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1 e 1 3202498 H3YYeHUA TUCUHIIHHBI (MOXYJIs).
1.1 Henap ocBOeHHA IMCHHMILIMHBI: H3Y4YeHHE (QH3HUYECKMX CBOICTB MHKPOMHpPA H
KBaHTOBBIX SIBIIEHHIT Ha aTOMHO-MOJIEKYIISIPHOM YPOBHE.

1.2 3agpaun JUCHHNJIHHBI:

— B H3YUEHHH SKCIIEPHMEHTAIbHEIX OCHOB KBAaHTOBOH (PHM3HKH M PacCMOTpPEHHE SBICHIIH,

OOYCIIOBJIEHHBIX, B OCHOBHOM, 3NIEKTPOHHBIMH O00ITOYKaMH aTOMOB H MOIIEKYII;

— B YCBOEHHH OCHOBHBIX IIOHSATHI BOIHOBOH MEXaHMKH H OCOOEHHOCTH KBAaHTOBO-

MEXaHHYECKOTO ITOX0Aa K H3YUEHHIO aTOMHBIX SIBIICHHI.

BocrmrarenpHasd ~— 3ajaya  3aKmoyaercss B (QOPMHMPOBAaHHM Y CTYAEHTOB
Mpo¢eCCHOHATTEHOIO OTHOIIEHMSA K ITPOBEJECHHIO HAayYHO-HCCIEAOBATEIHCKUX H TIPHKIAIHBIX
paboT, B pa3BUTHH TBOPYECKOH HHHUITHATHBEL H CAMOCTOSITENIBHOCTH MBIILIEHHS.

1.3 MecTo JHCHHILIHHBI (MOIYJISI) B CIPYKTYPe 00pa30oBare/IbHOI NporpaMmbI.

JucimummHa «AToMHas (PH3HKa» OTHOCHTCSA K 0a3oBoil yacTH BErmoka 1 " JIHCIIMITIMHEL
(Momyim)" yueGHOr O TUIaHa.

HuciyummHa Oa3upyeTcs Ha B3HAHWAX, IIOIYYEHHBIX II0 JucIpImHaM OnNTHKa,
Marematuyeckui a”Hanu3, MexaHuka. 3HaHUS, IIPHOOPETEHHBIE ITPH M3YYEHHH JUCIIMIUIMHEIL,
HEOOXOAMMBI JUTSI NaIbHEHINEro YCBOEHHS MPO(ECCHOHATBHBIX KOMIIETEHIHI TI0 CTaHAapTy
TIOATOTOBKH 0aKallaBpOB.

1.4 IlepeveHb IIAHHPYEMbIX Pe3YJIbTATOB O0YUeHHS MO JHCIHILIHHE (MOIYJIIO0),
COOTHECEHHbIX € IVIAHHPYeMbIMH Pe3YJIbTATAMH 0CBOEHHSI 00Pa30BaTe/IbHOI MPOrPaMMBbL.

W3yyeHHe NaHHON yueOHOM JHCIHIUIHHEI HAIIPaBIeHO Ha (POPMHPOBAaHHE Y 00 YUAIOIIHUXCS

npodeccruoHambHEIX KomIteTeHImi (OITK-3, OTIK-6)

N HHpexc Copepxkanue B pesynbrare uzy4eHus y4eOHON JUCIUTUTMHBL
® | xomrer KOMITIETEHIHH (FITH eé 00YJarOIMECS JOTKHBI
L EHI[HH YACTH) 3HATD YMeTb BJIAJETh
1. QIIK-3 | crtocoOHOCTBIO — COBPEMEHHBIE | — ¢ | —MeTomaMH
BIaJeTh OCHOBHBIMH MIPEACTABICHUS | JHATTEKTHKO- MMPOBEACHHS
METO[aMH, 00  aTOMHOM | MaTepHATHCTHY | (PH3HUECKHX
criocodaMH 1 CTPOEHUHN E€CKHX TIO3HMIMH | HcclIeIoBaHUHI
CpefcTBAMH BellleCcTBa, OCMBICITHBATh U | M H3MEPEHHI;
MTOTYYEHHS, OCHOBHEIE HHTEPIPETHPOB
XPaHEHU, 3aKOHBI, HJEH | aTh OCHOBHBIE
nepepaboTKH W TPHHIUIIEL | TIOMOXKEHHS
HHpopMaImu aTOMHOH ATOMHBIX
(bH3HKH, HX | SBIIEHHIL,
CTAHOBJIEHHE H | OLIEHHBATH
Pa3BUTHE B | MOPSIKH
HCTOPHYECKOH | (PU3HYECKHX
TIOCIIENOBATEND | BEJIHYHH,
HOCTH, HX | HCIIONIb30BAaTh
MaTeMaTHYeCcK | IONTyYeHHbIE
Oe  OITHCaHHe, | 3HAHHSI B
METOBI Pa3TTHIHBIX
HaOIIoIeHH S 00JIacTsIX
aTOMHBIX (usmueckoit
SBIIEHUH,  UX | HAYKH 31
SKCIIEPHMEHTA | TEXHHKH;
JTIBHOE




No Wunexc Conepxamie B pesynbrare H3yueHHS YUeOHON JTHCIHIUTHHEL
. | KOMIET | KOMIIETEHIHH (puTH eé 00 yyaroIecs JOIDKHEI
EHIIHI YacTH) 3HATH YMeETb BJIAJETh
HceTIeIoBaHHe
H
MIPaKTHYECKOe
HCITONIb30BaHH
SN
2 OIIK-6 | crtocoOHOCTBIO - 3HATh | — —HaBBIKaAMH
IMPOBOANTD OCHOBHEIE HHTEPIIPETUPOB | ITPHMEHATD
HHCTPYMEHTAIIbHBIE 3aKOHBI, HJEH | aTb OCHOBHBIE | TIOTYYEHHBIE
H3MEPEHH S, W IPHHIMIIEL | TIOJTOXKEHHS TEOPETHYECKHE
HCITOIb3YEMBIE B aTOMHOH aTOMHBIX 3HAHHS IS
o0IIacTH (bH3HKH, HX | IBIEHHIH, PEIIEHUS
HMH(OKOMMYHHKAITHOH | CTAHOBIIEHHE H | OIIEHMBAaTh HX | IMPHKIAJHBIX
HBIX TEXHOIIOTHI H Pa3BUTHE B | BIIHSIHHE Ha | 3a7a4.
CHCTEM CBSI3H HCTOPHYECKOH | TIPOBOTHMEIE
TOCIIeAOBATENh | HHCTPYMEHTAlb
HOCTH, HX | HbIE
MaTeMaTHYeCK | H3MEpPEeHHS,
O OIHCaHHWE, | UCIIOIb3YEMBIE
METOJBI B
HaOIIOAeHHA HH(OKOMMYHH
ATOMHBIX KAI[HOHHEBIX
SIBIIeHHH, HX | TEXHOIOTHIX H
SKCIIEPHMEHTA | CHCTEMax
JIBHOE CBSI3H
HCCTIelOBaHHe
H
MPaKTHYeCKOe
HCITONIb30BaHH
e

2. CTpYKTYpa H coJiep:KaHie JHCIHILIHHDbL
2.1 PacnpenesieHHe TPYA0EMKOCTH JHCIHILTHHBI 10 BHAM padoT.

nx

O0mmasg TPYyAOEMKOCTh JHCIMIUIMHBL cocTaBIsieT 3 3ad.ef. (108 dacos),
pacrpeielIeHHe 110 BUJIaM PaboT IIPECTABIEHO B TaOIHIE

(ong cmyodenmoe 3D0).

Bua yuebHo# paGoTh Bcero CemecTpsel
JacoB (J1aceI)
4

KoHTakTHas padoTa, B TOM YHCJIE:
Ay/MTOpHbIE 3aHATHSA (BCEro): 18 18
BaHATHA IEKIIMOHHOTO THITA 6 6 - -
JlaGopaTopHBle 3aHATHS - -
3aHATHI CEMHHAPCKOI0 THIIA (CEMHHAPEI, 4 4 i i
TIPAKTHYECKUE 3aHSITH )
HHas KOHTAKTHAA padoTa:
Kontpoms camoctosrensHoi padoTsl (KCP) - -
[Tpomerxyrounas artecrauys (UKP) 0,5 0,5




CamocTosATEIbHAA PA00Ta, B TOM “HCJIE:
Kypcopas pabora - - - -
[TpopaboTka yuyeOHOro (TeOpeTHYeCcKOro) MaTepHaa 60 60 - -
BrOtonHeHHe HHANBHYAIbHBIX 3aaHIi! (TIOATOTOBKA
COOGIIIEHHI, TIPe3eHTALIHiT) i i i i
Pedepar - - - -
[Toaroroeka K TEKYIIEMY KOHTPOIIIO 17 17 - -
KoHTpoJb:
[IoaroroBka K 3a4eTy 3.8 3.8
[ToaroroBka K sK3aMeHY 9,7 9,7
OO0mas TpyA0eMKOCTb 108 108 108 - -

18,5 18,5 18,5

3 3 3

2.2 CTpyKTYpa JHCHHILIHHDbI:

Pacripesenenne BHAOB YueOHON pabOTEI H HX TPYOEMKOCTH I10 pa3ieiiaM JIH CLIMILIHHEL.
Pasensl AUCIIMIUIMHEL, H3yUaeMbIe B 4 ceMecTpe (3aounas gpopma)

KOJH4ECTBO 4acoB
No HalMeHOBAHKE Pa3JIeNon — Ay}m Had BE)E)ZH:%HT
J | II3 JIP CPC

1 2 3 4 5 6 7
1. [Pazmen 1 a 1 2
5 |Pazmen 2 3 1 2
3 [Pazgen 3 511 4
4. [Paznen 4 5| 1 4
5 |Pazgen 5 5 1 4
6. |Pazgen 6 51 1 4
7 [Paznen7 5| 1 4
g [Pazgen 8 5 1 4
9 |Paznen9 6 2 4
10. [Pasznen 10 5 1 4
11. [Pasgen 11 3 | 4 4
12. [Pasmen 12 5 1 4
13, [Pasmen 13 5 3 | 4
14. |Pa3smen 14 5 1 4




15. Pasmen 15 6 2 4
16. Pasmen 16 g 1 4
Hmozo no oucyunnime: 6 4 8 60

[Tprmveuanne: JI — nexim, 13 — mpakTHuecKHe 3aHATHS / ceMuHapbl, JIP — maSopaTopHEbIe
saHarus, CPC — camocTosTenpHas padbora CTyAeHTa

2.3 Cogep:xanue pasaesioB JUCHHILIHHbI:
2.3.1 3anaATHA JEKIMHOHHOI 0 THIIA.

No HaunmeHoBaHne CofiepRaE PasTea @opmMa TEKYIIETO
paszzena KOHTPOIA

1 2 3 4

1.|Pazmen 3 Omnerrel Pesepdopna. SnepHas Moielh aToMa. |AHKETHPOBaHHE,
BemBog popmymet Pesepdopaa mis paccesHUST  |0Ipoc,
o-yactril. CrieIcTBHA M3 ONMBITOB Pesepdopaa. [TPaKTHYECKHE
OKclepUMeHTalTbHasI MPOBEPKa (POPMYIIEL 3a1aHu st
Pezepdopra.

2.|Paznen 4 CrieKTpallbHBIE CEPHH aTOMa BOJOPOZA. AHKeTHpOBaHHE,
OnemeHTapHas 60pOBCKasi TEOPHS aToMa orpoc,
Bogopoza. [locTymatsr bopa. TIPaKTHYECKHUE
OKCIIepUMEHTAIILHOE TOATBEPKACHHE 3aJ[aHUS
JUCKPETHON CTPYKTYPBI 3HEPreTHUECKHX
YPOBHEN aTrOMOB, OIMBITEI DpaHka U ['epiia.

3.|Pazmen1 6 CoCTOSHHE YaCTHIIBI B KBAHTOBOM TEOPHH. AHKeTHpOBaHUE,
BomHoBast ()YHKIIHS U €€ CTaTHCTHYECKHit orpoc,
cmbIc. [IpuHIum cymnepriozuiuu. OnepaTopsl [IPaKTHYECKHE
B KBaHTOBOH MEXAHHUKE U MX CBOHCTBA. 3aJ[aHUS
Cpenuue 3HaYeHUS (PU3HYECKUX BEITHHH.
YcnoBHe BO3MOKHOCTH OJHOBPEMEHHOT O
H3MepeHH s (PHU3HIecKUX BelTuunH. OnepaTopsl
BOKHEHMITIMX (PH3HIECKUX BETTHYHH
(KOOpIHUHATEL, UMITYIIhCa, BEKTOPa UMITYIIbCa,
MOMEHTA UMITYIIbCa, KBaJpaTa MOMEHTa
HMITYIIbCa, TIPOEKI[MH MOMEHTA UMITYIIhCa,
KHUHETHYECKOHN SHEPIHUH, TIOTEHIMAIILHON
SHEPTUH, TIOTTHON SHEPTHH).

4. Pazmen 7 BpeMeHHOE U CTalMOHAPHOE YPaBHEHUS AHKeTHPOBaHUE,
[IIpenunrepa. KBaHTOBaHHE. YPaBHEHUS oITpoc,
[IpeauHrepa B onepaTOPHOI popme. TIPaKTHYECKHUE
Ormeparop 'amiteToHa. J[BHXEeHHE CBOOOIHOM |3aTaHU S
YacTHI[EI. YacTHIIa B OMHOMEPHON
IIPSIMOYTOJTbHOM TTOTEHIHAIIBHON SIME C
0eCKOHEYHO BHICOKHMH CTEHKAMH.
OpHOMEepHAS IPSMOYT OJTbHAS TIOTEHIAIIbHAS
sIMa CO CT&HKaMU KOHEYHOH BBICOTHI.
JIMHENHBIHN rapMOHHYECKIH OCIFUIIITOP.

5./Pazgesn 11 ATOM BO BHEIIIHEM MarHHUTHOM ITOJIE. AHKeTHPOBaHHE,
HopmansHeIi 1 aHOMAIBHBLT S PEKTH oIpoc,
3eemaHa u ekt [TameHa—-baka. DHEprus  |[IpaKTHYECKHE




aTOMa B MarHUTHOM I1071e. ATOM B 3a{aHUs
sekTpuyeckoM 1one. Oddexr [lrapka.
6./ Pasgen 12 O01p1e IIPHHIIIIHL OITHCAHHIS AHKETHpOBaHHE,
MHOTOIIEKTPOHHOr0 aroma. [IpuHimin [Taymu  |orpoc,
H KBaHTOBO-MeXaHHYecKasl POPMYIHPOBKA NIPaKTHYECKHUE
npuHIpIa [Taym. AToMHbIe O00IOUKH U 3aJaHH
ITOA000IOUKH. OIeKTPOHHAS KOH(PHUIYPALHL.
CymMmMapHbie OpOHUTaNIbHBIH, CIIMHOBEIH H
TIOITHBII MOMEHTHI MHOTO3JIEKTPOHHOI'O aTOMa.
LS (HopmarbHad) H jj- cBs3H. CIIEKTpaIbHbIE
0003HAYEHHN S U ITpaBIiIa OTOOpa. 3aIlOITHEHHE
3IIEKTPOHHBIX 00O0IIOYEK B aTOMaX.
[leprommyeckas cHcTeMa IEMEHTOB
MeHeneeBa. OneKTpoHHAasS KOH(PHTypaIfisa U
IpaBwiIa XyHHa.
2.3.2 3aHATHS CeMHHAPCKOT0 THIIA.
No HammeHoBaHne Coniepxanye pasena @opma TEKYIIETO
pazzena KOHTPOIA
1 2 3 -
1.|Pazmea 5 YacTHIlBI ¥ BOIHBL. KOPITYCKYIISIPHO-BOITHOBOM | AHKETHPOBAaHHE,
JTyarsM. ['uoresa e bpoind u ee OITpoc,
SKCIIEPUMEHTAIIbHOE MTOATBEPXKIEHUE Ha MIPaKTHYECKHE
TIpUMepe AUPPaKIHH IMEKTPOHOB, aTOMOB, 3aaHU
HelTpoHOB. OMEITH JleBHccoHa—/[KepMepa u
Tomcona. Ma3zoBas ¥ IPyImioBas CKOPOCTH
BOIH Jie bpoitng. CooTHOIeHHE
HeollpeielieHHocTel ['eizenbepra.
2.Pazmen 8 KBaHTOBO-MeXaHHYECKOE OITHCAHHE aTOMa AHKETUPOBaHHE,
Bopopofa. YpasHeHue [lIpequnrepa Amsg aToMa |orpoc,
Bogopoza. OU3HYECKUI CMBICT KBAHTOBBIX MIPaKTHYECKHE
yucell. SHEPreTHUECKU CIIeKTpP. OnepaTopsl  |3aJaHUus
MOMEHTA HUMITYIIbCa M TIPOEKI[UH MOMEHTa
HMITYIIbCa M IX COOCTBEHHBIE 3HAUEHHU .
[TpaBuna orbopa. HopmalisHOE cOCTOSHHE
aToma. BOTHOBBIE (PYHKITHH U pacIpeielieHHe
TUIOTHOCTH BEPOSITHOCTH. 1S-COCTOSTHHE
SIIEKTPOHA B aTOME BOJIOPOJA.
3.|Pasgent 10 OpOUTaIbHBIE MATHUTHBIA U MEXaHUYECKHH  |AHKeTHpOBaHHE,
MOMeHTHI. CITHH M cOOCTBEHHBIA MaTrHUTHBII  |OITPOC,
MOMEHT 3IIEKTPOHA. OKCIIEPUMEHTAITBHOE MIpaKTHYECKHe
JIOKa3aTENbCTBO CYIIECTBOBAHUS CITHHA, 3a7laHuS
orbIThI [TepHa u 'epnaxa. [TomHbIH MOMEHT
umMITyibca. OnmucaHue COCTOSHUN IeKTPOHA B
aTOME C TIOMOINBI0 HAOOPOB KBaHTOBBIX UM CEN.
CImH-0pOUTaTIbHOE B3aMMOJIEHCTBHE.
4./Pasnen 16 CraTHCTHYECKHE pacTIpeaerieHns OepMi— AHKeTHpOBaHHE,
Hupaxa 1 bose—OnHIITefiHa. SHeprus OepMu. |oIpoc,
IIPaKTHYECKHE
3aJaHI]

2.3.3 JIaGopaTopHbIe 3aHATH AL




Ne HarmveHnoBamie madopaT OpHEIX padoT dopma TEKYIIEro
KOHTPOJISL
1 3 B
CepranpHble 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpax, Oruer 1o
KOMOHHAITHOHHBIH TIPHHITHIT PHTIIA, TepMEL. 71a0opaTopHOH
padore
®oroadexT: ero BUAB U 3aKOHKL. Dopmyna OfHinTeiiHa. |OTYeT 1Mo
[IornoieHne U3ITy4eHH . 71a00paTOpPHOMH
pabore
3 KsaHTOBaHHE BOJOPOAOIIOAOOHBIX aTOMOB. Oryet 110
YPOBHH U CIIEKTPHI IIETTOYHBIX METAILIIOB. 71ad0paTOpPHOH
[IpaBuiia orOopa U CIIeKTPaIbHbIE CEPHH. pabore
4 XapaKTepHCTHYECKHE PEHTTEHOBCKUE CITEKTPHL. Oruer o
OcoBGeHHOCTH XapaKTEPUCTHYECKUX CIIEKTPOB. 3aKoH Mo31mH |11abopaTOpHOI
pabore
5 BreiHyXeHHOE (MHAYLIMPOBAaHHOE) H3ydeHHe. OnTnyeckue |OTYEeT 110
KBAHTOBBIE T€HEPATOPHI (J1a3epHl). 71a00paTOPHON
pabore

3ammura aboparopHo# paborel (JIP), BemonHeHHe Kypcosoro mpoekra (KII), kypcoBoi

padotsl (KP), pacueTHo-rpadmueckoro samanus (PI'3), Harmicanme pedepara (P), scce (3),
koiurokBuyM (K), Tectuposanue (T) U T.11.

2.3.4 IlIpumepHas TEMATHKA KYPCOBBIX PadoT (IPOEKTOB)
KypcoBsle paGoThI He 3aIUIaHHPOBAHEL.

2.4 IlepevyeHb y1e0HO-MeTOJHUECKOr0 odecriedeH sl /Il CAMOCTOST eJIbHOM PadoThbl

00YUYAIOIIHXCA N0 JHCITHILIHHE (MOIYJ/II0)

Bun CPC

Hepequb y‘IeﬁHO-MeTO,II}I‘IeCKOI‘O oOecIeyeHH JHCIIHTIIHHEL
1O BEITIOJTHEHHIO CAMOCTOATEIIbHOH paﬁorr BI

2

3

[Tpopaborka yueOHOTO
(TEOPETUUECKOTO)

MaTEpHalla

CapembeB, U. B. Kypc obmieit ¢pusuxu. B 3 1. Tom 3. KanTtopas
onrtHka. AToMHas pu3nka. OH3HKa TBEPAOTO Tena. OH3HKa
ATOMHOTI'O S7Ipa M 3JIEMEHTAPHBIX YacTHI] [ OIIEKTPOHHBIN pecypc]
: yueb. mocobue / Y. B. Casenbes. - 11-e usz., crep. - CaHKT-
IletepOypr : Jlans, 2017. - 320 c. -
https://e.lanbook.com/book/92652.

CupyxuH J[. B. O6mmit xypc ¢usuku. T.5. ATOMHas U sSaepHas
dusuka. - M.: DUSMATIIUT; HU3n-so MOTH, 2006.

Kypc dusuku : : yuebHoe mocodue s CTYAEHTOB BY30B : [B 3
1.] /. T. 3. : KBaHroBas omnruka. ATomHas ¢usnka. OH3HKa
TBepmoro Ttema. DH3MKa aTOMHOIO SApa M 3IeMeHTapHBIX
yactuil. / CaBenbeB, Mrops Bragunmmposmu. ; Y. B. CaBenbeB ;

Tnpeauci., Hayd pex. H. M. Koxepnnkos. - M31. 3-e, cTep. -
CII6. [u gp.] : Jans , 2007

[ToxroroBka k

TIPAaKTHYECKHM 3aHATHAM

Casempes, Y. B. Kypce o6meit dpusrxu. B 3 1. Tom 3. KBanToBas
omnrrka. AtomHas ¢prsnka. Ousnka TBepHoro Tena. Ousnka
aTOMHOTO sfipa M BIIEMEHTAPHBIX YacTHIL [ SIEKTPOHHEIN pecypc]




: yue0. ocobne / Y. B. Capenbes. - 11-e u3x., crep. - CaHKT-
[TetepOypr : Jlaus, 2017. - 320 c. -
https://e.lanbook.com/book/92652.

Hpomor U. E. AtomHasg K suepHas ¢u3nka: cOOpHHK 3agay. —
CIIG.: Jlaus, 2006.

CupyxuH [[. B. O6mpit xypce ¢rsuxu. T.5. ATOMHas U SaepHas
¢usuxa. - M.: DUSMATIIUT; Uzg-so MOTH, 2006.

3 IlogroroBka K CapembeB, U. B. Kypc obmeit ¢pusuxi. B 3 1. Tom 3. KantoBas
BBIOTOTTHEHHIO onrHka. ATomMHas Qu3mka. OH3HKa TBEPAOro Tena. OHu3nka
1abOpaTOPHBIX PaboT  |aTOMHOrO SHpa M AMeMEHTAPHbIX YACTHII [ DTeKTPOHHELT pecype]
: yuel. mocobue / M. B. Casenbes. - 11-e u3g., crep. - CaHKT-
[IerepOypr : Jlans, 2017. - 320 c. -
https://e.lanbook.com/book/92652.
AromHas ¢usuKa [TekeT] : yueGHO-MeToHIecKoe mocodue / [A.
II. bapkos, B. C. Jopor, B. E. JIsiceHko u ap.] ; M-Bo
oOpazoBaHua U Hayku Poc. @epepaiinn, KyOaHCKHit roc. yH-T. -
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Y4eOHO-MeTOAUYECKHE MaTepHAbl I CAMOCTOSTEIBHOW paldoThHl O0YYAIOIMXCS M3
YHCJIa MHBATMIOB M JIHII ¢ OTPaHHYEHHBIMH BO3MOKHOCTSIMH 310poBbsI (OB3) mpeocTaBiIsoTcs
B (popmax, aarTHPOBAHHBIX K OrPaHHYEHHSIM HX 3I0POBLS H BOCTIPHATHS HH()OpMAIHH:

JUItst TuIy ¢ HapyIIeHUsIMA 3PEHHU ST

— B TleuaTHOMH QopMe YBEITHMUEeHHBIM IIPH(TOM,

— B (hopMe 3IEeKTPOHHOTO JOKYMEHTA.

JUItst THI1 ¢ HapyIIEHHSIMH CITyXa.:

— B TeuaTHO#H (opme,

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

JUItst iy ¢ HapyIIeHHSIMA OITOPHO-ABHTaTENIFHOTO almiapaTa:

— B MeuaTHO#H (opme,

— B (hopMe 3IeKTPOHHOTO JOKYMEHTA.

JlaHHBIM TIepeueHb MOXET OBITh KOHKPETH3UPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTA
OOYYAIOIIUXCS.

3. OdpaszoBaTesbHbIE TEXHOJIOTHH.

JI71s poBeieHN ST JIEKIIHOHHBIX U TIPAKTHYECKNUX 3aHSATHI HCIIONb3YIOTCS MyIIbTHMEHITHBIE
CpeJICTBa  BOCIIPOM3BEAEHUS  AKTUBHOTO  COJNEPKUMOrO  (KOMITBIOTEPBHI,  ITPOEKTOPHL,
WHTEPAKTUBHBIE  TIPE3eHTAI[MH,  TPEHUPOBOYHBIE  TECTHI,  MOJEIHPOBAHHE  PaGOTHI
ONTORNIEKTPOHHBIX ~ YCTPOMCTB), TO3BOILIIOIINE BOCIIPUHUMATh OCOOEHHOCTH —H3y4aeMOH
npodecchu.

Cemectp Bup zaHsaTHS (O0OpazoBaTelbHbIE TEXHOIOIHA KomiuectBO
JacoB
Jleximu WHTepaKTHBHAS JIEKIHS C MYJIThTHMETHITHOI 6
4 CHCTEMOIA,

ITpaxrrnueckue WHauBuAYaIbHOE BBIIOIHEHHE 4
PaboThI TIPAKTHYECKHX 3aJaHIH.
JlaBopaTopHEBIE MHIuBHYyaIbHOE BEITOTHEHHE 8
BAHSITHS JTa60paTOPHBIX 3aTaHHI.

Hmoeo: 18




I[JISI JIHIL ¢ OIPaHHYCHHBIMII BO3MOXHOCTAMIL 3J0POBBA IPEAYCMOTPEHA OPraHM3allrs
KOHCYIIBTAL[MH C HCITONIb30BAHIEM 3TIEKTPOHHON ITOYTHI.

4. OueHoYHbIe CPeACTBa JJIf TEKYIIero KOHTPOJISl YCIIeBAeMOCTH H NMPOMEKYT 0UHOMH
aTTecTaluu.

4.1 doHI OLIeHOYHBIX CPECTB IJIf NPOBEJeHH TEKYIero KOHTPOJIsL

OmnepaTHBHBIT KOHTPOIB OCYIIECTBIIAETCS ITyTEM IIPOBEAEHHS OIIPOCOB.

OrnepaTHBHBI KOHTPOIIb OCYIIECTBISETCS IIyTEM IIPOBEIEHIS KOMITBIOTEPHBIX OIPOCOB
CTYACHTOB IIO OKOHYaHHM H3y4YeHHS TeM Yy4YeOHOH MJucCHHIUMHEL. [Ipu mpoBexeHnu
OIIEPAaTHBHOI'O KOHTPOJIS MOI'YT HCIIOIb30BaThCA KOHTPOIILHBIE BOITPOCHL K Pa3/enaMm:

Texyumii KOHTPOJIb:

- KOHTPOJIBHBIE BOIIPOCHL ITO pa3feliaM y4eGHOH IIPOr paMMEL.

- IPaKTHYECKHUE 3aJaHHS.

IIpomMesKyYTOUHbI KOHTPOJIb:

— TECTOBBIE 3alaHU (3, BO BpeMsI JIEKIIMOHHBIX 3aHATHH );

— KOHTPOJIbHBIE PA0OTHI (3, BO BpeEMSI CEMHHAPCKUX 3aHATHI);

HMT1oroBouiii KOHTPOJIb:

— BK3aMeH.

Paznen 1.
B ueM OCHOBHOE OTJIHYHE TEIUIOBOTO M3TYUYEHHS OT APYTHX BHIOB H3ITYICHUA?

Kakop (usmieckuit cMbICTT yHHBepcaabHONH QyHKIMH Kupxroda? MoXKHO JH Ha OIBITE
peam30BaTh YePHOE Teno?

Kak cBs3aHBl MekAy cOOOM 3HEPreTHYEeCKHe CBETUMOCTH CEPOro M YepHOro Ten? OTBeT
obocHyiTe. OT 4Yero 3aBHCHT IIOITIOINATENbHAS CIIOCOOHOCTH ceporo Tena? Yemy paBHa
CHEKTPaIbHAS INIOTHOCTh SHEPreTHYECKON CBETHMOCTH HIEAIIBHO OTPaKaroIel MTOBEPXHOCTH ?

Kak 1 BO CKOIBKO pa3 M3MEHHUTCS 3HEPreTHYecKasl CBETUMOCTh YEPHOIO Tella, ECIIU €0
TEPMOJMHAMHYECKAS TEMITEPATYPa YBEIMYUTCS BABOE?

TepmoguHamMIUecKas: TEMITEPATypa YEPHOTO Tella YMeHBIMIIach BABoe. Kak M3MeHUTCS
JUIMHA BOIIHBI, COOTBETCTBYIOIIAS MaKCUMYyMY CIIEKTPAIbHONW IUIOTHOCTH €0 3HEPreTHYECKON
cBeTUMOCTH? Kak OOBSICHUTE TepexXoj OENoro KaJleHHI B KPaCHOE ITPH OCTHIBAHUH MeTallia?

Kak 1 BO CKOIBKO pa3 OTIIMYAOTCSA SHEPTETHYECKHE CBETHMOCTH CEPOr0 M YEPHOT'O TEN?

[Tomyuute wu3 ¢opMynsl [ITaHKa 4YHCIOBOe 3HauYeHHe IocTosHHOM Credana -—
Bompimvana.

[Tomyuute u3 popMysl I1aHKa 3aK0oH cMeneHHus BuHa.

Paznen 2.
B dem 3akmodaeTcsd E€QWHCTBO  KOPITYCKYIISIPHBIX W BOIHOBBIX  CBOWCTB

SIEKTPOMATHUTHOT O H3TYUEHH T?

Kakune sSBIEHUS SBISIOTCS SKCIIEPUMEHTANTBHBIM JOKA3aTellhCTBOM KBAHTOBBIX CBOMCTB
HU3ITy4YeHHs? er0 BOTHOBEIX CBOHCTB?

Kakue xapakTepHucTHKH (POTOHA OTMPEAETOT ero KOPITYCKYIISPHbIE CBOHCTBA? BOTHOBBIE
CBOMcCTBA?

Bripasute Maccy (pOTOHaA Yepe3 ITHHY BOJIHBHI.

KakoBa ckOpoCTh ABMKEHUSI (POTOHOB B PasHBIX cpefiax?

O6mbsacHuTE, ToueMy (poTosddeKT YKashiBaeT Ha KBAHTOBYIO ITPHPOY CBETA.

OOBsCHUTE, TTPUMEHST YpaBHEeHNe DHHINTeiHa, BTOPOH M TPETHIt 3aKOHbI GoTosddekra.
[Touemy mpu ¢orosddekre cylecTBOBaHHE «KpacHONH I'PaHMIBI» (HoTod(d(eKTa MOATBEPKIALT
KOPITYCKYJLIPHYIO TEOPHIO H HE TIOATBEPKIAeT BOIHOBYIO?

Kax m3MeHseTCs 3HepPrus (OTOIEKTPOHOB ¢ YMEHBIIIEHHEM YacTOTHI H3TyUeHHA?

Kax m3meHsaeTcs wiciao (OTO3NEKTPOHOB C YBEMYEHHEM HHTEHCHBHOCTH H3TyYeHUS?



Kax m3MeHHTCS (TIpefcTaBbTe IrpadpHyueckil) BHA BOIBTAMIIEPHON XapaKTEPHCTHKH ITPH
OJMHAKOBBIX OOIYYEHHOCTIX KaTofa, HO IPH Pa3sHbIX JIMHAX BOIH ITAJAOIIErO H3TYyYeHHA?

[Touemy (oTOdNIEKTPHUECKHE H3MEPEHHS OYEHb UYBCTBHTENBHBI K IIPHPOAE H
COCTOSIHIIO ITIOBEPXHOCTH (PoTOKaTOAa?

[IpuBenure rpaHUECKyIO 3aBHCHMOCTD 3allHpAOIIEro HalpspkeHHs Uy OT YacTOTHL V
IMAJArOINEr0 M3IYUYEHHSI IS ABYX METAUIOB (C pasHbIMHM paborami BhIXOAa). Kak IpH 3TOM
H3MEHHTCS «KpacHas IpaHuHIla» porosaddekra? Kak, monp3ysach 3THM IpadHKOM, OIpPeaeTh
IMocTOSHHYIO [Imanka?

Ilpu 3amMeHe OmHOrO MeTalwla APYTMM JJMHA BOIHBI, COOTBETCTBYIOINAS «KPAaCHOM
TPaHHIlE», YMEHBINAETCS. UTO MOKHO CKa3aTh O paboTe BRIXO/[a STHX ABYX METAIlJIOB?

OTKyz1a MOKHO 3aKIIFOYHTh, YTO KOMIITOHOBCKOE PacCesHHE IIPOMCXOINUT HE Ha aroMax, a
Ha BIIEKTPOHAX BEIIECTBa?

Kak OOBSCHHTH yBEIHYEHHE IJMHBI BOTHBI PACCESIHHOTO H3IMYYeHHS TPH 3PdeKTe
Komrirona?

O¢pdexr KommroHa HabmiomaeTcs MPH pacCesHHH KOPOTKOBOIHOBOTO H3IYYEHHS Ha
CBOOOJHBIX D3IIEKTPOHAX BelecTBa. Kakue OIEKTPOHBI B BEIIECTBE MOKHO CUHTATh
CBOOOIHBIMH?

Moo mi HabmonaTh 3¢dekT KomirroHa mpH paccestHHH BHAMMOro ceeta? Ilouemy?

YT0 TaKkoe KOMIITOHOBCKAS AJINHA BOJIHEL?

KommToHOBCKast IjiMHAa BOJHBEL OONBINE WM MEHBINE JAIMH BOIH PEHITEHOBCKOI'O
nzmydyeHus? OTBeT 0O0OCHYHTE

B pesynbrate 3¢dexra KomrToHa B 0fHOM citydae (POTOH paccesuics MO YriaoM 6; mo
HallpaBIeHHIO K TMajiaroIeMy (OTOHY, B JAPYTrOM — TIOJ YIIIoM 6, mpHueM 6, > 6,. B xakom
Clly4ae JJIMHA BOJIHBI H3TYYEHHS TIOCTE paccesHHs Oomnblne? B KakoM cirydyae 3eKTPOH OTAauu
MIpHOGPeTET GOIBINYIO SHEPTHIO?

[Ip1 KOMITTOHOBCKOM PACCESTHHM YTOl MeXAy HallpaBIeHHSIMH HalleTaromero poToHa U
SIIEKTPOHA OTAAYN PaBeH (. Bripasute yrom ¢ uepe3s A u A"

Pazneu 4.
Kakop (u3uieckuit cMBICT Hcel m U n B 0000ITeHHOH (opmyTe Bambsmepa?

KakoBbl MIIMHBI BONH CaMBIX KOPOTKOBOJNHOBOH M JUIMHHOBOIHOBOW IIMHHUNA CEPHH
[TarmeHa?

KakoBa /yTiHa BOITHEL, COOTBETCTBYIOIIAS IPAHMIIE CEpUH bambmMepa?

[ToueMy M3 BCeX CEpHMil CIIEKTPaJbHBIX JIMHWK aroMa BOJoOpofa cepus bamemepa —
HUCTOPHYECKH TIepBas?

Kakopa 4acToTa roloBHON JIMHUK cepuM JlaiimaHa?

ATOMBI BOJIOpPOA HAXOMITCS B COCTOSHHHM ¢ n = 5. CKOIBKO JIMHUNA COAEPKHUT €Er0
CITEKTP MBITYYeHUS?

B yeM cOCTOHT CyTh KOMOMHAI[MOHHOI' O TIPHHIMITA PUTIa?

Hcrons3ys KOMOHHAITHOHHBIHN TTPHHIIMIL, TIOKXKUTE HA OJHOM M3 IIPHMEPOB, KaK MOKHO
TIOIIYYNUTh YaCTOTY JJISI BTOPOH JUTMHHOBOIHOBOH JIMHUN ceprH [larmena.

KakoBRBI pasimiums MexXK Iy MoJlelbio aToMa Pesepdopra u Teopueit Bopa?

IToyemy Mofienmb aroma Pezepdopra HECOBMECTHMA C TIPEJCTABIIEHHSME KITaCCHYECK O
bu3uKH?

PaspsicHure cMpicn IoctynaroB bopa. Kak ¢ X IOMOIBIO OOBACHUTE JHMHEH4aThIA
CIIEKTP aToMa Bogopona?

Hexonsa nz Teopuu Bopa, olpefiennTe cKOpOCTh ABHXKEHHS AIIeKTPOHA Ha IIPOH3BOIEHOM
SHEPrETHYECKOM YPOBHE.

Omnpenemre MaKCUMANIbHYIO JUIMHY BOJHEL CBETa, IIPH KOTOPOH BO3MOXKHA HOHM3AI[MSL
aTOMa BOJOPOJA, HaXOISIIErOCSI B OCHOBHOM COCTOSHHH.

Kaxyro sHepruio (B 5B) JomxeH HMeTh (POTOH, UTOOBI IIEPEBECTH aTOM BOLOPOZAA M3
OCHOBHOI'O COCTOSIHHS B COCTOSIHHE C 1 = 57



CpaBHHTE TIEpPBEIiT GOPOBCKHI pamiyc AL aToMa Bogopoa i amst He'.

B ueM 3aKIrO4aroTCs IMPOTHBOPEUHS M HEJOCTAaTKH TeopHH aroMa bopa?

B yeM cy1HOCTh oIBeIToB Ppanka u 'epia?

Kaxrie oCHOBHBIE BBIBOABI MOXKHO CII€aTh Ha OCHOBaHHH OIBITOB DpaHka K ['epira?

Hcnonesys oneltel Opanka u ['epiia, IOATBEPAUTE CIIPABEATHBOCTH BEIBOZAOB BTOPOIO
nocrynara bBopa.

IIpu xakoM YCKOpSIOIIEM IIOTeHIMane OyAeT HaOMIoAaThes Pe3Koe IaJeHHe aHOAHOIO
TOKa B OIbITax OpaHka U ['epifa, eciiu TpyOKY 3allOIHHTh aTOMAPHBIM BOAOPOAOM?

OOBsICHHTE, Ha KaKUX y4acTKaX BOIBTaMIIEPHON XapaKTEPHCTHKH HMEIOT MECTO YIIPYIHe
M Ha KaKHX — HEYIIPYTHE CTOIKHOBEHHS 3IIEKTPOHOB C aTOMAMH.

Paszpne S.
Korgma u mouyeMy TpyaHO OOHApyKHBAIOTCS BOJIHOBBIE CBOHcTBa cBera? [IpuBenute

TIPHMEDHI.

Korgma u moyeMmy TpyAHO OOHapyXMBalOTCS KBaHTOBBIE CBOHCTBa ceera? [IpuBemure
MIPHMEPHI

B 4em 3aKmovaeTcss KOPIYCKYIISIPHO-BOITHOBOM Ayalll3M MaTepHH?

OOBSCHHUTE JaBJIEHUE CBETA Ha OCHOBE IPEACTABIEHHI BOITHOBOM M KBAHTOBOH TEOPHIH.

B uem 3aKmoyaeTcs €IMHCTBO KOPIIYCKYISIDHBIX W BOIIHOBBIX  CBOMCTB
3IIeKTPOMATHATHOT O U3ITYYEeHUS?

BrIpasure IMHY BOIHBL ¢ bpoiis ¢cBOOOAHOTO 3IeKTpoHa Yepes E, h, m u ¢, tje E —
TIOITHAS PETISITHBUCTCKAS SHEPTHA.

3armnmre BBIpaKEHWE AN JUIMHBI BOJHBL Jie BpOMIIS, YYMTEIBaS H3MEHEHHE MACChI
YACTHIIBI B 3aBUCHMOCTH OT €€ CKOPOCTH.

BreBeiHTEe 3aBHCHMOCTH JUIMHBI BOIIHBI Jie BpOMIS PENSTHBHCTCKOM YacTHIIBI OT €€
KHHETHYECKOH H»Heprud. KakoBa 5»Ta 3aBHCHUMOCTh (M KaK OHa IIOJy4aercs) Ui
HEPENSATUBUCTCKON YaCTHIIBI?

[TpuBeanuTE U3BECTHEIE BAM OITBITHL ITO SKCIIEPUMEHTAIbHOMY JIOKA3aTEIbCTBY BOITHOBBIX
CBOWMCTB MHKPOYACTHII.

OIEeKTPOH YU TIPOTOH JBHXKYTCS € OJMHAKOBOH CKOPOCTHIO. KakoH M3 3THX YacTHI[
COOTBETCTBYET OOJIbINAas AJIMHA BOJIHEIL Jie bpoiinsa?

@DOTOH M DBINEKTPOH HMMEIOT JOCTaTOYHO MAIYI0, HO OJWHAKOBYIO KHHETHYECKYIO
SHepruro. Koropasd w3 3THX YacTHI[ XapaKTephusyeTcs OOIbINEH AIIMHOW BOIHBI Je bpoina?
OtBeT 060CHYNTE.

ITpoToH, (OTOH M AIMEKTPOH XapaKTePH3VIOTCS OAHHAKOBOH JITHHOM BOIHEI e Bpoitns. B
KaKOM TIOPSZIKE 3TH YacTHIBl IPOMIYT OAHHAKOBOE PACCTOSHHE, €CIIH HX OXHOBPEMEHHO
«BBIITYCTUTE » U3 HEKOTOPOH TOUYKHA B MOMEHT BpeMeHH f = (). OTBeT OOOCHYHTE.

ITpu xaKoi CKOPOCTH YaCTHIIHI €€ AeOPOHIIEBCKAsS U KOMITTOHOBCKAS JUTHHBI BOIIH PaBHAI
MEXIY co00i?

Korpa gmmiHa BonHE Jie Bpoiins GombIme: eciy 3JIeKTPOH JBHKETCS B aTOME BOJIOPOJA 110
BTOPOH WIIN TIEPBOM KPYyroBoi opoute? OTBET OOOCHYHTE.

Kako#t jumHON BOMHEL Jie Bpoitns gomkeH odmagarh (GoToH, uToOH ero Macca ObLIa
paBHa Macce ITOKOS 3IIEKTPOoHA?

Kak M BO CKONBKO pa3 pa3idyaeTcs JUIMHA BOIHBI Je bpoitmsa amga JAByx
HEPEIISTHBUCTCKHUX SIIEKTPOHOB, NMPOIIEAINX Pa3HOCTh ITOTEHIMAIOB, OTiHYaroryiocs B 100
paz?

[Touemy BOIHOBAS IIPUPOJA MATEPHUH He IPOSIBIIAETCS B TIOBCETHEBHOM OITBITE?

Kax cooTHOCsTCS Mexny coboi IpefcTaBIeHHe O KOPITYCKYIIIPHO-BOITHOBOM JIyalli3Me
MaTEPHUN M COOTHOIIEHHE HEOTIPEIEIEHHOCTeN?

B uyeM, olmpasch Ha COOTHOIIEHHE HEOIIPeHENeHHOCTEH, COCTOHT OTIIHMUYHE OITHCAaHHSI
TTOBEAEHH S YaCTHI[ B KIIaCCHUECKOH M KBaHTOBOH TeOPHIX?



[ToueMy JKeNalOIIHX OINPOBEPTHYTH COOTHOINEHHE HEOIpPENeTIeHHOCTeH IIyTeM
MBICTIEHHBIX OIIBITOB KAET IPYCTHAS Cyap0a «H300peTaTeneii» BEYHOIO ABUTaTENs?

[ToueMy CHEACTBHS COOTHOIISHHI  HEONpemeNleHHOCTeH  HEeCYIeCTBEHHBI I
MaKpPOCKOITMYECKIX TEN?

[TokaxaiTe Ha KaKOM-TTHOO IIPHMEPE, UTO COOTHOIIIEHHE HeollpeAeIeHHOCTE He BHOCHT
OTPaHMYEHHI IJIsI HCIIOMb30BAaHHI B KIIACCHUYECKOM CMBICTIE ITOHSATHH KOOPAMHATHI M MMITYIIbCa
JULS MAaKpOTell.

Hcxomss W3 COOTHOINEHHMS HeolpeaeneHHocTelt AE-At=>Fh, OleHHTe NIIPHHY
SHEPreTHYECKOIO0 YPOBHS: 1) 1 OCHOBHOI'O COCTOSHHSA aToma; 2) IS BO30YKIEHHOIO
COCTOSIHH S (BpEMSI JKH3HH BO30YKIEHHOTO COCTOSHUS ~ 10 HC).

Pasznen 6.
3armImre yCIoBHE HOPMHPOBKH BOITHOBOH (DYHKIH.

[ToueMy (paKTHUECKH BCET/la MOKHO OIPaHHYHTHCS HOPMHPOBKOH BOTHOBOH (DYHKITHH
Ha eAUHHUILY?

Kakme orpaHHUHTEILHBIE YCIOBHUS HAKITABIBAIOTCS HAa BOIHOBYIO (DYHKITHIO?

3armimre U O0BSCHUTE IPHHIIMII CYTIEPITO3UIIMH B KBAHTOBOH MEXAHHKE.

Yemy paBHa BEPOITHOCTh W OOHapy»KeHHS YaCTHIBI Ha OCH X B MHTEpPBalle OT X| JO X2,
OIHCHIBaeMOI BOTHOBO# (pyHKIMeH P(x, £)?

BonHopas (YHKIMS, OIHMCHIBAIOMAs] OXHOMEPHOE JABH)KEHHE CBOOOIHONM YaCTHIIHL,

~L(Erpx)

Y(x,t)= Ae * , Tlme A — aMIUIHTYyJa BONHHI Je¢ Bpoina, £ U p — COOTBETCTBEHHO
SHEPIHS H UMITYIIbC YacTHIbl. OIpeAeliTh INIOTHOCTh BEPOSTHOCTH OOHAPYKEHUS YaCTHIIHL B
JTAaHHOH TOYKE IIPOCTPAHCTRA.

[Touemy (pHIHUYECKHIT CMBICTT CBSBEIBaeTCd He ¢ caMoil W-pyHKIWed, a ¢ KBaJpaToM ee
Moyt ¥ (7, 1) = W' (F, 1) - W(F, 1) ?

[ToueMy B KBAHTOBOM MeXaHHKE pPacCMATPHBAIOT MMEHHO KBaJpaT MOJYJISI BOTHOBOM
dymxIEm?

3anmInmTe BHIpakeHHEe TSI BEPOSITHOCTH HAaXOXKICHUS YaCTHIIB B OKPECTHOCTH TOYKH X,
¥, Z B MOMEHT BpEMEHH 1.

Kakoli cMBICI MMEET IUIOTHOCTh BEPOSATHOCTH B KBAaHTOBOM MexaHuKe? Kak oOHa
OITPEEIISIETCA?

BonHoBag (h)YHKIMS, OITHCHIBAIOMIAS COCTOSHHE MHKPOYACTHIIBI, JaeTcsl BRIPaKeHHEM

3
—Et
Y(x,t)=y(x)e " . JlokaxuTe, HYTO IUIOTHOCTb BEPOSTHOCTH HAXOXJEHHSI YaCTHIEI

OIIpeZIeNIeTCS TOMBKO KOOPAHHATHON W-(DyHKIHEH.

[TouemMy MaTeMaTHYECKHI armrapaT KBAaHTOBOW MEXaHWKH OTIHYaeTCs OT TaKOBOTO B
KIacCHUYECKOH MeXaHHKe?

Yro Takoe ornepaTop? cymMMa M pazHOCTh oleparopoB? IIpuBeuTe IpUMEpHI.

Yro Takoe Mpou3BeicHue orepaTopoB? T1oscHNUTE IMpHMepaMH.

A=x, B=d/dx. Senmorcs m st OIepaToOpsl KOMMYTHpYIOIMMH? OTBeET
00OCHYHTE.

Kakne omeparopbl HasbpIBarOT JMHEHHBIMU? [loueMy KBaHTOBas MeXaHHMKa HCIIOIb3YeT
HMMEHHO JINHENHBIE OIePaTOPhl?

Kakne orepaTopsl HaspIBaroT 3pMHTOBBIMH? [loyeMy HMMEHHO S5TOT BHJ OIIEpaTOpPOB
HCTIOB3VIOT B KBAHTOBON MeXaHHKe?

Uro Takoe COOCTBEHHBIE SHAUEHHS M COOCTBEHHBIE (DYHKIIMH OIleparopa (pU3HYEecKOi
BETIMYMHBI?

3aImImTe ypaBHEHHE JIS COOCTBEHHBIX 3HAUEHHI M COOCTBEHHBIX (QyHKIWMH H
OXapaKTEPH3YHTE ET0.



KakoBa cB3b MeXIy COOCTBEHHBIMH 3HAQUEHISIMI OllepaTopa M HaOMOJaeMbIMH Ha
OITBITE YHCIIOBBIMI 3HAUEHISIMH (PH3HUECKOH BEMYHHBL, H300pakacMO JaHHBIM OIlepaTopoM?

Korma MoKHO TOBOPHTH O KBaHTOBAaHHH (PH3HYECKIX BEITIYHH ?

Kaxrie crctembl (pyHKIUHIT SBIISEOTCS. OPTOrOHATIBHBIMI M HOPMIPOBAHHBIMH ?

Kak BRIMHCILTIOTCS CpeIHIEe 3HAUSHH S (PH3IUECKIX BeTTHUHH?

Korga MOKHO OZHOBPEMEHHO M TOYHO 3aJaTh 3HAUEHHS ABYX KBAaHTOBO-MEXAaHHYECKIX
BEIIHYHH?

[Toyemy omepaTopbl KOOPAMHATH H HMITYJIbCA SBILFOTCS OCHOBHBIMH OIEpaTOpaMH, a
BCE OCTaNbHBIE OIIEPATOPHI — TPOH3BOAHBIE?

[Tomyunre KOHKPETHBIH BHJ OllepaTopa BEKTOpa MOMEHTAa HMITYIbCa H OIIEPaTOPOB
MTPOEKIMIT MOMEHTa UMITYIIbCca Ha OCH KOOPIHHAT.

OGocHyiiTe, 4YTO ONEpaTop IPOEKIMH MOMEHTa HMITyJIbCa Ha IIOSAPHYIO OCh

L =—in-9/9¢.

[TokakHTe, YTO COOCTBEHHBIE 3HAUEeHHS omeparopa L o0pa3yloT IMCKPETHBIH P

3HAYEHHH.

[Tomyunrte 3HaYeHHE OlepaTOpa KHHETHYECKOH SHEPTHH.

HMeeT mi CMBICT B KBAaHTOBOH MEXaHHKE XapaKTepHOe IS KIaCCHYECKON MEXaHHMKH
IIpeJICTaBICHUE TIOJTHON 3HEPIHH B BHJl€ KHHETHYECKON U MTOTEHIIHAIIbHOM? [Touemy?

YTo TaKkoe raMHIIbTOHHAH U OIEePaTop ITOIMHON SHEPTr UK ?

SIBILSFOTCS JIM OIEpaTopsl 7 M U KOMMYTHPYIOIIMMH ?

ConocTaBbTe U3BECTHBIE BaM B KBAHTOBOH MEXAHUKE OIEPATOPHL ¢ COOTBETCTBYIOIHMH
(buzMmIecKMMH BEeIHUYMHAMH B KITacCHMUYECKOM MexaHHMKe. Kakoil BBIBOJ MOKHO CHeNaTh Ha
OCHOBE 3TOro?

MOXHO 1M TOBOPHTH O TIOMHOW (DOPMATBHOH aHAIOTHM MEXKAY arlrapaTaMHu
KIIaCCHYECKOM M KBaHTOBOH MeXaHUKH? [loyemy?

Paznen 7.
B deM 3aKiIrOUaeTcs CTaTHCTHYECKAs HHTEPIIPETAIlHSI BOITHOBOH (DYHKI[HH?

JII KaKMX 4acTHIl CIpaBeUIHBO ypaBHeHue [Ipeaunrepa?

[Touemy ypapHenue IIpeaurrepa chopMyITHPOBAHO KaK BOTHOBOE YpaBHEHHE?

IIpucyrctBue uyero B ypaBHeHWHM IlIpemuHrepa SBISETCS CIEJCTBHEM KBAaHTOBOI'O
XapakTepa 3TOr0 ypaBHEHUS?

L E-p»)

JNoxaxwure, uto ¢Qymxums W(x, 1) = Ae * SIBISETCS PEINEHHEM YpPaBHEHHS
[pexurrepa. ByaeT m ero permenueM GyHKImsa P+P'?

3armmre BPpeMEHHOE M CTAallMOHApHOE ypaBHeHWs lllpemuHrepa M IpoaHaIM3HPYHTe
HX.

CoBepImTe Tepexo]] 0T BpeMeHHOTO ypaBHeHUA [IpefMHTepa K CTaIOHAPHOMY.

KakoBa BomHOBas (YHKIIMS, ONMCHIBAIOIAS COCTOSIHHME YACTHUIBI, B CIIydae
CTAI[MOHAPHOTO MTOTEHIHAIIEHOTO TTOJIS?

PaccMmorpute, SsBIAETCS ITM  pelieHHeM  ypaBHeHus IllpemamHrepa  (YHKIIHS
Y(x,t)= Asin(kx — o1) -

3armmmre OZHOMEPHOE BpeMEHHOe | CTal[MOHapHOoe YypaBHeHHs Illpemumrepa,
NIpPOAHAITM3UPOBAB HUX.

Kax oOpsicHuTE, uTO B yparHeHHe [lIpemuHrepa Macca 37IeKTPOHA BXOAUT SBHO, a 3apsif
— Hetr?

3armimmre BpeMeHHOe M CTaloHapHoe ypaBHeHHs llpeauHrepa B onepaTopHoit Gopme
U TIPOAHATIM3HPYHTE HX.

Korga BomHoBas ¢yHxms W(x, y, z, )
ypaBHeHHeM [Ipenymrepa?

W(F , ) ONHO3HAYHO OIPEEIIETCS

i



Kakoft BBIBOI MOXKHO CJelaTh, CpaBHMB CTaLlHOHapHOe ypaBHeHMe IllpemmmHrepa c

ypaBHEHHEM [T COGCTBEHHBIX 3HAUEHMH M cOOCTBEHHBIX byHiamit L\ = Ly ?

Y10 MOXHO cKa3aTh 00 orepaTopHOi ¢popMe ypaBHeHHs [lpeamrrepa?

Kaxkas yacTHIla SBIIETCS CBOOOTHOH?

[Tokaxmre, 4TO ANIA CBOOOAHOIO SMEKTPOHA BEPOSTHOCTh €ro OOHApyXKeHHSA B IMIOOOH
TOUKe OCH X OJHHAKOBA.

[Iokaxure, YTO 3HEPreTHUYECKHM CIIEKTP CBOOOMHO MABIDKYINEHMCS YaCTHIBI SBIISIETCS
HETIPEPBIBHBIM.

Halignte coOCTBEHHBIE 3HAYEHHS SHEPIHH YaCTHIIBI B OXHOMEPHOH <«IIOTEHI[MAIbHON
sAne» ¢ 6eCKOHEYHO BEICOKMMH «CTEHKAMH ».

KakoBa HauMeHbINIas SHEPIHSA YACTHIBI B «IIOTEHIIHAIBHOH sMe» ¢ OEeCKOHEYHO
BBICOKHMH «CTEHKaMI»?

BombItie MMM MEHBINE SHEPrHs YacTHIIBI, HAXOASINEHCS B «ITOTCHITMAIBHOM SIME», B
COCTOSIHHHM C 1 = 4 110 CPaBHEHHIO C COCTOSIHHEM C 1 = 27 BO CKOIBKO pas?

HaitanTe HOpMHPOBaHHYIO BOTHOBYIO (DYHKITHIO OCHOBHOT'O COCTOSIHHA.

UeMy paBHa pPa3HOCTh SHEPrHM MEXAY 4YEeTBEPTHIM H TPETBHM 3SHEPreTHYECKHMH
YPOBHSIMH ?

[ToxaxwuTe, YTO A OYeHb MAIOH YaCTHIIBI KBaHTOBAHHE CTAaHOBHTCS 3aMETHBIM JIHIIb
TIPH pasMepax «SMBI» TOPSAKa aTOMHBIX.

Hapucyiite rpadHK 3aBHCHMOCTH IUIOTHOCTH BEpPOSTHOCTH OOHapy»KeHHS YacTHIBI B
COCTOSIHHH C 12 = 3 OT PacCTOSIHHSA OT «CTE€HOK» ITPSAMOYTOIILHOM OJHOMEPHOH «SMBI». B Kakmx
MECTaX BEPOATHOCTh HaXOXKJIEHHS YacTHUIIBI HanOombInas? HaumMeHsbImasa?

[TokaxuTe, HCIOIb3YsI COOTHOIIEHHE HEOMPEAETIEHHOCTEH, UTO B «ITOTEHIHAIbHOMN SIMe»
CO «CTEHKaMH» KOHEUHOH BBICOTHI SHEPTHSI YACTHIIBI HE MOKET OBITh PABHOH HYITHO.

KakoBbl yCIOBHSI Ha TPaHHIAX <«IOTEHIMAbHOH SIMBI» C OECKOHEUHO BBICOKHMH
«CTEHKaMH» U CO «CTEHKaMH» KOHEUHOH BBICOTHI? YeM O0YCIIOBIIEHBI Pa3IIMUYAA MEXKY HUMH?

YeMy paBHa pPazHOCTh BHEPTHI MeKIY IBITBIM M BTOPBIM SHEPTrEeTHYECKUMH YPOBHSIMH
KBAHTOBOI'O OCI[HIIISATOPa?

OOBSCHHUTE, TTOYEMY HAUHM3IIEE COCTOSHUE OCIMIUIATOPA HE MOXKET OO0lIajaTh HYIIEBOMH
SHEpPTHUEN.

MoeT M 4acTHIla HAXOAHTHCS Ha JHE «IIOTEHIMAIbHON SMBI»? OmpelensieTcs JIH 3TO
(dhopMoit «sMBEI»? OTBET 0O0OCHYHTE.

3aRUCHT M paclpefielieHHe SHePreTHUYSCKHX YPOBHeH OT (OpPMBI «ITOTEHI[HAILHOM
sIMBI»? OTBET IPOMILTIOCT PUPYHTE.

[IpoBepbTe BBIOIONHEHHE COOTHOINEHUS HEOMPEAEIEeHHOCTEH M1 KOOPAHHATHL H
COOTBETCTBYIOIEH IMPOEKI[MH HMITYIIhCAa YACTHI[bI, COBEPINAONIEH ITMHEHHBIE TApMOHHYECKHUE
KoneOaHus (CTallHOHAPHBIE COCTOSHUA).

SBmsIOTCST  TM YPOBHM  SHEPTHHM  JIMHEHMHONO  TapMOHHYECKOrO  OCIHIIISATOpa
BBEIPOXeHHBIMU ? OTBET OOOCHYHTE.

B yem oTIIHYHE KBAaHTOBO-MEXAHHYECKOTO M KITACCHYECKOTO OITHCAHUS TApMOHHYECKOTO
ociyuisropa? B BRIBOIAX 3TUX OITMCAHUI?

Kak cBs3aHBEI MeXIy co0oi K03 PHIIMEHTHI OTpaXKeHHs M Ipo3payHocTH? Kak MOXHO
HCTOIKOBATh 3TY CBS3b?

KakxoBa BepOSTHOCTh HAWTH KBAaHTOBYIO YaCTHILY Ha eIUHUIIE JIIMHEI B citydyae E < Uy?

YeMmy paBeH KOAPGHIHMEHT OTpakeHNs Ha TPaHHIle MTOTEHIHATEHOrO ITOpora T cryvast
E < Uy?

Paccmorpure IpeenbHBIH cIyyai, Korja BEICOTa JIOTEHI[HAIBHOIO II0pora CTPEMHUTCS K
GeCKOHEUHOCTH, T. €. kKorja Uy — oo, a sHeprusg E He m3MeHseTcs. Kaxue ¢usmieckre BEIBOIBL
MOKHO CJleJIaTh JIJISI TAaHHOT'O CIIy4yasi?

KaxuM ycIoBHSM YIOBIETBOPSET ITOTEHI[HAIBHAS BHEPIHSI B CIy4ae IIPSMOYIOIIBHOIO
TTOTEHIMAIBHOT O ITopora?



B 4eM orimiwie IMOBEIEHMS KIaCCHYECKON M KBaHTOBOH yacTHIl: 1) mipu E < Uy; 2) mpu
E>Uy?

HaliTe ompemeneHHs KO3(PQHIMEHTOB OTpaKeHHS H IpospauHocTH. Halignre mx
3HAUYEHHNS A1 HU3KOIO IIPSAMOYTOIBHOIO ITOTEHIIHAIBHOIO ITOPOra.

Kaxrm yclIoBHSM YIOBIETBOPSIET IOTEHIIMATIbHAS SHEPrHS B ClIyYae IPSMOYTOIBHOTO
IIOTEHIMAIBHOr 0 Gapbhepa KOHEYHOM IIIMPHHEL?

3armImTe U [MpoaHaIH3HPYITe pelleHne ypaBHeHH [IIpenuHrepa B ciyyae KBaHTOBOM
yacTHIEI ¢ £ > U,

3armIlmTe U IIpoaHaIH3HPYITEe pelleHne ypaBHeHUs [IIpenuHrepa B cioydae KBaHTOBOM
yacTHIEI ¢ E < Uj.

Kakmmi cBoifcTBaMH MHKPOYACTHI[ OOYCIIOBIEH TYHHEIbHBIH 5 QeKT?

[TokaxuTe Ha KOHKPETHBIX IIPUMEPAX, YTO TYHHEIbHBIH 3(PQPeKT HaOMoaeTcsl HIIb B
001aCcTH MHKPOCKOIIMYECKNUX SIBIIEHIH.

Kak MOXHO TpHITH K BBIpaXeHHIO IS KOo3(p(QHIeHTa IPO3PaYHOCTH B CIy4ae
IIPSIMOYTOJIBHOTO TOTEHITHAIIBHOIO Oapbepa KOHEYHOM IMMPHHBI? IPOU3BOIILHOTO Oapbepa?

Kak mmeHsteTcst Koo QHIIMEHT ITPO3paYHOCTH: 1) ¢ YMeHBIIIeHHEM IHPHHEL Oapbepa; 2)
C POCTOM €T'0 BBICOTHI; 3) C YBETIMYCHHEM MACCHI YACTHI(EI; 4) ¢ YMEHBIIEHHUEM ITIOITHON SHEPTHH
YACTHIIBI?

OrieHuTe, CKOIBKO 3MEKTPOHOB € sHeprued 1 3B M3 KaXkIbIX CcTa TPOHIYT CKBO3b
TTOTEHIMAIIBHBIN Oapbep BBICOTOM 5 3B u nmmpuHoi 150 mv.

Pasznen 8.
B yeM HbIOTOHOBCKAs MeXaHMKa MPOTHBOPEYMT KBAaHTOBOH MEXaHHUKE?

3armuimre cTalMOHAapHOe ypaBHeHHe [lIpemuHrepa AL BOAOPOIOIOAOOHOW CHCTEMEIL.
[TpuBeauTe MpUMepPH BOAOPOAOIIOAOGHBIX CHCTEM.

[ToyeMy Hambonee TMOAXOAMIEH KOOPAWHATHOW CHCTEMOH MJISI PacCMOTPEHHS aroMa
BOZOPOJIa sBISIETCA cepuueckas?

[IpoaHam3upyiite  (KaueCTBEHHO) XOJ  PEMIEHHS  CTAllHOHAPHOIO  YPaBHEHMS
[Ipeaunrepa AT aTOMa BOAOPOAA B cpepHuecKUx KoopAuHaTax. Kakue BRIBOMBI CIEAYIOT M3
€ro pelieHns?

3armmmre CcOOCTBEHHBIE 3HAYEHWS DSHEPIWM 3MEKTPOHA B aTOME BOAOPOA,
oIpefiensseMble pereHrueM ypaeHeHns [llpeauHrepa, U MpoaHaTH3UpyiiTe HX. B yem ornmdue u
CXOJZICTBO C Pe3ylbTaTaMu Teopuu bopa?

YeMy paBHa KPaTHOCTH BRIPOKAECHUS COCTOSHHS, COOTBETCTBYIOMIETO 11 = 3?

Kakue BemMuMHBI JUIS 3IEKTPOHA B aTOME OIPEAETCHBI, €CIIM HM3BECTHHI KBAHTOBHIE
yucna n, [ 1 my?

[ToueMy KBaHTOBasI MEXaHUKA HE UCIIOIB3YET IIPeJICTaBIEHHE 00 31IeKTPOHHBIX OpOUTax?
Yro XapaKkTepU3yIOT KBAaHTOBBIE YMCIIA 11, [ U my?

Kakvie BemM4MHBI, XapaKTEpHU3YIOIMHE 3JIEKTPOH B aTOME BOAOPOJA, KBAHTYIOTCS?
3armImmTe COOTBETCTBYIONIHE (POPMYIIHI.

[IpencTaBbTe CUMBOIIMYECKYIO 3aAITMCh 3JIEKTPOHOB B cocTosHUsIX ¢: 1) n=3,1=0, 1, 2;
Dn=4,1=2;3)yn=2,1=1.

KakoB (pu3HuecKuii CMBICT paciipeeleHnsI INIOTHOCTH 3apsaia B AleKTPOHHOM O6aKe?

Chopmymmupyiite npaBuita oTdopa I OPOUTAIIBHOIO M MAarHUTHOTO KBAHTOBBIX YHCEIL.
Bcerza mu oHu BRITONMHSEOTCSA? Kak MOXKET M3MEHSITHCS ITITaBHOE KBAHTOBOE YHCII0?

Kaxue nepexofsl cooTBeTcTBYIOT cepuH [larena? Mcmons3yiiTe CHMBOITHYECKYIO 3aIIHCh
COCTOSTHHI.

Penmmp pajguansHoe ypaBHeHHe [lpexunrepa s 1s-cOCTOSHHUS 3JEKTPOHA B aTOME
BOZIOPOJIA, TIPOKOMMEHTHPYHTE 3HAYEHUS UL a U E.

CKoIBbKO OYyZIeT Pa3IIYHbIX BOIHOBBIX (PYHKLIMI A1 n = 47

KaxoB KBaHTOBO-MEXaHHYECKHH CMBICII IIEPBOTO OOPOBCKOrO paauyca?



B ueM oOTmMume BBIBOZOB KBAaHTOBOH MeEXaHMKH M Teopru Bopa Ams 1s-COCTOSHIS
SIEKTPOHA B aTOME BOZOpoa?

ONmeKTpOH B aTOME BOAOPOAA HAXOAUTCS B ls-cocrosrmim. Ompefemire Hambomee
BEPOSATHOE PACCTOSHME HIEKTPOHA OT SApa.

Pasnen 9.
MO>HO ITH TOBOPHTBE O CXOJACTBE CIIEKTPOB HCITYCKAaHHS aTOMOB IIEIOYHBIX METAIIIOB U

aToMa Bogopoma? Ilouemy?

3armimre U IIPOKOMMEHTHPYHTE (OPMYITY IS OIpeleNleHHs CIIeKTPaIbHBIX TEPMOB
IIEeTIOYHBIX METAIIIOB.

Kaxie 3sHayeHHMS MOKET IIPHUHHMAaTh IPOEKIMS CIIMHA OSIEeKTPOHA Ha 3aJaHHOe
HarpapieHHe? 3aIMIMTe 3aK0H KBAHTOBAHHMS CITMHA 3IEKTPOHA.

YemMy paBeH MOAYIIb CIIMHOBOTO MarHHTHOT'O MOMEHTa 3IeKTPOHa?

B yem orimurie OTHOINEHHIT MAarHUTHOIO M MEXaHHYECKOrO MOMEHTOB, O0YCIIOBIEHHBIX
OpOHTAIBHBIM JBH)KEHHEM BJJIEKTPOHA, M COOCTBEHHOIO MAarHMTHOIO MOMEHTa H CITHHA
3JIEKTPOHa?

[Touemy HapsiTy ¢ APYTHMHM KBAaHTOBBIMH YHCIAaMH OOBIYHO HCIIOJB3YETCS MarHHTHOE
CITHHOBOE KBAaHTOBOE YHCTIO, & He CIIMHOBOE KBaHTOBOE YHCIIO?

Paznes 10.
Yro npegcrapisgeT co0oi MarHeETOH bopa?

YeMy paBHO OTHOINEHHE IIPOEKIMiI OpOHTAIBHBIX MArHHTHOTO M MEXAHHYECKOIO
MOMEHTOB 3JIEKTPOHA Ha ITPOH3BOIBHYIO OCh z?

Hapucyiite 1 oOBSACHHUTE HAaIlpaBIeHHUS OPOHUTAIBHBIX MEXAHHYECKOTO M MATHUTHOIO
MOMEHTOB.

3armnmre BEIpakeHUe AT MOAYTIS OpOHTAIbHOTO MarHUTHOT'O MOMEHTA.

Kakue 3HaUeHNST MOXKET IMPHHUMATH TPOEKIUA OpOHTAIbHOTO MarHUTHOTO MOMEHTa Ha
3aJ[aHHOE HallpaBJIeHHe?

YeMy paBHO THPOMAarHHTHOE OTHOIIEHHE OPOHTAIBHBIX MOMEHTOB 3/EKTPOHA,
JIBHKYITIETOCS TI0 TPEThEN opOUTe aTroma Bogopoaa? I1oscHUTE pe3yibTar.

B 4em 3akmroyaeTcs CYIb CIIMH-OPOUTATRHOIO  B3aMMOJEHCTBHA? YeM OHO
OITPEEIISIETCA?

Bcerza mi, Ha CKOJIBKO H ITOYeMY IIPOMCXOAHT PACINEIUIEHHE SHEPreTHUYECKIX YPOBHEH B
Pe3yIIbTaTe CIIMH-OPOUTAIIbHOIO B3aUMOAEHCTBUA?

Ha3zopuTe U MOsCHUTE (PAaKTBl U TEOPETHUECKHE IPEITOCHUIKH CYIIECTBOBAHUS CITHHA
3IIeKTPOHA.

KaxoBrI Hies W BRIBOJLI OIIBITOR JHHINTEHHA U Je ['aaza?

[Touemy B ommiTax IlltepHa u I'eprmaxa HCIONB3YIOTCS ITYYKH aTOMOB XHMHYECKUX
3IIEMEHTOB IIEPBOH I'PYIITHL [IepHOAMIECKONH CHCTEMBI?

[Touemy B omertax I1ITepHa u I'epiaxa HCMONB3YETCA CHITBHO HEOTHOPOHOE TToMe?

[Touemy ombiTel Illteppa u T'epmaxa SBISTIOTCA  IPSMBIM - JIOKA3aTENhCTBOM
CYII[ECTBOBAHUS CITMHA SIIEKTPOHa?

[To xaxuM 3aKOHAM KBAHT YEOTCS ITOTHBII MOMEHT MMITYJIbCa AIEKTPOHA M €r0 IPOeKIusi?

Pazgen 11.
B ueM cyTh sddekra Seemana?

MoxeT i s ekt 3eeMaHa HaGIIFOIaThCS JJIT aTOMOB JuaMarHeTHka? [Touemy?

Ha ckonpKo ITOIypoBHEHN B MATHUTHOM ITOJIE€ PACIIEIUISETCS f-COCTOSHIE?

OObscHHTE MeXaHHM3M  pacIIeIUIeHHS JIHHHH B CIy4ae  CIIHH-OpOHTaIbHOrO
B3aMMOJEHCTBHSA; B clIydae >pPekTa 3eeMaHa.

Paszmen 12.



O3HavyaeT I U3MEHEHNE 3HaKa BOTHOBOH () YHKIIMI H3MeHeHHe cocTosHIa? [Touemy?

Kak ompezensercs IMpHHAIIEKHOCTh CIOKHBIX YaCTHI[ (HAIIpHMep, aTOMOB) K 0030HaM
Wi (pepMHoHaM?

Kako#i THII cHMMeTPHH BOTHOBOH (PYHKIIMH XapaKTepeH I1s poroHa?

[Touemy TIPHHIII HEPA3TIYMMOCTH TOXKIECTBEHHBIX YACTHII SABJISETCS
(hyHIaMeHTaIbHBIM IIpHHIHIOM? B uem ero cyTh?

B yem ormMurie oImicaHMS TOXAESCTBEHHBIX YAacTHI[ B KIACCHUECKOM H KBAaHTOBOI
TEOPHH?!

CHcTeMa COCTOHT H3 TOXKJASCTBEHHBIX (DEPMHOHOB; TOXKIECTBEHHBIX 0030HOB. B Kakom
criydyae BONMHOBas (YHKIHA OyAeT CHMMETPHUYHON OTHOCHTENBHO IIepecTaHOBKH IEOOOH ITaphl
YACTHIL?

YacTHIBI OJMHAKOBLIE, TOXKACCTBEHHBIE, HEPA3IMYNMEIE. B UyeM OTIIHYHE H CXOACTBO B
HX OITHCaHHH?

UeMy paBHO MaKCHMAaJIbHOE 3HAUYE€HHE ITPOSKIMH MOMEHTa HMITylIbca i1 L- u M-
3JIEKTPOHOB?

KakoBo MakcHMAalIbHOE YMCIIO 3JIEKTPOHOB B p-COCTOSHUM? OTBET OOOCHYHTE.

[TomuuHsrOTCS M 0030HBI IMTpUHIMITY [laymm? [Touemy?

CKOIIBKO 3IEKTPOHOB B aTOMe, Y KOTOPOTrO B OCHOBHOM COCTOSIHMH 3aItoNnHeHBl K- u L-
000J104Ka, 35-11010007T0YKa U B 3p-TI0J000II0YKE UMEETCS IISITh MeKTPOHOB? UTO 3TO 3a arom?

3armmmre 5IeKTPOHHYIO KOH(HIYpaI[HIO JUISI aToMa, CIEAYIOIEro 3a aTOMOM, O
KOTOPOM HJET Peub B IPEABIAYIIEM BOIIPOCE.

CKOJIBKO Pa3sHBIX COCTOSIHHM Y AJIEKTPOHA C TTTaBHBIM KBAHTOBBIM YHCIIOM # = 37

CKOIBKO IEKTPOHOB MOXKET HAXOAUTHCS B ITOM000NOUKE ¢ n =5, [ =27

Kaxue 3HaueHH A MOTYT TIPUHUMATh 1y U mi, TIpH n = 5, [ = 47

Kakopo MakCHMAaIEHOE YHCIIO BIIEKTPOHOB Ha ITOA000I0UYKe ¢ OpOHTAIbHEIM KBAaHT OBBIM
yucioM? OTBeT 00OCHYHTE.

KakoBo MakcHMaIbHOE YHCIIO 3JIEKTPOHOB B aTOMe C ITIABHBIM KBAHTOBBIM YHCIIOM 717
OtBeT oBOCHYHTE.

Kakopo oOIee 4MCIIO 3IEKTPOHOB B aroMe, K- M L-000IOYKM KOTOPOTO ITOTHOCTHIO
3aIOIHEHBI?

Kak m3mMeHwIach OBl CTPYKTYpa 3NEKTPOHHBIX OOONOYEeK aroma, eClTH OBl 3IeKTPOHBI
ObUH He (pepMHOHAMH, a 6030HAMH?

Paznesn 13.
HaumHast ¢ Kakoro sieMeHTa BO3MOXKHO IosBIeHHE M-cepun?

[Toyemy K-cepusi PpEHITEHOBCKOTO M3IIyYEHHSI B CIIy4ae TSDKEIBIX 53JIEMEHTOB
COITPOBOKIAETCS TOSBIEHUEM JIPYTUX CEPHIA?

HaiiuTe T'paHHYHYIO JUTHHY BOIHBI TOPMO3HOTO PEHTITEHOBCKOIO H3ITYUEHHS TIPH
OoMOapIUPOBKE aHO A AIEKTPOHAMU ¢ AHeprueit 60 k3B,

Kak H3MeHATCS MHTEHCHBHOCTh PEHTTEHOBCKOTO H3ITYYEHHSI M TPAHMI[A CIUIOIIHOTO
CITEKTpPa ¢ YBENWYEHHEM: 1) HaITPsSIKEHHUSI MEXIY KaToAOM M aHOZoM? 2) HaKajla HUTH KaTtoja?

OOBSCHUTE ITPOHCXOXKAEHHE KOPOTKOBOTHOBOI TPAaHMIBI CIEKTpa TOPMO3HOTO
PEHTTEHOBCKOTO H3TYUEHUSL.

B ueM npHYMHA 3HAYUTETHHOTO Pa3MHYUS ONTHYECKOTO M XapaKTepPHCTHYECKOTO
PEHTTEHOBCKOTO CIIEKTPOB aroma?

[loueMy TOpPMOBHOE PEHITEHOBCKOE MH3IyUeHHe HMeeT CIDIOIIHONH CIEeKTp, a
XapaKTePHCTHYECKOE — TMHENYaThIN?

Kakasg u3 Tpex JHHHA XapaKTePHCTHYECKOIO PEHITEHOBCKOro criekrpa — Kg, Kg, Ky —
caMasl KOPOTKOBOITHOBAsS? camast HHTeHCHBHAs?

B ueMm CIDIOMHON PEHITEHOBCKMI CIIEKTP IIOATBEPIKIAET KIIACCHYECKYIO TEOPHIO
H3ITyYEHN, a B YeM eff TIpoTHBOpeunT? OTBET OOOCHYHTE.



KakoBbl XapakTepHble O0COOSHHOCTH TOPMO3HOIO PEHITE€HOBCKOro criekrpa? MHaiire M
OOBACHEHHE.

SarmiimTe 3aK0H MosnH st mHuH Lp.

Hcxoms u3 3akoHa MO3nMH, OINpeAeinTe, BO CKOIBKO pa3 AMHHA BOTHBL Ko-TIMHIM
Bonb(ppama (Z; = 74) OTIHYAETCS OT ATIHHBI BOTHBL Ko-TIHHIH HHKeTS (Z; = 28).

Pasnen 14.
KakoBbI THIIBI XUMHYECKOH CBA3H? KakoB X MexaHusM? [IpuBeaure IIpuMepsI.

3armmmre ypaBHeHue IllpemuHrepa A  MOIEKYIBI BOAOpoZa B amuabaTHOM
TIPHOITH/KEHHH.

OOBsCHHUTE, HAPHCOBaB IPapHK 3aBHCHMOCTH ITOIHOI SHEPTHH JBYXATOMHOH MOIEKYIIBL
OT PACCTOSHUS MEXY SIPaMH, HATHYHE Pa3IHIHBIX S3HEPIeTHYECKIX YPOBHEH.

Kakop MexaHH3M BO3ZHHKHOBEHHS 3IeKTPOHHO-KOIEOATENbHBIX M KOneOaTelnbHO-
BpaIlaTeIbHbIX CIIEKTPOB?

KakoBbl TpHONH3UTENBHO PACCTOSHUSA MEXIY BpalaTelbHBIMH M KOJIeOaTebHBIMHU
YPOBHSIMH SHEPIHH MOJIEKYIIBL?

Paznes 15.
YBeIMUMBaeTCsI HIH YMEHBINAETCA CpelHee BpeMs JKH3HH aToMa B BO30YXKICHHOM

COCTOSTHMH C YBEIIMYEHUEM BEPOSTHOCTH CIIOHTAHHBIX TIEPEXOJ[0B?

BosMOXXHO M OBITO BEIHYXKIEHHOE H3ITYUYeHHe, eClH (POTOHBEI OBITH OBl (hepMHOHAMK?
OtBeT 00OCHYHTE.

Kakoe ycnoBne HeoOXOAMMO MJII BO3HHMKHOBEHHSI BBIHYKACHHOTO W3IIYYEHHS B
BelllecTBe?

Yro MOXHO CcKazaTh O (paze, TONIPH3allMM W HAIPaBIeHHH HCITyCKaeMbIX
SIEKTPOMATHUTHBIX BOJIH B CIIy4ae CIIOHTAHHOTO H3IIYYeHHSI? B CIIy4ae BBIHYKJICHHOIO
HU3ITy4YEHUS?

CHcTeMa aTOMOB HaXOAWTCS B TePMOJHMHAMHYECKOM PAaBHOBECHH. BO3MOXHO M
YCUJIEHHE JAHHOHM CPEeJoN MaJarollero Ha Hee u3nydeHHa? OTBeT 000CHYHTE.

Kak ocyIrecTRIAOTCS COCTOAHN S ¢ HHBEPCHEN 3aCOIIEHHOCTEHN ?

B 4em OTIIHYHE M CXOJCTBO JIA3EPHOI0 M3ITYYEHUI H OOBIYHOIO cBeTa?

MOJKHO ITH CO3/1aTh JTa3ep Ha (pepMHOHAX?

BosMoxHa 1 pabora lta3epa 1o ABYXYPOBHEBOH CXeMe aKTUBHOM cpelbl? [louemy?

OOBSICHUTE TPHHIIMII ACHCTBHUSA Ia30BOT0 JIa3epa.

[ToueMy oOmHHUM H3 OOSBaTENBHBIX KOMIIOHEHTOB JIa3epa SBISETCS OINTHYECKUHI
pe3oHarop?

Yem 0OBACHUTH OONBINYIO HHTEHCHBHOCTH CBETA B Jla3zepax’?

KakoBHI CBOMCTBA JTa3e¢pHOr0 U3ITyYeHHA? [[pHBEAUTE UHCIIOBBIE TIPUMEDHI.

BAPUAHTBI TIPAKTHYECKHIX 3AIAHUI

Tema 1. 3aKOHOMEPHOCTH B CIIEKTPAX aTOMOB BOJIOPOJia M BOJOPOJOMOAOOHBIX aTOMOB.
Paccestrue o-uactutl BemmectBoM. Dopmyna Pesepdopra.

ke Kaxomy »arneMeHTY IIpHHAJISKHT BOJOPONONONOOHEBIN CIIEKTP, JJIMHBI BOIH
KOTOPOT'O B HETHIPE paza KOpoue, YeM Y aTOMapHOTO BOZOpozxa?

2. Briumcrmth IocTosHHYIO Pupbepra R, ecimy HM3BECTHO, UTO 1L HOHOB He*
Pa3’HOCTH IUIMH BOJIH MeJXy TOJIOBHBIMI JIMHHSAMH ceprit bambmepa u Jlaiimana AA=133.7 HM.

3. HaliTH [THHY BOJIHBI TOMIOBHOM JIMHHMH TOM CITEKTPaTbHON cepui HoHOB He®, y
KOTOpOH HHTEpBay YacTOT MeXTy KpaftrHivi mHmaM A®=5.18.10" ¢,

4, HaiiTn I'paHHIBI CIIEKTPaTIbHON OONAcTH, B IIpefeniaXx KOTOPOH pacIlONOMKEHEL

JIHHHH CEPHH BaJIbmepa aTOMAapHOT'O BOLOPOIA.



5. OmnpefenuTh JIHMHbL BOTH TOJIOBHBIX THHMI cepru JlaiiMana 171 Bogmopozna 1 He'.

6. HafiTH IIHHBEI BOMH KOPOTKOBOIHOBBIX I'PaHHIl BOLOPOXHBIX ceprit JlaiiMaHa H
Banpmepa
1 DOTOH T'ONOBHOM JIMHIN cepHH JlafiMaHa HOHA IeJIs ITOITIOMAeTCS BOLOPOIHBIM

aTOMOM B OCHOBHOM COCTOSIHMH M HOHH3YeT ero. OIpelenuTs KHHETHYECKYIO SHEPIrHIO,
KOTOPYIO ITOTYUHT 3IeKTPOH IIPH TaKOH HOHH3AIHH.

8. HaifTH AHHY BOTHBEI Pe30HAHCHOIM JIrFHH Li™ .

9. Haiiti sHEpruio CBsS3H 37IEKTPOHA B OCHOBHOM COCTOSIHHMH BOZOPOLOITOZOOHBIX
HOHOB, B CIIEKTPE KOTOPHIX JIMHA BOJIHEI TPEThEH THHUH ceprH banbmepa pasHa 108.5 HM.

10. Haiitu  ckopocTh  (DOTO3NEKTPOHOB,  BBIPEIBAEMBIX  SNEKTPOMArHUTHBIM

H3TyYEHHEM C JUIMHON BOIHEL 18 HM M3 HOHOB He ', KOTOpHIE HAXOAITCSA B OCHOBHOM COCTOSHHH
U TTOKOSATCSL.

11. Halitn rpaHMIel CIIEKTpPaIbHOM OOIacTH, B IpeellaxX KOTOPOH PacIlONOKEHBI
nuHUH cepuu [lalreHa aToMapHOro BOZOpoja.

12. Ampda-yacTHiia ¢ KuMHeTHUYecKoit sHeprueit K=0.27 M»sB paccesmmach 301m0TOH
(omnbroit Ha yromn 60°. Haiirn COOTBETCTBYIOIIEE 3HAUCHHE TPUIIEIIBHOIO ITapaMeTpa.

13. Y3KHM ITy4OK O-4acTHI[ C KHHeTH4YecKoh sHeprued K=600 x»B mamaer
HOPMAJIBbHO Ha 30JI0TYIO (DOIBIY COMEPKaIIYIO n=1.1.10" H,uepfcmz. Halitn oTHOCHTEIBbHOE
YHCIIO Ol-YaCTHII, PACCESHHBIX IO YrIamMHu V>60.

14.  VY3Kkuif IMyYOK O-YacTHI[ IafiaeT HOPMAaIbHO Ha cepebpsHyro ¢oisry. 3a Heit
YCTAHOBJIEH CUETUMK, PETHCTPHUPYIOIIUI YaCTHIBI, pPacCesHHbIE B COOTBETCTBHH C (POPMYIIOW
Pesepdopraa. Ilpu 3ameHe cepebpsaHoi (QoabIM Ha IUIATHHOBYIO TOH K€ MAacCOBOH TOIIIHHBI
YHCIIO PETHCTPHPYEMBIX B EAWHHIY BPEMEHHM (-4acTHI[ Bo3pocino B MN=1.52 paza. Hairu
TIOPSIIKOBBIM HOMEp IUIaTHHBI, CUMTasl, YTO IOPSAKOBEIN HOMEp cepefpa M MacCOBBIE YHCIIA
0BOHX BIIEMEHTOB H3BECTHEL.

15. Y3KH TY4OK O-4acTHI[ ¢ KHHeTHYecKoW sHepruer K = 600 k3B mamaer
HOPMAJILHO Ha 30TOTYIO (POIBTY COAEpIKallylo n = 1.1.10" auep/cM”. HaliTH OTHOCHTEIBHOE
YHCIIO O-YaCTHII, PACCESTHHBIX ITOA yriaMu 60-90.

16. Y3KHM IIy4OK O-4acTHI[ ¢ KuHeTHdeckor »Hepruern K = 0.50 Mb»B mamaer
HOPMAIBHO Ha 30II0TYIO (hOIBIY MaccOBOWH TONIMHB pd=1.5 Mr/cM”. TTOTOK 4acTHI[ B ITyuKe
COCTaBISAET I(]=5.105 ¢!, Haitru umcno O-YaCTHI[, paccesHHBIX (ombroi 3a 1=30 MHH B
HUHTEPBAJE YIIIOB: 59-61; cBeilme 60;

17. Y3KHH Iy4OK ITPOTOHOB, UMEIOIIUX CKOPOCTEL Y = 6. 10° M/c, TalacT HOPMAIIBHO
Ha cepebpaHyio (omery TommuHbe d=1 mMkM. HalTH BepoSTHOCTH paccesHHS IIPOTOHOB ITOJ
yriaamu v>90°.

18. Y3KHi Iy4OK O-4acTHI[ ¢ KHHeTH4YecKoW sHepruer K = 600 x»B mamaer
HOPMAIBHO Ha 30JI0TYIO (DOIBIY COJEPKAIIYEO n=1.1.10" H,I[eprMz. Halitu oTHOCHTeIbHOE
YUCIIO O-YACTHII, PACCETHHBIX IO yriiamu V>90, 60-120.

19. Haiitn sdekTHBHOE ceueHHe Aipa aTOMa ypaHa, COOTBETCTBYIOIIEE paccesTHHIO

% ey 0

O-4aCTHII ¢ KHHETHYeCK O sHeprueit K=1.5 M»B B HHTepBaje yIIIoB CBBIIIE Vo= 60".
20. OddexTHBHOE CceueHHe Sapa aToMa 30]I0Ta, OTBEYAIOINee  PacCesHHIO

2

MOHOSHEPIeTHUYECKHX O-4acTHI{ B HHTepBane yrios or 90° mo 180°, parro A6=0.5.107" cn’.

OnpefemTh KHHETHYECKYIO SHEPTHIO O-YACTHII,
21.  DOddextuBHOe ceueHHMe SApa aroMa 30JI0Ta, OTBEYAOIEe PACCESTHHEO

MOHOSHEPreTHYECKHX O-yacTHIl B mHTepBate yriuoB or 90° mo 180°, pasHo Ac=0.5.107! ov>.
Onpenemits muddepeHImampHoe ceueHne paccesHua do/d¢, cOOTBeTCTBYIOIIEe YTy =60,

Tema 2. [Tocrymarer Bopa. Mogens aroma Bopa.

1. Haiit s BOZOPOZOIOLOGHOIO HOHA PaiMyc n-ii OOPOBCKOH OpOMTEL U
CKOPOCTE 3JIEKTPOHA Ha Heil. BEMHMCINTD ATH BEIIMYMHEL IS IIEPBOH OOPOBCKOM OpOHTEL aTOMA



BOZOpo/a 1 HoHa He".

2 Haiitn 11s BOZOPOZOMOLOOHOIO MOHA paguyc n-ii OGOpPOBCKOH OpPOMTEI U
CKOPOCTbH AMIEKTPOHA Ha Hel. BRIUMCIIHTE 3TH BETHYHHEL A1 BTOPOH OOpOBCKOH OpOHTEL aroMa
BOZOpofa M HoHa Li™.

3. OrnpefenuTh IS aToMa BOAOpoJa M HOHa He': SHEPrHIO CBS3H 3IEKTPOHA B
OCHOBHOM COCTOSIHHH U TTOT€HIIHAIl HOHH3aLIH.

4, OrnpegenuTs A7 aTOMa BOAOPOAa M HOHA He*: TIEPBbII ITOTEHIIHANI BO30YKIECHHU
U JJIMHY BOJIHBI TOJIOBHOM JIMHUH cepuH JlariMaHa.

5. OrnpeenuTs i1 aToMa BOAOPOAa U HOHa Lit™: SHEPIUIO HOHHU3ALH.

6. OrnpeienuTh IS aToMa BOAOPoAa M HoHa He': CKOpOCTh SIEKTPOHA Ha BTOPOI
OOpPOBCKOH OpOHTE.

7. OIpefenuTs I aroMa BOJOpOAa M HOHa He': KHMHETHYECKYIO 3SHEPIHIO
3JIEKTPOHA B OCHOBHOM COCTOSIHHH.

8. Jlng aroma BogopoZa M HoHa Li" ONpEenuTh: KHHETHYECKYIO 3HEPIHIO
3JIEKTPOHA B OCHOBHOM COCTOSIHHH.

9. HaiiTH 5HeprHro HOHM3alMH 711 HoHoB He m Li™ .

10. OnpeenuTh Paguyc MepBoil 6OPOBCKOH OpOHTHI A7 HoHa Li™ .

Tema 3. BomHsl e bpoins

1. Brerumcmuth AeOpOIIIEBCKYIO JUIMHY BONHBI 3JIEKTPOHA WU IIPOTOHA, JIBHKYIUXCS C
KHHeTHYeCKON 3Heprueh 1 k3B. IpH KakuX 3HaUeHMSIX KHHETUYECKOH SHEPIUH UX JUIMHA BOJHBI
Oyner papHa 100 rmv?

2. Ilpu yBemmueHHH SHepruu ANekTpoHa Ha 200 3B ero aeGpoilieBcKas JUIMHA BOIIHBI
M3MEHWIAch B 2 pa3a. HaliTu NepBOHAaYallbHYIO JAJIHHY BOIHEI 3NIEKTPOHA.

3. Halith UmMHY BOIIHBI MOJIEKYII BOAOPOAA, ABIXKYINUXCS C HanOolee BEPOSTHOH
CKOPOCTBIO B rase ImpH Temireparype 0 3

Tema 3. PereHWe BpPeMeHHOTO M CTAl[MOHApHOrO YypaBHeHWH IllpemuHrepa s
MOTEHIMATBHBIX MTONeH MPOCTON KOH(pHUTYpaIIHH.

1. Halitu perienue BpeMeHHOro ypaBHeHHUs IllpeauHrepa Ui cBOOOAHON YaCTHIIBI
MacChl m, IBIXKYINEHCS C HMITYIICOM P B ITOIIOXKHTEIIBHOM HallPaBIEHHH OcH X.
2. YacTuila HAXOJIWUTCSI B OCHOBHOM COCTOSIHHH B OJHOMEPHOW ITPSMOYTOIIbHOM

TOTEHIMAIIBHON SIME IMMPUHOM [ ¢ aOCOIIOTHO HEIMPOHHUIaeEMBIMM cTeHKamH (0 < x < /). Haittu
BEPOSITHOCTh MECTOHAXOKACHHU S YaCTHIBI B HHTepBaie (1/3,2 I/3).

3. YacTuila  Macchl m HAXOAUTCSI B OCHOBHOM COCTOSHHH B OJHOMEPHOM
MPSMOYTOMBHOM ~ ITOTEHITHAIBHOW siMeé ¢ aOCOTIOTHO  HENPOHHMIIAEMBIMH — CTEHKAMH.
MaxkcumambHOEe 3HAYeHHE TUIOTHOCTH BEPOSTHOCTH MECTOHAXOXIEHHS YacTHIBI B 3TOM
COCTOSTHUM PaBHO Py,. HalTh NMpHHY MBI U SHEPTUIO YACTUIIBI.

4, YacTHila Macchl m HaXOAUTCA B JABYMEPHOH ITPSIMOYTOIIBHON ITOTEHIHAIIEHON SIMe
¢ aOCOIIOTHO HENPOHHUIAEMBIMH CTeHKaMH. KOOpIMHATHI X M y HaXOASITCA COOTBETCTBEHHO B
nHreppaiax (0, a), (0, b), e a © b — cTOpPOHBI MBI, HaliTH BO3MOXKHBIE 3HAYCHUS SHEPTHH U
HOPMHPOBaHHEBIE -(PYHKIIMH YaCTHIIHI.

Tema 4. KBaHTOBaHME aTOMOB. ONEKTPOMAarHHUTHBIE Ilepexoisl. I[IpaBmia orbopa Hu
CIIEKTpaJIbHBIE CEPHH.

1. OmnpenennuTs TOTeHIHANl HOHM3AlMH M IIEPBBIL TIOTEHIMANl BO30YXKIECHHI aToMa
Na, y KOTOporo KBaHTOBEIE Ae(eKTEl OCHOBHOro TepMa 3S M 3P paBHBI cooTBeTcTBEHHO 1.37 M
0.88.

2. Haitn sHepriro CBS3H BaJIEHTHOI'O BIEKTPOHA B OCHOBHOM COCTOSHHH aToMa Li,



€CIIH H3BECTHO, YTO AJIMHBEI BOJH TOJOBHON JIMHHH PE3KOH CEpHH H €& KOPOTKOBOIHOBOH
TPaHMLBI paBHBL cOOTBETCTBEHHO 0.813 1 0.349 MKM.

3. CKONBKO CIEKTPATBbHBIX JIMHMI, pPa3pellleHHBIX ITpaBHIaMH OTOOpa, BOZHHKAET
IIPH TepeX0e aTOMa JIMTHS B OCHOBHOE COCTOSHIE H3 COCTOSAHIA 457, 4P?

Tema 5. MHOrosneKTpoHHBIE aTOMBI. OOOTOYKH M IMOAOOOMOUKH. ONIeKTPOHHAs
koHpurypaims. [Ipubmoxenne LS- u jj-cesaseit. Tepm. Cocrosmiie.

1. Halitin BO3MOXKHBIE 3HAYEHHS ITOIMHBIX MEXAHHUYECKHMX MOMEHTOB 3IIEKTPOHHBIX
0BGOTIOYEK aTOMOB B COCTOSHILIX “P 1 °D.

2. JlormucaTs HeOCTAIOe KOMITOHEHTHI MYJIBTHIUIETOB 2P3,{2‘ 3D|‘ 4F5,e2‘ 3P2‘ 5D4,
“Pi.

3, BO3MOHBI 1T CIIEAYIOIIHE COCTOSHHS: ESI‘ 3S0‘ 3P0‘ 3S 172, 29 12, 3D0‘ ZDug?

4, Kakne U3 Clefyronmx ONTHYECKHX IEPEXOA0B pPa3pellleHbl: 5 2 - 2D3{2‘ 2P3,f2 -
2D3,{2‘ IS()- 3P|‘ nlng - HISO?

3. OmMH M3 3IeKTPOHOB aroMa I'ellMs HMeeT ITIaBHOE KBAHTOBOE yHMcio 1 apyroi 2.

3amicaTh BO3MOXKHBIE SIEKTPOHHBIE KOH(QHTYpAIlMH M CIEKTPOCKOIMYecKHe OOO03HAYeHHS
COOTBETCTBYIOINX COCTOSIHHHA.

6. Kakune cocrosnnsa posmoxkHbl ¥ P, D u F TepmMOB, OrpaHW4YeHHbIE BEIIMYMHON
crirHa s or () 1o 5/27 3armcaTh BO3MOJKHBIE CITEKTPOCKOIIMYECKHE 0003HAYEHN I COCTOSHHUI.

7 Bo BHelmHed o00OIMOYKE aToMa HaxXOMATCS TPH 3MEKTPOHA ¢ OpPOHTAIbHBIMH
KBAaHTOBBIMH YHcIaMH 1, 2, 3. OIpeleMTh BO3MOKHBIE COCTOSIHHSA aTOMa.

8. HaiiTi BO3MOMHBIE COCTOSIHMS aTOMa YIJIepofa, 3NEKTPOHHAS KOHQHUTypaIms
KOTOPOr'0 1s* 2¢* 2p 3d.

Tewma 6. [Teprognueckas Tabimifa AeMeHTOB. OCHOBHBIE TEPMBL aTOMOB.

1 BriMmicaTh 37IeKTPOHHYIO KOH(HIYpaI[HIO M ¢ ITOMOIIBIO TpaBHiIa XyHJa HaWTH
OCHOBHOM TepmM aroma Cl.

D Halitn ¢ momolnpro IpaBriila XyHA TOJHBIA MeXaHWYECKHWA MOMEHT aToMa B
OCHOBHOM COCTOSTHHH, €CITH €0 He3aIIOIHEHHAasI TT0{000I0UKa COJIEPUT TPH d-3TIeKTPOHA.

3. Halitn ¢ momolnpro IpaBriia XyHAA IOJHBIA MeXaHWYECKUA MOMEHT aToMa B
OCHOBHOM COCTOSTHHH, €CITH €T0 He3aIllOMHEeHHasI MOJ000I0YKa COJEPKUT ceMb d-3IIeKTPOHOB.

4, OnpeennuTh OCHOBHOE COCTOSHME aTOMa MapraHiia ¥ HoHa Mn™ .

5. Halitn ¢ moMoIrpro ItpaBmil XyHJA TIOMHBIM MEXaHWYECKMH MOMEHT aTOMa B
OCHOBHOM COCTOSTHHH, €CITH €T'0 HEe3aITOMHEHHAasI MOJ000I0UKa COJIEPKUT TPH d-37IeKTPOHA

6. Halitn ¢ moMoIipro IpaBmil XyHJA TIOJMHBIM MEXaHWYECKHMH MOMEHT aTOMa B

OCHOBHOM COCTOSAHIMH, €CIIH €I"0 HE3aIIOJIHEHHAS noxo0oIoIKa COACPEHNT OJHH S-3TICKTPOH.

Tema 7. XapakTepucTH4YeCKHE PEHTTEHOBCKUE CIIEKTPHI.

1. BeruvcmiTh ¢ IOMOINBIO 3aKOHa MOo3imu pasHOCTh SHeprui cBs3su K- u L-
BIIEKTPOHOB BaHA U4
2 [IpM HEKOTOPOM HANPSKEHHH Ha PEHTTEHOBCKOM TPYOKE C allFOMHHHEBBIM

AHTHKATOAOM JUTHHA BOJIHBI KOPOTKOBOTHOBOI T'PAHMIIBI CIUIOIIHOTO PEHTTEHOBCKOTO CITEKTpa
paBHa 0.50 M. Byzmer mi HaGmogatbes Ipu sToM K-cepHsa XapaKTepHCTHYECKOTO CITEKTpa,
TTOTEHIMAN BO3OYXIeHHI KOTOpOoro paseH 1.56 kB?

3. Haiitu sHepriro cBs3U L-plIeKTpoHa THTaHa, eClIH Pa3HOCTh AJIHMH BOIH IOJIOBHOM
nHuH K-cepHH 1 ee KOPOTKOBOITHOBOH I'PaHHMIIBI AA=206 ITM.
4, Haiity AnuHy BOIHEL A, OITPEAESEOIYI0 KOPOTKOBOIHOBYIO IPAHHILY CILIOIIHOIO

PEHTTEHOBCKOT'O CIIEKTPA, €CIM HM3BECTHO, UTO YMEHBIIEHHE IIPIIOKEHHOIO K PEeHITeHOBCKOM
TPpyOKe HarpsokeHHs Ha AU=23 xB yBemmMuiBaeT HCKOMYO IJIHHY BOJIHEL B 2 pasa.



5. Kakyro HaMMEHBIIYIO PpasHOCTh TIIOoTeHIManoB U Haxo TIIPHIOKHIb K
PEHTTEHOBCKOM TPyOKe, YTOOBI ITONMYYHTh BCE NHHHHM K-cepril, ecaM B KauecTBe MaTepHala
AQHTHKATO/a B3STh Meab?

6. Kakyro HaMMEHBIIYIO PasHOCTh IOTeHIHManoB U HaZo TIIPHIOKHTIb K
PEHITEHOBCKOM TPyOKe, YTOOBI ITOMYYMTHh BCce NMHHHH K-cepril, eciu B KayecTBe MaTepHala
AQHTHKATOZa B3STh cepedpo?

7. Kakyro HaMMEHBINYIO PasHOCTh MOTeHIHanoB U Hago TMPHIOKHTE K
PEHITEHOBCKOM TPyOKe, YTOOBI IONYYWTh Bce NHHHUU K-cepmi, ecliM B KayecTBE MaTepHalla
AHTHKATO/a B3STh BOIb(ppam?

8. Kakyro HaMMEHBINYIO Pa3sHOCTh MOTeHIHaIoB U Hago MPHIOKHTE K
PEHITEHOBCKOM TpyOKe, YTOOBI IMONYYWTh BCe IHHHUU K-cepmu, ecllM B KayecTBE MaTepHalla
AHTHKATO/a B3STh IUIaTHHY?

9. Ha¥iTi mocTosHHYIO 5KpaHHPOBaHHA G AT L-cepun peHITeHOBCKHUX Ty4eH, eCIH
H3BECTHO, YTO IPH TIEPEXOjie 3NIEKTPOHA B aToMe BoNb(ppama ¢ M- Ha L-cloif HCITycKaroTCs
PEHTTEHOBCKHE IIYYH ¢ JITHHOM BOIHBL A=143 M.

10. [Ipu mepexoze 3neKrpoHa B aroMe ¢ - Ha K-ClIol UCITyCKaroTCsa PEHTTEHOBCKHUE
Jy4YH C JUTMHOIM BOMTHEI A=78.8 M. Kakoit 310 atrom?

Tema 8. MarHuTHBIH MOMeHT aToMma. D¢ deKTs 3eemana u [TamreHa-baka.

1. Brimicars crieKTpanbHOe 0003HAUYEHHE TEPMa, ¥ KoToporo S=1/2, J=5/2, g=6/7.

2. BeImcars crieKTpaibHOE 0003HAaYeHHE TepMa, Y KoToporo S=1, L.=2, g=4/3.

3. HaiiTh MarHWTHBIH MOMEHT |l M BO3MOJKHBIE 3HAYEHHMS IIPOEKI[MM  aroMa B
coctostruH 'F.

4. HaliTu MarHUTHBII MOMEHT |L M BO3MOJKHBIE 3HAUYEHHS IIPOEKI[MHM  aToMa B
COCTOSIHHH 2D3,:2.

5. OnpeaenuTs BO3MOXKHBIE 3HAUEHU S MATHUTHOT'O MOMEHTA aTOMa B COCTOSIHUH p.

6. BBIYMCIMTH MATHUTHBIH MOMEHT aTOMa BOZOPO[a B OCHOBHOM COCTOSTHHH.

7. HaHTH MexXaHHYeCKHH MOMEHT aTOMA B COCTOSHHH 5F, €CIIH H3BECTHO, YTO B ATOM
COCTOSIHUM MAarHUTHBI MOMEHT PaBeH HYILIO.

8. HaiiTM MeXaHWYeCKWil MOMEHT aTOMA B COCTOSHHH 'H, eclli M3BECTHO, UTO B ATOM
COCTOSIHUM MAaTHUTHBIN MOMEHT PaBEH HYIIIO.

9. BBIYMCIMTE € ITOMOIIBIO ITPaBiIa XyHAAa MATHUTHBIH MOMEHT OCHOBHOI'O COCTOSHUS
aTOMa, B KOTOPOM HezaIolTHEeHHAasI ITO{000T0UKa HMeeT IEeKTPOHHYIO KOH(BHT yPaITHIO nps.

10. BEIYMCIMTE € ITOMOIIBIO ITPaBWiIa XyHAAa MATHUTHBIA MOMEHT OCHOBHOI'O COCT OSHUS
aTOMa, B KOTOPOM HezaIlolTHeHHas IT0[000IT0YKa HMeeT SNeKTPOHHYIO KOH(DHTYPAIHIO nd’.

11. Ha ckonbKO YPOBHEH PACHIEIITCA B Cl1aOOM MarHUTHOM ITOJIE TEPMBI 2FS,Q?, 4Dl n?

12. Hekoropas clieKkTpaiabHas JMHUS, OOYCIIOBIEHHAS IIEPEXOAOM B 5 1/2 COCTOSIHHE,
pacIieliiiach B cl1aboM MarHUTHOM T10JIe Ha 6 KOMITOHEHT. OIPEAEIUTh CIIeKTPaIbHbIA CHMBOI
HUCXOJHOT'O TEPMA.

BAPHAHTEI TECTOBBIX 3ATAHUIA

Tect No 1.1 (KoprmycKymsapHbIe CBOHCTBA H3ITYYEHH )

1. Taxue (usHUecKHe SBIEHHI KaK HHTep(epeHIms, Mu(PaKiHd 1 IpeloMIeHHe CBeTa
TTOATBEPAKTAIOT ET0 KOPITYCKYIIAPHYIO TIPUPOLY.

a) 1a;

0) HeT;

B) VIBEPKAEHHE HEKOPPEKTHO.

2. CpeT HemyckaeTcs H ITOITIoIaeT s IMOPLIISIMY (KBaHTaMH), T.€. JHCKPETHO.



a) ma;
0) HeT;
B) YIBEPXKIEHIE HEKOPPEKTHO.

3. BemmurHa (pOTOTOKA HACBHIIIEHHS ITPH BHeIIHeM (poroadexre MOKeT He 3aBHCETH OT
YaCTOThI H3ITyYEHH .

a) Ja;

0) HeT;

B) VIBEP’KACHHE HEKOPPEKTHO.

4. TIoHSTHS TeOMeTPHYECKHX (hOPM H pa3sMEPOB IIPHMEHHTEIHHO K (OTOHAM He HMEIOT
CMBICIIA.

a) Ja;

©) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

5. (DOTOHHI Pa3IMYHBIX AJIMH BOJIH B BAKYyME MMEIOT Pa3IMYHYIO CKOPOCTb.
a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

6. BemmumHa ¢QoToTOKAa HachOIEHHS TIpH BHelmHeM (QoTrosddekTe 3aBHCHT OT
MHTEHCHBHOCTH Mamyuerms, ecmm V> A/ h.

a) 1a;

0) HET;

B) YTBEpXKIeHHE HEKOPPEKTHO.

7. Dddexr Jlomepa B ONTHKE, MPOSBISIONIMIACS B H3MEHEHHH YacTOTHI M3ITyYeHHS,
PETUCTPUPYEMON IIPHEMHHKOM IIPH €r0 JBWKEHHH OTHOCHTEIBHO HCTOYHMKA CBETAa MOXKHO
OOBSICHUTH Ha OCHOBE 3aKOHOB COXPAHEHNS UMITYIIhCA H 3HEPTHH.

a) 11a;

6) HeT;

B) YTBEpXKJIEHHE HEKOPPEKTHO.

8. Dddexr Meccbayspa He HaOIMOaeTCs B BHAUMON 00IacTH CIIEKTpa.
a) Ja;

0) HeT;

B) YTBEpXKJIEeHHE HEKOPPEKTHO.

9. Dddexr Meccbayspa SBISeTCS CISACTBHEM 3aKOHA COXpPaHEHHS HMITYIhca, B
pe3ylbTare Yero 4acTOTH Y-KBAHTOB, HCITYCKAEMBIX U ITOITIOIAEMBIX SIPaMH aTOMOB OJHOIO U
TOTO K€ BEIECTBA CTAHOBATCS OJMHAKOBBIMHU U ITOSBIISIETCS PE30HAHCHOE TTOTTIOIEHHE,

a) Jia;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

10. Jlng mHTeprnperanyy spiIeHns KOMIITOHA HCITONB3YeTCS TOMBKO 3aKOH COXPaHEHHS
HMITYJIbCA.

a) 1a;

0) HeT;

B) VIBEPKAEHHE HEKOPPEKTHO.



I1. DoTOH - 3IeMeHTapHas 4YacTHI[A, KOTOpPas HE HCIBITBIBAET TI'PAaBHTALIHOHHOIO
TIPHTSDKEHI.

a) Ja;

0) HeT;

B) YIBEPKICHIE HEKOPPEKTHO.

12. Ilo Mepe ymaneHHs OT 3Be3/bI AIHHA BOTHBL ()OTOHA YBEIMUHBAETCS.
a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

13. CBeToBOE AaBICHHE OKa3bIBAIOT KBAHTHI FaMMa M PEHTTEHOBCKOr'O H3IYYEHHS H HE
OKa3bIBAIOT KBAHTHI BUIUMOIO CBETA M PaJHON3TyUYeHHS.

a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

14. Tlpu mormoreHHH (OTOHA aTOMOM HMIIM MOJEKYJIOH sHeprus (oToHa ITOTHOCTHIO
TIepelacTCs UM.

a) Ja;

©) HeT;

B) YTBEpXKIEeHHE HEKOPPEKTHO.

15. B gBneHur KOMITTOHA IMPOSBIIIOTCS 3aKOHBI COXPAHEHWS SHEPIHHM U HMMITYJIbCa
CHCTEMBI (DOTOH — 3IEKTPOH, B3aUMOJIEHCTBYIOIIMX JIPYT € IPYT OM.

a) na;

©) HeT;

B) YTBEpXKIeHHE HEKOPPEKTHO.

16. B mporiecce paccesHUS CBETAa aTOMaMH MITH MOJIEKYIIaMH UMeeT MECTO JTOKaTH3aIlHs
SHeprun (poToHa Ha 00beKTe paccesHHS.

a) 1a;

0) HeT;

B) YIBEPXKIEHUE HEKOPPEKTHO.

17. ®OTOH TaMMa-H3TYYEeHHS HMeeT MEHBINYIO TI'PaBHTAI[HOHHYIO Maccy, 4eM (OTOH
HH(ppaKpacHOTO H3TYIEHHS.

a) Ja;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

18. TopMO3HOE PEHTIeHOBCKOE H3TyUeHHE BOSHUKAET BCIIEJCTBHE TOPMOKEHHS (POTOHOB
PEHTTEHOBCKOTO M3ITYYEeHHS B BEIIECTBE.

a) Jia;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

19. TopMoO3HOEe PEHITEHOBCKOE M3IYUEHHE BOBHHKAEeT BCIIEACTBHE TOPMOKEHUS
BIIEKTPOHOB B BEINECTBE.

a) 1a;

0) HeT;

B) VIBEP’KAEHHE HEKOPPEKTHO.



20. Tlpu pabGoTe peHTIT€HOBCKOI TPYOKH ITPOMCXOMHT CHIIBHBIN HarpeB aHTHKATOHa, H
IIOATOMY €0 JEeTat0T MaCCHBHBIM.

a) 1a;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

21. OHeprus ¢oroHa HH(]paKpacHOro H3IydeHHS Oonplme SHepruM (OTOHA
PEHITEHOBCKOTO M3IIYyYCHH .

a) ma;

0) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

22. Macca cBOOOAHOr 0 57eKTPOHA ITPH ITOIIOIEHHH (POTOHA YBEIIMUHBACTCA.
a) Ja;

©) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

23. Korma MBI TOBOPHM «4acToTa (pOTOHa», TO HMMeeM B BHJIY, YTO 3TO YacTOTa
KoneGaHMii HAITPSKEHHOCTH 3IIEKT PHYECKOT0 H MAarHUTHOT'O TTOTIS.

a) 1a;

©) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

24. Tox mmpHOH BOITHBI (POTOHA ITOHMMAOT €0 TeOMETPHUYECKHE Pa3MePhI KaK YaCTHIEI.
a) na;

©) HeT;

B) YIBEPXKIEHNE HEKOPPEKTHO.

25. CKOpOCTh pacIipocTpaHeHHs (JOTOHOB B cpelle He3aBHCHMO OT HX JUIMHBI BOJIHEI
BCeria OJHHAKOBA.

a) 1a;

0) HeT;

B) YIBEPXKIEHUE HEKOPPEKTHO.

26. B crydae HOpMaIbHOM JHCHepCHH (OTOHBI ¢ OOIBIMMM 3HAYESHHEM JUTHHEI BOTHEI
PaCIIPOCTPAHSIEOTCS ¢ OOMbINEH CKOPOCThIO, YeM (DOTOHBI ¢ MEHBITHM 3HAYEHHEM JITHHBI BOITHEI.

a) Ja;

0) HeT;

B) YTBEpXKJIEHHE HEKOPPEKTHO.

27. MOTOH, pa3MepPhl KOTOPOrO MeHBINE Pa3sMepPOB aTOMa, MOXKeT OBITh MM ITOITIOIIEH, a
(OTOH, pa3sMepsl KOTOPOro OOIBINE pasMePOB aToMa He MOKET OBITH HM ITOTTIOIIEH.

a) Jia;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

28. J'miHa BOJHBI KOPOTKOBOJIHOBOH I'DaHHIIBI CIIEKTpa TOPMO3HOIO PEHTTeHOBCKOI'O
H3ITyYeHHS 0OpaTHO IPOIIOPLIMOHATIBHA HAIIPSDKEHHIO HAa PEHTT€HOBCKOH TPyOKe.

a) 1a;

0) HeT;

B) VIBEP’KAEHHE HEKOPPEKTHO.



29. 3HaueHMe KpacHOH IPAHMIBI CIIEKTPa TOPMO3HOTO PEHTTEHOBCKOTO H3TYUEHHS
3aBHCHT OT MaTepHaa, i3 KOTOPOro H3rOTOBIEH aHTHKATOI.

a) Ia;

0) HeT;

B) VIBEPKICHIE HEKOPPEKTHO.

30. 3HaueHMe UIMHBI BOJMHBI KpacHOM IpaHHIEI GoToaddekra onpepensierca padoroit
BBIXO/[A BTIEKTPOHOB C IIOBEPXHOCTH METAILIA.

a) ma;

0) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

Tect No 1.2 (KopryCKyIIIpHEIE CBOHCTBA H3IIYUYEHH )

1. @OTOH MM CBETOBOH KBAaHT B TIOKOE CYINECTBOBATh HE MOJKET, H €ro Macca IOKOs
paBHa

2. BuyrpenHuit (oro3p@PeKT COCTOMT B TOM, YTO TMOJ AcHCTBHEM CBeTa T€HEPHUPYIOTCS
, KOTOPBIE SIBISTIOTCS HOCHTEISIMH TOKA B TTOTYITPOBOHHUKE.

3. Ksagpar MakcHMalbHOH CKOPOCTH BBIPHIBAEMBIX IIpH BHeImHeM (oTosddekre
SIEeKTPOHOB JHHEHHO 3aBHCHUT OT M3TYyYEHHUSI M He 3aBHCUT OT HHTEHCHBHOCTH
H3ITyYEeHUSI.

4. BenuyuHa CHIIBI TOKA HACHITIIEHUS TIpH (poTosddeKxTe mpormopioHaTbHa
CBETA.

5. 3BHayeHHe KPacHOH TPaHUIIBI OJJHOGOTOHHOTO (hoTO3(P(eKTa 3aBUCHT HUCKITFOUUTETHHO
oT

6. CMelleHHe JUIHHBI BOITHBI (bOTOHa PEHTTCHOBCKOI'O HM3IIYUCHH A ITPH KommTroHOBCKOM
PaCCCAHHH 3aBHCHT TOIIBKO OT PacCCAHMA.

I KOpOTKOBOJIHOBaH TpaHHI[a CIUIOINMHOrO PEHITCHOBCKOI'O CIICKTpa TOPMO3HOI'O
H3IIYYCHHA OIPEACIIACTCA TOIIBKO BEITHYHHOH Ha peHTFeHOBCKOﬁ pr@Ke.

8. TOpMOSHOG PEHTTCHOBCKOE HM3IIYUCHHE BO3HHKACT BCICACTBHEC
SIIEKTPOHOB IIPH ITOIIaJaHHH Ha aHTHKATOM.

9. JSlBneHme oOTHAYH IIPH  HCITYCKaHHMH CbOTOHOB BCIICACTBHE 3aKOHa COXpPaHCHHA
HMITYIIbCa OIPEACIBIET CMEINEHHUE HX YaCTOTERI, UTO ITPOABIIACTCA B 3(1)(1)61{'1‘21)(

10. s HaGmrogenus spdexra Meccbayspa HCTOUHUK Y-KBAHTOB HEOOXOAUMO JABUTATh B
CTOPOHY

11. Ecmu cpaBHHTH 5HeprHH (OTOHOB PEHTTEHOBCKOTO WRIYYEHHS, Y-H3IYYeHHT H
BHIMMOT'O CBETa, TO MOXKHO CKa3aTh, YTO HAHOOIBIIYIO SHEPTHIO HMeeT (POTOH

12. Ecnm cpaBHHTR JUIMHBI BOTH (DOTOHOB  YIBTPA(HONETOBOrO  H3IydYEHHS,
PEHITEHOBCKOIO H3NY4YEHHS M BHIMMOIO CBETa, TO MOXHO CKa3aTh, YTO HAHOONBILYIO IIHHY
BOJIHBI MMeeT (POTOH



13. Tlpu B3arMOJEHCTBII C MIINEHBIO Y-KBAHT MOJXKET IIPEBpAINATHCS B HIEKTPOH M

14. Ecm oOnoy4aTh H3OTHPOBAHHBIN MeTaUIHMUYECKIHI IMIapHK CBETOM, AJIMHA BOIHEBI
KOTOPOr0 MeHbIIle KpacHOoi rpaniiisl poTodddekra, To mapHK OyaeT

15. Ecmt oOmy4aTs H3OIMPOBAHHBIM METAUIMYECKHI IAPHK CBETOM, JIMHA BOJIHBI
KOTOPOr'O MeHbIlle KpacHOHM TrpaHMIIBI (Qoro3ddekra, TO B 3aBHUCHMOCTH OT 3HAUYEHHS
IIapHK OyZeT MpHOOpeTaTh PasMYHbIN IOTEHI[HAT.

16. Ecnu HampspkeHHe Ha PEHTTEHOBCKOH TPYOKe YBEIIMUHMBAETCS, TO KOPOTKOBOIHOBAS
I'PaHUIIA PEHTTEHOBCKOIO CIIEKTpa CMEIAETCS B

17. Tlpu paccessHuu (OTOHOB PEHTTEHOBCKOTO H3IYYeHHS Ha CTabOoCBI3aHHBIX
3JIEKTPOHaX HaOIFOAaceTCs HUX JJIMHBI BOIHBI. B 3TOM H COCTOHUT CYTh SIBIICHHS
KommiTona.

18. BeposTHOCTh paccessHHS 3IeKTpPoHOB B 3(dexre KommrroHa 3aBHCHT OT yITa
paccesHHS 1

19. fIpneHne orpaun IIPH pacCCAaHHH (bOTOHOB BCIICACTBHE 3aKOHOB COXPAaHCHH A SHEPIHH
H HMITYIIbCa ITPHBOJHT K CMCIICHHIO HX YaCTOTEL, YTO ITPOABILICTCA B 3(1) (beKTe

20. UHTEHCHBHOCTE ARIISCTCSI OMHON H3 XapaKTEPHCTHK 3IEKTPOMArHHTHOTO H3ITYyYEeHHS,
a B KBAHTOBOM MOJIEITH 3TO MTOHATHE XapaKTepU3YeT (hOTOHOB.

Tect Ne 1.3 (KoprycKymapHbIe CBOHCTBA U3ITYYEHH )

1. O poToHAX MOKHO CKa3aTh, UTO:

a) 5TO MOHOXPOMAaTHYeCKas IEKTPOMATHUTHAS BOJITHA;

6) 3TO YacTHIla, KOTOPas He MMeeT (PMKCHPOBAHHBIX PA3MEPOB U (POPMEL;

B) BTO AIIEMeHTapHas YacTHIIA, MAacca MIOKOS KOTOPOH PaBHA HYIIIO;

I') KBaHT SJIEKTPOMArHHUTHOTO M3ITYYeHMS (T1011S), ITPOSBISIOIIMN TIPH OIPEeeleHHBIX
YCIIOBHSIX CBOMCTBA YaCTHIL;

J1) KBaHT 3JIEKTPOMATHUTHOTO TIOJIS, HE UCITBITHIBAIOIIII TPABHTAIIOHHOT'O TIPUTSKEHU S

€) KBaHT DIeKTPOMATHHUTHOTO IIONS, JENOKAJTM30BAHHBIA B IIPOCTPAHCTBE, HO
OOHAPYKUBAIOIIMH JTOKATHU3AIMIO ITPH B3aHMOZEHCTBHH.

2. Ilpu NMPOXOXKAEHUM CBETOBOIO ITOTOKAa BHJIMMOIO JHalla30HAa 4Yepe3 TOHKWH CIIOH
(TIopstIKa JUTHHBI BOITHEI ) TUAIEKTPHKA BOSMOYKHBI ITPOIIECCHI:

a) OTpakKeHHEe OT TPaHMUI] pa3fiena;

0) HHTep(epeHIHT,

B) TTOTTIONIEHHE CBETA aTOMAMH HITH MOJIEKYIIaMH;

I') BRIPhIBAHHE SIIEKTPOHOB € ITOBEPXHOCTH;

Il) TeHepaLis SIEKTPOHHO-ABIPOUHBIX I1ap;

€) PEKOMOMHAITH.

3. TopMO3HOE PEHITEHOBCKOE H3IIYUYEHHE — 3TO:
a) H3IIYUEHHe, KOTOPOE BO3HHKAET B 00BEME PEHITEHOBCKOH TPYOKH;



6) H3TyYeHIe, BOSHIKAIOIEe Ha KaTOE TIPH TIOTIafaHIH ITOJIOKHT ETIbHBIX 3aPSII0B;

B) H3Ty4YeHHE, BOSHHKAIOIIEe HAa aHTHKATOE PEHITEHOBCKOM TPYOKH;

I) U3IYYEHHE, BOSHHKAIOIIEE IIPH TOPMOXKEHHIH SIEKTPOHOB;

Il) U3IIy4eHHEe PEHTTEHOBCKON TPYOKH, BOZHHKAIOLIEE IIPH ITOJaue Ha Hee TOPMO3SIIErO
HAaITPsDKEHI (3a0epAMBarOIIEH pasHOCTH ITOTEHINAIIOB ).

4. Korpa Habmopaercs smieHue Gporosddexra, TO CBeTOBOI KBAHT:

a) TIOTTIOIAETCS CBI3aHHBIM SIIEKTPOHOM,;

0) paccerBaeTcs Cl1abOCBI3aHHBIM I CBOOOMHBIM 3JIEKTPOHOM;

B) ITOITIOMIAETCS CBOOOIHBIM 3IIEKTPOHOM;

I') BCIEACTBHE B3aUMOAEHCTBHS ¢ SIEKTPOHOM TpaHCOpMIpyercs B (OTOH APYroi
YacTOTHI;

Jl) BCIIEACTBHE B3aHMOJACHCTBHS ¢ aTOMaMH ITONYIIPOBOJHHKA TpaHc(oOpMHpyeTcs B
(hOTOH APYroit YaCTOTH U MOSBIISETCS SIEKTPOHHO-IBIPOYHA T1apa;

€) TIOITIOINAeTCsI arOMOM ITONYIIPOBOAHMKA M IIPH 3TOM TEHEPHPYETCS SIEKTPOHHO-
JIBIPOYHAs ITapa.

5. Korga mmeer Mecto sBreHHe KomIToHa, TO (OTOH:

a) TOTTIOIAETCS cTTa00CBI3aHHBIM 3IIEKTPOHOM;

0) YIIpyro paccerBacTcs (0TpakaeTcs) KPUCTAIIIOM;

B) paccenBaeTcs cl1aboCBAI3aHHBIM IEKTPOHOM aTOMOB KPHCTaIlIa;

T') TTOTTIOIAETCS CHIIBHOCBSI3aHHBIM (BHYTPEHHUM) 3IEKTPOHOM aTOMa;

1) TIpeBpaInaeTcs B (POTOH JPYTo# YacTOTHI BCIEACTBHE PACCESHUS,

€) HEYIIPYTO PACCEMBAETCS CITa00 CBS3aHHBIM 3IIEKTPOHOM aTOMOB KpPHCTAJLIA.

6. Xopomo H3BECTHO, YTO 4YeJIOBEYECKHH TIJa3 SBISETCS UyBCTBHTEIbHBIM
doronmpuemMHukoM. I[IpH »ToM OH oONajaeT ITOPOroM YYBCTBUTEIBHOCTH. OTH CBOICTBA
YeJIOBEYECKOTO ITIa3a OBUIH HUCITOIb30BaHkbl C.M.BaBUIOBEIM U ITO3BOIIHIIH EMY:

a) 3apPETHCTPHPOBATH MTPH OYeHbh HU3KOW HHTEHCHBHOCTH MEPIIAHHE H3ITYYEHHUST;

6) 3aperHCTPHPOBaTh Cl1aboe CBEUEHHE AIEKTPOHOB ITPH TOIMAJaHHH MX B OCOOBIE CPEIbI
(u3nyyeHne BaBuiioBa—YepeHKOBa);

B) 3apETHCTPHpPOBaTh  (PIYKTYaI[MH CBETOBOrO IIOTOKa TIPH  OYeHb  MAalbIX
HHTEeHCHBHOCTSIX;

') 3aperHcTPHPOBATH (MIYKTYallHH CBETOBOTO ITOTOKA TPH OYeHb CHITBbHBIX, OIMHM3KHX K
ropory G0IIeBOro OIYIIEHU S HHTEHCHBHOCTSIX

J1) 3aperHCTPHPOBATH OUEeHBb CIA0YIO JMOMHHECIEHITHIO IMFOMHHO(DOPOB M YCTaHOBHTH
HM3BECTHBIH B JTIOMHHECIIEHIHH 3aKOH O HE3aBHCHMOCTH KBAHTOBOI'O BBIXOAA OT JJIMHBI BOIHEI
BO30YXIeHUd (3aKOH BaBuiona).

7. CnoxeHue 5Heprid (POTOHOB BO3MOKHO:

a) TIPU CTONKHOBEHHH (POTOHOB;

0) ITpU OAHOBPEMEHHOM HX B3aUMOJ[ENCTBHH C aTOMOM MM MOJIEKYIION ;
B) ipu 3 dexre Jommepa;

r) rmpu >dpdexre KomrroHa;

) TIPU OMTHOBPEMEHHOM B3aUMOJEHCTBHHU € SZIPOM aroMa.

8. C TOYKH 3PEHHS KBAaHTOBOH TEOPHH IIPH IIPOXOXKAEHHH CBETOBOIO ITOTOKA BHAMMOIO
ITMalla30Ha YePes CIIOH JURJIEKTPHKA BO3MOXKHEI ITPOLIECCHI:

a) YIIPYTO€ paccesHHe Ha ANEKTPOHAX;

0) VIIpyToe paccesHue Ha aToMaxX HIH MOJIEKYax;

B) HEYIIPYT'O€ PaccestHiie Ha CBOOOAHBIX ANMEKTPOHAX;

I') YIIPYT'O€ PaccesHIEe Ha HEOJHOPOJHOCTSIX;



Il) HEYIIPYT o€ (KOMOHMHALIMOHHOE) pacCessHIE Ha aTOMaX IIH MOJIEKYTIax;
€) HOHH3AI[M MOIEKYII;

’K) HOHI3aI[HI aTOMORB;

3) BBIPBIBAHHE 3TIEKTPOHOB C IIOBEPXHOCTH.

9. IIpeMMyINECTBEHHO KOPIIYCKYISPHbIE CBOWCTBA CBeTa IIPOSIBIISIOTCA B TaKHX

ABJICHIAX, KaK:

TIy4ei;

a) HHTep(epeHIIIs;

0) mndpaxirs;

B) ¢oToadeKT, KaK pa3HOBHIHOCTE ITOITIOIIEHHS CBETA;

r) a¢dexr Komrrrona, Kak pasHOBHAHOCTh PACCESHHS, CBOHCTBEHHAS IS PeHTT€HOBCKHX

1) s dext Jommnepa.

10. CBeTOBBIE KBAHTEL — 3TO OCOOBIE YACTHIIEI MUKPOMHpPA, IIOTOMY YTO:

a) IX Macca IIOKOS paBHa HYIIIO;

0) OHH NEPEMEIAIOTCS B IPOCTPAHCTBE CO CKOPOCTHIO CBETA;

B) OHH MOT'YT IIEPEMEMIATELCS CO CKOPOCTHIO CBETA ITPH OIPE/IENIEHHBIX YCIIOBHSIX;

T) TIPH B3aUMOJIEHCTBHH C APYTHMH YaCTHUI[AMH HE IepeJaroT UM 4acTh 3HEPTHH, TaK KaK

HE ACIEITCA H HE MOI'YT H3MCHHTE BEIIMYHHY CKOPOCTH,

1) TIPH B3aUMOJAEHCTBHH C APYTHMH YaCTHI[AMH IIEPEAAOT UM HMITYIIbC;

e) IPH MaJIoi IUIOTHOCTH B 00beMe He HaOMoAaroTcs UX (DIIYKTYalluH TDIOTHOCTH
’K) OHH He HCIBITBIBAIOT ITPABUTAIIMOHHOTO IIPUT SDKEHHUS;

3) OHU JBHTAIOTCS TOIBKO IO IIPSIMOH.

11. Buepruio GoroHa MOKHO PACCUHTATh ¢ HCITONB30BAHHEM (hOPMYIL:
a) hv;

0) h\;

B) hc/k;

) mv2f2;

I hik.

12. Vinimymbc poToOHa MOXKHO PacCUHTATh ¢ HCTIOIB30BaHHEM (DOPMYI:
a) hi\;

0) hv/c;

B) hc/k;

T) mv;

I hv.

13. Ha pHcyHKe TpHBEeAEHBI BOIbTAMIIEPHBIE XAPAKTEPHCTHKH (POTOITEMEHTOB.

B 03MOXHBIMI TIPHYMHaMH HX OTIIMYIHHA SBIISEOTCSL:
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a) OHHM OTIIHYAIOTCS MaTepHaloM (poTOKaToda, a, CIeAOBaTeIbHO, paboTOi BBEIXOMA
3JIEKTPOHOB;

0) OHH OOJIY4YarOTCs CBETOM Pas3/IMYHON YaCTOTHI;

B) OHH OOJIY4arOTCs CBETOM Pa3IMUHON HHTEHCHBHOCTH;

I') OHM MMEIOT Pa3IHYHYIO TUIOMIAb OCBEINAacMOH pabodyei MOBEPXHOCTH, IIPH OAHOH H
TOH Ke HHTEHCHBHOCTH CBeTa;

J1) OHA UMEIOT Pa3IMYHYIO TeMITEpaTypy.

14. Ha puHcyHKe TIpHBEACHBl BOIbTAMIIEPHBIE XapPAaKTEPHCTHKH (POTO3NEMEHTOB.
B 03MOHBIMH TIPHYMHAMH MX OTJIHYMIA SBIISTFOTCSL:

I
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a) OHM OTITMYAIOTCS MaTepHaloM (oTOKaTofa, a, CIeJOBaTelbHO, pPadoTOH BRIXOMA
3JIEKTPOHOB;

0) OHM OOITY4arOTCS CBETOM Pa3IIMYHON YaCTOTHI;

B) OHU OOITY4arOTCS CBETOM Pa3IMUHON HHTEHCHBHOCTH;

T') OHM MMEIOT PA3IWYHYIO TUIOMIAb OCBEIaeMON pabovei MOBEPXHOCTH, IIPH OIHOW H
TOH e HHTEHCHBHOCTH CBETA;

J1) OHH UMEIOT Pa3IHMYHYIO TeMIIepaTypy.

15. Y clekTpa TOPMO3HOTO PEHTTEHOBCKOTO H3IIYYEHHS HMEETCS KOPOTKOBOIHOBAS
TPaHUIA:

a) IO TPHYHHE AeHCTBUA 3aKOHA COXPAaHEHMS SHEPrHH H IIO3TOMY BHeprus (poToHa He
MOYKeT ObITH OOTIBINE KMHETHYECKOH SHEPTUH ITOMAaloIIero Ha aHO L 3JIeKTPOHa;

6) Tax KaK SHEPrys 3JIeKTPOHOB, ITONA AKX Ha aHTHKATO PEeHTIeHOBCKOH TPYOKH H
HCTIBITHIBAOIIMX TOPMOXKEHHE, HMeeT (PHKCHPOBAHHOE 3HaueHHe eU,;

B) TaK KaK aHTHKaTOX PEHTI€HOBCKOHN TPYOKH HMEET OrPaHHYECHHYIO Maccy,




I') IO IIPUYMHE OrPAHMYEHILI CaMOT0 JHalla30Ha PEHTT€HOBCKOIO CIIEKTPa;

I) TIO TIpHYMHE AeHCTBHS 3aKOHAa COXPAaHEHMS SHEPIHM H ITOSTOMY SHEprist GOTOHA He
MOXKET OBITH GOIbINE SHEPIMH HIEKTPOHA, YCKOPEHHOIO 3IEKTPHUECKHUM IIOTIEM MEXIY aHOAOM
M KaTOJOM.

16. MoxeT m1 aGCOmIOTHO CBOOOIHEIH 3MEKTPOH IIOITIOTHTE (POTOH?

a) He MOXET, TaK KaK HHaue Oy eT HapyIleH 3aKOH COXPAHEHHNS SHEPIHH;

0) HEe MOXeET, TaK KaK HHaye OYAeT HapYIIeH 3aKOH COXPAaHEHH I HMITYIIbCA;

B) MOXET;

T) MOXET, €CIH JJIMHA BOMHBI (POTOHA CpaBHHMMA ¢ KITACCHYECKHM PAJHyCOM 3IIEKTPOHA
(~107" m);

1) MOKET TTOTJIOTUTH (POTOH PEHITEHOBCKOTO H3ITYUSHHSI.

17. Y3 GopMynsl AA = A (1 — cos ©) I KOMIITOHOBCKOIO PAacCESHHA H CYTH CaMOIO

53¢ dexra Komrrona cieayeT, uTo:

a) TIPH paccesHHHU (POTOHOB Ha SNIEKTPOHAX BEIMYHHA CMEINEHHS JUIMHEI BOJIHBL (DOTOHA
3aBHCHT TOJBKO OT YITIa PacCesHHS,

0) KOMITTOHOBCKas JJIMHA BOJIHBI A He 3aBHCHT OT yITla paccedHHsd 0, Tak Kak 3TO
KOHCTAHTAa;

B) KOMIITOHOBCKASI JUIMHA BONHBI A He 3aBHCHT OT JUIMHBI BOIHBEI (JOTOHA, TaK Kak
SIBISIETCS KOHCTAHTOMH;

') KOMITTOHOBCKASI JJIMHA BOITHBI A 3aBHCHT OT BETHYHHBI AA;

Jl) TIpH paccessHUH (POTOHOB Ha SIeKTPOHAX BeMUHMHA AA He 3aBHCHT OT BeIllecTBa, Ha
KOTOPOM H3Y4YaeTCs paccestHUE.

18. Bddext Meccbayspa COCTOHT B TOM, UTO:

a) Pe30HAHCHOE IIOITIOIIEHHE Y-H3ITyYEHHS BEIECTBOM HE HaOIFONAeTCS B IPHHIHIIE;

6) PE3CHAHCHOE IIOTTIOIIEHHE Y-M3IYYEHHSI IIPH OOBIUHBIX (HOPMABHBEIX) YCIIOBHSX
MAaJIOBEPOSATHO (MAJIONHTEHCHBHO);

B) PE30HAHCHOE IIOTTIOINEHHE Y-M3IIyYEHHS BO3SMOXHO IIPH IIEPEMEINEHHUN H3IIy4aTels
W TIOTTIOIIATEISI HABCTPEUY APYT APYTY;

T') PE30HAHCHOE ITOIIIOMEHHUE Y-M3IIyUEHHSI BO3MOKHO B TOM CIIy4ae, eClH JOIIIEPOBCKOe
CMEINEHHE YaCTOThl CKOMITEHCHPYET MOTEPH SHEPruH (POTOHA TIPU B3aUMOJAEHCTBHU C STIPOM B
COOTBETCTBHH C 3aKOHAMH COXPAHEHHS SHEPTHU H HMITYJIbCa;

I) ycTaHaBIMBaeT (DM3MUYECKHE YCIOBHS, IIPH KOTOPHIX HAOMIOMAETCS Y-H3ITydeHHS
I[ETIOTO KITAcca BEIECTB.

19. SHeprug KBaHTa SNEKTPOMATHUTHOTO H3ITYUYEHHS MOXET IIPEBPAIAThCS B JPYrHe
BHJIBI SHEPTHH B Pe3yIIbTaTe:

a) TOTJIOMEHH A (POTOHA BEIECTBOM;

6) paccestHus (OTOHA BeIECTBOM 0e3 H3MEHEHHS YaCcTOTHI;

B) TIOITIOIIeHHS (POTOHA OTASITHHEIM H H30THPOBAHHEIM aTOMOM;

I) paccesHHsS (OTOHA MONEKYIOH ¢ M3MeHeHHeM YacTOTHl (KOMOHHAITHOHHOE
paccesHue);

1) pacliajia y-KBaHTa Ha dIeKTPOH U IIO3UTPOH IIPH B3aUMOJIEHCTBHH C MUINIEHBIO.

20. Kakue H3 IepedyHCIeHHBIX HHKE IIPOLIECCOB C TOUKH 3PEHHS KBAHTOBOI TEOPHH
MOT'YT UMETh MECTO ITPH ITPOXOKIEHHH CBETOBOTO ITOTOKA B BHMMOM JHAIIA30HE Yepe3 TOHKHI
CIION (HEeCKOIBKO JUIMH BOJH) MeTauia?

a) OTpa’keHHe OT TPAaHHILL PasJena;

0) YIIpyroe paccesHue Ha cl1aboCBSI3aHHBIX AIIEKTPOHAX;



B) YIIPYTO€ paccesiHie Ha aToMax;

T) YIIPYT O€ paccesHie Ha HEOTZHOPOJHOCTSIX;

II) HEYIIPYToe (KOMOMHAIMOHHOE) pacCcessHIE Ha aTOMax;
€) HOHHM3ALMSI MOJIEKYTT;

7K) BBIPBIBaHHE 3IEKTPOHOB C IIOBEPXHOCTH.

21. Kakue U3 nepeuncieHHbIX HIKe IIPOIIECCOB MOI'YT HMETh MECTO ITPH ITPOXOIKIEHHHI
CBETOBOIO ITOTOKA B BUIMMOM JHAIla30HE Yepe3 TOHKHI CIIOH (HECKOIBKO JUIHH BOJIH) MeTalla?

a) TIOTJIOIIEHHE CBETa CI1ab0 CBS3aHHBIMH SIIEKTPOHAMH;

©) ITOTTICIIIEHHE CBETA aTOMAMI;

B) HOHH3AIHI aTOMOB;

T') BEIPBIBAHHE SIIEKTPOHOB C ITIOBEPXHOCTH;

1) TeHepallHs SJIeKTPOHHO-ABIPOYHBIX T1ap;

€) PeKOMOMHAIIHS.

22. Kakue u3 TepedyHCIIEHHBIX HHJKE IIPOIECCOB C TOYKH 3PEHHMS KBAHTOBOHM TEOPHH
MOT'YT UMETh MECTO IPH ITPOXOXKIAEHHHA CBETOBOIO IIOTOKA B BUIMMOM JHAIIA30HE Yepe3 TOHKHIA
CIIOH (HECKOIBKO JJIMH BOIIH ) ITOTYITPOBOIHHUKA?

a) OTpaXKEHHE OT TPAHHMI] Pa3/ena;

0) yIIpyroe paccessHue Ha CBOOOHBIX 3IEKTPOHAX;

B) HEYIIPYI'O€ paccesiHAe Ha CBOOOMHBIX NMEKTPOHAX;

T) YIIPYTO€ PaccesHUE Ha HEOTHOPOHOCTSIX;

JU) HeyIpyroe (KOMOMHAIIMOHHOE) pacCesHUE Ha aTOMaX WIIH MOJIEKYIIaxX;

€) HOHHU3AI[U aTOMOB;

) TeHepaIHs JeKTPOHHO-IBIPOYHEIX ITap;

3) PeKOMOMHAITH .

Tect Ne 2.1 (Monmens aroma Pesepdopia — Fopa)

1. [IpapHIbHO I OYJIET YTBEPKAEHUE, YTO ANEKTPUUECKHUN TOK B MeTallIaX OOYCIIOBIIEH
JIBIDKEHHEM CBOOOJIHBIX 3JIEKTPOHOB, B PACTBOPAX — JBHKEHHEM HOHOB, a B T'a3aX — JIBHKEHUEM
3IIEKTPOHOB H HOHOB?

a) Ja;

0) HeT.

2. 1IpaBWIBHO M TOBOPHUTH, YTO AEKTPOHBI OBUIM OTKPBITEL DapajeeM, TOMCOHOM H
MUIIIHKEHOM OHOBPEMEHHO?

a) 11a;

6) HeT.

3. BepHo 1M yTBEpXKIEHHE, UTO Macca 3JIeKTpoHa B 1500 pa3 MeHbIIe, UeM Macca aToMa
BOfOpoa?

a) Jia;

0) HeT.

4, BepHo JM YTBEPXKIACHHE, YTO MaccCa SIIEKTPOHA SHAYHMTEIIbHO MEHBIIE MACChI CaMOI'O
JIETKOT'O aTOMa — aTOMa Bo,uopoz[a?

a) 1a;

0) HeT.

5. MO’HO JIM TOBOPHTE, YTO PasMepPHI SApa aToMa 3HAUMTEIHHO MEHbIIE Pa3MepPOB aToMa
B IIenoM?



a) ma;
0) HeT.

6. O-YaCTHIIBI MOIYT PacCeHBaThCA TOIBKO SApPaMH aTOMOB M IIPaKTHYECKH He
paccenBaroTCs MEKTPOHaMH. I BCeX I aTOMOB 3TO CIIPaBELIHBO?

a) Ja;

0) HeT.

7. MoXHO MM yTBEpKAaTh, YTO O-YACTHI[Bl HE PAaCCEHBAIOTCA B OmbITe Pesepdopma Ha
0 PP I}
yriml Gonnee 907, OTOMY 4TO pasMepHl sep ~10° " M M O-4acTHI[a B HUX HEe MOJKET ITOIIacTh?
a) na;
0) HeT.

8. BepHOo M yTBepKJeHHE, YTO BEPOSITHOCTh PACCESHHS (-4AaCTHI[ HE 3aBHCHT OT HX
CKOPOCTH, a 3aBHCHT OT 3apsa syipa aroma?

a) 1a;

©) HeT.

9. MoXHO 1M JOKa3aTh, YTO ITPOM3BEJCHHE YMCIIa PACCESHHBIX O-4acTHI[ Ha cos? p
SIBIISIETCSI KOHCTAHTOM M HE 3aBHCHT OT YITIa PACCESHUS?

a) Ja;

©) HeT.

10. SBngerca mu auddepertmansHoe 3PQPeKTHBHOE cedeHHe paccesHHS (QyHKIIHeH
TOIIMHHEI (POMBETH?

a) Ja;

0) HeT.

11. IlpaBMIbHO 1M PpaclONOXeHbl B INKale JUIMH BOIH TIO MEPe BO3pPacTaHUSI A
CIEKTPAIBHBIE CEPHU Bopopoja: cepus JlaiimaHa, cepust bamemepa, cepus [lamena, cepus
Epeketa, cepus [1dyHma?

a) 11a;

0) HeT.

12. MOXHO M ¢ TIOMOIIBI0 0000IIeHHON (hopMyIIhl BambMepa paccUHTaTh JTHHY BOITHEL
TTFO00M JIMHUM CTIEKTPA U3TTYYEHU ST HOHA TeTTUs?

a) 11a;

6) HeT.

13. MOXHO T ¢ TIOMOITBIO 3aITMCAHHOW HIKEe (DOPMYIIBI PaccUUTaTh JITHMHY BOIMHBI 3-

1 1 1
JIMHUH CepuH BambMepa Bogopoga: — > R| ——— |?
n r A
a) 1a;
0) HeT.

14. TlpaBmwmbHO M cOPMYIHPOBATh KOMOMHAI[MOHHBIN ITPHHIMII PHUTIa: BOIHOBOE
YHCTIO JIFOOO0H JIMHHH CIIEKTPa SBIETCS KOMOHHAITHEN 2-X TEPMOB?

a) Ja;

0) HeT.

15. B ombrtax @panka H ['epiia o0Hapy KHBarOTCS JHCKPETHRIE YPOBHH SHEPIHH aTOMOB



PTYTH M He OOHapYKHBaeTCSA HEIIPEPHIBHAIN KOHTHHYYM SHEPIHIH HOHH3HPOBAHHBIX aTOMOB. Tak
JIH 3T07?

a) Ja;

0) HeT.

16. CrpaBeyInBO IH YTBEPKACHHIE, UYTO BHYTPEHHAA SHEPIHUA aTOMa SBISETCS SHEPrHei
CBSI3H SIIEKTPOHA B aTOME — SIBIISIETCS BEIIMYMHON OTPHLIATENBHON, OTCYMTBIBACTCS OT 3HAUYEHHU
SHEPIUH TIOKOS YacTHI[ M €€ BEIHYMHA MOXKET I[PHHMMATh JHUCKPETHBIH HaOOp BO3MOMHBIX
3HAYCHHI?

a) ma;

0) HeT.

17. IIpaBma nmu, 4TO 3HAYEHHS TEPMOB MOHA Ienud B 2 pa3a OOJbllle 3HAYECHHI TEPMOB
aTOMa BOZOpPOAA.

a) Ja;

0) HeT.

18. MoxHO IH CKa3aTh, YTO B COOTBETCTBHHM C IIPHHIIMIIOM COOTBETCTBHS YacTOTa
H3IIyYEHHUs], OIpejiensemMasl 2-M IocTyllaToM bopa paBHa yacToTe OOpaleHHs 3JIEeKTPOHa ITO
opOHTe I BCEX PaJHyCcOB OPOHT.

a) 11a;

0) HeT.

19. IIpaBMIBHO 1M TOBOPHTH, 4YTO CTAaTHCTHYECKHMH BeC YPOBHS WIH CTEICHb
BBIPOKIEHHS YPOBHS — 3TO YHCIO COCTOSHHI, HAIIPHMEP: BO3MOKHBIX TPaeKTOPHH ABHKEHHS, C
OJIMHAKOBOM SHEPTHUEM.

a) Ja;

©) HeT.

20. BepHo mi OyZIeT cYMTATh, YTO B MOMEHT HMITYIIbCA AJIEKTPOH IPUHHUMAET TOJIBKO
JUCKPETHBIE 3HAYEHU S, IIPHYEM JUIS CIIy4asi KPYTOBBIX OPOHT 3TO ORHO 3HAYEHHE, a A CITydast
SITTAIICOMIATIBHBIX OPOUT — 3TO APYTUe 3HAYCHUS.

a) Ja;

0) HeT.

21. B ycinoruM KBaHTOBaHHS 3oMMepdembia paccMaTPHBAIOTCS 0G00IIeHHEIE HMITYIIhCHI

M 0800I eHHbBIE KOOPAHHATHI m pidqf — ??fh. Tak mu 570?

a) na;
O) HeT.

Tect Ne 2.2 (Monens aroMa Peszepdopia — Bopa)

1. Ecim B ombiTe Pesepdopzia 1Mo paccessHUIO O-HacTHI[ Ha 30JIOTOH (OJBre O-UaCTHILBI
3aMEHHTH Ha ITPOTOHBI, TO IO PACCESHHBIX YACTHI]

2. DIeKTpuYecKHil TOK B razax OOYCIIOBIIEH HallPaBIIEHHBIM JBIDKEHHEM
3apsIOB.

3. Ilpm osmexrponmse IPOIYCKAXOT ONMHAKOBBIH TOK 11 ONHOBANEHTHBIX M
JIBYXBaJIEHTHBEIX aTOMOB MeTallIoB. [IpH 5TOM Ha 3IEKTPOAE 3a OZHO M TO K& BpeMs MOJeH
BEIECTBA OAHOBAJIEHTHBIX aTOMOB BBIIEIHTHCSI B (ckompKO) pas(a)




(GOIIBIIIe MITH MEHBIIIE).

4. B momem ToMcOHa aTOM BOLOpOAa IIpeAcTaRIAeT COOOMH ITOMOXKUTENbHO 3apDKEeHHbI
1Iap, B UEHTPE KOTOPOr O HAXOMHTCA

5. B ombrtax Pesep(bopﬂ;a YHCJIIO PacCEAHHBIX C-YacCTHI[ OKa3allOoCh 3HAYMTEIIBHO
0
, HEM YHCJIO ITaJal0IMHX H HMCIIMCE CIIYHaH PacCCAHMA Ha YI'JIbL 0>90".

6. U3 onerroB Pesepdiopiia ciemyer, UTO B IEHTPe aTOMa HaXOTHTCS (Ka-KoH 3HaK)
3apPsSDKEHHOE SIIPO, pasMephl KOTOPOrO 3HAYHTENHLHO (GompIlle WIH MeHBIIIE)
Pa3MepoB aTOMa, BOKPYI KOTOPOT'O JABHIKETCS yactuia. [Ipu sTrom Pezepdopm He

CMOTI' OOBSICHUTD, TIOYEMY TAKOH aTOM

7. llpu BeIBOJe (QopMmynsl Pesepdopma st paccesHHS O-YaCTHI[ HCIIOTb3YeTCs
CTaTHCTHYECKHI IIOAXOA M BBOAWTCS TIOHSITHE . Ilpu 3TOM paccesHe

06YCJIOBJ'IGHO KYIIOHOBCKHM B3aMMOJICHCTBHEM ({-UACTHIIBI C SIAPOM.

8. Jlomsa paccesHHBIX O-YacTHI[ B ombITe Pesepdopma (3aBHCHT WIH He
3aBUCHT) OT KHHETHYECKOH SHEPIHH O-YacTHI[, 3apsia sSep aToMOB (POIBIH W TOIIIHHEI
(hombTH.

9. OTHOCHTEIBHOE YHCIIO PACCESHHBIX B OMMbITe Pesepdopia dacTHIl U 0034(p;’2) CBST3aHBI
MEXIY COOOH 3aBHCHUMOCTBIO.

10. CriekTpallbHOH CepHEH Ha3bIBAlOT COBOKYITHOCTh CIIEKTPAlIbHBIX JIMHHI, KOTOPHIE B
CBOEH TIOCIIEIOBATENIBHOCTH B INKalle JUIMH BOJNH WM 4YacTOT W B  paclpelelleHHH

HHTEHCHBHOCTH OOHApYXHBAIOT . IIpn 3TOM NHHUH HYMEPYIOTCS HauHMHas C
caMoi (JUTMHHOBOJTHOBOH, KOPOTKOBOJTHOBOW) ITO MEPE YBEIIMUEHHS U HX
HHTEHCHBHOCTH ¢ BO3PaCTaHHEM HOMEPa (YBEIMMUMBAIOTCS, YMEHBIIAIOTCS).

11. BomHOBoe umcIO IFOOOM CIEKTPAIBHOM IJIMHWM MOXHO TIPEJCTaBUTh KakK
KOMOHWHAIIHIO JIBYX

12. B rmocrymarax bopa mocTynupyeTcs AUCKPETHOCTD (kaKoit
XapPaKTEPUCTUKN) aTOMAa H HMCXONS M3 STOT0 MOXHO OOBSCHHTH IMHEHYATBIM XapakTep
(M3TY4YEHU S, pACCESTHUS).

13. B crniekTpe M3Iy4eHUsS BOAOPOAA B BHIUMOW OOTACTH CIeKTpa HaOmroJaeTcs cepHs
, 4 B YIIBTPa(pHOIETOBOI CepHst

14. Pa3sHOCTH BONHOBBIX uHcenl 4-i U 2-W JTMHUH B cepur JlaiiMaHa COOTBETCTBYET
BOTHOBOMY YHCITY JIMHUH CEPHH

15. lmura BOIHB! ()OTOHA, COOTBETCTBYIONIErO 2-if THHHU cepHu BambMepa y Bomopona
, YeM JITHHA BOITHBI TaKOH JIMHUK Y HOHOB Tl

16, ©U3HYECKII CMBICT IIOCTOSHHOM ITTaHKa COCTOHT B TOM, UTO OHA SBJISETCS KBAHTOM

17. B coorBercTBHH ¢ TeopHeil 3SommMepdenbaa, ecoH 5HEPris BOZOPOLONOXOGHOrO
aroma E,, TO 3IEKTPOH MOXET COBEpIIATh JBIHKEHHE TOMBKO ITO OpOHTaIsIM, M3



KOTOPBIX ___ KPYIOBBIX M _____ 3JUTHIITHYECKIIX.

18. CocrosHns, oTmmyaronmecss GopMoii TPaeKTOPHH ABIDKEHHS M HMEIOIIHE IIPH 5T0M
OIMHAKOBYIO SHEPIUIO, HA3hIBAIOT . Jms BHIPOKAEHHBIX COCTOSHII MOMEHT
HMITYIIbCa SIEKTPOHA

19. B ompitax Byzaa 1o pe3oHaHCHOH (DIyopecleHINH aTOMOB PTYTH Pe30HAHCHOE
BO30YKJEHHE aTOMOB PTYTH OCYILECTBILUIOCH JaMITOH, CIIEKTP H3TYy4YeHHS KOTOPOH
JIMHEHYATRIN.

Tect Ne 2.3 (Monmens aroma Pezepdopaa — Bopa)

1. B ompitax Pesepdopia IIy4oK C-UaCTHI[ 3aMEHHIH Ha ITYYOK IIPOTOHOB. YTO
H3MeHHIIOCH ?

a) YMCIIO O-YaCTHI[ PacCesHHBIX B 3aJaHHOM 3JIEMEHTE TEIIECHOTr0 yITa d{) YBEIMYHIOCE;

0) 4YMCIO O-YaCTHI[ PpACCESHHBIX B 33JaHHOM DJIIEMEHTE TEIIECHOrO Yyria d<
YMEHBIIMIIOCH.

2. B omeitax Pesepdopma IMydoK O-YacTHI[ 3aMEHIIH Ha ITy4OK HeHTpoHOoB. Uro
H3MeHHIIOCH ?

a) YHCIIO (-YaCTHI[ PacCesHHBIX B 3aJaHHOM 3JIEMEHTE TEIIECHOTO YITa d{) YBEIMYHIOCE;

0) 4YMCIO O-YacTHI[ PACCESHHBIX B 3aJ@HHOM 3IIEMEHTE TEIECHOrO Yyriia dQ
YMEHBIIHIIOCH.

3. B omeite Pesepdopaa roraTHHOBYIO (POIbIY 3aMEHIITH Ha 30II0TYEO. UTO H3MEHWIOCH ?

a) UMCIIO O-YaCTHI[ PacCeAHHBIX B 3aZlaHHOM 3JIEMEHTE TEIIECHOTO YITIa d€) YBEIMYHIIOCE;

6) UHCIIO O-YacTHUI[ PACCEAHHBIX B 3aJaHHOM D3IIEMEHTE TEIleCHOro Vyrina dQ
YMEHBIIHIIOCE.

4. Cytb orbiToB Dapajies o 3IEKTPOIM3Y COCTOUT B TOM, YTO:

a) KOIMYECTBO BEIECTBA, BBUIEIHONIEECS Ha DJIEKTPOJe IIPH  3IEKTPOIH3E
MIPOMOPLIMOHAILHO KOIMYECTBY 3apsjia, IEPEHECEHHOMY MEXY MeKTPOIAMU;

6) KOIMYECTBO BEIIECTBA, BRLAEIISIOIIEECS Ha SIEKTPOJIE TIPH SIEKTPOIH3E He 3aBUCHT OT
BEIMYHUHBI TIEPEHECEHHOT O 3apsJia M CHUIIBI TOKA;

B) KOJIMYECTBO BEIMIECTBA, BRIIEILIIONIEECS Ha 3IEKTPOAE JUIS Pa3IHYHBIX 3IEKTPOIHTOB
IIPH OJHOM M TOM e KOIIMYECTBE IEPEHECEHHOr0 3apsjia IPOIOPIMOHATEHO aTOMHBIM BECAM
HOHOB;

T) SIEKTPUYECKUI TOK B 3MEKTPOIHTE OOYCIIOBIEH ABHKEHHEM HOHOB H OIWH TPaMM-
aTOM JTFOOBIX OHOBAJIEHTHBIX MW FOOBIX JIBYXBAJIEHTHRIX HOHOB HECET ¢ COOOIO BCETHA OJHO U
TOXe KOIHYECTBO 3IEKTPHYECTBA, paBHOE unciry QDapajes;

Jl) BIIEKTPUYECKHH TOK B AIIEKTPOIMTE OOYCIOBIEH JBHKEHHEM HOHOB M OIWH TPaMM-
aTOM JIOOBIX ONHOBAIEHTHBHIX HOHOB BCErZla HECET C COOOK0 OJHO M TOXe KOIHYECTBO
BIIeKTPUYECTBA, paBHOe uHcTy Papajied, a TIOGBIX JBYXBAIEHTHBIX HOHOB HeCceT ¢ COOOM BCerja
B JiBa pa3a OOIBINHMI 3apsii;

€) KOJHMYECTBO BeINECTBA, BHIACIITOINEECS Ha DIEKTPOAe JUIS  Pa3IHYHBIX
ONHOBAJIEHTHBIX, IBYXBAIEHTHBIX M TPEXBAIEHTHBIX HOHOB, KOTOpBIE OOpa3yroTcs IIpU
PacTBOPEHHH COOTBETCTBYIOILMX COJIEH IIPH IIPOIIYCKAHHH SIEKTPHYECKOIO0 TOKAa 3aBHCHT OT
BPEMEHH IIPOILYCKaHU S,

XK) BIEKTPONIN3 HaOlloAaICcs TOIBKO JUISL COJIEH INENTOUHbIX METAIITIOB.

5. OneKTpHYECKIH TOK B pa3psDKeHHbIX Ia3ax IPeACcTaBlIsgeT co00i:



a)  OBIDKEHHE  CBOOONHBIX  OIIEKTPOHOB,  SMHTHPOBAHHBEIX B pe3yilbTaTe
TEPMOBIIEKTPOHHOH AMIICCHH € KaToa;

0) ABIDKEHHE HOHOB, 00Pa3yIOIIHXCS TIPH HOHH3AIIHH aTOMOB;

B) OBIDKEHHE CBOOOMHBIX BIIEKTPOHOB, 00Pa3YIOIMXCS ITPH HOHM3ALIH aTOMOB I'asa;

T) JIBHKEHHE aTOMOB;

Il) ABIKEHHE MOJIEKYII.

6. Ilpu mpoIlyCKaHMH SIEKTPHYECKOrO TOKa 4Yepe3 pa3psDKeHHBIE Tasbl HaOMIomaeTcs
TPeKooOpa3Hoe CBeUEHHE, KOTOPOE BbI3BaHO:

a) MOHH3aI[HeH aTOMOB;

0) IBMKEHHEM CBOOOIHBIX 3JIEKTPOHOB;

B) ABI)KEHHEM HOHOB;

I') peKoMOHHAIIHEH HOHOB M 3NIEKTPOHOB, CIEAYIOIEH ITOCIIe HOHH3AIMH aTOMOB;

Il) ylapaMH 3IIEKTPOHOB 00 aHOM;

€) yJlapaMH HOHOB (KaTHOHOB) O KaTOJ,.

7. B mozemi atoMa ToMCOHA:

a) IEKTPOH CUATAETCS HETIO[BHKHBIM;

6) IOIOXWUTEIbHO 3apsPKEHHas YacTh aroMa CUMTaeTCs HEMOJABMKHOM, TaK Kak
3HAYHTEIBHO TSDKENEe 3JIEKTPOHa;

B) pasMep IIOJOKHTENBHO 3apsDKEHHOIO «ITyJHHTa» 3HAYHTETIbHO OOJbINe pasMepa
3JIEKTPOHA;

I) BIEKTPOHbI HAXOMSTCS Ha ITOBEPXHOCTH ITONOKHUTEIBHO 3apSKEHHOTO OOIBINOTO
«ITYIUHTa», TIPUTSTHBASICH UM;

JI) SIEKTPOHBI HAXOMITCS BHYIPH ITOTOXKHTEIHHO 3apsDKEHHOIO «ITyIHHTa» H MOT'YT
COBEPIIATH KONEOaHUSI OTHOCHTEIBLHO ITOIIOKEHHS PaBHOBECHS;

€) IEKTPOHBI COBEPIIAIOT ABHIKEHHE BOKPYT ITONOKUTEIFHO 3apSKEHHON YaCTH aToMa;

8. Pesymbrate! onbita Pesepdopaa:

a) OONBIMHHCTBO O-YaCTHI[ TIPOXOASIT 4epe3 (OIBry He MCIBITEBAT HHKAKHX
OTKIIOHEHHIT;

6) YMCIIO PaCCESHHBIX O-4aCTHI[ YBEIIMUMBACTCS C YBETHUEHHEM YIIIa PACCETHUS;

B) C{-YACTHI[bI OTKJIOHSIOTCS Ha YITIbI He OOIbINE 900;

T') YMCIIO PacCesHHBIX O(-UYaCTHI[ OYE€Hb Mallo;

Jl) ECTh CITY4al OTKIIOHEHMS (L-4aCTHI] Ha 180”;

€) UHCIIO PACCESIHHBIX O{-UACTHUI[ YMEHBITAETCS C YBETHYEHHEM YITIa PaCCEesTHHU .

9. IToce OIBITOB IO pacCcesTHHIO C-UacTHI[ Pesepdop caenat BRIBOIH:
a) CYIIIECTBYET SlepHAs MOJIEIb aTOMa;

0) OITBIT ITOATBEPIIIA MOJIEh TOMCOHA;

B) CYIIIECTBYET IDIaHETAapHAS MOJETb aTOMa;

T') B Ipe CKOHIIEHTPHPOBaHa ITPaKTHYECKH BCS Macca aToMa;

JI) pa3MepHI spa COIMMOCTaBHMEI ¢ Pa3MepaMH aToMa;

€) pa3MepsI SApa 3HAUUTEITLHO MEHBINE pa3MepPOB aToOMa.

10. YUto HazbIBaETCS MPUIETHHBIM PacCTOSHIEM?

a) paccTOSIHUE MeXXKAY TPaeKTOpHeH ABMKEHHUS [3-4aCTHIHBI H aCHMIITOTOMH K TPaeKTOPHH;
6) paccTosHIE OT aTOMa JO ITepPBOHAYAIBHOIO HAIIPABIEHUS ABHKEHHS [3-UaCTHIIBI;

B) TOIIIMHA PACCEHBAIOILETO CIIOS;

T) CeYEeHHE PaCCESHU,

I) PasHHIA MeXIY TPaeKTOpHEH B-4acTHII M THITEPOOIIMYECKO TpaeKTOpHEH.



11. Kakxop (rsiueckrit cMbIca 5Q(EKTHBHOTO CEUSHHS PaCCEsIHISI?

a) B MEXaHHMYECKOH MOZENHM: 3TO IUIOMIaJKa (MIIIEHB), IIONAB B KOTOPYIO YacTHIla
HCIIBITHIBAET OTKIIOHEHHE;

0) B CTaTHCTHYECKON MHTEPIIPETALMU: 5TO BEPOSATHOCTH HCIIBITATh pacCesHie OXHOH
YaCTHIIE;

B) 5Ta BEMMYMHA (PH3HYECKOTO CMBICTIA HE HMEET;

T) ceueHHe ITyyKa PacCesHHBIX YacTHI[ B OIbITe Pezepdopaa;

1) ceUYeHHe ITyYKa ITaJaroliX YacTHII;

€) OTHOIIIEHHE CEYEHHN S ITyYyKa PACCESHHBIX YaCTHUI[ K HHTE€HCHBHOCTH ITaJafOIHUX YaCTHII;

’K) OTHOIIIEHHE YHCIIA PACCESIHHBIX YaCTHI[ K HHTEHCHBHOCTH ITaJAFOINMX YACTHII.

12. ®opmyma Pesepdopaa M paccesHUA (-4aCTHI] ITOKA3bIBAET, YTO YHCIIO PACCESIHHBIX
YACTHIL:

a) He 3aBHCUT OT CKOPOCTH MX JBHKCHHAS;

0) IIPOITOPIMOHATIBHO CKOPOCTH MX JBHKECHHUS;

B) 0OpaTHO IMPOMOPIMOHATIBHO YeTBEPTOH CTEMEHN CKOPOCTH ABHKEHHS O.-YaCTHII;

T') IIPOMOPIMOHATHHO TOMIHMHE (POTBIU Ha KOTOPOH ITPOUCXOIHUT PACCESTHHE;

1) He 3aBHCHT OT YITIa PACCEIHUST;

€) 3aBHCHT OT YI'TIa PacCesHU;

’K) ITPOITOPLIMOHAIBHO MOPSIKOBOMY HOMEDY 3/IeMeHTa B Tabnuile MeHaeneesa;

3) MMPOIIOPIIHOHAIIFHO KBaZ[paTy IMOPSIKOBOrO HOMepa 31eMeHTa B Ta0imile MeHieneepa;

1) 00paTHO IIPOITOPIIMOHATIEHO sin® P;

K) 0OpaTHO IIPOITOPLIHOHATIBHO Sin P;

JI) IIPOITOPIIMOHAIIEHO sin4(p;’2).

13. Kakwe u3 nMpefcTaRIeHHBIX (PYHKITHOHATBHBIX 3aBHCHMOCTEH ITPaBHIBHO OTPaskaroT
bopmyiry Pesepdopra Iist paccessHUS O-4acTHIL.

a) dNIN ~ 77,

6) dNIN ~ Z;

B) dN/N ~®";

r) dN/N ~ &

1) dN/N ~ cos’p;

x) dN/N ~ sin*p;

3) dN/N ~ sin*(p.2).

Tect Ne 3 (HacTuilsl ¥ BOIHEL. KOPITYCKYIISIPHO-BOITHOBOH JTyalli3M)

1. KaxoBo U3 MpejicTaBIeHHBIX HUKE BHICKA3BIBAHUI OTpaXKaeT CMBICI HJIeU Jie bpoitnsa?

a) MHKPOYACTHI[BI HEe SBISIOTCS B CTPOrOM KIAaCCHUYECKOM CMBICIE YaCTHI[AMH, a
SIBISIFOTCS BOJTHAMH

0) MHKpOYacTHI[aM, KaK M BCEM MaTepHAIbHBIM OOBEKTaM BOOOINE, CBOMCTBEHHO
TIPOSIBIIATH KaK KauecTBO YaCTHII, TaK M KauecTBa BOIH, ITOJOGHO CBETY;

B) KOPIYCKYISpPHblE H BOIHOBBIE XapaKTEPHUCTHUKH CBS3aHBI MeEXTY Cco00H I
HU3IYUEHHS U JUIS BellecTBa OJHHAKOBEIM 00pa3oM.;

I') TeGpoiineBckast ITHHA BOITHEL (JOTOHA H 3IeKTPOHA OJJHHAKOBA;

) JTBHXKYIIMMCS MaTepHaIbHBIM OOBEKTAM COIIOCTABIISIETCS HEKOTOPHIA BOIHOBOM
TIpOLECC.

2. JimiHa BOTHEL e Bpoitig ne Bpofiig yacTHIE! OlpeaerIeTcs:
a) ee pasMepamH;
0) ee MACCOIT;



B) CKOPOCTBIO €€ IBHKEHIS;

I') YCKOPEHHEM, C KOTOPhIM OHA ABHIAeTCH;
1) BHYTPEHHHUM CTPOEHHEM H COCTaBOM;

€) IJIMHOH CBETa, H3Iy4YaeMOI €i;

) IEHCTBYIOLIEH CHIIOH.

3. Kakumu U3 MpHBeACHHBIX (OPMYI MOKHO ITOTIb30BAThCA IS pPacyeTa JJIHMHBI BOTHBI

Iie bporir.
a) A = hfv;
6) A = h/my;

mhm%;

D A=h1-v2/ ¢ Imyv:
1) A=h/~2meU :

e) A="h/~2mT ;

x) A = h/mc;
3) A =clv.

4. Kakve W3 IPUBEJIEHHBIX HUKE XapaKT€PUCTHK ITPABHIIEHO OTPAXkAIOT CBOHCTBA BOJH
nie bpormsa?

a) (hazoBast CKOPOCTh GONbINE CKOPOCTH CBETA B BAKYYME;

6) (a3oBast CKOpOCTh MeHbINE CKOPOCTH CBETA B BAKYyME;

B) TPYIIIOBAasA CKOPOCTh PaBHA CKOPOCTH JABHKEHUST YaCTHIIbI;

I') IPYIIIOBAs CKOPOCTh GOJIbIIE CKOPOCTH JABHKEHHU S YACTHLbI;

JU) KaKI0H OOPOBCKONH OpOUTE COOTBETCTBYET CTOSYAsA BOIHA Jie bpoiis aieKTpoHa;

K) JUMHE OOPOBCKOH OPOMTHI COOTBETCTBYET IEJIOE YMUCIO JAeOPOMIEBCKUX JJIMH BOIH
3IEeKTPOHA;

3) JJIMHA KaXKIOM OOPOBCKOH OpPOMTHI KpaTHA YETHOMY YHCIY IIONYBONH Je bpoisa
3IIEKTPOHA;

M) JUIMHA KaXXJoH OOpOBCKOM OPOMTHL KpaTHa IENIOMY 4YHCIIY IIONYBOIH Jie bpouis
3IIEKTPOHA;

5. Kakue u3 mpejcTaBIeHHBIX HUKe (POPMYI MPAaBWIBHO YCTAHABIUBAIOT CBS3b MEXKIY
paguycaMu GOPOBCKUX OPOUT U JAeOPOHIIEBCKOM JJIMHON BOITHBI ANIEKTPOHA?

a) = nk;

0) rn = hA;

B r,=h A;
T) r, = nA/26;
I) 26r, = nA.

6. Ecmu 53IeKTpOoH M HEWTPOH JBHXKYICS PAaBHOMEPHO M IIPSAMOIMHEHHO, TO B
COOTBETCTBHU € TEOPHEN Jie bpoiiis

a) UM COITOCTaBIISIETCS BOJHOBOM ITpOIlecC KaK B ClIydae HAEaTbHBIX TUIOCKHMX BOJH,
NIpHYeM OJAUHAKOBOH YaCTOTHI;

6) HeNTPOHY COITOCTaBIIAeTCS IIOCKAsI BOIIHA, a AEKTPOHY 3aT yXaroIas;

B) MM COITOCTaBIIIOTCS c(pepiuecKre BOHEI, TaK KaK YaCTHIIBI OUeHb MalleHbKIE;

I') BIEKTPOHY COIOCTaBRIAeTCS chepHiecKas BOIIHA, a HEHTPOHY ITIOCKAs;

Il) M COITOCTaBJISFOTCS IUIOCKHE BOJHEI Pa3/IMUHON YacTOThI, TaK KaK Y HUX pa3JIUHbLI
3apAx;



€) MM COITOCTABILIOTCA IUTOCKHE BOJHBI PasIMYHON YaCTOTHI, TaK KaK Yy HHX pasiIMyHas
Macca.

7. B onprtax [[3BHCOHA M [[XKepMepa HCCIeI0BaIICh

a) BIIISIHHE TTYYKa IEKTPOHOB Ha CTPYKTYPY KpHCTalIa HHKEILS;

6) paccesHHE D5IEKTPOHOB KpPHCTAUIOM HHKENS B 3aBHCHMOCTH OT YCKOPSIOIIErO
HaIIpsDKEHHS Ha JIEKTPOHHOI ITYIIKe ;

B) 3aBHCHMOCTh CKOPOCTH ITy4Ka HJIEKTPOHOB OT YCKOPSEOIIETO HAITPSDKEHHS;

T') OTPaXKEHHe ITy4Ka SIIEKTPOHOB MOHOKPHCTAIIIOM HHUKEIIS;

1) 3aBHCHMOCTh HMHTEHCHBHOCTH OTPa)KEHHOTrO OT IUTACTHHKH ITOMHKPHCTALIHYECKOTO
HHKES ITyJKa 3JIEKTPOHOB OT YIJIa Ma[eHHS.

8. B ompitax JIsBucoHa u JIxepMepa OblII0 OOHAPYKEHO:

a) HWHTEHCHBHOCTb PACCESIHHBIX KPHUCTAJUIOM HHUKENS B3JIEKTPOHOB 3aBHCHT YITIA
paccesHUS, pHYeM HauOOIbINasi HHTEHCHBHOCTh COOTBETCTBYET YIIIY 3€PKAITBHOIO OTPAXKEHHS,;

0) MHTEHCHUBHOCTh PACCESHHBIX KPHCTAUIOM HHKENS 3IIEKTPOHOB 3aBHCHT OT YITIA
PaCCESIHUS H MPEACTABIAET COO0H CHCTEMY YePEAYIOIUXCSI MAKCHUMYMOB H MHHIMYMOB;

B) paclpeficNeHHE HWHTEHCHBHOCTH PACCESIHHBIX KpPHUCTAIZIOM HHKENS 3IIEKTPOHOB
3aBHCHT OT YITIa ITaJIeHHS;

I) pacHpelielicHHe WHTEHCHBHOCTH PACCESHHBIX KpPHCTAJUIOM HHKEIS 3IIEKTPOHOB
3aBUCHT OT HAIIPSKEHH S Ha DIIEKTPOHHOMN ITYIIKE;

Jl) paclpefclieHHe WHTEHCHBHOCTH PACCESHHBIX KPHUCTAIZIOM HHUKENS 3IIeKTPOHOB
3aBHCHT OT KPHUCTAIUIMYECKOH CTPYKTYPHI HUKEISI M HM3MEHSETCS B IIPOLECCE TEPMHYECKOH
006paboTKHM KpHUCTAILIIA.

9. B pesymbTare oIbITOB [[3BHCOHA H J[»)kepMepa OBLIIO YCTaHOBIIEHO:
a) SIIEKTPOHBI ITPOSBIISIOT BOTHOBBIE CBOMCTBA IIOA00HO PEHTTEHOBCKOMY H3ITYYEHHIO;

6) dopmyna ge Bpoitns is ompefelleHUs JUTHHBI BOTH 3IEKTPOHOB A=h/\2meU
CIIPaBe]INBA;

B) BOJHOBBIE CBOMCTBA 3JIEKTPOHOB ITPOSIBIISIEOTCS TOJNBKO ITPH BBICOKOH IUIOTHOCTH
MyYKa 3JIeKTPOHOB KaK KOJITEKTHBHEBIN () (eKT;

T) Je OpoiieBcKasl JUIMHA BOIHBI 3JIEKTPOHOB 3aBUCUT OT KPHUCTAIUIMYECKOH CTPYKTYPHL
HHKETIS 1 M3MEHSETCS B PE3YIIbTaTe TEPMUYECKOH 06pabOTKH KpHUCTalIa;

) oOOIydyeHHMe HHUKeIsd IIy4KOM 3JIeKTPOHOB IIPHBOJAWUT K HapYIIEHHIO €ro
KPUCTAINIMYECKON CTPYKTYPHI;

€) OIEeKTPOHHBIE ITYYKH MOXHO HCIIONB30BaTh JUISI H3YYEHHS KpPUCTAJUIHYECKOH
CTPYKTYPHI BEILECTB.

10. SIBnenue TudPaKIH YaCTHI] HEBO3MOKHO HaGIIIOATE IS

a) aTOMOB, TaK KaK OHH HEe MMEIOT 3apsa;

6) aToMOB, TaK Ji¢ OpOIJIeBCKas JJIMHA BOJIHBI WX 3HAYUTEIIBHO OOIbIle BO3MOXKHBIX
TIPENATCTRHI B OMBITAX IO JU(PPaKIHH;

B) KPYIIHBIX YacTHI[, Pa3Mepbl KOTOPBIX OONBINE Pa3sMEPOB ITPEISATCTBHII B OIMBITaX IO
Ju paKIHm;

I') HEHTPOHOB, TaK KaK OHH He HMEIOT 3apsya;

J1) MOJIEKYTI, CITH HX ITyYOK O4YeHb MaJIOH ITIOTHOCTH;

€) MOJIEKYII, ECIIH MX ITYYOK He SBJIIETCS MOHOXPOMATHYHBIM;

) BIIEKTPOHOB, ECTIH HX ITyUOK HE ABJIIETCS MOHOXPOMATHYHEBIM;

3) IIPOTOHOB, €CIH HX ITY4OK MaJIOH HHTEHCHBHOCTH;

1) aTOMOB, YaCTh H3 KOTOPBIX B BO3OYKIEHHOM COCTOSHHI.

11. Ou3HUecKIii CMBICT BOTIH Je Bpoiliis cOCTOHT B TOM, UTO:



a) aMIUTHTYAA BOTHEI SBJIIETCS BEPOSTHOCTHIO HaXOKISHHS YaCTHIIBL,

0) aMIUDMTyZa BOJHEI, a BepHee ee KBaApar, OMpeHenseT BEPOSTHOCTh HaXOXKIEHIA
YACTHIIBI;

B) 4acTOTa BOJIHEL OIIpeAeTIsieT BEPOSTHOCTD HaXOXKAEHH S YaCTHIIBI,

I) (paza BOIHEI ONpeAenseT BEPOSTHOCTh HaXOKIeHHS YaCTHIIBL,

1) pazoBas CKOPOCTE BOMH Jie Bpoiis i AMeKTPOMArHHTHBIX BOIIH OJHHAKOBA;

€) IPYILIIOBasl CKOPOCTE BOMH Jie Bpoiins i 3MeKTpOMAarHHTHBIX BOIIH OJMHAKOBA.

12. CooTrHollleHHA HeonpeaeneHHocTel ['efiseHOepra ycTaHaBIMBAIOT :

a) CBSI3b MEKIY HMITYIIbCOM M 3HEPIUeH YacTHUIIHI;

0) CBsI3b MEKIY HMITYIIECOM H KOOPAHHATON YaCTHIIBI;

B) CBSI3b MEKAY HMITYIIbCOM H BEPOSITHOCTBIO HAXOXKIEHHS YaCTHUIIHI;

I) 3aBHCHMOCTh MEXJIY SHEPIHEH OBIIEKTPOHA M BPEMEHEM JXHU3HH BO30YKIESHHOIO
COCTOSIHHMSI aTOMa;

1) TPaHHUIIBI TIPUMEHUMOCTH KIIACCHYECKONH MEXAHHUKH K OITMCAHHIO MHKPOOOBEKTOB;

€) CBSI3b MEXKJY €CTECTBEHHON HEOINPEeAETIEHHOCTRIO HMITYIIbCa M KOOPAWHATHL YACTHI] I10
NIPHYHHE HATMYKS Y HUX BOITHOBBIX CBOMCTB;

K) CBSI3b MEXIY ECTECTBEHHOH HEOIPEJCIEHHOCTRIO BHYTPEHHEH SHEPrHH aTOMa
CPEJTHMM CTaTHCTHYECKHM BPEMEHEM CYINECTBOBAHHS COCTOSHUS aTOMa.

13. UTO U3 IIepEUrCIIEHHOTO HHKE MOXKHO OOOCHOBATh HCXOJAS M3 COOTHOIIEHHIA
HEOIpeAeIIEHHOCTEN

a) HAIMYME MOHOXPOMAaTHYECKOr O M3TYIEHHS;

6) TPHHIMIMAIbHYI0 HEBO3MOKHOCTh JOCTHYb HJI€aIbHOH MOHOXPOMATHYHOCTH
H3ITyUEeHHS,;

B) IMMPHHY CIIEKTPaTbHbIX IMHHUH CHITbHOPa3PEKEHHBIX Ta30B;

T') 3aBHCHMOCTb IIMPHHBI CITEKTPATbHBIX IMHHA aTOMOB OT TEMITEPATYPHI;

J1) CYIIECTBEHHO OONBINYIO INMUPHHY CIEKTPAIbHBIX IONIOC IS MOJEKYH, YeM JUIS
aTOMOB;

€) MHHMMAITbHO BO3MOXHBIE Pa3MePhl aTOMa;

) Maccy ITOKOSI BIIEKTPOHA.

14. Kakoi W3 TIpe/lCTaBIEHHBIX HHXKE BAaPHAHTOB IIPABWIBHO OIPEAEIseT CMBICIT
CTaTUCTHYECKOH UHTEPITPETAL[UN BOIH Jie bpoiing?

a) BOJHOBBIM 3aKOHAM IIOJUHMHSIOTCS He caMH UYacTHII, a HX CTaTHCTHYECKOe
pacripefielieHHe B IPOCTPAHCTBE M BO BPEMEHH WM, HHAdYe TOBOPS, BOJMHOBBEIM 3aKOHAM
TMOMYHHSETCSI BEPOSTHOCTh HAXOXKAECHH S YaCTUIIBI B TOM MIIH HHOM MECTE;

6) BOITHOBBIE CBOMCTBA YACTHII IPOSBIITIOTCSA HE BCETJ[a; OHH ITPOSIBIISIOTCS JIHIND C
OTIPEJIEIIEHHON BEPOATHOCTBIO, KOTOpas 3aBUCHT OT BHEIMHHUX VYCIIOBHH M JIJTHHBI BOJHEI Jie
Bpoitns;

B) BOITHOBHIE CBOMCTBA YACTHII ITPOSBILIIOTCS TOIBKO IS OONBINMMX aHCcaMOIIeN YacTHIL
BOJTHOBBIM 3aKOHAM ITOJUHHSIOTCS CPEHHE CTaTHCTHUYECKUE XapaKTEPHCTHKH YaCTHII, KOTOPhIE
Bceraa HeJelIHMEL.

BAPHUAHTbHI KOHTPOJIBHBIX PABOT

Bapuanr 1

1. Haitrn sdexTHBHOE CceyeHMe spa aTOMa YPaHa, COOTBETCTBYIOIIEE PACCESHHIO Of-
YACTHI] ¢ KHHETHYeCKOi sHeprueit K=1.5 MaB B uHTepBane yrios cehirme Vo= 60"

2. OnpeeNuTh I aToMa BOXOpoja U HoHa He': HEPTHIO CBS3U 3EKTPOHA B OCHOBHOM
COCTOSTHHH M IIOT€HI[HAI HOHH3ALHH.



3. OmpenennuTs IIOTEHIMAI HOHM3ALMH H TIepBEI ITOTeHIMAaI Bo30OyKIeHHs aToMa Na, y
KOTOPOI'0 KBaHTOBEIE Ae(heKTHl OCHOBHOIO TepmMa 3S 1 3P paBHEI coorBeTcTBeHHO 1.37 11 0.88.
4. JlormicaTh HEZOCTAIOIHE KOMITOHEHTHL MYJIbTHILIIETOB 2P3,a2‘ 3D|_ 4F5;2_ 3P2_ 5D4_ 4P|;2_

Bapranr 2

1. OddexruBHOe ceyeHHe AApa aTOMa  307I0Ta, OTBEYAIOIEe  PacCesHHIO
MOHO3HEPIreTHYECKHX Ol-4YaCTHI[ B HMHTEPBale YIJIOB OT 90° zo 180", PaBHO A6=0.5.10"" o’
OrnpeneniTs KHHETHYECKYIO SHEPTHIO (-YaCTHII.

2. Onpenenurs I aroMa BOAOPOAa M HOHA He': TIEPBBLI TIOTEHIMAT BO30YKIEHHI U
JUIMHY BOJIHBI TOJIOBHOH JTHHHUH cepuH JlaiiMaHa.

3. Haliti SHepruro CBSI3H BaJIEHTHOI'O 3JIEKTPOHA B OCHOBHOM COCTOSIHHMM aroMa Li, eciu
HU3BECTHO, YTO JIJIMHBEI BOIH T'OJIOBHOH JIMHHH PE3KOH CEPHH H €€ KOPOTKOBOJIHOBOM I'PAaHHIIBI
paBHHEI cooTBeTcTBeHHO 0.813 1 0.349 MKM.

%2 3a. 35 3 2 3~ 2
4. BO3MOXHBI JIH CIIEAYIOIHE COCTOSAHUS: “S1, ~"So, "Po, "Si2, “S1/2, Do, 'D1?

Bapuanr 3

. OddextuBHOE ceueHHe spa aToMa  30JI0Ta, OTBEYAIOMEE  PACCESHHIO
MOHO3HEPIreTHYECKUX CL-4aCTHI[ B MHTEPBAJE YIJIOB OT 90° mo 180°, paBHO AG=0.5.10"%" o
Onpegemits muddepeHimansHoe ceueHue paccesHua d6/d¢, cOOTBETCTBYIOIIEE YITTy =60".

2. OnpeAenuTs i aToMa BOAOPOoia K HOHA Li™; SHEPTHUIO HOHU3AI[HUH.

3. CKOIBKO CIIEKTPaIbHBIX JMHWH, Pa3pelleHHBIX MpaBIWIaMH OTOOpa, BO3ZHHUKAET ITPH
TEPEXOJE aTOMa JIMTHUS B OCHOBHOE COCTOSHUE U3 COCTOSIHUA 457, 4P?

4. Kakue 13 CIeayIoluX ONTHYECKHX TIEPEXOJ0B pPa3peIleHbI: ’s 2 - 2[)3;2‘ ZPm — sz‘
'So- °PL. n1'Sq - n'S¢?

4.2 ®oHA 01leHOYHBIX CPeACTB IfA NMPOoBeAeHHS MPOME:KYTOUHOMH AaTTeCTAIMH.
HTOTOBBIH KOHTPOIL OCYIIECTBISETCS B BHJAE 5K3aMeHa B KOHIlE ceMecTpa. Ha sk3ameHe
CTYJIEHTaM ITpeJJIaracTcsl OTBETHTh Ha 2 BOIIPOCa IO MaTepHalaM YYeOHOH JUCIHIUIMHBI H
BBITIOJIHUTH TPAaKTHYeCKOe 3ajjaHue. [0 HToram oTBeTa Ha SK3aMeHe ITPENo/[aBaTelhb OIIEHHBAET
3HAHUSA CTY/IeHTa. OK3aMeH SBIIIETCSI HTOrOM ITO JHCITUILITHHE.

CHcTeMa OlEHOK BBIOTOTHEHHUS KOHTPOIILHOTO TECTHPOBAHMS:

- «3aYTEHO» - KOJIMYECTBO IMPABWIBHBIX OTBETOB OT 50 70 100 IIPOIEHTOB, BHITIOHEHBI U
3aIUIIEHBI BCe Ta0opaTOpHbIE PaOOTHI;

- «HE 3aUTEHO» - KOTHYECTBO MPAaBUIILHBIX OTBETOB MeHee 50 IPOIEHTOB;

Bomnpocsi k 3x3ameny no qucnunmine «OCHOBBI AT OMHOM ®U3NKU»
DOH3UKO-TEXHHYECKHH (PaKyIbTeT, 2 KypC.

1. Muxpomup. Macmradel. OKCIIEpUMEHTAIbHBIE JAHHBIE O CTPOEHHH aToMa.
CepualbHble 3aKOHOMEPHOCTH B AaTOMHBIX CIIEKTpax, KOMOWHAIIMOHHBIM ITpUHIMIT PHTIa,
TEPMEI.

2. KsaHTel cBeTa (QoToHbl). TeImoBoe H3ITyYeHHe: KITACCHYECKHII H KBaHTOBO-
MexXaHnueckuit oaxox. @oroaddexT: ero BUAE ¥ 3aKoHbI. DopMyia OHHIITEHHA.

3. TopMo3HOe peHITeHOBCKOe M3IyueHHe. J[laneHwe w3mydeHHs. IlornomeHue
na3nydyerns. Mznyuenne BapmnoBa—UepeHKoBa.

4. DOdbdexr KommroHa. Jloka3aTenbcTBO HEBO3MOXKHOCTH IIOITIOMEHHS (OTOHA
CBOOOIHBIM HIEKTPOHOM H TEOPETHYECKUI BRIBOJ (POPMYIIBI IS KOMIITOHOBCKOTO CABHIA.

5. Onsitel Pesepdopma. SnepHas mopens aroma. BeiBoxm ¢opmynsl Pesepdopma mms



paccesHII (-4acTHII.

6. CrnenctBus M3 OINBITOB Peszepdoprma. OSKcIepHMeHTalbHas IIpoBepKa (pOpMyIIBI
Pesepdopaa. [TnanerapHas Momens aroMa Pesepdopaa. D pexTHBHOE ceueHIe pacCesHIL.

7. CHekTpalbHBIE CEPHH aToMa BOZOPOJAa. OlNeMeHTapHas OOpOBCKas TEOpHSA aToMa
Bozopoza. [Tocrymarsl Bopa.

8. OKCIIepHMEHTAIbHOE TIOATBEPKACHHIE KBAHTOBaHNS SHEPTEeTHYECKUX YPOBHEH aTOMOB,
omelThl Dpanka K I'epria. CrieKTpallbHBIE CEpPHH BOLOPOAOMONOOHBIX cHcTeM. HemocTaTku
TeopuH bopa.

9. Yactmilbl U BONHEL. KOPIYCKYISIPHO-BOIIHOBOH AyailsM. ['miioresa ge bpoina u ee
SKCIIEPHMEHTAIIbHOE ITOATBepKAcHHEe. Da30Bast U IPYINIOBAsI CKOPOCTH BOMIH A¢ bpois.

10. VYcmopue BO3MOXKHOCTH OTHOBPEMEHHOTO H3MEPEHHSA (PH3MYECKHX BEITHYHH.
CooTHOIIIEHNHE HeolpeAeneHHoCTeH ['ei3eH0epra.

11. CocTosHHE YaCTHIIHI B KBaHTOBOI TeopHH. BomHOBasA (YHKIHA U €€ CTaTHCTHYEeCKHIt
CMBICH. [IpHHITUIT CYTIEPITO3HIIHH.

12. OmnepaTropsl B KBaHTOBOH MeXaHHMKe M HX CBOMcTBa. COOCTBEHHBIE 3HAYEHHS WU
cOOCTBEHHBIE (PYHKIIHH OIEPATOPOB.

13. Cpenuue 3HaUeHHS (PU3HUECKUX BEIHYHH. Y CIIOBHE BO3ZMOXKHOCTH OJHOBPEMEHHOTO
H3MepeHN ST (PU3HUEeCKUX BETTHYHH.

14. Oneparopbl BaXHEHIMHX (PH3HUECKHX BEIHYMH (KOOPHMHATHI, HMITYIIbCa, BEKTOPa
HMITYIIbCa, MOMEHTA UMITYJIbCa, KBaJpaTa MOMEHTA HMITYTIbCa).

15. OrmepaTopsl BaXXHEHIMHX (DH3HYECKHMX BETHYHMH (TIPOESKI[MHM MOMEHTa HMITYIIbCa,
KHHETHYECKON 3HEPI UM, TTIOTEHIIMAIIBHON SHEPTUH, ITOJTHOM SHEPIUH).

16. BpemeHHoe U cranmoHapHoe ypasHeHHMd [llpemuHrepa. KBaHToBaHMe. YpaBHEHUS
[Ipexurrepa B oreparopHoit hopme. Onepatop ['aMiiIbTOHA.

17. OrmpeneneHue SHEPreTHYECKOrO CIIEKTPAa CHCTEMBI KaK 3alladya Ha COOCTBEHHBIE
3HAYeHHU4 olleparopa ['aMrisToHa. J[BHKeHHe CBOOOIHON YaCTHI(EL.

18. YactHila B OMHOMEPHOHW IIPAMOYTOJIBHOM ITOTEHI[HAIBHOM $Me C OECKOHEYHO
BBICOKMMH CTEHKAMH.

19. OHOMEpHAS TPSAMOYTOJIbHAS IOTEHIIHATIBHAS SIMa CO CTEHKAMH KOHEUHOW BBICOTHI.

20. JIMHEHHBIN TAPMOHHYECKHUH OCIIMIUISATOP.

21. OTpaskeHHE U ITPOXOKIAECHHUE CKBO3b IPSMOYTOJIbHBIH MTOTEHIIHAIILHBIN Oaphep.

22. TloTeHIHATBHEI Oapbep KOHEUHOH MIMPHHEL. TYHHeTbHEIH 2 deKT.

23. KBaHTOBO-MEXaHHYECKOE OIMCAHHE aTOMa BoAOpoAa. PasjieneHHe IepeMeHHBIX.
KBaHTOBRIE umHcHa. OHEPrETHUECKHH CIEKTP. YITIOBOE M pPaJHalbHOE pacIlIpefielieHne
3IIEKTPOHHON TDIOTHOCTH.

24. OnepaTopbl MOMEHTA UMITYIICA M TIPOEKI[MH MOMEHTA MMITYIIbCA U UX COOCTBEHHBIE
3HaueHud. [IpaBuia or6opa. 1s-cocTosSHHE MEKTPOHA B aTOME BOJOPOA.

25. KeanTopamie BOJIOPOIOTIOIOOHBIX ATOMOB. KparHocTh BBIPOKIACHU S
SHEPreTHYEeCKHX YpPOBHEeH. CHMBOIMKA COCTOSHUN 3IIEKTPOHA B aTOME. YPOBHH H CIIEKTPEI
IIETTOYHBIX METAIIIOB.

26. IIpaBmina orbopa M CIEKTPAIBHBIE CEPUH BOLOPOJOINONOOHBEIX aTOMOB. 1OHKas
CTPYKTYpa CIIEKTPAITbHBIX JIMHAI BOAOPOJIOIIOAOGHBIX aTOMOB.

27. OpOuranbHble MarHUTHBIM M MeXaHWYeCKHiT MOMeHTHl. CIIMH M COOCTBEHHBIN
MAarHUTHBI MOMEHT BJIEKTPOHA. OKCIIEPUMEHTAILHOE TIOATBEPKIEHHE CYIIECTBOBAHMS CITHHA.

28. ITomHbIH MOMEHT MMITYIIbCca. OIHMCAaHHE COCTOSIHUI 3IIeKTPOHA B aTOME C IIOMOIIBIO
HaOOPOB KBaHTOBLIX umcell. CIIMH-OpOHTaIbHOE B3aUMOZEHCTBHE.

29. MarHuTHBEE CcBOHCTBA aTOMOB. OpOHTANIbHBIN, CIIMHOBBIM M ITOMHBIA MAarHHTHBII
MOMeHTHI aToMa. OnbIThl [TepHa—I'epnaxa. ['MpoMarHUTHOE OTHOIIEHHE M MATHETOH bopa.

30. AToM BO BHEIIHEM MATHHTHOM ITOJle. HOpManmbHBEIH M aHOMANbHBII 3(deKTH
3eemaHa u 3¢ ekt [Tamena-baxa. OIeKTpOHHBIH ITapaMaTHUTHBIH Pe30HAaHC.

31. Ilpumipm [laymu M 3aIllOMHEHHE 3IEKTPOHHBIX OOONIOYEK B MHOIONIEKTPOHHBIX
aToMax. ATOMHEIE OOONIOUKH H ITOR000I0UKH. CIIeKTpallbHbIe 0003HAYEHHS H IIpaBHIIa 0Toopa.



32. DOnextpoHHas KoH(urypaipis. CyMMapHblE OpOHTAIbHBII, CITMHOBBII M IIONHBLL
MOMEHTBI MHOTOIEKTPOHHOTO aToMa. LS- H jj- cBs3u. CrieKTpabHble 0003HAUEHH S M ITpaBIIIa
oT0opa.

33. Ilepuommyeckasl cHcTeMa SIeMEHTOB MeHIeneepa. ONeKTPOHHAS KOH(ITYpalFs M
IpaBHIa XyHAA.

34. OcoOeHHOCTH XapaKTepHCTHUECKHX PEHITEHOBCKHX CIIEKTPOB. 3akoH Mo3mH.
OcoOeHHOCTH CITEKTPa MOITIOIIeHHI. TOHKasI CTPYKTYpa PEHTTEHOBCKIX CIIEKTPOB.

35. CucreMBl TOXASCTBEHHBIX dacTHil. CHMMETPHS BOTHOBBIX (IYHKIIL. BO3OHHI M
dbepmronsl. KBaHTOBO-MexaHHUYeCcKas (POPMYIIHPOBKa IpHHIpIIa [Taymm.

36. Monekymbl: 3HEprus M CIEeKTpbl. KBaHTOBaHME IIOJHOMH 3HEPrHH JBYXaTOMHOH
MOJIEKYIIBL.

37. BBIHYXJIeHHOe H3IIyuyeHHe. ONeMeHTH (H3MKH TazepoB. CBOICTBA I1a3epHOTO

H3IIy4YEHHUS.

OlleHOYHBIE CPEeACTBA UISI HHBAIMAOB W JHI[ C OFPAHHUYEHHBIMH BO3MOKHOCTSIMH
30POBb S BEIGHPAIOTCS ¢ YUETOM HX HHANBHIYAIBHBIX TICHXO(PHU3HUECKIX OCOOEHHOCTEH.

— TpH HEOOXOAMMOCTH HMHBAIHMAAM H JHIIAM C OrPAaHHYEHHBIMH BO3MOXXHOCTSIMHU
30POBb S TIPEIOCTABRISETCSA AOMOTHUTEILHOE BPeMS TSI TOAT OTOBKH OTBETA Ha SK3aMEHE;

— IIPH TIPOBEJICHHH TIPOLIEAYPHI OIIEHUBAHHUS PEe3yIbTaTOB OOYUESHHS HHBAIMIOB H IHII C
OTPaHHYEHHBIMH BO3MOXKHOCTSIMH 30POBbS IIPEAyCMATPHBAETCS HCIONb30BAHIE TEXHHYECKHIX
CPeAcTB, HEOOXOMMMBIX HM B CBSI3H C X HHAHBHAYAIBHBIMA OCOOEHHOCTSIMH ;

— TIpH HEOOXOAMMOCTH 1T O0YUArOIIMXCSI ¢ OF PAHHYEHHBIMH BO3MOYKHOCTSIMH 3]TOPOBbSI
W HHBAIMIOB IIPOIEAypa OlIEHHBAHWUSI pe3yIbTaTOB OOYYEeHHS II0 JUCIMIUIHHE MOXET
MTPOBOAUTHCS B HECKOIBKO 3TAIOB.

[Iporienypa OllEHMBAHUS PE3YIbTaTOB OOYUEHHS MHBAMAOB H JHI[ C OrPAHHYEHHBIMH
BO3MOYHOCTSIMH 3[0POBbSI TIO JUCIMIUIMHE (MOAYIIO) IpelycMaTpHBAaeT ITPeJIOCTaBIIECHHE
uHpopMartui B (hopMax, aJallTHPOBAHHBIX K OTPAHMYEHHSM HX 3IO0POBbS H BOCIIPHSITHS
HH(pOpMaIIHH:

JI1s1 TUIL ¢ HapYITIEHUSIMH 3PEHUST:

— B IleuaTHOH GopMe YBEITHUEeHHBIM ITPH(TOM,

— B (popMe 3IEKTPOHHOTO JIOKYMEHTA.

JU1s1 TUIL ¢ HapYITIEHUSIMHI CITyXa:

— B MeuaTHOMH (opme,

— B (popMe 3IEKTPOHHOTO JIOKYMEHTA.

JI1s1 TUIL ¢ HapYITIeHHSIMA OITOPHO-IBHTATEIBHOTO arliiapara:

— B MeuaTHO#H (opme,

— B (popMe 3IEKTPOHHOTO JIOKYMEHTA.

JlaHHBIH TIepeueHh MOXeT OBITh KOHKPETH3HPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTa
00YYAIOITUXCSL.

5. IlepevyeHb OCHOBHOH H JOMOJIHHTeJIbHOH Y4UeOHOH JHTEPATYpPbl, He00X0 MOl
ISl OCBOEHHSA JHCIHILIMHBI (MOIYJIfA).
5.1 OcHoBHas JITEPATYpA:

1. CaBempes, U. B. Kypc obmieit ¢pusnku. B 3 1. Tom 3. KBaHTOBas onTHKa. ATOMHAS
busnka. Gusuka TBepAOro Tena. OU3HKa aTOMHOTO Spa U 3TIeMeHTaPHbBIX YaCTHII
[OnexrponHst pecype] : yueb. mocodue / . B. Casenses. - 11-e usf., crep. - CaHKT-
[TerepOypr : Jlaus, 2017. - 320 c. - https://e.lanbook.com/book/92652.

Hpozos U. E. AtomHas 1 apepHas gusnka: cOopHUK 3afau. — CI16.: Jlaus, 2006.
CuByxun [[. B. Oo6upui xypc ¢msmxu. T.5. ATomHas M spuepHas ¢Qu3mka. - M.
OUSMATIIUT; Usnx-Bo MODTH, 2006.

4, Kypc ¢pusuku : : yuyeGHOe MOcoGHe A CTYeHTOB BY30B : [B 3 1.] /. T. 3. : KBaHTOBag

onrrka. ATomHas ¢mspka. OuHsHKa TBepmoro Tena. OH3MKa aTOMHOIO Sapa H

L.



sNIeMeHTapHBIX yacTHIl. / CaBenbeB, Urops Bragmvoiposuy. ; Y. B. CaBenses ; peanci.,
Hayy pex. H. M. Koxesnukos. - M3x. 3-e, ctep. - CIIO. [u ap.] : Jlams , 2007

5. AromHas ¢msmka [Tekcr] : yueCHO-MeTogHueckoe rmocodue / [A. I1. Bapkos, B. C.
Hoport, B. E. JIsicenko u ap.] ; M-Bo obpazoBaHis 1 Hayku Poc. Dexepaliii,
Ky0aHckii roc. yH-T. - KpacHogap : [ KyOaHCKI rocyqapCTBEHHBIT YHHBEPCHTET |,
2016. - 115 c. : m. - ABT. yKa3aHbl Ha 000pPOTe THT. JI. - bUOmOrp. B KOHIE padoT. -
ISBN 978-5-8209-1201-6 :.

ﬂJ'I}I OCBOCHHSA THCIIHITTHHEI HHBATTHAaMH H JIIHIIAMH ¢ OI'PaHHYCHHBIMI BO3MOXXHOCT IMH
3A0POBbA HMCIOTCA H3MaHHA B JSIICKTPOHHOM BHIE B BﬂeKrpo}H{O-ﬁPIﬁJIHOTe‘H{BIX CHCTEeMax
«JlaHB» H «IOpaﬁT».

5.2 lono/IHHTe/ILHAA JIMTEPATYpa:

1. TIpakTHKyYM ITO PellleHHIO 3a/1ay 110 o0IeMy Kypcey (H3HKH. OCHOBBI KBAHTOBOM (DH3HKIH.
CrpoeHHue BeltlecTBa. ATOMHAS H siepHas (H3HKa [ ONeKTpOoHHEIH pecype] : yueGHOoe
nocoOue / H. I1. Kamanmmkos [u 1p.]. - Cankr-IleTepOypr : Jlans, 2014. - 240 c. -
https://e.lanbook.com/book/49468.

2. OcHoBEI aTOMHO# (H3HKH [TekcT] : maGopaTopHsIit mpaktHkyM / A. I1. Bapkos, B. C.

Hopor, B. A. Hukurus, B. I1. [Ipoxopos, E. b. XoTHsaHCKas ; M-Bo 00pa3oBaHU U

Hayku Poc. @egeparmu, KybaHckuii roc. yH-T. - KpacHomap : [ KyOaHckwmit

TOCYHApCTBEHHEIN YHUBEPCHTET], 2012. - 99 c. : wi. - bubnuorp. B KoHile padorT. - 19.25.

CapempeB, U. B.

4. Kypc obrmeit pusuku [ OneKTpoHHEI pecype] : yuebHoe rmocobue : B5T1.T. 4 :
KpanTopas ontuka. AToMHasa (u3uka. Ouspka tBepaoro tena. OH3HKa aTOMHOTO Spa |
sneMeHTapHbIX yactull / M. B. Casenbes. - CIIG. : Jlans, 2011. - 384 c. -
https://e.lanbook.com/reader/book/708/#authors.

5. 3ucmad, ['uprm A6pamosuy. Kypc obrmeit ¢usuku [Tekcrt] : yueGHOe mocobHe s
CTYZEHTOB BYy30B : B 3 T. T. 3 : Onrtuka. OU3HKa aTOMOB M MOIIEKYIl. DU3HKa aTOMHOTO
sapa u mukpodacturl / I'. A. 3ucman, O. M. Togec. - U3xa. 6-¢, crep. - CIIO. [u ap.] :
Jlaus , 2007. - 498 c., [4] 1. wi. - (Kmaccudeckas yueGHast IUTepaTypa o (pH3HKe)
(JIyuime ximaccuyeckue yaeOHUKN) ( YUeOHHUKHU U BY30B. CIiel[HanbHas INTeEPaTypa).
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5.3. Ilepuoanieckue H3IaHUS:

1. KypHan «DoToH-3KcIIpece» /www.fotonexpress.ru /.

2. KypHan «Lightwave Russian Edition» / www lightwave-russia.com/ .
3. XKypHan «BecTHHK cBs3H» /www.vestnik-sviazy.ru /.

6. Ilepeuenn pecypcoB  HHGOPMAIHOHHO-TEJEKOMMYHHKAIIHOHHOH  CeTH
«HTepHeT», HEOOXOUMBIX VI OCBOEHHA JHCIHIIIHHLI (MOXYJIA).
1. http://www.kubsu.ru/University/library/resources/
2. http://www.rubricon.com/.
3. http://window.edu.ru/window.

6. MeTomueckHe YKA3aHHSA 1A 00YIAIOIMIXCA M0 0CBOECHH IO THCITHILIHHBI (MOXYJIs).

Cpoku
Ne . Komn-Bo | ®dopma IpefcTaBlIeHnS
Tema W 3afaHue TeKYIneH paboTe BBITTOITHEHH S
TeMBI YacoB Pe3yIbTaToB F—"

OrneMeHTH! KITacCHYECK oI TEOPHH 2 YCTHBIH OTBET,

I, .
SIEKTPOMArHITHOI' O H3ITYHICHH A, TEKCTOBBIM TOKYMEHT.

|




2 ONeMEHTH KBaHTOBOH OITHKH. 2 TR OrBet, 1
TEKCTOBBI JJOKYMEHT.
3. CTONKHOBEHHE YaCTHII. 4 ¥ CTHEL P 1
TEKCTOBBIH JJOKYMEHT.
OKcIepHMeEHTATTbHOE TIOATBEPKICHIE

4 JHCKPETHOH CTPYKTYPHI 4 YCTHEIN OTBET, 1
SHEPIreTHYECKHX YPOBHEH aTOMOB, TEKCTOBBIH JJOKYMEHT.
orITel OpaHka U ['epiia.

5 OmnpiTel [eBrccoHa—/[xepMepa 1 4 Y CTHBIH OTBET, |

’ TomcoHa. TEKCTOBBIH JJOKYMEHT.
6 CoOCTBeHHEBIE 3HAUEHH H COOCTBEHHEIE 4 Y CTHBIH OTBET, |
' (YHKIIHH OIepaTopoB. TEKCTOBBIH JJOKYMEHT.
HexoTopsle xapakTepHbIE 3aaun

7 KBAaHTOBOM MeXaHHKH. OTpakeHHE H 4 VY CTHBIH OTBET, |
MIPOXOXKIEHUE CKBO3b IPSIMOYTOIBHBIHI TEKCTOBBIHA JJOKYMEHT.
TTOTEHIHAIBHBINA ITOPOT .

PazmeneHue nmepeMeHHbIX. YTIIOBOE H T

8 paJHabHOE paclpeAeiIeHHE 4 B—— ,I[OI;ymeHT 1

3IIEKTPOHHOM TDIOTHOCTH.
KpaTtHOCTh BBIPOKIEHUS
S3HEPreTHYECKUX YPOBHEN. CUMBOIIMKA 4 Y CTHBL OTBET

1 COCTOSTHHH 3IIEKTPOHA B aTOME. ce cinhe 1
PacrnipeneneHue IoIOTHOCTH REICTOAI AQKYMEHT,
BEPOSITHOCTH.

OmnucaHne COCTOSHHH 3IEKTPOHA B

10 aTOME C ITOMOIIBIO HAOOPOB KBAaHTOBBIX 4 Y CTHBII OTBET, 1
yucell. CIIMH-OpOHTaITbHOE TEKCTOBBIA JJOKYMEHT.
B3aMMOJIcHCTBHE.

11 OINEKTPOHHBIN ITapaMarHUTHBII 4 Y CTHBIM OTBET, 1
pe3oHaHc (OI1P) U ero mpUItOKeHHS. TEKCTOBBIN JIOKYMEHT.

12 FO30HHI ¥ (hepPMHUOHEL. 4 ~THmn OLIBeT’ 1

TEKCTOBBIA JJOKYMEHT.

13 ToHKas CTPYKTypa PEHTTEHOBCKHX 4 Y CTHBII OTBET, 1
CIIEKTPOB. TEKCTOBBIA JJOKYMEHT.
Kraccugukarms 3meKTpOHHBIX

14 COCTOSTHUM MOIIeKyiI. [IpaBmino orbopa 4 Y CTHBIN OTBET, |
JUTSL 3IIEKTPOMATHHTHBIX TIEPEXOJIOB B TEKCTOBBIA JJOKYMEHT.
JIBYXaTOMHBIX MOJIEKYTIaX.

Bax#eittme TUITHL Ta3epoB. OCHOBHBIE v .

15 KOMITOHEHTHI J1a3epa. CBOMCTBa 4 GTHDA OFatt, 1
N TEKCTOBBIA JJOKYMEHT.
DU3HYeCKHE OCHOBEI V CTHEL OTBET

16 CBEPXITPOBOAUMOCTH H CBEPXTEKYUECTH 4 S, 4/6
. e Sesisaunsam— TEKCTOBBIA JJOKYMEHT.
Hmozo 60 15 4/6

B ocBOSHMM IHMCLMIUIMHBI MHBAIHAAMH H JIMI[AMH C OrPAaHHYEHHBIMH BO3MOXKHOCTSIMH
370pOBbSL OONBINOE 3HAUEHHE MMeeT HHAMBHAyalbHas yueOHas pabora (KOHCYIbTALMH) —
JOTIOTHUTEIbHOE Pa3bsICHEHHE YUeOHOI0 MaTepHaa.

WHouBHIYaTbHBIE KOHCYIBTALMHM IO IIPEAMETY SBISEOTCS BaXHBIM (haKTOPOM,
CITOCOOCTB YIOIIMM HHIMBHAYAIH3AlMH OOYYEHHS M YCTAaHOBIIEHHIO BOCIIMTATENIBHOIO KOHTAKTa



MEXOY TIIperofaBarelieM M OOYYalOIMMCS MHBAaIHAOM MM JIHIIOM C OTrPaHHYEHHBIMH
BOBMOHOCTSMH 30J0POBBA.

8. Ilepeuenb HHPOPMANHOHHBIX TEXHOJIOTHIl, HCNOJb3YEeMbIX NPH OCYLIECT BJIEHHH
00pa30BaTeJILHOI0 NpoIecca Mo JUCIHIIHHE (MOAYJIIO).

8.1 Ilepeyens HHPOPMANMOHHBIX TEXHOJIOIHIL
JIeK1nn: MHTepaKTHBHAS IEKIHS ¢ MYIIbTUMEHIHON CHCTEMOI ¢ aKTHBHBIM BOBIIEYEHHEM
BOBJIEYEHHE CTYIEHTOB B YUeOHBIH IPOIIECC K OOPAaTHOH CBS3BIO.

[IpakTiyeckie paboThl: KOMITBIOTEPHBIE 3aHATHS B PEeXKMMaX B3aHMOICHCTBHS «IIPEIOfaBaTelb
- CTYZEHT» U «CTYHAEHT - IIPEIOJaBaTeNb», «CTYAEHT - CTYAEHT».

CamocrosrenbHas padora: IUCTAHIMOHHBIE 33JaHHS M YIIPaKHEHHS, ITIOCCAPHH TEPMHHOB H
OITPEACIICHUH.

8.2 IlepeveHnb He0OX0AMMOr0 MPOrPaAMMHOIO odeciedeHH .

[IporpammHoOe o0ecriedyeHHE B paMKax ITporpamMMbl KomriaHud Microsoft “Enrollment for
Education Solutions” I8 KOMIIBIOTEPOB H CepBepoB KyOaHCKOrO TroOCyAapCTBEHHOIO
YHHBEPCUTETa W €ro (HIHaNOB, AHTHMBHPYCHAs 3allUTa (PHM3HYECKHX PabOuMX CTaHIM H
cepeepoB: Kaspersky Endpoint Security ama 6usHeca — CranaapTHeii Russian Edition.

8.3 Ilepeyenb HHPOPMANHOHHBIX CIIPABOYHbLIX CHCTEM:
1. CripaBouHo-TIpaBoBas cuctema «KoHcymbTaHT [ Imoc» (http://www.consultant.ru)
2. OnekrpoHHas oubmmoreunas cuctema eLIBRARY .RU (http://www.elibrary.ru)/

9. MarepuajbHO-TeXHHYeCKass 0a3a, HeoOXoAUMasm I  OCYHIECTBJICHHSA
00pa30BaTeJIHLHOTO0 Mpoliecca Mo JHCHHILIHHE (MOIYJII0)

MaTepHaJIbHO-TeXHHLIeCKOC obecreueHHe JUCIUITIHHEL

No Bun paGor
(MOZYIISI) M OCHAIN[EHHOCTh

1. JlekimonHble 3aHaTHA | JlekmonHas aygutopus Ne209C, 300C, 201C, ocHareHHas
Tpe3eHTAIl[HOHHON TEXHUKOMN (TIpoekTop, 3KpaH,
KOMITLIOTEP/HOYTOYK) M COOTBETCTBYIOIIMM ITPOIPAMMHBIM
obecrieueHreM (110).

2. CemmHapckue 3aHgTHs | CrienpanbHOe ToMenieHue Ne209C, 315C, ocHallleHHOe
IIPe3eHTallMOHHON TEXHUKOMN (TIpoexTop, 3KpaH,
KOMITBIOTEP/HOYTOYK) M COOTBETCTBYIOIUM ITPOr PAMMHBIM
obecrieueHueM (I10),

3 JlaGopaTopHBIE Jlabopatopus No225, YKOMIUIEKTOBAHHA S
3aHATHSA CHEHATH3NPOBAHHON MeOETbIO M TEXHUYECKUMH CPEJICTBAMHU
o0yueHH S TabOPaTOPHBIMH CTEHIAMH IT0 U3YYEHHIO aTOMHOMN
(bH3HKH

4, Texymuit  KOHTPOIb, | AYIHTOPHS Ne209C, 211C, 230C, (xabHHeT)
MIPOMEKYTOUHAS YKOMIUIEKTOBAHHAS  CITEI[HATH3HPOBAHHOH  MeGenplo H
ATTECTAL[HI TEXHHYECKHUMH CPEJCTBAMU OOYUSHHS

5. CaMocTogTensHas Ka6uner No207C mms caMOCTOSTENbHOM PaboThl, OCHAITIEHHBII
paBora KOMIThbFOTEPHOH TEXHHKOH € BO3MOXHOCTHIO ITOJKIFOYEHHS K
ceTH «WHTepHeT», IPOrpaMMOIl SKPAHHOTO VYBEIMHYEHHS H
o0eCreYeHHBIH JOCTYIIOM B BIIEKTPOHHYIO HH(OPMAIIHOHHO-
00pa30BaTeIIbHYIO CPely YHHBEPCUTETA.




