o JUCHMUIIJIMHE:
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degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JI0BY30BCKOIi MOATOTOBKE

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
OO6mas gusnka: KBaHTOBas pu3rKa
Texauueckas Qu3nka

NpoduJIb MOATOTOBKH: Texnnueckast pu3znka KOCMUYECKHX JIETATEIbHBIX alapaToB
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®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadenpa oomeit Gu3nku
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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 Crioco0eH UCIOIb30BaTh
(byHIaMEeHTaIbHBIC 3aKOHBI TPUPOJIBI U
OCHOBHBIC 32KOHBI €CTECTBEHHOHAYYHBIX
JHMCIUILIAH B PO ECCHOHATBHOM
IEATEFHOCTH

OIIK-1.1 Bnameer ¢yHAaMEHTAIBHBIMA TOHATUSIMH H
3aKOHAMU COBPEMEHHBIX €CTECTBEHHOHAYUHBIX IUCLMILIMH
B cepe cBoei mpodecCHOHATEHON NeATeTbHOCTH

[IK-1 Cnocoben npuMeHsTh 3 PeKTUBHbIC
METO/IbI HCCIIENOBAHUS (PU3UKO-TEXHNIECKUX
00BEKTOB M MPOLIECCOB, MPOBOAUTE UCTIBITAHUS
TEXHOJIOTUYECKUX MPOLECCOB U (MIIN) U3/AEINI
C MCIIOJIb30BaHUEM COBPEMEHHBIX
AQHAJMTUYECKUX CPE/ICTB TEXHHUUECKOH (PU3UKU

[IK-1.1 CmnocobeH HCIIOIB30BaTh  HCCIIENOBATEILCKUE
METOJBI MPHU PEIICHWH HOBBIX 3a/ad, MPUMEHSS 3HAHWUS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)
B pesynbrare ocBOCHHS 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: Texanueckas Qpusnka

npo¢ujib NOATOTOBKH: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
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 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 Cioco0eH UCIOIb30BaTh
(byHIaMEeHTaIbHBIC 3aKOHBI TPUPOJIBI U
OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX
JHMCIUILIAH B PO ECCHOHATBHOM
IEATEFHOCTH

OIIK-1.1 Bnameer ¢yHAaMEHTAIBHBIMA TOHATUSIMH H
3aKOHAMU COBPEMEHHBIX €CTE€CTBEHHOHAYUYHBIX IUCLMILIMH
B cepe cBoei MpodeCcCHOHATEHOMN NeITeTbHOCTH

[IK-1 Cnocoben npuMeHATs 3pPeKTUBHBIC
METO/IbI HCCIIEAOBAHUS (PU3UKO-TEXHNIECKUX
00BEKTOB M MPOLIECCOB, MPOBOAUTE UCTIBITAHUS
TEXHOJIOTUYECKUX MPOLECCOB U (MIIN) U3/AEIHI
C MCIIOJb30BaHUEM COBPEMEHHBIX
AHAJMTUYECKUX CPE/ICTB TEXHHUUECKOH (PU3UKU

[IK-1.1 CmnocobeH HCIIOIB30BaTh HCCIIENOBATEILCKIE
METOJBI MPHU PEIICHWH HOBBIX 3a/ad, MPUMEHSS 3HAHUS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuinael «O0mas (pusnka: KBaHTOBask (UMK 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. [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.



