degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUPORONIOAO00HBIX, IJIA3MEHHBIX H
siiepHbIX TexHoJoruii um. N.B.
KypuaroBa

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: MeToabl HEHTPOHHOTO PAaCCEesTHUS ISl UCCIISIOBAaHM KOHICHCHPOBAaHHBIX CPEl]

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: CUHXPOTPOHHBIE U HEUTPOHHBIE METO/IBI UCCIICIOBAHHI
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHbIil 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 30 gac.
cemuHapsl: 0 yac.
nabopaTopHble 3aHATHS: 15 yac.

CamocrositensHas padora: 45 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: A.B. benymikus, kauz. ¢u3.-MaT. HayK, CTapIIni HAYYHBIH COTPYIHUK, JOLCHT

[Iporpamma obcyxieHa Ha 3acefjanuy Kadeapsl HaHO-, OMO-, THPOPMAITMOHHBIX ¥ KOTHUTHBHBIX TEXHOIOTHN
29.03.2024



AHHOTANMA
B mocnemnue rompl paccesHue HEUTPOHOB CTANI0 IIMPOKO HCIONB30BATHCS HE TOJMBKO B (PU3MKE, HO U B
XVMHHU, MaTepUAIOBEICHUH, OWOJIOTHUH, DKOJIOTMH, Haykax o 3emie, MHKCHEpHBIX Haykax. MHOTHe U3
MPOBOJIUMBIX HA HEUTPOHHBIX UCTOYHUKAX SKCIEPUMEHTOB MMEIOT MPSIMOE OTHOILICHHE K CO3IAHUIO0 HOBBIX
HAHOTEXHOJIOTH, OWOTEXHOIIOTWUH, HAMNpPaBICHHOMY W3MEHEHHIO CBOWCTB MarepualoB M JAPYTHX
HaIpaBIICHUH, CTPATETUYECKHA BAKHBIX JIJISI Pa3BUTHS COBPEMEHHOTO BBICOKOTEXHOJIIOTMYHOTO O0IIIECTRA.

Hns mpoBeaenusi HelrponHeix uccienoBanuid B CHIA B centabpe 2009 roma BbIBeJeH Ha NPOCKTHBIC
napaMeTpbl HEUTPOHHBIM MCTOYHUK HOBOTO TOKOJICHWSI HA OCHOBE MPOTOHHOTO CHHXpOTpoHa. [TomoGHbBIH
npoekT peanu3oBad U B Slnonuu. B EBpone Ha tepputopum LlBenun OGMU3MTCS K 3aBEPIICHUIO CO3JaHHE
HEUTPOHHOTO MCTOYHMKA C JJIMHHBIM MMITYJIBCOM Ha 0a3e MOIIHOIO JMHEHHOTO YCKOpUTeNs NMpOTOHOB. B
Poccun 3aBepriaercss MogepHU3alUsl IKCHEPUMEHTAIBHBIX CTAHLMH HCCIIEA0BaBTEILCKOTO peakroa MP-8
HUILL "KypuaroBckuii MHCTUTYT", OJM3UTCS BBIXOA HAa MPOEKTHBIC MapaMeTpPhl MOIIHOTO CTaIMOHAPHOTO
uccienoBarenabckoro peakropa «IIMK» B Cankr-llerepOyprckom wuHcTuTyTe sigepHor ¢usukn HULL
"KypuaroBckuiit HHCTUTYT", YCHEITHO paboTaeT YHUKAIbHbIH UMITYIbCHBIN peakTop MBP-2 B O0bequHeHHOM
WHCTHUTYTE SACPHBIX UCCieAoBaHu,. [lpu 3TOM, ecTecTBEHHO, JaHHBII MaTeprall He IPETEHAYET Ha TOIHOTY
n3noxeHus. Hekoropele BOIpOChI B HEM COBCEM HE PacCMaTpUBAIOTCS, IPYIUE H3JIOKEHBl KOPOTKO H
cxemaruuHo. [lo KaxmoMmy W3 HampaBlIeHMHA HMMeEETCs, KaK MpaBWjo, OOLIMpHAs CHenHaIu3upOBaHHAS
JUTeparypa, ClIMCOK KOTOPOH IIPUBEAEH HUKE.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- OCBOCHHUC CTyACHTaMH 0a30BBIX Hpe):[CTaBJ'IeHI/Iﬁ 0 MCTOAUKAX pPACCCAHUA HeﬁTpOHOB U HU3YyUCHHUC
OCHOB COBPEMECHHBIX JKCIICPUMCHTAJIBHBIX IMOAXOAOB K HCCJICAOBAHHUIO CBOMICTB KOHACHCHUPOBAHHBIX
cpea € uX NOMOIIBIO.

33]13‘[1/[ JAUCHUIIINHBI

- opMupoBaHre 0a30BbIX 3HAHWKA O CBOWCTBAaX HEHTPOHOB JJISI MCCIEJOBAaHUIN KOHJICHCHPOBAaHHBIX
Cpen, TOoNydaeMbIX Ha  YCTaHOBKax Kiacca 'MeracaiieHcC", HW3y4eHHE OCOOCHHOCTEW METOIUK
HEUTPOHHOTI'O PACCESHUS;

- (opmupoBanue 0a30BBIX 3HAHMH O CBOHCTBAX MaTEpPHAJOB, IOJYyYaeMbIX C HCIIOIb30BaHHUEM
paccesHusI HEUTPOHOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

VYK-2.1 ®opmynupyeT B pamKax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyalbHOCTb, 3HAUYUMOCTb (HAay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYI0 B 3aBUCHMOCTH OT
TUIIA TIPOEKTa), OXHUIAEMbIE pE3yJIbTaTbl U BO3MOXKHBIE
cdepbl UX IPUMEHEHUS

YK-2.2 Crniocoben [IPOrHO3UPOBATh pe3ynbTar
AESATEeIBHOCTH M IUIAHUPOBATh IOCIIEA0BATEIBHOCTD ILIArOB
I JAOCTIDKCHUS JaHHOTrO  pesynbrara. Dopmupyer
wiaH-rpaQuK peanu3alid [POeKTa B ILEJIOM U  IUIaH
KOHTPOJISI €T0 BBITTOTHEHUS

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.3 CniocobeH opranu3oBaTh 1 KOOPAMHUPOBATH paboTy
YYaCTHUKOB IpOeKTa, obecreunBarh paboTy KOMaHIbI
HEOOXOIMMBIMU PeCypcaMu

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMHHapax | T.II.

OIIK-1.1 3HaeT W cHocoOGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK




OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M pEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOEH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel  mpodeccrnoHambHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOMpaTh u (MIIN)
pa3pabaThIBaTh MOJAXO/BI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajiady, [JIAHHUPOBAThH
MyTH PELIeHHs, Mpeiaratb U KOMOMHUPOBATh CIIOCOOBI
peleHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeIICHUN

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAay4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

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

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHHMA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

- (I)YH,Z[aMCHTaJ'IBHBIC HNOHATHUA, 3aKOHBI, TCOPUU U (1)OpMy.TIBI, OIMHCBIBAIOIIHNEC paCCCAHNC HeﬁTpOHOB B

KOH/ICHCHPOBaHHBIX Cpe/ax;

- monyyeHue, GOpMHUPOBAHUE U JETEKTUPOBAHNE HEHTPOHHBIX ITYUKOB;

- TEOPETUUYECKUE OCHOBBI SIAEPHOI0 U MArHUTHOI'O PacCEsIHUSL HEHTPOHOB;

- METOAMKH MIPOBEACHUS IKCIIEPUMEHTOB U 00paOOTKHM IaHHBIX 110 HEUTPOHHOMY PaCCEsSHUIO;
- OCHOBHBIE METO/Ibl UCII0JIb30BaHUSI HEUTPOHOB Ul U3yU€HHsI CBOICTB BElIECTBA.

YMETb:

- pacCUMTHIBAThH MapaMeTPhl SJIEMEHTOB SKCIIEPUMEHTAIBHBIX YCTAHOBOK HEHTPOHHOTO PACCESHUS;

- NPUMEHATHh (U3NYECKHEe TEOPUM K ONMCAHHMIO XapaKTEPUCTHK B3aUMOJCHCTBUS HEHTPOHOB C
BEIL[ECTBOM, a TAKKE COOTBETCTBYIOIIUE METOMIBI HCCIEA0BaHNs, OCHOBAHHBIE HA UX HCIIOJIb30BAHNH;

- pelaTh OCHOBHBIE YPABHEHUS KIIACCHYECKOW M KBAHTOBOW TEOPUU HEUTPOHHOI'O PAaCCESIHUS;

- 3(h(heKTUBHO UCIIOTB30BATH COBPEMEHHBIE HH(OPMAILIMOHHBIE TEXHOJIOTUU U PECYPCHI IS MOTYYCHHUS
HEOOXOIMMBIX 3HAHHN 110 UHTEPECYIOICH HAyIHOU Mpobieme.

BJIAJIETD:

- CIIeIUATLHOW TEPMHUHOJIOTHEH B 00JACTH HEUTPOHHOTO PACCESTHHUS,
- METOJMKAaMU [OCTPOCHHUS MOJENEN K ONIMCAHUIO B3aUMOJICHCTBUSL HEUTPOHOB C BEIIECTBOM;
- OCHOBHBIMHM METOJIaMU IPUMEHEHUSI HEUTPOHHOT'O PACCEIHMUSL.




4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
CaoticTBa HEHUTpOHa. Hyamuzm
1 BOJIHA-yacTULA. VICTOYHHKH HEHTPOHOB. ) 5
HeiitpoHnsl JUISL HA3y4YeHUs
KOHJCHCUPOBAaHHBIX CPE/l.
2 OCHOBBI TEOPHH PacCEsHUSI HEUTPOHOB . 2 1

KBaHTOBO-MeXxaHHYECKOE OIMCaHue
npolrecca paccesHus.

(%)
\S]
|9,

4 [Monyuenue, (bf)pMI/IpOBaHI/Ie u 4 3 5
JETEeKTUPOBAaHNE HEHTPOHHBIX TyYKOB.

5 MarnoyrnoBoe paccesiHue. 2 4 1

6 Heiitponnas pedaexromerpus. 4 2 5

7 Judpakuus HEUTPOHOB HA KPUCTAJIAX. 2 4 5
Heymnpyroe paccesnue. Paccesnue Ha

8 2 2 1
(dhoHOHAX.

9 MarautHoe paccesiHue. 2 5

10  |KBasmymnpyroe paccessHue HEUTPOHOB. 2 2

11 HeiitpoHHoe cimHOBOE 3X0. 4 5

12 Koppekuus " o0OpaboTka ) 5
9KCIEPUMEHTAIILHBIX JAHHBIX.

Htoro gacos 30 15 45

Iloaroroska k sKk3aMeHy 0 gac.

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

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. CoticTBa HelTpoHa. Jlyanusm BonHa-yactuua. Mcrounuku HeiiTpoHoB. HelTpoHbI Amst n3yueHust
KOHJICHCUPOBaHHBIX CpE/l.

XapaKkTepuCTUKU HEWTpoHA Kak yacTUlibl. COOTHOLIEHHS MEXIY Pa3IMYHBIMM KMHEMaTU4eCKUMU
XapaKTepUCTHKaMH HEHTpOHAa KaK 4YacTHLIbl M Kak BOJHBL. [lomydyeHue HEWTpoHOB. THIbI
UCCIICOBATEIbCKUX  HUCTOYHUKOB  HEHUTPOHOB.  3aMmeuieHue  HeWTpoHoB.  CHekTpanbHOE
pacnpeneneHre 3aMeIJICHHbIX HeUTpOoHOB. OCOOCHHOCTH CBOMCTB HEHTPOHOB JIsl U3yUCHHS CBOMCTB
KOHJICHCUPOBaHHBIX CpE/l.

2. OCHOBBI TEOPHUH PACCESTHUS HEUTPOHOB .

[Torox HeiTpoHOB. Ceuenme paccesHusi. Cedenue mnonmomieHus. Jluddepennmansaoe cedeHue
paccestaust. J[Bax bl nuddepeniuansaoe ceuenne paccesiaus. OcnablieHne HEHTPOHHOTO Iy4YKa 3a
CUET PACCESIHUS M MOTVIOIICHHS.




BonHoBoe onmucaHue paccesitHUusT HEUTpOHOB snpaMu. HelTpoHHas BosiHA. YHpyroe paccesHHe
HEHUTPOHOB OJMHOYHBIM SApOM. PaccesiHue HeCKONBKUMH apaMu — uHTepdepenuus. KorepentHoe u
HEKOI'epEeHTHOE cedeHus paccesHus. HekorepeHTHoe paccesHuEe 3a CYET OTHOCUTENIBHBIX
OpHEHTAIlMil CIIMHOB HEUTpoHa W snep. HekorepeHTHoe paccessHME Ha siApax 3a CYeT U30TOIHOIO
Oecriopsiaka.

3. KBaHTOBO-MEXaHHUECKOE ONKCAaHNE MIPOIECCa PacCesTHUs.

Hauanpsnoe un xoHewnsle coctostHUs. IIm0THOCTH cocrosHuii. OCHOBHOE YpaBHEHHE paCCEsHUS.
VYipyroe paccessHue Ha OJHOM U HECKOJBKHX siApax. Heynpyroe paccessHue HEMTPOHOB.

[lonHOE ceuenme paccestHUsI OT CHCTEMBI siep. JKCIepUMeHTallbHbIe cooOpakeHus. KorepentHoe
yIpyroe paccesiHue oT MHorux siaep. KBanroBoe onucaHue ceueHus paccesiHus.

4. Ilonyuenue, popmMupoBaHHE U JETEKTUPOBAHUE HEUTPOHHBIX ITyYKOB.

Kommumaropel. HeiitpoHoBoasl. Monoxpomatopsl. [IpepriBatenyu mydka M CENEKTOPBI CKOPOCTEH.
[onspuzyrorme  punbrpel.  [Nonspusyromme  3epkana. [lomspusyroniyie  MOHOXPOMATOPHI.
CruH-(nunmnepsl. ['a30Bble U CHMHTHILISIIUOHHBIE 1ETEKTOPHI.

5. ManoyrmioBoe paccesiHue.

Ceuenne paccesHHS OT HaHOpPa3MEpHBIX 00beKkTOB. CTpyKTypHBIH (akrop. ManoyrioBoe
npubIIKeHne. MajioyrinoBoe paccessdHUue OT HaHOYacTHL B pacTBope. DopmM-dakrop TBepoit chepbt
u apyrux npocteix ¢popm. [HomuaucnepcHocTs. Bzanmonononasemocts HeliTponoB 1 CU. ®@opmyna
He6ast. [Tpubnmkenne ['mabe. 3akon [Moposa.

6. HeiirponHnas pediekroMeTpus.

Kospduument mnpenomienus. KaHTOBOMEXaHMYECKOE pPAaCCMOTPEHHE TIPOIECcca OTPAXKCHUS.
OtpaskeHne OT IIAaJKUX IUIOCKHMX MoBepxHocTei. IlomHoe orpaskeHue. OTpaskeHHE Kak IPOLECC
paccesiHus. OTpaXKeHUE OT CIIOUCTHIX HAHOCTPYKTYD. LLlepoxoBarkie 1 BOTHHCTHIE TOBEPXHOCTH.

7. Audpaxust HEHTPOHOB HA KpHUCTaJIaX.

OneMenTapHble sdeiiku. OOparHas pemerka. [lo3unum aroMoB B 3JIEMEHTapHOH  sueiike.
3acenennoctu mosuiuii. I'pynmer cummerpun. 3akoH bparra. ®akrop Jlebas-Bamnepa. Murerpan
ceueHus paccessHus npu audpakuuu. MozandHocts. DkctuHKuus. Judpakuus no Jlays. udpaxmus
Ha ropomkax. J{nppakuus Ha HAaHOYACTHLIAX.

8. Heynpyroe paccesinue. Paccesinue Ha (oHOHAX.

Teopust paccesnust Ha Konebanusax siaep. Kmaccuueckoe omucanue kojeOaTenbHOW IUHAMUKH
KkpuctaiioB. KBaHToBomMexannueckoe onucanue. OnHo)OHOHHOE cedeHne paccestHus. TpexOoCHBIH
cnekrpoMeTp. ClIeKTpOMETPHI IO BPEMEHH IPOJIeTa.

9. MarautHoe paccesiHue.

MarxnutHO€e B3aUMOZEHCTBHE HEUTPOHA C aTOMOM. MarHUTHBIM MaTpUYHbINA 3J€MEHT. MaTpuyHbIil
3JIEMEHT Uil HENOJSIPU30BAHHBIX HEUTPOHOB. OCHOBHOE YpaBHEHHE MAarHUTHOTO PaCCESHUS.
MaruuTHbid popM-paktop. MarauTtHas qudpakuus. Heynpyroe MarautHoe paccesiHue.

10. KBazuympyroe paccesiHie HEUTPOHOB.

HenpepoiBaas muddysus. Mogens npebkkoBoit auddysun. Monens BpamarenbHOl auddysuu.
CrnekTpoMeTpsl JUTs UCCIIEJOBAaHHS IPOLECCOB AUPPy3Uu.

11. HeliTpoHHOE CIMHOBOE 3XO.



O ekt cnrmHOBOTO 3%a. CHMHOBOE 5XO0 MPHU HEYNPYroM paccessHuu. CIIHH-3XO0 CIIEKTPOMETP.

12. Koppeknust 1 00paboTKa 3KCIIEPUMEHTAIBHBIX TaHHBIX.

DKCIIepUMEHTaIbHOE HM3MEPEHUE JABAXKIBl TUPQPEPCHINATBLHOTO CEYCHUs] pPacCesHUs. YYeT He
3apucsAniero or ooOpasua ¢ona. CaMO3KpaHUPOBKAa W OCIA0JeHHE HEHTPOHHOTO ITydYKa.

MHOFOKpaTHOG paccesaHuc. KaJ'II/I6p0BKa HeﬁTpOHHOFO CIICKTpOMETpaA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yueOHast ayTuTOpHsi, HOyTOYK, POEKTOP, MEJIOBas IOCKa, MEJ.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa

1. Kpucramnorpadus [Tekct] : yue6. mocobue st By3os / M. I1. [llackonbckas .— 2-e uzn., nepepad.
u non. — M. : Beicmas mxoia, 1984 .— 375 c.

®onp nuteparypsl Kadeaps

1. ®uznueckas sHnukIonenus, M.: “Coserckas sanuukinonenus’, 1990, crareu: “HelTpon”,
“3aMensieHe HEHTPOHOB” .

2. 10.A. Anekcanapos, “@yHaaMeHTaIbHBIE CBOWCTBA HEHTpOHA™, DHeproatoMusaat, Mockaa, 1984.
3. E.Il.Ia6anusn, “UMnynscHbIe peakTopbl Ha OBICTPBIX HeliTpoHax™ , - M. : Atromusaar, 1976
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8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

L.http://flnph.jinr.ru/ru/

2. http://nrd.pnpi.spb.ru/reaktorPIK/pik.html

3. https://mmi3.eu/

4. https://www.ill.eu/neutrons-for-society/neutron-techniques/

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

JIns  yCIemHoro OCBOGHHS Kypca, IIOMHMO TOCEHICHHs JIeKIHMH, OT CTYAGHTOB  Tpelyercs
caMocTosITeNIbHasl paboTa B 00beMe He MEHEe YeM T€ Yachl, KOTOPBIE YKa3aHbI JUIs KaKIOTO pasieina
nporpaMmbl. B 0CHOBHOM, 3TO BpeMsi OTBOJMTCSI HA CAMOCTOSITEIIEHOE TIOBTOPEHHE MaTepuaia JICKIHHT,
YTEHUS] PEKOMEH/IOBAaHHOW JIMTEPATypbl U MOATOTOBKY K IPOMEKYTOUHBIM TECTHPOBAHHSM, KOTOPbIC
MPOBOIATCS U TEKYIIETO KOHTPOJISA 32 YCBOSHHEM Marepuaia. Bcero mpeamonaraercs mpoBecTd 3a
CEeMECTP OJJHY ITPOMEKYTOUHYIO KOHTPOJIBHYIO, & TAKXKE PsiJl IPOBEPOUHBIX PaOoT. CTYICHTBI, yCHEUTHO
Opomenmue  JaHHyl0  (GOpMy  IPOMEXKYTOYHOTO  KOHTpPOJS,  JOMYCKAalTCI K  caade
T PepeHITPOBAHHOTO 3a4eTa 110 IUCIUILTHHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: CUHXPOTPOHHBIE U HEUTPOHHBIE METO/IBI UCCIICJOBAHHUI
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT

Pa3zpatGoTunk: A.B. benymkuH, kana. Qpu3.-MaT. HayK, CTapIInil HAyYHBINH COTPYAHUK, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIAroB
I JAOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pceajin3anun IIPOCKTa B NCJIOM U IUIAH
KOHTPOJIA €0 BBIIIOJIHCHUSA

VYK-2.3 CriocobeH opranu30BaTh 1 KOOPAHMHUPOBATH paboTy
YYaCTHUKOB TNPOCKTa, o0ecreunBaTth paboTy KOMaHJbI
HEOOXOIMMBIMHU pecypcamMu

VYK-2.4 Ilpencrapnser myOIu4HO pe3ysbTaThl IpoeKTa (Win
OTAENBHBIX €ro JranoB) B (opMe OTYETOB, CTarei,
BBICTYIUICHMH Ha HayYHO-IPAKTUYECKUX KOH(EPEHIHSIX,
CeMMHapax U T.II.

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaTbHBIX
Hay4YHbBIX 3HaHUH B o0yacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHICCKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 NmeeT npeacTaBIeHAE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoel
npoecCHoOHaTbHON e TEHHOCTH

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

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayuHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIMTEIHHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOIyYaeMbIX PEIICHUN

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesymprare u3ydeHHs AMCHMIDIMHBI «MeTOIBI HEHTPOHHOTO paccesHUs Ul HCCIICTOBAHUI
KOH/IGHCHUPOBAHHBIX Cpe/» 00ydaroIuiics J0KeH:

3HATh:
- (yHIaMeHTaJbHbIC TOHATHS, 3aKOHBI, TEOPUH U (HOPMYIIbI, ONHMCHIBAIOIINE PACCESIHUE HEHTPOHOB B
KOHJICHCUPOBaHHBIX Cpelax;
- monyyeHue, GOpMHUPOBAHUE U JETEKTUPOBAHNE HEHTPOHHBIX ITYUKOB;
- TEOPETUUYECKUE OCHOBBI SIAEPHOIO U MArHUTHOI'O PacCEsIHUSL HEHTPOHOB;
- METOAMKH MIPOBEACHUS IKCIIEPUMEHTOB U 00paOOTKH IaHHBIX 110 HEUTPOHHOMY PaCCEesHUIO;
- OCHOBHBIE METO/Ibl UCII0Ib30BaHUSI HEUTPOHOB Ul U3yU€HHsI CBOICTB BElIECTBA.
yYMeThb:
- paccuMTHIBATh NAapaMETPHI IIEMEHTOB IKCIIEPUMEHTAIbHBIX YCTAHOBOK HEMTPOHHOTO PacCEsTHUS;
- NPUMEHATHh (PU3NYECKHE TEOPUM K ONMCAHHMIO XapaKTEPUCTHK B3aUMOJCHCTBUS HEHTPOHOB C
BEILECTBOM, a TAK)KE COOTBETCTBYIOIIUE METOMIBI HCCIEA0BAaHNs, OCHOBAHHBIE HA UX HCIIOJIb30BAHNH;
- pelaTh OCHOBHBIE YPABHEHUS KIIACCHYECKOW M KBAHTOBOUM TEOPUU HEUTPOHHOI'O PAaCCESIHUS;
- 3(h(heKTUBHO UCIIOTB30BATH COBPEMEHHBIE HH(OPMAILIMOHHBIE TEXHOJIOTUU U PECYPCHI IS MOTYYCHHUS
HEOOXOMMBIX 3HAHHN 110 UHTEPECYIOICH HAyIHOU Mpobieme.
BJIaJeTh:
- ClleMabHONW TEPMUHOJIOTHEH B 00JaCTH HEUTPOHHOTO PaCCEsTHHUS;
- METOJMKAaMU [OCTPOCHHUS MOJENEN K ONIMCAHUIO B3aUMOJICHCTBUSL HEUTPOHOB C BEIIECTBOM;
- OCHOBHBIMH METOJIaMU IPUMEHEHHS HEUTPOHHOTO PACCESHUS.

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

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHHM ONPOC MO TeMaM MPEbIIyIINX
3aHATUH, IO TEME IPOLUION JIEKIIUU WIH B KOHIIE 3aHSATHS 110 IIPOUICHHON TEME.




3. Hepeqenb TUNOBBIX KOHTPOJBbHBIX 33IlaHHﬁ, HCMOJBb3YEeMbIX JJ OICHKH 3HaHI/II7[,

YMeHUil, HABbIKOB

IIpomexxyTouHass —arrecrauus IO

JUCHUITIIINHE

«OCHOBBI PacCCAHUA HCﬁTDOHOB B

KOHJICHCUPOBAHHBIX _Cpelax» OCYIIECTBIseTcss B Qopme auddepeHInpOBaHHOTO 3adYeTa.
JuddepeHnpoBaHHbIN 3a4€T MPOBOAUTCS B YCTHOH GopMe.

[lepeueHb KOHTPOJILHBIX BOIIPOCOB:
1) ompenenure MOJHOE,

pacceaHuA.

muddepeHIATbHOE ¥ BB

muddepeHraIbHOe  CeYCHHE

2) TlokaxuTe, 4TO CEYCHHE PACCESIHUS HETPOHOB U30IMPOBAHHEIM SIPOM PaBHO 47h2,
3) IMouemy BomopoIcoaeprKaiue BerecTBa 3pHEeKTUBHO 3aMeIAIOT HEHTPOHBI?

4) KakyMu pHYMHAME BbI3BIBACTCS HAIMYNE HEKOTEPEHTHOTO CEYCHUS PaCCesTHUS

5) B yem coctout npuOIMKEHUE MAJIOYTIIOBOTO PACCESHHUS.

6) Uro Takoe Bapuarus KOHTpacTa?

7) Hanumure BoipaskeHre popmyiisl J{ebas s MaoyriIoBOro paccesHusl.
8) Banumute Gopmyay KodpduIreHTa MPEIOMICHNS HEUTPOHHON BOJIHBI.

9) 3anummute hopmyny OpeHers.

10) K xakum 3¢pdeKkTaM BeeT MEPOXOBATOCTh MOBEPXHOCTH IPU OTPAKCHUH HEUTPOHOB?
11) BanuimTe OCHOBHOE YPaBHEHHE PACCESHHS HEHTPOHOB.
12) Yro Takoe KBa3Uylnpyroe HEHTPOHHOE paccesiHue?

13) IpuHiun ASHCTBHS CIIEKTPOMETPa CIIMH-IXO.

14) B yem Biusiaue ¢axropa Jebas-Bamiepa Ha kapTHHY AU(paKIKH.
15) IpuHiun paboThl ra30BOr0 MPOMOPIMOHATBHOTO CUSTYHKA.

[TpriMephl TECTOBBIX 3aaHUA:

1. cBOOOIHBII HEUTPOH pacragaeTcs Ha:

A) oTpunaTenbHbII MIOOH, TO3UTPOH U raMMa
KBaHT

b) npoToH, 371EKTPOH U ANIEKTPOHHOE
AHTUHEUTPUHO

B) He pacnanaercs, OCKOIbKY 3TO
cTaOuiIbHas YacTHULa

I') nonoxuTeNbHBINA MIOOH, AJIEKTPOH U
AIIEKTPOHHOE aHTUHEUTPUHO

2. CtpyKTypHbIi hakTop A5 1uppakuuy HEUTPOHOB OMMCHIBAeTCs (POPMYJIION:

A) Zbiexp(igri); rae bi -mpousBosbHbIE
BeCOBbIE KO DHUITMEHTHI, I — KOOPIUHATHI
aTOMOB B JJIEMEHTAPHOU STYEHKe

B) Zbiexp(igri); rae bi -korepeHTHBIE TITHHBI
paccessHusI HEUTPOHOB SApaAMH, Ii—
KOOPAWHATHI Y3JI0B 3JIEMEHTAPHOUN STYEHKHU

B) Zbiexp(qgri); rae bi-korepeHTHBIC JTHHBI
paccessHAsI HEUTPOHOB siApaMH, Ii—
KOOPIMHATHI aTOMOB B 3JIEMEHTAPHOM STYEHKE
I') Zbiexp(igri); rae bi -korepeHTHBIC THHBI
paccesiHAsI HEUTPOHOB siApaMH, Ii—
KOOPJWHATHI aTOMOB B 3JIEMEHTAPHOM SUEHKE

3. Ycnosue audpaxiuu mo Jlays cocTout B TOM, 4TO

A) yron nmaiieHus HEHTPOHOB Ha o0Opaszery
pPaBEH YTIIy OTPAKEHUS

b) nnrHa BOosTHBI HEMTpOHA TPUMEPHO paBHA
MEKaTOMHBIM PACCTOSIHUSAM B KPHUCTAJLIE

B) BekTOp paccesHUusI HEUTPOHOB PaBEH
BEKTOPY OOpaTHOM pelIeTKH KpucTasuia

I') B3aumopeiicTBre HEUTPOHA C aTOMaMHU
OIMCBIBAETCS IICEBAONOTEHIIMATIOM Depmu

4.C POCTOM aTOMHOTI'O HOMEpA 3JICMCHTA CCUHCHUC PACCCAHUA HCﬁTpOHOB:

A) YBenuuuBaetcs
b) Ymenbaercs

B) He usmensiercs
I') MoeT kak yBeIMYMBaThCS, TaK U
YMEHBIIATHCSA

6. ®opmyna /lebast B MaIoyrioBOM paccessHUU PUMEHUMA €CIIH

A) nnuHa BOJHBI HEUTPOHOB OOJIbIIE

B) wactuiiel U30TPOITHO pacipeiesieHbl B



XapaKTEPHOTO pa3Mepa pacCeMBAIONIMX YACTHI[ PACTBOPE MO PACCTOSIHUSM M OPUEHTAIUSIM

b) paccesHue HocuT Heynpyruil Xxapakrep I') Bcerna npuMeHnMa

7. KpuTHUECKUM YIJIOM CKOJIBKEHHUS [IPH OTPAKEHUU HEUTPOHOB HA3bIBACTCS:

A) MakCHUMaJIbHBIA YTOJI, IPU KOTOPOM B) yromn, koTopoMm HEUTPOH HE MOKET OBITH
BBITOJIHSETCS YCIIOBUE TTOJTHOTO BHEIIHETO OTpa)keH OT MOBEPXHOCTH

OTpakKEHHUS

b) yrous, npu KOTOpOM HaYMHAIOT UrpaTh poiab ') MaKCUMaNbHBIN Yo, 10 KOTOPOro aTOMHOE
HEYIPYTUe MPOILECCh CTPOCHHE BEIIECTBA HE OKA3bIBAET POJIM Ha

IPOLIECCHI OTPAKEHHUS
8. B skcnepuMeHTax MO M3YYEHHUIO BpallaTeslbHOW Auddy3un MoieKyn B CIEKTpEe paccesHUs
HEHUTPOHOB HAOIOAETCS
A) TOJBKO KBa3uynpyras KOMIIOHEHTA B) ynpyras u Heynpyrast KOMIIOHEHTa
b) Tonpko ynpyrast KOMIIOHEHTa ') ynpyras u kBa3uynpyras KOMIIOHEHTa

9. AIII/Ia6aTI/I'~I€CKO€ N3MCHCHHWEC MArHuTHOrO II0OJIsI B OKCICPHUMCHTAX II0 PaCCCAHUIO
MMOJIAPU30BAHHBIX HeﬁTpOHOB O3Ha4acT

A) cKOpPOCTb U3MEHEHHMsI HAallpaBJICHUs B) Benymiee maruutHoe nose ci1abo MeHsieTcs
BEIYIIEr0 MArHUTHOTO TIOJISI B TIPOCTPAHCTBE  T10 BEJTMYMHE 32 BpeMsl MpeObIBaHUsI HEUTPOHA
MEHBIIIE CKOPOCTH HEUTpOHA B I10JIE

b) yrinosas ckopocTh U3MEHEHHUs HanpaBieHus: ') Ha BEMYMHY U HAIIpaBJIeHUE MarHUTHOT'O
BEKTOpa BEyLEro MarHUTHOTO TOJIs B II0JIS1 HE BJIMSIIOT BHEIIHUE (PAKTOPbI

IIPOCTPAHCTBE MHOT'O MEHBIIIE JIAPMOPOBCKOM
YacTOThI [IPELlecCur CIIMHA HEUTPOHA

IIpumepsl 3a1ay:

1) Jns HEHTpOHOB, HMEIOIIUX CKOpPOcTh 2200M/C, OLEHHTH pPACCTOSHUE, HAa KOTOPOM
MHTCHCUBHOCTb HEHUTPOHHOI'O IIydyKa YMEHBIIUTCS B JIBa pa3a 3a CYET KOHEYHOI'O BPEMEHU
JKU3HU HEUTPOHA.

2) Jlyymmmit B MHpe CTallMOHApHBIA peakTop B ['peHoONIe TeHepUpyeT HEWTPOHHBIA MOTOK
1.5-10% cm?c. Ynuras ckopocts HeHTpoHOB paBHOi 2200M/C , OLEHUTH MIIOTHOCTh HEHTPOHOB
U JIaBJI€HUE BO3]lyXa, KOTOpoe Oy/1eT OTBeUaTh TaKoil ke MIOTHOCTH.

3) IlnactuHka oOpa3la pacHojoXkeHa MEepIeHAUKYIIpHO MyuyKy HeWTpoHoB. Ilokaszats, 4To

ocnabneHne mydka Oynaer omuckiBaTbest Gopmynoit 1(z)=loexp (-uz), rme Z — paccTosiHuEe OT
MOBEPXHOCTHU 00pasla, | - THHEHHBIH K03 (PUIIEHT ocnabiieHus.

4) Nmeetcs nBa 3amemiutens HedTpoHoB: oauH npu 300K, Bropoii npu 30K. [lns kaxmoro u3
3aMeUTUTeNIell paccuuTaTh OTHOIIEHHE WHTEHCHBHOCTEH HEWTPOHHOTO TOTOKA [UIS JUIWHBI
BonHbl 4A 1 20A.

5) lnst ManoyrioBOro paccesiHusl Ha OJJHOPOIHON c(hepHUeCKOl YacTHIle MOoKa3aTh, 4To (Gopm-

3sinQR — QRcosQOR
Q3R3

6) Jlns HeHATpOHOBOJA UMJIMHAPUYIECKOTO CEYEHHUS, M3TOTOBJIEHHOTO M3 Marephansa C

¢dakrop paBeH F 2 (0) =

KPUTHYECKUM YTJIOM CKOJIBKEHHS Yc, OLICHWTh TEJIECHBIM yroy, B Mpeleraax KOTOpOro BcCe
HEUTPOHBI IPOUIYT YEPE3 HEUTPOHOBO/.



7) Tlokaszath, 4TO sl MPSAMOTO HEHTpPOHOBOIA JUMHOW L mpsiMoyrosneHOro cedeHus: (axb)
MaKCUMaJIbHOE€  YUCIO  OTPaKCHUMM  HEUTPOHOB OT CTEHOK HEUTPOHOBOAA  PAaBHO

1 1
Nmax = 7e¢ ;"'Z L.

8) Ompenenure yroja paccesnus 26 HEHTPOHOB PHEpPrueii 5 M3B OT MUPOIUTHYECKOTO TpaduTa ¢
BEKTOPOM oOpaTtHoii pemerku 1.8734 AL,

9) Iloka3arh, YTO DHEpPreTUYecKas IUIOTHOCTh KOHEYHBIX COCTOSHHUM Ui HEHTPOHOB IOCIE
Vkfmn

2m2h2

10) JIns MayoyrioBOro paccesHusi paccuutaTb Oypbe-00pa3 ¥ MHTCHCUBHOCTh PACCESHUS IS
JIBYX TOUEYHBIX YaCTHUII, HAXOIAIIMXCS HA paccTOsHUM R apyr oT npyra

paccessHUS BhIpaxaeTcs: opMysoi

[Tpumepsl OWIECTOB (3aJaHUi, TECTOB W Jp. MATEPUAIOB, HCIOIB3YEMBIX JUIsI MPOBEICHUS
nuddepeHIMPOBaHHOTO 3a4eTa):

Buier Ne 1
1. Ilorok HeWtpoHoB. Ceuenue paccesHusi. Ceuenue mnoriomenus. J(uddepennunanbaoe
ceyeHue paccesHusd. JBaxapl auddepeHnuanbHoe cedeHue paccesHus. OcnabneHue
HEHTPOHHOTO MyYKa 3a CYET PACCESHUSI U TIOTJIOIICHHS.

2. OcHOBHbIE TPUHLHUIIBI HEUTpOHHOH pednexkromerpun. Koapdumment mnpernomiaeHus
HEUTpOoHHOU BONHBL. Kputndeckuit yron ckonwbxeHus. @opmyna Openens. OTpakeHue ot
TOHKOM IJIEHKH Ha IJIaJIKOU MOJIOKKE.

3. Bepummuesrii ¢unstp umeer I[TIY crpykTypy ¢ mapamerpom sueiiku a=2.274. om
WCIIONB3YETCS JIsl BBIBEJEHUS U3 IydKa HEUTPOHOB C JUIMHOW BOJHBI MEHbIIE HEKOTOPOH
KpuTHYecKol 3a cueT »sddexrtoB audpakmuu. Paccumrateh 3Ty UIMHY BOJHBI U
COOTBETCTBYIOILYIO SHEPTUIO0 HEUTPOHOB.

Buser Ne 2

1. HeiirponHsle aerekTopsl. ['a30Bble MponopuuoHanbHble cyeTdyuku. Koagduuuent razoBoro
yeunieHusi. CHUUHTWIIISLIUOHHBIE JETEKTOPbl. MOHUTOPHI My4Ka.

2. MasnoyrnoBoe paccesinue. CeueHue paccestHus OT HaHOPa3MEpHBIX 00beKTOB. CTPYKTYpPHBIi
¢dakTop. ManoyrioBoe mnpuOIMKeHHe. ManoyrioBoe paccesidHue OT HAHOYacTUI[ B
pactBope. @opm-dakTop TBepaor chepsl U Apyrux npocTbix ¢opM. IomuaucnepcHocTs.
Bsaumonononusemocts HeiiTpoHoB 1 CU. @opmyna [ebdas. [Ipubnmxenue ['nnbe.

3. Tlpeamonaraem, 9To HEUTPOHHBIN CEJICKTOP CKOpOCTel nMeeT IuHy 0.25 MeTpoB, YHCITO
MOTJIOLIAIOIINX TUIACTUH 68, yros pa3BopoTa IJIACTUH OT BXOJa JI0 BBIX0Ja COCTABIISIET
48.3°. PaccuntaTh CKOpPOCTH BpAIEHHs CEIEKTOPA ISl BBIACTEHUS U3 CIIEKTPa HEHTPOHOB C
amHOM BosHbBI 10A.

Buaer Ne 3

1. KBanTOBO-MeXaHHWYECKOE ONHCaHWE TMpolecca paccesHus. HadaabHOe U KOHEUYHBIE
cocrossHus. [ImoTHOCTE cocTossHMI. OCHOBHOE ypaBHEHME pacCesHUs. YIPYroe paccesHue
Ha OJTHOM U HECKOJIbKHX sifjpax. Heynpyroe paccesiHue HEMTPOHOB.

2. Ksasuynpyroe paccesnue HeiiTpoHoB. HempepbiBHas auddysus. Moaenb HpbIKKOBON
muddy3un. Mogenp BpamarenbHor auddy3un. CHeKTpoMeTpsl IS  HCCICIOBAHHS
nporieccoB nuddysuu.

3. Kakoii TommmHsl fomkeH 6bITh c10it 1°B, uTo6s! mornotutsh 99% Majaro-1ero mydka
TETIOBHIX HeliTpoHOB? CeueHne 3aXBaTa TeIUIOBEIX HelTpoHOB sapoM °B okomo 4000 x10°
24 cm?. TInoTHOCTH Gopa cocTapmsieT 2.4 r/cm>.



Bujer Ne 4

1. TlonHoe cedyeHHE paccesHUsT OT CUCTEMbI sJep. ODKCIEPUMEHTAIbHBIE COOOPaKEHHUS.
KorepentHoe ympyroe paccesHue oOT MHOrux saep. KBaHToBoe onucaHue ceyeHUs
paccesiHusL.

2. Tlomyuyenue, (opMupoBaHHE M JETEKTHPOBAHWE HEUTPOHHBIX MYy4KOB. KojummMmaTopsl.
HeittponoBoabl. Monoxpomaropsl. IlpepsiBaTenn mnydka M CEIEKTOPbl CKOPOCTEH.
[Monapusyromue ¢uiuptpsl. [lonspusyromue 3epkana. Ilonspusyromnme MOHOXPOMATOPHI.
Cnun-¢aunmnepsl. ['a30Bble U CHUHTUUISALUOHHBIE 1E€TEKTOPHI.

3. JlerekTop HeiitpoHOB Ha ocHOoBe He® mmeer TommmHy 1.5 cM. cedeHue 3aXBaTa HEHTPOHOB

aromamu He® st 1IMHBI BOJTHBIL HEHUTpoHOB 1.8 A paBHO 5333-10%* cm?

Y JINHEWHO pacTeT ¢
pocToM ANUHBI BOJHBI. PaccunTtaTh 3()()eKTUBHOCTH PEruCTpallii HEUHTPOHOB TAKHM

JETEKTOPOM 1111 17IiH BoJH 0.9 u 1.8 A ecnu naBienue ra3a B cUeTUHKE paBHO 4 aTM.

Buaer Ne 5

1. CsoiictBa HelTpoHa. [lyanusm BosiHa-uactuna. Vctounuku HeWTpoHOB. HelTpons! s
U3Y4YEHUsS] KOHJCHCHPOBAHHBIX Cpell. XapaKTEepUCTUKH HEUTPOHA KaK  YacCTHIIbL.
CooTHOIIEHUS MEXIY pa3IuYHbIMU KMHEMATUYECKUMHU XapaKTepUCTHKAaMH HEHTpOoHa Kak
yacTULIbl M Kak BOJHBL [lomyueHue HEHTpoHOB. THUIBI HCCIENOBATENbCKUX HCTOYHUKOB
HelTpoHOB. 3amemyieHue HeTpoHoB. CrekTpajabHOE paclpelieieHue 3aMeJIeHHBIX
HeiTpoHOB. OCOOEHHOCTH CBOMCTB HEWTPOHOB JUISl U3YUEHUsI CBOMCTB KOHJAEHCUPOBAHHBIX
cpex.

2. HeiitponHoe cnuHOBoe 5X0. O¢dekT crnuHoBOro sxa. CIHHOBOE 3X0 NpU HEYNpPyrom
paccestHuu. CIMH-9X0 CIEKTPOMETP.

3. Hwmeercs HeiTtpoHOBOA MMHOW 20 METPOB, OKPHITHE HUKEIEM, m=1, cedeHHEM 50x50mMm?,
KOTOpoe ocBemaerca 3ameamureneM d’=150x150Mm?, pacrmonoKeHHBIM Ha PacCTOSHUK L=
1.5M. CpaBHUTH HEHTPOHHBIA MOTOK HA BBIXOJE HEUTPOHOBOJA JJIsi HEUTPOHOB C JIMHOMN
BONHBI 4A ¢ aHanoOrMuHBIM MO TEOMETPUYECKMM IapaMeTpaM KOJLIMMATOPOM, CTEHKH
KOTOPOTO MOJIHOCTHIO MOTJIOUIat0T HEUTPOHBI.

4. Kputepuu onleHMBaHUA

Onenka bannsl Kpurepun

10 BeIcTaBisgercss  CTyA€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, IIIyOOKHe
3HaHHMA Y4eOHOM mIporpamMmbl  JIHUCUUIUIMHBI,
MPOSIBIIAIOIIEMY WHTEpPEC K JAHHOW IIPEIMETHOU
o0nacTd,  IPOJEMOHCTPUPOBABIIEMY  YMEHHE
YBEPEHHO U TBOPYECKUM IMPUMEHATH HX Ha
IIPaKTUKE TpPH pEUNIeHUH KOHKPETHBIX 3aJad,

OTJINYHO
CcBOOOJIHOE U MPABUIIBHOE 0OOOCHOBAHUE MPUHATHIX
penieHui.

9 BeicTaBisiercss  CTyACHTY,  IOKa3aBIIEMY

BCECTOPOHHME, CHCTEMaTU3WPOBAHHbIE, TIyOOKHE
3HaHUS Y4eOHOM MporpaMMbl JUCHUIUIMHBL U
YMEHHUE YBEPEHHO IPUMEHSATh UX HA MPAKTUKE MPU
pelIeHNH KOHKPETHBIX 3a/a4y, CBOOOJHOE U




MPaBHJIbHOE 0OOCHOBAHUE MPUHATHIX PEIICHUM.

BricTaBnsiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMAaTU3UPOBAHHbBIE, TITyOOKHE
3HAaHUS Y4eOHOH MporpaMMbl JUCHUILUIMHBL U
YMEHHUE YBEPEHHO IPUMEHSATh UX HA MPAKTUKE MpU
pElIEHNN  KOHKPETHBIX  3ajady, IpaBUJIbHOE
000CHOBaHUE MPHUHSATHIX PEIICHUN, C HEKOTOPBHIMU
HEJ0YETAMH.

XOpOLIO

BeicraBisiercss CTyIEHTy, €ClIM OH TBEPHO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
u3jaraeT €ero, yMeeT IPUMEHSTh I0Jy4YeHHbIE
3HAHUS HA MPAKTUKE, HO HEJOCTaTOYHO I'PAMOTHO
000CHOBBIBAET M1OJIyYEHHBIE PE3YJIbTATHI.

BricTaBnsiercss CTyneHTy, €Clii OH TBEPAO
3HAaeT MaTepuall, I'PaMOTHO M 1O CYLIECTBY
W3JIaraeT €ro, yMEET IMPUMEHSATH IOJTyYCHHbBIC
3HaHUs Ha IPAKTUKE, HO IOIIYCKAET B OTBETE WJIHU B
pELIEHNUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.

BricTaBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT Marcpuajl, IrpamMOTHO n II0
CymIeCTBy H3jlaract €ro, YyMeCeT JMPUMCHATb
MOJIYYCHHBIC 3HAHWA Ha NPAKTHUKE, HO JOITYCKACT B
OTBCTC MWJIM B PCIICHUHU 3aJlady J0CTAaTOYHO
00JIBIIIOE KOJIMYSCTBO HETOYHOCTEH.

YAOBJICTBOPUTCIBHO

BricTaBisieTcss  CTyAEHTY, IIOKa3aBLIEMY
(dparMeHTapHbIiH, pa3pO3HEHHBIN Xapakrep
3HAHUH, HEZ0CTaTOYHO IIPABUJIBHBIE
(GopMyIUpOBKM 0a30BbIX MOHATHM, HapyIICHUS
JIOTUYECKON IIOCIEN0BAaTENbHOCTH B H3JI0KEHUU
IIPOrpaMMHOr0 MaTrepuaina, HO TIpHd OSTOM OH
OCBOWJI OCHOBHBIE pa3zielibl yueOHOH MpOorpamMmsl,
HeoOXOoIuMBbIE MJi1 JAallbHEHIIero oOy4eHus, U
MOJKET MPHUMEHATh TOJIY4YEHHBIE 3HAHHUA 110
00pasily B CTaHJAPTHOM CUTYaIUH.

BricTaBnsiercss  CTyAeHTy, IOKa3aBLIEMY
(dbparMeHTapHBbIi, pa3pO3HEHHBIN XapakTep
3HaHUH, JIOMYCKAIOLEMY OIINOKHU B
dopmynupoBKax 0a30BbIX TOHATUN, HapPYLICHHS
JIOTMYECKON TIOCJIEZIOBATEIbHOCTH B HU3JI0)KEHUU
OporpaMMHOr0  MaTepuana, ciabo  BlajgeeT
OCHOBHBIMM paszfielaMd y4eOHOIl INporpaMmsl,
HEOOXOJUMBIMU JIJIsl JlallbHEHIIero o0y4eHus U C
TPYJAOM TpPUMEHSET IMOJTY4YECHHbIE 3HAHMS JaKe B
CTaH/IapTHON CUTYaIUH.

HEYAOBJICTBOPUTEIILHO

BeIcTaBnsercs CTyIeHTY, KOTOPBI HE 3HAET
OoJblIIel YacTH OCHOBHOT'O COJEpKaHHs y4eOHOM
MPOrpaMMbl  TUCHUIUIMHBI, JIOMYCKAaeT TIpyoOble
omMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh ITOJIyYEHHbIE 3HAHUS
IIPU PELLIECHUN TUIIOBBIX 3a/1a4.




1 BricTaBnsiercst CTyaeHTY, KOTOPbIA HE 3HAET
OCHOBHOTO COJCpXaHWsS Yy4eOHOW MPOrpaMMBbI
JTUCIUILIMHBI, AOIMYycKaeT rpyOeimine omuOKd B
dbopMynupoBKax 0a30BbIX MOHATHH TUCIUTUIHEI 1
BOOOIIIE HE HMEET HABBIKOB PEIICHHS THUIOBBIX
MPaKTUYECKHX 3a]1ay.

5. MeToauyeckue MaTepuaJibl, onpeaesiioiue nNpoueaypbl olleHHBAHUS 3HAHUI, YMeHHH,
HABBIKOB M (MJIM) ONBITA JeSITeJILHOCTH

JUtst yerHoro auddepeHIMpPOBaHHOI0 3a4eTa’

I[Ipu npoBenennu ycTHOro TudQepeHIpOBaHHOIO 3a4eTa 00yJaromeMycsl IPeIOCTaBIsAeTCS He
meree 30 MUHYT Ha TOAroToBKY. Ompoc oOyuaromierocss mo OWiIeTy Ha YCTHOM SK3aMEHE He
JIOJDKEH TPEBBIIATH OJTHOTO aCTPOHOMUYECKOTO Jaca.

Bo BpEMs IMPOBCACHUSA I[I/I(b(l)epeHL[I/IpOBaHHOFO 3a4€Ta 06y11a}omI/Iec;1 MOTYT HOJIb30BATbCA
nporpaMMoﬁ JUCLHMIIIIMHBI, a TAK)XKC KOHCIICKTaMHt HGKHHﬁ.




