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Ilnannpyembie pe3yJbTaThl 00y4eHUs

Kon
pe3yibTaTta

Pe3yabTaT 00yuenus
(BBIMYCKHUK JTOJKEH OBITH TOTOB)

Pl

[IpumensaTs riIyOOKHE, MaTeMaTU4ecKHe, €eCTeCTBEHHOHAY4HbIE, COLUAIbHO-
HSKOHOMHYECKHE M MNpo(ecCHOHANbHBIE 3HAHUS IS TEOPETUUYECKUX H
HKCHEPUMEHTAIBHBIX UCCIIEOBAaHUI B 00JIaCTH MCIIOJIb30BaHMSI SIIEPHOI SHEPruy,
SICPHBIX MAaTEPUAIOB, CUCTEM y4eTa, KOHTPOJS M (PU3HUECKON 3aIMTHI SAICPHBIX
MaTepuasoB, TEXHOJOTHHA paaHallMOHHONW 0€30MaCHOCTH, METUIIMHCKOW (DU3UKH 1
SAICPHON MEIULIMHBI, H30TOMHBIX TEXHOJIOTUI U MaTEPUAIOB B IPO(PECCHOHATHHON
NEATEIbHOCTH.

P2

CraBuTh ®  pemaTh HMHHOBAIMOHHBICE  HWHXXEHEpPHO-(pU3WUYECKHE  3aaayu,
pean30BBIBATh MPOEKTH B 00JIACTH HCIIOJIIB30BAHUS SACPHOU DHEPIUHU, SIECPHBIX
MaTepHaIoB, CHCTEM y4YeTa, KOHTPOJS ¥ (U3WYSCKON 3aIlHTHl  SIACPHBIX
MaTepHaIoB, TEXHOJOTHHA PaJUallMOHHON 0€30MacHOCTH, MEIUIIMHCKON (DU3UKH U
SIIEPHON MEAMITMHBI, M30TOMHBIX TEXHOJOTHI U MAaTEPUAJIOB.

P3

Co3pmaBath TeopeTHueckue, pusnyecknue 1 MaTeMaTHYECKUE MOJIEIH,
OIIHMCHIBAIONINE KOHJEHCUPOBAHHOE COCTOSIHUE BEIIECTBA, PACIIPOCTPAHCHUE U
B3aUMOJICICTBUE HOHU3UPYIOLIUX U3JIyYEHUN C BELIECTBOM U )KMBOM MaTepUEH,
(Gbu3MKy KUHETUYECKUX SBJICHUMH, POLIECCHI B PEAKTOpaX, yCKOPUTEIAX, IPOLECCHI
Y MEXaHU3MBI [IEPEHOCA PAJUOAKTUBHOCTU B OKPYKAIOLIECH Cpefie.

P4

Pazpa0aTbiBaTh HOBBIE QJITOPUTMBI U METO/IBI: pacueTa COBPEMEHHBIX (PU3NYECKUX
YCTAHOBOK U YCTPOMCTB; UCCIIEOBAHUS U30TOIIHBIX TEXHOJIOTUHA U MAaTEpUAIOB;
MU3MEpEHUs XapaKTEPUCTUK MTOJIEH HOHU3UPYIONINX U3Iy4YEHUH; OLEHKH
KOJIMYECTBEHHBIX XapaKTEPUCTHUK SAEPHBIX MAaTEPUAIIOB; U3MEPEHUS
PaZnOaKTUBHOCTU OOBEKTOB OKPYIKarOIEH Cpeibl; UCCIIEJOBaHUH B
PalMO3KOJIOT U, MEUIIMHCKON (DU3MKE U sIICPHON METUIIMHE.

P5

OueHnBaTh NEPCHEKTUBBI PA3BUTHS AEPHON OTPACIIN, MEIULIMHBI, aHAIU3UPOBATh
paguanuMoHHbIE PUCKA U CIEHAapUM IOTEHUMAIbHO BO3MOXXHBIX aBapHii,
pa3zpabaTbiBaTh MEphl [0 CHIDKEHHUIO DPHCKOB M O0OECIEUEHUIO SAEpHON Hu
paaraoOHHONW OE30MaCHOCTH PYKOBOJICTBYSICh 3aKOHAMH W HOPMATHBHBIMU
JNOKYMEHTaMH, COCTABIISATh 3KCIIEPTHOE 3aKIIOYEHUE.

P6

[IpoekTupoBaTh W OpPraHMW3OBHIBATH MHHOBAIIMOHHBIN OW3HEC, pa3pabaTeiBaTh U
BHE/PSATh HOBBIEC BHJBI MPOAYKIUH U TEXHOJOTUH, (popMupoBaTh 3(P(HEeKTUBHYIO
CTpaTerMi0 W AaKTUBHYIO TMOJHUTUKY PHUCK-MEHEKMEHTa Ha NPeIIpUiTUH,
MNPUMCHATH MCTOJAbl OLUCHKH Ka4YCCTBAa M PE3YJIBTATUBHOCTH TpyJda ICPCOHAIA,
MPUMEHSTh 3HAHHE OCHOBHBIX TIOJOXEHHH IMAaTeHTHOrO0 3aKOHOJATEeNIbCTBA U
aBTOpCcKOro npasa Poccutickoit @enepanuu.

P7

JIeMOHCTpHUPOBATH TTyOOKHE 3HAHHSI COLIMATBHBIX, STUYECKUX U KYJIBTYPHBIX
aCIEeKTOB MHHOBALMOHHOMN NPOPECCUOHATBHON AESITEIbHOCTH.

P8

CaMOCTOSTEIIEHO YUYUTHCA U HCITPEPBIBHO IMMOBLIIIATH KBaHH(bHKaHHIO B TCUCHUC
BCCTO IIepruoaa HpO(i)CCCI/IOHaJ'ILHOI\/'I ACATCIIBHOCTH.

P9

AKTHBHO BJ1a/IeTh UHOCTPAHHBIM SI3bIKOM Ha YPOBHE, MO3BOJISIOLIEM paboTaTh B
WHOSI3BIYHOM cpelie, pa3padaTbiBaTh JOKYMEHTAIUIO, TPE3CHTOBATD PE3YJIbTAThI
PO eCCUOHAIBHON e TEIHLHOCTH.

P10

D¢ dexTuBHO paboTaTh MHANBHUYATHHO U B KOJJICKTHBE, JEMOHCTPHPOBATH
OTBETCTBEHHOCTh 3a PE3YJIBTAThl PA0OTH M TOTOBHOCTH CIIEIOBATH KOPIIOPATHBHON
KYJIbType OpraHu3aluu.




MunucrepcTBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepanpHOE TOCYApPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE
BBICITIIETO 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJTJOBATEJIBCKHM
TOMCKH MOJUMTEXHUYECKHA YHUBEPCUTET»

[Ixona: UmxeHepHas MIKOJA SAEPHBIX TEXHOJIOTUNA

Hamnpasnenue noarotosku: 14.04.02 SnepHbie Gu3nka u TEXHOJIOTHH

Otnenenue mkonsl (HOLL): Otaenenue saepHO-TOMIMBHOTO ITUKIA

VYTBEPXIAIO:
PykoBoaurens OOII

12.03.2018 Kysnenos M.C.
(IMommucey)  (Mara) (®.1N.0.)

3AJJAHUE

Ha BbINOJIHEHNE BbINYCKHON KBAJIH(UKANMOHHON PadoThI

B dopwme:

Marucrepckoi qucceprauuu

Crynenry:

(bakamaBpcKoit pabOTHI, UIIOMHOTO MPOEKTa/pabOThI, MAaTUCTEPCKO qHCCepTALINN)

I'pynna

L)% (0]

0AM6B

Jlyunuky Wropro Onerosuuy

Tema paboThI:

N3oTomnHebI cocTaB U paglallMOHHBIE XapaKTePUCTUKHU O0TpadoTaBIero TommuBHoro 6j1oka BTTP

YTBepxkaeHa MpUKa30M JUPEKTOpa (HaTa, HOMEp)

Ne2009/c ot 22.03.2018 1.

Cpok cliauu CTyI€HTOM BBITTOJIHEHHOUN pabOTHI:

04.06.2018 .

TEXHUYECKOE 3ATIAHHUE:

Hcxoanblie faHHBIE K padoTe

(naumenosanue 00bEKMa UCCICO08AHUSL UL
NPOEKMUPOBANUsL; NPOU3E0OUMETbHOCHIb UL HASPY3KA,
pedrcum pabomol (HenpepuvleHbll, NepuooUsecKutl,
YUKIUYECKULL U M. 0.); 6UO CbIPbSL LU MAMEPUAT U30ETUS,
mpeboeanus K nPOOYKny, u30eauio uil npoyeccy, 0coowvle
mpeboeanusi K 0COOEHHOCMAM (PYHKYUOHUPOBAHUS
(axcnayamayuu) 06vexma unu u30enus @ niane
6e30nacHoCcmu IKCALYAMayuu, 6IUSHUSL HA OKPYICAIOWYIO

cpeqy, sHep2o3ampamam; IKOHOMUYECKUL aHAnU3 u m. 0.).

OOBEKTOM HCCICIOBaHUS SBIIICTCS OTPAOOTABIINI
TOIUTUBHBIN OJIOK peakTopHOU ycTtaHOBKH BI'TPY.
brok  KOHCTpYKTHBHO  BBIIOJIHEH B  (opme
MPaBUJILHON IIECTUTPAHHON TPadUTOBON MPHU3MBI C
76-10 OTBEPCTUSMH JJIs1 TOTUTUBHBIX KOMIIAKTOB U 7-10
OTBEPCTUSIMU ISl TEIUIOHOCUTENsl. Beicota Giioka
coctaBisieT 80 cMm, a «paszmep mox kimod» — 20 cm.
SnepHoe roprouee: TMCTIEPTUPOBAHHEIC B
rpapuToByro Matpuiy uactuubl BISO ¢ sapom
(Th-Pu)Oz. IporentHoe cojepkaHue nu30Tomnos Pu B
CMECH TsDKeNbIX MeTauioB — 50 %.

[TakeTs! MporpaMM JJIst pacdeTa MepeHoca u3IydeHus
¥ KHHETUKH U30TOMTHOTO COCTaBa SIEPHOTO TOTLINBA:
MCUS, SCALE 6.12, PHITS 2.88.
Koncrantaoe obecrieueHue:
ACE/MCU, BURNS.

ENDF/B-VI1.0,




[Hepeyenb momJiexamux
HCCJIEIOBAHNI0, TPOEKTUPOBAHUIO U
pa3padoTKe BONPOCOB

(ananumuyeckuii 0630p no IUMePAMypPHbLIM UCTOYHUKAM C
Yenbio GbIACHEHUsL OOCIUICCHUT MUPOBOU HAYKU MEXHUKU 8
paccmampugaemori 061acmu,; NOCMAaHo8Ka 3a0adu
uccnedo8anus, NPOEKMUpPOBaAnUs, KOHCMPYUPOGAHUSL;
cooepaicanue npoyedypsl UCCred08anUsl, NPOCKMUPOBAHU,
KOHCIMPYUPOBAHUSL, 0OCYICOEHUE Pe3YIbIANO8 6bINOIHEHHOU
pabomol; HAUMEHOBAHUE OONOIHUMENbHBIX PA30EN08,
noOAeNHCAUUX paspabomre, 3aKa04eHue no pabome).

Brenenue: nenb paboThl, 00JaCTh NMPUMEHEHUS M
3HAYUMOCTh PACCMATPUBAEMOM MTPOOIIEMEI;

— BBINIOJTHEHUE JINTEPATYyPHOTO 0030pa Mo TeMaTUKe
HUP;

—pacyeT U30TOMHOTO COCTaBa OTPabOTaBILIErO
saepHoro Torunea BI TPY;
—pacuer nmapamMeTpoB HCTOYHHMKA TramMma- H

HeUTpoHHOTO n3irydeHus B OAT;

—pacyer mnepeHoca WU3Iy4YeHUs U paJgualliOHHBIX
XapaKTepUCTUK TraMma-, HEUTPOHHBIX TOJEH B
TOTUTUBHOM OJIOKE;

— aHaJIU3 TMOJYYEHHBIX pPE3yJbTaTOB M CpaBHEHHUE
xapakrepuctuk OSAT BI'TPY u BBOP-1000;

— 3aKJIF0YEHUE O BHIMIOJTHEHHOHN padoTe.

Ilepeyennb rpaguyeckoro marepuajia

(C MOYUHBIM YKA3aHUeM 0053aMeNbHbIX Yepmeicell)

[Ipe3enrTanus
UYeprexx moaenu TorummBHOTO 6510ka BI'TPY

KOHch'lBTaHTI)I o pasaejgam BblﬂyCKHOﬁ KBaJIH(l)I/IKaIII/IOHHOﬁ paﬁon

Pa3nen

Koncynapranr

JlutepatypHhslii 0030p,
IIPOBEACHUE YUCIECHHOIO
9KCIIEPUMEHTA U aHAJIN3
IIOJIYYEHHBIX PE3YJIBTATOB

benenko C.B., [Ipo3znos N.1O., ITanuenko A.H.

DuHAHCOBBIM MEHEIKMEHT,
pecypcorhPeKTHBHOCTD U
pecypcocOepexeHue

Macaennukosa O.C.

ConmanpHas OTBETCTBEHHOCTh

Cusonos C.B.

WNHOCTpaHHBIN A3BIK

CmupHoBa V. A.

A3bIKAX:

Ha3panusi pa3sgenoB, KOTOpble NOKHBI ObITH HANMUCAHBI HA PYCCKOM M HHOCTPAHHOM

Isotopic composition and radiation characteristics of HTGR spent fuel block

JlaTa BbIIauM 321aHUS HA BBINMOJTHEHHE BbINMYCKHOI 12.03.2018
KBAIM(PUKAIMOHHOH PaGoThI 110 JIMHEHHOMY rpaduKy A
3ananue BbIIAJ PYKOBOAUTENb:
JI0JIZKHOCTH U0 Y-{en::alc{;eenem,, Moanucek Hara
Houent OATL UATIL benenko C.B. 12.03.2018
3agaHue NPUHSII K MCTIOJTHEHUIO CTYEHT:
I'pynna [0)510) Ioanuch Jarta
0AM6B Jlyuuk Urops Onerosuu 12.03.2018




_ 3AAHME JUIS PA3JIEJIA
«@UHAHCOBBIII MEHEJJKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
CTyneHry:
'pynna PUO
0AM6B Jlyuuky HUropro Onerosuuay
I xoaa HATII OT1aenenue OATI
14.04.02 Anepubie
YpoBenb o0pa3oBaHust MarucrTparypa HanpagJienne/cnenuajbHOCTh
(bU3HKa U TEXHOJIOTUH

pecypcocoepekeHue»:

Hcxonnbie naHHbIe K pa3aeny «PHUHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpeKTHBHOCTD U

1. Cmoumocmo pecypcog Hayunozo ucciedoganus (HH):
MAMepUATbHO-MEXHUYECKUX, IHEPLEMUYECKUX,
uUHaHCOBBIX, UHPOPMAYUOHHBIX U YETI0BEUECKUX

2. Hopmbvl u Hopmamuewl pacxo006anus pecypcos

3. chozzb3yeﬂ4a;z cucmema HCUZOZOO6]Z09IC€HM}Z, cmaeKku
HAJl02086, OMI{MC]ZEHMLZ duCKOHmupoeaHu}l u er()umosaHuﬂ

Pabora ¢ wunHpOpMaIME,

pOCCHﬁCKHX n HWHOCTpPaHHBIX HaYYHBIX
Hy6HI/IKaI_lI/I}IX, AHAJTUTUYCCKHX MaTepuaiax,
CTaTUCTHYCCKUX OIOJITIETEHAX n U3JaHUAX,

HOPMAaTHUBHO-TIPABOBLIX JOKYMCHTAaX

MpEJCTaBIECHHON B

IlepevyeHb BONPOCOB, MO/JIEKANMNX HCCIET0BAHNIO,

MPOEKTHPOBAHMIO M pa3padoTKe:

HTH

1. OL;BHKCZ KOMMePYeCKo2o U UHHO6AYUOHHO20 nomeHyuala

peuienuii

OI.[SHO‘IHaH KapTa KOHKYPCHTHBIX TEXHHYECKUX

3aKYnoK

2. IInanuposanue npoyecca ynpasienus HTU: cmpykmypa u
epagux nposedenusi, 6100cem, PUCKU U OPeAHU3AYUS]

SWOT-ananus.
pealn3aum MpoeKTa

Hepapxuueckas CTpyKTypa padboT
Kanennapusriit

IUTaH-TpauK

agppexmusrnocmu

3. Onpedenenue pecypcHoli, PUHAHCOBOLU, FIKOHOMUUECKOU

Omnpenenenne pecypcodPPeKTHBHOCTH IPOEKTa

Hepe‘IEHL rpa(])nquKoro MAaTCPHAJA (c mounvim ykasanuem o633amensHblx yepmediceli):

CeeMeHmuposaHue PUIHKA

1
2
3.
4. Mampuya SWOT
5
6
7

HOmeHlﬂ/laﬂbele pUcKu

«Ilopmpemy» nompebumens pesyromamos HTH
Oyenka KOHKYPEeHmMOCROCOOHOCIU MEXHUYECKUX peuteHutl

. I'pagux nposedenus u 6100xcem HTH
Oyenxa pecypchoil, punancosotl u skoHomuyeckou s¢hpexmusnocmu HTH

| JlaTa BpIIaYM 3aaHus 1JIsl pa3/ieia no JUHeHHoMY rpaduky \ 12.03.2018 \
3agaHue BbIIAJT KOHCYJIbTAHT:
JlomkHOCTD DdUO yqu::af;leeneHb’ Moanucey Jara
Haganeauk [12I" USAP®
POSI-BHANDD Macnennukosa O.C. 12.03.2018
3agaHue NPUHSII K MCTIOJHEHUIO CTYEHT:
I'pynna ouo Hoanuce Jara
0AM6B JIyuuk Uropes Onerosuu 12.03.2018




3AJJAHUE JJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna L) 4(0]
0AM6B Jlynuky HUropro Oseropuuy
IIxona HATII OTtaejieHue OSATI]
14.04.02 S nepubie
YpoBeHb 00pa3oBaHus MarucTparypa HanpasJieHue/cnenuajJibLHOCTh
(hU3UKa U TEXHOJOTHH

Hcxoanble JaHHBIE K pasaeay «COIII/Ia.]'[BHaH OTBETCTBEHHOCTDb) .

1. Onucanue pabouezo mecma (paboueii 30Hsi,
MEXHOIOSUYECKO20 NPOYeccd, MexaHu1ecko2o 060pyo00eaHis)
Ha npeomem 803HUKHOBEHUSL:

— BpEIHBIX MPOSBICHUH (aKTOPOB
[IPOU3BOJICTBEHHOM CpeIbl

— (MEKPOKIMMAT, OCBELICHUE, LITyMbI,
BUOpaLUH, 3JIEKTPOMArHUTHBIE OIS,
MOHU3UPYIOIIEE U3ITYUCHHE);

— OMAaCHBIX MPOSIBICHUN (aKTOPOB
MIPOU3BOJICTBEHHOM Cpe/bI (IIMEKTPHUUECKOMH,
MOYKAPHO# ¥ B3PBIBHOM MPUPOJIBL).

Z.Hepeltﬂib 3AKOHOOAMENLHBIX U HOpMAmMuBHbLX OOKyMeHmOG no
meme

— 3JICKTPO0OE30IaCHOCTb;
— MOKAapOB3PHIBOOE30MIACHOCTb;

— TpeOOBaHMs OXpaHBI TPYAA IPH padoTe Ha
I[15BM.

IlepeueHb BONMPOCOB, MOIJIEKALINX HCCIETOBAHNIO, IPOEKTHPOBAHNUIO M pa3padoTKe:

1. Ananu3 svisignenHbIX 8PEOHBIX PAKMOPOS NPOEKMUPYEMOL
npou3B00CmMEeHHOl cpedbl 8 credyiouelt
nOCEe008AMENbHOCIIU

— JelicTBrue (akTopa Ha OPraHU3M YEIOBEKa;
— MPUBEAEHHE JOIyCTUMBIX HOPM C
HE00X0INMOH pa3MEepPHOCTHIO (CO CCBUTKO Ha
COOTBETCTBYIOIINM HOPMAaTUBHO-TEXHUYECKUM
JIOKYMEHT);

— IpeJJIaraeéMble CpeICTBa 3alUThI
(KOJJIEKTHBHBIE U MHAWBUYAIbHBIE).

2. AHanu3 6vLAGIEHHBIX ONACHBIX PAKMOPOS NPOEKMUPYeMOll
npou368e0EHHOU Cpedbl 6 cledyioujell NOC1e008AmMeNbHOCIU

— 3JIeKTp00e30MacHOCTh (B T.U. CTATHYECKOE
3JIEKTPUYECTBO, CPE/ICTBA 3AIUTHI);

— I0’KapOB3PBHIBOOE30IACHOCTD (TIPHYHHBI,
npodrITaKTHYECKHE MEPOTIPHUATHSI, TIEPBUYHBIE
CpEICTBA MOXKAPOTYIICHHS).

| Jara BpI1auM 3aJaHu4 /151 pa3jeia 1o JuHeiHoMYy rpadguky | 12.03.2018

3a;[afme BbIAAJ KOHCYJbTAHT:

JI0JZKHOCTD ono yqeﬂ::a:l::;"eﬂb’ Moanucek Hara
Havanpuuk otnesna
oxpansbl Tpyaa USPD Cuzonos C.B. 12.03.2018
POAL-BHUNDD
3anaHne NPUHAJI K MCTIOJHEHUIO CTYIeHT:
I'pynna [25(0) Honnuch Jara
0AM6B JIyuuk Uropes Onerosuu 12.03.2018




Pedepar

Boinycknas kBanudukanuonHas padora 102 c., 28 pwuc., 27 Tabn.,
34 ucTouHuka, 2 IpUIL

KiroueBble ciioBa: BBICOKOTEMIEpPATypHash pPEaKTOpHAs YCTAHOBKA, TOPUK-
IUTyTOHUEBOE SAEPHOE TOIUIMBO, OOJIYYEHHOE SIIEPHOE TOILUIMBO, paJdallMOHHBIC
XapaKTEPUCTHKH, IEPEHOC U3ITyUECHHUS.

OOBEKTOM HCCIIEOBaHUSA SIBISETCS OTpaOOTaBIIMK TOIUIMBHBIA  OJIOK
BBICOKOTEMIIEPATYPHOM peakTOpHOM ycTaHOBKU BI'TPY.

[lens paOOTHI — BRIMOJIHUTH PACYETHYIO OLICHKY MHTEHCHUBHOCTH, CIIEKTpa U
(YyHKUIMOHAIOB MOTOKAa HEUTPOHOB M Y-KBAaHTOB B OTPaOOTaBLIEM TOIJIMBHOM OJIOKE
BI'TPY.

B xo/1e HacTOSMX UCCIEOBAHNM CO3/TaHa pacueTHAsI MOJIENb SKBUBAJIEHTHOM
aueliku BI'TPY, a Takke TpexMepHas MOJeb TOIUIMBHOTO OJOKa JJIsl ONpeaeIeHUs
panuannoHHbix xapakrepuctuk OST BI'TPY. B uyucineHHbIX SKcnepuMEHTax
BBINIOJIHEH pacueT u3otonHoro coctaBa OSAT romnusHoro 610ka BI'TPY. IIposenena
pacyeTHas OIleHKa (PYHKIMOHAJIOB HEOOXOIWMBIX i pa3pabOTKU MpoIeayp Hu
pernmamenToB oopamenus ¢ OSAT B SATL HoBorO MOKOJIEHUS.

B pesynbraTe wHccieTOBaHMM PACCUYMTAH M3O0TONHBIM COCTaB, IAPAMETPHI
MCTOYHUKOB M3Ty4YeHUs U paananuoHHble xapaktepuctuku OSAT OTH BI'TPY.

OCHOBHBIE KOHCTPYKTHUBHBIE U TEXHOJIOTUYECKUE XAPAKTEPUCTUKH: TEILIOBAS
MOIIIHOCTh PEAKTOPHOM yCTaHOBKM cocTtaBiisieT 60 MBT, akTHBHas 30Ha HaOUpaeTcs
3 OJIOKOB YHU(DUIMPOBAHHON KOHCTPYKIMH. TOIUIMBO MpPEACTABISET COOOi
TUCHIEprupoBaHHble B TpadutoBOoi Matpuie MuUKpoTBaIbl Tuna BISO ¢ anpom
(Th=Pu)O., nporieatroe coxepkanue Pu — 50 %. Peakrop paboTaer B CBEPXJIMHHOMN
KaMIIaHUH, riyonuHa BBITOPAHUS AJIEPHOTO TOIIMBA COCTaBJISIET
Z = 400 I'Bt-cyt/(ToHHy TM).

OOnacTh NpPUMEHEHHs: PpEruoHalbHAas aTOMHAs SHEPreTHKa, 3JEKTPO- U
TEMJIOCHA0XEHUE yAAIICHHbIX PaililOHOB, IPOU3BOACTBO BOJIOPOJA, KOHCTPYKTOPCKHE

oropo.



Omnpenenenusi, 0003HAYCHUS U COKPAIIICHUSA

B nanHoi#t paboTe UCIOIB30BAIUCH CICAYIOIINE ONPEICTICHUS:

BbITOPaHUeE SI/IEPHOT0 TOILUIMBA: CHIDKCHHE KOHIICHTPAIIUU JTF000T0 HYKIIHIA
B SIIEPHOM TOILJIMBE, BCIIEJCTBUE AJIEPHBIX MPEBPAIICHUI 3TOr0 HYKJIHAA MpU padoTe
peakTopa,

rJy0OMHa BBITOPAHUS SIIEPHOT0 TOIUIMBA: (U3MYECKas BEJIMYMHA,
XapaKTEePU3YIOIIasi KOJWYECTBO SHEPrUHU, BBIJACICHHOW B MPOLECCE SKCILUTyaTaluu
SIIEPHOTO TOIUIMBA, HA €IMHUILY MACCHI TSXKEIIBIX aTOMOB B CBEKEM TOILIHUBE;

KaMIIaHUS SIIEPHOT0 peakTopa: BpeMs paboThl peakTopa ¢ OJHOM U TOM ke
3arpy3Kou sIIEPHOTO TOILIUBA,

KaMINaHUsl S/IEPHOTO TOMJIMBA: BpeMs palOThl TOIUIMBA B IEpecyeTe Ha
MOJIHYK0 MOILIHOCTh PEaKTOpa; BPEMs, B TEUEHHE KOTOPOrO TOIUIMBO HAaXOAMUTCS B
peakTope;

TOHHA THKEJOr0 METAJIAa: CyMMa MacC M30TONOB B COCTaBE SAJEPHOTO
TOIUIMBA, coaepxkamux 90 win 0osee TPOTOHOB, paBHAs OJIHOU TOHHE;

SIIEPHBIN  PEeaKTOpP: YCTPOMCTBO, MPEAHA3HAYEHHOE JJIsi OpraHu3aluu,
yIpaBJsieMou CaMOIOAEPKUBAIOILIECICS LEIHON peakuuu NEIEHUS,
COITPOBOKIa€MOU BBIJICIICHUEM SHEPTUH;

B nanHO# paboTe UCIIOIB30BAINCH CIICAYIOIINE COKPAIICHUS:

A3 — aKkTHUBHAas 30HA;

BBDP — Bo10-BOASIHOM 3HEPTETUUYECKUI PEAKTOD;

BI'TPY - BeicOKOTEMIIEpAaTypHasd ra300xJa)xJaacMas TOpUEBas PEaKTOpHAs
YCTaHOBKA;

'L — ra3oo0pa3Hbie MPOAYKTHI JEICHHUS;

AT — nucnepCuoHHOE SIAEPHOE TOIUIUBO;

3ATI — 3aKpbITHINA A1€PHBIA TOIUIMBHBIN LUK,

KII — ko> puiimeHT mojae3Horo AHCTBHS;

JIBP — JIerKOBOJHBIN PEAKTOD;

MMK - meton Monte-Kapino;



MOX - cMenIaHHO€ OKCUTHOE SIAEPHOE TOIIUBO;
MT — MUKpPOTBAI;

HTH — Hay4HO-TEXHUYECKOE UCCIIEIOBAHUE;
OTB - orpaboTtaBiuii TOIUTMBHBIN OJIOK;

OSIT - oTpaboragiiee siepHOE TOILIUBO;

II/{ — npOAyKTHI AEHEHUS;

IIII — naket mporpamm;

IIC — nporpamMmmMHOE CpENCTBO;

II9BM — nepcoHanbHast AIEKTPOHHAS BBIUACINUTEIBbHAS MAIINHA;
PY — peakropHas ycTaHOBKA;

TB — TOmIUBHEIN OJIOK;

TBC — TemnoBsIaeIsIIONMAas cOOpKa;

TB3JI — TerIOBBIACISIONIMN DJIEMEHT;

TM — TsKEIbI MeTall;

TH — TenaoHOCUTENb;

TT — ToruinBHas Ta0IETKA;

TTM — TOHHA TSKEJIOr0 METaIa;

AP — anepHbli peakTop;

AT — sanepHoOe TOILINBO;

SATL — sinepHbIN TOTUIMBHBIN IUKIT,

ADY — saepHas HEpreTUYecKasi yCTaHOBKA.
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BBenenue

B coBpemMeHHOM pa3BHBAIOLIEMCS MHUpPE C KaXIbIM T0JOM Bce OoJibllie
BO3pacTalOT MOTPEOHOCTH B SHEPreTHUECKUX pecypcax. OrpaHHYeHHOCTh PECYPCOB
MOJIE3HBIX HMCKOMAEMbIX OIpenesieT HeoOXoAuMocTh Haubosiee 3(HPEKTUBHOTO
UCIIOJIb30BAHUSL CBIPbSA, YTO B HAWOOJBIIEH CTENEHH OTHOCHUTCA K ChIPHEBOMY
o0ecreyeHn0  3JIEeKTporeHepupyrommx  cucreM. [lomumo — 3toro,  pacrer
HEOOXOMMOCTh Pa3pabOTKH MECTOPOXKACHUN B YAAJNEHHBIX U TPYAHOJOCTYITHBIX
palioHax 3eMHOro mapa. B ommkaiimem OyAyieM B pelIeHHH 3TUX IPOOJIEM CaMbIM
3¢ (PEeKTUBHOM CPECTBOM MOTYT CTaTh SJAEPHO-IHEPTETUUECKUE TEXHOJIOTHH.

SnepHas sHEpreTvka 3aHUMAET 3HAYUMYIO JIOJII0 B SHEProoOeCleYeHUU BCEX
Pa3BUTHIX CTpaH. Y HUKaIbHbIE 0c00eHHOCTH ADC MO3BOJIIOT TOBOPUTH O TeHEpaITuu
AIIEKTPOIHEPTHH U TeIla Ha HUX KaK O CaMOM «YUCTOM» U 3()PPEKTUBHOM crocobde
NOJIy4eHHs 3JIeKTposHepruu. HawmOosbliee pacnpocTpaHEHHME B MHPE IOIYUYHIH
peaKkTopsl Ha TEIUIOBBIX HEHUTPOHAX, HCIOJIB3YIOUIME JIETKYK0 BOJLY B KadyecTBE
TEMJIOHOCUTENS, TaK Ha3blBa€MbI€ — JIETKOBOJHbBIE PEaKTOphl. Takue peakTopbl, B
HOJIABJISIONIEM OOJIBIIMHCTBE, UCHOJIB3YIOT B KaueCTBE TOIUIMBA YpaH, TEXHOJOTHUS
MOJIy4eHHs] 1 00pabOTKHU KOTOPOTO SBIJISIETCSI XOPOIIO OTPaOOTaHHOM.

B mpouecce paboThl SAEPHOrO pPeakTopa, TOIUIMBO HAXOIUTCA B YKECTKHX
paMalMOHHBIX MOJSIX, YTO MPUBOAUT K OOPa30BAHUIO K OONBIIOMY KOJIHYECTBY
MUHOPHBIX akTHHOUA0B (AM, Cm, Cf), 370 00CTOATEILCTBO 3HAUNTEIBHO 3aTPYAHSCT
paboty c¢ OST. B pa3nuyHbIX POCCHICKMX M 3apyO€KHBIX HAYYHBIX TpyJax
HEOJIHOKPAaTHO TMOKa3aHO, YTO SAEpHOE TOIUIMBO, B KOTOPOM B KauecTBe
BOCIIPOU3BOJAIIETO  (CHIPHEBOTO) HYKIMAA MCHONb3yeTca 232Th  umeeT psan
CYIIECTBEHHBIX IPEMMYIIECTB HAJ YPAHOBBIM TOIUIMBOM (BOCHPOM3BOISAIIMIMA
Hykaua — 238U), oqHUM M3 KOTOPBIX SBJISETCS MEHbINAs yeibHas aktuBHOCTh OST.
OpHako, HECMOTpsT Ha TO, YTO pa3padOTKa M UCCIEIO0BAHHE TOPUEBOIO
SAIEPHOrO-TOIUIMBHOTO LHWKJIa B Poccum  OCyIIECTBISETCS yXKE JOBOJBHO
IPOJOJKUTEIBHOE BPEMSI — TEXHUYECKA M SKOHOMUYECKU JTaHHOE HAINpaBJICHUE HE

IMOJIYHYHJIO JOJIDKHOI'O Pa3BUTHUA, TAK KAK Tpe6yeT 0O0JIBIIOr0 KOJINYECTBA HHBGCTHHHﬁ.
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TeM He MeHee, HE0OOXOAUMOCTh B pa3padaThIBAEMbIX TEXHOJIOTHUIX MOKET MOSIBUTHCS
y>Ke B OJrpKaiiiiee Bpemsi, Tak Kak TEMIT pacX0J0BaHUsI yPAHOBOTO ChIPbs HEMPEPHIBHO
pacTeT B CBS3M €O cTpoutTenbcTBOM HOBbIX ADC. JlanbHeilmas pa3zpaboTka u
uccinenoBanue topueBoro ATI[ mo3BomuT pUHAHCOBO M IKOHOMUYECKHA OOO3HAYHTH
NPEUMYIIECTBA TOIJIMBA HAa OCHOBE TOPHUS, M TEM CaMbIM NPUBJIEYb HOBBIE
WHBECTUIUU.

CerogHss BO MHOTMX CTpaHax MHUpa MPUHUMAIOTCS HOBBIE MPOrpPaMMBbI
pa3BUTHA siAepHOU SHepreTuku. B Poccun npunsTa dpenepaibHo-1eneBas mporpamma
«SInepHple PHEPTOTEXHOJIOTHH HOBOTO MOKoJIeHWs Ha mepuox 2010-2015 rr. m nHa
nepcnekTuBy 10 2020 r.». B ocHOBe 3TO#l MporpamMMBbl JIEAKUT HOBAsI TEXHOJIOTUYECKAS
iaTopma — 3aMKHYTHIN sijiepHbId ToruBHBIN UK (A1 TLL) 1 peakTopsl Ha OBICTPBIX
HelTpoHax. [log HOBYIO TEXHOJOTHYECKYIO IUIaT(HOpMy TOMANar0T HCCIEAOBAHMS,
HaIpaBJIeHHbIC Ha Pa3pabOTKY sAEPHBIX TEXHOJIOTUH, CIIOCOOHBIX 00€CTIEUNTh MOJTHOE
BOBJICUECHHE B TOTUIMBHBIN IIUKJI MPUPOJHOTO ypaHa U Topus. B nepByro ouepespb, 3TO
texHosoruu 3aMkHyTOoTOo STl 1 peakTopoB Ha OBICTPHIX HEUTPOHAX (PEAKTOPHI THIA
BH-600, 800, 1200), a Takke HWHHOBAIMOHHBIE TMPOEKThl MEPCHEKTUBHBIX THUIIOB
PEaKTOPHBIX YCTAHOBOK M SIIEPHBIX JHEPreTUYECKUX YCTaHOBOK (DY) mainoi
morHocTH (10-100 MBT). B mocnegnue roasl ObLT MPENCTABICH LEIbIH CIIEKTP
pa3pabotok B chepe manmomomubix ADY. Hanbomee mpopaboTaHHBIMU MPOEKTAMH
SBIITFOTCSL MaJIbIii MOJYJbHBIN peakTop Ha OBICTPBIX HEUTPOHAX C HATPUEBBIM
OXJIXKJIEHUEM, CO3/IaHHBIN simoHCKOM kKomnaHuen Toshiba, u koncTpykuus ARC-100,
poJBHUraeMas Ha peIHOK aMmepukaHckoi komnanuei Advanced Reactor Concepts.

B Poccun k goctatoyHo npopabOTaHHBIM KU O(POPMIICHHBIM KOHIICHIUSM
OBICTPBIX PEAKTOPOB, MO MOIIMHOCTH IOMAJANIUX O]l KAaTETOPUI0 MaJIOMOITHBIX
ADY, otHOCHTCS onbITHO-IeMOoHCcTpaonHbiii 6110k BPECT-300-O/1, mnanupyemsbrit
Kk mycky Ha OAO «Cubupckuii xumudeckuit komOuHat» K 2020 T., KOTOPBII CTaHET
HOBBIM 3BCHOM TIepCIIeKTUBHOMN Mojenn 3aMkHyToro SITI] B Poccuu [1].

JpyruM HampaBlIeHUEM pa3BUTHUS B MallOd MOJYJIBHOM HHILE SIBJISIOTCS
BBICOKOTEMIIEpATYpHbIE UM CBEpXBBICOKOTemIiepaTypHeie SADY. Ilo stomy

HaIPaBJICHUIO ObUI MPEJICTABJICH IENbIA PsJl TU3aHHOB U JIETAILHO MPOPaOOTaHHBIX
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MPOEKTOB C TemIepaTypamu B mpumepHoM nuanazone ot 900 go 1200 °C, u3 KoTopsIix
HauOoJiee MEePCHEKTUBHBIMU SIBIISIIOTCSI BBHICOKOTEMIIEPATYPHBIE Ta300XJIaXKIacMble
peaktopsl (BTT'P). Texnonorus BTI'P Gnaronapsi yHUKaJIbHBIM CBOWCTBAM B YacTH
0€30MacHOCTH U IKOJIOTUIHOCTH MOKET 00€CTIeunTh KOMITJIEKCHOE YHEProcHa0KeHNe
JIIEKTPUYECTBOM U TEIJIOM, B TOM YHUCJE pPEIIUTh aKTyaJbHYI MpoOIemMy
IKOHOMHUYECKH  A()PEKTUBHOTO  MPOM3BOACTBA  Bojopona. OueBHUAHO, UTO
MaJioMoOlllHble SIDY He SBISAIOTCS OPUTMHAIBHOW HJIeeH, OJHAKO MPOEKTHI IO
CO3JaHUI0 HAa UX OCHOBE PEAKTOPHBIX YCTAHOBOK C TOPUMCOAEPKALIUM TOIUIMBOM
SIBJISIFOTCS] TIEPCIIEKTUBHBIM HAIlpaBlIEHHEM B sifiepHOM sHepreTuke. Kpome toro, nis
Poccun peiHOK TOpueBbix DY Manoil MOIIHOCTH MOMKET CTaTh NOTEHUUAIbHO
0JIarONPUSATHBIM U IPUOPUTETHHIM B PETMOHAIBHOM SHEPTETUKE.

BTI'P o6namatror psoom npeumyinects Han JIBP, mambonee 3HaYMMBIMU
SBIIAIOTCS: JOCTHXKEHHWE 3HAYUTEIBHO OONBIIMX TIyOWH BBITOPAHUS SAECPHOTO
TOIUIMBA, NosiydyeHue Bbicokux 3HaueHuit KIIJ sueprodiioka ¢ BTTP (g0 55 %),
TeHepanusi BBICOKOMOTEHIIUATBFHOTO TeIjla, KOTOPOE MOXKET ObITh 3(P(HEKTHBHO
UCIIOJIb30BaHO B Psiic XUMUUYECKUX MTPOU3BOJICTB U T.J1. JlOCTHXKEHHE OOJIBIINX TITyOUH
BBITOpaHUSl — OJHA W3 BAXHEHIIMX MpoOJeM B SACPHOM DHEPreTUKE Ha JaHHBIN
MoMeHT. [loBbilieHne rmyOuHbI BBITOpaHus 3a cueT 6osiee 3PPEKTUBHOTO U MOJTHOTO
C)KUTaHUsl SIAEPHOTO TOIUJIMBA IO3BOJIAET YBEIWYUTH MJIMHY KaMIIAaHUU SIIEPHOTO
TOTUIMBA U sAfiepHOTO peakTopa. OmHako, nmpu padore ¢ OAT ¢ Gonbiiol rTyOuHOM
BBITOPAHMS BO3HUKAET PAJl MPOOJIEM, CBA3aHHBIX C MPOSKTUPOBAHUEM XPAHWIMIL U
KOHTEWHEPOB 1l Hero, Tak kak jganHoe OST comepxut B cebe ropasao Oosbliee
KOJIMYECTBO MPOAYKTOB JAECIEHUS U MUHOPHBIX aKTUHOU/IOB.

Heabro naHHOM paOOTHl SBISETCA OMNpPEACICHHE HW30TOMHOrO COCTaBa U
pagualuOHHbBIX XapaKTEePUCTHUK O0TpabOTAaBIIETO TOIJIMBHOTO 0110Ka
BBICOKOTEMIIEPATYPHON  ra300XJa)XAa€MON TOPUEBOW PEAKTOPHOM  yCTAaHOBKHU
BI'TPY. OcHoBHBIe 3a1a4u padOThI: pacyeT KUHETUKU H30TOMHOro cocrasa OAT
BI'TPY B mporecce paGoThl peakTopa, OMpeaeiIcHUE XapaKTEPUCTHK HCTOYHUKOB
raMma- ¥ HEHUTPOHHOIO H3JIy4YeHHH, pacueT (YHKIIMOHAJIOB TramMMa-HEHTPOHHBIX

MoJieil B TOTUIMBHOM OJIOKE U Ha €ro MOBEPXHOCTH.
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IIpeamoJsiaraeMblidi MOAXO0J K PeILIEHUIO 3a4a4. pacueT KHUHETUKHU
M30TOIIHOI'O COCTaBa M IIEpEHOCA W3JYyYEHUs B IPELU3UOHHBIX IPOrPaMMHBIX
CpeACTBax Ha OCHOBE METOJla CTaTMUECKUX HcmbIiTaHui (Meton Monte-Kapio) c
UCIIOJIb30BAaHUEM OMOJIMOTEK OIICHEHHBIX SIJICPHBIX TAHHBIX.

IIpakTHyeckass 3HAYUMOCTH PaldOThI: PE3yJbTaThl, OJIYYEHHbIE B JAHHOU
pabote, Oy 1yT UCIOJIB30BAHBI JIJIs1 pa3pabOTKU MPOIEAYp U PErIaMEHTOB OO0palieHus
¢ OAT B ATL[ HOBOro MOKOJICHUS, B YaCTHOCTH — [JISl IIPOEKTUPOBAHUSI CUCTEM
XpaHEHUs U TPAHCHOPTHBIX yNAaKOBOYHBIX KoMILIeKTOB 1t O T. MeTonuka pacuera
U MOJeNlb, pa3pabOTaHHbIE B pamMKax pabOThl, MOTYT OBbITb MCHOJIb30BaHbI IS
JTadbHEHUIIUX saepHo-du3nueckux ucciaenoanuii BI'TPY, cBa3aHHBIX ¢ U3ydeHUEM

HOBBIX BUJOB AACPHOI0 TOIJIMBA U OHTI/IMH3aHHeﬁ AKTUBHOM 30HBI.
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1 JIutepaTypHblii 0630p

1.1 BeicokoTeMmnepaTypHble ra3o0xJax/aaeMble peaKTopPbI

PocT npoMBIIUIEHHOTO MPOU3BOJICTBA MPAKTHYECKH BO BCEX CTpaHax Mupa
OPUBOJUT K TMOTPEOJICHHIO BO BCE BO3pACTAIONIMX MacliTabax OpPraHuyecKoro
TOTUITMBA: HE(PTH, TMNPUPOTHOTO Taza, yria. OCHOBHBIMH TMOTPEOUTEIAMHU
OpPraHMYecKOTr0  TOIUIMBA  SBJISIIOTCS ~ IPOMBINIIEHHOCTb,  TPAHCIOPT U
3JIeKTpodHEepreTuka. [Ipu CcymecTByIOmUX TeMnax €ro notrpelsiaeHus pa3BelaHHBIX
3aMacoB XBaTUT He 00Jiee UeM Ha HECKOJBKO CTOJIETUM, TOATOMY HEOOXOAMMO UCKATh
aJbTEPHATUBHBIE HCTOYHUKHU YKOJIOTHUYECKN YUCTON IHEPTHH.

[IporHo3sl MEKTyHAPOAHOW KOMUCCHH MO U3MEHEHUIO KJIMMaTa YKa3bIBalOT
Ha TO, 4TO K 2050 roay noTpeOHOCTH B NEPBUYHON HEPTUU MOTYT BO3PACTH BABOE.
OCHOBHOW TMPUYUHON 3TOr0 SBISETCA POCT SKOHOMHUKH Pa3BUBAIOLIUXCS CTpaH H
COOTBETCTBEHHO YBEJIUYEHUE YCTAHOBJIECHHBIX MOIIHOCTEN aTOMHBIX CTAHI[UN B 3TUX
CTpaHax.

Haunbonee  panvoHaIbHBIM  CIIOCOOOM  OOECIIEUeHUs]  BO3PACTAIOIIUX
NOTpeOHOCTE B HHEPTUM MOXKET CTaTh MpeoOpa3OBaHUE SJIEPHON DJHEPrUU B
AJIEKTPUUYECTBO, YTIEBOJAOPOIHOE TOILUIMBO U BOJAOPO/ Kak Hanbosee 3pheKTUBHbIE U
YHUBEPCAJIbHbIE SHEPTOHOCUTEIIH.

C »oTOM  TOYKM  3peHUST  HAWMOONBIIMN  HMHTEpEC  MPEACTABISIOT
BBICOKOTEMIIEPATYPHbIE  Ta300XJaXJAaeMble  PEAKTOPbl, KOTOPbIE€  MO3BOJISIOT
BbIpa0aThIBaTh HE TOJIBKO JJICKTPOIHEPTHI0, HO U BBICOKOMOTEHIIMAIBHOE TEIJIO C
temrneparypoit, Omusko k 1000 °C, koTropoe MOXKHO UCIIOJIb30BaTh B
TEXHOJIOTUYECKHUX MPOIECCaX BO MHOTUX OTPACIISAX MPOMBIIILICHHOCTH.

O6nactu npumenenus BTTP:

— CHa0XEHWE TEMJIOM TEXHOJOTHYECKUX TMPOM3BOACTB B  Pa3IUYHBIX
SHEPrOEMKHUX OTpaciisIX MPOMBIIUICHHOCTH. llepexon K HSKOJOrMYecKd YHCTOU
BOJIOPOJTHOW SHEPreTHKE M «BOJOPOIHON SKOHOMHUKE» [2, 3]. ATOMHO-BOAOPOIAHAS
koHueniuss Ha Oaze BTIP »sddextuBHee npyrux TEXHOJOTHH pEHIUT 3a7a4d

KPYIHOMACIITa0HOT0 MPOU3BOJCTBA NPECHOW BOAblL. VCKitouuTenbHbIE CBOMCTBA
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BOJIOpOJia OOECIEUUBAIOT €My MIMPOKYIO MEPCIEKTUBY MPUMEHEHHUS B Pa3IMYHBIX
00JIaCTSIX PHEPTeTUKHU, HA TPAHCIIOPTE U B MPOMBIIIJIEHHOCTH:

— BBICOKOA()(PEKTUBHOE MPOU3BOACTBO JIIEKTPOIHEPTUU — OOBEIUHEHUE
BTI'P ¢ ra3oTypOMHHBIM WM MNApOTypOMHHBIM IIHMKJIOM CBEPXKPUTHYECKUX
napamMeTpoB ¢ Temreparypoil napa no 600 °C. KIIJl npou3BoACTBa 31EKTPOIHEPTUU
10 50 % nst moTpedbuTeneit Majao u CpeIHEeN MOIIHOCTH;

— COBMECTHAs BBIpaOOTKa AJEKTPO- U TerioreHepanuu. [upokuit nuanazox
BO3MOXHOCTEH T€HEPUPOBAHUS U YTHIM3AIUU YHEPTUU TMPHUOTMKAIOT KOG OUITMEHT
ucnonbs3oBanus teria BTTP x 100 %.

be3omacHOCTh M JOCTMKEHUE BBICOKHX TEMIIEPATYP HA BBIXOAE U3 PEaKTOpa
pEeanu3yIOTCs 3a CUET UCII0JIb30BAHMUS:

— UHEPTHOT0, HEAKTUBUPYEMOT'O FEIUEBOIO TEINIOHOCUTEIIS;

— TOIUIMBA HA OCHOBE C(EpUUYECKUX MHUKPOUYACTUI] C MHOTOCIONHBIMU
TEPMO- U PATUALNUOHHO-CTOUKUMU ITOKPBITUSIMH, KOTOPBIE HAJEKHO YIACPKUBAIOT
MPOYKTHI JIEJICHUSI BO BCEX pPEKMMax paOOThl, BKIIIOYAsl aBapHUITHBIE;

— OTPHUILATENIBHBIX OOPATHBIX CBSI3EH MO TEMIEpaType TOIIMBA U MOILTHOCTH;

— TEPMOCTOMKHX KOHCTPYKLUHMOHHBIX MAaTE€PHUAIIOB AKTUBHOM 30HBI U
oTpaxkaTesieil Ha OcCHOBeE Trpadura.

['uOkuii TomnuBHBIM MUK TexHoiorun BTIP mo3BossieT ucnonab3oBaTh
TOTUIMBO HAa OCHOBE ypaHa, IUIyTOHMs, TOopus, Bkiaodas MOX 06e3 u3MeHeHUs
KOHCTPYKIIMU aKTMBHOW 30HBI U oOecrneunBaTh ero riyookoe Beiropanue. ['mybokoe
BBITOPAHUE HCKIIOYAET BO3MOXHOCTHh HCIOJIb30BAHUS HAYMHKU TB3JI B BOCHHBIX
LEJIsX.

VYyuThIBas U3710KEHHBIC BhIIIE (PAKTOPHI, BO MHOTUX CTpaX MUpA B MOCIIETHUE
NECATWIICTHS] HA4YaTO WJIM BO300OHOBISETCA MPOEKTUPOBAHUE U CTPOUTEIHCTBO
moaynbHBIX BTT'P manoit u cpenneit momnoctr. ObOpaiaer Ha cebsi BHUMaHUE TOT
¢dakr, uro Hapsany c Poccueit, ®PI', CIIA, ®panuueit, Anonueid — cTpaHax c
TPaJMIIMOHHO PAa3BUTON SEPHOM PHEPreTHKOM, HambOJIee YCKOPEHHBIMU TEMITAMU

BTI'P pazpabatsiBarorcs B FOro-Bocrounoit Azum (FOxuas Kopest, Kurtait, Unnus), a
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takke B FOxxHo-Adpukanckoii Pecriyonuke (FOAP). Anonus B 1998 u Kuraii B 2003 r.
IYCTWINA B DKCILTyaTallMlO SKCIEPUMEHTAIBHbIE peakTopsl cooTBeTcTBeHHO HTTR
n HTR-10 [4], Ha KOTOpPBIX WCCIEIyeTCd WX MPUMEHEHUE [UIS TOJYYCHHUS
BBICOKOIIOTEHLIMATIBHOIO TEIUIA, TEIJIOCHA0KEHHSI TPOMBIIIIJIEHHOCTH, POU3BOICTBA
BJIEKTPOHEPTUHM B Ta30TypOMHHOM IIMKJIE, KOMMEPYECKOrO0 MCIOJIb30BaHMUS.
Temneparypa renaus Ha Beixoge n3 HTTR mocturma 950 °C. PaGoTel mo mpoekTam
ycranoBok ¢ BTT'P Benyrcs Bo @panuuu u Huaepnanax.

B Tabnuue 1.1 npuBeneHbl MHHOBALIMOHHBIE MPOEKTHI peakTopoB BTTP manoi
Y CPEAHEN MOITHOCTH.

Ta6mumna 1.1 — MunoBanmonnsie npoektsl BTI'P

Crpana HazBanue Tun akTuBHOU MormHocTh
Haznauenmne
pa3paboTank YCTaHOBKH 30HBI Terut./3n., MBT
OxHnas Adpuka PBMR HachbinHast 400/165 MHororeneBoe
CIHIA u Poccus GT-MHR [Ipuzmaruueckas 600/287 MpHorouenesoe
Snonus GTHTR-300 [MpusmaTuyeckas 600/274 MHororeneBoe
Kuraii HTR-PM Hacpinaas 380/160 Tpoussonctso
AJIEKTPOIHEPTUU
Slnonus FAPIG-HTGR Hacruimnas 220/100 MHuororeaeBoe
[IpousBoacTeo
AJIEKTPOIHEPTHH
Hunepnanabt ACACIA Hacreimaas 60/23 1501051
MHOTOLIETIEBOE
HCIIOJIL30BaHUE

BoinonHeHHble K HacTosiieMmy BpemMeHH B P® paboTel B 000CHOBaHUE

0€30MacHOCTH MOATBEPKIAI0T BO3MOXXHOCTh YJOBJIETBOpEHUs MOAyJibHbiMU BTIP
TpeOOBaHMI K peaKTOPHBIM YCTaHOBKaM HOBOT'O MOKOJeHUs. OCOOEHHOCTH peakTopa,

0OYyCIIOBJIEHHbIE  BHYTPEHHE  MPUCYIIUMU  CBOMCTBAaMH  O€30MacHOCTH U

KOHCTPYKTUBHBIMHU  XAPAKTCPUCTHUKAMH, HCKIIOYAOT BO3MOXHOCTL TAXKCIIOIO
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MOBPCKACHUSA W PACIUIABIICHUS AKTUBHOU 30HBI IIpHU BCCX BO3MOKHBIX aBaprIHBIX
CUTyaluAX, BKIIKOYasA pa3srcpMCeTHU3alIUIO IICPBOI'O KOHTypa,6€3BOCHOHH€HHH IMoTCpHn

TCIINIOHOCHUTCIIA.

1.2 IlucnepcuoHHOeE siiepHOE TONJIMBO

Bun TomnmBa, B KOTOPOM MHUKPOYACTHUIIBI JENSIIETOCS MaTepuaia
pacmpesenensl Mo 00beMy HEAeNSIIerocss Marepuaia (MaTpHIlbl), Ha3bIBaeTCS
JUCTIEPCUOHHBIM TOIUTMBOM. Jlenmsmuiics MaTepual BHEAPSETCS B BUAEC MEJKUX
YaCcTUI[ W3 METAUIMYECKUX CIUTABOB, HWHTEPMETAIMYECKUX COCIUHCHHUA WIIH
COCIMHEHWI YypaHa © TIUTyTOHUSA. B KadecTBe JJIEMEHTOB MAaTPUIBI MOTYT
UCIIOJIb30BAThCS METAJIbl, CIUIaBbl, WHTEPMETAIUIUIBI, a TakKe HEeMETaJlIbI,
HanpuMmep, Tpadut. IIpenMyIiecTBOM TUCTIEPCHOHHOTO TOTUIMBA SIBISIETCS BBICOKAs
panuanMoHHAas CTOMKOCTh BCIEACTBHE CIIOCOOHOCTH YACPKUBATH MPOAYKTHI ICTCHUS
B CaMOM TOIUIMBE, HEOOJIBIIUMHU HE MEPEKPHIBAIOLINMH APYT Apyra o0JacTsIMU 30H
paaMalOHHBIX TOBPEXKICHUN. 30HBI PATUAIMOHHOTO TOBPEXKACHUS MATPHIIBI HE
JOJDKHBI TIEPEKPBIBATBCA MEXIy CoO00i, Onarogaps uYeMy MpOIYKTbl JIE€JICHHUS
OKa3bIBAIOTCSl PA300IICHHBIMU. OJTO MPEMATCTBYeT 00pa3oBaHUIO Ta3000pa3HbBIX
NPOAYKTOB AENICHUS U BBIXOJ IPOAYKTOB JACICHUS U3 TOILINBA.

Jensiimuiicst MmaTepuan BXOJUT B HENEISIIYIOCS MAaTPUILy B BUJE HEKOTOPHIX
4yacTull, Kak mpaBuio, cdepuueckux ¢ pasmepamu ot 10 no 1000 mxkm. B
MUKpPOCKOITMYECKOM MacmTabe cdepuueckas 4YacTULAa MPEACTaBIseT Cco0oi
CaMOCTOSITENbHBIN TBAJI. Jlemnsiasics ¢aza sBIIIeTCS MECTOM, T IPOUCXOAHUT PEaKIIUs
JICJICHUSI. Tam perucTpupyercs camoe CHIIbHOE U3Ty4YeHHUE
(1 Temmeparypa), Ho3ToMy 3Ty hazy moJoMparoT TaKUM 00pa3oM, 4TOOBI TEMITepaTypa
TUTaBIICHUS ObLTa MAKCUMAaJTbHO BBICOKOM, a MPOYHOCTh K TEIUIOBBIM M MEXaHHUECKUM
Harpy3kaM Kak MOKHO OoJiee BRICOKOM. B T0 ke Bpems TpeOyeTcs HU3Kasi TOPUCTOCTD
UM BBICOKAs KOHIIGHTpAlMs JeNsdllerocs warepuana (MO3TOMY  HCIOJIB3YIOT

oborarieHHoe TOIHBo) [5].
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JlucnepCHOHHBIM  TEIUIOBBIACISAIOIIMNA  3JIEMEHT 00JaJaeT MPOYHOCTHIO
KEpaMHUYECKOr0 TOIUIMBA, TEIUIONPOBOAHOCTBIO M IUIACTUYHOCTBIO Marepuala
MaTpUIIbl, YHUKAJIbHBIMU  SAEPHO-(QPU3UUECKUMU UM  NPOTHUBOKOPPO3UOHHBIMU
CBOMCTBaMHU. [leseHne U CONmyTCTBYIOIIME UM ITIOBPEKICHUS B AEIALIEMCS MaTepraie
COCPEOTOYMBAOTCS IIOYTHM IIOJHOCTBIO B TOIUIMBHOM YAacTULE, OKPYKECHHOU
Marpuned. OgHAaKO 4YacTb MaTpHULBI, COIPHUKACAIOMIAACA C SACPHBIM TOIUIMBOM,
NIOABEPKEHA JEHCTBUIO TPOAYKTOB JCICHUS.

Y NIMCHEPCHMOHHBIX TB3JIOB IPU XOPOWIEH TEIUIONPOBOJAHOCTH MATPHIIBL,
00€ecreynBaOIel HalEeKHbI TEIUIOBOM KOHTAaKT MEXIY SAEPHBIM TOIUIMBOM H
000JI0YKOH, CYIIECTBEHHO CHIIKAETCS TeMmIeparypa B LieHTpe TabneTku. CHIKEeHHe
rpafieHTa  TeMIepaTyp  MO3BOJSIET  YCHEIIHEE  JKCILUTyaTUPOBaThb  TBOJIbI
B MaHEBPEHHBIX PEKHUMAaX, CeNIaTh UX 0ojee 6€30MacHBIMU B aBApUNHHBIX CUTYaIUsX,
a B Clydae pasrepMeTH3aluy TBAJIa CHU3UTH CTEIICHb 3arpsi3HEHUs TEIUIOHOCUTEIS,
IIOCKOJIBKY OH Oy/1€T KOHTAaKTUPOBATh C SI€PHBIM TOILUIMBOM TOJIBKO B MeCTe Je(eKTa.

K wnemocratkam JIAT OTHOCAT BBICOKYHO CTOMMOCTH H3TOTOBJICHHS,
0OyCJIOBJICHHYI0O ~ HEOOXOAMMOCTBbIO  MCIOJb30BaHUS  ypaHa C  OOJbIIUM
o6oramenuem (10 96 % 2U) wu3-3a NpUCYTCTBUS HENEIAIIUXCA SAEp B TOILIMBE,
KOTOpbIE OECIOJIE3HO MOTJIOMIAI0T HEUTPOHBI, a TaKkXKe 0osiee CIOKHYIO TEXHOJIOTHIO
U3roToBIIeHUs M pereHepauuu. CrabwibHOCTh pasmepoB AT, 3Haummas s
JOCTUKEHHsI OOJIbLINX TJTyOWH BBITOpaHUs, ONpEAessieTcsl MHOTUMH (pakTopamu, B
YaCTHOCTHU CTPYKTYPOU, MPUPOAOH, CBOUCTBAMH, COBMECTUMOCTBIO U PAIUALIMOHHOU
CTOMKOCTBIO YACTUI] TOILIMBA U MAaTE€pUaJIOB, UCHOJI3YEMBIX B Ka4€CTBE MAaTPHULIBI,

KOHCTPYKIIMEH TBAJIOB U YCIOBUIX UX PAOOTHI.

1.2.1 Muxkpotaiasl BTTP

MukpoTBa1 — 3TO mapooOpa3Has dYacTHIla SIEPHOTO TOIUIMBA, TaKkKe
Ha3bIBaeMasi KEPHOM, MOKPHITasi OapbePHBIMU CIOSMH, MPETOTBPAMIAIOIIUMH BBIXO]

poayKToB aenenus 3a npeaensl MT. TommmBo Ha ocHoBe MT sBisieTcss OCHOBHBIM

21



s BTI'P, HO paccMmarpuBarOTCs BapuMaHTBl €r0 NPUMEHEHMS M B JIPYI'MX THIIAX
pPEaKkTopoB.

[Ipumenenne MuKpochepruIecKoro TOIIMBA ¢ 3aUUTHBIMU CIIOSIMU TTOKPBITUNA
tura TRISO (TRistructural 1SOtropic — TpexcTpyKTypHOE M30TPOITHOE MOKPHITHE U3
nupoyrieposa M KapOuaa KpeMHHUS Ha TOIUIMBHBIX 4YacThLax) oOecnedyuBaeT
JUTATENbHYIO paboTy peakTopa 6e3 mepe3arpys3ku, 00ab110i K03 (PUIIMEHT BHITOpaHUS
toruBa. Kpome atoro, obecrieunBaeTcsi MakcuMalibHasi 0€30MaCHOCTb HKCIUTyaTallluH
aTOMHOI'O PEaKTopa, TaK KaK MHKpoc(epuyeckoe TOIUIMBO C MHOI'OCIOMHBIM
kepamuyeckuM mokpeiTheM Tuna TRISO s¢¢exkTuBHO yaepKUBAaeT NPOTYKTHI
JIEJIEHUs BHYTPU TOIUIMBHBIX MHUKpOcep Kak TIpud HOPMaJbHBIX YCIOBUSX
JKCIUIyaTallud, TaK U IPU YCIOBUIX MAKCUMAJIbHOM NPOEKTHOM aBapuUU C IOTEpEu
TEIMJIOHOCUTEJNS, KOTJIa TEMIIepaTypa ToInBa MoxeT nocturath 1600 °C.

JUist  pasMelieHuss SIEpHOTO TOIUIMBA B aKTUBHOW 30HE PEakropa,
TEHEPUPOBAHUs TEIUIOBOW DHEPrMM W yAECPKAHUA NPOAYKTOB aeneHuss, MT
pasMelmarTcss B TOIUIMBHOM  KOMIAKTe. TOIUIMBHBIM  KOMIIAKT  SIBJISIETCS
TEIUIOBBIAEISIOIAM 3JEMEHTOM PEAKTOPHOM YCTAHOBKHM, MMEET LHJIWHIPUYECKYIO
dopMy, COCTOMT U3 KapOOHM3MPOBAHHOW TIpaUTOBOM MaTPHULIl U PABHOMEPHO
pacrpeeNICHHbIX B HEl TOIUTMBHBIX YacTull [6].

[ToxpeiTua B MT pemaror cpady HECKOIBKO BAKHBIX 3aJa4: IPEIOTBPAILAIOT
BbIxoa [I/[ B TemmoHOCHTENb, 3alIMINAIOT KEPH OT BO3JECUCTBUS TEIJIOHOCHUTEIS,
NOBBIIIAIOT MEXAHUYECKYyt0 MpouHocTh MT B 1menoMm, ymeHpmaroT aud@ysuio u
MUTPALMIO TOIJIMBA IIPU BBICOKUX TEMIIEpaTypax, 3alIHAIIAI0T MAaTPULLy IHUCIIEPCHBIX
KOMITO3UIIMM OT paJlalliOHHBIX IOBPEKICHUN IPOYKTaMHU JEJICHHUS], IPEJOXPAHSIOT
TOIUIMBO OT KOHTAaKTa C BO3JYXOM M BJArod IpH TEXHOJIOTMYECKHX OIEpaALMAX U
CHOCOOCTBYIOT O0JIee paBHOMEPHOMY PACIIPEIEICHHUIO TOIIMBA B MaTPUIIE.

Kaxaplii c11011 MOKPBITHS BBIIOJIHAET ONPENEICHHYIO (DYHKLHUIO:

— BPyC — nopucrsliii 6ydepnslii ciioit co3naetr 00beM, B KOTOPOM COOMpPArOTCs
['TIJ] u CO/COg, 3amumaet IPyC cioit oT npsiMOTo BO3ACHCTBUS «TOPSIYUX) OCKOIKOB

JIEJICHUS], O U B-U3ITyYeHU;
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— [PyC cinoli — npex/ie BCero 3aluuiaeT KEpH OT XJIOPUCTOrO BOAOPOJIa MIPHU
HaHeceHun SiC TOKPBITHS, CHIKAET BO3MOKHOE ToBpexaeHue SiC mpoyKraMu
nenenus u CO/CO2 nipu dKCIUTyaTalu;

— SiC cnoit — sABNI€TCSI OCHOBHBIM CHIIOBBIM ciioeM, yiepxkusatomuM ['TI/]
TIII, coxpaHseT OOJbIITYIO YaCTh CBOMX CBOMCTB MPHU BHICOKUX TEMIIEpaTypax;

— OPyC cnoit — obecnieunBaet 3amuty Xpynkoro SiC c0si OT TOBPEKISHUN
MIpU ITPOU3BOJICTBE TOILIUBA.

Ha pucynke 1.1 mpencraBieHO cXxeMaTWYHOE H300paKE€HHUE MHUKPOTBIJIA,

TOIUTMBHOTO KOMIIAKTa M TOILJIMBHOT'O OJI0Ka B pa3pesc.

Pazuep mon mmod
200 wm

Faman crepens
AEIPHEEOH TATIHTED

TommeesE
EEpH

5000~
. I'padurosos
| | MOEQETHS

1 M HHEIEDH

OByl

|
*

160

Elnam
BO0 MM (Emcora)

Y IMOTHOCTH a3
HIHEROTESN BE+C T OIOTHERELH EOMITAET

ToMmEEHER GOk

Pucynok 1.1 — Cxematnynoe n300pakeHre MUKPOTB)JIa, TOIUIMBHOTO KOMITAKTa
U TOILUTMBHOTO 0JI0Ka B pa3pese

B KeCTKOM CIIEKTpe HEUTPOHOB PELIAIONIEE BIUSHUE HA LENOCTHOCTH MT
OKAa3bIBAIOT PAJUALMOHHO-XMMHUYECKUE TOBPEKIACHUS NOKpbITUM. [Ipuuem BiusHuE
ATUX MOBPEKICHUMN OyAET CKa3bIBaThCA YK€ HA HU3KUX YPOBHSIX BBITOPaHUS TOTUINBA,
T.e. TIpU OTHOCUTENbHO HeOompmux paBneHusx [TIJ] Buytpm MT. Hawmbonee
CYIIECTBEHHbIE HM3MEHEHMSI Ha PAaHHUX CTaAUsIX OOJy4YeHUs NPOU3OUIYT B
NUPOYIIIEPOJIHBIX CIOSIX W OCOOEHHO B HM3KOIUIOTHOM W cpenHemioTHom PyC.
Cnenyer OTMETHTh, 4TO mpeaenbHas crToilkocTh PyC orpannueHa 3Ha4YEHUSIMH
¢mroenca OwbICTpbIX HelTpoHOB 4-10% w/cM?, B TO BpemMs Kak B OBICTPBIX

ra300XJIAKAACMBIX PCAKTOpAX MOKHO OXHWAAaThb pPaJUAllMOHHOC IIOBPCKICHHC
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6onee 200 cmemenuit Ha atom (dmoenc Gomee 2-10% w/cm?). Tlpu TakoM ypoBHE
TIOBPEKJICHHUI CllelyeT yUMThIBaTh oOpasoBanue “He (10 peakuuu n,0)), 00pa3oBaHue
nop u pacnyxanue SiC, 4To B KOHEUHOM UTOTe OyJeT CKa3bIBaThCS HA M3MEHEHUM

npouHoctH SiC-cros.
1.3 SfAnepHo-¢pusnyeckre 0COOEHHOCTH TOIJIMBA HA OCHOBE TOPUSI

3HAYMTENBHO MEHBILEE PE3OHAHCHOE MOTJIONIEHHUE B CIIyYae HCIOIb30BAHKS B
Ka4eCTBE CHIPEBOr0 Hykamaa 2?Th olecnedmBaeT [Ba BaXKHBIX NPEUMMYILECTBA.
[lepBO€ — CHIIBHBINA BHYTPEHHHH OJI0K-3Q(EKT B pacrpeneneHly MIOTHOCTH OTOKA
SHMTEIUIOBBIX ~HEWTPOHOB MO 00BEMY TOILIMBHOTO KEPHA,  IIPUBOJSIIUI
K TOTJIOIIEHHIO 3aMe ISIOIIMXCS HEHTPOHOB B OTHOCUTENBHO TOHKHMX MEPUPEPUHHBIX
CIIOSIX, B TOPHEBOM CHCTEME 3HAYUTEILHO HWKE. B pe3ylbTaTe HMHTErpalbHOE
KOJIMYECTBO JIEJIEHUM B SIEPHOM TOIUIMBHOM 3JIEMEHTE IIPU HEH3MEHHBIX €T0
pasMepax BO3pacTaeT. DTo 00eCIeUrBAET 3HAYUTENBHOE TTOBBILIEHHE P PEKTUBHOCTH
HMCIIOJI30BAHMs TOILIMBA, B TOM YHCJIE 32 CYET BO3PACTAHHS NJIUTENIHHOCTH KAMIIAHHH.
BTopoe — 3HAUMTENHLHO OOJIbIIEE KOJIUYECTBO 3aAMEILIUTENS B TOPHEBOM cUCTEME. DTO
00ECIIEUMBAET 3HAYMTENBHOE YBEIMYEHUE TEIUIOBOW MHEPIMH CO  BCEMH
BBITEKAIOLIMMH U3 3TOTO IPEMMYLIECTBAMHU B YaCTH OE€30IMAaCHOCTH M HAIEKHOCTH.

3HayeHUe CpeHEero Yuciia HEUTPOHOB HAa OJHO TOTJIOIICHHUE V, AU 233y

IPEBOCXOJMT 3HaYeHWe mi1 2°U BO BCEM J[Mama3’oHe DHEPTHH HENUTPOHOB,
npeAcTaBIsoneM uaTepec; 1 2°Pu — npu sreprusx a0 30 k3B, a qua 2Pu — npu
sHeprusax ke 1 3B.

YkazaHHBIl Xapakrep moBeieHus v, (E,) Ompenenser COOTHOLICHHE

3HaYeHUN KO3 (PUIIMEeHTOB BocnpousBoAcTBa siaepHoro TommmBa (KB) nns AP
pa3MYHOr0 THIAa B TOPHEBOM W YPaHOBOM TOIUIMBHBIX IUKIaX. M3BecTHO, 4TO
MaKCHMaJIbHO BO3MOKHOe 3HaueHne KB 6e3 yuera pa3MHOXKEHHS HEHTPOHOB B
ceipbeBoM, Matepuate (2?Th wm 28U) 6e3 ydeTa HeNpOM3BOAUTENBHBIX IIOTEPH

HEWTPOHOB M YTE€YKHU ONPEIEIACTCS BETUINHON KB, = Ve, — 1
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3Ha4YCHUE V7, B PEAKTOPE 3aBHCUT OT KOHKPETHOIO BHJA SHEPreTHYECKOrO
CIIEKTPA HEHTPOHOB. B TEII0BOM peakTope cpeHsist BEIMYNHA 7, B EPBYIO O4epe/b

ompeIesIeTCs ero 3HaueHueM B dHepreTrndeckoM uHTepBaie ot 0,01 go 1,00 sB. nsa

WJUTIOCTpall U3MCHCHUSA 3HAUCHUM 173 AJI1 Pa3JIMIHbIX ACIIANIHUXCA 3JICMCHTOB B

¢
CIICKTPC JOHCPIrCTHYCCKOI0 TCILIOBOI'O pPCAKTOpPa B Ta6J'II/IIIe 1.2 IMPUBCACHDBI

3HAYEHMA v, JUIA CIIEKTPAa BBICOKOTEMIIEPATYPHOIO Ta300XJaXKAAEMOr0 DPEaKTopa

P
tuma BTIP: temneparypa 3amemmurens cocrabmsier 600 °C, oTHomeHue
KOHLEHTpAIMH d/iep yriiepoja u Jensmerocs aaeMenTa cocrasisier npumepao 5000,
OTHOIIICHUE KOHIICHTpAIUH siiep yriiepoaa u topus npumepro 200 [7].

Tabmuua 1.2 — YepeasenHsie 1o crektpy peakropa tuna BTTP snadenus v,

Jlensuuiicst HyKIua 23y 2%y 239py

V.

o 2,24 1,95 1,78

Kak BuaHO n3 Tabmunsl 1.2, 23U manGonee XopoIo nposiBIseT CBOM CBOMCTBA
B peaktopax BTIP.

OcoObIif MHTEpPEC K HMCIOJIB30BAHUIO TOPHUS TOSBHIICS IOCTE YTBEPXKICHHS
MIPOrpaMMBbl YTUJIM3ALUKA OPYKEWHOTO YpaHa U IUIyTOHUS. B ciiyyae ucnosib30BaHus
TOpPUS MOXKHO OPTaHW30BaTh TNIYOOKOE BBDKHIAHHE OPYKEHWHBIX MaTepualioB 03
NOCJIEAYIONIE XUMUYECKON MNepepadoTKu U 0e3 MOMyTHOM HapaOOTKU ILTyTOHHS.
CxeMa TOpuEBOro mukia 0e3 XMMUUECKON NepepabOTKU UMEIOT BaXKHOE 3HAUCHUE C
TOYKU 3pEHUsi MPoOJIeMbl HEPACIPOCTPAHCHUS NEIAIIUXCS MaTepuaioB, 0COOEHHO
MIPY PA3BUTHUU SJIEPHON SHEPTETUKHU B HESJICPHBIX CTPAHAX.

B KkadecTBE OCHOBHBIX MyTE€W JOCTHUXEHUSA JAaHHOW LEJIM MOXKHO
HCITOJIL30BaTh:

— ONTHUMM3AIMIO CXEM 3arpy3KH U YACTUYHBIX MEPETPY30K TOILINBA;

— YBEJIWYCHUE 3HAYEHUN KOHLICHTPALHNU ACSAIUXCA HYKIUIOB B TOIIJIUBE;

— ONTHUMM3AIMIO OTHOUICHHUS KOHLEHTpalui aensmuxcs HykiaugoB B TBC

Pa3JINIHOIO TUIIA,
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— HCIOJIb30BAHUE TOPUH-COJIEPKAIIUX TOIUIMBHBIX KOMIO3UIUN, oOecredn-
BalOIUX OOJbIlIee 3HAYEHHWE OTPHUIATEIHHOTO TEMIIEPATypHOTO KO3 HUIIUECHTA
peaktuBHOCTH ([Jomnep—addekr).

B kauecTBe OCHOBHBIX HAlpaBICHUA BOBJEYEHUS TOPUS B SIEPHYIO
DHEPreTUKY cefvac paccMaTpUBAIOTCS:

— TOPHUEBBIN JEIKOBOJHBIM PEAKTOP C FeTEPOreHHOW KOMIIOHOBKOM aKTHBHOM
30HHI ¢ TomBoM (2°U-22Th) — BBOPT;

— OBICTPBIN HATPHUEBBIN PEAKTOP C TOPUEBLIMU dKpPaHAMU;

— BBICOKOTEMIIEPATYPHBIN Ia300XJIAKIaEMbIA PEAKTOP;

— KMIKOCOJIEBOM peakTop, paboTaromuii Ha pacmiasax 23U u Th.

B Hacrosiniee Bpems B Poccun peain3oBaH U yClemHo GyHKIUOHUPYET ypaH-
Ty TOHMEBBIN TOIIMBHBIA IUKJI. Celvyac He CyIECTBYET HUKAKUX BECKMX IIPUYMH IS
3aMEHbl €ro Ha TOPUEBBIM TOIUIMBHBIM LIUKJ. TOPUEBBIM TOIUIMBHBIA LUKJ CIIEIYyET
paccMaTpuBaTh HE KaK aJIbTEPHATUBY YpaH-IUTyTOHUEBOMY, a KaK €CTECTBEHHOE €ro
JIOTIOJIHEHUE, pACHIMpAIONIEe ChIPbEBYIO 0a3zy siiepHOM  sHepreTuku. Jlns
MPAKTUYECKON peain3alii TOPUEBOIo IUKIIA MOTPeOyeTCs 3HAYUTEILHOE BIOXKEHHE

cpencts [8].

1.4 CocTaB 00,1y4eHHOTr0 SIACPHOI0 TOILIUBA

CocraB TOIUIMBA AJIEPHOT0 PEAKTOpa MPETEPIICBACT HEMPEPHIBHBIC U3MEHEHUS
U3-3a PaJIMOAKTUBHBIX PACMaZOB €r0 KOMIIOHEHT W MpeBpalleHU, 00YyCIOBIECHHBIX
B3aUMO/JICMCTBUSIMA HEUTPOHOB C 3THUMHU KOMIIOHEHTAMM: PEAKIMUA PAAUALIMOHHOTO
3axBaTa HEUTPOHOB, MPOLIECCOB HEUTPOHHOTO pa3MHOKeHuUsI (n, 2n) u (n, 3n), peakiuit
C BBUIETOM 3apsDKEHHBIX YacTull. B mporecce paboThl peakTopa B COCTaBE YPaHOBOTO
TOIIMBA O0Pa3yrOTCs HOBbIE AKTHBHO MACISIIMECS TSOKENbIe W30TOIBI, HarpuMmep,
nonroxupymue sigpa 241Pu, 22MAm, 243Cm, u aapa 23U, 2°Np, 2°Pu, 24°Cm, xoTopsie
Ha MPAKTUKE MOXKHO CYHTATh CTAOWJIBHBIMH. OTH Sapa BHOCAT CBOM BKJIAJ B

OHCPTOBBIACIICHHUC, W VY4UYCT HNX HAKOIUICHUA HCO6XOI[I/IM HJIsL IIPAaBUIJIBHOTO
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MPOTHO3UPOBAHUS XapPAKTEPUCTUK PEAKTOPA HA pa3HbIX 3Tamax ero pabotel. KpaitHe
BaYKHBIM SIBJISIETCS TAK)KE 3HAHME U30TOIMHOIO cOCcTaBa BeIrpykaemoro OST.

Tak, nanpumep, copepxkamuecsa B OST aktunonasr 22U, 24224Cm B Gonpiueii
CTEIIEHU ONPENETSIOT paualinoHHbIN (hoH BOIM3K oTpadbotannoit TBC. Ecnu unTepec
npejacTaBigeT HeTpoHHas akTuBHOCTH O T Mo nmpoieccy COHTaHHOTO JEIEeHHUS, TO
TpeOyercs nHpOpMaNUs O KOHIEHTPAIMK U30TONOB 242 244 246Cm 2°2Cf tak kak mx
BKJIaJ] B HEUTPOHHYIO aKTUBHOCTbH COCTaBIIAET 0koJi0 97 %.

Eme ogna npuynHa n3MeHEHUs IepBOHAYAIBHOTO COCTaBa TOMJINBA — PEAKIIH
JIeJIEHUsI aKTUHOUIOB HEUTPOHAMH, B PE3yJIbTaTe KOTOPHIX HAKAIUTMBAIOTCS OCKOJIKH
nenenusi. B camom 0611eM npencTaBieHuy IPOYKThI ACJIEHUSI MOKHO pa30UTh Ha JIBE
KaTeropuy: OCKOJKHU-IIJIAKU U BBIICJICHHBIE OCKOJIKU. BbIIeTIeHHBIE OCKOJIKH, B CBOIO
O4yepe]b, MOXKHO Pa3JeNUTh Ha TPHU TPYIIBL: U30TONBI-OTPABUTENN, HKOJIOTMUYECKU
OTIACHBIE U30TOMBI U U30TOMBI — HCTOYHUKH 3aMa3/IbIBAIOIINX HEUTPOHOB JIEJICHUS.

K otpaBuTensM OTHOCSAT OCKOJKH, HWMEIOIIUME 3HAUUTEIBHOE CEUCHHUE
paananoOHHOrO 3axBarta. Takue sapa 00pa3yloTcs B pe3yJIbTaTe IeJIeHHs aKTHHOUIOB,
HeUTpoHHO-sAepHbIX (H-5) n pagunoakTUBHBIX MpeBpanieHUu caMuX OCKOJIKOB. OHU
CIIOCOOHBI OKa3bIBaTh CYILLIECTBEHHOE BIIMSIHUE Ha (dopmupoBaHue
MPOCTPAHCTBEHHO-?HEPIEeTUUECKOTO paclpeiejIeHUs] TMoJisi HEHTPOHHOIO IMOTOKA B
aAKTUBHOM 30HE PEaKTOPHOM YCTAHOBKH, OCOOEHHO B PEXKMMAaX N3MEHEHUSI MOITHOCTH
peakTopa. HanpuMep, K 3Toi Tpyrme MOryT ObITh OTHeceHblI u3oTonsl °°Rh, 13°Xe,
199Sm, akTMBHO MOTIIOINAOIKE TEIIOBBIE HEUTPOHBL.

DKOJIOTHYECKH OTMACHBIE OCKOJIKU UMEIOT 3HAUUTEIbHBIN BBIXOJ Y-H3ITyICHHUS,
MO3TOMY JIOJDKHBI YYUTHIBATHCS B 3ajja4aX 00OCHOBaHUS 0€30MacHOro OoOpallieHus ¢
OAT npu ero XxpaHeHHH, TPAHCIOPTUPOBAHMM U mepepadborke. [Ipumepom Takux
OCKOJIKOB MOTYT CIyXUTh atoMbl S°Kr, %Sr, 125Gp 137Cs, 13'mBg 144Ce, WAISEY,
naroiue Haubonbiuii Bkiaaa B ramma-¢poH OST. Dkonoruyecku onacHble OCKOJKH
MOTYT ObITh oTaeNieHbl Tipu pererepanu OMAT nng nanpHeiiero 3aXxOpOHEHUsT UIN
TpaHcMyTaluu. Tak Ha3bpIBaeMble 3alla3/IbIBAIOIINE HEHUTPOHBI JIEICHUS POXKAAIOTCS
OpU PaMOAKTUBHOM TNpeoOpa3oBaHUU SACp-OCKONKOB. TouHee, sl HEKOTOPBIX

OCKOJIKOB TpoOIlecC [-pacmaza COMPOBOXKIACTCS HCIYCKAaHUEM OJHOTO WA
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HECKOIBKHX HEeWTpoHOB. Hanpumep, nns uzortona %?As, mo JaHHBIM OUOIMOTEKH
ENDF/B-7.1, cymecTByeT KaHan [-pacmaga ¢ 0Opa30BaHHEM YEThIPEX HEUTPOHOB.
Bce OCKOJIKM 3TOr0O THUIIA SBJISIOTCS KOPOTKOKMBYIMMHM C IIEPHOIOM IIOJIypachaia
T OT HECKONbKMX MuIMceKyHn (Hampumep, miasg Kr t=7 Mc) 10 HECKONBKHX
necatkoB cekyHn (s 8'Br 1 = 55,65 ¢).

HaxorieHne OCKOJIKOB-IIIAKOB BEIET K CHUKEHHIO 3aIlaca PEaKTUBHOCTH M
ONIPEJIENSET NEPUO/] BO3MOXKHOM paboThl peakTopa 6e3 neperpy3ku tommsa. K rpyrme
OCKOJIKOB-IIZIAKOB MOKHO OTHECTH, Hampumep, crabunbHble sapa *°Tc, 1°'Ru, 1°Rh,
105, 108pqj 109 131,134,136 133Cg, 141py, 143,144, 145N, 1528 1 sromrosuMBYIIHIE H30TOM
147Pm. DTH M30TOIBI BMECTE C yXkK€ YHOMHHABHIMMCS CTAOMIBHBIM H30TOmOM 149Sm
BHOCAT 3aMETHBIM BKJaJ B OOLIEe MaKpPOCEYEHHME CPEIbl Ha KOHEYHOH CTaauu
KaMIIaHUK PeakTopHO# yctaHoBku [10].

TpeGoBaHUs K TOYHOCTH YHUCIEHHOTO MOAEIMPOBAHMS U30TOMHON KHHETHKY B
HACTOSIIIIEE BPEMsI BO3pPACTalOT. JTO CBA3AaHO C TEHJACHLMEH YBEJIWYEHUsS TIIyOUHBI
BBITOPAHUS AKTHHOMJIOB KAK [UIS INTATHOTO JHOKCHU-yPAHOBOTO TOILIMBA, TAK M JJIs

NEPCHEKTUBHBIX BUAOB KEPAMUYECKOTO TOILJIMBA.
1.5 MeToabl ¥ IPOrpaMMBbl pacyeTa mepeHoca u3Jy4eHus
Bce wmeTtonmpl pacu€TroB ImepeHoca  M3IY4YEHHs, [PUMEHSEMBbIE IIpU

IMPOCKTUPOBAHHMKU MW COIMPOBOXIACHUN PA3JIMYHBIX YCTAHOBOK, MOXHO YCJIOBHO

pa3AeIuTh Ha TPAJAUIIMOHHBIC M KOMITBIOTEpHBIE (CM. puc. 1.2).
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Tabnuub!

TpaguUMOHHbIE CnpaBoYHUKK

PykoBogcTtBa

MeToak!

pac4eToB

WHXeHepHble
(ManorpynnoBbie

AV y3NoHHbIE
YPaBHEHHSA)

KomnbioTepHbie [eTepMUHIUCTYECKWE

MpeunanoHHble

MeToa cTaTMCTU4eCKUX
UCTbITAHW
(MoHte-Kapno)

Pucynok 1.2 — MeToie1 pacuéra nepeHoca u3mydeHus

[Ipu TpagUIIMOHHOM MOAXO0/AE UCTIONB3YIOT JaHHBIE U3 TAOJHI], CIIPABOYHUKOB
U PYKOBOJCTB. JTH JJaHHBIE MOTYT OBITh IMOJIyYEHBI C MOMOIIBI0 AHAIUTUYECKUX
BBIYMCIICHUN, U3 PE3YJIBTATOB SKCIIEPUMEHTOB HJIU C IIOMOLIBIO PACYETOB MOJIEIIBHBIX
3aja4. Yaiie BCEro NMpHUMEHSIOT HE CIMIIKOM IPOMO3JKHE (DOpMYJIbI U TaOJIULBI,
coJiepaKallie HKCIIEPUMEHTAIbHBIX JaHHbIX. Kak MmpaBuiio, Takol MOAXOJ MO3BOJIAET
OBICTPO MOJIYYUTh PE3YIBTAT, OJJHAKO C OOJBIION MOTPEUTHOCTHIO. YacTo [J1s pereHus
IIOCTABJICHHOW 3aJayd OKa3bIBAETCS JOCTATOYHO pe3ynbTaTa ¢ S0-IIpoleHTHON
TOYHOCTBIO. Hampumep, B skcnepuMeHnTax 1950-X rosoB 1o OLEHKE MPOXO0XKICHHUS
U3ITyYCHHUsI dYepe3 paslnyHble MmaTepuanbl morpemHocth B 40-50 % Bmomae
YAOBJIETBOPSUIA SKCIIEPUMEHTATOPOB. B KauecTBe 1pyroro npuMepa, MO>XHO PUBECTH
MCIIOJIb30BaHUE TAOIUI] JUIsl ONpeieTICeHUsl 001acTH PaMOaKTUBHOTO 3apaKeHUs PU
Ype3BbIYANHON CUTyalluu B Cllydyae BOCHHBIX JeWcTBU. B 3TOM ciydyae rpy0Ooi, HO
OBICTPOIl ~ OLICHKHM, TIOJIy4eHHOHM B TIOJIEBBIX YCIOBUSX 0€3 IpPUMEHEHUs
BBIYHMCIIUTEIbHON TEXHUKH, OyJeT AOCTATOYHO JJig OOIEro MOHUMAHUS CUTYalluH,
4YTO HEOOXOIMMO Uil NpUHATUS penieHui. KommbroTepHble METOIbl MO3BOJISIOT
HOJyYUTh pe3ysbTaT ¢ OOJbIIEeNd TOYHOCTHIO. B 3aBHCUMOCTH OT MCIOJIb3YEMOTO B
pacué€rax MeTo/a, 3aTpauyMBaEMOE Ha MOJYyUYEHUE PE3YIbTATa BPEMSI MOKET OKa3aThCs

3HAa4YUTCIbHBIM. BOO6HIG TOBOpA, pacqéT MOXKCT AJIUTBCA CCKYHIbI, HCACIN M HAXKC

29



MCCALBI. KOMHBIOTCPHBIG MCTO/JbI MO’KHO YCJIOBHO pPas3ZiCJINTb Ha HMHKCHCPHBLIC U

NPELU3HOHHBIC (IeTEPMUHUCTHYCCKUE U cToXacTudyeckue) [11].

1.5.1 Un:xeHepHbIE U 1eTEPMUHHCTHYECKHE METOAbI

HNHxxeHepHbIE METOABI B OCHOBHOM MCIIOJIB3YIOT JUIsl PEUICHUs 3aJadu
manorpynnoBbie 1uddy3nonHsie ypaBHeHus. [lpu pacuére saepHO-3HEPreTHYECKUX
YCTAaHOBOK TEPMUHOM «TpYyIIa» OOBIYHO 0003HAYAIOT OTPE30K OCH BSHEPIHH;
MaJOrpyIIOBOM METOJ HUCIONb3YET pa30reHne Ha HEOOIBIIOE YUCIO OTPE3KOB, T.€.
3aBUCUMOCTb OT OJHepruu orpyossgerca. s HUX XapakTepHO NPUOJIMKEHHUE
IPOCTPAHCTBEHHON FOMOTE€HU3AIIMH, KOT/1a pealibHas yCTaHOBKA 3aMeHseTCs HabopoM
obJactei, coaepKalmx HEKOTOphIe 0000IIEHHBIC IT0 CBOUM CBOMCTBAM MaTEpHAIbI.
OTOT MOAXOJ NO3BOJISET OBICTPO MONYYHUTh PE3YJIbTaT, OAHAKO HEOOXOIUMOCTb
MCIIOJIb30BAHUSI MHOTOYMCIIEHHBIX MPUOIIMKEHUN JEJIaeT MHKEHEPHbIE POrpPAMMBI
Y3KOCTIEIUAIIN3UPOBAHHBIMU.

B nocnennee BpeMsi BCE dallle NPUMEHSIOT HOBBIE METOJBl HWHKEHEPHBIX
pacuéToB — Tak Ha3bIBa€Mble HOJAIbHbIE. B 3TOM cilydae peakTop Toke pa30uBaroT Ha
SYEMKM M HUCHOJB3YIOT  MaJOTPYNIOBOE  NPUOIMKEHHE  DHEPreTUYECKUX
3aBUCUMOCTE, HOTOKH U BCE€ (PYHKLIMOHAJBI CYUUTAIOT ONPEAEICHHBIMA OTHOCUTEIBHO
MaJbIM HA0OPOM XapaKTEPUCTUK COCTOSIHUSA A4eeK (HApuUMep, CPEIHUM MOTOKOM Ha
IpaHsIX, CKOPOCTbIO TE€HEpaluuu HEUTpPOHOB B syeilke W T.m.). Ho BHyTpeHHIOO
CTPYKTYpPY SYEHKH HE 3aMEHSIOT Ha TOMOT€HHYIO CPENly, & C IOMOUIbIO 00JIee TOUHBIX
METOZ0OB pacyera IOJIy4YaroT JUHEHWHBIC 3aBUCUMOCTH MEXIY XapaKTepUCTUKAMU
COCTOSIHUSA SY€EK. 3aTEM C TIOMOILBIO JaHHBIX 3aBUCUMOCTEN U COCTHIKOBKY 3HAYEHU I
Ha TPaHSIX COCEIHUX SA4YEEK IOJIy4aroT YpPAaBHEHUS Ui peakropa. IJTO MOXKHO
paccmarpuBaTh Kak 00oOmeHue aud@y3MoHHOro MojaAxoja, B KOTOPOM CKasIphI
3aMEHAIOTCA  TeHzopamu. OIHAKO W OTH  KIACCBI  METONOB  SIBISIFOTCS
CHEIMATU3UPOBAHHBIMHU, XOTS OBl MO HaOOpy CYIIECTBYIOUIMX PAaCCUUTHIBAEMBIX

SAYCCK.
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JleTepMUHUCTUYECKUE METOAbl OCHOBaHbI, KAaK IMPAaBUJIO, HAa PEIICHUH
uHTerpoanddhepeHManbHbIX ypaBHEHUHN NIepeHoca u3nydeHus. JJjis HuX xapakTepHo
UCIOJIb30BAaHUE TEXHUKU MHOTOTPYMNNOBBIX METOA0B (SN-METOIbl, METO/bI
JUCKPETHBIX opauMHaT W T.1.). Cucrema, Kak IMpaBUiIO, 3a1aeTCd € IOMOILBIO
PacTpOBOIO OMHUCAHUS TEOMETPUH, T.€. pa30MEHUS MPOCTPAHCTBA HA PETYIIAPHYIO CETh
SYEEK OJIMHAKOBOU (POPMBI C OJJHUM MaTepuaioM (HalpuMep, Napajijieenune10B) s
yueta 2D u 3D-reomerpun.

[Iporpammel, peanusyromue IJETEPMHUHUCTUUYECKUN MOIXOJ, HCIOIb3YIOT
3HAYUTEIBHO MEHbIIE TPUOIMKEHUN, YEM UHXKEHEPHBIE, U TOATOMY C UX MOMOUIBIO
MOXXHO PpacCUUTBhIBaTh CHUCTEeMbl Oosiee TouHO. K HemocraTkam TakuX MNpOrpaMm
MO>XHO OTHECTH B TEPBYIO OYEpElb CIOXKHOCTb TOYHOI'O OMHCAHHUS T€OMETPHH.
YTO4YHEHHE ONMCAHUsI YMEHBIIAET Pa3MeEphl SIY€EK U, COOTBETCTBEHHO, YBEIUYHUBAECT
UX KOJIMYECTBO, YTO TYT K€ MPUBOJMUT K PACXOY ONEPATUBHON MaMSTH, MOCKOJIbKY
JUISL KaXJOW sSYEHKH HAJI0 OINPENENIHTh XapaKTEepU3YIOLIUMe €€ MHOTOIPYIIOBBIE
KOHCTaHThl. B oOnacTu sHepruii, Trie MMeeTCs PE30HAHCHBINM 3aXBaT HEWTPOHOB
AIpaMu U CEUYEHMsSI MPU MAJIbIX U3MEHEHUSX YHEPTrUil MOTYT MEHATHCSI Ha HECKOJIBKO
JNECATUYHBIX TOPSAKOB, YUCIO 3HEPreTUYECKUX TIPYIIl PE3KO BO3PACTAET, TAKXKE
TpeOysl YyBEIWYEHUSI HEOOXOJMMBIX PECYpPCOB MaMsiTH. OJTO COCTaBJISET BTOPOM
3HAYUTENbHBIN HEAOCTATOK METOa HEOOXOIUMOCTh OOJIBIINX 00BEMOB OTIEPATHBHON
NaMSTH.

3aBUCUMOCTh OT HaIlpaBJIEHUSl MOJIETa TOXKE MPUXOJIUTCA MPEACTABIATH B
KOHEYHOMEPHOM BHJI€. YBEJIWYEHUE TOYHOCTH JAHHOTO MPEICTABICHUS TaKXKe

yBEJIMYMUBAET TPEOOBaHUS K 00bEMY MAMSATH.

1.5.2 MeToa cratucTuueckux ucnbiTanuii (MonTte-KapJio)

Meton MonTte-Kapiio — Hanboliee yHUBEpCaIbHBIA METO/1, TPUMEHAEMbIHN 115
pacu€ra mepeHoca u3iaydeHuid. Kak mpaBwiio, mporpammsl, peagu3yroLIue METOJ
Mounre-Kapiio, mo3BoisI0T MOJEIUPOBATh TPEXMEPHBIE CUCTEMBI C MPOU3BOIBHOM

reoOMEeTpUeH, UCIMONb3ysd KOMOMHATOPHBIM MOJXO0J, OCHOBAaHHBIM Ha ONHUCAHUU
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CJIOHBIX IPOCTPAHCTBEHHBIX (POPM KOMOMHAIIUSAMU IPOCTHIX TEN WU OBEPXHOCTEN
C IIOMOIIBIO TEOPETUKO-MHOKECTBEHHBIX ONEPALMI IEpEeCeUeHUs, NOIOJHEHUS H
00BbeINHEHHS.

IIpu pacuére Takue MporpaMMbl IPUMEHSIOT KOHCTAHTHI HENOCPEICTBEHHO
JUI HYKJIUJa, TO €CTh aMATh 3aTpauuBaeTcs TOJIbKO Ha XpaHEHHE MH(POpMaLUu 1Jis
IPUCYTCTBYIOIIMX B MaTepHaax HyKIUAOB. [Ipu 3TOM KOHCTaHTBI UCIIONB3YIOTCS HE
IpyNIOBBIE, a MOTOYEYHbIE, YTO OOECHEYHMBAET BO3MOKHOCTH MOJEIMPOBAHUS C
HENPEPBIBHBIM CIIEKEHUEM 3a SHEprueu yacTtuilbl. J[Jig onucaHusi pe30HAHCOB YacTo
BCTPEYAOIINXCA HYKJIUAOB BO3MOKHO MPUMEHEHHE UX TEOPETUYECKOr0 ONKCAHUS B
BUsie popmyi.

OcHoBHOe  mpeumyiliectBo  Meroga  Monrte-Kapnmo  wag — apyrumu
METOJaMHU — BO3MOKHOCTh TOYHOI'O OMHCAHUS JIO0OW r€OMETPUH U MCIOJIb30BaHUS
HE IPYIIIOBBIX, a TOTOYEYHBIX KOHCTAHT. JTO IO3BOJISIET COKPATUTh 10 MHUHUMYyMa
KOJIMYECTBO NMPUMEHAEMBIX IPH pacyéTe NpHOIMKEHUH, YTO NO3BOJISET TOBOPUTH O
merone MoHrte-Kapino kak O YHCIEHHOM JKCIIEpUMEHTE, CIIOCOOHOM 3aMEHHTH
AKCIIEPUMEHT peanbHbld. HampaBnenue mnonéra yacTull Takke Mojenupyercs 0e3
Kakoi-1mu6o auckperuzanuu. OCHOBHOM HEJOCTATOK METOAA — BpeMs, 3aTpaulBacMoe
Ha nosiydeHue pesyibTara. OmHako meton Monte-Kapio xopomo paboraer Ha
MHOTOITPOLIECCOPHBIX KilacTepax M aaxe cerax DBM. OH nmomyuaer Bc€ Oosbliee
pacnpocTpaHeHue Osiarogapsi CBO€W YHHBEPCAJIbHOCTH M YBEJIMYEHUIO MOIIHOCTEMN
BBIYHMCIIUTEIbHON TEXHUKH.

CymnHocte MeTona MoHTte-Kapno npuMeHHTENBHO K IMEPEHOCY HEUTPOHOB
COCTOUT B TOM, YTO CJIOXKHBIM CTaTUCTUYECKUN IIPOLIECC IMPOXOKIECHUS HEUTPOHOB
yepe3 BEILIECTBO paccMaTpUBAaeTCs KaK IOCIEI0BAaTEIbHOCTh KOHEYHOI'O 4Yucia
3JIEMEHTApHBIX CIy4yalHBIX IpolueccoB (CBOOOAHOE JBMKEHME HEUTpOHA Ha
HEKOTOPOM IIyTH; B3aWMOJECHCTBHE HEUTPOHA C sApaMU Cpelbl, KOTOPOE MOKET
IPUBECTU K Pa3IMYHBIM IOCIEACTBUSAM: HCUYE3HOBEHUIO HEWUTpPOHA B PE3yJbTATe
paaualMOHHOIO 3axBaTa WJIM JIPYroro IpoLecca, PacCesiHUI0 HEWTpOHA Ha sJpe,

ACJIICHUIO dJpa C IIOSABJIICHUCM HOBBIX HCfITpOHOB n T.A., BBUICT HCI\/’ITpOHa nus3
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paccMmarpuBaeMoi o6nactu). CxemaTudeckoe n300pakeHue mpolecca npeacTaBiIeHO

Ha pucyHke 1.3.

1. PaccesiHne HeWTpoHa c
obpasoBaHUeM y-KBaHTa

2. leneHue n obpasoBaHue
y-KBaHTa

3. MornoweHWe HeMTPOHa Bxof HeWTpoHa
B CUCTeMy

4. YTeuka HeWTpoHa
5. PaccefiHue y-KBaHTa

6. YTeyKka y-KBaHTa

7. MornoweHune y-KBaHTa

Densawuitica matepuan

Pucynok 1.3 — CxemaTuuHoe npeicTaBlIeHUE MTPoliecca MOJEIUPOBaHUs rpodera

YaCTHIL

3Has BEpOSITHOCTh KXKJA0T0 U3 3TUX MPOLIECCOB, U UMESI TEHEPATOP CIyYaHHBIX
YHCeJl, MOYKHO, IIar 3a IaroM, BOCIPOU3BOIUTh UCTOPUIO IBUKECHUS ONPEACICHHOU
4yacTUIlbl B HMCCIEAyeMOM BellecTBe. Jloias no mpoiecca, B pe3yiabTare KOTOPOTo
YaCcTHUI[A MCYE3aeT WM MEPEXOJUT B HHTEPECYIONIEE HAC COCTOSHUE, HAYMHAEM
UCCIEIOBATh XapakTep JMABHXKEHHUS Cleayromed dvacTuibl. llenmodky coObITHH,
MPOUCXOSIINUX C OJJHUM HEUTPOHOM, YacCTO HA3bIBAIOT MCTOpHEN HeuTpoHa. Ecnu
paccMOTpeTh JOCTATOYHO OOJIbIIOE KOJIUYECTBO HCTOPUM HEUTPOHOB, TO B HUTOTE
MOKHO TIOJIYYUTh HEKOTOPOE pacnpeiesicHue HEUTPOHOB II0 MPOCTPAHCTBY,
HaIPABJICHUIO MOJIETA, SHEPTUU U BPEMEHH.

Meron  ciiydyallHbIX  HMCHOBITAHHMM  MOXHO  HA3BaTh  «T€OPETHUYECKUM
dKCIIEpUMEHTOM». JIeMCTBUTENbHO, eciau Obl aO0COJIOTHO TOYHO OBLIM HW3BECTHBI
3aKOHBI 2JIEMEHTaPHBIX COOBITUMN, PE3yIbTaThI, TOTy4aeMbie MeTo oM MoHnTe- Kapiio,
OblTd OBl MOMOOHBI JAHHBIM, TOJYYaeMbIM O3KCIIEpUMEHTAIBHBIM IyTeMm. W3
nporpamm, peanusyromux meroq Monte-Kapnio ais pacuéra nepeHoca HEUTPOHOB U

dotonoB, MoxHO BbIIETUTHE: MCNP, KENO (CIIIA), TRIPOLI (®panmus),
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MONK (Bemukobputanus), GEANT4 (Espoma), MCU (Poccust), PHITS (Smonus),
SERPENT (®unnsuaus) [12].

1.5.3 ®dynkunoHaabl B Mmetoae Monte-KapJio

B neTepMHHHCTHYECKMX METOAAX pEIIAaeTCs YypaBHEHHE IepeHoca U
ONPEIENAI0OTCA TPYNIIOBbIE NOTOKA HEMTPOHOB BO BCEX IMPOCTPAHCTBEHHBIX SYEHMKAX,
KOTOPBIX, KaK MpPaBWJIO, OY€Hb MHOro. Yepe3 MOTOK HEUTPOHOB BBIPAKAIOTCS BCE
(u3MUECKHE XAPAKTEPUCTUKH PEAKTOPHBIX CHCTEM, HCIOJIb3yEMbIE TIPH HX
POEKTUPOBAHUHU, OOOCHOBAaHUHU OE€30MACHOCTH, COINPOBOXIEHMU U T.I. Bce atu
XapaKTEPUCTHUKU SBISAIOTCS (PYHKIMOHAIAMH IMOTOKA HEHTPOHOB.

B wmerone Monte-Kapno pacder NOTOKOB HEHTPOHOB M (DYHKITMOHAIIOB
JNOJDKEH MPOUCXOIUTh B MPOLECCE PO3BITphIlla Kaxaod wuctopuu. s 3TOro
HEOOXOJMMO 10 Hayaja pacuera BbIACIHUTH (pa30Bble 00BEMBI (IPOCTPAHCTBEHHBIE
AYEWKHU, CEKTOpa HANpaBJICHUM, IUANa30Hbl SHEPrUd, WHTEpPBAIBI BPEMEHU), B
KOTOPBIX OYIyT OLIEHUBAThCs HEHUTpoHHbIE (hyHKIMOHANBL. [locie Toro kak (a3oBbie
0o0BbEMBl BBIJIEJICHBI, B IMPOLIECCE pO3BIrpHIIIA HCTOPUH HEUTPOHOB MOYKHO
HAKaIUIMBAaTh CyMMBI, XapaKTepu3yromiiue TOT Ui uHou ¢yHkuuonan. Kak npasuo,
9TOOBI CHENaTh OIEHKY (PyHKIMOHala HE3aBUCHMOM OT YHClIa paccMaTpHUBAEMbIX
UCTOpUH, Bce (DYHKIIMOHAIBI HOPMUPYIOTCSI Ha OJIMH HEUTPOH McTouHMKa. Hanboree
IPOCTO OLIEHUTh OOILEee YUCIO SIACPHBIX PEAKIMi HEKOTOPOIro THUMA B BbIAEICHHOM
(dazoBoM o0beme. 11t 3TOro He0OXO0AUMO COOTBETCTBYIOLIYIO CYMMY YBEIUYMBATh HA
CAMHUILY TPU «peanu3aluu» JAHHOTO COOBITUS B MCTOPUU HEUTPOHA, MMEIOIIErO
COOTBETCTBYIOIIME MapaMmeTphl. [locme TOro kak Bce 3alIaHUPOBAHHBIE HWCTOPHUH
OyIyT pa3bIrpaHbl, MOJYYUBIIYIOCS CYMMY HEOOXOAMMO pa3/IeiIuTh Ha 00IIIee YUCIIO0
uctopuii. OmmbOka B oOlLEHKe (QYHKIMOHAIa OyJIeT oOpaTHO MpPOMOPIIMOHANIbHA
KBa/IpaTHOMY KOPHIO M3 YUCJa «3apErUCTPUPOBAHHBIX» COOBITUI. OUEBHIHO, YTO YEM
MeHbIIe (ha30BbIl 00bEM, TEM MEHBILIE BEPOSTHOCTb «3aPETUCTPUPOBATH» HYKHOE
coObiTue. Jlyis yMeHbIIEHHS OIIMOKM B OIEHKE (QPYHKIMOHAIOB HCIOIb3YIOT

pa3siiIndHbIC TCXHUKHU, PACCMOTPECHUEC KOTOPBIX BBIXOAWUT 3a PAMKH JAHHOI'O mocoous.
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Takke cyilecTByeT oOlee MpaBWIo, YTO [Jisi MOBBIIIEHUS TOYHOCTU pacyeTa
JKeJaTesIbHO YBETUYMBATh Kak 00beM (a30BOM 001aCTH, TaK U YUCIIO PA3bITPHIBAEMbBIX
HCTOPUH.

3a UCKIIOYEHHWEM HECKOJbKUX BEJIMYMH, BCE€ BaXHEHIIME pPEaKTOPHbIC

XAPAKTCPUCTHKH OTHOCATCA K KIIACCY JIMHEWHBIX q)YHKHI/IOHaJIOB BHUJIA.
J =jdﬁjdEj[®(F,E,ﬁ)dF=<£@> | (1.1)
v X

rme  dr,dE,dQ —osmement o00vémMa B (a30BOM IPOCTPAHCTBE, B KOTOPOM

KOOpOWHATBI 4aCTHUIBI OIIPCACIIAOTCA PAANyCOM-BCKTOPOM F,

() — HampaBJIEHUE CKOPOCTH,

E — sHeprus yacTuiibl;

() (F, E,ﬁ) — (yHKUMA pacnpeneseHus MOToka HEUTPOHOB,;

V — 00beM MpoCTpaHCTBEHHOM 00J1aCTH;

~

L — HEKOTOPBI JIMHEWHBIN OIIEPATOP.

Jns  cokpaimieHusi 3alucud MHTErpUpoBaHUE O0003HAYAETCs  YIIOBBIMU
CKOOKaMH ¢ yKa3aHUEM NEPEMEHHOM UHTETPUPOBAHUS CHAPYKH CKOOKH.

HpoGHo-nuHeliHble  (GyHKUHUOHANBI MPEACTABISIOT COOOW  OTHOILECHUE

JUHEWHBIX (QYHKINOHAJIOB:

K :ﬂ (1.2)

rae L u M — nuHeiiHbIe OIepaTopBhl.

B wuwactHoctn, ¢QyHkumonamamu Buga (1.5.2) sBIAOTCS BaKHEHIIHE
XapaKTEPUCTUKU YCIOBHO-KPUTHUUYECKUX U MOAKPUTUYECKUX PEAKTOPHBIX CUCTEM C
BHEIITHUMU MCTOYHUKAMHU HEUTPOHOB — 3(P(PEKTUBHBIN KOAP(HULHUEHT pa3MHOKEHUS

Ko, k0apunmenTs nuctoununka Ks u ymHoxenus M. B naHHOM ciydae, B KauecTBe

JMHENHBIX omeparopoB L u M  BbICTynarOT COOTBETCTBYIOLHUE OIEPATOPHI,

BXOJISIIIIKE B ONpe/ieiicHUEe YpaBHEeHUs bosbiiMana (onepaTop nmepeHoca u paccesiHus).

35



BaxxHbIMM ~ YacTHBIMH  CIOy4YasMH JIMHEWHBIX W JPOOHO-IMHEHHBIX

q)YHKHI/IOHaJIOB SABJIAIOTCA (bYHKHI/IOHaJILI THUIIA CKaJIAPHOI'O IIPOU3BCACHUA U HUX

OTHONLICHMUSI .
J :jdﬁjdE]a(F, E.Q)®(r,E,Q)dr =(a(x), ®(x)),, (1.3)
_{a(x), (%),
"= (b(x),@(x)), ' L4

rae QyHKIIUU a(F, E,ﬁ), b(F, E,ﬁ) CUMTAIOTCA 3aJlaHHBIMU.

Yacto 3TH (yHKUMH BBIPAXKAIOTCA 4Yepe3 MAaKPOCKOIMUYECKHE CEUeHUS
KaKuX-TM00 HEUTpOHHO-PU3NUYecKux mnporeccoB. Hampumep, Kk HaOOpy JTMHEHHBIX
(YHKIHMOHAIOB CBOJUTCA pPacHpelle]IiCHUE HSHEProBBIICICHUS 10 KaKUM-TU0O
MPOCTPAHCTBEHHBIM mojo0mactaM Vn N=1,...,N B MNOAKPUTUUECKON pPEAKTOPHOM
CHUCTEME, B KOTOPOU ITOCTOSIHHBIN 110 BPEMEHU ITOTOK HEUTpOHOB D noaaepkuBacTcs
HOCTOSTHHBIM BHEUTHUM MUCTOYHUKOM HEHTPOHOB S:

J,=(Z,,,) (1.5)

v, EQ’
rae & — DHEPTOBBIICTICHUE B aKkTe neneHus, Jx/men.;

2 ; — MaKpOCKOIHUYECKOE CEeUeHHE JeNCHHUS, cml,

B yCIIOBHO-KpUTHMYECKOM PEAKTOPHOM CHUCTEME, C YYETOM YCIIOBUSA
HOPMHUPOBKM Ha MOIIHOCTh (B JAHHOM Ciy4yae MOTOK HEHUTpoHOB Do, SBIAACH
pelIeHuEeM OJHOPOJHOIO0 YPAaBHEHHS IEPEHOCA, M3HAYAIBHO MMEET MPOU3BOJIBHYIO
HOPMUPOBKY).

Takoe  pacnpeneneHre  ONMUCHIBAE€TCA  HA0OpPOM  JAPOOHO-TMHEHHBIX

(YHKIIMOHAIOB:
(e2,,0,)
(2/,@,)

Vn,E,ﬁ ’ (1,6)

v,.E,.Q

K, =P,

n

Trac PO — IIOJIHas TCIIJI0OBAasd MOIMHOCTb CUCTCMBI, Br.
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Jpyrum  xapakTepHbIM HPUMEPOM JAPOOHO-IMHENMHBIX (PYHKIHMOHAIOB

sBisttoTes koadduunentsl kouepcun (KK) u Bocipounssojctea (KB):

(Z.@)
KK :W’ (1.7)

8 -1.
rie X, — MAKPOCKOITMYECKOE CEYEHHE PAIMAMOHHOTO 3axBara *8U, cm;

5 9 .
2.U 2, — MaKpOCKOINMYECKHE CEUCHMs MOMIOLIEHUs (CymMMa CeueHHH

3axBara u genenus) 2°U u 2°Pu, cmt,

[Totok HelTpoHOB B cooTHomeHusX (1.7) u (1.8) moxer mpeacTaBiIaTh coOoit
peleHre OJHOPOAHOrO YCIOBHO-KPUTUYECKOTO WA HEOJAHOPOJHOTO YpPaBHEHUS
nepenoca. O6a 3t Ko PuIMeHTa XapaKTEPU3YIOT OTHOIIICHHE CKOPOCTEN HapaOOTKH
U «CTOpPAHUS» SIEPHOTO TOIUIMBA. DTH MPUMEPHI MOXXHO OBIIIO OBl MHOTOKPATHO
POJIOJIKUTb.

JIJ1sl OLIEHKH TUIOTHOCTH TMOTOKAa HEUTPOHOB B (ha30BOM 00BEME HCIIOIB3YIOT
MOAXO0Jl, OCHOBaHHBII Ha pacueTe HEKOTOPOW CyMMBI B IPOLIECCE MOJEIUPOBAHMUS.
CpenHuil o HEKOTOPOMY MPOCTPAHCTBEHHOMY 00beMy V MOJTHBIN MOTOK HEUTPOHOB

B sHeprerndeckom nuanasone [E,,E,| u Bpemennom wumtepBane [t;t, |MoxmHO
3aIKCaTh B BUJIE CIIEIYIOIIETO MHTErPAIA:
E, t, dF B
® = [ dE [dt[—@(r,E t). (1.9)
E 4 V \
[IIOTHOCTh TOTOKAa HEUTPOHOB MOKHO BBIPA3UTh YEPE3 KOHIEHTPAIUIO

HEUTPOHOB:
®(r,E,t)=vn(r,E,t), (1.10)

rae N — KOHUEHTPAIUs HEUTPOHOB, M

V — CKOPOCTh HEUTPOHOB, CM/C.
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[IpousBeneHne CKOPOCTH V HEWTpOHA HA WHTEpBan BpeMeHH Ot MOXHO
paccMaTpuBaTh Kak Y4acTOK IyTH (S, KOTOpPBIA HEUTPOH MPOXOIUT B Mpeaeax
AYECUKU:

ds=vdt. (1.11)
WuTerpas moroka MOXHO MNpeoOpa3oBaTb B CYMMY «TPEKOB», KOTOpBIE
HEUTPOHBI OCTABIAIOT B (ha30BOM 00BEME B MpoIIecce MmoJieTa
E t - E -
O = defdtjﬂcp(F,E,t): dejdsjﬂN (F,E,t):iil, (1.12)
E Vv \ EE ALV \ N TV
rane  Ti — oOmas JjuHa TpeKa, KOTOPBIH OCTaBUJ «I»-bIi HEHTPOH C JHEpruci

E €[E,,E, ] B obseme V, cm.

Pacuer TpekoB, Kak M pacyeT TOYEK NEPECCYEHUS HEUTPOHOM Pa3IMYHBIX
IIOBEPXHOCTEN CHCTEMBI, CAMOCTOSITENIbHAS 3aJa4ya, KOTOPYK HEOOXOJUMO pellaTh

IIPU COCTaBJIEHUU AJITOPUTMOB U IIpOrpaMM Ha ocHoBe MeTo1a Monte-Kapiio.
1.5.4 Pacuer nuzoronmuoro cocraa OSlT

Jns perieHus ypaBHEHUN W30TONMHOM KWHETHKHW HEOOXOJMMO TOJATOTOBUTH
WCXOJ/IHBIE JTaHHBIC, KOTOpPHIC BKIIOYAIOT B CeOsl MEpUOJbI MOJIypacrajga U KaHaJbl
TPAaHCMYTAIIMOHHBIX MEPEX0/I0B HYKIUAOB. sl nensumxcst ©30TOMOB HEOOXOIUMBI
TaK € BBIXOJbl IPOAYKTOB JIEJICHHUS HA OJIMH aKT JejeHusA. Bce BXOAHbIE BEIIMUUHBI
MOATOTaBJIMBAIOTCS HA OCHOBE OMOIMOTEK OIIEHEHHBIX SIIEPHBIX JAHHBIX.

Pemenune ypaBHEHHsS M30TOIHOM KWHETHKH, KAK MaT€MaTHYECKOW 3aJayH,
MMEET TOYHOE aHaJIUTHU4ecKoe peireHue. Ho obmiee KOoauuecTBO HYKIUAOB, IS
KOTOPBIX HEOOXOJHMMO IMOJYYHUTh PEIICHUE ypaBHEHUM, coctaBisieT nopsiaka 1500.
Kpome Toro, B pa3Hbix OMOIMOTEKAX, KaK KOJIMYECTBO MPOJAYKTOB JICJICHUS, TaK U UX
XapaKTePUCTHUKHU, HE BCeraa coBnaaaroT. COOTBETCTBEHHO, MTPHU pa3paboTKe Mporpamm
pacyera BBITOpaHUS HEOOXOAMMO MAaKCUMAaJIbHO CTaHJApPTU30BaTh aJTOPUTM

pacuera [16].
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JIms KaXaoro HyKIWAa, BKIOYEHHOTO B PACUYETHYIO CXEMY BBITOpPaHWMS,
HEOOXOUMO PEIINTh YPaBHCHHE, KOTOPOE B OOIEM BHJIE BBITJIAIUT CIICAYHOIIUM
obpazom:

%=Za)..a.N.CD+G. N, @+ A N, -, NO-AN, (1.13)
dt : iO 6N 7V j1 k -iVk ai ' Vi i N .
rJie TIEPBBIA YIEH CYMMBI XapaKTepU3yeT MPHUTOK KOHIEHTPAIMH HYKJIHIA | 3a CUeT
JEISIIEeroCs J-ro HyKJINIa,

O — MHKPOCKOIIMYECKOE CEYEHHE, CM 2,

Nj — KOHIEHTpaLus, CM >,

® — MIOTHOCTH MOTOKA HEWTPOHOB, H/(CcM>-C);

A — IOCTOsIHHASA pacnazja, ¢

®;; — BBIXOJL I-T0 HYKIIHJIa [P €TO JICTICHHUH.

Brixon HYKJIIMAA IIpU ACJICHUH ONIPCACIIACTCA 110 COOTHOIICHHIO!

0

[ (E)oy(E)o(E)dE

ji

0 , (1.14)
jaﬁ(E)cD(E)dE

i€ BTOPOW U TPETHI YJIE€HBI CYMMBbI XapaKTepPU3YIOT MPUTOK KOHIEHTpAIUI HYKJIH/1a

| 3a cuer peakumn o, (MOJ MHACKCOM Y TMOHMMAETCS PEAKUMs PajMalMOHHOTO

3axsara, (n,2n), (N,0) ¥ aHAIOrMYHBLIX) M 3a c4eT «- wiu f pacmaga uzoroma K.

[Tocnenuue nBa 4ieHa CyMMbI XapaKTepU3YIOT YObUIb KOHIIEHTpAIMH HYKIHIA 1 3a
CYET MOTJIONICHUS U paciiajia COOTBETCTBEHHO.

Hnst pemiennst ypaBHeHust (1.13) Ha BpeMeHHOM IIare WCHOIb3YETCS
noJiyaHaJIUTHYECKasi cxeMa pacuera. s ceMu Mociae0BaTeNbHbIX MPEBpalllCHHM
HYKJIUJ0B (pacnaj, MOrjolieHue wiu peakuus (n,2n), (n,0) U aHAIOTUYHBIE HUM)
UCIIOJB3YIOTCS aHAIMTUYECKUE pelleHus. boiee NIMHHBIE IENOYKHA TPAHCMYTAallHid
PaCCUUTHIBAIOTCS YHCIIEHHO.

[IpencraBieHHbId BbIIE CIIOCOO pEIICHUS] YpaBHEHUN M30TOMHON KMHETHKHU

sBisiercs HaumOosiee oOmuM. CyliecTByer W psil JIpyrux Crnoco0OB pacuera
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u3oronHoro cocrasa O T, 3aciykuBaromux otaeabHOro paccmorpenus. K nanbosnee
pacrpocTpaHEHHBIM MporpaMMaM pacueta u30TornHoi knHeTuku otHocaTcst ORIGEN,
SERPENT, MCNPX, MCU [16, 17, 18].

TouHoCTh pacdeTa H30TOMHOTO COCTaBa SIBISETCS ONMPEACIAIONHIM (HaKTOPOM
npu pa3paboTke mpoueayp H perjameHToB oOpamenus ¢ OMAT, Bkioudas
MPOEKTUPOBKY XPaHUIIUII, TPAHCTIOPTHBIX KOHTEHHEPOB U T.1. Tak Kak Ha OCHOBAHUU
MOJIYYEHHBIX 3HAYEHUN KOHIIEHTpaluid paJuOaKTHUBHBIX M30TONOB B coctaBe OMAT

PACCUUTBIBAIOTCA paJHallMOHHBIC XapaKTCPUCTHKHN paCCManI/IBaCMOI\/'I CHCTCMBHI.
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2 PacyeT W30TONMHOI0 COCTABA M PAAUANMOHHBIX XAPAKTEPUCTUK

oTpadoTaBuiero TOIIMBHOIO 0s10ka BI'TPY

B HACTOSAILLIEH pabote 00BEKTOM UCCIIEIOBAaHUS ABJISIETCS
raMma- 1 HEWTPOHHOE H3JIy4eHHe OOJYyYEHHOTO TOIUIMBHOTO OJIOKa pPEaKTOPHOM
ycTaHoBKU Masiod moiHoctd BI'TPY. /Inuna kamnanuu peaktopa, paboTaroiiero Ha
momrHocTr 60 MBT, mocturaer 3Hadenust B 1800 cyrok [20]. JocTrxkeHre BBICOKHX
riyoun  Beiropanust (400 I'Br-cyr/(tomny TM)), a Takke HCIOJIb30BaHHUE
JUCTIEPCUOHHOTO TOPHEBOT0 TOILIMBA TPEOYET MepecMOTpa TPATUIIMOHHBIX TTOX00B
K KOHCTPYKIIUU TPAHCIIOPTHBIX CPEACTB, UCIOIB3YEMBIX JJI IEPEBO3KHU O00OIYyUEHHOTO
snepHoro torua (OAT).

HUcrtounukom HeilTponHoro wusnydyeHuss B OMAT sABIsOTCS  TSHKEINble
TpPaHCYpPaHOBBIE DJIEMEHTHI, a TAaKKe JIETKUE sJ]ipa, BXOJAIIME B COCTaB TOIUIMBA U
KOHCTPYKIIMOHHBIX MaTepuanoB. OCHOBHBIEC KaHaJIbl 00pa30BaHUS HEUTPOHOB:

— CIIOHTAHHOE JIeJICHHE,

— BBIHYXKJECHHOE JIeTICHUE,

— (a,n)- u (y,n)-peakuum.

Jlyia onpeneneHnss MHTEHCUBHOCTH U CIIEKTPa HEUTPOHOB HEOOXOAMMO 3HAThH
MacCy M M30TOIHBIN cocTaB UCTOYHUKA. COCTaB OTpabOTaBIIETO SIEPHOTO TOILIHNBA
MOXKET OBITh pacCUWTaH B PsJE MPOTPAMMHBIX CPEICTB, K KOTOPHIM OTHOCSTCS:
SERPENT, SCALE (ORIGEN), MCNPX, MCU5, WIMS-D5B. Pacuer
WHTEHCUBHOCTH U CIHEKTpa HEHUTPOHOB CIIOHTAHHOTO JCJIEHHUS MOXKET OBITh
3¢ pexTuBHO BbINOJIHEH B TporpaMmmMHoM cpeactBe SCALE.

3amauya 1O OMpEJCICHUI0 WHTEHCUBHOCTH W  CIEKTpa HEWTPOHOB,
oOpa3yrommxcs 1Mo kanaimy (o,N)-peakiuu sBisieTcs 0oyiee CII0KHON U TOJDKHA OBITH
pellleHa  caMOCTOSTeNIbHO ¢ mpuMmeHenwem  mporpamm  NEDIS-2.0  [21]
u SOURCES-4C [22]. B Hacrosiee BpeMs pa3pabOTIUKKA 3TUX MPOTPaAMM yJIENISFOT

00JBIII0€ BHUMAaHUE TOYHOCTH pacyeTa CIeKTpa HEUTPOHOB, OJTHAKO, CYIIECTBYIOIINE
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AKCIIEPUMEHTAJIbHBIE JTAaHHBbIE HMMEIOT CyllecTBeHHbIH pa3dpoc (10 % u Oonee) c
OIIEHKAaMHU, BBIITOJTHEHHBIMU PACYETHBIM ITyTEM.

["amma-KBaHTBI, KaK MPaBUJIO, BO3HUKAIOT B MPOLECCE CHATUS BO30YKIEHUS
POYKTOB OeTa-pacnaaa v YHOCAT C COOOM 3HAUUMYIO JIOJTEO TTOJTHOW BBIICIISIONICHCS
sHepruu. B omgHOM Oera-pacmage MOTryT TOSIBUTHCS HECKOJIBKO TraMMa-KBaHTOB
pa3IMyYHON SHEPTUM, TaK KaK MPOLECC CHATUS BO30YXKICHUS, KaK MPABUIIO, MOXKET
UITU MO HECKOJIbKMM KaHanam. M3-3a OOJIBIIOro KOJWYECTBAa BO3MOMKHBIX SHEPIHil
JUISl pacyeTa 4acTo MCIIOJIb3YIOT ITPYIIIIOBOE ONIMCAHUE SJHEPTUHA FraMMa-KBaHTOB.

XapakTEpUCTUKU HMCTOYHMKA TaMMAa-M3JIy4YE€HMS OINPENEISIOTCS aHAIOTMYHO
HEWTPOHHOMY: pacCUMThIBAETCS H30TONHBIM coctaB OMAT ¢ yderoM NpoOIyKTOB
nenenwust, B [IC SCALE [18] onpenensiercst sHEpreTHYecKuii ClIeKTp U HHTEHCUBHOCTh
UCTOYHMKA, a 3aTe€M paCCUMTHIBAIOTCS (YHKIIMOHAJIBI TOTOKA HEWUTPOHOB H
raMmMa-KBaHTOB.

Takum o00pasom, Il pelIeHUs paJAUallMOHHBIX 3a7a4d, CBS3aHHBIX C
MPOCKTUPOBAHUEM XpaHWHI U KoHTelHepoB aist OAT nHeobxoaumo:

— paccuurtath u3oTonHbii coctaB OAT TomnuBHoro 610ka BI'TPY;

— ONPEAECIUTH XaPAKTEPUCTUKU HCTOUYHUKA HEUTPOHHOTO U TaMMa U3Ty4YEHUS,

— pacCuuTarthb MMOTOK U CI)YHKHI/IOHEU'H)I IIOTOKAa HGﬁTpOHOB U raMMa-KBaHTOB.

2.1 O0beKT ucciae10BaHuA

AxtuBHas 30Ha BI'TPY cocTtouT M3 meCTUyTroiabHBIX TpaUTOBBIX OJOKOB,
oOpaborannbix B amamna3zoHe Temmeparyp ot 3000 mo 3300 K. TommuBHBIE OJIOKH
cozepkar 76 OTBEpPCTHII MaJIoro uaMeTpa Jijisl TOTUIMBHBIX KOMITAKTOB U 7 OTBEPCTUIA
OOJIBIIIEr0 AUaMEeTpa JIJIsl TeJTMEeBOro TEIJIOHOCUTES. AKTUBHAS 30HA OKPYKEeHA JBYMSI
psanamMu rpadUTOBBIX OJIOKOB TOTO K€ pa3mepa, HO 0€3 OTBEPCTHH ISl TOTUTMBHBIX
KOMITAKTOB, BBIMOJHAKOMIMX POJIb HEUTPOHHOro oTpaxkarend. CBepXy U CHH3Y
aKTHBHAas 30HA HaKpbITa 1 psgom oTpaxartens. Ha pucynke 2.1 npencraBieHbl MOJETN

AJIEMEHTOB aKTUBHOM 30HBI U IMOIICPCYHOC CCUCHUC AKTUBHOM 30HHI.
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a) 0) B)
Pucynok 2.1 — Moaenu snemeHTs! akTuBHOM 30HBI BI TPY:
a) — TOIUTMBHBIN OJIOK B pa3pese, 0) — 0JI0K OTpaXkaTels,
B) — TOPU30HTAJIBHBIN pa3pe3 aKTUBHOM 30HBI
Ha pucynke 2 n3o0paxeHa MoJiedb TOIJIMBHOW KOJIOHHBI U aKTUBHOMN 30HBI

BI'TPY B pa3pese.

a) 6)
Pucynok 2.2 — Pa3pe3 Mojie/i TOITMBHOM KOJIOHHBI (2) M aKTUBHOMN

306l BI'TPVY (0)
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B tabmuue 2.1 mpencraBieHsl mapaMmeTpsl peakTopHoi yctaHoBku BI'TPY

1 DJIEMEHTOB aKTUBHOM 30HBI

Ta6nuna 2.1 — Iapamerpst BI'TPY 1 371eMEeHTOB aKTUBHOM 30HBI

ITapaMeTpsl peakTOPHOM YCTaHOBKHU 3Ha4yeHHe
TemmoBast MomHoCTH, MBT 60
[110THOCTB MOTOKA OBICTPHIX HEUTPOHOB, H/(CM2~c) 6,3 10"

[TapameTp akTUBHOU 30HBI
DOKBUBAJICHTHBIN TUaMETp aKTUBHOMN 30HBI, M 2,6
BricoTa akTHBHOM 30HBI, M 2,4
Yuco TOIUIMBHBIX OJIOKOB B aKTUBHOW 30HE 381
[TapameTpsl TOMITUBHOTO OJIOKA
Pazmep nop kitod, cm 20
Bricora, cm 80
JlnameTp oTBEpCTHS ISl TOTUIMBHOM TaONIEeTKH, MM 8,17
JlmameTp oTBEpPCTHS ISl TETTIOHOCUTEISI, MM 24
[TapameTps! TOTUTMBHOM TaOIETKH

Huamerp TT 6e3 nokpbITHS, MM 7,87

Bricota TT, mMm 20,6

Tur HOKpBITHS SiC

TommmHa TOKPHITHSI, MKM 300

[TapameTpsl MUKPOTBAJIOB

Tun MuUKpOTBAIA

BISO (Th,MPu)O,

JlnameTp MUKPOTBIJIa, MKM 600
Tonmmuna nokpeitus PyC, Mkm 90
Tommuua mokpeitus TizSiC2, MKM 35
JlnameTp KepHa, MKM 350
Cocras MPu/Th, % 50/50

W3oromuserii coctas Pu, %

Opyxeitnprii iy Tonuii MPu:
239py — 94%, 24%Pu — 5%, 2*'Pu — 1%

I'my6una BeIropanus, ' Br-cyt/T

400

Kamnanus peakropa, CyT.

1800
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3 ®UHAHCOBBII MEHE/IKMEHT, pecypco3¢PeKTUBHOCTD 7|

pecypcocoepexenue

[lenpo  JaHHOTO pasjeia SIBISICTCS MPOCKTHPOBAHWE W CO3JaHHC
KOHKYPEHTOCIIOCOOHBIX pa3pabOTOK M TEXHOJIOTHA, OTBEYAIOIINUX MPEIBIBISICMBIM
TpeOoBaHMIM B 007aCTH pecypcodrHPEeKTUBHOCTH U pecypcocOepeKeHMS.

JlocTrKeHHE TIeIH 00€CIIeYNBACTCS PEIIICHUEM 33]1a4:

— pa3paboTka oOOmIIel JKOHOMHUYECKOW HIEeH TMpoeKTa, (HOpMHpPOBAHHE
KOHIICTIIINH ITPOCKTA,

— opraHu3aiys padoT M0 HayYHO-KCCIICI0BATEIIHCKOMY TIPOCKTY;

— ONpENCIICHNE  BO3MOXHBIX  aJbTCPHATHUB  IPOBEICHUS  HAYYHBIX
HUCCIEA0BaHUM;

— IUITAHUPOBAHHUE HAYYHO-HCCIICOBATEIIBCKUX padoT;

— OIICHKHM KOMMEPUYECKOTO IOTCHIMAjda M TEPCIECKTUBHOCTH TPOBEIACHHS
HAYYHBIX MCCIIEOBAHNN C TIO3UIIMU Pecypcodr(HEKTUBHOCTH H PECYPCOCOCPEKEHUS;

— OTpeNeNieHne  pecypcHoil  (pecypcocOeperaromieii),  (UHAHCOBOMH,
OIOKETHOM, COIMMATEHON M DKOHOMHYECKOU () PEKTUBHOCTH UCCIICTOBAHMSI.

B nmanHO#W nuccepraninoHHOW paboTe pa3paboTaHa pacdyEéTHas MOJIETb IS
pacueTa HM30TOIHOTO COCTaBa W PaJUALMOHHBIX XapPaKTEPUCTHUK IEPCHCKTUBHOM

peakTtopHou ycraHoBku BI'TPY.

3.1 lloreHuUAaJbHbIE MOTPEOUTETH PE3yJIbTATOB UCCIET0BAHUSA

Pesynbrat riccnenoBanus OyIeT UCTIOIB30BaH JJI Pa3pabOTKH TEXHUIECKOM U
DKCIUTyaTallMOHHOM JTOKYMEHTAllMd BBICOKOTEMIIEPATYPHOIO pPEAKTOpa HOBOIO
noKoJIeHHsI. [[e71eBbIM PHIHKOM MPOBOJAMMBIX HCCIICIOBAHUN SIBISIOTCS MOTPEOUTETH
TEIUIO- Y DJIEKTPOIHEPTUH, IPEATPUATUA XUMUUECKOU IMPOMBIIIIIIEHHOCTH, KOMIIAHWH,
3aHUMAIOIIKNECS TeHEPALIMEN BJIEKTPOIHEPTUHU, TaK KaK JaHHbIA TUIl PY oTHOCHTCS K

KJIACCY SHEPreTUYECKHUX.

45



CerMeHTHpOBaHHUE MPOU3BOAWIOCH MO HA3HAUYCHUIO PEAKTOPHOW YCTAHOBKH.

Pe3ynbrarhl cerMeHTUPOBAHUS MIPEACTABICHBI B pUCYHKE 3.1.

Peakropnas ycranoska BI'TPY

ITomyuenue
TennocHabxeHue | DieKTporeHepalnys | BbICOKONOTEHIUATIBLHOTO
Teria
XUMHUYECKUE
¥a|
= MPEIIPUATHSL
]
=
: ~
'S | Yaanenusle paifoHb
o
=
)
F | Dnextporenepupyio
1€ KOMIIAaHUU

Pucynok 3.1 — Kapta cermentupoBanus peiaka B[ TPY

Ha ocHoBaHuMM pe3yJbTaTOB CErMEHTUPOBAHUS pBhIHKA BUAHO, 4TO PY
HauOoJiee BOCTpeOOBaHA HA XMUMHUYECKUX MPEANPUATHIX, a TAKKE B pailoHax, HE
MMEIOIINX BO3MOKHOCTH ITOJKIIIOYEHUS K €IMHOM dHeprocucreMe. OTHAKO, HECMOTPS
Ha TO, YTO 3JIEKTPOTCHEPUPYIOIINE KOMIIAHUM Ha JAHHOW KapTe€ CErMEHTHPOBAHUSA
pBIHKA TOMAJAOT JIMUIb MOJ OJWH KPUTEPHUH, yCIIEHIHAas OIbITHAs HKCILTyaTalus
HHEpProOJIoKa Majol MOIIHOCTH MOKET NpPeIOoNpeAcauTh AajlbHEHIIee pa3BUTHE
naHHoro tumna PY s MacmitabHOM TreHepauuu 3yIeKTposHeprud. OCHOBHBIM
IPEUMYIIECTBOM IPEICTABICHHOIO PELIEHUs SBJSETCs Oonbllas UIMHA KaMIIaHUU
SJEPHOTO PEeaKkTopa. ITO 03HAYAET, UTO YPOBEHb BMEIIATEILCTBA YEJIOBEKA B IIPOLIECC
TeHEpalld TEIUIO- M AJIEKTPOSHEPIMM CTAHOBUTCS 3HAYUTEIBHO MEHBILE, TaKXKe

ncuc3acT H€06XOI[I/IMOCTI> IMOCTOSIHHOM MOCTAaBKH TOILIMBA I SHCPTOYCTAHOBKH.

3.1.1 AHA/IN3 KOHKYPEHTHBIX TEXHUYECKUX pPeleHu i

B pabote npoBeaeHbI UCClIEIOBAHUS, CB3aHHBIE C ONPEIEICHUEM U30TOITHOTO
COCTaBa U PAIMAIIMOHHBIX XapaKTEPUCTUK OOIyUYeHHOro siiepHoro torusa BI'TPY.
Pacuersl, npoBeleHHBIE B NMPEUU3UOHHBIX MPOrPAMMHBIX CPEACTBAX, MO3BOJISIOT C

BBEICOKOM TOYHOCTBIO OnpcACINTL NCKOMBIC BCIIMYMHBI oe3 IMPOBCACHUS CIIOKHBIX U
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JOPOTOCTOSIIIMX AKCHEPUMEHTOB. OHM MO3BOJISIOT HA CTaJMH HAYYHO-TIOMCKOBOW H
HAy4YHO-UCCIIEIOBATEIbCKON  paboOT  OMpeNeauTh  BO3MOXHOCTh  pealiu3aliu
KOHKPETHOT'O PEIIECHHUs], a TAK)KE €ro LEeJIeco00pa3HOCTh U pa3InuyHble 0COOEHHOCTH.

[Tpu obecrnieueHUM KOMIUIEKCHOTO SHEPrOCHA0KEHMs YIAJIEHHBIX PaiiOHOB
MOYHO BBIICJIUTh 3 KOHKYPUPYIOIIUX PELICHHUS:

— TEIJIOBas ANEKTPOCTAHLIUS;

— muiaBy4das A9C;

— BI'TPY co cBepXUIMHHOM KaMIIaHUEH.

B kadecTBe KOHKYpUpPYIOIIUX pa3paboTok Obutn npuHsAThl: K1 — miaByuas
ADC, K2 — TOC. Ilo3unuus pazpabOTKH U KOHKYPEHTOB OLIEHHBAETCS MO KaXIOMY
MIOKA3aTeI0 IKCIEPTHBIM MyTEeM 10 NSATHOATEHOM 1IKane, rae 1 — Hanbosee ciabdas
no3uuus, a 5 — HauOoJsiee cuibHas. Beca mokasareneil, onpenensieMble SKCIEPTHRIM
yTEM, B CYMME€ JJOJIKHBI COCTaBIISATh €UHULLY.

Ornpenenensl cleyoINe TEXHUIECKNE KPUTEPUH OLICHKH:

— 3¢ dextuBHOCTD pemenus — snepreruyeckuit KI1J1 ycranoBku;

— YHUBEpPCAJIbHOCTh YCTAHOBKM — BO3MOXKHOCTh MCHOJB30BAHUS Kak
AIEKTPOIHEPTHH, TAK U TEIJIOBOM;

— CJI0)KHOCTh IPOM3BOJICTBA — XapaKTEPHU3yeT BO3MOXKHOCTH IPOU3BOJICTBA
KOMITOHEHTOB Ha CYUIECTBYIOUIUX MPEANPUITHUIX;

— HAJEKHOCTh PEAKTOPHOM YCTAHOBKM — CBOWMCTBO PEAKTOPHOM YCTAHOBKH
COXpaHsTh PabOTOCTIOCOOHOCTH B TPEOYEMBIX MapaMeTpax O0IyUeHUs;

— BBICOKHE TEMIIEPATypbl TEIUIOHOCUTENSI — BO3MOYKHOCTh HOJYYEHUS
BBICOKUX TEMIIEPATYP TEILIOHOCHUTEIIS;

— MOOMJIBHOCTb — BO3MOXXHOCTh MNEPEIBHKEHHUS 3HEPrOyCTaHOBKH IS
paboThI B pa3IMUHbBIX MECTAX;

— pacxoll TOIJMBAa — YJEIbHBIM pacxoj TOIUIMBA, HEOOXOAUMOCTH B
MTOCTOSIHHBIX MOCTAaBKaX TOIUINBA;

— 00€ecreyeHHOCTh TOIUIMBOM — PacpOCTPaHEHHOCTh CHIPHEBOTO pecypca s

IMPOU3BOJACTBA TOIIINBA,
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— oOoralieHue 1 nepepadoTka TOIUIMBA — HEOOXOIUMOCTh B O0OTAIllCHUU U
nepepaboTKe TOTUINBA;

— HaJIM4Me OTXO0JI0OB U BEIOPOCOB — YMCTOTA MTPOU3BOCTBA;

— yJI0OCTBO B DJKCIUTyaTalldd — HEOOXOJAMMOCThH IPOBEICHHUS PEMOHTOB W
aKTUBHBIX IEUCTBUI OT IEPCOHANIA, YACIECHHOCTD IIEPCOHANIA YCTAHOBKU;

I[ToMMMO TEXHHYECKHX KPHUTEPHEB OIICHKH  pecypcodHPeKTHBHOCTH
OTIPEJICIICHBI TAaK)KE U IKOHOMHYECKUE KPUTEPHUH OICHKH:

— KOHKYPEHTOCIIOCOOHOCTh SHEPTOYCTAHOBKH — COOTHOIIEHNE JIOCTOMHCTB U
HEJIOCTATKOB Pa3IMYHBIX CITOCOOOB 00ECIICUCHHS YHEPTOCHAOKEHHS,

— CTOMMOCTh peaJM3allui MPOeKTa — OlleHKa (UHAHCOBBIX 3aTpaT Ha
peaM3aIuio MpOeKTa,;

— TpeamnoiaraéMbie CPOKH BHEJIPEHUS — OIIEHKA KOHKYPEHTOB OTHOCUTEIIEHO
BpEMEHH, TpeOyeMOoro JiJisi OpraHU3aliK IPOU3BOJICTBA;

— TPYIO0EMKOCTh — KOJUYECTBO BPEMEHH, 3aTPAauyMBaEMOro Ha MPOU3BOJICTBO
CIMHUIIBI TTPOTYKIIHH;

— TMpEeIIoNiaraéMblii  CPOK JKCIUTyaTalldd — CPOK B TEYEHHE, KOTOPOTO
YCTaHOBKA MOYKET dKCTUTyaTHPOBATHCH,

— (uHAHCHMpOBaHKWE HAYYHOUW Pa3pabOTKH — TOJJAEP’KKa TOCYIapCTBOM HIIH
WHBECTOPaMU,

Tabnuua 3.1 — OneHouHas KapTa A CpaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX pElICHUN

(pa3paboToK)
. Baint Konkypenrocnoco0Ho
ec CTh
Kpurepum oueHkun -
E‘b BKI BK2 K‘b KK] KK2
1 2 3 4 5 6 7 8
TexHu4ecKrue KpUTEPUH OLICHKH PecypcodPHEeKTUBHOCTH

1. Db dexTuBHOCTD pernieHus 0,10 4 3 4 0,40 0,30 0,40
2. YHHBEPCAILHOCTD 0,05 5 1 5 0,25 | 0,05 | 0,25
yCTaHOBKH
3. CIIO’KHOCTBH MPOU3BOJICTBA 0,05 1 1 4 0,05 | 0,05 | 0,20
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[Tponomkenne Tadmmmp 3.1

Basint Konkypenrocnocoon
Kpurtepun onenku Bec ocTh
KpHTEpHs B‘b b by KCI’ Ky K
4. HanexXHOCTb PEaKTOPHOM 0,10 4 4 4 040 | 040 | 040
YCTaHOBKH
5. Beicokue TemnepaTypbl 0.05 4 2 5 020 | 010 | 025
TETUIOHOCHUTEJISI ’
6. MoOuIpHOCTH 0,05 1 S 1 0,056 | 0,25 | 0,05
7. Pacxon ToruuBa 0,10 S 5 1 0,50 | 0,50 | 0,10
8. OGeCIeYeHHOCTh TOILTHBOM 0,05 3 3 2 0,15 | 0,15 | 0,10
9. Oboramenue u nepepadoTka 0,06 2 2 5 012 | 012 | 030
TOILJIBA
10. Hanuune oTx010B U 0,05 3 3 3 0.15 0.15 0.15
BEIOPOCOB
11. Y106¢TBO B SKCILTyaTalliu 0,05 4 2 4 0,20 | 0,10 | 0,20
DKOHOMHYECKHE KPUTEPHUH OLIEHKH (P (HEKTUBHOCTH

1. KoHKypeHTOCTIOCOOHOCTh 010 4 5 4 0,40 | 0,50 | 0,40
SHEPTOYCTAaHOBKHU ’
2. CTouMOCTh peanu3anuu 0,05 3 3 1 015 | 0,15 | 005
MPOEKTa
3. [Ipeanonaraemsie CpOKU 0,04 2 2 4 008 | 008 | 0,16
BHEJIPCHHUS
4. Ilpennonaraemslil Cpok 0,05 4 4 4 020 | 020 | 020
IKCIUTyaTaI[uH
5. ®uHaHCUPOBAHUE HAYYHOU 0,05 2 3 4 010 | 0,15 | 0.20
pa3paboTku
Utoro 1,00 51 48 55 340 | 325 | 341

Bce Tpu KOHKYpPEHTHBIX pElIEHUs, 10 UTONOBOM OLIEHKE, JOCTATOYHO OJIN3KU
Ipyr K Jpyry, OJHAaKO KaXJ0€ M3 HUX HMEET CBOM YHUKaJIbHbIE OCOOCHHOCTH.
HaubGonee ysa3BuMoil mno3uneil KoHKypeHTHoro pemenus 1 (tumaByuas ADC)
SBIISIETCS OTCYTCTBHE BO3MOXKHOCTH OO€CTIC€UeHUS TEIJIOCHA0KEHUS I yIaJeHHBIX
PETHOHOB, a TakXe HEOOXOIUMOCTb IPOKJIAAbIBAHUS JIMHUM AJIEKTPOIEpeaadn 0

notpebutens. Ysa3BUMoM mno3unued KoHkKypeHTHoro pemenust 2 (TOC) sBusercs
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HEOOXOMMOCTh B IIOCTOSIHHBIX IIOCTaBKax ToruimBa. [lpemraraemoe B pabote
pelieHne, € TOYKU 3pEHUs DSHEProcHAOXKEHHs YyNaJCHHBIX pPAMOHOB, SBISETCS
HanOoJiee ONTUMAJIbHBIM, OJTHAKO TPeOyeT 3HAUNTENbHbIX (PUHAHCOBBIX BJIOKEHUN Ha

CIro pCaIn3alulio.

3.1.2 SWOT-ananus

Hens Boimonnenuss SWOT-ananuza 3akiitouaercst B ONPEJETICHUH ClIadblX U
CIIIBHBIX CTOpPOH, pa3padaThlBA€MOr0 pEIIECHUs, a Takke B (HOPMUPOBAHUU
3¢ (EeKTUBHOM CTpATErny BbIBOJIA JAHHOT'O PELICHUS HA PHIHOK.

B Tabnuue 3.2 npexncraBiieHa MHTEPAKTUBHAS MaTpUIlA IMPOEKTA, B KOTOPOU
[OKa3aHO COOTHOIICHHE CUJIBHBIX CTOPOH C BO3MOXKHOCTSIMH, UTO MO3BOJISET Oosee
HOJIPOOHO PAaCCMOTPETh NEPCIIEKTUBBI PA3pabOTKHU.

Tabnuua 3.2 — IHTepakTUBHAs MaTpuLa IPOEKTa

Bo3MoKHOCTH CuiibHbIe CTOPOHBI IPOEKTA
MpPoEKTa Cl o) 3 ca s
Bl + + + + +
B2 + + + + +
B3 + + + + +
B4 + + + + +
B5 + + + + +

B wmarpume mnepecedeHuss CHIBHBIX CTOPOH U BO3MOXKHOCTEH HMMEET
OTIpeICTICHHBIA Pe3yJIbTaT: «IUIIOC» — CHUJIBHOE COOTBETCTBHE CHIJIBHOM CTOPOHBI U
BO3MOXHOCTH, «MUHYC» — CJIab0€ COOTHOILICHHE.

B pesynbrare Opuia coctaBieHa wutoroBas wmatpuna SWOT-ananusa,

npecTaBieHHas B Taomuie 3.3.
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Tabmnma 3.3 — SWOT-ananus

CusbHBIE CTOPOHBI IPOEKTA:
Cl. AKTyalabHOCTh
IIpeJIaraéMoro perieHus.

C2. [IpumeHeHrEe COBPEMEHHOT
0 00opyaoBaHUs U
IPOTPaMMHBIX CPE/CTB.

C3. bromxeTrHoe GpuHAHCHPOBA
HUE.

C4. llonyyenue pe3ybTaToB
BBICOKOM TOYHOCTH.

CS5. Bo3MOXHOCTh ONTHUMM3AL]
WU PACYETHON MOJIEIIN.

Cnalbie CTOPOHBI IPOEKTA:

Cal. Orpann4eHHOE IPUMEHEHUE
KOHKPETHON MOJIEIIN.

Cn2. Heob6xoaumMocTh
AKCIIEPUMEHTAIBHOTO
HOJTBEPXKICHUS PE3yJIbTaTOB.
Cn3. Heo0x0auMoCTh OTyUYEHUs
JIMLIEH3UHU U 3aKPBITOCTh KOJa
IIPOrpaMM.

Cn4. OrpaHu4eHHbII Kpyr
norpedurenei.

Cn5. Bo3MOXHOCTh aHanu3a
TOJIBKO SAEPHO-(HU3NIECKIX
XapaKTePUCTUK

Bo3moxnocTn:

B1. Ucnons3oBanue
MOJENH JUISl JATbHEUIIINX
HCCIIEIOBAHUM.

B2. Pa3zpaboTtka mpouenyp
U PETJIaMEHTOB
obparmenus ¢ OAT.

B3. Pacmuupenue
BO3MOXHOCTEW pacuyE€THOM
MOJIETIN.

B4. IlpoektupoBanue
TYK u xpanunumi.

B5. Crpoc Ha pe3yabTathl
HCCIe0BaHUs IPU
MIPOECKTUPOBAHUH
ycTaHoBOK HoBoro STLI.

Pe3ynbpTatel ananuza
MHTEPaKTUBHOU MAaTPHUIIbI
npoekrta noJjie « CuiabHbIe
CTOPOHBI U BO3MOXKHOCTH»:

1. ITonHOE obOecrieueHue
YCIIOBUM JIJIs CO3/1aHUS U
MPUMEHEHHUS MOJIEIH [Tt
pacy€Tos.

2. 3aMHTEPECOBAHHOCTD
pa3IMYHBIX OpraHu3aIui u
IpyNN YYEHbIX B IPOBEIEHHBIX
UCCTIEOBaHUSX.

3. Bricokast TOUHOCTH
MOJIy4YaeMbIX PE3yIbTaTOB
MO3BOJIIET OBBICUTH CIIPOC Ha
pacuéTHYIO MOJENb

Pe3ynbpTarel ananuza
WHTEPAKTUBHOW MATPHUIIBI
npoekTa nojiei «Cradbie
CTOPOHBI 1 BO3MOXKHOCTI:

1. DxcnepuMeHTaIbHOE
MOJITBEPIKICHUE TIOTYYEHHBIX
PE3yJIbTaTOB MOXKET OBITh TOJBKO
YaCTUYHO OCYIIECTBIICHO B

HU TITY, POAL-BHUNDO.

2. 3aKpBITOCTh pacuETHON MOJETH
HE OTpakaeTcs Ha

TOYHOCTH PE3YJIBTATOB.

3. Kpyr notpeburerneit MOxHO
YBEJIHYHUTH C IIOMOIILIO
YBEJIHUYEHUSI BO3MOKHOCTEH
Pacu€THON MOJIEIIN.

Yrpo3sr:

V1. Huzkuit cipoc co
CTOPOHBI 3aKa34HKOB.

VY2. BeposiTHOCTB
pa3pabOTKH MOT0OHBIX
PacU€THBIX MOAENEN
JIPYTUMU OpraHU3ALMSIMHU.
V3. C10%XHOCTb B
MIPOJIBM>KCHUH MOJICTTH.
VY4. OrcytcTBHe
BO3MO>KHOCTH TTPOBEICHHUS
CJIOKHBIX SKCIIEPUMEHTOB.
V5. Pazpabotka
HOBEUIINX MOJEIEN
pacuéra.

Pesynprarer ananmsa
MHTEPaKTUBHOU MATPHULIbI
npoekTa noJyiei «CunbHbIe
CTOPOHBI U YTPO3bI»:

1. bnaromapst BO3SMOXKHOCTSIM
Pacu€THOU MOJIENIN U
CBOEBPEMEHHOMY
(buHAHCHPOBAHUIO
MIPOJIBI>KEHHE HAa PHIHOK
MOXET CTaTh YCIEUIHBIM.

2. Ucnonw3oBaHue
COBPEMEHHBIX MMPOTrPaMMHBIX
PacCUYETHBIX CPEJICTB IMO3BOJIUT
KOHKYpHUPOBATh C IPYTUMH
OpraHU3aIUSIMU.

3. JlononHUTENBHOE
(uHaHCUPOBAHUE MTO3BOJIUT
MIPOBECTH JAJIbHEUIINE
HCCIICOBaHUS.

Pesynbrarel ananmsa
MHTEPAKTUBHON MaTpPULIBI
npoekra nosei «Crnadbie
CTOPOHBI U YTPO3bI»:

1. DKkcriepuMEHTHI SBISIFOTCS
JIOPOTOCTOSAIMMHU, HO MOTYT OBITh
OCYUIECTBIIEHBI ITPU
(MHAHCUPOBAaHUU T'OCYJAPCTBOM.
2. Huzkwuii cipoc co CTOpOHBI
notpedureseit 00yciaoBIeH
OTCYTCTBHEM pa3pabOTKu
MECTOPOKJICHUN TOJIE3HBIX
HCKOIIaeMBIX B
TPYAHOAOCTYIIHBIX PaiOHAX.

3. O0benuHeHNEe yCHIINUi ¢
JIPyTUMH OpraHU3alusAMU
MIO3BOJIMT TPOBOJIUTH
MaciTaOHble pacyeThl U
BHEJIPEHUE TEXHOJIOTHM.
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Pazpabotannasi B JaHHOU paboTe MOJIETb MO3BOJUT MPOBOAUTH AabHEHIINE

PacCuCThl, CBA3AHHLIC C pa3pa60TK0171 peaKTOpHOﬁ YCTAaHOBKH HOBOTO IIOKOJICHHUSA H

MCCJIEIOBAHUEM HOBBIX BUJIOB s,IEpHOTO TOIuIMBa. OCHOBHAsS yrpo3a U ciadas CTOpoHa

pa3pa6aTI>IBaeMor0 peuICHUA 3aKIII09acTCA B TOM, YTO Ha TGKYIL[I/Iﬁ MOMCHT BPCMCHHU

Pa3BUTHUC PY »toro tuma Tp€6y€T 3HAYUTENILHBIX KalWUTaJIOBIIOKECHUM. OI[HaKO, B

Oymyuiem,

KOI/Ia BO3HUKHET HEOOXOAMMOCTh pPa3pabdOTKU TPYAHOJOCTYITHBIX

MGCTOpO)KI[eHI/Iﬁ IMOJIC3HBIX HMCKOIIACMbIX, JAHHOC TCXHHUYCCKOC PCHICHUC Hanoosee

3((PEKTUBHO CMOXKET PEIUTh NpPoOJeMy MPOMBIIIIEHHOTO U TI'PakIaHCKOTO

ASHEProcHAOXKEeHUS B yAaJICHHBIX palioHax. [IpoBeneHue uccieqoBaHuii COBMECTHO C

npyrumu npeanpustusMa 1 HUM no3BonuT yckoputh TeMIT BHEAPEHUS JAHHOTO

PCUICHUA HAa PBIHOK.

3.2 [lnaHupoBaHue ynpaBjieHUs HAYYHO-TEXHUYECKHUM MPOEKTOM

3.2.1 Uepapxudeckasi CTPYKTypa padoT NMPoOeKTa

Uepapxuyeckas ctpykrypa pabdor (MCP) — neranuzammsi yKpyNMHEHHOU

CTpYKTYphl paboT. B mpornecce co3zganuss UCP crpykrypupyeTcs U omnpeaensercs

COACPIKAaHUC BCCIO IIPOCKTA.

BrimycrHan
KEAMHIKAIHNOHHAR
pafora
|
| | | I
Pazpalotra Brubop TeopeTieckie it OGolmenIe
TeXHITHECKOTD — HAMPAERNSHIA IECTIEPIMEHTATEHEIE H OleHEAR
IAMAHIA HECNeaOBAHIIA HeCenoEaHNg PeIynETATOR
CocTaBmeHme It MonGop u Hayuermie Onpenencrie
YIBEp#.OSHIIE | mmyyeme EOTMOKHOCT I || menecooGpaiHocTiz
TEXHINUECKOTO MATEPHANTOE pacqﬁmoﬁ NPOEEOSHIA
Ja0aHiA no TeMe MOTE I HCCTEAOBAHIA
Kanennaproe Qceoenne Oueska
| nrasipoatise MET O | |2ddermiznocT
pafiot pacuéra MOTYYEHEEIR
Pe3yVABTATOR
|| Tpoeenenue
PACHETOE
Awmamiz
IOTYYeHHBIX
TaHHBIX

Pucynok 3.2 — Uepapxudeckas cTpykTypa padoT

Cdropamenie
oTuéra mo HITP

CoCTaRne e
MoACHHTENLHOT
SAMIICKIL

[Mpoeepra
TIPaBINEHOCTI
puInonHenna NOCTa
MoACHINTENEHOI
JATNICKIL

|| Tloarotoeka

K 3almiTe
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3.2.2 KoHTpoOJIbHBIE COOBITUSI TPOEKTA

KitoueBble COOBITHSI MCCIIEIOBATENBCKOIO MPOEKTA, WX JAaThl U PE3yJbTaThl

npuBeAeHbI B Tabnwuie 3.4.

Tabnuua 3.4 — KoHTpoJibHBIE COOBITUS IPOEKTA

PesyabTat
Ne KonTtpoabHoe codbITHE Hara (moaTBepKRIAOIIHI
JOKYMEHT)
1 | Pa3zpabotka Texuuueckoro 3ananus na HUP 1.02.2018 | IIpuka3 no ®TU
2 CocraBieHHE U yTBEPKICHHE TEXHUIECKOTO 3.02.2018 3aiaHre Ha BBITTOJIHEHUE
3a/laHus WCCIIeIOBaHUS
3 | BeiOop HampaBieHus uccaea0BaHU 5.02.2018
4 | Tlonbop u U3y4eHNE MAaTEPHAIIOB 110 TEME 10.02.2018 | Ortuér
5 | Kanennapuoe mnanupoBanue padbot 12.02.2018 | ITman pabor
6 | V3yueHue BO3MOKHOCTEHN pacuéTHON MoIen 13.02.2018 | Otuér
7 | OcBOoEeHHE METOIMKU pacuéTa Ha IPAKTUKE 14.02.2018 | Otuér
" 15.02.2018- N
8 | IIpoBenenue pacuéron 30.03.2018 Ortuér
9 | AHamu3 MOJIy9YeHHBIX JaHHBIX
10 | O6o01IeHNE U OLIEHKA PE3yIbTaTOB 30.03.2018 | Otuér
11 | CocTaBieHue NOSICHUTEIHHOM 3aITUCKH 14.02.2018- [ToscHuTenpHas 3amucka
" 5 25.04.2018 5
12 [IpoBepka NP2BHIBHOCTH BEINOIHCHHS I'OCTa 26.04.2018
MOSICHUTEITLHOM 3aITCKU

13 | [loaroroBka Kk 3amure 27.04.2018-

8 “1 25.05.2018

3.2.3 [1nan mpoekTa

B pamkax maHUpOBaHUS  MCCIEIOBATEIbCKOIO

ITPOCKTa IOCTPOCH

KaJleHJapHbIA TUIaH-Tpa@uK ¢ momoiplo auarpammbl ['anta. B manHOM ciyuae,

pa6OTBI Mo TEMC TIPCACTABIIAOTCA MPOTAKCHHBIMU BO BpPEMCHH OTPC3KAMU,

0603Ha‘-II/IBaIOHII/IMI/I AaThbl Ha4aJla 1 OKOHYaHUA BBIIIOJTHCHU A pa60T.

Jluneitnsiil rpaduk npeacTanieH B Tadmaure 3.5.
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Tabnuna 3.5 — KanennapHslii mian mpoekTa

Kon JlIMTeIbHOCTD, Jata Jata CocraB
HasBanmue Hayajla | OKOHYAHHSA
padoThI KaJl. THU YYaCTHHKOB
padoT padoT
Pazpabotka
1 TEXHUYECKOTO 2 1.02.2018 | 3.02.2018 | PykoBomutens
3a1aHus
CocraBnenue u
p | YTBCPAUICHHC 2 3.02.2018 | 5.02.2018 | PykoBoauTens
TEXHUYECKOTO
3aaHus
3 | Beibop nanpasieris 5 5.02.2018 | 10.02.2018 |  Mmkenep
HCCIICIOBAHUIA
4 | Honbop u nsyuenue 2 10.02.2018 | 12.02.2018 | Wmkenep
MAaTepuajoB 1o TEMe
KaxennapHoe PykxoBogutens,
5) IUTAaHUPOBAaHKE 1 12.02.2018 | 13.02.2018
UHXXEHEP
pabor
N3yuenne
6 BO3MOXKHOCTEMH 1 13.02.2018 | 14.02.2018 Nnxenep
pacu€THOM MOJIENIN
OcBoeHHE METOUKH
7 pacuéra Ha 1 14.02.2018 | 14.02.2018 WNnxenep
MPaKTHKE
g | !lposerenie 45 15.02.2018 | 30.03.2018 | Umkenep
pacuéToB
AHanu3
9 II0JIy4EHHBIX 2 28.03.2018 | 30.03.2018 WNuxenep
JTaHHBIX
19 | ©OOobmerue 1 30.03.2018 | 30.03.2018 | "YKOBOAHTEID,
OIICHKA PE3YJILTATOB HHKEHEP
CocraBnenue
11 MOSICHUTENEHOM 72 14.02.2018 | 25.04.2018 Nnxenep
3aIllUCKU
IIpoBepka
NPaBHIBHOCTH PyKOBOIHTEIS
12 BoinosiHeHust 'OCTa 1 26.04.2018 | 27.04.2018 | Y ’
N UHXXCHEP
IIOACHUTCIIBHOU
3alKCKU
13 | loaroroska K 29 27.04.2018 | 25.05.2018 |  UWmkenep
3aIuTe

B Ttabnune 3.6 mnpencraBieH KaJCHIAPHBIM TUTaH-TPAaQUK MPOBEICHUS

HaY4YHOI'O UCCICIOBAHUA.
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Tabnuua 3.6 — Kanennapusiii miuaH-rpaduk NpoBeeHUs HAYYHOT'O UCCIEA0BaHUS

Ne Tx, [TpoomKUTETLHOCTD BBITIOMHEHUS padoT
a Ucnoma | kxa .
P Bun pabot @eBpans | Mapt | Anpens | Mait | Uronb
00 ATeM | JI.IO
T H 11213123123 2 112
Pa3pabotka X
1 P 2
TEXHUYECKOTr0 3aIaHNs
CocTaBienue u
2 | yTBEepKIeHHE P 2 N
TEXHUYECKOTO 3aIaHUs
Br10op Hanpasienust
3 p Harnpa PU | 5
HCCIIENOBAHNI
ITox6op 1 u3yuenue
4 | @ ONO0P M U3y n |2 [l
MaTEpHaJIOB 10 TEME
Kanenmapuoe
5 sap PU | 1 §
IUTAHUPOBaHKUE padoT
N3yuenue
6 | BO3MOXHOCTEH u 1
pacu€THON MOJIEIIN
OcBoeHNE METOINKHI
7 ! A u 1 -
pacuéra Ha MPAKTUKE
8 | IlpoBenenue pacy€éros 14 45 _
AHannu3 MoJIyYEeHHBIX
9 y u 2 _
MaHHBIX
O0001enue 1 OLeHKa
10 m H PU | 2
pe3yabTaTOB
CocraBiienue
11 | mosicHUTENBLHO n 72
3aIUCKHA
[IpoBepka
MIPaBWIBHOCTH
12 | Bemoanenus I'OCTa P, U 1
HOSICHUTEILHOU
3aIUCKHA
13 | [ToaroroBka K 3aiure )51 29 _

— PykoBoaurens

. — Nuxenep

3.3 BrokeT HAY4YHOTr0 UCCIe0BAHUS

[Ipn mmanupoBanuu OOKETAa HCCIEAOBAHUS JOJKHO OBITH 0OECTICYeHO

IMIOJJHOC MW JOCTOBCPHOC OTPAKCHHUC BCCX BHAOB PACXOOA0B, CBA3AHHBIX C CIO

BhIMOJIHEHHEM. B mporecce ¢dopMupoBanus OroKeTa HCHOIB3YEeTCS ClEAyomas
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IpYyNIAPOBKA 3aTPaT MO CTaThsM [27]:
— MaTepHualbHBIC 3aTPaTHhI;

— 3aTparsl Ha CIIELIMAIbHOE o0opyIoBaHuE JUISL HaY4YHBIX

(3KCIIEpUMEHTANIbHBIX ) padoT;
— OCHOBHaf 3apab0THAas IUIaTa UCTIOTHUTENEH TeMBbI;
— JIOTIOJTHUTENbHAS 3apa0OTHAS IJIaTa UCIOIHUTENCH TEMBL;

— OTYHCIJICHHS BO BHEOIOKETHBIE (DOH/IBI (CTPAXOBBIE OTYHCIICHUS);

HaKJIaAHBIC PACXO/bI.

3.3.1 PacuéT MmaTepuajbHbIX 3aTpaT

OCHOBHBIMH 3aTpaTaMd B JaHHOM HCCIEIOBATENbCKOW pPabOTe SBIAIOTCS
3aTpaThl HA AJIEKTPOIHEPTUIO U MPUOOpPETEHNE KAHUEISIPCKUX TOBAPOB. OCHOBHBIMU
YCTPOMCTBAMH, MOTPEOISIOMMUMHU  AJIEKTPOIHEPTHIO, SBJBUIMChH: TEPCOHATBHBIN
koMmmbioTep NEXCOM wu pacuernas mamwmna. s opopMieHus MOSCHUTEIHHOM
3aMUCKU U BBIMOJIHEHUST pacyeToB B TeueHue 440 4acoB MCIOJIb30BAJICS KOMITBIOTED
NEXCOM, momHuoCcTs KOTOpOTO coctaBisieT 120 BT, a Takke B Teuenue 240 gacoB
MCIIOJIb30BAJIACh PacueTHas MalliHa Ha 0a3e ABYXIIPOIIECCOPHON MAaTEPUHCKOM IJIaThl
¢ nByms nporieccopamu Intel Xeon E5645, moraocTs KoTOpoit — 250 BT. Pe3ynbraTsl
pacy€ToB 10 3aTpaTaM Ha MaTepHalibl MpuBeIeHbI B Tabnuie 3.3.1.

3aTpathl Ha 3JEKTPOIHEPTHUIO PACCUUTHIBAIOTCS IO PopMyIie:

c=1,-P-F,,;=58-(012-440+0,25-480)=1003 py0,
rne  [[,, — tapud Ha 3nexTpo’nepruto (5,8 pyo. 3a 1 kBT u);

P — MomHoCTh 000pYynoBaHus, kBT;

Fos — BpeMsi uCIioJib30BaHUsl 000pYAOBaHUS, Y.

JlaHHBI TYHKT PAcCUMTHIBACT 3aTpaThl Ha MPUOOpPETEHUS 000pYyIOBaHUSA,
HCIOJIb3yeMOro B IPOBeeHUH paboThl. CrienaibHOe 000py10BaHUE, UCTIONIb3YyEMOE
st paboThl, BXOAUT B BHUJE aMOPTU3AIMOHHBIX OTUYUCICHHM 3a MEPHUOJ

ucnonb3oBanus. llena kommbrorepa NEXCOM cocraBnsier 82 Thicsum pyOnen, a
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pacuetHoM MamuHbl — 200 ThICAY pyOsied, Mpu 3TOM 3asBJIEHHBIA CPOK CIYKOBI
coctasiset 10 et st NEXCOM wu 5 net nst pacuetHou mammHbl. Mexoas u3 aToro,
OBLTM pacCUMTaHbl AMOPTU3AIMOHHBIC OTYMCICHHUS M HOpPMa aMOPTH3alldd s
JTAHHBIX CPEJICTB.

Pacuer amopTH3aIMOHHBIX OTYHCIECHUN BEACTCS 10 hopMmyJie:

4 H,-C-T, |
365-100%

9IS A — aMOpTHU3aIIMOHHBIE OTYUCIIEHUS, PYO.;

C — crouMocTh 000pyI0BaHus, Pyo.;

H , —ropoBas Hopma amopTu3zanuy, %;

T, — BpeMs UCIIOJIb30BaHUS 000PYAOBaHUS.

['ogoBast HOpMa amopTH3auu A nepcoHabHOro kommbioTepa NEXCOM
coctasisiet 10 %, a 11t pacuetHoit mamuHbl — 20 %.

PaccuntaeM amMopTH3amMOHHBIE OTYUCIICHHS 3a Mepuoja ucnosibzoBanus [1K
NEXCOM:

e H,-C-T, 10-82000-90 ~ 2022 py6.
365-100%  365-100%

AMOpTI/IBaHI/IOHHLIG OTYHUCIICHHA 3a IICPpUOId UCITOJIb30BaHUA pvaeTHOﬁ MalllMHBI:

4o H,-C-T, 20-200000-20
365-100% 365-100%

= 2192 py®.

AMOPTH3alIMOHHBIC OTYUCIICHUI 1O CIMHHUIIAM 000PYIOBaHHUS MPUBEIICHBI B
tabmuue 3.7.

Tabmuma 3.7 — AMOPTHU3alIMOHHBIE OTYMCIICHHS [0 CAWHHUIIAM HCIIOJIb3YEeMOT0

000pyT0BaHUS.
HaumenoBanue
PR KoamuecrBo | C, py6 Hy, % To, nuu A, py6
HepcorratbHbiit 1 82000 10 20 2022
KOMIIBIOTED
PaGouas cranmus 1 200000 20 90 2192
Utoro, pyo.: 4214
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Ta6numa 3.8 — MaTtepuaibHbIe 3aTpaThl

HaumeHoBaHue 1[\:1124 lz:’ KoanuectBo Hena 3;;:;““““3,’ C;;‘gl a,
DNEeKTPOIHEPTUS - 173 kBtu 58 1003
Bbymara SvetoCopy 110 0,9 99
[leuats Ha aucte A4 - 110 1,5 165
Pyuka Pilot 1 50 50
JlocTyn B HHTEpHET - 4 mecsiia 500 2000
Bcero 3a marepuans 3317
TpaHCTIOPTHO-3arOTOBUTEIBHBIE PACXOIBI 0
Utoro mo cratbe Cu 3317

3.3.2 OcHoBHas1 3apa00THAA IJIATA UCIOJTHUTEJIel TeMbl

Cratbs  BKJIOYAaE€T  OCHOBHYIO  3apa0OTHyH0  IUiaTy  paOOTHHKOB,

HCTIOCPCACTBCHHO 3aHATBLIX BBIITOJIHCHUCM IIPOCKTA, (BKJ’I}O‘{aH IMpeMHuu, I[OHJ'IaTBI) 151

JOTIOJTHUTENBHYIO 3apab0THYIO TUIATY:

rac

Tac

Tac

C3n = 30cu + 30

on !

3., — OCHOBHas 3apaboTHas IJIaTa;

3

don

— JOITIOJIHUTCJIbHAA 38.p8.6OTHaSI IiaTa.

OcHoBHas 3apaboTHAs MIaTa PYKOBOJIUTENS PACCUUTHIBAETCS 1O opMyIie:

30CH = 3()H ) T

pab?
3,, — cpelHeIHEBHAs 3apaboTHas Iu1aTa pabOTHUKA, pyO.;

T ,.; — IPOJOJDKHUTEILHOCTD BBIIOJIHACMBIX paboT, pad. aH.

CpennenneBHas 3apab0THAs MJ1aTa pACCYUTHIBACTCS 110 CIAEAYIONIEH hopmyTie:

j— 3}” i M

3
OH -I—d

3, — MeCSYHBIN TOJDKHOCTHOM OKJIaj pabOTHUKA, PyO.;

M — KOJIMYECTBO Mecs1eB paboThl 6€3 OTIYCKa B TEUEHHUE rojia:
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a) npu otmmycke B 56 pab. n1. M = 10,1 mecsiua, S5-aHeBHAs HEAENS;
0) mnpu otmycke B 48 pab. n1H. M =10,4 Mecsna, 6-THEeBHas HEJEIs.

T, — NelCTBUTEIbHBIN roJI0BOM bona pabouero BPEMEHU

HAY4YHO-TEXHHYECKOT0 IepcoHaa, pad. ad. (tadbauma 3.9).

Tabmuna 3.9 — bananc pabodero BpeMeHH

[Toka3zarenu pabouero BpeMeHH PyxoBoaurensb Nnxenep
Kanennapuoe uncno nuei 365 365
KomndectBo Hepabouux AHEH (BBIXOIHBIC U MPA3HUYHBIE): 118 118
— BBIXOIHEIE, 100 100
— Ipa3JHAYHBIE. 18 18
Otmyck 45 28
JleiicTBuTenbHBIN rogoBo (oHA pabodero BpeMeH! 218 232

Nuxenep Bo Bpems Hanucanusi auruioma Bo POAL-BHUND D exemecsuHo
nosyyaer ctunenauo B pazmepe 13000 py6. OcHoBHas 3apaboTHAs IJ1aTa HAY4YHOTO
PYKOBOJWTENSI PACCUUTHIBAETCS HA OCHOBAHMM OTpPACI€BOM OIUIaThl  TpYy.a.
OtpacneBas cucteMa omatsl Tpyaa B POAL-BHUND® npeanonaraer cieayonmn
cocTaB 3apabOTHOM IIJIATHI:

— oknana —onpeaensiercs npeanpusitueM, B POIAL-BHUND® oknaasl
pacrpe/iesieHbl B COOTBETCTBUM C 3aHUMAEMbIMU JIOJKHOCTSIMU;

— CTUMYJHUPYIOIIUE BBITLJIAThI — YCTAHABJIMBAIOTCS PYKOBOJIUTENIEM
nojapasneneHuit  3a  d()QPEKTUBHBIA  TPyA, BBHINOJHEHHWE  JIOMOJHHUTEIbHBIX
00sI3aHHOCTEHN U T.11.;

— JloIuiaTa 3a paboTy BO BPEAHBIX YCIOBUSX TPYAQ;

— Joruiata 3a paboTy CO CBEACHUSIMHU, COCTABJISIOIIMMU TOCYJAapPCTBEHHYIO
TalHY;

— 1eneBoe OKKETHOE (PMHAHCUPOBAHME HA MATEPUATIBHYIO MOJACPKKY s
pabotaukoB JOK, padorarommx mo I'O3;

— OIepaTHUBHAs IPEMHUSL.

59



Jia pacuéra MecsSYyHOro AOKHOCTHOTO OKJIaJa paOOTHUKA MPUMEHSETCS

dbopmymna:
3,\1 = 30}( ’ k3 !

rie 3, —3apaboTHas I1arta 10 OKIany, pyo.;

k;— 30HHBIN KOA(GduMenT, paBHsii 1,2 (11 ropoaa Capos).

PykoBoguTenem MaHHOW HAy4YHO-HCCIEIOBATEIbCKON pPaOOTHI SBISETCS
COTPYAHUK B JIOJDKHOCTM HayalbHUKAa HAay4YHO-MCCIIEAOBATENIbCKOW J1abopaTopuu
oxnanoM 26100 py6. Pacu€r ocHOBHO# 3apaboTHOM TuTaThl ipuBeAEH B Tabmuie 3.10.

Tabnuna 3.10 — Pacuér ocHOBHOM 3apaOOTHOM TIJIATHI

VcromHUTe! 3., pyo. 3., pyo. 3, pyo. T, AH. 3., pyo.
PykoBoaurens 26100 31300 1490 8 11924
WnxeHep 10833 13000 619 63 39000
Uroro 3, : 50924

3.3.3 JlomoiHuTe/IbHAS 3apa00THAS IJIATA UCIOJHUTEJIEH TeMbl

3arpaTsl MO JOMOJHUTENBHON 3apaOOTHOM IUIaT€ WCIOTHUTENICH TEMBI
YUYUTBIBAIOT BEJIMYUHY MPEAYCMOTPEHHBIX TpynoBeiM koaekcom P® npommar 3a
OTKJIOHEHHME OT HOPMAJBHBIX YCIOBHW TpyJd, a TAaKKE BBIIUIAT, CBA3AHHBIX C
o0ecrieyeHneM rapaHTHii U KOMIIEHCALIHA.

JlononHuTenbHas 3apaboTHas Iuiata paccuuTbiBaeTcs ucxoas uz 10-15 % ot
OCHOBHOW 3apa0OTHOW IJIaThl pPaOOTHUKOB, HEMOCPEICTBEHHO YYaCTBYIOIIHUX B

BBIITOJIHCHHUH TCMBbI.

3()0}1 = Roon " Jocu 1
rae 3, — JONOJIHUTENbHAs 3apa0oTHAas Iara, pyo.;
K,,, — K09 (PULIUEHT NONOIHUTEIBHON 3apa0OTHOM TUIATHI;

3., — OCHOBHas 3apaboTHas 11ara, pyo.

[TpumeM k03P (UIUEHT AOMONTHUTEIbHON 3apabOTHON IIaThl AJI HAYYHOTO

pykoBoautenss paBHbIM 15 %. Pe3ynbrarsl pacyéTa OCHOBHOW M JTONOJHUTEIBHOM
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3apa0OTHOM TIUIAThl WCIOJIHUTEICH HAy4YHOTO WCCIIEIOBAHUS TPEICTABICHB B
tabauue 3.11.

Tabnuua 3.11 — 3apaboTHas m1aTa UCTIOIHUTENEH HCCIEA0BATEIbCKON pabOThI

3apaloTHas miaTa PykoBoaurens Nuxenep
OcHoBHas 3aprarta, pyo. 11924 39000
JlononuuTesnbHas 3apIuiara, pyo. 1789 5850
13713 44850

3aprutata UCTIOTHUTES, PyO.

Uroro no cratee C, , py0.: 58563

3.3.4 OT4uc/IeHHs BO BHEOIOMKETHbIE (DOH/IBI

Pa3mep oTuncnenuii Bo BHeOKeTHBIE QoHbl cocTarisieT 30 % oT cyMMbl
3aTpaT Ha OIUIaTy TPyAa paOOTHHKOB, HEMOCPEICTBEHHO 3aHSTBHIX BBITTOJIHCHHEM
UCCJIeI0BATEIHCKON PabOTHI.

Bennuuna otunciaeHuit BO BHEOIOHKETHBIC (DOHIBI ONIPEACIICTCS UCXOIS U3
cnenyromei (OpPMyJIbI:

C Heh = ksyeﬁ ) (3 + 3()0n) ’

8i OCH

rje k _ —ko3hdUIHEHT OTYHMCICHHUI Ha YIUIaTy BO BHEOIOKETHBIC (HOHIBI

6HeO

(mencuoHHbIN (hoH, GOoH 003aTETLHOT0 MEAUITMHCKOTO CTPaXOBaHUS U JIPYTHE).

Benuunna otuncneHuit Bo BHEOOIKETHBIE (DOH]IBI COCTABIISCT:

C,.; =0,3-(11924 +1789 + 39000 + 5850) = 17569 pyo6.

6Heb
3.3.5 HakjaaHble pacxoabl

B aTy crarbio BKIIOYAKOTCSA 3aTpaThl HA YIIPABJICHUE U XO3AMCTBEHHOE
o0cnyKUBaHUE, KOTOPbIE MOTYT OBITh OTHECEHBI HEMOCPEJCTBEHHO HAa KOHKPETHYIO
temy. Kpome TOro, croga OTHOCATCS pacxolbl MO COAECPKAHUIO, IKCIUTyaTalud U
PEMOHTY 00O0pYyJIOBaHMUsI, MPOU3BOJCTBEHHOTO MHCTPYMEHTA M WHBEHTAps, 37aHUM,

COOPY’KEHHUI U JPYroro 000pya0BaHHUSL.
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PacueT HaknaaHBIX pacxo/10B BelETCA M0 clenytomei Gopmye:

C = kHaiUt ) (3 + 3{)0}1 ) ’

HAaKn OCH

TIIE K, —KOI)QHUIMEHT HAKJIQAHBIX PACXOI0OB.

Ha.
Haxknamgasie pacxonpl B POSI-BHUNDD cocramsor ot 90 1o 100 % ot
CYMMBI OCHOBHOH U JTOTIOJIHUTENILHOW 3apa00THOM IJIaThl pa0OTHUKOB, YUaCTBYIOIINX
B BbIMOJIHEHUH TeMBbIL. [Ipumem kosdpunment Hakaanubix pacxonoB paBubiii 100 %.

HaKHaI[HBIG pacxoabl COCTABJIAIOT:

C,,.. =1-(11924 +1789+ 39000 + 5850) = 58563 pyG.

3.3.6 ®opMupoBaHue OKOIKETA 3aTPAT UCCIEA0BATEIbCKOT0 IPOEKTA

PaccuutanHas BeauMuMHA 3aTpaT HAYYHO-UCCIENOBATEIbCKOM  palbOThI
ABJISIETCSI OCHOBOW ISl (DOPMHUPOBAaHMs OFOJKETa 3aTpaT IMPOEKTa, KOTOPBIA IMpHU
dbopMHpOBAaHHU JOTOBOpA C 3aKAa3YMKOM 3allMIIACTCS HAYYHOW oOpraHu3alueil B
KauecTBE HUYKHETO Ipezelia 3aTpaT Ha pa3paboTKy HAyUYHO-TEXHUYECKOU MPOTyKIIHH.

Omnpenenenue OJKETa 3aTpaT Ha HAyYHO-HCCIEAO0BATENbCKUI MPOEKT IO
KaKJIOMY BapuaHTy UCIOJHEHUs MpuBeeH B Tabuuie 3.12.

Tabnuma 3.12 — Pacuér 6ropkera 3aTpar UCCIeI0BaTeIbCKOrO POEKTa

HaunmeHoBaHMe CTaThu Cymma, py0
1. MatepuanbHbIe 3aTpaThl HCCIICIOBAHUS 3317

2. AMOpTU3allMOHHBIC OTYUCIICHUS 4214

3. 3aTpaThl IO OCHOBHOM 3apabOTHOM IJIaTe UCTIOIHUTENIEH TEMBI 50924

4. 3aTpaThl 110 TOTIOJIHUTEIIHON 3apa00THOM TIJIaTe UCTIONHUTEIIEH TEMBI 7639

5. Otuncnenust BO BHEOIOKETHBIE (POHIBI 17569

6. Haknaanble pacxo/sl 58563
bropkeT 3aTpat ucciemoBaHus 142225
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3.4 Opranu3anoHHAs CTPYKTYpPAa NMPOEKTA

OpraHuzaiMoHHasl CTPYKTypa IMPOEKTa MPEACTaBIsieT Co00H BpEMEHHOE
CTPYKTYpHOE 00pa3oBaHHE, CO3JaBaeMO€ JJisi JOCTUKEHUSI TOCTABICHHBIX LIEJEH U
3aJ1a4 MPOEKTa U BKJIIOYAIOUIEE B c€0s1 BCEX YUACTHUKOB IPOLIECCA BBITOJIHEHUS padoT
Ha Ka)k1oM ararne [27].

JlaHHOW HWcCcleI0BaTeNIbCKOM  paboTe COOTBETCTBYET (yHKIIMOHAIbHAsS
CTPYKTypa opranusanuu. To ecTb opraHm3aiusi pabodero mpolecca BBICTPOCHA
UEpapXMUYECKU: Yy KaXJOr0 Y4YacTHMKA TMPOEKTa €CTh HEMOCPEICTBEHHBIN
PYKOBOJUTEb, COTPYIHUKH pa3JeleHbl MO OO0JacTAM CHEelUaIu3aluu, KaKJIou
TPYIIION PYyKOBOAUT KOMIETECHTHBIN CIIEUATUCT ((PyHKIIMOHAIBHBIA PYKOBOJIUTEH ).

OpranuzanuoHHasi CTpyKTypa Hay4yHOro MpoeKTa MpeACcTaBieHa Ha pucyHke 3.3.

Hay4Herit
PYKOBOIHTEND
Koopnuanpyroman
IpyIIa
|
KoHeyneTaHt pasnena
«DIHAHCOBBIH MeHeKMEHT, KoHCyneTaHT paznena KoHcynsTaHt o
pecypcosdhdekTHBHOCTE H «ColuanbHas OTBETCTBEHHOCTBY SI3BIKOBOMY pasIelry
pecypcocOepekeHHe
HenomHuTeNs:
CTYOEHT

Pucynok 3.3 — OpranuzanronHas CTpPYKTypa Hay4YHOrO IPOEKTa

3.5 MaTtpuna oTBeTCTBEHHOCTH
CreneHb OTBETCTBEHHOCTHM KaXXJIOTO WICHAa KOMAaHIbl 3a MPUHSTHIC

IIOJJHOMOYMS  PErJIaMEHTUPYETCsd  MaTpuLed  OTBETCTBEHHOCTH.  Marpuua

OTBETCTBEHHOCTH JAHHOTO MPOEKTA MpejicTaBieHa B Tadnuie 3.13.
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Ta6muma 3.13 — Martpuiia 0TBETCTBEHHOCTHU

Oransl IpoeKTa

Hayunsbrii
PYKOBOAUTEIb

Koncynbprant

pasjena
«DUHAHCOBBINA
MEHEKMEHTY

Koncynbprant

pas3aciia
«COLIOTBGTCTBG

HHOCTbL»

KoHncynbTant no

A3BIKOBOMY

pasaeiny

Hnxenep

P8.3p8.6OTKa TCXHHUYCCKOI'O 3aJaHusA

CocTaBiieHHE U YTBEPKJIEHUE
TEXHHYECKOTO 33JaHHUS

Br16op HampaBieHus ucciaea0BaHUi

[Ton6op u U3yyeHue MaTepHaIoB Mo
TeMe

Kanenmaproe rianupoBaHue padboT

ol |o] O |0

N3ydeHnne BO3MOKHOCTEN pacUETHOM
MOJEJIH

SR ISR i

OcBoeHUE METOJIMKHU pacyéTa Ha
MIPaKTUKE

=

[IpoBenenue pacu€Ton

=

Ananuz MOJIYUCHHBIX JaHHBIX

BrinonHeHue onieHKU
pecypcorhPexkTHBHOCTH U
pecypcocOepekeHus

Brinosninenue paznena no couuanbHOM
OTBCTCTBCHHOCTH

=~

Brinonaenune nepeBojia 4acTu paboThI
Ha aHTIUUCKUH SI3BIK

O06o0mIeHne 1 OIIeHKa Pe3yIbTaTOB

CocraBiieHHE TTOSICHUTENLHON 3aIMCKH

[IpoBepka MpaBUILHOCTHU BBITTOJIHEHHUS
T'OCTa nosscHUTEIbHOH 3aIIMCKU

IToaroroBka K 3amure

Ol o |aja

N E IR

CrerneHb y4acTHs B IPOEKTE XapaKTEPU3YETCs CICAYIOIUM 00pa3oM:

— orBeTcTBEeHHBIN (O) — I1I0, OTBEYAIOIEE 3a pealln3alyIo Tana NpoeKTa u

KOHTPOJIHMPYIOIIEE €r0 X0,

— ucnoysautenb (M) — auno (Jiviia), BRIMOTHAIONIME pabOThl B paMKax 3Tamna

MPOEKTA.

— yTBepxkaaroniee Jymno (Y) — JUIO, OCYHIECTBIISIIOUIEE YTBEPKICHUE
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pe3yJIbTaTOB dTana MpoeKTa (€CIH dTal MPeayCMaTPUBACT YTBEPKICHHE);
— cornacytomee o (C) — auio, OCYIIECTBIISIONIEE aHAIU3 PE3yJIbTaTOB
NPOEKTa M YYacTBYIOIIEE B MPUHATUU PEUICHUS O COOTBETCTBUU PE3yJIbTATOB ATara

TpeOOBaHUSM.

3.6 Onpenesienue pecypcHoii (pecypcocOeperaromnieii), ¢GUHAHCOBOIM,

OI0/I’KEeTHOI, COMATBHOI U IKOHOMUYECKO 3P PeKTUBHOCTH HCCIeT0OBAHUSA

Omnpenenenne  3¢p(GEKTUBHOCTH  MPOUCXOAUT HA  OCHOBE  pacyera
UHTETPAJIbHOTO  ToKa3arenst A(PQGEeKTUBHOCTH HAy4yHOro ucciefoBaHus. Ero
HaXOXJIEHWE CBSI3aHO C OMNpENeJICHHEeM JABYX CPEIHEB3BCUICHHBIX BEJIMYUH:
¢duHaHCcOBOM >PPEeKTUBHOCTH U pecypcodPPEeKTUBHOCTH.

Wurerpanbubiii  mokasarenb  (UHAHCOBOM  3(G(EKTUBHOCTH  HAYYHOTO
WCCIICJIOBAHUS TOJYyYarOT B XOJI€ OIEHKM OrojpkeTa 3arpaT Tpex (wim 0Oosee)
BAPUAHTOB MCIOJHEHUS HAY4YHOrOo wucciuenoBanus (cM. taoum. 3.14). [ns storo
HAauOOJNBIINN HWHTErPAJbHBIM  TOKa3aTellb peaju3allud TEeXHUYECKOW 3ajadu
npuHUMaeTcss 3a 0a3y pacuera (Kak 3HaAMEHATeNlb), C KOTOPBIM COOTHOCHUTCS
(uHaHCOBBIE 3HAYEHHUS 10 BCEM BapuaHTaM HCIIOJHEHHUS.

WuTerpanbHblil pUHAHCOBBIN MOKa3aTenb pa3padOTKU ONpeIeseTCs:

dup =

max

Iucnj _ pi

I ucni

Trac punp

— UHTErpaibHbI (PUHAHCOBBIN MTOKA3aTellb pa3padOTKHu;

@i — CTOMMOCTD I-TO BapuaHTa UCTIOJIHCHUS;

@Dmax — MaKCUMaJIbHAasi CTOUMOCTb UCIIOJHEHUSI HAyYHO-UCCIIEI0BATEIILCKOTO
poeKTa (B T.4. aHAJIOTH).

[TonyueHHast BeTUYMHA UHTETPAILHOTO (PMHAHCOBOTO TTOKAa3aTes pa3paboTKu
OTpPaXkaeT COOTBETCTBYIOIIEE YMCICHHOE YBEIMYEHUE O0/KETa 3aTpaT pa3padOTKH B

pasax (3Ha‘{€HI/I€ OoubIIIe CILI/IHI/IHBI), anbo COOTBCTCTBYHOICC YHCIICHHOC
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yJACIIECBIICHUE CTOMMOCTH DPa3paboTKH B pa3ax (3HAUYECHWE MEHBIIE CIUHMIIBI, HO
OoJibIIe HYJIs).
Tak xak pa3zpaboTka IMEET OJIHO HCIIOTHEHUE, TO

7 - Pp 142225 _,
wp o 142225

JIJ1 aHaJI0rOB COOTBETCTBEHHO:

o _ Py 200685, . _ @, 161632

hoal g T 149225 0wl T g T 149995

max max

WuTerpanbHblil mokazaTenb pecypcoddPeKTHBHOCTH BapUAHTOB MCTIOTHEHUS

06’BCKTa HCCIICA0BAHNA MOKHO OIIPCACIIUTD CICAYOIIUM 06pa30M:
i =2 a by,
rae |, —uHTerpambHBIH MOKa3aTeNb pecypcodGHEeKTHBHOCTH JUIs i-TO BapHaHTA

UCTIOJTHEHMSI pa3paboTKu;

a; — BecOoBOI K03((HUIUEHT i-TO BapuaHTa UCIIOJIHEHUS pa3paboTKy;

b*,b° —GampHas omeHka I-r0 BapuaHTa HUCIOJNHEHHS pPa3pabOTKH,
YCTaHABJIMBACTCS IKCIIEPTHBIM IyTEM I10 BEIOPAHHOM IIKAJIe OICHUBAHMS;

N — Y4KCII0 MapaMeTPOB CPABHEHMUSI.

Pacuér unHTerpasibHOrO mokasareysi pecypcodPdeKTUBHOCTH TpEACTaBICH

B Ta0mure 3.14.

Tabmuua 3.14 — CpaBHUTENBHAS OLIEHKA BAPUAHTOB UCIIOJIHEHHSI IPOEKTA

10 Becosoit D
koaurmeHT i Amnaror 1 | Anamor 2
MIPOCKT
Kpurepun napaMmerpa

1. Bo3MOXHOCTE O€CIIIaTHOrO
MTOJTYYEHUS WM HATUYWE JTUIICH3UN Ha 0,2 5 5 5
[1C B opranuzauuu

2. Tounocts pacuera B [1C 0,25 5 4 3
3. YnobcTBo ucnonb3oBanus [1C 0,05 3 5 5
4. ®ynkmonan [1C 0,25 5 4 2
5. YausepcansHOCTh [1C 0,25 5 5 3
Htoro 1 4,9 4,5 3,25
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WuTerpanbHplii  nokaszarenb 3(PQPEKTUBHOCTH BApUAHTOB  HMCIOJIHEHUS

pa3padotku (| qbqu) u ananora ( | qbuHal) OTIpeJIeISIETCS] HA OCHOBAHUH WHTETPAILHOTO

IIOKAa3aTCIIsd pecprOB(i)(i)eKTI/IBHOCTI/I U UHTCT'PAJIBHOTO (1)I/IH8,HCOBOFO ITOKa3aTcJiAa 110

dbopmyiie:
I p I nF'l) ai _ I o
d)qu I v Y unai T I ai
d)qu (i)unal
B pesynbrare:
Ih 49 19 450
Igbqu | P :T =4,9; Igbul-tal = 157 =2,86;
Qunp IqbuHal
142 325
19 =——=2,68.
qbuHaZ )
IqbuHaZ 121

CpaBHEHHE UHTETPAIBHOIO MOKa3aTelsd 3 PEeKTUBHOCTHA TEKYILErO MMPOEKTa U
aHAJIOTOB TIO3BOJIUT OIPENEIUTh CPAaBHUTENBbHYIO 3(P(EKTUBHOCTH MPOEKTA.

CpaBHurenbHas 3 PEeKTUBHOCTD MPOEKTA!

9 I d’“HP

Cp I
Qunai
Pe3ynbTaT BBIYMCIEHUS CPaBHUTENBbHOW 3(G(PEKTUBHOCTH TMpOEKTa U
cpaBHHTEINIbHAS A()(PEKTHBHOCTH aHAIM3a IIPEACTaBICHbI B Tabmuie 3.15.

Tabnuna 3.15 — CpaBauTtenbHast 3QGHEeKTUBHOCTH pa3pabOTKu

No [TokazaTenun Amnanor 1 | Anarmor 2 | Pa3zpabotka

1 WHTerpanbHbIi (UHAHCOBBINA MTOKAa3aTeIh 157 121 1
pa3paboTku

2 NHTerpanbHbIil MoKa3aTellb pecypcoddHEeKTHBHOCTH 4,50 3.25 49
pa3paboTKku

3 | MuTerpanbHblil mokazarens 3GEeKTUBHOCTH 2,86 2,68 49

4 CpaBauTenbHas 3G HEeKTUBHOCTh BAPHAHTOB 1,57 121 1
WCTIOJTHEHHUSI
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Takum 00pa3oM, OCHOBBIBAaACh Ha OINPEICICHUH peCypcocOeperaroe,
(UHAHCOBOM, OIOKETHON, COIMATBLHOM U HSKOHOMHUYECKOW 3(PEPEeKTUBHOCTH
WCCIICJIOBAHMSI, TMPOBEAS HEOOXOAMMBIA CpPaBHUTEIBHBIM aHAU3, MOXXHO CJIENaTh

BBIBOJI O TIPEBOCXO/ICTBE BBIMIOJHEHHOM pa3paOOTKX HAJ aHAJIOTaMH.
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