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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TEXHOJI0T Uil

II.A. ®opm

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o TUCHUILINHE: OO6mas pu3uka: kBaHTOBas (hU3UKA

M0 HANPABJIEHUIO: [puknagHpie MaTeMaTHKa U (HU3NKA

npouiIb NOArOTOBKH: CynepKoMIbIOTEPHOE MOJICIIUPOBAHKE SJIEPHBIX MPOIIECCOB U TEXHOIOTHIA
du3TEeX-1MIKONIA TPUPOAOTIOAOOHBIX, TNIA3MEHHBIX U SICPHBIX TeXHOJIOTH uM. U.B.
Kypuatosa
kadenpa Qu3nKu 1 GU3NIECKOTO MaTePUATOBEICHUS

Kypc: 3

kBaTuukanus: Oakanasp

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

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonmnuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 2

[Iporpammy cocrasuin: M.T. CuTHUKOB, KaH]l. PU3.-MaT. HAYK, IOIIEHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl GuU3uKy 1 pusnyeckoro marepuanosenexus 20.03.2020



AHHOTANMA

Lenpro JaHHOW AMCIUIIINHBI SBISETCS 3HAKOMCTBO C 0a30BBIMH JKCIIEPUMEHTAIBHBIMU (haKTaMU B 00IacTH
KBaHTOBOM  (u3uku. 3HAKOMCTBO  OOYyYalomerocss ¢ TPEJAMETOM  Ha4YMHACTCS C  HM3JIOKCHHS
SKCIIEPUMEHTAIBHBIX U TEOPETUUECKUX PE3YJABTATOB, MOJOKEHHBIX B OCHOBAHMS KBAHTOBOM MexaHUKHU. [lanee
CTYJICHT TOCIIE/IOBATEIbHO 3HAKOMHUTCS C MAaTeMaTHYeCKHM (DOPMAIM3MOM JUCIHUIUIMHBI M OCHOBHBIMU
pe3ylibTaTaMy €ro NPUMEHEHUS IIPU PEIICHUU PsAa MPAKTUYECKU BaXKHBIX 33/1a4 TaKUX, KaK SHEPreTUUECKUe
CHEKTPBI BOIOPOJIONIOJOOHBIX aTOMOB, BpalllaTeIbHbIC CIIEKTPHI JKECTKUX POTATOPOB, KoJeOaTeIbHbIE CIIEKTPHI
TapMOHMYECKUX OCIHWUIITOPOB, IPOXOXKJCHUE YacTUI[ dYepe3 TNOTEHIMalbHbIe Oapbepel W T.J0. B
3aKIJIIOYUTEBHON YaCTH MPOTPaMMBbl 3JIararoTcs OOLIeNPU3HAHHBIC HA CETOHSIIHUEN JIEHb JIEMEHTHI TEOPHI
CTPOCHUS U B3aUMOJICUCTBUI aHIPOHHON MaTEpUHu.

1. leau u 3apauu

esab AMCUUIIHHBI
- OCBOCHUE CTy/IEHTaMHU ()U3UKU OCHOB KBAHTOBOU (PU3UKH.

33)13‘11/[ JAUCHUIIINHBI
- YCBOCHUC OCHOBHBIX KOHI_IGHL[I/Iﬁ KBaHTOBOM (1)I/I3I/IKI/I,
- pCmICHUC 3a/ia4, OXBATBIBAOIINX OCHOBHBIC ITPUIIOKCHUA KBaHTOBOM (I)I/I3I/IKI/I.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTATbHbBIC 3HAHUS, MIOJTyUCHHBIC B
obnacty pU3MKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN JIeATeIBHOCTH

OIIK-1.2 CnocobeH CcTpOUTh MareMaTHYecKue MOIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHI M OLICHKH

OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

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

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIIST obecrieueHust

Hay4HbIC U (UJIM) TEXHUYECKHE OIIK-3.2 BnazgeeT Ha MpaKTHKE METONOJIOTHEH COCTABICHHUS

(TexHONIOTHYECKNEe, NHHOBALIMOHHBIC) OTYETHl  |HAYYHO-TEXHHUYECKUX OTYETOB (IIPOEKTOB)

(ryGuMKaLmH, POEKTHI) OIIK-3.3 Bnageer MeTofaMy BU3YalbHOTO U Tpaduieckoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM

(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHONW TEXHOJIOTHYECKON)
JIESITEIIPHOCTH B BUJIE OTYETOB, HAYYHBIX ITyOIHKAIIHIA

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
- YUCJICHHbIE NTOPAJIKU BEJIMYMH, XapaKTEPU3YIOLINE SBICHUS MUKPOMUPA;
- OCHOBBI TEOPHUH TEIIOBOTO U3ITYUYEHHUS;
- sIBTICHHS MHTepEPEHITNH BOJH Jjie bpoiins;
- IOHATHUE CIIMHA JJIEKTPOHA;
- OCHOBHBIE MOJIEJIH AJIEKTPOHHOI 000JI04YKH aToMa;
- atppext 3eemana, DIIP, SAMP;
- JJIEMEHTApHbIE SIEPHBIE MOJIEIIH;
- 3aKOHBI PaJMOAaKTHBHBIX PaCIaOB;
- IOHSTHE SAEPHBIX PEAKLUM, CEUYEHUS SAIEPHBIX PEaKLU;
- 3JIEMEHTApHBIE SIEPHBIE MOJIENH;
- IOHATHE CUIIBHOTO U €J1a00r0 B3aNMO/IEHCTBHSI.
YMETb:



- a6CTpaFI/Ip0BaTLC$I OT HCCYLICCTBCHHOI'O IMPU MOACIUPOBAHUU PCAJIbHBIX (1)I/IBI/I‘IGCKI/IX CI/ITyaLII/II\/’I;

- A€JIaTh IIPAaBUJIbHBIC BBIBOJABI U3 COIIOCTABJICHUSA PE3YJIBTATOB TECOPHUU U DKCIICPUMEHTA,

- HaXOOUTh Oe3pa3MepHbIE MapaMeTphl, ONPEACISIONINE H3y4aeMOe SIBICHUE;
- IPOU3BOIUTH YUCIIEHHBIE OLEHKU T10 IOPSIIKY BEIUYHHBL;
- JIeJIaTh Ka4eCTBEHHBIE BBIBOJIBI ITPH MEPEXOJIE K MPEEIbHBIM YCIOBHSIM B U3y4aeMbIX MpodIeMax;
- 00ecreunTh JOCTOBEPHOCTH MOMyYaeMBbIX PE3YJIbTaTOB;

- BUJECTh B TEXHUYECKHX 3aa4ax (pU3nueckoe coaeprkaHue.
BIIAJIETh:

- METOJJaMU pelIeHus PU3NUECKUX 3a/1a4 110 IEKTPOJUHAMUKE;
- HaBBIKAMH CaMOCTOSATENBHOM paboThl B maboparopuu, oubnroreke u MHTEepHETE;
- HaBBIKAMH OCBOCHUS OOJIBIIOT0 00beMa HH(POPMAIIHH;

- KYJIBTYPOi IOCTaHOBKU U MOJCIHPOBAHUS (PU3MYECKUX 3a/1ad.

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

4.1. Paznenbl nuctMIiInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora
1 ATOM B MarHuTHOM II0JI€. 6 6 12
) Bomast  nme  bpoitns.  CooTHouieHue 6 6
HeompeneIEHHOCTEH.
3 3aKoHBI ~ PaJMOAKTUBHBIX  pacmajoB. 4 4 9
SnepHble peakuuu.
OnbIThHI [Irepna—Tepnaxa,
4 . . 4 4
OviamreiiHa—ne ['a3a. CriuH 3neKTpoHa.
5 Crpoenue aToma. 4 4 9
6 doTorddexT. O¢ddexr  Kommnrona. 6 6
TemnoBoe n3nydeHue.
Nroro yacos 30 30 30
[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2.

ConeprxaHue UCIUIUIAHBI (MOAYIIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 5 (Ocennuii)

1. ATOM B MarauTHOM IIOJIE.

Db ekt 3eemana (caaboe U cuIbHOE MarHUTHOE ToNe) Ha npuMepe 3P—3S-nepexonos. SAnepHblil u

SHGKTPOHHBII\/’I MarHUTHBIN PE30HAHC.

2. Bonnsl ge bpoiinsa. CooTHoLEeHHE HEONIPEaeIEHHOCTEH.

l'mnore3za me bpoins o BOMHOBBIX CBOMCTBAaX YacTHL, BOJHOBas (PyHKIHS CBOOOIHOW YaCTHUIIBI
(Bomua ne bpotinst). Onbitel JleBuccona-/Ixepmepa u Tomcona no qudpakinuu d51eKTpoHoB. CBs3b
BOJIHOBBIX CBOWCTB YacTHI[ C €€ MEXaHWYECKMMH XapakTepucTukamu. JlnmHa BonHbl nie bpoiins
HEpEJIATUBUCTCKOM dacTHibl. KpuTepuii KBaHTOBOCTH CHCTeMBbl. BeposTHOCTHas HMHTepHpeTanus

BOJIHOBOH (DYHKIMH.




3. 3aKOHBI paIMOAKTUBHBIX PaclaioB. SIepHbIE peaKIIHH.

PagnoaktuBHOCTh. 3aKOH pPaguOaKTUBHOIO paclaja, KOHCTaHTa pacraia, MepHoj Iojypachana,
cpeliHee BpeMsl KHM3HH, BEKOBOE ypaBHeHHe. Anbda-pacna, 3akoH [eirepa—HaTTONa 1 ero BBIBOA
(popmyna I'amoma). I'amma-uzinydenue, uzomepusi sipep. bera-pacnan, >HepreTHUECKHd CIEKTP
Oeta-pacnazna, TMIOTe3a HEHTPHHO. SInepHble peakiuu: 3K30TePMUYECKHE M JHIOTEPMUYECKHE
peakuum, Mopor peakUuy, CeYeHUEe peakuuu (IOJHOE W MapuuaibHble cedueHus). [loreHnuansHOe
paccesHue, amIuMTyga W JuinHa paccesHusi. CocrtaBHoe sanapo. HepesonancHas teopust —
KJIACCHYECKOE CEYCHHE, MONPABKU Ha BOJHOBOHM XapakTep 4YacTHL, KOA(PQPHUIHUEHT MPOHUKHOBEHUS
YacTUIBI B IPSMOYTOJIBHYIO sIMY, 3akoH bere. PesonancHbie peaknuu — opmyna bpelita—Burnepa.
Oddexr Meccbayspa. Peakmuum mom nelictBueM HeWTpoHoB. Kitaccuduxaruist HEHTpOHOB.
3ameieHue ObICTPHIX HEHTPOHOB B cpelie, JUIMHA 3ameuieHus. KorepeHTHble sBiIeHus (Iu(paKkius
HelTpoHOB). [lenenue siaep noa AeHCTBHEM HEHTPOHOB, MTHOBEHHBIE M 3aI1a3/IbIBAIOIINE HEUTPOHBIL,
LerHas peakiys AeneHus. Ponb 3ama3abiBalomyux HEHTPOHOB B paboTe saepHOro peakropa. Cxema
peaKTopa Ha TEIUIOBBIX HeilTpoHaX. Momuas sma. BO3MOXHEIE CXEMBI PEaKTOPOB TEPMOSIEPHOIO
CHHTE3A.

4. Onprtel ltepra—Iepnaxa, Ditnmreiina—zae ['aza. CiuH 21eKTpoHa.

MarHuTHbIH OpOUTab-HBI MOMEHT 3JIEKTPOHOB, TAPOMAarHUTHOE OTHOIICHUE, g-(HhaKTop, MarHETOH
bopa. Omnpwitet [repra—leprnaxa — agemMoHcTpamusi JUCKPETHOCTH MArHUTHOTO MOMEHTA,
oOHapy’KeHHEe MAarHUTHbIX IyOnetoB. lumore3a YnenOexka u [ayncmMuTa O CHHHE 3JEKTPOHA,
cnuHOBBIA g-akrop. OmbITel DiHIITEHHA W Ae ['aaza (cmmHOBasi MpUpPoOJAa MarHETU3Ma TBEPIBIX
Ten). BekTopHas MoOIENb CIOXKEHHS CIIMHOBOIO M OPOMTAIBbHOIO MOMEHTOB 3JIEKTPOHA, (aKTOp
Jlange.

5. Ctpoenue aroma.

3aKOHOMEPHOCTH ONTHYECKHX CIIEKTPOB aToMoOB, Gopmyna bambmepa. OTKpbITHE aTOMHOTO sapa U
TiaHeTapHass mMonenb aroma Pesepdopma. Iloctynmarer Bopa, GopoBckmii paamyc, dopmyna uis
SHEPruH DJICKTPOHOB aToMa BOAOPOAA. XapaKTEPHCTUYECKOE PEHTICHOBCKOE W3JIydeHHE (3aKOH
Mosznu). Krnaccuukamuss BogoOponomnonoOHBIX aTOMOB: IIaBHOE, pajualbHOEe U OpOWTaNbHOE
KBaHTOBBIE YMCIIa. BRIpOXKICHNE YPOBHEW B KYJIOHOBCKOM TOJIE (KPaTHOCTH BBIpOXKAeHHs). [IpaBuiio
Xynna. KadectBeHHOe 0OBSICHEHME 3aKOHOMEPHOCTEW TaOmuipl MeHaeneeBa (10 aproHa),
CIIEKTPOCKOIIMYECKAs 3alliCh COCTOSHHS aroMa, OJIeKTPOHHAs KOH(QUTypalus 3JIEMEHTOB,
MOCJIEIOBATEIbHOCT 3allOJIHEHUsI cocTosHUM. CKaukooOpa3HOe HM3MEHEHHE XMMHUYECKHX CBOMCTB
MpU  3alOJHEHUHM pP-O0O0JIOYKM, Marmdeckwe uucia (WHepTHhle rasbl). CrnuH-opOuTambHOE
B3aUMOJICHCTBHE, TOHKAsI U CBEPXTOHKAsl CTPYKTYPa aTOMHBIX YPOBHEH.

6. ®otoadpdext. Dpdexr Komnrona. TernnoBoe uziryueHue.

OCHOBHBIE IKCTIEPUMEHTAIbHBIE PE3YJIbTaThl 0 BHemHeMY GoToddekTy. YpaBHeHne DiHIITEHHA,
TUIIOTE3a KBAHTOB CBETA. DKCIepuMEeHT KOMNTOHA 0 paccestHUIO PEHTI€HOBCKUX JIyuell Ha JIETKUX
SIpax, BBIBOJ WM3MEHEHHs AJMHBI BOJHBI KBAHTOB IPU PACCESIHUU HAa CBOOOAHBIX BSJIEKTPOHAX,
KOMIITOHOBCKasl ~JJMHA BOJHBL. ~ YpPaBHEHHs, ONMCHIBAIOIIME B3auMoAelcTBHE (OTOHA ¢
MPOU3BOJILHONW CHCTEMOM Kak OOMEH JHEPrueil M UMILYJIBCOM IyTeM POXKACHUS U YHHUUTOXKCHUS
KBaHTOB. MHTepnperanus IJIOTHOCTU 3HEPIUM 3JIEKTPOMArHUTHOW BOJHBI KaK BEpOSITHOCTh
oOHapy>keHHs (HOTOHA B 3aJaHHOM DJIEMEHTE MTPOCTPAHCTBA.

[TnoTHOCTH cocTOsTHUM, (ha30BBIA 00bEM, MPUXOSIIUICS Ha OJHO KBaHTOBOE COCTOsHHME. BBIBOA
¢dopmyiel [lnanka a1 paBHOBECHOTO M3JTyueHHs aOCOMIOTHO YepHOTO Tena. 3aKoH cMmenleHus: BuHa.
Ananmu3 opmynsl [lnanka B npenenbHbIX CiIydasx OONBIIMX YacTOT (KBAHTOBBIM HpeieN) U MajbIX
gactor (dopmyna Panes—Ixunca). Kiaccuueckas wunrteprperauust (opmynsl Panes—/xunca.
WnTerpanpHble XapakTEpUCTUKM PaBHOBECHOIO TEIUIOBOIO W3IYYEHMs — IUIOTHOCTb 3HEPIUuU
PaBHOBECHOTO M3JIY4YCHHS, HHTEHCUBHOCTh M3JIy4€HUs, CBETUMOCTh. 3akoHbl Kupxroda, Jlambepra,
Credana-bonbiimana. liBeroBasi, SpKOCTHas W pajMallMOHHAS TEMIIEPaTyphl Tena. J[ByXypoBHeBas
KBaHTOBas CHCTEMa B IIOJIE PABHOBECHOIO W3Jy4YEHUs, MPUHIMUN JETAIBHOIO pPaBHOBECHS,
CIIOHTaHHbIE M HHAYLUpPOBaHHblE Iepexonbl. IIpoxokieHue H3IyueHHsl uyepe3 cpely, yclIoBHE
ycuiieHus: (MHBepCHasi 3aCeJICHHOCTh ypoBHeEW). [IpuHIMIBI co3aHns MHBEPCHOW 3aCeIEHHOCTH B
TPEXyPOBHEBOI U YETBIPEXPOBHEBOM CUCTEMAX.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpus, OCHAIICHHAS! MYJIBTUMEANA IPOEKTOPOM U DKPAHOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. KBanToBas MUKpO- 1 Makpodusuka [Tekcr] : yued. mocobue aist By3oB / 0. M. Hunentok .— M. :
®dusmarkuura, 2006 .— 640 c.

2. Benenue B KBaHTOBYIO (pU3HMKy cucTeM MHOTHX yactull [ Tekcr] : yue6. mocobue it By30B / A. A.
UBanoB ; M-Bo oOpazoBanus u Hayku Poc. @eneparinu, Mock. (pu3.-TexH. UH-T (Toc. YH-T) .— 2-€ U3/l.,
nepepad. u gorn. — M. : Uzp-so MOTH, 2007 .— 163 c.

3. Ocuossl pusuku [Tekct] : Kype obmieit ¢pusuku : B 2 1. T. 2 : yueOHUK /U1 By30B. KBaHTOBas 1
craructuueckas ¢usuka. Tepmoannamuka / B. E. benonyukun, J[. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmarauT, 2007 .— 608 c.

4. O6mwmit kype ¢usuku [Texct] : B 5 1. T. 5 : AtomHas u sinepHas ¢usnka : yue0. mocobue Juist By30B /
. B. CuByxun .— 2-e u3n., crepeorurt. — M : @msmaniur : MDTHU, 2002, 2006,2008 .— 784 c.

®onp auTeparypsl Kadeaps

5. KpsutoB UL.I1. OcHOBBI KBaHTOBOH (PU3MKHU M CTPOEHHE BellecTBa: yuebHoe nocobue. — M.: MOTH,
1989.

JomnonHutenbsHas auTeparypa

1. KanroBas ¢usuka. OcHOBHBIE 3aKoHHI [ Tekct] : [yue6. mocobue mis By3oB] / U. E. UponoB .— 5-¢
u3j., crepeotun. — M. : BUHOM. JIa6. 3nanuii, 2013, 2014 .— 256 c.

2. @efitnmanoBCKuUe JieKIuH 1o ¢usuke [Texcr]. Beim. 3 : [y4e6. mocobue st By30B]. M3mydenue.
Bounnbl. KanTs / P. ®eiinman, P. Jleiiton, M. Canac ; mon pen. 5. A . CMopoauHckoro .— 7-€ u3fl.,
ucnp. — M. : Eauropuan YPCC, 2012 .— 240 c.

3. 3amaun 1o obmeit pusmke [Texct] : yaeb. mocodbue mist By3oB / U. E. UponoB .— 9-e u3g. — M. :
BMHOM. JIa0. 3nanunii, 2012 .— 431 c.

®onp nuteparypsl Kadeaps

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://www.compadre.org/quantum/search/search.cfm?b=1&SS=11902)
http://www.scholarpedia.org/article/Encyclopedia_of physics

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexkiimoHHbIX 3aHATUSAX IEMOHCTPUPYIOTCA MPE3EHTALMU C TOMOILBIO MYJIbTUMEANINHBIX
TEeXHOJIOTHH.

B mporecce camMmocTosTENnbHON paboThl 00yYaOIUeCs MOTYT UCIIOIb30BaTh MPOTPaMMHBIE CPEICTBA
MATLAB, Mathcad, WolframMathematica

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



JlJisl yCcIenrHoro 0CBOGHUE Kypca OT CTyJeHTa TpeOyeTcsi 00JbIoi 00beM CaMOCTOSTENbHON paboThI,
KOTOPBII BKJIOYaeT YTEHHE W KOHCIIEKTUPOBAHHE PEKOMEHIOBAHHOW JIMTEPATYphbl, MPOPadOTKY
y4ueOHOoro Marepuana (Mo KOHCIEKTaM JICKIIWH, y4eOHOW W HaydyHOW JHTeparype), pellieHHe 3ajad,
npeajaraeMbelX CTyACHTaM Ha JIGKIUSX W MPAKTHYSCKUX 3aHSATHSAX, — IOATOTOBKY K IMPOBEPOYHBIM
MepornpuaTHsM. [loka3aresnem BiIaJeHUs MaTepHAIOM CIIy>)KUT yMEHHE PelIaTh 3aa4H, a TAKKe YMEHHUE
W3JIOKUTh TEOPETHUSCKUH Marepuan IUCUUILIMHBL [lpym pemieHnM 3agadn HEOOXOAWMO yMETh
MOCTPOHUTh MOJIENb, BBIOpaTh pa3yMHbIC MPHONMKEHUS, BHIOpaTh YJOOHYIO CHUCTEMY KOOpAHMHAT U
UCIIONIb30BaTh YIOOHBIE O00O3HA4YCHHWS. 3HAYMTENHHO OOJETYUTh pEIICHHE 3aJa4l MOXKET XOPOIIO
BBINTOJTHEHHBIN YEPTEK, €CIIM OH COOTBETCTBYET YCIIOBHMIO 3a/aud. B Havasne 3aHATHS, MPOBOAUTCS
KOPOTKHI TECT [0 Marepually NpOIIEeIIINX 3aHATHH B NHCbMEHHOW Qopme. OOs3aTenbHBIM
TpeOOBaHMEM SBJISIETCS BBIIOJHEHHE JOMAIIHUX palboT, KOTOpble O(GOPMISIOTCS B CIEHUATIBHO
OTBEIEHHOW ISl TOr0 TETpajyd M CHCTEMaTHYECKH CHAIOTCS Ha INPOBEPKy. B TedeHme cemecrpa
MPOBOIATCS JIBE KOHTPOJIbHBIE PAOOTBHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: CynepKoMIBIOTEPHOE MOJICIMPOBAHUE SCPHBIX TPOLIECCOB M TEXHOIOTHI
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kadeapa Qu3NKu 1 GU3HNIECKOTO MaTePUATOBEICHUS

Kypc: 3

KBaJIMpUKALUS: GakanaBp

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

Pa3zpatGoTunk: M.I'. CutHukoB, KaHA. GU3.-MaT. HAyK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

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

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (MJIM) TEXHUYECKHE
(TeXHOIOTUYECKHEe, NHHOBAIIMOHHBIE) OTYETHI

OIIK-3.1 3Haet ocHOBHbIE MpaBuiIa 0GOPMIICHUS HayYHBIX
MyOJIMKaUi 1 HAyYHO-TEXHUUYECKOM TOKyMEHTAluH, B TOM
YHUcle C HCIONB30BAaHUEM MNPHUKIATIHOIO MPOrPaMMHOIO
obecrieueHus

OIIK-3.2 Brnageet Ha MpakTHUKE METOAOJIOTHEN COCTaBICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

(yGiMKaLuy, POCKTHI) OIIK-3.3 Bnazneer MeTtogaMu BU3YalbHOTO U Ipauueckoro

[IPECTABICHUS PpE3yNbTaToB Hay4HOMU
(Hay4HO-TEeXHUYECKOH, WHHOBALIMOHHON TEXHOJIOTHYECKOH )
JEATEIIbHOCTH B BUJIE OTUETOB, HAyYHBIX ITyOIHKAIMHA

2. [loka3are/iu OeHNBAHUS KOMIIETEH U
B pesynbrare n3ydenus aucuuiuinabl «O0mias ¢pusnka: KBaHToBast GU3NKay 00yUarOIIUIACS TOTKEH:

3HATH:
- YUCJICHHBIC MOPSIKY BEJTMUNH, XapaKTEePU3YIOIINE SIBICHUS MUKPOMHUPA;
- OCHOBBI TEOPHH TEIJIOBOTO U3JTyUYCHUS;
- sIBJIeHUsI HHTEep(EepeHIH BOJIH ae bpoiins;
- IOHSTHE CIIMHA DJIEKTPOHA,;
- OCHOBHBIEC MOJICJIH DJICKTPOHHOHN 000JI0UKH aToMma;
- a¢ddext 3eemana, DI1P, AMP;
- DIIEMEHTapHBIC SJCPHBIC MOICIIH;
- 3aKOHBI PaJIMOAKTUBHBIX PacIaioB;
- TIOHSTHE SICPHBIX PEAKINH, CeUCHHS SACPHBIX PEaKIIHN;
- DJIEMEHTapHBIC S/ICPHBIC MOJIEIIH;
- IOHSITHE CHJIBHOTO M CJ1a00T0 B3aUMOJICHCTBHSI.
yMeThb:
- abCTparupoBaThcsi OT HECYIIECTBEHHOTO IIPU MOJICIIMPOBAHUY PEATbHBIX (PM3NYECKUX CUTYAIHH;
- ZIeTaTh MPaBUIbHBIC BBIBOBI M3 COMOCTABICHHS PE3YJIBTaTOB TEOPUH U IKCIICPUMEHTA,
- HAXOIMTH Oe3pa3MepHbIe ITapaMeTpbl, ONPEICISIONINE H3y4aeMOe SBICHHE;
- IPOM3BOIUTH YHCIICHHBIE OLICHKH I10 MOPSIIKY BEINYUHBI;
- JIeNnaTh Ka4eCTBEHHBIC BHIBOJIBI IIPH TIEPEX0JIe K NPEIeIbHBIM YCIOBUSIM B H3y4aeMbIX MpoliieMax;
- 00ecITeunTh JOCTOBEPHOCTH MOy4aeMBIX PE3YJIbTATOB;
- BUJICTh B TEXHUYECKUX 3a/]a4ax (U3NYECKOe COflepKaHHe.
BJIaJIeTh:
- METO/IaMH peIeHUs] PU3MYECKHX 33/1a4 10 HICKTPOAMHAMUKE;
- HaBBIKAMH CaMOCTOSITEIbHOU paboThI B Taboparopun, oudianoreke u MarepHere;
- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAIINY;
- KyJIBTYpO# IOCTAaHOBKM M MOJICITMPOBAHUS (PH3HMUYECKHUX 3a/1a4.

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

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHHM ONPOC MO TEMaM MPEabIIyIINX
3aHATUHI 110 TEME IPOLLION JIEKI[MU WU B KOHIIE 3aHATHS 110 [IPOMJICHHON TEME.




3. IlepeyeHb THNOBBIX KOHTPOJIBHBIX 3/IaHUI, HCNOJAb3yeMbIX AJA OLEHKH 3HAHWH,
YMeHUil, HABbIKOB
[Ipomexxyrounass arrectauusi no jgucuuiuimHe «OOmas Qusuka: KBaHTOBas —(pu3HuKa»

ocymiectBisiercss B dopme muddepeHnupoBanHoro 3avera. JuddepeHnupoBaHHBIA 3a4eT

MIPOBOAMTCA B YCTHOH (opMme.

KonTpoabHbIe BONPOCHI K 3a4€Ty:

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.

KBanToBas npupoaa cBeta. BHemnuii potoapdext. YpaBHenue Ditnmreiina. pdext Komnrona.
CrioHTaHHOE M BBIHYXAEHHOE H3iTydeHHe. VHBepcHas 3acelneHHOCTh ypoBHel. [Ipuniunm paGoTs
nasepa.

Wzmyuenne abcomoTHO yepHOTo Tena. @opmyia [lnanka, 3akonsr Buna n Credana-bonpiimana.
KopnyckynsapHo-BomHOBO# myanu3M. Bomasr ge bpoiins. Onsiter JleBuccona-Jxxepmepa u Tomcona
o TU(PAKINH AIEKTPOHOB.

BonnoBas ¢ynkuus. Onepatopbl KOOpOMHATBI M uMIysbca. CpenHue 3HaueHHS (U3NUECKUX
BennyuH. COOTHOLICHHWE HEONPEAETICHHOCTH MJIsi KOOPAMHATHI M UMIIyJbca. Y paBHEHHE
lpenunrepa.

[Moctynarer Bopa. DHepreTudeckuii CHeKTp BOAOPOAOMOAOOHBIX aTOMOB. XapaKTEPHCTHUECKOE
H3JIy4eHHE, 3aK0H Mo3iu.

Omnpitel ltepna u epnaxa. CrnivH snektpoHa. OpOUTANbHBIA M CIUHOBBIA MarHUTHBIE MOMEHTBI
JNIEKTPOHA.

ToxnecTBeHHOCTh YacTHl. CHMMETpHS BOJTHOBOW (DYHKIIMM OTHOCHUTEIHHO MEPECTAHOBKH YACTHII.
Bo3zonbl u pepmuonst. [Tpunnun [Naynu. DnexktponHas cTpykTypa atomoB. Tabnuia Menaeneesa.
ToHKast U CBEPXTOHKas CTPYKTypa ONTHUECKHUX crekTpoB. [IpaBmia oTOOpa mpH MOTJIONMIEHHUH U
HCIyCKaHUU (POTOHOB aTOMAaMH.

OddekT 3eemana B €1a0bIX MATHUTHBIX MOJISX.

D¢ ekt 3eemana B CHIIbHBIX MAaTHUTHBIX IOJISIX.

S nepHblil U 3IEKTPOHHBIA MATHUTHBIA PE30HAHCHI.

3aKoH pasnoakTUBHOro pacnazaa. Ileproa noiaypacnana v BpeMsi KU3HU.

TyHHenMpoBaHUE YaCTUI CKBO3b MOTEHIMANBHBIA Oapbep. Anbda-pacnan. 3akon I'eiirepa-Harrona
U ero o0ObsICHEHHE.

Bunst Gera-pacnmagoB. OOBsSCHEHHE HENPEPHIBHOCTH HHEPreTHMYECKOIO CIEKTpa 3JIEKTPOHOB.
Heiitpuno.

Snepusbie peakunn. CoctaBHOe a1po. CeueHne HEpE30HAHCHBIX peakuuil. 3akoH bete.

Pe3onancHsle saepHble peakuuu, popmyna bpeiira-Burnepa.

Henenune simep mon nedcTBHEM HEHTpoHOB. [IpuHIMIT paboThI AAEpHOTO peakTopa Ha TEIUIOBBIX
HEWUTPOHAX.

CooTHomeHne HEOIpeIeIeHHOCTEN U dHEPTUH U BpeMeHu. OTieHKa BpeMEHH KU3HU BUPTYaIbHBIX

YaCTHII, paJNyCOB CHIHFHOTO U C1a00T0 B3aUMOICHCTBHA.



20. dyHgaMeHTanbHbIE B3aUMOACUCTBHA M (YyHAaMEHTANbHBIE 4YacTUIBl (JIENTOHBI, KBapKH H

MIEpEeHOCUYHKH B3auMOoAeHcTBUI). KBapkoBas CTpyKTypa apOHOB.

4. Kputepuu oneHuBaHus

Ornenka

bamer

Kpurepuun

10

BricTaBnsiercss  CTyAeHTy, IOKa3aBLIEMY
BCECTOPOHHME, CHUCTEMAaTU3UPOBAHHbIE, IIyOOKHE
3HaHHMA y4eOHOM mIporpamMmbl  JHUCLUIUIMHBI,
IIPOSBIIAIOIEMY HMHTEPEC K JAHHOW NpPEeAMETHON
o0nacTv,  IPOAEMOHCTPUPOBABILIEMY  YMEHHUE
YBEPEHHO M TBOPYECKM IPUMEHATh MX Ha
MPaKTUKE IPH PELUICHUH KOHKPETHBIX 3a7ad,
CcBOOOJIHOE U MPaBUIILHOE 0OOCHOBAHUE MPHUHATHIX
peLIeHu.

OTJINYHO

BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TIyOOKHe
3HaHUS Y4eOHOM MNporpaMMbl JAUCUUIUIMHBL U
YMEHHME YBEPEHHO NPUMEHSATh UX HA MPAKTUKE NPU
pEeLICHUM KOHKPETHBIX 3ajay, CBOOOJHOE U
IIPaBUJIbHOE OOOCHOBAHUE NMPUHSATHIX PELICHUH.

BeicTaBisiercs  CTyACHTY,  IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TIyOOKue
3HaHUS Y4eOHOH MporpaMMbl AMCUUIUIMHBL U
YMEHHUE YBEPEHHO IIPUMEHATh X HA MPAKTUKE IpU
pElUICHMH  KOHKPETHBIX  3a4a4d, I[PaBUIbHOE
000CHOBAaHHE MPHUHATHIX PEIICHUN, C HEKOTOPBIMU
HEJIOYETaMH.

BricTaBnsiercss CTyZneHTy, €cid OH TBEPJO
3HaeT Marepuall, TIPaMOTHO M IO CYILIECTBY
U3JIaraeT €ero, yMeeT NPUMEHATb IOJTy4YEHHbIE
3HAHUS HA MPAKTUKE, HO HEJOCTaTOUYHO I'PaMOTHO
000CHOBBIBAET MOJIYYEHHBIE PE3YIIbTATHI.

XOPpOLIO

BricTaBnsercss CTyIeHTy, €ClId OH TBEpAO
3HaeT Marepuaig, TPaMOTHO M 1O CYIIECTBY
W3JIaraeT €ero, yMeeT MPUMEHATHh IOJIyYCHHbIE
3HAHMS Ha MPAKTUKE, HO JIOMYCKAET B OTBETE WJIH B
pElIeHNH 33]1a4 HEKOTOPbIE€ HETOYHOCTH.

BricTraBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT Marcpuajl, IrpaMOTHO n TI10
CymIeCTBy H3jlaract €ro, YyMeCT JMPUMCHATb
MOJIYYCHHBIC 3HAaHWA Ha IIPAKTHUKE, HO JOITYCKACT B
OTBCTC WJIM B pPCHICHUM 3aJa4 JOCTATOYHO
00JIBIITIOE KOJIMYSCTBO HETOYHOCTEM.

YAOBJICTBOPUTCIBLHO

BeicTaBisiercss  CTyACHTY,  IOKa3aBIIEMY
(bparMeHTapHbIH, pa3pO3HEHHBIN XapakTep
3HaHUH, HEJ0CTATOYHO IIPaBUJIbHBIE
(bopMynupoBKH 0a30BbIX MOHSITHH, HapyIIEHUs




JIOTUYECKON TMOCJIEI0BATEIbHOCTH B H3JI0KEHUU
POrpaMMHOTO MaTrepuajia, HO TMpPH O3TOM OH
OCBOWJI OCHOBHBIE pa3/ielibl y4eOHON MPOrpaMMBl,
HeoOXOIuMBbIe MJi1 JalibHEHIIero oOydeHus, |
MOXXET TPUMEHSATH TOJYyUYCHHbIE 3HAHUSA IO
o0pa3ily B CTaHAApTHOM CUTYaLIUU.

3 BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
(dbparMeHTapHBbIi, Pa3pO3HEHHBIN Xapaxkrep
3HAHUH, JOITyCKaIOLIEMy OLIMOKH B

dopmynupoBkax 0a30BbIX MOHITUN, HApYyHICHUS
JIOTUYECKON IIOCIENOBAaTENBHOCTH B H3JI0KECHUU
OporpaMMHOTO  MaTepuana, ciabo  BlageeT
OCHOBHBIMHM  pa3JiellaMd  y4eOHOH Iporpammsl,
HEOOXOIUMBIMU JUIsl JajbHEWIero oOydyeHus u ¢
TPYAOM IPUMEHSET IOIY4YCHHbIC 3HAHMS JaXKe B
CTaHJIAPTHOM CUTYAIIUU.

2 BeicTaBnsieTcsi CTy/i€HTY, KOTOPBI HE 3HAaET
OoJbIlIel YaCTH OCHOBHOI'O COJEpKaHUS y4eOHOI
NpOrpaMMbl  JUCHUIUIMHBL, JIOMyCKaeT TIpyoOble
omMnOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHUHIIAIIOB
U HE yMeeT MWCIOJIb30BaTh IIOJyYCHHbIC 3HAHUS
IPY PEUICHUU THUITOBBIX 33Jad.

HEYJIOBJIETBOPUTEIBHO
1 BeicTaBisieTcs CTyIEHTY, KOTOPBI HE 3HAET

OCHOBHOTO COJAEpXaHHs Yy4eOHOM MpOrpaMMbl
JUCHUTUIMHBL, JIOIyCKaeT TpyoOeiine omuOKd B
dbopMynupoBKax 0a30BbIX MOHATHH TUCIUIUIUHBI U
BOOOIIIE HE HMEET HABBIKOB PEIICHUS THUIOBBIX
MPaKTUYECKHX 3a/1ay.

5. MeToauyeckue MaTepHaJibl, ONpeAesiiOliMe MPOUEAyPbl OlEHMBAHUS 3HAHMM,
YMEHHi, HABBIKOB M (MJIM) ONBITA /1eATEJIHLHOCTH.

[TpoBeneHue 3adera OCYLIECTBISETCS MyTEM ONpOCa, OLIEHKA BKIIOYAET B ceOs Kpome
pE3yJIBTaTOB ONpOCa, TEKYLIYIO YCIIEBAEMOCTb, PE3YJbTaThl CAAYX KOHTPOJBHBIX U HUHBIX
paboT MpeITyCMOTPEHHBIX HACTOSIIEH HPOTPaMMOM. IIpu mpoBedeHHH HK3aMeHa
oOyuaromiemycst npeaocranisiercss He MeHee 40 MUHYT Ha MOAroToBKy. Onpoc no ounery u
OTBEThl Ha JONOJHHUTEIbHBIE BOMPOCHI HE JOJDKEH IMPEBBIATh JIBYX aCTPOHOMHYECKUX
gacoB. [lo 3aBeprieHnN OTBEJCHHOTO Ha ONMPOC BPEMEHH, dK3aMEHATOp JTOJDKEH BBICTABUTH
o0yyaromemMycsi OLIeHKY B COOTBETCTBUU C BBIIICIIPUBECHHBIMU KPUTEPHSIMU.




