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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: CreKTpocKoIus KOHICHCUPOBAHHBIX CpeJl
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QU3NKU ¥ TEXHUKU HU3KUX TEMIIEPaTyp

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: B.H. I'mazkoB, kanj. ¢pus.-mar. Hayk

[Iporpamma obcyxaeHa Ha 3aceqanuu kKadeapsl GU3NKU U TEXHUKKA HU3KKUX Temnepatyp 01.04.2024



AHHOTANMA
Kypc paccunran Ha u3ydeHHE CIyHIATE€IsIMH OCHOBHBIX CHEKTPOCKOIMMYECKHX METOJOB, MPUMEHIEMBIX B
HCCIeNOBaHUAX B (hU3uMKe TBEPAOTO Tela (B OCHOBHOM IPH M3YYCHHHM MArHUTHBIX SIBIICHUH): HEHTPOHHOUN
TUQpakiuy, MeccOaydIPOBCKOW CIIEKTPOCKONMH, MArHUTOONTHYECKUX METOJOB M METOJOB MATHUTHOTO

pesonanca. OOcyxnatorcs — Qusndeckue

OKCIICPUMCHTAJIBHBIX PC3YyJIbTATOB.

IIPUHIUIIBI
OKCIICPUMCHTAJIbBHBIX YCTAHOBOK [JId UX IIPUMCHCHUSA W TNPUMCPLI

9TUX  MCTOHOB, MNPaKTUYCCKUC  pCaIn3aliun

INOJIYUYCHHBIX OTHUMU METOAAMU

Kypc opuentupoBan Ha ctyneHToB 5 kypca (1 rog maructparypsl) JIOU (OOIID) MOTU.

1. leau u 3apa4u

eap AUCUMNIMHBI

- HU3y4YUTh pa3jinuHbIC

CIICKTPOCKOIMNYICCKUC

MECTOAFbI, MNPHUMCHACMBIC B HCCIICAOBAHUAX

KOHJICHCUPOBaHHBIX CpeJl IIPU HU3KUX TeMIleparypax.

3agauu AUCHUILIHHBI

O3HaKOMJICHHE C pa3JIMiIHbIMHU  CHEKTPOCKONMUYCCKUMHU MCETOAAMH, IMPHUMCHACMBIMU B (bPIBI/IKe

KOHACHCUPOBAHHOTO COCTOAHUH.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W cHocoOEGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANBHOMN ESTEIbHOCTH

OIIK-2 Nmeer nipeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM SI3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBiIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoi obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJIbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHOW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (WIn)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX alpoOaIiyio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIBHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA




[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITAaTEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00TIacTH

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIlleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

[MK-4 CriocoOHOCTh IPUMEHSTH pru3nuecKkre
METO/Ibl TEOPETUIECKOTO U
IKCHEPHUMEHTAIBHOTO HCCIICIOBAHUS, METO/IBI
MaTeMaTHYECKOTO aHaJIH3a U MOJCITUPOBAHUS
JUISL pELICHHs TIPUKIIaJHBIX
WH)KCHEPHO-TEXHHYECKHUX H
KOHCTPYKTOPCKO-TEXHOJIOTMYECKUX 3a/1a4

[IK-4.1 Brnageer coBpeMEeHHbIMH (PU3MUECKUMHU METOJAMHU
TEOPETUUYECKOI'0 U IKCIIEPUMEHTAILHOIO UCCIIEOBAHUS

[1K-4.3 CnocoOeH MmiaHupoBaTh ¥ MPOBOAUTH HCIIBITAHUS

Ha Pac4eTHO-TEOPETHYECKHUX MOJIENAX WIH
OKCIIEPUMEHTAIBHOM  O00OpY/IOBaHMM C  TPUMEHEHHEM
CTaHJAPTHBIX u CHeHUaIbHO pa3paboTaHHBIX

MHCTPYMEHTAJIBHBIX U (MJIN) IPOTPAaMMHBIX CPEICTB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HaTh:

- OCHOBHbIE CIIEKTPOCKOIIMYECKHE METO/bI U3YUEHUS KOHIEHCUPOBAHHBIX CPE.
YMETb:

- BBIOMpATh ONTUMANILHBIA CIIEKTPOCKOMMYECKUI METO/.
BJIaJIETh:

- METOAaMHU aHaJIn3a CIICKTPOCKOIINYCCKUX JaHHBIX.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl IuctMIIMHbI (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| MarnutHble BO30Y)XKIEHUS U CIHMHOBBIC 10 10 15
BOJIHBI. PaccestHue HENTPOHOB.
Paccesnue cBeta, W pa3nUYHBIC BHIBI
) > 1P A 10 10 15
MarHuTHOI'O pe30HaHCcA.
3 CrinHOBBIN raMUWIBTOHUAH U pelaKkCalus 10 10 15
MarHUTHBIX BO30YKICHHUIM.
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2.

Cemecrtp: 2 (Becennuit)

Coneprxanue JUCIUIUIMHBL (MOAYS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

1. MaraurHsie B036Y)KIL6HI/I${ M CIIMHOBBIC BOJIHEL. PaccesHue HeﬁTpOHOB.

MarsuTHEIS BO36y>K,E[eHI/I$I B KOHACHCHUPOBAHHLBIX CpClax. CHUHOBBIE BOJHEI. Hpeo6pa30BaHI/Ie

Xonrenna-1Ipumakosa.




CriekTp CIMHOBBIX BOJIH. DKCIIEPUMEHTAJIbHbIE METOABI OIPEACICHHs IapaMeTPOB CIIMH-BOJIHOBOIO
CIEKTpa.

Paccesstnue HelitponoB. OCHOBBI MeTOJa HEHTPOHHOHU nudpakiuu. BzanmoseiicTBue HEUTPOHOB ¢
BEILECTBOM: SIEPHOE M MATHUTHOE pacCcesHUE, KOTEPEHTHOE U HEKOTEPEHTHOE PAacCesIHUE, YIPYTOe U
HEYIIPyTroe paccesHue.

[IpuMepbl OCTAaHOBKM JKCIIEPUMEHTa O HEHUTpOoHHOH mudpakiuu. TpEXocHBIH TuppakTOMETp,
MaJIOyIJIOBOE PacCEesHUE, BPEMAINPOIETHAS CIIEKTPOMETPHS.

[Ipumenenne wmerona audpakuud HEUTpPoHOB. OmpeneneHue KPUCTALIMYECKUX W MAarHUTHBIX
CTPYKTYD, OILIpEJEJIEHUE CIIEKTPOB KBa3UYACTHUI] B )KUIKOM I'€JIMU U B TBEPABIX TeJlax.

Paccesnune cBera. Paccesnue cBera Ha (oHOHAX M MarHoHax (KOMOWHAIIMOHHOE paccesHue).
Oddexkr Keppa u sddexkr Dapanes. [lpumeHeHHE ONTHYECKUX METOOB B  CIEKTPOCKOIUHU
KOHJICHCHPOBAHHBIX CpEl.

2. PaccesHue CBCTA, U PA3JIMYHBIC BUJIbI MAIrHUTHOTO PEC30HAHCA.

MIOOHHBIN CIMHOBBIA PE30HAHC M MeccOaydpoBcKasi ceKTpocKonus. OCHOBBI METOI0B, PUMEPHI
MIOCTAHOBKHU 3KCHEPHUMEHTA U MIPUMEHEHNUS B (Pr3nKe KOHICHCUPOBAHHBIX Cpel.

CrieKkTpoCKoIusi MarHUTHOTO pe3oHaHca. OCHOBBI TEOPHUM MAarHMTHOrO pe3oHaHca. CnuH B
MarHUTHOM I10j€ (KBaHTOBOE PAacCMOTpPEHHE), MPEneccHsi MarHUTHOTO MOMEHTa (KJIacCHYeCKOe
paccMoTpeHue).

HenpepbIBHBIA 1 UMITYIbCHBIM MarHUTHBIA pe3oHaHc. CIIMHOBOE 3X0. YCTPOHCTBO CHEKTPOMETPOB
MarautHoro pezoHanca (OI1P u SIMP).

DJIEeKTPOHHBIH MapaMarHUTHBIM PE30HAHC HM30JUPOBAHHBIX MOHOB. D(P(EeKTs CHHH-OPOUTAIBLHOTO
B3aMMOJICHCTBHS: aHU30TPOIHUS g-(PaKkTopa, OAHOMOHHAS AaHU30TPOIIHA.

CruHOBBII raMHJIBTOHHAH.

Penakcanust MarHUTHBIX BO30ykaeHui. Kiaccuueckas Teopusi pesakcanuy Mpeneccud MarHUTHOTO
MoMeHTa (ypaBHeHHs broxa), mpoponbHas u nonepeyHas penakcanus. KBaHToBasi Teopust MIMPUHBI
nuauu OI1P.

OnyKTyallMOHHO-IMCCUTIaTHUBHAs Teopema. YmupeHue JuHuu OIIP aumonb-qunoabHeIMH |
AHU30TPONHBIMU CIIMH-CIIMHOBBIMH B3auMozaeHcTBUsIME. OOMeHHoe cyxeHue tuHun JIIP.

3. CnuHOBBIM raMUIBETOHHAH U peirakCanus MaroHuTHbIX BO36y>KI[GHPII>i.

MarHuTHBI pE30HAHC B YHOPSAOYEHHBIX cpefax. AHTU(GEPPOMArHUTHBIA WU (eppOMarHUTHBIN
pe3onanc. CiuH-BOJIHOBOM pe30HaHC. YOKepoBckue Mozbl. [lapamerpudeckuii pesoHaHc

[Ipumepsl nprMEHEHHUs METOAA MArHUTHOTO Pe30HaHCa. AHTU(EPPOMArHUTHBIN B TBEPAOM Ieinu-3.
Nnentudukanys MarHuTHBIX (Pa3oBBIX MEPEXOO0B M CIIMHOBBIX CTPYKTYp B aHTH(EpPOMArHeTHKax.
Onpexnenenue JTOKAIbHON CHUMMETPUN MarHUTHBIX HOHOB B Pa30aBICHHOM I1apaMarHeTHKE.
W3yuenne HU3KOAHEPIeTUUECKOTO CIIEKTPa BO30YKIIEHHH B KBAHTOBBIX MAarHETUKaX (CHMH-IIEIEBBIX
cUCTEeMax).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Aynuropus, bubnnorexa.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Beenenue B husuky tBepaoro tena [Texct] : yaeOnuk mist By30B / U. Kutrens ; mep. mox pex. A. A.
I'yceBa .— 2-e u3g., crepeorur. / nepened. ¢ u3a. 1978 r. — M. : Meaua Crap, 2006 .— 792 c.
2. KBanToBast Teopus TBepabix Ten [Tekct] : yue6. mocobue st By3os / Y. Kutrens ; ep.c anm. A. A.
I'yceBa .— M. : Hayka, 1967 .— 491c.
3. C.A.Anprrynep, 5.M.Ko3sipeB «91eKTpoHHBIH NapaMarHUTHBINA pe30HAHC COCAMHEHUH 3JIEMEHTOB
MIPOMEXYTOUYHBIX Tpymim», MockBa «Haykay, 1972
4. I.A. Zaliznyak and S.-H. Lee. “Magnetic Neutron Scattering.” In Modern Techniques for
Characterizing Magnetic Materials, edited by Y. Zhu (Springer, Heidelberg, 2005).



JomnonHurensHas aureparypa

1. G. Khitrova, H. M. Gibbs, F. Jahnke, M. Kira, and S. W. Koch. Nonlinear optics of
normal-mode-coupling semiconductor microcavities. Rev. Mod, Phys. 71 (5), 1591 (1999).
2. 4. Hui Deng, Hartmut Haug, and Yoshihisa Yamamoto. Exciton-polariton Bose-Einstein
condensation. Rev. Mod. Phys. 82, 1489 (2010).

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

He ncnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JMCUUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Jnist ocyiiecTBieHus: 00pa3oBaTeIbHOTO MPOIEcca M0 TUCIUILTUHE He0OX0AUM HOYTOYK U
MeIUanpoeKTop. B oTAenbHBIX ciaydasx o0ydaromumecss MOTYT B paMKax CaMOCTOSITEIIbHOM padoThI
BBITIOJIHATE pacdeThl B cucreMax Mathematics, Mathlab, Mapple u T.1.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arolui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIIMHBI CTYACHT MHOJUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuala, TOATOTOBKY OTBETOB Ha BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3YUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSX;

— MOJITOTOBKY K BBIMOJIHEHUIO 33JJaHUM TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajieHHUss MaTepUaIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTrepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3y4YEHHs OTJACIbHBIX TEM, BOMPOCOB, CIEAYeT OOpamarbcsi 3a KOHCYJIBTAIUSIMU
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QU3NKU U TEXHUKU HU3KUX TEMIIEPaTyp
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: B.H. I'na3koB, kanx. ¢us.-Mat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh aKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOUpATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJ1a4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3a7a4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BHIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MIK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIJICAOBAHMUS CAaMOCTOSITENIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHreM (MpruOOpamMH U yCTaHOBKAMH,
CIIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAHBIX
porpamMm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TIPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenMpoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEILCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (YMCIEHHBIX) PE3yIbTaToOB

[1K-4 CriocoOHOCTh TPpUMEHSTH (pru3nyuecKkue
METO/Ibl TEOPETUUECKOTO U
9KCIIEPUMEHTAIILHOTO HCCIIEJOBAHUS, METOABI
MaTeMaTHYECKOTO aHaJIM3a U MOJCITUPOBAHUS
JUISL PEeLICHUS IPUKIIAIHBIX
MHXCHEPHO-TEXHUYECKHUX U
KOHCTPYKTOPCKO-TEXHOJIOTHUECKUX 3a/1a4

[1IK-4.1 Brnageer coBpeMeHHBIMH (PU3MUECKUMU METOJAMU
TEOPETHUYECKOTO M HKCIIEPUMEHTAIILHOTO HCCIIEOBAHUS

[1K-4.3 CnocobeH miaHupoBaTh U HMPOBOAMTH HCIBITAHUS

Ha pacyeTHO-TEOPETUUECKUX MOJEIIAX WK
JKCIEPUMEHTAILHOM  00OpYIOBaHMM C  IPUMEHEHUEM
CTaHJIapTHBIX u CHEIUAIILHO pa3paboTaHHBIX

WHCTPYMEHTAJIBHBIX U (MJIN) IPOrPaMMHBIX CPEICTB

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIBbTATC NU3YUYCHUA JUCIIUITIIMHBL «CHGKTpOCKOHI/IH KOHACHCUPOBAHHLBIX CPEI» OGy‘laIOH.II/II\/'ICH JOJIKCH:




3HATh:

- OCHOBHbIE CIIEKTPOCKOIIMYECKHE METO/IbI U3YUEHUS KOHIEHCUPOBAHHBIX CPE.
yYMeThb:

- BBIOMpATh ONTUMANILHBIA CIIEKTPOCKOMUYECKUI METO/I.
BJIaJeTh:

- METOIAMHU aHaJIM3a CIIEKTPOCKOIIMUYECKUX JaHHBIX.

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

C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

1. MaruauTHble BO30Y)XIECHUS B KOHICHCHPOBAaHHBIX cpenax. CrnmHoBble BosiHBL. [IpeoOpazoBanue
XommrelriHa-ITpumaxoBsa.

2. CHekTp CIHHOBBIX BOJIH. DKCIEPUMEHTAIBHBIC METO/IBI ONPEACTICHHS [TaPaMETPOB CIIMH-BOJTHOBOTO
CIIEKTpa.

3. Paccesinue HeiTpoHOB. OCHOBBI MeTOAa HEUTPOHHON Andpakuuu. B3anmoneiictBue HEHTPOHOB C
BELIECTBOM: SJIEPHOE U MarHUTHOE PaccesHUE, KOTEPEHTHOE U HEKOI'EPEHTHOE pacCcesiHUe, YIpyroe u
HEYTIPYTO€ pacCcesiHueE.

4. llpumepbl MOCTAaHOBKH SKCIEPUMEHTa MO HEUTPOHHOW Audpakumu. TpéxocHbI mudpakroMeTp,
MaJIOyIJIOBOE PacCesHUE, BPEMNPOIETHAS CIIEKTPOMETPHUSI.

5. Ilpumenenune Metona IuGpakiuu HEUTpoHOB. OmpeneneHue KPUCTAUIMUECKUX M MArHUTHBIX
CTPYKTYD, OIIpeaesieHNE CIICKTPOB KBA3UYACTHUI] B KUJAKOM T'€JIMH U B TBEPABIX Telax.

6. Paccesnue cBera. Paccesnme cBera Ha (OHOHaX W MarHoHaxX (KOMOWHAIIMOHHOE paccesHue).
Opdexr Keppa u sdpdexr Dapanes. llpuMeHeHHE ONTUYSCKUX METOIOB B CIIEKTPOCKOIIHAU
KOHJICHCUPOBaHHBIX Cpe/l.

7. MioOHHBII CTUHOBBIM pe30HAHC U MeccOaydpoBCcKas CrieKTpockomusi. OCHOBBI METOJIOB, IIPUMEPHI
MMOCTAaHOBKHU 3KCIIEPUMEHTA U IPUMEHEHHS B (PU3HMKE KOHACHCUPOBAHHBIX CPE.

8. CnexTpockomusi MarHMUTHOTO pe3oHaHca. OCHOBbI TEOPHMHM MAarHUTHOTO pe3oHaHca. CnuH B
MarHuTHOM TIOJie (KBAaHTOBOE pPAaCCMOTPEHHE), IpElecCcHs MarHUTHOIO MOMEHTa (KJIacCHYeCcKoe
paccMOTpeHue).

9. HemnpepbIBHBIN U UMIYJIbCHBIN MarHUTHBIN pe3oHaHc. CIIMHOBOE 3X0. YCTPOMCTBO CHEKTPOMETPOB
MarauTHoro pezoHanca (OI1P u SIMP).

10. DnexTpoHHBIN MapaMarHUTHBIH PE30HAHC M30JIMPOBAHHBIX HOHOB. D((EKTh CHUH-OPOUTAIEHOTO
B3aUMOJICHCTBHUS: aHU30TPONHA g-(haKTopa, OJHOMOHHAS AaHU30TPOIHSL.

11. CnuHOBBIN TaMUIIBTOHUAH.

12. Penakcauuss MarHuUTHBIX BO30ykaeHud. Kiaccuueckas Teopust penakcaluu MPeLECCUr
MarHUTHOTO MOMEHTa (ypaBHeHus bioxa), mpononbHas u nonepeyHas penakcaius. KBantoBast Teopus
mupuHbl nHUA DITP.

13. ®nyKTyaunoOHHO-IMCCUIIATUBHAs Teopema. YmupeHue iuHuu OIIP mumnonb-gumonsHeIMH U
AQHW30TPOIHBIMM CIIMH-CIIMHOBBIMH B3auMozaencTBuaAMU. OOMeHHoe cyxenue uHun JI1P.

14. MarHuTHBIM pe30HAHC B YMOPSJIOYCHHBIX cpefax. AHTU(QEPPOMArHUTHBIM M (eppOMarHUTHBIN
pe3onanc. CIMH-BOJTHOBOH pe3oHaHC. YOkepoBckue Mojbl. [lapamerprueckuii pe3oHaHC

15. Ilpumepbl TpUMEHEHHS METOAa MAarHUTHOTO pe30HaHca. AHTH()EPPOMArHUTHBIA B TBEPAOM
requn-3.  VaeHTuduKanuss MarHUTHBIX — (Da3OBBIX MHEPEXONOB U CIMHOBBIX  CTPYKTYp B
antudeppomaraerukax. OnpeneneHue JOKaJbHOW CHMMETPUM MAarHUTHBIX HOHOB B Pa30aBICHHOM
rapaMarHeTuke.

16. HM3yuyeHne HM3KOPHEPIeTHUECKOTO CIIEKTpa BO30YXKJEHHH B  KBAaHTOBBIX MAarHETHKax
(CTIMH-IIIENIEBBIX CHCTEMAX ).

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:
burer 1.



1. Paccesnue HeittpoHoB. OCHOBBI MeToAa HEHTpoHHOU audpakuuu. BzaumoxnericTBue HEUTPOHOB €
BELIECTBOM: SJIEPHOE U MarHUTHOE PaccesHUE, KOTEPEHTHOE U HEKOI'EPEHTHOE pacCesiHUe, YIpyroe u
HEYIIPYyTO€ paccesHue.

2. CHexTp CIIMHOBBIX BOJH. DKCIIEPUMEHTAIbHBIE METObI ONPEACICHHS TapaMEeTPOB CIIMH-BOJIHOBOTO
CIIEKTpa.

buner 2.

1. HempepbIBHBIN M UMITYIBCHBIM MarHUTHBIA pe3oHaHc. CIIMHOBOE 3X0. YCTPOWCTBO CHEKTPOMETPOB
MarauTHoro pezoHanca (OI1P u SIMP).

2. MaruutHbele BO30YXIEHHs B KOHICHCHpPOBaHHBIX cpeaax. CnuHoBble BOJHBL. llpeoOpasoBanue
Xonrenna-1Ipumakosa.

Bbuner 3.

1. MIOOHHBI CIIMHOBBIN pe30HaHC U MeccOayIpoBcKasi CeKTpocKonus. OCHOBBI METO/IOB, PUMEPHI
MMOCTAaHOBKH 3KCIIEPUMEHTA U IPUMEHEHHS B (PU3HMKE KOHACHCUPOBAHHBIX CPE.

2. CHexTpoCKONUsi MarHUTHOTO pe3oHaHca. OCHOBBI TEOPHUHM MAarHUTHOrO pe3oHaHca. ChuH B
MarHuTHOM TIoJie (KBAHTOBOE pPAaCCMOTPEHHE), IpElecCcHs MarHUTHOIO MOMEHTa (KJIacCHYeCcKoe
paccMOTpeHue).

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - 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 PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OamioB - BBICTABJIAETCA CTYIAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

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

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYyYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPblE HETOYHOCTH.

OHGHKa XOpo1Io 5 0ajIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO
" IO CYHECTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA HaA IIPAKTHUKE, HO JOIIYCKAacT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaia - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTUYECKOU IOCIIENOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIE Pa3zieibl y4eOHOH HpPOrpaMMbl, HEOOXOAMMBIE JUIs NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTh TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENIBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B H3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JiejaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENIBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUs Y4YeOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONYCKaeT TIpyOble OMIMOKH B
(OpMyITHPOBKaX OCHOBHBIX IPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.



OueHka HEYNOBIETBOPUTENbHO | 0ayl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Ok3ameH npoBoauTcs 1o Owneram. Ilpu npoBeneHun sk3amena oOydaromemycs npenocrasisercs 30
MHHYT Ha moaroroBky. Ompoc oOydwaromierocss He JOJDKEH IMPEBBIMIATh OJHOIO acTPOHOMHYECKOTO
yaca.



