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Introduction. Main technical and physical characteristics of Nuclear Power Facilities as a
control object. The main tasks of physical processes simulation used to verify and optimize the control
algorithms and to monitorthe keyperformance parameters of NPFcomponents. Reactor control and
protection systemof up-to-date NPF as a part of Process Control System.Monitoring of reactor core
parameters and parameters of NPF as a whole.

1. IEJIA Y 3ATIAYA OCBOEHMS YYEFHOM JIUCIIUILIAHBI

Introduction. Main technical and physical characteristics of Nuclear Power Facilities as a
control object. The main tasks of physical processes simulation used to verify and optimize the control
algorithms and to monitorthe keyperformance parameters of NPFcomponents. Reactor control and
protection systemof up-to-date NPF as a part of Process Control System.Monitoring of reactor core
parameters and parameters of NPF as a whole.

2. MECTO YYEBHOW JUCIHUILIMHBI B CTPYKTYPE OOII BO

The discipline is included in the basic part of the professional module

3. OOPMUPYEMBIE KOMIIETEHIIUU U ITVTAHUPYEMBIE PE3YJ/IbTATbBI
OBYYEHUA

YHuBepcanpHble H(WIH) 001enpoQeccuoHanbHble KOMIETEHIHH:

| KOI[ 1 HAUMCHOBAHUEC KOMIICTCHIIUN | KOH W HAMMCHOBAHUC MHAUKATOPA JOCTHIKCHUS KOMIICTCHIIUN

ITpodeccuonanbHble KOMIETEHIMM B COOTBECTBUM C 3aJadyaMd U OObekTamMu (0OaacTsaMu
3HaHUi) IpogeCcCHOHATBLHOMN 1A TeTbHOCTH:

3amaua O0BLexT mim 001acth | Koax 1 HamMeHoOBaHHe Kon n
npodeccuoHaIbLHOM 3HAHUA npogeccuoHaILHOM HaNMMeHOBaHHe
aesiteabHoctu (311/1) KOMIIETEHI[MH; HHAUKATOPA
OcHoBaHue AOCTHAKECHUS
(mpogeccHOHAIBLHBIH npogeccHOHAIbLHOM
cranaaprt-IIC, ananu3 | KoMmeTeHUHH
onbITA)
MPOEKTHBII
dopmMupoOBaHUE LIEIIEH Atomusiii nenokonb- | [IK-1.4 [1] - Cnocoben 3-1IK-1.4[1] - 3uars:
MpoeKTa (TporpaMmbl) HBII (0T ATOMHBIE MIPOBOJIUTH CUCTEMHBIN KJIACCU(PUKAITHIO
pelleHus 3a1a4, NEKTPUUECKUE aHanu3 3 PeKTUBHOCTH | ATOMHBIX
KpPUTEPUEB U cranuuu I1naByuas u 3JIEKTPOCTAHIUH,
IoKazaresneu ADC Cdepa KOHKYPEHTOCIIOCOOHOCTH | IJIaBHBIE UX
JIOCTH KEHHUS IIeNIEH, HAaY4YHBIX co3maBaeMbIX SIDY COCTAaBIISIOIINE,
MIOCTPOEHHUE CTPYKTYPhI | UCCIIEIOBAHUM B BKJIFOYAsi KOHTYPbI
HMX B3aMOCBSI3EMN, o0JacTu siepHOn Ocnosanue: OXJIQXKJICHHS,
BBISIBIICHHE ¢buzuku u Texnonoruit | [podeccnonanbHbIi MaporeHepaTopsl,
IIPUOPUTETOB PELICHUS cranaaprt: 24.078 MapoBbie TYpOUHBI,
3a/1a4 C YUYETOM BCEX KOMIIOHOBKY




ACIICKTOB ACATCIBHOCTU

Pa3paborka
0000IIIEHHBIX BApUAHTOB
pelieHus mpooIeMsl,
aHaJIM3 dTUX BapHAHTOB,
MIPOTHO3UPOBAHNE
MOCIIECTBUH,
HaXO0XKICHHE
KOMITPOMHUCCHBIX
peueHui B yCIOBHSX

ATOMHEIN I€OKOIb-
HBIH proT ATOMHBIE
ANMEKTPUICCKUE
ctanuuu [1naByuas
ADC Cdepa
HAYYHBIX
HCCIICAOBAHUM B
o0JacTy saepHOU
(U3HKHM M TEXHOJIOTHIA

ITK-6 [1] - Ciocoben
OLICHMBATb PUCK U
ONPEENATh MEPbI
0e30macHOCTH AJIs
HOBBIX YCTaHOBOK U
TEXHOJIOT Ui, COCTABIIATh
Y aHAJIM3UPOBATh
CLIEHapUU NOTEHLIUAIBHO
BO3MOJKHBIX aBapHH,

OCHOBHOT'O KOHTYpa
TETJIOHOCUTETIS U
BCIIOMOTaTeJIbHbIE
CHUCTEMBI;
KOMITOHEHTHI
SIEPHOTO TOTITUBHOTO
IIUKJIA, OTKPBITHIA U
3aMKHYTBII
TOTUTUBHBIN IUKIIBI,
KJIacCU(PUKAIIHS
PaAMOaKTUBHBIX
OTXOJ0B, METOJIBI
oOpareHust u
3aXOPOHEHUS
Pa3TUYHBIX TUTIOB
PaTNOAKTUBHBIX
OTXO/IOB,
KpaTKOCPOYHBIE U
JIOJITCOCPOYHbIE
TOCJICICTBHS
JEUCTBUSA
HOHU3HUPYIOLIETO
W3ITy4YeHUs ;
V-TIK-1.4[1] - Y™meTb:
MIPOBOJIUTH
SKOHOMHWYECKHI
aHaJIU3 HOBBIX
TEXHOJIOTHYECKHUX
MIPOLIECCOB, CUCTEM
WJTU METOJIHK,
KOTOpBIE MOTYT HAWTH
MIPUMEHEHNE Ha
ATOMHBIX
AJIEKTPOCTAHIIMSIX;
B-IIK-1.4[1] -
Bnaners: HaBbIKaMu
KOHCTPYUPOBAHUS U
BHEJIPCHUS HOBBIX
MIPOYKTHI WU
CUCTEMBI,
MpeHa3HauYeHHbIe
JUTSL aTOMHBIX
ANEKTPOCTAHLIUN
3-T1IK-6[1] - 3nats
OCHOBHBIE
HOPMATUBHBIC
JIOKYMEHTHI T10
peryJupoBaHUIO
PHUCKOB
BO3HMKAIOIIUX B
nporecce
9KCIUTyaTaIlliy HOBBIX




MHOT'OKPUTEPUAIBHOCTH,
HEOIPEIEIEHHOCTH,
IUIAaHUPOBAaHKE
peanu3anny MpoeKTa

pa3pabaTbiBaTh METO/IbI
YMEHBIIICHUS PUCKA MX
BO3HUKHOBEHHUS

OcHosanue:
[TpodeccuonanbHbIi
crangapt: 24.078

HpOI/I3B0I[CTB€HHO-TeXHOJ'IOFI/ILICCKI/Iﬁ

HNuxenepHo-
¢busnveckoe
COIIPOBOXIECHHE
SKCIUTyaTallid aKTUBHOM
30HBI PEaKTOPHOMU
YCTaHOBKH

ATOMHBIH JIENOKOJIb-
HBIA (pr10T ATOMHBIE
NEKTPUUECKUE
cranuuu [InaByydas
ADC Cdepa
Hay4YHBIX
HUCCIIEJOBaHUI B
00JIacTH SAIEPHOM
(bU3UKN ¥ TEXHOJIOTUH

[TK-1.5 [1] - CiocoGen

CaMOCTOATCIIBHO PCIIATh

3aJ1auM, CBS3aHHBIE C
yIpaBJIE€HUEM
HEUTPOHHO-
buznuecKuMu
napameTpamu u
sKcIUTyaTanueit 10V

OcHnosanue:

YCTaHOBOK U
TEXHOJIOTHH,
COCTaBJISITh U
aHAJTM3UPOBATh
CLIEHApUU
MTOTEHITUATTBLHO
BO3MOJKHBIX aBapHii,
pa3zpabaThiBaTh
METO/bl YMEHBIIEHUS
pHUCKa UX
BO3HUKHOBEHHUS ;
V-TIIK-6[1] - YmeTs
OLICHUBATh PUCK U
OTIPEIETISITE MEPHI
0€30MacHOCTH IS
HOBBIX YCTAaHOBOK U
TEXHOJIOT U,
COCTaBJISITh U
aHAJIM3UPOBaTh
CIIEHApUHU
MOTEHIUATBHO
BO3MOJKHBIX aBapHii,
pa3pabaTbIBaTh
METOIbl YMEHBIIIEHUS
pHUCKa Ux
BO3HUKHOBCHHS;
B-IIK-6[1] - Bnanets
METOJaMH OIICHKH
PHUCKOB U OIPEACIIATD
Mephl 0€30MMaCHOCTH
JUTSI HOBBIX YCTaHOBOK
M TEXHOJIOTHH,
COCTAaBJISITh U
aHAJIM3UPOBATh
CLEHapUHU
MOTEHIUATBHO
BO3MOKHBIX aBapHii,
pa3pabaThiBaTh
METO/bl YMEHBIIEHUS
pHUCKa Ux
BO3HUKHOBEHUS

3-TIK-1.5[1] - 3nars:
OCHOBHBI€ THIIBI
CUCTEM Ha aTOMHBIX
3JIEKTPOCTAHIIMSIX,
Ha3HaYCHHE
OCHOBHBIX
CTPYKTYPHBIX
3JIEMEHTOB TaKUX
CUCTEM; OOIIYIO POJIb
CHCTEM YTPABJICHUSI B




HNuxenepHo-
¢buznueckoe
CONPOBOXKIACHUE
JKCIUTyaTaluy aKTUBHOM
30HBI PEAKTOPHOMN
YCTaHOBKH

ATOMHBIN NEIOKOIE-
HBIHA 10T ATOMHBIE
ANEKTPUICCKUE
ctanuuu [1naByuas
ADC Cdoepa
HAYYHBIX
HUCCIICAOBAHUM B
00J1acTu AaepHOU

(DUBHUKY U TEXHOJIOTHIA

[TpodeccrnonanbHbIi
cranaapt: 24.028

ITK-10 [1] - Crtocoben
pemniaTe HHKEeHEePHO-
busndeckue u
HKOHOMHUYECKHE 33/1a4H C
MIOMOIIIBIO TTAKETOB
NPUKITAIHBIX IPOTPaMM

Ocnosanue:
[TpodeccrnonanbHbII
cranaaprt: 24.028

SIIEPHBIX PEaKTOpax,
JIMHEWHBIE CUCTEMBI
yIpaBIeHHUS,
(yHKIIMOHUPOBaHUE
PETYIHPYIOMINX
CTEpKHEM,
BBITOPAIOLLIANA 1
pacTBOPUMBII
MOTJIOTUTEINH ;
V-TIK-1.5[1] - Y™meTs:
pa3pabatbiBaTh
CTpaTeruu
yIpaBIeHHUS,
TTOMOTAFOIIIIE
aTOMHOU
ANEKTPOCTAHIIAN
6e30macHo U
9KOHOMHUYHO
OCYIIECTBIISATh
BBIPaOOTKY
ANEKTPOIHEPTHUHU. ;
B-TIK-1.5[1] -
Brnagets: HaBbIKaMu
CO3/IaHUS U
BHEJIPEHUS HOBBIX
TIPaBWIT WITH
MpOLEAYp s
YITyqIICHUS

3¢ (HEeKTUBHOCTH
yIpaBJICHHUS,
MOBBILIECHUS YPOBHS
KauecTBa 1
0€30MacHOCTH Ha
TIPEAMPUATHSIX
SIIEPHON OTpacIIu;
HaBBIKaMU
KOHCTPYUPOBaHUS
HOBBIC TEXHHYECKUE
YCTPOMCTBA,
YYUTHIBAs 3aaHHBIC
TpeOoBaHUs
3-TIK-10[1] - 3naTh
OCHOBHBI€ MaKEThI
TIPHUKJTATHBIX
MIpOrpaMM JJist
pElICHUS HHKCHEPHO-
(hUBUYECKUX H
IKOHOMHYECKUX
3amay ;

V-IIK-10[1] - YmeTn
OCYIIECTBIISATh
1oA0Op MPHUKJIATHBIX




O06o0061eHne
pe3yIbTaToB,
IIPOBOJIUMBIX HAyYHO-
WCCIIEIOBATEIILCKUX U
OTIBITHO-
KOHCTPYKTOPCKHX paboT
C LIeJIbIO BBIPAOOTKA
MIPEIIOKEHUH IO
pa3paboTKe HOBBIX U
YCOBEPIICHCTBOBAHUIO
JeUCTBYIOIUX SJIePHO-
HEPTreTUIECKUX
TEXHOJIOTHi1"

[IpoBenenue paboT mo
00paboTKe U aHaTU3y

JKCIEPTHBIN
ATOMHBIH JIENOKOJIb-
HBIN (0T ATOMHBIE
INEKTPUUYECKUE
cranuuu [[naByydas
ADC Cdoepa
Hay4YHBIX
HCCIIE0BAHUN B
o0nacTu saepHoi
(bU3MKN ¥ TEXHOJIOTUH

ATOMHBIN J1€I0KOJIb-
HBII (0T ATOMHBIE

ITIK-1.6 [1] - Cnocoben
UCTIOJTb30BaTh
COBpPEMEHHBIE
JOCTIDKEHUS U
nepeoBble TEXHOJIOTHH
JUTS. COBEPIIIEHCTBOBAHUS
UMEIOIIUXCS U PA3BUTHUS
NEepCIEeKTUBHBIX DY

OcHosanue:
[TpodeccrnonanbHbIit
crangapt: 24.078

IK-11 [1] - CnocobeH k
aHaJTN3y TEXHUYECKUX U

MpOrpaMM JJist
pelIeHUs KOHKPETHBIX
WHXCHEPHO-
(bU3UYEeCKUX U
IKOHOMHYECKUX
3aaq;

B-IIK-10[1] -
Bnanerr HaBrIkaMu
paboTshI ¢
TIPHUKJTaTHBIMH
MporpaMMaMu st
peIICHUS HHXCHEPHO-
(bu3nUeCKux u
IKOHOMHYECKUX
3ama4y

3-T1IK-1.6[1] - 3uars:
OCHOBOIIOJIATar0IINE
JIOKYMEHTHI 110
TEXHUYECKOU U
peryaupyroiueu
JTUTEpATypeE,
Kacaroteicst paboThbl
ADC, 3HaTh METOIBI
MOJIyYEHUs JOCTyIa U
OIICHUBAHUS OTYECTOB
Y HAYYHBIX CTaTeH;
V-TIK-1.6[1] - Y™meTs:
3aMMCTBOBATh U3
TEXHUYECKON
JUTEpaTyphl U
pa3BUBaTh
HE3aBUCHUMBIN aHAIHN3
po0JeM, CBI3aHHBIX
C PEaKTOPHBIMU
TEXHOJIOTUSIMHU;
B-IIK-1.6[1] -
Bnaners: HaBbIKaMu
WCTOJIb30BaHUS
TEXHUYECKON
JTOKYMEHTAIUH U

My OJTUKAIIY, OTYETOB
0 xoJie pabor,
CIIPaBOYHHUKAMU U
JIPYTUMH
HWCTOYHUKAMHU
nHpopMmaIuu.
3-T1IK-11[1] - 3naTh
3aKOHOJATEIbHbIC U

HaquO-TeXHquCKOﬁ QJICKTPHUYCCKUC pacuCTHO- HOPMATUBHBIC aKThbI
uHpOpMAIHU U craniuu [IlnaByyas TEOPETHUECKUX peryampyromue
pe3yJIbTaToB ADC Coepa pa3paboTOK, K yUeTy UX | e TeIbHOCTH B




HUCCIIEeNOBAaHUN

HAYYHBIX
HCCIIEIOBAHUN B
00J1aCTH SIepHOM
(UBUKA U TEXHOJIOTUHA

COOTBETCTBUS
TpeOOBaHUSIM 3aKOHOB B
obnactu
MPOMBIIIICHHOCTH,
9KOJIOTHH, TEXHUUECKOM,
paavualioOHHON 1
sIepHOI 06€30MacHOCTH U
JPYTUM HOPMAaTHBHBIM
aKTam

OcHosanue:
[TpodeccuonanbHbIi
cranaapt: 40.011

o0iactu
MIPOMBIIIJICHHOCTH,
DKOJIOTHH,
TEXHUYECKOM,
pallalMOHHON U
AIEPHOU
0C30IMaCHOCTH ;
V-TIK-11[1] - YmeTs
MPOBOJIUTH AHAIIU3
TEXHUYECKUX U
pacyeTHo-
TEOPETHYECKUX
pa3paboToK ¢ y4eToM
HX COOTBETCTBHS
TpeOOBaHUSIM
3aKOHOB B 00J1acTH
MPOMBILIJIEHHOCTH,
DKOJIOTHM,
TEXHUYECKOH,
paaualMOHHON U
SIEPHON
0C30ITacHOCTH U
IpyTUM
HOPMaTHUBHBIM aKTaM;
B-TIK-11[1] - BnageTs
METOJIaMH aHaJIn3a
TEXHUYCCKUX U
pacyeTHo-
TEOPETUUECKUX
pa3paboToK, 1 y4eTa
HUX COOTBETCTBHUS
TpeOOBaHUSIM
3aKOHOB B 00JIaCTH
MIPOMBIIIJICHHOCTH,
9KOJIOTHH,
TEXHUYCCKOH,
palralMOHHON U
SIIEPHOMN
0€30ITacCHOCTH U
JIPYTHM
HOPMAaTUBHBIM aKTaM

OpraHU3alMOHHO-YTIPABICHYECKHUI
"PykoBoncTBO 1 Atomusbiit negokons- | I[1IK-1.7 [1] - Cnocoben 3-TIK-1.7[1] - 3nars:
YIPABJICHHE HBIA (pr10T ATOMHBIE 000CHOBBIBAaTh HAYYHO- | OCHOBBI SIJIEPHOTO
JESATEIIBHOCTBIO NEKTPUUECKUE TEXHUUYECKUE U HEpaclpOCTpaHEHMUS],
nepcoHana u cranuuu [1naByuas OpraHU3alOHHbIE poiib
obecrnieueHne ADC Cdepa pelieHus B o0macTu MEXKITYHAPOIHBIX
0e30MacHOro HayYHBIX [IPOCKTUPOBAHUS U rapanTui, Jlorosop o
IIPOBEJICHUS HAYYHO- UCCIIEIOBaHU B cosganus S0V HEpacnpOCTpaHEHUH
HCCIIEIOBATENbCKUX U 00JIacTH SAIEPHOM SIIEPHOTO OPYKUA U
OIIBITHO- ¢u3uku u rexnonoruit | Ocuosanue: OCHOBHBIE
KOHCTPYKTOPCKHX [TpodeccrnonanbHbII MEXKIYHApOIHbIC




pabot"

crangapt: 24.078

COTJIAIlIEHUS, POITb
Mex1yHapoagHOTO
areHTCTBa 10
aTOMHOW dHEPI'UH;
OCHOBBI (pr3UUeCKOi
3aIUTHI ATICPHBIX
00BEKTOB, SIIEPHO-
(buzmveckoit
6e30macHOCTH
STICPHBIX MaTEPHUAJIOB,
PaAMOaKTUBHBIX
HMCTOYHUKOB U
SIIEPHBIX YCTAHOBOK;
OCHOBBI IIPOCKTHOT'O
MEHEKMEHTA U UX
MIPHIOKECHUE B
MPOEKTHBIX
OpraHH3aIusIX. ;
V-IIK-1.7[1] - Y™meTs:
pa3pabaThiBaTh
MIPOEKTHI,
COOTBETCTBYIOIIHE
TEXHUYECKUM
TpeOOBAHUSIM U
CTaH[apTaM,
JEHCTBYIOIINM B
cdepe saaepHbIX
Texuojioruii Ha ADC;
B-IIK-1.7[1] -
Bnaners: HaBbIKaMu
yIpaBIeHUS
MIPOSKTAMU JJISI
MIPOBEICHUS
COBMECTHBIX paloT ¢
JIPYTUMH YICHAMU
KOJUIEKTHBA, OTICHKHU
KauecTBa 1

3¢ (HEeKTHBHOCTH
nepcoHana u
MTOBBIIICHUS €TO
MIPOU3BOIUTENLHOCTH;
HaBBIKaMU TIPUHSATHUS
OpTraHMU3AIMOHHBIX U
yIPaBICHICCKIX
pelIeHni, BKITI0Yas
yIpaBICHUE
3HAHUSAMU,
MTO3BOJISIONINE
IOOUTHCS
ONITUMAJTBHBIX
pe3yNbTaToB
OTHOCHTEIIEHO




WCCIIEIOBAHHS
HEPaBHOBECHBIX
(bu3MYECKUX MPOIIECCOB,
pacnpocTpaHeHus U
B3aUMOJICVCTBHUS
U3IY4YEeHUs C 00bEKTaMHU
JKUBOU M HEKUBOU
PUPOIBL, SIEPHO-
(hU3MYECKUX YCTaHOBOK,
obecrieueHus ACpHON U
paaralMOHHON
0e30I1acHOCTH,
0€30MacHOCTH EPHBIX
MaTepHUasoB U
(bU3UIECKO 3aITUTHI
SJICPHBIX 0OBEKTOB,
CHCTEM KOHTPOJIS U
aBTOMAaTH3HPOBAHHOT'O
yTIpaBJICHUS SIEPHO-
¢buznueckumMu
yYCTaHOBKaMH.

SIIEPHBIE PEaKTOPHI U
SHEPTreTUYECKUE
YCTaHOBKH,
TeTUIOTHIPaBINYECKUE
Y HEUTPOHHO-
¢buznueckue
MIPOIIECCHI B AKTUBHBIX
30HaX SAJIEPHBIX
pPEaKTOpOB, TEILIOBHIE
U3MEpEHUS U
KOHTPOJIb,
TETUIOHOCHUTETH U
MaTEPHAIIBI SICPHBIX
PEaKTOpOB, SIEPHBIN
TOIUTUBHBIN ITHKII,
CUCTEMBI
o0ecrnieuyeHus
6e30macHOCTH
SIIEPHBIX
OHEPreTHUECKUX
YCTaHOBOK, CUCTEMBI
yIpaBIeHUS sIIEPHO-
(bu3nIecKuMU
yCTaHOBKAMH,
MIPOTPaMMHBIC
KOMIUIEKCHI U
MaTeMaTU4eCKHe
MOJIETH ISt
TEOPETHUUECKOTO U
AKCIIEPUMEHTAJIHLHOTO
HCCIe0BaHUS
SIBJIEHUU U
3aKOHOMEPHOCTEN B
o0iacTu TernopU3nKu
Y DHEPTCTHKH,
MePCIIEKTUBHBIC
METO/IbI
npeoOpa3oBaHus
SHEPTUU

HAay4YHO- HCCIIe0BaTEIbCKUM

ITK-8 [2] - cmocoben
BJIaJIETh PaCYETHO-
TEOPETUICCKUMU U
HKCIIEPUMEHTAIbHBIMU
METOAAMH UCCIICTOBAHUS
(bu3NUECKUX MPOLECCOB,
BBITIOJTHATH
HKCIIEPUMEHTAIbHbIC
UCCIICIOBAHUS U
POBOIUTH 00paboOTKY,
aHayu3 U 00001IeHNe
MOJTyYEHHBIX
pe3yIbTaToB

OcHosanue:
[TpodeccrnonanbHbIit
crangapt: 24.028

KaydecTBa,
HaAEKXHOCTH,
SKOHOMUH, SAEPHOU
0€30MacHOCTH H
3aIIUThI
OKpY>KaloIleu Cpebl;
0a30BBIMU HaBBIKAMU
MIPOBEACHUS
MpE3EHTALNN U
MpEeno1aBaHus

3-TIK-8[2] - 3HaTh
TUIIOBBIE METOJIUKU U
HOMEHKJIaTypy
BBITIOJIHEHUS
U3MEPEHHUI 1
pacyeToB MPOLECCOB;

;
V-TIIK-8[2] - ymeThb
o0OpabaThIBaTh
pe3yabTaThl
U3MEPEHHUN 1
aHAIIM3UPOBATh
pe3yJbTaThl
pacyeTos;;
B-TIK-8[2] - BnageTs
MeTOoJIaMHu
UCCIIEI0OBaHUS
buznueckux
IIPOLIECCOB

4. CTPYKTYPA U COJEPKAHUE YYEFHOMN TUCIUATLINHBI




Paznensl yueOHOM TUCIMIUIMHBL, UX 00BbEM, CPOKH U3Y4eHUS U (HOPMBI KOHTPOJIS:

HaumenoBanue
pasnaesa yueOHo
JTUCIHUIINHBI

Jlexknuu/ Ilpaxr.
(cemmuHapswi )/
JlaGopaTopHbIe
padoTsbl, yac.
O0s13aT. TEKyIIMH
KOHTPOJIb (popma*,
HegeJIs)
MaxkcuMaJbHBIH
0aJi 3a pa3gea™*
ATTecTanus
pasnena (popma*,
HejeJst)
HNuaukaropsl
OCBOEHHSA

Henean

3 Cemecmp

—
9]

K1

do
¢
=
7

Module 1 1-2 2/2/0

3-TIK-

Module 2 3-8 6/6/0 15 K-8 3-TIK-

3-TIK-

Module 3 9-16 | 8/8/0 20 KH-16 | 3-IIK-

V-
TIK-8,
B-
TIK-8,
3-TTK-
10,
V-
TIK-

KoMIdeTeHIINumu




10,
B-
[K-
10

Hmoeo 3a 3 Cemecmp 16/16/0 50

KonTpoabhbie 50 2 3-11K-
Meponpusitust  3a 3 1.4,
Cemectp V-

3-TIK-

3-TIK-
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* — cokpaleHHOe HauMeHOBaHHE (POPMBI KOHTPOJISI
** — cyMMa MaKCHMAJBHBIX OaJIOB JIOJDKHA ObITh paBHa 100 3a cemecTp, BKIIIOYAs 3a4eT U
(unn) sK3aMeH

CokparnieHne HauMEHOBaHUH (POPM TEKYIIET0 KOHTPOJIS M aTTECTALlUH Pa3/iesIoB:

O06o3na | Ilo1HOe HAaMMeHOBaHHE
YeHue
KN KoHTpoJib 1o utoram
E) OK3aMeH
KAJIEHIAPHBIN IIAH
Henean | Tembl 3ansaTuii / Conep:kanue Jlek., | [Ip./cem. | JIao.,
" yac. |, yac. qac.
3 Cemecmp 16 16 0
1-2 Module 1 2 2 0
1-2 Introduction Bcero ayiuTopHbIX 4acoB
The subject and objectives of the training course. Major trends | 2 |2 [0
in the development of nuclear power industry, including Omnuaiin
Process Control Systems (PCS) for the new generation power 0 0 0
units,in Russia and abroad. Main engineering and design
characteristics of the new-generation nuclear power units, the
general features and functional structure of the modern reactor
control and protection systems. Specific physical phenomena
inherent to the modern The main technical and design
specifications of the new-generation Nuclear Power Facilities
(NPF), general characteristics and functional composition of
NPF Control and Protection System. Specific physical
phenomena typical to the modern nuclear power facilities in
transient and emergency modes.
3-8 Module 2 6 6 0
3 Key neutronic characteristics of a reactor core at up-to- Bcero aynutopHbIX 4acoB
datenuclear power units. Dynamic characteristics ofa 1 |1 [0
reactor as a control object. Onnaiin
1. What are the main dynamic characteristics of reactor and 0 0 0
how they affect time-dependent behavior ofboth prompt and




delayed neutrons.

2. What is the reactivity of the reactor?
Whatisthepowerreactivityeffect?
Whatisthetemperaturereactivityetfect?

3. What is the “start-up fuel load”?What is the “steady-state
fuel load™?
Whatisthedifferencebetweenpowerreactivityeffectsfor start-up
fuel load and steady-state fuel
load?Whatisthedifferencebetweentemperaturereactivityeffectsf
or start-up fuel load and steady-state fuel load?

4. What safety parameters are necessary for the analysis ofthe
integrityof the coreduring neutron burst period?

5. For whatfuel load(start-up or steady-state) andfor whatperiod
of thecampaign(beginning-of-campaign or end-of-campaign)
promptneutronburstsare more dangerous?

6. Why one-groupneutron kineticsmodel(according to the
number of delayed neutrons) cannot be used to describe
thedynamic behavior ofthe reactor?

7. Can aone-groupneutron kineticsmodel be usedto getthe
asymptoticreactor period? When?

8. How powerand temperaturereactivity effectsdepend on fuel
enrichment?

Key neutronic characteristics of a reactor core at up-to-
datenuclear power units. Dynamic characteristics ofa
reactor as a control object.

1. What parameter determines the type of interaction of a
neutron with a nucleus, including absorption and fission? What
1s microscopic cross section absorption of a neutron and what is
macroscopic cross-section absorption?

2. Describe the behavior of neutron capture cross-section
depending on its velocity in the energy thermal range (0-2Ev)?
3. How the average energy of neutrons in the thermal range
depends on neutron capture in different materials?

4. How the moderating efficiency of coolant depends on its
density? Howthe thermal utilization factor depends on coolant
density in unborated water?

5. Where the dependency ofthe thermal utilization factor on the
water density is stronger: in fuel assemblies with low-enriched
fuel or in fuel assemblies with high-enriched fuel?

6. How the dependency of the coefficient of thermal neutrons
on the coolant density is changed in the presence of boron in
water? How this relationship is modified with increasing
concentration of boron in the water?

7. What factors determine the neutron-multiplying properties in
the core? Use the formula of four cofactors.

8. Why the dependency of power reactivity effecton the
enrichment and on boron concentration is not as strong as the
dependency of temperature reactivity effect on these factors?

9. Why the power and temperature reactivity effects increase
with insertion of the control rods without changing soluble
boron concentration? How these values depend on the number
of control rods?

Bcero ayiuTopHbIX 4acoB

1 |1 |0
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10. Why the power and temperature reactivity effects increase
in absolute value from the beginning to the end of campaign?
11. What is control rod worth?Would 61control rods be enough
to ensure subcriticallity of VVER-1000 reactor in any core
condition? Would 121control rods be enough to ensure
subcriticallity of VVER-1000 reactor in any core condition?
12. How control rod worth and random reactivity effect is
determined in static calculations? What is control rod worth
and reactivity effect in dynamic calculations?

13. What is the difference in control rods worth valuesobtained
in static and dynamic calculations? What are the reasons of this
difference?

The required accuracy of physical processes simulation in
NPP equipment, which enables the testing of control
algorithmunder design and operation.

1. Explain the phenomenon of resonance neutron capture in
uranium-238. How does the extent of neutron capture depend
on fuel temperature?

2. How can one represent the dependency of resonance neutron
capture on fuel temperature in the approximation of uniform
neutron distribution along fuel pellet surface (at an arbitrary
radial temperature profile and in the approximation of an
optically thin medium)?

3. Which area of fuel pellet is characterized by higher neutron
capture?

4.Which area of fuel pellet is characterized by higher effect of
temperature variations on neutron capture, peripheral or
central?

5. What parameter changes more due to neutron power
variations: average fuel temperature or local temperature near
fuel pellet surface?

6. What is the effective fuel temperature for determining the
Doppler’s effect value?

7. How do parameters of xenon local power oscillations in the
core change due to transition from Doppler’s effect calculations
based on average fuel temperature to calculations based on
effective fuel temperature?

8.Which interpolation procedures are used to approximate
neutron cross-sections based on operational parameters? Which
of them are preferable in relation to computation time? Which
of them are preferable in relation to computation accuracy?

9. In what range of coolant temperatures andboron
concentration in water are accurate interpolation procedures
most importantand why?

10. For which fuel loadsis the accuracy of neutron cross-section
interpolations from boron concentration and water density
particularly important and why?

11.Why is high accuracy of reactivity coefficients computation
so important in testing newly designedor upgraded control
systems?

Bcero ayiuTopHbIX 4acoB
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Neutronic characteristics of groups of CPS rods and
individual control elements.

Bcero ayiuTopHbIX 4acoB
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1. Explain the of reactivity (ICh and DCh) on the position of
CR operating group (depth of insertion).

2. Explain the dependence of CR integral and differential
characteristics on reactor power level (low power, 25%, 50%,
75% and 100% of rated power).

3. Explain the mutual influence of CR groups using an example
integral and differential characteristics of group #9, when group
#10 is withdrawn/inserted.

Study an example integral and differential characteristics of
group #10, when group #9 is withdrawn/inserted. Compare the
results.

4. Explain the dependence of CR group integral and differential
characteristics on its position in the core.

5. Explain the difference between dynamic reactivity based
calculation of CR group integral and differential characteristics
and reactivity measured by EIC.

6. Explain the difference between integral and differential
characteristics of CR operating group at the beginning and at
the end of steady state fuel campaign.

7. Explain the difference between integral and differential
characteristics of CR operating group at the beginning and at
the end of the first fuel campaign.

8. Explain the difference between integral and differential
characteristics of CR operating group at the beginning and at
the end of the first and steady state fuel campaign.

Ownutaiig

0 0 0

9-16

Module 3

8 8 0

The structure and functions of reactor control and
protection system (CPS). Coordination of reactor CPS and
safety control systems.

1. Scram system functionality and composition.

2. I13-1 (alarm reporting) functionality and tripping factors.

3. [13-2 (alarm reporting) functionality and tripping factors.

4. What is accelerated alarm reporting system (“YII3”) and
how it works?

5. NFME functionality and composition.

6. How does scram actuation system look like? How many
control rod drivers are used in V 320 design? In NPP-2006
design ?

7. What is Automatic Power Control system? What APC
operation regimes do you know?

8. How Automatic Power Control system performance is
connected to Electro-hydraulic control systemwithin turbine
control system?

9. Why reactor discharge is not recommended at 40% of rated
power while the turbine is running?

Bcero ayiuTopHbIX 4acoB
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The main characteristics of PCS regulators (controllers) of
reactor power.

1. What is APC and what are APC functions in Control and
Protection System?

2. What is EHCS and what are EHCS functions in Process
Control System?

3. How operation modes of APC and EHCS are

Bceero AYAUTOPHBIX YaCOB
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interconnected?

4. Tell about APC operation modes and its main characteristics.
5. What is the function of APC dead zone and how it can be
determined (from top/from bottom)?

6. When retrimming is more likely to happen: at the beginning
or at the end of campaign?

7. Why this is not reasonable (and even dangerous) to increase
number of control rods in the operating group up to 9 or to 12?
8. Why CR movement speed was fixed at 2 cm/sec and not 1
cm/sec or 4 cm/sec?

11-12

Dependency of CPS algorithms and parameters of their
main controllers (automatic power controller and power-
limiting controller) in transient modes on the physical
properties of NPF reactor core.

1. List in-core local power limitations.

2. What control system and what detectors can be used for
assessment of thermal safety in reactor core?

3. Describe NPF operating mode with disconnection f one
MCP. What safety systems are used then?

4. What CPS algorithm is used during MCP disconnection?

5. Why the Accelerated preventive protection algorithm is
applied for Unit discharge in case of one MCP failure?

6. Specify CR group selection criteria for Accelerated
preventive protection.

7. How does PDME system facilitate the work of personnel in
transients associated with control rods movement.

8. Why it is not recommendedto discharge thereactor below
40% of rated power whenturbine is operating?

9. Why violation ofnormal operation, resulting in the unit
dischargeto 40% ofrated power dangerous atturbineoperatingat
the end ofcampaign?

10. Why EIC-based power density measurements (unadjusted)
differ from ICMS? How this difference depend on the depth of
control rods insertion.

11. Does insertion of a peripheral CR group (located in the
second peripheral row of FAs) overestimate or underestimate
EIC-based reactor power measurements?

12. Does insertion of an inner CR group (located in the fourth
or fifth row of FAs from the core boundaries) overestimate or
underestimate EIC-based reactor power measurements?

13. Why withdrawal of CR group of Accelerated reactor
discharge system usually leads to increasing power density
irregularity factor KV rather than to deceasing?

14. Why is it true for some core conditions that during reactor
power discharge initiated by the preventive protection system
(“TI3”) Reactor power reducing system («POMp) is activated?
What circumstances contribute to the restart of the “POM»?
15. What algorithms for CR groups movement control do you
know, which are associated with the Control rods individual
and group control system («CTUY»)?

Bcero ayiuTopHbIX 4acoB
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13-14

Reactor control at normal operation in steady-state or
scheduled transient operation regimes

Bcero ayiuTopHbIX 4acoB
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. What is APC and what are APC functions in NPF control?
. What is NFME?

. What is APC N-mode?

. What is APC T-mode?

. When T-mode can be switched to N-mode and why?

. What is the main APC mode under normal operation?

. Why N-mode is used in transient regimes?

. Where APC is performing netter: in start-up or steady-state
mode? Why?

9. How deviation between EIC power measures and actual
reactor power in TOMode is explained?

10. Is the power rate in secondary circuit closer to EIC power
readings or to ICMS detectors?

0N N KW

Ownutaiig

0 0 0

15-16

In-core power density field management.

1. Tell about the stationary and non-stationary reactor xenon
poisoning, explain the phenomenon of fluctuations in the
spatial distribution of the neutron field in the reactor core.

2. Explain the mechanism of excitation of axial and radial
xenon oscillations of the neutron field distribution in the core.
3. Explain the changes in the nature of xenon oscillations
during the transition from the beginning to the end of the fuel
campaign.

4. Explain the physical and design specific features of the first
fuel load and steady-state fuel load of VVER-1000 reactor.

5. Explain the difference in the nature of xenon oscillations for
different designs of VVER-1000 reactor core.

6. Explain the behavior of radial xenon power oscillations.

7. Explain the impact of the NPF power capacity on the nature
of xenon oscillation (oscillation excitation - 70% and 95%, the
subsequent transition - 95% to 70%).

8. Explain the principles of the regulator suppressing xenon
oscillation and its main parameters setting.

9. Explain the effect of regulator's efficiency settings.

10. Explain the advantages and disadvantages of automatic
regulator (controller) used to suppress xenon oscillation as
compared with manual control.

Bcero ayiutopHbIx 4acoB
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Henean

Tempbl 3ansaTuii / Conep:kaHue

3 Cemecmp

Introduction

The goal of this classesis to make students familiar with:

- physical and design features of NPP with WWER, with
physical phenomena typical for this reactor type, and with
technical solutions for providing reliable control and protection
for this reactor type;

- the basic algorithms and equipment of WWER CPS, key
regulators involved in the operation of the CPS, with their
characteristics and the behavior of NPP properties in transient
states for various breaches of normal operation.

Dynamic properties of a reactor as a monitored object

The main goal of this assignment is to learn about dynamic
properties of the reactor and studying the basic parameters
influencing power changing and reactivity of the reactor.

The assignment is about studying basic dynamic properties of
the core, which influence the reactor behavior during fast
transient processes (from a second to ten minutes). Among the
goals of this work is studying of properties of the core during
reactor ramping via delayed and prompt neutrons (neutron and
thermal power of the reactor, reactor period, fuel temperature)
depending on specifics of fuel input and campaign moment.
During studying of the reactor ramping via delayed neutrons
from the core critical state on MML, various object dynamic
calculation schemes are explored as well as how accurate the
simulation must be.

Studying of dependency of stated effects on specifics of fuel
input and campaign moments and conditions of manifestation
of these effects is done during this assignment.

Determining of reactivity coefficients responsible for
feedbacks between thermal-hydraulic and neutron-
physical phenomena in the core

The main goal of this lab assignment is learning about the
technology used for estimating thermal and density reactivity
coefficients, accepted in practice of estimation justifications of
project solutions for the core design, and the WWER reactor
operation estimation support. Among the goals of this
assignment are also studying the dependency of
abovementioned reactivity coefficients on the configuration of
fuel assemblies (with fuel of different enrichment) for
launching loads and the distribution of energy fields in the
core; learning about the method of ensuring the right sign of
abovementioned coefficients in the launching loads in any core
state from cold to hot. It’s necessary to determine the main
factors defining the reactivity coefficient value among the
plethora of parameters influencing the thermal coefficient
value.

Neutron-physical properties of controls.

The goal of this assignment is to study the neutron-physical
properties of various groups of control rods and all groups on
control rods: integral and differential effectivity during their




submerging into the core and extracting from the core.
Studying the peculiarities of effectivity changing of groups of
control rods and NPP with WWER reactor emergency
protection. Studying the effectivity of control rods depending
on their placement in the core, NPP power, fuel load type and
the moment of work in time. Analyzing the divergence
between estimations of the effectivity of groups of control rods
and the real effectivity.

Reactor control and protection system. PP system.

Lesson goals of the lab assignment

The lesson goals of this assignment include:

Studying of the purpose and specifics of preventive protection
(PP) work and studying the technological reasons for PP
activation, caused by breaches of normal operation, which
happen in practice during NPP with WWER operation, rather
than emergency situations from the emergency modes list,
most of which never happened on NPP with WWER. Studying
the influence of algorithm of PRCE (power readings correction
equipment) included in NFCE on NPP basic parameters
behavior after PP activation for one reason or another.
Gaining knowledge and basic skills for ensuring the
requirements for not exceeding the limiting values of local
power by core volume after the completion of transitory
process, caused by PP system actions, and NPP parameters
stabilization are met.

Studying of the role of PRCE included in NFCE as it relates to
the work of PP and actions necessary after the completion of
PP system action to ensure that the limits of local power in the
core are not exceeded.

Space instability of neutron fields and managing
algorithms

Lesson goals of the lab assignment

The main objectives of the assignment are:

e [earn about an automatic regulator to suppress xenon
fluctuations, how it works and what are its basic settings.
Thesuppressionofxenonfluctuationsusinganautomaticregulator.
e Gain experience of manual control over the xenon
transitional processes in the reactor WWER-1000.

This lab assignment consists of the following tasks:

1. Suppression of xenon fluctuations by an automatic regulator
for the following states of the reactor and fuel loads:

e EOC, stationary load, the reactor power is 95% of the
nominal value.

e EOC, launching load, the reactor power is 70% of the
nominal value.

2. Manual suppression of xenon fluctuations of power for the
following states of the reactor and fuel loads:

e EOC, stationary load, the reactor power is 95% of the
nominal value.

e EOC, launching load, the reactor power is 70% of the
nominal value.

Algorithms for suppression of xenon fluctuations of local




power in the core

Lesson goals of the lab assignment

The main objectives of the assignment are:

e [earn about an automatic regulator to suppress xenon
fluctuations, how it works and what are its basic settings.
Thesuppressionofxenonfluctuationsusinganautomaticregulator.
e (Gain experience of manual control over the xenon
transitional processes in the reactor WWER-1000.

This lab assignment consists of the following tasks:

1. Suppression of xenon fluctuations by an automatic regulator
for the following states of the reactor and fuel loads:

e EOC, stationary load, the reactor power is 95% of the
nominal value.

e EOC, launching load, the reactor power is 70% of the
nominal value.

2. Manual suppression of xenon fluctuations of power for the
following states of the reactor and fuel loads:

e EOC, stationary load, the reactor power is 95% of the
nominal value.

e EOC, launching load, the reactor power is 70% of the
nominal value.

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MHA

- lectures;
- laboratory works.

6. ®OH/JI OHEHOYHBIX CPEJICTB

@DOHJ| OLIEHOYHBIX CPEACTB 0 TUCLUIUIMHE O0ECIIEUNBAET IPOBEPKY OCBOCHHUS IUIAHUPYEMBIX
pe3ynbTatoB o0ydeHus (KOMIETEHIMH M MX WHIUKATOPOB) MOCPENCTBOM MEPONPUSITUNA TEKYLIETO,
pyOEexKHOro U MPOMEKYTOUHOTO KOHTPOJIS IO JUCIUIINHE.

CBa3p Mexay (opMHUpPyEeMBIMH KOMIIETEHUMSAMH M (opMaMH KOHTpPOJII HUX OCBOCHMS
MIPEJCTaBIICHA B ClIeAyIoLIeH TadnuLe:

KoMmnerenuus NuaukaTopbl 0ocBOeHUsI ATTecTalMOHHOE MepOoNpusATHE
(KIT 1)

I[IK-1.4 3-I1K-1.4 9, K-8
V-TIK-1.4 9, K-8
B-TIK-1.4 9, K-8

IIK-1.5 3-IT1K-1.5 9, K-8
V-IIK-1.5 9, K-8
B-TIK-1.5 9, KI1-8

IIK-1.6 3-I1K-1.6 €
V-TIK-1.6 2
B-IIK-1.6 €

IK-1.7 3-I1K-1.7 9, K-8
V-TIK-1.7 9, K-8
B-IIK-1.7 9, K-8

I1K-10 3-IT1K-10 9, KI-16




VY-1IK-10 9, K1-16
B-IIK-10 9, KH-16

[K-11 3-1IK-11 €]
VY-1IK-11 6]
B-IIK-11 €]

I1IK-6 3-IIK-6 6]
VY-1IK-6 E)
B-IIK-6 €]

IIK-8 3-TIK-8 9, KH-16
VY-11K-8 9, KH-16
B-TIK-8 9, KH-16

I kanbl oneHKU 00pa30BaTeIbLHBIX JOCTHXKEHU

[lIxana KaXa0r0 KOHTPOJIBHOTO MEPOMNPHUSTHS JISKUT B mpenenax oT 0 10 yCTaHOBJICHHOTO
MakCHUMAaJILHOTO Oajuia BKJIFOUMUTENBHO. MTOroBas arrecranus IO OUCHUIUINHE oneHuBaercsa 1mo 100-
OaJITLHOM IIKaJIe W MPEACTABISIET COO0M CyMMY OaIJIOB, 3apa00TaHHBIX CTYJCHTOM IPH BBHITOJTHECHUH
3aJlaHui B paMKax TEKYIIEro U MPOMEXKYTOUYHOTO KOHTPOJIS.

Hrtorosast olieHKa BBICTaBIAETCS B COOTBETCTBUU CO CIEAYIOIIEH IIKAJIOM:

Cymma Orenka mo 4-ex Onenka | TpebGoBaHUS K YPOBHIO OCBOCHHIO
0aIoB OaJUTHHOM IIKaJe ECTS y4eOHOM TUCITUTLINHBI

OleHKa «OTJIMYHO» BBICTABJIAETCS
CTYJ/IEHTY, €CITH OH TJIyOOKO ¥ TIPOYHO
YCBOMJI IPOIPAMMHBIN MaTepHal,
MCYEPIILIBAIOILE, ITOCIIEN0BATENBHO,
90-100 5 — «omauunoy A YETKO ¥ JIOTUYECKH CTPOMHO €ro
U3JIaraeT, yMeeT TECHO YBA3BIBATE
TEOPHIO C TIPAKTHKOM, UCIIOJIB3YET B
OTBETE MaTepUa MOHOTPapUUECKOM

JINTEPATYPHI.
85-89 B OlLieHKa «XOPOII0» BBICTABIIAECTCS
75-84 C CTY/IEHTY, €CIIH OH TBEPJIO 3HAET

Marepua, TPaMOTHO U 110 CYIIECTBY
M3J1araer ero, He OMycKasl

D CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOTIPOC.

4 — «xopoutoy
70-74

65-69 OlLeHKa «yI0BJIETBOPUTEIBHO

BBICTABJISICTCA CTy)IeHTy, €CJIM OH UMECT
3HAHUS TOJIBKO OCHOBHOI'O MaTepI/Iana,
R HO HE YCBOMII €T0 JIETAJICH, OIMyCKaeT
60-64 «Y00871eMBOPUMETILHOY E HETOYHOCTH, HEJOCTATOYHO PaBUIIbHBIE
(opMyNIHpPOBKY, HAPYILICHUS
HOFH‘ICCKOﬁ IIOCJIICIOBATCIBHOCTHU B
HN3JI0KCHUU HpOFpaMMHOFO MaTepI/Iana.

OleHKa «HEYIOBICTBOPHUTEIBHO
BBICTaBILSIETCS CTY/ICHTY, KOTOPBIH He
7_ 3HAET 3HAYUTEIbHOU YacTH
Hwxe 60 F IpOrpaMMHOTO MaTepuana, JI0MmycKaeT
«HEYO0B1eMBEOPUMETLHOY

cyuiecTBeHHbIe ommbku. Kak npasuiio,
OLICHKA «HEYJOBJICTBOPUTEIHEHO»
CTaBUTCA CTYJACHTaM, KOTOPBIC HC MOT'YT




MPOAOILKHUTE 00y4eHHe Oe3
JOTIOJTHUTEINIBHBIX 3aHATHH 10
COOTBETCTBYIOLICH AUCHHUIUINHE.

7.  YYEBHO-METOJIWYECKOE U UHOOPMALIMOHHOE OBECIIEYEHUE
YYEBHO JUCHMUILINHEI

OCHOBHAS JIMTEPATYPA:
1. DU N91 Nuclear Power and Energy Security : , Dordrecht: Springer Netherlands,, 2010

2. D1 B92 be3zonacHOCTh U 33a4u MHKEHEPHON MOJAECPKKU IKCIUTYaTaUH SIIEPHBIX
sHepreTuyeckux yctaHoBok ¢ BBOP : yuebnoe nmocodue, Mocksa: HUAY MUDU, 2013

3.621.039 B92 be3onacHOCTb U 33/1a4 HHKEHEPHOU MOAIEP/KKH dKCILTyaTalluu SAEPHBIX
JHEPreTHYeCKux yctaHoBok ¢ BBOP : yue6HOe mocobue, Mocksa: HUAY MUDU, 2013

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. DU ®50 dusnueckre ¥ KOHCTPYKIIMOHHBIE 0COOEHHOCTH SACPHBIX SHEPTETHUYECKUX YCTAHOBOK C
BBOP : yue6Hoe mocobue mis By3oB, , MockBa: HUSTY MU®DU, 2011

2.621.039 ®©50 Ousnueckre U KOHCTPYKLHOHHbIE OCOOCHHOCTH SJIEPHBIX SHEPreTUUYECKUX YCTAHOBOK
¢ BBOP : yuebnoe nmocobue mist By308, C. b. Beirosckwii [u ap.], Mocksa: HUAY MUDU, 2011

I[MPOI'PAMMHOE OBECITEYEHUE:

CrnenanbpHOE MporpaMMHOE oOecriedeHne He TpedyeTcs
LMS U UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

8.  MATEPHUAJILHO-TEXHUYECKOE OBECIEYEHUE YYEBHOI
TACIATITAHBI

CHeI_II/IaJ'ILHOC MaTCpHUAJIbHO-TCXHUYCCKOC obOecrnieucHUEe HE Tpe6yeTc;1

9. YYEBHO-METOAUYECKHUE PEKOMEHJIALIUU JJISA CTYAEHTOB

10. YYEBHO-METOJWYECKHWE PEKOMEHIAIIMA IJIS IPEIIOJTABATEJEN
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