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1 esn 1 3202498 H3YYeHUA JHCHHIVIHHBI (MOXYJIs).
1.1 Henap ocBOeHHA IHCHMILIMHBI: H3YUeHHE (QH3HUYECKMX CBOICTB MHKPOMHpPa H
KBAHTOBBIX SIBIIEHHIT Ha aTOMHO-MOJIEKYILIPHOM YPOBHE.

1.2 3agaun JUCHHNJIHHBI:

— B H3YUEHHH SKCIIEpPHMEHTAIbHBIX OCHOB KBAaHTOBOI (PH3HKH M PacCMOTpeHHe SBICHIH,

OOYCIIOBJIEHHBIX, B OCHOBHOM, SIIEKTPOHHBIMH O0O0ITOYKaMH aTOMOB H MOIIEKYII;

— B YCBOEHHH OCHOBHBIX IIOHSATHI BOIHOBOH MEXaHMKH H OCOOEHHOCTH KBaHTOBO-

MEXaHHYECKOTO IOAX0Aa K H3YUEHHIO aTOMHBIX SIBIICHHUI.

BocrmirarenbHasd — 3ajaya  3aKmodyaercss B (QOPMHMpPOBAaHHM Y CTYAEHTOB
MpoeCCHOHATEHOIO OTHOIIEHHS K ITPOBEJECHHIO HAYYHO-HCCIEAOBATEIHCKUX H TIPHKIAIHBIX
paboT, B pa3BUTHH TBOPYECKOH HHHITHATHBBL H CAMOCTOSITENIFHOCTH MBIILIEHHS.

1.3 Mecro JHCHHILIHHBI (MOIYJIfI) B CIPYKTYPe 00pa30oBaTeIbHOI NPOorpaMmMbl.

JucimumHa «AToMHas (PH3HKa» OTHOCHTCS K 0a3oBoil yacTH Bioka 1 " J{HCIIMITIMHEL
(Moymm)" yueOHOr o TUIaHa.

HucipmmiHa OasupyeTcss Ha 3HAHMSAX, IIONYYEHHBIX IO JucIpInmHaM  OINTHKA,
Marematuyecknii aHanu3, MexaHuka. 3HaHUS, IIPHOOPETEHHBIE ITPH U3YYEHWH JTUCIIMIUIMHEIL,
HEOOXOAMMBL JUTSI NaIbHEHINEro yCBOEHHS MPO(ECCHOHATBHBIX KOMIIETEHIMI TI0 CTaHAApTy
IIOATOTOBKH 0aKanaBpoB.

1.4 IlepeveHb IIAHMPYEMbIX Pe3yJbTATOB O0YUeHHS MO JHCIHILIHHE (MOIYJIH0),
COOTHECEHHbIX € IVIAHHPYeMbIMH Pe3YJIbTATAMH 0CBOEHH S 00Pa30BaTeAbHOI MPOrPaMMBbL.

M3yueHne AaHHO# y4eOHOM JTUCIMIUTHHEI HallpaBIeHO Ha (POpMHpPOBAaHHE Y 00 YUAFOIIHXCS

npodeccruoHambHEIX KomIteTeHImit (OITK-3, OTIK-6)

N HHpexc Copepxkanne B pesynbrare uzy4eHus y4eOHOH JUCITUTUIMHBL
® | xomrer KOMITIETEHIHH (FITH eé 00YYarOITMECS JOIKHBI
T EHI[HH YACTH) 3HATD YMeTh BJIAETh
1. QIIK-3 | crtocoOHOCTBIO — COBPEMEHHEBIE | — ¢ | —MeTomaMH
BIaJeTh OCHOBHBIMH MIPEACTABICHUS | THATTEKTHKO- MMPOBEACHHS
METOJaMH, 00  aTOMHOM | MaTepHATHCTHY | (PH3HUECKHX
criocodaMH 1 CTPOEHUHN E€CKHX TIO3HUIMH | HecclIeLoBaHHH
CpefiCTBAMH BellleCcTBa, OCMBICIIMBATh U | H H3MEPEHHI;
MTOTYYEHHS, OCHOBHEIE HHTEPIPETHPOB
XPaHEHHU, 3aKOHBI, HJEH | aTh OCHOBHEIE
nepepaboTKH W TPHHIUIIEL | TIOMOXKEHHS
nHpopMaImu aTOMHOH ATOMHBIX
(hH3HKH, HX | SBIIEHUIL,
CTAaHOBJIEHHE H | OLIEHHBATH
pa3BUTHE B | OPSIKH
HCTOPHYECKOH | (PH3HYECKHX
TIOCIIENOBATEND | BEJIHYMH,
HOCTH, HX | HCIIONIb30BAaTh
MaTeMaTHYecK | IONTy4YeHHbIE
Oe  OITHMCAHHe, | BHAHHSI B
METOJBI PasIIMYHBIX
HaOIIoAeHHA 00IacTIxX
aTOMHBIX (usmueckoit
SBIIEHUH,  MX | HAYKH 31
SKCIIEPHMEHTA | TEXHHKH;
TIBHOE




No Wunexc Conepxamiie B pesynbrare H3yueHHS YUeOHON JTHCIHIUTHHEL
. | KOMIET | KOMIIETEHIHH (puTH €& 00YYarOIHECS JOIKHBI
EHIIHI YacTH) 3HATH YMeETh BJIAJETh
HceTIeIoBaHHe
H
MIPaKTHYeCKOe
HCIIONIB30BaHH
SH
2 OIIK-6 | crtocoOHOCTBIO - 3HATh | — —HaBBIKAMH
MMPOBOANTH OCHOBHEIE HHTEPIIPETUPOB | IIPHMEHATD
HHCTPYMEHTAIIbHBIE 3aKOHBI, HJEH | aTb OCHOBHBIE | TIOTYYEHHEIE
H3MEPEHH A, H  IPHHIMIIEL | TIOJIOKEHHS TEOPETHYECKHE
HCITOIb3YEMBIE B aTOMHOH aTOMHBIX 3HAHHS IS
00IIacTH (bH3HKH, HX | IBIEHHH, PEIIEHUS
MH(OKOMMYHHUKAIIHOH | CTAaHOBJIEHHE H | OIICHMBAaTh HX | MPHUKIaJHbBIX
HBIX TEXHOIIOTHI H Pa3BUTHE B | BIHSIHHE Ha | 3a7a4.
CHCTEM CBSI3H HCTOPHYECKOH | IIPOBOIHMEIE
TOCIeA0BaTeNb | HHCTPYMEHTAIb
HOCTH, HX | HbIE
MaTeMaTHYeCK | H3MEpeHHS,
O OIHCaHHE, | UCITOIb3YEMBIE
METOJBI B
HaOIIOAeHHA HH () OKOMMYHH
aTOMHBIX KaI[HOHHBIX
SBIeHHH, HX | TEXHOIOTHIX H
SKCIIEPHMEHTA | CHCTEMax
JIBHOE CBS3H
HCCTIelOBaHHe
H
MIPaKTHYeCKOe
HCITONIb30BaHH
e

2. CTpYKTYpa H coJiep:KaHie JHCIHILIHHDbL
2.1 PacnpeaesieHHe TPYA0EMKOCTH JHCIHILTHHBI 10 BHAAM padoT.

nx

OO0mmag TPYyAOEMKOCTh JIHCIMIUIMHBL cocTaBIsieT 3 3ad.ef. (108 dacos),
pacrpeielIeHHe 110 BUJIaM PaboT MIPeCTABIEHO B TAOIHIIE

(onga cmyoenmoe 3D0).

Bup yueOHoO# pabGoTh Bcero CemecTpsel
JacoB (JaceI)
4

KoHTakTHas padoTa, B TOM YHCJIE:
Ay/MTOpHbIE 3aHATHA (BCEro): 18 18
BaHATHA TEKIIMOHHOTO THITA 6 6 - -
JlabopaTopHBIe 3aHATHS - -
3aHATHS CEMHHAPCKOIO THITa (CEMUHAPHL, 4 4 i i
TIpaKTHYeCKHE 3aHITHA)
HHas KOHTAKTHAA padoTa:
KonTpoms camocTosrensHoi padoTsl (KCP) - -
ITpomexyrounas arrecraus (MIKP) 0,5 0,5




CaMocToATEIbHAA PAd0Ta, B TOM “HCJIe:
KypcoBas padora - - - -
[TpopaboTka yuyeGHOro (TeOpeTHYeCcKOro) MaTepHana 60 60 - -
BrOTonHeHHe HHANBHYAIbHBIX 3aaHIi! (TIOATOTOBKA
COOGIIIEH I, TIPe3eHTALIHiT) i i i i
Pedepar - - - -
[Toaroroeka K TEKYIIEMY KOHTPOIIIO 17 17 - -
KonrtpoJb:
[IoaroroBka K 3a4eTy 3.8 3.8
[loaroroBka K SK3aMeHY 9,7 9,7
O0mas TpyA0EMKOCT b 108 108 108 - -

18,5 18,5 18,5

3 3 3

2.2 CTpyKTYpa JHCHHILIHHbI:

PacrnipeseneHne BHAOB YueOHON pabOTEI H HX TPYOEMKOCTH I10 pa3ieliaM JIH CLIMILIHHEL.
Pasensl AUCIIMIUIMHEIL, H3YUaeMbIe B 4 ceMecTpe (3aounas gpopma)

KOJH4€CTBO 4acoB
No HalMeHOBAHKE Pa3JIeNon - Ay}m = B}Eyﬁa{%m
J | II3 JIP CPC

1 2 3 <4 5 6 7
1. [Pazmen 1 3 i 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 5|1 4
7 [Paznen 7 5|1 4
g |Pazmen8 5 1 4
9 [Pazgen 9 6 2 4
10. [Paznen 10 5 1 4
11, [Pasmen 11 5| 1 4
12, |Pasmen 12 5|1 4
13, |Pazmen 13 5 1 4
14. Paznen 14 5 1 4




15. Pasmen 15 6 2 4
16. Pasmen 16 5 1 4
Hmoezo no oucyunnune: 6 4 8 60

[Tprmveuanme: JI — nexim, [13 — mpakTHuecKHe 3aHATHS / ceMHHapbl, JIP — maSopaTopHEBIe
saHarus, CPC — camocTosrensHas padora cTyAeHTa

2.3 Cogep:xanue pasae/ioB JUCHHILIHHbI:
2.3.1 3anaATHA JeKIHOHHOI 0 THIIA.

No HaumeHoBaHne Copaass b @opmMa TEKYIIETO
paszzena KOHTPOILS

1 2 3 4

1.|Pasmen 3 Omertel Pezepdopna. SAnepHas Mogens aToMa. |AHKeTHPOBaHHE,
BeBog popmymet Pesepdopaa mis paccesHisI  |0Ipoc,
o-yactvil. CrieIcTBHA U3 ONMBITOB Pesepdopaa. [TPaKTHYECKHE
OKclepUMeHTalTbHas! TPOBEPKa (POPMYIIEL 3a1aHM st
Pezepdopra.

2.|Pasnen 4 CrieKTpallbHBIE CEPHH aTOMA BOJOPOZA. AHKEeTHPOBaHUE,
OnemeHTapHas 60pOBCKasi TEOPHS aToMa orpoc,
Bogopoza. [locTymatsr Bopa. NIPaKTHYEeCKHUE
OKCTIepUMEHTAILHOE MOATBEPKACHHE 3a/[aHUS
JIUCKPETHON CTPYKTYPHI 3HEPreTHYECKHX
YPOBHEN aTrOMOB, OIMBITE DpaHka U ['epiia.

3.|Pazmen 6 CoCTOSHHUE YaCTHIIBI B KBAHTOBOM TEOPHH. AHKETHPOBaHUE,
BomHoBast (YHKIIHS U €€ CTaTHCTHYECKIit orpoc,
cmbic. [IpunHium cymnepriozuiuu. OnepaTopsl  [IPaKTHYECKHE
B KBaHTOBOH MEXAHHKE U MX CBOHCTBA. 3a/[aHUS
Cpenuue 3HaueHHUS (PU3HYECKHUX BEITHUHH.
YcnoBHe BO3MOKHOCTH OJHOBPEMEHHOT O
H3MepeHH s (PHU3HIecKUX BelTuunH. OnepaTopsl
BOKHEHMITIHX (PH3HIECKUX BETTHUHH
(KOOpIHUHATEL, UMITYIIhCa, BEKTOPA UMITYIIbCa,
MOMEHTA UMITYIIbCa, KBaJpaTa MOMEHTa
HUMITYIIbCa, TIPOEKI[MH MOMEHTA UMITYIIhCa,
KHUHETHYECKOHN SHEPIHUH, TTOTEHIMAIIEHON
SHEPTUH, TIOTTHON SHEPTHH).

4. Paznen 7 BpeMmeHHOE U cTalMOHAPHOE YPaBHEHUS AHKeTHpPOBaHUE,
[IIpenunrepa. KBaHTOBaHHE. YPaBHEHUS oITpoc,
[MIpeauHrepa B ONepaTOPHOI opme. TIPaKTHYECKHUE
Omneparop 'amiibToHa. J[BHXKeHME CBOOOIHOM |3aJaHU S
YacTHI[El. YacTHIIa B OMHOMEPHOM
IIPSIMOYTOJTBHOM TTOTEHIHAIIBHON SIME C
0eCKOHETHO BRICOKHMH CTEHKAMH.
OnHOMepHAs IIPSIMOYT OJIbHAS IIOTeHIHaIbHAS
sIMA €O CTE€HKaMH KOHEYHOH BBICOTEL.
JIMHENHBIHN rapMOHHYECKIH OCIRUIIITOP.

5.|Pasmen 11 ATOM BO BHEIIIHEM MarHUTHOM ITOJIE, AHKeTHpOBaHHE,
HopmasHeIi 1 aHOMAIBHBLT S (PeKTE oIpoc,
3eemana ¥ 3ddexr [TammeHa—baka. OHeprus  |[IIpakTHYeCKHe




aTOMa B MarHHTHOM I1071e. ATOM B 3a{aHIs
sekTpHyeckoM 1one. Oddexr rapka.
6./ Pasgen 12 OO1p1e IIPHHIIIIBL OITHCAHIT AHKETHpOBaHIE,
MHOTO3TIEKTPOHHOTr 0 aroMa. [Iprrim [Taymn  |orpoc,
H KBaHTOBO-MexXaHHYecKasl (POPMYITHPOBKA NIPaKTHYECKHUE
npuHIpa [laym. AToMHbIE O00TIOUKH H 3aJaHH
ITOA000IOUKH. OIeKTPOHHAS KOH(PHUIYPALL.
CymMmMapHbie OpOHTaNIbHBIH, CIIMHOBBIH H
TIOITHBII MOMEHTHI MHOTO3JIEKTPOHHOI'O aTOMa.
LS (HopMmaibHad) H jj- cBs3H. CIIEKTpaIbHbIE
0003HAaYEHH S U IIpaBIiIa OTOOpa. 3aIlOIHEHHE
3IIEKTPOHHBIX 00OIIOYEK B aTOMaXx.
[leprommyeckas cHcTEMa IEMEHTOB
MeHeneepa. OneKTpoHHAasS KOH(PHIypaIfisa 1
IpaBwiIa XyHZa.
2.3.2 3aHATHA CEMHHAPCKOr0 THIIA.
N HanmeHoBanne . @opma TEKYIIETO
pazzena KOHTPOIA
1 2 3 4
1.|Pazmea 5 YacTHIlkL ¥ BOIHBL. KOPITYCKYIISIPHO-BOITHOBOM | AHKETHPOBAaHHUE,
TyarmsM. ['uioresa e bpoiid u ee OIpoc,
SKCIIEPUMEHTAIIbHOE TTOATBEPXKIEHUE Ha MIPaKTHYECKHE
TpUMepe AUPPaKIHH 3ITEKTPOHOB, aTOMOB, 3aaHU
HeWTpPoHOB. OMEITH JleBHuccoHa—/[KepMepa U
Tomcona. @azoBas ¥ rpPyImioBas CKOPOCTH
BOIH Jie bpoitng. CooTHOIeHHE
HeolpeielieHHocTen ['eizenbepra.
2.|Pazmen 8 KBaHTOBO-MeXaHHYECKOE OITHCAHHE aTOMa AHKeTUPOBaHUE,
Bopopofa. YpasHeHue [lIpequnrepa g aTomMa |orpoc,
Bopopoza. OU3HYeCKUi CMBICT KBAHTOBBIX MIPaKTHYECKHE
yucell. SHEPreTHUECKU CIIeKTpP. OnepaTopsl  |3aJaHUs
MOMEHTA UMITYIIbCa M TIPOEKI[UH MOMEHTa
HMITYIIbCa M MX COOCTBEHHBIE 3HAUEHHU .
[TpaBuna ordopa. HopmalsHOE cOCTOSHHE
aToMa. BOmHOBBIE (PYHKITHH U pacIpeelieHHe
TUIOTHOCTH BEPOSITHOCTH. 1S-COCTOSHHE
3IIEKTPOHA B aTOME BOJIOPOJA.
3.|Pazgest 10 OpOUTaIbHBIE MATHUTHEINA U MeEXaHUYECKHH  |AHKeTHpPOBaHHE,
MOMeHTHI. CITHH M cOOCTBEHHBIA MarHUTHBIM  |OITPOC,
MOMEHT 3IIEKTPOHA. OKCIIEPUMEHTATTBHOE MIpaKTHYECKHe
JIOKa3aTENbCTBO CYIIECTBOBAHUS CITHHA, 3a7]aHuS
orbIThI [TepHa u 'epnaxa. [TomHbINH MOMEHT
umMITynbca. OnucaHue COCTOSHUI IEKTPOHA B
aTOME C TIOMOINBI0 HAOOPOB KBAaHTOBBIX UM CE.
CImiH-0pOUTaTIBHOE B3aMMOJIEHCTBHE.
4. Pasnen 16 Crarucruyueckue pacrpeneneHus OepMi— AHKeTHPOBaHHE,
Hupaxa u boze—OpHmreiiHa. SHeprusa OepMH. |oIpoc,
NIPaKTHYECKHE
3aJJaHI]

2.3.3 JIabopaTopHbIe 3aHATHA.




Ne HarmvenoBaHie madopaT OpHEIX padoT dopma TEKYIIETo
KOHTPOJISL
1 3 B
CepHanbHble 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpax, Oryer 110
KOMOHHAITHOHHBIH TIPHHITHIT PHTIIA, TepPMEL. 71a0opaTopHOH
pabore
®oroadexT: ero BUAB U 3aKOHBL. Qopmyna OfHinTeiiHa. |OTYeT 1Mo
[IornoleHne U3ITy4eHn . 71adopaTOpPHOH
pabore
3 KsaHTOBaHHE BOIOPOAOIIONOOHBIX aTOMOB. QOryeT 110
YPOBHH U CIIEKTPHI IMIETTOYHBIX METAILIIOB. 71ad0paTOpPHON
[IpaBuia orOopa U CIIeKTPaIbHbIE CEPHH. pabore
4 XapakTepHCTHYECKHE PEHTTEHOBCKHE CITEKTPHL. Oruet 1o
OcoBGEHHOCTH XapaKTEPUCTHYECKUX CIIEKTPOB. 3aKOoH Mo31mH|11abopaTOpHOI
pabore
5 BreiHyXeHHOE (MHAYLMPOBAaHHOE) H3TydeHHe. Onrnyeckue |OTYeT 110
KBAHTOBBIE T€HEPATOPHI (JIa3epHl). 71ab0paTOpHOH
pabore

3amura maboparopHoi paborel (JIP), BemIonHeHHe Kypcosoro mpoekra (KII), kypcoBoi

padotsl (KP), pacuetHo-rpadmyeckoro samanusa (PI'3), Hammicanme pedepara (P), scce (3),
koiurokBuyM (K), Tectuposanue (T) U T.11.

2.3.4 IlpumMepHas TeMATHKA KYPCOBBIX PadoT (IIPOEKTOB)
KypcoBrie paboTH HE 3aIUTaHUPOBAHBL.

2.4 IlepevyeHb y1e0HO-MeTOHUECKOr0 odecriedeH sl /Il CAMOCTOST eJIbHOM PadoThl

00YUAIOIIHXCA N0 JHCI[HILIHHE (MOIYJII0)

Bun CPC

Hepequb y‘IeﬁHO-MeTO,II}I‘IeCKOI‘O oOecIeyeHHS JHCIIUTITHHEL
1O BEITIOJTHEHHIO CAMOCTOATEIIbHOM paﬁorr BI

2

3

[Tpopaborka yueOHOTO
(TEOPETUYECKOTO)
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Ipenuct., Hayd pen. H. M. Koxesnukos. - M31. 3-e, cTep. -

CII6. [u gp.] : Jans , 2007

IToxroroBka k

TIPAKTHYECKIIM 3aHATIIM
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: yue0. mocodne / Y. B. Capenbes. - 11-e u3x., crep. - CaHKT-
[TetrepOypr : Jlaus, 2017. - 320 c. -
https://e.lanbook.com/book/92652.
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YueOHO-MeTOAUYECKHE MaTepHAIbl I CaMOCTOSTEIBHOW pabdoThl OOYYAFOIMXCS M3
YHCIIa MHBATMIOB H JIHII ¢ OTPAaHHYEHHBIMH BO3MOKHOCTSIMH 310poBbsI (OB3) mpeocTaBiIsoTes
B (hopmax, aalTHPOBAHHBIX K OrPaHHYEHHSIM HX 3I0POBLS H BOCTIPHATHS HH()OPMAIIH:

JUItst muIy ¢ HapyIIeHUsIMA 3PEHHU ST

— B TIeUaTHOMH (GopMe YBEITHUEHHEBIM IPH(TOM,

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

JUImst TuIT ¢ HapyIeHHSIMH CITyXa:

— B IeyaTHO#H (opme,

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

JUIst muIt ¢ HapyIIeHHSIMA OITOPHO-ABHTaTENIFHOTO armiapaTa:

— B MeuaTHO#H (opme,

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

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

3. OdpaszoBaTesbHbIE TEXHOJIOTHH.

JI71s poBeieHN ST JTEKI[HOHHBIX U TIPAKTHYECKUX 3aHSATHI HCIIONb3YIOTCS MyIIbTHMEHITHEIE
CpPEeJCTBa  BOCIIPOM3BEAEHUS  AKTHBHOTO  COJNEPKUMOrO  (KOMITBIOTEPBHI,  ITPOEKTOPHL,
WHTEPAKTUBHBIE  TIPE3eHTAI[MH,  TPEHUPOBOYHBIE  TECTHI,  MOJEIHPOBAaHHE  PabOTHI
ONTORIEKTPOHHBIX ~ YCTPOMCTB), TIO3BOIIIOININE BOCIIPUHHUMATh OCOOEHHOCTH —H3y4aeMOH
npogecchu.

Cemectp Bup zaHsaTHs O0pazoBaTelbHbIe TEXHOIOTHU KomiuectBO
JacoB
Jlextmu WHTepakTHBHAS JTEKIHUS ¢ MYJIhTHMEIHITHOR 6
4 CHCTEMOI,

IIpakTHyeckue WHamBHayalbHOE BRITIOITHEHHE 4
PaboThI TIPaKTHYECKHX 3aJaHIH.
JlaGoparopHsIe WHpBHAYyaIbHOE BBITIOTHEHHE 8
BAHSITHS JTab0paTOPHBIX 3aTaHHI.

Hmoeo: 18




I[JISI JIHL ¢ OI'PaHIYCHHBIMII BO3MOXHOCTAMIL 3J0POBBA IPEAYCMOTPEHA OPIraHM3allrs
KOHCYIIBTAL[MH C HCITONIb30BAHMEM 3TIEKTPOHHOM ITOYTHI.

4. OuenovHble CPeaCTBAa M TEKYLIero KOHT PO YCIeBaeMOCTH H NPOMEKYT 0UH 0l
aTTecT AlHM.

4.1 ®oHJ OLIEeHOYHDLIX CPEeACTB AJIf NPOBeJeHHS TeKYIIero KOHTPOJIS.

OrnepaTHBHBL KOHTPOIE OCYINECTBISETCA ITYTEM IIPOBEAEHHS OIPOCOB.

OrnepaTHBHEI KOHTPOIL OCYILECTBIISIETCS IIYTEM IIPOBEIEHN I KOMITBIOTEPHBIX OIIPOCOB
CTYAEHTOB II0 OKOHYaHMM H3Y4YEHHs TeM YueOHOH [UCHMIUMHEL. [Ipn mpoBeneHmu
OIEPATHBHOI'O KOHTPOIS MOT'YT HCIIOIB30BaThCA KOHTPOIBHEIE BOIIPOCHL K Pa3eraM:

Texyumii KOHTPOJIb:

- KOHTPOJIBHBIE BOITPOCHI IO pa3enamM yueOHOH IIPOrpaMMEL.

- IPaKTHYECKHUE 3aJaHNs.

IIpomMesKyYTOUHBI KOHTPOJIb:

— TECTOBHIE 3a7[aHHJI (3, BO BPEMS IEKIMOHHBIX 3aHATHIA );

— KOHTPOJIbHBIE PAOOTHI (3, BO BpeMSI CEMHHAPCKUX 3aHATHI);

HT1o0roBobiii KOHTPOJIb:

— BK3aMEH.

Paznen 1.
B yeM OCHOBHOE OTJIHYHE TEIUIOBOTO M3TYYEHHS OT APYTHX BHAOB H3ITYICHUA?

Kakop (usmieckuit cMbICTT yHHBepcalbHONH QyHKIMH Kupxroda? MoXHO JH Ha OIBITE
peanm30BaTh YepHOE Teno?

Kak cBs3aHBl MeKAY cOOOM 3HEPreTHYECKHe CBETUMOCTH CEPOro M YepHoOro Ten? OTBeT
obocHyiTe. OT 4Yero 3aBHCHUT IIOTTIOINATENbHAS CIIOCOOHOCTH ceporo Tena? Yemy paBHa
CHEKTPaIbHAS INIOTHOCTh SHEPreTHYECKON CBETHMOCTH HIEAlIbHO OTPaKaroIel MTOBEPXHOCTH ?

Kak u BO CKOIIBKO Pa3 M3MEHHUTCS 3HEPreTHYecKasl CBETUMOCTh YEPHOIO Tella, ECIIH €0
TEePMOJMHAMHYECKAs TEMITEPATYPa YBEIMYUTCS BABOE?

TepmoguHamMIUecKas TEMITEPaTypa YEPHOTO Tella YMeHbIUIIach BABoe. Kak M3MeHUTCA
JUTMHA BOIIHBI, COOTBETCTBYIOIIAS MaKCHMYyMY CIIEKTPAIbHONW IUIOTHOCTH €r0 3HEPreTHYECKON
cBeTUMOCTH? Kak OOBSICHUTS Iepexoj OeNoro KaJleHHI B KPaCHOE ITPH OCTHIBAHUH MeTallia?

Kak 1 BO CKOIIBKO pa3 OTIIMYAOTCSA SHEPTETHYECKHE CBETHMOCTH CEPOr0 M YEPHOTO TEN?

[Tomyuute wu3 ¢opMynsl [I1aHKa 4YHCIOBOe 3HadyeHHe IIocTosHHOM Credana -—
Bompimvana.

[Tomyuute u3 popmyrsl [l1anKka 3aK0oH cMelieHHus BumHa.

Paznen 2.
B dem 3akmodaeTcsd E€OWHCTBO  KOPITYCKYIISIDHBIX M BOIHOBBIX  CBOWCTB

SIEKTPOMATHUTHOT O H3ITYUEHHU T?

Kakne sBIEHUS SBISIOTCS SKCIIEPUMEHTATBHBIM JOKA3aTellhCTBOM KBAHTOBBIX CBOMCTB
HU3Iy4YeHHs? er0 BOTHOBEIX CBOHCTB?

Kakue xapakTepucTHKH (POTOHA OTPEAETSIOT ero KOPITYCKYIISPHbIE CBOHCTBA? BOTHOBBIE
CBOICTBa?

Bripasute Maccy (pOTOHa Yepe3 JTHHY BOJIHBI.

KakoBa ckOpOCTb ABIKEHHUS (POTOHOB B PasHBIX cpefax?

OO0bscHuUTE, MoueMy GoTor(deKT yKaskiBaeT Ha KBAHTOBYIO IIPHPOAY CBETA.

OOBsICHUTE, TPUMEHST YpaBHEeHHe DHHINTelHa, BTOPOH M TPETHIt 3aKOHbI GoTosddekra.
[Touemy mpu ¢orosddekre cylecTBOBaHHE «KpacHONH I'paHMIBI» (oTodddeKTa MOATBEPKIALT
KOPITYCKYILIPHYIO TEOPHIO M He ITOATBEPKNAET BOIHOBYIO?

Kax m3MeHsgeTCs 3HEPrHs (OTOMIEKTPOHOB ¢ YMEHBIIIEHHEM YacTOTHI H3TYUeHUA?

Kax m3meHseTcs wicio (OTO3NEKTPOHOB C YBEIMYEHHEM HHTEHCHBHOCTH H3TYyYEHUS?



Kax m3meHuTCS (pemcraBbTe rpadHyecKil) B BOTHTAMIIEPHON XapaKTEPUCTHKH ITPH
OJITHAKOBBIX OOIyYEHHOCTSIX KaToMa, HO IIPH Pa3sHbIX IJIHHAX BOTH I1aJalOIIEr0 H3TydeHIS?

[Toyemy (OTORNMEKTPHUECKIE H3MEPEHHS OYeHb WYYBCTBHTENBHBL K IIPHPOAE H
COCTOSIHIIO ITIOBEPXHOCTH (poTOKaTOxa?

[TpuBeanure rpadHyecKyio 3aBHCHMOCTH 3allMpaloOINero HalpsokeHHS Uy OT 4acTOTHL V
IMAJArOINEro M3IYUEHHS IS ABYX METAUIOB (C pasHbIMM paborami BBIXOAa). Kak IpH 3TOM
H3MEHHTCS «KpacHas IpaHHIla» porosddexra? Kak, monp3ysach 3THM IpadHKOM, OIpeaeTh
ImocTosHHYIO [Imanka?

[lpu 3amMeHe OmZHOrO MeTallla APYTHMM JIIMHA BOIHBI, COOTBETCTBYIOINASA «KDPAaCHOH
TPaHHUIIE», YMEHBINIAETCL. UTO MOXKHO CKazaTh O paboTe BEIXOJA 3THX ABYX METaIIOB?

OTKyZ1a MOKHO 3aKIIFOYHTh, YTO KOMIITOHOBCKOE PacCesHHe IIPOMCXOANUT HE Ha aroMax, a
Ha BIIEKTPOHAX BEIIECTBA?

Kak OOBSCHHTH yBEIHYECHHE MIMHBI BOTHBI PACCESIHHOTO H3IMYYeHHS TPH 3PdexTe
Komrirona?

O¢pdexr KommroHa HabmiomaeTcs MPH pacCcesHHH KOPOTKOBOIHOBOTO H3IyYEHHS Ha
CBOOOJHEBIX D3IEKTPOHAX BelecTBa. Kakue OIEKTPOHBI B BEIECTBE MOKHO CUHTATh
CBOOOIHBIMH?

Mosxxo mi HabmoaaTh 3¢dekT KomirroHa mpH paccestHHH BHAMMOro ceeta? Ilouemy?

YT0 Takoe KOMIITOHOBCKAS AJINHA BOJHEL?

KommiToHOBCKast [yiMHa BOMHEL OONBINE WM MEHBINE JAIHMH BOIH PEHITEHOBCKOI'O
uzmydyeHus? OTBeT 0O0OCHYHTE

B pesynbrate 3¢dekra KommroHa B ofHOM cityuyae (POTOH paccesuics MO YriaoM 6; 1o
HaIlpaBIeHHIO K IMajaroleMy (OTOHY, B JAPYIrOM — TIOJ yIiIoM 6, mpuueM 6; > 6,. B xakom
ClIy4ae JJIMHA BOJIHBI H3ITYYEHHS TTOCTE paccesHHs Oonblne? B KakoM crydyae 3MeKTPOH OTAauu
MIPUOOPETET OONBIIMYIO SHEPTHIO?

[Ip1 KOMITTOHOBCKOM PACCEesTHMM YTOJl MeXAy HallpaBIeHUsIMH HalleTaromero poToHa U
SIIEKTPOHA OTAAYX PaBeH . Bripasute yrom ¢ uepes A u A",

Paznes 4.
Kakop (u3uieckuit cMBICT UHcel m U n B 0000IeHHOH (hopmyTe Bambsmepa?

KakoBbl MIIMHBI BOIH CaMBIX KOPOTKOBOJNHOBOH M JUIMHHOBOIHOBOW IIMHHUN CEPHH
[TareHa?

KakoBa [yTiHa BOITHEL, COOTBETCTBYIOIIAS TPAHMIIE cEpUH bambmMepa?

[ToueMy M3 BCeX CepHMil CIIEKTPaIbHBIX JIMHWM aroMa BoOjopoja cepus bamemepa —
HUCTOPHYECKH TIepBas?

Kakopa 4acToTa roloBHON JIMHUK cepuM JlaiimaHa?

ATOMBI BOJIOpPOA HAXOMITCS B COCTOSHHMHM ¢ n = 5. CKOIBKO JIMHUWA COAEPKHUT Er0
CIIEKTP H3ITYUeHHS?

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

Hcrons3ys KOMOHMHAITHOHHBIH TTPHHIIMIL, TIOKAXKUTE HAa OJHOM H3 IIPHMEPOB, KaK MOKHO
TIOIIYYNUTh YaCTOTY JJISI BTOPOH JJTMHHOBOIHOBOH JIMHNUHN cepru [larmena.

KakoBRHI pasimiims MexX Iy MoJlebio aToMa Pesepdopia u Teopueit Bopa?

IToyemy Mofenb aroma Pezepdopra HECOBMECTHMA ¢ TIPEJCTABIIEHHSME KITaCCHYECK O
bu3uKH?

PazpsicHuTe cmbIca ToctyinaToB bopa. Kak ¢ MX IOMOINBIO OOBSCHHUTH JTHHEHYaThIit
CIIEKTP aToMa Bogopoja?

Hexons nz Teopuu Bopa, oIpefieninTe cKOpOCTh ABHXKEHHS ANIeKTPOHA Ha IIPOH3BOIEHOM
SHEPreTHYECKOM YPOBHE.

Omnpenemre MaKCUMAIbHYIO JUIMHY BOJHEL CBETa, IIPH KOTOPOH BO3MOXHA HOHM3AI[MSI
aTOMa BOJOPOJA, HaXOMSIIErOCS B OCHOBHOM COCTOSHHH.

Kaxyro sHepruio (B 5B) nomxeH HMeTh (OTOH, UTOOBL IIEPEBECTH aTOM BOZOPOZAA M3
OCHOBHOI'O COCTOSIHHSL B COCTOSIHHE C 1 = 57



CpaBHHTE TIEpPBEII GOPOBCKHIL pafiyc AL aToMa Bogopoxa u amst He'.

B ueM 3aKIFOYaroTCs IPOTHBOPEUHS M HEJOCTATKH TeopHH aToMa bopa?

B yem cyiHoCTh oIBeIToB Ppanka u 'epira?

Kakme OCHOBHBIE BRIBOABL MOJKHO CeIaTh Ha OCHOBAaHHH OIEITOB DpaHKa u ['epiia?

Hcnonesys oneiTel Opanka u ['epifa, IOATBEPAUTE CIIPaBEAIHBOCTH BEIBOAOB BTOPOIO
rocrynara bopa.

[Ipn KakoM YCKOPSEOILEM ITOTeHIMane OyAeT HaOMFoAaThCs Pe3kKoe IaJieHHe aHOIHOrO
TOKa B onbITax @Opanka u ['eplia, ecnu TpyOKy 3allOTHUTh aTOMAPHBIM BOLOPOAOM?

OOBsACHHTE, Ha KAKHX Y4aCTKaxX BOIbTaMIIEPHON XapaKTePUCTHKH HMEIOT MECTO YIIPYTHE
M Ha KaKMX — HEYIIPYTHE CTONKHOBEHHS 3JIEKTPOHOB C aTOMaMH.

Pasznen S.
Korma m moyeMy TpyaHO OOHApYKHMBAIOTCS BOJIHOBBIE CBOMcTBa cBera? [IpuBeaute

TIPHMEDHI.

Korgma u moyeMmy TpyAHO OOHapyXMBalOTCS KBaHTOBBIE CBOHCTBa ceeTa? [IpuBemure
TIPHMEPHI

B 4em 3akmovaeTcss KOPIYCKYIISIPHO-BOITHOBOM Ayalln3M MaTepHH?

OOBSCHUTE JaBJIeHHUE CBETA HA OCHOBE MPEACTABIEHHI BOITHOBOM M KBAHTOBOH TEOPHIH.

B uem 3aKmovyaeTcs EIMHCTBO KOPILYCKYISIDHBIX W BOIIHOBEIX  CBOWCTB
3IEKTPOMATHATHOT O U3ITYYEeHUS?

BrIpasure IMHY BOIHEL ¢ bpoiis ¢cBOOOAHOTO 3eKTpoHa uepes E, h, m u ¢, tje E —
TIOITHAS PETISITHBHUCTCKAS SHEPTHA.

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

BrBeHTEe 3aBHCHMOCTH JUITMHBI BOIHBI Jie BpOIIS PEelSTHBHCTCKOM YacTHIIBI OT €€
KHHETHYEeCKOH H%Hepruv. KakoBa 5»Ta 3aBHCHUMOCTh (M KaK OHa IIOJy4aercs) JUIsd
HEPEISATUBUCTCKOM YaCTHIIBI?

[TpuBennuTE U3BECTHBIE BAM OITBITHL ITO SKCIIEPUMEHTAIIbHOMY JIOKA3aTEIbCTBY BOITHOBBIX
CBOWMCTB MHKPOYACTHII.

OIEeKTPOH M TIPOTOH JBHXKYTCS € OJMHAKOBOW CKOPOCTHIO. KakoH M3 3THX YaCTHIL
COOTBETCTBYET OOJIbINAas AJIMHA BOJIHEIL Jie bpoiinsa?

@DOTOH M DBIEKTPOH HMEIT JOCTaTOYHO MAIIYI0, HO OJWHAKOBYIO KHHETHYECKYIO
SHepruro. Koropasd w3 3THX YacTHI[ XapaKTephusyeTcs OOIbINEH AIMHOM BOIHBI Je bpoitnsa?
OtBeT OGOCHYWTE.

ITpoToH, (OTOH M AIMEKTPOH XapaKTePH3VIOTCS OJHHAKOBOH JITHHON BOIHEI e Bpoitns. B
KaKOM TIOPSIKE 3TH YacTHIBl IPOMIYT OAMHAKOBOE PACCTOSHHE, €CIIH HX OXHOBPEMEHHO
«BBIITYCTUTE » W3 HEKOTOPOH TOUYKHA B MOMEHT BpeMeHH f = (). OTBeT OOOCHYHTE.

[Tpu KaKoil CKOPOCTH YACTHIIEI €€ AeOPOHIIEBCKAsS U KOMITTOHOBCKAS JUTHHBI BOIH PAaBHAI
MEXIY cO00i?

Korzga nmiHa BoiHE fie Bpoiiig GombIle: ecii 3IEKTPOH ABHKETCA B aTOME BOAOPO/a 110
BTOPOH HIIN TIEPBOM KPYroBou opoute? OTBET OOOCHYHTE.

Kakoi#t jumHON BOTHBL Jie Bpoitig gomkeH obmagarh (GoToH, uToOH ero Macca ObLIa
paBHa Macce ITOKOS 3IEKTPOHA?

Kak ®m BO CKONBKO pa3 pa3MyaeTcs JUIMHA BOIHEI Je bpoimsa amsa JAByx
HEPEISTHBUCTCKUX SIIEKTPOHOB, NMPOIIEAINX Pa3HOCTh ITOTEHIMATIOB, OoTiHYarornyocsa B 100
paz?

[TouemMy BOIHOBaS ITPUPOAA MATEPHI He IIPOSBIIIETCA B TIOBCETHEBHOM OITHITE?

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

B uyeM, olmpasch Ha COOTHOIIEHHE HEOIIPeHENeHHOCTEH, COCTOHT OTIIHUYHE OITHCaHHSI
TIOBEZEHHS YaCTHI B KJTaCCHYECKOH M KBAaHTOBOH TEOPHSX?



[ToueMy JKeNAlOIIMX ONPOBEPTHYIH COOTHOINEHHE HEOIpPENeTIeHHOCTeH IIyTeM
MBICTICHHBIX OIIBITOB KAET IPYCTHAS Cyap0a «H300peTaTeneii» BEUHOIO IBUraTENs?

[ToueMy CHEeACTBHS COOTHOIICHHI HEONpemeNneHHOCTeH  HEeCYIeCTBEHHEI I
MaKpOCKOITMYECKIX TeN?

[TokaxmiTe Ha KaKOM-TTHOO IIPHMeEPE, UTO COOTHOIIIEHHE HeollpeAeIeHHOCTE He BHOCHT
OTPaHHMYEHHMH IJIsI HCIIOMb30BAHHI B KIIACCHUYECKOM CMBICTIE ITOHATHIH KOOPAHHATHI M MMITYIIbCa
JUIS MAaKpoOTell.

Hcxomss W3 COOTHOIIEHHMS HeompeaeneHHocTelt AE-At=>Fh, OleHHTe IHMPHHY
SHEPIreTHYECKOIO0 YPOBHS: 1) II91 OCHOBHOI'O COCTOSHHSA aToma; 2) IS BO30YKIESHHOIO
COCTOSIHH S (BpEMS JKH3HH BO30YKIEHHOIO COCTOSHUS ~10 HC).

Pasznen 6.
3armImre yCIoBHE HOPMHPOBKH BOITHOBOH (DYHKIIH.

[Touemy (pakTHUeCKH BCerja MOYKHO OIPaHHYHTEHCS HOPMHPOBKOH BOTHOBOH ()YHKIIHH
Ha eAUHHUILY?

Kaxkie orpaHHIHTENbHBIE YCIIOBHS HAKITaABIBAIOTCSA HA BOITHOBYIO () YHKITHIO?

3armimre U O0BSICHUTE IPHHIIMIL CYTIEPIIO3UIIMH B KBAHTOBOH MEXAHHKE.

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

BonHopas (yHKIHS, OIMHCHIBAIOMIAs] OXHOMEPHOE JABI)KEHHE CBOOOIHOH YAaCTHIIHL,

—i(Er—p_r)

W(x t)= Ae * , Tlme A — aMIUINTYyZa BONIHHL Je¢ bBpoitna, £ H p — COOTBETCTBEHHO
SHEPIHs H UMITYIIbC YacTHIlbl. OINpeAeiTh INIOTHOCTh BEPOSTHOCTH OOHAPYKEHMS YaCTHIIBL B
JIAaHHOM TOYKE IIPOCTPAHCTRA.

[Touemy (hH3HYESCKHIT CMBICT CBSI3BIBAacTCA He ¢ camoi WP-pyHKIMeH, a ¢ KBaJpaToM ee
MOZYIIS |1P(F, f)‘2 =W (F, 1) W(F,t)?

[loueMy B KBaHTOBOH MeXaHHKE pPacCMATPHBAIOT MMEHHO KBaJpaT MOJYIIS BOTHOBOH
dymKIEm?

3armInmMTe BhHIpakeHHEe TSI BEPOSITHOCTH HAaXOXKICHUS YaCTHIIB B OKPECTHOCTH TOYKH X,
¥, Z B MOMEHT BPEMEHH 1.

Kakoli cMBICI MMEET IUIOTHOCTh BEPOSATHOCTH B KBAaHTOBOM MexaHuke? Kak oHa
OITPEEIISIETCS?

BonmHoBag ()YHKIMS, OITHCHIBAIOMIAS COCTOSHHE MHKPOYACTHI[BI, JaeTcs BRIpaKeHHEM

I
—Et
Y(x,t)=y(x)e " . JlokaxuTe, HYTO IUIOTHOCTH BEPOSTHOCTH HAXOXJEHHSI YaCTHI[EI

OIIPEeZIENIeTCS TOMBKO KOOPAHHATHON W-(DyHKI[HEH.

[ToueMy MaTeMaTHYECKWH armiapaT KBaHTOBOM MEXAHHKH OTIIMYAETCS OT TaKOBOTO B
KIIaCCHUYECKON MeXaHUKe?

Yro Takoe omnepaTop? cyMMa M pazHOCTh olepatopoB? IIpuBeuTe IMpUMEpEI.

Yto Takoe mpousBeieHUe oneparopoB? [loscHuTe IpHMepaMH.

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

Kakwne omeparopbl HasbpIBarOT JMHEHHBIMU? [loueMy KBaHTOBas MeXaHHMKa HCIIOIb3YeT
HMMEHHO JINHENHBIE OIepaToOphl?

Kakne omepaTopsl HaspIBaroT SpMHTOBBIMH? [loueMy HMMEHHO 5TOT BHJ OIIEpaTOpPOB
HCITONb3YIOT B KBAHTOBOH MEXaHMKe?

Yro Takoe COOGCTBEHHBIE 3HAYEHHS M COOCTBEHHBIE (DYHKIMH OIlepaTopa (hPH3HYECKOi
BETIMYMHBI?

3aImImTe ypaBHEHHE JUIS COOCTBEHHBIX 3HAUEHHI M COOCTBEHHBIX (QyHKIWMH H
oXapakTepH3yire ero.



KakoBa cB3b MeXIy COOCTBEHHBIMH 3HAUSHISIMI OllepaTopa M HaOMFOJaeMbIMH Ha
OITBITE YHCIIOBBIMI 3HAUEHISIMH (PH3HUECKOH BEIUHHBL, H300pakacMOi JaHHBIM OIlepaTopoM?

Korma MoHO FTOBOPHTH O KBaHTOBaHHH (PH3HYECKIX BEITIYHH ?

Kaxrie crcTeMbl (pyHKIUHIT SBIISEOTCS OPTOrOHATIBHBIMI M HOPMIPOBAHHBIMH?

Kak BRIMHCILTIOTCS CpeHIEe 3HAUSHHS (PH3HUECKIX BeTTHUHH?

Korga MOXHO OZHOBPEMEHHO M TOYHO 3aJaTh 3HAUECHHS ABYX KBAHTOBO-MEXAHHYECKIX
BEIIMYHH?

[Toyemy orepaTOpbl KOOPAMHATH H HMITYJIbCA SBILEOTCS OCHOBHBIMH OIEpaTOpaMH, a
BCE OCTAlIbHBIE OIIEPATOPHI — MPOH3BOAHBIE?

[Tomyunre KOHKPETHBIH BHJ OllepaTopa BEKTOpa MOMEHTAa HMMITYIbCa H OIEPaTOpPOB
MPOEKIMIT MOMEHTa HUMITYIIbCa Ha OCH KOOPIHHAT.

OOGocHyiiTe, 4YTO ONEparop IPOEKIMH MOMEHTa HMITyJIbCa Ha IIOSAPHYIO OCh

L =—in-9/9¢.

[Toka)kuTe, YTO COOCTBEHHBIE 3HAUeHHS omeparopa L o0pa3yloT IMCKPETHBIH P

3HAYECHHH.

[Tonmy4ynre 3HaYEeHHE ONEPATOPAa KHHETHYECKONH 3HEPTHH.

HMmMeeT M CMBICTT B KBAaHTOBOM MEXAHHKE XapaKTepHOE IS KIIACCHYECKOH MeXaHHKH
IIpeJICTaBICHNE TIOTTHON 3HEPIHH B BHJle KHHETHYECKON U MTOTEHIIHAIIbHOM? [Touemy?

YT0 Takoe raMHIIbTOHHAH U OIePaTop ITOIMHOW SHEPT UK ?

SIBILSFOTCS JIM OIEpaTopsl 7 H U KOMMYTHPYIOIIMMH ?

ConocTaBbTe U3BECTHBIE BaM B KBAHTOBON MEXAHUKE OIEPATOPHL ¢ COOTBETCTBYIOITHMH
(usMIecKUMH BEIHUYMHAMH B KITacCHMUYECKOM MexaHMKe. Kakoil BBIBOJ MOKHO CHeNaTh Ha
OCHOBE 3TOro?

MOXHO M TOBOPHTH O TIOMHOW (POPMATBHON aHATOTHM MEXIy armrapaTamMu
KIIaCCHYECKON M KBAaHTOBOH MexXaHUKH?! [loyemy?

Paznen 7.
B deM 3aKiIrOUaeTCs CTaTHCTHYECKAs HHTEPIIPETAIlHS BOITHOBOH (DYHKI[HH?

JIII KaKMUX 4acTHII CIpaBeNIHBO ypaBHeHue [Ipeaunrepa?

[Touemy ypapHeHue [Ipeaurrepa chopMyITHPOBAHO KaK BOTHOBOE YpaBHEHHE?

IIpucyrctBue uyero B ypaBHeHWHM IlIpenuHrepa SBISETCS CIEJCTBHEM KBAHTOBOI'O
XapakTepa 3TOr0 ypaBHEHUS?

—i(Ef—ﬂ.z-r)

Jokaxute, uro ¢yuxuus Y(x,1)=Ae " SBIISIETCS pEIlleHHeM YpaBHEHHS
[pexurrepa. ByfeT M ero perenueM GyHKImsS P+P'?

3armnmre BPpeMEHHOE M CTAaIlMOHApHOE ypaBHeHus lllpemuHrepa M IpoaHAIM3HPYHTe
HX.

CoBepImTe Tepexo]] 0T BpeMeHHOTO ypaBHeHHA [IpefMHTepa K CTaIMOHAPHOMY.

KakoBa BomHOBas (YHKIIMS, ONMCHIBAIONAS COCTOSIHHE YACTHUIBI, B ClIydae
CTAIL[HOHAPHOIO MTOTEHIHATIEHOT O TTOJIS?

PaccMmoTpute, sBIAETCS ITM  pemieHHeM  ypaBHeHus Illpemmurepa  (YHKIIHS
Y(x,1)= Asin(kx — ©t) -

3armmmre OZHOMEPHOE BpeMEHHOe | CTal[MOHapHoe YypaBHeHus Illpemumrepa,
IIpOaHaIN3UPOBAB HX.

Kak oGbsacHUTE, YTO B ypaBHeHHe [IIpeauHrepa Macca 3IeKTPOHA BXOJUT SBHO, a 3aps
— HeT?

3armImmre BpeMeHHOe M cTaloHapHoe ypaBHeHus IllpeanHrepa B onepaTopHoit gopme
M TIPOaHATH3HPYHTE HX.

Korma somuoBas ¢ymkimsa W(x, y, z, £) = W(F , f) OIHO3HAYHO OIpPENENIeTcs
ypaBHeHHeM [lIpenumrepa?



Kakoft BEIBOI MOXKHO CJelaTh, CpaBHHB CTALlMOHAapHOe ypaBHeHMe IllpemHrepa ¢

ypaBHEHHEM [T COGCTBEHHBIX 3HAUeHMH H cOOCTBEHHBIX byHiamit L= Ly ?

Y10 MOXKHO cKa3aTh 00 orepaTopHOi popMe ypapHeHHs [llpeamrrepa?

Kaxag uactiifa SBIIeTCS CBOOOMHOM?

[Tokaxre, 4YTo AN CBOOOMHOIO 3MEKTPOHA BEPOSTHOCTh €ro OOHapy:KEeHHS B JIOO0O0M
TOUYKE OCH X OJHMHAKOBA.

[Iokaxwure, YTO 3HEPreTHYECKHH CIIEKTP CBOOOMHO ABIDKYINEHMCS YaCTHIBI SBIISETCS
HETIPEPBIBHBIM.

Halignte coOCTBEHHBIE 3HAYEHHS SHEPIHM YacCTHIBI B OXHOMEPHOH <«IIOTEHI[MAIbHON
sAne» ¢ 6eCKOHEYHO BEICOKMMH «CTEHKAMI ».

KakoBa HauMeHbINIas SHEPIHSA YACTHIBI B «IIOTCHIIHAIBHOH sMe» ¢ OEeCKOHEUHO
BBICOKHMH «CTEHKaMI»?

BombIrie MMM MeEHBINE SHEPrHS YaCTHIIBI, HAXOASINEHCS B «ITOTCHI[MAIBHOM SIME», B
COCTOSIHHHM C 1 = 4 110 CPAaBHEHHIO C COCTOSIHHEM C 1 = 27 Bo CKOIBKO pas?

Haiimire HOpMHPOBAHHYIO BOTHOBYIO (DYHKITHIO OCHOBHOTO COCTOSHHS.

UeMy paBHa pPa3HOCTh SHEPrHM MEXAY YEeTBEPTHIM M TPETBHM 3SHEPreTHYECKHMH
YPOBHSIMH ?

[TokaxkHTe, YTO IS OYeHb MAJIOH YacTHIIHI KBAHTOBAHHE CTAHOBHTCS 3aMETHBIM JIHIID
TIPH pasMepax «SMBI» TOPSAKa aTOMHBIX.

Hapucyiite rpadHk 3aBHCHMOCTH TUIOTHOCTH BEpPOSTHOCTH OOHAapy»KeHHS YacTHIBI B
COCTOSIHHH C 1 = 3 OT PacCTOSIHHA OT «CTE€HOK» IMPSAMOYTOIIbHOM OJHOMEDPHOH «SMBI». B Kakmx
MECTaX BEPOATHOCTh HaXOXKIEHHS YacTHIIBI HanOombInas? HanmMeHsbImasa?

[TokaxuTe, HCIIOIb3YsI COOTHOIIEHHE HEOMPEAETIEHHOCTEH, UTO B «ITIOTEHIHAIbHOMN SIMe»
CO «CTEHKaMH» KOHEUHOH BBICOTHI SHEPTHSI YACTHIIBI HE MOKET OBITh PaBHOH HYITHO.

KakoBbl yCIOBHSI Ha TPaHHIAX «IIOTEHIMATbHOM SIMBI» C OECKOHEUHO BBICOKHMH
«CTEHKaMH» U CO «CTEHKaMH» KOHEUYHOH BBICOTHI? YeM OOYCIIOBIIEHBI Pa3IIMUYAA MEXKY HUMH?

YeMy paBHa Pa3HOCTh BHEPTHI MeKIY ITBIM M BTOPBIM SHEPIreTHYECKHUMH YPOBHSIMHU
KBAHTOBOT'O OCI[HUIIIATOPa?

OOBSCHUTE, TTOYEMY HAMHM3IIEE COCTOSHHUE OCIMIUIATOPA HE MOXKET OO0llaJiaTh HYIIEBOH
SHEpPrHUEn.

MoXeT M 4acTHIla HAXOAHTHCS Ha JHE «IIOTEHIMAIbHON SMBI»? OMpelensieTcs IH 3TO
(dhopmoit «sMEI»? OTBET 00OCHYHTE.

3aBUCHT 1M paclpelielieHHe SHEPreTHUYECKHX YPOBHeH OT (OPMBI «ITOTEHI[HAILHOM
SIMBI»? OTBET IPOMILTIOCTPUPYHTE.

[IpoBepbTe BBIOIONHEHHE COOTHOINEHUS HEOIPEAETIEHHOCTEH M1 KOOPAHHATBL H
COOTBETCTBYIOIEH IPOEKI[MH HMITYIIbCAa YaCTHI[bI, COBEPINAONIEH ITMHEHHBIEe TAPMOHHYECKHUE
KoneOaHus (CTallHOHAPHBIE COCTOSHUA).

SIBmsrOTCST  TM YPOBHM  SHEPTUM  JIMHEHMHONO  TapMOHHWYECKOrO  OCIHIIIATOpa
BBIPOKIAEHHBIMU ? OTBET OOOCHYHTE.

B yem oTIIHYHE KBAaHTOBO-MEXAaHHYECKOTO M KITACCHYECKOTO OITHCAHUS TAPMOHHYECKOTO
ociyuisropa? B BRIBOIAX 3TUX OITMCAHUI?

Kak cBs3aHBI MeXIy co0oi K03 PHIIMEHTHI OTpaKeHHs M Ipo3payHocTH? Kak MOXHO
HCTOIKOBATh 3TY CBSI3b?

KakoBpa BepOSTHOCTH HAWTH KBAaHTOBYIO YaCTHILY Ha €IUHUIIE JIIHHEI B ciiydyae E < Uy?

YeMmy paBeH KOAPGHIHMEHT OTpakeHNs Ha TPaHHIle TTOTEHIHATLHOrO ITopora Ul cry4vast
E < Uy?

Paccmorpure IpeenbHBIH ciIyyai, Korja BEICOTa JIOTEHI[HAIBHOIO II0pora CTPEMHUTCS K
OeCKOHEUHOCTH, T. €. Korja Uy — oo, a sHeprus E He m3MeHsercs. Kakue (Qu3nueckue BEIBOIEI
MOKHO CJIeJIaTh JIJISI TaHHOTO CITy4asi?

KaxuM ycIoBHSM YIOBIETBOPSET ITOTEHI[HATBHAS SHEPIHS B CIy4ae IIPSMOYIOIIBHOIO
TTOTEHIHMAIBHOT O ITopora?



B 4eMm orimiuiie IMOBEIEHMSI KIaCCHYECKOHN M KBaHTOBOH 4dacTHil: 1) mipu E < Uy; 2) mpu
E>Uy?

Hafite ompemeneHHs KO3(PQHIMEHTOB OTpPa)KeHHS H IpospauHocTH. Hafigure mHx
3HAUYEHHS IS HU3KOIO IPSAMOYTOIBHOIO ITOTEHIIHATBHOI'O ITOPOra.

Kaxrim yclIOBHSM YIOBIETBOPSIET IMOTEHIIMATIbHAS SHEPrHs B ClIydae MPSMOYTOIBHOTO
ITOTEHIMAIBHOr 0 0apbepa KOHEYHOM I PHHEL?

3armImTe U [MpoaHaIH3HpPYITe pelleHne ypaBHeHH [IIpeauHrepa B ciiyyae KBaHTOBOH
yacTHIEI ¢ £ > Uj.

3armImTe U IIpoaHalH3HpYHTe pelleHne ypaBHeHUs [IpenuHrepa B cioydae KBaHTOBOM
yacTHIEI ¢ E < Uj.

Kakmmi cBoiicTBaMH MHKPOYACTHIL OOYCIIOBIEeH TYHHEIbHBIH 5 QeKT?

[ToxakuTe Ha KOHKPETHBIX IIPUMEPAX, YTO TYHHEIbHbIN 3(PQPeKT HaOMoaeTcsl b B
001aCcTH MHKPOCKOIIMYECKHUX SIBIIEHIH.

Kak MOXHO TpPHITH K BBIpAXEHHIO IS KO3(p(QHIEeHTa IPO3PaYHOCTH B CIy4ae
IIPSIMOYTOJIBHOTO TOTEHITHAIIBHOIO Oapbepa KOHEYHOM IMMPHHBI? IPOU3BOIILHOTO Oapbepa?

Kak m3MeHsteTcss Koa(p(pHITMEHT MPO3PavyHOCTH: 1) ¢ YMEHBIIEHHEM IMMPHUHEL Gapbepa; 2)
C POCTOM €T'0 BBICOTHI; 3) C YBETIMUCHHEM MACCHI YACTHI[EI; 4) ¢ YMEHBIIEHHUEM IIOITHOM SHEPTHH
YACTHIIBI?

OrieHuTEe, CKOIBKO 3NMEKTPOHOB € sHeprued 1 3B M3 KaXkIbIX CTa TPOHAYT CKBO3b
IOTEHIMAIIBHBIN Oapbep BICOTOM 5 3B u rmmpuHoi 150 mmv.

Pasznen 8.
B yeM HbIOTOHOBCKAs MeXaHMKa MPOTHBOPEYHT KBAaHTOBOH MEXaHUKE?

3armMImre cTallMOHApHOe ypaBHeHHe [llpemuHrepa AL BOAOPOIOIOAOOHOW CHCTEMEL.
[TpuBeauTe MpUMepH BOXOPOAOIIOAOGHBIX CHCTEM.

[Toyemy HamGonee TMOAXOAMIEH KOOPAMHATHOW CHCTEMOH MJISI PacCMOTPEHHS aroMa
BOZOPOIa sBIsIETCA chepuueckasn?

[IpoaHaym3upyiite  (KaueCTBEHHO) XOJ  PEIIEHHS  CTAallHOHAPHOIO  YPaBHEHMS
[IpeauHrepa A7 aToMa BOAOPOAA B cpepHuecKUx KoopauHaTax. Kakue BRIBOMBI CIEAYIOT U3
€ro pelieHus?

3armmmre CcOOCTBEHHBIE 3HAYEHWS DSHEPIUM  3MEKTPOHA B aTOME BOAOPOA,
oIpefiensieMble pereHrueM ypaeHeHns [llpeauHrepa, U MpoaHanH3UpyiiTe UX. B yem ornmuue u
CXOJZICTBO C Pe3ylbTaTaMu TeopuHu bopa?

YeMy paBHa KPaTHOCTH BRIPOKACHUS COCTOSHHS, COOTBETCTBYIOMIETO 11 = 3?

Kakve BemmuuMHBI JUIS 3JEKTPOHA B aTOME OINPEAETCHBI, €CIIM HM3BECTHHl KBAaHTOBHIE
ymcna n, [ 1 my?

[ToueMy KBaHTOBAsI MEXaHUKA HE UCIIOIB3YET IIPeJICTABICHHE 00 3IeKTPOHHBIX OpOUTax?
YTo XapakTepU3yrOT KBAaHTOBBIE YMCIIA 11, [ U myy?

Kakvie BemM4MHBI, XapaKTEpHU3YIOIMHE 3JIEKTPOH B aTOMe BOAOPOJA, KBAaHTYIOTCS?
3armImre COOTBETCTBYIONIHE (POPMYIIHI.

[TpencTaBbTe CHMBOIMYECKYIO 3AITHCh 3IEKTPOHOB B cocTosHUSX ¢: 1) n=3,1=0, 1, 2;
Dn=4,1=2;3)yn=2,1=1.

KakoB (pu3HiecKuii CMBICT paclipeieleHNsI INTOTHOCTH 3apsia B 3leKTPOHHOM o0nmaKe?

Chopmymupyiite npaBuita oréopa U1 OPOUTAIIBHOIO U MAarHUTHOT'O KBAHTOBBIX YHCEI.
Bcerza mu oHu BRIMTONMHSEOTCSA? Kak MOXKET M3MEHSITHCS ITTaBHOE KBAHTOBOE YHCII0?

Kaxue nepexosl cooTBeTcTBYIOT cepuH [lamena? Mcmoms3yiite CHMBOITHYECKYIO 3aIIHCh
COCTOSTHHI.

Penip paguansHoe ypaBHenue [llpemmHrepa g 1s-cOCTOSHHMSA 3JIEKTPOHA B aTOMe
BOZOPOZA, IIPOKOMMEHTHPYHTE 3HAYEHH I NI a U E.

CxomBbKO OyZeT Pa3MYHBIX BOHOBBIX (PYHKIM JIg n = 47

KakxoB KBaHTOBO-MEXaHHYECKHI CMBICII TIEPBOIO OOPOBCKOTO pajgnyca?



B ueM oOTmiume BBIBOZOB KBAaHTOBOH MEXaHMKH M Teopru Bopa mmst 1s-COCTOSHIS
SIEKTPOHA B aTOME BOZOpoa?

ONmeKTpoH B aTOME BOAOPOAA HAXOAUTCS B ls-cocrosrmim. Ompefemire HauOomee
BEPOSATHOE PACCTOSHHE IEKTPOHA OT SApa.

Pasnen 9.
MO>HO ITH TOBOPHUTE O CXOJACTBE CITEKTPOB HCITYCKAaHHS aTOMOB IIEIOYHBIX METAIIIOB U

aToMa Bogopoma? Ilouemy?

3armimre U IIPOKOMMEHTHpYHTE (OpPMYITY UIS OIpeleNleHHs CIIeKTPaIbHBIX TePMOB
IIETTOYHBIX METaJIIOB.

Kakne 3HayeHHS MOXKET IIPHHHUMAaTh IIPOEKIMS CITMHAa 3JIeKTPOHa Ha 3aJaHHOe
HaITpaBJIeHHEe? 3alHMINMTE 3aKOH KBAHTOBAHM CITMHA SIIEKTPOHA.

Yemy paBeH MOAYIIb CIIMHOBOI'O MarHUTHOI'O MOMEHTA 3IeKTPOHA?

B yeM oTimMuKMe OTHOINEHMHA MArHHUTHOI'O M MEXaHHYECKOr0 MOMEHTOB, 00YCIOBIEHHBIX
OpPOHUTAIIBHBIM JBHKEHHEM DIIEKTPOHA, M COOCTBEHHOIO MAarHMTHOIO MOMEHTAa H CIIHHA
3IIEKTPOHA?

[ToyeMy HapsAmy ¢ APYTHMH KBAaHTOBBIMH YHCIIAMH OOBIYHO HCIIONB3YETCS MArHHUTHOE
CITHHOBOE KBaHTOBOE YHCIIO, a HE CITHHOBOE KBAHTOBOE UHCIIO?

Paznes 10.
Yro npegcrapisgeT codoi MarHeToH bopa?

YeMy paBHO OTHOINEHHE IIPOEKIMil OpOHTATBHBIX MATHHTHOTO M MEXAHHYECKOTO
MOMEHTOB 3JIEKTPOHA Ha ITPOH3BOIBHYIO OCh z?

Hapucyiite u oOBSCHHUTE HAaIlpaBIeHHUS OPOHUTABHBIX MEXAHHYECKOTO M MATHUTHOI'O
MOMEHTOB.

3armnmre BEIpakeHUe AJIT MOAYTIS OpOHTATbHOTO MarHUTHOTO MOMEHTA.

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

YeMy paBHO THPOMAarHHTHOE OTHOINEHHE OPOHTAIBHBIX MOMEHTOB 3/EKTPOHA,
JIBHKYITIETOCS 110 TPEThEM opOUTe aToma Bogopoaa? [1oscHUTE pe3yibTar.

B uem 3akmrouyaeTcs CYIb CIIMH-OPOHUTAIRHOIO  B3aMMOJeHcTBHA? YeM OHO
OITPEEIISETCS?

Bceerzma mi, Ha CKOJIBKO H TTOYeMY IIPOMCXOAHT PACINEIUIEHHE SHEPreTHUECKIX YPOBHEH B
Pe3yIbTaTe CIIHH-OPOUTAIIbHOTO B3aUMOAEHCTBUA?

Ha3zoeuTe U MOsSCHUTE (PAKTBI U TEOPETHUECKHUE IPETOCHUIKH CYITIECTBOBAHUS CITHHA
3IIeKTPOHA.

KaxoBrI Hiies W BRIBOJEI OIIBITOR JHHINTEHHA U I ['aaza?

[Touemy B ommitax IlltepHa u I'eprmaxa HCIONB3YIOTCS ITYYKH aTOMOB XHMHYECKHX
3IIEMEHTOB TIEPBOH I'PYIITHL [IepHOAMIECKONH CHCTEMBI?

ITouemy B omertax IlITepHa u I'epiraxa HCMONMB3YETCA CHITBHO HEOTHOPOHOE TTore?

ITouemy omeiter Illteppa u T'epmaxa SBISTIOTCS  IIPSMBIM - JIOKA3aTENhCTBOM
CYII[ECTBOBAHUS CITMHA SIIEKTPOHa?

[To xax¥M 3aKOHAM KBAHT YEOTCS TTIOTHBII MOMEHT MMITYJIbCa 3IEKTPOHA M €ro IPOeKIus?

Pazgen 11.
B uem cyTh sdderra Seemana?

MoxeT m 3¢ dekT 3eeMaHa HaGIIFOIaThCS AT aTOMOB JuaMarHeTHka? [Touemy?

Ha cxonpko mogypoBHe B MarHUTHOM I10JI€ PacllellIsSeTcs f~COCTOsSHUE?

OObBsScHHTE MeEXaHH3M  pacUIeIUIeHHS JIHHHH B CIy4ae  CIIHH-OpOHTaIbHOIO
B3aUMOJIEHCTBHS; B clTydae 3 dekra 3eeMaHa.

Paszmen 12.



OsHavaeT M U3MEHEHNE 3HaKa BOTHOBOH () YHKIIMI H3MeHeHMe cocTosHIA? [Touemy?

Kak ompezensercs IMpHHAIIEKHOCTh CIOKHBIX YaCTHII (HAIlpHMep, aTOMOB) K 0030HAM
Wi (pepMHoHaM?

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

[Touemy TTPHHIII HEPA3TIYMMOCTH TOKIECTBEHHBIX YACTHIL SABJISETCS
(hyHIaMeHTaIbHBIM IIpHHIHIIOM? B uem ero cyTth?

B yem ormMurie oImcaHMS TOKAESCTBEHHBIX YacTHI[ B KIACCHUECKOM H KBaHTOBOI
TEOPHH?

CHcreMa COCTOHT H3 TOXKJASCTBEHHBIX (PEPMHOHOB; TOXKIECTBEHHBIX 0030HOB. B Kakom
criydyae BONMHOBas (YHKIHA OyleT CHMMETPHUYHON OTHOCHTENBHO IePecTaHOBKH IEOOOH ITaphl
YACTHIL?

YacTHIBI OAMHAKOBLIE, TOXKACCTBEHHbIE, HEPA3IMYNMEIE. B UeM OTIIHYHE H CXOACTBO B
HMX OITHCaHHH?

UeMy paBHO MaKCHMAaJIbHOE 3HAUY€HHE ITPOSKIMH MOMEHTa HmMITylIbca Il L- u M-
3IIEKTPOHOB?

KaxoBo MakCHMAIIBHOE YHCIIO 3JIEKTPOHOB B p-COCTOSHHN? OTBET OOOCHYHTE.

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

CKOIIBKO 3IEKTPOHOB B aTOMe, Y KOTOPOrO B OCHOBHOM COCTOSIHMH 3artonHeHbl K- u L-
000J104Ka, 35-11010007I0YKa U B 3p-TI0J000II0YKE UMEETCS IISITh IeKTPOHOB? UTO 3TO 3a arom?

3armImre 5IeKTPOHHYIO KOH(HIYpaI[HIO JUIS aToMa, CIEAYIOIEro 3a aTOMOM, O
KOTOPOM HJET Peub B IIPEABIAYINEM BOITPOCE.

CKOJIBKO Pa3HBIX COCTOSIHHM Y AIIEKTPOHA C TTTaBHBIM KBAHTOBBIM YHCIIOM # = 37

CKOJIBKO 3IEKTPOHOB MOXKET HAXOAHUTHCS B ITOM000IOUKe ¢ n =5, [ =27

Kakue 3HaueHH A MOTYT IIPUHUMATD 7y U mi, TIpU n = 5, [ = 47

KakoBo MakcHMAalbHOE YHCIIO 3IEKTPOHOB Ha MOA00O0NOUYKe ¢ OpOHTATBHBIM KBaHTOBBIM
yuciioM? OTBeT 00OCHYHTE.

KakoBo MakcHMalTbHOE YHCIIO 3JIEKTPOHOB B aTOMe C IMIABHBIM KBAHTOBBIM YHCIIOM #17
OtBeT 00OCHYHTE.

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

Kak m3meHwIach OBl CTPYKTYpa 3IEKTPOHHBIX O0ONOYeK aroMa, eClTH OBl 3IeKTPOHBI
ObUH He (pepMHOHAMH, a 6030HAMH?

Paznen 13.
HaumHast ¢ Kakoro sieMeHTa BO3MOXKHO ITosBIeHHE M-cepun?

[louemy K-cepusi pEHITEHOBCKOIO W3IYYEHHS B CIy4ae TSDKEIBIX 3IeMEHTOB
COIPOBOXKIAETCS MOSIBIIEHUEM APYIHX CEPHii?

Halifyre TrpaHHYHYIO JUIMHY BOJIHBI TOPMO3HOIO PEHTI€HOBCKOTO H3IIYYEHHS IIpH
OoMOapIUPOBKE aHO A AIEKTPOHAMU ¢ AHeprueit 60 k3B.

Kak M3MeHSTCSd MHTEHCHBHOCTh PEHITEHOBCKOTO H3IIYYEHWS M TPaHMI[a CIUIONIHOTO
CITEKTpPa ¢ YBENWYEHHEM: |) HaITPsSKEHUSI MEXIY KaTOZA0OM M aHOZoM? 2) HaKajla HUTH KaTozja?

OOBSCHUTE IPOUCXOXKAEHHE KOPOTKOBOIHOBOI T'DaHMI[BI CIIEKTPa TOPMO3HOIO
PEHITEHOBCKOTO H3ITYYESHISL

B ueM npHYMHA 3HAYUTEIBHOIO PA3IHYMS OINTHYECKOTO M XapaKTEPUCTHYECKOro
PEHTTEHOBCKOTO CIIEKTPOB aroma?

[loueMy TOpPMOBHOE PEHITEHOBCKOE M3IyYeHHe HMeeT CIDIOIIHONH CIeKTp, a
XapaKTEPHCTHYECKOE — JIMHEHIaThIi?

Kakasg u3 Tpex JHMHHA XapaKTePHCTHYECKOIO PEHITEHOBCKOro crekrpa — Kq, Kg, Ky —
caMas KOPOTKOBONIHOBas? caMasl HHTEHCHBHAS?

B ueMm CIDIOMHON PEeHITEHOBCKMI CIIEKTP IIOATBEPIKIAET KIIACCHYECKYIO TEOPHIO
M3ITYYEHHS, a B UeM efl IIpoTHBopeynT? OTBET OOOCHYHTE.



KakoBbl XapakTepHble O0COOEHHOCTH TOPMO3HOIO PEHITE€HOBCKOro criekrpa? Haiite M
00BSICHEHHE.

SarmimmTe 3aK0H MosnH st mHuM Lp.

Hcxoms u3 3akoHa MO3nmH, ONpeAennTe, BO CKOIBKO pas AMHHA BOTHBL Ko-TIHIM
Bonb(ppama (Z; = 74) OTIHUAETCS OT ATTHHEL BOTHBL Ko-TIHHIH HHKeTS (Z; = 28).

Paznea 14.
KakoBbl THIIBI XUMHYECKOH CBA3H? KakoB X MexaHuszM? [IpuBeaure IIpuMeEpHI.

3armmmre ypaBHeHHe [llpemuHrepa Al MOIEKYIBI BOAOpoZa B aguabaTHOM
TIPUOITHKEHHH.

OOBscHUTE, HAPHCOBaB IPapHK 3aBUCHMOCTH ITOIHOM SHEPTUH JBYXATOMHOH MOTEKYIIBL
OT PACCTOSHUSI MEXY SIPaMH, HATHYHE Pa3IHIHBIX SHEPTeTHYECKIX YPOBHEH.

Kakop MexaHH3M BO3ZHHKHOBEHHMS 3IeKTPOHHO-KOIEeOAaTENbHBIX M KonebaTenbHO-
BpaIlaTeIbHBIX CIIEKTPOB?

KakoBbl TpHONH3UTENBHO PACCTOSIHUSA MEXIY BpalaTellbHBIMH H KOJIeOaTeNbHBIMHU
YPOBHSIMH SHEPIHH MOJIEKYIIBL?

Paznes 15.
YBeIMUMBaeTCsl HIH YMEHBINAETCA CpelHee BpeMs KH3HHM aToMa B BO30YXKICHHOM

COCTOSTHHH C YBEIIMYEHUEM BEPOSTHOCTH CIIOHTAHHBIX TIEPEXOJ[OB?

Bo3MOXHO M OBITO BEIHYKIEHHOE M3ITYUYeHHe, eClIH (POTOHBEI OBITH OBl (hepMHOHAME?
OtBeT 00OCHYHTE.

Kakoe ycrnoBne HeoOXOAMMO MJISI BO3HHMKHOBEHHSI BBIHYXKAECHHOTO W3IIYYEHHS B
BelllecTBe?

Yro MOXKHO cKazaThb O (asze, TOMAPU3AIMM M HAIPaBIEHUH HCITYCKaeMbIX
SIEKTPOMATHATHBIX BOJMH B CIIy4ae CIIOHTAHHOTO H3IIYYeHHSI? B CIIy4ae BBIHYKJIEHHOTO
HU3ITy4YEHUS?

CHcTeMa aTOMOB HaXOAWTCS B TePMOJMHAMHYECKOM PAaBHOBECHH. BO3MOXHO M
YCHJIEHHE JAHHOHM CPeJioN MaJarollero Ha Hee u3nydeHHa? OTBET 000CHYHTE.

Kak ocyIlecTRIAOTCS COCTOAHN S ¢ UHBEPCHUEN 3aCOIIEHHOCTEN ?

B dem oTHYME M CXOJCTBO JIA3EPHOTI0 U3ITYYEHUI H OOBIYHOIO cBeTa?

MOJKHO ITH CO3/1aTh JTa3ep Ha (pepMHOHAX?

BosMoxHa i pabora lta3epa 1o ABYXYPOBHEBOH CXeMe akKTUBHOM cpelbl? [louemy?

OOBSCHUTE IPHHIIMIT ACHCTBUSA Ia30BOT0 JIa3epa.

[loueMy oOmHHMM #3 OOSBaTENBHBIX KOMIIOHEHTOB IIa3epa SBISETCS ONTHYECKUHI
pe3oHarop?

Yem 0OBACHUTH OONBINYIO HHTEHCHBHOCTH CBETA B Ja3zepax’?

KakoBbI CBOMCTBA JTa3¢PHOr0 U3ITyYeHU? [[pUBEAUTE YUHCIIOBBIE TIPUMEDEI.

BAPUAHTBI TPAKTHYECKHIX 3AIAHUI

Tema 1. 3aKOHOMEPHOCTH B CIIEKTPAX aTOMOB BOJIOPOJia M BOJOPOJONMONOOHBIX aTOMOB.
Paccestrme o-uactutl BemmectBoM. Dopmyia Pesepdopra.

1. Kakomy »sreMeHTY IPHHAIERKNUT BOAOPOAONOMOOHBIH CIEKTP, AMMHBI BOJH
KOTOPOTO B YETHIPE Pa3a KOpoue, YeM Y aTOMapHOIO Bogopoaa?

2 Briumcrmrh IocrosHHyro Pupbepra R, ecimy M3BECTHO, UTO 1L HOHOB He*
Pa3sHOCTb UIMH BOJIH MEXAY TOJIOBHBIMH JIMHISIMH cepuii Bansmepa u Jlafimana AA=133.7 HM.

3. HaliT ITHHY BOJHBI TOMIOBHOM JIMHHH TOM CITEKTPATbHON cepu HoHOB He®, y
KOTOPOH MHTEepBall YacTOT MeXIY KpailHNMH JTMHIIMHE AD=5.18. 10" ¢,

4, HaiitTn I'paHHIBI CIIEKTPATIBHON OONAcTH, B IIpeleniax KOTOPOH pPacIlONOKEHEI

JIHHHH CEPHH BaIJ:anepa aTOMAapHOT'O BOLOPOIA.



3, OrnpeaenuTh JIHMHBL BOTH TOJOBHBIX THHMI cepru JlaiiMaHa 171 Bogopozna 1 He'.

6. Ha#iTH IIHHBEL BOMH KOPOTKOBOIHOBBIX I'PaHHIl BOLOPOXHBIX ceprit JlaiiMaHa H
Banpmepa
7. DOTOH T'ONOBHOM JIMHIN cepHH JlafiMaHa HOHA IeJIA ITOITIOMAETCS BOLOPOIHBIM

aTOMOM B OCHOBHOM COCTOSHHH H MOHH3YeT ero. OINpemenurh KUHETHUYECKYIO SHEPIHIO,
KOTOPYIO TTOTIYYHT 3IEKTPOH TIPH TaKOit HOHM3AIIH.

8. HaiiTH ATHMHY BOTHEI Pe30HAHCHOI JrFHH Li™ .

9. Haiitn 3HEpruro CBSB3H 3IEKTPOHA B OCHOBHOM COCTOSIHHH BOJOPOAOIIOLOOHBIX
HOHOB, B CIIEKTPE KOTOPHIX JIMHA BOJIHBL TPEThEH THHUH ceprH banbmepa pasHa 108.5 Hm.

10. Haiitu  ckopocTh  (DOTO3NEKTPOHOB,  BBIPBIBAEMBIX  SNMEKTPOMArHHTHBIM

H3ITydeHHEM ¢ JHMHO BOMHEL 18 HM 13 HoHOB He', KOTOpEIE HAXOAATCA B OCHOBHOM COCTOSIHHH
U TTOKOATCSL.

11 Halitn rpaHMIel CIIEKTpaIbHOM OOIacTH, B IPeAeliaxX KOTOPOH PacIlONOKEHBI
nuHUH cepuu [lamreHa arToMapHOro BOZoOpoja.

12.  Ampda-yacTHiia ¢ KHMHeTHUecKoit sHeprueit K=0.27 M»sB paccesmmach 301mOTO#M
(oNbTOH Ha yromn 60°. Haitru COOTBETCTBYIOINEE 3HAUEHHE TIPHUIIEIILHOTO TTapaMeTPa.

13 VY3KHi ITy4OK O-4acTHI[ C KHHeTHYecKoh sHeprued K=600 k3B mamaer
HOPMAJIBHO Ha 30JI0TYIO (DOIBIY COMEPKAIIYIO n=1.1.10" H,uepfcmz. Halitn oTHOCHTeIbHOE
YHCIIO Ol-YaCTHII, PACCESHHBIX IO yriiamMu V>60.

14.  VY3Kkuif IMyYOK O-YacTHI[ IafiaeT HOPMAaIbHO Ha cepebpsHyro ¢oisry. 3a Heit
YCTAHOBJIEH CUETUMK, PETHCTPHUPYIOIIHUI YaCTHIIBI, pPacCesHHbIE B COOTBETCTBHH C (POPMYIIOi
Pesepdopaa. Ilpu 3ameHe cepebpsaHoi QoiabIM Ha IJIATHHOBYIO TOH K€ MAacCOBOH TOIIIMHEI
YHCIIO PETHCTPHPYEMBIX B EAWHHIYY BPEMEHH (-4acTHI[ Bo3pocino B M=1.52 paza. Hairu
TIOPSIIKOBBIM HOMEp IUIaTHHBI, CUMUTas, YTO IOPSAKOBBIN HOMEp cepebpa M MacCOBBIE YHCIIA
00OHX BIIEMEHTOB H3BECTHEL.

15. Y3KH# MYy4OK O-4acTHI[ ¢ KHHeTH4YecKoW sHepruer K = 600 x»B mamaer
HOPMAJIBHO Ha 30TOTYIO (POIBTY cCOleprkKallyio n = 1.1.10" auep/cM”. HaliTH OTHOCHTEIBHOE
YHCIIO O-YaCTHII, PACCESTHHBIX ITOA yriaMu 60-90.

16. Y3KH#M IIy4OK O-4acTHI] ¢ KuHeTHdeckor sHepruen K = 0.50 Mb»>B mamaer
HOPMAIIBHO Ha 30II0TYO (hOJIBIY MaccOBOW TONIMHE pd=1.5 Mr/cM”. TTOTOK 4acTHI[ B ITyuKe
COCTaBISAET I(]=5.105 ¢!, Haitru umcno O-YaCTHI[, paccesHHBIX (ombroi 3a 1=30 MHH B
HUHTEPBalE YIIIOB: 59-61; cBeiime 60;

17. Y3KH# IIy4OK ITPOTOHOB, UMEIOIIUX CKOPOCTEh Y = 6. 10° M/C, TalacT HOPMAIIbLHO
Ha cepebpaHyio (omery TommuHbe d=1 mMkM. HalfTH BepoATHOCTH paccesHHS IIPOTOHOB ITOJ
yraamu v>90°.

18. Y3KHit My4OK O-4acTHI[ ¢ KHHeTH4YeckoW sHepruer K = 600 x»B mamaer
HOPMAIBHO Ha 30JI0TYIO (DOIBIY COJEPKAIIYEO n=1.1.10" H,uepfcmz. Halitu oTHOCHTEIbHOE
YHCIIO (i-YACTHII, PACCESTHHBIX MO yriaamMu v>90, 60-120.

19. Haiitn s¢dekTHBHOE ceueHHe Ajpa aTOMa ypaHa, COOTBETCTBYIOINEE PacCesHHIO

i i ) 0

Ol-4aCTHUIL ¢ KHHeTHYeCKON 3Hepruei K=1.5 M»B B HHTepBale yIriioB cBhIe Vo= 60".
20. OddekTHBHOE CceueHHEe Sapa aToMa 30]I0Ta, OTBEYAIOINEee  PacCesHHIO

2

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

OnpefemTh KHHETHYECKYIO SHEPTHIO O-YACTHIL.
21.  DddextuBHOe ceueHHMe SApa aroMa 30JI0Ta, OTBEYAIOIEe PACCEeSTHHIO

MOHOSHEPIeTHYECKHX O-4acTHIl B HHTepBane yriuos or 90° mo 180°, pasro A6=0.5.107" e’
Onpenemits muddepeHImampHOe ceueHne paccesHua do/dg, cOoTBeTCTBYIOIIEe YTy v=60".

Tema 2. [Tocrymarer Bopa. Mogens aroma Bopa.

I. Haiity 18 BOZOPOROIOLOOHOIO HMOHAa PaiMyc n-ii OOPOBCKOM OpOHTIBI M
CKOPOCTE 3JIEKTPOHA Ha Hell. BEMMCINTD ATH BEIIMYMHEL IS IIEPBOH OOPOBCKOHM OpOHTEL aTOMA



BoZopoaa 1 HoHa He".

2. Haiitn I1s1 BOZOPOZOIMOLOOHOrO HMOHA pagHyc n-H OOpPOBCKOH OpPOMTEI U
CKOPOCTH 3JIEeKTPOHA Ha Heil. BEIMICINTS ATH BETHYHHBL 71 BTOPOi GOpOBCKOIT OPOHTHL aToMa
BOIOpoZa M HoHa Li™.

3. OmpeenuTs Mg aToMa BOAOPOJa M HMoHa He': SHEPrHIO CBS3M 3IEKTPOHA B
OCHOBHOM COCTOSIHMH M ITOTeHIHAI HOHH3ALHH.

4, OrnpenenuTs A1 aTOMa BOAOPOAa M HOHA He*: IIePBbII ITOTEHIIHANI BO30YKIEHH
W JJIMHY BOJIHBI TOJIOBHOM JIMHUH CepHH JlaliMaHa.

W, OrnpegenuTs i1 aToMa BOAOPOAa U HOHa Lit™: SHEPIUIO HOHU3AL[H.

6. OmpeenuTs g aToMa BOAOPoJa M HoHa He': CKOPOCTh SIEKTPOHA Ha BTOPOH
OOpPOBCKOH OpOHTE.

7. OnpefenuTs AN aToMa BOAOPoJa M HOHAa He': KHMHETHUYECKYIO SHEPIHIO
3JIEKTPOHAa B OCHOBHOM COCTOSIHHH.

8. Jlna aroma BogopoZa M HoHa Li"™ ONpENenuTh: KHHETHYECKYIO 3HEPIHIO
3JIEKTPOHAa B OCHOBHOM COCTOSIHHH.

9. HaiiTH 5HEpIHIO HOHM3alHMH 71 HoHoB He m Li'™™".

10. ONpeenuTh paguyc MepBoii 60POBCKOH OpOHTHI A7 HoHa Li™ .

Tema 3. Bomusl ie bpoins

1. Brerumcmuth AeOpOIIIEBCKYIO JIMHY BOJHBI 3JIEKTPOHA W IIPOTOHA, JBHXKYIIHUXCS C
KHMHeTHYeCcKOH 3Heprueh 1 k3B. IpH KakuX 3HaUeHHSIX KHHETHYECKON SHEPIUH UX JUIMHA BOJHEI
Oyner papHa 100 rmv?

2. Ilpu yBemmueHHM SHepruu AekTpoHa Ha 200 3B ero aedpoilieBcKas JUIMHA BOIIHBI
U3MEHWIAch B 2 pa3a. HaliTu NepBoHaYallbHYIO AJIHHY BOIHEI 3NIEKTPOHA.

3. Halitn ymiHY BOIIHBI MOJIEKYII BOAOPOAA, ABIXKYINUXCS C HanOolee BEPOSTHON
CKOPOCTBIO B rase ImpH Temireparype 0 %,

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

1. Halitu perienue BpeMeHHOro ypaBHeHHUs [llpeauHrepa Juid cBOOOAHON YaCTHIIBI
MacChl m, JIBIXKYINEHCS C HMITYIICOM P B ITONIOXKHTEIIBHOM HalIPaBIEHHH OcH X.
2. YacTuila HaXOJAWUTCSI B OCHOBHOM COCTOSIHHH B OJHOMEPHOW ITPSAMOYTOIIbHOM

TTOTEHIHAIIBHON SIME IMHUPUHOM [ ¢ aOCOTIOTHO HEIMPOHHUIaeMBIMM cTeHKamH (0 < x < /). Haittu
BEPOSITHOCTh MECTOHAXOXKACHHU S YaCTHII B HHTepBaie (1/3,2 I/3).

3. Yactuila  MacChl m HAXOJUTCS B OCHOBHOM COCTOSHHH B OJHOMEPHO
MPSMOYTOIMBHOM  ITOTEHITHAIBHOW siMeé ¢  a0COTIOTHO  HENPOHHMIIAEMBIMH — CTEHKAMH.
MaxkcumambHOEe 3HAYeHHE TIUIOTHOCTH BEPOSTHOCTH MECTOHAXOXKIEHHS YACcTHIBI B 3TOM
COCTOSIHUM PaBHO Py,. HalTh NmMpHHY MBI U SHEPTUIO YACTHIIHI.

4, YacTHiia Macchl m HaXOAUTCA B ABYMEPHOH ITPSMOYTOIBHON ITOTEHIMAIILHON SIME
¢ abCOIIOTHO HENPOHHUIAEMBIMH CTeHKaMH. KOOpIMHATHL X M y HaXOASTCA COOTBETCTBEHHO B
unrepsanax (0, a), (0, b), Tie a ¥ b — cTOPOHBI MBI, HaiiTH BO3MOKHBIE 3HAYEHUS SHEPTHH U
HOPMHPOBaHHBIE \-(PYHKIIMH YaCTHIIHI.

Tema 4. KBanroBaHHe aTOMOB. OIeKTpPOMarHUTHEIE Tiepexoipl. [IpaBmima orGopa H
CIIEKTPAJIBHBIE CEPHH.

L. Ornpenenurs MOTEHIHAl HOHM3AMK H TIEPBBIN IIOTEHIMAT BO30YXAEHHSI aToMa
Na, y KoToporo xBaHTOBHE Ae(eKTEl OCHOBHOrO TepMma 3S M 3P paBHEI cOOTBeTCTBEHHO 1.37 M
0.88.

2 HaiTn sHepriro CBS3H BaJIEHTHOI'O BNIEKTPOHA B OCHOBHOM COCTOSHHH aToMa Li,



€CTIH M3BECTHO, YTO IJIMHBI BOJH TOJNIOBHON IIMHIM Pe3KOH CEpHH H ee KOPOTKOBOJHOBOH
TpaHHIBI paBHBL cOOTBETCTBEHHO 0.8 13 1 0.349 MrM.

3. CKONBKO CIEKTPATBbHBIX JIMHMI, Pa3pellleHHBIX ITPaBHIaMH OTOOpa, BOZHHKAET
IIPH TIePEeX0e aTOMa JIMTHS B OCHOBHOE COCTOSHIE H3 COCTOAHIA 457, 4P?

Tema 5. MHOrosneKTpoHHBIE aTOMBI. OOOIOYKH M IMOAOOOIOUKH. ONIeKTpOHHAs
koH(urypargis. [Ipubmoxenue LS- u jj-csseit. Tepm. CocTosHIE.

1. Halitn BO3MOXKHBIE 3HAYEHHS ITOIMHBIX MEXAHHUYECKHX MOMEHTOB 3IIEKTPOHHBIX
0BGOTIOYEK aTOMOB B COCTOSHISIX P 1 °D.

2. JlorucaTs HeAOCTAIOMe KOMITOHEHTHI MYIIBTHIUIETOB 2P3,{2‘ 3D|‘ 4F5,«;>,‘ 3Pg‘ 5D4‘
*Pin.

3., B0O3MOHBI ITH CIIEAYIOIIHE COCTOSHHS: ESL 3S0‘ 3P0‘ 9 172, 28 2, 3D0‘ ZD”:J_?

4, Kakne U3 Clefyronmx ONTHYECKHX IEPEXOA0B Pa3pelleHbl: 5 2 - 2[)3,{3‘ 2P3;2 -
2D3,¢2‘ IS()- 3P|‘ nlng - HISO?

3 OJIMH U3 IEKTPOHOB aTOMA TeIHI UMEET TTIaBHOE KBAHTOBOE UMCIIO | Apyroit 2.

3amicaTh BO3MOJKHBIE SIEKTPOHHBIE KOH(QHTYpAIlMH M CIHEKTPOCKOIMYecKHe OOO03HAaYeHHS
COOTBETCTBYIOINX COCTOSIHHH.

6. Kakune cocrognnsa posMoxkHbl y P, D u F TepmoB, OorpaHW4YeHHbIe BEIIMYAHON
crirHa s oT () 1o 5/27 3armcaTh BO3MOJKHBIE CITEKTPOCKOIIMYECKHE O003HAYEHH I COCTOSHHUM.

1. Bo BHemmHed 00OIMOYKE aroMa HaxXOHATCS TPH 3NMEKTPOHA ¢ OpPOHTAIbHBIMH
KBAaHTOBBIMH YHcIaMH 1, 2, 3. OIpeieMTh BO3MOKHBIE COCTOSIHHA aTOMa.

8. HaiiTH BO3MOMHBIE COCTOSIHMS aTOMa YIJIEpOfa, 3NMEKTPOHHAS KOHQHTyparms
KOTOPOr'o 1s* 2¢* 2p 3d.

Tewma 6. [Teprognueckas Tabmmifa AeMeHTOB. OCHOBHBIE TEPMBI aTOMOB.

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

2. Halitn ¢ momolnpio IpaBriia XyHIA TOIHBIA MeXaHWYECKWA MOMEHT aToMa B
OCHOBHOM COCTOSTHHH, ECITH €T0 He3aIllOIHEHHasI IT0J000I0uKa COJIEPUT TPH d-3TeKTPOHA.

3. Halitn ¢ momolpro IpaBriia XyHAA IOJHBIA MeXaHWYECKU MOMEHT aToMa B
OCHOBHOM COCTOSTHHH, €CITH €T0 He3aIllOMHEHHasI MOJo00I0YKa COJEPKUT ceMb d-3IIEeKTPOHOB.

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

5 Halitn ¢ moMoIipro IpaBmil XyHJA TIOMHBIM MEXaHWYECKMH MOMEHT aTOMa B
OCHOBHOM COCTOSTHHH, €CITH €T'0 He3aIllOMHEHHAas M0J000I0YKa COJIEPKUT TPH d-3JIeKTPOHA

6. Halitn ¢ momoIipro IpaBmwil XyHJA TIOMHBIM MEXaHWYECKMH MOMEHT aTOMa B

OCHOBHOM COCTOSIHHH, €CITH €TI0 He3allOIHEeHHAs IToA000I0YKa COACPEHNT OJHH S-3TICKTPOH.

Tema 7. XapakTepHCTHUYECKHE PEHTTEHOBCKUE CITEKTPHI.

1 Berumcmiuth ¢ IOMOIIBIO 3aKOHa Mo3imu pasHOCTh SHepruil cBs3u K- u L-
3IIEKTPOHOB BaHa U4
2: [Ipu HEKOTOPOM HAINPSKEHHH Ha PEHTTEHOBCKOM TPYOKE C alFOMHHHEBBIM

AHTHKATOAOM JUTMHA BOJIHBI KOPOTKOBOMHOBOI T'PAHMIIBI CIDIOIIHOTO PEHTTEHOBCKOTO CIEKTpa
paBHa 0.50 mM. Byzmer mi HaGmogatbes Ipu sToM K-cepHsa XapaKTepHCTHYECKOTO CITEKTpa,
TTOTEHIMAN BO3OYXIeHHI KOTOporo paseH 1.56 kB?

3, Haittu sHepruzo cBs3u L-37eKTpoHa THTaHa, ClIM Pa3HOCTh AJIMH BOJIH T'OJIOBHOM
nHUH K-cepHy 1 ee KOPOTKOBOITHOBOMH I'PaHHMIIBI AA=26 ITM.
4, Halitu JIHHY BOJIHBL A, OIIPEAEIISIONTYI0 KOPOTKOBOIHOBYIO TPAHHILY CITIOIIHOIO

PEHTTEHOBCKOT'O CIIEKTPA, €CIM HM3BECTHO, UTO YMEHBIIEHHE IIPIIOKEHHOIO K PEHITeHOBCKOM
TPyOKe HampsokeHHT Ha AU=23 kB yBemmuiBaeT HCKOMYO IJIHHY BOJIHEL B 2 pasa.



3. Kakyro HaMMEHBIIYIO PpasHOCTh TIoTeHuHanoB U HaZo TIIPHIOKHIR K
PEHTTEHOBCKOHN TPyOKe, YTOOBI ITOMYYHTh BCE NHHHH K-cepril, ecaH B KauecTBe MaTepHala
AQHTHKATOa B3ATh MeIb?

6. Kakyio HaMMEHBIIYIO pa3HOCTh ITOTeHIHanoB U Hago IIPHIOKHTL K
PEHITEHOBCKOM TpyOKe, YTOOBI ITOMYYHTHh BCe NMHHHH K-cepril, eciu B KauyecTBe MaTepHala
AQHTHKATOZa B3STh cepeOpo?

7. Kakyro HaMMEHBINYIO Pa3sHOCTh MOTeHIHanoB U Hago MPHIOKHTE K
PEHITEHOBCKOH TpPYyOKe, YTOOBI ITONMYyYHTh Bce NHHMH K-ceprri, ecliM B KauecTBe MarepHaia
AHTHKATO/a B3STh BOIb(hpam?

8. Kakyro HaMMEHBINYIO Pa3sHOCTh MOTeHIHaIoB U HAgo TMPHIOKHTE K
PEHITEHOBCKOH TpPYyOKe, YTOOB ITONIYYHMTh BCe NHHMH K-cepri, ecliM B KauecTBe MaTepHala
AQHTHKATO/[a B3ATh IUIaTHHY?

2. Ha¥iTi mocTosHHYI0 3KpaHHPOBaHHA G A L-cepun peHITeHOBCKHUX Iy4eH, eClH
H3BECTHO, YTO IPH TIEPeXOjie 3NMEKTPOHA B aToMe Bolb(ppama ¢ M- Ha L-cioit mciryckaroTcs
PEHTTEHOBCKHE IIYYH ¢ JUTHHOHN BOIHBL A=143 M.

10. [Ipu mepexofe sMeKTpoHa B aToMe ¢ |- Ha K-c1oi HCITYCKaroTCa PEHTTEHOBCKUE
YU C JTHHOH BOMHEL A=78.8 M. Kakoii 510 aToM?

Tema 8. MarHuTHBIH MOMeHT aToMa. D¢ dekTr 3eemana u [Tamrena-baka.

1. Brirmcars criekTpaibHOE 0003HaYEHHE TepMa, Y KoToporo S=1/2, J=5/2, g=6/7.

2. Belmcars crieKTpaibHOe 0003HAaYeHHE TepMa, Y KoToporo S=1, =2, g=4/3.

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

4. HaliTH® MarHUTHBIM MOMEHT |L M BO3MOXHBIE 3HAYCHHS IIPOESKIIMM  aToMa B
COCTOSIHHH 2D3,:g.

5. Ornpenenurs BO3MOXHBIE 3HAUEHH S MATHUTHOIO MOMEHTa aTOMa B COCTOSIHHH *p.

6. BBIUMCIMTH MATHUTHBIFM MOMEHT aTOMa BOJOPO/Ia B OCHOBHOM COCTOSIHHH.

7. HaHTH MexXaHHYeCKHH MOMEHT aTOMA B COCTOSHHH 5F, €CIIH H3BECTHO, YTO B ATOM
COCTOSIHMM MarHHTHBII MOMEHT PaBeH HYIIIO.

8. HaiiTM MeXaHWYeCKMil MOMEHT aTOMA B COCTOSHHH 'H, eclli M3BECTHO, UTO B ATOM
COCTOSIHMM MarHHTHBII MOMEHT PaBeH HYIIIO.

9. BBIYMCIMTE € ITOMOIIBIO ITPaBIiIa XyHAAa MATHUTHBIH MOMEHT OCHOBHOI'O COCTOSHUS
aTOMa, B KOTOPOM HezaIfolTHeHHas ITO{000IT0UKa HMeeT IeKTPOHHYIO KOH(PHT yPaIIHIO nps.

10. BEIYMCIMTE € ITOMOIIBIO ITPaBiIa XyHAAa MATHUTHBIA MOMEHT OCHOBHOT'O COCT OSHUS
aTOMa, B KOTOPOM HezaIlolTHEeHHAs ITOI000IT0YKa HMeeT SIeKTPOHHYIO KOH(DHTYPAIHIO nd’.

11. Ha ckonbKO YPOBHEHR PACHIEIITCA B ClTaOOM MarHUTHOM ITOJIE TEPMBI EFSJQ?, 4Dl n?

12. Hekoropas cliekTpaiabHas JMHUS, OOYCIIOBIEHHAS IIEPEXOAOM B G 1/2 COCTOSHHE,
pacIenuiachk B cmaboM MarHHTHOM ITOJe Ha 6 KOMITOHEHT. OIMpeAeHTh CIIeKTPaTbHbIH CHMBOI
HCXOJHOTO TEPMA.

BAPHAHTHEI TECTOBBIX 3ATAHUIA

Tect No 1.1 (KoprmycKymsapHbIe CBOHCTBA H3ITYYEHH )

1. Taxue Qusmyeckue SBIEHUS KaK HHTepdepeHims, mdpakiiusg 1 IpeloMIeHHe CBeTa
MOATBEPKAAIOT €T0 KOPITYCKYIIIPHYIO TIPHPOAY.

a) 1a;

0) HET;

B) YIBEP)KAEHHE HEKOPPEKTHO.

2. Cper HemyckaeTcs H ITOIIoIaeT s IMOPLIISIMHE (KBaHTaMH), T.€. JHCKPETHO.



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

3. BemmuriHa (pOTOTOKA HACBHIIIEHHS ITPH BHeIIHeM (horoaddexre MOXKeT He 3aBHCETh OT
YaCTOThI H3ITyYEHH .

a) Ja;

0) HeT;

B) VIBEP’KAECHHE HEKOPPEKTHO.

4. TIoHSTHS TeOMeTpHYECKHX (hOpM H pa3sMEPOB IIPHMEHHTEIHHO K (OTOHAM He HMEIOT
CMBbICIIA.

a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

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

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

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

a) 1a;

©) HeT;

B) YTBEPXKIEeHHE HEKOPPEKTHO.

7. Ddbdexr Jommepa B ONTHKE, MPOSBISIONIMICS B H3MEHEHHH YacTOTHI HM3ITyUeHHS,
PETHCTPUPYEMON IIPHEMHHKOM IIPH €r0 JABWKEHHH OTHOCHTEIBHO HMCTOYHMKA CBETAa MOXKHO
OOBSCHUTH Ha OCHOBE 3aKOHOB COXPAHEHWS UMITYIIhCA M 3HEPTHH.

a) 11a;

6) HeT;

B) YTBEpXKIEeHHE HEKOPPEKTHO.

8. Dddexr Meccbayspa He HaOIMOAAETCS B BHIAMMON 00IacTH CIIEKTpa.
a) Jia;

0) HeT;

B) YTBEpXKJIEeHHE HEKOPPEKTHO.

9. Dddexr Meccbayspa SBISeTCS CIEACTBHEM 3aKOHA COXpPaHEHHS HMITYIbca, B
pe3yibTare Yero YacTOTH Y-KBAHTOB, HCITYCKAEMBIX U ITOITIOIIAEMBIX SIPaMH aTOMOB OJHOIO U
TOTO K€ BEIECTBA CTAHOBSTCS OJWHAKOBRBIMHU U ITOSBISIETCS PE30HAHCHOE TTOTIIOIEHHE,

a) Jia;

0) HeT;

B) YIBEPXKJIEHIE HEKOPPEKTHO.

10. JIns mHTepIpeTalyy sBiIeHHsS KOMIITOHAa HCITONIb3YeTCs TOIBKO 3aKOH COXPaHEHUS
HMITYJTIbCA.

a) Ja;

0) HeT;

B) VIBEPKAEHHE HEKOPPEKTHO.



I1. QoroH - »IeMeHTapHas 4YacTHI[A, KOTOpPas HE HCIBITBIBAET TI'PAaBHTALIHOHHOIO
TIPHTSDKEHIL.

a) Ja;

0) HeT;

B) VIBEPKICHIE HEKOPPEKTHO.

12. Tlo Mepe ymaneHHs OT 3Be3bI AIHHA BOTHEL ()OTOHA YBEIMUHBAETCS.
a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

13. CeToBOE AaBIECHHE OKa3bIBAIOT KBAHTHI FaMMa M PEHTTEHOBCKOI'O H3IYYEHHS H HE
OKa3bIBAIOT KBAHTHI BUIMMOIO CBETA M PaJHON3ITyYeHHS.

a) 1a;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

14. Tlpu mornoreHHH (OTOHA aTOMOM MIIM MOJEKYJIOoH sHeprus (OTOHA ITOITHOCTHIO
TepelacTcs UM.

a) na;

©) HeT;

B) YTBepXKJIeHHE HEKOPPEKTHO.

15. B gBneHur KOMITTOHA IMPOSBIISIOTCS 3aKOHBI COXPAHEHWS SHEPIrHHM U MMITYJIbCa
CHCTEMBI (DOTOH — 3IEKTPOH, B3aUMOJIEHCTBYIOIIMX JIPYT € IPYTOM.

a) ma;

0) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

16. B mporiecce paccesiHUS CBETAa aTOMaMH MITH MOIEKYIIaMH UMeeT MECTO JTOKaTH3aIlHs
SHepruu (poToHa Ha 0ObeKTe paccesHH.

a) 1a;

0) HeT;

B) YIBEPXKJIeHHE HEKOPPEKTHO.

17. ®OTOH TaMMa-H3TYYEeHHS HMeeT MEHBINMYIO0 TI'PaBHTAI[HOHHYIO Maccy, 4eM (OTOH
HH(ppaKpacHOTO H3TYIEHHS.

a) Ja;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

18. TopMO3HOE PEHTIEeHOBCKOE H3TYyUeHHE BOSHUKAET BCIIEJACTRBHE TOPMOKEHHS (POTOHOB
PEHTTEHOBCKOIO H3ITYYEeHHS B BEIECTBE.

a) Jia;

0) HeT;

B) YIBEPXKJIEHIE HEKOPPEKTHO.

19. TopMo3HOE PEHITEHOBCKOE M3IYYEHHE BO3HHMKAET BCIEACTBHE TOPMOKEHHS
3IIEKTPOHOB B BEILECTBE.

a) Ja;

0) HEeT;

B) VIBEP’KAEHIE HEKOPPEKTHO.



20. Ilpu pabGoTe peHTIT€HOBCKOM TPYOKH ITPOMCXOMHT CHIIBHBIN HarpeB aHTHKAaTOHa, H
IIOATOMY €0 JETar0T MaCCHBHBIM.

a) 1ia;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

21. OHeprus ¢oroHa HH(paKpacHOro H3IyueHHS Oonple SHepruM (OTOHA
PEHTITEHOBCKOTO M3IIYYeHH .

a) ma;

0) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

22. Macca cBOOOAHOr 0 37IeKTPOHA ITPH ITOITIOIEHHH (POTOHA YBEIIMUHBACTCA.
a) Ja;

0) HET;

B) YIBEPKIECHHE HEKOPPEKTHO.

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

a) Ja;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

24. HOI[ ,I[JIPIHOI:'I BOJIHEBI (1)0TOHa IIOHMMAIOT €I'0 TCOMETPHYCCKHE PASMEPEL KdK YaCTHIIBI.
a) ma;

0) HeT;

B) YIBEPXKIECHUE HEKOPPEKTHO.

25. CKOpoCTh pacIipocTpaHeHHsI (JOTOHOB B cpelle He3aBHCHMO OT HMX JUIMHBI BOIHEI
BCeria OJHAKOBA.

a) 1a;

0) HeT;

B) YIBEPXKJIeHHE HEKOPPEKTHO.

26. B crydae HOpMaIbHOM JHCIHepCHH (OTOHBI ¢ OOIBIIMMM 3HAYESHHEM JUTHHEI BOTHEI
PaCIIPOCTPAHSIOTCS ¢ OONbINEH CKOPOCThIO, YeM (DOTOHBI ¢ MEHBITUM 3HAYEHHEM JITHHBI BOITHEI.

a) Ja;

0) HeT;

B) YTBEpXKJIEeHHE HEKOPPEKTHO.

27. MOTOH, pa3MepPhl KOTOPOI'O MEHBINE Pa3sMepPOB aTOMa, MOXKeT ObITh MM ITOITIOIIEH, a
(OTOH, pasMepsl KOTOPOro OOMBINE pasMePOB aToMa He MOKeT OBITH MM ITOTTIOMIEH.

a) Jia;

0) HeT;

B) YIBEPXKJIEHIE HEKOPPEKTHO.

28. JimMHa BOJHBI KOPOTKOBOIHOBOHM T'PAHHIIEI CIIEKTPa TOPMO3HOTO PEHTIeHOBCKOI'O
H3ITYyYEeHHS 00paTHO IPOIIOPLIMOHATIFHA HAIIPSDKEHHIO HAa PEHTT€HOBCKOH TPyOKe.

a) 1a;

0) HEeT;

B) VIBEP’KAEHIE HEKOPPEKTHO.



29. 3HayeHHMe KpacHOM TIpaHMIBI CIIEKTPa TOPMO3ZHOIO PEHTITEHOBCKOIO H3TYYEHHS
3aBHCHT OT MaTepHana, i3 KOTOPOr O H3rOTOBIEH aHTHKATOZ,.

a) 1a;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

30. 3HaueHMe UIMHBI BOMHBI KpacHOH IpaHHIEI GoToaddekra onpepenserca padoroit
BBIXO/[A BTIEKTPOHOB C IIOBEPXHOCTH METAILIA.

a) ma;

0) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

Tect No 1.2 (KopryCKyIIIpHBIE CBOHCTBA H3IIYUYEHH )

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

2. BuyrpenHHit (oTo3(Q(PEKT COCTOMT B TOM, YTO TMOJ AeHCTBHEM CBETa T€HEPHUPYIOTCS
, KOTOpBIE SIBISFOTCS HOCHTEISIMA TOKA B TTOITYITPOBOTHHUKE.

3. Ksagpar MakcHMalIbHOM CKOPOCTH BBIPHIBAEMBIX IIpH BHeImHeM (oTosddekre
SIEKTPOHOB JHHEHHO 3aBHCHUT OT M3TYYEHHUSI M He 3aBHCUT OT HHTEHCHBHOCTH
H3ITyYEeHHUSI.

4. Benu4uHa CHIIBI TOKA HACHITIIEHUS TIpH (poTosddeKTe MpormopioHambHa
CBETA.

5. 3BHayeHHe KPacHOH TPaHUIBI OJJHOGOTOHHOTO (POTOA((EKTa 3aBUCHT HUCKITFOUUTETHHO
oT

6. CMellleHHe JUTHHBI BOITHBI (bOTOHa PEHTTCHOBCKOI'O HM3IIYUCHHA ITPH KommTroHOBCKOM
PaCCCAHHH 3aBHCHT TOIIBKO OT PacCCAHMA.

T KOpOTKOBOJIHOBaH TpaHHIla CIUIOIMHOrO PEHITCHOBCKOI'O CIICKTpa TOPMO3HOI'O
H3IIYYCHH A OIPEACIIACTCA TOIIBKO BEITHYHHOH Ha peHTFeHOBCKOﬁ pr@Ke.

8. TOpMOSHOG PEHTTCHOBCKOE HM3IIYUCHHEC BO3HHKACT BCICACTBHE
SIIEKTPOHOB IIPH ITOIMaJaHHH Ha aHTHKATOM.

9. SlBueHme oOTHAYH IIPH  HCITYCKaHHMH d)OTOHOB BCIICACTBHE 3aKOHa COXpPaHCHHA
HMITYIIbCa OIPEACIBIET CMEIIEHHNE HX YaCTOTERI, UTO ITPOABIIACTCA B 3(1)(1)61('1‘21){

10. Ins HaGmrogenus sddexra Meccbayspa HCTOUHUK Y-KBAaHTOB HEOOXOAMMO JABUTATh B
CTOPOHY

11. Ecm cpaBHHUTH 5HEPTHH (OTOHOB PEHITEHOBCKOTO HRIYYEHHUS, Y-H3TyUeHHS H
BHIMMOTI'O CBETa, TO MOXKHO CKa3aTh, UYTO HAHOOIBIIYIO SHEPTHIO HMeeT (POTOH

12. Ecnm cpaBHMTH JUIMHEL BONH (POTOHOB  YIBTPA(hHONETOBOrO H3ITydYEHH,
PEHITEHOBCKOIO MBTYYEHHS M BHAMMOIO CBETa, TO MOKHO CKa3arh, YTO HAHOONBIIYIO JIHHY
BOJIHEI MMeeT (JOTOH



13. Tlpu B3arMOJIEHCTBII C MIINEHBIO Y-KBAaHT MOJKET IIPEBPAINATHCS B SMEKTPOH U

14. Ecm o0ioy4aTh H3OTHPOBAHHBIN MeTaUIMYECKIHI IIApHK CBETOM, AMIMHA BOIHEHI
KOTOPOro MeHbIIle KpacHOoi rpaniiisl poTodddekra, To mapHK OyaeT

15. Ecm oOmydaTs H3OIMPOBAHHBIM METAUIMYECKHI IIAPHK CBETOM, JIMHA BOIHBI
KOTOPOr'O MeHbIIle KpacHOHM TrpaHMIIBI (oro3ddekra, TO B 3aBUCHMOCTH OT 3HAUYEHHS
IIapHK OyZeT MpHOOpeTaTh PasiMYHbINH IIOTEHI[HAT.

16. Ecnu HampsbkeHHe Ha PEHTTEHOBCKOH TPYOKE YBEIIMUMBAETCS, TO KOPOTKOBOIHOBAS
T'PaHHIIA PEHTTEHOBCKOIO CIIEKTpa CMEIAETCS B

17. Ilpu paccessHuu (OTOHOB PEHTTEHOBCKOTO H3IYYeHHS Ha ClTabOoCBAI3aHHBIX
3JIEKTPOHaX HaOIFOAaceTCs HUX JJIMHBI BONHBI. B 3TOM H COCTOHT CYTh SIBIICHHS
KommiTona.

18. BeposTHOCTh paccessHHS SIeKTpPoHOB B »(ddexre KommrroHa 3aBHCHT OT yrma
paccesHu 1

19. fIpneHme ormaun IIPH pacCCiaHHH (bOTOHOB BCIICACTBHE 3aKOHOB COXPAaHCHH A SHEPIHH
H HMITYIIbCa IIPHBOJHT K CMCIICHHIO HX YaCTOTEL, YTO ITPOABILICTCA B 3(1) (beKTe

20. MHTEHCHUBHOCTD ABIISETCA OMHON M3 XapaKTEPHUCTHUK 3JIEKTPOMArHUTHOIO H3IIYYEHHU S,
a B KBAHTOBOM MOJIEITH 3TO ITOHSATHE XapaKTePU3YeT (hOTOHOB.

Tect Ne 1.3 (KopryCKymapHbIe CBOHCTBA U3ITYYEHH )

1. O ¢oToHaX MOXKHO CKa3aTh, UTO:

a) 3TO MOHOXPOMaTHUYeCKas SNeKTPOMarHUTHAS BOITHA

0) BTO YacTHIla, KOTOpas He MMeeT (PHKCHPOBAHHBIX PasMepoB H (POPMEL;

B) BTO 3IeMeHTapHas YacTHI[a, Macca MTOKOS KOTOPOH pPaBHa HYIIIO;

I) KBAaHT 3JEKTPOMArHUTHOIO HM3IYYeHHUS (TIONS), ITPOSBILSIOIIHK ITPH OIMPeeIleHHBIX
YCIIOBHSIX CBOMCTBA YaCTHIIL;

J1) KBaHT 3JIEKTPOMArHUTHOIO IO, HE HCIBITHIBAIONIUH TPAaBUTAIIMOHHOTO MPHTSIKEHU ST,

€) KBaHT HIEKTPOMATHHTHOIO IIONS, JENOKATH30BAaHHBIE B IIPOCTPAHCTBE, HO
OOHAPYKUBAIOIIHH JTOKATM3AI[HIO ITPH B3aUMOZEHCTBHH.

2. Ilpu NMpOXOXKAEHUM CBETOBOIO ITOTOKAa BHJIHMOIO JHalla30HAa 4Yepe3 TOHKWH CIIOH
(TIopstIKa JUTHHBI BOITHBL) UAIEKTPHKA BOSMOYKHBI ITPOIIECCHI:

a) OTpa’keHHe OT TPaHMI[ pa3Jena;

0) HHTep(epeHILT,

B) TTOTTIOMIEHHE CBETA ATOMAMH HITH MOJIEKYIIaAMH;

T') BRIPBIBAHHE IIEKTPOHOB C ITOBEPXHOCTH;

II) TeHepalys AJIeKTPOHHO-IBIPOYHBIX T1ap;

€) PEKOMOMHAIIH.

3. TopMO3HOE PEHITEHOBCKOE H3IIYUYEHHE — 3T0:
a) H3IIyUeHHe, KOTOPOEe BO3HHKAET B 00BbEME PEHITEHOBCKOH TPYOKH;



0) H3Iy4YeHIe, BOSHHKAIOIIee Ha KaTOME ITPH ITOMaJaHHI TIOTIOKHTENbHBIX 3aPSII0B;

B) H3TY4YEHIE, BOSHUKAIOIEEe Ha aHTHKATOE PEHITEHOBCKOM TPYOKH;

T) H3YYEHHE, BOSHUKAIOIIEE IIPH TOPMOKEHIH SIEKTPOHOB;

Il) M3IIYYeHIe PEHTTEHOBCKOM TPYOKH, BOSHHMKAIOIIEE TPH IMOJayue Ha Hee TOPMO3SIIETO
HAaITPSDKEHI (3a0ep KHBarOIIEH pasHOCTH ITOTEHINAIOB ).

4. Korpa Ha0mopaercs smiaeHue Gporosddexra, TO CBeTOBOI KBAHT:

a) TIOTTIOIAETCS CBSI3aHHBIM BIIEKTPOHOM;

0) paccerBaeTcs Cl1abOCBI3aHHBIM I CBOOOMHBIM 3JIEKTPOHOM;

B) ITOITIOMIAETCSI CBOOOIHBIM 3IIEKTPOHOM;

I') BCIEACTBHE B3aUMOAEHCTBHS ¢ SIEKTPOHOM TpaHCoOpmipyercs B (OTOH APYyroi
YacTOTHI;

Jl) BCIIEACTBHE B3aHMOJACHCTBHS ¢ aTOMaMH ITONYIIPOBOJHHKA TpaHc(OpMHpyeTcs B
(hOTOH APYro¥ YaCTOTH U MOSBIISETCS SIEKTPOHHO-IBIPOYHA TIapa;

€) TIOITIOINAeTCs arOMOM ITONYIIPOBOAHMKA W IIPH 3TOM TEHEPHPYETCS SIEKTPOHHO-
JIBIPOYHAs TTapa.

5. Korga mmeer mecro sBrneHne KomrroHa, To pOTOH:

a) TIOTJIOIAETCS CTTa00CBI3aHHBIM AIIEKT POHOM;

0) YIIpyro paccerBacTcs (OTpakacTcsa) KPUCTAIIIOM;

B) paccenBaeTcs cl1aboCBA3aHHBIM IEKTPOHOM aTOMOB KPHCTaIlIa;

T') TIOTTIOIAETCS CHIIbHOCBSI3aHHBIM (BHYTPEHHUM) 3IEKTPOHOM aTOMa;

1) IpeBpalnaeTcs B (POTOH JPYTo#t YacTOTHI BCIEACTBHE PaCCEsHUS,

€) HEYIIPYTO PAaCCEMBAETCS CITa00 CBI3aHHBIM 3IIEKTPOHOM aTOMOB KpPHCTAILIA.

6. Xopomo H3BECTHO, UYTO 4YeJTOBEYECKWH TIJla3 SBISIETCS  UYBCTBHTEIbHBIM
doronmpuemMHukoM. I[IpH SToM OH oONajaeT IOPOroM YYBCTBUTEIBHOCTH. OTH CBOICTBA
YeJIOBEYECKOTO IT1a3a OBUIH HUCITONb30BaHkl C.M.BaBHIOBBIM U ITO3BOIIHIIH EMY:

a) 3apPETHCTPHPOBATH IMTPH OY€Hbh HU3KOW HHTEHCHBHOCTH MEPIIAHHE H3ITYUYEHHUST;

6) 3aperHCTPUPOBaTh Cl1aboe CBEUEHHE HIEKTPOHOB IPH MOIMAJaHHH MX B OCOOBIE CPEIbI
(u3nyyeHne BaBmiioBa—YepeHKoBa);

B) 3apETHCTPHPOBaTh  (PIYKTyaI[MH CBETOBOrO IIOTOKa TIPH  OYeHb  MAalbIX
HHTEeHCHBHOCTSIX;

') 3aperHCcTPHPOBATH (DIIYKTYallHH CBETOBOTO ITOTOKA TPH OYeHb CHITBHBIX, OIMH3KHX K
Topory GOIIeBOro OIYIIEHH S HHTEHCHBHOCTSIX

Jl) 3aperHCTPHPOBATH OUeHBb CIAOYIO JMOMHHECIEHITHIO TFOMHHO(DOPOB M YCTaHOBHTH
H3BECTHBIH B JTIOMHHECIIEHIMH 3aKOH O HE3aBHCHMOCTH KBAHTOBOI'O BBIXOAA OT JJIMHBI BOIHEI
BO30YXIeHUd (3aKOH BaBHIioBsa).

7. CnoxeHue SHepTHH (POTOHOB BO3MOKHO:

a) TIPU CTONKHOBEHHH (POTOHOB;

0) ITPU OAHOBPEMEHHOM HMX B3aHMOJ[EHCTBHH C aTOMOM HIIH MOJIEKYIION ;
B) ipu 3 dexre Jommepa;

r) mpu sdpdexre KomrroHa;

) TIPU OMHOBPEMEHHOM B3aUMOJIEHCTBHHU C SZIPOM aToMa.

8. C TOYKHM 3peHNS KBAaHTOBOI TEOPHH TIPH IIPOXOXKASHHI CBETOBOI'O ITOTOKA BHIMMOIO
IMalla30Ha Yepes3 CIIOH JU3IeKTPHKA BO3MOKHEI IIPOL[ECCHI:

a) YIIPYTOe paccesHHe Ha ANEKTPOHAX;

0) VIIpyToe paccesHue Ha aToMaxX HIH MOJIEKYax;

B) HEYIIPYTO€ PAcCEsHIE Ha CBOOOMHBIX AMEKTPOHAX;

T') YIIPYTO€ PacCestHIe Ha HEOTHOPOIHOCTSX;



Il) HEYIIPYToe (KOMOHMHAIMOHHOE) pacCessHUE Ha aTOMaX HIH MOJIEKYTIax;
€) HOHH3AI[M MOJIEKYIL;

’K) HOHI3aI[HI aTOMORB;

3) BBIPBIBAHHE 3TIEKTPOHOB C IIOBEPXHOCTH.

9. IIpeMMyIECTBEHHO KOPIIYCKYISPHBIE CBOWNCTBA CBeTa IIPOSIBIISIOTCA B TaKHX

ABIICHHMSIX, KaK:

TTy4eit;

a) HHTep(epeHIIHs;

0) Andpaxurs;

B) ¢potoadeKT, KaK pa3HOBHIHOCTE ITOITIOIEHHS CBETa;

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

1) 3¢ ekt Jommepa.

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

a) IX Macca IIOKOS paBHa HYIIIO;

0) OHH NIEPEMEIAIOTCS B IIPOCTPAHCTBE CO CKOPOCTHIO CBETA;

B) OHH MOT'YT IIEPEMEIIATELCS CO CKOPOCTHIO CBETA ITPH OIPEJIENIEHHBIX YCIIOBHSIX;

T) TIpH B3aUMOJENCTBUH C APYTHMH YaCTHUI[AMH He MepPeJaroT UM YacTh SHEPTHH, TaK Kak

HE ACIEITCA M HE MOI'YT H3MCHHTE BEIIMYHHY CKOPOCTH,

1) TIPH B3aUMOAEHCTBHHU C APYTHMH YaCTHI[AMU IIEPEAA0T UM HMITYIIbC;

€) TPH MaJIo¥ IDIOTHOCTH B 00beMe He HaOMmoAaroTcs HX (IIYKTYalluH TUIOTHOCTH
’K) OHH He HCITBITBIBAIOT TPABUTAIIHOHHOTO IIPUT SDKEHHUS;

3) OHH JBHTAIOTCS TOIBKO IO IIPSIMOH.

11. Buepruto GoToHa MOKHO PACCUHTATE ¢ HCITOTB30BAHHEM (hOPMYIIL:
a) hv;

6) h\;

B) hc/k;

) mv2f2;

) hik.

12. Vinimymbc poToOHa MOXKHO PacCUHTATh ¢ HCTIOIB30BAaHHEM (DOPMYI:
a) hi\;

0) hv/c;

B) hc/k;

T) mv;

) hv.

13. Ha pHcyHKe TpHBEAEHBI BOIbTAMIIEPHBIE XaPAKTEPHCTHKH (POTOIEMEHTOB.

B 03MOXHBIMH TIPHYMHaMIM HX OT T SBIISEOTCST:
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a) OHHM OTIIMYAIOTCS MaTepHaloM (poTOKaToda, a, CIeJAOBaTeIbHO, paboToi BHEIXOMA
3JIEKTPOHOB;

0) OHH OOJITY4arOTCs CBETOM Pas3/IMYHON YaCTOTHI;

B) OHH OOITY4aroTCsI CBETOM Pa3IMYHOH HHTEHCHBHOCTH;

I') OHM MMEIOT Pa3IHYHYIO TUIOMIAb OCBEINAacMON pabovyei MOBEPXHOCTH, IIPH OAHOH H
TOH e HHTEHCHBHOCTH CBETA;

Jl) OHM MMEIOT Pa3IMYHYIO TEMITEPATypPY.

14. Ha pucyHKe TIpHUBEACHHl BOIbTAMIIEPHBIE XapPAaKTEPHCTHKH (POTO3NEMEHTOB.
B 03MOKHBIMH TIPHYMHAMH HX OTJIHYMIA SBIISTFOTCSL:
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a) OHM OTITMYAIOTCS MaTepHalmoM (OTOKaToda, a, CIeJOBaTelbHO, padoTOH BBRIXOMA
3JIEKTPOHOB;

0) OHU OOITY4arOTCS CBETOM PA3IIMYHON YaCTOTHI;

B) OHU OOJTY4arOTCS CBETOM Pa3IIMUHON HHTEHCHBHOCTH;

I') OHHM MMEIOT PA3IUYHYIO TUIOMIA b OCBEIaeMON pPabouel MOBEPXHOCTH, IIPH OIHON H
TOH e HHTEHCHBHOCTH CBETA;

J1) OHH UMEIOT Pa3IHYHYIO TeMIIepaTypy.

15. Y cIlekTpa TOPMO3HOTO PEHTTEHOBCKOTO HM3IIYYEHHS HMeEeTCS KOPOTKOBOJHOBAS
TPaHHIA:

a) IO TIPHYHHE AeHCTBUSA 3aKOHA COXPAaHEHMS SHEPrHH H II03TOMY BHeprus (poToHa He
MOYKeT ObITh OOTIBINE KMHETHYECKOH SHEPTUH ITOMAaIoIIero Ha aHOJ 37IeKTPOHa;

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

B) Tak KaK aHTHKaTOX PEHTI€HOBCKOM TPYOKH HMEET OrPaHHYECHHYIO Maccy,



I') IO TIIPHYMHE OrPaHMYEHILI CaMOT0 JHalla30Ha PEHTT€HOBCKOIO CIIEKTPa;

I) TIO TIPHYMHE AeHCTBHS 3aKOHA COXPAaHEHMS SHEPIHM H MTOSTOMY SHEPrist GOTOHA He
MOXKET OBITH GOIbINE SHEPIMH HIEKTPOHA, YCKOPEHHOTO 3IEKTPHUECKHUM IIOTIEM MEXIY aHOAOM
M KaTOJOM.

16. MoxeT m1 aGCOMIOTHO CBOOOIHEIH 3IEKTPOH IIOITIOTHTE (POTOH?

a) He MOXET, TaK KaK HHaue OY[eT HapyIleH 3aKOH COXPaHEHHS SHEPIHH;

0) HEe MOXET, TaK KaK HHaue OYyAeT HapYIIeH 3aKOH COXPAaHEHH I HMITYIIbCA;

B) MOXET;

) MOET, €CIH JJIMHA BOMHB (POTOHA CpaBHHMMA C KITACCHYECKHM PaJHyCOM 3IIEKTPOHA
(=107 m);

1) MOKET TTOTJIOTHTH (POTOH PEHITEHOBCKOTO H3ITYUSHHS.

17. U3 bopMynbl AL = A (1 - cos ) AII KOMITOHOBCKOIO PAacCESHHSA H CYyTH CaMOro

53¢ dexra Komrrona ciueayeT, uTo:

a) TIpH paccesHHHU (POTOHOB Ha SIIEKTPOHAX BEIIMYHHA CMEIEHHS JUIMHEI BOJIHBL (POTOHA
3aBHCHT TOJIBKO OT YITIa PacCesHHS,

0) KOMITTOHOBCKasl JJIMHA BOJIHBI A HE 3aBHCHT OT yITla paccesHHd 0, Tak Kak 3TO
KOHCTaHTa;

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

') KOMITTOHOBCKASI JJIMHA BOITHEI A 3aBHCHT OT BETHYMHBI AA;

Jl) TIpH paccessHUH ()OTOHOB Ha SIEKTPOHAX BelMUMHA AA He 3aBHCHT OT BeIllecTBa, Ha
KOTOPOM H3Y4YaeTCsI paccesHUE.

18. Bddext Meccbayspa COCTOHT B TOM, UTO:

a) Pe30HAHCHOE TIOITIOIIEHHE Y-H3ITyYEHHS BEIIECTBOM HE HaOIIONAETCS B IPHHIIHIIE;

6) PE3OCHAHCHOE IIOTTIOIIEHHE Y-H3IYYEHHSI IIPH OOBIUHBIX (HOPMAIBHBEIX) YCIIOBHSX
MAaJIOBEPOSTHO (MAJIONHTEHCHBHO);

B) PE30HAHCHOE IIOTTIOINEHHE Y-M3IIyYEHHS BO3MOXKHO ITPH TIEPEMEINEHUH H3IIydaTers
W TIOTTIOIIATEISI HABCTPEUY APYT APYTY;

') PE30HAHCHOE ITOIIIOMEHHUE Y-H3IIYUEHHSI BO3MOKHO B TOM CIIy4ae, eClH JOIIIEPOBCKOe
CMEIIEHHE YaCTOThl CKOMITEHCHPYET TOTEPH SHEPruH (POTOHA TPU B3aUMOJAEHCTBHU C STIPOM B
COOTBETCTBHH C 3aKOHAMH COXPAHEHHS SHEPTHU U HMITYJIbCa;

1) ycTaHaBIMBaeT (DH3MUECKHE YCIOBHS, IPH KOTOPBHIX HAOMIOMAETCS Y-H3ITydeHHS
LIETIOTO KITAcca BEIECTB.

19. SHeprug KBaHTa SNEKTPOMATHUTHOTO H3IIYUYEHHS MOXET IIPEBPAIAThCSI B IAPYrHe
BHJIBI BHEPTHH B Pe3YIIbTaTE:

a) TOTTIOMEHH A (DOTOHA BEIECTBOM;

6) paccestHus (POTOHA BEIECTBOM Oe3 H3MEHEHHS YaCTOTHI;

B) TIOITIOIIeHHS (hOTOHA OTASITHHEIM H H30THPOBAHHEIM aTOMOM;

I) paccesHHS (HOTOHA MONEKYIOH ¢ M3MeHEeHHeM YacTOTHl (KOMOHHAITHOHHOE
paccesHuE);

Il) pacriajia Y-KBaHTa Ha SMEeKTPOH M IIO3HTPOH IIPH B3aHMOAEHCTBHH ¢ MHUIIIEHEIO.

20. Kakue H3 IepedyHCIeHHBIX HHJKE IIPOLIECCOB ¢ TOUKH 3PEHHS KBAHTOBOI TEOPHH
MOT'YT UMETh MECTO ITPH ITPOXOKIEHHH CBETOBOTO ITOTOKA B BUMMOM JHAIIA30HE Yepe3 TOHKHI
CIIOH (HECKOIBKO JUTHH BOIH) MeTairia?

a) OTpaXKeHHe OT TPaHMILl pa3jena;

0) YIIpyroe paccesHue Ha cl1abOoCBI3aHHBIX HIEKTPOHAX;



B) VIIPYTO€ paccesHie Ha aToMax;

T) YIIPYTO€ paccesHie Ha HEOZHOPOJHOCTSIX;

Il) HEYIIPYToe (KOMOHMHAIIOHHOE) pacCcessHIe Ha aToMax;
€) HOHHM3ALMSI MOJIEKYTT;

7K) BBIPBIBaHHE 3IEKTPOHOB C IIOBEPXHOCTH.

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

a) TIOTJIOIIEHHE CBETa CI1ab0 CBS3aHHBIMH SIIEKTPOHAMIH;

©) TITOTTICIIEHHE CBETA ATOMAMI;

B) HOHH3AIHI aTOMOB;

I') BEIPBIBAHHE SIIEKTPOHOB € ITIOBEPXHOCTH;

J1) TeHepaIlHs 31IeKTPOHHO-ABIPOYHBIX T1ap;

€) PeKOMOMHALIUS.

22. Kakue M3 TEPeYHCIICHHBIX HIXE TIPOIECCOB C TOYKH 3PEHHSI KBAHTOBOH TEOpHH
MOI'YT HMETh MECTO IIPH IIPOXOKAEHHN CBETOBOI'O ITOTOKA B BUAMMOM JHAlla30HE Yepe3 TOHKHHI
CIIOW (HECKOJIBKO JJIMH BOIIH ) ITOTYITPOBOIHUKA?

a) OTpa’kKeHHE OT TPaHMI] pa3/ena;

0) yIIpyroe paccessHue Ha CBOOOIHBIX 3IEKTPOHAX;

B) HEYIIPYT'O€ paccessHUe Ha CBOOOAHBIX ANIEKTPOHAX;

T) YIIPYTOE paccessHue Ha HEOJHOPOJHOCT SIX;

JU) HeyIpyroe (KOMOMHAIIMOHHOE) PacCesHUE Ha aTOMaX WIIH MOJIEKYIIax;

€) HOHM3AI[HU1 aTOMOB;

) TeHepaly A IeKTPOHHO-ABIPOYHEIX I1ap;

3) PeKOMOMHAITH .

Tect Ne 2.1 (Monens aroma Pesepdopia — Fopa)

1. ITpaBunbHO 1M OyAET YTBEPKAEHHE, UTO SIIEKTPHUYECKHH TOK B MeTANIax O0YCIIOBIEH
JIBIDKEHHEM CBOOOHBIX 3JIEKTPOHOB, B PaCTBOPaxX — ABHKEHHEM HOHOB, a B Ta3aX — JIBHKEHHEM
3JIEKTPOHOB H HOHOB?

a) Ja;

0) HeT.

2. lIpaBWIBHO M TOBOPHUTH, YTO SMEKTPOHBI OBUIM OTKPBITEI DapajeeM, TOMCOHOM U
MUIITHKEHOM OHOBPEMEHHO?

a) 11a;

6) HeT.

3. BepHo 1M yTBepXkKIeHHe, UTO Macca SNeKTpoHa B 1500 pa3 MeHBIIe, UeM Macca aToMa
BOfOpoia?

a) Jia;

O) HeT.

4. BepHO JHM YTBEPEIACHHE, YTO MaccCa SIIEKTPOHA 3HAYHTEIIbHO MEHBIIE MACChI CaMOI'O
JISTKOI'O aTOMAa — aTOMa BOI[OpOI[a?

a) Ja;

0) HeT.

5. MO>HO JIH TOBOPHTE, YTO PasMePHI SApa aToMa 3HAUNTEIHHO MEHbIIE Pa3MePOB aToMa
B IIenoM?



a) ma;
0) HeT.

6. O-4aCTHIBI MOTYT PAaCCEHBATBCSI TONBKO SApaMH aTOMOB M IIPaKTHYECKH He
paccenBarOTCA MIEKTPOHAMI. g BCeX T aTOMOB 3TO CIIPaBEIIHBO?

a) Ja;

0) HeT.

7. MoxHO M yTBEpKAaTh, YTO O-YACTHI[Bl HE PAaCCEHMBAIOTCA B OMbITe Pesepdopma Ha
0 j-14
yriml Gonee 907, oTOMY 4TO pasMepHl suep ~10° M M O-4acTHIla B HHX HEe MOJKET ITOIIacTh?
a) na;
0) HeT.

8. BepHo IIH YTBEPKACHHE, YTO BEPOATHOCTE PacCCEAHMA C-YaCTHI[ HE 3aBHCHT OT HX
CKOPOCTH, a 3aBHCHT OT 3apsdia Alpa aroma?

a) ma;

0) HeT.

9. MoxHo A0Ka3aTb, YTO ITPOHM3BCACHHE YHCIIa PAaCCCAHHBIX C-4aCTHIIT Ha COS4 p
IRISETCA KOHCTAHTOH M He 3aBHCHT OT yIila paCCGHHH}I?

a) 1a;

©) HeT.

10. SBngerca mu auddepertmanbHoe 3PQPeKTHBHOE cedeHHe paccesHHS (QYHKIIHEH
TOIIIUHHBL (POBTH?

a) 11a;

0) HeT.

11. TlpaBMIbHO 1M PpacIONOXeHbl B INKale JUIMH BONH TIO MeEPe BO3pPacTaHUSI A
CIEKTPAIBHEIE CEPHU Bopopoja: cepus JlaiimaHa, cepusi bamsmepa, cepus [lamena, cepus
Epexketa, cepus I1dyHma?

a) 11a;

6) HeT.

12. MOXHO M ¢ TIOMOIIBI0 0000IeHHON (popMyIIEl BambMepa paccUHTaTh JIHHY BOITHEI
JTFO00M JIMHUH CTIEKTPA U3ITYYEHU ST HOHA T ?

a) 11a;

0) HeT.

13. MOXHO M ¢ TIOMOITBIO 3aITMCAHHOW HIKe (DOPMYIIBI PacCUHUTATh JITMHY BOIMHBI 3-

1 1 1
JIMHUH CepuH BambMepa Bogopoga: — > R| ——— |?
1) 2 &
a) 1a;
0) HeT.

14. TlpaBmwmbHO M cOPMYIHPOBATh KOMOHHAI[MOHHBIH ITPHHIMI PHUTI[a: BOIHOBOE
YHCIIO OO0 JIMHUH CIIEKTPa SBISETCS KOMOHHAIHEHR 2-X TepMOB?

a) Jia;

6) HET.

15. B ombrtax @panka M ['epita oOHapyKHMBarOTCS JHCKPETHRIE YPOBHH SHEPITHH aTOMOB



PTYTH M He OOHapYKHBACTCSA HEIIPEPHIBHAIN KOHTHHYYM SHEPIHH HOHM3HPOBAHHBIX aTOMOB. Tak
U 3107

a) Ja;

0) HeT.

16. CripaBeyInBO IIH YTBEPKAECHIE, UTO BHYTPEHHAA SHEPIHUA aTOMa SBISETCS SHEPrHeH
CBSI3H SIIEKTPOHA B aTOME — SIBIISIETCS BEIIMYMHON OTPHILIATENBHON, OTCYMTHIBACTCS OT 3HAUEHHU S
SHEPIHUH TIOKOS YacTHI[ M €€ BEIHYMHA MOXKET I[PHHHMATh JHMCKPETHBIH HaOOp BO3MOMKHBIX
3HAUCHMI?

a) ma;

0) HeT.

17. IIpaBma M, 4TO 3HAYEHHS TEPMOB MOHA I'elusd B 2 pa3a OOJbIlle 3HAYEHHI TEPMOB
aToMa BOJOPOZA.

a) Ja;

0) HET.

18. MoxkHO NH CKa3aTh, YTO B COOTBETCTBHH C IIPHHIIMIIOM COOTBETCTBHS YacTOTa
H3IIyYeHHUs], OIpejensemMasl 2-M IOCTyllaToM bopa paBHa yacToTe OOpaleHHs 3JIeKTPOHa ITO
opOHTe I BCEX PAAUYCOB OPOHT.

a) 11a;

0) HeT.

19. IIpaBMIBHO 1M TOBOPHThH, 4YTO CTAaTUCTHYECKHMH BEC YPOBHS WIH CTEICHb
BBIPOXKJIEHN ST YPOBHS — 3TO YHCIIO COCTOSIHHIA, HAITPHUMED: BO3MOXXHBIX TPAeKTOPHH JBHXKEHHS, C
OJIMHAKOBOM SHEPTHUEM.

a) 1a;

0) HeT.

20. BepHo mi OyZieT cUMTATh, YTO B MOMEHT HMITYIIbCA BJIEKTPOH IPUHHUMAET TOJIBKO
JUCKPETHBIE 3HAYEHU S, IPHYEM JUIS CIIy4asi KPYTOBBIX OPOHT 3TO ORHO 3HAYEHHE, a A CITydas
SITIAIICOMATIBHBIX OPOUT — 3TO JAPYTUe 3HAYCHHS.

a) Ja;

0) HeT.

21. B ycnoruM KBaHTOBaHHS 3oMMepdembia paccMaTpHBAIOTCSA 0G00IIeHHEIE HMITYITHCHI

M 0800I eHHEBIE KOOPAHHATHI Dj deqf = ??fh. Tak mu 310?

a) na;
0) HeT.

Tect Ne 2.2 (Monens aroMa Peszepdopia — Bopa)

1. Ecim B ombiTe Pesepdopzia 1Mo paccessHUIO O-HacTHI[ Ha 30TIOTOH (HOJBIre O-HaCTHILBI
3aMEHHTH Ha IIPOTOHBI, TO IO PACCESHHBIX YACTHIL

2. DIeKTpUYecKHi TOK B razax o0YCIOBJIEH HallpaBJIeHHBIM JIBIKEHHEM
3apSIOB.

3. Ilpu »snexTponmse IIPOIIYCKAXOT OJMHAKOBEIH TOK JUIL ONHOBAJIEHTHBEIX H
JIBYXBaJIEHTHBEIX aTOMOB MeTallioB. [IpH 5TOM Ha 3IEKTPOAE 3a OZHO M TO K& BpeMs MOJeH
BEINECTRBA OMHOBATIEHTHBHIX aTOMOB BBIJEIHMTHCS B (CKOIBKO) pas(a)




(GOIIB1IIe MITH MEHBIIIE).

4. B momem ToMcOHa aTOM BOLOpOAa IIPeACTaRIAeT COOOMH IOMOXKUTEIbHO 3apsDKEHHbIT
1Iap, B UEHTPE KOTOPOr O HAXOMHTCA

5. B omerrax Pesepcl)opﬂ;a YHCJIIO PacCEAHHBIX C-YacCTHI[ OKa3allOoCh 3HAYMTEIIBHO
(4]
, HEM YHCJIO ITaJar0IMHX H HMCIIHMCE CIIVHaH PaCcCCAHMA Ha YI'JIbL 0>90".

6. U3 onerroB Pesepdiopiia ciemayer, UTO B IEHTPE aTOMa HaXOMHTCS (Ka-KoH 3HaK)
3apsDKEHHOE SIIPO, pasMephl KOTOPOIO 3HAYHTENBLHO (GompIlle WM MeEHBIIIE)
pa3sMepoB aTOMa, BOKPYI KOTOPOT'O ABHIKETCS yactuia. [Ipu sTroMm Pezepdopm He

CMOTI' OOBSICHUTD, TIOYEMY TAKOH aTOM

7. llpu BeIBOje (Qopmynsl Pezepdopma st paccesHHS O-YaCTHI[ HCIIOTb3YeTCs
CTaTHCTHYECKHII ITOAXOA M BBOAWTCS TIOHSTHE . Ilpu 3TOM paccesHue

06YCJIOBJ'IGHO KYIIOHOBCKHM B3aMMOJICHCTBHEM ({-YACTHIIBI C SIOAPOM.

8. Jlomsa paccesHHBIX O-YacTHI[ B oOmbITe Pesepdopma (3aBHCHT HIH He
3aBUCHT) OT KHHETHYECKOH SHEPrHM O-YacTHI[, 3apsia sep aToMOB (POIBIH W TOIIIMHEI
(dombrH.

9. OTHOCHTEIBHOE YHCIIO PACCESHHBIX B OMbITe Pesepdopia dacTHIl u cos4(p,f2) CBST3aHBI
MEXIY COOOH 3aBHCHMOCTBIO.

10. CriekTpallbHOH cepHeEH Ha3bIBAlOT COBOKYITHOCTH CIIEKTPAIbHBIX JIMHHH, KOTOPHIE B
CBOEH TIIOCIIEOBATENILHOCTH B INKalle JUIMH BOJNH WIM 4YacTOT M B  PpaclpelelleHUH

HHTEHCHBHOCTH OOHApY XKHBAIOT . [Ipn 5TOM NTHHHH HYMEPYIOTCS HauMHas C
camMoi (JUITMHHOBOJTHOBOH, KOPOTKOBOITHOBOW) IO MEPe YBEIMUYEHUS U MX
HHTEHCHBHOCTH ¢ BO3PaCTaHHEM HOMEPa (YBEIMUMBAIOTCS, YMEHBIIAIOTCSI).

11. BomHOBOoe umcIO IFOOOM CIEKTPAIIBHOM IJIMHWM MOXHO TIPEJCTaBUTh KakK
KOMOHWHAIIHIO JIBYX

12. B rmocrymarax bopa mnocTynupyeTcs AUCKPETHOCTh (kakoit
XapPaKTEPUCTUKN) aTOMAa H MCXOAS M3 STOT0 MOXHO OOBSICHHTH JIMHEHYATBIM XapakTep
(M3ITY4YEHU S, PACCESTHUS).

13. B crniekTpe M3Iy4eHUs BOAOPOAA B BHIUMOW OOTACTH CIeKTpa HabmrofaeTcs cepHs
, 4 B YIIBTPa(pHOIETOBOI CepHs

14. PasHOCTH BONHOBBIX uHcel 4-i U 2-W JTMHUH B cepur JlaiiMaHa COOTBETCTBYET
BOTHOBOMY YHCITY JIMHWH CEPHU

15. lmura BOHB ()OTOHA, COOTBETCTBYIONIETO 2-if THHUU cepHH BambMepa y Bomopona
, UeM JITHHA BOITHBI TaKOH JTHMHUK Y HOHOB Tl

16. OusHyecKHii CMBICT ITOCTOAHHOM ITTaHKa cOCTONT B TOM, UTO OHa SBJIAETCS KBAHTOM

7. B coorBercTBHM ¢ TeopHeil 3ommepdenbia, €Cl BSHEPIUS BOLOPOIOIOZOOHOrO
aroma E,, TO 3IEKTPOH MOXET COBEpIUAaTh JBIHKEHHE TOMBKO IIO opOHTaIsM, M3



KOTOPBIX ___ KPYIOBBIX M _____ SJUTHIITHYSCKIIX.

18. Cocrosmmns, oTmyaronmecs GopMoit TPaeKTOPHH ABIDKEHHMS M HMEIOIIHE TIPH 5T0M
OIMHAKOBYIO SHEPIMIO, HA3bIBAIOT . Jns BHIPOKAEHHBIX COCTOSHII MOMEHT
HMITYTIbCa SIEKTPOHA

19. B ompitax Byzaa 1o pe3oHaHCHOH (DIyopecleHINH aTOMOB PTYTH Pe30HAHCHOE
BO30YKJIEHHE aTOMOB PTYTH OCYIECTBILUIOCH JIaMITOH, CIIEKTP H3TY4YeHHS KOTOPOH
JIHHEHYATBIH.

Tect Ne 2.3 (Momens aroma Pezepdopaa — Bopa)

1. B ompitax Pesepdopia IydOK O-UaCTHI[ 3aMEHHIH Ha ITYYOK IIPOTOHOB. YTO
H3MEHHIIOCH ?

a) YMCIIO (-YaCTHI[ PacCesHHBIX B 3aJJaHHOM 3JIEMEHTE TEIIECHOTrO yITa d{) YBEIMYHIOCE;

0) UYMCIO O-YacTHI[ PpACCESHHBIX B 33JaHHOM DJJIEMEHTE TEIECHOro yriua dQ
YMEHBITMIIOCH.

2. B omeitax Pesepdopma IMydoK O-4acTHI[ 3aMEHIIH Ha ITy4OK HeHTpoHOoB. Uro
H3MeHHIOCH ?

a) YMCIIO (-YaCTHI[ PacCesHHBIX B 3aJaHHOM 3JIEMEHTE TEIIECHOTO yITla d{) YBEIMYHIOCH;

6) YMCIO O-YacTHUI[ PACCESHHBIX B 3aJ@aHHOM D3IIEMEHTE TEIECHOro yria dQ
YMEHBIIHIOCH.

3. B oneiTe Pesepdopaa miaTHHOBYIO (DONBTY 3aMEHIIIH Ha 307I0TYI0. UTO H3MEHHIOCEH?

a) YMCIIO (-YACTHUII pacCcesHHBIX B 33JaHHOM 3JIEMEHTE TEIIECHOTO yITa d{) YBeIIMYHIIOCH;

0) YMCIO O-YacTHI[ PACCEAHHBIX B 33J@HHOM DJIIEMEHTE TEIIECHOIO YyIjla dQ
YMEHBIINIIOCH.

4. Cytb orbiToB Dapajies 1o 3IEKTPOIIM3Y COCTOUT B TOM, YTO:

a) KOIMYECTBO BEIECTBA, BBUIEIHOIIEECS Ha DJIeKTPOJe IIPU  3IEKTPOIH3e
MPOMOPLIMOHAILHO KOIMYECTBY 3apsjia, IEPEHECEHHOMY MEXY MEKTPOIAMU;

6) KOIMYECTBO BEIIECTBA, BRLAETISIOIIEECS Ha SIEKTPOJIE TIPH SIEKTPOIH3E He 3aBUCHT OT
BEIMYHUHBI IIEPEHECEHHOT O 3apsJia H CHIIBI TOKA;

B) KOJIMYECTBO BEIMECTBA, BRIIEILIIOIIEECS Ha 3IEKTPOAE JUIS PA3IHYHBIX 3IEKTPOIHTOB
TIPH OJHOM M TOM e KOIIMYECTBE IEPEHECEHHOr0 3apsijia IPOIOPIMOHATBHO aTOMHBIM BECAM
HMOHOB;

T) SIEKTPUYECKUI TOK B MEKTPONHTE OOYCIIOBIEH ABHKEHHEM HOHOB M OIWH TPaMM-
aTOM JTFOOBIX OJHOBAJIEHTHBIX HIIU TFOOBIX JIBYXBAJIIEHTHRIX HOHOB HECET ¢ COOOKO BCETHA OIHO U
TOXe KOIHYECTBO 3IEKTPHYECTBA, paBHOE umciny Dapajes;

1) BIEKTPUYECKHH TOK B AIIEKTPOIIMTE OOYCIOBIEH JBHKEHHEM HOHOB M OIWH TPaMM-
aTOM IIOOBIX ONHOBAIEHTHBIX HOHOB BCErJla HECET C COOOK0 OJHO M TOXe KOIHYECTBO
BIIeKTPUYECTBA, paBHOe uHcTy Papajies, a TIOGBIX ABYXBaIeHTHBIX HOHOB HeCceT ¢ cOOOM Beerja
B JiBa pa3a OOIBINHUI 3apsi;

€) KOJIMYECTBO BeINECTBA, BHIACILTOINEECS HAa DIEKTPOAe JUIS  Pa3IHYHBIX
OJHOBAJIEHTHBIX, IBYXBAIEHTHBIX M TPEXBAICHTHBIX HOHOB, KOTOpBEIE OOpasyrorcs IIpH
PacTBOPEHHH COOTBETCTBYIOIIMX COJIEH IIPH IIPOIIYCKaHHH SIEKTPHYECKOIO0 TOKAa 3aBHCHT OT
BPEMEHH IIPOITYCKaHI I,

XK) BIEKTPONIN3 HaOlloAalICcs TOIBKO JUISL COJIEH INENTOUHbIX METAIITIOB.

5. OneKTPHYECKIH TOK B pa3psDKeHHbIX Ia3ax IIPeAcTaBlIsgeT co0oi:



a)  JBIJKeHHEe  CBOOONHBIX  SIEKTPOHOB, SMHTHPOBAaHHBIX B  pesyibIare
TEPMODIIEKTPOHHOH 3MIICCHH € KaToa;

0) ABIDKEHHE HOHOB, 00Pa3yIOIIHXCS TIPH HOHM3AIIHH aTOMOB;

B) ABIDKEHHE CBOOOMHBIX 3IEKTPOHOB, 00pa3yIOIIIXCS ITPH HOHM3ALMI aTOMOB T'a3a;

T') JIBHKEHHE aTOMOB;

1) ABIDKEHHE MOJIEKYII.

6. Ilpu mpoIlyCKaHMH SIEKTPHYECKOrO TOKa 4Yepe3 pa3psDKeHHBIe asbl HaOMromaercs
TPeKooOpa3Hoe CBeUEHHNE, KOTOPOE BbI3BAHO:

a) HOHH3aI[Hel aTOMOB;

0) IBHKEHHEM CBOOOAHBIX 3JIEKTPOHOB;

B) ABI)KEHHEM HOHOB;

I') peKOMOHHAIIHEH HOHOB M 3IIEKTPOHOB, CIEAYIOIIEH ITOCIIe HOHH3AIMH aTOMOB;

Il) ylapaMH 3IIEKTPOHOB 00 aHOM;

€) ylapaMH HOHOB (KaTHOHOB) O KaTOJ,.

7. B Mozemi atomMa ToMCOHA:

a) IEKTPOH CUATAETCS HETIO[BHKHBIM;

6) TMOIOXWUTEIbHO 3apsPKEHHas YacTh aroMa CUMTAeTCs HEMOABMKHOM, TaK Kak
3HAYHTEILHO TSDKENEe 3JICKTPOHa;

B) pasMep IIOJOKHTENBHO 3apsDKEHHOIO «ITy[HHTa» 3HAYHTEIbHO OOJbINe pasMepa
3JIEKTPOHA;

I) BIEKTPOHbI HAXOMSTCS Ha ITOBEPXHOCTH ITONOKHTEIBHO 3apSHKEHHOTO OOIBINOTO
«ITYIUHTa», TIPUTSTHBASICh UM;

Jl) BIEKTPOHBI HaxXOMSITCS BHYTPH IIONOKHMTEIBHO 3apPSDKEHHOTO «ITyIHHIa» MW MOTYT
COBEPIIATh KONeOGaHUsI OTHOCHTEIBLHO ITOIIOKEHHS PaBHOBECHS;

€) IEKTPOHBI COBEPIIAIOT ABHKEHUE BOKPYT ITONOKUTEIbHO 3aPSKEHHON YaCTH aToMa;

8. Pesymbrats! onbita Pesepdopaa:

a) OONBITHHCTBO O-YaCTHI[ TIPOXOAIT depes (OIBrYy He MCIBITEBAT HHKAKHX
OTKIIOHEHHIT;

6) YMCIIO PaCCESHHBIX O-4aCTHI[ YBEIMUYMBACTCS C YBEITHUECHHUEM YIIIa PACCESTHUS;

B) C-YACTHI[bI OTKJIOHSIOTCS Ha YITIBI He OOIbIIE 900;

T') YHCIIO PacCesHHBIX O(-UYaCTHI] OUE€Hb Mallo;

Jl) ECTh CIIy4al OTKIIOHEHMS ({-4aCTHI[ Ha 180”;

€) UHCIIO PACCESIHHBIX O{-YACTHUI[ YMEHBITAETCS ¢ YBETHYEHHEM YITIa PACCESTHHU .

9. IToce OIBITOB IO paccesTHHIO C-UacTHI[ Pezepdop caenan BRIBOIHL:
a) CYIIIECTBYET SepHAs MOJEIb aTOMa;

0) OITBIT ITOATBEPAIIIA MOJED TOMCOHA;

B) CYIIIECTBYET IDIaHETAapHAS MOJETb aTOMa;

T') B Ipe CKOHIIEHTPHPOBaHa MPaKTHYECKH BCS Macca aTOMa;

JI) pa3MepHI sIpa COIMMOCTaBHMEI ¢ Pa3MepaMi aToMa;

€) pa3MepsI SAApa 3HAUUTEITLHO MEHbINE pa3MepPOB aToOMa.

10. Yto HazbIBaETCS MPHIETHHBIM PacCcTOSHIEM?

a) PaccTOSIHUE MEeXXAY TPaeKTOpHe ABMKEHHUS [3-4aCTHIHBI H aCHMIITOTOM K TPaeKTOPHH;
0) paccTOSHME OT aTOMa JO IIEPBOHAYAIIBHOIO HAlIPABIeHN I JBHKEHH S [3-4aCTHIIBL;

B) TOJIIMHA PACCEHBAIOILETO CIIOS;

I) CEUEHHE PACCESHIS,

I) PasHHIA MeXIY TPaeKTOpHEH B-4acTHIHI M THITEPOOIIMYECKO TpaeKTOpHeEH.



11. Kakop rsiueckrit cMbIca 3QEeKTHBHOTO CEUSHHS PaCCEIHISI?

a) B MEXaHHMYECKOH MOZENH: 3TO IUIOMIafKa (MHIIIEHE), ITIONAB B KOTOPYIO YacTHIla
HCIIBITHIBAET OTKIIOHEHIE;

0) B CTaTHCTHYECKOH MHTEPIIPETALMH: 5TO BEPOSATHOCTH HCIIBITAaTh PacCesHHe OXHOH
YaCTHIIE;

B) 5Ta BEMMYMHA (PH3HYECKOTO CMBICTIA HE HMEET;

T) ceueHHe ITy4yKa PacCesHHBIX YacTHI[ B OIbITe Pezepdopaa;

1) ceYeHHe ITyYKa ITaafoliX YacTHII;

€) OTHOIIIEHHE CEYEHHN S ITyuKa PACCESHHBIX YaCTHUI[ K HHTE€HCHBHOCTH ITaafOIHUX YaCTHII;

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

12. ®opmyma Pesepdopaa M1 paccesHIsA (-4aCTHI] ITOKA3bIBAET, YTO YHCIIO PACCESIHHBIX
YACTHIL:

a) He 3aBHCUT OT CKOPOCTH MX JBHKCHHAS;

0) IIPOITOPIMOHATIBHO CKOPOCTH MX JBHKECHHS;

B) 0OpaTHO IIPOMOPIMOHATIBHO YETBEPTOH CTENEHN CKOPOCTH ABHKEHHS O.-YaCTHII;

T') TPOMOPITMOHATBHO TOMIHMHE (POTBIU Ha KOTOPO ITPOUCXOIHUT PACCESHHE;

1) He 3aBHCHT OT YITIa PacCesHus;

€) 3aBHCHT OT YI'TIa PaccesHUS;

’K) ITPOITOPIMOHAIBHO MOPSIKOBOMY HOMEDY 3/eMeHTa B Tabnuile MeHeneesa;

3) NMPONIOPIIHOHAIIFHO KBaZpaTy MOPSAKOBOrO HOMepa 3IeMeHTa B Ta0imie MeHieneepa;

1) 00paTHO IIPOITOPIIMOHATIEHO sin” P;

K) 0OpaTHO IIPOITOPIIHOHATIBHO Sin P;

JI) TIPOITOPIIMOHAIIEHO sin4(p;’2).

13. Kakue u3 MpeicTaRIeHHBIX (PYHKITHOHATBHBIX 3aBHCHMOCTEH ITPaBHIEHO OTPakaroT
dbopmyy Pesepdopra st paccessHUS O-4aCcTHIL.

a) dN/IN ~ 77,

6) dNIN ~ Z;

B) dN/N ~ ®";

r) dN/N ~ &

1) dNIN ~ cos’p;

x) dN/N ~ sin*p;

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

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

1. KaxoBo U3 MpejicTaBIeHHBIX HUKE BRICKA3BIBAHUI OTpaXKaeT CMBICI HJIEH Jie bpoitns?

a) MHKPOYACTHI[BI He SBISIOTCS B CTPOrOM KIIACCHUECKOM CMEBICIE YacTHI[AMH, a
SIBISIFOTCS BOJTHAMH;

0) MHKpOYacTHIlaM, KaK M BCEM MaTepHalbHBIM OOBEKTaM BOOOINE, CBOMCTBEHHO
MIPOSIBIIATH KaK KauecTBO YaCTHII, TaK M KauecTBa BOIH, ITOJOGHO CBETY;

B) KOPHYCKYISpPHbIE H BOIHOBBIE XapaKTEPHUCTHKH CBS3aHBI MeEXAY Co00H JUId
HU3IYUEHHS U JUIS BellecTBa OJHHAKOBBIM 00pa3oM.;

I') neGpoiineBckas JIIHHA BOITHEL (JOTOHA H AIeKTPOHA OJJHHAKOBA;

) JIBHXKYIIMMCS MATepPHAIbHBIM OOBEKTaM COIIOCTABIISIETCS HEKOTOPHIA BOIHOBOM
Tporece.

2. JliniHa BOTHEI Jie Bpofiid ge Bpoia YacTHIBI OIPeIesIeTCs:
a) ee pasMepaMi;
0) ee MACCOIT;



B) CKOPOCTBIO €€ IBHKEHIS;

I') YCKOPEHHEM, ¢ KOTOPHIM OHa ABHIAeTCH;
1) BHYTPEHHHM CTPOEHHEM H COCTaBOM;

€) IJIMHOMH CBETa, H3Iy4aeMOI €i;

) IEHCTBYIOLIEH CHIIOH.

3. Kakumu U3 MpHBEACHHBIX (OPMYI MOKHO ITONIb30BAThCA IS pPacyeTa JJIMHbBI BOTHEI

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

B)7\.=MW;

D A= h1-v2/ ¢ Imygv:
1) A=h/~2meU :

&) A=n/\2mT ;

x) A = himc;
3) A=clv.

4. Kakve W3 TIPUBEJIEHHBIX HUKE XapaKT€PHUCTHK ITPABHIIEHO OTPAXkAIOT CBOHCTBA BOJH
nie bporimsa?

a) (hazoBast CKOPOCTh GONbINE CKOPOCTH CBETAa B BAKYyMe;

6) (a3oBast CKOpOCTh MeHbINE CKOPOCTH CBETA B BAKYYyME;

B) TPYIIIOBAas CKOPOCTh PaBHA CKOPOCTH JABHKEHUSA YaCTHI[bI;

T') TPYIIIOBAs CKOPOCTh GOIIBINE CKOPOCTH ABHKEHHU S YACTHIBI;

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

K) JJMHE OOPOBCKOH OPOMTHI COOTBETCTBYET IEJIOE YMUCIO JeOPOMIEBCKUX JJIMH BOIH
3IIeKTPOHA;

3) JJIMHA KaKIOHM OOPOBCKOH OpPOMTHI KpaTHA YETHOMY YHCILY TIONYBONH Je bpoinsa
3IIEKTPOHA;

M) JUIMHA KaXIoH OOpOBCKOM OpOMTHL KpaTHa IENIOMY 4YHCIIY IIONYBOIH Jie bpoiis
3IIEKTPOHA;

5. Kakue u3 mpejcTaBIeHHBIX HUXe (POPMYT MPAaBWIHHO YCTAHABIUBAIOT CBS3b MEXKIY
pamuycaMu GOPOBCKUX OPOUT U JAeOPOIIIEBCKOM JJIMHON BOITHBI ANIEKTPOHA?

a) = nk;

6) rn = h;
B)r,=Hh A;
T) r, = nA/26;
) 26r, = nA.

6. Ecaum 53IMeKTpoH M HEWTPOH JBHXKYTCS PAaBHOMEPHO M IPSMOIHHENHO, TO B
COOTBETCTBHU ¢ TEOPHEN Jie bpoiiis

a) UM COITOCTaBIISIETCS BOJHOBOM ITpOIlecC KaK B clIydae HAeaTbHBIX TUIOCKUX BOJH,
MIpHYEM OAUHAKOBOH 4acTOTHI;

6) HeNTPOHY cOITOcTaBIIAeTCS IIOCKAs BOIIHA, a AEKTPOHY 3aT yXaroIas;

B) MM COITOCTaBJITIOTCS c(pepiiecKre BOHEI, TaK KaK YACTHIIBI OUeHb MalleHbKIE;

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

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



€) MM COITOCTABILIOTCS IUTOCKHE BOJHBI PasIMYHON YaCTOTHI, TaK KaK Yy HHX pasiIyHas
Macca.

7. B onprTax [[3BHCOHA 1 J[XKepMepa HCCIeI0BaIICh

a) BIIMSHIHE TTYYKa IEKTPOHOB Ha CTPYKTYPY KpHCTalIa HIUKEILS;

6) paccesHHE D5IEKTPOHOB KpPHCTAUIOM HHKENS B 3aBHCHMOCTH OT YCKOPSIOIIETO
HaIpsDKEHHS Ha JIEKTPOHHOI ITyIIKe ;

B) 3aBHCHMOCTh CKOPOCTH ITy4Ka HJIEKTPOHOB OT YCKOPSFOIIETO HAITPSDKEHH;

T') OTPaXKEHHe ITy4Ka SIIEKTPOHOB MOHOKPHCTAIIOM HHUKEIS;

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

8. B ompirax JIsBucoHa u JIxepMepa OblII0 OOHAPYKEHO:

a) HWHTEHCHBHOCTb PACCESAHHBIX KPHUCTAJUIOM HHUKENS D3IeKTPOHOB 3aBHCHT YITIA
paccesHUS, pHYeM HauOOIbINasi HHTEHCHBHOCTb COOTBETCTBYET YIIIY 3€PKAIBHOIO OTPAXKEHHS,;

0) HMHTEHCHUBHOCTh PACCESHHBIX KPHCTAUIOM HHKENS 3IIEKTPOHOB 3aBHCHT OT YITIA
PacCesIHUS U MPEACTABIAET COO0H CHCTEMY YePEAYIOIUXCS MAKCHMYMOB H MHHIMYMOB;

B) paclpelieNeHHE HWHTEHCHBHOCTH PACCESIHHBIX KPHUCTAZIOM HHKENS 3IIEKTPOHOB
3aBHCHT OT yITIa ITaJIeHHS;

I) pacIpelieicHHe WHTEHCHBHOCTH PACCESHHBIX KpPHCTAIUIOM HHKEIS 3IIEKTPOHOB
3aBHCHT OT HAIIPSKEHHS Ha BIIEKTPOHHON ITYIIKE;

Jl) paclpefclieHHe WHTEHCHBHOCTH PACCESHHBIX KPHUCTAIZIOM HHUKENS 3IIeKTPOHOB
3aBHCHT OT KPHUCTAIUIMYECKOH CTPYKTYPHI HUKENSd WM HM3MEHSETCS B IIPOLECCE TEPMHYECKOH
006pabOoTKH KpHUCTAILIIA.

9. B pesymbrare oIbITOB [[3BHCOHA H [[)KepMepa OBLIIO YCTaHOBIIEHO:
a) SIIEKTPOHBI MTPOSBIISIOT BOTHOBBIE CBOMCTBA IMOA00HO PEHTTEHOBCKOMY H3ITYYEHHIO;

6) dopmyna ge Bpoitns s ompefelleHHs JUTHMHBI BOTH 3IEKTPOHOB A=h/\2meU
CIIpaBe]IHBA;

B) BOJHOBBIE CBOMCTBA 3JIEKTPOHOB IIPOSIBIISIEOTCS TONBKO ITPH BBICOKOH IDIOTHOCTH
MTy4Ka 3JIeKTPOHOB KaK KOJITEKTHBHEBIN 3 (eKT;

T) Jie OpoiIeBcKasl JUIMHA BOIHBI 3JIEKTPOHOB 3aBUCHUT OT KPHUCTAIUIMYECKON CTPYKTYPHIL
HHKETIS U M3MEHSETCS B PE3YIIbTATe TEPMUYECKOH 06pabOTKH KpHUCTallIa;

) OOIydyeHHMe HHUKeIsd IIy4KOM D3JeKTPOHOB IIPHBOAWUT K HapYyIIEHHIO €ro
KPUCTAINIMYECKON CTPYKTYPBHI;

€) OIEeKTPOHHBIE ITYYKH MOXHO MCIIONB30BaTh JUISI H3YYEHHS KpPUCTAJUIHYECKOH
CTPYKTYPHI BEIIECTB.

10. SIBnenue qUdPaKIH YACTHI] HEBO3MOKHO HaGIIIOATE IS

a) aTOMOB, TaK KaK OHH HE HMEIOT 3apsya;

0) aToMOB, TaK Ji¢ OpOiJIeBCKas JJIMHA BOJIHBI WX 3HAYUTEIIBHO OOIbIlEe BO3MOXKHBIX
TIPENATCTRHI B OIMBITAX IO JU(PPaKIHHI;

B) KPYIIHBIX YacCTHI[, Pa3Mepbl KOTOPBIX OONBINE Pa3sMEpPOB IPEISATCTBHII B OIMBITAX IIO0
Au paKIm;

') HEHTPOHOB, TaK KaK OHH He MMEIOT 3apsya;

JI) MOTIEKYII, ECIH MX ITy4YOK OYeHb MaJIOi IUIOTHOCTH;

€) MOJIEKYII, €CTIH HX ITYYOK He SBIIIETCSI MOHOXPOMATHYHBIM;

7K) BIIEKTPOHOB, ECIIH HX ITy4OK HE SBJLIETCI MOHOXPOMAaTHIHBIM;

3) IIPOTOHOB, ECIH HX ITY4OK MaJIOH HHTEHCHBHOCTH;

1) aTOMOB, YaCTh H3 KOTOPBIX B BO3OYKIEHHOM COCTOSHHI.

11. OusHuecKIii cMbICT BOIH Je Bpoiliis cOCTOHT B TOM, UTO:



a) aMIUTHTYZa BOTIHBL SIBJIIETCS BEPOSITHOCTHIO HAXOKIEHI S YaCTHI[BI;

6) aMIUTMTyZa BOMHBI, a BEpHee ee KBaJgpaT, ONPeleisieT BePOSTHOCTh HaXOKACHILT
YaCTHI[BI;

B) YaCTOTa BOJHBI OIPEAETIACT BEPOATHOCTh HAXOXKAEHI S YaCTHIIBL;

T) (paza BOTHBI OIMPEEISIET BEPOSTHOCTD HAXOXKIEHHS YaCTHIIBL;

1) (azoBast CKOPOCTh BOMH Ji¢ Bpoiiins 1 AIeKTPOMArHHTHBIX BOITH OAHHAKOBA;

€) TPYIIITOBasi CKOPOCTE BOTH Jie Bpoitist M 5IeKTPOMAarHUTHBIX BOIH OJMHAKOBA.

12. CootrHollleHHA HeonpeaeneHHocTel ['elizeH0epra ycTaHaBIMBAIOT :

a) CBSI3b MEKIY HMITYIIbCOM M 3HEPIUei YacTHUIIHL;

0) CBsI3b MEKIY HMITYIIECOM H KOOPAHHATON YaCTHIIBI;

B) CBSI3b MEKAY HMITYIIbCOM H BEPOSITHOCTBIO HAXOXKIEHHS YaCTHUIIHI;

I) 3aBHCHMOCTh MEXJIy SHEPIHEH OBIIEKTPOHA M BPEMEHEM JXHU3HH BO30YKIESHHOIO
COCTOSIHHSI aTOMa;

1) TPaHHUIIBI TIPUMEHUMOCTH KIIACCHYECKOH MEXAHUKH K OITMCAHHIO MUKPOOOBEKTOB;

€) CBSI3b MEXJY €CTECTBEHHOH HEOINPeAEeTIEHHOCTRIO HMITYIIbCa M KOOPAWHATHL YACTHI] I10
NIPHYHHE HATMYMS Y HUX BOJTHOBBIX CBOMCTB;

) CBS3b MEXIY ECTeCTBEHHOH HEOIPEJeIEHHOCTBIO BHYTPEHHEH SHEPIrHH aTOMa
CPEJTHUM CTaTHCTHYECKMM BPEMEHEM CYINECTBOBAHHS COCTOSHUS aTOMa.

13. UTo H3 IEepEeurCIIEHHOTO HH’KE MOYKHO OOOCHOBATh HCXOJAS M3 COOTHOIIEHHIA
HEOIpeAeIeHHOCT e

a) HAIMYME MOHOXPOMAaTHYECKOr O M3TYIeHHS;

6) TPHHIIMIMAIbHYI0 HEBO3MOKHOCTh JOCTHYb HJI€aIbHOH MOHOXPOMATHYHOCTH
H3ITYICHHS;

B) IMMPHHY CIIEKTPaTbHbIX IMHHUI CHIIbHOPAa3PEKEHHBIX Ta30B;

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

JI) CYIIECTBEHHO OONBINYIO INMUPHHY CIEKTPAIbHBIX IIONIOC IS MOJEKYH, 4YeM JUIS
aTOMOB;

€) MHHMMAIIbHO BO3MOXHBIE Pa3MePhl aTOMa;

) Maccy ITOKOSI BIIEKTPOHA.

14. Kakoi W3 TIpeJCTaBIIEHHBIX HHXKE BAaPHAHTOB IIPABWIBHO OIPEAEIseT CMBICT
CTaTUCTHYECKOH MHTEPITPETAL[MH BOIH Jie bpoiinga?

a) BOJHOBEIM 3aKOHAM IIOJUHMHSIOTCS He caMH UYacTHIBI, a HX CTaTHCTHYECKOe
pacripefielieHHe B IPOCTPAHCTBE M BO BPEMEHH WM, HHAdYe TOBOPS, BOJMHOBBRIM 3aKOHAM
TMOMYHHSAETCSI BEPOSTHOCTh HAXOXKAESHHS YaCTUIIBI B TOM MIIH HHOM MeCTe;

6) BOITHOBBIE CBOMCTBA YACTHII IPOSBITIOTCSA HE BCETJa; OHH ITPOSIBIISIOTCS JIHIND C
OTIPEJIEIIEHHON BEPOATHOCTBIO, KOTOPAas 3aBUCHT OT BHEIMHHUX VYCIIOBHH M JTHHBI BOJHBI Jie
Bpoitnsg;

B) BOITHOBHIE CBOMCTBA YACTHIL ITPOSBILIIOTCS TOIBKO IS OONBINMX aHCcaMOIIeH YacTHIl U
BOJTHOBBIM 3aKOHAM ITOJUHHSIOTCS CPEHHE CTaTHCTHYECKHE XapaKTEPHCTHKH YaCTHII, KOTOPhIE
BCerza HeJelIHMEL,

BAPUAHTBHI KOHTPOJIbHBIX PABOT

Bapuanr |

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

2. OmpeIeuTh IS aTOMa BOZOPOfa U HoHa He': SHEPIUIO CBS3H 3EKTPOHA B OCHOBHOM
COCTOSTHHH M IIOT€HI[HAI HOHI3ALMH.



3. OnpenennuTs IOTEHIMAI HOHM3ALMH H TIepBhIi ITOTeHIMAaT Bo30OYKIeHHS aToMa Na, ¥
KOTOPOro KBaHTOBBIE Ae(heKTHl OCHOBHOIO TepmMa 3S 1 3P paBHEI coorBeTcTBeHHO 1.37 11 0.88.
4. JlormicaTh HeZOCTAIOIME KOMITOHEHTHL MYJIbTHILIIETOB 2P3;2‘ 3D|_ 4F5;2_ 3P3_ 5D4_ 4P|;2_

Bapranr 2

1. OddexruBHOe cedyeHHe AApa aToOMa  307I0Ta, OTBEYAIOIEe  PacCesHHIO
MOHO3HEPIreTHUYECKHX (l-4YaCTHI[ B HMHTEPBale VIJIOB OT 90° mo 180°, paBHO A6=0.5.10"" o’
OrnpeneniTs KHHETHYECKYIO SHEPTHIO (-YaCTHII.

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

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

2. 3a. 35, 3 2 3. 2
4. BO3MOXHBI JIH CIIEAYIOIHE COCTOSIHUS: “S1, ~"So, "Po, "Si2, “S1/2, Do, 'D1p?

Bapuanr 3

1. OddextuBHOe ceueHHe spa aroMa  30JI0Ta, OTBEYAIOMEE  PACCESHHIO
MOHO3HEPIreTHYECKUX (L-4aCTHI[ B MHTEPBale YIJIOB OT 90° mo 180°, paBHO AG=0.5.107%" o
Onpegemits muddepeHImansHoe ceueHue paccesHua d6/d¢, cOOTBETCTBYIOIIEE YTy v=60".

2. OnpeAenuTs i aToMa BOAOPOoia K HOHA Ii™; 3HEPTHUIO HOHU3AI[HH.

3. CKOIIBKO CIIEKTPalIbHBIX JHMHWH, Pa3pelleHHbIX MPaBWIaMH OTOOpa, BO3ZHUKAET ITPH
TEPEXOE aTOMa JIMTUS B OCHOBHOE COCTOSHUE U3 COCTOSHUA 457, 4P?

4. Kakne U3 CIeyIoIUX ONTHYECKUX TIEPEXOJOB Pa3PEIIEHBI: g 12 - 2D3,f-g‘ sz — ZDM‘
'Sg- PL. n1'Sq - n'Sg?

4.2 ®oHJ OlI€HOYHBIX CPeICTB VI NPOoBeAeHHA MPOMEKYTOTHOI aTTecTaAlH.
HTOroBHIH KOHTPOIL OCYINECTRISETCS B BHAE SK3aMeHa B KOHIlE ceMecTpa. Ha sk3ameHe
CTYZICHTaM ITpejilaraeTcs OTBETHTHL Ha 2 BOIpoca IO MaTepHalaM Y4eOHOM JHCIITIHHBL M
BEHITIONTHUTE TTpakTHUYeckoe 3ajiaHue. [1o uToraMm orBeTa Ha SK3aMeHe IPeloaBaTellb OIeHHBAET
3HAHMS CTYIeHTa. DK3aMeH SBIISIETCSI HTOrOM ITO JHUCIHTIITHHE.

CHcTeMa OlEHOK BBITOITHEHHS KOHTPOIBHOTO TeCTHPOBAHHS:

- «3aYTeHO» - KOIMYECTBO IMPABHIBHBIX OTBETOB OT 50 mo 100 IIpPOIEHTOB, BHITIOMHEHHI H
3AMUINEHBI BCe TaGopaTOPHBIE PabOTH;

- «He 3a4TeHO» - KOTHIEeCTBO ITPaBHIILHEIX OTBETOB MeHee 50 MpOIleHTOR;

Bomnpocs! k 3x3ameny no qucinunimine «OCHOBBI AT OMHOM ®U3NKU»
DH3UKO-TeXHHYECKHH PaKyIbTeT, 2 KypC.

1. Muxpomup. Macmradbl. OKCIIEpUMEHTAIbHBIE JAHHBIE O CTPOEHHH aToMa.
CepuallbHble 3aKOHOMEPHOCTH B AaTOMHBIX CIIEKTpax, KOMOWHAIIMOHHBIM ITpUHIMIT PHTIa,
TEPMBI.

2. KsauTel cBera (QoToHbl). TermmoBoe H3IyYeHHe: KITACCHYECKHIT H KBaHTOBO-
MexXaHnueckuii moxxox. @orosddext: ero BuIE ¥ 3aKoHbI. DopMyia DHHIITeHHA.

3. TopMo3HOe peHTITeHOBCKOe M3IyueHHe. J[lapneHme w3nmyueHus. IlornmoreHue
nanydyerns. Vznyuenne BasunoBa—UepeHKoBa.

4. DOdbddexr KommroHa. Jloka3aTenbcTBO HEBO3MOXKHOCTH IIOIVIONIEHHS (OTOHA
CBOOOIHBIM IEKTPOHOM U TEOPETHUECKUI BRIBOA (POPMYIIBI 71 KOMIITOHOBCKOIO CIBHTA.

5. Onsitel Pesepdopma. SAnepHas mopens aroma. BeiBox gopmynsl Pesepdopma mms



PpaccesT I (-4acTHII.

6. CrnenctBus M3 OINBITOB Pesepdoprma. OSKcIepHMeHTalbHas IIpoBepKa (hopMyTIhl
Pesepdopma. [TnanerapHas Mofemb aroMa Pesepdopaa. Db eKTHBHOE ceueHNe pacCesHU.

7. CHekTpalbHBIE CEPHH aToMa BOZOPOAa. OlNeMeHTapHas OOpOBCKas TEOpHSA aToMa
Bogopoza. [TocTymaTsl Bopa.

8. OKCIIepHMEHTABHOE TIOATBEPKACHNIE KBAHTOBAaHNS SHEPTeTHYECKUX YPOBHEH aTOMOB,
omeiThl Dpanka K ['epria. CrHeKTpalbHBIE CEpPHH BOLOPOAOMONOOHBIX cHcTeM. HemocTaTku
Teopuu bopa.

9. YacTHilbl U BONHEL. KOPIYCKYISIPHO-BOIIHOBOH AyanusM. ['miioresa ge bpoina u ee
SKCIIEPHMEHTAIIbHOE ITOATBEpKAcHHEe. Da30Bast U IPYINIOBAs CKOPOCTH BOMIH ¢ bpoiis.

10. VYcmoBue BO3MOXKHOCTH OTHOBPEMEHHOTO H3MEPEHHSA (PH3HYECKHX BEITHYHH.
CooTHoIIIEHNHE HeolpeAeeHHOCTeH ['ei3eHOepra.

11. CocTosHHe YacTHIIH B KBaHTOBOI TeopHH. BomHOBasA G YHKIIHA U €€ CTaTHCTHYSCKHIT
CMBICH. [IpHHITHIT CYTIepITO3HIIHI.

12. OmnepaTopsl B KBaHTOBOH MeXaHHMKE M HX CBOMcCTBa. COOCTBEHHBIE 3HAYEHHS WU
COOCTBEHHBIE (DYHKI[HH OITEPaTOPOB.

13. Cpenxue 3HaUeHHS PU3HUECKUX BEIHYHH. Y CIIOBHE BO3ZMOXKHOCTH OJHOBPEMEHHOTO
H3MepeHH s (PU3HIEeCKUX BETTHYHH.

14. Oneparopbl BaXHEHINMHX (PH3MUECKHX BETHYMH (KOOPMHATHI, HMITYIIbCa, BEKTOPa
HMITYIIbCa, MOMEHTA UMITYJIbCa, KBaJpaTa MOMEHTA HMITYJIbCa).

15. OrmepaTopsl BaXKHEHIMHX (H3HYECKHMX BETHYHMH (TIPOESKI[HM MOMEHTa HMITYIIbCa,
KHHETHYECKON 3HEPIHUH, TTIOTEHIIMAIIBHON SHEPTUH, ITOJTHOM SHEPIUH).

16. BpemenHoe u craupoHapHoe ypasHeHHd [llpemuHrepa. KBaHToBaHHe. YpaBHEHUS
[Ipexurrepa B oreparopHoit hopme. OnepaTop ['amiuIbToOHA.

17. OrmpezneneHue SHEPreTHYECKOrO CIIEKTpPAa CHCTEMBI KaK 3ajlada Ha COOCTBEHHBIE
3HaYeHHU4 oleparopa ['aMrsToHa. /[BHKeHHe CBOOOAHON YACTHI(EL.

18. YactHila B OJHOMEPHOW ITPAMOYTOIBHOM ITOTEHI[HMAIBHOM $Me C OECKOHEYHO
BBICOKMMH CTEHKAMH.

19. OrHOMEpHAS MTPSAMOYTOJbHAS IIOTEHIIHATIBHAS SIMa CO CTEHKAMH KOHEUHOW BBICOTHI.

20. JIMHEWHBIN TAPMOHUYECKHUH OCIIMIUISTOP.

21. OTpaskeHHE U ITPOXOKIAEHHUE CKBO3b IPSMOYTOJIbHBIH ITOTEHIIMAIIHBIN Oaphep.

22. TloTeHIHATEHEIH Oapbep KOHEUHOH MIMPHHEL. TYHHeTbHEIH 2 deKT.

23. KBaHTOBO-MEXaHHUYECKOE OIMCAHHE aTOMa BOJOpOAa. PaszzeneHHe IepeMeHHBIX.
KBaHTOBBIE uHCIA. DHEPIEeTHYECKHH CIIEKTP. YITIOBOE M PaJHallbHOE PpacIipejlelIeHHe
3IIeKTPOHHON TDIOTHOCTH.

24. OnepaTopbl MOMEHTA MMITYJICA M TIPOEKI[MM MOMEHTA UMITYIIECA U UX COOCTBEHHBIE
3HaueHud. [IpaBnuia or6opa. 1s-cocTosSHME MEKTPOHA B aTOME BOJOPOAA.

DYy Ksanropamie BOJIOPOMOTIOIOOHBIX ATOMOB. KparHocThb BBIPOXKACHU S
SHEPreTHYeCKHX YpPOBHEH. CHMBONMKA COCTOSHUN 3JIEKTPOHA B aTOMe. YPOBHH M CIIEKTPEI
IIETTOYHBIX METAIIIOB.

26. IIpaBmna orbGopa M CIEKTPAIBHBIE CEPUH BOLOPOJOINONOOHBEIX aTOMOB. TOHKAas
CTPYKTYpa CIIEKTPATTbHBIX JIMHII BOTOPOOIIOAOGHBIX aTOMOB.

27. OpOuranbHble MarHUTHBIM M MeXaHHWYeCKUil MOMeHTH. CITMH M COOCTBEHHBIN
MAarHUTHBI MOMEHT BJIEKTPOHA. OKCIIEPUMEHTAILHOE TIOATBEPKIEHHE CYIIECTBOBAHMS CITHHA.

28. ITomHbIi MOMEHT MMITYIIbCa. OIMCaHHE COCTOSHHI SIIEKTPOHA B aTOME C ITOMOIIBIO
HaGOPOB KBaHTOBLIX umcell. CITMH-OpOHTaIbHOE B3aHMOZEHCTBHE.

29. MarHuTHBEE CBOHCTBA aTOMOB. OpOUTANIbHBIN, CIIMHOBBIM M ITOJMHBIH MAarHHUTHBII
MOMeHTHL aToMa. OreITH [ITepHa—I'epraxa. ['MpoOMarHHTHOE OTHOIIEHHE H MarHETOH bopa.

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

31. Ilpumipm [laynmu ¥ 3alloNHEHHE SNEKTPOHHBIX OOOIOYEK B MHOTOINEKTPOHHBIX
aToMax. ATOMHBIE OOONIOUKH H IToR000IouKH. CIIeKTpalbHbIe 0003HAYEHHS H IIpaBHIIa ordopa.



32. DnextpoHHas KoH(urypaipis. CyMMapHbIE OpOHTAIbHBII, CITMHOBBII M IIONHBLT
MOMEHTBI MHOTOIEKTPOHHOTO atoMa. LS- H jj- cBsa3u. CrieKTpainbHble 0003HAUEHNS M ITpaBIIIa
oT0opa.

33. Ilepuommyeckasl cHcTeMa SIeMEHTOB MeHeneepa. ONeKTPOHHAS KOH(HTYpalFs H
NpaBHTa XyHAA.

34. OcoOeHHOCTH XapaKTepHCTHUECKHX PEeHITeHOBCKHX CIIEKTPOB. 3akoH Mosmu.
OcoOeHHOCTH CITEKTPa MOrIoIeHusI. ToHKasl CTPYKTYpa PEHTTEHOBCKIX CIIEKTPOB.

35. CucreMbl TOXASCTBEHHBIX uacTHil. CHMMETPHS BOIHOBBIX (DYHKIIL. BO3OHHI M
bepmrionsl. KBaHTOBO-MexaHHUYecKas (POPMyIIHMPOBKa IpHHIpIIa [Taymm.

36. Monexyisl: SHEprus H CIeKTpel. KBaHTOBaHHE IIOIHOH SHEPrHH IBYXaTOMHOI
MOJIEKYIIBL.

37. BBIHYXJIeHHOe H3ITyueHHe. ONeMeHTH (H3MKH TazepoB. CBOICTBA ITa3epHOTO

H3IIyYEHHUS.

OlleHOYHBIE CpEeACTBA UISI HMHBAIMAOB W JHMI[ C OrPAHHYEHHBIMH BO3MOKHOCTSIMH
30POBbSI BEHIGHPAIOTCS ¢ YUETOM MX HHAMBHIYAIBHBIX TICHXO(PHU3HUECKIX OCOOEHHOCTEHH.

— TpH HEOOXOAMMOCTH HMHBAIHMAAM H JHIAM C OrPAaHHYEHHBIMH BO3MOXHOCTSIMH
30POBb S IIPEIOCTABRISETCS AOMOTHUTEILHOE BPeMS TSI TOAT OTOBKH OTBETA Ha SK3aMEHE;

— IIpH TIPOBEJIEHHH TIPOLIEAYPHI OIIEHHBAHHUS PE3YyIbTaTOB OOYUESHHS HHBAIMIOB H IHIL C
OTPaHHYEHHBIMH BO3MOXKHOCTSIMH 30POBbS IPEAYyCMATPHBAETCS HCIONb30BAHUE TEXHHYECKIX
CPeACTB, HEOOXOMMBIX MM B CBSI3H C MX HHAUBHAYAITbHBIMH OCOOEHHOCT SIMH;;

— TIpH HEOOXOAMMOCTH 1T OOYUArOIIMXCS ¢ OF PAHHYEHHBIMH BO3MOYKHOCTSIMH 3]TOPOBbSI
W HHBAIMIOB IIPOIEAypa OlIEHHUBAHWUSI pe3yIbTaTOB OOYYeHHS 110 JUCIMIUITHHE MOXET
MTPOBOAUTHCS B HECKOIBKO 3TAIOB.

[Ipotienypa OllEHHBAHHA PE3YIbTaTOB OOYUEHHS MHBAHAOB H JHI[ C OrPAHHYEHHBIMH
BO3MOXHOCTSIMH 3[0POBbSI 1O JUCIMIUIMHE (MOAYIIIO) IpelycMaTpHBAacT ITPeIOCTABIIEHHE
uHpopMarti B (hopMax, aJalTHPOBAHHBIX K OTPAHHYEHUSM HX 3I0POBbS H BOCIIPHSTHS
HH(popMaIHH:

JUi1s1 THIL ¢ HapYITIeHUSIMH 3PEHUST:

— B IleuaTHOH (GopMe YBEITHUEHHBIM ITPH(TOM,

— B (popMe 3IEKTPOHHOTO JIOKYMEHTA.

JU1s1 TUIL ¢ HapYITIEHUSIMH CITyXa:

— B MeyaTHOMH (opme,

— B (popMe 3IEKTPOHHOTO IOKYMEHTA.

JI1s1 TUIL ¢ HapYITIeHHSIMA OITOPHO-IBHTATEIBFHOTO arliiapara:

— B MeyaTHOMH (opme,

— B (hopMe 3IEKTPOHHOTO TOKYMEHTA.

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

5. IlepevyeHb OCHOBHOH H JOMOJHHTeJbHOH Y4UeOHOH JIMTEPaTypbl, Heo0Xo MOl
JUIS OCBOEHHS JHCIMILTHHBI (MOIYJIs).
5.1 OcHoBHag JMTepaTypa:

1. Casempes, U. B. Kypc obmieit ¢pusmku. B 3 1. Tom 3. KBaHTOBas onTHKa. ATOMHAS
busnka. Gusuka TBepAOro Tena. OU3HKa aTOMHOTO SIpa U 3IIeMeHTaPHbBIX YaCTHII
[OnexrponHst pecype] : yueb. mocodue / . B. Casenses. - 11-e u3f., crep. - CaHKT-
Ilerep®ypr : Jlaus, 2017. - 320 c. - https://e.lanbook.com/book/92652.

Wpognos U. E. Aromuas 1 auepHas ¢usrka: c6opHHK 3ajay. — CI16.: Jlans, 2006.
CuByxun [[. B. O6upui xypc ¢msmxu. T.5. ATomHas M spuepHas ¢Qu3mka. - M.
OUSMATIIUT; Usx-Bo MODTH, 2006.

4, Kypc ¢pusukw : : yyeGHOe MOcoGHe I CTYeHTOB BY30B : [B 3 1.] /. T. 3. : KBaHTOBag

onrrka. ATomHas ¢mspka. OusnKa TBepHoro Ttena. OH3MKAa aTOMHOIO Sapa H

L I



sneMeHTapHBIX yacTHIl. / CaBenbeB, Mrops Bragmoiposuy. ; Y. B. CaBenses ; pegHci.,
Hayu pex. H. M. Koxesrnkos. - F31. 3-e, ctrep. - CII6. [u ap.] : Jlams , 2007

5. AromHas ¢msmKa [Tekcr] : yueOHO-MeTogIueckoe rmocodue / [A. I1. Bapkos, B. C.
Hoport, B. E. JIsicenko u ap.] ; M-Bo obpazoBaHis 1 Hayku Poc. MDexepaliii,
Ky0aHckmii roc. yH-T. - KpacHogap : [ KyOaHCKHI rocyqapCTBEHHBIT YHHBEPCHTET |,
2016. - 115 c. : mi. - ABT. yKa3aHbl Ha 000pPOTe THT. JI. - bUOmiorp. B KoHile padoT. -
ISBN 978-5-8209-1201-6 :.

ﬂJ'I}I OCBOEHHSA THCIIHIUTHHEI HHBATTHAaMH H JITHIIaMH ¢ OI'PaHHYCHHBIMI BO3MOXXHOCT SIMH
3A0POBbA HMCIOTCA H3JaHIHA B JIICKTPOHHOM BHIE B SJIeKI‘po}H{O-ﬁHﬁJIHOTe‘H{BIX CHCTEMax
«JlaHB» H <<IOpaﬁT>>.

5.2 lonmoJHHTe/ILHAA JIHTEPATYPA:

1. TIpakTHKyYM ITO PellleHHIO 3a/ay 110 o0ITeMy Kypcey (H3uKH. OCHOBBI KBAHTOBOM (DH3HKH.
CrpoeHHe BeltlecTBa. ATOMHAS H siepHas (H3HKa [ ONeKTpOHHEIH pecype] : yueGHOoe
rocoOue / H. I1. Kamanmmkos [u 1p.]. - Cankr-IleTepOypr : Jlans, 2014. - 240 c. -
https://e.lanbook.com/book/49468.

2. OcHoBHI aToMHO#H (H3HKH [Tekcr] : madopaTtopHsIi mpaktHikyM / A. I1. Bapkos, B. C.

Hopor, B. A. Hukurus, B. I1. [Ipoxopos, E. b. XoTHsaHCKas ; M-Bo 00pa3oBaHus H

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

TOCYHapCTBEHHBIN YHUBEPCHTET], 2012. - 99 c. : wi1. - bubnuorp. B KoHile padorT. - 19.25.

CapempeB, U. B.

4. Kypc obrmeit pusmku [ OneKTpoHHEI pecype] : yuebHoe rmocobue : B5T.T. 4 :
KpaHTopas ontrka. ATomMHas pu3mka. OH3MKA TBEPAOTO Tema. DH3HKa aTOMHOTO Spa H
snmeMeHTapHbIX yactuil / M. B. Casenbes. - CIIG. : Jlans, 2011. - 384 c. -
https://e.lanbook.com/reader/book/708/#authors.

5. 3ucmad, ['mprmn A6pamosny. Kypc obrmeit ¢usmku [Tekcr] : yueGHOe mocobue st
CTYZEHTOB BY30B : B 3 T. T. 3 : Onrtruka. Ou3HKa aTOMOB M MOIIEKyYIl. DU3HKa aTOMHOTO
sapa u mukpovacturl / I'. A. 3ucman, O. M. Togec. - U3xa. 6-¢, crep. - CIIO. [u ap.] :
Jlaus , 2007. - 498 c., [4] 1. wi. - (Kmaccudeckas yueGHast muTepaTypa o (pH3HKe)
(JIyuime ximaccuyeckue yueOHUKN) ( YUeOHUKH U1 By30B. CIiel[HanbHas IMTeEPaTypa).

5

5.3. Ilepuoanveckue H3IaHUS:

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

2. Kypnan «Lightwave Russian Edition» / www.lightwave-russia.com/ .
3. XKypHan «BecTHHK cBs3HU» /www.vestnik-sviazy.ru /.

6. Ilepeuenn  pecypcoB  HHGOPMALMOHHO-TEJEKOMMYHHKAIIHOHHON  ceTH
«HTepHeT», HeOOXOHMBIX VI OCBOEHHSA JHCIHIIIHHLI (MOXYJIA).
L. http://www kubsu.ru/University/library/resources/
2. http://www.rubricon.com/.
3. http://window.edu.ru/window.

6. MeTomueckHe YKA3aHUSA 1A 00YIAIOIMIXCA M0 0CBOECHH IO THCITHILIHHBI (MOXYJIs1).

Cpoknu
No o Kon-Bo | dopMa IpeicTaBiIeHu s
Tema W 3afaHue TeKYIIeH paboTe BBITTOTTHEHHS
TEMBI YacoB PE3YIBTaTOB F——"

OIneMeHTH! KITacCHYECKOi TEOPHH 2 YCTHBIH OTBET,

- 1
SJIIEKTPOMArHITHOI' O H3ITYICHH A, TEKCTOBBI TOKYMEHT.




2 ONeMEHTHL KBaHTOBOH OITHKH. 2 s oy 1
TEKCTOBBI JJOKYMEHT.
3. CTOIKHOBEHHE YaCTHII. 4 ¥ CTHEL i 1
TEKCTOBBIH JJOKYMEHT.
OKCIIepHMEHTAILHOE IIOATBEPKICHILE

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

5 Omneirel eBHccoHa—[)KepMepa H 4 Y CTHBIH OTBET, |

’ TomcoHa. TEKCTOBBIH JJOKYMEHT.
6 CoOCTBeHHEIE 3HAUEHH I H COOCTRBEHHEIE 4 Y CTHBIH OTBET, |
' (YHKIIHH OIepaTopoB. TEKCTOBBIH JJOKYMEHT.
HekoToprle XxapakTepHbIE 3a1aun

7 KBAaHTOBOM MeXaHHKH. OTpakeHHE U 4 VY CTHBIH OTBET, 1
MTPOXOXKEHUE CKBO3b IPSIMOYTOIBHBIHI TEKCTOBBIH JJOKYMEHT.
TTOTEHIHAIBHEIN ITOPOT.

PazeneHne nmepeMeHHBIX. YTIIOBOE H T

8 paIHabHOE paclpeaeiieHHe 4 R | ,I[OI;ymeHT 1

3JIIEKTPOHHOH IUIOTHOCTH.
KpaTtHOCTh BBIPOKIEHUS
S3HEPreTHYECKUX YPOBHEN. CUMBOIIMKA 4 W —

9 COCTOSTHHH 3IIEKTPOHA B aTOME. - 1
Pacnipenenenue ImioTHOCTH REHGL ORI AR,
BEPOSITHOCTH.

OrnucaHHe COCTOSIHUH 3IeKTPOHA B

10 aTOME C ITOMOIIBIO HAOOPOB KBAaHTOBBIX 4 Y CTHBII OTBET, 1
yucell. CIIMH-OpOHTaITbHOE TEKCTOBBIA JJOKYMEHT.
B3aMMOJICHCTBHE.

11 OINEKTPOHHBIN ITapaMarHATHBII 4 Y CTHBIHM OTBET, 1
pesoHaHc (OI1P) U ero mpHUITOKEHHS. TEKCTOBBIH JJOKYMEHT.

12 F030HHI ¥ (hepPMHUOHEL. 4 e OLIBeT’ 1

TEKCTOBBIA JJOKYMEHT.

13 ToHKas CTPYKTYpa PEHTTEHOBCKHIX 4 Y CTHBII OTBET, 1
CIIEKTPOB. TEKCTOBBIA JJOKYMEHT.
Kraccugukarms 3meKTpOHHBIX

14 COCTOSTHUM MOIekyil. [Ipapmino ordopa 4 YCTHBIN OTBET, |
JUTS 3IIEKTPOMATHUTHBIX TIEPEXOJIOB B TEKCTOBBIA JJOKYMEHT.
JIBYXaTOMHBIX MOJIEKYTIaX.

Bax#eitrme THITHL Ta3epoB. OCHOBHBIE v .

13 KOMITOHEHTHI J1a3epa. CBOMCTBA 4 e 1
S - TEKCTOBBINA JJOKYMEHT.
DU3HYECKHE OCHOBEI o T—

16 CBEPXIIPOBOUMOCTH M CBEPXTEKYUECTH 4 - pmch 4/6
00— TEKCTOBBIIA JJOKYMEHT.
Hmozo 60 15 4/6

B ocroeHmm JUCIHHIIIIMHBEL HHBaAIIMIaMH H JIMIaMIK C OI'PaHHYCHHBIMH BO3MOXHOCTSIMH
310pOBbSL OONBINOE 3HAUECHHE MMeeT HHAMBHAyalbHas yueOHas pabora (KOHCYIbTALMH) —
JOTIOTHUTEIbHOE Pa3bsICHEHHE YUeOHOI0 MaTepHana.

WHIUBHYaTbHBIE KOHCYIBTALMHM IO IIPEAMETY SBIISEOTCS BaXHBIM  (haKTOPOM,
CITOCOOCTBYIOIIMM HHIMBHAYAIH3ALMH O0YYEHHS H YCTAaHOBIIEHHIO BOCIIHTATEIBHOIO KOHTAaKTa



MEXOY TIIperofaBarelieM M OOYYalOIMMCS MHBAIHAOM MM JIHIIOM C OTrPaHHYEHHBIMH
BOBMOHOCTSAMI 30J0POBBS.

8. IlepeueHb HHPOPMANMOHHBIX TEXHOJIOTHIl, HCIOJb3YEeMbIX NPH OCYLIECT BJICHHH
00pa30BaTeJILHOT0 Mpolecca No JUCHUINIHHE (MOIY. IIO0).

8.1 Ilepeyenb HHPOPMANHOHHBIX TEXHOJIOIHIL
Jlek1inn: HHTepaKTHBHAS IEKIHS ¢ MYIIbTHMEHIHOIN CHCTEMOM ¢ aKTHBHBIM BOBJIIEYEHHEM
BOBJIEYEHHE CTYIEHTOB B YUeOHBIH IPOIIECC H OOPAaTHOH CBA3BIO.

[IpakTHyeckie paboThl: KOMITBIOTEPHBIE 3aHATHS B PEXKMMAaX B3aHMOICHCTBHS «IIPEITOAaBaTelb
- CTYIEHT» H «CTYAEHT - IIPEIOJaBaTeNb», «CTYAEHT - CTYAEHT».

CamocrosrenbHas padora: TUCTAHIMOHHBIE 3aJaHHUS M YIIPaKHEHHS, ITIOCCAPHH TEPMHHOB H
OITPEACIICHUH.

8.2 IlepeveHnb He0OXO0AMMOr0 MPOrPAMMHOIO odecTiedeHH .

[IporpammHoe obecrieyeHHE B paMKax ITporpamMMbl KomriaHud Microsoft “Enrollment for
Education Solutions” 11 KOMIIBIOTEPOB H CepBepoB KyOaHCKOrO TrOCYAapCTBEHHOIO
YHHBEPCHTETA H €0 (PHIHAIOB, AHTHBHPYCHAS 3allliTa (MU3HYECKHMX PaOOYMX CTaHIMIT H
cepeepoB: Kaspersky Endpoint Security ama 6usHeca — CranaapTHeiit Russian Edition.

8.3 Ilepeyenb HHPOPMAINHOHHBIX CIIPABOYHbLIX CHCTEM:
1. CripaBouHo-TipaBoBas cuctema «KoHcymbTaHT [lmroc» (http://www.consultant.ru)
2. OnekrpoHHas oubmmoreuHas cuctema eLIBRARY.RU (http://www.elibrary.ru)/

9. MarepuajbHO-TeXHHYeCKass 0a3a, HeoOXoAuMasm /I  OCYHIECTBJIEHHSA
00pa30BaTeJILHOTO0 Mpoliecca Mo JHCHHILIHHE (MOIYJII0)

MaTepHaJIbHO-TeXHHLIeCKOC obecleueHHe JUCIUIUIHHEL

No Bua pabor
(MOZYTISI) M OCHAINIEHHOCTh

1 JlektmonHble 3aHATHA | JlekmonHas ayguropus Ne209C, 300C, 201C, ocHareHHas
TPe3eHTAI[HOHHO1 TEXHUKOMN (TIpoekTop, 3KpaH,
KOMITBIOTEP/HOYTOYK) M COOTBETCTBYIOIIMM ITPOIPAMMHBIM
obecrieueHueM (110).

2. CemmHapckue 3aHgTHs | CrienpanbHoe ToMenieHue Ne209C, 315C, ocHallleHHOe
IIPEe3eHTallMOHHON TEXHUKOKN (TIpoeKTop, 3KpaH,
KOMITBIOTEP/HOYTOYK) M COOTBETCTBYIOIUM ITPOI PAMMHBIM
obecrieueHHeM (I10),

3 JlaGopaTopHBIE Jlabopatopus No225, YKOMIUIEKTOBAHHA S
3aHATHSA CHEUATH3NPOBAHHON MeOENbIO M TEXHUYECKUMH CPEJICTBAMHU
o0yueHH S TabOPaTOPHBIMH CTEHIAMH IT0 U3YYEHHIO aTOMHOMN
(bH3HKH

4, Texymuit  KOHTPOIb, | AyAHTOPHS Ne209C, 211C, 230C, (xabHHeT)
MIPOMEKYTOUHAS YKOMIUIEKTOBAHHAS  CIIEI[HATHM3HPOBAHHOH  MeOenpio H
ATTECTAL[HS TEeXHHYECKHMH CPEJCTBAMH OOYIEHHS

5. CaMocTrogTensHas Ka6uner No207C ams caMOCTOSTENbHON PaboThl, OCHAITIEHHBII
pabora KOMIThbFOTEPHOH TEXHHKOH € BO3MOXHOCTHIO ITOJKIFOYEHHS K
ceTH «MHTepHeT», IMPOrpaMMOil SKPAaHHOTO VYBEIMHYEHHS H
o0eCreYeHHBIH JOCTYIIOM B BIIEKTPOHHYIO HH(OPMAIIHOHHO-
00pa30BaTeIIbHYIO CPely YHHUBEPCHUTETA.,




