MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
®enepalibHOE TOCYIAapCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEKICHUE
BBICITIIETO 00pa3oBaHUs
«HauunoHaIbHBIN UCCIEN0BATENBCKUN sAepHBI YHUBEpcUTeT «MUDI»

MHCTUTYT HAHOTEXHOJIOT'UI B DJIEKTPOHUKE, CIIMHTPOHUKE U ®OTOHUKE

KA®EJPA ®N3UKN MUKPO- U HAHOCUCTEM

OAOBPEHO HTC UHT3JI
[IpoTokoin Ne 4

ot 23.07.2024 1.

PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI

ATOMHBIE U MOJIEKYJIAPHBIE ®OTOITPOLIECCHI (HACTD 2)

Hamnpasnenue noarotroBku [1] 11.03.04 DnexTpoHUKa U HAHOAIEKTPOHHUKA
(cerManbHOCTD)
"

£ . & 5 o g

Y ) 3 2 1 Z = &

= L . ] =2 (=] 9 ¢ —_~
N Z gd | = 5 |2 LS E g z <
5 s g% | =E |g |Z&g ¢ S | §3¢
2 == |ES | 2 £ | S, | fz2 ar 2 E9
3 2 2 2 | £ S |g€¢ |&EF S
@ 2a | R > = S < g o &~ < S o
O =~ = Ok = = 3 = mEE O = S Z 5
8 2-3 72-108 | 12 24 0 9-36 0 C
Htoro | 2-3 72-108 | 12 24 0 0 9-36 0




AHHOTANIUA

I/I3yquHe AUCHUIINIMHBI Ja€T OCHOBHBIC NPCACTABJICHUA O CTPOCHUHU aTOMOB H MOJICKYJI, O
COBPCMCHHBIX METOJAaX CIICKTPOCKOIIMU H UX NPUMCHCHHU B CMCIKHBIX 06HaCT§IX, (1)I/I3I/IKC TBCPAOTO
Tena, HAHO(POTOHHKE | T.II.

Kypc cocTouT u3 ciaenyroluXx OCHOBHBIX YacCTEH: OCHOBBI MOJICKYJSPHON CHEKTPOCKOIUH,
AIIEKTPOHHO-KOJIe0aTeIbHAS CIICKTPOCKOIHS MHOTOATOMHBIX MOJIEKYJI.

1. IEJIA U 3AJAYA OCBOEHUS YYEBHOM JTACIHUILIAHBI

Ilenbto ocBOeHHS Y4eOHOM TUCIMIUIMHBI SBISETCS IMOMYYCHHE 3HAHUN, HEOOXOAUMBIX Ui
ycrnemHoi npodeccuoHaIbHONU NesSTENbHOCTH B 00JacTU MCCIEI0BaHUM, pa3pabOTOK U TEXHOJIOTHIA,
HAINpPAaBJICHHBIX HA PETUCTPAIMIO U 00pabOTKY CIIEKTpATbHONW HH(OPMAIINH, CO3/IaHNEe W TPUMECHECHUE
YCTAaHOBOK W CHUCTEM B 0O0JiacTd HaHO(DOTOHHWKH, (H3UKM HAHOOOBEKTOB M KOHIACHCHPOBAHHOTO

COCTOsHHA BECIICCTBA

2. MECTO YYEBHOM JUCIHUAILIMHBI B CTPYKTYPE OOII BO

JIis yCHemHoro OCBOGHHUS TUCIUILUIMHBI HEOOXOAMMO MPOCIyIIaTh Kypc oOmieil (pu3uku, B
YacTU KBAHTOBOW ONTHKH, (PU3UKH ATOMHOTO si/ipa, a TAaKKe M3yYUTh KypC KBAaHTOBOM MEXaHHUKHU U
MpeauecTBYOmMUl Kypc "ATOMHBIE W MOJEKyJsipHble (oTompoueccsl (yacty 1)". Jucrurninza
HeoOXouMa CTyIEHTaM JUIs TOHMMAaHHUS CTPOCHUS CIIOKHBIX aTOMOB M MOJIEKYJI C YYETOM
AJEKTPOCTATUUECKOTO U CIIMH-OPOUTAIIBHOTO B3aUMOJCHCTBUSA, & TAKXKe ISl TIOCIEAYIOIIETO U3YISHUS
(OTOHUKH OPTraHMYECKHUX ¥ HEOPTaHUYECKUX HAHOCTPYKTYP

3. O®OPMUPYEMBIE KOMIIETEHIIUA U IIVTAHUPYEMBIE PE3YJIbTATBI
OBYYEHUA

YHuBepcaibHble U(UIH) 001enpodeccuoOHaIbHbIE KOMIETEHIIUH:

KOI[ N HAUMCHOBAHHEC KOMIICTCHIINU ‘ KOI[ U HAMMCHOBAHUC MHAUKATOPA HJOCTHIKCHUS KOMIICTCHIIUN

[IpodeccuonaibHble KOMIETEHIIMM B COOTBECTBHHM C 3ajadaMH W OOBbekTamu (0OJacTsiMu
3HaHUN) PO ECCUOHATBFHON eI TeNbHOCTH

3apaua O0bexT WiIn Koa n nHaumeHoBaHue Koa n nHaumeHoBaHue

npogdeccuoHaILHOM 00J1aCTh 3HAHMS npogdeccuoHaIbLHOM HHAUKATOPA

aesiteabHocTu (3I1]1) KOMIIETEHIINH; JIOCTHKEHUSA
OcHoBaHue npogdeccuoHaIbLHOM
(mpogeccuoHAIBHBII KOMIIETEeHIHH

cranaapr-I1C, ananus
onbITa)

HAay4YHO-MCCIIEN0BATEIbCKUAMN

AHanu3 Hay4HO- Marepuainsl, ITK-3 [1] - Cnocoben 3-I11K-3[1] - 3nanue
TEXHUYECKOH KOMIIOHEHTHI, aHAJIM3UPOBATh U 3aKOHOB
uHpopManuy, AIIEKTPOHHBIE CUCTEMATHU3UPOBATh CTaTUCTUYECKOU
OTEYECTBEHHOTO U puOopHI, pe3yabTaThl ¢buzuky;
3apyOe>KHOTO OMbITa IO = YCTPOMCTBA, HCCIIE0BaHUN, V-IIK-3[1] - Ymenue




TEMATUKE
HUCCICIO0BaHUsA

YCTaHOBKH, METO/IbI
WX UCCIIECIOBAHUS,
MPOEKTUPOBAHUS U
KOHCTPYHPOBAHUSI.
TexHonoruueckue
IPOIIECCHI
MIPOU3BO/JICTBA,
JUATHOCTHYECKOE U
TEXHOJOTHYECKOe
00opyI0BaHue,
MaTeMaTU4ecKue
MOJICJIH, aJITOPUTMBI
peleHus] TUIIOBBIX
3az1a4 B 00J1aCTH
JIEKTPOHUKHU U
HAHODJICKTPOHUKH.
CoBpeMeHHOE
POrpaMMHOE U
uH(pOpPMaILMOHHOE
obecrnieueHue
MPOLIECCOB
MOJICTTUPOBAHUS U
POEKTUPOBAHUS
15631 (0112171
JIEKTPOHUKHU U
HAHODJICKTPOHUKH.
HHHOBaIIIOHHBIE
TEXHHYECKUE
peleHus B cepe
0a30BBIX MOCTYJIATOB
MPOEKTUPOBAHMS,
TEXHOJIOTHH
U3TOTOBJICHUS U
IPUMCHCHUS
AIEKTPOHHBIX
npuOOpoB 1
YCTPOMCTB.

OTIPEIETIATH CTENEHb
JIOCTOBEPHOCTH
pe3yIbTaTOB
IKCIIEPUMEHTAITLHBIX
HCCIIEJOBaHUM,
COIIOCTABIIATh
MOJTYYCHHBIC PE3YIIbTaThI
C MHPOBBIM YPOBHEM,
MPEACTABIATH
MaTepHabl B BUJIE
Hay4HBIX OTUYETOB,
myOIMKaIu,
Mpe3eHTanui, 6a3
MaHHBIX

Ocnoganue:
[TpodeccnonanpHbIM
crangapt: 40.011

HAXO/IUTh HAYYHYIO
nHpopmanuio B 6azax
JIAHHBIX, BBIIOJHATH €€
aHaIn3 u
CHCTEMaTH3AIIHUIO,
MPEICTABISATH
pe3yabTaThl CBOUX
HUCCIIeJOBAaHUU B BUJE
JIOKJIAJIOB, OTYETOB U
myOIuKaIui. ;
B-I1K-3[1] - Baanenwue
MeToAaMu 00paboTKU
pe3yabTaToOB
U3MEPEHUN

4. BOCIIMTATEJIbHBINA MMOTEHITAAJ JUCITATLIAHBI

BocmmraTrensHBIN TTOTESHITHAT
JTHMCIUTIINH

Hcrnonp30Banye BOCIIUTATEIHHOIO
notreHnuana TuciuIuiuy "OCHOBEI

Hamnpasnenus/menn 3amaun BocriuTanust (KOJ)
BOCITUTAHHUS
[IpodeccuonanvHoe u

TPyAOBOC BOCIIMTAHUC

Co3naHue yciaoBuid,
00ecneunBaroIInX,

(hopMupoBaHHE KYIbTYpPbI KoHcTpyupoBanus u CAIIP",
HCCIIEA0BATEIBCKON U "KypcoBoil MPOEKT: OCHOBBI
uHxeHepHo nestenbHocTH (B16)  koncTpympoBanus u CAITP",

"MHxeHepHas U KOMIIbIOTEPHAs
rpaduka", "leTanu MamvH u
OCHOBBI KOHCTPYUPOBAaHUA" 115
(hopMHpOBaHMsI HABBIKOB BJIaJICHUS
9BPUCTHUYECKUMHU METOJIaMU TIOUCKA




1 BBIOOpA TEXHUYECKHUX PEIICHNH B
YCIIOBUSIX HEOINPEICIICHHOCTH Yepe3
crienaIbHbIC 3a1aHus (METOJUKH
TPU3, mopdonornueckuii aHamms,
MO3TOBOM IITYPM H Ip.), KyJIbTYpBI
WH)XeHepa-pa3paboTuuka uepes
OPraHHU3aLHIO0 IPOCKTHOM, B TOM
YHCIIe CAMOCTOSTEIbHON paboTHI
00YyYaroIMXCs C UCTIOJIb30BAHUEM
MPOrPaMMHBIX ITAKETOB.

[IpodeccuonanpHOE
BOCITUTAHHE

Co3nanue yciaoBuid,
00ecreunBaroIInX,
(hopmMupoBaHUE HAYYHOTO
MHUPOBO33PEHUS, KYJIBTYPbI
MOMCKA HECTaHIaPTHBIX HAyYHO-
TEXHUYECKUX/TIPAKTHIECKUX
penieHui, KpUTHIECKOTO
OTHOIIEHHUS K MCCIICIOBAaHUSIM
mxeHay4yHoro Toika (B19)

1.Mcnonp30BaHye BOCHUTATEILHOTO
MOTEHIIUAJA TUCITUTUIHH/TIPAKTUK
«HayuHo-uccienoBaTenbcKas
pabotay, «I[IpoekTHas MpaKTUKaY,
«Hay4unslil ceMuHap» Jis:

- opmupoBaHUS TOHUMAHUS
OCHOBHBIX ITPUHITUIIOB ¥ CIIOCOOOB
HAyYHOT'O MTO3HAHUS MUPA, PA3BUTHUS
HCCIIEN0BATENLCKUX KAUYeCTB
CTYJIEHTOB MTOCPEJICTBOM HUX
BOBJICYEHHSI B UCCIIEI0BATEIbCKUE
IIPOEKTHI 110 00JTACTSAM HAYyYHBIX
nccaeqoBanui. 2./crnonbp3oBanue
BOCIIUTATCILHOIO IIOTCHITHANA
aucuuiuH "Vcropust Hayku u
unxenepun", "Kpurnueckoe
MBIIIUICHUE U OCHOBBI HAYYHOM
koMMmyHukaiuu'", "Beegenue B
cnenuanbHoCTh", "HayuHo-
uccneaoBarenbekas pabora',
"Hayunslii cemuHap" nis:

- popMUpOBaHUS CIIOCOOHOCTH
OTJIEJISATh HACTOSIINE HAYyYHBIE
HCCTIEOBAHUS OT JKEHAYYHBIX
MOCPEICTBOM ITPOBEIECHHUS CO
CTYJICHTaMHU 3aHSATUN U PETYIISIPHBIX
Oecen;

- popMUPOBAHUS KPUTHUECKOTO
MBIILJICHUS, YMEHUS pacCMaTpPUBaTh
pa3IUYHbIE UCCIIEIOBAHUS C
SKCNEPTHON MO3ULIUHU TOCPEICTBOM
00CYXICHUS CO CTYy/ICHTaMH1
COBPEMEHHBIX UCCIIEI0BAHUM,
HCTOPUYECKUX MPEIMTOCHIIIOK
MOSIBJIEHUS T€X WJIM UHBIX OTKPBITUI
U TEOPHIl.

[TpodeccnonanbHoe
BOCIITUTaHUEC

Coznanue yciosui,
o0ecreunBaroIInX,
(opMHUpOBaHUE KYIbTYPbI
nH(}OPMaLIMOHHON 6e30MacHOCTH
(B23)

Hcnonp3oBaHue BOCOUTATEIBHOTO
IIOTEHIIMaJ1a JUCIIUITJINH
poheCCUOHATTBHOTO MOYIIS JUIst
(dhopmupoBanre 0a30BBIX HABBHIKOB
MH(POPMAIMOHHOM 0€30MacHOCTH
yepe3 U3y4eHue MoCaeCTBUI




XaJIaTHOTO OTHOIICHHS K padoTe C
MH()OPMAIIMOHHBIMUA CUCTEMAMH,
0a3zaMu JaHHBIX (BKJIFOYAst
MepPCOHANBHBIC IAHHBIC), MPUEMaX U
METOJIaX 3JIOYMBIIIJICHHUKOB,
MOTCHIIMATTLHOM YPOHE
ITOJIb30BATEISIM.

5. CTPYKTYPA U COJAEP)KAHUE YUEBHON JUCIATLINHBI

Pa3nensl yueOHON AUCHUIUIMHBI, X 00BEM, CPOKH U3yYeHHS U (POPMBI KOHTPOJIA:
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8 Cemecmp

1 OcHOBBI MOJIeKyIIsipHOU | 1-8 6/12/0 25 KH-8 3-T1K-3,
cnekrpockonuu. KPC, V-TIK-3,
Teopust CHUMMETPUH, B-TIK-3
BpalaTeIbHbIe
CHEKTPBHI.

2 DNEeKTPOHHO- 9-12 | 6/12/0 25 KU-12 3-TIK-3,
KoJiebaTeIbHas V-TIK-3,
CIIEKTPOCKOTIIHUS B-TIK-3
MHOTOaTOMHBIX
MOJICKYII.

Hmoeo 3a 8§ Cemecmp 12/24/0 50

KoHTpoJibHbIE 50 D 3-TIK-3,
Meponpusitusi 3a 8 V-TIK-3,
Cemectp B-T1K-3

* — COKpallleHHOE€ HaUMEHOBaHHUEe (POPMBI KOHTPOJIS
** — cyMMa MakCHUMaJIbHBIX 0ayuIOB J0JKHA ObITh paBHa 100 3a cemecTp, BKJIIOYas 3a4yeT U
(unn) sK3aMeH

COKpaIJ_ICHI/IC HaUMEHOBaHUM (I)OpM TCKYIICTO KOHTPOJIA U aTTCCTAllUN Pa3aCJIOB:

Oo6o03nauenue | [lonHoe HanMeHOBaHHE
K1 KoHnTpouns 1o uroram
C) DK3aMeH

KAJIEHIAPHBIN IIAH




Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIab.,
yac. yac. yac.
8 Cemecmp 12 24 0

1-8 OcHoBbI MOJIeKYJIsIpHOIT cniekTpockonun. KPC, Teopusi 6 12 0
CHMMETPHH, BpallaTeJibHbIe CIEKTPbHI.

1-2 Tema 1 Bcero aynutopHbIX yacoB
OCHOBHBIE NOJIOXKEHUSI KBAHTOBOMEXAHUUECKON TEOPUU 2 |3 [0
Moutekyi1. [Topsiiok BeIMYMH 3JIEKTPOHHOM, KojebaTeabHol U | OHulaiiH
BpaiuarenbHoi sHepruu. [Ipunnun bopra Onnenreiimepa. 0 0 0
Otnenenne KojieOaHU OT BpaiieHus. Paquanmonnbie
NIePEeXO/Ibl, JEKTPOHHBIE KOJIEOATEIbHbIE U BPAIllaTeIbHbIC
CHEeKTpbl. IHTEHCHBHOCTH B CIIEKTpax.

3 Tema 2 Bcero ayauTopHBIX 4acoB
OcHOBBI TEOpHH KOMOMHAIIMOHHOTO PACCEesTHUS CBETA. 2 | 3 | 0
KonebarenbHoe 1 BpamaTeibHOe KOMOWHAIIMOHHOE Owunaitn
paccesHue cBeTa. XapaKTepUCTUKHU MEPEXOJ0B U 0 0 0
WHTCHCUBHOCTH B CJIy4ae CIIEKTPOB KOMOWHAIIMOHHOTO
paccestHus. BbIHY»XIeHHOE KOMOWHAIIMOHHOE pacCesiHUe
cBeTa. [IoHsATHE O KOrepeHTHOM aKTUCTOKCOBOM PacCEsTHUU
cBeTa. Ml ruranTckoM KOMOMHAIIMOHHOM PacCesTHUU.

4 Tema 3 Bcero ayuTopHbIX 4acoB
OcHoBbl Teopun cuMMmeTpur. [ToHsTHE TOUHOM TPyHIIBI 1 | 3 | 0
ToueyHsble rpymnIbl HU3LIEH, CPEIHEN U BBICIIEH CUMMETPUH. | OHialiH
CBolicTBa CHMMETPUU PABHOBECHBIX KOH(PUTYpaLui 0 0 0
MOJIEKYI.

[TonsiTHE O MpeACTaBIEHUSAX TPYIII, HETIPEBOAUMBIE
IIpeICTaBICHUS TOUEUHBIX TpyIIl. CBsI3b KOMIOHEHTOB
JUIOJIBHOTO MOMEHTA U TEH30pa MOJISIPU3YEMOCTH C
cummerpuen Mosekys. IlpaBuna orbopa 1o CUMMETpHUH.

5-6 Tema 4 Bcero aynutopHsix 4acoB
BpamarensHbie crieKTpbl MOJIEKYJI. BpamiarenbHbie ypoBHU U | 1 | 3 | 0
BpaulaTelbHbIe TEPEX0/Ibl IUHEUHBIX MoJieKyd. [IpaBuia Owunaiin
0T0Opa, MHTEHCUBHOCTH BpaIIaTEIbHBIX CIIEKTPOB U 0 0 0
3aCeJICHHOCTHU BpallaTelIbHbIX YPOBHEHN ISl IMHEWHBIX
MoJieKyIl. BpararensHble ypoBHU MOJIEKYJT TUIIA
chepruecKoro BoIYKa.

Mouekynbl TUIIA CHMMETPUYHOTO M aCCUMETPUYHOTO BOJTUKA.
MOMEHT MHEpIMH U BpalllaTeIbHbIE OCTOSHHBIE.
BpamarenbHble ypOBHH U BpalllaTeIbHbIE IEPEXOIbI IS
MOJIEKYJ TUIIa aCCUMETPUYHOro Bomuka. [IpaBuna otbopa u
WHTEHCUBHOCTHU B CIEKTpPaXx.

9-12 DJIEKTPOHHO-KO0JIe0aTeIbHAs CIIEKTPOCKONUSI 6 12 0
MHOI0aTOMHBIX MOJIEKYJI.

7-8 Tema 5 Bcero ayMmTopHBIX 4acoB
KonebartenbHble CIEKTPHI MOJEKYN. ['apMoHHUYECKHE U 2 ’ 4 ’ 0
aHrapMOHHUYECKHE KOJIeOaHHs IBYXaTOMHBIX MOJIEKYIL. Omnnaiin
NHTEHCUBHOCTH B CHIEKTpaxX UCITYCKAHMSI, MOTJIOLIEHUS U 0 0 0

KOMOMHAIIMOHHOTO paccesiHusl, paBuiia 0Toopa.
KonebaTenpHO-BpalaTeIbHBIE CIIEKTPHI TBYXaTOMHBIX
MOJIEKYI.

[ToTeHumanpHas SJHEPTUsI MHOTOATOMHBIX MOJIEKYJI.
EcrecTBeHHbBIE 1 HOPMAJIbHBIE KOOPJMHATHI. AHTAPMOHU3M




KosieOaHUH MHOTOAQTOMHBIX MOJIeKy1. OGepTOHa M COCTaBHBIE
gacToThl. CuMMeTpus KojeOaHU MHOTOATOMHBIX MOJIEKYI,
KoopauHaTel cuMMeTpun. [IpaBuna or6opa s
pavallMOHHBIX KOJIeOaTeIbHBIX MEPEX0I0B U
KOMOWHAIIMOHHOTO PAaCCEeSTHUS B MHOTOATOMHBIX MOJIEKYJIaX.
Pe3onanc ®epmu. MeTo bl KoaedaTeIbHON CIIEKTPOCKOUN
IUIsL MICCTIeIOBaHMs HAaHOCTPYKTYp. [loHsTHE O penakcayu
KOJIeOaTEeIIBHOTO BO30YXJCHUS MOJIEKYJ. MHOTO(OTOHHOE
BO30Y)KJICHHE U IUCCOLUAIIHS MOJICKYJI.

Tema 6

DNEKTPOHHBIE COCTOSHUSA U CIIEKTPBI JBYXAaTOMHBIX MOJIEKYII.

YcroitunBbie 1 HEYCTOWYMBBIC (Pa3JIe€THBIC) COCTOSHHS,
XUMHUYECKas CBsI3b. XapaKTEPUCTUKA COCTOSTHUN OTAEIIBHBIX
NEKTPOHOB. CBA3BIBAIOLINE U aHTUCBA3BIBAIOLIUEC
MOJIEKYJISIPHBIE 3JIEKTPOHBI U XMMHUYECKasl CBA3b.
ONEKTPOHHBIE COCTOSHUSA U XUMUYECKAs CBA3b B HOHE
MOJIEKYJ BOJOPOJIa. DJIEKTPOHHbBIE COCTOSIHUS U XUMHYECKAs]
CBSI3b B MOJIEKYJIE BOLOPOAA. MeTo MOJEKyIApHBIX
opOuTaneit u anekTpoHHBIX nap. KomebarenbHas cTpykTypa
CIIEKTPOB JBYXaTOMHBIX MoJieKyl. IIpuHuun ®@panna-
KonnoHa u oTHOCHUTEIbHASI HHTEHCUBHOCTD 3JIE€KTPOHHO-
KosiebarenbHbIX nojoc. [lonstue o poroaucconnanuu u
IpearcconMalnuy MoJiekyll. BpamarenbHast ctpykTypa
JIEKTPOHHO-K0JI€OATENIbHBIX M10JIOC.

Bcero AYyAUTOPHLIX YaCOB

2|

4

|0

Ownnaity

0

0

0

11-12

Tema 7

DNEKTPOHHBIE COCTOSIHUS U CIIEKTPbl MHOTOATOMHBIX
MOJIEKYJ. DJEKTPOHHBIE COCTOSIHUS U XUMUYECKas CBS3b
MHOI'0aTOMHBIX MOJIEKyJ. Teopema Sna-Temnepa. IIpuanun
®panka-KoH10Ha 711 MHOroaTOMHBIX MoJiekyil. [IpaBuna
orbopa. [uarpamma SI6moHckoro. BuyTpeHssis u
MHTEPKOMOMHAIIMOHHAs! KOHBEPCHSI B MHOIOQTOMHBIX
Monekynax. dmroopectienius U pochopecieHus.
MHoroctyneH4atoe Bo30yXI€HHE U TUCCOIUAIINS
MHOI'0aTOMHBIX MOJIEKYII. [IoHsATHE 0 J1a3epax Ha pacTBOpax
opranudeckux kpacuteneil. [lonarue 06 3MeKTPOHHBIX
CIEKTpax HAHOYACTULl U MOJIEKYJISIPHBIX KJIACTEPOB.

Bcero ay1uTopHbIX 4acoB

2 | 4 [0
Oumnain
0 0 0

COKpaH_IeHHLIC HAaMMEHOBAHUS OHJIAiH OMIIMIA:

Oo0o3nauenue | [lo1HOE HAMMEHOBAHHE

9K ONEKTPOHHBIN KypC

IIM ITonTHOTEKCTOBBIN MaTepuan

11JI ITomHOTEKCTOBEIE IEKIIUU

BM Buneo-matepuainsl

AM Aynno-marepuanbl

I1p3 IIpesenTanuu

T TecTsl

5CM DNEKTPOHHBIE CITPaBOYHBIE MaTEPUAIb
J4(@ VHTEepaKTUBHBINA CANT

TEMBbI IPAKTUYECKUX 3AHATUN




Henean

Tembl 3ansaTuii / Conepxanue

8 Cemecmp

Tema 1

OcCHOBHBIE NOJIOKEHUS KBAHTOBOMEXaHUYECKON TEOpUH MOJeKyJl. [lopsaaok BennunH
3JIEKTPOHHOH, KoJieOaTenbHON U BpamaTensHoi suepruu. [Ipunuun bopra Onnenreiimepa.
Otnenenue koneGaHMi OT BpaleHUs. PaananuonHble epexoibl, SIEKTPOHHbIE
KoJsie0aTeNnbHbIE U BpalllaTeabHble CHIEKTPhl. IHTEHCHUBHOCTH B CIIEKTpaX.

Tema 2

OcHOBBI TEOpHH KOMOWHAITMOHHOTO paccesiHus cBeTa. KonebaTenpHOe U BpamaTenbHOe
KOMOWHAIIMOHHOE PacCesTHUE CBETA. XapaKTEPUCTUKH MEPEX0I0B U HHTEHCUBHOCTH B
cllydae CHEKTPOB KOMOMHAIIMOHHOTO paccesiHusl. BBIHYXICHHOE KOMOWHAIMOHHOE
paccesinue cBeta. [[oHATHE 0 KOTEPEHTHOM aKTHCTOKCOBOM paccessHhH cBeTa. 1
TUTaHTCKOM KOMOMHAIIMOHHOM PACCesHUU.

Tema 3

OcHoBbl Teopun cuMmMmeTpu. [lonstue Tounoit rpynnsl TodeuHble rpynnbl HU3LIEH,
cpeaHelt u Boiciiedl cummerpuu. CBOMCTBa CUMMETPUM PAaBHOBECHBIX KOH(MUTYpaluit
MoJIeKyJl. [IoHsiTHE O peaCTaBIEHUAX IPYIL, HEIPEBOAUMBIE IIPEICTABICHNS TOYEYHBIX
rpynin. CBsi3b KOMIIOHEHTOB AUIOJIBHOIO MOMEHTA U TEH30pa MOJISPU3YEMOCTH C
cuMMeTpueit Mmonekyi. IlpaBuia orbopa 1Mo CHMMETPHH .

Tema 4

BpamarensHbie crieKTpsl MOJIEKYJI. BpanjaTenbHble ypOBHY U BPAILATEIbHBIE IIEPEX0IbI
JMHEWHBIX MoeKyll. [IpaBuna or6opa, MHTEHCUBHOCTH BpaIllaTeIbHbIX CIIEKTPOB U
3aCEJICHHOCTH BpallaTeNIbHBIX YPOBHEH IS IMHEMHBIX MOJIEKYI. BpamarensHbie ypoBHI
MOJIEKYJI THIIA CheprUUecKOro BOIUKA.

Mounekyiibl TUIIA CAMMETPUYHOIO U aCCUMETPUYHOTO BOJIYKA. MOMEHT MHEPLIUU U
BpalllaTeIbHbIE IIOCTOSIHHBIC. BpalaTesnbHble YPOBHH U BpalaTENIbHbIE IEPEXOABI AJIs
MOJICKYJI TUIIA ACCUMETPUIHOTr0 Boruka. [IpaBuiia oTOOpa M MHTEHCHBHOCTH B CIIEKTPaX.

Tema S

KonebarenpHble CIEKTPBI MOJIEKYJ. ['apMOHHYECKHE M aHTaAPMOHUYECKHE KOJIeOaHHsI
JIBYXaTOMHBIX MOJIeKyJ. MHTEHCUBHOCTH B CIIEKTPaX UCIYCKaHUs, TOTJIOUICHUS U
KOMOMHAIIMOHHOTO paccestHusl, npaBuia otoopa. KonebaTenbHo-BpanaTeabHbIe CIIEKTPBI
JIBYXaTOMHBIX MOJIEKYI.

[TorennmansHast SHEPTHSI MHOTOATOMHBIX MOJIEKYJI. ECTeCTBEeHHBIE U HOpMaJIbHEIE
KOOp/AMHATBI. AHIAPMOHU3M KOJI€OaHUI MHOTOaTOMHBIX MoJieKy1. O6epToHa U COCTaBHbIE
gacToThl. CUMMeETpHsI KoeOaHHii MHOTOATOMHBIX MOJIEKYJT, KOOPJHHATHI CAMMETPHH.
[IpaBuna orGopa 1 paIualiMOHHBIX KosleOaTelbHbIX NepeX0/10B 1 KOMOWHAIIMOHHOTO
paccesiHusl B MHOTOATOMHBIX MoJiekyax. Pezonanc @epmu. Metossl KosiebaTenbHOM
CIIEKTPOCKOIUHM IS UCCIIeI0BaHUs HAaHOCTPYKTYp. [loHsATHE O penakcanuu
K0J1e0aTeNbHOro BO30YXACHUSI MOJIeKYyll. MHOroOoTOHHOE BO30YKAEHHUE U AUCCOLUALIHS
MOJIEKYJI.

Tema 6

DNEKTPOHHBIE COCTOSIHUS U CIIEKTPHI IByXaTOMHBIX MOJIEKYJ. Y CTOMYUBBIE U
HEYCTOWYMBBIE (Pa3JIE€THBIC) COCTOSHHS, XUMHUECKAs CBSI3h. XapaKTEPUCTHKA COCTOSTHHI
OTJIETIbHBIX 3JIEKTPOHOB. CBSA3BIBAIOLINE U AHTUCBA3BIBAIOLINE MOJIEKYIISIPHBIE SJIEKTPOHBI U
XUMHNYCCKas CBA3b. SHGKTPOHHBIC COCTOAHUA U XUMHUUYCCKas CBJA3b B HOHEC MOJ'IeKy.]'I
BOJIOpOAA. DIJIEKTPOHHBIE COCTOSIHUS U XUMUYECKas CBSI3b B MOJIEKYJIe BoAopoaa. Meroa
MOJIEKYJISIPHBIX OpOuTaielt 1 3JeKTpOHHBIX nap. KonebarenpHas CTpyKTypa CIIEKTPOB
NBYXaTOMHbIX MoJiekyn. [Ipunuun @panna-Konaona u OTHOCUTENNbHAsI HHTEHCUBHOCTh
AJIEKTPOHHO-KOJe0aTenbHBIX moJioc. [lonaTre o hoTomrCcconMaIuy U IPeaUCCOITAAIINN
MoJleKyIl. BpararenpHast CTpyKTypa 3JI€KTPOHHO-KOJIe0aTeTbHBIX MOJI0C

11-12

Tema 7
3J’IeKTpOHHBIe COCTOsHUA U CHCKTpLI MHOI'OATOMHBIX MOJ'ICI(y'J'I. 3J'ICKTpOHHLIC COCTOAHUA U




XUMUYECKas CBsI3b MHOI'OATOMHBIX MOJIeKyl. Teopema SHa-Temepa. IIpunnun @panka-
Konnona ayis MEOroaroMubix mojiekyin. [IpaBuia otb6opa. duarpamma S1610HCKOTO.
BHyTpeHHSS 1 HHTEPKOMOMHAIIMOHHAS KOHBEPCHS B MHOTOATOMHBIX MOJIEKYJIax.
dmoopecuennus u pocdopecuennns. MHOrocTyneH4aToe BO30yKIEHUE U TUCCOLUALIUS
MHOI0aTOMHBIX MoJieKyl. [ToHsTHE 0 1a3epax Ha pacTBOpax OPraHUYECKUX KPACUTENIEH.
[ToHsiTHe 00 7IEKTPOHHBIX CIIEKTPaX HAHOUYACTHUI] U MOJIEKYJISIPHBIX KJIACTEPOB.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MH

I/ICHOHBSyIOTCSI COBPCMCHHBIC ITPEAMCTHO- U JINYHOCTHO-OPUCHTHPOBAHHLIC 06pa30BaTCJIBHbIe
TCXHOJIOT'NH

7. ®OHJ OLIEHOYHBLIX CPEJCTB

@DOH/JT OLIEHOYHBIX CPEACTB MO JUCHUIUIMHE 00ECIEUYNBAET MPOBEPKY OCBOCHUS TIAHUPYEMBIX
pe3ynbTaToB oOyueHus: (KOMIETEHIMH M MX WHIMKATOPOB) MOCPEICTBOM MEPONPUSTHUN TEKYIIETO,
PYOEKHOTO U IPOMEKYTOUYHOTO KOHTPOJIS IO JUCLUILTUHE.

CBs3p Mexay (GOpMUPYEMBIMM KOMIIETEHUUSMU U (OpMaMU KOHTPOJISI HMX OCBOCHHS
IIpe/ICTaBjIeHa B CIEAYIOLIEH Tabnuie:

KOMHETeHHI/IH I/IH)II/IKRTOPBI 0CBOCHUSA ATTeCTaHI/IOHﬂoe MeEponpusiTue
(KII 1)
TIK-3 3-TIK-3 D, KU-8, KI-12
V-TIK-3 D, KU-8, K1-12
B-TIK-3 D, KU-8, K1-12

IIkaabl oeHKU 00pa3oBaTeIbHBIX H0CTUKEHU I

[IIkana KaXa0ro KOHTPOJBHOI'O MEPOIPHUATHS JIEKUT B npeaenax oT 0 10 yCTaHOBJIEHHOIO
MaKCHMAaJILHOTO 0ajija BKIIOUHUTEIbHO. MTorosas arrecranuAa 110 JUCHHUIIIMHE OLICHUBACTCA I10 100-
OayUIbHOM IIKaJIe U MpeAcTaBiIseT co00il cymMmmy 0auioB, 3apabOTaHHBIX CTYIEHTOM IPU BBINOJIHEHUN
3a/IaHMI B paMKax TEKYILEro U MPOMEKYTOYHOIO KOHTPOJIS.

HToroBas orieHKa BBICTABISETCSI B COOTBETCTBUHU CO CJ'ICIIYIOIJ_Ieﬁ IIKAJIOM:

CymMma 6amioB | OreHka o 4-ex Orenka TpebGoBanus K ypOBHIO OCBOSHUIO
OaJILHOM IIIKAJIE ECTS y4eOHOM TUCITUILINHEI

OreHKa «OTIUYHOY BBICTABIISAETCS CTYNEHTY,
€CJIU OH IIyOOKO U IIPOYHO YCBOMII
MPOrpaMMHBIN MaTepuall, HCUEPIIbIBAOLIE,
[10CJIEJ0BATENbHO, YETKO U JIOTHYECKU

90-100 5 — «omauunor A .
CTPOMHO €ro u3jaraet, yMeeT TECHO
YBSI3BIBATH TEOPHUIO C TIPAKTUKOH,
WCIIONIB3YET B OTBETE MaTepHall
MOHOTpahUIEeCKOH JINTEPATYPHI.
85-89 B OleHKa «XOPOIIO» BBICTABISAETCS CTYIEHTY,
75-84 C €CJIM OH TBEPJIO 3HACT MaTepUaIl, TPAMOTHO U
4 — «xopouto» 0 CYILECTBY M3JIaraeT ero, He JOIMycKas
70-74 D CYIIECTBEHHBIX HETOYHOCTEMN B OTBETE HA

BOITPOC.




65-69 OleHKA «Y/IOBJIETBOPUTEIIBHO

BBICTaBJIACTCA CTYACHTY, €CJIIM OH UMECT
3HaHHA TOJIBKO OCHOBHOI'O MaT€pHrajia, HO HE
3—- YCBOMJI €T0 JieTalel, JOMyCKaeT HETOUYHOCTH,
60-64 «Y008I1eMBOPUMETLHOY E HEJI0CTAaTOYHO MPaBUIIbHBIE (HOPMYITUPOBKH,
HapymeHus JOTHICCKOU
IIOCJICAOBATCIIBHOCTHU B N3JI0KCHUU
MIPOrpaMMHOI0 MaTepuana.

Or1ieHKa «HEYJI0BICTBOPUTEIHHO
BBICTABJISICTCSI CTYJICHTY, KOTOPBIN HE 3HAET
3HAYUTENFHON YaCTH MPOrPaMMHOTO
9_ MaTepHana, JOIMyCKaeT CyIIeCTBCHHbIC
Hwxe 60 F ommOku. Kak mpaBuio, oreHka

«Hey0081emBOPUMETLHOY

«HEYJOBJIETBOPUTEIHHO» CTABUTCS

CTYZAEHTaM, KOTOpbIe HE MOTYT IIPOJOJIKHUTD
oOydenue 0e3 JOTOHUTENFHBIX 3aHATHIA 1O
COOTBETCTBYIOUIEN JUCLHUILIUHE.

8.  YYEBHO-METOJWYECKOE U UHO®OPMAIIMOHHOE OBECIEYEHUE
YYEBHOM JUCLUAILIUHBI

OCHOBHAA JIMTEPATYPA:

1. BU C21 Carbon Nanoparticles and Nanostructures : , , Cham: Springer International Publishing,
2016

2.539.1 E59 AtoMHas 1 MOJICKYJIIpHAs CIIEKTPOCKOTIHS : OOIIHE BOMPOCH! CIICKTPOCKOITHUUIIOCOOHE
s By30B, EnpsmeBud M.A., Mocksa: JIubpokom, 2011

3.539.1 E59 AtomHas u MoJieKyJsipHasi CIEKTPOCKOMNUsA. MoieKysipHasi CIIeKTPOCKOIHUS : ,
EnpsimeBuy M.A., Mocksa: JIubpokom, 2009

4. 91 A 92 AtomHuas ¢usuka T. 2 OCHOBBI KBaHTOBOW MEXAHUKH U CTPOEHUE JIEKTPOHHOM 0007104YKH
aroma, , : , 2022

JNOITOJIHUTEJIbHAS JIMTEPATYPA:
1. 539.2 I'82 Konebanus monexyn : , ['pudos JI.A., Mocksa: JIubpokom, 2009

2. 539.1 JI52 HenuHelHbIE ceeKTUBHBIE (POTOMPOIIECCH B aTOMaX W MoJiekyinax : , Jleroxos B.C., M.:
Hayxka, 1983

3.539.1 ®69 Crpoenue u nunamuka mosuekya T. 2 , @maiirep V., M.: Mup, 1982
4. 539.1 ®69 Crpoenue u nunamuka moaekyi T.1 , @naitrep V., M.: Mup, 1982

5.531.2 T'41 DnexTpoHHbIE CIEKTPBI U CTPOEHUE MHOTOATOMHBIX MOJIeKy : , ['epudepr I'., MockBa:
Mup, 1969

[MTPOT'PAMMHOE OBECITEYEHUE:




CrenmanbHOe MporpaMMHoOe obecriedeHne He TpedyeTcs
LMS U UHTEPHET-PECYPCHI:
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJIbHO-TEXHWYECKOE OBECIHEYEHMWE YYEBHO
TACIATITAHBI

1. IeMOHCTpaIIMOHHBINA TPOCKTOP

10. YYEBHO-METOJUYECKHUE PEKOMEHJAIIMU JUIA CTYAEHTOB

[lpy wu3ydyeHuUum Kypca CTYIEHT JOJDKEH TBEPAO YCBOUTb  OCHOBHBIE IIPEJCTABICHHS O
CTPOCHHM aTOMOB MU MOJIEKYJ, O COBPEMEHHBIX METOJaX CHEKTPOCKONMM W HX NPUMEHEHUH B
CMEXHBIX 00J1acTsAX, (PU3KKe TBEPAOTO Tella, HAHO(POTOHUKE H T.II.

CryneHT JomKeH yMeTb CBOOOJHO ONpPENENATh CEpUalIbHbIE 3AKOHOMEPHOCTH JUISL  <JIETKOTO
aToMa» HCXOAS M3 TOHATUS TepMa W MpaBui oTOOpa. J[OMKEH yMeTb BBIYHMCIATH  OTHOIICHUS
MHTCHCUBHOCTEl B CHEKTpax Ui TUIHWYHBIX cllydyaeB. B KauecTBe caMOCTOATENbHOW paboThl —
pelaThb 3aJa4u, NpeIoKEeHHbIe IPEro1aBaTeIeM.

CTyneHT NOJKEH TBEPAO YCBOUTH IOHSATUE HACBILICHMS IIEpEX0Ja U YMETh JeJIaTh OLICHKHU JJIs
Ja3epHOM MHTEHCUBHOCTH HACBILIEHUA Iepexoja. B kauecTBe caMocTOATENbHON paboThl — pemarhb
3aJauu, PeUI0KEHHbIE IIPENOIaBaTEICM.

CryneH JOMKEH yMeTh IMpaBWIbHO BBIOpPATh CUCTEMY KOOpAMHAT i 3(G(EKTUBHOTIO
pasfeneHus sHepruM  KosiebaHus U BpameHus. OH JOJDKEH HAydMTbCS HCIOJIb30BaTh IPUHLMUIT
a11abaTUYECKOro NMPUOIMKEHUS AJ1sl MPUOIMKEHHOTO aHaIM3a MOJIEKYJIIPHBIX CIIEKTpOB. B kauecTBe
CaMOCTOSITENIbHON pabOThI — pelaTh 3a/auu, NPeIIokKEeHHbIEe TPEro1aBaTeNeM.

CTyneHT JODKEH YMETh HCIOJIb30BaTh TEOPUI0 BO3MYILEHUN Ul BBIBOAA BBIPAKECHUS
MHTCHCUBHOCTH DJJIEKTPOHHBIX, KOJ€0aTeIbHBIX M BpaIIaTENbHBIX CHEKTpoB. CTYAEHT JOJDKEH
OCBOMTb KOMOMHAIIMOHHOE paccessHHe U BBIHYXJIEHHOE KOMOMHAIIMOHHOE paccesHue Ul
IIPUMEHEHHs 3TUX 3HAHUM IIPU M3YyYEHUU IMOCIEAYIOIUX KypcoB. B KkadecTBe caMOCTOSATENbHOU
paloThI — pemaTh 3a1a4y, IPeAJI0KEHHBIE IPETIOAaBATENIEM.

CTyneHT [OJKEeH OCBOMTH (U3NYECKHE 3aKOHOMEPHOCTH (OPMHPOBAHHUS MOJIEKYISIPHBIX
BpalllaTeIbHBIX CIIEKTPOB, U YMETh MPOJEMOHCTPUPOBATh MPUHIUIBI TEOPUU CUMMETpUU B
CUCTEMAaTHKE BpalllaTelIbHBIX CHEKTPOB IS MOJIEKYJ Ppa3JInYHbIX THUIIOB. B xauectBe
CaMOCTOSITENTbHON pabOThI — pelaTh 3a/auu, NPeII0kKEeHHbIE TPEo1aBaTeNeM.

CryneH [0DKeH YCBOWUTH IMPUHIUI HE3aBHCHMBIX KOJIEOATENbHBIX MOJI MOJIEKYI U 3HATh
rpaHullpl €ro npuMeHeHus. OH JODKEH yMEThb INPOBOJUTH PACUET IONPABOK K IHEPreTHUUECKUM
YPOBHSAM C MTOMOIIBIO TEOPUH BO3MYILEHHH. B kauecTBe caMoCTOATEIbHON pabOThl — pemaTh 3a/1auH,
IIPEUI0KEHHBIE TPENOAABATENIEM.

CTyneHT JOKeH OCBOMTH  IOHSITHE AJIEKTPOHHOIO TE€pMa U YMEThb HANUCaTh TePM JUId
JIByXaTOMHBIX MOJIEKYJ. BakHO Taxke MOHMMAaTh B3aUMOCBSI3b 3JIEKTPOHHBIX TEPMOB C CUMMETpHUEN
ANEKTPOHHBIX COCTOSAHUU.IIpH H3ydeHHH  ANEKTPOHHO-KOJeOaTEeNbHBIX IEPEX0J0B HEOOXO0IUMO
ocBonth  npuHmun @dpanka-KoHmoHa m ymeTb moka3arb  Kak OH CleyeT U3 OOIIed TeopuH



paguaIMoOHHBIX TEepexo/oB. B kadecTBe caMOCTOSTENHHOM pPAOOThI — HW3YyYUTh OCHOBBI TEOPHUH
XUMHUYECKOH CBSI3U

11. YYEBHO-METOJINYECKHWE PEKOMEHJIAIIUM JJIS TPEINIOJABATEJIEA

CryneHTbl BBIHOCAT U3 Kypca o01ei (pu3uKi HECKOJIBKO MCKaKEHHOE TPEACTAaBICHUE O TepME.
Crnenyer moapoOHO OOBSCHUTH 3aBUCUMOCTH 3IJIEKTPOCTATUYECKOTO PACIICIUIEHHS OT CyMMapHOTO
CIMHA W CYMMapHOrO OpOMTaJIbHOrO MOMEHTa. llepBoe MOXHO cnenaTb Ha IpuUMepe
JBYX3JIEKTPOHHOTO aroma ( atoMa renus). BaxHo naTh nmoHatus o koddduimentax DUHIITEHHA U 00
UX B3aUMOCBS3HM, a TaKXkKe  JlaTh KBAaHTOBO-MEXaHMYECKHUH BBIBOJ| BEPOSTHOCTH PaJUAllMOHHOTO
nepexojia ¥ OOBSCHUTH CTY/AEHTaM, YTO TaKO€ MAaTPUYHBIN 3JIEMEHT OIepaTopa JUIOJIEHOTO MOMEHTA
U €ro CBA3b C BEPOSATHOCTBHIO PAJMAIMOHHOrO mepexona. YToOsl n3bexars (pOpMaIbHOrO YCBOSHUS
npaBui 0TOOpa, HE0OXOAUMO OOBSICHUTH MX (PH3UUECKYIO MPUPOJY, OOYCIOBICHHYIO 3JIEMEHTAPHBIM
MPOIIECCOM B3aUMOJICHCTBUSA (OTOHA C aTOMOM. MOKHO JaTh MOHSATHE O HACBIIICHUU mepexona. s
OOBSICHEHUS] TUIIMYHBIX CIIEKTPOB aTOMOB PA3IMYHBIX MEPHOJOB MEPHOANYECKON TAOIHIIBI, CIIEAyeT
aKTHBHO HCIIOJIb30BaTh: IOHATHE CHEKTPAJbHOTO TepMa, MpaBmiia 0TOOpa, 0OOJOYECYHYIO MOJEIb,
TEOPHUI0 TOHKOTO pacUielUIeHUs] W T.I. YJIOOHO MpPOAEMOHCTPHUPOBATH HEKOTOPHIE OCHOBHBIC
NPUHIMIBI CIIEKTPOCKOIIMH MHOTORJIEKTPOHHOTO aToMa Ha MmpuMepe paboThl HEKOTOPBIX aTOMHBIX U
MOHHBIX JIa3epOB - TAKMX KaK Ja3ep Ha Mapax MeIu W 30J0Ta, MOAHBIN Jla3ep, reHi-HEOHOBBIN
nazep. [Ipu paccMOTpeHMH MHOTOCTYIEHYATOrO BO30YKICHHS aTOMOB HEOOXOIMMO HCIOIB30BATh
MOHATUE HACHIMICHUS mepexona. IIpu 3TOM CTyIeHTBHl OJKHBI YMETh CaMOCTOSITEIBHO CIENaTh
OLIEHKH /ISl HHTEHCUBHOCTH JIA3€PHOTO M3IIydeHUs, TpeOyeMoid aiist 9 PeKTHBHON MHOTOCTYIIEHYATOM
MOHM3aMU. B 3TOM pasgene HEOOXOAWMO JaTh MOHATHE O TEXHOJOTHH JIA3€PHOTO pPa3/IeieHUs
U30TOMOB, a TaKXKe AaHAIUTHYECKHX METOJaX JETeKTUPOBAHUS aTOMapHBIX IpHUMEceld B
KOH/IEHCUPOBAHHBIX Cpesiax.

ABTOP(BI):

YucTsakoB Anekcanap AnekcaHapoBHd, J1.¢.-M.H., C.H.C.



