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1. TIOACHUTEJIbHAS 3AIIMCKA

Hucnunnuaa «HelitponHast pusukay SIBISETCS MUCIHUILIMHON CHEIHallb-
HoctH 1-100 01 01 «SnepHas u paguanroHHas 6€30aCHOCTH» NEPBOM CTYIEHH
BpIcIIero oOpa3zoBaHus. OHa mpegHa3HaueHa s Oosiee TIIyOOKOTO H3Yy4eHHS
CTyI€HTaMH-JIepIIMKaMU (QU3NUECKUX OCHOB IIPOIIECCOB, MPOTEKAIOIIUX B
AIEPHBIX peaKTopax U IPU B3aUMOJACHCTBUH HEMTPOHOB C BEIIECTBOM, HEOOXO-
OUMBIX JUIS IIOCIIEAYIOIIEro YCBOSHUS psiia TUCHUILIAH crienuanu3anuii. Cam
1o cebe mpeaAMeT HEUTPOHHOM (HI3UKH OXBATHIBAET BONPOCH! OT CTPOEHHS U OC-
HOBHBIX CBOMCTB HEHTPOHA, €T0 B3aUMOJEHCTBHUSI C JIEeMEHTAPHBIMH YaCTHIIAMH
U sipaMU NP Pa3JIMYHBIX SHEPIHsX, OO ONUCAHUS MPOXOXKIEHHS HEHTPOHOB
yepe3 BEIECTBO, BKIIOYAs BEMIECTBA, COJACpXAIUE NEISIIHecs MaTepHabl,
crioco00B reHepaluy U HaOIoAeHUs HeUTpoHOB. [IoaTOMy MpeaMer HEUTpPOH-
HOM (M3MKH KaK TaKOBOW upe3BbIUAiHO oOImHMpeH. B HeM maroTcs TeopeTnue-
CKHE OCHOBBI IPO(eCCHOHATBHBIX 3HAHHUH, HEOOXOUMBIE OYAYIIHUM CIIEIHAIIH-
CTaM IO IIEPHOM U paJualliOHHOI 0e30MacHOCTH JJIS U3yYEeHHS TaKuX JUCIHU-
IUIMH, KakK «l3MepeHre XapakTepUCTHK MOHU3UPYIOLIEro U3NydeHus», «Snep-
HBIE PEaKTOPHl U aTOMHBIE CTaHIMN», «SIIepHBI TOIUIMBHBIA UK B oOpalie-
HUE C PaJHOaKTMBHBIMHM OTXOAAMM», «bHonormueckoe NedCTBHE HOHH3UPYIO-
LIEr0 M3IIyYeHUs», «Jlo3uMeTpus», «3amura 0T HOHUZUPYIOIIETO H3ITydeHUI,
«OcCHOBBI paguanMoHHON Oe3omacHOCTH», «OCHOBBI PaJMAIAOHHOIO MOHHTO-
pPHHTay, a TakXXe OOJNBIIMHCTBA AUCHUIUINH CIIeIHAaTH3aI[HiA.

OcCoOeHHOCTBIO  CONEpXaHWUS JAHHOW  IPOTrPaMMBbl  JUCHUILIHHEI
«HeliTpoHHast Qusuka» SBISETCS W TO, YTO HEHTPOHHAs (H3UKaA HU3JIaraeTcs C
TOYKH 3PEHHUs €€ MOCIEAYIOIEero MPaKTHIeCKOro NpUMEeHEeHHs K 3ajiayaM JO3u-
METPUH U PaJuallOHHOM 3alUThl, YTO HE MEMIAET JOCTYIHOCTH BOCIPHATHS
U3JIaraeMoro MaTepuana.

B mporpamme mucrumnuael «He#TpornHas ¢u3uKay pacCMOTPEHHI Clle-
IyIOIIH€ BOIPOCH: OCOOEHHOCTH KWHEMATHUKH PEaKIii HEHTPOHOB C dJIeMeH-
TapHBIMU YaCTHULIAMU U sIpaMH (C YIIOpPOM Ha JWaria3oH SHEPIruid, XapaKTepHbBIX
IVl PEaKTOPHBIX HEHTPOHOB); 3JIEMEHThl KBAHTOBOW TEOPHH PEaKIUi HEHTpO-
HOB C sIpaMH, BKJIFOYasi OCHOBBI KBAHTOBOM TEOPUH PACCESHHUS, PE30HAHCHOTO U
HEPE30HAHCHOT'O IOIVIOLIECHNUS] HEUTPOHOB SiApaMu, PeakIuil JeJIeHUs; OCHOBBI
TEOPUH NEpeHOCca HEUTPOHOB B BEUIECTBE; OCOOEHHOCTH MPOXO0XKIECHHS HEUTpPO-
HOB PAa3/IMYHBIX DHEPIHi 4Yepe3 BEIIECTBO; OCHOBHBIE METOJBI PETUCTPAIUH
HEHUTPOHOB Pa3JIMYHBIX JHEPruil; OCHOBHBIE (DU3UUYECKHE MEXaHW3MbI I'eHepa-
LMY HEUTPOHOB B UCTOYHUKAX HEATPOHOB.

Baxxneiimue 3aa4i AUCHUTIUIUHBI COCTOAT B CJIEYIOIIIEM:

— QopMupOBaHHE CHCTEMAaTHYECKHUX 3HAHHK OO0ydaromuxcs B 00JacTd
HEUTpOHHOU (hU3UKH;

— INPUBUTHE M 3aKpelvieHHe 0a30BhIX HABBIKOB PEIICHHS PacdYeTHBIX 3a-
Jla4 10 pacCestHUIO HEUTPOHOB.

Ilepen npenopaBareneM CTaBsITCS CIEAYIOIIUE 3a0a4u:

— O3HaKOMHUTH 00yJaroummxcs ¢ MpeAMETOM HEHTPOHHOH (HH3HKH,
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— CHCTEMAaTH4YEeCKHU H3JI0XKUTh OOYydYalolMMCS OCHOBHBIE CBEICHHS W3
HEUTpOHHOU QU3NKY;

— O3HAKOMHTH O0YYaroIUXCsS C OCHOBHBIMH IOAXOMAMH, IPUMEHAEMBI-
MU JUJIS1 ONIMCAaHMs B3aUMOJEHCTBUS HEUTPOHOB PEAKTOPHBIX SHEPTHHA C SAPaAMH,
OCHOBHEIMH METOJIAMH MX Te€HEepally ¥ PErUCTPAIHH;

—  CHOCOGCTBOBATE PA3BUTHIO HAYYHOT'O MHPOBO33PEHHUS 00YUaOIIIXCAL.

W3 MHOXecCTBa 3QPEKTUBHBIX IEeIarOTHYeCKUX METOMUK M TEXHOJOTHIA,
KOTOpBIE€ CIOCOOCTBYIOT BOBJICHEHHIO OOYYAIOIMUXCS B TMOHCK U YIpaBIICHHE
3HaHUSIMH, IPUOOPETEHHUIO ONBITA CAMOCTOSTEIHHOTO PEIIEHUS Pa3HOOOPA3HBIX
3a/1a4, CI€AyeT BBIIEIUTD:

TE€XHOJIOTHH IIPOOJIEMHO-MOLYJIBEHOT'O O0YUEHHS,;

TE€XHOJIOTMU HAYy4YHO-HCCIIEA0BaTEIBCKOM IeSITETLHOCTH,

IIpOOJIEMHO-OPUEHTUPOBAHHEIN MEXIUCHUILUIMHAPHBIN ITOIXOT;

WHTEHCUBHOE 00yUeHue;

MOZEIUPOBAaHUE IPOOIEMHBIX CUTYalM U X PEIIeHHE.

JUis hopMHpOBaHUSI COBPEMEHHBIX COIMAIBEHO-ITPO(ECCHOHANBHBIX KOM-
IIETEHIIUH BBIIIyCKHUKA B IIPAKTUKY MPOBEACHMS 3aHATHIA 11eJIeCO00pa3HO BHE-
PSITh METOJUKHU aKTUBHOTO OOyUeHHUS ¥ TUCKYCCHOHHBIE (hOPMEL.

B pesynbrare nzydyenust yaeOHOM JUCITUTUIMHEI CTYIEHT OJIKEH:
3Hamo:

—  YCTPOMCTBO W IPUHIHUI JEHACTBUSL OCHOBHBIX HICTOUYHHUKOB HEUTPOHOB;

—  KJIacCU(UKAIUIO HEUTPOHOB IO SHEPTHUAM;

—  OCHOBHBIE BHJBl pEaKIUi B3aUMOJEKWCTBUS HEUTPOHOB Pa3IUYHBIX
3HEPruil C BELIECTBOM;

—  0co0EHHOCTH B3aMMOJAEUCTBHUSI HEHTPOHOB Pa3IMYHBIX SHEPTHiA C Be-
IIECTBOM;

—  OCHOBHEIE 00JIACTH IPHMEHEHHs HEHTPOHHOTO U3/TyUeHHUS;

yMemb: '

—  pemaTh THIOBBIE 33[a4H IO PacdyeTy MapaMeTpPOB peakiyil B3amMo-
JNEUCTBUSI HEUTPOHOB C BEILECTBOM;

- UCIOJB30BaTh HMH(MOPMAIMIO O CBONCTBaX HEUTPOHOB pa3IUUHBIX
SHEPIUil IIpU pElICHWH THUIIOBBIX 3aJlad B3auMMOIEHCTBHS HEHUTPOHOB C Bellle-
CTBOM;

= OLIEHMBATh IIOTEPU JHEPIUM HEUTPOHOB MPH PA3IUYHBIX BUAAX HX
B3aMMOJIENICTBHS C YACTUI[AMU BEILECTBA;

61a0emby;

—  OCHOBHBIMHM METOJIaMH IOMCKa MH(OpPMALUK O CBOMCTBaX HEHTPOHOB
PA3IMYHBIX S3HEPIU 110 6UOIOTEKaM HEUTPOHHO-QU3NUIECKUX JaHHBIX.

CamocrosTenbHas pabora 00ydJaromuxcst o JUCIUILINHE BKJIIOYaeT B ceOs
IIOBTOPEHUE TEOPETUYECKOTO MAaTEPHAIIA, 3aKPEIUICHHE €T0 MPHU BHIIOJIHEHUH Pac-
YETHBIX JOMAIIHUX 33/IaHUAY, IOATOTOBKY K 9K3aMEHY MO JUCLHUIUIMHE.

VYuyeOHas mporpamMma no ydeOHOW aucnuiuinHe «HedTpoHHas ¢uzuka»
pa3paboTaHa B COOTBETCTBHH C 00pa30BaTENbHBIMU CTaHIAPTAMH BBICIIETO 00-
pasoBaHMs IIepBOH cTyneHu no cnenuanbHocT 1-100 01 01 «SnepHas u pagu-
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anMoHHas Oe3onacHoCcTh». IIporpamMa paccumrana Ha 120 yueOHBIX 4aca, U3
HHX 54 ayUTOPHBIX Yaca, B TOM YHCJIE Ha JIEKIIUH OTBOAUTCA 32 yaca, Ha Ipax-
TH4YecKue 3aHsaTus — 10 yacoB, Ha TabopaTopHble 3aHATHA — 12.

KoHTposb 3HaHU# MpeanosaraeT TeKyIUuil KOHTPOJIb U IIPOBe/IeHHE KOH-
TPOJBHBIX paboT MpH NMPOBEICHUU NPAKTHIECKUX 3aHATHI. [IpoBOaMTCS yrpaB-
JisieMasi cCaMOCTOSTeNIbHAs paboTa CTyeHTOB, BKIIFOYAIOIIAs B ce0sl BHINOIHEHNE
WHIMBHIYATBHBIX pedepaTHBHBIX 3afaHuil. Ha MpakTHYEeCKUX 3aHATHIX CIey-
eT 00paTHTh BHUMAHHE HA PAaCCMOTPEHHE 3a]a4 C IPUMepaMu U3 (QU3KMKH peak-
TOPOB, SIAEPHON MEIUIIUHBI U 3aIMUTHI OT HOHU3HUPYIOMIETO H3TyYCHHUS.

®opMa TeKyIlei aTTecTaliy 10 JUCUUILIMHE — 3K3aMeH B 7 CeMeCTpe.

dopma moTydeHus BhICIIEr0 00pa30BaHUs — OYHas.
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2. COAEP)KAHUE YYEBHOI'O MATEPHAJIA

Beenenne. IIpeamer HeWTpoHHON (Qu3HKU. VICTOpUS OTKPBITHS HEUTPO-
na. CBoiicTBa HelTpoHa. Peakuwu ¥ NpeBpalleHUs C y4acTHEM HEHTPOHOB.
Knaccudukaiyss HSUTPOHOB I10 SHEPTHU.

Tema 1. SInepHble peakiyd H NPEBPALIEHHs ¢ YYACTHEM HepeJsiTH-
BHCTCKHX HEHTPOHOB

3aKkOHBI COXPaHEHHUS W TpaBWiIa 0TOOpa B ANEPHBIX PeaKIUsiX U MpeBpa-
meHusIX ¢ Helirponamu. KuHemaTnka sIepHBIX peakiyil M IPEeBpallieHuH ¢ y4a-
CTHEM HeHTpOHOB. VIMITynbCHBIE IUarpaMMbl IS JIByX4YaCTHYHBIX IIPOLECCOB
paccesiHus U SAEPHOM peaKIu ¢ HepeIATHBUCTCKIMH HEHTPOHAMH.

MHKPOCKOIHMYECKOE CEUeHHE peaKiii. 3aKOH OCIabeHus y3Koro my4Ka.
Makpockonmdeckoe cedenue. Cpepusisi AmMHa cBoGogHOTO TpoGera. Dbdek-
THBHBIE MHUKPOCKOITHMYECKHE CEYEHHUS B3aMMOJEHCTBHs HEUTPOHOB C AApPaMU U
HX pacrpeleneHus. BopoBckast Teopus saepHbIX peakuuid. CedeHue sepHOM
peaxIuy, UIyIen Yepe3 COCTaBHOE SJIPO.

Tema 2. DjieMeHTHI KBAHTOBOH TEOPHH paccesiHusl

DBOJIOLHST KBAHTOBBIX CHCTeM BO BpeMeHu. Omeparop sBomonuu. Kap-
THHA B3auMojeicTeus (kaptuHa [upaka). [IprMenenune omeparopa 3BOIIOLUH
IUTSL OIIMCaHMsl KBAHTOBEIX IepexooB. [IoHsaTHe 0 MaTpuIle paccesHus.

Cranuonaproe ypaBHenue Illpenunrepa i IBIDKSHHS YaCTHIEI B I10-
TEHITHATHHOM TI0Ne. ACUMIITOTHYECKUE PELICHUs]. AMIIMTY/a PacCesHUS.

[MapuuanbHble CedeHus NpH paccesHur. KorepeHTHOe U HEKOI€PEHTHOES
paccesinne. Heympyroe paccesnue. Kananbl peakiyy.

Tema 3. Iloyuenue n peracrpanusi HeHTPOHOB PAa3JIHYHBIX SHEPrHi

OCHOBHBIE XapaKTEPHUCTHKH HCTOYHHKOB HEHTPOHOB; (0,77) HCTOYHHUKH,
(d,n) ucrounuxu, GoTosiiepHbIe UCTOYHUKHU. HccnenoBaTenbCKue ANEpHbIC pe-
aktopsl. HeliTpoHHBIe reHepaTopsl. VICTOYHNKHE HEHTPOHOB Ha 0ase yCKopHTe-
neit. [Tbe303IeKTpHYECKIe HCTOYHUKY HEUTPOHOB. HeWTpOHHEIE IETEKTOPEI.

Tema 4. OcHOBBI TEOPHH NEPEHOCa HEHTPOHOB B BellleCTBE

VpaBHeHMs IlepeHOCa HeWTpoHOB B BemlecTBe. OCOOEHHOCTH Pacmpo-
CTpaHeHHs OBICTPBIX HEHTPOHOB B BELIECTBE. YUET YIIIOBOTO U SHEPTETHIECKO-
T0 pacrpe/ieleH s PACCESHHBIX HEHTPOHOB B CHCTEME IIEHTpa Mace U B Jlabopa-

TOPHO# CHUCTEME KOOPJMHAT.

Tema 5. BzanMoaeiicTBre HEHTPOHOB C BeIECTBOM
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VYupyroe paccesiHie OBICTPBIX HEUTPOHOB. Pe3oHaHCHOE paccesHue. YUeT
BIIMSIHUS TEIUIOBOTO IBYDKEHHS sijep. JlorepoBckasi MKUpUHA ypOBHS. 3aMefl-
nenne HerTpoHOB. Koadduuuent 3amennenus. Jnuna 3amemnenus. Bospact
HelTpoHoB. Tepmanu3zarus HeWTpoHOB. b dy3HoHHOE IPHOIMKEHHE ypaBHe-
auii nepenoca. Koshdunuent auddysun. nmaa muddysuu 1 Bpems aaddy-
3MH.

Otpaxenue HeiitpoHoB. Ansbeno. Ilornomenue HeWTpoHOB. DopMyIta
bpeiita-Burnepa. [enenne simep HelirpoHamu. KosdduiueHT pasMHOKEHHS.
IemHas peakuusi AeJIeHUs. 3ana3AbIBAIOIIME HEUTPOHEI IE€ICHHS.

PagunarironHslii 3axBat. Pe30HaHCHBIM UHTETrpal.

AKTHBaIUsA sSep HEUTpOHAMHU. YTIPYyroe paccesHHe MEIUICHHBIX HEWTPO-
HOB. Mar"uTHOe B3aUMOJIEHCTBHE HEUTPOHOB ¢ aroMamu. MHTepdepeHuus
SIIEPHOTO ¥ MarHUTHOTO paccessHusl. KorepeHTHOe U HEKOTEPEHTHOE PacCesHHUE.
DneMeHTh HEUTpPOHHON onTHKU. OCHOBHBIE HEHTPOHHO-ONTHYECKUE SBICHMS.
IToka3aTens IpelOMIICHHsI cpeAbl A HeHTpoHOB. llomspusanus HEATPOHOB
IIPH TPOXOXKACHUH Yepe3 MONIPU30BaHHBIE MUILEHU M IPH UX OTPAXEHHH OT
MOJIAPU30BaHHBIX 3epkain. HeirpoHorpadus. HeHTpoHHas CHEKTPOCKOIHS.
Y 1pTpaxoyiofHbIE HEUTPOHBL.



3. YYEBHO-METOJJUYECKAS KAPTA YYEFHON

JMCHUILTAHEI

HazBanue pa3aciia, TEMbI, 3aHATHS; IICPCUCHDb U3y~
JacMbIX BOIIPOCOB

Jlutepatypa

(V)

3HaHHUHU

2

+ | IIpakT. 3aHsATHS

w | JIa0-HBIE 3aHATHS

o| POPMBI KOHTP.

BBenenmune

IIpenmer HeWTpoHHOU (u3uku. MIcTOpUs OTKpHITHS
HeiitpoHa. CBoiicTBa HeiTpoHa. Peakmum u mpe-
BpallleHus ¢ ydyacTueM HeWTpoHoB. Kiaccuduxarus
HEUTPOHOB I10 S3HEPIHHU.

N[N (W | Jlekun

[1-1 1]7
[1x],
[4n]

[u—
N
IS

SinepHble peaknuM H NpeBpAIIEHHUS] ¢ YIACTHEM
HEPEJSATHBHCTCKUX HEHTPOHOB

2.1

3aKOHBI COXpaHEHUSI U IIPaBUiia 0TOOpa B SIAEPHBIX
peaKLusAX U IpeBpalleHusx ¢ Heiitponamu. Kune-
MaTHKa SAEPHBIX peakluil U MpeBpalleHui ¢ yqa-
CTHEM HEUTpOHOB. VIMITyJIbCHBIE AUarpaMMBbI s
IBYXYaCTUYHBIX IIPOIIECCOB PacCEesTHUS U SIepHOM
PEaKLUy C HEPEISITUBUCTCKUMI HEHTPOHAMH.

[\

[1_1 1]9
[3a],
[4x]

1-3

2.2

Mrukpockonudeckoe ceueHrne peaklui. 3aKOH
ocnabJeHus y3Koro mydka. Makpockonudeckoe ce-
gyenue. Cpenssist JyinHa cBoOOIHOTO TIpobera. Dd-
(eKTUBHBIE MUKPOCKOIIUYECKIE CEUCHHUS B3aUMO-
IEUCTBHSI HEUTPOHOB C SIApaMU U UX paclpenene-
HUs. bopoBckas Teopus snepHbIX peakuuii. Ceue-
HHE SepHON peaKluy, NAyIIeld Yepe3 COCTaBHOe
SJPO.

[1-1 1]:
[3x],
[41]

1,2,4

JJieMeHThl KBAHTOBOMH TEOPHH paccessHHSA

Q0

OBouonys KBaHTOBBIX CUCTEM BO BpeMeHH. Onepa-
Top 3Bomonuu. Kaptuna B3aumoneiictus (kapTu-
Ha [lupaka). ITpumeHenue onepaTopa 3BONIOLUN
JUIsL ONIMCaHUsl KBAaHTOBBIX MepexooB. [lonsTre o
MaTpHILe paccesHusl.

[1-11]

1,2

3.2

CraumonapHoe ypaBHenue llIpenunrepa s nu-
XKEHUS YaCTHLBI B IOTEHIMAIBHOM T0Jie. ACHMII-
TOTUYECKUE pelleHns. AMIUIATYJIa paCCEsSIHUS.

[1-11]

1,2

3.3

[TaprmanbHble cedeHus npu paccessuud. KorepeHt-
HOE U HEKOTepeHTHoe paccessHue. Heynpyroe pac-
cesiue. Kanaisl peakium.

[1-11]

ITostyueHHe B perucTpanusi HeHTPOHOB pPa3JINy-







