MuHuCcTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit denepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 0Opa30BaHMs
«HanuonanbHbIN Uccaen0BaTENbCKUN SAepHbI yHUBEpcUTET « MUDI)

MHCTUTYT HAHOTEXHOJIOT U B BJIEKTPOHUKE, CIIMHTPOHUKE U ®OTOHUKE

KA®EJPA ®U3UKN MUKPO- U HAHOCHUCTEM

OIOBPEHO HTC JIAIIJIA3
[Tporoxosn Ne 1/04-577

or 27.04.2023 1.

PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

ATOMHAS U MOJIEKYJISIPHAS CITEKTPOCKOITMA (HACTD 1)

Hanpasnenue noarotroBku [1] 03.03.01 IlpuknagHsle MaTeMaTuKa U pusnKa
(cmennanbHOCTD)
Eﬂ

5 z ; g | S s

e = 151 s a (=% Q9 —_~
a = 2s | % F oo | o2 d g g 3 E
= s = T | B =Z | e =z3 % > T S
3 S = = s = g E e 2= 4q " - s &8

= = g 9 = == e . e % d U A 2 =g
P > o =9 < = © S = T
o 2a | L 5 o = & 2 g A 1) S o &
@) =2 | Ok | B ES | Ry | mE30 2 S 2 7
7 2 72 16 16 0 40 0 3
Hroro |2 72 16 16 0 0 40 0




AHHOTALMS

ILI/IC]_[I/IHHI/IHa AaCT OCHOBHBLIC TMPCACTABICHUA O CTPOCHUMU AaTOMOB HU MOJICKYJ, O
COBPCMCHHBIX METOJAaX CIICKTPOCKONHNU W UX NPUMCHCHUU B CMCIKHBIX O6HaCT§IX, (i)I/I3I/IKe TBECPAOTO
Tena, HAaHO(POTOHHKE W T.II.

Kypc cocrouT u3 ABYX OCHOBHBIX 4YacTell: TEOpUS CTPOSHHs aToMa BOAOPOJA, CTPOCHHUE

MHOT'O3JICKTPOHHOI'O aTOMa, OCHOBBI TCOPHH paJuallMOHHBIX IIEPEXOI0B

1. IEJIA Y 3ATIAYA OCBOEHMS YYEFHOM JIUCIIUILIAHBI

Llenpto OCBOGHHMSI y4eOHOW NUCHMIUIMHBI SIBJSIETCS MOJTYyYEHHE 3HAHWM, HEOOXOAMMBIX IS
YCIIEIIHOM Mpo(ecCHOHANBHOM 1eSTeNbHOCTH B 00JIACTH MCCIE0BAHUHM, pa3pabOTOK M TEXHOJIOTHH,
HaIpPaBJICHHBIX HA PETUCTPAIMIO U 00pabOTKy CHEeKTpalibHOW MH(OPMAIUK, CO3JaHHe U IPUMEHEHHE
YCTAaHOBOK M CHCTEM B 00JacTH HAaHO(OTOHHMKH, (U3UKH HAHOOOBEKTOB M KOHJCHCHPOBAHHOTO

COCTOsIHHMA BECIICCTBA

2. MECTO YYEBHOW JUCIHUILIMHBI B CTPYKTYPE OOII BO

JUis yCHEIHOTro OCBOEHHUS MUCIUIUIMHBI HEOOXOAMMO MpOCiIylaTh Kypc oOuieil ¢pu3uku, B
YacTH KBAHTOBOW ONTHKH, (PM3UKH aTOMHOTO Si[[pa, a TaKXKe M3YYUTh KypC KBAaHTOBON MEXaHHKH.
JucuunnuHa HeoOxoauMa CTyleHTaM OakajaBpuara Uil MOHHUMAaHUS CTPOCHHS CIOXKHBIX aTOMOB H
MOJIEKYJ C YYETOM D3JEKTPOCTATHUECKOTO M CHUH-OPOUTANBHOTO B3aWMOJEUCTBHUSA, a TaKkKe Ui
MOCIIEAYIONIEro U3y4eHUs (POTOHUKH OPTaHUYECKHX U HEOPTAaHUYECKUX HAHOCTPYKTYP

3. ®OPMUPYEMBIE KOMIIETEHIIU U IIVTAHUPYEMBIE PE3YJIbTATbBI
OBYYEHUA

VYHuBepcanbHbIe H(1IK) oOmenpodeccuoHanbHbIE KOMITETSHIIUN

| KO,I[ N HAUMCHOBAHUC KOMIICTCHIIMHU | KOI[ N HAMMCHOBAHNC MHAHUKATOpa JOCTUKCHUA KOMIICTCHIUA

[TpodeccnonanbHble KOMIETCHIIMA B COOTBECTBUM C 3ajadaMd W OOBEKTaMu (00iacTsMu
3HaHU#) MpoheCcCUOHATBHON NeATeTbHOCTH:

Co3nanue nporpaMm u
KOMILIEKCOB
porpaMM Ha 0aze
CTaHJApTHBIX MTAKETOB
JJIA BBITIOJIHEHU S
pacyeToB B paMKax

KOMILJIEKCHI
Iporpamm s
Hay4yHO-
HCCIIEIOBATEIBCKUX
Y NMPUKJIQHBIX LEeIer

OIbITA)

KOHCTPYKTOPCKO-TEXHOJIOTMUECKHUI

IIK-5.2 [1] - Crtocoben
MIPOBOANTH HAyYHBIE
HCCIIEN0BaHUA B 00/1aCTH
OTNITUYECKOTO
MPUOOPOCTPOEHUS,
ONTHYECKUX MATEPUAIOB U

3anaua O0beKT Wiun Koa u HaumeHoBaHue Koa n

npogeccnoHaIbHO | 00J1aCTH 3HAHUS npogeccHOHATbHOM HaMMEHOBaHUe

nesiteabHocTu (311]1) KOMIIETEHIIMH; HHAUKATOPA
OcHoBaHue JOCTUKEHMSI
(mpogeccuoHATIBLHBIH npodeccuoHaIbLHOM
cranaapt-IIC, anaan3 KOMIIeTeHI[UH

3-11K-5.2[1] - 3HaTh
OCHOBBI (PH3UUECKOM
OIITUKH, TEOPHUIO
UHTEpEepEHIINH,
AuQpakuuy,
BPEMEHHOM U




MaTeMaTHYeCKHX
MOJIETIEN, y4acTHE B
pa3paboTKe HOBBIX
QITOPUTMOB H
KOMITBIOTEPHBIX
MIPOTpaMM JIS
Hay4YHO-
HCCIIeTIOBATEIIbCKUX U
MIPUKJIAIHBIX ENEH.

[IpoBeneHue Hay4HbIX
M aHAJINTHYSCKUX
HCCIEIOBaHUM 11O
OTJIETTLHBIM pa3jeiiaM
(3Tamam, 3a7aHUSIM)
TeMbI (IIPOEKTa) B
pamKax mpeaMeTHON
o0yactu 1o npoQuiito
CIIeLIMaIN3allui B
COOTBETCTBUH C
YTBEPKACHHBIMU
IUTAaHAMH U
METOIUKAMH
HCCIIeJOBAHUN.
ydacTue B
MPOBEACHUHU
HAOIIOEHUN U
U3MEPEHHU,
BBIIOJIHEHUH
JKCTIEPUMEHTA U
00paboTKe TaHHBIX C
HCII0JIL30BaHUEM
COBPEMEHHBIX
KOMITBIOTEPHBIX

TEXHOJIOTUN

Ocnosanue:
[TpodeccronanpHBIN
cranzaapt: 06.022

HAay4YHO-UCCIIEN0BATEIbCKUN
JlesaTenbHOCTh 110 I1K-14.2 [1] - Cnocoben

pazpaboTke MIPOBOAMTH HAyUHbIE
MaTepHajoB, ucclieIoBaHus B 001aCTH
HOKPBITHI, ¢buzuku

puOOpoB. KOH/IEHCUPOBAHHOTO

COCTOSIHUSI BEILIECTBA C
LEJIBIO Pa3paboTKU
MOJTYTIPOBOTHUKOBBIX,
CBEPXIPOBOJHUKOBBIX,
TOHKOIUIEHOYHBIX U
HAHOCTPYKTYPHPOBAHHBIX
MaTepHaJIoB,
CBEPXIPOBOISIINX
YCTPOWCTB U
OTITO3JIEKTPOHHBIX
MpuOOpPOB; B 00J1aCTH
OINITUYECKOTO
MPUOOPOCTPOEHUS,
ONTUYECKUX MAaTEPHATIOB U
TEXHOJIOTHI; B 00JaCTH
Ja3epHON GU3UKH C TENbIO
CO3JIaHMsI HOBBIX TAJIOHOB,
METOJIUK BEJECHUS
U3MEPEHUH U CPEJICTB

IIPOCTPAHCTBEHHOU
KOTE€PEHTHOCTH,
3aKOHOMEPHOCTHU
pacrpocTpaHeHus
CBETOBBIX ITYYKOB B
BAKyYMe€, OCHOBBI
aTOMHOMU U
MOJIEKYJISIPHOM
CIIEKTPOCKOIINY;
V-IIK-5.2[1] - ymeTs
paccyuTaTh
ONTHUYECKYIO CXEMY,
IIPOBECTH OLICHKHU
rapamMeTpoB
MaTepHaJlos;
B-TIK-5.2[1] - B1ageTs
OCHOBaMH
CIEKTPOCKOIINHU
aTOMOB U MOJIEKYJI

3-1IK-14.2[1] - 3HaTh
OCHOBHBIE
COBPEMEHHBIE
JTOCTIOKEHHST (PUBHKHU
TBEPJOTO TeJa U
BO3MOKHOCTH
COBPEMEHHOM
AKCIEPUMEHTAIBHOMN
TEXHUKH; OCHOBBI
(bU3UYECKOI ONTHKH,
TEOPUIO
uHTephepeHIHH,

T PaKIII, OCHOBBI
aTOMHOU U
MOJIEKYJIAPHOI
CIIEKTPOCKOIHUH;
CHOCOOBI 1 METOBI
CO3/IaHUsI HOBBIX
3TaJOHOB.;
V-IIK-14.2[1] - ymeTh
MOCTPOUTH
MaTEeMaTUYECKYIO
MOJIEJIb SIBJICHUS,
paccuuTaTh CXeMy

TEXHOJIOTHif; yuacTue U3MEpPEHUil ¢ ux 9KCIEPUMEHTA,

B [IPOBEJICHUU noceayomen IPOBECTHU OLIEHKU
TEOPETUYECKUX aTTecTallvedl 1 BBOJOM B apaMeTpoB
HCCIIEI0OBaHUM, peecTp CpeICTB U3MEPEHHUH | MaTepUaloB, BEIOPAThH
MOCTPOCHUHU JUISL HY K1 HEoOX0 UMbl
(bu3NIECKuX, HaHOMETPOJIOTUU MaTepuaibl U
MaTeMaTU4YeCKUX U METOAMKH IS
KOMIIBIOTEPHBIX OcHosanue: pelIeHNs KOHKPETHBIX




MOJIEJIEH U3ydaeMbIX
MPOLECCOB U SIBJICHU,
B MIPOBEJCHUU
AHATTUTHIECKUX
HCCIIEIOBAHUN B
MPEAMETHOM 00IacTH
1o mpouIIo
CrieIMaTu3aIni;
y4acTHe B CO3IaHUH
HOBBIX METOJIOB U
TEXHUYECKUX CPEJICTB
HUCCIIEIOBAaHUN U
HOBBIX pa3padoToK,
y4acTHe BO
BHEJIPEHUU
pe3yJIbTaToOB
HCCIIEIOBAHUM U
pa3paboToK.

[IpodeccronanbHbIi
crannaapt: 25.049

3a/1a4 ¢ y4eTOM
JIadbHEHIIero
IpUMEHEHUs B cepe
Hay4YHO-
UCCIIEIOBATETLCKUX U
OITBITHO-
KOHCTPYKTOPCKHX
pabot B obGmactu
¢buzukn
KOHJICHCHPOBAHHOTO
COCTOSTHUSI BEIIECTBA U
CpPEICTB U3MEPEHHIL. ;
B-IIK-14.2[1] -
BJIAJIETh OCHOBAaMH
CHEKTPOCKOMTUU
aTOMOB U MOJICKYI,
METOJIMKaMU BEJICHUS
WU3MEPEHHUN U CPEACTB
U3MEpEHHI; METOAaMHU
TIOJTyYCHUS, aHATTN3a U
OTHMCAaHUs TapPaMEeTPOB
U XapaKTEPUCTHK
IPOLIECCOB B
IKCIIEPUMEHTAITLHBIX
YCTaHOBKaxX (hU3UKH
TBEPJIOTO TeJla U
na3epHON (UBUKH.

4. BOCIIUTATEJIbHBINA IOTEHIAAJI JUCHUTLJIAHBI

Hanpasnenus/nenu
BOCITUTAHUS
[IpodeccrnonanpHOE U
TPYJOBOE BOCIIUTAHUE

[IpodeccrnonanpHOE

3amaun BocriuTaHus (KOx)

Co3pnanue ycnoBuid,
00ecreYnBaroIInX,
(dbopMHpOBaHUE KYIbTYpPbI
HCCIEN0BATENHCKON U
WHXCHEPHOU JEATSIIbHOCTH

(B16)

Co3znanue ycioBHid,

BocnurarensHb1il noTeHIMAI
JUCLMIIIINH

Hcnonb30BaHre BOCIUTATEIBHOTO
MOTEeHIIMaa JUCHUIUIAH "OCHOBBI
koHcTpyupoBanus u CAIIP", "KypcoBoi
IIPOEKT: OCHOBBI KOHCTPYMPOBAHUS U
CAIIP", "NHxeHepHas U KOMIIBIOTEPHAS
rpaduka", "Jleranu MaliuH U OCHOBBI
KOHCTpyupoBaHus" 11s1 pOpMUpPOBAHUS
HAaBbIKOB BJIaJICHUS 3BPUCTUYECKUMU
MEeTOJaMH TIONCKa U BbIOOpa
TEXHUYECKUX PEUICHUH B YCIOBUAX
HEOTpeeIEHHOCTH Yepe3 ClielualbHbIe
3amanus (Meroauku TPU3,
Mop(ooruueckuil aHainu3, MO3rOBOM
LITYPM H Jp.), KyJIbTypbl HHXXEHEpa-
pa3paboTurKa yepe3 OpraHru3alnio
IIPOEKTHOH, B TOM YHCIIE
CaMOCTOSITENIbHOM paboThI
o0yyYaroImuxcs C UCHOJIb30BAHUEM
MIPOrpPaMMHBIX AKETOB.
1.Mcnionb30BaHne BOCIUTATEIBLHOTO




BOCIIUTAHUC

[Ipodeccrnonanshoe

BOCIIUTAHUC

00ecreynBaroIInX,
(dbopMUpOBaHUE UyBCTBA
JUYHOU OTBETCTBEHHOCTH 3a
HayYHO-TEXHOJOTUYECKOE
pa3zButue Poccun, 3a
pe3yabTaThl UCCIEOBAaHUN U
ux nocnenacteus (B17)

Co3znanue ycioBui,
o0ecrneunBaroIInX,
¢dbopMupoBaHue
OTBETCTBEHHOCTH 3a
npodeccuoHanbHBIN BHIOOD,
npodeccuoHaIbHOE pa3BUTHE
1 popeccuoHaTbHBIC
pemenus (B18)

MOTEHLIMaa JUCLUIUINH
podheccuoHaNTbHOTO MOIYJIS ISt
(dbopMHpOBaHHUS UyBCTBA TUYHON
OTBETCTBEHHOCTH 3a JIOCTH)KEHUE
muaepctBa Poccum B Benymux HayyHO-
TEXHUUYECKHUX CEKTOpax U
(byHIaMEHTAJIbHBIX UCCIIEJOBAHUSX,
o0ecrevnBaoIIuX €€ SIKOHOMUYECKOE
pa3BUTHE U BHELIHIOIO 0€30IacCHOCTb,
MOCPEACTBOM KOHTEKCTHOTO 00Yy4EHHUS,
00CYKJIEHUS COLMATBHON U
MPAKTUYECKON 3HAYMMOCTH PE3yIbTaTOB
HAy4YHBIX UCCIIEJOBAHUN U
TEXHOJIOTHYECKUX pa3padOToK.
2.Mcnonb30BaHNe BOCIIUTATEIBLHOTO
MOTEeHLKaa JUCIUILINH
poeCCUOHATILHOTO MOIYJIS ISl
(hopMHUpOBaHMS COLUATTEHOM
OTBETCTBEHHOCTH yYEHOTO 32
pe3yJIbTaThl HCCIEA0OBAHUNA U HX
MIOCJIEACTBYS, pa3BUTHUSA
HCCIIEIOBATENIbCKUX KayeCTB
MOCPEJICTBOM BBIIIOJHEHUS yUeOHO-
HCCIIEAO0BATEIBCKUX 3aJaHUM,
OpPUEHTUPOBAHHBIX HA U3YYCHUE U
IIPOBEPKY HAYYHbIX (DAKTOB,
KPUTHYECKHH aHaIN3 mMyOnKanuii B
npo¢eCCHOHAIBHON 00J1aCTH,
BOBJICUEHUS B PEAIbHBIC
MEXIUCUUIUTMHAPHBIE HAyYHO-
HCCIJIEIOBATEIbCKUE IIPOEKTHI.
Hcnonp30BaHne BOCIUTATENBHOTO
MOTEHLIMAA JUCLUIUINH

PO eCCUOHAITBHOTO MOTYJIS JIJIs
(dbopMHpOBaHUS Y CTYZCHTOB
OTBETCTBEHHOCTH 3a CBOE
npodeccHOHAIbHOE pa3BUTHE
MIOCPEACTBOM BbIOOpPA CTyIEHTaMHU
WHANBUAYAIbHBIX 00pa30BaTEIbHBIX
TPaeKTOpUI, OpraHU3aluu CUCTEMBbI
OOIICHHSI MEXKIY BCEMU YYaCTHHUKAMU
00pa3oBaTeNBFHOTO TPOIIecca, B TOM
YHCIIe C UCTIOJIb30BAHUEM HOBBIX
MH(OPMALIMOHHBIX TEXHOJIOT .

S. CTPYKTYPA M COJAEP)XKAHUE YUYEBHOM JUCIUILIUHBI

Paznensr yueOHOM TUCIUTUTMHBL, X 00BEM, CPOKH U3Y4eHUS B (HOPMBI KOHTPOJIS:
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7 Cemecmp

1 OcHoBHBIE mousTus | 1-8 8/8/0 25 KHN-8 3-T1K-
CIEKTPOCKOITHH. 5.2
Teopus paguanmoOHHBIX
MepPeXOI0B.

CucremaTnka TEpMOB.

2 | MHOro3/1eKTpOHHbIE 9-16 | 8/8/0 25 KH-16 | V-
aTOMBI. Tonxkas [IK-
CTPYKTypa TEPMOB. 5.2,
Bo30yxneHHBIC aTOMBI. B-

K-
5.2
Umoeo 3a 7 Cemecmp 16/16/0 50
KonTpoabHbie 50 3 3-11K-
Meponpusituss 3a 7 5.2,
Cemectp V-
IK-
5.2,
B-
[K-
5.2

* — COKpallleHHOe HauMEeHOBaHKe (POPMBI KOHTPOJIS
** _ cymMMa MakCHMalbHBIX 0allIoB J0JKHA ObITh paBHa 100 3a ceMecTp, BKIIOYAs 3a4eT U

(unn) sK3aMeH

CoxpalieHre HaMMEHOBAHUH (JOPM TEKYIIEro KOHTPOJIS U aTTECTAl[UX Pa3ZesioB:

O06o3na | ITo1HOe HAaMMeHOBaHM e

YeHHue

KH KoHTpoJib 110 uroram

3 3auer

KAJIEHIAPHBIN IVIAH

Henean | Tembl 3ansaTuii / Conep:kanue Jlek., | [Ip./cem. | JIao.,

" qac. , 4ac. yac.
7 Cemecmp 16 16 0

1-8 OcHoBHbIe NOHATHSA crieKTpockonuu. Teopusi 8 8 0
paaMalMOHHBIX NepexoaoB. CucreMaTuKa TePMOB.

1-2 Tema 1 Bcero ayutopHbIX 4acoB
Posnb ciekTpockonuu B COBpeMEHHOU (U3MKe TBEpAOro Tena, | 2 | 2 | 0
(hM3MKe HAHOCTPYKTYP U HAHO(POTOHUKE. OHnaiin




0 | 0 | 0

3-4 Tema 2 Bcero ayutopHbIx 4acoB
OCHOBBI TEOPUH PAAMALIMOHHBIX NepeXxo0B. CIIOHTaHHbIE U 2 | 2 | 0
MH/1yLIMPOBAaHHBIE IIepexoibl. BeposTHOCTH nepexooB, Omnuaiin
CEYEHUs NOIJIOUIEHMSI U BBIHYKACHHOT0 ucnyckanusd. [Ipasuna | ( 0 0
0TO0pa. DKCIEPUMEHTAIbHbIE METO/Ibl U3yUEHHS AaTOMAPHBIX
CIIEKTPOB.

5-6 Tema 3 Bcero ayiutopHbIx 4acoB
Atom Bogopona. Ypasuenue llpenunrepa ans atoma 2 | 2 | 0
Bojloposia. PacnpezneneHue 3eKTpOHHOM MIIOTHOCTH JIJIst Omnuaiin
COCTOSIHUI aTroMa BoAopoaa. ToHKasi CTpyKTypa CIEKTPOB 0 0 0
aTroma Bogopoaa. CrnMH-OpOUTaILHOE B3aUMOIEHCTBHE.

CaepxToHKOe pacuierieHue. JIoMOOBCKHIA CABHT.

7-8 Tema 4 Bcero ayiutopHbIx 4acoB
HckyccTBEeHHBIE aTOMBI, KBAHTOBBIE TOUKU. DHEPreTHUECKHE 2 |2 [0
YPOBHM THIIMYHBIX KBAaHTOBBIX TOYEK. CIIEKTpbI Omnuaiin
MOTJIOUIEHUS U JtoMUHecHeHIMU. CrucreMaTHKa CIIEKTPOB 0 0 0
HIOJTYIIPOBOIHUKOBBIX KBAHTOBBIX TOUEK.

9-16 MHoro3eKTpoHHbIe aTOMbI. TOHKasi CTPYKTYpa TepMOB. 8 8 0
Bo30y:x/1eHHbIE ATOMBI.

9-10 Tema 5 Bcero ayutopHbIx 4acoB
CrnieKTpbl MHOTO3JIEKTPOHHBIX aTOMOB. [Ipubamkenue 2 |2 [0
HeHTpajabHOro nouyis. CucreMaTuka COCTOSTHUM 3JIEKTPOHOB B Oumnitaiia
HEeHTpasbHOM Tojie. O6osioueyHas MOJeNb aTOMa U T'PaHULIbI 0 0 0
€€ MPUMEHUMOCTHU. DIEKTPOCTATUYECKOE pACIICTIIICHHE.

[Tonstue cnekrpasibHOrO TepMa. TOHKas CTPyKTypa TepMa.
[Tpubmmxenue LS- u jj —cBs3u.

11-12 | Tema 6 Bcero ayiuTopHBIX 4acoB
CnekTpbl aTOMOB ¢ 000J104KO0i1 ns ¥ ns2. CreKTphI MEIOYHBIX | 2 |2 [0
U IIE€JIOYHO3EMEIIBHBIX AEMEHTOB. AToM renus. Cepuanbible | OHiaiin
3aKkoHOMepHOCTH. ToHKas cTpykrypa. MIHTEHCUBHOCTH 0 0 0
CHEeKTpaJIbHBIX TUHUNA. CHEeKTpbl aTOMOB MeIH, cepedpa,
30710Ta M pTYTH. JIazep Ha mapax Meau U 30J10Ta.

13-14 | Tema 7 Bcero ayiuTOpHbIX 4acoB
CrieKTphl aTOMOB C 3aIOJIHSAIOLIMMUCS U 3aII0JTHEHHBIMU p- , d- | 2 | 2 | 0
u f-o6omoukamu. TepmMbl OCHOBHBIX U BO30Y>KICHHBIX Owntaiin
JIEKTPOHHBIX KOHQUrypanuid. ToHKas cTpyKTypa TEpMOB, 0 0 0
UHTEHCUBHOCTHU CHEKTPAJIbHBIX JINHUM.

15-16 | Tema 8 Bcero ayutopHbIX 4acoB

Bo30yxnennsie aroMbl. MeTacTabuiIbHbIE aTOMBI B T'a30BbIX
nazepax. MHOTOCTYIIEHUATOE CEIEKTUBHOE (POTOBO3OYKIACHUE
u GpoTonoHM3anus aToMoB. [IpuMeHeHre MHOTOCTYIeHUaTON
CEeJIEKTUBHON (POTOMOHM3ALNSA AJIs pa3eJIeHHUs] U30TOIOB U B
AJIEMEHTHOM aHaJM3E.

2 | 2 | 0
Omnuiaiig
0 0 0

CokpalleHHble HAUMEHOBAHUS OHJIANH OMIUIA:

O603na | IloiHOe HAUMEHOBaHME
YeHHe

oK DJIEKTPOHHBIN KypC

IIM [TOTHOTEKCTOBBIN MaTepual
11JI ITonmHOTEKCTOBBIE JCKIIMU




BM

Buneo-marepuainsl

AM Aynno-Marepualibl

[Ip3 [Ipesenranuu

T Tectbl

5CM DJIEeKTPOHHBIE CIIPaBOYHBIE MAaTEPHUAIIBI
ncC HNHTEpaKkTUBHBIN CaUT

TEMBbI TIPAKTUYECKUX 3AHATUNU

Henean

Tempbl 3ansaTuii / Conep:kanue

7 Cemecmp

1-2

Tema 1
Pornb criekTpockonuu B COBpEMEHHOHN (pU3UKE TBEPAOTO Tea,
(¢u3uKe HAHOCTPYKTYP M HAaHO(POTOHUKE.

Tema 2

OCHOBBI TEOPUHU PAUALIMOHHBIX Mepex0oA0B. CIOHTaHHBIE U
MHIYIIUPOBAHHBIC TIepeX0/Ibl. BeposTHOCTH epexoa0B,
CEUEHHs OTJIONICHHSI U BBIHYKICHHOTO UCITYCKAHHUS.
[TpaBwmia orOopa. DKCIIEPUMEHTAITLHBIC METOIBI H3yUCHUS
ATOMApHBIX CIIEKTPOB.

Tema 3

ATtoM Bostopoia. Ypasnenue Lllpenunrepa s atoma
BoJloposa. Pacnpenenenue 3neKTpOHHON INIOTHOCTH IS
COCTOSIHH aToma Bogopojia. ToHKas CTPYKTypa CIIEKTPOB
aToMa Bojopoaa. CrnuH-opOUTaIbHOE B3aUMOJEICTBHE.
CBepxToHKO€ pacuierieHue. JI3MO0BCKHiA CABMT.

Tema 4

HckyccTBEeHHBIE aTOMBI, KBAHTOBBIE TOUKHU. DHEPreTUYECKUE
YPOBHM THUIMYHBIX KBAHTOBBIX TOUEK. CIIEKTPHI
MOTJIONICHUS U JIIoMUHecHeHIuUd. CucteMaTrka ClieKTpOB
MOJIYTTPOBOTHUKOBBIX KBAHTOBBIX TOUEK.

Tema S

CrieKTpbsl MHOTO3JIEKTPOHHBIX aTOMOB. [Ipubnmxenune
HEeHTpanbHOTro nojs. CucreMaTuka COCTOSIHUM 3JIEKTPOHOB B
HeHTpaabHOM MoJie. O0ooueyHast MOJIeNb aToMa U FPaHULIbI
€€ MPUMEHUMOCTHU. DJNEKTPOCTATUYECKOE PACILETIIICHUE.
[ToHsiTHE crieKTpaibHOTO TepMa. TOHKas CTPYKTypa TepMa.
[Tpubnmxenue LS- u jj —cBs3u.

11-12

Tema 6

CnexTpbl aToMOB ¢ 0005104KO0#1 ns ¥ ns2. CreKTPbI MEIOUHBIX
U IIEJIOYHO3EMENBHBIX AIEMEHTOB. ATOM renust. CepuasibHble
3akOHOMepHOCTU. ToHKas cTpykrypa. MIHTEHCUBHOCTH
CHEeKTpaJbHBIX JIUHUN. CIHEeKTpbl aTOMOB MeJH, cepedpa,
30710Ta U pTyTU. JIazep Ha mapax Meau U 30JI0Ta.

13-14

Tema 7

CrieKkTppl aTOMOB C 3aIIOJIHSAIOIMMUCS U 3aII0JHEHHBIMU p- ,
d- u f-o6osoukamu. TepMbl OCHOBHBIX U BO30OYKICHHBIX
AIIEKTPOHHBIX KOHUryparuii. ToHKas CTpyKTypa TepMOB,
MHTEHCUBHOCTHU CHEKTPAJIbHBIX JIMHUH.

15-16

Tema 8
Bo30yskxneHHbIe aTOMbl. MeTacTaOMIbHbBIC aTOMBI B T'a30BBIX
na3zepax. MHOTOCTYIEHYATOE CEICKTHBHOE (DOTOBO30YKICHHE




U GpoTonoHM3anus aToMoB. [IpuMeHeHre MHOTOCTYIeHYaTON
CEJIEKTUBHOM ()OTOMOHM3ALINS AJIS pa3JesIeHHs U30TOIOB U B
JJIEMEHTHOM aHAJIM3E.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

HCHOJ’IL?»YIOTCH COBPCMCHHBIC IIPECAMCETHO- U JINYHOCTHO-OPUCHTUPOBAHHBIC 06p330BaTCJ'IBHLIe
TCXHOJIOTH

7. ®OH/JI OHEHOYHBIX CPEJICTB

@DOHJ| OLIEHOYHBIX CPEACTB 0 JUCLUILUIMHE O0ECIIEUNBAET IPOBEPKY OCBOCHHUS IUIAHUPYEMBIX
pe3ynbTatoB o0ydeHus: (KOMIETEHIMH M MX WHIUKATOPOB) MOCPENCTBOM MEPONPUSITUNA TEKYLIETO,
pyOexKHOro U MPOMEKYTOUHOTO KOHTPOJIS IO JUCIUIINHE.

CBa3pb Mexny (opMHUpPyEeMBIMH KOMIIETEHUMSAMH M (OopMaMH KOHTpPOJII HUX OCBOCHMS
IIPEJCTaBICHA B ClleAyIoLIel TadnuLe:

Komnerenuus HNuukaTopbl 0cBOCHHA ATTEeCTANMOHHOE MEPONIPUATHE
(KII 1)
IIK-5.2 3-1IK-5.2 3, K1-8
V-TIK-5.2 3, KH-16
B-I1K-5.2 3, K1-16

HIxkanbl oneHKH 00pa3oBaTeNIbHbBIX 10CTHKEHUI

[IIkana KaXa0ro KOHTPOJIBHOTO MEPONPUATHS JIEKUT B mpeaenax oT 0 1O yCTaHOBIEHHOTO
MaKCUMaJIbHOTO OaJila BKIIIOUMTENbHO. MTOroBast arrecranus no AMCUUIUIMHE oneHuBaercs no 100-
0ayuIbHOM IIKase W MpeAcTaBisieT coboil cymmy OanioB, 3apabOTaHHBIX CTYJEHTOM IPHU BBIIOJIHEHUU
3aJlaHui B paMKax TEKYILEro U IPOMEKYTOUYHOTO KOHTPOJIS.

HToroas orieHKa BBICTABISETCS B COOTBETCTBUHU CO CJ'IC,I[yIOIJ_[eI\/’I IIKAJIOM:

Cymma Onenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
0amuIoB OaJUIbHOM IIKaJe ECTS y4e0HOH TUCIUIUIMHEI

OlleHKa «OTIINYHO» BBICTABIISACTCS
CTYJIEHTY, €CIIH OH IIy0OKO M TIPOYHO
YCBOMJI TIPOTPAMMHBIN MaTepual,
HCYEPIIBIBAIOIIE, [TOCIIEN0BATEIBHO,
90-100 5 — «omauunoy A YETKO U JIOTHYECKH CTPOMHO €ro
U3J1araet, yMeeT TECHO YBSI3bIBATh
TEOPHUIO C IPAKTUKOM, HCIIONB3YET B
OTBETE MaTepuali MOHOTrpadruyecKoi

JIMTEPATYPBI.
85-89 B OlLIeHKa «XOPOII0» BBICTABIIACTCS
75-84 C CTYJIEHTY, €CIIH OH TBEPJO 3HAET

Marepuall, rpaMOTHO U 110 CYHICCTBY
nsjaaract €ro, He JOIyCKasa

D CYIIE€CTBECHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouto»
70-74

65-69 O1ieHKa «yIOBIETBOPUTEIHHOY




«Y0081€MEOPUMETILHOY BBICTaBISIETCS CTY/ICHTY, €CJIH OH UMEET
3HAHUS TOJIHKO OCHOBHOT'O MaTepHaa,
HO HE YCBOWII €T0 JIeTalei, TOmycKaeT
60-64 E HETOYHOCTH, HEJJOCTATOYHO MPABUIIbHBIE
(bOpMyITHPOBKH, HAPYIICHUSI
JIOTHYECKOH MOCIIEI0BATEIbHOCTH B
W3JI0)KEHHH IPOrPAMMHOT0 MaTepHala.

OreHka «HEYJOBIETBOPUTETHHO»
BBICTaBIISICTCS CTYACHTY, KOTOPBII HEe
3HAET 3HAYUTEIbHOU YacTH
MPOTPaMMHOTO MaTepuala, JOMyCcKaeT
H 60 2— F cyiecTBeHHbIe omnOKu. Kak mpasuio,
1Re «HEYO0B11eMEOPUMETLHOY OLICHKA «HEYIOBJICTBOPUTEIILHO
CTaBUTCA CTYJACHTaM, KOTOPBIC HE MOT'YT
MPOAOILKHUTE 00ydeHue Oe3
JONIOJTHUTENBHBIX 3aHATHH 110

COOTBETCTBYIOMIEH AVCIUILIAHE.

8.  YUEBHO-METOJMYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCLUUIIIAHBI

OCHOBHAS JIUTEPATYPA:
1. 91 C21 Carbon Nanoparticles and Nanostructures : , Cham: Springer International Publishing, 2016

2. DU K 93 Kypc o6meii pusuku T. 3 Onruka. @usnka aToMOB U MoJieKy1. PU3nKa aTOMHOTO spa 1
MUKpPOYACTHIL, : , 2022

3.539.1 E59 AtomHast 1 MOJIEKYJIIpHAsE CHEKTPOCKOIHS : 00IIMe BOIPOCHI CIIEKTPOCKONMUUTIOCO0nE
1t By30B, M. A. EnbsimeBud, Mocksa: JIu6pokom, 2011

4. 539.1 E59 AtoMHas 1 MOJIEKyJIsIpHas CIIEKTPOCKONHsI. ATOMHasl CIeKTpockonus : , M. A.
EnpstimeBuy, Mocksa: JInbpoxom, 2009

JOTIOJIHUTEJIbHA S JIMTEPATYPA:
1. 539.2 I'82 Konebanus monexy : , JI. A. 'pudos, Mocksa: JIlubpoxkom, 2009

2.539.1 JI52 HenuneiiHble celleKTUBHBIE (OTOMPOIECCH B aTOMax M MOJIeKyJax : , Jleroxos B.C., M.:
Hayxa, 1983

3.539.1 JI17 JlazepHast CIIEeKTPOCKOMHUS KOJIeOATENbHO-BO30YXKAEHHBIX MOJIEKy T : , OTB. pen. JleToxoB
B.C., M.: Hayka, 1990

4. 539.1 C50 ®dusuka aroma u uona : , Cmupaos b.M., M.: Dueproaromuszgat, 1986
5.539.1 C54 BBenenue B TEOpHUIO aTOMHBIX crieKTpoB : , Cobenbman W.W., M.: Hayka, 1977
[TPOT'PAMMHOE OBECIIEYEHHUE:

CriennanbHOe IporpaMMHoOe obecriedeHre He Tpedyercs



LMS 1 UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPUAJILHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOM
JUCHUTIINHBI

1. leMOHCTpallMOHHBIN IPOEKTOP

10. YYEBHO-METOAMYECKHME PEKOMEHJIALIMU J1JIA CTYAEHTOB

IIpn wm3ydyeHuu Kypca CTYAEHT JAOJDKEH TBEPAO YCBOUTb  OCHOBHBIE IIPEJICTaBICHUS O
CTPOCHUM aTOMOB M MOJIEKYJ, O COBPEMEHHBIX METOJaX CHEKTPOCKONMM W MX NPUMEHEHUH B
CMEXHBIX 00J1aCTsIX, (PU3HUKE TBEPOro Tela, HAHOPOTOHUKE U T.II.

[Ipn uzyuyenun pasznena «OCHOBHBIE MOHSATHUS CIEKTPOCKONMMM» CTYIEHT JOJDKEH TBEPIO
YCBOUTb (PU3UYECKHE MEXaHU3Mbl TOHKOIO pACHICIJICHHsA, a TaKXkKe  KBAaHTOBO-MEXaHUYECKHe
OpUHLUIBL  ero pacdyera. OH JIOJDKEH YMETh CBSI3aTh 3TH 3HAHUS C IPEJICTaBICHUAMH 00 aToMe
BOJIOPOJIa, NOJIYYEHHBIMH M3  Kypca oOmed ¢(u3Mku M KBAaHTOBOM MexaHuUKU. B kadecTBe
CaMOCTOSITENIbHOW PaloThl CTyJIeH JIOJKEH MOBTOPUTH pasliesl «ATOM BOJOpOAa» M3 Kypca oOImei
(U3MKK U KBAaHTOBOW MEXaHUKH, a TaKKe KBAaHTOBO-MEXaHHMUYECKYIO TEOPHUIO BO3MYILEHHUH M3 Kypca
TEOPETUYECKON (PHU3HUKH.

Paznen «CrpoeHne MHOTrO3J€KTpOHHOro aroma». CTyIeHT [OJDKEH IOHATh (QU3NYECKHe
MPUHLMIIBI  AJIEKTPOCTATUYECKOTO PACUICIUIEHUST U yMEThb IPOBECTH €ro pacuer Ui
JBYX3JIEKTPOHHOTO aTOMa C MOMOIIbI0 KBAaHTOBO-MEXaHMYECKOH TeopuM BO3MyIleHHH. B kadectBe
CaMOCTOSITENIbHONH pabOoThl TOJDKEH pellaTh 337a4yd MO ONpPEIETICHUI0 aTOMAapHOTO TepMa, UCXOAs U3
000JI0YeUHOW MOJIeNIM, a TakXKe 3aJadd Ha OIpEeJeIeHUEe BEJIUYMHBl 3JIEKTPOCTATUYECKOIO
pacIleIIeHMsL.

OCHOBBI TEOpUU paZUALMOHHBIX Nepexoa0B. CTyEHT AOJKEH TBEPAO YCBOUTDH JIEMEHTAPHBIE
aToMapHbIe (POTOMPOLIECCH M B3aMMOCBS3b MEeXAY HUMHU. [IOHATH 001IHMe NpUHIUIBI POPMUPOBAHUS
mpaBwl OTOOpa HCXOJs M3 3aKOHOB COXpPaHEHMsI M CHUMMETPUM AaTOMHBIX cHCTeM. B kauecte
CaMOCTOSITENIbHOM paboThl — MOBTOPUTH HECTAIIMOHAPHYIO KBAHTOBO-MEXaHHUYECKYIO TEOPUIO
BO3MYILIEHHH, TOBTOPUTH TEOPHIO M3iTydeHus I lnanka

11. YYEBHO-METOIWYECKHE PEKOMEHJIAIIVM JIJISI TIPENIOJJABATEJIEN

CTyneHThI BBIHOCST U3 Kypca o0mieil (U3nKu HeCKOIbKO UCKaKEHHOE MPEJCTaBIEHUE O TePME.
Cnenyer moApoOHO OOBSICHUTH 3aBHCHUMOCTH JJEKTPOCTATHUECKOTO PACHICTIEHUS OT CYMMapHOIO
CIMHa ¥ CyMMapHOro oOpOWTanbHOro MoOMeHTa. IlepBoe MOXHO cjaenaTb Ha INpuUMepe
JBYX3JIEKTPOHHOTO aToMa ( aToMa renusi). Baxxno nate nmoHatus o kodgduuueHtax DiHImTeHA U 00
HX B3aHMMOCBsI3HM, a TaKXKC JaTh KBAHTOBO-MEXaHHYECKHI BbIBOZ BCPOATHOCTU paJUALIMOHHOIO
nepexonga nu O6’bﬂCHI/ITI) CTYACHTaM, YTO TaKOC ManH‘IHBIi/JI OJICMCHT OIIcpaTopa AUIIOJIBHOTO MOMCHTA
U €ro CBA3b C BEPOSATHOCTHIO pPaJMallMOHHOTO mepexona. YToObl n3bexarh (popManbHOTO YCBOCHUS
npaBujl 0TO0pa, HEOOXOAMMO OOBSICHUTH UX (PU3UUYECKYIO MPUPOTY, OOYCIOBICHHYIO JIEMEHTAPHBIM
MIPOLIECCOM B3auMOJEHCTBHS (POTOHA ¢ aTOMOM. MOXHO /aTh MOHATHE O HAChIIeHUU nepexona. s
OOBSICHEHHUS] TUMTUYHBIX CIIEKTPOB aTOMOB PA3IMYHBIX MEPUOJOB MEPUOANUECKON TaOJIUILIbI, CIETyeT



aKTHUBHO MCIIOJIb30BaTh: MOHSATHE CHEKTPAIbHOTO TEpMa, MpaBuia 0TOOpa, 00O0JOYEUHYIO MO/IEIb,
TEOPHIO TOHKOI'O pACHICIUICHHUsT M T.I. YJ00HO TPOJEMOHCTPUPOBATH HEKOTOPbIE OCHOBHBIC
MPUHLMIIBI CIEKTPOCKOIIMM MHOTO3JIEKTPOHHOIO aTOMa Ha MpuMepe paboThl HEKOTOPBIX ATOMHBIX M
HMOHHBIX JIa3€pOB - TaKMX KaK Jia3ep Ha Mapax MeIu M 30J10Ta, MOJHBIA Ja3ep, resinii-HEOHOBBIN
nazep. Ilpu paccMOTpeHMM MHOTOCTYNEHYATOro BO30YXIE€HHS aTOMOB HEOOXOJMMO HCIIOJIb30BATh
MIOHATHE HACBIEHUS Iepexoaa. IIpu 3TOM CTyIeHTBI NOJDKHBI yMETh CaMOCTOSITENIBHO CHENATh
OLIEHKU /1151 MHTEHCUBHOCTH JIa3epHOI0 U3JIy4eHusi, TpeOyeMoil 1uid 3 HeKTUBHON MHOTOCTYIIEHUaTON
noHM3auuu. B 3TOM paznene HeoOXOAMMO JAaTh IMOHATHE O TEXHOJOIMM JIA3€pPHOTO pa3/eieHus
U30TONOB, a TaKkKe aHAIMTUYECKUX METOAAX JETEKTHPOBAHMs AaTOMapHbIX IIpUMeEcEd B
KOHJEHCUPOBAHHBIX CPE/aXx.

ABTOpP(BI):

UuctsikoB Anekcanap AjekcanapoBud, 1.¢.-M.H., C.H.C.



