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

[Ipenckazanne W oTkpbITHE HeHWTpuHO. OOHApY)KEHHWE MIOOHHOTO HEWTPHHO, M3MEPEHHE CIUPAIbHOCTH
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. Obcyxnaercs teopusi BaitnOepra-Canama (oObeanHEHHE 3EKTPOMATHUTHBIX M CJIA0BIX
B3aMMOJICHCTBHIT) U CBOMCTBA HEWTpHMHO B pamkax CranmaapTHodi Mogenu. PaccMaTpuBaeTcsi OTKpPBITHE
HEUTpaIbHBIX TOKOB U MPOMEXYTOYHBIX OO30HOB.

3HayuTeNbHOE BHHUMAaHWE YAENEHO OCHWULAIMAM HelTpuno. Mznoxena wunes b.M. IlonTtekopBo u
9KCIEPUMEHTAIBHOE OTKPBITHE HEHUTPUHHBIX OCIWUIALUNA B OKCIEPUMEHTaX C COJHEYHBIMH U
arMoc(epHbIMU HEHTpHHO. [leTaJbHO PACCMOTPEHBI YCKOPHUTENBHBIE U PEaKTOPHBIC OCHMIUISIMOHHBIC
JKCIIEPUMEHTBI, M3MepeHne yriaa cmemuBanue 13 u mouck CP HapylieHUs B JIENTOHHOM CEKTOpe

Cranpaptroit Monenu. IIpencraBiena (eHOMEHOIOTHSI HEUTPUHHBIX OCHMIUISIUN B BAKYyMe M B BEILIECCTBE.
N3naratorcs ganpHENNINE MEPCIEKTUBBI OCIHIUISIIMOHHBIX SKCIIEPUMEHTOB CIEAYIOIIErO OKOJIECHNUS.

PaccMOTpeHbl 3KCIIEpUMEHTHI 1O OPSIMOMY H3MEPEHHI0 Macchl HEUTPHMHO B OeTa pacmajne TPUTHSL.
ITpencraBneHbl OrpaHUYEHUS] HA CYMMapHYIO MacCy HEHTPHHO M3 KOCMOJOTMYECKHUX AaHHbIX. OO6cykaaeTcs
pupozaa HeUTpruHO: MaliopaHOBCKHE WIH JMPAKOBCKUE YaCTHUIBI. PacCMOTpEHBI 3KCIIEPUMEHTHI IO  TIOMCKY
0e3HEUTPUHHOTO JBOWHOTO OeTa pacmajia v MpeCTaBlIeHbl Pe3yIbTaThl 0 UCCIIEIOBAHUIO CBOWCTB HEUTPHUHO.

Takke pacCMOTPEHbl HEUTPUHHBIE AHOMAJIMM: YKAa3aHHWA HA CYLIECTBOBAHUSI CTEPUIIbHBIX HEUTPHUHO,
MOJTyYEHHBIE B YCKOPUTENBHBIX, PEAKTOPHBIX PATUOXUMHUYECKUX JKCIepuMeHTax. O0cyKaarTces MocleHne
SKCIIEPUMEHTAIBHBIE PE3YJIBTAThI MO MOUCKY JETKUX U TSKENBIX CTEPUIIbHBIX HEUTpuHO. PaccmarpuBaeTcs
HEUTpUHHAsT acTpoU3WKa BBICOKHMX JHEPTUH, acTpo(U3NYECKUE HCTOYHUKH HEHTPUHO, KOCMOTCHHBIC
HEUTPUHO, AaHHUTWIISIIUSA TEMHOU MaTtepuu. bailkanbCkuil moJABOAHBIA HEUTPUHHBIA TEIECKOI, SKCIIEPUMEHTHI
ICECUBE u ANTARES.

1. lean u 3apa4un

]_le.]'ll) JAUCHUIIINHBI

Kypc nekumii 3HaKOMHT CTyAE€HTa C OCHOBHBIMH TEOPETHYCCKUMH  IOJIOKCHUSIMH, METO/IAMH,
IKCIIEPUMEHTAIBHBIMU YCTAaHOBKAMH U pe3ylbTaTaMH B 00JacTH HEUTpUHHOH ¢u3uku. OH co3maeT
HeoOXoUMYy0 0a3y JUis MOHMMAaHUs U JallbHelIIero 6osee my0OKoro 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/IC 3HAHUU MO MOCTAaHOBKE HeﬁTpHHHBIX OKCIICPUMCHTOB Ha PCaKTOpax, YCKOPUTCIAX U
KOCMHNYCCKHNX MCTOYHUKAaX.

- (hopMHpOBaHUE 3HAHHUN 110 OCHOBHBIM PE3yJbTaTaM, IOJyYCeHHbIM B HEHTPHHHBIX KCIIEPUMEHTAX 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  CcOOCOOCH  HUCIOJIB30BaTh B
npoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC

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

Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUU
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 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jacth  cBoeil mpodeCCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIOIb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOH
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)

OIIK-3.1 Cnocoben aHanmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

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

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 00IACTIX HAYKH (TEXHUKN)

OrpaHu4CHUA pa3JIMYHbIX MCTOAOB PCUHICHUA

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMH peIIeHHs], 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 TMOJYyYEHHUIO HOBBIX 3HAHUIA,
po(eCCUOHATBHOMY M IMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nHpOpMaIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBAaHHH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

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

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

HOBBIC HAYYHBIC PC3YJIbTAThI

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3yIbTaThl

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

[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CAMOCTOSITENIbHO MJIM B COCTaBE€ HAay4yHOI'O
KOJIJIEKTHBA

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

[MK-3.1 TloHumaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

CIICUAIIM3UPOBAHHBIMU TAKCTAMU HNPUKITAIHBIX

porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
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;

- IJTAHUPYEMBbIE JKCIICPUMEHTHl B HEHTPHMHHOW (M3MKEe M METOIMKY aHalu3a JaHHBIX B ITHX

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
- IOIy4aTh NapaMeTpbl HEUTPUHHBIX OCLMLILIMA C MCIOIb30BAaHMEM METOAOB CTAaTHCTUYECKOIO
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. Cnalble  B3aUMOICHCTBUSL.
1 I'nnore3a HelTpuHO. DyHIaMEHTAIBHBIE 2 2 3
cummMmerpun. Hapymenue P-uetHOCTH

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

V-A teopust. IIpoMexyTodHble OO30HBI.

3 . 2 2 3
Helitpanbuble TOKH
CranpaptHas COJIHEYHas MOJIETIb.

4 JleTeKTUpOBaHNE CONHEYHBIX HEUTPHUHO. ) ’ 3

OTKpbITHE  OCUWUISILUN  COJTHEYHBIX
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 PEeaKTOPHBIX 2 2 3
JKCIIEPUMEHTAX

9 Usmepenne yria cmemmBanus theta 13 2 2 3

10 [Touck CP HapymieHHST B HEUTPUHHBIX ) ’ 3
OCHMJUIALUSX

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

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

13 Heiitpuno u kocmonorusa. PenukToBble 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. Cnabweie B3amMmofeiicTBus. ['mnore3a HeWrTpuHo. DyHIAMEHTANbHBIE CHMMETPHH.
Hapymenue P-uetHOCTH

Beenenne B kypc HedTpuHHOW Qusuku. Kparkoe mznoxenne (QU3MKH ClIaObIX B3aWMOJCHCTBUH.
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 OSKcrepuMeHTe. OTKPBITHE MIOOHHBIX HEUTPHHO.
CrinpanbHOCTh HEUTPUHO

Peructpanusa HeiiTpuHo B peakTopHOM 3Kcnepumente PeitHeca u Koysna. OTKpbITHE MIOOHHBIX
HEUTpUHO B yckoputenbHoM »dkcnepuMmeHTe B BHIL. TloHsitue cnupaibHOCTH HEUTPUHO U
SKCTIEpUMEHTATIbHOE U3MEPEHHE CITUPATIHbHOCTH B dKcniepuMenTe [onbaxabdep.

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

V-A Teopusi cmaboro B3auMMOIEHCTBHs. [ MIOTe3a MPOMEKYTOYHBIX BEKTOPHBIX OO30HOB,
00BbeIMHEHNE JIEKTPOMArHUTHOTO M c1a00ro B3auMoeHcTBUS. DKCIIepUMEHTAIbHOE 0OHApyKEeHUEe
HelTpanbHbIX TOKOB. OTKpbITHE W 1 Z 6030HOB B 3KcniepuMeHTax B LIEPH.

4. CrangaprHas COJHEYHas MofAenb. JleTeKTupoBaHUE CONHEYHBIX HEUTpuHO. OTKpbBITHE
OCUMJUISIUI COJIHEYHBIX HEUTPUHO

Onucanue CrangaptHoit Comueunoidt wmogend. I[IoTOK CONMHEYHBIX HEUTPUHO Ha 3emiie.
OOnapyxeHue paeuUUTa COJMHEYHBIX HEWTPUHO B OKclepuMeHTe J[pBuCa, B TauIMEBBIX
skcniepuMenTax u dkcnepumente Kamuokanne. I'mmoreza b.M.IToHTekopBO 00 OCHMIIISIHSIX
HelTpuHO. OTKPBITHE OCHMWIIISIIUNA COTHEYHBIX HEUTPUHO B 3KcriepuMente SNO.

5. Atmocgepnbie HeliTpuno. [etexrop CynepKamuokanae. OTKpbITHE OCHMIUISIIUN aTMOC(EpPHBIX
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

DEeHOMEHOJIOTH HEUTPHHHBIX OCHWIIANUN. PaccMOTpeHne OCHMIUISIMKM JBYX THUIIOB HEUTPHHO.
[Tonyuenne  BbIpakeHUH  JUII  BEPOSTHOCTM  OCUWUSIOMA.  Marpuna — CMEIUMBaHMS
[lontexopBo-Maku-HakaraBa-Cakata ansi Tpex THIOB HeWTpuHo. IlapameTrpsl HEWTPHHHBIX
OCHWIISIIIAH.

7. YckopUTenbHbBIE KCIIEPUMEHTHI C JUTHHHOW 02301

UccnenoBanne ocuMUIALNME HEHTPUHO B YCKOPUTEIBHBIX DKCIIEPUMEHTaX C JUIMHHOW 0a30H.
OxkcriepumenTsl K2K, MINOS, OPERA. CwMemeHHble 0T OCH MyYKH HEHTPHHO. DKCIEPUMEHTHI C
uHHON 0a30it Broporo nokoneHust T2K u NOVA. OTKpbiTHE OCHMIIISIIIAIO MIOOHHBIX HEHTPHHO B
3JIEKTPOHHBIE.



8. M3mepeHne oCWUILIMOHHBIX IapaMETPOB B PEaKTOPHBIX IKCIIEPUMEHTAX

W3mepeHne ocuMUIIMOHHBIX TAPAMETPOB B PEaKTOPHBIX 3KCIIEPUMEHTaX. MeTof 1eTeKTHPOBaHUS
PEaKTOpPHBIX aHTUHEHUTPUHO. DOKCIEepUMEHT ¢ JnuHHOW ©Oazoit  KamJlang. Nsmepenue
OCHMJUIILIMOHHBIX MIApaMETPOB B PEakTOPHBIX 3kcriepuMenTax Daya Bay, RENO u Double Chooz.

9. U3mepenue yria cmemmnBanus theta 13

W3mepenne ymma cmemuBaHus theta 13 B yCKOPHTENBHBIX M PEAKTOPHBIX AKCIIEPUMEHTAX.
[lepcriekTuBBI UIsI U3MEPEHHSI HepapXUK Macc HEUTpuHO u moucka CP HapyllieHus B JENTOHHOM
cextope CrangaptHoit Mogemu. Ctpykrypa PMNS marpuipl cMemmBaHus.

10. ITouck CP HapymieHus B HEUTPUHHBIX OCHUIUISIIMSIX

[Houck napymenust CP cumMeTpun B HEUTPUHHBIX OCIIUIIAIUAX. MeTtoanka noucka CP HeueTHOM
ACUMMETPHH NPU U3MEPEHUH OCLMIUIALNI MIOOHHBIX HEMTPUHO M aHTHHEWTPUHO B DKCIIEPUMEHTE
T2K. Hcnonp3oBaHue peakTOPHBIX NAHHBIX Ul IOBBILIEHUS YYBCTBUTEIBHOCTU 3KCIIEPUMEHTA.
[lepBoe ykazanue na CP napymenue B sxciepumente T2K. Pesynbrarsl sxciepumenta NOVA.

11. ITpsimoe u3MepeHue Macchbl HEUTpUHO. Mogenb kauenen

[psimoe n3MepeHue Macchl AMEKTPOHHOTO HEUTPUHO B OeTa pacmajie TPUTHsI. DKCIIEPUMEHTHI Tpouil
HI0O-Macc W Maiinn. Meron MarHUTHOW aquabarndeckon koimmmmaruu. JkcnepumentT KATPHUH.
Orpannuenne Ha 3(h(HEKTUBHYIO MACCy 3JICKTPOHHOTO HEUTPUHO.

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

Hetitpuno MaiiopanoBckast unu JlupakoBckast yactuiia. @usnka Oe3HEHTPUHHOTO JIBOMHOTO Oeta
pacmaga. SlaepHble MaTpUYHbBIE JIEMEHTHL. DKCIIEPUMEHTAIbHBIE METObI MOMCKa OE3HEUTPHUHHOTO
IBOifHOro Oera pacmaga B TEPMAHUEBBIX, KCCHOHOBBIX W  KPHUOTCHHBIX  JICTEKTOPAX.
OKclepUMEHTaNIbHBIE  OrpaHuueHus Ha J3(QQEKTUBHYIO MacCy HEUTPHUHO, IMOJy4YCHHbIE 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 HeiTpuHOo. HelTpMHO OT B3pBIBOB CBEpXHOBBIX. CTepuibHBIE HEHTPUHO. AHOMAIHS
LSND, peakropHast u ramiuesas aHoMainus. OrpaHudeHus Ha MapaMmerpbl JIETKUMX CTEPUIIbHBIX
HEUTPUHO U3 PEAKTOPHBIX, YCKOPUTEIIBHBIX U aCTPOPUINIECKIX IKCIIEPUMEHTOB.

14. HefitpunHnas actpodusnka

Hefitpunnas actpodusuka BHICOKMX Hepruil. balikanbckuil TMOABOIHBIA HEUTPUHHBIN TEJIECKOIL,
skcniepumenTbl ICECUBE, ANTARES. Actpodu3nueckne NCTOUHUKH HEHTPHHO.

15. IlnanupyemMble HEUTPUHHBIE IKCIIEPUMEHTHI. 3aKII0UeHNE

PaccMarpuBaroTcsi HEWTpPUHHBIE SKCIIEPUMEHTHI ClEAyoIero mnokoigeHus lunepKamuokanne wu
DUNE. OcHOBHBIMH IENSIMH 3THX SKCIIEPUMEHTOB SBIAIOTCS Touck CP HapylieHus B HEUTPUHHBIX
OCIIWIIALMUAX, ONPENETICHUE HEPAPXUHM MacC HEHUTPHHO, MOWCK paclaja MNpOTOHA, PETHUCTPALHS
PEJIMKTOBBIX HEHTPUHO OT CBEPXHOBBIX. bByner paccMoTpeHa sKCIEpUMEHTalbHAas METOAMKA U
YyBCTBUTEILHOCTh 3THUX 3KCIEPUMEHTOB K Pa3IUYHBIM (U3UUECKHM MpoleccaM. B 3axmodeHun
OyIyT H37I0)KE€HBl OCHOBHBIC HTOTHM Kypca M IPOAaHAIN3MPOBAHBI OCHOBHBIE (PyHIaMEHTaJbHbIC
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, M3ydarollui IUCHUIUIMHY, JOKEH C OJHON CTOPOHBI, OBJIAJETh OOIIUM IOHATHIHHBIM

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

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIINHBI,
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 yueOHOro Marepuasna, IMOATOTOBKY OTBETOB Ha BOIIPOCHI, MpeIHA3HAYCHHBIX IS
CaMOCTOATEJILHOIO U3yUCHMUS];

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

— IIpU HEOOXOANMOCTH MOATOTOBKY K HPAKTHYECKUM 3aHITHSAM, KOJUDIOKBUYMaM, IK3aMEHY.
ITokazaTteneM BiaJeHUs] MaTepUaOM CIYXKHUT YMEHHUE pemarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHSThH 3HAHUA Ha MPAKTHKE CTYACHTY HEOOXOAMMO pelIaTh Kak MOXKHO OOJIbIIe 3a/1a4.

BaxHo 100UThCA MOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3arnoMuHaHus. [Ipu
3aTPyJHEHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CiIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
JIEKTOPY WJIM NPENOoiaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.

Bo3MoxeH npoMeKyTOUHbIM KOHTPOJb 3HAHUM CTyAEHTOB B BUJE PELICHUS 3aJad 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

kadeapa QpyHnaMeHTAIBHBIX B3aUMOACHCTBUHN U (U3NKU IIEMEHTAPHBIX YaCTHUI]
Kypc: 1

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

Pa3zpaGoTunk: 10.T". Kynenko, n-p ¢uz.-mart. HayK, mpodeccop



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

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIeIOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH 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 aHamu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTUYECKUMUA U BBIUYUCIUTEILHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
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 CrpeMurcsi K TMOJYyYEHHUIO HOBBIX 3HAHHUH,
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBAaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAaMOCTOSITENIbHO 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 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
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;
- IJTAHUPYEMBbIE JKCIICPUMEHTHl B HEHTPHUHHOW (M3MKE M METOIUKY aHalu3a JaHHBIX B ITHX
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
- IOIy4aTh INapaMeTpbl HEUTPUHHBIX OCLMLILIMA C MCIOIb30BAaHMEM METOAOB CTAaTHUCTUYECKOIO
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

Hepequb KOHTPOJILHBIX BOIIPOCOB!

1. OnpenenuTh KUHETHYECKYIO SHEPTUIO PEIUKTOBBIX HEUTPHHO.
2. Bo3MOXHBI JIM OCHWIIISIUY Nu_mu -> anti-nu_mu?

3. Onpenenuts BeposiTHOCTH (branching ratio) pacmana \pi -> (e, \nu) decay. CpaBHUTB ¢ pacnagoM \pi
-> \mu-+\nu.

4. Tloka3zaTh, BO3MOXKE€H WIH HEBO3MOXKEH pacrax HEUTPaJIbHOTO IMOHA HA HEUTPUHO H
AHTUHEUTPHHO, €CIIN Macca HEUTPUHO paBHA HYIIO.

5. Onpenenuth JUIMHY JETEKTOpa HEWTPUHO M3 JKeje3a, B KOTOPOM BEPOSTHOCTH B3aUMOACHCTBUS
HelTpuHO c 3Hepruei 1 I'3B paBua 10-8. Ceuenne B3aumozeiictBus Heiitpuno = 10-38 cm2.

6. OnpeenuThb B 1a0OpPaTOPHON crcTeMe MOpor peakiuu nu_{\mu} + e- -> \mu- + \nu_e.

7. Ilony4dnTh BeIpa)KEHUE JUIsl OCLHWLIALMY IByX TUIIOB HEUTPUHO

8. B BOJHBIX U€PEHKOBCKHX JIETEKTOPAX MpPU PErUCTPALNU IEKTPOHHBIX HEHTPHHO C dHEprueil okoao
II'>B ogHMM H3 OCHOBHBIX HMCTOYHHMKOB (DOHA  SIBJISIIOTCS HEWTpaJibHBIE IHOHBI,  POXICHHBIC
MIOOHHBIMM HEWTPUHO Yepe3 HeUTpanbHble TOKU. [lonyuuTh KMHEMATHKY pacrnana HEHTPalibHOIOo
nuoHa Ha 2 ¢orona. Ilomyunts maccy muoHa u3 m3MepeHus IByX (oroHoB. [lokazarb, B Kakux
ciyyasix pacrag 0 MOXKeT IMUTHPOBATh CUTHAJ OT OJJMHOYHOTO 3JIEKTPOHA.

9. [lomy4nTh BBIpaKEHUE IS OCLMIUISINMN TpeX TUTIOB HEUTPUHO B BaKyyMe

10. [MomyuuTh BBIpaxKeHue A1 BeposATHOCTH pacnana (branching ratio) \pi -> (e, \nu). CpaBHHTSH C
BEpOSTHOCTRIO pacmana \pi -> \mu+\nu.

11. YepeHKOBCKUI BOTHBIA AETEKTOP MCIIONB3YETCS AJIs MOKMCKa pacnaaa rnporoHa. OcHOBHas mMofa p
-> e+ \pi0. Kakue npouecchl ¢ ydactueM arMoc(epHbIX HEUTPHUHO UMHUTUPYIOT 3TOT pacnazn? Kakue
CHOCOOBI/METO/IBI UCTIONB3YIOTCS JUIS TIoAaBleHus (oHa aTMOC(HEPHBIX HEUTPUHO?

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.
1. U3mepenune oCHMUTIIMOHHBIX TAPaMETPOB B yCKOpUTEIbHBIX dkcriepuMenTax K2K u MINOS.



2. llonyuuts Beipaxenue niusi CP newernoit acummerpun A CP = [P(hu_mu nu e) — P(anti-nu_mu

- anti-nu_e)]/[P(nu_mu nu_e) +P(anti-nu_mu anti-nu_e)] B BakyyMe, HCIOJNb3ysl IOJIHBIC
BBIPOKCHUE ISl OCHWILISIIUI TpeX TUIOB HEWTpuHO. [1oiydnTh YMCIEHHOE 3HAYEHHE acCUMMETPHU
JUIE dHepruu MiooHHbIX HeiTpuHo 600 MB u 6a3pr 300 kM. OCHMIUIAIMOHHBIE TapaMeTphI:
\theta {12} = 34 rpan, \theta {23} = 45 rpan, \‘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 OCIMIUIAINN aTMOC(HEPHBIX HEUTPHHO.

2. B ciyuae pacniaga \pi -> \mu\nu NoJIy4YHTh 3aBUCUMOCTh DHEPTUU HEUTPUHO (J1a0 cucTema) OT yriia
\theta Mex 1y HampaBieHHe MMOHA M HeWTpruHO. CrienuaibHO pacCMOTPETh ciIy4ail Maioro yria \theta .

[MocTpouts rpadmky 3aBUCUMOCTH DHEPTUX HEUTPUHO OT dHepruu muoHa juist yrios 0, 1, 2, 3 rpagyca
B Jnarna3oHe 3Hepruil nuoHoB ot 0 mo 20 [3B.

Kputepun onennBanus

10 MOJIHOCTBIO PCHICHBI BCC 3aJlauv 3aJaHUA, IIOJIHBIA OTBET Ha 3K38.MeHaL[PIOHHLII>i ouner u
AOTIOJIHUTCIIbHBIC BOIIPOCHI

9 pelIeHbl Bce 3aJadyd 3a/JaHusg, BO3MOXHBI 3aTpylHeHHs B 1-2 3amadax, CaMOCTOSITENbHO
yCTpaHsieMble CTYAEHTOM B Mpolecce OOCYKICHHs; MOJHBIM OTBET Ha 3K3aMEHALMOHHBIA Owier u
JOIIOJIHUTEJIbHBIE BOIIPOCH, BO3MOXKHBI 3aTPyJHEHUS B OTBETE Ha JOINOJHUTEIbHBIE BOIPOCHI,
CaMOCTOATENBHO YCTPaHsIEMblE CTyACHTOM

8 perieHbl Bce 3a/1a4 3aJaHUs, BO3MOXKHBI 3aTpyAHEHHs B 1-2 3a/1auax, ycTpaHsAeMble CTYICHTOM B
nporecce 00CYKICHUS MOCIe MOACKAa3KH MPEIoIaBaTelis; MOJHbIH OTBET Ha YK3aMEHAIIMOHHBINA OHJIeT
U JIOTIOJTHUTEIILHBIE BOTIPOCHI, BO3MOKHBI 3aTPYIHEHUS B OTBETE Ha JJOMOJTHUTEIbHbIE BOIIPOCHI

7  pemieHsl Bce 3alayM 3aJaHus, KpoMe 1-2; BO3MOXHBI 3aTpyAHEHHS B OTBET€ Ha BOIPOCHI
9K3aMEHAIIMOHHOTO OMIIeTa, yCTpaHsIeMble I0CiIe TOICKa3KHU MPeroaaBaTess

6  pemieHbl BCE 3ajJaud 3aJaHus, Kpome 2-3; BO3MOXKHBI 3aTPyJHEHHS B OTBETE€ Ha BOIPOCHI
9K3aMEHAIIMOHHOTO OneTa, ycTpaHsieMble 0ciIe MOACKa3Ky MpernogaBaTess

5 peueHsl Bce 3a/auMl 3aJaHus, Kpome 2-3; 3aTpyAHEHHS B OTBETE Ha BOIIPOCHI 3K3aMEHALMOHHOTO
Omera, ycTpaHseMbIe TOJIBKO C CEPbE3HON TTOMOIIBIO TIPETIoaBaTeNs

4 pemreHo 6onee 50% 3a1au 3a1aHKS; 3aTPYIHEHUS B OTBETE HA BOIIPOCHI 9K3aMEHALIMOHHOTO OMIIeTa,
yCTpaHsieMble TOJIBKO C CEPbE3HOM MOMOIIBIO IPETo1aBaTess

3 pemeno 6onee 50% 3amau 3a1aHKS; HECTIOCOOHOCTh OTBETUTH HA BOIPOCHI OMJIETa, OTHAKO OTBET Ha
JOTIOJTHUTEIIBHBIC BOIIPOCH! M3 CIMCKA K3aMEHAIIMOHHBIX

2 pemeno meHee 50% 3amad 3amaHus MO0 HECMOCOOHOCTh OTBETUTh HA BONPOCHI OWieTa W Ha
JONIOJIHUTEIIbHBIE BOIIPOCH! M3 CIHMCKA 3K3aMEHAIMOHHBIX

1 pemeno menee 50% 3amau 3amaHus MO0 HECIOCOOHOCTH OTBETUTHh HAa BONPOCHI Omiera W Ha
JOTIOJTHUTEIIBHBIC BOIIPOCH! M3 CIIMCKA K3aMEHAIMOHHBIX

5. MeTonuueckne MaTepuaJIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeaeHNUN yCTHOTO HK3aMeHa 00ydaroieMycs IpeaocTaBisieTcs: 1 yac BpeMeHH Ha MOATOTOBKY.
Ompoc ofyuatomerocs 1o OujeTy Ha YCTHOM SK3aMEHE He [ODKeH INPEBBIATh IBYX
ACTPOHOMMUYECKHX YacOB.

Bo Bpems mpoBeneHust 3k3amMeHa 00ydaroliymecss MOTYT IOJIb30BaThCsl MPOrPaMMON AMCLUIUIMHBL, a
TaKKe 000 JINTEpaTypoil U BEIYUCIUTEILHOW TEXHUKOH.



