MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
®enepalibHOE TOCYIAapCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEKICHUE
BBICITIIETO 00pa3oBaHUs
«HaunoHaIbHBIN UCCIEN0BATENBCKUN A1epHbI YHUBEpcUTeT «MUDI»

UHCTUTYT SAEPHOU ®U3MKU U TEXHOJIOT U

KA®EJIPA SKCITEPUMEHTAJIbHOM SIJIEPHON ®U3UKN 1 KOCMO®U3UKN

OIOBPEHO YMC UADUT
[Iporoxon Ne 01/08/24-573.1

ot 30.08.2024 .

PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI

METO/Ibl CO3JAHUS 1 KOHTPOJISI CBEPXUUCTBHIX MATEPUAJIOB J1JI1 IETEKTOPOB
TEMHOU MATEPUU U HEMUTPUHO

Hanpasienue moaroToBku [1] 14.04.02 SInepHbie Ppu3HKa U TEXHOJIOTUU
(criennaabHOCTD)
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AHHOTAIUA

OCHOBHOW 1ENbI0O OCBOCHHSI Y4eOHOH IUCHUIUIMHBI «MeTonbl CO3MaHHus W KOHTPOJIA
CBEPXUYUCTBIX MAaTEPUAIOB Ul JACTEKTOPOB TEMHOM MAaTE€pUU U HEUTPUHO» SBIAECTCS IOHUMAaHUE
(¢U3MYECKUX TPOIECCOB M METOJOB HEOOXOAMMBIX Ui CO3JaHUS CBEPXUMUCTBIX MAaTEepHajoB C
YJIBTPAaHU3KUM YPOBHEM PAJTUOAKTUBHOCTH.

1. IEJIA 1 3AJAYA OCBOEHUS YYEBHOM JTACIHUILIAHBI

['maBHOM 1E€IbI0 OCBOGHUS Y4eOHOW JUCHUMIUIMHBL «MeToAbl CO3JaHUsl U KOHTPOJIS
CBEPXYMCTBIX MAaTE€pPUAJIOB Il JETEKTOPOB TEMHOW MAaTe€pUM W HEUTPHUHO» SBISAETCS NOHUMaHUE
METOJIOB CO3/1aHUs AETEKTOPOB TEMHOM MaTE€pPUH U HEUTPUHO, OCHOBBIBASICH Ha!

- COBPEMEHHBIX 3HAHMSX O MPUPOJE TEMHON MaTepuu U (PU3NKe HEUTPUHO;

- MOHUMaHHUH TPUPOIBI POHOBBIX MPOIIECCOB B JETEKTOPAX TEMHON MaTepUu U HEUTPUHO;

- TOHUMAaHUM METOJOB KOHTPOJS (DOHOBBIX IIPOLIECCOB, MCIONb3Ysl BCIOMOIATEIbHBIE
CBEPXUYYBCTBUTEIBHBIC JETEKTOPHI HCTOYHUKOB (DOHOBBIX COOBITHH;

- 3HAKOMCTBE C METOAAMHU OYHUCTKM M KOHTPOJII YHUCTOTHI MAaTEpHUANIOB, BKIOYas MX
IIPOM3BOJICTBO B 3aIMIIEHHBIX MOA3EMHBIX J1a00paTOpHsIX;

- 3HAaKOMCTBE C pe3ylbTaTaMH JOCTUTHYTBIMM B COBPEMEHHBIX [ETEKTOpax II0 IIOUCKY
JBOMHOTO O€3HEUTPUHHOIO JBOWHOrO OeTa pacnana, nerekropax ColHEeUHbIX HEUTPUHO U YCTAaHOBKAX
10 TIONCKY CHTHAJIOB TEMHOH MaTepuH. boibiioe BHUMaHUE YIENIeTCsl TaKkKe BO3MOXKHOMY 3 dekry
OT MPUMEHEHHsI CBEPXUYHMCTHIX MAaTEPHAJIOB M METOJMK IMOMCKA PEAKHX MPOIECCOB B HU3KO(OHOBBIX
JNETEKTOpax Uil MPUKIAIHBIX LIeJIed B MEIULHHE, CEIbCKOM XO35MCTBE, IIPU CO3AAHUM KBAHTOBBIX
KOMITBIOTEPOB U B IIPOU3BOJICTBE MUKPOCXEM BBICOKOM IUIOTHOCTH. .

2. MECTO YYEBHOM JUCIHUILJIMHBI B CTPYKTYPE OOII BO

JlaHHBI Kypc TMO3BOJIAET TMOJIYyYUTHh IMPEJICTaBI€HHE O HOBOH (u3Mke 3a mpenenamu
CrangapTHONM MOAEIN 3JIEMEHTAPHBIX YACTHULI.

OH no3BOJAT Y3HAaTh O TEKYIIMX IPOEKTaX HAIIPABJICHHBIX HAa WM3yYEHHE HOBBIX CBOMCTB
MaTepHH, METOJaxX CO3JaHMs JETEKTOPOB AJIS PErHCTpallui PeAKHX COOBITHM, a TaKkKe METOAMKaxX
0T00pa, MPOU3BOACTBA U KOHTPOJISI CBEPXUUCTHIX MATEPHAJIOB.

3. OOPMUPYEMBIE KOMIIETEHIHUU U IIVIAHUPYEMBIE PE3YJIbTATDBI
OBYYEHUA

YHuBepcaibHble U(UIH) 001enpodeccuoHaIbHbIe KOMIETEHIINH:

KOI{ U HAUMCHOBAHHE KO}I N HAMMCHOBAHME MHIAMKATOPA NJOCTUHIKCHUSA
KOMIIETCHIUHA KOMIICTCHIIUN

[TpodeccnonansHble KOMIETEHIIMM B COOTBETCTBUU C 3aJadyaMu M oObekTamu (001acTaMu
3HaHWH) MpodheCcCUOHATFHOM NeITEIbHOCTH

3apaua O0bekT wiu odaactb | Koa v HaumeHoBanue  Koa v HauMeHoOBaHMe
npoecCHOHAILHOH | 3HAHUA npogecCHOHANLHOU HHAUKATOPA
nesitessbHocTH (3I1]1) KOMIIETCHIIMH; JOCTHKEHHUSA



OcHoBaHue
(mpogeccHOHAIBLHBIH
cranaapr-IIC, ananu3
OnbITa)

npogeccuoHaILHOM
KOMIIeTEeHIIUN

PUMCHCHHE
JETEKTOPOB H
YCTaHOBOK B 00JaCTH
(771N’
3JIEMEHTAPHBIX
YaCTHII, UX
pa3paboTka u
ONITUMH3AIINS;

HayLIHO-I/ICCJ'Ie,HOBaTCHBCKI/Iﬁ

aTOMHOE SJIpO,
3JIEMEHTapHBIC YACTHIIBI
M 11a3ma,
KOHJICHCUPOBaHHOE
COCTOSIHUE BEILIECTBA,
JIa3ephl U X
MIPUMEHEHUS, SJIePHBIC
peaKkTOphl, MaTePUATBI
SIIEPHBIX PEAKTOPOB,
sIIEpHBIC MaTepUAJIbl U
CHCTEMBI 0O€ecIIeYeHus
nXx 0e30IMacHOCTH,
YCKOPHUTENH
3apsSOKCHHBIX YaCTHII,
COBpEMEHHas
AJICKTPOHHAS
CXEMOTEXHHKA,
AJICKTPOHHBIC CUCTEMBI
SIEPHBIX U (PU3HUCCKUX
YCTaHOBOK, CHCTEMBbI

IK-11.2 [1] -
CniocobeH paboTath ¢
JIETCKTOpaMH |
YCTaHOBKAaMHU B 00JIaCTH
($U3UKK dIIEMEHTapHBIX
YacTull, HaJl UX
pa3paboTKoil
OINTUMU3AINCH;

Ocnosanue:
[TpodeccrnonanbHbIM
cranaapt: 40.011

3-T1K-11.2[1] - 3Hatb
METOJIbI PabOTHI €
JETEKTOpaMU U
YCTaHOBKaMH B
o0nactu pU3NKU
3IIEMEHTAPHBIX YaCTHUII,
a Tak )K€ METOBI UX
pa3paboTKu 1
ONTUMU3AIHH;;
V-TIK-11.2[1] - Y™meTh
MPUMEHSTH JETEKTOPHI
U YCTAaHOBKHU B 00JIaCTH
(U3HUKH 3JIEMEHTAPHBIX
YaCTHII, a TAK XKe
pa3zpabaThIBaTh UX U
ONTHMHU3UPOBATH;;
B-TIK-11.2[1] -
Brnagets meTomamu
paboThI C IETEKTOpaMHU
U YCTaHOBKaMH B

ABTOMAaTU3UPOBAHHOTO obnactu pusuku
yIIpaBJICHUS JIEPHO- 3JIEMEHTapHbIX YaCTHII,
¢buznyecKkuMu a Tak k€ MeToJaMH UX
YCTaHOBKAMH; pa3paboTKu U
ONTUMHU3ALINY;
IIPOEKTHBII
MIPOBE/ICHUE PACUETOB = MaTEMaTHYECKHE IK-11.5[1] - 3-T1K-11.5[1] - 3uate
U IPOEKTUPOBAHNE MOJIEIH JUIs CriocobeH npoBOIUTH METO/IbI
¢buznyecKux TEOPETUYECKOTO U IIPOEKTUPOBAHUE IIPOEKTUPOBAHUS
YCTaHOBOK U 9KCIIEPUMEHTAIILHOTO JETEKTOPOB U JETEKTOPOB U
pubOpoB ¢ UCCIIEIOBaHUM SIBIEHUH  YCTAHOBOK, a TAKXKE HA  yCTAHOBOK, a TAaK)Ke Ha
HCIIOJIb30BAHUEM Y 3aKOHOMEPHOCTEN B KOHLENTYaJIbHOM KOHLENTYalbHOM
COBPEMEHHBIX oOnactu (pU3MKY; SApa,  YPOBHE CaMHUX YpOBHE CaMMX
MH(POPMAIIMOHHBIX YacTHIL, TUIa3MBl, AKCIIEPUMEHTOB B DKCIIEPUMEHTOB B
TEXHOJIOTH; KOHJICHCHPOBAaHHOT O obnactu pusuku obnactu pusuku

COCTOSIHHS BEIIIECTBA,
SIIEPHBIX PEAKTOPOB,
pacrpoCTpaHEeHUs U
B3aNMOJEHCTBUSI
U3ITy4eHUs C O0BEKTaMHI
JKUBOH M HEKUBOU
MIPUPOJBI,

BBICOKUX YHEPIHUH,
KOCMO(H3UKU U
acTpou3uKy;

OcHosanue:
[TpodeccuonanbHpIi
crangapt: 40.011

BBICOKUX YHEPIUi,
KOCMO(H3UKH U
acTpo(hU3HKH;;
V-IIK-11.5[1] - YmeTh
IPOBOJIUTH
MIPOCKTHPOBAHNE
JIETEKTOPOB U
YCTaHOBOK, a TaKXXe Ha
KOHIIETITyaTbHOM
YPOBHE CaMHX
HKCIEPUMEHTOB B
obnactu pusuku




BBICOKMX DHEPIHUi,
KOCMO(U3UKU U
acTpo(hHu3uKH;;
B-TIK-11.5[1] -
Bnanetrr, MmeTogamu
MPOEKTUPOBAHUS
JIETEKTOPOB U
YCTAHOBOK, a TaKXKe Ha
KOHIENTYaTbHOM
YPOBHE CaMHX
HKCIIEPUMEHTOB B
o0nactu pU3UKU
BBICOKHX SHEPruii,
KOCMO(U3UKU U

acTpo(H3UKH;
SKCIEPTHBIN
OLICHKA COOTBETCTBHsI | pa3paboTKa U IK-11.7 [1] - 3-11K-11.7[1] - 3uatb
[peIaracMoro TEXHOJIOTHU CrocobeH mpoBecTn METO/IbI IIPOBEPKH
pelieHus NPUMEHEHHS IPUOOPOB  OOIIYIO TPOBEPKY npearaeMbix
JTOCTUTHYTOMY U YCTAHOBOK JIJISt npeIaraeMoMy pEILIEeHuH, THIIOTES B

MHPOBOMY YPOBHIO;

aHaJIM3a BEILECTB,
paguamoHHOe
BO3JICHCTBHUE
MOHU3HUPYIOITUX
M3ITy4YeHUN Ha YelloBeKa
1 OKPY’KaIOIIYIO Cpeay,
paauanioHHbIC
TEXHOJIOTHH B
MEJIHIAHE;

pEIIeHHUI0, TUIIOTE3E B
obnactu
AKCIIEPUMEHTAIbHON
AJIepHON QU3UKU U
KOCMO(DH3UKH;

OcHosanue:
[TpodeccuonanbHbIi
crangapt: 40.011

obnactu
AKCIEPUMEHTAIBHOMN
SIEPHOUN (PUBHKHU U
KOCMO(DU3UKH;;
V-IIK-11.7[1] - YmeTh
IIPOBOAUTH OOIIYIO
MIPOBEPKY
peiaraéMoro
pelIeHus], TUIOTE3bI B
obnactu
AKCIEPUMEHTAIBHON
AJIepHON QU3UKH U
KOCMO(HU3UKH;;
B-TIK-11.7[1] -
Bnanets MeTonamu
MIPOBEPKHU
MpeaJIaraeMbIxX
pELIEHHUI, TUIIOTE3 B
oOnactu
AKCIEPUMEHTAIBHOMN
AIepHON (PU3UKU U
KOCMO(H3UKH;

aHaIIN3 TEXHUYECKUX
1 pacyeTHO-
TEOPETUIECKUX
pa3paboToK, y4eT ux
COOTBETCTBHS
TpeOOBaHUSM 3aKOHOB
B oOnacTu
MTPOMBIIIIJICHHOCTH,
9KOJIOTHH U
0€30MacHOCTH H

pa3paboTka u
TEXHOJIOTHUHN
pUMEHEHHsI TPUOOPOB
1 YCTAaHOBOK JJIsA
aHaJIM3a BeIECTB,
panuanoHHoe
BO3JICHCTBUE
HOHU3UPYIOIINX
U3ITYyYeHUH Ha YeJI0BeKa

Y OKPYXKAIOIIYIO CPENy,

IK-11.8 [1] -
CrnocoOeH npoBecTH
IPOBEPKY JIETEKTOPOB U
CTEeIHATH3UPOBAHHBIX
npubopoB, BEIOpaB
HEOOXOINMBIE
CpeZCTBa, HAa UX
COOTBETCTBUE
3asBJICHHBIM (PU3HKO-
TEXHUYECKHM

3-I1K-11.8[1] - 3nath
METO/IBI IIPOBEPKHU
JETEKTOPOB U
CHEeIHATH3UPOBAHHBIX
npuOOpOB Ha UX
COOTBETCTBHUE
3asBJICHHBIM (PU3HKO-
TEXHUYECKHM
XapaKTEePUCTHUKAM,
METOJIBI POBEJICHUS UX




JIpYT¥M HOPMaTHUBHBIM
aKTam;

paguauoHHbIC
TEXHOJIOTUU B
MeIuLMHE;

XapaKTEepUCTUKAM,
MIPOBECTH UX
9KCIIEPTHOE CPABHEHUE;

Ocnosanue:
[TpodeccrnonanbHbIM
cranaapt: 40.011

HpOI/ISBOILCTBeHHO-TGXHOJ’IOFI/ILIGCKI/II\/’I

HKCIIEPTHOTO
CpaBHCHHSI;;
V-TIK-11.8[1] - Ymeth
MIPOBECTU POBEPKY
JIETEKTOPOB U
CHEHUATU3UPOBAHHBIX
puOOpOB, BEIOpaB
HE00X0IUMBIE
CpEeIICTBa, HA UX
COOTBETCTBHUE
3asIBJICHHBIM (PU3UKO-
TEXHUYECKUM
XapaKkTepUCTHKaM,
MIPOBECTU UX
AKCIIEPTHOE
CpaBHEHHE;;
B-TIK-11.8[1] -
Bnaners Mmerogamu
MIPOBEPKHU JETEKTOPOB
u
CHEIHAIN3UPOBAHHBIX
puOOpPOB Ha UX
COOTBETCTBHUE
3asBJICHHBIM (PH3HKO-
TEXHUYECKUM
XapaKTePUCTHKAM,
METOJIaMU MPOBEACHHUS
UX HKCIEPTHOTO
CpPaBHEHHS,

pa3paboTka
TEXHOJIOTUT
IPUMEHEHHUS
puOOpoB U
YCTaHOBOK JIJIst
aHaJIM3a BEIECTB B
Hay4HBIX,
HKOJIOTUIECKUX U
MPOMBIIIJICHHBIX
eNsX;

pa3paboTka u
TEXHOJIOTHUHN
pUMEHEHHsI TPUOOPOB
" YCTaHOBOK JJI
aHaJIN3a BEIECTB;

IK-11.9 [1] -
CrniocoOeH Kk Hanajke u
SKCIUTyaTaIiH, a TAKKe
TOTOBHOCTB K
MOJIEpHHU3AIUN
SAIepHOPU3UUECKUX U
KOCMO(PH3UYECKUX
YCTaHOBOK U MPUOOpPOB,
¥ KOHTPOIILHO-
HU3MEPUTEITEHBIX
CHUCTEM;

Ocnosanue:
[TpodeccnonanbHbI
cranaapt: 40.011

3-T1K-11.9[1] - 3uats
METO/Ibl HAJAJKU U
JKCIUTyaTaliy, a TAKKe
MOJICpHU3AIUU
AepHODU3NUECKUX 1
KOCMO(DHU3NYECKHUX
YCTaHOBOK U MPUOOPOB,
Y KOHTPOJIbHO-
MU3MEPUTENIBHBIX
CUCTEM;;

V-TIK-11.9[1] - Y™meTh
OCYIIECTBIISATh HATAAKY
U DKCIUTyaTaluio, a
TaK)Ke MOJIEPHHU3ALIIO
AepHODU3NUECKUX 1
KOCMO(HU3UYECKUX
YCTaHOBOK U MPUOOPOB,
1 KOHTPOJIbHO-
U3MEPUTENbHBIX
CHUCTEM;;

B-TIK-11.9[1] -
Bnanetrr MmeTogamMu




HaJIaJIKN |
HKCIUTyaTaIlH, a TAKKE
MOJICPHHU3ALIUH
SIePHODU3UICCKHUX 1
KOCMO(H3HYECKUX
YCTaHOBOK ¥ MPUOOPOB,
¥ KOHTPOJIBHO-
M3MEPUTEIBHBIX
CHCTEM;

4. CTPYKTYPA M COJIEP)KAHUE YYEBHOM JUCHUILINHBI

Pa3nensl yueOHON AUCHUIUIMHBI, X 00BEM, CPOKH U3yYeHHS U (POPMBI KOHTPOJIA:

Ne
.1

HanmeHnoBanme
pasaena yuyeOHOM
AUCHHUILTHHBI

Henean

Jlexknuu/ Ilpaxr.
(cemuHnapsi )/

JlaGopaTopHbie
padoThIl, yac.

OO0s13aT. TeKyuui

KOHTPOJIb (popma*,

HemeIs)

MakcumMaabHBIIR

0aJu 3a pazgen™*

ATTecTanus

0CBOCHMUA
KOMIIETCHIIUHN

pasneaa (¢popma*,
HeJeJst)

HNuaauxkaTopsl

1 Cemecmp

IlepBsIit pa3nen

16/8/0

N
(63}

K1

1
(00]

3-I1K-11.2,
V-1IK-11.2,
B-TIK-11.2,
3-I1K-11.5,
V-1IK-11.5,
B-TIK-11.5,
3-11K-11.7,
V-1IK-11.7,
B-IIK-11.7,
3-I1K-11.8,
V-TIK-11.8,
B-TIK-11.8,
3-I1K-11.9,
V-IIK-11.9,
B-T1K-11.9

Bropoii paznen

9-16

16/8/0

25

KU-16

3-I1K-11.2,
V-TIK-11.2,
B-TIK-11.2,
3-11K-11.5,
V-TIK-11.5,
B-IIK-11.5,
3-I1K-11.7,
V-TIK-11.7,
B-TIK-11.7,
3-I1K-11.8,
V-IIK-11.8,
B-T1K-11.8,
3-I1K-11.9,
V-TIK-11.9,
B-TIK-11.9




Umozo 3a 1 Cemecmp 32/16/0 50

KouTtpoJbHbie 50 ] 3-T11K-11.2,
Meponpusitusi 3a 1 V-TIK-11.2,
CemecTtp B-TIK-11.2,
3-11K-11.5,
V-TIK-11.5,
B-TIK-11.5,
3-11K-11.7,
V-TIK-11.7,
B-IIK-11.7,
3-11K-11.8,
V-TIK-11.8,
B-I1K-11.8,
3-11K-11.9,
V-TIK-11.9,
B-I1K-11.9

* — COKpaIIeHHOE HAUMEHOBaHHUE (POPMBI KOHTPOJIS
** — cymMmMa MakcHMaJbHBIX OamioB JojbkHA ObITh paBHa 100 3a cemecTp, BKIIIOYas 3aueT U
(wn) sK3aMeH

CoxkpallieHre HauMeHOBaHUN (POPM TEKYILEro KOHTPOJISI U aTTECTALUU Pa3AEIIOB:

O0o3uauenue | Ilo1HOE HAMMEHOBAHME

KN KoHTpoJIb 110 uToram
0 OK3aMeH
KAJIEHIAPHBIN IIAH
Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIao0.,
yac. yac. yac.
1 Cemecmp 32 16 0
1-8 IlepBbiii pa3nen 16 8 0
1-2 Pacnpenesienne 3Hepruu Bo BcesieHHOM. Temnasi marepusi. | Beero ayiuTopHeIX 4acoB
Pacnipenenenne sneprum Bo Beenennoi. O0bdHas matepusi. 4 |2 I
Temuas Marepus, ee cBoCTBa. Posib TEMHON MaTepuu B Omutaiin
(dbopMupoBaHUH 3Be3] U ralakTUK. OCHOBHBIE JJOKa3aTeNbCTBA | 0 0 0

CYLIECTBOBAHMSI TEMHOM MaTe€pHH, IPAaBUTALMOHHBIE JINH3HI.
lanaktuku Mneunsiii [Tyts, M33, M3 1. Bunumast matepus,
aTOMapHbIN BOIOPOJ, IaJlI0 TEMHOM MaTepuH,

npoduib Navarro-Frenk-White. Ckopocth BpaiieHus
CIUPAJIbHBIX FATAKTHK. MI3MepeHne CKOPOCTH BpaLCHUS
o0yakoB aTomMapHoOro Bojgopoza (uuus 21 cm), apdexr
Homutepa. Ilpeanonaraemele THIBI TeMHON MaTtepuu. Cinabo
B3anMo/eiicTBytonue MmaccuBHble yacTuiel (WIMP).
[Ipenmnonaraemsle CUTHAIBI OT TEMHOW MaTEPUU B JETEKTOpaxX:
SIApA U DJIEKTPOHBI OTAauu. B3anMmoencTBue saep u
AJIEKTPOHOB OT/Ia4YM C BELIECTBOM JeTekTopa. PoH OT
HEWTPHUHO B JIETEKTOPAaX TEMHOW MaTepuH, "HEUTPUHHBIN
non". Ilpumep ¢popmMHpOBaHUs CUTHANIA B CLUUHTHIUIALIMOHHBIX
nerexktopax tumna Borexino, KamLAND. CxoxactBa u oTiaunams




CUTHAJIOB OT HEUTPUHO U YacTUI] TEMHOM MaTtepuu. Ce30HHast
MOJYJIALINS CUTHAJIA OT YacTULl TEMHOW MaTepUU U TIOTOKA
HelTpuHO oT CosHLa. DKCIIEPUMEHT 110 IOUCKY TEMHOMN
marepu DAMA. CrangapTHasi MOJEIb 3JIEMEHTAPHBIX
yactull. Pusuka 3a npenenamu Crannapraoit Mogaenu, macca
HeuTprHO. CeueHus peakuii ¢ y4acTueM HEUTPHUHO.
B3anMozencTBre HU3KO-3)HEPIreTUYHBIX HEUTPUHO C
BELIECTBOM. DKCIIEPUMEHTHI IO PETUCTPALIMU TOTOKA
HelTpuHO OT CoJlHLIa, KOTEPEHTHOI'O YIIPYroro paccestHus
HeriTpuHo Ha siapax (CEVNS), ), moucky aABoiHOTO
oe3neiiTpunHOro B-pacnana (0v2fB). UyBCTBUTEIBHOCTH
JKCIIeprUMenTa 1o noucky Ov2[ pacnaga npu

HAJIMYMH U OTCYTCTBHHU (OHA.

IMouck caadbIX CHTHAJO0B, PoJib (poHa. OCHOBHbBIE
HCTOYHHUKH (pOHA B JeTEKTOPAX HEMTPUHO M TEMHOM
MAaTepHH.

[Touck ciabbIx CHTHAIOB, poJib (poHA. MeTo1 MOCTPOCHUS
noBepuTeNbHbIX nHTEpBaoB denpamana-Kasunca.
OcHOBHBIE HICTOUHUKHU (POHA B IETEKTOPAX HEUTPUHO U
TeMHOI Marepuu. CIIEKTp 4acTULl B KOCMHUYECKHX JIy4ax.
Bropuunbsie kocmMuueckue aydn. MIOOHBI, B3aUMOAECHCTBUE
MIOOHOB C BeIECTBOM. [I0TOK MIOOHOB B IOJ3€MHBIX
nabopaTtopusix. BeICTphIie U MeUIeHHBIE HEUTPOHBI.
HelTpoHHBIN ClIEKTp OKOJIO YPOBHS MOpsi, Mozelb ['oprona.
HelitponHslii TOTOK Ha pasHbIX BbIcOTax. [Iporpamma i
pacuera criekTpoB kocmuueckux tydeit EXPACS. baza
nanHbIX saepHbix peakuuit EXFOR. Ilporpamma ACTIVIA
(C++). HeittpoHHas akTHBalLMsl MaTepHaIOB JE€TEKTOPOB,
o6ubmnoreka RNAL. Ilepsuunsbie (primordial) paanonykiInsl,
LIENIOYKH pacnaza ypaHa-238 u Topusa-232. EcTecTBEHHBIH
¢on, maxra Kamuoka, Anonus. Criektp neTekropa u3 cBepx-
gyucroro Ge (HPGe) 6e3 3amuthl. Panon-222 u npoyKTsl €ro
pacnaga. Oceanue JOYEpHUX IPOAYKTOB pacnazia pajoHa Ha
IIOBEPXHOCTHU TBEPABIX Tell. [Ipumep perucrpanuun

Po0-214 u Po-218 kxpeMHueBbIM (POTOINOIOM, FHEPTETHUECKUI
CHEKTp O-4acTull. ViMmiaHTaius siaep nojaoHus B
MIOBEPXHOCTHBIN CJIOW TBEPABIX Tell, mporpamma SRIM.
Oco0eHHOCTH 3arpsi3HEHUS TBEPABIX TeJl, 00bEMHOE U
MIOBEPXHOCTHOE 3arpsizHeHue. KapTol paguoakTHBHOTO
3arpsi3HEHUs TEPPUTOPUN SIOHUU TOCIe aBapuu

Ha aToMHOM ctaHimu Oykycuma. [Ipumep 3arpsa3HeHus
JIETEKTOpa 10 MOUCKY ABOMHOr0 O€3HEUTpUHHOTO pacmaja Xe-
136 KamLAND-Zen uzoronom Ag-110m nocie aBapuu Ha
atomHoM cranunu Oykycnma. Murpanus pairnoakTUBHBIX
ocagkoB B CIIIA, nanHble O HAIMYUU PaJUOAKTUBHOIO CIIEA
OT pa3pyLICHHbIX AMOHCKUX peakTopoB B KamudpopuHuu
U3MEpPEHHBIE C TOMOILBIO IETEKTOpa U3 cBepX-urcroro Ge B
maprte 201 1r. 3arpsi3sHenne cramu kooambToM-60.
EcrecTBeHHbIE palnon30TOIBl 00pa3oBaHHbIE B aTMOC(hepe
0] ICHCTBHEM KOocMHUYecKuX ay4eit (Ar-37, Ar-39, Ar-42).
Pe3ynbrarsl u3smepennii akTuBHOCTH Ar-39 B feTekTopax
temHor Marepun WARP, DEAP-3600. Ceuenns peakuuit
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obpazoBanus Ar-39 nmoj nedCTBHEM OBICTPBIX
HEUTpOHOB. PagmoakTBHbBIE TPOAYKTHI ATOMHOTO
sHepTeTryeckoro rukia (Kr-85).

MeTtoabl KOHTPOJISI YMCTOTHI MATEPHAJIOB U HCTOYHHKOB
(pona.

JleTekTOphI pajloHa B BO3/lyXe U raszax. Jlerekrop panona ¢ Si
PIN doroamonom pa3zpaborannblii koitabopanueii Super
Kamiokande (1998r). YcranoBka c Si PIN gerexropom st
M3MEPEHUsl aKTUBHOCTH PAJOHA B )KUAKOM CIUHTHILIATOPE U
azote (rkosuabopanus KamLAND, 2007r). YcranoBka mo
M3MEPEHUI0 CKOPOCTH SMaHAIUU PaZioHa C TOBEPXHOCTH
TBepbIX Ten (koyuadopanus SuperNEMO, 2013r).
VYnydmenHas Bepcus eTexropa pagona ¢ Si PIN ¢oroanogom
paspabotanHas kosutabopanueit Super Kamiokande (2013r).
HNonHas noHn3aurMoHHAas Kamepa i MPSIMON pEruCTpaluu
pacnana pagona B Boznyxe (bakcan, KamLAND 2018r).
Jerextopsl a-yactui. Huskoponoeie ULTRA-AS Si
JETEKTOPBI OOJBIION TUIOIMIAH TS 0.-CIIEKTPOCKOIIUU
(ORTEC, CIIA). Ilpumep u3mepeHus 0-aKTHBHOCTH 00pasia
¢ nomompto ULTRA-AS Si merekropa 10 ¥ 0OCie OYUCTKH
noBepxHocTd. HuzkodoHoBsii cuerunk o-gactui Ultralo-
1800. ITpumep n3MepeHnii aKTUBHOCTH 00Opa3iia Me/y,
Kamioka, XMASS. y-1eTeKkTopsl U3 CBEPX-YHUCTOTO TePMaHHS
(HPGe). 260-cm3 netextop u3 cBepx-unctoro Ge, Kamuoxka:
3aIuTa JeTeKTOpa, mojaBjieHue (oHa MAaCCUBHOM 3aIlIUTOM,
KaTMOpOBKa C UCTOJIb30BAHUEM JIOJITOKUBYIIUX U30TOMOB
naHTaHa u mrotenus, npumepsl Moaenelt GEANT 4 s
pacuera 3¢ GeKTUBHOCTH JeTekTopa. [Ipumepsl uaMepeHuit
obpasio s mpoekta KamLAND-Zen 800.
HeiitponHo-akTrBanmoHHbIM aHau3. Mcrnone3oBanue
JIETEKTOPOB U3 cBepX-uncTtoro Ge /uist aHamM3a
aKTUBHUPOBAHHBIX 00pa3lloB. AKTUBAIUs 00Pa3IOB B
JIETKOBOJTHBIX MCCIIEZIOBATEICKAX PEAKTOPAX C IENBI0
YBEJIMYCHHUS 4yBCTBUTEIbHOCTH m3Mepenuit K-40, Th-232, U-
238. /IBoiiHblE NETEKTOPHI U3 CBEpX-uucToro Ge B
yHuBepcurere Munana u nadoparopun TUNL. [Ipumepst
M3MEpEHUs paJuOYUCTOTHI 00pa3IloB U3 akpuiIa U carndupa.
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ITonzemubie 1adoparopuu. IIoTOK HEHTPOHOB B
NO/I3eMHBIX J1a0opaTopusx.

ITonzemusble naboparopun. [IoTok HEUTPOHOB B OJ3EMHBIX
nabopaTtopusix, ICTOYHUKU HEUTPOHOB MOJ 3eMJIei, (a,n)
peakuuu, ClIOHTaHHOE AeneHue ypasa. [Ipumep nerekropa
TEIUJIOBBIX HEUTPOHOB JIJIsl IOJ3€MHBIX J1abopaTopuit
(KamLAND). [Tonzemusie naboparopuu B EBpone, Azuu,
CeBepHoli AMEpHKe, U B F0)KHOM NoJaymapuu. Texymunii
CTaTycC, IEPCIEKTUBBI JanbHeWero pa3sutus. [Ipumepsr:
naboparopuu Gran Sasso (Utanus), LSM (®panims),
Kamioka (SImonus).
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Yucrbie KOMHATBI, YCTAHOBKH 10 YIAJEHUIO PAIOHA U3
BO3/yXa.

UucTeie KOMHATHI, X KIaCCH(PUKAIHS U YCTPOUCTBO.
CranmapTHbIN BUA NPOMBIIIJIEHHON YMCTON KOMHATHI.

Bcero ay1uTopHbIX 4acoB
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Hcrounuk 3arps3HEHUS BO3yXa B YUCTOM KOMHATE.
Ob6opynoBanue ais yucthix koMHat, HEPA/ULPA ¢bunbtpsi,
CHelMalibHas oJ1eXk/a i epcoHana. MeToauku paboTsl s
nepcoHana. KoHTpousb 3a YUCTOTOM BO3/1yXa, CUCTUUKHU
yactuil.Yucras komHara Ha nmoBepxHocT NOA (Gran Sasso).
Oco0eHHOCTH YUCTHIX KOMHAT B MOJ3EMHBIX JIa0OpaTOPUSIX,
OTpaHUYEHUS Ha TUIOIIAb, UCTIONb3YEMYIO MOLTHOCTD,
TEII00TBO/I, KOHTPOJIb COJEPKAHUS paJOHa, KUCIOPOoJaa U
YTJIEKHUCIIOTo Taza. YucTble KOMHATHI I TPOEKTa
MAJORANA B nnogzemuoit taboparopun SURF. Uucras
koMHaTta 111 HPGe nerexropa, KamLAND. Ouncrka Bo3ayxa
OT pazioHa. /IBukeHre aTOMOB paJloHa yepes
XpoMaTorpauuecKyro KOJIOHHY C aICOPOUPYIOITIM
MatepuasoM. [Ipumep ycTaHOBKY IO yIaJeHHUIO paJOHa U3
Bo3ayxa: LSM (®pannus), Super Kamiokande (SInonus).

9-16

Bropoii paznen
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MeToabl 0YMCTKH BOJbI

[Ipumecu B Bojie, MPOBOAMMOCTD YHCTOM BOJIbI. METOIbI
OYHUCTKHU BOJBI: MEMOpaHbl 00PaTHOT'O OCMOCA, HOHHBIH
oOMmeH. 3akoH ['enpu, ynajgeHue pacTBOpeHHbIX ra3oB. [lomy-
MIPOMBIIIJICHHBIE YCTAHOBKH 110 OYUCTKE BOJIBI JJIS
skcriepuMeHToB Borexino, SuperKamiokande, KamLAND.
VY nanenue pagona. [lopraTuBHbIE KOMMEPYECKHE YCTAHOBKHU
JU1st Tpon3BojicTBa 18.2 MQ)-cM CBEpX-4nCTON BOJIbI
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Hcnonb3oBanus CBUHIA B IeTEKTOPax

CBexe-100bIThIN U CTaphlil CBUHELl, CPAaBHEHUE aKTUBHOCTH
00pa3IoB C UCHOJIB30BAHUEM JETEKTOpPA M3 CBEPX-YHCTOTO
Ge. I[Ipumep ycTpolicTBa CBUHIIOBOM 3aLIUTHI CBEPX-
Hu3ko@oHoBoro Ge AeTekTopa B MOA3eMHOM Jadboparopun
Kamuoka, flnonus. MeTtoasl ynaneHus: IOBEPXHOCTHOTIO
3arpsi3HEHUs CO CBUHIOBBIX 0J10KOB. [Iprmepsl
HCIOJIb30BAaHUs CBUHIIA B IETEKTOPAX IO ITOMCKY JBOMHOIO
O0e3HEeUTPUHHOTO B-pacrajga B KaueCTBE MACCHBHOM 3alUTHI,
skcriepuMeHTel MAJORANA (SURF), CUORE (Gran Sasso).
[IpenmyriecTBa UCIIOJIb30BAHUS CBUHIIA B KAYECTBE AKTUBHOTO
BELIECTBA

JETEKTOpa HEUTPUHO OT BCHBIIIKKM CBEPXHOBOM. KproreHHsie
KajopuMeTpbl Ha Kpuctaiiax PbWO4. Dkcnepument RES-
NOVA (Gran

Sasso). [Ipon3BoACTBO M MPOBEPKA MPOTOTUIIOB AETEKTOPOB
apxPbWO4

13 OYMILEHHOTO apXE0JIOTMYECKOTO CBUHIIA.
ApX€0J0TUYeCKU CBUHEIL:

METO]Ibl OYMCTKH U KOHTPOJISI COAEPKAHMsI paAHOHYKINJIOB
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Hcnosb3oBaHue Meau B 1€TEKTOPAX HEUTPHUHO U TEMHOM
MaTepHH.

Menp, kak 6a30Basi YaCTh MACCUBHOM 3alTUTHI HU3KO()OHOBBIX
JETEKTOPOB.

MeToJ 31eKTPOTUTHYECKOT0 OcaXAeHHs Meu. JlabopaTopHas
ycTaHOBKa 1o mpou3BoacTBY Meau (Canfranc), cxema
YCTaHOBKH, COCTaB 3JIEKTPOIUTA, TapaMeTPhl AJIs
ONTHMHU3ALMHU ITpouecca. M3roroBiaeHne MEIHBIX YacTel
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JETEKTOPOB TEMHOI MaTepuu i 3kcnepuMenTa ANIAS,
Canfranc. Ananu3 00pa3IoB MeH IETEKTOPOM U3 CBEpPX-
yrctoro Ge ¥ METO/10M Macc-ClIEKTPOMETPUH C HHIYKTHUBHO-
CBA3aHHOM IUIa3MOil.

DKCIEpUMEHT 110 TIOUCKY YaCTUIl JIETKON TEMHON MaTepuu
DAMIC-M (Modane). JloroBop o mpou3BOACTBE HanbOJIEe
4yBCTBUTEJbHBIX jeTanel nerekropa DAMIC-M u3 anexrpo-
XuMHUYeckoi menu B naboparopuu Canfranc, MeTonuka
MIPOU3BO/ICTBA MEHBIX JIeTalel U UX MalIMHHAs 00paboTKa.
Hayunoe o60cHOBaHME UCIIOIB30BAHUS SIEKTPO-XUMUYECKOM
menu B okcriepumente (MAJORANA), nogasnenue ¢pona B
SHEPreTHYECKOM JHMaIa3oHe CUTHajla OT JIBOMHOTO
Oe3neiiTpunHOro Oeta pacnana Ge-76. Y cTaHOBKH 1O
MIPOU3BOJICTBY AIEKTPO-XUMUYECKOM MEN B MOA3EMHOM
naboparopun SURF. IIpoBepka kauecTBa 00pa3iioB Meu,
METO/JIbl MEXaHNYECKON 00pabOTKM Meau, 3aluTa OT
MTOBEPXHOCTHOTO 3arpsi3HeHUs. MeaHble KOMIIOHEHThI
neTekTopoB. CBepX-HU3KO(POHOBBIN MPEAYCHINTEIh HA
OCHOBE JIEKTPOXUMHUYECKOU MEIH.

Panno-uncrora anekrpo-xumudeckon meau. [losenenue

AOYUCPHUX MPOAYKTOB pacCliafa paloHa Ha ITOBEPXHOCTU MCIU.

XUMUYECKOE TPABJIEHUE IOBEPXHOCTU MENH, ""METOAUKA
MAJORANA". [ToBTopHOE OCaX/1€HHE MOJOHUS U3 PacTBOpa
Ha TIOBEPXHOCTh MEJIU B MIPOLIECCE XUMUYECKOTO TPABJICHHUS.
DNeKTPO-NOIMPOBKA METHON TOBEPXHOCTH, CIIydail ¢ BHICKOH
aKTUBHOCTBIO MOJIOHUA. KOHTpOJIb 3a IpolieccoM ynaaeHus
J0YEepHUX MPOIYKTOB pacnasia pajoHa ¢ HOBEPXHOCTU MEJH C
HCIOJIb30BAaHUEM CBEPX-UyBCTBUTEIBHOIO allb(a JeTeKTopa
XIA UltraLo-1800. Curnan ot Po-210 oceirero Ha
MOBEPXHOCTh MEAU U3 Bo3ayXa. "/luHamuueckas " MeToiuka
XUMHYECKOro TpasieHus. Y nanenue Po-210 ¢ noBepxHocTH
METOJIOM 3JIEKTPO-TIOTUPOBKH MEAU, CIIy4ald ¢ HU3KOM
aKTUBHOCTBIO NoJoHuA. Popma o-nuka Po-210 B
3aBUCUMOCTH OT Ii1yOuHbI 3aneranus B meau (GEANT 4).
N3mepenne 06beMHON aKTUBHOCTH MTOJIOHUS B MEJTU
(XMASS). Uctounuku 3arpsizHenust Pb-210 B
ITPOMBIIIJIEHHON MEH.

13

JeTexkTopbl n3 o6orameHHoro Ge-76.
YyBCTBUTEIBHOCTH SKCIIEpUMEHTA 10 TouckKy Ov2[ pacmnaja.
Yucno oxxuaeMbIx COOBITUH U1 cUrHaja/(oHa B
sKcriepuMenTe o noucky Ovpp Ge-76. DxcrepuMeHT
GERDA. IIpon3BoACTBO CBEPX-UYHUCTHIX IETEKTOPOB U3
oborameHHoro Ge-76, OCHOBHbIE TEXHOJIOTHUECKUE TaIbI
CO3/1aHUA JETEKTOPOB OT oboraiieHHoro auokcuaa Ge 1o
nerektopos tuna BEGe. TpancnoptupoBka repmaHus B
CHelHaIbHbIX KOHTeHHepax JUIsl 3allUThl OT KOCMUYECKUX
myueil. Meron 30HHOM maBku. IIpoBepka uncrors Ge.
[lepBuuHas ouncTka 000ramEeHHOr0 repMaHus

10 ypoBHS 9ucTOTH 6N (99.9999%), nanpHelimas OYuCTKa
METOJIOM 30HHOM Tu1aBKu A0 4ucTOThl 1 IN. BeIpanieHusie
MoHOKpHcTaibl Ge (comep:kaHueM NnpuMeceii Ha ypoBHE
12N). Ctpyktypa aerekropa BEGe (Broad Energy Ge).
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JBmwxenue 3apsnoB BHyTpu BEGe. Y nanenue gona

metoaom PSD (Pulse-Shape Discrimination). DddekTuBHOCTD
XUMHAYECKOTO TPABJICHUS JUIsl OYUCTKH MoBepxHOocTH Ge.
CpaBuenue 3(pPpeKTUBHOCTH XMMHUYECKOTO TPABICHHUS JIJIs
pasubix matepuasioB (Cu, Fe, Ge)

14

Hep:xaBewmas crajub. [Ipunoi.

[Tponetypa ouncTkr 00pa3lioB HEPXKABEIOLICH CTaN
(GERDA). 3mepenne akTHBHOCTH 00pa3IioB HEPIKABEIOIIIEH
cranu. CpaBHEHHE PalMOYNCTOTHI HEPKABEIOIIEH CTaIM B
Pa3IMYHBIX SKCIIEPUMEHTaX. XUMUYECKOE TPABICHUE
[IOBEPXHOCTU HEPKABEIOLIEH CTaau. DJIEKTPOIOIMPOBKA
HepskaBerolel cranu. OUncTKa CTAIbHBIX TOBEPXHOCTEN €
HU3KOW aKTUBHOCTBIO JOYEK paJoHa. Y 1aJ€HUE TOHKOTO CIIOs
HEp’KaBeIOIEH CTallu 3JIEKTPONOIUPOBKOil. 3aBUCUMOCTh
akTUBHOCTH P0-210 OT riryOWHBI yJaleHHOTO CITOSL.
Kommepueckuii nmpumnoit 6e3 npumeceit cBUHIIA, TpodieMa
BbICOKOU akTUBHOCTH Pb-210. Co3nanue npumnos Ha 6a3e
CBEPX-YHCTOr0 0JIOBA U CTAPOr0 CBHUHIIA.
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Kpucranibt

Kpucrann TeO2, kak 6010MeTp Mpu TemiepaTrype OIu3Koi K
abcomotaoMy Hy0 (CUORE). NTD Ge tepMucTopbl, HX
HCIOJIb30BaHUE B KAUECTBE JATYMKOB OKOJIO AOCOJIFOTHOTO
nynsa. Ctpoenue aerekropa B acknepumente CUORE (Gran
Sasso). MeToauka OYMCTKH OBEPXHOCTH MEIH
kosutaboparueit CUORE. BripamuBanue kpuctamioB TeO2,
metox bpuarmana. J[Ba nocienoBaTenbHbIX [UKIIA
BbIpaimuBanus kpuctauioB TeO2 B Shanghai Institute of
Ceramics, (Kuraii). Tunuunsle pe3yiabTaThl U3MEpEeHUN
YHCTOTHI MAaTEPUAJIOB JUIsl BeIpallliBaHus Kpuctamios TeO2.
Hcnons3oBanue po6oToB At cOopku neTekTopoB TeO2
(CUORE) OcHOBHBIE MEpBI 110 YIYUIIEHNUIO YUCTOTHI
kpuctainos TeO2. PesynpraT okcniepumenta CUORE.
CBeTOBBIX0/1 B KpUCTAIJIE CUUHTUILIATOPE OOJIOMETpe JIst
pa3HBIX TUIIOB YacTHll, Ko3ppuureHT bupkca. DxcnepumMeHT
CUPID-Mo. BeipamuBanue ONTHYECKH YUCTHIX KPUCTAIIIOB
Li2Mo0O4 metonom Hoxpanbsckoro (MHCTUTYT
Heopranuueckoi xumuu um. A.B.Hukonaesa CO PAH).
ITpoext CUPID: 1 TOHHa CUMHTHILIMPYIOLIMX OOJIOMETPOB
Li2MoO4 . Jlerexrops! ceeta 1uyist CUPID u3 muiactun Ge,
O¢dext Heranosa Tpodumona Jlroka. Beipamusanue
kpuctaios Li2MoO4 B Shanghai Institute of Ceramics
(Kwurait). Beipamusanue kpuctamioB Cs2ZrCl6 (Queen’s
University). U3mepenus ¢ kpuctamiamu Cs2ZrCl6 B
MIACCHUBHOM 3amuTe ObIBIIero skcnepumenta DAMA, Gran
Sasso. MI3mepeHHas akTUBHOCTb PaAHMOHYKIHJIOB B
kpucramamu Cs2ZrCl6.
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Jlpyrue 06/1acTi NPUMEHEHHUsI CBEPX-YUCTHIX MATEPHAJIOB
Hcnonb3oBanne HU3K0-(hOHOBBIX Ge AETEKTOPOB IS
OIIpeeTICHNUS

reorpagpuuecKkoro NporUCXoXIACHUs POITYKTOB CETLCKOTO
XO3sICTBA.

Bbopbba ¢ panbcudukanmeid npoayKTOB MUTAHHUS.
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Ornpezenenre Bo3pacta KOJEKIIMOHHBIX BUH. 3aBUCUMOCTD
aKTUBHOCTH I1e3usi-137 B BUHE OT rojia

cbopa Bunorpaga. [Ipumeps! Ganbcudukanmy KOJISKIIMOHHBIX
BHH.

Paagno-Ononornueckue SKCIEpUMEHTHI B TITyOOKUX
MO/I3EMHBIX J1TAO0PATOPHSIX.

Bnusnue pagunanuu Ha JIHK cTBONIOBBIX KJIETOK B mpoLecce
XpaHeHus. 3aliTa CTBOJIOBBIX KJIETOK OT KOCMHUYECKUX JIyuel
Y IPUPOJHON paInOaKTUBHOCTHU MPHU JJIUTEILHOM XPAHECHUH.
Brnusinue nonusupymomen paguanuy Ha CBEpXIPOBOISIIIE
KBaHTOBBIE

KyOUTBbI. Y MEHbILICHHUE BIUSHUS PAIHOAKTUBHOCTH Ha
KBaHTOBEIC 1ICTIN B

rI1yOOKUX MOJ3EMHBIX J1a00paTOpUsiX. Y KeCcTOUeHHe
TpeOOBaHMI K YPOBHIO 0-aKTUBHOCTH MAaTEPUAIIOB
MCIOJIb3YEMBIX JJIsl IPOU3BOJCTBA MUKpocxeM. [Ipumoit, kak
HMCTOYHHK 0-9aCTHII.

CokpailieHHbIe HAUMEHOBAHUSI OHJIAMH OTIINN:

Oo6o3nauenue | [loiHOe HanMeHOBaHKE

OK DJIEKTPOHHBIN KypC

IIM [TosTHOTEKCTOBBIN MaTepuan

111 IToTHOTEKCTOBBIE JIEKLIMHU

BM Buneo-marepuasl

AM Aynuo-marepuanbl

IIp3 IIpe3eHTanuu

T TecTbl

5CM DJIEKTPOHHBIE CITPaBOYHbIE MaTepUaIbl
ncC MHTepakTUBHBIN CAUT

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MH

HpOBOI[I/ITCH MMOCTOSTHHBIM KOHTPOJIb 3HaHUI CTYACHTOB II0 OCBOCHHWIO MATCPUATIOB
MNpEAbIAYIINX sauaTuit. C Y4€TOM DPE3YJIbTATOB IHCBMCHHBIX TECTOBBIX pa60T KOPPECKTHPYCTCA
COACPIKAHUC U FJ'IY6I/IHa nogavv HOBOI'O MaTepuraia. Ha Bcex 3aHsaTHAX HCIIOJIB3YIOTCA KOMIIBIOTCPHLIC
Npe3CHTaluu COACPIKAIIUEC MAaTCpHAJIbl N3 HAYYHBIX craTer u AOKJIAAOB Ha MCKIAYHAPOAHBIX
KOH(i)CpGHHI/IS{X HauoOoee moAXOJAIMUX K TEMEC KOHKPETHOTI'O 3aHATHA. I[aIOTCH CCBhIJIKM Ha PECYPCHI B
BUAC MCKAYHAPOJHBIX 0a3 JaHHbIX, Ha HNCTOYHHUKU HpO(i)eCCI/IOHaIH)HOFO IporpaMMHOTO
o6ecnequm{, Ha MEPBOUCTOYHHUKHU B BHJIC cTaTeH U ux 06pa351 B JOCTYIIHBIX apXuWBaxX JaHHBIX.

6. ®OHJI OHEHOYHbBIX CPEIACTB

@DOH/T OLIEHOYHBIX CPEJCTB MO JUCIUIUIMHE 00ECIeYnBaeT MPOBEPKY OCBOCHUS TIAHUPYEMBIX
pe3ynbTaToB oOyueHus: (KOMIETSHIMH W WX WHIMKATOPOB) MOCPEICTBOM MEPONPUATHN TEKYIIETO,
PYOEKHOTO U IPOMEKYTOUYHOTO KOHTPOJIS IO JUCIHUILTHHE.

CBs3pb Mexay GOpPMUPYEMBIMH KOMIIETEHIUSAMU W (OpMaMU KOHTPOJS UX OCBOCHHS
MIPEACTABJICHA B CIEIYIOIIEH TabmuIIe:




Komnerenuus HNHaukaTopbl 0CBOCHHSA ATTecTallMOHHOE MEepONpHUsiTHE
(KII 1)
I1K-11.2 3-11K-11.2 3, KH-8, KI1-16
V-1IK-11.2 3, KU-8, KI1-16
B-T1K-11.2 3, KH-8, KI1-16
I1K-11.5 3-11K-11.5 3, KU-8, KI1-16
VY-1IK-11.5 3, KH-8, KI1-16
B-T11K-11.5 3, KH-8, KI1-16
I1K-11.7 3-11K-11.7 3, KU-8, KI1-16
Y-1IK-11.7 3, KH-8, KI1-16
B-TIK-11.7 3, KU-8, KI1-16
I1K-11.8 3-11K-11.8 3, KH-8, KI1-16
V-1IK-11.8 3, KU-8, KI1-16
B-TIK-11.8 3, KU-8, K1-16
I1K-11.9 3-11K-11.9 3, KH-8, KI1-16
VY-1IK-11.9 3, KU-8, K1-16
B-T11K-11.9 3, KH-8, KI-16

IIkajnbl oneHKH 00pa3oBaTEeIbHbBIX J10CTUKEHNH

[Ikana KakA0ro KOHTPOJBHOTO MEPONPUATHUS JISKUT B mpeaenax oT 0 A0 yCTaHOBJIEHHOTO
MaKCUMaJIbHOTO 0aJula BKIIIOYMTEIbHO. MTOroBast arrecranus no AMCLUUIUIMHE oleHuBaercs no 100-
0aJUIbHOM IIKae W MpeACTaBIsAeT co00i CyMMy 0aiioB, 3apadOTaHHBIX CTYJCHTOM IPU BBIIIOJHEHUU
3aJJaHUH B paMKax TEKYILEro U MpOMeKyTOUHOTO KOHTPOJIS.

HTorosas o1ieHKa BBICTABIISIETCS B COOTBETCTBUH CO CJ'ICIIYIOH_Ieﬁ IIKAJIOMN:

Cymma Onenka nmo 4-x 0a/VILHOH IIKAaJIe OTMeTKa 0 3a4eTe Onenka
0aJ1710B ECTS
90-100 5 — «omauunoy A
85-89 B
75-84 4 — «xopouwio» C
70-74 «3auTeHo»
D
65-69 3 — «yooenemeo
60-64 3% PUMENBHOY E
Hwmxe 60 | 2 — «neyoosremsopumenvroy «He 3aureHo» F

OreHka «OTIIMYHO» COOTBETCTBYET INyOOKOMY M ITPOYHOMY OCBOCHMIO MaTepualia IporpaMMel
o0yJaroImumcsi, KOTOPbI MOCIeI0BaTeNbHO, YETKO M JIOTMYECKH CTPOMHO H3JIaraeT CBOU OTBETHI,
yYMEET TECHO YBS3bIBaTh TEOPHUIO C MPAKTUKOMN, HCIIOJIBb3YET B OTBETaX MaTepuaibl MOHOTpaduiyecKoi
JIUTEPaTypHI.

OI_ICHKE[ «XOpOoMIo» COOTBCTCTBYCT TBCPABLIM 3HAHUAM MaTcpHalia 06y‘-IaIOH_[I/IMCSI, KOTOpLIﬁ
Ir'paMOTHO H, 110 CYICCTBY, U3JIaracT CBOU OTBCTLI, HC JOIMYCKasA CYIMICCTBCHHBIX HETOYHOCTEH.

OrneHka «yJIOBJIETBOPUTEIHHO» COOTBETCTBYET 0a30BOMY YpPOBHIO OCBOCHMS Marepuaia
o0yJaroImumMmcsi, Ipu KOTOPOM OCBOEH OCHOBHOW MaTepHaj, HO HE YCBOEHBI €ro JETald, B OTBETaxX
MPUCYTCTBYIOT HETOYHOCTH, HEJOCTATOYHO MpaBUJIbHBbIE (DOPMYIUPOBKH, HApPYIIEHUS JOTHYECKOU
[IOCJIEI0BATEIbHOCTH.



OTMmeTKa «3a4TeHO» COOTBETCTBYET, KAaK MMHMMYM, 0a30BOMY YPOBHIO OCBOEHHUS MaTepHalia
MPOrpaMMBbI, TMPH KOTOPOM OOYYAIOIIMIiCS BJIaeeT HEOOXOMWMBIMH 3HAHHUSMH, YMCHHUSIMH U
HaBBIKAMH, YMEET MPHUMEHSTh TEOPETHUYECKUE MOJIOKEHUS ISl PEIICHHUS TUIOBBIX MPAKTUYECKUX
3a/1a4.

OlLIeHKY «HEYIOBJICTBOPUTEIBHO» / OTMETKY «HE 3a4TCHOY MOJIy4aeT 00yUaroluiics, KOTOPBIA
HE 3HAET 3HAUYMTECIbHOM YacTH Marcpurajia nporpaMmsbl, JOIIYCKACT B OTBCTAX CYIICCTBCHHLIC OH_H/I6KI/I,
HE BBINOJIHUI BCE O0s3aTeNbHbIE 3aJaHMsI, IPEIyCMOTPEHHbIE Nporpammoir. Kak mpasuiio, Takue
o0ydJaromuecst He MOT'YT MPOJIOJDKUTE 00y4eHne 0e3 JOMOTHUTEIbHBIX 3aHATHA.

7. YYEBHO-METOJWYECKOE U UH®OPMAIIMOHHOE OBECIIEYUEHUE
YYEBHOM JUCHUILINHBI

OCHOBHAA JIMTEPATYPA:

JOIIOJIHUTEJIBHASA JIMTEPATYPA:
I[TPOIT'PAMMHOE OBECITIEYEHHUE:

CHeHI/IaHLHOG IporpaMmMHOC oOecrieueHne He Tpe6yeTc;I
LMS 1 UIHTEPHET-PECVYPCEHI:
https://online.mephi.ru/

http://library.mephi.ru/

8. MATEPHAJIbHO-TEXHUYECKOE OBECIIEYEHUE YUYEBHOM
JUCHUITVINHBI

CrenmaiibHOE MaTepUATBHO-TEXHUYECKOE oOecrieueHrne He TpedyeTcs

9. YYEBHO-METOAUYECKHUE PEKOMEHJALIIMU JUIA CTYAEHTOB

1. Kypc conepkHuT HEKOTOpble CBeJeHHMs U3 OoJjiee paHHMX KypCOB IO sIEpHOM Qusmke,
B3aMMOJICHCTBHIO U3ITyYCHHS C BEIIECTBOM, JIETEKTOPaM YaCTHII.

2. Pexomenmyercs oOpamarbCsi K MarepuagaM MeEXIYHapoIHbIX KoHpepenmwmii:  Low
Radioactivity Techniques (2006-2024rr)

3. JKemarempHO TmpOCMAaTpUBATh TEPBOMCTOYHUKM CTaTe yKa3aHHBIE B  JICKIHAX
onyOnukoBaHHBIE B KypHanax: Reviews of Modern Physics, Annual Review of Nuclear and Particle
Science u ap.

4. PexoMeHyeTCsl UCIIONIBb30BaTh apXUB JIOCTYIHBIX CTaTel arxiv.org

5. PexoMeHayeTcs U3y4yuTh OHJIAHH pECYpChl IPUBEICHHBIE B JIEKIHIX

6. Pexomenayercs ncmonb30BaTh 0a3y JaHHBIX W30TOMOB https://www.nndc.bnl.gov/nudat3/

10. YYEBHO-METOJNYECKHWE PEKOMEHJIAIIVMM JIJISI TPENIOJABATEJIEN



JlaHHBII Kypc MpeacTaBisieT co00l KpaTKoe BBEACHUE B 00JIaCTh (PM3UKHU 3aHITOW MOMCKAMH
CBEpPX-PENIKUX MPOIECCOB B TIIyOOKHX IMOJ3EMHBIX jaboparopusx. OCHOBHOM akKLEHT Jelaercsi Ha
METOAax MoaBieHHs (oHa 3a CYET MPUMEHEHHS CBEPXUYHUCTBIX MATEPUAIIOB JJISl CO3JIAaHHSI IETEKTOPOB
TEMHOW MaTepuu M HEUTpUHO HU3KUX sHepruil. Kypc TpeOyer 3HaHmWii B 007acTé COBpeMEHHOH
¢usukn 3a mpenenamu CTaHIapTHOW MOJENM, HABBIKOB IMOCTPOHKH JETEKTOPOB 3JEMEHTapHBIX
YacTHll, 3HaHUS IPAKTHUYECKUX METOAUK 0TOOpa, OUUCTKH U CO3aHUS CBEPXUUCTHIX MATEPHAJIOB.

ABTOpP(BI):

Ko3noB Anekcanap AHaToIbeBUY



