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

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo TUCHHUIIJIMHE: OOmas ¢usmka: KBaHTOBas (HU3NKA
10 HANPABJIEHHIO: Nudopmarnka u BIYUCIUTETbHAS TEXHUKA
NpoduJIb MOATOTOBKH: MaremaTrndeckoe MOICIUPOBAHNE U KOMITBIOTEPHbBIE TEXHOJIOTUH

Ouzrex-mkona [Mpuknagnoit Maremaruku 1 MapopmaTiku
kadenpa oomeit Gu3nku

Kypc: 3

KBau(pukanus: GakanaBp

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

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3au. ef.: 1
KommyecTBO KOHTPOIBHEIX paboT, 3aaHuii: 3
[IporpamMmy cocraBunu:

FO.M. unentok, n-p ¢us.-MaT. HayK, mpodeccop, mpodeccop
A.B. KyObiikus, 1-p TexH. HayK, npodeccop, 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 Kadenpsl oomei gusuku 23.03.2023



AHHOTANMA
Kypc oOmeli ¢u3uku sSBISETCS TMEPEXOTHBIM OT INKOJIBHON (PH3WMKKA K KypcaM TEOpeTHYeCKOW (M3UKU H
CHeIHaIN3UPOBAHHBIM KypcaM dKCIIEPUMEHTATBHON QU3NKU. MEeTOMONOTHS KBAHTOBOW (PM3WKA CYIIECTBEHHO
OTIIMYAETCS OT KJIACCUYECKOW (PU3WKH, MPHU 3TOM MaTepHall Kypca KBaHTOBOW (DM3UKHU SIBIISIETCS HOBBIM IS
yYanuxcsi, B paMKax IIKOJbHBIX MPOTPAMM TaKOTO Kypca HET. ITH 00CTOSATENLCTBA ONPENEISIOT CielnpuKy

Y CIIOKHOCTB Kypca.
1. leau u 3apauu

Meap AUCUMNIMHBI

OcBoeHue CTyJieHTaMH 0a30BBIX 3HAHWM B OOJIACTH KBAaHTOBOW (DM3UKH ISl JANbHEHIIETO W3ydeHHUsI

COOTBCTCTBYIOIIIUX  pa3aciioB

TEOPETUUECKOM

¢usukn, a TaKkKe YIIyONEHHOrO H3y4YeHUs

(dyHJIaMEeHTaIbHBIX OCHOB COBPEMEHHOW (DM3UKH.

3agauu AU CHUILIHHBI

- opmupoBanue y oOyuarommxcs 0a30BBIX 3HAHUH W MOHATUH B 00JaCTH KBAaHTOBOW MEXaHUKHU W

¢$uznkn

- (1)OpMI/Ip0BaHI/Ie YMeHI/II\/’I U HABBIKOB IIPUMCHSATH H3YUYCHHBIC TCOPCTUUCCKUC

3aKOHbI H

MaTeMaTHYeCKHe HHCTPYMEHTHI JUIsl peIleHHs 3a7a4 KBAaHTOBOH (pu3nku

- ¢opmupoBaHrue O0OMWEPUINIECKON KyIBTYPBl: YMEHHS BBIACISATH CYIIECCTBEHHbIE (U3NUCCKHUE
SBJICHUS M IpeHeOperarb HeCYUIECTBEHHBIMU; YMEHHS IPOBOIUTH OLEHKH (PU3NYECKUX BEIHYHH;
YMEHHUS CTPOHUTDH MPOCTEHIINE TEOPETUUECKNE MOIEIH, OTMCHIBAOIINE (PU3HUECKUE TPOLIECCHI.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
MPUMEHSATh CUCTEMHBIH MOXO/ sl PEIICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyert 3aaady, BeIIEIASA 3TANbl €€ PEIICHHUS,
JIEHCTBUS IO PELIEHUIO 3a1a4U

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (FITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
npodeCcCHOHAIBHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1auy,
HaMeyarb MyTH €€ PELCHUS

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIISTh
Hay4HbIC U (UJIM) TEXHUYECKHE
(TeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.1 3Haer ocHOBHBIE TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJIb30BAaHWEM MPUKIAJHOTO IPOrPAaMMHOTO
o0ecrnieyeHHs

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJAaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

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

3HAThb:




YMETB:

- (hyHaMEHTaIbHBIE 3aKOHBI U TIOHATHS KBAHTOBOM MEXaHUKH, a TAK)KE I'PAHUIIBI X IPUMEHHUMOCTH;

- OCHOBHBIC HJCH M TOHSTHS: KOPIYCKYJISIPHO-BOJHOBOHM [yaslu3M, BOJHBI Je-Bpoiiist, mpuHIUI
HeomnpenenéHHoctn [eizenbepra, BonHOBas (YHKIHWS, BEPOSTHOCTHAs HWHTEPIpETAIHS BOJIHOBOW
(dhyHKIIUY;

- (QyHIaMeHTalbHBICE KBAHTOBBIE OJKcIEepUMEHTHI: (otoaddekr, >ddext KomnroHa, mudpakmus
PEHTICHOBCKOTO HM3IYYECHUS M OJIEKTPOHOB MpPU OTPAKCHUH OT KPUCTAJUIMYECKUX CTPYKTYP,
uHTep(EpeHIHs 3JIEKTPOHOB (B TOM 4YHCJE OAHOYACTHYHASA), JIMHEHYaThle CHEKTPbl UCIYCKaHUS U
MOIVIOIIEHHS aTOMOB, TYHEIMPOBaHUE, U3Ty4YeHHE a0COIIOTHO YEPHOTO TEa;

- XapakTepHbIe BPEMEHHBIE M MPOCTPAHCTBEHHbIE MACIITAObI, HA KOTOPBIX MPOSBIISIOTCS KBAaHTOBBIE
SIBJICHUS;

- moctynarsl bopa 11 atoma Bogopoza 1 KBazukiaccuueckoe npubmmkenne bopa-3ommepdensaa;

- BoiHOBOe ypaBHeHue Lllpéauurepa Iuis SBOMIOIMK BONHOBOW (DYHKIIMM BO BPEMEHH, a TAKKE IS
OIIPEAEIICHUS CTAIIMOHAPHBIX YPOBHEH SHEPIHH KBAaHTOBOM CHCTEMBI;

- 3aKOHBI KBAaHTOBAHWS YacCTO BCTPEYAIOIIMXCS THIIOB JBIDKCHHS: OIHOMEPHBIH TapMOHUYECKUH
OCLIIIIATOP, KBAHTOBBII POTAaTOp, SJIEKTPOH B aTOME BOOPOAA;

- 0COOCHHOCTH B3aMMOJICHCTBHS KBAHTOBBIX YAaCTHUI[ C IMOTCHIUAIBHBIMH SMaMH W Oapbepamu.
TyHenupoBaHue;

- THPOMAarHUTHOE COOTHOILICHHE H CBSI3b MEXKIy MEXaHUYECKUM M MarHUTHBIM MOMEHTAMU;

- YTO Takoe OPOUTATIBHBIN 1 CIIMHOBBIM MOMEHTHI, CBS3b TOHKOTO PACLICIUICHHUS B CHEKTPaxX U3IIy4eHUs
aTOMOB CO CIIMH OpOUTAIBHBIM B3aUMOJICHCTBUEM;

- 4TO TAKOE CBEPXTOHKOE PACIIETJICHNE U CIIMH aTOMHOTO SI/Ipa;

- CBSI3b CTATHCTHKH (DEPMHUOHOB C TpaBHiIOM 3arpera [laynu u oOMeHHBIM B3auMozericTBueM. [IpaBua
XyH/a 3all0JIHCHUSI aTOMHBIX 000JI0UEK;

- OCHOBHBIE 3aKOoHOMepHOCTH 3 dekra 3eemana. CnoxHbI U pocToil 3hdekThl 3eemana. SBneHUs
MarautHoro pezoHanca. (O[1P u IMP);

- 4TO TaKoe KarelbHas M 000J0YeyHas MOJACIH aroMHOro siapa. MimMers mpencraBieHHEe O CHIBHOM
B3aUMOJICHCTBUU. 3HATh XapaKTepHBIC pa3Mephl AaTOMHBIX SJep M BEJIMYUHBI SJHEPTHIA CBSI3H SAED;

- 9TO TaKO€ KBAPKOBBII COCTAB MPOTOHA U HEHTPOHA;

- 4YTO TaKoe PaJHOAKTUBHBIN pacmaa. Anbda-, 6era- m ramma- pacmai. Vmers mpeacrasieHue o
OMOJIOrMYECKOl OMTAaCHOCTHU PaJIMOAKTUBHOTO PacIaja;

- YTO Takoe ciaboe B3auMOAEHCTBHE, 0COOCHHOCTH OeTa-pacmaja, BpeMs >KU3HU HEHTPOHA, IOHATHE
00 aHTHHEHTPHHO;

- OCHOBHBIC TIOJIOKEHHUS] TEOPHM pPACCESHUS HEUTPOHOB Ha TOKENBIX sApax (pe30HAHCHOE W
HEPE30HAHCHOE B3aUMOJICHCTBUS, TOHSATHE COCTABHOTO SI/1pa);

- OCHOBHBIE IOJIOKCHHMS KBAHTOBOW ONTUKHU: (DOTOHBI, BBIHYXIEHHOE U CIOHTAHHOE H3JIy4eHHE,
¢dusmka paboTh! na3epos, popmyna [Inanka aist u3aydeHust aOCOTOTHO YEPHOTO Tea.

- IPUMEHATH U3yUCHHbIE 3aKOHBI KBAHTOBOW (DM3HMKH IS PEIICHUS] KOHKPETHBIX 3a/1ay;

- npuMeHATb mnpuOnmxenue bopa-3omMepdensaa s pemieHuss 3afad O JABMXKEHHMH YaCTHILIBI
(amexTpoHa) B 33JJaHHOM CTaTUYECKOM MOTEHIINATIE;

- npumeHTh ypaBHeHue Llpenunrepa s ompeneneHUs] YHEPTETHUECKUX YPOBHEH CTAl[MOHAPHBIX
COCTOSIHMH, a TaKKe AJs omnpenesieHus K03 (HUINEHTOB MPOIYCKaHNUs M OTPaKCHHUS MOTCHIMAIbHBIX
0apbepoB U MOTEHIIUATBHBIX SM;

- paccuMThHIBaTh BEIWYMHY CIIMH-OPOMTAIBHOTO PACLICIJICHHS JHEPreTHYEeCKUX YPOBHEH aroMa B
pamkax mozaenu LS-cBs3u;

- BBIYMCIIATH BEJIMYMHY PACIICIUIEHHS CIEKTPaJbHBIX JHHUH B 3(ddexre 3eemana ¢ y4éTom MpaBui
otbopa;

- OTIPE/ICTISATh DHEPTHIO CBSA3HM aTOMHOTO SJ[pa B PaMKax KalelbHON 1 000JI09eYHON Moienel sapa;

- pacCcYUTHIBATH BEPOSITHOCTH PACCESHUS HEUTPOHOB HA aTOMHBIX SJIPAX;

- IPUMEHATH 3aKOHBI N3Ty4eHHs a0COIIOTHO YEPHOTO TeJa B 33/1a4aX O TEIUIOBOM HU3ITy4YEeHUH;

- aHaJM3UPOBaTh (HU3UYECKUE 3a7a4H, BBIICISISI CYLIECTBEHHBIC U HECYILIECTBEHHBIC ACIIEKTHI SIBJICHU,
U Ha OCHOBE MNPOBEIEHHOIO aHAIN3a CTPOUTH YNPOIIEHHBIE TEOPETUYECKUE MOAETH (PU3NIECKUX
SIBIICHU;

- IpPUMEHATh pa3jIMYHble MareMaTHYeCKUEe WHCTPYMEHTBbl peEIICHUs 3aJad HUCXOHs U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, U IPOBOAUTH HEOOXOAMMbIE aHAIMTHUECKHUE U YHCIICHHBIC
pacy€Thl.

BJIAJIETD:

- OCHOBHBIMH METO/IaMH pElICHUs 3a/1a4 KBAaHTOBOH (pH3HKH;
- OCHOBHBIMH MaTEMaTHYECKIUMHU HHCTPYMEHTAaMU, XapaKTEPHBIMU JIJIS 33]1ad KBAHTOBOU (PH3UKHU.



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

CaMOCTOATCIIbHYTO pa60Ty, qac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| BomnnoBble CBOMCTBa YacTHLI. 3 |
CooTHOIICHNE HEOTPEAETICHHOCTEH
2 @opmManu3M  KBAaHTOBOM  MEXaHUKH. 3 1
[Morennuansable 6apbephl
[lorennuanpHble SIMBI.
3 KBazukmaccuueckoe npuOIKEHHE. 2 1
Ocuumnstop
BonoponononoOusie aTOMBI.
4 KonebarenbHbie u BpalareiabHbIe 2 1
CHEKTPBI MOJIEKYJI
5 Marnautsabiii MomeHT. CrnuH. ToHkas u ’ |
CBEPXTOHKAs CTPYKTYypa aToMa BOJOPOAA
6 ToxnecrBenHocts yactur. OOmeHHOE 5 1
B3aumozieiicreue. Cl10)XHbIE aTOMBI
AtoM B MarHuTHoM mone. Oddekr
7 3eemana. M3znydenue, mpaBuia otOopa. 2 1
OIIP u AMP
8 Snepusie Moaenu 3 1
9 PamnoakTuBHOCTH. Anb(ha, OeTa, TaMma 2 1
10 |Anepuslie peakiun. OueHKa ce4eHui 3 1
1 @DyHaaMeHTaIbHbIE B3aUMOJCHCTBHUS. 5 )
OneMeHTapHble 4acTHUIIbI
12 |3axons! uznyuenus AYT 2 1
13  |CrnoHTaHHOE U BBHIHYXKIEHHOE U3ITyUYeHHE 2 2
Nroro yacos 30 15

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

45 ygac., 1 3au.ex.

4.2.

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

Cemecrtp: 5 (OceHnwii)

1. BonHoBrble cBolicTBa yacTuil. COOTHOIIEHHUE HEOTIPEAEIEHHOCTEH

I'mnote3a ne Bpoilid 0 BOTHOBBIX CBOMCTBAaX MAaTEPHANBHBIX YAaCTHIl — KOPITYCKYJISPHO-BOIHOBOM
nyanm3M. OmnbiThl JleBuccona—/[xepmepa u ToMcoHa mo qudpakiyu MeKTpOHOB. J{I1MHA BOIHEI Jie
CooTHouIeHus

bpoitna  HepenatuBuCTCKOM 4YacTHlbl. KpuTepuil KBaHTOBOCTH  CHUCTEMBI.

Heompe/ieIeHHOCTeH (KOOp/AWHATA-UMITYNILC; dHeprus Bpems). BonHoBas ¢yHKnus cBoOOIHON
gacTunbl (BonmHa ne bpois). BeposTHOCTHas WHTEpHpeTanusi BOJTHOBOH (YHKIMH, BBIIBUHYTAs

bopHoMm.

2. ®opmanu3M KBaHTOBOW MexaHHKH. [loTeHIansHbIe 6apbephl




[Monsatue 06 omeparopax. Omeparopsl KOOPAWHATHI, UMITYJIbCA, MOTCHIUAIBHON M KUHETHYECKOU
SHEPruM CUCTEMbI, TaMuibTOHHaH. CoOCTBeHHBIE (PYHKIMM M cOOCTBEHHBIEC 3HaueHUs. Pesymprar
KBaHTOBOTO HW3MEpPEHUsl 3Ha4deHUs (u3nveckoil BennuuHbl. YpaBHeHue lllpenunrepa. CpolicTBa
BOJIHOBOM (DYHKUMH CTAalMOHAPHBIX 3a/ad: HENPEPHIBHOCTh, KOHEYHOCTb, OJHO3HAYHOCTb,
HEIPEpbIBHOCTb IIPOU3BONHOW. 3aKOH COXPAHEHUS BEPOSATHOCTH, BEKTOp IUIOTHOCTH IIOKa
BeposiTHOCTH (0e3 BbIBoAa). PaccesHue yacTuil Ha MOTEHIMAIBHON CTYNEHbKE KOHEYHOW BBICOTHI,
MPOXOXKJICHUE YAaCTHIBI Haja sMaMH W OapbepamMu KoHeuHoW mupuHbl — ekt Pamzayapa.
[IpoxoxkmeHne dYacTUIBI Yepe3 NPSMOYTOIbHBIM MNOTEHUMAJIbHBIA Oaphep KOHEYHOW LIMPUHBI
(TyHHETBHBIN 3 (deKT), BEIBOA (GOpMYITBI IS MPO3pavyHOCTH Oapbhepa MPOU3BOIBHOMN (POpMBL.

3. llorenumanbHble siMbl. KBazukinaccuueckoe npudimxkenne. OCuisTop

CocrosiHMSI 4YacTUIBI B OJHOMEPHOW CHMMETPUYHOW ITOTCHIMAIBLHON sSMe. YPOBHU SHEPruu
OJTHOMEPHOTO TapMOHWYECKOro ociuisaTopa (6e3 BeiBoma). Omeparop MOMEHTa HMITYJIbCA.
KBaHTOBaHME MPOEKIIMM MOMEHTA U KBaipaTa MOMEHTA UMITYJbca. J[BUKEHUE B LIEHTPAILHOM IOJIE,
HEeHTpoOeKHAsT SHEPTHUs, PaJrallbHOE KBAHTOBOE YHMCIIO, KPaTHOCTH BBIPOXKICHHS. S-COCTOSHHS B
TpEXMEPHOH C(hEepUIecKn CHUMMETPUYHON SME KOHEYHOH TIITyOWHBI, YCJIIOBHE CYIIECTBOBAHHUS
CBSI3aHHBIX COCTOSHUM B TaKOH sIME.

4. Bonoponomnono6Hsie aroMbl. KonebarenbHbIe U BpalaTelbHbIC CIIEKTPHI MOJICKYT

3aKOHOMEPHOCTH OINTHYECKHX CIIEKTPOB aroMOB (KOMOMHAIMOHHBIA NpuHIMN Putna), dhopmysbl
cepuii. Mognenu aroma Tomcona u Pezepdopna. [Toctynarer Bopa, 6opoBckuii paguyc, SHEprust aroma
BoZlopofa. J[BrKeHHe B KyJOHOBOM IIOJIe, ClydaiiHoe BbIpoxkaeHue. Crektp atoma Bomgopoaa (0e3
BBIBOJIa), INIABHOE KBAHTOBOE YHCIIO, KPATHOCTH BHIPOKICHUSA. KauecTBeHHBIN XapakTep MOBEICHUS
paauaibHON M yIIIOBOM 4acTedd BOMHOBOM (pyHKumMH. BomHOBas (yHKLIHS OCHOBHOTO COCTOSIHUSI.
Bonopononono6Hele aToMbl: BIMSHHE 3apsafa sapa (Ha MpuMepe HOHA Telusl) U €ro Macchl
(M30TONMUYECKUI CABHUT), ME30aTOMbI. XapaKTEPHCTUYECKOE PEHTTEHOBCKOE H3IydeHHE (3aKOH
Mosnu). BpamarenbHble CHEKTpbl IUIOCKOTO M IPOCTPAHCTBEHHOTO POTATOPOB (IByXaTOMHas
MoJieKyna). BpamarenbHble W KojeOaTeldbHbIE YPOBHM MOJIGKYJ, DHEPreTHYECKUMH MaciTad
COOTBETCTBYIOLINX BO30YXICHUH (MepapXusi MOJEKYISPHBIX CIIEKTPOB).

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

MarHuTtHbIi OpOUTaIbHBIH MOMEHT 2JIEKTPOHOB, THPOMAarHUTHOE OTHOIIEHHE, g-(aKTop, MarHETOH
Bopa. Onwir Htepna—Iepnaxa. ['unore3a Yiaenbeka u 'ayncmuTa 0 CiHE 3JIE€KTPOHA, CIIMHOBBIN
g-akrop. OnbiT DitHIITeitHA—/¢e ['aa3a. BekTopHas MoJeNnb CIOKeHUsI CTHHOBOTO U OpOUTAILHOTO
MOMEHTOB 3JICKTPOHA, MOJHBIA MOMEHT, Qakrop Jlanae. ToHKas U CBEPXTOHKasi CTPYKTYpbl aToma
BOJIOpOJIA.

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

ToXXIeCTBEHHOCTh YaCTHILl, CHMMETPHSI BOJIHOBOM (DYHKIIMHM OTHOCHTEJIFHO NEPECTAaHOBKU YacTHII,
6030HbI U Pepmuonsl, npuHnun Ilaynu. Croxable atombl. CaMOCOIIaCOBaHHOE TOJIE. DIEKTPOHHAS
KOH(Urypauusi aroma. ATOMHbBIE TEPMBI, CIIEKTPOCKONNYECKasi 3alich COCTOsIHUS atoma. IIpaBuia
Xynna. KauecTtBeHHOE O0OBSICHEHME BO3HMKHOBEHHSI OOMEHHOM JHEpruM M mNpaBwil XyHAa 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 ciadOro W CWIBHOTO MAarHUTHBIX T1IOJie Ha Tpu-Mepe
3P-3S-nepexonoB. [loHsTne crnmHa (COUpanbHOCTH)  (OTOHA, TONHBIA MOMEHT W YETHOCTh
Knaccuduranuss gotoHOoB mo momHoMy MomeHTY W 4€tHO-ctu (E- m M-¢otoHbl), OTHOIIEHHE
BEPOATHOCTEH M3JIyuyeHHs (OTOHOB pa3Iny-HOH MYNBTUIIONBHOCTH. BeposSTHOCTH TUMOIBHOIO
u3ny4yeHus (3akoH [13). SlnepHbI M 3MEKTPOHHBI MAarHUTHBIA pe30HaHC (KBAaHTOBOMEXaHHYECKas
Tpak-ToBKa). CTporue M HecTporume mpaBwia OTOOpa MpH MONIOLICHWH W HCIYCKaHWU (DOTOHOB
aromamu (Ha npumepe 3¢dexra 3eemana u AMP).

8. S nepHble Monenu



OkcnepuMenTsl Pesepdopaa u Teiirepa mo paccesHuio o-vactun B razax. OTKpbeITUE HEHTpOHa
YansukoM. DKCIIEpUMEHTAJIbHAsI 3aBUCUMOCTD YIIEIbHOM 3HEPruM CBsI3Y siipa OT MaccoOBOIO 4Mcia
A. CBOHCTBa SIIEPHBIX CHII: paaWyC NCHCTBH, MIyOMHA MOTEHIMANIa, HACHILICHUE SACPHBIX CHI,
CIIMHOBAs 3aBUCUMOCTH. [Ipupona siiaepHbIX cuil, OOMEHHBIN XapakTep SIepHBIX CHII, TIEPEHOCUUKH
B3aUMOJEICTBUA. Monenb )XUIKON 3apskeHHON Karn. dopMyna Balinzekkepa Uil 3HEPTHH CBA3U
anapa. O6osodedHast MOJIENIb M Marn4ecKye Yuciia B OCIMUIATOPHOM noTeHnuane. OJHoYacTUYHBIE U
KOJUIEKTUBHBIC BO30YX/IEHHBIE COCTOSHUS SI/Ipa.

9. PaguoaktuBHOCTH. AJb(ha, OeTa, raMma

PanguoakTtuBHOCTh. 3aKOH paguOaKTUBHOIO paclajia, KOHCTaHTa paclnaja, [epuoj Iojlypacnana,
cpeaHee BpeMs KM3HH, BEKOBOe ypaBHeHHE. Alnb(a-pacnan, 3akoH [eiirepa—H»sTTona u ero BoiBoA
(popmyna I'amosa). bera-pacna, sHepreTHUYecKHii CIeKTp OeTa-pacnaja, TMIoTe3a HeWTPUHO U ero
ONBITHOE OOHapy)XeHHE, BHYTPEHHsISI KOHBepcHs OJJeKTpoHOoB, K-3axBar. ['amma-nsnyuenwe,
n3zomepus sep. CHOHTaHHOE JAeleHue snep, MexaHu3M (opMHpoBaHUS Oapbepa AEICHUS —
3aBHCUMOCTb KYJIOHOBCKOH M IOBEPXHOCTHOW 3HEPruM OT AedopmManuu, mapaMerp IEIUMOCTH,
SHEPTHsl, BhIJENsAeMas IPH JeJICHNUH Sep, Mpees CTaOUIbHOCTH Sep OTHOCUTEIBHO JETICHUS.

10. S nepubie peakun. OLieHKa CEUSHUH

SlnepHble peakuuH: SK30TEPMUUYECKHE M SHAOTEPMHUYECKHE PEaKLUH, MOpPOr PEaKLUH, CEUeHHUEe
peakuuu (TOJTHOE W MaplUaibHbIe CEYCHUS ), KaHAIIbI pEaKIMy, MUPHUHBI KaHaioB. CocTaBHOE SAPO.

Hepe3onaHcHas Teopuss — KJIacCUYECKOE CEUEHHE, IIONPABKU HA BOJIHOBOM XapakTep YacTHIL,
K03()(UIMEHT NPOHUKHOBEHHMS YACTHLBI B MPSIMOYIOJbHYIO sMy, 3akoH bere (Ha npumepe
NPOHUKHOBEHUS] YACTUIBl B MPSIMOYTONbHYIO sMy). Pe3onaHcHble peakuun — Qopmyna

bpeiita—Burnepa. [lenenue snep nox AeUCTBUEM HEUTPOHOB, MTHOBEHHBIC W 3amla3/bIBaIOLIUE
HEUTPOHBI, IIeTHAs peakmus JieJeHusl. Poib 3amasplBalonux HEWTPOHOB B paboTe sACpHOTO
peakropa. Cxema peakTopa Ha TEIUIOBBIX HEUTPOHAX.

11. ®ynmaMeHTanbHbBIE B3aUMOJICHCTBUSA. DIEMEHTAPHBIC YaCTHIIBI

dyHnameHTanbHBIE B3auMOACHCTBHA W (QyHJAMEHTAJbHBIC YacTHLI (JCHTOHBL, KBApKH U
MEPEHOCYMKHU B3aMMOJICHCTBHIA). 3aKOHBI COXPAHEHHS W BHYTPEHHHE KBAaHTOBBIC 4ncia. KBapkoBas
CTPYKTypa aJpOHOB — ME30HbI, OapuOHBl ¥ pe30HaHChl. KBaHTOBas XPOMOIMHAMMKA,
acUMHTOTHYeCKasi cBoOona. ['mmnore3a koH(pailHMEHTa KBapKOB M TIIFOOHOB, KBAPKOBBIN IOTEHIIHAI.
OueHKa aJipOHHBIX CEYCHUH NMPU BBICOKMX JHEPTUSX Ha OCHOBE KBAPKOBOH CTPYKTYpbl. OTKpBITHE
W- u Z-0030HOB, t-KBapka, METOABI PETHCTpaluM HeWTpuHO. HecoxpaneHue dYETHOCTH TpPHU
Oera-pacnaje, onsIT By.

12. 3axons! uznydenuss AUT

[MoncueT yucna cocToSHWUE TONS B 3aJlaHHOM OObeMme; (a3oBbIi 00BEM, MPUXOASIIUICS HA OJHO
KBaHTOBOE COCTOSIHHE, IUIOTHOCTH coctosHuil. Dopmyna Panes—/xunca u ymsrpaduoneroBas
katactpoda, ¢opmyna Buna. Pacmpenenenue Ilnanka. 3akon cmenienuss Buna. PaBHOBecHOe
U3Iy4YeHHE KaK uaeanbHbId ra3z ¢otoHoB. 3akoHsl Kupxroda u Credpana—bonbumana.

13. CnoHTaHHOE U BBIHY)KICHHOE H3JIy4YCHHUE

JIByXypOBHEBasi KBAaHTOBas CHCTEMa B TI0J€ PaBHOBECHOIO W3Iy4YEHUS, NPUHIUN JETaIbHOIO
paBHOBECHs, CHIOHTAHHbIE U MHAYLHPOBAHHBIE I1€PEXO/bl, COOTHOLIEHU DHHINTEHHA U €ro BbIBOA
pacupenenenust [lnanka. IlpoxokaeHne u3nmydeHHsl depe3 Cpedy, YCJIOBHE YCWICHHUS! (MHBEpCHas
3acelEHHOCTh ypoBHe). [IpuHIHI paboThI 1a3epa v ero yCTPOMCTBO.

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



- JIeKumMoHHas ayIuTOpUsl, OCHAIIEHHAS MYJIBTUMEAUNHBIM IPOEKTOPOM U 3KPAHOM.

- O6opynoBaHue 17151 ICKITUOHHBIX IEMOHCTPALIUH.

- Y4eOHbIe ayIuTOPUH, OCHAIIEHHBIE TOCKOH.

- Joctyn k 6ubnrorekaM y4yeOHOM TEXHUUECKOH JIUTEPATYPhl, B TOM YHCJIE JIEKTPOHHBIM,
HEOOXOUMBIH JJIsl OCYIIECTBICHHUS! CAMOCTOSTEILHOW PA0OTHI 00YYarOIIIUXCSI.

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 3ansaTHsSX MCONb3yIOTCA MYJIBTUMEIUUHBIE TEXHOJIOTUH, BKIIOYAS IEMOHCTPALIMIO TPE3CHTAIUH.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

Crynenrt, m3yqatonuii kypc «O6mas gusuka: KBantoBas ¢pusnka», J0DKEH HE TOIBKO U3yYUTh 00IHE
(uznYecKue 3aKOHbBI ¥ MMOHSTUS, HO HAYYUThCS TPUMEHSTH UX HA MIPAKTHKE.



YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsITENILHOM padoThl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOE BpeMs s pabOThl CTYJeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE U KOHCIIEKTUPOBAHHUE PEKOMEHIOBAHHOU JIUTEPATYPHI,

— npopaboTKy y4yeOHOro marepuaina (o yuyeOHON M HAy4HOH JHMTEpaTrype), MOATOTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAUECHHBIX JJIs1 CAMOCTOSATEIIBHOTO U3YUCHHUS;

— peucHue 3aaa4, rmpeajaraCMbiX CTyACHTAM Ha NPAKTUYCCKUX 3aHATUAX,

— TIOATOTOBKY K MPAaKTHYECKUM 3aHSATHSIM, KOHTPOJIBHOU pabote, craade anddepeHInpoBaHHOTO
3aueTa.

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSITENBHOW pPabOTOi CTylneHTa OCyIIecTBseTcss B (opme
WHMBUIYaJIbHBIX KOHCYJIBTALUH.

[TokazareneM BIIQJCHUS MaTEepUAIIOM CIY)KHT YMEHHE pemarb 3aaadd. Jns popMUpOBaHHS yMEHHS
NPUMEHSTh TEOPETUUSCKHE 3HAHUS Ha MPAKTUKE CTYJACHTY HEOOXOAMMO peIlaTh KaK MOXKHO OoJblie
3amad. [Ipu pemenny 3a1a4 KaKa0¢e eicTBUE HEOOXOMMO apryMEHTUPOBATh, CChUIASICh HA M3BECTHBIC
TEOPETUYECKUE CBEICHHS U IIPOBOIUTH BCE HEOOXOIMMBIC BBIYHMCIICHHMS, JOBOJIS 33/1ady 10 KOHEYHOTO
oTBeTa. 3ajaya CUMTACTCS PEIIEHHOH, €CIM OHa COACPKUT OOOCHOBAHHOE PEIICHHE: CCHUIKM Ha
npuMeHsieMble (pU3NUECKHe 3aKOHBI U KOPPEKTHBIC BBIKIIA/IKHU, & TAKKE MIPABUIbHBIA YUCICHHBIH OTBET
(ecnm B 3a/1au€ €CTh YUCIIOBBIC JTaHHBIC).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa obueit pusnku

KYpC: 3

kBaTuuKkanus: OaxanaBp

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 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
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 CniocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,
HaMeuarTb IIyTH €€ PEeLeHUs

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

OIIK-3.1 3Haet ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
MyOJIMKaUi 1 HAyYHO-TEXHUUYECKOM TOKyMEHTAluH, B TOM
YHUcle C HCIONB30BAaHUEM MNPHUKIATIHOIO MPOrPaMMHOIO
obecrieueHus

[TK-1 Criocoben crtaBuTh, (hOpMaN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIIEHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3ydenus aucuuiuinabl «O0mias (pusnka: KBaHToBast GU3NKay 00yUarOIIUIACS TOTHKEH:

3HATb:




- (hyHaMEHTaIbHBIE 3aKOHBI U TIOHATHS KBAHTOBOM MEXaHUKH, a TAK)KE I'PAHUIIBI X IPUMEHHUMOCTH;
- OCHOBHBIC HJCH M TOHSTHS: KOPIYCKYJISIPHO-BOJHOBOHM [yaslu3M, BOJHBI Je-Bpoiiist, mpuHIUI
HeomnpenenéHHoctn [eizenbepra, BonHOBas (YHKIHWS, BEPOSTHOCTHAs HWHTEPIpETAIHS BOJIHOBOW
(dhyHKIIUY;
- (QyHIaMeHTalbHBICE KBAHTOBBIE OJKcIEepUMEHTHI: (otoaddekr, >ddext KomnroHa, mudpakmus
PEHTTEHOBCKOTO HW3IY4YEHHS M DJCKTPOHOB MPH OTPAKEHHM OT KPUCTAUIMYECKUX CTPYKTYP,
uHTep(EpeHIHs 3JIEKTPOHOB (B TOM 4YHCJE OAHOYACTHYHASA), JIMHEHYaThle CHEKTPbl UCIYCKaHUS U
MOMIOLICHHUS aTOMOB, TYHEJTUPOBaHHE, H3IyUeHUE a0COIIOTHO YEPHOTO Tea;
- XapakTepHbIe BPEMEHHBIE M MPOCTPAHCTBEHHbIE MACIITAObI, HA KOTOPBIX MPOSBIISIOTCS KBAaHTOBBIE
SIBJICHUS;
- moctynarsl bopa 11 atoma Bogopoza 1 KBazukiaccuueckoe npubmmkenne bopa-3ommepdensaa;
- BomHOBOe ypaBHeHHe LlIpénuHrepa ans 5BOMIOUUM BOJHOBOH (PyHKIMHM BO BPEMEHH, a TAKXKE IS
OIIPEAEIICHUS CTAIIMOHAPHBIX YPOBHEH SHEPIHH KBAaHTOBOM CHCTEMBI;
- 3aKOHBI KBAaHTOBAHWS YacCTO BCTPEYAIOIIMXCS THIIOB JBIDKCHHS: OIHOMEPHBIH TapMOHUYECKUH
OCLIIIIATOP, KBAHTOBBII POTAaTOp, SJIEKTPOH B aTOME BOOPOAA;
- 0COOCHHOCTH B3aMMOJICHCTBHS KBAHTOBBIX YAaCTHUI[ C IMOTCHIUAIBHBIMH SMaMH W Oapbepamu.
TyHenupoBaHue;
- THPOMAarHUTHOE COOTHOILICHHE H CBSI3b MEXKIy MEXaHUYECKUM M MarHUTHBIM MOMEHTAMU;
- YTO Takoe OPOUTATIBHBIN 1 CIIMHOBBIM MOMEHTHI, CBS3b TOHKOTO PACLICIUICHHUS B CHEKTPaxX U3IIy4eHUs
aTOMOB CO CIIMH OpOUTAaJILHBIM B3aUMOACHCTBUEM;
- 4TO TAKOE CBEPXTOHKOE PACIIETJICHNE U CIIMH aTOMHOTO SI/Ipa;
- CBA3b CTATHUCTUKU ()epMUOHOB C mpaBuiioM 3arpera [laynn u oOMeHHbIM B3aumozeiictBueM. [Ipasuina
XyH/a 3all0JIHCHUSI aTOMHBIX 000JI0UEK;
- OCHOBHBIE 3aKOoHOMepHOCTH 3 dekra 3eemana. CnoxHbI U pocToil 3hdekThl 3eemana. SBneHUs
MarautHoro pezoHanca. (O[1P u IMP);
- YTO TaKoe KallelbHas U 000JouedHas MOJAEIH aTOMHOIO Anapa. MMeTh mpeacraBieHHE O CHIIBHOM
B3aUMOJICHCTBUU. 3HATh XapaKTepHBIC pa3Mephl AaTOMHBIX SJep M BEJIMYUHBI SJHEPTHIA CBSI3H SAED;
- YTO TaKoe KBapKOBBII COCTaB MPOTOHA U HEUTPOHA,
- 4YTO TaKoe PaJHOAKTUBHBIN pacmaa. Anbda-, 6era- m ramma- pacmai. Vmers mpeacrasieHue o
OMOJIOTMYECKOM OMACHOCTH PalMOaKTUBHOTO PACajia;
- YTO Takoe ciaboe B3auMOAEHCTBHE, 0COOCHHOCTH OeTa-pacmaja, BpeMs >KU3HU HEHTPOHA, IOHATHE
00 aHTUHEHTPUHO;
- OCHOBHBIC TIOJIOKEHHUS] TEOPHM pPACCESHUS HEUTPOHOB Ha TOKENBIX sApax (pe30HAHCHOE W
HEPEe30HAHCHOE B3aUMOACHUCTBUS, IOHIATHE COCTABHOTO Spa);
- OCHOBHBIE IOJIOKCHHMS KBAHTOBOW ONTUKHU: (DOTOHBI, BBIHYXIEHHOE U CIOHTAHHOE H3JIy4eHHE,
¢u3nka paboTh 1azepos, popmyina Ilnanka a1 U3 TydeHus: aOCOMIOTHO YEPHOTO Tena.

yMeThb:
- IPUMEHATH U3yUCHHbIE 3aKOHBI KBAHTOBOW (DM3HMKH IS PEIICHUS] KOHKPETHBIX 3a/1ay;
- mpuMeHsTh nupuOmmkeHne bopa-3ommepdenbna s pemeHus 3aaad O JBIKCHUM YaCTHUIIBI
(amexTpoHa) B 33JJaHHOM CTaTUYECKOM MOTEHIINATIE;
- npumeHTh ypaBHeHue Llpenunrepa s ompeneneHUs] YHEPTETHUECKUX YPOBHEH CTAl[MOHAPHBIX
COCTOSIHMH, a TaKKe AJs omnpenesieHus K03 (HUINEHTOB MPOIYCKaHNUs M OTPaKCHHUS MOTCHIMAIbHBIX
0apbepoB M MOTCHIUAIBHBIX 5IM;
- paccuMThHIBaTh BEIWYMHY CIIMH-OPOMTAIBHOTO PACLICIJICHHS JHEPreTHYEeCKUX YPOBHEH aroMa B
pamkax mozaenu LS-cBs3u;
- BBIYMCIIATH BEJIMYMHY PACIICIUIEHHS CIEKTPaJbHBIX JHHUH B 3(ddexre 3eemana ¢ y4éTom MpaBui
otbopa;
- OTIPE/ICTISATh DHEPTHIO CBSA3HM aTOMHOTO SJ[pa B PaMKax KalelbHON 1 000JI09eYHON Moienel sapa;
- PacCUUTHIBATh BEPOSITHOCTH pacCesHUSI HEUTPOHOB Ha aTOMHBIX S/Ipax;
- IPUMEHATH 3aKOHBI N3Ty4eHHs a0COIIOTHO YEPHOTO TeJa B 33/1a4aX O TEIUIOBOM HU3ITy4YEeHUH;
- aHaJM3UPOBaTh (HU3UYECKUE 3a7a4H, BBIICISISI CYLIECTBEHHBIC U HECYILIECTBEHHBIC ACIIEKTHI SIBJICHU,
U Ha OCHOBE MNPOBEIEHHOIO aHAIN3a CTPOUTH YNPOIIEHHBIE TEOPETUYECKUE MOAETH (PU3NIECKUX
SIBIICHU;
- TPUMEHATHh pa3NWYHble MaTeMaTHUeCKHEe HMHCTPYMEHTHl peIleHHs 3ajad  HCXOIsd M3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, U IPOBOAUTH HEOOXOAMMbIE aHAIMTHUECKHUE U YHCIICHHBIC
pacy€Thl.

BJIA/IeTh:
- OCHOBHBIMH METOJAMH PEIICHHUS 3a/1a4 KBAHTOBOW (DU3UKH;
- OCHOBHBIMH MaTeMaTHYECKHMHU HHCTPYMEHTAMH, XapaKTePHBIMH IS 3a]1a4 KBAHTOBOW (DH3HKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0



Texyuuii KOHTPOJIb 3HAHUH 1o JucunIuinHe «O0mas ¢u3nka: KBaHTOBas (PHU3MKAY OCYIIECTBISACTCS B
BHUJE KOHTPOJBHBIX PAa0OT, BBHINOJHEHHWS U 3aIUUTHl J1a0OpaTOpHBIX palOT, OIpENeICHHBIX B
MHIUBUIyaJlbHOM Trpaduke (MapuipyTe) CTyIeHTa, CAa4d 3aJaHUi U ONPOCOB IO H3YYEHHOMY
Marepuaiy.

B coorBeTcTBUM ¢ y4eOHBIM IIJIAHOM B TEUEHHE CEMECTpa KaKIbIi CTYACHT JOJDKEH BBINOIHHUTH U
c/1aTh MPEnoAaBaTellio, BEAyIIeMy CEMHHAPCKHUE 3aHATHSA B Y4eOHOW rpymie, ABa 3aJaHusl. 3aa1a4yd B
3aJaHUsIX IPUBSA3aHbl K TEMaM CEMUHApOB. PekoMeHlyeMble TEMbl CEMUHAPOB IIEPEUUCIIEHbl HUXKE:

» dotoaddexr. Ipdexr Komnrona.

* Bomnnsl ne bpoitng. CooTHOIIEHNS HEOTPEAEIEHHOCTEH.

* Vpasuenwue lpenunrepa. [Torennuanbubie 6apbepbl. TyHHETBHBIN 3D dEKT.

* [loreHunansHsle siMbl. KBa3uknaccuyeckoe npuOiInxKeHue.

+ KoneGarenpHble 1 BpammareabHble ypoBHH. BogopononogoOHbie aToMBbl.

* Maruautsbiii MoMeHT. CIiuH.

» KontponsHas padora. Cnaya 1-ro 3ajganus.

* Snepnsle Monenu. PainoakTUBHOCTG.

* SnepHble peakuuu.

* dynpnameHTalbHBIE B3aUMOJeHcTBUS U yacTULbl. CHIbHOE B3aUMOAEHCTBUE.

» dynmaMeHTalbHBIC B3aUMOJICHCTBUS U yacThIlbl. Caboe B3aMMOICHCTBHE.

K kaxioit Teme cemuHapa 3a7a4u pa3oUThI HA 2 TPYIIIIHL:

0 rp. — 3azauu s CaMOCTOSTEJIbHOIO PEIICHUs CTyACHTaMu K IpexacrosiieMy cemuHapy. Ilpu
HEOOXOAMMOCTH 3TH 3aJa4H pa30ouparoTcsi Ha CEMHHApE.

1 rp. — 3amauu, peKOMEHI0BaHHbIE 7151 OOCYKIIEHHUS Ha CEMHUHAPE U IS CAMOCTOSITEILHOTO PELICHUS
nocinie Hero. Homepa 3amau ykaszansl o 3agaqyHuky «COOpHHK 3a1a4 o obmemy kypey ¢pusuku. Y. 111
Atomuas u snepHas ¢usuka. CrpoeHue BemiecTBa» / moxa pea. B.A. OBunnkuna. — M.: ®uzmaTkHuUTA,
2009. Pemenust 3TuX 3a/1ad CTyJIeHT 0OpMIIIET B OTICIBLHON TETpajy, KOTopasi B yCTaHOBICHHBIE B
3aJaHUH CPOKHU CIAETCS MPETNOAaBaTesio Ha MPOBEPKY.

IIpu cpaue 3amaHuil mpenojaBaTelb IO CBOEMY YCMOTPEHHMIO MOXET IIPOBOAMTH JUISl CTYICHTOB
y4eOHON TpyMIlbl KOHTPOJbHBIE pabOThl, B 3a7adax KOTOPBIX OTPaXKEHBI TEMbI, PACCMOTPEHHBIC Ha
[IPEIIECTBYOIUX CEMUHApaXx.

BrinmonHeHne CTyneHTOM KaXIOW M3 yKa3aHHBIX BBIIIE JIAOOPATOPHBIX PabOT MPOU3BOTUTCS B
CPOKH, yKa3aHHbIC B WHJHMBHYaJbHOM CEMECTPOBOM TIpaduke J1aboparopHbBIX paboT (MapiipyTe)
oOyuaromerocsi. OHO COCTOUT U3 YETHIPEX 3TAIIOB:

I. TlomroroBka K BbIMOJHEHHIO paboOTHl. OHAa MPOM3BOIUTCS, KaK MPaBWIO, B TEUYECHUE HEIEIH,
IpEeALIECTBYIONIEH J1a00paTOPHOMY 3KCIEPHUMEHTY, M BKJIIOYAET B ce0s M3ydyeHHe ONHCaHus paboThl U
PEKOMEHIOBAHHOW B ONMUCAHMU Y4eOHOW JIUTEPaTypbl, B KOTOPOM H3JIaraercsi TEOpUsl MCCIELYyEeMOTro
SBJICHUS, a TaKke O(OPMIICHHE B COOTBETCTBHM C JEHCTBYIOIIMMH IpaBUIaMHU JIaOOPAaTOPHOIO
XKypHaJla CTy/lCHTa.

II. DKcriepuMeHTaNbHBIE U3MEPEHUs B JIAOOPATOPUH. DTOT 3Tal HAYMHACTCS C JIOMYCKa CTYIEHTa K
paboTe mpernonaBaTeneM, IMPOBOMSIIUM B JIA00paTOpUH 3aHATHs yueOHO# rpymmsl. OH moapasymeBaeT
MPOBEPKY TOTOBHOCTH CTYIACHTa K BBIIIOJHEHUIO PAOOTHI, BKIIOYAs €r0 OTBETHl Ha KOHTPOJBHBIC
BOTIPOCHI, C BBICTABJICHHEM OIICHKH B KadeApallbHOM J>KypHalle Yy4eOHOU Tpymmel B Tpady
«[logroToBka». B cilyyae HETOTOBHOCTH K TPOBEICHHIO HM3MEPEHUI CTYICHT HE JOIMYyCKaeTcs K
BBITIOJIHEHUIO JTA0OpaTOpHOI paboThl, 0 YeM JenacTcs COOTBETCTBYIOIIAas OTMETKa B KadeapaibHOM
KypHaye y4eOHOH Tpynmbl. B nanpHeifmem, 1Mo Mepe TOTOBHOCTH, OH BBINOJHSET M3MEPEHHUS BO
BHEYPOUHOE BpPEMSI.

JlomyieHHbIH K paboTe CTYACHT 10 OKOHYaHUH M3MEPEHHI MPEABSIBISIET Pe3yNIbTaThl PEIoIaBaTelio,
a TOT IpelylaracT eMy BBIIOJHHTh KOHTPOJIBHBIA pacyeT ImapaMeTpoB B COOTBETCTBHUH C PabOUYMMHU
(dopMyaMu 11l OJHOI - ABYX IKCIIEPUMEHTAIBHBIX TOUeK. Ecu pe3ynbTrarsl pacdera COOTBETCTBYIOT
HPOTHO3UPYEMBIM 3HA4E€HHSM — MPEIoJaBaTelib CTAaBUT CBOIO IOANUCH B Ja0OPaTOPHOM JKypHale
CTYCHTA, €CJIM — HEeT, TO MPEIIPUHUMAIOTCS MEPBI 10 BBISICHEHHIO MPHYUH PACXOXKICHHS, BKIFOYAs
MOBTOPHBIEC H3MEPEHHUSI.



I1I. O6paboTKa pe3ynbTaToB J1ad0PAaTOPHOTO SKCIEPUMEHTA IPOU3BOANUTCS CTYIEHTOM CaMOCTOSITEIBHO
B COOTBETCTBHU C JACUCTBYIOIIMMHU NpaBuiamMu (cM.: «JlabopaTopHBIi MpakTUKYM IO oOmei Qusmke.
T. 1. Mexanuka». Ilon pemakumeir A.Jl. Imagyna. — M.: MOTHU, 2012, . 1). [lo 3aBepmenun
00paboTKK PE3yJbTaTOB O0yYAIOMIMNCS AOJDKEH IMOArOTOBUTHCA K 3amuTe JabopaTopHOM paboThl.
Takast IOATOTOBKA BKJIIOUAET B ce0s CaMOCTOSTENbHYIO MPOBEPKY M aHAIU3 PE3yJIbTaroB 00paboTKH,
MOJATOTOBKY OTBETOB Ha KOHTPOJIBHBIE BONPOCH W3 ONHUCAHMA JabOpaTOpHOM paboThl, a Takke
npopabOTKy MO pPEKOMEHIOBaHHBIM B ONHMCAaHMM Y4YeOHMKaM TEOPETUYECKOro Marepuala,
OTHOCSIILIETOCS K U3y4aeMOii TEMeE.

IV. 3amuTa naboparopHoii paboThsl 00y4arOMIUMCSI IIPOU3BOAUTCS B KOHTPOJIbHBIE CPOKH, YKa3aHHBIE B
€r0 MHIUBUIYaILHOM CEMECTPOBOM Ipaduke J1adopaTopHBIX paboT, BO BpeMsl 3aHSATHI B JIAOOpaTOPUH
COINIAaCHO JICWCTBYIOIIEMY pacnucanuto. JlaboparopHas pa®ora, HE TpENCTAaBICHHAs K 3allUTe B
TEYeHHE Mecsla Iociie J1JabopaTopHOTo IKCIEPHUMEHTA, aHHYJIMpYyeTCs IpernonasareineM. Bmecto Hee
CTY/AICHTY Ha3HA4YaeTCs Apyrasi U3 UMEIOLIETOCs MepedHs 1abopaTopHbIX pador.

3amuTa 7a00paTopHOW pabOTHI IMMOApasyMEeBaeT, MpPEXIEe BCEro, HPOBEPKY IpenojaBaTeieM
pe3yabTaToB 00padOTKHU TaHHBIX SKCIEPHUMEHTAIBHBIX U3MEPEHUI Ha MX COOTBETCTBHE TEOPETHUYECKOM
MOJICJIM HM3y4aeMOro SBJICHHMs WM (U3NYECKOro mporecca. Eciy OKaKeTcs, 4To pe3yibTaThl
3HAQYUTEIBHO PACXOIATCS C TaONMYHBIMUA 3HAYCHUSIMA HM3MEPEHHBIX IapaMeTpoB, H TPUUUHY
pacxokaeHHs: OOHAPYKUTh U YCTPAHHUTh HE YAAETCsl, CTYACHT MOXKET ObITh HAlpaBiIeH MpenoiaBaTeieM
Ha BBINOJTHEHUE MTOBTOPHBIX H3MEPEHHI U MIEPECUeT PE3yIbTaToB.

B ciyuae HeynoBneTBOpHTENBHOrO O(OPMIICHHSI OTYETA 110 PE3yJibTaTaM M3MEPEHUIl CTYICHT TakKe
MOXET OBITh OTCTPaHEH NpeNojiaBaTeieM OT 3allUThl PabOTHl JJIsl YCTPAaHEHUS HENOYETOB JIO
CIIEIYIOILETO 3aHATHS 110 PACIIUCAHUIO.

OOs3aTeNbHBIM TIPH 3aIUTE PE3YJILTaTOB JTa0OPAaTOPHOW pabOThI SBISETCS YCTAHOBJICHUE CTEIICHH
OCBOGHHSI CTYICHTOM TEOPUHM MCCIEIyeMOro SBICHUS WM (u3ndeckoro mnpouecca. s storo
Mperno/iaBaTellb MOXET HCIIONb30BaTh CIUCOK KOHTPOJBHBIX BOIPOCOB M3 OMHCAaHUS JIabOpaTopHOi
pabotel. IlpemonaBarens Takke MOXET NPEUIOKUTH CTYIACHTY BBIIIONHHUTH OIICHKY BKJIaga B
MOTPEITHOCTh M3MEPEHUil (aKTOpOB, HE YYTEHHBIX B HCIIONB3YyEeMBIX IIPH pacdyerax padodnx
dbopmynax.

[To uToram 3ammMTHl Pe3yJabTaTOB pabOTHI MPEMOaBaTeb CTAaBUT B KadeapanbHbIH KypHaN ydeOHOU
IPYIIIBI COOTBETCTBYIOIIYIO HTOTOBYIO OLICHKY (10 10-0aibHOM IIKalie), yYUTHIBAIOIIYO, B TOM YHCIIE,
OLICHKY 3a ITOATOTOBKY K padore.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

1. KaHTOBas mpupoja 3MeKTpOMarHuTHOro nois (hoTtoHsl). YpaBHeHUe DUHINTEHHA U 0ObsICHEHUE
dhororddekra. dpdext Komnrona, ocHOBHBIE COOTHOIICHHSI. KOMITTOHOBCKAs IJTMHA BOJTHBI.

2. BonHOBBIE CBOWCTBAa MACCHUBHBIX YacTUL — KOPIYCKYJSPHO-BOJHOBOM Ayanu3M. OIBITHI
HeBuccona-/Ixepmepa u Tomcona mo audpakiuu snekTpoHoB. [lnmHa BodHBI Jae  bpoins
HepensITUBUCTCKOW  vacTUrbl.  COOTHOWIEHHWs  HEONMpeneleHHOCTed  (KOOpAWHATa-UMITYJIbC;

SHEPTUA-BpeMsI).

3. Tlocrynarel Bopa st aroma Bomopoja. XapakTepHble apaMeTpbl U aToMa BOJopoaa: OOpOBCKUH
paanyc, CKOpPOCTb, YpPOBHH »SHeprud. BomopomomomoOHble aTOMbI: BIUSHHE Macchl  sIpa
(M30TONMMYECKUH CABWI), aTOMBI ILIEJOYHBIX METAJUIOB, MHOTO3apsSJHbIE HMOHBI, ME30aTOMBI.
XapakTeprucTUYeCcKoe pEHTTEHOBCKOE U3IydeHue (3aKoH Mo3in).

4. BonnoBas QyHkuus. BonHoBas ¢yHkus cBoOoaHo# yacTuipsl (BoaHa ae bpoiins). BepostHocTHas
WHTEpIpeTanus BOJIHOBOU GyHKIUHU 10 M. bopHhy.

5. [lonsiThe © KBAaHTOBO-MEXaHWYECKHX omeparopax. Omeparopsl KOOPAMHATHI, HMITYJIbCa,
MOTEHIMAIPHON M KHHETHYECKOM SHEepruu CHUCTeMbl, raMumibToOHHAH. CoOCTBeHHBIE (QYHKIMHM U
COOCTBEHHBIE 3HAUCHUS ONIEPATOPOB.

6. VYpasuenue lllpenunrepa. IloreHnmanbHast siMa OeckoHeuHoW TiyOWHBL. CBOWCTBA BOJHOBOM
(YHKIMM OJHOMEpPHBIX CTAllMOHAPHBIX 3a7a4y: HENPEepPhIBHOCTb, KOHEYHOCTh, OJHO3HAYHOCTb,
HEIPEpbIBHOCTb IPOU3BOJHOM.

7. PaccesHue yacTull Ha MOTEHUHUAIBLHOW CTYNEHbKE KOHEYHOW BBICOTHL [IpoXo’kaeHue 4YacTHLIBI
4yepe3 MPSIMOYTOJIbHBIA MMOTEHIMAIBHBIA Oapbep KOHEYHOH INUPHHBI (TYHHENbHBIH 3 GdeKT).
Koadhdunument npoxoxaeHus 1yt 6apsepa Ipor3BOIbHON (GOPMBEI.

8. YpoBHHM 3HEpPruM OJHOMEPHOIO FapMOHUYECKOTO ocumuistopa (0e3 BbiBoAa). BomHoBas GyHKuus
OCHOBHOT'O COCTOSIHUSI OZTHOMEPHOI'0 OCLMILIATOPA.



9. Onmneparop MomeHTa wumIyiabca (B chepuueckux KoopJuHaTaxX, Oe3 BbIBOJa). KBaHTOoBaHue
MPOEKLUUI MOMEHTa U KBaJIpara MOMEHTa UMITYJIbCa. YPOBHHU YHEPTUH INIOCKOTO POTATOPA.

10. JIBmxeHrne B LIEHTPaJbHOM IOJ€, FaMHUJIBTOHHAH B C(hepHuecKUX KOOpAMHATAX, LEHTPOOEKHAas
sHeprus, paguanpHoe ypasHeHue lpenunrepa

11. VYpauenue Ulpenunrepa miisi atoma Bomopona. BomHoBas (YHKIHS OCHOBHOTO COCTOSTHUSL.
Krnaccudukanus 3neKTpOHHBIX COCTOSHUIN aroMa Bogoposa (0e3 BBIBOIA).

12. BpamarenbHblii CHEKTP IPOCTPAHCTBEHHOTO poTaropa. BpararenbHbie u KosebarenbHble YPOBHH
MOJIEKYI.

13. MarautHbii OpOUTATIBHBII MOMEHT 3JIEKTPOHOB, THPOMAarHUTHOE OTHOLICHHUE, g-(PaKTop, MarHeTOH
Bopa. Omerr llltepna-I'epnaxa. ['mnoreza Ynenbexka m [ayncmura o ChMHE 3IEKTPOHA, CHHUHOBBIN
g-takrop.

14. ToxaecTBeHHOCTb 4acTul, 0030HBI u (epmuonbl, npuHuun Ilaynmu. CroXHBIE AaTOMBI
DnexTpoHHas KOH(UTypamus aroma. ATOMHbIE TEPMbI, CIIEKTPOCKOIIMYECKast 3aIIMCh COCTOSIHUS aToMa.
15. dyngaMeHTanbHbIE B3aMMOACHUCTBHA M (yHIAMEHTaJbHbIE 4YacTHUIBI (JIETTOHBI, KBapKU U
MEPEHOCYMKHU B3aUMOACHCTBUH, 0030H Xurrca).

16. KBapkoBasi cTpyKTypa aJpOHOB — ME30HBI, OapuoHbl. CHIIBHOE B3aUMOJACHCTBUE, KBAHTOBAS
XPOMOJIMHAMMUKA.

17. Cnaboe B3aumojeiicTBue. OO030HBI, C1a0bIe pacla/ibl aJpOHOB.

18. AromHOeE sApO, 3aBUCUMOCTH pajuyca OT MaccoBoro yucia. @opmyna Baiinzekkepa ams sHepruu
CBSI3U siApa.

19. SnepHas paaMOAaKTUBHOCTh. 3aKOH paJUOAKTHBHOTO paclaja, KOHCTaHTa pachajia, IMepHo.
HoJypacrnaja, cpeiHee BpeMs JKU3HH, BEKOBOE ypaBHEHHE.

20. Anwda-pacnan, 3akoH [eiirepa-Hatrona u ero BeiBoa (popmyna ['amoBa).
21. Bera-pacnaj aToMHBIX sifiep ( -3aXBaT), ycIoBUs OeTa-pacnaja.

Kpurepun onennBanus

. Onenka «ommnyno (10)»  BbICTaBIsieTCd  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE
CHCTEeMaTH3UPOBaHHbBIE TIIyOOKHE 3HAHUS IPOTPaMMbl JUCIHMIUIMHBI M 3a €€ IpenenamMH, a Takxke
YMEHHE YBEPEHHO MPUMEHATH UX Ha MMPAKTHKE IPY PELICHUHU CIIOKHBIX HECTAHAAPTHBIX 3a/1a4.

. Ouenka «ommmuHO (9)»  BBICTABISETCS  CTYNEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE
CHUCTEMaTU3UPOBaHHbIC MyOOKHE 3HAHMS MPOTrpaMMbl AMCLMUIUIMHBI U YMEHUE YBEPEHHO NMPHUMEHSTH
UX Ha NPaKTHKE NP PelICHNU HeCTaHJapTHBIX 3a1ad.

. Ouenka «omuuHO (8)»  BBICTABISETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE
CHUCTEMaTU3UPOBaHHbIC MTyOOKHE 3HAHMS MPOTrpaMMbl AMCLUIUIMHBI U1 YMEHHE YBEPEHHO NMPHUMEHSTH
UX Ha MPaKTHKE MPU PELIeHUH HeCTaHJapTHBIX 337134, OAHAKO JOMYCTHBIIEMY HEKOTOPbIE HETOUHOCTH
MpH OTBETE.

* Onenka «xopomo (7)» BbICTaBIsAETCS CTYACHTY, €CIIM OH IPOAEMOHCTPUPOBAI TBEPAOE 3HAHHE U
YBEpPEHHOE IMOHMMAHHE MaTrepuana IpOorpaMMbl AUCLUIUIMHBI M YMEHHE CBOOOAHO NPHUMEHSThH
¢bu3nuecKue 3aKOHBI Ha MPAKTHKE TIPU PEILICHUU TUTIOBBIX 3a/a4.

* OueHka «xopomo (6)» BBICTaBJISIETCS CTYICHTY, €CIM OH NPOAEMOHCTPHUPOBAJ TBEPAOE 3HAHHUE
Marepuajia MporpamMMbl JUCHUIUIMHBI U YMEHHE NPHUMEHATh (U3NUECKUE 3aKOHBI Ha NMPAKTUKE IMPU
pEIIeHUH TUTIOBBIX 3ajad.

* Onenka «xopomo (5)» BbICTaBISAETCS CTYACHTY, €CIIM OH IPOAEMOHCTPUPOBAT TBEPAOE 3HAHHE U
MOHMMaHUE Marepuajia NPOrpaMMbl AWCHUUIUIMHBL U YMEHHE NPUMEHATH (U3MUECKHE 3aKOHBI Ha
MPaKTHKE IPU PEIICHUN TUIIOBBIX 3a]a4, OAHAKO JOIYCTWJI IIPH OTBETE PsiJl TPyOBIX HETOUHOCTEH.

. OneHka «ylIoBICTBOPUTENHHO (4)» BBICTABISETCS CTYACHTY, MOKa3aBlleMy (parMeHTapHbIN
XapakTep 3HAHWUW, JOMYCKAaBIIEMY HETOYHOCTH B (POPMYIMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX
MOHSATHH, HO TIPH 3TOM TPOAEMOHCTPUPOBABIIEMY CIIOCOOHOCTD peIaTh MPOCThIE 3aJa4H M BIaJCHUE
OCHOBHBIMH pazjiesiaMi Y4eOHON MpOorpaMMbl, HEOOXOAUMBIMHU AJISl JaJbHEHIIEro 00yYeHHI.

5. MeTonuueckne MaTepuasbl, onpeaesonue Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Tpu npoBenennu yctHoro auddepeHnpoBaHHOTo 3aueTa o0y4JaroniemMycs npenocrasisiercs 30 MUHYT
Ha moarotoBky. Ompoc oOyuwaromierocss Mo Ouiery Ha YCTHOM JIU(GQEpeHIIMPOBAHHOM 3a4eTe He
JOJDKEH TPEBHIATh OHOTO aCTPOHOMHYECKOTO Yaca.



3. [lepeyeHb THNMOBBIX KOHTPOJbHBIX 3aJaHHI{, HCNOJIb3yeMbIX ISl OLlEHKM 3HAHMM, yme-
HUM, HABHIKOB

[TpomexyTouHas arrecTanus o nucuuruinae «Oomas (usnka: kBaHToas (QU3MKa» OCYIIECTB-
nsercst B popMe nuddepeHIranbHOro 3a4éra. 3a4€T BKIIOYACT B CeOSl MPOBEPKY BHITIOTHEHUS
JOMAIITHUX 3a/laHui ¥ TEOPETUUECKUX 3HaHUU cTyAeHTa. CIHUCOK BOMPOC MO TEOPUU MPUBEAEH
HUXKE:

1. KBanToBas npupoaa ceera. Buemnuii porosdpdexr. YpaBuenue DitHmreriHa.

2. Bomnosas npupoga yactuil. Ipdext Komnrona.

3. CrioHTaHHOE U BBIHYKJEHHOE u3inydeHue. FlHBepcHas 3aceneHHOCTh ypoBHEH. [IpuHiun pa-
0OTHI J1a3epa.
4. Wznyuenue abcomroTHO uepHoro Ttenma. Popmyna [lnanka, 3akonsl Bura u Credana-
Bonrsimana.

5. Kopnyckynsipao-BoiHoBoM ayanusm. Bomubsr ne Bpoitns. Onwitel [leBuccona-Jlxxepmepa u
ToMmcoHa no audpaxiy IeKTPOHOB.

6. BonnoBas gynkuus. OnepaTtopsl KOOpAUHATHI U UMITyJbca. CpenHue 3HaYeHUs PU3NIECKUX
BEJIMYMH.

7. COOTHOIIEHNE HEOTIPENETICHHOCTH /JIs1 KOOPAMHATHI U UMITYJIbCA.

8. IToctynatsl bopa. DHepreTuueckuil CriekTp BOAOPOIONOA00HBIX aTOMOB.

9. XapakTepucTudyeckoe U3JyueHue, 3aKkoH Mo3iu.

10. CranuoHapHoe U HecTauuoHapHoe ypaBHeHue Lllpenunrepa. DBoOIOIMS BOJHOBOM (PYHK-
.

11. KBaHTOBBII TapMOHUYECKUMN OCLIUILISITOP

12. KBaHTOBBII poTaTOp

13. MosekyssipHble CIEKTPBI: KosieOaTenbHbIe U BpalllaTesIbHble YPOBHU

14. Onsbiter HTepHa u I'epnaxa. CriuH snekrpona. OpOUTaNbHBIA U CIIMHOBBIA MarHUTHBIE MO-
MEHTBI 3JIEKTPOHA.

15. ToxnectBeHHOCTh 4acTHI. CHMMETpHsI BOJHOBOM (DYHKIIMHM OTHOCHTEIHHO INEPECTAaHOBKU
yactull. bo3onsl u pepmuonsl. [Ipunnun [Naymu.

16. ObmenHoe B3aumoseiicteue. [IpaBuno XyHa 3amoIHEHUsI SJIEKTPOHHBIX OpOHUTaiei. Diek-
TpPOHHasI CTPYKTypa aToMoB. Tabnuia Meneneesa.

17. ToHKast M CBEpXTOHKasl CTPYKTypa ONTHUYECKUX CHEKTpoB. CIMH-OpOUTAIbHOE B3aWMO/EH-
CTBHUE.

18. IIpaBuna orbopa mpHu MOTJIOLIEHUH U UCIyCKaHUU (POTOHOB aromMamu. MyJbTHILIETHOCTb
¢do-ToHOB

19. Oddext 3eemana B cmaObIX MAarHUTHBIX TOJISX.
20. DddexT 3eemana B CUIbHBIX MArHUTHBIX TOJISX.
21. SInepHbIil ¥ ANEKTPOHHBI MAarHUTHBIN PE30HAHCHI.
22. KanenbHas mojens sapa u popmyia Baiiizekepa

23. O6oJtoueyHast MOJICITb SJIpa U MarmueCcKue Yruciia
24. 3aKkOoH paguoakTUBHOrO pacnaja. [lepuon nosypacnana u Bpemst )KU3HH.
25. TyHHenupoBaHUE YACTHUIl CKBO3b MOTEHIIMATLHBIN Oapbep. Anbba-pacnaz. 3akoH [elirepa-
Hhtrona u ero oobsacHeHue.
26. Tunsl Oeta-pacnanoB. OObsICHEHHE HEMPEPBHIBHOCTH YHEPIETUUECKOTO CIEKTPA 3JIEKTPOHOB.
Hetitpuno.
27. 'amma-u3nydenune, uzoMepus saep. BzanmoaencTere raMMa-n3iry4eHus ¢ BEHECTBOM.
28. MeToapl perucTpaniy 4acTUll BICOKMX dHepruil. CTUHIMIISILIMOHHBIE I€TEKTOPBI, CUETUNKN
I'eiirepa. 'amma-cieKTpOMETPBHI.
29. S nepubie peakuuu. CocraBHoe s11po. CeueHne HEpE30HAHCHBIX peakluii. 3akoH bere.
30. Pe3onaHcHbIe simepHbIe peakiuu, hopmyna bpeiita-Burnepa.
31. Jlenenue sipep noj AedcTBUEM HEUTpOHOB. [IpuHIMT pabOTHI SIEPHOTO peakTopa Ha TeIuIo-
BBIX HEUTPOHAX.



32. CooTHOUIEHUE HEONPEAEICHHOCTEN ISl SHEPTUM U BpeMeHU. OleHKa BPEMEHH KU3HU BHUP-
TyaJbHBIX YaCTHII, PaJUyCOB CHJIBHOTO U CJIA00T0 B3aUMOJICHCTBUH.

34. dynpaMeHTanbHbIe B3aUMOACHCTBUS M (PyHIaMEHTaJbHbIE YACTHIIbI (JIENTOHBI, KBAPKU U
NIEPEHOCUMKH B3auMoielcTBuil). KBapkoBasi cTpyKTypa apOHOB.

[TprMepbl MPOCTHIX BOIIPOCOB U 33/1a4, PELICHNEe KOTOPhIX HEOOX0AUMO Ul MTOJyYeHHUs yI0BIIe-
TBOPUTEIBHOU OLIEHKHU:

. 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 MEXKIy HYJEBBIM U IEPBBIM BpaIlaTeIbHbIM YPOBHIMH
OCHOBHOT'O COCTOSIHMSI MOJIEKYJIbI a30Ta. PaccrosiHue mexny siapamu 0.3HM.

. 3anucaTh BUJI CIEKTPa KBAHTOBOIO I'APMOHUYECKOI'O OCHUIUIATOPA COCTOSLIETO
U3 YaCTHUIIBl MACCOI M U «IIPYKUHKW» KECTKOCTU K

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

o [TomyunTh BETMUMHY SHEPTUU paculerieHus A 1S cocTosiHMIT aToMa BOJI0po/ia B
MarHuTHOM nojie B=1Tm.

o CdopmynupoBars npuHun 3anpera [aymm.

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

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

. CocrtaB aromHOrO0 sijipa. OOBSICHUTH IPUUUHY YCTOMYUBOCTH SAIpA.

o B pamKax KamenbHOi MOJENH spa ONpeeNuTh TUIl pachana sapa 2'Mg (Macco-
BOE YUCIIO A HE U3MEHSETCS).

o B pamkax o0onouedHol Mojenu sapa 0ObSICHUTH OCOOYI0 YCTOMYHBOCTD SAJEp C
«Maru4ecKuMm» MaccoBbIMHU uynciamu: 4,16,40

o Onpenenuts pa3Mep siipa aToma CBUHIIA.

. OOBSICHUTD NPUYNHY HENIPEPHIBHOCTH 3HEPTETUYECKOTO CIEKTPa 3JIEKTPOHOB 00-
pasyrolumxcs npu Oeta-pacrnaje.

o Heitpon c sneprueit 100 k3B ynpyro pacceuBaeTcs Ha siape. Kakoe MUHUManbHO
BO3MOXKHOE 3HAYCHHUE MPHUIIEIILHOTO Mapamerpa b, peanusyercs B TakoM mporiecce?

. HeliTpanpHblil muoH pacnaincs Ha JBa raMMa-kBaHTa ¢ sHeprusimu 3.1 I'3B u 2.0
I'5B. Haittu yroi pasznéra mexay raMma-KBaHTaMU.

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

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

HEOHOBOTO JIa3epa MOMIHOCTHIO 1 MBT U criekTpanbHoit mupuHoit muaun 10T,
4. Kpurepun oneHuBaHus

I[J'I}I AOIyCKa K 3aqéTy CTYACHT NOJI’KCH PCIINUTH BCC 3ala4U U3 3amanuii. Ha 3auére nmpenoaaBa-
TCJIb OUCHUBACT PCUICHUA 3aaa4 U3 JOMAIITHUX Sa)IaHI/If/'I, JJI1 9€TO MOXKET MONPOCUTH CTYACHTA
IMPOKOMMCHTHUPOBATH PCUHICHUC TII000H 3aga4u M3 3aJJaHHA. OtBer CTYJACHTA Ha TeOpeTI/IquKI/Iﬁ
BOITPOC OLCHUBACTCA B LICJIIOM, U 3a4ETHAas OI[EHKA BBICTABISETCS COTJIACHO HpI/IBGJIéHHI)IM HUXKE
KPUTCPUAM U U3JIOKCHHBIM BbIIIC 3aMCUYAHUAM KaCaTCIIbHO MUChbMEHHOM 4aCTH dK3aMeHa:

Ouenka «oriau4HO (10)» BhICTAaBIIIETCSA CTYAEHTY, MOKAa3aBLIEMY BCECTOPOHHUE CUCTEMATU3H-
poBaHHbIE TITyOOKHE 3HaHUS Y4eOHOI porpaMMBbl U 3a €€ mpeiesamMy, a TAaK)Ke YMEHUE YBEpeH-
HO IPUMEHSATh UX Ha MPAKTHKE MPH PEIICHUH CIOKHBIX HECTaHIapTHBIX 3a/1ay.



Ouenka «oTan4HO (9)» BBICTABISIETCS CTYACHTY, TIOKA3aBIIEMY BCECTOPOHHUE CHCTEMATH3HPO-
BaHHbIE [NTyOOKHE 3HAHUA Yy4eOHOU MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSATh UX Ha MIPAKTHKE
IIPY PELICHNN HECTAHAPTHBIX 3a]1a4.

Onenka «oTJau4HO (8)» BbICTaBIISIETCA CTYAECHTY, [1I0KA3aBIIEMYy BCECTOPOHHHE CUCTEMATU3HPO-
BaHHbIE INTyOOKHE 3HAHUA y4eOHOU MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSTh UX Ha MPAKTHKE
IIPU PELICHUH HECTaHJApPTHBIX 3a/1a4, OJHAKO JOMYCTUBLIEMY HEKOTOPbIE HETOYHOCTU IIPH OT-
BETE.

OrneHka «xopouio (7)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOJAEMOHCTPHUPOBAI TBEPI0OE 3HAHUE
U YBEpEHHOE NIOHMMaHHE MaTepuana yueOHOH MporpaMMbl U yMEHUE CBOOOIHO MPUMEHATH (pu-
3U4YECKHUE 3aKOHbI Ha IIPAKTUKE IPU PEIICHUH TUIIOBBIX 3a7a4.

Ornerka «xopomuio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUE
Marepuaia yd4eOHOW MporpamMMbl M YMEHHE NMPUMEHATh (U3NUYECKUE 3aKOHBI Ha MPAKTHKE TPU
PELIEHUH TUIOBBIX 33]1a4.

Ormerka «xopomuio (5)» BBICTaBISIETCS CTYACHTY, €CJIM OH MPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUE
U TIOHMMaHHE Marepuana ydeOHOH MporpamMMbl U yMEHHE NPUMEHSTHh (U3MYECKHe 3aKOHBI Ha
MPAaKTUKE MPU PEIICHUH TUIOBBIX 3aJa4, OJHAKO JOMYCTHUJ MPH OTBETE Psii IPyObIX HETOUHO-
CTEH.

O1eHKa «yTOBJIETBOPUTENBLHO (4)» BBICTABISETCS CTYACHTY, MOKa3aBlIeMy (hparMeHTapHBIH
XapakTep 3HaHUH, JOMYCKaBLUIEMY HETOYHOCTH B ()OPMYIMPOBKE OCHOBHBIX 3aKOHOB U 0a30BbIX
MOHATHH, HO TIPY 3TOM TPOJIEMOHCTPUPOBABIIEMY CIIOCOOHOCTD pelIaTh MPOCTHIC 33a4d U Bia-
JICHHE OCHOBHBIMU pa3jieiaMu y4eOHOH mporpamMMbl, HEOOXOJUMBIMU JJIs AajbHeHIero ooyye-
HUSL.

O1leHKa «yI0BJIETBOPUTENBLHO (3)» BBICTABISACTCS CTYACHTY, IMOKA3aBIIEMy CHJIBHO (pparmMeH-
TapHBIM XapakTep 3HaHUH, JOMyCcKaBlleMy rpyOble OmUOKH B ()OPMYIMPOBKE OCHOBHBIX 3aKO-
HOB M 0a30BBIX MOHATHH, HO TPU 3TOM IMPOJEMOHCTPHUPOBABIIEMY CIIOCOOHOCTH PelIaTh Ipo-
CTBI€ 3a/la4M U BIIAJICHHUE OCHOBHBIMM pa3jielaMH y4eOHOW Mporpammbl, HEOOXOAUMBIMU ISt
JaNbHENIEero o0y4yeHusl.

Ol1leHKa «HeY/0BJIeTBOPUTEIBLHO (2)» WM «HEYT0BJIeTBOPUTENLHO (1)» BBICTABISETCS CTY-
JICHTY, KOTOPBIA HE 3HACT 3HAYNTEIBHYIO YaCTh OCHOBHOTO COJIEp KaHHsI IPOTrPaMMBbI, CUCTEMa-
TUYECKH JI0IyCKaeT IrpyOble OIMOKH Mpu GOPMYIUPOBAHUN OCHOBHBIX (PM3NYECKUX 3aKOHOB
WM HE CITI0OCOOEH KOPPEKTHO MPUMEHSTh (PU3NUECKUe 3aKOHBI JaKe JUIsl PeIIeHHs POCTHIX 3a-
nad.

5. MeToauyeckue MaTepuaJbl, onpeaesiiolue nNpoueaypbl oleHMBaHUA 3HAHUH, YMEHUIA,
HABBIKOB M (WJIH) ONBITA 1eATEJILHOCTH

ITopsinok npoBenenust MM pepeHHAIBLHOIO 324éTA.
3auét npoxoauT B hopme Oecenbl mpenoaaBaress co CTYASHTOM M0 TeMaM M30paHHBIX 3a]a4 U3
3aJJaH1i U BBIOPAHHBIX TEOPETUUYECKHUX BOIIPOCOB.

Ha noaroToBky k OTBETY MO TEOPETHUYECKOMY BOIPOCY CTYyACHTY Aaércsa ot 30 g0 45 mu-
HYT.

B nporecce oTBeTa Ha TeOpeTHUECKUN BOMPOC WM MOSICHEHMS pellleHus 3a7a4 13 3aja-
HUS IPENO/aBaTesb M0 MOXKET 3a4aBaTh yTOUYHsIOUIME Bompockl. Ilocne orBera npenoaaBaTelb
BIIPaBE 33/1aBaTh CTYIEHTY JIIOOBIE JOMOJIHUTEIbHBIE BOMPOCHI IO MTPOrpaMMe Kypca.



BUJIET 1.
1. Bompoc no BeIGOpYy.
2. 3aKOHBI HrroTona. I[BI/I)KCHI/IG TCJI B MHCPUHUAJIBHBIX U HCUHCPUHAIBHBIX CHUCTCMax

oTcuera.
3. 3anaua.
BWJIET 2.

1. Bomnpoc no BeiOOpY.

2. IlpuHIMn OTHOCHTENBbHOCTH ['ayMiies W MPUHIMI OTHOCHUTEIBHOCTH OWHINTEHHA.
ITpeoOpasoBanus Jlopenua. IHBapuaHTHOCTh MHTEpBAIA.

3. 3anmaua.

BUJIET 3.

1. Bomnpoc no BeiOOpY.

2. 3aKOHBI COXPAaHEHHS DHEPTUU U MMITYJIbCa B KIACCHYECKOH MEXaHHWKE. YTPYyrue u
HEYIIPYTUe CTOJIKHOBCHHS.

3. 3anmaua.



