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AHHOTANMA

Kypc nexnuii mocBsméH KBaHTOBON MEXaHUKE MUKPOCKOIIMYECKUX CUCTEM, B3aMMOJICHCTBYIOIINX C BHELTHEH
Cpenom.

OcHoBHOI (popManu3M H3lIaraeMoil TEOPUM — METOJ MHTErpaia 1o TpackTopusM. BHauane oH u3maraercs
KaK aJbTepHATUBHBIA MOAXOMA K M3YYEHHUIO 33]a4 O KBAHTOBOM TYHHEJIHUPOBAHHUU «YUCTOM» CHUCTEMBI. 3areM
npoBoauTCs 0000IIeHNEe MeToa, HEOOXOMUMOE JJIsi OMUCAHMS OTKPBITHIX KBAHTOBBIX cHUCTEM ((popmanu3m
MaTpULbl TUIOTHOCTH, PpyHKIHOHAN BiusiHus Delinmana-BepHoHa, BIMsHUE TUCCUIIALUHN Ha HHTEP(EPEHLINIO
Y TYHHEJIHPOBAHUE).

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

OcBoeHue cTyAeHTaMH yDIyONEHHBIX 3HAHWN MO KBAHTOBOW MEXaHHUKE, HE BXOAALIMX B CTaHIApTHHIC
Kypchl pu3ndeckux (axkyabTeTOB, M KOTOpPBIE B JaibHeimeM OyIyT HCIOIB30BAThCA B TEOPETHUECKUX
1 DKCIIEPUMEHTAIIBHBIX UCCIICOBAHMSX.

33]13‘[1/[ JAUCHUIIINHBI

ITo3HaKOMHTB CTYIEHTOB C COBPEMEHHBIMU MOHATUSAMH W HICSIMU B 3TOH 00JAacTH, C MOCTaHOBKOM
3a/a4 ¥ MOJAXOJaMU K HX pemeHusM. lIpennonaraercs, 94To npociaymaB 3TOT Kype, CTYAEHTbl CMOTYT
YUTATh U JTy4lle HOHUMAaTh TEKYIIyI0 HayuHYIO IIEPHOIUKY B 3TOM 00IacTH.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETCHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHCHUS JEATEIBHOCTH C €&

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
pe3ysbTaTaMu

HPUOPHUTETH COOCTBEHHOH 1EATEIBHOCTH
crocoObl ee COBEPILICHCTBOBAHMSI HA OCHOBE

YK-6.1 Ymeer pemars 3a1a4ui COOCTBEHHOTO JIMYHOCTHOTO

U npodeccHOHANBLHOTO  pa3BUTHUS,  ONPEACIsTH U
CaMOOIICHKH

peaNn30BbIBATH MIPUOPHUTETHI COBEPILICHCTBOBAHUS

COOCTBEHHOM JIeATEIbHOCTH

OIIK-1.1 3Haer ®  cHOocoOEGH  HCIIOJNB30BaTh B

npo(eCCUOHANBHON  JIEATEILHOCTH  (DyHJAaMEHTAJIbHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.2 Crmocoben 00001maTs ¥ KPUTHYECKH OILCHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2.1 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2 Nmeer nipeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

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-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI

OIIK-3 Cnoco0OeH BbIOUpaTh U (UIH) pELICHUS

pa3pabaThIBaTh MOIAXO/IbI K PEIICHHIO THIIOBBIX
1 HOBBIX 3a71a4 B 00acTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U

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




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOrPAMMHBIX ITPOLYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TOIXYYECHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCCHOHATLHON
EITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAETH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mNpuUMEHATh TeopeTHUeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MK-2.1 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4YHOTO
KOJIJIEKTUBA

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

3HAaThb:

- OCHOBHBIC IIOHATHA I10 TEMC JUCIHUITIIINHEI.

YMETB:

- I[IOJIB30BATbCA PA3BUTBIMU B PaMKaX JUCHUINIMHBI MCTOAAaMU UCCICAOBAHUA, PCLIATh 3aa4H 110 TCMC

IUCIUTUIAHEL.
BJIAJIETD:

- MaTreMaTHU4YECKUM U TMOHSITHWHBIM afraparoMm u METOAaMU PICCJ'IEIIOB&HPIIZ, COCTaBJIAIOIIMMU

COACPIKAHUC NUCHUILIINHBI.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

Tema (pa3nen) TUCIUTUTMHBI

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Jlexuu
pabora

Cemunapsl | Jlabopar. paboTh




| TyHHENBHOE paclUeIUIeHue U pacnan U ) ) 5
«UHCTAaHTOHBD)

2 Karactpoda oproronansHoctu-2 2 2 5
DyHKUMOHAT BITUSTHUS

3 Qeitnmana-BepHona s Marpuisl 2 2 5
IJIOTHOCTH — |
DyHKIMOHAT BIIMSIHUS

4 Oeitnmana-BepHona  uid Marpuusl 3 3 5
IUIOTHOCTH — 2

5 Huccunanus B KBAaHTOBOW MeXaHUKe — | 3 3 5

6 Huccunanus B KBAHTOBOM MEXaHUKE — 2 3 3 5

Hroro yacos 15 15 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 3 (Ocennuii)

1. TYHHCJ'ILHOG PaCHICIVICHUC U pacliaJl U «MHCTAHTOHBD»

WuTerpan no myTsM B MHUMOM BpeMeHU. AMmmuuTyaa nepexona ALR 11 2-ssMHOro noreHnuana u
BBIp@XKEHUE U1 HEe uepe3 HHTerpajl Mo MNyTsAM. ODKCTPEMajbHOE pEIIeHHE THMAa «KHHK» H
(IIyKTyalmu OKOoJIO HETO Ha MpUMepe Mojaenu notennuaia V1(x) = - x2 + x4. Beienenne «HyneBon
MoabD». Breipaxenue ans ammiautyasl ALR depes neiicTBHe KMHKAa M OTHOIICHUE JIETEPMUHAHTOB
duykTyanmii B mone 0e30TpaXkaTelbHOTO TIOTEHIMANa. 3ajadya O pacmaje MeTacTa0HILHOTO
COCTOSIHUSL Ha mpuMepe mnoreHuuana V2(x) = x2 — x3. BeluuciieHue MHHMOM 4YacTH 3HEPruu
cocTosHus (T.e. CKOPOCTH paclaja) uepes MHTerpas no nytsaMm. llepeBanbHoe pelieHue THIA
«bounce» u oTpuuareiabHas Mojaa. BpluncieHMe MHHMOH 4YacTH pacXOZsIIErocss HHTerpaja.
BeipaxeHue JuIsi CKOpPOCTH pacliafia 4epe3 JeiicTBUE€ KUHKAa U OTHOILEHHE JETEPMUHAHTOB
¢uryKTyauuii B mosie 6e30TpakareIbHOTO MOTEHIHAIA.

2. Karactpoda opToronansHoCTH-2

Karactpoda oproronanuzanuu B 6030HM3MPOBAaHHOM IpeAcTaBieHHH. CHHTYISAPHOCTD (hepMU-Kpast.
HedazupoBka u karactpoda OpTOroHAIBHOCTH B HHTephepomerpe. JuccunaruBHas JBYXypOBHEBAs
CUCTEMA: BBEJICHUE.

3. ®yukiuonan Biusaus delinMana-BepHoHa A1 MaTpULIBI INIOTHOCTH — 1

PaBHOBecHast (TeruioBast) Marpulla TUIOTHOCTH. YpaBHeHHe 3Bomtonnu ot 0 mo 1/T mo MHUMOMY
BpeMEHH M HHTerpan mno myTtsaMm. Cratucrudeckass cymma. PaBHOBecHas MaTpula IUIOTHOCTH
YaCTHIbl B MArHUTHOM M B 3JIEKTPUYECKOM IOJIsAX. BapuanmonHsiii npuHoun. Marpuia mioTHOCTH
MpU JTUHEWHOW CBA3M C BHEIIHMM mojieM. DyHKIMOHAN BIMSHHUS B MHMMOM BpEMEHH. 3ajada o
HOJISIPOHE.

4. ®dynkumonan BausHUsS OeitHmana-BepHoHa 1St MaTPUIIBI IUIOTHOCTH — 2

HepaBHoBecHast MaTpuia IJIOTHOCTH: HMHTErpal Mo MyTAM «Tyda M 0oOpaTHO» IO BPEMEHHU.
VYepenHeHnue 1o COCTOSHUSIM «cpenbl» M (yHkumonan siausHus. Cpenma, cocrosiias u3 Habopa
OCIIWIIATOPOB NpH 3aaHHoM Temneparype T. [lepponnyHocTs MO MHUMOMY BpeMeHU. Beruncnenue
MOTEHIMAaNa BIUSHUS uepe3 QyHKIUM [prHa Ha KOHType «Tymaa u oOpatHo». Cpena ¢ JTUHEHHOM
(«omuyeckoit») auccunanueld. KBaHTOBBINM aHanor ypaBHeHus JIaHXKeBeHa W €ro KIaCCHYECKHM
npenen. Kinaccuyeckas auccunaruBHas AUMHAMHKA M cynepcuMmMeTpus. OyHkius 'puna ObicTpoit
YaCTUILIBI B CIIy9ailHOM MarHWTHOM IIOJIE.




5. Jluccumanus B KBAHTOBOM MeXaHHUKE — 1

1. Tlpumepsl GpU3HUECKUX CUCTEM:

0 TYHHEIMPOBaHHE MEXIY BBIPOXKAECHHBIMU JIByMs COCTOSHHS: MOJIEKyJla aMMHaKa U MO00HbIE eH,
TYHHEJIMPOBaHHUE cliMHA S>>1 B MOJIEKYJIIPHBIX KilacTepax, KyouTtsl, TLS B meTannax;

) np06ﬂeMa y3KOI\/’I 30HBI: [LI-MC30HbI B MCTAJIJIC, IMHAMHUKA (1)8.3])1 B Z[)KOSG(I)COHOBCKI/IX KOHTAaKTax,;

0 Ppacmaja MeTacTaOWIBHOTO COCTOSIHHS B MPHUCYTCTBUM auccunanuu: phase slip in biased Josephson
junction, TyHHEJTHpPOBaHHE OJJICKTPOHA B TPSA3HBIA METaJI, KpPHUI UCIOKAIMid B KBAHTOBOM
KpHCTAJLIE.

2. OOmiast Teopusi KBAHTOBOTO pacmajia Py HATMYWH JIUCCUITIAIINH.

3. Ilepexon  OoT  TeOBOM  akTMBALlMM K  JUCCUIIATUBHOMY  TYHHEJIUPOBAHMIO.
[Ipe-sxcioHeHuMaIBHBIN QaKTop.

6. Jluccurmaius B KBAaHTOBOM MEXaHUKE — 2

1. JIByX-ypOoBHEBas cUCTEMA:

o JIByx-ypoBHeBas cucTeMa ¢ IWCCHUIalnell B MHUMOM BpPEMEHH MpH ciaboil cBszu o << 1.
o Touno pemaemsrii ciyqaii: IYC c o= 1/2.

o ®azoBeIii nepexox mpu o = 1 — 6J0Kaga TyHHEIMPOBAHUSI.

Pa3zpy1iieHre 30HHOTO JBUKEHHUS B IEPUOJUYECCKOM MOTEHIIUAIIE:
pa3IoKEeHUE IO UHCTAHTOHAM U 1yalbHOE K HEMY,
(hazoserit nepexon llIMuna u ero ¢u3. CMEIC,

©c o o N

JUCCUTIAIINS, TIEpUONIecKas o (ase.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYuebHas ayquTopusi, 10CKa, TP HEOOXOAUMOCTH MEHAIIPOEKTOP, IKPaH.
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10. R. Resta, «Manifestations of Berry's phase in molecules and condensed matter», Journal of Physics:
Condensed Matter, Volume 12, Number 9.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

JocTynHeie yepe3 Internet HayuHbIE 1 HAYYHO-TEXHHYECKHE )KYPHAIIBI, B TOM YHUCIIE:
https://journals.aps.org/ - 6a3a nanHbIX 1o xxypHasiam Physical Review

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[TpencraBnenue MaTepuasa Ha JOCKE W/WIN TIPU MTOMOIIH MeTHAIIPOEKTOpa.

Bo3moxHo ncnonb3oBanue 110 JJI1 CUMBOJIBHBIX W/AITA YUCIIEHHBIX BLIQHCHEHHﬁ, a TaK¥XKC
MMPOBCACHU Be6I/IHapOB W 3aHSATHI OHJIAIH.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CTyneHT, M3y4arouuii IUCHUIUIMHY, JOJDKEH C OIHOW CTOPOHBI, OBJIAJECTh OOLIMM ITOHATUHHBIM
anmaparoM, a ¢ Jpyroil CTOPOHBI, JOJKEH HayYUThCS IPUMEHSATh TEOPETUUECKUE 3HAHUS Ha IPAKTHUKE.
B pesynbrare n3ydyeHns AMCLUILIMHBI CTYJICHT JOJDKEH 3HATh OCHOBHBIC OINPEAETICHUs AUCIUIUINHBI,
YMETh IPUMEHSTh TTOJTy4YCHHBIC 3HAHUS JUIS PELICHUS Pa3IMUHbIX 3a/1ad.

VYenemrHoe  OCBOeHHME Kypca TpeOyeT HanmpsHKEHHOW CaMOCTOSTENbHOW paboThl  CTy[JeHTa B
COOTBETCTBUU C JJAHHBIMH B pabodeii mporpamme. CamocTosTeNbHas padoTa BKIIFOYAET B ceOsl:

— YTEHUE PEKOMEHI0OBAaHHO JIUTEPaTypHl,

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITEIIEHOTO M3yUCHHUS;

— peleHue 3a1a4, IpearaéMbIX CTYJICHTaM Ha JICKIUAX U TPAKTUICCKUX 3aHATHSX,

— IPH HEOOXOAUMOCTH MOATOTOBKY K NPAKTHYECKHM 3aHATHSAM, KOJUIOKBUYMaM, YK3aMEHY.
ITokazareneM BiIQAEHUS MaTepUaIOM CIYXKHUT YMEHHE pemarh 3aaadu. Jns GopMHpOBaHHS yMEHHS
NPUMEHSATh TCOPETHYCCKHE 3HAHUS Ha MPAKTHUKE CTYIEHTY HEOOXOIUMO PelIaTh KaK MOKHO OOJbIIe
3ajad.

BaxHO 10OWTHCA MOHMMaHHS M3y4aeMOTO MaTepHaja, a He MEXaHHMYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY I MPENOAaBaTeNI0, BEAyIIEeMy MPAKTHUSCKUE 3aHATHS.

Bo3MOXXeH MPOMEKYTOUHBIH KOHTPOJIb 3HAHUI CTYJACHTOB B BHJE PEIICHUS 33a]a4 B COOTBETCTBUH C
TEMAaTUKOW 3aHATHH.



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 nmpobiem TeopeTndeckon HU3NKU

Kypc: 2

kBaTuuKkanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

Pa3paborunk: M.B. @Oeciirensman, 1-p (huz.-MaT. HayK, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHCHUS JEATEIBHOCTH C €&
pe3ynbTaraMu

YK-6.1 Ymeer pemars 3aaa4vi COOCTBEHHOTO JIMYHOCTHOTO

U npodeccHOHANBLHOTO  pa3BUTHS,  ONPEACsITH U
CaMOOIICHKH

peaNn30BbIBATH MIPUOPHUTETHI COBEPILICHCTBOBAHUS

COOCTBEHHOM JIeATEIbHOCTH

OIIK-1.1 3nHaer W  cHocoOEGH  HMCIIOJNB30BaTh B

npo(eCCUOHANBHON  JIEATENLHOCTH  (DyHJAaMEHTAJIbHBIC

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Cmocoben 00001maTs ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEIHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
uTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUUHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTara v IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI TPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHUIO

kB (pHuKaIy, MpodeccuoHaTbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

I1K-1 CiocobeH cTaBuTh, (hOPMaIN30BEIBATE U

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH




pemarh 3a/1auu, B ToM uncie pa3padarsiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJyYaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE

pe3yabTaThl
[MK-2 CriocobeH caMOCTOsTENFHO WK B [MK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
KadecTBe 4iieHa (PyKOBOAMUTEIS) MaJIOTO HCCJICAOBAHMUS CaMOCTOSITEIbHO WMJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTHBA OPraHU30BbIBATh U MPOBOIANTH KOJIJIEKTHBA

HAY4YHBIC UCCIICAOBAHUA U UX anp06auI/Ho

2. Iloka3areim OleHUBAHUS KOMIIEeTeHITHH

B pesynbrare m3yueHus AMCHMILIMHBI «VHTErpanbl Mo MyTSM M KBAaHTOBAs MEXaHHMKA OTKPBITBIX CHCTEM)
00yJaronuiics JOmKeH:

3HATh:
- OCHOBHBIC TIOHSATHS 10 TEME JTUCITUTIINHBL.

yMeTh:
- TIOJIb30BAThCS Pa3BUTHIMHU B paMKax JUCITUIUIMHBI METOAAMH UCCIIEOBAHMS, pPElIaTh 3a7a4yH Mo TeMe
JUCITUILIUHEL.

BJIAJIETh:
- MaTeMaTWYeCKUM U TMOHATHUIHBIM amnmapaToM H METOJaMH HCCICIOBAHHMA, COCTABISIOMIUMU
coJiepKaHue AUCIUTITUHBL.

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

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

Kputepun onennBanus

Onenka "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IITyOOKHE 3HAHMSA Y4eOHOM NpOrpaMMbl JUCHUIUIMHBI, MPOSBISAIOLIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0OamioB) BBICTAaBIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.

Onenka "xopomro" (7 6aiioB) BBICTABISETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET Marepuall, TpaMOTHO U
[0 CYIIECTBY H3J1araeT ero, yMeeT NPUMEHSTH MOJy4YCHHbIC 3HAHMS Ha MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka "xopomo" (6 0anIoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHATH IOJy4YCHHBbIC 3HAHMS HA MPAKTHKE, HO JOMYCKAeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.




Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKON MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero oOy4deHus, u
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jeslaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIero o0y4eHus 1
C TPYZIOM IIPUMEHSET MTOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPUHIHUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Omnenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne ommOKy B (GOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3aj1ay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpoBOAUTCS B YCTHOH ¢opme mo Oumneram. B kaxxgom Owuiiere mnpencTaBiieH OAMH
Teoperuueckuii Bonpoc. [Ipu nmpoBeneHnu sx3ameHa oOydaromeMycs npenocrasiasercs 30 MHHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO aCTPOHOMHYECKOTO Yaca.



1. IlepeyeHb THNOBBIX (MPUMEPHBIX) BOMPOCOB, 3/IaHU, T€M /ISl MOATOTOBKH K TEKYIIEMY KOHTPOJIIO

[puMepsl 3a/1aHM KOHTPOJIBHOM PabOTHI:

1. Haiitu pacuienyieHue ypoBHeH B IByXIMHOM CUMMETPHYHOM MOTEHILIHATIe METOA0OM (DYHKIHOHAIBHOTO HHTETPHPOBAHUS C yUETOM
HWHCTaHTOHOB.

2. HaiiTi MaTpHily INIOTHOCTH YaCTHILBI C 3apsI0OM € U MacCOi m, IBMIKYLIEHCS B IOCTOSTHHOM MarHUTHOM mojie B mpu temneparype T.
3. Haiitu B3auMo/ielicTBEe HHCTAHTOHOB (B MHUMOM BPEMEHH), BO3HHUKAIOILEE H3-3a CBA3U TyHHENIHPYIOIIEH JaCTUIIBI C OMUUECKUM
pe3epByapoM.

4. Haiity BKJIaJ B 2HTPOIIMIO CBOOOHON KBAHTOBOM YaCTHUIIEI MACCHI M, BO3HUKAIONIHI M3-3a €€ CBSI3H C OMHUECKUM PEe3epByapoM.

5. Haiitu Buz dhexTuBHOTO NEHCTBHUS, 3aBUCSIIETO OT Pa3HOCTH (a3 Ha HKO3e()COHOBCKOM KOHTAKTe ¢ HoMepoM n=0, mocie
HMHTETPUPOBAHMS 110 BCEM OCTaJBHBIM IepeMeHHBIM LC-nuHny, moka3aHHOH Ha pUCYHKE HIDKE.
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[puMmepsl 33124 115 TOMAITHETO 3aAaHus:
1. MeTo10oM MHCTaHTOHHBIX TPACKTOPUI HAMTH IIMPHHY 30HBI ABI)KEHHS YaCTHULBI 331aHHOM MacChl B CHHYCOMIAILHOM ITOTEHIHAIe OOJIBIION

aAMILIUTY b
2. TIlpumenuts BapuanuoHHBIH MeTo PelfHMaHa K BEIMHUCICHUIO CBOOOIHOM SHEPTUH U TEITIOEMKOCTH aHTaPMOHHYECKOTO OCILIHIIISITOPA C
noteruuanom U(x) = k x*2 + \lambda x4 u3yuus cnyqan k >0 u k <O0.

3. MUccnenoBats adext ApoHoBa-boma 1yt 4acTHIEL, IBIDKYIIEHCS Ha KOJIbLIE ¢ MATHUTHBIM IIOTOKOM BHYTPH, TIPH HAIMYUH CBSI3U STOM
YaCTHULbI ¢ OMUYECKHUM JUCCUIIATUBHBIM PE3EPBYapOM.

4. MW3yduTh BO3MOXKHOCTH IOSIBJICHHS CBI3aHHOTO COCTOSIHUSI KBAHTOBOM JaCTHIIBI, ABIDKYIIEHCS B TPEXMEPHOM IPOCTPAHCTBE B IOJIE CIaO0T0
KOPOTKOAEHCTBYIOLIETO MOTCHINANA, IPH HATUIHUH CBSI3U JaCTUIIBI C JUCCUIIATHBHBIM pe3epByapoM. [lokasars, 4T0 mpu oMHYecKon
JIVICCHUITIALINY CBSA3aHHOE COCTOSTHHE BCET/Ia UMEETCs, ISl CKOJIb YTOJHO c1aboro MoTeHIHana.

5. Haiiti nepeHOPMHUPOBKY 1K03€()COHOBCKOI SHEPTHU CBEPXIPOBOASALIETO KOHTAKTA M3-3a (QIyKTyauuit Gpas3sl Ha HEM, IIPH YCIOBHH, YTO
KOHTAKT IIYHTUPOBaH cOnpoTHBiIeHneM R mopsinka h/4e”2 = 6.5 Kom.

2. IlepeyeHb THNOBBIX (IIPUMEPHBIX) BONPOCOB U TeM /JIsl IPOBeIeHUs MPOMEeKYTOYHOI aTTecTalMK 00y4aloUIuXCs

KoHTpoJIbHBIE BOIPOCHL:
Merton HHTETpajIa IO TPACKTOPHUSIM U BEIYUCICHUE PACIICIUICHHS YPOBHEH B ABYXIMHOMIIOTECHIIHANE.

Bapuanvonnstit Mmeron @eitHMana 1 penieHue npooIeMbl oJIsIPOHa
OyHKIMOHANBHBIA HHTErpall UIsl HePaBHOBECHON MaTPHIIBI INTOTHOCTH (MeTox Kennpima)
KBaszuknaccuueckuii ananor ypaBHeHus JlaHxeBeHa

Cy»KeHHe 30HBI KOTePEeHTHOTO BIDKECHHS IIPH HAJTWYUH CBSI3H C OMHYECKHAM PE3epBYapoM.

H[ YUMEPBI DK3aMCHAILIMOHHBIX OMJIETOB:

Buaer 1. Mertoz unTerpaia no TpaeKTOPUsIM U BEIUMCIIEHUE PACIEIUIEHUs] YPOBHEHN B IByXIMHOM MOTEHIIHAJIE.
Buner 2.  Bapuanmonsslii Mmeron deifHMaHa U pemieHne MpodIeMbl MOISPOHA

Bbuner 3.  dyHKIMOHAIBHBIA HHTErpal Ul HEPABHOBECHON MaTpUIlbl IIIOTHOCTU (MeTox Kenpplina)




