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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

ABJIACTCA

yoIyOJdeHHBIM W TpEAHA3Ha4deH JuIl  CTYJICHTOB,

CIICIUAIU3UPYIOINXCA B obmactu TeOpeTI/II{GCKOﬁ (1)I/ISI/IKI/I.

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

MacCChbI

HeiitpuHo B CTaHIapTHYI MOJEIb,

CMEILUMBAHUS IIOKOJEHUM, TEOPUM HEUTPUHHBIX

OCHWUISLIUI, METOIOB IETEKTHPOBAHMS HEHTPHHO, MEXaHH3MOB 00pa30BaHMsl HEUTPHHO B aTMoc(epe
3emin, ConHIe U IPYrUX acTpopU3MYECKUX MCTOUHMKAX, a TaKkKe INpHoOpeTeHre 0a30BbIX HABBIKOB
CaMOCTOSTEIIFHON HAay4YHO-UCCIIE0BATEIBCKOM PaboTHI.

33]13‘[1/[ JAUCHUIIINHBI

(1)OpMI/IpOBaHI/Ie 0a30BEIX 3HAHUKM B O0JacTH TeOpCTH‘leCKOﬁ n 3KCH€pHMeHTaJ’ILHOﬁ (1)I/ISI/IKI/I

3NIEMEHTApPHBIX YaCTHIl M aCTPO(YU3UKHY;

o0ydeHHe CTYJCHTOB COBPEMEHHBIM METOAAM TEOPETHUYECKOTO OMHCAHMS PA3IUUYHBIX MPOIECCOB

c1ab0ro B3aUMOICHCTBUS,

(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:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneet cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00NacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2 Nmeer npeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENILHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

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

3HATb.




YMETb:

narpamxkuad Cranaapraoit Mogenu (CM), Mexanusm Xwurrea;

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

anroput™ MypHaraHa ajs mapaMeTpH3aliuy BaKyyMHOM MaTpUIbl CMEIINBAaHUS;

KaueNIbHbII MEXaHH3M T'eHepaluy Macc HEUTpUHO (“‘see-saw’’), KiTacCCU(UKALUIO PAa3THYHBIX THIIOB
see-saw (I, II, III, oOpaTHBIi, panmuanoOHHBINA, TBOMHOMN, KBaJIpaTUYHBIN), KIACCUPUKAIIMIO TEKCTYP
MacCOBOI MaTpHIIbL, 2- U 3-MaKCUMaJIbHOE CMELIHBAHHE;

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

BEPILIMHBI B3aUMOJICHCTBUS HEHTPHHO C JISNTOHAMH U KBapKaMH;

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
9QQeKTsl, BIMSIHUE COJHEYHOW AaKTUBHOCTH), METOJbl PETHCTPAlH  aTMOCQEpPHBIX H
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,
OCHOBHBIC TPOILIECCHl 00pa30BaHUs (AHTH)HEHTPUHO TIPH 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.

3¢ PEeKTUBHO NPUMEHSATH BbIIICyKa3aHHbIC 3HAHUS HA MPAKTHKE AT peleHns pyHIaMEeHTaIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.

BJIAJIETh:

TEXHUKOW pacyera MUPHUH CIa0bIX PaclagoB 3JEMEHTAPHBIX YaCTHI] U CEYCHHUH B3aWMOJECHCTBUS
HEUTPUHO C JIENTOHAMU U HyKJIOHAMU;
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
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 4acTb: TEOHEUTPHUHO,

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

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

6 CTaHz[aprIaﬂ Mogens 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 o perucTpauuu

11 COJTHEUHBIX HEUTPHUHO, TEOHEUTPUHO 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 pasmusku. Kpatkuii 0030p COBpeMEHHBIX MPEICTABICHUI O pOJIM HEHTPHHO B (pr3HKe
SIIEMEHTAPHBIX YACTHIL, SIIEPHOH PH3HKe, acTpoPH3UKe, KOCMOJIOTH U Feo(U3HKE.

2. Beeaenue (uacts II).

Hctopuueckne XpoHHUKH: OT MPOOJIeMbl HEMPEPBIBHOTO criekTpa Oera-pacnana (1914) u rumoress
HeiTpuHO (1932) 10 U3MepeHus yIIIOB CMELIMBAHUS U Pa3HOCTEH KBAaAPaTOB MacC HEUTPHHO.

3. O030pHas 4aCTh: PEIUKTOBBIE, COTHEUHBIC HEHTPHUHO.

OCHOBHBIE TEOPETHUECKHE M JKCIIEPUMEHTAIbHBIE (PAKThl O IUIOTHOCTH HEUTPUHO OT bombioro
B3psiBa, npoueccax reHepauuy HEUTPUHO B 3BE31aX U MIOTOKAX COJHEUYHBIX HEUTPUHO.

4. OO630pHasi 4acTb: TEOHEHUTPUHO, aTMOchepHble W acTpodU3NUECKHEe HEUTPHUHO, HEUTPUHO WU
KOCMOJIOTHSI.

OCHOBHBIE TEOPETHYECKHE M IKCIIEPUMEHTANIbHBIE (DAaKTBhl O IMpoleccax 00pa30BaHUsI HEUTPUHO B
arMocdepax TUIaHeT, acTpOo(U3MYECKUX HMCTOYHHKAX (AKTUBHBIC TaNaKTUYECKUE S/Ipa, KBa3apel,
PENSATHBUCTCKHE JKETHI, paliepOOIIl U T.11.), 0030p OCHOBHBIX METOJIOB M3BIICUCHHUS TAHHBIX O Macce
HEUTPUHO U3 aCTPOPU3NIECKHUI U KOCMOJIOTHYECKUX JTAHHBIX.

5. OcHOBHBIE MTPOLIECCHI B3aUMOIEUCTBUA HEUTPUHO C BEIIECTBOM.



OcCHOBHBIC TOHSTHS MAPTOHHOM Mojenu, (opM-pakTopbl U CTPYKTypHBIE (YHKLUMH CTPYKTypa
cnabblX  agPOHHBIX  TOKOB, CEYEHHUs  (KBa3W)yNpyrux, HEYNpPyruX  OKCKIIO3UBHBIX U
[IyOOKOHEYIPYTUX B3aMMOJIEHCTBHS (aHTH)HEUTPUHO C HyKJIOHAMH U SIIPAMH.

6. CranpaptHas Mogens u npobiieMa Macchl HEUTPHHO.

Jlarpamxuan CrangaptHoit Mozpenu, GprueiBOpHBI 1 MacCOBBIH 0a3uChl, KUPAJTbHBIE KOMIIOHEHTHI,
IUPAKOBCKasi U MallOpaHOBCKasi MacCCOBBIE MaTPULIbL, See -Saw MEXaHU3M.

7. KBanToBOMEXxaHM4YECKas! TEOPHSI HEUTPUHHBIX OCIIIIISAIUN B BAKyyMe.

BoiBog ocHOBHOW ¢opMynsl aisi BEpOSTHOCTEH BBDKMBAaHUS UM (DICHBOPHBIX IE€PEXOIOB.
OKcIIepUMEHTAJIbHBIE JaHHblE O IIapaMeTpax CMELIMBaHWA M Maccax HeilTpuHo. TpynHocTu
CTaHAAPTHOW TEOPUH.

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

KorepenTHoe B3anMmozeiCcTBHE HEHTPHHO C BEIIECTBOM, MOKA3aTelb HMPEJIOMICHUS U 3G PEKTUBHBIN
MOTEHIMAaJ, BBIBOJl M METOJIBI pelieHus ypaBHeHus1 Bonbdenmreiina, peonancusie ycnosusa u MCB
MEXaHU3M.

9. KBanTOBOMIOJIEBas TEOPUSI HEUTPUHHBIX OCLMIUIALUN B BaKyyMe.

KoBapuaHTHast TEOpHsI BOJIHOBBIX ITAKETOB, HHTETPAJIbI IEPEKPBITHSI, MAKPOCKOITMUECKHE THarpaMMbl
deiiHMaHa, pacyeT AaMIUIMTYIbl Nepexona, KBaJpUPOBAHUE AaMIUIUTYAbl ¥ MaKpPOCKOIHMYECKOE
ycpennenue, aHanu3 off-shell u on -shell pexxumoBn, 3ddekTbl neKorepeHTHOCTH, CpaBHEHHE CO
CTaHJAapPTHBIM KBAHTOBOMEXaHUYECKHUM TTOIXOTOM.

10. ConHeuHble HEUTPUHO.

dwuzmka crpoenus 38e31. SAnepusie peakiuu B ComnHile, pp -ienouka 1 CNO -0 -IIMKIT, XHMUYECKHH
cocrtaB CoJHIA, JaHHBIE TE€IMOCEHCMOJIOTUH, OLIEHKH CIIEKTPOB M MOTOKOB COJIHEYHBIX HEHUTPUHO,
TPYAHOCTH TEOPUH U TIEPCIICKTHBBI.

11. DOKcnepuMEHThI 10 PEruCTPALUU COJIHEUYHBIX HEHUTPUHO, '€OHEUTPHUHO U AHTUHEHTPUHO OT
SIIEPHBIX PEAKTOPOB.

PagroxuMudeckuii ¥ 4epeHKOBCKHMI METOJbl PETUCTpaIK coHeuHbIX HelTtpuHo (CH), ocHOBHBIE
skcniepumenthbl no perucrpanuu CH (Cl-Ar nerekrop B Xoymctaiike, GaGe nperextopsl SAGE,
GALLEX, GNO, BonHo4YepeHKOBCKHE JIeTeKTOpbI Super-Kamiokande u SNO).

12. ATmocepHble MIOOHHBIE HEUTPHHO.

CeneHHsT O XMMMUYECKOM COCTAaBE M JHEPIeTHMUECKHUX CIEKTpax IEpBUYHBIX M aHU30TPOIMHU
ranaktuaecknx kocmuueckux syueit (KJI), Bropuunsie KJI u LIIAJI, ocCHOBHBIE peakuMU HPOLECChHI
reHepalyy JICNTOHOB B arMoc(depe, reOMarHUTHbIE M MeTeopojorudeckue 3(dexTsl, BIUSHUE
COJJHEYHOH aKTHBHOCTH, 0030p Pa3IUYHbIX MOAEIECH U SKCIIEPUMEHTOB 1o perucrpanuu AH.

13. Actpodusnueckne 1 KOCMOTCHHBIE HEUTPHUHO.

®u3nka CBEpXHOBBIX, THIIOTETUYECKHE UCTOYHUKN M MEXaHU3MbI 00pa30BaHUs HEUTPUHO, ITpobdiema
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)
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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 JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIQJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate u3yueHus TUCHUIUIMHBI CTYAEHT IOJKEH 3HAaTh OCHOBHBIEC OMpPEIEICHUS AMCIUIIIUHBL,
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 Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI 10 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS MMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3armomuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MIpenoaBaTesio.

Bo3moxkeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad 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

KBaJIH(UKALUS: 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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

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 UmeeT npeacTaBieHne 0 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

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare usyueHUs] AMCHUIUIMHBI «DIEMEHTHI HEUTPUHHON (DU3MKM U acTpodu3ukm» oOydarolmuics

JIOJIKEH

3HAThb:




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.



