_‘Es,z‘ =—. 3sincm ! | , +ze !
A ! . | o !
0.00_ \ N !
\\ Mo - _’
N —_
To6T0 0, =0.41, 0,=0.04,0, =0.00. AN
5.3. 3HalnTu eHepriio 3B’43KY Y BaNEHTHOrO enekTpoHa RN - -7

B OCHOBHOMY CTaHi atoMy SKLO BiJOMO WO AOBXUHU -
XBWUb FONOBHOT NiHIiT pi3koi cepii Ta Ti

KOPOTKOXBW/IbOBOI rpaHuL BiAnoBiAHO AOPIBHIOIOTbL

813 1a 349 Hm.

BkasiBkn:



: N . hc
Brkopuctaemo QOBXMWHY XBWAi FONOBHOT NiHiT pi3koi cepii /\M =813Hm, ‘Ez,l‘—‘E&O‘ :7; Ta

hc
LOBXWHY XBUNi KOPOTKOXBUNbOBOT rpamunui A, =349Hm, ‘Ezyl‘—|E | =7 . 3 LUMX [BOX PIBHSIHb,

BpaxysaslLuu, mo|E[| | =0, sHaitnemo 0, aHanoriyHo 0o nonepenHbol 3aaavi.
13.6eB _ 13,6  _

2-0,)° (2-0.41°

5.5. Bupaxysatu onsi ioHa Be* kBaHTOBI fedpekTun S- Ta P- TepMiB, a TakoX OOBXWHY XBUI

3aronoBHOT NiHii Pi3Koi cepil, AKWOo BiAOMO WO AO0BXWHN XBUSb 3aroN0BHOI NiHii FONOBHOI cepii Ta
il KOPOTKOXBUALOBOI rpaHuLi AopiBHIOKTL 321 Ta 68,8 HM.

EHeprist 38’siaky 3HaxoanTbcs 3 popmynn E,, = |Egh=

2

BkasiBku:
3anuwemo opMyny ANns 3HAXOAXEHHS eHeprii Ha N-My PiBHI 3 ypaxyBaHHAM NONpPaBKu:
wym — 2 13.6¢B . P .
E ledd 2 ﬁ . BukopucTtoBytouu Ti Ta 3anucaBwuy PiBHAHHSA ANS FONIOBHOI NiHiT rONOBHOI
degp n-o
1
cepii | KOPOTKOXBUILOBOI rPaHNLL 3HANAEMO MOMNPaBKW HELLEHTPaNbHOCTI MONS:
1240 1240
A— = ‘Ez,o‘ _‘Ez,l‘, T = ‘Ez,o‘ _|E|]| . YpaxoBytouun |E|]| =0 otpumaemo: g, =0.28,
2 Ke
0,=0.04.
. . . i . . . . — 1240 .
JloBXWHI XBWAi FONOBHOT NiHiT pi3K0oi cepii 3HaX0AMNTbCS i3 PIBHAHHSA: ‘Ez,l‘ _‘E3,()‘ - 1 3BiOKKU
2p

Amp =179,5Hm.

JomawHe 3asaaHHsA 10
5.1. 3HailTK noTeHuian ioHi3auii Ta nepwuin noTeHuian 36yaxeHHs atoma Na, y SKOro KBaHTOBI
nedekTn ocHoBHOro Tepmy 3S 1a Tepmy 3P popisHoOTH BignosigHo 1,37 Ta 0,88.

Bkasisku:
EHeprisi ioHi3aLil — Le HaliMeHwwa eHepris NnoTpibHa ans Toro, wob BMpBaTh eNEKTPOH i3 aToMy I
BiIHECTM Ha 6e3KiHeYHiCTb, TOOTO ANg HATPIlO (OAUH ENEKTPOH Ha 30BHILLHINA, TPETIn 060NOHL)

13.6eB
ed,, =|Egh=—"—> =312 @¢,, =512
(3-0,)
Mepwuit noTeHuian 36yAXeHHS Lie PI3HULS eHEepriii MiX NepLM OCHOBHWM PIBHEM Ta NepLimnM
MOX/IMBMM HACTYMHUM, TOOTO ONs HaTpIto:

ed s =|Ey| ~|EeB=5.12 _(3;—3'0%)_2 =2.09 @¢, =2.09
1

5.4. CKinbKKn cneKTpanbHMX NiHiil , 4O3BONEHUX NpaBMiamMmn BiLbopy, BUHMKAE NPY Nepexomi
aToMIB NiTil0 B OCHOBHWIA CTaH i3 CTaHiB:

a) 4S;

6) 4P.

Bkasisku:

3rigHo 3 npaBunom Binbopy Al = 1 Takux nepexonis Moxe 6yTu:

a) 6, a came: 4s - 3p, 4s - 2p, 3p = 3s, 3p = 2s, 3s = 2p, 2p - 2S;

6) 12, a came: 4p — 4s, 4p — 3s, 4p —» 2s, 4p — 3d, 4s - 3p, 4s = 2p, 3d - 3p, 3d — 2p, 3p — 3s,
3p - 2s, 3s = 2p, 3p — 2s.

Tema 11. KBaHTOBi XapakTepUCTUKM eNeKTPOHIB B aTOMax.

AyauTtopHe saHaTTa 11.



5.16. BunucaTt MOXIMBI TEPMU ATOMIB SIKi MatOTb KPiM 3anoBHEHMX 060 MOHOK:
a) ABa €NeKTPOHN S Ta p;

6) nBa enekTpoHu p Ta d;

B) TPV €NEeKTPOHM S, p, Ta d.

Bkaaisku:
a) s- eneKTpOH [,=0,s =1/2;p-enektpoH: [, =0, s, =1/2.
L l.lu.
Bmpa3L L, + L, Haknapae obMeXeHHs Ha KBaHToBe 4ncno L: |l | L [ 4.

1OL®1®L—1

Bupas S S +S Haknagnae obMeXeHHs Ha KBaHTOBe 4ncno S: |s1 —s2| S s +s,.
095 QYs=01

Bmpa3| = L + S Haknagae obMeXeHHs Ha KBaHTOBE YNCNo J: |L S| 4 L+S.
Po3arnsHemo MoX MBI BapiaHTL:

L=1,5=0: 1 @/ Q@ J =1.
L=1,S=1: 0/ Q@ J =0,1,2.

CrekTpanbHi TepMm 3anucytoTbest sk~ L, , T06T0 B HawoMy Bunagky ue: ' P - cunrnethe P,
3 3 3
P, - tpunnetne Fy, "B, P, .

6) p-enextpoH: [, =1, 5, =1/2; d-enektpon: [, =2, s, =1/2.
=503 1 +1,.
1OLYBYL=123
|s|—s2||:||_§ s+, .
095 GV Ss=01
IL-S|0J L+S.

Po3arnsaHeMo MoX 1B BapiaHTK:

L=1,5=0: |1 9/ XV J =19 'F.

L=1,8=1: 0/ Q@ J =0,19 R, P
L=2,5=0: 2Q/ RV /=29 'D,.

L=2,5=1: 19/ €Y J=1,239°D,,°D,,’D,.
L=3,5=0: 39/ B Y J =39 'F,.

L=3,S=1: 2@/ @ @ J =2,3,49°F,.°F,,°F,.

B) s-enektpoH: [, =0, s, =1/2; p-enextpon: [, =1, s, =1/2; d-enektpon: [; =2, s, =1/2.
I, =1, +L,|0@ [, +1, +1, (snisa mae 6yTy HailMeHwe 3HAUEHHS, CrIpaBa — HaGinbLue).
1OLBYL=123

s, =5, +5| OB s, +s, +s;.

11295 B/295=1/23/2

IL-S|0Jd L+S.

L=1,8=1/2: 1/2QJ @3/29 J=1/2,3/29 °F,,,’P,,.

L=1,S=3/2: 1/2QJ @/29J=1/2,3/2,5/29'P,,,"P,,.'P,,.

TaknM caMyM YMHOM 3HaxoaaTbcs TepMu npum L=2,3.

5.19. BusHauntun MOXNMBY MynbTUNAETHICTb:



a) tepMmy Dgp;
6) Tepmis aTomis Li, Be, Ta B, kw0 36y0XYyOTbCA €NEKTPOHU TiNbKW 30BHIlLHIX HE3AMKHYTUX Mif
060/1I0HOK.

BkasiBku:
a) D,,, o3Havae, wo L=2, J=3/2.

5.22. 3HaiTV KyT MiX CMiHOBMM Ta NMOBHUM MEXaHiYHNMN MOMEHTAMMN B BEKTOPHI MOAENi aToMa:
a) AKuiA 3HaxoanTbcs B cTaHi D 3 MakcnManbHO MOXIMBMM 3HAYEHHSM NMOBHOMO MEXaHiYHOro
MOMEHTY;

6) SIKWin Mag KpiM 3anoBHeHNX 0BONOHOK TpY eNEeKTPOHY (p, d, Ta f) Ta K1 Mae MakcMMasnbHO
MOXNIMBUIA ANns Ui€i KOHAirypauii NOBHUA MEXaHIYHWNIA MOMEHT.

BkasiBku: -
a) 3p osHauae, wo L=2; 2S+1=d> 3 S/ =3.
Bupaxyemo 0OBXWHM BEKTOPIB;

S|=S(S+Dh=2h |*
‘E‘ = JL(L +1)h=+/6h
‘Ir‘:JJ(J +)h=+12h

u L
. 2 2 2 .
Ta 3anuwemo Teopemy kocuHycis: L =S +1 —Z‘Sul ‘cosa . Bupasumo Q' Ta ninctasuMo

OTPUMaHHI [OBXWHWN BEKTOPIB. cosa = \/% @a :35(

6) p-enektpon: [, =1, s, =1/2, J, . =3/2;p-enextpon: [, =2, s,=1/2,J, =5/2;d-

s = 1172
L=+, +l,=6,S=s+s,+s,=3/2,J=J,+J,+J, =15/2.
AHanoriyHo fo nonepefHbOoi YaCTUHW 3HAXOAMMO AOBXWHU BEKTOPIB Ta KYT MiXX HUMMU:

Bj= | 2n ] =y = 2 hé cosa =020 =5174

5.23. ATOM 3HaxoaMTbCs B CTaHi *F Marouu npu LbOMy MakCMManbHO MOX/UBWA NOBHUI

MeXaHi4yHU MOMeHT. BU3HaunTh KpaTHICTb BUPOLXEHHS LUbOro cTaHy no J. Akunin goisnyHnin amict
oLep>XaHoi BENNYMHN?

2max

enektpoH: [, =3, 5, =1/2,J

Bkaasisku:

4F o3Havae, Wwo L=3; 2S+1=4 - S=3/2; » J  =9/2.

KpatHicTb BupoaxeHHs no J 3Haxoaoutucs sk 2J +1 ta gopisHioe 10. Lle uncno ctaHis 3 pisHuMu
3HaYEHHAMU 1M, .

JomallHe 3aBgaHHA 11.

5.15. 3HaT MOX/IMBI 3HAYEHHS MOBHUX MEXaHIYHWX MOMEHTIB €NEKTPOHHUX 0O0NOHOK aTOMIB E
cTaHax ‘Pwn °D

BkasiBku:
4posnavae, wo L=1;2S+1=4 - S=3/2; > 1/2 J 5/2 J ¥2,3/2,5/2.



To6To || |—,/J(J+ Dh= (£ £ g)
5D o3Hauae, o L=2; 28+1=5 - S=2, -0 J 4 J 612,34.

1 [=7(7 +Dh=(0:4/2:/6;243;25)h

5.25. 3HaiTh MakCManbHO MOX/UBUIA KYT MiX CMiHOBMM Ta NMOBHUM MeXaHiYH1UMN MOMEHTaMMN B
BEKTOPHI MoAenNi atoMa, KU 3HaX0AUTbCA B CTaHi 3 MyNbTINAETHICTIO MATb Ta KPaTHICTIO
BMPOOXEHHS No J ciM. Bkasatn cnekTpanbHWii CUMBOM LIbOrO CTaHy.

BkasiBku:
MynTinneTHicTb MsTb 03Hauae, wo 25 +1 =5 S =2, KpaTHICTb BUPOAXEHHS No J CiM —
2J+1=79J =3,7omy L =2+3=5.3uboro Maemo criekTpanbHuit CUMBON CTaHy °H,.

Jlna 3HaxonXeHHs MakcuMaribHO MOX/IMBOrO KyTa MiX CMiHOBUM Ta NOBHUM MeXaHi4HUM
MOMEHTaMV CKOPUCTYEMOCH BUPIEHHAM 3aaadi 5.22 3 ayanTOpPHOro 3aHATTS, TO6TO 3HAX0AMMO
JOBXWHW BEKTOPIB:

S|=/5(5 +Dh=+2h
‘E‘zw/L(L +1)h =/30h
‘II“:«/J(J +1)h=23h

Ta 3 TEOPEMU KOCMHYCIB 3HAX0AMMO MakCUManbHWA KyT:

cosa = —0.707 @ a =1354.

5.28. 3HainTn MakcMManbHe YUCNO eNEeKTPOHIB, SKi MatOTb B aTOMi OAMHAKOBI HACTYMHI KBAHTOBI
ymcna:

a) opbiTanbHe KBaHTOBE YNCNO /;

6) ronoBHe KBAHTOBE YNACNO N

Bkasisku:
a) Yucno 3HaueHb m, gopisHioe (2/ +1) noMHoXeHe Ha Yucno M (2), TOGTO YUCNO ENEKTPOHIB
N, (1)=220+1).

nl n[l1+2n—1]

) N, (n)= 220 +1) =2[1+3 +5 +.. H2n )| =2 >
1=0

=2n’

Tema 12. NMpupopa peHTreHiBCbKUX NpoMeHiB. Oxe-ecpekT.

AynurtopHe 3aHATTA 12.
5.56. BnsHauuTtu goBxuHy xsuni K, - niHii enemMeHTa nepioanyHoi cUCTeMn, MOYNHAOYM 3 SKOrC
Cnif 04ikyBaTU BUHWMKHEHHS L — cepii xapakTepMCTUYHOrO PEHTIEHIBCbKOrO BUMPOMIHIOBAHHS

BkasziBku:
3anuiwemo 3akoH Moani:

heg, #10.2  ( -1)?
3pobrmo ManoHoK. BUHWKHEHHS L-cepil cnif oyikyBaTu B €1€MEHTI, aKuii Mae oauH
enekTpoH Ha M-o6onoHui, To670 z gopisHioe 2(K) +8(L) +1(M) =11. Ue HaTpii.

MigcTaBnm JOBXUHY XBUAi A, =— [0 3aKOHy MO3Ji:

¢
v
he/\é—ZZlOQ ( =1y 3HaoemMo A .

ka

A= he 1110.2(zret)?] =1.22




5.60. MNpwu 36inbWeHHi HAaNpyru Ha peHTrexiscbkin Tpybui Bin 10 Ao 20 KB pi3HULA LOBXUH XBUIb
Kq—TiHiT Ta KOPOTKOXBUNBOBOT rpaHnLi CyuinbHOro cnekTpy 36inbwmnnack B Tpy pasu. Akni
eNleMeHT BUKOPUCTOBYETbCS B AKOCTi aHTMKaToaa.

BkasiBku:
3pobrMO ManOHOK: ANS PiIBHUX HAMPYT Ha PEHTrEHIBCbKMIA TPy6Ui N /\k
MaeMO Pi3Hi AOBXMHUN XBUIb KOPOTKOXBUIIbOBOT rpaHuLi Ta 0A4HaKoBY x a
LOBXUWHY XBUNI XapakTEPUCTUYHOTO BUMPOMIHIOBAHHSI.

3anuwemo 3B’A30K MiX eHEprietd BUNPOMIHIOBAHHS Ta MOTEHLianom
Ha PeHTreHiscbKii Tpybui: AV, , =eV  Ta noBXuHY xBUni

yeK

XapakTepuCTUYHOIO BUNPOMIHIOBAHHS (OMB. BKasiBku 0o 5.56)

A =hel[10.2(z =171, Ao A
3 . . (AkEBZ_A ) —
YMOB 3aaaydl Maemo: (A :j{‘i;

kyee
MinctaBuMo oopMy v HanucaHi Bulwe Ta oTpuMaeMo z =29, To06To aHTMKATOL BUFOTOBMIEHO 3
Meli.

5.62. Ski cepii xapakTepucTnyHOro cnekTpy 36yaxyoTbcsl B MonibaeHi Ta cepebpi Ky—
BUMNPOMIiHIOBaHHSAM cpibna?

BkasiBku:

3pobUMO ManoHKMU.

L-nonoca nornMHaHHA MaTUMe y CBOEMY CKnagu 3 piBHA — OOMH S Ta
I1Ba p (3a paxyHok cniH-op6iTanbHOro PO3LWenieHHs —
j=1/2,3/2). \

Kpau Kpau
L-cmyrn  K-cmy)

IIOIrJIMHAHHS

CkopucTtyemoch Tabnuueto 3 noaaBaHHs 2 (Ipooos).

Kpait cMyrv nor iMHaHHsi, nm

z EnemeHr K L L, L,
47 Cpibno 48,6 323,6 351 369,5
42 MonibneH 61,9 430,5 471,5 491

TIIOTJIMHAHHA

Pospaxyemo eHeprito K, —BunpoMmiHioBaHHs cpibna:
h\é]é’a =10.2(47 -1)> =21583
Ta eHeprii Ha kpasx K-cmyr monibaeHy i cpibna:

hc
Mo: E¢B= T =20032 - enepris 38’s3Ky MeHLA 3a EHEprilo BUNPOMIHIOBAHHS CpiBna — ToMy
K
iICHYIOTb YCi cepil;
hc
Ag: E¢B= T =25514 - enepris 38’s3ky Ginbwa 3a eHeprito K, —BunpomiHioBaHHs cpibna —
K

hc
TOMy He icHye K-cepis. NepeBipnMo uu icHye L-cepis: Eé:B: /\_ =3831 | eHepris 38’a3Ky L-
L
cepil MeHwa 3a eHeprilo BUNPOMIHIOBAHHS — TOMY iCHYIOTb YCi cepito Kpim K-cepii.

5.69. Mpu ONPOMIHEHHI aTOMIB KPUMNTOHY PEHTIEHIBCbKMMM NPOMEHSAMY 3 [OBXUHOK XBUAI A
3HaneHo, Wo B AesKNX BUNaakax Bunitae asa enekTpoHU: ooToenekTpoH, BuBinbHeHnn 3 K-
000N0HKM, Ta eNeKTPOH BUBINbHEHWI BHAcninok eqpekTy Oxe 3 L— obonoHku. EHepris 38°a3ky K-
Ta L— enekTpoHiB BianoBigHo gopisHioe 14,4 Ta 2,0 keB. Bupaxysartu:

a) KIHETWMYHY eHeprito 060X enekTPOoHIB, SKILO A =65 nM;



6) A, npw siKiih eHeprii 060X eNeKTPOHIB 0AMHAKOBI.

Bkasisku:

a) 3anuwemo copmyny EnHwTelHa:

hc

/‘— = E;Z + in/e , 3BiACU KiHETMYHA eHepria hoToeneKkTpoHa
hc

K, =——EfeB19.1 keBl4.4 eB=4,7

X

Exeprig Oxe-enekTpoHa 3HaX0AUTbCS SK:
KE.=E ' -E.)— ‘xeBAdxeB-2xeB-2 xaB0.4
6) I3 ymosu: K, =K, , Tomy

hc K K L

——FE, =E, —2F,_ , ssincv nosxunHa xeuni A, =

A

hc _
2(14.4-2)

S50nm.

JomalliHe 3aBanaHHA 12
5.55. Kopuctytouncb 3akoHoM Mo3ani, BupaxysaTi LOBXMWHY XBUIb | eHeprii POTOHIB, SKi BiANOBI4,

K, - nivism antominito (157Al) i kobanbTy (,7°Co).

BkasiBku:
3anuwemo 3akoH Mo3sni:

B =102 ( -1,

Brxoas4m 3 HbOro 3HaxX0AUMO EHeprito POTOHIB:
Co: 2=27 @ hvﬁa =102 (27 xdB =6.9 Ta [OBXWUHY XBUAi: A = h—; =179.7nm.

AnanoriyHo i ans antomiuito (z =13): hkgB=1.47 . A =844nm.
5.58. 1ns eneMeHTIB KiHUS NepiogMyHOT cMCTeMM nonpaska B 3akoHi Mo3ni 3Ha4YHO BiAPI3HAETLCS
Bi4 04MHWUI. BneBHMTMCHL B UbOMY Ha Npuknagi onosa (Z=50), uesito (Z=55) Ta Bonbppamy (Z=74

), DOBXMWHU XBUNb Ka —NiHiN 9KKx BigNoBiAHO fopiBHIOWTL 49,2; 40,2; 21,0 nM.

BkaasiBku:

K 1 = hc hc
JoBXxunHa xsuni - NiHIT 3HaxoOnTbCS SK: - - .
@ A T, 102(z-n)

he
3Bigcu 3Haxooumo nonpaeky =2~ | ———— .
8 8 pasty \102 A

Ons Sn: n:SO—\/ 1240 — =0.29,
10.2 49.2 107
Cs: n:55—\/ 1240 — =0.008,
10.2 40.2 107

Y B
10.2 21 10~

5.59. 3HaiTy Hanpyry Ha PeHTreHIBCbKIN TPy6Li 3 HikeneBMM aHTUKATOAO0M (Z=28), SKWWO Pi3HULS
DOBXWHM xBUNb K, - NiHil T2 KOPOTKOXBWNBOBOT MEXi HEMEPEPBHOrO PEHTIEHIBCLKOrO CNeKTpy
nopisHioe 0,84 A°

BkasziBku:

I3 ymosm 3apadi A, ~A =0.84A . 3anuwemo svpasn ans A i A



_ he . he . )
A =——— i /\Ka = ———— . ligcTaBumo ix B yMOBY Ta BUPA3VIMO Hanpyry:
NPUCKODEHHS 10268(Z - 1)

Veg% hcA +102 _1)2% :%@ +10_2(2,8€B1)23:22.198
e .

5.67. 3HaiiTh KiIHETUYHY eHeprilo eNekTPoHiB BUpBaHux 3 K- o6onoHkm atomis monibneHy K, —
BUNPOMIiHIOBaHHSM cpibna? (Ag, Z=47; Mo: kpai K-cMyru nornuHaHHs 61.9 nm)

Bkaasisku:

3anvwemo dpopmyny EiHwTenHa: EKEB = E'; K .

Enepris K, - BunpomiHioBaHHs cpibna i3 3akoHy Mo3ni AopiBHIOE:
hwgB=10.2(47 -1)* =21,6

hc

) , K —
EHeprisa 38’a3ky K-enekTpoHa E, =

A

Krparo
KiHeTnyHa eHepria dpoToenekTpoHa:

K¢/e:hV§aB— hc =21.ceB —(16—21%2@000) =1,55

Krparo

Tema 13. 36yaXeHi cTaHU MONEKYN: eNeKTPOHHi, KONuBanbHi Ta o6epTanbHi
30y XKEeHHS.

AynutopHe 3aHaTTa 13.
7.1. 3HaitTn 3a nonomoroto Tabnuup Jdonatky ans monekyn H, ta NO:

a) eHeprito, HeobxigHy Ans 30ynXeHHs X Ha neplwunii 06epToBuii piBeHb (I=1);

a) KyTOBY WBMIKICTb 06epTaHHs ¢ cTaHi 3 /=1.

7.9. 3HallT eHeprito HeobxifHy Ans 36yaXxeHHst Monekyn Hy Ta J, 3 OCHOBHOIO CTaHy Ha neplmii
KOnuBanbHWiA piBeHb (v=1). Y ckinbkun pasie Lus eHepris Ginblue eHeprii 30yaXeHHs faHoT
MOJNIEKY NN Ha neplnii obepToBuii piseHb (/,=1)?

7.13. BusHauntn makcnmanbHO MOX/IMBE KONMBaNbHE KBAHTOBE YMC/O, BiANOBIAHY KONMBANbHY
€Heprilo Ta eHeprito aucouiaLii 4BOXaTOMHOT MOIEKY KX, BAacHa YacToTa KONUBaHb SKOI V a
KoediuieHT aHrapMoHiHOCTI X. BupaxysaTtu Ui Benn4nHM ang monekynm He.

Lonarok: KoHCTaHTV fBOXaTOMHUX MO/TEKYN

Monekyna | Macose MixsanepHa YacToTa AHrapmo- Enrepri;

yucno BiCTaHb, KONMBaHb, K, HIHOCTb, X, auncodi

10 cMm cMm’ 10° Ep, eB
H; 1 0.741 4395.2 28.5 4.48
N 14 1.094 2359.6 6.15 7.37
O, 16 1.207 1580.4 7.65 5.08
Cl, 35 1.988 564.9 7.09 2.48
NO 14; 16 1.150 1906 7.55 5.29
HCI 1; 36 1.275 2989.7 17.4 4.43
Jo 127 2.67 214.6 2.84 1.54
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7.2. 3Haritn ons Mmonekynn HCI kBaHTOBI ynucna /. ABOX cycCigHix 06epToBUX PIBHIB, Pi3HMLS

€Heprin aKnx cTaHoBUTL 7,86 MeB.
7.14. BupaxysaTu KoedpiuieHT aHrapmoHiinHocTi monekynu Cl,, SKWwo Bigomi ii yactota KonMeaHb

Ta eHeprisa gucouiauii.

Tema 14. BunpomiHioBaHHA TBepAUX Tin. EMNipMyHi 3aKOHN

BUNpoMiHioBaHHSA (BiHa, CtechaHa-BonbumaHa, lNMnaHka).



AynuntopHe 3aHATTA 14.

1.3. lNMoyaTtkoBa Temnepartypa TennoBoro sunpomiHoBaHHsa T=2000K. Ha ckinbkun KenbBiHiB
3MiHMnacs us Temneparypa, sKio HanbinbLw BiporigHa AOBXMUHA XBUAI B MOr0 CNEKTPi
3b6inbwmnacb Ha AA =250 HM?

1.5. COHSIYHMIA CMEKTP BUMPOMIHIOBAHHS GNM3bknidi A0 cnekTpy abCoMoTHO YOPHOro Tina, Ans
SKOro Haibinblw iMoBipHa AOBXWHA XBUAI A,=0,48 MKM. 3HaNTW NOTYXHICTb TEMMOBOIC
BMNPOMiHIOBaHHS CoHus. 3HalTU 4ac, MpPOTAroM $KOro MOro Mmaca 3MeHWUTbCea Ha 1% (3¢
paxyHOK TenjoBoro BUNpoMiHioBaHHs). Maca coHusa 2x 10% «r, ioro pagpiyc R=7x 10°m. Ctana &
3akoHi CtedpaHa-bonbumaHa 5,7x10"Bt/(cmM?K*), a cTana B 3akoHi BiHa b3=0,29cM.K. 3HaiTy
Haibinbll iIMOBIPHY OOBXWHY XBWAI B CNEKTPi TENSOBOrO BUMPOMIHIOBAHHS 3 BMMPOMIHIOBANbHOK
apaTHicTio 5.7 Br/cM’.(Ctana B 3akoHi CTedpaHa — BonbumaHa o=5,7x 10° BT/M°K*, cTana B 3aKoH
Bina b,=0,29 cm[K).

1.8. MigHy KynbKy 3 pagiycoM r=1,0 CM 3 YOPHOIO NMOBEPXHEID NOMICTUAN OO0 BaKyyMHOT MOCY AMHN,
Temnepartypa CTiHOK gKoi nigTpmumyeTbea npu 0°K. NoyaTtkoBa Temnepatypa Kynbku Tp=300°K. Y
SKWIA Yac horo Temnepatypa 3ameHwnTbes B 1,5 paan? TennoemHicTb Migi €=0,38 [x/(r K), ryCTuH
p=38,9 r/cM’. Ctana B 3akoHi CtedpaHa-bonbumana 0=5,67x10® B1/(M?K*).

1.16. MNepeTBopuTK chopmyny lNnaHka oo BMay, SKMIA BigNOBigae po3noainy:
a) rno KpyroBuM yactoTam;

6) Mo AOBXWHAM XBUJb.

1.19. 3a nonomoroto cpopmynu MNMnaHka BU3HAYMTM YACNOBI 3HAYEHHS CTaNUX:
a) B 3aKOHi BiHa;

6) B 3akoHi CTedhaHa-bonbumaHa.
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1.1. CkopucTaswmcb goopmynoto Bina [u,,= v f( v/T)] nokasatw, wo:
a) HaibinbL BiporigHa YacTtoTa TenNoBOro BUNPOMIHIOBAHHS V,~T;
6) eHepreTuyHa cBiTuMictb M~T* (3akoH CTedpaHa-bonbumaHa).
1.4. 3HainTn HabinbLw BipOrigHY JOBXWHY XBWAi B CNEKTPI TENNOBOrO BUNPOMIHIOBaHHS 3
eHepreTu4Hoo cBiTuMicTio M = 5,7 Bt/c™?.
1.8. BiH 3anpornoHyBaB HacCTynHy qoopMmyny AOnsi PO3MNoAify eHeprii B CNeKTpi Tennosorc

BUMPOMIHIOBAHHS u(v) = Av3exp(—a'v /T) ,de g =7.64%x10"7 cekx K. 3HanTu 3a OOMNOMOroKC
Liei doopMynn Hainbinblw iMOBIPHY YacTOTy BMMNPOMIHIOBaHHA ans T=2000 K




