o JUCHMUIIJIMHE:
0 HANIPpaBJI€HHUIO:

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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JI0BY30BCKOIi MOATOTOBKE

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
OO6mas gusnka: KBaHTOBas pu3rKa
IIpuknagHbie MaTeMaTHKa U (pU3MKa

NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

Kypc:
KBaJIU(PUKALMSA:

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa oomeit Gu3nku

3

Oakanasp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 5 (oceHHuil) - JuddepenuupoBannslii 3a4eT

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

CamocrosrensHas padora: 30 gac.

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

KonnuecTBo KOHTPONBHBIX padoT, 3a1aHui: 3

[IporpamMmy cocraBunu:

FO.M. unentok, n-p ¢us.-MaT. HayK, mpodeccop, mpodeccop

A .B. KyOwimkuH, A-p TexH. HayK, nmpodeccop, npodeccop

A.O. PaeBckwii, kaHJ[. u3.-MarT. HayK, JOIEHT, JTOIICHT

A.B. I'aBpukoB, kaHa. ¢pu3.-MaT. HayK, JIOLCHT, JOLCHT

A.U. Mopo3os, a-p ¢us.-mar. Hayk, ipodeccop, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu kKadenpst oomei ¢puzuku 06.03.2020



AHHOTANMA

OcBoeHue CTyaeHTaMH 0a30BbIX 3HAHHWK B OONACTH KBAaHTOBOW (PHM3HMKH sl JalbHEHIIEro W3y4YeHHUS
COOTBETCTBYIOIIUX PA3/ICIIOB TEOPETUIECCKON (PH3UKH, a TaKkKe YIIIyOIIEHHOTO M3ydeHUs (PyHIaMEHTAIbHBIX

OCHOB COBPEMEHHOMU (DPUBHKH.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

OcBocHue CTYACHTAMU 0a30BEIX 3HAHHMK B 00JIACTH KBaHTOBOI (1)I/ISI/IKI/I JUIsL ,I[aJ'IBHCﬁH.IGFO HU3yUCHUA

COOTBETCTBYIOIIUX  Pa3/ENIOB

TEOPETUYECKON

¢busnkn, a TakkKe YIIIYOJCHHOTO U3y4YCHHS

($yHIaMEHTaIbHBIX OCHOB COBPEMEHHOW (DM3UKH.

33]13‘[1/[ JAUCHUIIINHBI

* (opMupoBanue y oOydaromuxcs 0a30BBIX 3HAHUI U TOHIATHIA B 00JACTH KBAaHTOBON MEXaHUKH U

¢buznkn

. ¢dbopMupoBaHHE yMEHHH W HABBIKOB NPUMEHATh H3YyYCHHBIE TEOPETHYECKHE 3aKOHBI M
MaTeMaTH4YeCcKue MHCTPYMEHTHI JUIs PELIeHNS 3a]ad KBAHTOBOW (PU3UKU

. dbopmupoBanre 00MEPU3NIECKON KyIBTYphl: YMEHUs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TpeHeOperaTtb HECYIIeCTBEHHBIMH; YMEHHUS TPOBOIMTH OLCHKH ()U3UYECKUX BEINYMH;
YMEHHUS CTPOUTH NPOCTEHIINE TEOPETUIECKIE MOJIECIIH, OIIMCHIBAIOIINE (PU3MYECKHE ITPOLIECCHI.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(popManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIENsS 3TAIbl €€ PelleHus,
NeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-1.1 CnocobeH aHanM3upOBaTh MOCTABICHHYIO 3ajady,
HaMeuaTb IIyTH €€ PEeLCHUs

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4YHbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myOnuKanum, mMpoeKThI)

OIIK-3.1 3HaeT oCcHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
MyOIMKaUi U HAYYHO-TEXHUYECKOM JOKyMEHTAIlUH, B TOM
YHUCcle C MCIOIB30BAHUEM MPHUKIATHOIO TPOrPaMMHOIO
obecrieueHus

[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,

3aKOHaMHU U TCOPUAMU COBpeMeHHOﬁ (1)I/I3I/IKI/I

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsuiee 000pyaoBaHNE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlIeHHs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IacTi

[MK-3.1 3naer mpuHNUILI pabOThl W AMANa30HbI PabOYMX
napamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000pYy/IOBaHUS

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




YMETB:

(dyHIaMEeHTaNbHBIE 3aKOHBI W TIOHATUS KBAaHTOBOW MEXaHWKH, a TakkKe TPaHUIBl HX
HMPUMEHUMOCTH:

OCHOBHBIC WJIEH M TOHSATHS: KOPITYCKYJSIPHO-BOJHOBOHM IIyaiM3M, BOJIHBI jAe-Bpoiiis, mpuHImIT
HeomnpenenéHHoctn [eizenbepra, BonHOBas (YHKIHMS, BEPOSTHOCTHAs WHTEPIPETAIHS BOJIHOBON
(dhyHKIIIN

(yHIaMeHTalbHBIE KBAaHTOBBIE JKCIepUMEHTHI: QoTodddekt, dhdexkt Komnrona, mnudpaxims
PEHTICHOBCKOTO H3JIYYCHUS M DJIEKTPOHOB TPH OTPAKEHHH OT KPHCTALIMYECKHX CTPYKTYD,
uHTEp(EpeHIHs 3JIEKTPOHOB (B TOM 4YHCJIE OIHOYACTHYHASA), JIMHEWYaThle CHEKTPHl UCITyCKaHUS U
MOMIOLICHHUS aTOMOB, TYHEITUPOBaHNE, U3JIyYeHUE a0COIIOTHO YEPHOTO Tea.

XapaKTepHbIe BPEMEHHBIE U MIPOCTPAHCTBEHHBIE MacIITA0bl, HA KOTOPBIX MPOSIBISIOTCS KBAHTOBBIC
SIBJICHUSL.

nocrynarel bopa 1 aroma Bogoposia 1 KBazukiaccuyeckoe npudmpkenue bopa-3ommepdensaa.

BOJTHOBOE ypaBHeHHe LlIpénunrepa A SBOIMIONUN BOJTHOBOW (DyHKIIMM BO BPEMEHH, a TAKKE IS
OIIPEAEIICHUS CTAIIMOHAPHBIX YPOBHEH SHEPIUU KBAHTOBOW CHCTEMBI.

3aKOHBI KBAaHTOBAHMS YaCTO BCTPEUAIOIIUXCS THUIIOB JBIDKCHUS: OJHOMEPHBIA TapMOHHYECKHIA
OCLWIIATOP, KBAHTOBBII pOTATOP, JIEKTPOH B aTOME BOIOPOAA.

0COOCHHOCTH B3aMMOJICUCTBHS KBAHTOBBIX YACTHI[ C TOTCHIMAJIbHBIMU sSIMAMH M OapbepamH.
TyHenupoBaHue.

THPOMAarHUTHOE COOTHOIICHHE H CBSI3b MEXK/y MEXaHUYECKUM U MArHUTHHIM MOMEHTaMH

YTO TaKkoe OpPOMTAJIbHBIM W CIIMHOBBIH MOMEHTHI, CBSI3b TOHKOT'O PACIICIJICHUS B CIIEKTpax

W3JTy4eHHs aTOMOB CO CITMH OpOUTAJIbHBIM B3aUMOJICHCTBUEM
YTO TAKOE CBEPXTOHKOE paCIIETJICHUE U CIIMH aTOMHOTO sIIpa

CBSI3b CTaTUCTUKU (pepMHUOHOB C mpaBwioM 3ampera [layaum ¥ OOMEHHBIM B3aWMOJACHCTBHEM.

[MpaBuna XyHaa 3an0THEHUST aTOMHBIX 000JIOUEK

OCHOBHBIE 3aKOHOMEpHOCTH 3 ekra 3eemana. CiaokHbIN 1 pocToit 3pdexTsl 3eemana. SABneHus
MarautHoro pezoHanca. (OI1P u SIMP)

4TO TaKOE KarejbHas M 000JI0YeYHAss MOJIENIM aTOMHOTO spa. MIMeTh npeicTaBiIeHue O CHIIEHOM
B3aUMO/ICHCTBUH. 3HATh XapaKTepHBIE pa3Mepbl AaTOMHBIX SJ€p U BEJIMUUHBI SHEPTUH CBS3H SAAEP.

YTO TAaKOE KBAPKOBBII COCTAB MPOTOHA U HEHTPOHA

YTO TaKO€ PaAMOAaKTUBHBIN pacmanx. Anbgda-, 6eta- u ramma- pacnaa. Mimers mpencraBieHue o
OMOJIOrMYeCcKOl ONTAaCHOCTH PaIMOAKTHBHOTO pacmaja.

Yro Taxoe ciaboe B3auMOAEHCTBHE, 0COOEHHOCTH OeTa-paciaia, BpeMs KU3HU HEHTPOHA, TOHATHE
00 aHTUHEHTPUHO.
OCHOBHBIC TIOJIO)KEHHSI TEOPHM pacCesHUs HEHTPOHOB Ha TOKEIBIX sIpax (pe30oHAHCHOE MU
HEPEe30HAHCHOE B3aUMOACUCTBUS, IOHITHE COCTABHOTO SAPa)

OCHOBHBIC MOJIOKEHNSI KBAaHTOBOM ONTHKH: (DOTOHBI, BBIHYKJICHHOE U CIIOHTAaHHOE H3Iy4eHHE,

¢dusmka paboTh! na3epos, popmyna [Inanka ayst n3ay4eHust aOCOTOTHO YEPHOTO Tea.

HNPUMEHSATh U3yUCHHbIE 3aKOHBI KBAHTOBOW (DM3UKH ISl peIIeHHUS KOHKPETHBIX 3a/1au:
MpUMEHATh TpubmmkeHue bopa-3omMmepdenbaa s pemieHus: 3agad O JIBUKCHUU YaCTHUIBI
(amexTpoHa) B 33JJaHHOM CTaTUYECKOM MOTEHIIAAJIE
npuMeHsATh ypaBHeHue Llpenunrepa asis onpenesieHus] SHEPreTUIECKUX YPOBHEH CTallMOHAPHBIX
COCTOSIHMH, a TaKKe Il onpenesneHus Kod(pQHUIMEHTOB MPOIyCKAHUS M OTPAXKEHUS IMOTEHIMATIbHBIX
0apbepoB U MOTECHIIHAIBHBIX M.
paccunTHIBaTh BEIMYMHY CIMH-OPOMTAJIbHOTO PACLICTIIICHUS SHEPreTHYECKHX YpOBHEH aToMa B
pamkax mozpenu LS-cBs3u
BBIYMCIIATh BEJIMYMHY PACIICIUICHHS CIIEKTPAJIbHBIX JUHUH B 3¢ dexre 3eemMana ¢ yu€ToM IpaBHil
orbopa
OTIpENIEISITh SHEPTHIO CBS3H aTOMHOTO sI/Jpa B paMKaXx KalleJIbHOW W 000JI04eYHOMN MoJiesel siipa.
paccYUTHIBaTh BEPOSITHOCTH PACCESHUSI HEUTPOHOB HA aTOMHBIX sIIpax
HNPUMEHSATH 3aKOHBI N3Ty4eHHs a0COIIOTHO YEPHOTO TeJa B 33/1a4aX O TEIUIOBOM HU3ITy4YECHUH
aHaIM3UpOBaTh (U3UYECKHE 3a/1aud, BBIIENSIS CYLIECTBEHHBIE M HECYIIECTBEHHBIE ACIIEKTHI
SIBJICHUs,, U HA OCHOBE IPOBEIEHHOIO aHalIM3a CTPOUTH YIPOLIEHHbIE TEOPETUYECKUE MOJIEIIU
(U3NYECKUX SBICHUM;
IPUMEHATh pPA3JIMYHblE MaTreMaTU4YeCKUEe MHCTPYMEHTbI pELIeHHUs 3ajad MCXOId U3
c(hOopMyYIINPOBAaHHBIX (PU3UUECKUX 3aKOHOB, U MPOBOIUTH HEOOXOINMBIC aHATUTUYCCKUE U YHCIICHHbIE
pacyéTnl;

BJIAJIETD:

OCHOBHBIMH METOJIaMH PEIICHUS 3a/1a4 KBaHTOBOH (DHU3HKH;
OCHOBHBIMH MaTeMaTUYeCKUMU WHCTPYMEHTaMU, XapaKTEPHBIMHU ISl 331349 KBAHTOBOU (M3UKH;



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

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| BomnnoBble CBOMCTBa YacTHLI. 3 3 3
CooTHOIICHNE HEOTPEAETICHHOCTEH
2 @opmManu3M  KBAaHTOBOM  MEXaHUKH. 3 3 3
[Morennuansable 6apbephl
[lorennuanpHble SIMBI.
3 KBazukmaccuueckoe npuOIKEHHE. 2 2 2
Ocuumnstop
BonoponononoOusie aTOMBI.
4 KonebarenbHbie u BpalareiabHbIe 2 2 2
CHEKTPBI MOJIEKYJI
5 Marnautsaeiii MomeHT. CrnmH. ToHkas u ) ’ )
CBEPXTOHKAs CTPYKTYypa aToMa BOJOPOAA
6 ToxnecrBeHHocTs 4actul. OOMeHHOE ) 5 2
B3aumozieiicreue. Cl10)XHbIE aTOMBI
AtoM B MarHuTHoM mone. Oddekr
7 3eemana. M3znydenue, mpaBuia orOopa. 2 2 2
OIIP u AMP
8 Snepusie Moaenu 3 3 3
9 PangnoaktuBHOCTh. Anbda, OeTa, raMma 2 2 2
10 |Anepuslie peakiun. OueHKa ce4eHui 3 3 3
1 @DyHaaMeHTaIbHbIE B3aUMOJCHCTBHUS. ) 5 )
OneMeHTapHble 4acTHUIIbI
12 |3axons! uznyuenus AYT 2 2 2
13  |CrnoHTaHHOE U BBHIHYXKIEHHOE U3ITyUYeHHE 2 2 2
Nroro yacos 30 30 30

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.ex.

4.2.

Coneprxanue TUCIUIUIAHBI (MOMYJIsl), CTPYKTYPUPOBAHHOE MO TeMaM (pa3iernam)

Cemecrtp: 5 (OceHnwii)

1. BonHoBrble cBolicTBa yacTuil. COOTHOIIEHHUE HEOTIPEAEIEHHOCTEH

l'mnore3a ne bpoiis 0 BOJTHOBBIX CBOWCTBaX MaTepUajbHBIX YaCTHI] — KOPIYCKYJSPHO-BOJIHOBON
nyanm3M. Omnbitel JleBuccona—/Ixxepmepa u Tomcona mo audpakiuu nexTpoHoB. [ljinHa BOTHBI Jie
Bpoitns  HepenstuBucTckoi uwactuibl. Kpurepuit  kBaHTOBOCTH  CUCTeMBbL. COOTHOIICHHS
Heompe/ieIeHHOCTeH (KOOp/AWHATA-UMITYNILC; dHeprus Bpems). BonHoBas ¢yHKnus cBoOOIHON
yactuipl (BonmHa Ae bpoiins). BepostHocTHas mHTepnpeTanust BOJTHOBOM (YHKLWH, BBIIBUHYTAs

bopHoMm.

2. ®opmanu3M KBaHTOBOW MexaHHKH. [loTeHIansHbIe 6apbephl




[Monstne 06 omeparopax. Omeparopsl KOOPAUHATHI, UMIYNIbCA, MOTEHIIMATFHOW W KHHETHYECKOU
SHEPIHH CUCTEMBI, raMwibToHHaH. CoOcTBeHHbIe (DYHKIMHM U COOCTBEHHbIE 3HaueHus. Pesynbrar
KBaHTOBOTO HW3MEpPEHUsl 3Ha4deHUs (u3nveckoil BennuuHbl. YpaBHeHue lllpenunrepa. CpolicTBa
BOJIHOBOM (DYHKUMH CTAalMOHAPHBIX 3a/ad: HENPEPBIBHOCTh, KOHEYHOCTh, OIHO3HAYHOCTb,
HEIPEpbIBHOCTb IIPOM3BOJHONW. 3aKOH COXPAaHEHHUs BEPOSTHOCTH, BEKTOpP IUIOTHOCTH II0Ka
BeposiTHOCTH (0e3 BbiBoaa). PaccessHue wacTul] HAa MOTEHUUAIBHON CTYNEHbKE KOHEUHOW BBICOTHI,
MPOXOXKJIEHUE YacTHIBl Haja sMaMu W OapbepaMy KOHEYHOH mmmpuHbl — 3hdekr Pamzayspa.
[IpoxoxkeHne dYacTUIBI Yepe3 MPSMOYTONbHBIM NOTEHUUAIbHBI Oaphep KOHEYHOH IIMPUHBI
(TyHHETBHBIN 3 (deKT), BEIBOA (GOpMYITBI IS MPO3pavyHOCTH Oapbhepa MPOU3BOIBHOMN (POpMBL.

3. llorenumanbHble siMbl. KBazukinaccuueckoe npudimxkenne. OCuisTop

CocTosiHMSI 4yacTHLbI B OJHOMEPHOHM CHMMETPUYHOW NOTCHIMAJbHOM SME. YPOBHU 3HEPTUU
OJTHOMEpPHOTO TapMOHW4YecKoro ocmunisitopa (6e3 BbiBoma). Omnepatop MOMEHTa HMITYNbCA.
KBanToBaHue mpoeKMy MOMEHTa U KBaJpaTa MOMEHTa UMITyJbca. [IBikeHue B HEHTPAIbHOM IIOJIE,
LEHTPOOEKHAST IHEPTUsl, pajiuaibHOE KBAHTOBOE YHCJIO, KPAaTHOCTb BBIPOXKIEHHS. S-COCTOSHHS B
TPEXMEPHON CQepuuecKH CHMMETPUYHOM SME KOHEYHOW DIIyOMHBI, YCJIOBHE CYyIIECCTBOBAaHUS
CBSI3AHHBIX COCTOSHUMN B TAKOU AME.

4. Bonoponomnono6Hsie aroMbl. KonebarenbHbIe U BpalaTelbHbIC CIIEKTPHI MOJICKYT

3aKOHOMEPHOCTH OINTHYECKHX CIEKTPOB aTOMOB (KOMOWMHAIMOHHBIM mpuHUMI Putna), Gopmysst
cepuii. Mogenu aroma Tomcona u Pezepdopaa. [loctynaret bopa, 6opoBckuii paauyc, sHEprus aToma
BoZlopofa. JBrKeHHEe B KyJOHOBOM IIOJie, Ciiy4aiiHoe BeIpoxzaeHue. CriekTp aroma Bopopona (6e3
BBIBOJIa), INIABHOE KBAHTOBOE YMCJIO, KPATHOCTH BBIPOXKICHUS. KauecTBEHHBIN XapakTep MOBEACHUS
paavaibHON M yIIOBOM 4vacTeil BOMHOBOHW (yHKUuH. BonHOBas (yHKUMS OCHOBHOTO COCTOSIHUSI.
Bonopononono6Hele aToMbl: BIMSHUE 3apsAAa aapa (Ha HpuMepe HOHA Telus) U ero Macchl
(M30TONMMYECKHUI CABHUI), ME30aTOMbI. XapaKTEPHUCTUUYECKOE PEHTTEHOBCKOE H3JIy4YeHHE (3aKOH
Mosnu). BpamarenbHble CHEKTpb IIOCKOIO M IMPOCTPAHCTBEHHOTO POTATOPOB (JIBYXaTOMHAs
MoJieKyna). BpamarenbHble W KoneOarenbHbIE YPOBHH MOJIEKYN, SHEPreTHYEecKHil MacmTad
COOTBETCTBYIOLINX BO30YXICHUH (MepapXusi MOJEKYISPHBIX CIIEKTPOB).

5. Marautsbiii MoMeHT. CrinH. ToHKas ¥ CBEpXTOHKas CTPYKTypa aToMa BOJ0po/a

MarHuTtHbIi OpOUTAIbHBI MOMEHT IEKTPOHOB, THPOMArHUTHOE OTHOLICHME, g-(haKTOp, MarHETOH
Bopa. Onwir Htepna—Iepnaxa. ['unore3a Yiaenbeka u 'ayncmuTa 0 CiHE 3JIE€KTPOHA, CIIMHOBBIN
g-akrop. OnbiT DitHITeitHa—/¢e ['aa3a. BekTopHas MoJenb cIoKeH!sI CTUHOBOTO U OpOUTAILHOTO
MOMEHTOB 3JICKTPOHA, MOJHBIA MOMEHT, (hakrop Jlanne. ToHKas u CBEpXTOHKasg CTPYKTYphI aroMa
BOJIOpOJIA.

6. ToxnecTBeHHOCTH yacThll. OOMeHHOE B3aumoeiicTBrue. CII0)KHBIE aTOMBI

ToXIeCTBEHHOCTh YaCTHILl, CAMMETPUS BOJHOBOW (PYHKIIMH OTHOCHUTEIHHO NMEPECTAHOBKH YaCTHIL,
6030HbI U Gepmuonsl, npuHUUI [laynu. CnoxHble aToMbl. CaMOCOITIACOBAaHHOE T0JIE. DJICKTPOHHAS
KOH(Urypauusi aroMa. ATOMHBIE T€PMBI, CIEKTPOCKOIIMUYECKas 3aluch cocTosHUA atoma. [IpaBuma
Xynna. KauecTtBeHHOE 0OBsICHEHWE BO3HMKHOBEHHS OOMEHHOM SHEprMM W MpaBWil XyHIa Ha
npuMepe Bo30yXI€HHOTO COCTOsIHUSA 152s atoma renus 1 00pa3oBaHUsT MOJIEKYJIbI BOIOPO/A.

7. Atom B marauTHOM monie. Dddexr 3eemana. Uznyuenne, npasuia oroopa. 1P u AMP

Oddexkr 3eemana g ciayyaeB cia0Oro W CHJIBHOTO MArHUTHBIX IOJIEH Ha Tpu-Mepe
3P-3S-nepexonoB. Ilonste cnuHa (cnupanbHOCTH)  (POTOHA, TOITHBIE MOMEHT M YETHOCTb
Knaccudukanuss poroHoB mo momHomy momenty M u€rHo-cTH (E- m M-QoTOHBI), OTHOLICHHE
BEPOATHOCTEH M3JIyuyeHHs (OTOHOB pa3Iny-HOH MYNBTUIIONBHOCTH. BeposSTHOCTH TUMOIBHOIO
u3My4YeHus (3akoH 3). SIaepHBId M 3JIEKTPOHHBIH MAarHUTHBIA pe30HaHC (KBaHTOBOMEXaHUYeCKas

Tpak-ToBKa). CTporue m HECTporue mnpaBuia OTOOpa HpPU MOMVIOMIEHHMHM M HMCIYCKaHWH (DOTOHOB
aromamu (Ha npumepe 3¢dexra 3eemana u AMP).

8. S nepHble Monenu



OkcnepuMmenTsl Pesepdopaa u Ieiirepa mo paccessHuio o-yactuil B ra3zax. OTKpbITHE HEWTpOHA
YansukoM. DKCIIEpUMEHTaIbHAS 3aBUCUMOCTb YIEJIbHOW SHEPIUU CBA3U s[pa OT MaccoOBOIO 4Mcia
A. CBOHCTBa SIEPHBIX CWII: pajlyC IEHCTBHs, INIyOMHa IMOTEHIMAaNa, HACHIILIEHUE SIIEPHBIX CHIIL,
CIIMHOBAs 3aBHCcUMOCTh. [Ipupona siiepHbIX cHil, OOMEHHBIM XapakTep SAEPHBIX CHUJ, NEPEHOCUUKU
B3aUMOJEHCTBUA. Moenb KUIKoN 3apskeHHON Karud. @opmyna Baiinzekkepa A S3HEPTUM CBSI3U
aapa. O6onodeyHast MOJeNIb U MarnuecKue Yrucia B OCHMUIATOPHOM NoTeHuane. O1Ho4acTUIHbIE U
KOJUIEKTUBHBIC BO30YX/IEHHBIE COCTOSHUS SI/Ipa.

9. PaguoaktuBHOCTH. AJb(ha, OeTa, raMma

PanguoakTtuBHOCTh. 3aKOH pajMOaKTUBHOIO paclajia, KOHCTAHTa pacliaza, Mepuojl Iojypacrnaja,
cpeaHee BpeMs JKHM3HHU, BEKOBOE ypaBHEeHUeE. Ajb(a-pacna, 3akoH | eiirepa—HosTTONa 1 ero BbIBOA
(popmyna 'amoBa). bera-pacnaj, sHEpreTHUECKHiA CIIEKTp OeTa-pacnaia, TUmoTe3a HEUTPUHO U eTo
ONBITHOE OOHapy)XeHHE, BHYTPEHHsISI KOHBepcHs OJJeKTpoHOoB, K-3axBar. ['amma-nsnyuenwe,
n3zomepus sjep. CHOHTaHHOE JeleHHe sAnep, MexaHu3M (GOpMUpPOBaHUS Oapbepa JAENeHUs —
3aBHCUMOCTh KYJIOHOBCKOM M TIOBEPXHOCTHOM 3HEpru OT AedopmManuu, mnapaMmerp IEIUMOCTH,
SHEPTHsl, BhIJENsAeMas IPH JeJICHNUH Sep, Mpees CTaOUIbHOCTH Sep OTHOCUTEIBHO JETICHUS.

10. S nepubie peakun. OLieHKa CEUSHUH

SlnepHble peakuuH: 3K30TEePMUYECKHE W IHIOTEPMHUYCCKHE PpEaKIMH, MOPOI peakiuH, CEUCHHE
peakuuu (TOJTHOE U MapIUaIbHBIC CEYCHU ), KaHAJBI PEaKIny, ITUPUHBI KaHasoB. COCTaBHOE S/IPO.

Hepe3onaHcHas Teopuss — KJIacCHYECKOE CEUEHHUE, IIONPAaBKUM Ha BOJHOBOH XapakTep 4acTull,
K03 (UIIMEHT NPOHWKHOBEHHMS YaCTHLBI B NPSAMOYTOJbHYIO sMy, 3akoH bere (Ha mpumepe
NPOHUKHOBEHHUSI YacTUIBl B MPAMOYTOJNbHYIO siMy). Pe3oHaHcHble peakuun — ¢opmyna

bpeiita—Burnepa. [lenenue sanep mox NEUCTBUEM HEUTPOHOB, MTHOBEHHBIE M 3aIa3/bIBAIOIINE
HEUTPOHBI, IeMHas peaknus JeleHus. Ponb 3ama3gbIBarolliX HEHTPOHOB B paboTe saepHOTO
peakropa. Cxema peakTopa Ha TEIUIOBBIX HEUTPOHAX.

11. ®ynmaMeHTanbHbBIE B3aUMOJICHCTBUSA. DIEMEHTAPHBIC YaCTHIIBI

dyHnameHTanbHBIE B3auMOACHCTBHA W (QyHJAMEHTAJbHBIC YacTHLI (JCHTOHBL, KBApKH U
MIEPEHOCYUKHU B3aMMOJICHCTBHIA). 3aKOHBI COXpPAHEHHsI M BHYTPCHHUE KBaHTOBBIE umcia. KBapkoBas
CTPYKTypa aJpOHOB — ME30HbI, OapuOHBl ¥ pe3oHaHChl. KBaHTOBas XpPOMOJMHAMUKA,
acUMITOTHYECKasi cBoOoaa. ['mmoreza koH(paliHMEHTa KBAPKOB M IIFOOHOB, KBAPKOBBIN TMOTEHIIHAJ.
OneHKa aJ[pOHHBIX CEYEHHH IPH BBICOKUX YHEPrHSAX HA OCHOBE KBApPKOBOH CTPYKTYypbl. OTKpBITHE
W- u Z-6030HOB, t-KBapKa, METOABI pETHCTpaluu HeWTpuHO. HecoxpaneHue 4YETHOCTH TpU
Oera-pacnaje, onsIT By.

12. 3axons! uznydenuss AUT

[Moncuer uyucna cocTossHUU TONA B 3aJaHHOM OOBeMe; (a3oBbI 0O0BEM, MPHUXOMSAIIMICS HA OJHO
KBaHTOBOE COCTOSIHHE, IUIOTHOCTH coctosHuil. Dopmyna Panes—/xunca u ymsrpaduoneroBas
karactpoda, ¢opmyna Buna. Pacmpenenenue I[lnanka. 3akoH cmemenuss Buna. PaBHOBecHoe
U3Iy4YeHHE KaK uaeanbHbId ra3z ¢otoHoB. 3akoHsl Kupxroda u Credpana—bonbumana.

13. CnoHTaHHOE U BBIHY)KICHHOE H3JIy4YCHHUE

JIByXypOBHEBasi KBAHTOBas CHCTEMa B IIOJIE PABHOBECHOIO M3JIYYEHHMs, NPHHLMII JAECTAIBHOTO
paBHOBeCHUsI, CIIOHTAHHbIC U MHIYLIMPOBAaHHBIE [1€PEXO/bl, COOTHOIIEHUSI DUHIITENHHA U €ro BBIBOJ
pacnpenenenus [lnanka. IIpoxokaeHne M3mydeHHs] depe3 cpely, YCIOBHE YCWIICHHS (MHBEpCHas
3acelEHHOCTh ypoBHe). [IpuHIHI paboThI 1a3epa v ero yCTPOMCTBO.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



» JlexuuoHHAas ayquTOPHUsl, OCHAIIEHHAS MYJIbTUMEAUMHBIM IPOEKTOPOM U SKPAHOM

» OOopynoBaHue AJis IEKIMOHHBIX AEMOHCTpALHiA

* VueOHbIC ayTUTOPUH, OCHAIIEHHBIE JIOCKON

» JlocTyn k OubnroTekaMm yueOHON TEXHUYECKOH TUTEPaTyphl, B TOM YHUCIIE 3JIE€KTPOHHBIM,
HEOOXOUMBIH JJIsl OCYIIIECTBICHUSI CAMOCTOSTENILHOW PA0OThI 00YUArOIINXCS

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. KBanToBast MUKpO- 1 Makpodusuka [Tekcr] : yaebd. mocobue st By3oB / 0. M. [unentok .— M. :
®duszmarknura, 2006 .— 640 c.
2. OcHoBol pusuku [Teker] : Kype obmieii ¢pusnkn : B 2 T. T. 2 : yueOHUK Ju1st By30B. KBaHTOBas 1
craructuueckas ¢pusuka. Tepmopnnamuka / B. E. benonyukun, J[. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmarnuT, 2007 .— 608 c.
3. HavyanbHble Ti1aBbl kKBaHTOBOW Mexanuku [TekcTt] : [y4e6. mocobue s By3oB] / H. B. Kapnos, H. A.
Kupuuenko .— M : @usmarnut, 2004,2006 .— 360 c.
4. O6wwmit kype ¢usuku [Texct] : 85 7. T. 5 : AtomHas u sinepHas ¢pusnka : yueO. mocoOue Juist By30B /
. B. CuByxun .— 2-e u3n., crepeorurt. — M : ®uzmariut : MOTU, 2002, 2006,2008 .— 784 c.
5. Coopnuk 3a1a4 o o0uiemy Kypey ¢usuku [Teker] : B 3 u. Y. 3 : AromHas u sinepHas Qusuka : yueo.
nocobwue Jist By30B / mox pea. B. A. OBunHkHHA .— 2-€ U3J1., ucrp. u gon. — M. : ®uzmarkaura, 2009
—512¢
6. JlaboparopHslii npakTUKyM 10 obmeit ¢pusuke [Teker] : B 3 1. T. 3 : KBanToBas ¢usuka : yueo.
nocobwue st By3oB / @. @. Uromwn, FO. A. Camapckuid, FO. M. [unentok ; nox pen. 0. M.
Hunenroka ; Mock. ¢u3.-TexH. UH-T (TOC. YH-T) .— 2-€ U34., uctp. u gon. — M. : ®uzmarkaura, 2005
—432c.
7. Kanamnukos H.IT., CmonabipeB M.A./OcHOBBI Qu3nku B 2-x ToMax M.-JlaGoparopust 3uanui, 2017

JlononHuTenbHAs TUTEpaTypa
1. OcHOBBI KBaHTOBO# (u3MKH U cTpoeHue BemecTa [ Tekct] : yae6. mocooue st By3oB / U. I1.
Kprios ; M-Bo Bbictl. u cpel. crien;. oopasosanusi PCOCP , Mock. pusuko-rexH. uH-T (TOC. YH-T) .—
M. : MOTH, 1989 .— 184 c.
2. Beenenue B ¢pusuky aapa u yactun [ Tekcr] : yue0. mocobue st By3oB / M. M. KanmutonoB .— M. :
Enuropuan YPCC, 2002 .— 384 c.
3. KBanToBas ¢usuka. Bomusiii kypc [Teker] : yue6. mocodue amns By3os / JI. JI. Tonsaun, I U.
HoguxoBa .— M. : H-T koMnblOTEpHBIX HccienoBanuid, 2002, 2005 .— 496 c.
4. Benenne B KBaHTOBYIO (DU3HMKY cHCTeM MHOTHX 4yactull [ Tekcr] : yue6. mocobue juis By30B / A. A.
WBanoB ; M-Bo oOpa3oBanus u Hayku Poc. @eneparun, Mock. ¢pu3.-TexH. HH-T (TOC. YH-T) .— 2-€ U3,
nepepad. u gorn. — M. : Uzn-Bo MOTH, 2007 .— 163 c.

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

1. http://lib.mipt.ru/catalogue/1412/?7t=750 — snexTponHas 6udbmmorexka MDOTU, pazgen «Odmas
buznkay.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekunoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTALUN.

Jluteparypa, pekoMeHyeMas K Kypcy, JOCTYIHA B 3JIEKTPOHHOM BHJE (CM. II. [ 1] mepeuns pecypcoB
WH(POPMAIIMOHHO-TEICKOMMYHHUKAIIMOHHOM ceTn "HMHTepHeT", He0OXOAMMBIX JIJISl OCBOCHHS
JUCHUTUTHHBI (MOAYJIS1)), TaK YTO CTYACHTHI MOTYT YUTATh YIEOHUKHU MPSMO CO CBOMX IIAHILIETOB.

9. MeToauyeckue yKazaHus AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



Crynent, m3yqaronuii kypc «O6mas ¢pusuka: KBantoBas ¢huznkay, JOIDKEH HE TOJIBKO U3YyYUTh 00IIHE
(u3MUECKUE 3aKOHBI M TOHATHS, HO HAYYUThCS PUMEHSTh UX Ha MPAKTHKE.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENbHOM paboThl cTyleHTa. B nporpamme
Kypca TpHUBEICHO MHUHHMAJIBHO HEOOXoAMMOe Bpemsi s paboThl CTyIeHTa Haj TEMOA.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTUPOBAHNE PEKOMEH/I0BAHHOM JINTEPATYPHI,

— TpopaboTKy ydeOHOro Marepuaia (IO KOHCIIEKTaM JICKIWH, y4eOHOH M Hay4yHOW JHTeparype),
MOATOTOBKY OTBETOB Ha BOIPOCHI, IIPETHA3HAYECHHBIX JUIS CAMOCTOSTEIBHOTO H3yUeHHS;

— pelieHue 3a/1a4, IpeAaracMblX CTYIEHTaM Ha JIGKIUAX U IPAKTUYECKUX 3aHATHSIX,
— MOATOTOBKY K NMPaKTHYECKUM 3aHITHIM, KOHTPOJILHOW paboTe, cade 3aJaHui, IK3aMeHY.
PykoBOACTBO W KOHTPOJNb 3a CaMOCTOSATENBHOM paboTOl CTygeHTa ocymiecTBisieTcss B (opme
UHAUBUYaIbHBIX KOHCYJIbTAlUM.

[loka3zarenem BiaJeHHs] MaTepHaIOM CIY)KAT yYMEHHE pewmarh 3afgadd. s GopMHUpOBaHUS yMEHHS
IPUMEHATh TEOPETHUYECKHE 3HAHHS Ha MPAKTHKE CTYJCHTY HEOOXOIMMO pelarh Kak MOXHO OoJbIle
3agay. [Ipu pemienun 3a1a4 Kaxaoe 1eHCTBHE HEOOXOANMO apTyMEHTUPOBATh, CChUIAsACH HA U3BECTHHIC
TEOPETUYECKUE CBEJICHUS U MPOBOAUTH BCE HEOOXOJUMBIEC BHIYMCICHHS, JOBOS 3a7a4y 10 KOHEYHOIO
oTBeTa. 3aJavya CUYUTACTCS PEIIEHHOH, €CM OHa COICPKHUT OOOCHOBAHHOE PEIICHHE: CCBUIKM Ha
IpUMeHseMble PU3MUECKHE 3aKOHBI U KOPPEKTHBIC BBIKIIAIKH, @ TAK)KE MPABUIbHBIM YMCICHHBIN OTBET
(ecnu B 3a1a4€ €CTh YMCIIOBBIC ITAHHBIE).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa obueit pusnku

Kypc: 3

KBaJIH(UKALUS: OakanaBp
Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 5 (oceHHuil) - JluddepeHpoBannbiii 3a4eT

PaspaGorunkm:

FO.M. [uneHtok, a-p ¢pus.-mart. HaykK, npodeccop, npodeccop
A.B. KyObimikus, JI-p TexH. HayK, npodeccop, mpodeccop
A.O. PaeBckuil, kKaH/l. u3.-Mar. HayK, JIOIEHT, JIOIICHT

A.B. T'aBpukoB, kaH1. ($U3.-MaT. HAyK, JIOICHT, JIOIICHT

A.W. Mopo3os, n-p ¢u3.-Mart. Hayk, ipodeccop, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
MyOIMKaUi 1 HAYYHO-TEXHUYECKOM JOKyMEHTAIlUH, B TOM
YHUCcle C MCIOIb30BAHUEM MPHUKIATHOIO TPOrPaMMHOIO
obecrieueHus

[MK-1 Crioco6eH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnamgeer  yHmameHTanbHBIMU
3aKOHAMU U TEOPHUSIMU COBPEMEHHON (DU3UKH

IIOHATUSAMU,

[MK-3 CriocobeH BbIOMpaTh U PUMEHSTh
noaxozsuiee 000pyaoBaHNE, HHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlIeHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[MK-3.1 3naer mpuHNHUIEI pabOThl W AMANa30HBI PabOYMX
apamMeTpoB HCIOIB3YEMOr0 HayYHOTO 000py/TIOBaHUS

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuinael «O0mas (pusrka: KBaHToBask (GU3NKa» 00yHArOIIUIACS TOJKEH:

3HAThb:




(dyHIaMEeHTaNbHBIE 3aKOHBI W TIOHATUS KBAaHTOBOW MEXaHWKH, a TakkKe TPaHUIBl HX
HMPUMEHUMOCTH:

OCHOBHBIC WJIEH M TOHSATHS: KOPITYCKYJSIPHO-BOJHOBOHM IIyaiM3M, BOJIHBI jAe-Bpoiiis, mpuHImIT
HeomnpenenéHHoctn [eizenbepra, BonHOBas (YHKIHMS, BEPOSTHOCTHAs WHTEPIPETAIHS BOJIHOBON
(dhyHKIIIN

(yHIaMeHTalbHBIE KBAaHTOBBIE JKCIepUMEHTHI: QoTodddekt, dhdexkt Komnrona, mnudpaxims
PEHTICHOBCKOTO H3JIYYCHUS M DJIEKTPOHOB TPH OTPAKEHHH OT KPHCTALIMYECKHX CTPYKTYD,
uHTEp(EpeHIHs 3JIEKTPOHOB (B TOM 4YHCJIE OIHOYACTHYHASA), JIMHEWYaThle CHEKTPHl UCITyCKaHUS U
MOMIOLICHHUS aTOMOB, TYHEITUPOBaHNE, U3JIyYeHUE a0COIIOTHO YEPHOTO Tea.

XapaKTepHbIe BPEMEHHBIE U MIPOCTPAHCTBEHHBIE MacIITA0bl, HA KOTOPBIX MPOSIBISIOTCS KBAHTOBBIC
SIBJICHUSL.

nocrynarel bopa 1 aroma Bogoposia 1 KBazukiaccuyeckoe npudmpkenue bopa-3ommepdensaa.

BOJTHOBOE ypaBHeHHe LlIpénunrepa A SBOIMIONUN BOJTHOBOW (DyHKIIMM BO BPEMEHH, a TAKKE IS
OIIPEAEIICHUS CTAIIMOHAPHBIX YPOBHEH SHEPIUU KBAHTOBOW CHCTEMBI.

3aKOHBI KBAaHTOBAHMS YaCTO BCTPEUAIOIIUXCS THUIIOB JBIDKCHUS: OJHOMEPHBIA TapMOHHYECKHIA
OCLWIIATOP, KBAHTOBBII pOTATOP, JIEKTPOH B aTOME BOIOPOAA.

0COOCHHOCTH B3aMMOJICUCTBHS KBAHTOBBIX YACTHI[ C TOTCHIMAJIbHBIMU sSIMAMH M OapbepamH.
TyHenupoBaHue.

THPOMAarHUTHOE COOTHOIICHHE H CBSI3b MEXK/y MEXaHUYECKUM U MArHUTHHIM MOMEHTaMH

YTO TaKkoe OpPOMTAJIbHBIM W CIIMHOBBIH MOMEHTHI, CBSI3b TOHKOT'O PACIICIJICHUS B CIIEKTpax

W3JTy4eHHs aTOMOB CO CITMH OpOUTAJIbHBIM B3aUMOJICHCTBUEM
YTO TAKOE CBEPXTOHKOE paCIIETJICHUE U CIIMH aTOMHOTO sIIpa

CBSI3b CTaTUCTUKU (pepMHUOHOB C mpaBwioM 3ampera [layaum ¥ OOMEHHBIM B3aWMOJACHCTBHEM.

[MpaBuna XyHaa 3an0THEHUST aTOMHBIX 000JIOUEK
OCHOBHBIE 3aKOHOMEpHOCTH 3 ekra 3eemana. CiaokHbIN 1 pocToit 3pdexTsl 3eemana. SABneHus
MarautHoro pezoHanca. (OI1P u SIMP)

4TO TaKOE KarejbHas M 000JI0YeYHAss MOJIENIM aTOMHOTO spa. MIMeTh npeicTaBiIeHue O CHIIEHOM

B3aUMO/ICHCTBUH. 3HATh XapaKTepHBIE pa3Mepbl AaTOMHBIX SJ€p U BEJIMUUHBI SHEPTUH CBS3H SAAEP.
YTO TAaKOE KBAPKOBBII COCTAB MPOTOHA U HEHTPOHA

YTO TaKO€ PaAMOAaKTUBHBIN pacmanx. Anbgda-, 6eta- u ramma- pacnaa. Mimers mpencraBieHue o

OMOJIOrMYeCcKOl ONTAaCHOCTH PaIMOAKTHBHOTO pacmaja.
Yro Taxoe ciaboe B3auMOAEHCTBHE, 0COOEHHOCTH OeTa-paciaia, BpeMs KU3HU HEHTPOHA, TOHATHE
00 aHTUHEHTPUHO.
OCHOBHBIC TIOJIO)KEHHSI TEOPHM pacCesHUs HEHTPOHOB Ha TOKEIBIX sIpax (pe30oHAHCHOE MU
HEPEe30HAHCHOE B3aUMOACUCTBUS, IOHITHE COCTABHOTO SAPa)

OCHOBHBIC MOJIOKEHNSI KBAaHTOBOM ONTHKH: (DOTOHBI, BBIHYKJICHHOE U CIIOHTAaHHOE H3Iy4eHHE,

¢dusmka paboTh! na3epos, popmyna [Inanka ayst n3ay4eHust aOCOTOTHO YEPHOTO Tea.

yMeTh:

HNPUMEHSATh U3yUCHHbIE 3aKOHBI KBAHTOBOW (DM3UKH ISl peIIeHHUS KOHKPETHBIX 3a/1au:
MpUMEHATh TpubmmkeHue bopa-3omMmepdenbaa s pemieHus: 3agad O JIBUKCHUU YaCTHUIBI
(amexTpoHa) B 33JJaHHOM CTaTUYECKOM MOTEHIIAAJIE
npuMeHsATh ypaBHeHue Llpenunrepa asis onpenesieHus] SHEPreTUIECKUX YPOBHEH CTallMOHAPHBIX
COCTOSIHMH, a TaKKe Il onpenesneHus Kod(pQHUIMEHTOB MPOIyCKAHUS M OTPAXKEHUS IMOTEHIMATIbHBIX
0apbepoB U MOTECHIIHAIBHBIX M.
paccunTHIBaTh BEIMYMHY CIMH-OPOMTAJIbHOTO PACLICTIIICHUS SHEPreTHYECKHX YpOBHEH aToMa B
pamkax mozpenu LS-cBs3u
BBIYMCIIATh BEJIMYMHY PACIICIUICHHS CIIEKTPAJIbHBIX JUHUH B 3¢ dexre 3eemMana ¢ yu€ToM IpaBHil
orbopa
OTIpENIEISITh SHEPTHIO CBS3H aTOMHOTO sI/Jpa B paMKaXx KalleJIbHOW W 000JI04eYHOMN MoJiesel siipa.
paccYUTHIBaTh BEPOSITHOCTH PACCESHUSI HEUTPOHOB HA aTOMHBIX sIIpax
HNPUMEHSATH 3aKOHBI N3Ty4eHHs a0COIIOTHO YEPHOTO TeJa B 33/1a4aX O TEIUIOBOM HU3ITy4YECHUH
aHaIM3UpOBaTh (U3UYECKHE 3a/1aud, BBIIENSIS CYLIECTBEHHBIE M HECYIIECTBEHHBIE ACIIEKTHI
SIBJICHUs,, U HA OCHOBE IPOBEIEHHOIO aHalIM3a CTPOUTH YIPOLIEHHbIE TEOPETUYECKUE MOJIEIIU
(U3NYECKUX SBICHUM;
IPUMEHATh pPA3JIMYHblE MaTreMaTU4YeCKUEe MHCTPYMEHTbI pELIeHHUs 3ajad MCXOId U3
c(hOopMyYIINPOBAaHHBIX (PU3UUECKUX 3aKOHOB, U MPOBOIUTH HEOOXOINMBIC aHATUTUYCCKUE U YHCIICHHbIE
pacyéTnl;

BJA€Th:

OCHOBHBIMH METOJIaMH PEIICHUS 3a/1a4 KBaHTOBOH (DHU3HKH;
OCHOBHBIMH MaTeMaTUYeCKUMU WHCTPYMEHTaMU, XapaKTEPHBIMHU ISl 331349 KBAHTOBOU (M3UKH;



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO



3. IlepeyeHb TMNMOBBIX KOHTPOJIBLHBIX 3aaHMI, HCMOJIb3yeMbIX A/ OLEHKHU 3HAHMIi, yMe-
HUM, HABLIKOB

[Tpomexxyrounas arrectauus mno aucuuminae «OOmas ¢usnka: kBaHTOas (PU3MKa» OCYIIECTB-
asercs B popMme nuddepeHnnansHoro 3auéra. 3a4ér BKIIOYAECT B ce€0sl MPOBEPKY BBIOJIHEHUS
JIOMAIIHUX 3a/laHuil ¥ TEOPEeTUUECKUX 3HaHUM cryaeHTa. CIMCOK BONPOC 110 TEOPUU IPUBEAEH
HUXKE:

1. KBanToBas npupoja ceera. Buemnuii pororddexr. YpaBHeHHe DUHIITEIHHA.
2. BonmnoBas npupoza yactuil. Dpdext KomntoHa.

3. CrioHTaHHOE W BBIHYXKJIEHHOE u3llydeHue. HBepcHas 3aceneHHOCTh ypoBHEH. [Ipunuun pa-
0O0THI J1a3epa.
4. Usnydyenue abcomoTHO yepHOoro Ttena. Popmyna Ilnanka, 3akonsl Buna um Credana-
bonbumana.

5. KopnyckymnsipHo-BoiaHOBOM ayanu3M. Bosnbl ne bpoins. Onbitel [leBuccona-/lxepmepa u
ToMmcoHna o audpaxuy JIEKTPOHOB.

6. BonnoBas ¢ynkius. Oneparopbl KOOpAUHATH U UMIyibca. CpeaHue 3HaUYeHUS PU3NYECKUX
BEJIMYHH.

7. COOTHOILIEHHE HEONIPEACIIEHHOCTHU JUIsl KOOPAUHATHI U UMITYJIbCa.

8. IToctynater bopa. DHEpreTnyecKkuii ClIeKTP BOAOPOIOMOA00HBIX aTOMOB.

9. XapakTepucTudyeckoe u3iydeHue, 3aKkoH Mo3inu.

10. CranuronapHoe u HectanuoHapHoe ypaBHeHue lllpenunrepa. OBomronus BOJHOBOW (hyHK-
LUH.

11. KBaHTOBBIN TApMOHUYECKUN OCLIMILISITOP

12. KBaHTOBBII poTaTtop

13. MonekymsipHbI€ CIIEKTpPbI: KoJeOaTelIbHbIC U BpalllaTelIbHbIE YPOBHU

14. Onbrtel HTepna u I'epnaxa. Crun 3nexktpoHa. OpOUTANBHBIN U CIIMHOBBIM MarHUTHBIE MO-
MEHTBI JIEKTPOHA.

15. ToxnectBeHHOCTh YacTUll. CUMMETpHUsi BOJTHOBOW (DYHKIIMM OTHOCHUTEIHHO NEPECTAaHOBKHU
yactull. bozons! u pepmuonst. [Ipuanun [Taymu.

16. ObmenHoe B3aumoaelcTBue. [IpaBmio XyH/a 3anoHEHNs 3JIEKTPOHHBIX opOuTaneil. Jiek-
TpPOHHAas CTPyKTypa atoMoB. Tabnuia Mennaeneesa.

17. ToHkast 1 CBEpXTOHKasi CTPYKTypa ONTHYECKUX CIeKTpoB. CMH-OpOUTaIbHOE B3anMO/Ieii-
CTBHUE.

18. IlpaBuia oTbopa Mpu MOIJIOMEHUH M HCIyCKaHUU (OTOHOB aToMaMH. MyJbTHIIIETHOCTb
¢$o-ToHOB

19. Db ekt 3eemana B c1abbIX MATHUTHBIX MOJISAX.
20. DddekT 3eeMana B CUIIbHBIX MATHUTHBIX MOJISX.
21. SInepHBIi U 2NEKTPOHHBIN MaTHUTHBIN PE30HAHCHI.
22. KanenbHas monens siapa u popmyia Baitizekepa
23. O0onoueyHast MOJIEINb Apa U Marnueckue Yucia
24. 3aKkoH paguoakTUBHOrO pacnaja. [lepuon nosypacnaaa u Bpemst JKU3HH.
25. TyHHenupoBaHUE YACTHIl CKBO3b MOTEHIMAIbHBIN Oapbep. Ajnbda-pacnaj. 3akoH I'eiirepa-
HbaTTona u ero oobscHeHue.
26. Tumnsl Oeta-pacnangoB. OObsICHEHHE HEMPEPHIBHOCTH YHEPIETUUECKOTO CIIEKTPa 3JIEKTPOHOB.
Helitpuno.
27. 'amma-u3nydeHue, uzomepus aaep. BzaumoaeiicTBue raMma-u3inydeHusl C BEHIECTBOM.
28. MeTtoapl perucTpaiuy 4aCTUIL BBICOKUX dHEepruil. CTHHIMIAIIMOHHBIE AETEKTOPHI, CYETUNKH
I'eiirepa. I'aMMa-crieKTpOMETpBHI.
29. Anepubie peakunu. CoctaBHoe sSap0. CeyeHne HEpe30HAHCHBIX peakiuil. 3akoH bere.
30. PezonancHsle siaepHble peakiyu, popmyna bpeiita-Burnepa.
31. denenwue siaep moa ACMCTBHEM HEUTPOHOB. [IpuHITUIT pabOTHI SIIEPHOTO peakTopa Ha TEIUIo-
BBIX HEUTPOHAX.



32. CooTHOLIEHNE HEONIPEAETIECHHOCTEN sl SHEPTrUU U BpeMeHU. OlLieHKa BpEMEHU )KM3HU BUp-
TyaJIbHBIX YaCTHII, PaINyCOB CHIILHOTO U C1a00T0 B3aMMOICHCTBUIA.

34. ®ynaaMeHTalbHBIE B3aUMOJCHCTBUS U (yHAAMEHTAIbHbIC YAaCTHIBI (JCTITOHBI, KBApKU U
NEepeHOCUYHMKH B3auMoecTBrii). KBapkoBas cTpyKTypa aapoHOB.

[Tprmepsl IPOCTHIX BOIIPOCOB U 3aj1ay, PELIEHNE KOTOPBIX HEOOXOAUMO JUIsl IOIYYEHUsI YIOBIIe-
TBOPUTEIBHON OLIEHKU:

. Ornpenenuth JJIMHY BOJIHBI Je-Bpoiliis 3JIeKTpOHA C KHUHETHUYECKON sHeprueiu
103B.

o CdopmynuposaTh 3akoH DiHIITEHHA 1151 hoTod(hdekTa.

o JlaTtb onpeneneHre KOMITOHOBCKOM JJIMHBI BOJIHBI 3JIEKTPOHA

o Onpenenutb 3HEPreTHYECKU CIIEKTP aToMa BOJIOpO/ia B paMKax Mojenu bopa.

o BbluncnuTh paccTosiHuE MEKIy HYJIEBBIM U NEPBBIM BpalllaTelIbHBIM YPOBHSIMHU
OCHOBHOT'O COCTOSIHMSI MOJIEKYJIbI a30Ta. PaccrosiHue mexay sapamu 0.3HM.

. 3anucath BUJ CHEKTPa KBAHTOBOTO TAPMOHUYECKOTO OCIHUILUISTOPA COCTOSILErO
U3 YaCTHUI[BI MACCOM M M «IIPYKUHKN» KECTKOCTU K

o OnpenenuTs MarHUTHBI MOMEHT DJIEKTPOHA B 2P COCTOSIHUU B aTOME BOJIOPOJIa

o [TomyunTh BETMUMHY SHEPTUU paculerieHus A 1S cocTosiHMIT aToMa BOJI0po/ia B
MarHuTHoM noje B=1Tu.

o CdopmynupoBars npuHun 3anpera [aymm.

o CdopmynupoBats nmpaBuia XyH/a JUIst 3aII0JIHEHHUS] aTOMHBIX 000JI0YEK.

. CdopmynupoBaTh MmpaBwiia 0TOOpa U3MydaTeIbHBIX MEPEX0J0B MEXKIYy aTOMHBI-
MU YPOBHSIMH.

o CocrtaB aromHOrO0 sijipa. OOBSICHUTH IPUUUHY YCTOMYUBOCTH SAIpA.

o B pamKax KamenbHOi MOJENH spa ONpeeNuTh TUIl pachana sapa 2'Mg (Macco-
BOE YKCIIO A HE U3MEHSIETCS).

o B pamkax o0onouedHol Mojenu sapa 0ObSICHUTH OCOOYI0 YCTOMYHBOCTD SAJEp C
«Marv4eCcKMMHM» MacCOBBIMH unciaaMu: 4,16,40

o Onpenenuts pa3Mep siipa aToma CBUHIIA.

o OOBSICHUTD NPUYNHY HENIPEPHIBHOCTH 3HEPTETUYECKOTO CIEKTPa 3JIEKTPOHOB 00-
pasyromuxcs npu OeTa-pacrae.

o Heitpon c sneprueit 100 k3B ynpyro pacceuBaeTcs Ha siape. Kakoe MUHUManbHO
BO3MOYKHOE 3Ha4YCHHE MPHIIEITHHOTO mapamerpa b, peanusyercsi B TaKoM mporecce?

. HeliTpanpHblil muoH pacnaincs Ha JBa raMMa-kBaHTa ¢ sHeprusimu 3.1 I'3B u 2.0
I'5B. Haittu yrous pa3znéra mexay raMmma-KBaHTaMU.

o ITpu xakoil TeMIeparype JaBI€HHE PABHOBECHOTO U3Iy4eHHs paBHO 1 ATm.?

. OueHuth 5>(QQEKTUBHYI0 TEMIEpaTypy HENPEPHIBHOTO M3IYYEHUsS] Teluii-

HEOHOBOTO JIa3epa MOIMIHOCTHIO 1 MBT U ciekTpanbHoit mupuHoi muaun 10T,
4. Kpurepuu oneHuBaHus

Jns nomycka k 3a4€Ty CTYJIEHT JIOJKEH PEIINTh BCE 3a/1adu U3 3aaaHuil. Ha 3auére npenogasa-
TeJIb OLICHUBAET PEIIEHUs 3a/1a4 U3 JOMAIIHUX 3aJaHuM, JJI 4YeTO MOKET IOIPOCUTH CTYAECHTA
MIPOKOMMEHTHUPOBATh PEIIeHHEe T000H 3amaun u3 3aaanus. OTBET CTyIeHTa Ha TEOPETUICCKUIN
BOIIPOC OLICHUBAETCS B LICJIOM, U 3a4E€THAs OLICHKA BBICTABJISICTCS COTJIACHO IIPUBEAEHHBIM HUXKE
KPUTEPUSM U U3JI0KEHHBIM BBIIIE 3aMEYaHUSIM KacaTeIbHO MMCbMEHHOMN YaCTH SK3aMEHa:

Ouenka «otau4Ho (10)» BbICTaBIISETCSA CTYAEHTY, MOKAa3aBIIEMY BCECTOPOHHUE CHUCTEMAaTU3H-
pOBaHHbBIE TTTyOOKHE 3HaHUS yUeOHOM MporpaMMBl U 3a €€ MmpeaesiaMu, a TakKe YMEHUE YBEpEH-
HO NMPUMEHSATH UX Ha MPAKTUKE MIPU PEIICHUN CI0KHBIX HECTAaHAAPTHBIX 33/1a4.



Ornerka «oTan4HO (9)» BBICTABISIETCS CTYACHTY, TIOKA3aBIIEMy BCECTOPOHHUE CHCTEMATH3HPO-
BaHHbIE NTyOOKHE 3HAHUS y4eOHOM MPOrpaMMbl U YMEHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHKE
IIPU PELLIEHUN HECTaHIAPTHBIX 3a]1a4.

Onenka «oTJM4HO (8)» BBICTABIIAECTCA CTYACHTY, [TIOKA3aBIIEMY BCECTOPOHHHUE CUCTEMATU3UPO-
BaHHbIE NTyOOKHE 3HaHUS y4eOHOM POrpaMMbl U YMEHUE YBEPEHHO IPUMEHSTh WX Ha MPAKTHKE
[IPY PELICHUH HECTAHAAPTHBIX 3a/1ad, OJHAKO JOIYCTUBLIEMY HEKOTOPBIE HETOYHOCTH IIPHU OT-
BETE.

OreHka «xopouio (7)» BBICTABISIETCS CTYACHTY, €CIIM OH MPOAEMOHCTPHPOBAI TBEPIOC 3HAHUE
U YBEpPEHHOE NMOHMMAaHHE MaTepuasia y4eOHOM MporpaMMbl U yMEHHE CBOOOJAHO MPUMEHSTH (Hu-
3U4YECKHE 3aKOHBI HA ITPAKTUKE IIPU PEILICHUHU TUIIOBBIX 33]1a4.

OrneHka «xopouio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPJOC 3HAHUE
MaTepuaia y4eOHOH mporpaMMbl U YMEHUE MPUMEHSTh (PU3NYECKUE 3aKOHBI HA MPAKTUKE MPU
pELIeHUH TUIIOBBIX 3a/1a4.

Orenka «xopomo (5)» BBICTABIAETCS CTYACHTY, €CJIUM OH MTPOJASMOHCTPUPOBA TBEPOC 3HAHHE
U MOHMMaHHe MaTepuana y4eOHOIl MporpaMMbl U YMEHHE NPUMEHATh (PU3NYECKUE 3aKOHBI Ha
MpaKTUKE TPHU PEIICHUM TUIOBBIX 3aJ]1a4, OJIHAKO JIOMYCTHJI IMPU OTBETE Pl IPyOBbIX HETOUYHO-
CTEM.

OueHKa «yA0BJIeTBOPHTENbHO (4)» BBICTABISCTCS CTYICHTY, MOKa3aBileMy (parMeHTapHbIH
XapakTep 3HaHUH, JOMYCKaBIIEMY HETOYHOCTH B (POPMYITHMPOBKE OCHOBHBIX 3aKOHOB U 0a30BBIX
HOHATHUI, HO MPU 3TOM MPOJIEMOHCTPUPOBABIIEMY CIIOCOOHOCTD pelIaTh NPOCThIE 33Ja4u U Bia-
JICHHE OCHOBHBIMU pa3jieiaMy Y9eOHOH MporpaMMbl, HEOOXOIMMBIMHE /IS AajbHEHIero o0yyde-
HUSL.

O1leHKa «yA0BJETBOPUTEILHO (3)» BBICTABIAETCS CTYACHTY, MOKAa3aBIIEeMy CHIBHO (pparmMeH-
TapHbIN XapakTep 3HAHUH, JOMyCKaBIIeMy IpyOble oIIMOKH B (POPMYJIMPOBKE OCHOBHBIX 3aKO-
HOB U 0a30BBIX MOHATUH, HO MPHU TOM MPOAEMOHCTPUPOBABIIEMY CIOCOOHOCTH pemath Mpo-
CThIE 3aJ]aud U BIAJICHUE OCHOBHBIMH pazjielaMH Y4eOHOW MporpaMMbl, HEOOXOAUMBIMU IS
JaNbHEUIEro o0yueHusl.

O1ieHKa «HEeY/IOBJIETBOPUTEIBHO (2)» WIH «HEY0BJEeTBOPUTENLHO (1)» BBICTABISETCS CTY-
JIEHTY, KOTOPBIN HE 3HAET 3HAUUTEJbHYIO YaCTh OCHOBHOT'O COJIEpKaHUs MPOrpaMMbl, CUCTEMa-
TUYECKHU JOMYCKaeT rpyOble OMUOKH MpH (HOPMYTUPOBAHUN OCHOBHBIX (PU3NYECKUX 3aKOHOB
WM HE CIIOCOOEH KOPPEKTHO MPUMEHAThH (PU3MUECKUE 3aKOHBI J1aXe JUIsl pEIeHUs TPOCThIX 3a-
Jau.

5. MeToanyeckne MaTepuaJibl, onpee/siioye Npoueaypbl OeHUBAHUS 3HAHUI, YMEHUH,
HABBIKOB M (MJIM) ONBITA 1eATEJIbHOCTH

IHopsinok nposenenust AU pepeHNATBLHOTO 3a4€Ta.
3auéT npoxoauT B hopme Oecenbl mpenoaaBarels co CTYACHTOM M0 TeMaM H30paHHBIX 3a]ad U3
3aJJaHUI U BBIOPAHHBIX TEOPETUUYECKUX BOIIPOCOB.

Ha noaroroBky kK OTBETY 1O TEOPETUUECKOMY BOIIPOCY CTyAEHTY naércs oT 30 mo 45 mu-
HYT.

B nmpouecce orBeTa Ha TEOPETUUECKUI BOIIPOC WIIM MOSACHEHUS PELUECHUS 3a7a4 U3 3a1a-
HU [PENOIaBaTelb 110 MOKET 3a/1aBaTh YTOUHsIOIME Bonpockl. [locne orBeTa nmpenonasarens
BIIPaBE 33/1aBaTh CTYICHTY JFOOBIE JOMOJHUTEIbHBIE BOMPOCHI IO MTPOrpaMMe Kypca.



BUJIET 1.

1. Bompoc no BeIGOpYy.
2. 3akonsl HeloToHa. JIBiKeHMe Tell B MHEpLHUAIbHBIX M HEMHEPLUHATbHBIX CHCTEMAX

oTCyera.
3. 3anaua.
BUJIET 2.

1. Bompoc no BeiOOpY.

2. Ilpunnun ortHocuTenbHOCTH ['anmwiies ¥ MPUHIMIT OTHOCHUTENBHOCTH JDHHINTEHHA.
[TpeoOpa3oBanus Jlopenua. lHBapuaHTHOCTh MHTEpBAJIA.

3. 3amaua.

BUJIET 3.

1. Bompoc no BeiOOpY.

2. 3aKoHBI COXPAHECHHS PHEPTHH U UMIYJIbCa B KJIIACCHYECKOW MEXaHUKe. YTPYyrue u
HEYIPYTUe CTOJKHOBCHHSI.

3. 3anmaua.



