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PABOYASA NPOrPAMMA YYEEHOW OAUCLUUMITUHDI

B1.B.04 Teopus nepeHoca U3ny4yeHUn

1. Koa n HaumeHOBaHMe HanpaBfieHUA NOoAroToBKu/cneunanbHOCTH:
14.05.02 ATOMHbIE CTaHUUK: NPOEKTMPOBAHKUE, aKcnnyaTaums N UHXNHUPUHT
2. Mpodmnb nogroToBkK/cneymanmsaumsa:

[MpoekTnpoBaHmne 1 akcnnyaTtaunsa aTOMHbIX CTaHLUNI

3. KBanudumkauua BbInyCKHUKA: NHXEHEP — (PU3KK

4. dopma ob6y4eHus: oyHas

5. Kachenpa, oTBevarLan 3a peanmsaumo QUCLUNIIUHBI:

Kadegpa ssgepHon Pu3nkm

6. CocTtaBuTENM NporpamMmmbil:

K.dp.-M.H., goueHT Jonrononos Muxann AHaTonbLeBn4

7. PekomeHaoBaHa:

Hay4Ho — MeToanyeckum coBeToM hmandeckoro akynoTteTa, npotokon Ne2 ot 25.02.2022 .
Paboyas nporpamma npoaneHa Hay4yHO-MeTO4MYECKMM COBETOM hmnandeckoro gakynbteta ot
25.05.2023, npoTokosn Ne5.

8. YuebOHbIn roa: 2024/2025 CemecTp(bl): 5



9. Llenn n 3apayum y4e6HON ANCLUUNIIUHDBI

Llenisimu oceoeHusi y4ebHoU OucyurniuHbl S61siK0mcs:

- O3HaKoOMSieHWE CTYOEHTOB C OCHOBHbIMW 3aKOHOMEPHOCTSIMW pPacnpOCTpaHEHUs
3apPSHKEHHbIX YacTUL, POTOHOB N HEMTPOHOB B Pa3fiMYHbIX Cpeaax, u3ydeHne MeTofoB pacyeTa
XapaKTepUCTMK B3aMOLENCTBUS, NPUOBPETEHNE YMEHUI BbIMOMHATE pacyeTbl XapakTepUCTUK
NPOXOXAEHNSA NOHN3NPYIOLLNX U3NTYYEHUI B BELLECTBE.

3adayu y4yebHoU OuCyUMNUHBI:

- 3yunTb byHOAAMEHTanbHble NOHATUA, 6Ga3oBble MOAENW, NPUHLMMNBI U MaTeMaTUYeckue
MeTOAbl TEOPUMN NepeHOoca U3Ny4YeHnin, a Takke rpaHuLbl X NPUMEHNUMOCTH

- HAYYUTbCA BbIOAENATH KOHKPETHOE «(bM3NYEeCKoe» coaepaHne B NpUKNagHbIX 3agadax
nepeHoca W3nNyyYyeHUn, NPOBOAMTb aHanu3 MOoSfyYeHHbIX pe3ynbTaToB, CTaBUTb W pellaTb
KOHKpPETHbIE 3a4a4um nepeHoca n3nyyeHunim

-OBNageTb MeTogaMum pacdeTa XapakTEpUCTUK MOTOKOB YacTUL, B BeELLECTBE Kak
aHaNUTUYECKUMU, TaK U YUCNEHHBbIMW, C MPUNOXEHUAMM K PELUEHMIO TUMNOBLIX 3adady Mo
nepeHocy N3nyyeHum

10. MecTo yyebHOM AncuMNUHbLI B cTpyKType OOI:

YyebHas gncumnnuHa Teopus nepeHoca nasnyyvyeHnin OTHOCUTCA K BapuaTtMBHOM YacTn broka 1.

11. MNMnaHupyemble pe3ynbTaTbl 00y4YeHUs no AucuunnuHe/moayno (3HaHUSA, YMeHus,
HaBbIKW), COOTHECEHHbIE C NNaHUpyeMbIMU pe3ynbTaTaMy OCBOEHUA obpa3oBaTenbHOMU

nporpamMmmbl (KOMneTeHuMHMM) n UHAUKaTopamMun NX 4OCTUNXKEeHUA:

Kog HasBaHue Koa(bl) WuaukaTop(bl) lMnaHnpyemble pesynbTaTbl 06y4eHns
KOMMeTeHL MK
CnocobeH
NpoBOANTL
NPOU3BOACTBEHHO -
TeXHonornyeckme
nccrnegoBaHus
cuctem un Bnapeert pelueHuem
obopynoBaHusa MaTeMaTU4eCKMX,
aTOMHbIX hU3nNYecKnx un
MK-1 | anekTpmnyeckmx MK-1.3 | xmmMn4ecknx 3agad B
CcTaHuMn 1 KOMMIEeKCHOMN 3HaTb: OCHOBbI TEOPUM NepeHoca U3nyyYyeHnn
A0epHbIX UHXXEHEepPHOM
3HEpPreTUYECcKnX AesaTensHoCcTH YMeTb: UCNonb3oBaTb OCHOBHbIE 3aKOHbI TEOPUU
YCTaHOBOK, nepeHoca M3ny4YeHun ansg coctaBneHuns
y4yacTBOBaTb BO MaTemMaTn4ecKoro onMcaHusa obbekTa
BHeApeHUM MoAennpoBaHus;
pes3ynbTaToB
nccrnegoBaHum Bnagetb: caMoCTOATENbHO BLINOMHATL
CnocobeH TeopeTU4ecKkmne pacyeTbl NPU PELUEHUN HayYHbIX
aHanuanpoBsaTtb 1 nccnepoBaTenbCknx 3agad C UCMOoNb30BaHNEM
HEWTPOHHO- MoosoauT COBpPEMEHHbIX METOO0B; BbIOUpaTh agekBaTHbIe
dumsmnyeckue, Hepl7IT (')ELHHo KOHKpPETHOW 3agaye MeToAbl ONMUCaHNS U
TeXHomnormyeckme cpm3vﬁ+ecn<me " pacyeTa XxapaKkTepucTuk B3aumMogencTeus
npouecchl n N3Ny4YeHN C BELLECTBOM.
TennorvapasnmMyeck
anropuTMsbl Ve DACYETHI
MK-6 | koHTponNS, MK-6.2 P
obopynoBaHua AC u
ONarHocTuku,
ero 3f1IeMEeHTOB B
ynpaBsreHnsi n
CTaunoHapHbIX 1
3alUMThI B
HecTaLoHapHbIX
CTaunoHapHbIX 1
pexumax paboTbl
HeCcTaLMOHapHbIX
pexvMax paboThbl,
obecneuuBaTb




onTuMarbHble

pexumbl paboThbl

A0epHOro

peakTopa,

TennoMexaHn4yecko

ro o6opygoBaHus u

3Heprodnoka AC
3HaeT OCHOBHbIE
cBoWCTBa
paguaunoHHOro

CnocobeH N3NyYeHNs 1

BbIMOMNHATb MK-8.1 | metoapbl ux

MHAMBUAOYanNbHbIN perncTpaumm,

0031MeTPUYECKUin cnocobbl 3alnTbl OT

KOHTPOIb VNOHMN3NPYIOLLNX

obnyyeHus n3ny4yeHnm

nepcoHana 3HaeT npuHumn

MK-8 | opraHusaumm Jencreus,

aTOMHOW oTpacnu, KOHCTPYKLMM 1

obpabaTbiBaThb npasuna

pesynbTathl TEXHUYECKOW

pagnaunoHHOro MK.g.3 | 2Kcnmyarauum

KOHTpOns cpeacTs

opraHusauum 0031METPUYECKOTO

aTOMHOM oTpacnu KOHTPOISA U
OEeTeKkTopoB
NOHMN3NPYIOLLNX
N3nyvyeHnm

12. O6beM AMcuUNnuHbI B 3a4eTHbIX egunHuuax/yac. — 6/216.

CDopma npomex(yTquoﬁ aTTecTauun - sK3aMeH

13. TpypoemMkocTb No Buaam y4ebHown paboTbl

TpynoemMKocTb

Bug yuebHol paboTbl Bcero [lo cemecTtpam

5 cemecTp

AyaNTOpPHbIE 3aHATUSA 84 84
nekunu 34 34
B TOM 4ucne: npakTnyeckue 16 16
nabopartopHbie 34 34
CamocTosaTensHasi pabota 96 96

dopma NPOMEXYTOYHOW aTTecTaumm 36 Ok3ameH (36 4)
UToro: 216 216

13.1. CopepxaHue gUCLUUNINHbI

Peanusauwns
pasgena
HaumeHoBaHue pasgena AVCUUNIINHBI C
Ne n/n S CopepxaHue pasgena gUCUUnIvHbI OMOLLBIO
OHnamnH-Kypca,
QYMK*
1. Nlekuun
AKTMBHOCTb pagunoHyknuaa. NoctosaHHasa pacnaga u
nepuopg nonypacnaga. [loTokoBble U TOKOBbIE
XapaKTepPUCTUKN MO N3NyYeHUA U eQnHULbI UX
OundpdepeHumnansHbie n namepeHus. lNMoHATne anemeHTapHom cdpepbl. PritoeHe
11 WHTEerparnbHble YyacTtuy,. MNMNOTHOCTL TOKa YacTuy, BAOMNb 3aaHHOro i
' XapaKTepucTmKu HanpasneHusa. [iBaxabl AnddepeHumansHble rno
N3nNyyYyeHni. yrnam n 3Heprum cev4eHns paccesHns.

Makpockonuyeckoe cevyeHne B3auMoaencTBus
(nuHerHbIN kKo3hMLMEHT ocrnabneHus), anuHa
cBobogHoro npobera, cnov NofIoOBMHHOIO ocnabneHust.




1.2

3nemeHTaprle aKThbl
B3anMMOAENCTBUSA
VISJ'Iy‘-IeHVIIZ C BewecTBOM.

B3anmogencrasne anekTPoOHOB U APYrnX 3apsKeHHbIX
yactuy,  C BELLECTBOM. MoHM3aLMOHHbIE "
pagvaunoHHble noTepu, ¢opmyna bete-lanTtnepa.
B3aumopencteue ¢oTOHOB c BELLLECTBOM.
DoTO3DPEKT, KOMMNTOHOBCKOE paccesiHue,
obpasoBaHue 3MNEKTPOHHO-MO3UTPOHHbIX nap.
B3aumopencteue HENTPOHOB c BELLIECTBOM.
Knaccudpmkaums HenTtpoHOB no aHeprusam. Cragum
npoTeKaHUa  a4epHbIX  peakuuMm € yd4acTuem
HenTpoHOB. KuHemaTuka paccesHuss HEenTPOHOB.
Makpockonunyeckue cedeHms NormnoLeHus 1 genexHus.

13

YpaBHeHMe nepeHoca.

UHTerpo-ancddepeHumansHaas ¢opma  ypaBHEHUs
nepeHoca (KMHeTu4eckoe ypaBHeHve bonbumaHa).
paHnuHble ycnoBusi. YpaBHeHWEe nepeHoca Ans
NSIOCKOWN, LMNnHOPUYECKON n chepudeckon
reometpun.  CBoWcTBa  ypaBHEHUSH nepeHoca.
WHuTerpansHas dopma ypaBHEeHWs nepeHoca
(ypaBHeHue [Manepnca).

1.4

AHanutuyeckne mMeToabl
peLleHnst ypaBHEHUS
nepeHoca.

OnemeHTapHas Teopua aucddysmm. N P -
pasnoxeHue. TpaHCNOPTHOE CeYeHMe U CceveHue
nornoweHns. KoadduumeHt u gnvHa guddysun.
3akoH ®uka. PyHKUUA BNIUSHUSA TOYEYHOrO UCTOYHMKA.
Cdepuyeckn M UMNUHAPUYECKUA NOBEPXHOCTHbIE
uctouHukn. [llpegensl npuMmeHumocTn  guddy3sHowm
TEopUN.

15

OcobeHHoCTM onncaHus
nepeHoca HeMTPOHOB.

Teopusi 3amepneHus. YpaBHeHME ANns MAOTHOCTU
CTOMKHOBEHUSI W €ro peLleHue. Mpubnuxexne
HenpepbIBHOrO 3amenrneHus. Jletaprusi, NMAOTHOCTb
3amearneHnst 1 Bo3pacT. Teopus Bo3pacTa. YpaBHeHME
Bo3pacta. YcCnoBuMe MPUMEHMMOCTW  BO3pPacTHON
Teopun. MeTon nocnegoBaTeslbHbIX CTOSIKHOBEHUNA.
MpeacraBneHne NNOTHOCTU MOJSIHOrO NOTOKa YacTuly, B
meToae nocriegoBaTenbHbIX CTONKHOBEHUMN.
MMNOTHOCTM NOTOKOB OAHO- U OBYXKPATHO pacCesiHHbIX
YacTuy, B OAHOCKOPOCTHOM NMPUBIIKEHUN.

1.6

AnropuTtmsl
CTaTUCTUYECKOTO
MOAenMpoBaHns nepeHoca
3apsKeHHbIX YacTuu,.

MeToan «yKpynHeHHbIX coyaapeHuin». MHorokpaTHoe
KynoHoBckoe paccesiHne. PacnpepeneHne Monbep u
Mayocmuta-CayHgepcoHa. dnykTyaumm
WOHMN3ALUMOHHBIX U pagnaunoHHbIX noTepb. Kackagbl
yactuy. OcoBeHHOCTM MNOTepb 3JHEPrUU  TSHKENbIX
3apshkeHHbIX YacTuy B BelecTse. vk bparra

1.7

Anroputmbl
CTaTUCTUYECKOTO
MOoOenupoBaHus nepeHoca
ramMmma-un3ny4eHusl.

B3aumopgencteue ¢oToHOB c BELLIECTBOM.
DoTo3DDEKT, KOMNTOHOBCKOE paccesiHue,
obpaszoBaHue 3MNEKTPOHHO-MO3UTPOHHbIX nap.
CneKTpanbHO-yrmnoBble  XapakTEPUCTUKA  BTOPUYHBIX
$OTOHOB 1 3NEKTPOHOB (NO3UTPOHOB).

2. MNpakTnyeckue 3aHATUA

2.1

OundpdbepeHumnansHbie n
WHTEerparnbHble
XapaKTepucTuku
N3nNyyYeHni.

AKTMBHOCTb paguoHyknuaa. lNoctosHHasa pacnaga u
nepvod nonypacnaga. lNoTokoBble N TOKOBbIE
XapakTePUCTUKM MO U3NYYEHUIA N €ANHULbI UX
namepeHus. NoHATMe anemeHTapHoM ccepbl. PrnroeHc
YyacTtuu. MNMNOTHOCTL TOKa YacTuL, BAOMb 3a4aHHOIo
HanpasneHus. [iBaxabl AnddepeHumnansHble No
yrnam n 3Heprum ceveHns paccesiHus.
Makpockonunuyeckoe ceveHne B3aMMoaencTBuUS
(NMHenHbIN kKO3 hULMEHT ocnabnenust), anvHa
cBobogHoro npobera, Cron NONOBMHHOIO ocrabnexus.

2.2

OnemMeHTapHble akTbl
B3aMMOEeNCTBUS
N3y4YeHnin C BeLEeCTBOM.

B3anmogenctesne anekTpoHOB U APYrNX 3apsiKeHHbIX
yacTuy c BELLECTBOM. MoHu3aUmMOoHHbIE n
pagvauuoHHble noTtepu, ¢opmyna beTte-lanTtnepa.
B3aumopencteue ¢oTOHOB c BEeLLLeCTBOM.
doToadhdexkT, KOMMTOHOBCKOE paccesHue,
obpasoBaHue 3NEKTPOHHO-MO3UTPOHHBIX nap.
B3aumopencrteune HENTPOHOB c BELLECTBOM.




Knaccudpukauma HentpoHOB no aHepruam. Cragum
NPoTEKaHUA  S4epHbIX  peakuun C  yvacTuem
HenTpoHoB. KuHemaTuka paccesHus HEWTPOHOB.
MakpockonuyeckMe cev4eHnsi NOrMoLEHNS N AeNeHus.

2.3

YpaBHeHMe nepeHoca.

WHTerpo-anddepeHumnansHaas dopmMma  ypaBHEHUS
nepeHoca (KMHeTU4Yeckoe ypaBHeHVe bonbumaHa).
paHMyHblEe yCroBMA. YpaBHEHWEe nepeHoca Ans
NSTOCKOWN, LMNNHOPUYECKON n cthepuyeckon
reometpun.  CBoWcTBa  ypaBHEHUSHA nepeHoca.
WHTerpanbHas dopma ypaBHEHUs nepeHoca
(ypaBHeHue MNanepnca).

2.4

AHanuTnyeckue mMetoapl
pelweHna ypaBsHeHusa
nepeHoca.

OnemeHTapHas Teopua aucdpdysmm. N P -
pasnoxeHue. TpaHCNOPTHOE CeYeHMe U CeyeHue
nornowieHns. KoacdduumeHt u pgnuvHa avddysuu.
3akoH ®uka. OYHKUNSA BNUAHUS TOYEYHOrO UCTOYHMKA.
Cdbepuyecknn M1 UUIUHOPUYECKUIA MOBEPXHOCTHLIE
ncToyHukn. [Mpegenbl npuMmeHnmocTn  andbdysHom
TEopUN.

2.5

OcobeHHOCTN onncaHns
nepeHoca HEMTPOHOB.

Teopusi 3amennieHusi. YpaBHeHMe Ans MAOTHOCTU
CTOJIKHOBEHUSI M €ro peLleHune. MpubnmxeHne
HenpepbIBHOrO 3amennieHus. JleTaprusi, NfAOTHOCTb
3amMearneHnst 1 Bo3pacT. Teopus Bo3pacTa. YpaBHeHME
Bo3pacta. YcCnosvMe MPUMEHMMOCTM  BO3PaCTHOW
Teopun. MeTon nocnegoBaTenbHbIX CTOSIKHOBEHUN.
MpeacraBneHme NNOTHOCTU MOSHOrO NMOTOKa YacTuy, B
MeToae rnocnepoBaTefbHbIX CTOJIKHOBEHUNA.
[MNOTHOCTM NOTOKOB OAHO- U OBYXKPATHO pacCesiHHbIX
YyacTuy, B OAHOCKOPOCTHOM NMpUBImKEHUN.

2.6

AnropuTtmbl
CTaTUCTUYECKOTO
MoOenupoBaHus nepeHoca
3apsSPKEHHbIX YacTuy,.

MeToa «yKpynHeHHbIX coydapeHuin». MHorokpaTHoe
KyrnoHoBckoe paccesiHne. PacnpepeneHne Monbep u
layocmuta-CayHaoepcoHa. ®nykTyaumm
WOHU3aUMOHHBIX U paguauMoHHbIX MoTepb. Kackagpl
yactuy. OcoBGeHHOCTM MNOoTepb JHEpPrnu  TAXenbiX
3apskeHHbIX YacTuy B BewlecTtse. lNuk bparra

2.7

Anroputmbl
CTaTUCTMUYECKOTO
MOAENMPOBaHUA NepeHoca
raMmma-usnyyeHusl.

B3aumopencteue ¢oToHOB c BELLIECTBOM.
doToadhdekT, KOMMTOHOBCKOE paccesHue,
obpasoBaHue 3NEKTPOHHO-MO3UTPOHHbIX nap.
CnekTpanbHO-yrroBble  XapakTePUCTUKA  BTOPUYHBIX
(POTOHOB 1 3MEKTPOHOB (MO3UTPOHOB).

3. llabopaTopHble 3aHATUSA

3.1

OundbdepeHumnanbHbie 1
WHTEerparbHble
XapaKTepPUCTUKM
N3NyyYeHni.

AKTMBHOCTb pagunoHyknuaa. lNocTosiHHaa pacnaga u
nepvog nonypacnaga. lNoTokoBbie N TOKOBbIE
XapakTepPUCTUKM NOMS U3NYYEHUA N €ANHULbI UX
namepeHus. NoHsaTne anemeHTapHon cepbl. PnroeHc
yactumuy. MNMNoTHOCTL ToKa YacTul, BAOMb 3a4aHHOMO
HanpasneHus. [Baxabl auddepeHumanbHbie no
yrrnam 1 SHeprum ceveHnsi paccesHus.
Makpockonuyeckoe ceveHne B3aMMOoL4encTBus
(NMHenHbIN KO3 hULMEHT ocnabnenns), anvHa
cBobogHoro npobera, cnowv NosIOBUHHOIrO ocnabnexus.

3.2

OnemeHTapHbIe akThbl
B3aMMOLEeNCTBUS
N3MNy4eHUii C BELLECTBOM.

B3aanmopgencTemne anekTpoHOB N ApYrnx 3apsXKeHHbIX
YyacTuy, ¢ BeLLeCTBOM. MOHU3aUMOHHbIE U
paguauunoHHble notepu, opmyna bete-lrantnepa.
Baaumogencteme (bOTOHOB C BELLECTBOM.
doTo3hPeKT, KOMNTOHOBCKOE paccesiHue,
o6pa3oBaHMe 3NeKTPOHHO-MO3UTPOHHLIX Nap.
Bsaumogencteme HENTPOHOB C BELLLECTBOM.
Knaccudmkaumst HEUTPOHOB no aHepruam. Ctagum
NpoTeKaHUA SAepHbIX peakunii ¢ ydactnem
HeNTpoHOoB. KnHemaTuka paccessHus HEMTPOHOB.
Makpockonnyeckue cedeHus NormnoLeHns n geneHus.

3.3

YpaBHeHue nepeHoca.

UHTerpo-anddepeHumnansHas gopma ypaBHeHUS
nepeHoca (KMHeTnyeckoe ypaBHeHve bonbumana).
‘paHnyHblEe ycnoBus. YpaBHeHWe nepeHoca ans




NIIOCKOW, LUNMHAPNYECKON N chepruyeckon
reomeTpun. CBOWCTBA ypaBHEHUS NepeHoca.
WHTerpansHasa popma ypaBHeHWst nepeHoca
(ypaBHeHue [Manepnca).

3.4

AHanuTuyeckne MeToabl
peLlLeHns: ypaBHEHUS
nepeHoca.

OnemeHTapHas Teopus andpdysmm. N P -
pasnoxeHune. TpaHCMOPTHOE CEYEHNE N CeYeHne
nornoweHns. KoagpduumeHT n gnvHa angpayaun.
3akoH Puka. PyHKUNS BAUAHUS TOYEHHOTO MCTOYHMKA. -
Cdbepuryecknin n UMNNHAPNYECKUI MOBEPXHOCTHLIE
nctouHuku. Mpeaensl npuMmeHUMocTy A dy3Hom
Teopuu.

3.5

OcobeHHoCTM onncaHus
nepeHoca HEMTPOHOB.

Teopusi 3ameaneHus. YpaBHeHue ans nnoTHOCTH
CTOSKHOBEHUS 1 ero pelueHune. [NpubnuxeHve
HenpepbIBHOro 3ameaneHus. flletaprus, nNoTHOCTb
3ameaneHust u Bo3pacT. Teopwusi Bo3pacTa. YpaBHeHue
BO3pacTa. YCrnoBme NpMMEHUMOCTH BO3PaCTHOM
Teopun. MeTtop nocnegoBaTenbHbIX CTONIKHOBEHUN.
lMpencraBneHne NIOTHOCTU MOSTHOMO NOTOKa YacTul, B
MeToe nocrneaoBaTernbHbIX CTONIKHOBEHUNA.
[MNOTHOCTM NOTOKOB OAHO- N ABYXKPATHO PacCesHHbIX
YacTuL, B O4HOCKOPOCTHOM MPUBIVKEHWMN.

3.6

Anroputmbl
CTaTUCTUYECKOTO
MOOEennpoBaHus nepeHoca
3apsHKEHHbIX YacTuu,.

MeToa «yKpyMnHEeHHbIX coyaapeHuii». MHorokpatHoe
KynoHoBckoe paccesHue. PacnpegeneHne Monbep u
Mayocmuta-CayHgepcoHa. dnykryaumm
MOHWU3aUMOHHBIX U pagnaunoHHbIX NoTepb. Kackaapl
yactuy. OcoBeHHOCTU NOTEPb SHEPTUUN THKENbIX
3apskeHHbIX YacTuy B Bewectse. MNuk bparra

3.7

Anroputmbl
CTaTUCTNYECKOTO
MOZenMpoBaHus nepeHoca
raMMa-m3nyyeHus.

B3anmopgencTtene boTOHOB C BELLECTBOM.
DoTo3hPeKT, KOMNTOHOBCKOE paccesiHue,
o6pa3zoBaHMe 3NEeKTPOHHO-MO3UTPOHHBIX Nap. -
CneKTpanbHO-yrnoBble XapakTEPUCTUKM BTOPUYHbBIX
JPOTOHOB 1 3MEKTPOHOB (MO3NTPOHOB).

13.2. Tembl (pa3genbl) AUCUUNIUHBI U BUAbI 3aHATUN

Ne
n/n

HanmeHoBaHue TeMbI
(pasgena) gMcumnnuHbI

Bugbl 3aHaTU (KOMYECTBO YacoB)

CamocTtosiTenbHas

Jlekuum Mpaktnyeckue | JlabopaTopHble paBoTa

Bcero

OndepeHumnansHble n

WHTerparnbHble
XapakTepucTnku
N3Ny4YeHun.

4 2 4 12

22

OnemeHTapHble aKTbl
B3aMMOEeNCTBUS
M3NyYeHUii C BELLECTBOM.

12

22

YpaBHeHWe nepeHoca.

12

22

AHanuTnyeckme mMetToapl
peweHna ypaBHeHus
nepeHoca.

14

24

OcoBeHHOCTH onucaHus
nepeHoca HEWTPOHOB.

14

28

Anroputmbl
CTaTUCTUYECKOTO
MOZENMPOBaHUS

nepeHoca 3apsKeHHbIX
yacTtuu,.

16

32

AnropuTtMmbl
CTaTUCTMYECKOIrO
MOZENMPOBaHUS
nepeHoca ramMmma-

N3ny4veHus.

16

30

OK3ameH

36

Wtoro:

34

16

34

96

216




14. MeToan4yeckune ykasaHmMAa Ans ody4yaroLmxcsa no 0CBOEHNIO ANCLUNIIUHDI:

CtygoeHTam Ha nekumsx HeobxoaumMo BECTU NOAPOOHLIN KOHCMEKT MU cTapaTbCsl MOHSATb
mMatepman kypca. [ns nonHOro noHMMaHus martepuana cnegyet akTUMBHO WCNONb30BaTb
KOHCynbTauun. [nsi CamMOCTOATENbHOrO W3y4eHuUs pas3gernoB  Kypca, pPeKOMeHOOBaHHbIX
npenogasartenieM, Heob6XoAUMO MOMb30BaTbCS OCHOBHOWM W AOMNOSIHATENBHOW NUTEpaTypon,
WHTEPHET-pecypcamu.

Ha npaktnyecknx 3aHsaTMsIX HeobxoguMmMo YyMeTb pellaTb 3afjayu M aHanuv3anpoBaTtb
pelleHne, Ha YCTHbIX onpocax oby4yaeMbll AOSMKEH YMETb AEMOHCTPMPOBATb MOMyYEeHHbIE Ha
NEeKUMAX N NPaKTUYECKMX 3aHATUAX 3HaHUS, YMEHUS U HaBblkKM, OTBEYaTb Ha MOCTaBMEHHbIE
BOMpPOCHI, NOAAEPXKMBATb ANCKYCCUIO MO CyLLEeCTBY BONPOCA.

MeTogunyeckoe obecneyeHne ayantopHomn paboTbl: yuebHo-meToaMYECKME nocobusa ons
CTYOEHTOB, Y4€OHMKN N y4ebHble nocobusa, aneKTPoHHbIe U MHTEepHET-pecypchbl.

MeTognyeckoe obecnevyeHne camocTodaTenbHon paboTbl:  y4yeBHO-MeToaMYeckme
nocobmsa no opraHu3aumMm CamMOCTOATENbHOW paboTbl, KOHTPOSNbHbIE 3adaHUA U TecTbl B
OyMaXXHOM W OfEKTPOHHOM BapuaHTax, TEeCTUpPYKLLME CUCTEMbI, AUCTAHUMOHHblE GOPMbI
obweHna ¢ npenogasatenem. KOHTponb camocToAaTenbHOM paboThbl peanu3yeTcsi C NOMOLLbHO
OnNpoCoOB, TECTOB, BONPOCOB MO TEMaM 3a4aHun 1 T.A4.

15. lMepeyeHb OCHOBHOW WU [AONOJSIHUTENILHOW nUTepaTypbl, PECypCOB WHTEpPHeET,
Heo6X0AMMbIX AN OCBOEHUA AUCLUNIUHbI

a) OCHOBHasa nuteparypa:

Ne n/n NcTOYHMK
YepHsieB A.T1. MoHnsmpytowme nanydeHus : ydebHoe nocobue / A. I. YepHsieB; MockoBckuiA
1 rocygapcrBeHHbIn yHuBepcuteT uMm. M. B. JlTomoHocosa (MIY), ®unsumdeckuin dakyneteT. — 3-e n3a.,
' ucnp. n gon. — Mockea: KLY, 2014. — 314 c.: un. — bubnumorp.: c. 311-313. — ISBN 978-5-906226-
65-5.
2. A.l. YepHsieB. Bsanmogencrame noHmsmpyowero nanyveHus ¢ sewectsom. M.: dusmatnut, 2004.
3 KOpacoBa T./. OcHoBbl pagunaunoHHor 6esonacHocTn: YuebHoe nocobue. N3g.: ATuCO, 2008 r., 156
) CTp.
4 Kyopswos K0.6. PagnaunoHHas 6uodusnka (MoHM3npyoLwme nanyvyeHus): y4ebHuk. Maa.:
) DOUNBMAJINT, 2004, 443 cTp.

6) gononHWUTEnNbHasa NuTepartypa:
Ne n/n McTOYHMK
KupcaHoBa 3.B. PagnoakTtMBHOCTb: OTKpbITME,BUObI PaANOaKTUBHOCTU, OCHOBHbIE 3aKOHOMEPHOCTHU U

5. KONNYECTBEHHbIE XapakTepuUcTukn: YuyebHoe nocobue. M3a.: Msgatenbcteo MITOY, 2006 r., C.42
Metpos H0.®., PybuH A.B., Kygpswos H0.b. PagnaumnoHHas 6nocunsmka: paguovyactoTHbIE 1

6. MMWKPOBOSTHOBbIE 3NEKTPOMAarH1UTHbIE n3nyveHus: YuebHuk ansa sysos. M3a.: DASMAJIAT, 2008 r.,
184 cTp.

B) MHOPMALIMOHHbIE 3NIEKTPOHHO-00pa3oBaTenbHble pecypchl (0dulmnanbHble pecypcbl MHTEPHET):
Ne n/n Pecypc

7. www.lib.vsu.ru— 3HB BI'Y.

8. https://edu.vsu.ru — SnekTpoHHLIN yHuBepcuTeT BI'Y

9. https://e.lanbook.com — 3B6C «JlaHb»

10. https://www.studentlibrary.ru — 95C «KoHcynbTaHT cTygeHTa»

11. https://urait.ru — O6pa3osaTensHas nnatdopma «KOPAUT»

12. https://rucont.ru - NHpopMaLMOHHO-TENEKOMMYHMKALUMOHHAasa cuctema « KOHTEKCTyM»

16. NMepe4veHb y4eOHO-MeTOaNYECKOro obecneyeHns ANs CaMOCTOATENIbHOW PaboThbl

Ne n/n NcToYHMK

dPusnka sgepHoro peaktopa. HelTpoHHo-dusnyeckmin pacyet BBIOP: yuebHoe nocobue / A. A.
BnaroeweHckun, A. A. Kantotuk, M. H. KoHoBu4, B. H. MuTiokoB. — CaHkT-MNeTepbypr: CM6IT1Y,
2018. — 47 c. — ISBN 978-5-7422-6170-4. — TeKCT: aNeKTPOHHbIN // J1aHb: 3NeKTPOHHO-
onbnnoteyvHas cuctema. — URL: https://e.lanbook.com/book/112150+

13.

14. Knumos, AnonnoH Hukonaeswy. AgepHas dumsmka n saepHble peakTopbl: YY4ebHUK Ang cTyd. HX.-us.



http://www.lib.vsu.ru–/
https://e.lanbook.com/
https://www.studentlibrary.ru/
https://urait.ru/
https://rucont.ru/
https://e.lanbook.com/book/112150

cneu. By3oB / A. H. KnumoB. — 2-e n3g., nepepab. n gon. — M.: QHeproatommnsgar, 1985.— 350 c.:
vn.; 22 cm.

17. OO6pasoBaTtenibHble TEXHONOrMKU, UCNONb3yeMble TMNpu peanusauum y4ebHOM
AVCLMMNIINHBbI, BKIMOYas AUCTaHUUOHHbIe obpas3oBatenbHble TexHonoruun (OOT,
3neKTpoHHoe obyveHue (30), cmewaHHOe 0Gy4eHune):

Mpn  npoBedeHWM  3aHATUW  NO  AMCUMUNIIMHE  UCMONbL3YITCA  crieayloliune
obpasoBaTenbHble TEXHOSOMM:

— aKTUBHbIE U UHTEPAKTMBHbIE (DOPMbI NPOBEAEHNS 3aHATUN,

—  KOMMbKOTEPHbIE TEXHOOMMU NPWU NPOBEAEHUMN 3AHATUN:

— MNpeseHTauuMoHHble MaTepuanbl K TexHonormm npu ob6bACHEHUM MaTepumana Ha
NEKLMOHHbIX N NPAKTUYECKNX 3aHATUAX;

- cneuwanunsanpoBaHHoOe obopyaoBaHMe nNpu NpoBeaeHun nabopaTtopHbiX paboT;

— pas3bop KOHKPETHbIX CUTyauuin MpuM MNOCTaHOBKE Uenen u 3agad K paspaboTke
NpuKNagHblXx nporpamm, npu Bbibope nporpamMMHOro obecneyeHnss no YCTAHOBMEHHbIM
Kputepusam, npu paspaboTke nporpaMmm no NnpeaycMOTPEHHbIM anropuTMam n MeToAa.

Ana camoctoatensHon pabotbl mcnonbdyetca OBC YHuBepcuteTckas 6ubnuoTteka
online - www.lib.vsu.ru - 3HB BIY. [llporpammHoe obecrneyeHne, npuMeHaemoe npu
peanusauun aucumnnmHel — Microsoft Windows, LibreOffice, CodeBlocks, Adobe Reader,
Mozilla FireFox.

AnctaHunoHHbIE obpasoBartenbHble TEXHONOrnm (4oT) NPUMEHSIOTCSA c
ncrnonb3oBaHeM obpasoBaTenbHOro noprana «3ANeKTPOHHbIM yHuBepcuTeT BIY».

18. MaTepnanbHoO-TeXHU4YECKoe obecrneyeHne AUCUUNIIUHLI:

YyebHas ayantopus ons NnpoBeeHns 3aHSATMI CEMMHAPCKOro Tuna, TEKYLLEero
KOHTPOMS 1 MPOMEXYTOYHOW aTTectauum

CreuvanunsmpoBaHHas mebenb, y4ebHbI CTeHA ANS U3ydeHus OCHOB
nporpamMMypoBaHus LMdPOBbIX NPOLECCOPOB, y4eOHbIN CTeHA AN U3yYeHNs
MOJENnMpPoBaHWs 3KCNepUMEeHTasbHbIX CUrHanoB 1 nx 06paboTkn B peanbHOM
macltabe BpeMeHU C NOMOLLbIO MUKPOKOHTPONNEPOB, YYeOHbIN cTeHa Ang
mMoaenupoBaHus LngpoBort 06paboTKn CUrHaNoB B U3MepUTENbHbIX CUCTEMaX
dm3nyeckoro akcnepuMeHTa, y4ebHblin CTeHA AN U3ydeHnst asTomaTm3auum
n3mepeHui ¢ nomoLlbio 3BM 1 nporpaMmHo-ynpasniseMblX MOAYIbHbIX CUCTEM,
y4ebHbIV CTeHa Ans u3ydeHus umdpoBon pernctpaums cobbiTni, usmMmepeHus
aMNUTYAHbIX U BPEMEHHBIX pacnpedeneHni, uHtepdencos nepegayn AaHHbIX B
OBM, y4ebHbIn cTeHA AN U3y4eHNss OCHOB KOMMNbIOTEpPHOW Tomorpaduu, y4ebHbin
CTeHA ANns U3y4eHnst MHOro-napameTpu4ecknx 1 KOppensuuoHHbIX U3MEPEHNIA B
sgepHon ¢mauke Ha 6asze MK. PC IBM

r. BopoHex, nnowanpb
YHuBepcuteTckas, gom 1,
ayn. 5060

AyouTtopusa ansa camoctoaTensHom paboTel. CneunanuanpoBaHHas mebenb, r. BopoHex, nnowagp
komnbtoTepbl Pentium-I11, 11 (10 wT.), 06 beanHEHHbIE B NOKanbHYO CeTb C YHuBepcutetckas, g.1,
BO3MOXXHOCTbIO MOOKITIOYEHUS K ceTU «NHTEepHET». nowm.l, ayg. 50711

19. OueHou4Hble cpeacTBa ANA NPOBeAEHUA TeKyLen U NPOMEXYTOYHOMN aTTecTauumn

MopsiAoK OLEHKM OCBOEHMs obydallmmmucs yy4eGHOro matepuana onpeaensieTcs
coaepxaHMeM crneayoLwnx pa3aenos OUCUMNIIHBI

No HavnmeHoBaHue KoMneTeH WHankaTop(bl)
n /-n pasgerna QuCuUmnivHbl usi(n) OOCTMXKEHUS OueHouyHble cpeacTaa
(moayns) KOMMeTeHUmMmn
OundbdepeHumnanbHbie 1 nK-1 MK-1.3
1 WHTerparnbHble nK-6 MK-6.2 MpakTuyeckne 3agaym, BONPOCHI K
" | XapaKTepucTumKku nK-8 MK-8.1 aK3aMeHy
N3Ny4YeHni. MK-8.3




No HavnmeHoBaHue K WHankaTop(bl)
o oMneTeH
/n pasgena oucumnnvHbl unsi(n) OOCTUXEHNSI OueHouHble cpeacTBa
(mogyns) KOMMNEeTEeHL MM

OnemeHTapHbIe aKThbl
B3aUMOOENCTBUSA
N3ry4yeHun c
BELLECTBOM.
3. | YpaBHeHwue nepeHoca.
AHanuTnyeckme meToabl
4. | pelleHns ypaBHEHMS
nepeHoca.
OcobeHHOCTN onncaHns
nepeHoca HEUTPOHOB.
AnroputMmbl
CTaTUCTMYECKOTO
6. | MmogenupoBaHus
nepeHoca 3apsKeHHbIX
yacTtuy,.
Anroputmbl
CTaTUCTUYECKOTO
7. | mogenvpoBaHus
nepeHoca ramMmma-
N3Ny4yeHus.

lNpomexyToyHasa aTTecTaums MyHkT 20.2

dopMa KOHTPONsi — 9K3aMeH [MepeyeHb BONPOCOB K 9K3aMEHY

20. TunoBble OLEHOYHble cpeAcTBa U MeToAMuYEeCKUWe MaTepuanbl, onpegensilowme
npoueaypbl OLeHUBaHUA

20.1. TeKyWw i KOHTPOIb YCNeBaeMoCcTu

KoHTponb ycneBaeMocTu N0 AUCLMNIIMHE OCYLLECTBISAETCA C NOMOLLBIO CReayroLwmnx OLEeHOYHbIX
CpencTs:
MNepevyeHb NPUMEPHbIX NPaKTUYECKMUX 3apav:

1. Ha ckonbko a.e.M. cyMMapHasi macca npoaykToB AeneHus 23°U TennoBbiMM HEWTPOHaMM
OyaeT MeHbLLEe MacCbl UICXOOHOWM cucTemMbl? KakoBO Npu 9TOM OTHOCUTENBHOE U3MEHEHNE MacCbl?

2. CeyeHve geneHus TennoBbiMM HENTPOHAMM Ha SAPO AN eCTeCTBEHHOW CMECU M30TOMOB
ypaHa paBHO 4,22 GapH. BbluMcnuTb ceyeHue aeneHus TEnnoBbIMM HEWTpoHamu Ha sapo 23U,
yunTbIBas, 4To 28U TennoBbIMM HEUTPOHAMKU He AenUTCS.

3. OnpegenuTb KONMMYECTBO AENeHur u nornoweHun 6e3 geneHnst 3a 1 ¢ B pasmMHoOXatoLWen
cpege v3 ypaHa. [NOTHOCTb MOTOKA TEMMoOBbIX HEMTpoHoB ©o=1,0-10° (cm?-c)?, a oGoraweHune
Hyknmaom °U coctaensiet 5%.

4. MnacTMHKa U3 ecTeCTBEHHOro MeTannmnyeckoro ypaHa pasmepamu 1x1x0,1 cm® obnyyaetcs
B TeyeHne 24 4acoB napannenbHbIM MOTOKOM TENSOBbIX HEWTPOHOB, Mafarolmx No Hopmann K
MOBEPXHOCTU MNAcTUHKU. [NOTHOCTb NoTOoka HEWTPOHOB ®o=1,0°10° (cm?sc)?. OueHUTb MOsHY
3HEpPruio, BblAENMBLLYIOCA B pe3ynbTaTte AeneHus.

5. Kakoi cnoii 2°U npu nageHumn Ha Hero No TennosbiX HEUTPOHOB B CEKYHAY AaeT TO e YNCNOo
ObICTPbIX HENTPOHOB AENeHUs.

6. Hanbonee BeposTHble 3HAYEHUSI MACCOBbIX YMCEN OCKOMKOB AeneHus 2°°U TennosbiMu
HenTpoHamu cocTtaBnaT 95 n 139. BblMUCANTE SHEPrUN U CKOPOCTU KaXOoro M3 OCKONKOB, €Cnun ux
obLasa kmHeTnyeckas aHeprusa coctasnset 165 MaB.

7. B 4ém dumsmyecknii cmbicn KoaduumMeHTa pasMHOXEHUS HeMTpoHOB K? Bo ckonbko pas
YBENMYNTCA NepBOHaYanbHoOe KONM4YecTBO HEMTPOHOB B COTOM MOKONeHuu, ecnmn k = 1,017?

8. HaiTu uncrno HeMTpoHOB, BO3HUKAIOLLMX B CEKYHOY B peakTope C TennoBon MOLWLHOCTbIO P =
100 BT, ecnu cpefHee 4ncrno BTOPUYHbLIX HEUTPOHOB Ha KaXKabl akT genexHns n = 2,5, Cuntatb, YTO Npwm
Kaxxaom geneHmm ocsoboxgaetcs aHeprus Q = 200 MaB.

9. OueHnTb cpegHUn Npober HeNTpoHa B anNtOMUHUK A0 NEPBOro B3aMMOAENCTBMS.

10. HeWTpoH ynpyro paccesfnics Ha nepBoHaYanbHO nokovBlemcs sape °Be. Haitu gonio
KMHETUYECKOW 3HEPTUN, TEPAEMON HENTPOHOM MpKU paccesHuKn Ha yron J, ecnn J paseH 30, 90 n 150°.

Onucanwve KputepueB U WKanbl oueHnBaHUA KoMMeTeHL i (pe3yJ'IbTaTOB o6yqu|/|;|) npu atrecraunmn



KpMTepMMOHGHMBaHMHKOMHeTeHuMﬁ

YpoBeHb
chopmMMpOBaAHHOCTHU
KOMMEeTEeHUUn

LLikana oueHokK

Obyuyatowunca oeMoHCTpMpyeT NOSIHOE COOTBETCTBUE
3HaHWN, YMEHUIN, HABbIKOB NpUBEAEHHbLIM B Tabnuuax
nokasaTensam, cBoboaHo onepupyeT NpruobpeTeHHbIMU
3HAHWSIMU, YMEHUSIMU, MPUMEHSIET UX NPU PELLEHNM
NpakTU4ecKMx 3agad

MoBbILWEHHbLIN YPOBEHb

OTnunyHo

Obyyatowmmncsa 0eMoHCTPMpYeT COOTBETCTBME 3HAHUN,
YMEHW, HaBbIKOB NpUBEAEHHbIM B Tabnuuax
nokasaTensam, HoO JonyckaeT He3HaYUTENbHbIE OLINGKN,
HETOYHOCTW, UCMbITLIBAET 3aTPYOHEHMS MPU peLLEHUN
npakTMyeckmx 3agay

ba3soBbIli ypoBEHb

XopoLwuo

Obyuvatowuinca 4eMoHCTPUMpPYET HEMNonHoe
COOTBETCTBME 3HAHWUIA, YMEHWI, HAaBbIKOB NPUBELEHHLIM
B Tabnuuax nokasatensiM, 4ONyckaeT 3HAYNTENbHbIE
OLUMOKN NPU peLleHnn NpakTM4ecknx 3agad

MoporoBbi ypoBEHD

yﬂOBﬂeTBOpMTeﬂbHO

Ob6yvatowunca oeMoHCTpUpYeT SIBHOE HECOOTBETCTBME
3HaAHWN, YMEHUN, HABbIKOB NpUBEAEHHbIM B Tabnuuax
nokasarensm

HeynosneTtsopuTensHO

20.2. NpomexyTo4yHas atTecTayms

ﬂpomemyTquaﬂ arrectauma no AaumcuuniimHe OCyllecTBnAeTCA

OLIEHOYHbIX CPeaCTB:
MepeyeHb BONPOCOB K 3K3aMeHY:

AKTUBHOCTb paguoHyknvaa.

MocTosiHHas pacnaga u nepuog nonypacnaga.

lMoHATME aneMeHTapHOu cepbl.
dnoeHc YyacTuy,

IMNOTHOCTL TOKa YacTuL, BOOMb 3a4aHHOro HanpaslieHU4.

MOMOLLLbIO  CNEeAYLLMX

[MoToKOBbIE U TOKOBbLIE XapakTepnucTmkn nonsd |/|3nyquV||7| N eanHnUbl NX NSMepeHn4.

NGO~ WNE

13.
14.
15.
16.
17.

18.

19.
20.

21.
22.
23.
24,
25.
26.
27.

Osaxabl ouddepeHumanbHbie MO Yriam 1 3HEPTUN CEYEHUS PpacCesaHUS.

Makpockonuyeckoe ceyeHve B3aMMOAEWCTBUSA (NUHENHBbIN KO3MMUUMEHT ocnabnenus), AnvHa
cBoboaHoro npobera, Crior NOIOBMHHOIO ocnabreHus.

Baavmogencteue aneKkTpoHOB M APYTUX 3apsKEHHbIX YacTuL, C BELLLECTBOM.

. NoHnsaumoHHble 1 pagnaunoHHble notepu, gopmyna bete-lantnepa.
11.
12.

B3anmogencteme hOTOHOB C BELLECTBOM.

doToadpbhekT, KOMNTOHOBCKOE paccesHue, obpasoBaHWe  SNEeKTPOHHO-MO3UTPOHHLIX  nap.
B3anmoagencteme HEMTPOHOB C BELLECTBOM.

Knaccudpukaumst HENTPOHOB NO IHEPTUSM.

Ctagum npoTekaHnsa aaepHbIX peakunin ¢ y4acTmeM HENTPOHOB.

KuHemaTuka paccesaHnsa HEUTPOHOB.

Makpockonuyeckne ce4eHns NornoLeHNs U AeneHns.

WHTerpo-gnddpepeHunanbHas  d¢opma  ypaBHEHMs  nepeHoca  (KMHETMYECKOe  ypaBHEHUe
BonbumaHa). 'paHnYHbIE yCroBuUS.

YpaBHeHWe nepeHoca Ans MNAOCKOW, UunMHApuUYeckon u cdepudeckon reometpun. CBonCTBa
ypaBHEHWsI NepeHoca.

WHTerpanbHasa hopma ypaBHeHuUst nepeHoca (ypaBHeHue Manepnca).

OnemeHTapHas Teopus auddysumn. N P - pasnoxeHue. TpaHCNOPTHOE CEYEHME U CedeHue
NOrnoLweHus.

KoadhpumumeHT n anuHa guddysmu.

3akoH duka. PYHKUNA BANAHUS TOYEYHOIO NCTOYHMKA.

Cchbepuryecknin 1 LMNMHOPUYECKMIN NOBEPXHOCTHBIE UCTOYHUKM.

Mpepens npyuMeHMMOoCcTN AMddY3HON TEOPUMN.

Teopusa 3ameaneHuns. YpaBHeHne ng NioTHOCTU CTONKHOBEHUSA N €ro peLLeHme.

MpnbnuxeHne HenpepbIBHOrO 3amennieHms. Jletaprus, NoTHOCTbL 3aMeaneHns n Bo3pact.

Teopua Bo3pacTa.



28. YpaBHeHue Bo3pacrTa.

29. Ycrnosue NpUMEHMMOCTU BO3pacTHOM Teopuu.

30. MeToa nocnepgoBaTesibHbIX CTONKHOBEHUN.

31. NpeacTaBneHye NIIOTHOCTM MNOSHOMO NOTOKA YacTuL, B MeToAe nocrneaoBaTenbHbIX CTONTIKHOBEHWUNA.
32. [1NOTHOCTN NOTOKOB OAHO- M ABYXKPATHO PAcCEsIHHbIX YacTuL, B OOHOCKOPOCTHOM NPUGAMKEHNN.
33. MeToq «YKPYMHEHHbIX COYAapeHnn».

34. MHOrokpaTHoe KyfIOHOBCKOE pacCesiHue.

35. Pacnpegenenne Monbep n Naygcmuta-CayHgepcoHa.

36. ®ryKTyaunmn NOHU3aUNOHHbIX U paanaunoOHHbIX NOTepPb.

37. Kackagbl 4Yactuu,.

38. OcobeHHOCTM NOTEPb SHEPTUN TSHKENBIX 3apshKEHHbIX YacTul B BelecTse. [Nuk Bparra

39. ®doToahdekT, KOMNTOHOBCKOE paccesiHne, 00pa3oBaHUe SNEKTPOHHO-NO3UTPOHHBIX Nap.

40. CneKTpanbHO-YrnoBble XapakTepUcTUKN BTOPUYHBLIX (OOTOHOB U 3NEKTPOHOB (MO3UTPOHOB).

lMpomexyToyHas aTTectaunst NMPoBOAMTCA B COOTBETCTBMM C [lonoxeHnem O NPOMEXYTOYHON
aTTecTauum obyyaroLmxcsa no nporpaMMmam Bbicliero obpasoBaHus.

KOHTpOnbHO-u3MepuTenbHble MaTepuarnbl MPOMEXYTOYHOM aTtTecTaumu BKNOYalT B cebs
TeopeTnyeckne BOMPOCHl, MO3BOMAOWME  OLEHUTb YPOBEHb  MOMYYEHHbIX  3HaHUA  K/unn
npakTnyeckoe(ne) saagaHue(s), nossonsmLliee(ne) oueHNTb cteneHb CHOPMUPOBAHHOCTU YMEHUIN N(KIK)
HaBbIKOB, U(MNK) OMbIT OEATENBbHOCTMW.

Mpn oueHMBaHWUM NCNOMb3YIOTCA KONMMYECTBEHHbIE UITM KaYeCTBEHHbIE LKarnbl oueHOoK. Kputepum
OLleHMBaHWA NpUBELEHbI HUXE.

OnuncaHune KpUTEPUEB U1 LLKasbl OLEHNBAHNA KOMNETEHUMI (pe3ynbTaToB 00y4YeHus) Npy aTTecTauum

. YposeHb LLikana oLeHoK
KpuTepum oLleHMBaHNA KOMNETEHLWIA ChOPMMPOBAHHOCTH

KOMMeTeHuUumn

Ob6yvatowunca oeMoHCTpMpyeT NOSIHOE COOTBETCTBME
3HaHWI, YMEHWUIA, HaBbIKOB NPUBEAEHHLIM B Tabnuuax MOBbILLIEHHBIN YPOBEHD OTRANYHO
rnokasaTtensim, cBo6oaHO onepupyeT NpUobpeTeHHbIMU
3HAHWSIMU, YMEHUSIMU, MPUMEHSIET UX NPU peLLeHNI
npakTuyeckmx 3agay

Ob6yvaowunca 0eMOoHCTPMPYET COOTBETCTBME 3HAHUN,
YMEHWIA, HaBbIKOB NPMBEAEHHbIM B Tabnuuax
nokasaTensm, HO JOMyCcKaeT He3HauuTenbHble OWnbKK, BasoBbIil ypoBeHb Xopouo
HETOYHOCTU, UCMbITbIBAET 3aTPYAHEHWS NPU peLleHnm
npakTn4ecknx 3agau

O6yvarwunca 0eMOHCTPUMPYET HEMNOSHOE
COOTBETCTBME 3HAHWUIA, YMEHWIN, HaBbIKOB NPUBELEHHBIM
B Tabnuuax nokasaTensiM, 4ONyckaeT 3HaYNTENbHbIE
OLUMOKN NPpU peLleHnn NpakTM4ecknx 3agad

MoporoBbi ypoBEHb YOoBneTBOpUTENbHO

Ob6yvarwunca 0eMoHCTPUpPYET SIBHOE HECOOTBETCTBME
3HaAHWUN, YMEHUIN, HABbIKOB NpUBEAEHHbLIM B Tabnuuax - HeynosneTBopuUTENbHO
nokasarensam




nK-1
CnocobeH NpoBOAWTbL NPOM3BOACTBEHHO - TEXHONOMMYECKNE NCCNEeLOBaHUS CUCTEM U
060pyA0BaHMS aTOMHbIX 3MEKTPUYECKUX CTaHLUMUIA U SOEPHBIX SHEPreTUYECKNX YCTaHOBOK,
y4YacTBoBaTb BO BHEAPEHUWN pe3ynbTaToOB NCCNeaO0BaHUNA.

MepeyeHb 3agaHui Ans NnpoBepku chopMUPOBAHHOCTU KOMMNETEHLUM:
1. OcHOBHbIM 3hchbeKkToM, onpeaensitoLLmMM pacnocTpaHeHe ramMmmMa KBaHTOB B CBUHLIE Npu

aHeprmn <100 k3B sasngaeTcs
a. KomntoHOBCKOe paccesiHune
b. Ynpyroe paccesHune

c. dotonornouieHune

d. PoxgeHwue nap

2. 3amepneHne HEMTPOHOB A0 TEMNSOBbIX SHEPTUIN MOXET NPOMUCXOAUTL 3a CYET ...
B3aMMOLENCTBUA C sapamu
a. Ynpyroro noTeHuuanbHoro
b. Heynpyroro
c. PesoHaHcHoro
d. Bcex BbilenepeyncneHHbIx

3. OcHOBHbIM 3hheKTOM, ONpeAENOLWLNM pacnpocTpaHeHne raMMa-KBaHTOB B BOAE Mpu
aHeprnmn >1 MaB aBnseTtcs
a. KomntoHoBCKkoe paccesiHve
b. Ynpyroe paccesiHne
c. dortonornowieHne
d. PoxgeHwve nap

4. Ynpyroe paccesHne HEMTPOHOB Ha siApax BellecTBa sBnseTcs B obwem crnyvyae
a. CUMMETPUYHBIM, HE 3aBUCALLMM OT aTOMHOW MaccChbl
b. HecMmmeTpuyHbIM, HE 3aBUCALLUM OT aTOMHOW Macchbl
c. CMMMETpUYHbIM, HO 3aBUCALLMM OT aTOMHOW MaccChl
d. HecnmmeTpuyHbIM, 3aBUCALLIMM OT aTOMHOW Macchbl

5. Kakune adhdekTbl onpeaenstoT pacnpocTpaHeHne Nerkux 3apshKeHHbIX YacTul,
(3nekTpoHOB, NO3UTPOHOB 1 T.4.) B BeLecTee?
a. PaccesHune B none aToMHOro sapa v anekTpoHoB 060N04kM atoma
b. lNoTepu Ha BO3GYXaeHNe aTOMOB cpeapbl.
c. lloTepn Ha MOHU3aLMIO aTOMOB Cpeapbl.
d. MHoOrokpaTtHoe KyJIOHOBCKOE paccesdHne U NOHU3aUNOHHbIE NOTEPH.

MNMK-6
CnocobeH aHanu3anpoBaTb HENTPOHHO-PU3NYECKUE, TEXHOMOTMYECKINE NPOLECChI U anropuTMbl
KOHTPONS, AUarHOCTUKW, YNpaBneHns 1 3alyThl B CTaLMOHAPHbIX 1 HECTALMOHAPHbBIX peXumax



6.

8.

9.

paboTbl, 0becneumBaTb oNTUMAarnbHbIE PEXMMbI PaboThbl SAEPHOro peakTopa,
TennomMmexaHn4yeckoro obopyaosaHus n aHeprobnoka AC

_Kak 3aBucut ceveHne potonornoweHns oT aToOMHOro Homepa Z?

a. [NponopunoHansbHo Z.

b. MNponopunoHanbHo Z4°.
c. MponopunoHanbHo Z2.
d. MponopunoHanbHo Z3.

Kak cBs3aHbl BeNMYMHbI AnNnHbl AMddy3umn HEMTPOHOB L 1 cpeiHero CMeLLeHuns

HEMUTPOHa OT TOYKN poxaeHus R?

a. L=R

b. L=0.5R

c. L2="R2
L=

d. L2=R?

3

Kak cBsi3aHbl BENUYMHbI KBagpaTta AnvHbl 3ameaneHns (Bo3pacTta) HEMTPOHOB T U
CpeaHero CMeLLeHNss HEUTPOHa OT TOYKM poxaeHuss R?

a. =R

c. 1=0.5R
d T=§R2

[MNOTHOCTb TOKa HEMTPOHOB — 3TO

a. Cymma yucna HeIZTpOHOB, npoxogdawmnx 4epel3 MnoBepxXHOCTb €ANHUYHON
nnowann, B OBYX NPOTUBOMOJIOXKHbLIX HanpaBneHUudx, nepneHankKyndapHbIX

NOBEPXHOCTH, 3a eanHNLUY BpeMeHN

b. PasHOCTb uucna HEWTPOHOB, MPOXOOALMX 4Yepe3 MNOBEPXHOCTb €ANHUYHOW

nnowangun, B ABYX NPOTUBOMOJIOXKHbBIX HAanpaBlieHNAX 3a eanHULYY BpEMEHN

c. CymmMa 4ncna HEWTpPOHOB, MPOXOASLUMX Yepe3 MOBEepPXHOCTb eAWMHUYHOM

nnowanu, B ABYX NPOTUBOMNOJIOXKHbIX HanpaBlieHNAX 3a eJuHnLYy BpeMeHN

d. PasHOCTb 4ucna HEeWTPOHOB, NPOXOAALUMX Yepe3 MNOBEPXHOCTb eAUHUYHOM

nnowaan, B AOBYX MNPOTUBOMONOXHbIX HanpasneHundax, nepnedankyiaapHbIX

NnoBEpPXHOCTU, 3a eaAnHULY BpEMEHNU

10.MnoTHOCTb NOTOKa YacTuy, onpegenser

a. KonunyectBo Yactuu, NpoxoddaLmnx Yepes NoBEPXHOCTb EANHUYHOW NoLaamn 3a

eOVHULYY BPEMEHMW.
b. Konn4yectBo 4yacTtuy, npoxoasaLimx Yyepes noBepxHOCTb €ANHMYHOM Nowaan 3a
eaVHNLY BPEMEHU B onpeaeneHHOM HanpasBneHuu.

c. Konn4yectBo yactuu, npoxogAaLwnx 4yepea NoBepPxXHOCTb €aVHNYHOM nowaau 3a

eanHULY BpeMEHN 1 UMEIOLLINX ONpPeaeneHHYIo SHEPTUIO.
d. KonuuyecTBo YacTul, NpOXoAaLmnx Yepes noBepxHOCTb eAUHNYHON nnoLaaun.



11.Kakon popmynon onncbiBatoTCA CpeaHne noTepu aHepPrnm 3apsXKeHHoM YacTuubl Ha
eavHuue ONunHbl NyTU B BellecTse?
a. dopmynon Pesepdopaa
b. ®opmynon KomnTtoHa
c. Popmynon bete-bnoxa
d. ®opmynon Monbep

12.Makpockonuyeckoe ceveHne B3aMmoaencTBnsa YacTul, C BELLLECTBOM — 3TO
a. lNonHoe ceyveHne B3anmMoaenCcTBUSA YacTuLbl C A4POM
b. CedeHne B3auMogencTBmsi CO BCEMU apaMun B BELLLECTBE.
c. CpeaHee KONM4YeCTBO B3aUMOOENCTBMA C aTOMHbIMU SApaMu Ha eauHuLEe OSNUHbBI
nyTW B BELLECTBE.
d. CpegHee KONMYeCTBO B3aMMOLENCTBMI C aTOMHbIMU SSAPpaMK 3a eauHNLY
BPEMEHMN.

13.4710 HasbiBalOT NMKOM bparra npu pacnpocTpaHeHUn TXeSbIX 3apsKeHHbIX YacTuL, B
BellecTse?

dopmy yrrnoBon 3aBUCUMOCTU NMPU MHOFOKPATHOM YNpPYyroM paccesiHum.

dopmy yrrioBon 3aBUCUMOCTU MPU MHOFOKPaATHOM HeynpyroMm paccesHuu.

Peskuin pocT pagnaumoHHbIX NoTepb

Peskoe Bo3pacTtaHne MoHU3aLMOHHbBIX NOTEPL B KOHLE Npobera Yyactuu.

oo op

14 470 coaoepXxuT Hanbonee NOJIHYHO I/IHC*)OpMaU,I/II-O O CTauMoHapHOM rorsie I/I3J'Iy‘-leHI/I9|?
a. [NNnoTHOCTb NOTOKa YacTul
b. Yrnoeas 3aBUCMMOCTb NSIOTHOCTM NOTOKA YacTuL
Cc
d

C-)HeprequeCKaﬂ 3aBNCUMOCTb NMINMOTHOCTU NMOTOKAa 4YacCTul,.
. C-)HepreTquCKm-yrnosaﬂ NNOTHOCTb NMOTOKa YacTul,

15.Moyvemy cpeaHuiA yron OTKIIOHEeHNst OT NePBOHAaYanbHOro HanpaBneHus Ans TsHKenblx
3apSPKEHHbIX YacTU MHOTO MeHbLUE, YeM Y Nerkux, npu oanHakoBbIx npoberax?
a. Jlerkve 3apsiKeHHble YacTuLbl CUNbHEE B3aMMOOENCTBYIOT C aTOMaMMW.
b. Tspkenble 3apsikeHHble YacTULbl CUNbHEE B3aMMOAENCTBYIOT C aTOMaMM.
c. OTKNOHEHWE TXKENbIX 3apSXKEHHbIX YaCTULL Mario B CUINY 3aKOHOB COXPaHEHUS!
NUMNybca U 3HEePruw.
d. OTKNOHEeHWe Nerkmx 3apsiKeHHbIX YacTuL, BENMKO B cuny Gonbluei BepOSTHOCTM
NOHU3aLMMN.

MNnK-8
Cnoco6GeH BbINOMNHATL UHANBUAYaNbHbIA OO3MMETPUYECKUIA KOHTPOMNb 06MNyYeHus nepcoHana
opraHu3auun aToMHoW oTpacnu, obpabaTbiBaTh pe3ynbTaTbl paauaLMoOHHOIO KOHTPONS
opraHv3aLmm aTOMHOW OTpacnu.

1. Hanpaensiowmn BekTtop Q 0ObIMHO BblpaXalT B CHEepUdecKon cucTeme KoopauHart.
Cuutaa 93T KoopAuHATbl 3afdaHHbIMM, Bbipa3uTb Q B [AEKapTOBOM CUCTEME U
uunuHgpuyeckon cucremax koopauHat. OtBeT Q = sin@ cosy- i + sin Bsiny: j + cosO - k.

2. lMycTb B 3agaHHOM TOYKE MPOCTPAHCTBA I yrroBas NiOTHOCTb NOTOKA YacTuL M30TPOMHA,
T.€. onucbiBaeTcs BbipaxeHnem ¢(r ,Q) = F(ri1) / 4. OnpegenuTb: a) NNOTHOCTb NOTOKA B
NoNnoXuTenbHyo nonycdepy HanpasneHun (snepen); 6) Nnpoekuuto yrinoBon MAOTHOCTU



TOKa Ha HanpaBneHue, 3agaBaeMoe eANHNYHbIM BEKTOPOM K; B) MHTErpanbHyto NAOTHOCTb
Toka. OtBeta) @+(ril)=F(ri1)2;6)(,)(),)4m kIrQ=FrQkas)O.

3. Hantu yrnoByto NNOTHOCTb NOTOKa YacTuL, B MPOU3BOSIbHOW TOYKE Haz, NSTIOCKUM
N30TPOMHBLIM NCTOYHUKOM, UCMNYCKaOLLNM V YacT./(CM2 ‘C). Oteer: v/(41Ty),u>0;0,u<0

4. W30TpOmnHbI NOBEPXHOCTHBLIM MCTOYHUK, UCMyCKalOLWKUIM V YacT./(CM2 -C), paBHOMEPHO
NOKpbIBaeT NOBEPXHOCTb nonycdepbl paguycom R. MNMpeanonaras otcyTcTene
NOrnoLeHnst BHyTpU cdepbl, HAUTK MNAOTHOCTM NOTOKA M TOKa YacTul, B LLEHTpe cdepbl.
OtBeT @ =V/2; J = Vv/4.

5. To4eYHblli N30TPOMHbIN UCTOYHMK Y-M3Ny4YeHus, ucnyckawiumin 3,7-101° yactuuy/c,
HaxoguTCs B HEMOrnoLlarLwen n Hepacceusatowen cpeae Ha pacctosiHum 100 cm oT
obny4yaemoro obpasua 13 antoMmmHua oovemom 0,1 cm3 . Onpenenntb ceveHne
HEKOrepeHTHOro paccesHus pOTOHOB Ha 3MEKTPOHaX, ECNWN B €ANHWLY BPEMEHN B
obpasue pacceuaeTcs 1,5:-10% boToHoB. OTBeT 0,65 10-2*cm?.

6. OnpenenuTb MakCMMarnbHO BO3MOXHYHO 3HEPIM0 (DOTOHOB NOCIE KOMMNTOHOBCKOIrO
paccesiHus Ha yron 6 = 180°.  OtBeT Emax = 0,255 M3aB.

7. PaccunTtaTtb NOMHOE MUKPOCKOMMYECKOE CeYeHE B3aUMOLAENCTBUS raMMa-musnyvyeHms ons
aTunosoro cnupta C2H50H, nmetowero nnotHocTb 0,79 r/icm3 , anga sHeprmum 0,08 MaB.
OtBeT 0,139 cm?

8. BblUnMCnnTb CTeNneHb aHN30TPONMM YrNOBOro pacnpeaeneHns (oTOHOB Mpu
KOMMTOHOBCKOM paccesiHuM Anst HavarnbHbIX aHeprui, paBHbix 0,01; 0,1 n 10,0 MaB,
NOHUMas Noj 3TUM OTHOLLIEHNE BEPOSATHOCTEN paccesHus Ha yrnbl 6, paBHble 0° n 1800,
OTtBeT 1,24; 2,02; 83,0.

9. Hantu cBaAsb Mexay yrrnamum ynpyroro paccesHust HEMTPOHOB Ha sipe Bogopoaa B
nabopaTopHoOM cucteme KoopauHat Bs 1 B cucteme ueHTpa nHepumm B..  OTBeT cos 0s =
cos 0c/2.

10.T1ycTb HEMTPOH UCTbITLIBAET HEYNPYroe paccesiHne Ha NepBOM YpOBHe BO30YyxaeHus “°Fe
(Q =-0,845 MaB). OnpefgenuTb: a) Npu Kakon MMHUMAarbHOW HaYarbHOW 3HEpPrum
BO3MOXHO 3TO paccesiHue; 6) Npn Kako MUHUMAarnbHON HavYaribHON SHEPTUN BO3MOXKHO
paccesiHue Ha yrnbl 8S, paBHble 45° n 90° . OrtBerT a) 0,860 MaB; 6) 0,8602 MaB;
0,8603 MaB.

11.MMokaxunTe, 4TO cpeaHue NoTepu 3HePrnm NPy M30TPOMNHOM YNPYroM paccestHumn Ha sape
maccoi A paBHbl AE = 2E A/{A+ 1)°

12.Tlony4nTb peleHne ypaBHEHUS 3NeMeHTapHOn Teopun anddyanm B 6€CKOHEYHON
OAHOPOAHOM cpefe A TOYEYHOTO U NITOCKOTo U30TPOMHbBIX UCTOYHUKOB eAUHUYHOM

MowHocTn. OTBeT ¢lr) = ﬁy @llz]) = HELDL exp(—|z] /L .

13.B npubnmxeHnn anemeHTapHon Teopun anddy3nn HanTu KPUTUYECKU pasMep Luapa
13 235U. CumTaTtb, YTO HEWTPOHbI, poOXOAloLWMEcs NMpu OeNeHUn, UMEKT OAHY SHEepruio,
KoTopada He uaMmeHsieTcs B npouecce anddysunn. MNMpu pacyetax NnpuHATb 24 = 0,357 cm-1;
¥s==0,393cm?; 2 =0,193 cmt; v =2,46. OtBeT 6,52 cm;

14.Tlony4nTb pelleHne ypaBHEHUS Bo3pacTa AJsis NII0CKOro MOHO3HEPreTMYecKoro MCTOYHNKA
€4NHNYHOW NOBEPXHOCTHOW MOLLIHOCTU B GeCkOHeYHOM ogHopoaHow cpege.  OteeTt

.0 1 ( zf)
zZ,7) =——exp| ——
7 VarT P\

15. KonnMmmnpoBaHHbIN Ny4oK (OOTOHOB HOPMarsibHO nagaeT Ha nonybecKoHeYHyo cpeay, B
KOTOPOW M3ry4YeHne UCMbITbiIBaeT M30TPONHOe paccesiHue 6e3 nameHeHus aHepruv. B
NpUBNMXKEHNN OLHOKPATHOrO paccesHns onpeaennuTb 3aBUCMMOCTb 0BpaTHOro Bbixoada
N3ry4eHns OT PacCTOAHUA I 40 TOYKMN NageHusa u3nyvyeHnsa Ha cpeay rnpu ycrnosuu,
yto r >> 1/u. OtBeT f (1) exp(-Zr).




Mpumep KOHTPONbLHO-U3MepuTenibHoro matepuana (KUM)

YTBEPXOAKO

3aBeaytoLmi kadpegpon
AAepHON OU3MKK
Twutosa J1.B.

HanpasneHne noaroToBKu:

14.05.02 ATOMHbIE CTaHLIMK: NPOEKTUPOBaHME, SKCNNyaTaLUns N UHXUHUPWHT.
Oucunnnunna: 61.B.04 Teopusi nepeHoca U3ny4eHunn

Bua koHTpons: 3k3ameH

KoHTpornbHO-n3meputensHbli maTepuan Ne1
1.Makpockonnyeckoe ceveHne B3aMMOOENCTBUSA (NMHENHbIN KO3MUUMEHT ocnabneHus), anvHa
cBoboaHoro npobera, Crior NOMOBMHHOIO ocnabneHus.
2.3akoH ®Ouka. PyHKUNSA BNNAHUS TOYEYHOrO MCTOYHMKA

lMpenogaBaTtesnb

noanucb pacLumndgpoBka NogNMCK
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