MuHncTEpCTBO 06pazoBanus U Hayku Poccuiickon @enepanuu
denepalibHOE MOCYIapPCTBEHHOE OIOKETHOE 00pa30BaTebHOE YUPSIKICHNE
BEICIIIETO O0pa30BaHUs
«Ky0baHCKui roCy 1apCTBEHHBIN YHUBEPCUTET
DU3HUKO-TEXHUIECKUH PaKyIbTeT

YTBEPXJIAIO:
[TpopexTop HOny—Ie6HOI/I pabore,

a@@ﬁé’;}mg} MepBbIi
At ".,,‘73 KD 9

1‘.) QHBIR Os, £
‘JHH Y b"’z;‘l R
pet E:mqb/, 80 <,

PABOYAS MPOT'PAMMA JTUCHUIIJIMHBI (MOIYJIS)

F1.5.06.05 OCHOBBI ATOMHOH ®H3UKH

(k00 u HauMeHOBAaHUE OUCYUNTUHBL 8 COOMBEMCMBUY C YHEOHbIM NNAHOM)

HamnpapneHue moaroToBky / CrieuaibHOCTb

12.03.04 buoTeXHUYECKHWE CUCTEMbI U TEXHOJIOIUH
(KOO U HaUMEHOBAHUE HANPABIEHUS NOO2OMOBKU/CEYUATLHOCTIUL)

HanpasneHHOCTS (poduiip) / cienuann3anys

I/IH}KCHCDHOC JCJI0 B MGHHKO—6HOHOFHq€CKOﬁ NPAKTHUKE
(Haumenosanue HanpasieHHoCmu (NPoguis) cneyuanusayuu)

HporpaMMa IIOATOTOBKH axKaaeMuyecKas
(axademuyeckas /NPuKIaoHas)

@opma oOydeHus o4Has
(ounas, 04HO-3a04HAS, 3A0YHASA)

Kpanuduxkanuus (cTeneHsb) BbIITyCKHUKA OakanaBp
(bakanasp, mazucmp, cneyuaiucm)

Kpacuonmap 2017



PaGouass mporpamma mucrmiuivasl  51.5.06.05 «OcHOBEI aTOMHON (QU3UKK»
COCTaBleHa B  COOTBETCTBUM ¢  (dedepalbHBIM  IOCYIapCTBEHHBIM
o6pa3oBaTenbHBIM CTaHAapTOM Bhiciiero obpasoBanus (PI'OC BO) mo
HarnpapieHuo noarotoBku 12.03.04 buoTexHUYECKHE CUCTEMBI U TEXHOJIOTHH,
npoduik «IHX)eHepHOE IeTI0 B MEIUKO-OMOIOTUIECKON ITPAKTUKE.

IIporpammy coctaBui:

B.B. lNanyuxuit, kaua. ¢pus.-MaT. HayK,
TOLIEHT KadeIphl ONTOICKTPOHUKH

TMMOAITUCH

s

Paboyas nporpamma gucruminasl b1.5.06.05 «OcHOBEI aTOMHOM (DU3AKH»
yTBEpXJeHa Ha 3aceaHuu Kadenpsl ornToaieKTpoHuk OTO,
npotokoa Ne 8 ot 11 mas 2017 r.

3aBenyroIIH Kapenpoi ONTO3EeKTPOHUKH

I-p TeXH. HayK, npogeccop Sxosenko H.A.

144 B 2 /
T 4
A)}mucs

Pabouas mporpaMmMa qUCIMIUIMHEI 00CYyXAeHa Ha 3acedaHuu Kadeapsl
bu3uKy ¥ HHOOPMAIMOHHBIX cUCTeM, TPoTokoa Ne 16 ot 04 mas 2017 r.

3aBenyromui kadhenpo, 1-p Gus.-mMaT. HayK, f
npodeccop boratos H.M. ﬂgﬁ/

TMOAIHKUCH

YTBepKAeHa Ha 3acelaHud y4eOHO-METOOMYECKOM KOMUCCHUU  (U3UKO-
TEXHHUYECKOTo (dakynprera, mpoTokon Ne 6 ot 04 mas 2017 1.
IIpencenarens YMK OT®

I-p hus.-mat. HayK, npodeccop boratos H.M. Zyrf«;un/_

NMoANnucChH

PenieH3eHTHI:
[IleBuenko A.B., xaua. ¢wus.-mat. Hayk, Bemymwmi cremuanuct OO0 «IOxHas
aHAJIUTUYECKask KOMIIAHUS,

Job6po JL.®., kaHxa. men. Hayk, DOUSHT Kabeapbl GU3UKHA U MHPOPMALMOHHLIX
CHCTEM.



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

1.2 3agpaun JUCHHNJIHHBI:

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

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

— B YCBOEHHH OCHOBHBIX IIOHSATHI BOIHOBOH MEXaHMKH H OCOOEHHOCTH KBAaHTOBO-

MEXaHHYECKOTO ITOX0Aa K H3YUEHHIO aTOMHBIX SIBIICHHI.

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

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

HucimomiHa «OCHOBBI aTOMHOIM (PH3MKH» OTHOCHTCS K 0aszoBoii uyactn bmoka 1
" IMCLIMIUTHHEBL (MOAYIIM)" y4eOHOIO IUIaHa.

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

1.4 IlepeveHb IJIAHHPYEMbIX Pe3YJbTATOB O0YUeHHS MO JHCIHIIHHE (MOIYJI0),
COOTHECEHHbIX € IVIAHHPYeMbIMH Pe3YJIbTATAMH 0CBOEHHSI 00Pa30BaTe/IbHOI MPOrPaMMBbL.

Wsyyenne maHHOH y4yeOHOH MMCIMINIMHBEI HAIIpaBIeHO Ha (popMHpOBaHHE Y OOYYAFOIHXCS

npodeccHoHabHEIX KomrteTeHIi (OITK-1)

N HHpexc Copepxkanue B pesynbrare uzy4eHus y4eOHON JUCIUTUTMHBL
° | xommer | xKommeTeHImH (wm eé 00yyaroIuecs JOIKHEL
Al SHIIMA YacTH) 3HATh YMeTb BJIAJIeTh
1. QIIK-1 | crtocoOHOCTBIO — COBPEMEHHBIE | — ¢ | —MeTomaMH

TIPEACTABIATh NIPEACTABIEHUS | TUATTEKTHKO- MIPOBEJICHUS
aJIeKBaTHYIO 00  aTOMHOM | MaTepPHAIMCTHY | (PU3HYECKUX
COBPEMEHHOMY CTPOSHHUH €CKUX TIO3UIWH | UCCIIeIOBaHUI
YPOBHIO 3HaHUI BEIIECTBA, OCMBICITMBATh U | U H3MEPEHU;
HAYYHYIO KapTHHY OCHOBHEIE HWHTEPIIPETHPOB | —HABBIKAMH
MHpPa Ha OCHOBE 3aKOHBI, HJEN | aTh OCHOBHBIE | TIPHMEHSTH
3HAHHS OCHOBHBIX U TIPUHIIUIIEL | TIOJIOXKEHUS TIOTyYEHHBIE
TIOJIOKEHHIA, 3aKOHOB | aTOMHOH aTOMHBIX TEOPETHYECKHE
U METOJIOB buzmkH, UX | SIBIIEHUH, 3HAHUS YIS
€CTECTBEHHBIX HayK M | CTAHOBJICHHE M | OL[EHMBATh peleHus
MaTeMATHKU PasBUTHE B | TIOPSAKH TIPUKITaTHBIX

HCTOPHYECKONH | (DHBHYECKHUX 3a71a4.

TIOCIIEIOBATENh | BETIMYNH,

HOCTH, HX | HCIIONIB30BaTh

MaTeMaTHYecK | ITOITy4eHHBIE

Oe OIHCaHHWE, | 3HAHUA B

MEeTOJIbI Pa3ITHYHBIX

HaOIIoIeHH S 00JIacTsIX

aTOMHBIX (usmueckoit

SBIIEHUH,  UX | HAYKH 31

SKCIIEPHMEHTA | TEXHHKH;

JIBHOE




No Wunexc Conepxamie B pesynbrare H3yueHHS YUeOHON JTHCIHIUTHHEL
_ | xomIIeT | KOMITETEHIMH (HIH eé 00y4arOIHECS JOTDKHEL

ILII.
CHIIMI YacTH) 3HATh YMeETh BJIAJETH

HceTIeIoBaHHe
H
MIPaKTHYECKOe
HCITONIb30BaHH
SN

- 3HATh
OCHOBHEIE
3aKOHBI, HIEH
M IPHHIMIIBI
aTOMH O
(bu3HKH, HX
CTAHOBJIEHHE H
Pa3BUTHE B
HUCTOPHYECKOMN
TIOCIeN0OBaTENDb
HOCTH, HX
MaTeMaTHUECK
Oe  OITHCaHHE,
METOJBI
HaOIIOIeHHS
aTOMHBIX
AIBIIEHUH, WX
SKCIIEPHMEHTA
JIbHOE
HCCTIElOBaHHe
H
MIPaKTHYeCKOe
HCITONIb30BaHH
€3

2. CTpYKTYpa H coJep:RaHMe JHCIHIIMHbL

2.1 PacnpeesieHHe TPYAOEMKOCTH JHCIHILTHHBI 0 BHAAM padoT.

OO01mas TpyA0EMKOCTh TUCIIMIUIHHEL COCTaRIsgeT 4 3au.ell. (144 yaca), MX pacIipellelIeHHue
10 BUZaM paboT IIpeICTaBIEHO B TaOIHIlE

(ong cmyodenmoe ODO).
Buj yuebHo# paGoThl Bcero CemecTpel
JacoB (J1aceI)
4
KoHTakTHas padoTa, B TOM YHCJIE:
AYTHTOpPHbBIE 32aHATHA (BCET0): 48 48
3aHATHA JIEKITHOHHOT'O THIIA 16 16 - -
JlaGopaTopHbIE 3aHSTHS - -
3aHATHI CEMHHAPCKOI0 THIIA (CEMHHAPEI, 32 3 ) )
IIPaKTHUECKUE 3aHSITHS)
I Has KOHTaKTHasI padora:
KoHTpoms camocrosarensHoi paboTsl (KCP) 4 4
IIpomexyrounas arrecraips (MIKP) 0,3 0,3
CamocronaTeIbHaA padoTa, B TOM 4HCJIe:




KypcoBas padora - - - -
[TpopaboTka yuyeGHOro (TeOpeTHYeCKOro) MaTepHaa 60 60 - -
BrOtonHeHHe HHANBHYAIbHBIX 3aaHii! (TIOATOTOBKA
COOGIIIEH I, TTPe3eHT ALt ) i i i i
Pedepar - - - -
[ToaroroBka K TEKYIeMy KOHTPOIIO 5 3 - -
KonrtpoJb:
[Toaroroeka K sK3aMeHy 26,7 26,7
OO0mas TpyA0eMKOCTb 144 72 144 - -

52,3 58,2 | 52,3

3a4. e 4 4

2.2 CTpyKTYpa JHCHHILIHHDbI:
Pacripenenenne BHAOB YueOHONH pabOTEI H X TPYOEMKOCTH I10 pa3ieliaM U CLMILIHHEL.
Pasensl IUCIIMIUIMHEIL, H3y4aeMbIe B 4 ceMecTpe (ounas gpopma)

KOJIH4ECTBO 4acOB
No HalMeHOBAHHE Pa3/IeNon _— Ay}m e B}E%Em
J | 113 JIP CPC

1 2 3 4 5 6 7
| [Pasmen 1 6 | 2 2 2
> |Pazgen 2 4 2 2
3 |Paznen3 8 | 2 2 4
4. [Paznen 4 8 | 2 2 4
5 |Pazmen 5 6 2 4
6. |Pa3men6 8 | 2 3 4
7 |Pazgen 7 8 | 2 2 4
g |Pazgen 8 6 2 4
o [(Paznen9 6 2 4
10. Pa3smen 10 6 2 4
11, [Pasgen 11 8 2] 2 4
12. [Paznen 12 8 2| 2 4
13. |Pazgen 13 8 12| 2 4
14. Pasnmen 14 & ) 4
15. [Pasmen 15 6 2 4




16.

Pasznen 16

6

2 4

Hmozo no oucyunnune:

108 | 16 32 60

[Tprmveuanne: JI — nexumm, 13 — mpakTHuecKHe 3aHATHS / ceMiHapbl, JIP — madopaTopHEbIe
3aHarusa, CPC — camocTosTenbHas padoTa CTyAeHTa

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

yacTHIEL. YacTHIla B OXHOMEPHOH
ITPSIMOYTOJIbHOH TTOTEHIHAIIBHON SME C
OeCKOHEYHO BHICOKHMMH CTEHKAMH,
OxHOMepHAS IPSAMOYT OJIbHAS TIOTEeHIMAIbHAS
sIMa CO CTE€HKaMH KOHEYHOH BBICOTHI,

JIMHENHBIN TapMOHHYECKII OCIIFIIISITOP.

No HaunmeHoBaHne Conepicanye pasiema @opmMa TEKYIIETO
paszzena KOHTPOIA

1 2 3 4

I.|Pazmen 1 OKCIEPUMEHTAIBHBIE JaHHEIE O CTPOCHUH AHKeTHpOBaHHE,
aroma. CepHallbHbI€ 3aKOHOMEPHOCTH B oIpoc,
AaTOMHBIX CITEKTPaxX, KOMOWHAIM OHHEBIH NIPaKTHYECKHUE
npuHIMI Putita, TepMel. Kitaccrieckast 3a/[aHUS
MOJIETIb aTOMa TOMCOHa.

2.|Pazgen 3 Omnsithl Pesepdopna. SAnepHas Moenb atoMa. |AHKeTHPOBaHHE,
BemBoz popmymetr Pesepdopaa mis paccesHIsI  |0Ipoc,
o-yactvil. CreIcTBHA U3 ONMBITOB Pesepdopaa. [TPaKTHYSCKHE
OKclepUMeHTalTbHasI TPOBEPKa (POPMYIIEL 3a/1aHusL
Pesepdopra.

3.|Pazmen 4 CrieKkTpalibHbIEe CEPUH aTOMa BOZOPOA. AHKETHPOBaHHE,
OnemeHTapHas 0OpPOBCKasl TEOPHS aToMa orpoc,
Bopopozaa. [locTymatsr bopa. NIPaKTHYECKHUE
OKCIIepUMEHTAILHOE MOATBEPKACHHE 3a/[aHUS
JIUCKPETHON CTPYKTYPHI SHEPreTHYECKHX
YPOBHEN aTrOMOB, OIMBITH DpaHka U ['epiia.

4. Pazmea 6 CoCTOSHUE YaCTHIIBI B KBAHTOBOH TEOPHH. AHKeTHpOBaHUE,
BomHoBast )YHKIIHS U €€ CTaTHCTHYECKHHt orpoc,
cmbIc. [IpuHium cymnepriozuiuu. OnepaTopsl [IPaKTHYECKHE
B KBaHTOBOI MEXAHUKE U MX CBOHCTBA. 3aJ[aHUS
Cpenuue 3HaYeHUS (PU3HYECKUX BEITHYHH.
YcnoBre BO3MOKHOCTH OTHOBPEMEHHOT O
H3MepeHns (pU3HiecKuX BelTuunH. OnepaTopsl
BKHEHMITIMX (PH3HUECKUX BETHYHH
(KOOpIHUHATEL, UMITYIIhCa, BEKTOpa UMITYIIbCa,
MOMEHTA UMITYIIbCa, KBaJpaTa MOMEHTa
HMITYIIb Ca, TIPOEKI[MH MOMEHTA UMITYIIhCa,
KUHETHYECKOH SHEPIUH, TIOTEHIMAIILHON
SHEPTHH, TIOTTHON 3HEPTHH).

S./Pazmen 7 BpeMeHHOe U cTaliOHAPHOE YPaBHEHH S AHKeTHpPOBaHHE,
[Ipenunrepa. KBaHTOBaHHE. YpaBHEHUS oITpoc,
[IIpeauHrepa B ONepaTOPHOI opme. TIPaKTHYEeCKHUE
Ormeparop "amitsToHa. J[BHXEeHHE CBOOOIHOM |3aTaHU S




6./ Pasmen 11 ATOM BO BHEIIIHEM MarHUTHOM ITOJIE. AHKETHPOBaHIE,
HopMmanbHbIi H aHOMANBHEBE 3 eKTH OITpoc,
3eemana 1 3(ext [TammeHa—baka. SHEPrHg  [IpaKTHYECKHE
aTOMa B MarHUTHOM I1071e. ATOM B 3a{aHus
sekTpHueckoM 1one. Dddekr Ilrapka.
7.|Paszaen 12 OO0r11e MPUHIMITEL OITHCAHHIS AHKETHPOBaHHE,
MHOT'O3IEKTPOHHOr0 aroma. [IpuHimi [laynu  |orpoc,
H KBaHTOBO-MeXaHHYecKas (POPMYyTHPOBKA NIPaKTHYECKHUE
rpuHiIa [Taymi. ATomHbBIE O00IOUKH U 3aJaHH I
MTOA000IOUKH. OIeKTPOHHAS KOH(PHUIYPAIIHL.
CyMMapHble OpOUTaNIBHBIN, CITMHOBBINA H
TIOITHBII MOMEHTHI MHOTO3JIEKTPOHHOI'O aT OMa.
LS (HopmarbHas) H jj- cBsa3H. CrieKTpalbHbIE
0003HAaYEHHN S U ITpaBIiIa OTOOpa. 3aIlOITHEHHE
3IIEKTPOHHBIX 00O0IIOYEK B aTOMaX.
[leprommyeckasi cHCTEMA IIEMEHTOB
MeHieneeBa. OneKTpoHHAS KOH(PHTypaIfisI 1
IpaBwiIa XyHHa.
8.|Pazmen 13 XapakTepuCcTHYECKHE PEHTTEHOBCKHE AHKETHpOBaHHE,
creKTpbl. OCOGEHHOCTH XapaKTEPUCTHYECKHX |OIPOC,
CITEKTPOB. 3aKOH MO3IH. TIPaKTHYECKHE
3aJ[aHUS
2.3.2 3aHATHSA CeMHHAPCKOT0 THIIA.
\o HammenoBanue Conepianue pasiena (DopMa TeKyIIero
pazzena KOHTPOIA
1 2 3 B
Paznen 1 [TpeaMeT U 3aiaun aTOMHON (PU3HKH, ee MeCcTO | AHKEeTHPOBaHHE,
cpenu ApYrux (GpU3HIecKHX HayK. MHUKpPOMHp. |OIpoc,
Macruradpl. OneMeHTH KITaCCHYECKON TEOPUH  |TIPAKTHYECKHE
SIIEKTPOMArHUTHOTO H3ITYYEHHUA. 3a7[aHu
2.|Pazmen 2 OJeMEHTHI KBAaHTOBOM ONTHKH. KBaHTHI cBeTa |AHKETHPOBAaHHE,
(poronsr). TeruroBoe H3TYUEHHE: OIpoc,
KITACCHYECKHIA U KBAaHTOBO-MeXaHUYeCKHI MIPaKTHYECKHE
noxof. MoT03¢ (PeKT: ero BUIAB U 3aKOHBI. 3a[aHUS
@opmyna OiHIITeHHA. J[aBlIeHHEe U3ITyYEeHN .
[TornoieHne uamyueHus. M3myueHue
Barmimora—Yepenkora. O¢dekt KomrroHa.
3.|Pazgen 3 [TmaneTapHast MOJIENs aToMa Pesepdopaa. AHKeTHPOBaHUE,
CeueHHe paccesHHSL. OIpoc,
MIPaKTHYECKHeE
3a[aHuS
4. Pazmen 4 Boposckas Mojiers aToMa BOAOPO/A. AHKeTHPOBaHHE,
CriexTpalbHble CepHH BOJOPOXOITOT0GHBIX oIpoc,
cucreM. HegocTtarku Teopuu Bopa. TIPaKTHYECKHe
3aflaHu
5.|Pasmen 5 YacTulsl ¥ BOIHEL. KOPITYCKYIISIPHO-BOITHOBOH | AHKETHPOBaHHE,
IyarmsM. ['uroresa ge Bpoitns u ee oIpoc,
SKCIIEPHMEHTAIIbHOE ITOATBEPKIEHHE Ha IIPaKTHYECKHE
IpuMepe THPPaKIH SeKTPOHOB, aTOMOB, 3aaHHA
HeHTpoHoB. OnEITH JleBHccoHa—/[KepMepa 1
Tomcona. MazoBas U IPYITIOBAs CKOPOCTH




BonH Jie bpoiing. CoorHoIIeH e
HeoIpeeneHHocTel ['efizentepra.

6./Pasgen 6 CoOcTBeHHbIE 3HAYESHH S H COOCTBEHHBIE AHKeTHPOBaHHE,
(YHKIRIH OIepaTOpPoB. OITpoc,
IIPaKTHYECKHE
3ajaHu
7.|Pasgen 7 OrmpeneneHne  SHEPreTHYECKOIO  CIEKTPa|AHKETHPOBaHHUE,
CHCTEMBl KaK 3aJlaya Ha COOCTBEHHBIE|OIPOC,
3HAYEHH ollepaTopa ['aMIIbToHa. IIPaKTHYECKHE
[loreHIMaNbHELIT Oapbep KOHEYHON IIIMPHHBL.  |33aHHsI
TyHHeIbHEIH 5QeKT.
8.[Pazmen 8 KBaHTOBO-MeXaHHYECKOE OITHCAHHE aTOMa AHKeTHPOBaHHE,
Bopopozaa. YpasHeHue [lIpequnrepa Amsa aToMa |OIpoc,
Bogopoaa. OU3HYECKHI CMBICTT KBAHTOBBIX IIPaKTHYECKHE
YHcell. SHEPreTHUECKHUA CIIEKTP. OnepaTopsl  |3aJaHus
MOMEHTA HMITYIIbCa M TIPOSKI[UH MOMEHTa
HMITYIIbCA M MX COOCTBEHHBIE 3HAUEHH .
[IpaBuma orbopa. HopmalsHOE COCTOSHHE
aTroMa. BOTHOBBIE (PYHKITHH U pacIpeielieHHe
TDIOTHOCTH BEPOSITHOCTH. 1$-COCTOsHHE
3JIEKTPOHA B aTOME BOJIOPOJIA.
9.|Pazmen 9 KBaHTOBaHHE BOJOPOAOITOAOOHBIX aTOMOB. AHKETHPOBaHHE,
KpaTHOCTh BEIPOKIEHHS 3HEPTETHIECKIX OIpoc,
ypoBHeH. CHMBOIIMKA COCTOSHHUM ANEKTPOHA B |[TIPaKTHYECKUE
aToMe. PacripefielieHHe TNIOTHOCTH 3a7aHUS
BEPOSITHOCTH. Y POBHH U CIIEKTPBI IETOYHBIX
MeTaiuIoB. [IpaBmina oT6opa U ClieKTpaIbHbIE
cepun. TOHKas CTPYKTypa CHeKTPallbHbIX
JIMHUHM BOJOPOOMOAOOHBIX aTOMOB.
10Pazmen 10 OpOUTallbHEIE MATHUTHBIA U MEXAaHUYECKHH  |AHKETHPOBaHHE,
MOMEHTHI. CITHH M cOOCTBEHHBIA MarHUTHBIM  |OITPOC,
MOMEHT 3NIEKTPOHA. OKCIIEPUMEHTAITBHOE MIPaKTHYECKHE
JIOKa3aTENbCTBO CYIIECTBOBAHUS CITHHA, 3a[aHuS
ornsIThl [TITepHa u ['epnaxa. ITomHbIH MOMEHT
umMITyibca. OnUcaHue COCTOSHUN IEKTPOHA B
aTOME C TIOMOINBIO HAOOPOB KBAHTOBKIX YHCEN.
CImH-0pOUTATIBHOE B3aUMOJICHCTBHE.
11Pazmen 11 MarHurHsle cBOKMCTBa aTOMOB. OpOUTAIIbHBIH, |AHKETHPOBAHHE,
CITHHOBEIN M ITOIHBIA MATHHTHBIH MOMEHTEI OITpoc,
aToMa. ' MPOMATHUTHOE OTHOINEHHUE U MIPaKTHYECKHeE
Mar"eToH bopa. 3a7[aHuS
12Paszmes 12 CHCTeMBI TOXIeCTBEHHBIX YACTHIIL. AHKeTHPOBaHUE,
CHMMeTPHS BOJTHOBBIX (BYHKI[HIA. oIpoc,
MHOr0371eKTPOHHBIE aTOMBI. TIpaKTHYECKHe
3a7laHus
13Pasznen 13 OcoGeHHOCTH CITeKTpa IoromeHusa. ToHkas |AHKeTHpPOBaHHE,
CTPYKTYpa PEHITEHOBCKHX CIIEKTPOB. oIpoc,
TIPaKTHYECKHe
3aJJaHHs
14Pa3nen 14 CrpoeHne, CBOMCTBA U CIIEKTPEL MOJIEKYIL. AHKeTHpOBaHHE,
VI OHHEBIN M KOBAJIEHTHBIN THITH XHMHYECKOH  [OITpoc,
CBSI3H. BHIBI TBIMKEHHI B MOJIEKYJIE M THIIBI  |TTPaKTHUYECKIHE




MOTIEKYIAPHBIX CITEKTPOB. DIEKTPOHHEIE 3aTaHHIS
CITEKTPBI MOTIEKYIT M HX KOIeGaTelbHO-
Bpall[aTeIbHasi CTPYKTYpa.

13Pasgen 15 BrIHYXAeHHOE (HHIYLIPOBAHHOE) H3TYUeHHE . | AHKETHPOBAHHE,
OrnrnyecKre KBaHTOBBIE T€HEPATOPSI (JTa3epPhI). |OIpoc,

IIpaKTHYECKIe
3aaHHg

14Pasmen 16 CraTHCcTHYECKHE paclipeierieHn s OepMu— AHKETHPOBaHHE,
Hupaka u boze—3HInTelHa. SHeprus OepMH. |Ompoc,

IIPaKTHYECKHE
3aaHHg

2.3.3 JIadopaTopHbIe 3aHATHA.
JlaGopaTopHele palbOTHl IPEAYCMOTPEHBI B AUCHHAIUIMHE OH3HYECKHH IPAKTHKYM.

OCHOBHI aTOMHO# (PH3HKH

3ammura aboparopHoit paborsl (JIP), BemIonHeHHe Kypcosoro mpoekra (KII), kypcoBoi
padotsl (KP), pacuetHo-rpadmyeckoro samanus (PI'3), Harmicanme pedepara (P), scce (3),
koiutokBuyM (K), Tectuposanue (T) u T.11.

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

2.4 IlepevyeHb y1e0HO-MeTOHIECKOr0 odecriedeH sl /Il CAMOCTOST €JIbHOM PadoThbl
00yYAKIHXCH M0 JUCITHILIHHE (MOTyJII0)

Ne Bun CPC

Hepequb y‘IeﬁHO-MeTO,IEHIICCKOI‘O obecIeYeHH I JHCIIHIIIHHEL
1O BEITIOJTHEHHIO CaMOCTOATEIIbHOH paGOI‘BI

1 2

3

1 | IIpopabGorka yueGHOTO
(TEOPETHYECKOTO)
MaTepHana

CapembeB, U. B. Kypc obmeit ¢pusuxu. B 3 1. Tom 3. KanTtoBas
onTHka. ATomMHas pu3nka. OH3HKa TBEPAOTO Tena. OH3HKa
ATOMHOTI'O S7Ipa M 3JIEMEHTAPHBIX YacTHI] [ OIIEKTPOHHBIN pecypc]
: yueb. mocobue / Y. B. Casenbes. - 11-e usg., crep. - CaHKT-
[TerepOypr : Jlans, 2017. - 320 c. -
https://e.lanbook.com/book/92652.

Hpoxos W. E. ATomHas U siepHas GH3HKa: COOPHHK 3ajad. —
CIIG.: Jlans, 2006.

CupyxuH J[. B. O6mmuit xypc ¢usuku. T.5. ATOMHAsS U SaepHas
¢usuka. - M.: DUSMATIIUT; U3x-so MOTH, 2006.

Kypc dusuku : : yuebHoe mocodue s CTYAEHTOB BY30B : [B 3
t.] /. T. 3. : KBaHroBas omnruka. ATomHas ¢usuka. DOH3HKa
TBeproro Ttema. (DH3MKa aTOMHOIO SApa H 3IeMeHTapHBIX
yactuil. / CaBenbeB, Mrops Bragunmmposuu. ; M. B. CaBenbeB ;
npeucn., Hayd pex. H. M. Koxernukos. - 31, 3-e, crep. -

CIIb. [u ap.] : Jlams , 2007

2 [ToxroroBka k
MPaKTHYECKHM 3aHATHAM

Cagsembes, Y. B. Kypc o6meit ¢pusuxi. B 3 1. Tom 3. KBaHTOBasS
onrHKa. AToMHas pusnka. OH3HKa TBepHoro Tena. OHsuka
aTOMHOTO sJIpa M 3NEMEHTaPHBIX YacTHI[ [ ONeKTPOHHBIH pecypc]
: yue0. nrocodue / Y. B. Casenbes. - 11-e u3g., crep. - CaHKT-
[TerepOypr : Jlaus, 2017. - 320 c. -




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

Hponos Y. E. AromHast i simepHast Gpuspka: cOOPHHMK 3aJad. —
CIIG.: Jlaus, 2006.

Kype dusux : : yueOHOe 1ocolHe IS CTYASHTOB BY30B : [B 3
1.] /. T. 3. : Kpanroag omruka. ATomHas ¢rsnka. PH3HKa
TBepHoro Ttenma. DH3MKa aTOMHOIO spa M 3IEMEHTapHBIX
yactuil. / CaBenbeB, Mrops Bragummposud. ; M. B. Casenses ;
npexaucn., Hayd pex. H. M. Koxeeurkos. - M31. 3-e, crep. -
CII6. [u gp.] : Jams , 2007

Aromuas ¢usnka [Teker] : yueGHO-MeTOmIYecKkoe 1mocode / [A.
II. bapkoe, B. C. Jlopom, B. E. Jlsicenko u ap.] ; M-Bo
oOpazoBaHusa U Hayku Poc. @expepaimu, KydaHckuii roc. yH-T. -
Kpacnomap : [KyOaHCKMit TOCYZapCTBEHHBIM YHHBEPCHTET],
2016. - 115 c. : wr. - ABT. yKa3aHbl Ha OOOpOTE€ THUT. 1. -
bBubmiorp. B KoHile pabor. - ISBN 978-5-8209-1201-6 :.

Y4eOHO-MeTOMUYECKHE MaTepHaIbl I CaMOCTOSTEIBHOW paloThl OOYYAOIMXCS M3
YHCJIa MHBAM OB H JIHII ¢ OTPaHHYEHHBIMH BO3MOKHOCTSIMH 310poBbs (OB3) mpeocTaBIstoTcs
B (popmax, aarTHPOBAHHBIX K OrPaHHYEHHSIM HX 3I0POBLS H BOCTIPHATHS HH()OpMAIIHH:

JUItst vy ¢ HapyIIeHUSIMA 3PEHH ST

— B TIeuaTHOH (GopMe YBEITHUEHHEIM IPH(TOM,

— B (hopMe 3IeKTPOHHOTO JOKYMEHTA.

JUItst TuIr ¢ HapyIIeHHSIMH CITyXa:

— B TeuaTHO#H (opme,

— B (hopME IEKTPOHHOTO JOKYMEHTa.

JItst TuI1 ¢ HapyIIEeHHSIMHA OITOPHO-ABHIaTENIBFHOTO alliapaTa:

— B IeuaTHO#H (opme,

— B (hopMe 3IeKTPOHHOTO JOKYMEHTA.

JlaHHBIM TIepeueHb MOXKET OBITh KOHKPETH3WPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTA
0OYYAIOIIUXCS.

3. OdpaszoBaTesbHbIE TEXHOJIOTHH.

JI71s1 poBeieHN ST JIEKI[HOHHBIX U TIPAKTHYECKNUX 3aHATHI HCIIONB3YIOTCS MyIIbTUMEHITHBIE
CpPeJICTBa  BOCIIPOM3BEAEHUS  AKTHBHOTO  COJNEPKUMOrO  (KOMITBIOTEPBHI,  ITPOEKTOPHL,
WHTEPAKTUBHBIE  TIpE3eHTAI[MH,  TPEHUPOBOYHBIE  TECTHl,  MOJEIHPOBAHWHE  PAGOTEHI
ONTORNIEKTPOHHBIX ~ YCTPOMCTB), TIO3BOILIIOIIME BOCIIPHHHUMATh OCOOEHHOCTH —H3y4aeMOH
TpodeccHH.

Cemectp Bun 3aHgTus O0pazoBaTelbHbIE TEXHOIOITHA KomiyecTBO
JacoB
Jlextmu WHTepakTHBHAS JEKIUS ¢ MYJIhTUMEIHUITHOM 16
4 CHCTEMOH,
[TpakTHieckue WHauBHAYaTIbHOE BBIIOIIHEHHE 32
paboTHI TPAKTHYECKIX 3aJ[aHUi.
HUmoeo: 48

ﬂJISI JHIT ¢ OIrpaHHYIEHHBIMIL BO3MOXHOCTAMH 3JOPOBBA TIPEAYCMOTPEHA OPraHH3aIlis
KOHCWBT&HI’HTI C HCIIOIIb30BaHMEM SJISKTPOHHOITI TIOYTHI.

4. OneHovHble cpeACTBA JJIA TEKYIIero KOHTPOJIA YCIIeBaeMOCTH H NIPOMEKYT OIHOM
aTTecTamuu.
4.1 ®oHx ONEHOYHLIX CPEACTB A NPOBEACHHA TEKYIIEro KOHTPOJISL.




OrnepaTHBHBIT KOHTPOJIE OCYIIECTBIISETCS ITYTEM ITPOBEAEHIS OIIPOCOB.

OnepaTHBHBIT KOHTPOIb OCYIUECTBISETCS IIYTEM ITPOBEACHIS KOMITbIOTEPHBIX OIPOCOB
CTYIEHTOB IIO0 OKOHYAHHH M3Y4YeHHS TeM Yy4yeOHON JHCIIIUMHEL. [IpH ImpoBedeHHH
OIIEPATHBHOI'O KOHTPOIISI MOL'YT HCIIOIB30BaThC KOHTPOIILHBIE BOIIPOCHL K pa3enaM:

Texyumit KOHTPOJIb:

- KOHTPOJIbHBIE BOIIPOCHL ITO pa3AeniaM yueOHOH IIPOr paMMEL.

- IPaKTHYECKHUE 3aJaHHs.

IIpomMesKyTOUHbI KOHTPOJIb:

— TECTOBBIE 3aJaHu (3, BO BpeMsI JIEKIIMOHHBIX 3aHSATHI );

— KOHTPOJIbHBIE PAaOOTHI (3, BO BpeMsI CEMHHAPCKUX 3aHATHI);

Hr1oroBobii KOHTPOJIb:

— BK3aMeH.

Pasnen 1.
B yeM OCHOBHOE€ OTJIHYHE TEIUIOBOTO M3TYUYEHHS OT APYTHX BHIOB H3ITYYCHUA?

Kakop (usmieckuit cMbICTT yHHBepcaabHONH pyHKIMKH Kupxroda? MoXXHO JIH Ha OIBITE
peanm30BaTh YepHOE TeI0?

Kak cBs3aHbl MekAYy cOOOM 3HEPreTHYECKHEe CBETUMOCTH CEPOro M YepHoro ten? OTBeT
obocHyiTe. OT 4Yero 3aBHCHUT IIOITIOINATENbHAS CIIOCOOHOCTH ceporo Tenma? Yemy paBHa
CHEKTPAIbHAS INIOTHOCTh SHEPreTHYECKOH CBETHMOCTH HIEAIIBHO OTPaKaroIlel MTOBEPXHOCTH ?

Kak u BO CKOIBKO pa3 M3MEHHUTCS 3HEPreTHYecKasi CBETUMOCTh YEPHOIO Tella, ECIIH €0
TEepPMOJMHAMHYECKAs TEMITEPATypa YBEIMYUTCS BABOE?

TepmoamHamMHUecKas TeEMITEPaTypa YePHOTO Tella YMeHBbIMWIIach BABoe. Kak M3MeHUTCA
JUTMHA BOIIHBI, COOTBETCTBYIOIIAS MaKCUMYyMY CIIEKTPAIbHONH IUIOTHOCTH €r0 3HEPreTHYECKON
cBeTUMOCTH? Kak OOBSICHUTE Tlepexoj OeNoro KajleHH B KPaCHOE ITPH OCTHIBAHMH MeTallia?

Kak 1 BO CKOIBKO pa3 OTIIMYAOTCA SHEPTETHUECKHUE CBETHMOCTH CEPOrO M YEPHOT'O TEN?

[Tomyuute wu3 ¢opMmynsl [ITaHKa 4YHCIOBOe 3HadeHHe IMocTosHHOM CredaHa -—
Bompimvana.

[Tomyuute u3 opmymsl [l1aHKka 3akK0oH cMelieHHus BuHa.

Paznea 2.
B d4em 3akmodaeTcsd E€OUHCTBO  KOPITYCKYIISIPHBIX W BOIHOBBIX  CBOWCTB

3IIeKTPOMATHATHOT O U3ITYYEeHUS?

Kakuie sBIeHUS SBISIOTCS SKCIIEPHMEHTATBHBIM JOKa3aTEIlhCTBOM KBAHTOBBIX CBOMCTB
U3ITYYEHHUS? €TI0 BOITHOBBIX CBOMCTB?

Kakue xapakTepucTHKU (POTOHA OTMPEIETSFOT ero KOPITYCKYIISIPHbBIE CBOWCTBA? BOTHOBBIE
cBOMCTBaA?

Bripasute maccy (pOTOHa Yepe3 JUTHHY BOJHEI.

KakoBa cKOpOCTb ABIKEHHUS (POTOHOB B PasHBIX cpefiax?

O6mbsacHuTe, moueMy (poTosddeKT yKashiBaeT Ha KBAHTOBYIO IIPHPOY CBETA.

OOBsICHUTE, TIPUMEHSS YpaBHeHHe DHHINITeHHA, BTOPOit M TpeTHit 3aKOHHI hoTod(dekTa.
[Touemy 1nipu (oroaddekTe cyImecTBOBAHHE «KPacHONH I'paHHIILI» (oTosddekTa MOATBEPKIAAET
KOPIYCKYIIIPHYIO TEOPHIO U HE ITOATBEPKAaeT BOIHOBYIO?

Kak nsmeHsaeTcst SHeprus GOTOAIEKTPOHOB ¢ YMEHbITIEHHEM YacTOThI H3TYUEHHUS?

Kak n3meHsaeTcs YHeino (OTO3IEKTPOHOB ¢ YBEMMYEHHEM HHTEeHCHBHOCTH H3ITYUEHH A?

Kak m3MeHHTCS (TIpeficTaBbTe rpaduuecku) BHA BOIBTAMIIEPHON XapaKTEePHCTHKU TIPH
OJIMHAKOBBIX OOJIyUEHHOCTSIX KaToJa, HO IIPH Pa3HbIX JJIMHAX BOJIH I1aJalOINEr0 H3ITydeHH !

[louemy ¢orodnekTpuueckie H3MEPEHHS OYeHb WUYBCTBHTIENBHBI K IIPHPOJE H
COCTOSTHIIO ITOBEPXHOCTH (poTOKaTOAA?

[IpuBeanTe rpadHUecKyio 3aBHCHMOCTE 3alTMpPAIOINEro HaNpsokeHHT Uy OT YacTOTHL V
MaJaroINero M3IyYeHHS IS JBYX MeTaNIoB (¢ pasHBIMH paboTamu BBEIXOZa). Kakx IpH sTOM



H3MEHHTCS «KpacHas rpaHmia» ¢porosddekra? Kak, momb3ysach 3THM IpadiKoM, OMpememTh
TTOCTOSIHHYIO [1maHka?

[Ilpn 3amMeHe OXHOTO MeTalllla JPYTHMM JUIMHA BOJHBI, COOTBETCTBYIOINASI «KPaCHOM
TpaHHIle», YMEHbIIaeTCs. UTO MOXKHO cKa3aTh O paboTe BBIXOJA STHX ABYX METaJIIOB?

O1KyZ#a MOXKHO 3aKIIFOYHTh, YTO KOMITTOHOBCKOE PacCcesiHHE IIPOHCXOUT He Ha aTOMax, a
Ha 3IIEKTPOHAaX BEIlecTBa?

Kak OOBSCHHTH yBEMHYEHHE IJIHMHBI BOTHBI PACCESIHHOIO H3IMY4YeHHS IIPH SPPeKTe
Komrirona?

O¢pdexr Kommrona HalmiofaeTcs IPH PpacCesHHH KOPOTKOBOIHOBOTO H3IYYEHHS Ha
CBOOOJHBIX DJIIEKTPOHAX BellecTBa. Kakue OIEKTPOHBI B BEIIECTBE MOKHO CUHTATh
CBOOOIHBIMH?

Mosxxo mi HabmoaaTh 3¢dekT KomirroHa mpH paccessHHH BHANMMOro ceeta? Iloueny?

YTo Takoe KOMITTOHOBCKAs J{/IMHA BOIIHEL?

KommToHOBCKast [jiHa BOJHBEL OONBINE WM MEHBIIE JAIMH BOIH PEHITEHOBCKOI'O
u3mydyeHus? OTBeT O0OCHYHTE

B pesynbrate 3¢¢dekra KommroHa B ofHOM cityuae (POTOH paccesuics O YrioM 6; 1mo
HaITpaBIeHHIO K TajiaioreMy (OTOHY, B APYIrOM — IIOJ yIIoM 6,, mpuueMm 6, > 6,. B xakom
Clly4ae JJIMHA BOJIHBI H3ITYYEHHS ITOce paccesHHs Oomnblne? B KakoM crydyae 3MeKTPOH OTAAauu
MIPUOOPETET OONBINYIO SHEPTHIO?

[IpH1 KOMITTOHOBCKOM PACCESTHHHM YTOl MeXAy HallpaBIeHHSIMH HalleTaromero GoToHa U
3IIEKTPOHA OTAAYX PaBeH (. Beipasute yrom ¢ uepes A u A"

Pazneu 4.
Kakop (u3uieckuit cMBICT urcel m U n B 0000ITIeHHO# (hopmyTe Bambsmepa?

KakoBbl MIMHBI BOIMH CAMBIX KOPOTKOBOJMHOBOM M JJTMHHOBOTHOBOH ITHHHH CEpHH
ITammena?

Kakopa minHa BOIIHBI, COOTBETCTBYIOINAS I'PaHMIle cepHn baimbmepa?

[ToyeMy M3 BceX CEpHMH CIIEKTPalbHBIX JIMHWM aroMa BOjopoja cepus bambmepa —
HUCTOPHYECKH TiepBasi?

Kakopa 4acToTa roloBHOH JIMHUK cepuM JlaiimMaHa?

ATOMBI BOJOpOAA HAXOMITCSH B COCTOSHHMH ¢ n = 5. CKOIBKO JIMHUHA COAEPKHUT €r0
CITEKTP MBITYYeHHUS?

B 4yeM COCTOHT CYyTh KOMOMHAI[MOHHOI'O IIPHUHIMITA PUTIa?

Hcronb3yss KOMOMHAITHOHHBIN ITPUHITATL, TTOKAKATE Ha OJHOM U3 IIPUMEPOB, KaK MOYKHO
TOITYYUTH YaCTOTY JIJIL BTOPOX JUTMHHOBOIIHOBOW JIMHUK cepuH [laieHa.

KakoBbI pasmiyms MexXIy MoJlelbio aToMa Pesepdopra u Teopueit Bopa?

[Touemy Mofiennh aToMa Pesepdopma HecoBMecTHMA ¢ IIpeJ[CTaBIeHHSIMH KIacCHUECK O
(bu3UKH?

PazpsgcHure cmbicn moctynaToB bopa. Kak ¢ MX IOMOINBIO OOBSCHHUTH JTHHEWYaThIix
CITEKTP aToMa Bojopojia?

Hcxona 3 Teopun bopa, olpeienuTe CKOPOCTh JIBHKEHUS AIEKTPOHA Ha TIPOU3BOIIBHOM
SHEPreTHYECKOM YPOBHE.

OrpefiemTe MaKCHUMAIIbHYIO JJIMHY BOJHBI CBETA, ITPH KOTOPOH BO3MOXKHA HOHHM3AIIMS
aToMa BOJIOPOJa, HAXOSIIETOCS B OCHOBHOM COCTOSHHH.

Kakyio sHepruto (B 5B) mokeH MMeTh (hOTOH, YTOOBI IIEpPeBeCTH aTOM BOJOpPOAa M3
OCHOBHOI'O COCTOSIHHMS B COCTOSHHE C 11 = 57

CpaBHHUTE TIepBBIH OOPOBCKHIL PaJuycC I aToMa BOLOPOJa M AT He".

B 4em 3axmoyarorcs IIPOTHBOPEUM S H HEAOCTaTKH TeopHH aToMa bopa?

B ueM cymHocrs ormbIToB Opanka U ['epria?

Kakre OCHOBHEIE BEIBOABL MOKHO CZI€IaTh Ha OCHOBaHHH OITBITOB Dpanka u I'epria?

Hcnonesys oneitel Opanka u ['epiia, IOATBEPANTE CIIPaBEIIMBOCTL BBHIBOLOB BTOPOTO
rocrynara bopa.



[Ipu KaKoM YCKOPSIOIIEM IIOTeHIfane OyAeT HaOMIOZAThCS pe3Koe IMaJeHHe aHOTHOrO
TOKa B orbitax Opanka u [epiia, ecin TPyOKyY 3aIlOMHUTh aTOMAPHBEIM BOZOPOIOM?

OObACHHTE, Ha KAKIX YYaCTKaX BOIbTAMITEPHOH XapaKTEPHCTHKH HMEIOT MECTO YIIPYTHE
M Ha KaKHX — HEYIIPYTHeE CTOIKHOBEHNS SIIEKTPOHOB ¢ aTOMAMI.

Paszgen S.
Korma m moueMy TpyaHO OOHapyKHMBAIOTCS BOJHOBBIE CBOHcTBa ceera? [IpuBenure

TIPHMEDHI.

Korma um moyeMy TpyZHO OOHapyKMBAaIOTCS KBaHTOBBIE CBOHCTBa ceera? [IpuBemure
TIPHMEPBI

B 4em 3akmovaeTcs KOPIYCKYIISIPHO-BOITHOBOM AYyalln3M MaTepHH?

OOBsCHHUTE JaBJIEHHE CBETA HA OCHOBE IIPEACTABIEHHI BOITHOBOH M KBAHTOBOH TEOPHI.

B uyem 3akmovyaeTcsd €IMHCTBO KODPILYCKYISIDHBIX W BOIIHOBEIX  CBOMCTB
3IIEKTPOMATHHTHOT' O U3ITYYEeHH !

BrIpasure JIMHY BOIHBL ¢ bpoiis cBOOOAHOTO 3IeKTpoHa uepes E, h, m U ¢, tje E —
TIOITHASI PETISITHBUCTCKAS SHEPIHA.

3armnmre BBIPaKEHWE AN IJIMHBI BOJHBL Jie DBpOMIIS, YUMTEIBaS H3MEHEHHE MACChI
YACTHIIBI B 3aBUCHMOCTH OT €€ CKOPOCTH.

BeBeHTEe 3aBHCHMOCTH JUIMHBI BOIIHBI Jie BpOMIS PEensSTUBHCTCKOA YacTHIIBI OT €€
KHHETHYECKOH H%Heprud. KakoBa 5Ta 3aBHCHMOCTh (M KaK OHa IIOJy4aercs) Ui
HEPETISATUBUCTCKOM YaCTHI[BI?

[IpuBeanuTE H3BECTHEIE BAM OIIBITEL IO SKCIIEPUMEHTAIIbHOMY JIOKA3aTEIbCTBY BOIHOBBIX
CBOWMCTB MHKPOYACTHII.

OIEeKTPOH YU TIPOTOH JABHXKYTCS C OJMHAKOBOHW CKOPOCTHIO. KakoM M3 3THX YacTHI[
COOTBETCTBYET OONIbINas JJIMHA BOIHEI Jie bpoitnsa?

@OTOH M DBINEKTPOH HMEIT JOCTaTOYHO MAIIYI0, HO OJWHAKOBYIO KHHETHYECKYIO
3Hepruro. Koropas M3 3THX YacTHI[ XapaKTephusyeTcs OOIbINEeH AIMHOM BOIHBI Je bpoitna?
OtBeT 06OCHYHTE.

[TpoToH, GOTOH M AMEKTPOH XapaKTEPH3VIOTCS OMHHAKOBOH JITHHON BOIHEI e Bpoitns. B
KaKOM IIOPSIKE 3TH YacTHIBI TPOMIYT OAHHAKOBOE PACCTOSHHE, €CIIH HX OXHOBPEMEHHO
«BBIITYCTUTE » U3 HEKOTOPOH TOYKHA B MOMEHT BpeMeHH f = (. OTBET OOOCHYHTE.

[TpH KaKoi CKOPOCTH YaCTHIIHI €€ AeOPOHIIEBCKAsS U KOMITTOHOBCKAS JUTHHBI BOIIH PaBHbI
MEXKAY cO00M?

Korpa gmmiHa BonHEI Jie Bpoitns GombIne: eciH 3IeKTPOH JBHKETCS B aTOME BOJIOPOJIa 10
BTOPOH HUIIH TIEPBOM KPYroBoit opoute? OTBET 0OOCHYHTE.

Kakoi jumHON BOIHBL Jie Bpoitis gomkeH obmamath (GOTOH, uyTOOH ero macca Oblla
paBHa Macce IOKOS 3IEKTPOoHA?

Kak M BO CKONBKO pa3 pa3dyacTcs JUIMHA BOIHEI Je bpoilms amga JaByx
HEPENSTHBUCTCKHUX SIIEKTPOHOB, NMPOIIEAINX Pa3HOCTh NOTEHIMAIOB, OTIHYarornyocs B 100
pas?

[ToueMy BOIHOBaS ITPUPOAA MATEPHU He TIPOSBIIIETCS B TIOBCEAHEBHOM OITHITE?

Kak cooTHOcATCS MeXIy co0O0it TpeficTaBIIeHHEe O KOPITYCKYIISIPHO-BOTHOBOM JYaIN3Me
MAaTEPUH M COOTHOIIEHUE HEOITPEAeIIEeHHOCTEN ?

B uemM, oImpasich Ha COOTHOIIEHHE HEOIPEAENIeHHOCTENH, COCTOMT OTIHMYUE OITUCAHUS
TIOBEEHHS YACTHI] B KJTaCCHUECKOH M KBAaHTOBOH TEOPUSX?

[ToueMy JKeNalOIMUX OIPOBEPTHYTh COOTHOINEHHE HEOIPEJEIeHHOCTEN ITyTeM
MBICTIEHHBIX OITBITOB AET TPYCTHAS CYAb0a «H300peTaTeNnei» BEUHOTO JBUTATENS?

[louemy cIeACTBHS COOTHOIIEHHI  HEOIPENeleHHOCTEH  HEeCcYINeCTBEHHBl I
MaKPOCKOITHYECKHX TeN?

[Toxaxmre Ha KaKOM-JIHOO IIPHMEpPE, YTO COOTHOILIEHHE HEOIIPeeNIeHHOCTEH He BHOCHT
OTPaHMYEHUI I HCIIONMB30BaHHI B KIIACCHYECKOM CMBICTIE TIOHATHH KOOPAHMHATH H HMITYIIbCA
JUISL MaKpPOTETT.



Wcxomss M3 COOTHOMIEHHS HeompeneneuHocreli AFE-Af =7, oleHuTe IIHMPHHY
SHEPreTHYEeCKOIO0 YPOBHSA: 1) I OCHOBHOI'O COCTOSHHS aToMa; 2) IS BO30YKAESHHOIO
COCTOSIHH S (BpeMSI JKH3HH BO30YKIEHHOTO COCTOSHISA ~ 10 He).

Pasneu 6.
3armImre yCIoBHe HOPMHPOBKH BOTHOBOH (DYHKIII.

[Toyemy (pakTHYECKH BCerja MOKHO OTPAHHUHTHCS HOPMHPOBKOH BOMTHOBOH (YHKIIHH
Ha eIHHHIY?

Kaxyie orpaHHUHTENbHBIE YCIIOBHS HAKIAABIBAIOTCS HAa BOTHOBYIO () YHKITHIO?

3armumre U O0BSCHUTE IPUHIIMIL CYIIEPITOZHIIMH B KBAHTOBOH MEXAHHKE.

YeMy paBHa BepoATHOCTh W OOHapyKEeHHS YacTHIIBI HAa OCH X B MHTEpPBAlle OT X; 1O X;,
OITHCHIBaeMOi BOTHOBOMH (pyHKIMeH P(x, £)?

BomHoBass (yHKIIHS, OIHCBHIBAIOIMIAs OTHOMEPHOE JBI)KEHHE CBOOOIHON YaCTHIIHL,

—';-( Et—px)

Y(x,t)=Ae " , The A — aMIUIHTy1a BOJHEL e Bpoiins, £ U p — COOTBETCTBEHHO SHEPTHS
W UMITYIIBC YacTHIBI. OIpeNenHTh INIOTHOCTh BEPOSTHOCTH OOHAPYKEHUS YaCTHI[Bl B JAHHOH
TOYKE IPOCTPAHCTBA.

[ToueMy (hpH3HYECKHIT CMBICT CBSIBBIBAacTCA He ¢ camoi W-pyHKIMEH, a ¢ KBaJpaToM ee
momyms [ (7, 1) =¥ (F, 1) - ¥(F, 1) ?

[ToueMy B KBAaHTOBOM MeXaHHKE pPacCMaTpPHBAIOT MMEHHO KBaJpaT MOJYIS BOIHOBOH
dyrxIEm?

3armnmre BEIpaXXeHHUE IS BEPOSATHOCTH HAXOXKIECHHS YaCTHIBI B OKPECTHOCTH TOYKH X,
¥, Z B MOMEHT BPEMEHH 1.

Kakoii cMmbIc HMeeT IDIOTHOCTh BEPOSTHOCTH B KBaHTOBOWM MexaHuke? Kak oHa
OITPEEIISETCA?

BomHoBast ()YHKIIMSI, OMUCHIBAIOIAS COCTOSHME MHKPOYACTHI[BI, JAETCS BBIPAKEHHEM

!

—Ft
W(x,t)=y(x)e " . Jlokaxure, 4YTO IUIOTHOCTh BEPOSITHOCTH HAXOXJICHHS YACTHI[BL

OIIPeZeNieTCs TOMBKO KOOPAHHATHON W-(QyHKIMEHN.

[ToueMy MaTeMaTHYECKWH armiapaT KBaHTOBOM MEXaHHKH OTIIMYAEeTCS OT TaKOBOTO B
KIIaCCHYECKON MeXaHUKe?

Yro Takoe orneparop? cymMMma M pa3zHOCTh oleparopoB? IIpuBeauTe IIPUMEPEI.

Yto Takoe mpousBeicHUE oneparopoB? [loscHUTE MpHMepaMH.

A=x, B=d/dx. SBmmorca 1 >TH omeparopsl KoMMYTHpyrommmMu? OTBeT
00OCHYHTE.

Kakue orneparopbl Ha3eIBalOT JIMHEHHBIMH? [loyeMy KBAaHTOBasi MeXaHHUKa HCIIONb3YET
MMEHHO JIMHENHBIE OIEPaTOPHI?

Kakue omepaTopsl Ha3BIBAIOT APMUTOBBIMH? [loueMy HMMEHHO STOT BHJ[ OIEPaTOPOB
HCIIONB3YIOT B KBAHTOBOH MeXaHUKE?

Yro Takoe COOCTBEHHBIE 3HAYEHHS M COOCTBEHHBIE (DYHKI[MH ollepaTopa (hH3HYECKOH
BETHYHHBI?

Barmmmre ypaBHeHHe JAT9 COOCTBEHHBIX 3HAUeHHWH M COOCTBEHHBIX (YHKIMH H
OXapaKTEPUZYHTE ETO.

KakoBa cBs3p MeXAy COOCTBEHHBIMH 3HAYEHHSMH OIEpaTopa M HaOMIOZaeMBIMH Ha
OITBITE YHCIIOBBIMU 3HAYEHUAMH (PU3HUYECKON BEIMUHHBI, H300pakaeMOit JaHHBIM OITepaTopoM?

Korzaa MOYXHO TOBOPUTH O KBAHTOBAHHU (DHBHUECKIX BEIYMH ?

Kaxue cHcTeMBI () yHKIHI SBISFOTCS OPTOrOHAIBHBIMI H HOPMHPOBAHHBIMU ?

Kax BEIUHCIIIOTCS CPeHIE 3HAUSHU S (PH3HYECKIX BETIHYHMH?

Korzma MOXHO OZHOBPEMEHHO H TOYHO 3aJaTh 3HAYEHHS JBYX KBAHTOBO-MEXAHHYECKHIX
BETIHYMH?



[Toyemy orepaTOpsl KOOPAMHATHI M HMITYJIbCa SBILEOTCS OCHOBHBIMH OIEpaTOpaMH, a
BC€ OCTAIbHBIE OIEPAaTOPBI — IIPOU3BOIHEIE?

[Tomyunre KOHKPETHBIN BHJ OllepaTopa BEKTOpa MOMEHTAa HMIIYIbCa H OIIEPaTOPOB
MIPOEKIMIT MOMEHTAa HMITYIIbCa Ha OCH KOOPAHHAT.

OOocHylTe, 4YTO OIepaTop IIPOEKIMH MOMEHTa HMIIyJIhCa Ha IIOMSPHYIO OCh

L. =—ih-9/9¢.

TlokaXuTe, 4TO COOCTBEHHBIE 3HAuYeHHs omepaTopa L. 0OpasyioT IHCKDETHBIH s

3HAYEHHI.

[lomyunre 3HaYEHHE OlepaTOpa KHHETHIECKOH SHEPTHH.

HMeeT mi CMBICI B KBAHTOBOH MEXAaHHKE XapaKTepHOE I KIaCCHYECKON MEXaHHMKH
IIpeJiCTaBICHNE TIOTTHON SHEPIHH B BHe KHHETHYECKON U ITOTEHIIHAIbHOM? [Touemy?

YT0 TaKoe raMHIbTOHHAH U OIePaTop ITOIMHOW SHEPrUn ?

Spsrorcst u onepatopkl 1 M U KOMMYTHPYIOIIIMH?

ConocTaBbTe U3BECTHBIE BaM B KBAHTOBOH MEXAHHKE OIEPATOPHI ¢ COOTBETCTBYIOIIHMH
(bu3MIecKUMH BEIHUYMHAMH B KIIacCHUYECKOM MexaHHMKe. Kakoil BBIBOJ MOKHO CHeNaTh Ha
OCHOBE 3TOro?

MOXHO /M TOBOPHTH O TIOMHOH (POPMATbHON aHATOTMM MEXIy armrapaTamMH
KIIaCCHYECKOM M KBaHTOBOH MeXaHUKH? [loyemy?

Paznen 7.
B deM 3aKiIrOvaeTcs CTaTHCTHYECKAsS HHTEPITPETAIlHS BOITHOBOH (DYHKI[HH?

JIIs KaKWX 4acTHIl CIIpaBeNIMBO ypaBHeHue [Ipeaunrepa?

[Touemy ypapHenue IIpeaurrepa copMyITHPOBAaHO KaK BOTHOBOE YpaBHEHHE?

[IpucyrcTBHe uYero B ypaBHeHHHM llIpefuHrepa SBISETCS CIEJCTBHEM KBaHTOBOI'O
XapakTepa 3TOr0 YpaBHEHUS?

—(B-p.)

Joxaxwure, uro ¢ynximsa W(x,1)=Ae " SBIISETCS PEIIEHHEM YpPaBHEHHS
[Ipexurrepa. ByfeT m ero permenueM GyHKimsa P+P'?

3armnmre BpeMEHHOE M CTAallMOHAapHOEe ypaBHeHWs lllpemuHrepa M IpoaHAM3HPYHTe
HX.

CoBepImTe Iepexo]] 0T BpeMeHHOT 0 ypaBHeHUA [IpefMHTepa K CTaIliOHAPHOMY.

KakoBa BomHOBas (YHKIIMS, ONMCHIBAIOIAs COCTOSIHHE YACTHUIBI, B  CIIydae
CTAI[MOHAPHOIO ITOTEHIMAIIEHOT O TTOMS?

PaccMmorpute, sBIAeTCS INM  pemieHHMeM  ypaBHeHus: [llpemmHrepa  (yHKIHS
Y(x, t)=Asin(kx—t).

3armmmre OZHOMEPHOE BpPEMEHHOE M CTal[MOHapHOe YypaBHeHus Illpenumrepa,
NIPOAHAITU3UPOBAB HUX.

Kak oGbscHUTSE, 4TO B ypaBHeHHe [IpenHrepa Macca 3IeKTpPOHA BXOJUT SIBHO, a 3apsj
— HeT?

3armammTe BpeMeHHOe M CTallMOHapHOe ypaBHeHUs IlIpeauHrepa B olepaTopHon GopMe
U TIPOAHAIIN3UPYHTE UX.

Korpa BomHoBas ¢yuxuma ¥(x, y, z, 1) = ¥( 7, f) OIHO3HAUHO OIPEIENIeTcs
ypaBHeHHeM [1lpenuHrepa?

Kakoii BBIBOJT MOXXHO CJielaTh, CPaBHUB CTallMOHapHOe ypaBHeHHe [lIpemmHrepa c

YPaBHEHHEM IS COOCTBEHHBIX 3HAUEHHH 1 COOCTBEHHBIX (DYHKIHH f,1|! =Ly?

UTOo MOKHO cKa3aTh 00 orepaTopHoii ¢popMe ypaBHeHus [Ipeanmrepa?

Kaxkas yacTHIa SBISIETCS CBOOOIHOM?

[Toxaxmire, 4ro A1 cBOOOAHOIO SMEKTPOHA BEPOSTHOCTH €r0 OOHApPYXEHHS B JIFOOOH
TOYKE OCH X OIMHAKOBA.



[TokaxmTe, YTO SHEPIETHUECKUI CIIEKTP CBOOOAHO MABIDKYINEHCS YaCTHIBL SBIISIETCS
HEIIPEPBIBHBIM.

Haiimire cOOCTBEHHBIE 3HAUSHHS SHEPTHH YACTHI(BI B OTHOMEPHON «I10TE€HIMAIbHOM
sIME» C OECKOHEUHO BEICOKMMH «CTEHKAMI».

Kakopa HaMMeHbIIAs SHEPIHS YACTHIBI B «IIOTEHI[HANIBHON sMe» ¢ OECKOHEUHO
BBICOKHMH «CTEHKAMI» ?

Bompiie min MeHbINE SHEPrUsA YaCTHIIBI, HAXONSINEHCA B «IIOTEHI[HAIBHOH sIME», B
COCTOSIHHH C 1 = 4 T10 CPaBHEHHIO C COCTOSIHHEM C 1 = 27 Bo CKOIBKO pas?

HaiiiTe HOpMHPOBAHHYIO BOTHOBYIO (DYHKIHIO OCHOBHOTO COCTOSIHHSL.

UeMy paBHa Pa3sHOCTh SHEPrHil MEXIY YETBEPTHIM H TPETHBUM 3HEPrEeTHYECKHMH
YPOBHSIMH ?

[TokaxmrTe, YTO I OYEHh MAJIOM YacTHI[bl KBAHTOBAHHE CTAHOBHUTCS 3aMETHBIM JIMIIb
TIPH pasMepax «SMbI» TOPSAKa aTOMHBIX.

HapucyiiTe rpaduk 3aBHCHMOCTH IDIOTHOCTH BEPOSITHOCTH OOHapYXEHHS YacTHUILI B
COCTOSIHHH C 11 = 3 OT PacCTOSIHHSA OT «CTE€HOK» ITPSMOYTOILHOM OJHOMEPHOH «SIMBI». B Kakmx
MECTaX BEPOATHOCTh HaXOXKIEHHS YacTHIIBI HanOombInas? HaumMeHsbImasa?

[TokaxmTe, HCIONB3YS COOTHOIIIEHHE HEOIPEIETIEHHOCTEH, YTO B «IIOTEHIIMAIBHOMN SIMe»
CO «CTEHKaMH» KOHEYHOHN BBICOTHI SHEPIHS YACTHIBI HE MOXKET OBITh PABHOH HYIIIO.

KakoBbl yCIOBHSI Ha TPaHHIAX <«IIOTEHIMAbHOM SIMBI» C OECKOHEUHO BBICOKHMH
«CTEHKaMH» M CO «CTEHKaMH» KOHEUHOH BBICOTHI? YeM O0YCIIOBIIEHBI PAa3IIMUYM A MEXK Y HUMH?

YeMy paBHa Pa3zHOCTh 3HEPTUH MEKIY ILITBIM M BTOPBIM SHEPIETHYECKHMH YPOBHSIMH
KBAaHTOBOT'O OCIIMJIISTOpa?

OOBsCHHUTE, TTOYEMY HAMHM3IIEE COCTOSHUE OCIMIUIATOPA HE MOXKET OO0lIajaTh HYIIEBOH
SHEPTHUEH.

Mo2keT M 4acTHIla HAXOAHMTHCS Ha JHE «IIOTEHIMAILHON SIMBI»? OMpeaensieTcs I 3TO
(hopMmoit «sMBEI»? OTBET OGOCHYHTE.

3aBHCHT M paclpejieieHHe SHEPreTHYeCKHX YPOBHEH OT (POPMBI «IOTEHIMAThHOM
sIMBI»? OTBET IPOUIUTIOCTPUPYHTE.

IIpoBepbTe BBIIOTHEHHE COOTHOIINEHHS HEONpeJelIeHHOCTEH Ui KOOPAWHATHL U
COOTBETCTBYIOMIEH ITPOEKIIMH HMITYIbCa YaCTHI[bI, COBEPINAOIIEH THHEHHbIE TaPMOHHYECKUE
KoneOaHud (CTallHOHAPHBIE COCTOSHUA).

SBsroTCST M YPOBHM — BHEPIMHM  JIMHEMHOrO TapMOHMYECKOrO0  OCIHHINIATOpa
BBIPOKIEHHBIMUA? OTBET OOOCHYHTE.

B 4eM oTIHUYHE KBaHTOBO-MEXAaHHYECKOIO M KIIACCHYECKOrO OIMHCAHUS TAPMOHUYECKOTO
ociyuiaropa? B BRIBOIAX 3TUX OITMCAHUI?

Kak cBs3aHB MeXIy coOoi ko3 GHIIMEHTEl OTpaXKeHHS M Ipo3payHocTH? Kak MoXHO
HCTONIKOBATE ATY CBS3b?

Kakopa BEpOSTHOCTh HAWMTH KBAHTOBYIO YaCTHILY Ha €UHUIIE JJIMHEL B citydae E < Uy?

Yemy paBeH K03(pPUIMEHT OTpakeHNs Ha TPaHHIle TOTEHIHATFHOIO ITOpora JUIsl cIrydast
E < Uy?

PaccMmoTpHTe TIpeJlebHBIN cTy4ai, KOrja BRICOTa TIOTEHI[HAIIBHOTO II0POra CTPEMHUTCS K
0eCKOHEYHOCTH, T. €. Korjia Uy — oo, a sHeprus E He m3MmeHsieTcs. Kakue gusmueckue BIBOIBI
MOXXHO CIeTIaTh JIJIS JaHHOTO cITy4yast?

KaxkuM ycloBHSM YAOBIETBOPSET IOTEHI[HATbHAS BHEPTUS B CIy4ae IPSMOYTOIBHOIO
TTOTEHI[HATBHOT O ITopora?

B uem orimune moBefeHHUS KIIaCCHYECKON M KBaHTOBOH uacTHil: 1) ipu E < Up; 2) 1ipu
E > Up?

Hatite ompeneneHMsa Ko3(QQUIMEHTOB OTPaXeHHS M IIpo3padHocTH. Haiigure mnx
S3HAYEHHUA 11 HU3KOIO IIPSMOYTOJIbHOT'O IIOTEHIHAILHOIO ITIOPora.

KaxuM ycIoBHSM YHOBIETBOPSET ITOTEHI[HAIBHAS SHEPIHA B CIy4ae IPSMOYIOIIBHOIO
MTOTEHLMATIBHOr O Oaphepa KOHEYHON I PHHEL?



3armimre U MpoaHaIH3HPYHTe pelleHne ypaBHeHHs [lIpequHrepa B ClIyuyae KBaHTOBOM
qacTHIEI ¢ E > U

3armImre U MpoaHaTH3HPYHTe pelleHne ypaBHeHHs [lIpequHrepa B CiIyyae KBaHTOBO
yacTHIEL ¢ E < U

Kaximit cBoiicTBaMH MHKPOYACTHI[ O0YCIOBIEH TYHHEIbHBIH 3¢ QeKT?

[TokaxmTe Ha KOHKPETHBIX IIPHUMEPAX, YTO TYHHEIbHBIN d(PQekT HaOMo aeTcsl b B
00IacTH MHKPOCKOITMYECKHX SIBIICHHI.

Kak MOXHO TpPHITTH K BBIpaXEHHIO I Ko3(p(QHIIeHTa IPO3PaYHOCTH B CIydae
IIPSIMOYTOJIBHOI'O IIOTEHIHAIBHOI0 Oapbepa KOHEYHOM IMPHHBI? IPOU3BOIILHOrO Oapbepa?

Kak mmeHstercs Ko3pPHIIHEHT ITPO3pavHOCTH: 1) ¢ yMEHBIIIEHHEM IIHPHHEL Oapbepa; 2)
C POCTOM €TI0 BBICOTHI; 3) C YBEIMYEHHEM MACCHl YaCTHIIBI; 4) C YMEHBIIIEHHEM TIOJTHOM SHEPTHH
YACTHIIBI?

OrieHuTe, CKOIBKO 3NMEKTPOHOB € »Hepruer 1 3B M3 KaXIbIX Cra IPOHIYT CKBO3b
ITOTEHIMAIIBHBIN Oapbep BICOTOM 5 3B u nmmpuHoi 150 mmv.

Pasznen 8.
B yeM HbIOTOHOBCKAs MeXaHMKa MPOTHBOPEYMT KBaHTOBOH MEXaHHKE?

3armimre CTalMOHApHOe ypaBHeHHe llIpeauHrepa AL BOAOPOIOIOAOOHOW CHCTEMEL.
[IpuBeauTE MPUMEPHI BOLOPOAOITOTOOHBIX CHCTEM.

[ToyeMy HamOonee TMOAXOASMIEN KOOPAMHATHOW CHCTEMOH MJISI PaCCMOTPEHHS aroMa
BOIOpoJia sABIAeTC ceprueckas?

[IpoaHaym3upyiite  (KaueCTBEHHO) XOJ  PEIIEHHS  CTAllMOHAPHOIO  YPaBHEHMS
[IIpexurrepa JUIS aTOMa BOAOpoja B chepHUSCKHX KoOopAHHaTaX. Kakue BBIBOABI CIEAYIOT H3
€ro pelieHns?

3armunmre coOCTBeHHBIE 3HAUEHHS OSHEPIMHM SIIeKTPOHA B aTOMe BOAOPOAa,
OIIpeieNsieMble pellicHHeM ypaBHeHHs [1IpeuHrepa, M MpoaHaIH3HPYHTe UX. B deM oTiHune U
CXOJICTBO C Pe3ylbTaTaMH TeopHu bopa?

YemMy paBHa KPaTHOCTH BEIPOKACHHS COCTOSIHHS, COOTBETCTBYIOIIETO 11 = 37

Kakne BemMUMHBI IJIs1 3IIEKTPOHA B aTOMe OIpeAelieHbl, €CITM H3BECTHBI KBAHTOBHIE
yucna n, [ u my?

[Touemy KBaHTOBASI MEXaHHWKa HE HCIIOIb3YET IPeICTaBIeHHe 00 3NEeKTPOHHBIX OpOHTaxX?
YTo XapaKTepU3yIOT KBAaHTOBBIE YMCIIA i1, [ U my?

Kakue BemWYMHBI, XapaKTEPH3VIOIME BIIeKTPOH B aTOMe BOJOPOJAa, KBAHTYIOTCA?
3armImTe COOTRETCTRYIOITHE (hOPMYIIHL.

[IpeacTaBbTe CUMBOJIMYECKYIO 3aAITMCh 3IEKTPOHOB B cocTosHuIx ¢: 1) n=3,1=0, 1, 2;
Dn=4,1=2;3)n=2,1=1.

Kakop (pH3HiIecKkuit CMBICT pacIipeielleHHs TNTOTHOCTH 3apsijia B SIIEKTPOHHOM o0IaKe?

ChopmynmupyiitTe npaBuiTa oTdopa U1 OpOUTAIIFHOIO U MAarHUTHOTO KBAHTOBBIX YHCEI.
Bceerpma mu oHH BHRITOMHSIOTCI? Kak MOXeT H3MeHITHCS ITIaBHOE KBAHTOROE THCIIO?

Kaxue nepexosl cooTBeTcTBYIOT cepuH [larena? Mcmons3yiite CHMBOTHYECKYIO 3aIlHCh
COCTOSTHHI,

PenmB paguansHoe ypaBHeHHe [llpemuurepa i 1s-COCTOSHHS B3JIEKTPOHA B aTOMe
BOZOPOJIa, MPOKOMMEHTHPYHTE 3HAUEHHUS UL @ U E.

CKOIbKO GyIeT Pa3MYHBIX BOTHOBBIX (WYHKIIHH JUISI 1 = 47

KaxoB KBaHTOBO-MeXaHHIECKHUI CMBICT TIEPBOI0 GOPOBCKOTO pajgnyca?

B ueMm oTImume BBIBOJOB KBAaHTOBOM MeXaHHMKH M TeOpHH bBopa mis 1s-COCTOSHHS
3JIEKTPOHA B aTOMe BOLOpoza?

OJNEKTPOH B aTOMe BOAOPOZa HaXomurcsd B ls-cocrosHuu. Olpepermure HaubOoee
BEPOATHOE PACcCTOSHHE BIIEKTPOHA OT SIpa.

Pasznen 9.



MOXHO JH TOBOPHTH O CXOACTBE CIIEKTPOB HCITYCKAHIS aTOMOB INETOYHBIX METAIIIOB H
aToma Bogopoza? ITouemy?

3armmmre U IMPOKOMMEHTHPYITe (OPMYILY IS ONpeAeNieHHs CIIEKTPaIbHBIX TEPMOB
LIETOYHBIX METAIIIOB.

Kaxrie 3HayeHHA MOXET IIPHHHMATh IIPOEKIMs CIIHHA 5IeKIpOHA Ha 3aJaHHOE
HallpaBlleHHe? 3allIINTe 3aKOH KBaHTOBAHI CITMHA 3JIEKTPOHA.

YeMy paBeH MOAYIIH CIIMHOBOI'O MarHUTHOI'O MOMEHTA 3I€KTPOHA?

B 4eM ormiuie OTHOIIEHHH MATHHTHOTO M MEXaHHYECKOrO MOMEHTOB, O0YCIIOBIEHHBIX
OpOUTAIBHBIM [BIDKCHHEM 3IEKTPOHAa, M COOCTBEHHOIO MArHHTHOTO MOMEHTa M CIIHHA
3JIEKTPOHa?

[Touemy Hapsgy ¢ APYTHMH KBaHTOBBIMH YHCIAMH OOBIYHO HCIIOIIB3YETCS MArHHTHOE
CIIMHOBOE KBAHTOBOE YHCIIO, a HE CIIHHOBOE KBAHTOBOE YHCIIO?

Paznen 10.
Yro npemcrapisgeT co0oi MarHeTOH bopa?

UeMy paBHO OTHOINEHHE IIPOEKIMII OpPOHTAaIbHBIX MArHHTHOTO M MEXAHHYECKOI'O
MOMEHTOB 3JIEKTPOHA Ha ITPOH3BOIBHYIO OCh z?

Hapucyiite 1 0oOBSCHHUTE HAaIlpaBIeHHS OPOHUTAIBHBIX MEXAHHYECKOIO M MATHUTHOIO
MOMEHTOB.

3armmre BEIpakeHUe AT MOy OpOHTAIIbHOTO MarHUTHOT'O MOMEHTA.

Kakne 3HaYeHNS MOXKET MPHHUMATH IPOEKIHUA OpOUTAIbHOIO MarHUTHOTO MOMEHTa Ha
3aJlaHHOE HallpaBJIeHHe?

YeMy paBHO THPOMAarHHTHOE OTHOIIEHHE OPOHTAIBHBIX MOMEHTOB 3/IEKTPOHA,
JIBHKYITIETOCS 110 TPETheM opOuTe aroma Bogopoaa? [1osScHUTE pe3yibTar.

B uyeMm 3akmroyaeTcsa CyTb  CIIHH-OPOHTAIIbHOIO  B3aHUMOAcicTBHA? UYem OHO
OITPECIISETCA?

Bcerzma mi, Ha CKOJIBKO H ITOYeMY IIPOMCXOAHT PAaCINEIUIEHHE SHEPreTHUECKHX YPOBHEH B
pe3yIbTaTe CIIHH-OPOUTAIIbHOIO B3aUMOAEHCTBUA?

Ha3zopuTe M mosicHUTE (paKkThl M TEOpPETHUECKHUE IMPENTOCHUTKH CYITIECTBOBAHUS CITHHA
3IIEKTPOHA.

KaxoBwI Hiies U BEIBOJEI OIIBITOR DHHINTEHHA M Je ['aaza?

[Touemy B ommiTax IlltepHa u ['eprmaxa HCIONB3YIOTCS IYYKH aTOMOB XUMHYECKHX
3JIEMEHTOB IIePBOH I'PYIIIHI [IepHoAMYECKONH CHCTEMBI?

[Touemy B omertax IlITepHa u I'epiraxa HCIONB3YETCA CHITBHO HEOAHOPOTHOE TToe?

[Touemy ombiTer Illteppa u T'epmaxa SBISTIOTCA  IPSMBIM - JIOKA3aTENhCTBOM
CYIIECTBOBAHUS CITMHA SIIEKTPOHa?

[To KaxuM 3aKOHAM KBAHT YFOTCS TIOTHBII MOMEHT UMITYJIbCa IEKTPOHA U €0 MPOEKIHsI?

Pasznena 11.
B uem cyTh 3ddexTa Seemana?

MosxeT m 3¢ dekT 3eeMaHa HaGIIFO[aTHCA I aTOMOB JUaMarHeTHka? [Touemy?

Ha ckonbko ImofypoBHE#H B MArHUTHOM ITOJIE PACHIEIUISETCS f~COCTOSTHUE?

OOBsSICHUTE  MEXaHW3M  pacIlelUleHHs JIMHUH B CIy4ae  CITHH-OpPOHUTAIbHOTO
B3aHMOJIEHCTBHUS; B ciTydae s dekra 3eemana.

Pasznen 12.
OszHavaeT JTH M3MeHeHHe 3HaKa BOTHOBOH (PYHKIIMH H3MeHeHHe cocTosHHA? [Toueny?

Kak onpezensercs: NIPHHAMIEKHOCTh CIIOKHBIX YacTHI{ (HAIIPHMep, aTOMOB) K G030HaM
WM pepMHOHaM?

Kaxoft THIT cHMMETPHH BOIHOBOH (PYHKIIH XapaKTepeH s (poroHa?

[ToueMy  TpHHIGOI ~ HEPA’MYMMOCTH  TOXAECTBEHHBIX  YACTHI[  SBISAETCA
(byHIaMeHTaTBHBIM IPHHIMIIOM? B ueM ero cyrs?



B uem ormmume oImicaHHS TOXASCTBEHHBIX YAaCcTHI[ B KIACCHUECKOH M KBaHTOBOIL
TEOpHH?

CHcTeMa COCTOMT H3 TOXKIASCTBEHHBIX (PEPMIIOHOB; TOXISCTBEHHBIX 0030HOB. B Kakom
Cliyuae BONMHOBasS (YHKIMA OyAeT CHMMETPHUHON OTHOCHTENBHO IepecTaHOBKH IFOOOH ITaphl
YacTHIL?

YacTHIBI OAMHAKOBHIE, TOXKIESCTBEHHBIEe, HEpas3/IUMMBIe. B ueM oT/IiuNe H CXOJCTBO B
HMX OITHCaHHH?

UeMy paBHO MaKCHMaJIbHOE 3HAUY€HHE ITPOEKIMH MOMEHTa HmMITylIbca Il L- u M-
3JIEKTPOHOB?

KakoBo MakCHMAaIbHOE YHCIIO 3JIEKTPOHOB B p-COCTOSHMM? OTBET OOOCHYMHTE.

[TomuuHsroTCs TH 0030HKI ITpHHIMITY [laym? [Touemy?

CKOIIBKO 3IEKTPOHOB B aTOMe, ¥ KOTOPOrO B OCHOBHOM COCTOSIHMH 3aItlonHeHB K- u L-
000J104Ka, 35-1101000I0YKa H B 3p-TI0J000II0YKE UMEETCS ISITh IEeKTPOHOB? UTO 3TO 3a aroM?

3armnmre 5IeKTPOHHYIO KOH(HIYpaI[HIO JUIS aToMa, CIEAYIOIEro 3a aTOMOM, O
KOTOPOM HJET Peub B IPEABLAYIIEM BOIIPOCE.

CKOJIPKO pa3sHBIX COCTOSIHHM Y 3JIEKTPOHA C TTTaBHBIM KBAHTOBBIM YHCIIOM # = 37

CKOJIBKO 3IEKTPOHOB MOKET HAXOAUTHCS B ITOMO00NIOUKE ¢ n =5, [ =27

Kakue 3HaueHH A MOTYT IIPHHUMATh 1y U mi, TIpU i = 5, [ = 47

KakoBo MakCHMAalbHOE YHCIIO 3IEKTPOHOB Ha MOA000NOUYKe ¢ OpOHUTATIBHBIM KBAaHT OBBIM
yucimoM? OTBeT 00OCHYHTE.

KakoBo MakcHMalIbHOE YHCIIO 3JIEKTPOHOB B aTOMe C ITIABHBIM KBAHTOBBIM YHCIIOM 717
OtBeT o0OCHYHTE.

Kakopo oOmiee 4McIO 3IEKTPOHOB B aroMe, K- M L-000MOYKH KOTOPOrO ITOTHOCTHIO
3aTOITHEHHI?

Kak msmeHmmack Obl CTPYKTypa 3IEeKTPOHHBIX O00JI0YEeK aroMa, eClii OBl 3IeKTPOHEI
ObUIH He (pepMHOHAMH, a 6030HAMH?

Pasznea 13.
HaumHast ¢ Kakoro sieMeHTa BO3MOXKHO TosBIeHHE M-cepun?

[Touemy K-cepHsi pEHITEHOBCKOTO H3IYYEHHS B CIIY4ae TSDKEIBIX BIIEMEHTOB
COITPOBOXKAAETCA TTOSBIIEHHEM APYTUX CepHii?

Haiiaute IpaHWYHYIO JUIMHY BOJIHBI TOPMO3HOTO PEHTTEHOBCKOTO H3IIYYeHHS IIPH
OoMOGapIUPOBKeE aHO (A AIEKTPOHAMH ¢ AHepruei 60 k3B.

Kak m3MeHSTCS MHTEHCHMBHOCTh PEHTTEHOBCKOTO H3IIYYEHHS M TPaHUI[a CIUIOINIHOIO
CITEKTpPa ¢ YBENWYEHUEM: 1) HAITPSKEHUSI MEXIY KaTOZAOM M aHOZoM? 2) HaKalla HUTH KaTtoja?

OOBSICHUTE TIPOHUCXOXKAEHHE KOPOTKOBOITHOBOM T'DAaHHWI[BI CIIEKTpa TOPMO3HOIO
PEHTTEHOBCKOTO H3ITYYeHHS.

B d4eM mnpuyMHA B3HAYUTEIBHOTO PpAa3IHYUS ONTHYECKOTO M XapaKTEPHUCTHYECKOTO
PEHTTEHOBCKOTO CIIEKTPOB aromMa?

[ToueMy TOpPMO3HOE PEHITEHOBCKOE W3IIydeHHE WMEET CIUIOIIHOM CIIEKTP, a
XapaKTEPHUCTHIECKOE — JTHHEHIAThIH?

Kaxasg U3 Tpex JIHHHMH XapaKTepHCTHYECKOIO PEHTTEHOBCKOrO clekrpa — K, Kg, Ky —
caMas KOPOTKOBOJTHOBas? caMasi HHTEHCHBHAS?

B 4eM CIDIOIIHONM PEHITEHOBCKHI CIIEKTP TOATBEP)KIAET KIIACCHYECKYIO TEOPHIO
URITYYEHHS, a B UeM el ITpoTUBOpPeUnT? OTBET OOOCHYHTE.,

KaxoBrl XapakrepHele OCOGEHHOCTH TOPMO3HOI'O PEHITE&HOBCKOro criekTpa? laiiTe MM
OOBSICHEHHE.

SarmrmrTe 3aK0H Moanu mist muHIHM Lg.

Hcxonss u3 zakoHa Mosnu, oIpefenure, BO CKOIBKO pa3 JJIHMHA BOIHBEL Kq-JIMHHH
Bonb(paMa (Z; = 74) OTIHMYAETCS OT AJIMHbI BOTIHBI Ko -TIHHIHN HUKeNS (Z, = 28).



Pazaen 14.
Kaxosrl THITE XpvrruecKkoit cBsa3n? Kakos mx mMexaHmsMm? ITIpHBeuTe ITPHMEPEL.

Sarmmmre ypaBHeHHe IllpemmHrepa I MONEKYIBI BOZOpoAa B aAHabaTHOM
TIPUOTIKEHIH.

OOBscHHTE, HapHCOBaB IpadHK 3aBHCHMOCTH ITOTHON SHEPIHH ABYXaTOMHON MOIEKYIIBI
OT PAcCTOSHHUA MEXIY SAPaMH, HalIHUHe Pa3sIHYHBIX SHEPIeTHYECKIX YPOBHEH.

Kakop MexaHH3M BO3ZHHKHOBEHHS 3IEKTPOHHO-KOIEOATENbHBIX M KoneOaTelnbHO-
BpalllaTeIbHBIX CIIEKTPOB?

KakoBbl TIpHONH3UTENBHO PACCTOSHMSA MEXAY BpaINaTEbHBIMH M KOIeOaTeNbHBIMHU
YPOBHSIMH SHEPI UM MOJIEKYIIBL?

Pasznen 15.
YBEeIMUMBAETCSI HIH YMEHBINAETCA CpelHee BpeMs KH3HH aToMa B BO30YXKICHHOM

COCTOSIHMH C YBEIIMYEHUEM BEPOSTHOCTH CIIOHTAHHBIX TIEPEXOJ[OB?

BosMOXXHO 1M OBLTO BHIHYXKISHHOE H3ITyUYeHHEe, el (POTOHBI OBITH OBl (pepMHOHAME?
OtBeT o0oCcHYHTE.

Kakoe ycrnoBne HeOOXOAMMO MIISI BO3HMKHOBEHHS BBIHYKACHHOTO HW3IIYYEHHS B
BelllecTBe?

Yro MOXKHO cKazaTh O (pasze, TONMAPU3AIMM ¥ HAIPaBIEHHH HCITYCKaeMbIX
SIEKTPOMATHATHBIX BOJMH B CIIy4ae CIIOHTAHHOTO H3IIYYeHHS? B CIIy4ae BBIHYKJIEHHOIO
HU3ITY4YEHUS?

CHcTeMa aTOMOB HaXOAMTCS B TepPMOJMHAMHYECKOM PABHOBECHH. BO3MOXHO M
YCHJIEHHE JAHHOM CPEeJON Maarollero Ha Hee u3inydeHusa? OTBeT 000CHYHTE.

Kak ocyIecTBIAOTCSI COCTOAHN S ¢ HHBEPCHEN 3aCOIEHHOCTEN ?

B 4em oTIIHYHE M CXOICTBO JIA3€PHOI0 M3ITYYEHU M OOBIYHOIO cBeTa?

MOJKHO ITH CO3/1aTh JTa3ep Ha (pepMHOHAX?

BosMoxHa i pabora lta3epa o AByXYPOBHEBOH CXeMe aKTUBHOM cpeabl? [louemy?

OOBSCHUTE TIPHHIIMIT ACHCTBUSA Ta30BOT0 JIa3epa.

[loueMy oOmHHMM H3 OOS3aTENBHBIX KOMIIOHEHTOB IIa3epa SBISETCS ONTHYECKHUI
pe3oHarop?

Yem oOBACHUTH OONBINYIO HHTEHCHBHOCTH CBETA B Jla3zepax’?

KakoBHbI CBOMCTBA JTa3¢pHOr0 U3ITy4eHH? [[pUBEAUTE YHCIIOBBIE TIPUMEDEIL.

BAPUAHTBI TIPAKTHYECKHX 3AIAHUI

Tema 1. 3aKOHOMEPHOCTH B CIEKTPAaX aTOMOB BOJIOPOJia M BOJOPOJOIMOAOOHEIX aTOMOB.
Paccestaue o-yacTHIl BemmecToM. Qopmyna Pesepdopaa.

1. KakoMy »sneMeHTYy TIPHHAIERUT BOAOPOAOIIONOOHBIA CIIEKTDP, MIMHBI BOIH
KOTOPOTr'O B HeTHIPE Pa3a KOpOUe, UeEM Y aTOMapHOTO Bojiopoaa?

2. BEIMMCIHMTL IOCTOSHHYIO Pujbepra R, eciM H3BECTHO, uTO A MOHOB He®
PAsHOCTH JUTHH BOJH MeKTY TOJIOBHBIMH TMHUAMH ceprit Banmbmepa u Jlaitmana AA=133.7 HM.

3 HaiiTy JUIHHY BOJHBI TOIOBHO JMHMH TOH CIIEKTpalnbHON cepuy HOHOB He', y
KOTOPOH MHTEePBAIl 4acTOT MEXTy KpaftHIMH IHHISIMA A®=5.18.10" ¢ ™.

4, Haiitu rpaHuifpl clieKTpalIbHOH o0llacTH, B ITpefenax KOTOPOH pPacIlONOXKeHBI
JUHUH cepuu barmbMepa aTOMapHOTO BOZOPOAA.

5. Onpenennurs JIHMHBL BOIH NOJIOBHBIX JIMHUH cepyH JlafiMaHa A7 BOZOpoAa U He".

6. Haiity JUIMHEI BOJIH KOPOTKOBOIHOBEIX TPaHHI[ BOZOPOAHEIX cepHil JlaiiMaHa M
banmpmepa

7. (DOTOH ToIOBHOH JIMHMH cepuH JlafiMaHa HOHA TelHs ITOIIOMAETCS BOJOPOAHEIM

aTOMOM B OCHOBHOM COCTOAHMH H HOHH3YET €ro. OITpeI[EJ’II'ITB KIMHETHYECKYIO 3SHEPTHIO,
KOTOPYIO ITOJIYHIHT 3JIEKTPOH IIPH TaKOH MOHM3ALHH.



8. HaiiTy JIMHY BOTTHBI pe30HaHCHOM mirmH Li*™ .

9. Haiiti SHEPrHIO CBS3H SMEKTPOHA B OCHOBHOM COCTOSIHHH BOJOPOZIOIOLOOHBIX
HOHOB, B CIIEKTPE KOTOPBIX JTIHHA BOIHEI TPeThel THHIH ceprH bansMepa paHa 108.5 oM.

10. Haiitu  cKOpocTh  (DOTO3NMEKTPOHOB,  BBIPBIBAEMBIX  SNEKTPOMArHHTHBIM
H3ITy4eHHEM C JTHHOM BOMHBI 18 HM 13 HoHoB He”, KOTOpBIE HaXOIATCS B OCHOBHOM COCTOSIHHH
U TTIOKOSTCSL.

1l Halitn rpaHHIipl CIEKTPaTIbHOM OOIacTH, B IpeAenax KOTOPOH PacIlONOKEHBI
nuHUH cepuu [lalieHa aToMapHOro BOZOPOa.

12. Ampda-yacTHiia ¢ KuMHeTHUecKoit sHeprueiti K=0.27 M»sB paccesmach 301m0TO#
(omnproit Ha yromn 60°. Haitru COOTBETCTBYIOIIEE 3HAUEHHE TPHUIIEIIBHOIO ITapaMeTpa.

13. Y3KHi ITyYOK O-4acTHI[ C KHHeTHYecKon sHeprued K=600 k3B mamaer
HOPMAJIbHO Ha 30JI0TYIO (DOIBIY COMEPKAIIYIO n=1.1.10" }I,uepfcmz. Halitn oTHOCHTEIBHOE
YHCIIO Ol-YaCTHII, PACCESHHBIX ITOM yriiamu V>60.

14.  VY3Kkuil IMyYOK O-YacTHI[ ITafiaeT HOPMAaIbHO Ha cepedpsHyro ¢oisry. 3a Heit
YCTAHOBJIEH CUETUMK, PETHCTPHUPYIOIUIH YaCTHIIBI, pPacCesHHbIE B COOTBETCTBHH C (POPMYIIOi
Pesepdopaa. Ilpu 3ameHe cepeOpsaHoi (QoiIbIM Ha IUIATHHOBYIO TOH K€ MAacCOBOH TOIIIMHEI
YHCIIO PETHCTPHPYEMBIX B EAMHHIY BPEMEHHM (-4acTHI] Bo3pocino B MN=1.52 pasza. Hairu
TIOPSIIKOBBIM HOMEp IUIaTHHBI, CUMTAasl, YTO IOPSAKOBBIN HOMEp cepefpa M MacCOBBIE YHCIIA
00OMX BIIEMEHTOB H3BECTHEL.

15. Y3KHi MY4OK O-4acTHI[ ¢ KHHeTHYecKoW sHepruen K = 600 x»B mamaer
HOPMAJIBHO Ha 30TIOTYIO (POJIBTY COAeprkKallyio n = iA.i6™ }mepfcmg. Halitn OTHOCHUTEIBLHOE
YHCIIO O-YaCTHII, PACCESIHHBIX oA yrimaMu 60-90.

16. Y3KH#M IIy4OK O-4acTHI[ ¢ KuHeTH4YecKor sHepruen K = 0.50 Mb»>B mamaer
HOPMAIBHO Ha 30II0TYIO (hOJIBIY MaccOBOH TONIMHE pd=1.5 mr/cm’. TIOTOK yacTwil B IIy4YKe
coctapinsger Ip=5.10° ¢'. HafitH umMclIO O-YacTHIL, paccesHHBIX (ombroit 3a =30 MHH B
HUHTEPBAIE YIIIOB: 59-61; cBeilme 60;

17. Y3KH# Iy4OK ITPOTOHOB, MMEIOIIUX CKOPOCTEh Y = 6. 10° M/C, TajlaeT HOPMAIIBHO
Ha cepebpaHyio (omsry TomuuHbe d=1 mMKkM. HalTH BepOSTHOCTH paccesHHS IIPOTOHOB ITOJ
yITIaMA 1v>90°.

18. Y3KHi MY4OK O-4acTHI[ ¢ KHHeTHYecKoW sHepruer K = 600 x»B mamaer
HOPMAIBHO Ha 30JI0TYIO (DONBIY COJEPKaIIYEO n=1.1.10" agep/cM”. HaliTH OTHOCHTeIBHOE
YUCIIO O-YaCTHII, PACCETHHBIX IO yritamu V>90, 60-120.

19. Haiitu s¢dekTHBHOE ceueHHe Spa aTOMa ypaHa, COOTBETCTBYIOIIEE PacCesTHHIO
Ol-4aCTHUIL ¢ KHHETHYeCKOH 3Hepruei K=1.5 M»3B B uHTepBalie yIlIoB CBBIIIE Vo= 60°.
20. OddexTHRHOE CceueHHe Sapa aToMa 30JI0Ta, OTBEYAIOINee  PacCesHHIO

MOHO3HEPIreTHYECKUX Cf-4YACTUI[ B MHTEPBAJE YITIOB OT 90° xo 180°, paBHO A6=0.5.107" o’
OmnpefenmTh KHHETHYECKYIO 3HEPTUIO O-4aCTHII.

21.  DOddexktuBHOe cedeHHMe SApa aTroOMa 30JI0Ta, OTBEYAOIEE  PACCESTHHIO
MOHOSHEPIETHUECKHUX (-JACTHI[ B MHTEPBAlE YITIOB OT 90° xo 180°, PaBHO AG=0.5.10"" o’
Onpenemits muddepeHImamsHoe ceueHne paccesHua do/d¢, cOOTBETCTBYIOIIEE YTy v=60".

Tewma 2. [Toctynarsl Bopa. Mogens aroma Bopa.

1. Haiitn m1s BOZOPOMOIOAOOHOIO HOHA Paguyc n-ii OOpPOBCKOW OpPOHTBI M
CKOPOCTH DNIEKTPOHA Ha Heil. BEMHCIHTD 3TH BeTMYHHLI JUIS IepBoil OOPOBCKOI OpOHTH aToMa
BOZOpOZia ¥ HoHa He'.

2. Haiit s BOZOPOZOIOAOGHOIO HMOHA PAAMyc n-ii OOPOBCKOM OpOMTEL U
CKOPOCTD 3JIEKTPOHA Ha HeH. BBRIYMCIHTE 3TH BETHYMHEL TS BTOPOH GOPOBCKOH OPOHTHI aToMa
BOZOpoZa ¥ noHa Li™™.

3 OmpezienuTh IS aToMa BOZOpoJa M HOHa He™: SHEPTIIO CBS3M 3IEKTpOHA B
OCHOBHOM COCTOSIHHH M TTOTE€HIHAIl HOHM3aL[HH.



4. OIpeaennTh 71 aToMa BOZOpoa M HoHa He': mepBbiit MOTEHIIHAT BO30YKIECHHUS
M ITIHHY BOJIHBL TOTIOBHOM IIHHHH cepri JlaliMaHa.

5. OTIpeeHTh AT aTOMA BOLOPOAa M HoHa Li™ : SHEpriio HOHHM3AL.

6. OTIpefieTHTh A1 aToMa BoJopofa M HoHa He': cKOpocTh BIeKTpoHa Ha BTOpOit
OOpPOBCKOH OpOHTE.

7. OnpefienuTh A7 aToMa BoAopoma M HOHAa He': KMHETHYECKYIO 3HEPTHIO
3JIEKTPOHA B OCHOBHOM COCTOSIHHH.

8. Ilma aromMa BoZopoZa M MOHa Li'" ONMpefelmHTh: KHMHETHUYECKYIO SHEPrHIO
3JIEKTPOHA B OCHOBHOM COCTOSIHHH.

0. Haifrs SHEpIHo HOHM3AIMHK A1 noHoB He™ u Li'™.

10. OMNpeenuTh paguyc MepBoii GOPOBCKOit OpOUTH A HoHa Li™ .

Tema 3. Bomusl e bpois

1. Brerumcmuth AeOpOMIEBCKYIO JIMHY BOJHBI 3JIEKTPOHA M IIPOTOHA, JIBMKYIUXCS C
KHHETHYeCKOH 3Heprueh | kaB. 1IpHu Kakux 3HaUeHMSIX KHHETUYECKOH SHEPIUH UX JUIMHA BOJHEI
Oymer papHa 100 rmv?

2. llpu yBemmueHHH 3Hepruu ekTpoHa Ha 200 3B ero aeGpoilieBcKas JUIMHA BOIIHBI
HU3MEeHWIAach B 2 pa3a. HaliTu nepBoHavYallbHYIO ATTHHY BOIHEI 3IIEKTPOHA.

3. Halith JUymMHY BOIHBI MOJIEKYII BOAOPOJA, ABIXKYINUXCS C HanOolee BEPOSITHOH
CKOPOCTBIO B rase IpH Temireparype 0 e,

Tema 3. PereHWe BpPEMEHHOTO M CTAl[MOHApHOrO YypaBHeHWH IllpemuHrepa s
MOTEHIHATBHBIX MONEeH MPOCTON KOH(PHUTYpaITHH.

1. Halitu perenue BpeMeHHOro ypaBHeHHUs [llpeauHrepa Ui cBOOOAHON YaCTHIIBI
Macchl m, IBIXKYINEHCS C HMITYIIECOM P B ITONIOXKHTENIEHOM HalIPAaBIEHHH OCH X.
2. YacTuila HAaXOJIWUTCSI B OCHOBHOM COCTOSIHHM B OJHOMEPHOH ITPSMOYTOIbHOM

IOTEHIMAIIBHON SIME IMMPUHOM [ ¢ aOCOIIOTHO HEIPOHHUIaeMBIMH cTeHKamMH (0 < x < [). Haittu
BEPOSITHOCTh MECTOHAXOXKACHHUS YaCTHIBI B HHTepBaie (1/3,2 I/3).

3. YacTuila  MacChl m HaXOJUTCSI B OCHOBHOM COCTOSHHHM B OJHOMEPHOMH
MPSMOYTOIMBHOM  ITOTEHITHAIBHOM siMeé ¢  aOCOTIOTHO  HEMPOHHMIIAEMBIMH  CTEHKaMH.
MakcumanbHOEe 3HA4YeHHe TUIOTHOCTH BEPOSTHOCTH MECTOHAXOXKIEHHS YacTHIBI B 3TOM
COCTOSIHUM PaBHO Py,. HalTu NMMpHHY MBI U SHEPTUIO YACTHIIHL.

4, YacTHila Macchl m HaXOAWUTCA B JIBYMEPHOH ITPSMOYTOIIBHON ITOTEHIIHAIILHON SIME
¢ abCOIIOTHO HENPOHHUIIAEMBIMH CTeHKaMH. KOOpIMHATHL X M y HaXOASATCA COOTBETCTBEHHO B
untepsanax (0, a), (0, b), e a U b — CTOPOHBI sMBI. HaliTH BO3MOMKHBIE 3HAYEHUS SHEPTHU U
HOPMHPOBaHHBIE J-(PYHKIIMH YaCTHIIHI.

Tema 4. KpaHTOBaHME aTOMOB. OIEKTPOMArHUTHBIE Iepexoipl. I[IpaBuia orbopa Hu
CIEKTPAIIBHBIE CEPHH.

1. OnpenenuTs MOTEHIIHATI HOHH3AIHH M TIEPBBIA MTOTEHIHAIl BO3OYKIEHHS aToMa
Na, y KOTOpPOro KBaHTOBEIE Je(eKTh OCHOBHOrO TepMa 3S u 3P paBHEI COOTBETCTBeHHO 1.37
0.88.

2. Haiitu sHepruro CBS3M BaJIEHTHOI'O AIEKTPOHA B OCHOBHOM COCTOSHHH atoMa Li,
€CITH HM3BECTHO, YTO JJIMHBI BOJIH TOJIOBHOIM JMHHM PE3KOH CEPHH M ee KOPOTKOBOIHOBOIT
IpaHUIEI paBHEL cooTBeTcTBEHHO (0.8 13 1 0.349 mxaM.

3. CKOJNBKO CIEKTPaNIbHBIX JIMHHI, pa3spellleHHBIX IIpaBHIIaMH OTOOpa, BO3ZHHKAET
TIPY TIEPEXOJIE ATOMA JIMTHSA B OCHOBHOE COCTOSIHUE M3 COCTOSHHS 457, 4P?

Tema 5. MHOro3neKTpOHHBIE aTOMbl. OOONOYKHM M TIOZOOONOYKH. ONEKTPOHHAS



koHpuryparps. [Tpuomnkerse LS- 1 jj-csazeit. Tepm. CocTosHIE.

1. HailTn BO3MOJXKHBIE 3HAUEHHS IOIHBIX MEXaHHYECKHMX MOMEHTOB SIEKTPOHHBIX
0GOIOUYEK aTOMOB B COCTOSHUSX ‘P 11 “D.

2. JIOMHCaTh HETOCTAOMHE KOMIIOHEHTE MYyTMBTHIDIETOB Pi, Dy ‘Fsn *P, °Dy
“Pi.

3. BO3MOHBI ITH CIIEAYIOLIHE COCTOSHMS: 2S|‘ 3S(]‘ 3P()‘ 3S|,(2‘ %g 12, 3D(]‘ EDUZ‘?

4, Kakne U3 Cnefyrommx ONTHYECKHX IEPEXOA0B pPa3pelleHbl: = 12 - 2D3,f2‘ 2P3;2 -
2D3,.f2‘ IS(]- 3P|‘ Illng = I‘IISO?

5. OmMH U3 3IEeKTPOHOB aroMa I'elis HMeeT ITIaBHOE KBAHTOBOE YHMciIo 1 apyroi 2.

3armicaTh BO3MOXKHBIE SIEKTPOHHBIE KOH(QHIYPAIlMH M CIEKTPOCKOIIMYeCKHe O0O3HAYeHHS
COOTBETCTBYIOIINX COCTOSIHHH.

6. Kakne cocrognnsa BosMoxkHbl ¥ P, D u F TepmMOB, OrpaHHYeHHbIE BEIIMYHHON
crirHa s or () 1o 5/27 3armcaTh BO3MOJKHBIE CITEKTPOCKOIIMYECKHE O003HAYEHH A COCTOSHHUIM.

7. Bo BHelmHed 00OIOYKE aToMa HaxXOHATCS TPH 3NEKTPOHA € OpPOUTAIbHBIMH
KBAHTOBBIMH YHCIIaMH 1, 2, 3. OIpeieMTh BO3MOKHBIE COCTOSIHHSA aTOMa.

8. HaiftTi BO3MOMKHBIE COCTOSIHMS aTOMa YIJIEpOfa, 3MEKTPOHHAs KOHQHTyparms
KoToporo 1s 2s? 2p 3d.

Tewma 6. [Teprognyeckas Tabimifa 3NeMeHTOB. OCHOBHBIE TEPMBIL aTOMOB.

1. BriMmicarh 37IeKTPOHHYIO KOH(HIYpaI[HIO M ¢ TTIOMOIIBIO TpaBHiIa XyHJa HaWTH
OCHOBHOM Tepm aroma Cl.

2. Halitn ¢ momolnpro IpaBrila XyHAa IOJHBIA MeXaHHYECKUA MOMEHT aToMa B
OCHOBHOM COCTOSIHHH, €CIIM €I'0 He3aloIHEeHHAA ITOA000I0UYKA COAEPAKHUT TPH d-3JIeKTPOHAa.

3. Halitn ¢ momolnpro IpaBrila XyHAa IOJHBIA MeXaHWYECKUA MOMEHT aToMa B
OCHOBHOM COCTOSTHHH, €CITH €T0 He3alTOMHEHHasI MO{000I0YKa COJEPKUT ceMb d-3ITEKTPOHOB.

4, OMNpeJeTnTh OCHOBHOE COCTOSHHE aTOMa MapraHIla M HoHa Mn™ .

5. Halitn ¢ moMoIrpro ITpaBwil XyHJA TIOJMHBIM MEXaHWYECKMH MOMEHT aTOMa B
OCHOBHOM COCTOSTHHH, €CITH €T'0 He3aIllOIHEHHAasI I0J000I0UKa COJIEPUT TPH d-37IeKTPOHA

6. Halitn ¢ moMoIrpro IpaBil XyHJA TIOJMHBIM MEXaHWYECKMH MOMEHT aTOMa B

OCHOBHOM COCTOMHHH, €CIIM €TI0 HE3aIIOJIHEHHAS noxo0oIoIKa COACPHEHNT OJHH S-3IICKTPOH.

Tema 7. XapakTepHCTHUYECKHE PEHTTEHOBCKUE CIIEKTPHL.

1. BEIYMCIMTE C IIOMOINBIO 3aKOHa MOo3iM pasHOCTh SHeprui cBs3u K- u L-
3IIeKTPOHOB BaHAIHS.
2. [IpM HEKOTOPOM HAINPSKEHHH Ha PEHTTEHOBCKOM TPYOKE C aITFOMHHHEBBIM

AHTHKATOJ[OM JUTHHA BOIHBI KOPOTKOBOIIHOBOM I'DAaHMI[BI CIDIOIIHOTO PEHTTEHOBCKOIO CIIEKTpa
parHa 0.50 uM. Byzer mu HaGmomarbes IpH 3ToM K-cepusa XapakTepHUCTHYEeCKOIO CIIEKTpa,
TTOTEHIMAN BO30OYXIEHHUSI KOTOPOro paseH 1.56 kB?

5 8 Haiitu sHepruro cBs3u L-37ekTpoHa THUTaHa, CIIM Pa3HOCTh AJIMH BOJH T'OJIOBHOH
muHnK K-cepruu U ee KOPOTKOBOTHOBOI TPaHHIIBI AA=26 ITM.
4, Haiiti JIHHY BOJTHBI A, ONPEIEIISIOIYIO KOPOTKOBOITHOBYEO TPAHHUILY CILIOIIHOTO

PEHTTEHOBCKOTO CITEKTpa, €CIH H3BECTHO, UTO YMeHBINEHHe NPHITIOKEHHOTO K PeHTTeHOBCKOM
TpyOKe HarpspkeHusa Ha AU=23 kB yBemunBaeT HCKOMYIO JITMHY BOJTHEI B 2 pasa.

5. Kakyr0o HaMMEHBIIYIO pa3sHOCTh TIIOTeHIHatoB U Hamo IIPWIOKHUTH K
PEHITEHOBCKONH TPyOKe, YTOOHI ITONYYHTH Bee NHHMHM K-cepmy, ecliu B KauecTBE MaTepHala
AHTHKATOJa B3STH MeIh?

6. Kaxkyro HamMEHBIIYIO pasHOCTh TOTeHIManoB U Haxo IPHIOKHTE K
PEHTTeHOBCKON TpPyOKe, UTOOHI ITONMYYHTh BCe JIMHHHM K-cepmH, ecaM B KauyecTBe MaTepHaja
aHTHKATOfla B3Srb cepebpo?



7. Kakyro HaMMEHBIIYIO PpasHOCTh TIIOoTeHIManoB U Haxo TIIPHIOKHIb K
PEHTTEHOBCKOM TPyOKe, YTOOBI ITONMYYHTh BCE NHHHHM K-cepril, ecaM B KauecTBe MaTepHala
AHTHKATOJa B3STh BOIb(hpam?

8. Kakyro HaMMEHBIIYIO Pa3HOCTh IOTeHIHManoB U HaZo TIIPHIOKHTIb K
PEHITEHOBCKOM TPyOKe, YTOOBI ITOMYYMTHh BCce NMHHHH K-cepril, eciu B KayecTBe MaTepHala
AQHTHKATO/a B3STh IUIaTHHY?

9. Haifti IMOCTOSHHYIO SKPaHHPOBAHHS G I L-CepHH PeHITEHOBCKUX Ty4ei, eci
H3BECTHO, 4TO IIPH TIEPEXOJie 3IEKTPOHAa B aToMe Bomb(pama ¢ M- Ha L-cioit HCITycKaroTcs
PEHTTEHOBCKHE JIYYH C JIHHOM BOMHBL A=143 1.

10. [Ipu mepexone 3neKTpoHa B aroMe ¢ L- Ha K-ClIoH UCITyCKaroTCa PEHTTEHOBCKHUE
JIYYH C JTHHO# BOmHEL A=78.8 M. Kaxoii 510 aToM?

Tema 8. MarHuTHBIH MOMeHT aToMma. D¢deKTsl 3eemana u [Tamena-baka.

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

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

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

4. HaliTH MarHUTHBIM MOMEHT |L M BO3MOXHBIE 3HAYEHHS ITPOSKIIMM  aroMa B
COCTOSIHHH 2D3,:g.

5. Onpeaenurs BO3MOXKHBIE 3HAUEHH S MATHUTHOI'O MOMEHTA aTOMa B COCTOSIHHH *p.

6. BBIYMCIMTE MATHUTHBIH MOMEHT aTOMa BOZOPOa B OCHOBHOM COCTOSTHHH.

7. HaiiTH MeXaHHYecKHil MOMEHT aTOMA B COCTOSHHH F, €CIH H3BECTHO, YTO B STOM
COCTOSIHMM MarHUTHBIN MOMEHT PaBEH HYIIIO.

8. HaiitH MexaHHUeCKHH MOMEHT aTOMa B COCTOSHHH ?H, eCITH H3BECTHO, YTO B 5TOM
COCTOSIHUM MarHUTHBI MOMEHT PaBEH HYIIIO.

9. BBIYMCIMTE € ITOMOIIBIO ITPaBWiIa XyHAAa MATHUTHBIH MOMEHT OCHOBHOI'O COCTOSIHUS
aTOMa, B KOTOPOM HezaIlolTHeHHas Io{000IToUYKa HMeeT IeKTPOHHYIO KOH(MHT yPaIlHIO nps.

10. BEIYMCITMTE € ITOMOIIBIO IMTPaBWiIa XyHAAa MATHUTHBIA MOMEHT OCHOBHOI'O COCTOSHUS
aTOMa, B KOTOPOM HezaIlolTHeHHas Io[000IT0YKa HMeeT SMeKTPOHHYIO0 KOH(DHTYPAIHIO nd’.

11. Ha cKonbKO YPOBHEHR PACHIEIITCA B Cl1aOOM MarHUTHOM ITOJIE TEPMBI Fep?, Dijs?

12. Hekoropas clieKTpaiabHas JIMHUS, OOYCIIOBIIEHHAS IIEPEXOAOM B 28,2 COCTOSIHHE,
pacIIelmiiach B ¢1aboM MarHUTHOM T10JIe Ha 6 KOMITOHEHT. OIPEAEHUTh CIIeKTPaIbHbIA CHMBOI
HUCXOJHOTO TepMA.

BAPHAHTHEI TECTOBBIX 3ATAHUIA

Tect No 1.1 (KoprycKymapHbIe CBOHCTBA H3IIYYEHH )

1. Takne ¢u3HUeckue SBIEHHA KaK HHTepepeHIms, TUGPaKIHI H IMpeloMIeHHe cBeTa
TTOATBEPAKIAIOT €r0 KOPIYCKYIISIPHYIO ITPHPOAY .

a) Jia;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

2. CBeT HCITycKaeTcs M ITOITIONTAETCS MOPLIMAMHI (KBaHTaMH), T.€. UCKPETHO.
a) Jia;

0) HeT;

B) YIBEPXKAEHHNE HEKOPPEKTHO.

3. BermmrumiHa (OTOTOKA HACHIIIEHHS ITPH BHEIIHEM (porosd PpexTe MOKET He 3aBHCETH OT
JaCTOTHI H3ITYyIEHH.



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

4. TIoHSTHS TeOMETPHUYECKHX (hOPM H pa3sMEPOB IIPHMEHHTENHHO K (OTOHAM He HMEIOT
CMBICIIA.

a) Ja;

0) HeT;

B) VIBEP’KACHHE HEKOPPEKTHO.

5. (DOTOHBI Pa3IMYHBIX AJIMH BOJIH B BAKyyMe HMEIOT Pa3IHYHYIO CKOPOCTb.
a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

6. BemmumHa ¢QoToToOKa HachOIEHHS TIpH BHemmHeM Qorosddekre 3aBHCHT OT
HHTEHCHBHOCTH H3IyYeHHs, ect V> A /K.

a) na;

©) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

7. Oddexr Jormaepa B ONTHKE, MPOSBISIONIMICS B H3MEHEHHH YacTOTHI M3ITyUeHHS,
PETHCTPUPYEMON IIPHEMHHKOM IIPH €r0 JBIKEHHH OTHOCHTEIBHO HMCTOYHMKA CBETa MOKHO
OOBSICHUTH Ha OCHOBE 3aKOHOB COXPAHEHNS HUMITYIIhCA H 3HEPTHH.

a) ma;

©) HeT;

B) YTBEPXKIEHHUE HEKOPPEKTHO.

8. Dddexr Meccbayspa He HaOIMOAaeTCsI B BUIAMMON 00IacTH CIIEKTpa.
a) Ja;

0) HeT;

B) YTBEpXKIEHHE HEKOPPEKTHO.

9. Oddexr Meccbayspa SBISETCS CIEACTBHEM 3aKOHA COXpPaHEHHS HMITYIhca, B
Pe3ymbTaTe Yero 4acTOTH Y-KBAaHTOB, HCITYCKAEMBIX H ITOITIOIAEMBIX SI[PaMH aTOMOB OJHOT'O U
TOrO K€ BEIECTBA CTAHOBATCS OJWHAKOBBIMHU U MOSBIISIETCS PE30OHAHCHOE OO EHHE,

a) 1a;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

10. Jlng uHTepripeTaliii SBJIeHUS KOMIITOHA HCIIONB3YETCS TONBKO 3aKOH COXPaHEHUS
UMITYIICA.

a) 1a;

0) HeT;

B) VIBEPXIEeHNE HEKOPPEKTHO.

11. ®OTOH - BJIeMeHTapHas YacTHIla, KOTOpas HE HCITHITBIBAET T'PABHTAIIHOHHOTO
TIPHUTSDKEHUS.

a) Ja;

0) HeT;

B) VIBEPKAEHIE HEKOPPEKTHO.



12. Tlo Mepe yaoaneHus OT 3BE3IEI IIMHA BOIHEL (JOTOHA YBEIIIYHBAETCS.
a) Ja;

0) HeT;

B) VIBEP’KAEHIE HEKOPPEKTHO.

13. CeToBOE HaBIEHHE OKa3bIBAIOT KBAHTHI FaMMa H PEHTIEHOBCKOI'O H3IYYEHHS U He
OKa3bIBaIOT KBAHTHI BUANMOIO CBETa H PaJlHON3ITyYEeHHS.

a) Ja;

0) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

14. Tlpu mornoreHHH (OTOHA aTOMOM HMIIM MOJEKYJIOH sHeprus (oToHa ITOTHOCTHIO
TIepeacTCs UM.

a) Ja;

0) HeT;

B) YTBEPXKIEHHE HEKOPPEKTHO.

15. B sgBineHur KOMITTOHA IIPOSBIIAIOTCS 3aKOHBI COXPAHEHHS SHEPIMM M HMMITYJIbCa
CHCTEMBI (POTOH — 3IEKTPOH, B3aUMOJIEHCTBYIOIIHX JIPYT € IPYT OM.

a) na;

©) HeT;

B) YTBEpXKIEeHHE HEKOPPEKTHO.

16. B mporiecce paccesHUS CBETAa aTOMaMH WIIH MOJIEKYIIaMH UMeeT MeCTO JTOKaTH3aIlHs
SHepPruH (POTOHA Ha OOBEKTe PacCeSHH.

a) na;

©) HeT;

B) YIBEPXKIEHNE HEKOPPEKTHO.

17. ®OTOH TraMMa-H3TYYEeHHS HMeeT MEHBINMYIO T'PAaBHTAI[HOHHYIO Maccy, 4eM (OTOH
HH(ppaKpacHOTO H3TYYEHHS.

a) Ja;

0) HeT;

B) YIBEPXKIEHUE HEKOPPEKTHO.

18. TopmMoO3HOE PEeHTTeHOBCKOE H3TyUeHHE BOSHHKAET BCIIEACTBHE TOPMOKEHHS (POTOHOB
PEHTTEHOBCKOTO M3ITYYEeHHS B BEIIECTBE.

a) Ja;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

19. Topmo3HOEe PEHITEHOBCKOE M3IYYEHHE BO3HHKAET BCIEACTBHE TOPMOXKEHHS
3JIEKTPOHOB B BEIT[ECTBE.

a) Jia;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

20. Ilpu pabGoTe peHTIEHOBCKON TPYOKH ITPOMCXONHT CHIIBHBIN HarpeB aHTHKAToa, H
TIO3TOMY €T0 JETal0T MaCCHBHEBIM.

a) 1a;

6) HeT;

B) VIBEP’KAEHHE HEKOPPEKTHO.



21. OHeprus ¢oroHa HH(ppaKpacHOro H3MyueHHs Oonmplme SHepriM (OTOHA
PEHITEHOBCKOTO H3ITYYeHISL

a) 1a;

0) HeT;

B) YTBEPIKAEHIE HEKOPPEKTHO.

22. Macca cBOOOAHOr 0 A7IEeKTPOHA ITPH ITOIIOIEHHH (POTOHA YBEIIMYUHBAETCA.
a) Ja;

0) HeT;

B) YITBEPXKIEHHE HEKOPPEKTHO.

23. Korma MBI TOBOPHM «4acToTa (OTOHa», TO HMMeeM B BHJIY, YTO 3TO YacToTa
KoNeGaHMii HAITPSKEHHOCTH 3IIEKTPHYECKOT0 H MATHUTHOI'O ITOTIS.

a) Ja;

©) HeT;

B) YIBEPXKIECHHE HEKOPPEKTHO.

24. Tlox umMHO# BOMHEI (POTOHA IMTOHMMAIOT €r0 TeOMeTpPHUECKHe pa3sMePHI KaK YaCTHITHL.
a) 1a;

©) HeT;

B) YIBEPXKIEHNE HEKOPPEKTHO.

25. CKOpoCTh pacIipocTpaHeHHs (JOTOHOB B cpelie He3aBHCHMO OT HMX JUIMHBI BOIHEI
BCeria oJIHAKOBa.

a) na;

©) HeT;

B) YIBEPXKIEHNE HEKOPPEKTHO.

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

a) 11a;

0) HeT;

B) YTBEPXKJIeHHE HEKOPPEKTHO.

27. MOTOH, pa3MepPhl KOTOPOro MeHBINE Pa3MepPOB aTOMa, MOXKeT OBITh MM ITOITIOIIEH, a
(OTOH, pasMepsl KOTOPOro OOIBINE pasMePOB aTOMa He MOXKeT OBITH MM ITOTTIOMIEH.

a) Ja;

0) HeT;

B) YIBEPXKIEHHE HEKOPPEKTHO.

28. JlmiHa BOIHBI KOPOTKOBONHOBOH TPAaHHIIBI CIIEKTpPa TOPMO3HOTO PEHTTEHOBCKOTO
H3TYUeHHs 00paTHO IIPOITOPIIHOHATIbHA HATIPS/KEHIIO Ha PEHTT€HOBCK O TPYOKe.

a) Jia;

0) HeT;

B) YIBEPXKIEHIE HEKOPPEKTHO.

29. 3BHaueHHe KpacHOW TpaHHIIBI CIIEKTpa TOPMO3HOTO PEHTTEHOBCKOIO H3ITYYEeHHS
3aBHCHT OT MaTepHaia, H3 KOTOPOr0 M3TOTOBIIEH aHTHKATOX,.

a) 1a;

0) HeT;

B) VIBEP’KAEHHE HEKOPPEKTHO.



30. 3HaueHye IIMHBI BOJMHBI KpacHOH IpaHHIE! QoTosddexra onpepenserca padoroit
BBIXOJIa DIIEKTPOHOB C TIOBEPXHOCTH MeTalIa.

a) 1a;

0) HeT;

B) YTBEPIKAEHIE HEKOPPEKTHO.

Tect Ne 1.2 (KoprmyCKyIapHbIE CBOHCTBA H3IIYUECHI )

I. @OTOH MM CBETOBOI KBAaHT B IIOKOE CYINECTBOBAaTh HE MOJKET, H €ro Macca ITOKOs
paBHa

2. BuyrpenHuit (oro3p@eKT COCTOHT B TOM, UTO IOJ ACHCTBHEM CBeTa T€HEPHPYIOTCS
, KOTOpBIE SBIFOTCS HOCHTEISIMH TOKA B TTOTYITPOBOHHKE.

3. Ksagpar MaKCHMaIbHOM CKOPOCTH BBIPHIBAEMBIX IIpH BHeIHeM (oTosddekre
SJIEeKTPOHOB JHHEHHO 3aBHCHT OT M3TYYEHHUSI M He 3aBHCHT OT HHTEHCHBHOCTH
H3ITyYEeHUSI.

4. BenuyuHa CHIIBI TOKA HACHITIIEHUS TIpH (poTosddeKTe mpormopioHambHa
CBETAa.

5. BHaueHHe KPacHOH TPaHUITBI OJJHOGOTOHHOTO (POTO3(P(EKTa 3aBUCHT HCKITFOUUTEITEHO
oT

6. CMellleHHe JUTHHBI BOJTHBI (bOTOHa PEHTTCHOBCKOI'O HM3IIYUCHH A ITPH KommroHOBCKOM
PaCCCAHHH 3aBHCHT TOIIBKO OT PacCCAHMA.

7. KOpOTKOBOJIHOBaH TpaHHIla CIUIOIMHOrO PEHITCHOBCKOI'O CIICKTpa TOPMO3HOI'O
H3IIYYCHHA OIPEACIIACTCA TOIIBKO BEITHMYHHOH Ha peHTTeHOBCKOﬁ pr@Ke.

8. TOpMOBHOG PEHTTCHOBCKOE HM3IIYUCHHEC BO3HHKACT BCICACTBHC
SIIEKTPOHOB IIPH ITOITaJaHHH Ha aHTHKATOM.

9. JSlpneHme oOTIAYH IIPH HCITYCKaHHH (1)01‘ OHOB BCIICACTBHEC 3aKOHa COXPaHCHHA
HMITYIIbCa OIPCACIBIET CMEINEHHUE HX YaCTOTERI, UTO ITPOABIIACTCA B S(btl)eKTaX

10. Jns HaGmromenus >pdexra Meccbayspa HCTOUHUK Y-KBAHTOB HEOOXOAMMO JBUTAThH B
CTOpPOHY

11. Ecmm cpaBHUTH 3HEPTUHM (OTOHOB PEHITEHOBCKOTO WRITYyYEHUS, Y-H3IyUeHHS H
BHIMMOT'O CBETa, TO MOXKHO CKa3aTh, YTO HAUOOIBIIYIO SHEPTUIO UMeeT (POTOH

12. Ecmu cpaBHHTh JUIMHBI BOMH (OTOHOB  YIBTPaHOIETOBOrO  H3TYUEHUS,
PEHTTEHOBCKOTO MRTYYEHHS M BHIUMOrO CBeTa, TO MOXHO CKa3aTh, UTO HAHOOIBIINYIO JUTHHY
BOJIHBI MMeeT (JOTOH

13. Ilpu B3aMMOAEHCTBMM ¢ MHINEHBIO Y-KBAHT MOXKET IIPEBpAIlaThcs B BIEKTPOH H

14. Ecmm oOmy4yaTh H3OIMPOBAaHHBIN METAVIHYECKHI INApHK CBETOM, JJIMHA BOIHBI
KOTOPOTI'0 MeHbIIle KPacHO¥ rpaHHIsl poroaddekra, To mapHK GymeT



15. Ecrm oOmy4aTh HM3OTHPOBAHHBIN MeTaUIHUYECKIHI IIAapHK CBETOM, AJIMHA BOIHEI
KOTOPOr'O MeHbINle KpacHOHM TrpaHmIilbl (¢orosddekra, TO B 3aBHCHMOCTH OT B3HAUYEHHS
IapHK OyZeT IMpHoOpeTaTh PasYHbINH IIOTEHI[HA.
16. Ecnu HanpshkeHHE Ha PEHTTEHOBCKOHM TPYOKe YBEIMUYHMBAETCS, TO KOPOTKOBOIHOBAS
IPaHHUIIA PEHTTEHOBCKOIO CIIEKTpa CMEIAeTCs B

17. Ilpu paccessmu (OTOHOB PEHTIECHOBCKOTO M3IYUYeHHS Ha CTabOCBS3aHHBIX
3JIEKTPOHaX HaOIIOJacTCs HX JJIMHBL BOIHBEL. B 3TOM H COCTOHT CYTh SIBIECHHS
Kommitona.

18. BeposTHOCTH paccessHHSI 3IeKTpoHOB B 3(ddekre KomirroHa 3aBHCHT OT yIma
paccesHIS 1

19. fIpneHme orpaun IIPH pacCCAHHH (1)0TOHOB BCIICACTBHE 3aKOHOB COXPaHCHH A SHEPIHH
H HMITYIIbCa ITPHBOJHT K CMCIICHHIO HX YaCTOTEL, YTO ITPOABILICTCA B 3(1) (1361(’1‘6

20. MHTEHCHBHOCTD SABIISETCA OMHOH M3 XapaKTEPHUCTHK 3JIEKTPOMArHUTHOTO H3IIYYEHHU S,
a B KBAHTOBOM MOJIEIIH 3TO ITOHATHE XapaKTePU3YET (hOTOHOB.

Tect No 1.3 (KopryCKyIIIpHbIe CBOHCTBA U3ITYYEHH )

1. O ¢oToHaX MOXKHO CKa3aTh, UTO:

a) 3TO MOHOXPOMAaTHYeCKas IMEKTPOMAaTHUTHASA BOITHA;

6) 3TO YacTHIla, KOTOPasi He MMeeT (PMKCHPOBAHHBIX Pa3MePOB U (POPMEL;

B) BTO AIIeMeHTapHas YacTHIIa, Macca MIOKOS KOTOPOH PaBHA HYIIIO;

I') KBaHT 3JEKTPOMArHUTHOTO M3ITYYeHMS (TI0NS), ITPOSBISIOIIMH TIPH OITPEeeleHHbIX
YCIIOBHSIX CBOMCTBA YaCTHIL;

1) KBaHT 3JIEKTPOMATHUTHOI'O TIOMIS, HE MCITBITHIBAIOIIII TPABHTAIMOHHOT'O TIPUTSKEHHU ST;

€) KBaHT DIeKTPOMATHHUTHOTO IIONS, JENOKAaJIM30BAHHBIA B IIPOCTPAHCTBE, HO
OOHAPYKUBAIOIIMH JTOKATU3AI[HIO ITPH B3aUMOZEHCTBHH.

2. Ilpu NMpOXOXKAEHHH CBETOBOIO ITOTOKAa BHJIMMOIO JHalla30HAa 4Yepe3 TOHKWH CIIOH
(TIOpsIIKa JUTHHBI BOTTHBI) TUAIEKTPHKA BO3MOYKHBI ITPOIIECCHI:

a) OTpaKEHHE OT TPaHHUI] pa3fiena;

0) uHTep(epeHIST,

B) ITOTTIOMIEHUE CBETA ATOMAMH HITH MOJEKYIIAMH

T') BRIPBIBAHHE SIIEKTPOHOB € TTOBEPXHOCTH;

J1) TeHepaIns SIeKTPOHHO-ABIPOYHBIX T1ap;

€) peKOMOMHAIIHS.

3. TopmMo3HOE PEHTTEHOBCKOE HBITYYEHHUE — BTO:

a) UBIIyYeHHe, KOTOPOE BO3SHUKAET B 00beME PEHTTEHOBCKON TPYOKH;

0) M3ITyUYeHHe, BOSHUKAIOIIEe Ha KaTOJIe ITPH ITOMaJaHHH TI0JIOKUTENTbHBIX 3aPSIOB;

B) H3IYUYEHNE, BOSHHKAIOIIEE HAa aHTHKATOE PEHITEHOBCKOH TPYOKH

I') H3IIYYEHHE, BO3HUKAIOIIEE IIPH TOPMOKEHHH HIEKTPOHOB;

Il) U3IIy4eHHE PEHTIEeHOBCKON TPYOKH, BO3HHKAOIIEE TIPH ITOJa4e Ha Hee TOPMO3SIIErO
HaITpsDKeHHA (3aePAUBarOIIe PasHOCTH ITOTEHINATIOB).



4. Korma HaGmozmaercs smieHne Goroadexra, To CBETOBOH KBAHT:

a) TIOTTIOINAETCSI CBA3aHHBIM 3IEKTPOHOM;

6) paccenBaeTcs ¢1ab0CBSI3aHHBIM I CBOOOTHBIM AIIEKTPOHOM;

B) ITOTTIOMIAETCS CBOOOTHBIM BIIEKTPOHOM;

I') BCIEACTIBHE B3aHMOAEHCTBHSI ¢ SIEKTPOHOM TpaHChOpMIpyercsa B (POTOH APYroit
YaCTOTHI;

Il) BCIEACTBHE B3aMMOACHCTBHSA C aTOMaMH IIONYIIPOBOAHHKA TpaHC(OpMHpyeICs B
(bOTOH APYroii YacTOTHL M MOSBIACTCS ANIEKTPOHHO-ABIPOYHAS ITapa;

€) IIOITIOINAeTCsS aTOMOM IIONIYIIPOBOAHHKA W IIPH 3TOM T'€HEPHPYEICS 3IEKTPOHHO-
IBIPOYHAs ITapa.

5. Korga mmeer mecto sBreHHe KoMITToHa, TO (pOTOH:

a) TIOTTIOIAETCS cTTa00CBI3aHHBIM 3IIEKTPOHOM;

0) yIIpyro paccenBacrcs (0TpakaeTcs) KPUCTAIIIOM;

B) paccenBaeTcs cl1aboCBI3aHHBIM 3IEKTPOHOM aTOMOB KPHCTallIa;

T') TIOTTIOMIAETCS CHIIBHOCBSI3aHHBIM (BHYTPEHHHM) 3IIEKTPOHOM aTOMa;

1) IpeBpalnaeTcs B (JOTOH JPYToit YacTOTHI BCIEACTBHE PACCESHIUS,

€) HEYIIPYTO PAaCCEMBAETCS CITa00 CBSI3aHHBIM 3IIEKTPOHOM aTOMOB KPHCTAlLIA.

6. Xopomo H3BECTHO, YTO YETOBEYECKHH TIJla3 SBISIETCS UyBCTBHTEIBHBIM
doronmpuemMHukoM. IIpu 5ToM OH oOnajaeT ITOPOrOM YYBCTBUTEIBHOCTH. OTH CBOICTBA
YeJIOBEYECKOTO ITIa3a OBUIM HUCITOIb30BaHbl C..BaBUIOBEIM U ITO3BOIIHIIH EMY:

a) 3apPETHCTPHPOBATH IMPH OYeHb HU3KOW HHTEHCHBHOCTH MEPIIAHHE H3ITYYEHHUST;

6) 3apErHCTPHPOBaTh CI1adoe CBEUEHHE AIIEKTPOHOB IPH MOIMAJaHHH MX B OCOOBIE CPEIbI
(m3myueHHe Barniopa—UepeHKORa);

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

') 3aperHCcTPHPOBATh (MIIYKTYallMH CBETOBOTO ITOTOKA TPH OYeHb CHIBHBIX, OIMH3KHX K
Mopory G0IIeBOro OITYIIEHH S HHTE€HCHBHOCTSIX;

Jl) 3aperHcTPHPOBATh OUEHBH CIAa0YIO IMOMHHECIEHITHIO TFOMHHO(DOPOB M YCTaHOBHTH
H3BECTHBIH B JTIOMHMHECIIEHIIMH 3aKOH O HE3aBHCHMOCTH KBAHTOBOI'O BBIXOZA OT JJIMHBI BOIHEI
BO30YXIeHU4 (3aKOH BaBHiona).

7. CroxeHHe 3HepruH (POTOHOB BO3MOKHO:

a) TIPU CTONKHOBEHHH (POTOHOB;

0) ITPU OJHOBPEMEHHOM HMX B3aUMOJ[ECTBHH C aTOMOM WM MOJIEKYIION ;
B) ipu 3 dekre Jommepa;

r) mpu >pdekxre KommroHa;

) TIPH OAHOBPEMEHHOM B3aMMOJIEHCTBHH C S[POM aTOMa.

8. C TOUKM 3peHHS KBAaHTOBOH TEOPHH ITPH ITPOXOXKIEHHH CBETOBOTO MOTOKA BHIAHMOTO
JTHaIta3oHa Yepes3 CIOH JUAIEeKTPHKA BOSMOKHBI IPOI[ECCHI:

a) YIIPYroe paccesiHue Ha BIeKTPOHAX;

6) YITpyroe paccesiHue Ha aToMax HITH MOJIEKYIIax;

B) HEYIIPYT'O€ paccestHie Ha CBOOOMHBIX AIIEKTPOHAX;

T') VIIPYrOe paccessHie Ha HEOJHOPOTHOCT SIX;

1) HEYIIPYT 0e (KOMOMHAIMOHHOE) paccessHHe Ha aTOMaxX MM MOJIEKYIIax;

€) HOHM3BAITHS MOJIEKYII;

’K) HOHHM3AI[HI aTOMOB;

3) BBIPBIBAHHE BTIEKTPOHOB C IIOBEPXHOCTH.

9. IlpeHMMyINECTBEHHO KOPIIYCKYJISPHEIE CBOMCTBAa CBeTa IIPOSBIISEOTCS B TaKHX



SBIICHHMSIX, KaK:

TIyYel;

a) HHTePEePEHIIILT,

6) Anpaxiips;

B) dpotoad ek, KaK pa3sHOBHIHOCTE ITOITIOIIEHHS CBETa;

I) 3¢ dexr KomrrroHa, Kak pasHOBHAHOCTH PacCesHIS, CBOHCTBEHHAS TS PEHTT €HOBCKHX

1) 53¢dexr Jommepa.

10. CeeTOBBIE KBAHTEL — 3TO OCOOBIE YaCTHIIBI MHKPOMHpa, IIOTOMY UTO:

a) HX Macca IIOKOSI paBHa HYIIIO;

0) OHH NEPEMEIIAIOTCS B IIPOCTPAHCTBE CO CKOPOCTHIO CBETA;

B) OHH MOT'YT IIEPEMEIIATECS CO CKOPOCTHIO CBETA ITPH OIPE/EIIEHHBIX YCIIOBHSIX;

T) TIpH B3aUMOJIEHCTBUH C APYTHMH YaCTHI[AMH He IepeJaroT UM 4acTh SHEPIHH, TaK KaK

HE ACIEITCA H HE MOI'YT H3MCHHTE BECIIMYHHY CKOPOCTH,

) TIPH B3aHUMOAEHCTBHH C APYTHMH YaCTHI[AMH IIEPEAArOT UM HMITYIIbC;

€) IPH MaJIoi IUIOTHOCTH B 00beMe He HaOMoAaroTcs HX (MIIYKTYalluH TUIOTHOCTH
’K) OHH He HCIIBITBIBAIOT TPAaBUTAIIMOHHOTO IIPUTSDKEHHUS;

3) OHH JBHTAIOTCS TOIBKO 10 IIPSIMOH.

11. Buepruro GoroHa MOKHO PACCUHTATh ¢ HCITONB30BAHUEM (hOPMYIIL:
a) hv;

6) h\;

B) hc/k;

T) mv2i2;

I ki,

12. Vimimyibc poTOHA MOXKHO PacCUHTATh ¢ HCTIOIB30BaHHEM (DOPMYII:
a) hi\;

6) hv/c;

B) hc/k;

T) mv;

I hv.

13. Ha puHcyHKe TpUBEAEHBl BOIbTAMIIEPHBIE XAPAKTEPHUCTHKH (POTOSTEMEHTOB.

B o3MOXHEIMH IIPHYHMHaMH HX OTIIMUHHA SIBIISTEOTCSL:

y

U, U

a) OHM OTNIMYAIOTCS MaTepHaloM (OTOKATOZA, a, CIIeJOBATENbHO, padoTOH BHIXOHA

SJIEKTPOHOB;

6) OHM OOJIYYarOTCs CBETOM PasIMUHON YacTOTHI;
B) OHH OOJIyYarOTCs CBETOM pPa3IHUHON HHTEHCHBHOCTH;



) OHHM MMEIOT PasIMYHyIO ILTOIALh OCBEIaeMOfi paboueii TIOBEPXHOCTH, IIPH OJHOI U
TOI1 JKe MHTEHCHBHOCTH CBETA;
I) OHH MMEIOT PasIIHYIO TEMIIEPATYPY.

14. Ha pucyHKe TIpHBEIEHHI BOTBTAMIIEPHBIE XapaKTEPUCTHKH (OTOIMEMEHTOB.
B O3MOKHBIMH TIPHYMHAMI HX OTTIHYIIL SBISEOTCS:

Iy

it .

a) OHHM OTIIMYAIOTCS MaTepHalmoM (oTOKaTofa, a, CIeJAOBaTelbHO, padoTo BHEIXONMA
3JIEKTPOHOB;

0) OHM OOITYy4arOTCs CBETOM PA3IIMYHON YaCTOTHI;

B) OHH OOITY4aroTCs CBETOM Pa3IMYHOH HHTEHCHBHOCTH;

I') OHHM MMEIOT PAa3IWYHYIO TUIOMIAb OCBEINAacMON pabodyel MOBEPXHOCTH, IIPH OIHOW H
TOH e HHTEHCHBHOCTH CBETA;

Jl) OHH MMEIOT Pa3IMYHYIO TEMITEPATYPY.

15. Y cnekrpa TOpPMO3HOTO PEHTITEHOBCKOIO H3IIYYEHHUS HMEETCS KOPOTKOBOJIHOBAS
TPaHUIIA:

a) 1O TIPHYHHE JIEHCTBUSA 3aKOHA COXPAHEHHS SHEPTHH M TO3TOMY SHeprusi (OToHa He
MOXET OBITH GONBINE KHHETHYECKOHN 3HEPTUH ITOIA AFOINEr 0 Ha aHOJ| AIIEKTPOHA;

0) Tak KaK SHEPrHS AIEKTPOHOB, TTOMNMAAOIMX HA aHTUKATOJ PEHTTEHOBCKOM TPYOKH U
HCITBITBIBAOIIMX TOPMOKEHHE, UMeeT (PHKCHPOBaHHOE 3HaueHue el;

B) TaK KaK aHTHUKATOJ PEHTTEHOBCKOM TPYOKH UMEET Or PAHHYEHHYIO MACCY;

T) 110 PUYHMHE OT PAHWYEHH S CAMOTO JTHATIa30Ha PEHTTEHOBCKOI'O CIIEKTPA;

1) TIO TIpPUYMHE JASHCTBHS 3aKOHA COXPAHEHHS SHEPIHH M IMO3TOMY 3Heprusl (OoTOHa He
MOXXET ObITH OOIBINE SHEPTUH BJEKTPOHA, YCKOPEHHOrO 3IEKTPHYECKAM TTOIEM MEXAY aHOJOM
U KaTOZOM.

16. MoxeT 7 aOCOMIOTHO CBOOOHBIH 3IeKTPOH MOITIOTHTE (GOTOH?

a) He MOXET, TaK KaK HHaue OYZeT HapyIlleH 3aKOH COXPAHEHNS SHEPTHH;

0) He MOXeT, TaK KaK HHaue OyZeT HapyIIeH 3aKOH COXPAHEHH I HMITYIIbCa;

B) MOXET;

T') MOXKET, €CIM JJTHHA BOIHBI (POTOHA CPaBHHMMA ¢ KITACCHYECKHM PaJHyCOM 3JIEeKTPOHA
(~1077 a);

) MOYKET TIOTTIOTUTE (POTOH PEHTITEHOBCKOTO H3ITYYeHHUS.

17. Y3 popmyimsr AA = A(l —cos0) 71 KOMITTOHOBCKOTO PAacCEsHIS H CYTH CaMOoro

addexra KoMmrona cnemyer, 4ro:
a) TIpu paccessHuH (OTOHOB Ha HIEKTPOHAX BETIMUMHA CMEINEHHS JIMHBL BOIHEL ()OTOHA



3aBHCHT TOJBKO OT YIVIa PACcCEsHIL,

0) KOMIITOHOBCKas IUIMHA BOIHBL A He 3aBHCHT OT yITIa paccesHHsI 0, TaKk Kak 9TO
KOHCTAHTAa;

B) KOMIITOHOBCKAsl IJIMHa BONMHBI A He 3aBHCHT OT JJIMHBI BONHBEI (JOTOHA, TaK Kak
SBISETCS KOHCTAHTOMH;

I') KOMITTOHOBCKAS JIMHA BOIHBI A 3aBHCHT OT BEITHYHHEI AL,

I) TIPH paccesHiH (POTOHOB Ha SIEKTPOHAX BEIMUMHA AL HE 3aBHCHT OT BEIECTBa, Ha
KOTOPOM H3y4aeTCs pacCesHIeE.

18. Bddext Meccbayspa COCTOHT B TOM, UTO:

a) Pe30HAHCHOE TIOTTIONIEHHE Y-H3TyYEHHS BEIIECTBOM HE HaOMIoAaeTcs B IIPHHIIMILE;

0) Pe30HAaHCHOE IIOIJIOMIEHHE Y-HM3IIYYEHHUS IIPH OOBIYHBIX (HOPMAJbHBIX) YCIOBHSIX
MAaJIOBEPOSTHO (MAJIONHTEHCHBHO);

B) PE30HAHCHOE IIOTTIOIMIEHUE Y-H3IIyYeHUS BO3MOKHO IIPH IEPEMEIEHNUH H3ITy4aTerst
W TIOTTIOIIATEI S HABCTPEYY APYT APYTY;

T') PE30HAHCHOE IOITIOMIEHHE Y-H3IIYYEHNS BO3MOKHO B TOM CIIy4Yae, eCIH JOIUIEPOBCKOE
CMEII[EHHE YaCTOThl CKOMITEHCHPYET IOTEPH SHEPrHH (POTOHA TPU B3aUMOJAEHCTBHH C STIPOM B
COOTBETCTBHH C 3aKOHAMH COXPAHEHHS 3HEPTHH U HMITYJIbCa;

1) yCTaHaBIMBaeT (PH3MUECKHE YCIOBHA, INPH KOTOPHIX HaOMOAaeTcs Y-H3Ty4eHHS
IIETIOTO KITAcca BEIIECTB.

19. OHeprus KBaHTa 3IEKTPOMArHUTHOIO M3IIYYEHHSI MOXET IIPEBPAIlaThCa B APYTHE
BHJIBI SHEPTHUH B pE3yIbTATE:

a) TIOTTIOIIEHH ST (POTOHA BEI[ECTBOM;

6) paccessHUA (DOTOHA BEMECTBOM 0e3 M3MEHEHHUS 4acTOTHI;

B) MOTJIOMeHUsT (POTOHA OTAETBHBIM U H30IHPOBAHHBIM aTOMOM;

I) paccesHMS (OTOHa MONEKYIOH ¢ M3MEHEeHHEM YacTOTHl (KOMOHHAIIMOHHOE
paccesHue);

1) pacliajia yY-KBaHTa Ha SIEKTPOH U ITO3UTPOH IIPH B3aUMOJIEHCTBHH C MHUILIEHBIO.

20. Kakue u3 TepedMCIIEHHBIX HHKe IIPOIECCOB € TOYKH 3PEHHUS KBAHTOBOW TEOPHH
MOT'YT UMETh MECTO IPU ITPOXOXKIEHHHA CBETOBOIO IIOTOKA B BUIMMOM JHAIIA30HE Yepe3 TOHKHA
CTIOH (HEeCKOIbKO JUTHH BOIH) MeTarma?

a) OTpaXXeHHE OT TPAHHMI] Pa3/ena;

0) yIpyroe paccesHue Ha cl1abOCBsI3aHHBIX JIEKTPOHAX;

B) VIIPYTOE pacCesHUE Ha aTOMaX;

T) YIIPYTO€ PaccesHUE Ha HEOTHOPOTHOCTSIX;

JU) HeYIIpyTroe (KOMOMHAIMOHHOE) PacCcessHUE Ha aTOMax;

€) HOHHU3AIUSI MOJIEKYII;

) BRIPbIBAHHE IEKTPOHOB C ITOBEPXHOCTH.

21. Kakue U3 nepeunclIeHHbIX HUXKe ITPOIIECCOB MOTYT HMETh MECTO ITPH ITPOXOKIEHHH
CBETOBOTO ITOTOKA B BUIUMOM JHAIla30He Yepe3 TOHKHI CIIOH (HECKOIBKO JITHH BOIH) MeTala?

a) TIOTJIOIIEHHE CBeTa CIIab0 CBSI3aHHBIMH AIIEKTPOHAMH;

O) ITOTTIOIIEHHE CBETA aTOMAMI;

B) HOHH3AIHI aTOMOB;

T') BEIPbIBAHHUE BIIEKTPOHOB € IIOBEPXHOCTH;

1) TeHEepaLis 3K TPOHHO-IBIPOYHbIX ITap;

€) PeKOMOMHAIHS.

22. Kakne M3 NepedYMCIEHHBIX HHKE ITPOLIECCOB C TOUKH 3PeHHS KBAHTOBOM TEOpPHH
MOT'YT HMETh MECTO IIPH ITPOXOKIEHHH CBETOBOTO ITOTOKA B BHANMOM JHAIa30He Yepes TOHKIIT



CIIOH (HECKOIBKO IJIMH BOIH ) ITOIYIIPOBOIHUKA?
a) OTpa’kKeHIe OT IPaHMIl pas3[ena;
6) YIIPYToe paccesHue Ha CBOOOIHBIX IEKTPOHAX;
B) HEYIIPYT'OE pacCesHIe Ha CBOOOMHBIX AIEKTPOHAX;
T) YIIPYroe paccesiHrie Ha HEOJHOPOJHOCTSIX;
Il) HeYIIpyroe (KOMOHHAIMOHHOE) pacCesHIe Ha aTOMaX WIH MOJIEKYIIax;
€) HOHM3AL[Hs aTOMOB;
) TeHepala SNEeKTPOHHO-ALIPOYHEIX I1ap;
3) PEKOMOMHALIHA.

Tect Ne 2.1 (Monens aroma Pezepdopaa — Bopa)

1. [IpaBuibHO 1M OYIET YTBEPKAEHHE, YTO BIEKTPHUYECKHH TOK B MeTa/llIax OOYCIIOBIIEH
IBIKEHHEM CBOOOJHBIX 3IEKTPOHOB, B PACTBOPAX — JBHKEHHEM HOHOB, a B I'a3aX — ABHKEHHEM
31IEKTPOHOB H HOHOB?

a) Ja;

©) HeT.

2. llpaBWIBHO M TOBOPHUTH, YTO BNIEKTPOHBI OBUIM OTKPBITEI QapageceM, TOMCOHOM H
MWUIHKEHOM OJHOBPEMEHHO?

a) 11a;

0) HeT.

3. BepHO 1M yTBepXKJIeHHE, YTO Macca 3ekTpoHa B 1500 pa3 MeHbIlle, 4eEM Macca aToMa
Bopopoaa?

a) 11a;

©) HeT.

4. BepHO M YTBEpXKACHHE, YTO Macca IEKTPOHA 3HAUMTEIIbHO MEHBINE MACCHI CAaMOTO
JIETKOT'0 aToMa — aToMa Bopopoja?

a) Ia;

0) HeT.

5. MOXHO JIH TOBOPHUTH, UTO Pa3MePHI SIpa aTOMA 3HAUUTEIIEHO MEHBINE Pa3MepPOB aTOMa
B IlenmoM?

a) Ja;

O) HeT.

6. CO-4acCTHI[BI MOTYT PacCEHBATLCSI TONBKO SApaMH aTOMOB M IIPaKTHYECKH He
paccenBarOTCs AIEKTPOHAMH. 11 BCeX JIH aTOMOB 3TO CITPaBEITHBO?

a) 1a;

0) HeT.

7. MOXHO JTM YTBEpPXkKAaTh, UTO C-YACTHIIEI He pacceHBaroTCsa B OIMBITe Pesepdopma Ha
VIIIBL Gonee 90°, TIOTOMY YTO pasMepbl suep ~10" M 1 o-yacTHIa B HUX He MOXeT ITOIacTs?

a) 1a;

0) HeT.

8. BepHO 1 yTBepXAeHHE, YTO BEPOSTHOCTh PacCesHUSI O-YacTHI[ He 3aBHCHT OT MX
CKOPOCTH, a 3aBHCHT OT 3apsija supa aroma’?

a) ma;

0) HeT.



9. MoXxHO 1M ZOKa3aTh, UTO IIPOH3BEACHIE UMCIAa PacCesSHHBIX O-4acTHI[ Ha cos? p
SIBIISIETCSI KOHCTAHTOH U HE 3aBHCHT OT YITIa PaCCEesHNI?

a) Ja;

O) HeT.

10. Arngercs mu auddeperimnansHoe 3PQPeKTHBHOE ceyeHHe paccesHHSI (QyHKIIHeH
TOMIIMHBL (POIBTH?

a) na;

0) HeT.

11. TlpaBWIbHO 1M PACIIONOKEHHI B INKale JUIMH BOMH II0 Mepe BO3PACTAHHS A
CIIEKTPaIbHBIE CEpPHH Bogopoja: cepus JlaiimaHa, cepusi bampmepa, cepus [lamena, cepus
Epexketa, cepus [1dyHma?

a) 1a;

0) HeT.

12. MOXHO JH ¢ TIOMOMIBI0 0000ITIeHHOH (popMyIsl BambMepa paccUuTaTh JIHHY BOIHEL
TTFO000M JIMHUM CTIEKTPA U3TYYEHH I HOHA TeTHs?

a) 1a;

©) HeT.

13. MOXHO JH ¢ TIOMOIIBIO 3allHCaHHON HHXKe (hOPMYIEI PacCUMTaTh AMHY BOITHBI 3-

1 1 1
JIMHMH cepuH BanmpMepa Bomopoma: — > R = | T
1 2" 3
a) 1ta;
0) HeT.

14. TlpapmiabHO 1M CHOPMYIMPOBATE KOMOHWHAIIMOHHEIN TIPHHIMMIT PHTIA: BOTHOBOE
YUCITO 000 JIMHUA CIIEKTPA SBIIFETCS KOMOHHAIIUEN 2-X TEPMOB?

a) Ja;

0) HeT.

15. B omeiTax @panka u ['epifa 0OHapyKMUBAIOTCS AUCKPETHBIE YPOBHH SHEPTUH aTOMOB
PTYTH U He OOHAPYKUBAETCS HENPEPHIBHEIN KOHTHHYYM 3HEPIHH HOHU3HPOBAHHBIX aTOMOB. Tak
U 3707

a) 11a;

O) HeT.

16. CripaBeNIMBO JTH YTBEPXKAEHHE, YTO BHYTPEHHISI SHEPTHS aTOMA SBISETCS SHepPruei
CBSI3H BIIEKTPOHA B ATOME — SABIISETCS BEIMUMHON OTPHI[ATENBHOMN, OTCYHTEIBAETCS OT 3HAYEHHS
SHEPTHH ITOKOS YACTHI[ M €€ BelIMYHHA MOJKET IPHHHMMATH JUCKPETHBIH HaOOp BO3MOMKHEIX
3HAUEHHI ?

a) Jia;

0) HeT.

17. IlpaBma mu, uTO 3HAUEHUS TEPMOB MOHA Ielus B 2 pasa OONbINE 3HAUYEHHI TEPMOB
aToOMa BOZOpPOZA.

a) 1a;

0) HET.



18. MoXHO 1MH CKa3aTh, YTO B COOTBETCTBHH C IIPHHIIMIIOM COOTBETCTBHS 4YacToOTa
H3ITy4YeHHS, OIpeAenseMas 2-M IOocTylIaToM Bopa paBHa yacTore OOpallleHHs 371eKTpPOHa IT0
opOHTe IS BCEX PagiycOoB OpOHT.

a) 1a;

0) HeT.

19. IIpaBMIbHO 1M TOBOPHTH, 4YTO CTAaTHUCTHYECKHMI BEC YPOBHS MWIH CTEICHb
BBIPOXKIECHHS YPOBHS — 3TO YHCIO COCTOSIHII, HaIIPHMEDP: BO3MOXKHBIX TPACKTOPHI IBIDKEHIS, C
OJMHAKOBOH SHEPIHUEH.

a) ma;

0) HeT.

20. BepHo mu OyzeT cyMrarh, YTO B MOMEHT HMITYIIbCA 3JIEKTPOH IPUHHUMAET TOJIBKO
JIUCKPETHBIE 3HAYEHU S, IPHYEM JIJIS CIIy4asl KpYTOBBIX OPOHT 3TO OIHO 3HAYEHHE, a A CITydas
SITAIICOMIATIBHBIX OPOHT — 3TO APYTHE 3HAYCHHS.

a) Ja;

©) HeT.

21. B ycinoBHH KBaHTOBaHHS 3oMMepdembia paccMaTpHBAIOTCS 0600IIeHHEIe HMITYIIHCHI

H 0GOGIIEHHbIE KOOPIHHATEI m p.dq; = n.h . Tak m 510?

a) 1a;
0) HeT.

Tect Ne 2.2 (Mogmens aroma Pesepdopia — Bopa)

1. Ecm B ombITe Pesepdop/ia MO paccesHUIO (L-UaCTHIL HA 30JI0TOH (POIbIe O-4acTHITBI
3aMEHHTH Ha ITPOTOHBI, TO J[OMS PACCESIHHBIX YACTHI]

2. DNeKTpUYeCKHM TOK B ra3ax OO0YCIOBJIEH HallPaBIEHHBIM JABHKEHHEM
3aPSIOB.

3. Ilpu »sIeKkTpolnH3e TPOITYCKAIOT OJWHAKOBBIM TOK JIISI OJHOBAIEHTHBIX U
JIBYXBAIICHTHBIX aTOMOB MeTallNIOB. [IpH 5TOM Ha 3IEeKTPOJie 3a OZHO M TO K& BpeMs MOJIeH
BEIN[ECTBA ONHOBAIIEHTHHIX ATOMOB BBIJCIHTLCS B (cxombKOo) pas(a)

(BOBITIE HITH MEHBIIIE),

4. B mozemu ToMcOHa aTOM BOAOPOZA IPEJCTABIISIET COOOM TONOKHTENBHO 3apsDKEHHbII
Imap, B IEHTPe KOTOPOr O HAXOAUTCS

5. B ompitax Pesepdopfia UHCIO paccessHHBIX O-YaCTHI[ OKa3alloch 3HAYHTEITBHO
0
, UEM HHCIIO TTAJArOINX H UMEITHCH CITYYaH PacCesHIs Ha YT 6 > 90,

6. 13 ombiToB Pesepdopia cinexyer, UTo B LIEHTPe aTOMa HaXOAHTCS (Ka-Koi 3HaK)
3apsOKEHHOE PO, pa3Mephl KOTOPOTO 3HAYHTEITbLHO (GombIle WM MEHBIIE)
Pa3sMEpPOB aTOMa, BOKPYT KOTOPOTO ABHIKETCS yactHia. [Ipu sTom Pesepdopn He

CMOT' OOBSICHHTB, ITOUEMY TaKOH aTOM

7. Ilpu BeBOZe ¢opMmymsl Pesepdopma AIS paccesHHS O-YaCTHI[ HCIIONB3YeTCS
CTATHCTHYECKHI IIOAXOX M BBOJWTCS IIOHATHE . Ilpn sroMm paccesrme




00YCIIOBIEHO KYIOHOBCKIM B3aHMOZEHCTBHEM O-YACTHIIBL C SIAPOM.

8. Jlonsa paccesHHBIX O-4acTHI[ B ormbITe Pesepdopma (3aBUCHT MWIH He
3aBHCHT) OT KHHETHYECKOH SHEPIMH O-YacTHI[, 3apsfa smep aToMOB (POMBIM M TOIIIIHEI
¢domsru.

4
9. OTHOCHTEIBPHOE YHCIIO PacCesHHBIX B OIMbITe Pesepdopia yacTHIl H cos (p/2) CBSI3aHEBI
MEXIY cOOOM 3aBHCHMOCTBIO.

10. CriekTpalibHOH cepHeH Has3bBalOT COBOKYITHOCTh CIIEKTPAIbHBIX JIMHHI, KOTOPHIE B
CBOESH TIIOCIIEOBATENBHOCTH B INKalle [UIMH BOJMH WM 4YacTOT M B PpaclpelelleHHH

HHTEHCHUBHOCTH OOHAPY KHBAIOT . [Ipn 3TOM NHHHHM HYMEPYIOTCS HauMHas C
caMoi (INIMHHOBOJIHOBOH, KOPOTKOBOJTHOBOM) ITO MEPE YBEIIHMYEHHS U HX
HHTEHCHBHOCTH € BO3PacTaHHEM HOMEpPa (VBEMMYMBAIOTCS, YMEHBIIAIOTCSI).

11. BomHoBOoe wumciIO IHOOOM CIEKTPAIbBHOM IJIMHHMM MOXHO TIPEJCTaBHUTh KakK
KOMOHHAIIHIO JIBYX

12. B rmocrymarax bopa mNOCTyIHpyeTcs HAUCKPETHOCTh (Kakoi
XapPaKTEPUCTUKH) aTOMa H MCXOAS M3 S3TOT0 MOXHO OOBSICHHTH JIMHEHYATBIM XapakKTep
(M3TY4YEHH S, PACCESTHHU ).

13. B criekrpe U3Iy4eHHUS BOAOPOJAa B BUIUMOM OONACTH CIIEKTPa HaOIFOHMAETCSI CEpHs
, @ B YIbTPa(pHOIEeTOBOI CepHs

14. Pa3sHOCTH BOIHOBBIX 4yHcel 4-i U 2-i JTMHUA B cepur JlaiiMaHa COOTBETCTBYET
BOITHOBOMY YHCITY, JMHHUHA CEPHH

15. JlnuHa BONMHEI (POTOHA, COOTBETCTBYIONIETO 2-H MTHMHHH cepHH BanbMepa y Bomopoaa
, Ye€M JUTMHA BOJIHBI TAKOH JIMHUH Y HOHOB TeITH L.

16. OuzHUecKHii ¢MBICI ITOCTOSHHON [[TaHKa COCTOHT B TOM, YTO OHA SBIISIETCS KBAaHTOM

17. B coorBercTBHH ¢ TeopHel 3ommepdenbia, eclIH SHEPTHS BOAOPOAOMOTOOHOrO
atomMa E,, TO 3IEKTPOH MOXET COBEPINATh JABHXKEHHE TOIBKO ITO opOHTaIsIM, U3
KOTOPBIX KPYTOBBIX M SIDTHITTHYECKHX.

18. CoctosHus, oTmiyarorpecs: (GopMoi TPaeKTOPHHU JBHKEHHUS U UMEIOIHE TIPH 3TOM
OJTMHAKOBYIO SHEPrUI0, HA3BIBAIOT . JImsi BBIPOKJEHHBIX COCTOSHHIA MOMEHT
HMITYJIbCa SITEeKTPOHA

19. B ommtax Byjma 1o pesoHaHCHOH (IIYOpPEeCIeHIMH aTOMOB PTYTH PpPe3OHaHCHOE
BO30YKJIEHHEe aTOMOB PTYTH OCYINECTBIISIIOCH JTAMITOHN, CITEKTP H3TYYeHHS KOTOPO#i
JTHHEHYATEIA,

Tecr Ne 2.3 (Mopenb aroMa Pesepdopaa — Bopa)
I. B omperrax Pesepdopma Iy4OK O-4acTHI[ 3aMEHIIH Ha ITY4OK IIPOTOHOB. UTO

H3MEHHTIOCH ?
a) UHCIIO O-YaCTHII pacCesHHBIX B 3aMaHHOM 3JIEMEHTE TEJIECHOTO YITia df2 YBEIHYHIIOCE,



6) 4HCIO O-YacTHIL pacCeiaHHBIX B 3aJaHHOM 3JIEMEHTE TEJIECHOI'O VIlla dQ
YMEHBIIIIIIOCE.

2. B omeirax Pesepdopma IyuoK O-4acTHI[ 3aMEHIVIH Ha IIY4OK HEHTpoHOB. Uro
H3MEHHIIOCH ?

a) YHCIIO (-YaCTHI[ PaCCESHHBIX B 3aJaHHOM 3JIEMEHTE TEIECHOIO yITIa d<) YBEIHMYMIOCE;

0) UHMCIO O-YaCTHI[ pacCesHHBIX B 3aJaHHOM JJIEMEHTE TEIECHOro yriaa dQ
YMEHBIIMIIOCH.

3. B onpiTe Pesepdopaa miaTHHOBYIO (ONBIY 3aMEHIIIH Ha 307I0TYI0. UTO H3MEHHIOCEH?

a) YMCIIO O-YaCTHII pacCeSHHBIX B 33JaHHOM 3JIEMEHTE TEIIECHOT'O YITa df2 YBEIMYHIIOCE;

0) 4YMCIO O-YaCTHI[ PAaCCESHHBIX B 3aJaHHOM DJIIEMEHTE TEIECHOro yriaa d<
YMEHBIINIIOCH.

4. Cytp orbIToB Dapajies 1Mo 3IIEKTPOIM3Y COCTONT B TOM, YTO:

a) KOIMHYECTBO BEINECTBA, BBUICISIOINEECS HA SIEKTPOAEC TIPH  3JIEKTPOIHM3E
MIPOIOPIHOHATIBHO KOIIMYECTRY 3apsifia, IIePeHeCEHHOMY MEXKIY SIEKTPOIaMH ;

6) KOTHYECTBO BEIECTBA, BBRIJIEILSIOINEECS Ha SIIEKTPOE TIPH SIEKTPOIHM3E HE 3aBHCHUT OT
BEIMYMHBI IIEPEHECEHHOr O 3apsijla U CUIIBI TOKa;

B) KOIIMYECTBO BEINECTBA, BHIACILIIONIEECS Ha BIEKTPOAE A Pa3INYHBIX 3JIEKTPOIMTOB
IIPH OJTHOM H TOM K€ KOJHYeCTBE INEPEHECEHHOTO 3apsijia MPOIIOPIMOHAIbHO aTOMHBIM BecaM
HFIOHOB;

) 2NeKTPHYECKHH TOK B BIIEKTPOIUTE OOYCIOBIEH ABHKEHHEM HOHOB M OJHUH TPaMM-
aTOM ITFOOBIX OJTHOBAJICHTHBIX WIH MFOOBIX JIBYXBAIEHTHBIX HOHOB HECET ¢ COOOKO BCETa OJHO U
TOE KOIIMYECTBO 3IeKTPHIECTBA, papHOe yHcty Dapajes;

J1) SIEKTPHUYECKUI TOK B 3JIEKTPOIUTE OOYCIOBIIEH ABHKEHHEM HOHOB M OHH TPaMM-
aTOM JIOOBIX ONHOBAJIEHTHBIX HOHOB Becerjla HeceT ¢ co0OI0 OJHO H TOXe KOIHYECTBO
3JIEKTPHYECTBA, paBHOE uHcTy Dapazes, a MOOBIX ABYXBaICHTHBIX HOHOB HECET C COOOH BCEra
B JiBa pa3a OOJIBINHKA 3apsi;

€) KOIMYECTBO BEINECTBA, BHIACILIIONIEECS Ha 3IeKTPoAe JUISA  Pa3IHYHBIX
ONHOBAJIEHTHHIX, JABYXBAJIEHTHBHIX H TPEXBAICHTHBIX HOHOB, KOTOpble OOpa3yrOTCsS IIpH
PACTBOPEHHH COOTBETCTBYIOIIUX CONEH ITPH ITPOITYCKAHHH 3IEKTPHYECKOTO TOKAa 3aBHCHT OT
BPEMEHH ITPOITYCKAHHST;

) SIEKTPOIHU3 HaOIIOAAICS TOMBKO JIJIS CONEH IMENOYHBIX METAIIIIOB.

5. DNEeKTPUUYECKNUN TOK B Pa3psDKeHHBIX ra3ax MPEACTaBISET COOO0M:

a)  JBHXKEHHE  CBOOOMHBIX  BIIEKTPOHOB,  SMHUTHPOBAHHBIX B pe3yibTaTe
TEPMOBIIEKTPOHHON SMUCCHH € KaToja;

0) IBMKEHNE MOHOB, 00Pa3YIOMIUXCS IIPU HOHU3AIIUH aTOMOB;

B) ABIJKEHHE CBOOOHBIX BIIEKTPOHOB, 0OPA3YIOIHUXCS ITPH HOHMU3AI[HH aTOMOB r'asa;

') JBHKEeHHE aTOMOB;

J1) IBHKEHHE MOJIEKYI.

6. Ilpu IMpoIycKaHHH SIeKTPHUYECKOro TOKa Yepe3 pa3psKeHHBIe Ta3bl HaGMIOMaeTcs
TPEeKOOGPpa3Hoe CBeUeHHe, KOTOPOe BEI3BAHO:

a) HOHM3aIlHeH aTOMOB;

0) IBMKEHHEM CBOOOJHBIX 3JIEKTPOHOB;

B) ABI)KEHHEM HOHOR;

I') peKOMOHHAI[MEN HOHOB H 3IIEKTPOHOB, CIIEAVIOIIEH ITOCIIe HOHH3ALMH aTOMOB;

1) yZapaMH 3IEKTPOHOB 00 aHOJI;

€) yZapamH HOHOB (KaTHOHOB) O KaTOJ.



7. B mozem1 aroma ToMcoHa:

a) BIIEKTPOH CUMTAETCS HETTOABHKHBIM;

6) TONOXWUTEIPHO 3apsOKeHHAs YacTh aToMa CUMTAaeTCs HETIOABIDKHOM, TaK Kak
3HAUNTEIBHO TSDKETIEE BIIEKTPOHA;

B) pasMep ITONOKHUTENBHO 3apSDKEHHOIO «IIyAHHIa» 3HAUYUTENBHO OONbBINE pasMepa
3JIEKTPOHA;

I) 3JIEKTPOHBI HAXONSICA Ha ITOBEPXHOCTH ITOJIONKWUTEIBHO 3apsyKEHHOrO OOMIBIIOIO
«ITYIUHTa», IIPUTSTHBASICh HM;

1) DIEKTPOHBI HAXOASITCS BHYTPH IIONOMHUTEIBHO 3apSDKEHHOIO «IIyAHMHTa» M MOT'YT
COBEpINaTh KoIeGaHHsI OTHOCHUTEIBLHO TI0JI0KEHHUS PAaBHOBECHS,

€) BIIEKTPOHBI COBEPINAIOT ABHKEHHE BOKPYT ITOJIOKHUTEIHHO 3apsUKEHHON YaCcTH aTOMA;

8. Pesymprare! onbita Pesepdopaa:

a) OONBIIHHCTBO O-YaCTHI[ TIPOXOASIT uepe3 (OIBIY He HCIBITEIBAsS HHKAKHX
OTKIIOHEHHII;

6) YMCIIO pacCesIHHBIX O-4aCTHI[ YBEIMYMBACTCS C YBEIHUEHHEM YIJIa PACCESHHS;

B) C-YaCTHI[bI OTKJIOHAIOTCS Ha YITIbI He OOIbIIE 900;

T') YHCIIO pacCesHHBIX ({-4aCTHI[ OY€Hb Mallo;

JU) ECTh CIIy4au OTKIIOHEHMS ({-4aCTHIL Ha 1800;

€) UHCIIO PAaCCESHHBIX O{-YACTHI[ YMEHBITAETCS C YBETHUEHHUEM YITIa PAaCCEIHHU .

9. [Tociie OIBITOB IO paccesTHHIO C-uacTHI] Pesepdop caenan BRIBOIHL:
a) CYIIIECTBYET SIepHAsI MOJIEIIb aTOMa;

0) OIBIT ITOATBEPAIIIA MOZIETh T OMCOHA;

B) CYITIECTBYET IDIaHETapHas MOAETb aTOMa;

T) B S7IPe CKOHIIEHTPHPOBaHa MTPAaKTHYECKH BCS Macca aToMa;

J1) pa3MepsHl spa COIMMOCTABHMEI ¢ Pa3MeEpaMH aToMa;

€) pa3MepsI SApa 3HAUUTEILHO MEHBIIE pa3MePOB aTOMa.

10. YTo HazbIBaeTCS IIPUIIEIIEHBIM PACCTOSHHUEM?

a) PacCTOSIHUE MeXXAY TPaeKTOpHeH ABHKEHHUS [3-4aCTHIBI H aCHMIITOTOH K TPaeKTOPUH;
6) paccTosHME OT aTOMa JO NEPBOHAYAIBHOIO HAIIPABIEHU S IBHKEHHS [3-UaCTHIIBI;

B) TOJIIIMHA PACCEHUBAIOIIETO CIIOS;

T) CeYeHHE PACCESHUS;

1) PasHHI[A MeKIy TPaeKTOpHe [3-4acTHIBI U THITEPOOIHYEeCKONH TPaeKTOPHEH.

11. KakoB ¢u3nueckuit cMBICT 3P PeKTHBHOTO CeUeHHS paccesTHHA?

a) B MEXaHWYECKOW MOJEIM: 3TO IUIOMaJKa (MHIIEHB), TIOMAaB B KOTOPYIO YacTHIlA
HCITLITHIBAET OTKIIOHEHHE;

6) B CTaTHCTHYECKOH HHTEPIPETAIMH: 3TO BEPOSTHOCTh HCITBITATh PacCesHHE OJHOH
YACTHIIE;

B) 5Ta BeJMYMHA (PH3HIECKOTO CMBICIIA He HMEET;

I') ceyeHHe ITyuka paccesTHHBIX YacTHI[ B OITbITe Pesepdopia;

JI) ceueHne ITyJKa MaJaroliX YacTHII;

€) OTHOITIEHHE CEYEHM S ITyYKa PACCESHHbIX YaCTHI[ K HHT€HCHBHOCTH I1aIafOIHX YaCTHIL;

) OTHOIIIEHHE Y ClIa PACCESHHBIX YaCcTHI[ K HHTEHCHBHOCTH TaarOIHX YaCTHII,

12. ®opmyna Pezepdopza I paccesHI O-4acTHI] IIOKa3bIBAET, UTO YHCIIO PACCESHHBIX
JACTHIL:

a) HE 3aBHCHT OT CKOPOCTH HX JIBIDKEHIS,

) IPOTIOPLIMOHATIEHO CKOPOCTH MX JBIDKEHIL,

B) 06paTHO IIPOIIOPIMOHATILHO YeTBEPTOH CTEIIEHH CKOPOCTH IBIDKEHHS O-4aCTHII;



T') IIPOIIOPIHOHATBHO TOMIIHHE (POTIBIH Ha KOTOPOH ITPOHCXOIHT PACCESHIIE,;

Il) HE 3aBHCHT OT YIJIa PaCCEesHIT;

€) 3aBHCHT OT YITIa PacCesHUs;

’K) TIPOTIOPIIMOHAIBHO TIOPSIIKOBOMY HOMEPY 3IIeMeHTa B Tabnuie MeHIeneeBa;

3) IIPOTIOPLIHOHATHFHO KBaApaTy IOPSIKOBOrO HOMepa dleMeHTa B Ta0mile MeHzeneepa;
1) o0paTHO IIPOITOPLIMOHATIEHO sin* P;

K) 00paTHO ITPOIMOPLIHOHAIBHO sin P;

JI) IIPOITOPLIMOHAIEHO sin4(p1’2).

13. Kakue H3 npeacTaBlIeHHBIX (PYHKITHOHATIBHBIX 3aBHCHMOCTEH IIPaBIIBHO OTPa’karoT
dbopmyny Pesepdopma At paccesHIsA O-4acTHIL.

a) dN/N ~ 77,

6) dNIN ~ Z;

B) dN/N ~ &";

r) dN/N ~ &%

1) dNIN ~ cos’p;

%) dN/N ~ sin’p;

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

Tect Ne 3 (YacTuilsl ¥ BOIHBL. KOPITYCKYIISPHO-BOITHOBOH Jyalli3M)

1. KakoBO U3 MpejIcTaBIeHHBIX HUKE BBHICKA3hIBAHUK OTpaXKaeT CMBICI HJeH Jie bpoiins?

a) MHKPOYACTHI[BI He SBISIOTCS B CTPOrOM KIACCHUECKOM CMEBICIE YaCTHI[AMH, a
SIBISIFOTCS BOITHAMH

0) MHKpOYacTHIlaM, KaK M BCEM MaTepHalbHbIM OOBEKTaM BOOOINE, CBOWCTBEHHO
MPOSIBIIATh KaK KaueCcTBO YaCTHII, TaK M KauyeCcTBa BOIH, ITOJOGHO CBETY;

B) KODPIYCKYISPHbIE H BOIHOBHIE XapaKTEPHUCTHKH CBS3aHBI MeEXTy CO00H I
HU3ITYYEHHUS U JUTS BEMlecTBa OJHHAKOBBIM 00pa3oM.;

T) JeGpoitneBckas JUIMHA BOIHBI (DOTOHA H 3IeKTPOHA OJIMHAKOBA;

J1) JBHXKYIMUMCS MATEPHAIBHBIM OOBEKTAM COITOCTABIAETCS HEKOTOPBIM BOIHOBOM
MIPOIIECC.

2. JImiHa BOIHBEI Jie bpoiind Jie Bponiis YacTHIBL OIpeeIIeTCs:
a) ee pazMepaMu;

0) ee MACCOI;

B) CKOPOCTBIO €€ JBHKEHUS;

T') YCKOPEHHEM, ¢ KOTOPBIM OHa JBHTAETCS;

J1) BHYTPEHHHM CTPOEHHUEM H COCTaBOM;

€) JJIMHOW CBETa, U3ITy4YaeMON €M}

) JEHCTBYIOIIEHN CHIION.

3. Kaxunvm u3 TIPHBEACHHBIX ('bOpMyJ'I MOXHO ITOIIb30BATLCA JJIA pacieTa JTMHBI BOIIHBI

nie Bporis.
a) A= hlv;
0) A = himv;

B)?u=hf\/2nI+T;

r) A=hV1-v*/c* Imyv;
) l=h/\/m;

e) th/m;



&) A = himc;
3) A =c/v.

4. Kakue 13 IMpHBEACHHBIX HIJKE XapaKTEPHCTHK IIPABHILHO OTPa’Kal0T CBOMCTBA BOIH
ne Bpoitna?

a) (pazoBast CKOPOCTh GONbINE CKOPOCTH CBETA B BAKyyMe;

6) (azoBast CKOPOCTh MEHbIIIE CKOPOCTH CBETA B BAKYyME;

B) TPYIIIIOBAas CKOPOCTh PaBHA CKOPOCTH ABHKEHHUSI YaCTHI[BL;

I') IPYIIIOBasl CKOPOCTH GOTIBINE CKOPOCTH ABHKEHH S YaCTHIBI;

Il) KasKI0H OOPOBCKOH OpOHTE COOTBETCTBYET CTOSYasA BOIHA Jie bpoiis aleKTpoHa;

K) IymHe OOPOBCKOH OPOHTHI COOTBETCTBYET IEJIOE YHCIO AeOPOHIEBCKUX JJIMH BOJIH
3IIEKTPOHA;

3) JJIMHA KaKAOhM OOpOBCKOH OpOHMTHI KpaTHA YETHOMY YHCIIY IIOIYBOJIH e bpoia
3IIEKTPOHA;

M) JUIMHA Ka)XIoH OOpOBCKOM OpOMTHL KpaTHa IEIIOMY YHCIIY IIONIYBOIH Jie¢ bpoiis
3IIEKTPOHA;

5. Kakue M3 mpejcTaBleHHBIX HIKe (POPMYT MPABIWIBHO YCTAHABIIMBAIOT CBS3b MEKIY
pamycaMu OOPOBCKHUX OPOUT M AeOpOIIIEBCKOM JJIMHOM BOIIHBI AJIEKTPOHA?

a) r, = nk;

0) ru = h;

B) I'n = h A;
T) 1, = nA/20;
) 20r, = nA.

6. Ecmu 53IeKTpOH M HEWTPOH JBHXKYICS PAaBHOMEPHO M IIPSAMOIMHEWHO, TO B
COOTBETCTBHH C TEOPHEH Jie bpoins

a) UM COIIOCTaBIISIETCA BONHOBOM IIPOIlecC KAaK B CIIydae HAEaIbHBIX TNIOCKUX BOJH,
NIpHYEM OJWHAKOBOH YaCTOTHI;

0) HEHTPOHY COITOCTABIISIETCSA TUIOCKAS BOJIHA, a AIEKTPOHY 3aT yXaroIast;

B) MM COITOCTABJISTIOTCS c(pepuuecKue BONHBI, TaK KaK YaCTHIIH OUeHh MalleHbKHUE;

T) SIIEKTPOHY COMOCTABRIAETCS cpepruiecKasi BOITHA, a HEHTPOHY TLIIOCKAST;

J1) M COIIOCTARJISOTCS TUIOCKHE BONHBI PA3IMYHON YaCTOTHI, TaK KaK Y HUX Pa3IHYHbIA
3apsn;

€) UM COIIOCTABIISFOTCS ITUIOCKHE BOJHBI PA3IMYHON YacTOTHI, TAK KaK Y HUX Pa3IHYHASL
Macca.

7. B ombitax J[3BHCOHA U J[>KepMepa HCCIIeJOBAIIICh

a) BIUSHUE ITy4YKa AIEKTPOHOB Ha CTPYKTYPY KPHCTAIDIA HUKEILS;

0) paccesHHe OSIEKTPOHOB KPHUCTAUIOM HHKENS B 3aBHCHMOCTH OT YCKOPSIOIIETO
HAIPSDKEHUS Ha JIEKTPOHHOMN ITyIIKE;

B) 3aBHCHMOCTH CKOPOCTH ITy4YKa AJIEKTPOHOB OT YCKOPSFOIETO HAIIPSDKEHUS;

T) OTpaKeHHeE ITy4Ka 3JIEKTPOHOB MOHOKPHCTAJUIOM HUKEILS;

Jl) 3aBHCHMOCTh MHTEHCHBHOCTH OTPaKEHHOTO OT TUIACTHHKHU ITONMHKPUCTAINIMYECKOTO
HHKEJIS ITy4Ka AJIeKTPOHOB OT YITIA MaJeHusI.

8. B omertax [I3BHcoHa 1 [[»KepMepa OBIIIO OGHAPYKEHO:

a) MHTEHCHBHOCTH PACCESHHBIX KPHCTAINIOM HHKEIS 5JIeKTPOHOB 3aBHCHT YITIa
paccesHus, IIpUYeM HaHOONbIIas HHTEHCHBHOCTD COOTBETCTBYET YITIY 3epKaIbHOTO OTpakeHH S,

6) MHTEHCHBHOCTh PACCESHHBIX KPHCTAIIOM HHKEIS »IeKTPOHOB 3aBHCHI OT YITIA
paccesHI 1 IIPeAcTaBIgeT coO0H CHCTEMY YePeAYIOIIIXCS MAKCHMYMOB H MHHHMYMOB,



B) paclpefeneHHe HHTEHCHBHOCTH PACCeSIHHBIX KpPHCTALZIOM HHKENS 3MIeKTPOHOB
3aBHCHT OT YITIa ITaJ{eHHS;

I) pacIpelelleHne HHTEHCHBHOCTH PACCESHHBIX KpHCTAUIOM HHKEIS 3MIeKTPOHOB
3aBHCHT OT HaIIPSLKEHIS Ha SIIEKTPOHHOMN ITYIIKE;

1) paclpefeleHHe HWHTEHCHBHOCTH PACCESHHBIX KpPHCTAZIOM HHKENS 3IIEKTPOHOB
3aBHCHT OT KPHCTAIUIMYECKOH CTPYKTYPBHI HHKEIS H H3MEHSIETCS B IIPOLECCe TEPMHYECKOMH
00paboTKH KpHCcTallia.

9. B pesymprare oIBITOB [3BHCOHA H [[kepMepa OBLIIO YCTaHOBIIEHO:
a) SIIEKTPOHBI IIPOSIBIISIEOT BOTHOBBIE CBOMCTBA II0AO00HO PEHTTEHOBCKOMY H3ITYyYEHHIO;

6) dopmyma Ae Bpoftma mIa onpeleneHHS MTHHEL BOIH 3IMeKTPoHOB A = /i /~2melU
CIIPaBE]INBA;

B) BOJIHOBBIE CBOMCTBA 3JIEKTPOHOB IIPOSIBIISIEOTCS TONBKO ITPH BBICOKOH IDIOTHOCTH
MTyYKa SIIEKTPOHOB KaK KOJTIEKTHUBHBIT 3 (eKT;

I) Je OpoiieBcKasl JUIMHA BOIHBI 3JIEKTPOHOB 3aBHCUT OT KPHUCTAIUIMYECKOH CTPYKTYPEL
HHKETS H M3MEHSETCS B PE3YIIbTaTe TEPMUYECKOH 00pabOTKH KpHCTalIa;

) OOIydyeHHMEe HHKeNId IIy4KOM 3IEeKTPOHOB IIPHBOAWT K HApYyIIEHHIO €ro
KPHCTAIIMYECKON CTPYKTYPBHI;

€) DOIEeKTPOHHBIE ITyYKH MOXKHO MCIIONB30BaTh JUISI H3Y4YEHHS KpPUCTAJUIMYeCKOH
CTPYKTYPHI BEIIIECTB.

10. SBnenue qudpaKIiH YaCTHI] HEBO3MOKHO HaGIIOMATh IS

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

0) aToMOB, Tak Ji¢ OpOMJIEBCKas JJIMHA BOIIHBI MX 3HAYUTEIIBHO OOIbIlEe BO3MOXKHBIX
MIPEISTCTBHI B OIMBITAX IO TP PaKITHH;

B) KPYIHBIX YacTHI[, Pa3MePbl KOTOPBIX OONBINE Pa3MepPOB IMPEISATCTBHIL B OIBITAX IO
JH(] paKI(Hy;

') HENTPOHOB, TaK KaK OHH HE HMEIOT 3apsiia;

J1) MOJIEKYII, €CITH MX ITyYOK OYeHb MAJIOH IDIOTHOCTH;

€) MOJIEKYII, €CIH UX ITy4OK HE SBIIIETCS MOHOXPOMATHYHBIM;

) 3IIEKTPOHOB, €CITH HX IMYYOK HE SBJISIETCS MOHOXPOMATHIHBIM;

3) MPOTOHOB, £CIH HX ITYYOK MallOif HHTEHCHBHOCTH;

M) aTOMOB, YaCTh U3 KOTOPBIX B BO3OYKIEHHOM COCTOSHHH.

11. Ouznyeckuii cMBICT BOIH Jie BpOiiIs COCTOUT B TOM, YTO:

a) aMILTATY/Ia BOJTHBI SIBIIIETCS BEPOSTHOCTHIO HAXOXKIEHN S YaCTHIIHI;

6) aMIUIMTyZa BOJHBI, a BEpPHEE €€ KBaJApaT, OMpelAelsieT BEPOATHOCTh HAXOXKICHHS
YACTHIIBL;

B) 4ACTOTA BOJHEI OIMPEAEIISIeT BEPOATHOCTh HAXOKIEHHU S YaCTHIHI;

T') (a3a BOIHEI ONMpeenseT BEPOSTHOCTh HaXOKIeHHS YaCTHIIH;

1) azopas ckopocThk BOIH Jie BpoiiiIsa u 5IeKTPOMATHHTHEIX BOITH OJHHAKOBA;

€) TPYIIIIOBAsk CKOPOCTh BOIH Jie BpOiiisd 1 aleKTPOMAT HHTHBIX BOITH OJJMHAKORA.

12. CooTHollleHHS HeolpeielieHHOCTelN ['eli3eHOepra yeTaHaBIMBAIOT :

a) CBSI3b MeXKAY MMITYIIECOM M 3HEPTUei YacTHIIBI;

0) CBsI3b MeKIY UMITYITECOM H KOOPAMHATOM YaCTHIIBI;

B) CBSI3b MEKIY MMITYIIECOM M BEPOSTHOCTHIO HAXOXKAECHUS YaCTHIHL;

I) 3aBHCHMOCTh MEXAY SHEPruel BIIeKTPOHa M BPEMEHEM XH3HH BO30YKIEHHOIO
COCTOSTHMS aTOMa;

II) TPAHHII IIPHMEHHMOCTH KIIACCHYECKOH MEXaHHKH K OITHCAHHIO MHKPOOOBEKTOB;

€) CBSI3b MEXY €CTECTBEHHOH HEOolIpeAeTIeHHOCTRIO MMITYIbCa H KOOPAHHATEL YacTHIL IT0
TIPHYMHE HaIMYHS Y HIX BOIIHOBBIX CBOYCTB;



) CBSI3h MEXKIY ECTSCTBEHHOH HEOIPENEIEHHOCTHIO BHYTPEHHEH SHEPruM aroMa
CPEOHHM CTaTHCTHYECKIIM BPEMEHEM CYIIECTBOBAHIA COCTOMHMA aTOoMa.

13. Uro H3 IepeuriCIEHHOIO HIKe MOKHO OOOCHOBaTh MCXOAS M3 COOTHOIICHIMIT
HEOIIPENETIEHHOCTEM:

a) HaIIMYie MOHOXPOMAaTHYECKOI O H3ITYUEHIT;

0) TIPHHIMIMAIBHYIO HEBO3MOKHOCTh JOCTHYb HACATIbHOH MOHOXPOMATHYHOCTH
H3IIyYEHHUST;

B) IINPHHY CIIEKTPAIIbHBIX JTHHHI CHIIbHOPA3PEKEHHBIX [a30B;

I') 3aBHCUMOCTD IIIMPHHBI CIIEKTPAIIbHBIX JIHHHI aTOMOB OT TEMIIEPATYPhI;

Il) CYIIECTBEHHO OOIBINYIO IIHMPHHY CIEKTPABbHBIX ITONIOC IS MONEKYIL, 4eM [T
aTOMOB;

€) MHHHMAIIBHO BO3MOXKHBIE PAa3MEPHI aTOMa;

) MAacCy ITOKOSI 3JIEKTPOHA.

14. Kakol H3 TIIPe[CTAaBICHHBIX HHKE BapHAHTOB IIPABIIIPHO OIPEAENSeT CMBICIT
CTaTHUCTHYECKOH MHTEPIIPETAL[UH BOJH Jie bpoiinsa?

a) BOIIHOBBIM 3aKOHAM IIOAYMHSIOTCS HE CaMM YacTHIBI, 4 HMX CTaTHCTHYECKOE
pacrpefieieHHe B TPOCTPAHCTBE M BO BPEMEHH WIM, HHAYe T'OBODPS, BOJIHOBEIM 3aKOHAM
TTOAYMHAETCSA BEPOATHOCTh HAXOXKAEHU S YACTHIIBI B TOM MIIM HHOM MECTE;

0) BOITHOBBIE CBOMCTBA YACTHI[ IPOSBILIFOTCSA He BCEr/la; OHH ITPOSBIISIFOTCS JIHIIL C
OIIpeITIEHHON BEPOSTHOCTBIO, KOTOPAs 3aBHCHT OT BHEIHMX YCIOBHH WM JJIMHBL BOJIHBL Jie
Bpoitns;

B) BOITHOBHIE CBOMCTBA YaCTHII ITPOSBILIIOTCS TOIMBKO IS OONBINMMX aHCaMOJIEH YacTHIL
BOITHOBBIM 3aKOHAM ITOJAYHHSFOTCSA CPEIHHE CTATHCTHYECKUE XAaPAKTEPHCTUKU YACTHI[, KOTOPEIE
BCET/la HEJ[ETTUMEL.

BAPHAHTbBI KOHTPOJIBHBIX PABOT

Bapuanr 1

1. Haiitu s¢dexTHBHOE ceueHHe sjipa aTOMa YpaHa, COOTBETCTBYIOINEE PACCESTHUIO Ol
YaCTHI] ¢ KHHETHYECKOW sHepruer K=1.5 M3B B HHTepBaie yIJI0B CBHIIIE V= 60°.

2. OnpesenyTh A aToMa BOLOPo/ia M HoHa He': SHEPIHIO CBS3H SIEKTPOHA B OCHOBHOM
COCTOSTHMH H ITOTEHIIHAT HOHU3AI[HH.

3. OnpeAenurs MOTEHIMAl HOHU3AlMH U TIEPBBIA TOTEHIHAN BO30YKIeHnd aToMa Na, y
KOTOPOro KBaHTOBBIE Je(heKTHl OCHOBHOTO TepMa 3S u 3P paBHHI cooTBeTcTBeHHO 1.37 1 0.88.

4. JlormicaTh HEAOCTAIOIHE KOMITOHEHTH MYJIbTHILIIETOB ZPM‘ 3D|‘ 4F5f2‘ 3Pg‘ 5D4‘ 4].:)[;“2‘

Bapuanr 2

1. DOddextuBHOE ceueHHe sApa aToMa  30JI0Ta, OTBEYAIOM[EE  PACCESHHIO
MOHORHEPIETHYECKUX (-UACTHI] B HHTEpBaJe YITIOB OT 90° xo 180°, paBHO AG=0.5.10"" e’
OmnpenemTh KHHETHYECKYIO BHEPTUIO O(-4aCTHII.

2. Onpefenursd I aToMa BOAOPOJa M HMOHA He": TIEPBBII TIOTEHIMA BO30OYKIeHHT 1
JUTHHY BOJTHBI TOJIOBHOM JIMHUH cepyH JlaiimaHa.

3. Haiiti 5Hepruro CBS3M BaJIEHTHOTO 3JIeKTPOHA B OCHOBHOM COCTOSIHMH aToMa Li, ecim
HU3BECTHO, YTO JJIMHBI BOJH I'OJIOBHOM JIMHHH PE3KOH CEPHM M €€ KOPOTKOBOTHOBOH I'PaHHIEI
PaBHEI cOOTBETCTBEHHO 0.813 1 0.349 MKM.

4. BO3MOJKHEI JIH CTIETYIOIIIE COCTOSHUS: -S;. o, "Po, “Si12. Sy, Do, Dia?

Bapuanr 3



I. OddextnBHOE cedyeHHe sApa aToOMa  30710Ta, OTBEYAIOIEE  PACCESHIIO
MOHO3HEPIeTHYECKHX (l-4aCTHI[ B HMHTEPBale YITIOB OT 90° o 180°, PaBHO A6=0.5.10"" o’
Omnpenemts muddepeHIambHOe ceueHe paccessHUI do/dS, COOTBETCTBYIOIEE YITIY 0=60".

2. OmpeAemTs 1A aToMa BOLOPOAa 1 HOHA Lit™: SHEPTHIO HOHHU3AL[HH.

3. CKOIIBKO CIIEKTPAIbHBIX JIHMHHH, Pa3spelleHHBIX IIpaBIiIaMH OTOOpa, BO3SHHKAET IIPH
IepexXoe aToMa JIMTHI B OCHOBHOE COCTOSHIE U3 COCTOSHHUA 457, 4P?

4. Kakne U3 CIeIyIOIINX ONTHYECKUX IIEPEXONOB Pa3PEIeHBI: ’S 12 - 2D3;2‘ 2P3;2 - 2D3,f2‘

1Sy- 2Py, n1'Sy - n'Sg?

4.2 PoHA 0lIeHOYHBIX CPEACTB AIA NPOBeAeHHS MPOMEKYTOUHOH ATTeCTAMH.
HTOrOoBBIIT KOHTPOIL OCYHISCTBISETCS B BHAEC 5K3aMcHa B KOHIlE ceMecTpa. Ha sk3ameHe
CTYJIEHTAaM ITpeAJIaracTcsl OTBETHTh Ha 2 BOIPOca ITO MaTepHalaM YYeOHOHM JUCIMIUIMHBL H
BBITIOJIHUTH IPAaKTHYecKoe 3ajjaHue. [0 HToraMm oTBeTa Ha SK3aMeHe ITPENOo/[aBaTelhb OILICHHUBAET
3HAHMSA CTYJIeHTa. OK3aMeH SBIIIETCS HTOrOM ITO JHCITHILIHHE.

CHcTeMa OIEHOK BBIOTOITHEHHS KOHTPOIILHOT'O TECTHPOBAHM S

- «3aYTEHO» - KOJIMYECTBO MPaBWIBHBIX OTBETOB OT 50 70 100 IIPOIEHTOB, BHIIIOJIHEHBI U
3aIUIIEHBI Bee Ta0opaTOpHbIe PabOTHI;

- «HE 3aUTEHO» - KOJTHYECTBO MPABUIILHBIX OTBETOB MeHee 50 IPOIEHTOB;

Bomnpocsl k 3x3ameny no qucununae «OCHOBBI AT OMHOM ®U3NKU»
DOH3HKO-TEXHHYECKHH PaKYIbTeT, 2 KYpC.

1. Muxpomup. Macimrabel. OKCIIEpUMEHTAIbHBIE JAHHBIE O CTPOSHHH aTOMa.
CepHalbHBIE 3aKOHOMEPHOCTH B AaTOMHBIX CIIEKTpax, KOMOWHAIIMOHHBIM ITpUHIAIT PuTIa,
TEPMBI.

2. Ksantel cBera (QoToHbl). TemmoBoe H3ITydeHHe: KIACCHYECKHIT H KBaHTOBO-
MexXaHHYecKHi moaxon. @oTo3(deKT: ero BUAB H 3aKOHB. DopMyiTa SHHINTEHHA.

3. Topmo3HOEe pEeHTITEHOBCKOE W3MydeHHe. JlaBineHrMe wu3nydeHUs. llormmomieHue
uzmydyeHus. U3mydenue Bapunosa—YepeHKOBA.

4. DOddexr KommroHa. J[oKazaTelbCTBO HEBO3MOXKHOCTH ITOITIONIEHHS (OTOHA
CBOGOJTHBIM HIEKTPOHOM H TEOPETHUECKHH BBIBOJ (POPMYIIBI 1T KOMITTOHOBCKOTO CIIBHTA.

5. Onwithl Pesepdopna. SnepHas mozens aToma. BreiBop ¢opmyisl Pesepdopra ama
PpaccesHUS (-4aCTHII.

6. CrnencTBus U3 ONBITOB Pesepdopma. OKcrepuMeHTallbHAs ITPOBepKa (hOPMYIIBI
Pesepdoppa. [InanetapHas moens aroma Pesepdopaa. OddekTHBHOE ceueHHe paccesHUS.

7. CHexTpalbHBIE CEPHH aTOMa BOAOPOJA. OlIeMeHTapHas OOPOBCKas TEOPHS aToOMa
Bomopoxa. ITocrynarsr bopa.

8. OKcrepUMEHTATTEHOE TIOATBEPXKICHHE KBAHTOBAaHUS SHEPTETHYECKUX YPOBHEH aTOMOB,
oIl Dpanka U ['epra. CrieKTpaldbHbIe CEPHH BOJOPOMOITOAOOHBIX CHCTEM. HemocTaTku
TeopuH bopa.

9. Yacrmiisl ¥ BONHEL. KOpIycKylsIpHO-BOIHOBON AyanusM. ['mitoresa fe bpoina u ee
SKCIIEPUMEHTAIILHOE ITOATBEP K IeHHe. DazoBas U IPYINIOBas CKOPOCTH BOJH Jie Bpoits.

10. VYcmorue BO3MOKHOCTH OJHOBPEMEHHOTO H3MePeHHs (PU3MYECKUX BEITHYHH.
CooTHollIeHHEe HeolpeaeleHHocTel ['efizeHbepra.

11. CocrosiHNE YacTHI[BI B KBAaHTOBOIT TeOpHH. BOTHOBaS (PYHKIIMA U ee CTaTHCTHYECKHIt
CMBICT. [IPHHIIMIT CYTIEPITO3HIIHHL.

12. Omneparopsl B KBaHTOBOH MEXaHMKe M MX cBOHcTBa. COOCTBEHHBIE 3HAYEHHS H
cOOCTBEHHbIE (hYHKIIHH OMEPaTOpOB.

13. Cpennue 3HaUSHU S (PUBHUECKIX BEIIMUMH. Y CJIOBHE BO3MOKHOCTH OJHOBPEMEHHOTO



HB3MEPEHHS (PH3HYECKIX BETTHYHH.

14. OmepaTopsl BaxHEMIINX (QH3MUECKIX BETHUYMH (KOOPAMHATHL, MMITYIhCa, BEKTOPa
HMITYIIbCa, MOMEHTA HMITYJIbCa, KBaJpaTa MOMEHTA HMITYTIbCa).

15. OmepaTopsl BaKHEMINIHX (DHIMYECKMX BETHUMH (TIPOEKIMM MOMEHTa HMITYIIbCa,
KHHETHYECKON 3HEPIHH, ITOTEHIHATbHOM SHEPIHH, ITOJTHOM SHEPIHUH).

16. Bpemennoe u crauuoHapHoe ypaBHeHHs [llpemmmrepa. KBaHToBamme. YpaBHEHHS
Ipexurrepa B oreparopHoit popme. Ornepatop ['anirIbTOHA.

17. OrmpezneneHne 5HEPreTHYECKOrO CIIEKIpa CHCTEMbI KaK 3ajlada Ha COOCTBEHHBIE
3HAYEHM oleparopa ['aMiibToHa. [[BHKEHHE CBOOOIHON YaCTHIIBL.

18. YactHila B OTHOMEPHOH IIPAMOYIOJIBHONM ITOTEHI[MAIBHOM sIMe C OECKOHEYHO
BBICOKMMH CTEHKAMH.

19. OxHOMEpHAS IPSMOYTOIbHAS IIOTEHI[HAIBHAA SIMa CO CTEHKAaMH KOHEUHOH BEICOTEHL.

20. JIMHEHHBIN TapMOHHYECKHUH OCIIIUISATOP.

21. OTpaskeHHE U ITPOXOKIECHHUE CKBO3b IIPSMOYTOIIbHBIHN ITOTEHIMAIIHBIN Oaphep.

22. IloTeHITHaTbHEI Oapbep KOHEUHOM MIMPHHEL. TYHHETbHEIH 2 deKT.

23. KBaHTOBO-MEXaHHYECKOE OIMCAHHE aTOMa BOAOpoAa. PasjeneHHe IepeMeHHBIX.
KBaHTOoBRIEe umHcHa. OHEPreTHUECKHH CIEKTP. YITIOBOE M paJualbHOE paclIpefielieHne
3JIeKTPOHHON IDIOTHOCTH.

24. OnepaTopbl MOMEHTA HMITY/IBCA M TIPOEKI[HMH MOMEHTA MMITYIIbCA H MX COOCTBEHHBIE
3HaueHnd. [IpaBnma or6opa. 1s-cocTosHHE MEKTPOHA B aTOME BOJOPOAA.

2. KmanTopamie BOJIOPOMIOTIOIOOHBIX aTOMOB. KparHocTh BBIPOKICHH S
SHEPIreTHYECKHX YpPOBHEH. CHMBOINMKAa COCTOSHHH 3NIEKTPOHA B aTOME. YPOBHH M CIIEKTPEI
IIEITOYHBIX METaIIIOB.

26. IlpaBwia orGopa M CIEKTPaIbHBIE CEPHUH BOAOPOAOIIOAOOHBIX aTOMOB. T OHKas
CTPYKTYpPa CIIEKTPAIIbHBIX JIMHAH BOAOPOJIOIIOAOOHBIX aTOMOB.

27. OpOutanpHble MarHUTHBIA M MeXaHMYECKHH MOMeHTHl. CIIMH M COOCTBEHHBIN
MAarHUTHBI MOMEHT 3JIEKTPOHA. OKCIIEPUMEHTAIBHOE TIOATBEPKAEHHE CYIIECTBOBAHMS CITHHA.

28. TlomHbIH MOMEHT MMITYIbca. OIMHMCAaHUE COCTOSIHUN AIEKTPOHA B arOME C IMTOMOIIBIO
HaO0pOB KBAHTOBBIX Uncell. CITMH-OPOUTAIIbHOE B3aUMOJIEHCTBHE.

29. MarHuTHBIE CBOMCTBa aTOMOB. OpOMTalIbHBIM, CIIMHOBBIA M IIOJHBIM MAarHUTHBIA
MOMEHTHI aToma. OnbITHI [ITepHa—I epnaxa. ' MpOMarHUTHOE OTHOINEHHE U MAarHETOH bopa.

30. AToM BO BHEITHEM MArHMTHOM TITole. HopMambHBI M aHOMATbHBIA 3(QeKTH
3eemana u 3¢dexT [TanreHa—baka. DIeKTpOHHBIN MTapaMarHUTHEIH Pe30HaHC.

31. Ilpunnumn Ilaynmu W 3allOTHEHHE BIEKTPOHHBIX OOOJNOYEK B MHOIO3NIEKTPOHHBIX
aToMax. ATOMHBIE O0OIIOYKH M ITOA000I0UKH. CIIEKTpallbHble 0003HAYEeHUS U TIpaBHiIa oTO0pa.

32. OnexTpoHHas KoHpurypaims. CyMMapHBle OpPOMTAIBHBINA, CITHHOBBIA M TIOTHBIHA
MOMEHTHI MHOTO3IEKTPOHHOTO atoMa. LS- u jj- cBa3u. CriekTpaibHble 0003HaueHH I U IIpaBIIa
oTbopa.

33. Tlepuoguyeckass cHUcTeMa sIeMeHTOB MeHelneeBa. OINeKTPOHHAS KOH(PHTYpaIs U
IpaBmwiIa XyHza.

34. OcoOeHHOCTH XapaKTEePHUCTHUECKUX PEHITEHOBCKUX CIIEKTPOB. 3aKOH Mo3mu.
OcoOeHHOCTH CIEKTpa MoriomeHus. ToHKas CTPYKTypa PeHTTEHOBCKHIX CIIEKTPOB.

35. CucTeMBl TOXAESCTBEHHBIX YacTHIl. CHMMETPHS BOTHOBBIX (OYHKIMHI. BO3OHBI H
(bepmvmonbl. KBaHTOBO-MexaHHUYecKas (OPMYITHPOBKa IpUHIHITa [Taymu.

36. Mornekymnpl: sHEprusd M cIeKTpel. KBaHTOBaHME TIIOTHOM BHEPrUH IBYXaTOMHOM
MOJIEKYIIBL.

37. BBIHYXJIEHHOE H3IIydeHHe. ONeMeHTH (GH3MKH NazepoB. CBoHCTBA JIa3epHOTO

H3ITyYeHHUS.

OlLleHOYHBIE CpeJcTBa NS HMHBAIMJIOB M JIMI[ C OTPAaHHYEHHBIMH BO3MOXKHOCTSIMH
3ZI0POBBS BRIOHPAIOTCS ¢ YUETOM HX HHANBHAYAIBHBIX IICHXO(H3HIECKIX 0COOEHHOCTEH.



— IIpH HeoOXOAMMOCTH HHBAIMJAM M JHI@AM C OrPAaHHYEHHBIMI BO3MOIKHOCTSIMH
3[0POBbS IIPEOCTABISETCS JOIIOTHUTEILHOE BpeMs TS ITOAT OTOBKH OTBETA Ha 3K3aMEHE;

— IIPH TIPOBEJEHHH IIPOLIEAYPHI OLIEHHBAHIS Pe3yIbTaToOB OOYUESHIS HHBAIIMIOB H JIHI[ C
OTPaHHMYEHHBIMH BO3MOXHOCTSIMH 3I0POBbS IIPEIyCMATPHBAETCS HCIIONb30BAHIE TEXHITYECKIX
CPEACTB, HEOOXOMMMBIX UM B CBA3H C MX HHANBHIYAIBHBIMI OCOOEHHOCT SIMH;

— TIPH HEOOXOAMMOCTH IJISI O0YYAIOIMXCS ¢ OF PAHHYEHHBIMH BO3MOXKHOCTSIMH 3/{OPOBbSI
M HHBAIMIOB IIPOLEAypa OLEHHBAHHS pe3yIbTaTOB OOYYEHHSA I10 JUCIHMIUIHMHE MOXET
MTPOBOANUTHCS B HECKOIBKO STAIIOB.

[Iporienypa OLIEHMBAHHSA Pe3yIbTaTOB OOYUEHHS HMHBAMAOB H JIHI[ C Or PAHHYEHHBIMH
BO3MOXKHOCTSIMH 3[0POBbSL 110 JAMCIROUIMHE (MOAYIIO) IpeAyCMaTpHBAET IIPEAOCTABIICHHE
nHpopMallmi B (opMax, aJallTHPOBAHHBIX K OTPAHMYEHHSAM HX 300POBbS H BOCIIPHSITHS
HH(}popMaIHH:

JU1s1 THIT ¢ HapYITIeHUSIMH 3PEHIS:

— B TIeuaTHO#H QopMe YBEITHUEHHEBIM IIPH(TOM,

— B (popMe 3IEKTPOHHOTO JOKYMEHTA.

JU1s1 THIL ¢ HapyITIeHHSIMH CITyXa:

— B TieuaTHO#H (opme,

— B (popMe 3IEKTPOHHOTO IOKYMEHTA.

JI71s1 THIT ¢ HapyITIeHHSIMHA OITOPHO-ABHTATEIFHOTO arliapara:

— B TleuaTHO# (opme,

— B (popMe 3IEKTPOHHOTO JIOKYMEHTA.

JlaHHBIH TIepeueHh MOXeT OBITh KOHKPETH3HPOBAH B 3aBHCHMOCTH OT KOHTHHIEHTA
00YYAIOITMXCS.

5. IlepeyeHb OCHOBHOH H JONOJIHHTEJILHOH Y4eOHOH JIHTEPATYPbI, HE00XO0MHMOH
JVIS1 OCBOEHHS JHCIHILIMHBI (MOIYJIfA).
5.1 OcHoBHas JHTEpATYpA:

1. Camemsen, M. B. Kypc obrmeit ¢pusnku. B 3 1. Tom 3. KBaHTOBas ONTHKA. ATOMHAS
¢buznka. Guszuka TBepAOro Tena. OU3HKa aTOMHOTO sipa U 3IIeMEHTAPHbBIX YaCTHII
[Snexrponnsli pecype] : yued. nocobue / Y. B. Capenses. - 11-e u3f., crep. - CaHKT-
Ilerep®ypr : Jlans, 2017. - 320 c. - https://e.lanbook.com/book/92652.

2. Hpoxor U. E. ATomHas u siepHas ¢pusuka: cOopHUK 3afau. — CII16.: JlaHs, 2006.

3. CupyxuH JI. B. O6mmit xypc ¢usuxu. T.5. AromHas M suepHas ¢usuka. - M.:
OUSMATIINT; Uzn-Bo MOTH, 2006.

4. Kypc ¢pusmkH : : yueGHOE MTOCOOHe I CTYAEHTOB BY30B : [B 3 1.] /. T. 3. : KBanToBas
onTuka. ATomHas ¢usuka. @usuka TBepporo Tena. Du3MKa aTOMHOTO sjpa H
3IeMeHTApHBIX YacTHll. / CaBenbeB, Urops Brnagmnvmpornd. ; M. B. CaBenbes ; mmpeauci.,
Hayy pex. H. M. Koxesrukos. - M31. 3-e, ctep. - CII6. [u qp.] : Jlanws , 2007

5. ArtomHas pusuka [Tekcr] : yuebHO-MeToanueckoe mocobue / [A. I1. Bapkos, B. C.
Hoport, B. E. JIsicenko u jap.] ; M-Bo o0pa3oBanusa 1 Hayku Poc. Oenepaliuu,
Ky0aHckuii roc. yH-T. - KpacHomap : [KyOaHcKu rocyapcTBEHHbBIN YHUBEPCHTET |,
2016. - 115 c. : wi. - ABT. yKa3aHbl Ha 060poTe TUT. 1. - Bubimorp. B KoHIle pador. -
ISBN 978-5-8209-1201-6 :.

JI7 OCBOEHM S AMCLIMIUIHHBL HHBATIHIAMI H JINIIAMH ¢ OTPaHHYeHHBIMH BO3MOKHOCT IMH
3JI0POBbSI MMEIOTCS HM3JaHHA B DIEKTPOHHOM BHJIE B 3IEKTPOHHO-OHOIHOTEUHBIX CHCTEMAX
«JIaHb» U «IOpafT>».

5.2 lomo/HUTEILHAA JIMTEPATYPA:



1. TlpaxTHKyM ITO PEIIEHIIO 3a1a4 10 001eMy Kypey Gu3iki. OCHOBBI KBAHTOBO (DI3HKH.
CrpoeHre BerecTBa. ATOMHAS M saepHas (H3HKa [ OMeKTpOoHHEL pecype] : yueGHoe
nocoGue / H. I1. Kanarmmrmikop [u gp.]. - Cankr-IlerepOypr : Jlaus, 2014. - 240 c. -
https://e.lanbook.com/book/49468.

OcHoBbI aToMHOH (s [Tekcr] : mabopaTopHsrit mpakTHKyM / A. I1. Bapkos, B. C.

Hopor, B. A. HuxuruH, B. I1. [Ipoxopos, E. B. XorHarHckas ; M-Bo o0pazoBaHII U

Hayku Poc. @egeparmu, KybaHcKui roc. yH-T. - KpacHomap : [ KyOaHckiii

roCcydapCTBEHHEIN YHUBEPCHTET], 2012. - 99 c. : mi. - bubmHorp. B KoHIe padorT. - 19.25.

CapemnpeB, U. B.

4. Kypc obrmeit pusmku [ OneKTpoHHEH pecype] : yuebHoe mmocodue : B5T1.T. 4 :
KBanropas onrtrka. ATomMHas Qu3mka. OH3HKa TBEPAOTO Tema. DH3HKa aTOMHOTO spa H
sneMeHTapHbIX yactwil / M. B. Casenbes. - CIIO. : Jlans, 2011. - 384 c. -
https://e.lanbook.com/reader/book/708/#authors.

5. 3ucmad, ['uprm A6pamosny. Kypc obrmeit ¢usmku [Tekcr] : yuebHOe mocobue s
CTYZEHTOB BYy30B : B 3 T. T. 3 : Onrtika. OU3HKa aTOMOB M MOIIEKYII. DU3HKa aTOMHOT'O
sapa u mukpovactuil / I'. A. 3ucman, O. M. Togec. - U3xa. 6-¢, crep. - CIIO. [u ap.] :
Jlaus , 2007. - 498 c., [4] 1. mi. - (Kmaccudeckast yueGHast IUTEpaTypa Mo (QH3HKE)
(JIyuime ximaccH4yeckue yueOHHKN) ( YUeOHUKH U1 By30B. CIiel[HanbHas JIMTEPaTypa).

[\
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5.3. Ilepuoanveckue H3IaAHUSA:

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

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

6. Ilepeyenr pecypcoB  HH(POPMANHOHHO-TEJIEKOMMYHHKANNHOHHOH  CEeTH
«/HTepHeT», HE0OXOAHMbIX /U1l OCBOCHHS JUCIHILIHHBI (MOIYJIs).
1. http://www kubsu.ru/University/library/resources/
2. http://www.rubricon.com/.
3. http://window.edu.ru/window.

6. MeToquueckHe YKa3aHHA A 00y IAIOMHXCA M0 0CBOECHH IO JHCIHILIHHBI (MOXYJIs).

Cpoku
No s Komn-Bo | Mopma IpeicTaBIeHU S
Tema wm 3ajjaHre TeKyIeld paboTh BBITTOTHEHUS
TEMBI TACOB pe3yIbTaToOB
(HemenH)
| OINEMEHTHI KITACCHYECKOH TEOPHH 2 Y CTHBIR OTBET, |
' 3JIEKTPOMATHHUTHOT O H3TYUEHHU . TEKCTOBBINH JJOKYMEHT.
9 2 YCTHBIH OTBET, .
2. OIIeMEHTHI KBAHTOBOH OITTHKH, 5 1
TEKCTOBBIH JJOKYMEHT.
4 Y CTHBIR OTBET, .
3. CTOIKHOBEHHE YACTHII. 1

TEKCTOBHIH JOKYMCEHT.

SKCHeprEMGHTaJIbHOG TIOATBEPEIICHIC

A JTUCKPETHOH CTPYKTYPEL 5 4 Y cTHBIH OTBET, 1
SHEPTEeTHYECKHX YPOBHEH aTOMOB, TeKCTOBBII JJOKYMEHT.
ormbITH. PpaHKa U ['epra.

5 Ompirer JleBuccoHa—JlxepMmepa 1 4 YCTHBIN OTBET, l

TomcoHa. TEeKCTOBBII JJOKYMEHT.




6 CoOCTBEHHBIE 3HAUEHH S H COOCTBEHHBIE 4 YcTHBIH OTBET, [
' (hYHKIIHH OITepaTOpOB. TEKCTOBBI JJOKYMEHT.
HexoTopeie XapaKTepHBIE 3aJaqH

7 KBaHTOBON MeXaHMKH. OTpaxeHHe U 4 YcTHBIH OTBET, 1
MIPOXOXKIEHHIE CKBO3b IPSMOYTOIbHBLI TEKCTOBBI JJOKYMEHT.
ITOTE€HIMAIIbHBII ITOPOT .

Pasnenenue nepeMeHHbBIX. YTIIOBOE H -
4 Y CTHBIMH OTBET,
8 pamHaIbHOE paclpeaeIcHue i 1
o TEKCTOBBIH JJOKYMEHT.
3IIEKTPOHHOH IUIOTHOCTH.
KpatHOCT BBIPOKIEHUS
SHEPreTHYECKUX YPOBHEN. CUMBOIIHKA %
» 4 Y CTHBIH OTBET, .

9 COCTOSIHMH 3IIEKTPOHA B aTOME. . 1

TEKCTOBBIH JJOKYMEHT.
PacmipenieneHne IoTHOCTH
BEPOSITHOCTH.
OrnucaHne COCTOSHHUH 3IIeKTPOHA B

10 aTOME C ITOMOIIBIO HAOOPOB KBAaHTOBBIX 4 Y CTHBIM OTBET, 1
yucell. CImH-0opOUTaIbHOE TEKCTOBBIN JIOKYMEHT.
B3aUMOJIEHCTBHE.

11 OIEKTPOHHBIN ITapaMar HUTHBII 4 YCTHBIM OTBET, 1
pe3oHaHc (OI1P) U ero mpHUItoKeHHS. TEKCTOBBIN JIOKYMEHT.

; Y CTHBIH OTBET,

12 FO30HHI ¥ (hepPMIOHEL. 4 . 1

TEKCTOBBIA JJOKYMEHT.

13 ToHKas CTPYKTYpa PEHTTEHOBCKHX 4 YCTHBIN OTBET, |
CIIEKTPOB. TEKCTOBBIA JJOKYMEHT.
Kimaccudrkarms 31eKTpOHHEIX

14 COCTOSTHUM MOIIeKyiI. [Ipapuino orbopa 4 YCTHBIM OTBET, 1
JUTSL 31IEKTPOMATHHTHBIX TIEPEXOIOB B TEKCTOBBIA JJOKYMEHT.
JIBYXaTOMHBIX MOIIEKYTIaxX.

Baxm#eirme THITHL Ta3epoB. OCHOBHBIE .
. - 4 Y CTHEIH OTBET,
15 KOMITOHEHTHI J1a3epa. CBOKCTBA . 1
TEKCTOBBIA JJOKYMEHT.
TA3ePHOr0 U3ITyYEHH L.
DU3NYECKHUE OCHOBEI ..
; 4 Y CTHBIH OTBET, % ;
16 CBEPXITPOBOUMOCTH U CBEPXTEKYYECTH i 11/6
TEKCTOBBIA JJOKYMEHT.
W VX KBAHTOBaS IPHPOJA.
Hmozo 60 16 1/6

B OCBOGHHH JUCIWUILIMHBI WHBATHAAMA U JHI[AMH C OrPAaHHYEHHBIMH BO3MOXHOCTSIMU
3710pOBbs OONBINOE 3HAYEHWE MMEET WHIAWBHAYalbHas ydeOHas paboTa (KOHCYIbTAI[MH) —
JIOTIOTHUTEITFHOE Pa3bsICHEHHE YieOHOTO MaTepHala.

WMHIUBHAYATbHBIE KOHCYIbTAIMH IO TIPEAMETY SIBIISIOTCS BaXXHBIM  (DaKTOPOM,
CIIOCOGCTBYIOIIMM HHIMBHIYATH3AINH O0YUEHUS U YCTAaHOBJIEHHIO BOCITUTATEIIBHOTO KOHTAKTa
MeXAy IIpernojlaBaTelieM H OOYYaroIUMMCS HWHBAIHIOM WM JIHIIOM C OTPaHHYEHHBIMA
BOBMOKHOCTSIMH 3J[OPOBBSL.

8. Ilepevyens HHPOPMAIMHOHHLIX TE€XHOJIOTHIi, HCHOJIbL3YEMbIX NPH OCYIECT BJeHHH
00pa30BaTeJbHOTO MpoIecca Mo JUCIHILINHE (MOIY.JIIO0).

8.1 Ilepeuens uHGOPMANHOHHBIX TEXHOJIOTHIAL
JIeKIH: HHTEPaKTHBHAS JIEKIH ¢ MyJIbTHMEIUHHOMN CHCTEMON ¢ aKTHBHBIM BOBIIEUEHHEM
BOBJIEYEHHE CTYAECHTOB B YYEOHBIH IIPOLECC M OOPATHOH CBSI3BIO.
[Tpaxriyeckie paGoTE: KOMIbIOTEPHBIE 3aHATHA B PeKHMAX B3aHMOJAEHCTBHS «IIPEIofaBaTelhb
- CTYJIEHT» H «CTYJIEHT - TIPETIOZIaBaTEeNlby», «CTYAEHT - CTYAEHT».




CamocrosrenbHas padora: OHCTAHIFOHHBIE 3aJaHHS H YIIPaXHEHHS, ITIOCCApHH TEPMIHOB H
OITPEAETICHII.
8.2 IIepeveHs HeOOXOAMMOro MPOrPAMMHOIO 00ecedeHH L

[TporpanmmHoe obecrieueHHe B paMKax ITporpaMmel KomMitaHmH Microsoft “Enrollment for

Education Solutions”

ST KOMITBIOTEpOB M cepBepoB KyGaHCKOro TrocyZapCTBEHHOTO

YHHBEpPCHTETAa H €ro (HIHANoB, AHTHMBHPYCHAsA 3allMTa (H3HYECKHX PabouMX CTaHIRHI H
cepeepoB: Kaspersky Endpoint Security ama 6musHeca — CragaapTHeIH Russian Edition.

8.3 Ilepeyenb HHPOPMANMOHHBIX CIIPABOYHBLIX CHCTEM:
1. CripaBouHo-TipaBoBas cucrema «KoHcymbTaHT [lmroc» (hitp://www.consultant.ru)
2. OnekrpoHHas oubmmioreyHas cucreMa eLIBRARY.RU (http://www.elibrary.ru)/

9. MarepuajbHO-TeXHHYeCKass 0a3a, HeoOXoAHMasmi I  OCYHIECTBJICHHS
00pa30BaTeJILHOIO0 MpoIecca Mo JHCHHILIHHE (MOLYJII0)

MaTepHaJ'JI)HO-TeXHHLIeCKOG obecreueHHe JUCIHUIUIHHEL

No Bua paGor
(MOZYIISI) M OCHAIIEHHOCTh

1 JleximonHsle 3aHgaTHsa | JleknimoHHasa aygutopua  Ne300C, 201C, ocHaieHHas
TPE3EHTAI[HOHHO1 TeXHHKOH (rpoekTop, 3KpaH,
KOMITLIOTEP/HOYTOYK) M COOTBETCTBYIOIIMM ITPOIPAMMHBIM
obecrieueHreM (110).

2. CemmuHapckue 3aHaTHs | CrienanbHOe TmoMerneHue Ne209C, 315C, ocHallleHHOe
MIPE3eHTaIIHOHHON TEXHHKOH (TIpoeKToP, 3KpaH,
KOMITBIOTEP/HOYTOYK) M COOTBETCTBYIOIIUM ITPOr PAMMHBIM
obecnieuenueM (110).

3 Texymuii  KOHTpoIb, | Ayautopus  Ne230C, (kaOuHeT) YKOMIUIEKTOBAHHA S
TIPOMEKYTOUHAS CITEIIUATTM3UPOBAHHON MeOeIIbI0 U TEXHHYECKHUMHU CPEJCTBAMH
aTTecTaIH 0o0y4YeHHU s

4. CamMocTosgTenbHaA KaGuner No207C a1 caMOCTOSATENbHOM paboThl, OCHAITIEHHBLI
pabota KOMITbIOTEPHONH TEXHHKOH C BO3MOXHOCTBIO ITOAKIFOYEHHUS K

ceTH «VHTepHET», MpOrpaMMON 5KPAaHHOTO YBEIHYEHHS H
oOecIieYeHHBIH JIOCTYIIOM B 3JEKTPOHHYIO HH(pOPMAITHOHHO-
00pa30BaTETBHYIO CPEAY YHHUBEPCUTETA.




