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1. Koa n HaumeHoOBaHue cneunanbHOCTH:

14.05.02 ATOMHbIE CTaHLMN: NPOEKTUPOBaHUE, IKCNIyaTauna U UHXUHUPUHT
2. Cneumanusauums:
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3. KBanudukaumsa BbINyCKHUKA: NHXEHep — punsunk

4. ®opma oBGyy4eHuUs: oyHas

5. Kachenpa, oTBevarowan 3a peanusauuro AUCLUNIIUHBI:

Kadpenpa agepHon oU3nKu

6. CoctaBuTENnU NporpamMmbi:

A.d-M.H., npodgeccop, KagmeHckun CtaHncnas [eoprneBud, K..-M.H. 4OUEHT, ANenHNKOB

Anekcen HukonaeBuy
7. PekomeHpoBaHa:

HayyHo — meToanyecknum coBeToMm umsndeckoro dakynbteTa, npotokon Ned ot 18.04.2025 .

8. YuebHbin roa: 2028/2029 CemecTp(bl): 7,8



9. llenn n 3agayum y4ye6HoOM AUCLUNSIUHDI

Llenamu oceoeHusi y4ebHOU QuCyUNIUHbI S8/11H0MCS:

- MOArOTOBKA BbIMYCKHWKA K pacCYeTHO-MPOEKTHOM MW NPOEKTHO-KOHCTPYKTOPCKOWN
AEeATENbHOCTM B obnacty pa3paboTky CTPYKTYpbl M 060pyaoBaHUA AN TEnSI03HEepreTu4ecknx
cuctem ASC ¢ Mcnonb3o0BaHNEM COBPEMEHHbIX TEXHOSOMN;

- MoaroToBKa BbIMYCKHWKA K MNPON3BOACTBEHHO-TEXHOIOTMYECKON AEATENbHOCTM B
obnacTu aKkcnnyaTtaumm COBpEMEHHOrO BbICOKOa(hdekTuBHOro obopyaosaHusa ASC;

- NOArOTOBKA BbIMYCKHMKA K Hay4yHO-UCCMenoBaTeNbCKOM AEATENbHOCTU, CBA3AHHOW C
BbIGOpOM, onTummsaumen n paspaboTkon BbICOKOI(EEKTUBHON CTPYKTYpbl U 0BOpyaoBaHUA
TennoaHepreTn4eckmnx yctaHosok A9C;

- TMOAroTOBKA BbINYCKHMKA K CaMOCTOATENbHOMY OOYyYEHUIO M OCBOEHMIO HOBbIX
NpogeCcCMoHanbHbliX 3HAHUA U YMEHUN.

3adayu yyebHOU OuCyUNUHBbI:

- OCBOUTb OCHOBHbIE NMOHATUA U onpeaenenus ousnkn aaepHbIX peakTopOB;

- OCBOWUTb MOHATUS CTaLMOHAPHbIX N HECTALMOHAapPHbIX NpoueccoB B AJY;

- OCBOUTb MNpUHUMNbI BbiBOAA AuddepeHunancHbiX YpaBHEHUN pacnpeaerneHns
NSIOTHOCTM NOTOKA HEMTPOHOB, TEMMEPATYPbl, SHEPrOBbIAENEHNS;

- 3HaTb M NOHMMAaTb CMbICN YPaBHEHUS BO3pacTa, a TakKe OCBOUTb NPUMEHEHNE ero ans
pacdeTa norien aHeproBblaeNeHuns;

- 3HaTb 3G EKTbI U KOIPPULNEHTBI PEAKTUBHOCTH.

10. MecTo yyebHOM AMcUUNIUHbLI B cTPpyKType OOI:

YyebHasa gncumnnuHa dusmnka a4epHbIX peakTopoB OTHOCUMTCS K BapuaTtuBHOM YacTm 6roka b1.

11. MNnaHupyemble pe3ynbTaTbl O0y4YeHMA NoO gucuvnnuHe/moayno (3HaHUA, YMeHuUs,
HaBblKK), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yfibTaTaMU OCBOEHUS obGpa3oBaTesibHOU
nporpaMmmMbl (KOMNETEHLUMAMM) U UHOUKATOPaAMU UX AOCTUXKEHUS

Kog HassaHune Koa(bl) WHaukaTop(bl) MnaHnpyemMble pesynbTaTthl 06ydYeHus
KOMMNeTeHLUK
CnocobeH 3HaeT OCHOBbI
NPUMEHATb Ha aKcnnyaTaumm
npakTuke COBPEMEHHOr0 3HaTtb: TpeboBaHus, NpeabsBNAemMble K
NPUHUMNbI 0bopyaoBaHus 1 HagexHoCcTh 1 6esonacHocTy paboTbl peakTopa.
opraHu3aumm MK-11.1 npmbopos AVC npwu KoHcTpykunm A3P BBAP, PBEMK, BH 1
aKcnnyataymm HOpMarbHOW NepCcrneKTUBHbIX MPOEKTOB.
COBPEMEHHOIo aKcnnyaTaumu, npu
obopynoBaHua n €é HapyLLeHUsX, YMeTb: 060CcHOBaTh BbIGOP KOHCTPYKUMIA ADP,
npuoopos AC, npwv peMOHTE U NpPOBOANTL OLIEHKY HEMTPOHHO-M3NYECKNX
NOHNMaTb neperpyskax XapakTepUCTUK HA OCHOBE MPOCTENLLNX
npyHUMNManbHble MpumeHsaeT meToabl | Moaenen; camocTosTenbHO pa3bupartbcs B
ocobeHHOCTH pacyeTa MEeTOAMKax pacyeTa U NPUMEHSTb UX Ans
MK.11 | CTaUMOHapHbIX 1 AKCMyaTauMOHHbIX | peLUeHMs NoCTaBeHHON 3apja4u; Mcnonb3osaTh

nepexogHbIX napameTpoB nporpaMmmbl pac4eToB HENTPOHHO-(PU3NYECKNX
pEXMMOB MK-11.4 | peakTopHomn XapaKTEePUCTUK SYENKN peaKkTopa 1 peakTopa B
peaKkTOPHbIX YCTaHOBKM, LierioM; OCyLLEeCTBMAATb MONCK M aHanM3nMpoBaThb
YCTaHOBOK U adhdhekToB U Hay4HO-TEXHMYECKYIO MH-POpPMaLMIO U BbibMpaTb
3Hepro0brokoB 1 Ko3ahduLMeHTOB HeobxoauMble AaHHbIe 4111 HENTPOHHO-
NPUYUHBI peaKkTMBHOCTU U3nYECKMX pacyETOB; BbIONpaTh
HaknagblBaeMbIX VcnonbayeT KOHCTPYKLMOHHbIE MaTepuarnbl akTMBHOW 30HbI
OrpaHuYeHnn npu MEeTOAMKN pacyeTa peakTopa B 3aBMCMMOCTM OT YCIOBUA paboThl
HOpManbHON HENTPOHHO-
aKcnyaraumm, MK-11.5 | dmamyeckunx BnapeTb: HaBbikaMy 060CHOBaHMS BbIGOp
npu eé XapaKTepuUcTuK TEXHUYECKMX PELLEHNI N KOHCTpYyKuun AP
HapyLLIEeHNsX, Npu aKTMBHOW 30Hbl
PEMOHTE 1 peakTopHou




neperpyskax

YCTaHOBKM,
BbIrOpaHnst
S0EepPHOro Tonnmea u
notpebHocTn B
SA0EepHOM TonnmBe

12. O6Bem aucuUnNmnHbI B 3a4eTHbIX egnHuuax/yac. — 8/288.

dopma NPOMEXyTOYHOM aTTecTalum — dk3ameH (7,8 cemecTp), 3a4eT (7,8 cemecTp)

13. TpyaoeMKocTb NO Buaam y4yebHon paboTbl

TpynoemMKocTb
Bug yuebHon paboTbl Bcero o cemecTpam
7 cemecTp 8 cemecTp
AyONTOPHbIE 3aHATUSA 130 66 64
nekumun 66 34 32
B TOM 4uUcCre: npakTn4eckme 32 16 16
naboparopHble 32 16 16
CamocTosiTenpHasi pabora 86 42 44
B TOM Yumcne: Kypcosasi pabora (NpoekT)
dopma NPOMEXYTOYHOW arTecTaumm 72 Ok3ameH (36 4), 3auet Ok3ameH (36 4), 3auet
Wtoro: 288 144 144
13.1. CopepxaHne QUCLIMNIIUHDI
Peanusauus
pasgena
No HaumeHoBaHue pasgena ONCUUNINHDBI C
o n/n CopeprkaHue pasgerna gucLmninHbl
ONCUUNINHDI MOMOLLIbHO
OHMNamnH-Kypca,
OYMK*
1. Jlekuun
CocTosiHMe 1 TEHOEHUMN Pa3BUTUSA SHEPTETUKN.
YaenbHoe aHepronoTpebnernne. MNMoTeHumnanbHble
1.1 BeeneHnne. BO3MOXHOCTM BO30OHOBINAEMbIX CTOYHUKOB -
SnepHoe TONMMBO M €ro NCMOMb30BaHME B SIAEPHBIX
peakTopax. [penmyLLecTBO A0EPHON SHEPTETUKM.
MpuHUUNMansHas cxema gepHoOro peakTopa. https://edu.vsu.ru/
dusnyeckme npoueccol B agepHoOM peaktope Bugpl course/view.php?i
SAepHbIX B3aumoaencTemii. CeyeHns peakumi. d=19342
Mukpockonuyeckmne 1 MakpOCKOMMYECKNe CeHeHNs.
®Pusnyecknii cMbicn. 3aBUCUMOCTb CEYEHUI OT
3Hepruun.
PasgeneHvne HeMTpPOHOB No aHeprusam. MNoHaTne o6
12 MpuHUMN paboThbl AOEPHOr0 | 3HEPreTUYECKOM CrNeKTPe HEMTPOHOB B peakTope. .
' peakTopa. Kputnyeckoe, HagkpuUTHM4eCckoe, NOAKPUTUYECKoe
COCTOsIHUA peakTopa. Kputnueckas macca. YpaBHeHune
GanaHca TennoBbIX HENTPOHOB. DPAEKTUBHBIN
KO3h(PULMEHT pa3MHOXKEHUS HENTPOHOB.
3amepnutenu. TpeboBaHus, npeabsBNAeMble K
3amegnurtento. 3amegnsaoLas cnocobHOCTb.
KoadhdmumeHT 3ameaneHust. XapakTepucTtukm
3ameanuTenen.
MoHsaTre o peaktuBHocTU. NMepuog peakTopa. https://edu.vsu.ru/
3aBNCMMOCTb Nepuofa peaktopa OT BPEMEHU XKN3HN course/view.php?i
MOKOJTEHNS HEMTPOHOB. 3anasblBaloLMe HENTPOHDI. d=19342
MNpegLwecTBeHHNKN 3anasabiBatoLLmnX HEMTPOHOB. [ons
3ana3gpbiBatoLL X HEUTPOHOB. CpeaHee BpeMS KN3HM
YnpaBneHue saepHbIM o -
1.3 3anasgblBaroLmx HENTPOHOB. MNMOHATME O MIHOBEHHOW

pEaKkTopOM.

KPUTUYHOCTW peakTopa. BeiropaHve Tonnuea. 3anac
PEAKTMBHOCTY Ha BblropaHue Tonnuea. [nyouHa
BbiropaHusi saepHoro Tonnmea. KamnaHusi peaktopa.
LLinakoBaHWe v oTpaBneHue peakTopa.
BocnponssoacTteo sgepHoro Tonnmea. MNoHsThe o




k03(bPMLIMEHTE BOCTIPOM3BOACTBA U BPEMEHM
YOBOEHMSA.

1.4

TennosblgeneHve B
AAEPHOM peakTope U

opraHu3aums TennooTsoaa.

MepBblit KOHTYpP, €ro OCHOBHbIE KOMMOHeHThI: MLH, KO,
naporeHeparopsl, [LUT. MNpuHumn paboTsl
naporeHeparopa, obecrneveHne 6e3onacHOCTU nNpu
paspbiBe TeNI00OMEHHbIX TPYOOK.

https://edu.vsu.ru/
course/view.php?i
d=19342

1.5

TpeboBaHUSA K HAOEXHOCTU
n 6esonacHocTn paboTbl
peakTopa.

Cuctembl 6esonacHoctn, CBPK, AKHIT. OcHoBHbIe
perynaTopbl MOLHOCTH, MPUHLINMBI UX
PYHKUMOHUPOBaHUS. BO3MOXHOCTbL ynpaBneHus
peakTtuBHocTbio, OP CY3, 6opHoe perynupoBaHue.
PerynmpoBaHne pabotel ASP B aBapunHbIX pexvmax,
CBSI3@HHbLIX C HEKOHTPONMPYEMbIM Pa3roHOM
MoLLHocTU peakTopa. Obwwme ceepgeHuns o6 ACY ASC.

https://edu.vsu.ru/
course/view.php?i
d=19342

1.6

Knaccundukaumsa saepHbix
peakTopoB.

Mo 3HeprMm HEMTPOHOB, Npon3BOAALLMX AeneHune. Mo
cnocoby pasmelleHunsa Tonnmea n sameagnutens. No
KOHCTPYKTUBHOMY MCMOnHeHuto. Mo suay
TennoHocutens. o HasHa4YeHuo.

https://edu.vsu.ru/
course/view.php?i
d=19342

1.7

PeakTopHble MaTepuarnbl
TpeboBaHus,
npeabsBnsemMble K HAM.

TpeboBaHUSA K KOHCTPYKLIMM aKTMBHOW 30HbI U €€
xapakTepuctuku. TpeboBaHus kK matepuanam,
NCNorb3yeMbIM B OpraHax yrnpaBneHns 1 3almThbl
peakTtopa. bop 1 ero xapakrepucTukm Kak nornoTuTens
B CpaBHEHWUW ¢ ApyrMMu mMatepuanamu.
TennoHocuTenu. TpeboBaHus, NpeabsBNsemMble K
TennoHocuTensiM agepHoro peaktopa. Boga kak
TennoHocutenb. CeoncTea Boabl. OpraHuyeckune
TennoHocuTenu. CBONCTBa OpraHNYecKknx
TennoHocutenen. XXngkometannuieckme
TennoHocutenu. CBONCTBA XUOKOMETanmM4ecknx
TennoHocuTenen. MazoobpasHbie TENIOHOCUTENN.
CeolncTtBa razoo0pasHbiX TEMOHOCUTENEN.
TonnueHble maTtepuansl. TpeboBaHus,
npegbsiBNgeMble K TOMIMBHLIM Marepuanam.
MeTannunyeckoe TONMMBO MU €0 XapaKTEPUCTUKN.
Oku1cHoe ToNNMBO U ero xapakTepuctmku. KapobuaHoe
TOMNMMBO M €r0 XapakTepUcTukK. JjucnepcHoe TONmMBo,
€ro NpevMMyLLecTBa u HeLOCTaTKM.

KOHCTpYKUMOHHBbIE MaTepuranbl SAEPHOro peakTopa.
OcHoBHble TpeboBaHuWs, NpegbsiBNAeMble K
KOHCTPYKLMOHHBIM MaTepuanam. LinpkoHui.
XapakTepucTuku, JOCTOMHCTBA U HEOCTaTKN ero
NCNOSb30BaHUS B aKTMBHbIX 30HAX PEaKTOPOB.
AyCTEHUTHbIE HEpPXXaBeroLWme cTanu. XapakTepucTuku,
OOCTOUHCTBA M HeJoCTaTKU UCNOfb30BaHUS B
aKTMBHbIX 30HaxX peakTopoB. [JencTane peakTopHbIX
N3ny4YeHni Ha MmaTepuarnbl.

https://edu.vsu.ru/
course/view.php?i
d=19342

1.8

CocTaB 1 KOHCTPYKUMU
A0epHbIX PeaKkTopPOB.

CepuiiHbiii aaepHbii peaktop BBOP 1000 (PY B-320).
OcHoBHbIE TEXHMYECKNE AaHHble peakTopa. Cxema
LUMPKYNALUN TEeNNOHOCUTENS NEPBOro KOHTYpa B
kopnyce peaktopa. KOHCTpyKUMSA U HadHayeHne
Kopnyca, LWaxTbl OMOPHbLIX CTakaHOB, rPaHEHOro nosica
N BbIFOPOAKN. XapakTepUCTUKN aKTUBHOW 30HbI.
KapTorpamma. lNeperpyska Tonnmea. OctaTtovHoe
3HeproBblaeneHne. KOHCTPYKLMSA 1 XapaKTepucTukm
TennoBbIAENALWEro anemMeHTa (Tean),
Tennosbiaenstouwlen coopkm (TBC). XapakrepmcTuku
KOMNMeKca KacceT B AAepHOM peakTope.
Mornotutenu, ncnonsdyemsle 8 BBOP 1000.
KoHcTpykuna knactepa CY3 u ctepxHen
BbIFOpaloLLEero nNornoTuTens.

KOHCTpyKUMS M HasHayeHue 6roka 3awmTHbIX TPYD
(B3T), BepxHero 6noka, KpbILWKX peakTopa,
HasHadyeHne 6eToHHOM WaxTbl peakTopa.

Peaktop PEMK 1000.

OcCHOBHble TexHN4Yeckne xapakrepuctukn. Obwmm sma

https://edu.vsu.ru/
course/view.php?i
d=19342




peakTtopa. OcHoBHOe o6opynoBaHue. Cxema
OBUXEHUS TENNOHOCUTENS Yepes3 peakTop.
KoHcTpykumst TexHonornyeckoro kaHana (TK),
TENoBbIAENALLEro afieMeHTa, TennoBbIAenatoLLen
YyacTu TexHonornyeckoro kaHana (TK). YcTaHoBka
TEXHONOrMYecKoro kaHana B rpacoMToOBON Knagke.
KoHcTpyKkums rpacdonToBom knagku. HasHayeHne un
KOHCTPYKLMS cxem «C», «OP», «J», «d», «E», «O»,
«KXK». HazHa4yeHne nnnTovHOro Hactmna.

PeakTopbl Ha BbICTPbIX HEWTPOHAX.

OcobeHHOCTUN NEeTNEBON U UHTErpanbHOM KOMMOHOBKM
NepBOro KOHTYpa PeakTopoB C HAaTPUEBLIM
TennoHocuTenem. KOHCTPyKUUM BHYTPUPEaKTOPHOro
obopynosanna bH 350, BH 600. TennoeblaenatoLwmi
3MNEMEHT, TennoBblaenstowasn cobopka. AKTMBHasA 30Ha
peakTopa, 30Ha BOCMNpPOM3BOACTBA.

[MepcnekTuBHble NPoekTbl ADP.

HanpasneHusi passBuTnga peakTopHbIX CUCTEM.
Peaktopbl BBOP nosbilweHHon 6e3onacHocTu. MNMpoekT
BPECT. ViccnegoBaHnsi B 000CHOBaHWE MPOEKTHbIX
pelueHnn AJY.

2. MpakTnyeckne 3aHATUSA

MpuHUMN paboTkl sgepHOro

https://edu.vsu.ru/

X o
2.1 peakTopa. PeleHne 3agay Ha LienoYkn npesBpaLleHns aaep course_/wew.php.l
d=19342
YpaBNEHNE SAEpHBIM PeweHnune 3agay Ha onpeaenex1e peakTMBHOCTY, https://e(_ju.vsu.ru/_
2.2 KoabumLmeHTa pa3sMHOXKEHNE HEUTPOHOB U course/view.php?i
peakTopoM. -~
MOLLLHOCTW peakTopa. d=19342
TennosbigeneHme e PeyJeHme 3a7ady Ha pacyeT MormnoweHHON 3Heprnm https://e(_iu.vsu.ru/_
HENTPOHHOIO U ramma — U3fy4YyeHns 1 Ha course/view.php?i
2.3 AACPHOM PEaKTOpe v acnpegeneHve TennosblgeneHns No arnemMeHTam d=19342
opraHusauumst TennooTBoAa. pacnpen A
peakTopa v ero CTpyKTyp.
KnaccudmKaLus SepHbIX PelweHne 3agay anga onpegeneHne 0OCHOBHbIX https://e(_ju.vsu.ru/_
2.4 napameTpOoB Ha pasfMyHbIX TUNax S4epHbIX course/view.php?i
peakTopoB. -~
peakTopoB. d=19342
COCTAB 1 KOHCTPYKLN PelweHune 3agay Ha pacyeT KOHUEeHTpauum Tonnmea, https://e(_ju.vsu.ru/_
2.5 QIEDHBIX DEAKTODOB 060MNoYKM peakTopa, TeNNoOHOCUTENs U APYrnx course/view.php?i
ASp P POB. napameTpoB d=19342
3. llabopaTopHble 3aHATUSA
MpuHuun paboTbl AgepHOro https://edu. vsu.u/
3.1 pvHLMN p Aep PelieHne 3agay Ha LienoYkn npesBpaLleHns aaep course/view.php?i
peakTopa. -~
d=19342
YpaBNEHNe SIepHbIM PeweHne 3agay Ha onpepeneHue PeaKTUBHOCTM, https://e(_ju.vsu.ru/_
3.2 KoahcuLmeHTa pasMHOXeHune HENTPOHOB n | course/view.php?i
peakTopoM. —
MOLLIHOCTW peakTopa. d=19342
TennoBbiEneHme B PePJeHme 3ajady Ha pacyeT MNOrfoLeHHON 3JHeprum https://e(_ju.vsu.ru/_
HEMTPOHHOrO W ramMmMa — U3nyY4eHuMst U Ha | course/view.php?i
33 AACPHOM peaKTope 1 acnpegeneHve TennoBblAeNeHUss Mo 3SfnemMeHTam d=19342
opraHusaLms TennooTeoaa. pacnpen A -
peakTopa 1 ero CTpyKTyp.
KnaccnduKkaLmst mepHbIX PeweHne 3agay p[na  onpegeneHne  OCHOBHbIX https://e(_iu.vsu.ru/_
3.4 napameTpoB Ha  pasnMyHblX  TuMnNax  sAepHbIX | course/view.php?i
peakTopoB. -
peakTopOoB. d=19342
COCTaB 1 KOHCTPYKLM PeweHne 3agay Ha pacyeT KOHUEHTpauum TOMnuea, https://et_ju.vsu.ru/_
3.5 ANEpHbIX PEAKTOPOB obornoykn peakTopa, TennoHocutenss U Apyrux | course/view.php?i
P P POB. napameTpoB d=19342
13.2. Tembl (paspaenbl) AUCLUUNNNMHBI U BUAbI 3aHATUN
Ne HanMEHOBAHME TEMbI Buabl 3aHaTun (Korl|/|quTBO(;;\(/:IgzlomenbHaFI
n/n | (pasgena) oUCUMNINHbI Jlekuunm Mpaktuyeckne | JlabopaTopHble pabora Bcero
1. BeepneHue. 4
2. MpuHUmMn paboTbl 6 4




A0epHOro peakTopa.

YnpasneHue saepHbIM
peakTopoMm.

TennoBblgeneHne B
SIAEPHOM peakTope u
opraHusaumsi
TennooTesoaa.

10 6

TpeboBaHus k
HaEeXHOCTU 1
6e3onacHocTn paboThbl
peakTopa.

10

Knaccudmkaums saepHblx
peakTopoB.

10 8

PeakTtopHble maTtepuansl
7. n TpeboBaHus, 8
npeabsBnsemMble K HUM.

CocTaB 1 KOHCTPYKUMK 12 8
A0EePHbIX PeaKkTOpOB.

NToro: 66 32 32 86 216

14. MeTogn4yeckune ykasaHuA Ansa odyvarowmxcsa Nno 0OCBOGHUIO AUCLUNIIUHDI:

CTtyoeHTam Ha nekuusax HeobxoauMO BECTU NOAPOOHLIN KOHCMEKT U cTapaTbCs MOHATb
matepuan Kypca. [nsa nomHoro noHWMaHus martepuana crnegyeT akTMBHO MWCMOnNb30BaTh
KOHCcynbTaumn. [na caMOoCTOSATENbHOro MU3y4eHUs pasfenoB Kypca, pekoMeHOOBaHHbIX
npenogasatenem, HeobxogMMO MOMb30BaTbCA OCHOBHOW W AOMOMHUTENBHOW NUTEPaTypowu,
WNHTEepHEeT-pecypcamu.

Ha npaktnyecknx 3aHATUSAX HeobxoAMMO ymeTb pellaTb 3agjadv UM aHanuanposaTb
pelleHne, Ha YCTHbIX onpocax obyvyaembl JOMXKEH YMEeTb JEMOHCTPUPOBATb MOMyYeHHble Ha
NeKumMsax N NPaKTUYeCcKUX 3aHATUSX 3HAHUS, YMEHWUs U HaBblkK, OTBeYaTb Ha MOCTaBrEHHble
BOMNPOChI, NogaepxmBaTb ANCKYCCUIO MO CYLLECTBY Borpoca.

MeTogunyeckoe obecneveHne aygutopHom paboTbl: y4ebHO-MeTogmnyeckme nocobusa ans
CTYAEHTOB, Y4eBHUKN N y4ebHble Nocobus, aneKTPoHHbIE U VIHTepHeT-pecypchl.

MeTtogudeckoe obecnedyeHne camocTosATenbHOM paboTbl: yy4yebHO-meTOOoMYecKMe
nocobuss No opraHn3aunn camoCcTOATENbHOM pPaboTbl, KOHTPOrbHbIE 3afaHuMA U TeCcTbl B
ByMaXHOM M 3NEeKTPOHHOM BapuaHTax, TeCTUpylLlne CUCTEMbl, AUCTAHUMOHHbIE OPMbI
obweHunsa ¢ npenogasateneM. KoHTponb camocToaTenbHoW paboTbl peanu3yeTcsa C MOMOLLbIO
OMNpoCoOB, TECTOB, BONPOCOB MO TeEMaM 3aJaHnin 1 T.4.

15. MepeyeHb OCHOBHOM W [OOMOJSIHUTENLHOW nUTepaTypbl, PECYpPCOB WHTEpPHET,
Heo6X0AUMBbIX ANl OCBOEHUsI ANCLUNIIUHbI
a) OCHOBHasi nuTeparypa:

Ne n/n McTouHnk
1.

®usrka agepHbIX peakTopoB: NoTeHuman ruépunaHbix HapaboT4MKoB Tonnmea : y4ebHoe nocobue ans
By3oB/ A. H. lmenés, I'. I'. Kynukos, E. I'. Kynukos, B. A. Anca. — 2-e usg. — Mockaa :

2. WNapgatenbcTteo KOpanT, 2022. — 116 c. — (Bbicwee obpasoBaHue). — ISBN 978-5-534-10991-7. —
TekcT : anekTpoHHbI // OBpasoBaTenbHasa nnartdopma KOpanT [canT]. — URL:
https://urait.ru/bcode/495024

AnepHble peakTopbl C BOOOW CBEPXKPUTUYECKOTO AaBneHus (OCHOBbI TENNOBOro pacyeta) : yuebHoe
nocobuve ans sysoB / B. V. [lees [n gp.]; nog obwen pegakunen B. N. Oeesa. — 2-e nsg. — Mockea :
3. WNapatenbcteo KOpanT, 2022. — 156 c. — (Bbicluee obpasoBaHue). — ISBN 978-5-534-08525-9. —
TekcT : anekTpoHHbIN // ObpasoBaTtenbHasa nnatgopma KOpanT [canT]. — URL:
https://urait.ru/bcode/494516

dusnka n akcnnyaTaumMoHHble pexumbl peaktopa BBOP-1000 : moHorpadmsa / B. N. Benosepos, M. M.
Kyk, H0. A. KysuHa, M. HO. TepHoBbix. — Mockea : HAAY MNDU, 2014. — 288 c. — ISBN 978-5-
7262-2016-1. — TeKCT : aneKTPOHHbIV // JlaHb : aneKTpoHHO-6MbnunoteyHas cuctema. — URL:
https://e.lanbook.com/book/103234




6) gononHuTenbHasa nuTepartypa:

Ne n/n NcTovHuK
BaknywwuH, P. M. SkcnnyaTtauma ASC : yuebHoe nocobue / P. M. BaknywmH. — Mocksa : HAAY
5. MUNDWU, [6. r.]. — YacTb 1,2 — 2011. — 304 c. — ISBN 978-5-7262-1441-2. — TeKCT : 3NEKTPOHHbIN

/I NaHb : anekTpoHHO-6nbnmnoteyHas cucrema. — URL: https://e.lanbook.com/book/75744
Anekcees, C. B. Topui B aaepHon sHepreTuke / C. B. Anekcees, B. A. 3arnueB. — Mocksa :

6. TexHocdepa, 2014. — 288 c. — ISBN 978-5-94836-394-3. — TeKCT : aNeKTpPOHHbIN // JlaHb :
3NEKTPOHHO-BubnmnoTeyvHas cuctema. — URL: https://e.lanbook.com/book/76154

Bnagumupos, Bnagumup MeaHoBuY. MNpakTuyeckme 3agaym no akcnnyaTaumm saepHbIX peakTopos /

£ B. N. BnagumnpoB .— 3-e n3g., nepepab. n gon. — M. : OHepromspar, 1981 .— 285,[3] c. : un.
LWenero., A. C. dusnyeckme ocobeHHOCTM 1 KOHCTPYKUmMs peaktopa PBEMK-1000 : yuebHoe nocobue /
8 A. C. Weneros, C. T. JleckuH, B. N. Cnoboguyk. — Mockea : HNAY MN®U, 2011. — 64 c. — ISBN
) 978-5-7262-1488-7. — TeKCT : aNEKTPOHHbIN // JlaHb : 3aNeKTpoHHO-6MbnnoTteyHas cuctema. — URL:
https://e.lanbook.com/book/75767
Pouektaes, b. M. BogHo-xumunyeckuii pexxum A3C ¢ peaktopamm BB3P-1000 n PBMK-1000 :
9 y4yebHoe nocobue / b. M. PowekraeB. — Mockea : HAAY MNDU, 2010. — 132 c. — ISBN 978-5-

7262-1373-6. — TeKCT : aNeKTPOHHbIN // JlaHb : aneKTpoHHO-6nbnmnoteyHasa cuctema. — URL:
https://e.lanbook.com/book/75752

B) MH(POPMaLIMOHHbIE 3MeKTPOHHO-06pa3soBaTenbHbIe Pecypchl (OdMUManbHble pecypchbl MHTEPHET)*:

Ne n/n Pecypc
10. www.lib.vsu.ru— 3HBE BI'Y.
11. https://fedu.vsu.ru — ONeKTPOHHLIN YyHNnBEpCUTET BI'Y
12. https://e.lanbook.com — 3BC «JlaHb»
13. https://www.studentlibrary.ru — 96C «KoHcynbTaHT cTygeHTa»
14. https://urait.ru — O6pasoBaTtenbHas nnatgopma «FOPAUT»
15. https://rucont.ru - IHdopMaunoHHO-TENEKOMMYHUKaUUMOHHaA cnctema « KOHTEKCTYM»

16. NepeyeHb y4eOHO-MeTOANYECKOrO 0becneyeHUs ANA CaMOCTOATENIbHOW paboThbl

Ne n/n NCTOYHUK
OcHoBHoe 06opynoBaHne ASC : y4ebHoe nocobue / nog pegakumen C. M. OmuTtpresa. — MUHCK :
1. Bobiwoanwas wkona, 2015. — 288 c. — ISBN 978-985-06-2520-5. — TeKcT : aneKTpoHHbIn // TaHb :

3MNeKTpPOHHO-6MbnunoTteyvHas cuctema. — URL: https://e.lanbook.com/book/65576

Mpobriembl yTUnM3aumMm TBEPAbIX OTXOA0B: y4ebHoe nocobue ans By3oB / BopoHe. roc. yH-T; COCT.:
B.®. Koctptokos, E.B. 3onotyxuHa. — BopoHex: JIOIN BI'Y, 2006-.

2. Y. 1: BblTOBblEe OTXOAbI, OTXOAbl aTOMHOW 3HEPFETUMKN U LLENIION03HO-OYMaXKHOM NPOMBbILLNIEHHOCTN, —
2006.— 47 c. : Tabn. — bubnwuorp.: c. 46 - 47 .—
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/nov06074.pdf>.

17. O6pasoBaTenbHbleé TEXHONOrMKU, WUCNONb3yeMble MNpuM peanusauum Yy4ebHOMU
OUCLUMNNUHBbI, BKIKOYaA AUCTaHUMOHHble oOpasoBaTenbHble TexHonorum (OOT,
3NeKTpoHHoe oby4yeHue (J0), cmewaHHOe O0Oy4eHue):

Mpn  npoBegeHMM  3aHATMA  NO  OUCUMNAMHE  UCMOMb3YKTCA  cnegylolme
obpasoBaTtenbHble TEXHONOMUN:

— aKTMBHblE€ U MHTEpPaKTUBHbIE POPMbl NPOBEAEHUSA 3aHATUN;

—  KOMMbHOTEPHbIE TEXHONOrNN Npu NPOBEAEHNN 3aHATUN:

— MpEe3eHTaLMOHHble MaTepuanbl M TEXHONOrMM npu OObACHEHMM MaTepuana Ha
NEKLUMOHHbIX U NPAaKTUYECKNX 3aHATUSIX;

- cneumanuanpoBaHHoe obopynoBaHMe nNpu NpoBeaeHnmn nabopaTopHbIx pabor;

-~ pa3bop KOHKPETHbIX CUTyauuMi nNpu NOCTaHOBKe Uuernenm W 3agad K paspaboTke
npuknagHblXx nporpamm, npu Bbibope nporpaMMHoro obecnevyeHnss Mo  YCTAHOBMEHHbIM
KpuUTEepusaM, Npun paspaboTke nporpamm No NpeaycMoTpPeHHbIM anroputMam u MeToAa.

Ana camocTtosTenbHon paboTbl ucnonb3dyetcs IABC YHuBepcutetckas ©Oubnuoteka
online - www.lib.vsu.ru - 3HB BI'Y. [llporpammHoe obecnedyeHne, npumeHsemoe npu
peanusaumn gucumnnuHbl — Microsoft Windows, LibreOffice, CodeBlocks, Adobe Reader,
Mozilla FireFox.



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

AncTaHuMoHHbIE obpasoBaTenbHble  TEXHOMNOrum (4oT) NPUMEHAITCA c
ncnonb3oBaHMemM obpasoBaTernibHOro noprana «ANeKTPOHHbIN yHMBepcuTeT BIY».

18. MaTepunanbHO-TeEXHUYECKOe obecneyeHne ANCLUUNIIUHbI:

JlTabopaTtopusa (ans npoBeAeHUsA 3aHATUN NEKLUMOHHOrO M CEMUHAPCKOro TUMOB, TEKyLLero
KOHTPONS U NPOMEXYTOYHON atTecTauun. CneumanmsmpoBaHHasa mebenb,

YyebHas ayouTopusi ONS NPOBEeAEHUst 3aHATUWA NEKUMOHHOro TuMa, TeKyLlero KOHTpons wu
MPOMEXYTOYHOWN aTTecTauum

Cneuman n3npoBaHHan mebernb

KoMnbloTepHbIN  Knacc, ayauTopus Ons rpynnoBbiX W WHAUBMAYamNbHbLIX KOHCYMbTaLWUN,
noMeLleHne Ansa CamocToATeNbHON paboThl

CneunanusnpoBaHHass Mebernb, KOMMbIOTEPbl C BO3MOXHOCTbIO MOAKMHOYEHUS K CETU
«MHTepHeT» M obecneyeHMem AocTyna B 3MEKTPOHHY MHAOPMaLMOHHO-06pasoBaTenbHY0
cpeny yHuMBepcuTeTa

Microsoft Windows 10, LibreOffice, Adobe Reader

19. OueHoYHbIe cpeancTBa Ansda nposeneHusn Tekymeﬁ n npome)KyTquoﬁ aTtrectauumn

MopsigoK OLEHKM OCBOEHUst obyyallmmucs ydyebHoOro martepuana onpeaensieTcs
coAepXaHnem crieaylLmx pasaenos AMCUMNNUHI:

HaumeHoBaHne WHaukaTop(bl)

Ne KomneTteH
o/n pasgena aucuMnvHbI L) JOCTUXeHUSA OueHo4Hble cpeacTea
KoMneTeHumn

(Moayns)
1. | BeegeHue.
> MpuHumn paboTbl
A0epHOro peakropa.
YnpasneHue sigepHbiM
peakTopom.
TennosblaeneHne B
A0epHOM peakTope u
opraHusaums
TennooTreoga. lMpakTnyeckme 3agayvn, OTHETHI NO
TpeboBaHus K MK-11.1 nabopartopHbIM paboTam, KOHTPOSbHbIE
HageXHOCTU " MNK-11 MNK-11.4 paboThl, TECTOBbLIE 3aaHUS N 3a4aHWUs C
He3onacHocTn paboThbl MNK-11.5 pa3BepHyTbiM oTBeTOM (M. 21 ®OC),
peakTopa. cobeceoBaHve No GuneTam K ak3ameHy
Knaccudomkauus
S0EPHBLIX PEAKTOPOB.
PeakTopHble
mMatepuansl 1
TpeboBaHus,
npegbsiBNAeMble K HAM.
CocTaB 1 KOHCTPYKUUU
SiAEePHbLIX PEAKTOPOB.
[MpomexyToyHas aTTecTauus [MepeyeHb BONPOCOB K 3K3aMeHY
dopmMa KOHTPONA — 3K3aMeH, 3a4eT MyHkT 20.2

20. TunoBble OLEHOYHbIe cpeAcTBa UM MeToAuYeckMe MaTepuanbl, onpegensiowme
npoueaypbl oLeHUBaHUA

20.1. TeKywWNIN KOHTPOSb yCNeBaeMoCTH



KoHTpornb ycneBaemocTh No AUCLMNIIMHE OCYLLLECTBNSAETCA C NOMOLLbIO CNEAYIOLLMX OLEHOYHbIX
CpeacTs:
MpumepHbIN NepeYeHb NPaKTUYECKUX 3a8au:

1. Appo 10B wn3 BO3OYyxgeHHOro coctosiHua ¢ 3Hepruen 0,72 MaB pacnagaetca nytem
NCNYCKaHUS y-KBaHTOB ¢ nepuoaoM nonypacnaga T1/2 = 6,7-10-10 c. OueHnTb HeonpeaeneHHoCTb
B 9Heprnmn AE ncnyLeHHoro y-kBaHTa.

2. Onpegenntb Maccy HeUTparnbHOro atoma ypaHa-238.

3. 3Has nocTosiHHyto Aeoragpo NA = 6,022:10%° monb—1 onpeaenutb Maccy HeiTpanbHOro
atoma yrnepoga 6C12 n maccy m, COOTBETCTBYIOLLYIO YINEpOAHON eOUHULE MacChbl.

4. OnpepnenuTtb, Kakyt YacTb Maccbl HeuTpanbHoro atoma Pu240 cocTtaBnsieT macca ero
9NEKTPOHHOM 0BO0MOYKN (OTHOCUTENBHYIO aTOMHYKO MaccCy MPUHATL PaBHOM MacCOBOMY YUCITY).

5. EcTecTBeHHbIN ypaH npenctaensieT coboM CMeCb Tpex M30TOMNOB, a MMeHHo: 92U238,
92U235n 92U234. OTHOCMUTENbHbIE aTOMHble MacCbl 3TUX 3fIEMEHTOB COOTBETCTBEHHO pPaBHbI:
Ar1=238,051, Ar2=235,044 n Ar1=234,041. BblUMCNUTb OTHOCUTESBbHYIO aTOMHYIO Maccy afemeHTa
ypaHa, ecrniv MpoueHTHOe COoAepXXaHue 3TUX U30TONOB B eCTEeCTBEHHOW cmecu paBHO: 99,28%,
0,714%, 0,006%.

6. BbiBegute dopmyny Ons CKOPOCTUM (@KTMBHOCTW) PadMOakTMBHOrO pacnaga 4depes
nepuog nonypacnaga T1/2 n HayanbHoe ymcno NO.

7. OpguH rpamm U238 mnanyyaet 1,24:104 a-yactuy, B cekyHay. Onpegenutb T1/2 nsotona u
aKTUBHOCTb B Kn.

8. Onpegenutb 3Heprmno, Kotopasd Bbligenutca npuy geneHumn 1 kr 92U235. Kakoe
KOnMM4YecTBO HedpTM HeobxoouMMo Cxedb, [ANs MNOMyYeHUA Takoro e KonuyectBa Tenna?
TennoTBopHasa cnocobHoCcTb HedpTh paBHa =42 k[x/r. (OTBeT aatb B KX, MBT*cyT).

9. CKOnbKO 3Hepruu BblAeNUTCS Npu cuHTede sgpa 2He4 n3 ceBoboOHbIX HYKNOHOB? Yemy
paBHa yaernbHasa 3Heprusi CBA3M HyKNoHoB sapa 2He4? (OTeeT aatb B MaB).

10. HanTtn BeposiTHOCTb pacnaga sapa 3a NpoOMeXyToK BpeMeHn T1/2, ecnun ero NocTosHHasA
pacnaga pasHa A.

11. Hantn koHueHTpaumto monekyn UO2 n KoHUeHTpauun BXoAsLWmMX B Hee aToOMOB, nonaras,
YTO ypaH MMeET NPUPOAHbIA N3OTOMHbIN COCTaB.

12. Appo 92U235 3axBaTuno TensoBoM HEWTPOH. B pesynbTate geneHnst CoCTaBHOro sapa
obpasoBanocb 3 HEMTPOHA U ABa PaguoakTUBHLIX OCKOSIKA, KOTOpbIe NpeBpaTUiINCL B CTabUIbHbIE
aapa Y89 n Heogmma Nd144. CkonbKo aHeprum BblgenuTcs npu genexdmn agpa 92U235 tennosbiMu
HenTpoHamn? (OTBeT Aatb B MaB).

13. OnpenennTtb cpegHee BpeMsi XXU3HM U BEPOATHOCTb pacnaga 3a Bpems t Bo3byKaeHHbIX
agep, obpasylowmnxca npyu obrnydeHun TenoBbIMU HENTPOHaMM MULLEHM COCTosLen u3 saep Lib,
€CNnN U3BECTHO, YTO CPeaHEee BPEMS XKU3HWN AaHHbIX A4EeP NO OTHOLLEHUIO K UCMYCKaHUIO HEUTPOHOB
N 0-4acTul, COOTBETCTBEHHO paBHO: Tn = 1,1-10-20 c n1a = 2,2-10-20 c.

14. OueHnTb NIIOTHOCTb A4EPHOrO BELLECTBA M KOHLEHTPAaLMIO HYKITOHOB B siApe.

15. Ckonbko HemTpoHoB Oyaer B pasmHoxatwouwen cucteme B 100-M nokoneHwn, ecnu
npouecc gerneHna HaumHaetca ¢ 1000-ro HenTpoHa u k==1,05.

16. B HayanbHbIi MOMEHT BpeMeHN t B pasMHoXarowwen cucteme nveetcs n(t0) HenTpoHoB
OOHOro NokoreHus. 3annucatb ypaBHEHWE, ONUCHLIBAIOLLLEE CKOPOCTb M3MEHEHWUSI YnMcrna HEMTPOHOB
dn/dt, ecnu cpegHee BpemMsi XKU3HU OQHOMO MOKOSTEHNSI HEMTPOHOB PaBHoO |.

17. B HayanbHbIN MOMEHT BPEMEHW B ry0BOKO NOAKPUTUYHON pa3MHOXKaKoLLEN cucteme Bbino
Of HenTpoHOB. 3anucaTb 3aKOH W3MEHEHMSI Yncra HEUTPOHOB N(t) B 9TOM CUCTEME C TEYEHUEM
BpemeHu t, ecrnv cpegHee BpeMs XU3HW O4HOMO MOKONEHUS HEUTPOHOB PaBHoO |.

18. 3anncatb 3aKOH WM3MEHEHMSI 4Mucna HENTPOHOB (3KCMOHEeHUuanbHas ero dopma) B
naeanu3MpoBaHHON HaOKPUTUYHON pasMHoXawLwen cucteme. Cumtarb, 4TO B HayarnbHbI MOMEHT
BpeMeHW 6bin O4MH HENTPOH.

19. Kakoe KONMMYeCTBO [OSMKHO €eXEeCYyTOMHO pacxodoBaTbCA B SOEpPHOM  peakTope
mMowHocTeio 1 MBT? CpaBHUTHL 3Ty MOLHOCTb CO CPEAHEN MOLLHOCTbIO paguoakTMBHOrO pacnaga
TaKOro e KornmyecTsa.

20. Kakas aHeprus cootseTcTByeT 1 rp. BewecTsa (oTBeT Aatb B [k, MBT yac, MaB)?

21. CKOMbKO HY>KHO CxXeudb 1 pasgenutb 92U235, ytobbl nonyyuntb aHepruto 1 MBT*cyT?

22. Ckonbko Bbiropaet U235 n Pu239 npu nonyyeHun 1 MBT*cyT aHeprum B AP Ha TennosbIX
HEenTpoHax?

23. Kakas ckopocTb aeneHunsa cootseTcTyeT moliHocTh 1000 MBT?



24. OnpegenuTb KONWUYECTBO AENEeHMIA K MOormnoweHun 6e3 gerneHns 3a 1 ¢ B pasMHoXaroLLen
cpeae ¢ 92U235 n U23502, rae nnoTHOCTb TENoBbIX HEMTPoHOB paBHa 106 H/cm3. (of = 582 GapH,
Oa = 693 6apH).

25. CeyeHvie geneHns TennoBbIMW HENTPOHAMWU AN €CTeCTBEHHOW CMEeCU M30TOMOB ypaHa
paBHO 4.22 6apHa. Bblumcnutb cedeHne geneHus TennosbiMu HenTpoHammn 92U235, yuntbiBasi, YTO
92U238 nog gencTemeM TENMNoBbIX HEUTPOHOB HE OeNnnTCS.

26. OnpegennTtb MakpOCKONUYECKOEe CeYEHME MOrmoLeHns HEMTPOHOB ¢ aHepruen 0,025 aB
Ansa ypaHa, oboraweHHoro no 92U235 o 20 %.

27.BbluMcnntb ceveHne feneHnss Ha a4po ypaHa MpuMpodHOro M3O0TOMHOro cocTaeBa Afs
TEeNnoBbIX HENTPOHOB.

28. Kakoe konuyectBo 92U235 pasgenutca u npespatutcs B 92U236 3a 1 rog padotsl AP Ha
TENnoBbIX HEMTPOHaX Ha MoLHocTK 150 MBT?

29.Ha kakon wmowHocTM pabotaer AP Ha TennoBbiXx HEWTpoHax, ecnu pacxog U235
coctaenset 0,5 kr/cyTkun?

30. Onpegenutb AK 1 p ans cneayowmx 3HadeHnn kadd: 1.25; 1.02; 1.001. B kakom cny4ae
Ak = p.
31. EMKocTb, cogepxawaa 92U235, xapaktepudyetca 3(pdekTMBHbIM KO3IhPULNEHTOM
pasMHOXeHUs paBHbIM 1,001. OueHnTb NPOMEXYTOK BpEMEHMN, 3a KOTopbl pasgenutces 1 kr 92U235
B 3TOM CUCTEME, €Cnn CpenHNasn aHeprus HemTpoHoB =1,6 MaB. CedeHne geneHunsa =2 6. Cuutarb,
4YTO B HavarbHbIA MOMEHT BpeMeHu Obln OAWH HEWTPOH, MOrfoWEHNEM WU YTEYKOM HENTPOHOB
npeHebpeyb

MpumepHbIN NepeyeHb 3a4aHNM AN KOHTPOJbHbIX PaboT:

BapuaHT 1

1. Onpegenutb akTMBHOCTb %°Co (Tco = 5.25 roga) Yyepes nNaTb NET, eCNW B AaHHbIE MOMEHT OHa
pasHa 100 mKu.

2. TnoTHOCTb HENTPOHOB ¢ 3Hepruen E; = 0,025 aB paeHa n; = 10° HeNTPOHOB/CM3, a c aHepruen
E> = 1 kaB paBHa n, = 10® HeliTpoHoB/cM3. MNOTHOCTL NOTOKA Kaknx HEMTPOHOB bornbLue?

3. Onpenenutb CpeaHIo SHEPruto, KoTopas nepenaetcsa sapy 2C npu ynpyrom CTONKHOBEHMM
HenTpoHa ¢ E,= 1 MaB.

BapuaHT 2

1. OnpegenuTb Maccy v yaenbHy akTUBHOCTb O-aKTUBHbIX HYKNAoB 21°Po (Tp, = 138,4 cyT).

2. Uunungpuyeckun AP ¢ 6epunnueBbiM oTpaxaTeneMm MMeeT akTUBHYIO 30HY CreayoLnx
pasMepoB: BbicoTa 2 M, paguyc 1. OLeHUTb BbIUrpbil 3a CHET BepunNnMeBoro oTpaxarens B obbeme
aKTUBHOW 30Hbl.

3. OueHnTtb L HEeNTPOHOB B aKTUBHOW 30HE C BOASHLIM 3aMeanuTerneM, ecrim KoHueHTpaumsa 23°U no
OTHOLLUEHUIO K Boae paBHa 1073,

BapuaHT 3

1. Ckonbko Bbiropaet 2%°U u #*°Pu npu nomnyyeHun 1 MBT cyT aHeprum B AP Ha Tennosbix
HEenTpoHax.

2. BB3OP-1000 umeet Ny = 3000 MBT, my = 71.5 n, 1ap = 7000. OBoraweHne ceexesapyxaemoro
Tonnmea — 3,3%. OnpenenuTb CpeaHto ryouHy BbIrOpaHUst TOMMMBa NpW ABYX UMW TPEX YaCTUYHbIX
neperpyakax.

3.  KaKkoW psan MOXHO MCMOMb30BaTh AN NOMyYeHUs OOMONMHUTENBHOrO 3Hepro3anaca npu paborte
peakTopa TP Ha mowHoCcTM 70% Niou?

BapwuaHT 4

1. OueHnTb yaenbHOe 3HeprosblaeneHne, npmxoasileecs Ha 1 1 23U, B AP Ha npoMexyTO4HbIX
HenTpoHax (En = 10 kaB).



2. OueHnTb yaenbHbI pacxod SOEepHOro TonnvBa B TOMSIMBHOM LMKIE MPU O4HOKPATHOM
ncnonb3oBaHuK oboraweHHoro ypaHa B AP tuna BBOP npu HadanbHom oboraiieHun x = 3%, ecnu B
oTBane oboratuTenbHOro NPou3BOACTBa Xors = 0,25%, B npupogHom ypaHe Xy = 0.71%, cpegHss

rnybuHa BbiropaHunsa B = 30 MBT-cyT/kr

3.  Tlpu nycke peaktopa TP po xe = —1%. Kak 6ygeT nameHATbCA p M3-3a oTpasneHus Xe nocne

BbIxoaHa Ha MowHocTb 80% Nuow?

Onuncanne KpUtepues 1 LWKalibl oleHnBaHNA KOMMETEeHU MM (p93yﬂbTaTOB o6yqu|/|9|) npu arrectauum

Kputepun oLeHnBaHna KOMNETEHLNIN

LLIkana ougeHok

Ob6yvatowmnca 4eMOHCTPMPYET NOTHOE COOTBETCTBME 3HAHWN,
YMEHUIN, HAaBLIKOB NPMBEAEHHLIM B Tabnuuax nokasarensm,
cBo60OAHO onepupyeT NPUOOPETEHHLIMU 3HAHUSIMW, YMEHMSIMU,
NPUMEHSIET X NPU PELLEHNN NPaKTUYECKUX 3afay

OTnn4yHo

BbIKOB nNpmnBegeHHbIM B Tabnvuax nokasaTtensm, HO ponyckaet

MpW peLleHnn NpakTUYecknx 3agad

OGyyatoLWwniica OeMOHCTPUPYET COOTBETCTBUE 3HAHWIA, YMEHUI, Ha-

He3HaunTemnbHbIE OWMOKN, HETOYHOCTU, UCTbIThIBAET 3artpygHeHusa

Xopouuo

Ob6yvatoLwmnca eMOHCTPUPYET HEMOTHOE COOTBETCTBME 3HAHUN,
YMEHUN, HAaBLIKOB NPUBEAEHHLIM B Tabrmuax nokasarensm,
JonyckaeT 3Ha4YMTeNbHbIE OLNOKM NPU PELUEHNN MPAKTUYECKNX
3agaq

Ypooen €TBOpPUTEIibHO

Ob6yvatowmnca 0eMOHCTPUPYET SBHOE HECOOTBETCTBME 3HAHUMN,
YMEHWIA, HaBbIKOB NPVBEAEHHbIM B Tabnvuax nokasarensm

HeypoeneTBoputensHoO

20.2. NpomexyToyHaa atrecTauus

MpomexyToyHas artTecTtaums Mno OUCUMMNIIMHE OCYLLECTBASIETCS C MOMOLLbI CreayLLnX

OLEeHO4YHbIX CPpeacTB: cobecenoBaHue no BOMpPOCaM K 3K3aMeHy.
I'Iepequb BOMPOCOB K 3K3aMeHY:

1. CocTosiHne n TeHAEHUNN PasBUTUS SHEPTETUKM.

2. YpenbHoe aHepronotpebnexue.

3. lMoTeHumanbHble BO3MOXHOCTN BO30OHOBNSAEMbIX NCTOYHMKOB

4. £poepHoe TONMMBO M €0 UCMONb30BaHME B SSAEPHbLIX peakTopax.

5. TpenmyLLecTBO SAEPHON SHEPrETUKMN.

6. TlpuHuMNUanbHas cxema saepHoro peaktopa. Pusmyeckme NpPoLecchl B SAEpHOM peakTope

7. Buabl saepHbIX B3auMOOENCTBUN.

8. CeueHus peakuymn. MUKpOCKONMNMYECKNE U MaKpOCKonmMyeckme cedeHnst. Pusnyeckmii CMbICH.

9. 3aBUCMMOCTbL CEYEHUIN OT IHEPTUM.

10. PazpgeneHne HeMTpoHOB MO 3HeprusiM. [MoHATMEe 00 SHEepreTM4eckoMm CrekTpe HEWTPOHOB B

peakTope.

11. Kputnyeckoe, HagKpUTUYECKOE, NMOAKPUTUYECKOE COCTOSIHUS peakTopa.

12. Kputnyeckas macca.

13. YpaBHeHune GanaHca TennoBbiX HEUTPOHOB.

14. 3bPeKTUBHBIN KOIPPULMEHT Pa3MHOXEHUA HENTPOHOB. 3ameanuTenu.

15. TpeboBaHusa, npeavsaBnsemMble K 3amegnurento. 3amegnstowaa cnocobHocTb. KoaddpumumeHTt

3amensieHus.

16. XapakTepuCTUKKn 3amennmrenen.




17.
18.

19.
20.
21.
22.
23.
24.
25.

26.
27.

28.

29.
30.

31.
32.
33.
34.
35.

36.
37.

38.

MoHATMe o peakTuBHOCTW. [epuog peakTopa.

3aBNCUMOCTb Nepuoda peakTopa OT BPEMEHM XU3HWU MOKONEHUS HEWTPOHOB. 3anasfbiBatowime
HENTPOHbI.

MpeaLwecTBeHHMKM 3ana3gblBaloLLnx HEMTPOHOB. [lons 3anasabliBaloLmMX HEUTPOHOB.

CpepnHee BpeMs XM3HU 3anasablBatoLLNX HEUTPOHOB.

lMoHATME O MTHOBEHHOW KPUTUYHOCTM peakTopa.

BbiropaHve Tonnuea. 3anac peakTMBHOCTM Ha BbIrOpaHue Tonnmea.

"nyGuHa BbiropaHusa saepHoro Tonnvea. Kamnanusa peakTtopa.

LLInakoBaHWe 1 oTpaeneHue peakTopa.

Bocnpoussoacteo aaepHoro tonnmea. NoHATNE 0 KoadpruneHTe BOCNPON3BOACTBA U BPEMEHN
YABOEHWSI.

MepBbIt KOHTYP, €ro oCHOBHbIe KOMMOHeHTbI: 'LH, K[, naporeHepatopsbl, MUT.

MpuHUun paboTbl NaporeHepartopa, obecnevyeHne 6e30MacHOCTU NpU pas3pbiBE TEMNOOOMEHHbIX
TpyOOK.

Cuctembl 6esonacHoct, CBPK, AKHI1. OcCHOBHble perynstopbl MOLHOCTW, MNPUHLUMMBI WX
OYHKLNOHMPOBAHNS.

Bo3amoxHOCTb ynpasneHusa peaktnsHoctbio, OP CY3, 6opHoe perynnpoBaHue.

PerynupoBaHne pabotbl ASP B aBapuiiHbiX pexummax, CBsI3aHHbIX C HEKOHTPONMpYeMbIM
pa3roHOM MOLLHOCTU peakTopa.

Obwwme ceegeHnsa o6 ACY A3C.

Mo aHeprum HENTPOHOB, NPON3BOAALLNX AEeNEHME.

Mo cnocoby pa3smelleHns Tonnmea 1 3ameanuTens.

Mo KOHCTPYKTMBHOMY MCNONHeHW0. 1o BuAay TennoHocutens. o HasHavyeHwio.

TpeboBaHMA K KOHCTPYKLMM aKTUBHOW 30HbI M €e XapakTepucTukn. TpeboBaHMa K MaTepuanam,
NCNonb3yemMbIM B OpraHax ynpasneHus 1 3auTbl peakTopa.

Bop 1 ero xapakTepuCTUKK Kak MornoTuTens B CpaBHEHUU C ApYrMMN Matepuanamu.
TennoHocutenn. TpeboBaHus, npeabsiBNseMble K TENNOHOCUTENAM SiAEPHOro peakTtopa. Bopa
Kak TennoHocutens. CBoMCTBa BOAbI.

OpraqueCKme TennoHocutenn. CeoncTea opraHn4eckmnx TENMoHOCUTENEN.

39. XKugkomeTannunyeckne tennoHocutenun. CBoncTBa XNOKOMETanimyeckmux TENOHOCUTENEN.

40.
41.
42.
43.

44.

45.

"azoobpasHble TennoHocutenu. CBoMcTBa ra3o06pasHbIX TEMIOHOCUTENEN.

TonnueHble matepuansl. TpeboBaHus, NpeabsBrsieMble K TONMMBHBIM MaTepuanam.
MeTannuyeckoe TOMMMBO U ero xapakTepnucTuku. OKUCHOE TOMSNBO U €ro XapakTePUCTUKN.
KapbvgHoe TonnMBO W €ro XapakTepucTuku. [ucnepcHoe TOMnMBO, €ro MpeuMmylLLecTsa U
HeJoCcTaTKK.

KOHCTpYKUUWOHHBLIE MaTepumarnbl saepHoro peaktopa. OCHOBHblE TpeboBaHUS, NpeabsBnseMble K
KOHCTPYKLMOHHBIM MaTepuanam.

LIMpKOHWIA. XapakTepuCTUKI1, JOCTOMHCTBA U HEOOCTaTKMN ero UCMoNb30BaHMSA B aKTUBHBLIX 30HAX

peaKkTopoB.



46. AyCTEHUTHble  HepXaBewwme cTanu. XapakTepuCTUKW, LOOCTOMHCTBA W HedoCTaTKu
NCNONb30BaHUSA B aKTUBHbIX 30HAX PEaKTOPOB.

47. [lencTBne peakTopHbIX U3My4YEeHNn Ha Mmatepuansl.

48. CepunHbln  agepHbin peaktop BB3OP 1000 (PY B-320). OcCHOBHble TexHW4Yeckue [OaHHble
peakTopa. Cxema UMPKYNAUMM TENnOHOCUTENSI MNEepBOrO KOHTypa B KOpnyce peakTopa.
KOHCTpYKUMNA 1 Ha3Ha4yeHre Kopnyca, LWaxTbl ONOPHbLIX CTAaKaHOB, IPaHEHOro Nosica U BbIrOPOAKN.
XapakTepucTukn  akTMBHOM  30Hbl.  KapTtorpamma. [leperpyska Ttonnmea. OcTatoyHoe
9HeproBbigeneHne.

49. KOHCTPYKUUSA N XapaKTepUCTUKN TennoBbiAENSIOWEro aneMeHTa (TBan), TennoBblaensoLen
cbopku (TBC).

50. XapakTepnCTMKK KOMIMeKca KacceT B saepHoM peaktope. lNornotutenu, ncnonossyemole 8 BBOP
1000.

51. KoHcTpyKkums knactepa CY3 1 cTep)XHel BbiroparoLLero nornoTuTens.

52. KoHCTpyKumns n HasHadveHne 6noka 3awmntHbix Tpyo (B3T), BepxHero Gnoka, KpbllWKM peakTopa,
HasHayeHne 6eTOHHON LWaxTbl peakTopa.

53.Peaktop PBMK 1000.0OcHOBHblE TexHW4Yeckne xapaktepuctukn. OOWwuin Bua peakTopa.
OcHoBHOe obopynoBaHve. Cxema ABWKEHWS TennoHocuTens 4epe3 peakTtop. KoHCTpykums
TexHonorndyeckoro kaHana (TK), Tennoeblaensawowero anemMeHTa, TennoBblAENsALWen YacTu
TexHonornyeckoro kaHana (TK).

54.YcTaHOBKa TEXHOMOrMYEeCcKoro KaHana B rpadutoBon knagke. KOHCTPYKUMA rpadonTOBOM KIagKu.
HasHauyeHne un KoHCTpykums cxem «C», «OPw», «Jl», «O», «E», «3», «KXK». HasHayeHue
NANTOYHOrO HacTuna.

55. Peaktopbl Ha 6bICTpbiX HenTpoHax. OcobeHHOCTU neTneBorM W MHTErparibHOW KOMMOHOBKM
NepBOro KOHTypa PeakToOpPOB C HAaTPMEBLIM TEMNSTIOHOCUTENEM.

56. KoHCTpyKuum BHyTpmupeakTopHoro obopyaosaHusa bH 350, BH 600.

57. TennoBblaensowWnA anemMeHT, Tennosblaenswowas cbopka. AKTMBHas 30Ha peakTopa, 30Ha
BOCMpPON3BOACTBA.

58. MNepcnekTmBHble NpoekTbl ASP. HanpasneHua pasBuTtus peakTopHbiX cuctem. Peaktopsl BBOP
NOBbILLIEHHON 6e30nacHOCTK.

59. MNMpoekt BPECT. NccnegoBaHns B 060CHOBaHNE NPOEKTHBIX peLleHni AJY.

lMpomexyTodyHas atTecTaumsi NPoOBOAUTCS B COOTBETCTBUM C [MONOXeHneM O NpOMEXYTOYHOM
aTTecTaumm oby4aroLLMXCH Mo NporpaMmmam BbiCLLero obpas3oBaHus.

KoHTpOnbHO-M3mMepuTenbHble Matepuanbl MPOMEXYTOYHOW aTTecTauun BKNYawT B cebs
TeopeTuyeckne BOMPOCbl, MNO3BOMAKLINE  OLUEHUTb  YPOBEHb  MOMYYEHHbIX  3HaHWWA  WU/unu
npakTnyeckoe(ne) 3agaHune(s), nossonstoiee(ne) oueHnTb cTeneHb ChopMUPOBAHHOCTU YMEHUIA N(KUIKn)
HaBbIKOB, U(1NK) ONbIT AEATENBLHOCTH.

I'Ipm Ol EeHNnBaHUN UCNONb3YKOTCA KONMMYECTBEHHbIE UITN Ka4eCTBEHHbIE LLKallbl OLIEHOK. KpI/ITepI/IVI
oueHnBaHnA npumBeneHbl HUXKe.

Onucanue KputepueB U WKanbl oueHnBaHUaA KOMMeTeHUni (pe3yJ'IbTaTOB 06y‘-IeHMFI) npu arrectaunm



KpuTepum oLieHMBaHMUA KOMMNETEHLNIA LLkana oueHok

Ob6yyvaromncs eMOHCTPMPYET NOSTHOE COOTBETCTBME
3HaHWI, YMEHWUI, HABbIKOB NPUBEAEHHBLIM B Tabnuuax OTNNYHO
nokasatensam, cBo6ogHO onepupyeT NpUobpeTeHHbIMU
3HaHUAMW, YMEHUAMMW, MPUMEHSIET UX NPU PELLEHNM
NpaKTU4eCcKMX 3agau

Oby4yarowmincs 4eMOHCTPUPYET COOTBETCTBUE 3HAHWMN,
YMEHWIA, HaBbLIKOB NPVBEAEHHbIM B Tabnmuax
nokasaTtensiM, Ho JonyckaeT He3HaYUTENbHbIE OLLNOKMN, Xopouio
HETOYHOCTW, UCNbITLIBAET 3aTPYOHEHWS NPU PELLEHMN
NnpaKkTU4ecKmx 3agad

Ob6yvatoLwmnca eMOHCTPUMPYET HEMOMHOEe
COOTBETCTBUE 3HaHVII7I, yMGHI/II7I, HaBbIKOB NpmnBeaeHHbIM

Ya0oBNeTBOPUTENBHO
B Tabnuuax nokasartensiM, JonycKkaeT 3Ha4YnTeNbHbIe
OLLUMBKM NpW peLLeHnn NpakTUYecknx 3agad
OOGyyvatoLmiicss AEMOHCTPUPYET SIBHOE HECOOTBETCTBUE
3HaHWI, YMEHWI, HABbIKOB NPMBEAEHHbIM B Tabnmuax HeygnoeneTBopuTensHO

NnoKasarenam

Mpumep KOHTpONbHO-U3MeputTenbHoro matepuana (KUM)
YTBEP>XOAKO

3asegyroLunmn kadeapom
anepHon OU3nKK
Tutosa J1. B.

HanpasneHne noaroToBku:

14.05.02 ATOMHbIE€ CTaHLIMWN: NPOEKTUPOBAHUE, SKCNNyaTaLUUS N UHKUHUPUHT.
Ouvcumnnuna: 51.B.08 dusuka aaepHbiX peakTopoB

Bug KoHTpons: Jk3ameH.

KoHTporbHO-n3ameputensHbin matepuarn Ne1i
1. CeueHus peakuun. MUKpOCKONMYECKME N MAKPOCKONMYecKkne ceveHns. Puanyeckmii CMbICH.
2. KOHCTpYKUNOHHbIE MaTepuanbl sigepHoro peaktopa. OcHoBHble TpeboBaHWUA, nNpeabsiBNsiemMble K
KOHCTPYKUMOHHBLIM MaTepuanam.

lMpenogaBaTenb

noAnuchb paclmngpoBKa noanucu

21. ®oHA OLLEHOYHbIX cpeancTB, peKkoMmeHAyeMbIX K UCNOoJIb30BaHUIO B Xo4e NpoBepKu
OCTaTOYHbIX 3HAHUWN (OLleHKe AOCTUNXEHUSA pe3ynbTaToOB OCBOEHUA ,qMCLIMnnVIHbI)

TecToBble 3agaHuaA ¢ OTKPbLITLIM OTBETOM

1. Kakue yacTtuubl Bbl3biBaloT AenenHne aaep U-235 B aaepHblIX peaktopax?
1) 9neKkTpoH, 2) HEUTPOH, 3) NPOTOH 4) fenTepui
2. Kakne 13 nepeyvncrieHHbIX HUXe BellecTB 0Obl4HO UCNOMb3YITCA B S4EPHbLIX peakTopax
B Ka4ecTBe siAepHOro roptovero? 1) kagmui 2) ypan 3) 6op 4) rpaduTt 5) Boga
3. Kakown peakTop BbipabaTbiBaeT Oonblle 94epHOro ToNnnBea, Yem notpednsaer?
1) ypaHo-rpaduTOBbIN 2) peakTop Ha ObICTPbIX HENTPOHAX 3) peakTop Ha MeOSIEHHbIX
HenTpoHax 4) BOOO-BOASHOW peakTop



4.

10.

11.

12.

Kakne BellecTBa SABMAKTCA 3aMeanuTENs MM B SOEPHOM peakTope Ha TennoBblX

HenTpoHax? 1) YpaH 2) LinpkoHui 3) Boaa 4) Kagmui

UTto Takoe agepHbI peakTop? 3TO YCTPOMUCTBO, B KOTOPOM. ..

1) ocywecTBnsAeTcA ynpaBnsaemas LenHasa peakumsa aeneHus Tsaxenbix agep

2) aaepHas aHeprusa npespallaeTcs HenocpeCTBEHHO B ATIEKTPUYECKYIO

3) NpoMCXOANT yrnpaBnsieMbI CUHTE3 Nerknx saep

4) npocxoguT yrnpaeBnsembln a-pacnag saep

Kakon ns mHoxuteneun He BXoAUT B KOSPPULNEHT pa3sMHOXEHUA HENTPOHOB B SAEPHOM

peakTope Ha TennoBblX HEMTPOHaxX 6eCcKoHeYHoro pasmepa?

1) 9 eKTMBHbIN BbIXO4 HEUTPOHOB HA OAMH 3aXBayY€HHbIN HEMTPOH B TONNMBE

2) KO3(pPULUMNEHT pasMHOXEHUS Ha BbICTPbIX HEMTPOHAX

3) k03(hPMUNEHT UCNONb30BaHNS TEMMOBbLIX HEMTPOHOB

4) ko3adphULMEHT pa3MHOXEHUA Ha TENSIOBbIX HEUMTPOHAaX

EOuHUUbLI n3MepeHusa NoTHOCTU NOTOKa HENTPOHOB

1) HentpoH/(cm?*c); 2) Heitpor/cm? 3) HenTpoH/c 4) HeirtpoH/(cm3*c)

EouHuubl namepeHus Bo3pacta HEMTPOHOB:

1) M>2)MuH 3)c4)m

Kakon 13 npoayktos aenexus aaep 22°U oTHOCUTCS K OTpaBUTENsaM S4epHOro peakropa?

1) 13Xe 2) 917r 3) %Mo 4) 1¥87Cs

Kakasi xapakTepucTuka He OTHOCUTCSA K Mpoueccy OTpaBfeHus s4epHOro peakropa

KCEHOHOM?

1) manoe ceyeHue NOrmnoLweHns TensIoBbIX HEUTPOHOB

2) ObICTpoe OOCTMXKEHME PaBHOBECHOW KOHLIEHTpauun KCeHoHa, npumepHo 3a 30-40
yacoB

3) yBenuyeHue oTpaBIiEHMS MOCNE OCTAHOBKM SiAEPHOro peakTopa

4) BpeMeHHOoe yBenun4eHne Unm ymeHbLleHne peakTuBHOCTH, 0bycnoBrieHHoe
N3MEHEHMEM KOHL,EHTPaLUN KCEHOHA

[na anepHOro peakrtopa Ha TEMOBbIX HEMTPOHAX NOTEPS PEaKTUBHOCTU 3a CYET

OTpaBIiEHNS1 KCEHOHOM MMeeT BUA

1) p=-6W, roe © - KoadphPULUMEHT UCNONb30BaAHUA TENJIOBbIX HEeUMTpPOoHOB, W —
OTHOLWIEHME KoJfinyectsa MOrMOWEHUA B MNOrnoTuTene K KONUYecTBY
NornoweHnn B Tonnmee

2) p=+6OW, rae © - K03PPULMEHT NCNONb3OBAHUA TEMIOBbLIX HEUTPOHOB, W —
OTHOLUEHUWE KonMyecTBa NormnoLeHn B NorfnoTuTene K KonNnyecTBy NOrnoweHun B
TOonnmBe

3) p=-6W, rae O - KoaPPULNEHT UCMONb30BaHMSA TENOBbLIX HENTPOHOB, W —
MOLLHOCTb peakTopa

4) p=-6W?, rae © - KoadPULMEHT UCNONb30BaAHUSA TEMNMOBbLIX HENTPOHOB, W —
OTHOLLUEHME KONMYECTBA MOrfOoLLEHNI B NOMNOTUTENE K KONUYECTBY MOrMOLWEHNA B
TonnvBe

[MpomeTneBbIN NpoBan — 3To

1) yMeHblLUeHMe 3anaca peakTMBHOCTU peaKkTopa Npu HakonneHuu camapus nocne
OCTaHOBKMU SiePHOro peakTopa He TenyoBbIX HEUTPOHAaX

2) yMmeHblUeHMe 3anaca peakTMBHOCTW peakTopa Npu HakonsieHMM camapusi nocre
OCTaHOBKM AAEPHOro peakTopa He ObICTPbIX HEMTPOHaX

3) yBenuyeHune 3anaca peakTUBHOCTWU peakTopa Npu HaKonneHMmn camapus nocne
OCTaHOBKM SAAEPHOro peakTopa He TEeNSTOBbIX HENTPOHAaX

4) yBenuyeHue 3anaca peakTUBHOCTU peakTopa Npu HakonfeHnn camapus nocrie
OCTaHOBKM SAAEPHOr0 peakTopa He BbICTPbIX HENTPOHAX



13.ApepHbln peakTop NOAKPUTUYEH NPU YCNOBUN:

1) peakTuBHOCTb p <0, KO3 hpPULUNEHT pa3MHOXKEHUA HEUTPOHOB K’app<O;
2) peaktuBHOCTb P =0, KO3(PPUUNEHT Pa3MHOXEHUA HENTPOHOB Koapdp<O;
3) peakTuBHOCTb P >0, KOAPPUUNEHT Pa3MHOXKEHNA HEUTPOHOB Kagph>0;
4) peaktnBHOCTb P =0, KO PUUNEHT pasMHOXKEHUS HEUTPOHOB Kapp=0;

14. dr3n4ecknin BEC KOMMNEHCUPYHOLLLErO CTEPXKHS — 3TO

1) peakTUBHOCTb, KOTOPYH MOXET CKOMMEeHCUpPOBaTb KOMMEHCUPYHOLLUN
CTepXeHb Npu BBeAEHUM B aKTUBHYHO 30HY UMM BbICBOOOAUTL NPU noagbemMe U3
aKTUBHOM 30HbI

2) BEC KOMMEHCUPYIOLLEro CTEPXKHSA

3) AnnHa KOMMNEHCUPYIOLWEro CTEPXKHS, BBEAEHHAsi B aKTUBHYHO 30HY peakTopa

4) 06beM KOMMEHCUPYIOLLLETO CTEPXKHS

15.0ns ynpaBlieHna peakTMBHOCTbO B peaKkTope Ha TenJjioBbiX HeVITpOHaX B BOOAHOM

TEenNoHocuTeNe N3MEHSIOT KOHLLEHTpaLMIo:
1) BopHOW KMCNOTbI

2) ConsiHom KNCNoTbl

3) Okcmpa 6opa

4) bpomupga HaTpus

Bonpochkl ¢ pa3BepHyTbIM OTBETOM

1.

2.

4.

Ckornbko Heobxoanmo 006bITb NPUPOLAHOMO ypaHa, YTobbl nonyunTb 1 T oboraweHHoro ypaHa ¢
oboraiieHnem 2 % npu cogepxaHum B oTBanbHOM Tonnuee ypaHa 0,25 %?
OtBeT: COOTHOLIEHNE MeXay MaccaMu NMPUPOAHOro ypaHa n oboraleHHOro umeeT Bua;:
X—X
m, =my —=2< rae X, - COOepXaHWe OTBaNbHOIO ypaHa, X, - WCXOAHOe COoaepXaHue
X —

o ome

ypaHa-253 B NpypodHOM ypaHe, X - oboraiieHue ypaHa. Torga m, :1% =163 1.
Ckonbko Bbiropaet 2%°U u 29Pu npu nonyyenun 1,2 MBT * cyT 3HEprim B siAepHOM peakTope Ha
TEeNNoBbIX HENTPOHAaX?

Oteet: lNpu peneHum ogHoro sapa U unn #°Pu Bbloensietca aHeprus npumepHo 200
MaB=3,7-10 MBT-cyrT, To Ans nonyyeHust 1 MBT-cyr HyxHo pasgenutb 2,7-10% sapep, a
cxeyb B (l+a) pas, rae @ - OTHOLEHME CEYEHWn padMaLMOHHOro 3axBaTa HEMTPOHOB W
aeneHus. Torga macca pensilerocs Hyknuaa pasHa 2,7-1021(1+a)A/N A T. lNoactaenss

3HaveHusa maccosoro Yncna A u a=0,17 gna 2°U n «a=0,42 gns #°Pu, nonyyaem 1,23 r

ypaHa un 1,52 r nnyToHus.

Kakoe konu4yecTtso 2%°U pasgenutcsa v npespatutcs B 226U 3a 1 rog paboTbl sAepHOro peaktopa
Ha TennoBbIX HEUTPOHaxX Ha mowHocTn 150 MBT?

OTBerT: 3a oAvH rog paboTbl Ha MOLLHOCTM 150 MBT pasgenutcs

m,,, =1,05-150-365=57,7 kr **U.. Kornnuecteo BbIFOPEBLUErO U
m,,, =1,05-(1+0,17)-150-365=67,2 kr “*U. B pesynbTare paguauMoHHoro 3axsata B 23°U

npeeparutcd 67,2-57,7 = 9,7 kr

AnepHblii peakTop Ha TennoBbiX HEWTpoHax BblpaboTtan 2*10° MBT*4y Ha mowHocTn 50 MBT.
OnpenennTb CKOPOCTb BbIrOpaHus ypaHa 3a eAuH1LY BPEMEHW.

OteeT: ApepHbli peakTop pabotan B TedeHune t=Q/N =40004. 3a 31O Bpemsi BbIrOpeno

m,. =1 23.2.10°/24=10,2 xr ypaHa. CKOpoCTb BbIropaHus npy paboTe Ha CTaLVOHapHON

MoLHocTu paHa M, /t=2,551/4=0,71 mr/c



10.

11.

AOepHbI peakTop C MepBOHavanbHOW 3arpy3kod 3 T ypaHa, oboraweHHoro go 2 % 23U,
BblpaboTan 4,1*10° MBT*4. Onpenenutb rnybuHy BbiropaHus ypaHa.

OTBeT: mehM:0,051-4,1-105:211<r, rae 0,051 npeacTtaBnsieT ydenbHbIN pacxod TOMnMBa.
CnepoBatenbHoO, rmybuHa BbiropaHus no ypaHy pasHa z=21/3= 7 kr/T. [Npwu 3arpy3ke 3 T ypaHa C
oborawervem 2% Macca pensierocss wsotona coctasnsier 0,02-3-10° =60 kr. Takum

obpasom, rnybuHa BeiropaHus z0 coctaenset 35%.
OnpegenuTtb rnyobuHy BoiropaHus Tonnuea B BBOP-440 3a 300 acb.cyTok paboThbl Npu HaYanbHom
3arpyske 23°U 1028 kr (Bcero Tonnuea 42 TOHH)

OtseT: Macca sbiropesiiero tonnmea m,  =1,23-1375-300 =507,38 kr, rnybuHa BbiropaHus

ypaHa z= 507,38/42 = 12,08 kr / T, zZ0=m,  / M, . =507,38/1028 =0,49 =49%

OueHnTb ygenbHbIM pacxod SAEpPHOro TOMNMBa B TOMAMBHOM LMKNE NPU  OQHOKPATHOM
NCnonb3oBaHMM OBOraleHHOro ypaHa B siAepHbiX peakTopax Tuna BBOP npu HavanbHoM
oboraweHun 3%, ecnn B oTBane oboratutenbHoro nponssoactea 0,25%, B NpMpoaHOM ypaHe
0,71%, cpegHas rnybuHa BbiropaHusa ypaHa 30 MBT*cyt/kr, KN4 ASC 30%
OTBeT: YaenbHbIn pacxod a4epHoro Tonnmnea

1 x-X r Q Nt MBrt-cyr

= ome ,B= = , rae B - rmybuHa BblropaHus, -
qU 24 Bn XO - Xom@ KBqu mmonﬂuﬁa mmon.msa T y p 77
KrL yctaHoBku, X . - COAepXXaHWe OTBanbHOro ypaHa, X, - ICXOAHOe codepXXaHue ypaHa-253 B
NPVPOAHOM ypaHe, X - oboratleHne ypaHa.
o = 1 3,0-0,25 r _28.10° r ~670 r
24-30-0,30,71-0, 25 kBrxu MBr1xy MBrxy

Kakoii npoueHT 238U moxeT ObiTb MCMONb3OBaH B NPUMPOOHOM YypaHe npu pabote saepHOro
peakTopa Ha TENOBbIX HENTPOHaX, MMetoLLLero koadduuneHT BocnponssoacTtea 0,87

Otsert: Mpu BuiropaHm MY **° kr obpasyetcst nnyToHuit, maccoii M- =KB-m’?* KB -

8ble 6ble

KO3hPULIMEHT BOCMPOM3BOACTBA, KOTOPbLIA Bhiropas aaer KB?-m- 2*

6ble

nnyToHs u T.4. MNpn

COBMECTHOM BbIrOpaHun 235U n 9Py CYMMapHO BblropaeT
U-235
PUU _ . U-235 U-235 2 L U-235 _ ez EqaU-235
m,.~ =m_“+KB-m “~+KB"-m ~+..= KB 5Sm, . W3 9TOro  BbIFOPEBLUErO
KB
Pu _ Pu-239,U-235 U-235 _ U-235 U-235
TONNMBa Ha BTOPUYHOE NpuXoauTea M, =m, " -m, _m-mw =4m_ =" . Ecnu

NPeanonoXuTb, YTo BbiropaeT Becb 2*°U, copepXalimiics B MPUPOAHOM ypaHe B KOnuyecTse

0,7%, TO Npu 3TOoM Ucnonb3yeTcs Takke 22U (nocne npespalleHus ero B °°Pu) B Konuyectee

4-0,7% = 2,8%. Takum obpa3om, MOXeT ObITb Ucnonb3osaHo 0,7% 23U n 2,8% 28U

B peakTope-pasmMHOXMTENE, MMeoWeM KoaddULMeHT BocnpousBoacTea 1,5, 3arpyxeHHoe

TOMNMBO Maccon M, BbiropaeT 3a 5 net. Yemy paseH rofoBoV NPUPOCT Tonnmea?

OTBeT: HakornseHme BTOPMYHOro Tonnmea 3a 5 net coctasnser M= KB-m, =1,5m,. MpupocT 3a

m-m, KB-m;—m,
mO - mO

Ckonbko #°Pu obpasyetcsa 3a rog pabotbl ASC, umetollen koaddpuUMeHT BOCMpoM3BoacTBa

0,6?

OtBeT: M3 TabnnyHbIX OaHHbIX U3BECTHO, YTO YAENbHbLIA pacxod nepBuyHOro Tonnmea Ha ASC

paBeH 0,18 r/(MBT*4), To ecTb Ha 1 MBT*4y nony4yaemon 3neKTpuU4YecKkon aHeprmm obpasyertcsa

0,18-239/235=0,11r 2%Pu, 4yTo 3a rog pabotel AQC gacT maccy nnyToHus 23°Pu, paBHyio

0,11*500*7000 = 385 «r, npu yyete, 4to ASC pabotaet 7000 yacos 3a rog.

BbICTPLIN AO0epHbIN peakTop C MYTOHMEBLIM LIMKIIOM UMeeT KO3(dUUUEHT BOCMPOU3BOACTBA

1,5, anektpudeckaa molwHoctb 1000 MBT, KM 40% u paboraer B TedeHume roga 7000 u.
Ckonbko nnyToHMs1 HapabaTbiBaeT SOepHbI peakTop 3a rog?

5 net paBeH =KB-1=0,5=50%, 4t0 cocTaBnsietT 50/5=10% B roa




OTBeT: Tennosas MOLLIHOCTb 0EepHOro peakTopa N =1000/0,4 = 2500 MBr .
OHeproBbipaboTka 3a roa Q:2500-7000:17,5-106 MBT-49/r, Macca BbIrOpeBLLEro Tonnvea

m,,. =0,063-17,5-10° =1650 kr/rox. Takum o6pasom, AoMOnHUTEnNbHasi HapaGoTka HOBOTO

Tonnmea 1650 — 1100 = 550 «r.
12. ApepHbin peakTop HapaGotan 50000 MBT*4. Ckonbko wnakoB (6e3 yyeta 2%¢U) Hakonunocb B
aKTUBHOW 30HE?

Oteet: m =105-5-10"/24=2,2 kr
13. OUEHUTb OTHOCUTENbHYIO MOTEPK HEATPOHOB B LUMaKax Ans YEeTbipex SAEpPHbLIX PeakTopoB C

pas3fMyHbIM CMNEeKTpOM HenTpoHoB nocne pgenenHus 10% TonnmBa. JHEpPrnss HEUTPOHOB,
npousBoaswnx genexHve, pasHa 0,025 aB. OTHoweHWE ceveHUs MOrMOLLEHNS HEUTPOHOB B

mon

TOMnNmMBeE M B LUTAKax

=14,5, OTHOLIEHNE CEeYEHUN pagMauMOHHOro 3axeaTa HEMTPOHOB K

wa
20,

ceyeHuto genenus aaep tonnuea o = 0,17
OtBer: NMocKkonbKy Npu AeneHun Kaxaoro sapa obpasyercs B CpedHEM ABa OCKOrka, TO nocrne
penenna 0,1IN SII[Cp/CMS KOHLIeHTpaLms wnakos 6yaeT B 2 pasa 6onbwe 2-0,IN, HIIGp/CMg.

mon

Mpn NnoTHOCTM NoToKa HenTpoHoB @ B Wnakax OyaeT nornowarbes
wn _ uin
®o"N,, =Po"-2-0,IN

mon

HEUTp/ (CM3'C), a B TOMMMBE, KOHLEHTpaUuss  KOTOPOro

ymeHblnTcst Ha 10%, Gymer normowatecs Po,"0,9N

mon

HeHTp/ (CM3 -c) . OTHocUTenbHas

noTepsi HEWTPOHOB B LUAKax COCTaBUT

dc N 1 1
o “”N o rr:z‘fn70 9N = — = P ﬂO,D,CTaBHFISI YUCINEeHHble 3Ha4YeHuA,
O-a wn + O-a ! mon O-a Gf
1+92 w1491+ a)—
o, 20,

nonyyum 0,9%
14. OueHNTb OTHOCUTENbBHYIO NOTEPH HEMTPOHOB B LUNAKax ANSa SAEPHOro peaktopa Ha HEUTPOHaXx
nocne genexHns 10% TtonnueBa. OHEPrns HEMTPOHOB, MPOM3BOAALWMX AerneHune, paBHa 10 kaB.

mon

OTHoOWeEHNEe ceYveHust NornoweHns HeI7ITpOHOB B TOMJiMBe " B LUTAKax =7,8, OoTHOLIEHNe

f
20"
CeyeHU paanaLmnoHHOro 3axsaTa HEMTPOHOB K ceveHunto aenenuns aaep Tonnmesa o = 0,35
OtgeT: lNMockonbky Npu geneHuMn kaxaoro siapa obpasyercs B cpegHeEM [Ba OCKOSKa, TO nocre

penenna 0,IN ;mep/CM3 KOHLIeHTpaLma wnakos 6yaeT B 2 pasa 6onbwe 2-0,IN, ;mep/c:M3.

mon

Mpu nnoTHOCTM NoToka HenTpoHoB @ B wWnakax Gyaer nornowarbes

i 1 ) 3
®o"N, , =Do"-2-0,IN HeI/ITp/(CM -c), a B TOMMAMBE, KOHLUEHTpauus  KOTOpPOro

mon

ymeHblnTcst Ha 10%, Gymetr nornmowartscs ®o;"0,9N, HeﬁTp/(CMs-C). OTHocuTenbHas

noTepst HEMTPOHOB B LUJTAKaxX COCTaBUT

DN, 1 1
Do N D" 0.9N = —_— = - rlO,D,CTaBJ'IFIFI YUCneHHble 3Ha4YeHud,
O, + Do y O, (o2
a win a mon 1+92auu 1+9(1+a) fmﬂ
O, 20,

nony4inm 1,1%

15. OueHNTb OTHOCUTENBHYI0 MOTEPHD HEMTPOHOB B LUMAKaxX AN SAEPHOrO peakTopa Ha HEMTPOHax
nocne genexnus 10% Tonnmea. SHepruss HEMTPOHOB, NPOM3BOAALMNX AeneHne, pasHa 1 MaB.

mon

OTHoOLLEHNe ceYveHnst NOrnoLeHNs HEUTPOHOB B TOMNMBE U B LUMakax =14,4, oTHOWeEHNE

uwan
20,

ceveHnmn pagnaulMoHHOro 3axearta HeI7ITp0HOB K CedeHUo aeneHna aaep Ttonnmea o = O, 08



16.

17.

18.

19.

20.

21.

OTBeT: NMockonbKy Npu OeneHnn Kaxaoro sapa obpasyercs B cpedHeM [ABa OcKonka, To nocrne
peneHna 0,1N ;IJ;[ep/CM3 KOHLIeHTpaLma wrakos byaet B 2 pasa 6onbwe 2-0,IN, HIIGp/CMB.

mon

I'Ipvl NNOTHOCTU NOTOKa HeVITpOHOB ® B wnakax 6y/:|,eT nornoLwaTtbcd

®o'N, , =Ddo"-2-0,IN HeﬁTp/(CMS-C), a B TOMMMBE, KOHLEHTpauus  KOTOpPOro

mon
ymeHblntcst Ha 10%, Oypetr normowartecs Do, "0,9N, . HelTp/ (CM3°C). OTHocutenbHas

noTepsi HEWTPOHOB B LUAKaxX COCTaBUT

dc N 1 1
e ““N o mL:rZO 9N = —= P I_IO/:I,CTaBJ'IFIﬂ YUCINEeHHble 3Ha4YeHUA,
O-a wn + O-a ! mon O-a Gf
1+92 w1491+ a)——
a 20

nonyyum 0,7%

C Kako/i CKOPOCTbI pasferalTcs B MOMEHT OeneHust ockonku 25U npu cMMMETPUYHOM
aeneHumn?

OtBeT: Byoem cumutaTtb, YTO BCS SHEPrus, BblaensiemMas B aeneHunn sapa 2°U, pasHaa 200 MaB,
pacnpenensieTcs Mexagy Oockornkamm ¢ mMaccoBbiM uncriom A=118, nopoBHy. CKOpOCTb OCKOSKa

paBHa u=\/2E :c\/ 2E 310w |- 2 0OMB g 10Pwe
Am Amc 118-940M»B

CKomnbKkO HY)XHO pasgenuTb 2%°U, 4Tobbl NONy4YnTb SHEPrMI0, COOTBETCTBYHIOLLYIO 1 I BellecTBa?

OTBeT: 3Heprusi, cooTBETCTBYIOWas 1 T BelecTBa paBHa E =mc® =9-10" /e =56,2-10° M>oB .
YuuTtbiBag, 4TO NpU AeneHun ogHOoro sgpa ypaHa Bblaensierca sHeprus npumepHo B 200 MaB,

9 56, 2'1025 23
MOXHO HanTn 4yncno anep ypaHa N, = 200 =28,1-10% sanep, macca
23
m, =Ny /N, -M, = 222297 535 1100 =11 «r

6-10
Ckonbko anbga-pacnagos npoucxogut B 1 4 B 1 1 28U7? lMepuoa nonypacnaga no OTHOLIEHMIO K
anbda pacnagy 4,5 mnpa ner,

OtBerT: 4,6.10%°

Onpeoenntb KONMNMYECTBO AENEHMIA U NornoweHnn 6e3 geneHns 3a 1 ¢ B pa3aMHOXatoLLEN cpeae
c %°U, rge NnoTHOCTb TEMmoBbIX HENTPOHOB paBHa 10° HelTp/cM®, a KOHUEHTpauua Tonnuea
5*10'® apnep/cm3? Ceuenune genexHusa saep 22°U paBHo 582 OH, ceveHne pagmalMoHHOro 3axsara
101 6H

OtBeT: CKOPOCTb TEMMOBbIX HEMTPOHOB cocTaBnsieT v =2,2-10° cm/c, KONWYECTBO AeneHui
onpegensetcs kak nvo N, =10°-2,2.10°.582.10%.5.10" =6,4-10° pen/(c*cm?). KonndecTso

nornowieHnin 6e3 aenenns 2%°U paeHo 1,1-10° norn/(c*cm3)

B akTMBHYIO 30HY SiAEPHOrO peakTopa B rOMOreHHOWM CMecK 3arpyxeHbl 22°U n samegnutens °Be.
OTHoweHne uncna saep ypaHa k 6epunnuio coctaensiet 0,4 %. Onpegenntb OTHOLLEHME Macc
TONNMBa U 3ameanuTens.

OtBeT: [Ing BeLecTB B rOMOreHHOM CMeCu KONUMYeCTBO siaep

N ”:g'%’ N, - uucno Asoragpo. OTHoOWeHME Macc ypaHa K Oepunnuio CocTaBuT
MmN A g o0a- 22 0,104-10,4%
mBe NBe ABe 9

ApepHbln  peakTop pabotaer Ha MowHocTM S5 MBT. [loTeps HENTpPOHOB B pesynbrare
nornoweHnss 6e3 geneHus coctaBnsieT 45 %. CKONbKO HEMTPOHOB BbINETAET 3a MNpenensi
aKTMBHOW 30HbI?

OTtBeT: M3 Kaxxablx MPMMEPHO 2,5 HENTPOHOB, POXAALINXCA MPU OeneHun aapa ypaHa, OauH
pacxodyeTcs Ha nopaepaHue uenHon saepHon peakuun: 0,45-2,5=11 - nornowiaetcs 6e3



aeneHuna n 2,5 — (1,0+1,1)=0,4 HenTpoHa, TO ecTb 16 % BbINETAET M3 aKTUBHOM 30HbI. [pu
paboTe SiAEpHOro peaktopa Ha MolHocTu 5 MBT npovicxoput 3,1-10™-5-10° ~1,6-10" penlc,

Tak kak 1 kBT coorBeTcTByeT 3,1-10® pen/c. CnemoBaTenbHO M3 aKTUBHOWM 30HbI BbiNeTaeT
1,6-10"-0,4=6,4-10"neittp / c.

22.Ha cKonbko NpoLeHTOB YBENNYMBAETCA KONMUYECTBO AEMNEHNA B KaX40M o4YepegHOM MOKONEeHUn
npu peaktuHocTn +0.0037?
OteeT: Ha 0,3 %

23.0OnpenennTtb BO3pacT HEMTPOHOB B S4EPHOM peakTope C rpacuToBbIM 3ameanutenem npu
3Heprum HenTpoHoB 10 3B.
OrtgerT: 14 c™m

24.0npenennTtb KO3(UUMEHT pPasMHOXEHUS KPUTUYECKOro SOEepHOro peakTtopa Ha TenmnoBblX
HENTPOHaX, BEPOATHOCTb YTEYKM HEUTPOHOB M3 KOTOPOro pasHa 5 %
OTBeT: 1,0526

25. MnotHoCTb HelTpoHOB ¢ aHepruen 0,025 aB pasHa 10° HelTp/cm®, a ¢ aHepruen 1 kaB pasHa 103
HenTp/cm3. NNOTHOCTb NOTOKA KaKMX HEATPOHOB GOMbLLIE U BO CKOMbKO pa3?

. y 2E
Otgert: lMNoTHOCTb NOTOKA HENTPOHOB @ =nv, TOe CKOPOCTb HENTPOHOB paBHa v =,|— .

m

. () n
OTHoLLIeHWe NMOTHOCTM NOTOKa HEWTPOHOB al =1 EE =0,5.
2

2 n2

Kputepuun n wkanbl oueHNBaHUA:
[nsa oueHnBaHWA BbINOSHEHUS 3a4aHUN ucnonb3yeTcs 6anneHasa wkana:
1) oTKpbITbIE 3a4aHus (TECTOBbIE, CPEAHUN YPOBEHb CIOXHOCTU):

o 1 6ann — ykasaH BEPHbI OTBET;
o 0 6annoB — ykasaH HEBEPHbI OTBET, B TOM YMCII€ YaCTUYHO.
2) 3aKpbITble 3a4aHNA (NOBbILIEHHbLIN YPOBEHb CITOXXHOCTWN):
. 5 6annoB — yka3aH BEpHbI OTBET,;
o 2 6anna — yka3aH HeBepHbI OTBET, HO NPUBELEH BEPHbIX XO4 PELLUEHNS;

. 0 6annoB — ykasaH HEBEPHbI OTBET.



