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 2)

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

I/I3yquI/Ie AUCHUIUIMHBI JAa€T OCHOBHBIC MPEACTABJIICHUA O CTPOCHUHU aTOMOB U MOJICKYJ, O
COBPCMCHHBIX METOJAaX CIICKTPOCKONHNU W UX NPUMCHCHUU B CMCIKHBIX O6HaCT§IX, (i)I/I3I/IKe TBECPAOTO
Tena, HAaHO(POTOHHKE W T.II.

Kypc cocTouT u3 cieayromux OCHOBHBIX YaCTCH: OCHOBBI MOJIEKYJISIPHOW CIIEKTPOCKOIIHH,
AIIEKTPOHHO-KOJIe0aTeIbHAS CIIEKTPOCKOIHUS MHOTOATOMHBIX MOJICKYJI.

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
COCTOSIHMS BEII[ECTBA.

2. MECTO YYEBHOW JUCIHUILIMHBI B CTPYKTYPE OOII BO

JUis yCHEIHOTro OCBOEHHUS MUCIUIUIMHBI HEOOXOAMMO MpOCiIylaTh Kypc oOuieil ¢pu3uku, B
4acTH KBAHTOBOM ONTHUKH, (PM3UKH aTOMHOTO s/ipa, a TakKe M3yYUTh KypC KBAaHTOBOM MEXaHUKU U
npeauiecTByOmuil Kypc "ATOMHas W MOJEKyJsipHas crekTpockomnus (dacte 1)". Jucnumninza
HeoOXoauMa CTyJIEHTaM JUis TIOHMMAaHUS CTPOEHHUS CIOKHBIX aTOMOB M MOJEKYJIT C Y4YeTOM
ANEKTPOCTATUYECKOTO M CIIUH-OPOUTATHLHOTO B3aUMOJICHCTBUS, a TAKXKE IS MOCIEAYIOMIEr0 U3YICHUS
(hOTOHMKH OPTaHMYECKUX M HEOPTaHUYECKUX HAHOCTPYKTYP

3. ®OPMUPYEMBIE KOMIIETEHIINU U IIJTAHUPYEMBIE PE3YJIBTATbBI
OBYYEHUA

YHuBepcanbHbIe H(WIK) o0menpodeccuoHaTbHbIE KOMITETSHIIUHN

I KO,I[ 1 HAUMCHOBAHUC KOMIICTCHIIMH | KOI[ N HAMMCHOBAHHUC MHAHUKATOpa JOCTHUKCHUA KOMIICTCHIUH

[IpodeccnonanpHble KOMIIETEHIIMM B COOTBECTBHHM C 3amadaMu W 0OBbeKTamu (00JacTIMHU
3HaHUI) MpodhecCUOHATBHON IeATeTbHOCTH:

3agaua O0bekT i odaacth | Kox m nanmenoBanue Kox m nanmenoBanue
npogeccuoHAIbLHOM 3HAHUSA npogeccuoHaIbLHOM HHIUKATOPA
aesteabHocTu (311]1) KOMIIeTEHIINH; JOCTHKEHUSA
OcHoBanne npo¢ecCHOHATbHOU
(mpogeccuoHAIBLHBIH KOMIIETEeHIIU U
cranaapt-IIC, anaan3
onbITa)

KOHCTPYKTOPCKO-TEXHOJIOTHUECKHUI
Coznanme nporpamMm u | komriekesl mporpamm | I1K-5.2 [1] - Cnocoben | 3-11K-5.2[1] - 3HaTh

KOMILIEKCOB IIPOrpaMM | JUIsl HAY4YHO- IIPOBOJIUTH HAy4HbIE OCHOBBI (PH3UUECKOM
Ha 0a3e cTaHAApPTHBIX UCCIIeIOBAaTENbCKUX U | MccienoBaHysl B 001aCTH | ONTHKH, TEOPHIO
[IaKETOB JUIS MIPUKIIAHBIX LEIei ONTUYECKOTO UHTEpEepeHIINH,

BBITIOJTHEHHS PACUETOB pUOOPOCTPOCHUS, TudpakIum,




B paMKax
MaTeMaTHYeCKHX
MOJEJIEH, y4acTHE B
pa3paboTKe HOBBIX
aJITOPUTMOB U
KOMITBIOTEPHBIX
IIPOrpaMM Il Hay4HO-
HCCIEN0BATEIbCKUX U
MIPUKJIAIHBIX LENEH.

OINITUYCCKUX MATCPUAJIOB

cranaapt: 06.022

BPEMEHHOM U

Y TEXHOJIOTHI MIPOCTPAHCTBEHHOM
KOT€PEHTHOCTH,

OcHosanue: 3aKOHOMEPHOCTH

[IpodeccronanbHbIit pacrpoCTpaHEHHUs

CBETOBBIX ITYYKOB B
BaKyyM€, OCHOBBI
aTOMHOU U
MOJIEKYJIIPHON
CHEKTPOCKOIUY;
V-IIK-5.2[1] - ymeTh
paccuuTaTh
ONTHYECKYIO CXEMY,
MIPOBECTHU OLIEHKH
11apaMeTpoB
MaTepHuaos;
B-IIK-5.2[1] - BnageTs
OCHOBaMH
CIEKTPOCKOIIUU
aTOMOB M MOJIEKYJI

4. BOCIIUTATEJIbHBIA MOTEHIAAJ JUCHUTLJIAHBI

Hampasnenus/uenu
BOCITUTAHHUS
[IpodeccuonansHoe 1
TPYJOBOE BOCITUTAHUE

[Ipodeccrnonansroe
BOCIIUTaHHE

3agauym BocriuTaHus (Kox)

Co3znanue ycioBui,
00ecIeunBaronnx,
(bopMHpOBaHUE KYIbTYPbI
HCCIIEA0BATENIBCKON U

WHXEHEPHOU J1EeATEIbHOCTH
(B16)

Co3znanue ycioBui,
o0ecrneynBaroIInX,
(dbopMHUpOBaHKE UyBCTBA
JUYHON OTBETCTBEHHOCTH 32
Hay4YHO-TEXHOJOTUYECKOE
pasButue Poccun, 3a
pe3yabTaThl UCCIEOBAaHUHN U
ux nocnenacteus (B17)

BocnurarenbHbIN ITOTEHIIAAT
JUCLUIUINH

Hcnonbs3oBanue BOCIUTATENBHOTO
noTeHnyana JucuInivg "OCHOBEI
koHcTpyupoBanus u CAIIP", "Kypcosoit
IIPOEKT: OCHOBBI KOHCTPYUPOBAHHUS U
CAIIP", "MHxeHepHas ¥ KOMIIbIOTEPHAs
rpaduka", "leTanu MammH U OCHOBBI
KOHCTpYUpoBaHUs" 17151 OpMUPOBaAHUS
HaBBIKOB BJIAJICHUS YBPUCTUUECKIUMH
METOJIaMH TIOUCKA U BBEIOOpa
TEXHUYECKUX PEIICHUH B YCIOBUIX
HEOIPEAEIEHHOCTH Yepe3 ClIeUaIbHbIE
3amanus (meroguku TPU3,
Mopdooruueckuii aHaiIu3, MO3TOBOM
MTYPM U Jp.), KyJIbTYPhI HH)KEHEpa-
pa3paboTyrKa Yepe3 OpraHu3aliio
MIPOEKTHOM, B TOM YHCJIE
CaMOCTOSITENIbHON PabOTHI
o0ydaromuxcsi ¢ UCHOIb30BaHUEM
MPOrpaMMHBIX ITAKETOB.
1.Mcnonp30BaHne BOCIUTATEIBHOTO
MOTEHIMaNa JUCLUILIAH
poheccuoHaNTbHOTO MOIYJIS IS
(hopMUpOBaHUS YyBCTBA TUYHOM
OTBETCTBEHHOCTH 3a JIOCTHKEHUE
nuaepctBa Poccuu B Beaylmux HayyHO-
TEXHUUYECKHUX CEKTOpax U
(byHIaMEHTaIbHBIX UCCIIETOBAHMSIX,




[IpodeccuonanbHoe
BOCIIUTaHUEC

Co3znanue ycioBui,
00eCIeYnBaronux,
¢dbopmupoBaHue
OTBETCTBEHHOCTH 32
npodeccuoHaIbHBIN BHIOOD,
po)eCCHOHAIBHOE PA3BUTHE
U npoeccuoHaNbHbIe
pemenus (B18)

00ecneynBarOIIUX €€ SKOHOMHYECKOE
pa3BUTHE U BHENTHIOK 0€30TMacHOCTb,
MOCPEACTBOM KOHTEKCTHOTO OOYUYCHHUS,
00CyXIeHHS COIIMATBHON 1
MPAKTUYECKON 3HAYMMOCTH Pe3yIbTaTOB
HAyYHBIX UCCIICIOBAHUN 1
TEXHOJIOTUYECKHX Pa3padoToK.
2.HMcnonp30BaHne BOCIHTATEILHOTO
MOTEHIIMAaNa JUCIUILINH

PO ECCUOHATBHOTO MOTYJIS JIJIs
(hopMUPOBaHUS COIMATTEHOM
OTBETCTBEHHOCTH yYEHOTO 3a
PE3yNIbTAThI UCCIEIOBAaHUHN U UX
MTOCIICZICTBHS, PA3BUTHS
HCCIIEIOBATCILCKUX KAUeCTB
MTOCPECTBOM BBHITIOJTHEHHSI YIeOHO-
HCCIIEIOBATENIbCKHUX 3aJaHul’,
OPUEHTHPOBAHHBIX HA U3YUCHHE U
MIPOBEPKY HAYYHBIX (PAKTOB,
KPUTUYECKHUI aHAIIU3 MyOIMKaIuii B
npodeccnoHanbHOM 0011acTH,
BOBJICUCHUS B PeaIbHBIC
MEXIUCUUTUTHHAPHBIC HAYYHO-
HCCIICIOBATEIILCKHUE TTPOCKTHI.
Hcnonp30BaHUE BOCIIUTATEIHLHOTO
MMOTEHIIMANa JUCIUTIINH
npodhecCHOHaNTBEHOTO MOIYJIS TS
(hOpMHUPOBAHHUS y CTYICHTOB
OTBETCTBEHHOCTH 3a CBOE
poeCCHOHAIBHOE PA3BUTHE
MOCPEACTBOM BBIOOpA CTyIEHTaMHU
WHINBUIYATBHBIX 00pa30BaTEIbHBIX
TPaeKTOPUH, OpraHU3aIlMU CHCTEMBI
OOIICHHSI MEXKIY BCEMHU YUACTHUKAMU
00pa30BaTeNpHOTrO Mpoliecca, B TOM
YHUCJIE C UCIOJIb30BAHHEM HOBBIX
MH(POPMAITMOHHBIX TEXHOJIOTHA.

S. CTPYKTYPA U COJEPKAHUE YYEFHOMN TUCIUATLINHBI

Paznensl y‘le6H0ﬁ JUCHUITIINHBI, UX 06’LCM, CPOKH U3YUCHU U (pOpMLI KOHTPOJIA:
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8 Cemecmp

1 OcHOBBI MOJIEKyJIsIpHOH | 1-8 6/6/0 25 K-8 3-TIK-
cnektpockonuu. KPC, 5.2
TEeOpHs CUMMETPHH,

BpallaTeIbHbIE
CITEKTPHI.

2 ONEKTPOHHO- 9-12 | 6/6/0 25 KH1-12 | V-
Kosie0aTenbHas [K-
CIIEKTPOCKOIHUS 5.2,
MHOT'OaTOMHBIX B-
MOJIEKYJL. [K-

5.2
Umoeo 3a 8§ Cemecmp 12/12/0 50
KonTpoabHbie 50 2 3-11K-
Meponpusituss  3a 8 5.2,
Cemectp V-
IK-
5.2,
B-
[K-
5.2

* — COKpallleHHOe HauMEeHOBaHKe (POPMBI KOHTPOJIS

ok CyMMa MAaKCHMAJIbHBIX OaioB JOJIDKHa OBITh paBHa 100 3a CCMECTP, BKIIKOYAA 3a4YCT U

(unn) sK3aMeH

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

Oo6o3na | [losiHOe HaMMeHOBaHMe

YyeHHe

KH KoHTpoJib 110 uroram

€] DK3aMeH

KAJIEHIAPHBIN IVIAH

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

" yac. , yac. yac.
8 Cemecmp 12 12 0

1-8 OcHoBbI MoJieKyJIsipHOii ciekTpockonuu. KPC, Teopus 6 6 0
CHMMETPHH, BpallaTeJbHbIe CIEKTPBI.

1-2 Tema 1 Bcero ayutopHbIX 4acoB
OcCHOBHBIE MOJIO)KEHUS] KBAHTOBOMEXAHUYECKON TEOPUU 2 |2 [0
MosteKkyJ1. [Topsiiok BEeMHMUUH JIEKTPOHHOM, KOJIeOaTeIbHON 1 OHnaiin




BpaiarenbHoi 3Heprud. I[Ipunuun bopua Onnenreiimepa.
Otnenenne kKoeOaHuii OT BpameHus. Pagnanmronsbie
MIEPEXO/IbI, AIEKTPOHHBIE KOJIeOaTeIbHbIE U BpalllaTeIbHbIE
crieKTpbl. UTHTEHCUBHOCTH B CIIEKTPaXx.

3 Tema 2 Bcero ayiuTopHbIX 4acoB
OCHOBBI TEOpUH KOMOMHAIIMOHHOI'O PACCESIHUS CBETA. 1 |1 [0
KonebatenpHoe 1 BpamarenbHoe KOMOMHAIIMOHHOE paccessHue | OHiaifiH
cBeTa. XapaKTepUCTUKH N1€PEX0J0B U MHTEHCUBHOCTH B Cilydae | () 0 0
CIIEKTPOB KOMOMHAIIMOHHOTO paccestHus. BuIHYyX)1eHHOe
KOMOMHAIIMOHHOE paccesiHue cBeta. [IoHsTHE 0 KOrepeHTHOM
aKTUCTOKCOBOM paccesiHuu cBeTa. Ml rurantckom
KOMOUHAIIMOHHOM pacCesiHUU.

4 Tema 3 Bcero ayiuTopHbIX 4acoB
OcHoBbl Teopuu cumMMeTpud. [ToHsTHE TOYHOM TPYIIITBI 1 | 1 | 0
ToueuHble rpynnsl HU3IIEH, CPEAHEN U BBICILIEH CUMMETPHUHU. Owniaiin
CBoiicTBa CUMMETPUN PaBHOBECHBIX KOH(MUTYpaLUil MOJIEKYIL. | () 0 0
[TonsTHE O MpEACTABIEHUAX IPYII, HEMPEBOAUMBIE
IPEJCTaBICHNUS TOYEUHBIX rpyni. CBs3b KOMIIOHEHTOB
JUMNOJIBHOIO MOMEHTA U TEH30pa MOJSPU3YEMOCTH C
cuMMeTpuel Monekyi. IlpaBuna orbopa mo CUMMETPHH .

5-6 Tema 4 Bcero aynuropHbIX 4acoB
BpamaTtensHble crieKTpsl MOJIeKy1. BpamaTensasie ypoBHU U | 2 |2 [0
BpalllaTeJIbHbIE MEPEXO/IbI JIMHENHBIX MOJIeKy. [IpaBuia Ounaiin
0TOOpa, MHTEHCUBHOCTH BpalllaTeJIbHBIX CIIEKTPOB U 0 0 0
3aCEJICHHOCTHU BpallaTeJIbHBIX YPOBHEH JUIsl INHEWHBIX
MoJieKyJl. BpaarenbHble ypoOBHH MOJIEKYJ THIIA
chepuuecKoro BOJIYKa.

Morekybl TUIIAa CAMMETPUYHOTO U ACCUMETPUYHOIO BOJTUKA.
MoOMEHT MHEepLHHY U BpaLATeNIbHbIE TIOCTOSIHHBIE.
BpamatensHble YpOBHU U BpalaTeabHble MEPEXO0IbI IS
MOJIEKYJ THUIIa aCCUMETPUYHOT0 Bosiuka. [IpaBuna orbopa u
MHTEHCUBHOCTH B CIIEKTPaX.

9-12 DJIEKTPOHHO-KOJIe0aTeIbHAsl CIIEKTPOCKONMS 6 6 0
MHOT0ATOMHBIX MOJIEKY.I.

7-8 Tema 5 Bcero aynuTopHbIX 4acoB
KonebarenbHble ceKTpbl MOJIeKyl. ['apMoHHuUecKue u 2 |2 [0
aHTapMOHHYECKHE KOJIeOaHUs IBYXaTOMHBIX MOJIEKY. Omnutaiin
WMHTEHCUBHOCTHU B CIIEKTPAX UCITYyCKAaHUs, TIOTJIOICHUS U 0 0 0

KOMOWHAIIMOHHOTO PACCEsTHUS, TIPaBUIIa 0TOOPA.
KonebarenbHo-BpalaTenbHble CIIEKTPBI ABYXaTOMHBIX
MOJIEKYJI.

[ToTeHumanbHast 3HEPTUsS MHOTOAaTOMHBIX MOJIEKYJL.
EcrecTBeHHbBIE 1 HOPMaJIbHBIE KOOPJAMHATHL. AHTAPMOHHU3M
KoJIeOaHUH MHOTOaTOMHBIX MoJieKyJl. OGepTOHa U COCTaBHbIE
gacTtoThl. CUMMETpHst KoeOaHU MHOTOATOMHBIX MOJIEKY!I,
KOOpauHATH cumMeTpun. [IpaBua oTOopa 11 paTuannoHHBIX
KoJIe0aTeNbHBIX IEPEX0/I0B M KOMOMHAIIMOHHOTO PACCEsIHUS B
MHOT0aTOMHBIX MoJieKynax. Pesonanc ®epmu. Metos
K0JIe0aTeNbHOM CIIEKTPOCKOIINY JIJIsl HCCIIEIOBAHUS
HaHOCTPYKTYD. [loHsATHE O penakcanuu KonedaTeIbHOTo
BO30YKIeHHsT MOJIeKyJ. MHOro()OTOHHOE BO30OYKACHUE U
JAMCCOILMALIUS MOJICKYJL.




Tema 6

OJNEKTPOHHBIE COCTOSIHUS U CIIEKTPBI JBYXaTOMHBIX MOJIEKYJI.
YcroitunBbie U HEYCTOMUUBBIE (pa3eTHBIE) COCTOSHHUS,
XMMHMYECKas CBA3b. XapaKTEPUCTHKA COCTOSHUN OTAEIbHBIX
ANIEKTPOHOB. CBS3bIBAIOIINE U AHTHCBS3bIBAIOLINE
MOJIEKYJISIPHBIE 2JIEKTPOHBI U XUMHUYECKAs CBS3b.
DNEKTPOHHBIE COCTOSIHUS M XUMUYECKAsl CBSI3b B MOHE MOJIEKYJI
BOAOPOJA. DJIEKTPOHHBIE COCTOSHUSA U XUMUYECKAs CBA3b B
MOJIEKYJIe BOAOPOAa. MeTol MOJIEKYJIISIPHBIX OpOUTaei u
JIeKTPOHHBIX Nap. KonedarenbHas cTpyKTypa CIEKTPOB
NBYyXaTOMHbIX MoJiekyd. [Ipunuun ®@panna-Kongona u
OTHOCHUTEJIbHAs! HHTEHCUBHOCTb 3JIEKTPOHHO-KOJI€0aTEIbHBIX
nosoc. [TonstTue o poroancconMavy 1 NPeAUCCOLUAINN
MoJIeKyJ1. BpamarenpHas CTpyKTypa 2J€KTPOHHO-
KoJ1e0aTeNbHbIX T0JI0C

Bcero ayiuTopHbIX 4acoB

2 |2 |0
Ouaiia
0 0 0

11-12

Tema 7

DNEKTPOHHBIE COCTOSHUS U CIIEKTPHl MHOTOATOMHBIX MOJIEKYI.
DJNEKTPOHHBIE COCTOSHUSA U XUMUYECKasi CBSI3b MHOTOATOMHBIX
Mouiekyn. Teopema Sna-Temnepa. [Ipunnun ®panka-Konnona
JUTs MHOTOQTOMHBIX MoJiekyJ. [IpaBmia otoopa. Jnarpamma
S16noHCKOr0. BHYTpeHHSAS U MHTEPKOMOMHAIIMOHHAS
KOHBEPCHsI B MHOTOATOMHBIX MOJIeKyIax. DirroopecueHnus u
docdopecnennus. MHOTOCTYNIEHUIAaTOE BO3OYKICHUE U
aucconuanysl MHOrOaTOMHBIX MOJIeKyJl. [IonsTue o nasepax Ha
pacTBopax opraHndeckux kpacuteneil. Ilonstue 00
JNIEKTPOHHBIX CIIEKTPaX HAHOYACTHIl U MOJIEKYJISIPHBIX
KJIACTEPOB.

Bcero ayiuTopHbIX 4acoB

2 | 2 | 0
Omuiaiig
0 0 0

CokpalleHHbIC HAUMEHOBAHUS OHJIAH OMIUA:

Oo6o03na | [Tos1HOe HanMeHOBaHME
yeHue

oK DJIEKTPOHHBIN KypC

1M [TOTHOTEKCTOBBIN MaTepual
11JI ITonmHOTEKCTOBBIE JCKIIMU
BM Buneo-marepuainsl

AM AyJmo-marepualsl

I1p3 [Ipe3enTanmun

T Tectol

OCM DJIEKTPOHHBIE CIPABOYHBIE MaTEpUAJIbI
4@ WM HTEepaKTUBHBINA CANUT

TEMBbI IPAKTUYECKUX 3AHATUI

Heneau | Tembl 3ansiTuii / Conepxanue
8 Cemecmp
1-2 Tema 1

OCHOBHBIE MOJIOKEHUSI KBAHTOBOMEXaHUYECKON TEOPUU
Mouekyn. [Topsok BeTMuuH 31EeKTPOHHOM, KoJebaTenbHO! U
BpamarenbHoil s3Heprun. [Ipunuun bopua Onmnenreitmepa.
Otnenenue konebanuii ot BpamieHus. PagunanoHHbie
MIePEXO0/IbI, JICKTPOHHBIE KOJIEOATEIbHBIC U BpalllaTeIbHbBIE




CIICKTPBHbI. HMHTEHCUBHOCTH B CIICKTpax.

Tema 2

OcHOBBI TEOpHH KOMOMHAIIMOHHOT'O PACCEsHUS CBETA.
KounebarenbHoe 1 BpanjareabHOe KOMOHWHAIIMOHHOE
paccesiHie cBeTa. XapaKTepUCTUKHU IIEPEX0J0B U
MHTEHCUBHOCTH B CIy4ae CIEKTPOB KOMOMHAIIMOHHOIO
paccesiHus. BBIHYXIeHHOE KOMOMHAIITMOHHOE pacCesHue
ceTa. [IoHATHE O KOT€pEeHTHOM aKTUCTOKCOBOM PACCESIHUU
cBeTa. M ruranTckom KOM6I/IHaI_II/IOHHOM pacCCiaHuM.

Tema 3

OcHoBbI TEOpUH cUMMeETpHHU. [oHSITHE TOUHOM TPyIIIBI
TodeuHbie rpynIbl HU3IIECH, CPEAHEN U BBICIIEH CHUMMETPHUH.
CBoiicTBa CHMMETPHUN PAaBHOBECHBIX KOH(MUTYpaLuit
MoJieky1. [loHsaTHe 0 mpeacTaBIeHUsAX IPyII, HENPEBOAUMBIE
IIPEJICTaBICHUS TOUEUHBIX IpyIl. CBs3b KOMIIOHEHTOB
JUIIOJBHOTO MOMEHTA U TEH30Pa MOJIIPU3YEMOCTH C
cuMMeTpueit Monekyi. IlpaBuna orbopa 1Mo CUMMETPHH .

Tema 4

BpamarensHble crieKTpsl MOJIEKYJI. BpanjaTenbasie ypOBHU U
BpallarTeabHble epexo/Ibl TMHEHHbBIX MoieKy. [IpaBuna
0T60pa, MHTCHCHUBHOCTHU BpamaTeanHx CHCKTpOB nu
3aCeJICHHOCTH BpAaIlaTeNIbHBIX YPOBHEHN IS IMHEHHBIX
MoJIeKyJ1. BpamaTenbHbie ypOBHH MOJIEKYJI THIA
c(heprudIecKoro BoIIKa.

MOHeKyJIBI TUIIA CI/IMMeTpI/ILIHOFO nu aCCI/IMCTpI/I‘-IHOFO BOJJIYKa.
MoOMEHT MHEPIMH ¥ BpaIllaTeIbHbIC ITOCTOSHHEIE.
BpaHIaTCJIBHBIG ypOBHI/I 158 BpaHIaTeJIBHBIG HCpGXOIIBI JJIA
MOJIEKYJI TUIIa aCCUMETpUYIHOTro Bosruka. [IpaBuna orbopa u
HNHTCHCHUBHOCTH B CHGKTan.

Tema 5

Koneb6arenbubie criekTpbl MoJiekya. ['apMoHuueckue u
aHrapMOHUYECKHUE KOJIeOaHHsI IBYXaTOMHBIX MOJIEKYIL.
NHTEeHCUBHOCTH B CIEKTpaXxX UCIYCKAHMUS, MOTJIONIECHUS U
KOMOMHAIIMOHHOTO paccesiHusl, IpaBuiia 0Toopa.
Koneb6arenbHo-BpamaTeibHble CIIEKTPHI IBYXaTOMHBIX
MOJIEKYIL.

[ToTennmanbHas YHEPTUS MHOTOATOMHBIX MOJIEKYJI.
EctecTBenHble 1 HOpMaJIbHbIE KOOPAUHATHI. AHTAPMOHU3M
KoJie0aHUH MHOTOATOMHBIX MOJIEKyJl. OOepTOHA M COCTaBHBIC
gacToThl. CumMMeTpus KojaeOaHuii MHOTOATOMHBIX MOJIEKY,
KOOpAUHATHI cuMMeTpuu. [IpaBuna ot6opa asis
paualMOHHBIX KOJIeOATEeIbHBIX MEPEX00B U
KOMOWHAIIMOHHOTO PACcCEesTHUSI B MHOTOATOMHBIX MOJICKYJIaX.
Pe3onanc depmu. MeTopl kKonebaTeTbHON CIEKTPOCKOITUT
JUISL UCCJIeIOBaHUsI HAHOCTPYKTYp. [loHsiTHE O penakcanun
K0J1e0aTeNbHOTO BO30YX ACHUS MoJeKyi1. MHOrogpoToHHOE
BO30YKJICHHE U IMCCOLMAIIMS MOJIEKYJI.

Tema 6

3J’ICKTpOHHBIe COCTOSAHUA U CHGKTpI)I I[ByxaTOMHI)IX MOJ'IeKy.TI.
YcTolunBbIE U HEYCTOMUMBEIE (Pa3ieTHBIE) COCTOSHUSA,
XUMHUYCCKasA CBA3b. XapaKTepI/ICTI/IKa COCTO?IHI/If/'I OTOCIIBHBIX
3J1eKTPOHOB. CBSI3bIBAIOIINE U AHTUCBS3bIBAIOIINE




MOJICKYJISIPHBIE SJIEKTPOHBI U XUMUYECKAs CBS3b.
DJICKTPOHHBIC COCTOSHUS M XUMUYECKas CBSI3b B HOHE
MOJIEKYJ BOJIOPOJIa. DIIEKTPOHHBIE COCTOSIHHSI U XMMHYECKas
CBSI3b B MOJICKYJIC BOJIOPOIa. METO | MOJICKYIIPHBIX
opOuTaiieit u aeKTpoHHBIX nap. KonebarenbHas CTpykTypa
CIICKTPOB JBYXaTOMHBIX MOJIeKyJ1. [Tpurmmm ®dpania-
KongoHa 1 oTHOCHTEIbHASI HHTEHCUBHOCTb JJIEKTPOHHO-
KoJjebaTenbHbIX nojoc. [Tonarue o hoTomucconmanuu u
MpeIMCCOIMAalliy MOJIeKyII. BpamarenpHast cTpyKTypa
AJICKTPOHHO-KOJICOATEILHBIX T0JI0C

11-12 | Tema7

DIEKTPOHHBIE COCTOSIHUS U CLIEKTPhl MHOTOATOMHBIX
MOJIEKYJI. DJIEKTPOHHBIE COCTOSTHUSL U XUMHUYECKasi CBSI3b
MHOT0aTOMHBIX MoJieKy. Teopema SAna-Tennepa. [Ipunumn
®panka-KoH0HA 1711 MHOTOATOMHBIX MoJiekyil. [IpaBuna
orbopa. uarpamma S6moHcKkor0. BHYTpeHHSS 1
WHTEPKOMOUHAIIMOHHAS! KOHBEPCHUS B MHOTOAQTOMHBIX
Mosekyax. @mroopectieHnus u GpocdopeciieHus.
MHuoroctyneH4aTroe Bo30yKI€HUE U TUCCOLIAAIUS
MHOI'0aTOMHBIX MoJieKyl. [loHsiTHe 0 J1a3epax Ha pacTBopax
opraHuyeckux kpacuteneid. [loHarue 00 3IeKTPOHHBIX
CHEKTpax HAHOYACTHUI U MOJIEKYJIIPHBIX KJIACTEPOB.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

HCHOJ’IBS}/I-OTCH COBPEMCHHBIC NMPEAMCTHO- U JIMYHOCTHO-OPUCHTUPOBAHHBIC 06pa3OBaT€J'II>HBI€
TECXHOJIOTH

7. ®OH/J OHEHOYHBIX CPEIACTB

@®OoH/1 OLIEHOYHBIX CPEACTB MO JAUCLUIUIMHE 00eCIeurBaeT MPOBEPKY OCBOEHUS IUIAHUPYEMBIX
pe3yabTaToB 00y4YeHHs (KOMIETEHIMH W UX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHUITUN TEKYIIEro,
PYOEIKHOTO M POMEKYTOYHOT'O KOHTPOJIS IO JUCLUTUIMHE.

CBs3p Mexny (opMUpyEeMBIMH KOMIIETCHIUSAMH H (OpMaMH KOHTPOJII HUX OCBOCHHS
IpeACTaBlIeHA B cIeayomIel Tabaume:

KOMHeTeHHI/Iﬂ HH}]HKaTOPBI 0CBOCHUSA ATTeCTaIII/IOHHOC MeponpusaTue
(KII 1)
TK-5.2 3-T1K-5.2 D, KI-8
V-TIK-5.2 D, KH-12
B-IIK-5.2 D, KU-12

HIkanbl oeHKH 00pa3oBaTebHbIX JOCTHKEHHU I

[Ixana KaXXq0r0 KOHTPOJIBHOTO MEPOMNPUSTHS JISKUT B mpenenaax oT 0 10 yCTaHOBJIEHHOTO
MaKCUMaJILbHOI'O Oajijla BKIIOYMTEILHO. MToroBas arrecranus II0 JHCIHUILUIMHE oleHHBaeTca 1o 100-
OayUIbHOM IIKaJie U MpeAcTaBisieT coboi cymmy 0auioB, 3apabOTaHHBIX CTYIEHTOM IPU BBINOJIHEHUU
3a/IaHAK B paMKaX TEKYIIETO W MPOMEXYTOYHOTO KOHTPOJIS.



Htorosas OLICHKA BBICTABJIACTCA B COOTBETCTBUU CO CJIGI[yIOH.[CfI IIKAJIOM:

Cymma
0ayI0B

OrueHka 1o 4-ex
OAJUILHOU IIKAJIE

Ormenka
ECTS

TpeOGoBaHMs K YPOBHIO OCBOCHHIO
Y4eOHOU JUCITUTIITUHBI

90-100

5 — «omauunoy

OrneHka «OTIMYHO) BBICTABISETCA
CTYZAEHTY, €CJIY OH IIIyOOKO U MIPOYHO
YCBOWJI IPOTPaMMHBIN MaTepua,
HCYEpIBIBAIOLIE, [TOCIEA0BATENBHO,
YETKO U JIOTUYECKH CTPOMHO €ro
n3Jaraer, yMeeT TeCHO YBSA3bIBAaTh
TEOPHIO C MPAKTUKOI, UCIIONB3YET B
OTBETE MaTepHual MOHOrpaduIecKon
JIUTEPATYPHI.

85-89

75-84

70-74

4 — «xopouto»

65-69

60-64

3
«y0081€MEOPUMETILHOY

Or11eHKa «XOPOII0Y BEICTABISIETCS
CTYIIEHTY, €CTTH OH TBEPAO 3HAET
MaTepual, TPaMOTHO U TI0 CYIIIECTBY
W3JIaraeT ero, He OMyCcKast
CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

OneHKa «yI0BIETBOPUTEIHHOY
BBICTaBIISICTCS CTYACHTY, €CIIH OH IMEET
3HAHUS TOJIBKO OCHOBHOT'O MaTepuaa,
HO HE YCBOWJI €T0 AeTaseH, JOIyCKaeT
HETOYHOCTH, HEJJOCTATOYHO PABUIIbHBIC
(bOpMyNIHUPOBKH, HAPYILICHHS
JIOTHYECKOH MOCTIeI0BATEILHOCTH B
M3JI0’KeHUH IPOTPaMMHOT'0 MaTepuaa.

Hwxe 60

2
«HEY0081eM8OPUMENLHOY

OneHKa «HEYIOBICTBOPUTEIHLHO»
BBICTaBIISIETCS CTYACHTY, KOTOPBI HE
3HAET 3HAYUTENILHON YacTu
IIPOrPaMMHOI0 MaTepuaa, JOMyCKaeT
cyliecTBeHHbIe ommnoOKku. Kak npasuio,
OLICHKA «HEYIOBJICTBOPUTEIHLHO
CTaBUTCS CTYACHTaM, KOTOpPbIE HE MOTYT
MPOJIOJKHUTE 00y4eHue Oe3
JOTIOJTHUTENBHBIX 3aHATHH 110
COOTBETCTBYIOILEH JUCLUIIHHE.

8.

YYEBHOM JUCLUMIIIAHBI

OCHOBHAZ JIMTEPATYPA:

YYEBHO-METOANMYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHHE

1. 1 T35 Astronomical spectroscopy : an Introduction to the atomic and molecular physics of
astronomical spectra , New Jersey [and oth.]: World scientific, 2011

2. 91 A 92 Atomuas ¢usuka T. 2 OCHOBBI KBAaHTOBOM MEXaHUKH U CTPOSHUE FICKTPOHHONU 000JI0UKHI
aroma, : , 2021

3. OU K 93 Kypc obmieit puzuku T. 3 Ontrka. @usnka aToOMOB 1 MOJIeKy1. DU3MKa aTOMHOTO SiApa U

MHKpoYacTul, : , 2019




4. 539.1 E59 AtoMHas u monexyJisipHas cnekrpockonust .3 MonekyiisspHas ClIEKTPOCKONHS, , :
URSS, 2007

5.539.1 E59 AtoMHas u MoJieKyJIsipHasi CIIEKTPOCKONHS : 00IIHMEe BOIPOCHI CHEKTPOCKOITUUIIOCO0HE
i By30B, M. A. Enbsmesud, Mocksa: Jlu6pokom, 2011

6. 539.1 E59 AtomHas u MonieKymsipHas cnekrpockonusi. MonekyJiisipHas criekTpockonus : , M. A.
EnpsiimeBuy, Mocksa: JInbpoxom, 2009

JOITOJIHUTEJIBHAS INTEPATYPA:
1. 539.1 ®69 Crpoenue u nunamuka mosiekys T. 2, , M.: Mup, 1982
2.539.1 ®69 Crpoenue u nunamuka mosekyn T.1 ,, M.: Mup, 1982

3.531.2 T'41 DnexTpoHHbIE CIEKTPBI U CTPOEHUE MHOTOATOMHBIX MoKy : , 'epubdepr I'.;Ilep.c
aHri., Mocksa: Mup, 1969

4. 539.2 T'82 Konebanus monekyn : , JI. A. I'pubos, Mocksa: JIu6poxom, 2009

5.539.1 JI52 Henunelinble ceieKTUBHBIE (DOTOMPOIIECCHI B aTOMax U MoJiekyJax : , Jleroxos B.C., M.:
Hayka, 1983

I[MPOI'PAMMHOE OBECITEYEHUE:

CrnenmanbHOE MporpaMMHOE oOecTiedeHne He TpedyeTcs
LMS U UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPUAJILHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOM
JUCHUIIINHBI

1. JleMOHCTpaLlMOHHBIN POEKTOP

10. YYEBHO-METOAMYECKHME PEKOMEHJIALIMU J1JIA CTYAEHTOB

IIpyn nM3ydeHHH CTYJIEHT JIOJKEH TBEPAO YCBOUTH OCHOBHBIE IIPEJICTABICHHUS O CTPOCHUH
aTOMOB MW MOJICKYJI, O COBPCMCHHBIX MCTOAAX CIICKTPOCKOIMHW U HUX NPUMCHCHUHU B CMCIKHBIX
o0racTsx, puU3MKe TBEPAOro Tela, HAHOPOTOHUKE H T.II.

CTyneHT JoKeH yMeTh CBOOOIHO OTPENeNsTh CepualbHbIe 3aKOHOMEPHOCTH JIJISl  «JIETKOTO
aToMa» HCXOs W3 TOHATUS TepMa M TmpaBus oTOOpa. J[oMKeH yMeTh BBIYUCIATH  OTHOIICHUS
WHTCHCUBHOCTEH B CHEKTpax Ui THIWYHBIX ClIydaeB. B KadecTBe caMOCTOSTENbHOH paboThl —
pelaTh 3a/1auu, MPEAI0KESHHBIC TPEToIaBaTeIIeM.



CTyneHT JOJKEH TBEPAO YCBOUTH IOHATUE HACBILICHUS IIEPEX0Ja U YMETh J€1aTh OUEHKHU JUIs
Ja3epHOM HMHTEHCHBHOCTH HACBIIICHHUS Nepexoaa. B kauecTBe caMOCTOATENBbHONW paboThl — penath
3a/1a4u, IPEII0KECHHBIE ITPENI01aBATEIIEM.

CtyneH JODKEH yMeTh NpaBWIBHO BBIOpaTh CHCTEMYy KoopauHAT it 3(PQEeKTHBHOTO
pasneneHus sHepruM  KosneOaHus M BpauieHus. OH JODKEH HAy4duThCS HMCMOJIb30BaTh MPUHIUI
aa1abaTUYeCKOro MPUOIMKEHUs AJis IPUOIHMKEHHOTO aHaIl3a MOJIEKYJISIPHBIX CIIEKTpOB. B kauecTBe
CaMOCTOSITeNIbHOM pabOThI — peniaTh 3a/1a4u, MpeaIoKeHHbIE IPErnoaaBaTeIeM.

CryneHT IODKEH YMETh HCIOJIb30BaTh TEOPUI0 BO3MYILIEHHMH Ul BBIBOAA BBIPAXKECHHUS
WHTCHCUBHOCTH JJIEKTPOHHBIX, KOJ€OaTEeIbHBIX M BpAIIATENbHBIX CHEKTpOB. CTYIEHT IOJKEH
OCBOMTH KOMOMHAIIMOHHOE pAacCesiHUEe U BBIHYKICHHOE KOMOMHAIIMOHHOE paccesHHue JUIS
IIPUMEHEHHUs 3TUX 3HAHUW IPU U3y4YCHUHM IOCIEAYIOIUX KypcoB. B KkauecTBe CaMOCTOATEIBHON
paboThl — pemiaTh 3aJ1a4u, MPeII0KEHHbIE IPETI0AABATEIEM.

CTyZneHT IOJKEH OCBOUTH (U3NYECKHE 3aKOHOMEPHOCTH (DOPMHPOBAHHUS MOJIEKYJISIPHBIX
BpalaTeNIbHbIX CHEKTPOB, U YMETh HIPOAEMOHCTPUPOBATH IMPUHLUIIBI TEOPUU CUMMETpUU B
CUCTEMAaTUKE BpALIATEIbHBIX CHEKTPOB I MOJIEKYJ Pa3jIU4HbIX THIIOB. B kauectBe
CaMOCTOSITENIbHOM pabOThl — peniaTh 3a/1a4u, MpeaoKEeHHbIE IPEroaaBaTeIeM.

CtyneH NOJKEH YCBOUTH HPUHIMII HE3aBUCHUMBIX KOJEOATENbHBIX MOJ MOJEKYJd M 3HaTb
rpaHulpl €ro npuMeHeHus. OH JOJDKEH yMEThb NPOBOJUTH pacueT IOMNPAaBOK K IHEPreTHUYECKUM
YPOBHSIM € MOMOIIBI0 TEOPUH BO3MYIIICHHA. B KauecTBe caMOCTOSITENNFHOM padOThI — pelIaTh 3a/1a4H,
MIPEAIOKEHHBIE ITPEIIOAABATEIIEM.

CTyneHT JOKEH OCBOUTH  IOHATHE AJIEKTPOHHOIO TE€PMa U yMETh HANUCaTh TEPM JUIs
JBYXaTOMHBIX MOJIEKYJ. BaKHO Takke NOHMMAaTh B3aUMOCBS3b JJIEKTPOHHBIX TEPMOB C CUMMETpUEN
ANEKTPOHHBIX COCTOSHUU.IIpH H3yueHMH  3JEKTPOHHO-KOJIEOATENbHBIX MEPEX0J0B HEOO0XO0IUMO
ocBouth  npuHuun @dpanka-KoHmoHa u ymeTh MoKa3aTb KakK OH cleayeT M3 oOmieil Teopuu
paAMalMOHHBIX TEPexXol0B. B kadecTBe caMOCTOATENbHOW pabOThl — HM3YyYUTh OCHOBBI TEOPUU
XUMUYECKOH CBA3U

11. YYEBHO-METOJIMYECKHUE PEKOMEHIALIMHU JJIsSI MTPEMOJABATEJE

CTyaeHTbI BBIHOCAT U3 Kypca o0mei (pu3nKy HeCKOJIbKO HCKaKEHHOE TMPEICTABICHUE O TepME.
Cnenyer moapoOHO OOBACHUTH 3aBHCHUMOCTH 3JEKTPOCTATHUYECKOTO PACIICIUICHHS OT CyMMAapHOTO
CIIMHa ¥ CyMMapHOro OpOMTalbHOrO MOMeHTa. IlepBoe MOXKHO caenarb Ha IpUMepe
JBYX3JIEKTPOHHOTO atoMa ( aroma renusi). BaxkHo gath nonarus o ko3dduuuenrax DiHIITeiHA U 00
UX B3aMMOCBSI3M, a TakXe  JaTb KBAHTOBO-MEXaHMUYECKHI BBIBOJ BEPOSTHOCTH paJUallMOHHOIO
nepexoaa U oObSICHUTh CTYJEHTaM, 4TO TaKO€ MAaTPUUYHBIN JIEMEHT OllepaTopa AUIOJIBHOTO MOMEHTA
U €ro CBsI3b C BEPOSATHOCTBIO PaJMallMOHHOrO mepexona. YtoOwl n3dexkarbh (HOpMaTIbHOIO YCBOCHHUS
npaBui 0TOOpa, HEOOXOAUMO OOBSICHUTH X (PU3UUECKYIO NMPUPOLY, O0YCIOBICHHYIO 3J€MEHTapHBIM
MPOIIECCOM B3auMOJIeHCTBHS (POTOHA C aTOMOM. MOXKHO JaTh MOHATHE O HACBHICHUH mepexona. s
OOBSICHEHUS] TUMMMYHBIX CIIEKTPOB aTOMOB PAa3IMYHBIX MEPHUOJOB MEPHUOAMUECKON TAOIHUIBI, CIETyeT
aKTHBHO HCIIOJIb30BaTh: MOHSATHE CHEKTPAIBHOTO TepMa, MpaBHiIa OTOOpa, 0OOJIOUEUHYIO MOJEINb,
TEOPUIO TOHKOI'O PACHICIUIEHHs U T.aI. YJ00HO THPOJEMOHCTPUPOBATb HEKOTOPHIE OCHOBHBIE
MIPUHIUIBI CIEKTPOCKOIIMKM MHOTO3JIEKTPOHHOTO aToMa Ha IpuMepe paboThl HEKOTOPBIX aTOMHBIX U
HMOHHBIX JIa3epOB - TAKMX Kak Jla3ep Ha mapax MeAM U 30J10Ta, MOJIHBINA Ja3ep, reauii-HeOHOBBIN
nazep. Ilpu paccMOTpeHHMH MHOIOCTYIIEHYATOro BO30Y>KIAECHHS aTOMOB HEOOXOIAMMO HCIOJIb30BATh
MOHATHE HAChIEHUS Iepexoaa. IIpu 3TOM CTyIOEeHTBI NOJKHBI yMETh CaMOCTOSITENIBHO CJHENATh
OLIEHKU /111 MHTEHCUBHOCTH JIa3€pHOT0 U3JIy4eHusi, TpeOyeMoil 11 3((HeKTUBHON MHOTOCTYIIEHYATOMH



MOHH3all1H. B stom pas3zaciic HGO6XOI[I/IMO AaTb IIOHATHC O TCXHOJIOTMH JIA3CPHOI'O pPa3aCICHUA
HU30TOIOB, a TaKXKC AHAJIUTHYCCKUX MCTOAAX ACTCKTUPOBAHHA ATOMAPHBIX HpHMCCGﬁ B
KOHACHCHUPOBAHHBIX CpCaax.
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