degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: TypOy/ieHTHOCTh B KOCMUYECKOH IIIa3Me
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa KOCMUUECKON (PU3HUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: J.P. xnsp, n-p ¢us.-mMat. HayK

[Iporpamma obcyxneHa Ha 3acefannu kadeapsl kocMuieckort pusuku 04.06.2020



AHHOTANMA

Kypc neknuii «TypOyneHTHOCTh B KOCMHUYECKOH IUTa3Me» COAEPKUT OCHOBHBIC CBEIICHHS O HEIUHEHHBIX
BOJIHOBBIX IpoIleccax B IUIa3Me, B YaCTHOCTH, B HEOJHOPOAHOM MarHutocgepHoi ria3me. B ero ocHose
nekat 6a30Bble MIPEACTABICHHS IEKTPOANHAMUKY CIUIOIIHBIX CPE/l ¥ KHHETHYECKOH TEOpHUH.

Kypc nocasiieH BOJHOBBIM IpolieccaM B KOCMUUECKOH Iu1a3Me. PaccMaTprBaroTCsi BOJIHOBbIE MOJIbl, KOTOPBIE
CYLIECTBYIOT B MarHMTOAaKTHUBHOW IUTa3Me, B YaCTHOCTH, B MarHutocdepe 3emnu. M3ydaercs AuHaMUKA
SHEPTUYHBIX 3apsDKEHHBIX YacTHIl B MarHuTocepe M HX PE30HAHCHOE B3aMMOJCHCTBHE C Pa3IMYHBIMHU
BOJIHOBBIMH MOJaMH. B KoHIIe Kypca u3i1aratoTcsi COBpEMEHHBIE 3aJ]adl M HEPELIeHHbIE POoOIeMbl B TEOPUHU

BOJTHOBBIX MTPOIIECCOB B KOCMUYECKOH IIa3me.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

3HaKOMCTBO CTYAEHTOB C OCHOBHBIMHU MJESIMH, METOJAMH M pe3yJbTaTaMH B TEOPUH TypOYJIEHTHOCTH

IJ1a3MBI.

33]13‘[1/[ JAUCHUIIINHBI

[IpuoOpereHne CTyeHTaMU CIIOCOOHOCTH TMapaMETPUYECKOr0 aHaliu3a IPOIECCOB TYypOYJICHTHOCTH
TTa3MbI B BEIOOpA TIO/IX0/1a JIJIsl PEIICHUS] KOHKPETHBIX 32/1a4 B KOCMUYECKOM T1a3Me.

2. llepevyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NuaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B o0sacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IAaCTH
npo(heCcCHOHABLHON ESTENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
npobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0JacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-1.3 CrnocobeH MNpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATh:
OCHOBBI TEOPUH JINHEHHBIX U HEIMHEHHBIX BOJHOBBIX MPOIECCOB B MAarHUTOAKTUBHOM TIIa3Me.

YMETh:
aHAM3UPOBaTh CITyTHUKOBBIE JAaHHBIE IO H3MEPEHUSM BOJH M TIOTOKOB 3apsKEHHBIX YacTHII,
(hopMynmupoOBaTh U peNIaTh COOTBETCTBYIONINE BOJHOBBIC 33 14U,

BJIQJIETh:

OCHOBHBIMU MCTOAAMHU U NOAXOJaMHU K PCIICHHUIO JIMHECWHBIX ¥ HEJIWHEHHBIX BOJHOBBIX 3aaa4y (1)I/ISI/IKI/I

KOCMHYECKOH IIa3MBI.




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

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| BonHbl B XOJIOAHONW MarHUTOAKTUBHOM 10 10
ia3me
) Henuneiinple BOMHOBBIE TPOIECCHl B 10 10
OJTHOPOJHOM I1a3me
3 Pe3oHaHCHOE B3aMMoOAEHCTBHE BOJIH H 10 10
4acTUIl B HEOMHOPOAHOM I1a3me
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 yac., 2 3a4.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. BoiHBI B XOJIOJHOW MarHUTOAKTHBHOM IUIa3Me

1. TeHzop MPOBOAMMOCTH U TEH30P JUIEKTPUUECKON MMPOHUIIAEMOCTH XOJIOTHON MarHUTOAKTUBHOM
riasmbl. O0mas cucteMa ypaBHEHHH [UIs SJIEKTPOMAarHUTHOTO TIOJISt B XOJIOIHONW MarHUTOAKTUBHOMN
IU1a3Me B JIMHEHHOM NPUOINKEHHUH.

2. OOuiee AMCIIEPCHOHHOE COOTHOIICHUE W TONSIpU3alMOHHbIE Kod(dduimeHTsl. J(ucnepcuonHoe
COOTHOIIGHHE M TMOJSpU3AIMA BOJIH B CiIydae NPOAOJIBHOIO paclpocTpaHeHus. Pe3oHaHCHBIE
YacTOTBl M YacTOThl OTCEUKM IS PA3IM4YHBIX COOTHOLICHUH MeXIy IIa3MeHHOH ( op ) u
LUUKIOTPOHHOM ( (OC ) 4aCTOTaMH.

3. BonHOBBIE MOZIBI B XOJIOAHOW MarHUTOAKTMBHOM IJIa3Me: albBEHOBCKUE BOJHBI, MAarHUTO3BYKOBBIE
BOJIHBI, CBUCTOBBIE BOJIHBI, Z-MO/1a, OOBIKHOBEHHAsI U HEOOBIKHOBEHHAS BOJIHBL. CBUCTOBBIC BOJIHBI B
MPHUOIINKESHUU ®p2 >> woc2. Yron Kanapsua. Teopema Ctopu.

4. KsazmanekTpocTtaTudeckue (IPOJONbHBIC) BOJHBI B XOJOIHOW MarHUTOAKTUBHOHM IUIa3Me.
JIUCLIepCHOHHBIE ~ COOTHOLIGHUS A KBa3UJIEKTPOCTATHUCCKUX  HIDKHE-THOPUAHBIX |
BEPXHE-TUOPHIHBIX BOJH.

2. HenuHeliHble BOJHOBBIE TPOLIECCHI B OAHOPOIHOM IIJIa3Me

1. OcHOBHBIE TpPENNONOKEHUS! M YpaBHEHHs KBa3WIMHEHHOW Teopuu. Cucrema ypaBHEHHI
KBa3WIMHEHHOU TEOPUU JJIs1 ICHTMIOPOBCKUX BOJIH.

2. HenuneiiHas Teopust 3aryxanus Jlanmay JUist JIGHTMIOPOBCKOUM BOJHBI: MPHUONMKECHUE 3aJIaHHOTO
nonsi, Teopusi O’Huna. Teopust pe3oHaHCHOE B3aWMOJEHCTBHE BOJH M YaCTHULl B MAarHUTOAKTUBHON
IU1a3Me B CJlydae IIPOAOJIbHOTO PaclpOCTPaHEHUs: YpaBHEHHUE AJI SHEPIMU BOJIHbI, KHHETUYECKOE
YpaBHEHUE ISl PE30HAHCHBIX YACTHIL U €70 PELIEHNE, BEIYUCICHUE NHKPEMEHTA.

3. Pe3onHaHCcHOE B3aMMOJEICTBHE BOJIH M YacCTHIl B CJIydae PaclpOCTPaHEHUS BOJIHBI IOJ YIJIOM K
BHEIIHEMY MarHMuTHOMYy monto. IlpuOmimkeHne H30JMpOBaHHBIX pe3oHaHcoB. IlepekpriTue
PE30HaHCOB, KpuTepuil UnpuKoBa BOSHUKHOBEHHS CTOXaCTUUHOCTH.

3. Pe3onancHOE B3anMOJIEHCTBYE BOJIH M YaCTHUI] B HEOJHOPOIHOM IIa3me



1. JIBwKeHHe 4YacTHI[ BO BHENIHEM CJIa00 HEOIHOPOJHOM MarHuTHOM Tmone. [lomepedHsrii
anrabaTuiyecKuii WHBapuUaHT (MarHUTHBIE MOMEHT). JumoiibHO€ MarHuTHoe mose. JlumoiabHble
KoopAnHATHI 1 k03¢ ¢unmenTs! Jlama. /IBikeHne 4acTUIl B TUIMOJIBHOM MAarHUTHOM none. [InTa-yron
Y IUTY-yTOJI KOHYCa MOTEPb.

2. OCHOBHBIE YpaBHEHHUsI TEOPUM PE30HAHCHOTO B3aMMOJICIHCTBHS BOJIH U 4aCTHUL] B HEOAHOPOIHOMN
IUIa3Me: ypaBHEHHE il aMIUIMTYIbl BOJIHOBOTO TAKeTa, YpPaBHEHUS JABIKCHHS M (QYHKIUS
pacnpeieneHus pe30HaHCHBIX YacTHll, ypaBHEHHE 1J11 MHKPEMEHTA BOJIHBIL.

3. AHajorus B TEOpUU PE30HAHCHOIO B3aMMOJEHCTBMS YacTUI] C JICHTMIOPOBCKMMHU BOJIHAMHU U
CBUCTOBBIMU BOJIHAMH, PAaCHpPOCTPAHSIOUIMMHUCA BAOJIb BHEIIHEr0 MarHuTHOro mojs. Cmyuait
CHIIbHOW U cnaboil HeoJHOponHOCTH. PelieHne ypaBHEHWH JBUKEHUSI PE30HAHCHBIX 3JICKTPOHOB B
Clly4ae CHWJIBHOW HEOAHOPOAHOCTH. KauecTBEHHBIN aHaNW3 IBHKEHUS PE30HAHCHBIX JJIEKTPOHOB B
ciry4ae ci1aboil HeOTHOPOIHOCTH. YCKOpPEHHUE MIEKTPOHOB CBUCTOBBIMU BOJIHAMH B MarHurtocdepe.

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

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JIATEparypa
1. Jluneiiaple 1 HeMUHEHHBIC BONHEI [ TexcT] : [yue6. mocobue ais By3oB] / k. Yuzem ; miep. ¢ anni. B.
B. Xapunosa ; mon pea. A. b. [llabara .— M. : Mup, 1977 .— 622 c.

2. Konebanwust, Bonusl, crpykrypsl / H. B. Kapnos, H. A. Kupnuenko. — Mocksa, ®usmariut, 2008.—
URL: https://e.lanbook.com/book/2192 (nata obpamenus: 21.01.2021). - [Tonusiit Texer (Pexum
noctyna : u3 cetd MOTU / YnaneHHbIi 10CTY)

JomonanTtenyHas uTeparypa
1. OnexrponuHamuka iasmel [ Texct]/mox pen. A. Y. Axuesepa, -M., Hayka, 1974
2. Bonnawt B MarauroaktuBHO# masme [Tekcr]/B. JI. ['mun30ypr, A. A. Pyxanze , [MoHOTpadwus], -M.,
Hayxka, 1975
3. ®usnueckas kuHeTHka [Tekct] : yue6. mocobue mist By3oB / E. M. Jlugmmn, JI. I1. [Iuraeckuii .—
M. : Hayxka, 1979 .— 528 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

[Ipu nepexojie Ha AUCTAHIIMOHHOE OOYYEHUE JIEKITUU B IEKTPOHHOM BUjIe OyIyT IOCTYITHBI Ha
SHnekc-nucke npenogaBaress.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

[Tpu nepexoje Ha AUCTAHIIMOHHOE OOYYEHHUE, TIEKIUK OyyT YnTaThcs Ha muardgopme Zoom W/wiu
FreeConferenceCall.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3a1a4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— MOCEUICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM INIAHOM MO JAUCIHILIAHE,
— BEJICHUS KOHCIIEKTa 3aHATHIA;



— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.
CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:
— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pCUICHUC 3a71a4, NpcajraraCMbIX CTyACHTAM Ha 3aHATUAX;
— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII7[ TeKyu[efI n HpOMe)KyTO‘lHOﬁ aTrTCCTalum.

[Tokazarenem BiIaJicHUs MaTepUaIoOM CITY>KAT YyMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TeMaM
IUCIUTUIAHEL.

BaxxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3YYEHHsI OTIENbHBIX TEM, BOIIPOCOB, CIIEAyeT OOpamarbesi 3a KOHCYIbTalUsAMH
MIpENoAaBaTelto.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.

JIuteparypa 17151 caMOCTOSITEIbHOIO U3YYECHUS:

1. B. Y. Kapnman. Henunelinbple BOJTHBI B AUCTIEPTHPYIOMIKX cpenax. M3marensctBo "Hayka", Mockga,
1973.

2. A. A. T'anees, P.3. Carnees, «Henuneiinas Teopust miasmel». Bornpockl Teopun mina3mel, ToM 7, CTp.
3-145, Atomuspar, 1973.

3. b.b. Kapomues. KonnextuBHele sBieHus B mazme. Mocksa, "Hayxka", 1988.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa KOCMUUECKON (PUHUKH

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: J.P. xnsp, n-p ¢pus.-mMat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT M PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-4 Crioco6eH ycrenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.3 CrocobeH NpUMEHATh TeopeThdeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare n3ydenus AuCIUTUIMHBL « TypOyJIEHTHOCTh B KOCMHYECKOH T1a3Me» 00yUaroInics TOJHKEH:

3HATb:

OCHOBBI TCOpHUU JIMHEWHBIX 1 HEJTMHEHHBIX BOJTHOBBIX IIpouecCoB B MarHMTOAKTUBHOM IIJIa3Me.

yMeThb:

AHAJIU3UPOBATH CIIYTHUKOBBLIC JIOAaHHBIC II0 HU3MEPCHUAM BOJH W IIOTOKOB 3aps’KCHHBIX YaCTHUII,
(bOpMy.]'II/IpOBaTB " pelIaTb COOTBETCTBYIOIIMC BOJIHOBLIC 3a/1a4U.

BJaJeTh:

OCHOBHBIMU MCTOAAMHU U NIOAXOJaMHU K PCIICHHUIO JIMHECHHBIX ¥ HEJIWHEHHBIX BOJHOBBIX 3aaa4y (1)I/ISI/IKI/I

KOCMHYECKOH IIa3MBI.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

3anaua 1. [Tomyunts Belpaxkenue st yria XKanapana (0G # 0), 1t KOTOpOro rpymnmoBasi CKOPOCTh
CBUCTOBOI BOJIHBI HaIlpaBiieHa BJJOJIb BHELTHETO MATHUTHOTO MOJISI.

33.)_18.‘13 2. HOKaSaTB, 4To IIpn OOJNIBIINX 3HAYCHUSIX BOJTHOBOIO BCKTOpa ( k— o ), BOJIHBI B XOJ'IO,Z[HOﬁ
MarHUTOAKTUBHOM ILIa3MeE SBJISIOTCS KBa3uIIpOAOJIbHBIMU, TO €CTb JISI HUX E|l k.

3amaua 3. Kak MeHsieTcs KWHETHYECKash SHEPrusi 3axBadeHHOW Mo ¢aze pPE30HAHCHOW YaCTHIIBI,
B3aMMOJICHCTBYIOIIEH CO CBHCTOBOM BOJIHOM, PaclpOCTPaHAIOLICIHCS BAONb BHEIIHETO MarHUTHOTO
T0JISL, TIPY IBMKEHUH YaCTHUIIBI OT SKBATOPA K IOMIOCY. YKa3aHHe: CYUTATh, YTO PE30OHAHCHAsI CKOPOCTH,
KaK M LUKIOTPOHHAs 4acToTa, BO3PACTAalOT MO aOCOJIOTHON BEJIMYMHE OT 3KBaropa K IOJIOCY, H
BOCIIONIb30BAThCSl MHTETPAJIOM JBIKSHUS JUIS PE30HAHCHBIX YACTHIIL.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst

[TepeyeHb KOHTPOIBHBIX BOIIPOCOB
1. YpaBuenust Makcgeia B cpeze.

2. ©yHkuus pacnpeneneHus. MOMEHTHI (pyHKIUH pacripeeIeHusl.




3. ®a3oBas U rpynnosas CKOpoCTb.

4. BonHOBBIE MOJIBI XOJIOMHON MarHUTOAKTHUBHOMN TIJIa3MBI.

5. Pe3oHaHCHasi CKOpPOCTb O3JIEKTPOHA IIPU B3aUMOJACHCTBUM CO CBHCTOBOM BOJIHOM B cllydae
MIPOAOIBHOTO U HAKJIOHHOTO pacipOoCTpaHEHUS.

6. OCHOBHBIC AONYLICHUS KBa3HWJIMHEHHON TEOPHUH.

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. TMomyuntp oOmiee pemenne 3agadn  Komwm jans nuHeapu3oBaHHOTO ypaBHeHHs KiaB wu
MPOaHAIM3UPOBATh €T0 ACUMITOTHYECKOE MOBEACHHE MpH OOJBIIMX BpEeMEHaX /Uil HadalbHOTO
BO3MYLIEHHUS,

JIOKanu30BaHHOTO BOMM3H X = 0.

2. Ilony4uTs ¥ NpOaHaIU3UPOBATh PELIECHUE YPABHEHUS TEIUIONPOBOAHOCTH JJIsl HAYaJILHOIO YCIIOBUS
B BUJIC CTYIICHBKHU.

3. Hokazatb Teopemy CTOpH, YCTaHABIMBAIOILYI0 MAKCUMAJbHBIM YTOJ OTKIOHEHHsI HU3KOYaCTOTHOM
CBUCTOBOMW BOJIHBI OT HAIIPABJICHUsI BHELIIHETO MArHUTHOTO IOJISI.

4. BbIBeCTH PE30HAHCHBIE YCIIOBHS IIPU ABMXKEHUM YaCTUIbl BO BHEIIHEM OJHOPOJHOM MAarHUTHOM
nosne B = (0, 0, BO) u nepemennoM Bo Bpemenu snekrpuyeckom noine E = (Ex sin wt, 0, 0).

5. IlokazaTb, 4TO IpynmnoBasi CKOPOCTb BOJHBI HAIpaBICHA [0 HOPMAJU K MOBEPXHOCTU IMOKA3aTess
IIPEJIOMIICHUS.

[Tpumeps! 3K3aMEHAIMOHHBIX OMIIETOB

buner 1.

1. O61iee AUCIEPCHOHHOE COOTHOIIEHHE M MOISIPH3aLMOHHbIE KO3 (GHUINEHTHI A1 BOJIH B XOJIOAHOM
MarHUTOAKTUBHOM IUIa3Me.

2.0OcHOBHBIE NPENNOI0KEHUS U YpaBHEHHsI KBa3WJIMHEHHON TEOpHH.

3amagya

ITokazare, 4TO Ui KBa3WPE30HAHCHBIX CBHUCTOBBIX BOJH TPYINIOBas CKOPOCTh MEPIEHIUKYISIPHA
BOJIHOBOMY BEKTODY.

buner 2.

1. TeH30p AMIIEKTPUYECKOHN MPOHUIIAEMOCTH XOJIOIHON MarHUTOAKTUBHOM TUIa3MBbl.

2. Pe3oHaHCHOE B3auMOJEMCTBUE CBUCTOBBIX BOJH M 2JIEKTPOHOB B HEOAHOPOIHOMW ILIa3ME B Cllyuyae
MPOAOIBHOTO PACTIPOCTPAHEHHUS.

3agaya.

[TonmyunTth BBIpaske€HUS I KOMIIOHEHT TPYIIIOBOM CKOPOCTH CBHCTOBOW BOJIHBI B TUIOTHOH ( @p2 >>
oc2 ) mnazMe. YKa3aHue: NP BBHIIIOJTHEHUH YCIOBHUS P2 >> c2 , KBaApar MoKa3aressi IpeIoMICHUS
CBUCTOBOI BOJHBI MeeT Bu N2 = op2 / © (oc cosd — ).

buier 3.

1. BonHOBBIE MOJIBI B XOJIOHOW MarHUTOAKTHBHOM IUTa3Me: allbBEHOBCKHE BOJHBI, MATHUTO3BYKOBBIC
BOJIHBI, CBUCTOBEIC BOJIHEI

2. OcHOBHBIE ypaBHEHUS TEOPHH PE30HAHCHOTO B3aWMOJICHCTBUS BOJH UM YaCTHI] B HEOJHOPOTHOM
mIasMe

3amaua

Kak MeHsieTcsi KWHETHYecKass JHEPrusi 3axBadeHHOW 1o ¢a3ze pPe30HAHCHOM  YaCTHIIBI,
B3aUMOJICHCTBYIONIEH CO CBHUCTOBOW BOJIHOHM, PacHpOCTPaHSIONICHCS BIOJb BHENTHETO MAarHUTHOTO
MOJIsT, IPH IBMYKEHUH YaCTHIILI OT DKBATOPa K TIONIOCY. YKa3aHUe: CUUTATh, YTO PE30HAHCHAS! CKOPOCTD,
KaK W IUKIOTPOHHAs YacTOTa, BO3PACTAlOT IO aOCOIIOTHOW BEIMYMHE OT JKBaTopa K IONIOCY, H
BOCTIOJIB30BaThCSI MHTETPAJIOM JBYDKEHUSI IS PE30HAHCHBIX YacTHII.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.



Ouenka omM4HO 9 0auloOB -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MIPAKTHUKE [PU PEIICHUH KOHKPETHBIX 3/1a4, CBOOOIHOE U MPaBUILHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Ouenka oOmIMYHO 8§ Oa/IOB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HAHMs y4eOHOH NpOrpaMMbl JUCLHUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHHH, C HEKOTOPBIMU HEIOUYETaMHU.

OtmeHka Xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHBIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISICTCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OtreHka XOpoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 33734 JOCTATOYHO OOJIBIIOE KOJIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKkTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIBbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMH y4eOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIETBOPUTEIHHO 2 0ajia - BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUs Y4eOHOW NporpaMMbl JHUCHMIUIMHBI, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33]1a4.

OneHKa HEYIOBIETBOPUTENBHO | Oaiia - BBICTABISETCS CTYICHTY, KOTOPHIH HE 3HA€T OCHOBHOIO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMMyCcKaeT rpyOeiinie ommoku B (GOPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH NPOBOJSTCS B MUCBMEHHOH (ycTHOM) dopme o Omiertam. B kaxxaom Owiere mpeicTaBieHo
JIBa TEOPETUYECKHUX BOIMpOca M 3a1ada. [Ipy mpoBeaeHn SK3aMeHa 00ydaromeMycs IpenoCTaBIsIeTCs
30 mMuHYT Ha moArotoBKy. Ompoc o0yyarouierocs He JOJDKEH IPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO
Jaca.



