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|. Lenu u 3amaun AUCHUIUIMHBI (MOTYJIs)
Il. Mecro nucuuruunsl (Mmoayist) B ctpykrype OITOIL.
I1l. TpeGoBaHus Kk pe3yJbTaTaM OCBOCHUS JUCITUTUIMHBI (MOTYJIs)
IV.  ConepxaHue U CTPYKTypa JUCHUTIIUHBI (MOIYJIsS)

4.1 CopepxaHue TUCHUILUIMHBI, CTPYKTYPUPOBAHHOE MO Te€MaM, C yKa3aHUEM
BUJIOB yUEOHBIX 3aHATUN M OTBEICHHOTO Ha HUX KOJIMYECTBA aKaJIEMUUECKUX YacOB

4.2 [Inan BHEayJAUTOPHOW CaMOCTOSTEIBHOM pPabOTHI OO0ydYaKOIIHUXCA 10
TUCIUTLTAHE

4.3 Conepkanue yueOHOTO MaTepHasa

4.3.1 [lepeueHb cEeMHUHAPCKUX, IPAKTUYECKUX 3aHITUH U 1a00paTOPHBIX paboT

4.3.2. IlepeueHs TeM (BOIPOCOB), BBIHOCUMBIX Ha CAMOCTOSTEIbHOE U3YUCHUE B
paMKax caMOCTOSITETbHOU PabOThI CTYACHTOB

4.4. Metoauyeckue yka3zaHUs [0 OpPraHU3allMU CaMOCTOSITENILHON paboThI
CTYZICHTOB

4.5. IlpumepHasi TeMaTHKa KypCOBBIX padoT (IIPOEKTOB)

V.  VueOHO-MeTOomu4eckoe W WHQPOPMAIMOHHOE OOECIEYCHHUE UCITUTUTHHBI
(Momys)
a) MepeyveHb JIUTEpaTyphbl
0) epHOAMYECKHEC U3TAaHUS
B) CIIMCOK aBTOPCKUX METOJMYECKUX Pa3padOTOK

r) 6a3bl JaHHBIX, IOMCKOBO-CIIPABOYHBIE U NH(GOPMAIIMOHHBIE CHCTEMBI
V1.  MarepuaibHO-TEeXHUYECKOE OOeCredeHUE JUCITUTUTHHBI (MOTYIIs)

6.1. YueOHo-mabopaTopHoe 000py0BaHuE:
6.2. [IporpamMHoOe oOecrieueHue:
6.3. TexHruecKre U JIEKTPOHHBIC CPEICTBA O0YUCHUS:
VIl.  OGpa3oBaTenbHble TEXHOIOTHU
VIIl.  OneHounble MaTepuasibl JUIsl TEKYIIEro KOHTPOJS M IMPOMEXKYTOYHOH
aTTeCTaluu



l. Henau n 3212494 AUCHUIJIMHBI (MOAYJISA):

JuctumimHa «AToMHas U siiepHasi GU3HKa» BXOAUT B OJIOK €CTECTBEHHO-HAYYHBIX JUCIIUILINH,
npeaHa3HauYeHHbIX sl (OPMUPOBAHUSA Y CTYJACHTOB €CTECTBEHHO-HAYYHOTO MHPOBO33PCHHS M 3HAHUI
O mporeccax W SBICHHUSAX, CBS3aHHBIX C (U3MUYECKUMH CBONCTBAMH MHUKPOMHpA U KBAHTOBBIMH
SIBJICHUSIMA HAa aTOMHO-MOJICKYJISIPHOM YPOBHE, HEOOXOIWUMBIX Ui NMOHUMAaHUS M HWCIIOJIb30BaHUS B
WHXCHEPHO-TEXHHUECKUX DPa3padOTKaxX. AKTYaTbHOCTh JAUCHUIUIMHBI «ATOMHAs W siiepHas (QU3UKa»
00yCJIOBJICHa MPUMEHEHUEM 3HAHHWM, YMEHH M HABBIKOB, MOJYYEHHBIX B IPOILIECCE €€ M3YyUCHHS, IS
W3YUYEHHUS TUCHUILUIUH U3 JPYTUX OJOKOB U YCIEIIHOTO OCBOCHUS CIICIIMATIBLHOCTH B IIEJIOM.

ey TUCHUMIHHBI:

- JaTh CTyAEGHTaM LIEJOCTHOE B paMKax CYLIECTBYIOIIMX €CTECTBEHHOHAYUYHBIX IOJIOKEHUMN
IIPEJCTABICHUE O COCTOSHUU MCCIEJOBAHUHN B OJHOM M3 HauboJjiee pa3BUBAIOIIUXCS oOnacTedl GpU3MKH
CUCTEM B3aMMOJEHMCTBYIOIIMX YaCTUL, O3HAKOMUTb C METOJAMH pacueTa SHEpPreTU4YEeCKOro CIEKTpa
MaKpOCKOIMYECKHUX Tell;

- Hay4yuTh CTYJEHTOB OPHUEHTUPOBATHCS B OCHOBHBIX HAIpPaBIEHUSX DPA3BUTHS U IpoOJIeMaTHKE
(Gu3uKK aToMa ¥ aTOMHOT'O 5i/Ipa U €€ MPHJI0KEHUH COBPEMEHHOM TeXHUKU U TEXHOJIOTUSX;

- M3Y4YHTh (PU3MUYECKHE CBOMCTBA MHUKPOMHpPA M KBAaHTOBBIX SIBJICHHWH HA aTOMHO-MOJIEKYJISIPHOM
YPOBHE.

3agaum AMCUHUILINHBI:

K ocHOBHBIM 3agayaM IUCIUIUIMHBI OTHOCSTCS:
— W3YYHTh IKCIIEPUMEHTAIIBHBIE METO/IbI MUCCIICIOBAHUS BHYTPEHHETO CTPOCHUSI aTOMOB;
— paccmotpeTh (usudeckre 3h(EeKTsl U SBIEHUS, OO0YCIOBIEHHBIE, B OCHOBHOM, JJIEKTPOHHBIMU
000JI0YKaMH aTOMOB B MOJICKY/T;
— YCBOUTH OCHOBHBIE MMOHATHUS BOJTHOBOI MEXaHUKH M OCOOCHHOCTH MOJIX0/a K U3yUEHHUIO U OMHCAHUIO
aTOMHBIX SIBJICHUI.

B crircok o0mmx 3a1a4 qUCHUTITUHBI BXOIST:
— 0000WumMb U CUCMEMAMUZUPOEAMb 3HAHUA NO'

v\ COBPEMEHHBIM  TIPEJCTABICHUAM 00  ATOMHO-MOJICKYJIIDHOM  CTPOEHHH  BEIIECTBA,
SKCIEPUMEHTAIBHBIM M TEOPETHUYECKUM METOJaM HMCCIIEIOBaHUSI BHYTPEHHEIO CTPOEHHUS aTOMOB,
MOJIEKYJI U aTOMHBIX SJIED;

v OCHOBHBIM 3aKOHaM, MM W TIPUHIIMUIIAM aTOMHOM (HU3UKHU; GU3HIECKHM dPPeKTaM U SBICHHUSIM,
00yCJIOBJIIEHHBIM, B OCHOBHOM, 3JIEKTPOHHBIMH 000J0YKaMU aTOMOB M MOJIEKYJI;

— Hayuumsy:

v\ OPUMEHATH MOJYYEHHbIE 3HAHMA [UIA MPABUILHOW MHTEPIPETALMH OCHOBHBIX SBICHUN aTOMHOMN

¢bu3uKy ¥ PU3MKK AaTOMHOTO S/pa;

WCIIOJIH30BaTh MOTYUYEHHBIC 3HAHUS B PA3JIMYHBIX 00J1aCTAX (U3UUECKON HAYKH U TEXHUKH;

HACTPaMBaTh U IKCILTyaTUPOBATh SKCIIEPUMEHTAIBHBIC MIPUOOPHI I UCCIEIOBAaHUS BHYTPEHHETO

CTPOCHHUS aTOMOB M aTOMHBIX SI7IED;

v\ IPUMEHSATH MMEIOLIMECS TEOPETUUECKUE 3HAHMS JUIS IPOBEIECHUS U HCTOJKOBAHUS SKCIIEPUMEHTOB;

— chopmuposamu:

v\ HaBBIKM TPUMEHEHHS OCHOBHBIX METOIOB (PU3UKO-MATEMATHUECKOTO AaHAW3a IS PEIICHHS

KOHKPETHBIX 3a7a4 (PU3UKU aTOMOB, MOJICKYJI U aTOMHBIX sIJIED;

HAaBBIKU (PU3UKO-MATEMATHUYECKOTO MOJICITUPOBAHHS;

HaBBIKM TPABWJIBHOW OSKCIUTyaTalliM OCHOBHBIX TIPHOOPOB U 00OPYIOBaHUS COBPEMEHHOM

¢busnueckoit maboparopuu;

HaBBIKM 00pabOTKH ¥ UHTEPIIPETUPOBAHUS PE3yJIbTaTOB IKCIIEPUMEHTA,

yYMEHHE aHATH3UPOBATh GU3UUYECKUN CMBICH MOTYYSHHBIX PE3YIbTATOB.

AN

AN

AN



1. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII BO

Jucrumouaa b1.0.12.05 «AtomHas u sinepHas ¢u3uka» BXoauT B 6a3oByro yacTh b1.b Gioka 1.
Juctummuaet (Moxynn) b1 yae6HOTO 1miaHa u OTHOCUTCS K 00s13aTeIbHON YaCTH MPOTPAMMBEI.

JlucuuniauHa JIOTHYECKH U COJIEPKATEIbHO-METOJUYECKHA CBsI3aHa C JUCHUILTMHAMU MOMYJIen
«Marematuka», «OOmas ¢usnka», «OOmui Qusnuecknii npakTUKym». 11 OCBOEHUS JTaHHOU
JUCHUILTMHBI HEOOXOAMMO BIAJETh METOJaMU MaTEMaTHYECKOTO aHAlIW3a, aHATUTUYECKON TeOMETPHH,
JTUHENHON anreOphl, pelieHueM ainredpandeckux, MupdepeHInanbHbIX U UHTETPAbHBIX ypaBHEHUM;
TEOpUU (PYHKIMIA KOMIUIEKCHOTO NMEPEMEHHOI0, TCOPUU BEPOSITHOCTEH U MAaTEMaTHUECKON CTaTUCTHKHU;
3HATh OCHOBHBIE (PU3WYCCKUE 3aKOHBI, YMETh MPUMEHSITh MATEMAaTUYCCKUE METOABl M (PUINUYCCKUE
3aKOHBI JIJIS1 peUICHHS MPAKTUYECKUX 3a]1ay.

B pesynpraTe wW3yueHHs HACTOSIIEW JUCHUIIMHBI CTYACHTHl JOJDKHBI IOJYYHUTh 3HAHMS,
MMEIOIIME HE TOJIBKO CAaMOCTOSITENIbHOE 3HAYCHHE, HO M OOecleynBaromue 0a3oByI0 MOATOTOBKY JUIS
YCBOCHHUSI JUCHUILIMH 0a30BOM W BapuaTuBHOI yacteld 6moka 1 «ducuummunel (MOZLYIH)» y4eOHOTO
IIJIaHa.

[lepeuens mocaenyOUMX Y4eOHBIX JUCIHUILIAH, ISl KOTOPBIX HEOOXOAMMBI 3HAHUS, YMEHUS H
HaBBIKH, (OpMHUpyEMbIC NaHHOW y4eOHOW NUCUUTUTHHOW: «DPU3HKa KOHICHCHPOBAHHOTO COCTOSTHHS,
«BBenenue B pU3uKy TBEpAOrO TEIAY.

I11.  TPEBOBAHWUS K PE3YJIBTATAM OCBOEHUSA JUCHUIIJIMHbI
ITponiecc ocBOeHMs AUCLUILIMHBI HanpasieH Ha popmupoBanue komnereHuuii OIIK-1 u OIIK-2
B cootBercTBUM ¢ ®I'OC BO u OIl BO mno naHHOMY HampaBiCHUIO TMOATOTOBKH (CIEIHATBHOCTH)
03.03.02 dusuka:

IlepeyeHb MuIAHUPYEMBIX Pe3yJIbTATOB 00YUYECHHUS 10 JUCHMILINHE (MOIYJIIO),
COOTHECEHHBIX ¢ HHAMKATOPAMH JOCTH/KEHUS] KOMIIeTeHIIUH

Komnerennus NuaukaTopsl PesyabTarhl 00y4eHust
KOMIIEeTeHI M

OIIK -1 Cnoco6en HJIK onk11 3HaTh:

IPUMEHSATH 0a30BbIE Crioco6HOCTSH K — COBpEMEHHbBIE IMpEJCTaBIeHUsI 00 aTOMHOM

3HaHUA B 00J1aCTH OBJIAJICHUIO CTPOCHHM BEIIECTBA, OCHOBHBIE 3aKOHBI, HJAEU HU

¢buzuko- 3HAHUSAMH O HOPUHIUIBI aTOMHOM (PU3MKH, UX CTAaHOBJIEHHE U

MaTeMaTHYECKUX U CTPOCHHH aToOMa U | pa3BUTHE B UCTOPHUUECKON MOCIEI0BATEILHOCTH, UX

(M) ecTecTBEHHBIX aTOMHOTO spa MaTEMaTHYECKOE OIMCAaHUE, TEOPETUUECKOE

HayK B cdepe cBoeit HCCIIEA0BAHUE U MPAKTUYECKOE UCIIOJIb30BAHUE;

npogeccuoOHaTbHON YmMmers:

NEeSITeIbHOCTH — C HAyyHOM TOYKM 3pEHMS] OCMBICIMBAaTh U
HMHTEPIPETUPOBATH OCHOBHBIE MOJIOKEHHSI aTOMHBIX
SBJICHUM,  OLIGHWBATh  MOPSAKH  (PU3HUYECKUX

BEJIMYMH, HCIIOJIB30BATh IIOJYYEHHbIE 3HAaHUSA B
pa3nuYHbIX  o0JacTIX (QU3MYecKOW HAyKu U
TEXHUKHU;

— B [IPAKTUYECKON JeSATENbHOCTH IPUMEHSTh 3HAHUS
0 (u3nueckux cBOMCTBAX OOBEKTOB U SBICHUN IS
CO3/IaHUS THUIIOTE3 U TEOPETHYECKHX MOJelneH,
MIPOBOJUTH aHAJIN3 I'PAHUL] UX IPUMEHUMOCTH;

— IMPUMEHSATh UMEIOIINECS TEOPETUUECKIE 3HAHUS
JUISL IPOBEJIEHUS U UCTOJIKOBAHUSI SKCIIEPUMEHTOB;
Baagers:

—HAaBbIKaMU ITPUMCHCHMU S IMOJTYYCHHBIX




TEOPETUYECKUX 3HAHUM I PELICHUS IPUKIIaIHBIX
3a1a4

— HaBbIKaMH 00pa0OTKH U MHTEPIPETUPOBAHUS
pe3yJbTaToOB PU3UKO-MATEMAaTHIECKOTO
MOJECJIIMPOBAHUsA, TEOPETUYECKOr0 pacyeTa u
JKCIEPUMEHTAIBHOIO UCCIEAOBAHUS

HJIK onk1.2
CrocoOHOCTB K
OBJIAJICHUIO
3HAHUSMH O
METOJ1ax
HCCJIEIOBAHUS
SABIICHUN (PU3UKU
aToMa M aTOMHOT'O

sapa

3HaThb:

— COBPEMEHHBIE METOAbI (PH3NKO-MATEMAaTUUECKOTO
MOJICJIMPOBAHUS U TEOPETUYECKOI0 HCCICAOBAHUS
SIBJICHUH (U3UKH aToMa, METOAbl HaOIIOJIEHUS
QTOMHBIX  SIBJIGHMM, HMX  SKCIEPUMEHTAIbHOE
WCCJICIOBAHKE U NMPAKTHYECKOE UCITOIh30BAHNE
YMerh:

— TPUMEHSATh  OCHOBHBIE  METOIbl  (hU3HKO-
MaTeMaTH4ECKOIo aHajan3a JUTSt perieHus
€CTECTBEHHOHAYUYHBIX 3a7ad U  (U3UYECKOTO
MOJICJIMPOBAHUS B POU3BOJICTBEHHOMN MPAKTHUKE;

— MPUMEHSITh COOTBETCTBYIOIIIHE METO/IBI
npoBeleHUS  (U3MYECKUX  UCCICJOBAaHHA |
M3MEPEHUI;

— INPUMEHATh UMEIOIINECS TEOPETUYECKUE 3HAHUSA
JUISL IPOBEJICHUS Y UCTOJIKOBAHUS SKCIIEPUMEHTOB;

— C IIOMOUIBIO AJEKBAaTHBIX METOJOB OLICHUBATH
TOYHOCTb M MOIPEUIHOCTh TEOPETUUYECKUX PAcueTOB
¥ W3MEPECHUH, aHAIM3UPOBATh (DU3MUYECKUI CMBICI
IIOJIyYEHHBIX PE3YJIbTaTOB.

Baaners:

— HaBBIKAMH TIPUMEHEHHUS OCHOBHBIX METOJIOB
(U3MKO-MaTEMaTUUECKOTO aHaju3a JUIsl PEelIeHUs
€CTECTBEHHOHAYYHBIX 3a7a4;

— MeTOoAaMHu IIPOBEICHUS
UCCIIEI0BAHUN U U3MEPEHUN;

— HaBblKaMu 0O0pabOTKM U HHTEPHPETUPOBAHUS
pPe3yaAbTAaTOB YKCIIEPUMEHTA;

(bU3UIECKUX

HJIK onk1 3.
Criocob6HOCTSH K
OBJIA/ICHUIO
3HaHUAMU 00
YCTPOMCTBE U
TPUHIUITAX
(GYHKIIMOHUPOBAHUS
npubOpOB At
WCCIICTOBAHMSI
BHYTPEHHET O
CTPOCHUS aToMa 1
aTOMHOTO siipa

3HaTh:

— TPUHIMIBL YCTpocTBa M (YHKLIHOHUPOBAHUS
OKCIICPUMCHTAJIBHBIX HpI/I60pOB JJIA UCCICA0BaHUA
BHYTPEHHEI0 CTPOEHUS aTOMOB

Ymersn:

— HaCTpauBaTh U HKCILUTyaTUPOBATh
OKCIICPUMCHTAJIBHBIC HpI/I60pI)I JJIA UCCIIEJOBaHU
BHYTPEHHETO CTPOEHUS aTOMOB;

Baaners:

— HaBBIKAMHU TPABWJIBHOW JKCILTyaTallud OCHOBHBIX
npubopoB U OOOpyNOBaHUS  COBPEMEHHOI
¢buznyeckoit nabopatopuu;




OIIK - 2 Criocoben
MIPOBOJIUTH HAyYHBIC
WCCIICIOBAHUS
(hbU3UIECKUX OOBEKTOB,
CHCTEM H MIPOIIECCOB,
oOpabaThIBaTh U
MIPEJICTaBIISTh
AKCIIEPUMEHTAIIbHBIC
TaHHBIC

HJIK onkz2.1
CriocoO6HOCTSH K
OBJIA/ICHUIO
3HAHUSAMH O
METOAax
UCCIIEIOBAaHHS
SABIICHUN (PU3UKU
aToMa M aTOMHOTO

sapa

3HaThb:

— COBPEMEHHBIE METOABI (PU3NKO-MATEMaTUUECKOTO
MOJICJIUPOBAHUS U TEOPETUUYECKOI0 HCCICAOBAHUS
SBICHUN (U3UKH aToMa, METOAbl HaOIIOIEHUS
ATOMHBIX ﬂBHeHHﬁ, nux BKCHepI/IMeHTaHBHOG
WCCJICIOBAHKE U NMPAKTHYECKOE UCIIOIh30BAHNE
YMmeThb:

— TPUMEHSATh  OCHOBHBIE  METOIbl  (hU3HKO-
MaTeMaTH4ECKOI0 aHajam3a JUTSt perieHus
€CTECTBEHHOHAYUYHBIX 3aad U (U3UYECKOTrO
MOJICJIMPOBAHUS B MPOU3BOICTBEHHON MPAKTHUKE;

— MPUMEHSITh COOTBETCTBYIOILIHE METO/IBI
mpoBeleHUsT  (PU3MYECKMX  HCCICIOBAaHUN U
M3MEPEHUI;

— INPUMEHATh UMEIOIINECS TEOPETUYECKUE 3HAHUSA
JUIsL IPOBEJICHUS Y UCTOJIKOBAHMSI DKCIIEPUMEHTOB;

— C IIOMOWIBIO aJCKBAaTHBIX METOJOB OLICHUBATH
TOYHOCTb M MOIPEUIHOCTh TEOPETUUYECKUX PAcUETOB
¥ W3MEPECHUH, aHAIM3UPOBATh (DU3HMUYECKUIA CMBICI
IIOJIyYEHHBIX PE3YJIbTaTOB.

Baaners:

— HaBbIKAMH IIPUMEHEHHUS OCHOBHBIX METOJIOB
(U3MKO-MAaTEMAaTUYECKOTO aHaIM3a Uil PEUICHUs
€CTECTBEHHOHAYUHBIX 3a7ay;

— METOJIAMH IIPOBEICHUS
VICCJIEIOBAHUN U U3MEPEHUM;

— HaBbIKAMH OOpabOTKM U HMHTEPIPETUPOBAHUS
PEe3yabTAaTOB IKCIIEPUMEHTA;

bu3HYECKUX

HJIK ornik2.2.
Cr1ocoOHOCTB K
OBIIAICHUIO
3HAaHUSAMH 00
YCTPOMCTBE U
MIPUHITAIIAX
(GYHKITMOHUPOBAHUS
puOOpoB AJis
HCCICA0BAHUS
BHYTPEHHETO
CTPOEHHUSI aTOMa U
aTOMHOTO Si7pa

3HaTh:

— MPUHLMIBI YCTPOWCTBA U (PYHKIIMOHUPOBAHUS
9KCHEPUMEHTAIbHBIX MPUOOPOB JJSI UCCIEIO0BaHMS
BHYTPEHHETO CTPOCHUS aTOMOB

Ymers:

— HaCTpauBaTh U SKCILNTyaTUPOBATH
9KCHEPUMEHTaIbHbIE TPUOOPHI AJIs HCCIEeI0OBAHUS
BHYTPEHHETO CTPOCHUS aTOMOB;

Biaagern:

— HaBbIKaMH HpaBI/IJ'II)HOI\/'I OKCILTyaTalluid OCHOBHBIX
npubopoB U 00OpYIOBaHUS  COBpPEMEHHOMU
¢busnueckoil maboparopuu;




IV. COIEPKAHHUE U CTPYKTYPA JUCIHUIIJINHbI

KOJIN4Y€CTBA AKAACMHUYCCKHUX YaC0B

O0beM THCHHUILIMHBI COCTABJIfAET 8 3a4eTHBIX eIuHNI, 288 yacoB
®DopmMa NPOMeKYTOUHOI aTTecTANMU: IK3aMeH

4.1 Couepmafme AUCHUIIJIMHBI, CTPYKTYPHPOBAHHO€ II0 TeéMaM, C YKa3aHuEM BH/I0B y‘leﬁHbIX 3aHSATHI M OTBEAEHHOI0 Ha HMX

Ne Pa3nen qucuuminHbl/ TEMA dopMma TeKylero
n/H Bunel yueOHOI paboThl, KOHTPOJIA
BKJIIOUYAsl CAMOCTOSITENIbHYIO pa00oTy 00yYaronuxcs , | ycneBaemMocTu/
g MPAKTUYECKYIO MTOATOTOBKY U TPYIOEMKOCTh ®opma
& .
S (B 4acax) NMPOMEKYTOUHOI
° aTrrecTanuu
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@) EE = 'S 3aHATHE/ ®
1 2 3 4 5 6 7 8 9 10
1. | Tema 1. Kimaccuyeckast KapTUHA MUpA. 6 | 241 (8) 4 4/8 0,1 8 VYcrHbiii omnpoc,
Heo0x0quMoCTh BBEIEHNS KBAHTOBBIX TECTUPOBAHUE
npeactaBieHuidl. Monenu aToMoB.
2. | Tema 2. Cranuonapuoe ypasuenue llIpenunrepa. 6 | 24,1 (8) 4 4/8 0,1 8 VYerHsIi orpoc,
CIeKTphI TPOCTEHINNX OJHOMEPHBIX CHCTEM. TECTUPOBAHHUE,
KOHTpOJIbHas padoTa
3. | Tema 3. CranoHapHbIe COCTOSHUS B IIeHTpaabHo — | 6 | 14,1 4 2 2/4 0,1 6 VeTHBIR ompoc
CUMMETPUYHOM TI0JIC.




4, | Tema 4. [IpubamkeHHOE PEIICHUE CTAIIHOHAPHOIO 241 (8) 4 4/8 0,1 8 VYcrHbiii ompoc,
ypaBHeHus Llpeaunrepa. Teopust BO3MYILIEHUN. TECTHPOBAHUE,
KOHTpOJIbHas paboTa
5. Tema 5. MHOT03JIEKTPOHHBINA aTOM. 20,1 4 4 2/4 0,1 10 OTBeTsI HA
KOHTPOJIbHBIE
BOITPOCHI,
TECTHPOBAHUE
0. | Tema 6. BzauMoaeicTBre KBAHTOBOW CUCTEMEI C 20,1 (6) 2 216 0,1 10 OTBeTsI HA
3JIEKTPOMATrHUTHBIM II0JIEM U MOHSATHE O KBAHTOBOM KOHTPOJIbHBIC
SJICKTPOMArHUTHOM IIOJIE. BOIIPOCHI,
TECTHPOBAHUE
7. | Tema 7. Ilepexoapl BHYTPEHHHUX JJIEKTPOHOB B 241 (8) 4 4/8 0,1 8 YcrTHBIH ompoc,
aToMax. ATOM B MarHMUTHOM IIOJI€. TECTHPOBAHUE,
KOHTpOJIbHAs paboTa
8. | Tema 8. OCHOBBI (PU3UKH MOJCKYI. 21,0 (8) 2 4/8 7 OtBeTHl Ha
KOHTPOJIbHBIE
BOITPOCHI,
TECTHPOBAHUE
9. | Tema 9. OcHOBHEIE dTanbl pa3BUTHS GUNKH SApa U 14,1 2 4/0 0,1 8 OTBeTHI Ha
AJIEMEHTAPHBIX YaCTHII. KOHTPOJIbHBIE
BOIIPOCHI,
TECTHPOBAHHUE
10. | Tema 10. PagnoakTUHBHOCTE U MOAEINA aTOMHBIX 16,1 2 6/0 0,1 8 YcTHBIN onpoc,
sep. TECTHPOBAHUE
11. | Tema 11. BaumoericTBHE SAESPHOTO UIITYICHHUS C 16,1 2 6/0 0,1 8 YcTHBIH ompoc,
BEIIIECTBOM. TECTHPOBAHUE,
KOHTpOJIbHAs paboTa
12. | Tema 12. OGmue cBOWCTBA 3IEMEHTAPHBIX YACTHIL. 18,0 2 6/0 10 VYerHBIi ompoc
13. | Tema 13. Kocmudeckue JIydn u sjepHast 16,0 2 6/0 8 YcTHBIH ompoc
actpou3zuKa.
DK3amMed 26
KonTtpons KO 10
HToro uacos 288 (54) 36 54/54 1 107




4.2. T1jaH BHeayIMTOPHOIi caMOCTOSITeIbHOI PadoThl (B ToM yncie KCP) o0yyarommxcst o qucHUILIMHE

CamocTosTeapHas pa60Ta O6y‘IaIOIIII/IXC$I

y‘-IC6H0-MeTOILI/I'-ICCKOC obecreueHue

Cemectp| Ha3Banue paszaena, TeMbl |Bum caMOCTOATENBHOM Cpoxku TpymoemkocTs |OneHOYHOE CPENCTBO CaMOCTOSITENILHOM paboThI
paboTHI BBITIOJTHCHHS (dac.)

6 Tema 1. Kitaccnueckas [IpopaboTka yue6Horo | 1-2 yueOHas 8 Ompoc (yCTHBIH, MeTtoaudeckne yKa3zaHUs 110 OpraHU3aIul
KapTHHA MUDA. (TeopeTHyecKoro) Henens MUCHMEHHBIH). CaMOCTOSITETIbHOM PadOThI CTYACHTOB.
HeoOxonumocTs BBeZieHnsT  |Marepuana; Pedepart, noknan.

KBaHTOBBIX NPEICTABICHUI. |BBIIOJHECHUE HNurepner, 9bC.
Mojenu aToMOB. WHIUBUAYATbHBIX
3ajianuil; pedepar CIHCOK JINTEPaTyPhI:

6 |Tema 2. CranmonapHoe [IpopaboTka yuebnoro | 3-4 yueOHas 8 Omnpoc (YCTHBIH, 1. HInonsckuit 9.B. Atomuas ¢usuxa. Tom 1.
ypasrenue Illpeaunrepa. (TEOpeTHYECKOrO) Hezens MHCEMEHHBI). Beenenue B aToMHY10 Qu3uKy [DIE€KTPOHHbBIA
CHexTpsl IPOCTEHIITIX MaTepuania; Pedepar, noxnan. pecypc]: yaeb. — DnekTpoH. gaH. — CaHKT-
OJTHOMEPHBIX CHUCTEM. BBITIOJIHCHHE [TerepOypr: Jlanb, 2010. — 560 c. — Pexxum

WHIUBHIYaTbHBIX nocryma: https://e.lanbook.com/book/442
3a1aHmii; pedepar

6  |Tema 3. CrarmoHapHbIe IIpopaboTka yuebHOro | 5 yyeOHas 6 Omnpoc (ycTHBIH, 2. bynxep [I. Atomnas dusnka [DneKTpOHHbINA
COCTOSIHMSI B IICHTPAIBHO —  |(TEOPETUIECKOTO) Heaens MMMCHMEHHBIN ). pecypc]: yueb. mocobue / 1. Byakep, JI. Kumbe,
CHMMETPHYHOM IIOJIE. MaTepHana; Pedepar, moknan.  |H. deMumib. — DiextpoH. na. — Mocksa:

BBITIOJIHEHUE Ousmarnut, 2010. — 396 c. — Pexxum noctyma:
HHIABUAYaTbHBIX https://e.lanbook.com/book/48253
3agaHui; pedepar

6 Tewma 4. [IpubmmkenHoe IIpopaboTka yuebHoro | 6-7 yueOHas 8 Omnpoc (ycTHBIH, 3. Mponos W.E. KsauToBasi dusika. OCHOBHEIE
pelieHne cTaiuoHapHOro (TeopeTndeckoro) HEeJEeIst MMMCHMEHHBIN ). 3aKOHBI: yueOHOe mocobue [DIeKTpoHHbIA pecypc]:
ypaBHeHus Llpenunrepa. Marepuana; Pedepar, noxnan. y4e6. mocobue — JIeKTpoH. AaH. — Mocksa:
Teopus BO3MYILEHUIA. BBITIOJTHEHHE WznarensctBo «JlabopaTopus 3Hanui», 2017. — 261

WHAUBUAYATBHBIX c. — Pexxum J0CTyma:

3ajiaHuil; pedepar

https://e.lanbook.com/book/94103



https://e.lanbook.com/book/442
https://e.lanbook.com/book/48253
https://e.lanbook.com/book/94103

Tema 5. Muoroanextponssiii |[Ipopabotka yue6Horo | 8-9 yuebnas 10 Onpoc (yCTHBIH,
aToMm. (TEopeTHIECKOTO) HeIeIs MTICHMEHHBIN ).
MaTepuana; Pedepar, noxman.
BBITIOJIHEHHE
VHIMBHIYaTbHBIX
3aaHmii; pedepar
Tema 6. BzaumoneiicTue [IpopaboTka yue6Horo | 10 yuebnas 10 Ompoc (yCTHBIH,
KBaHTOBOU CHUCTEMBI C (TeopeTHyecKoro) Henens MUCHMEHHBIH).
3IIEKTPOMArHUTHBIM TI0JIEM U [MaTepuarna; Pedepar, nokman.
HOHSTHE O KBAHTOBOM BBITIOJTHEHHE
9JIEKTPOMArHUTHOM TIOJIe.  |MHIMBUIYaJbHBIX
3ajiaHuil; pedepar
Tewma 7. Ilepexonsr [IpopaboTka yue6HOTO |11-12 yuebHas 8 Omnpoc (yCTHBIH,
BHYTPEHHUX JJIEKTPOHOB B |(TEOPETHUECKOTO) HeAens MMUCHMEHHBIN ).
aromMax. ATOM B MarHUTHOM |MaTepHaa; Pedepar, noxnan.
nose. BBITIOJTHEHHE
VHIVBHIYaJTbHBIX
3aJiaHuil; pedepar
Tema 8. OcHOBHI pu3HKH [IpopaboTka yuebnoro | 13 yueOHas 7 Omnpoc (ycTHbIH,
MOJIEKYIL. (Teopernyeckoro) HEIeIs MTHCHMEHHEBIH ).
Mmarepuara; Pedepar, noxman.
BBITIOJIHEHHE
WH/IMBUAYaIIbHBIX
3ajaHui; pedepar
Tema 9. OcnoBnble 3tansl  |[Ipopabotka yyeGHOro | 14 yueOHas 8 Omnpoc (ycTHBIH,
pa3BUTHs GUIUKH Aapa 1 (Teopernyeckoro) HEJEIs MUCBMEHHBI).
AIIEMEHTAPHBIX YACTHUII. Mmarepuara; Pedepar, noxman.
BBITIOJTHEHHE
WH/IMBUAYaIIbHBIX
3ajaHui; pedepar
Tema 10.PaguoaktuBHoCTh 1 |[IpopaboTka yyeGHOro | 15 yueOHas 8 Onpoc (yCTHBIH,
MOJIEJIN aTOMHBIX SJEP. (TeopeTHyecKoro) Henens MUCbMEHHBIH).
MaTtepuaa; Pedepar, noxnan.
BBITTOJIHEHHE
WHIBHIYJTbHBIX

3ajjaHui; pedepar

4. CasenpeB U.B. Kypc obmieit Gpusuku
[DnexTpoHHBIN pecypc]: yueOHoe mocodue: B 5 T.
T. 5: KanToBas ontuka. AtomHas Gusuka. Ousuka
TBepaoro tena. Pu3nka aTOMHOTO Aapa U
anemeHTapHbIX yacTull / 1.B. CaBennes. — CII0.:
Jlans, 2011. — 384 c. — Pexum gocrtymna:
https://e.lanbook.com/reader/book/708/#authors

5. Tpodpmmosa T.H. OcHOBHI hu3uKH. ATOM,
ATOMHOE SIJIPO M AJICMEHTAPHBIC YaCTHIIBI: Y4eOHOE
nocodue. — M.: KHOPVYC, 2011.



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

6 Tema 11. B3aumoneiicteue |[Ipopabotka yueGHOro | 16 yueOHas 8 Onpoc (yCTHBIH,
SJIEPHOTO MIIYICHUS C (TEopeTHIECKOTO) HeIeIs MTICHMEHHBIN ).
BEII[ECTBOM. Marepuana; Pedepar, nokman.

BBITIOJTHCHHE
VHIMBHIYaTbHBIX
3aaHmii; pedepar

6 Tema 12. O6mume corictBa  |[Ipopabotka yue6HOro | 17 yueOHas 10 Onpoc (YCTHBII,
3JIeMEHTapHBIX YaCTHUII. (TeopeTHyecKoro) HeJens MHChMCHHBIH).

MaTepuana; Pedepar, noxma.
BBITIOJTHEHHE

UHIUBUOYAJIBbHBIX

3ajiaHuil; pedepar

6 Tema 13. Kocmmueckue myuu |[IpopaboTka yueOnoro | 18 yaeOHas 8 Omnpoc (yCTHBIH,

U siiepHas acTpodusuka. (Teoperndeckoro) HeAens MMUCHMEHHBIN ).
MaTepHana; Pedepart, noknan.
BBITIOJTHEHHE
VHIVBHIYaJTbHBIX
3aJiaHuil; pedepar
OO0uwmii 00beM CaMOCTOSITENIbHON Pa0OTHI IO TUCIUILIMHE (Yac) 107

KonrtaktHas paboTa npu NpoBeACHUHU YUeOHBIX 3aHATHH 110 TUCHUIUIMHE «ATOMHAs U gaepHas GU3UKa» BKIOYAET B ceOsl:
- 3aHATHS JIEKLIMOHHOTO THUIIA,

- nabopaTopHble padoThI,

- 3aHATHS] CEMUHAPCKOTO TUIA (MPAaKTUYECKUE 3aHATHS),

- TPYMNIOBBIE U UHUBH Iy aJIbHbIE KOHCYJIbTALINY;

- IPOMEXKYTOYHAsI aTTECTaIUs B YCTHOU popme.




4.3.ConepxxaHue y4eOHOIro MaTepHuaJia

Tema 1. Kuaaccmueckass kaprtuHa wMupa. HeoO0xoamMocTh BBeleHMSI KBAHTOBBIX
npeacrasjeHuii. Moaeau aroMoB.

OnektponHas Teopusi Jlopenma. IIpoOrema paBHOBECHOrO 3JIEKTPOMArHUTHOTO H3ITyYEHUS.
doroaddexr. Ipdhexkr Komnrona. Topmo3HOe peHTTeHOBCKOE H3inydeHne. KBaHTOBBIN mpeser.
®oton. ['mmoreza ne bpoitns. KopmyckynsipHo-BOJIHOBOM Jyanu3M. BoJHOBOW maker.
CoorHomenusi HeomnpezaeneHHocteil. Atom Tomcona. OmnbiTel Pesepdopma. Ilmanerapnas
Mozenb atoma. Atom bopa. Monens bopa u runoresa ae bpoitns. PensaruBuctckoe o6o0mieHne
Mozenn bopa. OkcnepuMeHTalbHOE J0Ka3aTeNbCTBO JUCKPETHON CTPYKTYpbl aTOMHBIX
ypoBHei. OnbiTel @panka u ['epiia. M30Tonuyeckuil CIBUT aTOMHBIX YpOBHEH. MIOOHHBINH aTOM
BOZIOpPOAA.

Tema 2. CtaniuonapHoe ypaBHenue lllpenunrepa. CnekTpbl NpPoCTEHIIIUX OTHOMEPHBIX
CHCTEeM.

Hecraunonapnoe ypaBuenue lllpenunrepa. PensaruBuctckoe BoIHOBOE ypaBHeHUE. BoiHoBas
GyHKIMS U ee (PU3NYECKUH CMBICI. YPaBHEHHE HENPEPHIBHOCTH. BEKTOp IIOTHOCTH TOKa
BeposiTHOCTH. OmnpeneneHue CpeAHUX 3HAYEHUHM W JUCIEPCUU HMILyJIbCa W KOOPAMHATHI
yactuiel. Onepatopsl. COOCTBEHHBIE 3HAYCHUSI U COOCTBEHHBIE (DYHKIIMH OIIEpaTOpa UMITYJIbCA.
CobOcTBeHHbIE 3HAuYeHUsT M COOCTBEHHbIE (YHKIMU oOleparopa z - MNPOEKIHH MOMEHTa
konuuectBa  ABwkeHus.  CranuonapHoe — ypaBHeHue  lllpenunrepa.  Kommyrarop.
MHorouacTiuuHas KBaHTOBas cucTema. J[BrkeHHe BOJHOBBIX MakeToB. CBOOOAHOE JBHKEHUE
gactuipl. YacTuma B OECKOHEUHO TIyOOKOH MpSMOYTOJBbHOM MOTEHIHMAIbHOH sime. YacTuia B
OPSIMOYTOJIBHOM TOTEHIUAIBHON SIME KOHEYHOM TIIyOMHBI. ABTOARJIEKTPOHHAS SMHUCCHSL.
SBnenue anb(a - pacnana aTOMHBIX siaep. TyHHETbHAs HOHU3AIHUS aTOMOB B ONTHYECKOM TI0JIE.
TyHHenbHBIA MUKpOCKOM. TyHHENbHBIN 3G deKT: onTudeckast aHanorusa. TyHHENIbHBIH 3P PexT u
30HHAasl CTPYKTypa CIEKTpa B NEpPUOAMYECKOM IOTEeHLHane. ['apMOHMYECKHH OCLUILIATOP.
CrannonapHseie coctosiHus. HecranimoHapHbie COCTOSHUS.

Tema 3. CTanimoHapHbIe COCTOSIHMS B IEHTPAJIBLHO — CHMMETPUYHOM T0JIe.

O6mras mocraHoBKa 3agaun. 3anada Keruepa. Ilepexon k kiaccuueckoMy onucanuto. [lonstue
0 KBa3WKJaccuyeckoM mpubmmkenud. KsantoBwie ycioBus bopa u bopa — 3ommepdensaa.
OpOuTanbHBIl MEXaHMYECKHMH M MarHUTHBIH MOMEHTBI 3JIEKTPOHA. ODKCIEpUMEHTAIbHOE
olpejiefieHue aTOMHBIX MAarHUTHBIX MOMEHTOB. COOCTBEHHBIN MEXaHMYECKMH M MarHUTHBIN
MOMEHTHI 2ekTpoHa. CnuH. CrnokeHue HEB3aUMOACHCTBYIOIIUX MOMEHTOB KOJIMYECTBA
nBikeHus. CucTeMaTuKa COCTOSTHUNA aToMa BOJI0PO/Ia.

Tema 4. IIpudian:xeHHoe pemenne cranuonapuoro ypapuenns llpeaunrepa. Teopus
BO3MYIIEHH .

Cnyuali HEBBIpOXKAEHHOTO crekrpa. Cilydail BBIPOKICHHOIO CHeEKTpa. HM3oronmueckoe
CMEIIIEHNE aTOMHBIX YPOBHEH, CBSI3aHHOE C KOHEYHBIM pa3MepoM siapa. ToHKas CTpyKTypa
CIIEKTpa aTOMa BOAOPOAA. YUET PEITUBUCTCKOM CBSA3M MMITYJIbCA M SHEPTUM deKTpoHa. CrinH
— opburtanpHOe B3aumoJeiicTBue. [IoHATHE O TOHKON CTPYKType CHEKTPOB MHOTO3JIEKTPOHHBIX
aToMoB. [loHATHE O CBEPXTOHKOH CTPYKTYpE aTOMHBIX CIEKTpOB. CBEpXTOHKas CTPYKTypa
OCHOBHOT'O COCTOSIHMSI aTOMa BOJIopoJia. ATOM B aniekTpudeckoM mnose. Dddext [lTapka.

Tema S. MHOr03/1€eKTPOHHBIH ATOM.

ToxaecTBeHHOCTh MUKpoYacTull. Hepaznuaumocts MUKPOOOBEKTOB. b030HBI 1 PepMUOHBI.
[Mpunun [Haynu. Makpockonuyeckre aHcaMOJIn MUKPOYacTHIl. BapualmoHHbINH METOI.
[TpubnmkeHne caMoCOTIaCOBAHHOTO MOJIsl. ATOMHBIE 000JIOUYKHU U MTOJ000I0UKH. DIEKTPOHHAs
KOH(UTryparus. ATOMBI IIETOYHbIX MeTaIOB. ATOM renus. OTpunaTeabHbIi HOH BOOPO/A.
OO611re TPUHLKITBI ONUCAHKSI MHOTOAJIEKTPOHHBIX aTOMOB. 3all0OJIHEHHE aTOMHBIX 000JI04eK
AJIEKTpOHAMHM. TepMbl MHOTO3JIEKTPOHHBIX aTOMOB. TOHKas CTpyKkTypa TepMa. COCTOSHUS.
[Tpasuiio unrepBanos Jlanne. [lpubnmxenue LS - u jj -cBsi3eil. OCHOBHBIE TEPMBI aTOMOB.
IIpaBuna Xynna. IIpaBuno uarepBaiioB Jlanae 1is CBEpXTOHKOU CTPYKTYPBI.



Tema 6. B3aumoneiicTBue KBAHTOBOW CHCTEMbI € 3JIEKTPOMATHUTHBIM T0JIEM U MOHSITHE O
KBAHTOBOM 3JICKTPOMATHUTHOM II0JIe.

OOmass mocTaHOBKa 3aJayd. OJEKTpUYECKOe MUIobHOe Npubmkenue. Hecranumonaphas
Teopusi BO3MylIeHH. BepostHocTh mepexona. IlpaBuna orGopa. JIMHEHHBI TapMOHHYECKHUN
ocuuATop. LleHTpanbHO-cumMeTpuuHoe 1mone. CHeKTpaldbHbIE CEpUM aToMa BOJOPOJA.
CrnexTpajibHble CEpUM AaTOMOB IIEJIOYHBIX METAJIOB. OJEKTPOMAarHUTHBIE IEPEXOAbl B
MHOT03JIEKTPOHHBIX aToMax. DJIEKTPOMAarHUTHOE I0Je Kak KBaHTOBBIM 00bekT. Kiaccuueckoe
ANEKTPOMArHUTHOE II0JI€E B KBAaHTOBOM TeOpuU. B3auMoaelcTBUE aTOMHOM CHCTEMBI C
KBAaHTOBBIM 3JIEKTPOMAarHUTHbIM nojieM. CrioHTaHHbIEe mepexoapl. CIIOHTaHHbIE MEPEXOabl U
€CTECTBEHHAsl IIMPHUHA ClIEKTpanbHOM JuHUU. Popmyna [Tnanka. JIsMOOBCkM cIBUT aTOMHBIX
ypoBHeil. OmbiThl JIam0a — Puzepdopaa. KadecTBeHHBIN aHamu3 13MOOBCKOTO CHABHTA.
JI>MO0BCKHUI CABUT B CLIEKTPE BOJAOPOJIA U pa3Mep IMPOTOHA.

Tema 7. Ilepexo/ibl BHYyTPEHHHUX 3JIEKTPOHOB B aTOMaX. ATOM B MATHUTHOM I10JI€.
XapaKkTepUCTUYECKOE PEHTICHOBCKOE M3iIydeHue. TOHKas CTpyKTypa PEHTIE€HOBCKHMX JIMHMM.
3akon Mozmu. Dddext Oxe. CHmomHol PEeHTTEHOBCKUN CHEKTP W PEHTICHOBCKHI CIEKTP
norsiomeHus. Dddexr 3eemana. Dpdexr Ilamena m baka. DIEKTPOHHBIM TapaMarHUTHBINR
pe3onanc. Onbithl Lltepua u ['epnaxa.

Tema 8. OcHOBBI QU3UKH MOJIEKYJI.

Anunabarnyeckoe npubamkenue. MonekyaspHblii HOH Bojgopoaa. Moinekyia Bogopoa. Teopust
l'aiitnepa — Jlonpona. HaceiieHne Xumuyeckux cBs3eid. BameHTHocTh. MeTon nMHEWHOM
koMOuHammu atomHblx opOutaneir (JIKAO). KopanmeHTHas mnonsipHas U HOHHAs CBS3U.
OnemMeHTbl cTepeoXUMHH. OCHOBBI CHCTEMATHKU 3JEKTPOHHBIX COCTOSHUM JIBYXaTOMHBIX
MOJIEKYJI. SlIepHasi MOJCHUCTEMA MOJIEKYJIbl. JJIEKTPOMAarHUTHbIE MEPEXO/bl B MOJEKYyJax.
OcHoBBI (u3uku TBepaoro Tena. Tumbl cBsi3u B TBepAoM Tene. PoHoHBI. OCHOBBI 30HHOU
teopun. Merajusl. [lonynpoBoauuku. {usnekTpuxu.

Tema 9. OcHoBHbBIE ITanbl pa3BUTHA GU3MKHU SAPA U dJIeMEeHTAPHBIX YaCTHII.

CaotictBa atoMHbIX saep. OmbIT Pesepdopaa mo paccesHuro o-yacTtuil. SIpo Kak cucrema
B3aUMOJICCTBYIOIIUX TPOTOHOB W HEUTPOHOB. 3apsij sapa. MaccoBoe YHMCIO W Macca sijpa.
Pasmeprr simep. @opmdaktop siapa u HykinoHoB. M3otombl. M300apbl. DHeprus cBs3H sAapa.
[Tomyamnupudeckast opmyna ans 3Hepruu cBsizu sapa. CMH M MarHUTHBI MOMEHT Spa.
OKCIEPUMEHTHI 10 U3MEPEHUI0 MAarHUTHBIX MOMEHTOB siJep. SIepHBbIII MarHUTHBIN PE30HAHC.
Craruyeckue MyJIbTHIIONbHBIE MOMEHTHI AJep. DIEKTPUUECKUM KBaJAPyNOIbHBIH MOMEHT Spa.
HyxioH-HYKJIIOHHBIE B3auMOJEUCTBHs. JleWTpoH. MarHUTHBIA M KBagpYINOJIbHBI MOMEHTBI
neiitpona. BonHoBas ¢yHkuus nedTpoHa. TeH30pHbBINM XapakTep siaepHbIX cuil. PaccesHue
HEUTpoHOB Ha mpoToHax. CHHMHOBas M CHOWH-OPOWTANbHAS 3aBUCUMOCTU SACPHBIX CHIL
OcoOeHHOCTH paccessHusl TOXKJIECTBEHHBIX YacTHUIl. 3apsaoBas HE3aBHCUMOCTb SJI€PHBIX CHIL
OO6o006mennbiit npunmun [laynmu. OOMeHHBIH XxapakTep SIEpHBIX CWI. JIBYXHYKJIOHHBIN
noteHuran. CBOMCTBO HACHIIEHUS AEPHBIX cUl. Me30HHas TeopHUs JIEPHBIX CHIL.

Tema 10. PagnoakTHBHOCTb M MO/IeJI AaTOMHBIX si/Iep.

EcrecTBeHHas U HCKyCCTBEHHAs PaJMOAKTUBHOCTh. CTaTHCTUYECKHMI XapaKTep pacnaaa. 3akoH
PaAMOAKTUBHOIO pacnajga. PagmoakTuWBHBIE psIbl. O-pacnaj. JHEPreTUYECKOE YCIOBUE Ol-
pacniaga. OCHOBHBIE HKCIIEPUMEHTAIbHBIE 3aKOHOMEPHOCTH O~ paclaia. JJIEMEHThl TEOPUH O~
pacmana. [IpaBuna otbopa. B-pacnaa. Bunsr B-pacmana. DHepreTuueckue ycaoBus 3-pacmaoB.
CnexkTpsl 2J€KTpPOHOB. XapaKTEPUCTHUKA HEUTPUHO. OKCIEPUMEHTAIBHOE JOKa3aTelbCTBO
CYLIECTBOBaHMUS  HEUTPUHO. OJeMeHThl Teopuu [-pacmaga. [loHstue o  cmalbix
B3auMoJieiicTBUAX. Pa3periennsle u 3amnpelieHHble B-nepexoapl. HecoxpaHenue 4eTHOCTH MpU
B-pacnane. y-m3nyueHue suep. DIEKTpUUECKUEe M MarHUTHbIE mepexoisl. [IpaBuna orbopa mo
MOMEHTY M 4YETHOCTH [UIs Y-TlepexoloB. BeposarHoctm mnepexonoB. SnepHas wn3omepus.
BuyTpennsist kouBepcusi. Oddext Meccbayspa U ero npuMeHeHHe B (DU3UKE U TEXHHKE.
Knaccudukanust moneneit siapa. Kanenpaas monmens sapa. Mogens depmu-raza. dusznyueckoe
000CHOBaHME 000JI0YEYHON CTPYKTYpHl s1apa. CHIbHOE CHUH-OPOMTATIBbHOE B3aHMMOJAEHUCTBHE.
OOBsicHEeHHE CIMHOB W YETHOCTEH COCTOSHHMM sjmep B Monenu oOomouek. OcraTodHoe



B3auMojieiicTBue. KoyiekTuBHBIE CBOMCTBA sijiep. BpamiarenbHpie U Koe0aTeIbHbIE COCTOSTHUS
syep. CBsi3b OJHOYACTUYHBIX U KOJUIEKTUBHBIX JIBUXKEHUM.

Tema 11. B3anmojeiicTBHe s1/IePHOT0 U3JIYUYEHHUSI C BEIIECTBOM.

Ceuenue u ammuTyaa paccessHus. Ilotepu sHeprum Ha MOHHM3AIMIO U BO30YXKICHHE aTOMOB.
Topmosnoe wusnydenue. M3myuenue BapwmiioBa-UepenkoBa. [IpoGern 3apspKeHHBIX YAaCTHII.
B3aumopeiictBue HEHTPOHOB C  BELIECTBOM. TeIIOBBIE W PE30HAHCHBIE HEUTPOHBI.
[IpoxoxneHue y-u3JIydeHUs 4epe3 BEUIECTBO. JJIEMEHThl JIO3UMETPUM. SAepHbIe peakUuH.
DKCTIEpUMEHTAIBHBIE METOJbI M3yUCHUS SIICPHBIX peakinuil. Ou3nyecKkrue MPUHIMIBI PaboThI
ycKopuTenen. J{eTeKTopsl SAEpHBIX YAaCTHLl. 3aKOHBI COXPAaHEHHUs B AJIepHBIX peakuusx. CBs3b
MEXY CEUCHHMSIMU MHPSMBIX U OOpaTHBIX peakuuil. MexaHu3Mbl sSAepHbIX peakuuidl. Popmyra
bpeiita-Burnepa. Ilpsimbie sinepHbie peakuuu. JleneHue W CUHTE3 aTOMHBIX sijep. Jlenenue
M30TONOB ypaHa TOJA JEHCTBUEM HEUTpOHOB. OHeprus axktuBauuu. lLlemnas peakiusi.
Koaddumuent pasmuoxenus. SAnepHsie peaktopbl. CunHte3 nerkux saep. Kpurepuii Jloycona.
DKCTepUMEHTAIBHBIE METOJBI M3YUYEHUS SICPHBIX peakiuid. PU3ndecKue NMPHUHIHUIB paboThI
yckoputenei. JleTeKTopsl saepHbIX YacTull. [Ipobremsbl ynpaBiasieMoro TepMOsSIEPHOrO CHHTE3a.
Tema 12. O0mue cBOWCTBA YJIeMEHTAPHBIX YaCTHII.

Jlenronsl, agpoHbl. YacTuupl 1 aHTHYACTULIBI. MeXaHU3Mbl B3aUMOJICUCTBHUS B MUPE YACTHII.
3aKOHBl COXPAaHEHHS B MHpEe 3JIeMEHTapHbIX uacTull. Kiaccudukanus B3auMonelcTBUi u
3JIEMEHTApHBIX YacCTHUL. DJIEKTPOMAarHUTHbIE B3auMojAeucTBUsA. CHIIbHBIE B3aUMOJECUCTBUS U
CTpyKTypa ajnpoHoB. Kilaccudukauuss M KBaHTOBBIE XapaKTEPUCTHKU aapoHOB. CHUMMETpHs
CUJIBHOTO B3auMozeicTBusA. KBapku, riOOHBI U UX OCHOBHBIE XapakTepUCTUKU. L[BeT u apomar.
KBapkoBas crpykrypa aznpoHoB. @opmyna Hummmxumel.  DieMeHTbl  KBaHTOBOM
xpomonuHamMuku. l[BeToBas cUMMeETpHs CHJIBHBIX B3aUMOACHCTBHMA. DJeKTpociiadbie
B3aUMOJICHCTBHSA. YHUBEPCATBHOCTh CIIa00ro B3aumojeicTBus. [loHsATHE O TMONEBOH Teopuu
cnalpix B3aumojeicTBuil. OObequHEHHE SJIEKTPOMAarHUTHOIO M CIA0Oro B3aUMOJICHCTBUSL.
Mopnens BaitnOepra-Canama anekrpocinadboro Bzaumozeiictsus. IIpobiema noctpoenus: eaquHon
TEOPHUH CIIA0BIX, STIEKTPOMATHUTHBIX U CHUIIBHBIX B3aMMOJICHCTBHIA.

Tema 13. Kocmuueckue JIyun U siiepHasi acTpopusuka.

IlepBuuHOEe KOCcMHUECKOE H3iIydeHHE. lIpoxokneHne KOCMHMUYECKOrO M3Iy4YeHHs uepe3
atMocdepy. ['MmoTe3bl MpPOUCXOXKACHHUSI KOCMUYECKUX Jyded. OTtambl pa3BuTHs BceneHHON.
CoBpeMeHHbIE MpeJCTaBlIeHUs 0 CTpyKType Bceenennoil. bapuonnas acummerpust BceneHHOM.
Temuas marepust. TemHuast sHeprus. J[03Be3HbIIN HYKII€OCUHTE3. S IepHbIE PEAKIIMU B 3BE3/1aX.

4.3.1. TlepeyeHb CEMUHAPCKHUX, MPAKTUYECKHX, Ja00PATOPHBIX 3aHATHI

Ne Ne HaumeHnoBanue TpyaoemkocTb OueHoyHbIe ®dopmupyemMble
n/H | pasjgena ceMHHApOB (uac.) cpejacTBa KOMIETeHIHH
U TEeMbI Bceero W3 nux (MHIUKATOPBI)
YacoB | MpaKTHYecKas *
MOJAr0TOBKA
1 2 3 4 5 6 7
1 | Temal Dotoaddext. Dpdexr 12 8 Omnpoc (yctueiid, | OIIK-1, OIIK-2
Komnrona. Pacuer MHCbMEHHBIH),
Mmozenu Pesepdopra. 3a1a4M, TECTHI.
Mogens bopa.
2 | Tema?2 Yactuna B 06CKOHEYHO 12 8 Omnpoc (ycrasrid, | OIIK-1, OITK-2

riryOoKon
IIPSIMOYTOJIBHOM
MMOTCHIIMAJIEHOH SIME.
Yactuua B
IPSIMOYTOJIBHOM
IMOTCHIMAJIEHOM sIME
KOHEYHOH TTyOWHBI.
T'apmonnueckuit
OCLUJLISITOP.

MHCbMEHHBIH),
3a/1a4H, TECTHI.

KoHTponbHas
pabora.




3 | Tema3 3anaua Kernnepa. Criun. 6 4 Omnpoc (yctueiid, | OIIK-1, OIIK-2
CrnoxeHre MOMEHTOB. MIHCHbMEHHBIH),
Cucremaruka COCTOSTHUN 3a71a4M, TECTHI.
aToMa BOJOpOJa.
4 | Tema 4 M3oTonmnueckoe 12 8 Omnpoc (yctueiid, | OIIK-1, OIIK-2
CMelIeHHe aTOMHBIX MHChMEHHBIN),
ypoBHel. ToHkas 3a71a4U, TECTHI.
CTPYKTYypa CIIeKTpa
aToMa BOJOPOJa. KonTponbnas
paborta.
5 | Tema 5 puanun [aymn. 6 4 Omnpoc (ycrasni, | OIIK-1, OITK-2
ATOMHBIE 000JIOUKH H MMUCHbMEHHBIN),
HO0000JIOYKH. 3a/1a9H, TECTHI.
OneKTpoHHas
koH(purypanus. Tepm.
Cocrosinue. [IpaBuna
XyHpa.
6 | Tema6 [paBuna or6opa. 8 6 Omnpoc (yctueiid, | OIIK-1, OIIK-2
CrexTpajbHbIe Cepuu MHCHMEHHBIH),
aToMa BOJOpoJa. 3a71a4M, TECTHL.
CrekTpanbHbIE CepHH
aTOMOB ILETIOYHBIX
METaJIIOB.
7 | Tema7 XapaKTepuCcTHIECKOE 12 8 Omnpoc (ycrasrd, | OIIK-1, OITK-2
PEHTTCHOBCKOE MHCHMEHHBIN),
U3Iy4eHHe. 3aKoH 3a/1a9H, TECTHI.
Mo3zmu. Dddext Oxe.
Dddexr 3eemana. KonrposbHas
Oddekr [Mamena u baka pabora.
8 | Tema8 AnabaTnueckoe 12 8 Omnpoc (ycrasriid, | OIIK-1, OITK-2
npubmmkenue. JIKAO. MUCbMEHHBIN),
OCHOBBI CUCTEMATHKH 3a71a4M, TECTHL.
3JIEKTPOHHBIX COCTOSHUM
JIBYXaTOMHBIX MOJICKYJL.
9 | Tema9 OCHOBHBIE 3TallbI 4 Omnpoc (ycthbii, | OIIK-1, OIIK-2
pa3BUTHs HU3HKH sapa MHChMEHHBIN),
3a/1a4H, TECTHI.
10 | Tema 10 | PagmoakTUBHOCTH H 6 Omnpoc (ycrasrni, | OIIK-1, OIIK-2
MOJIEITH ATOMHBIX sIIep MHChMEHHBIN),
3a/1a4H, TECTHI.
11 | Tema 11 | B3aumopeticTBue 6 Omnpoc (ycrasrnd, | OIIK-1, OITK-2
SACPHOTO M3IIyYEHHS C MHChMEHHBIN),
BEILIECTBOM 3aJ1a4M, TECTHI.
KontponsHas
pabora.
12 | Tema 12 | OGuue cBoiicTBa 6 Omnpoc (yctusiid, | OIIK-1, OIIK-2
AIIEMEHTAPHBIX YaCTHI MMCHMEHHBIN),
3aJ1a4H, TECThI.
13 | Tema 13 | KocMmudeckue Jqy4u u 6 Omnpoc (yctubiid, | OIIK-1, OIIK-2
saepHas acTpodHu3KKa MHChbMEHHBIN),
3a/1a4H, TECTHI.
Hroro yacos | 108 54
4.3.2. IlepeyeHb TeM (BONPOCOB), BBIHOCHMBIX HA CAMOCTOSITeJIbHOE H3y4YeHHE
CTYJAe€HTAMH B paMKax caMocTosTe/bHoii padoTsl (CPC)
Ne Tema 3ananue dopmupyemas UK
n/n KOMIIETeHIIUS
1 2 3 4 5
1 Pa3BuTHE KBAaHTOBBIX ITpopaboTka ydeOHOTO OIIK-1, OIIK-2 MK onki.1




MpeCTaBICHUI. (TeopeTHyecKOro) WK omx2.1
MaTepHana; BBIMOTHEHNE
WHANBUAYATLHBIX 3aaHNUH;
pedepar

ATOM B 2JIEKTPUUIECKOM [IpopaboTka yaeGHOTO OIIK-1, OIIK-2 MK omxi.1

moste. Dddext HITapka. (TeopeTHyecKoro) WK orxi.2
MaTepHasa; BhIMOTHCHHUE WK onka.1
VHVBUIYAIGHBIX 33aHHIA; NIK omk2.2
pedepar

ATOM B MarHUTHOM TIOJIC. [IpopaboTka yae6HOTO OIIK-1, OIIK-2 MNIK omki.2

DNEeKTPOHHBIN (TeopeTudeckoro) NIK omx1 3.

MapaMarHUTHBIN PE30HAHC. | MaTepHalia; BBIIOIHEHUE MK onk2.1
WHIMBUIYAILHBIX 331aHUM; MK onk2.2
pedepar

PentrenoBckue CIEKTPHI. [IpopaboTka yueOHOTO OIIK-1, OIIK-2 NIK omki.2
(TeopeTHYEeCKOro) WK onki1 3.
MaTepHana; BBIMOITHCHHE WK onka.1
WHIWBUYaJIbHBIX 3a/IaHHI; MK omk2.2
pedepar

JlnHaMuKa MarHATHOM [IpopaboTka yaeGHOTO OIIK-1, OIIK-2 NIK onki.2

pemérku. CTUHOBBIE (TeopeTHUYEeCKOro) WK ok 3.

BOJTHBI MaTepHaa; BhIMOJTHCHHE WK onka.1
WHIMBUAYAILHBIX 33aHUM; MK onk2.2
pedepat

MosnekynsapHbIE CIEKTPHI. [IpopaboTka yueOHOTO OIIK-1, OIIK-2 NIK omki.2
(TeopeTHUECKOro) WK o1 .3,
MaTepHana; BBIMOITHCHHE WK onka.1
WHIMBUAYAILHBIX 33aHUM; MK onk2.2
pedepar

Mopenu aTOMHBIX Sifiep. [IpopaboTka yuebHoro OIIK-1, OIIK-2 NIK onki.1
(TeopeTHYECcKOro) WK onka2.1
MarepHaa; BeIIOTHEHHE WK onk2.2
HHAWBUAYATBHEIX 3a1aHNUH;
pedepar

BsaumopeiictBue [IpopaboTka yuebHOro OIIK-1, OIIK-2 NIK onki.2

H3TY9IEHHUS C BEIIECTBOM. (TeopeTHUECKOro) WK onki 3.
MarepHaa; BeIIOTHEHHE WK onka.1
WHIMBUAYABHBIX 3a1aHUM; MK onk2.2
pedepar

OKCIepUMEHTATLHEIE [IpopaboTka yueOHOTO OIIK-1, OIIK-2 NIK omki.2

METOJTbI (DU3UKH BBICOKHX (Teopernyeckoro) NIK onki.3.

SHEPIHH. MaTepHaa; BhIMOIHCHNUE WK onka.1
WHIWBHTYyJTBHBIX 32 TaHH; MK onk2.2
pedepar

4.4. Meroanueckue YKa3aHusi [0 OPraHU3alMU CAMOCTOAITEbHOW PadoThI
CTY/ICHTOB

Ienb camocToATENBHON PabOTHI CTYIEHTA — OCMBICIIEHHO M CAMOCTOSITEIBHO paboTaTh
CHayasa ¢ Y4yeOHBIM MaTepualioM, 3aTeéM C Hay4YHOW WH(poOpMaIHen, 3al0XKUTh OCHOBBI
CaMOOpraHu3allid M CaMOBOCIIHUTAaHUS C TEM, 4YTOObI TNPUBUTH YMEHHE B JaibHeHIIeM
HEMPEPHIBHO MOBBIIATH CBOIO MPO(EeCCHOHANBHYIO KBAJIU(UKAIHUIO.

B yueOHOM mpornecce BBIIEINAIOT ABA BUJA CAMOCTOSTENbHON paboThI:

- ay/JUTOpHas — CaMOCTOSATENIbHAs paboTa BBIMOJMHSAETCA HA Y4YEOHBIX 3aHATHIX O[T
HENOCPEICTBEHHBIM PYKOBOJICTBOM MPEMOAaBATENS U MO €r0 3a/IaHUIO.



- BHeayauTopHas CP mojx MeToauuecKuM pyKOBOACTBOM M KOHTPOJIEM IIpENojaBaTels,
HO 0€3 €ero HeMmoCPEACTBEHHOI'O y4acTus MIPU MOJArOTOBKE K ay JUTOPHBIM 3aHATHUAM, TEKYLLIUM U
IPOMEKYTOUHBIM (hOpMaM KOHTPOJIS.

Buner CP o0yvaromuxcs:

Mertoanyeckre peKOMEHAALUU CTYyA€HTaM IIPH MOAINOTOBKE K INPAKTUYECKOMY 3aHSATHIO
Ha OCHOBE M3YYCHHS pPEKOMEHJOBAaHHOM Hay4yHOH U yueOHOW mureparypsl. W3ydenue
JUCLUIUIMHBL CcJelyeT HauuHaTh C IMpOpabOTKM HacTosed pabodel mporpammsl, ocoboe
BHUMaHUe, yJIelsis LeJsIM U 3a/1a4aM, CTPYKTYpE U COJEP’KaHUI0 TUCLHUIUIMHGL. J{1s HOArOTOBKU
K 3aHATUAM, TEKyLUleMy KOHTPOJIK U IPOMEXYTOYHOW aTTeCTallMM CTYJIEHTbl MOTYT
BOCIIOJIb30BaThCSI IEKTPOHHONW OMOIMOTEKOH, OHM MMEIOT BO3MOXKHOCTH HMOJYYHTH JOCTYI K
y4eOHO-METOJMUYECKUM MaTepHuaiaM Kak OMOIMOTEKH, TaK U MHBIX 3JIEKTPOHHBIX OMOIMOTEUHBIX
cucteM. B cBow ouepenb, CTyAEHTHI MOTYT B35iTh Ha JIOM HEOOXOIUMYIO JHUTEpaTypy Ha
abOHEMEHTE By30BCKOM OMOIMOTEKH, a TaK)KEe BOCIIOIb30BATHCS YNTAJILHBIMU 3aJ1aMH BY3a.

IoaroroBka k nexnuu. KauecTBo 0CBOEHMS JUCHUILIMHBI HAIPSIMYIO 3aBUCUT OT TOTO,
HACKOJIBKO CTYZIEHT CAMOCTOSITEIbHO (POPMHUPYET YCTAHOBKY Ha IOJIyuY€HHE Ha JIEKIUSIX HOBBIX
3HaHUM, JTONOJHAIOMX YK€ UMEIOIMECs 3HAaHUS 110 JaHHOW AucuuiiuHe. Bpems, oTBeneHHoe
Ha MOJrOTOBKY CTYJIEHTOB IIPH JABYXYacOBOM JIEKLIMU 110 HOpMaTHBaM cocTaBisieT He meHee 0,2
yaca.

IToaroroBka K NMpakTHYecKOMY 3aHATHIO. [IpakThueckoe 3aHATHE — 3TO 3aHATHE,
IPOBOJUMOE O]l PYKOBOJCTBOM IIperojaBaTeliss B y4eOHOW ayIWTOPHM, HAIpPaBICHHOE Ha
yriayOjieHue Hay4YHO-TEOPETMUYECKMX 3HAaHMH M OBJIAJICHUE OIPENeIEHHbIMU METOJaMU
caMoOCTOSITENIbHOM paldoThl. B mporecce Takux 3aHATHIL BblpadaThIBAalOTCA IMPAKTUYECKUE
ymenus. Ilepeq npakThyeckMM — 3aHATHEM  ClEIyeT H3Y4YMTh KOHCHEKT JIEKIHMH U
PEKOMEHIOBAaHHYIO TMperoaBaTesieM JHUTeparypy, oOpamas BHHMaHHE Ha IPAKTHYECKOE
IpUMEHEHHE TEOpUU U Ha METOJUKY pELIeHMs THUIOBBIX 3ajad. Ha mpakTuueckoMm 3aHATHU
[JIaBHOE — YACHUTH CBS3b PEIIAEMBbIX 33/1a4 C TEOPETUUECKUMHU MOJI0KEHUSIMHU.

Hanucanue pedepara. Hanucanue pedepaToB JOIKHO CIIOCOOCTBOBATh 3aKPEIICHUIO
U yriyOJIEHUIO 3HAHUI, a TakKe BBIPAOOTKE HABBIKOB CAMOCTOSITEIILHOIO MBIIIUIEHUS U YMEHUS
peliaTh MOCTaBJIEHHBbIE Mepes CTyAeHToM 3anauu. CopepikaHHe BBINOJIHEHHOM paboThl Jaer
BO3MOXKHOCTh YINIyOUTh YPOBEHb 3HAHHUS M3y4yaeMoW IpoOJieMbl, TOKa3aTh 3HAHUE JINTEPATYPbI
U CBEJCHUH, COOpaHHBIX CTYAEHTOM, BBINOJHAIOMUM pedepatuBHble paboThl. CylecTByeT
onpezeneHHas GopMma, KOTOPOH IOJKEH NPUAEPKUBATHCS CTYACHT, BBINOIHSIOMMNA paloTy.
Pedepar nomkeH HMeTh THUTYJIBHBIH JIMCT, COAEpP)KaHUE TEMbl, CIHCOK JIMTEpPaTyphl u
ornasieHre. CHOUCOK JUTEpaTypbl [OJDKEH BKIJIIOYaTh, TIJaBHBIM 0oOpa3oM, HoBeilmue
UCTOYHUKHU: CTAaThH, YUEOHUKH, IpyrUe MEePBOUCTOYHHUKH IO MpodiaemMaM aucuumiuasl. Ocoboe
BHUMaHUE yJIeNsieTcs epuoJu4YecKor NeyaTu, KOTopasi OTpakaeT Npo0deMaTHKYy, 3aTPOHYTYIO B
pedepare. Ilpu Hanmucanum paboThl 00sA3aTENBHBI CCBUIKM HA HCMOJIb3yeMble HCTOYHMKH,
CTaTHUCTUYECKUE MaTepuajbl, YTO NMpUAAET paboTe OCHOBATEIbHOCTh, HAyUYHYIO OPHEHTALUIO.
Pedepar numercs Ha muctax ¢opmara A4. O6beMm pedepara nomkeH ObITh He MeHee 18
CTpaHUIl MeyaTHOro TekcTa (pasmep mpudra 14 mpu KOMIbIOTEpHOM HabOpe TEKCTa), U3 HUX 3
cTpaHuibl — opopmienue pedepara (1 CTp. — TUTYIBHBIN JIUCT, 2 CTP. — OTJIaBJICHUE WU IJIaH,
nocleAHssl cTpaHulla pedepara — CHHCOK HCIOJIB30BaHHOM sutTeparypsl). Pedepar naer
BO3MOXHOCTh HE TOJIbKO YOEAUTHCS B YPOBHE 3HAHHI CTYJIEHTOB IO U3y4aeMOMY MpPEIMETy, HO
U YCTaHOBUThH CKJIOHHOCTBH CTYJEHTOB K Hay4yHO-HccienoBaTenbckoi padote. [lomoxurenbHol
OLIGHKM 3a pedepaT 3acily’XKUBaeT CTYACHT, IOJHOCTBIO DPACKPBIBUIMM BBIOpaHHYIO TeMY,
ONMpABLINIICS HAa HOBEWIIYIO JIUTEPATYpPY, JEMOHCTPUPYIOIINNA 3HAHHE OCHOBHBIX TEPMUHOB U
MOHATUH, YMEHHE BBIIENATH CYIIECTBEHHBIE XapaKTEPUCTHKH CIEHU(PHUKU TelIarorndeckoi
JeATETLHOCTH 10 (POPMUPOBAHIIO KOM(POPTHOM B O€30MacHON 00pa30BaTEIbLHON CPEJIbI.

KomnbloTepHasi nmpe3eHTanMsi M0 TeMe — BUJ CaMOCTOSITENbHOW pabOTHI CTYJEHTa,
IpeyCMaTPUBAIOLINI  YIOpsAIOUYMBaHUE YyuyeOHOro Marepuaisa B ¢GopMaT BU3YaIbHOTO
oprauszatopa. OCHOBHbIE IPUHLMIIBI IIPU COCTABIEHUN KOMIIBIOTEPHOMN MPE3EHTALUU: IPOCTOTA
CoOJIep’KaHusl, NOCTYHMHOCTb, MOHSTHOCTh COJAEP)KAHUS, COOTBETCTBHE COJECPKAHHUIO OKIaJa,



YMEpEHHO sipKoe o(opMiIeHHE, HATVISIHOCTh (pa3yMHOE UCIOJIb30BaHue sApkux dddekros). He
3noynoTpeoisiite 3¢ dekramu anumaruu. CTuiib oQOpMIICHUS KOMIBIOTEPHOU MpE3CHTAINH
(crmaii1oB) MOKEH OBITH €AMHBIM.

IMoaroToBKa K MPOMEKYTOYHOMY KOHTPOJIIO MO TUCIUILTHHE (IK3aMeH)

DK3aMeH SBJISETCS HEOThEMJIEMOW YacThio Y4EeOHOro mpolecca U MpU3BaH 3aKPEruTh U
YOOPSAOYUTH 3HAHUS CTYJCHTA, TOJYyUYEHHBIC HAa 3aHATUAX U caMOCTosTenbHO. Clade sK3aMeHa
IpeIecTByeT padoTa CTyeHTa Ha JIEKIMOHHBIX, MPAKTUYECKUX 3aHATHIX U CAMOCTOATEIbHAs
pabora mo wu3ydeHuro npeamera. OTCYTCTBHE CTyIEHTAa Ha 3aHATHSAX 0€3 yBaKUTEIHHOU
IPUYMHBL ¥ HEBBINOJIHEHHE 3aJaHUi CaMOCTOATEIbHOW pPabOThI SBISETCS OCHOBAHUEM JUIS
HEJOMYIEHUsI CTYACHTa K caade »dSk3aMeHa. [OTOBUTBCS K OK3aMEHY HEO0OXOJUMO
MOCIIe0BATENbHO, ¢ YYETOM NPUMEPHBIX BOMPOCOB, colepkamuxcs B mnporpamme. CHavana
ClelyeT OMpEeNeTUTh MECTO Ka)KJO0ro KOHTPOJBHOTO BOIIPOCA B COOTBETCTBYIOIIEM pasjelie
TeMbl Y4eOHOH MPOrpaMMBbl, a 3aT€M BHUMATEIbHO MPOYUTATh U OCMBICIUTH PEKOMEHJOBAHHYIO
y4eOHYI0 ¥ HayudHYIO JuTeparypy. PaboTy Haa TemMoil MOXHO CUMTATh 3aBEpPUICHHOM, €CIIU BbI
CMOJKETE OTBETHTh HA BCE KOHTPOJIBHBIE BOMPOCH! U JIaTh OMpPEIEICHNUE MOHATUH 10 U3y4aeMoil
TEeME.

4.5. I[IpumepHasi TeMaTHKA KypPCOBBIX padoT (IPOeKTOB)

CormacHo y4eOHOMY IUTaHY KypCOBBIE PaOOTBI (MPOEKTHI) MO JAHHOW TUCIUIUIMHE HE
MPEyCMOTPEHBI.



V. YYEBHO-METOAUYECKOE 1 HHOOPMAIIMOHHOE OBECIIEYEHUE
JUCHUIIIINHBI (MOY JIS)
a) mepeveHb JUTEPATYPHI
OCHOBHasl JIATepaTypa:

1. CuByxun, JImutpuit Bacunsesna OOmuit kype ¢usuxu [Texcr] : yueb. mocobue mist cryn.
¢u3. cren. By3oB: B 5 1. / . B. CuByxuH. - 2-¢ u3., crep. - M. : ®usmatiut. - [SBN 5-9221-
0229-x. T.5 : AtomHas u simepHast puzuka. - 2002. - 782 c. : ui. ; 22 cM. - Yka3. umeH: ¢. 769-
772. - IlpenM. ykas.: ¢. 773-782. - ISBN 5-9221-0230-3. - ISBN 5-89155088-1 : 307.00 p.

2. Inomsckuit O.B. AtomHas ¢usmka. Tom 1. BBemenue B atoMHyr0 GU3UKY [DIeKTpOHHBIA
pecypc]: yaeb. — OnextpoH. naH. — Caukr-Ilerepbypr: Jlans, 2010. — 560 c. — Pexxum gocryma:
https://e.Janbook.com/book/442+

3. CasenpeB U.B. Kypc obmei#t dhusuku [DnexTpoHHEIH pecype]: yaebHoe mocobue: B 5 1. T. 5:
KBanrtoBas onrtuka. AromMHas (usmka. Omsmka TBepmoro tena. Ou3nMKa aTOMHOTO siIpa M
snemenTapHsix gactur / M.B. CasemseB. — CII6.: Jlanp, 2011. — 384 c. — Pexum mocryma:
https:/e.lanbook.com/reader/book/708/#authors +

JAOMOJIHUTEIbHAS JIHTEpaTypa:

1. Buxmanm DO. KpantoBas ¢usuka [Texcr] : mep.c amrn. / 3. Buxman ; Ilox
pen.A.W.MansrukoBa,A.O.Baficenbepra. - 3-e¢ m3n.,ucup. - M. : Hayka, 1977. - 392 c. : -
(bepxueeBckuii kype duzuki ; 1.4) 39K3.

2. HUponos M.E. 3amaun no xBanToBoii ¢msuke [Texcr] : yued. mocobue st crya. By3os / U. E.
Wponos. - 2-e m3n., ucnp. - M. : Jlab. bazopex 3manmii, 2006. - 215 c. - (Texuuyeckuit
YHHUBEPCHTET). +

3. Hymyrtun H.K. ®uzuka. ®uznka atoMHbIX sBiaeHuid: Yueb. mocobue / H. K. Iymyrun, B. M.
Kamuxman, 0. H. IlepenseB; Cubupckuit HH-T IpaBa, 5KOH. U ymp. - Wpkyrck : M3a-Bo

CUIIDY, 2007. - 219 ¢. +
Caepﬂ%&—!{r Vi
JZJYE. TTHCh

0) mepHoAHYeCcKHE H3TAHUS

1. B mwupe nayku

2. JKypHal 5KCIIepHMEHTAIBHON B TEOPETHIECKOH (HDU3UKH

3. MB3pectus poccuiickoif akagemuu Hayk. Cepus ¢puzudgeckast MmxeHepHO-hHU3nIeCcKuit ) ypHaT

4. TlucepMa B 5KypHAJ SKCIIEPUMEHTAILHON U TEOPETHUECKOM (hH3UKH

5. Vemexum ¢m3WYecKMX HayK — ©XKEMECSYHBIA JKypHall. OJIEKTPOHHAS Bepcusl JKypHaa:
aHHOTAIMH, cTaThd B Gopmare pdf

6. ®usuka TBEPIOTO Tella

7. ®uzpka U TEXHUKA IIOIYIIPOBOIHUKOB

B) 0a3bl IaHHBIX, HH(POPMANMOHHO-CIPABOYHbIE H MOHCKOBbIE CHCTEMBI
[Tepeuenp pecypcoB. HHGOPMAIMOHHO-TEIEKOMMYHHKAIIMOHHON ceTh «VHTepHeT» (mamee —
ceTb «HTEpHETY), HEOOXOMUMBIX IS OCBOEHHS JUCIHATLTHHEL

1. Dnextponnas 6ubmorexa FOPAWT: www.biblio-online.ru

2. DOnextpoHHO-6HOMHOTEuHAs cucteMa JIAHD: https://e.lanbook.com

3. HudopmarmonHas cucteMa « EMiHOE OKHO TOCTyIIa K 00pa3oBaTelIbHBIM PECYPCaMy:
http://window.edu.ru/window

4. AHHOTHpOBaHHBIH  TeMaTHYECKWH  Katajor IIHTepHeT  pecypcoB 1m0  (H3HKe:
http://www.college.ru/

5. ®enepanpHbli 06pazoBaTenbHbIH TopTat: http://www.edu.ru/db/portal/sites/res_page.htm

6. bouminas HayuHas 6ubnmoTeka: http:/www.sci-lib.com/

7. EcTecTBeHHO-Hay4HBIH 00pa3oBaTeNbHbIA TOpTAT: http:/www.en.edu.ru/catalogue/

8. YueOHO-oOpazoBaTenmbHas  (u3HKO-MareMarnueckas — OubOnmoreka  caiita  EqWorld:

http://eqworld.ipmnet.ru/ru/library/physics/
9. Jlexmum mo ¢usuke mis BY3os: http://physics-lectures.ru/
10. Texuuueckas 6ubnmoTeka: http:/techlibrary.ru
11.2nexrponnas 6ubmuoteka « Tpymst yaensx UT'Y» http:/elib.library.isu.ru

VI.MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHBbI
MOAYJIA)

6.1. YueOHO-1a00paTOpHOE 000pPyI0BAHUE:

[Tomemenuss —  y4eOHble  ayIUTOPUU Ui  TPOBEIACHHUS  y4eOHBIX  3aHSITHH,



npexycMoTpeHHbIX yueOHbIM uranoM OITOIT BO 6akanaBpuata, ocHaIeHbl 000py0BaHUEM U
TEXHHYECKUMHU cpencTtBaMu  oOydeHus. [lomemeHuss Uit caMOCTOSATENbHOW — paboThI
00y4aroIUXCcsl OCHAIIEHbI KOMIBIOTEPHON TEXHUKOW C BO3MOXKHOCTBIO IMOJKIIOUEHHUS K CETU
«HTEepHET» M OOECIeUeHUEeM JOCTYyINa B 3JEKTPOHHYIO HH(DOPMAIMOHHO-00pa30BaTEIBHYIO
cpeny ®I'BOY BO «UT'Y».

6.2. IlporpammHoe obecnieyeHue:

Jis  mpoBeneHUs JTUCHUIUIMHBI HMMEETCs O00ecledeH HEOOXOAMMBIE KOMIUICKTHI
JIMIIEH3UOHHOTO M CBOOOJHO PacCIpOCTPaHSEMOr0 MPOrPaMMHOTO OOECIICYCHHUs, B TOM YHUCIIC
oredyectBeHHoro mpousBozctsa: Windows 10 pro; Adobe acrobat reader DC; Kaspersky AV;
MS Office 2007; VisioProfessional; NetBeans; SMART NoteBook; WinDjView; XnView MP;;
Access AnyLogic.

6.3. TexHnuyeckue u 3JIeKTPOHHbIE CPeACTBA:

AyIUTOpHBIE 3aHSATUS TIPOBOMAATCS B WHTEPAKTHBHOW (opMe ¢ HCMOIb30BaHUEM
MyJIbTUMEANIHOTO obecnieueHus (HOyTOyK, mpoekTop). s oOpaboTKK MOTYyYEHHBIX JaHHBIX
HAa TIPaKTHYECKUX 3aHATHSAX B Jaboparopum Kadeapsl HWMEIOTCS KOMITBIOTEPHI C
COOTBETCTBYIOIIMM MporpaMmubiM obecnieuerrem: Windows 10 pro; Adobe acrobat reader DC;
Kaspersky AV; MS Office 2007; VisioProfessional; NetBeans; SMART NoteBook;
WinDjView; XnView MP;; Access AnyLogic.

MeToudecKkoil KOHIICTIIUEH MPENoIaBaHus MPETyCMOTPEHO UCTIOIb30BaHUE TEXHHUUYECKUX
U OJICKTPOHHBIX CPEICTB OOYYCHHsS M KOHTPOJS 3HAHUW CTYACHTOB: MYJIbTHMEIUIHbIC
MPE3CHTAINH, BUICOJCKITNHU, PparMeHTHI (PUITBMOB.

MartepuajbHO-TeXHHUYECKas 0a3a NPoBeleHus1 JadopaTOPHBIX PadoT:

1. H3yuenue JBWXKEHUS 3apsOKCHHBIX  YacTULl  (KOMIIBIOTEPHOE  MOJIEIMPOBAHUE,
MEPCOHAIILHBINA KOMITBIOTED).

2. CranuonapHoe ypaBHeHue lllpenuHrepa, yacTuia B OZHOMEPHOW MOTEHLUAIBHOW siMe

(KOMIIbIOTEPHOE MOJECIMPOBAHUE, IEPCOHATILHBIA KOMIIBIOTED).

OmnsiT Pesepdopaa (koMnbroTepHOE MOJICIUPOBAHUE, IEPCOHATBHBIN KOMIBIOTED).

4. Wzyuenue mpocToro u cioxHOro 3ddexroB 3eemana (razopazpsaHas nammna JPII,
anekTpomaruurt, crekrporpad MUCII-51, I13C-kamepa TGE-1304-U)

5. HccnenoBanue CreKTpoB MOTJIOUICHUS U JTIOMUHECIIEHIIMU pyOuHa  (CIeKTpodoTOMETp
MPS-50L, nazep JITUIIY-8, cnekrpanbHas yctaHoBka Ha 6aze HUNIID)

6. V3ydeHue cepualbHBIX 3aKOHOMEPHOCTEH B CIIEKTpE BOJIOpPOJAa W €ro H30TOIOB
(rornometp I'C-5, BomopoaHast u JeiiTepeBas JTaMIibl)

7.M3ydeHne CHEeKTpaJbHOTO COCTaBa TeIUU-HEOHOBOTO Jiazepa (KOMIIOpaTtop, TeiHii-
HEOHOBBIH J1a3ep, crnekrporpad )

8.0cHoBbl  crekTtpanbHOro aHanm3a (CnektpampHble mpubopsr  MCII-22, WCII-28.
I'enepatops! nyrosoro paspsga JAI'-2 n nckposoro paspsga WUI'-3. MuxponeHcutomerp
MD-100. Ctunockon CJI-11.)

9. HzydeHue CHEKTpOB aTOMOB WIENOYHBIX METAUIOB ( MOHOXpomarop YM-2, nmamibl
HarpueBas u prytHas J[PK-120)

10. Tonkast CTpyKTypa CeKTpalibHbIX JTuHMI (ToHnometp ['C-5, namna HaTpueBas)

11. CtpykTypa MomnekysipHbIX criekTpoB (criektporpad WCII-51, pryrras mamma JIPK-120,
JamIia HaKaJlMBaHUs, KIOBETa-11€4b C HOJIOM).

12. Onpenenenne nocrosiaaoi Ctedana-bobiMana ¢ MOMOMIBIO TTMPOMETPA ¢ UCUE3AOIICH
HuThl0. (ITmpomerp JIOII-72, ucrounuk nutanus ATH-2335, UCTOYHMK NUTaHUSA
NOCTOSTHHOTO ToKa b5-43, BonbTamnepmerp mudposoii B7-40/1).

CerteBolii cepBep (KOMITBIOTEPHBIH Ki1ace).
[TepcoHanbHbIE KOMIBIOTEPHI (KOMITBIOTEPHBIN KJIAcC).
YueOHble MOCOOHs.

ITnakatsr.

w



VI1.OBPA3OBATEJIBHBIE TEXHOJIOTI'NHU

B nponecce npenogaBanus AMCUUIUIMHBI UCTIOJIB3YIOTCS CIIELYHOINE METOIBI:

— JICKIIMH,

— NIPOBEJICHUE IIPAKTUYECKUX 3aHATUH;

— IOMAIIHKE 33aHuUs;

— OIpoC;

— UHAUBHUAYAJIbHBIC MMPAKTUUCCKHUC 3a/IaHU;

— KOHTPOJIbHBIE PaOOTHI;

— TeCTHPOBAHHUE;

— KOHCYJIbTAllUU NPENoaBaTes;

— caMmocTofATeNbHas paboTa CTYJCHTOB (M3y4eHHE TEOPETUYECKOro MaTrepuana,
HOJArOTOBKA K JIJAOOPAaTOPHBIM 3aHATHUSIM, BBIOJIHEHHE JOMAIIHUX pabOT M HMHIAMBUIYaJIbHbBIX
TUIIOBBIX PAaCUY€TOB, HOJATOTOBKA K OMPOCY, TECTUPOBAHUIO M SK3aMEHY ).

Taxoke cTyieHTaM NpeoCcTaBIsIeTCs BO3MOXKHOCTh OTKPBITO MOJIb30BAThCs (B TOM YHCIIE
KOIMMPOBATh Ha JIMYHBIC HOCHUTCIN I/IH(l)OpMaHI/II/I) MMOATOTOBJICHHBIMU BCAYIIUM JaHHYIO
JUCLUIUIMHY MpernojiaBaTesieM MaTeprajaMy B BUJIE 3JIEKTPOHHOTO KOMIUIEKCA CONPOBOXKICHMS,
BKJTIOYAIOIIETO B CEOS:

— BHJICOJICKIIUH;

— OJICKTPOHHBIC KOHCIICKTHI HGKHI/Iﬁ;

— 3JIEKTPOHHBIE [JIaHbl IPAKTUYECKUX (CEMMHAPCKUX) 3aHITUH;

— CIIHUCKH KOHTPOJIBHBIX BOIPOCOB K KAXKJIOM TEME U3y4aeMOro Kypca;

—/IOTNIOJIHUTENIBHYIO ~ JIMTEPATypy, OTHOCALIYIOCA K M3y4aeMoW JMCLUUMIUIMHE B
AIIEKTPOHHOM BHUJIE

ConpoBoxJieHHE CaMOCTOATENIbHOW pPabOThl CTYJEHTOB TaKXe OPraHU30BaHO B
cienyromux popmax:

— YCBOEHHE, JONOJHEHHWE M BHUKaHUE B pa3Oupaemble pazfelibl AUCUUIUIMHBL MPU
IIOMOIIMA 3HAaHUW TOJYyYaeMbIX IIO CPEACTBAM H3YYEHHs PEKOMEHAYEMOM JUTEpaTypel M
OCYILIECTBIIIEMOE IIyTEM HaIlMCaHUs pedepaTUBHBIX padoT;

—KOHCYJIbTAllUW, OPraHU30BAHHBLIC [JIsI PA3bIACHCHUA HpO6JI€MHI)IX MOMCHTOB IIpHU
CaMOCTOSITEJIbHOM M3Y4YEHMH T€X WM MHBIX acCHeKTOB pa3/esioB ycBauBaeMoW MHpopMaiuu B
JUCITUITIINHE.

Jis mpoBeleHUs BCeX JIGKIMOHHBIX M IMPAKTHYECKHX (CEMUHApCKUX) 3aHATHH
HCIOJIB3YIOTCA MYHBTI/IMC}II/II\/'IHI)IC cpeacrBa BOCHPOU3BCACHHA AKTUBHOIO COACPKHUMOTIO,
MO3BOJISIOIIETO CIYLIATEeI0 BOCHPUHUMATh OCOOEHHOCTH M3Y4aeMOro MaTepHualla, 3a4acTylo
UTpAIOLe pELIAIOUIYI0 poJib B MNMOHMMAHWHM U BOCHPHUATHM, a Takke (QOPMUPOBAHUU
npodeCCHOHATBHBIX KOMIETEHIUH.

OcHoBHBIE 00pa3oBaTeIbHBIE TEXHOJIOTHUH, UCIIOJB3yeMbIe B y4eOHOM TpoIiecce:

— MHTEpaKTHBHAs JIEKIMs C MYJbTUMEIUHHON CHUCTEMOW C aKTUBHBIM BOBJIEYEHHEM
CTYJI€HTOB B Y4€OHBII MPOLECC U 0OPAaTHON CBA3BIO;

— JIEKIUH € IPOOJIEMHBIM U3JI0KEHUEM;

WuTepakTuBHBIE 00pa3oBaTeNbHbIE TEXHOJOTHH, WCIIOJIb3yEeMble B  ayJAUTOPHBIX
3aHATUAX:

— TCXHOJIOTHUA Pa3BUTHUA KPUTHYCCKOT'O MBIIIJICHUSA

— JIEKIUH € IPOOJIEMHBIM U3JI0KEHUEM;

— MCIIOJTb30BaHHE CPEICTB MYJIbTHMEINA;

— M3Y4YCHHE M 3aKpelvieHMe HOBOTO MaTepuana (MHTepakTHUBHas JeKIHs, padborta ¢
HarJsJHbIMU HOCO6I/I$IMI/I, BUJICO- U ayauoMaTepualiaMu, UCITIOJIb30BAaHUEC BOIIPOCOB,

— TBOpYECKHE 3aJJaHMs;

— paboTa B MasbIX rpymnmnax.

HaumeHnoBaHue TeMm 3aHATHI ¢ ykazaHHeM (pOopM/ MeTOAOB/ TEXHOJIOTHH 00yYeHHs :



Ne Tema 3ansaTHs Bun dopma / KonnuectBo
n/n 3aHATHSA MeTobl//TEXHOIOTHH 4acoB
JUCTAaHIIMOHHOTO,
HWHTEPAKTHUBHOrO 00yUYeHHs
1 2 3 4 5
1 Knaccuueckas kaptTuHa mupa u | Jlekuus Jlexuus-nuckyceus c 4
HEO0XOIUMOCTD BBEICHUS WCTIOJIb30BaHHEM
KBaHTOBBIX TIpeICTaBICHUH. KOMITBIOTEPHBIX CHMYJISIIIAN
Mopenu aTOMOB.
2 CranuonapHoe ypaBHeHue | Jlekius [Ipobnemuass  mekuust ¢ 4
[Ipenunrepa. CriexTpsl MIPUMEHEHUEM
MPOCTEHIIINX OJTHOMEPHBIX BHJIEOMAaTEPHUATIOB
CHCTEM.
3 [TpubnmxenHoe pemeHne Jlexnus WHTepakTUBHAS JEKIHS C 4
CTAIlMOHAPHOTO YPaBHEHUS MIPUMEHEHUEM
[Ipenunrepa. Teopus BUIEOMATEPHATIOB U
BO3MYIIEHUH. KOMIBIOTEPHBIX CUMYJISLIAMN.
4 MHOT037eKTPOHHBIN aTOM. Jlexmus Jlexnus-nuckyccust c 2
HCTIIONTb30BaHHEM
KOMITBIOTEPHBIX CUMYJISIIUHN
5 BsanmoneiicTBre KBaHTOBOM Jlexius [IpoGiemHuas JIEKIIAS C 4
CUCTEMBI C JIEKTPOMATrHUTHBIM MIPUMEHEHUEM
TIOJIEM U TTOHATHE O KBAHTOBOM BHJIEOMAaTEPHUAIOB
ToJe.
6 OCHOBBI (PU3UKU MOJICKY L. Jlexuus WuTepakTuBHAs JICKITUS 2
MIPUMEHEHUEM
BUIEOMATEPUAIIOB "
KOMITBIOTEPHBIX CUMYJISIIUH.
7 OCHOBHEI€ 3Tanbl Pa3BUTHS Jlexnus Jlexnus-nuckyccust c 2
(usukm sapa WCTIONIb30BaHHEM
KOMITBIOTEPHBIX CUMYJISIIUH.
8 PagnoakTHBHOCTE Jlexius WNHTepakTuBHAS JTEKIHS C 2
MPUMEHEHUEM
BHJIEOMAaTEPHUAJIOB U
KOMITBIOTEPHBIX CUMYJISIIIUH.
9 B3anmopeiicteue usnyuenus ¢ | Jleknus WHTepakTUBHAS JIEKIUS C 2
BEIIECTBOM. MPUMEHEHUEM
BUJIEOMATEPUAIIOB U
KOMITBIOTEPHBIX CUMYJISIIUH.
10 | Mopuenu CTpOSHUS aTOMOB. [IpakTudaec | 3aHsTHE — pelIeHUe 3a/1a4, 4
Pacuer monenu Pezepdopna. KOe JIUCKyCCHsI, paboTa ¢
Paccesnne yactui. Moaeinn 3aHSTHE HaTJISIIHBIMU TOCOOUSIMU U
bopa. npumenenue UKT.
11 | 3amaya Keruepa. Crimn. [IpakTnuec | 3aHsATHE — pelIeHUE 334, 4
CroxeHue MOMEHTOB. KOe JTUCKyccHsl, paboTa ¢
CucreMaTHKa COCTOSIHUM aToMa | 3aHsTHE HaTJSTHBIMU TOCOOUSIMH U
BOJIOPOJIA. npumeHenue UKT.
12 | IlpaBuna otOopa. [IpakTnuec | 3aHsATHE — pelIeHUE 334, 2
CriekTpanbHbIe CEpHH aTOMa KOe JIUCKyCCHsI, paboTa ¢
Bogopoza. CriekTpasibHbIe 3aHsTHE HaTJSTHBIMU TOCOOUSIMH U
CEpUHU aTOMOB LIEJOYHBIX npumenenue UKT.
METAaJIOB.
13 | Xapakrepucruueckoe [IpakTiuec | 3aHsATHE — pelIeHne 3a1ad, 2
PEHTICHOBCKOE M3ITyUeHHE. KOe JIUCKyCCHsI, paboTa ¢
3akon Mo3mu. Dddekr Oxe. 3aHITHE HaTJISAHBIMU TIOCOOUSIMU H




npuMmenenue MKT.
14 | Dddexr 3eemana. dpdext [IpakTuuec | 3aHATHE — pEIICHUE 3a/1a4, 2
[Tamena u baka. KOE JIUCKyCCHSI, paboTa ¢
3aHSTHC HaTJISAHBIMU TIOCOOUSIMU H
npumeHenue MKT.
15 | B3aumogpeiictBue uznyuenus ¢ | [Ipaktudec | 3aHsTHe — pemnieHne 3a1ad, 2
BEIIECTBOM. KOe JTUCKYccHst, paboTa ¢
3aHSITHC HaTJISAIHBIMU TIOCOOUSIMU H
npumeHenue MKT.
16 | DKCHepUMEHTAIbHBIC METOIBI [Ipaktrdec | 3aHsATHE — pemIeHUE 3a1aY, 2
(bM3UKH BBICOKHX SHEPTHUH. KOe JTUCKyccHst, paboTa ¢
3aHSTHC HaTJISAIHBIMU TIOCOOUSIMU H
npumeHenue MKT.
HToro uacos: 46

VII1.OOEHOYHBIE MATEPHAJIBL JJI51 TEKYIIEI'O KOHTPOJIA U
ITPOMEXYTOYHOU ATTECTALLUU

Texymuit u pyOeKHBIH KOHTPOJb OCYIIECTBISIIOTCS MO KOHTPOJBHBIM BOIPOCAM IO
W3y9aeMO NHUCHUIUIMHE, MO0 WTOTaM BBIMOJTHCHHS KOHTPOJBHBIX Pa0OT M WHIWBHIYaTbHBIX
MPaKTUYECKHUX 3aJIaHUH, B (POpME TECTOBBIX 3aJIaHWI WM B BHJIC ITOATOTOBJICHHOTO pedepara.

Marepuanbl AJsi NPOBedeHHS] TEKYUIero MW MPOMEKYTOYHOr0 KOHTPOJIA 3HAHMI
CTY/IEHTOB:

Ne Bua xontposs KonTposmmpyembie TeMbl KouTpoJsmpyembie
(pa3neJibl) KOMIIeTeHI UM/
HHIUKATOPBI
1 2 3 4

1 YcTHBIH ompoc, Tema 1. Knmaccuueckas kapTuHa MUDpA. OIIK-1 NJIK onxi.1
TECTUPOBAHUE Heo0xonumMocTh BBEAEHNS KBAHTOBBIX OIIK -2 I/I[[K OIK1.2
MpeacTaBlIeHn. Moienn aToMOoB. UK omx2.1
MK onk2.2
2 VYerHelii onpoc, Tema 2. CrannoHapHoe ypaBHEHHE OIIK-1 NJIK onxi.1
TECTUPOBAHWE, [peauarepa. CrieKTphl MPOCTEUIITNX OIIK -2 MK orxi.2
KOHTPOJIbHAs! pAdOTa | OIHOMEPHBIX CUCTEM. UK orxi 3
MK ork2.1
NJK onk2.2
3 YcrtHBIi onpoc Tewma 3. CrannoHapHbIE COCTOSHUSA B OIIK-1 MK orki.1
LEHTPATbHO — CHMMETPUYHOM I10JIE. OIIK -2 NJIK onki.2
MK ork2.1
NJK onk2.2
4 VeTHBIH ompoc, Tema 4. TIpuOIMKEHHOE pELICHHE OIIK-1 MK onkia
TECTHPOBAHHE, CTaIlMOHAPHOTO YPaBHEHUS OIIK -2 MK onki.2
KOHTpOsbHast pabota | [lIpeaunrepa. Teopys BO3MYILECHHIA. UJIK ork1.3
NJK onk2.1
MK onk2.2
5 OrTBeTHI Ha Tema 5. MHOT03JIEKTPOHHBIH aTOM. OIIK-1 MK orki.1
KOHTPOJIbHBIE OIIK -2 WK onki.2
BOIIPOCHI, MK onk2.1
TECTHPOBAHHE WJIK ork22
6 OTBeThI HA Tema 6. B3aumoaeiicTBre KBAaHTOBOM OIIK-1 WK onxi.1
KOHTPOJILHBIE CHUCTEMBI C DJIEKTPOMArHUTHBIM I10JIEM OIIK -2 I/I}IK OIIK1.2
BOTIPOCHI, 1 TIOHATHE O KBAHTOBOM NJIK onx2.1




TECTHPOBaHUE 3JIEKTPOMAarHUTHOM TIOJIE. MK onk2.2

7 VeTHBII onpoc, Tema 7. Tlepexoibl BHYTPEHHHUX OIIK -1 MK orki.1
TECTUPOBAHUE, 3JIEKTPOHOB B aToOMaxX. ATOM B OIIK -2 I/II[K OIIK1.2
KOHTPOJIbHAs pabOTa | MarHUTHOM IIOJIE. MK orki.3

NJK onk2.1

MK ork2.2

8 OTBeTHI HA Tema 8. OcHOBBI (PU3UKH MOJIECKYIL. OIIK -1 NJIK onki.1
KOHTPOJIbHBIE OIIK -2 WK onxi.2
e K o
poBaHue I/IHK OIK2.1

MK onk2.2

0 OTBeTHI Ha Tema 9. OCHOBHBIE DTAIBI Pa3BUTHS OIIK -1 MK orki.1
KOHTPOJILHBIE (bU3MKH SAIpa ¥ DIIEMEHTApHBIX YacTull. | OIIK — 2 NJIK onk1.2
BOIIPOCHI, MK onki1.3
TECTHPOBAHHUE WJIK orx2.1

MK onk2.2

10 | Ycruslii ompoc, Tema 10. PagroakTHBHOCTL M MOJEIH OIIK -1 NJIK onxi.1
TECTUPOBAHUE ATOMHBIX sIJIED. OIIK -2 MK onki.2

NJK onki.3

MK ork2.1

NJK onk2.2

11 VcrHblif onpoc, Tema 11. B3aumosecTBre SAepHOTO OIIK-1 WK onxi.1
TECTUPOBAHMUE, H3JIy4YCHHUS C BEILIECTBOM. OIIK -2 NJIK onki.2
KOHTpOJIbHAs paboTa NJK onki.3

NJK onk2.1

MK onk2.2

12 | Ycruslii onpoc Tema 12. O6uue cBoiicTBa OIIK -1 NJIK onxi.1
3JIEMEHTAPHBIX YACTHIL. OIIK -2 WK onxi.2

N/IK onk2.1

MK onk2.2

13 | Ycruslii ompoc Tema 13. Kocmuueckue ayun u simepHast | OIMK — 1 NJIK onki.1
acTpou3HKa. OIIK -2 MK orki.2

NIK onki.3

MK ork2.1

NJK onk2.2

Jlemoncmpayuonnulii éapuanm KOHmpoavHou padomor Nel
1. ITonocte 00beMOM V = 1 11 3amoIHEHa TEMJIOBBIM U3JTyueHreM npu temneparype T = 1000 K.
Haiitn termmoemkocts Cv.

2. Nmeercst BakyyMHbIH (DOTORIIEMEHT, OJMH U3 DJIEKTPOJOB KOTOPOTO IE3UEBBIH, IPYrol —
MeAHbIH. OnpenenuTh MaKCUMalbHYI0 CKOPOCTh (DOTOANIEKTPOHOB, MOJJIETAONIUX K MEIHOMY
AJIEKTPOY, IIPU OCBEIICHUHU LE3UEBOI0 IEKTPOJA JICKTPOMArHUTHBIM U3JIyYEHHUEM C JJIMHOU
BOJHBI 0,22 MKM, €CIIM DJIEKTPO/Ibl 3AMKHYTh CHApYy>KH HAKOPOTKO.

3. ®oron ¢ ummynscoM p = 1,02 MaB/c, rie ¢ — CKOpPOCTh CBETa, paccesyics Ha MOKOUBIIEMCS
CBOOOJHOM 3JIEKTPOHE, B pe3yJibTaTe 4ero uMmyisc ¢potona cran p' = 0,255 MaB/c. [lon kakum
yrioM paccesicst poTon?

4. Ilpoton ¢ kuHetuueckoil sueprueit T = 10 M»sB mnponeraer Ha pacctosHuu b = 10 nm ot
CBOOOJHOI0 OKOMBILIETOCs 3JIEKTpoHA. HailTu sHEpruto, KOTOPYIO MOIYyYUT JIEKTPOH, CUMTAS,
YTO TPAEKTOPHS IPOTOHA NPSIMOJIMHENHAS U 3a BPEMs NIPOJIETA JIEKTPOH OCTAETCS MPAKTUIECKU
HEIOJIBUKHBIM.




5. [TokouBmuiics aToM BOJOpOAa UCITYCTHI (DOTOH, COOTBETCTBYIONIUN TOJIOBHOU JIMHUH CEPUU
Jlaiimana. Kakyto ckopocTs mpuoOpen atom?

Jlemoncmpayuonunwiii eapuanm mecma Nel
1. DddexT Komnrona 3akimtodaercs B
1) B3aUMO/EHCTBUE O AIEKTPOMATHUTHOTO M3JIyYCHHUsS C BEILECTBOM, B PE3yJibTaTe KOTOPOTO
sHeprusi (GOTOHOB MEePEAAETCS AIEKTPOHAM BEIECTBA.
2) paclueriCHUE JIMHUN aTOMHBIX CIICKTPOB B MArHUTHOM IOJIE.
3) paccesiHHE 3JIEKTPOMArHUTHOTO M3IY4YEHHsS Ha CBOOOIHOM 3JIEKTPOHE, COMPOBOKIAIOIIECECS
YMEHBIIIEHUEM YaCTOThI U3ITyUCHUS
4) sMuCCHS dJICKTPOHA U3 aTOMa, MPOMCXOAIIAs B pe3ysibTare Oe3bI3IydaTeIbHOro Mepexoa
[pY HAJIMYMHU B aTOME BaKaHCUH HA BHYTPEHHEH JIEKTPOHHON 000JI0UKe.
2. B monenu aroma TomcoHna:
1) 31EKTPOH CUMTAETCS HEMOABUKHBIM;
2) MOJNOKHUTENBHO 3apsDKEHHAs 4acTh aToMa CUMTAETCsl HETMOJABHXKHOM, TaK KaK 3HAYUTEIHHO
TSKEJIee DIIEKTPOHA,
3) pa3mep NOJOKUTENBHO 3apPsHKEHHOTO «ITyAMHTa» 3HAYUTENIBHO O0JbIe pa3Mepa dJIEeKTPOHa;
4) 2JIeKTPOHBI HAXOJATCS Ha MMOBEPXHOCTU IOJIOKUTENBHO 3apsPKEHHOTO OOJIBIIONO «ITyAUHTa,
MPUTSTUBASACH UM;
5) 2IEKTPOHBI HAXOAATCS BHYTPH IOJIOKUTEIBHO 3aPSDKEHHOTO «ITyJIMHIa» U MOTYT COBEpLIATh
KOJIe0aHUsl OTHOCUTENHHO MOJIOKEHUS PaBHOBECHS,
6) 3JIEKTPOHBI COBEPILAIOT JBUKEHUE BOKPYT MOJIOKUTEIBHO 3apsKEHHOM YacTH aToMa
3. [Tocne onbITOB 10 paccessHUIO oi-dyacTull Pezepdop crenan BIBOIBI:
1) cymiecTByeT siiepHasi MOJICIIb aTOMa;
2) ombIT NOATBEpAMIa MOAeNb ToMCoHa;
3) cyliecTByeT IJIaHeTapHast MOJIeTb aTOMa;
4) B Aipe CKOHIIEHTPUPOBAHA MTPAKTUYECKH BCS Macca aToMa;
5) pa3mepsl sipa COOCTaBUMBI C pa3MepaMH aToMa;
6) pa3Mepsl g/ipa 3HAUUTEIHHO MEHBIIIE Pa3MEPOB aTOMa.
4. KakoB @u3nueckuii cMbIcs 3 (HEKTUBHOTO CEUEHUSI PACCESIHUS?
1) B MexaHUYECKOW MOJIEH: TO TUIOMIA KA (MUIIEHB), TIONIaB B KOTOPYIO YaCTHUIA UCIIBITHIBAET
OTKJIOHEHHE;
2) B CTAaTUCTUYECKOIN MHTEPIIPETAL[H: 3TO BEPOSITHOCTb UCIIBITATh PacCesTHUE OJTHON YaCTHIIE;
3) oTa BenmuurHA (PU3UIECKOTO CMBICTIA HE UMEET;
4) ceueHHe MyyKa pacCestHHbIX 4acTHIl B onbiTe Pezepdopra;
5) ceueHune MyyKa NaJaroliuX YacTHI;
6) oTHOIIIEHHE CeUeHUs MyYKa PAaCCeSHHBIX YacTUIl K MHTEHCUBHOCTHU MAJAIOIINX YACTHII;
7) OTHOILIEHUE YHCIIa PACCESTHHBIX YAaCTHUI] K MHTEHCUBHOCTH MaJAIOUINX YacTHUILL.
5. 13 cooTHOIIEHNS HEOTIpeIeIeHHOCTEH ciaenyer
1) yacTuna ¢ onpeaeaeHHbIM 3HAYEHUEM DPHEPTHH XapaKTePU3yeTCsl ONPE/IETICHHBIM 3HaU€HUEM
UMITyJIbCa
2) TOYHO U3MEPHUTh BPEMS JKU3HU YACTHUIBI MOXKHO JIMIIb B TOM Clly4ae, €CIi y Hee TOYHO
OIIPEENIEH UMITYJIbC
3) y yacTHIlbl MOTYT OBITH OJJHOBPEMEHHO TOYHO U3MEPEHBI MOJ0KEHUE U UMITYJIIbC
4) TOYHO W3MEPUTH DHEPTHI0 Y CHCTEMBbI MOXXHO JIMIIb B TOM CIIydae, €ClIM CHCTeMa >KUBET
0OEeCKOHEYHO JI0JIT0
6. 'unoresa e bpoiins 3akiroyanack B TOM, 4YTO
1) sapo uMeeT Malble 0 CPABHEHUIO C aTOMOM pa3Mephl
2) yacrtua, o0iagaronias UMITyJIb5COM, UMEET KaK BOJHOBBIC TaK U KOPITYCKYJISIPHbIE CBOMCTBA
3) TOYHO M3MEpPUTHh BpEeMs KM3HU YACTUI[BI MOXKHO JIUIIL B TOM CJIy4Yae, €CIIM Y Hee TOYHO
OIIPEENIEH UMITYJIbC
4) sneKTpOHHbIE OPOUTHI MOTYT PACIIONaraThCsl Ha ONPEIEICHHBIX PACCTOSHUAX OT siipa



7. Jlyn ne bBpoiinb mpUMEHHJI CBOIO THIIOTE3y K Mojenu atoma bopa. YkazaTe BepHOe
YTBEPKICHUE

1) u3MeHeHue CKOPOCTH HIICKTPOHA HE MPUBOIUT €0 K IMEPEX0/1y Ha IAPYTyio OpoOUTy

2) B aTOME Ha «Pa3peIICHHBIX» AJICKTPOHHBIX OPOHUTAX YKJIAJBIBACTCS MOJYIEIOE YUCIO JTHH
BOJIH Jie bpoiins

3) mpu ABMXKEHUU TIO CTAIIMOHAPHBIM OPOUTAM CKOPOCTH AJICKTPOHA MEHSETCS

4) cranmoHapHble OpOUTHI bopa COOTBETCTBYIOT CTOSYMM DJICKTPOHHBIM BOJHaM je bpoiins B
aTome

Kputepuu onieHrBaHUsI BHIIOJTHEHUS TECTA!

«Omauunoy: seimoinenue ot 85% mo 100 % TecTOBBIX 3a0aHMIL;
«Xopowoy: Beimonnenue ot 65% 10 85% TeCTOBBIX 3a/1aHUI;
«Yooenemeopumenvnoy: soinonnenue 6osuee 50% TECTOBBIX 3a/1aHUT;
«Heyooenemeopumenvnoy: Boinonnenue 50% 1 MeHee TeCTOBBIX 3aJaHUM.

Ilpumep KonmpobHbBIX 60RPOCOB
KaxoB ¢uzndeckuii cMbICI yucen m 1 n B 0000mennon popmyie bansmepa?
KakoBbI 17TMHBI BOJIH CAMBIX KOPOTKOBOJIHOBOW U JUIMHHOBOJIHOBOM JInHUM cepuu [lamena?
KakoBa 1yiHa BOJIHBI, COOTBETCTBYIOLIas rpanuile cepun baibmepa?
KakoBa dactora roinoBHo# quHuu cepuu Jlaitmana?
ATOMBI BOJIOpPOJIa HaXOJATCS B COCTOSIHMM € N = 5. CKOJBKO JMHUM COJEPKUT €ro CHEKTp
U3IIy4eHUs1?
B uem cocTout cyTh KOMOMHAIIMOHHOTO NpuHIMNa Putna?
7. Wcnonp3yss KOMOWHAIIMOHHBIN MPUHIUI, MOKAXXUTE HA OJHOM M3 MPUMEPOB, KaK MOIKHO
IIOJIYYUTh 4acTOTY JJIsl BTOPOM JUIMHHOBOJIHOBOM JIMHKHU cepuu Ilanena.
8. B yem 3akirovaercs CTaTUCTUYECKAs MHTEPIIPETALUs BOJTHOBON (PyHKIHH?
9. Jlns xakuX 9acTUIl cripaBeTiBo ypaBaHenue Llpeaunarepa?

arONE

o

10.  Tlouemy ypaBuenue lllpenunrepa copmynupoBaHo Kak BOJIHOBOE ypaBHEHHE?
11. 3anummTe BpeMeHHOE U cTalinoHapHoe ypaBHeHus Llpenunrepa u npoananu3upynTe ux.
12.  CoBepmmre mepexon OT BpeMeHHoro ypaBHeHus IllpeanHrepa K cCTaliOHapHOMY.

3anuiuuTe OAHOMEPHOE BpPEMEHHOE U cTanMoHapHoe ypaBHeHus Ilpeaunrepa u
poaHaIU3UpPyITe UX.

13. 3anummTe BpeMEHHOE U cTanroHapHoe ypaBHeHus [llpeaunrepa B oneparopHoi hopme
Y MIPOAHAJIM3UPYUTE UX.

14.  Kakoil BBIBOJ MOXXHO CcJieslaTh, CPaBHMB cTallMoHapHoe ypaBHeHue Illpeaunrepa c
ypaBHEHUEM JJi1 COOCTBEHHBIX 3HAYEHUHN U COOCTBEHHBIX (QYHKIUIT?

15.  3anummmute cranuoHapHoe ypaBHeHue lllpeaunrepa amas BOJOpPOJONOA0OHON CHCTEMBI.
[TpuBenuTe npuMepsl BOAOPOJONOAOOHBIX CHCTEM.

16.  Ilouemy Hamboree MOAXOAALIEH KOOPAMHATHOM CHCTEMOW JIi PAcCCMOTPEHHUS aTroma

Bojiopofa sBisgercs cdepuueckas? Ilpoananusupyiite (KayecTBEHHO) XOJl PpELICHHS
cTanMoHapHoro ypaBHeHus Llpenunrepa Juist aroma BOAOPOAa B chepruuecKux KOOpIUHATAX.
Kaxne BBIBO/IBI CEAYIOT U3 €TI0 PELICHHUS?

17. 3anumurte COOCTBEHHBbIE 3HAUEHUS OHHEPIUM OJJIEKTpOHA B aTOME BOJOPOJA,
onpenenseMble pemieHneM ypasHeHus Llpenunrepa, u npoananuzupyite ux. B uem otimune
Y CXOJZICTBO C pe3yJsbTataMu Teopuu bopa?

18.  Kakue BemWYMHBI IS DJIEKTPOHA B aTOME ONpEIeNICHBI, €CITH N3BECTHBI KBAHTOBEIE YHCIIa
n, | u m?
19.  Tloyemy KBaHTOBas MEXaHHKa HE UCIIOJIB3YET MPENCTaBICHHE 00 AIEKTPOHHBIX OpOUTaxX?

Yto XAapPaKTCPU3YIOT KBAHTOBBIC YHCJIA 1, l u m?

Temut pechepamos unu 00Kk1a006
1. PenmkToBO€ M3IyueHUE



o

No o

10.

[TupomeTpbl U TEMI0BU30PHL. TEXHOIOTUH U IPUMEHEHHE.

CounHeunble OaTapen: TEXHOJIOTHH, COBPEMEHHOE COCTOSIHUE M MEPCIIEKTUBBI PA3BUTH.
Judpakius peHTreHOBCKOTO M3JIyYEHUS U PEHTTEHOCTPYKTYPHBIA aHallU3 CTPOCHUS
BELIECTBA.

DJIEKTPOHHBIN NTapaMarHUTHBIN PE30HAHC U SIACPHBIA MAarHUTHBIN PE30HAHC.

Dddext Pamzayspa-TayHcenna.

BpamarenpHast ~ crmeKTpockomusi — KaKk ~ BBICOKOTOYHBIA ~ METOJ  OIpeaeTeHHs
F€OMETPUUECKUX IapaMeTPOB MOJIEKYI.

['urantckoe KOMOMHAIIMOHHOE paccesHHe U €ro IMPUMEHEHHE K H3YUYCHHIO
OMOJIOrNYECKUX MOJIEKYI

KBaHTOBO-KacKaJHbIE JIa3epbl: TEXHOJOTHUS U IPUMEHEHHE.

Jlazep Ha cBOOOHBIX JEKTPOHAX: TEXHOJIOTUS M TPUMEHEHHE.

Kputepuu oniernBanus pedepaTtoB IpH JOKIAE B YCTHOU popme.
Cooepircanue Ooknaoa. aHanU3UpyeT W3YUEHHBIM MaTepuan, BbIAETSET Haubolee

3HAYMMBbIE U PACKPBITHS TeMbl (DaKThl, Hay4dHBIC IIOJIOKEHUS, COONIONACT JIOTMYECKYIO
IIOCJIE0BATENBHOCTD B U3JI0KEHUHU MaTEpHala.

Hpedcmamenue 0oKnaoa: HUCIIOJIB3YCT MIJIFOCTPATUBHBIC, HAITIIAHBIC MaTCpUaAJIbl,

BJIAJICET KYJIbTYpOU PEUH.

w

10.

11.

12.

Apzymeumauuﬂ omeemoes Ha 60npocsl. NIPOSIBIIICT KPUTHYCCKOE MBIIIJICHHUE.

Ilpumepnulii nepeuens 60npocog K IK3AMeHy

Knaccuueckast kapTuHa MUpa ¥ HEOOXOIMMOCTh BBEICHHS KBAHTOBBIX IPEICTABICHHH.
[Tpo6GiieMa paBHOBECHOTO 3JIEKTPOMAarHUTHOTO u3nyueHus. ®otosddext. Dpdext
Komnrona. TopMO3HOE PEHTT€HOBCKOE H3ityyeHue. KBaHTOBBIN ITpEAEIL.

®otoH. ['unoresa ne bpoinsa. KopnyckynsspHo-BoJIHOBOM Ayanu3M. BomHOBO naker.
CooTHOIIEHNS HEOTIPEIEIEHHOCTEH.

Atom Tomcona. OnbiTel Pesepdopaa. [lnanerapHas Mojens aroma.

Atom bopa. Moaens bopa u runoresa ne bpoiins. Penarusucrckoe 000011eHre MOAETN
bopa. DkcniepuMeHTaIbBHOE 10KA3aTEIbCTBO JUCKPETHON CTPYKTYPBI AaTOMHBIX YPOBHEH.
OneiTel ®panka u I'epua. M3oTonnyeckuii ciBUr aTOMHBIX YpOBHEH. MIOOHHBIN aTOM
BOZOpOAA.

MHorouacTuyHas KBaHTOBas CUCTeMa. J[BH>KEHME BOJHOBBIX MTakeToB. IIpenenpHbIin
Nepexo]l K KJIACCUYECKON MexaHuKe. ONTHKO-MEXaHNYeCKasi aHAJIOTUs.

CrauunonapHoe ypasHenue lllpeannrepa. CrieKTpel MPOCTEHIINX OJHOMEPHBIX CUCTEM.
CBobosaHoe nBMKeHue yacTuipl. YacTria B 0ECKOHEUHO IITyOO0KOM MPsIMOYTOIbHOMN
MOTEHIMANTBHON siMe. YacTuiia B IpsAMOYTOJIbHON MOTEHIIMATIBHON IME KOHEYHOU
IJTyOUHBI.

TyHHenbHBIN 3P (deKT. ABTO3IEKTPOHHAS IMHUCCHS. SIBIIEHUE 0 - pacliaga aTOMHBIX S7ep.
TyHHenbHas MOHU3ALUS ATOMOB B OIITUYECKOM I10J1€. TyHHEIbHBI MUKPOCKOII.
TyHHenbHBIN 3QdEKT: onTUYECKas aHAIOTHSL.

Ilepnonnueckuil moTeHIHal. I'apMOHUYECKUN OCLIUILIATOP.

CranuoHapHbIE COCTOSIHUA B LIEHTPAJIBbHO — CHMMETPUYHOM IOJIE.

OpOuTanbHBI MEXaHUYECKUI U MArHUTHBI MOMEHTBI 3JIEKTPOHA. DKCIEPUMEHTAIBHOE
orpeziesieHue aTOMHBIX MarHUTHBIX MOMEHTOB. COOCTBEHHBIN MEXaHUYECKUI 1
MarHUTHBIN MOMEHTHI MeKTpoHa. CrinH. Co’keHne HEB3aUMOIEHCTBYIOIIIMX MOMEHTOB
KOJIMYECTBA JABUKECHUS.

Cucremaruka cocTosiHuI aromMa BojopoJia. [IpubnmkeHHoe pereHne cTalioHapHOTO
ypaBHenus llIpeaunrepa. Teopust BO3MyIIEeHUH.

M3oTonnyeckoe cCMEeHuEe aTOMHBIX YPOBHEH, CBA3aHHOE C KOHEYHBIM Pa3MepoM sipa.
ToHKas CTpyKTypa CIIEKTpa aTomMa BO0poia. TOHKas CTPYKTypa CIIEKTPOB
MHOT'O9JICKTPOHHBIX aTOMOB. IIOHSATHE O CBEPXTOHKON CTPYKTYpE aTOMHBIX CIIEKTPOB.
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20.
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22.
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27.

28.
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30.

31.

32.

33.

34.

ToxxnecTBeHHOCTh MUKpOYacTHUIl. bo3oHbI U pepmuonsl. [Tpuaiun [aynu.
MHoroanekTpoHHbIi aroM. [Tpubimxenne caMocoriacoBaHHOTO OIS,

ATOMHBIE 000JIOUKH U MOI0007I0YKU. DIEKTPOHHAS! KOHPUTYpaLns. ATOMBI HIETOYHBIX
MeTaJlIoB. AToM renus. O01mye NPUHLIMIIBI ONTMCAHUS MHOTO3JIEKTPOHHBIX aTOMOB.
3anonHeHne aTOMHBIX 000JI04eK 3JIEKTpOHaMU. TepMbl MHOT03JIEKTPOHHBIX ATOMOB.
Toukas crpykrypa Tepma. Cocrosinus. [Ipasuno nntepBanos Jlanzae. [Ipubnmkenue LS -
" jj -cBsazeii. OcHoBHBIC TepMbI aToMOB. [IpaBuia XyHa.

BzauMmopeiicTBue KBaHTOBOW CHCTEMBI C 3JIEKTPOMAarHuTHbIM noJieM. Hectaunonapuas
Teopus Bo3MyIeHui. [IpaBmia otoopa.

CrnextpanbHble cepuu atoMa Bojiopoaa. CrieKTpaabHble CEpUN aATOMOB IIETOYHBIX
METaJUIOB. DJIEKTPOMArHUTHBIE EPEXO0/Ibl B MHOTO3JIEKTPOHHBIX aTOMAX.

KBaHTOBOE 371€KTPOMarHUTHOE MOJIE U €r0 B3aUMOAECUCTBUE C aTOMOM.
DIEeKTPOMarHUTHOE MOJie KaK KBAHTOBBIM OOBEKT.

BzaumopeiicTBue aTOMHON CUCTEMBI C KBAHTOBBIM 3JIEKTPOMATHUTHBIM TIOJIEM.
CrioHTaHHbBIE TIEPEX0/Ibl. YIIUPEHUE CTIEKTPATbHBIX TUHUH. JIaMOOBCKU cABUT
ATOMHBIX YPOBHEM.

[lepexopl BHYTPEHHHUX 3JIEKTPOHOB B aTOMaX. XapaKTEPUCTUUECKOE PEHTI€HOBCKOE
usnydeHue. 3akoH Mozmu. Dddext Oxe.

Atom B marHuTHOM m011e. D dekt 3eemana. DPdext Iamena u baka. DneKTpoOHHBIHI
napaMarHuTHbIN pe3oHaHc. OnbiThl LlTepna u ['epiaxa.

Buner nBrxenus B Mosiekyie. Pa3znenenue e€ sHepruu Ha 3J€KTPOHHYIO, KOJIeOaTenbHYI0
U BpallaTeNbHY0. AradaTndeckoe MpuoOImKeHne. DIeKTPOHHbIE, KOJIeOaTeIbHbIC U
BpallaTesIbHble YPOBHU SHEPIHU U CIIEKTPbI JBYXaTOMHON MOJIEKYJIbI.

Tunsl cBa3u B TBepaoM Ttene. Kpucramumueckas pemerka. @oHoHbl. OCHOBBI 30HHOMN
teopun. Merajuisl. [lonynpoBoauuku. {usnekTpuku.

CgoiictBa aroMHubIX sjep. OmbiT Pesepdopaa mo paccesHuro O-dactuil. 3apsn sapa.
MaccoBoe umcino u macca szapa. Pasmeps! simep. @opMmdakTop sipa U HYKIOHOB.
N3oTomnbl. DHeprus cBs3u sapa. [lomysmnupuueckas popmyna 1ist SHEPTUU CBS3H sJIpa.
CnMH ¥ MarHuTHBIA MOMEHT spa. OKCIEPUMEHTHI 10 HM3MEPEHHMIO MAarHUTHBIX
MOMEHTOB SEp. S epHbII MarHUTHBIA PE30HAHC.

TenszopHblil xapaktep sfaepHbIXx cui. CnuHOBas W CHMH-OpOMTalbHAs 3aBUCUMOCTH
AJIEPHBIX CUJI. 3apsA0Basi HE3aBUCUMOCTD SAEpHBIX cuil. O000menHblii npuHun [aynu.
CBOIiCTBO HACHIIIEHUS AEPHBIX CUIIL.

EcrecTBeHHass M HCKYCCTBEHHas PaJMOaKTUBHOCTh 3aKOH PAJMOAKTHUBHOIO pacraja.

PanuoakTuBHBIC psabl. Ol-pacna. HpaBI/ma 0T60pa.

B-pacman. Bumer [-pacnama. Ouepretnueckue ycmous B-pacmanoB. CHEKTpHI
JIEKTPOHOB.  XapaKTEPUCTUKUA HEWTPUHO. DKCHEPMMEHTAIBHOE  JI0KA3aTelbCTBO

CYIIECTBOBAHUS HEUTPHHO. DIIEMEHTHI Teopuu B-pacmana.

Y-usnyuenue saep. [IpaBuia orbopa o MOMEHTY U YETHOCTHU AJs Y-TiepexonoB. Dddekr
Meccbayaspa u ero npumMeHeHne B (PU3NKe U TEXHUKE.

Knaccudukanus wmoneneit snmpa. KamenbHas wmogmens sapa. Mopnenbs ¢epmu-rasa.
®dusndeckoe 000CHOBaHUE 000JI0YEUHON CTPYKTYPHI siIpa.

CunpHoe  cnuH-OpOUTaNbHOE  B3amMmojeiicTBue. OcTaTouHoe  B3aUMOJICHCTBHE.
BpamaTtenpHbie U KosieOaTeIbHBIE COCTOSTHUS SIIED.

Topmo3Hoe wu3nyuyeHue. M3nydenne BaBunmoBa-UepenkoBa. IIpoberu 3apsKeHHBIX
YaCTHII.

BzaumopeiictBue HEUTPOHOB C BELIECTBOM. TEIUIOBBIE M PE30HAHCHBIE HEUTPOHBI.
DJIEMEHTHI 103UMETPHH.

Snepuble peakuuu. OKCIEPUMEHTAIbHBIE METO/Abl HW3YYEHHUs SACPHBIX peaKIuil.
Ouznyeckue NPUHIUIBI pa0OTHl yCKOpHUTeNeH. J[eTeKTophI sIepHbIX YaCTHII.



35. MexaHu3Mpl B3aUMOJCHCTBUS B MHPE YaCTHIl. 3aKOHBI COXPAaHEHHS B MHpPE
aJIeMEHTapHbBIX YacTuil. Kiaccudukanus B3auMOICHCTBHII U AJIEMEHTAPHBIX YaCTHII.

36. Oranbl pa3Butus Bceenennoii. CoBpeMeHHbBIE MPEICTABICHUS O CTPYKType BceneHHOM.
Temuas Marepus. TemHas sHeprus.

Ilpumepwt 3a0au na rIxzamene

1. Haiitu cpenHiow AJIMHY BOJHBI A¢ bpoilis TermioBoro HEHTPOHA, TO €CTh HAXOSAIIETOCS
B TEILJIOBOM PAaBHOBECHH C OKpY>Karollei cpeioi, mpu komHatHou temmneparype 300 K.

2. @orton c¢ nsHeprued 12,12 5B, morjomeHHBI aTOMOM BOJOpPOJAA, HAXOIAIIUMCS B
OCHOBHOM COCTOSIHUH, TIEPEBOJUT aTOM B BO30YXACHHOE coctosiHue. OmnpenenuTh
[JIaBHOE KBAHTOBOE YHCIIO 3TOTO COCTOSIHHUS.

3. Yactuma HaxoIuTCs B ABYMEPHOM HPSAMOYTOJBHOM MOTEHIHAIBHOW siME C aOCOIIOTHO
HenpoHumaeMbiMi cTeHKaMu (0 < x < a, 0 < y < b). Onpeaenutrb BEPOATHOCTH
HAXOJKJCHUS YaCTHUIIBI C HAUMEHbIIeH sHeprueit B oomactu 0 < x < a/3.

4. Hanwucarh ¢ TOMOIIBIO MpaBui XyHAA CIEKTPAIbHBII CUMBOJ OCHOBHOT'O TE€pPMa aTOMa,
SIMHCTBCHHAS HE3aIOJHCHHAS T10J000JI09Ka KOTOPOro 3arnoiaHeHa: a) Ha 1/3, u S = 1; 0)
Ha 70%, u S = 3/2.

5. HaiiTi HanpsbKeHrEe Ha PEHTI€HOBCKOHM TPYOKE C HUKENEBbIM aHTHKATOJIOM, €CIIM Pa3HOCTh JUTHH
BOJIH Ko-JINHUU W KOPOTKOBOJIHOBOW TPaHMIB! CIUIOIIHOTO PEHTTEHOBCKOIO CIIEKTpa paBHA 84
IIM.

Ilpumeput 3x3amenayuonnvlx dOunemos
BWJIET 1

1. Kiaccuyeckass KapTHHa MHUpa U HEOOXOIUMOCTH BBEICHHS KBAHTOBBIX IPECTABICHHM.
[Tpobnema paBHOBECHOTO JIEKTPOMArHUTHOTO W3ydeHHus. DoTorpdexT.

2. CgoiictBa atoMHubIX simep. OmnbiT Pesepdopma mo paccesHuro O-dacTuil. 3apsg sapa.
MaccoBoe umcino u macca sapa. Pasmepst siep. @opmdakrop sapa v HyKI0HOB. M30TOMBI
DHeprusi CBA3M sapa.

3. 3anaua: [Ipy yBelHUeHNH HATIPSKEHHS HAa PEHTreHoBcKol TpyOke or U1 = 10 kB mo U2 = 20 xB
UHTEpBAl JUIMH BOJH MexAQy Ko-TuHMEH M KOPOTKOBOJHOBOM TIPAHULEH  CIUIOLIHOTO
PEHTIeHOBCKOTO criekTpa yBenuuuics B n = 3,0 paza. Omnpenenuth NOPSIKOBBIA HOMEP 3JeMEHTa
aHTHUKATOJ1a 3TOU TPYyOKH.

BUWJIET 2

1. 3¢ dexr Komnrona. TopMmo3HOE peHTT€HOBCKOE U3ilyueHrne. KBaHTOBBIN mpeien.

2. ToxnecTBeHHOCTh ~ MHKpodacTHl.  bo3onel u  ¢epmuonsl.  [lpunuun  Ilaynn.
MHuoroanekTpoHHbIi atrom. [Ipubnuxkenne caMocoriiacoBaHHOTO MOJIS.

3. 3amaua: DIEKTPOH ¢ KUHETHYeCKo# sHepruel T ~ 4 3B nokanu3oBaH B o0nactu pazmepom | =
I wmxM. OLeHUTh ¢ TIOMONIBIO COOTHOLIECHUS HEOMPEACIICHHOCTEN OTHOCUTEIBHYIO
HEOIIPEIEIEHHOCTb €TI0 CKOPOCTH.

BUJIET 3.

1. ®oron. T'unoreza ne bpoiina. KopmyckynspHo-BoiaHOBOM Ayanu3M. BonHoBo#l maxer.
CooTHOIIEHNS HEOIIPEAEIEHHOCTEH.
2. EcrecTBeHHass W WCKYCCTBEHHAas paJMOAKTUBHOCTh 3aKOH pPATMOAaKTUBHOTO pacmaja.

PagunoaktuBHbIe psabl. Ol-pacniaj. [IpaBuia orGopa.
3. 3agava: BomHOBas (yHKIMS YaCTHIIBI MAacChl M JUISI OCHOBHOTO COCTOSHUS B OJHOMEPHOM
noterrmansEoM 1one U(X) = kx%/2 umeer Bun w = Aexp(-ax?), rae A — HOPMHpPOBOUHKII
KO3 (UIIMEHT, 0. — TOJOKUTENbHAs ocTosiHHas. Haliti ¢ momompto ypaBHenus Ipenunrepa
MIOCTOSIHHYIO O M DHEPIHIO E 4acTHUIIBI B 3TOM COCTOSIHUH.



Kputepun sx3aMeHaIMOHHON OIEHKHU.

Onenka «omauuno»: CBOOOTHO BIAJCET TEOPETHUECKUMH TOHATHAMU JUCHHUILTHHEL;
MPOSIBIISIET CUCTEMHOCTh 3HAHHWI yueOHOro marepualia U CrnoCOOHOCTh yCTaHABIUBATh CBSI3U
MEXJly TEOPETUYECKUMH IOHATHSIMM; YMEET JAejaTh IE€PEHOC TEOPETUYECKUX 3HAHUU B
MPAKTUYECKYIO0 00JIaCTh MPUMEHEHHUS; YMEET CBOOOTHO BBIMOIHATD 33/1aHUs, IPEAYCMOTPEHHbBIE
MPOrPaMMOM, YCBOMJI OCHOBHYIO JIMTEPAaTypy M 3HAKOM C JOMNOJIHUTEIbHOM JUTEpPaTypoOu,
PEKOMEHIOBAaHHOW MPOrpaMMOl; MOHUMAET 3Hau€HUE NMPUOOPETEHHBIX 3HAHUU i Oynylien
npodeccuu, MposBIsIET TBOPUECKUE CIOCOOHOCTH B TOHUMAHHH, U3JI0KEHUHU U MCIIOJIb30BAaHUU
y4eOHO-IIPOrPaMMHOT0 MaTepHuaia.

OneHka «xopouto»: CTYJICHT BIaJeeT TEOPETUUECKUMHU 3HAHUSAMH, JOCTATOYHO CBOOOIHO
ONEpPUPYET HMH; YCIICIIHO BBINOJIHIET NPELYyCMOTPEHHbIE B IPOrpamMMe 3a/laHusl, YCBOWII
OCHOBHYIO JIUTEpaTypy, PEKOMEHAOBAHHYIO B IIpOrpaMMe; IOKa3blBaeT CHUCTEMaTUYECKUUN
XapakTep 3HAHUW MO AUCHUUIUIMHE M CIOCOOEH K HMX CaMOCTOSITEIbBHOMY IIOMOJIHEHUIO U
OOHOBIICHHIO B XOJ¢ JaibHEHmeill y4eOHOH paboTsl M MPO(heCcCHOHATBHOU JAEATENbHOCTH;
OCYIIECTBIISICT YACTUYHBIN MEPEHOC TEOPETUYECKUX 3HAHUHN B MPHUKIIAJAHYIO 00JIACTh; MPOSIBIISET
HE3HAYUTENIbHbIE HApyIIEHUS B YCTAHOBIEHHWM B3aUMOCBSI3U MEXKAY TEOPETUUECKUMU
MOHATUSAMH.

OneHka «yooenemeopumensbHo». CTYACHT OOHapy)XMBAaeT 3HAHHUE OCHOBHOTO Y4EeOHOTO
MaTepuaiga B oObeMe, HeoOXOOUMOM HJisi JalbHeWIed yueObl W mpenacrosield paboThl MO
npodeccuu; CrpaBiIsieTcs C BHIIOJHEHUEM 3a/laHul, IPEIyCMOTPEHHBIX IPOIPaMMOii; 3HAKOM C
OCHOBHOM JIUTEpPaTypOil, pPEKOMEHI0BAHHOW MPOrpaMMOil; AOMYCKAET MOIPEIIHOCTH B OTBETE B
XOJIe UTOTOBOW aTTECTAllMH, HO 00JanaeT HEOOXOIUMBIMHU 3HAHUSMH JUISI MX YCTPAHEHHUS I10]1
PYKOBOJCTBOM IpENofaBaTes.

OueHka «HeyooenemeopumenvHoy: CTyJEHT IMPOSABISAET OTPHIBOYHBIE 3HAHUS, HE
OCYILECTBIISIET EPEHOC TEOPETUUECKUX 3HAHUI B IIPAKTUKY; OTCYTCTBYET MHTETpalvsl 3HAHUI.

Pa3paboTunk:
JIoueHT kKadenpsl oOmeil u
N2, “«F = SKCIEPUMEHTATBHON (PHU3UKH, B.A. CenmiGparosa
K.Q.M.H
(moxmuck) (3aHMMaemast JOJIKHOCTB ) (©.1.0.)

[IporpamMma coctaBiena B coorBercTBUU ¢ TpedoBanusmu GI'OC BO mo HampaBieHH0 U
npoduiro noarororku 03.03.02. dusmka.

[Tporpamma paccmoTpena Ha 3acenannu kadenpsl OOIIEH U HIKCIIEPUMEHTATLHON (HU3UKH

[Mpotokonm Ne 1 or «30» aBrycra 2021 r.

3aB.kadenpoii é/ A.A. I'aBpuittok

Hacmoswas npoepamma, me mooxcem Ovims 60cnpouszsedena HU 6 Kaxou ¢opme 6Oe3

npeosapumenbHo20 NUCbMEHHO20 paspeulenust Kagheopuvl-paspabomuuka npocpammsi.



