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AHHOTANMA
Kypc neknuit «@u3nka HEHTPUHO» BKIIIOYACT B CE0S CIEMYIONINE OCHOBHBIEC Pa3eiibl.

[Ipenckazanre u oTKpbITHE HEWTpHHO. OOHApYKEHHWE MIOOHHOTO HEUTPUHO, M3MEPEHHE CIHUPATBHOCTH
HEUTPUHO, OTKpPBITHE HAPYLICHUS MNPOCTPAHCTBEHHOW YETHOCTH B CJA0bIX B3aUMOACWUCTBUSX. bymer
paccMoTpeHa (usnka ciabbix B3aumoneiictuil, V-A teopus, GpyHaaMeHTaIbHbIe JUCKpeTHBIe cuMMeTpun C,
P, T, CP u CPT. OGcyxnaercs teopust BailinO6epra-Canama (0ObequHEHHE 3JIEKTPOMArHUTHBIX M cIabbIx
B3aMMOJICHCTBHII) M CBOWCTBa HelTpuHO B pamkax CranpmaptHoit Momenu. PaccmarpuBaercs OTKpbITHE
HEUTpaIbHBIX TOKOB U MPOMEXYTOYHBIX OO30HOB.

3HayuTeNIbHOE BHHUMAaHHE VYIECJNEHO OCIIIAIUAM HeWTpuHo. WM3noxena wunes b.M. IlontexkopBo u
9KCIEPUMEHTAIBHOE OTKpPBITHE HEUTPUHHBIX OCHWUIALMANA B OJKCIIEPUMEHTaX C COJHEYHBIMH U
arMoc(epHbIMU HEHTpUHO. JleTambHO paccMOTpPEHBl YCKOPUTEIbHBIE M PEAKTOPHBIE OCIHUIALHOHHbIC
9KCIIEPUMEHTHI, M3MepeHue yraa cmemuBanue [113 u mouck CP HapymeHus B JENTOHHOM CEKTOpE
Cranpaptroit Monenu. [IpencraBiena ()eHOMEHOIOTHSI HEUTPUHHBIX OCIMIUISIIIAN B BAKYyME W B BEIIIECTBE.
N3naratorcs ganpHENNINE MEPCIEKTUBBI OCIHIUISIIMOHHBIX SKCIIEPUMEHTOB CIEAYIOIIErO OKOJIECHNUS.

PaccMOTpeHbl 3KCIEPUMEHTHI MO MPSIMOMY HM3MEPEHHIO Macchl HEHUTpuHO B Oera pacmage TpUTHS.
ITpencraBneHbl OrpaHUYEHUS HA CYMMAapHYIO MacCy HEHTPUHO M3 KOCMOJIOTHUECKUX MaHHBIX. OOcyxnaercs
puposa HEUTprUHO: MaliopaHoBckue WK JIupakoBCKHe YacTULBI. PacCMOTPEHBI SKCIIEPUMEHTHI 110 [TOUCKY
0e3HEUTPUHHOTO JBOWHOTO OeTa pacmajia v MpeCTaBlIeHbl Pe3yIbTaThl 0 UCCIIEIOBAHUIO CBOWCTB HEUTPHUHO.

Takke pacCMOTpEHbl HEUTPUHHBIC AHOMAJIWU: YKa3aHHWs Ha CYIIECTBOBAaHUSA CTEPWIbHBIX HEUTPHUHO,
MOJTyYEHHBIE B YCKOPUTENBHBIX, PEAKTOPHBIX PATUOXUMHUYECKUX JKCIepuMeHTax. O0cyKaarTces MocleHne
SKCIIEPUMEHTAIBHBIE PE3YJIBTAThI MO MOUCKY JETKUX U TSKENBIX CTEPUIIbHBIX HEUTpuHO. PaccmarpuBaeTcs
HEUTpUHHAsT acTpo(U3MKa BHICOKUX DHEPrHid, acTpou3MUecKue WCTOUYHUKH HEUTPHUHO, KOCMOTCHHBIC
HEUTPUHO, AaHHUTWJISILKS TEMHON MaTepun. ballkanbCKkuil MOABOIHBINA HEUTPUHHBIN TEIECKOI, SKCIIEPUMEHTHI
ICECUBE u ANTARES.

1. lean u 3apa4un

]_le.]'ll) JAUCHUIIINHBI

Kypc nexkumii 3HaKOMHUT CTYAEHTa C OCHOBHBIMH TEOPETHUECKHMMH  IOJIOKEHHSMH, METOIAMH,
OKCIIEPUMEHTAIbHBIMU YCTAaHOBKAMH M pe3yjbTaraMu B oOnacTu HeWTpuHHOW (usuku. OH co3maer
HEoOX0oMMMYF0 0a3y Ui MOHUMAaHUS U JallbHEHIIero 6oee ryo0oKoro U3ydeHHs 3TOro 00JacTi HayKu
Y BO3MO)KHOCTH Hay49HOU paOOThI B HEUTPUHHOM (pusmKe.

3agauu AUCUMIIHHBI
- (hopMupoBaHue 3HaHUI 10 COBPEeMEHHON (PU3MKE HEUTPUHO U HKCIIEPUMEHTAM B 3TO 00J1acTH;

- (I)OpMI/IPOBaHI/Ie 3HAHUU MO IOCTAaHOBKE HeﬁTpPIHHLIX OKCIICPUMCHTOB Ha PCAKTOpPaAX, YCKOPUTCIIAX U
KOCMHNYCCKHNX MCTOYHUKAaX.

- (hopMHpOBaHUE 3HAHHUI MO0 OCHOBHBIM PE3yJbTaTaM, MOJTy4YE€HHBIM B HEUTPUHHBIX SKCIIEPUMEHTAX U
npobaemMaM, TpeOYIOIUM PEeLICHUSI.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1.1 3HaeT W cHocoOGH  HCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4HbIC 3HaHUS B 00JacTH (PU3NKO-MaTEeMaTHIECKUX HayK

Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M pPEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEIHHOCTH




OIIK-2 Nmeer nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poheCcCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIOIb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOH
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

pa3pabaThIBaTh MOIAXO/IbI K PEIICHHIO THIIOBBIX
1 HOBBIX 3a7a4 B 00macTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 00IACTIX HAYKH (TEXHUKN)

OrpaHu4CHUA pa3JIMYHbIX MCTOAOB PCUHICHUA

OIIK-3.3 BiameeT aHaIUTHYECKUMHM M BBIYHUCIHUTEIHLHBIMHU
METOJaMH pelIeHMs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.3 Crpemurcs K TOJY4YEHUIO HOBBIX 3HAHUIA,
po(eCCUOHATBHOMY M IMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

pelaTh 3aa4u, B TOM YUCIie pa3pabaTbiBaTh U
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN
M3y4aeMBIX SBJIICHUN U MPOIECCOB, CHCTEMHO
aHaJM3UPOBATh HAy4YHbIE MPOOJIEMBbI, OITy4aTh

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAU€CTBO pa3paboTaHHOU
MOJENN

HOBBIC HAYYHBIC PC3YJIbTAThI

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBAaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaThl

[1K-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
obopynoBaHueM (MprubOpaMH U yCTaHOBKAMH,

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

CIICUAIIM3UPOBAHHBIMU TAKCTAMU HNPUKITAIHBIX

porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HaTh:
- cogepxkanue Kypca «Pru3uka HEUTPUHO

- cna0ble B3aMMOJCICTBYSA, CBOWCTBA HEUTPUHO, HapylIeHHe (yHIaMEHTaIbHBIX CUMMETPHMA

- HEUTPUHHBIE I1€TEKTOPbI U METO/bI PETUCTPALIUU HEUTPUHO

- €CTECTBEHHBIE U ICKYCCTBEHHBIE HICTOUHUKH HEUTPHUHO

- (heHOMEHONOTHIO OCIMIIISIINI HEHTPHUHO

- MOCTaHOBKY COBPEMEHHBIX IKCIIEPUMEHTOB B 00JIaCTH HEUTPUHHON (QU3UKH;

- IUTAaHUPYEMBbIE JKCIIEPUMEHThl B HEUTPUHHOM (U3MKE W METOAMKY aHaju3a AAaHHBIX B OITHX

OKCIICPUMCHTAX, MMOJTYUYCHUC PCIYJIbTATOB,

- OCHOBHBIE IKCIIEPUMEHTAJIbHBIC PE3YJIbTAThI, IOJTy4YEeHHbIE B 00JIaCTH HEUTPUHHON (DU3UKH.

YMETb:




- IPOBOJUTH MOJIEIMPOBaHUE U OLEHKY YyBCTBUTEIbHOCTH OCLUIIIALIMOHHBIX SKCIEPUMEHTOB
- HHTEPIPETUPOBATH IKCIIEPUMEHTAIbHbIE PE3YNbTaThl B 001acTH (PU3UKH HEUTPUHO
- IOJy4YaTh IapaMeTpbl HEHTPUHHBIX OCLMWUISALUM C HCIOJIB30BAaHUEM METOJOB CTATUCTUYECKOIO
aHanmza
BIIAJIETh:
- METOAMKOM aHAJIN3a JaHHBIX, MTOJIy4aeMbIX B HEHTPUHHBIX SKCIIEPUMEHTAX
- pa3IMYHBIMU METOJAMU JETEKTUPOBaHUsI HEUTPUHO B IIMPOKOM JHAIa30HE 3HEPruil

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

4.1. Paznenbl nuctMIiInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHSATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.

No Tema (pazmen) TUCITUTUTHHEL
CamocrT.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

Beenenne. Cnabble  B3aUMOICHCTBUSL.
1 I'nnore3a HelTpuHO. DyHIaMEHTAIBHBIE 2 2 3
cummMmerpun. Hapymenue P-uetHOCTH

OTKpbITHE HEUTPHUHO B PEAKTOPHOM
2 skcriepuMenTe. OTKpBITHE MIOOHHBIX 2 2 3
HelTpuHO. CUpaibHOCTh HEUTPHHO

V-A teopus. [IpomexxyTounbie OO30HBI.

3 . 2 2 3
Helitpanbuble TOKH
CranpaptHas COJIHEYHas MOJIETIb.

4 JleTeKTUpOBaHNE COJIHEYHBIX HEHUTPHUHO. ) ’ 3

OTKpbITHE  OCUWJUISALMH  CONHEYHBIX
HEUTPHUHO

AtMocdepHble  HelTpuHO.  JleTexkTop
5 CynepKammokanse. OTkpBITHE 2 2 3
OCIMJUTALUEI aTMOC(EepHBIX HEUTPUHO

DEeHOMEHOJIOTHA HEUTPUHHBIX

6 ocruAui. OCIIIIIuil HEUTPUHO B 2 2 3
BaKyyMe H B BEIIECTBE

7 YckopuTelbHble 9KCIIEPUMEHTBI c ) ) 3
JUIMHHOM Oa30i
N3mepenue OCHMJUIILIMOHHBIX

8 napamMeTpoB B PEaKTOPHBIX 2 2 3
JKCIIEPUMEHTAX

9 Usmepenne yria cmemmBanus theta 13 2 2 3

10 [Mouck CP HapymieHuss B HEHTPHHHBIX ) ’ 3
OCHMJUIALUSX

1 [Ipsimoe wu3MepeHHe Macchl HEHUTPUHO. ) 5 3
Mogens kagenen

12 [Ipupona HEWUTPUHO. ITouck ) ’ 3
Oe3HeUTPUHHOrO ABOWHOTO OeTa pacnana

13 Heiitpuno u kocmonorus. PenukToBbie 2 > 3
HelTpuHO. CTEepUIIbHBIE HEUTPUHO

14  |He#itpunnas actpodusuka 2 2 3

15 [Imanupyemsie HEUTpUHHBIE ) ’ 3
9KCIIEPUMEHTHI. 3aKJIIOUCHUE

Hroro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh

135 ygac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. Beenenne. Cnabbie B3ammoneicTBusi. [mnoreza HeliTpuHO. DyHAaMEHTANBHBIE CHMMETPHUH.
Hapymenue P-uetHOCTH

BBenenne B kypc HeWTpuHHOM ¢u3uku. Kparkoe mznokeHue (u3uku ciaObIX B3auMOICHCTBUH.
Uznoxenne Tmnote3sr B.Ilaymu o cymecrtBoBanuu HeiiTpuHo. M3noxkenue ¢yHAaMeHTATBHBIX
muckpetHsix C,PT, CP, CPT cummerpuii. [ unoresa o HapyIleHUn NpOCTPAHCTBEHHOW YETHOCTU U
9KCTIEpPUMEHTAIbHOE OOHAPYKEHHE B SKCIIEpUMeHTe By.

2. OTkppITHE HEUTPUHO B PEAKTOPHOM JKcrepuMeHTe. OTKPHITHE MIOOHHBIX HEUTPHHO.
CrinpanbHOCTh HEUTPUHO

Peructpanusa HellTpuHo B peakTopHOM sKkcniepuMeHTe PeitHeca u Koyana. OTKphITHE MIOOHHBIX
HEUTpUHO B YyckoputenbHoM »dkcnepumente B BHIL. TlonsTue cnupanbHOCTH HEUTPUHO U
SKCTIEpUMEHTATIbHOE U3MEPEHHE CITUPATIHbHOCTH B dKcniepuMenTe [onbaxabdep.

3. V-A teopus. [Ipomexxyrounsie 6030HbI. HeliTpanbHble TOKH

V-A Teopusi cnaboro B3aumopeHcTBUs.  [mmoreza mNpPOMEXYTOUHBIX BEKTOPHBIX OO030HOB,
00BbeIMHEHNE JIEKTPOMArHUTHOTO M c1a00ro B3auMoeHcTBUS. DKCIIepUMEHTAIbHOE 0OHApyKEeHUEe
HelTpanbHbIX TOKOB. OTKpbITHE W 1 Z 6030HOB B 3KcniepuMeHTax B LIEPH.

4. CrangapTHas COJHEYHAas MoJeNb. J[eTeKTUpOBaHWE COJIHEYHBIX HEUTPUHO. OTKpBITHE
OCUMJUISIUI COJIHEYHBIX HEUTPUHO

Onucanue CrangaptHoit ComueuHodt wmozend. IIOTOK CONHEUHBIX HEUTPUHO HA 3emile.
OOHnapyxeHue aeQuUUTAa COJMHEYHBIX HEWTPUHO B J3KclepuMeHTe J[9BuUCa, B TaJIMEBBIX
JKCIIEpUMEHTax U dkcriepuMeHTe Kammokanme. [mmore3a b.M.IloHTekopBO 00 OCIMILISIHAAX
HelTpuHO. OTKPBITHE OCHMWIIISIIUNA COTHEYHBIX HEUTPUHO B 3KcriepuMente SNO.

5. Armocdepnbie HerTpuHo. [erextop CynepKamuokange. OTKpeITHE OCHMIUIALUN aTMOC(EPHBIX
HEUTPHUHO

Perucrpauus armocdepHblii HEHTPUHO B MOA3ZEMHBIX IKCIIEPUMEHTaX. «ATMOC(epHasi aHOMAJUD».
Bonnsie uepenkoBckue nerexktopel Kammokxanne n CynepKammokange. OTKpbITHE OCHMIUISALNAN
arMoc(epHbIX HeUTpUHO B 3kcriepuMenTe CynepKamunkanne.

6. @eHOMEHONIOTHSI HEUTPUHHBIX OCHMIIISIIHA. OCUMUIALMT HEUTPUHO B BaKyyMe U B BEIIECTBE

DEHOMEHOJIOTHST HEUTPUHHBIX OCUMIUISIUUU. PaccMOTpeHHEe OCUWUISIUN JABYX TUIIOB HEHUTPHUHO.
[Tonyuenne  BbIpakeHUH  JUII  BEPOSTHOCTM  OCUWUSIOMA.  Marpuna — CMEIUMBaHMS
[lontexopBo-Maku-Hakarasa-Cakata myisi Tpex TUNOB HeWTpuHo.  [lapamerpsl HEHTPHHHBIX
OCHWIISIIIAH.

7. YckopUTenbHbBIE KCIIEPUMEHTHI C JUTHHHOW 02301

UccnenoBanne ocuMUIAIMNA HEHTPUHO B YCKOPUTEIBHBIX OKCIEPUMEHTaX C JJIUHHON 0a30ii.
OxcniepumenTtsl K2K, MINOS, OPERA. CmenieHHbIE OT OCH ITyYKH HEUTPUHO. DKCIIEPUMEHTHI C
JuHHON 6a30i BTOoporo mokoseHust T2K 1 NOvA. OTkpbITHE OCHUIUISAIUI0 MIOOHHBIX HEHTPUHO B
3JIEKTPOHHBIE.



8. M3mepeHne oCWUILIMOHHBIX IapaMETPOB B PEaKTOPHBIX IKCIIEPUMEHTAX

U3mepeHne oCUMIUIALMOHHBIX TAPaMETPOB B PEAKTOPHBIX HKCIIEPUMEHTaX. MeTon JeTeKTHPOBaHU
PEaKTOPHBIX AaHTUHEHUTPUHO. OKCHEpUMEHT C JumHHOW ©0azoi  KamJlawnn. Nsmepenue
OCHMJUIILIMOHHBIX MIApaMETPOB B PEakTOPHBIX 3kcriepuMenTax Daya Bay, RENO u Double Chooz.

9. U3mepenue yria cmemmnBanus theta 13

W3mepenne ymia cmemuBaHus theta 13 B yCKOpDUTENBHBIX M PEAKTOPHBIX OSKCIIEPUMEHTAX.
[lepcriekTuBBI [UIs1 U3MEpPEHUs] MepapXxuu Macc HeUTpuHO U noucka CP HapylieHus B JT€NTOHHOM
cextope CrangaptHoit Mogemu. Ctpykrypa PMNS marpuipl cMemmBaHus.

10. ITouck CP HapymieHus B HEUTPUHHBIX OCHUIUISIIMSIX

[Mouck napymenuss CP cumMmMeTpun B HEHTPUHHBIX ocumuianuax. Meronvka noucka CP nHeueTHoM
ACUMMETPHH NPU U3MEPEHUH OCLMIUIALNI MIOOHHBIX HEMTPUHO M aHTHHEWTPUHO B DKCIIEPUMEHTE
T2K. Hcnonp3oBaHue peakTOPHBIX IAHHBIX Ul IOBBILIEHUS YYyBCTBUTEJIBHOCTU 3KCIIEPUMEHTA.
[lepBoe ykazanue na CP napymenue B sxciepumente T2K. Pesynbrarsl sxciepumenta NOVA.

11. ITpsimoe u3MepeHue Macchbl HEUTpUHO. Mogenb kauenen

[psimoe n3MepeHue Macchl JIEKTPOHHOTO HEUTPHUHO B OeTa pacraje TPUTHSA. DKCIIEpUMEHTH Tpouil
HI0O-Macc 1 Maiini. MeTtox MarHUTHOW aanabarmdeckoil koyummanuu. JxcrepumeHT KATPHH.
Orpannuenne Ha 3(h(HEKTUBHYIO MACCy 3JICKTPOHHOTO HEUTPUHO.

12. TIpupona wetitpuno. [louck 6Ge3HEHTPUHHOTO IBOMHOTO OeTa pacraaa

Hetitpuno MaiiopanoBckas unu JupakoBckas yactuia. ®usnka O€3HEHTPHHHOTO JABOWHOTO OeTa
pacnana. SaepHble MaTpUYHBIE JIEMEHTBI. DKCIIEPUMEHTAIbHbIE METOJIBI TIOMCKA OE3HEUTPUHHOTO
IBOMfHOrO 0Oera pacmaga B TI'epPMAHHEBBIX, KCEHOHOBBIX M  KPUOTCHHBIX JETEKTOpPaX.
OKclepUMEHTallbHbIE  OrpaHMuYeHus: Ha dS((EeKTUBHYIO Maccy HEHTPHUHO, TIONy4YeHHBIE B
skcriepumenTax KamJlana-Zen, GERDA. brnuxaiinine nepcrneKTUBHI.

13. Heittpuno u xocmonorud. PenukroBeie HelTpruHO. CTepuiIbHbIE HEHTPUHO

Heiitpuno u xocmonorus. OrpaHuueHusi Ha CyMMY MacC HEHTPUHO U3 KOCMOJIOIMUYECKUX JIaHHBIX.
PenukroBrie HeiTpuHO. HeWTpHHO OT B3pBIBOB CBEpXHOBBIX. CTepuibHbIE HEUTPUHO. AHOMAIHS
LSND, peakropras u ramiuesas aHomanus. OrpaHMuYeHMs] Ha IapaMeTpbl JIETKUX CTEPUIIBHBIX
HEUTPUHO U3 PEAKTOPHBIX, YCKOPUTEIIBHBIX U aCTPOPUINIECKIX IKCIIEPUMEHTOB.

14. HefitpunHnas actpodusnka

Hefitpunnas actpodusnka BeICOKMX 3HEepruil. balikanbCKuil MOIBOIHBIA HEUTPUHHBIA TEJIECKOIL,
skcniepumenTbl ICECUBE, ANTARES. Actpodu3nueckne NCTOUHUKH HEHTPHHO.

15. IlnanupyemMble HEUTPUHHBIE IKCIIEPUMEHTHI. 3aKII0UeHNE

PaccMarpuBaroTcsi HEWTpUHHBIE JKCIEPUMEHTHI cClenyromero nokoneHusa I'unepKamuokannme wu
DUNE. OCHOBHBIMH HEISIMH 3THX 3KCIIEPUMEHTOB SIBJA0TCA nouck CP HapylieHus B HEMTPUHHBIX
OCIIWIIALUAX, OINpPENEICHUE WEPAPXUM MacC HEUTPHHO, MOWCK pachaja MNpOTOHA, PETUCTPALHS
PEJIMKTOBBIX HEHTPUHO OT CBEPXHOBBIX. ByneT paccMoTpeHa >SKCIEpUMEHTajbHas METOAMKAa U
YyBCTBUTEIBHOCTD 3THUX 3KCIIEPUMEHTOB K Pa3InYHBIM (hU3HYecCKuM mporeccaMm. B 3axioueHun
OyIyT H37I0KE€HBl OCHOBHBIC WTOTHM Kypca M TPOAHAIM3MPOBAHBI OCHOBHBIC (DyHAaMEHTaJIbHBIC
PE3YyNbTaThl, MOTYYCHHbIC B HEUTPUHHON (pHU3HUKeE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



VYuebHas ayquTopusi, OCHAIlEHHAs! IIPOEKTOPOM IS TT0Ka3a CJIAiiI0B ¢ KOMITBIOTEPA U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. Jlenrronsr u kBapkw [Texct] / JI. b. Oxkynb .— 7-e w3n. — [Hayunoe uzn.] — M. : JEHAH/L, 2015
—352c.
2. CriaGwie B3auMoJieiicTBus JienTOHOB U kKBapkoB [ Tekct]/FO. Kommunc, ®@. bykcbaym , mep. ¢ aHr. A.
B. bepkoga, -M., Dueproaromusaar, 1987
3. ®usuka MaccuBHbBIX HelTpuHO [Tekct] = Physics of massive neutrinos/®. boywm, I1. ®orens , -M.,
Mup, 1990
4. K. Winter. Neutrino physics. Cambridge Monographs on Particle Physics, Nuclear Physics and
Cosmology. 2008.
5.C.M.bunenpkuii. Jlekuuu 1o (pu3rMke HEUTPUHHBIX U JICNTOH-HYKJIOHHBIX IPOlieccoB, MOCKBa,
Oueprousaar, 1981.

JomnonHurenbsHas auTeparypa
1.Knannop-Knaiiarporxayc I'.B., [lImuar A., "HeyckopuTenbHas Gu3uka 2IeMEHTapHBIX YacTHil",
ITep. ¢ vem., Mocksa, Hayka, ®usmatinur, 1997.
2.Jlxx.bakan "Hei#trpunnas actpodpusuka", "Mup", Mockga, 1993.
3.M.Kommb6a. Poxxenne HeTpuHHOM acTpodusuku . Yerexu puzndeckux Hayk, T.174 (2004)
c.418-426.
4.K.Zuber. Neutrino physics, CRC Press, 2012.
5.C.Giunti and C.W.Kim. Fundamentals of Neutrino Physics and Astrophysics, Oxford University
Press, 2007.
6. I'epmrreita C.C., Kysnernios E.I1., Ps6oB B.A. TIpupona Maccel HEHTPUHO M HEHTPUHHBIC
ocuWuALMH. Yerexu pu3nyeckux Hayk, T.167 (1997) c.811.
7.bunenpkuii C.M. Macchl HEUTPUHO, CMENIMBAHUE W OCIIMIUIALINN HEUTPHHO. Ycrexu (GU3nIecKux
Hayk, T.173 (2003) c.1137.
8.Kynenxo 0. MccnenoBanne HEUTPUHHBIX OCIMIUIALNN B OKCIIEPUMEHTAaX C JNTMHHOHN 0a30ii.
VYenexu ¢puzndeckux Hayk, T.181 (2011) ¢.569-594.

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

https://www.hep.anl.gov/ndk/hypertext/ - nndpopmauns no TeOpHH, IKCIEPUMEHTAM, IPOCKTaM B
o0J1acTi HEUTPUHHON DUBHKH

http://www.nu.to.infn.it/ - uapopManus o myOIMKaNUIX 0 HEUTPUHHON (PU3HKe
https://neutrino-history.in2p3.fr/ - nadopManuy 0 KOH(MEPEHIIUHN 110 HCTOPUH HEUTPUHHON HUBUKN

https://arxiv.org/ - caiT 3NEKTPOHHBIX MPEMPUHTOB, BKIIOUAsi OCHOBHBIC MMyOIMKAIIUHU 110 HEUTPHUHHOM
¢buznke

https://inspirehep.net/ - caiT-moncKOBUK B 001aCTH (PU3UKHU BHICOKHX 3HEPTUil
http://pdg.lbl.gov/ The Review of Particle Physics

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[Iporpammer GEANT4, ROOT. Buneokondepernnnu ZOOM, SKYPE
9. MeTonuueckHe yKa3aHus 151 00y4aromMXcsi 10 OCBOCHHMIO TUCHUILIMHBI (MOLYJIs)
CryneHT, M3y4Yarolluil IUCLHUIUIMHY, JOKEH C OJHOM CTOPOHBI, OBIAIETh OOLIMM MOHATUIHBIM

arrmaparom, a ¢ ;[pyroﬁ CTOPOHBI, JOJDKCH HAYUYUTHCA HNPUMCHATH TCOPCTUUCCKUC 3HAHU HA IIPAKTUKCE.

B pe3YIbTATC U3YUYCHUA AUCHUIUIAHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMYHbIX 3aa4v.



VYeneniHoe OcCBOcHHME Kypca TpeOyeT HanpsKEHHOH CcaMOCTOSITeIbHOH paboThl  CTyJeHTa B
COOTBETCTBUH C JaHHBIMH B pabodei mporpamme. CamocTosTenbHas padoTa BKIIOYaeT B ceOsl:

— YTE€HHE PEKOMEHI0BAHHOW JIUTEPATYPBI;

— TpopaboTKy y4eOHOro Marepuaja, IMOATOTOBKY OTBETOB Ha BONPOCHI, MPEIHA3HAYEHHBIX IJIs
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelleHue 3a/1a4, IpeAIaracMblx CTyIEHTaM Ha JIEKLUAX U IPAKTUUYECKUX 3aHATUAX;

— IIpU HEOOXOANMOCTH MOATOTOBKY K HPAKTHYECKUM 3aHITHSAM, KOJUDIOKBUYMaM, IK3aMEHY.
ITokazareneM BIIQAECHUS MaTepUaIoOM CIYXKHUT YMEHHE pemars 3aaadd. Jns GpopMUpOBaHHS yMEHHS
MPUMEHSThH 3HAHUA Ha MPAKTHKE CTYACHTY HEOOXOAMMO pelIaTh Kak MOXKHO OOJIbIIe 3a/1a4.

BaxxHo 1oOuThCcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaThCsi 3a KOHCYJIBTALUSMH K
JIEKTOPY WJIM NPENOoiaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.

Bo3MoxeH npoMexyTOUHbIM KOHTPOJIb 3HaHUI CTYJEHTOB B BUJIE PELICHUs 3a7a4 B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



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

®dusrex-KiIacTep akaJIeMUUeCKOl 1 HayqHOU Kapbepbl (DyHIamMeHTanbHbIe
B3aUMOJICHCTBHS U (PU3UKA IIEMEHTAPHBIX YACTHIIL)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpadoTunk: 10.I". Kynenko, n-p ¢us.-mart. Hayk, npodeccop



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 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

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

OIIK-2.2 Crniocoben OLICHUBATh aKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOMpaTh u (MIIN)
pa3padaThIBaTh MOIAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTY4YaeMbIX PeICHUN

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBoeit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHABbHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TOIYYEHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
N3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4eCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | MPOLIECCOB, OICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrocobeH mnpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[MK-2.1 CnocoOeH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCJICAOBAHMUS CaMOCTOSITENIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH




B pesynbrare n3ydeHust AUCIUTUIMHBL «DPU3KKa HEUTPUHO» 00YUArOIIHUNCS JTOJKEH:

3HATh:
- cogepxkanue Kypca «Pru3nuka HEUTPUHO
- cna0ble B3aMMOJCICTBYSA, CBOWCTBA HEUTPUHO, HapylIeHHe (yHIAMEHTAIbHBIX CUMMETPHMA
- HEUTPUHHBIE I€TEKTOPbI U METO/BI PETUCTPALIUU HEUTPUHO
- €CTECTBEHHBIE U ICKYCCTBEHHBIE HICTOUHUKH HEUTPHUHO
- (heHOMEHONOTHIO OCIMIIISIINI HEHTPHUHO
- MOCTaHOBKY COBPEMEHHBIX IKCIIEPUMEHTOB B 00J1aCTH HEUTPUHHON (QU3UKH;
- IUIAaHUPYEMBbIE JKCIIEPUMEHThl B HEUTPUHHOM (U3MKE W METOAUKY aHaju3a JAaHHBIX B OITHX
JKCIIEPUMEHTAX, IIOJTYUYEHUE PE3yJIbTaTOB;
- OCHOBHBIE IKCIIEPUMEHTAJIbHBIC PE3YJIbTaThI, OTy4YEeHHbIE B 00JIaCTH HEUTPUHHON (DU3UKH.
YMeThb:
- IPOBOJUTH MOJEIMPOBAHUE U OLEHKY YyBCTBUTEIbHOCTH OCLUIIIALMOHHBIX SKCIEPUMEHTOB
- HHTEPIPETUPOBATH IKCIIEPUMEHTAIbHbIE PE3YNbTaThl B 001aCTH PU3UKU HEUTPHUHO
- IOJy4aTh IapaMeTpbl HEHTPUHHBIX OCLMWUISLUM C HCIOJIB30BAaHUEM METOJOB CTATUCTUYECKOIO
aHanusa
BJIaJeTh:
- METOJIMKOM aHanIn3a JaHHBIX, [TOJIy9a€MbIX B HEUTPUHHBIX SKCIIEPUMEHTAX
- pa3IMYHBIMU METOJAMU JETEKTUPOBAaHUsI HEUTPUHO B IIMPOKOM JHAIa30HE 3HEPruil

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKylIeMy KOHTPOJIIO
He npenycmorpeno.

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

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:
1. OnpenenuTh KUHETHYECKYIO SHEPTUIO PEIUKTOBBIX HEUTPHHO.
2. Bo3MOXHBI JIM OCHWIIISIUM Nu_mu -> anti-nu_mu?

3. Onpenenutsb BeposiTHOCTH (branching ratio) pacnaza \pi > (e, \nu) decay. CpaBHUTBH € pacnazoM \pi
-> \mu-+\nu.

4. Tloka3zaTh, BO3MOXEH WIH HEBO3MOXKEH pacrajl HEUTpPalbHOIO IIMOHA HA HEUTPUHO H
AHTUHEUTPHHO, €CIIN Macca HEUTPUHO paBHA HYIIO.

5. OnpenenuTh JIMHY JETEKTOpa HEUTPHUHO U3 Keje3a, B KOTOPOM BEPOSTHOCTh B3aWMOJCHCTBUS
HelTpuHO c 3Hepruei 1 I'3B paBHa 10-8. Ceuenne B3aumoeiicteus Heiitpuno = 10-38 cm2.

6. OnpeenuTh B 1a0OPaTOPHON cHcTeMe MOpor peakiuu nu_{\mu} + e- -> \mu- + \nu_e.

[IprMepbl KOHTPOJIBHBIX 33JaHUN:

1. Ilony4uTh BelpakeHue U1l OCLMIUISILIMN AByX TUIIOB HEUTPUHO

2. B BOIHBIX UE€PEHKOBCKUX JAETEKTOpaxX I[PU PErUCTPALUU 3JIEKTPOHHBIX HEUTPUHO C SHEPrUeH OKOJIO
II'>B oguuM H3 OCHOBHBIX HMCTOYHHKOB ()OHA  SIBIISIIOTCS HEUTpaibHbIE NHOHBL, POXKICHHBIC
MIOOHHBIMM HEWTPHUHO Yepe3 HeUTpaibHble TOKU. [lodydnTh KMHEMAaTWKy pacnaja HEWTpPajbHOIO
nuoHa Ha 2 Qotona. Ilomyunts Maccy nmoHa W3 u3MepeHus: AByX (oroHoB. Ilokazarh, B Kakux
ciyvasx pacrnax [10 [0 [J (10 [ IO [J [J[) MOXeT UMUTHPOBATh CUTHAJ OT OAMHOYHOTO 3JIEKTPOHA.
3. [lomy4nTh BhIpaKEHUE IS OCLMIUISINMN TpeX TUTIOB HEUTPUHO B BaKyyMe

4. TlonmyunTh BhIpaKEHUE A1 BeposATHOCTH pacnaaa (branching ratio) \pi -> (e, \nu). CpaBHUTH C
BEpOSTHOCTRIO pacmana \pi -> \mu+\nu.

5. UepeHKOBCKU BOAHBIN AETEKTOP MCIOIB3yeTCA IS MOKCKa paciiajga nmpotoHa. OcHOBHAs Mofa p ->
e+ \pi0. Kakue mpouecchl ¢ ydacTueM arMoc(epHBIX HEHTPMHO MMUTHPYIOT 3TOT pacnan? Kakue
CHOCOOBI/METO/IBI UCTIONB3YIOTCS JUIS TIoAaBIeHus (OHA aTMOC(HEPHBIX HEUTPUHO?

[Tpumeps! 3K3aMEHAMOHHBIX OMIETOB”



buner 1.

1. 3mepenune oCHMUISAIIMOHHBIX TAPaMETPOB B yCKOpUTEIbHBIX dkcriepuMenTax K2K u MINOS.

2. lonyuuts BeIpaxenue mist CP meuetHoit acummerpuu A CP = [P(nu_mu [0 nu_e) — P(anti-nu_mu
-[0 anti-nu_e))/[P(nu_mu [J nu_e) +P(anti-nu_mu [] anti-nu_e)] B BaKyyMme, HCIIOJIb3Ys IOJHBIE
BBIpOKCHUE ISl OCHWUISIMN TPeX TUIOB HEHTPUHO. [10ydnTh YMCICHHOE 3HAYEHHE aCHMMETPHHU
JUIE JHEepPruu MIOOHHBIX HeltpuHo 600 MB wm 6a3pr 300 kM. OCHMIUISIMOHHBIC TapamMeTphI:
\theta {12} = 34 rpax, \theta {23} = 45 rpax, \theta {13} = 9 rpan, \Delta m"2_{12} =7.5x10-5
3B2, \Delta m"2_ {23} =2.4x10-3 »B2.

buner 2.

1. Okcnepument CynepKamuokanje. OTKpBITHE OCIMIUIAIINN aTMOC(HEPHBIX HEUTPHHO.

2. B ciyuae pacniaga \pi > \mu\nu mogy4YuTh 3aBUCUMOCTh SHEPTHH HEUTPUHO (7120 cucTeMa) oT yria
\theta Me>x1y HampaBiieHHE TMOHA M HEHTprHO. CHennanibHO PaCCMOTPETh ClTydaii Masnoro yria \theta .

[MocTpouts rpadMky 3aBUCUMOCTH SHEPTHH HEHTPUHO OT 3HEpruu nvoHa ans yrios 0, 1, 2, 3 rpanyca
B JMarna3oHe 3Hepruil nuoHoB ot 0 mo 20 [3B.

burer 3.

1. U3mepenue yria \theta 13 B sxcniepumente T2K 1 peakTOpHBIX 3KCIIEpUMEHTax

2. Ouenutp Bkiaan BemecTBa B CP HeueTHy10 acuMMeETpHIO

A CP = [P(nu_mu -> nu_e) — P(anti-nu_mu -> anti-nu_e)}/[P(nu_mu -> nu_e) +P(anti-nu_mu ->
anti-nu_e)]

B cnyuae ocummisinun nu_mu -> nu_e B 3emiie Uit AByX ciydaeB: E nu = 600 MeV, L = 300 km and
E nu = 1800 MeV, L = 900 km. Cunrarh Mepapxuro Macc HOpMaibHOH. [lapamMeTpsl oCIMIIISIIMIA
B3:aTh 13 Tabimmiy PDG.

buier 4.

1.U3mepenne comHeuHblXx HEWTpuHO B dkcrepuMeHTe SNO. OTKpBITHE OCHWUISLHMNA COJHEYHBIX
HEUTPHHO.

2. MIoOHHO€ HEUTPHUHO B3aWMOJIEHCTBYET B BOJE M poXkaaeT MIOOH ¢ sHeprueir 1 [9B. Paccumrars
pasmepbl YepeHKOBCKOTO Kosiblia (BHEIIHUM M BHYTPEHHHUH IUaMeTp) Ha CTEHKE, MePIeHANKYISIPHOI
HaIpaBIEHUIO MIOOHA, PACIONIOKEHHON Ha paccTosHUU 20 M OT TOYKHM B3aMMOJAEWCTBUS HEHUTPUHO.
[IpennoxkuTh METOJ BOCCTAaHOBJICHHS BEPILMHBI B3aUMOACHCTBUS HEUTPUHO M OLIEHUTH MTOTPEIIHOCTh
IIPU BPEMEHHOM pa3pelieHNH (OTOYMHOKHUTENEH, KOTOPbIe yCTaHOBJICHBI B CTEHKY, 2 HC.

buer 5.

1.Be3neiiTprHHBIN qBOIHOM OeTa pacnaa. MaiiopaHoBckue U JIMpakoBCKUE HEHTPUHO.

2. OmnpenenuTb ONTUMAJbHbIE 0a3bl PEAKTOPHBIX HKCIIEPUMEHTOB IJIi HM3MEPEHUS] «COJHEYHBIX)
napaMeTpoB U uaMepenus yria [113. Cuutars CpegHIOI SHEPIHIO PEaKTOPHBIX aHTUHEHTpUHO 4 M3B.

B03M0OXXHO 11 M3MepeHne «aTMOC(EPHBIX MapaMeTPOB» B IKCIIEPUMEHTAX C PEaKTOPHBIMU HEUTPHUHO.
Ecnu na, To npu kaxoii 6aze?

Kputepun oniennBanus

10 NOJHOCTBIO PCHICHBI BCC 3aJa4u 3aJlaHu:d, IOJIHBI OTBET Ha 3K33MCH3HHOHHLIﬁ ouner u
AOTIOJIHUTCIIbHBIC BOIIPOCHI

9 pelleHsl Bce 3aJadd 3aJaHusi, BO3MOXHBI 3aTpygHeHHs B 1-2 3amadax, CcaMOCTOSITEIbHO
yCTpaHsieMble CTYIEHTOM B Ipolecce OOCYXKIEHHs; MOJHBI OTBET Ha AK3aMEHALMOHHBIN OWIIET M
JOIIOJIHUTENIbHBIE BOIPOCH], BO3MOXKHBI 3aTPYIHEHHS B OTBETE€ HA JIONOJHHUTEIbHBIE BOIPOCHI,
CaMOCTOATENBHO YCTPaHsIEMblE CTyACHTOM

8 peleHb! Bce 3a/a4u 3aJaHUs, BO3MOXKHBI 3aTpyAHEHUs B 1-2 3ajadax, yCTpaHseMble CTYAEHTOM B
npouecce 00CYXAEHUS MOCIe MOACKAa3KK MPENoAaBaTeis; MOJHBIA OTBET HAa 3K3aMEHALIMOHHBIH OnjeT
U JIOIIOJIHUTEJIbHBIE BOIIPOCHI, BOBMOXHBI 3aTPYIAHEHHs B OTBETE Ha JOIIOJHUTEIbHbBIE BOIIPOCHI

7  peuleHbl Bce 3alaud 3ajaHusi, Kpome 1-2; BO3MOXHBI 3aTpyJHEHHUS B OTBETE€ Ha BOIPOCHI
9K3aMEHAIIMOHHOTO OMIIeTa, yCTpaHsIeMble IOCiIe MOACKa3KU MperoaaBaTess

6 pelIeHsl BCE 3aJadyd 3aJaHMs, KpoMme 2-3; BO3MOXHBI 3aTPyIHEHHUS B OTBETE Ha BOIPOCHI
9K3aMEHAIIMOHHOTO OneTa, ycTpaHsieMble 0ciIe MOACKa3Ky MpernogaBaTess



5 pemieHsl Bce 33/a4u 3alaHUA, KpoMe 2-3; 3aTpyJHEHHUS B OTBETE Ha BOMPOCHI IK3aMEHAI[IOHHOTO
Omera, ycTpaHseMbIe TOJIBKO C CEPbE3HOW TTOMOIIBIO TIPETIoaBaTeNs

4 pemeno 6omee 50% 3ama4 3aaHusL; 3aTPYIHEHUS B OTBETE HA BOIPOCHI HK3aMEHAIIMOHHOTO OMJIeTa,
yCTpaHsieMbIe TOIBKO C CEPbE3HOM MOMOIIBIO IPEo1aBaTess

3 pemeno 6oinee 50% 3ana4 3agaHus; HECIOCOOHOCTH OTBETUTH Ha BONIPOCHI OMJIETa, OTHAKO OTBET HA
JOTIOJTHUTEIIBHBIC BOIIPOCH! M3 CIHCKA K3aMEHAIIMOHHBIX

2 pemeno menee 50% 3amad 3amaHus OO HECIOCOOHOCTH OTBETUTH HAa BOINPOCHI OWMIIETa M HA
JONIOJIHUTEIbHBIE BOIIPOCH! M3 CHHMCKA 3K3aMEHAIMOHHBIX

1 pemeno menee 50% 3anmay 3amaHus MO0 HECHOCOOHOCTh OTBETHTH Ha BOIPOCHI OMieTa M Ha
JOTIOJTHUTEIIBHBIC BOIIPOCHI M3 CIMCKA K3aMEHAIIMOHHBIX

5. MeTonuueckne MaTepuasbl, onpeaeasonie NPpoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Ipu npoBeneHnN yCTHOTO 3K3aMeHa 00yJaromeMycs peJocTapisieTcs 1 yac BpeMeH! Ha MOATOTOBKY.
Ompoc ofyuatomerocs 1o Oujery Ha YCTHOM OJK3aMEHE HE JIODKEH TIIPEBBINIATh JIBYX
aACTPOHOMMYECKHX YacOB.

Bo Bpems mpoBeaeHusi sx3ameHa 0OydaromMecs MOTYT IOJb30BaThCsl MPOTPaMMOM IHUCLUILIUHBI, a
TaKKe 000 JINTEpaTypoil U BEIYUCIUTEILHOW TEXHUKOH.



