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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: KBanToBas Teopust

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa Qu3nKu 1 GU3NIECKOTO MaTePUATOBEICHUS

Kypc: 3

KBaJIMpUKALUS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 6 (BECCHHHI) - DK3aMEH

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 30 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3
KonuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2
[Iporpammy cocraBuiu:

A.JIL. bapabaHoB, 1-p (u3.-Mar. HayK, JOUEHT, JOIECHT
C.B. PomanoB, kanj1. ¢u3.-Mar. HayK, JIOIEHT, IOIIEHT

[Iporpamma obcyxneHa Ha 3acefanuu kKadeapsl Gpu3uku 1 Gusnueckoro marepuanoseaenus 20.03.2021



AHHOTANMA

Llenmpto  OCBOGHHSI  AMCHMIUIMHBI  SBISICTCS  (OPMUPOBAHUE Y  CTYACHTOB  MPEACTABICHHS O
KBAaHTOBO-MEXaHMUYECKMX 3aKOHOMEPHOCTSX, JIekKAl[MX B OCHOBE COBPEMEHHOH (U3MKH U  ee
(yHIaMEHTANBHBIX MPUIOKCHUH, OBIIAJICHHE MaTeMAaTHYSCKUM alllapaToM KBAHTOBOW MEXAaHUKHU IIPH
M3yYEHUH TEOPETUUECKOro MaTrepuaia Kypca 1 pelieHu  3a1ad.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- 3HAKOMCTBO C HEOOBIYHBIMHM CBOMCTBAMHU KBAHTOBBIX CHUCTEM, o6yquI/Ie crocodaM OmUCaHHUs
HEPCILITUBUCTCKUX  KBAHTOBBIX CHCTEM, 3HAKOMCTBO C€ OCHOBHBIMU METOAAMH  ONHCAHUA
PCIATUBUCTCKUX YaCTHUIIL.

33]13‘[1/[ JAUCHUIIINHBI

- 3HAKOMCTBO C 0a30BBIMH 3KCIIEPUMEHTAIBHBIMU (DaKTaMH B O0JACTH KBaHTOBOH (PM3MKH, YCBOCHHE
ypaBHeHuil Ilpeaunrepa, Ilaynu u Jlupaka, ONMCHIBAIOIIMX KBAHTOBBIE SIBICHUS, OBJAaJCHUE
MaTeMaTHYeCKUMH METOAAMH, MO3BOJIIOIIMMHU penlaTb KBAHTOBBIE YPAaBHEHHUs, pEILICHHE 3a]ad,
OXBaThIBAIOLINX OCHOBHBIC MPUIIOKEHNS KBAHTOBOM (hU3UKH.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1.1 CriocobeH aHamM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 Cnocoben npuMeHSTh HAMEYATD MyTH €€ PEIeHHS

(dyHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CnocobeH cTpOouUTh MareMaTHYecKHUe MOJEIH,
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMICCTBECHHBIC PACYCThI U OLICHKU

C€CTCCTBCHHBIX HAYK, U UCIIO0JIb30BaTh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompeaensTs TpaHUIbl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

[IK-3.1 3naer npuHOMIIBI PabOTHI M JHara3oHbl pabounx
[apaMeTpoOB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
noaxozsiee 000py10BaHHE, UHCTPYMEHTBI M |OLIEHMBAaTh TOYHOCTb  IMPUOIMIKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM I PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA

M30paHHOM NpeMEeTHOI o0nacTu [IK-3.3 YmMmeeT npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONIB3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!

- YUCJIEHHBIC MOPSIIKN BETNYUH, XapaKTePU3YIOIINEe KBAHTOBBIE SIBICHHUS;
- DKCTIEPUMEHTAJIbHBIE OCHOBBI KBAHTOBOW (PH3HKH;
- OCHOBHBbI€ IIPUHIIMITBI KBAHTOBOI MEXaHUKH;
- METO/Ibl OIIKCAaHMsI KBAHTOBBIX CHCTEM;
- CBS3b COOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HAu€HHWI OIEpaTopoB C HaOMIONACMBbIMU U
U3MepseMbIMU (PH3HMYECKIMHU BETMYNHAMUY;
- OCHOBHBIE TOUHO PEIIaeMble MOJIETIH KBAHTOBBIX CHCTEM;
- OCHOBHBIC TNPHOIMKEHHBIE METOABI PEUICHUS 3aJa4 KBAaHTOBOM MEXaHUKH: KBAa3HKIACCHYECKOE
npuOIMKEHUE, CTAMOHAPHYIO M HECTALMOHAPHYIO TEOPUIO BO3MYIIEHUH, BApHALIMOHHBII METO;
- METOJIBl M CIIOCOOBI ONMCAHUS CUCTEM TOXKIECTBEHHBIX YaCTHI B KBAHTOBOW TEOPHH;
- METO/Ibl OIIMCAHUSI PACCESTHUS YaCTHI;
- ONIMCaHKE B3aMMOJICHCTBHS HJICKTPOMArHUTHOTO M3IYYCHHUS C KBAHTOBBIMH CHCTEMaMU 3apsiOB;
- OCHOBBI PEISTUBUCTCKOW KBAHTOBOU TEOPUHU.
YMETb:




- HaXOOUTh Oe3pa3MepHbIC MapaMeTphl, ONPEACISIONINE H3y4aeMOe SIBICHUE;

- IPOU3BOIUTH YUCIIEHHBIE OLEHKU T10 IOPSIIKY BEJIUYHHBL;

- HaXOJUTh SHEPreTUUECKHUE CIIEKTPhI X BOJHOBbIE (DYHKIIMH B OOHOMEPHBIX CIydasix;

- HAXOIUTh KBAHTOBOMEXAHUYECKUE CPEIHNE C TIOMOIIBIO U3BECTHBIX BOTHOBBIX (DYyHKIIHIA;

- NPUMEHSTh KBAa3HKJIACCHUECKOE NPUOMIKEHUE AJISi OLECHKH ypPOBHEHW JHEPrUU W BEPOSTHOCTEH
MPOXOXK/IEHHSI CKBO3b ITOTCHIIMAIbHBIC Oaphephl;

- IPUMEHATH CTAllMOHAPHYIO TEOPHIO BO3MYLIECHHUH [UIsl HAXOKAEHHUS MONPABOK K YPOBHSM 3HEPIHH U
BOJIHOBBIM (DyHKIIHSIM;

- IPHUMEHATH HECTAIMOHAPHYIO TEOPHIO0 BO3MYILIECHHMH I HAXOXKICHHUS BEPOATHOCTEN NEPEXOI0B
MEX]y COCTOSIHUSIMU;

- pelaTh 3aJa4u 0 HaXOXKJIECHUU COCTOSHUM U DHEPreTUYECKOr0 CIIEKTpa CUCTEM MHOTHX, B TOM YHCIIE
TOX/1€CTBEHHBIX, YaCTUL;

- BBIYUCIATH AU QepeHIraIbHble CEUCHNs PACCESHUS YaCTHL PA3IMYHBIMH OTEHIIHATIAMH;

- OIpEeNeNsATh BO3MOXHOCTb ONTHUYECKUX II€PEXONOB MEXIY COCTOSIHMSAMU CUCTEM 3apsaioB U
OLICHUBATh BPEMEHA >KU3HU BO30YXKICHHBIX COCTOSHHM.

BJIAJIETh:

- Ky.]'[]:TypOﬁ IIOCTAaHOBKH 3a1a4 KBaHTOBOM MCXAaHUKH;

- OCHOBHBIMH MECTOJaMU PCIICHUA 3a4aqd KBaHTOBOM MCXaHUKH, B YaCTHOCTH, O HaXO0XICHUU
COOCTBEHHEIX (bYHKI_II/Iﬁ U COOCTBEHHBIX 3HAYCHUI OreparopoB (1)I/IBI/I‘IGCKI/IX BCJIIMYHWH,

- HaBbIKaMM TCEOPETHUYCCKOI'0 aHalin3a, MOACIIMPOBAHHA U OICHOK CBOMICTB PCaJIbHBIX (1)I/ISI/I‘ICCKI/IX
CHUCTEM, O6Ha,I[aIOIJ_[I/IX KaK JUCKPCTHBIM, TaK U HCIIPCPBIBHBIM CIICKTPOM.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTh
pabora
1 BonHoBasi MexaHUKa MPOCTBIX CUCTEM H 10 5 15
TEOpHs PacCesiHusl.
) MaremaTu4ecKkue OCHOBBI  KBAHTOBOM 5 3 15
TEOpHH.
3 OCHOBBI  PENIITUBHCTCKOM  KBaHTOBOU 5 3 15
TEOPHH.
[TpubnmxeHHbIE  METOIBI  KBAaHTOBOM
4 P 10 4 15
MEXaHUKH.
Hroro yacos 30 15 60
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 6 (Becennuit)

1. BomHoBas MexaHHKa MOPOCTBHIX CUCTEM U TCOPHA paCCCAHUA.




I'mnoreza kBantoB ((poTOHOB), ypaBHeHume OiHmTelHa Wi (portorddexra. Mmmynsc ¢oToHa u
sddext Komnrona. Bonubel ne Bpoitns. Jlnuna Bomubl jge bBpoiins mis anekrpona. ILoTHOCTH
BEPOSITHOCTH W AaMIUTUTYyJa BEPOSTHOCTH OOHAapYKUTh YACTHIy B 3aJaHHOM TOYKe. YCIOBHE
HopMupoBkHu. Cyneprnozunus BonH Je bpoins (BoiaHOBOH maker). AMIUINTYyJa BEpOATHOCTH H
IUIOTHOCTh BEPOSTHOCTH OOHApY)KUTh YaCTHIy C 3aJaHHBIM HMIYIbcOM. BonHoBas (yHKIUS.
HopmupoBka BOTHOBBIX (YHKIIMI Ha €AMHUIYY U Ha AenbTa-QyHKIUio. Boiana ne Bpoiins u oneparop
umnynbca. YpasHenue lllpeannrepa. CranuoHapHble COCTOSHUSI. YPaBHEHUE HEMPEPBIBHOCTH IS
IUIOTHOCTH BEPOSITHOCTH U IUIOTHOCTHh TOKA BEPOATHOCTH Ui 4acTHLbl. OnHOMEpHOE (GUHUTHOE U
WHOUHUTHOE JABIKEHHE dvacTHubl. [lpuHmmn cynepno3uuuu. [aMUIBTOHMAaH —JMHEHHOTO
rapMoHu4eckoro ocuuusiropa. Omneparopbl poXKAEHUS U YHUUTOXKEHHSA. DHEPreTHYECKUll CIEKTp
nuHelHoro ocuwuisitopa.  Iloctpoenne coOCTBeHHBIX (DYHKIMI JUHEHMHOTO OCHWIISATOpa B
KOOpJIMHATHOM IpencTasieHuy. [lonnHoMel OpMura. Paznenenne nepeMeHHbIX B KBAHTOBOM 3ajiaue
nByx Ten. CBeeHHe 3a1a4i ABYX Tell K JBM)KCHHUIO YaCTHUIIbI C MPUBEIEHHON Maccoi B LICHTPAIIbHOM
nose. Oneparop opOUTaIbHOTO MOMEHTA YacCTHIBl B KOOPAMHATHOM mpezcTaBieHnu. Chepuueckue
rapMOHUKHU. ['aMHUIIBTOHHMAH YacTULBl B CEpUUYECKUX KOOpAMHATaX. PasieneHue mepeMEeHHBIX B
LEHTPAJIBHOM I0JIe. YpaBHEHHE I pajuaibHON (QyHKIMU. [aMHIBTOHHAH BOJAOPOAONOAOOHOTO
aromMa. ATOMHas CHCTEMa €AMHUL. DHEPreTHYeCKUH CHEKTPp M paJualbHble BOJIHOBBIC (YHKLHHU
CTALMOHAPHBIX COCTOSHHUI BOJOPOIONOAOOHOrO aroma. [JaBHOE, paauaibHOE, OpOHMTANIbHOE U
MarHuTHOE KBaHTOBBIE 4yMcia. [locTaHOBKa 3amaum paccesHHs. YIPYroe paccesHue. AMIUTUTYAA
paccesinus. Cedyenue paccesnusi. @ynkuus 'puna 3agaun paccesHus. HTerpanbHoe ypaBHEHHE VIS
3amaun  paccesiHusa. llpuOmmkenune bopra. Merong mnapumanbHbIXx BoiH. Daszbl  paccesiHUSA.
Pe3onancnoe paccesnue. Heynpyroe paccessaue. Onrtuueckas Teopema. OCoOOCHHOCTH pPacCestHUs
TOXKJECTBEHHBIX YaCTHULI.

2. MaremaruuecKkrue OCHOBBI KBAHTOBOW TEOPUH.

CoctosiHust 1 HabIrOgaeMble. DPMHUTOBBIE U JIMHEHHbIE onieparopbl. PaznoxkeHne BOTHOBBIX (yHKLIUI
10 COOCTBEHHBIM (DYHKIMSM oreparopa (Gpru3ndyeckol BeTHUUHbI. AMIIIUTYbI BEPOITHOCTH. YCIOBHS
OPTOTOHAJILHOCTU AJISi COOCTBEHHBIX ()YHKUHH OImeparopoB (QHU3MUECKUX BEJIMYMH. Bbrumcienue
cpenHux 3HaueHW. Teopust mnpexncraBieHHil. BeKTOppl COCTOSHHUA M COIPSIKEHHBIE BEKTOPBI
COCTOSHUH. YCJIOBHE IOJHOTHI COOCTBEHHBIX BEKTOPOB ormeparopa (HU3MYECKOH BEIMYUHBI.
OnHoBpeMeHHO M3MepuMmble (usndeckue BenumuuHbl. Kommytartopsl. Ilonubiii Habop ¢usnueckux
BEJIMYUH, ONHKCHIBAIOIINX KBAaHTOBYIO cucTeMy. COOTHOIICHUS! HEONpEeACIEHHOCTH U KOTE€PEHTHBIE
cocrosgHus. MmnynbcHoe mnpezncrasieHue. MarpuuHble NpPEACTaBIEHUS: OIEpaToOpbl-MaTpullbl U
BEKTOPBI-CTOJIONBI. YHUTapHBIE MpeoOpa3oBaHUsl BEKTOPOB COCTOSHHUI M omeparopoB. MarpuuHas
MEXaHHKa. 3aBUCHMOCTb (M3MYECKHX BEIMYMH OT BpeMeHH. Omeparop HM3MEHEHUs (U3NUECKOi
BEJIMYUHBI BO BpeMeHH. MHTerpansl apmwxennsa. Omneparopbl M3MEHEHHUSI BO BPEMEHH KOOPIUHATHI U
UMITyJbCa YacTUIBI B MNOTeHIManbHOM mnone. Kommyraropsr m ckoOku Ilyaccona. Omeparop
sBomonuu. Ilpeacrasnenus Ilpeaunrepa u I'eitzenOepra. YpaBuenue [ erizenbepra ans oneparopos
¢usnueckux BenuuuH. [IpocTpaHCTBEHHbIE CIOBUTM M omepartop wummyiasca. [loBopoTel B
MPOCTPAHCTBE W OMNEpParop YMIOBOrO MoMeHTa. OpOWTanbHBI YITIOBOM MOMEHT YaCTHIIBI.
KomMMyTanmoHHBIE COOTHOIIEHHS JUI OIEpPaTOpOB YIIOBOro MoMeHTa. CuctemMa COOCTBEHHBIX
BEKTOPOB ONEparopoB yroBoro MomeHTa. CriuH yactuiel. Marpuust [laymnu.

3. OCHOBBI PEIIATUBUCTCKON KBAHTOBOW TEOPHUH.

VYpaBuenue Kueitna-lIopgona. VYpaBuenue [upaka. I'paawentHas wHBapuaHTHOCTh. CBOOOmHAs
pensatuBucTcKass vactuia. COCTOSHUS C TOJNOXKHUTEIbHBIMH M OTPHULATEIIbHBIMUA YHEPTUSMHU.
Yactuupl u  aHTHYacTUlbl.  YpaBHenue Ilaynu. VYpaBHenue IIpenunrepa BO  BHEIIHEM
3IIEKTPOMAarHUTHOM ToJie. IlompaBku BTOporo mopsaka mo v/c: monpaBka K KHHETUYECKOH SHEPrHH,
nonpaBka JlapBuHa, crimH-opOUTalIbHOE B3auMojiciicTBue. YacTuiia B MarHMTHOM TMOJie. YPOBHHU
Jlannay. KBanTOBaHME CBOOOJHOTrO AJIEKTPOMAarHUTHOrO moist. Omeparopel POXKACHUS H
YHUYTOXKEHUS (HOTOHOB. ['aMmibTOHMAH mois. ['aMUIBTOHMAH B3aMMOAEHCTBHS aToMa M MOJS.
DJeKTpUUEcKoe IUIOIbHOE U3IydeHue. BeposTHOCTh m3nmydeHus: u norouieHus. [IpaBuna orbopa
JUIA  DJIEKTPUYECKOTO JUIIOJIBHOTO M3JIyuyeHMs. MarHuTHOe [UIOJIbHOE U NIEKTPUUECKOe
KBaJpynoibHOe n3iyueHus. Paccessaue GoToHOB.

4. ITpubnmKeHHBIE METO/IBI KBAHTOBOW MEXaHUKH.



YcnoBue NPUMEHUMOCTH KBa3HKJIACCHUECKOro MpuOmxenrs. Bua BoJHOBOM (QyHKIMHM YacTHLBI B
KBa3WKJIAacCHUeCKoM mpuOmmkeHnn. Pemenus ypaBHenus Ilpeaunrepa B OKpPECTHOCTH TOYKH
nmoBopoTa. YcinoBusi kBaHToBaHUS bopa-3ommepdenbaa. BeposSTHOCTb NPOHMKHOBEHHS YaCTHUIIBI
yepe3 Oapbep B KBasuKiaccHyeckoMm mnpuOmmkeHud. llepBoe m BTOpoe NPHUOIMKEHUS TEOPUU
CTalMOHApHBIX Bo3MylleHud. Kpurepuii npumenumoctd Teopuu. CTalMOHApHOE BO3MYILICHHE
BBIPOKJICHHBIX YPOBHEH IMCKPETHOTO CIEKTpa. BoiHOBBIE (QYyHKIHMH HYJIEBOTO NPHOIMKEHHS.
Cekynsapuoe ypaBHenue. O¢¢exr Llrapka B arome Bomopoaa. HecranmmoHapHoe BO3MyIIEHHE
JUCKpeTHoro crekrpa. [lepexonsl 1oj| BAUSHUEM BO3MYLIEHHUS, AEHCTBYIOLIETO B TEUEHUE KOHEUHOTO
BpeMeHU. AnuadaTudecKue U BHE3allHble Bo3MyIeHus. [lepexoapl moj AeiicTBUEM MEPUOIUIECKOTO
BO3MYILIEHHSI B JUCKPETHOM W  HempepblBHOM  crekrpax. IlpaBuimo  @epmu. Pacnan
KBa3UCTALMOHAPHBIX cocTossHui. CrnuH-opOuTanbHoe B3aumojeiictBue. ClOXKEHHE MOMEHTOB.
Koaddurmentor Knebma-lTopaana. [MomHpiii yrmoBoit MoMeHT. CUMMETpPUHM BOJIHOBOW (PYHKIUH
TOXAeCTBEHHBIX dacTull. bozoHsl u depmuonsl. Jerepmunant Cidtepa. Ilpunnun Ilaymu. Atom
requsa. KoopauHatHble M CHOUHOBBIE (YHKIMM JBYX OJJIEKTPOHOB. BapHanmoHHBIM NpHHIMII,
BBIUMCIICHUE SHEPIHMH OCHOBHOIO cocTosiHus. Merton Xaprpu-Poka. [Ipulnmxenrne meHTpaaIbHOrO
nonsa. MHTerpansl ABMKEHHS B CHOXKHBIX atoMax. Tepmbl. [lpaBuna Xynpma. LS-cBa3s. Tonkas
cTpykrypa yposHei. IlpaBwiio wHrepBanoB Jlanme. Oddexrtet 3eemana u Ilamena-baka.
[Tapamarserusm u JuamMarHeTu3M aTOMOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

yueOHas ayTuTOpHsi, OCHAIICHHAs MAPKEPHOM JOCKOH ¢ KOMIJIEKTOM MapKepOB, MyJIbTHMEINA
MPOEKTOPOM U IKPAHOM.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1. Teopernueckas ¢usuka [Tekcr] : B 10 1. T. 3 : KBanToBast mexanuka. HepenstuBucTckas Teopus :
yue0. mocobue i By30B: pek. M-Bom obpazosanus PD / JI. /1. Jlanmay, E. M. JIudmwi ; mox pex. JI.
I1. [TuraeBckoro .— 6-¢ u3na., ucnp. — M. : Gusmarnurt, 2008 .— 800 c.

2. 3agaum o TeopeTudeckoil pusnke [Tekcr] : yued. mocodbue mns By3oB / FO. M. benoycos, C. H.
Bypmuctpos, A. U. TepuoB .— Jlonronpynnsriii : Uarennext, 2013 .— 584 c.

3. 3agaun o kBantoBoi Mexanuke [Tekcr]. T. 1 : [yue6. mocobue anst By30B] / 3. dnrorre ; mep. ¢
anrt. b. A. JIsicoBa ; mog pen. u ¢ npeaucia. A. A. Cokonosa .— 3-e uzg. — M. : JIKH, 2010 .— 344 c.

4. 3agaun o kBanToBOM Mexanuke [Tekcr]. T. 2 : [yue6. mocobue s By3oB] / 3. Dirorre ; miep. ¢
anm. b. A. JIbicoBa ; mon pen. u ¢ npeauci. A. A. CokonoBa .— 3-e u3a. — M. : JIKH, 2010 .— 320 c.

®onp auTeparypsl Kadeaps

5.B.A. ®ok. Hauana kBanToBOM Mexanuku. - M.: M3garensctBo URSS, 2014.

JomnonHurenbpHas auTeparypa

1. 3amaun 1o kBaHTOBOM MexaHuke [Tekcr] : yued. mocobue mis By3oB / B. M. anmunkwuii, b. M.
Kapnaxkos, B. 1. Koran .— M. : Hayka, 1992 .— 880 c.

2. KanToBast mexanwuka [Tekct] : yue6. mocobue mist By3os / A. C. JlaBbIIoB .— 2-€ U3/, UCTIP. H
nepepad. — M. : Hayka, 1973 .— 704 c.

®onp auTeparypsl Kadeaps

3 Meccua A. KeanToBast mexanuka. - M.: Hayxka; T. 1, 1978; T. 2, 1979.
4 llIudd JI. KpantoBas mexanuka. - M.: MJI, 1959.

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

1. http://lib.mipt.ru— snexTponHas 6ubmmorexa dOu3Texa.

2. http://www.Sci-lib.com — bonbias HayyHast GubnmnoTexa.

3. http://physics.nglib.ru/catalog.jsp?rubric=14 — nuteparypa 1o (pu3uKe B 3JICKTPOHHONI
bubnmuorexe Texuuueckoit JIuteparypel «HedTs u I'azy.



4. http://arXiv.org — CornellUniversity Library— bubnuoreka Kopaensckoro Yausepcurera,
AIIEKTPOHHBIN pecypc arXiv.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Iporpammusie cpenctea MATLAB, Mathcad, Scilab, WolframMathematica.
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

JIsl yCHenHoro 0CBOEHHsI Kypca, IOMUMO MTOCELICHNUS JIEKIUI 1 CEMHUHAPOB, OT CTYIEHTOB TpelyeTcs
camocTosTeNbHas paboTa B 00beMe HE MEHee, YeM Te 4Yachl, KOTOPhIC yKa3aHbl JJISl KOKJOro paszena
nporpammbl. CaMOCTOSITENIbHBIE 3aHATHSA BKJIIOYAIOT B ce0s TOBTOpEHHE MaTepHaia JIEeKLui,
CEMHUHAPCKUX 3aHATUN M MOATOTOBKY K IMPOMEKYTOYHBIM TECTHPOBAHUSIM, KOTOpPBIE IMPOBOIATCA IS
TEKyIIEero KOHTPOJS 3a ycBoeHHWeM warepuana. CTyaeHThl, YCIENIHO Mpomenmue Bce (GOopMbl
IPOMEXKYTOUYHOTO KOHTPOJIS, JOMYCKAIOTCA K claue IK3aMeHa M0 TUCIUIUIMHE.
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OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kadeapa Qu3NKu 1 GU3HNIECKOTO MaTePUATOBEICHUS

Kypc: 3

KBaJIMpUKALUS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 6 (BECCHHHI) - DK3aMEH
PazpaGoTunkm:

A.JL bapabanos, a-p ¢u3.-mMar. HayK, JOUEHT, JOLECHT
C.B. PomanoB, kauz. ¢u3.-Mar. HayK, OLEHT, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CriocobeH npuMeHsTh HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMUCCTBECHHBIC PACYCThI U OLICHKU

C€CTCCTBCHHBIX HAYK, U UCIIOJIb30BaTh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHara3oHbl paboumx
[apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
nozaxozsiee 000py10BaHHE, UHCTPYMEHTBI M1 |OLIEHMBAaTh TOYHOCTb  INPUOIIDKEHHBIX — AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM I PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA

M30paHHOM NpeMEeTHOI obnacTu [IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIXx Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONIBb3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIUHCIUTEIBHBIX PECYPCOB

2. Iloka3zare/iM OCHMBAHMS KOMIICTCHIMIA
B pesynbrare nzyuenus aucuuiuinHbl «KBaHTOBas TeOpus» 00yUaromuiics JOMKEH:

3HATb:

- YUCJIEHHBIC MOPSIIKY BETMUUH, XapaKTePU3YIOIINEe KBAHTOBBIE SIBICHHUS;
- DKCTIEPUMEHTAIbHBIC OCHOBBI KBAHTOBON (PH3HKH;
- OCHOBHbI€ IIPUHIIMITBI KBAHTOBOI MEXaHUKH;
- METO/Ibl OIIKCAaHUsI KBAHTOBBIX CHCTEM;
- CBS3b COOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HAu€HHWI OIEpaTopoB C HaOMIONACMBbIMU U
U3MepseMbIMU (PH3HMYECKIMHU BETMUNHAMU;
- OCHOBHBIE TOUHO PEIIaeMble MOJIETIH KBAHTOBBIX CHCTEM;
- OCHOBHBIC TNPHOIMKEHHBIE METOABI PEUICHUS 3aJa4 KBAaHTOBOM MEXaHUKH: KBAa3HKIACCHYECKOE
npuOIMKEHUE, CTAMOHAPHYIO M HECTALIMOHAPHYIO TEOPUIO BO3MYIIEHUH, BApHALIMOHHBII METO;
- METOJIBI M CIIOCOOBI OMMCAHUS CUCTEM TOXKIECTBEHHBIX YaCTHI B KBAHTOBOW TEOPHH;
- METO/Ibl OIIMCAHUSI PACCESTHUS YaCTHIL;
- ONIMCaHKE B3aMMOJICHCTBHS HJICKTPOMArHUTHOTO M3IYYCHHUS C KBAHTOBBIMH CHCTEMaMU 3aps/iOB;
- OCHOBBI PEISTUBUCTCKOW KBAHTOBOU TEOPUHU.
yMeThb:
- HAXOIUTh Oe3pa3MepHbIC MapaMeTpPhl, ONPEICIISIONINE U3ydaeMoe SBICHHE;
- IPOU3BOAUTH YHUCIICHHBIE OLIEHKH I10 MOPSIIKY BEINYHUHBI;
- HAXOJIUTh YHEPTETUICCKHE CIIEKTPHI U BOITHOBBIC (DYHKIIMH B OTHOMEPHBIX CIydasX;
- HAXOIUTh KBAHTOBOMEXAHUYECKUE CPEIHNE C TIOMOIIBIO N3BECTHBIX BOJTHOBBIX (DyHKIIHIA;
- TPUMEHSTHh KBa3WKJIACCHYECKOE NPHONMKEHHE U OLCHKA YPOBHEH HSHEPrUM M BEPOSTHOCTEH
MPOXOXK/IEHHSI CKBO3b ITOTCHIIMAIbHBIC Oaphephl;
- IPUMEHSTHh CTAMOHAPHYIO TEOPHIO BO3MYIICHUH Il HAXOXKJCHHUS MONPABOK K YPOBHSIM DHEPTHH H
BOJIHOBBIM (DyHKIIHSIM;
- MPUMEHSTh HECTAMOHAPHYIO TEOPUIO BO3MYILICHUH JUIS HAXOXKICHUS BEPOSTHOCTEH MNEpPEXOIOB
MEKIY COCTOSHUSIMH;
- pelarh 3a7a4u O HaXOXKJICHUU COCTOSHHUI W YHEPTeTUYECKOTO CIIEKTPa CUCTEM MHOTHUX, B TOM YHCIIE
TOXJIECTBEHHBIX, YACTHII;
- BEIYHUCIAT AU epeHInaNbHbIE CEYCHUS PACCEsTHHS YaCTHI Pa3IMYHBIMU TIOTCHIHAIaMU;
- ONpenensiTh BO3MOKHOCTh ONTHYECKHX IIEPEXOJOB MEXKAY COCTOSHUSMH CHCTEM 3apsiioB H
OLICHHBATh BPEMEHA )KU3HU BO30YK/ICHHBIX COCTOSHUH.
BJIA/IETh:




- KyJbTYPOU IOCTAHOBKH 3aJa4 KBAHTOBOW MEXAHUKH;

- OCHOBHBIMH METOJAaMH pEIIeHHs 3aJad KBAaHTOBOH MEXaHWKH, B YAaCTHOCTH, O HaXOXKICHUU
COOCTBEHHBIX (PYHKIIMH M COOCTBEHHBIX 3HAUEHHI OTIepaTopoB (pU3MUECKUX BEITHYNH;

- HaBBIKAMH TEOPETHYECKOTO aHAJIN3a, MOJCIMPOBAHUS M OLEHOK CBOWMCTB PEaJbHBIX (DU3UUECKUX
cucTeM, 00JIaJaroINX KaK JUCKPETHBIM, TaK U HEIPEPHIBHBIM CIIEKTPOM.

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

B nensx Tekyliero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPEeAbLAyIIHX
3aHATHUH 110 TEME MTPOLLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHOMN TeMe.



3. IlepeyeHb THNOBBIX KOHTPOJIBHBIX 32/IaHUI, HCNOIb3yeMbIX /5l OLEHKU 3HAHUI, YMEeHMH,
HABBIKOB

[TpomexxyTo4yHas arTecTanus MO AUCHUILUIMHE «KBAHTOBasi TEOPHs» OCYIIECTBISETCS B Gopme
JK3aMeHa B 6M cemecTpe. DK3aMeH MPOBOJATCS B YCTHOM (hopme.

IIpumep Tecra:

1. Beipa3ure MOCTOSIHHYIO TOHKO#M CTpYKTyphl \alpha yepe3 ¢yHIaMEeHTalbHBIE IOCTOSIHHBIE €,
\hbar, ¢ 1 ykaxuTte e€ npuOIMKEHHOE YMCICHHOE 3HAYCHHE.

2. CocTosiHME YacCTHIIbI ONMHUChIBaeTCs BoMHOBOM ¢yHkiuei \Psi(\vec r,t). Hanumure Gpopmyiy,
OIIPEIEIISIONTYI0 BEPOSATHOCTH P TOro, 4To0 B MOMEHT t yacTtuiia OyZeT oOHapy)keHa B U3BECTHOM
o0béme V.

3. CocrosiHue 4YacTHIBI omuchiBaeTcs BonHOBOM (yHkimen \PSi(\vec r,t). Hamummre ycrmoBue
HOPMHPOBKH 3TON BOJTHOBOW (DYHKIIMHU HA €AUHUILY.

4. Yacrtuiia, CBOOOHO IBMKYIIASICSA C UMITYIbCOM \vec p U sHeprueil E, onuceiBacTCs BOITHOM Jie
Bpoitnsa. Hanumre BosHOBO#M BekTop \vec k 1 yactoTy \omega 3Toii BOJIHBIL.

5 Yacturia cBOOOAHO IBIJKETCA C HUMIyIbcoM \vec p u sHeprueit E. Hamummmre siBHOE
BhIpaKEHHUE [T BOJHOBOM (yHkimu 3toit yactuisl \Psi_{\vec p\,}(\vec r,t).

6. Hanumwre sIBHO# BhIpayKeHUE TS ornieparopa umiyibca yactuilsl \hat{\vec p}\,.

7. Yactuma maccoii m nBwxkercs B norteHimaibHoM none U(\vec r\). Hamumure siBHOE
BbIpaKeHHUE 1 ramuiabToHrana \hat H atoii yactuiipsl.

8. Uactuua maccoit m nBwxkercs B noteHuuanbHom nosie U(\vec r\)). Hanummre ypaBHeHue
Ipenunrepa, onpenenstoiiee BoaHOBYIO GyHkuuio \PSi(\vec r,t) 3T0ii 4aCTHIIBL.

9. CocTosiHME YacTHUIIBI MAaCCO m omuchiBaeTcs: BonHOBOW ¢yHkimed \Psi(\vec r,t). Hanummre
SIBHBIC BBIPAKEHHS JJISI TUIOTHOCTH BEPOSATHOCTH \rho OOHApYXUTh YacTHIly B TOYKE \VecC I B
MOMEHT t U JIJIsl IVIOTHOCTH ITOTOKA BEPOSTHOCTH \VEC |.

10. Hanumure 3aKOH COXpaHEHHs BEPOSITHOCTH OOHAPYKEHHsI YaCTHIIBI B HEKOTOPOH 00JIacTH
MPOCTpaHCTBa B A depeHInansHoi hopme.

ITepeyeHb KOHTPOJILHBIX BONIPOCOB K IK3aMEHY:

1. Kakyro poimp B KBaHTOBOM TeOpHHM WHrparoT oneparopel? Kakue omneparopbl Ha3bIBarOT
JUHEHHBIMU, SPMHUTOBO  COMNPSIKEHHBIMH, OHpMUTOBbIMHU? UYUTO Ha3bIBalOT  OJHOBPEMEHHO
MU3MEPUMBIMU BelnMUMHaMHU? YTO Ha3bIBalOT COOTHOLIEHUSIMU HEOIIPENEICHHOCTEN?

2. Kak B KBaHTOBOW TEOpUU OIpeaensieTcss cocTosiHue yacTuibl? Kakoe ypaBHeHue onpeaenser
IBOJIIOLIMIO COCTOSIHMA 4acTullbl? Kakne cOCTOsIHMS Ha3bpIBalOT CTalMOHApHBIMHU? UTO Ha3bIBaIOT
YCIIOBUSIMU HOPMHUPOBKH U MTOJTHOTHI?

3. Yto B KBAaHTOBOH TEOpUHM HA3BIBAIOT ONEPAaTOPOM H3MEHEHMs (U3NYECKOHl BETUYMHBI BO
BpemeHu? Kakue ¢pusnyeckre BeIMUMHBI Ha3bIBAIOT MHTETPAIaMU JABMKEHUS?

4. BonmHoBasi QyHKIMS U BEKTOP COCTOSHUS - 3TO OAHO U TO e? UTo Ha3bIBAIOT KOOPAMHATHBIM U
HMITYJIbCHBIM TpeAcTaBleHUusAMA? Kak BBINIAIAT oneparopsl KOOPIAWHATHI M UMITYJIbCA YaCTULBI B
TUX mpenacTaBieHusXx? Kak BBIVISAAT cOOCTBEHHBIE (YHKUIMHU YKa3aHHBIX OMNEparopoB B ITHX
MIPEACTABICHUSX ?

5. Urto Ha3bpIBalOT MaTpUUYHBIMU TpeacTaBieHusMu? Kak mpeoOpasyroTcs BEKTOpBI COCTOSIHUH U
oreparopbl (U3MYECKUX BEIMYMH W3 OAHOI0 MaTpUYHOro mpeacTaBieHus B japyroe? Kaxue
OIlepaTopbl Ha3bIBAIOT YHUTAPHBIMU?

6. UYto HazpBatoT mnpexacrasieHusmu llpeaunrepa u IeiizenOepra? PaccMmoTpure B KauecTBe
pUMepa CBOOOAHOE IBUKEHUE YACTULIBI.

7. Kak omnuchIBaeTcs JIWHEWHBIA TapMOHWYECKHMM OCHWUIATOP B KIJIACCUYECKOM M KBAHTOBOM



teopusx? KakuM ypaBHEHHEM ONpPENEINSAIOTCS BOJIHOBbIE (DYHKIIMM CTAllMOHAPHBIX COCTOSHUH B
KOOpIMHATHOM TipenctaBieHnn? Kak BBIDISAST BOJNHOBBIE (DYHKIMH s TEPBBIX 3-4
CTALlMOHAPHBIX cOoCTOsAHUI? Kak BBIVISIAUT BOJIHOBAas (YHKLUS, ONMCHIBAIOLIAS HBOIIOLMIO
JIMHEWHOTO OCIWJUIATOPA B cCaMOM 00111eM ciydae?

8. KakuM ypaBHEHHEM ONpPEACIAIOTCA BEKTOPHI CTALIMOHAPHBIX COCTOSHUM M YPOBHU DHEPrUHU
JMHENHOr0 rapMOHMYECKOIo ocuuiuiATopa? B ueM cocTOUT CyTh METO/a yCTAHOBIIEHUS CIEKTpPa
JIMHEWHOTO ollepaTopa, OCHOBAHHOTO Ha BBeJeHUH oreparopos \hat a u \hat a+?

9. YUro Ha3BIBAIOT MOAAMHU CBOOOJHOTO SJIEKTPOMArHUTHOTO TOJII B OrpaHHMYEHHOM oObeme V?
KakoBa sHeprust Mozbl? YTo Ha3bIBatOT KBAHTOBAaHUEM CBOOOIHOIO JIEKTPOMArHUTHOTO MOJst?

10. Yro Ha3plBalOT oOmeparopaMH  NOTEHIMAJIOB M  HaNpsHKEHHOCTEH  CBOOOTHOTO
nekTpoMarauTHoro mnomsa? Kak Bemsiautr ramuiasToHMaH?  KakoB ero cnektp? Kakumum
YPaBHEHHSIMU OTIPENIENISAIOTCS COCTOSHUS CBOOOTHOTO KBAHTOBAHHOTO 3JIEKTPOMArHUTHOTO OIS ?
11. Yto Ha3pIBalOT OIEpPaTOPOM YIJIOBOIO MOMEHTa 4YacTuibpl? Ilouemy yIJIOBOM MOMEHT
coxpaHsieTcsi B ieHTpaibHoM nojie? Kak BeimisinsaT oneparops! \hat 1*2 u \hat 1 z B xoopauHaTHOM
IpeACTaBIeHUN (B AEKApPTOBBIX U cepuueckux koopAuHarax)? UTo Ha3bpIBAOT CHEepUUEeCKUMU
rapmonukamu? [Touemy opOUTaILHBI MOMEHT YaCTHIIBI BCETa KpaTeH nocrosiHHoi [Tnanka \hbar?
12. Kak BeIIiguT cranuoHapHoe ypaBHeHue lllpenunrepa, omnmMchiBaroliee 4YacTULy B
[EHTPAJIBHOM II0JIe, B JEKApTOBBIX M CQepuueckux KoopauwHarax? B kakoil ¢opme wumercs
BOJIHOBasl (DYHKIMSI YacCTUIBl B LIEHTPaJIbHOM Moje? PaccMoTpuTe nmpuMepsl - BOAOPOIONOI00HBIH
aroM U 00BbEMHBIN TAPMOHUYECKUN OCLIMILISTOP.

13. Kak onuceiBaeTcss BOJOPOAONOAOOHBIM aTOM B KJIaCCHMYECKOM M KBaHTOBOM Teopusx? Uto B
KBaHTOBOI TEOPHH HA3bIBAIOT MOJHBIM HA0OPOM (PU3MUECKHUX BEIMYMH M YTO B JTAHHOM CIydae
BBICTYIIaeT B KauecTBe Takoro Habopa? KakomMy ypaBHEHHIO YIOBJIETBOPSIIOT paJualibHbIE
BOJTHOBBIC (DYHKIIMM CTAllMOHAPHBIX COCTOSHUH M KaK OHU BBIVISIIAT JJISl IEPBBIX 3-X COCTOSHUIA?
Yo Ha3bpIBAIOT aTOMHOW CUCTEMOM €IMHULL?

14. Kakue npuembl UCHONB3YIOTCS Ui ONPEAEICHUS CIIEKTPOB CIOXKHBIX KBAaHTOBBIX cucteM? Uto
Ha3bIBAIOT BBIPOXKJIEHHBIMU U HEBBIPO)KJIECHHBIMU YPOBHSIMH, IJUCKPETHBIM M HENPEPBIBHBIM
cnekrpamu? Kakoit ¢Gopmynoil ompenensieTcs AUCKPETHBIH CHEKTP BOAOPOXONON0OHOrO aroma?
Kakumu KBaHTOBBIE 4YMCIa XAPAKTEPU3YIOT YPOBHM 3TOro aroma? UYTo Ha3bIBalOT KyJIOHOBCKHUM
(crmyyaliHBIM) BBIPOKICHUEM?

15. Kak B KBaHTOBOW TEOPHUH U3 YCJIOBUS U30TPONMH IPOCTPAHCTBA BBIBOAUTCS 3aKOH COXPaHEHUS
yriioBoro MmomeHTa? Kakoii sBHbIN BUJ IPUOOPETAET OIepaTrop yriioBOTO MOMEHTa B IPUMEHEHUH K
nBukymieics vacruue? Kak BBIVIIAMT 3TOT oneparop B JEKapTOBBIX KoopauHarax? Kakum
KOMMYTAIIMOHHBIM COOTHOILIEHUSIM YIOBJIETBOPSIIOT ONEPATOPHI MPOEKIIUH yIIIOBOr0O MOMEHTAa?

16. Uto Ha3bIBAIOT CIIMHOBBIM YITIOBBIM MOMEHTOM (CITMHOM) yacTull? B 4eM cocTout cyTh MeTona,
YCTaHaBJIMBAIOILET0, YTO CIHMH YacCTHUIbl MOXKET OBITh TOJBKO LENbIM WM TOJNYLEIbIM YHUCIOoM?
Kaxoii ¢opmynoii onpenensiercst pesyabrar aeiictBus omeparopoB \hat j_x\pm i\hat j y Ha
CIIMHOBOE COCTOsIHME YacTullbl? YTO Takoe CIMHOPHI AJi 4acThll co cnuHoM 1/2? YTo HazbIBalOT
Marpunamu Ilaynu?

17. Yro Ha3pIBaeTcsl KBa3HKIaccHYecKuM mnpubmmxkeHnneM? Kax BbINISIIUT BOMHOBas (PyHKIUS
YacTUIl B 3TOM MNPHUOMMKEHMHM B KJIACCMUECKHM pa3peIlIeHHOW M KIACCHYECKH 3alperieHHON
obmactsax? Yro HazbiBaeTcs nmpasuiioM bopa-3ommepdenbaa? Uro Ha3bBalOT (Pa3oBbIM 0OBEMOM,
MPUXOASIINAMCS HAa OJHO KBAHTOBOE COCTOSIHUE?

18. B kakux ciydasx s peuleHus ypaBHEHUM B 3aJade O IPOXOKICHMM YACTHUIBI Yepe3
MOTEHIMATIBHBI Oapbep MOXXET OBITh HCIOJNB30BAaHO KBa3zuKiaccudyeckoe mnpubmmxkenune? Kax
BBINIAIUT (popMyna Juisi BEPOSTHOCTH MPOXOXACHUS YaCTHUIBl Yepe3 MOTEHIMAIbHbIM Oapbep B
KBa3HMKJIACCUYECKOM MPHOIMKEHUN?

19. Yto Ha3pIBarOT cTalMOHAPHOU Teopuer Bo3mylieHui? KakoBsl momnpaBku 1-ro u 2-ro nopsakos
K DHEPIMM HEBBIPOXKIECHHOTO YPOBHS AMCKPETHOIO CIEKTpa M MOIpaBKa 1-To mopsaka K BEKTOPY
COCTOSIHMSI, COOTBETCTBYIOIIETO TOMY K€ ypoBHIO? B yeM COCTOMT ycioBHE NPUMEHHUMOCTHU
CTallMOHAPHON TEOPUH BO3MYILEHUI?

20. YTo nmpouCXOaUT WM MOYKET MPOU30MTH C BBIPOKIEHHBIM YPOBHEM JIMCKPETHOIO CIEKTpa IO/



BJIMSIHUEM CTAallMOHAPHOTO BO3MYyHIeHUsA? UeM ompenenstorcs MonpaBkH 1-ro mopsiaka K BEKTOpam
COCTOSIHMM U SHEPTHUSM 3THX K€ COCTOSIHUN?

21. Kak 3BOJIOLMOHUPYET BEKTOP COCTOSIHUS KBAaHTOBOM CHCTEMBI IOJ JIEMCTBUEM BO3MYILECHMS,
3aBHCSILEro OT BpemMeHU? PaccMorpute ciyuall, Korna BO3MYIIEHME HAuMHAET JE€HCTBOBaTb Ha
CUCTEMY, HaXOSAIIYIOCS B OTHOM M3 HEBBIPOXKIAECHHBIX COCTOSHUM TUCKPETHOIO CIEKTPA.

22. Yrto Ha3bpBalOT "BHE3amHbIM Bo3MylleHuem'"? UYem omnpenensieTcs BEpOSTHOCTh Mepexoaa
CUCTEMBI W3 OJHOIO COCTOSIHMSI JUCKPETHOIO CIIEKTpa B APYroe MoJ JAECUCTBUEM BHE3AIMHOIO
BO3MYIIEHUs?

23. Yem ompenaensercss BEPOATHOCTb IE€PEX0/a CHUCTEMBI U3 OJHOIO COCTOSIHHUS JAMCKPETHOIO
CIIeKTpa B JAPYroe Moj JAeHCTBHEM CIIaboro BO3MYIIEHHS, ICHCTBYIOLIETO B TEUEHHUE KOHEYHOIO
BpeMeHu? UTo Ha3bIBAIOT "aqnabaTH4ecKuM Bo3MylieHueM"?

24. Yem ompenensieTcsi BEPOSTHOCTb IE€pexofa M3 COCTOSHUS JTUCKPETHOIO CHEKTpa B
HEIPEPBIBHBINA CIEKTP MOJ AEHCTBUEM NEPHOAMYECKOrO BO3MYIIEHUsS? B ueM cocTtouT ycioBue
IIPUMEHUMOCTHU?

25. Uto Ha3zwiBatoT ypaBHeHueM KireitHa--I'opgona minst cBoOomHO#M vactuibel? Kakoe ypaBHEHHe
HENPEPBIBHOCTU COOTBETCTBYET 3TOMY YPaBHEHHUIO?

26. UYro wHaspBaroT ypaBHeHHeM Jlupaka st cBoOomHOM uactuipl? Kakoe ypaBHeHue
HENPEPBIBHOCTU COOTBETCTBYET 3TOMY YPaBHEHHUIO?

27. YUem ompenensieTcsi BOTHOBas (GYHKIHS CBOOOTHOM PENSITUBUCTCKON YACTHIIBI CO CIIMHOM 1/2 B
KBaHTOBOM MexaHuke? Kakoii BuJ TNpUHUMAaeT BOJHOBAas (YHKIUS CBOOOJHOM YacCTHIBI B
HEPEJSITUBUCTCKOM Ipenerne?

28. Kakyio ¢opmy npuobperator ypaBuenue Kieiina-l'opgona u ypaBHenue [upaka 1jis yacTu,
B3aMMOJICHCTBYIOIIUX C 3JEKTPOMarHuTHeIM nosiem? OOnamaeT v ypaBHeHue Jlupaka cBOCTBOM
WHBapUAHTHOCTH MPU KATHOPOBOYHOM IIPe0oOpa30BaHUH MTOTEHIIAIOB AIEKTPOMArHUTHOTO TOJS?
29. Kak BeIIAIUT "HepensiTUBUCTCKUU npenen" ypaBHeHus Jlupaka? UTo Ha3bIBalOT ypaBHEHHUEM
[Taymu? IlpuBeauTe mpUMeEpbl YacTHI], KOTOPbIE OMUCHIBAIOTCA 3TUM ypaBHeHHeM. OOnagaeT Ju
ypaBHeHue [laynu cBOICTBOM MHBApHAHTHOCTH MPU KaTMOPOBOYHOM MPEOOPa30BaHUU BXOASIINX B
HEro MOTEHIMAJIOB 3JIEKTPOMArHUTHOTO 11oJis?

30. Kak onuchbiBaeTcs NBUKeHUE O€CCTUHOBOM 3apsHKEHHOM YaCTHIIBI B TOCTOSTHHOM U OJTHOPOJAHOM
MarHuTHOM TIOJie B KJIACCHYECKOW M KBAaHTOBOW Teopusix? B kakoit (opme wuiiercss BOJHOBas
¢byukusa? Uto Ha3piBarOT ypoBHsAMU Jlannay?

31. Kak BoImisiauT "HepenaTuBHCTCKHM mpenen" ypaBHeHHs [lupaka B ciiyyae B3auMOJECHCTBHS
YaCTHUIIBI CO CTAI[MOHAPHBIM 3JIEKTpUUecKUM TojeM? KakoBbl OMpaBKU BTOPOTo MOPSIKA MO V/C K
HEPEJSITUBUCTCKOMY TaMIUIBTOHHAHY? UTO HA3bIBAIOT CIIMH-OPOUTAIBHBIM B3auMozeiicTBueM? Kak
3TO B3aMMOJICHCTBUE BIMSAET HA BBIPOXK/ICHHBIE YPOBHHU aToMa Bojiopoaa?

32. B yem cocToMT 3ajlaua CIIOKEHUS YITIOBBIX MOMEHTOB B KBAaHTOBOM Teopuu? UTO Ha3bIBAIOT
ko3 dunmentamu Knebma-T'opaana?

33. Kak B KBaHTOBOW TEOPHH OIUCHIBAIOTCS CHUCTEMBI, COCTOSIIIME M3 MHOTHX yacTull? Kakummu
CBOMCTBaMU OOJIajaeT BOJIHOBash (YHKIMS B Ciydae, KOTJa HEKOTOpPble W3 YaCTHUIl SIBISIFOTCS
ToXXJecTBeHHbIMU? UTO Ha3piBalOT GepMuoHamMu U 0o30HamMHU? UTO HA3BIBAIOT JACTEPMUHAHTOM
Cnerepa?

34, Kak B KBAaHTOBOW TEOPHUU OMHCHIBAIOTCS CHUCTEMBI, COCTOSIIIME W3 JBYX TOXJIECTBEHHBIX
yactul? [lpyu kakux ycnoBUsAX BO3MOYKHO pa3J€leHUE MPOCTPAHCTBEHHBIX KOOPAWHAT U CIIMHOBBIX
IIEPEMEHHBIX ?

35. Kak omuceiBaeTcs renuenofoOHbI aromM? B dem coCTOMT CyTh MeTona MpUOIMKEHHOTO
OTIPENICTICHUSI SHEPTHil OCHOBHOTO M BO30YXJCHHBIX COCTOSHUN? YUTO HaA3BIBAIOT OOMEHHBIM
B3auMOJIeicTBUEM ?

36. Uto Ha3bpIBAlOT BapUAllMOHHBIM METO/IOM IOMCKA BOJHOBBIX (DYHKLUHN U 3HEPIHMil OCHOBHBIX
COCTOSIHUM KBAaHTOBBIX cucTeM? PaccMOTpHUTE B KaueCTBE MPUMEPA aTOM Tellus.

37. Kak BbINIIUT cTanuoHapHoe ypaBHeHue lllpemunrepa nmst ciiokHoro aroma 0e3 ydera
PENSATUBUCTCKUX MOMNpaBok? B uem cocTouT cyTh MeTo/10B XapTpu U XapTpu-Poka, HCIOIb3YEMBbIX
JUTSI OTIUCAHMS CIIOKHBIX aroMOB? Kak BBIIISIIUT TaMHJIBTOHHAH CIIOKHOTO aromMa B MPHUOIMKEHUH



LHEeHTpabHOTO MoJsA? YUTO Ha3bIBAlOT TEpMaMH CJIOKHOrO aroma? YTo Ha3bIBAETCS TOHKOU
CTPYKTYpOH TEPMOB U 4YTO SBISAETCS NPUYMHON MOSIBIECHUS 3TOW CTPyKTypbl? UTO Ha3bIBaIOT
NpaBwioM UHTEpBaIoB Jlanae?

38. Kak BBIMISAMT IraMUIBTOHUAH CJIOXHOIO arOMa, ITOMEIIEHHOTO B IOCTOSSHHOE U OJHOPOIHOE
MarHUTHOE TI0JIe, C Y4YETOM CIHH-OpPOUTAIBHOrO B3auMoOJeHCTBUA? UeM ompenenstorcs
pacierieaust ypoBHe# B cimabom (3ddexr 3eemana) u cuibHOM (3ddext [Tamena-baka) momsx?
Uro Ha3wBarOT akropom Jlanme?

39. Kak B pamMkax KBaHTOBOW MEXaHHUKHM MOXET OBITh HaiijieHa AMaMarHUTHAs BOCHPUUMYHUBOCTD
aroma renus’?

40. Kak BBINIIAUT TaMHJIBTOHMAH aroMa B NMPHONMKEHWU LEHTPAIBHOTO IOJISA, €CIU OH (aToM)
HAXOJUTCS B OTPAaHUYEHHOM (HO OYEeHb OOJBIIOM) 00beMe V U B3aUMOJAEUCTBYET CO CBOOOIHBIM
ANIEKTPOMArHUTHBIM mosieM? Kak BBIDISIAUT TaMWIBTOHMAH CHCTEMBI "aroM + CBOOOAHOE
IEKTPOMarHUTHOE MoJje", eciiu MoJjie paccCMarpuBaeTcsl Kak KBaHTOBast cuctema? UTo mpoucxoauT
IIpY B3aUMOJIEHCTBUM aToMa U 10JIsA?

41. Yto Ha3bIBAIOT CIIOHTAHHBIM H3Ty4eHHeM aroMa? YTo Ha3bIBAIOT JUIOJIBHBIM MPUOIMKEHUEM B
Teopun u3nydeHus? Uem onpezensercs MojaHasi BEPOITHOCTh U3JIYUEHHs B €AMHMILY BPEMEHU s
3alaHHOTO Tiepexona? YTo Ha3bIBAIOT MPaBUIAMU OTOOpPA M0 YeTHOCTH?

42. Kak B HEpENATUBUCTCKOW KBAHTOBOW MEXaHUKE 3aj1a4a O ABUKCHUH JABYX B3aHMMOJICHCTBYIOIINX
yacTull mpeoOpasyercss B 3aaady o0 OJHOW dYacTulle, ABIKYIIEWCS B LEHTPaIbHOM IMose?
PaccmoTtpuTte B KauecTBe npruMepa aToM BOJOpOJa.

43. Yem ompeznensieTcss pelieHue KBAaHTOBOMEXAHMYECKOM 3a/ladil O PACCESTHUM YaCTULIbl Ha
HenoBMXKHOM IeHTpe? UTo Ha3bIBalOT aMILTUTYI0U paccesHus? Kak muddepeHnunansnoe ceueHue
CBSI3aHO C aMILTUTYAOU paccessHus?

44. 3agaya paccesHMsI JBYX CTaJKMBAIOLIUXCS YACTHI] - 3TO 3ajada JBYX Tell, KOTopas B
HEPENSATUBUCTKOW KBAHTOBOW MEXaHMKE IMpeoOpasyeTcsl B 3a7ady paccesHUs OAHOW YacTUIbl Ha
HETO/IBIDKHOM ~ pacceuBaronieM IeHTpe. Yem ompeaensercs audQepeHnnarbHoe CeYeHHe
paccessHMe 4YacTULbl Ha HEMOABMKHOM LeHTpe? UTO MEeHsETCs B IOCTAHOBKE 3a/lauM, €CJIH JBE
HCXOJHBIE CTAJIKUBAIOIINECS YACTHUIIbI SBJISIOTCS TOXK/IECTBEHHBIMU?

45. Yrto HaspBatoT ¢ynkumend [puna 3amaunm paccesHus? UTo Ha3bIBAIOT HHTErPATbHBIM
ypaBHeHHEM paccesHus? Kak uHTerpajabHOe ypaBHEHHE OIpPEAESeT CBA3b MEXIY aMIUIMTYAON
paccesHus 1 pacCeMBarOIIUM NOTEHIIUAIOM?

46. Yto Ha3bIBalOT OOPHOBCKUM NpUOIMKEHHEM B 3ajJade paccessHus? B yem coctout ycimoBue
MPUMEHUMOCTH JaHHOTO mpuOmmkeHus? Ecnu ckopocTh JBMXKEHHMS YacTUI] BaxHa s
MIPUMEHUMOCTH OOPHOBCKOTO MPHOIMKEHUS, TO OOBICHUTE, IOYEMY U HACKOJIBKO BaxKHa?

47. Yro Ha3BpIBaIOT METOIOM MapLUaIbHBIX BOJIH B KBAHTOBOW 3aaade paccessHusA? UTo Ha3bIBaIOT
napuuanbHoi BomHOM? YTo Ha3biBaloT chepuueckumu pyHkuusmu beccens, Heitmana u [N'ankens?
KakoBbl acuMnTOTHKH 3THX QYHKIMI? YTo Ha3biBatoT popmynoit Penes?

48. Yto HaszpBaloT (a3zoil paccessHus mnapuuanbHOil BoiHBI? [lpym KakuxX yclIoBHSX JaHHAs
napuuanbHas BOJHA HMCKAXAeTCs WIH, HA000pOT, HE MCKaKaeTcs MOTEHIMAIOM PacCEeUBAIOIIEro
ueHtpa? UYem ompexnensercs aMIUIMTYyAa pacCcesHUs B METOAE MapUualbHbIX BOJH? Yem
ornpenensatores TupdepeHnaIbHOe U MOJTHOE CEeUSHHs YIPYToro paccestHUsl B 3TOM ke MeToze?
Urto Ha3bIBaIOT PE30HAHCHBIM paccessHueM?

49. Yem ompenensieTcst OIHOE CEUEHUE HEYTIPYTOro PacCesiHUS B METO/IE TapLUaIbHbIX BOJIH?

50. Uem ompeaensieTcs MOJTHOE CEYEHHE B3aUMOJICUCTBUS YaCTHUIl C pacCEUBAOIIMM IIeHTpoM? UTto
Ha3bIBAIOT ONTUYECKON TEOPEMOI?



IIpumepsbl 3K3aMeHAUMOHHBIX OMJIETOB:

buner 1
1. Kakyroo posb B KBaHTOBOM Teopuu wurparor omneparopbl? Kakue omneparopsl Ha3blBalOT
JUHEHHBIMU, 3PMHUTOBO COIPSDKEHHBIMHM, 3PMHUTOBBIMH? UYTO Ha3bIBalOT OJHOBPEMEHHO
M3MEPUMBIMU BeIMurMHaMuU? YTO Ha3bIBalOT COOTHOIIEHUSMU HEOTIPENETIEHHOCTEN?
2. B 4eM cocToUT 3ajjaya CJIOKEHHsI YITIOBBIX MOMEHTOB B KBaHTOBOM Teopuu? YTo Ha3bIBAIOT
ko3¢ punmentamu Knebma-I'opnana?

buner 2

1. Kak B KBaHTOBOW TeOpHMH OIpeaensercs cocrosHue dactunbl? Kakoe ypaBHEHHE
OMpeNeNsieT  ABOJIOIUI0O  COCTOSIHUA — 4YacTtulbl?  Kakue  coCTOsSHHS —~— Ha3bIBAIOT
cTaliMOHapHBIMU? YUTO HA3BIBAIOT YCIOBUSAMHU HOPMUPOBKH M TIOJHOTHI?

2. Kak B KBaHTOBOW T€OPHH OIUCHIBAIOTCS CUCTEMBI, COCTOSAIIME U3 MHOTUX YacTull? Kakumu
CBOMCTBaMHU 00JIa/IaeT BOJHOBAsK (PYHKIIUS B CITydae, KOTJa HEKOTOPhIC M3 YACTHIL SIBIISTFOTCS
TOXACCTBEHHBIMU? UTo Ha3pBalOT QepmMuoHamu ©  0o030Hamu? UYTO Ha3BIBAIOT
nerepmuHanToM Crerepa?

buner 3
1. Yrto B KBaHTOBOW TEOpPUHU HA3BIBAIOT ONEPATOPOM H3MEHEHHUS (PU3MUECKOW BEIMYMHBI BO
Bpemenu? Kakue pusznueckue BeIMUMHbl Ha3bIBAIOT MHTETpaJIlaMH IBUKEHUS ?
2. Kak B KBaHTOBOW TEOPHH OIMUCHIBAIOTCS CHCTEMBI, COCTOSIIUE U3 JBYX TOXKIECTBEHHBIX
gactun? Ilpy kakux ycJIOBUSX BO3MOYKHO DPa3/ElICHHE IPOCTPAHCTBEHHBIX KOOPIMHAT U
CIIMHOBBIX I1€PEMEHHBIX ?

4. Kputepuu olleHUBAHUS

Onenka bannsl Kpurepun

10 BeicTaBisiercs  CTyAEHTY, IOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBaHHbIE, TITyOOKHE
3HaHUS y4eOHOW MIporpamMMbl  JUCIUIUIUHBI,
MIPOSABIIAIOIIEMY HMHTEpPEC K JTAHHOW NpPEeIMETHON
o0nacTi,  NPOJEMOHCTPUPOBABIIEMY  YMEHHE
YBEPEHHO M TBOPYECKH IPUMEHATH MX Ha
MpaKTUKE TpU PELIEHUH KOHKPETHBIX 3ajad,
CBOOOJHOE U MPaBUWIbLHOE 0OOCHOBAHUE MPUHATHIX

peuIeHui.
9 BeicTaBisieTcst  CTyAeHTY, IOKa3aBLIEMY
OTJINYHO BCECTOPOHHME, CHUCTEMAaTHU3UPOBaHHbIE, TIyOOKHE

3HaHHUA Y4e€OHOW MpOrpaMMbl JUCHUUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATH UX HA IPAKTUKE IIpU
pelIeHnrd KOHKpPEeTHBIX 3ajady, CBOOOAHOE U
MIPaBUIIbHOE 00OOCHOBAHUE NMPHUHSTHIX PEHICHUH.

8 BeicTaBiiercst  cTyAeHTy, IOKa3aBUIEMY
BCECTOPOHHHE, CHUCTEMAaTHU3UPOBAHHbIE, TITyOOKHE
3HaHUA Y4eOHOW MpOrpaMMbl JUCHUUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHSATH UX HA MPAKTUKE IIPU
pelIeHuM  KOHKPETHBIX  3a7a4d, I[PABHIBHOE
000CHOBaHUE MPUHSATHIX PELUICHUH, C HEKOTOPHIMH




HCA0YCTaMMU.

XOpOIIIO

BricTaBnsiercs CTyAeHTy, €clii OH TBEPIO
3HaeT MaTepuay, TIPaMOTHO U IO CYILECTBY
u3JlaraeT ero, yMeeT NPHUMEHATb IOJTYYCHHbIE
3HAHUS Ha MPAKTUKE, HO HEJOCTaTOYHO I'PaMOTHO
00OCHOBBIBAET MOITYYCHHBIE PE3YNIbTATHI.

BricTaBnsieTcss CTyIEHTY, €CIM OH TBEPAO
3HAaeT MaTepuay, IpPaMOTHO U II0 CYILECTBY
W3J1aracT €ro, yMEET IPHUMEHATH IOJy4YECHHBIE
3HAHUs Ha IIPAKTUKE, HO JIOITYCKAET B OTBETE UJIU B
pELICHNH 3a/1a4 HEKOTOPbIE HETOYHOCTH.

BricTaBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT MaTcpuall, IpaMOTHO n 110
CymI€CTBYy H3jJara€tr €ro, YymMeeT JIMPUMCHATH
MOJIYUYCHHBIC 3HAHUA HA MIPAKTHKE, HO JOITYCKACT B
OTBCTEC WM B PpPEIICHHMM 3aJad JOCTaTOYHO
00JIBIIIOE KOJTMYECTBO HETOUHOCTCH.

YAOBJICTBOPHUTCIBHO

BeicTaBisiercs  CTyAEHTY, IIOKa3aBLIEMY
(bparMeHTapHBIH, Pa3pO3HEHHBIN Xapakrep
3HAHUH, HEZ0CTaTOYHO IIPaBUJIBHBIE
(GopMyIHpPOBKH 0a30BBIX MOHATHH, HapPYIICHHUS
JIOTUYECKOW IIOCIEA0BATENbHOCTH B H3JI0)KEHUN
MIPOrpaMMHOTO Marepuajia, HO TIpU 3TOM OH
OCBOMJI OCHOBHBIE pa3/ieiibl yueOHOH IporpaMmsl,
HEOOXOAMMBIC ISl JalibHEeimero oOydeHus, |
MOXKET IPUMEHATh IOJIYYEHHBIE 3HAHUA 110
o0pasily B CTaHJApPTHOU CUTYaIUH.

BoicTaBnsiercs  CTyAeHTY, IOKa3aBLIEMY
(b parMeHTapHbIH, pa3pO3HEHHBIN XapakTep
3HaHUM, JIOIyCKAIOIEMY OLINOKHU B
¢dopmynMpoBKax 0a30BBIX MOHATUH, HapyLICHUS
JIOTMYECKOH TIOCJIEJOBATEIbBHOCTH B U3JI0XKEHUU
pOrpaMMHOr0  MaTepuana, ciaabo  BlajgeeT
OCHOBHBIMM pa3zzieflaMd y4eOHOIl IporpaMmbl,
HEOOXOAUMBIMU JJIsl ajbHENIIero o0y4yeHHus U C
TPYAOM NPHUMEHSET MOJTY4YEHHbIE 3HAHMS JaKe B
CTaHJIapTHOM CUTYaluH.

HCYOOBJICTBOPUTCIIBLHO

BeicTaBisieTcst CTyIeHTY, KOTOPBIA HE 3HAET
OoJbIIIe YacTH OCHOBHOI'O COJEpKaHHs y4eOHOI
MPOrpaMMbl  TUCHUIUIMHBI, JIOIMYCKAaeT TIpyoOble
OLIMOKH B (POPMYJIMPOBKAX OCHOBHBIX MPHUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh ITOJIYYCHHBIE 3HAHUS
IIpU PELICHUU TUIIOBBIX 3a/1a4.

BeicTaBnsiercs CTyAE€HTY, KOTOPBIM HE 3HAET
OCHOBHOTO COJEpXaHHs Yy4eOHOM MpOrpaMMbl
JTMCLUIUIMHBL, JIONycKaeT rpyoOeiiine ommOKd B
(hopMynrpoBKax 0a30BbIX MOHATHI AUCHUIUIMHBI U
BOOOIllE HE HMEET HaBBIKOB DELICHUS THIIOBBIX
MPaKTUYECKHX 3a/1au.




5. MeToauyeckue MaTepUaJibl, oONpeesiiomie MPoUeAypbl OLEHUBAHUS 3HAHMI,
YMEeHHi, HABBIKOB H ONbITA JeSTeJTbHOCTH.

[Ipu mpoBeneHHMH HK3aMeHa oOydaromeMmycs mnpefocraBisercs He MeHee 40 MHHYT Ha
noArotToBky. Onpoc 1mo OUIIETY U OTBETHl Ha JOIOJHHUTEIbHBIE BOIPOCHI HE IPEBBIIACT ABYX
acTpoHOMHYeCcKuX 4acoB. Ilo 3aBeplmieHMHM OTBEIEHHOIO Ha OINPOC BPEMEHM, 3K3aMEHATOP
BBICTABIISIET 00Y4aOLIEMYCsl OLIEHKY B COOTBETCTBHMH C BBILIECTIPUBEICHHBIMU KPUTEPUSIMH.



