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AHHOTANMA
JlaHHBIA KypC COJCpPKHT OCHOBBI COBPEMEHHOW HEHUTpuHHOW ¢Qu3nMku W actpopusukd. B  Hem
paccMaTpuBaIOTCS OCHOBBI TEOPHUU ClHAa0BIX B3aMMOICHCTBMHA M pEIICHUS MPOOJIEeMbl BKIIOUYEHHUS MacChl
HelTpuHO B CTaHAApTHYIO MOJENb, CMEIINBAHUE TMOKOJICHWN, TEOpUs HEUTPUHHBIX OCIMILISAINN, METOIBI
JNETeKTUPOBAaHUsI HEUTPUHO, MEXaHU3MbI 0O0pa3oBaHMs HeWTpuHO B atmochepe 3emnm, ConHLe W APYTrUX
acTpopu3nuecKkux HcTouHMKax Kypc sABisercs yrIyOlneHHBIM U TIpeAHA3Ha4eH [uIi  CTYJICHTOB,
CHEeUHATU3UPYIOIUXCS B 00JIACTH TEOPETUUECKOM (PHU3HKH.

1. leau u 3apauun

eap AUCUMNIMHBI
- OCBOCHHE CTYJCHTaMHU (YHJAaMEHTAIbHBIX 3HAHWH B 00JaCTH COBPEMEHHOW HEHTPUHHON (QU3UKU U
acTpO(H3MKH, U3YUCHUE OCHOB TEOPUH CJIA0BIX B3aUMOACHUCTBUI M pPEIICHUS MPOOJIeMBbl BKIIOUCHUS
Maccbl HeWTpuHo B CTaHZapTHY!O MOJENb, CMEUIMBAHUSA IIOKOJIEHUH, TEOpUU HEUTPUHHBIX
OCUMJUISALMHI, METOJOB IETEKTUPOBAHUS HEUTPUHO, MEXaHU3MOB 00pa30BaHMsI HEUTPUHO B aTMochepe
3emin, ConHIe M APYTHX acTpOPHU3MUECKHX MCTOYHHUKAX, a TaKKe MPHOOpeTeHne 0a30BBIX HABBIKOB
CaMOCTOATENBHOM HAyYHO-UCCIIE0BATEILCKON paOOTHI.

3agaum AUCUMIIUHBI
[0 ¢opmupoBanue 0a30BBIX 3HAHMKA B 00JACTH TEOPETUUYECKOM M OSKCIEPUMEHTAIBHOW (DHU3HMKH
3NIEMEHTApPHBIX YaCTHIl M aCTPO(YU3UKHY;

[l oOyueHHE CTYJCHTOB COBPEMEHHBIM METO/IaM TEOPETHYECKOTO ONMUCAHHS PAa3IMYHBIX MPOIECCOB
c1aboro B3aMMOJICHCTBHS;

[]  ¢opMupOBaHUE TOIXOAOB K BBHIOJIHEHHIO CTYICHTAMH HCCIICIOBAaHUI B O0OJIACTH TEOPETHUYECKOM
(U3MKH B paMKax BBITYCKHBIX pa0OT Ha CTETIEHb MarucTpa.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATeNhbHOCTH  (PyHITaMEHTabHBIC

OIIK-1 Bnaneet cuctemoli pyHIaMeHTATBLHBIX
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-2 Nmeet npeacrasnenne o6 akryanbHbix |OITK-2.1 MMeeT npencraBieHne 0 COBPEMEHHOM COCTOSIHUT
npoOiieMax HayKd M TEXHUKU B OOJIaCTH CBOGH |MCCIEOBaHMI B paMKaX TEMaTW4ecKol o00JacTH CBOEH
poeCCUOHANTBHOM I TENFHOCTH, CIIOCOOCH  |TPo(heCcCHOHATBHOM JIeATENLHOCTH

Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.3 CrnocobeH mnpuMeHSThH TeopeThueckue W (W)
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |IKCIIEPUMEHTAJIbHBIE METOIBI UCCICIOBAHUN K KOHKPETHOU
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN Hay4HOW 3ajJa4e M HWHTEPIPETUPOBATH  IOJIYYCHHBIC
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO | PE3yJIbTaThl

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI
3HAThb!



YMETb:

narpamkuan Crangaptaoit Mogenu (CM), Mexanusm Xwurrea;

O0LIYIO CTPYKTYPY JHUPAKOBCKOTO M MAaHOPAHOBCKOTO MAaCcCOBBIX WJIEHOB B JIENITOHHOM cekTope CM;
aropuT™ MypHarasa Juist napaMeTpHU3alii BaKyyMHON MaTpUIIbl CMEIINBAHNS;

KadeJIbHBII MEXaHM3M I'eHepalnu Macc HEUTpUHO (“see-saw”), KI1acCU(UKALMIO Pa3IMYHBIX THIIOB
see-saw (I, II, III, oOparHBIi, paJrallMOHHBIA, JBOWHOW, KBaJpaTHYHBIN), KIACCU(PHUKAIMIO TEKCTYP
MacCOBOM MaTpullbl, 2- U 3-MaKCUMaJIbHOE CMEILIUBAHHE;

[J KBaHTOBOMEXaHHUYECKYIO TEOPHIO HEHTPHUHHBIX ociunsimii, MCB mexanus3m, Biusaue 3¢dexra
HEYNPYTUX B3aUMOJICHCTBUM HEHUTPUHO C BEIIECTBOM Ha BEPOSTHOCTH OCUWUISLHMA, OCHOBBI
KBaHTOBOIIOJIEBOTO ONMCAHUS BAaKyyMHBIX HEHTPHUHHBIX OCLMIUIALINN;

[l BepIIMHBI B3aUMOJICHCTBUSI HEUTPUHO C JIGNTOHAMH H KBapKaMH;

] OCHOBBI IAPTOHHOW MOJIEJIH, TOHATHE O MAPTOHHBIX (PYHKUUAX pacrpeesIeHHs;

[J  0COOEHHOCTH OIMCAHMS MPOLECCOB B3aUMOIACHCTBUN HEHTPUHO 3a CUET CIIAa0BIX 3apsDKEHHBIX H
HEUTpaIbHBIX TOKOB ((hOpM-(QaKTOpbl HYKIOHA, CTPYKTYPHBIE (PYHKITUH), OOUIYIO CTPYKTYPY aJPOHHBIX
TOKOB;

O OCHOBHBIC SIJICpHBIC PEaKIMM TOPEeHUs BOJAOpOAa B 3Be3dax (pp-uenouka, CNO-Ou-1uKn),
npoueccsl 00pa3oBanusi HeUTpruHO B CONHIE, OCHOBHBIE SKCIEPUMEHTAIBHBIE METOABl PETUCTPALIH
COJIHEYHBIX HEHTPUHO (PaAMOXMMHUYECKUE, YEPEHKOBCKHE), PE3y/IbTaThl BAXHEHIINX 3KCIEPHUMEHTOB
no peructpaunu CH (Cl-Ar nerekrop B Xoymcraiike, Ga-Ge nerekropelt SAGE, GALLEX, GNO,
BOJTHO-YEPEHKOBCKHE JIeTeKTOphl Super-Kamiokande u SNO);

[J  OCHOBHBIC pEakUWHd I'€HEpalud MIOOHOB U (QHTH)HEHUTPUHO MPH B3aUMOACHCTBUU KOCMUYECKUX
nyueit ¢ armocdepoit 3emin, ocobenHoctu paszutusi [IIAJl (reoMarHuTHBIE © METEOPOJIOTUYECKHUE
pQeKTel, BIMSAHUEC COJHEYHOH aKTHBHOCTH), METOIbl  PETUCTPAlMM  aTMOC(EPHBIX U
acTpopU3NUECKUX HEUTPUHO (YEPEHKOBCKHME, aKyCTHYECKHE, paJuo0), OCHOBHBIE IapaMeTpsl
COBPEMEHHBIX TIIyOOKOBOAHBIX M MOmjieqHbIX HeHTpuHHBIX TeneckornoB (BHT, AMAND, IceCube,
NEMO, NESTOR. ANTARES, KM3NET);

[J  OCHOBHBIE MPOLECCH 00pa30BaHMUA AHTHHEHTPUHO B SAEPHBIX PEAKTOPAX W METOJbl PErHCTpalun
PEaKTOPHBIX M TeoU3NISCKUX aHTUHEHTPUHO, pe3yisrarhl dkcriepuMeHToB KamLAND, Daya Bay,
Reno u np.);

[l OCHOBBI ()M3UKH KOJUIATICA U PHEPTOBBIJEICHNS HA KOHEUHON CTAUM YBOIIOLUN MAaCCUBHBIX 3BE3],
OCHOBHBIE MpOLECCHl 00pa30BaHUs (aHTH)HEHTPUHO NPH B3PBIBAX CBEPXHOBBIX, PP- PY-MEXaHHU3MBbI
reHepalMi HEUTPUHO B  acTPOPU3MUYECKMX MCTOYHMKAaX (AKTHBHBIE TaJaKTUYeCKue  sJpa,
PEIIATUBUCTCKHUE CTPYH), MexaHu3M oOpa3oBanus kocMoreHHbIX (I'3K) HeliTpuHo;

[l  KOCMOJIOTMYECKHE OTpPaHMYECHHUS Ha MACChl HEUTPUHO.

I T A

[l 3(¢dhexTHBHO MPUMEHSTH BBILIEYyKa3aHHBIC 3HAHUS HA MPAKTHUKE JUIS pelIeHns] QyHIaMEHTaIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.

BJIAJIETh:

[J TexXHHKOH pacueTa WIMPHUH ciIaObIX pacnazoB 3JIEMEHTAPHBIX YaCTHUIl U CEUYCHHH B3aMMOJIEHCTBUS
HEUTPUHO C JIENTOHAMU U HyKJIOHAMU;

[J MeTogamH JUaroHaJIM3allyd MacCOBOW MaTpHLbl B Jarpamkuane CM;

[J  MeroJaMH pelieHus ypaBHeHHs BonbheHmreiiHa ans onmcaHusi HEHTPUHHBIX OCIHMIUIALUN B
BEIIECTBE;

[J MeromoMm yyera HEYNpPYTHX B3aUMOIEHCTBUI HEUTPUHO B aHAIN3E HEUTPUHHBIX OCLUMULALUN B
MOMIOLIAIOIINX aCTPOPUZNIECKUX CPEAax;

[l KauecCTBEHHBIMHM METO/IaMH OLICHKH ITOTOKOB (aHTH)HEUTPHUHO OT acTPOPU3MUECKUX UCTOUHUKOB U
KOCMHUYECKHUX JIy4eH.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 Beenenue (uacts I). 2 2




2 Brenenue (gacts II). 2 2

3 O063opHas _ HacTh! PEJIMKTOBEIE, ) )
COJIHEUHbIE HEHTPUHO.
O630pHas YacTh: TEOHEUTPHHO,

4 arMocdepHble W actpoduzmueckue 2 2
HEUTPHUHO, HEUTPUHO U KOCMOJIOTHS.

5 OCE—IOBHBIG MPOLECCHl  B3aMMOJCHCTBUS ) )
HEUTPUHO C BELIECCTBOM.

6 CTaHz[aprIaﬂ Mopens u  npoOnema ) )
Macchl HEUTPUHO.

7 KBEIHTOBOMGX&HI/I‘ICCKEUI § Teopus ) )
HEUTPUHHBIX OCHWUISILIKN B BaKyyMe.

] KBilHTOBOMexaHI/I‘leCKaSI } TEopHsi ) )
HEUTPUHHBIX OCUMIISIININ B BEIIECTBE.

9 KBaHTOBOH?JIeBaﬂ TEOpUsT HEHUTPUHHBIX ) )
OCHMJUIALIMHI B BaKyyMe.

10 |ConHeuHble HEUTPUHO. 4 4
DKCIEepUMEHTHI 1o perucTpanun

11 COJTHEUHBIX HEUTPUHO, TEOHEHUTPHUHO U 4 4
AHTHHEHTPUHO OT SIACPHBIX PEAKTOPOB.

12 |AtrmocdepHble MIOOHHBIE HEUTPHHO. 2 2

13 AC;FpO(i)I/IZiI/IlIeCKI/Ie U KOCMOTCHHBIE ) )
HEUTPUHO.

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszeniam)

Cemectp: 1 (Ocennuii)

1. Beenenue (gacts I).

Bompocsr st pasmunkn. Kparkuit 0030p cOBpeMEHHBIX MPEACTaBICHUN O POJIM HEUTPUHO B (hU3UKE
SIIEMEHTAPHBIX YACTHIL, SIIEPHOH PH3HKe, acTpoPH3UKe, KOCMOJIOTH U Feo(U3HKE.

2. Beeaenue (uacts II).

Hcrtopuueckne XpoHHMKH: OT MpoOJIeMbl HEMPEPhIBHOTO crekTpa Oeta-pacmana (1914) u rumoresst
HeiTpuHO (1932) 10 U3MepeHus yIIIOB CMELIMBAHUS U Pa3HOCTEH KBAaAPaTOB MacC HEUTPHHO.

3. O030pHas 4aCTh: PEIUKTOBBIE, COTHEUHBIC HEHTPHUHO.

OCHOBHBIE TEOPETHYECKHE M 3KCIIEPUMEHTAIbHbIE (aKThl O IJIOTHOCTH HedTpuHO OT bombmioro
B3psiBa, npoueccax reHepauuy HEUTPUHO B 3BE31aX U MIOTOKAX COJHEUYHBIX HEUTPUHO.

4. OO030pHasi 4acTh: TEOHEUTPHHO, arMocdepHble W acTpodu3mueckue HEUTPUHO, HEHTPUHO U
KOCMOJIOTHSI.

OCHOBHBIE TEOPETHYECKHE M IKCIIEPUMEHTANbHBIE (PaKkThl O mporeccax o0pa3oBaHUS HEHTPHHO B
arMocdepax TUIaHeT, acTpOo(U3MYECKUX HMCTOYHHKAX (AKTUBHBIC TaNaKTUYECKUE S/Ipa, KBa3apel,
PENSATHBUCTCKHE JKETHI, PaliepOOIIBI U T.11.), 0030p OCHOBHBIX METOIOB U3BJICUCHHS JAHHBIX O Macce
HEUTPUHO U3 aCTPOPU3NIECKHUI U KOCMOJIOTHYECKUX JTAHHBIX.

5. OcHOBHBIE MTPOLIECCHI B3aUMOIEUCTBUA HEUTPUHO C BEIIECTBOM.



OcHOBHBIE TOHSATHS MAapPTOHHON Monend, (GopM-(PakTOpsl M CTPYKTYpHbIE (PYHKIHHM CTPYKTypa
cnabblX  agPOHHBIX  TOKOB, CEYEHUS  (KBa3W)yNpyrMX, HEYNPYIMX  OKCKIIO3MBHBIX U
[IyOOKOHEYIPYTUX B3aMMOJIEHCTBHS (aHTH)HEUTPUHO C HyKJIOHAMH U SIIPAMH.

6. CranpaptHas Mogens u npobiieMa Macchl HEUTPHHO.

Jlarpamxuan CrannaptHoir Mozenu, ¢relBOpHBIA U MaccOBbIM 0a3uChl, KUpaIbHbIE KOMIIOHEHTHI,
IUPAKOBCKasi U MallOpaHOBCKasi MacCCOBBIE MaTPULIbL, See -Saw MEXaHU3M.

7. KBanToBOMEXxaHM4YECKas! TEOPHSI HEUTPUHHBIX OCIIIIISAIUN B BAKyyMe.

BoiBog ocHOBHOW ¢opMynsl Al BEpOSTHOCTEH BbDKMBaHHS U (ICHBOPHBIX IEPEXOIOB.
OKcIIepUMEHTAJIbHBIE [JaHHblE O IapaMerpax CMEIIMBaHMs M Maccax HeWTpuHo. TpyaHoctu
CTaHAAPTHOW TEOPUH.

8. KBaHTOBOMEXaHHUYECKAS TCOpHUA HeﬁTpHHHBIX OCI_II/IJ'IJ'ISII_II/Iﬁ B BCIICCTBC.

KorepenTHoe B3anMozaelcTBHE HEHTPUHO C BELIECTBOM, ITOKA3aTeNlb MPEIOMICHHUS U 3P ()EKTUBHBIH
MOTEHIMAaJl, BBIBOJ M METObI pelieHus1 ypaBHeHus Bonbdenmreiina, pesoHancuele ycnosus 1 MCB
MEXaHU3M.

9. KBanTOBOMIOJIEBas TEOPUSI HEUTPUHHBIX OCLMIUIALUN B BaKyyMe.

KoBapuaHTHast TEOpHsI BOJHOBBIX [TAKETOB, HHTETPAJIbI HEPEKPBITHS, MAKPOCKOIIMYECKUE AT PAMMBI
deiiHMaHa, pacyeT AaMIUIMTYIbl MEpexXona, KBAaJIPUPOBAHUE AMIUIATYIbl U MAaKpPOCKOITMYECKOE
ycpennenue, ananmus off-shell m on -shell pexxumoB, 3ddeKTh TEKOTEPEHTHOCTH, CpPaBHEHUE CO
CTaHJAapPTHBIM KBAHTOBOMEXaHUYECKHUM TTOIXOTOM.

10. ConHeuHble HEUTPUHO.

dwusmka crpoenus 38e31. SAnepHoie peakuuu B ConHile, pp -niernouka 1 CNO -0u -IIUKII, XUMAYECKUH
coctaB ConHIA, TaHHBIE T'€ITMOCEHCMOJIOTHH, OLCHKH CHEKTPOB W IOTOKOB COJNHEYHBIX HEHUTPHHO,
TPYAHOCTH TEOPUH U TIEPCIICKTHBBI.

11. DKcrnepuMEHThl 10 PErucTpaliy COJHEYHbIX HEUTPUHO, T€OHEHTPUHO U aHTUHEUTPUHO OT
SIIEPHBIX PEAKTOPOB.

PagroxuMudeckuii ¥ 4epeHKOBCKHMI METOJbl PETUCTpaIK coHeuHbIX HelTtpuHo (CH), ocHOBHBIE
skcnepumenTthbl 1o perucrpanuun CH (Cl-Ar nmerextop B Xoymcraiike, GaGe gerekropsl SAGE,
GALLEX, GNO, BonHo4YepeHKOBCKHE JIeTeKTOpbI Super-Kamiokande u SNO).

12. ATmocepHble MIOOHHBIE HEUTPHHO.

CeneHHsT O XMMMUYECKOM COCTAaBE M JHEPIeTHMUECKHUX CIEKTpax IEpBUYHBIX M aHU30TPOIMHU
ranaktuaeckux kocmuueckux syueit (KJI), sropuunsie KJI u IIIAJI, ocHOBHBIE peakuy MPOLECCH
reHepalyy JICNTOHOB B arMoc(depe, reOMarHUTHbIE W MeTeopojoruyeckue 3(pdexrtsl, BaUsHUE
COJJHEYHOH aKTHBHOCTH, 0030p Pa3IUYHbIX MOAEIECH U SKCIIEPUMEHTOB 1o perucrpanuu AH.

13. Actpodusnueckne 1 KOCMOTCHHBIE HEUTPHUHO.

®u3nka CBEpXHOBBIX, THIIOTETUYECKHE UCTOYHUKU M MEXaHU3Mbl 00pa30BaHUs HEHTPHHO, Tpoliema
KJI cBepxBbicokux »sHeprui, ['3K sddexr, kocMoreHHble HEUTPUHO, (QHU3UKA HEUTPHUHHBIX
TEJIECKOIIOB.

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



VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMa)

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Zhi-Zhong Xing and Shun Zhou, Neutrinos in Particle Physics, Astronomy and Cosmology.
Advanced Topics in Science and Technology in China (Zhejiang University Press, Hangzhou and
Springer-Verlag, Berlin-Heidelberg, 2011).
2. Samoil~M.~Bilenky, Introduction to the Physics of Massive and Mixed Neutrinos, Lect.Not. Phys
817 (2010).
3. Mats Lindroos and Mauro Mezzetto, Beta Beams. Neutrino Beams (Imperial College Press, London,
2010).
4. Donald H. Perkins, Particle Astrophysics. Second Edition. Oxford Master Series in Particle Physics,
Astrophysics, and Cosmology (Oxford University Press, 2009).
5. Carlo Giunti and Chung W. Kim, Fundamentals of Neutrino Physics and Astrophysics (Oxford
University Press Inc., New York, 2007).
6. Claus Grupen, Astroparticle Physics (Springer, 2005).
7. Kai Zuber, Neutrino Physics. Series in High Energy Physics, Cosmology and Gravitation (Taylor &
Francis, 2004).
8. Rabindra N. Mohapatra and Palash B. Pal, Massive Neutrinos in Physics and Astrophysics. Third
Edition. World Scientific Lecture Notes in Physics, Vol. 72 (World Scientific Publishing Co. Pte. Ltd.,
2004).
9. Masataka Fukugita and Tsutomu Yanagida, Physics of Neutrinos and Applications to Astrophysics.
Texts and Monographs in Physics (Springer-Verlag, 2003).
10. H. V. Klapdor-Kleingrothaus and K. Zuber, Particle Astrophysics. Revised Edition (Institute of
Physics Publishing, Bristol and Philadelphia, 2000); I'. B.Knangop-Knaitarporxayc, K. Iro6ep,
Actpodusuka snemenTapHbix yactul (M.: Pepakuus xyprana Yenexu pusnueckux Hayk, 2000)
(mepeBon nepBoro Hemenkoro uzganus 1997 rona).
11. H. V. Klapdor-Kleingrothaus and A. Staudt, Non-accelerator Particle Physics (Institute of Physics
Publishing Ltd., 1995); I. Knannop-Kunaiiarporxayc, A.llltayar, HeyckopurenbHas ¢puznka
aneMmeHTapHbIx yactull (M.: Hayka, 1997).

JomnonHutensHas auTeparypa
1. Felix Boehm and Petr Vogel, Physics of Massive Neutrinos. Second Edition (Cambridge University
Press, 1992); ®enukc boym, [letp ®orens, ®uznka maccuBHbIX HeTpuHOo (M.: Mup, 1990) (IlepeBon
TepBOro aHmuiickoro u3ganus 1987 roga).
2. John N. Bahcall, Neutrino Astrophysics (Cambridge University Press, Cambridge, 1989); Ix.
Bakan, Helitpunnas acrpodusuka (M.:Mup, 1993).
3. Camowun M. bunenskuii, Jlekiun no ¢puzrnke HEUTPUHHBIX U JIENTOH-HYKJIOHHBIX MporieccoB (M.:
Ouepromusaar, 1981).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

Wudopmanmonnsie pecypesl: JloCcTymHbIe Yepe3 HHTEPHET KYPHAIBI 10 (PU3UKE HIEMEHTapHBIX YaCTHIL
(Teopernyeckas u maremarndeckas puzuka, 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), a Takxe yueOHOe mocobue U cOOpHUK 33134, pa3paboTaHHbIC
ISl TAHHOTO Kypca.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYIIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Heobxonumoe nporpammuoe odecniedenne Adobe Acrobat Reader.



Obecrieuenue caMOCTOSTETLHON paOOTHI: IOCTYI K OMOIMOTEKe U 6a3aM JJAaHHBIX TI0 )KypHaIaMm
Teopernueckas u maremarnueckas ¢pusuka, 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. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryaeHT, W3ydalIui AWCIHILIAHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIEC OIpeNeTeHHs AUCIUILINHBI,
YMETh IPUMEHSATH TOyYCHHBIC 3HAHUS JIJIS PEIICHUS pa3InIHBIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OUTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



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 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 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-2 Nmeer npeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHbIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaThI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrate usyueHUs JUCHUIUIMHBI «DIEMEHTHl HEUTpUHHON (PH3MKM W acTpodu3uKkm» 0O0ydaromuics

JIOJIKEH

3HAThb:




narpamkuan Crangaptaoit Mogenu (CM), Mexanusm Xwurrea;

O0LIYIO CTPYKTYPY JHUPAKOBCKOTO M MAaHOPAHOBCKOTO MAaCcCOBBIX WJIEHOB B JIENITOHHOM cekTope CM;

aropuT™ MypHarasa Juist napaMeTpHU3alii BaKyyMHON MaTpUIIbl CMEIINBAHNS;

KadeJIbHBII MEXaHM3M I'eHepalnu Macc HEUTpUHO (“see-saw”), KI1acCU(UKALMIO Pa3IMYHBIX THIIOB
see-saw (I, II, III, oOparHBIi, paJrallMOHHBIA, JBOWHOW, KBaJpaTHYHBIN), KIACCU(PHUKAIMIO TEKCTYP
MacCOBOM MaTpullbl, 2- U 3-MaKCUMaJIbHOE CMEILIUBAHHE;

[J KBaHTOBOMEXaHHUYECKYIO TEOPHIO HEHTPHUHHBIX ociunsimii, MCB mexanus3m, Biusaue 3¢dexra
HEYNPYTUX B3aUMOJICHCTBUM HEHUTPUHO C BEIIECTBOM Ha BEPOSTHOCTH OCUWUISLHMA, OCHOBBI
KBaHTOBOIIOJIEBOTO ONMCAHUS BAaKyyMHBIX HEHTPHUHHBIX OCLMIUIALINN;

[l BepIIMHBI B3aUMOJICHCTBUSI HEUTPUHO C JIGNTOHAMH H KBapKaMH;

] OCHOBBI IAPTOHHOW MOJIEJIH, TOHATHE O MAPTOHHBIX (PYHKUUAX pacrpeesIeHHs;

[J  0COOEHHOCTH OIMCAHMS MPOLECCOB B3aUMOIACHCTBUN HEHTPUHO 3a CUET CIIAa0BIX 3apsDKEHHBIX H
HEUTpaIbHBIX TOKOB ((hOpM-(QaKTOpbl HYKIOHA, CTPYKTYPHBIE (PYHKITUH), OOUIYIO CTPYKTYPY aJPOHHBIX
TOKOB;

O OCHOBHBIC SIJICpHBIC PEaKIMM TOPEeHUs BOJAOpOAa B 3Be3dax (pp-uenouka, CNO-Ou-1uKn),
npoueccsl 00pa3oBanusi HeUTpruHO B CONHIE, OCHOBHBIE SKCIEPUMEHTAIBHBIE METOABl PETUCTPALIH
COJIHEYHBIX HEHTPUHO (PaAMOXMMHUYECKUE, YEPEHKOBCKHE), PE3y/IbTaThl BAXHEHIINX 3KCIEPHUMEHTOB
no peructpaunu CH (Cl-Ar nerekrop B Xoymcraiike, Ga-Ge nerekropelt SAGE, GALLEX, GNO,
BOJTHO-YEPEHKOBCKHE JIeTeKTOphl Super-Kamiokande u SNO);

[J  OCHOBHBIC pEakUWHd I'€HEpalud MIOOHOB U (QHTH)HEHUTPUHO MPH B3aUMOACHCTBUU KOCMUYECKUX
nyueit ¢ armocdepoit 3emin, ocobenHoctu paszutusi [IIAJl (reoMarHuTHBIE © METEOPOJIOTUYECKHUE
pQeKTel, BIMSAHUEC COJHEYHOH aKTHBHOCTH), METOIbl  PETUCTPAlMM  aTMOC(EPHBIX U
acTpopU3NUECKUX HEUTPUHO (YEPEHKOBCKHME, aKyCTHYECKHE, paJuo0), OCHOBHBIE IapaMeTpsl
COBPEMEHHBIX TIIyOOKOBOAHBIX M MOmjieqHbIX HeHTpuHHBIX TeneckornoB (BHT, AMAND, IceCube,
NEMO, NESTOR. ANTARES, KM3NET);

[J  OCHOBHBIE MPOLECCH 00pa30BaHMUA AHTHHEHTPUHO B SAEPHBIX PEAKTOPAX W METOJbl PErHCTpalun
PEaKTOPHBIX M TeoU3NISCKUX aHTUHEHTPUHO, pe3yisrarhl dkcriepuMeHToB KamLAND, Daya Bay,
Reno u np.);

[l OCHOBBI ()M3UKH KOJUIATICA U PHEPTOBBIJEICHNS HA KOHEUHON CTAUM YBOIIOLUN MAaCCUBHBIX 3BE3],
OCHOBHBIE MpOLECCHl 00pa30BaHUs (aHTH)HEHTPUHO NPH B3PBIBAX CBEPXHOBBIX, PP- PY-MEXaHHU3MBbI
reHepalMi HEUTPUHO B  acTPOPU3MUYECKMX MCTOYHMKAaX (AKTHBHBIE TaJaKTUYeCKue  sJpa,
PEIIATUBUCTCKHUE CTPYH), MexaHu3M oOpa3oBanus kocMoreHHbIX (I'3K) HeliTpuHo;

[l  KOCMOJIOTMYECKHE OTpPaHMYECHHUS Ha MACChl HEUTPUHO.

yMeThb:

[l 3(¢dhexTHBHO MPUMEHSTH BBILIEYyKa3aHHBIC 3HAHUS HA MPAKTHUKE JUIS pelIeHns] QyHIaMEHTaIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.

I T A

BJIaJeTh:
[J TexXHHKOH pacueTa WIMPHUH ciIaObIX pacnazoB 3JIEMEHTAPHBIX YaCTHUIl U CEUYCHHH B3aMMOJIEHCTBUS
HEUTPUHO C JIENTOHAMU U HyKJIOHAMU;
[J MeTogamH JUaroHaJIM3allyd MacCOBOW MaTpHLbl B Jarpamkuane CM;
[J  MeroJaMH pelieHus ypaBHeHHs BonbheHmreiiHa ans onmcaHusi HEHTPUHHBIX OCIHMIUIALUN B
BEIIECTBE;
[J MeromoMm yyera HEYNpPYTHX B3aUMOIEHCTBUI HEUTPUHO B aHAIN3E HEUTPUHHBIX OCLUMULALUN B
MOMIOLIAIOIINX aCTPOPUZNIECKUX CPEAax;
[l KauecCTBEHHBIMHM METO/IaMH OLICHKH ITOTOKOB (aHTH)HEUTPHUHO OT acTPOPU3MUECKUX UCTOUHUKOB U
KOCMHUYECKHUX JIy4eH.

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

TeMbl KypCcOBBIX, [0 KOTOPBIM CTYACHTBI TOTOBAT TOKJIA/bL:

1. OcHOBHBIE sJIEpHBIE peaKIU TOPEHUsT BOOpoa B 3Be3ax (pp-tienouka, CNO-OH-IIHKIT), TPOIIeCChI
oOpa3zoBanus HelTpuHO B CoOJNHIIE, OCHOBHBIE SKCIIEPUMEHTAIBHBIE METObl PETHCTPALIMK COJHEYHBIX
HEUTPHUHO (paguoXUMHYECKHE, YEPEHKOBCKHE).

2. Pesynprarel BakHeimux skcrepuMeHToB no peructpanuun CH (Cl-Ar perextop B XoyMcTaiike,
Ga-Ge gerekropel SAGE, GALLEX, GNO, BoaHO-uepeHKOBCKHE JeTekTophl Super-Kamiokande u
SNO).



3. OCHOBHBIE peakLUH I'CHEpaldyd MIOOHOB M (AHTH)HEHTPHMHO NMpPHU B3aMMOICHCTBHHM KOCMHUYECKUX
nyueit ¢ armocdepoit 3emin, ocobenHoctu paszutusi [IIAJl (reoMarHuTHBIE © METEOPOJIOTUYECKHUE
3¢ ¢eKTs, BIUSHUE COJHEYHOH  aKTUBHOCTH), METOABI  PETUCTpalul  aTMOC(EepHBIX U
acTpoU3NUECKUX HEUTPUHO (YEPEHKOBCKHME, aKyCTHYECKHE, paJho), OCHOBHBIE IapaMeTpsl
COBPEMEHHBIX TIIyOOKOBOAHBIX M mMOmjieqHbIX HeHTpuHHBIX TeneckonoB (BHT, AMAND, IceCube,
NEMO, NESTOR. ANTARES, KM3NET) .

4. OcHOBHBIE TpOLIECCHl 00Pa30BaHMs AHTUHEUTPUHO B SJEPHBIX PEAKTOPaX M METOABl PETHUCTPALUH
PEaKTOPHBIX M TeoU3NISCKUX aHTUHEHTPUHO, pe3yisrarhl dkcriepuMeHToB KamLAND, Daya Bay,
Reno u mp.);

5. ®u3nKK KoJUTalica MAacCHBHOHM 3BE3bl, OCHOBHBIE MHpOLECCHl 00pa30BaHUs (aHTH)HEUTPHHO NpHU
B3pBIBaX CBEPXHOBBIX, Pp- PY-MEXaHU3MbI T'€HEPAIMM HEUTPUHO B aCTPOPHU3MUECKHX HMCTOUHHKAX
(aKTHBHBIE TaJaKTUYECKUE S/Ipa, PEISTHBUCTCKUE CTPYH), MEXaHM3M OOpPa30BaHUS KOCMOI€HHBIX
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 CranmaptHoii Mogemu (CM), mexanmsm Xwurrca. CTpyKTypa AWPaKOBCKOTO H
MalOpaHOBCKOTO MAacCCOBBIX WJIEHOB B JenToHHOM cekrope CM. Anroputm MypHarana st
napaMeTpu3aldyd BaKyyMHOM MarpHUbl cMelnBaHus. JlMpakoBckass M MalOpaHOBCKas MAacCOBBIC
MaTpUIIbI.

2. KauenbHbI MEXaHU3M TeHEpaIu Macc HeUTpuHO (“‘see-saw’’), KiacCH(PHUKALINS TEKCTYP MacCOBOH
Marpuiibl. OCHOBHBIE TUITBI SEE-Saw.

3. KsantroBomexaHHWuecKasi TeOpusi HEWTpUHHBIX ocumuisinuii, MCB mexanm3m, BiusHue 3¢hdekra
HEYNPYTUX B3aHUMOJICHCTBUM HEHUTPUHO C BEIIECTBOM Ha BEPOSTHOCTH OCUWUISLHUMA, OCHOBBI
KBaHTOBOIIOJIEBOI'O OIIMCAHUS BaKyyMHbBIX HEHTPUHHBIX OCLIMIUIALUH.

4. BzanMmojeicTBUs HEHTPUHO C JIENITOHAMH M KBapkamu. [lapToHHAs MOJIENb U TAPTOHHBIE (PYHKIIUU
pacnpeneneHus. MeToAbpl ONUCAHUS TPOLECCOB B3aUMOACHCTBUN HEUTPHUHO 3a CUET CJIA0BIX
3apsHDKEHHBIX M HEUTPaNbHBIX TOKOB ((opM-(hakTopsl HYKJIOHA, CTPYKTYpHBIE (GYHKIMH), oOmias
CTPYKTYypa clIa0bIX aAPOHHBIX TOKOB.

5. Kocmonoruueckne orpaHu4eHus] Ha MacChbl HEUTPHHO.

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB:

buner 1.

1. Jlarpamxuan CranmaptHoii Mogemu (CM), mexanmsm Xwurrca. CTpykTypa AMPaKOBCKOTO H
MalOpaHOBCKOTO MAacCCOBBIX WJIEHOB B JenToHHOM cekrope CM. Anroputm MypHarana uist
napaMeTpu3aldyd BaKyyMHOM MarpHlbl cMelnBaHus. JlHpakoBcKass M MalOpaHOBCKas MAacCOBBIC
MaTpUIIbI.

2. KocMonoruueckne orpaHu4eHHsI Ha MAacChl HEUTPHHO.

buner 2.

1. KauenbHbIii MeXaHW3M T€HEpAIMK MacC HEUTPHHO (“‘see-saw”), KIlacCU(PUKAINS TEKCTYp MacCOBOH
Marpuiibl. OCHOBHBIE TUITBI SEE-Saw.

2. OU3UKM KoJJlarca MacCHBHOM 3BE3/bl, OCHOBHBIC NpOLECCHl 00pa3oBaHUs (aHTH)HEHTPUHO IPH
B3pBIBaX CBEPXHOBBIX, Pp- PY-MEXaHU3MbI T'€HEPAlMM HEWTPUHO B aCTPOPHU3MUECKHX HMCTOUHHKAX
(aKTHBHBIE TaJaKTHYECKUE SI/Ipa, PEISTHBUCTCKUE CTPYH), MEXaHM3M OOpPa30BaHUs KOCMOI€HHBIX
HEUTPHHO.

Kpurepun onennBanus

OO0yuatorieMycsi CTaBUTCSI OLICHKA B COOTBETCTBUH C MPOIEMOHCTPUPOBAHHBIM YPOBHEM IOATOTOBKH;
OLICHUBAaHHE IIPOM3BOAUTCS HAa YCMOTPEHHUs 53K3aMEHAaTOpa B COOTBETCTBHHM C OCOOCHHOCTAMH
JUCUUTUTMHBI U CIICAYIOUIMMH KPUTEPHUSIMH:

Onenka "ommuno" (10 OGayioB) BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, ITOKa3aBIIEMYy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYCHHBIC 3HAHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaraeT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHWS HAa MPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IMOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO MarepHaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Omnenka "HeynosierBoputenbHO" (1 0amn) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimune ommOKy B (HOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3aj1ay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNM olleHWBaHMS 3HaHWK OOydYaroleMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3K3aMeHaropa. Ompoc oOyuaromierocs mo OuiIeTy Ha YCTHOM 3K3aMEHE HE JIOJKEH
MIPEBBINIATH OAHOTO aCTpOHOMUYECKOro yaca. OIlleHMBaHME 3HAHHM MPOU3BOIUTCSA B COOTBETCTBUHU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPKAHUEM TUCLUIUIMHEI.



