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PaGouas nporpamMMa JJHCIHUITIHHEBI «OnTHKa» coCTaBlieHa HAa OCHOBAHWH nporpaMmbl
NOATrOTOBKH HAYYHBIX H HAYYHO-TICAATrOTHYECKHUX Ka/IpOB B aCIIUPAHTYPE I10 Hay‘lHOﬁ CliclHalib-

nHoctH 1.3.6 OnTuka (najee - mporpaMMa aclupaHTyphbl)

1. IEJIA U1 3AIAYHA YYEBHOM JUCUUTIJIMHBI

Heaamu yueOHON JIMCUMITIMHBI SBIISIOTCS:

- CO3/laHME y acIMpaHTa KOMILIEKCAa 3HaHMI O (PyHIaMEHTaJIbHBIX CBOMCTBAX 3JEKTPO-
MarHMTHBIX BOJIH BHIMMOIO, HH(OPAKPACHOTO U yIBTPadHOIETOBOTO JHANA30HOB CIIEKTPa, JKC-
MEPUMEHTAIBLHBIX METOJIOB X HUCCIIEI0BAHUS.

-(hopMHpOBaHUE NPENCTABICHUH O MPHUPOJIE WIEKTPOMATHUTHBIX BOJIH, HX B3aMMOJIEH-
CTBHUH C BEIIECTBOM M HX crlocobax reHepaniy 1 J1eTeKTHPOBAHHUS.

- 03HAKOMJIEHHE aCIIUPAHTOB C MOCIIEJHUMHU JOCTHIKEHUAMH ONTHKH M MEPCIEKTHBAMH HX
IPUMEHEHHUs JUIs NPAKTHYECKUX 3ajay.

JInsg ngocTH)KeHMs 3ajay, IMOCTABICHHBIX IPU M3YYCHMHM JAMCLUIUIMHBL, HCIOJIB3YETCs
Ha0Op METO/IMYECKHUX cpe/IcTB: yueOHas, yueOHO-MeToIM4ecKas IuTeparypa, HHGOpMalHOHHLIE

pecypcbl OMOIHOTEKH, 2JIEKTPOHHBIE KYPChI U JIp.

2. MECTO JUCIHHUIIJINHBI B CTPYKTYPE OOII

Jucumumaa «OnTuka» BXOJAMT B 00s3aTe/IbHYIO YacTh 00pa30BaTeIbHOTO KOMIIOHEHTA
pOrpaMMbl aCIIMPAHTYPhl U HAIIPABJIEHA HA ITOAMOTOBKY K Cavye KaHJIMIATCKOTO dK3aMeHa.

IIpu ee u3ydeHHH HCIIONBL3YIOTCA 3HAHMS M HABBIKH, [TOJIYYEHHbBIE aCIHPAHTAMHU IIPH H3Y-
YeHMH KypcoB 00LIeH U TeopeTHYeCKOH (PU3UKH M [PEIIECTBYIOIMX KYPCOB CIIEIMAIBHBIX JTHC-
IUIIMH 10 criepuanu3anuu «Ontuka». MeToauueckoil 0OCHOBOH M3y4eHHs JIMCLHMILIMHBI SIBJISI-
IOTCSI KYPChI 2JIEKTPOIHHAMHKH M KBAaHTOBOH (DPH3HUKH.

AKTYyaJIbHOCTb M3YY€HHs JUCHHUIUIMHBI OIpe/IessieTcsl BaXKHOH pPOJIBIO ONTHKH B COBpe-
MCHHOH HayKe M TEeXHHMKE HE0OXOJMMOCTBIO KOMIUIEKCA 3HAHHH M yMEHHH, NpHOOpeTaeMbIX B
X0/Ie M3YyYEHHs Kypca, JUlsl IPAKTHYECKHX NMpUMEHeHHH. TeMaTHka Kypca COOTBETCTBYET MPHO-
PHUTETHBIM HAlIPABJICHUAM pa3BUTHUS HAyKH, TeXHOJOrMH W TexHMkH Poccuiickoit deneparmn:
«MHaycTpus HAaHOCHCTEM M MaTepHalioB», «MHpopMalmOHHO-TEIEKOMMYHUKAITHOHHBIC CHCTE-
MBI,

3. TPEBOBAHUS K PE3YJIBTATAM OCBOEHUS JTUCIHUAITJIMHBI

[Tporecc u3yueHust TUCHMIUIMHBI «OnTHKa» HanpaplieH Ha (OpMHpOBaHHE CJIEIYIOIHX

KOMIIETEHIMH B COOTBETCTBHH C IPOrpaMMOH aCIIHPaHTyPBL.



3.1. Yuueepcaibnole Komnemenuuu:

- CIIOCOOHOCTh K KPUTHYECKOMY AHAIN3Y M OLEHKE COBPEMEHHBIX HAYUHBIX JIOCTHIKEHHIA,
FEHEPHPOBAHMIO HOBBIX HJIEH IPH PEIEHUH HCCIIEOBATENILCKUX M MPAKTHYECKUX 3a/1a4, B TOM
qHClie B MexMcIuIUIHHapHbIx obmactax (YK-1);

3.2. Obuienpogpeccuonanvusie KomnemeHyuu:

- CHOCOOHOCTh CAMOCTOSITENIBHO OCYIIECTBISATh HAYYHO-HCCIIEAOBATENBCKYIO EATENb-
HOCTb B COOTBETCTBYIOLIEH IpodeccHOHaTBHON 00IacTH ¢ HCMOJIb30BAHHEM COBPEMEHHBIX Me-
TOJIOB MCCIEI0BaHHS H HH(OPMAIHOHHO-KOMMYHHKaIIMOHHBIX TexHostoruit (OITK-1);

3.3. Ilpogheccuonanvrovie Komnemenyui:

- cr1ocoOHOCTh (hOPMYIIHPOBATH 3a/1aUM AKCIIEPHMEHTATBHBIX HCCIEN0BAHMMH, IIAHUPO-
BaTh U PEAJIM30BbIBATh MOCTAHOBKY DKCIIEPUMEHTOB, HAIIPABIICHHBIX HA PELIEHHE IOCTABICHHBIX
zanau ([1K-1);

- CnocoOHOCTh AHAIM3MPOBATH M CHCTEMATH3MPOBATH HAYYHO-TEXHMUYECKYIO UH(OpMa-
1[I0 O HOBBIX pa3paboTKax CHCTEM aBTOMaTH3aluK (usndeckoro sxcrnepumenta (I1K-2).

- CIocOOHOCTh OPraHH30BLIBATH Pa3paboTKy CHCTEM aBTOMATH3alMH (H3UYECKOrO JKC-
nepumenra (I1K-3),

- COCOOHOCTB K KOMIIbIOTEpHOMY MoienupoBanuio (11K-4).

[To okOHYaHMH U3YUYEHHS JIMCUUILIMHBI ACTTMPAHTHI JOJKHBI OYIyT

3HATH:

- OCHOBHBIE METO/Ibl OITUCAHHS JIBUIKEHHUS HJIEKTPOMArHUTHBIX BOJIH B CPEJIE H BaKyyMe;

- OCHOBHBIC CIIOCOOBI F€HEPAlUU U JIETEKTUPOBAHUS OIITHYECKOTO M3JIyUEHHS;

- OCHOBBI CIIEKTPOCKOIIUU aTOMOB, MOJIEKYJI M TBEPJIOTO TeNa;

YMeTh:

- COCTaBJIATh U PACCUUTHLIBATH ONTHYECKHE CXEMBI;

- (p)eHOMEHOJIOrMYECKH OIMCHIBATH IPOLECCHI JIIOMHHECIEHIIMH PacTBOPOB M TBEPJBIX
TEII;

BJIa/IeTh ONBITOM:

- CaMOCTOSATEIBLHOTO U3YUYEHHS U aHaJIM3a CHEIUAIbHON HAYYHOU W METOIMYECKOH JIHTe-
paTypel, CBSI3aHHOH C pobieMaMH OTNITHKH;

- IKCHEPUMEHTAIBHBIX HCCeIoBaHuil mporeccoB ¢uyopecuenimu U docdopecueHnmum

pacTBOPOB U TBEPJABLIX TEJI HA COBPEMEHHOM HHHOBAallTHOHHOM OGOpy,[[OBaHI/IH

4. CTPYKTYPA U COJIEPKAHUE YYEBHOU JUCHUILIUHBI

4.1. Pazoessl ducuuniuHsl 4 8UObl 3AHANILIL



[TpuBouMast HIDKe TabIHIA TOKA3bIBACT pacrpe/iesieHne OIoKeTa y4eOHOTO BpeMeHH,

OTBOJIMMOI'0 Ha OCBOEHHE OCHOBHBIX pa3ZleioB Kypca corinacHo yueOHoMy muiany 72 vaca, 2 3E.

Tpy- | O0s- Bceero yueOHbIx 3aHsATHI
JI0eM- | eM (B yacax)
KocTh | pabo-
HaumeHnoBaHnue pa3/ziesioB U TeM
(B ThI (B
3ET) | ua-
cax)
JIab. | cam0 | KOH-
/ MO- | Tpo
ek | TPAK | cTO- | B
- T aren
bHas
pa-
dora
Paszpen 1. @u3znyeckHe 0CHOBBI ONITHKH
Tema 1.1 DnekTpoMarHuTHas TEOpUs CBETa 12 4 8
Tewma 1.2. 'eoMeTpruecKas ONTHKA 6
Tema 1.3 Uutepdepennus u 1udpakiins CBETOBBIX 6 2 -+
BOJIH
Tema 1.4. Teopust U3JTyueHHs U B3aUMO/IeHCTBHS 12 4 8
CBETOBBIX BOJIII C BEIIECTBOM
Tema 1.5. CrarucTHyeckasl onTHKA 6 ) -
Bcero no pazneny 1 42 14 28
Paznen 2. llpumeHeHne oNTHYECKHX METOI0B
Tema 2.1. Cniekrpockonus 12 4 8
Tewma 2.2. DxcniepuMeHTanbHas ¥ MPUKIAIHAS O~ 9 3 6
THKA
Tewma 2.3. OnTuka j1azepoB 9 2 6
Bcero o paszeiny 1 30 10 20
Bcero no qucunminHe 2 72 24 48 | Kann.
JK3a-
MEeH

4.2. Cooepacanue pazoenos u mem

Paszjgen 1.du3nyeckue 0CHOBBI ONITHKH

Tema 1.1. DleKTpOMAarHUTHAS TEOPHS CBETA

CHexTp 3/IeKTPOMarHUTHBIX KOJIeOaHHH, U3mydeHre abCOJIIOTHO YepHOro Teja. YpaBHe-
nus Makcpesuia. Bextop YMosa-Iloiintunra. BonnoBoe ypaBHenue. Ilnockue u cepuyeckue
BosiHbL. [lapabonuyeckoe npudmmkenue. dazopas W rpymnmopas ckopoctd ceeta. [lomsipuzanms
ceera. Bekrop Jxonca. [lapamerpsr Crokca. Cdepa Ilyankape. Pacuernsie metonsr [IkoHca u
Mirostepa. OTpakeHue U IpeoMIICHHE CBETa Ha IPaHMLIe pasjiesa H30TPOIHbIX cped. Popmyiis
@penens. [losmoe BHyTpeHHee oTpakeHHe. KomIulekcHas OUAJIEKTpHYECKas MPOHHIAEMOCTb.

Knaccuueckast Teopust aucnepcuu cera. PacnpocTpaHenue cBeta B aHM30TPOIHBIX H THPOTPOII-
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HBIX cpejax. Dmrncous; Openens. OnTHueckHe cBOHCTBA OJJHOOCHBIX U JIBYOCHBIX KPHCTAJLIIOB.
JlBoiinoe nyderipenomienue. Konnveckas pedpaxius. Dnexrpoontuueckue dpdexrs Keppa u
[loxkenbca. Ontuueckast akTUBHOCTE. Dddext Papanes. Ontuka apmwxymuxcs cpea. ONBITH
®duzo u Maiikenscona. [Ipeobpasosanus Jlopenna.

Tema 1.2. 'eomeTpHyecKas oNTHKA

["'eomerpHueckas ONTHKA U lTapakcHaibHOe NpudbImkeHue. DopMHUPOBAHHE OTITHYECKOTO
n3o0pakenusi. OCHOBHBIE 3aKOHBI TeoMeTpuueckoil onTuku. [lapakcuanpHoe mnpubIHKeHHE.
Coepuueckue 3epkana u auH3bL [locTpoenne u3obpakeHue ¢ MOMOLIBIO JIMH3bL. AOeppaluu or-
THYECKOH CHCTEMBI: aCTUIMaTH3M, JHCTOpPCHs, KOMa, XpomaThyeckue adeppauuu. MeTombl
60puOBI ¢ abeppauusamu. YpaBHenue siikonana. Obnacts NpUMEHEHHUS JIy4EBOTO MPUOITHIKEHHSL.
[Ipunun ®@epma. Od6pazoBanue KayCTHK B ONTHUECKUX CHCTeMaX. THIIBI ONTHYECKUX HPUOOPOB.

Tema 1.3. UnTepdepenuns v nuppakinus CBETOBbIX BOJIH

HMuTtepdepeHnus noaHOCTbIO- U YaCTHYHO-KOIePEHTHOro u3nyvyeHus. KommekcHas cre-
IeHb KOrepeHTHOCTH. JIByXiyueBass 1 MHOroiy4eBas untepdepenuus. Cnexsisl U KOrepeHTHOe
uznydenue. KorepentHeiii mym. Casurorast U cnekia-unrepdepomerpus. MHOrocolHbBIE 10~
kpbitus. Qudpaxuus. Judpakuunonnsie unrerpaisl Kupxroda - Noiirenca. Judpaxuus Opene-
a5 1 Ppaynrodepa. BinsgHue audpakiuy Ha pa3pelnaroilyio CHly cHcTeM, 00pa3yromux H300-
paxxenue. CHHTeTHYECKas anepTypa Kak METOJI TIOBBIIIEHHS NMPOCTPAHCTBEHHOI'O pa3pelleHus.
Judpaxunonnas pemerka. OcHOBBI BEKTOpHOH Teopuu audpaxuun. OcobeHHOCTH JudpaKiiuu
HEKOT'€pEHTHOro u3iaydeHus. IIpocTtpancTBeHHbIe YacTOTH BOIHOBOTO (pponTa. Dyphe npeodpa-
soBanue. Jludpakuus Ha npAMOyronbHoM oTBepcTHH. OOpaTHbBIE 3a7audl TEOPHH JU(PAKIHH.
Cunres ontuyeckux d1eMenTos. Kunodopmuas ontuka.

Tema 1.4. Teopust H3/1y4eHHS H B3aHMOJAeHCTBHA CBETOBBIX BOJIH ¢ BellleCTBOM

Kinaccrueckas Teopust B3aMMOJICHCTBHS U3TyUeHHsI C BellecTBOM. Pe3onaHcHOoe npubiim-
xkenue. Jlucnepcnonnsie cootnomenus Kpamepca-Kponura. Ontuueckuii apdexr Illrapka. ®o-
TOHHOE 9X0 M CaMOMHAYLHMpOBaHHas Npo3payHocTb. CONMTOHBI. PellakcalMOHHBIE MPOLECCHI.
CamocorinacoeaHHble ypaBHEHHs JUIS 110JIsl, IIOJIIPU3ALMM U Pa3HOCTH 3aceseHHocteit. Dddekt
HaceleHusi. @oroaxkrusauus Guayopopopos. @ortoobecuBeunBanue (ryopodhopoB. 3aKOHBI Tell-
noBoro uznyudcHus. @opmyna [Inanka. BeposTHOCTH CIIOHTAHHBIX U BBIHYKIEHHBIX MEPEXO/I0B.
Koadduuumentsr Ditnmureiina. 3akon byrepa-Jlambepra-bapa. MexaHusmbl ymupeHusi crek-
TPaJIBHBIX JIMHUIT B razax u TBepAbix Tenax. @orosddexr. Kpanrosanue noss. Oneparopsl pox-
JICHHSI M YHUYTOKEHHUS (POTOHOB. ['aMMIBTOHHAH KBAaHTOBAHHOTO MOJsl. KOMMyTallMOHHBIE COOT-
HOILIEHHUSA sl orneparopoB nois. OaHO(OTOHHbIE W MHOTO()OTOHHBIE IMPOLECCH. DIEKTPOIU-
MOJIBHBIE, MAarHHUTOMITOJIBHEIE W KBAIPYIOJIBHBIE paJiHallHOHHBIE nepexoasl. Henuneiinbie Boc-

NpUUMUYUBOCTH. PacrpocTpanenue BOJIH B HeJMHEHHOH cpene. MeTos MeUICHHO MEHSIIOLIUXCS
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aMILIMTY/1. YCIIOBHE CHHXpOHM3Ma. I'eHepanus onTHueckux rapMoHHuK. lapamerpryeckoe mpe-
obpaszosanue yactorhl. CamodokycupoBka cBera. KomObunannontoe paccesinue. Brinyskaennoe
paccesnue Mannenbiutama-bpunmosna. YersipexBosnHoBoe cMemmnBanie. ObpalieHyue BOJIHOBO-
ro gponra. BemecTBo B CBEpPXCHILHOM CBETOBOM II0JIE.

Tema 1.5. CraTucruyeckasi onruKa

BpemeHHass M NpOCTPaHCTBEHHAs KOTEPEHTHOCTh CBETOBBIX I0JIEH; KOPPEIAHOHHBIE
(GyHKuMH TepBOTO M BBICIIMX NOpsAAKoB. CrekTpaabHOe mpejcrasienue. Teopema Bumuepa-
Xununna. Murepdepomerpus unteHcusHocreit. Onwir Bpayna-Tsucca. KeanToBble cBoiicTBa
CBETOBBIX MojeH. POKOBCKOE, KOrepEeHTHOE U ciKaToe cocTosHue mojs. Pacnpenenenue Bose-
Oiinmreitna. Ilapamerp Beipoxaenust noust. Cratuctuka GoToHOB. CBSA3b CTATHCTHK (POTOHOB M
(poTooTcueros, popmyna Manzens aust pacupezeneHus Gporoorcueros. [[poGosoii mym. CraTu-
CTHYECKHE CBOMCTBA J1a3epHOro usiaydeHus. KoppensiuuoHnHas cnekTpockomus. PPeKTsl rpyi-
IIUPOBKH M aHtUrpynnupoBku (otoHoB. IlepenyTanuble coctosHus ceera. Onruyeckas peainsa-
uust KyouroB v ux mnpeodpaszosanusi. Cocrosuust bemna. Ilapajoke Ditnmnreiina-ITogonsckoro-
Posena. Hepasenctpa benta. PacnpocTpanenne BojH B citydaifHo HeogHopoaHoi# cpene. Koppe-
JSLMOHHBIE U CTPYKTYPHBIC (DYHKIMH aMILTHTYABI U (asbl. PaccesHue cBera B IUCIEPCHOM cpe-
Jie; ypaBHeHue nepeHoca, Juddy3nonnoe npubmpkenue. PaccessHie cBeta B OHOTKAHAX, METO/IbI
€ro YMeHbIIICHHUSI.

Paznen 2. [IpuMeHenHe onTHYECKHX METO0B

Tema 2.1. CnekTpockonust

Crnextpsl aToM0oB. CHCTEMaTHKA CIIEKTPOB MHOT'03JIEKTPOHHBIX aTOMOB.

Tepmbl MHOTO3JIEKTPOHHBIX ATOMOB, YETHOCTH BOJHOBOH (hyHKIMH, paBuia oToOpa s
JMIIONIGHBIX PaJMAllHOHHBIX Iepexo/oB. ToHKas CTpyKTypa aTOMHBIX JHHHH. CBepXTOHKas
CTPYKTypa aTOMHBIX JIMHHH. ATOMBI BO BHELIHEM 3jeKTpuueckoMm moie: a¢ ekt [lltapka. Ato-
Mbl BO BHELIHEM MarHuTHoM noie: 3¢¢ext 3eemana. PoTo3IeKTPOHHAS CIIEKTPOCKONHS. AG-
copOnuoHHas 1 ¢uiyopecleHTHas crekTpockonus. CHeKTpOCKONnus KBAaHTOBBIX OueHui. Criek-
TPOCKOIHS PUAOEProBCKUX aroMoB. MHOro)oTOHHasi HOHU3AUMOHHAS CHEKTpocKonus. Hemu-
HelHas JlasepHas CHEKTpockonus HacelmeHus. CyOonmuiepoBekas jla3epHas CHEKTPOCKOIHS.
Onrtuyeckas opreHTauus atomoB. CriekTpockomnus nepeceueHus ypoBHe. JlasepHoe oxnaskie-
nue. Konnencar boze-DiHreitHa.

Crnextpsl Monekyn. Ilpubmumxenune bopua-Onnenreiimepa. KonebarenbHble CHEKTPbI
JIBYXaTOMHBIX MoJsiekys. Knaccuduxanus HOpMalbHEIX KoyieDaHUH MHOTOATOMHBIX MOJIEKYJI 110
TunamMm cummerpud. KosebatenbHble CeKTpbl MHOTOATOMHBIX Mosiekys. Pe3zonanc ®@epmu. Bpa-
miaresbHas CIpyKTypa KojedaTelbHbIX Iosioc Mosiekysl. IlpaBuna orbopa Bo BpaiaTelbHbIX

CIeKTpax MoJieKysl. IHTEeHCHBHOCTH BO BpallaTelbHBIX criekTpax. KoMOHHaIOHHOE paccesHue
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B moniekyax 1 KAPC. IlpaBuna orGopa B criekTpax KOMOMHAIHOHHOTO paccesiHus. Kinaccudu-
Kal{s 3JIEKTPOHHBIX COCTOSHMI JABYXaTOMHBIX Mosiekyil. [IpaBuia otOopa B 2I€KTPOHHBIX CIEK-
Tpax JBYXaTOMHBIX Mojekyil. KojebatenpHO-BpaiarenbHasi CTPYKTypa B 3JIEKTPOHHBIX CIIEK-
Tpax Mmonekyn. Ilpunnun ®panka-Konpona. CHHIVIETHBIE M TPUILIETHBIE COCTOSHHS MOJIEKYII,
auarpamma Sononckoro. besblznyuaTenbHbIH HepeHOC HEPrHM IEKTPOHHOTO BO30YMKICHHS.
JlasepHo-unayuupoBanHas ¢uyopecueHuus. BHyTpupesonaTopHas crekrpockomnus. ®oroaky-
cTHYecKas cnekTpockonus. Teparepiiopasi cieKTpockonus. PemMToceKyH/IHas Jla3epHas CleKTpPo-
ckonust. doToaucconmanus U npeauccormanus Mosiekysl. OXJaxkIeHHe aTOMOB M MOJIEKYIT Jia-
3epHbIM u3ydenueM. Konjencar boze-Duurreiina.

Cnekrpockonus TBepaoro Teia. [lepexonpl mojx eiiCTBHEM CBETa B HICAIBHOM KPHCTAI-
ne. [ornomenue B uHppakpacHoit 001acTH CrieKTpa U B3aMMOJICHCTBHE CBETa ¢ (POHOHHOM 101~
cucTeMoi. 3alpeleHHas 30Ha U 00JacTh IPO3PAYHOCTH B JIMAJICKTPHKAX. DKCHTOHBI Banbe-
Motta n ®penkens. Obnactb GpyHIaMEHTAIBHOTO MOrIOMIEHUs. [lepexo/ibl ¢ OCHOBHBIX YPOBHEH
sHepruu. CriekTpockonus Je(eKTHBIX COCTOAHUI B KpUCcTaiaX. ABTOJOKATH3AIHS Y9KCHTOHOB H
JBIPOK B JAMONEKTpUKax. Bropuunsle 5Q(eKTsl B KpUCTAIIAX: JTOMHHECHEHIHS, (HOTOIMUCCHS,
neexToodpazoBanue 1o AeicrereM cera. Kiaccupukaims MOMHHECIEHIIUH 110 JUIHTEILHO-
CTH CBEYEHHUS M criocoly ee Bo30yieHusa. MonekyisipHas 1 peKOMOMHAIMOHHAs JIFOMHHECLIEH-
mus. 3akoH Croxca-Jlommens. [IpaBuino 3epkanbHON CMMMETPHH CIIEKTPOB MOTJIOMIEHHS W JIFO-
MHUHecLeHIMH. PaneeBckoe paccesiHe U KOMOMHALIMOHHOE paccesiHue B KpUcTajulax. 3akoH Ba-
BHJIOBA. 30HHAsi MOJIEJb JIOMMHECLIEHIIMH JUAIeKTPUKOB. [IprMeHeHne TIOMHHECIEHIMH KPH-
CTaJJIOB B HayKe, TeXHMKe M MeJulHHe. CIIEKTPOCKONHS SIEPHOr0 MAarHUTHOTO pe3oHaHca
(SIMP). Cniextpockomnust 2JIeKTPOHHOTO apaMarHuTHoro pesoxanca (II1P).

Tema 2.2. DkcnepuMeHTAJIBHAS H NPHKJIATHAA ONTHKA

Hcrounuky onTudeckoro uaimydeHus. Teruiossle, ra3opaspsijiHble U Jia3epHbIe HCTOUHUKH.
Cunxporponnoe uzayueHue. ONTHUECKHE MaTepHAIbL. XapaKTepHCTHKH MPHEMHHKOB H3/Iyve-
HMS: CIIEKTpajlbHas U MHTErpajlbHas 4yBCTBUTEIBHOCTD, IIYMbl, HHEPIHOHHOCTE. [Ipubopsl ¢ 3a-
psioBoii cBs3pio (113C) - nuHelku, MaTpUIBL.

Texnuka crnekTpockonuu. CBETOQUIBTPHI, TPU3MEHHBIE U TH(PPAKIHOHHBIE CIIEKTPalb-
Hble pubopel, HHTephepomeTpsl. Tonspusaunonusie ycrpoiictBa. ®ypoe-crnextpockonus. Oc-
HOBHBIE XapakTepPUCTHKH NTPpUOOPOB: anmnaparHas (yHKIHsI, pa3pelieHne, CBETOCHIIA, JUCIIEPCHS.

[TonspuzalmonHbie yCTpOHCTBA W CcOCOOBI MOJISPU3AIMH CBETA: IJICHOYHBIH MOJSPOU/I,
KPHCTAJUIMYECKHE TIPU3MEHHBIE MOJISIPU3ATOPbI, HHTEp(EePEHIIHOHHBIE MOJSIPH3ATOPbI H CBETO/IE-
nuTend, pazosble IacTHHKM, poMO Openens. Dd¢ext [Tokkensca u sueiika [Tokkensca. D dexr

®apanes. 3akon Masoca.



Jlazepnas ontuka. 3anuch U 00paboTka onTHueckol HHpopManuu. MeXaHHu3M 3alHCH H
BOCIIPOM3BE/ICHHS] BOJHOBBIX ITOJIEH C MOMOLIBIO ABYMEPHLIX U TpeXMepHBIX rojiorpamm. L{ud-
pogast rosiorpagus, rojgorpaduueckast U romorpaduueckas Mukpockonus. [lepexonnsie u nepe-
JlaTOUHbIC (PYHKIMM ONTHUYECKUX cUCTeM 00paboTku uHpopMmanuu. OyHKIUS paccestHus TOUYKH.
HcnonbszoBanue MeTo10B Pypbe-ONTHKH UL ONTHYECKOM (DUIBTpAIlMU M pacro3HaBaHus o0Opa-
30B. Koppekuus U peKoHCTpyKUMs U300pakeHuid. MeToibl KOMIIBIOTepHO# ONTHKH. MHKpOCKo-
nus. Paspemaromas cnocoOHOCTh M yBeJIMUeHHEe MUKpockona. [IpocTpancTBeHHOe paspelieHue 1
yucioBas aneprypa. TeMmHomosibHas MUKpockonus. Mukpockonus ¢azoBoro xontpacra. Miyo-
PECLEHTHas MUKPOCKONHsA. MeTo bl OBBIIIEHHS IPOCTPAHCTBEHHOIO pa3pelcHus Bo (iyopec-
HeHTHOH Mukpockonuu. KondokansHast ¢uiyopecueHTHass MHKpPOCKOIUs. BoslokoHHas onTHka.
Tunsl BOJIOKOHHBIX CBETOBOZOB. Mo/l onTHYeCKUX BOJIOKOH. HarpaBneHHsle oTBeTBHTENH. Bo-
JIOKOHHBIE JIMHUHK cBsi3U. Henmnuelinbie 3 (exThl B ONTHYECKHX BOJIOKHAX.

Jlazepupie npuOOpPLI KBAHTOBOH 2/1EKTPOHUKM. OnTHYECKass OpPHEHTALUs B razax H Kpu-
crayuiax. KBaHTOBBIH MarHMTOMETP ¢ ONTHYECKOH Hakaukoi. KBaHTOBBI cTaHaapT 4acToThl HA
CBEPXTOHKHMX Ilepexo/iax B aroMax. JIazepHbId cTaHaapT YacTOTHI.

Tema 2.3. OnTHka J1azepoB

OcHoBlIbIE TIPUHIUNBI PadOTHI Ja3epoB, cxeMbl Hakauku. Teopus JIamba, JIomOGoBckmii
npoBai. DPQPEKTH 3aTATUBAHUs YACTOTHI M BRIrOpaHus Iblp. OnTHYecKHe pe30oHaTOpbl. Mojbl
ONTHYECKHX pe3oHaTopoB. CBoiicTBa Ma3epHbIX MyuKkoB. THIbI 1azepoB. TBepoTeIbHBIE JIa3epPhI.
Jlasepnl Ha neaTpax okpacku. Jlazepsl Ha pacTBOpax opraHH4yeckHX Kpacuteneid. ['a3oBblie Jaze-
PBI: JIa3ephbl HA HEWTPAIBHBIX aTOMAaX, HOHHBIE JIa3ePbl, MOJIEKYJISIPHBIE JTa3ephl, JTa3ephl Ha caMo-
OrpaHMUYEHHBIX TNEpexoax. JDKCUMEPHBIE Ja3epbl. XUMHUYECKHe Jiazepbl. [10aynpoBOAHUKOBBIE
naszepsl. Jlazepsl Ha rereponepexonax. Jlazepsl Ha cBoOOAHBIX nekTpoHax. [lepecTpanBaembie
naszepsl. Pexxumbl pabotel sazepos. HenpepbiBHBIE H MUMIYJIBCHBIH peskUMBL. Mozynsius 100-
porHocTu. CuHXpoHM3aLus MOA. ['eHepalys cBepXKOPOTKAX MMITYJIbCOB. [IpHHLMIIBI afanTHB-

HO#l ONTHKH, KOppCKIHA BOJIHOBOI'O (prHTa JIA3€PHBIX ITYYKOB.

5. OBPA30OBATEJIBHBIE TEXHOJIOI'HHA

Texuosorust mpouecca o0ydyeHust no aucuuiuiMHe «OnTHKa» BKIIOYAET B ceds Clenyro-
mue oOpaszoBarelibHbIe MEPOIIPUSITHSL:

- ayIUTOPHBIE 3aHSATHUS (JIEKIIHOHHO-ceMUHapckas ¢popma o0yueHus);

- caMocCTosITeNbHAsE padoTa CTY/IEHTOB;

- KOHTPOJIbHbIE MEPOTIPUATHUS B IIpOLIECCE 00YUEHHS U 110 €r0 OKOHUYAHHUIO;

B yueGHOM mporecce UCHONB3YIOTCS KaK aKTHBHBIE, TAK U MHTEPAKTHBHBIE (POPMBI MpO-

BEJICHUS 3aHSATHIH: IMCKYCCHS, METO/] IIOMCKa OBICTPBIX PELIEHHUH B IpyIIe, MO3rOBOH LITYPM.
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AyYJIMTOPHBIE 3aHSATHS IIPOBOJISTCS B HHTEPAKTUBHOU (OpPME C UCIIOIb30BAHHEM MYJIbTH-
MeuitHOro obecreueHus (HOyTOyK, IPOEKTOP) U TEXHOJIOTHH MPOOIEMHOr0 00yUeHHS.

[Ipe3enTaruy Mo3BOJIAIOT KAYECTBEHHO WIUIIOCTPUPOBATH MPAKTUYECKHE 3aHSTHS CXeMa-
MH, POpPMYJIaMH, YepTesKkaMu, pucyHkamu. Kpome Toro, mpes3eHTaluu 1no3BOSIOT YETKO CTPYK-
TYpPUPOBaTh MaTePHAJ 3aHSATHSL.

DJIEKTPOHHAs NPE3EHTALMA MO3BOJIAET 0TOOPA3UTh MPOLECCHl B UHAMHKE, YTO MO3BOJISET
YAYYIIUTh BOCIIPUSATHE MaTepHaa.

CamocrosTenbHas paboTa OpraHu30BaHa B COOTBETCTBHE C TEXHOJIOTHEH MpPOOIEMHOro
00y4eHHUs U IpearnoaraeT cieayomue GopMbl akTHBHOCTH:

e caMOCTOsTeIbHas IpopadoTKa yueOHO-TIPOOJIEMHBIX 3a/1ay, BBIIIOJIHSAEMAs ¢ IpUBJICYe-
HHEM OCHOBHOMH M JIONIOJHUTENILHOM JIUTEPaTyphl;

® [[OMCK HAY4YHO-TeXHHYECKOH MH(OPMAIMH B OTKPBITHIX HCTOYHHUKAX C LEJIbIO aHAIM3a H
BBISIBJICHHUS KJIIOUEBBIX OCOOEHHOCTEH.

e peracMble MPOOIEMHBIE 3a/laui CTHMYJIHPYIOT N03HABATE/IbHYIO JIeSITEIbHOCTh H HAY4Y-

HO-HCCIICA0BATCIIBCKYIO aKTUBHOCTD aCIIHPAHTOB.

6. OHEHOYHBIE CPEACTBA JJIAA TEKYIIEI'O KOHTPOJISI H TIPOMEXY-
TOYHOMH ATTECTALIUH

Lleab KOHTpoJIA - OJIydeHHe HH(pOpMALMU O pe3yibTaTtaXx 00y4yeHHs U CTENEHH HX COOT-
BETCTBHSI pe3y/IbTaTaM 0O0yUeHHS.

Komnnexkm ouenounvix cpedcme 011 meKkyujezo KOHmpoaa

Texymui KOHTPOJIL yCIIEBaEMOCTH, T.€. IIPOBEPKA YCBOEHHs Y4eOHOro MaTepuaa, pery-
JIAPHO OCYINECTBIISAEMas Ha MPOTHKEHHH ceMecTpa. TeKyIluii KOHTpoIb 3HaHWI acTUPaHTOB pe-
JIM3yeTCsl B BAJIE BBICTYIICHUI Ha CEMMHapax 10 WHAMBUAYIbHBIM JOMALIHHM 3aJaHHIM, OT-

BE€TaM Ha TECTOBLIC BOIMIPOCHUKH, ITPOBCACHHUEM TCOPETHYCCKHX 3a4Y€TOB.

Bomnpoce! /151 IOAr0TOBKH K KAaHAHJIATCKOMY 3K3aMeHy

1. Vpasnenus Makcgenna. Bexrop YmoBa-IlolinTunra. ®a3zosast u rpynnosasi CKOPOCTH
cgera. [Trockue U cepuyeckue BOJIHBL.

2. CnekrtpanbHble IPUOOPEI, pa3peniaionias crnocoOHOCThb, CBETOCHNA, aAucnepcus. Tex-
HHMKa CHEeKTPOCKONHU. CBETO(MMIIBTPBI, IPU3MEHHbIE H JIU(PPAKIHOHHBIE CIIEKTpaIbHbIE MPHOO-
pbI, HHTEP(EPOMETPBI.

3. Ilongpusanus cera, Buabl nosngpusauuu. Ilapamerpsr Crokca. Tunsl nonspuzaios-

HBIX yeTpoHceTB. Bekrop [[xonca. Cdepa Ilyankape



4. Paspemaronias crniocoOHOCTh M yBEIMUYEHHE MUKpockomna. [IpocTpaHcrBeHHoe paspe-
IIEHHE U 4HCIoBas aneprypa. TemHonoiabHas MUKpockomus. MUkpockorusi (pazoBoro KOHTpa-
cta. PuyopecrenTHast MUKpockonus. KondoxansHas duiyopeciieHTHass MUKPOCKOIIHSI.

5. SIBnenus, NpoMCXO/IIKE HA pa3Jielie IBYX Cpell: OTpaKeHHUe, NpesioMiieHHe, (HOPMYJIIbI
Openens, yroin bprocrepa, noiHoe BHyTpeHHEE OTpaskeHHe, YTOJKOBBIH OTpaKaTellb.

6. [IpuHUMOBI NOTyYeHHs KOPOTKUX JIa3ePHBIX HMITYJILCOB. MeTo MOAYIAIMH 100pOT-
HOCTH JIa3epHOT0 pe3oHaropa. [Ipumepsl mpuMeHeHus.

7. BepoATHOCTH CIIOHTAHHBIX M BBIHY)KACHHBIX PaJHALMOHHBIX MepexonoB. Koadduiu-
enThl DiHTeiina. 3akon byrepa-JlamGepra-bapa. OcHOBHBIE NPUYHHBI YIIHPEHHUs CIEKTPAIb-
HBIX JINHUH.

8. IlonynpoBoanukoBblie nazepsl. Jlazepsl Ha rereponepexogax. OcHOBHBIE 001aCTH UX
PUMEHEHHSL.

9. Knaccuueckass Teopusi B3aUMOJCHCTBHS M3JIydeHHUs ¢ BewlecTBOM. [lokasarteiu rpe-
JIOMJIEHUS M MOIJIOUIEHHS BELECTBA, KOMIUIEKCHBIH 1OKa3aTeb npeiomieHus. MeTo/ibl u3mepe-
HHs TIOKa3aTe s NPEeJIOMIIEHHs BellecTsa. Jlucnepens nokasaresns npeiaomienus. [lucnepcuon-
Hble cootHomenus: Kpamepca-Kponura. HopmainbeHast U aHOMalbHasT TUCTIEPCHS.

10. IMonyueHue (eMTOCEKYHJIHBIX Ja3€pHBIX MMITYJBCOB. METO CHHXpPOHHM3AIHH MO/I.
AKTHBHAs ¥ MACCUBHAs CHHXPOHHU3AIMA MOJ. COOTHOILIEHHE MEX/TY JUTHTEIBHOCTBIO H IIHPHHOI
crnekrpa. M3smepenue 1InTeIbHOCTH (PEMTOCEKYHTHBIX UMITYJIBCOB: aBTOKOPPEJISITOP.

11. T'eomeTrpuueckast oNTHKA U MapakcHaabHOE NpuOIHKeHue. POPMHUPOBAHHE OINTHYE-
ckoro uzobpaxkenus. Chepuueckue 3epkana u nunH3bl. [locTpoeHne u3obpaxeHHe ¢ MOMONIBIO
JMH3BL. ADeppali ONTHYECKOH CHCTEMBI: AaCTMIMATH3M, JUCTOPCHS, KOMa, XpOMaTHUYEeCKHe
abeppanuu. Metopr 60pb0LI ¢ abeppanusMH.

12. BosiokonHast ontuka. THIIBI BOJIOKOHHBIX CBETOBOJOB. MO/BI ONTHYECKHX BOJIOKOH.
Hanpasnennsie otBeTBUTENN. Bonokonusie nuHuu cBsa3u. Henmueitabie 2(p(heKTbl B ONTHUECKUX
BOJIOKHax.

13. BpemeHnHas M IIPOCTPAaHCTBEHHAs KOI'€PEHTHOCTh CBETOBBIX rosiel. KBanToBas mpu-
pona ceera. Cratucruka (poroHoB. CTATUCTHYECKHE XAPAKTEPUCTHKH TEPBOrO IMOPSIKAa CBETO-
BuIX BOJIH. OmwIT bpayna-TBucca. Pacnipenenenue boze-Diinmreiina.

14. JleTeKTOpbl ONTHYECKOIO W3JIYYEHHUs Ul Pa3HBIX AHANA30HOB JUIMH BOJIH M HX Xa-
PaKTEPUCTUKH: CIIEKTpalIbHas U HHTErpajlibHas UyBCTBUTEIBHOCTh, HHEPIHUOHHOCTD, HIYMEL. Do-
TOJUOMABI, (OTOIIEKTPOHHBIE YMHOMKHUTEIHU, NPUOOPHI C 3apsA0BOH CBA3bIO, MHKPOKAHAILHEIE

boToaeTeKTOPEI, (POTOMIACTHHKHA.
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15. Pacnpocrpanenue BOJIH B HEOZHOpOOHOH cpene. Paneesckoe paccesnune. KomOuna-
uuoHHoe (Pamanosckoe) paccesnue. Kilaccnyeckoe M KBaHTOBOMEXaHHMYecKoe omucanue. [Ipa-
BHJIa 0TOOpa /Ul KOMOMHAIMOHHOTO paccesinus. [IpuMeHeHnst KOMOMHAIIMOHHOTO PacCesiHUS.

16. TlonapusanuoHHble YCTPOHCTBa M CHOCOOBI MOMSAPHU3ALNN CBETA: IJICHOYHBIH IOJIs-
POHJI, KPHCTAINIMYECKHE TPU3MEHHbBIE IOJIAPH3ATOPbl, MHTEP(HEPEHIMOHHBIC MOJSIPU3ATOPHI H
CBETOJICNIUTENH, (ha30oBbIe IUTACTHHKU, poMO Dpenens. Dddext [Tokkenbea u sueiika [Tokkenbea.
D¢ dext Papases. 3akon Mamoca.

17. TepMbl MHOTO2JIEKTPOHHBIX ATOMOB, YETHOCTh BOJIHOBOH (DYHKIIMH, TIpaBuia 0TOOpa
JUISL DJIEKTPHYECKHUX M MAarHUTHBIX JHUITOJIBHBIX PAaJIMALIMOHHBIX IIEPEX0/I0B.

18. Jlazepsl ¢ ontHueckoit Hakaykoi. TeeproTenbHble Tazepsl. Jlazepsl Ha pacTBOpax op-
raHu4eckux kpacutesneil. Jlazeprl Ha neHTpax okpacku. [IpyHIKOBEI pabOTh U BO3MOKHOCTE IIe-
PECTPONKHU YaCTOTEI.

19. Ilpunuun bBopua-Onnenreiivepa. Knaccudukanus 5JIeKTPOHHBIX COCTOSHHH JBYX-
aTOMHbIX MoJicKyil. [IpaBuia oT6opa B 37EKTPOHHBIX CHEKTpax JAByXaTOMHbIX Mosiekyi. Komneba-
TeJIbHO-BpalllaTebHas CTPYKTYpa B 3JIEKTPOHHBIX cIleKTpax Mosekys. [lpuniun @Opanka-
Kounyona.

20. llpuHuMnbl aganTUBHOH ONTHKH; KOPPEKIHS BOJIHOBOTO (DpOHTA JIa3epHBIX MMYYKOB.
M3mepenue KauecTsa Ja3epHOro Mydka ¢ UCIOo/Ib30BaHHEM HHTEP(EPEeHIIMOHHBIX MeT010B. [Tpo-
CTPaHCTBCHHO BPEMEHHBIE MOJIYJIATOPHI CBETA HA OCHOBE KMJIKUX KPUCTA/UIOB U MATPHIILI MHK-
po3epkail.

21. KonebaTenbHble CIIEKTPHI ABYXaTOMHBIX MOJIEKys. BpammartensHas cTpykrypa KoJe-
OaTeNbHBIX Mos10oc MoJieKyJ1. IIpaBuia oTOopa BO BpalaTeIbHbIX CIIEKTPax MOJICKYIL.

22. T'asoBple J1a3epbl: J1a3zepbl HA HEHTPATBHBIX ATOMaX, HOHHBIE JIA3€Pbl, MOJICKYIISIPHBIE
J1a3ephl, Jla3epsl HA CaMOOTPAHMYEHHBIX Mepexo/iax. DKCHMepHBIe Ja3epbl. [I[puHIMIEI paboThl 1
00J1aCTH IPUMEHEHUSI.

23. CuHrieTHble W TPHILIETHBIE COCTOSHHS MHOTOATOMHBIX MOJIEKYJI, audarpamma S16-
JIOHCKOTO. be3pI3ydarelbHblil TIEPEHOC IHEPTUH JIEKTPOHHOIrO Bo30yxaeHus. PoToB030YKIe-
Hue (Qayopodopos. [IpaBmio 3epkajibHON CHMMETPHH CIIEKTPOB IOTJIOMIEHHS W JIFOMHHECIIEH-
UH.

24. JlazepHo-uHayuMpoBaHHasi (uyopecueHuus. BHyTpupe3zoHaTopHas CIEKTPOCKOIIHS.
®doroakycTHUecKas CIEKTPOCKOTIHSL.

25. Coekrpockonus TBepjaoro rena. [lepexonnl moa neiicTBueM cBeta B UJeaIbHOM KpH-
cTajule. 3anpelieHHas 30Ha 4 00J1acTh MPO3pavyHOCTH B JAUIEKTpUKaX. CrekTpockomus nedeKT-

HbIX COCTOSIHHH B KpHCTaJIax.
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26. TeparepuoBasi CIIEKTPOCKONUS: UCTOUHHUKH U IIPHEMHUKH W3JIy4YeHUsl, 00JIaCTH MpH-
MCHEHHUS.

27. Wurepdepenuus u mudpaxuus. Ycinosue Habmonaenus uHrepdepenumu. [Ipuximn
I'toiirenca-®penensa. CkansapHas Teopus audpaxuuu: audpaxuus Ppaynrodpepa u Dpeners,
CIEKTP IPOCTPAHCTBEHHBIX YaCTOT BOJHOBOTO (ppoHTa U npeodpazoBanue Pypbe. Juppakinon-
Hasl pereTka. MHOrocI0HHbIE TOKPBITHS.

28. MHuorodoToHHas HOHHM3ALMOHHAs creKTpockonus. HenuHelinas nazepHast CrekTpo-
CKOIIHA HACBhIIIEHHS.

29. OcHoBHBIE NPUHLHUIILI PadOTHI Ja3epoB, cxeMbl Hakayku. Teopust JIamba, JIsmO0B-
ckuil mpoBai. D(Q(deKTsl 3aTAruBaHMUs YacTOTHl M BBIrOpaHus Ablp. ONTHYECKHE PE30HATOPHI.
Mobl ONITHYECKHX Pe30HATOPOB.

30. I'enepauust Bropoii rapmonuku. TeroBas u Kepposckast onTuueckas HeTMHEHHOCTD.
Yenosue (pazoBoro cunxponusma. [lapamerpuueckoe ycunenue.

31. Onrtuka auwxymuxcs cpea. Onbitel Puzo u Maiikenscona. [peobpazosanus Jlo-
peHua.

32. Tunel UMIyIbCHBIX (PEMTOCEKYHIHBIX JazepoB. DeMTOCeKyHHas JlazepHas CIIeK-
TpocKomnus. BapuaHTs! HCIIOIB30BaHUs H 0071aCTH IPUMEHEHHUSI.

33. OnnodoTtoHHbIE M MHOTO(OTOHHBIE Nporiecchl. Henmuelinble BocripuuMunBOCTH. ['e-
Hepalus onTHUecKuX rapmonuk. [lapamerpuyeckoe npeodpazoBanue 4acToThl.

34. OxnaxeHHe aTOMOB M MOJIEKYJ] JasepHbIM uHanyueHuem. Kownmencar bose-
DHIITEHHA.

35. ATOMBI M MOJIEKYJIbI BO BHEIIHEM MarHUTHOM Tiosie: o ekt 3eemana. AGcopOuHoH-
Hast ¥ ryopeclieHTHas crieKTpockomnusi. CeKTPOCKOIHs KBAHTOBBIX OUEHHH.

36. Diumncoun @Ppenens. OnTUyeckue CBOHCTBA OJHOOCHBIX M JIBYOCHBIX KPHCTAJUIOB.
JIBoitnoe yudenpenomienue. Jnekrpoontuueckue abdexts Keppa u Ilokkensca. Obnactu npu-
MEHEHHSL.

37. Orrtuyeckue pezonaropsl. [IpononpHble U nonepeynsie Mo/bl. MeTOJIbI TOIYYEHHS
O/ITHOMOJIOBOTO Jla3epHOro uziayudeHus. [IpocTpancTBeHHas ¥ BpeMeHHass KOr€PEHTHOCTh Jiazep-
HOT'O U3JTy4eHHSI.

38. KBaHTOBBIii MarHMTOMETp ¢ onTHYecKOoH Haka4yko. [IpuHumn neicrBus u obiactu
[IPUMEHEHHUS.

39. DnexTpoAMIIONIbHBIE, MAarHUTOAUIIONbHBIE W KBAJIPYIOJIbHBIE paJHAllHOHHBIE IEpe-

XOJIbI B aTOMax U MOJICKYJIax. Ob6nactu IMPUMCHCHHA.
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40. 3anuch u 06paboTka onTHUecKol HHPOpMauH. MexaHU3M 3aucH U BOCIIPOU3BE/Ie-
HUSI BOJIHOBBIX TOJIEH € MIOMOUIBIO JIBYMEPHBIX M TPEXMEPHBIX rojorpamM. L{udposas ronorpa-

¢us, ronorpadudeckas u Tomorpaduueckass MUKPOCKOITHSL.

7. YYEBHO-METOJUYECKOE U UH®OPMAIMOHHOE OBECIIEYEHHUE
YYEBHOM JIMCUUIIIMHBI

7.1. Ocnosnaa numepamypa

1. EnpsineBud M.A. ATOMHast U MOJIEKYJIsIpHAs CieKTpockomnus. M.: @usmarrus, 1962.

2. bopu M., Bonsd D. Ocnossl ontuku. M.: "Hayka", 1970.

3. CuByxun JI.B. O6uwmii kypc ¢pusuku. Onruxa. M.: "Hayka", 1980.

4. I'.C. Jlanncbepr. Ontuka. Y4. nocodue s BY3o0B. Mocksa, @uszmariut, 2003,

5. CoGeneman M.M. Beesienue B TeOpHIO aTOMHBIX CIIEKTpoB. M.:Dusmatrus, 1963.

6. JL.B. Tapacos. ®uzuka nazepa. YPCC, 2011

7.2. lononnumensnas 1umepamypa

1. Koponer ®.A. Teoperuueckas ontuka. M.: "Bricinas mkona", 1966.

2. MaiseeB A.H. Ontuka. M.: "Beicias mxona", 1985

3. lepxnud V. INonspusosanublii ceer. M.: "Mup", 1965.

4. AxmanoB C.A., JIpsxos O.E., Yupkun A.C. BBeneHnue B cTaTHCTHUECKYIO paaHO(u-
3UKy 4 onTHky. M.: "Hayxka", 1981.

5. I'ynmen Jx. Craructuueckast ontuka. M.: "Mup", 1988.

6. Mannens JI., Bonsd D. Ontuueckas KOrepeHTHOCTh M KBaHTOBast onTHka. M.: ®dusma-
Ty, 2000.

7. Conumeno C., Kposunbsauu b., [Topto I1. ludpaxumst 1 BOJIHOBOIHOE pacripocTpaHe-
HHE ONTHYeCKOro u3ryueHus. M.: "Mup", 1989.

8. Ilanren P., ITyrxod I'. OcHOBBI KBaHTOBOH 31eKTpOHUKH. M.: "Mup", 1972.

9. Kabmuxo JI.H. dusnyeckre oCHOBBI KBaHTOBOM aiekTpoHHKH. M.: "Hayka", 1986.

10. IIlen W.P. [Ipunuunel Henuueitno# onrtuku. M.: "Hayka", 1989.

11. Kurrenn Y. Beenenue B ¢pusuky tBepaoro tena. M.: Hayka, 1978.

12. BacunweB A.H., Muxaitnun B.B. Benenne B cnexTpockonuio TBepaoro tena. M.:
Nznarenscreo MI'Y, 1987.

13. Jlemunu JI.B., Caneuxuit A.M. JlromunecueHuust ¥ ee uszmepenusi. (MoiekyisipHast
momuHecueHnus). M.: M3narenscreo MI'Y, 1989.

14. T'ypeuu A.M. Beesnenue B (uznueckyro Xumuio kpucrautodochopos.M.: "Bricinas
mkoa", 1971.

15. Jlebenera B.B. DxcnepumenTtanbhas ontuka. M.: M3narenscteo MI'Y, 1994.
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16. Jlesumn JI.B., Caneuxuit A.M. OnTHuecKkue METOAbl HCCIICTOBAHHS MOJIEKYJISIPHBIX
cucreM. U.1. Mosekynspnas cniekrpockonus. M.: MU3narenscto MI'Y, 1994.

17. Tepuor MU.M., Muxaitsiun B.B. CunxporponHoe uzinyueHue. TeopHs H SKCIIEPHMEHT.
M.: DHeproaromuzar, 1986.

18. I'yamen Jx. Brenenue B dypse-ontuxy. M.: "Mup", 1970.

19. Spur A. BBeJenue B ontuuecKkyio 3aeKTpoHuky. M.:" Beiciias mikomna”, 1983.

20. Kapnos H.B.. Jlexuuu no kBanToBoi# anekTponuke. M., Hayka,1988

21. Kopuuenxo JI.C., Hanuii O.E. ®u3uka nazepos. U.1, 2. M.: Uzgatenscteo MI'Y,
1996.

22. Mbittnenn A., Jlann M. Beenenue B ¢puzuky nazepos. M.: "Hayka". 1978.

23. XanuH SI.1.. OCHOBBI IHHAMHKH JazepoB. M., 1999.

24. AxmanoB C.A., Beicnoyx B.A., Uupkun A.C. Onrtika (peMTOCEKYH/IHBIX Ja3ePHBIX
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