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 MOIYNIss B KOTOPBIX pPAacCMaTpUBAOTCsS KIIIOYEBBIE IIOHATHA W METOIbI
TEPMOJIMHAMHUKH, DJIEKTPUYECTBA M MAarHeTU3Ma, ONTHKH W KBAaHTOBOW (PM3MKHM KaK 4acTh Kypca oOmiei
¢uzuku, untaemoro cryneatam MOTH.

Monynb TepMOAMHAMHUKN COACPIKHUT B ceOe CIenyIoIIne TeMbl: OCHOBHBIC MOHATUS MOJEKYJIAPHON (U3UKH,
TEPMOJIMHAMMYECKUE IIPOLECCHl, IIEPBOE Hayajo TEPMOAMHAMMKHM, BTOPOE HAyalo TEPMOJUHAMUKH,
SHTPOMNHUSA, TEPMOANHAMHUYECKHAE (PYHKIUM U MX CBOMCTBA, (pa30Bble MEPEXOIbl, PEATbHBIE T'a3bl, HIEMEHTHI
TEOpUH BEPOATHOCTEH, pacmpeneicHus MakcBeiuia 1 bonbIiMaHa, OCHOBBI CTATUCTHUYECKON (DU3WKHU, TEOpHUs
TEIUIOEMKOCTEH, (MITyKTyallu, SIEeMEHTHI (PU3UUECKOM KMHETUKH, OPOYHOBCKOE IBHKECHHUE, SIBJICHUS TIepeHOCca
B Pa3peXKEHHBIX ra3ax U IOBEPXHOCTHBIE SBJICHUS.

Monynb 37€KTpUYecTBa M MarHeTu3Ma COICPIKUT B ceOe CIeIyIONINe TEMBI: IEKTPHUECKOe I10JIe, TPUHIINI
CYIEpIIO3ULINH, TI0Je AMIONs, TeopeMma [aycca, moTreHIuana, MPOBOIHUKM B SJIEKTPUUECKOM IIOJIE, METO.
N300paKeHHH, IEKTPUYECKOe I0Jie B BEILIECTBE, YHEPrUsl HIEKTPUUECKOTO IIOJIs, MarHUTHOE IIOJIE TOKa,
TeopeMa O LUPKYJSLUH, MATHUTHOE T0JIe B BELICCTBE, ABM)KEHUE 3aPSIKEHHBIX YacTUI B AJIEKTPHUECKOM U
MarHuTHOM IOJISIX, 3JEKTPOMAarHUTHAs MHAYKLUS, TEOpEMa B3aUMHOCTH, MAarHUTHAs SHEPIUsl, IEPEXOAHbIE
MpOLEeCChl B OJJNEKTPUUYECKHX LEMAX, BBIHY)KICHHbIE KoJeOaHUs, METON KOMIUIEKCHBIX —aMIUIUTYI,
MOZAYJIHPOBAaHHbIE KoleOaHMs, ypaBHeHHMs MakcBesia, CIEKTPajbHBI aHalmW3 B JIMHEHHBIX CHUCTEMax,
3JIEKTPOMAarHUTHBIE BOJIHBI B BOJTHOBOJIAX, PE30HATOPHI U TIJIa3Ma.

Mopaynb ONTHKH CONEPKHUT B cede CIEAYIOUINe TEeMbl: T€OMETPHYECKasi ONTHKA U 3JIEMEHTH (JOTOMETPHH,
uHTepdepeHys BoIH, AUdpaKkuus BOIH, pa3pelaonas CiocOOHOCTh ONTHYECKUX HHCTPYMEHTOB, 3JIEMEHTHI
($ypbe-onTUKH, 3IIEMEHTHI rojorpaduu, nucrnepcus, (asoBas ¥ TpyNIoBas CKOPOCTH, MOJAPU3ALMs CBETA,
3JIEMEHTHI KPUCTAJJIOONTUKH, PACCESHUE CBETA U HEJIMHENHbIE ONTHUECKUE SIBIICHUS.

Monaynb KBaHTOBOW (U3WUKK CONACPXKHUT B cebe CIeqyllue TeMbl: KOPIYCKYJSIpHbIE CBOMCTBa
3NIEKTPOMAarHUTHBIX BOJH, BOJHOBBIE CBOWCTBA YacTHL, COOTHOLICHHWE HEONPEACICHHOCTEH, (opMain3m
KBAaHTOBOM MEXaHUKH, NMOTEHIMATbHbBIE Oapbhephl, MOTEHIHAIbHbBIE MBI, KBa3UKIACCUUECKOE MPUOIMKEHHE,
OCLMJUIATOP, BOAOPOAONOAOOHBIE aTOMBI, KojieOaTelbHbIE W BpallaTeibHbIe CHEKTPbl MOJIEKYN, MAarHUTHBIH
MOMEHT, CIIMH, TOHKas M CBEPXTOHKas CTPYKTypa aToMa BOJOPOJa, TOXKIECTBEHHOCTh YacCTHL, OOMEHHOE
B3aMMOJICHCTBHE, CJOKHBIE arOMbl, arOM B MAarHuTHOM monie, >¢dexT 3eeMaHa, SAEpHbBIC MOJIECIH,
paJMOaKTHBHOCTh amib(a, Oera, ramma, SsJIepHbIC pEaKlUh, OIEHKAa CEeYeHHH, QyHIaMeHTalIbHbIC
B3aMMOJICHCTBHS, JJIEMEHTApHBIE YacTUIBI, 3aKOoHbl wu3iydeHus: AUT, cmoHTaHHOE U BBIHYXACHHOE
W3Iy4YeHHe, n3ydeHue, npasuna orobopa, IIIP u AMP.

Kypc conepxur B cebe obOcyxaeHHe (U3NUECKHX BOIPOCOB, pa3dop 3ajay, JeMOHCTpaIuu (HPU3HYECKUX
9KCIIEPUMEHTOB. JlJIs1 yCIENIHOTO OCBOEHHUS OHJAMH-Kypca CIyLIaTeNI0 JKElIaTelIbHO 3HaTh Kypc oOmien
¢m3uka «MexaHMKa» W BIaJeTh OCHOBAMM  MAaTeMaTH4YeCKOTO aHaju3a, TIeOMETPHH, YMETb
nuQQepeHIMpPoBaTh U UHTETPUPOBATD.

1. leau u 3apauu

eap AUCUMNIMHBI

OcBoeHue cTyaeHTaMu 0a30BbIX 3HAHUN B OOJIACTH ONTHYECKUX SIBICHUH IJIS JAIbHEHIIETO N3yUCHHUS
JPYTHX pa3/esioB (GU3MKU U yIITyOIeHHOTo N3y4eHus pyHJaMEeHTaIbHbIX OCHOB ONTHKH.

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

. ¢bopMupoBaHNE YMEHUH W HAaBBIKOB IIPUMEHATh H3YyYEHHbIC TEOPETHYECKHE 3aKOHBI |
MaTeMaTH4YeCKUe HHCTPYMEHTHI [UIS PELICHUS Pa3InYHbIX (PU3NYECKUX 3a7ad

. (dbopmupoBanre 00MEPU3NIECKON KyABTYphl: YMEHUs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TIpeHeOperath HeCYNIeCTBEHHBIMU; YMEHHS HPOBOIUTH OLEHKH (PU3MYECKHX BEIHYMH;
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, BEIpa0aThiBas KOMAaHAHYIO  |paclpeaessaTh MOpYUYEHHS YJIeHaM KOMAaHIIbl, 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 aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METOJaMH 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 TpUMEHSTh 3HaHWST B 0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yJabTaToB

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

[IK-1.3 CrmocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN

MCCIIeI0BAaTh MaTeMaTHYECKHE MOJIEIN HayyHOM 3ajade H HWHTEPIPETUPOBATH  IONYYCHHBIC
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

(MonenupoBaHKe) € HCIOIb30BAaHUEM 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, INIOCKHE U CEepHUCCKUE BOIHBI, IPHHIUII CYNIEPIO3ULIUN U HHTEP(EPEHIH

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 JIy4enpeiIoMIICHHE B OJHOOCHBIX KpHCTaIaX, HWHTEPPEPEHIMOHHbIE SIBICHUS B
KPUCTAJUIMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.
0 HEJTMHEHHbIE OINTHYECKHE SBICHMS, HEIMHEWHas NOJIApU3aLUsl Cpeibl, TeHepalus BTOPOH
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 HCHOJb30BaTh NOHATHE 0 30HaX Openens u cnupann OpeHens Npu pemeHNH 3a1a4 Au-QpaKuy Ha
3KpaHe C 0CEBOM cUMMeETpUEn

0  HCIONB30BaTh MeToA Pamest pemeHus 3afgadn Audpakuuy: BOJTHOBOE MOJE€ KaK CYyHEpPHO3HULIMS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIECHUH (IIPOCTPAHCTBEHHOE (Pyphe-pa3nokeHue);

0 aHaJIM3UPOBaTh (M3MYECKUE 3aJaud, BBIIEISSI CYLICCTBEHHBIE M HECYIICCTBEHHBIE ACIEKTHI
SIBJICHUSl, U Ha OCHOBE IIPOBEAEHHOIO aHajlu3a CTPOUTh YIPOIUEHHBIE TEOPETUUYECKUE MOZIEIU
(U3NYECKUX SBICHUH;

0 [PUMEHATh pa3IUyHble MaTeMaTUYECKUEe MHCTPYMEHTHI pEIIeHUs 3aJad MCXOIsd U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H TPOBOAUTH HEOOXOAMMbIE aHAIMTHUECKHUE U YHCIICHHBIC
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. Ilepeoe | ’ 3
HAYaJIo0 TEPMOANHAMUKHI
3 Bropoe Hayajio TEPMOJIMHAMHUKH. 1 5 3
OHTponws.
4 TevaOI[I/IHaMI/I‘IeCKI/Ie GyHKIMH W UX | ) 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 BpoynoBckoe  aBwkenue.  SIBneHus 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 [lepexonHble IPOIIECCHI B AEKTPUYECKUX 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 BOJIHBI B 1 5 3
BOJIHOBOJAX.Pe3onaropel, I lnazma.

3] I'eomerpuueckass onTuka M 3JIEMEHTHI | 1 )
¢doromeTpuu.

32 |WuTepdepeHuns BOJH. 2 2 1

33 | dudpakuuns BoJH. 1 1 2

34 Pasperaromiast ciocoOHOCTh ONTHYECKUX ) 5 1
HHCTPYMEHTOB.

35 |DnemeHTH Qyphe-ONTHKH. 1 1 2

36  |DnemeHTHI roorpadum. 2 2 1

37 Hucnepcusa. @azoBass H  IpyINIIOBas | 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 Marnautaeii MomeHT. CrnuH. 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 otbopa. 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

Makpockonuueckne napameTpsl, TepMOANHAMUYECKAs CHCTEMa, TEPMOAMHAMUYECKHE MapaMeTphl,
TepMOAMHAMUYECKOe paBHOBecue. HyneBoe Hadano tepMoauHaMHKH. MneanbHbli Ta3. YpaBHEHHE
COCTOSIHMS MJI€AJIBHOTO ra3a.

2. Tepmonunamudeckue mporuecchl. [lepBoe HavaI0 TepMOTUHAMUKA

W3MeHeHHsT COCTOSIHUSI TEPMOIMHAMHUYECKOro Tena (cuctembl). KBasucraTrmueckue paBHOBECHBIE
npoueccsl. ObparuMblie 1 HeoOpaTUMBbIe Iponecchl. Pabota, BHyTpeHHss 3Heprus, Temora. Ilepsoe
HAYaJIo0 TEPMOINHAMHUKH.

3. Bropoe Hayayio TepMOIUHAMHUKH. DHTPOIIHSL.

Huxnnyeckue npoueccol. Tersossie Mammubl. KIT/| TermoBoit mamuuel. Hukn Kapuo. Teopemsr
Kapno. XomommnpHas MammMHa W TEIDIOBOM Hacoc. BTopoe Havano TepMOIUHAMUKU.
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 dazoseix nepexonos (I u Il poxa). Yenosus pasroBecus das st nepexonos I pona.
VYpasuenune Knaneiipona—Knaysuyca. Kpusas (azoBoro paBHOBeCHs «KUAKOCTb—TIAp», 3aBUCUMOCTb
JIABJIICHHsI HACBIILIEHHOrO napa ot Temneparypsl. da3oBsle nuarpaMMel. TpoitHas Touka. J[marpamMma
cocTosHuUs «JI€n—Boaa—napy». Kpuruueckas Touka.

6. PeanpHbIe ra3sl

l'a3 Ban-nep-Baanbca kak MOZENIb pealbHOrO ra3a. BHYTpeHHsII 3HEprus M SHTpPONMUS rasza
Ban-pep-Baansca. M3otepMmel raza Ban-aep-Baanbsca u ux cBsi3b ¢ U30TEPMAMU PEAIbHOM CUCTEMBI.
[IpaBuno Makcsenna (mpaBwiio pbruara). Kputndeckue mapameTpsl W NPUBENEHHOE YpaBHEHHE
COCTOSIHUSL.

7. DneMeHTHl TEOPUU BEPOSITHOCTEH

JIuCKkpeTHBIE W HENpPEpBIBHBIE CIIydailHble BEJIMYMHBI, IIJIOTHOCTh BEPOSTHOCTH. YCIOBHE
HopMmupoBKu. CpenHue BeauuuMHbl U jaucnepcus. HesaBucumble ciyuyailHble  BEJIMUYUHBL.
HopmanpeHeiii 3aKoH pacrpenesieHUs] Kak Npeaei pachpeiefeHust A CyMMbl OOJIBIIOrO 4ucia
HE3aBUCUMBIX cJlaraeMblX. 3aBUCUMOCTb JUCIIEPCUU CYMMbl HE3aBUCUMBIX CJIaraéMbIX OT MX YUCIIA.



8. Pacnipenenenust Makcpenia u boisiimana

Pacnipenenenne MakcBenia: pacrpeleNeHns] 4acTHIl 10 KOMIIOHEHTaM CKOPOCTH M aOCOJIIOTHBIM
3HaYeHUsIM CcKopocTH. HambGomee BeposiTHas, cpegHssi W CpEIHEKBaJpaTHYHAas CKOPOCTH.
Pacnpenenenue MakcBemna no sHeprusM. PacrpeneneHue bonbiMaHa B IOJI€ BHEIIHUX CHIL
Bapomerpuueckas popmyna.

9. OCHOBBI CTAaTUCTHYECKON (HUBUKU

da3zoBoe NHPOCTPAHCTBO, MAKPO- M MHKPOCOCTOSIHUS, CTAaTUCTHYECKHH BEC MAaKpOCOCTOSHUSI.
CTaTUCTHYECKOE OIPEACICHUE SHTPONMHU. AJIMTHBHOCTH DHTPOIUHM HE3aBUCHMBIX IIOJICHCTEM.
3aKoH BO3pacTaHMs SHTPOIUH. TpeThe Havano TepMoarHaMuKH (Teopema HepHcra). 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.
Termnoémkocts KpucTauioB (3akoH Jrononra—IITn). DneMeHTh KBaHTOBOW TEOPUH TEIIOEMKOCTEH.
3aMoOpakMBaHHE  CTENEHEH  CBOOOXBI,  XapaKTEPUCTHYECKHE TEMIEpaTypbl.  3aBUCHUMOCTb
temtoémroctu L LU OO O L L O ra3oB oT TeMIieparypsl.

11. ®oykTyanuu

CBsi3p BEPOSTHOCTH (PIYKTyallMd C M3MEHEHHEM JSHTPONHH CHCTeMBbl. (DIyKTyaruu aJIuTHBHBIX
BEJIMYMH, 3aBUCUMOCTh (UIYKTyalui oT 4yucia dactuil. DIyKTyalusi 4uciia YacTHIl B BBIJCICHHOM
o0béme. DnyKTyalus SHEPrHU CUCTEMBI B KECTKOM TEpMOCTaTHPOBAaHHOI oOoiouke. Diykryarus
o0béMa B HM30TEpPMUYECKOM U aauabaThyeckoM Tmporeccax. BrnusHue duykTyanuii Ha
qyBCTBUTEILHOCTh U3MEPUTEIBHBIX IPHOOPOB.

12. DnemeHThl pU3HYECKON KHHETUKH

CronkHoBeHUsl. DQQeKTHBHOE Tra3oKMHETHYEeCKoe ceueHue. JlnmHa cBoOoxHOro mpobera.
Pacnipenenenre Monekyn 1O JUIMHAM CBOOOAHOTO mpoOera. YWCIO CTONKHOBEHHH MOJEKYNT B
enuHule o0bEéMa. SIBIeHHMA MONEKYIspHOro mepeHoca: aup@ysus, TEIIONPOBOIHOCTh, BA3KOCTD.
3akonsl Guka, Dypbe u Hetorona. KoaddummenTs! nepeHoca B razax.

13. BpoyHOBCKO€ IBMKEHHE. SIBICHNUS EPEHOCa B pa3pexKEHHBIX ra3ax

BpoyHOBCKOE [IBM)KEHHE MAaKpOCKOIMYECKUX YaCTHI. 3akoH OWHIITeHa—CMOIYXOBCKOTO ISt
cMeleHusi OpOyHOBCKOM 4wacTullbl. CBs3b TOABIDKHOCTH 4YacTUIBI M KodQdumuenta auddysun
o0Jiaka yacTull (COOTHOILIEHNE DWHIITEHHA).

14. IloBepXHOCTHBIE SIBJICHUS

IToBepxHOCTHBIE sBieHHA. KpaeBble ymibl, cMaunBaHWe M HecMmauuBaHue. Popmyna Jlamnaca.
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.



DNeKTpUYecKue 3apAabl M DJICKTPUYECKOe IMojie. 3aKOH coxpaHeHus 3apsaa. Hampsoxk€HHOCTh
anekrpuyeckoro mons. 3akoH Kymona. Cuctema enuuuny CI'CO. IlpuHnum cyneprno3unyu.
DNEeKTpUUECKOe MOJIe TUTIOS.

17. Ilone nunons.Teopema ["aycca.

Teopema ['aycca miisi 3MEKTpPUYECKOTO MO B BaKyyMe B MHTErpayibHoW W auddepeHunanbHoi
¢dopmax. E€ npumeHeHne s HaXOKACHUS DIIEKTPOCTATUIECKUX TIOJICH.

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

[ToreHunanpHBI XapakTep ANIEKTpOCTaTUYECKOro nojs. [loTeHnuanm W pasHOCTh MOTEHLIHUAJIOB.
CBs3b HaNpsDKEHHOCTH TOJSL C TPAJMEHTOM MOTEeHLWana. [ paHUYHBIE YCIIOBHS Ha 3apsKCHHOU
OBEpXHOCTU. YpaBHeHus Ilyaccona u Jlamnaca. EQUHCTBEHHOCTh PELIEHUS IEKTPOCTATHYECKOU
3amaun. Meton «n300pakeHu».

19. DnekTpuyeckoe mose B BEIIECTBE.

IIpoBogHukM B onekTpudeckoM mnone. Ilomspuzanus AUANEKTpUKOB. BekTop mnonsgpuzanuy.
CBobOonmHbie W cCBsi3aHHBIE 3apsabpl. Teopema [aycca mnpu HamMuWu JUDIEKTPUKOB. Bekrop
IeKTpuyeckod MHAYKOMU. [lonsgpuzyeMocTb M AMAIEKTpUYEcKas MPOHUIAEMOCThb. |paHWYHBIC
yCJIOBUS Ha IIOBEPXHOCTH IIPOBOAHMKA U HA IPAHUILIE ABYX AUIIEKTPUKOB.

20. DHeprus MEeKTPUYECKOTO MOJIs.

DHeprusi AEKTPUYECKOTo MoJisl U e€ JIoKanu3auus B npocrpancTse. OObEMHAS IUIOTHOCTh SHEPTUU.
B3aumHas sHeprus 3apsoB. DHEPIus AMIONA B 3JIEKTPUYECKOM I0Je. DHEPreTMUECKUN METO[
BBIYHCIICHUS CHJI B QIIEKTPHUYECKOM ITOJIE.

21. MaruTtHoe nonie Toka. TeopeMa 0 HUPKYISLHUU.

MarHnuTHOe 1ojie TOCTOSHHOTO TOKa B Bakyyme. Bekrop marnutHON mHaykuuu. Cuna JlopeHua.
Cuna Awmnepa. 3akoH buo—CaBapa. MaruutHoe 1ojie paBHOMEPHO ABHXKYIIETOCS] TOYEYHOTO 3apsiia.
Butok ¢ TOkoM B MarHUTHOM 1iojie. MarHUTHBI MOMEHT TOKa. Teopema 0 IMPKYISILUHA MarHUTHOTO
HOJIS B BAKyyMe U €€ IPUMEHEHHE K pacueTy MarHUTHBIX MOJIEH.

22. MarauTHOE€ I10JI€ B BEIIECTBE.

MarnutHoe mnone B BemlecTBe. MarHuTHas MHAYKUMS M HalOpsDKEHHOCTH 1oiid.  BekTop
HaMarHM4eHHOCTH. TOKM TPOBOJUMOCTH W MOJEKYISpHBIE TOKH. TeopemMa O IUPKYJIALHAA
MarHuTHOIO IOJIs B BellecTBe. ['paHuYHbIE yclOBUs Ha IpaHULE IBYX MarHeTukos. llpumeHeHue
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 snekTpoMarHuTHOW WHAYKIMA U OJIC B ABIKYIIMXCS W HEMOABMIKHBIX IMPOBOJHUKAX.
[IpaBuno Jlenna. OTHOCUTENBHBIN XapakTep MEKTPUIESCKOTO U MarHUTHOTO 1oyieid. KoaddurueHTs
caMo- M B3aUMOHMHAYKUWHU. [Iporiecc ycTaHOBIEHHS TOKa B IIENH, COAEpKAIled HWHIYKTHUBHOCTb.
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.

KBasucranmonapusle npoueccl. KoneOanuss B JMHEHHBIX cucTemax. KoseOarenbHBIN KOHTYP.
CBoOonHbie 3aryxaromue konebanus. KoadduimeHt 3atyxanus, JTorapu@MUIecKuil TeKpeMeHT U
JTOOPOTHOCTh. DHEPreTUYeCKUd CMbICHI ToOpoTHOCTH. [IpaBmia kommyTtanmuu. Metonsl pacuéra
HEPEXOAHBIX IPOIECCOB.

27. BeinykaeHHbIe KojeOaHus. MeTol KOMIUIEKCHBIX aMILTATY]I.

Kommnexkchnass ¢opma mnpexncraieHus Konebanuil. Bekropuele auarpammbl.  KommuiekcHoe
comporusnenne (ummnenanc). Ilpasuna Kupxroda mis nepemeHHbix TOkoB. PaboTa W MOIIHOCTB
NEPEMEHHOTO TOKa. BBIHYyXIEGHHBIE KoyseOaHUs TOJ JCHCTBHEM CHHYCOMIAIBHOW  CHIIBL
AmruntynHas U pa3oBasi XapakTepucTuku. Pesonanc.

28. MoaynupoBaHHEIE KoyieOaHus. YpaBHeHHsT MaKkcBelia.

VYpaBuenus: MakcBelia B uHTerpaiibHol u auddepeHnunanbaoit popme. [pannunsie ycnosus. Tok
cMmenieHus. MarepuanbHble ypaBHEHHs. BoOJHOBOe ypaBHEHHE. OIIEKTPOMArHUTHBIC BOJHBI 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.

DJIEKTPOMAarHUTHBIE BOJIHBI B NPSMOYTOJNBHOM — BOJHOBOZAE. JIMCIEpCHOHHOE ypaBHEHHE.
Kputnueckass uacrora. [lonsitme 00 0O0BEMHBIX pe3oHATOpax. OJEMEHTHl (DU3HKH IJ1a3MBbl.
JlebaeBckuii  paamyc  9SKpaHupoBaHus. [lmasMeHHble  KojeOaHuWs, IUIa3MEHHAas  4acToTa.
JndrekTpuueckas IPOHUIAEMOCTb IIa3Mbl. DJIEKTPOMarHUTHbIEC BOJIHBI B IIa3Me.

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

[Tpunumn depma, 3aKOHBI NPENOMIICHUS U OTPaKEHHS, TpaHU4YHbIE YCioBus, (popmynsl dpenens,
yron bproctepa. ['eomerpuueckue abepparn. CoBpeMEHHbIE TPUMEHEHHS T€OMETPUYECKON ONTHKU
B IIpeziesie KOPOTKUX JJIUH BOJIH.

32. UntepdepeHius BOIH.

[IpuHuMn cynepno3uuru 1 UHTEp(EpeHLIns MOHOXPOMAaTHYECKUX BOJIH. BUAMMOCTSD mosioc, mupuHa
nosockl. IIpocBernienue ontuku. CratucTuyeckas NpUpPOJa U3IyUeHHs] KBa3UMOHOXPOMAaTHYECKOH
BOJIHBL. BpeMeHHass KorepeHTHOCTh, ()YHKUHS BPEMEHHOH KOT€PEHTHOCTH, CBA3b CO CIIEKTPaJbHOU
HWHTEHCUBHOCTbIO (TeopeMa BuHepa—XuHuMHA) ¥ ¢ BUAMMOCTBIO.

33. ludpakuus BOIH.

[punanun TModirenca—®penens. udpakuus Ha ToHKOM dKpaHe. ['pannynblie ycnmoBus Kupxroda.
BomnnoBo#t mapametp. udpakius @Openens. 3amaum ¢ oceBodl cummerpuel, 30Hb Dpenens,
cnupans @penHens. 30HHbIE IUIACTUHKH, JWH3a. VICMonbp3oBaHWE 30HHBIX IUIACTHHOK Ui
(OKYCHUPOBKH PEHTTCHOBCKOro wu3iydeHus. Judpakuuss Ha [IOMOIHUTENBHOM 3KpaHe, IISITHO
IIyaccona.



34. Pa3zpenratomasi criocOOHOCTh ONTHYECKUX HHCTPYMEHTOB.

CrnextpanpHble mpuOOphl: Tpu3Ma, audpakuuonHas pemérka, uHTepdepomerp Dadpu—Ilepo.
XapakTepUCTUKH CIEKTPAIbHBIX NPHOOPOB: pa3pelaromas CrocoOHOCTh, 00JacTh AMCHEPCHH,
ymioBast gucnepcus. AudpakinoHHBINA Tpees pa3peiieHus TeIecKona i MUKPOCKOIIA.

35. DnemeHTH Qyphe-ONTHKH.

Merton Poanes pemenus 3agaun nupakiuu: BOJHOBOE IOJNE€ KaK CYNEPHO3ULUS IUIOCKUX BOJIH
pa3HbIX HaMpaBlIeHUH (IIPOCTPAHCTBEHHOE (hyphbe-pasiIokeHNe), COOTHOIICHUE HEONPeaAeTEHHOCTEH.
Hudpakuuss Openenst Ha MepUOAUYECKUX CTPYKTypax (3ddexr camopenpoaykuuu). Teopus AdGe
(hOpMHUPOBAHUS OTITUIECKOTO N300PKEHHS, IPUHITUIT JTBOWHOM JUPPAKIINH.

36. DneMeHThI TostorpaduH.

Tonmorpamma ['abopa. [omorpamMmma ¢ HAaKJIOHHBIM ONOPHBIM IMYYKOM. Paspermaromasi criocoOHOCTB
ronorpamMmMbl.  YcioBue bparra—Bymeda. OObémHass romorpamma, oObEMHas pemérka B
PETUCTPUPYIOLLEH cpee

37. ducnepcus. da3oBas U TpyNIoBas CKOPOCTH.

Jucnepcus mokazarens MNpeIoMIIEHMs, KiIaccHdeckas TeOpHs JTUCHEPCHH, HOpMajibHas |
aHOMaJIbHasi AMCIIEpCHUU. 3aTyxarollue BOJHBI, 3akoH byrepa. Ilokazarenb IpernoMIIEHUs ILIA3MBI.
PanguroBonHbl B mOHOC(EPE U AaNbHS paAUOCBA3b. MeTaMarepraibl — Cpenibl ¢ OTPULIATEIILHBIMU € U
L, JOCTM>KEHUS B CO3AaHUU MeTaMarepualioB. I pymnoBast CKOpOCTb.

38. Ionspusarus cBeTa. DIeMEHThl KPUCTAJUIOONTHUKH.

Kpucramnoontuka: mnonspuszamusi cBera. EcTecTBeHHBIM cBeT. JuXpousm, NOISAPOUABI, 3aKOH
Mamioca. JIBoifHOe myuyenpenomiieHHE B OAHOOCHBIX KpHUCTaIaX, pa3joKEHHE BOJHBI Ha
OOBIKHOBEHHYIO W HEOOBIKHOBEHHYI0. B3ammuas opueHranus BektopoB k, E, D, B, nanpaenenue
BekTopa [loitHTHHTa, GOKOBOM CHOC CBETOBBIX IIYYKOB B KpHCTalIaxX.

39. Paccesnue cBeta.

D¢ dexTuBHOE ceueHHe paccessHus, AUarpaMMa HarpaBIeHHOCTH, UX 3aBUCUMOCTh OT JJIMHBI BOJHBI
U OT pa3Mepa pacceMBalOIIMX 4YacTul, PaneeBckoe paccesHue (paccestHue Ha (QIyKTyalusax
wiotHoctH). [lomspu3anust paccesHHOro cBera. PajneeBckoe paccesHMEe Kak IVIaBHAs NpUYMHA
3aTyXaHHs CBETOBOH BOJHBI B CBETOBOJAX.

40. HennuelHble ONTUYECKUE SIBICHUS.

Henuneitnass mnosspusanust cpenbl. OLEHKM HMHTEHCUBHOCTU CBETOBOM BOJIHBL, IIPU KOTOPBIX
HaOIronaroTCsl HeMMHEHHbIe 3P QEeKTh, UCX0As M3 3HAYEHWH BHYTPHATOMHBIX mosiedd. HaBenennoe
JBynydenpenomiieHue. [eHepamus BTOPOH TapMOHHWKH, (a30BbIi cHHXpOHW3M. CHUMMeTpUiHBIE
coo0OpakeHHsI, HEBO3MOXKHOCTh F'€HEPALMU BTOPOI TApMOHUKHU B CPEAax ¢ IEHTPOM HHBEPCHUH.

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

OCHOBHBIE JKCIIEPUMEHTANILHBIE PE3yNbTaThl M0 BHemHeMy (ortoaddekry. [umoreza DitHmTeliHa
OTHOCHTEJIBHO KBAaHTOB cBeTa ((OTOHOB). YpaBHeHHe OWHIITEHHa W 0oOBsicHeHHe (oTtodddexrTa.
Nmnynsce ¢potoHa. DxcriepuMeHT KoMnToHa 110 paccestHUI0 PEeHTTeHOBCKUX JTydel Ha JIETKUX Apax.

42. BonHoBbIe cBoicTBa yacTull. COOTHOIIEHNE HEOTIPENeTIEHHOCTE!



l'unore3a ne Bpoisss 0 BOJHOBBIX CBOMCTBaX MaTepUANIbHBIX YACTHI] — KOPILYCKYJISIPHO-BOJIHOBOU
nyanu3M. JnuHa BonHbl ae bpoitns HepensituBuctckoi yactunpl. Onbitel JleBuccona—/xepmepa u
Tomcona mno mudpakiuu snekTpoHoB. Kpurepumii kBaHTOBOCTHM cHucTeMbl. COOTHOIICHHS
HeoTlpeIeIeHHOCTEN (KOOpAUHATA-UMITYJIbC; SHEPTHs-BpeMsi). BupTyanbHble YaCTHIIBL.

43. dopmanu3M KBaHTOBOM MexaHuKu. [loTeHImanbHbIe Gapbepbl

Omepatopbl KOOpPAWHATBHI, HMITYJbCa, TIOTEHIMAIBHOW ¥ KHHETUYECKOW OHEPrHMU CHUCTEMBI,
ramuibsToHnad. CoOcTBeHHbIe (YHKIMH M COOCTBeHHBbIC 3HadyeHHs. YpaBHeHue lllpeanHrepa.
PaccessHue YacTHIl Ha MOTEHIUAIBHON CTYIEHbKE KOHEYHOH BBICOTHI, MPOXOXKICHHE YaCTHUIIBI HaJl
ssMaMU ¥ 0apbepaMy KOHEUHOW MIMPHHBL, dd ekt Pamzayapa.

44. TlorenumanbHble sMbl. KBazukiaccuueckoe npudiamkenue. OCuusITop

Beckoneuno miyOokasi moreHuuanbHasi sMa. COCTOSHHS YacTUIBl B OJHOMEPHOW CHUMMETPUYHON
MOTEHIMALHONW SIMEe KOHEYHOH TiIyOWHBI. CBS3aHHBIC COCTOSHUSI B TakoW sMe. YPOBHHM 3HEPruu
OJJTHOMEPHOTO FapMOHHYECKOTO OCLIHIUISTOPA.

45. Bonopomomnono0OHkie aTroMbl. KorebarenpHbIe U BpalaTeIbHBIE CTICKTPHI MOJIEKYJT

Monenmu aroma Tomcona u Pezepdopia. 3akoHOMEPHOCTH ONITUYECKUX CIEKTPOB aTOMOB. J[BHKeHME
B KyJoHOBCKOM mone. deHomenonorndeckas Tteopus bopa. Chnekrp aroma Bomopoma u
BOJIOPOJIOTIOOOHBIX aTOMOB, TJIABHOE KBAHTOBOE YHMCIIO, KPATHOCTH BBIPOXKICHHS, M30TONMYCCKHI
CIIBUT.

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

MarHuTHbI OpOUTAIbHBI MOMEHT JJIEKTPOHOB, THPOMAarHWTHOE OTHOIICHHWE, MarHeToH bopa.
OnsiTr Ultepna—TIepnaxa, cnuHoBbI g-haktop lumoresa VYienbGexka u [ayncmMura O crnuHe
anekrpoHa. OmnbiT OlHmTeiiHa—nae [aaza. BekropHas Mopens CIOXKEHHS CIIMHOBOTO H
OopOUTaIBLHOrO MOMEHTOB JIEKTPOHA, OTIEPaTop MOJIHOTO MOMEHTa UMITyibca, ¢akTop Jlanne.

47. ToxxnecTBeHHOCTH yacTtull. OOMenHoe B3aumoaeicTere. Cl0KHbBIE aTOMBI

ToXXIeCTBEHHOCTh YaCTHIl, CHMMETpPHSI BOJIHOBOHW (DYHKIIMHM OTHOCHTEIIFHO TEPECTAaHOBKU YaCTHII,
0603006l W (Qepmuonsl, mnpuHiun Ilaymu. OOmenHoe B3ammonelicTBue. CIIOKHBIE aTOMBI.
CamocoriacoBaHHOE nose. DneKkTpoHHas KOH(HUTypanus aroma. [TpaBmito
Manenynra—KieukoBckoro.

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

ToXXIeCTBEHHOCTh YaCTHILl, CHMMETPHSI BOJIHOBOM (YHKIIMHM OTHOCHTEJIFHO TEPECTAaHOBKU YacTHII,
6030oub1 1 ¢epmuonbl, npuHuun Ilaymun. Dddekr 3eemana ans ciayuyaeB cinaboro M CHIBHOTO
MarHuTHBIX nonei Ha mpumepe 3P-3S-nepexonoB. CBepxronkoe B3aumoneiicteue. [lonsaTue cnnna
(ciupaneHOCTH) POTOHA, TOTHBIA MOMEHT U YETHOCTh

49. AnepHble MonenU

OkcnepuMenTsl Pesepdopaa u Teiirepa mo paccesHuio o-vactun B razax. OTKpbeITUE HEHTpOHa
YansukoM. DKCIIEpUMEHTAJIbHAsI 3aBUCUMOCTD YIIEIBbHOM 3HEPruu CBsI3Y siipa OT MaccoBOIO 4Mcia
A. Mogens OxkaBbl. Mopenb xugkoi 3apsbkeHHoN karmmu. @opmysna Baiinzekkepa ansi SHEpruu
cBs13M sapa. ObomouedHast MOJeNb U MarHuecKue YHUcia B OCIIIUIATOPOM HMOTEHIHAIE.

50. PagnoaktuBHOCTh. Anb(a, OeTa, TaMma



3aKoH paJuOaKTUBHOIO paclajia, KOHCTaHTa paclaja, Iepuoll Mojlypaciana, cpeHee BpeMs KU3HU,
BeKoBoe ypaBHeHHe. Anbda-pacnazn, 3akoH leirepa—Hstrona u ero BeiBox (dopmymna ['amoma).
Bera-pacnan, sHepreTMdeckuii crekTp Oera-pacmajna, THIOTe3a HEWTPUHO W €ro  OIBITHOE
oOHapy>KeHHe, BHYTPECHHSISI KOHBEpCHUs AIEKTpoHOB, K-3axBar. ['amma-nuznyuenue, u3omepus saep.

51. Snepubie peaknun. OLieHKa CEUCHHA

SnepHble peakUuu: 3K30TEPMUYECKHE M SHIOTEPMHUECKHE PEaKLW{, MOPOr PEaKlMH, CEYEHHe
peakuuu (IOJHOE W TApUUAIbHBIE CEUYEHUs), KaHalbl pEeaKkUuu, LIMPHHBI KaHaloB. Mozenb
COCTaBHOIO s1pa bopa: Kilaccn4eckoe reoOMeTpUIECcKoe CEYeHHE, MONPAaBKU Ha BOJHOBOM XapakTep
JBYDKEHUS YaCTHULL, 3aKOH beTe Ha npumepe NPOHUKHOBEHMSI YaCTULIbI B IIPAMOYTOJIBHYIO SMY.

52. ®yHaamMeHTalIbHbIE B3aUMOIEUCTBUA. DJIeMEHTapHbIe YacTHIIbI

Mertonpl peructpanuu sneMeHTapHbX dactui. OTkpeitue W- n Z- 06030HOB, t-KBapka ¥ 0030HA
Xwurrca. CrangapTHasi MOJ€)b. 3aKOHBI COXPaHEHHsI 1 BHYTPEHHHUE KBAHTOBBIC YHCIIA.

53. 3akons! uznyuenus AUT

®opmyna Panes—/Ixunca u yasrpaduoneroBas karactpoda, dpopmyna Buna. ['mmoresa [lnanka,
pactipenenenue [lnanka. 3akoH cmemieHusi Buna. PaBHOBecHOe m3iydeHHe, KaK WICANbHBIA ra3
¢doroHOB. AGCOMIOTHO YepHOoe Teno. 3akonbl Kupxroda, Jlambepra u Credpana—bonbimana.

54. CrioHTaHHOE U BBIHY)XIC€HHOE H3Ty4YeHHE

JIByXypOBHEBasi KBAaHTOBas CHCTEMa B TI0J€ PaBHOBECHOIO W3Iy4YEHUS, NPUHIUIN JETaIbHOIO
paBHOBeCHUs, CIIOHTaHHbIE U HHAYLUPOBAHHBIE I1€PEXO/Ibl, COOTHOIEHUS DiHIITeHA. [IpoxoxaeHue
U3IyUYeHHS Yepe3 Cpedy, YCIIOBUE ycuiieHus (MHBepCHast 3aCeIEHHOCTh YPOBHEH).

55. Usnyuenne, npasuia ordopa. IIP u AMP

SnepHblil U 3TEKTPOHHBIM MarHUTHBIA pE30HAHC (KBAaHTOBOMEXaHHMUYECKash TpakToBka). CTporue u
HECTpOTue IpaBuja OTOOpa NpU IMOMIOLICHHM M HCIyCKaHWKM (POTOHOB aroMamH (Ha MpuUMepe
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 JuTeparypa

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, u3ydaroniyii Kypce oouield GU3nKH, TOJKEH C OTHOM CTOPOHBI, OBJIAIETh OOIIUM MOHSITHIHHBIM
anmnapaToM, a ¢ Jpyroil CTOPOHBI, JOKEH HAyUUThCS IPUMEHATh TEOPETUUECKUE 3HAHUS Ha NPAKTUKE.

B pesynprare nzydeHns JUCHUILIMHEI CTYAEHT JOJKEH 3HATH:

VYeneniHoe ocBOoeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa Haja TEMOHU.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

- YTEHME U KOHCIIEKTUPOBaHHE PEKOMEHIOBAHHOMU JINTEPATyPBI,

- TpopaboTKy yueOHOro marepuasa (1Mo KOHCIIEKTaM JIEKIMH, y4eOHOW W HaydyHOW JHTEepaType),
[IOATOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX JJIS CaMOCTOSTEIbHOIO H3yuYeHMs,
J0Ka3aTeNIbCTBO OTAEIBHBIX YTBEPKACHHI, CBOICTB;

- pelueHue 3agad.

- MOATOTOBKY K NPAaKTUYECKUM 3aHSATHSM, KOJUIOKBHUYMaM, IU(QepeHIMPOBAHHOMY 3auéTy,
9K3aMEHY.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllN.

O06s3aTenbHBIM TPEOOBAHMEM SIBIISICTCSI BBIIIOJHEHHE JOMAIIHUX PadOT, KOTOpble OGOPMIISIOTCS 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

KBaJU(PUKAHA: 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,
pacrpenessiTh MOpy4YCHUsT YieHaM KOMaHJIbI, OpPraHu30BaTh
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 Crocoben aHanm3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpearaTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(HU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

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

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON

MCCIIeI0BAaTh MaTeMaTHYCCKHE MOJICIIN HAyyHOH 3ajaye M HHTEPIPETUPOBATH  IMOJYYCHHBIC
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 HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
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 ypaBHEHHeE, IJIOCKHE U chepruecKre BOJIHBI, IPUHIHII CYTIEPIO3ULIUN U UHTEPPEPEHIIHS

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 JIy4erpeloMIICHHE B OJHOOCHBIX KpHCTaIaX, WHTEP(PEPCHIMOHHBIC SIBICHUS B
KPUCTAJUTMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdekr Keppa.
0 HEJIMHEWHBIC ONTUYECKUE SIBJICHHS, HEIWHEHHAs MOJSIpH3alus Cpelbl, TeHepauus BTOPOi
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 HCHOJb30BaTh NOHATHE 0 30HaX Openens u cnupann OpeHens Npu pemeHNH 3a1a4 Au-QpaKuy Ha
3KpaHe C 0CEBOM cUMMeETpUEn

0  HCIONB30BaTh MeToA Pamest pemeHus 3afgadn Audpakuuy: BOJTHOBOE MOJE€ KaK CYyHEpPHO3HULIMS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIECHUH (IIPOCTPAHCTBEHHOE (Pyphe-pa3nokeHue);

0 aHaJIM3UPOBaTh (M3MYECKUE 3aJaud, BBIIEISSI CYLICCTBEHHBIE M HECYIICCTBEHHBIE ACIEKTHI
SIBJICHUSl, U Ha OCHOBE IIPOBEAEHHOIO aHajlu3a CTPOUTh YIPOIUEHHBIE TEOPETUUYECKUE MOZIEIU
(U3NYECKUX SBICHUH;

0 [PUMEHATh pa3IUyHble MaTeMaTUYECKUEe MHCTPYMEHTHI pEIIeHUs 3aJad MCXOIsd U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H TPOBOAUTH HEOOXOAMMbIE aHAIMTHUECKHUE U YHCIICHHBIC
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 arTecTarys o aucuuruinae «O01mas Gu3nkay ocyecTBIsETCS B popMe 3adeTa
B 9 cemectpe u auddepenimanbHoro 3auéta B 10 m 11 cemectpax. 3auér BKiIOUYaeT 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
ucrounuka. Teopema Ban-Llutrepra-Liepauke. BunHocTs nHTEp()EpEHIMOHHBIX TIOJIOC MTPH
UCIOJIb30BAaHUU  TNPOTSHKEHHBIX  MCTOYHUKOB  CBETa. 3BE3JHBIH  MHTEpHEpOMETp
MalikenbcoHa.

MakcuManabHO 10IycTUMAas pa3HOCTb X0/a BOJIH B UHTEP(EPEHIIMOHHBIX ONbITaX U €€ CBA3b
CO BPEMEHEM KOT'€PEHTHOCTHU.

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

[Mpunnun [roiirenca-dpenens. KonuuectBernHas ¢dopmynupoBka npuHImna [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.
WneanpHas nuH3a. POKyCHpPOBKA CBETA.

BonnoBoit mapamerp. YcinoBue Habmoaenus audpakuun Dpenens u DpayHrodepa.
Kpurepuii reOMETpUYECKON ONTHUKHU.

Hudpakuus Opaynrogepa. Cpssp ¢ npeodpasoanueM Dypoe. Audpakuus dpaynrodepa
Ha ILIEeJU U KpyrJioM oTBepcTHH. T1ose B (hokanbHON IIIOCKOCTH 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 AGGe hopMUpOBaHUS ONTHIECKOTO M300pakeHus. Dypbe-TI0CKOCTh ONTHYECKON
CUCTEMBI.

[TpunuMIIBI TpOCTpaHCTBEHHOU (uiIbTpaniuu. Merto bl HaOMoAeHNS (PA30BBIX CTPYKTYD.
[Tone B (hoxanbHOM M10cKOCTH IMH3BL. CBA3b ¢ peodpazoBanueM Dypobe.

Hudpakius Ha aMIUTHTYTHON B (a30BOM CHHYCOUIATLHOM peIIeTKE.

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

[onorpadus. ['onorpamMmma ToYedyHOTO MCTOYHMKA (rojorpamma ["aGopa). Pazpemarormas
CIIOCOOHOCTH ToNIOrpaMMBl. ['oorpaMmMa ¢ HaKJIOHHBIM OIIOPHBIM ITYYKOM.

O6bémHas ronorpamma. BocctanoBnenue n3oopaxeHuss 00bEMHOI roJI0rpaMMoil, ycaoBue
Bperra-Bynbda.

DneKTpOMarHUTHBIE BOJIHBI HAa TPAaHULIE pa3zelia ABYX AUAJIEKTpUKOB. SBnenue bprocrepa.
3aBUCHUMOCTh JHEpPreTudecknux KodpduiueHToB oTtpakeHus RL u Rj oT yrnma mangeHus
(Ka4eCTBEHHO).

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

DNEeKTPOMarHUTHbBIE BOJIHBI B OJHOOCHBIX KpucTaiaXx. OObIKHOBEHHAs! B HEOOBIKHOBEHHAS
BOJIHBL. Kprcramnueckue 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. dazoBas u rpymmoBas ckopoctu. Popmyna Penes. Knaccuueckas teopus
mucrniepcui. AHOManbHas qucnepens. Jucrnepcus B moHocdepe U MeTauiax.

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 HIKE CIIMCKA 3K3aMEHAI[MOHHBIX BOmpocoB. Kpome
TOT0, CTYAEHTY NpearaeTcsi M3JI0KHUTh IOATOTOBICHHBIN 3apaHee «BOIPOC IO BHIOOPYY,
KOTOPBIM, MOXET OBITh, KaK OJIMH U3 IYHKTOB, IPUBEIEHHOIO HUXKE CIMCKA, TaK U JIF000H BOMpoc,
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.

®DoTodhEeKT: OCHOBHBIE OSKCIHEPUMEHTANBHBIE pe3yJbTaThl, SHeprus (OTOHA, YypaBHEHHE
OHHIITEHHA.
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 HEOIpeeIeHHOCTEH «BpeMsA-d3Heprusa». 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
3HAYEHHNE UMITYJIbCa JIUIsl CBOOOIHOMN 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. [1oTy9nTh yCIOBUSI KBAHTOBAHHS MAarHUTHOTO MOMEHTA M ero Z — TPOeKInH. MarueTtou
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 noctyiarel 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
Ut hepMUOHOB.

OOBSICHUTh KAa4YeCTBEHHO BO3HMKHOBEHHE OOMEHHOTO B3aMMOJICHCTBHS Ha IMPHMEPE MOJICKYJIbI
BOZOpOa (MM aTOMA TeJIH).

Kak 0003Ha4yaroTCs COCTOSIHMS CJIOKHBIX aToMOB? B yeM 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 Ha6n10aaeTc;1 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 000OCHOBaHME M MPUHIIMITBI IIOCTPOCHHUS OJTHO-YACTUIHON 000I0YSUHOM MOIEIH Spa.
ITonmyuuTs BEJMYMHBI NEPBBIX TPEX MArMYECKUX YUCEN HA OCHOBE TPEXMEPHOM OCHUIUIATOPHOM
aNMpPOKCUMAIINHU SAEPHOTO MOTEHIHAIA.

OCHOBHBIE 3KCIIEpUMEHTAJbHBIE 3aKOHOMEPHOCTH® — pachaza. PaccMoTpeTh TyHHENUpOBaHUE O-
YacTHUIIbI Yepe3 KyJOHOBCKHI Oapbep U BbIBECTH 3aKO0H [ eiirepa- Hatrona.

Tpu Thna f-pagnoaktuBHOCTH. CIIEKTp [-3IEKTPOHOB, HEUTPUHO. DKCIIEpUMEHT BY 1 He coxpaHeHne
YeTHOCTH IIpHu B-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-u3oMepsl. PesonancHoe mornomenue 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.

[onmb3ysich MOJAETBHBIM IMOTCHIIMAJIOM B3aMMOJCUCTBUSL JIBYX KBapKOB KA4eCTBEHHO OOBSICHUTH
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 CJIA0BIX B3aUMOAEHCTBUAX?

3amayn.

1. Haittu paccrosstHue oOT 1mienedl g0 odkpaHa B onbite HOHra, ecnm mmpuHa
UHTEp()EPEHIIMOHHBIX MOJ0C paBHaAX =1 MM, umHTepBanm Mexay memsmud =1 wmm,
UCTIONIB3YeTCsl MOHOXpoMaThueckuit ceet ¢ A =500 HM.

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

MHTEpDEPEHIINI0 HAa JKpaHe, eCiM YIIOBOW pasMep HcToduHHKa paBeH10 *pax. Caer

CUUTaTh MOHOXpOoMaTudeckuM ¢ A =500 HM.

3. HaiiTi KOIMYECTBO MOJIOC KOTOPHIE MOKHO HaOMI0aTh B MHTEP(HEPEHIIMOHHOM OIIBITE,
IpY MCIIOJIb30BaHUM AyriieTa HaTpus (AauHbl BosH: 5890 u 5896 aHrcrpem) B KadecTBe
UCTOYHHKA CBETA.

4. Haiitn pagmyc Tpethero cemioro kojbina HeroToHa, mis cBera cA =500 M, mpu
UCTIOJIb30BaHUH TUIOCKOBBITYKJIOH JIMH3HI C PaJInyCOM KPHBHU3HBI R =1Mm.

5. OtBepcte guamerpom D =1mMm ocBemaercs IUI0CKONApauIeIbHBIM CBETOM C
A =500 HM, co3maBas Ha dkpane, Ha pacctosHuM L =0.1M, mudpaknuoHHOE MTATHO.
OnpenenuTh YUCII0 OTKPBITHIX 30H DpeHens.

4. Kputepuu oueHUBaHUs

Jnsa pomycka K 3au€Ty CTYOEHT JOJDKEH pEMMTh Bce 3anadu W3 3agaHuid. Ha 3auére
[IPEMNOAaBaTelb 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 MHUChMEHHOH
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
CHCTEMaTH3UPOBAHHbIE TNTyOOKHE 3HAHUS y4eOHOU mporpammbl M 3a €€ ImpeaesaMH, a TaKxke
YMEHHE YBEPEHHO MPUMEHSATH UX Ha IMPAKTHUKE MPU PEHICHUH CIOKHBIX HECTAHIAPTHBIX 3ajau.

Omnenka «otamaHo  (9)»  BbICTaBNIsAETCS  CTYJCHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE
CHCTEMaTH3UPOBAHHbIEC 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 PELICHUU HECTAHIAPTHBIX 3a1a4, OJHAKO JOIYCTUBIIEMY HEKOTOpbIE
HETOYHOCTU IIPH OTBETE.

OreHka «xopouo (7)» BBICTaBISIETCS CTYJCHTY, €CJIM OH IPOJIEMOHCTPUPOBAJI TBEP/IOE 3HAHKE
yBEpEHHOE IMOHUMAaHHE Marepuana y4eOHOM NpOrpaMMbl W yMEHHE CBOOOAHO NPUMEHSThH
¢u3nyecKue 3aKOHbI Ha IPAKTUKE MPU PELICHUH TUIIOBBIX 3aj1au.

Orenka «xopouo (6)» BBICTaBIAETCS CTYACHTY, €CJIU OH MTPOJASMOHCTPUPOBAJ TBEPOC 3HAHHE
MaTepuana y4eOHOH mporpaMMbl B YMEHUE MPUMEHATh (PU3NYECKUe 3aKOHBI HA MPAKTUKE MPU
pelIeHUY TUTIOBBIX 3a/1a4.

Orerka «xopoio (5)» BbICTABIISIETCS CTYICHTY, €CIIA OH IMPOIEMOHCTPUPOBAIT TBEPI0C 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.

O1cHKa «yAOBJIETBOPUTENbHO (4)» BBICTABISCTCS CTYJICHTY, MMOKa3aBIIeMy (pparMeHTapHbIN
XapakTep 3HaHUH, JOMYCKaBIIEMY HETOYHOCTH B ()OPMYITMPOBKE 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 «Hey10BJeTBOpHuTeNabLHO (1)» BeicTaBIsIeTCS
CTYZIEHTY, KOTOPBIH HE 3HAET 3HAYMTENBHYIO YaCTh OCHOBHOTO COJEPKaHHs TIPOTPAMMBI,
CUCTEMATUYECKH JOMYCKaeT rpyOble OIIUOKHU IpH (GOPMYINPOBAHUHM OCHOBHBIX (PU3MUECKHUX
3aKOHOB HJIM HE CIIOCOOCH KOPPEKTHO MPUMEHSTh (PU3MYECKUE 3aKOHBI 1K JUTS PEIICHHS
IPOCTHIX 3a7a4.

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.

Iopsiok npoBeaeHNsi YCTHOTO IK3aMeHA.

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

Ha moaroToBky k oTBeTy mo Owiery cryneHty 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 3agadud. TeMbl COOTBETCTBYIOT
TEMaM CEMHHAPCKUX 3aHATUN.

B coBokynHOCTH orpoc 00y4aroIierocs Ha yCTHOM 3K3aMeHe He JO0JKEH MPeBBIIIaTh IBYX
ACTPOHOMHUYECKHUX YaCOB.

buner 1

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

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

KaKOU cpeJibl IOJIKEH MaJlaTh CBET?

bumnert 2

=

Nwmmynsc dporona. kcriepument Komnrona. KoMmnToHOBCKas I7TMHA BOJIHEL.

2. K Tonko#i pacceuBaromieid nuH3e ¢ (OKycHbIM paccrostHueM 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

MEXTy HUMH cocTaBisieT A/ 6.



