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1 desn 1 3a1auM U3yYeHU s TUCHMILUIHHBI (MOLYJIA).
1.1 Heap ocBoeHMS AUCHUMJIMHBI. U3YYCHHE (PUINYECKUX CBOHCTB MHUKPOMHUpPA U
KBAaHTOBBIX SIBJICHHI Ha aTOMHO-MOJIEKYJIIPHOM YPOBHE.

1.2 3agaun AUCHMILINHDI

— B U3YYCHHH SKCIICPUMEHTAILHBIX OCHOB KBAaHTOBOH (DM3WKHU M PACCMOTPEHUE SIBJICHH,

00YyCIIOBJICHHBIX, B OCHOBHOM, JJICKTPOHHBIMU 000JI0OYKaMH aTOMOB U MOJICKYJT,

— B YCBOGHUU OCHOBHBIX TOHATHU BOJHOBOW MEXaHHUKH M OCOOCHHOCTH KBAaHTOBO-

MEXaHUYECKOTO MOAXO0a K U3YUEHHUIO aTOMHBIX SIBIICHUM.

BocniurarensHass  3ajmada 3akimoydaeTcss B (JOPMUPOBAHMM Y CTYJCHTOB
PO)eCCHOHAIBHOTO OTHOIIEHUS K IMPOBEJACHHIO HAYYHO-HCCIICIOBATEILCKUX U MPUKIIAIHBIX
paboT, B pa3BUTHU TBOPUYECKON MHUILIMATHUBBI U CAMOCTOATEIILHOCTH MBIIILICHHUS.

1.3 MecTo AucuunjnHbl (MOAyJis) B CTPYKType 00pa3oBaTe/ibHOM NPOrpaMMBbl.

Juctunamaa «OCHOBBI aTOMHOW (M3MKHW» OTHOCHUTCS K ©Oa3oBoi yactu brnoka 1
" MucuuriuHel (MOAYJH)" y4eOHOTO IJI1aHa.

JucuunnuHa Oa3upyercs Ha 3HAHMUSX, TMOJIYYEHHBIX M0 auciuruinHaMm  OmnTHka,
Marematuueckuii ananu3, MexaHuka. 3HaHUsI, IPUOOPETCHHBIEC TIPU W3YUYCHUU TUCIUTIIMHBI,
HEOOXOJUMBI Ui JAIbHEUIIEro YCBOCHHS MPOPECCHOHATbHBIX KOMIIETEHIUI MO CTaHAapTy
MOATOTOBKU OaKaiaBpOB.

1.4 IlepedyeHb MJaHMpyeMbIX pe3y/JbTATOB O0y4eHUs] MO JAMCHUILIMHE (MOAYJIIO),
COOTHECEHHBIX € IJIAHNPYEeMbIMHU Pe3y/IbTaTAMH 0CBOCHHS 00pa30BaTeJbHOI MPOrpaMMBbl.

W3ydyenune naHHOM y4eOHON AMCUMILIMHBI HAMpaBiIeHO Ha (HOpPMHUPOBAHHE Yy OOYYArOIIMXCS

npodeccronanbubix kKomnerenuuii (OI1K-1)

No Nnnekc Copnepxanue B pesynbrare usydeHus yueOHON AMCHUIUINHBI
. 1; KOMIIET | KOMIIETEHIMH (WiIH €€ o0yyaromuecs: JOIKHbI
7| eHIOUH YaCcTH) 3HATDH YMeTh BJIaJ€eTh
1. OIIK-1 | cnocoGHOCTBIO — COBPEMEHHBIE | — C | —MeToJaMu
MIPECTABIIATh NPECTaBICHUS | TUAIEKTUKO- IIPOBEICHUS
aJIeKBaTHYIO 00  aTOMHOM | MaTePUAIUCTHY | PUZNYECKUX
COBPEMEHHOMY CTPOCHUH €CKUX TO3MIMHN | UCCIIEIOBAHUI
YPOBHIO 3HaHUH BEIIIECTBA, OCMBICJIMBATh U | U U3MEPEHUI];
HAYYHYIO KapTUHY OCHOBHBIE WHTEPIPETHPOB | —HABBIKAMH
MHUpa Ha OCHOBE 3aKOHBI, MJEH | aTb OCHOBHBIE | IPUMEHSTh
3HaHUS] OCHOBHBIX U TPUHIMIGI | TIOJOKEHUS NIOJTyYCHHBIE
MIOJIOKEHUH, 3aKOHOB | aTOMHOMU aTOMHBIX TEOpPEeTUYECKHE
Y METOJIOB bu3ukwy, uX | SBICHHA, 3HAHUS JIJIs
€CTECTBEHHBIX HAYK U | CTaHOBJIEHHE M | OLICHUBATh peleHus
MaTeMaTHKH pa3BUTHE B | IOPSIKH NPUKJIIATHBIX
UCTOpPUYECKON | (pU3HUECKUX 3ajad.
MOCJIeIOBATENb | BEJTMYHMH,
HOCTH, UX | UCIOJIB30BATh
MaTeMaTHUYECK | IMOJTyYeHHBIE
0€ ONHCaHue, | 3HaAHUA B
METO/IBI pa3IMYHBIX
HaOroAeHUs o0macTsax
ATOMHBIX ¢busnueckoi
SBIICHUN, WX | HAYKHU u
DKCIIEPUMEHTA | TEXHHKH,
JHHOE




Nupeke Conepxanue B pesynbrare u3ydeHus yueOHOM JUCIUTUIMHBI
KOMIIET | KOMIIETCHIMH (HIIn e€ 00yYaroumecs J0KHbI
CHIIUU 4acTH) 3HATh yMeTh BJIa/1eTh

IL.II.

HCCICA0BaHUE
u
MPaAKTUYECKOE
HCIIOJIb30BaHU
e

- 3HATh
OCHOBHEIC
3aKOHBI, HJICH
U TNPUHIMIIBI
aTOMHOM
(07370478 ux
CTAHOBJICHUE H
pa3BUTHE B
HUCTOPUYECKOU
IOCIIEJOBATENIb
HOCTH, X
MaTeMaTH4YeCK
0¢ OIHCaHHeE,
METO/IbI
HaOJII0ICHUS
aTOMHBIX
SIBIICHUH,  HX
AKCIIEPUMEHTA
JIbHOE
HCCICA0BaHUE
u
MPaKTUYECKOE
HCIIOJIb30BaHU
C,

2. CTpyKTYypa M cofepKaHue M CHHUIIIMHBI.

2.1 PacnipeaesieHne TPy10€MKOCTH AUCHMILIMHBI IO BUAaM padoT.

O6mas TpyI0€MKOCTh TUCIUIUIMHBI cocTaBisieT 4 3ad.en. (144 vaca), ux pacnpeneneHue
10 BUZaM pabOT MPEACTaBICHO B TaOJIHIIE

(05 cmyoenmos OPO).
Bun yuebHoit paboTbl Bcero CemecTpbl
4acoB (dack)
4
KonrtakTHas padora, B TOM 4ncje:
AyauTopHbIe 3aHATHS (BCEro): 48 48
3aHATHS TEKIIHOHHOTO THIIA 16 16 - -
JlaGopaTopHble 3aHATH - -
3aHATHS CEMUHAPCKOTO TUTIA (CEMHUHAPHI, 32 30 i i
PAaKTUYECKHUE 3aHATHSI)
HNnas koHTaKkTHasA padora:
KonTpons camocrositensaoi pabotsl (KCP) 4 4
[Tpomexxytounas arrecranus (MKP) 0,3 0,3
CamocrositesibHasi padoTa, B TOM 4HcIe:




Kypcosas pabota

[TpopaboTka yueOHOTO (TEOPETHIECKOTO) MaTepHaia 60 60 -
BrlimonHeHne WHAMBUYaTbHBIX 3aaHUH (TTOITOTOBKA
COOOIIECHUH, TPEe3eHTAIUI ) i )
Pedepar - -
[TonroToBKa K TEKyILIEMY KOHTPOJIIO &) 5 -
KouTtpoJsb:
IToaroToBKa K 3K3aMEHY 26,7 26,7
O01mas Tpy10eMKOCTh 144 72 144 -

52,3 58,2 |523

3a4. efi 4 4

2.2 CTpyKTYypa IMCHUIUINHBI:
Pacnipenenenne BuoB yueOHOM pabOTHI M UX TPYIOEMKOCTH T10 pa3jiesiaM TUCIUTIITUHBI.
Pa3zespl IUCHUILTHHBI, H3y4yaemblie B 4 cemectpe (ounas ¢hopma)

KomnnuecTBo 4acos
Ay utopHas Bueaytut
J |03 | JIP | CPC

1 5 il 7
1 |Pasmen 1 . 2 i
o |Pasmen 2 : : 2
3. Pa3znen 3 - 2 : 4
4 |Pasnen 4 L : :
5 (Pasmea S - : :
6. (Pasmen6 - : :
1. Paznen 7 - : : :
g |Pasmen8 : : :
9 |Pasnen9 : : :
10. |Pasnen 10 : : :
11, |Pasmen 11 - : :
12, |Pasmen 12 B :
13, |Pasnmen 13 BT :
14. |Pa3nen 14 : : 4
15, [Pasmen 15 i : :




16. |Pa3men 16

6

2 4

Umoeo no oucyuniune:

108 | 16 32 60

[Tpumeuanue: JI — nekmuwm, 13 — mpaktudeckue 3ansatus / cemuHapsl, JIP — maGopaTtopHbie
sansaTus, CPC — camocrositennpHas paboTa CTyIeHTa

2.3 Conep:xaHue pa3iesioB JMCHUILIAHDBI:
2.3.1 3aHATHA JEeKIUOHHOr0 THIIA.

HaumenoBanue dopma TEKYIIEro
No Coneprxanue paszjena
paszena KOHTPOJIA

1 2 3 4

1.|Pa3gen 1 OKCNepUMEHTANIbHBIC TAaHHBIE O CTPOCHUU AHKETHpOBaHUE,
atoma. CepuasibHble 3aKOHOMEPHOCTH B orpoc,
ATOMHBIX CIIEKTpaxX, KOMOMHAIIMOHHBIN MIPaKTUYECKHE
npuHuun Purtia, tepmsl. Kinaccuueckas 3a1aHUA
Mozeib aroma ToMcoHa.

2.[Paznen 3 OmnsiTel Peszepdopaa. SAnepuas mogens atoma. |AHKETHPOBaHUE,
BriBoa hopmyinsl Pezepdopna s paccessHust  |ompoc,
o-yactul. Ciencraus u3 onslToB Pesepdopaa. |IpakTHUECKUe
DKcrepuMeHTalbHAs TPOBEPKa (POPMYJIbI 3aJlaHuA
Pesepdopna.

3.|Pa3nen 4 CrekTpanbHble CEpUU aTOMa BOJOPOAA. AHKeTUpOBaHHUE,
DneMeHTapHas OOpOBCKasi TEOpHUs aToMa orpoc,
Bogopoaa. [loctynarer bopa. MIPaKTUYECKHE
OKCrepUMEHTAIbHOE OATBEPKIACHHE 3a/1aHUs
JUCKPETHOM CTPYKTYPhI SHEPTE€TUUECKUX
YPOBHEM aTOMOB, onbITHl Ppanka u I'epua.

4.Pa3nen 6 CocTosHME YacTULIbl B KBAHTOBOW TEOPHUH. AHKETHpOBaHHUE,
BonHoBas GyHKIMSA U €€ CTaTUCTUYECKUI o1poc,
cmblca. [Ipunnun cynepnozunnu. OnepaTopsl |IPaKTUYECKUE
B KBAaHTOBOM MEXaHUKE U UX CBOMCTBA. 3aJIaHUA
Cpennue 3HaueHUs (PU3NYECKUX BETUUHH.
VYcnoBue BO3MOXHOCTH OJJHOBPEMEHHOTO
u3MepeHus: GU3NUecKux BeanuuH. OnepaTopsl
BaOXHEHIINX PU3NYECKUX BETUUNH
(KOOpAMHATHI, UMITYJIbCA, BEKTOPA UMITYJIbCA,
MOMEHTA UMITyJIbCa, KBapaTa MOMEHTA
MMITYJIbCA, IPOEKIIMN MOMEHTA UMITYJIbCa,
KMHETUYECKOW HEPIuH, TIOTEHIINAIbHON
SHEPIrHUH, ITOJIHOM HEPTHUN).

5.|Pa3nen 7 BpemMeHHOe u cTamoHapHOE ypaBHEHUS AHKETHpOBaHHUE,
[penunrepa. KsanroBanue. YpaBHeHU orpoc,
[lIpenunrepa B onepaTopHOM popme. [IPAKTUYECKUE
Omneparop 'amunsrona. J[Brkenne cBOOOIHOM [3a1aHUS
yacTuilpl. YacTuia B OTHOMEPHOM
IIPSIMOYTOJIBHOM TIOTEHIIUAJIBHOM sIME ©
0ECKOHEYHO BBHICOKMMH CTEHKAMHU.
OpnHoMepHast IPsSIMOYTOJIbHAS IOTEHIMAJIbHAS
sMa CO CTEHKAMH KOHEYHOMN BBICOTBHI.
JInHEeNHbI TAPMOHUYECKUN OCLUILIATOP.




6.[Pazgen 11 ATOM BO BHEIITHEM MarHUTHOM II0OJIE. AHKETHpOBaHHUE,
Hopwmainbubiii 1 aHOManbHBIN () PEKTHI orpoc,
3eemana u >pdext [lamena—baka. Dueprust  [mpakTU4eckue
aToMa B MarHUTHOM I10Jie. ATOM B 3aJJaHMs
anekTpudeckoM nose. Ipdexr HlTapka.
7./ Pazmen 12 OO0m1Me MPUHIKITBI OTTMCAHUS AHKETHpOBaHUE,
MHOTr'03JIeKTpOHHOT0 aroMma. [Ipunnun Ilaynu  |ompoc,
U KBaHTOBO-MeXaHu4eckasi (opMyIMpOBKa IIPaKTUYECKHE
npuniuna [laynan. AToMHBIE 0007T0YKH U 3a/laHus
1101000J10YKHU. DJIEKTPOHHAs KOHPUTYpaLHsL.
CyMmmMmapHbie OpOUTaIbHBINA, CTHHOBEBIN U
HOJIHBI MOMEHTBI MHOT'03JIEKTPOHHOT'O aTOMa.
LS (nopmanbHasi) ¥ jj- cBs3u. CriekTpasibHbIC
0003HaueHMs U IpaBuiIa 0T0opa. 3aroJHEeHUE
AJIEKTPOHHBIX 000JI0YEK B aTOMAaX.
[Tepuonuueckas cucrema 3J€MEHTOB
MenneneeBa. DneKTpOHHAS KOHPUTYpALHS U
npasuiia XyHJa.
8.[Pa3gen 13 XapakTepuCcTUYECKUE PEHTI€HOBCKUE AHKeTHpOBaHHUE,
cnekTpbl. OCOOEHHOCTH XapaKTepUCTUUECKUX |OIPOC,
CHEeKTpoB. 3aKoH Mo3iu. MIPaKTUYECKHE
3aJJaHMsI
2.3.2 3aHATHSA CEMUHAPCKOIO THUIA.
No HaumenoBanue Conepacanme paszena dopma TEKyIIEero
paszzena KOHTPOJIS
1 2 3 4
Pazgen 1 [Ipenmer u 3a1aun aTOMHOM (PU3KKH, €e MECTO |AHKETHUPOBAaHUE,
cpenu Apyrux gpusndyeckux Hayk. Mukpomup. |ompoc,
Macutalpl. D1eMeHTHI KI1aCCHYeCKOM TEOpUH [IPaKTUYECKHe
ANEKTPOMArHUTHOTO U3JIy4YEHHUS. 3a/laHus
2.|Pa3zmen 2 DneMeHTHhI KBaHTOBOW onTukH. KBaHTHI cBeTa |AHKETHPOBAHHE,
(¢otonsr). TeroBoe nznydeHue: orpoc,
KJIACCUYECKHUH Y KBAHTOBO-MEXaHUYECKHM NPaKTUYECKHE
noaxoa. ®otoddhexT: ero BUIbI U 3aKOHBI. 3aIaHUS
®opmyna DUHIITENHHA. J[aBIeHNE N3ITydYEHNS.
[Tornomenue nznydenus. M3nyuenue
BasunoBa—Yepenkona. D¢pdexkt Komnrona.
3.|Pa3nen 3 [Inanerapnas Mmozens atroma Pesepdopaa. AHKeTHpOBaHUE,
Ceuenue paccesiHUsL. orpoc,
paKTUYECKHE
3a/laHus
4./Pa3nen 4 Bboposckast Mmozens aToMa BOAOpOa. AHKeTHpOBaHHUE,
CrniekTpaibHble CEpUU BOJIOPOAONOI00HBIX orpoc,
cucreM. Henocratku Teopun bopa. paKTUYECKHE
3a/laHus
5.|Pa3nen 5 Yactuupl 1 BonHbl. KopnycKynsipHO-BOJIHOBOW |AHKETHPOBAaHHUE,
nyanusMm. ['unoresa ne bpoins u ee onpoc,
9KCIIEPUMEHTAIILHOE MTOATBEPKICHUE Ha paKTUYECKHE
npuMepe AUPpakiuy JMEKTPOHOB, AaTOMOB, 3a/1aHus

HelTpoHOB. OnbIThl JleBuccona—/[xxepmepa u

Tomcona. @a3oBast ¥ rpynnoBasi CKOPOCTH




BoJIH J¢ bpoiinst. CooTHomeHne
HeonpeaeneHHocTel [ eiizenoepra.
6.|Pa3nen 6 CoOcTBeHHBIE 3HAYCHHS U COOCTBEHHBIE AHKeTHpOBaHHUE,
(yHKIIUU OIIepaTopoB. ompoc,
IIPAKTHYECKHE
3a1aHUs
7.|Pa3nen 7 OrmpezenieHre  HHEPreTUYECKOro  CHEKTpa|AHKETHUPOBAHMUE,
CUCTeMbl KakK 3ajJadya Ha COOCTBEHHbIE|OMpPOC,
3HaueHus oneparopa ['amuiibroHa. IPAKTUYECKHE
[ToTennmanpHbIi 6apbep KOHSYHOW MTUPHUHBL.  (3aIaHUS
TyHHeIbHBIN YD DEKT.
8.|Pa3znen 8 KBaHTOBO-MEXaHMUECKOE ONIMCAHUE aTOMa AHKETUpOBaHHUE,
Bozopoaa. YpasHenue llpenunrepa aist atoma |orpoc,
BoJopoaa. ®u3ndecKknii CMbICII KBaHTOBBIX MIPaKTUYECKHE
yucelsl. JHEpreTuueckuil crekrp. OnepaTopsl  [3aaHUs
MOMEHTa UMITYJIbCa U MPOEKIIMM MOMEHTA
HMITyJIbCA U UX COOCTBEHHBIE 3HAYEHUSI.
[IpaBuna or6opa. HopmanbHoe cocTosiHue
aToMa. BoyiHOBbIE (DyHKIIMU U paclipesieleHue
IJIOTHOCTU BEPOATHOCTH. 1S-CcOCTOsIHHE
JIEKTPOHA B aTOME BOJOPO/Ia.
9./Paznen 9 KBanToBaHue BO0OPOIONIOA00HBIX AaTOMOB. AHKETUpOBaHHUE,
KpaTHOCTb BBIpOXKI€HUS SJHEPTETUUECKUX orpoc,
ypoBHel. CUMBOJIMKA COCTOSIHUM 3JIEKTPOHA B [IPAKTUYECKHUE
aToMe. Pacnipenenenre mioTHOCTH 3a/1aHus
BEPOSITHOCTH. Y POBHHU U CHEKTPHI IIETOUYHBIX
MetaioB. [IpaBuna oTO0pa u crieKTpaabHbIE
cepur. ToOHKas CTpyKTypa CEKTpalbHBIX
JIMHUI BOJIOPO10NI0/I0OHBIX aTOMOB.
1(Pa3gen 10 OpOuTanbHble MArHUTHBIA M MEXaHUYECKUH  |AHKETHpOBaHUE,
MoMeHThI. CITUH U COOCTBEHHBIM MarHUTHBIN  [0TIPOC,
MOMEHT JIEKTPOHA. DKCIEPUMEHTAIbHOE MPaKTUYECKHE
JI0Ka3aTeJIbCTBO CYLIECTBOBAHMUS CIIMHA, 3a/laHus
onsIThl llITepHa u I'epnaxa. I1omHbI MOMEHT
uMmItysbca. OnrcaHue COCTOSTHUM 3JIEKTPOHA B
aToOMe ¢ IOMOIIbI0 HA0OPOB KBAaHTOBBIX YHUCEI.
CnuH-opOHUTaNIbHOE B3aUMOJICICTBHE.
11Pa3gen 11 MarunuTHble cBoiicTBa aTOMOB. OpOUTaIbHBIN, |AHKETHPOBAHUE,
CIIMHOBBIN U MOJIHBIA MArHUTHBI MOMEHTBI OIIpoc,
atoma. [ MpoMarHuTHOE OTHOLIEHUE U IIPAKTHYECKHE
MarHeToH bopa. 3aJlaHus
1Z4Pa3zagen 12 CHcTeMBI TOXKIECTBEHHBIX YaCTHII. AHKETUpOBaHHUE,
CumMMeTpHs BOJTHOBBIX (DYHKIIHH. o1poc,
MHOr0371€KTPOHHBIE aTOMBI. MpPaKTUYECKUE
3a/laHus
13Pa3nen 13 OcoOenHoctu cnekTpa norjomieHus. Tonkas |AHKeTUpOBaHUE,
CTPYKTypa PEHTT€HOBCKHX CIEKTPOB. orpoc,
MIPaKTUYECKHE
3a1aHUs
14Paznen 14 Crtpoenue, CBOMCTBA U CIIEKTPBI MOJIEKYI. AHKETHpOBaHHUE,
HoHHBINM 1 KOBAJICHTHBIM TUIIBI XUMUYECKOW  |OIPOC,
cBs3U. BUJIbI IBM)KCHHI B MOJIEKYJIE M TUIIBI  |TPAKTUYECKHE




MOJIEKYJISIPHBIX CIIEKTPOB. DJIEKTPOHHBIE 3a1aHUs
CHEKTpPBbI MOJIEKYJI U UX KOJeOaTeIbHO-
BpalaTesbHas CTPYKTypa.

15Pa3nen 15 BrinyxaeHHOe (MHIYIIMPOBAHHOE) U3TyUYeHUE. |AHKETUPOBAHHE,
Orntrueckre KBaHTOBBIE TE€HEPATOPHI (J1a3ephl). [0mpoc,

IMPAKTUYCCKUE
3aJaHus

16Pa3nen 16 Cratuctuueckue pacnpeneneHus Gepmu— AHKeTHpOBaHUE,
Hupaxa u boze—Ditnmreiitna. Dueprus @epmu. [onpoc,

IMPAKTHUYCCKUE
3aJaHus

2.3.3 JlaGopaTopHbIe 3aHATHS.
JIaGopaTopHble pPabOTHl MPEAYCMOTPEHBl B AUCHHMIUIMHE DU3NYecKuil NpaKTUKyM.

OCHOBBI aTOMHOM (HUBHUKH

3amuTa abopatopHoil padotsl (JIP), BeimonHenue kypcosoro npoekta (KII), kypcoBoii
pabotsl (KP), pacuerno-rpaduyeckoro 3amanus (PI'3), manmcanue pedeparta (P), scce (D),
koiuokBuyM (K), rectupoBanue (T) u T.x1.

2.3.4 llpumepHasi TeMaTHKa KYPCOBBIX PadoT (IIPOEKTOB)
KypcoBble paboTbl HE 3a1JIaHUPOBAHBI.

2.4 llepeyeHb y4eOHO-MeTOAMYECKOI0 00eceYeHUs AJIs1 CAMOCTOATEIbHOH padoThl
00y4yarouuxcs Mo JUCHUIINHE (MOIYJII0)

No Bung CPC

[TepeueHsb yueOHO-METOIUIECCKOTO 00CCTICUCHUS TUCITUTUIAHBI
IO BBITIOJIHEHUIO CaMOCTOSITENIbHOM paObOThI

1 2

3

1 | IIpopabotka yueOHOTO
(TeopeTnyecKoro)
Mmarepuaa

Cagennes, 1. B. Kypc o6mieit pusuku. B 3 1. Tom 3. KBanToBas
ontuka. AtomHas pusuka. Gusuka TBepA0ro Tena. Gusnka
ATOMHOTO SIpa ¥ 2JIEMEHTAPHBIX YacTULl [ DNEKTPOHHBIN pecypc]
: yueb. nocobue / U. B. Capenbes. - 11-e u3a., crep. - CaHKT-
[TerepOypr : Jlans, 2017. - 320 c. -
https://e.lanbook.com/book/92652.

Hponos U. E. AtomHas u sinepHas ¢u3uka: cOOpHHUK 3a1ad. —
CIIO.: Jlans, 2006.

CuByxun /. B. O6muit kypc ¢usuxu. T.5. ATomHas u sinepHas
¢usuka. - M.: ®DUSMATIINT; Uzn-so MOTH, 2006.

Kypc ¢usuku : : yuebHoe mocobue A CTYACHTOB BY30B : [B 3
1.] /. T. 3. : KBantoBas ontuka. ATomMHas Qu3uka. dusuka
TBepAoro Ttena. PuU3nKa aTOMHOIO SApa U AJIEMEHTapHbBIX
yactull. / CaBenweB, Urops Baagumuposuu. ; M. B. CaBenbes ;
npemuci., Hayd pea. H. M. Koxesnukos. - 13a. 3-e, ctep. -
CII6. [u np.] : Jlass , 2007

2 IToaroroBka x
MIPAKTUICCKUM 3aHATHIM

Cagenwes, U. B. Kypc o6meii ¢pusuku. B 3 1. Tom 3. KBanToBas
onrtuka. AtomHas ¢pusuka. Pusnka TBepaoro Tena. Gusuka
ATOMHOTO SiIpa M JIEMEHTAPHBIX YaCTHI] [ DJIEKTPOHHEIN pecypc]
: yue6. mocobue / U. B. Casenbes. - 11-e uzn., crep. - CaHKT-
[TetepOypr : Jlans, 2017. - 320 c. -



https://e.lanbook.com/book/92652

https://e.lanbook.com/book/92652.

Hponos U. E. AtomHas u sinepHast ¢pu3uka: cOOpHHK 3a1ad. —
CII0.: JIans, 2006.

Kypc ¢usuku : : yuebHoe mocodbue aisi CTyACHTOB BY30B : [B 3
1.] /. T. 3. : KanTtoBas ontuka. AtomHas ¢usnuka. Dusnka
TBepaoro Tena. PuU3MKa aTOMHOTO sjApa U DIIEMEHTaPHBIX
gactull. / CaBenbeB, Uropp Bragumuposuu. ; U. B. CaBenbes ;
npemuci., Hayd pea. H. M. Koxesuukos. - 13a. 3-e, crep. -
CIIo. [u ap.] : Jlawsb , 2007

AtomHas ¢usuka [Tekcr] : yueOHo-MeTOAMUECKOE TTOcoOue / [A.
II. bapkoB, B. C. Jlopom, B. E. Jlsicenko u gap.] ; M-Bo
oOpaszoBanus u Hayku Poc. @enepanuu, Kybanckuii roc. yH-T. -
Kpacnomap : [KyOaHckuii TOCymapCTBEHHBIM YHHMBEPCHTET],

2016. - 115 c. : mn. - ABT. yka3zaHbl Ha O0OpOTE€ THUT. J. -
bubnuorp. B konne pab6or. - ISBN 978-5-8209-1201-6 :.

Y4eOHO-MEeTONUYECKUE MaTepuasbl ISl CaMOCTOSITENIbHON pPadOThl 00yYaroImUXCs U3
YuCiia MHBAJIUAOB M JIMI C OTPAHUYEHHBIMU BO3MOXHOCTSIMU 3710poBbs (OB3) mpenocTraBisitoTcs
B (hopMax, aqanTHPOBAHHBIX K OTPAHUYEHUSIM HX 3JOPOBBS M BOCIIPHUATHS UH(DOpMALINN:

JUig au1 ¢ HapyLIEHUSIMU 3pEHUSL:

— B MieyaTHOM popme yBeIHMUEeHHBIM MIPUPTOM,

— B (popMe 3JIEKTPOHHOT'O IOKYMEHTA.

Jjig au1 ¢ HapyHIeHUSIMH CTyXa!

— B mieyaTHoOU hopme,

— B popMe PIEKTPOHHOTO TIOKYMEHTA.

JUig au1 ¢ HapyLIeHUsIMA OIIOPHO-JBUTaTEIbHOTO amnmnapara:

— B IIeYaTHOM opme,

— B (popMe 3JIEKTPOHHOTO IOKYMEHTA.

JlaHHBIN TepeueHb MOXET ObITh KOHKPETH3UPOBAH B 3aBUCHMOCTH OT KOHTHHTEHTA
oOyyJaronuxcs.

3. O6pa3oBaTejibHbIE TEXHOJIOTHH.

Jns mpoBeeHns JEKIMOHHBIX U MPAKTUYECKUX 3aHSATUH MCHOJb3YIOTCS MYJbTUMEIUMHbBIE
CpEeICTBAa  BOCHPOM3BEIEHUS  AKTUBHOTO  COJEPKUMOTO  (KOMIIBIOTEpPBI,  MPOEKTOPHI,
WHTEPAaKTUBHBIE  TPE3CHTAllUM, TPEHUPOBOYHBIE  TECThl,  MOJAEIUpOBaHHE  PabOTHI
ONTORJIEKTPOHHBIX yYCTPOMNCTB), TO3BOJISIONINE BOCIPUHUMATh OCOOCHHOCTH HM3ydaeMOu
npodeccuu.

Cemectp Bun 3ansatus OO6pa3zoBarenbHble TEXHOJIOTHH KonnuecTtso
4acoB
Jlexuun HNHTtepakTuBHAA JIEKIUS ¢ MyJIbTUMEAUINHON 16
4 CHCTEMOM.
IIpakTHueckue NHnuBuayanbHOE BBIIOJIHEHUE 32
paboThI MIPAKTHYECKUX 3aJaHUM.
Hmoeo: 48

I[JBI Jiun ¢ OrpaHUYCHHBIMH BO3MOKHOCTAMH 3I0POBbBA MPEAYCMOTPCHA OpPraHU3anud
KOHCYJ'II)T&I_[I/If/’I C UCIIOJIb30BaHHUEM BJ'IGKTPOHHOI\/’I TIOYTHI.

4. OueHo4YHbIe CpeACcTBA JJISl TeKYLIero KOHTPOJIsl yCIeBaeMOCTH U MPOMeKyTOYHOI
aTTecTAlMU.
4.1 ®oHA OLIEHOYHBIX CPEe/ICTB ISl IPOBeIeHNs] TeKYIero KOHTPOJIS.



https://e.lanbook.com/book/92652

OnepaTuBHBIN KOHTPOJIb OCYILECTBIISETCS IIyTEM MPOBEACHUS OIIPOCOB.

OnepaTuBHBIN KOHTPOJIb OCYLIECTBIISAETCS IyTEM NPOBENEHUS KOMIIBIOTEPHBIX OIPOCOB
CTYACHTOB II0 OKOHYaHMM M3y4YeHHs TeM YyuyeOHoM aucuumiuinHbl. [Ipu mpoBeaeHuun
OIIEpaTUBHOI'O KOHTPOJIS MOT'YT MCIIOJIB30BaThCSl KOHTPOJIBHBIE BOIIPOCHI K pa3JienaMm:

Texkymuii KOHTPOJIb:

- KOHTPOJIbHBIE BOIIPOCHI IO pa3ienaM yuyeOHOW mporpaMMBl.

- IPAaKTUYECKUE 3aJAHHUS.

IIpoMe:KyTOYHBIN KOHTPOJIb:

— TeCTOBbIE 3aJaHus (3, BO BpeMs JIEKLIMOHHBIX 3aHATHI);

— KOHTpPOJIbHBIE Pa0OTHI (3, BO BpeMsi CEMHUHAPCKHX 3aHATHIA);

HUTOroBbiii KOHTPOJIb:

— JK3aMEH.

Paznea 1.
B yeM oCHOBHOE OTJIMYHE TEIUIOBOTO M3IYYCHHSI OT IPYTUX BUIOB M3ITyYCHHS?

KakoB ¢usnveckuii cMpicn yHuBepcanbHoil pyHkimn Kupxroda? MoxxHO U Ha OIbITE
peann3oBaTh YEpHOE TEN0?

Kak cBsi3aHbl MeXTy cOO0I dHEPreTUYeCKre CBETUMOCTU CEpOro U yepHoro Ten? OTBeT
oOocHyite. OT Yero 3aBUCUT HOIJIONIATENbHAsl CIOCOOHOCTH ceporo Tena? Yemy paBHa
CHEKTpaJibHas IUIOTHOCTh AHEPreTUUECKON CBETUMOCTH UJI€AIbHO OTPaXKAIOILEel TOBEPXHOCTH ?

Kak 1 BO CKOJIBKO pa3 U3MEHUTCS SHEPIreTHYECKasi CBETUMOCTb YEPHOI'O TeJla, €CIIU €T
TEPMOJMHAMHUYECKas TEMIIEPATypa YBEIUYUTCS BABOE?

TepMoanHaMuuecKkas TeMIEpaTypa YEpHOro Tela yMEHbIIMIAch BABoe. Kak u3meHuTcs
JUIMHA BOJIHBI, COOTBETCTBYIOIIAsI MAaKCUMYyMy CIIEKTPAJIbHON IUIOTHOCTH €T0 3HEPIreTUYECKOU
ceTuMocTu? Kak 00bsICHUTB 1epexo]1 0e10ro KaJleHUs B KpacHOe MPHU OCThIBAHUM MeTasuia?

Kak 1 BO CKOJIBKO pa3 OTIIMYAI0TCS SHEPreTHUECKUE CBETUMOCTH CEPOro U YEPHOIo Te?

[Tonyuure wu3 Qopmynsl Ilnanka uyucinoBoe 3HaueHue noctosHHOW Credana —
boneumana.

[Tonyuure u3 popmy:sl [Inanka 3akoH cmenienus Buna.

Paznea 2.
B yem 3akmrouaercs  €IMHCTBO  KOPHYCKYJSIPHBIX M BOJIHOBBIX ~ CBOMCTB

AJIEKTPOMArHUTHOTO U3ITy4eHUs ?

Kakue siBIeHUS SBISIOTCS DKCIIEPUMEHTAIBHBIM JIOKA3aTeIbCTBOM KBAaHTOBBIX CBOWCTB
U3JTy4eHUs1? ero BOJIHOBBIX CBOMCTB?

Kakne xapakTepucTuku (hOTOHA ONPEAETSAIOT €r0 KOPITYCKYJISIPHBIE CBOMCTBA? BOJTHOBBIC
cBoiicTBa?

Bripasure maccy (oToHa yepe3 ATHMHY BOJHBI.

KakoBa ckopocTh 1BMkKEHUs1 (POTOHOB B pa3HbIX cpenax?

O06wbsicaure, nouemy HoTo3((PeKT yka3plBaeT Ha KBAaHTOBYIO IPUPOAY CBETA.

OOBbscHUTE, IpUMEHSS ypaBHeHUEe DIHIITEHA, BTOPO U TpeTHii 3akoHbl poTorddexTa.
[Touemy npu dotorddexre cymecTBOBaHNE «KpacHOW rpaHulbd (HoTodddekTa moaTBepKIaeT
KOPITyCKYJISIPHYIO TEOPHIO U HE MOATBEPKAAET BOJTHOBYIO?

Kak n3mensiercs sHeprust GOTOIEKTPOHOB C YMEHBIIICHUEM YaCTOTHI U3TYICHHUS?

Kak n3mensiercs 4nciao GoTOdJIEKTPOHOB C YBEINYSHUEM HHTEHCUBHOCTH U3Ty4YEeHUs?

Kak w3menurcs (mpenctaBpre rpaduyuecki) BUI BOJBTAMIIEPHON XapaKTEPUCTHKH TMPH
OJIMHAKOBBIX O0JY4EHHOCTSIX KaTo/1a, HO MPH Pa3HbIX JJIMHAX BOJH MAJAIOLIEro U3TyueHHs?

[Touemy (oTOdNIEKTpUYECKHE W3MEPEHHS OYEHb YYBCTBUTEIBHBI K TIPUPOJIC U
COCTOSIHUIO TOBEPXHOCTHU (poTOKaTOAa?

[TpuBeuTe TpaduUecKyro 3aBUCHMOCTH 3amuparomiero HampsbkeHuss Uo oT 9acToTsl v
Na/IaloUIero M3JyYeHHsl JUIs JIByX METaUIOB (¢ pa3HbIMH paboTamu BbIXoaa). Kak mpu sTOoM



W3MEHUTCSl «KpacHas rpaHuia» dotodddexra? Kak, monb3ysace 3TuM rpadukoM, ONMpeaeanThb
noctosiHHyo [lnanka?

[lpn 3ameHe OgHOrO MeTaula APYTUM JUIMHA BOJHBI, COOTBETCTBYIOLIAas «KpPacHOW
rpaHuIle», yMeHbIIaeTcsl. UTo MOXKHO CKa3aTh 0 paboTe BBIXOAA ITHX JIBYX METAJUIOB?

OTKyzaa MOKHO 3aKJIFOYUTh, YTO KOMIITOHOBCKOE paccessHIe MPOUCXOUT HE HA aTOMaXx, a
Ha 3JIEKTPOHAaX BellecTBa?

Kak 0oOBSCHUTH yBemMUYCHHE JUIMHBI BOJHBI PACCESHHOTO H3Iy4eHHs npu d¢pexTe
KomnTona?

O¢dexr Komnrona nabmomaeTcs mpu paccesHUM KOPOTKOBOJIHOBOTO HM3JIyYCHHUS Ha
CBOOOJHBIX AJIGKTpOHAX BemecTBa. Kakue 5SIeKTpOHBI B BEIIECTBE MOXXHO CYHTATh
¢BOOOTHBIMU?

MosxHo nu Habroaath 3¢ dexr Komnrona npu paccestauu Buaumoro ceera? [louemy?

YTo Takoe KOMIITOHOBCKAS JJIMHA BOJIHBI?

KomnToHOBCKasi MHA BOJHBI OOJBIIE WJIM MEHBIIE JJIMH BOJH PEHTI€HOBCKOIO
usnyderus? Oteer obocHyiTEe

B pesynbrare addexra Komnrona B ogHoM ciaydae (HOTOH paccesuics moa yriom 01 mo
HAIPAaBIICHUIO K TajarmeMy (GoToHy, B IpyroM — moja yriom 0, mpuuem 01 > 0. B xakom
clly4yae JUIMHa BOJIHBI U3JIy4eHHS IOCie paccesHus Ooinbiie? B kakoMm ciryyae 3J€KTpOH OTAa4yH
puoOpeTeT OONbIIYIO SHEPTUIO?

[Ipyn KOMITOHOBCKOM pacCEesiHUU YToJl MEXKy HallpaBiICHUSMH HaJeTaromero (GoToHa u
AIIEKTPOHA OT/Ia4M paBeH (. Beipazute yrom ¢ yepe3 A u A'.

Paznes 4.
KakoB ¢usndeckuii cMpici urcen M u N B 06o0menHoi popmyne baasmepa?

KakoBbl IMHBI BOJIH CaMbIX KOPOTKOBOJIHOBOM WU JUJIMHHOBOJIHOBOM JIMHUM CEpUHU
[Tamena?

KakoBa 1yiMHa BOJIHBI, COOTBETCTBYIOLIas rpanuile cepun baibmepa?

[Touemy u3 Bcex cepuil CIEKTpajbHBIX JMHHMHA aroma Bopopoga cepus banbmepa —
MCTOPUYECKH TepBasi?

KakoBa yactoTa roysoBHo# nuHuu cepuu Jlalimana?

ATOMBI BOJIOpO/Aa HAXOAATCS B COCTOSSHUM ¢ N = 5. CKOJBKO JIMHUN COAEPKHUT €ro
CIEKTp U3JIy4eHUA?

B uem cocTout cyTh KOMOMHAIIMOHHOTO NpuHIMNa Putna?

Hcnonb3ys KOMOMHALMOHHBINA MPUHLIMI, TOKAXUTE HAa OJHOM U3 NIPUMEPOB, KaK MOXHO
MIOJIYYUTh 4aCTOTY JIJIsl BTOPOM JUIMHHOBOJIHOBOM JIMHKHU cepuu [lamena.

KakoBsl paznnuns Mexy Mojelnbto atoma Pesepdopaa u Teopueit bopa?

[Touemy monens atoma Pesepdopna HecoBMecTHMa € MPEJICTABICHUSIMHU KJIaCCUYECKOM
buzukn?

Pazbsicuure cmbicn moctynaroB bopa. Kak ¢ ux momomipio OOBSCHUTH JTUHEHYATHIN
CIEKTp aToma Bojopona’?

Hcxonsa u3 reopun bopa, onpenenure CKOpOCTh JABUKEHHUS 3JIEKTPOHA HA MPOU3BOJIBHOM
HHEPreTUYECKOM YPOBHE.

Ornpenennre MakCUMAJIBHYIO JUIMHY BOJIHBI CBETA4, IPU KOTOPOW BO3MOXHA MOHU3ALUS
aToma BOJOPOJIa, HAXOIAIIErocss B OCHOBHOM COCTOSIHUHU.

Kakyto snepruto (B 3B) nmomxeH umerb (OTOH, yTOOBI MEPEBECTH aTOM BOJOPOJA U3
OCHOBHOTI'O COCTOSIHUS B COCTOSIHHME € N = 57

CpaBHuTE NepBbI OOPOBCKHUHN paanyc I aToMa Bojopoja u st He™,

B uem 3akirouaroTcs NpoTUBOpPEUMs U HEAOCTATKU Teopuu aroma bopa?

B dyem cymnocth onbiToB ®@panka u ['epua?

Kakue ocHOBHBIE BBIBOJbI MOKHO ClI€aTh Ha OCHOBaHUU onbIToB Ppanka u ['epua?

Hcnons3ys onbiTel Ppanka u ['epra, MoaTBEpAUTE CHPABEIMBOCTh BBIBOJIOB BTOPOIO
nocryJiara bopa.



[Ipu xakoM yCKOpSIOIIEM MOTEeHIHAaNe OyaeT HaOMIoIaThCs Pe3Koe MajeHrue aHOIHOTO
ToKa B onbITax @panka u ['epiia, ecinu TpyOKy 3aMOIHUTH ATOMAPHBIM BOJIOPOAOM?

OO0BsicHUTE, HA KAKUX YYaCTKaxX BOJBTAMIICPHON XapaKTEPUCTUKH UMEIOT MECTO YIIPyTHe
Y HA KaKUX — HEYIPYTUE CTOJIKHOBEHHS 3JIEKTPOHOB C aTOMaMH.

Paznen S.
Korma m mouemy TpyaHO OOHapy:KMBarOTCs BOJHOBBIC CBoOWcTBa cBeta? IlpuBemure

IIPUMEPBHL.

Korna m mouemy TpynHO oOHapy>KHMBarOTCSi KBaHTOBble cBoMcTBa cBeta? IlpuBenure
IPUMEpBI

B yem 3akirogaercs KOpIyCKyIsIpHO-BOJHOBOU Jyaau3M MaTepuun’?

OO0ObsicHUTE JaBJIEHNE CBETa HA OCHOBE IIPEJICTaBICHUI BOJTHOBON M KBAHTOBOM TEOPHIA.

B uwem 3akimouaeTcsi €IMHCTBO  KOPIYCKYJSIDHBIX M BOJIHOBBIX  CBOMWCTB
AJIEKTPOMArHUTHOTO U3JTyueHus?

Beipasute mmHy BosHbI Ae¢ bpoiias cBoboaHoro siaekTpona uepes E, h, mu ¢, rue E —
MI0JIHAsL PENSTUBUCTCKASL DHEPTHSL.

3anuiuuTe BBIPAXKEHUE IJIA JUIMHBI BOJHBI A¢ bpoilisd, yduTeiBas M3MEHEHHE MAaccChl
YaCcTUILIBI B 3aBUCUMOCTHU OT €€ CKOPOCTH.

BeiBeauTe 3aBUCMMOCTH [UIMHBI BOJIHBI € DBpoiuisl peiasTUBUCTCKOW YacTHLBI OT €€
KuHeTndecko osHepruu. KakoBa dra 3aBucuMocTh (M Kak OHa IIOJydaeTcs) JUIs
HEPEJISITUBUCTCKON YaCTHIbI?

[TpuBenuTe U3BECTHBIE BaM ONBITHI 110 3KCIEPUMEHTAILHOMY J10Ka3aTEIbCTBY BOJHOBBIX
CBOMCTB MUKPOYACTHLI.

DJEeKTPOH W TPOTOH JBIDKYTCA C OAMHAKOBOM CKOpocThio. Kakoit M3 3THUX yacTuil
COOTBETCTBYET O0JIblIIas JUIMHA BOJIHBI Jie bpoitna?

@OTOH M D3JIEKTPOH HMEIOT JOCTaTOYHO MAJyl0, HO OJUHAKOBYIO KHHETHYECKYIO
sHepruto. Koropas u3 3TuUX 4YacTHIl XapakTepusyercsi Ooiblueid JuIMHOW BOJHBI Je bpoitns?
OtBet 060CcHYHTE.

[TpoToH, POTOH U 3MEKTPOH XapaKTEPU3YIOTCs OJMHAKOBOM JuIMHON BoJHBI ie bpoitnsa. B
KaKOM MOPSAJIKE ATH YacCTHUIbl HPOHAYT OJUHAKOBOE pPACCTOSHUE, €CIM HMX OJHOBPEMEHHO
«BBIIYCTUTH» U3 HEKOTOPOH TOUKH B MOMEHT BpemeHH t = 0. OTBeT oOoCcHYIiTe.

[Tpu xakoi CKOPOCTH YacTULIbI ee AeOpoiIeBcKas 1 KOMITOHOBCKas JITMHBI BOJIH PaBHbI
MeXTy cO00i?

Korna anvna BosHbl e bpoiins 6ombiie: eciau 3JeKTPOH ABUKETCS B aTOME BOJOPO/1a MO
BTOpOH WM MepBoi KpyroBoit opoure? OTBeT 00OCHYyTE.

Kakoli nnuHol BonHbI e bpoiins nomxeH oOnanate GoToH, yTOOBI €ro Macca OblLia
paBHa Macce MOKOsI 2JIEKTPOHa?

Kak m BO CKOIBKO pa3 pasnuyaercs [JIMHA BOJIHBI Je bpoinsa mnd  aByx
HEPEISATUBUCTCKUX 3JIEKTPOHOB, IMPOLIEAUIMX Pa3HOCTh MOTEHIMAIOB, oTivyarouryrocs B 100
pas?

[Touemy BOIHOBas MPUPOAA MATEPUH HE NIPOSBISAETCS B [IOBCEJHEBHOM OIIBITE?

Kak cooTHOCATCS Mexay coO0l MpeacTaBlieHne O KOPIMYCKYISPHO-BOJHOBOM Ayaan3Me
MaTEPUU U COOTHOLIEHHE HEONPEAEIEHHOCTEN?

B uem, ommpasick Ha COOTHOILIEHHE HEONPEAEeIEHHOCTEH, COCTOUT OTINYME OMHCAHMS
MOBE/ICHNUS YaCTHUIl B KJIACCUYECKON M KBAHTOBOW TEOPUIX?

[Touemy kenarOmMX ONPOBEPTrHYTH COOTHOIIEHUE HEOINPEIEICHHOCTEH IyTeM
MBICJIEHHBIX OIIBITOB XJIET I'PYCTHAS CyIb0a «HM300peTarTenei» BEYHOro ABUraTems?

[Touemy cneacTBUsI COOTHOLIEHMM  HEONPEIENIEHHOCTEW  HECYIIECTBEHHBI  JUIS
MaKpOCKOIIUYECKUX TEN?

[Toxaxkute Ha KakOM-JIHOO MPUMEpE, YTO COOTHOILIEHNE HEOIpeleIeHHOCTEN He BHOCUT
OTpaHUYEHUN JIJIS1 UCIIOJIb30BaHMs B KJIIACCUYECKOM CMBICIIE MOHATUN KOOPAMHATHI U UMILYJIbCa
JUTSL MAaKpOTeJL.



Wcxoms u3 cooTHomeHus Heompenenennocteii AE-At >N, onenure mupuny
HHEPreTUYECKOr0 YpOBHA: 1) JUII OCHOBHOTO COCTOSIHMA aroma; 2) JUisi BO30YKIEHHOTO
COCTOSIHUSA (BpeMsl )KU3HU BO30YKIAEHHOro cocTosiHUA ~10 He).

Pa3neu 6.
3anumure yclIoBUe HOPMUPOBKY BOJTHOBOH (DYHKITHH.

[Touemy (axkTHyUecku Bceraa MOXKHO OTPaHHUYUTHCS HOPMHUPOBKOW BOJIHOBOWM (hyHKIUU
Ha eAUHUILY?

Kakue orpaHnuuTenbHbIe YCIOBHS HAKJIAbIBAIOTCS HA BOJIHOBYIO (DYHKIHIO?

3anumuTe u 00BICHUTE MPUHIUT CYTIEPIIO3UIINY B KBAHTOBOW MEXaHHKE.

Yemy paBHa BeposaTHOCTb W 0OHapy’KeHUsSI 4aCTUIBI HA OCH X B MHTEPBAJE OT X1 JI0 X2,
OInuchIBaeMoii BOJHOBOH (ynkiueit (X, t)?

BonHoBast (yHKIHMS, ONKMCHIBAKOIIAs OJHOMEPHOE JIBUKEHHE CBOOOJHON YaCTHIIBI,

L (Et-po)

Y(x,t)=Ae " , e A — aMIuInTy1a BOJIHBI Jie bpoiiiist, £ 1 p — COOTBETCTBEHHO SHEPTHUSI
U UMIYJIbC YacTuilbl. ONpeneauTh MIOTHOCTh BEPOSTHOCTH OOHAPYXEHUs YACTUIIBI B JTaHHOU
TOUYKE MMPOCTPAHCTBA.

[Touemy ¢u3HUecKUil CMBICT CBsI3bIBaeTCS He ¢ camoi V-(yHKIMel, a ¢ KBagparom ee
woayas [#(F, ) =¥ (I, t)- (T, )2

[TouemMy B KBaHTOBON MEXaHHKE pPacCMaTpPUBAIOT MMEHHO KBaJpaT MOJIYJS BOJHOBOM
GyHKIUN?

3anuinuTe BhIpaXXEHHUE AJI BEPOSTHOCTU HAXOXKICHHS YaCTUIBI B OKPECTHOCTH TOUKH X,
¥, Z B MOMEHT BpemeHu L.

Kakoii cmpica HMMeeT MIOTHOCTh BEPOSTHOCTH B KBaHTOBOM MexaHuke? Kak oHa

onpenensiercs?
BosiHoBasi (yHKIIMSI, ONMUCHIBAIOIIAs COCTOSHUE MHUKPOYACTHUIIBI, ACTCS BBIPAKECHHEM

1
—Et
Y(x,t)=y(x)e " . Joxakure, YTO TIOTHOCTH BEPOSATHOCTH HAXOXKJIEHHS YACTHIIBI

OTIpeIeNAeTCs TOJIbKO KOOPAUHATHON Y-(PYHKIIHEH.

[ToueMy MaremaTH4YeCKHU amnmapar KBAaHTOBOW MEXAHWKH OTJIMYAETCS OT TaKOBOIO B
KJIACCHYECKOM MeXaHuKe?

Urto Takoe onepaTtop? cymma U pasHOCTh oriepaTopoB? [IpuBenure mpumepsl.

Yro Takoe npousBeaeHue oneparopos? [loscaure npumepamu.

A=x, B=d/dx. Seasorca nm >tm onepatopsl KomMmyTupyrommmu? OTBeT
obocHyiTe.

Kakue oneparopsl Ha3plBatOT JuHENHBIMUA? [loueMy KBaHTOBas MEXaHMKA HCIOJIb3YET
WMEHHO JIMHEHHBIE ONepaTophi?

Kakue omeparopsl Ha3bpBarOT 3pMUTOBBIMH? [loueMy MMEHHO 3TOT BMJ OIEPaTOPOB
HCIOJIb3YIOT B KBAHTOBOM MeXaHUKe?

Yro Takoe COOCTBEHHBIE 3HAYEHHs U COOCTBEHHbIE (DYHKIMHM omepaTopa (pU3NUECKOM
BEJIMYUHBI?

3anumure ypaBHEHHE JJIsi COOCTBEHHBIX 3HAYEHUH M COOCTBEHHBIX (QYHKIMH U
0XapakTEepU3yUTe €ro.

KakoBa cBsi3p MeXJIy COOCTBEHHBIMHM 3HAYCHHMSIMHU oOIleparopa U HaOII0aeMbIMH Ha
OTIBITE YMCIIOBBIMU 3HAUEHUSIMH (PU3MUECKON BEIMYUHBI, H300pakaeMoil TaHHBIM OIlepaTopom?

Korza M0kHO rOBOpUTH O KBAHTOBAaHUH (PU3UYECKUX BETUUMH?

Kakwue cucrempl pyHKINN SBISIOTCS OPTOTOHAIBHBIMA U HOPMUPOBAHHBIMU?

Kak BbIuuCIsOTCS CpeiHre 3HaueHUs (PU3MUECKUX BEIUYHH?

Korna MokHO OJJHOBpEMEHHO M TOYHO 33/1aTh 3HAYEHUS JBYX KBaHTOBO-MEXaHMUYECKUX
BEJINYNH?



[ToueMy omepaTopbl KOOPJAMHATHI M WMITYJIbCA SBJSIOTCS OCHOBHBIMH OIIEPAaTOPaMH, a
BCE OCTAJILHBIC OMEPATOPHI — MPOU3BOIHBIC?

[TomydnTe KOHKpPETHBIM BHJ OIepaTopa BEKTOpa MOMEHTa HMITYJIbCa M OIIepaTOpPOB
NPOCKILIMIT MOMEHTA UMITYJIbCa Ha OCH KOOPJIMHAT.

OO0ocHy#iTe, YTO oIeparop NPOSKIMA MOMEHTa HUMIyJbCa Ha IMOJSPHYK OCh
L, =—ih-0/0¢.

~

I[lokaxuTe, uTO COOCTBEHHBbIE 3HAayeHHs omepatopa L 06pasyloT muckpeTHbId psj

z
3HA4YCHUM.

[TomyuuTe 3HaueHUE onepaTopa KHUHETUYECKON SHEPTUU.

MMeer 5 cMBICT B KBAHTOBOM MEXAaHHUKE XapaKTEPHOE MUl KJIACCUYECKOW MEXAHWKHU
MPEJICTABICHUE TTOJTHOM YHEPTUM B BUJI€ KUHETUYECKOW U MoTeHIaasHon? [Touemy?

Uto Takoe raMuUIbTOHUAH U OIEepaTOp MOJHOU SHEPTrUn?

Sensrorcs mu oneparopsl | 1 U koMmyTupyromymu?

CorocTaBbTe M3BECTHBIE BaM B KBAHTOBOM MEXaHHMKE OINEPATOPHI C COOTBETCTBYIOITUMU
buznyecKUMHU BEJIMYMHAMH B KJIACCHMUECKOM MexaHuke. Kakoil BBIBOA MOXHO cJenaTh Ha
OCHOBE 3TOro?

MoXXHO M TOBOPUTH O TIOJMHOW (OpMaJIbHOW AaHAOTUK MEXIYy AammapaTamu
KJIACCUYECKOW M KBaHTOBOM MexaHuku? [Touemy?

Paznen 7.
B yem 3akirogyaercs cTaTUCTHUYECKAs MHTEPIIPETALNS BOJTHOBON (PyHKIHH?

Jnsa kakux yactui cripaBeauBo ypaHenue Lllpeaunrepa?

[Touemy ypasnenue Llpeaunrepa chopmynrpoBaHO Kak BOJTHOBOE ypaBHEHUE?

[TpucyrcTBue uero B ypaBHeHuM llIpenuHrepa SBISETCS CIEACTBUEM KBAaHTOBOTO
XapakTepa 3TOro ypaBHeHuUs?

~L(Et-p,x)

Joxaxure, uto ¢ynaxmus Y(X,t)=Ae " SIBJIIETCS PEILIEHUEM YypaBHEHUS
HIpenunrepa. Byner nu ero pemenuem ¢ynkmus V+¥4'?

3anuiuuTe BPEMEHHOE U CTallMoHapHoe ypaBHeHus lllpenunrepa u npoaHanusupyiite
uX.

Cosepunte nepexos 0T BpeMeHHOro ypaBHeHus lIpennHrepa k cTaliliOHapHOMY.

KakoBa BonmHOBas (yHKUHMS, ONKCHIBAIOIIAsS COCTOSHHWE 4YacTHIBl, B CiIy4yae
CTaIllMOHAPHOI'0 MOTEHLIUAIBHOIO MOJIA?

Paccmotpute, sBnsercs s pemieHneM  ypaBHeHus — lpenunrepa  QyHKIus
W(x,t) = Asin(kx — ot) .

3anuiuuTe OAHOMEPHOE BpPEMEHHOE WU cTaluoHapHoe YypaBHeHus Illpenunrepa,
MIPOAHAIU3UPOBAB UX.

Kak 00bsicHuTh, uTO B ypaBHeHue lllpenunrepa macca 31€KTpOHa BXOJIUT SBHO, a 3apsij
—HeT?

3anumuTe BpeMEHHOE M cTalmoHapHoe ypaBHeHus Llpeaunrepa B onepatopHoit Gpopme
Y MIPOAHAJIM3UPYUTE UX. .

Korna BonnoBas ¢ysukuus WP(x, y, z, t) = W(r, t) oaHO3HAYHO oOIpEACIACTCS
ypaBHeHueM lllpenunrepa?

Kakoli BBIBOIL MOXKHO czenaTh, CpaBHUB cTanMoHapHoe ypaBHeHue Illpenunrepa c

yPaBHEHUEM JUIs COOCTBEHHBIX 3HAYEHUH U cobCcTBeHHbIX pynkimit Ly = Ly ?

UYto MOXKHO cKa3aTh 00 oneparopHoii popme ypasHenus [lIpenunrepa?

Kaxkas yactuiia sBistercsa ¢cBoOOIHOI?

[TokaxwuTte, 4TO AJIE CBOOOAHOTO AJIEKTPOHA BEPOSTHOCTH €ro OOHapyXeHHsS B JIHOOO0M
TOYKE OCH X OJMHAKOBA.



[TokaxkuTe, YTO HHEPreTUUECKUN CHEKTP CBOOOIHO IBMXKYIIEHCS YaCTUIBl SBISETCA
HENPEPBIBHBIM.

Haiinute coOCTBEHHBIE 3HAUEHUS YHEPIMU YACTHULBI B OJHOMEPHOM «IOTEHLMATbHOM
siMe» ¢ OECKOHEYHO BBICOKUMH «CTEHKAMM.

KakoBa HauMeHbIIasg SHEPrusi 4YacTHLbl B «IIOTCHLUAIBHOW sIMe€» C OECKOHEYHO
BBICOKMMHM «CTEHKaMU»?

bBonplie uau MeHblle SHEPrus YacTUIbl, HaXOJAIIEHCS B «IIOTCHLUUAIBHOW sMe», B
COCTOSIHMM C N = 4 10 CpaBHEHUIO C cocTosiHUEM ¢ N = 2? Bo ckoiibko pas?

Haiinute HOpMUPOBaHHYIO BOJIHOBYIO (DYHKIIMIO OCHOBHOT'O COCTOSIHUS.

Uemy paBHa pa3HOCTb B3HEPIUM MEXJIYy YETBEPTHIM M TPETBUM DHEPreTUYECKUMU
ypOBHSMU?

[Toxaxure, 4yTO A OYEHb MaJIOMl YacTHLbl KBAHTOBAHUE CTAHOBUTCSI 3aMETHBIM JIMIIb
IIPU pa3Mepax «IMbD» MOPAJKA ATOMHBIX.

Hapucyiite rpaduk 3aBHCHMOCTH IIOTHOCTH BEPOATHOCTH OOHAPYKEHUS YaCTHIIBI B
COCTOSIHUU € N = 3 OT PacCTOSHUSA OT «CTEHOK» IPAMOYTOJIbHOM OTHOMEPHOH «sIMb». B Kakux
MeCTaX BEPOATHOCTbh HaXOXKICHHs YacTHIlbl Hanbosnbas? Haumenbas?

[Tokaxkute, UCHOIB3YsI COOTHOLICHUE HEONPEIEIEHHOCTEH, UTO B «IIOTEHI[MAJILHON SIMe»
CO «CTEHKaMM1» KOHEYHON BBICOTBI SHEPTHUS YaCTUILbl HE MOKET ObITh PaBHOM HYIIIO.

KakoBbpl ycioBUsS Ha TIpaHMLAX «IIOTEHLUUAIBHOW SMBI» € OECKOHEYHO BBICOKMMHU
«CTEHKaMM» M CO «CTEHKaMM» KOHEYHOW BBICOTHI? UeM 00yCIIOBICHBI pa3inyus M1y HUMU?

Yemy paBHaA pa3HOCTb PHEPTUN MEXIY MATHIM M BTOPBIM SHEPreTUUYECKUMHU YPOBHIMMU
KBaHTOBOTO OCHMIIIsITOpa?

OOBbscHUTE, TOYEMY HAaWHM3IIEE COCTOSHUE OCLMIUIATOpA HE MOXKET 0o01aaaTh HYJIEBOU
SHEPrueHn.

MoxeT 11 yacTuIla HaXOJUThCS Ha JIHE «IOTEHIHANbHOM AMbI»? Ompenensercs a1 3To
dbopMoit «saMb1»? OTBET 00OCHYHTE.

3aBUCUT JIM paclpelielIeHue SHEPreTUYeCKUX YPOBHEH OT (hOpMBI «IIOTEHLUAIBHON
aMb»? OTBET IPOUIUTIOCTPUPYHITE.

[TpoBepbTE BBIIIOJIHEHUE COOTHOUIEHMSI HEONPEIEICHHOCTEW [UIsl KOOPIMHATBl U
COOTBETCTBYIOIIEH MPOEKIUN MMITYJbCa YaCTHUIbl, COBEPIIAIOLICH JIMHEWHbIE TapMOHUYECKUE
KoJsieOaHus (CTallMOHAPHBIE COCTOSHUS).

SIBAOTCS M yPOBHM  JHEPIMM  JIMHEMHOTO  TapMOHHUYECKOrO0  OCHWILIATOPA
BBIpOXAeHHBIMU? OTBET 00OCHYHTE.

B yem oTnnune KBaHTOBO-MEXaHUYECKOIO M KJIACCUYECKOTO ONMHMCAHUSA TAPMOHUYECKOTO
ocuwusiTopa? B BeIBOAAaxX 3TUX ONUCaHUI?

Kak cBsa3anbl Mexay coboit ko3hpUIMEeHTHl oTpakeHus W mpo3padyHocTH? Kak MOKHO
UCTOJIKOBAaTh 3Ty CBS3b?

KakoBa BepoATHOCTh HATH KBAaHTOBYIO YACTHILy Ha €IUHHIIC JUIUHBI B ciydae E < Ug?

Yemy paBeH K03(pPULIMEHT OTpaKeHHUs Ha TPaHUIle MOTEHIUAIBHOTO MOpora Jyis ciaydast
E < Ug?

PaccmoTtpuTe npenenbHbli ciydyai, KOria BbICOTAa OTEHIMAIBHOIO IIOPOra CTPEMUTCS K
O6eckoHeuHoCTH, T. €. Korga Ug — oo, a sHeprust E He m3Mmensercs. Kakue gu3nueckue BBHIBOJIBI
MOJKHO CJIeaTh JUIsl JAaHHOTO ciydasi?

Kakum ycioBusiM yAOBIETBOpSET MOTEHILMANIbHAS SHEPrus B Cilydyae MPSMOYTOJbHOTO
NOTEHLMAIBHOIO ITopora?

B uem orinuune noBeneHust kiaccuueckoi M kBaHToBol yactuil: 1) mpu E < Ug; 2) npu
E > Up?

Jaiite omnpenenenus Kod(pQGUUIUMEHTOB OTpaxeHHs U mpo3payHocTH. Haiigurte wnx
3HAYEHUS AJI1 HU3KOTIO MIPSIMOYTOJIBHOIO OTEHIUAIBHOIO [TOPOTa.

Kakum ycioBusiM yAOBIETBOpSET MOTEHLUANIbHAS SHEPrusl B Cilydae MPSMOYTOJIbHOTO
HNOTEHIMAJIBHOT0 6apbepa KOHEUHOW IUPHHBI?



3anuiuTe U mpoaHaIu3upynTe pemieHre ypaBHeHus lllpenunrepa B ciiydyae KBaHTOBOM
yactuusl ¢ £ > Up.

3anuiuTe ¥ NpoaHanu3upyiTe peuieHue ypasHenus lllpenunrepa B ciyyae KBaHTOBOM
yactuusl ¢ £ < Up.

Kaknmu cBolicTBaMH MHUKPOYACTHUII 00YCIIOBJICH TYHHEIbHBIN 3P heKT?

[TokaxuTe Ha KOHKPETHBIX MPHUMEPAX, YTO TyHHEIbHBIH >PQeKT HaOmogaeTcs JUIb B
00JaCTH MUKPOCKOTIMYECKUX SIBJICHUH.

Kak MOXHO NpHATH K BBIPAXEHUIO Ui Kod(pdHIMEeHTa NPO3payHOCTH B Ciydae
PSIMOYTOJIBHOTO TOTEHLUAIBHOTO Oapbepa KOHEYHOU MIMPUHBI? TPOU3BOJILHOTO Oapbepa?

Kak m3mensercs ko3 duunent npo3paynoctu: 1) ¢ yMeHbIICHHEM HIMPUHBI Oapbepa; 2)
C POCTOM €ro BBICOTHI; 3) C YBEJIIMYECHUEM MAacChl YacTULIbI; 4) ¢ YMEHBIIIEHUEM MOJTHON SHEPTUU
YacTHIIbI?

OuieHuTe, CKOJIBKO AJIEKTPOHOB C SHeprued 1 3B M3 KaxkIbIX cTa NpOMAYT CKBO3b
NOTEHIMATIBHBIN Oapbep BbICOTON 5 3B u mmpuHoi 150 M.

Paznen 8.
B yeM HBIOTOHOBCKAsi MEXaHHMKa MPOTHBOPEUUT KBAHTOBOM MEXaHHKE?

3anummuTe crarmoHapHoe ypaBHeHue lllpenunrepa mis BoIOpOa0ONOI00HON CHUCTEMBI.
[TpuBeauTe NpuMeEpbl BOAOPOIONOA00HBIX CUCTEM.

[Touemy Hanbosee MOAXOAIIEH KOOPAMHATHOM CHUCTEMOM AJii PAaCCMOTPEHHs aToMa
BOJIOpOJ1a sIBJIsieTCs cheprueckas?

[Tpoananusupyiite  (KayeCTBEHHO) XOJ  PELIEHUS  CTALMOHAPHOTO  YPAaBHEHMUS
HIpenunrepa [uis aroMa BoAOpoAa B cepuueckux koopauHarax. Kakue BbIBOJBI CIEIYIOT U3
€ro peueHus?

3anumure COOCTBEHHBbIE 3HAUYEHUS HHEPIUU DJIEKTpOHAa B aToMe  BOAOPOAA,
onpezenseMble peuieHueM ypasHenus Llpeaunrepa, u npoananusupyiite ux. B uem ornuune u
CXOZCTBO C pe3yibTaTaMu Teopuu bopa?

UemMy paBHa KpPaTHOCTH BBIPOKICHHUS COCTOSIHUS, COOTBETCTBYIOMIEro N = 37

Kakue BennuuHBl [UIsl 2JIEKTPOHA B aTOME OIPENEIICHBI, €CIIM W3BECTHBI KBAHTOBBIC
guciaa n, | u m?

[Touemy KBaHTOBasi MEXaHHKa HE UCIIOJIb3YET MpeJICTaBIeHHE 00 JEKTPOHHBIX opOoUTax?
Yro xapaKkTepu3yroT KBaHTOBBIC yrcia N, | u m?

Kakue BenM4MHBI, XapaKTEpU3YIOIIME 3JEKTPOH B aTOME BOAOPOJA, KBAaHTYHOTCS?
3anuiuTe COOTBETCTBYIOLINE (POPMYJIBL.

[pencTaBbTe CHMBOJIMYECKYIO 3aMUCh AJIEKTPOHOB B cocTosiHusx ¢: 1) n=3,1=0, 1, 2;
2)n=4,1=2;3)n=2,1=1.

KakoB ¢u3ndeckuii cMbICh pacipeaeseHus IUNIOTHOCTH 3apsiia B 2JIEKTPOHHOM obJake?

CdopmynupyiiTe npaBuia oToopa uist OpOUTATBLHOIO U MarHUTHOTO KBAHTOBBIX YHCEIN.
Bcerna nu oy BeimonHstoTcs? Kak MokeT M3MEHATHCS INIABHOE KBAHTOBOE YHUCIIO?

Kakwue nepexoas! cooTBeTcTBYIOT cepui [lamena? Mcnonb3yiiTe CUMBOINYECKYIO 3aHCh
COCTOSIHUH.

PemmB panuanbHoe ypaBHeHue lllpeaunrepa st 1S-cOCTOSIHMSI DJIEKTpOHAa B aToMe
BOJIOPOJia, TPOKOMMEHTUPYHTE 3HAUEHUS JUIsl a U E.

CKOJIBKO OyAeT pa3TUYHBIX BOJTHOBBIX (PyHKIHI uist N = 47

KakoB KBaHTOBO-MEXaHUYECKHUI CMBICII IEPBOTO OOPOBCKOTO pajuyca?

B yem oTinumMe BBIBOJOB KBAaHTOBOM MexaHUKM W Teopuu bopa mns 1S-cocrosHus
AJIEKTPOHA B aTOM€E BoJopoa’?

DONeKTpoH B aToMe BOAOpoAa HaxoauTcs B 1S-cocrostHuu. Ormnpenenute Haubosee
BEPOSATHOE PACCTOSIHUE DJIEKTPOHA OT sJIpa.

Paznen 9.



MO>XHO T TOBOPUTH O CXOJICTBE CIIEKTPOB UCITYCKaHUS aTOMOB IIETOYHBIX METaJUIOB U
atoma Bogopozaa? Ilouemy?

3anumuTe U TPOKOMMEHTUPYHTE (OPMYJy I ONPEACIICHUs CIIEKTPAIbHBIX TEPMOB
MICIIOYHBIX METaJJIOB.

Kakue 3HaueHuss MOXET NpPHHUMATh TMPOCKIUS CIHWHA DJJIGKTpOHA Ha 3aJaHHOE
HarpaBjeHue? 3anuinTe 3aK0H KBAaHTOBaHUS CITUHA AJIEKTPOHA.

Yemy paBeH MOAYJIb CIIMHOBOTO MarHUTHOTO MOMEHTA 3JIEKTpOHa?

B uem oTiimume OTHOMIEHWI MarHUTHOTO ¥ MEXaHUYECKOTO MOMEHTOB, 00YCIIOBIIEHHBIX
OpOUTAIBLHBIM JIBHDKCHHEM JJICKTPOHA, W COOCTBEHHOIO MAarHMTHOTO MOMEHTa W CIIMHA
AJIEKTpOHA?

[Touemy Hapsy C APYTMMH KBaHTOBBIMH YHCIAMU OOBIYHO HMCIIOJB3YETCS MAarHUTHOE
CIIMHOBOE KBAHTOBOE YHCJIO, a HE CIMHOBOE KBAHTOBOEC YHCIIO?

Pasnea 10.
UYro npeacrarisieT coboit marueToH bopa?

UeMy paBHO OTHOIICHHE TMPOCKIUN OpPOUTAIBHBIX MAarHUTHOTO M MEXaHHYECKOTO
MOMEHTOB 3JIEKTPOHA Ha IPOU3BOJIbHYIO OCb Z?

Hapucyiite 1 o0bsicHUTE HampaBieHUS OPOUTAIBHBIX MEXAHMYECKOTO MU MAarHUTHOIO
MOMEHTOB.

3anummTe BBIpKEHHUE I MOIYIIsl OpOMTAaIbHOTO MATHUTHOTO MOMEHTA.

Kakue 3HaueHuss MOXET MPUHUMATh MPOEKLUs OPpOUTAIBHOTO MarHUTHOIO MOMEHTa Ha
3a/IaHHOE HarpasJieHue?

YemMy paBHO THUPOMAarHUTHOE OTHOLIEHHWE OPOUTAIbHBIX MOMEHTOB 3JIEKTPOHA,
JBUXKYIIETOCs MO TpeTbel opoute aroma Bogopoaa? Iloscuure pesynbrar.

B uem 3akmiouaercss CyTh CHUH-OpPOMTaNbHOrO B3auMopelcTBus? UYem oHO
onpenensiercs?

Bcerna nm, Ha CKOJBKO U [TOYEMY MPOMCXOAUT PACIIEIUIEHNE YHEPIrETUUECKUX YPOBHEN B
pe3yabTare CIuH-0OpOUTATHFHOTO B3aUMOICHCTBHS?

HaszoBute u mosicaute (akThl U TEOPETUYECKHE MPEANOCHIIKH CYIIECTBOBAHUS CIMHA
AJIEKTPOHA.

KaxoBbI uzies 1 BBIBOJIbI ONIBITOB DHHIITENHA U e ['aa3za?

ITouemy B omnbitax IlltepHa m I'epiaxa HMCHONB3YIOTCS IIyYKH aTOMOB XHUMHYECKHX
AJIEMEHTOB NepBoi rpymisl [lepuoaudeckoi cuctemsl?

[Touemy B onbiTax IllTepHa u I'epiaxa ncnonb3yercss CHIBHO HEOJHOPOHOE TToJie?

[Touemy oneiter Illteppa u T'epnaxa sABHIAIOTCA  OPSIMBIM - 0KA3aTEIbCTBOM
CYILLIECTBOBAHMSI CIIMHA AJIEKTPOHA?

ITo xkakuM 3aKOHaM KBAHTYIOTCS IIOJHBIA MOMEHT UMITYJIbCA DJIEKTPOHA U €0 MPOEKIUs?

Pasnen 11.
B uem cyTb 3pdexra 3eemana’?

Mosxet nu ¢ ekt 3eemana HabM01aThCS A aTOMOB AnamarHeTuka? [louemy?

Ha ckonbKo moiypoBHEi B MArHUTHOM T10J1¢ pacuieruisieTcs f-cocrosuue?

OObsicHUTe MEXaHM3M  pacCHICIJICHUS JIMHUA B ClIy4ae CIOUH-OPOUTAIBLHOTO
B3aUMOJICUCTBUS; B ciydae dddexra 3eemana.

Paznea 12.
O3Hauaet 11 U3MEHEHHe 3HaKa BOHOBOW (DyHKIIMK n3MeHeHue coctosaus? [Touemy?

Kax onpenensiercs mpuHAIEKHOCTh CIOKHBIX YacTHI] (HampuMmep, aTOMOB) K 0030HaM
win pepMuoHam?

Kakoli Tunn cuMMeTpuu BOJHOBON (DYHKIIUU XapakTepeH A (oToHa?

[Touemy  mpUHIMO  HEPa3IMYUMOCTH  TOXKAECTBEHHBIX  YACTHUILl  SIBIISETCS
¢dbyH1aMeHTaIbHBIM NpuHIUIoM? B yem ero cyTh?



B uem oranuue omnMcaHHUA TOXIECTBEHHBIX YaCTHI[ B KJIACCHUECKOM M KBAaHTOBOM
Teopun?

CucreMa COCTOUT U3 TOXKJIECTBEHHBIX (DEPMHOHOB; TOXKIECTBEHHBIX 0030HOB. B kakom
ciy4ae BOJIHOBas (yHKIUS OyJeT CUMMETPHYHOW OTHOCHUTEIHHO TMEPECTAHOBKH 000U Mapbl
yacTul?

YacTuipl 0JJMHAKOBBIC, TOXK/IECTBEHHbIC, HEpa3InYUMble. B yem oTinuue u CXOJICTBO B
UX OMMCAHUU?

Uemy paBHO MaKCHUMaJbHOE 3HAYEHUE MPOCKUIMHU MOMEHTa ummyibca i L- u M-
3JIEKTPOHOB?

KakoBo MakcuManbHOE YHCIIO 3JIEKTPOHOB B P-cocTosiHUU? OTBET 000CHYHTE.

[Toguunsitorcst 11 6030HbI npuHIHNy [laymu? [Touemy?

CKOJIBKO 3JIEKTPOHOB B aTOM€, y KOTOPOTrO B OCHOBHOM COCTOSIHMM 3amnoyinensl K- u L-
000104Ka, 35-1101000JI09Ka U B 3p-1107000I0YKE UMEETCS IISITh JIEKTPOHOB? UTO 3TO 32 aTom?

3anumuTe SJIEKTPOHHYID KOH(PHUTYpallMI0 JUIS aToMa, CIEAYIOIIer0 3a aTOMOM, O
KOTOPOM UJIET pedb B MPEAbIAYIIEM BOIIPOCE.

CKOJIBKO Pa3HBIX COCTOSIHUH Y 3JICKTPOHA C TIIaBHBIM KBAHTOBBIM YMCIIOM N = 37

CKOJIBKO DJIEKTPOHOB MOKET HAXOAUTKLCS B Mog000mouke ¢ N =5, | =27

Kakue 3Ha4eHusI MOTYT IPUHUMATL My U Ms ipu N = 5, | = 4?

KakoBo MakcuManpHOE YHCIIO0 3JEKTPOHOB HA MOJ000I0YKE ¢ OPOUTATBHBIM KBAHTOBBIM
yuciaom? OTBET 00OCHYMHTE.

KakoBo MakcHMManbHOE YHCIIO 3JEKTPOHOB B aTOME C IJIABHBIM KBAaHTOBBIM YHCIIOM N?
OtBet 060oCHYyHTE.

KakoBo ob6miee yncino ayekTpoHoB B atome, K- u L-0007104YKH KOTOPOTO MOJHOCTHIO
3aI0JIHEHBI?

Kak m3meHunacp Obl CTPYKTypa SJEKTPOHHBIX O0OJOYEK aToma, €cliu Obl JIEKTPOHBI
ObLIM HEe (hepMUOHaMU, a 0030HaAMU?

Paznea 13.
Hauunas ¢ kakoro ayiemMeHTa BO3MOXKHO TosiBJieHne M-cepun?

[Touemy K-cepusi peHTT€HOBCKOIO M3JIyu€HHMs B CIydyae TsDKENbIX 3JIEMEHTOB
COIPOBOXKAAETCS MOSIBICHUEM JPYTUX Cepuii?

Haiinure rpaHu4Hyr UIMHY BOJHBI TOPMO3HOTO PEHTTEHOBCKOTO W3JIyYEHHs IIPU
O6oMOapaAMpOBKE aHO/IA AIIEKTPOHAMU C dHepruei 60 kaB.

Kak M3MeHSATCS MHTEHCHBHOCTb PEHTTEHOBCKOTO H3JIy4E€HUs M TpaHUla CIUIOLUIHOTO
CIEKTpa C yBEJIMYEHHEM: 1) HanpsHKeHUs] MEKIAY KaToA0M M aHoAoM? 2) HaKaja HUTU Katona?

OOBsicHUTE MNPOUCXOXKAECHHWE KOPOTKOBOJIHOBOM TI'paHUIBl CHEKTpa TOPMO3HOTO
PEHTT€HOBCKOTO U3TyUYCHHUS.

B dyeM mnpuyMHA 3HAYUTEIBHOTO PA3IUYUSA ONTHYECKOTO M XapaKTEPUCTUYECKOTO
PEHTT€HOBCKOT'O CIIEKTPOB aToMa?

[ToueMy TOPMO3HOE PEHTTEHOBCKOE H3JIyY€HHE MMEET CIUIOIIHOM CIEKTp, a
XapaKTEPUCTUYECKOE — TMHENYAThIN?

Kakass U3 Tpex JNMHUI XapaKTepUCTHYECKOIo peHTreHoBckoro cnekrpa — Ko, Kp, Ky —
caMmasi KOpOTKOBOJIHOBasi? caMasi MHTEHCUBHAs?

B d4eM CruIOmIHON pPEHTTEHOBCKUI CHEKTP MOATBEPXKIAET KIACCUUYECKYI0 TEOPHIO
U3ITy4eHus, a B yeM el mpotuBopeuut? OTBEeT 000CHYMHTE.

KakoBbl xapakTepHbleé OCOOCHHOCTH TOPMO3HOTO PEHTIeHOBCKoro cmektpa? [laiite um
00BsICHEHHE.

3anummTe 3akoH Mo3u ajist TuHuu Lp.

Hcxons w3 3akoHa Mo3snu, ompeaenauTe, BO CKOJBKO pa3 JIMHA BOJHBI Ko-TuHUM
BoJb(pama (Z1 = 74) omiinyaercst OT JUTMHbI BOJIHBI Ko-iHIM HUKEIS (Z2 = 28).



Pasnen 14.
KaxoBbl Tunbl xumudeckoit cBs3u? Kakos ux mexanusm? [IpuBeaure npumepsl.

3anummte ypaBHeHnue IlpegumHrepa i MOJEKyJbl BOJIOpoja B aanabaTHOM
IpUOIMKEHUU.

OO0BsicHUTe, HAPHUCOBAB TpaHK 3aBUCUMOCTH TIOJHON SHEPTUH JABYXaTOMHON MOJICKYJIbI
OT PacCTOSTHUS MEXKY sIIpaMU, HAJTUUKHE PA3JIMYHBIX SHEPTETUUECKUX YPOBHEH.

KakoB MexaHW3M BO3HHUKHOBEHHUS DJJIGKTPOHHO-KOJIEOATEIbHBIX U KoJieOaTeIbHO-
BpaIlaTesIbHbIX CIIEKTPOB?

KakoBbl mpHOIM3UTEIBHO PACCTOSHUS MEXIy BpallaTeIbHBIMH M KOJIeOaTeIbHBIMU
YPOBHSIMU SHEPTUU MOJIEKYJIbI?

Paznen 15.
VYBenuunMBaeTCs WM YMEHBIIACTCS CpeIHee BpeMs KH3HH aToMa B BO30YXKJICHHOM

COCTOSIHUU C YBEIMUYEHUEM BEPOSTHOCTU CIIOHTAHHBIX IIEPEXO0B?

Bo3M0OXHO 71 OBUIO BBIHYXKACHHOE M3JydeHHE, eciii (POTOHBI ObLIH ObI (hepMUOHAMU?
OtBet 060CcHYHTE.

Kakoe ycnoBue He0OXOAMMO Jii BO3HUKHOBEHHS BBIHYXJICHHOTO W3Iy4YeHUS B
BellecTBe?

Uro MoOXHO cka3zaTb O (a3e, NONSpU3ALMM U HAMPABICHUU HCIYCKAEMbBIX
AIIEKTPOMAarHUTHBIX BOJIH B CJlyda€ CIOHTAHHOIO H3JIyuyeHUsA? B CIy4yae BBIHYXIEHHOTO
U3IIy4eHUs1?

CucremMa aTroMOB HaXxOAMTCA B TEPMOJMHAMHUYECKOM paBHOBeCHHM. Bo03MOXHO 1M
yCHUJIEHUE TaHHOM cpeioi najaroliero Ha Hee u3inydenusa? OTBeT o0ocHyiTe.

Kak ocy1iecTBIsIFOTCS COCTOSIHUS C UHBEPCUEN 3aCOTIEHHOCTEN?

B yem oTinume ¥ CXOJCTBO Ja3ePHOT0 U3ITyUeHHUsl U OOBIYHOTO cBeTa?

Mo:xHO 51 co3aTh Jiazep Ha pepmMuoHax?

Bosmoxna 11 pabota s1a3epa o JByXypOBHEBOM cxeme akTHBHOM cpenbl? [Touemy?

OObsicHUTE IPUHLIMIT AEMCTBUSI Ta30BOTO JIa3epa.

[Touemy oaHMM U3 00s3aTENbHBIX KOMIIOHEHTOB Jlaepa SBISETCA ONTUYECKUN
pe3oHarop?

Yem 00BACHUTH OOJIBIIYI0 MHTEHCUBHOCTh CBETA B J1a3epax”?

KaxoBsI cBoiicTBa s1azepHoro uznydenus? [IpuBenure 4ucioBbIe TIPUMEPHI.

BAPUAHTBI IPAKTUUYECKHUX 3AJIAHUI

Tema 1. 3aKkOHOMEPHOCTH B CIIEKTPax aTOMOB BOAOPOJA M BOAOPOJONOJOOHBIX aTOMOB.
Paccesnue o-gyactur Bemectsom. @opmyna Pezepdopra.

1. Kakomy »51eMeHTYy NpHUHAAJIEKUT BOAOPOAONOIAOOHBINH CHEKTp, JUIMHBI BOJH
KOTOpOTO B YETBIPE pa3za KOpoye, YeM y aTOMapHOro Boaopoaa?

2. Bbrurcnute nocrosiHayto Punbepra R, eciam wsBectHo, uTo Juisi woHoB He*
PasHOCTH JUITMH BOJIH MEX/y TOJIOBHBIMU JIMHUAME cepuii banbmepa u Jlaiimana AA=133.7 um.

3. Haiiti JuiiHy BOJIHBI TOJIOBHOW JIMHHUW TOW CIIEKTPaILHOW cepud woHOB He', y
KOTOpOil MHTepBal 4acToT MexkIy Kpaituumu muausvu Aw=5.18.10"° ¢,

4, Haiiti rpaHuIel cekTpaJibHOW 001acTH, B Tpeaesiax KOTOPOH pacroIOKEHBI
JIMHUU cepuH banbMepa aToMapHOro BOAOPOA.

5. OnpenenuTts JJIMHBI BOJIH FOJIOBHBIX JTUHHUM cepuu JlaiiMaHa 111 Bogopoaa u He*.

6. Haittu myivHBI BOJIH KOPOTKOBOJIHOBBIX T'PaHULl BOAOPOAHBIX cepuid Jlalimana u
bansmepa

7. DOTOH roJ0BHOW JIMHUM cepuH JlaliMaHa MOHA Tellks MOTJIOIAETCS BOAOPOAHBIM

aTOMOM B OCHOBHOM COCTOAHUHM W HOHHU3YET C€TO0. OHpe}IeJ'II/ITB KHHCTHYCCKYIO DSHECPIrulo,
KOTOPYIO MOJIYYHUT 3JICKTPOH IIPU Takoi HOHU3AaIIUH.



8. Haiitu 1iMHy BOJIHEBI pe30HAaHCHOM nuuun Li™.

9. Haiitu sHEpruro cBs3u 3JIEKTPOHA B OCHOBHOM COCTOSIHUM BOJOPOJOMOJTO0O0HBIX
HMOHOB, B CIIEKTPE KOTOPBIX JJIMHA BOJIHBI TPEeThel TMHUU cepur banbpmepa paBHa 108.5 HM.
10. Haiitu  ckopocTh  (OTORIEKTPOHOB,  BBIPHIBAEMBIX  JJCKTPOMATHUTHBIM

W3JIy4YEHHEM C JJIMHOM BOJIHBI 18 HM 13 MOHOB He™, KoTopble HaXOAATCS B OCHOBHOM COCTOSIHUM
Y TIOKOSITCSL.

11.  Haiitu rpaHuUbl CIEKTPaIbHOW OOJACTH, B IMpeAesiaXx KOTOPOH pPacloyiOKeHbI
auHuU cepur [lamena aromapHOTro BoJOpoOa.

12. Anbda-yactunia ¢ kuHernueckoi sHepruet K=0.27 M»sB paccesnack 30510TOM
dombroii Ha yron 60°. Haiitu cooTBeTCTBYIOIIEE 3HAUEHNE IPHUIIETLHOTO TApaMeTpa.

13. V3kuil mydok o-dactul, ¢ KuHeTudeckol osHeprued K=600 k3B mnamaer
HOPMaJIbHO Ha 30110TyIo donbry comepxamyro N=1.1.10'° snpep/cm?. Haiitn oTHOCHTENBHOE
YHCIIO0 O-4aCTHUII, PACCESHHBIX MO yriaMu v>60.

14,  VY3kuii mydoK O-4acTHUI[ TMaJaeT HOPMalIbHO Ha cepeOpsiHyro (onbry. 3a Hel
YCTaHOBJICH CUETYMK, PErMCTPUPYIOLINI YacCTHUIIbl, pacCesHHbIE B COOTBETCTBHH C (hOpMysoin
Pesepdopna. [lpu 3amene cepeOpsinoit (Honbru Ha IUIATUHOBYIO TOM K€ MAacCCOBOW TOJIIMHBI
YHCIIO PErHUCTPUPYEMBIX B €IUHUILy BPEMEHH O-4acTUIl BO3pociio B M=1.52 paza. Haiitu
MOPSITKOBBI HOMEpP IUIATHHBI, CUWTAsl, YTO IMOPSIKOBBIM HOMEp cepedpa M MacCOBBIE 4YHCIIa
000MX AJIEMEHTOB HU3BECTHBHI.

15. V3kuii mydok o-yacTul ¢ kuHetudeckoil sHeprueit K = 600 k3B mnanmaer
HOPMAJILHO Ha 3010TyI0 (onbry comepxamyio N = 1.1.10'° sngep/cm?. Haiitu oTHOCHTENnbHOE
YHCIIO O.-YaCTHII, pacCeTHHBIX nof yraamu 60-90.

16. V3kuil nmy4ok o-dactull ¢ kuHetmdeckodl sHeprued K = 0.50 M»sB nagaer
HOPMAJIBHO Ha 30JI0TYI0 (DOIBTY MaccoBoil Tommmubl pd=1.5 mr/cm?. ITOTOK YacTHIl B MydKe
cocrapiser 10=5.10° c?. Haiftu umcno o-wacTun, paccesHHBIX (onproi 3a =30 MuH B
MHTEepBaje yrios: 59-61; ceeie 60;

17.  Y3kuii mMy4oK IIPOTOHOB, HMEIOIIUX CKOpocTh y = 6.10° M/c, mamaer HopManbHO
Ha cepeOpsHyto (onbry tommmubl d=1 MkM. HaiiTh BepOSTHOCTH paccesiHHsI MPOTOHOB IMOJ
yraamu L>90°,

18.  V3kuil myuyok o-yacTull ¢ KuHeTtndeckod sHeprueit K = 600 k3B manaer
HOPMAJTbHO Ha 30JI0TyI0 (ombry comepxkamryio N=1.1.10'° spep/cm?. HaiiTu oTHOCHTENnbHOE
YHUCIIO O-YaCTHII, PACCeSTHHBIX o1 yriaamu v>90, 60-120.

19.  Haiitu s¢pexTuBHOE cedyeHue spa aToMa ypaHa, COOTBETCTBYIOIIEE PACCESIHUIO
OL-9aCTHI] C KWHETHYecKol sHeprueit K=1.5 M»B B nnTepBane yrios cesimre Lo= 60°.
20.  DOd¢dexkTuBHOE ceueHMe Aapa  aToMa  30J10TA, OTBEYAIOLIEE PACCESTHUIO

MOHOYHEpPreTHUeCKHX o-4acTul] B uHTepBane yriaos ot 90° mo 180°, paBo Ac=0.5.102! cm?.

OnpenenuTh KHHETHYECKYIO SHEPTHIO OL-4aCTHII.
21.  Dd¢dexkTuBHOE ceueHMe Aapa  aToMa  30J10TA, OTBEYAIOLIEE PACCESTHUIO
MOHO?HEPreTHUECKUX O-4acTul] B uHTepBane yraos oT 90° mo 180°, pasro Ac=0.5.10% cm?.

Onpenenuts uddepernmansHoe ceuenne paccesaus do/dc, cootBercTByromee yrimy v=60°.
Tewma 2. IToctynatel bopa. Monens atoma bopa.

1. Haiitn 11t BomopoJonosoO6HOro HoHa paauyc N-ii GOpOBCKOM OpOUTHI U
CKOpOCTH 3JIEKTPOHA Ha HEell. BBIUMCIUTD 3TH BETMUMHBI JUIsS TIEpBO OOPOBCKON OpOUTHI aToMa
BOZIOpOJA U noHa He™,

2. Haiitu nns BozmoponomnonoOHOro mMoHa paguyc N-ii OOpOBCKOW OpOMTHI U
CKOPOCTh 3JIEKTPOHA Ha HEeW. BRIUMCINUTD 3TH BENIWYMHBI 17151 BTOPOH OOpOBCKOI OpOUTHI aToMa
BOZIOpoia 1 noHa Li*™.

3. Omnpesenuts Uil atoMa BOAOpoJa W MoHa He': SHepruio CBS3M 3JIEKTpOHA B
OCHOBHOM COCTOSTHUH U TIOTEHIIMAT HOHU3ALIUH.



4, OmnpenenuTs i aToMa BoAopoaa u nona He': mepsulil moreHnuan Bo30yxaeHus
U JUIMHY BOJIHBI T'OJIOBHOM JINHUM cepuu JlaiimaHa.

5. OnpenenuTh 171 aToMa Boopoia U nona Li™: sHepruro noHusanuu.

6. Ormpeienuth Uil aTOMa BOOpoaa U MoHa He': ckopocTh 3JIeKTpoHa Ha BTOPO
OOpOoBCKOIi opouTe.

1. Ompenmenuth Ui aToMa BOXOpoJa W uoHa He': KUHETHYEeCKyl 3HEPrHio
AJIEKTPOHA B OCHOBHOM COCTOSIHUHU.

8. s atoma Bojopoga u wWoHa Li™"T ompenenuTh: KMHETHUECKYHO DHEPIHIO
AJIEKTPOHA B OCHOBHOM COCTOSIHUHU.

9. Haiitu suepruto nonusanuu s uonos He' u Li*™.

10.  Omnpexpenuts paguyc nepBoii 60pOBCKOM OpOMTHI i MoHa Lit™,

Tewma 3. Bonnbl ne bpoiins

1. Brpluncnauth JeOpOIMJIEBCKYIO JJIMHY BOJHBI 3JEKTPOHA U IPOTOHA, ABMXKYLIUXCS C
kuHetndecko sHeprueit 1 k3B. Ilpu kakux 3HaYEHUSIX KWHETUYECKOW SHEPTUU UX JUIMHA BOJIHBI
Oynet paBHa 100 mm?

2. llpm yBenmueHun sHepruu 3exTpona Ha 200 5B ero meOpoiineBckas ATMHA BOJIHBI
M3MEHUIIACh B 2 pa3a. HaliTu nepBoHavaabHyIO JUIMHY BOJIHBI 2JIEKTPOHA.

3. Haiitn muHy BOJHBI MOJIEKYJ BOAOPOAA, IBMKYIIMXCS C Hauboiiee BEpOSTHOMN
CKOpOCTBIO B rase mpu Temmeparype 0 °C.

Tema 3. Pemenune BpeMeHHOro M crauuoHapHoro ypasHeHud Ilpenunrepa ms
NOTEHIMAIBHBIX MOJIEH MPOCTOM KOH(pUTYypanuu.

1. Haiitu pemenune BpemenHoro ypasHeHus llIpenunrepa ains cBOOOAHON 4acTUIIBI
Macchl M, IBUXKYIIEIHCS € UMITYJIHCOM P B TIOJIOKUTEIBHOM HAMpPaBICHUH OCH X.
2. Yactuma HaxXOOuTCs B OCHOBHOM COCTOSHMM B OJHOMEPHOW MPSIMOYTOJIbHOM

HOTEHIMAIBHOM siMe mupuHOit | ¢ abcomoTHO HenpoHuiaembiMu cteHkamu (0 < X < I). Haiitu
BEPOSTHOCTh MECTOHAXOXKICHUS yacTuilbl B uHTepBae (1/3,2 1/3).

3. Yactua  Macchl M HaXOOUTCS B OCHOBHOM COCTOSSHUM B OJHOMEPHOM
NpPSMOYTOJbHOW  TOTCHIMATBHON  siIME ¢ a0CONIIOTHO  HEMPOHUIIAEMBIMH  CTCHKAMHU.
MakcumanbHOe 3HAu€HHE IUIOTHOCTH BEPOSTHOCTH MECTOHAXOKACHHSI YacTHIBI B ATOM
COCTOSTHMU paBHO Pm. HaiiTh mvpuHY SIMBI U SHEPTUIO YaCTHUIIBI.

4. YacTuia Macchl M HAXOAUTCS B JBYMEPHOH MPSMOYTOIBHON NOTSHIINATIBHOM SMe
¢ abCOJIFOTHO HETPOHHIAEMbIMU CTeHKaMH. KOOpIMHATBI X U Y HaXOJSTCS COOTBETCTBEHHO B
unrepBanax (0, a), (0, b), rme a u b — cropons! siMbl. HaiiTit BO3MOKHbBIE 3HAYCHUS YHEPTHU U
HOPMHUPOBAHHBIC /-(OYHKIIUH YACTHIIBL.

Tema 4. KBantoBaHue aromMoB. DJeKTpOMarHuTHbie Tmepexoasl. [IpaBuina otbopa u
CIIEKTPAJIbHBIE CEPUH.

1. OnpeaenuTs NOTEHIMAT MOHU3AIMKM U MEPBbIM MOTEHIMAN BO30YXICHHUS aToma
Na, y KoToporo KBaHTOBBIC JiepeKThl OCHOBHOTO TepMa 3S u 3P paBHBI COOTBETCTBeHHO 1.37 1
0.88.

2. HaiiTi SHepruro CBsA3U BAJICHTHOTO 3JIEKTPOHA B OCHOBHOM COCTOSIHMM atoma Li,
€CJIM U3BECTHO, YTO JJIMHBI BOJIH TOJOBHOM JIMHUM PE3KOH CEPUM U €€ KOPOTKOBOJIHOBOM
rpa”uipl paBHBI COOTBETCTBEHHO 0.813 1 0.349 MkMm.

3. CKOJIBKO CIEKTpalbHBIX JIMHUM, pa3pelieHHbIX MpaBUiIaMH OTOOpa, BO3HUKAET
IIPY TIepexo/ie aToMa JIMTHS B OCHOBHOE COCTOSTHHE U3 cOcTOstHUS 4S?, 4P?

Tema 5. MmuorosnekTpoHHble aToMbl. OOONOYKM U MOJO0O0TOYKH. DJIEKTPOHHAsS



koHbpuryparwms. [Ipubnmkenune LS- u jj-csazeit. Tepm. CocrosiHue.

1. HaliTn BO3MOXXHBIC 3HAYCHHS TOJHBIX MEXaHHYCCKUX MOMEHTOB JJICKTPOHHBIX
0060104eK aTOMOB B cOCTOSHMSX “P 1 °D.

2. JlomucaTh HENOCTAIOIINE KOMIIOHEHTHI MYIBTHIIIETOB 2Pap, °D1, *Fsp, P2 °Da,
*P1,

3. B03MOXHBI 11 cleyromme coctosHus: 2S1, °So, *Po, 3S1/2, 2S1/2, 2Do, 2D1s2?

4, Kakue U3 CleIyIomuX ONTHYECKHX TEPEX00B paspemieHsl: Sy - 2Da, 2Pap —
?Daja, 'S0 - °P1, n1'So - n'Se?

5. OnuH U3 DIIEKTPOHOB aTOMa T'eJiisl UMEET IJIABHOE KBAHTOBOE YMCIO 1 Apyroii 2.

3anucaTth BO3MOXKHBIE JJIEKTPOHHBIE KOHPHUIYpallMd M CHEKTPOCKOMUYEecKHue 0003HaYeHUs
COOTBETCTBYIOILIUX COCTOSTHUM.

6. Kakue cocrosinus Bo3mMoxHbl y P, D u F TepmoB, orpaHWYeHHBIC BEITUYMHOM
cimHa S ot 0 10 5/2? 3ammcaTh BO3MOXKHBIE CIIEKTPOCKOITMYECKHUE 0003HAUCHHUSI COCTOSTHUM.

7. Bo BHemHe#l 000j04Yke aToMa HaxOIATCS TPU DJIEKTPOHA C OpPOUTAIHLHBIMU
KBAaHTOBBIMH uuciiaMu 1, 2, 3. Onpeaenutb BO3MOXKHBIE COCTOSTHHS aTOMA.

8. HaliTi BO3MOXXHBIE COCTOSHUSI aTOMa YIJIepoJa, JJIEKTPOHHAs KOH(UTypauus
Kotoporo 1s? 2s? 2p 3d.

Tema 6. [lepuonnueckas Tabnauna 3aeMeHTOB. OCHOBHBIE TEPMbI AaTOMOB.

1. Brimmcars AMeKTpOHHYI0 KOH(UTYpanrio U ¢ TIOMOIIbIO MpaBuia XyHIa HAWTH
ocHOBHOI#1 Tepm aroma Cl.

2. Haiitn ¢ nmomompro npaswia XyHJa MOJHBIM MEXaHWYECKHA MOMEHT aToma B
OCHOBHOM COCTOSIHHH, €CJTU €r0 He3aIoJHEHHAs! 01000I09Ka COACPKUT TpH 0-3IeKTpOHa.

3. Haiitn ¢ momompro npaswia XyHIa IOJHBIA MEXaHUYECKHM MOMEHT aroMma B
OCHOBHOM COCTOSIHHH, €CJIH €r0 He3aI0JIHEHHAs! 01000I09Ka COCPIKUT ceMb 0-3JIEKTPOHOB.

4. OrmpeienTh OCHOBHOE COCTOSIHHME aTOMa MapraHiia u vona Mn*™ .

5. Haiitn ¢ momompro npaBuil XyHJAa IMOJHBIA MEXAHUYECKMHM MOMEHT aToma B
OCHOBHOM COCTOSIHUH, €CITH €T0 HEe3aIlOJHEHHAs TI01000J109Ka COePKUT Tpu d-37IeKTpOHa

6. Haiitn ¢ momoumipro npaBuil XyHJa IMOJHBIA MEXAHUYECKMHM MOMEHT aToma B

OCHOBHOM COCTOsSHHH, €CJIN €T0 HC3aIIOJTHCHHAas noz[060n0q1<a COACPIKUT OJMH S-3JICKTPOH.

Tewma 7. XapakTepucTHUECKHE PEHTTEHOBCKHE CIIEKTPBI.

1. Bbruncnute ¢ momMompio 3akoHa Mosnu pasHocTh dHepruil cBsizu K- u L-
JJIEKTPOHOB BaHaAMs.
2. [Ipy HEKOTOpOM HaIpsHKEHUHM Ha PEHTIEHOBCKOM TpyOKe ¢ allOMHUHHEBBIM

AQHTHUKATO/IOM JIJIMHA BOJIHBI KOPOTKOBOJIHOBOHM T'PaHMIbI CIIJIOUTHOIO PEHTI€HOBCKOI'O CHEKTpa
paBHa 0.50 am. Byner nu naGmromathes mpu 3ToM K-cepusi XapaKkTepUCTHUYECKOTO CHEKTpa,
HOTEHIMAT BO30YKACHUS KOTOporo paseH 1.56 kB?

3. Haiitu snepruto cBs3u L-31ekTpoHa TUTaHA, €CIM Pa3HOCTh JJIMH BOJH T'OJIOBHOM
auHuN K-cepun 1 ee KOpOTKOBOJIHOBOM IpaHUIlbl AL=26 M.
4. Haiitu nnuny BOJNHBI A, OIPEAETSAIONIYI0 KOPOTKOBOJIHOBYIO IPAaHUILY CIUIOIIHOTO

PEHTTEHOBCKOTO CIIEKTpa, €CJIM U3BECTHO, YTO YMEHBIIEHHE MPUJIOKEHHOTO K PEHTI€HOBCKON
TpyOke HanpspkeHust Ha AU=23 kB yBenuunBaeT HCKOMYIO JUIMHY BOJIHBI B 2 pasa.

5. Kakyio HauMmeHblylo pa3HOCTh moTeHuMasoB U Hago MNpPHIOKHUTH K
PEHTI€HOBCKOW TpyOKe, 4ToObl MOJMy4YHTh Bce JuHMM K-cepuu, ecau B KayecTBe Marepuania
AQHTHKATO/1a B3SITh ME/Ib?

6. Kakyio HauMeHblIyl0 pa3HOCTh moTeHHHMaaoB U Hajgo NPWIOKUTh K
PEHTTeHOBCKOM TpyOKe, 4ToObl MOMy4yuTh Bce JMHUU K-cepuu, ecinu B kaduecTBe marepuana
aHTHUKATo/1a B3ATh cepeOpo?



7. Kakyio HauMmeHblIyl0 pa3HOCTh moTeHuMasoB U Hago MNPHIOKHUTH K
PEHTICHOBCKOW TpyOKe, 4TOObI MOJMY4YHTh Bce JMHMM K-cepuu, ecnu B KayecTBe Marepuania
AQHTHKATOJ1a B3SITh BOJIb(ppam?

8. Kakyto HauMmeHbIIyl0 pa3HOCTh MoTeHuuasoB U HAZ0 NOPWIOKHTH K
PEHTTEHOBCKOM TpyOKe, 4TOObl MOJMY4YuTh Bce JinHUU K-cepuu, ecinu B KauecTBe Marepuana
AQHTHUKATO/1a B3ATh IUIATHHY?

9. Haiiti nmoctosiHHyo SKkpaHupoBaHusi ¢ Ais L-cepun peHTreHOBCKUX JIyueH, eciu
U3BECTHO, YTO NpPU IEepexo/e JEKTpoHa B aToMe Bojb(ppama ¢ M- Ha L-cioil ucmyckaroTcs
PEHTT€HOBCKHUE JIy4YH C JIUHON BOJIHBI A=143 mm.

10.  IIpum mepexone anekTpoHa B atome ¢ L- Ha K-ci10if UCITyCKarOTCsl peHTTEHOBCKHE
JTy4H ¢ ATMHOM BoHbI A=78.8 M. Kakoii 3To atom?

Tema 8. MarautHslii MOMeHT atoMa. D¢ dekTsl 3eemana u [lamena-baka.

1. Bsimucarte criekTpanibHOE 0003HaUeHKHE TepMa, y Kotoporo S=1/2, J=5/2, g=6/7.

2. Beimumcarh ciekTpajgbHOE 0003HAUEHHE TepMa, y Kotoporo S=1, L=2, g=4/3.

3. HaiiTh MarHWTHBII MOMEHT |I W BO3MOXKHBIC 3HAUCHHs MPOSKIUK  aToMa B
cocrosuuu 'F,

4. HaiiTh MarHUTHBIA MOMEHT |I M BO3MOKHBIC 3HAYCHUS MPOCKIMU  aToMa B
cocrosruu 2D

5. OnpenenuTs BO3MOKHBIE 3HAUEHUS] MATHUTHOIO MOMEHTA aTOMa B COCTOSHUU “P.

6. BBUHCTUTH MAarHUTHBIA MOMEHT aTOMa BOZOPOAA B OCHOBHOM COCTOSTHUH.

7. HaiiTu MeXaHHYecKHil MOMEHT aTOMa B COCTOSHMM °F, €CIIM M3BECTHO, YTO B 3TOM
COCTOSIHUY MAarHUTHBI MOMEHT PaBeH HYJIIO.

8. HaiiTu MeXaHMYECKHMiI MOMEHT aToMa B COCTOSIHMH 'H, eclu U3BECTHO, 4TO B ITOM
COCTOSIHUY MAarHUTHBI MOMEHT PaBeH HYJIIO.

9. BBMHUCIUTH C TOMOIIBIO MTpaBUia XyHIa MATHUTHBI MOMEHT OCHOBHOT'O COCTOSTHUS
aToma, B KOTOPOM HE3aroJIHeHHas M0000I049Ka HMeeT JIEeKTPOHHYI0 KOH(pHUryparuio Np°.

10. BeuucauTh ¢ mOMOIIbIO MpaBuia XyHJa MArHUTHBI MOMEHT OCHOBHOTO COCTOSTHHS
aToma, B KOTOPOM He3aroJIHeHHas M0J000I04Ka NMEET dIeKTPOHHYIO KoHdurypammo nd3.

11. Ha cKkosbKO ypoBHEil pacuiensTcs B c1aboM MarHUTHOM TIone TepMbl 2Fs/2?, “D1/2?

12. HekoTopasi CrieKTpaibHasl JHHHS, 0OyCIOBIEHHAs TEPeXoioM B 2Sip COCTOSHHE,
paciienuiach B ¢1aboM MarHUTHOM TIoJie Ha 6 KOMIOHEHT. OnpenenuTh CeKTPaTbHbI CHMBOJ
HCXOJTHOTO TepMa.

BAPUAHTBI TECTOBBIX 3AJIAHUI
Tect Ne 1.1 (KopryckyJisipHbIE CBOWCTBA U3ITyUCHHS)

1. Takue ¢usznueckue ABIEHUS Kak MHTephepeHLns, TUPPaKIUI U PETOMICHUE CBETa
MOJATBEPKJIAIOT €r0 KOPITYCKYJIIPHYIO IPUPOAY.

a) 11a;

0) Her;

B) YTBEp)K/I€HUE HEKOPPEKTHO.

2. CBeT UCIyCKaeTCsl U MOTJIONIACTCS MOPIUSIMHU (KBaHTaMH ), T.€. UCKPETHO.
a) 1a;

0) Her;

B) YTBEPI)KI€HHE HEKOPPEKTHO.

3. Benuunna (hoTOTOKA HACKIIEHUS PH BHEIIHEM (HOTOAPEeKTe MOKET HE 3aBUCETh OT
YacTOTHI H3ITyUEHHUSI.



a) na;
0) HerT;
B) YTBEP)KJICHUE HEKOPPEKTHO.

4. TIoHATHS TEOMETPUUECKIX (OPM U pa3MepoB MPUMEHHUTEIBHO K (POTOHAM HE UMEIOT
CMBICIIA.

a) na;

0) Her;

B) YTBEPI)KACHHE HEKOPPEKTHO.

5. ®OTOHBI pa3IMYHBIX UTMH BOJH B BAKyyME UMEIOT Pa3InYHYIO0 CKOPOCTb.
a) na;

0) HeT;

B) YTBEPK/IEHUE HEKOPPEKTHO.

6. Bemnunaa (¢$OTOTOKAa HACBHIIICHWS TpHU BHEmHEM (OTOdpdeKTe 3aBHCUT OT
MHTECHCHBHOCTH U3iydenns, ecin V> A /h.

a) 1a;

0) Her;

B) YTBEPI)KIE€HHE HEKOPPEKTHO.

7. Ddodext [omnepa B ONTUKE, MPOSABISIOMIMNACA B W3MEHEHHM YaCTOThl U3Iy4eHUs,
pETUCTPUPYEMON TPUEMHHUKOM TIPH €r0 ABMKEHHH OTHOCHUTEIBHO HCTOYHHMKA CBETa MOXKHO
OOBSICHUTh Ha OCHOBE 3aKOHOB COXPAHEHUS UMITyJIbCa U SHEPTUU.

a) na;

0) HeT;

B) YTBEPK/IEHUE HEKOPPEKTHO.

8. DddexT Meccbayrpa He HaOIIOIAETCS B BUAMMON 00JIaCTH CIIEKTpA.
a) na;

0) Her;

B) YTBEpKJIEHHE HEKOPPEKTHO.

9. Dddexr Meccbayspa sBISETCS CIEACTBUEM 3aKOHA COXPAaHEHUS HMITYJbCa, B
pe3yJbTaTe 4ero 4acTOThl Y-KBaHTOB, UCITyCKAEMbIX M TOTJIOIIAEMBIX SApaMH aTOMOB OJHOTO U
TOT'O JK€ BEIIIECTBA CTAHOBSITCS OJIMHAKOBBIMHU M TIOSIBIISICTCS PE30OHAHCHOE MOTIIOMICHUE.

a) na;

0) Her;

B) YTBEP)KIECHHE HEKOPPEKTHO.

10. JIns wHTepnpeTanuu sBieHuss KoMnToHa MCIoOiIb3yeTcs TOJNBKO 3aKOH COXPaHEHUS
UMITYJIbCA.

a) na;

0) Her;

B) YTBEPI)KI€HHE HEKOPPEKTHO.

11. ®oTroH — »yNeMEeHTapHas 4YacTUIA, KOTOpas HE WCIBITBIBACT T'PABUTALIMOHHOTO
HPUTSDKCHUS.

a) na;

0) Her;

B) YTBEPI)KIE€HHE HEKOPPEKTHO.



12. TTo mepe yaayieHusi OT 3BE3/IbI IJTMHA BOJHBI (DOTOHA YBEIIMUUBACTCA.
a) na,

0) HeT;

B) YTBEPK/IEHUE HEKOPPEKTHO.

13. CBeToBO€ /1aBiIeHUE OKAa3bIBAIOT KBAaHTHl F'AMMa U PEHTI€HOBCKOI'O M3JIyY€HUS U HE

OKa3bIBalOT KBAHTHEI BUAUMOI'O CBE€TA U PATUOU3ITYUCHU .

a) 1a;
0) HeT;
B) YTBEPKJIEHUE HEKOPPEKTHO.

14. Tlpu mormnomeHnn (HOTOHA ATOMOM HIIM MOJIEKYJIOW dHEprus (JOTOHA IMOITHOCTHIO

nepeaacTcCsa uM.

a) na;
0) HeT;
B) YTBEpK/IEHUE HEKOPPEKTHO.

15. B sBnenun KommnroHa nposIBISIFOTCS 3aKOHBI COXPAaHEHUS SHEPruM U HUMITyJIbCca

CHCTCMbI (1)OTOH — JJICKTPOH, B3aHMOﬂeﬁCTBy101HHX APYT C Apyrom.

a) 1a;
0) HeT;
B) YTBEP)KJIEHUE HEKOPPEKTHO.

16. B mponecce pacCceadurd CBE€Ta arToOMaMHi WM MOJICKYJIaMHW UMECT MCCTO JIOKaJIM3alud

sHepruu GoToHa Ha 0OBEKTE pacCesHUsI.

a) 1a;
0) HeT;
B) YTBEpK/IEHUE HEKOPPEKTHO.

17. ®oTOH raMMa-u3IydyeHUss UMEET MEHBIIYI0 I'PaBUTALMOHHYIO Maccy, 4eM (OTOH

UH(PPAKPACHOTO U3ITyUYCHHUS.

a) 1a;
0) Her;
B) YTBEP)K/IEHUE HEKOPPEKTHO.

18. TopMO3HOE PEHTI€HOBCKOE U3Ty4Y€HHE BO3HUKAET BCIICICTBHE TOPMOXKEHHS (DOTOHOB

PCHTICHOBCKOI'O U3JIYYCHHA B BCILICCTBE.

a) 1a;
0) HeT;
B) YTBEPK/IEHUE HEKOPPEKTHO.

19. Topmo3HO€ PEHTIE€HOBCKOE W3JIYYEHHE BO3HUKAET BCJIEIACTBHE TOPMOMKEHUS

9JICKTPOHOB B BCIICCTBC.

a) 1a;
0) Her;
B) YTBEpK/IEHHE HEKOPPEKTHO.

20. ITpu paboTe peHTreHOBCKON TPYyOKH MPOMCXOJUT CHIIbHBIA HarpeB aHTHUKAaToja, U

MMO3TOMY €T0 ACTAIOT MaCCUBHBIM.

a) 1a;
0) HeT;
B) YTBEp)K/IEHHUE HEKOPPEKTHO.



21. Dmueprus ¢otoHa HHEPPAKpPACHOTO U3Iy4YeHUs Oonblie dSHepruu  (poToHa
PEHTI'€HOBCKOI'O U3JTyUYCHHUS.

a) na;

0) HeT;

B) YTBEPK/IEHUE HEKOPPEKTHO.

22. Macca cBOOOHOTO AJIEKTPOHA MPH MOTJIOMICHUN (HOTOHA YBEITUIUBACTCS.
a) ja;

0) Her;

B) YTBEP)KJICHHUE HEKOPPEKTHO.

23. Korga Mbl TOBOpUM «4acToTa (OTOHa», TO MMEeM B BHJAY, YTO 3TO 4YacTOTa
KoJIeOaHH HAMTPSHKCHHOCTH AJICKTPUYECKOTO M MArHUTHOTO TTOJIS.

a) na;

0) Her;

B) YTBEP)KACHHE HEKOPPEKTHO.

24. Tlox ayimHOM BOJHBI (JOTOHA IOHUMAIOT €r0 T€OMETPUUYECKHE Pa3Mephl KaK YacTHUIbL.
a) na;

0) HeT;

B) YTBEP)KJIEHUE HEKOPPEKTHO.

25. CkopocThb pacmpocTpaHeHuss (OTOHOB B Cpelie HE3aBUCUMO OT HMX JJIMHBI BOJIHBI
BCEr/ia OJINHAKOBA.

a) na;

0) HeT;

B) YTBEpK/IEHUE HEKOPPEKTHO.

26. B ciayuae HOpManbHOU aucnepcun (HOTOHBI ¢ OONBIIMM 3HAYCHUEM JJTUHBI BOJIHBI
pacmpoCTpaHsSIOTCs ¢ OONbIIEH CKOPOCThIO, YeM (POTOHBI C MEHBIIIUM 3HAYCHUEM JTHHBI BOJHBI.

a) na;

0) Her;

B) YTBEP)K/IEHUE HEKOPPEKTHO.

27. ®OTOH, pa3Mepbl KOTOPOTO MEHbIIIE pa3MEPOB aTOMa, MOXKET OBITH UM IOTJIOIIEH, a
(GoTOH, pa3Mepsl KOTOPOro OOJIbILIE pa3MEPOB aTOMa HE MOXKET ObITh UM MOTJIOLIEH.

a) 1a;

0) Her;

B) YTBEPK/IEHUE HEKOPPEKTHO.

28. JliinHa BOJHBI KOPOTKOBOJIHOBOW TPaHMIBI CIEKTPAa TOPMO3HOIO PEHTTEHOBCKOTO
U3Jy4eHUs: 00paTHO MPONOPLUOHATbHA HANPSHKEHUIO Ha PEHTIT€HOBCKOM TpyOKe.

a) 11a;

0) Her;

B) YTBEpK/IEHHE HEKOPPEKTHO.

29. 3HaueHMe KpacHOM TpAHHUIBI CIIEKTPA TOPMO3HOI'O PEHTTEHOBCKOTO W3IIy4YEHMS
3aBUCHUT OT MaTepHalla, U3 KOTOPOro U3rOTOBJIEH aHTUKATOI.

a) 11a;

0) Her;

B) YTBEp)K/IEHHUE HEKOPPEKTHO.



30. 3HaueHue UIMHBI BOJIHBI KpacHOW TpaHuibl poTorddexta onpenensercs padoToi
BBIX0/1a 3JIEKTPOHOB C IOBEPXHOCTU METalIa.

a) 1a;

0) HeT;

B) YTBEPK/IEHUE HEKOPPEKTHO.

Tect Ne 1.2 (KopryckyJsipHbIE CBOWCTBA U3JTyUCHHS)

1. ®OTOH MM CBETOBOW KBAHT B IOKOE CYIIECTBOBAaTh HE MOXET, U €r0 Macca IOKOs
paBHa

2. Buytpennuit ¢otoapdekT coCTOUT B TOM, UTO MO ACHCTBUEM CBETa F€HEPUPYIOTCA
, KOTOpBIE SIBJISIIOTCS HOCUTEISIMU TOKA B MTOJIYITPOBOJIHUKE.

3. KBampar MakcMManbHOH CKOpPOCTH BBIPBIBAEMBIX NpU BHEHIHEM (oTorddexTe
3JIEKTPOHOB JIMHEHHO 3aBHCUT OT U3IY4YeHUS U HE 3aBUCUT OT MHTEHCUBHOCTH
U3ITy4YEHUS.

4. BenuunHa cuiibl TOKa HachIeHUs npu (GoTodPdekTe mpornopruoHaibHa
CBeTa.

5. 3naueHue KpacHOU rpaHulibl 0A1HOGOTOHHOTO (HoTOd((DEeKTa 3aBUCUT UCKITIOUYUTEIBHO
oT

6. CMernieHue IJIMHBI BOJIHBI ()OTOHA PEHTI€HOBCKOTO M3Iy4eHHUs: npu KoMnToHOBCKOM
pacCestHUU 3aBHCHUT TOJIBKO OT paccesiHusl.

7. KopoTKOBONHOBas TIpaHMLA CIUIOLIIHOIO PEHTTEHOBCKOIO CIEKTpPa TOPMO3HOTO
W3JIy4EHUS ONPEIEISIETCS TOJIBKO BEIMYNHON Ha PEHTI€HOBCKOU TpyOKe.

8. Topmo3HOE pPEHTTEHOBCKOE M3IyYeHHE BO3HUKAET BCIIEACTBHE
AIIEKTPOHOB TPH MOMNaIaHUN Ha AaHTUKATO/.

9. SBnenue oTHauM TNpPH HUCIYCKAaHUM (OTOHOB BCJEACTBUE 3aKOHA COXPAHEHMS
UMITYJIbCA OTPEAETSET CMELIEHHE UX YaCTOThI, YTO MPOSBIIAETCS B 3P derTax

10. dnst mabmonenust 2¢gdexra Meccbayspa HCTOUHUK Y-KBAHTOB HEOOXOMMO JIBUTATH B
CTOPOHY

11. Ecnu cpaBHUTH SHEPruM (POTOHOB PEHTTEHOBCKOTO W3IIY4YEHMs, Y-H3IyUEHHS U
BUMMOTO CBETA, TO MOKHO CKa3aTh, YTO HAHMOOJIBIIIYIO SHEPTHIO UMEET (POTOH

12. Ecnu cpaBHUTH JUIMHBI BOJH ()OTOHOB  YJIbTPA(HUOJIETOBOIO  HU3IYUCHHS,
PEHTT€HOBCKOTO M3JIyYE€HHS U BHAMMOIO CBETa, TO MOXKHO CKa3aTh, YTO HAHOOJBIIYIO JUTMHY
BOJIHBI UMeeT (POTOH

13. Tlpy B3auMOJEHCTBUU C MHUUIEHBIO Y-KBAHT MOJKET INPEBPALLATHCS B JJIEKTPOH U

14. Eciu o0nydaTh W30JMPOBAHHBIM METAJUIMUECKHH IIAPUK CBETOM, JJIMHA BOJHBI
KOTOPOT'0 MEHBIIIE KpacHOM rpanuib! potosddekra, To mapuk oyaer



15. Ecnun o0ny4aTe M30JMPOBAaHHBIA METAJUIMYECKHH IIAPUK CBETOM, JJIMHA BOJHBI
KOTOPOrO MEHbIIe KpacHOM TIpaHulbl (GoTorddexTa, TO B 3aBUCUMOCTH OT 3HA4YEHUS
Iapuk OyeT mpuodOpeTaTh pa3InYHbIA MOTEHINAI.

16. Ecnu HanpshkeHHe Ha PEHTICHOBCKOW TPYyOKe yBETHYMBACTCS, TO KOPOTKOBOJIHOBAs
I'PaHUIIA PEHTI€HOBCKOTO CIIEKTpa CMEIAETCs B

17. Tlpm paccesHuu (HOTOHOB PEHTTEHOBCKOTO W3JIyYCHHsI Ha CIa00CBS3aHHBIX
AJIEKTPOHAX HAONIOAAeTCs UX JUIMHBI BOJIHBL. B 3TOM M COCTOUT CyTh SIBJICHUS
KommTona.

18. BeposiTHOCTh paccesiHuS 371eKTpoHOB B 3(ddexte Kommrona 3aBucuT OT yria
paccesiHus U

19. SIBnenue oTnavM rnpu paccessHuU (GOTOHOB BCIIECACTBHE 3aKOHOB COXPAaHEHUS SHEPTUH
¥ UIMITYJIbCa MMPUBOJUT K CMELICHUIO UX YaCTOTHI, YTO MPOsBIIsieTcs B 3 dexre

20. UHTEeHCUBHOCTD SIBISIETCS OJHOW U3 XapaKTEPUCTUK DJIEKTPOMArHUTHOTO U3JIyUYEHUS,
a B KBAHTOBOM MOJIEJIH 3TO MOHSATHE XapaKTEPU3YyET ($OTOHOB.

Tect Ne 1.3 (KopryckyJisipHbIE CBOWCTBA U3ITyUCHHS)

1. O ¢poToHaX MOXKHO CKa3aTh, YTO:

a) 9T0O MOHOXpOMaTHYeCKask YJICKTPOMarHUTHAs BOJIHA,;

0) 5TO yacTuIa, KOTOpasi He UMeeT (PUKCHPOBAHHBIX pa3MepoB U (OPMEI;

B) TO 3JIEMEHTapHasl YacTULA, Macca MOKOs KOTOPOil paBHA HYJIIO;

I) KBaHT DJJEKTPOMAarHUTHOTO W3JIy4eHHUs (I0JIs1), TPOSBISIONUI TPH OINpPEIeTeHHBIX
YCIIOBUSX CBOMCTBA YaCTHII;

1) KBaHT JICKTPOMArHUTHOTO TTOJIsl, HE MCTIBITHIBAIOIINI TPABUTAIIMOHHOTO TIPUTSHKECHUS;

€) KBAaHT DJEKTPOMArHUTHOTO TMOJIs, JAEJIOKaJIM30BAHHBIA B MPOCTPAHCTBE, HO
00Hapy>KUBAIOIINN JIOKAIU3ALUIO TIPY B3aUMOJICHCTBUH.

2. Tlpu mpoXOKIEHUHM CBETOBOIO IOTOKAa BMJMMOrO JAMana3oHa 4epe3 TOHKUN Ciou
(mopsiiKa ITMHBI BOJIHBI) AUAJIEKTPUKA BO3MOXKHBI ITPOIIECCHI:

a) OTpakeHHe OT I'PaHMIL Pa3/ena;

0) naTEepPepeHIs;

B) IIOTJIOIIEHHUE CBETA aTOMaMU WJIK MOJIEKYJIaMH;

I') BEIPBIBAaHUE 3JIEKTPOHOB C OBEPXHOCTH;

1) TEHEpaIsl JIEKTPOHHO-IBIPOYHBIX Tap;

€) peKOMOUHAIIHS.

3. TopMO3HOE PEHTT€HOBCKOE U3IIy4E€HUE — 3TO:

a) U3JIy4eHue, KOTOPOe BO3HUKAET B 00BbEME PEHTT€HOBCKOM TPYOKH;

0) u3IyueHue, BOZHUKAIOIIEE Ha KaTo e MPH MONaJaH|H MOJOKUTEIbHBIX 3apsi/IOB;

B) U3JIy4YeHHE, BOSHUKAIOIIEEe HAa aHTUKATOe PEHTT€HOBCKOM TpyOKH;

I') U3JIy4€HUE, BO3HUKAIOLIEE IIPU TOPMOKEHUH IIIEKTPOHOB;

1) U3JIy4€HHE PEHTI€HOBCKOW TPyOKH, BO3HHKAIOLIEE MPHU M0Jauye Ha Hee TOPMO3SIIETOo
HanpsDKeHUs (3a/1ep>KUBaloIIel pa3HOCTH OTEHIIUAIOB).



4. Korna nabmogaercs sisnenue Gpotodddexra, To CBETOBOM KBAHT:

a) MOTJIOMIAETCSI CBS3aHHBIM AJIEKTPOHOM;

0) paccenBaeTcs cl1a0OCBA3aHHBIM WM CBOOOIHBIM JIEKTPOHOM;

B) MOTJIOIIAETCSI CBOOOAHBIM 3JIEKTPOHOM;

I') BCIEACTBHE B3aUMOJICUCTBUS C JJICKTPOHOM TpaHchopmupyercs B (HOTOH Ipyroi
YaCTOTHI;

1) BCJCJICTBHE B3aWMOJICHCTBHS C aTOMaMH IOJYIPOBOJHHKA TpaHCcHOpMHpyeTcs B
(GOTOH APYToi YaCTOTHI U MOSIBIISIETCS AIEKTPOHHO-ABIPOYHAS 11apa;

€) TOIJIONIAeTCs aTOMOM IIOJYIPOBOJAHHMKA W IMPH 3TOM T'CHEPUPYETCS 3JICKTPOHHO-
JIBIPOYHAs TIapa.

5. Korga umeer mecro ssinenne Komnrona, To ¢poToH:

a) IOIJIOIAETCs CI1a00CBA3aHHBIM IEKTPOHOM;

0) ynpyro paccenBaeTcs (0TpaxaeTcsi) KpUCTAILIIOM;

B) paccenBaeTcsl c1a00CBsI3aHHBIM 3JIEKTPOHOM aTOMOB KpPUCTAILIA;

I') NOTJIOLIAETCS CUIIbHOCBSI3aHHBIM (BHYTPEHHUM) 3JIEKTPOHOM aTOMa;

1) npeBpaiaercs B GOTOH JPYroi 4acToThl BCIEICTBUE PacCesHUS;

€) HEYIIPYTo paccenBaeTcsi c1ado CBSA3aHHBIM AJIEKTPOHOM aTOMOB KPUCTAJLIIA.

6. Xopomio W3BECTHO, 4YTO YEJIOBEUSCKHHA TJia3 SBISACTCS YYBCTBUTEIHHBIM
doronpuemnukoM. IIpum 3TOM OH o00NagaeT MOPOrOM UYYBCTBUTEIBHOCTH. OTH CBOIICTBa
YeJI0BEYECKOro Ti1a3a ObuTi uenoiib3oBanbl C.J.BaBUIOBBIM 1 TIO3BOIHITH €MY:

a) 3apEerUCTPUPOBATH MIPU OUCHb HU3KOH HMHTEHCHUBHOCTH MEPIAHUE U3TYUYCHUS;

0) 3aperucTpupoBaTh ciaboe CBEUYEHUE HIIEKTPOHOB MPH TOMAAaHUN UX B 0COOBIE CPEIIbI
(m3nyuenue BaunoBa—Uepenkosa);

B) 3apeTHCTPUPOBATH  (UIYKTyalldd CBETOBOTO TIOTOKA TMPH OYCHb  MAaJIbIX
UHTCHCUBHOCTSIX;

') 3apETUCTPUPOBATH (IIYKTyallili CBETOBOT'O IMOTOKA MPH OYCHb CHIIBHBIX, OJM3KUX K
nopory 00JIEBOTO OIIYIIEHUSI HHTEHCUBHOCTSIX;

1) 3aperUCTPHPOBATH OYECHb CIIA0YI0 JIFOMHHECIICHIMIO JIFOMUHO(OPOB M yCTaHOBHUTH
W3BECTHBIN B JTIOMUHECIICHIIMU 3aKOH O HE3aBHCHUMOCTH KBAaHTOBOTO BBIXOJla OT JJMHBI BOJHBI
BO30Yyk1eHUs (3akoH BaBuiiosa).

7. Cnoxenue sHEprur (POTOHOB BO3MOYKHO:

a) IpU CTOJIKHOBEHUH (DOTOHOB;

0) mp1 OAHOBPEMEHHOM MX B3aUMOJEHCTBUH C aTOMOM HJIM MOJIEKYJIOH;
B) nnpu 3¢dexre Homnepa;

r) npu 3 dexre Komnrona;

1) TP OJTHOBPEMEHHOM B3aUMOJICHCTBHH C SIIPOM aTOMA.

8. C Touku 3peHusi KBAaHTOBOW TEOPUU MPU MPOXOXKJACHUU CBETOBOTO MOTOKA BUIUMOTO
Jrarra3oHa 4yepes3 CIION JUAJICKTPUKa BO3MOKHBI IPOIECCHI:

a) yIpyroe paccessHue Ha dJIeKTPOHax;

0) ynmpyroe paccessHie Ha aToMax WA MOJICKYJIax;

B) HEYIIPYTO€ paccessHue Ha CBOOOIHBIX AJIEKTPOHAX;

T) YIIpYTroe paccessHie Ha HEOJHOPOAHOCTSIX;

1) HeynpyToe (KOMOMHAIIMOHHOE) paccessHhe Ha aTOMaxX UM MOJIEKYJlax;

€) MOHU3AIUS MOJIEKY T,

) NOHHU3AIUsI aTOMOB;

3) BBIPBIBAHHUE JICKTPOHOB C MTOBEPXHOCTH.

9. IlpenmymeCTBEHHO KOPMYCKYJISIPHBIE CBONCTBA CBETa MPOSBIAIOTCS B TaKHX



SBJICHUAX, KaK:

a) uHTEepepeHINS;

0) mudpaxs;

B) GoTo3(heKT, KaKk pa3HOBUIHOCTH MOTJIOIICHUS CBETA;
r) 3¢ dext Komnrona, kak pa3HOBUAHOCTH PacCEesTHUS, CBOMCTBEHHAS U PEHTTEHOBCKHX

Jy4en;

n) apdekr Jomnepa.

10. CBeTOBBIE KBAHTHI — 3TO OCOOBIE YaCTHUIbI MUKPOMUPA, IIOTOMY YTO:

a) UX Macca MOKOsl paBHA HYJIIO;
0) OHM MepEeMEeIIAI0TCs B TPOCTPAHCTBE CO CKOPOCTHIO CBETA;
B) OHU MOTYT NEPEMCIIATECSA CO CKOPOCTHIO CBETA IMPH ONPCACIICHHBIX YCIIOBUAX;

T') IPU B3aUMOJICICTBUH C IPYTUMHU YaCTULIAMHU HE MEPelaloT UM YacTh YHEPIHH, TaK KaK

HE JCJISTCS U HE MOTYT U3MEHUTD BEJIMYUHY CKOPOCTH;
1) IPH B3aUMOJICUCTBUU C IPYTUMH YaCTHI[AMH MIEPEIat0T UM UMITYJIbC;

€) IpY MaJIOH TUIOTHOCTH B 00beMe He HAOMIOAA0TCs UX (MIyKTyaluu MIIOTHOCTH;
) OHHM HE UCIBITHIBAIOT TPABUTAIIMOHHOTO IIPUTSHKECHMUS;

3) OHM JBUTAIOTCS TOJIBKO I10 MPSMOI.

11. DHepruto GOoTOHA MOKHO PACCUUTATH C HCIIOJIb30BaHUEM (hOpMyII:

a) hv;

6) hi.:

B) hc/,;
r) mv/2;
1) h/.

12. Umnynbe poTOHA MOKHO pacCUUTATh C UCTIOIb30BaHUEM (POPMYIL:

a) h/\;
0) hvlc;
B) hc/i,
r) mv;
1) hv.

13. Ha pucyske

IIPUBCICHBL

BOJIBTAMIICPHBIC XapPAKTCPUCTHKU
Bo3moxubIMU IMpUINHaAMH1 UX OTJIINYMHU SBJISIIOTCS:

(OTORIIEMEHTOB.

a) OHU OTJIMYAKOTCA MaTCpHalIOM (I)OTOKaTOJIa, a, CJIICO0BATCIIbHO, pa60T0171 BbIXOJa

JJIEKTPOHOB;

0) OHU 00JTy4alOTCsl CBETOM PA3JIMYHOM YacTOTHI;

B) OHHM O0JTy4arOTCsl CBETOM Pa3IMYHON MHTEHCUBHOCTH;



I') OHH MUMEIOT Pa3IuYHYI0 TUIOMIAh OCBEIIaeMoi pabodeil MOBEPXHOCTH, TIPH OJTHON U
TOM K€ UHTEHCUBHOCTH CBETA;
1) OHU UMEIOT Pa3IMuHyI0 TeMIIepaTypy.

14. Ha pucyHke mnpuBeJeHbl BOJbTAMIIEPHBIE XapaKTEPUCTUKU (POTOIIEMEHTOB.
Bo3MOXHBIMYM IPUYUHAMU UX OTIUYHH SBISIOTCS:

[ A

/|

)

a) OHM OTJIMYAIOTCA MarepuajioM (QOTOKaroaa, a, CleloBaTelIbHO, paboToil BbIXOnA
3JIEKTPOHOB;

0) OHH 00JTy4arOTCS CBETOM Pa3IMYHOMN YaCTOTHI;

B) OHU 00JIy4aroTCsl CBETOM Pa3IM4YHON MHTEHCUBHOCTH;

I') OHU UMEIOT PA3JIMYHYIO IUIOIIAJb OCBELIAeMON pabodell MOBEPXHOCTH, IIPU OJHOU U
TOM K€ MHTEHCUBHOCTH CBETA;

1) OHU UMEIOT Pa3yHyI0 TEMIIEPaTypy.

15. ¥V cnekrtpa TOPMO3HOrO PEHTTEHOBCKOTO H3JIYYEHUS HMMEETCS KOPOTKOBOJIHOBAS
rpaHuIa;

a) 10 MPUYHMHE JACWCTBUS 3aKOHA COXPAHEHMsI PHEPIMM M MO3TOMY 3Heprus (oToHa He
MOJKET OBITh O0JIbIlIe KUHETUYECKON YHEPTHH MOMAIAI0IIEro Ha aHO SJIEKTPOHA;

0) Tak Kak 3HEprus 3JIEKTPOHOB, MMOMNAJAIOIIUX Ha AHTHUKATOJl PEHTT€HOBCKOW TPYOKH U
WCIBITHIBAIOIINX TOPMOKEHUE, UMeeT GUKCUpOBaHHOE 3HaueHue eU;

B) TaK KaK aHTUKATOJ PEHTT€HOBCKOM TpPyOKH UMEET OrpaHUYEHHYIO Maccy;

T') 10 MPUYMHE OTPAHUUYEHUSI CAaMOT0 JHara30Ha PEHTTEHOBCKOTO CIIEKTPa;

1) IO TPUYMHE JEUCTBUS 3aKOHA COXPAaHEHUS SHEPTrUU U MOATOMY FHeprusi (oToHa He
MO3KET OBITh OOJBIIIE YHEPTHH AIEKTPOHA, YCKOPEHHOTO AJIEKTPUUYECKUM TMOJIEM MEXY aHOJIOM
Y KaTOJIOM.

16. MoxeT 11 abCoJIFOTHO CBOOO/IHBIH 3JIEKTPOH MOTJIOTUTH (POTOH?

a) HE MOXKET, TaK Kak nHaue OyJIeT HapyIlIeH 3aKOH COXPAHEHUs SHEPTHH;

0) HE MOXeET, TaKk KaK MHaue OyAeT HapylIeH 3aKOH COXPaHEHHs UMITYJIbCa;

B) MOXET;

I') MOXKET, €ClI JUIMHA BOJIHBI (JOTOHA CpaBHUMA C KJIACCUYECKUM PaUyCOM 3JIEKTPOHA
(~107"° m);

1) MO>KET MOTJIOTUTH (POTOH PEHTI€HOBCKOIO U3ITyUEHUSI.

17. U3 popmynsr AL = A(Ll—COSO) mns KOMITOHOBCKOTO paccesHus U CyTH CaMOro

s dexra Komrnrona ciemyer, 4To:
a) TIpH paccessHu (DOTOHOB HA ANEKTPOHAX BEIMYMHA CMEIICHHSI UTMHBI BOJHBI ()OTOHA



3aBUCHUT TOJIBKO OT yIJla pacCesiHUS;

0) KOMOTOHOBCKAas JJIMHA BOJHBI A HE 3aBHCHT OT yria paccesHusl 0, Tak Kak A3TO
KOHCTAaHTa,

B) KOMIITOHOBCKAs JJIMHA BOJHBI A HE 3aBUCHUT OT JUIMHBI BOJHBI (POTOHA, TaK Kak
SIBIISICTCSI KOHCTAHTOM

I') KOMITOHOBCKAs JUTMHA BOJIHBI A 3aBUCUT OT BEJIMYUHBI AL,

1) Ipy paccessHuH (POTOHOB HA IJICKTPOHAX BeNMYMHA AL HE 3aBHCHUT OT BEIIECTBA, Ha
KOTOPOM M3Yy4YaeTCs paCCESHHUE.

18. DddexT Meccbayspa cOCTOUT B TOM, UYTO:

a) pe30HAHCHOE IOTJIONICHUE Y-M3JIyYCHUS BEIIECTBOM HE HAOJIF01aeTCsl B IPHUHIIUIIC,

0) pe30HaHCHOE TOTJIOIMICHHUE Y-U3JIYYCHHS NPH OOBIYHBIX (HOPMAJIBHBIX) YCIOBHSIX
MaJIOBEPOATHO (MaJOUHTEHCUBHO);

B) PE30HAHCHOE IOTJIONICHUE Y-M3JTyYeHHsI BOSMOXKHO TPU NEPEMEIICHUHN H3ITydaTelis
WY TIOTJIOMIATENIS] HABCTPEUY APYT IPYTY;

I') pe30HAHCHOE TMOTJIOIIECHHE Y-M3Ty4eHHUsI BO3MOXHO B TOM CITydae, €CIIH JIOTIEPOBCKOE
CMEIICHUE YaCTOThl CKOMIICHCUPYET MOTEePH dHepruu (HOTOHA MPHU B3aUMOJICHCTBHUHU C SIIPOM B
COOTBETCTBUH C 3aKOHAMH COXPAaHEHHsI SHEPTHH U UMITYJIbCA;

1) yCTaHaBiIMBaeT (PU3MUECKUE YCIOBUS, NPU KOTOPBIX HAOIIONACTCS Y-WU3Iy4YCHUs
IEJIOTO KJIACCa BEIIECTB.

19. DHeprusi KBaHTa 3JICKTPOMArHUTHOTO H3ITyYEHUS MOXKET MPEBPAIAThCSA B JIPyrue
BUJIbI SHEPTUH B Pe3yJIbTaTe:

a) IOTJIOIIEH!s (POTOHA BEIIECTBOM;

0) paccesiHus OTOHA BEIIECTBOM 03 M3MEHEHUS YacTOTHI;

B) TIOTJIOIICHUS (DOTOHA OTIICITHHBIM U H30JUPOBAHHBIM aTOMOM;

r) paccesHus (OTOHA MOJCKYJIOH C W3MEHEHHEM 4YacTOThl (KOMOWHAIIMOHHOE
paccesiHue);

1) pacrajia y-KBaHTa Ha 3JICKTPOH U TTO3UTPOH IMPHU B3aUMOJICHCTBUN C MHUIIICHBIO.

20. Kakue u3 mepeuMciIeHHBIX HUXKE TPOILIECCOB C TOYKM 3PEHMs] KBAHTOBOM Teopuu
MOTYT UMETh MECTO MPH MPOXOKACHUN CBETOBOTO MOTOKA B BUAMMOM JUAMa30HE Yepe3 TOHKUI
cJI0M (HEeCKOJBKO JUTMH BOJIH) MeTaia’?

a) OTpaxeHHe OT TPAHMII pa3Jena;

0) ynpyroe paccessHue Ha c1a00CBsI3aHHBIX DJIEKTPOHAX;

B) YIIPYTO€ paccessHue Ha aToMax;

T') YIIpyTroe paccessHue Ha HEOJHOPOAHOCTSIX;

1) HeynpyToe (KOMOMHAIIMOHHOE) paccessHhe Ha aToMax;

€) MOHU3AIUSI MOJIEKY T,

) BBIPBIBAHUE DJIEKTPOHOB C TIOBEPXHOCTH.

21. Kakue u3 nepeurciieHHbIX HUXKE MPOLIECCOB MOTYT UMETh MECTO IPH MPOXOKIACHUN
CBETOBOTO MOTOKA B BUJIMMOM JHaNa30He Yepe3 TOHKUH CJIoW (HECKOIBKO JUTMH BOJIH) MeTasia?

a) MOTJIOIEHUE CBeTa C1ab0 CBSI3aHHBIMHU JJIEKTPOHAMH,

0) MOTJIOIICHUE CBETAa aTOMAaMH;

B) MOHU3ALIMS aTOMOB;

T') BBIPBIBAaHUE DJIEKTPOHOB C TTIOBEPXHOCTH;

1) TeHepanus ANEKTPOHHO-ABIPOYHBIX Tap;

€) peKoMOUHaIHS.

22. Kakue U3 NEepedrcIeHHBIX HH)KE IPOLECCOB C TOYKH 3PEHHsS KBAaHTOBOM TEOPUH
MOTYT UMETb MECTO IIPH IIPOXOKICHUH CBETOBOTO IIOTOKA B BUJIMMOM JMAIIa30HE Yepe3 TOHKUU



CJI0M (HEeCKOJBKO JTMH BOJIH) TIOJIYITPOBOTHUKA?
a) OTpaXxeHHE OT TPAHMII pa3Jelia;
0) yrpyroe paccessHue Ha CBOOOIHBIX JIEKTPOHAX;
B) HEYNPYTroe paccesiHue Ha CBOOOIHBIX JICKTPOHAX;
T') YIIPYroe paccessHue Ha HEOJHOPOAHOCTSIX;
1) HeynpyToe (KOMOMHAIIMOHHOE) paccessHhe Ha aTOMaXxX MIIM MOJICKYJIaxX;
€) HOHHU3AIUS AaTOMOB;
) TeHepaIus JIEKTPOHHO-IBIPOYHBIX Tap;
3) peKOMOUWHAIIHS.

Tecr Ne 2.1 (Mopens atroma Pesepdopaa — bopa)

1. ITpaBriibHO 1M OYJET YTBEPXKACHUE, YTO ICKTPUICCKUN TOK B METaIaX 00yCIIOBIICH
JIBHYKEHUEM CBOOOJIHBIX AJIEKTPOHOB, B PACTBOpPax — JABM)KCHHEM MOHOB, a B Ta3ax — JABH)KCHUCM
AJIEKTPOHOB M HOHOB?

a) na;

0) HeT.

2. IlpaBUJIBHO JIU TOBOPHUTH, YTO DIIEKTPOHBI ObUTH OTKPBITHI Dapaneem, TomcoHoM U
MuImKeHoM 0THOBPEMEHHO?

a) na;

0) HeT.

3. BepHo nu yTBepxkAeHHE, uTO Macca 35ekTpoHa B 1500 pa3 meHblle, ueM Macca aroma
BOJIOpOIa?

a) na;

0) HeT.

4. BepHo JIX YTBCPIKACHUEC, YTO MacCCa JJICKTPOHA 3HAYUTCIIbHO MCHBIIC MACChl CaMOI'O
JICTKOT'O aTOMa — atToMa Bonopona?

a) na;

0) HeT.

5. MOHO JTi TOBOPHUTH, UYTO pa3Mephl sSApa aTOMa 3HAYUTEIIEHO MEHBIIIE pa3MEPOB aToMa
B 1IeJIOM?

a) na;

0) HeT.

6. O-4acTulbl MOTYT PpacCCUBATLCA TOJIBKO AApaMHW aTOMOB W TIPAKTUYCCKH HC
pacceuBaroTCs AIEKTPOHAMHU. {7151 BCeX JIM aTOMOB 3TO CIIPaBETUBO?

a) na;

0) HeT.

7. MoXHO 11 yTBEpXKAaTh, YTO O.-4aCTHUIIBI HE pacceuBaroTcs B ombiTe Pesepdopna Ha
yris1 6onee 90°, motomy uTo pazmeps! suep ~10714 M i a-gacTHIA B HUX HE MOKET MOTAacTh?

a) na;

0) HeT.

8. BepHO JIX YTBCPIKACHHUC, YTO BCPOATHOCTL PACCCAHHA O-HACTUL HC 3aBUCUT OT HX
CKOpPOCTH, a 3aBUCHUT OT 3apAaa sapa aroma?

a) na;

0) HeT.



9. MoxHo 1 JA0Ka3aTb, 4TO IMPOU3BCACHUC YHCJIa PACCCAHHBIX O-4aCTUI] Ha COS4 P
SIBIIETCSI KOHCTAHTOM M HE 3aBUCHUT OT yriia paCCCSIHI/ISI‘.7

a) na;

0) HeT.

10. SBnsercas mu nuddepennuanbHoe 3HPEeKTUBHOE cedeHUEe paccessHus (yHKIHCH
TOJIIUHBI (HOTBTU?

a) na;

0) HeT.

11. IlpaBunbHO 1M pacHoNOXKEHbl B UIKaJe [UIMH BOJH [0 Mepe BO3pacTaHus A
CIIEKTpaJIbHBIE Ccepuu Bojopoxa: cepus Jlaiimana, cepus banbmepa, cepusa Ilamena, cepus
bpekera, cepus [1pynna?

a) na;

0) HeT.

12. MoxHO J1u ¢ TOMOIIBI0 000011eHHOM Gopmyiibl babMepa paccuuTaTh JUIMHY BOJIHbI
10001 TMHUM CIIEKTPa M3ITyYEHHUS HOHA TeIHs?

a) na;

0) HeT.

13. MOXHO JH C TIOMOUIBIO 3aTUCAHHOW HIKE (POPMYIBI PACCUUTATH JJIMHY BOJIHBI 3-

1 1 1
miann cepun banbmepa Bogopoma: — > R| — ——
) 2° 3
a) na;
0) HeT.

14. IlpaBunabHO 7M1 CcHOPMYIMPOBATH KOMOMHALMOHHBIM NpUHIMI Putna: BonHOBOE
YHCIIO JIF00O0M IMHUM CIIEKTpa SBJIseTCsl KoMOMHaIuei 2-x TepMoB?

a) 1a;

0) HeT.

15. B onbitax @panka u 'epiia oOHapyKUBAOTCS TUCKPETHBIE YPOBHU YHEPTHH aTOMOB
PTYTH U He 0OHapyKMBAETCsI HENPEPHIBHBIA KOHTUHYYM SHEPIHMH HOHU3UPOBAaHHBIX aTOMOB. Tak
1M 9T10?

a) na;

0) HeT.

16. CnipaBeyTHBO JIM YTBEPKJICHUE, YTO BHYTPEHHSS SHEPTHUS aToMa SIBJIICTCS SHEepPTHen
CBSI3M DJICKTPOHA B aTOME — SIBJISIETCS BEIMUMHON OTPUIATENILHOM, OTCUNTHIBAETCS OT 3HAUCHUS
SHEPTUH ITOKOS YaCTHIl U €€ BEJIMYMHA MOXET NMPUHUMATh JTUCKPETHBIH HA0Op BO3MOXKHBIX
3HAUCHHUN?

a) na;

0) HeT.

17. IlpaBaa nu, 4TO 3HAYEHHs] TEPMOB MOHA Trejiusi B 2 pas3a OoJible 3HAYSCHUH TEPMOB
aToMa BoJopoaa.

a) na;

0) HeT.



18. MoxHO 5 cKa3aTh, YTO B COOTBETCTBUU C MPUHIIUIIOM COOTBETCTBHSI 4YACTOTA
U3IyYeHUsl, ompenenseMas 2-M MOCTylaToM bopa paBHa dacTtoTe oOpalleHus 3JIEKTPOHA IO
opOuTe /I BCEX PanyCcoB OpOUT.

a) na;

0) HeT.

19. IlpaBuiabHO 1M TOBOPUThH, YTO CTATHCTHYECKHMH BEC YPOBHS WM CTEIICHb
BBIPOXKJICHUSI YPOBHS — 3TO YUCJIO COCTOSIHUM, HAIPUMEP: BO3ZMOXKHBIX TPACKTOPHUI ABUKEHUS, C
OJMHAKOBOM YHEPTUEH.

a) na;

0) HeT.

20. BepHo nu Oyaer cuuTarh, 9YTO B MOMEHT HMMITYJIbCA AJIEKTPOH MPUHUMAET TOJIBKO
JTUCKPETHBIC 3HAUCHUS, IPHYUEM ISl CITydast KPYTOBBIX OPOUT 3TO OJHO 3HAYCHHE, a JJIS CIydast
AJUTUIICOMIATBHBIX OPOUT — 3TO IPYTrHe 3HAUYCHUSI.

a) na,

0) HeT.

21. B ycnoBun kBaHTOBaHUS 30MMepdebia paccMaTpUBAIOTCs 0000IIEHHbBIE UMITYIIbChI

1 0000111eHHbIE KOOPIMHATHI {j}idqi =n.h. Tak 1w 510?

a) na;
0) HeT.

Tecr Ne 2.2 (Moaens atoma Pesepdopra — bopa)

1. Ecniu B onbiTe Pesepdopra mo paccestHUIO o.-4acTHUI] Ha 30JI0TOM (hOJIbre OL-UacCTHIIbI
3aMEHUTH Ha ITPOTOHBI, TO JIOJISI PACCESTHHBIX YaCTHUII

2. DNeKTpUYeCKUi TOK B razax 00yCJIOBJIEH HallPaBJIEHHBIM JIBH)KEHUEM
3aps10B.

3. Ilpu »onekTponus3e MpOMYCKAIOT OAWHAKOBBIH TOK [UIS OJHOBAJIEHTHBIX U
JIByXBAJICHTHBIX aTOMOB METAJUIOB. [Ipu 3TOM Ha 3JEKTpoje 3a OJHO M TO K€ BpeMs MOJel
BEIIIECTBA OJHOBAJIEHTHBIX aTOMOB BBIJEIUTHCS B (ckonbko) paz(a)

(OostplIE WIJIM MEHBIIIE).

4. B moznenu TomMcoHa aTOM BOJIOpO/ia MPEJCTABISAET COOO0M MONOKUTENBHO 3apsKEHHBIN
niap, B LEHTPE KOTOPOTrO HaXOIUTCSA

5. B ombitax Pesepdopna uuciao pacCeSTHHBIX O-YaCTHI[ OKa3ajoCch 3HAYUTEIHHO
, 4eM YHCII0 MAJAIONINX U HMEINCh CIIydaH paccesHus Ha yriast O > 900,

6. 13 oneiToB Pesepdopa ciaemyer, 4To B IEHTPE aToMa HAXOIUTCS (ka-KoM 3HaK)
3apsKEHHOE  SIIPO, pa3Mepbl KOTOPOro 3HAUYUTETBHO (Oonbllle UM MEHBIIIE)
pa3MepoB aroma, BOKPYT KOTOPOTO JIBUXKETCS yactuna. [Ipu stom Pezepdopn ne

cMor O6’b}ICHI/ITB, rnoyemy TaKoi aToM

7. llpu BoBozme Qopmynsl Pesepdopna anst paccesHuss O-4acTUI[ MCIOJB3YeTCs
CTaTUCTUYECKUN TOAXOA W BBOAUTCA IIOHSTHE . IIpu sTom paccesHue




00YCJIOBJICHO KYJIOHOBCKUM B3aUMOJICCTBUEM OL-YACTHIIBI C SPOM.

8. Jons paccesHHBIX a-yacTHIl B ombiTe Pesepdopna (3aBUCHT WM HE
3aBHCUT) OT KHHETHYCCKOW HHEPIMU O-4aCTHL, 3apsiaa saep aroMoB (OJIbIH M TOJIIMHBI
¢omnbru.

9. OTHOCHUTENBHOE YHCIIO PACCESHHBIX B ONbITe Pesepdopnaa yactu u cos*(p/2) cpsa3anbl
MEXIy coOoi 3aBUCUMOCTBIO.

10. CnexTpanbHOW cepueil Ha3bIBalOT COBOKYNHOCTb CIEKTPAJIbHBIX JUHUMI, KOTOPHIE B
CBOCH IMOCIENOBAaTEIbHOCTH B MIKaje JJIMH BOJH WIM YacTOT W B pacHpeieieHUH

WHTECHCUBHOCTH OOHAPYKUBAIOT . Ilpu 3TOM JNMHUM HYMEpPYIOTCS HAuWHAs C
camoii (ITMHHOBOJIHOBOM, KOPOTKOBOJHOBOM) MO Mepe YBEIMYEHHUS U HX
MHTEHCUBHOCTbH C BO3pAaCTaHUEM HOMEpa (YBEJIMYMBAIOTCS, YMEHBIIIAIOTCS ).

11. BonHoBoe wuymcio 1000H CHEKTpadbHOM JIMHUM MOKHO IPEICTaBUTh Kak
KOMOHMHAIMIO JBYX

12. B mocrymatax bopa moctymupyercsi JIHCKPETHOCTb (kakou
XapaKTePUCTHKH) aTOMa W HCXOIS M3 JTOTO0 MOXHO OOBSICHUTH JMHEHYATBIA XapakTep
(M3IIy4eHus, paccesHus).

13. B criekTpe M3IydeHHs1 BOJOPO/a B BUAMMON OOJIACTH CIEKTpa HAOIOMACTCS CepHst
, @ B yIIbTPaQHOJICTOBOM cepus

14. Pa3HOCTh BOJMHOBBIX uucen 4- U 2- nuHUNA B cepuu JlaliMaHa COOTBETCTBYET
BOJIHOBOMY YHCITY JIMHUU CEpUH

15. JInuna BosHBI (POTOHA, COOTBETCTBYIOIIETrO 2-i IMHUU cepuu banbmepa y Bogopoa
, UeM JUTMHA BOJIHBI TAKOM JIMHUH Y MOHOB TEJIHS.

16. ®u3nueckuii CMEBICT NOCTOSHHON [IaHKka COCTOUT B TOM, YTO OHA SBJISCTCS KBAHTOM

17. B cootrBerctBUM ¢ Teopueir 3ommepdenbaa, €ciau dHEpPrust BOJOPOAONOA00HOTO
atoma En, TO 37€KTpOH MOXET cOBepIIaTh ABUKEHUE TOJBKO IO opOuTansiM, u3
KOTOPBIX KPYTOBBIX U AJUTMNTUYECKUX.

18. CocrosHus, oTnyaronecs GopMoil TpaeKTOPUU JBUKEHUS U MMEIOUINE IPU ITOM
OJIMHAKOBYIO 3HEPIUI0, HAa3bIBAIOT . J1s BBIPOXKIIEHHBIX COCTOSHHM MOMEHT
MMITYJIbCA DJIEKTPOHA

19. B ompiTax Byma mo pe3oHaHCHOW (QUIyOpecIeHIIMM aTOMOB PTYTH PE30HAHCHOE
BO30YXK/I€HHE aTOMOB PTYTH OCYIIIECTBIISIOCH JIAMITOM, CTIEKTP U3JIyYEHUs] KOTOPOUH
JIMHENYATHIN.

Tect Ne 2.3 (Moaens atoma Pezepdopna — bopa)

1. B ompitax Pesepdopna mydok o-4acTUIl 3aMEHWIM Ha IMYyYOK MPOTOHOB. YTO
U3MEHIIOCH?

a) YHCJIO O-4aCTHL paCCCAHHBIX B 3aIaHHOM 3JICMCHTC TCJICCHOI'O yTJia dQ YBCIUYNIIOCH,



0) YHCIO O-YaCTHI[ PACCESHHBIX B 3aJaHHOM JJIeMEHTe TenecHoro yria dQ
YMEHBIIUIIOCH.

2. B ompitax Pesepdopaa mydok o-dacTdil 3aMEHWJIM HAa IyYOK HEUTPOHOB. YUTO
WU3MEHUIIOCH?

a) YMCIIO OL.-YACTHIl PACCESIHHBIX B 33JIaHHOM 3JIEMEHTE TEJIECHOTO yriia d() yBeIHYHIOCH;

0) YHCIO O-YacTHI[ PACCESHHBIX B 3aJaHHOM JJIEMEHTe TenecHoro yriaa dQ
YMEHBIIUIOCH.

3. B ombite Pesepdopaa nmiaatnHoByio (oIbry 3aMEHIWIN Ha 30J0TYy10. YTO H3MEHHIIOCH?

a) YKMCJIO OL-4aCTHIl PACCESIHHBIX B 33J]aHHOM JIEMEHTE TeJIECHOT0 yriia dQ) yBeIHYHIoCh;

0) 4YHMCIIO O-YaCTUI] pPACCESHHBIX B 3aJaHHOM JJIEMEHTE TeJleCHOoro yrima dQ
YMEHBIIUIOCE.

4. Cytb onbiToB Papajies 10 3IEKTPOIU3Y COCTOUT B TOM, UTO:

a) KOJMYECTBO BEILIECTBA, BbUICISIOIIEECS HA AJIEKTPOAE IPU  IEKTPOJIM3E
IPONOPLUOHAIBHO KOJUYECTBY 3apsi/ia, IEPEHECEHHOMY MEXY 3JIEKTPOAAMH;

0) KOJINYECTBO BELECTBA, BBIJICIAIOLIEECS HA 3JIEKTPOAE [IPU AIEKTPOIU3E HE 3aBUCUT OT
BEJIMUMHBI IEPEHECEHHOT0 3apsiia U CUJIbI TOKA;

B) KOJIMYECTBO BELIECTBA, BBIACIAIONIECECS HA 3JIEKTPOJE ISl pa3iIMyHbIX 3JIEKTPOJIUTOB
IIPU OJHOM M TOM JK€ KOJMYECTBE IEPEHECEHHOI0 3apsja MPONOPLUOHAIBHO aTOMHBIM BEcam
HOHOB;

') DJIEKTPUYECKUI TOK B 3JIEKTPOJIUTE OOYCIOBJIEH JIBUKEHHEM HOHOB U OJUH I'PaMM-
aTOM JIFOOBIX OJHOBAJIEHTHBIX MJIM JHOOBIX ABYXBAJECHTHBIX HOHOB HECET ¢ COOOI0 BCEr/ia OJJHO U
TOK€ KOJIMUECTBO 3JIEKTpUUYECTBa, paBHOE uncity dapanes;

1) JEKTPUUYECKUNH TOK B 3JIEKTPOJIUTE OOYCIOBJIEH JBUKEHUEM HOHOB U OJAMH IPaMM-
aToOM JIIOOBIX OJHOBAJIEHTHBIX HOHOB BCErJa HECET € COOOI OJHO U TOXKE KOJIUYECTBO
AIIEKTpUYECTBa, paBHOE uuciy dapajes, a T0ObIX IBYXBAJIEHTHBIX HOHOB HECET ¢ co0oi Bcerna
B JIBa pa3a OOJIBIUHN 3apsiI;

€) KOJMYECTBO BEIECTBa, BBIACNAIONIEECS Ha D3JIEKTpoAe Ul  Pa3IUYHBIX
OJIHOBAJICHTHBIX, JBYXBAJEHTHBIX M TPEXBAJICHTHBIX HMOHOB, KOTOpblE 00pa3yloTcs MHpu
pPacTBOPEHUH COOTBETCTBYIOIUX COJEH NPHU MPOIMYCKAHMH DJIEKTPUUECKOTO TOKA 3aBHCHUT OT
BPEMEHH IPOITYCKaHUS;

) DJIEKTPOJIN3 HAOIIOAAIICS TOJIBKO /ISl COJIEH IIEIOUHBIX METAJIIOB.

5. DNeKTpUYecKuil TOK B pa3psuKEHHBIX ra3ax IMpecTaBisieT COOOM:

a)  JBWXKEHHE  CBOOOJHBIX  DJIGKTPOHOB,  HOMHUTHPOBAaHHBIX B  pe3ysbTare
TEPMONIEKTPOHHON AIMHUCCHH € KaTOMA;

0) ABMKEHHME NOHOB, 00pa3yIOIIMXCS IPYU HOHU3AIMH aTOMOB;

B) JIBUKEHHE CBOOOHBIX JIEKTPOHOB, 00Pa3yIOLIMXCs TPH HOHU3ALIMU aTOMOB T'a3a;

I') IBUKEHHE aTOMOB;

1) IBUKEHUE MOJIEKYJI.

6. [Ipu mpomyckaHWU DIEKTPUYECKOTO TOKA uUepe3 pa3pshDKEHHBbIC Ta3bl HAOIIOIAeTCs
TPEKOOOpa3HOE CBEUEHUE, KOTOPOE BBI3BAHO:

a) MOHU3aIel aTOMOB;

0) IBIKEHHEM CBOOOIHBIX DJIEKTPOHOB;

B) JBUYKEHUEM HOHOB;

') peKOMOWHAIIMEH HOHOB U DJIEKTPOHOB, CIIEIYIONIEH MTOCIIe HOHU3AIMH aTOMOB;

1) yaapamu 3JIEKTPOHOB 00 aHOJ;

€) yaapamMu HOHOB (KaTHOHOB) O KaTO/I.



7. B monexn atoma ToMcoHa:

a) BHGKTpOH CUUTACTCA HCIIOABHUXKXHBIM,

0) TMOJOXHUTEIBbHO 3apsHKEHHAss YacTh aToMa CUYMTAeTCs HEMOJBIKHOM, TaK Kak
3HAUYMUTEIILHO TSKEJee PJICKTPOHa,

B) pasMep TMOJOXKHUTEIBbHO 3apsDKEHHOTO «ITyJUHTa» 3HAYUTEIBHO OOoblne pa3zmepa
AJIEKTPOHA;

I') SJIGKTPOHBI HAXOJSATCS HAa TOBEPXHOCTH IOJIOKHUTEIBHO 3apsSHKEHHOTO OOJIBIIOTO
((HYI[I/IHI‘a», HpI/ITﬂI‘I/IBaSICL UM,

J1) DJICKTPOHBI HAXOMATCS BHYTPH IOJIOKHTEIBHO 3apsDKCHHOTO «ITYJMHTa» M MOTYT
COBEPILATH KOJIEOAHUSI OTHOCUTEIILHO MOJIOKEHUSI PABHOBECHS;

€) JIEKTPOHBI COBEPIIAIOT JBMIKEHNE BOKPYT IMOJOKUTEIBHO 3apsSKEHHOM YacTH aToMa;

8. Pesynbrats! onbita Pesepdopaa:

a) OOJBIIMHCTBO O-YaCTHIl MPOXOAAT dYepe3 (OoNbry HE HCIBITHIBas HUKAKHX
OTKJIOHCHHI;

0) 4KCIIO pacCesTHHBIX O-YaCTUIl YBEIMYUBACTCS C YBEIHMUCHUEM YIJIa PACCESHHUS,

B) OL-4ACTHIIbI OTKJIOHSIOTCA Ha YIIibl He 6osbiie 90°;

I') YUCJIO PACCESIHHBIX O-YaCTHI] OYEHb MaJIo;

1) €CTh Clly4au OTKJIOHEHHS O-4aCTHII Ha 180°;

€) YMCIIO PACCESTHHBIX O-YACTHI] YMEHBIIIAECTCS C YBEITUUCHUEM yTila pacCestHUsI.

9. [1ocne OMBITOB IO paccestHUIO o.-uacTll Pesepdopa caenan BHIBOADL:
a) CYIIECTBYET siIepHAast MOJIEb aTOMa;

0) ombIT MOATBEpAMIa MOAeNs ToMCOHa;

B) CYIIECTBYET IJIaHETApHAsI MOJIENb aTOMa;

T) B Ip€ CKOHIIEHTPUPOBAHA MPAKTUYECKH BCSI MAacca aToMa;

1) pa3MepHI si7pa COMOCTAaBUMEBI C pa3MepaMu aToMa,

€) pa3Mepsbl sSApa 3HAYUTEILHO MEHbIIIE pa3MEepPOB aToMa.

10. YTo Ha3bIBaeTCS NPULENBHBIM PACCTOSTHUEM?

a) pacCTOSIHUE MEX/1y TPaeKTOpUEH IBUKEHUS [3-4aCcTHIIbl U aCUMIITOTOM K TPaeKTOpUH;
0) paccTostHHE OT aToMa /10 IEPBOHAYAIILHOTO HANIPABJICHUS IBUKEHUS [3-4aCTUIIbL;

B) TOJILIMHA PACCEUBAIOILETO CIIOS;

T') CEYEHUE pacCesTHUS,

1) pa3HUIA MEXKITY TPACKTOPUEH [B-4aCTHUIIBI M TUIIEPOOTUIECKON TPACKTOPUECH.

11. KakoB ¢u3nueckuii cmbica 3 PEeKTUBHOTO CEUEHUS paccesiHUs?

a) B MEXaHMYECKOM MOJIeNU: 3TO IJIomajgka (MMILIEHb), MONaB B KOTOPYIO YacTUIa
UCHBITHIBAET OTKJIOHEHHUE;

0) B CTaTHCTUYECKOM HHTEpHpeTalluu: 3TO BEPOSTHOCTb HCHBITATh PACCESHHUE OIHOM
YaCcTUIIE;

B) 9Ta BeTMYMHA (PU3UYECKOTO CMBICIIA HE UMEET;

I') CeYeHHE MTyyKa paccestHHbIX YyacTHIl B onbiTe Pezepdopra;

1) CEYEHHE TyYKa NMaJarolIuX YacTHULL;

€) OTHOLIEHHE CEYEHMsI yUKa PaCCeSHHBIX YaCTUI K MHTEHCUBHOCTH Ma/lalolUX YacTHII;

) OTHOLIEHHE YUCJIa PACCEIHHBIX YaCTULl K UHTEHCUBHOCTHU NaIAIOIINX YACTHLI.

12. ®opmyna Pezepdopaa nns paccesHus o-4acTUIl MOKA3bIBAET, YTO YHCIIO PACCESTHHBIX
YaCTHIL:

a) HE 3aBHCUT OT CKOPOCTH UX JBH)KCHUS,

0) MPOMOPIMOHATHFHO CKOPOCTH MX JIBU)KCHUS,

B) 0OpaTHO MPONOPITMOHATHHO YETBEPTOM CTEIIEHU CKOPOCTH JIBUKCHHSI O.-YaCTHII,



T') IPOTIOPIIMOHAIEHO TOJIIHHE (HOITBIH Ha KOTOPOU MPOMCXOIUT PACCESIHHUE;

J1) HE 3aBHCHT OT YIJIa PACCESIHUSL;

€) 3aBHCHT OT yTJIa PaCCEsSHHS;

’K) POMOPIIMOHATIBEHO MOPSAKOBOMY HOMEPY dJieMeHTa B Tabnuiie MeHerneesa;

3) MPOTMOPIIMOHAIBHO KBAIPaTy MOPSIIKOBOTO HOMEpa dJieMeHTa B Tabiuniie MeH/erneesa;
1) 06paTHO NPOHOPIMOHAIBHO sin’ p;

K) 00paTHO MPOMOPIMOHAIBHO SiN p;

JT) TIPONOpIMOHANBHO sin*(p/2).

13. Kakue u3 mpeacTaBieHHbIX (PYHKIIMOHAIBHBIX 3aBUCUMOCTEH MPAaBHIIBHO OTPAKAIOT
dbopmyny Pesepdopnaa muist paccessHUS O.-4acTHII.

a) dN/N ~ Z2;

0) dN/N ~ Z;

B) dN/N ~ ©*;

r) dN/N ~ @2

1) dN/N ~ cos*p;

%) dN/N ~ sin®p;

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

Tect Ne 3 (Yactuiis! 1 BoJHBL KOpmycKyIsspHO-BOJIHOBOI /1yann3m)

1. KakoBO U3 peaCTaBICHHBIX HUXKE BBICKa3bIBAHUN OTpakaeT cMbIch uieu ae bpoitna?

a) MHUKpOYACTHIIbl HE SIBJISIFOTCSI B CTPOTOM KJIACCMYECKOM CMBICIIE YacTULAMH, a
ABIISIOTCS BOJTHAMU;

0) MHKpOYacTHIIaM, KaK ¥ BCEM MaTepUAIBHBIM OOBEKTaM BOOOIIE, CBOWCTBEHHO
MPOSIBIISATH KaK KQueCTBO YACTHII, TAK U KaYeCTBa BOJH, MMOJOOHO CBETY;

B) KOPIYCKYJISIpHBIE W BOJHOBBIE XapaKTEPHCTUKU CBS3aHBI MEXAy COOOH st
U3JTY4YEHHUs U [T BEIIeCTBa OAMHAKOBBIM 00pa3oM.;

r) neOpoiiyieBcKas JUIMHA BOJIHBI (JOTOHA U AJIEKTPOHA OJAMHAKOBA,

1) JBIXKYIIMMCS MaTepUalbHbIM OOBEKTaM COIMOCTABISETCS HEKOTOPbIM BOJHOBOU
porecc.

2. lnuna BosHb! Ae bpoiins ne bpoitns yacTuiis onpeaensercs:
a) ee pazMepamy;

0) ee Maccoit;

B) CKOPOCTBIO €€ JIBUKEHMUS;

') yCKOPEHUEM, C KOTOPHIM OHA JIBUTaeTCsl;

1) BHYTPEHHUM CTPOEHHEM U COCTABOM;

€) JUIMHOM CBETa, N3JTy4yaeMoi eif;

) IeHCTBYIOIIEH CHIIOM.

3. Kakumu u3 MMPUBCACHHBIX (bOpMYJ'I MOKHO ITOJIB30BAaThCA [JIA pacucTa JJIMHBI BOJIHBI
ne bporis.

a) A = hlv;

6) A = h/mv;

B) A = h//2mT ;

r) A=hy1-v*/c® Imyv;
) A=h/~2meU ;

&) A=h/~2mT ;



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

4. Kakue 13 NnpHUBeIEeHHbIX HU)KE XAPaKTEPUCTUK MPABUIIBHO OTPAXKalOT CBOMCTBA BOJH
ne bpoitns?

a) (hazoBasi CKOPOCTb 0OJIbILIE CKOPOCTH CBETA B BAKYyME;

0) (hazoBasi CKOPOCTh MEHBIIIE CKOPOCTH CBETA B BAKYYME;

B) IPyIIIOBasi CKOPOCTh paBHA CKOPOCTH JBM)KEHUSI YaCTULIBL;

T') TPYIIOBAst CKOPOCTh OOJIBIIE CKOPOCTH JBMXKEHUS YACTULIBI;

1) KaX/10i1 60pOBCKOI OpOUTE COOTBETCTBYET CTOSUAsl BOJIHA Jie bpoilns anekTpoHa;

K) JUTMHE OOPOBCKON OPOMTHI COOTBETCTBYET LIEJIOE YHUCIO JeOPONHIEBCKUX JUIMH BOJIH
3JIEKTPOHA;

3) IUIMHA KaXJ0W OOpOBCKOW OpOMTHI KpaTHAa YETHOMY YHUCIYy MOJYBOJH jae bpoitns
3JIEKTPOHA;

M) JUIMHA KaXI0W OOpPOBCKOM OpOMTHI KpaTHa ILEJIOMYy YHCIYy IOJYBOJH 1 bpoiins
3JIEKTPOHA;

5. Kakue u3 npeacraBieHHBIX HUXE (OPMYJ MPABUIBHO YCTAaHABIMBAIOT CBS3b MEXIY
paamycamMu OOpOBCKHX OpOHT U AeOPOUITICBCKOM JUTHHON BOJIHBI 3JICKTPOHA?

a) rn=nj\;

0) rn=hA;

B) = hA;
r) rn = NA/20;
m) 20rn = nA.

6. Eciam »1ekTpoH W HEUTPOH JBIKYTCS PAaBHOMEPHO M TNPSIMOJMHEWHO, TO B
COOTBETCTBUU C Teopuen e bpoiins

a) UM COIOCTABJISETCS BOJHOBOW MpPOIIECC KaK B CIydyae HACAIbHBIX TUIOCKHX BOJIH,
MIPUYEM OJMHAKOBOW YaCTOTBHI;

0) HENTPOHY COMOCTABISIETCA II0CKAs BOJIHA, a 3JIEKTPOHY 3aTyXarolas;

B) UM COMOCTAaBISIOTCA C(heprUuecKre BOIHBI, TaK KaK YacTUIIbI OYeHb MaJICHbKUE;

T') 2JIEKTPOHY comocTaBsieTcs chepruueckasi BOJHa, @ HEUTPOHY IJI0CKas;

1) UM COMOCTAaBISIOTCA TUIOCKHE BOJHBI PAa3IMYHON YACTOTHI, TaK KaK y HUX Pa3IUYHBINA
3apsiz;

€) UM COTOCTABJISIOTCS TUIOCKHE BOJHBI PA3JIMYHON YAaCcTOTHI, TaK KaK y HUX pa3inyHas
Mmacca.

7. B onbrtax J[3Bucona u [xepmepa uccie10BaINCh

a) BIUSHUE MMyYKa AJIEKTPOHOB HAa CTPYKTYPY KPUCTAIIJIA HUKEIIS;

0) paccesHHE OHJIEKTPOHOB KpPUCTANIOM HHUKENs B 3aBUCHUMOCTH OT YCKOPSIOLIETO
HaIpsHKEHUS HA JIEKTPOHHOM MYIIKE;

B) 3aBUCUMOCTH CKOPOCTH ITy4Ka JIEKTPOHOB OT YCKOPSIOIIETO HAMPSIKECHHUS;

') OTpaKEHHE IMyYKa 3JEKTPOHOB MOHOKPHUCTAIIOM HUKEJIS,

,21) 3aBUCUMOCTE MHTCHCHUBHOCTH OTPAXCHHOT'O OT INIACTHUHKHU IMOJIUKPUCTAIIIAYCCKOIO
HUKEJA ITy4YKa 2JIEKTPOHOB OT yIJIa MaJACHUS.

8. B ombiTax J[oBHcoHa 1 [)xepmepa 0110 0OHAPYKEHO:

a) UHTEHCUBHOCTb PACCESIHHBIX KPUCTAJUIOM HHUKEIS 3JEKTPOHOB 3aBUCUT yrIja
paccesiHUs, IpUYeM HauOoJIbIIasi HHTEHCUBHOCTh COOTBETCTBYET YIIy 3€PKAIIbHOTO OTPAKEHUS;

0) HMHTEHCUBHOCTb PACCESIHHBIX KPUCTAJUIOM HHUKENs 3JEKTPOHOB 3aBHUCUT OT YIJa
paccessHUS U MPEJCTaBIseT OO0 CUCTEMY YepeayIOIINXCsl MAKCHMYMOB 1 MUHUMYMOB;



B) pacrpe/ieiicHHe WHTCHCHUBHOCTH pACCESHHBIX KPUCTAJUIOM HHUKENS SJICKTPOHOB
3aBUCHT OT yTJIa TIa/ICHUS;

I) pacrhpeneliecHHe HWHTCHCUBHOCTH PACCESHHBIX KPUCTAUIOM HHUKENIS OSJICKTPOHOB
3aBUCHT OT HAIPSKCHHSI HA DJICKTPOHHOU MYIITKE;

1) pacmpelelieHHe WHTCHCUBHOCTH PACCESHHBIX KPUCTAUIOM HHKEIS 3JCKTPOHOB
3aBUCHT OT KPUCTATMYECKON CTPYKTYpbl HUKEIS W U3MCHSIETCS B TPOIECCe TEPMUYECCKOU
00paboTKH KpUCTaIa.

9. B pesynbrare onbiToB JIpBHcoHa U J[)kepmepa ObUIO yCTaHOBIICHO:
a) DJIICKTPOHBI MIPOSIBIISIOT BOJIHOBBIE CBOMCTBA MOJOOHO PEHTIC€HOBCKOMY M3ITyYCHUIO;

6) dopmyna ge Bpoiinsa mus onpenenenus naumHb BojH snekTponoB A = h/+/2meU
CIIpaBeJJINBa;

B) BOJIHOBBIE CBOICTBAa AJIEKTPOHOB IPOSBISIOTCS TOJIBKO IPU BBICOKOM IUIOTHOCTU
My4YKa JIEKTPOHOB KaK KOJJICKTUBHBIHN 3 eKT;

r) Ae OpoieBcKas JJIMHA BOJIHBI 3JIEKTPOHOB 3aBUCUT OT KPUCTAJUIMUECKON CTPYKTYpHI
HUKEJIS U U3MEHSIETCS B pe3yJibTaTe TePMUYECKO 00pabOTKU KpUCTAILIa;

o) OONydyeHWe HHUKEIsl IIyYKOM OJIEKTPOHOB TPUBOJUT K HApYIICHUIO €ro
KPUCTAIIMYECKON CTPYKTYPBHI;

€) ODJIEKTPOHHbIE IIYYKH MOXHO MCHOJIb30BaTh JUIsl U3YYEHHUS KPUCTAJUIMUECKOMN
CTPYKTYpHbI BEIIECTB.

10. SBnenue qudpakiuy 4aCTHI] HEBO3MOXHO HAOJII01aTh JJIs

a) aTOMOB, TaK KaK OHU HE UMEIOT 3apsia;

0) aroMoB, Tak j¢ OpoilieBcKas JJIMHA BOJHBI MX 3HAYUTEIBLHO OOJIbIIE BO3MOMHBIX
MPEMSITCTBHNA B OTBITaX MO TUMPaAKIIUH;

B) KpPYIHBIX YaCTHII, pa3Mepbl KOTOPBIX OOJIBIIE Pa3MEpPOB MPEISATCTBHI B OMBITAX IO
T paKIuy;

') HEUTPOHOB, TaK KaK OHU HE UMEIOT 3aps/a;

1) MOJICKYJI, €CJTH UX ITy4OK OYCHb MaJIOW MJIOTHOCTH;

€) MOJIEKYJI, €CTTH MX IIy4OK HE SBIIIETCS MOHOXPOMATHUUYHBIM;

) DJIIEKTPOHOB, €CJTH UX ITYyYOK HE SBIISIETCS MOHOXPOMATUYHBIM;

3) IPOTOHOB, €CIIM UX My4YOK MaJION HHTEHCUBHOCTH;

1) aTOMOB, YaCTh U3 KOTOPHIX B BO30YK/IEHHOM COCTOSTHUHU.

11. ®u3nyeckuit CMbICI BOJH 1€ bpoiist COCTOUT B TOM, YTO:

a) aMIUTUTY/Ia BOJIHBI SBJISIETCS BEPOSTHOCTHIO HAXO0XK/IEHHUS YaCTULIBI;

0) aMIUIMTyJa BOJIHBL, a BEpHEE €€ KBaJpar, ONPEeNseT BEPOATHOCTh HaXO0XKJECHUS
YaCTHULIBI;

B) 4aCTOTAa BOJIHBI OINPEEISET BEPOSITHOCTh HAX0XK/IEHUS YaCTHULIbI;

r) a3za BOJHBI ONPEEIsAeT BEPOATHOCTh HAXOXKACHUS YaCTHIIbI,

1) ¢azoBasi CKOPOCTh BOJIH JIe Bpoilyist v 37IeKTPOMarHUTHBIX BOJIH OJMHAKOBA;

€) TPYIIIOBasi CKOPOCTb BOJIH Jie bpoilyig U 37eKTpOMarHUTHBIX BOJIH OJIMHAKOBA.

12. CooTtHomenus HeonpeaeneHHocTel [ eiizenOepra ycTaHaBIMBAIOT:

a) CBSI3b MEX/y UMITYJIbCOM M SHEPTUel 4acTHUllbl;

0) CBsI3b MEXIY UMITYJIbCOM U KOOPJIMHATOM YaCTUIIBI;

B) CBSI3b MEXIY UMIIYJILCOM U BEPOATHOCTHIO HAXOXKIEHUS YaCTHUIIBL;

I') 3aBHCHMOCTh MEXJy ODHEprueil >JIeKTpOHa M BpPEMEHEM >KU3HU BO30YXIEHHOTO
COCTOSIHUS aTOMa;

1) TPAHUILIBI TPUMEHUMOCTH KJIACCHYECKONW MEXaHUKH K OMMCAHUIO0 MUKPOOOBEKTOB;

€) CBSI3b MEX/1y €CTECTBEHHON HEONpeAeIeHHOCThIO UMITYJIbCa U KOOPIMHATHI YaCTHUII 110
IIPUYMHE HAJIMYKS Y HUX BOJIHOBBIX CBOMCTB;



) CBSI3b MEXJy ECTECTBEHHOW HEONPEeIEHHOCThI0 BHYTPEHHEW SHEpPruum aToma
CPEIHUM CTAaTUCTHYECKUM BPEMEHEM CYIIIECTBOBAHUSI COCTOSIHUS aTOMA.

13. Uro W3 NEpeyucCIICHHOTO HHUXKE MOXXHO OOOCHOBAaTh WCXOJAS M3 COOTHOIICHUU
HEoTpeIeICHHOCTEH:

a) HaJIMYHUC MOHOXPOMATUYCCKOT'O U3JTYUCHU A,

0) NPUHOUIUAIBHYIO HEBO3MOXHOCTh JOCTHYb HJI€aIbHOW MOHOXPOMAaTUYHOCTHU
H3TyYCHHUS,

B) IIUPUHY CHEKTPAIbHBIX JUHUHA CUIHHOPA3PEKEHHBIX T'a30B;

I') 3aBUCUMOCTb IIMPUHBI CIIEKTPAIBHBIX JIMHUN aTOMOB OT TEMIIEPATYpHI;

J) CYyIIECTBEHHO OOJIBIIYI0 MIMPHUHY CHEKTPAJbHBIX MOJOC JUIsl MOJEKYJ, 4eM JUIs
aTOMOB;

€) MUHHUMAaJIbHO BO3MOXKHBIE pa3Mephl aTOMa;

) Maccy MOKOs 3JEKTPOHA.

14. Kakoil u3 TpeACTaBICHHBIX HUXE BapUAHTOB IMPABUIBLHO OMPEICISIET CMBICI
CTaTUCTUYECKOW UHTEPHIpETAIlMU BOJIH Jie bpoiins?

a) BOJIHOBBIM 3aKOHAM TMOJYHUHSIOTCS HE CaMHU 4YacTHIbl, a WX CTaTUCTUYECKOE
pacupeneneHue B IPOCTPAHCTBE M BO BPEMEHM WM, MHA4Y€ TOBOPS, BOJIHOBBIM 3aKOHaM
MOJYUHSAETCS BEPOSATHOCTh HAXOKICHHS YaCTULBI B TOM WJIM HHOM MECTE;

0) BOJIHOBBIE CBOMCTBa YacCTHI] MPOSIBISIFOTCS HE BCErNa; OHMU MPOSBISAIOTCA JIHIIb C
ONPEACTICHHON BEPOATHOCTHIO, KOTOpPAsl 3aBUCUT OT BHEIIHUX YCJIOBHM M JJIMHBI BOJIHBI €
bpoitns;

B) BOJTHOBBIC CBOMCTBA YACTHIL MPOSIBISTFOTCS TOJIBKO I OOJBIINX aHCAMOJIeH 9acTuIl U
BOJIHOBBIM 3aKOHAaM IMOJUYUHSIOTCS CPEAHUE CTATUCTUUYECKHE XapAKTEPUCTUKU YAaCTHIL], KOTOPbIE
BCET/la HENIEIIUMBI.

BAPUAHTbBI KOHTPOJIBHBIX PABOT

Bapuant 1

1. Haiitu >¢dekTuBHOE ceueHue siipa aToMa ypaHa, COOTBETCTBYIOIIEE PACCESTHUIO Ol
YaCTHII ¢ KHHeTHYecKoii sHeprueit K=1.5 M»B B uaTepBane yrios cabie Lo= 60°.

2. OnpenenuTs IUIst aT0Ma BOJOPoia U noHa He': sHepruio CBs3u DIIEKTPOHA B OCHOBHOM
COCTOSIHUY ¥ TTOTEHINAJl HOHU3AIHH.

3. OmpenenuTh NOTEHIMAA HOHU3ALUMKN U NIEPBbIM MoTeHIHanl Bo30yxaeHus aroma Na, y
KOTOPOTO KBAaHTOBBIE Ae(hekThl ocHOBHOTO TepMma 3S u 3P paBHbI cooTBeTcTBeHHO 1.37 1 0.88.

4. JlonucaTh HEJOCTAOIINE KOMIOHEHTBI MYJIbTUILIETOB P32, 3Dy, *Fs2, °P2,°Das. *Pua.

Bapuanr 2

1. DddextuBHOE cedyeHue supa  aToMa  30JI0Ta, OTBEYAIOLIEE  PACCESHUIO
MOHOPHEPIreTHUEeCKNX o-4acThIl B mHTepBane yrnos ot 90° mo 180°, pasro Ac=0.5.10%' cm?.
OnpenenuTh KHHETHYECKYO YHEPTHIO Ol-4aCTHII.

2. OnpenenuTh sk aTOMa BOAOpoaa U woHa He': mepBblif moTeHnHan BO30OYKIeHUS 1
JUIMHY BOJIHBI TOJIOBHOM JIMHUU cepuu JlalimaHa.

3. HaiiT 9Hepruio CBsi3u BaJICHTHOTO DJICKTPOHA B OCHOBHOM COCTOSIHMU aToma Li, eciu
W3BECTHO, YTO JUTMHBI BOJH TOJIOBHOW JIMHUM PE3KOW CEPHU U €€ KOPOTKOBOJIHOBOM TPaHHUIIBI
paBHbI cooTBeTCTBEHHO 0.813 1 0.349 MKM™.

4. BO3MOHBI JIU CIISAYIONTUE COCTOSTHHUS 2S1.3S0, 3P0, 3S1/2, 2S1s2, °Do, °D12?

Bapuanr 3



1. DddektuBHOE CceYeHHE sapa aToMa  30JI0Ta, OTBEYAIONIEE PACCESHUIO
MOHOPHEPIreTHUEeCKUX o-4acTul B mHTepBane yrnos ot 90° mo 180° pasro Ac=0.5.10"%' cm?.
Onpenenuts auddepennuansHoe ceuenne paccesuus do/dc, cootercTByromee yrimy L=60°,

2. OnpezenuTh UIst aTOMa BOA0poia u uoHa Li™: sHepruto noHusamum.

3. CKOJIBKO CIEKTpalIbHBIX JIMHHUW, pa3pelIeHHBIX NMpPaBUIaMU OTOOpA, BO3SHHKAET MPHU
MePEexo/Ie aTOMa JINTUS B OCHOBHOE COCTOSIHUE U3 cocTosiHus 4S7?, 4P?

4. Kakue U3 CIeIyIOIMX ONTUYECKUX MEePEX0N0B paspemmeHsl: 2Siz - 2Dar, 2Paz — *Dap,

1S0- 3Py, n1'Sp - n'Sp?

4.2 ®oH/ OLIEHOYHBIX CPECTB ISl IPOBEAeHUs MPOMEKYTOYHOM ATTeCTAIUM.
HToroBplii KOHTPOJL OCYIICCTBISIETCS B BHUJIEC dK3aMEHa B KOHIIe cemecTpa. Ha sk3ameHe
CTyJIEHTaM IIpeJajiaraeTcsi OTBETUTh HA 2 BOMpOca MO MarepuajaM Y4eOHOW IUCIUIUIMHBI U
BBITIOJIHUTH TIpaKkTUUecKoe 3aganue. [lo urtoram oTBeTa Ha SK3aMEHE IPEro/1aBaTellb OIICHUBACT
3HAHUS CTYJIEHTA. DK3aMEH SIBJISETCS UTOTOM MO IUCHUILIUHE.

CucremMa OLIEHOK BBINOJHEHHUS KOHTPOJIBHOI'O TECTUPOBAHUSA:

- «3aUTE€HO» - KOJUYECTBO MPaBWIbHBIX OTBETOB OT 50 1m0 100 mpoIeHTOB, BBIMOJHEHBI U
3aIUIIEHBI BCE JIA0OpAaTOpPHBIC PaOOTHI;

- «HE 3aYTEHOY - KOJMYECTBO MPABUIILHBIX OTBETOB MeHee S0 MPOIEeHTOB;

Bonpocs! k 3k3ameny no aucouminae KOCHOBBI ATOMHOM ®HU3HUKW»
Du3ukKo-TexHu4eckni paxkyabTer, 2 KypcC.

1. Muxkpomup. MacmTaObl. OKCHEpUMEHTAIbHbIE JlaHHBIE O CTPOEHUM aToMa.
CepuasibHble 3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpax, KOMOMHALMOHHBIM mnpuHuun Purna,
TEPMBI.

2. Ksantel cBera (Qoronsl). TemnoBoe wu3myuyeHHe: KIAaCCUYECKUH U KBAHTOBO-
MexaHnueckuit moaxos. @oros3ddext: ero Buabl u 3akoHbl. PopMmysa DHUHIITEHHA.

3. Topmo3Hoe peHTreHOBcKoe wu3iydeHue. JlaBmenue wusnmydeHus. [lormomenue
usiyyenus. Msnyuenne BaBunosa—Yepenkona.

4. Dddexr Komnrona. JlokazaTeabCTBO HEBO3MOXXHOCTH TMOTJIOMICHUS (oToHA
CBOOOJTHBIM 3JIEKTPOHOM M TEOPETUYECKHH BBIBOJ (POPMYIIBI /11 KOMIITOHOBCKOTO CIBHIA.

5. Onswitel Pesepdopna. Anepnas monens atoma. BeiBon ¢opmyner Pesepdopna nms
paccesiHusI OL-4acTHILI.

6. CnenctBuss u3 onblToB Pesepdopna. DkcrnepuMmeHTalbHas MpoBepka (OPMYJIbI
Pesepdopna. [Inanerapuas moaens aroma Pezepdopna. DpdexTruBHOE cedeHne paccesHusl.

7. CnexkTpalbHble CEpHUM aToMa BOAOpOJA. JJeMEeHTapHas OOpOBCKas TEOpHUsl aToMa
Bogopoaa. Ilocrynarer bopa.

8. DKcrepuMeHTaIbHOE MTOATBEPK/ICHNE KBAHTOBAHUS SHEPIE€TUYECKUX YPOBHEH aTOMOB,
onbiThl @Ppanka u ['epua. CrnekrpaipHble CepUM BOJOPOJONONO0HBIX cHucTeM. HemocraTku
Teopuu bopa.

9. Yactuus! u BosHbL. KopnyckynspHO-BOIHOBOM TyanusM. I'mnoresa ne bpoiinsa u ee
AKCIIEPUMEHTaJIbHOE MoATBep:kAeHue. DazoBas U TPyMNIoBas CKOPOCTH BOJH Jie bpoiins.

10. VYcinoBue BO3MOXHOCTH OJHOBPEMEHHOTO U3MEPEHUs (PU3HMUECKUX BEJIWYMH.
CooTtHotienne HeomnpeaeneHnocTel [ 'eizendepra.

11. CocrosiHue yacTHUIlbl B KBAaHTOBOM Teopuu. BonHoBast (GyHKIMS M €€ CTaTUCTUYECKUI
cmbici. [IpuHIUN cynepno3uium.

12. Omeparopsl B KBAaHTOBOM MeXaHHWKEe W UX cBoiicTBa. COOCTBEHHBIE 3HAUEHUS U
coOcTBeHHbIE (DYHKIIUU OTIEPaTOPOB.

13. Cpennue 3Ha4eHUsT PU3NUECKUX BEJIUYHMH. Y CIOBHE BO3MOXKHOCTH OJIHOBPEMEHHOTO



U3MEpEHUsT PU3NUECKUX BEITHUHH.

14. Omneparopsl BakHEHIINX (PU3MUECKUX BEIMYUH (KOOPIMHATHI, UMITYJIbCa, BEKTOpa
UMITyJIbCa, MOMEHTA UMITYJIbCA, KBaJpaTa MOMEHTA UMITYJIbCA).

15. Omnepatopsl BakHEHIINX (U3NYECKUX BEIMYMH (IPOCKIMM MOMEHTAa HMITYJbCa,
KWHETHUYECKON SHEPIUu, NOTEHIHATbHON SHEPTUH, IOJTHON SHEPTUH).

16. Bpemennoe u craunoHapHoe ypaBHeHusi lllpenunrepa. KBantoBanue. YpaBHeHuUs
[lIpenunrepa B oneparopHoit popme. Oneparop ['amunbTOHA.

17. OmpeneneHue SHEPTrEeTHYECKOTO CIIEKTpa CHCTEMBI KakK 3ajada Ha COOCTBEHHBIC
3Ha4eHus omneparopa ['amunbToHa. [IBH>KeHHE CBOOOIHON YaCTHUIIBI.

18. Yactuma B OJHOMEPHOH MNPSMOYroJbHOW NOTCHIUAIBHOM sfMe C OECKOHEYHO
BBICOKMMH CTEHKAMHU.

19. OnHomepHas npsIMOYyToJIbHASI TOTEHIMAIIBHAS sIMa CO CTEHKaMH KOHEYHOW BBICOTHI.

20. JIuHenHbI TapMOHUYECKUN OCIUIUISATOP.

21. OtpakeHHe U MPOXOKAECHUE CKBO3b MPSIMOYTOIBHBIN MOTEHIIMATBHBIN Oapbep.

22. [loTennuanbHbIi 6apbep KOHEYHOU MUPHUHBL. TyHHEIbHBINA () PEKT.

23. KBaHTOBO-MEXaHMYECKOE ONHMCAHHE aToMa Boaopoja. PasneneHue nepeMeHHbIX.
KBaHTOBBIE uMCIa. DHEPreTUYECKHl CHEKTp. YIVIOBOE U paJMajbHOE paCIpPEIEIICHUE
ANEKTPOHHOMU IIOTHOCTH.

24. OnepaTopbl MOMEHTA UMIIYJIbCA M MPOEKIIMY MOMEHTA UMITYJIbCa U UX COOCTBEHHBIE
3HaueHus. [IpaBuna orbopa. 1s-cocTosiHME IEKTPOHA B aTOME BOJOPO/IA.

25. KsaHroBaHue  BOJOPOJOIONOOHBIX  aTOMOB.  KpaTHOCTH  BBIpOXIEHUS
HHEPreTUYecKux ypoBHEW. CHMBOJIMKA COCTOSIHMM 3JEKTpOHA B aTOME. YPOBHHU U CHEKTPbI
LIEJIOYHBIX METAJIJIOB.

26. IlpaBuna otbopa W CHEKTpaJIbHBIE CEPUH BOJOPOJONOJOOHBIX aToMOB. ToOHKas
CTPYKTYpa CHEKTPaIbHbIX JIMHUI BOAOPOAONOJO0HBIX aTOMOB.

27. OpOurtanbHble MAarHUTHBIH M MeXaHW4YeCKUd MOMEHThl. CHIHUH M COOCTBEHHBII
MarHUTHBI MOMEHT 2JIEKTPOHA. DKCIEPUMEHTAIbHOE IOATBEPKICHUE CYIIECTBOBAHUS CIIMHA.

28. IonHplil MOMEHT UMITysbca. OnUcCaHUe COCTOSHUN AJIEKTPOHA B aTOME C ITOMOIIBIO
Ha0OpOB KBaHTOBBIX unces. CIMH-0pOUTAIEHOE B3aUMO/IeiCTBHE.

29. MarnutHble cBoiicTBa aToMOB. OpOWTaIbHBIA, CIMHOBBIM W MOJIHBIA MarHUTHBIN
MoMeHThI aroma. OnbiTsl LllTepra—I'epnaxa. [ mpomaraHuTHOE OTHOLIEHHE U MAarHeTOH bopa.

30. AtoM BO BHemIHEM MarHuTHoM nojie. HopmanbHblii ¥ aHOManbHBIA 3((EKTHI
3eemana u 3gdext [lamena—baka. D1eKTpOHHBIN NapaMarHUTHBIN pE30HAHC.

31. punmun Ilaynu u 3amonHeHHE 3JIEKTPOHHBIX O0O0JIOUYEK B MHOTO3JIEKTPOHHBIX
aToMax. ATOMHbIE 000JI0UKH U TT0A000104KkH. CrieKTpajabHble 0003HaYeHUs U ITpaBuiia 0TOOpA.

32. DnextpoHHas koH@urypanus. CyMMapHble OpOUTaNbHbBIN, CHMHOBBIA W IOJHBIN
MOMEHTBI MHOTO3JICKTPOHHOTO aTroMa. LS- u jj- cBs3u. CriekTpanbHble 0003HAYCHHS U [TPaBHIa
otbopa.

33. Ilepuonnyeckas cucrema 31eMeHTOB MeHeneeBa. DIeKTpOHHAs KOH(Urypanus u
npaswia XyHja.

34. OcoOeHHOCTH XapaKTePUCTUYECKUX PEHTICHOBCKUX CIEKTPOB. 3akoH Mo3smnu.
OcoOenHocTy cniekTpa norjouieHus. ToHkas CTpyKTypa peHTT€HOBCKUX CIIEKTPOB.

35. CucreMbl TOXIECTBEHHBIX 4YacTHll. CHMMeTpusi BOJHOBBIX (yHKIM. Bo3oHBI U
dbepmuonsl. KBantoBo-MexaHnueckasi popmyaupoBka npuHiuna [laynu.

36. Monekynpl: dHeprusi M cHeKkTpel. KBaHTOBaHME IMOJIHONW JHEPIMHM JBYXaTOMHOMN
MOJIEKYJIBI.

37. BpiHyXIeHHOe wu3ny4yeHHe. OneMeHThl (u3uku na3epoB. CBoiicTBa JiazepHOTo

U3ITyYEHUS.

OHGHO'—IHBIG cpeacrtBa jisi HHBAJIMAOB W JIMI C OI'PaHUYCHHBIMU BO3MOXHOCTIMU
300POBbi BBI6I/IpaIOTC${ C YYCTOM UX MHAUBUAYAJIBHBIX HCI/IXO(I)I/ISI/I‘-ICCKI/IX 0COOCHHOCTEH.



— NpH HEOOXOAMMOCTH WHBAJHMIAM M JIMIAM C OTPaHUYECHHBIMH BO3MOXXHOCTSIMHU
3JI0POBbsI IPEIOCTABIISIETCS IOTIOIHUTEIBHOE BpeMsI [Tl TOJArOTOBKH OTBETA HA HK3aMEHE;

— IIpH TPOBENICHUH TIPOLICAYPhI OIICHUBAHUS PE3yJIbTATOB 00yUEHHSI WHBAIUIOB H JIUIL C
OTPaHUYEHHBIMU BO3MOXHOCTSIMH 3/I0POBBS IPEAyCMATPUBAETCS UCIIOIBb30BAHUE TEXHHUUYECKUX
CpeICTB, HEOOXOUMBIX UM B CBSI3U C X WHIUBUIYAITBHBIMH OCOOCHHOCTSIMU;

— IIpU HEOOXOAUMOCTH JJIsl 00YHAIOIIUXCS C OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 370POBBS
U WVHBAIWIOB TIPOIEypa OIICHUBAHUS pPE3YJIbTaTOB OOYYEHHUS 1O JUCIUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

[Iponenypa oneHUBaHUsI PE3yJIbTATOB OOYYCHHS WHBAIUIOB M JIUI[ C OTPaHUYCHHBIMU
BO3MOXHOCTSIMH 3JI0POBbSI 10 JUCHUIUIMHE (MOJIYJIO) MpelycMaTpuBaeT IPel0CTaBICHUE
uHpopMmanuu B (opMax, aJaNTUPOBAHHBIX K OTPAHHYCHHSIM WX 3J0POBbS U BOCIPHSITHS
uHpOpMaLUu:

Jli1st T ¢ HApYIICHUSIMH 3PCHHS

— B [1€YaTHOW (hopMe YBEIUYCHHBIM HIPUPTOM,

— B (popMe 3IIEKTPOHHOTO IOKYMEHTA.

JUist i1 ¢ HapyIIEHUSIMH CITyXa:

— B IIeYaTHOM opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J1J1s1 JIUI C HApYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO arapara:

— B mieyaTHOU hopme,

— B (hpopMe 31IEKTPOHHOTO IOKYMEHTA.

JlaHHBIN TIepeYeHb MOXKET OBITh KOHKPETH3MPOBAaH B 3aBUCHMOCTH OT KOHTHHTEHTA
00y4aromuxcs.

5. IlepeyeHb OCHOBHOW W [JONOJHHMTEJIbHOUH y4eOHOH JHMTepaTypbl, HEOOXOAHUMOM

JJIS OCBOCHM S JUCUMIIIMHBI (MOAYJIst).

5.1 OcHoBHas JiuTEpaTypa:

1. Cagenbes, U. B. Kypc o6mieit pusuku. B 3 1. Tom 3. KBanToBas ontruka. AToMHAs
¢uznka. Pusnka TBepAOro Tena. Gusmuka aTOMHOTO s1/Ipa U 3JIEMEHTAPHBIX YaCTHI]
[DnexkTponHsbIi pecypc] : yued. mocodue / U. B. Casennes. - 11-e u3z., crep. - CaHKT-
[TerepOypr : Jlans, 2017. - 320 c. - https://e.lanbook.com/book/92652.

Wponos U. E. ATomHas u saepHas gpusmka: coopauk 3anad. — CII6.: Jlans, 2006.

3. CuByxun JI. B. O0mwmit xypc ¢wusuku. T.5. AtomHas u sgepHas ¢usuka. - M.:
OU3MATIINT; U3a-Bo MOTHU, 2006.

4. Kypc ¢usuku : : yueOHOe mocobue I CTyeHToB By30B : [B 3 T.] /. T. 3. : KBanToBas
ontuka. ATomHass @usuka. Pusuka TBepporo Tena. dusuka aTOMHOTO sjaApa U
aneMeHTapHbIX Yactull. / CasenbeB, Urops Bnaaumuposuu. ; 1. B. Casenbes ; npenuci.,
nayu pea. H. M. Koxesunuxkos. - U31. 3-¢, ctep. - CII6. [u ap.] : Jlans , 2007

5. Atomuas ¢usuka [Tekcr] : yuebHO-MeToquueckoe nocodue / [A. I1. bapkos, B. C.
Hopom, B. E. JIsicenko u np.] ; M-Bo oOpa3zoBanus u Hayku Poc. @eneparumy,
Kyb6anckuii roc. yu-T. - Kpacnonap : [Kybanckuii rocyjapcTBeHHbIH YHUBEPCUTET],
2016. - 115 c. : un. - ABT. yka3aHbl Ha 000pOTe THUT. J1. - bubauorp. B koHIe pador. -
ISBN 978-5-8209-1201-6 :.

N

JIy1st OCBOCHUS TUCIIUTIIMHBI MHBAJIMAMHU | JIUIIAMHU C OTPAHUYCHHBIMUA BO3MOKHOCTSIMHU
3I0pOBbS MMEIOTCSI M3JaHHsI B DJIEKTPOHHOM BHJIE B JJEKTPOHHO-OMOIMOTEUHBIX CHCTEMax
«Jlanb» n «FOpaitT».

5.2 lonotHMTe/ILHASI JIATEPaTypa:


https://e.lanbook.com/book/92652

1. TlpakTukyM IO pemeHuro 3a1a4 1mo oomemy Kypcy ¢pusuku. OCHOBBI KBAHTOBOM (PU3UKH.
CrtpoeHnue BerecTBa. ATOMHas U sifiepHas (hu3uka [DIeKTpOHHBIN pecypc] : yueOHoe
noco6wue / H. I1. Kanamuwkos [u ap.]. - Cankr-IletepOypr : Jlans, 2014. - 240 c. -
https://e.lanbook.com/book/49468.

2. OcHoBbl aromHOU (u3uku [Tekcer] : maboparopusiid npaktukym / A. I1. bapkos, B. C.
Hopomr, B. A. Hukutun, B. I1. IIpoxopos, E. b. XoTtHsHckas ; M-Bo o0pa3oBaHus U
Hayku Poc. @enepannu, Kybanckuii roc. yu-T. - Kpacnonap : [KyOanckuit
rocyaapcTBeHHbIN yHEBepcuTeT], 2012. - 99 c. : ui. - bubnuorp. B kKoHIle pador. - 19.25.

3. Casennes, U. B.

4. Kypc o6mieit pusuku [DnekTpoHHBIH pecypce] : yuebHnoe mocodbue : B 5 T. T. 4 :
KBanrtoBas ontuka. AtomHas pusuka. @usuka TBep0oro Tena. Guznka aToMHOTO apa U
anemenTapHsix yactuil / M. B. CaBenbes. - CII0. : Jlans, 2011. - 384 c. -
https://e.lanbook.com/reader/book/708/#authors.

5. 3ucman, ['mpm A6pamoBuu. Kypc obmieit ¢pusuku [Tekct] : yuebHoe mocodue st
ctyaeHToB By30B : B 3 T. T. 3 : Ontuka. ®u3uka aToMOB U MOJieKyJ. Du3uka aTOMHOTO
anpa u mukpouactuil / I'. A. 3ucman, O. M. Togec. - U3x. 6-e, ctep. - CII6. [u np.] :
Jlans , 2007. - 498 c., [4] n. un. - (Knaccuueckast yueOHast tureparypa 1no Gpusuke)
(JIyumme xknaccuueckue yueOHukn) (YueOHUKY A7 By30B. CrienianbHas IHTepaTypa).

5.3. [lepuoauyeckue U3IaHusA:

1. Kypnan «PoroH-3Kxcnpecce» /www.fotonexpress.ru /.

2. XKypnan «Lightwave Russian Edition» / www.lightwave-russia.com/ .
3. Kypnan «BecTHuk cBsizm» /www.vestnik-sviazy.ru /.

6. Ilepeyenbr  pecypcoB  HH(POPMANMOHHO-TEJIEKOMMYHUKALMOHHOM ceTH
«HTEepHEeT», HEOOXOAMMBIX VIS OCBOCHUS JUCHUILIMHBI (MOAYJIS).
1. http://www.kubsu.ru/University/library/resources/
2. http://www.rubricon.com/.
3. http://window.edu.ru/window.

6. MeToanyeckue yKazaHus J1Jisi 00y4aIOIMXCSl 0 OCBOECHHIO M CHMILIMHBI (MOAYJIs1).

Cpoxu
Ne . Kon-Bo | ®opma npencraBieHus
Tema win 3aganue Tekyen paboTsl BBITIOJTHEHUS
TEMBI 4acoB pe3yabpTaToOB (Henenm)
1 DIEMEHTHI KJIAaCCUUECKON TEOPUH 2 Y CTHBIN OTBET, 1
' AJIEKTPOMATHUTHOTO U3JIy4YEHHS. TEKCTOBBIA JOKYMEHT.
N 2 Y CTHBIN OTBET,
2. OneMEHTBI KBAHTOBOM ONTHKHU. . 1
TEKCTOBBIA TOKYMEHT.
Y CTHBIN OTBET
3. CTOJIKHOBEHHE YACTHULL. 4 L 1
TEKCTOBBIA TOKYMEHT.
OKCHEpUMEHTAILHOE MOATBEPKACHHE
4 JIMCKPETHOM CTPYKTYPBI 4 Y CTHBIN OTBET, 1
' JHEPreTUYECKUX YPOBHEU aTOMOB, TEKCTOBBIA JOKYMEHT.
onbITel Ppanka u ['epua.
5 Omnpithl [leBuccona—/xepmepa u 4 VY CTHBIN OTBET, 1
' TomcoHa. TEKCTOBBIA JOKYMEHT.



https://e.lanbook.com/book/49468
https://e.lanbook.com/reader/book/708/#authors

6 CoOcTBeHHBIC 3HAUYCHHS U COOCTBEHHBIE 4 VYCTHBIN OTBET, 1
' GyHKIIMHA ONIepaToOpoB. TEKCTOBBIA TOKYMEHT.
HekoTopsie xapakTepHble 3a1a4u

7 KBaHTOBOM MeXaHUKHU. OTpakeHue u 4 VYCTHBIN OTBET, 1
IIPOXOXAECHHUE CKBO3b NPSMOYTOJIbHBIN TEKCTOBBIM JTOKYMEHT.
MOTEHLIUATIbHBIA OPOT.

Paznenenue nepeMeHHbIX. YTI0BOE U .
4 VYcTHBIN OTBET,
8 paauabHOE pacupeneaeHre . 1
o TEKCTOBBIM JOKYMEHT.
JIEKTPOHHOM IVIOTHOCTH.
KpaTtHOoCcTh BbIpOXKI€HUS
SHEPreTUUECKUX YpoBHeW. CUMBOIMKA .
N 4 Y CTHBII OTBET,
9 COCTOSIHUI 3JIEKTPOHA B aTOME. . 1
TEKCTOBBIM TOKYMEHT.
Pacnipenenenue miotHocTu
BEPOSATHOCTH.
OnucaHue COCTOSHUMN AJIEKTPOHA B

10 aTOMe€ C TIOMOIIIbIO HA0OPOB KBAHTOBBIX 4 YcTHBIN OTBET, 1
ymcels. CnuH-opOUTaIbHOE TEKCTOBBIM TOKYMEHT.
B3aMMOJICIICTBHE.

11 DNIEeKTPOHHBIN MapaMarHUTHBIN 4 Y CTHBII OTBET, 1
pe3onanc (JI1P) u ero npunoxeHus. TEKCTOBBIM JOKYMEHT.

YcTHBIN OTBET
12 Bbo3onbI 1 (hepMUOHBI. 4 . 1
TEKCTOBBIM TOKYMEHT.

13 ToHKas CTPYKTypa pEHTT€HOBCKUX 4 Y CTHBIN OTBET, 1
CIEKTPOB. TEKCTOBBIM JOKYMEHT.
Knaccudukanust 37eKTpOHHBIX

14 coctossauil MoJieky. [IpaBuiio orbopa 4 Y CTHBII OTBET, 1
JUTSL 3JIEKTPOMArHUTHBIX IEPEXO0JIOB B TEKCTOBBIM TOKYMEHT.
JIBYyXaTOMHBIX MOJIEKYJIax.

Baxkneimme tunsl gazepoB. OCHOBHbIE o
. 4 VYcTHBIN OTBET,
15 KOMITOHEHTHI Jiazepa. CBoicTBa . 1
TEKCTOBBIM JOKYMEHT.
JIa3€PHOTO U3ITYUYEHHUS.
®Pu3ndecKue OCHOBBI o
4 VYcTHBIN OTBET,
16 CBEPXIIPOBOAMMOCTH U CBEPXTEKYUYECTH . 11/6
TEKCTOBBIM JOKYMEHT.
U X KBaHTOBas IPUPOJaA.
Hmozo 60 16 1/6

B ocBoenun AMCHMIUIMHBI MHBATUIAMU M JUIAMU C OTPAHUYEHHBIMH BO3MOXKHOCTSIMHU
30POBbsI  OOJIBIIIOE 3HAYEHHE HMEET WHIWBHUAyalbHas yueOHas pabora (KOHCY/IbTAIlMU) —
JIOTIOTHUTEIbHOE Pa3bsICHEHHE yueOHOro MaTepuara.

NunuBuayanbHble KOHCYJBTAIMM IO TPEAMETY SBISIOTCS BaXXHBIM  (DakTOpoM,
CMOCOOCTBYIOIIMM WHJIUBHUIyaTU3alMA O0YUYEHHUSI U YCTAaHOBJIEHUIO BOCIIUTATEILHOTO KOHTAKTa
MEXIy TpernojaBaTeieM W OOyYarolMMCS WHBAIAIOM WM JHUIOM C OrPaHUYCHHBIMHU
BO3MOKHOCTSIMHU 3JI0POBBSI.

8. IlepeyeHbr MHPOPMANMOHHBIX TEXHOJIOTHH, HCIOJIb3YEMBbIX IIPH OCYLIECTBJICHUHU
00pa30BaTeILHOIO NPoUEecca MO0 JUCHUILINHE (MO1YJII0).

8.1 Ilepeyenb HH(pOPMALMOHHBIX TEXHOJIOTHIA.
Jlexuuu: MHTEpAaKTUBHAA JEKIUSA C MyJIbTUMEINNHON CUCTEMON C aKTUBHBIM BOBJICYEHHEM
BOBJICUEHHUE CTYACHTOB B yueOHBIN Ipo1ecc U 00paTHOM CBA3bIO.
[TpakTuyeckue paboOTH: KOMIIBIOTEPHBIE 3aHATHS B PEKUMaX B3aUMOJCHCTBUS «IIPEIOaBaTeNhb
- CTYZEHT» U «CTYJIEHT - IPETOJABATEIbY», «CTYACHT - CTYyICHT).




CamocTtosTenbHas paboTa: IUCTAHIMOHHBIC 33JaHUS U YIPaKHEHUs, TJIOCCAapUU TEPMUHOB U
ONPEAEIICHUN.

Education Solutions”

8.2 [lepeuenb HE0OXOAUMOI0 NPOTrPAMMHOI0 O0ecTedeHus.
[TporpamMmMHoe obOecrieueHrne B paMKax mporpammbl kommanuu Microsoft “Enrollment for
JUIS  KOMIIBIOTEpOB H cepBepoB KyOaHCKOTO ToCynapCTBEHHOTO

YHHUBEPCUTETAa M €ro (UIHaaoB, AHTHBHUPYCHAs 3aliuTa (U3MYCCKHX pPabOYMX CTaHIUN M
cepsepoB: Kaspersky Endpoint Security mist 6usneca — Crangaptabiii Russian Edition.

8.3 IlepeuyeHb HH(POPMAIMOHHBIX CIIPABOYHBIX CHCTEM:

1. CnpaBouno-nipaBoBas cuctema «Koncynprant [Tmroc» (http://www.consultant.ru)

2. DnexkTponHas oubnuoreunas cucrema eLIBRARY.RU (http://www.elibrary.ru)/

9. MarepuajbHo-TeXHHMYEeCKasE 0a3a, HeoOXoauMasi JJIsil  OCYIIeCTBJICHHS
00pa3oBaTeILHOIO NMPOLECcCa MO JUCHUILINHE (MOYJIIO)

MarepualibHO-TEXHHYECKOE 00eCTIeYeHNEe AUCIUTIITUHBI

Ne Bun pabor
(MOTyJIsl) U OCHAIIEHHOCTh
1. Jlexmmonnsie 3ansatust | Jlekumonnass ayautopust Ne300C, 201C, ocHamenHas
MPE3EHTAMOHHOMN TEXHUKON (mpoekTop, 9KpaH,
KOMIIBIOTEP/HOYTOYK) M COOTBETCTBYIOUIMM HPOTPAMMHBIM
obecneuenueM (I10).

2. Cemunapckue 3anatus | CnenuanpHoe momenieHue Ne209C, 315C, ocHameHHOE

MPE3eHTAlMOHHOMN TEXHUKOU (mpoexTop, 9KpaH,
KOMIBIOTEP/HOYTOYK) M COOTBETCTBYIOUIMM IPOTPaMMHBIM
obecneuenuem (I10).

3. Texkymuii  KOHTPOJIb, | AyAUTOpHUS Ne230C, (xabuHeT) YKOMIIJIEKTOBaHHAS
MIPOMEKYTOUHAS CHEIHUaTU3UPOBAHHON MEOENbI0 M TEXHUYECKUMH CPEJICTBAMHU
aTTecTalus oOydeHus

4. CaMocTrogTenbHas Kabunet Ne207C nnst caMmocTOSTENbHON pabOThI, OCHAIIIEHHBIH
paboTta KOMIBIOTEPHON TEXHUKOM C BO3MOYKHOCTBIO MOJKIIOUEHHS K

cetn «MHTEpHET», MporpaMMoll 3KpPaHHOIO YBEIWYEHHS U
00€eCrevyeHHbI TOCTYIIOM B AJIEKTPOHHYIO HH(OPMaIlMOHHO-
00pa30BaTeNIbHYIO Cpely YHUBEPCUTETA.



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

