MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienne noaroroBku/cnenuaibHocTh: 14.04.01 AnepHas 3HepreTuka u TemjaioQpu3nka
HaumeHnoBanune o6pa3oBarteibHOl nporpamMel: Tennnodusuka u MonexkyasipHast puszuka
YpoBeHnb 00pa3oBaHusi: Bbiciee 00pa3oBaHMe - MarucTpaTypa

®opma o0yuenusi: Ounas

Pabouass nporpaMma QM CHUILIHHBI
NEPCHEKTUBBI U TEILJIO®U3NUYECKHUE ITPOBJIEMbBI ATOMHOM

JHEPI'ETUKHU

BJok:

Baok 1 «/Iucuyuniaunbl (MoOxyJam)»

Yacrp 00pa3zoBaTebLHOM
NpPOrpaMMBblI:

YacTb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uit

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

51.4.09.03.01

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

2 cemecTp - 3;

Yacos (Bcero) no yueoHomy
IIAHY:

108 yacoB

Jexnun

2 cemecTp - 16 yacos;

IIpakTnyeckue 3aHATHSA

2 cemecTp - 16 yacos;

JladopaTopHbie padoThI

He NMPeyCMOTPEHO YUeOHbIM MJIAHOM

Kouncynabranuu

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

CamocTrosiTesibHasi padoTa

2 cemecTp - 75,7 yaca;

B ToM unciae Ha KIT/KP

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnas koHTaKkTHasi padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ayIUTOPHbIX 3aHSATHH

BKJIIOYAS:
TecTrupoBanue
KontpoabsHnas padora
Pedepar

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEHKOM

2 cemectp - 0,3 yaca;

MockBa 2026




NPOI'PAMMY COCTABMUJI:

MNognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnageneyu Iabapaes b.A.
IIpenogasarenn * MO ¥ Naentudmeatop  ROCA64DC6-GabarayevBA-64d0563 b.A. T'abapaeB
COI''TACOBAHO:
MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
CseneHva o snagensuye L3N M3K
PykoBoauteins Braaenen AHbKOB T
00pa3oBaTeILHOM MPOrpaMMbI E P — RBb1T0CE4-YankovGG-11a2eddc I'T. SlupkoB

3aBeyIOIIMI BBITYCKAIOIICH
kadenpoi

i

MNopnucaHo 3NeKTPOHHO| noanuckio $TEOY BO «HUY «M3W»

CeeneHuna o enagensue L3N M3KU

Bnaaeney

lepacumos [.H.
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WaenTndukatop

H

a25495398-GerasimovDN-6b58615

JI.H. I'epacumoB




1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI
Leab ocBoeHMs JUCHMIUIMHBI. M3ydeHHE (U3UYECKUX OCHOB (DYHKUIMOHHUPOBAaHUS U
KOHCTPYKTUBHBIX ~ OCOOGHHOCTEH  SAEPHBIX  SHEPreTHMYecKHx  ycraHoBok (DY), a  rakxke
TEIIO(PU3NUECKUX IPOOIIEM U MEPCIEKTUB COBPEMEHHOM aTOMHOM SHEPIEeTHKH. .
3agauu AMCHMIIMHBI
- U3y4€HHE OCHOBHBIX (PU3MUECKUX IPOLIECCOB, IPOUCXOIAUX B DY
- U3y4YEHHE CYILECTBYIOIIMX U MEPCIEKTUBHBIX KOHCTPYKIUH, MATEPHAJIOB U TEIIJIOHOCUTENEN
A9Y;
- U3y4eHHE OCHOBHBIX TEXHOJIIOTHYECKUX MPOIIECCOB 0OpaIieHus ¢ 0Tpab0TaHHBIM SAEPHBIM
TOIJIMBOM M PaJIMOAKTUBHBIMU OTXOJJaMH.

dopmupyembie y 00y4aronierocs KOMneTeHIHH U 3alJIaHUPOBAaHHBIE Pe3yJIbTaThl 00yUeHHs 110
JTUCHHUIIIINHE, COOTHECEHHBIE C HHAMKATOPAMHU JOCTHKEHUS KOMIIeTEeHIHI !

Kon n HanmeHoBanue Kon u HaumeHOBaHMe 3anaHupoBaHHbIE Pe3yJbTATHI 00yYeHH s
KOMIIETEHIIMH MHIUKATOPA NOCTUKEHUS
KOMIIETCHIIUHN
I1K-3 Cnocoben NI-1nk-3 O3HaKOMIICH C 3HATh.
CaMOCTOSITSIILHO TerI0pU3NIECKUMU - (usM9ECKUe OCHOBBI
OTPENICIATh HAIIPaBJICHUE U | MPOOJIEeMaMH COBPEMEHHOM yHKIMOHUPOBaHUs 00OPYI0BAHHUS
XapakTep MPOBOAUMBIX DHEPreTUKHU (“I9Y) 1 IpMHLMIIBL €r0 U3rOTOBICHH;
UCCIICIOBAaHHI, YIUTHIBATD - COBPEMEHHBIE IOCTUKECHUS HAYKH U
COBPEMEHHBIC TCH/ICHIIMH TEXHOJIOTHH B 00JIaCTH MPOSKTUPOBAHUS
pa3BUTHSI AaTOMHOMU OCHOBHOTO 00opynoBaHus A9V,
SHEPreTHKU TPAAUIIMOHHBIE U OPUTUHAIBHBIE METO B

uccienoBanusi ooopynoanus 123V
Pa3IMYHOTO THUMA; (PAKTOPHI, BIUSIONINE
Ha 0€3011aCHOCTb U Ha/IEKHOCTh
TEXHOJIOTHI U 00BEKTOB SAEPHOM
SHEPreTUKU;;

- OCHOBHBIE MPOLIECCHI TepepabOTKU
oTtpaboranHoro sjepHoro Torausa (OAT),
YTUIM3ALMY U 3aXOPOHEHUS
pannoakTuBHbIX 0TX0710B (PAO) B
COOTBETCTBUH C TPEOOBAHUSAMHU
TEXHOJIOTUYECKUX PETIIAMEHTOB U
HOpMaMH PaJHalliOHHOM 6€30MacHOCTH.

YMETh!
- AHAJIM3UPOBATH BJIMAHHUEC PA3JIMIHBIX
(bU3MYECKUX MPOLECCOB U
TEXHOJIOTHYECKHX (haKTOPOB Ha
xapakTepucTuku SA9Y u 3¢pPpekTuBHOCTD
paboter ADC;

- UCTIOJIB30BaTh METO/IbI pacueTa
000pyI0BaHus, BIOOPA U ONTUMHU3AIINH
apaMeTpoB TEXHOJIOTUYECKUX MTPOLIECCOB,
MoKazaresel KauecTBa U pexXHUMOB paboThl
00BEKTOB SAEPHON SHEPTETHKH.




2. MECTO JJUCHUILJIMHBI B CTPYKTYPE OBPA3OBATEJILHOM NPOT'PAMMBI BO

JucuumnimHa OTHOCHUTCS K OCHOBHOW mpodecCHOHaIbHOM 00pa3oBaTeNpHOM IMporpaMme
Temnodusuka u monekymsipHas ¢pusuka (qanee — OIIOII), nanpasnenust noaroroBku 14.04.01 Snepuas
SHEpreTHKa U Terio(pu3uka, ypoBeHb 00pa3oBaHus: BhICIIee 00pa3oBaHKe - MarucTparypa.

TpeOGoBaHMsI K BXOJHBIM 3HAHUSM U YMEHUSIM:

- 3HaTh CTPYKTYPY MUPOBOTO PHEPTrONOTPEOICHUS

- 3HaTh CTPYKTYPY U TEHJCHIIUU U3MEHEHUs SHEpreTuyeckoro 6ananca B mupe u Poccun

- 3HATh OCHOBHBIC TEXHOJIOTHH ITPOU3BOJICTBA SHEPTUH

- 3HaTh UCTOYHUKH HAYYHO-TEXHUYECKON MH(POPMAITUH 110 PA3IIUYHBIM BOIIPOCAM SHEPTEeTUKH
- 3HATh TEPMHUHOJIOTHIO B 00JIACTH YHEPTETUKH

- YMETbh PacCUMTHIBATH MPOIECCHI NEpeaau SHEPTUU

- yMeThb paccuuTbiBaTh KIIJ[ IMKIIOB TEMIOBBIX MalllH

PesynbTarel 00y4ueHus, MOTYICHHBIE TIPU OCBOSHUH JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMTOJTHCHUN
BBIMYCKHOM KBaTU(UKALMOHHON paOOTHI.



3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTh JUCIUIUTMHBI COCTABIISIET 3 3a4€THBIX euHMIIbI, 108 Jacos.

Pasnensr/TeMsl

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

m
o 5| &
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i [POMEIKYTOIHOM o &| 3 Koncynbranus UKP PaGora B [Toxroroska k METOIMYECKHE YKA3ZaHUs
aTTeCTAINH 8g|© Jlex | JIab | Ilp — - VKK | TK ITA cemecTpe aTTecTaluu
M /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 ATOMHas SHEpreTHKa 1 34 2 6 - 6 - - - - - 22 - Ilo0z0mogKa K meKyuiemy KOHmMpoio:
ABY IToBTOpenune maTepuana 1o pasaeny "AToOMHas
11 OCHOBHBIE 3TaIlbl 3 1 - - - - - - - 2 - sHepreTuka u A0VY"
Pa3BHUTHUsI AaTOMHOM Ilo020mogKa K ayoumopHsM 3aHAMUAM:
DHEPreTUKH [MpopaboTka neKuuu.
1.2 OcCHOBBI (DU3UKH 12 2 - 2 - - - - - 8 - Ilo0z0mo6Ka K KOHMPOILHOU padome:
SZICPHBIX PEAKTOPOB N3y4yenne marepualioB 1o pa3zaery ATOMHAS
1.3 Martepuansl u 14 2 - 4 - - - - - 8 - sHepreTHka u 10V u noaroToska k
KOHCTPYKILIUH KOHTPOJIBHOH paboTte
BHGMCHTOI])SyFIZ[epHLIX I10020mo6Ka K npaKmu4eckum 3auAmuam:
SHEPreTUYECKUX W3yuenne maTepuana no pasaeny "AToMHas
YCTaHOBOK sHepretuka u SI0VY" noaAroroBka k
1.4 DBOJIOLMOHHBIE U 5 1 - - - - - - - 4 - BBITIOJTHEHUIO 3a/IaHUM HAa MPAKTHYECKUX
WHHOBAIIUOHHEIE 3aHATUAX

MPOEKTHI B POCCUACKON
ATOMHOM 3HEPIeTUKE

Camocmoamenvroe usyuenue
meopemuyuecko20 mamepuana: Vzyuenue
JIOMOJTHUTENBHOTO MaTepHaa o paszieiny
"ATomHast sHEpreTuka u JJ9VY"

Ilodzomoeka pepepama: B pamkax
pedepaTiBHON YacTH CTYJIEHTY HEOOXOIUM
IIPOBECTH 0030p JIMTEPATyPHBIX HCTOYHUKOB I10
BBIOpAaHHOW TeMe, KOMIUIEKCHO OCBETHTH
BOIIPOC B COOTBETCTBHU C TEMOH pedepara,
MTOJITOTOBUTH MIPE3CHTAINIO IS BBICTYIICHUS
IO pe3yJbTaTaM paboTel HA CEMUHAPCKOM
3aHATHH. B kKadecTBe TeM pedepaTa CTYACHTY
MPEAIaraoTCsl CIEAYIOIIE BApUAHTHI: 1.
VccrnenoBanust B 001aCTH SAepHON YHEPTETHKH,
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npoBoaumsie B CCCP, cTpouTenscTBO aTOMHOM
anekTpocTaHuuy. 2. IlpuHnun aedcTBus
aTOMHOTO peakTopa. 3. THIIbI SaepHBIX
PEaKTOPOB M UX yCTPOHCTBO. 4. [IepcrieKTHBHI
pa3BuTHA aTOMHOM 3Hepruu B PD. 5.
OCOOEHHOCTH SIIEPHOTO PeaKTopa Kak
HCTOYHHKA TETIOTHI, PU3MIecKoe 000CHOBaHUE
MIPOUCXOISAIINX MIPH ITOM IIPOIECCOB. 6.
[IpuHuMn neACTBUS U OCHOBHBIE 3JIEMEHTHI
PEaKTOPOB IMOCTPOCHHBIX Ha OBICTPBIX
HEUTpoHaxX. 7. MeTaINTIOKOHCTPYKIIMU peakTopa.
8. TexHonorus Npou3BOJICTBA PEAKTOPOB C
IaPOBOM 3aCHINKOI.
H3yuenue mamepuanog 1umepamypHsix
UCHIOUHUKOB:
[1], cTp. 91-98, 13-90, 177-222
[2], cTp. 128-136,98-112, 161-175, 223-234

DHepreTHvecKue
pecypchl U siIepHBII
TOIUIMBHBIIN UK

26

18

2.1

DHepreTuueckue
PEeCypCHl U SIACPHBIN
TOIUTMBHBIN ITUKJI

(ITID

16

10

2.2

Oo6parenue ¢
0TpabOTaHHBIM
SIICPHBIM TOILUTHBOM

(OSIT)

2.3

Oo6parenue ¢
PaInOAKTUBHBIMU
otxoaamu (PAO)

Iloozomoexa K mekyuwiemy KOHmMpOio:
[ToBTOpeHne MaTepHuana 1mo pa3uaey
"DHepreTHYECKUE PECYpPChl U AIEPHBIN
TOILUIMBHBIN LIUKI"

IIoozomoeKka K ayoumopHsim 3aHAmMusaM:
[IpopaboTka jgeKuu

Iloozomosxa K KOHmMpOIbHOU padome:
W3y4yenue MaTepuaioB 10 pa3aeiny
DHEPreTUIecKue pecypehl U sCPHBII
TOIUJIMBHBIN LUKJI U TOATOTOBKA K KOHTPOJIBHOM
pabote

Ilo0zo0moeKka K npaKkmuueckum 3anamusam:
Wzydenne maTepuana mo pa3ueny
"DHepreTHYECKUE pecypehl U SJIEPHBIN
TOILJIMBHBINA ITUKJI" TTOJrOTOBKA K BBIIOJTHEHUIO
3aJJaHU{ Ha MIPAKTUICCKUAX 3aHATUIX
Camocmoameibnoe usyuenue
meopemuueckozo mamepuana: Vzyuenve
JIOTIOJTHUTEIFHOTO MaTepuana 1o pa3aeny
"DHepreTUdecKrue pecypcChl U SIepHBIT
TOIJIMBHBIA UK

Iloozomoexa pepepama: B pamxax




pedepaTHBHOI YacTh CTYJEHTY HEOOXOIUM
MIPOBECTH 0030p JINTEPATYPHBIX HCTOYHUKOB I10
BBIOpAHHOW TeMe, KOMIUIEKCHO OCBETUTh
BOIIPOC B COOTBETCTBHU C TEMOH pedepara,
MOATOTOBUTH HPE3CHTAINIO IS BBICTYIIICHUS
IO pe3yabTaTaM pabOThl HA CEMHHAPCKOM
3aHATHH. B KauecTBe TeM pedepaTa CTyIeHTY
MPEATararoTCsl CIECAYIOIIE BapUaHThI: 1.
OcoGeHHoCTH caMo00ecTieueHus SIePHON
9HEpreTUKH TOmuBoM. 2. [lepBble snepHble
peaKkTopbl, X MPUHIKI PaOOTHI KaK YCTPOMCTB,
B KOTOPBIX OCYIIECTBIISIETCS yIpaBisemMas
peaxmus geneHusd saep. 3. Vicnons3oBaHue B
SIEPHBIX peaKkTopax, padoTaloINX Ha
€CTECTBEHHOM ypaHe, 3aMeAJIUTeNIel HEUTPOHOB
JUTS TIOBBIICHNS KO (HUIIMESHTOB UX JEICHNUS.
4. VckyccTBO yIpaBIsiTh SACPHOM sHEpruei. 5.
Kax He cnenats atToMHy10 60MOY M3 peakTopa.
6. CaMoperynupoBaHUE U CaMOOTPaHHICHHE
siIepHOM peakiuu. 7. TepMosaepHble peakuu B
MIPUPOHBIX ycioBusAX. 8. LlenHble snepHbIe
peakuunu, cxema ux pa3sutus. 9. O0iee
MoHATHE 0 kpuTHueckor Macce. 10. ITepBas
LIETTHAs SAepPHAs peaklus JeJICHUs ypaHa B
CIIIA u Poccun.

H3yuenue mamepuanog 1umepamypHbix
UCIOYHUKOB:

[1], cTp. 137-159
[2], cTp. 137-159

DKOHOMMKA,
0€30IaCHOCTh U
MIEPCIICKTHBBI aTOMHOM
SHEPTeTUKU

30

18

3.1

"DKOHOMHKA aTOMHOM
OHEPreTHKH

16

10

3.2

Beszomacuocte ADC n
TAXKCIIBIC aBapm/I Ha

ADC

3.3

MexyHapoiHbIe

Ilo020mo6Ka K meKyuiemy KOHmpoJiio:
IToBTOpEHNe MaTepuaa Mo paszaery
"JKOHOMHKA, OE30TIaCHOCTH M MEPCIIEKTHBBI
ATOMHOMU 3HEpreTUKu"”

Iloozomoexa Kk KOHmMpoNbLHOU padome:
W3yuenne maTepHaoB Mo pas3iery DKOHOMHKA,
0e3011aCHOCTh U MEPCTIEKTUBBI AaTOMHOU
SHEPTeTUKHU U MOArOTOBKA K KOHTPOJIBHOM
pabore

Iloozomoexa K npakmuyecKum 3aHAMUAM:
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aCIEKThl pa3BUTHs
ATOMHOY 2HEPIE€TUKH

3.4

IIepcriekTuBbI
HCIIOb30BaHUS
ATOMHOH 3HEpruu B
KOoCcMoce

W3yuenne maTepuana 1o pasaeny "OKOHOMUKA,
0€301acHOCTh M NEPCIIEKTHUBBI AaTOMHOI
SHEPreTUKH" TOArOTOBKA K BHIITOJIHEHHIO
3a7aHUH Ha IPAaKTHIECKUX 3aHATHIX
Camocmoamenvroe usyuenue
meopemuyueckoz0 mamepuana: Vzyaeane
JIOTIOTHUTENBHOTO MaTepHaia o pa3zieiny
"DKOHOMHKA, 0€30TTaCHOCTH U IEPCIIEKTHBEI
ATOMHOU HEPTeTHKH"
Iloozomogxa pedhepama: B pamkax
pedepaTHBHO YacTH CTYACHTY HEOOXO M
IIPOBECTH 0030p JINTEPATYPHBIX HCTOUHHKOB IO
BbIOpaHHON TeMe, KOMIUIEKCHO OCBETUTh
BOIIPOC B COOTBETCTBHU C TeMOH pedeparta,
TMOATOTOBUTD MPE3CHTALNIO JJI BBICTYIIJICHUSA
IO pe3yabTaTaM pabOThl Ha CEMHHAPCKOM
3aHATHH. B KauecTBe TeM pedepaTa CTyneHTY
IpeAaraioTes cieayronye BapuanTsl: 1. Kak
HE C/IeNaTh aTOMHYI0 00MOy U3 peakropa. 2.
I'maBHBIE 0COOEHHOCTH HCIIOJIB30BAHUS
3aMeuIUTeIel HEHTPOHOB B SIECPHBIX
peaxTopax. 3. IIpoexT nepBoif B Mupe 1iaBydei
ATOMHOM 3JIeKTpocTaHIMHU. 4. [lepcrieKTUBEI
HCIOJIb30BaHUs SJEPHOI SHEPTUU B KOCMOCE. 5.
IlepcriekTUBBI pa3BUTUSL AaTOMHOI SHEPTUU B
PO.
H3yuenue mamepuanog 1umepamyprbix
UCIOYHUKOB:

[1], erp. 128-136, 98-112, 161-175, 223-234

[2], cTp. 13-90, 91-98,177-222

3ayeT ¢ OLEHKOH

18.0

0.3

17.7

Bcero 3a ceMmecTp

108.0

16

16

0.3

58

17.7

Hroro 3a cemectp

108.0

16

16

0.3

75.7

Ipumeuanue: Jlex — nexuuu; JIab — naboparopusie padboTsl; [Ip — npaktudeckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM
npoektam/padoram; MKKII — unauBuyansHble KOHCYIbTAlMH 0 KYpCOBBIM IpoekTam/padoram; ['K- rpymnmnoBsie KOHCYIbTAlUU 110 pa3aeaam
mucuuruinael; CP — camocrostenbHas padora crynenta; UKP — unas konraktHas padora; TK — Texymmii KoHTpodb; [TA — npomexyTrouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Amomnas snepeemuxa u Ay

1.1. OcHOBHBIE ATaIbl pa3BUTUA ATOMHOM YHEPTETUKU

Oranbl pa3BUTUS AaTOMHOW »HepreTuku.. ['paduk m3meHenus kommdectBa ADC B Mmwupe..
Pacnpenenenne ADC mo ctpanam.. PermonansHoe pacnpegeneHue ADC.. CTpaTeruu pa3BUTHS
aTOMHOM 3HepreTuku Poccnu u Benynmx cTpas..

1.2. OcHOBBI (PU3UKH STACPHBIX PEAKTOPOB

OdyHnaMeHTaNbHbIe (PU3UYECKHE OTKPBITHS, MPHUBEININE K aTOMHON 3Hepreruke. CTpocHHe
snapa, cBoicTBa siep. enenue saep. Peakuus v sHeprust AejieHus, CIEKTpbl HEUTPOHOB. Paccesinue
U 3aMeJieHne HeUTpoHOB. Koo puimeHT pasMHOKEeHHs. 3ana3IpIBarOIINe HEUTPOHBI U UX POIIb.
DHeproBblIeJIeHHE B peakTope. Briropanue TormimBa, BOCIPOU3BOJICTBO TOIUIMBA B PEAKTOPE.

1.3. Marepuainbl 1 KOHCTPYKIIUU 3JIEMEHTOB JIEPHBIX SHEPTETUUYECKUX YCTAHOBOK

Jensimuecs 3eMeHThl U MaTepualibl. THIIBI M CBOMCTBA s/IepHOro TOIMBa. KOHCTpYKIIMOHHBIE
MaTepuanbl  SIIEPHBIX ~ pPEAaKTOpOB.  TEIUIOHOCUTENW  SIEPHBIX ~ YCTAaHOBOK.  THIIOBBIE
KOHCTPYKLIMOHHBIE 31eMEHTHI peakropa. O0I1as cxemMa U OCHOBHBIE 3JIEMEHTBI JIEPHOTO PEAKTOpA.
Konctpyknuu tB3710B M1 TBC. Tunbsl um kinaccupukauuu peakropoB. Tumosas cxembl ADC ¢
peaktopamu Ttnna PWR, BWR, FR, CANDU, BH, VHTR. OcHOBHbIE TEXHHYECKUE
xapaktepucTuku ADC. KoHCTpyKIIMU U mapaMeTpbl OTEYECTBEHHBIX PEAKTOPOB.

1.4. DBOTIOLMOHHBIE 1 MHHOBAI[MOHHBIE ITPOEKTHI B POCCUICKON aTOMHOM SHEPreTHKE

Kananbnsie peaktopsr MKOP, KP-CK]] u BI'OPC. Kopnycnoit peaktop BBOP-TOU. Peakrop
Ha ObicTpeix HeliTpoHax BH-800. BricokoTtemmepaTypHblii razooxiaxnaemMeiii peaktop I'T-MI'P.
[Ipoext «IIpopeiB» u peaktop BPECT ¢ mnpucTaHIMOHHBIM TOIUIMBHBIM ITUKJIOM. PeakTopsl
CpeIHel U MaJloi MOIIHOCTHU JJIsi MHOTOIeNeBoro ucnonb3oBanus (ATOL, mnaByunii 23HEprodIok,
ATOMHBIEC CTAHIIMM MAJIOH MOIIIHOCTH)..

2. DHnepzemuyeckue pecypcol U 10epHbll MONAUSHBLU UUKIL

2.1. DHepreTHueckue pecypebl U sepHbld TOIIMBHBINA UK (S1TLL)

MupoBble pecypchl OpraHMYecKoro TorulMBa (He(Th, ra3, yroib).. OHeEpreTuka Ha
BO300HOBJISIEMBIX pecypcax.. MupoBbie 3anachl simepHoro ToruBa. Tumbl ATL. Cxembl OTKpBITOTO
u 3amknHyroro STLl. Pecypchas 06a3a snepHoil sHepreTuku. Ponb OBICTpPBIX HEHTPOHOB B
pacuIupeH pecypcHoi 0asbl.

2.2. Obpartuenue ¢ oTpaboTaHHBIM siiepHbIM ToruBoM (OT)

Hakomnnenne n obpamenue OSAT. Dnementnoiil coctaB OAT. Hakomnenue OAT B pasnuyHbix
peakropax. Xpanenue OST. Meronsr nepepabotku OT. IlepcniekTHBHBIE BUABI SIEPHOTO
TOILIINBA.

2.3. OGparenue ¢ paanoakTuBHbIMU oTxogamu (PAQO)

Ucrounnku PAO, xmaccudukammss PAO. CmocoObr konmentpamuun PAO. Xpanenwe u
3axoponenne PAQO. OOpamenue ¢ PAO B P®. bazosble npunuumnsl oOpamenus ¢ PAO.
IIpupoansiil peaktop B OKIIO.

3. Dxonomuxa, bezonacHocms u NepCcneKmuebl amoMHOU IHEP2EMUKU

3.1. DKOHOMHUKA aTOMHOMN 3HEPTreTUKH



OCHOBHBIE PKOHOMHYECKHE TOKa3aTelid aTOMHOW sHepreTuku. [lokazaTenn 3KOHOMHUYHOCTH
ADC. Crpykrypa cebecToMMOCTH MpOM3BoJCcTBa 3jekTpodHepruu Ha ADC. [lytu moBbImeHUs
skoHoMuyHOCTH ADC. CpaBHEHHE CTOMMOCTH IPOU3BOJCTBA JJIEKTPOIHEPTUH PA3TUYHBIMU
cnocobamu. ba3oBbie S5KOHOMUYECKHE IPUHITUIBI Pa3BUTHS ATOMHOM SHEPTETHKHU.

3.2. besonacHocts ADC u TspKenbie aBapun Ha ADC

MexnayHnapoanas mkana sjaepHbix coobitrii INES. Apapus Ha ADC «YUHICKEH» - ClieHapHi,
npuuuHel U nocnenctsus. Apapus Ha ADC «Tpu-main-AinieHny - clieHapuil, NpUYUHBI U
nociencTus. ABapus Ha YUepHoObUIbCKONH ADC - crieHapuil, IPUYMHBI U TIOCIEACTBUA. ABapus Ha
ADC «Dykycuma-1» - CLICHapHii, MIPUYUHBI u OCJIEICTBUSL. Konmemnmus
TyOOKOXIIICTIOHUPOBAHHON 3amuThl. OOmme npuHOUNbL obecniedeHus Oe3zonmacHoctn ADC.
[IpoekTHBIE W 3alMpPOCKTHHIE aBapuu. BeposTHOCTHBIM aHanmu3 Oe3omacHOCTH. [IporpamMmHbIe
KOMILJIEKCBI JUISI MOJEIUPOBAHMS TSHKENBIX aBapUM U UX TIOCIEACTBUM.

3.3. MexnyHapoaHbIe acleKThl Pa3BUTUS aTOMHOM SHEPreTUKU

['maBHBIE TPOOIEMBI aTOMHOM »HepreTUKU. OCHOBHBIE COBPEMEHHBIE TPeOOBaHUS K SACPHBIM
SHEepreTUUecKuM TexHonorusM. MexayHapoausii npoekt HWHITPO. OcHoBHblE MOJ0XKEHUS
Merononorun MHITPO no oueHke siAepHBIX 3HEProTexHOJOrHid. OCHOBHBIE LIEJIM U YYACTHUKH
mexaynapoanoro mnpoekra I[IOKOJIEHUE 1V. HWuHHOBanmoOHHBIE pPEaKTOpHBIC KOHIICTIIIHH,
pEKOMEHI0OBaHHbIE K pa3paborke. KpaTkas xapakTepucTuka peakTopHbix KoHuernmuii Gen IV Ha
OBICTPBIX HEUTPOHAX.

3.4. IlepcrieKTUBBI UCIIOJI30BAHUSI AaTOMHOM 3HEPTHHU B KOCMOCE

[IpenmyiiecTBa NPpUMEHEHUS SAIEPHOM SHEPrUU B KOCMOCE. THIMBI KMCMIOJb30BAHUS SACPHOMN
SHEPruu B KocMoce. Pesynbrarhl paboT Mo CO3JaHUI0 KOCMHYECKUX SJIEPHBIX SHEPrOyCTaHOBOK.
[TepcrieKTUBBI TAIBHERIIETO UCIOJIB30BAHUS AJIEPHOM SHEPIUU B KOCMOCE.

3.3. TeMbl IPaAKTHYECKUX 3aHATHI
1. 16. 3aueTHoe 3aHATHE.;
2. 15. BeicTymuieHue ¢ 10KIalaMH 110 MaTepuaiaM MOATrOTOBIEHHBIX pedepaToB.;
3. 14. KontposbHas pabota-2 «Bbeibop mapameTpoB TeriaoHocutesneit B Koutypax ADCy;
4. 13. Mcnonp30BaHueE SAEPHON SHEPTUU B KOCMOCE. ;
5. 12. be3onacHOCTh aTOMHOM 3HEPreTUKHU (TeopHs, paKTHUKa, HOPMATHUBbI).;
6. 7. Peakropsr BBOP-1000 1 BBOP-TOMU. Peaxrop bPECT ¢ nmprcTaHIMOHHBIM TOIJIMBHBIM
LIUKJIOM.;
7. 5. Jlenenue ypaHa u 3aMeJIEHUE HEUTPOHOB.;
8. 3. KoHCTpyKIIUU ¥ OCHOBHBIE THUIIBI SIAEPHBIX PEAKTOPOB.;
9. 6. DHEProOBBIIEICHNE B PEAKTOPE U YIIPABIICHUE LIEMTHON PEAKIUEH. ;
10. 4. Tunoseie cxembl ADC ¢ peaktopamu Tuna PWR, BWR, BH. OcHOoBHBIE TeXHHUECKHE
xapakrepuctuku ADC.;
11. 11. DxoHOMHUKA aTOMHOM YHEPTETUKH.;
12. 1. IIpeobpazoBanue sneprun. O60py0BaHUE U CUCTEMBL.;
13. 9. O6pamenne ¢ OAT u PAO.;
14. 10. KontponbHas pabota-1 «SnepHo-¢pusndeckue u TerioBbie Ipoleccsl B A0V »;
15. 8. SlnepHblil TOMIMBHBIN MK (THIBI, cXeMbl, nepcrnekTussl, ATL[ Poccun).;
16. 2. KoHTypbI TeruioHOCUTENs, pabouero teia. PeakTopHbIe yCTaHOBKH..

3.4. TeMbl 1a00paTOPHBIX padoT
HE MIPEAYCMOTPEHO
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3.5 Koncyabranumn

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I'K)

1. OO6cyxnaeHue MarepuaioB o TeMaM pasjena "ATomHas sHepreTika u A2Y"
2. OOcyxaeHue MaTepuajioB MO TeMaM pasjeiia "DHepreTuYecKhe pPecypchl U SACPHBIN
TOTUTMBHBIA UK
3. OOcyxaeHue MaTepuaIoB Mo TeMaM pasjena "IKOHOMHKA, OE30MaCHOCTh U MEPCIIEKTUBBI
aTOMHOM 3HepreTuku”
Texywuii konmpons (TK)

1. KoHcynbTauy HampaBJICHbl HA MOJTYYEHUE WHIMBUIYAIBHOTO 3aJaHUS IS BBITOJIHEHUS
KOHTPOJIbHBIX MEPONPUATUIM 1O pazaeny "ATomHas sHepreTrka u S9V"

2. KoHcynbranuu HampaBlieHbI HA MOJYYCHUE WHIAWNBUAYAIBHOTO 3aJIaHUS JJIS BBHITIOJHEHUS
KOHTPOJIBHBIX MEPOIPHUATHI 10 pasfeny "DHEPreTMYeCKUe pecypcbl U SIACPHBIN
TOTUTUBHBIA IIUKT"

3. KoHcynbranuu HampaBiieHbl Ha MOJTYYeHHE WHIUBUIYATbHOTO 3aJaHUs ISl BBITOJIHEHUS
KOHTPOJIBHBIX MEPONPUATHI TO pazfeny "DKOHOMHKA, O€30MacCHOCTh M MEPCHEKTUBBI
aTOMHOM SHEpPreTuKu"”

3.6 TemaTnka KypcoBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IpeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB THCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena
JTUCIUIUIUHEI (B

OueHo4YHOE CPEACTBO
(TUII ¥ HAUMEHOBAHUE)

3amaHupOBaHHbIE PE3YAbTaThl 00YUYEHUs MO TUCIUILINHE Konst
COOTBETCTBUHU C
(B cOOTBETCTBUU C pazjesioM 1) WHJIUKAaTOPOB 1.3.1)
1 ]2 3
3HaTh:
OCHOBHBIE ITPOIIECCHI ITepepabOTKH OTPaObOTAHHOTO SIEPHOTO TOILIINBA TectupoBanue/KM-2 «SnepHsrii
(OSIT), yrunuzamnuu v 3aXOpOHEHUS paiuoakTUBHBIX 0TX00B (PAO) B WT-Lics + + TOIUTMBHBIN UKJI, TEXHOJIOTHUH
COOTBETCTBHUH C TPEOOBAHUSMHU TEXHOJIOTUYECKUX PETIAMEHTOB U ' nepepaboTKU, YTUIH3AIUHT U
HOPMaMH paJIMalluOHHON 0€30MacHOCTH 3axoponenust OAT»
COBpPEMEHHBIE JOCTUKECHHS HAYKH U TEXHOJIOTUU B 001acTH Pedepar/KM-5 TBopueckoe 3a1anue
MIPOEKTUPOBAHUSI OCHOBHOT'O 000pyaoBanus A0V, TpagullnoHHbIE U
OpPUTHHAIIbHBIE METO/IbI HCCIIEIOBaHUS 000pynoBaHus 1DV pa3nuuHoro NA-1nk-3 + + +
Tuma; (akTopbl, BIUSIONNE HA 0€301aCHOCTh U HAJIS)KHOCTh TEXHOJIOTUN U
O00BEKTOB SIIEPHON SHEPTETHUKHU;
(du3nyecKkre OCHOBHI (PYHKIIMOHUPOBaHUS o0opynoBanus (A0Y) u TectupoBanne/KM-1
MIPUHLUIIBI €70 U3rOTOBIIECHUS N-1nk-3 + «KoHCTpyKTHBHBIE 0OCOOCHHOCTH
TUTIOBBIX DY »
YMersb:
UCIOJIb30BaTh METOIBI pacueTa 000pyI0BaHUs, BHIOOpA M ONTUMHU3AIUN Kontponbnas padota/KM-4 «Bsibop
[apaMeTpoB TEXHOJOTHYECKUX MPOLECCOB, TOKa3aTesel KauyecTBa U N-1mk-3 + + | mapaMeTpoB TETUIOHOCUTEIICH B
PEXKHUMOB PabOTHI OOBEKTOB SIIEPHON IHEPTETUKHI KOoHTypax ADCy»
aHAJIM3UPOBATh BIMSHUE PA3IUYHBIX QU3NYECKUX MTPOLIECCOB U Konrponsnas padora/KM-3
TEXHOJOTHYeCKHX (hakTopoB Ha xapaktepuctuku A2V u sddextusHocts | U-1nk-3 + «SnepHo-(hu3nueckue u TeTIoBbIe
paboter ADC niporiecchl B ADY»
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
2 cemecTp

®dopma peanuzanuu: buneTsl (MUCEMEHHBIN OTIPOC)
1. KM-1 «KoncTtpykTuBHBIE 0OcOOeHHOCTH TUNOBBIX DY) (Tectuposanue)
2. KM-2 «SlnepHblii TOIJIMBHBIN IIUKJI, TEXHOJIOTHH TIEPEPaOOTKU, YTUIIN3AIMU U 3aXOPOHEHUS
OAT» (TectupoBanue)

Dopma peanuzaruu: [lucemennas padota
1. KM-3 «flnepHo-¢pusndeckue u TerioBsie nporeccsl B A2Y» (Konrponbuas padora)
2. KM-4 «Br160op napametpoB temnonocuteneil B KoHTypax ADC» (Kontponwshas padorta)

Dopma peanmszanuu: CmemanHas Gopma
1. KM-5 TBopueckoe 3ananue (Pedepar)

bamibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SBISETCS NPUIOKEHUEM A.

4.2 TIpoMe:KyTOYHASI ATTECTAIUSA MO AUCHUIJINHE

3auem ¢ oyeuxoii (Cemecmp Ne2)
HToroBas olieHKa MO KypCY BBICTABIISCTCS MO pe3yIbTaTaM CPEIHEB3BEIICHHON OIICHKU TEKYIEH U
IIPOMEKYTOUYHOM aTTECTALUU.

B numnmnoM BeICTaBIsETCS OICHKA 3a 2 CEMCCTD.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOH/IE OLIEHOYHBIX
matepuanos OITOII.

5. YYEBHO-METOANYECKOE OBECHHEYHEHUE JUCLHUIIJINHbI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. Atomuas suepretuka X XI Beka : yaeOHOe mocodue /71st By30B 110 HampaBiieHuto "SnepHas
sHepreTuka u ternodusuka" / b. A. I'abapaes, B. I'. Cupuzos, 0. b. Cmuphos, 0. C. Uepenuus.
— 2-e u3n., mepepad. u gon. — Mocksa : U3natensckuit mom MOU, 2020. — 399 c. — ISBN 978-5-
383-01409-7.;

2. CmupnoB 10.b. , I'abapaeB b.A. , Uepennun 1O.C. - "Atomnast snepreruka X XI Bexa",
NznarensctBo: "U3narensckuit jom MOU", Mocksa, 2013 - (250 c.)
http://e.lanbook.com/books/element.php?pll_id=72197.

5.2 JIunieH3MO0HHOE ¥ CBOOOHO pacnpocTpaHseMoe NPOrpaMMHoe odecrneyeHue:
1. Office / Poccuiickuii makeT 0(MCHBIX IPOTrpamm;

2. Windows / OniepanrionHasi cuicrema cemeiictsa Linux;

3. RastrWin.

5.3 UntepHeT-pecypchl, BKIWYas NpodeccuoHaIbHbIe 6a3bl JAHHBIX U HH(OPMAIMOHHO-
CIIPaBOYHbIE CHCTEMBI:
1. Hayunas 3ekTpoHHasi 6udimoreka - https://elibrary.ru/
2. ba3za nannbix Web of Science - http://webofscience.com/
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3. ba3za nannbIx Scopus - http://www.scopus.com

4. HaunoHabHasi JIeKTPOHHAs1 0ubmoTeka - https://rusneb.ru/

5. Dnexrponnas 6udmoreka MOU (36 MOH) - http://elib.mpei.ru/login.php

6. ITopTan oTKpLITHIX AaHHBIX Poccuiickoii ®exepanuu - https://data.gov.ru

7. ba3a oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMATbHOM 3a1IUTHI PD -
https://rosmintrud.ru/opendata
8. Ba3za OTKPBITHIX JaHHBIX MUHHCTEPCTBA YIKOHOMHUYECKOTro pa3BuTus P -

http://www.economy.gov.ru

9. ba3a oTKpbITHIX AaHHBIX PocpuamonnTopunra - http://www.fedsfm.ru/opendata

10. HauuoHa bHBII MOpTAaJI OHIAKH 00yueHus: «OTKpbITOE 00pa3zoBanue» - https://openedu.ru
11. OpunmanbHblii caiiT @egepaaTbHOr0 areHTCTBA 10 TEXHHYECKOMY PeryJIMpOBaHHIO H
meTpoJioruu - http://protect.gost.ru/
12. OrkpbITas yHuBepcuTerckas nnpopmanuonnas cucrema «POCCHUSA» -

https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomenieHust

Y4eOHble ayIUTOPUH AJIs
MIPOBEACHUS JICKIIUOHHBIX
3aHATUI U TEKYIIETO
KOHTPOJIA

Homep aynuropun, OcHaenue
HauMCHOBaHHue
K-120, MamuHHbIMA cepBep, KOHJAUITMOHEP
3ain MBI]
T-209, YuecOnas CTOJI MpernoiaBaTesi, CTON y4eOHbIH, CTYIL,
ayIUTOPUS mkad, Bemanka sl 0JIe’kK b, KOMITbIOTEpHAs

CETh C BBIXOJOM B MIHTEpHET, 3KpaH
VHTEPaKTUBHBIN, MYJIbTUMEANIHBIN
IIPOEKTOP, JOCKA MapKepHasi, KOMIIBIOTEP
MIEPCOHAJIbHBIN

Y4eOHble ayIUTOPUU AJIs
MIPOBEACHUS
MPaKTUYECKUX 3aHATUH,
KP u KIT

T-209, YuecOnas
ayTUTOpUS

CTOJI IIperoiaBaTesi, CToJ y4eOHbIH, CTYII,
mkadg, BeIagKa JJis 01Xk Abl, KOMIIbIOTEPHAs
CeThb ¢ BBIXOJAOM B lIHTEpHET, dKpaH
MHTEPAKTUBHBIN, MyJIbTUMEANINHBIN
IIPOEKTOP, AOCKA MapKepHasi, KOMIIBIOTED
MePCOHAIIbHBIN

VYyeOHble ayAUTOPUH IS
MIPOBEACHUS
IIPOMEKYTOUHON
aTTecTauuu

T-209, YuecOnas
ayTUTOpUS

CTOJI IIpEeToiaBaTeNsi, CTON Y4eOHbIH, CTYII,
mkadg, BeIagKa A 01eXkKAbl, KOMIIbIOTEPHAS
CeThb ¢ BBIXOJAOM B MIHTEpHET, dKpaH
MHTEPAKTUBHBIN, MYJIbTUMEANIHBIN
IIPOEKTOP, AOCKA MapKepHasi, KOMIIBIOTED
MePCOHAIIbHBIN

ITomentenus mis

T-412, YucOnas

CTOJI Tperno/iaBatTesi, CTON y4eOHbI|, CTYIL,

CaMOCTOSITENIbHOM pabOThI naboparopus KOMIIBIOTEpHAs CETh C BBIXOJAOM B MIHTEpHET,
BBIYUCIIUTEIILHON JIOCKa MapKepHasi, KOMIIBIOTED
TEXHUKHU MIEPCOHAJIBHBIN
ITomemenus s T-205, Yuebnas CTOJI IIpEeroiaBaTensi, CTON Y4eOHBIH, CTYII,
KOHCYJIbTUPOBAHMS ayJIATOPUS mikad, J0cka MapKepHas
IMomertienus nis T-213, ITogcobHoe
XpaHeHus: 000pyI0BaHUS IIOMENICHUE

1 y4eOHOT0 MHBEHTaps
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

[lepcniexkTuBbl U TemOGU3NYECKre MPoOIEMbl ATOMHOMN YHEPTETUKU

(Ha3BaHME AUCIMILIMHBI)
2 cemecTp

IlepeyeHb KOHTPOJIbHBIX MEPONPUATHII TEKYIIIEr0 KOHTPOJS YCIIeBAeMOCTH 10 JTHCIUILIMHE:

KM-1 KM-1 «KoHcTpyKTHBHBIE 0COO€HHOCTH THIOBBIX DY » (TectupoBanue)

KM-2 KM-2 «lnepHblii TOIITMBHBIN LUK, TEXHOJIOTUH MEPepabOTKH, YTUIU3ALNU U 3aXOPOHEHHS
OAT» (TectupoBanue)

KM-3 KM-3 «nepro-pusnueckue u Temnosle nporecchl B A9V » (KontponsHas padota)

KM-4 KM-4 «Bp1i6op napameTpoB TerioHocuteneld B kontypax ADCy» (KonTpoabsHas pabora)

KM-5 KM-5 Teopueckoe 3ananue (Pedepar)

Bujx npome:xyTo4HOI aTTecTannu — 3a4€T C OLIEHKOM.

WNnpexe KM- | KM- | KM- | KM- | KM-
Howep Paznen aucuumuimabl KM: L 2 3 4 S
paszena Henens 4 8 10 14 15
KM:
1 AToMHas sHepreTuka u A2V
11 OcHOBHBIE 3TaIlbl pa3BUTHUSI ATOMHON YHEPTETUKHU + +
1.2 OcHOBBI (DU3HKH SIIEPHBIX PEAKTOPOB + + +
13 Matepuansl 1 KOHCTPYKIIUU 3JIEMEHTOB SIEPHBIX + + +
] HHEPreTUYECKUX YCTAHOBOK
14 OBOJIIOLMOHHBIE U NHHOBAIIMOHHBIE IIPOEKTHI B + +
' pOCCHUICKON aTOMHOM 3HEPreTHKe
2 OHepreTu4ecKue pecypcesl U AACPHBIN TOIUINBHBII
KT
21 OHEpreTu4ecKue pecypcesl U AAEPHBIN TOIUINBHBII + + +
' ki (ATL)
Obparienue ¢ 0TpabOTaHHBIM SIIEPHBIM TOIIIIMBOM
2.2 + + +
(0AT)
2.3 OOparenne ¢ paguoakTUBHBIMU 0TX01aMu (PAO) + + +
3 OKOHOMUKA, 0€30MaCHOCTh U MEPCIEKTUBBI AaTOMHON
SHEPreTHKU
3.1 OKOHOMHMKA aTOMHOM dHEPreTUKU + +
3.2 bezonacnocts ADC u Tspkenblie aBapun Ha ADC + + +
33 MexyHapoaHbI€ aCIIEKThI Pa3BUTHSI AaTOMHON + +
] DHEPTETHKHU
34 IlepcnexkTHBBI HCTIOIB30BAHNS ATOMHOW SHEPTHH B +
' KOCMOCE
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