degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: dortoduznka U GOTOXUMHUS OPraHUUECKUX U HEOPTaHUYECKHUX BEIIECTB U MAaTCPHAIIOB
110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: Hayku u undpoBuzanus B KyIbTypHOM HaCIEIUH

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa XuMHIecKkor GU3NKU

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: B.A. Hagrouenko, n-p Xxum. Hayk, ripodeccop

[Iporpamma obcyxneHa Ha 3acefjannu Kadenpsl xumuaeckon ¢pusuku 27.05.2021



AHHOTANMA

Kypc "®oropusuka u (OTOXMMHS OpPraHMYECKMX M HEOPraHWYECKHUX BEIIECTB M MaTepHayioB"
MpenycMaTpuBaeT O3HAKOMJICHHE ¢ (yHAaMEHTAJIbHBIMU 3HAHUSMHU O CTPOCHHUH BELECTBA, B3AaUMOACHCTBUI
CBETa C BEIIECTBOM, (oTO(pU3UKE U POTOXMMUHU OPraHNYECKUX U HEOPTaHMYECKHUX BELIECTB M MaTePUAIIOB.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

Lenp OUCUMIUIMHBI - O3HAKOMJICHHE C  (PyHIAMEHTaJbHBIMH 3HAHMSAMU O CTPOCHHH BELICCTBA,
B3aMMOJICHCTBUU CBETA C BEIIECTBOM, (poTou3uke u (POTOXMMUU OPraHUYECKHX M HEOPTaHHMYECKUX
BEILECTB U MaTepuaoB.

33)13‘11/[ JAUCHUIIINHBI
q)OpMI/IPOBaHI/IC HayYHbIX 3HAHUH O CTPOCHHHU BCIICCTBA U O B3aPIMOI[GI>iCTBPIH CBETa C BCIICCTBOM.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (S ($9174:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIAThH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTaTax UcclIeI0BaHUN

[IK-1 Criocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIOTE3BI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |MareMaTHUECKUEe MOACTH Ui  ONHCAaHUS — H3ydaeMBIX
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN SIBJICHUH U MTPOLIECCOB, OLICHUBATh KAa4eCTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJIM3MPOBATh HAyYHbIC MPOOIEMBI, oTy4ath [[IK-1.3 CrnocobeH NpUMEHATH TeOpeTHYeckKhe H (WIIHN)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTANIBHBIE METOABI UCCICIOBAaHUN K KOHKPETHOU
HaydyHOW 3ajjaye W MHTEPIPETHPOBATH  IOJTYYEHHBIC
pe3yaBTaThI
[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO

T1K-3 Cnocoben HpO(l)eCCI/IOHaIH:HO pa60TaTB c 060py,Z[OBaHI/I$I (CHGL[I/IaJ'II/ISI/IpOBaHHBIX IIaKETOB

HCCIIEIOBATEIbCKUM 1 UCTIBITATSILHBIM TIPHKIIA/IHBIX IPOrPamMM)

obopynosanuem (mpubopamu 1 ycranoBkamu, |[1K-3.2 Crocoben MPOBOJIUTH SKCHEPUMEHT

CTeIUaIN3UPOBAHHBIMH MTAKETAMH NIPUKIIAIHBIX | (MOASTUPOBAHNE) C HCIOJIB30BAaHHEM HCCIIEI0BATEIHCKOTO

MporpaMm) B 001aCTH MaTepUATIOBEICHUS U 00opynoBaHus (TTAKETOB MPUKIIATHBIX IPOTPAMM)

TEXHOJIOrMH MaTepHUaIoB IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX

OKCIICPUMCHTAJIbHBIX (‘lI/ICJ'IeHHBIX) PE3YJIIbTATOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

- TCOPECTUICCKHNE OCHOBBI TCOPHUU CTPOCHHS BCIICCTBA,
- TCOPCTUYICCKUC OCHOBBI TCOPUU BBaHMOHCﬁCTBHﬁ CBETa C BCIICCTBOM.

YMETB:




- INITAaHUPOBATh CTPATCTUIO UCCJIICAOBAHHA COCTaBa BEUICCTBA U I/II[CHTI/I(I)I/IKaI_H/II/I €0 KOMIIOHCHT,

- O6pa6aTBIBaTB OKCIICPUMCHTAJIbHBIC NAHHBIC, IIOJYUYCHHBIC C IIOMOIIbBIO (1)I/ISI/IKO-XI/IMI/ILICCKI/IX
METOHOB UCCIICAOBaHUA BEIICCTBA C UCIIOJIb30BAHUEM OCHOBHBIX METOAOJIOTMYCCKUX IIPHUHIIUIIOB,

- UCTIO0JIb30BATh COBPCMCHHBIC MCTOAUKHA c60pa, OYHCTKHU U O6pa6OTKI/I JaHHBIX

- TOTOBUTD HAITIAAHBIC IPE3CHTALIUU ITOJYUYCHHBIX PE3YJIbTATO.

BIIAJIETh:
- TEOPETUUYECKUMU 3HAHUAMU CTPOEHUU BEILECTBA O B3aUMOICHCTBUY CBETA C BELLIECTBOM;
- NPaKTUYECKHMMH HaBBIKAMH WHTEPIPETALMN IKCIEPHMEHTAIbHBIX AAHHBIX O CIEKTpax, COCTaBe M
MOp(hOJIOTHH BEIIECTBa, MPAKTHYECKUMU 3HAHUSMU O METO/IaX CKaHUPYIOIIEH 30HI0BOM, ONTHYECKON
1 DJIEKTPOHHON MUKPOCKOITNH;
- HaBbIKaMHM [IOMCKA B XUMUYECKHUX 0a3ax IaHHbIX;
- TUTIOBBIMHU MIpHE€MaMH 00pa0bOTKU U aHANIN3a Pe3yIbTaToB (PU3UKO-XUMHUYECKOTO M BBIYUCIUTEILHOTO
JKCIIEPUMEHTA;
- METOJ0JIOTHEN COMOCTABIECHU U KPUTUUECKON MHTEPIPETAIUN MAaCCUBA JTAHHBIX, [TOJIyYEHHBIX BCEH
COBOKYITHOCTBIO HCIIOJIb30BaHHBIX (DU3UKO-XMMUYECKUX M MAaTeMaTHMYECKHX METOIOB HMCCIIEAOBAHUS
CTPOEHHUS U COCTaBa BEIECTBA.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUaM YUeOHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
ATtom, MOJIEKYJIa, KpHUCTAJLI.
KBanToBo-MexaHngeckoe OIHUCaHUE:
1 raMwiIbTOHHaH, ypaBHeHue llIpenunrepa 4 2
JUIs  aToMa, MOJIEKYJbl, KpHcTala.
BonHoBbie QyHKIINH.
2 Anmnabatnueckoe npuOImKeHIe 4 6
Baumonericteue KBaHTOBAHHOTO
3 JNIEKTPOMArHUTHOTO TIONII C  aroMOoM, 4 2
MOJIEKYJIOH, TBEPIABIM TEIIOM
4 OCHOBBI  ONTHYECKOM CIIEKTPOCKOIHHU. ) )
Mogens 2-X ypoBHEBOIO aToMa
5 Oddexr  okpyxaromert  cpeasl  Ha ) 4
MOJIEKYJISIPHBIE CIIEKTPBI
6 CriexTpbl TOIJIOLIEHUS] IUIMEHTOB WU ) )
BOCHPUSTHE LIBETA
7 DOTOXUMUYECKUE PEAKIIUU 4 2
8 doTonoHM3aN 2 4
9 DneMeHTapHbIC MPEICTaBICHUS 0 ) 2
¢dorokaranuze
10 Ilepenoc SHEpPIruu 3JIEKTPOHHOIO ) )
BO30Y>KICHHUS
1 doToMHAYIMPOBaHHBIC mpowecch! ) )
OKHCJICHUsI OPTaHUYECKUX COEUHEHUIN
Nroro gacos 30 30
[TonroToBka k 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. Arom, Mmomnekyna, Kpucraul. KBaHTOBO-MeXaHH4YECKOe OMNHCaHHe: TaMUJIBTOHHAH, YpaBHEHUE
penunrepa ass aroMa, MOJIEKYJIbl, KpucTaiia. BonHoBble QyHKIIUH.

TemMa JIGKIMM  CHCTEMATHU3UPYET JJIEMEHTApHBIC (U3UYECKHE 3HAHWUSA Yy  CTYACHTOB O
KBaHTOBO-MEXaHHUYECKOM OIMCAHUU CTPOCHUSI, KBAHTOBOTO COCTOSIHUSI M SHEPIETHYCCKHX YPOBHSIX
aroMa, MOJICKYJbl, KpucTauia. JlaeTcs cpaBHeHHE TPEX CHUCTEM, OTMEUAIOTCS WX OCOOCHHOCTH U
OOIIIHOCTE

2. Aauabarndeckoe MpUOIKeHNIEe

dusznueckoe 000CHOBaHHME W MareMarhdeckas (HOpMYIHpPOBKa aJnabaTHUecKOro MPUONMKEHHUS B
KBaHTOBO-MEXaHUYECKOM OIMCAHWU KBAHTOBOTO COCTOSHHSI W DHEPrEeTHUYECKHUX YPOBHSIX MOJEKYIL
BBoautcsi monsiTe moBepxHOocTH ToTeHnuanbHol sHeprum ([II13). JlaeTcst oObsicHeHME TpaHUI]
MPUMEHUMOCTH a1nabaTHueCKOro NPUOIKEHHS

3. B3aHMOI[GI>iCTBPIe KBAHTOBAHHOT'O 3JICKTPOMArHUTHOI'O0 IIOJIA C aTOMOM, MoneKynoﬁ, TBCPAbIM
TCIOM

DneMeHTapHbIe TPEJICTaBIeHUS] 00 BIEKTPOMArHUTHOM M3JIyUYE€HHH, COOOILAIOTCS XapaKTEepPHbBIE
BEJIMYUHBI YaCTOT ¥ JUIMH BOJIH Pa3JIMYHBIX ONTHYECKUX JHUANla30HOB, BEJIMUNUHBI SHEPIUU, UMITYJIbCA
kBaHTa cBera. Coolmaercss o mnoxsIpu3alud cBera. Mogjens ODHHIUTEHHA [UIA  ONHMCAaHUS
KO3 (GHUIMEHTOB MOIVIOIIEHHS, CTIOHTAHHOTO 1 BBIHYX/ICHHOTO M3inyueHus. lloniomenne, n3mydenue
cBeTa W Oe3u3ilydaTeNbHbIE TEePEeXOAbl B aTOMe, MOJIEKYJe, TBEpAOM Teie. JMMOoNbHBII MOMEHT H
ONTHYECKUH  AMIOIBHBIM ~ MOMeHT. [IpaBunma  orGopa  mIsi  HMHAYLHPYEMBIX  CBETOM
BHYTPUMOJIEKYISIPHBIX NepexonoB. [Tpuanmn @panka-KonaoHa A1 ONTHYECKUX EPEXOAOB.

4. OCHOBBI ONTHYECKON CIIEKTPOCKONHH. MoJiesb 2-X ypOBHEBOTO aroMa

CrexrpanpHas avHusL. CeueHus] ONTUYECKUX TMepexoioB, koddduimeHT saxcTuHKINY, KodhdUIueHT
IHMIICKTPUYECKON TMpoHunaeMocTd. OJHOPOJHOE W HEOJHOpOAHOe ymmpeHue. Kiaccubpukanums
ONTHUYECKHUX MEPEX0I0B B OPraHUIECKUX MOJICKYJIaX, METANIOKOMILIEKCAX.

5. 3ddekr okpyxarolieit cpeibl Ha MOJEKYISPHbBIE CIIEKTPHI

[MonsipHOE M HEMONAPHOE MOJIEKYIISIPHOE OKpYX)eHue. [ uapodmIbHOCTh U THAPOPOOHOCTS.
Jurons B anekTpudeckom mnoje. dddekr Tapka.

[Ipencrapnenust o Teopun conbBatanuu Jlopentna, Jlebas, Ownzarepa. CoBpeMeHHbIE
KOHTHHYaJIbHBIE MOJIEJIH COJIbBATALIMH.

JluHamuKa conmpBaTaIiy BO30YKIECHHBIX COCTOSTHUN. /JIMHAMUYECKHI CTOKCOB CABUT. DJIeMEHTapHEIE
MPECTABICHHS O CIICU(PUIECKON COITbBATAIIIH

6. CHGKTpBI TMOITIOICHUS MUTMEHTOB U BOCIIPUATHUEC LIBETA

TeOpeTI/I‘IeCKI/Ie NpeACTaBJICHUA O CIHEKTpax IMOIIIOIICHUA I[MUMIMCHTOB MW BOCIIPUATUU 1LIBETA.
9J'ICM6HTapHLIe OpeaACTaBJICHUA O (bOTOXI/IMI/II/I u (1)I/ISI/IOJ'IOFI/II/I 3pCHHUA.

7. @OTOXUMHUYECKNE PEAKIIUU




doroxuMUYECKUEe peakIuH - IEepeHoca OJIEKTpoHa, (oroaucconnanuy, (GoTonmoaMMepHu3au,
¢doromzomepuzaiui, (QOTOXPOMHU3M, (POTOXHMHS METAIIIOKOMIUIEKCOB, O0Opa3oBaHHE W pacmaj
HKCHMEPOB U SKCHUILJICKCOB.

OO0mue TpeICTaBICHHSI O MOJIEIBHBIX MMOBEPXHOCTIX MOTCHIMAILHOW SHEPTUU (OTOXUMUYECKOTO
aKTa
8. doronoHm3aUs

WNonnzanus KecTKUM U3TyYCHUEM, MPENICTABICHUS 00 IEMEHTApHBIX MPOIeccax B paJualliOHHON
xuMUH. MHOTOOTOHHASI HOHU3ANWS U TYHHEIbHAS MOHU3AINS B CHIILHOM ITOJIE JIa3epa.

9. DneMeHTapHbIe IpEACTaBICHUS O (POTOKaTaIN3e
doToxumMuueckue U GOTOKATATUTHIECCKHE IPOLIECCHI
10. Ilepenoc 3HEpruu NEKTPOHHOTO BO30YKACHUS

MexaHu3MBbl TEepeHoca: JUIONb-IUNoibHbI (DEpcTepa), oOMeHHbIH (Jlekcrepa), IKCUTOHHBIN
MEXaHU3M TIepeHOCAa. JKCUTOHHBIC COCTOSHHS B MOJCKYJSPHBIX arperarax, MOJEKYJISPHBIX
KpHCTaJIax

11. ®oToMHAYIMPOBAHHBIE MPOIIECCHl OKUCICHUS OPTAaHUYECKUX COCAMHEHHM

Mexanu3mbl  (POTOMHAYILIMPOBAHHOTO OKHCJIEHHSI OpPraHMYECKUX COEAMHEHUuH, (OTomeCTpyKIHs
nonumepoB. MHTepMenuarsl B OKUCIeHNH. THTrHOUTOPBI OKUCIICHUSL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, CHaOKEeHHasl JOCKOM, 9KPaHOM, ITPOEKTOPOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa
1. Jlaanmay JI.., Jlupmwun E.M. KantoBas mexanuka. M. : Hayxka, 1989, 767 c. I'n. 111, VI, VIII-XI.
2. CrenanoB H.®. KBantoBas MmexaHnuka u kBaHtoBas xumug M.: Mup, Uzn-so MI'Y, 2001, 519 c.
3. B.U.Munkus, b.51.Cumkxun, P.M.MunsieB Teopust ctpoerust monexyi. Poctos-na-J/lony: deHuKC,
1997, 558 c.

JomnonHurensHas aureparypa

4. Maiiep U. N30pannbie maBsl kBaHToBOH xumun M.: BUHOM, 2006, 384c¢. I. 1, 2.
5. Mappen [Ix., Kertn C., Texnep [Ix. Teopus Banentnoctu. M.: Mup, 1968, 435 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npexycmorpeHo.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_IyJ'lﬂ)

CryneHT, W3ydYaromMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerate M3ydeHUs NUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUSA JJIs1 PELICHUS Pa3JIM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTY/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— HOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClEXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH NpoMeXyTOUHBINH KOHTPOJIb 3HAHUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTUKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: Hayku u undpoBuzanus B KyIbTypHOM HACIEIUH
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa XuMHUIeCcKor GU3NKU

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: B.A. Hagrouenko, n-p XxuMm. Hayk, ripodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
obopynoBanreM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAHBIX
porpaMM) B 00JIaCTH MaTepUaIOBEeCHUS U
TEXHOJIOTUY MaTePUaJIOB

Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare usydeHus aucuuiuinHbl «®Potodusnka M (HOTOXMMHS OpPraHUYECKUX U HEOPTaHHMUYECKUX

BCIICCTB U MaTCpUuaJIOB» O6y‘laIOH.IHI>iC9I JOJIKCH:

3HAThb:

- TCOPECTUICCKHUE OCHOBBI TCOPHUU CTPOCHHS BCIICCTBA,
- TCOPCTUYICCKUC OCHOBBI TCOPUU BSaHMOHCﬁCTBHﬁ CBETa C BCIICCTBOM.

yMeTh:

- IUIAHMUPOBATh CTPATETUIO MCCIICAOBAHUS COCTAaBa BENIECTBA M UICHTU(UKAIINN €TO KOMIIOHEHT;

- o0pabarbiBaTh DKCHEPUMEHTAJIbHbIC IaHHbIC, IIOJYYEHHbIE C IIOMOUIBIO (DH3HKO-XUMUYECKUX
METOJIOB MCCIICIOBaHMUS BEIIECTBA C UCTIOIB30BAaHINEM OCHOBHBIX METOOJIOTUIECKUX MTPUHIIHIIOB;

- ACTIOJIH30BaTh COBPEMEHHBIE METOJIUKH cOOpa, OUNCTKU 1 00pabOTKH JaHHBIX;

- TOTOBHUTH HAIVISJHBIC IPE3CHTALNH MTOTYYCHHBIX PE3yJIbTaTo.

BJIAA€Th:

- TCOPCTUYICCKUMU 3HAHUAMU CTPOCHUU BCIICCTBA O B3aPIMO£[€I>iCTBPIH CBETa C BCIICCTBOM,
- NPAKTUYICCKUMH HAaBbIKaMH HMHTECPIPCTALNU IKCICPUMCHTAJIbHBIX HAaHHBIX O CIIEKTpaX, COCTAaBC U
MOp(bOJ'IOFI/II/I BCIICCTBA, NPAKTUICCKUMHU 3HAHUAMHA O MCTOAAX CKaHprmH.[Cﬁ 30HI[OBOI7[, OITHYECKOM

1 2JIEKTPOHHOM MHKPOCKOIINHY;

- HaBbIKAMH MTOHMCKA B XUMUYECKHX 0a3ax TaHHbBIX;
- THIOBBIMHU IIpueMaMy 00pabOTKU U aHaIHM3a Pe3ysIbTaToB (PU3UKO-XMMUYECKOTO M BBIYNCIUTEIBHOTO

OKCIICPUMCHTA,

- METOJOJIOTHEH COIMOCTaBICHUS U KpI/ITI/I‘IeCKOI\/'I HHTCPIPETAIUN MAaCCHBa JaHHBIX, TOJYYCHHbIX BCeM
COBOKYITHOCTBIO HCIIOJIb30BAHHBIX (1)I/I3I/IKO—XI/IMI/ILI6CKI/IX 1N MaTeMaTH4YCCKUX MCTOJOB HCCICOOBaHUA

CTpOCHHS 1 COCTaBa BEIICCTBA.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0




C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTepuasna MPOBOAWUTCS YCTHBIH ONpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOUICHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bonpocs! a5 npoBeneHust 9K3aMeHa:

1. T'amunbTOHHMAH aToMa BOAOPOJIa, aToMa reiusi. ATOMHBIE YPOBHU
2. I'aMUJIBTOHMAH MOJIEKYJIB

3. I'amunsronuan TBepaoro tena. Oyukuus bioxa

4.  Ammabatmueckoe TpHUONMKEHWE B 3aj7lade KB. COCTOSHUSIX B MOJIEKYyJe. OIEKTPOHHBIE H
KoJieOaTenbHbIe BOTHOBBIE QYHKUIUU. [[pUMEHNMOCTD aAnabaTn4ecKoro MpUOIMKEHUSI.

5. [loBepXHOCTh MOTEHUMAIBHOW 3HEPrUU MOJIEKylbl. ONTHYECKUH TMepexon, MPUHLIHUI
®panka-Konpgona.

6. Illkama JyIMH BOJIH M YacTOT JIEKTPOMArHUTHOTO M3JTy4eHHs. DHEPrus U UMILyJbC KBaHTA CBETa
(OpSIKK BETUYHMHBI).

7. MO,Z[CJ'IB DHHIITEHA JJIA OIIMCaHUs KOZ-)(l)(bI/ILII/IeHTOB MNOMIOLICHUA, CIIOHTAHHOI'O U BBIHYKJACHHOT'O
H3JIy4YCHUA.

8. Ilornomenue, U3IydeHUE CBETa U Oe3U3IIydaTebHbIe IEPEXObl B aTOME, MOJIEKYJIe, TBEPIOM TeJIe.

9. JIUmoNbHBI MOMEHT W ONTHYECKHW JUTMONBHBIA MOMEHT. [IpaBmiia oTOopa s HHIYIUPYEMbIX
CBETOM BHYTPHUMOJIEKYJIIPHBIX IIEPEXOIOB.

10. Mopnens 2-X ypOBHEBOI'O aToma.

11. CuekrpanpHass JnuHAS. CeEYEeHUs ONTHYSCKUX TIIEPEXOJ0B, KOIPPHUIMEHT OKCTHHKIUH,
K03 (QUITUEHT AUANEKTPUIECKON IPOHHUIIAEMOCTH.

12. OnHOpOAHOE ¥ HEOAHOPOAHOE YIINPEHHE.
13. Knaccudukanus onTH4ecKux NepexogoB B OPraHUIeCKUX MOJIEKyJIaX, METaJUIOKOMILIEKCaX.

14. DddexT okpyxaromiel cpeapl Ha MOJICKYISIpHbIE crieKTphl.[TosipHOE U HEMONIIPHOE MOJIEKYIISIPHOE
okpy>keHue. [ unpodpuibHOCTs U THAPOGOOHOCTD

15. Junons B anexTpudeckoM noine. Dddexr Llrapka

16. IlpencraBnenuss o Teopun conbBataimu Jlopentna, [ebas, Omnzarepa. CoBpeMeHHBIE
KOHTUHYaJIbHbIE MOJIEJIN COJIbBATALIUU

17. lunaMuka coibBaTaliuyl BO30YKJICHHBIX cocTossHUH. JlunamMudeckuii casur CTokca.

18. DnemMeHTapHbIe MPEICTaBICHUS O CIeNU()UIECKOI cobBaTaINH.

19. Teoperuueckue MpeACTABICHUSI O CIIEKTPax MONIOLIEHUS IMTMEHTOB U BOCIIPUSTUHU L[BETA.
20. DneMeHTapHbIE TPEICTABICHUS O (POTOXUMHHU U (PUIUOIOTHU 3PCHHUS.

®DOTOXMMHUYECKHE peakluu- MepeHoc onekrtpoHa. OOIme MNpencTaBIeHUs] O  MOJEIBHBIX
MTOBEPXHOCTIX MOTCHIIUATBLHOU SHEPTUU (POTOXUMUIECKOTO aKTa.

21. ®doroxumuyeckue peaknuu- ¢doronuccormanms. OONIME TNPEACTABICHUS O MOJEITBHBIX
MOBEPXHOCTSIX TOTCHIIMATBHOMN dHEPTHH (DOTOXUMHYECKOTO aKTa.

22. doroxumuveckue peakiuu- (orononuMepuzanus. OOIIME TPEACTAaBICHUS O MOACITBHBIX
MOBEPXHOCTSIX NOTEHIUATBHON SHEPTHUH (HOTOXUMHUECKOTO aKTa.

23. ®dotoxuMuueckne peaknuu- ¢dorouzomepusanug. OOUMEe TMpencTaBIeHUS O MOJEITBHBIX
MOBEPXHOCTSIX TOTCHIIMATBHOMN dHEPTHH (OTOXUMHYECKOTO aKTa.

24. ®oroxumuyeckne peakuuu- poroxpomusM. OOImne MpeacTaBIeHUs] O MOJICIBHBIX MOBEPXHOCTSIX
MOTEHINATBFHON YHEPTUN (POTOXUMHUYECKOTO aKTa.

25. DOTOXMMHUYECKHE pPEakUUH- MeTauIOKoMIUieKcoB. OOmmMe NpeacTaBlIeHUsI O MOJIEIbHBIX
MOBEPXHOCTAX MOTEHINAIBHON HEPTUU (POTOXMMUYIECKOTO aKTa.

26. DOTOXMMHYECKHE peakiuh- Oo0pa3oBaHWE U pacmaj dJKCUMEPOB U IKCHIUIEKcOB. O0mue
MPEICTABICHHUS O MOJIEIBbHBIX TOBEPXHOCTSX MOTEHIHUAIBHON SHEPIUU (POTOXUMHUYECKOTO aKTa.

27. ®oromonmzanus. VoHM3ammsi >KECTKUM U3IyYE€HHEM, NPEJACTaBICHHUS 00 dIIEMEHTapHBIX
rpolieccax B paiualliOHHON XHUMHUH.

28. MuorodoToHHast HOHU3AIMA U TyHHEIbHAs NOHU3ALU B CHIIBHOM I10JIe Ja3epa.

29. DneMeHTapHbBIE TIPEICTaBICHUs O (POTOKATAIH3E.

30. I[TepeHOC 3HEPTUH NMEKTPOHHOTO BO30YkIeHUsI. MeXaHN3MbI TIepeHOCca: JUIOIIb-TUITOIbHBIH.
31. [lepeHoc 3HEPrUM MEKTPOHHOTO BO30OYXAeHUs. MexaHU3MbI TIepeHoca: OOMEHHBIH.

32. [lepeHOC 3HEPTUU NMEKTPOHHOTO BO30YkKIeHUs. MeXaHU3Mbl TIepeHOCca: SKCUTOHHBIH.



33. MexaHu3Mbl (HOTOMHAYIMPOBAHHOTO OKUCIICHHS OPraHMYECKHX COCTUHEHHH, (OTONECTPYKLUS

MOJIMMEPOB.

34. UnTepmenuarsl B OKACICHUH. HTHOMTOPBI OKHUCIICHUSI.

35. OOmme mnpeAcTaBiICHHWs O KOJUIOMAAX - TOBEPXHOCTHBIM  3apsifl, JBOWHON  CJIOH,
ANEKTPOKUHETHYECKHE CBOMCTBa HAHOYACTHII. CraOuIbHOCTh KOJUIOHJIOB. Teopust

Hepsruna-Jlanaay-Bepses-OepOeeka (Derjaguin—Landau—Verwey—Overbeek DLVO). Crepuueckoe
OTTAJIKUBAHUE B KOJJIOUJIE.

36. Hanopasmepnsbie cuctemsl. 0D, 1D, 2D u 3D pa3zmepHocTs? [1IO0THOCTD COCTOSIHUIT M ONTHYECKHE
CBOMCTBA HAHOYACTHI K HAHOCTPYKTYP.

37. IlonynpoBOOHMKOBbIE HAHOYACTHLIBI - KBAHTOBBIE TOYKU. CIIEKTPaJbHBIE CBOMCTBAa M pa3MepHBIC
3P DEKTHI.

38. DKCHUTOHBI B KpHCTalie TBEpIOro Tena. bopoBckuil pammyc 3kcuTOHA. DPQPEKT KBaHTOBOTO
orpannuenus (Quantum confinement).

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB.

IIpumep 1.

1. DnemeHTapHbIe IpEACTaBICHNS O (POTOKaTaIU3eE.

2. Wutepmenunarsl B okucIeHUH. THrHOUTOPBI OKUCTICHHUSL.

[Ipumep 2.
1. Mogenp 2-x ypOBHEBOTO aTOMa.

2. CnexrpanbHas nuHuS. CeYeHUS ONTHYESCKUX MePEX00B, KOAPHHUIIUEHT IKCTHHKITNY, KOIPPUITUSHT
JMDJICKTPUIECKON MTPOHUIIAEMOCTH.

Kpurepun onennBanus

Onenka ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U IPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE NPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OamioB - BBICTABJIAETCA CTYIAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIK OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajioB - BBICTaBISACTCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHa, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS Ha MPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3aJjad HEKOTOPblE HETOYHOCTH.

OHGHKa XOpo1Io 5 0ajIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO
1 IO CYHCCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAacT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaiia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapYUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIE Pa3zieibl y4eOHOH HpPOrpaMMbl, HEOOXOAMMBIE JUIs NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 0Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIN,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciiabo
BJIaJICET OCHOBHBIMH pa3JiejaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM IIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.



OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISICTCSl CTYACHTY, KOTOPBI HE 3HAeT OOJbIICH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBJICTBOPUTENBHO | 0ayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX

0a30BBIX MHOHSITHHA JUCIHHUIIIIMHBI U BOO6H_IC HC HMMCCT HABBIKOB PCHICHUSA TUIIOBBIX MPAKTUYCCKHUX
3aJga4.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mpoBeneHHM YCTHOTO SK3aMeHa OOydaromemycst npemoctasisercss 60 MUHYT Ha MOATOTOBKY.
Ompoc obyuaromerocs o OuneTy He JOJDKEH MPEeBBIATh OAHOTO aCTPOHOMHYECKOTO Yaca.



