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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: DKCIeprUMEHTAIbHBIE METO/IbI B HEHTPOHHOH (prsnke

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: 2

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 3 (oceHHuil) - JuddepenuupoBannslii 3a4et

AynuropHbIx 4acoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: H.M. UyOoBa, kana. ¢pu3.-Mat. HayK

[Iporpamma obcyxieHa Ha 3acefjanuy Kadeapsl HaHO-, OMO-, THPOPMAITMOHHBIX ¥ KOTHUTHBHBIX TEXHOIOTHN
18.03.2022



AHHOTANMA

Kypc siBisieTcst npakTUKOOPUEHTHPOBAHHBIM U UMEET CBOEH LI€IbI0 O3HAKOMIIEHHE CIIyLIaTelel ¢ IpuMepaMu
MPUMEHEHHs U3NTyYeHHsS HEHTPOHOB B (PyHIAMEHTANBHBIX W NPUKJIAIHBIX HCCIEJOBAHUSIX, CO CBOMCTBAMHU
HEUTPOHHOTO U3JIYy4YEHHUs, C pa3HbIMU THUIIAMH HCTOYHUKOB HEWTPOHOB M MEXaHU3MaMM I€Hepaluu
HEUTPOHOB, C EPCIEKTUBAMH PAa3BUTHS HEHTPOHHBIX UCCIEIOBAHUI U HCCIIEN0BATENECKON HHPPACTPYKTYPbI
B Poccum m B Mupe. OT0 mo3BOMIMT c(HOPMHPOBATH OCHOBHBIE NPEJCTABICHUS O HEHTPOHHBIX MeETOIaX
WCCIENOBAaHUI W TEXHHMKH, KOTOpas NpH HTOM HCHOJIB3yeTCd, a CIENOBATEIbHO HAY4YUTh CTYACHTA
OPHEHTHPOBATHCS B BO3MOXKHOCTSIX Pa3IMYHBIX METOI0B HEMTPOHHOTO PACCESHUS U AU PAKLIUH.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- Hay4uTb CTYJEHTAa OPUEHTUPOBATHCS B BOSMOYKHOCTSX PAa3JIMYHBIX METOAOB HEUTPOHHOI'O PACCESHUS

U AudpaKIum.

33)13‘11/[ JAUCHUIIINHBI
- I1O0KasaTb

0COOCHHOCTH pas3siiniHbIX MCTOAUK MNPUMCHACMBIX B

00JacTh  HMCCIIENOBAaHUNA

KOHACHCHUPOBAHHBIX CPE/, MATCPUAJIOBEACHHUS, HAYK O )XU3HHU, TCXHOJIOI'MU, MCAULINHDI;

- (¢opmupoBaHue 0a30BBIX 3HAHMH 00 HIKCIIEPUMEHTANbHBIX YCTAHOBKAaX M IMPUMEHAEMBIX Ha HHUX

MECTOAMKAX HeﬁTpOHHOFO paccesaHus.

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

OIIK-5.2 Bmageer HaBBIKOM  PYKOBOJACTBA  MajbIM
KOJUIGKTUBOM B  cdepe cBoeil  mpodeccHoHaTbHON
JesITeTbHOCTH

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[1K-2 CnnocoOeH caMOCTOSTEILHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U MTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[MK-2.1 Cnoco0eH TuUlaHUpOBaTh ¥ MPOBOJAWTH HaydHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH NpoOBOAWTH anpoOaIuio pe3yiIbTaToB
HAyYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCIUIIMHBI 00y4alOIINecs JOIKHbBI

3HATb.

- (I)YH,I[aMeHTaJILHLIe NOHATHUA, 3aKOHbI, TCOPUU U q)OpMy.]'IBI, OIMUCBIBAIOIINUC PACCCAHUC HeﬁTpOHOB;
- OCHOBHBIC ME€TOAWKHN UCCIICAO0BAHNA C UCII0JIb30BAHNUECM HeﬁTpOHOB;
- UMCTb 06]]_[66 OpeaACTaBJICHUC 00 OCHOBHEIX TCHACHIUAX U HAIIPABJIICHUAX PA3BUTUA I/ICCJ'IC):[OBaHI/Iﬁ C

[IPUMEHEHUEM HEHTPOHHOIO paccesHus;

- IPUHLIUIIBI PA0OTHI COBPEMEHHBIX HCTOUHUKOB HEUTPOHOB;
- IPUHIMIIBI PaOOTHI SKCIIEPUMEHTAIBHBIX CTAaHIMH C UCTIOIb30BAHUEM HEHTPOHOB.

YMETb:

- IPUMEHATh HEHTPOHHBIE METOAMKH MAJsl W3BJICYEHHs HeoOXoauMol HH(GOpPMAIMH O CTPYKType

HCCIEeyeMOTro OObEKTa;

- 3¢ $EeKTHBHO UCTIOIB30BaTh COBPEMEHHbIE HH(OPMAIIMOHHBIE TEXHOJIIOTHH U PECYPCHI JUIS MOTy4eHHS
HEOOXOAMMBIX 3HAHUH 10 HHTEPECYIOLIEH HayqHOH mpolieMe B paMKax UCCIICAOBAaHUM MPOBOIUMBIX C

HCIIOJb30BaHUEM HEUTPOHOB.
BJIaJIETh:

- ClleMabHONW TEPMHUHOJIOTHEH B 00J1aCTH HEUTPOHHOTO PaCCEsTHHUS;
- METOAMKAMU IIOCTPOEHUS MOJIEIEH K ONMCAaHUIO CBOMCTB CHHXPOTPOHHOIO U3J1y4YCHUS;
OCHOBHBIMH METOZIaMH MPUMEHEHUS HEUTPOHHOTO paccestHUs.



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

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Beenenue. 3 5
2 Bunbr HCTOUHNKOB HEUTPOHOB. 3 5
3 OcHOBHBIE COBPEMEHHBIE METayCTaHOBKH 3 5
JUISL UCCIICIOBAaHUN C HEUTPOHAMH.
4 HeiiTpoHHbBIE METOIBI UCCIIEIOBAHUM. 3 5
5 Meton udpakuus HEHTPOHOB B 3 5
[IPUMEHEHHUH K UCCIICA0BAHUIO BELECTBA.
6 Merton pediekToMeTpur HEHTPOHOB B 3 5
MPUMEHEHHUH K UCCIICAOBAHUIO BEILIECTBA.
Merton MaJIOyIJIOBOTO paccesiHus
7 HEHUTPOHOB B MIPUMEHEHHUH K 3 10
HCCJIEI0OBAaHUIO BEIIECTBA.
Meron HEUTPOHHOUI CIIMH-3XO0
8 CIIEKTPOCKOIIMM B  KOHJCHCUPOBAHHBIX 3 5
cpenax.
9 Snepnas meauuHa. 3 5
10 PaGora c¢ panHepIMH: o0OpaboTka u 3 10
HUHTepIIpeTays.
Nroro gacos 30 60
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 3 (Ocennwii)
1. Beenenue.

OCHOBHBIE TOHATHS: CTPOCHHE aToMa W aTOMHOIO AApa, UCTOPHS OTKPBITHUS HEHUTPOHA, OCHOBHEBIE
CBOIWCTBAa HEUTPOHA, BO3MOXKHOCTH WCIIONB30BAaHUA HEWTpPOHA B (U3UYECKUX HCCIEIOBAHUSAX,
PaavOaKTHBHOCTb.

OtxkpeiTre HeliTpoHa. OcOOEHHOCTH CTPOEHUS siApa ¢ y9&€ToM HelitpoHorpaduu. [lepBrie peakTopshl.
CoBpemenHbld  HayuHblid JaHamagT. Honusupytomee wusnyuenue. Ilpupona HelTpoHHOTO
n3ny4yeHus. OCHOBHBIE HallpaBJIEHUs IPUMEHEHUS! HEUTPOHOB.

2. Buipl HCTOYHUKOB HENTPOHOB.

MupoBble HCTOYHUKH HEUTPOHOB. BUABI HCTOYHMKOB HEUTPOHOB: - (alpha, n), (d,n), (p,n) peakuuu;
HEUTPOHHBIE UCTOYHUKHK HA OCHOBE HCIAPHUTEIbHO-CKAIIbIBatOIIEH peakiuu (spallation) u murnienei
U3 TSDKENBIX SI7Iep; peakuuu (gamma, n); SAepHbIC PEaKTOPhl; 3aMeIJICHE HEUTPOHOB.

3. OcHOBHEIC COBpPCMCHHBIC MCTAYCTAHOBKHU JIA I/ICCJ'IGI[OBaHI/Iﬁ C HeﬁTpOHaMH.




Peaxrop NJIJL, peaktop ITMK, nmnynscubie uctounuku HeTpoHoB SNS, SINQ, ESS, BP-2.
4. HeliTpoHHBIE METOMBI HCCIIEAOBAHUN.

Tunbl SKCHEpUMEHTAJbHBIX YCTAHOBOK JUISI MCCIENOBaHMsS MeETaMaTepualloB:  yCTaHOBKA
MaJIOyIJIOBOW AM(paKIUU HEUTPOHOB; yCTaHOBKA PE(IIEKTOMETPUH TOIAPU30BAHHBIX HEUTPOHOB.

5. MCTO,I[ I[I/I(i)paKL[I/ISI HeﬁTpOHOB B IPUMCHCHHHU K UCCIICAOBAHNIO BCIICCTBA.

OcHoBbl audpaknust HeTpoHoB. HccnemoBanue MeramarepuajoB METOJOM — MAaJOyIJIOBOU
nudpakuun  HeWTpoHOB. [lonmsipu3oBaHHBIE W HEMONSPU30BaHHBIE HEUTPOHBL. (OCcOOEHHOCTH
HCCJIEI0OBaHUSI MarHUTHBIX HaHOCTPYKTYp. TpHu BKIJIajja B MHTEHCUBHOCTh HEMTPOHHOTO pacCesHUs:
SIICPHBIN, MATHUTHBIH, si7lepHO-MarHuTHast naTepdepenius. [Ipumeps.

6. Meton pedneKToMeTpun HEHTPOHOB B MPUMEHEHUH K UCCIIEJOBAaHHIO BEIECTBA.

UccnenoBanne MIE€HOYHBIX HAHOKOMIIO3UTOB Ha OCHOBaHMHM MAarHUTHBIX, HOJIYNPOBOAHHMKOBBIX H
JIMaMarHUTHBIX METaMaTepHajoB METOAaMHU pedIIeKTOMETpUur HEHTpoHOB. Peduexromerpus Ha
HEMarHuTHBIX cucteMax. [Ipumepsr.

7. MCTO,Z[ MaJIOyIJIOBOI'O paCCCAHUA HeﬁTpOHOB B IPUMCHCHHUHU K UCCIICAOBAHNIO BCIICCTBA.

[puaumnet MYPH. MYPH Ha MarHuTHbIX Marepuanax, OMOIOTHYECKHX OOBEKTax M (ppakranax.
[Ipumepsr.

8. Meton HEHTPOHHOM CIMH-3X0 CIEKTPOCKONTUH B KOHJEHCUPOBAHHBIX Cpeax.

Utepdepenunss HeHTpoHOB. PeskuM MHOTOBOIHOBOM MHTEp(HEPEHLINH HEUTPOHOB C MCIIOJIB30BAHUEM
METOJ]a CIIMHOBOTO 3X0. PeXMMBI HEHTPOHHOTO CIMHOBOIO 3X0: "Kilaccuyeckui" u "pe30oHaHCHBIN".
[Ipumepsr.

9. AAnepnas meguuuUHa.

OcHoBHBIE TPUHIUIEL. [IpOU3BOACTBO M30TOMNOB AJIs MeIUIMHCKUX 1eneil. [IpoTonHas Tepamnusi.
10. PaGora ¢ nanabIME: 00paboTKa U MHTEPIPETALIHS.

3HAKOMCTBO € THIIOBBIMU POTrpaMMaMH 00paOOTKH 3KCIIEPUMEHTAIBHBIX TaHHBIX.

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

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py10BaHHEM (IIPOECKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Pepnexromerpus nonspuzoBanHbXx HeHTPoHOB [ TekcT]/FO. B. Hukurenko, B. I. ChipoMAITHHUKOB,
-M., ®uszmariut, 2013



®onp nuteparypsl Kadeaps

2. A.H. ITuporos, M.A. CémkuH, CTpyKTypHasi ¥ MarHuTHasi HeUTpoHorpadus, yuesd. mocodue / A.H.
[Muporos, M.A. CémkuH ; MUHHCTEPCTBO HayKH U Bbiciiero oOpasoBanusi Poccuiickoit @enepanum,
VYpansckuii Gpenepanpublil yHUBepcuTeT UM. TiepBoro [Ipesuaenta Poccun b.H.
Enbunna.—ExkatepunOypr : U3n-Bo Ypan. yH ta, 2020.

3. A.M. Banarypos, HEUTPOHOI' PA®U: 3AJAUU U CITOCOEBBI PEIIIEHN S, TTpupona. 2012. Ne
7 (1163). C. 14-25.

4. B.b. 3n0Kka30B, MaTemaTHueckasi 00padOTKa IKCIIEPUMEHTANBHBIX TaHHBIX HEUTPOHHOTO PacCEsTHUS
B BU3MKE HU3KUX dHEPrui, yued. nocobue/MockoBckuii roc. yH-T uM. M. B. JlomoHOCOBa,
Hayu.-uccnen.ms-t sinepaoit puzuku uMm. /1. B. Crobensipina, Kad. nelitponorpadun, Mocksa, 2007

5. Huxkurenxko }0.B., Pednekromerpus nosnsipuzoBanHbix HeTpoHoB / Hukurenko 10.B.,
CoipomsitHukoB B.I. - M. : ©U3MATIIAT, 2014.

JomnonHurensHas aureparypa

1. Beeaenue B pusuky tBeporo tena / Y. Kurrens ; mon oomr. pen. A. A. I'yceBa ; niep. ¢ 4-ro amep.
m3n. A. A. I'ycesa, A. B. [TaxueBa - M.Hayka,1978

2. ®usuka tBepaoro Tena [Teker] : B 2 T. T. 1 / H. Amkpodt, H. Mepmus ; riep. ¢ anri. A. C.
Muxaiinosa ; mox pen. M. U. Karanoa .— M. : Mup, 1979 — 399 c.

3. Marnutnas Heirponorpadus [Texct]/1O. A. U3tomos, P. I1. O3epos, -M., Hayka, 1966

4. Paccesinue TeroBbix HelTpoHOB [ Tekcr]/mox pen. I1. Urencradda , -M., Atomuzaar, 1970
®onn muteparypbl Kadenpbl

5. KO.M.OcraneBuy, M.H.Cepaiok. YOH T.137, BeI1.1, 1982, ¢.85
6. K.Yunnzop, Pacceanrue HEeHTPOHOB OT UMITYJIbCHBIX HCTOYHUKOB, M.: DHeproaromuziat, 1985

7. C.B.Marnees, HccrnenoBanre KOHACHCUPOBAHHBIX CPEJT MOJIIPU30BAHHBIMU HEHTPOHAMU, IPEITPUHT
IINAD 2083, I'atunna, 1995

8. dudpakuust MeAICHHBIX HEUTPOHOB Ha CIOUCTHIX CTpyKTypax”. B.®. Typuun. AD 1967 1.22,12 ¢
119.

9. Summer School on Neutron Scattering and Reflectometry from Submicron Strutures NIST Center
for Neutron Research June 3-7, 2002.

10. “A SANS study of Corax N330” E. Hoinkis, HMI report 2002 E.I1.1l1a6anuH, “UmMnynbcHbie
peakTopbl Ha OBICTPBIX HEMTpoHax” , - M. : ATomuznat, 1976

11. /lunamMuveckne CBOMCTBA TBEPABIX Ten u xuakoctel, mox pen. C.Jlascu u T.IInpunrepa, M.:
«Mupy, 1980.

12. 10.A UztomoB, H.A.UepHomiekoB. Helitponnas cnekrpockonusi. M.; DHeproaromuszaar, 1983
13. K. KnaiinkHexT. JleTeKTOpbl KOPITYyCKYISIPHBIX U3ydeHuit, M.: Mup, 1990

14. 1.1.Cgepryn, JI.A.@eiirun. PeHTreHOBCKOE M HEHTPOHHOE MaloyrioBoe paccesinue, M.: Hayka,
1986

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

http://ctem.web.cmu.edu/

www.matter.org.uk/tem/
http://www.cmca.uwa.edu.au/access/training
http://www.microscopy.info/Microscopy/Guide
database.iem.ac.ru/mincryst/descript.htm
www.crystallography.net

http://lib.mipt.ru— snexrponnas 6ubnmorexa dOusrexa.
http://www.Sci-lib.com — bonbias HayuHas OubIMOTEKA.

AN i

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



Ha nexioHHBIX 3aHATHAX UCTIOIB3YIOTCS MYJIBTHMEIUHHBIC TEXHOJIOTUH, BKIIIOUAs IEMOHCTPALHIO
npe3eHTanuii. B mponecce camocTosTenpHOM pabOThl 00YYarONIIMXCss BO3MOYKHO HCIIOJIB30BAHUE TAKUX
MporpaMMHBIX cpecTB kak Mathcad, Mathlab mis pemenns puzndeckux 3aa4 ¥ MOJEITUPOBAHMSI
M3y4aeMBbIX MIPOIIECCOB HAa KOMIIBIOTEPE.

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

JIns  yCHemHOro OCBOCGHHUS Kypca, IIOMHUMO TIOCEIIEHHs JIeKIWH, OT CTyIEHTOB Tpelyercs
caMocTosITeNIbHasl pabora B 00beMe He MEHEe YeM T€ Yachl, KOTOPBIE YKa3aHbl JUI 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.
Kypuatosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 2

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 3 (oceHHuil) - JuddepenuupoBannslii 3a4eT

Pa3zpadoTunk: H.M. UyGoBa, kana. ¢pu3.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
OIIK-5 CriocoOeH 1 ToTOB K MOBBIIICHUIO OIIK-5.2 Brnameer HaBBIKOM  PYKOBOACTBA  MaJbIM
KBaJTU(UKAIMH, TPOPECCHOHAILHOMY POCTY U |KOJUIGKTUBOM B cdepe cBoell  mpodecCHOHAIbHON
PYKOBOZICTBY KOJUIEKTHBOM B cepe cBoei JeSITeIbHOCTU
pO(eCcCHOHAIBHON ASATEIBHOCTH, TONEPAHTHO |OITK-5.3 CrTpeMHTCS K MOJNYYECHHIO HOBBIX 3HAHHI,
BOCIIpUHUMAs COLIUAJIBHBIC, STHUYCCKHC, HpO(i)eCCI/IOHaHBHOMy U JIMYHOCTHOMY POCTY

KOH(I)GCCI/IOHS.J'IBHBIC U KYJIBTYPHBIC pa3JIN4Uns

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC

ITIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIEOBAHUS CaMOCTOSTEIBHO WIM B COCTaB€ HAy4YHOIO
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJUICKTHBA OPTaHU30BBIBaTh U MMPOBOJAUTH [MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4HbIE UCCIIEIOBAHKS U UX alPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTol nOoCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(pEPEeHINAX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3ydeHus TUCHUILIMHBI « DKCIIEPUMEHTAIbHBIE METOIbI B HEUTPOHHOH (U3KKe) 00ydaromuiics
JIOJKEH:

3HATh:
- (pyHImamMeHTaIbHBIE OHSATHS, 3aKOHBI, TCOPHH U (POPMYJIbI, OMTUCHIBAIOIINE PACCESHUE HEHTPOHOB;
- OCHOBHBIE METOJIUKU MCCIIEIOBAHUS C UCIIOJIb30BAHUEM HEHTPOHOB;
- IMEeTh oOl1ee MpecTaBlieHue 00 OCHOBHBIX TEHACHLUAX M HAMIPABICHUAX PAa3BUTHS UCCIEIOBAHUI C
MIpUMEHEHHEM HEUTPOHHOTO PacCesHNUS;
- IPUHLIUIIBI PA0OTHI COBPEMEHHBIX HCTOUHUKOB HEUTPOHOB;
- IPUHIIUTIBI PA0OTHI AIKCTIEPUMEHTAILHBIX CTAHIIMN C UCIIOB30BAHUEM HEUTPOHOB.

yMeTh:
- TPUMEHSATh HEUTPOHHBIE METOJMKH JUIS W3BICUCHHS HEOOXOAWMOW WHQPOPMAIMU O CTPYKType
HCCIEeyeMOro OObEKTa;
- 9(h(heKTHBHO HCIIONTB30BATH COBPEMEHHBIE HH(OPMAIIMOHHBIE TEXHOJIOTUN U PECYPCHI JUIS MTOTYUYCHHS
HEOOXOAMMBIX 3HAHUH 10 HHTEPECYIOLIEH HaydHOH MpolieMe B paMKax UCCIICAOBAHUM MPOBOIUMBIX C
HCII0Jb30BaHUEM HEUTPOHOB.

BJIAJIeTh:
- ClleMabHONW TEPMHUHOJIOTHEH B 00JaCTH HEUTPOHHOTO PaCCEsTHHUS;
- METOJIMKaMHU MTOCTPOCHHUS MOJIENEH K OMMCAHUIO0 CBONCTB CHHXPOTPOHHOTO U3TYUYECHHUS;
OCHOBHBIMU METOJIaMH NIPUMEHEHUS] HEUTPOHHOTO PACCESIHHUS.

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

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHHM ONPOC MO TeMaM MPEbIIyIINX
3aHATUHI 110 TEME IPOLLION JIEKI[MU WU B KOHIIE 3aHATHS 110 [IPOMJICHHON TEME.

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

1. OtkpeiTre HelTpoHa. OCOOEHHOCTH CTPOCHHUS AJIpa ¢ YIETOM HEHTpOoHOTpaduu.

2. llepsoie peaktopsl. CoBpeMeHHbIH HayuHblil nanamadr. Monusupyromiee uznyuenue. llpupona
HEUTPOHHOT'O U3JIy4YCHHUS.

3. Bunbl HICTOYHUKOB HEUTPOHOB. MUPOBbIE HCTOYHUKHA HEHTPOHOB.

4. OcHOBHbIE COBPEMEHHbIE MErayCTaHOBKH JUIsl UCCIIEOBAaHUI ¢ HEMTpOHaMU.
5. Tunel sKCIEpUMEHTaIbHBIX YCTaHOBOK ISl MCCIIEI0BAHUS METaMaTepUaJIoB.
6. OCHOBBI TUQPaKIKs HEUTPOHOB.

7. UccnenoBaHue IUICHOYHBIX HAHOKOMIIO3UTOB Ha OCHOBaHHH MAaruvMTHBIX, MOJTYIPOBOAHUKOBBIX H
AWaMAariuTHBIX MCTaMaTCpruajIOB METOAAMHU pe(bHeKTOMeTpI/II/I HeﬁTpOHOB.



8. [Ipuanuner MYPH. MYPH Ha MarHuTHBIX Marepuanax, OMoJOrHuecKux 00beKTax U pakranax.

9. Hrepdepennuss HeWTpoHoB. PexkuM  MHOTOBONHOBOM — MHTepEepeHIMH HEHUTPOHOB C
HCIOJIb30BaHUEM METO/Aa CIUHOBOTO 3XO0.

10. IIpon3BOACTBO U3OTOIOB ISl MEAUIIMHCKUX LIETCH.

11. Pabota ¢ nanHbIMH: 00paOOTKa M MHTEPIIPETALIUSI.

[Tpumeps! OuIETOB:

BumerNel
1. OcHoBBI Tudpakuys HEUTPOHOB.

2. llepsoie peaktopsl. CoBpeMeHHbIH HayuHblil nanamadr. Monusupyromiee uznyuyenue. llpupona
HEUTPOHHOT'O U3JIy4YCHHUS.

buner Ne2
1. OcHOBHBIE COBPEMEHHBIE METayCTAaHOBKH I UCCIIEIOBAaHUN C HEUTpOHAMU
2. Pabora ¢ nanapiMH: 00pabOTKa M HHTEPITPETAITHSI.

Kpurepun onennBanus

Onenka "ormmmuno" (10 0OamioB) BBICTABISETCS  CTYACHTY, [IOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBAaHHE
HPUHATHIX PELICHAMN.

Onenka "oramuHo" (9 0OamwioB) BBICTABISETCS  CTYACHTY, TIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PEILICHUU KOHKPETHBIX 3a71a4, CBOOOIHOE M IIPaBHIBHOE 00OCHOBaHHE
NPUHSATHIX PEIICHUH.

Onenka "oramuHo" (8 OamioB) BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBMIBHOE 00OCHOBAHME MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 6aioB) BHICTABIISIETCS CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepual, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Onenka "xopomro" (6 0aJoB) BHICTABIISIETCS CTYICHTY, €CIM OH TBEPAO 3HAET MaTepUal, TPAMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NPUMEHATh MOJYYCHHbIC 3HAHWS HAa NPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0anoB) BBICTABISAETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO M IO CYLIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTH IMOJy4YEHHbIC 3HAHUS Ha NPAKTUKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUHU 3aa4 JOCTATOYHO OOJIbILIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoenerBopurenbHO" (4 Oania) BbICTABISETCS CTYACHTY, IOKa3aBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynoenerBopurenbHO" (3 Oaimia) BbICTaBISieTCS CTYACHTY, HOKas3aBlieMy (GparMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoOBIEeTBOpUTENbHO" (2 Oama) BBICTABISETCS CTYIEHTY, KOTOPBIA He 3HAaeT OoJblIen
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.



Onenka "HeynmoBneTBopuTenabHO" (1 0amn) BhICTABISETCS CTYACHTY, KOTOPHIM HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a1ay.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBenenunn auddepeHurpoBanHOro 3auera oOydaromemycsi npepocrasmsercs 40 MUHYT Ha
noaroroBky. Ompoc oOyuatomierocs mo Owiery Ha auddepeHIMpOBaHHOM 3adeTe HE JOJDKEH
MPEBBIIIATH IBYX aCTPOHOMHUYECKHX YaCOB.

Bo Bpemss mnpoBenenus anddepeHuIHpPOBaHHOTO 3adeTra OOydYalolIMecsi MOrYT IOJb30BaThC
MPOrpaMMOi TUCIUTLTNHBI, KOHCTIEKTaMU JISKIIUH, a TaKxke JF000# CripaBOuHON JIUTEpaTypoH.



