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PABOYASA NPOrPAMMA YYEEHOU OAUCLMMIINHDI

B1.B.05 Teopus nepeHoca HEMTPOHOB

1. Koa n HaumeHOBaHMe cneunanbHOCTU:

14.05.02 ATOMHbIE CTaHUMN: NPOEKTUPOBAHME, SKCNyaTauns N UHXUHUPUHT
2. Cneuvanusauums:

[MpoekTMpoBaHMe 1 aKkcnyaTauma aTOMHbIX CTaHUUN

3. KBanudumkaumsa BbINyCKHUKA: NHXEHEP — (PU3nK

4. dopma oBy4eHuUA: oyHas

5. Kachegpa, oTBevarowan 3a peanmsaymio QUCLUUNINHDbI:

Kadheapa sgepHoOn PUsnku

6. CocTtaBuTenu nporpamMmmbi:

A.d-M.H., npodeccop, KagmeHckunn CtaHucnas 'eoprmesuny, K.dp.M.H., AoueHT [Jonrononos

Mwuxaun AHaTonbeBuny
7. PekomeHpoBaHa:

Hay4Ho — meToguyeckum coBeToM pmanydeckoro dakynoteta, npotokon Ne4 ot 18.04.2024 r.

8. YuebGHbIN roa: 2026-2027 CemecTp(bl): 6



9. Uenu n 3apgaum y4e6HOM AUCLIMNIUHDI

Llensimu oceoeHusi y4ebHOoU OucyurniauHbl S611siomcs:

- BBOL CTYOQEHTOB B KpYyr MOHATMMK, NpeacTaBfeHun M MoAenemn, MUCNonb3yemblX B
3ajayax HEUTPOHHOM (PU3NKM N (PU3MKM PEAKTOPOB;

- NOArOTOBUTb WX K M3YYEHUO (PUNYECKOW TeopuM pPeakTopoB, METOO0B
9KCNEepPUMEHTANbHOIO U pacyeTHOro UccrneaoBaHUS HEMTPOHHBIX MOSEN U UX XapaKTEPUCTUK.

3adayu y4yebHoU OuCyUMNIUHbI:

- chopmupoBaTtb y obyyalmMxXcs npencTtaBreHMe O npoueccax, CONpOBOXAALLNX
pacnpocTpaHeHne HENTPOHOB,

- NpUBUTL M 3akpenuTb 6Gas3oBble HaBbIKM KONMUYECTBEHHOrO OMNMCaHUSA MpPOLIeCcCOoB
3ameanieHuns, nornoweHnsa n ouddy3nm HENTPOHOB B aKTUBHOM 30HE N KOHCTPYKUUAX S4EPHOM0
peakTtopa.

10. MecTo y4ye6HOM AncunnnuHbl B cTpykType OOIT:

YyebHasn guncumnnmHa Teopusa nepeHoca HEMTPOHOB OTHOCUTCA K BapuaTuBHON YacTn bnoka 1.

11. MnaHupyemble pesynbTaTbl O0Oy4YeHUA MO AucuUNNUMHe/Moaynio (3HaHUA, YMeEHUSA,
HaBbIKK), COOTHECEHHbIe C NnaHMpyeMbiMU pe3ynbTaTaMyM OCBOEHUS obpa3oBaTeribHOW

nporpamMmmbl (KOMHeTeHuMHMM) N UHOANKaToOpaMun NX AOCTUXKEHUA.

Kon HaseaHue Koa(bl) MugukaTop(bl) MnaHnpyemble pesyrnbTaTbl 00y4eHUus
KOMMeTeHL MK

CnocobeH
NpoBOANTL
NPOU3BOACTBEHHO -
TEeXHoMnornyeckme
nccnegoBaHunst
CcUCTEM U Bnapeet pelieHvem
obopynoBaHusi MaTeMaTu4eckux,
aTOMHbIX hU3nNYECKNX 1

MK-1 | anekTpuyecknx MK-1.3 XUMUYECKMX 3aa4 B | 3HaTb: TeOpeTMYECKNEe OCHOBbI OMUCAHUSA
CTaHLUUA U KOMMMeKCHOn npoLeccoB paccesHus, auddysuu,
A0epHbIX NHXEHEepHON 3amefJ1IeHns1, pe30oHaHCHOro 3axBara,
3HEpreTnyYecKmx AesaTenbHoCTH NOrMOLLEHUS AENSALMMUCS, CbIPbEBBIMY,
YCTaHOBOK, OTPaBnNALLWUMU N APYTMMUK SApaMu, a Takke
yyacTBOBaTb BO BOMNPOCOB (POPMUPOBAHUS NPOCTPAHCTBEHHOIO U
BHeOpeHuu 3HepreTnU4ecKoro pacnpenerneHnn HeMTPoHOB U
pes3ynbTaToB MEeTOAOB WX pacyeTa;
ncecnegoBaHun
CnocobeH MpoBoamnT YMeTb: hopmynmpoBaTb ypaBHEHUS
aHanuManpoBaTtb HENTPOHHO- pacnpocTpaHeHUsi U B3aUMOAENCTBUS
HEWTPOHHO- dumsndeckue u HENTPOHOB B S4EePHbIX peakTopax Kak B obLiem,
dumamnyeckue, TennorngpaBnuyeck | Tak U B BaXXHEWNLUMX YacTHbIX CryvasX; HaxoanTb
TeXHomnormyeckme MK-6.2 ne pacyeTsl Y MIPUMEHATL PELLeHNS STUX ypaBHEHU ans
npouecchbl n obopynoBaHus AC 1 | pacyeTa BaKHENLLUNX MPOLLECCOB, NPOTEKAOLLMX
anropuTMbl ero 31eMEeHTOB B B 4epHbIX peakTopax C y4acTueM HEWTPOHOB;
KOHTpoOnS, CTauUOHaPHbIX 1
ONarHoCTuKu, HecTaLMOHapHbIX Bnagetb: Teopven n metogamu onucaHms

MK-6 | ynpasneHusa n pexvmMax paboThbl pacnpocTpaHeHus U B3aMMOdencTBuUSA
3alMThbI B AHanuanpyet HEWTPOHOB B S4EpPHbIX peaKTopax.
CTaLMOHapHbIX U HEeNTPOHHO-
HecTaLMOHapHbIX dumsmnyeckue
pexvMax paboTbl, XapaKTEPUCTUKM
obecneuunBaTb MK-6.3 peakTopa B
onTMMarbHble CTaLMNOHAPHbIX U1
peXxvMbl paboTbl HecTaLMOHapHbIX
A0epHOro pexvmMax ero
peakTopa, paboTbl




TennoMexaHn4ecko
ro obopyaoBaHus u
3Heprobnoka AC

MK-8

CnocobeH
BbINOSHATb
MHONBMAYANbHbIN
O03NMETPUYECKUI
KOHTPOIb
obny4yeHus
nepcoHana
opraHmsaumm
aTOMHOW oTpacnu,
obpabaTbiBaTb
pesynbTaThbl
pagnaunoHHOro
KOHTpoOns
opraHusaumm
aTOMHOWN oTpacnu

MNK-8.3

3HaeT Teoputo
paanoaKTMBHOMO
N3MNy4YeHns n
paanoaKTMBHOIO
pacnaga,
B3aMMOJENCTBMS
N3ny4veHns ¢
BELLECTBOM,
CMeKTpoB
NOHMN3NPYIOLLNX
N3ny4vyeHumn

12. O6beM gncuUnnuHbI B 3a4eTHbIX eguHulax/yac. — 5/180.

CDopma npome)KyTquon aTTecTauumn - 3Kk3amMeH

13. TpypoemkocTb No Buagam y4yebHomn paboTbl

TpygoemKkocTb

Bupg yyebHow paboTbl Bcero Mo cemecTpam

6 cemecTp
AyaouTOpHbIE 3aHATUSA 80 80
nekunu 32 32
B TOM 4ucne: npakTn4eckue 32 32
nabopaTtopHble 16 16
CamocTosTenbHas paborta 64 64
B TOM Yucne: kypcosas pabora (NpoekT)

$Popma NPOMEXYTOYHON aTTecTaumu 36 Ok3ameH (36 4.)

UTtoro: 180 180

13.1. CopepxaHue QUCLUUNIVHDI

Peanusauwns
pasgena
Ne n/n HavmetoBakue pasnena CopepxaHue pasgena gUCUUnIivHbl ANCLANANHLL G
AVCLUNITUHBI NMOMOLLbHO
OHnamnH-Kypca,
QYMK*
1. Nekuun
CsowicTBa si4ep v saepHble peakuun. https://edu.vsu.r
o B3anmopgencTeme HEMTPOHOB Pa3nNMYHbIX SHEPTUN C u/course/view.p
OcHoBebl ssaepHoOn 1 y o
11 o N aapamu. MNpouecc AeneHns 1 CnekTpbl HEUTPOHOB B hp?id=29238
HEUTPOHHOWN PN3MKK . =
A0epHOM peakTope. HEMTPOHHbIV LMK B peakTope Ha
TENI0BbIX HENTPOHAX.
TunuyHble TpaekTopuu anddyHanpyowero HenTpoHa. | https://edu.vsu.r
Ondpdysus :
YpaBHeHve anddy3un. 'paHnYHbIE YCIOBUS B u/course/view.p
1.2 MOHO3HEepPreTUYecKmx o
HENTDOHOB LEeHTpe. Ha rpaHuue pasgena AByx cped, Ha rpaHuue ¢ hp?id=29238
P BakyymoM. Anbbeio TenoBbIX HEMTPOHOB
3aKkoHbl YNpyroro paccesiHusi HEUTPOHOB. https://edu.vsu.r
CTtaunoHapHoe ypaBHeHWe Yrpyroro 3ameaneHus. u/course/view.p
OcHoBbl TEOPUN PelueHune ypaBHeHMs 3ameneHns B HENornoLlarLLen hp?id=29238
1.3 3amensieHns HEWTPOHOB B cpene. PelleHne ypaBHeHWs 3aMeieHUst B Cpee C
OecKkoHe4YHbIX cpefax 3axsatom. MpubnuxeHne BurHepa. MpubnmkeHne
MpronuHra-epuens. Pe3oHaHCcHOe nornoLleHne B
MHOIFOKOMMOHEHTHOW cpeae.
MpocTpaHCcTBEHHOE Mogenb HenpepbIBHOro 3ameaneHus. Cynepnosvumm https://edu.vsu.r
14 pacnpepeneHue ncTovHKKoB. [Npeaernsl NPUMEHNMOCTU ypaBHEHUS u/course/view.p
3amMeansitoLmMXcs 3amMeaneHust hp?id=29238




| HeifTpoHoB

2. MpakTuyeckune 3aHaATUA

OcHoOBbI 5AepHOM U

https://edu.vsu.r

2.1 HEWTPOHHO CHM3MKN PelueHune 3agay Ha uamMeHeHne HyKNMaHOro cocraBsa u/course/view.p
hp?id=29238
Onddysus https://edu.vsu.r

2.2 MOHO3HEPreTUYECKMX PelweHve 3agay Ha paccesHne HEMTPOHOB. u/coursel/view.p
HENTPOHOB hp?id=29238
OcHoBbI TEOPUM https://edu.vsu.r

- PelleHve 3agay Ha onpegeneHye xapakTepucTmk :

2.3 3amMearieHnst HEMTPOHOB B - u/coursel/view.p
0eCckOHeYHbIX cpegax HEVTPOHOB hp?id=29238
MpocTpaHcTBEHHOE https://edu.vsu.r

24 pacnpefgeneHue PelwieHune 3agay Ha BbluMCIIEHME BO3pacTa M BpeMeHn | u/course/view.p

' 3amensoLmxcs 3amMeaneHns HEMTPOHOB B pasfnyHbIX cpeaax hp?id=29238

HENTPOHOB
3. llabopaTopHble 3aHATUA
o o https://edu.vsu.r
CHOBBbI SiAEPHON U . :

3.1 HEWTPOHHON CHMaMKN PacuyéTbl usmeHeHnss HyKNMAHOro cocTasa u/coqrse/wew.p

hp?id=29238
Onddysusa https://edu.vsu.r

3.2 MOHO3HEpPreTUYeCKmX CneKTpbl HENTPOHOB AAEPHbLIX PeakTopoB u/course/view.p
HENTPOHOB hp?id=29238
OcHoBbI TEOpPUM https://edu.vsu.r

3.3 3amefneHns HENTPOHOB B Teopus 9KCNOHEHLWMANbLHOro onbITa u/coursel/view.p
OeckOHeYHbIX cpedax hp?id=29238
lMpocTpaHcTBEHHOE https://edu.vsu.r

3.4 pacnpegenexHve BbluncneHve Bo3pacta u BpeMeHn 3amerieHms u/course/view.p

' 3amMeansaLLmxca HENTPOHOB B Pa3nuyHbIX cpeaax hp?id=29238
HENTPOHOB
13.2. Tembl (pasaenbl) QUCUUNIMHBI U BUAbI 3aHATUN
Bugbl 3aHaTU (KOMYECTBO YacoB)
Ne HanmeHoBaHue TeMbl CamocTosTennnas
n/n (pasgena) gucumnnuHbl Jlekunn Mpaktnyeckue | JlabopaTopHble pa6oTa Bcero
1 O(EHOBbI ﬂLEGpHOVI " 8 8 4 16 36
HEUTPOHHOW PN3KKK
Ancbcpyana
2. MOHO3HepreTn4ecKknx 8 8 4 16 36
HENTPOHOB
OcHoBbl TEOPUN
3. 3ame[feHnsa HENTPOHOB B 8 8 4 16 36
DecKkoHeYHbIX cpegax
MpocTpaHcTBEHHOE
4 pacnpegenexve 8 8 4 16 36
3amMeansaLLmMxca
HENTPOHOB
UToro: 32 32 16 64 144
14. MeTOAM‘-IeCKI/Ie YKa3aHuA ans OGyHaPOLuMXCSI no oCBOEHUKO OAUCUMNNTIUHDI:

KOHCYInbTaLun.

CTyﬂ,eHTaM Ha Nnekumnsax HeobxoaumMo BeCTU I'IO,EI,pO6HbIl7I KOHCMNEKT N CTapatbCA NMOHATb
mMaTtepuan Kypca. [na nonHoro noHumMaHuA mMaTtepuana cregyet akTMBHO WUCNOJNb30BaTb

[ns camocToATenbHOro WU3ydYeHuss pasfaenoB  Kypca,

peKkoMmeHOoBaHHbIX

npenogasarteneM, HeobXxoauMMO MOMb30BaTbCs OCHOBHOWM W AOMNOSTHUTENBHOW nUTepaTypon,
WHTEpPHEeT-pecypcamu.
Ha npakTnyecknx 3aHAaTMsIX HeobXoguMMO YMeTb pelwaTb 3afjaydu M aHanuMampoBaTb
pelleHne, Ha YCTHbIX onpocax oby4vyaeMbl AOMKEH YMETb AEMOHCTPMPOBaThb MOMyYEeHHbIE Ha
NeKuMsax U NPakTUYEeCKMX 3aHATUAX 3HAHUSA, YMEHUSA U HaBblKW, OTBEYaTb Ha MOCTaBlEHHble
BOMPOCHI, NoaaepXuBaTtb ANCKYCCUIO MO CyLLEeCTBY BoMpoca.




MeTtoanyeckoe obecnedeHne ayanTopHon paboThbl: y4ebHOo-meToanyeckme nocobus ans
CTYLEHTOB, Y4EOHUKN N y4eOHble NOCobUs, ANEKTPOHHbIE U IHTEpHET-pecypchl.

MeTtognyeckoe obecneyeHne camocToATenbHoM paboTbl:  y4ebHO-meToaMYeckue
nocobvsi MO OpraHM3auun CamMoOCTOATENbHOM paboTbl, KOHTPOMbHbIE 3a4aHUA W TecTbl B
OyMakHOM W 3MEeKTPOHHOM BapuaHTax, TECTUPYKLME CUCTEMbI, AUCTAHLMOHHBLIE (OOPMbI
obweHusa ¢ npenogasatenemM. KoHTponb camocTosTeNnbHOM paboTbl peannsyeTcsa C NOMOLLbIO
ONpoCOoB, TECTOB, BONPOCOB MO TEMaM 3afaHun u T.4.

15. lNepeyeHb OCHOBHOM U [OOMNOSNIHUTENLHOW nUTEpaTypbl, PECYPCOB WHTEpPHeT,
Heo6Xx0ANMbIX ANSA OCBOEHUA AUCLMUNINUHDI

a) OCHOBHasa nutepartypa:

Ne n/n McToYHUK
OcHOBbI TEOPUN M METOAbI pacyéTa AAepHbIX IHEPreTUYECKNX peakTopoB: y4eb.nocobre ans By3o0B /
1. .. bapTonomen, I'.A. batb, B.[]. bantakos, M.C. AnxyToB.— 3-e€ 13g., nepepab. n gon. — Exk6.: N3a-
Bo KOJIAHL, 2016. — 512 c.: vn...
5 KyabMuH A.B. OcHOBBI TEOpMU NepeHoca HENTPOHOB (NabopaTopHbIN NpakTUKyM): y4eb. nocobure ang
) BY30B. 2-e usg. — Tomck: M3g-so TI1Y. 2010. — 192 c.
3 KyabMuH A.B. SkcnepumeHTanbHoe 1 pacdeTHOe onpeaeneHne Bo3pacta HEMTPOHOB AENEHNs B
) pasnu4yHbIX cpegax: y4eb. nocobme gns By3oB. — Tomck: M3g-so TIY. 2011. — 208 c.

0) gononHuTenbHasa nNuTeparypa:
Ne r/n NcTouHnk

4 Croroe HO.B. OcHoBbl HEMTPOHHOM hu3nkK: Yuebd. nocodbme. — MUOUN.—M: NzpaTtenbcTBo « TpoBaHT»,
) 2008. — 203 c., un.

pynnoBble KOHCTaHTLI Afs pacyeTa peakTopoB 1 3awmnTtbl: CnpaBoyHuk / J1.IN. AbarsH, H.O.

5. BbaszaHsaHu, M.H. Hukonaes, A.M. Unbyns: MNMog pea. M.H. Hukonaeea. — M.: QHeprounsgar,1981. — 232
C.
6 Knumos A.H. AgepHasa dwmsnka n agepHble peaktopbl y4ebHuK ans By3oB. 3-e u3g., nepepab. n gon. —

M.: QHeproatomusgar, 2002. — 464 c.: nn.

B) UH(pOpPMALIMOHHbIE SNEKTPOHHO-06pa3oBaTenbHble pecypchl (omumnanbHble pecypebl MHTEPHET)™:

Ne n/n Pecypc
7. www.lib.vsu.ru— 3HB BI'Y.
8. https://fedu.vsu.ru — OneKkTpoHHbIN yHuBepcuTeT BIY
9. https://e.lanbook.com — 3BC «JlaHb»
10. https://www.studentlibrary.ru — 965C «KoHcynbTaHT cTygeHTa»
11. https://urait.ru — O6pa3osaTensHas nnatgopma «FOPANT»
12. https://rucont.ru - UHpopMaLNOHHO-TENEKOMMYHMKAUMOHHAA cuctema « KOHTEKCTyM»

16. NMepeyeHb y4e6HO-MeTOAMYECKOrO 06GecneyeHUs Ans cCaMoCToATeNIbHON paboThl

Ne n/n NcTouHunK
1. Meppen P. dusnka sagepHblx peaktopoB. — M.:AU, 1961. — c. 292

17. OOpasoBaTesfibHble TEXHONIOMMU, MUCNOMb3yeMble Npu peanusauum Yy4eOHOWM
AUCLUMNIINHBLI, BKMOYas AUCTaHUMOHHble obpa3oBaTenbHble TexHonorun (OOT,
3aneKkTpoHHoe oby4yeHue (J0), cmewaHHOe 0Gy4YeHue):

Mpv  npoBegeHMM  3aHATUA  NO  OWCUMINIMHE  UCMOMb3YKTCS  criedylolime
obpasoBaTerbHble TEXHOMOMUMU:
— aKTUBHbIE Y UHTEPAKTUBHbIE (DOPMbI NPOBEAEHMS 3aHATUN;
—  KOMMbIOTEPHbIE TEXHOMNOUW NPY NPOBEAEHUN 3aHATUIA:
— TNpe3eHTaUuMOHHble MaTepuanbl W TEXHOMOrMM Mpu  OObsSCHEHWM MaTepuana Ha
NEKLUMNOHHBIX U NPaKTUYECKUX 3aHATUSX;
- chneuunanuanpoBaHHoe 06opyaoBaHMe npu NpoBeaeHnn nabopaTopHbIX paboT;


http://www.lib.vsu.ru–/
https://e.lanbook.com/
https://www.studentlibrary.ru/
https://urait.ru/
https://rucont.ru/

— pas3bop KOHKPETHbIX CUTyauun npu MOCTaHOBKE Lenen u 3agad K paspaboTke
NpuUKNagHblX nporpamMm, Mpu Bblibope nporpamMmMHOro obecneyeHnss no YCTaHOBMEHHbLIM
Kputepuam, npu pa3paboTke nporpamm no npegyCMOTPEHHbIM anroputMamM 1 metoaa.

Ana camoctoatensHon paboTtbl mcnonbdyetca OBC YHuBepcutetckas 6GubnuoTeka
online - www.lib.vsu.ru - 3HB BI'Y. [MporpammHoe obecneyeHne, npumMeHsemoe npu
peanusauun gucumnnmHel — Microsoft Windows, LibreOffice, CodeBlocks, Adobe Reader,
Mozilla FireFox.

AncTaHUMOHHbIE obpasoBaTtenbHble TEXHOSormm (4oT) NPUMEHSIOTCSA c
ncnonb3oBaHMeM 0bpasoBaTeNbHOro noprana «ONeKTPOHHbIN YyHMBepcuTeT BIY».

18. MaTepnanbHO-TeXHU4YeCKkoe obecneyeHme AUCLUNIINHDI:

YuyebHas ayautopus AN NPOBEAEHUs 3aHATUA NEKUMOHHOro Tuna, TEKyLLero KOHTPOMs M MPOMEXYTOYHOWN
aTTecTayumm

CneuunanunanpoBaHHas mebernb

KoMnbloTepHbIA KNacc, ayautopus Ans rpynnoBbIX W UHAMBMAYANbHbIX KOHCYMbTaUWKW, MNOMELLeHue Ans
CaMOCTOSATENbHON paboTbl

CneunanusmpoBaHHas Mebenb, KOMMbIOTEPbI C BO3MOXHOCTBbI nNogknoveHuss Kk cetm  «WHTepHeT» u
obecneyeHnem gocTyna B 3NEKTPOHHY MHAOPMaLMOHHO-00pa3oBaTenbHYO cpeay YyHUBepcuTeTa

Microsoft Windows 10, LibreOffice, Adobe Reader

19. OueHou4HbIe cpeacTBa ANs NPoOBeAEeHUA TEKYLEeNn U MPOMEXYTOYHOM aTTecTauum

Mopsiaok oOueHkM ocBoeHusi obyvatowmmncss ydebHoro MaTepuana onpepgensietcs
coaepkaHMeM crieayoLmx pasaenos ANCUUNINHLI:

HaunmeHoBaHve WHpmnkaTtop(bl)
Ne KomneTeH
a/n pasgena UCUUMIvHLI La(w) OOCTMKEHNSA OueHouyHble cpeacTBa
(moayns) KOMMNeTEeHUMMN
1 OcHoBbI 5AEpHOM 1
" | HEUTPOHHOW PU3NKN

Avndbdbyaus
2. | MOHO3HepreTU4ecKmx

HEWTPOHOB MK-1.3

P MK-1 MpakTuyeckne 3agaHus, nabopaTopHble
OcHoBbl TeOpUN MK-6.2
. MK-6 paboTbl, cobecegoBaHMe No BONPOCaM K
3. | 3ameaneHus HENTPOHOB MK-6.3
K-8 3K3aMeHy

B 6eckoHeYHbIX cpegax MK-8.3

lMpocTpaHcTBEHHOE
4 pacnpegenexHve

" | 3amepgngomxcsa
HENTPOHOB
MpomexyToyHasa aTTecTauns [MepeyveHb BONPOCOB K 3K3aMeHY
dopmMa KOHTPONs — 9K3aMeH MyHkT 20.2

20. TunoBble OLEHOYHble cpencTBa U MeToAMYECKMe MaTepuanbl, onpegensilowme
npoueaypbl OLleHUBaHUA

20.1. TeKywmm KOHTPONb yCNeBaemMoCcTH

KoHTponb ycneBaeMocTu N0 AUCLMMNIIMHE OCYLLECTBSAETCA C MOMOLLbIO CeayrLWnX OLEHOYHbIX
cpeacTs:
MepeyeHb NpakTUYeCKNX U NabopaTopHbIX 3a4aHUN:

1. MokasaTtb, 4TO (p(r) YACMNEHHO paBHa AfMHE NyTWU, MPOXOAMMON B €AMHWLY BpeMeHM

YacTMuamm B 3fnemMeHTapHoM obbeme, Haxoaswemcss BOMM3W TOYKM I, OENEHHOW Ha BEnUYUHY
anemMeHTapHoro obrema.

2. HanTu yrrnoByto NAoOTHOCTb NOTOKA YacTuL, B NPOU3BOSMBHOM TOYKE Haf MIOCKUM U3OTPOMHbLIM
MCTOYHMKOM, MCMyCKaoWMM U 4acT./(CM?c).



3. PaBHOMEpHbLIN paguoakTUBHBIM MCTOMHWUK npeactaBnset cobown nonykonblo paguyca R,
nveroiee NUHENHYI0 akTUBHOCTb L. CuuTas BbIXOA4 (POTOHOB Ha pacnag 77 WU3BECTHbIM, onpeaenvTb

TOK M NOTOK YacTuL, B LIEHTpe MonykosnbLa.

4. W30TponHbIA MOBEPXHOCTHbIA WCTOYHUK, UCMycKawwWwuidi o  4acT./(cM?c), paBHOMEPHO
MOKpbIBaeT NOBEPXHOCTb nonycdepbl paguycom R. lNMpeanonaras oTCyTCTBME MNOMMOLWEHUA BHYTPU
chbepbl, HAUTK NIIOTHOCTM MNOTOKA U TOKA YacTul, B LeHTpe cdepsbl.

5. MokasaTb, 4To cpegHun Nnpober hoToHa Mexay B3anmoaenctansiMm paBeH 1/u.

6. OnpegenuTb MakCMMarnbHO BO3MOXHYIO aHEPrno (pOTOHOB NOCHEe KOMMTOHOBCKOIO paccesHns
Ha yron &g =180°.

7. OnpegenuTb MakcuManbHOE€ W3MEHeHWe [AOnvHbl  BOSMHbI  (POTOHA B pesynbraTte
KOMMTOHOBCKOIO paccesiHus.

8. Onpenenutb 3HepreTudeckoe pacnpeaenexuve f(T), MaB™, anekTpoHoB, 06GpasytoLwmxcs npu
KOMNTOHOBCKOM paccesHnn (OTOHOB.

9. Hamtn cpegHui KOCUHYC yrna ynpyroro paccesiHuss HEeWTPOHOB B fnabopaToOpHOM cucTeme
KOOpAuHaT, ecrnn B CUCTEME UeHTpa WHepuuu YrnoBoe pacnpeferieHne pacCesiHHbIX HEeNTPOHOB
SABISAETCH U3OTPOMNHbLIM.

10. MNycTtb mn3BecTtHO AndbdepeHunanbHoe CeYeHne paccesiHUss HEWTPOHa B CUCTEME LEeHTpa

nHepumn GS(E,/JC). MonyunTb BblpaxeHne ana anddepeHumnanbHOro cevyeHns B nabopaTopHoWn

CMCTEME KOOpAMHAT.

11. ¥YNpocTuTb MHTErpanbHo-anddepeHumnansHyo dopmy CTaumMoHapHOro ypaBHEHUsT nepeHoca
Ansa cnyyasa 6eckoHe4YHON 0OQHOPOAHOM Cpeabl C paBHOMEPHO pacnpeaeneHHbIMU UCTOYHMUKAMMN.

12. [lpeobpasoBaTb CTauMOHapHOE YpaBHEHWE MNepeHoca HEWTPOHOB W3  MHTErpo-
anddepeHumansHoOn opMbl B MHTErparnbHyto dopmy.

13. HanucaTb BblpaxeHue Ans  QYHKUMM YyBCTBUTENbHOCTW OETEeKTopa, W3MepsoLLero
KONMYeCTBO CTOSIKHOBEHMI B €ANHWLY BpEMEHU B 3aaHHON obnactn V.

14. TlonyunTb pelieHne YpaBHEHUS anemMeHTapHon Teopun auddysnm B 6GeckoHevHOoW
OOHOPOOHOW cpeae ANt TOYEYHOTO M NIIOCKOTO U30TPOMHbLIX NCTOYHUKOB €ANHUYHON MOLLHOCTMW.

15. lMonyunTb pelleHne YypaBHEHUS 3dnemMeHTapHonm Teopun puddysmm B OGeckoHeYHoWm
OQHOPOAHOW cpeae ANst IMHENHOro 6GECKOHEYHOro UCTOYHMKA, UCMYCKaloWero q HEMTPOHOB C eANHULbI
ANVIHbI B €QUHNLY BPEMEHWN.

16. OnpegennTb TOKOBOE YMCIIOBOE MHTErpanbHoe anbbeno TennoBbiX HEMTPOHOB AJIS
nonyb6eckoHe4YHon OAHOPOLHOM cpenbl U MIIOCKOro MCTOYHMKA.

17. TonyynTb pelleHne ypaBHEeHUs Bo3pacTa Afis MNOCKOro MOHO3HEepPreTUyeckoro
NCTOYHMKA €ANHNYHOWN NOBEPXHOCTHOM MOLLHOCTN B GECKOHEYHOM OQHOPOLHOW cpeae.

18. Onpegenuntb pacnpegeneHne TennoBbiX HENTPOHOB B OECKOHEYHOW OAHOPOAHON
cpege OT MNOCKOr0O MOHOSHEPreTUYECKOro WCTOYHMKA ObICTPbIX HEWTPOHOB €ANHUYHOWN
NOBEPXHOCTHOW MOLLIHOCTU, UCMOSb3ys TEOPUIO BO3pacTa M afieMEHTapHY0 Teoputo anddysunu.

19. B npubnmxeHnn OQOHOKPATHOrO pacCesHns onpeaennTb BKNag, B TOKOBOE
AnddepeHumanbHoe 3HepreTudeckoe anbbeno TOYEeYHOro MOHO3IHEPreTUYEeCKOro UCTOYHMKA
POTOHOB, CO34aBaeMblll AHHUMUIISAUMOHHBLIM M3ydeHneM. POTOHblI MCTOYHMKA MajalT Ha
nosiybeckoHeyHyo cpeay nog yrriom 6.

20. NcToYHMK ramma-usnyyveHuns npeacrasnseT coboi pagnoHyknua °°Mn. PasbirpaiTe
Cny4yanHoe 3HayeHue 3Heprnn BblNeTawlen 4YacTuubl, cyMTad, YTO reHepaTop Chny4YanHbIX
4yucen Bblgan yucno 0,377.

OnwncaHne KpUTepueB U LLKanbl OLLEHUBaHUS KOMMeTeHLMN (pe3ynbTaToB 06yyYeHns) Npy aTTectaunm

Kputepum oueHmBaHUsi KOMNeTeHUUM LLikana oueHokK
OOyyvatoLuincs B NOMHON Mepe BnageeT NOHATUIHLIM annapaTom
JaHHoW 06nacTu Haykn (TEOPETUHECKUMIN OCHOBaMU ANCLIMMIIUHDI), OTNNYHO

cnocobeH nnncTpupoBaTb OTBET NpuMepamMu, daktamm, AaHHbLIMU
Hay4YHbIX UCCNESOBaHUI, MPUMEHATb TEOPETUYECKNE 3HAHNSA OIS
pelleHus NpakTU4eckMx 3agad B obnacTtn Teopum nepeHoca HEMTPOHOB
OTBET Ha KOHTPOJSIbHO-U3MEPUTESbHBIN MaTepuan He COOTBETCTBYET
OofHOMY (OBYM) N3 NepedncreHHbIX nokasaTenen, Ho obyyarowuiics gaet XopoLuo
npaBuIbHblE OTBETHLI HA AONONHUTENBbHbIE BONpockl. HegoctaTtouHo




NPOAEMOHCTPUPOBAHO B3aMMOBIUSHUE pas3nnyHbIX hakTOPOB,
onpeaensoLLnX COCTOSIHNE akTUBHOM 30HbI HA KMHETUKY peakTopa, unu
cofepxartcs oTaenbHble Npobensbl B onpeaeneHnn prusnyecknx npuymH,
onpegensowmx KNHETUKY peakTopa.

OTBeT Ha KOHTPOJSIbHO-U3MEPUTENBHBIN MaTepuan He COOTBETCTBYET
nobbiM ABYM(TPEM) U3 NepeyYnCcneHHbIX nokasaTtenen, obyvarowmmncs
[aeT HenorHble OTBEThl HA AONONHUTENbHbIE BONPOCHI. [leMOHCTpupyeT

YOooBneTBOpUTENBHO
YaCTUYHbIE 3HAHWSA PaKTOPOB, BIUAIOLIMNX Ha KNHETUKY peakTopa, Uim
MUMEET He MOSTHOe NPeACTaBieHNe O COOTHOLLIEHUN Pa3fnNYHbIX
3O EKTOB PEAKTUBHOCTW.
OTBeT Ha KOHTPOJSIbHO-U3MEPUTENBHBIN MaTepuan He COOTBETCTBYET
nobbiM TpeM(4eTbipem) U3 NepPEeYMCEHHbIX NOKa3aTenen.
HeynoBneTBopuTeNnbHO

OOGyuaroLmiics AeMOHCTPUPYET OTPLIBOYHbIE, (DparMeHTapHble 3HaHWs,
JonyckaeT rpybble OLMOKN B OLEHKE XapaKTepUCTUK HEWTPOHOB.

20.2. NMpomexyTo4yHaa aTrecTauus

MpomexyToyHas aTtTecTaums Mo OUCLUMUMNMHE OCYLLECTBMSETCS C MOMOLUbI  CrieayLmX
OLIEHOYHbIX CPE/CTB:

Bonpochbl K 3K3amMeHy:
1. CeownctBa cBob6ogHOro HenTpoHa. OCHOBHblE siAEPHble peakuMM — WCTOMHWKA HEWTPOHOB.
OCHOBHbIe Npouecchl B3aMOAENCTBUA HEMTPOHOB C SapamMu cpefbl
2. OddeKkTnBHbIE HEWTPOHHblE ceyeHusi. [OnuHa ceBobogHoro npobera HeNTpoHa B cpede.
OnvcaHne HENTPOHHOIO Nong B cpeae.
3. Teopusa andpdysmm MOHOIHEPreTU4ECKUX HEWTPOHOB. banaHCHoe ypaBHEHWE ASisi CKOPOCTEMN
npoueccoB. 3akoH duka.
4. YpaBHeHne pauddy3nm MOHOIHEPreTUYECKUX HEWTPOHOB. YCroBusi OAHO3HAYHOro BbibGopa
pelleHnst ypaBHeHus Andbdy3nm MOHOIHEPreTUYEeCKUX HEMTPOHOB B (P13NYECKUX 3aaadax.
5. XapaktepHble 3agayu cTauuMoHapHon Teopun Onpdpy3mMm MOHOIHEPreTUHECKUX HENTPOHOB.
Ondy3snoHHble pyHKUNM BANAHNA (YHKLMK [TpuHa). MprHUMi cynepnosnummn MCTOYHUKOB.
6. Anbbepno. lNocTaHOBKa rpaHNYHbIX YCNOBUIA C NOMOLLbIO anbbeno.
7. PeweHve ypaBHeHNs auddy3Mm B KOHEYHOW cpefe Ha npumepe MaTeMaTUyecKoro
060CHOBaHWS 9KCMOHEHLMANbHOro aKCNepuMeHTa.
8. Mukpockonuyeckoe 3dEKTUBHOE CeYEeHUe ynpyroro paccesHuss HenTpoHoB. KuHemaTuka
3amenneHus.
9. 3akoHbI ynpyroro paccesHus.
10. Jletaprusi. YpaBHeHue 3aMenrieHns HEMTPOHOB B OECKOHEYHOW Hepas3MHOXatoLen roMOreHHOM
cpege. MNnoTHOCTbL 3aMeaneHns HENTPOHOB.
11. 3amenneHne HENTPOHOB B HEMOITIOLLAIOLLEN Cpeae Ha Bogopoae
12. 3amenneHne HEWTPOHOB B HEMOrMoLlalouWen cpede Ha aapax ¢ aToOMHOM maccon 6onblie
eanHNLbI.
13. 3amegneHve B Henornowiawowen cpege, COCTOSLLEN M3 CMECWU HyKNMaoB (acumnToTuyeckas
obnacTtb aHeprun).
14. Mukpockonuyeckoe ahpekTMBHOE ceveHune nornowleHus. MNMoHsatme adpdpekra Jonnepa.
15. 3amegneHne Ha BOOOPOAE NPW HanNuuMyM nornoweHus. 3amenneHve Ha gdgpax C aTOMHOW
mMaccou 6onbLue eanHULBI C Y4EeTOM MOTMOLLEHMS.
16. MNornoweHne HEWTPOHOB Ha rpynne Y3KUX M30NUPOBaHHbIX PE30HAHCOB. OMPEKTUBHBLIA U
WUCTUHHbIN PE30HAHCHbIE NHTErpanbl.
17. YpaBHeHue 3amegneHuns B oudy3noHHOM NpubnmxeHnm
18. Moaenb HenpepbIBHOIO 3ameanenuns (anddy3noHHO-BO3pacTHOE NpubnmxeHne)
19. YpaBHeHue Bo3pacTta. Bo3pact HEMTPOHOB 1 BpeMs 3ameeHus.
20.YcnoBusi OQHO3HA4YHOrO BbIOOpa pelleHus ypaBHEHUS BO3pacTta B (U3NYECKMX 3agadax.
PelwweHune ypaBHeHUs Bo3pacTa.
21. lNpocTpaHCTBEHHOE pacnpedenieHme 3aMmeansaoLmxcs HEUTPOHOB B Cpeae 13 Bogopoaa.
22. OcobeHHOoCTN 3amMeieHns ObICTPbIX HEUTPOHOB
23. N'pynnoBoe anddy3noHHoe npnbnmkeHne
24.YpaBHeHne 3amegneHns B obrnactm Tepmanua3aumu. Cnektp Makcsenna. Temnepartypa
HENTPOHHOro rasa. ekt AU dy3MOHHOIo OXMaXxaeHus!.



25. Andhpysns TennoBbIX HENTPOHOB. PacyeT cpegHUX ceyveHu B TeNNoBon obnacTu.
26. a3oKknHeTYeckas MoAesib MepeHoca HEeNTPOHOB B HepasMHOXalLWWMX cpedax. YpaBHeHue
bonbumaHa. YcnoBus ogHO3HaA4YHOro Bblbopa pelueHus ypaBHeHnsa bonbumaHa B husmyeckmx

3afavax.

27. MHTerpaneHas doopma ypaBHEHUS NepeHoca HENTPOHOB. MHTerpanbHoe ypaBHeHue [aneprca.

I'IpomemyTquaﬂ arrecrauma npoeoanTtca B COOTBETCTBUN C [MonoxeHnem o
HpOMe)KyTOHHOVI arrecraumnm o6yl-|a+ou.w|xc;| no nporpamMmmam BbiCLLUErO o6pasoBaH|/|;|.

Onucanune Kputepues U WKanbl oueHnBaHUA KOoMMeTeHumnin (pe3yJ'IbTaTOB O6y‘-IeHI/IFI) npu

aTTecTauum

KpuTepum oueHnBaHNs KOMNETEHLNI

LLlkana oueHok

O6yuatowuincsa B NonHOM Mepe BnageeT NOHATUNHBIM annapaTtoMm
AaHHOWN 06nacTy Hayku (TEOPETUYECKUMI OCHOBaMMW OUCLIUNIINHBI),
cnocobeH UNCTPUPOBaThL OTBET NpUMepamu, dpakTamu, 4aHHbIMU
Hay4HbIX UCCNeAoBaHWI, MPUMEHSITb TEOPETUYECKUE 3HAHUSA ONs
peLleHns1 MpaKTUYeCKUX 3a4ay B 0611acTh KUHETUKM SOEPHbIX
peakTopoB

OTnn4Ho

OTBET Ha KOHTPONbHO-U3MEPUTESBHBIN MaTepuarn He COOTBETCTBYET
oaHOMY (OBYM) U3 NepeyncrieHHbIX nokasaTenei, Ho obyyatoLmiics
AaeT npaBuibHbIE OTBETbI HA AOMOMHUTENbHbIE BOMPOCHI.
HepnoctaTouyHO NPOAEMOHCTPUPOBAHO B3aUMOBIUSIHAE Pa3fINYHbIX
(pakTopoB, onpeaensoLmMX COCTOSIHUE aKTUBHOW 30HbI HA KUHETUKY
peakTopa, Unu codepxaTtcs oTAenbHble Npoberbl B onpeaeneHmm
PU3NYECKMX MPUYMNH, onpedensioWwmxX KUHETUKY peakTopa.

XopoLio

OTBeT Ha KOHTPONbHO-N3MEPUTENBHBIA MaTepran He COOTBETCTBYET
nobbiM ABYM(TPEM) M3 NepeYnCcrieHHbIX NokasaTtenen, obyyaroLwmncs
JaeT HenosHble OTBEThI HA AOMNONHUTENbHbIE BOMNPOCHI.
[emoHCTpupyeT YacTuyHbIe 3HaHUS PaKTOPOB, BAMSOLMX Ha
KMHETUKY peakTopa, Unn uMeeT He NOonHoe npeacTaBneHne o
COOTHOLLUEHUN Pa3NNYHbIX 3¢pdEKTOB pEaKTUBHOCTW.

yﬂOBﬂeTBopMTeﬂbHO

OTBET Ha KOHTPONBbHO-U3MEPUTENBHLIN MaTepmnan He COOTBETCTBYeT
nobbiM TpeM(4eTbipeM) U3 NepeydnCreHHbIX NokasaTenen.
Obyvarowuncs 4eMOHCTPUPYET OTPbIBOYHbIE, (PparMeHTapHble
3HaHUA, gonyckaeT rpyoble owmnbku B oLieHKe 3O eKTOB
peaKTUBHOCTM.

HeyuosneTBopMTeano




Mpumep KOHTPONbLHO-U3MepuTenibHoro matepuana (KUM)
YTBEP>XIOAIO

3aBenytowmi kadenpon
sAepHon usnkm
Twutosa Jl. B.

HanpasneHne noaroToBku:

14.05.02 ATOMHbIE CTaHLUMWN: NPOEKTUPOBAHMNE, SKCNyaTaUMs N UHXUHUPWHT.
Oucumnnuna: b1.B.05 Teopus nepeHoca HEMTPOHOB

Bua koHTpons: 3K3aMeH.

KoHTponbHO-n3meputensHbii matepuan Ne1

1. YpaBHeHne Bo3pacTta. Bo3pacTt HENTPOHOB U BpeMSA 3aMeasieHns.
2. Ondhdpysns TennoBbIX HENTPOHOB. PacyeT cpegHnx ceyveHni B TENNOBOW obnacTu.

MpenogaBaTtenb .
nognuck paclumdpoBka nognmcu

21. ®PoHO OUEHOYHbIX CpeacTB, PeKOMeHAyeMbIX K MWCNONb30BaHUA B Xo4e MNpPOBEpPKU
OCTaTOYHbIX 3HAHUM (OL,eHKe AOCTUXKEHUA pe3yrNbTaTOB OCBOEHUSA AUCLUNSIUHBI)"

TecTOoBbI€e 3apaHuA (C OTKPbITbIM OTBETOM)

1. OcHoBHbIM 3dhdeKTOM, ONpeaensaoLLNM pacnpoCcTpaHEHNE raMMa KBaHTOB B CBUHLE NPU
aHeprnn <100 kaB sasngaeTcs
a. KomntoHOBCKOe paccesiHune
b. Ynpyroe paccesHue
c. doTonornouieHve
d. PoxgeHwve nap
2. 3amefneHne HEMTPOHOB A0 TEMMOBbLIX AHEPTUN MOXKET NPOUCXOAUTL 3a CHET ...
B3anMOAENCTBUS C gapamm
a. Ynpyroro noTeHUMansHoro
b. Heynpyroro
c. PesoHaHcHoro
d. Bcex BbllLeNnepeyYnCcneHHbIX
3. OcCHOBHbIM 3(hhekTOM, onNnpeaensaLwmMM pacnocTpaHeHne raMma KBaHTOB B BOAE Npw
aHeprun >1 MaB aBnseTca
e. KoMnToHOBCKOE paccesHune
f. Ynpyroe paccesiHue
g. doTonornouieHve
h. PoxgeHue nap
4. Ynpyroe paccesiHne HENTPOHOB Ha sapax BellecTBa saBnsieTca B obiem crnyyae
a. CuMMeTpUYHbIM, HE 3aBMCSALLIMM OT aTOMHOM Macchbl
b. HecummeTpu4yHbIM, HE 3aBUCALLIMM OT aTOMHOW Macchl
c. CMMMeTpUYHbIM, HO 3aBUCALLUM OT aTOMHOW Macchl
d. HecMMMETPUYHbLIM, 3aBUCALLIMM OT aTOMHOW Macchl




5. Kakue adpdekTbl onpenenstoT pacnpoCTpaHeHne Nerkux 3apsKeHHbIX YacTul,
3M1EeKTPOHOB, NO3UTPOHOB U T.4.) B BelecTee?
PaccesiHne B none atomMHOro sapa u anekTpoHoB 060M04KkKn atoma
MoTepun Ha BO3byxaeHne aToOMOB cpeapbl.
[MoTepun Ha MoHM3auUMo aTOMOB Cpeapbl.
MHorokpaTHO€e KYNOHOBCKOE paccesiHne 1 MOHMU3aLMOHHbIE NOTEPMU.
6. _KaK 3aBUCUT ceYeHne OTOMNOrmoLWeHNa OT aTOMHOro Homepa Z?
a. [NponopunoHansbHo Z.
b. TMponopuvoHansHo Z4°.
c. MponopunoHansHo Z2.
d. MponopunoHansHo Z3.
7. Kak cBi3aHbl BENMYUHbLI OMNHBI ANdY3MM HENTPOHOB L 1 cpefHero cMeLLeHns
HENUTPOHa OT TOYKM poxaeHus R?
a. L=R
b. L=0.5R
c. L2=2R?
L=hR-
d. L2=1R?
8. Kak cBsizaHbl Benn4YMHbI KBagpaTta A4fiMHbl 3aMegneHns (Bo3pacTta) HEUTPOHOB T U
cpegHero cMeLeHst HeMTPOHa OT TOYKM poxaeHust R?
a. 1=R

b. 1=-R?

c. 1=0.5R

—1n2
d. T—3R

9. TNOTHOCTb TOKA HENTPOHOB — 3TO
a. CymMmma 4ncna HEMTPOHOB, NPOXOAALLNX Yepe3 NOBEPXHOCTb e4MHUYHON
nnowaaun, B AByX NPOTUBOMONOXHbIX HanpaBneHusX, NepneHanKynapHbIX
NOBEPXHOCTHU, 3a eANHNLY BPEMEHU
b. PasHOCTb uncna HEMTPOHOB, NPOXOAALLMNX YEPE3 NOBEPXHOCTb €4MHNYHON
nnowaaun, B AByX NPOTUBOMOSNOXHbLIX HAanpaBfeHUsX 3a eguHULY BPpEMEHN
c. Cymma 4ncna HEMTPOHOB, NPOXOAALLNX Yepe3 NOBEPXHOCTb €4MHUYHON
nrowagm, B ABYyX NPOTUBOMNOSIOXHbBIX HAaNpaBfeHNAX 3a eANHULY BpEMEHU
d. Pa3HOCTb Yncna HEMTPOHOB, NPOXOAALINX YEPE3 MOBEPXHOCTb €ANHUYHOM
naowaam, B ABYX NPOTUBONOMOXHbLIX HanpaBneHusax, NnepneHanKynapHbIX
NOBEPXHOCTU, 33 €ANHULLYY BPEMEHMU
10.M1noTHOCTL NOTOKa YacTuy onpegensaeT
a. KonunyectBo Yactuu, NpoxodsLimx Yepes NnoBEPXHOCTb €ANHMYHOM Naowagn 3a
€4NHULLYY BPEMEHN.
b. KonnyectBo 4acTtuy, npoxoadawmnx Yepes noBepxHOCTb eANHMYHOM NoLwaan 3a
eaNHULY BPEMEHW B onpeaenieHHOM HarnpaBfeHun.
c. KonunyectBo 4actuu, npoxoasawmx Yepes noBepxXHOCTb €ANHMYHOM Nrowaaun 3a
eaNHULY BPEMEHN N UMEKOLLNX ONpeaeNeHHYO 3HEPTUIO.
d. KonunyectBo 4actuu, NnpoxoasaLmnx Yepes3 noBepXHOCTb €ANHMUYHOM Nnowaau.
11.Kakon popmMynoun onncbiBaloTCA CpeaHue noTepu aHEpPrnn 3apsXKeHHoM YacTuubl Ha
eavHuue ONnHbl NyTU B BellecTse?
a. ®opmyrnon Pesepdopaa
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b. ®opmynon KomntoHa
c. ®opmyrnon bete-bnoxa
d. ®opmyrnon Monbep

12.MaKpOCKOI'II/I‘-IeCKOG ceyeHne B3aMMOodenCcTBUs YacTul, C BELWEeCTBOM — 3TO

a. lNonHoe ce4veHne B3anmMoaenCcTBUS YacTULbl C A4POM

b. CeyeHune B3aMMoOOenCTBMS CO BCEMU Si4PAaMUN B BELLLECTBE.

c. CpeaHee KONNMYECTBO B3aMMOOAENCTBUN C aTOMHbIMU SApamMu Ha eanHULLE ONUHBI
nyT B BELLECTBE.

d. CpegHee KONM4eCTBO B3aUMOLENCTBMI C aTOMHbIMWU SApaMK 3a eQNHNLLY
BPEMEHMN.

13.YT10 HasbIBaOT NUKOM 5p3rra Npun pacripoCcTpaHeHnn TAaxXesblX 3apAXeHHbIX YaCcTul, B

BellecTse?
a. ®opmy yrnoson 3aBUCUMOCTHU MPU MHOFOKPATHOM YNpPYroM paccesiHuu.
b. ®opmy yrnoson 3aBUCUMOCTM NPU MHOFOKPATHOM Heyrnpyrom pacCesHuu.
c. Peskuin pocT pagnaumoHHbIX NoTepb
d. Peskoe BO3pacTaHue MOHU3ALMOHHbLIX NOTEPb B KOHLE Npobera YacTull.

14 Y70 coaepXxuT Hanbonee NOJIHYHO I/IHCbOpMaLI,IMO O CTaunMoHapHOM rorse VI3J'Iy‘-IeHI/IFI?

a. noTHoCTb NOTOKa YacTuy,

b. Yrnosasi 3aBMCMMOCTb NIIOTHOCTM NOTOKA YacTuL

C. OHepreTmnyeckas 3aBUCUMOCTb NSIOTHOCTU NOTOKa YacTul,.
d. OHepreTnyeckn-yrrnoeasi NSIOTHOCTb NOTOKA YacTu

15.Mo4vemy cpeaHwWiA yron OTKIIOHEHWS1 OT NePBOHAYanbHOIo HanpaBneHns Ans TSKenblX

3apPSsPKEHHbBIX YaCTXU MHOMO MEHbLUE, YEM Y NErkux, Npyu oguHaKoBbIx npoberax?
a. Jlerkme 3apsiKeHHble YacTuLbl CUNTbHEE B3aUMOAENCTBYIOT C aTOMaMU.
b. Tskenble 3aps)KeHHble YacTuLbl CUNTbHEE B3aUMOAENCTBYIOT C aTOMaMW.
c. OTKNOHEHUE TKENbIX 3aPSHKEHHbIX YaCTUL, Mano B CUIY 3aKOHOB COXpPaHeHUs
MMMNYS1bCa N SHEPTUM.
d. OTKNoHeHue nerknx 3apsbKeHHbIX YacTul BeNuko B cuny 60nnbLien BEpOATHOCTU
MOHN3aLUUN.

3apaHusna c 3aKPbITbIM OTBETOM:

1.

Hanpasnsitowmin Bektop Q 00bIMHO BhIpaXaloT B chepnyeckon cucteme koopauHat. Cumtas aTu
KoopAnHaTbl 3afaHHbIMKU, BblpasuTb Q B OEKAPTOBOW CUCTEME U LUWUIMHOPWYECKOM CUCTEMAaX
koopauHaT. OtBeT Q = sinB cosy- i + sin Bsiny- j + cosO - k.

lMycTb B 3agaHHOM TOYKE NPOCTPAHCTBA I yrnoBasi MfOTHOCTb NOTOKA YacTuu, M30TPOMHa, T.e.
onucbiBaeTca BblpaxeHnem ¢(r ,Q) = F(rl1) / 4mw. OnpegenuTb: a) MMAOTHOCTb MNOTOKa B
NonoXnTenbHyo nonycdepy HanpasneHun (Bnepead); 6) Npoekumio yrnoBon NAOTHOCTU TOKa Ha
HanpaBneHune, 3agaBaemMoe eaANHNYHbIM BEKTOPOM K; B) MHTErpanbHyto NioTHOCTb Toka.  OTeeT
a)e+(ril)=F(ri)2;6) (,)(),)4m kI rQ=FrQks)O0.

Hantn yrnoByto NnOTHOCTb MOTOKA YacTuL, B NPOW3BOSIbHOW TOYKE Had MNIIOCKUM W30TPOMHbLIM
WMCTOYHUKOM, Mcnyckawwmm v yact./(cm2 -c).  OtseT: v/(41Tu),u>0;0,u<0

M30TpOnHbIN NOBEPXHOCTHBLIA UCTOYHUK, UCMYCKaKOLWMIA vV YacT./(CM2 -C), paBHOMEPHO MOKpbIBaeT
NnoBepxHOCTb nonycdepsl paguycom R. MNpegnonaras oTcyTCcTBUE MOMNOLWEHUA BHYTpU cdepbl,
HaWTK NIIOTHOCTM MNOTOKa M TOKa YacTuy B LieHTpe cpepbl.  OTBeT ¢ = v/2; J = v/4.

TouYeUHbIi M3OTPOMHBIA UCTOYHWK Y-M3NydeHus, ucnyckawowmin 3,7-101° yactuu/c, Haxogutca B
HenornowatLLen n HepaccemBatLlen cpege Ha pacctosHun 100 cm oT obnyyaemoro obpasua us
antoMuHua obvemom 0,1 cm3 . Onpedenntb ceyYeHne HEeKOrepeHTHOro paccesiHus (POTOHOB Ha
3NeKTpoHax, ecnu B eaunHULYy BpemeHu B obpasue pacceunsaetca 1,5-10% potoHoB.  OtBeT 0,65
10%4cm?.
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OnpegenuTb MakcMMarnbHO BO3MOXHYHO 3HEpPrnto OOTOHOB MOCME KOMMNTOHOBCKOIO paccesiHus Ha
yron 6 = 180°. OtBeT Emax = 0,255 M3aB.

Paccuntatb nonmHOe MUKPOCKONMMYECKOE CevYeHne B3auMOLENCTBUSA ramMMa-uanyyeHuss nns
atunoeoro cnupta C2H50H, nmetowero nnotHocTtb 0,79 r/cm3 , ans aHeprum 0,08 MaB. OTeet
0,139 cm?

BbluMcnnTb CTeneHb aHM30TPOMMKU YINOBOro pacnpegeneHna ¢OTOHOB MNPy KOMMTOHOBCKOM
paccesdHun OnNs HadanbHbIX 3Heprun, paeHbix 0,01; 0,1 n 10,0 MaB, noHumasa nog aTUM
OTHOLLEHME BEPOSATHOCTEN paccesHus Ha yribl 0, pasHble 0° 1 180°.  OteeT 1,24; 2,02; 83,0.
Hantn cBaA3b mexagy yrnamm ynpyroro paccesiHus HEMTPOHOB Ha sape Bogopoda B nabopaTopHon
cucTeme koopamHart Bs u B cucteme LeHTpa uHepuumn 8..  OTBeT cos B8s = cos 6¢/2.

MycTb HEWTPOH UCMbITLIBAET HEYNPYroe paccesiHne Ha NepBoOM ypoBHe Bo3GyxaeHus *°Fe (Q = -
0,845 MaB). Onpegenutb: a) Npy KakoM MWHUMANbHOW HavanbHOW 3HEPrMM BO3MOXHO 3TO
paccesiHne; 6) Npu Kakom MWHMMAarnbHOW Ha4vanbHOW 3HEPrMM BO3MOXHO paccesiHne Ha yrnbl 6S,
paBHble 45° 1 90° . OTtBeT a) 0,860 MaB; 6) 0,8602 M3aB; 0,8603 MaB.

lMokaxuTe, YTO cpegHMe NOTEPU SHEPTUM MNP U3OTPOMHOM YNPYroM paccesHun Ha aape maccom A
paBHbl AE = 2E A /(A + 1)7

MonyunTb pelleHne ypaBHEHNA 3NeMeHTapHOM Teopun gnddysmm B 6€CKOHEYHOW OQHOPOAHOWN
cpede AOns TOYEYHOrO0 WU MIIOCKOTO  M3OTPOMHbIX  MCTOYHWKOB  €OWHUYHOW  MOLLHOCTMW.

L olle) = oexe(-lal/L.

OtBeT @(r) = =

B npuGnmxeHun anemeHTapHoW Teopun OAUddYy3unM HaWTU KPUTUYECKUA pasmep Liapa us 25U,
CunTtaTb, YTO HEWTPOHbI, poXAalLmecs Npu OeneHUn, UMEeKT OOHY 3JHEepruio, KoTopas He
nsMeHsieTcs B npouecce auddysun. Mpu pacyeTtax NpuHATL 2, = 0,357 cm-1; s = =0,393 cm?;
>=0,193 cm?; v=2,46. OtBeT 6,52 cwm;

MonyunTb pelleHne ypaBHEHUs BoO3pacTa ANns MNNIOCKOr0 MOHOSHEPreTUYECKOro WCTOYHMKA
€ONHNYHOM NOBEPXHOCTHOM MOLLIHOCTK B BeckoHeuHon ogHopoaHon cpege. OTteer

1 z?
q(Z, 1—) = \.'Im exp (_ E)
KonnumumpoBaHHbIN ny4ok (OOTOHOB HOpMaribHO NagaeT Ha nonybeckoHeuvHyt cpefdy, B KOTOpOW
n3nyy4eHue WUCNbITbIBAET M3OTPOMHOE paccesHne 6e3 u3MeHeHus aHeprun. B npubnvxeHuu
OOHOKPATHOro paccesiHus onpeaenuTb  3aBUCUMOCTb OBpaTHOroO BbIXOA4a MU3ryyYyeHuss OT
PacCTOAHUSA I 40 TOYKW NageHus U3nyvyeHus Ha cpegy npu ycnosuu, ytor >> 1/u. Otset f (1)
exp(—=r).

KpMTepMVI M WKanbl oueHnBaHuUA.
[1na oueHnBaHMA BbINONHEHUS 3a4aHUN NCNoJib3yeTcd GannbHasa wkana:

1) oTKpbITbIE 3aaaHus (TECTOBLIE, CPeaHUN YPOBEHb CIIOXKHOCTU):

1 6ann — ykasaH BepHbIN OTBET;
0 6annoB — yka3aH HeBEPHbIN OTBET, B TOM YMCIE YaCTUYHO.

2) 3aKpbITble 3a4aHunsl (NOBbILUEHHbIA YPOBEHb CITOKHOCTW):

5 Bannos — ykasaH BepHbI OTBET;
2 6anna — ykasaH HeBEpHbI OTBET, HO NPUBEAEH BEPHbIX XO4 PELUEHUS;
0 6annoB — yka3aH HEBEPHbIN OTBET.



