o JUCHMUIIJIMHE:
0 HANIPpaBJI€HHUIO:

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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
Oo6mas pusuka
IIpuknagHbie MaTeMaTHKa U (pU3MKa

npo¢uib NOArOTOBKHU: ITy4xoBO-11a3MEHHbIE CUCTEMBI M TEXHOJIOTHH

Kypc:
KBaJIU(PUKALMSA:

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadenpa oomeit Gu3nku
2

MarucTp

CemecTpbl, POPMBI TPOMEKYTOUHOM aTTECTAIUH:

1 (ocennuit) - 3auer
2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T
3 (ocennuit) - AnddepeHunpoBaHHbIi 3a4eT

4 (BeceHHwmil) - DK3aMeH

AynutopHbIx yacoB: 150 Bcero, B TOM 4HcIe:
nexuuu: 60 gac.
cemuHapsl: 90 gac.
nabopatopusie 3ansaTus: 0 gac.

Camocrostenbnas padora: 135 gac.

[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 315, Bcero 3au. en.: 7

[IporpamMmy cocraBunu:

10.P. Ananaksn, a-p ¢us.-mar. Hayk, npodeccop
I'.P. Jlokmwn, 1-p ¢us.-mar. Hayk, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpst oomei ¢puzuku 06.03.2020



AHHOTANMA

Kypc pasmenen Ha ueTblpe MOAYIs B KOTOPBIX pPaccMarpUBAaIOTCA KJIIOUEBblE IIOHATUS M METOABI
TEPMOJIMHAMHKH, DJICKTPUYECTBA M MAarHeTU3Ma, ONTHKH W KBAaHTOBOW (M3MKM KaK 4acTh Kypca oOuiei
¢uzuku, untaemoro cryneatam MOTH.

Monynb TepMOAMHAMUKN COACPIKUT B ce0e CIeNyIoIInue TeMbl: OCHOBHBIC MOHATHUSI MOJIEKYJIAPHON (U3UKH,
TEPMOJIMHAMUYECKUE IIPOLECCH, IEPBOE HayaJlo TEPMOJMHAMUKH, BTOPOE Hadajo TEPMOIUHAMMKH,
SHTPONHSA, TEPMOAMHAMHYECKAE (YHKIUH U UX CBOMCTBA, (Da30BbIe MEPEXOABI, PealibHbIC Ta3bl, JIEMEHTHI
TEOpUH BEPOSATHOCTEH, pacnpeneneHns Makcseiuia U bojbliMaHa, OCHOBBI CTATUCTUYECKON (PU3UKHU, TEOPHUS
TEIUIOEMKOCTEH, IIyKTyalluu, 3IeMEeHThl (pU3nuecKol KHHETHKH, OpOyHOBCKOE ABIKEHHE, SIBJICHUS IEpeHOCa
B Pa3peXKEHHBIX ra3ax U IOBEPXHOCTHBIE SBJICHUS.

Monynb 37€KTpUYecTBa U MarHeTu3Ma COAEPKUT B ceOe CIEAYIOMNe TeMbl: 3JIEKTPUUYECKOE MOJIe, PHHIUIT
CYIEpIIO3ULINH, TI0Je AMIONS, Teopema [aycca, moTeHIHan, MPOBOJHUKU B 3JIEKTPHUUECKOM IOJIE, METOJ
N300paKeHHH, IEKTPUYECKOe I0Jie B BELIECTBE, PHEPrHsl AIEKTPHUUECKOTO TIOJIs, MarHUTHOE IIOJIE TOKA,
TeopeMa O LIUPKYJSLUH, MATHUTHOE I0JI€ B BEIIECTBE, ABIKCHHUE 3apSHKCHHBIX YaCTHUI[ B 3JCKTPUUECKOM H
MarHuTHOM IIOJISIX, JIEKTPOMAarHuTHas MHAYKLUs, TEOpeMa B3aUMHOCTH, MarHUTHAas 3HEPrusi, NEpeXoiHbIe
MpoOLEecChl B OJNEKTPUUECKHX LEMAX, BBIHY)KICHHbIE KOJICOAHMsS, METON KOMIUIEKCHBIX aMIUIUTY],
MOZAYJIMPOBaHHbIE KoieOaHMs, ypaBHeHHs MakcBeiia, CIEKTpalbHBIH aHaJIW3 B JIMHEHHBIX CHCTEMax,
3JIEKTPOMAarHUTHBIE BOJIHBI B BOJTHOBOJIAX, PE30HATOPHI U TIJIa3Ma.

Moaynb ONTHKH COIEPKHUT B ceOe CIeIyloIue TEMbl: T€OMETPUUYECKasi ONTHKA U 3JIEMEHTHl (OTOMETpHUH,
uHTepdepeHIys BOIH, AM(PAKLINSA BOJIH, pa3pellaroiias ClloCOOHOCTh ONTHYECKUX MHCTPYMEHTOB, HIEMEHTHI
($ypbe-onTUKH, 3MEMEHTHI rojorpaduu, aucrnepcus, (asoBas ¥ IrpynmoBas CKOPOCTH, MOJISIPU3ALMS CBETA,
3JIEMEHTHI KPUCTAJJIOONTUKH, PACCESHUE CBETA U HEJIMHENHbIE ONTHUECKUE SIBIICHUS.

Monyns KBaHTOBOW (U3WUKKM COACPKHUT B cede CIeAyIIMe TeMbl: KOPIYCKYJISIpHBIE CBOMCTBa
3IIEKTPOMArHUTHBIX BOJIH, BOJHOBBIE CBOMCTBA YaCTHUI], COOTHOILEHHE HeolpeaesieHHOCTeH, (opMainiM
KBAaHTOBOM MEXaHUKH, NTOTEHIUAIbHBIE Oapbepbl, MOTEHIMAIbHBIE MBI, KBA3UKJIACCHYECKOE NMPHUOIIKEHNUE,
OCLMJUIATOP, BOJOPOAONOAOOHbBIE aTOMBI, KojeOaTeIbHbIE U BpallaTesIbHbIE CIIEKTPBI MOJIEKYJ, MarHUTHBIA
MOMEHT, CIIMH, TOHKas MU CBEPXTOHKas CTPYKTypa aroMa BOAOPOJA, TOKIECTBEHHOCTb 4YacTUI], OOMEHHOE
B3aMMOJICHICTBHE, CJIOKHBIE AaTrOMbI, aroM B MAarHuTHOM 1ojie, 3(dexkr 3eemana, sJEepHbIE MOAEIH,
paJMOaKTHBHOCTh aib(a, Oera, ramma, SJICPHBIE pEakIUW, OIEHKA CEeYCHUH, (QyHIaMEHTaIbHbIE
B3aMMOJICHCTBHS, OJJIEMEHTApHbIC YacTHIbI, 3aKkoHbl uznydeHus AYT, cnoHTaHHOE W BBIHYKICHHOE
W3Iy4YeHHe, n3ydeHue, npasuna orobopa, IIIP u AMP.

Kypc comepxur B cebe obcyxaenue (Gu3muecknx BOMPOCOB, pazdop 3ajad, JEMOHCTpaluH (HU3HYECKUX
SKCIEPUMEHTOB. J{JIs1 yCIIEIHOTO OCBOEHMs OHJIAMH-Kypca CIyIIaTeNlo >KellaTeJbHO 3HaTh Kypc oOuiei
¢m3uka «MexaHnka» W BIaJeTh OCHOBAMH  MaT€MaTH4eCKOro  aHaln3a, TIEOMETPUH, yMeTb
nuQQepeHIMpPoBaTh U UHTETPUPOBATD.

1. leau u 3apauu

eap AUCUMNIMHBI

OcBoeHue cTyaeHTaMu 0a30BbIX 3HAHUW B OOJIACTH ONTHYECKUX SBICHUH AJISl JaJbHEHIEro U3yYeHHs
JPYTHX pa3/esioB (GU3MKU U yIITyOIeHHOTo N3y4eHus pyHJaMEeHTaIbHbIX OCHOB ONTHKH.

3anauu QUCHUTNIHHBI
* (popmupoBaHue y 00ydaronuxcsi 0a30BbIX 3HAHWH B 00JaCTH ONITHKH

. ¢dbopMupoBaHHE yMEHHH W HAaBBIKOB NPUMEHATh H3yYCHHBIE TEOPETUYECKHE 3aKOHBI M
MaTeMaTH4YeCKUe HHCTPYMEHTHI [UIS PELICHUS Pa3InYHbIX (PU3NYECKUX 3a7ad

. (dbopmupoBanre 00MEPU3NIECKON KyABTYphl: YMEHUs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TpeHeOperaTtb HECYIIeCTBEHHBIMH; YMEHHUS NPOBOIMTH OLCHKH (DU3UYECKUX BEINYMH;
YMEHHUS CTPOUTH MPOCTEHIIINE TEOPETUIECKUE MOJIEITH, OIMCHIBAIOLINE (PU3HUECKHE TPOLIECCh

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-3 Cnocoben oprann3oBbiBaTh 1 pykoBouTh | YK-3.4 CriocoOeH IIaHUpOBaTh KOMaHIHYI pabory,
paboToil koMaHabl, BEIpa0aTeiBas KOMAaHAHYIO  |paclpeAessiTh NOPYUYECHHs YjeHaM KOMAaH[bl, OPraHU30BaTh
CTPATETHIO IS JOCTUKEHUS [10CTABICHHON 00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

3a1auu




OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabdaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHuns

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CpaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJTHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yJabTaToB

[IK-1 CnocoGen craBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

MCCIIeI0BAaTh MaTeMaTHYECKHE MOJIEIN HayyHOM 3amadye W WHTEPIPETHPOBATh  MOTYyYCHHBIC
M3Y4aeMBbIX SIBIICHUH U MPOLIECCOB, CHCTEMHO | PEe3YJIbTaThl

aHaJM3UPOBATh HAYYHBIEC TIPOOJIEMBI, IOTyYaTh

HOBBIC Hay4YHBIE PE3YJIBTAThI

[IK-3 Cnocob6en mpodeccuonansao padorars ¢ |[1K-3.2 Criocoben MIPOBOJIUTH IKCHIEPUMEHT

HCCIIEIOBATEIIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIUAaIN3UPOBAHHBIME MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHOU MIPEIMETHOM 00IacTH

(MonenMpoBaHUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPaMM)

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

0 (yHaaMeHTaIbHBIEC 3aKOHBI M MOHATHS ONTHKH, a TAK)Ke TPAHUIIBI UX IPUMEHUMOCTH:
0 npuHIHN PepMa U 3aKOHBI TEOMETPUUYECKON ONTUKH;
0 BOJHOBOE YpaBHEHHE, INIOCKKE U chepudecKkre BOIHBI, IPUHIIMII CYHEPIO3UIMN U HHTephepeHIINs

MOHOXPOMAaTHU4YCCKHX BOJIH,

BpPEMEHHAs U IPOCTPAHCTBEHHAs! KOTEPEHTHOCTh UCTOUHUKA;
npunuun [ oiirenca—®penens, nudppakuns OpeHens:

mudpaknus OpayHrodepa Ha 1menw;

CIIEKTpaJIbHbIC TPUOOPHI U KX OCHOBHBIC XapAKTEPUCTHUKH;
MPUHIUTIBL QYPhE-ONTHKH, TIPOCTPAHCTBEHHOE (Dyphe-pasiokeHue, 3PPeKT caMopenpoyKIIHIHT;

MPUHIUTIBI Tonorpaduu, ycinosue bparra—Bynsda.

JUcTiepcus cBeTa, (ha3oBasi U TPYIIIOBasi CKOPOCTH, KIIACCUIECKAst TEOPHS TUCIICPCHH;
MOJISIPU3aLMsl CBETA, ECTECTBEHHBIN CBET, siBJIcHHE bprocrepas,

JIUXPOU3M, TTOJISIPOUIBI, 3aKOH Matroca.

0
0

0

0

0

o Tteopusi AbGe hopMHPOBaHUS ONITUUECKOTO N300PAKEHUS, IPUHIHI JBOUHON JU(PPaKLIUY;
0

0

0

0

0

JIBOMHOE JIy4elpeIoMJICHHE B OJHOOCHBIX KpHCTalIax, MHTEP(EpEeHIMOHHBIE SBICHHUA B
KPUCTAJUIMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.
0 HENMHEHHbIC ONTHYCCKUE SBJICHMSA, HEIMHEWHas MOJIIpU3allisl Cpelbl, I'€Hepalus BTOPOM
rapMOHUKH (YABOCHHE YacCTOTHI), (ha30BbI CHHXPOHU3M, CaMO(OKYCHPOBKA.

YMETB:




0 TNPHUMEHATH U3yUYCHHbIE 001IMe (PU3nUecKre 3aKOHBI JJIs1 PELICHUsI KOHKPETHBIX 337a4 [0 ONTHKE:

O  IPUMEHATh 3aKOHBI I'€OMETPUYECKON ONTUKU IPU IOCTPOCHHU H300pa’k€HUM B ONTHUYECKHX
CUCTEMaAX;

0 pemath ypaBHeHHUs [ enbpMrosbua Ui CilydaeB INIOCKUX U C(hepuuecKuX BOJIH;

0 UCIHOJB30BaTh MOHATHE O 30HaX PpeHens u cnupanu OpeHens Npy pelIeHnH 3a1a4 Tu-Ppakuuy Ha
3KpaHe C 0CEBOM cUMMeETpUEn

0  HCIOJB30BaTh MeTox Panest pewmenus 3agaun nudpakiuu: BOJIHOBOE IOJE KakK CYNEPIO3ULUS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIECHUH (IIPOCTPAHCTBEHHOE (Pyphe-pa3nokeHue);

0 aHaJIM3MpOBaTh (U3NYECKUE 3aJadd, BBIACNAA CYIIECTBEHHBIE M HECYIIECTBEHHBIC AaCIEKTHI
SIBJICHUs,, U HA OCHOBE IPOBEIEHHOIO aHalIM3a CTPOUTH YIPOLIEHHbIE TEOPETUYECKUE MOJIEIIU
(U3NYECKUX SBICHUH;

0 IPUMEHATh pa3MyHble MaTeMaTUYeCKUEe MHCTPYMEHTbl pELIeHMs 3afad HUCXOAs U3
c(hOopMyYINPOBAaHHBIX (PU3UUECKUX 3aKOHOB, U MPOBOIUTH HEOOXOINMBIC aHATUTUICCKUE U YHCIICHHbIE
pacyéTsl;

BJIAJIETD:

O OCHOBHBIMH MCTOAAMU PCUHICHUA 3a1a4 OIITUKHU,
O OCHOBHBIMH MAaT€MAaTHYCCKUMHN MHCTPYMECHTAMU, XapaKTCPHbIMU JIA 3a1a4 OIITUKU,

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 OcHOBHBIE ~ TOHSTHS ~ MOJEKYISIPHOR 1 5 3
¢buznkn
) Tepmogunamuueckue npoueccel. Ilepsoe | ’ 3
HAYaJIo0 TEPMOANHAMUKHI
3 Bropoe Hayasuo TEPMOJUHAMHUKH. 1 5 3
OHTponws.
4 TevaOI[I/IHaMI/I‘IeCKI/Ie GyHKIMH W X | ) 3
CBOHCTBa
5 @da3oBbIE MEPEXOJIbI 1 2 3
6 PeanpHbie razbt 1 2 3
7 DneMeHTBl TEOPUU BEPOSITHOCTEH 1 2 3
8 Pacnpenenenusa MakcBesna u bonbumana 1 2 3
9 OCHOBBI CTaTUCTUYECKON (DPUBHUKH 1 2 3
10 Teopus TemnoémMkocTen 1 2 3
11 Onykryarmm 1 2 3
12 |DnemeHTHl pU3HUECKON KHHETUKH 1 2 3
13 BpoyHnoBckoe  naBwxkenue.  SIBieHus 1 5 3
[IEPEHOCA B pa3pexKEeHHbIX Ta3ax
14  |[loBepXHOCTHBIE SBICHUS 1 2 3
15  |O6cyxIeHre BOMpOCOB. 1 2 3
16 DnexTpuuecKoe nione I lpunnmmn | ) 3
CYTIEPIIO3ULIHH.
17 [Tone nunons. Teopema ["aycca. 1 2 3
[Torenuuan.IlpoBogHuku B
18  |s;mekTpuueckoM none.Meton 1 2 3
H300pakeHUH.
19  |DnexTpuueckoe Moje B BEIIECTBE. 1 2 3




20  |DHeprus 3JIEKTPUUECKOTO MOJIS. 1 2 3

71 MarntHoe mone  Toka.Teopema o | ’ 3
LHUPKYJISLIH.

22 MaraurtHoe I10JI€ B BEIISCTBE. 1 2 3

23 JIBi>keHHE  3apsDKEHHBIX — YacTHIl B 1 5 3
JIEKTPUUYECKOM U MArHUTHOM IIOJISX.

24 OnexrpoMarsuTHas MHIykUus. Teopema | ) 3
B3aMMHOCTH.

25 MaruauTtHas SHeprusl. 1 2 3

2 [lepexomHble IPOLECCH B AIEKTPUIECKUX 1 5 3
LEIsIX.

27 BriHyXeHHBIE kojeOanus. MeTon | ’ 3
KOMIUIEKCHBIX aMILTUTY/.

28 MonynupoBaHHbIE 1 5 3
koneOanus. YpaBHeHUs: MakcBeuia.

29 CrexTpanbHBli aHaNU3 B JIMHEHHBIX | ’ 3
cucTeMax.

30 DNeKTpOMarHuTHHIE BOJTHBI B 1 5 3
BOJIHOBOJAX.Pe3onaropel, I lnazma.

3] I'eomerpuueckas onTHKa U JIEMEHTHI | 1 )
¢doromeTpuu.

32 |WuTepdepeHuns BOJH. 2 2 1

33 | dudpakuuns BoJH. 1 1 2

34 Pasperaromniast ciocoGHOCTH ONTUYECKUX ) 5 1
HHCTPYMEHTOB.

35 |DnemeHTH Qyphe-ONTHKH. 1 1 2

36  |DnemeHTHI roorpadum. 2 2 1

37 Hucnepcusa. @azoBas H  IpylIoBas | 1 )
CKOPOCTH.

38 [onspuzauus CcBeTa. OeMeHTHI ) 5 1
KpPUCTAJUIOONITUKHY.

39  |Paccesnue cBera. 1 1 1

40  |HenuueliHble ONTHYECKUE SBICHHUS. 2 2 2

41 Kopmyckymnsipuabie CBOICTBa | 1 )
3IIEKTPOMArHUTHBIX BOJTH

42 BonHoBbIe CBOMCTBa YacTUL. 1 1 2
CooTHolIeHHE HEONIPEAEICHHOCTEH

43 @opMani3M  KBAaHTOBOM  MEXaHHKHU. | 1 )
[HorenuuansHble OapbEphI
[HorenumansHbie SIMBI.

44  |KBa3ukiaccuyeckoe npuOIHKEHHE. 1 1 2
Ocuunnsarop
Bonoponomnonobusie aTOMBI.

45 KonebarenpHbie u BpALLATEIIbHBIE 1 1 2
CIIEKTPBI MOJIEKYJI

46 Marautaeii MomeHT. CrnimH. ToHKas u 1 1 2
CBEPXTOHKasl CTPYKTypa aToMa BOJOPOAa

47 ToxpecTBeHHOCTh 4YacTHL. OOMeHHOE | 1 )
B3aumozieiictBue. CII0XHBIE aTOMBI

48 Atom B MarHuTtHOM Tone. Oddekr 1 1 )
3eeMaHa.

49  |SnepHbie Momenu 1 1 2

50 PannoaktuBHOCT. Anbda, OeTa, raMma 1 1 2

51 SAnepusie peakunu. OrieHKa CeUeHUur 1 1 2

57 @DyHaMeHTaIbHbIE B3aUMOJCHCTBHS. | 1 )
OneMeHTapHbIe YaCTHLIBI

53 3akonbl m3nyueauss AUT 1 1 2




54  |CrnonTaHHOE U BBHIHYXKIEHHOE U3ITyUYeHHE 1 1 2
Uznyuenne, mpaBuna otdopa. JIIP u

55 aMP 1 1 2

Hroro yacos 60 90 135

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 315 gac., 7 3au.eq.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. OCHOBHBIE IOHSATHUS MOJICKYJISIPHOU (DU3HKH

Makpockonuueckue napamerpbl, TepMOAMHAMUYECKAs! CUCTEMa, TEPMOJHMHAMHUECKUE HapameTphbl,
TepMOAMHAMUYECKoe paBHOBecue. HyneBoe Havano tepmMoanHamuku. VpeanbHbld ra3. YpaBHEHHUE
COCTOSIHMS MJI€AJIBHOTO ra3a.

2. Tepmonunamudeckue mporuecchl. [lepBoe HavaI0 TepMOTUHAMUKA

W3MeHeHHsT COCTOSIHUSI TEPMOIMHAMHUYECKOro Tena (cuctembl). KBasucraTrmueckue paBHOBECHBIE
npoueccsl. ObparuMblie 1 HeoOpaTUMBbIe mponeccsl. Pabota, BHYTpeHHss Heprus, Temora. [lepsoe
HAYaJIo0 TEPMOINHAMHUKH.

3. Bropoe Hayayio TepMOIUHAMHUKH. DHTPOIIHSL.

Huxnnyeckue npouecchl. TermoBble mammubl. KITJ TemmoBoit mamunuel. LHukn Kapuo. Teopemsl
Kapno. XomommnpHas MammMHa W TEIDIOBOM Hacoc. BTopoe Hayano TepMOAVMHAMUKH.
TepMmonrHaMUUECKOE ONPENETIeHNUE SHTPOIIUU. DHTPOIUS UI€AIbHOTIO rasa.

4. TepmonuHamuueckre GyHKIMU U UX CBOMCTBA

TepMoauHaMHUUYeCKHE TTOTEHIMAJIbI: BHYTPEHHSS SHEPTUs, SHTANBIINS, CBOOOIHAS SHEPTHs, SHEPTUs
I'u60ca. IIpeobpazoBanus TepmoauHaMuieckux ¢pyHkunid. CooTHomeHus: MakcBea.

5. ®@a3oBbIe EPEXOBI

Knaccuduranus hazosix nepexonos (I u Il pona). Yenosus paBHoBecust ¢a3 ais nepexonos I poxa.
VYpasuenune Knaneiipona—Knaysuyca. Kpusas (azoBoro paBHOBeCHs «KUAKOCTb—TIAp», 3aBUCUMOCTb
JTABJIIEHHSI HACBIILIEHHOrO mapa oT Temneparypsl. ®da3oBeie quarpaMMsbl. TpoitHas Touka. [uarpamma
cocTosHuUs «JI€n—Boaa—napy». Kpuruueckas Touka.

6. PeanpHbIe ra3sl

l'a3 Ban-nep-Baanbca kak MOAENb PEajJbHOIO Ta3a. BHYTpPEHHssT SHEpPrus W DSHTPOIHMS rasa
Ban-pep-Baansca. M3otepMmel raza Ban-aep-Baanbca v ux cBsI3b ¢ U30TE€pMaMU PEATLHOM CUCTEMBI.
[IpaBuno Makcsenna (mpaBwiio pbruara). Kputndeckue mapameTpsl W NPUBENEHHOE YpaBHEHHE
COCTOSIHUSL.

7. DneMeHTHl TEOPUU BEPOSITHOCTEH

JIUCKpeTHBIE W HENPEPBIBHBIE CIyYallHbIE BEJIWYUHBI, IUIOTHOCTh BEPOSATHOCTH. YCJIOBHE
HopMmupoBKU. CpenHue BenuuuHbl M aucnepcus. HesaBucumble ciydaiiHble BEJIWYMHBIL.
HopmanbHeiii 3aKkoH pacrhpenesieHus] Kak Mpenen pacupeAefeHHs Ajs CyMMBI OOJBIIOTO YKCIa
HE3aBUCUMBIX cJlaraeMblX. 3aBUCUMOCTb JUCIIEPCUU CYMMbl HE3aBUCUMBIX CJIaraéMbIX OT MX YUCIIA.



8. Pacnipenenenust Makcpenia u boisiimana

Pacnipenenenne MakcBenia: pacnpeelieHns] 4acTHIl 110 KOMIIOHEHTaM CKOPOCTH M aOCOJIIOTHBIM
3HaYeHUsIM CckopocTH. Haumbonee BeposiTHas, CpeAHAs U CpEeJHEKBaApaTU4HAas CKOPOCTH.
Pacnpenenenue MakcBemna no sHeprusM. PacrpeneneHue bonbiMaHa B IOJI€ BHEIIHUX CHIL
Bapomerpuueckas popmyna.

9. OCHOBBI CTAaTUCTHYECKON (HUBUKU

da3zoBoe TPOCTPAHCTBO, MAaKpO- M MHUKPOCOCTOSHHS, CTATHCTUYECKUI BEC MAaKPOCOCTOSHHS.
CraTuCTHYECKOE OIpPEACICHUE SHTPONHHU. AJUIMTHBHOCTH DHTPOIUHM HE3aBUCHUMBIX ITOJICUCTEM.
3akoH BO3pacTaHMs SHTPOIUH. TpeThe Hauano TepMmoanHamMuku (Teopema HepHera). Pacnipenenenue
I'm66ca—bonpiMana Juist uaeansHoro ra3a. [loHsTHe o kKaHOHUYECKoM pacrpeseneHun [ no0ca.

10. Teopus TernoéMKocTeit

3aKOH PaBHOMEPHOTO pACHpPEAETICHUS] PHEPruHM TEIUIOBOTO JBM)KEHHS II0 CTENEHSIM CBOOOIBI.
TemnoémkocTs KpucTauioB (3akoH Jronmonra—IItn). DneMeHThl KBAHTOBOW TEOPHUH TEINIOEMKOCTEH.
3aMopakMBaHUE  CTENEeHeH  CBOOOIBI, XapaKTepHUCTUYECKUE TeMIepaTrypbl. 3aBHCHMOCTh
TEIUIOEMKOCTH Ta30B OT TEMIIEPATyPHI.

11. ®oykTyanuu

CBs13p BEPOSTHOCTH (PIyKTyallMu ¢ M3MEHEHHUEM OJHTPONHHU CUCTEMBbl. DIyKTyalluu aJTuTHBHBIX
BEJIMYMH, 3aBHCUMOCTh (IIYKTyaluid oT 4yuciia gactul. DIyKTyanus 4ucia 4acTHIl B BbIJICICHHOM
o0béme. DnyKTyalys SHEPIUU CUCTEMBI B JKECTKOW TEPMOCTATHPOBAHHOW 00osouke. Dmykryarms
o0béMa B HM30TEpPMHYECKOM M ajuadaTudecKkoM Ipolieccax. BnmsHue Qnykryanuii Ha
qyBCTBUTEILHOCTh U3MEPUTEIBHBIX IPHOOPOB.

12. DnemeHThl pU3HYECKON KHHETUKH

CronkHoBeHUsl. DQQeKTHBHOE Tra3oKMHETHYEeCKoe ceueHue. JlnmHa cBoOoxHOro mpobera.
Pacnipenenenrie Monlekya TO JUIMHAM CBOOOAHOTO mpoOera. UWCIO CTONKHOBEHHH MOJEKYNT B
enuHule o0bEMa. SIBIEHHS MOJIEKYJSPHOro mepeHoca: nud¢y3us, TEIUIONPOBOAHOCTH, BSI3KOCTb.
3akonsl Guka, Dypbe u Hetorona. KoaddummenTs! nepeHoca B razax.

13. BpoyHOBCKO€ IBMKEHHE. SIBICHNUS EPEHOCa B pa3pexKEHHBIX ra3ax

BpoyHOBCKOE [IBWKCHHE MaKpPOCKONMMYECKUX YacTUI. 3aKoH OHHITEHa—CMOIyXOBCKOTO JUIS
cMeleHusi OpOyHOBCKO#M dacTuilbl. CBsI3b MOIBMXHOCTH 4YacTUIBI W Kodhduiumenta nuddysnn
o0Jiaka yacTull (COOTHOILIEHNE DWHIITEHHA).

14. IloBepXHOCTHBIE SIBJICHUS

IToBepxHoCcTHBIE siBiieHHA. KpaeBble ymibl, cmMaumBanue W HecMmaumBaHue. Popmyna Jlammaca.
CBoOomHAs ¥ BHYTPEHHSISI SHEPTUSI TOBEPXHOCTH.

15. OGcyxieHre BOIPOCOB.

[Ipenocrapnenne TeMbl Bompoca 1o BeiOopy. OOcyxaeHue Bompoca 1o BeiOopy. I[lpeseHtanms
BOIIPOCA I10 BEIOOPY.

Cemecrtp: 2 (Becennuit)

16. DnexTpuyeckoe nose.llpuHnun cynepno3unun.



DneKkTpuuecKue 3apsAabl M 3JICKTPUYECKOe Ioje. 3aKoH coxpaHeHHs 3apsina. HanpskEHHOCTD
anekrpuyeckoro mons. 3akoH Kymona. Cucrtema enuuun, CI'CD. IlpuHnum cyneprio3viuu.
DNEeKTpUUECKOe MOJIe TUTIOS.

17. Ilone nunons.Teopema ["aycca.

Teopema [aycca ansi >IEKTpUYECKOTo MOJS B BaKyyMe€ B MHTErpajbHOM M IuddepeHIransHONn
¢dopmax. E€ npumeHeHne s HaXOKACHUS DIIEKTPOCTATUIECKUX TIOJICH.

18. TTorennuan.[TpoBOJHUKY B AIIEKTPHUYECKOM MoJIe.MeTo n300paskeH .

[ToreHunanpHBI XapakTep HJIEKTpOocTaTHdeckoro mois. IloTeHnuan M pa3HOCTh IOTEHIUMAJIOB.
CBs3b HaNpPsDKEHHOCTH TOJSI C TPaJUeHTOM IOTEHIHaNla. |paHWYHBIE YCIOBHSA Ha 3apsDKEHHON
OBEpXHOCTU. YpaBHeHus Ilyaccona m Jlannaca. ENMHCTBEHHOCTh pelIEHUs] dJIEKTPOCTATUYECKON
3amaun. Meton «n300pakeHu».

19. DnekTpuyeckoe mose B BEIIECTBE.

[IpoBogHMKM B dnekTpuueckoM mose. llomspuzanus AMAIEKTPUKOB. BekTop monspu3anuu.
CBoOonmHble W CBsS3aHHBIC 3apsabl. lTeopema [aycca TpM Hamu4My JAHAJIEKTPUKOB. Bektop
UIEKTpUYECKOW HMHAYKUIWHU. IlondapuzyeMocTs M AHMINEKTpHYECKas NPOHUIAEMOCTb. [paHWYHBIE
yCJIOBUS Ha IIOBEPXHOCTH IIPOBOAHMKA U HA IPAHUILIE ABYX AUIIEKTPUKOB.

20. DHeprus MEeKTPUYECKOTO MOJIs.

DHeprusi AMEeKTPUUYECKOTo Mo U e€ JIoKann3auus B mpoctpancTBe. OO0bEMHAS MIIOTHOCTD SHEPTUU.
B3aumHas sHeprus 3apsiioB. DHEprusi IUIOS B IEKTPUUECKOM I0JIe. DHEPreTUUECKUH METOx
BBIYHCIICHUS CHJI B QIIEKTPHUYECKOM ITOJIE.

21. MaruTtHoe nonie Toka. TeopeMa 0 HUPKYISLHUU.

MarnuTHOe 1oJje MOCTOSHHOTO TOKa B Bakyyme. Bekrop marautHoW uHaykuuu. Cuna Jlopenua.
Cuna Awmnepa. 3akoH buo—CaBapa. MaruutHoe 1ojie paBHOMEPHO ABHXKYIIETOCS] TOYEYHOTO 3apsiia.
Burok ¢ TokoM B MarHUTHOM 1osie. MarHUTHBII MOMEHT ToKa. Teopema 0 HUPKYISLUN MarHUTHOTO
HOJIS B BAKyyMe U €€ IPUMEHEHHE K pacueTy MarHUTHBIX MOJIEH.

22. MarauTHOE€ I10JI€ B BEIIECTBE.

MarnutHoe mnone B BemecrBe. MarHuTHas MHAYKUMS M HalpsDKEHHOCTH 1ojisd.  Bekrop
HaMarHM4eHHOCTH. TOKM MpOBOAUMOCTH M MOJEKYJISApHbIE TOKH. Teopema O IUPKYISLHUH
MarHuTHOIO MOJIs B BellecTBe. | paHUuYHbIE YCIOBUS Ha IpaHUIle AByX MarHeTukoB. [IpumeHenue
TEOPEMBI O HUPKYIISIIH IS pac4€Ta MarHUTHBIX TTOJIEH.

23. I[BI/I)KGHI/IC 3apPsAKCHHBIX YaCTUIL B SJICKTPUICCKOM U MArHUTHOM I10JIAX.

JIBI>KeHME 3apsDKEHHBIX YacTHUI] B DJIEKTPUYECKUX M MarHUTHBIX NoJsix. OmnpeneseHue yaeabHOro
3apsaa aekTpoHa. Dddext Xota, BIUSIHAE MATHUTHOTO TIOJIS HA IPOBOJISIINE CBOWCTBA CPel.

24. DnexTpoMaruuTHag WHAyKIWs. Teopema B3aMMHOCTH.

3akoH snekTpoMarHuTHOM HHAYKUMKH W JJ[C B IBMXKYIIUXCA M HEMOABIKHBIX TPOBOJHHKAX.
[IpaBuno Jlenna. OTHOCUTENBHBIN XapakTep MEKTPUIESCKOTO U MarHUTHOTO 1oyieid. KoaddurueHTs
caMo- M B3auMouHIyKiuu. [Ipoiiecc ycraHOBIeHHS TOKa B IEMH, COAEpKaIlell WHIAYKTHBHOCTD.
Teopema B3aMHOCTH.

25. MarauTtHas sHeprusl.



MaruuTHast dSHepruss W e€ Jokamu3anus B mpoctpaHcTBe. OObEMHAs TMJIOTHOCTh JHEPTHUH.
DHepreTUYecKUil METO] BBIYHUCIICHUS CHII B MAarHUTHOM 1oJie. [TogpéMHas cuiia aneKTpoMaraura.

26. IlepexoaHbie MPOIECCHI B AIEKTPUUECKUX LEIAX.

KBasucranmonapueie npoueccol. KoneOaHus B JMHEWHBIX cucTeMax. KomeOaTenbHbIH KOHTYP.
CoOonnbie 3atyxatomue konebanus. KoaddummeHT 3aryxaHusi, JorapupMHUUECKUN JCKPEMEHT H
JTOOpPOTHOCTh. DHEPreTHYeCKUd CMbICH noOpoTHOCTH. [IpaBmia kommyrtamun. Metomsl pacuéra
HEPEXOAHBIX IPOIECCOB.

27. BeinykaeHHbIe KojeOaHus. MeTol KOMIUIEKCHBIX aMILTATY]I.

Kommnexkchnass ¢opma mnpexncraieHus Konebanuil. Bekropuele auarpammbl.  KommuiekcHoe
conpotusnenue (umrenanc). IlpaBuna Kupxroda ans mepemeHHBIX TOokOB. PaboTa m MOIIHOCTB
NEePEMEHHOTO TOKa. BbIHY)XKAEHHBbIE KoleOaHUs T1OJ JACHCTBHEM CHHYCOMJAJIBHOM  CHIIBI.
AmruntynHas U pa3oBasi XapakTepucTuku. Pesonanc.

28. MoaynupoBaHHEIE KoyieOaHus. YpaBHeHHsT MaKkcBelia.

VYpaBHenus: MakcBelia B MHTErpainbHON U nuddepeniuanshoii popme. ['pannunbie ycinoBus. Tok
cMmenieHus. MarepuanbHble ypaBHEHHS. BoiHOBOe ypaBHEHHE. DJICKTPOMArHHUTHBIC BOJIHBI B
OJTHOPOJJHOM JIUDJIEKTPHKE, UX TIOTIEPEUHOCTh i CKOPOCTh PACIIPOCTPAHEHHSI.

29. CrieKkTpanbHBIi aHAJIN3 B IMHEWHBIX CHCTEMAX.

CriexkTpanbHblii aHaIM3 JUHEHHBIX cucTeM. KomebaTenbHBIH KOHTYp KakK CIEKTpalbHBIA MPHOOP.
YacroTHas  XapakTepuCTHMKa W WUMIYJIbCHBIM  oTkiuK. KBajparuyHoe — Je€TEeKTHpOBaHUE
MOJYJIMPOBAaHHBIX CUTHAJIOB.

30. DneKTpoMarHuTHBIE BOJIHEI B BOJTHOBOAAX.Pe3onaropsl, I Litazma.

DJIeKTPOMarHUTHBIE BOJNIHBL B TPSMOYIOJbHOM  BOJIHOBOAE. JlucrepcMOHHOE — ypaBHEHHE.
Kputnueckass dactora. Ilonstue 00 OOBEMHBIX pe3oHaTopax. OJEMEHTHl (U3UKU TUIA3MBL.
JlebaeBckuii  paamyc  9SKpaHupoBaHus. [lmasmMeHHble — KoieOaHuWs, IUIa3MEHHAas  4acToTa.
JndrekTpuueckas IPOHUIAEMOCTb IIa3Mbl. DJIEKTPOMarHUTHbIEC BOJIHBI B IIa3Me.

Cemecrtp: 3 (Ocennuii)
31. l'eomeTpudeckast ONTHKA U 3JIEMEHTHI (HOTOMETPHH.

nHIun depma, 3aKOHBI NPEIOMIICHUS U OTPAKEHHS, TPAaHUYHBIC yCIOBUS, (opMmyinbl OpeHemns
I Depma, ; © ;
yron bproctepa. ['eomerpuueckue abepparn. CoBpeMEHHbIE TPUMEHEHHS T€OMETPUYECKON ONTHKU
B TIpeJieIie KOPOTKUX JIJTHH BOJIH.

32. UntepdepeHius BOIH.

[Ipunumn cynepno3uuru 1 nHTEpHEPEHLNST MOHOXPOMAaTHYECKUX BOJIH. BuaumocTts nosoc, mupuHa
nosockl. IIpocBemienue ontuku. CratucTuyeckas NpUpoJa U3JIydeHHs] KBa3UMOHOXPOMAaTHUYECKON
BOJIHBL. BpeMeHHas KOrepeHTHOCTh, (DYHKLUSI BPEMEHHOM KOT€PEHTHOCTH, CBSI3b CO CIIEKTPAIbHOM
HWHTEHCUBHOCTbIO (TeopeMa BuHepa—XuHuMHA) ¥ ¢ BUAMMOCTBIO.

33. ludpakuus BOIH.

[puanun TMoiirenca—®penens. udpakuus Ha ToHKOM dKpane. [panuunbie ycioBusi Kupxroda.
BomnnoBo#t mapamerp. HQudpakmus @penens. 3agauvi ¢ 0OCEBOM cuUMMeTpueil, 30HBI DpeHens,
cnupanbs @penens. 30HHbIE IUIACTUHKH, JUH3a. lVCronb30BaHWE 30HHBIX IIJIACTHHOK ISt
(DOKYCHUPOBKH PEHTT€HOBCKOrO wu3iiyueHus. Judpakuuss Ha [TOMOIHUTENFHOM 3KpaHe, IISITHO
IIyaccona.



34. Pa3zpenratomasi criocOOHOCTh ONTHYECKUX HHCTPYMEHTOB.

CriextpanpHble MpuOOpBL: Npu3Ma, audpaknuoHHas pemérka, unHtepdepomerp Padpu—Ilepo.
XapakTepUCTUKH CIEKTPAIBHBIX MPUOOPOB: paspeniaronias CHocoOHOCTb, 00JACTh JUCIEPCHH,
ymioBast gucnepcus. AudpakinoHHBINA Tpees pa3peiieHus TeIecKona i MUKPOCKOIIA.

35. DnemeHTH Qyphe-ONTHKH.

Merton Poanest pemienus 3agaud JUQpakuuu: BOJHOBOE IOJIE KaK CYNEPHO3HLIMSA TUIOCKHUX BOJIH
pa3HbIX HaNpaBiIeHUH (IIPOCTPAHCTBEHHOE (ypbe-pa3IoKeHNe), COOTHOMICHNE HEONPeIeIEHHOCTEN.
Hudpakuus Openenst Ha NEPUOIUUECKUX CTPYKTypax (3¢dext camopenponykuun). Teopus A6Ge
(hOpMHUPOBAHUS OTITUIECKOTO N300PKEHHS, IPUHITUIT JTBOWHOM JUPPAKIINH.

36. DneMeHThI TostorpaduH.

Tonmorpamma ['abopa. [omorpamMmma ¢ HAaKJIOHHBIM ONOPHBIM IMYYKOM. Paspermaromasi criocoOHOCTB
ronorpamMmMbl.  YcnoBue bparra-Byneda. OObémHas rTomorpamMma, oObEMHas peméTka B
PETUCTPUPYIOLLEH cpee

37. ducnepcus. da3oBas U TpyNIoBas CKOPOCTH.

Jucnepcus mokazarens MNpeIoMIIEHMs, KiIaccHdeckas TeOpHs JTUCHEPCHH, HOpMajibHas |
aHOMaJIbHasi AMCIIEpCUU. 3aTyXarouiue BOJIHBL, 3akoH byrepa. Ilokasarens npesnomieHus I1a3Mbl.
PangroBonHbl B HOHOChEpPE U AabHSS paAUOCBI3b. MeTamarepuasbl — Cpelbl C OTPULIATEIBHBIMU € U
L, JOCTM>KEHUS B CO3AaHUU MeTaMarepualioB. I pymnoBast CKOpOCTb.

38. Ionspusarus cBeTa. DIeMEHThl KPUCTAJUIOONTHUKH.

Kpucramnoontuka: mnonspusamusi cBera. EctecTBeHHBIM cBeT. JMXpou3M, MNONSIPOUABI, 3aKOH
Mamioca. J[BoifHOe myuyenpesnomiieHHE B OJHOOCHBIX KpHCTAIaX, pa3joKEeHHEe BOJHBI Ha
OOBIKHOBEHHYIO M HEOOBIKHOBEHHYI0. B3anmHuas opuenranusi BektopoB k, E, D, B, Hanpasienue
BekTopa [loitHTHHTa, GOKOBOM CHOC CBETOBBIX IIYYKOB B KpHCTalIaxX.

39. Paccesnue cBeta.

D¢ dexTuBHOE ceueHHe paccesiHUs, AUarpaMMa HarpaBIeHHOCTH, UX 3aBHCUMOCTh OT JIJTHHBI BOJIHBI
U OT pa3Mepa pacceuBaloOIMX YacTul, PanmeeBckoe paccessHue (paccessHue Ha (QIyKTyanusx
wiotHoctH). Ilomspu3anus paccessHHOro cBeTa. PaneeBckoe paccesHHe Kak IVIaBHas NPHYMHA
3aTyXaHHs CBETOBOH BOJHBI B CBETOBOJAX.

40. HennuelHble ONTUYECKUE SIBICHUS.

Henuneitnass mnonspusauus cpefbl. OLEHKM HMHTEHCUBHOCTH CBETOBOM BOJHBI, IIPM KOTOPBIX
HaOIIonaroTCsl HeMMHEHHbIe 3 (EKTh, UCX0ns W3 3HAYCHWH BHYTPHATOMHBIX mosied. HaBenennoe
IBynydenpenomiienue. [eHepamus BTOpPOH TapMOHWKH, (a3oBblii cHHXpOHU3M. CHUMMETpHITHBIC
coo0OpakeHHsI, HEBO3MOXKHOCTh F'€HEPALMU BTOPOI TApMOHUKHU B CPEAax ¢ IEHTPOM HHBEPCHUH.

Cemectp: 4 (Becennuii)
41. KopnyckyasipHble CBOMCTBA 3JIEKTPOMAarHUTHBIX BOJH

OCHOBHBIE IKCIIEPUMEHTAIbHBIE PE3ylbTaThl MO BHemHeMy (oroddpdexry. ['mnoreza DitHmTelHA
OTHOCHTEJBHO KBAaHTOB cBeTa ((OTOHOB). YpaBHeHHE ODWHIITEHHA U 0ObsicHeHHE (oTodddexTa.
Nmnynsce ¢potoHa. DxcriepuMeHT KoMnToHa 110 paccestHUI0 PEeHTTeHOBCKUX JTydel Ha JIETKUX Apax.

42. BonHoBbIe cBoicTBa yacTull. COOTHOIIEHNE HEOTIPENeTIEHHOCTE!



l'unore3a ne bpoiis 0 BOJHOBBIX CBOMCTBaX MATE€PUAJIbHBIX YACTUL — KOPIIYCKYJISPHO-BOJHOBOM
nyanu3m. JnuHa BonHel Ae bpoiins HepensatuBucTckoil yactuubl. OnbiTel eBuccona—/lxxepmepa u
Tomcona mo audpaxkmmuu >1ekTpoHOB. Kputepmii kBaHTOBOCTH cucTeMbl. COOTHOLICHUS
HeoTlpeIeIeHHOCTEN (KOOpAUHATA-UMITYJIbC; SHEPTHs-BpeMsi). BupTyanbHble YaCTHIIBL.

43. dopmanu3M KBaHTOBOM MexaHuKu. [loTeHImanbHbIe Gapbepbl

Omepatopbl KOOpPAWHATBHI, HMITYJbCa, TIOTEHIMAIBHOW ¥ KHHETUYECKOW OHEPrHMU CHUCTEMBI,
ramuibToHnad. CoOcTBeHHbIe (YHKIMH W COOCTBEHHbIe 3HaueHus. YpaBHenue lllpenuurepa.
PaccesiHue dacThIl Ha MOTCHIUAIBHON CTyIEHbKE KOHEYHOW BBICOTHI, IIPOXOXKICHUE YaCTHIIBI HaJ
ssMaMU ¥ 0apbepaMy KOHEUHOW MIMPHHBL, dd ekt Pamzayapa.

44. TlorenumanbHble sMbl. KBazukiaccuueckoe npudiamkenue. OCuusITop

beckoneuno miyOokasi moreHuuanbHas sMa. COCTOSHHUS YacTUIBI B OJHOMEPHOW CHUMMETPUYHON
MOTEHIAILHONW sIME KOHEYHOH riyOuHbI. CBS3aHHBIE COCTOSHHSI B Takod siMe. YPOBHU JHEPTHH
OJJTHOMEPHOTO FapMOHHYECKOTO OCLIHIUISTOPA.

45. Bonopomomnono0OHkie aTroMbl. KorebarenpHbIe U BpalaTeIbHBIE CTICKTPHI MOJIEKYJT

Monenmu aroma Tomcona u Pezepdopaa. 3akoHOMEPHOCTH ONITUYECKUX CIEKTPOB aTOMOB. JIBHKEeHUE
B KyJIoHOBCKOM mone. PeHomeHonornueckass Teopuss bopa. Cmexktp aroma Boiopoga H
BOJIOPOJIOIIOAOOHBIX aTOMOB, INIABHOE KBAaHTOBOE YHCJIO, KPATHOCTh BBIPOXKICHUS, M30TOIHYECKHMA
CIIBUT.

46. Marautabiii MomeHT. CriuH. TOHKas U CBEPXTOHKas CTPYKTypa aToMa BOAOpoaa

MarHuTHbI OpPOUTANILHBIE MOMEHT BIIEKTPOHOB, THPOMAarHUTHOE OTHOIICHWE, MarHeToH bopa.
OnsiTr Ultepna—TIepnaxa, cnuHoBbI g-haktop lumoresa VYienbGexka u [ayncmMura O crnuHe
anekrpoHa. OmbiT O#HmTeiHa—ne [aa3a. BektopHas Monenb CIOXEHUS CHHUHOBOTO U
OopOUTaIBLHOrO MOMEHTOB JIEKTPOHA, OTIEPaTop MOJIHOTO MOMEHTa UMITyibca, ¢akTop Jlanne.

47. ToxxnecTBeHHOCTH yacTtull. OOMenHoe B3aumoaeicTere. Cl0KHbBIE aTOMBI

ToXXIeCTBEHHOCTh YaCTHIl, CAMMETPHUSI BOJTHOBOW (PYHKIIMU OTHOCHUTEIHHO NMEPECTAHOBKH YACTHII,
0603086l W (depmuonsl, npuHiun Ilaynmun. OOmenHoe B3aumojeiicTBue. CIOXKHBIE aTOMBI.
CamocoriacoBaHHOE nose. DNeKTpOHHAs KOH(UTypanus aroma. [TpaBmito
Manenynra—KieukoBckoro.

48. Atom B MarauTHOM Tiosie. D¢ ekt 3eemana.

ToXIeCTBEHHOCTh YaCTHLl, CAMMETPUS BOJHOBOW (PYHKIIMH OTHOCHUTEIHHO NMEPECTAHOBKH YaCTHIL,
60308bl U ¢epmuonsl, npuHnun llaymu. Dddext 3eemana aug ciydaeB cinaboro M CHUIBHOTO
MarHuTHBIX nonei Ha mpumepe 3P-3S-nepexonoB. CBepxronkoe B3aumoneiicteue. [lonsaTue cnnna
(ciupaneHOCTH) POTOHA, TOTHBIA MOMEHT U YETHOCTh

49. AnepHble MonenU

OkcnepumenTsl Pesepdopaa u Ieiirepa mo paccessHuio o-yactun B ra3zax. OTKpbITHE HEWTpOHA
YansukoM. DKCIIEpUMEHTaIbHAS 3aBUCUMOCTb YIEJIbHOW SHEPIUU CBA3U s[pa OT MaccoBOIO 4Mcia
A. Mogens HOkaBbl. Mopenb xugkor 3apspkeHHod karn. Dopmyma Baiinzekkepa nist sHepruu
cBs13M sapa. ObomouedHast MOJeNb U MarHuecKue YHUcia B OCIIIUIATOPOM HMOTEHIHAIE.

50. PagnoaktuBHOCTh. Anb(a, OeTa, TaMma



3aKoH paJroaKTHBHOTO pachajia, KOHCTAHTa pacliajia, Hepro Moiaypacnaia, CpeaHee BpeMs KU3HH,
BeKkoBoe ypaBHeHHe. Aunb(a-pacnaza, 3akon [eitrepa—HstTonma m ero BwiBon (popmyna I'amosa).
Bera-pacnan, sHepreTMdeckuii crekTp OeTa-pacmaja, THUIIOT€3a HEUTPHHO W €ro  OIBITHOE
oOHapy>KeHHe, BHYTPECHHSISI KOHBEpCHUs AIEKTpoHOB, K-3axBar. ['amma-nuznyuenue, u3omepus saep.

51. Snepubie peaknun. OLieHKa CEUCHHA

SnepHble peakIuu: 3K30TEPMUUECKHE WU DIHAOTEPMUYECKHE PEAKIMH, MOPOr PEaKIUH, CEYECHHE
peakuuu (IOJHOE W TApUUAIbHBIE CEUYEHUs), KaHalbl pEeaKkUuu, LIMPHHBI KaHaloB. Mozenb
COCTaBHOIO fA1pa bopa: kmaccuueckoe reoMeETpUUYECKOE CEYEHHUE, TONPABKM Ha BOJHOBOW XapakTep
JBYDKEHUS YaCTHULL, 3aKOH beTe Ha npumepe NPOHUKHOBEHMSI YaCTULIbI B IIPAMOYTOJIBHYIO SMY.

52. ®yHaamMeHTalIbHbIE B3aUMOIEUCTBUA. DJIeMEHTapHbIe YacTHIIbI

Mertonpl peructpanuu sneMeHTapHbiX udacTtuil. OTkpeiTHe W- U Z- 6030HOB, t-KBapka u 0030HA
Xwurrca. CrangapTHasi MOJ€)b. 3aKOHBI COXPaHEHHsI 1 BHYTPEHHHUE KBAHTOBBIC YHCIIA.

53. 3akons! uznyuenus AUT

dopmyna Panes—/Ixunca u ynerpaduoneroBas karactpoda, ¢popmyna Buna. ['mmoresa [lnanka,
pactipenenenue [lnanka. 3akoH cmenieHuss Buna. PaBHOBecHOe W3iyueHHe, Kak HIICAJBHBIN Ta3
¢doroHOB. AGCOMIOTHO YepHOoe Teno. 3akonbl Kupxroda, Jlambepra u Credpana—bonbimana.

54. CrioHTaHHOE U BBIHY)XIC€HHOE H3Ty4YeHHE

JIByXypOBHEBasl KBAHTOBas CHCTEMa B II0JIE PABHOBECHOIO M3JIYUYEHMs, NPHHLMII AECTAIBHOTO
paBHOBeCHUs, CIIOHTaHHbIE U MHAYLIMPOBAHHBIE IIEPEXO/Ibl, COOTHOLIEHU DiHIITeHHA. [IpoxoxneHue
U3IyUYeHHS Yepe3 Cpedy, YCIIOBUE ycuiieHus (MHBepCHast 3aCeIEHHOCTh YPOBHEH).

55. Usnyuenne, npasuia ordopa. IIP u AMP

SnepHblil U 3TEKTPOHHBIM MarHUTHBIA pE30HAHC (KBAaHTOBOMEXaHHMUYECKash TpakToBka). CTporue u
HECTpOoTue IpaBuja OTOOpa NpW MOMIOLICHHMH M HCIyCKaHWHW (POTOHOB aromMamu (Ha NpUMeEpe
s dekra 3eemana u IMP).

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMO¥ AJIl OCYlIeCTBJIECHHS 00pa30BaTEILHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

* JlekunoHHas ayqUTOPHs, OCHAIEHHAS MYJIBTHMEAUHHBIM ITPOSKTOPOM H IKPAHOM

» OO0opynoBaHue /IS JICKIIMOHHBIX JIEMOHCTpALNii

* Y4eOHbIC ayIUTOPHUHU, OCHAIEHHBIE TOCKOU

» JlocTyn k OMOIMOTEKaM y9eOHON TEXHUYECKOH TUTepaTyphl, B TOM YHUCIIE 3JICKTPOHHBIM,
HEOOXOAMMBIN JUIS OCYILIECTBIICHUS] CAMOCTOSTEIILHOM PaboThl 00yYarOIINXCS

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JTEparypa

1. O6mmii kypc pusuku [Teker] : 8 S T. T. 4 : Onruka : yue6. mocobue mist By30B / JI. B. CuByxun .—
/ 2-e w3a., uctp. — M. : Hayka, 1985 .— 752 c.

2. OcuoBsl pusukn. Kypc obmeii puzuku [Texer] : B 2 7. T. 1 : Mexanuka, 37eKTpHUIECTBO U

MarHeTu3M, KoJeOaHus ¥ BOJIHBI, BOJHOBas ONTHKa : yueOHuK 1uist By3oB / A. C. Kunrcem, I. P.
Jlokming, O. A. OnpxoB .— M. : ®uszmaniut, 2001 .— 560 c.

3. Onrruka [Teker] : yue6. mocobue nns By3oB / E. W. Bytuxos ; mox pen. H. Y. KanureeBckoro .— M. :
Bricmias mxkoja, 1986 — 512 c.

4. Kanamaukos H.IT., CmonapipeB M.A./OcHoBbl Gpu3uku B 2-X Tomax M.-JlaGoparopust 3uanui, 2017

JomnonHurensHas aureparypa



1. Konebanwus v BoiHbl. BBeneHue B akycTuky, paguodusuky u ontuky [Tekcr] : yaeb. mocodue aiis
By30B / I. C. l'openuk ; mon pea. C. M. PeitoBa .— 3-e uzn. — M. : @usmarinut, 2007 .— 656 c.

2. Onruka [Teker] : yue6. mocobue mis ¢us. crert. By30B / I. C. JlanncOepr .— 6-€ u31I., CTepeoTHIL.
— M. : ®usmamiut, 2003 , 2006, 2010 .— 848 c.

3. OcHossl onTuky [Tekct] : [yued. mocobue s By30B] / M. boph, 3. Boned ; iep. ¢ anri. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyouna ; nox pen. I. [1. MoryneBnu .— M. : Hayxka, 1970 .— 855
C.

4. ®usnueckas ontuka [Texcr] : yaueOnuk st By30B / C. A. Axmanos, C. 1O0. Hukutua .— M :
W3n-Bo MI'Y, 2004 .— 656 c.

5. Merogpl perienus 3aaa4 B o0mieM kypee ¢pusuku. Onruka [Teker] : yae6. mocoowue aist By3oB / B. I1.
KopsiBoB .— M. : Ctygnenr, 2012 .— 344 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://mipt.ru/education/chair/physics/S_1V/Metod 4/— meroauueckuii pasjen caira kadeapsl
Oobweit huzuku

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

Jluteparypa, pekoMeHyeMasl K Kypcy, JOCTYIIHA B 3JIEKTPOHHOM BUJIE [IEPEUHS PECYPCOB
WH(POPMALIMOHHO-TEICKOMMYHHUKaIMOHHOH ceTu "MHTepHeT", He0OXOAUMBIX 711 OCBOCHHS
JUCIUIIINHBI (MOJYJIS1)), TAK YTO CTYACHTHI MOTYT YATAaTh Y4€OHUKH MPSIMO CO CBOMX IIIAHIIETOB.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0CBOCHMIO JTUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, u3ydaronuii Kypc o01ei Gu3uKu, TOHKEH ¢ OHON CTOPOHBI, OBJIAJIETh OOIIMM MOHATUHHBIM
anmnapaToM, a ¢ Jpyroil CTOPOHBI, JOKEH HAyUUThCS IPUMEHATh TEOPETUUECKUE 3HAHUS Ha NPAKTUKE.

B pesynprare nzydeHns JUCHUILIMHEI CTYAEHT JOJKEH 3HATH:

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENIbHOM paboThl cTyleHTa. B nporpamme
Kypca TpUBEACHO MHUHUMAJIbHO HEOOXomMMoe Bpemsl [uis paldoThl CTyleHTa HaJ TEMOH.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

- YTEHME U KOHCIIEKTUPOBaHHE PEKOMEHIOBAHHOMU JINTEPATyPBI,

- mpopaboTKy ydeOHOro marepuaia (IO KOHCHEKTaM JIEKLHUH, yueOHOM W HaydyHOU JNHUTEpaType),
[IOJTOTOBKY OTBETOB HA BOIPOCH], IPEIHA3HAYEHHBIX JUISI CaMOCTOATEJIHOTO  M3Y4EHHS,
J0Ka3aTeNIbCTBO OTAEIBHBIX YTBEPKACHHI, CBOICTB;

- pelueHue 3agad.

- MOATOTOBKY K NPAaKTUYECKUM 3aHSITHAM, KOJUIOKBUYyMaM, Au(QepeHurpoBaHHOMY 3auyéTy,
9K3aMEHY.

PykoBOJACTBO W KOHTPOJNb 32 CaMOCTOSTENBHOW paboTOM CTyJdeHTa ocymiecTBisieTcss B (opme
WHIUBUAYaIbHBIX KOHCYIBTAllN.

OO6s3aTenbHBIM TPEOOBAHUEM SIBIISICTCSI BBIIOJIHEHUE JOMAIIHUX PadOT, KOTOphIE OQOPMIISIOTCS B
CIeLIMaIbHO OTBEIEHHOMN AJIS 3TOTO TETPAAU U CUCTEMATUUECKU CHAAIOTCS Ha IIPOBEPKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: IIyukoBO-1JIa3MEHHBIE CUCTEMBI U TEXHOJIOTUU
dusTex-urkona ApokocMuueckux TexHomoruit
kageapa obueit pusnku

Kypc: 2

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - 3ayet
2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT
3 (ocennuit) - JluddepeHupoBaHHbIi 3a4eT

4 (BeceHHmit) - DK3aMeH
PaspaGorunkm:

1O.P. Ananaksin, 1-p pusz.-mar. Hayk, npodeccop
I"P. JloxumH, 1-p ¢pu3.-mMart. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-3 CriocoGeH opraHn30BbIBaTh H PYKOBOJIUTH
paboToil KoMaHabI, BEIpadaTeIBas KOMaHIHYIO
CTpATeTuIo I JOCTHKEHUS TOCTABIECHHOMN
3a1auu

VYK-3.4 CnocobeH T1uilaHUpOBaTh KOMaHAHYIO pPadoTy,
pacrpenessTh MOPYYCHUS WICHaM KOMaHIIbl, OpPraHNU30BaTh
00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

OIIK-3 Cniocoben BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/BI K PEIICHHIO THITOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 Cnocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(HU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJ1a4u, B TOM YUCIIe pa3padaThIBaTh U

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl HCCIIEIOBAHUI K KOHKPETHOM

MCCIIeI0BAaTh MaTeMaTHYCCKHE MOJICIIN HAyyHOM 3ajadye W  HWHTEPIPETHPOBATh  IOITYyYCHHBIC
M3yYaeMbIX SBJICHUH U MPOILIECCOB, CHCTEMHO  |pE3yJIBTaThl

aHaJM3UPOBATh HAYYHBIC TIPOOJICMBI, IOTyYaTh

HOBBIC HAYYHBIC PE3YyIbTATHI

[IK-3 Cnocoben mpodeccuonanpao padorars ¢ |[1K-3.2 Criocob6eH MIPOBOJTUTH IKCTICPUMEHT

MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
o0opynoBanueM (MpruOOpamMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydenus auciuruinabl «O01mas Gu3nkay 00yJaromuics T0HKeH:

3HATb:

0 (QyHIaMeHTaJIbHbIC 3aKOHBI U TIOHATHS ONTHKH, a TAK)KE TPAHULIBI UX TPUMEHUMOCTH:
0 npuHuun depma U 3aKOHbI FTEOMETPUUECKOUN ONTHUKY;
0 BOJIHOBOE ypaBHEHHE, IUIOCKUE U ChepUUeCKHE BOIHBI, IPUHLUI CYNEPIO3UINNA U UHTEPHEPEHIS

MOHOXPOMATHU4YC€CKUX BOJIH,

BpEMEHHAas U POCTPAHCTBEHHAS] KOTEPEHTHOCTh NCTOYHHKA;
npuniun [toiirenca—®penens, mudpaknus Openens:

mudpakuus @paynrodepa Ha 1menw;

CIIEKTpaJIbHbIE IPUOOPHI U UX OCHOBHBIE XapAKTEPUCTUKH;
MPUHLHUIBL QYpPbE-ONTUKH, TPOCTPAHCTBEHHOE (Dyphe-pasiokeHue, 3pPeKT caMopenpoayKIHHT;

NPUHIHMITBL ToJorpaduu, ycnosue bparra—Byneda.

JMcnepcHs CBeTa, (pa3oBast U IPpyNIoBas CKOPOCTH, KJIACCUUECKasi TEOPHS AUCIIEPCHH;
MOJISIPU3aLIns CBETa, ECTECTBEHHBIN CBET, ABJIeHHE bprocTepa;,

IUXPOU3M, TTOJISIPOUIBI, 3aKOH Masroca.

0
0
0
0
0
o Tteopusi AOOe hopMHUPOBaHUS ONITHUECKOTO N300PAKEHHS, IPUHITUIT JTBOWHOM JUPPAKIINY;
0
0
0
0
0

JIBOMHOE JTy4erpe’IoMIICHHE B OJHOOCHBIX KpHCTAIIaX, WHTEP(EpEHIMOHHBIC SBICHHUS B
KPUCTAJUTMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdekr Keppa.
0 HEIIMHEWHBIE ONTHYSCKUE SBIICHHS, HEIMHEWHAs TMOJISIPU3alsl Cpelbl, T'eHEpaIs BTOPOH
rapMOHUKY (YIBOCHUE YaCTOTHI), (Da30BbIl CHHXPOHU3M, CaMO(OKYCHPOBKA.

yMeThb:




0 TNPHUMEHATH U3yUYCHHbIE 001IMe (PU3nUecKre 3aKOHBI JJIs1 PELICHUsI KOHKPETHBIX 337a4 [0 ONTHKE:

O  NPUMEHATh 3aKOHbI T€OMETPUYECKOW ONTHKH IpPH IMOCTPOCHUH H300paXEHHH B ONTHYECKUX
CUCTEMaAX;

0 pemath ypaBHeHHUs [ enbpMrosbua Ui CilydaeB INIOCKUX U C(hepuuecKuX BOJIH;

0 UCIHOJB30BaTh MOHATHE O 30HaX PpeHens u cnupanu OpeHens Npy pelIeHnH 3a1a4 Tu-Ppakuuy Ha
3KpaHe C 0CEBOM cUMMeETpUEn

0  HCIOJB30BaTh MeTox Panest pewmenus 3agaun nudpakiuu: BOJIHOBOE IOJE KakK CYNEPIO3ULUS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIECHUH (IIPOCTPAHCTBEHHOE (Pyphe-pa3nokeHue);

0 aHaJIM3MpOBaTh (U3NYECKUE 3aJadd, BBIACNAA CYIIECTBEHHBIE M HECYIIECTBEHHBIC AaCIEKTHI
SIBJICHUs,, U HA OCHOBE IPOBEIEHHOIO aHalIM3a CTPOUTH YIPOLIEHHbIE TEOPETUYECKUE MOJIEIIU
(U3NYECKUX SBICHUH;

0 IPUMEHATh pa3MyHble MaTeMaTUYeCKUEe MHCTPYMEHTbl pELIeHMs 3afad HUCXOAs U3
c(hOopMyYINPOBAaHHBIX (PU3UUECKUX 3aKOHOB, U MPOBOIUTH HEOOXOINMBIC aHATUTUICCKUE U YHCIICHHbIE
pacyéTsl;

BJIaJeTh:

O OCHOBHBIMH MCTOAAMU PCUHICHUA 3a1a4 OIITUKHU,
O OCHOBHBIMH MAaT€MAaTHYCCKUMHN MHCTPYMECHTAMU, XapaKTCPHbIMU JIA 3a1a4 OIITUKU,

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



3. llepeyeHb THUMOBBIX KOHTPOJBHBIX 3aJaHMii, MCHOJb3YeMbIX /IJs OLEHKH 3HAHMIi,
YMeHUil, HABbIKOB

[TpomexxyTouHast arTecTarus o aucuuruinae «O01mas Gu3nkay ocyiecTBIsIeTCs B opMe 3adera
B 9 cemectpe u auddepenmanbHoro 3auéta B 10 m 11 cemectpax. 3auér BKIOUYaeT B ceOs
MIPOBEPKY BHIOJIHEHUS JOMAIITHUX 33JJaHUN U TEOPETUUECKUX 3HAaHUM cTyneHTa. CIUCOK BOIPOC
10 TEOPUHU IPUBEIEH HIDKE:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

BonHoBoe ypaBHeHHe. MoHOXpomaTudeckue BOJIHBL. KOMIIIEKCHAas — aMILUIATYAA.
VYpaBuenue ['eapMronsbia.

Monoxpomatudyeckue BOiHbBL. KOMIUIEKCHas aMmIUIMTyda. YpaBHEHHE IUIOCKOM U
cdepuueckoii BoiH. [IpuHImn cynepno3uiyy, HHTepPepeHIIns.

Wutepdepeniysi MOHOXpoMaTHUeCKuX BOJH. VMHTepdepeHius miockoil u chepuueckoi
BoJH. [llupuHa uHTEpPepeHIMOHHbIX ToJ0¢. BuaHocTh nosoc.

BnusiHe HEMOHOXpOMAaTHYHOCTHM CBETa HA BHUIHOCTh HHTEPPEPEHIIMOHHBIX IOJIOC.
@yHKIMS BpEMEHHON KOre€peHTHOCTU. CBSI3b BPEMEHU KOTEPEHTHOCTH C IIMPUHOMN CIIEKTpA.
Teopema Bunepa-Xununna. CoOTHOIIEHNE HEONPEICTEHHOCTEM.

BugHocts MHTEp(EPEHIMOHHBIX TOJOC M €€ CBSI3b CO CTENEHBI0 KOTEPEHTHOCTH IIPH
MCIIOJIb30BaHUU KBAa3MMOHOXPOMATUYECKUX HCTOYHUKOB cBeTa. OlleHKa MaKCHUMAaJIbHOTO
yuciaa HaOMIONAeMbIX  MOJOC. MakcuManbHO — JIONYyCTHMMas Ppa3HOCTh  XoJa B
UHTEPPEPEHIIMOHHBIX OIbITAX.

Amneprypa UHTEp(HEPEHIIMOHHONH CXEMbl U BIHMSHHE pa3MEpOB HMCTOYHHMKA HAa BUIHOCTD
UHTEp(PEPEHIIMOHHBIX ToJ0c. DYHKIMS TNPOCTPAHCTBEHHOM KOIepeHTHOCTU. Paaunyc
IIPOCTPAHCTBEHHOM KOTEPEHTHOCTH.

CBs3p paauyca NPOCTPAHCTBEHHOM KOTE€PEHTHOCTU C YIJIOBBIM pa3MepOM IMPOTSKEHHOTO
uctounuka. Teopema Ban-Ilutrepra-llepauke. BuaHocTs HHTEpPEPEHIMOHHBIX 110JI0C TPU
UCIOJIb30BAaHUU  TNPOTSHKEHHBIX  MCTOYHUKOB  CBETa. 3BE3JHBIH  MHTEphEepoMeTp
MalikenbcoHa.

MakcuManabHO 10IycTUMasi pa3HOCTh X0/a BOJIH B MHTEP(EPEHIIMOHHBIX ONbITaX U €€ CBA3b
CO BPEMEHEM KOT'€PEHTHOCTH.

Paguyc mpOCTpaHCTBEHHOM KOTEPEHTHOCTH M OIPaHUYECHHME Ha JOIYyCTUMBIE pPa3MeEpbl
MCTOYHUKA B UHTEP(EPEHIIMOHHBIX OIbITAX.

[Mpunnun [roiirenca-dpenens. KonuuectBeHnHas dopmynupoBka mpuHImna [roirenca-
Openens. BoiaHoBoi napameTp kKak KpuTepHuii mogo0us TupaKkIMOHHbIX SBICHUH.
Hudpakuus Ppenens Ha kpyrioMm orBepctud. Crnupans ®dpenens. [IatHo Ilyaccona u
YCJIOBHS €T0 HAOJIIOACHHUS.

3onHas mactuHka @penens. HTeHcHBHOCTH cBeTa B (POKyce 30HHOW IUIACTHHKU.
WNneanbHas nuH3a. POKyCUpOBKaA CBETA.

BonnoBoit mapamerp. YcinoBue Habmoaenus audpakuun Dpenens u DpayHrodepa.
Kpurepuii reoMeTpu4ECKON ONTHKHU.

Hudpakuus Opaynrogepa. Cessb ¢ npeodpasoanueM Dypoe. Audpakuus Opaynrodepa
Ha LN U KpyrJIoM oTBepcTHH. T1ose B (hokalbHON TIIOCKOCTH JIMH3BI.

Hudpaxkmus @paynrodepa B ontuueckux mnpubopax. Paspemaromas cnocoOHOCTh
Teseckona u Mukpockomna. Kpurepuii Pernes.

JudpakuuoHnHas pemieTka Kak CHeKTpalbHbId mpubop. Paspemaromas crnocoOHOCTh H
obnacte qucnepcuu. Paszpemarorias cnocoOOHOCTh IPU3MBI.

Hudpakmus @payHrodepa Ha pelieTke: IOJOKEHWE UM HHTEHCHBHOCTbH TJIaBHBIX
MaKCHMYMOB, UX IIMPHHA U MaKCUMAJIbHBIN TOPSAAOK.

Hutepdpepomerp Pabpu-Ilepo kak ontuueckuit pezoHatop. Paspemaromas crnocoOHOCTb
uHTepPepomeTpa, CBsI3b C T0OPOTHOCTHIO.

[Tpunnumner @ypbe-ONTHKN: NPEACTABICHUE IIPOU3BOJIBHON BOJHBI B BUJE CYNEPIO3ULIAA
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IUIOCKUX BOJH pa3HbIX HampaBieHuid. IIpocTpancTBeHHOEe TmpeoOpasoBanue Dypbe.
[IpoctpancTBenHas yactota. Meton Penest B 3amauax nudpaxiuu.

Hudpaxus OpeHenns Ha TEPUOANIECKHUX CTPYKTypax. DPPeKT caMopenpoayKIuu.
Teopust AG6Ge hopMUpOBaHUS ONTHIECKOTO M300pakeHus. Dypbe-TI0CKOCTh ONTHYSCKON
CUCTEMBI.

[TpunuMIIBI TpOCTpaHCTBEHHOU (uiIbTpaniuu. Merto bl HaOMoAeHNS (PA30BBIX CTPYKTYD.
[Tone B (hoxanbHOI M10cKOCTH IMH3BL. CBA3b ¢ ipeodpazoBanueM Dypoe.

Hudpakius Ha aMIUTHTYTHON B (a30BOM CHHYCOUIATLHOM peIIeTKE.

Metoapl HaOmioneHUs Npo3payHbIX ((Pa3oBBIX) CTPYKTYp. MeEToAbl TEMHOro MOl |
¢azoBoro KoHTpacra.

[onorpadus. ['onorpamMmma ToYedyHOTO MCTOYHMKA (rojorpamma ["aGopa). Pazpemarormas
CIOCOOHOCTH TONIOrpaMMBl. ['oorpaMMa ¢ HAaKJIOHHBIM OTIOPHBIM ITYYKOM.

O6bémHas ronorpamma. BocctanoBnenue n3oopaxeHuss 00bEMHOI roJI0rpaMMoil, ycaoBue
Bbperra-Bynsoda.

DNeKTpOMarHUTHBIE BOJIHBI HAa TPAaHULIE pa3zelia ABYX AUAJIEKTPUKOB. SBnenue bprocrepa.
3aBUCHUMOCTh JHEpPreTudecknux KodpduiueHToB oTrpaxkeHus RL u Rj oT yrnma mangenus
(Ka4eCTBEHHO).

CriocoObl TIOSTydeHUsT JTIMHEHHO-TTONIIpU30BaHHOro cBeta. Juxpomsm. Ilonsponsl. 3akoH
Mauiroca.

DNEeKTPOMarHUTHbBIE BOJIHBI B OJHOOCHBIX KpucTaiaXx. OObIKHOBEHHAs! B HEOOBIKHOBEHHAS
BOJIHBL. Kprcrammnueckue miacTuHku A2 u y/4.

JBynyuenpenomienue. MIHTepdepeH1ns noispu30BaHHbIX BOJH.

Henuneiinas nonsipuzanus cpeabl. ['eHepanusi BTOpoil TrapMOHMKHU. YcioBue (azoBOro
cuHXpoHU3Ma. ONTUYECKOE BHITIPSIMIICHHE.

Henuneitnsie ontrueckue s dextsl. Camodoxycruposka. [loporosasi MOIHOCTS.
Hucnepcusi. ®azoBas u rpymmoBasi ckopoctu. Popmyna Penes. Knaccuueckas teopus
nucriepcuu. AHomanbHas nucnepeus. Jlucnepcus B moHocdepe u MeTasuiax.

ATttecranust B 12 cemectpe mo pucuuminHe «OOmas (usukay ocyuecTBisercs B ¢Gopme
9K3aMeHa. YCTHas 4acTh 3K3aMeHa MpOXOoAUT no Owineram. B kaxigom Oumiere coaepkutcs
TEOPETUYECKHUI BONIPOC U3 NPHUBEACHHOIO HIDKE CIMCKA 3K3aMEHAIMOHHBIX BOmIpocoB. Kpome
TOT0, CTYAEHTY NpearaeTcsi M3JI0KHUTh IOATOTOBICHHBIN 3apaHee «BOIPOC IO BHIOOPYY,
KOTOPBIM, MOXET OBITh, KaK OJIMH U3 IYHKTOB, IPUBEIEHHOIO HUXE CIHCKa, TaK U JIF0OOH BOIpoC,
3aTparuBaeMblii B M3y4aeMOM KypCe€ WM HEIMOCPEJICTBEHHO CBS3aHHBIM C HUM. B kauecTBe
BOIPOCA 10 BEIOOPY MOTYT OBbITh U3JI0KEHBI PE3yJIbTaThl TPOIETaHHOM CTYA€HTOM J1JabopaTOpHOU
paboTHL.

Crucox BOIIPOCOB YCTHOI'O SK3aMCHa:

1.

2.
3.

®oTodhPEeKT: OCHOBHBIE HSKCIEPUMEHTANILHBIE pe3yJbTaThl, OSHeprus (OTOHA, YypaBHEHHE
OWHIITEHHA.
Wmnynsc dporoHa. DxcneprumentT Komnrona. KoMnToHOBCKast I7TMHA BOJIHBI.

I'mmoreza ne bpoiing. Oxcnepument [aBuccona-/xepmepa. OueHWTb, NMPU KaKUX DSHEPTHAX
(hOTOHOB, AIIEKTPOHOB M HEUTPOHOB MOXKHO HAOIIOAATH NU(PPAKIIMIO TUX YACTHI] HA KPHCTAILIAX.
CooTHOmIEHHE HEOTIPEACTEHHOCTEN «KOOPANHATA-UMITYIBCY. OTICHUTH HYJIEBYIO SHEPTHIO YaCTHIIHI

Maccoii 71 6 OMHOMEPHOH MOTEHIINATHHOH sIME ITUPUHON @ C OECKOHEYHBIMU CTEHKAMH.
CooTHOmIEHHE HEOIpeIeIeHHOCTEH «BpeMsA-3HepTrua». Kak cBs3aHa MMPHHA YPOBHS SHEPTHH C
BpemeHeM ero >ku3Hu? OOBSCHUTH, KaK MOXKHO OILIEHHUTH BpeMs >KM3HH pPE30HAHCA, IOJIb3YSICHh
3aBUCUMOCTBIO CEYEHUS B3aUMOJECHCTBUS OT SHEPTHUH.

OrmepaTopbl KOOPAWHAT, UMITYJIHCOB, KHHETUISCKON WM MOTEHITMAIBHONU »HEepruu. Hailtm cpemnee
3HAYEHHE UMITYJIbCa JIJIsl CBOOOTHON YaCTHIIBI.
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Hanucats Hecranmonapuoe ypasHenue Lllpenunrepa u noay4nuTh U3 HETO CTALMIOHAPHOE ypaBHEHUE.
[lepeuncnuts CBOMCTBA BOJHOBOMN (YHKIMU. BEpOATHOCTHBIN XapaKTep BOJHOM (YHKIUH.

Haiitu ammuintynssie K03((UIMEHTH OTPaykeHHUs M MPOITyCKaHUs I/ MMOTEHIMAIBHOTO Oapbepa
TUIA «CTyNEHbKay». PaccMoTpers ciyyau, KOTAa SHEPrusl YacTUIBl OOJIbIIE W MEHBIIE BBICOTHI
Oapbepa.

Hammucate ¢opmynmy it kodpduimenta mMpo3padHocTd Oapbepa MPOU3BOIBHOW  (OPMBEL.
Paccmotpeth TyHHEIMpOBaHHE Yepe3 IMHEHHBIN TOTEHIIHATBFHBINA Oaphep.

Haiitn BonHOBBIE (YHKLIMHM U YPOBHHU SHEPIMH YAaCTHLBI B IIOTEHIIMAIBHON sIME ¢ OECKOHEUHBIMU
CTEHKaMH.

[MonmyunTh yCaoBUs KBAHTOBaHHUS Z — MPOEKIIMK YTIIOBOTO MOMEHTA M er0 aOCOMIOTHON BETHYHHBI.
KBaHTOBaHME 3HEPrUM OIHOMEPHOIO M TPEXMEPHOIO IapMOHHYECKOro ocumuiaropa. OLeHUTh
SHEPTUI0 HYJIEBBIX KOJeOaHUH U3 COOTHOLIEHHSI HEOIIPEACICHHOCTEH.

OueHUTh OTHOLICHHWE XapakTepHBIX YACTOT W3JIy4EHHs MOJEKYyl HpU KojeOaTeldbHbIX U
BpalaTeIbHbIX EPEXOaax.

Haiitn ¢ kmaccudeckoil TOUKM 3peHHs] THPOMAarHUTHOE OTHOLICHME Ui IEKTPOHA B MarHUTHOM
nosne. [1oy9nTh YCIOBUSI KBAHTOBAHHS MAarHUTHOTO MOMEHTAa M ero Z — TPOeKInuH. MarueToH
Bbopa.

OxcnepumeHT Ll tepHa-I'epnaxa. [louemy HEKOTOpBIE U3 MOJYUYEHHBIX PE3YJIBTATOB YKA3bIBAIOT HA
CyIIeCTBOBaHWE CIMHA dyeKTpoHa? OpOWTaNbHBI W CIHHOBBIH MAarHUTHBIE MOMEHTBHI, M WX
kBaHTOBaHUe. OnbIT DWHIITEIHA-1e ["aa3a.

[lonp3ysace BEKTOPHOM MOZENBIO CIOXKEHUS MOMEHTOB, HAaWTH BEIWYMHY HPOEKLHUH IIOJHOTO
MarHUTHOTO MOMEHTA Ha HalpaBJICHUE MOJIHOTO yrioBoro MoMeHnrta. @axtop Jlanze.
Cdopmynuposats noctyiatsl bopa. PaccMoTpeTs KBaHTOBaHME SHEPTUH aroMa BOJOPOa B MOACIH
Bopa. Pagmyc 60poBcKoit OpOUTEHI.

KakuMu KBaHTOBBIMM UYHCIAMM XapaKTEPU3YIOTCA COCTOSIHMS 3JEKTPOHA B BOJOPOAONOAOOHOM
atome? BripoxkieHue ypoBHEH sHepruu. M3oTonnyeckuii CABUT YPOBHEN SHEPIUM.

OueHuTh BEMMYMHY TOHKOTO U CBEPXTOHKOTO PACLICIUICHUH B CIIEKTPE aTOMa BOAOPOA.

Jlath ompeneneHne 9eTHOCTH M CHMMETPUYHOCTH BOTHOBOU (DyHKItMH. [lomyanTts npuanmn [aymm
T DepMHOHOB.

OOBSICHUTh KAa4YeCTBEHHO BO3HMKHOBEHHWE OOMEHHOTO B3aMMOJICHCTBHS Ha IMPHMEPE MOJICKYJIbI
BOZIOpoa (WM aTOMa TeJIHs).

Kak 0003Ha4yaroTCs COCTOSIHMS CJIOKHBIX aToMoB? B ueM 3akiodaercst pacces-cayHIepCOBCKast
cBs13b? OOBSCHUTD NOPSIIOK 3aII0JTHEHHUS SJIEKTPOHHBIX 000JI0YEK B JIETKUX aTOMax.

Pazo06path 3pdekT 3eemana B ¢1ab0M MarHUTHOM I0JI€ HA IpUMEpe aToMa HaTpus. [IpaBuna otOopa
IJI1 ONTUYECKUX MTEPEXOI0B.

Pazobpats addekr 3eemMana B CHILHOM MarHUTHOM T0Jie Ha mpuMmepe atoma HaTpusi. OOBSICHUTD,
IMO4YEMY B CWJIbHBIX MarHUTHBIX ITOJIAX BCET 1A Ha6J'IIOI[aeTC$I paciCIijiCHue JIMHUM Ha TPpU KOMIIOHCHTA.
KauyecTBeHHO paccMOTpeTh 3aKOHOMEPHOCTH TOPMO3HOTO M XapaKTePUCTUYECKOTO PEHTI€HOBCKOTO
nznydeHuit. OOBSICHUTH KOJMMYECTBEHHO 3aKOH Mo3u.

Pa3mep, cocta, Macca, TNIOTHOCTh M DHEPIUsA CBA3M aTOMHBIX siiep. OLEHUTh SHEPrHio HYyKJIOHA
BHYTpH sipa. OLEHUTh MacCy NMEPEHOCUHKA SAEPHOTO B3aMMOAECHCTBUSI.

KarnenbHast Mozensb sipa. KauyecTBeHHO 00BICHUTL 0Opa30BaHKE JOJUHBI SACPHON CTAOUIIBHOCTH.
KauectBeHHOE 060CHOBAHNE M MPHUHIIUAIIEI TIOCTPOCHUS OHO-YACTHYHON 000IOUEUHON MOJIEIH sIpa.
[TonyuuTs BEJMYMHBI MEPBBIX TPEX MArMYECKUX YHUCEN HA OCHOBE TPEXMEPHOM OCHMIUIATOPHOM
ANMPOKCUMAIINH SAEPHOTO MOTEHITHAIA.

OCHOBHBIE 3KCIIEpUMEHTAJIbHBIE 3aKOHOMEPHOCTHUX — pachaza. PaccMoTpeTh TyHHETUMpPOBaHUE O-
YacTHUIIbI Yepe3 KyJOHOBCKHI Oapbep U BbIBECTH 3aKO0H [ eiirepa- Hatrona.

Tpu Thna f-pagnoaktuBHOCTH. CIIEKTp [-37EKTPOHOB, HEUTPUHO. DKCIIEpUMEHT BY 1 He coxpaHeHne
YEeTHOCTH IIpu S-pacmase.

OO6cynuTh KiTacCU(PUKAITUIO SICPHBIX PEAKITNi, COOTBETCTBYIOIIHE 3aKOHBI COXPAaHEHUS, MOIEIH
COCTaBHOTO s/pa. J[aTh onpenenenre ceueHus], KaHaja, IIMPUHBI KaHaa SAePHON PEaKIIHH.
Brisectu 3akon bere. Hanmucats hopmyny bpeiita-Burnepa, HaliTH MakCHMaJIbHOE CEYEHUE YIIPYTOro
W HEYNPYroro Hepe30HAaHCHOTO B3auMoieicTBIs. HapucoBaTh cxeMaTHueckuii Tpaduk 3aBUCUMOCTH
CEYEHMS B3aUMOJECHCTBUS HEUTPOHOB C TSDKEJIBIM SIIPOM OT SHEPIUU.
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[IpoxoxaeHre HEUTPOHOB Uepe3 BEMISCTBO: 3aMENJICHHE, IMOTCHIMAIbHOE paccesHue, 3PQexT
MOJIHOTO BHEIIHETO oTpaskeHus At Y XH.

y-u3NydeHue saep, y-u3oMepol. PesonancHoe nornomenue y-kBaHToB. D¢ dexkt Meccbayapa.
CroHTaHHOe W BBIHYXIEHHOe aeneHue saep. OIEHNTh KWHETHYECKYH) OJHEPTHi0 OCKOJKOB
CUMMETPUYHOTO JIeIeHUs siapa ypana. OObICHUTH KAUeCTBEHHO MPUIHHY HCITyCKAaHUS HEUTPOHOB U3
OCKOJIKOB JI€JICHHS TSOKENbIX simep. OOBSICHUTH MPUHIIUN pabOTHI SAEPHOTO PEaKTOpa Ha TETUIOBBIX
HEUTpOHax.

PaccMoTpeTh KauecTBEHHO C KJIACCHYECKOH W KBAaHTOBOW TOYEK 3PEHUS PEaKIUh CHHTE3a JIETKUX
aneMeHTOB. OOBSICHUTE, TOUYEMY PEAKIIH CHHTE3a JIETKUX SAep SBISIFOTCS SK30TEPMUIECKIUMIL.
Ilepeuncimute (pyHAaAMEHTANBHBIE B3aUMOJEHCTBUS M WX MepeHOCYHKH. OIEHUTh KOHCTAHTHI
B3amMozeicTBua. Haiftn pamumyc AecTBHS TPaBUTAIIMOHHOTO, 3JIEKTPOMArHWTHOTO, CJIa0oro W
SIZICPHOTO B3aUMOICHCTBUI.

OO6cyauTh KBapKOBBIE CTPYKTYPBI ME30HOB, OApHOHOB M pe30HAHCOB. [loueMy oTKphITHE

Q-6aproHa moTpeOOBAIIO BBEACHUS IMOHATHS I[BETa KBapKoB? [[puBECTH 3KCTIEpUMEHTATbHBIC (DAKTHI,
MOJITBEPKTAIOINE KBAPKOBYIO CTPYKTYPY aJIpOHOB.

HOJ’II)?:YSICI) MOACIBHBIM IIOTCHIMAJIOM B3aHMOI[eI>'ICTBH$I ABYX KBApKOB Ka4Y€CTBCHHO O6LHCHI/ITI>
MOHATHE KOH(alHMeHTa. PaccMOTpeTh Ha KBAPKOBOM YPOBHE

B3aUMO/ICICTBHE NMPOTOHA U MIOOHA C 00pa3oBaHuEeM A -pe30HAHCA, PACTIAIAIOIIETOCs Ha UCXOIHBIC
YHYaCTUIIHI. Kakwne 3akoHbI COXpaHCHHS BBIIIOJIHAIOTCA B CUJIIbHBIX B3aHMO,I[eI>'ICTBI/IHX?

Hepe‘II/ICHI/ITB JICIITOHBI 1 KBapKI/I Tpex HOKOJICHPIﬁ. KaKI/Ie HGpGXOI[I)I Me>1<;[y HHUMH BO3MOJKHBI 34 CUHCT
oomena, W,Z -6030namu? Kakne 3aK0HBI COXPaHEHHS BBIOJHAIOTCS B CIA0BIX B3aMMOAEHCTBUAX ?

3amayn.

1. Haittu paccrossHue oOT 1mienedl g0 odkpaHa B onbite HOHra, ecnm mmpuHa
UHTEP()EPEHIIMOHHBIX MOJOC paBHaAX =1 MM, umHTepBanm Mexay memsmud =1 wmm,
UCTIONIB3YyeTCst MOHOXpoMaThueckuit ceet ¢ A =500 HM.

2. Tlpm KakMx pacCTOSHMSX MEXKIy MensMu B omnbiTe HOHra MOXHO YBHIIETh

MHTEpDEPEHIINI0 HA JKpaHe, eCM YIIOBOM pasmep ucTodHMKa pasenl10 *pax. Caer

CUUTaTh MOHOXpOoMaTudeckuM ¢ A =500 HM.

3. HaiiTu xoanuecTBO MOJIOC KOTOPbIE MOXKHO HaOMI0/aTh B UHTEPPEPEHIIMOHHOM OIIBITE,
IpY MCIIOJIb30BaHUM AyriieTa HaTpus (AauHbl BosH: 5890 u 5896 aHrcrpem) B KadecTBe
UCTOYHUKA CBETA.

4. Haiitn paamyc TpeThero cemioro kojblia HeroToHa, mis cBera cA =500 M, mnpu
UCIIOJIb30BaHUH MJIOCKOBBITYKIION JIMH3BI C PaINyCcOM KpUBU3HBI R =1M.

5. OtBepcte guamerpom D =1mMm ocBemaercs IUI0CKONApauIeIbHBIM CBETOM €
A =500 HM, co3maBas Ha dkpane, Ha pacctosHuM L =0.1M, mudpaknuoHHOEe TATHO.
OrnpenennuTts 4nuciao OTKPHITHIX 30H DpeHensi.

4. Kputepuu oueHUBaHUs

Jnsa pomycka K 3au€Ty CTYOEHT JOJDKEH pEMMTh Bce 3anadu W3 3agaHuid. Ha 3auére
[IPEINOAaBaTellb OLICHUBAET PELICHUS 3a4a4 U3 JOMAIIHUX 33aJaHUU, 11 4ero MOXKET IOIPOCUTH
CTyJEHTa MPOKOMMEHTHUPOBATh pelleHHe 0ol 3amaun u3 3agaHus. OTBET CTyAeHTa Ha
TEOPETUYECKUN BOIPOC OLICHUBAETCA B LEJIOM, M 3a4€THAs OLEHKA BBICTABIIACTCS COIVIACHO
HpI/IBGHéHHBIM HHNXXE KPUTCPUAM M HU3JI0OKCHHBIM BBIIIC 3aMCYaHUAM KacCaTCJIbHO MHUCHhMEHHOH
4acTH DK3aMEHa:

Ha YCTHOM 3K3aMCHE MPEnoaaBaTeyib OUCHUBACT OTBET CTYJACHTA B LICJIOM M BBICTABJIACT OLCHKY
COTJIACHO NPUBEAEHHBIM HUKE KPUTEPUSIM:



Ounenka «orauyHo (10)»  BwICTaBisIeTCS  CTYNEHTY, IOKa3aBUIEMY BCECTOPOHHHE
CUCTEeMATU3UPOBAHHBIC TIIYOOKHE 3HAHHS Y4eOHON IporpaMMmbl M 3a €€ MpeaelamMu, a TaKKe
YMEHHE YBEPEHHO MPUMEHSATH UX Ha IMPAKTHUKE MPU PEHICHUH CIOKHBIX HECTAHIAPTHBIX 3ajau.

Omnenka «otamaHo  (9)»  BbICTaBNIsAETCS  CTYJCHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE
CHCTEMaTH3MPOBAHHbIE TITyOOKHE 3HAHUS y4eOHOM MPOrpaMMBbl U YMEHHE YBEPEHHO IPUMEHSTh
UX Ha MPAKTUKE [IPU PEIIEHNN HECTAaHJAPTHBIX 3a7a4.

Ounenka  «orim4yHO  (8)»  BBICTABIAETCS  CTYINEHTY, IIOKa3aBIIEMy  BCECTOPOHHHE
CHCTEMaTH3MPOBAHHbIEC TITyOOKHE 3HAHUS y4eOHOM MPOrpaMMBbl U YMEHHE YBEPEHHO NMPHUMEHSTh
UX Ha IPaKTHKE NPU PELICHUM HECTAHIAPTHBIX 3a1a4, OJHAKO JOIYCTUBIIEMY HEKOTOpbIE
HETOYHOCTU IIPH OTBETE.

OrneHka «xopouio (7)» BBICTaBISICTCS CTYJCHTY, €CJIM OH IPOJIEMOHCTPUPOBAJ TBEPJIOE 3HAHKE
YBEpPEHHOE TOHHMMaHWE MaTepuana y4eOHOHl mporpamMmbl U yMEHHE CBOOOJHO MPUMEHATH
¢u3nyecKue 3aKOHbI Ha IPAKTUKE MPU PELICHUH TUIIOBBIX 3aj1au.

Orenka «xopomo (6)» BBICTaBIACTCS CTYACHTY, €CJIH OH MTPOJASMOHCTPUPOBA TBEPOC 3HAHHE
MaTepuana y4eOHOH mporpaMMbl B YMEHUE MPUMEHATh (PU3NYECKUe 3aKOHBI HA MPAKTUKE MPU
pelIeHUY TUTIOBBIX 3a/1a4.

Orenka «xopoio (5)» BbICTABIISIETCS CTYICHTY, €CIIM OH IPOIEMOHCTPUPOBAIT TBEPI0OC 3HAHUE U
MOHMMAaHHUE MaTepuayia y4eOHON MporpaMMbl U yYMEHHE MPUMEHSATh (PU3UYECKHE 3aKOHBI Ha
MPaKTUKE MTPU PEIICHUH TUTIOBBIX 33]1a4, OJTHAKO JOMYCTHII IIPU OTBETE Psii TPYOBIX HETOYHOCTEH.

O1icHKa «yAOBJIETBOPUTENbHO (4)» BBICTABISCTCS CTYICHTY, MMOKa3aBIIEMYy (pparMeHTapHBIN
XapakTep 3HaHMA, TOMYCKaBIIEMy HETOYHOCTH B (DOPMYIUPOBKE OCHOBHBIX 3aKOHOB U 0a30BBIX
MOHSITHIA, HO TIPU 3TOM IPOJIEMOHCTPUPOBABIIEMY CIOCOOHOCTh pENIaTh MPOCTBIC 3aadd U
BJIQJICHHE OCHOBHBIMH pa3lielamMu y4eOHOH mporpammbl, HEOOXOIUMBIMH ISl AajbHEHIIero
00y4eHwusI.

OreHka «ymA0BJIeTBOPUTEAbHO (3)» BBICTABISCTCS CTYICHTY, IIOKa3aBIIEMY CHJIBHO
(bparMeHTapHbIi XapakTep 3HaHUI, JOMyCKaBIIeMy IpyOblie OIMOKU B (HOPMYTHUPOBKE OCHOBHBIX
3aKOHOB M 0a30BBIX MOHATHH, HO TPU 3TOM IPOJEMOHCTPHPOBABIIEMY CIIOCOOHOCTH pelaTh
IPOCTHIE 3a/1a41 U BJIaJICHHMEe OCHOBHBIMH pa3jieflaMi Y4eOHOH MporpaMMBbl, HEOOXOIUMBIMU IS
JanbHENIEero o0yyeHusl.

Ol1leHKa «HEeY/0BJIeTBOPUTEIbHO (2)» WK «HEey10BJeTBOpUTEeNbHO (1)» BhicTaBmsieTcs
CTYZIEHTY, KOTOPBIH HE 3HAET 3HAYMTENBHYIO YaCTh OCHOBHOTO COJEPKaHHs TIPOTPAMMBI,
CUCTEMATUYECKH JOMYyCKaeT rpyoble OIMOKY Mpu (GOPMYJINPOBAHUHA OCHOBHBIX (PU3HMUECKUX
3aKOHOB HJIM HE CIIOCOOCH KOPPEKTHO MPUMEHSTh (U3HMYECKUE 3aKOHBI IaXKe JUTS PEIICHHSI
IPOCTHIX 337a4.

5. MeToauyeckue MaTepuaJbl, onpeaesiioiiue npoueaypbl OneHUBAHUA 3HAHUI, YMeHMI,
HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH

ITopsinok npoBenenust MM pepeHHAIBLHOIO 324éTA.
3auéT npoxoauT B hopme Oecenbl MpernoaaBaTess co CTYACHTOM 0 TeMaM M30paHHBIX 3a]a4 U3
3aJJaHUii U BBIOPAHHBIX TEOPETUUYECKUX BOIPOCOB.

Ha moarotoBky k OTBETY MO TEOPETHYECKOMY BOINPOCY CTyneHTy aaércs ot 30 mo 45
MUHYT.



B mpouiecce oTBeTa Ha TEOPETUYECKUM BOIIPOC WIIM ITOSICHEHUS PELLICHU 3a/1a4 U3 3aJaHUs
MIpenoiaBaresib M0 MOXET 3a/JaBaTh YTOUHAIOIIME Bompochl. [locne oTBera mpemnojaBaresns
BIIPaBE 33aBaTh CTYACHTY JIOObIC JOMOJHUTEIBHBIC BOIIPOCHI 10 IPOrpaMMe Kypca.

Iopsiiok npoBeaeHNsi YCTHOIO IK3aMeHA.

DK3aMeH MPOXOJIUT B TPAAUIIMOHHOM (hopMe Oeceibl pernojaBaTelis Co CTYASHTOM I10 TEME
9K3aMEHAIIMOHHOTO OMIIeTa.

Ha moaroToBky k oTBeTy mo Owiery ctyneHty maércs ot 30 mo 45 munyr. B TedeHue
JK3aM€Ha CTYJIEHTY HE Pa3pelIaeTCs IOJb30BATHCS BBIUUCIUTEIBHON TEXHUKOM, JTUTEPATYpPOU,
3apaHee MOArOTOBJICHHBIMU COOCTBEHHBIMH 3aMUCSAMU U IPYTUMH MaTepHaliaMH, OTHOCALIUMUCS
K MPEIMETY, KpOMe SK3aMEHAIMOHHON MPOrpaMMbl Kypca.

B npouiecce oTBeTa o Ousety sK3aMeHaToOp MOXKET 3alaBaTh yTOUHsIOIKE Boripockl. [Tocie
OTBeTa 1Mo OWJIETY SK3aMEHATOP BIIPaBE 33/1aBaTh CTYACHTY JIOOBIC TOTIOTHUTEILHBIC BOTIPOCHI 110
nporpamMmme Kypca. Ha sk3ameHe mpeanararoTcst Ajsi pelieHUs 3aJadyu. TeMbl COOTBETCTBYIOT
TEMaM CEMHHAPCKUX 3aHATUN.

B coBokymHOCTH oIpoc 00y4aroIierocs Ha yCTHOM 3K3aMeHe He JOJDKEH MPEBBIIIaTh IBYX
ACTPOHOMUYECKHUX YaCOB.

buner 1

1. doro3ddhekt: OCHOBHBIE IKCHEPUMEHTAIBHBIC PE3YyIbTAThl, dHeprus (poToHA, ypaBHEHHE
OHHIITENHA.
2. Haiitu yron majgeHusl CBeTa Ha TpaHUILy pasjeia BoJa/Macio, NP KOTOPOM BO3HUKAET

nonHoe orpaxeHue. Koapdumment npenomnenns BoasiN, =4/3, macnan, =1.5. U3

KaKOU cpeJibl IOJIKEH MaJlaTh CBET?

bumnert 2

=

I/IMHyHBC (I)OTOHa. BKCHepHMeHT KOMHTOHa. KOMHTOHOBCK&H JUJIMHA BOJIHBI.

2. K ToHkoli pacceuBaromield nuH3e ¢ (OKycHbIM paccrostHueMm f =—120 cwm, mpucioHeH
TOHKHH CErMEHT CTeKJIssHHOW cepbl, umeromiei paanyc R=40 cm. Haiitu doxycHoe
paccTosiHue MONyYUBIIEICS COCTaBHOM TMH3BI, €cli KO GUIIMEHT MPeIoMIICHHSI CTEeKIIa
n=15.

buier 3

1. Tunoresa ae bpoitna. Okcnepument JBuccona-Jlxepmepa. OuUeHUTh, MPU KaKUX SHEPTHUSAX
(OTOHOB, JJEKTPOHOB W HEUTPOHOB MOXKHO HAOMIONATh IUPPAKIUIO 3TUX 4YacTUI[ Ha
KpHCTaJlIax.

2. Haiitn cymMmMapHyI0 MHTEHCHUBHOCTH JIBYX KOTE€PCHTHBIX, OJMHAKOBO TOJISPH30BAHHBIX

IMY4YKOB CBC€TA, €CJIM UHTCHCUBHOCTD IICPBOI'0 paBHA |0 , BTOpOro —4'0 , 4 pa3HOCTb XOJa

MEXIy HUMH cocTaBisieT A/ 6.



