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AHHOTANMA
JlaHHBIA KypC COAEpPKUT OCHOBBI COBPEMEHHOM HEUTpUHHON ¢u3uku u actpodusmku. B Hem
paccMaTpuBaIOTCS OCHOBBI TEOPUHM CIIAa0BIX B3aWMOICHCTBUH W PELICHHS NPOOJIEMbl BKIIOYCHHS MAaCChI
HelTpuHO B CTaHAApTHYIO MOJENb, CMEUIMBAaHUE TOKOJICHUN, TEOpUs HEUTPUHHBIX OCIMJUISAINI, METOMbI
JNETeKTUPOBaHUsI HEWTPHUHO, MEXaHHU3MbI 00pa3oBaHHs HEUTpUHO B armocdepe 3emun, ConHIE M IPYyrUx
acTpopu3nuecKkux HcTouHMKax Kypc sABisercs yrIyOlneHHBIM U TIpeAHA3Ha4eH [uIi  CTYJICHTOB,
CHEeUHATU3UPYIOIUXCS B 00JIACTH TEOPETUUECKOM (PHU3HKH.

1. leau u 3apauun

eap AUCUMNIMHBI
- OCBOCHHE CTyJeHTaMHU (yHIAAMEHTAIbHBIX 3HAHUKA B 00IACTH COBPEMEHHOW HEUTPUHHON (U3UKH U
acTpO(H3MKH, U3YUCHUE OCHOB TEOPUH CJIA0BIX B3aUMOACHUCTBUI M pPEIICHUS MPOOJIeMBbl BKIIOUCHUS
Maccbl HEWTpuHO B CTaHIApTHYIO MOJAEIb, CMEIIMBAaHUS IIOKOJIEHUH, TEOpUM HEHTPUHHBIX
OCUMJUIALMHI, METOJIOB JIETEKTUPOBAHUSI HEUTPUHO, MEXaHU3MOB 00pa30BaHUsl HEUTPUHO B aTMocdepe
3emin, ConHIle U APYTHX acTpOPU3NIECKHX MCTOUHHKAX, a TakKe MpHOOpeTeHne 0a30BBIX HABBIKOB
CaMOCTOATENBHOM HAyYHO-UCCIIE0BATEILCKON paOOTHI.

3agaum AUCUMIIUHBI
(opmupoBaHre 0a30BbIX 3HAHUI B 00JACTH TEOPETUYECKOHM M OSKCHEPUMEHTAIBbHOW (DU3HKH
3NIEMEHTApPHBIX YaCTHIl M aCTPO(YU3UKHY;

o0ydeHHe CTYJCHTOB COBPEMEHHBIM METOAAM TEOPETHUYECKOTO OMHCAHMS PA3IUUYHBIX MPOIECCOB
cJ1a00ro B3aUMOACHCTBUS;

(opMHUpOBaHUE MOJIXOMOB K BBIMOIHEHUIO CTYACHTAMU MCCICIOBAaHUN B 00JACTH TEOPETUYECKOM
(U3MKH B paMKax BBITYCKHBIX pa0OT Ha CTETIEHb MarucTpa.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kon 1 HauMeHOBaHME KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 Cnocoben (hopMynupoBaTh eI U OIIK-1.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
3aa4ll UCCIIEOBAHUS, BRIOUPATh KPUTEPUU HCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei

OLICHKH, BBISABIIATH IPHOPUTETHI PEIIeHH 3a1a4 |po(ecCHOHATBHOM NesITeNbHOCTH

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX IIPOLYKTOB

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U

NPENCTABISITh PE3YJITAThl BHIITOITHEHHOM
P pesy OIIK-2.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH

pabotbl N
ONBIT W Pe3yJbTaTbl HAYYHBIX HCCIICAOBAHHA B OOJIACTH
npodheCCUOHATBHOM JIeITENLHOCTH
OIIK-3 CriocobeH ohopMIIATh PEe3yIIBTaThI OIIK-3.1 Brnameer mpodeccHoHATBHOW TEPMUHOIIOTHEH,
Hay4HO-UCCIEN0BATEIBCKOMN AESITENBHOCTH B HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
BUJE CTaTeH, IOKJIa0B, HAyYHBIX OTYETOB U nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
MPE3eHTAINH C UCTIOIH30BAHUEM CUCTEM W3IIOKEHUST Pe3yabTaTOB HAyYHOW AEATEIBHOCTH B paMKax

KOMITBIOTEPHON BEPCTKU M MAKETOB OPUCHBIX  |MpodecCHOHAIEHON KOMMYHHUKAIIAU
porpaMm

[TK-1.1 3naet ¢uzndeckoe onuvcaHue SBICHHUA U TPOIECCOB
[1K-1 CriocoGeH K CO31aHMI0 TEOPETUYECKUX U |B O0NIACTH ANEPHON DM3UKM M TEXHOJIOTHI

MaTreMaTn4yeckux Mojenei B oonactu siaepaoit  |I1K-1.2 Ymeet co3J1aBaTh TEOPETUYECKUE u
(U3UKY 1 TEXHOJIOTUH MaTeMaTHyecKue MOJENIM B Oo0NacTu siiepHOil (U3MKU H
TEXHOJIOTUHI

[TK-2.1 3HaeT METOABI HCCIENOBAHUS U pacueTa MpoIeCcCoB,
[1K-2 ['0TOB IPUMEHATH METOBI MCCIIEN0OBAHMS |IPOMCXONAIIMX B COBPEMEHHBIX (PU3MYECKUX yCTAHOBKAX M

U pacdeTa IpoLeccoB, MPOUCXOAAIIUX B YCTpOMICTBaX B 001ACTH AAEPHOIN (PU3UKU U TEXHOIOTHIMA

COBPEMEHHBIX (PM3UYECKHX YCTAHOBKAX M [IK-2.2 Ymeer paccuuThbiBaTh M IPOBOAUTH HCCIIEAOBaHUS
YCTPOKCTBAX B 00JIACTH AAE€PHON QU3HKH U MPOIIECCOB, TMPOTEKAIOIINX B COBPEMEHHBIX (PU3NYECKHUX
TEXHOJIOTUHI YCTaHOBKaxX M yCTpOMCTBax B 00JacTu sACpHON (U3UKH U

TEXHOJOTHH




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!

narpamxkuan Cranaapraoit Mogenu (CM), Mexanusm Xwurrea;

00LIYIO CTPYKTYpPY TUPAKOBCKOTO U MalOPaHOBCKOTO MAacCOBBIX YWICHOB B JIENTOHHOM cekrope CM;

anroput™ MypHaraHa ajs mapaMeTpH3aliuy BaKyyMHOM MaTpUIbl CMEIINBAaHUS;

KaueJIbHbBII MEXaHN3M I'eHepaluu Macc HeUTpUHO (“see-saw”), Ki1acCU(UKALUIO PA3IMYHBIX THIIOB
see-saw (I, II, III, oOpaTHBIi, panmuanoOHHBINA, TBOMHOMN, KBaJIpaTUYHBIN), KIACCUPUKAIIMIO TEKCTYP
MacCOBOM MaTpullbl, 2- U 3-MaKCUMaJIbHOE CMEILIUBAHHE;

KBaHTOBOMEXaHUYECKYI0 TEOPHIO HEUTPUHHBIX ocimunsiimii, MCB mexanusm, BiusHue d¢dgdekra
HEYNPYTUX B3aHUMOJICHCTBUM HEHUTPMHO C BEIIECTBOM Ha BEPOSTHOCTH OCUWUISLHMA, OCHOBBI
KBaHTOBOIIOJIEBOTO OMMCAHUS BAaKyyMHBIX HEHTPHUHHBIX OCLIMIUISALINN;

BEPIIMHBI B3aUMOJCHCTBUSL HEUTPUHO C JIENITOHAMHU M KBapKaMU;

OCHOBBI TAPTOHHON MOJIEIH, OHATHE O MMAPTOHHBIX QYHKIHMIX paclpeaeIeHus;

0COOCHHOCTH OINMHUCAHMS MPOLECCOB B3aUMOJCHCTBUN HEHUTPUHO 3a CUeT cIabbIX 3apsKEHHBIX U
HEUTpaIbHBIX TOKOB ((hopM-PaKTOphl HYKIOHA, CTPYKTYPHBIE (PYHKINH), OOIILYI0 CTPYKTYPY aAPOHHBIX
TOKOB;

OCHOBHBIC SJIEpHBIC PEakIMM TOPEHHs BoAopoAa B 3Besdax (pp-uernouka, CNO-Ou-1ukn),
npoueccsl 0bpazoBanusi HeUTpuHO B COJIHIIE, OCHOBHBIE SKCIIEPUMEHTAJIBLHBIE METOABI PErHCTpalun
COJIHEYHBIX HEHUTPHHO (paZinOXMMHUYECKUE, YCPEHKOBCKHE), Pe3ybTaThl BAXKHEHIINX SKCIIEPUMEHTOB
no peructpauuu CH (Cl-Ar gerekrop B Xoymcraiike, Ga-Ge merextopsl SAGE, GALLEX, GNO,
BOJTHO-YEPEHKOBCKHE JIeTeKTOphl Super-Kamiokande u SNO);

OCHOBHBIE€ PEaKIUHM T'€HEpallii MIOOHOB M (aHTH)HEUTPHHO NPU B3aUMOICHCTBUH KOCMHYECKUX
nyueit ¢ armocdepoit 3emin, ocobeHHoctu paszutusi [IIAJI (reomMarHUTHBIE U METEOPOIIOTUIECKHE
3¢ ¢eKTs, BIUSHHE COJNHEYHOM  AKTUBHOCTH), METOABl  pPErucTpalud  arMocepHBIX U
acTpo(U3NUECKUX HEUTPUHO (YEPEHKOBCKHE, aKyCTHYECKHE, paano), OCHOBHBIC IapaMeTphbl
COBPEMEHHBIX TITyOOKOBOTHBIX M MOMIEAHBIX HeWTpuHHBIX TeneckonoB (BHT, AMAND, IceCube,
NEMO, NESTOR. ANTARES, KM3NET);

OCHOBHBIE TIpOLIeCcChl 00pa30BaHUsl AHTUHEUTPUHO B AJCPHBIX PEAKTOPaxX U METOIbI PErHCTPalUU
PEaKTOPHBIX M TeoU3NIECKUX aHTUHEHTPUHO, pe3yinbTarhl dkcnepumeHToB KamLAND, Daya Bay,
Reno u np.);

OCHOBBI (DM3UKH KOJIAICa ¥ SHEPTrOBBIIEICHHU HA KOHEYHOM CTaJiny 3BOJIOIIMN MaCCUBHBIX 3BE3]I,
OCHOBHBIE TPOLECCHl 00pa30BaHMsl (aHTH)HEHTPUHO IPH B3PHIBAX CBEPXHOBBIX, PP- PY-MEXaHU3MBI
reHepalMi HEUTPUHO B  acTpPO(PU3MYECKMX HCTOYHMKAX (aKTUBHBIC TaJlaKTHYECKHE Spa,
PEIIATUBUCTCKHUE CTPYH), MexaHu3M oOpa3oBanus kocMoreHHbIX (I'3K) HeliTpuHo;

KOCMOJIOTHYECKHE OIPaHNYEHUs HA MAacChl HEHTPHHO.

YMETb:

3¢ PEeKTUBHO NPUMEHATH BbIIICyKa3aHHbIC 3HAHUS HA MPAKTHKE AT peleHns GyHIaMEeHTaIbHBIX U

MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHOHN TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.
BJIaJICTh:

TEXHUKOW pacyera IUPHUH Ca0bIX PaclagoB 3JIEeMEHTAPHBIX YaCTHI] U CEYCHHN B3aWMOJECHCTBUS
HEUTPHHO C JICITOHAMH U HyKJIOHAMH;

METO/IaMH IMarOHaAJTU3aH MACCOBOM MaTpuIbl B Jlarpamxuane CM;

METO/IaMU pelleHMs] ypaBHeHHUsS Bomb(eHmTeiiHa sl ONMcaHusl HEUTPUHHBIX OCHWIISINA B
BEIIECTBE;

METO/IOM YyUe€Ta HEYNpPyTruX B3aUMOJICHUCTBUI HEUTPUHO B AHAJIM3E€ HEUTPHHHBIX OCLWUISLHUNA B
MOMIOLIAIOIINX aCTPOPUINIECKUX CPEAax;

KauyeCTBEHHBIMHM METO/IaMH OIIEHKH ITOTOKOB (aHTH)HEUTPUHO OT acTPOPHU3MUECKHX UCTOUYHUKOB U
KOCMHYECKUX JTy4eH.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.



Tema (pa3nen) TUCIUTUTMHBI

Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora

1 Beenenue (uacts I). 2 2

2 Beenenue (vacts II). 2 2

3 O630pHas _ HacTh: PEJIMKTOBEIE, ) )
COJIHEYHbIE HEHTPUHO.
O063opHas 4acTh: TCOHEUTPHUHO,

4 arMocepHble W acTpoduznuecKkue 2 2
HEUTPHUHO, HEUTPUHO U KOCMOJIOTHSI.

5 OCEJOBHLIG MPOLECCHl  B3aUMOJECHCTBUSA ) )
HEUTPUHO C BELECTBOM.

6 CTaHHapT?aﬂ Mogens u  mpobnema ) )
Macchbl HEUTPHUHO.

7 KBilHTOBOMexaHquCKa;I } TEopHsi ) )
HEUTPUHHBIX OCLWUISILUN B BaKyyMe.

] KB?HTOBOMGX&HI/I‘ICCKEI}I § Teopust ) )
HEUTPUHHBIX OCHWUISILUNA B BEIIECTBE.

9 KBaHTOBOH?J'IeBaSI TEOpHUsT HEHTPUHHBIX ) )
OCLMJUIALUI B BaKyyMe.

10  |ConHeuynsle HEUTPUHO. 4 4
OKCIEPUMEHTHI o perucTpanuu

11 COJTHEUHBIX HEWTPUHO, TE€OHEUTPHUHO U 4 4
AHTUHENTPUHO OT SACPHBIX PEAKTOPOB.

12 |AtrmMocepHble MIOOHHBIE HEUTPHHO. 2 2

13 AC;FpO(l)I/IZiI/I‘leCKI/Ie U KOCMOTCHHBIC ) 2
HEUTPUHO.

Nroro yacos 30 30

[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2.

Coneprxanue TUCIUIUIAHBI (MOMYJIsl), CTPYKTYPUPOBAHHOE MO TeMaM (pasiernam)

Cemectp: 1 (Ocennuii)

1. Beenenue (uacts I).

Bonpocsr s pazmuaky. Kparkuii 0630p cOBpeMEHHBIX MPEICTABICHUH O POIH HEHTPUHO B PU3UKE

3JIEMEHTAPHBIX YaCTHUL, SIAEPHOI Pu3HKe, acTpoPU3NKe, KOCMOJIOTH U re0pU3UKE.

2. Beenenue (uacts II).

HcTtopuueckue XpoHHMKH: OT MpoOJIeMbl HEIIPEPBIBHOTO crekTpa Oera-pacnaza (1914) u rumnoresst

HedTpuHO (1932) 1o u3MepeHus yIiioB CMENINBaHUS U Pa3HOCTEN KBapaTOB MacC HEUTPHHO.

3. O030pHast 4acTh: PEIUKTOBBIC, COTHEUHBIC HEUTPHHO.

OCHOBHBIE TEOPETUYECKHE M HKCIIEPUMEHTANbHbIE (DAKTHl O IUIOTHOCTH HEHUTpUHO OT bombioro
B3psiBa, nponeccax reHepaui HEUTPUHO B 3BE34aX U MOTOKAX COJTHEYHBIX HEHTPHHO.

4. OO030pHas 4acTb: TEOHEUTPUHO, aTMOc(epHble W acTpoPU3NUECKHE HEUTPHUHO, HEUTPUHO U

KOCMOJIOT'HA.




OCHOBHBIE TEOPETUYECKHE W JKCIIEPUMEHTAIbHBIC (aKThl O Tpoleccax oOpa3oBaHUs HEUTPUHO B
arMocdepax IUIaHeT, acTpPOPU3NUYECKUX HCTOYHUKAX (aKTHUBHBIC TaJaKTUYECKUE sJipa, KBas3aphl,
PENATUBUCTCKHUE JHKETHI, (haiiepOoIibl U T.11.), 0030p OCHOBHBIX METOJIOB U3BJICUCHHS JAHHBIX O Macce
HEUTPHUHO U3 acTPO(PU3NIECKUHN M KOCMOJIOTHYECKHX JaHHBIX.

5. OcHOBHEIE MIPpOLECCChI B3aHMOI[CﬁCTBHH HeﬁTpI/IHO C BCIICCTBOM.

OcCHOBHbIE TOHATHS TNApPTOHHOH MozaenH, (GopM-(pakTopsl U CTPYKTypHbIE (DYHKIUH CTPYKTYypa
ciadbIX  agpOHHBIX  TOKOB, cedeHHs  (KBa3W)YNpYIHX, HEYNPYIHMX  OKCKIIO3MBHBIX U
[TyOOKOHEYNPYTHX B3aUMOJCHCTBHSA (AHTH)HEUTPHUHO C HyKIIOHAMH U SIIPAMH.

6. CrannaptHas Mopens U nmpobiieMa Macchl HEUTPHHO.

Jlarpamxkuan CrangaptHolt Mopgenu, GprueiBOpHBI 1 MacCOBBIH 0a3uChl, KHPAJTbHBIE KOMIIOHEHTHI,
JIMPAKOBCKas 1 MaHOpaHOBCKasi MAacCOBBIE MAaTPHLIbI, See -Saw MEXaHHU3M.

7. KBanTOBOMEXaHUYECKas TCOpHUA HeﬁTpHHHBIX OCI_II/IJ'IJ'ISII_II/Iﬁ B BaKyyMC.

BbeiBogir OCHOBHOW (OpMyNBI sl  BEPOSTHOCTEH BBDKMBAHUWS W (DICHBOPHBIX IEPEXOJOB.
OKclepUMEHTalIbHBIE JaHHbIE O MapaMeTpax CMELIMBaHWsA W Maccax HelTtpuHo. TpymHOCTH
CTaHJAPTHOU TEOPUHU.

8. KBanToBOMexaHn4ueckast TeOpyUs HEUTPUHHBIX OCLMJUIALINNA B BEIIECTBE.

KorepenTtHoe B3anmopeicTBIEe HEHTPUHO C BEIIECTBOM, IOKa3aTelb NpenoMiIeHus U 3()(HeKTUBHBIN
MOTEHIIMAJ, BBIBOJI U METOJIbI pelliecHus ypaBHeHus1 Bonbdenmireiina, peonancusie ycnosus 1 MCB
MEXAHM3M.

9. KBanToBononeBas TEOpHsl HEUTPUHHBIX OCHMIUISLMI B BAKYyME.

KoBapuanTtHas Teopusi BOJTHOBBIX TAKETOB, MHTETPAJIbI IEPEKPBITHS, MAKPOCKOIIMYECKUE TUATPAMMBbI
deitHMaHa, pacyeT AaMIUIMTY[Abl Mepexona, KBaJpUPOBAHUE AMIUINTYAbl M MAaKpPOCKOIHYECKOe
ycpeanenue, aHanus off-shell u on -shell pexxumoBn, 3¢ddexTbl nexorepeHTHOCTH, CpaBHEHHE CO
CTaHAAPTHBIM KBAHTOBOMEXaHUYECKHUM ITOJIXOTOM.

10. ConHeuHble HEUTPUHO.

®dusnka crpoenus 38e31. Anepubie peakiuu B ConHie, pp -mienouka 1 CNO -0u -ITuKI, XUMAYECKHMA
coctaB CoJjHIla, JaHHBIE TeIMOCEHCMOIOTHUH, OIEHKH CIIEKTPOB M MOTOKOB COJHEYHBIX HEUTPHHO,
TPYAHOCTU TEOPUU U NEPCIECKTUBEI.

11. DKCIEpHUMEHTHI MO0 PETUCTPALUU COJHEYHBIX HEUTPUHO, TCOHEHTPHHO W AHTUHEUTPUHO OT
AJICPHBIX PEAKTOPOB.

Pagnoxumudeckuii 1 4epeHKOBCKHI METOBl PETUCTpalu coHeuHbIX HeiitpuHo (CH), ocHOBHBIE
skcniepumenthbl 1o peructparuu CH (Cl-Ar nerekrop B Xoymctoaiike, GaGe merexktopsl SAGE,
GALLEX, GNO, BonHo4YepeHKOBCKHUE 1eTeKTOphI Super-Kamiokande u SNO).

12. AtmocepHble MIOOHHBIE HEUTPHHO.

CBefeHHsT O XMMHYECKOM COCTAaBE M JHEPIreTHUECKHUX CIHEKTpax IEPBUYHBIX M aHU30TPOIHHU
ranaktuaecknx kocmuueckux nyueit (KJI), Bropuunsie KJI u LIIAJI, ocHOBHBIE peaKIUu MPOIECChI
TeHepalru JIENTOHOB B arMocdepe, T'eOMarHuTHbIE M MeTeoposnorundeckue 3((eKTsl, BIHUSHUE
COJJHEYHOH aKTUBHOCTH, 0030p Pa3IUYHbIX MOJIETICH U IKCIIEPUMEHTOB 1o peructpanyu AH.

13. AcTpodusuieckrie U KOCMOTEHHBIE HEHTPUHO.



®u3nka CBEpXHOBBIX, THIIOTETHYESCKHE UCTOYHUKN M MEXaHU3MbI 00pa30BaHUs HEHTPUHO, TpodiemMa
KJI cBepxBbicokux asHeprud, ['3K addekr, kocMoreHHvle HEWTPUHO, (QU3NKA HEUTPHUHHBIX
TEJICCKOIIOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMa)
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

Wudopmanmonnsie pecypesl: JloCTymHbIC Yepe3 HHTEPHET KYPHAIBI 10 (PU3UKE HIEMEHTapHBIX YaCTHIL
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Review D, Reviews of Modern Physics), a Takxe yueOHOe mocobue U cOOpHUK 33134, pa3paboTaHHbIC
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8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Heo0xonumoe nporpammuaoe odecnieuenne Adobe Acrobat Reader.

ObecrieueHue caMOCTOSTENHLHON pabOTHI: JOCTYH K OnbIuoTeke 1 6a3aM JaHHBIX 10 )KypHajJaMm
Teopernueckas u matemarudeckas ¢usuka, European Physical Journal C, Journal of High Energy
Physics, Lecture Notes in Physics, Nuclear Physics B, Physics Letters B, Physics Reports, Physical
Review D, Reviews of Modern Physics.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AMCLIMIIINHBL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

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

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeH U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajeHHUs MaTEpUaIoOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTHCS MOHMMAaHMS U3y4yaeMOro Marepuaija, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpENoAaBaTelto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHWI CTYICHTOB B BHJE PELIEHMS 33Ja4 B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH
npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QyHIaMEHTATBHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: B.A. Haymos, kanz. (pu3.-mMar. HayK, CTapLIMA HAyYHBIH COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aJ1a4M MCCIICAO0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MPEACTABIATH PE3YAbTAThl BEINTOIHEHHON
pabotbl

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX ITPOILYKTOB

OIIK-2.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-3 CriocobeH opopMIISITh Pe3yJIbTaThl
Hay4YHO-HMCCIIC/IOBATEIILCKOM JICSITEIbHOCTH B
BUJIE CTATEH, TOKJIAI0B, HAYYHBIX OTUYETOB U
NPE3eHTAUI C UCIIOJIB30BAaHUEM CHCTEM
KOMITBIOTEPHON BEPCTKH M MAKETOB O(PHCHBIX
nporpamMm

OIIK-3.1 Bmageer npodeccCHOHAIBHON TEPMUHOIOTHEH,
HCIIOIb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOH
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

[MK-1 Crioco0eH K cO31aHuI0 TEOPETHIECKUX U
MaTeMaTH4ecKuX Mojieliell B 001acTu siAepHOI
(DUBMKH U TEXHOJIOTUH

[TK-1.1 3naeT ¢uzndeckoe onuvcaHue SBICHUA U TPOIECCOB
B 00JIaCTH SJIEpHOM (PU3MKH U TEXHOIOTHIA

K-1.2 Ymeer CO3/1aBaTh TEOpEeTUYECKHE u
MaTeMaTH4yeckue MOJENM B 0o0NacTu siiepHOil (U3MKA U
TEXHOJIOTUHI

[IK-2 T'0TOB pUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MNpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIIEPHOH pU3HKH U
TEXHOJIOTUHI

[TK-2.1 3HaeT METOABI UCCIENOBAHUS U pacueTa MpoIecCoB,
MPOUCXOASAIINX B COBPEMEHHBIX (PU3MUYECKUX YCTAHOBKAX M
YCTPOUCTBAX B OOJIACTH SACPHON (PU3UKU U TEXHOJIOTUN

[IK-2.2 Ymeer paccuuThiBaTh W MPOBOAUTH HCCIEIOBAHUS
MPOLECCOB, MPOTEKAIOIINX B COBPEMEHHBIX (PH3HUECKUX
YCTaHOBKaX W YCTpPOMCTBaX B 00NacTd siepHON (U3HKH U
TEXHOJIOTUI

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare m3yueHHs] AMCLUIUIMHBL «DJIEMEHTH HEUTPUHHON (PU3MKH U acTpodu3uMKu» 0OydaroIuics

JOJIKCH:

3HATb:




narpamxkuad Cranaapraoit Mogenu (CM), Mexanusm Xwurrea;

00LIYIO CTPYKTYpPY IUPAKOBCKOTO U MalOpaHOBCKOTO MAacCOBBIX YWICHOB B JIENTOHHOM cekrope CM;

anroput™ MypHaraHa ajs mapaMeTpH3aliuy BaKyyMHOM MaTpUIbl CMEIINBAaHUS;

KaueJbHbBII MEXaHNU3M I'eHEepaluu Macc HEUTpUHO (“see-saw”), KIIacCU(UKALUIO PA3INYHBIX THIIOB
see-saw (I, II, III, oOpaTHBIi, panmuanoOHHBINA, TBOMHOMN, KBaJIpaTUYHBIN), KIACCUPUKAIIMIO TEKCTYP
MacCOBOM MaTpullbl, 2- U 3-MaKCUMaJIbHOE CMEILIUBAHHE;

KBaHTOBOMEXaHUYECKYI0 TEOPHIO HEUTPUHHBIX ocimuisiimii, MCB mexanusm, BiusHue d¢dgdekra
HEYNPYTUX B3aUMOJICHCTBUM HEHUTPUHO C BEIIECTBOM Ha BEPOSTHOCTH OCUWUISLHMA, OCHOBBI
KBaHTOBOIIOJIEBOTO ONMCAHUS BAaKyyMHBIX HEHTPHUHHBIX OCLMIUIALINN;

BEPIIMHBI B3aUMOJCHCTBUSI HEUTPUHO C JIENITOHAMHU M KBapKaMU;

OCHOBBI TAPTOHHON MOJIEIH, IOHATHE O MMAPTOHHBIX QYHKIHMIX paclpeaeIeHus;

0COOCHHOCTH ONMHUCAHMS MPOLECCOB B3aUMOJCHCTBUN HEHUTPUHO 3a CUET cNabbIX 3apsKEHHBIX U
HEUTpaIbHBIX TOKOB ((hopM-PaKTOphl HYKIOHA, CTPYKTYPHBIE (PYHKIMH), OOILYI0 CTPYKTYPY aAPOHHBIX
TOKOB;

OCHOBHBIC SJIEpHBIC pEakIMM TOPEHHs BogopoAa B 3Besdax (pp-uenouka, CNO-Ou-1ukn),
npoueccsl 0bpazoBanusi HeUTpuHO B COJIHIIE, OCHOBHBIE SKCIIEPUMEHTAJIBLHBIE METOABI PErHCTpaluU
COJIHEYHBIX HEHUTPHHO (paZinOXMMHUYECKUE, YCPEHKOBCKHE), Pe3yNbTaThl BAXKHEHIINX KCIIEPUMEHTOB
no peructpauuu CH (Cl-Ar gerexkrop B Xoymcraiike, Ga-Ge merextopsl SAGE, GALLEX, GNO,
BOJTHO-YEPEHKOBCKHE JIeTeKTOphl Super-Kamiokande u SNO);

OCHOBHBIE PEaKIUM T€HEpalli MIOOHOB U (aHTH)HEUTPHHO NPU B3aUMOICHCTBUH KOCMHYECKUX
nyueit ¢ armocdepoit 3emin, ocobeHHoctu paszsutusi [IIAJI (reomMarHUTHBIE U METEOPOIIOTUYECKHE
3¢ ¢eKTs, BIUSHHE COJNHEYHOM  aKTUBHOCTH), METOABl  PErucTpalud  arMoc(epHBIX U
acTpo(U3NUECKUX HEUTPUHO (YEPEHKOBCKHE, aKyCTHYECKHE, paJno), OCHOBHBIC IapaMeTphbl
COBPEMEHHBIX TITyOOKOBOTHBIX M MOMIEAHBIX HeUTpuHHBIX TeneckonoB (BHT, AMAND, IceCube,
NEMO, NESTOR. ANTARES, KM3NET);

OCHOBHBIE TIpOLIeCChl 00pa30BaHUsl AHTUHEUTPUHO B AJCPHBIX PEAKTOPax U METOIbI PErHCTPaUU
PEaKTOPHBIX M TeoU3NIECKUX aHTUHEHTPUHO, pe3yinbTarhl dkcnepumeHToB KamLAND, Daya Bay,
Reno u np.);

OCHOBBI (PM3UKH KOJIAICa ¥ SHEPTrOBBIIEICHHU HA KOHEYHOM CTaJiuy 3BOJIOIIMH MACCUBHBIX 3BE3]I,
OCHOBHBIE TPOLECCH 00pa30BaHMsl (aHTH)HEHTPUHO IMPH B3PHIBAX CBEPXHOBBIX, PP- PY-MEXaHU3MBI
reHepalMi HEUTPUHO B  acTpO(PU3MYECKMX HCTOYHMKAX (aKTUBHBIC TaJlaKTHYECKHE Spa,
PEIIATUBUCTCKHUE CTPYH), MexaHu3M oOpa3oBanus kocMoreHHbIX (I'3K) HeliTpuHo;

KOCMOJIOTHYECKHE OIPaHNYEHHs HA MAacChl HEHTPHHO.

yMeThb:

3¢ PEeKTUBHO NPUMEHSATH BbIIICyKa3aHHbIC 3HAHUS HA MPAKTHKE AT peleHns pyHIaMEeHTaIbHBIX U

MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.
BJa/IeTh:

TEXHUKOW pacyera MUPHUH CIa0bIX PaclagoB 3JEMEHTAPHBIX YaCTHI] U CEYCHHUH B3aWMOJECHCTBUS
HEUTPHHO C JICNITOHAMH U HyKJIOHAMH;

METO/IaMH IMarOHaAJTU3aH MAaCCOBOM MaTpuIbl B Jlarpamxuane CM;

METO/IaMU pellieHUs] ypaBHeHHsS BombQeHmTeiHa JUisi ONMCcaHusl HEUTPUHHBIX OCHWIUISAINA B
BEIIECTBE;

METO/IOM YUe€Ta HEYNpPyTruX B3aUMOJICHUCTBUI HEUTPUHO B AHAJIM3E€ HEUTPHUHHBIX OCLHWUISLHUNA B
MOMIOLIAIOIINX aCTPOPUZNIECKUX CPEAax;

KauyeCTBEHHBIMHM METOIaMH OIIEHKH ITOTOKOB (aHTH)HEUTPHUHO OT acTPOPHU3MUECKHX UCTOUYHUKOB U
KOCMHYECKUX JTy4eH.

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

TeMbl KypCcOBBIX, 10 KOTOPBIM CTYJCHTBI TOTOBST JOKJIAIbI:

1. OcHOBHBIE si/IepHBIEC PEaKIMK TOPEHUs BOAOpoaa B 3Be3nax (pp-uenouka, CNO-0U-1IUKIT), IPOIIeCChI
oOpazoBanust HeWTpuHO B COINTHIIE, OCHOBHBIC YKCIIEPUMEHTAIBHBIC METO/BI PETHCTPAIIMH COTHEYHBIX
HEUTPHUHO (paguoXUMHYECKHE, YEPEHKOBCKHE).

2. Pesynmprarel BaxkHeimux skcnepumeHToB 1o peructpaunn CH (Cl-Ar gerekrop B XoyMcTaiiKe,
Ga-Ge gerekropel SAGE, GALLEX, GNO, BomHo-4epeHKOBCKHE jaeTekTopbl Super-Kamiokande u
SNO).



3. OCHOBHBIE peaklUH I'eHEepalud MIOOHOB M (QHTH)HEHTPUHO MpPHU B3aMMOIEHCTBHM KOCMHYECKUX
nyueit ¢ armocdepoit 3emin, ocobeHHoctu paszutusi [IIAJI (reomMarHUTHBIE U METEOPOJIIOTUYECKHE
3¢ ¢eKTh, BIUSHHE COJNHEYHOM  AKTUBHOCTH), METOABl  pPErHCTpalud  arMOC(epHBIX U
acTpoU3NUECKUX HEUTPUHO (YEPEHKOBCKHE, aKyCTHYECKHE, paano), OCHOBHBIC IapaMeTphbl
COBPEMEHHBIX TITyOOKOBOTHBIX M MOMIEAHBIX HeUTpuHHBIX TeneckonoB (BHT, AMAND, IceCube,
NEMO, NESTOR. ANTARES, KM3NET) .

4. OcHOBHBIE TIPOLIECCHl 00pa30BaHMsA aHTHHEUTPHHO B SACPHBIX PEAKTOPaxX W METOIbl PETUCTPaLUuU
PEaKTOPHBIX M TeoU3NIECKUX aHTUHEHTPUHO, pe3yinbTarhl dkcnepumeHToB KamLAND, Daya Bay,
Reno u mp.);

5. ®u3uKK KoJjularica MacCHBHOM 3B€3[Ibl, OCHOBHBIE MPOLECCH 00pa3oBaHMA (AHTH)HEHUTPUHO NPH
B3pBIBaX CBEPXHOBBIX, PP- PY-MEXaHM3Mbl T'€HEpallUd HEHTPHHO B acTPOPHU3MUECKUX HCTOUHHKAX
(aKTHBHBIE TaJAKTHYECKUE SIIpa, PEISATUBUCTCKUE CTPYH), MEXaHHU3M OOpa30BaHMS KOCMOTCHHBIX
HEUTPHHO.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB LIS CAAYM SK3aMeHa B 9-0M ceMecTpe:

1. Jlarpamxuan CranmaptHoit Mogemu (CM), mexanmsm Xwurrca. CTpyKTypa AMPaKOBCKOTO H
MalOpaHOBCKOTO MAacCCOBBIX WJIEHOB B JeNTOHHOM cekrope CM. AnroputmM MypHarana s
napaMeTpu3aldyd BaKyyMHOM MaTpuLbl cMelrBaHus. [IMpakoBckas W MaillOpaHOBCKas MAacCCOBBIC
MaTpUIIbI.

2. KauenbHbIlf MEXaHWU3M T'eHEpaluu Macc HeUTpHHO (“‘see-saw’’), KiaccuUKaIys TEKCTYp MacCOBOM
Marpuiibl. OCHOBHBIE TUITBI SEE-Saw.

3. KsanTroBOMexaHHMUECKasi TEOpUs HEUTPHHHBIX ociusimii, MCB mexanusM, BiusiHUE dddeKTa
HEYNPYTUX B3aHUMOJICHCTBUM HEHUTPUHO C BEIIECTBOM Ha BEPOSTHOCTH OCUWUISLHUMA, OCHOBBI
KBaHTOBOIIOJIEBOI'O OIIMCAHUS BaKyyMHbBIX HEHTPUHHBIX OCLIMIUIALUH.

4. BzanMojeicTBUsI HEHTPUHO C JIENTOHAMH M KBapkamu. [lapToHHAs MOJeNb U MAPTOHHBIE QYHKITUH
pacnpeneneHus. MeToapl ONUCAHMUS IPOLECCOB B3aMMOIEHCTBHHA HEHTPUHO 3a CUET CladbIX
3apsHDKEHHBIX M HEUTPaNbHBIX TOKOB ((POpM-(akTophl HYKIOHA, CTPYKTYpHbIC (YHKIMH), OOIIas
CTPYKTYypa clIa0bIX aAPOHHBIX TOKOB.

5. Kocmonoruueckne orpaHu4eHus] Ha MacChbl HEUTPHHO.

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB:

buner 1.

1. Jlarpamxuan CranmaptHoii Mogemu (CM), mexanmsm Xwurrca. CTpyKTypa AMPaKOBCKOTO M
MalOpaHOBCKOTO MAacCCOBBIX WJIEHOB B JenToHHOM cekrope CM. Anroputm MypHarana s
napaMeTpu3aldyd BaKyyMHOM MaTpuLbl cMelrBaHus. [lupakoBckas W MaiOpaHOBCKas MacCOBBIC
MaTpUIIbI.

2. KocMonoruueckne orpaHu4eHHsI Ha MAacChl HEUTPHHO.

buner 2.

1. KauenbHbIii MExaHU3M TeHEpaIlui Macc HeUTpuHO (“‘see-saw’), KiIaccu(UKaIUs TEKCTYP MacCOBOM
Marpuiibl. OCHOBHBIE TUITBI SEE-Saw.

2. OU3MKM KOJUIAllCa MAaCCHUBHOW 3BE3[bl, OCHOBHBIE IpPOLECCHl 00pa3oBaHUs (aHTH)HEHTPUHO MpPH
B3pBIBaX CBEPXHOBBIX, PP- PY-MEXaHM3Mbl T'€HEpallld HEHTPHHO B acTPOPHU3MUECKUX HCTOUHHKAX
(aKTHBHBIE TaJAKTHYECKUE SIIpa, PEISATUBHUCTCKUE CTPYH), MEXaHHW3M OOpa30BaHMS KOCMOTCHHBIX
HEUTPHHO.

Kpurepun onennBanus

OO6yuatorieMycsi CTaBUTCS OLICHKA B COOTBETCTBUH C MPOJEMOHCTPUPOBAHHBIM YPOBHEM IOATOTOBKU;
OLICHMBAaHHE MPOM3BOAUTCS HA YCMOTPEHHMsS JK3aMEHaTopa B COOTBETCTBHH C OCOOEHHOCTSIMHU
JUCUUTUTMHBI U CIICAYIOUIMMH KPUTEPHUSIMH:

Onenka "ommuno" (10 Gassos) BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.



Onenka "ortnuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMMU.

Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, rPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYWIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh NOJy4YEeHHbIC 3HAHHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUUYECTBO HETOUHOCTEH.

Onenka "ynosneTBopuTedabHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuaa, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HaeT OoJbLIei
YacTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3aj1ay.

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

[Ipu mpoBeneHUM olleHWBaHMS 3HAHUK OOydYaroIIeMycs MPEJOCTaBIseTCsS BpeMsl Ha IMOJITOTOBKY Ha
ycMOTpeHue 3k3aMeHaropa. Omnpoc oOywaromierocss mo OWJIeTy Ha YCTHOM JK3aMeHEe He JOJDKEeH
MPEBBIIIATH OAHOTO acTpoHOMUYEecKoro yaca. OlleHHBaHHWE 3HAHWM MPOU3BOIUTCS B COOTBETCTBUU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPKAHUEM TUCLUIUIMHEI.



