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Teopia simepuux peakrtopiB: HaByajbHO-MeTOAUYHUI KOMILIEKC TUCUMILIIHM. —
Kuis: IS HAHY, 2024. - 7c.

Yxaanau: Xomenkos B.I1., kanaunar pizuko-mMareMaTHyHUX HAYK, CTApPIINN HAYKOBHIA
CIIBPOOITHUK

VxBaneHo Ha 3aciganHi Buenoi paau [nctutyty sinepaux gocmimxens HAH Ykpainu

npotokost Ne 10 Bix “ 8 ” xoBTHsa 2024 p.



Beryn

[Tporpamy HaBYaIBHOI TUCIUILTIHA "Teopis s0epHux peakmopig”
(Ha3Ba HaBYAIHHOI AUCIUILIIHN)
CKJIaJICHO BIJIMOBITHO /10 OCBITHRO-IPOGECIHHOT TPOrpamMu MiArOTOBKH ooxmop ¢hinocoii
(Ha3Ba OCBITHBOT'O CTYIICHS)
CHEIaIbHOCTI 104 Disuxa ma acmponomis
(ko1 i Ha3Ba creliaJbHOCTI)
crerjianizari
( Ha3Ba criemiasizarnii)
Hapuanbha qucnuumiina HalIeXKUTh 0 LUKITY Bubip Incmumymy

[IpeameT HAaBYAIBHOT TUCIIUTIIIHKA  (pI3MYHI  MPOIECH, IO BiAOYyBalOThCS B  SJIEPHUX
peakTopax, iX TEOPETUYHHI OMUC, METOAU KUTbKICHOI Ta
SIKICHOT OITIHKH TapaMeTpiB, SKI pPO3PaXxOBYIOThCS, MIO
3aCHOBaHI1 Ha MaTEMaTHYHOMY amapari
nrdepeHIiabHOTO Ta IHTETPaIbHOTO YUCIICHHS, PIBHSHD
MaTeMaTU4HOI (Pi3UKH.

MixauCUHUTUTIHAPHI 3B’ SI3KU: 3 OIIII cTynens MaricTpit
3abesneuyerbes: 1.2.2/2 «®Dizuka - 2. KonuBaHHS Ta XBWIIL.

Enexkrpuka Ta MarHetmsm», 1.2.6 «MaTtematuyHi MeToau Ta
moneni», 2.1.3 «Teopist HMOBIpHOCTI Ta MaTreMaTH4YHA
cratucTukay, 2.2.2.1 «Bumia marematuka-4», 2.1.2 «AtomHa i
KBaHTOBa (izukay», 1.3.1.8 «SnepHa Ta HeliTpoHHA (i3uKa»

3abe3neuye: 2.1.8 «Eneprernuni simepHi peakropm», 2.1.13
«HecrauionapHhi nmponecu ta kepyBanus IEY», 2.1.14 «OcHoBH
yTpaBiIiHHS 0€3MeKoI0 B sAepHii eHepreTuii», 2.1.12 OcHoBU
excruryaTaiiii AEC

1. MeTa Ta 3aBIaHHA HABYAJIBLHOI JUCHHUILTIHA

1.1. Mera HaBYaJIbHOI JUCLUILIIHU.

MeToro HaBYAIBHOI TUCIHUIUTIHA € (POpPMYBaHHS y CTYJICHTIB 31aTHOCTEH (KOMITETEHTHOCTI):
- po3yMmiHHS (I3UYHHUX MPOIIECIB, IO MPOTIKAIOTH B SIIEPHOMY PEaKTOPI;

- BMIHHS YIIPaBJISITU HUMU MPOIIECAMH.

1.2.0cHOBHI 3aBJaHHS HaBYAJIbHOI JUCIIUILIIHHA.
3rigHO 3 BUMOTaMHU OCBITHBO-TIPOQECIHHOI MporpamMu CTYACHTH MICIsl 3aCBOEHHS HaBYAIBHOI
JUCIUIUTIHU MalOTh MPOJAEMOHCTPYBATH TaKi pe3yabTaTH HAaBYaHHS:
3HAHHA:

(bi3WYHMX MIPOIIECIB, IO MPOXOATH B AEPHOMY pEaKTopi, OCHOB Teopii audy3ii Ta CIOBUTEHEHHS

HEWUTPOHIB, BIKOBOI T€OPii I BU3HAYEHHS (DI3UNIHUX XapPAKTEPUCTHK SIEPHOTO PeaKTOpa

YMiHHSA:
BU3HAYATH KPUTUYHI PO3MIPH PEaKTOpa, pO3MOALT HEPTOBUAJICHHS IO PaJilyCy Ta BUCOTI peakTopa,

BUOUpPATH HANOLTBIN Oe3MMeYHIi Ta EKOHOMIUHUHN peXUM podoTa peakTopa

AOCBix:
MIPOBEACHHS PO3PAXyHKY HEHTPOHHO-(PI3MUYHHUX Ta TETUIO-T1IPaBIIYHUX XapaKTEPUCTHUK peakTopa




2. CTpyKTypa HaBYaJbHOI AU CUHILIIHA

No Hazsa pozmainy Kinekicts ronua
Beboro | Jlekmiit | IIpaktmu- | Camocriitna | Koncyms-
HUX Ta 1HIUBI- Tamii
3aHATh AyaJibHa
poboTa
0 | Beryn 8 2 6
1 | ®i3uuHi OCHOBH SACPHUX PEAKTOPIB 14 4 2 8
2 | Tudysist HEHTPOHIB 14 4 2 8
3 | YnoBiuIbHEHHS HEHTPOHIB 14 4 2 8
4 | BikoBa Teopis 14 4 2 8
5 | KinetndHa Teopist HEUTPOHIB 14 4 2 8
6 | KputnuHi po3Mipu peakTopa 14 4 2 8
7 | I'eTeporeHHi peakTopu 14 4 2 8
8 | PeakTopH Ha MIBHAKUX HEHTPOHAX 12 2 2 8
Bceworo 120 32 16 70 2

3. 3MmicT HAaBYAJBLHOI JUCHUILIIHA

Beryn.

ATOMHa eHepreTMka Ta LIUIAXM ii po3BUTKY. 3anada Kypcy «Teopis simepHHX peaKTOpiB».
Heo06xinHicTh BUKOPUCTAHHS SEPHOI €HEPreTHUKU. PeakTopy HOBOTO TTOKOJIIHHSL.

Po3ain 1. ®i3u4Hi 0CHOBH siIEPHUX PeaKTOPIB.

Tema 1.1. 3aranbHi BitoMocTi po Oyao0BYy sizipa. BnactuBocti HeHTpoHiB. [IOHATTS cki1ago0BOrO
snpa. BusnaueHHa Macu saep Ta aromiB. BusHaueHHs eHeprii 3B‘s3Ky snep.B3aemonis HEHTpOHIB 3
aapamu. /linenns snep. BusHadueHHs eHeprii AiIeHHs Ta CUHTE3Y siep.

Tema 1.2. EdextuBHuii koeQilieHT pO3MHOXEHHS HEHTpOHIB. OCHOBHI XapaKTEPUCTHKH
CepeIoBHINA 110 PO3MHOXKYETHCS Ta sA€pHOro peaktopa. @opmMyiia 4OTHPHOX CHIBMHOXHHMKIB. banmaHc
HEHUTPOHIB B si7iepHOMY peakTopi .JlaHiorosa peakitis. KoeditieHT po3MHOKEHHS

Po3ain 2. Indy3isa HeiiTpoHiB.

Tema 2.1. 3akon ®ika. {u¢ysis HeWTpoHiB. OCHOBHI MOHATTA Ta BHU3HA4YeHHA .JloHATTA
ocepeTHEHOT IOBKMHHU Ta TPAaHCIIOPTHOTO epepis3y. IX BU3HAYEHHS 1Sl 130TPOIHOTO Ta aHI30TPOITHOTO
cepeioBUINA 3 MOTJIMHAHHAM Ta 0e3 MorjauHaHHS. PIBHAHHS nepeHocy HeHTpoHiB. OIHOLIBUAKICHE
PIBHSIHHSI IEPEHOCY HEUTPOHIB.

Tema 2.2. PiBHsaHHa nudy3ii HeilTpoHiB. PimeHHs piBHAHB nudy3ii AN pi3HHUX JDHKepen
HeliTpoHiB .Diznyanil 3MicT noBKUHU Audy3ii. [HTerpanpHe piBHSHHS NEpPEHOCY HEUTPOHIB. . MeTox
¢bynkuii ['pina. PiBasians [laitepsica. BupimenHs 3ama4 3 BUKOPUCTAHHSIM 1HTETPAbHOTO PIBHSIHHS
MepEHOCY HEUTPOHIB

Po3ain 3. YnoBuUIbHEHHSI HEHTPOHIB.

Tema 3.1. YoBUIbHEHHSI HEUTPOHIB. 3MiHA €HEPrii HEUTPOHIB MPH B3a€MOIT 3 sApamMu. 3aKOH
PO3CisiHHSA HEHTPOHIB. OyHKIISA PO3CiIOBaHHSI. XapaKkTepUCTUKH YIOBIJIBHIOBAYA.
CepennbonorapuMiyHUN  TUKpEMEHT eHeprii. BmacTuBICT, yMOBUIRHIOBATH Ta KOEQIIIEHT
ynoBiTbHEHH:. Bubip ynoBiibHIOBaua JUIsl pI3HUX THITIB PEAKTOPIB

Tema 3.2. YIOBUTbHEHHSI HEUTPOHIB B CEPEIOBUIII MTPH B1ICYTHOCTI MOTJMHAHB. Y TOBUTEHEHHSI
HEHTPOHIB B BOJHEBOMY CEPEOBHIIII IO HE MOTJIMHAE. YTIOBUIBHEHHS B CEPEOBHUIII 3 MACOBUM YHCIIOM
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A>1 .Y1oBUIbHEHHSI HEUTPOHIB B CUCTEMI, 1110 MICTHUTB AJpa JEKIIbKOX cOpTiB. OCOOIMBOCTI pO3PAXyHKY
IIUTFHOCTI YIOBUIPHEHHST HEUTPOHIB 3a BIJCYTHOCTI TIOTJIMHAHHA. YTOBUIBHEHHS HEWTPOHIB B
CEpeOBUINI 3a HASBHOCTI MOTJIMHAHb. YTOBUIbHEHHS HEUTPOHIB B CEPEOBHILI MpPU MOTIMHAHHI.
IMOBipHICT 3am00ITaHHSI PE30HAHCHOTO 3aXOIUICHHS HEHTpoHiB. OCOOIMBOCTI po3paxyHKy MIUTBHOCTI
YNOBUIbHEHHS! HEUTPOHIB 32 HassBHOCTI NOTJIMHAHHS

Po3nin 4. BikoBa Teopis.

Tema 4.1. BikoBa teopisi. CyTHICTb BiKOBOI Teopii. BikoBe piBHSHHSI IIpH BiJICYTHOCTI
MOTJIMHAHB. PillIeHHs BIKOBOTO PiBHSIHHS JJIS TUNTACKOTO, TOYKOBOTO Ta JIIHIHHOTO JKepesia HEHTPOHIB.

Tema 4.2.DaxTopu, 1110 BILTUBAIOTH HA 3MiHY BiKy HEUTpOHiB. Mexi 3aCTOCYBaHHS BIKOBOT
Teopii. YNOBUIbHEHHSI HEUTPOHiB. [IoBTOp MaTepiany monepeaHbOro MO IS

Po3ain 5. KineTnuHa Teopist HeMTPOHIB.

Tema 5.1. Kinetnune piBHSHHS IepeHOCY HEUTPOHiB. PiBHAHHA nepeHocy HelTpoHiB bosbiimana.
PimenHs KIHETWYHOTO piBHAHHS peakrtopa. KiHeTHuHe pIBHSAHHS peakTopa Ui TEIUIOBOI TPYIH
HEHUTpPOHIB

Tema 5.2. Cnpspxeni piBHSHHS peaktopa. DyHKIIIS MIHHOCTI HEUTPOHIB. PiBHSIHHS (yHKIII].
Metoau po3B‘s3Ky KIHETHYHHMX pIBHSHb peakropa. MeToa NOCTYNoBOro HaOmmxeHHs. Meton
nudysiiiHoro HabnkeHHs .PiBusaHHs [laiiepica

Po3ain 6. Kputnuni po3mipu peakropa.

Tema 6.1. Teopist KpUTHYHHX PO3MIpIB peakTopa. PIBHSHHSA IJIs1 MaTepialbHOTO Tapamerpa
peakTopa B 1udy3iiHO-BIKOBOMY HAOJM)KEHHI. YMOBH KPUTHYHOCTI peakTopa. BusHaueHHs KpUTHUYHUX
po3mipiB peakTopa Oe3 BimOMBaua. Bu3HaueHHS KPUTHYHHX PO3MIpiB C(HEPUYHOrO TOMOTEHHOTO
peaxkTopa. BusHaueHHS KPUTUYHUX PO3MIPIB LIUIIIHAPHUYHOTO TOMOT'€HHOTO PEakTopa

Tema 6.2. BuznaueHHS KPUTHUYHHX PO3MIpIB peakTopa 3 BijmOuBaueM .I'oMOreHHUil peaktop 3
BiIOMBaUYeM B OJTHOTPYIIOBOMY HaOmmKeHH1. PeakTop 3 BigOuBaueM y BUTIISAII HECKIHUEHHOT TUIACTUHHU.
Cdepuunnii peaktop 3 BinouBauem. LlnmiHapuunuii peakTop 3 BinOuBaueM. ['oMOreHHui peaxtop 3
BiIOMBaueM B JIBOXTPYNOBOMY HabmmkeHHi. KiHeTuuHe pIBHSHHS 3 BiOMBayeM B JBOXIPYHOBOMY
HaOmkeHHI. KpuTHuHi po3mipu AJisi reTepOreHHOTO peakTopa 3 BiOnBayeM

Po3nin 7. I'eTeporenHi peakropu.

Tema 7.1. 3aranbpHi MOJOXKEHHS TEOpii reTeporeHHUX peakTopiB. Teopis yapynku. [lepeBaru Ta
HEJIOJIIKK TeTePOTCHHHUX CUCTEM .MeTo 1 IMOBIPHOCTI MEepIUX 3iTKHEHb. EneMeHTapHa naauBHa YapyHKa
peaxtopis PBIIK, BBEP. IIpeacraBnenns piBHsHHA [laliepica y BUTIIAI1 CUCTEMH anreOpaiuHuX piBHAHB

Tema 7.2. BusnauenHs koediiieHTIB (GOPMYIH YOTUPHOX CHIBMHOXKHUKIB. KoedimienT
PO3MHOXXEHHSI Ha IIBUIKUX HEWTpoHaX. IMOBipHICTH 3amobiranHs pe3oHaHCHid BTpaTi. KoedirieHT
BUKOPHCTaHHS TETUIOBHX HEHTPOHIB.

Po3ain 8. PeakTopu Ha IBUAKHUX HEHTPOHAX.

Tema 8.1. Peakropu Ha mBUAKKUX HeWTpoHaxX. KiHeTWYHE PIBHSHHS PEAKTOPIB HA IIBUAKUX
HeiftpoHax. Cucrema OaraTorpymnoBUX piBHSHb Ha IIBUAKHX HEHTpoHax . EmeMeHTapHa namuBHa
yapyHka peaktopa bH.

4. PekOMEH/10BaHA TEMATHKA NMPAKTHYHHUX (CeMIHAPCHKUX) 3aHATH

MiKpoCKOIMYHMNA TIepepi3 B3aeMO/IIi HEUTPOHIB 3 sapamMu. MakpoCKomuHuM niepepi3. SnepHa
KOHIIeHTpallis. Po3paxyHOK mepepisis.

HaBonutbes iHGOpMaIiss Tpo TUMH YapyHOK PEAaKTOpiB. BBOIUTHCS MOHATTSA €JIEeMEHTapHOT
MATUBHOI YapyHKH B IIUJIOMY Ta JJII KOXKHOTO THUITY PEaKTOpa OKPEMO.

Po3paxyHOK OCHOBHHUX Fr€OMETPUYHUX XapakTepuctuk TB3.



Po3paxyHOok MakpOoCKOMiYHHX Tmepepi3iB st 30HU 0.

Po3paxyHOK MakpOCKOMIYHHX TIepepi3iB isl 30HH 1, 2.

dopmyiia YOTHPHOX CIIBMHOKHHKIB.

Po3paxyHok koedilieHTa pO3MHOXKEHHS Ha IIBUIKHX HEUTPOHAX.

Po3paxyHok koepilieHTa pO3MHOXEHHS Ha TEIUIOBUX HEMUTpOHAaX.

Po3paxyHok koedirieHTa BUKOPUCTAHHS TEIUIOBUX HEUTPOHIB.

Po3paxyHok iIMOBIpHOCTI 3am00iraHHs PE30HAHCHOT BTPAaTH HEUTPOHIB.

Po3paxyHok iMOBipHOCTI 3am100iraHHs BTpAaTH HEHTPOHIB.

PozpaxyHok koedirieHTa pO3MHOXKEHHS HEUTPOHIB.

HaBomutscs indopmariis npo ocodmuBocTi koHcTpykiii TB3 BBEP-440, BBEP-1000.
HaBoautbcs iHdopmartist mpo 11€0710Ti0 HEUTPOHHO-(DI3UIHOTO PO3paxXyHKY B UOTHPHOX
TpyToOBOMY HaOJIMKEeHHI. PO3OUTTS Ha rpymny, eHEpreTUIHUH 1HTEpBaJl.

Po3paxyHOK OCHOBHUX '€OMETPHUUHUX XapakTepucTuk TB3.

Kontponbhaa poboTa 3a MarepiagaMyd MUHYJIOTO CEMECTDY.

Po3paxyHok BiIHOIIEHHS MOTOKIB HEUTPOHIB B MEPIIIiii eHePreTUUHIH rpyIIi.
Po3paxyHOK BiTHOIIEHHS MMOTOKIB HEUTPOHIB B APYTiil €HEPreTUYHIN TPyTIi.
Po3paxyHoOk BiIHOIIEHHS MOTOKIB HEUTPOHIB B TPETiii eHEPreTUYHIH TPYIIi.
Po3paxyHOK BiHOIIEHHS MTOTOKIB HEUTPOHIB B UETBEPTii CHEPreTHUYHIH IpyTIi.
I'oMorenizaiist mepepiziB Ta MOTOKIB AJI YAPyHKHU 3 YOTUPHOX B JIBI EHEPTreTUUHI TPYTIH.
Po3paxyHok koedirieHTa pO3MHOXKCHHS HEUTPOHIB.

OxpiM TOTO, Ha MPAKTHYHHX 3AHATTAX Mae OyTH BiJBEICHHIA Yac IJIsl BUPILICHHS 3a1a4 3
(b13uKHU peakTopa.

Opi€eHTOBHUII TIEpETTiK TeM Il BUPILICHHS 3a/ad :

Tema 1. ATomHe si1p0. ATOMHA €HEpTis.

Tema 2. JlaniroroBa peaxis. KoedirieHT po3MHOXKEHHSI.

Tema 3. EHeproBufinieHHs: B akTUBHIN 30H1. [[0TyXHICTh peakTopa.

Tema 4. BuropsiHHs, IUTaMyBaHHS, BIATBOPEHHS 1 OTPYEHHS IaJIHBA.

5. PexomeHnoBaHa Jitepatypa

1) Iupokos C. B. ®izuka spepHux peaktopiB. — Bunanus npyre: Buma mxkomna, 1998. — ¢ 288.

2) Illupokos C. B. SAnepni enepreruuni peakropu. K. 1997, c. 280.

3) IupokoB C.B. l'ampuenko B.B. IlociOnuk 3 BupimeHHs 3amgad 3 KypciB «Teopis saepHUX
peakTopiB», «EHepreTuuHi siiepHi peaktopu», «HecramionapHi B siepHuUX peakropax». Kuis,
HTVYYVY «KIIl», 2006. 80 c.

4) JlementneB b.A. SnepHi eHepreTuuni peakropu. — M.: DHeprousaar, 1984. — 281 c.

5) EwmenssnHoB 1. f., Mixan B. 1. KoncrpytoBanus snepuux peakropis. M.: Eneproizaar, 1982. —400
C.

6. 3aco0m n1iarHOCTHKHU yCHIIIHOCTi HABYAHHS

BrpoioBx BCbOro Kypcy IMpOBOJHUTHCS MOIYJIbHA KOHTPOJIbHA POOOTa Ta JOMAIIHS KOHTPOJIbHA
po6oTa 1Mo HACTYITHUM TeMaM:

MKP:

Poznin 1. ®i3uvH1 OCHOBH SIEPHUX PEAKTOPIB.
Po3nin 2. lugy3is HEUTPOHIB.

Poznin 3. YoBuTbHEHHSI HEUTPOHIB.

JKP:

Po3nin 4. BikoBa Teopis

Poznin 5. Kinetnyna Teopiss HEUTPOHIB
Po3ain 6. Kputuuni po3mipu peakropa



7. MeToau4Hi pekoMeHAaii

V gKOCTI IHIUBIAyaJIbHOTO 3aBIaHHS PEKOMEHIYEThCs BUKOHaHHSA KP, mo cnpusie kpamomy
3aCBOEHHIO OCHOB B3a€MO/Iii HEMTPOHIB 3 pEYOBUHOIO, BUBUECHHIO HMOBIPHICTEH MPOLIECiB B3a€MOIIT
HEUTpOHA 3 SAPOM 1 TOTOKY HEUTPOHIB 3 siipaMu MilleHi, (HOpPMYJIH YOTUPHOX CITIBMHOXKHHKIB,
KOCQIIIEHTY PO3MHOXEHHS HEUTPOHIB JJ11 HECKIHUEHHOTO CepPeIOBHILA, BIKY HEMTPOHA, KpUTHYHHUX
PO3MipiB.



