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1 Hdesau v 331244 U3yYeHUS TUCHUIIMHBI (MOIYJIs).
1.1 Hesab ocBOeHUS] MUCHMILUIMHBI! H3yueHUE (PU3UYECKUX CBOWCTB MHUKpPOMHUpA U
KBAHTOBBIX SIBJICHUI Ha aTOMHO-MOJIEKYJISIPHOM YpOBHE.

1.2 3agaum AMCHUILINHBI

— B M3Y4CHHUH IKCIIEPUMEHTAIBHBIX OCHOB KBAHTOBOW (DM3WKH U PACCMOTPEHUE SIBICHUM,
00YCIIOBJIEHHBIX, B OCHOBHOM, 3JIEKTPOHHBIMH 000JI0UKAMH aTOMOB M MOJIEKYI;

— B YCBOGHUU OCHOBHBIX MOHSTUH BOJHOBOM MEXaHHKH M OCOOCHHOCTH KBAaHTOBO-
MEXaHWYECKOI0 MOAX0a K U3YYEHHUIO aTOMHBIX SBJICHUN.

BocnurarensHas

3aJgada 3aK/IF049acTCsa B

dbopMUpOBAaHUM Y  CTYICHTOB

HpO(I)CCCI/IOHaHLHOFO OTHOUICHUSA K MPOBCACHUIO HAYYHO-HUCCICAOBATCIBCKUX W IMPUKIAJHBIX
pa60T, B pa3sBUTHH TBOp‘IGCKOI\/’I HHUIOHUATUBBI U CAMOCTOATCIIBHOCTU MBINUICHU S .

1.3 MecTo iucuMniunbl (MOAyJisl) B CTPYKTYpe 00pa3oBaTe/IbHOI MPOrpaMMBbl.
Hucuumnnuna «OCHOBBI aTOMHOM (HM3WMKM» OTHOCUTCS K 0a30oBoii dactu brioka 1
"JIucuunIuHbI (MOIynu)" y4eOHOTO TIaHa.

Jucuummnaa 0a3upyercss Ha 3HAHUAX, MOJIYYEHHBIX 0O JucHuIuimHaMm OTnTHKa,
Marematnueckuii aHanu3, MexaHuka. 3HaHUs, MTPUOOPETEHHbIE MPU WU3YYEHUU AWCHMIUIMHBI,
HEOOXOAMMBI Il JajJbHEWIIEro YCBOCHHS MPOPECCHOHAIBHBIX KOMIIETEHIUH IO CTaHAAPTY
MOJTOTOBKU OaKajiaBpoB.

1.4 IlepedyeHp MIAHUPYEeMbIX pe3yJIbTATOB O0y4YeHHUS] MO AUCHHILVINHE (MOAYJIIO),
COOTHECEHHBIX € IVIAHUPYEeMBbIMH pe3yJIbTATAMHU 0CBOeHHs 00pa30BaTeIbHOI MPOrpaMMblI .

W3yuenue naHHON y4eOHOW IUCHUIUIMHBI HANpaBlieHO Ha (GOPMHUPOBAHUE Yy OOydaroIMXCs
npodeccronanbHbIx komnereHui (OIMK-1)

No Nuneke | Conepxanue B pesyabrare wu3ydeHus y4eOHOM JUCHMILIUHBI
- KOMIIET | KoMneTeHIuH (wim e€ | oOydaronmecs: JO0JKHBI
TLI1. 50005044 YaCTH ) 3HATh yMeTh BJaJeTh
1. OIIK-1 | cmocoOHOCTBIO — COBpEMEHHBIE | — C — METOAaMHU
MPEJCTABIISATH MPEICTABICHUS | TNAJIEKTUKO- MPOBEJICHUS
aJICKBaTHYIO 00 aTOMHOM MaTepUaTUCTHY | (U3HMUYECKUX
COBPEMEHHOMY CTPOECHUH €CKMX MO3UIUH | uccaeaoBaHum
YPOBHIO 3HaHUM BEICCTRA, OCMBICIIMBATh U | U U3MEPECHUI;
HAYYHYIO KAPTUHY OCHOBHBIE MHTEPIPETUPOB | —HABBIKAMU
MHUpa Ha OCHOBE 3aKOHBI, UJIEU | aThb OCHOBHBIE | IMPUMEHSTH
3HAHUS OCHOBHBIX Y IPUHITUATIBI MOJIOKEHHUS MOJTy9eHHBIE
MOJIO’KEHU I, 3aKOHOB | aTOMHOM aTOMHBIX TEOPETUYECKUE
1 METOJIOB bu3uKH, uxX SIBJICHUH, 3HaHUS 17151
€CTECTBCHHBIX HAYK U | CTAaHOBJICHWE M | OI[EHUBATH pereHus
MaTeMaTUKH pa3BuUTHE B MOPSAKU MPUKIIATHBIX
HUCTOPUYECKON | (pU3MYECKuX 3a1a4.
MOCJIeI0OBATENb | BEJTUYHH,
HOCTH, UX M CII0JIb30BATh
MaTeMaTU4eCK | MOJIydEHHbIC
O€ OIMCaHue, | 3HAHUSB
METO/IbI pa3IUYHBIX
HaO0JIt0IeH U o0nacTsx
aTOMHBIX dusnueckoit
SABJICHUN, UX HAyKu U
AKCIIEPUMEHTA | TEXHUKU,
JIBHOE




Nuneke | Conepxkanue B pesyaprate wu3ydeHuss yd4eOHOW JUCHMIIITUHBI
KOMITET | KOMOEeTeHUHH (in e€ | 00ydaronmpecst JOJKHBI

II.11.
CHIINU LIv?lCTI/I) 3HAThb YMETH BJaJd€eTh

HUCCICIOBAHHE
u
MPAKTUYECKOE
HCIIOJB30BaHU
N

— 3HaTh
OCHOBHBIE
3aKOHBI, UACH
Y IPUHIATIBI
aTOMHOM
¢u3uKH, ux
CTaHOBJICHHE U
pa3BUTHE B
HUCTOPUYECKON
IMOCICA0BATEIb
HOCTH, UX
MaTeMaTHYECK
O¢ OIHCaHue,
METOBI
HaOTIOIeH U
aTOMHBIX
SIBIICHUM, UX
AKCIIEPUMEHTA
JIBHOE
HUCCIIEIOBaHNE
u
MPAKTUYECKOE
HCIOJIb30BaHU
e

2. CTpyKTYypa U cofepKaHue TUCHUTIMHBI.

2.1 Pacnipee/ieHne Tpy10é MKOCTH JUCHMILIMHBI 110 BUAAM pPadoT.

OO0mast TpyI0EMKOCTh TUCHUTIIHHBI cocTaBiisieT 4 3ad.en. (144 gaca), ux pacrpeaencHue
110 BHAaM paloT MpecTaBiieHo B Tabmue (01 cmyoenmos ODO).

Bun yue6HOM paboThI Becero | Cemectpsl

gacoB | (4ack)

4

KonrakTHas padora, B TOM 4ncie:
AyauTopHBbIE 3aHSATHS (BCEro): 48 48
3aHATUS JEKIMOHHOTO THUIA 16 16 - -
JlaGopaTopHbIie 3aHTHS - -
3ansarus CEMHHAPCKOTO TUIIA (ceMuHapsl, 32 39 ) i

NPaKTUYECKUE 3aHSTHUSI)

HNHasi koHTaKTHas paﬁoTa:

KonTposas camocrositenbHol pabotsl (KCP) 4 4
[Ipomexxyrounas arrecrauus (MKP) 0,3 0,3
CamocrosiTeIbHAsA paGoTa, B TOM YHCJI€E: 65 65

KypcoBas pabota - - - -




[IpopaboTka y4eOHOTO (TEOPETHYECKOT0) MaTepraa 65 65 - -
BeinmonHenne WHAMBUIYATbHBIX 33JaHUN (IIOJArOTOBKA
COOOIIEHNH, TPe3eHTaIIHI ) i i i i
Pedepar - - - -
ITonroToBKa K TEKyIieMy KOHTPOJIIO 5 5 - -
KonTpoJsb:
[TonroToBKa K 9K3aMEHY 26,7 26,7
O0masi Tpy10eMKOCTh qac. 144 144 - -
B TOM YHC/Ie KOHTAKTHAA | o) o 52.3
pabora
3a4. el 4 4

2.2 CtpykTypa IUCHMILJIMHBI:

Pacnpez[eneHHe BHJOB y‘IC6HOI‘/'I pa6OTH U UX TPYAOCMKOCTH I10 pasaciiaM JUuCHUIIINHBI.

Paznenbl qucuuniInHbL, H3y4aeMble B 4 cemecTpe (ouHas hopma)

KomnuuectBo yacos
A Bueayn
Ne  |HanmmeHoBaHue pa3aenoB YAUTOpHAA KCP [rropuas
Bcero pabora
paboTa
JI 13 JIP CPC
1 2 3 4[5 |6 7 |8
1. Pa3nen 1 8 5 5 7
2 Pa3nen 2 7 5 1 7
3 Pa3znen 3 8 ) 2 7
4. Pa3nen 4 8 2 5 7
5. Paznea 5 7 5 1 7
6. Paznen 6 ) 5 5 7
7. Paznen 7 8 2 5 a
8. Pa3nen 8 6 2 7
9. Pa3znen 9 6 > 7
10. Pa3nen 10 7 > 1 Z
11. Paznea 11 8 5 5 7
12. Paznen 12 8 2 > Z
13. Paznen 13 8 2 > Z
14. Paznen 14 6 > Z
15. Paznea 15 7 > 1 Z
16. Paznen 16 7 5 3
Hmozo no oucyuniune: 117 |16 |32 4 65




[pumevanue: JI — nexuuu, 13 — mpakrudeckue 3anstus / cemuHapsl, JIP — mabopartopHbie
3anstus, CPC — camoctositenbHas paboTa cTyaeHTa

2.3 Conep:xkanue pa3iesioB TUCIUILTHHBI:
2.3.1 3aHATHSA JTeKIMOHHOIO THUIIA.

No HammenoBanue Conepxanne payzicna dopMa  TEKYIIETO
paznena KOHTPOJIS
1|2 3 4
1. (Pa3mea 1 DKCHEepUMEHTaJIbHbIE JIaHHBIE O CTPOECHUH|AHKETUPOBAHUE,
atoma. CepuajbHble 3aKOHOMEPHOCTH  B|OIpOC,
ATOMHBIX CITEKTpaXx, KOMOWHAITMOHHBIH| TPAKTUYECKUEC

npunuun  Putna, Tepmbl.  Knaccuueckas|3ananus
Moaenb atroMa ToMCOHa.

2. |Pa3nen 3 Ommwitel Pesepdopna. SAnepras monmens atoma.| AHKETUpOBaHUE,
BriBon ¢opmyner Pesepdopna ans paccestHus| onpoc,
o-vactull. CrenctBus u3 onbiToB Pesepdopa.| MpakTHIecKue
DKcliepuMEHTaNbHAs ~ TpoBepka  (opMyIbI| 3aJaHuUs

Pesepdopna.

3. (Pa3nen 4 CnexrpanbHble CepUM  aToMa  BOJAOPOJA.| AHKETHPOBAHHE,
DyieMeHTapHasi OOpOBCKas TEOpHUs  aToMal OIpoc,
BOJIOPOJIA. [TocTynatsl bopa.|npakrnyeckue
DKcIepuMEHTaIbHOE MOATBEPKACHHE| 3aTaHU S

JUCKPETHOM  CTPYKTYPbl ~ JHEPreTHYECKUX
ypoBHEN aTOMOB, onibITHl Dpanka u 'epiia.

4. |Pa3nen 6 CocrosiHME YacTULBl B KBAaHTOBOM TEOPHUH.| AHKETUPOBAHMUE,
BonHoBass ¢yHKuMS UM ee CTaTMCTMYECKHI|ompoc,

cmbica. [IpuHnun cynepnosunuu. OnepaTtopsl| IpaKTHYECKUE

B KBAaHTOBOM MeEXaHUKE M HX CBOMCTBA.|3amaHus
Cpennue 3HavyeHUsS (PU3MYECKHX BEIHYHUH.
VYcioBue  BO3MOXHOCTH — OJHOBPEMEHHOIO
nu3MepeHus usnueckux BenuyuH. OnepaTopbl
Ba)KHEUIINX duznyeckux BEIIMYUH
(KOOpIMHATBI, MMITYJIbCA, BEKTOpa HMIIYJIbCa,
MOMEHTa  HMMIIYJIbCa, KBagpara MOMEHTa
UMITYJIbCA, TIPOCKIMU MOMEHTA HWMIIYJbCA,
KAUHETUUYECKOM  DHEpPruu, IMOTEHLHAJIbHON
SHEPIUH, MOJTHON SHEPTUN ).

5. |Pa3nen 7 BpemenHoe U cTalnMoHapHOE  ypaBHEHUs| AHKETHPOBAHUE,
[penunrepa.  KBanToBaHue.  YpaBHEHUs|ONpoc,
[lpenuHarepa B OIepaTopHON dopMe.| IpaKTUUECKHE
Omneparop ['amunbrona. JIBuskeHnue cBOOOHO M | 3a1aHH S

YaCTULIBI. Yactuua B OJTHOMEPHOM
NpSAMOYIOJIBHOW  IOTEHIMAJIBHON  sIME €
OECKOHEYHO BBICOKMMH CTCHKAMHU.

OnHoMepHasi MpSMOYroJibHasi MOTEHLHAIbHAs
sMa CO CTEHKAMM KOHEYHOW  BBICOTBHI.
JlvuHelHbIN rapMOHUYECKU N OCITUILISTOP.

6. |Pa3nen 11 ATOM BO BHEUHEM MarHUTHOM I0Jj€.| AHKETUPOBAaHUE,
HopMmaneHbiliT ©  aHoOMaibHBIH  3¢deKTHI| OTIpocC,
3eemana u H¢dexr Ilamena—baka. DHeprus| npakrnyeckue
aToMa B  MarHUTHOM 1ojie. AToM  B|3aJaHus




anexrpudeckoM modje. Iddexr [Hrapka.

Pa3znen 12

Ob6ume IPUHLUIIBI OTNMCAHUS
MHOTO03JIEKTpOoHHOrO aroma. [lpmauun Ilaynu
U KBAaHTOBO-MeXaHHWYecKas  (OpMyIHpOBKA]
npuHiuna Ilaymu. ATOMHBIE OOOJOYKH U
MoA000I0UYKH. DJEKTpOHHAsE KOH(UTYypaIusL.
CymmapHble  OpOUTANBHBIA, CIOUHOBBIA H
IOJIHBI MOMEHTBI MHOTORJIEKTPOHHOI'O aTOMA.
LS (mopmanbHas) U jj- cBszu. CHEKTpabHBIC
0003HaYeHMs U TMpaBuja 0TOOpa. 3anoJHEHUE
3JIEKTPOHHBIX 000J109eK B aToMax.
Ilepnoanueckas cucreMa 3JIEMEHTOB
MenieneeBa. DJEKTpOHHas KOHQUTYpanus U
npasuia XyHza.

AHKETHpPOBaHMUE,
orpoc,
IPAKTUYECKHE
3a7aHUs

Pa3znean 13

XapakTepucTH4YecKrue PEHTICHOBCKHE
crekrpel. OCOOCHHOCTH XapaKTepUCTUUYECKHX
CHEKTpOB. 3akoH Mo3iu.

AHKETHpOBaHUE,
orpoc,
MPAKTUYECKUE
3aJaHus

2.3.2 3aHATHS CEMMHAPCKOI0 THIA.

HaumenoBanue
pasnena

Coneprxanue pazaena

dopma  TEKYLIETO
KOHTPOJIS

2

3

2

Pa3nean 1

MECTO

Muxkpomup. MacurraGsl.

H3JTy4CHUS.

[lpenver u 3amauu aToMHOW (pU3MKHM, ee|AHKETHPOBAHHE,
cpean Apyrux (U3MYECKHMX HaykK.|oImpoc,
DNIEeMEHTBI[IPAKTUYECKUE
KIACCUYECKOM TEOPUH  DIIEKTPOMArHUTHOIO|3aJaHUs

Pa3nen 2

(oTonmI). TeroBoe
KIaCCUYECKUU U

[MoromieHue U3JTyICHUS.
BasunoBa—YepenkoBa. D ddexr Kommrona.

DJIeMEeHTBl KBAaHTOBOM onTHkU. KBaHTHI cBeTa| AHKETUPOBAHME,
U3JTy4EeHHUE:|OIIpOC,
KBaHTOBO-MEXaHNYECKHU I |[IPAKTUUECKUE
noaxoa. DPotoddxpexT: ero BUABI U 3aKOHBL.|3aJaHUs
®opmyna DiiHmrelHa. /laBnenue u3mydeHusl.
Nznyuenue

Pa3znen 3

Ceuenue paccesHUsI.

[lnmanerapnas wmoxens aroma Pesepdopnaa.|AHKETHpPOBAHME,

orpoc,
MPaKTUYECKUE
3aaHus

Pa3nen 4

bopoBckass ~ Mozens  aroma
CrnexrpalibHble

cucrem. Henocrarku teopuu bopa.

BOJI0pOJ1a.| AHKETHPOBAHUE,
CepHH  BOJOPOIOINOI00HBIX|OIIPOC,

MPAaKTHYCCKHUEC
3aJJaHH s

Paznen 5

Yactupl #M BOJIHBL.
AKCIEPUMEHTAIILHOE
npuMepe AudpakuuM 3JIEKTPOHOB, ATOMOB
HelTpoHoB. OnbiThl JleBuccona—/l»xepmepa u
Tomcona. ®a3oBasg W TIpyIIOBasi CKOPOCTH
BOJIH e Bpoiis. CooTHoOIlIEHNE
HeonpenenenHocrel ['elizenbepra.

Pa3znen 6

CoOcTBEHHBIE 3HAUEHHUA W COOCTBEHHBIE

KopnyckynsapHo-| AHkeTHpOBaHHE,
BOJIHOBOM Jyanu3M. ['mnoresa ne bpoiins u ee|omnpoc,
MMOATBCPIKACHUC Ha|ITPAKTUYICCKUC
,|3anaHus

AHKETHPOBAHME,



(YyHKIIMK OTIEPaTOPOB.

orpoc,
MPaKTUYECKUE
3aaHus

Paznen 7

OmpeneneHue  PHEPreTUYECKOTO  CIEKTpa
CHCTEMBl KaKk 3ajJaya Ha COOCTBEHHBIC
3HauyeHus onepaTtopa ['amuibToHAa.
[TorennuanbHplli 0apbep KOHEUHOW IIMPHUHBI.
TyHHenbHbIH d(dexT.

AHKETUpOBaHUE,
orpoc,
MpaKTUYECKHe
3a7jaHus

Pa3znen 8

KBaHTOBO-MeXaHMUYECKOE ONUCaHUE aToMa
Bojopona. YpasHenue Ilpenunrepa mis
atroma  Bojopoma. Dusznueckuil  CMBICH
KBAHTOBBIX YMCEJ. DHEPreTHUUECKUH CHEKTp.
OmnepaTopsl MOMEHTAa MMITYJIbCA U IPOEKLIUH
MOMCHTa HMIIyjlIbCa W HX cOOCTBEHHBIE
3HaueHus. [IpaBmima otbopa. HopmambHoe
COCTOSIHME aroma. BoiHOBBIE QYHKUHH |
pacnpenesieHue MIOTHOCTU BEPOSTHOCTH. 1S-
COCTOSIHUE 3JIEKTPOHA B aTOME BOAOPO/Ia.

AHKETUpPOBaHUE,
orpoc,
IIPAaKTHYECKUE
3ajaHus

Paznen 9

KBanToBaHue BOJOPOIONOAOOHBIX AaTOMOB.
KpaTHOCTb ~ BBIPOXKIEHHS  IHEPIETUUYECKUX
ypoBHel. CUMBOJIMKA COCTOSHUM 2JIEKTPOHA B
aToMme. Pacnpenenenue IUIOTHOCTH
BEPOATHOCTH. YPOBHU M CIEKTPHI IIETOYHBIX
metaioB. [IpaBuiia oTOOpa M CHEKTpajbHbIE
cepuu. TOHKasg CTPYKTypa CIIEKTPaJbHBIX|
JMHUN BOJOPOAOIOI00HBIX AaTOMOB.

AHKETHpPOBaHHUE,
orpoc,
MpaKTUYECKUe
3a7aHus

10.

Paznea 10

OpOutanbHble MAarHUTHBIH U MEXaHUYECKUM
MoOMeHTBI. CIMH U COOCTBEHHBIN MarHUTHBIN
MOMEHT  JJIEKTPOHA.  JKCIIEPUMEHTAIbHOE
JI0Ka3aTelIbCTBO  CYIIECTBOBAaHUS  CIIMHA,
onsITel IIrepHa u I'epnaxa. [lonHBIIT MOMEHT
umnynbca. OnucaHue COCTOSIHUN JIEKTPOHA B
aToOM€ C IIOMOLBI0 HAO0OpPOB KBAHTOBBIX|
yucen. CriuH-opOuTAIBPHOE B3aUMO/ICH CTBHE.

AHKETHpOBaHMUE,
orpoc,
MpaKTUYECKUE
3a7aHus

11.

Paznea 11

MaruuTtHble cBoiicTBa aTOMOB. OpOUTATIBHBIH,
CIIMHOBBI W MOJIHBIA MarHUTHBI MOMEHTBI
atoMa. ['MpOMarHMTHOE  OTHOLICHHE W
MarHeToH bopa.

AHKETHpPOBaHHUE,
orpoc,
IIpaKTUYECKUE
3ajaHus

12.

Paznea 12

Cucrembl TOX/IECTBEHHBIX
Cummerpus BOJIHOBBIX
MHOro31eKTpOHHBIE aTOMBI.

YacTULL.
byHKIUIA.

AHKETHpOBAHME,
onpoc,
MIPAKTUYECKUE
3aJaHus

13.

Paznea 13

Oco0eHHOCTH creKTpa morioueHus. ToHkas
CTPYKTYpa PEHTI€HOBCKUX CIIEKTPOB.

AHKETHUpPOBAHHUE,
orpoc,
MpaKTUYECKUE
3ajaHus

14.

Paznen 14

CtpoeHue, CBOWMCTBA M CIHEKTPbl MOJEKYI.
HMoHHBIA M KOBAJICHTHBIA THITBI XHMHYECKOM
CBSI3U. Buapl IBUKEHUN B MOJIEKYJE U TUIIbI
MOJIEKYJISIPHBIX ~ CIIEKTPOB.  DJIEKTPOHHBIE
CHEKTPhl MOJEKyd H HX KoiedaTenbHO-
BpallaTesbHas CTPYKTYpA.

AHKETUpOBaHUE,
orpoc,
MPaKTUYECKUE
3aJjaHus




15. (Pa3nea 15 Benyxaennoe (MHIYIIMPOBAaHHOE )| AHKETUPOBAHUE,
U3ITy4CHHE. Onrtuyeckue KBAaHTOBBIE|OMPOC,
reHepaTopsbl (J1a3epsbl). MpaKTUYECKUE

3a7aHus

16. |Pa3nen 16 Crartuctuueckue pacnpeaencHus Depmu—|AHKETHpPOBAHUE,
Hupaka wu  boze-DiiHmmeitna. DHeprus|onpoc,

Depmu. MpaKTUYECKUe
3a1aHus

2.3.3 JlaGopaTopHbIEe 3aHATHS.
JlaGopatopHble pabOTBl TMPETYCMOTPEHBl B IUCHUIUIMHE DHU3NYECKHil MPaKTUKYM.
OCHOBBI aTOMHOH (PH3HUKH

3aumra naboparopHoil pabotsl (JIP), BeimonaHenue kypcoBoro npoekra (KII), kypcoBoit
paboter (KP), pacuerno-rpaduueckoro 3amanusi (PI'3), manucanme pedepara (P), acce (D),
kosokBuyM (K), recrupoBanue (T) u 1.1.

2.3.4 IlppuMepHasi TeMAaTHKA KyPCOBBIX PadoT (MPOeKTOB)
KypcoBbie paboThl He 3aIIaHUPOBAHBI.

2.4 IlepeyeHb y4eOHO-METOAMYECKOT0 00ecreYeHHs AJIsl CAMOCTOSITEIbHOI padoThl
o0yyaonmxcs Mo TUCHUILIUHE (MOIYJIIO)

[lepeyenp yueOHO-METOAMYECKOTO OOECTICUCHUS TUCIUTLINHBI

Ne (Bun CPC I10 BBIIIOJIHEHHUIO CAMOCTOSITENIbHOM pabOThI

1 (2 3

1 |[Ipopabotka  yuebHoro|lponos WM. E. AtomHas u saepHas guinka: cOOpHHUK 3aaad. —
(TeopeTuyecKoro) CII6.: Jlanb, 2006.
marepuaia Cusyxun /. B. O0umii xypc ¢usuku. T.5. AromHas u saepHas

¢uzuka. M.: DUSMATIIUT; Uzn-so MDTU, 2006.

Kypc ¢usuku : : yaebHOE mocoOue aJisi CTyJEHTOB BY30B : [B 3
T.] /. T. 3. : KBantoBasg ontuka. Atomnas ¢Qusnka. Pusnka
TBeproro Ttena. PDu3Mka aTOMHOIO sApa U 3JIEMEHTAPHBIX]
gactuu. / CaBenseB, Urops Bramumuposuu. ; 1. B. CaBenbeB ;
npeauci., Hayd pen. H. M. KoxeBuukos. - M3n. 3-e, crep. -
CIIG. [u np.] : Jlanb , 2007

2  |llogroroBka KHWponoB U. E. AtomHas u sizepHast ¢usnka: COOPHUK 3aaad. —|
npakruueckuM 3ansatusiM|CII6.: Jlans, 2006.

Cusyxun /. B. O0umii kypc ¢usuku. T.5. AromHas u saepHas
¢usuka. M.: DUSMATIIUT; Uzn-so MOTU, 2006.

Kypc ¢usuku : : yaebHOE mocobue Jyisi CTYIEHTOB BY30B : [B 3
1.] /. T. 3. : KBanTtoBasg ontuka. AtomHas ¢usmuka. Pusnka
TBepAoro Ttena. Pu3MKa aTOMHOIO sApa U 3JIEMEHTapHBIX
gactuil. / CaBenbeB, Urops Brmamumuposuu. ; . B. CaBenbes ;
npeauci., Hayd pex. H. M. KoxeBnukos. - M3n. 3-e, crep. -
CIIO. [u np.] : Jlans , 2007

YuebHO-MEeTOANYECKHE MaTepHualbl Ui CaMOCTOSTENIbHOM paboThl oOydaronmxcs W3
YU CJa MHBAIHUOB U JIUI] C OTPAaHMYCHHBIMU BO3MOKHOCTSIME 3710poBbsi (OB3) mpenocrasisitoTcs
B (popmax, aganTHPOBAHHBIX K OTPAHUYEHUSAM UX 3/I0POBbSl U BOCIPUSITHS HHPOPMAIIUHU:

JUist mun ¢ HapyIIEHUSIMH 3PEHHSL:



— B MeYaTHOU (hopMe YBEIIMUYCHHBIM IPUQTOM,

— B (bopMe PIIEKTPOHHOTO JOKyMEHTA.

JIns i ¢ HapyIIeHUsIMU CITyXa:

— B Me4aTHOH dopme,

— B (bopMe PIIEKTPOHHOTO JOKyMEHTA.

J1tst I ¢ HapyIICHUSIMU OTTOPHO-IBUTATEIBHOTO amapara;

— B MevaTHou Gopme,

— B (bopMe PIIEKTPOHHOTO JOKyMEHTA.

JlaHHBII TepedYeHbh MOXKET ObITh KOHKPETH3UPOBAaH B 3aBHCHMOCTH OT KOHTHHTCHTA
00yJarOIMXCsl.

3. O0pa3oBaTeJibHbIE TEXHOJOIHH.

Jns  mpoBedeHHS — JIGKUMOHHBIX W MPAKTUYECKUX  3aHATUH  HCIOJB3YIOTCS
My.]'IbTHMCI[HﬁHBIG cpeacrtBa BOCHPOU3BCACHUA AKTHUBHOI'O COACPKHUMOTO (KOMHBIOTepBI,
IMPOCKTOPbI, HHTCPAKTUBHBLIC MNPE3CHTALUH, TPCHUPOBOYHBIC TCECThI, MOACIUPOBAHUC pa6OTBI
OITORJIEKTPOHHBIX  YCTPOMCTB), MO3BOJSIOIME BOCHPUHMMATh OCOOEHHOCTH H3ydaeMoi
npogeccuu.

Cemectp | Bun zanstus OO0pa3oBareabHbIE TEXHOIOTHH KomnyectBo
JacoB
Jlexuun WNuTepakTuBHAs JIEKIHSA ¢ MyIbTHMeAUHHON | 16
4 CHCTEMOIA.
[Ipakrnueckue WNuauBuayansHOE BBIIIOJIHEHME | 32
paboThI MPAKTHYECKUX 3aJaHHM.
Hmoeo: 48

[ nun ¢ OrpaHUYEHHBIMH BO3MOKHOCTSMH 370pPOBbS IIPEAYCMOTPEHA OpraHU3aLUs
KOHCYNBTAIIUN C UCITOJIB30BAHUEM JIIEKTPOHHON IIOYTHI.

4. OneHOYHBIE CPeICTBA JIsl TEKYILIET0 KOHTPOJISI YCIIeBAeMOCTH U NMPOMe Ky TOYHOM
aTTecTalMM.

4.1 ®oHJ OLIEHOYHBIX CPeCTB IS MPOBe/Ae HUSl TEKYIEro KOHTPOJIS .

OrnepaTUBHBINA KOHTPOJIb OCYIIECTBIIETCS IIYTEM IIPOBEIEH UsI OTIPOCOB.

OrnepaTUBHBIA KOHTPOJIb OCYLIECTBIISIETCSI ITyTEM IPOBEIEHUSI KOMIIBIOTEPHBIX OIIPOCOB
CTYICHTOB [0 OKOHYAaHMU M3yuyeHUss TeM YydeOHoM saucuuminbbl. Ilpm mnpoBeneHuun
OIEPaTUBHOTO KOHTPOJISI MOTYT MCIOJIb30BaThCSI KOHTPOJIBHBIE BOIPOCHI K pa3eiiaM:

Texkyumii KOHTPOJIb:

- KOHTPOJIbHBIE BOIIPOCHI 110 pazzienaM yueOHOM mporpaMmel.

- IPaKTUYECKUE 3aJIaHUs.

IIpomeKyTOUYHBII KOHTPOJIb:

— TeCTOBBIE 3a/1aHus (3, BO BpeMs JICKIIMOHHBIX 3aHATHH);

— KOHTPOJIbHBIE paboThl (3, BO BpeMsi CEMUHAPCKUX 3aHATHH );

HNToroBplii KOHTPOJIb:

— DK3aMEH.

Pazneu 1.
B uem 0CHOBHOE OT/IMYME TEMIOBOIO U3IY4EHHUs OT JPYIUX BUIOB U3IydeHUsI?

KakoB ¢usnueckuii cmbicn yHuBepcanbHor ¢yHkuun Kupxroda? MokHO 1 Ha OIBITE
peanan30BaTh YepHOE TeNo?

Kak cBsi3aHbl Mex1y co00il SHEpreTH4eckue CBETUMOCTU CEpOro M uyepHoro ten? OTBeT
o0ocHyiiTe. OT dYero 3aBUCHUT IMOIJIOL@TENbHAs CIIOCOOHOCTH ceporo Tena? Yemy paBHa
CHEKTpaJibHAasl TNIOTHOCTh YHEPreTHYECKON CBETUMOCTH HACATBHO OTPAXKAOIIEH MOBEpXHOCTH?




Kak 1 BO CKOJIBKO pa3 W3MEHHUTCS HEPreTUYECKasi CBETUMOCTh YEPHOIO Tena, €CIH €ro
TEpMOJIMHAMUYECKasi TeMIlepaTypa yBEJIMUUTCS BIBOE?

TepmoauHaMuyeckas TeMIepaTypa YEpHOIO Tejla yMEHbIIMIACh BBoe. Kak n3MeHuTcs
JUIMHA BOJIHBI, COOTBETCTBYIOLIAS MAaKCUMyMY CIEKTPAJIbHOM NJIOTHOCTH €r0 3HEPreTHYECKOU
cBetuMocTH? Kak 00bACHUTH Iepexo 6eNoro KaJeHus B KpacHOE MPHU OCThIBAaHUU MeTaa’?

Kak 1 BO CKOJIBKO pa3 OTIMYAIOTCS YHEPrETUUECKUE CBETUMOCTH CEPOT0 U YEPHOTO TEN?

[Tomyaure w3 dopmynsl I[lnanka uywmciaoBoe 3HaueHue rmocrossHHOW Credana —
bosbmana.

[Tomyunte u3 popmynsl [Inanka 3akoH cmemeHust Buna.

Pazneu 2.
B uwemM 3awmodaercs  €AMHCTBO  KOPIYCKYJSIDHBIX W BOJHOBBIX  CBOMCTB

3JE€KTPOMAarHUTHOTO U3ITy4eHUs?

Kakue siBineHUs SBISIOTCSA SKCIEPUMEHTATBHBIM J0Ka3aTeIbCTBOM KBAHTOBBIX CBOMCTB
U3JTYdeHUS? er0 BOJHOBBIX CBOHCTB?

Kakue xapakrepucTuku (oTOHA ONPEAEISIOT €r0 KOPIYCKY/sIpHbIE CBOWCTBA? BOJIHOBBIE
cBoiicTBa?

Bripasute maccy (oToHa yepe3 JUIMHY BOJHEI.

KakoBa ckopocTh BH>KeHUS (JOTOHOB B pa3HBIX cpeaax?

O6bsacauTe, mouemy GoTodhdpekT ykaspiBaeT Ha KBAHTOBYIO IPUPOJY CBETA.

OOmBsicHUTE, TPUMEHSISI ypaBHEHUE DWHIITEITHA, BTOPOU U TPETUH 3aKoHBI (poTodddekra.
[Touemy npu Qoroaekre cymecTBOBaHHE «KpacHOM TpaHUIB (PoTod(deKTa mOoATBEPKAAET
KOPITYCKYJISIPHYIO TEOPHIO M HE MOATBEP)KIACT BOIHOBYIO?

Kak uzmensercs sueprus GOTOAIEKTPOHOB C YMEHBIIICHUEM YacTOThl U3TydeHUs?

Kak u3mensercst uncio (GoTo3JIeKTPOHOB C YBEIMUYEHUEM UHTEHCUBHOCTH U3ITy4eHUS?

Kax nsmenuTtcs (mpencraBbTe rpaduuecku) BUJ BOJIBTAMIEPHONW XapaKTEPUCTHKH IPU
OJIMHAKOBBIX OOJIy4EHHOCTSAX KaTOJa, HO IMPU Pa3HbIX JUIMHAX BOJIH MMaJAI0NIET0 U3ITydeHus?

[Touemy QoTo37eKTpUUECKUE HW3MEPEHUsS OYeHb UYYBCTBUTEIBHBI K MPHUPOAE U
COCTOSIHHIO TTIOBEPXHOCTHU (oTOKaTOAA?

[lpuBeaute rpaduyecKkyr0 3aBHCHMOCThH 3amuparoiiero HampsokeHus Uo OT 9acTOThl V
NAIA0UITO M3IIyYeHUs JUISL IBYX METAIOB (C pasHbIMH paboTamu BbIXoda). Kak mpu sToMm
W3MEHUTCA «KpacHas rpanuiiay (orodddexra? Kak, monp3ysach 3TUM TpaduKoM, OMpPEneIUTh
nocrostHHyto [Tnanka?

[lpu 3ameHe OAHOTO MeTayula JPYrdM JJIMHA BOJHBI, COOTBETCTBYIOLAS «KPAaCHOMU
rpaHuLIe», yMEeHbIIAeTCs. YTO MOXKHO CcKa3aTh 0 paboTe BBIXOAA ITUX JIBYX METAJIOB?

OTKyz1a MOXKHO 3aKIIOYUTh, YTO KOMIITOHOBCKOE PacCesiHUE IPOUCXOIUT HE HA aTOMaX, a
Ha 3JIEKTPOHaXx BelecTBa?

Kak oOBsiCHUTH yBelWUYEHHE [UIMHBI BOJIHBI PACCEIHHOTO H3MydeHus mnpu sddekre
Komnrona?

Oddexr Komnrona Habmomaercs mMpH paccesiHUU KOPOTKOBOJIHOBOTO H3IIy4eHUs Ha
CBOOOJHBIX DOJEKTpOHAX BemecTBa. Kakue »dNEeKTpOHBI B BEHIECTBE MOXKHO CUHUTATh
CBOOOHBIMH?

MoxHo nu HaOroaath 3¢gdexr Komnrona npu paccesHun Buaumoro ceera? Ilouemy?

Uro Takoe KOMIITOHOBCKAs JJINHA BOJIHBI?

KomnToHOBCKast aiauHa BOJHBI OONBIE MM MEHBIIE JJIMH BOJH PEHTICHOBCKOTO
n3nydeHus? OTBeT 000CHYHTE

B pesynbrare s¢gexra Komnrona B ogHoM ciydae (GOTOH paccesuics moj yrioMm 01 mo
HaIlpaBJICHUIO K majaromeMy (GoToHy, B JApyroM — moja yrioM 02, mpuyem 01 > 02. B xakom
cllyyae JJMHA BOJHBI U3Ty4eHHUs Mocie paccesHus O0ombine? B kakoMm ciydae SJIeKTpOH OTAa4H
npruoOpeTeT OOJIBIIYI0 SHEPIUIO?

[Ipy KOMITTOHOBCKOM pacCesHUU yroJl MEKIy HaIllpaBJICHUSIMH HajeTalomero GoToHa u
3JIEKTPOHA OTJauM paBeH (. Beipasute yrom ¢ yepe3 A u A'.



Pazneu 4.
KaxkoB ¢usuyeckuii cMbic urcen M u N B 0600meHHo# dhopmyrne bamsmepa?

KakoBbl MJIMHBI BOJH CaMbIX KOPOTKOBOJHOBOM M JUIMHHOBOJIHOBON JIMHUN CEpUU
[Namena?

KaxoBa /uinHa BOJIHBI, COOTBETCTBYIOIIAs TpaHulle cepuu banpmepa?

ITouemy W3 Bcex cepuil CHEKTpajbHBIX JMHHUK aroMa Bojopoja cepusi bambmepa —
HMCTOPUYECKU MepBasi?

KaxkoBa wacrora ronoBHol tuHuu cepuu Jlaiimana?

ATOMBI BOJOpPOAA HAXOAATCA B COCTOSAHMU € N = 5. CKOJBKO JIMHUU COAEPKUT €ro
CIIEKTp U3ITydeHus?

B uem cocTout cyrh kOMOMHAIIMOHHOTO NpuHIUNa PuTna?

Hcnonp3ys KOMOMHALIMOHHBIA MIPUHLINI, TOKAKUTE HA OJHOM U3 IPUMEPOB, KAK MOXKHO
IIOJIY4UTh YaCTOTY Il BTOPOU JJIMHHOBOJIHOBOM JIMHUHU cepuH Ilamena.

KaxkoBsI paznuuus Mmexxay Mojienbto aroma Pesepdopna u reopueit bopa?

[Touemy momens aroma Pesepdopna HecoBmecTMMa ¢ MpeACTaBICHUSIMU KIACCHYECKOM
duzuku?

PazpscauTe cmbicn moctymaroB bopa. Kak ¢ ux momMornipio OOBSICHUTH JTHMHEWYAThIN
CIIEKTp aroma Bojopoaa?

Hcxonst u3 reopun bopa, onpenennre cKOpoCTh ABUKEHUS JIEKTPOHA HA IIPOU3BOJIEHOM
SHEPreTUYECKOM YPOBHE.

Onpenenute MakKCUMAJIbHYIO JUIMHY BOJIHBI CBETA, IPU KOTOPOW BO3MOYKHA MOHU3ALUSA
aToMa BOAOPOJa, HaXOAIIETOCsS B OCHOBHOM COCTOSIHUH.

Kakyro anepruto (B 5B) momkeH mmerh GoTOH, YTOOBI MEPEBECTH aTOM BOJOpOA H3
OCHOBHOTO COCTOSIHUSI B COCTOSIHUE C N = 57

CpaBHUTE TIEPBBIF OOPOBCKHI pauyc sl aToMa Bojgopoaa u st He™.

B yem 3akimrodaroTcs mpoTUBOPEUUS U HEJOCTATKU Teopuu atoma bopa?

B uem cynmocts onbitoB @panka u ['epra?

Kakue ocHOBHBIE BBIBOJIBI MOYKHO C/IEJIaTh Ha OCHOBaHUU ONbITOB dpanka u ['epria?

Hcnonb3ys onbiTel @paHka u ['epia, moATBEpAUTE CHPABEIMBOCTh BBIBOJAOB BTOPOTO
nocrynara bopa.

[lpy kakoM yckopsroleM IMOTeHLHale OyaeT HaOMIoAaThCsl pe3Koe IMaJeHUuE aHOJHOIO
ToKa B onbITax @panka u ['epiia, ecau TpyOKy 3amoJHUTH aTOMapHBIM BOAOPOIOM?

OObscHUTE, HA KAKUX yJacTKax BOJBTAMIIEPHON XapaKTEPUCTUKA UMEIOT MECTO YIpyrue
Y Ha KaKUX — HEYNPYIue CTOJIKHOBEHHUS 3JIEKTPOHOB C aTOMAMHU.

Paznea S.
Korma m mouemy TpyaHo oOHapyKMBalOTCS BOJHOBBIE cBoiicTBa cBera? IlpuBemute

MpUMEPHI.

Korma u mouemy TpyaHO OOHapyKHBarOTCsi KBaHTOBBIE cBoicTBa cBera? llpuBemute
MIpUMEPBI

B dem 3axmouaeTcsi KOPIYCKYJIIpHO-BOJHOBOM Jlyaau3M MaTepuu?

OObscHUTE JaBJIeHUE CBETA HA OCHOBE MPEICTABIICHU I BOJTHOBOW U KBAHTOBOM TEOPHUIA.

B uwem 3akmoyaercs €AMHCTBO  KOPIYCKYJSIDHBIX M BOJIHOBBIX  CBOMCTB
AIEKTPOMArHUTHOTO U3ITy4eHUs?

Beipasute mnHy BOJHBI e bpoitas cBobGoaHOro amekrpona yepes £, h, m u ¢, rae E —
MIOJIHAs PENIATUBUCTCKASL SHEPIUSL.

3anuumrTe BbIpaXeHUEe i JJIMHBI BOJIHBI 1€ bpoiins, yduTbiBass U3MEHEHHE MacChl
YaCTHUI[bI B 3aBUCUMOCTH OT €€ CKOPOCTH.

BeiBennte 3aBUCMMOCTH JUIMHBI BOJIHBI € Bpoilis pensiTMBUCTCKOM 4YacTULBI OT €€
KuHeTH4Yeckod osHepruu. KakoBa »53Ta 3aBUCUMOCTh (M KAk OHA [OJy4aercs) Jyis
HEpENATUBUCTCKON YaCTUIIbI?



IIpuBeanuTe U3BECTHBIE BaM OIBITHI 110 KCIEPUMEHTAIBHOMY JI0Ka3aTEIbCTBY BOJHOBBIX
CBOMCTB MUKPOYACTHLI.

DJIEKTPOH W TMPOTOH JBUXKYTCS C OJUHAKOBOM CKOpOCThIO. Kakoil M3 3THUX 4acTuil
COOTBETCTBYeET OOJIbINast IJTMHA BOTHBI e bpoiimnsa?

@OTOH M DIJIEKTPOH MMEKT JOCTaTOYHO MAalIyl0, HO OJMHAKOBYI0 KHMHETHYECKYIO
sHepruro. Kotopass W3 3THX 4acTHIl XapakTepus3yeTcsl OoJiblliel AJIWHOW BONHBI ne bpoiins?
OtBeT 000CHYHTE.

[TpoToH, GOTOH U MEKTPOH XapaKTePU3YIOTCs OJMHAKOBOM AIMHOM BOJHBI Ae bpoitst. B
KaKOM MOpSJIKE 3TU YacTUIlbl MPONAYT OAMHAKOBOE PACCTOSIHME, €CIM UX OJHOBPEMEHHO
«BBIITYCTUTHY» U3 HEKOTOPOU TOYKH B MOMEHT BpemeHH t = (. OTBeT 000CHYiiTE.

[Tpu Kakol CKOPOCTH YacTHIIBI €€ 1eOpONIIeBCKass U KOMIITOHOBCKAsI JUTMHBI BOJH PaBHbI
Mex Iy coboit?

Koraa nnuna BonHbl 1e bpoiiis 6osblie: eciy 3JIeKTPOH IBUXKETCS B aTOME BOJIOPOAA 1O
BTOPOI HJIK TTepBOii KpyroBoir opoute? OTBET 000CHYIITE.

Kaxolt nnuHoil BonHbl ne bpoins nomken oOnanate (oToH, yTOOBI €ro macca Oblia
paBHa Macce MOKOs JIEKTpoHa?

Kak u BO cCkompKO pa3 pasnuuaercsd JAiavMHa BOJHBI Je  bpoilnsg mns  aByx
HEPEIATUBUCTCKUX 3JIEKTPOHOB, MPOLIEAIMX Pa3HOCTh MOTEHIHAIOB, oTiMyaromnyrocs B 100
pas?

ITouemy BOJIHOBasi IPUpPOJIa MATEPUHU HE MPOSIBIISIETCS B IOBCEAHEBHOM OIBITE?

Kak cooTHOCATCA MEXIy cOOO0M MpeNCTaBIEHuE O KOPIYCKYJISPHO-BOJIHOBOM JAyaln3Me
MaTEpUU U COOTHOLICHUE HEONPEAEIEHHOCTEN ?

B uewm, onupasch Ha COOTHOIIEHHE HEOINPEAEICHHOCTENW, COCTOMT OTIMYME ONHCAHUS
IIOBEJCHUS YACTULL B KIIACCUYECKON U KBAHTOBOU TECOPUSIX?

Ilouemy KenamOUWX ONPOBEPIHYTh COOTHOIIEHUE HEOIPEAEICHHOCTEH IYTEM
MBICJIEHHBIX OIBITOB JIET IPyCTHas Cyabda «@300perareneil» BEYHOro ABUTraTess?

[Touemy cieACTBHSL  COOTHOUICHHM  HEONPENECTCHHOCTEH  HECYIIECTBEHHBI A
MaKpOCKOITMUECKUX Tel?

[TokaxxuTe Ha KaKOM-JTMOO IpUMEpE, YTO COOTHOLICHUE HEOINPEAEICHHOCTEH HE BHOCUT
OTPaHMYEHUN AJI UCIOJIB30BAHMS B KJIACCHUECKOM CMBICIIE TIOHATHI KOOPAMHATBHI U UMITYJIbCA
JUISL MAKpOTEIL.

Ucxons w3 cooTHowenus Heonpenenennocreii AE-At>7, ounennte umpuny
HHEPreTHYECKOro YpoBHS: 1) s OCHOBHOIO COCTOSIHMSI aroma; 2) ajisl BO30YKIECHHOTO
COCTOSIHUS (BpeMsl KU3HH BO30YKJIEHHOTO cocTosiHUSA ~10 HC).

Pazneu 6.
3anunmTe ycJIoBHE€ HOPMUPOBKU BOJTHOBOUM (DYHKITHH.

[Touemy (akTHUeckd Bcerna MOKHO OTPAaHUYUTHCS HOPMHPOBKON BOJIHOBOW (ByHKIIUU
Ha eUHUILY?

Kaxue orpannuuTensHble yCIOBUS HAKIAAbIBAIOTCS HA BOJHOBYIO (PYHKIIUIO?

3anunmTe U 0OBACHUTE MPUHIUII CYTIEPIIO3UIIMH B KBAHTOBOM MEXaHUKE.

Uemy paBHa BeposTHOCTH W 0OHApY>KEHHS YaCTUIIBI HA OCH X B MHTEpPBAJIE OT X1 JO X2,
OnKChIBaeMoi BOHOBOM (ynkiueii W (X, t)?

BomHoBass (QyHKIMS, OMUCHIBAIONAS OJHOMEPHOE [BYI)KCHHE CBOOOJHOW YaCTHIIBI,

—l(Et— pXx)

LI’(X, t) =Ae " , Te A — aMIuinTyza BoJHbI Ae bpoiisis, £ u p — COOTBETCTBEHHO HEPrus
U UMITYIBC YacTUulbl. ONpenenuTh MIOTHOCTh BEPOSITHOCTH OOHAPY)KEHUs YaCTHIbl B JaHHOM
TOYKE MPOCTPAHCTBA.

[Touemy ¢u3nueckuii cMbIch CBsi3bIBaeTcsl He ¢ camoit W-(dyHkiueid, a ¢ kBaapaTom ee

MOTYJIst \‘P(?, '[)‘2 =¥ (7,t)- P(F,1)?



[Touemy B KBaHTOBOM MEXaHUKE PACCMATPUBAOT MMEHHO KBaJpaT MOIYJSI BOJHOBO
byHkn?

3anunmre BBIPAKCHUC 1A BEPOATHOCTU HAXOKACHUA YaCTUILIBI B OKPECCTHOCTU TOYKH X,
¥, Z B MOMEHT BpeMEHU t.

Kakoif cmblcn uMeeT NJIOTHOCTh BEPOATHOCTM B KBAaHTOBOW MexaHuke? Kak oHa
ompenensiercs?

BonHoBas QyHKIMs, ONMMCHIBAIONAS COCTOSIHME MHUKPOYACTHIIBI, JAETCS BBIPAKCHHEM

1
—Et
‘I’(X, t) :\p(x)e B, JlokaxkuTe, 4YTO TIUIOTHOCTH BEPOSTHOCTH HAXOKIEHUS YACTUIII

OTIPEIEIISICTCS TOJIBKO KOOPAWHATHOM - PyHKIHEH.

[loueMy maremaTHyeckuil amnmapar KBAHTOBOM MEXaHUKUA OTJIMYAETCS OT TAaKOBOIO B
KIIaCCUYECKON MEXaHUKe?

Uro Takoe omeparop? cymMMa M pa3HOCTh ornepaTtopoB? [IpuBeauTe mpuMepsl.

Uro takoe nmpousBeneHue oneparopos? [losicHute npumMepamu.

A=x, B=d/dx. Sdsmmorca nu >t omepatopsl Kommyrupyrommmu? OTBeT
o0ocHYyiiTe.

Kakue omneparopsl Ha3piBatOT JUHEHHBIMU? [loueMy KBaHTOBAsk MEXaHHMKa HCIOJIb3YET
UMEHHO JIMHEIHbIE onepaTopbl?

Kaxue omepatopsl Ha3bpIBaloT 3pMUTOBbIMH? [loueMy MMEHHO ATOT BHUJl ONEPATOPOB
HCMOJIB3YIOT B KBAHTOBON MEXaHUKE?

Yrto Takoe cOOCTBEHHBIC 3HAYECHUSI M COOCTBEHHBIE (DyHKIIMHU oreparopa (U3HYecKon
BEJIMYUHBI?

3anunmTe ypaBHEHHE sl COOCTBEHHBIX 3HAUYEHUM W COOCTBEHHBIX (GYHKUHMH U
OXapaKTEepU3YyUTE €r0.

KakoBa cBsi3p Mexy COOCTBEHHBIMH 3HAYEHHUSIMU OIllepaTopa U HaOJl0aeMbIMU Ha
OTIBITE YU CIIOBBIMU 3HAUCHUSIMU (PU3UYECKON BEIMYUHBI, H300pakaeMoi TaHHBIM orepaTopom?

Koraa MoXHO TOBOPUTH O KBAHTOBAHUHU (PU3NUECKUX BEIUYUH?

Kakue cucremsl QGyHKIIUI SBISIOTCSI OPTOTOHATBHBIMU M HOPMUPOBAHHBIMH ?

Kak Beruncnstorces cpeqnue 3HaueHust QU3NYECKUX BEIUYUH?

Koraga MOXHO OJJHOBpPEMEHHO M TOYHO 3a/1aTh 3HAYCHUS JBYX KBAHTOBO-MEXaHUUYECKUX
BEJINYNH?

[Touemy omeparopbl KOOpAWHATHI U HUMIYNbCA SBJSIOTCS OCHOBHBIMHU OIEpaTOpaMH, a
BCE OCTaJIbHBIE ONEPATOPHI — IPOU3BOJHBIE?

[lonyunTe KOHKpETHBIN BHJ oOIleparopa BEKTOpa MOMEHTa UMIIYJIbCa U ONEPaTOpOB
HPOEKIIMIl MOMEHTa UMITYJIbCa Ha OCH KOOPJIUHAT.

OOocHyiTe, 4YTO oOIeparop MPOEKIMHM MOMEHTA HUMIYIbca Ha TOJSIPHYIO OCh

[ =—in-0/0¢.

[TokaxuTe, 4yTO COOCTBEHHBIE 3HAYEHUS OIEpaTopa |_Z 00pa3yroT AMCKPETHBIN psin
3HA4YCHUU.

[TomyunTe 3HaUEeHME OnEepaTOpa KNHETUYECKON SHEPTUH.

Nmeer nu cMbIClT B KBAHTOBOM MEXAaHUKE XAPAKTEPHOE Ui KIACCUYECKOM MEXaHUKH
MpeCTaBJICHUE MOJIHOW YHEPTUHU B BUJI€ KHHETUYECKOHN 1 noTeHnuansHoi? [louemy?

Yro Takoe raMHILTOHHAH U orecparop ITOJTHOM ()HCI)I"I/II/I‘.7

SIBnsorcs i oneparopsl 1 1 U kommyrupyrormmmu?

ConocTraBpTe U3BECTHBIE BaM B KBAHTOBOM MEXaHUKE OIEPATOPbl C COOTBETCTBYIOLMMU
¢u3nueckMMU BeMYMHAMU B KIAacCMYecKol MexaHuke. Kakoil BBIBOA MOXHO clenaTh Ha
OCHOBE 3TOr0?

MOXHO 7 TOBOPUTH O TIOJHOW (OPMATBHONH aHAJIOTMH MEXAy amnmnaparamu
KJIaCCUUYECKOW U KBaHTOBOW MexaHuku? [louemy?



Pasznea 7.
B uewm 3akmtouaeTcs craTUCTHYECKas HHTEPIIPETAIHs BOJTHOBOM QyHKIIUN?

Jlist kKakuX 9acTHIl cripaBeuuBo ypaBHeHue Llpeauarepa?

[Touemy ypaBHenue [lIpeaunrepa copMynrpoBaHO Kak BOJHOBOE ypaBHEHHE?

[lpucyrctBue uero B ypaBHeHuu Ilpenunrepa sBisieTcs CIEICTBUEM KBaHTOBOTO
XapakTepa 3TOro ypaBHEHUs?

~—(Et-p,X)

Jlokaxute, urto Qynxuus V(X t)=Ae * SBIIICTCSL PEUICHUEM YpaBHEHHS
Hlpenunrepa. byner nu ero pemenuem gynxuus V+W'?

3anunmTe BpeMEHHOE W CTallMOHApHOE ypaBHeHwWs lllpemuHrepa m mpoaHamu3upyiTe
ux.

CoBeprmTe nepexo] OT BpeMeHHOro ypaBHeHus [lIpenunrepa k cTalimoHapHOMY.

KakoBa BomHOBas (yHKIHS, ONKMCHIBAIONMAS COCTOSHUE YacTHIBI, B  Ciydae
CTallMOHAPHOTO MMOTEHITUAITBHOTO OIS ?

Paccmorpute, sBasercs nu  pemeHneMm  ypaBHeHus —lllpemunrepa  yHkmus
W(x, t) = Asin(kx — mt).

3anmummMTe OJHOMEPHOE BpPEMEHHOE U cranmuoHapHoe ypaBHeHus IllpenuHrepa,
pOaHAIM3UPOBAB UX.

Kak o0bsicHuTh, uTO B ypaBHeHUe [lIpenuHrepa macca 3JIeKTpoHA BXOJUT SIBHO, & 3apsijl
—Her?

3anunmTe BpeMEHHOE U CTalroHapHoe ypaBHeHus llpeaunrepa B onepaTopHoi Gopme
Y IPOAHATU3UPYUTE UX.

Korma BommoBas ¢yukums W(x, y, z, t) = W(F, t) ogHosHauHo omnpenensercs
ypaBHeHueM lllpeaunrepa?

Kakoli BBIBOJI MOXHO cJeiarh, CpaBHUB cranuoHapHoe ypaBHeHue Illpemwnrepa c

ypaBHEHHEM I COOCTBEHHBIX 3HaUeHU M U cobcTBeHHbIX Gyrkunit Ly = Ly ?

Uro M0okHO cKazaTh 00 ornepaTopHoii popme ypaBHenwus Llpenunrepa?

Kaxkas yactuia siBisseTcst cBOOOTHOMI?

[TokaxkuTe, 4TO JUISI CBOOOIHOTO AJIEKTPOHA BEPOSITHOCTH €r0 OOHApYKEHUs B Jt0OOM
TOYKE OCH X OJJMHAKOBA.

[TokaxkuTe, YTO HHEPreTHMYECKUN CIEKTP CBOOOJHO MBMIKYIICHCS YaCTULBI SBIISETCS
HETPEPHIBHBIM.

Haiinure coOCTBEeHHbIE 3HAUEHMS! SHEPIUM YACTHIbl B OJHOMEPHOM <IIOTEHIIMATbHON
saMe» ¢ OECKOHEUHO BHICOKUMH «CTCHKAMM).

KakoBa HaWMeHbINAs SHEPTUS YACTHIBI B <«TIOTCHIHAIBHON siMe» ¢ OECKOHEYHO
BBICOKUMH «CTCHKAMU»?

bonpile nnu MeHblLIe SHEPrHsl YacTHIbl, HAXOJAIICHCA B «IOTEHLHUAIBHON sIMe», B
COCTOSIHMM € N =4 110 CpaBHEHUIO ¢ cocTosiHueM ¢ N = 2?7 Bo ckoiibko pas?

Haiimure HOpMUPOBaHHYIO BOJIHOBYIO (DYHKITHFO OCHOBHOTO COCTOSTHUSL.

UeMmy paBHAa pa3HOCTb HSHEPIUM MEXKIQY UYETBEPTHIM U TPETbHUM SHEPreTUYECKUMU
YpOBHSAMU?

[TokaxkuTe, YTO U1 OYEHb MajoOW YaCTHIbl KBAHTOBAHHE CTAHOBUTCS 3aMETHBIM JIUIIb
MIPH pa3Mepax «SIMbD» MOPSIKAa AaTOMHBIX.

Hapucyiite rpaduk 3aBUCHMOCTH IUIOTHOCTH BEPOSTHOCTH OOHAPY)KCHHS YaCTHUIIBI B
COCTOSIHMU C N = 3 OT PacCTOSIHUS OT «CTEHOK» MPSAMOYTOJIbHOW OJHOMEpPHOH «IMbI». B Kakux
MECTax BEPOATHOCTh HAXOKJICHUS YaCTHUIIbI HanOobias? Hanmenbiasn?

[TokaxxuTe, MCIOJIB3YS COOTHOIIEHNE HEONPEACIEHHOCTE!, UTO B «TIOTEHI[UAJIBHON SIME»
CO «CTEHKaMM» KOHEYHOU BBICOTHI HEPTHS YACTUIIBI HE MOXKET OBbITh PAaBHOU HYIIIO.

KakoBbl yclIOBUSI Ha TpaHHWIAX «MOTEHIIMATBLHOW SIMBD» C OECKOHEYHO BBICOKUMU
«CTEHKaMU» M CO «CTEHKaMM» KOHEYHOU BBICOTHI? UemM 00YCIIOBIICHBI Pa3InYHs MEXKTy HUMU?



YeMy paBHaA pa3HOCTb DHEPIUK MEXKAY IISTHIM U BTOPBIM DHEPreTUYECKMMH YPOBHSIMMU
KBaHTOBOI'O ocLuiuIATopa’?

OObscHUTE, MTOYEeMYy HAMHH3IIEEe COCTOSHUE OCLMIUIATOpA HE MOXKET 00JIafaTh HYIEBOK
SHEPTUEH.

MokeT M YacTula HaXOAUThCA Ha JAHE «IIOTEHIUANBHOU sAMbI»? OIpeneseTcs 1 3TO
dopMmoil «imMbl»? OTBET OOOCHYHTE.

3aBUCHUT JM pacupeneieHue JHEPreTHYCCKUX YpOBHEH OT (OPMBI «IOTEHIIHMATBLHOMN
aMb1»? OTBET MPOUIUTIOCTPUPYHTE.

[IpoBepbTe BBINIOTHEHUE COOTHOLIECHUS HEONMPENEIEHHOCTEN ISl KOOpJAMHAThl U
COOTBETCTBYIOLIEH IIPOEKIUH HMITYJIbCA YACTULIBI, COBEPLIAIOLICH JIMHEHHBIE TapMOHUYECKUE
Kojie0aHus (CTalMOHAPHBIE COCTOSIHUS).

SBIAIOTCS JIM  YPOBHM  DJHEPIMM  JIMHEHMHOIO  TAPMOHUYECKOTO  OCHMILIATOPA
BBIPOXKJICHHBIMH ? OTBET 0OOCHYHTE.

B yem oTiMuMe KBaHTOBO-MEXaHMYECKOTO M KJIACCHMUYECKOTO ONMHCAHMS FapPMOHHUYECKOTO
ocruiusitopa? B BEIBOJIaX 3TUX ONMHCAHUM?

Kak cBszanbl Mexay coboi koapuuMeHThl oTpakeHUs M mpo3payHocTH? Kak MOXHO
HCTOJIKOBATh 3TY CBSI3b?

KakoBa BeposITHOCTh HATH KBAaHTOBYIO YaCTHILy Ha €IMHHUIIE [UTHHBI B ciiydae £ < Ug?

Yemy paBeH KOXPOUIIMEHT OTPAaXXEHUS Ha TPaHUIIe MOTEHIIMAIBHOTO IOpora JUis ciydast
E <Uo?

PaccmoTpuTe mpenenbHbIN ciydail, Koraa BbICOTa MOTEHIIMAIBHOTO MTOPOTra CTPEMUTCS K
OeckoHeYHOCTH, T. €. Korga Uo — oo, a sHeprus E He usmensercs. Kakue ¢usnueckue BbIBOIBI
MO>KHO CJIeNaTh JUIsl JAHHOTO Citydasi?

Kakum ycioBHSAM yHOBIJIETBOPSET NOTCHIMAIbHAS DHEPIHUS B Cilydae MPSMOYrOJIbHOIO
MOTEHLMAIBHOTO mopora?

B yem orinune moBeneHHs KiaccMueckoil u kBaHTOBOM wactuil: 1) mpu E < Uo; 2) npu
E>Up?

JHaiite omnpenenenus kod(hpUIHEHTOB oOTpakeHUss M Tpo3payHocTH. Hailmure wux
3HAYEHUS JJIs1 HU3KOTO MPSIMOYTOJIbHOTO MOTEHIIMAIBHOIO TOpOTa.

Kakum ycioBHSAM yHOBIETBOPSIET MOTEHLMAJIbHAs SHEPIUS B Clyd4ae IPSMOYIOJIBHOIO
NOTEHIUATIBHOTO Oapbepa KOHEYHOM MM PUHBI?

3anunmTe U mpoaHanu3upyuTe pemeHue ypaBHenus [llpenunrepa B ciiydae KBaHTOBOM
yactuusl ¢ E > Uo.

3anunmTe ¥ NpoaHaNU3UpyHTe pelieHue ypaBHeHus Llpeaunrepa B ciyyae KBaHTOBOM
yactulsl ¢ £ < Uo.

Kakumu cBoiicTBaMu MUKPOYACTHI] 00YCIIOBJIEH TYHHEIbHBIN d(derT?

[TokakuTe Ha KOHKPETHBIX MpPUMeEpax, YTO TyHHEIBHBIN >(eKkT HaOIromaeTcs JUb B
00J1aCT MUKPOCKOIIMYECKUX SBJICHUH.

Kak MOXHO NpUHTH K BBIPAXKEHHIO U1 KOI(PpHUIIMEHTa HPO3payHOCTH B Ciydae
NPSIMOYTOJIBHOTO MOTEHIIMAIBHOIO Oaphepa KOHEUHO! IIMPUHBI? TPOU3BOJILHOTO Oapbepa?

Kak n3mensiercs koa(puLMeHT npo3padyHoCTU: 1) ¢ yMEHbIIEHHEM IIMPUHBI 6apbepa; 2)
C POCTOM €ro BBICOTHI; 3) ¢ YBETMUYEHUEM MACChl YAaCTUIIbI; 4) C yMEHBILIEHUEM MTOJTHON YHEpPTrUuu
qJacTHUILEI?

OueHuTe, CKOJIBKO J3JIEKTPOHOB C 3Heprued 1 3B u3 KaxnapIx cTa IMpOHIYT CKBO3b
NOTEHUUATBHBIN Oapbep BbICOTON 5 5B 1 mmpunoit 150 mm.

Paszneu 8.
B uem HBIOTOHOBCKAs MEXaHUKa IIPOTUBOPEUNUT KBAHTOBOM MEXaHUKE?

3anunmrte cranoHapHoe ypaBHeHue lllpenmHrepa mis BogopoAonogoO0HON CHCTEMBI.
[IpuBeauTe mpuMeEpsI BOJOPOIOTOI00HBIX CHCTEM.

[Touemy Hambosiee TOIXOJSIEH KOOPAMHATHON CHUCTEMOW /JIsi pPAacCCMOTPEHHS aroma
BOJIOpO/a sSIBJIsIeTCs cepruyeckas?



[lpoananu3upyiiTe (KQUECTBEHHO) XOA  pEIICHUS CTAllMOHAPHOTO  YpaBHEHUS
[Mpeaunrepa s aToMa BoAopoja B chepuueckux KoopauHarax. Kakue BBIBOIBI CIEAYIOT U3
ero pereHus?

3anmunmTe COOCTBEHHBIE 3HAYCHHsI DHEPTUU DJEKTpOHA B aroMe BOJOPOJa,
ompenensembie pemenneM ypasHeHus Llpequnrepa, n npoaHanu3upyite ux. B uem otinuue u
CXOJICTBO C pe3yabTaramu Teopuu bopa?

Yemy paBHA KpaTHOCTBH BBIPOXKICHUS COCTOSHUS, COOTBETCTBYOIEro N = 37?

Kakue BenwuuHBI A AJIEKTPOHA B aTOME OIPEACTICHBI, €CIM M3BECTHHI KBAHTOBBIE
gucian, lu m?

[ToueMy KBaHTOBasi MEXaHWKA HE MCIIOJIB3YET MPEACTaBICHUE 00 AIEKTPOHHBIX OpOuTax?
Uro xapakTepu3yrT KBaHTOBBIC yucia N, | u m?

Kakne BenM4MHBI, XapaKTepU3YIOIME OJIEKTPOH B aTOME BOJOPOJAA, KBAHTYIOTCS?
3anunmTe COOTBETCTBYIOIME (HOPMYIIBI.

[pencTaBbTe CHMBOJIMUECKYIO 3allUCh AJIEKTPOHOB B coctostHMsx ¢: 1) n =3, 1=0, 1, 2;
2)n=4,1=2;3)n=2,1=1.

KaxkoB ¢uzuyeckuii cMbICT pacrpeaesaeHus MIOTHOCTH 3apsaa B 2JIEKTPOHHOM o0ake?

CdopmynupyiiTe mpaBuia otoopa AJisi OpOUTAIEHOTO ¥ MarHUTHOTO KBAHTOBBIX UM CEI.
Bceerma m onn BeimosHSIOTCS? Kak MOKET M3MEHSITHCS ITTaBHOE KBAHTOBOE YHCIIO?

Kaxue mepexoap! coorBeTcTBYIOT cepuu [lamena? Vcmonp3yiiTe CHMBOIMYECKYIO 3aTUCh
COCTOSIHU.

PeumB pamumaneHoe ypaBHenue Ilpemunrepa mns 1S-COCTOSIHUS 3JIEKTpOHA B aTOMeE
BOJIOPOJIa, MPOKOMMEHTUPYITE 3HAUCHUSI Ui a U E.

CKkonbKO OyJeT pa3nuyHBIX BOJMHOBBIX (PyHKUIUN ast N = 47

KakoB KBaHTOBO-MEXaHHUYECKUM CMBICI IIEPBOTO OOPOBCKOTO pajyca’?

B yem ornuyme BBHIBOJOB KBAHTOBOM MEXaHUKM U Teopuu bopa mist 1S-cocTosHus
JJIEKTPOHA B aTOME BoJtopoa?

DNeKTpOH B aroMe BOJOpOJAa HAXOAWTCA B IS-coctosHMu. OmpenenuTe HambOosee
BEPOSITHOE PACCTOSIHUE JJIEKTPOHA OT sIIpa.

Paznea 9.

MO)KHO JIN I‘OBOpI/ITB O CXOACTBE CHeKTpOB I/ICHYCKaHI/I}I aTOMOB MICJIOYHBIX METAJIJIOB U
atoma Bojgoposa? [louemy?

3anmunmTe ¥ MPOKOMMEHTHPYHTE (GOpMYITy JUIsl ONPEACICHUS CIICKTPAIbHBIX TEPMOB
IICJIOYHBIX MCTAJIJIOB.

Kakne 3HaueHWs MOKET MPUHHUMATH MPOCKIUS CIHWHA DJJCKTPOHAa Ha 3aJaHHOC
HarnpaBJjeHue? 3aNuIMTe 3aKOH KBAHTOBAHUS CIIMHA SJIEKTPOHA.

Yemy paBeH MOZy/lb CIIMHOBOT'O MATHUTHOTO MOMEHTA 3JIEKTpOHa?

B YeM OTINYUC OTHOI_HeHI/Iﬁ MAariHuTHOI'O 1 ME€EXaHHNYC€CKOI'0O MOMECHTOB, O6YCJ'IOBJ'ICHHI)IX
OpOUTANIbHBIM JBU)KEHUEM DJEKTPOHA, U COOCTBEHHOTO MArHUTHOTO MOMEHTa W CIHHA
AJeKTpoHa?

[Touemy Hapsity ¢ APYrHMH KBAHTOBBIMH YHCIIAaMH OOBIYHO HCITOJB3YeTCS MAarHUTHOE
CIIMHOBOE KBaHTOBOE YU CJI0, 4 HE CIIMHOBOE KBAHTOBOE YK CIIO?

Pazne 10.
Yro nmpencrasiuser coboit maraeToH bopa?

UYeMy paBHO OTHOILIEHHWE MPOEKUUH OpPOMTAIBHBIX MAarHUTHOIO U MEXaHHYECKOTO
MOMEHTOB 3JIEKTPOHA Ha MPOU3BOJIbHYIO OCh Z?

Hapucyiite n 0o0bsicHUTE HampaBiIeHUS OPOMTAJIBHBIX MEXaHMYECKOI0 M MAarHUTHOTO
MOMCEHTOB.

3anumTe BhIpAXKEHHE A1 MO/l OpOMTAIbHOTO MAarHUTHOTO MOMEHTA.

Kakue 3HaueHuss MOXKET MIPUHUMATDL IPOCKO UM OPGI/ITEUIBHOFO MarHuTHOro MOMCHTA Ha
3aJlaHHOE HampaBJieHue?



Yemy paBHO TMPOMArHMUTHOE OTHOLICHHME OPOUTAJIBHBIX MOMEHTOB 3JIEKTPOHA,
JIBUKYILIETOCS 110 TpeThei opOuTe atoMa Bogopoaa? [losicHuTte pe3ynbTar.

B dWem 3amovaercss Cyrb CHUH-OpOMTaNbHOrO B3ammopeWcTtBus? UYem OHO
onpenensiercs?

Bcerna 5, Ha CKOJIBKO M IOYEMY ITPOUCXOAUT PACILEIIICHUE YJHEPIeTUUECKUX YPOBHEN B
pe3yapTaTe CIUH-OPOUTAIIBHOTO B3aUMOJICHCTBUSA?

Ha3oBure n mosicHuTe (hakThl U TEOPETHYECKHE MPEANOCHUIKU CYIIECTBOBAHMS CHHHA
AIIEKTPOHA.

KakoBrbl naes v BEIBOIBI ONTLITOB DiiHINTeHHA 1 A¢ [aasza?

Ilouemy B onbrtax Illrepra m I'epnaxa MCHIONB3YIOTCS IY4KM ATOMOB XUMHYECKMX
AJIEMEHTOB I1epBOM rpynibl [lepuoauyeckoit cuctemsl?

[Touemy B onbiTax Illtepna u ['epnaxa ucnonb3yercs CUIBHO HEOAHOPOIHOE MOJIE?

Ilouemy onbitel Illteppa u  I'epiaxa  sABIAOTCA  HPSAMBIM - J10KAa3aTEIbCTBOM
CYIIECTBOBAHUS CIIUHA 3JIEKTPOHA?

[To xakuM 3aKOHAM KBAHTYIOTCS MOJHBIM MOMEHT UMITYJIbCA AJIEKTPOHA U €0 MPOEKIHs?

Paznea 11.
B uem cytb appexra 3eemana?

Moxer nu s¢dexr 3eemana HabIOAATHCS A1 aTOMOB uamarHeTuka? [Touemy?

Ha ckonibko mojypoBHEH B MArHUTHOM I0JIE pacuieruisiercst f-cocrosiaue?

OObsACHMTE MEXaHM3M DACIICIJICHMS JIMHUHM B Cllydae CIIMH-OpOUTAIBbHOIO
B3aMMOJICHCTBUS; B citydae d¢pexra 3eemaHa.

Paznedr 12.
O3HauaeT 1M U3MEHEHUE 3HaKa BOIHOBOH (PyHKIMK M3MeHeHue cocTossHus? [louemy?

Kak ompenensieTcss mpuHaAIEKHOCTh CIOXKHBIX YacTHI[ (HapuMep, aTOMOB) K O030HaM
unu gepmMuoHam?

Kako#t Tun cumMMeTpru BOTHOBOM (DyHKIIMH XapakTepeH ais poToHa?

[louemy  mpuHIUI HEPA3TUYUMOCTH  TOXKJIECTBEHHBIX  YaCTUI[  SIBJISIETCS
dyHIaMeHTaTbHBIM MpUHIIUTIOM? B 4em ero cyTh?

B uem ominMume OnMcaHUs TOXIAECTBEHHBIX YacTUL B KIACCUYECKOM U KBAHTOBOU
Teopun?

CucremMa COCTOUT M3 TOXKIECTBEHHBIX (IePMHOHOB; TOXKJIECTBEHHBIX 0030HOB. B kakom
ciydae BOJHOBast (yHKIHSI OylIeT CHMMETPUYHOW OTHOCHTEIIBHO TEPECTAaHOBKU OO0 IMaphl
qacTur?

Yactuiipl 0IMHAKOBBIE, TOXKIECTBEHHbIE, HEpa3IuuuMble. B uem oTiinune U CXOJICTBO B
UX OMUCAHUU?

UeMmy paBHO MaKCHUMaJIbHOE 3HA4YEHWE MPOCKIIMKM MOMEHTa ummynbca aisi L- u M-
3JIEKTPOHOB?

KakoBo MakcuManbHOE YHCIIO SJIEKTPOHOB B P-cocTostHum ? OTBET 000CHYITE.

[Momuunusirorcst mu 60300 TpuHIUITY [laynu? Tlouemy?

CKOJIBKO DJIEKTPOHOB B aTOME, Y KOTOPOTO B OCHOBHOM COCTOSIHMU 3amofHeHbl K- u L-
o0osouka, 3s-1mo000049Ka U B 3p-1101000JI0UKe UMEETCS IATh AJIeKTpoHOB? UTo 3TO 32 arom?

3anunmTe SIEKTPOHHYI0 KOH(UTIypaluio Uis aroma, CIEAYIOIEro 3a aTOMOM, O
KOTOPOM HJIET PE€Ub B MPEABIAYILIEM BOIPOCE.

CKOJIBKO Pa3HBIX COCTOSIHHH Y 3JIEKTPOHA C IJIaBHBIM KBaHTOBBIM YK CIIOM N = 37

CKOJIBKO DJIEKTPOHOB MOKET HaXOIUThCS B 110100004Ke ¢ N =5, | = 2?7

Kakue 3HaueHuss MOTYT MPUHUMATL MU Ms ipu N =5, | = 4?

KakoBo MakcuMalibHOE YHCIIO JIEKTPOHOB Ha MOJ000JI0YKE C OpOUTATBHBIM KBAHTOBBIM
guciaom? OTBET 00OCHYHTE.

KakoBo MakcuMmanbHOE YMCIIO JIEKTPOHOB B aTOME C TJIaBHBIM KBAHTOBBIM YHCJIOM N?
OtBeT 000CHYHTE.



KakoBo o6mee 4mcio aiekrpoHOB B arome, K- u L-000709Kd KOTOPOTO TMOJTHOCTHIO
3aM0JIHEHBI?

Kak wm3MeHunach Obl CTPYKTypa 3JIEKTPOHHBIX OOOJOYEK aTOMa, €CIH OBl AJIEKTPOHBI
ObLTH HE epMUOHaMU, a 6030HaMU ?

PazneJ 13.
Haunnas ¢ kakoro snemMeHTa BO3MOXKHO NosiBiieHne M-cepun?

[Tlouemy K-cepuss pEHTICHOBCKOTO HW3JIydEHUSI B CIy4ae TSKEIbIX SJIEMEHTOB
COIIPOBOXK/IAETCS MOSBICHUEM JPYIUX CepUii?

Haiinute rpaHUuYHylO AJMHY BOJHBI TOPMO3HOIO PEHTTEHOBCKOIO H3JIydEHHUS IpHU
OoMOapaUpoOBKe aHOA dIEKTpOoHaMH ¢ dHepruei 60 kB.

Kak u3MeHSTCS WHTEHCUBHOCTh PEHTICHOBCKOTO M3Iy4eHHS U TPaHHIA CIJIOIIHOTO
CIIEKTpa C yBEJIMUEHUEM: 1) HaNpsHKEHUS MEKIY KaTOJAOM M aHOJ0M? 2) Hakajla HUTH Karoaa?

OOBsSICHUTE TPOUCXOXKJEHUE KOPOTKOBOJHOBOM TIpPaHUIBl CHEKTpa TOPMO3HOIO
PEHTTEHOBCKOTO M3JIy4EHUSI.

B d4em mnpuumHa 3HAUUTEIBHOTO pA3IM4YMs ONTHUYECKOTO M XapaKTEPUCTUUYECKOTO
PEHTTEHOBCKOTO CIIEKTPOB aToma?

[louemy TOpPMO3HOE PpEHTI€HOBCKOE M3JIYy4€HHE HMEET CIUIOIHOW CIEKTp, a
XapaKTepUCTUYECKOE — JIMHENYaThIii?

Kakas u3 Tpex TMHUI XapaKTepHCTUYECKOIO PEeHTTeHOBCKoro crekrpa — Kg, Kg, K, —
camasi KOpOTKOBOJIHOBasi? camasi MHTEHCUBHAs?

B d4em crulomHOW pEHTIEHOBCKUM CHEKTP MNOATBEPKIAET KIACCUYECKYIO TEOPHUIO
U3JIy4eHHS, a B UeM ei mpotuBopeunT? OTBET 000CHYHTE.

KakoBbl XxapakrepHble OCOOCHHOCTH TOPMO3HOIO PEHTTeHOBCKOro crekrpa? Jlaiite um
OOBsICHEHHE.

3anuumTe 3akoH Mosnu it nuHuu Lg.

Ucxons w3 3akoHa Mo3nu, ompenenuTe, BO CKOJIBKO pa3 iMHA BOJHBI K-TuHUM
Bosib(pama (Z1 = 74) oTiinyaercst OT AIUHBI BOJIHBI K- muHnm HuKens (Z2 = 28).

Paznea 14.

KaxkoBsl Tunbl xumuueckoit cBsizu? Kakos ux mexanusm? [IpuBenure npumepsl.

3anunmrte ypaBHeHue IllpeawHrepa It MOJIGKYABI BOJOpoAa B aanabaTHOM
NPpUOITHKEHUH.

OO0bsicHUTE, HAPUCOBAB IpaduK 3aBUCUMOCTU TOJHOW HEPTHH JIBYXaTOMHOW MOJICKYITBI
OT PACCTOSIHUS MEXAY SApaMH, HATMUKE PA3TUYHBIX YHEPTETUUECKUX YPOBHEH.

KakoB MexaHW3M BO3HUKHOBEHHS JJIEKTPOHHO-KOJEOATENbHBIX U KOJeOaTeNnbHO-
BpaIATEIbHBIX CIIEKTPOB?

KakoBbl mpUOIU3UTENBHO PACCTOSIHUS MEXKIY BpalATENIbHBIMU U KoJieOaTelbHBIMU
YPOBHSIMH DHEPTHH MOJIEKYIIbI?

Pazned 15.
VYBenuuMBaeTCsl WJIM YMEHBIIAETCS CpeaHee BpeMsl >KHM3HH aToMa B BO30YKICHHOM

COCTOSIHUH C YBEITMYCHUEM BEPOSTHOCTH CIIOHTAHHBIX TIEPEX0I0B?

Bo3MoxHO 11 OBIJIO BBIHYKJIEHHOE M3IydeHHE, ecinu (POTOHBI Obuth OBl epMHOHAME?
OTtBet obocHY#iTE.

Kakoe ycnoBue HEOOXOOUMO [UIsi BO3HUKHOBCHHSI BBIHYKJICHHOTO W3JIydeHHUS B
BeIlecTBe?

Uro MOXHO cKa3aThb O (ase, MOMSIpU3ALUM M HANPABICHUU HCIYCKACMBIX
AJICKTPOMArHUTHBIX BOJIH B CIydae CIOHTAHHOTO W3Iy4YCHHS? B CIydae BBIHYXKICHHOTO
W3Ty4eHUs?



CucremMa aTroMOB HaxoJUTCS B TEPMOAMHAMHYECKOM paBHOBecUU. Bo3MoxHO I1n
yCHJIEHUE JaHHOM cpeioil majatomero Ha Hee usnydeHus? OTBeT 000CHYMTE.

Kax ocymiecTBIsIIOTCSL COCTOSIHUS C UHBEPCHUEH 3aCOJIEHHOCTEN ?

B uem oTimuMe v CXOACTBO JIa3epHOTO U3My4eHHS] U OOBIYHOTO cBeTa?

Mo>kHO 11 co31aTh J1azep Ha epMuoHax?

BosMmoskna nu paboTa j1a3epa 1o AByXypOBHEBOM cxeme akTHBHOM cpenbl? [Touemy?

OOBsICHUTE IPUHITUT ACHCTBHS Ta30BOTO J1a3epa.

[loyemy omHuUM U3 00S3aTENBHBIX KOMIIOHEHTOB Jiaepa SBIISETCS ONTHYECKUM
pe3onarop?

UeM 0OBACHUTD OOJBIIYI0 HHTEHCUBHOCTH CBETA B Jiazepax?

KaxoBbl cBOICTBa na3zepHOro usnydeHus? [IpuBeaure unciaoBbie IPUMEPBI.

BAPUAHTBI ITIPAKTUYECKUX 3AJIAHUI

Tema 1. 3akOHOMEPHOCTH B CHEKTPax aTOMOB BOJOPOJIa M BOJOPOIOTIOT00HBIX aTOMOB.
Paccesnue o-uactun BemectBoM. @opmyna Pesepdopaa.

1. Kakomy »sneMeHTy NpUHAUIEKUT BOJOPOAONOAOOHBIM CIHEKTP, ATUHBI BOJH
KOTOpPOTI'0 B YETBIPE pa3za KOpoUe, YeEM Yy aTOMapHOIo BOJopoa?

2. Beruncnute moctosiHHylo Punbepra R, ecnm m3BecTHO, uTo s noHOB He'
Pa3HOCTb JUTMH BOJIH MEX]Ty TOJIOBHBIMH JINHUSIMU cepuii babmepa u Jlaiimana AN=133.7 um.

3. HaiiTi nyiMHY BOJIHBI TOJIOBHOM JIMHUW TOHU CIEKTpalbHOW cepum MOHOB He', y
KOTOPOM HMHTEPBAI 9aCTOT MEXKTY KpaliHMMU TMHHAMA Aw=5.18-101% ¢,

4. HaiiTu rpaHuIsl criekTpaiabHOH 007acTH, B Mpeesax KOTOPOH pacroOkKEeHbI
JIMHUY cepuHr banpmepa aTOMapHOIro BOAOPOA.

5. OrnpeaenuTs JUIMHBI BOJIH TOJIOBHBIX JIMHUHT cepuu JlaiimaHa a1 Bogopoaa n He*.

6. Haiitu nyivHBI BOJIH KOPOTKOBOJIHOBBIX TPaHULl BOAOPOIAHBIX cepuii JlaiimaHa u
banemepa

7. @DOTOH roJ0BHOM JMHUM cepuu JlaliMaHa MOHA Teus MOMIOLRAETCS BOAOPOIHBIM

aTOMOM B OCHOBHOM COCTOSIHUM WU HMOHHU3YeT ero. OmnpenenuTh KUHETHYECKYI0 HSHEPIUIO,
KOTOPYIO TMOJIYYUT AJICKTPOH MPHU TAKOW MOHU3BAIUH.

8. Haiiti [yinHy BOJIHBI pe30HAaHCHOM TuHuM LIt

9. Haiitu »Hepruio CBs3U 3JIEKTPOHA B OCHOBHOM COCTOSIHMHM BOJOPOJIONOJOOHBIX
HMOHOB, B CIIEKTPE KOTOPBIX JJIMHA BOJHBI TPETheU TMHUM cepuu banbeMepa paBHa 108.5 HM.

10. Haiitu  ckopocThb  (DOTOSJEKTPOHOB,  BBIPHIBAEMBIX  AJIEKTPOMArHUTHBIM

U3TY4eHHEM C JUIMHON BOJIHBI 18 HM U3 HOHOB HE™, KOTOpbIe HAXOIATCA B OCHOBHOM COCTOSIHUH
U TTOKOSATCSL.

11.  Haiitu rpaHMIBl CHEKTpaJIbHOM 00JIACTH, B Ipejenax KOTOPOil pacroioKeHbI
auHUY cepuu [lamena atoMapHOTo BOJOPOAA.

12. Anpda-vyactuna ¢ kumHernueckoil sHeprueit K=0.27 M»sB paccesmacek 30m0T0oM
dosroi Ha yron 60°. HaiiTu COOTBETCTBYIOIEE 3HAYEHUE TIPULIENBHOTO TAPAMETPA.

13. V3kuii ny4ok o-4acTull ¢ KuHeTtuueckon dHeprued K=600 x3B manmaer
HOPMAIBHO Ha 30J0Tyr0 (onbry comepkaiyio n=1.1-10'° snep/cm?. Haiitu oTHOCHTENBHOE
YHCIIO O-YaCTHUII, PACCETHHBIX O yriamu 0>60.

14,  VY3kuil my4oK «-4acTHIl IaJaeT HOPMAJIbHO Ha cepeOpsHyio ¢oibry. 3a Hei
YCTaHOBJICH CYETYMK, PETHCTPUPYIOUMI YacTHIIBI, PACCEIHHbIE B COOTBETCTBUHU C (PopMynoit
Pesepdopna. Ilpu 3amene cepeOpsiHOW (oM Ha TIIATHHOBYIO TOM K€ MAacCOBOM TOJIIIMHBI
YUCJIO PETUCTPUPYEMBIX B €IMHUIY BPEMEHHM o-4acTul] Bo3pocio B m=1.52 paza. Haiitu
MOPSIKOBBI HOMEpP TUJIATHHBI, CUMTAsl, YTO TOPSIKOBBIA HOMEp cepedpa M MacCOBBIE UYHCIIA
000MX 37IEMEHTOB U3BECTHBI.

15,  V3kuii nydok a-yactun ¢ kuHetudeckoil sHepruer K = 600 k3B magaer
HOPMAaJIBLHO Ha 30J0Ty0 (onbry comepskamyro N = 1.1-101° apep/cm?. Haiitu oTHOCHTENBHOE



YHCII0 -9acTHUIl, paccestHHBIX mof yrimamu 60-90.

16.  Y3kuil mydok «-vacTil ¢ kuHeTHueckod sHeprued K = 0.50 MbB mamaer
HOPMAJIBGHO Ha 30J0TYI0 (OJIBy MaccoBoi TommmHbl pd=1.5 mr/cm?. TIOTOK 4YacTHI[ B IydKe
coctaisier 10=5-10° ¢!, Haiitu umcino a-uyactui, paccesHHBIX (oabrod 3a 7=30 MUH B
MHTepBae ynios: 59-61; ceeime 60;

17.  VY3kuii Myd4oK MPOTOHOB, HMEKOIMX CKOPOCTh v = 6-108 m/c, mamaeT HOpMaIbHO
Ha cepeOpsHyro ¢oibry ToaumHbl =1 MxM. HallTh BEepOSTHOCTH paccessHusi MPOTOHOB O[T
yroamu 0>900.

18.  VY3kmii mydok «-vacTul] ¢ KuHeTnueckoil sHepruedr K = 600 B mamaer
HOPMAJIBLHO Ha 30510TyI0 (onery coxepxkamyro N=1.1-101° gnep/cm?. Halith oTHOCHTENBHOE
YHCIIO O-4aCTHL, paccestHHBIX o yriaamu 6>90, 60-120.

19. Haititn sdxpektuBHOE CcedeHme sapa aToMa ypaHa, COOTBETCTBYIOIIEE PACCESIHUIO
Q-9acTHUIl ¢ KUHETHYeCKoH sHepruelt K=1.5 MoB B untepBaie yrios cebime 0o=60°.

20.  DddexruBHOE ceueHWe sapa  aromMa  30JI0Ta, OTBEYAIOIIEE PACCESTHUIO
MOHOYHEPreTHYECKUX a-uacTHI] B mHTepBase yrioB oT 90° no 1800, pasno Ao=0.5-10"21 cm?.
OmnpenennuTh KAHETUUECKYIO SHEPTHIO o--YacTHII.

21. DddexTnBHOE CceUYeHHE spa aromMa  30J10Ta, OTBEYAIOIIEE PACCETHUIO
MOHODHEPIETHYECKAX q-4acTull B uHTepBane yrio ot 900 no 180°, pano Ac=0.5-102! cm2.

Omnpenemuts mudepennnansaoe ceuenue paccesaus do/d(), coorsercTyromee yrimy 0=60°.
Tema 2. Iloctynatsl bopa. Monens aroma bopa.

1. Haiit 11s BogoponomogoOHOTO MOHA paauyc N-il OOpoBCKOM OpOUTHI U
CKOPOCTb 3JICKTPOHA HA HEeW. BBIYMCIUTB 3TH BETMYUHBI IS IEPBOH OOPOBCKOM OpOUTHI aToMa
BOJIOpoJia 1 moHa He™.

2. Haiitn st Bomopoomomo0HOTO HMOHA paauyc N-i OOpOBCKOW OpOWTHI |
CKOPOCTB 3JIEKTpOHA Ha HEeW. BRIYMCIUTB 3TH BETMYMUHBI I BTOPOH OOPOBCKOW OpOMTHI aToMa
BO/IOpOjia U oHa Lit?,

3. Omnpenenuth i1 aToMa BOJOpoJa M WoHa He*: sHepruio CBs3M AJIEKTpOHA B
OCHOBHOM COCTOSIHMH M TTOTEHI[HAJI HOHH3AIlHH.

4, OnpenenuTs Ul aTOMa BOJIOpoaa M noHa He™: mepBhIil moTeHIMa BO30Y K ICHU S
Y JUTMHY BOJIHBI TOJIOBHOW JIMHUU cepuu JlaiiMaHa.

5. OmnpenenuTh A1 aTOMa BOJOPOAa U HoHa Lit™: sHepruio noHu3amuu.

6. OnpeaenuTs s aToMa BOAOPOAa M MOoHA He™: ckopocTh 3JIEKTpOHA Ha BTOPOM
OOpOBCKOH OpOUTE.

7. Omnpenenuth A8 aToMa BOJOpoJa W HOHA He': KWHEeTHYEeCKyr0 DHEPrHio
3JIEKTPOHA B OCHOBHOM COCTOSIHHH.

8. s aroma Bojopoia W HWoHa LI™ ompenenuTh: KMHETHYECKYI) SHEPIHIO
3JICKTPOHA B OCHOBHOM COCTOSTHUH.

9. Haiitu sHepruto nonusanuu s nonos Het u Lit*.

10.  OmnpenenuTh paanuyc MepBoit 0OPOBCKOM OpOUTHI yist HoHa Lit™.
Tema 3. Bonnel ne bpoiins

1. Beiuuciauth neOpONSIEBCKYIO JJIMHY BOJIHBI 3JEKTPOHA U MPOTOHA, ABUKYIIMXCSA C
KhuHeTnueckon sHepruert 1 xaB. Ilpu kakux 3HaYEeHUSX KUHETUYECKON SHEPTUU UX JJIMHA BOJHBI
Oyner pasua 100 mm?

2. Ilpm yBenwuenuu sHepruu 3jaekrpona Ha 200 3B ero nedpoiiyieBcKas JUTMHA BOJHBI
M3MEHUJach B 2 pa3a. HaliTu nepBoHavyalibHYIO JJIMHY BOJHBI 3JIEKTPOHA.

3. HaiiTu 1ymHy BOJIHBI MOJIEKYNI BOJAOPOJA, IBIIKYIIMXCS C Hamboiiee BEpOSTHOM
CKOPOCTEIO B Tase npu temneparype 0 °C.



Tema 3. Pemenue BpeMEHHOro u cramuoHapHoro ypaBHeHuid [llpegunrepa s
MOTEHIIUATBHBIX ITOJIEH MTPOCTON KOH(UTYpAIUH.

1. Haiitu pemenune BpemenHoro ypaBHeHwus lllpennHrepa mais cBOOOIHON YaCTUIIBI
Macchl M, IBMXKYILIEHCS C UMITYIBCOM P B MOJOXHUTEIBHOM HarlpaBiIeHUU ocu X.
2. Yactuna HaxXoOWUTCS B OCHOBHOM COCTOSIHMM B OJHOMEPHOW MPSIMOYTOJIBHOM

NOTEHIIHAIBHON sMe mmprHOM | ¢ abcomroTHo HenmponumaembiMu crenkamu (0 < X < ). Haittu
BEPOSATHOCTh MECTOHAXOXKICHUS YacTuIlsl B mHTepBate (1/3,2 1/3).

3. Yactuima  Macchl M HaXOJUTCS B OCHOBHOM COCTOSHUHM B OJHOMEPHOMU
OPSIMOYTOJbHOW  MOTEHIIMAIbHON M€ C  aOCONIOTHO  HEMPOHHUIAEMBIMU  CTECHKAMH.
MakcuMaJlbHO€ 3HAYCHHME IUIOTHOCTH BEPOSTHOCTH MECTOHAXOXKICHUS YacTUIBI B 3TOM
COCTOSIHUHU paBHO Pm. HaliTy mmpHHY MBI ¥ SHEPTHUIO YaCTHUIBI.

4. Yactuiia MacChl M HAXOAUTCS B ABYMEPHOU MPSIMOYTOJIbHOM MOTEHI[HAIBLHOMN SIME
¢ a0COJIIOTHO HEMPOHUIIAEMBbIMUA CTeHKaMu. KoopauHaThl X M Y HAXOJSTCS COOTBETCTBEHHO B
unrtepBanax (0, a), (0, b), rme a u b — cropons! ssMbl. HaiiTi BO3MOKHBIE 3HAUEHHUST SHEPTHH U
HOPMHUPOBAHHBIE Y- PyHKITUU YACTHIIBI.

Tema 4. KBanToBanue aToMOB. JDJEKTpOMarHUTHBIC Mepexoapl. [IpaBmma orbopa u
CIIEKTPAJIBHBIE CEPUU.

1. OrnpeaenuTs MOTCHITMAT MOHU3AIMKM U TEPBBIA MOTCHIIMAT BO30YKICHUS aToMa
Na, y koToporo kBaHTOBbIE JieeKThl OCHOBHOTO TepMma 3S u 3P paBHBI cOOTBEeTCTBEHHO 1.37 1
0.88.

2. Haiitu sHepruro CBs3M BaJEHTHOTO JCKTPOHA B OCHOBHOM COCTOSIHMM aToma L,
€CJIM W3BECTHO, YTO JUIMHBI BOJH TOJOBHOW JTUHUM PE3KOW CEpUHM U €€ KOPOTKOBOIHOBOM
rpaHulibl paBHbI cOOTBETCTBEHHO 0.813 1 0.349 Mxwm.

3. CKOJIBKO CHEKTPATbHBIX JIMHUN, pa3pellieHHBIX MpaBHJIaMH OTOOpa, BO3HHKACT
MIpH [Iepexojie aToMa JIUTHS B OCHOBHOE COCTOSTHUE U3 cocTosiHuA 4S?, 4P?

Tema 5. MHuorosnekrpoHHble aToMbl. OOO0JIOYKM H TMOJO0OJIOUKH. DJIEKTPOHHAS
koHurypanus. [Ipudmmkenue LS- u jj-cBsizeit. Tepm. CocrosiHue.

1. HaliTi BO3MOXHBIC 3HAYCHUS ITOJHBIX MEXaHMYECKAX MOMEHTOB SJIEKTPOHHBIX
0001109eK aTOMOB B cocTostHUsAX *P u °D.

2. Jlonmucats HEOCTAIONME KOMIIOHEHTHI MyNbTUILIETOB 2P32, D1, 4Fsp2, 3P2, °Ds,
P12,

3. Bo3MoHBI 11 clepyonme coctosuus: 2S1,3So, 3Po, 3S1/2,2S1/2,3Do, 2D1/2?

4, Kakue U3 CIemyrolmX ONTHYECKHX IePeXoa0B paspeiensl: 2S1/2 - 2Dsp, 2P3n —
2D3y2,1S0- 3Py, n11Sp - n'Sg?

S. OmuH M3 3JIEKTPOHOB aTOMa TeJIUsl UMEET ITIaBHOE KBaHTOBOE uncio 1 apyroit 2.

3anucath BO3MOXKHBIE DJIEKTPOHHBIE KOH(UTYpallUM M CHEKTPOCKOMUYECKHE OO0O03HAUYCHUS
COOTBETCTBYIOLUMX COCTOSIHUM.

6. Kaxue cocrossuus Bo3smoxHbl y P, D u F TtepmoB, orpaHnueHHbIe BETUUYMHOMN
ciuHa S oT 0 10 5/2? 3anucaTh BO3MOXKHBIE CIIEKTPOCKOITMYSCKHE 0003HAYCHU ST COCTOSTHH.

7. Bo BHemmHe#l 000104Yke aToMa HAXOIATCS TPH JIIEKTPOHA C OpPOUTATBHBIMH
KBAaHTOBBIMH unciiaMu 1, 2, 3. OnpeaenuTh BO3MOXKHBIE COCTOSIHUS aTOMA.

8. HaiiTh BO3MOXXHBIE COCTOSHHSI aToMa yIiepoja, 3JICKTPOHHAs KOHQUTypaIius
kotoporo 1s? 2s? 2p 3d.

Tema 6. HepI/IOI[I/I‘ICCKaH Ta6J'II/ILIa a5ieMeHTOB. OCHOBHEBIE TCPMbI aTOMOB.

1. BeinucaTh 37€KTpOHHYIO KOHQUIYpallMI0 W ¢ MOMOUIpI0 IpaBujia XyHJa HaWTu



ocHoBHO# Tepm aroma Cl.

2. Haiitu ¢ nomonipro npaBuiia XyHAa IMOJHBIM MEXaHMYECKHM MOMEHT aToMa B
OCHOBHOM COCTOSTHHH, €CJTH €T0 He3aIl0JIHEHHas 110,1000J1049Ka COACPKUT TpU d-3JIeKTpOHAa.

3. Haiitu ¢ nmomomnipio npaBuia XyHAa MOJIHBIM MEXaHMYECKAT MOMEHT aToMa B
OCHOBHOM COCTOSIHUH, €CJTH €r0 HEe3aroJIHEHHas 101000109Ka COJCPIKUT CeMb  (-3JIEKTPOHOB.

4. OrnpenenuTh OCHOBHOE COCTOSIHUE aTOMa MapraHiia u mona Mn*™* .

5. Haiitu ¢ momompio mpaBuia XyHAA MOJHBIM MEXaHMYECKAM MOMEHT aroMa B
OCHOBHOM COCTOSIHHH, €CJTH €T0 He3aloJIHEHHAas II0J000I04Ka COACPKUT TpHU 0-3JIeKTpoHa

6. Haiitn ¢ momommpro npaBuil XyHJa IOJHBIM MEXAaHUYECKMH MOMEHT aroMa B

OCHOBHOM COCTOSIHHUH, €CJIM €0 HE3aIIOJTHCHHAas1 HO,I[O6OJ'IO‘IK3 COJCPKUT OAUH S-3JICKTPOH.

Tema 7. XapakTepuCTH4YECKHE PEHTICHOBCKHUE CIIEKTPBI.

1. Beruncnute ¢ nmomouplo 3akoHa Moziau pasHoOcTh 3Hepruit cBsasw K- u L-
DJIEKTPOHOB BAHA[HSL.
2. [Ipy HekoTOpOM HaNpPSHKEHUMM Ha PEHTICHOBCKOM TpyOKe C aJIOMHHHMEBBIM

AQHTUKATOJIOM JUIMHA BOJIHBI KOPOTKOBOJHOBOI I'PaHULbI CIIJIOIIHOTO PEHTIEHOBCKOIO CIIEKTpa
paBHa 0.50 mm. Bymser nu Habmomatbes mpu 3ToM K-cepusi XapakTepuCTHYECKOTO CIIEKTpa,
NOTEHLHaJ BO30YKIeHHUS KOTOporo paseH 1.56 kB?

3. Haiitu sHepruto cBsizu L-3nekTpoHa TUTaHa, €CIIM PA3HOCTh JJIMH BOJIH TOJIOBHOM
auHuH K-cepuu 1 ee KOpOTKOBOJTHOBOM TpaHHIlbl AN=26 M.
4. Haiitn nirHy BOJHBI N, ONPEIETSIONYI0 KOPOTKOBOJIHOBYIO TPAHHUIY CILJIOIIHOTO

PEHTIEHOBCKOTO CIIEKTPa, €CJIM U3BECTHO, YTO YMEHBIICHHE MPUJIOKEHHOTO K PEHTTeHOBCKON
TpyOke HanpspkeHus Ha AU=23 kB yBennunBaeT HCKOMYIO JUIMHY BOJHBI B 2 pas3a.

S. Kakyto HaumeHbIIyr0 pa3HOCTh MoOTeHHuanoB U Hamo NOPUIOKUTH K
PEHTIEHOBCKOM TpyOke, 4ToOBl MOJY4UTh Bce JIMHUM K-cepuu, ecau B KauecTBe MaTepHalia
aHTHKATOJ1a B3ATh Me/b?

6. Kakyto HaumMeHbLIyl0O pa3HOCTh MoTeHiuaaoB U Hago NpUIOKUTH K
PEHTIEHOBCKOW TpyOKe, 4ToOBl MOJY4HUTh BCe JIMHMM K-cepum, eciu B KauecTBe MaTepHalia
AHTUKATOJa B3SITh cepedpo?

7. Kakyto HaumMeHbLIyl0O pa3HOCTb MOTeHIMaioB U Hago NOPUIOKUTh K
PEHTIEHOBCKON TpyOKe, 4ToOBl MOJYy4HUTh Bce JIMHMM K-cepum, eciu B KauecTBe MaTephalia
AQHTHKATOJIa B3STh BOJb(ppam?

8. Kakyto HaumMeHbLIyl0O pa3HOCTh moTeHiuaioB U Hago MOpUIOKUTH K
PEHTIeHOBCKON TpyOke, 4ToOBl MOJY4HUTh Bce JIMHUM K-cepum, ecnu B KayecTBe MaTepHaa
AQHTUKATOJIa B3ATh IJIATUHY?

9. Haiitn moctosiHHYIO SKpaHUpOBaHUs o s L-cepru peHTTeHOBCKUX JTy4eH, eCiu
U3BECTHO, YTO IIPU IEpexojie 3JEKTpoHa B aToMme Bojb(pama ¢ M- Ha L-cnoii ucmyckarorces
PEHTIEHOBCKUE JIy4H C JUIMHOW BOJIHBI A=143 M.

10.  Ilpu mepexoze snexrpoHa B arome ¢ L- Ha K-ciolf ucmyckaroTcst peHTIeHOBCKUE
Jqy4u ¢ JIMHOM BoHBI A=78.8 M. Kakoii 3To atom?

Tema 8. MaruutHbiit MOMeHT aToma. DpekTsl 3eemana u [amena-baka.

1. Beimucarh CrekTpaabHOE 0003HaUeHuE TepMa, y Kotoporo S=1/2, J=5/2, g=6/7.

2. Bemmwmcath ciekrpanbHOe 0003HaYeHHE TepMa, y kKotoporo S=1, L=2, g=4/3.

3. HaifTu MarHUTHBIH MOMEHT |L M BO3MOXKHBIE 3HAUEHUS MPOSKIUM  aToMa B
cocrostnuu 1F.

4. HaifT® MarHUTHBIH MOMEHT |L M BO3MOXHBIC 3HAUEHUS MPOSKIUM  aToMa B
cocTosauu 2Dapp.

5. OnpenenuTs BO3MOXKHBIE 3HAYEHHS MATHUTHOTO MOMEHTA aTOMa B COCTOSHHH P,

6. BbeHCIUTH MATHUTHBIH MOMEHT aTOMa BOJIOPOJia B OCHOBHOM COCTOSIHHH.



7. HaiiTu MexaHWYecKMIi MOMEHT aToMa B COCTOSIHMM °F, eciM M3BECTHO, YTO B ATOM
COCTOSIHUM MAarHUTHBI MOMEHT PABEH HYIIIO.

8. HaiiTu MexaHMuYecKUi MOMEHT aToMa B COCTOSHMHM 'H, eciiu M3BECTHO, YTO B 3TOM
COCTOSTHUM MarHUTHBI MOMEHT PaBEH HYJIIO.

9. BbuucnuTh ¢ TOMOIIBIO MpaBmiia XyHJa MATHUTHBI MOMEHT OCHOBHOTO COCTOSHUS
aroma, B KOTOPOM HeE3aIlOHEHHAs II01000J09Ka MMEET 2JIEKTPOHHYIO KOH(pHUIypanuo npe.

10. BeryuciauTh ¢ MOMOIIBIO MpaBuiia XyH/a MAarHUTHBIA MOMEHT OCHOBHOTO COCTOSIHHS
aroma, B KOTOPOM HE3alOJHEHHas M0A000I0UKa MMEET DIEKTPOHHYIO KOHpurypamuio Nnd3.

11. Ha cKoJIBKO YPOBHE# pacIensTcs B ¢1aboM MarHMTHOM ToJie TepMbl 2F5/2?,4D1/2?

12. Hekoropasi cHeKTpalbHasi JMHUS, OOYCIOBJIECHHAs IEPEXOJOM B 2S1/2 COCTOSIHUE,
pacuienuiach B c1aboM MarHUTHOM M0Jie Ha 6 KOMIOHEHT. ONpeleuTh ClIeKTPaTbHBIH CUMBOII
HCXOJIHOTO Te€pMa.

BAPHUAHTBI TECTOBBIX 3AJJAHUI

Tect Ne 1.1 (KopmyckynsipHble CBOWCTBA U3ITy4CHHSI)

1. Takue ¢usuyeckue sBICHUS Kak MHTepdepeHuus, Tudpakius U MpeJoMIeHUE CBeTa
MOATBEPKAAIOT €r0 KOPIYCKYJISIPHYIO ITPUPOLY.

a) Jia;

0) Her;

B) YTBEP)KICHUE HEKOPPEKTHO.

2. CBeT HCITyCKaeTCs | MOTJIOMACTCS MOPIHUSAMHU (KBAHTAMH ), T.€. JJUCKPETHO.
a) na,

0) Her;

B) YTBEPXKICHUE HEKOPPEKTHO.

3. Bennunna (OTOTOKA HACHINEHUS NIPU BHEIHEM (OoTOdI(PPEKTE MOKET HE 3aBUCETh OT
YacTOThI U3ITy4EHUS.

a) na,

0) Her;

B) YTBEP)KJEHHE HEKOPPEKTHO.

4. TlonsTus reoMeTprueckux GopMm U pasMepoB MPUMEHUTEIBHO K (OTOHAM HE HMEIOT
CMBbICJIA.

a) 1a;

0) Her;

B) YTBEPKICHNE HEKOPPEKTHO.

5. ®OTOHBI Pa3IUYHBIX [UIMH BOJH B BAKyyM€ MMEIOT Pa3InYHYIO0 CKOPOCTb.
a) 11a;

0) Her;

B) YTBEPXKJICHHE HEKOPPEKTHO.

6. BenuumHa @oTOTOKAa HACBHIEHHS MpUd BHEHHEM (QoTo3(dexre 3aBUCUT OT
MHTEHCUBHOCTH u3ydenus, eciu V> A [h.

a) 1a;

0) Her;

B) YTBEP)KJEHHE HEKOPPEKTHO.

7. Dddexr ommepa B ONTHKE, MPOSBISIONMNACT B U3MEHEHHH YacTOThl H3Iy4YCHMUS,



pETUCTPUPYEMO MPUEMHUKOM IPH €ro JBMIKEHUH OTHOCUTEIBHO HMCTOYHHMKA CBETAa MOXKHO
O6T>}ICHI/ITL Ha OCHOBC 3aKOHOB COXpaHCHUS UMITYJIbCA U DHCPTUHU.

a) Jia;

0) Her;

B) YTBEPXKICHHE HEKOPPEKTHO.

8. Dddexr Meccbayspa He HAOIIOAAETCS B BUIUMOM 00JIaCTH CITEKTpa.
a) na,

0) Her;

B) YTBEPXKICHHE HEKOPPEKTHO.

9. Dddexr Meccbayspa sBisieTCs CIEACTBUEM 3aKOHA COXPAaHCHHUS HMITYJIbCA, B
pe3ylibTaTe 4ero 4acTOThl Y-KBAHTOB, UCIYCKAEMbIX U MOTIOIIAEMBIX SIpaMH aTOMOB OJIHOTO U
TOI'0 XK€ BCHICCTBA CTAHOBATCA OAWHAKOBBIMHU U IMOABJIACTCA PE30OHAHCHOC IMOTTIOHICHUC.

a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

10. Ins uHTepnperanuu sBieHUs KoMITOHa MCIONB3yeTCsl TOJIBKO 3aKOH COXpaHEHUs
UMITYJIbCA.

a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

11. ®oTtoH — »neMeHTapHas 4YacTULA, KOTOpas HE HCIBITBIBAET TIPAaBUTALIMOHHOIO
PUTSDKCHHSL.

a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

12. Tlo mepe yaaieHus OT 3BE3/bI ATIMHA BOJIHBI (JOTOHA YBEIUYUBACTCSL.
a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

13. CBeToBO€ /JaBJ€HUE OKA3bIBAIOT KBAHThl FraMMa U PEHTTEHOBCKOIO MU3JIy4EHUS U HE
OKa3bIBAIOT KBAHTHI BUAMMOTO CBETA U PAAMOU3ITYICHHUSI.

a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

14. Tlpu nornomeHun (OTOHA aTOMOM MJIM MOJIEKYJIOM 3Heprust (oTOHA MOITHOCTHIO
nepeacTcst uM.

a) 1a;

0) Her;

B) YTBEPXKICHUE HEKOPPEKTHO.

15. B saBnenun KoMiToHa HposBIISIIOTCS 3aKOHBI COXpaHEHUs SHEPIUU U MMIYIbCa
CUCTEMBI (DOTOH — HJIEKTPOH, B3AUMOIECHCTBYIOIMX JIPYT C APYTOM.

a) na,

0) Her;

B) YTBEPXKICHUE HEKOPPEKTHO.



16. B mporiecce paccesiHUS CBETa aTOMaMHU HJIA MOJICKYJIaMH MMEET MECTO JIOKAJTU3aIl Usi
sHepruu (POTOHA HA OOBEKTE PACCESHHUSL.

a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

17. ®oTOoH raMMa-u3IydeHHs MMEET MEHBIIYI0 TI'PaBUTAIlMOHHYIO Maccy, 4eM (POTOH
MH(QpPaKpacHOTrO U3Iy4YEHHUS.

a) 1a;

0) Her;

B) YTBEP)KIEHHE HEKOPPEKTHO.

18. TopMO3HOE PEHTIEHOBCKOE U3TydCHHE BO3HUKAET BCIIECTBHUE TOPMOKEHUS (JOTOHOB
PEHTTEHOBCKOTO M3ITy4E€HUS B BEIIECTBE.

a) 11a;

0) HeT;

B) YTBEP)KIEHNE HEKOPPEKTHO.

19. Topmo3HOE pPEHTICHOBCKOE W3IYUYEHHUE BO3HUKACT BCJICICTBUEC TOPMOKCHHUS
3JICKTPOHOB B BEIICCTRE.

a) 11a;

0) HeT;

B) YTBEP)KICHUE HEKOPPEKTHO.

20. TIpu paboTe peHTreHOBCKOM TPYOKM MPOMCXOJUT CUJIBHBIM HAarpeB aHTHKATOAd, U
IIO3TOMY €TI0 JIEIal0T MaCCHBHBIM.

a) 1a;

0) Her;

B) YTBEP)KJEHHE HEKOPPEKTHO.

21. DOmneprus ¢oTtoHa HH(pPaKpacHOro U3IydeHUs Ooiblie dSHepruu  (oToHA
PEHTICHOBCKOTO M3ITy4EHUSI.

a) 1a;

0) Her;

B) YTBEP)KJICHHE HEKOPPEKTHO.

22. Macca cBOOOTHOTO 3JI€KTPOHA MPH MOIJIOMEHNH (OTOHA YBEIMUMBAETCS.
a) 1a;

0) Her;

B) YTBEPXKICHUE HEKOPPEKTHO.

23. Korma MBI TOBOpHM «dacToTa (POTOHa», TO MMEEM B BHUIY, YTO 3TO YacToTa
KOJIeOaHUH HANPSHPKEHHOCTH JIEKTPHYECKOT0 M MAarHUTHOTO TIOJISL.

a) na,

0) Her;

B) YTBEpPXKJICHHE HEKOPPEKTHO.

24. Ilox anuHOM BOJIHBI (JOTOHA TOHUMAIOT €70 TEOMETPUUYECKHE pa3Mephbl KaK YaCTUIIbI.
a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.



25. CkopocTh pacnpocTpaHeHUs (OTOHOB B Cpejie HE3aBUCHUMO OT UX JUIMHBI BOJIHBI
BCEI/Ia OJAMHAKOBA.

a) 1a;

0) Her;

B) YTBEP)KIEHNE HEKOPPEKTHO.

26. B ciiyuae HOpManbHON AMcriepcHH (POTOHBI C OOJBIIMM 3HAYEHHEM JUIMHBI BOJIHBI
pacrpocTpaHsIoTCs ¢ OOIbIIEH CKOPOCTHIO, YeM (JOTOHBI C MEHBIIMM 3HAYCHHEM JTHHBI BOJTHBI.

a) 1a;

0) Her;

B) YTBEP)KIEHUE HEKOPPEKTHO.

27. ®oTOH, pa3Mepbl KOTOPOTO MEHBILIE Pa3MEPOB aTOMa, MOXKET OBITh UM IOIJIOIIEH, a
¢$oTOH, pazMepbl KOTOPOro OOJIbIE pa3MEPOB aTOMa HE MOXKET OBITh UM IOTJIOIIEH.

a) 11a;

0) HeT;

B) YTBEP)KIEHNE HEKOPPEKTHO.

28. JlnmHA BOJHBI KOPOTKOBOJHOBOW TPAaHHIIBI CIEKTPa TOPMO3HOTO PEHTTCHOBCKOTO
W3ITy9eHHUsT 00paTHO MPOIOPIIMOHATbHA HAIIPSDKEHU O HAa PEHTTCHOBCKON TpYOKe.

a) 11a;

0) HeT;

B) YTBEP)KICHUE HEKOPPEKTHO.

29. 3HayeHMEe KpacHOW TIpaHUIIBl CHEKTpa TOPMO3HOIO PEHTTEHOBCKOIO H3ITydeHUs
3aBHCHT OT MaTepuana, u3 KOTOPOTO M3rOTOBJIEH aHTHKATO/.

a) 1a;

0) Her;

B) YTBEPKJICHHE HEKOPPEKTHO.

30. 3HaueHue JUIMHBI BOJHBI KpacHOM rpaHuibl Gortoddipexra ompenensercs paboToit
BBIX0/1a AJIEKTPOHOB C TIOBEPXHOCTH METaJLIa.

a) 1a;

0) Her;

B) YTBEP)KJICHHE HEKOPPEKTHO.

Tect Ne 1.2 (KopmyckynsipHble CBOHCTBA U3TydSHHS)

1. ®OTOH MM CBETOBOM KBAaHT B IOKOE CYLIECTBOBAaTh HE MOXET, U €r0 Macca IMOKOs
paBHa

2. BayrperHuit $poTodPeKT COCTOMUT B TOM, YTO MOJ JCHCTBHEM CBETa TEHEPUPYIOTCS
, KOTOpBIE SIBJISIFOTCSI HOCUTENSIMU TOKA B IIOJTYIIPOBOJHUKE.

3. KBagpar MakcUMaJbHOM CKOPOCTH BBIPBIBAEMBIX IIpU BHeEWHEM (oTodddekre
9JIEKTPOHOB JIMHEHMHO 3aBUCUT OT U3IY4EHUS U HE 3aBUCUT OT MHTECHCHUBHOCTHU
U3ITy4EHHUSL.

4. BenmuuuHa cUIbl TOKA HAchIeHUS Mpu GoTod(deKTe MponoprruoHaibHa
CBETa.



5. 3HaueHHne KpacHOMW TpaHUIBI OJHOMOTOHHOTO (PoTod(PeKTa 3aBUCUT UCKITIOUYUTEITHLHO
oT

6. CMmelieHe AIUHBI BOJIHBI (POTOHA PEHTTEHOBCKOTO M3IydeHHs pu KoMOTOHOBCKOM
paccesiHuU 3aBUCUT TOJIBKO OT paccesHusl.

7. KopoTkoBOJTHOBas TpaHWIA CIUIOMHOTO PEHTICHOBCKOTO CIIEKTpa TOPMO3HOTO
U3JTYYCHHS OTIPEICIISICTCS TOJIBKO BETMUUHON Ha PEHTICHOBCKOM TpyOKe.

8. TOpMOSHOG PEHTICHOBCKOC H3JIYYCHHC BO3HHUKACT BCICACTBHC
SJICKTPOHOB IIpU MMONMAaJdaHU N Ha AaHTUKATOM.

9. SIBnenue OoTAa4Yu IIpU HCITYCKAaHWHU (bOTOHOB BCICACTBUE 3aKOHA COXpaHCHHA
HUMITYJIbCa OMPECACITIACT CMCUICHUC UX YaCTOTHI, YTO IMMPOABJISICTCA B 3¢)¢)€KI ax

10. Mns nabmoaenus 3¢gdexra MeccOayspa HCTOUHUK Y-KBAHTOB HEOOXOJMMO JBUTATh B
CTOpPOHY

11. Ecnu cpaBHUTH 3HEpPTUU (OTOHOB PEHTTCHOBCKOTO H3IYYCHHS, Y-H3Iy4EHHS H
BHJIMMOTI'O CBETA, TO MOXHO CKa3aTh, YTO HAUOOJIBIIYIO SHEPTHI0 HMeeT (OTOH

12. Ecimum cpaBHUTH JUIMHBI BOJH (OTOHOB  YABTPA(HOIETOBOTO  H3ITy4CHHS,
PEHTICHOBCKOTO HM3ITy4€HHUS W BHIMMOTO CBETa, TO MOXHO CKa3aTh, YTO HAMOOIBIIYIO UTUHY
BOJIHBI UMeeT (POTOH

13. IIpu B3aUMOJEHCTBUHM C MHUIICHBIO Y-KBAHT MOKET IMPEBPAIIATHCS B 3JEKTPOH U

14. Ecnmu oOmydaTh HM30JMPOBAHHBIM METALIUYECKUN IAPUK CBETOM, JIMHA BOJIHBI
KOTOPOTO MEHBIIE KPAaCHOU rpaHuIlbl PoToddhekTa, TO MAPUK OymeT

15. Ecnu o0my4aTh W30JMPOBAHHBIM METANTMYECKUH IAPUK CBETOM, JJIMHA BOJIHBI
KOTOPOTO MEHBIlE KpacHOW rpaHunbl (oToddpekra, TO B 3aBUCUMOCTH OT 3HAYCHUS
mapuk OyzneT mpruodpeTaTh pa3IuUHbBIA TOTCHITHAIL.

16. Ecnu HanpspkeHHe Ha PEHTTEHOBCKOM TpPYOKE YBEIMUYMBAETCS, TO KOPOTKOBOJHOBAA
rpaHMIla PEHTTCHOBCKOIO CIIEKTpa CMEIAeTCs B

17. Tlpu paccesaun (HOTOHOB PEHTTCHOBCKOTO W3IydeHUS Ha CIA0OCBSI3aHHBIX
3JIEKTPOHAX HaOI0IaeTCs WX JUIMHBI BOJIHBL. B 3TOM M COCTOUT CyTh SBJICHUSA

Kommrona.

18. BeposTHOCTh paccesHusi 31eKTpoHOB B dddekre KommroHa 3aBucUT 0T yria
paccesiHus U

19. SIBnenue OTHa4u IIPpH paCCCAHNU (1)OTOHOB BCJICACTBHC 3dKOHOB COXPAaHCHHS DHCPIrU U
" uMIIyJIbCa MPUBOJUT K CMCIICHU IO X YaCTOTBI, YTO IMPOSABJISACTCA B 3(1)(1)61(1‘6

20. IHTeHCUBHOCTD SIBJISIETCS OJHOM U3 XapaKTEPUCTHUK AJIEKTPOMArHUTHOTO U3Iy4eHUS,
a B KBAHTOBOMW MOJIEJIH 3TO MOHITHE XapaKTePU3YET (hoTOHOB.

Tect Ne 1.3 (KopmyckynsipHble CBOCTBA M3Ty4CHHUS)



1. O doTroHaxX MOKHO CKa3aTh, 4TO:

a) ’TO MOHOXPOMAaTUYECKasl 3JIEKTPOMAarHUTHAs BOJIHA;

0) ATO yacTuIla, KOTOpas HEe UMeeT (UKCHPOBAHHBIX Pa3MePOB U (JOPMBI;

B) 3TO 3JIEMEHTapHas 4yacTUIa, Macca MOKOsl KOTOPOI paBHa HYIIO;

I) KBAHT D3JIEKTPOMAarHUTHOIO M3Iy4eHUs (IIOJisl), MPOSBISIOUMN IpPU ONpPENEICHHBIX
YCIIOBUSX CBOMCTBA YacTHUILL;

1) KBQHT 3JIEKTPOMAarHUTHOTO MOJIs, HE U CIIBITHIBAIONI I IPABUTALIIOHHOIO MIPUTSHKEHU S,

€) KBAHT OJJIGKTPOMarHUTHOIO TOJIs, JEJIOKAJU30BAHHBIM B IPOCTPAHCTBE, HO
0OHapyXKMBAIOIMH JTOKATU3ALMIO IPU B3aUMOJICHCTBUU.

2. Ilpu DpOXOKAEHWH CBETOBOIO IIOTOKA BHAMMOIO JHMAna3oHa 4epe3 TOHKUU CIIOU
(mopsiAKa JUIMHBI BOJIHBI) JU3JIEKTPUKA BO3MOKHBI ITPOLIECCHI:

a) OTpaXXEHUE OT TPAHMUI] Pa3/Iena;

0) nHTEpPepeHus;

B) MOIJIOLICHUE CBETa aTOMaMHM UJITH MOJIEKYIaMu;

T) BBIPBIBAHUE JIEKTPOHOB C TIOBEPXHOCTH;

) TeHepalus 3JIeKTPOHHO-IbIPOYHBIX 1ap;

€) peKoMOUHAITHSI.

3. TopMO3HOE PEHTIE€HOBCKOE U3ITYYEHUE — ITO:

a) U3Ty4eHHEe, KOTOPOe BO3HUKAET B 00beMe PEHTICHOBCKOM TPYOKH;

0) u3IydeHue, BO3HUKAIOIIEE HAa KaTOJE MPH MTONAaJaHN U MTOJI0XKUTENbHBIX 3apsI0B;

B) U3JIy4Y€HUE, BOSHUKAIOIEE Ha aHTUKATO/Ie PEHTICHOBCKOM TPYOKH;

I') U3Iy4eHHUe, BOSHUKAIOLIEE MPU TOPMOKEHHUH HJIEKTPOHOB;

1) U3Ty4eHHe PEHTTeHOBCKOW TPYOKH, BOZHUKAIOIIEE MPH T0Jaue Ha HEe TOPMO3SIIETO
HaINpsOKEHUS (3a1eP)KUBAIOIICH Pa3HOCTH TTOTCHITUAJIOB).

4. Korga nabmronaercs sisnenue Gotoddpdexra, TO CBETOBON KBAHT:

a) TIOTJIOMACTCSl CBSI3AHHBIM DJIEKTPOHOM;

0) paccenBaeTcs ci1abOCBA3aHHBIM UITU CBOOOIHBIM 3JICKTPOHOM;

B) MOTJIOIIACTCS CBOOOIHBIM DJIEKTPOHOM;

I) BCIICACTBHE B3aMMOJCHCTBHUS C DJIEKTPOHOM TpaHCHOpMHUpPYETCs B (OTOH APYrou
YaCTOTHI,

1) BCJIEICTBHE B3aMMOJICWCTBHSI C aTOMaMH IIONYIPOBOAHWKA TpaHcopMupyercs B
GOTOH APYroii 4acTOTHl U MOSBISAETCS JIEKTPOHHO- ILIPOYHAsI I1apa;

€) TOIIIOURETCS aTOMOM IOJYIPOBOJHUKA W TPH ATOM TE€HEPUPYETCS SIEKTPOHHO-
JIBIPOYHAS T1apa.

5. Korna umeet mecto siBinenne Komnrona, To GpoToH:

a) MOTJIOIIAETCS CITA00CBA3aHHBIM DJICKTPOHOM;

0) ynpyro pacceuBaercs (OTpaxaercs) KpUCTaIoM;

B) paccenBaeTcs c1ab0CBI3aHHBIM JIEKTPOHOM aTOMOB KpPHCTaIIa,

T) MOIJIOLAETCS] CUJIbHOCBSA3aHHBIM (BHYTPEHHUM) 3JIEKTPOHOM aTOMa;

1) IpeBpalaeTcs B GOTOH APYro 4acTOTHI BCIIEICTBHE PACCESHUS;

€) HEYIIPYro paccemBaeTcs C1ad0 CBSI3aHHBIM DJIEKTPOHOM aTOMOB KPHCTAJIA.

6. Xopomo M3BECTHO, YTO YEJIOBEUYECKHH IJa3 SBISETCS YyBCTBUTEIbHBIM
¢doronpuemHukom. Ilpu 3ToM oOH 007a7aeT MOPOroM YYBCTBUTENBHOCTH. ODTH CBOWMCTBA
YeJI0OBEUEeCKOro miasza Obutn ucnonb3oBanbl C.J.BaBuiaoBbIM 1 TO3BOIMIIN EMY:

a) 3aperucTpUpPOBATh MPU OUYECHb HU3KOH MHTEHCUBHOCTU MEpIIaHUE U3ITYYCHHS,

0) 3aperucTpUpoBaTh Cl1ab0e CBEUEHUE IJICKTPOHOB IMPHU TOMAJaHUHN UX B 0COOBIE CPEIbI



(u3nyuenune BaBunmoBa—YepeHkoBa);

B) 3aperucTpupoBarb  (UIYKTyalldd CBETOBOTO IIOTOKa TIPHU OYEHb  MallbIX
WHTCHCUBHOCTSIX;

I) 3apEerUCTPUPOBaTh (WIYKTyallHd CBETOBOTO IOTOKA MPH OYEHBb CHIIBHBIX, OJM3KUX K
opory 0OJIEBOTO OIIYIICHUS WHTEHCHUBHOCTSIX;

Jl) 3apETUCTPUPOBATH OYCHBH CJIA0YIO JIIOMHHECIIEHIIHIO JTIOMUHOGOPOB U YCTAaHOBUTH
M3BECTHBIA B JIIOMUHECLIEHIIMU 3aKOH O HE3aBMCHUMOCTH KBAaHTOBOI'O BBIXO/A OT JUTMHBI BOJHBI
BO30YyXJeHUs (3akoH BaBuiioBa).

7. Cnoxxenue d3Hepruu JOTOHOB BO3MOXKHO:

a) IpU CTOJIKHOBEHUH (JOTOHOB;

0) Ipy OJTHOBPEMEHHOM UX B3aUMOJICHCTBUH C aTOMOM UJIU MOJIEKYJIOH;
B) nipu 3drekre Jlommepa,

r) pu 3¢exre Kommnrona;

1) IpA OTHOBPEMEHHOM B3aUMOJICHCTBHH C SIIPOM aToOMa.

8. C TOuKM 3peHHUs KBAaHTOBOI TEOPUH MPU MPOXOKJIEHUHU CBETOBOTO NMOTOKA BUIMMOIO
JMarra3oHa 4epe3 CIIOH TUAIIEKTPUKA BO3ZMOXKHBI POIIECCHI:

a) yIpyroe paccesHue Ha JIeKTPOHaX;

0) ynpyroe paccesHue Ha aTOMaxX WJIU MOJIEKYJIax;

B) HEYIPYroe paccessHue Ha CBOOOIHBIX HJIEKTPOHAX;

T) YIIPYroe paccesiHue Ha HEOHOPOAHOCTSIX;

1) Heynpyroe (KOMOMHAIIMOHHOE) paccessHue Ha aTOMax HIIM MOJICKYIax;

€) MOHH3AIIHS MOJICKYIT;

’K) MOHU3AIIHS aTOMOB;

3) BBIPBIBAHUE YJICKTPOHOB C TTOBEPXHOCTH.

9. IlpenmyleCTBEHHO KOPIYCKYJSIPHBIE CBOICTBAa CBETa MNPOSBIAIOTCS B TaKUX
SBIICHUSIX, KaK:

a) uHTEepPepeHITNS,

0) mudpakuus;

B) GoTOr(eKT, Kak pa3sHOBUIHOCTDH MOIVIOIICHUS CBETA;

r) 3¢dexr KomnToHa, kak pa3HOBUIHOCTb PacCesHUs, CBONCTBEHHAs Ul PEHTTCHOBCKUX
Jy4eu;

1) apdexr Jommepa.

10. CBeTOBBIE KBAaHTHI — 3TO OCOOBIE YaCTUIIBI MUKPOMHUPA, TOTOMY UTO:

a) UX Macca MOKOs paBHA HYIIIO;

0) OHU IEepEeMENAIOTCS B IPOCTPAHCTBE CO CKOPOCTHIO CBETA;

B) OHM MOTYT I€PEMEIATHCS CO CKOPOCTHIO CBETA MPU ONPEAEICHHBIX YCIOBUSIX;

I) IpU B3aUMOAENHCTBUHU C APYTMMH YacTULaMHU HE MEPeatoT UM YacTh YHEPIUHU, TaK KaK
HE JIETATCS. U HE MOTYT U3MEHUTH BEIMUNHY CKOPOCTH;

1) IpH B3aUMOJEMCTBUH C IPYTUMH YaCTHI[aMH [IEPENAI0T UM UMITYJIbC;

€) IpU Masloil IIOTHOCTH B 00beMe HEe HaOM0Jat0Tcs UX (UIYKTyalluM IUIOTHOCTH;

) OHU HE UCIBITHIBAIOT IPABUTAILIMOHHOTO IPUTSHKEHUS;

3) OHU JBUTAIOTCS TOJIKO MO MPSIMO.

11. DHepruio GoToHa MOXKHO PACCUUTATh C UCIIOJIB30BAaHUEM (OPMYIT:
a) hv;

0) hA;

B) hc/x;

r) mv2/2;



1) h/k.

12. IMniynbc poTOHA MOKHO pacCUUTATh C UCIOJIB30BAHUEM (POPMYIL:
a) h/j;

0) hvlc;

B) hc/i,

r) my,

n) hv.

13. Ha pucyHke npuBeleHbl BOJbTAMIIEPHBIE XapaKTEPUCTUKU (HOTOIIEMEHTOB.
Bo03MOXXHBIMHM IPUYMHAMH UX OTJIUYHH ABIISIOTCS:

y A

{ -"-; ¥

a) OHM OTJIMYAIOTCAd MarepuaioM ¢OTOKaToja, a, cileloBaTenbHO, paboToil BhIXOAA
AJIEKTPOHOB;

0) OHU 00JTyJarOTCs CBETOM PA3IMYHON YaCTOTHI;

B) OHU 00JIy4aroTCsl CBETOM Pa3IM4YHON HHTEHCUBHOCTH;

I) OHM HMMEIOT Pa3IM4HYI0 IJIOIAJb OCBEIAEeMOl paboueil MOBEpXHOCTHU, NPU OJTHOHN U
TOM 7K€ UHTEHCUBHOCTH CBETa;

J1) OHM UMEIOT Pa3InUHYIO0 TEMIIEPATYDY.

14. Ha pucyHke mpuBEIEHb BOJbTAMIIEPHBIE XapaKTEPUCTUKU (DOTOIIEMEHTOB.
Bo3MOXHBIMU TPHYMHAME UX OTIUYHH SBIISIOTCS:

I

il

y

a) OHHM OTJIMYAIOTCS MarepuaioM (orokaTona, a, CIEeIO0BaTEIbHO, PabOTOM BHIXOJ]A
AJIEKTPOHOB;
0) oHU 00JIy4ar0TCsl CBETOM PA3IMYHOM YaCTOTHI;



B) OHU O0JIy4arOTCs CBETOM Pa3IMUYHONW MHTEHCUBHOCTH;

T) OHM MMEIOT PazINYHYI0 TJIOLRAb OCBEI@AeMoi paboyeil TOBEPXHOCTH, MPU OJHOU U
TOM 7K€ MHTCHCHUBHOCTH CBETA;

1) OHU UMEIOT Pa3InuHYI0 TEMIIEPaTypy.

15. 'V cnekrpa TOpMO3HOIO PEHTICHOBCKOIO H3IYyYEHUS MMEETCS KOPOTKOBOJHOBAS
rpaHuIa:

a) IO NMpHUYMHE JICHCTBUS 3aKOHA COXpAaHEHUs PHEPIUU M MOITOMY 3Heprus (GoToHa He
MOYeET OBITh OOJIbIIe KWHETUYECKOW YHEPTUH IOMAAI0NIET0 Ha aHO I SJICKTPOHA;

0) Tak KaK SHEprus 3JEKTPOHOB, MONAJAONMX HA aHTHKATOJ PEHTIEHOBCKOM TPYOKHU U
UCIBITBIBAIOIIMX TOPMOXKEHHE, UMeeT (PMKCUpOBaHHOE 3HaYeHue eU;

B) TaK KaK aHTUKATOJl PEHTI€HOBCKOW TPYOKU MMEET OIpaHUYECHHYIO Maccy;

I') IO IPUYMHE OTPAaHUYEHHU S CAMOI'0 AMANa30Ha PEHTIEHOBCKOIO CIIEKTPA;

1) TI0 TIPUYHMHE JEHCTBUS 3aKOHA COXPAHEHHUS SHEPIrHH M MO3TOMY dHeprusi oToHa He
MO’KET OBbITH OOJIbILIE SHEPTUHU DJIEKTPOHA, YCKOPEHHOTO AJIEKTPUUYECKUM I10JIEM MEX]Yy aHOJOM
U KaTOJIOM.

16. Mosxet 11 aOCOMOTHO CBOOOAHBIN 3JIEKTPOH MOTIIOTUTH (POTOH?

a) He MOXKET, TaK Kak MHaye Oy/leT HapylleH 3aKOH COXpaHEHMs YDHEpIuu;

0) HEe MOKET, TaK KaK MHave Oy/IeT HapyIIeH 3aKOH COXPaHEHUS MMITYIbCa;

B) MOXKET;

') MOXET, €CIIU JJIMHA BOJHBI (JOTOHA CpPAaBHUMA C KIACCHYECKUM PAMYCOM 3JIEKTPOHA
(~101> m);

1) MOKET TOTJIOTHTH (OTOH PEHTITEHOBCKOTO M3ITYy4ECHUS.

17. U3 popmynsr AL = A(1—C0SO) n1s KOMITOHOBCKOTO paccesHUs M CyTH CaMOTo
s(pdexra Komnrona ciemyer, 4ro:

a) Mpu paccessHUU (POTOHOB Ha AJIEKTPOHAX BEIMUYMHA CMEIICHHS UIMHBI BOIHBI (POTOHA
3aBUCHUT TOJIBKO OT YIJIa PaCcCesHHUS;

0) KOMITOHOBCKas [UIMHA BOJHBI A HE 3aBUCUT OT YIJIa paccesiHus O, Tak Kak 3TO
KOHCTaHTa;

B) KOMIITOHOBCKas JUIMHA BOJHBI A HE 3aBUCUT OT JUIMHBI BOJHBI (POTOHA, TaK Kak
SIBJISICTCSI KOHCTAHTOM

I') KOMIITOHOBCKAs JUTMHA BOJIHBI A 3aBUCHUT OT BEJTMYUHBI AL,

1) IpU paccesiHUU (POTOHOB HA SIEKTPOHAX BeIMYMHA AA HE 3aBHCHT OT BEIIECTBA, Ha
KOTOPOM H3Yy4aeTCs paccesHue.

18. Dddexr MeccHayrpa COCTOUT B TOM, UTO:

a) pe30HAHCHOE IOTJIONICHNE Y-H3IydCHH BEIECTBOM HE HaOM0JaeTCsl B IPUHIINIIE;

0) pe30HaHCHOE MOMIOIIEHUE Y-U3IY4eHHUS NpPU OOBIYHBIX (HOPMAJIbHBIX) YCIOBHUSX
MaJIOBEPOSITHO (MaJIOMHTEHCUBHO);

B) PE30HAHCHOE IOITIOUIEHUE Y-U3Iy4eHUs BO3MOXKHO INPHU MEpEeMENCHUN U3ITydaTes
WUJTH TIOTJIOIIATENSI HABCTPEUy APYr IPYry;

T) pPe30HAaHCHOE MOTJIOIIEHNE Y-NU3Ty4eHHS BO3MOXXHO B TOM CITydae, €CIH JOIIEPOBCKOE
CMEIICHNE YaCTOThl CKOMIIEHCHUPYET MOTEPH >HEpruu (PoTOHA MpU B3aUMOJCHCTBHH C SIPOM B
COOTBETCTBHH C 3aKOHAMH COXpaHEHUsI SHEPTHH U UMITYIIbCa,

J1) YCTaHaBJIMBAaeT (PU3MYECKHE YCIOBHUS, NPH KOTOPHIX HAOIIOAAETCS Y-MU3Iy4eHUS
IEJIOTO KJ1acca BEIECTB.

19. DHeprus KBaHTa 3JIEKTPOMarHUTHOIO HM3JIYYEHHUsI MOXKET INPEBPAIATHCA B JIPYrHe
BH/IbI DHEPTHU B pe3ynbTaTe:



a) MoronmeHus GOTOHA BEIIECTBOM;

0) paccesiHus OTOHA BEIIECTBOM 0€3 M3MEHEHUSI YaCTOTHI;

B) IIOITIOLICH U A (bOTOHa OTAC/IbHBIM U U30JIMPOBAHHBIM aTOMOM;

r) paccesHuss ¢GOTOHA MOJIGKYJOM € M3MEHEHHEM YacTOThl (KOMOMHAIIMOHHOE
paccesiHue);

1) pacmazia y-KBaHTa Ha DJIEKTPOH M MO3UTPOH IPH B3aMMOACHCTBUH C MUIIICHEIO.

20. Kakue u3 mepevncleHHBIX HIKE MPOILECCOB C TOYKU 3PCHUS KBAHTOBOW TEOPHU
MOI'YT UMCTb MCCTO IIPU MPOXOKACHNN CBCTOBOIO IOTOKA B BUAUMOM AWAIIa30HC YCPE3 TOHKUHU
CJIOH (HECKOJIBKO JUIMH BOJIH) MeTasuia’?

a) OTpaKEHHE OT TPAHMI] Pa3aena;

0) yrpyroe paccesiHue Ha C1ab0CBsI3aHHBIX DJICKTPOHAX;

B) YIIPYroe paccesHue Ha aToMax;

T) yIpyroe paccesHue Ha HeOJTHOPOTHOCTSIX;

1) Heynpyroe (KOMOMHAIIMOHHOE) pacCesiHuEe Ha aTOMax;

€) MOHU3AIIUS MOJIEKYIT;

K) BBIPBIBAHUE JICKTPOHOB C IIOBEPXHOCTH.

21. Kakue 13 nepeynciieHHbIX HUXKE MPOIECCOB MOTYT UMETh MECTO MPH MPOXOKICHUH
CBETOBOTO [MOTOKA B BUAMMOM JIaNia30He yepe3 TOHKUM CI0M (HECKOIbKO JUIMH BOJIH) MeTalia?

a) IOMJIOLICHUE CBETA €1a00 CBA3aHHBIMU 3JIEKTPOHAMHU;

0) IOIVIOICHUE CBETa aTOMaMH;

B) MOHU3ALIUSI aTOMOB;

I') BBIPBIBAHUE JIEKTPOHOB C ITIOBEPXHOCTH;

1) TeHepalus 3JeKTPOHHO-ABIPOYHBIX I1ap;

€) pekoMOUHaIHSl.

22. Kakue H3 MepevncIEHHBIX HIKE MPOILECCOB C TOYKU 3PCHUS KBAHTOBOU TEOPHU
MOTYT UMETh MECTO TPH MPOXOKJACHUH CBETOBOTO ITOTOKA B BUJMMOM JHANIa30HE Yepe3 TOHKUI
CJIOH (HECKOJIBKO JJIUH BOJIH ) OJIYITPOBOAHUKA?

a) OTpaKEHHE OT TPAHMI] Pa3/Iena;

0) ynpyroe paccessHre Ha CBOOOIHBIX AJICKTPOHAX;

B) HEYNPYroe paccesHrue Ha CBOOOIHBIX AIEKTPOHAX;

T) yIpyroe paccesHue Ha HEOJHOPOAHOCTSIX;

1) Heynpyroe (KOMOMHAIIMOHHOE) pacCesiHuE Ha aTOMax WJIA MOJICKyJax;

€) MOHU3AIIMSI ATOMOB;

K) TeHEepaIus JICKTPOHHO- TBIPOYHBIX T1ap;

3) peKOMOMHAIHSL.

Tect Ne 2.1 (Mognens aroma Pesepdopna — bopa)

1. IpaBunpHO 1M OyZIET YyTBEpXkKIECHUE, YTO IEKTPUUYECKUN TOK B METaJIax 00YCIOBJICH
JIBUXKCHUEM CBO60)IHBIX OJICKTPOHOB, B PpaCcTBOpax — JABUKCHUEM MOHOB, d B Ira3ax — IBHXCHHEM
OJICKTPOHOB U HOHOB?

a) 11a;

0) Her.

2. IlpaBuaBHO JIU TOBOPHUTH, YTO SJEKTPOHBI ObLIM OTKpHITEI Dapaneem, TomcoHnoM u
MuimikeHOM OAHOBPEMEHHO?

a) na,

0) Her.



3. BepHo nu yrBep:kaeHue, yTo Macca 3iekrpoHa B 1500 pa3 meHbllle, 4eM macca atoma
BOJIOpoAa?

a) na;

0) Her.

4. BepHo 511 YTBEp)KAECHHE, UTO Macca 3JEKTPOHA 3HAUMTEIbHO MEHBILE MAacChl CaMOIo
JIETKOr0 aToma — atoma Bojaopoaa?

a) na,

0) Her.

5. MOXHO JI TOBOPHUTb, YTO pa3Mephl sijipa aTOMa 3HAYUTEIILHO MEHBIIIE pa3MEPOB aToMa
B 1IeJI0M?

a) na;

0) HeT.

6. O-4acTHIBI MOTYT pacCEeMBATBHCSA TOJBKO SApaMH aTOMOB M IPAKTHYECKH HeE
paccerBaroTCs DIIEKTPOHAMH. J{JIst BCEX JIH aTOMOB 3TO CIIPaBEIIHBO?

a) na;

0) Her.

7. MoXHO 11 yTBEpXKIaTh, YTO (L-4aCTUI[BI HE paccenBaloTCs B ombiTe Pesepdopaa Ha
yribt Gonee 900, motomy uTo pasmepsl saep ~10714 M u oi-9acTHIla B HUX HE MOXKET MONACTh?

a) 1a;

0) HerT.

8. BepHo JIX YTBCPIKACHHUEC, YTO BCPOATHOCTHL pACCCAHUA Ol-4HaCTHUL HC 3aBUCUT OT UX
CKOPOCTH, a 3aBHCHUT OT 3apsdaaa sAapa aroma?

a) na;

0) Her.

9. MoXxHO 1 AO0Ka3aTb, 4YTO HNPOU3BCACHUC YUCIIA PACCCAHHBIX O -HaCTUIL Ha COS4
SBJISIETCSI KOHCTAHTOM M HE 3aBUCHUT OT yIJIa paccessHus?

a) 1a;

0) Her.

p

10. SBnsercs nu muddepeHnuanbHoe d(PPeKTUBHOE CedeHHE paccesiHus (QyHKIUeH
TONIIMHBI PONBIU?

a) jia;

0) Her.

11. IlpaBunapbHO JIM pacmoNIOKEHBI B IIKajJ€ JUIMH BOJH IO MEpEe BO3pacTaHUs A
CHeKTpaibHble cepur Boaopona: cepus Jlaiimana, cepusi bambmepa, cepus Ilamena, cepus
bpexkera, cepus Ildynna?

a) 1a;

0) Her.

12. MoxHO 11 ¢ oMol 0000meHHOo# GopMyibsl baibMepa paccunuTarh AJIUHY BOJHBI
000 TUHUHM CTIEKTPA U3TYUYEHUS MOHA Teus?

a) 1a;

0) Her.

13. MoXHO 7 ¢ MOMOIIBIO 3alMMCaHHON HUKEe (POPMYJIBl pacCUUTATh JUIMHY BOJIHBI 3-



1 1 1

nuHUY cepun banemepa Bogopona: — > R| — ——
1) 2?3
a) 1a;
0) Her.

14. IlpaBunbHO 1M copMyaupoBaTh KOMOMHALMOHHBIA HpUHUUN PuTia: BoiaHOBOE
YU CII0 JII000H TUHUH CIIEKTPA SBJISICTCS KOMOWHAITUEH 2-X TEPMOB?

a) 1a,

0) Her.

15. B onbitax ®panka u ['epra oOHapyKUBAIOTCS IMCKPETHBIE YPOBHH SHEPTHH aTOMOB
PTYTH U HE OOHAPYKUBAETCS HEMPEPHIBHBINA KOHTUHYYM SHEPIUU HOHU 3UPOBaHHBIX aTOMOB. Tak
M 37107

a) Jia;

0) Her.

16. CnpaBeasnBoO 1M yTBEPXKJIEHUE, YTO BHYTPEHHSS SHEPIUs aToMa SIBIISETCS SHEpruei
CBSI3M DJICKTPOHA B aTOME — SIBJISCTCS BEIMYMHON OTPUIATEIbHOM, OTCUUTHIBACTCS OT 3HAUCHUS
SHEPIUM TIOKOSI YaCTHI] U €€ BEIMYMHA MOXKET NMPUHUMATh JAUCKPETHBIM HAOOp BO3MOXKHBIX
3HAYCHU?

a) 1a;

0) Her.

17. IlpaBaa nu, 9TO 3HAYCHUS TEPMOB MOHA Trefivsl B 2 pasza OoJibllle 3HAYCHUNW TEPMOB
aToma BOJOpPO/Jia.

a) 1a;

0) Her.

18. MoXHO 1M CKa3aTh, YTO B COOTBETCTBUU C NPUHIMIIOM COOTBETCTBHS 4acTOTa
W3IIydeHUsl, ompenensemMas 2-M TOCTylaroM bopa paBHa yactoTe oOpalneHHs 3JIEKTpOHa I10
opOuTe JUIst BCEX PAANyCOB OPOUT.

a) za;

0) Her.

19. TIlpaBuibHO JIM TOBOPUTH, YTO CTATUCTUYECKUUA BEC YPOBHSA HJIM CTEIEHb
BBIPOXKJICHHS] YPOBHS — 3TO YUCJIO COCTOSIHUM, HAIPUMEP: BO3MOKHBIX TPACKTOPU M IBHIKEHUS, C
OJMHAKOBOM dHEPIHUEH.

a) 1a;

0) Her.

20. BepHo JIN 6y,HeT CUUTaTb, YTO B MOMCHT HUMIIYJIbCa 3JICKTPOH INPUHUMACT TOJIBKO
AUCKPCTHBIC 3HAYCHUA, IPUUCM IS CiIydas KPpYroBbIX Op6I/IT 9TO OJHO 3HAYCHHC, a Ul ClIydas
3JUTATICOU JAJIBHBIX OPOUT — ATO Jpyrue 3HAUYEHHUS.

a) 1a;

0) Her.

21. B ycnoBuu kBanToBaHus 3omMmepdensaa paccMaTpuBaroTess 0000IICHHBIE UMITYIBCHI

1 0600ILIEHHBIE KOOPAMHATHI D‘] p.dd. =n.h. Tak 1w 510?

a) 1a;
0) Her.



Tect Ne 2.2 (Mognens aroma Pesepdopaa — bopa)

1. Eciu B ombiTe Pesepdopna mo paccesHUIO O-4acTHI] Ha 30JI0TON (hOJIBIe OL-HaCTHIIBI
3aMEHUTH Ha MPOTOHBI, TO JIOJISl PACCESIHHBIX YaCTHUI

2. DJIEKTpUUYECKU TOK B ra3ax 00YCIIOBJICH HAIlPaBJICHHBIM JIBHKCHUEM
3apsIoB.

3. Ilpu »saekTposiM3e TPONYCKAOT OJWHAKOBBI TOK JUIsi OJHOBAJICHTHBIX U
JBYXBAJICHTHBIX aTOMOB MeTayjioB. [Ipu 3TOM Ha 31eKTpojae 3a OIHO M TO Ke BpeMs MoJiei
BEIICCTBA OJIHOBAJICHTHBIX aTOMOB BBIJICIIUTHCS B (cxonbKo) pas(a)

(GoJtbIIIe UK MEHBIIIE).

4. B monenu TomcoHa aToM BOJIOpOa MPEICTABIIAET COOOM MOTOKUTEIBHO 3apsIKEHHBIN
map, B LIEHTPE KOTOPOro HaXOJIUTCA

5. B ombiTax Pesepdopma 4YHCIO paccesHHBIX OL-YacTHI[ OKA3aJIOCh 3HAYUTEIBHO
, 4eM YHCIIO NaJalolMX U UMEINCh CTydan paccesHus Ha yrisl O > 900

6. 13 onbiToB Pesepdopaa crnemyer, 94To B IEHTpE aToMa HaXOAUTCS (ka-Koi 3HaK)
3apsSUKEHHOE  SIAPO, pa3Mepbl KOTOPOTO 3HAYUTENIBHO (Oospllie MM MEHBIIR)
pa3MepoB aToMa, BOKPYI KOTOPOTO JIBHIKETCS gactuna. [Ipu atom Pesepdopna ve

CMOT OOBSICHUTD, IOYEMY TaKOW aTOM

7. Ilpu BwIBoge Qopmynsl Pesepdopma s paccessHUS O-4acTHI[ HCIOJIb3YETCs
CTaTUCTUYECKUN TMOAXOJ M BBOAMUTCS IOHSTHE . Ilpu stom paccesHue
00YCIIOBJIEHO KYIIOHOBCKUM B3aMMOJEHCTBUEM OL-HaCTHULIBI C SIPOM.

8. Jomst paccesHHBIX a-uacTuil B ombiTe Pesepdopma (3aBUCHT WM HE
3aBHCHUT) OT KWHETUYECKOW SHEPrHH OL-YaCTHII, 3apsjia sijaep aroMoB (DONBIM M TONIMHBI

dosbru.

9. OTHOCHTENBHOE YHCIIO PACCESHHBIX B ONbITe Pesepdopaa gactuir u cos*(p/2) cBs3anbl
MEXy cO00it 3aBUCHUMOCTEIO.

10. CnekrpanbHOl cepueld Ha3bIBAIOT COBOKYITHOCTH CHEKTPAJIbHBIX JUHUNA, KOTOPHIE B
CBOEH TMOCJIeNOBaTENbHOCTH B IIKajde JUIMH BOJH MWIM 4YacTOT WU B paclpelieieHHU

UHTEHCHUBHOCTU OOHApYXHBAIOT . Ilpu 3TOM NMHHUM HYMEpYIOTCS HadMHAas C
camMoi (ITMHHOBOJIHOBOW, KOPOTKOBOJHOBOM) MO MEpEe YBEIMYEHUS U HX
MHTEHCHUBHOCTb C BO3pacTaHUEM HOMEpa (YyBEIMYMBAIOTCS, YMEHBILIAIOTCS).

11. BomHoBO€ 4YHCIO JIO0OW CHEKTPaIbHON JIMHUM MOXHO TIPEACTaBUTh Kak
KOMOMHAIIHUIO JBYX

12. B nocrynarax bopa mnocrynupyercss JIUCKPETHOCTh (xakoit
XapakTepUCTUKMA) aToMa W HCXOIi M3 O3TOr0 MOXHO OOBSCHHUTH JIMHEHYaThlii Xapakrep
(n3nydeHus1, paccesHus).

13. B cmekrpe u3inydeHUs BOJIOPOJAa B BHAUMON OOJACTH CIEKTpa HAONIOMaeTCsl cepus
, B YIbTpauOJIETOBOM cepust




14. Pa3HoCTh BOJHOBBIX 4HMcend 4-M1 W 2-i IUHUNA B cepum JlaliMaHa COOTBETCTBYET
BOJIHOBOMY YU CITY JUHWUU CepUU

15. Inuua BomHBI (POTOHA, COOTBETCTBYIOIIETO 2- mHUM cepun bambMepa y Bogopoaa
, UEM JUITMHA BOJIHBI TAKOW JINHUU Y HOHOB TeJIUsL.

16. ®usnyeckuii CMBICT IOCTOSHHOM IInaHka COCTOUT B TOM, UTO OHA SABJISETCI KBAHTOM

17. B cootBercTBUHM ¢ Teopued 3oMMmepdenbaa, €clid dHEpPTdus BOIAOPOI0NOA00HOTO
atoMa En, TO 2JIeKTpOH MOXKET COBEpIIaTh JBUIKEHHUE TOJIBKO IO opOuTaIAM, U3
KOTOPBIX KPYTrOBBIX U AU TUYECKHUX.

18. CocrostHus, oTauyaronmecs GopMoil TPaeKTOpUU IBUKEHHS M UMEIOIIME TIPU ATOM
OJIMHAKOBYIO DJHEPTHIO, HA3bIBAIOT . Jns BBIPOXKIEHHBIX COCTOSIHHH MOMEHT
UMIYJIbCa HJIEKTPOHA

19. B ompitax Byma mo pe3oHaHcHOW (NIyOpeclEHIIMUW aTOMOB PTYTH PE30HAHCHOE
BO30Y)XJIEHUE aTOMOB PTYTH OCYILECTBISUIOCH JIAMIIOM, CIIEKTP HU3IYy4EHUS] KOTOPOU
JIMHENYaThIN.

Tect Ne 2.3 (Monens aroma Pesepdopna — bopa)

1. B ombitax Pesepdopma mydok o-yacTHI[ 3aMEHHJIM Ha MY4OK HPOTOHOB. YTO
W3MEHUJIOCH?

a) YKMCJI0 OL-YaCTHII PACCESHHBIX B 3aJaHHOM JIEMEHTE TeJICCHOro yria dQQ yBeTHUHIIOCh;

0) 4YHMCIIO O-YacTUI[ pacCeTHHBIX B 3aJaHHOM DJJIEMEHTE TellecHoro yria dQ
YMEHBIIIIOCH.

2. B ompitax Pesepdopraa mydoxk o-4acTHI] 3aMEHHJIM Ha ITy4OK HEHTpoHOB. YTO
MU3MEHUIIOCH?

Q) YMCIIO OL-YaCTHUI] PACCESHHBIX B 33IAHHOM 3JIEMEHTE TEJIEeCHOro yriia 0 yBeIHuuIoCh;

0) 4YHMCIO O-YacTHI[ pacCesHHBIX B 3aaHHOM DJJEeMeHTe TenecHoro yrma dQ
YMEHBIIHJIOCH.

3. B onbite Pesepdopna mnatuHOBYIO (poIbry 3aMeHUIIN Ha 30J10TYyI0. UTO H3MeHuIoch?

a) YUCIIO OL-YaCTHUI] PACCESHHBIX B 3aIAHHOM 3JIEMEHTE TeJeCHOro yrina Q) yBeIruuioch;

0) YHCIIO O-9aCTHI[ pACCESIHHBIX B 3aJaHHOM OJJIEMEHTE TejecHoro yria dQ
YMEHBIIMJIOCH.

4. Cytb onsiToB Dapasies mo 3IEKTPOIU3Y COCTOUT B TOM, UTO:

a) KOJHMYECTBO BCIIECTBA, BBIJCISIONICECS HA AJIGKTPOJAC TIPH  DIEKTPOIIU3E
MPOITOPIIMOHAIBHO KOJIMYECTRY 3apsiia, NEPEHECEHHOMY MEXTY JICKTPOIaMH;

0) KOJIMYECTBO BEIIECTBA, BBIJCISIOIICECS HA AJICKTPOJIC MPH JISKTPOIU3E HE 3aBUCUT OT
BEIMYMHBI IEPSHECEHHOTO 3apsi/ia U CHIIBI TOKA;

B) KOJMYECTBO BEINECCTBA, BBIJCIISIONICECS Ha AJICKTPOAC JUIS Pa3IUYHBIX JICKTPOJIUTOB
IpU OJHOM U TOM € KOJMYECTBE MEPEHECEHHOro 3apsia MPOMOPIUOHAIEHO aTOMHBIM BecaM
HOHOB;

T) JIEKTPUYECKHH TOK B 3JICKTPOJUTE OOYCIIOBJICH MBH)KEHHEM HOHOB M OJUH TPaMM-
aTOM JIFOOBIX OJTHOBAJICHTHBIX WJIH JIFOOBIX IBYXBAJICHTHBIX HOHOB HECET C COOOI0 BCET/Ia OJTHO U
TOKE KOJTMYECTBO AJICKTPUIECTBA, paBHOE uncity Dapases;



1) DJIEKTPUYECKHII TOK B DJIEKTPOJIUTE OOYCIOBIICH JBM)XKCHHEM MOHOB M OJMH IPaMM-
aTOM JIIOOBIX OJHOBAJICHTHHIX HMOHOB BCErla HECeT C COOOK OJHO M TOXKE KOJIMYECTBO
3JIEKTpUYeCcTBa, paBHOoe uncity Dapanes, a 100X IBYXBaJCHTHBIX HOHOB HECET ¢ co00ii Bcerna
B JIBa pa3a OOJBIIMI 3apsi;

€) KONMUYEeCTBO BEIIECTBA, BBIJGISIOIEECS Ha DJIEKTpoAe N Pa3TUYHBIX
OTHOBAJICHTHBIX, JIBYXBAJICHTHBIX W TPEXBAICHTHBIX HMOHOB, KOTOpBIE OOpPa3ylOTCs IpHU
pPacTBOPEHHH COOTBETCTBYIOIIMX COJICH IMPHU IPOIYCKAHHHU SJEKTPHUUECKOTO TOKA 3aBHCHUT OT
BpPEMEHHU MPOIMYCKAHHUS,

) DJIEKTPOIIM3 HAOIOJAIICS TOIBKO IS COJICH IIEIOYHBIX METAIJIOB.

5. DAEKTpUUYECKUN TOK B Pa3psDKEHHBIX Ta3ax MPEACTaBIIsIET COOOM:

a)  JBM)KEHHE  CBOOOJHBIX  QJIGKTPOHOB,  SMUTHUPOBAHHBIX B  pe3yJbTare
TEPMOAJIEKTPOHHON YMHUCCUU C KaTOJa,;

0) IBM)KEHUE NOHOB, 00Pa3yIOLMXCsl TIPU MOHU3ALUU AaTOMOB;

B) IBM)KEHUE CBOOOHBIX DJIEKTPOHOB, O0Pa3yIONMXCs TTPU HOHHU3AIIMU aTOMOB Ta3a;

T) IBUKEHHUE aTOMOB;

1) ABUKEHUE MOJIEKYI.

6. Ilpu mpomyckaHUM AJIEKTPHUYECKOTO TOKa 4Yepe3 paspsHKeHHBbIE Ta3bl HaAOMI0JaeTCs
TPEKOOOPa3HOE CBEUYCHHE, KOTOPOE BBI3BAHO:

a) MIOHU3AIlKEN aTOMOB;

0) ABUKEHUEM CBOOOHBIX IJIEKTPOHOB;

B) IBU)KEHUEM HOHOB;

I') peKOMOMHAIIKEN HOHOB U 3JICKTPOHOB, CIICAYIONICH ITOCIIE HOHU3AIIMU AaTOMOB;

1) yAiapam# dJIEKTPOHOB 00 aHOT;

€) yaapaMi MOHOB (KaTHOHOB) O KaTO/I.

7. B mogenau aroma ToMcoHa:

a) DJIEKTPOH CYUTACTCS HEMOABMIKHBIM;

0) TIOJOXKUTEIbHO 3apsHKEHHAs YacTh aroMa CYUTAeTCs HEMOJBHKHOM, TaK Kak
3HAYUTEIIBHO TSDKEJIEE DIJIEKTPOHA;

B) pasMep IMOJOXKHUTEIBHO 3apsHKEHHOTO <«IIyAUMHTa» 3HAYMTEIBHO OOJbIle pa3Mepa
3JIEKTPOHA;

I) OSJEKTPOHBI HAXOMATCS HAa TOBEPXHOCTU IMOJIOKHUTEIBEHO 3apsHKEHHOTO OOJIBIIOTO
«TyIUHTa», TPUTITUBASCH UM;

JI) DJEKTPOHBI HAXOMATCS BHYTPH TOJOXKUTEIBHO 3aPSHKEHHOTO «IIYIWHTa» M MOTYT
COBEpIIATh KOJICOAHUSI OTHOCUTEIBHO MOJIOKEHHUSI PABHOBECH S,

€) DJIEKTPOHBI COBEPIIAIOT JBUKEHUE BOKPYT MOJOKUTEIBHO 3aPsSDKEHHOM YacTH aToMa;

8. PesynbraThl onbiTa Pesepdopa:

a) OONBIIMHCTBO O-YacCTHUI[ MPOXOAAT uepe3 (onbry HE HCHBITBIBaS HUKAKHX
OTKJIOHCHUH;

0) 4HCII0 pacCeSIHHBIX OL-YaCTHI[ YBEIIMUYMUBACTCS C YBEIMUYEHHUEM YIJIa PacCcesHUs;

B) OL-4AaCTHIIEI OTKIOHSIOTCS Ha yIVIBl He 6ombime 90°;

T) YUCJIO PACCESTHHBIX OL-YaCTHI] OUE€Hb MaJo;

1) €CThb Cllydau OTKJIOHEHHUS OL-4aCTHUI] Ha 1800;

€) YHCJIO PACCESIHHBIX (L-YaCTUIl YMEHBIIAETCS C YBEITMUYCHUEM YIJIa PACCESTHUSL.

9. Ilocne onbITOB O paccesHUIO oL-dacTull Pesepdopa cremnan BEIBOABIL:
a) CyIIECTBYET s/IepHasi MOJEIb aTOMa,

0) omBIT MOATBEPIUIIA MOIENIb TOMCOHa;

B) CYLLECTBYET IIaHETapHas MOJEIb aTOMa,



T) B SApe CKOHIICHTPUPOBaHA MPAKTHYECKHA BCSI Macca aToMa;
1) pa3Mepsl spa COMOCTaBUMBI C pa3MepaMu aTOMa;
€) pa3Mephl sApa 3HAYUTEITBHO MEHBIIE Pa3MEPOB aToMa.

10. Yro Ha3pIBaETCs NPULIETBHBIM PACCTOSHUEM?

a) pacCTOsIHME MEXKIY TPAeKTOpHEH ABUKEHUS [3-4acTHIbl U ACUMIITOTON K TPAEKTOPUH;
0) paccTostHME OT aTOMa J0 IepBOHAYATbHOTO HANIPABJICHUSI IBUKEHUS [3-4aCTULIbI;

B) TOJILIMHA PACCEUBAIOLIETO CIIOS;

T') CEUCHHE PaCCesHUS,;

1) pa3HULIa MEKIY TPAeKTOpUEH [3-4acTHIIBI U THIIEPOOIMUECKOI TPaeKTOpHUEH.

11. KakoB ¢u3nueckuii cMbICI H3PPEeKTUBHOTO CEUEHUsI pacCestHUs?

a) B MEXaHMYECKOM MOJENH: ATO IUIoHRAKa (MHIIEHB), MOMaB B KOTOPYIO YacTUIla
UCIIBITBIBAET OTKIOHEHHUE;

0) B CTaTHCTUYECKOW HMHTEPIpPETALMU: 3TO BEPOATHOCTh HCIBITATh PACCESIHUE OJIHOM
YacTHUIIE;

B) 3Ta BeJIMYMHA (U3UUYECKOTO CMBICIIA HE NMEET;

I) ceueHue IMyJka paccesiHHbIX YacTull B onbiTe Pezepdopaa;

1) CEUEHHE MyyKa MaJalolyX YacTHUll;

€) OTHOILEHUE CEYEHHUS IIydKa PACCESIHHBIX YaCTULl K MHTEHCUBHOCTH MAJAIOLIMX YaCTHULL;

) OTHOILIEHUE YU CJIa PACCESIHHBIX YaCTULl K MHTEHCUBHOCTH MAJAl0NMX YACTHUII.

12. ®opmyna Pesepdopaa as paccessHUS OL-4acTUII TOKA3BIBAET, UTO YUCIIO PACCETHHBIX
YaCTHIL:

a) HE 3aBUCHT OT CKOPOCTH HX JIBUKCHHS,

0) TPOMOPIHOHAEHO CKOPOCTH UX JIBUKCHUS;

B) 00paTHO MPOTOPITMOHAITFHO YETBEPTOM CTEIIEHN CKOPOCTH JBVKEHUS OL-9aCTHIL;

T) POMOPIUOHAIBEHO TOJIIMHE (POJIBTH Ha KOTOPOI MPOMCXOAUT PACCESHUE;

1) HE 3aBHICHT OT yIJIa pacCesHus;

€) 3aBHCHT OT YIJIa pacCesiHUS;

K) TIPOTIOPIIMOHATBHO MOPSIIKOBOMY HOMEPY dJIeMeHTa B Tabnuile MeHeneeBa;

3) MPOMOPLUUOHAIBHO KBAIpaTy MOPSAIKOBOTO HOMEpa jIeMeHTa B Tabnuie Menaeneea;

1) 00paTHO MPONOPIHOHAIEHO sin? p;

K) 00paTHO MPOIMOPIIMOHAIBHO Sin P;

JT) IpOIopHHOHaIbEHO sin®(p/2).

13. Kakue u3 npenactaBieHHBIX (yHKIIMOHATBHBIX 3aBUCUMOCTEH MPAaBUIBHO OTPAKAIOT
dopmynny Pesepdopaa nis paccessHUS OL-4acTHII.

a) dN/N ~ Z2;

6) dN/N ~ Z;

B) dN/N ~ w*;

r) dN/N ~ w?;

1) dN/N ~ cos?p;

x) dN/N ~ sin*p;

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

Tect Ne 3 (YUactuubl 1 BosiHbL. KOpITyCKyIISIpHO-BOJIHOBOM JIyain3M)
1. KakoBO U3 npecTaBIeHHBIX HUKE BBICKa3bIBAHUM OTpaXkaeT cMbIci U aeu e bpoitns?

a) MUKPOYACTUILbI HE SABJIAIOTCA B CTPOIrOM KIACCHYCCKOM CMBICJIC YaCTUllaMHU, a
SABIAKOTCA BOJIHAMMU,



0) MHUKpouyacTHIlaM, KaK M BCEM MaTe€pHaJbHBIM OOBEKTaM BOOOIE, CBONCTBEHHO
HPOSIBJIATH KAK KaUeCTBO YACTHIL, TAK U KAUE€CTBA BOJIH, IOJOOHO CBETY;

B) KOPIYCKYJSIpHbIE W BOJIHOBBIE XapaKTEPUCTUKU CBS3aHBI MEXAy CO00M s
U3ITY4eHUS U JUIS BELECTBA OJIMHAKOBBIM 00pa3oM.;

r) ne0poiiieBckas ATMHA BOJIHBI (JOTOHA U 3JIEKTPOHA OJIMHAKOBA;

J) JBWXKYLIMMCS MaTepUalbHbIM OOBEKTaM COIOCTABJIAETCS HEKOTOPHI BOJIHOBOM
nporecc.

2. Inuna BonHsl ae bpoiins ae Bpoitns yacTuiisl onpenensiercs:
a) ee pa3Mepamu;

0) ee Maccoii;

B) CKOPOCTBIO €€ JIBUKCHUS,

) YCKOpEHUEM, C KOTOPbIM OHa JABUTAETCS;

J1) BHYTPEHHUM CTPOEHUEM U COCTaBOM,;

€) JUINHOM CBeTa, U3JTy4aeMoil e,

) IEUCTBYIOIIEH CUIION.

3. Kakumu 13 npuBeIeHHBIX GOpMYST MOKHO IMOJIb30BAThCS Ui pacdera JUIMHBI BOJIHBI

ne bpons.
a) A = hiv;
6) A = h/mv;

B) A = h/<2mT :

) A=hy1-v?/c? Imy;
0 A=h/y2meU ;

&) A=h/2mT ;

x) A = h/mg;
3) A=Clv.

4. Kakue U3 IpUBEICHHBIX HUKE XapaKTePUCTUK MPABUIBHO OTPaXKatOT CBOMCTBA BOJH
ne bpoiins?

a) a3zoBas CKOPOCTH OOJIBIIIE CKOPOCTHU CBETA B BAKYyME;

0) ba3oBasi CKOPOCTh MEHBIIIE CKOPOCTH CBETA B BAKyyME;

B) TPYIIIIOBAsi CKOPOCTh paBHA CKOPOCTH JIBH)KCHHS YaCTHIIbI;

T) TPYNIIOBast CKOPOCTh OOJIBINE CKOPOCTH JBHKCHUS YaCTHIIHI;

1) KaKJ10i O0pOBCKOM OpOUTE COOTBETCTBYET CTOSYAasi BOJIHA Jie bpoiisns anekTpoHa;

) JaruHe OOpOBCKOM OpOUTHI COOTBETCTBYET IIENIO€ YHCIIO JEOPONUIIEBCKUX JUIMH BOJH
JJIEKTPOHA;

3) ANMUMHA KaXA0H OOpOBCKOM OpOMTHI KpaTHAa YETHOMY YHCIY MONYBONH e bpoiins
HJIEKTPOHA;

M) JUIMHA KaKI0W OOpOBCKOW OpOMTHI KpaTHA IIEJIOMY YHWCIy IOJYBOJH e bpoims
9JIEKTPOHA;

5. Kakue M3 npencTaBieHHbIX HUXKE (POPMyN MPaBUIIBHO YCTAHABIMBAIOT CBS3b MEXKIY
paguycaMu OOpOBCKHUX OpOUT U 1€OpONIIEBCKON JITMHOM BOJIHBI 3JIEKTpOHa?

a) I'n = NA,;

0) m =hj;

B) = hA;
r) ' = NA/206;

1) 20rn = nA.



6. Ecmu »1ekTpOH M HEWTPOH [BWIKYTCSI PAaBHOMEPHO MW IMPSIMOJUWHEHHO, TO B
COOTBETCTBUHU C TEOpUEH 1 bponiis

a) UM COIIOCTaBJISETCS BOJHOBOM MPOLECC KaK B CIydyae HACaIbHBIX IJIOCKUX BOJIH,
MpUYEM OJIMHAKOBOM YaCTOTHI;

0) HEUTPOHY COMOCTABIISAETCS IJIOCKAst BOJIHA, a AJIEKTPOHY 3aTyXaroIasi;

B) UM COITIOCTaBJIAIOTCS C(bepnqecme BOJIHBI, TaK KaK 4aCTHIIbI OYCHb MAJICHBKUC,

T) 3JIEKTPOHY COTIOCTaBJIsieTCs cepruyecKkas BoJIHA, a HEUTPOHY IJIOCKas;

J1) UM COIIOCTABJISIFOTCS IIJIOCKHE BOJIHBI PAa3IMYHON YacTOTBHI, TAK KAK Y HUX Pa3IUYHBIN
3apsz;

€) UM COIOCTaBJISIOTCS IJIOCKHE BOJHBI PA3IMYHON YACTOTHI, TaK KaK y HUX pa3iuyHas
Mmacca.

7. B onbiTax [IaBucona u Jl>xepmepa ucclie1oBajinch

a) BIMSHUE ITyYKa 3JIEKTPOHOB HA CTPYKTYPY KPHUCTaJJIa HUKEIS;

0) paccesHHE DJIEKTPOHOB KpPUCTAIJIOM HUKENS B 3aBUCHMOCTH OT YCKOPSIOLIETO
HaINPsHKEHUS Ha JIGKTPOHHOM MYIIIKE;

B) 3aBUCHUMOCTb CKOPOCTH My4YKa 3JEKTPOHOB OT YCKOPSIOIIETO HaIpsOKEHUS;

') OTpaXCHUE ITyJKa JIEKTPOHOB MOHOKPHCTAJIIIOM HUKEIIS,

1) 3aBUCHUMOCTh MHTEHCHBHOCTH OTPAKEHHOTO OT TUIACTUHKU TMOJUKPUCTATUINYECKOTO
HUKEJIS ITy4Ka 3JIEKTPOHOB OT yIjia MaJeHusl.

8. B onbiTax J[3BucoHa u Jlxxepmepa Obls10 00HAPYKEHO:

a) MHTEHCUBHOCTb PACCESHHBIX KPUCTAIJIOM HHUKEIS DJJIEKTPOHOB 3aBUCUT yIvla
paccesiHus, TpuYeM HanOoJblasi HHTEHCUBHOCTb COOTBETCTBYET YINIy 3€pPKaJIbHOIO OTPaXKEHHUS;

0) MHTEHCHUBHOCTb PACCESHHBIX KPHUCTAIJIOM HHUKENs 3JEKTPOHOB 3aBUCUT OT YA
paccesiHUS U NPEACTaBIIIeT COO0N cuCTEMY YepeAyIOIMXCsS MaKCUMyMOB M MUHHUMYMOB;

B) pachnpeeieHe MHTEHCUBHOCTH PACCEIHHBIX KPHUCTAJIOM HHUKENsSl 3JIEKTPOHOB
3aBUCHUT OT yIJla NaJcHUS;

I) paclpenereHue HWHTEHCUBHOCTH PACCESHHBIX KpPUCTALIOM HHUKENS 3JIEKTPOHOB
3aBHCHUT OT HaIIPSDKEHUS Ha DJIEKTPOHHOM ITYIIKE;

J1) paclupelelicHHe HMHTEHCUBHOCTH pPAaCCEIHHBIX KPHUCTAJUIOM HHKENIS DJIEKTPOHOB
3aBUCHT OT KPHUCTANIMYECKOM CTPYKTYPbl HMKENIS M M3MEHSAETCA B IPOLECCE TEPMUUYECKON
00paboTKK KpHUCTaIa.

9. B pesynbrate onbiToB [[BHcoHa 1 J[>Kepmepa ObLIIO YCTaHOBJICHO:
a) DJIEKTPOHBI MPOSBIISIOT BOJTHOBBIE CBOMCTBA O00HO PEHTICHOBCKOMY HU3IIy4CHUIO;

6) dopmyna me Bpoiinst ams onpeneneHus mMHB BodH snekrponos A = h/+/2meU
CIIpaBe/UINBa;

B) BOJIHOBBIE CBOWCTBA 3JIEKTPOHOB MPOSBIISIOTCS TOJBKO MPU BHICOKOH IIOTHOCTH
My4Ka JIEKTPOHOB KaK KOJUJICKTUBHBIN d(heKT;

r) e OpoiiyieBCKast ATMHA BOJHBI 3JICKTPOHOB 3aBUCHUT OT KPUCTAJUTMYECKOH CTPYKTYpHI
HUKEJIS U U3MEHSIETCS B pe3yJbTaTe TepMUYEeCKOoH 00pabOTKH KpHCTala;

) O0MydeHHEe HHUKEIs IMY4YKOM JJIEKTPOHOB MPUBOJUT K HAPYLIEHUIO  €ro
KPUCTAJTIMYECKONU CTPYKTYPHI;

€) DJJICKTPOHHBIE NYyYKM MOXKHO HMCIOJNB30BaTh Ui H3YYCHHS KPUCTALTMYECKOH

CTPYKTYpPbI BEILIECTB.

10. SABnenue nudpakuu yacTUIl HEBO3MOKHO HAOIIOAATh AJIst

a) aTOMOB, TaK KaK OHH HE UMECIOT 3apsi/ia;

0) aromMoB, Tak Ji¢ OpOMJCBCKas JUIMHA BOJHBI WX 3HAYUTEIIBHO OOJIbIIE BO3MOMHBIX
MPENSTCTBUIN B OMBITAX MO TU(DPAKINK;



B) KPYITHBIX YaCTHII, pa3Mepbl KOTOPBIX OOJIbIEC pa3MEepOB IMPEHATCTBUU B OIBITAX ITO
T (paKiny;

T') HEUTPOHOB, TaK KAK OHU HE UMEIOT 3apsijia;

J1) MOJICKYJI, €CJIH MX ITy40K OYCHb MaJIOW IJIOTHOCTH;

€) MOJIEKYJI, €CJIM X MYy4OK HE SBJISETCS MOHOXPOMAaTHYHBIM;

) JICKTPOHOB, €CJIM UX MYyYOK HE SBJISICTCS MOHOXPOMATHYHBIM;

3) IPOTOHOB, €CJIM X ITy4OK MaJIO MHTEHCUBHOCTH;

1) aTOMOB, YacCTh U3 KOTOPBIX B BO30Y)KJIEHHOM COCTOSHUU.

11. ®usnyeckuii CMbICT BOJIH Jie Bpoiiisi COCTOMT B TOM, YTO:

a) aMIUTUTY/Ia BOJIHBI SIBIISIETCSI BEPOSTHOCTHIO HAXOXKICHUSI YACTUIIBI;

0) amMmMTyda BOJHBI, @ BEpHEE €€ KBAJpaT, OINPENCNISIET BEPOSITHOCTh HAXOXKICHHS
YaCTHUILIBI;

B) YacCTOTa BOJIHBI ONIPEACIISET BEPOSITHOCTh HAX0XKICHHS YaCTUIIBI;

r) (a3a BOJIHBI OIPENENIET BEPOATHOCTh HAXOKCHUS YaCTUIIBI;

1) (ha3oBasi CKOPOCTH BOIH Jie Bpoiiis u 3IeKTPOMAarHUTHRIX BOJH OJIMHAKOBA;

€) IpyImnoBas CKOPOCTh BOJH Jie Bpoilsis u 31eKTpOMarHuTHHIX BOJIH OJIMHAKOBA.

12. CooTHoleHus HeomnpeaeneHHocTel ['eli3en0epra ycTaHaBJINBAIOT:

a) CBSI3b MKy UMIYIbCOM U SHEPIUEN YaCTHUIIbI;

0) CBS3b MEXIY UMIYIBCOM U KOOPAMHATON YaCTUIIBI,

B) CBSI3b MEXKIY UMITYJIbCOM U BEPOSTHOCTHIO HAX0XKJIEHUS YaCTHIbI;

I) 3aBHCHMOCTb MEXIy OSHEprHeH OJJIEKTpOHAa W BPEMEHEM >KHM3HU BO30YKIECHHOTO
COCTOSIHUS aTOMa;

1) TPaHU LBl IPUMEHUMOCTH KIACCHYECKON MEXaHUKHU K OMUCAHUIO0 MUKPOOOBEKTOB;

€) CBS3b MEXIY €CTECTBEHHOU HEOIPEAIEICHHOCThIO UMITYIIbCA U KOOPAMHATHI YacTHUIL 110
NpUYMHE HAJTMYKS Y HUX BOJTHOBBIX CBOMCTB;

) CBsI3b MEXIYy €CTECTBEHHOW HEONpEeAEICHHOCTbIO BHYTPEHHEW HHEpPruu aroma
CPETHUM CTaTUCTUYECKUM BPEMEHEM CYIIIECTBOBAHUS COCTOSHUS aTOMA.

13. Uro W3 MEepedyrcleHHOT0 HIXE MOXXHO OOOCHOBATh HCXOAS W3 COOTHOIICHUMN
HEOIPEICTICHHOCTEN |

a) HAJIMYUE MOHOXPOMATHYECKOTO H3ITy4EHUS,

6) HpI/IHL[I/IHI/IaJIBHYIO HCEBO3MOXHOCTh JOCTUYb HI[G&HBHOﬁ MOHOXpOMaTI/I‘IHOCTI/I
U3ITy9ICHHS,

B) IIMPUHY CHEKTPaIbHBIX JIMHUN CUILHOPA3PEIKEHHBIX TA30B;

I') 3aBUCUMOCTb UIMPHUHBI CIIEKTPAJIbHBIX JTUHUN aTOMOB OT TEMIIEPATYphl;

J1) CYIIECTBEHHO OOJIBIIYI0 MIMPUHY CHEKTPAIBHBIX TOJOC JUIS MOJICKYJ, 4YeM IS
aTOMOB;

€) MUHUMAaJIbHO BO3MOKHBIE€ pa3Mephl aTOMa;

) MaccCy IOKOS JIEKTPOHA.

14. Kakoii u3 MNpeNCTaBICHHBIX HHUXKE BAPUAHTOB IPABUIBHO OIPENEISIET CMBICIT
CTaTUCTUYECKON MHTEPIIpETAIMU BOJIH Ae bpoiina?

a) BOJHOBBIM 3aKOHAM NOAYMHSIOTCA HE CaMM YacTUIbl, & HMX CTaTUCTHUYECKOE
pacrmpesieiecHe B TPOCTPAHCTBE M BO BPEMEHU WM, WHA4€ TOBOPS, BOJTHOBBIM 3aKOHAM
MOJAYUHSETCS BEPOSATHOCTh HAXOXKACHHS YACTHUI[BI B TOM UM UHOM MECTE;

0) BOJHOBBIC CBONCTBA YaCTHUIl MPOSBIAIOTCS HE BCETNa; OHU MPOSBISAIOTCS JHUIIb C
OTPENIETICHHONW BEPOATHOCTHIO, KOTOpas 3aBHUCHT OT BHEIHHUX YCJIOBUM W JJUHBI BOJHBI JI€
Bpoiins;



B) BOJTHOBBIC CBOMCTBA YACTHIl MPOSBIISIOTCS TOJBKO ISl OOJBIIMX aHCAaMOJIeH YacTUIl 1
BOJIHOBBIM 3aKOHAM MOJYUHSIOTCS CPEAHUE CTATUCTUUYECKUE XapAKTEPUCTUKU YacTHUI, KOTOpPbIE
BCEIrJa HEJEIUMBI.

BAPUAHTBI KOHTPOJIBHBIX PABOT

BapuanT 1

1. Haiitu >¢dexruBHOE cedeHHEe sapa aroMa ypaHa, COOTBETCTBYIOIEE PACCESIHUIO Q-
YaCTHIl C KWHETHYECKOM sHeprueii K=1.5 MoB B untepsaie yrios cbiie 6o=60°.

2. OnpenenuTh UIs aTOMa BOAOPOJa U noHa He™: sHepruto CBs3U PJEKTPOHA B OCHOBHOM
COCTOSIHMY U MOTEHIIHAJl MOHU3AIUH.

3. OnpenenuTh NOTEHIMAT MOHU3ALMH U MEPBBIM MOTEHIIMAI BO30yxaeHus atoma Na, y
KOTOPOTO KBaHTOBBIE Ae(heKkTsl OCHOBHOTO TepMa 3S u 3P paBHBI cooTBeTcTBeHHO 1.37 11 0.88.

4. JlomucaTh HEOCTAONE KOMITOHEHTHI MyIbTUIIIETOB 2P3/2, 3D1, 4Fs/2, 3P2,5Da, P12,

Bapuant 2

1. 3(1)(1)CKTI/IBHOC CCUCHHUC sapa aToMa 30J10Ta, OTBCYAIOIIICC pacCceAaHnrO
2

MOHOZHEPreTHYECKUX a-4acTHI] B mHTepBane yrioB oT 90° no 1800, pasno Ao=0.5-10"1 cm?.
OnpenenuTs KHHETUYECKYIO YHEPTHIO o-YaCTHII.

2. Onpenenutsb Uil aTOMa BOJIOpoJa M MoHa He™: mepBeIif moTeHIIMan BO30OYKICHUS H
JUTMHY BOJIHBI TOJIOBHOM JIMHUU cepuu JlaiimaHa.

3. HaiiTu Hepruo CBs3M BAJICHTHOTO 3JICKTPOHA B OCHOBHOM COCTOSIHUM aToma Li, eciu
W3BECTHO, YTO JUTHHBI BOJIH TOJIOBHOH JIMHWU PE3KOW CEPUU U €€ KOPOTKOBOJIIHOBOMW TPAHHIIBI
paBHbI cooTBeTCTBEHHO 0.813 1 0.349 MKMm.

4. Bo3MOkHBI I cliemytonpe coctosuus: 2S1,3So, 3Po, 3S12,2S12,3Do, 2D1/2?

Bapuant 3

1. DddexkruBHOC CcedeHHe sApa  aTroMa  30JI0TA,  OTBEYAMONICE  PACCESHUIO
MOHODHEPIETHYECKAX q-4acTUIll B uHTepBane yrio ot 900 no 180°, pano Ac=0.5-1021 cm2.
Omnpenenuts nuddepennnanbuoe cedenue paccesnus do/d(), coorsercTByromee yrimy 0=60°.

2. OnpenenuTh UIss aTOMa BOA0poaa U woHa Li*: sHepruto noHu3amum.

3. CKOJIBKO CICKTpPAIbHBIX JIMHHM, Pa3pelicHHBIX MPaBHIAMH OTOOpA, BOSHUKAET MPHU
Iepexojie aToMa JINTHSI B OCHOBHOE COCTOSTHUE U3 cocTostHUS 457, 4P?

4. Kakue u3 CIeAyloluX ONTHIECKUX MEPEXON0B  paspewensl: 2S1/2 - 2Daj2, P32 — 2Dayz,
1S0-3P1, n11Sp - n'Sp?

4.2 ®oHJ OLIEHOYHBIX CPeJCTB JISl MPOBe/Ie HUA MPOMEKYTOYHOMH ATTEeCTALMH.
HTOroBBINi KOHTPOJIb OCYIIECTBISETCS B BHUJE DK3aMEHa B KOHIE ceMmecTpa. Ha sx3amene
CTyACHTaM TMpeJjiaraeTcsi OTBETHTh Ha 2 BOIpoca MO MaTepHaliaM y4eOHOW MUCIUTUIMHBI U
BBIMOJHUTH MpaKkTuueckoe 3aganue. [lo utoram orBeTa Ha SK3aMeHE MPENOJaBaTeNb OLIEHUBAET
3HAHUS CTYJIEHTA. DK3aMEH SIBJISICTCSI HUTOTOM 1O TUCITUTLIINHE.

CucremMa O1eHOK BBITIOJTHEHHS KOHTPOJIBHOTO TECTUPOBAHUS:

- «BA4TEHO» - KOJIMYECTBO MpaBUIbHBIX OTBETOB OT 50 m0 100 mpoOLEHTOB, BHIMOJIHEHBI U
3alMIICHBI BCE JIAOOpATOPHBIC PabOTHI;

- «HE 3aYTEHO» - KOJMUYECTBO MPABUIIBHBIX OTBETOB MeHee 50 MpOIEeHTOB;

Bonpoch! k 3k3ameny o gucuuninae «OCHOBBI ATOMHOM ®U3UKW»



Du3UKO-TeXHUYeCKHil QaKyabTeT, 2 KypC.

1. Muxpomup. Macmrabbl. OKCIEpUMEHTaNbHBIE JaHHBIE O CTPOCHHHM aToMa.
CepuanbHble 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpaX, KOMOWHAIIMOHHBIM mnpuHuun Putna,
TEPMBI.

2. Ksautbl cBera (¢oroHbl). TemaoBoe H3NIydyeHUE: KIACCUUECKUH U KBAaHTOBO-
MexaHudeckuit moaxoa. ®ororddexr: ero Buabl u 3akoHBI. Dopmyna DHIITEHHA.

3. Topmo3HOe peHTreHOBCKoe u3nydeHue. JlaBnenne wusnydenus. Ilormoimenue
n3iydenus. M3nydenune BaBunoBa—Uepenkosa.

4. Dddexr Komnrona. Jloka3aTeabCTBO HEBO3MOXXHOCTH TMOMIONCHUS (OTOHA
CBOOOIHBIM 3JIEKTPOHOM M TEOPETUUYECKUI BBIBOJI (POPMYIIBI JUIs KOMITOHOBCKOTO CABUTA.

5. Omeitel Pesepdopna. SAnepunas momens atoma. BeiBox dopmynsr Pesepdopna s
paccesiHus oL.-4acTHLL.

6. CrnenctBusi u3 omnbIToB Pesepdopaa. DKcrepuMeHTaNbHas TPOBEpKa (HOPMYITBI
Pesepdopna. Ilnanerapuas monens atoma Pesepdopna. DddexTrnBHOE CeUeHME pacCesTHUA.

7. CnekrpajbHbIE CEpUM aTOMa BOAOPOJAA. DJeMEHTapHas OOpOBCKas TEOpHUs aToMa
Bojopoaa. [Toctynatel bopa.

8. DKCIeprUMEHTaIbHOE MOATBEPKACHNE KBAHTOBAHU I SHEPTETUYECKUX YPOBHE W aTOMOB,
onbiTel ®Ppanka u [epra. CrekrpaibHblE CEpUU BOJOPOAONOJNOOHBIX cucTeM. HenmocraTtku
teopuu bopa.

9. Yactuusl u BoiHbIL. KopmyckyiasipHO-BOJHOBOM ayanus3M. ['mnmotesa ne bpoitns u ee
JKCIIEPUMEHTAIIbHOE NOATBEepKAeHHUE. Da30Bas U IPYNIIOBast CKOPOCTH BOJIH ¢ bpoiis.

10. VYcnoBue BO3MOXHOCTH OJHOBPEMEHHOTO W3MEpEHUs (PU3MYECKIX BEIUYHH.
CooTtHoleHue HeonpeaenenHocteil ['eiizendepra.

11. CocrosiHre YacTUIBI B KBAHTOBOW Teopru. BonHoBas QpyHKUIUS U €€ CTaTUCTHYECKUM
cmblich. [IpyHIUN Cyneprno3uimy.

12. OmepaTopbl B KBaHTOBOW MeXaHWKEe M MX cBoicTBAa. COOCTBEHHBIE 3HAYCHUS WU
coOCTBEHHBIE ()yHKIIU OTIEPATOPOB.

13. Cpennue 3HaueHus] PU3NUECKUX BETUYHH. Y CIOBUE BO3ZMOKHOCTH OJTHOBPEMEHHOTO
u3MepeHus: PU3NUECKUX BETUYHH.

14. Oneparopsl BaXHEWIMX (PU3MYECKHX BEIMYMH (KOOPIUHATHI, MMITYIbCA, BEKTOpA
UMITYJIbCa, MOMEHTA UMITYJIbCa, KBa/IpaTa MOMEHTA UMITYJIbCA).

15. Omneparopbl BaXHEHIMX (PU3NYECKUX BEIUYMH (IIPOEKIMU MOMEHTAa MMITYJbCa,
KAHETHYECKON SHEPIHH, MOTEHIINATBHON SHEPTUH, TOJTHON SHEPTUH ).

16. Bpemennoe u cranuonapHoe ypaBHenus lllpegunrepa. KBanTtoBanue. YpaBHEHUs
Hlpenunrepa B oneparopHoii popme. Oneparop ['amunbroHa.

17. OmpenencHue >HEPreTUUYECKOTO CIICKTpa CHCTEMBl KakK 3ajJada Ha COOCTBEHHBIC
3HaueHud oneparopa ['amunbrona. J[BuxeHue CBOOOIHOM YaCTHIBI.

18. Yactunma B OJHOMEPHOH HPAMOYrOJBHOW MOTEHLUMAIBHON sME C OECKOHEYHO
BBICOKMMH CTEHKAMH.

19. OmHOMepHas TPSAMOYTOJibHAsA MOTEHIMATIbHAS SIMA CO CTEHKAMH KOHEYHOU BBICOTBHI.

20. JInHeHbII rapMOHUYECKU I OCLIUIIATOP.

21. OTpaxkeHue U MPOX0XKIEHNE CKBO3b NMPSIMOYTOJIbHBIA MOTEHI[MATbHBINA Oapbep.

22. TloTeH1uanbHbli Oapbep KOHEYHOW NMPUHBL. TyHHETbHBINA (deKT.

23. KBaHTOBO-MEXaHMYECKOE ONHMCAaHHE aromMa Bojaopoja. PazjeneHue nepeMeHHBIX.
KBanToBbhie uMCina. DHEPreTUYECKUH CHEKTP. YIJIOBOE M PaAuajbHOE paclpenesieHue
3JIEKTPOHHOM NJIOTHOCTH.

24. OnepaTopbl MOMEHTa UMIYJIbCA U IPOCKIIMM MOMEHTA UMITYJbCa U UX COOCTBEHHBIE
3HayeHus. [IpaBuna orb6opa. 1s-cocTosiHuE AIEKTPOHA B aTOME BOAOPO/JIA.

25. KBanToBaHue  BOJOpOJONOAOOHBIX  aroMOB.  KpaTHOCT  BBIPOXKAEHHUS
HHEPreTUUecKuX ypoBHEH. CHMBOJIMKA COCTOSIHMI 3JIEKTpOHA B aroMe. YPOBHU U CIEKTPBI
HICJIOYHBIX METAJIOB.



26. IlpaBuiia oTOOpa W CIEKTpajbHBIE CEPUU BOJOPOJOMOMOOHBIX aTOMOB. TOHKas
CTPYKTYpa CHEKTPalIbHBIX JIMHHUI BOJOPOIOTOJO0OHBIX aTOMOB.

27. OpOutanbHble MarHUTHBIA W MEXaHHYECKUH MOMEHTHl. CIUH W COOCTBEHHBIN
MarHUTHBIA MOMEHT 3JIEKTPOHA. DKCIEPUMEHTAIBLHOE MOATBEPKACHHE CYILIECTBOBAHUSI CIIMHA.

28. IlonHbIil MOMEHT UMNynbca. ONKUCaHUE COCTOSIHUM DJIEKTPOHA B aTOME C ITOMOILBIO
Ha0OpPOB KBaHTOBBIX uncell. CIMH-0pOUTAIBHOE B3aUMOJICHCTBHE.

29. MarauTHbIe CBOWCTBAa aToMOB. OpOWTANIBHBIN, CTUHOBBIM W TOJHBIA MarHUTHBINA
MoMmeHThI atoMa. OnbiThl LlITepna—I'epnaxa. 'mpomarnuTHOE OTHOIIEHUE U MarHeToH bopa.

30. Arom BO BHEmHEM MarHUTHOM Tmosie. HopmanmbHBIA W aHOMAJBHBINH J(PEKTHI
3eemana u ddxpexr [lamena—baka. DeKTpoOHHBIN MapaMarHUTHBIN PE30HAHC.

31. Ilpunuun Ilaynu w 3amonHEHUE AIEKTPOHHBIX O0OJIOYEK B MHOTOAJIEKTPOHHBIX
aTomax. ATOMHBIE 0007109KH U 10100009ku. CrieKTpaibHbIe 0003HAYCHUS U MIPaBUJIa 0TOOpA.

32. DnexrpoHHas kKoHburypanus. CymMMmMapHbie OpOWMTAIbHBINA, CITMHOBBIM M IOJHBIN
MOMEHTBI MHOTOJIEKTPOHHOTO aToma. LS- u jj- cBszu. CriekrpaibHble 0003HAUCHHS M ITPaBHIIA
otbopa.

33. Ilepuoamnueckasi cucreMa 3JIeMEHTOB MeHeneeBa. DIEKTpPOHHAs KOH(HUTypauus u
npasuia XyHza.

34. OCOOCHHOCTH XapaKTEPUCTHYCCKHMX PEHTIEHOBCKUX CIIEKTPOB. 3akoH Mo3H.
Oco0eHHOCTH CIeKTpa MOMIOIEHUs. TOHKas CTPYKTypa PEHTTEHOBCKUX CIEKTPOB.

35. CucteMbl TOXIECTBEHHBIX 4acTUIl. CHMMeTpus BOJHOBBIX (QyHKIUH. Bo30HBI 1
depmuonbl. KBanTOBO-Mexannueckast popmynupoBka npuniumna [laymu.

36. Monekynbl: 3Hepruss U crnekTpbl. KBaHTOBaHHME MOJHOW SHEPIUM JBYXaTOMHOM
MOJIEKYJIBI.

37. BblHYXKIEHHOE Wu3IydeHHe. DJIeMeHThl (u3uku JazepoB. CBOKHCTBa JIa3epHOIO

U3ITy4CHHUS.

OueHouHble CpeACTBAa A MHBAIMAOB U JIMI C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH
3I0POBbsI BBIOMPAIOTCS C YIETOM WX UHIUBUIYAJIbHBIX IICUXO(PU3NYECKUX OCOOCHHOCTEH.

— NOpU HEOOXOAMMOCTHM HMHBAJIWJAM M JHUIAM C OrPaHUYEHHBIMH BO3MOKHOCTSIMU
37I0POBbS IIPEIOCTABIISAECTCS JOMOJIHUTEIBHOE BPeMs ISl TIOJATOTOBKM OTBETA HA HK3aMEHE;

— IIpU NIPOBEICHUU TPOIIEIyphl OLICHUBAHUS PE3YJAbTaTOB OOYYCHUSI MHBAIUIOB U JIMII C
OTPaHUYEHHBIMU BO3MOXKHOCTSIMU 3/10pPOBbsI MPEIYCMaTPUBAETCS MCIOJIb30BAHUE TEXHUYECKUX
CpEeACTB, HEOOXOAUMBIX UM B CBSI3U C UX MHAUBUIYaIbHBIMU OCOOEHHOCTSAMM;

— MPU HEOOXOTUMOCTH I OOYJAIOIMXCS C OTPAHUYECHHBIMH BO3MOXKHOCTSIMH 3/10POBBSI
U UHBaJIUAOB MpOLEAypa OLICHUBAHUS PE3YAbTaTOB OOydeHUs 10 JUCUUIUIMHE MOXKET
IIPOBOJIUTECS B HECKOJIBKO JTaIlOB.

IIponienypa oneHUBaHUS PE3YJIBTATOB OOYYEHHUsI MHBAIMJAOB U JIMIl C OTPAaHUYEHHBIMU
BO3MOXXHOCTSIMU 3/I0pOBbS 1O JUCIUIUIMHE (MOMIYIIO) MpeaycMaTpUBaeT MpPeJoCTaBlIeHUE
uHpopManuu B QopMax, aZaNTUPOBAHHBIX K OTPAHMYEHHUSM HMX 310POBbSI U BOCHPUSITHUSA
UHopMaluu:

JUis muL ¢ HapyIIEHUSIMH 3pEHUSL:

— B IIe4YaTHOU (popMe yBETMUEHHBIM MPUPTOM,

— B (bopMe 3JIEKTPOHHOIO JOKyMEHTA.

JUis uL ¢ HapyIIeHUsAMH CITyXa:

— B IieyaTHOH (opme,

— B (bopMe 3JIEKTPOHHOTO JOKyMEHTA.

JUis uL ¢ HapyIIeHUs MU OIIOPHO-/ABUTATEIbHOIO arapara:

— B IieyaTHOH (opme,

— B (bopMe 3JIEKTPOHHOTO JOKyMEHTA.

JlaHHbIll mepeueHb MOXKET ObITh KOHKPETU3MPOBAH B 3aBMCHUMOCTH OT KOHTHHIEHTA
00y4aroIMXCSl.



5. IlepeyeHb OCHOBHOI W JONOJHUTEJBHON Y4eOHOUW JMTEpPATypPbl, HEOOX0AMMOI
AJIs1 OCBOCHHUS IUCUMIIMHBI (MOXYJIfA).
5.1 OcHoBHas JiMTepaTypa:

1. Hponos U. E. Atomuas u sinepras ¢usuka: coopuuk 3amgad. — CII6.: Jlans, 2006.

2. Cuyxun J[. B. OOumii kypc ¢usuku. T.5. AromHas u sgepHas ¢usuka. - M.:
OU3MATIINUT; Uzn-so MOTH, 2006.

3. Kypc ¢usuku : : yaebnoe mocobue s ctyneHToB By30B : [B 3 T.] /. T. 3. : KBanToBas
onTuka. ATomHas ¢u3uka. Dusmka TBepporo Ttena. duznka aTOMHOTO sjApa U
aneMeHTapHbIX yacTull. / CaenbeB, Mrops Bnamumuposuu. ; M. B. CaBenbeB ; mpeaucit.,
Hayu pen. H. M. KoxxeBuuxos. - M3n. 3-e, crep. - CII6. [u mp.] : Jlans , 2007
Jyist OCBOCHM S TM CHIUTUIMHBI HHBATUIAMU U JIMIIAMH C OTPAHUYCHHBIMH BO3MOXKHOCT IMH

3I0pPOBbSl MMEIOTCSA H3/IaHUsI B DJEKTPOHHOM BHUJIE B 3JEKTPOHHO-OMOIMOTEUHBIX CHCTEMax
«Jlanb» u «tOpaii.

5.2 lonoanuTeAbHAS JINTEPATYpa:

1. Aromuas ¢usuka u uyenoBedeckoe nosHanue / bop, Hunse ; H. bop ; mep. ¢ anrn. B. A.
®oxa u A. B. JlepmonTOBOM. - M. : 31-BO HHOCTpaHHOM IuTeparypsl, 1961

2. Atomuas ¢usuka : jabopartopHbIi TpakTukym / boiiuenko, Anekcanap [laBioBwuy,
SkoBenko, Huxonait Anngpeesuu ; A. Il boiiuenko, H. A. SkoBenko ; M-Bo
obpazoBanus u Hayku Poc. @enepanun, Kybanckuii roc. yu-T. - Kpacunomap : [Kyol'Y],
2006

3. AtomHas ¢usuka. OcBoenue uepe3 3amauu / / Bynkep, HAmutpuii, [. Kumbemr, /1.
HeMmns ; JI. Bynkep, . Kum6enn, 1. JleMwumis ; nep. ¢ aar. B. C. 3amacckoro mo
pen. E. b. Anekcanaposa. - M. : ©DUSMATIIUT , 2009

4. Wponos U. E. 3anaun mo kBanToBoi ¢usuke. — M.: JIa0. 6a3. 3Hanuii, 2002.

5. @eiiman P. OelimanoBckue nekuuu no ¢usuke/ P. deitman, P. Jleiiton, M. Canjc. Beim.
8, 9. — M: Emutopuan YPCC, 2004.

6. 5. CasenmbeB M. B. Kypc oOmeii ¢usuku. T.3: KBanToBas onTuka, aToMHas (U3MKa,
¢u3nKa aTOMHOTO siipa U 3neMeHTapHbIX yacTull. — CII6.: Jlanb, 2006.

5.3. llepuoanyeckue U3IaAHUSA:

1. XKXypuan «@orton-3xcnpeccy /www.fotonexpress.ru /.

2. Kypnan «Lightwave Russian Edition» / www.lightwave-russia.com/ .
3. Kypuan «BectHuk cBszu» /www.vestnik-sviazy.ru /.

6. Ilepeyenr pecypcoB  HHGPOPMANMOHHO-TEJIE KOMMYHHUKAIIMOHHOH  CeTH
«HTEepHET», HEOOXOAUMBIX /IVISI OCBOE HUSI IMCHMILIMHBI (MOXYJIS).

1. http/Awww.kubsu.ru/University/library/resources/

2. http/Awww.rubricon.com/.

3. http//window.edu.ru/window.

8. MeToauuyeckue yKa3aHus 1Jis1 00y4AIOUMXCS MO0 OCBOEHHIO JUCIHUILIHHBI (MOLYJIf).

Cpoxu
No N Kon-Bo | ®opma mpeacraBiieHUs P
Tema nnu 3amanue Texyeil padoThl BBITIOJIHEHUSA
TEMbI 4acoB pe3yIbTaToOB
(nenenn)
1 DJIEeMEHTHI KJIIaCCUYECKOU TEOpUHU | 2 YcrHblil OTBET, | 4
' 3JEKTPOMArHUTHOTO U3Ty4EHHUSI. TEKCTOBBIN TOKYMEHT.
. 2 YcTHBIN OTBET,
2. DJIEeMEHTHI KBAaHTOBOU OTITHKH. . 1
TEKCTOBBIN TOKYMEHT.




4 YcTHbII OTBET,
3. CTONKHOBEHHE YaCTHII. . 1
TEKCTOBBIN TOKYMEHT.
DKCEepUMEHTATBbHOE  MOJATBEPKIACHUE

4 JIMCKPETHOM CTPYKTYPHI | 4 YcrHbliit OTBET, | 4
JHEPreTUUYECKUX  YpPOBHEH  aTOMOB, TEKCTOBBIN JOKYMEHT.
onbITel ®panka u ['epiia.

5 OnbIThI HeBuccona—/lxxepmepa Ul 4 YcTHBIN OTBET, | 4

' Tomcona. TEKCTOBBIN TOKYMEHT.
6 CoOcTBeHHbIE 3HAUE€HUS U COOCTBEHHBIE | 4 YcrHbIi OTBET, |
' (GyHKIIUH OTIEPAaTOPOB. TEKCTOBBIN TOKYMEHT.
Hexoropsie XapaKkTepHbIE 3aa4u

7 KBAaHTOBOM MeXaHUKu. OTpaxkeHue u | 4 YcrHbi OTBET, | 4
MPOXOXKJEHNUE CKBO3b MPSMOYTOJbHBIN TEKCTOBBIN JTOKYMEHT.
MOTEHIHATBHBINA TOPOT.

Paznenenue mnepemeHHBIX. YIIOBOE U N
4 YcrHbii OTBET,
8 paguanbHOE pacrnpeneneHue . 1
. TEKCTOBBIN TOKYMEHT.
3JIEKTPOHHOU NJIOTHOCTH.
KpatHoctb BBIPOXKICHUS
SHEpPreTUYeckux ypoBHed. CHMBOIHKA .
N 4 YcrHbliit OTBET,
9 COCTOSIHMH  DSJEKTpoHa B aTOMe. . 1
TEKCTOBBIN TOKYMEHT.
Pacnipenenenue IUIOTHOCTH
BEPOSTHOCTH.
Onucanue COCTOSHUM 3JIEKTpOHAa B

10 aToMe C IOMOIIBI0 HAOOPOB KBAHTOBKIX | 4 YcrHblit OTBET, | 4
YU Cell. Cnun-opOuTanpHOe TEKCTOBBIN JOKYMEHT.
B3aUMOJICHCTBUE.

11 DJEKTPOHHBIN MapaMarHuTHBIN | 4 YcrHblit OTBET, | 4
pesonanc (O11P) u ero mpunoxeHus. TEKCTOBBIN TOKyMEHT.

YcrHblit OTBET
12 Bo30HEI 1 epMUOHBI. 4 . 1
TEKCTOBBIN TOKYMEHT.

13 ToHkass  CTpyKTypa  PEHTICHOBCKUX | 4 YcrHbII OTBET, | 4
CIIEKTPOB. TEKCTOBBIN TOKYMEHT.
Knaccuduxanus 3JEKTPOHHBIX

14 cocrosinuii Mosekya. IlpaBuno orbopa | 4 YcrHbli OTBET, | 4
JUIsL DJICKTPOMArHUTHBIX II€PEXOJIOB B TEKCTOBBIN TOKYMEHT.
JIBYXaTOMHBIX MOJIEKYJIaXx.

Baxwuelinme tunsl yazepoB. OCHOBHbBIE .
. 4 YcTHBIN OTBET,
15 KOMITOHEHTHI Jasepa. CBolicTBa . 1
TEKCTOBBIN TOKYMEHT.
JIa3epHOTO U3ITy4EHHUSI.
dusnveckue OCHOBBI .
4 YcTHBIN OTBET,
16 CBEPXIPOBOAMMOCTH M CBEPXTEKYYECTH . 11/6
TEKCTOBBIN TOKYMEHT.
Y UX KBAaHTOBAas MPUPOJIA.
Hmozo 60 16 1/6

B ocBoeHMM NUCHUINIMHBI MHBAIUIAMU U JIMLAMU C OTPAHUYEHHBIMU BO3MOXKHOCTSIMU
300pOBbs OOJNBIIOE 3HAUEHHWE HMMEET HHAMBHUIyaldbHas ydeOHas paboTa (KOHCYIbTALlUHM) —
JIONOJIHUTENIbHOE pa3bsACHEHNE YUeOHOro Marepuaia.

WNHuBuyansHbie

KOHCYJIbTAllUKM IO HOPEAMETY SBJIAIOTCA  BaXKXKHBIM (I)aRTOpOM,

CHOCO6CTBYIOHII/IM WHAWBUAYyaJIU3allun O6y‘IeHI/I$I " YCTAaHOBJICHUIO BOCIIMTATCIIbHOI'O KOHTAKTa
MCXKAY IMpernoJaBaTcjieM H 06yLIaIOHlI/IMC$I HHBAJIWJIOM MWK JHUOOM C OI'PaHUYCHHBIMHA
BO3MOXHOCTAMHA 310POBb.




9. lepeueHb MHGOPMALMOHHBIX TEXHOJIOTHI, UCNOJIb3yeMbIX IPU OCYIECTBJIe HUM
00pa3oBaTeIbHOIO NMpoUEcca M0 JUCHUILIHHE (MOAYJIIO0).

8.1 IlepeyeHb HH(} OPMATMOHHBIX TEXHOJIOTHIA.
Jlexuuu: MHTEpaKTUBHAS JIEKIUS C MYJAbTUMEAMMHOW CHCTEMOM C aKTUBHBIM BOBJIEYEHHEM
BOBJICUCHUE CTYJICHTOB B Y4€OHBIN MPOIIECC M 0OPATHOI CBS3BIO.
[IpakTiyeckue pabOThI: KOMIBIOTEPHBIE 3aHATHS B peXUMaxX B3aMMOJCHCTBUS «IIperogaBaTelib
- CTYICHT» U «CTYICHT - IIPENO/IaBaTeIby, «CTYAEHT - CTYICHT).
CamocTrosTenbHas paboTa: AUCTAHIIMOHHBIE 3aJaHUs U YIPaKHEHMS, [JIOCCApUM TEPMUHOB U
onpeaeeHui.

8.2 IlepeyeHb HE0OXOAUMOT0 IPOrPAMMHOIO OOecreYeHus .

[IporpamMmMHoOe obecrieueHre B paMkax mporpammbl kommanuu Microsoft “Enrollment for
Education Solutions” paist KoMIbIOTEpOB U cepBepoB KyOaHCKOTO TrocyaapCTBEHHOTO
VHUBEpPCUTETa U €ro (¢uiauaioB, AHTUBUpYCHas 3aumTa (U3NYECKUX padouMX CTaHUMN U
cepeepos: Kaspersky Endpoint Security msst 6usneca — Cranaaptabiii Russian Edition.

8.3 Ilepe4yeHb HHG OPMALMOHHBIX CIIPABOYHBIX CHCTEM:
1. CnpaBouno-npaBoBas cucrema «Koncynprant [lmtocy (http//www.consultant.ru)
2. DnekrponHas oubnuoreunas cucrema eLIBRARY.RU (http//www.elibrary.ru)/

9. MarepuajbHO-TeXHHYecKass 0a3a, HeoOXoauMasi VI  OCYLICCTBJICHHSA
0o0pa3oBaTeIbLHOrO MpoLECcca M0 JUCHUILIMHE (MOAYJII0)

MarepuanbHO-TEXHUUECKOE oOecrieueHue JUCHHUIIINHBI

No Bun padot
(MOmyIis) ¥ OCHAIICHHOCTh

1. JlekiinoHHBIE 3aHATUST | AyAUTOpHUS No230C, (kaOuHeT) YKOMIIJIEKTOBAaHHAS
CHeIUATTU3UPOBAHHON MeOeITbIo " TEXHUYECKUMH
cpencTBaMu OOydICHUS

2. Cemunapckue 3ansatust | Ayautopus Ne211C.

3. Texynmii KOHTPOJb, | Aynutopus Ne230C, (xaOuHeT) YKOMILJIEKTOBAHHAsI
MIPOMEXYTOUHAS CHEIUATN3UPOBAHHON MEOENbI0 M TEXHUUECKUMH CPEACTBAMHU
aTTecTalus o0yJeHus

4, CamocrosreibHas Kabuner Ne208C st caMOCTOSATENBHOM pabOThI, OCHAIICHHBIN
paboTta KOMITBIOTEPHON TEXHUKOW C BO3MOXHOCTBIO MOIKITIOYEHUS K

cetu «/HTEpHET», MPOrPAMMON SKPAHHOTO YBEIMYEHUS U
00€CIICUCHHBIN JOCTYIIOM B JJICKTPOHHYIO MHQOPMAIOHHO-
00pa30BaTeNbHYIO CPEy YHHBEPCHUTETA.



http://www.consultant.ru/
http://www.elibrary.ru)/

