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BBenenue

AKTYaJIbHOCTDH T€MbI HCCJIeI0BAHUSA

[lepcriekTHBBI pa3BUTHS aTOMHOI MPOMBIIIJICHHOCTH U SIIEPHBIX TEXHOJOTHI ONMpeaesnstoTcs
MHOTOKOMIIOHEHTHOM CHCTEMON (haKTOPOB pa3IMYHON MPUPOJBI (TEXHOIOTHYECKHE, SKOHOMUYECKHE,
COLHUAIBHBIC U T. 1.). TH (HaKTOPhI JOIDKHBI YUUTHIBATHCS, B YACTHOCTH, IPU PELICHUH 3a7a4 B OJHON
U3 KIIOYEBBIX MPOOJEMHBIX 00JacTel aTOMHOM OTpaciH, CBA3aHHOW C O€30MacHBIM OOpaIIleHHEM C
pagnoaktuBHbIMU oTxonamu (PAQO), orpaboraBmum siaepHbiM TorumBoM (OSIT) m BeIBOgOM U3
skcruryaTaruu (BD) 00bekTOB mcmonbp3oBaHusa aToMHON sHeprun — OUAD (nmanee Takke — 00bEKTOB
SJIEPHON TEXHUKH), T.€. 33/1a4 3aKJIFOUYUTEIBHBIX cTaauii xku3HeHHoro nukia (3CXKI]) o0bekToB.

BBuay o04eBHIHBIX NPUOPUTETOB, MMEBIIMXCS B TMEpPUOJ CTAHOBJICHHUS aTOMHOM OTpaciu,
npobiemam 3CXKIL[ OMAD Ha mpoTsSHKEHMH AO0JITOr0 BPEMEHU HE YAENSIOCh JAOKHOTO BHUMAHMSL.
Oto mpuBeno K Tomy, uro k Haudamy 2000-x romoB mo psay OOBEKTOB Ha3pela KpPUTHYECKas
HOTPEOHOCTh B PEHIEHUH BOMNPOCOB AKCIUIyaTallMOHHONM M JOJITOBPEMEHHON 0e301acHOCTU
(Teuenckuit kackan BomoemoB, xpanwiuiia OJAT PBMK-1000 u BB3OP-1000, obpamenue ¢ OAT
AMB u OI'TI-6 u 1. a.). [{ns 5TOro OBUTH MPUHATHI HECKOJIBKO (helepaiabHbIX LETIEBBIX MPOrpamMM IO
TeMaTHKe 00ecreueHus AACPHON U paAualliOHHON O€30MMaCHOCTH, KOTOPBIE YCIICITHO Pealn3yIOTCS.

IIpu npopabotke BapranToB BbinogHEeHUs paboT Ha 3CXKL] OMAD Bo3HHKaIOT MOTPEOHOCTH B
OLICHKaX TEKYIIEro COCTOSHUSI O€30MacCHOCTM M €ro MU3MEHEHUIl B XOJe peaju3aluu pa3iHyuHbIX
TeXHUUeCKUx pemeHuid. COBpEeMEHHBIH YpOBEHb pA3BUTHUS BBIYUCIUTEIBHOW TEXHUKUH U
IPOTPaMMHOT0 O0ECIeYeHUsl MO3BOJSET, MPHU JIOKHOM COOJIIOJEHUH MpOLeaypbl 0OOCHOBaHUS
0€30MacHOCTH, TOKPbITh 3HAYUTENIbHYI0 4YacThb JTHUX MOTpPeOHOCTEW 3a CYET HCIOJb30BaHUs
crienuanu3upoBaHHbiX mporpamMmHubix cpeiactB (IIC). MacmTabHO mpoOIeMbl  3aKITHOYUTEIHHBIX
CTaAUi JKW3HEHHOIO UMKJIA CTaJId pPAaccMaTpUBATbC OTHOCUTENIBHO HEAABHO, IO3TOMY HUX
CHELHMATU3UPOBAHHOE METOAMYECKOE M TMPOrpaMMHOE OOecredeHue 10 TOCIETHEr0o BPEMEHH He
pa3pabaThIBaIOCh Ha TOJKHOM YPOBHE.

Opna u3 cucreMubix 3amay 3CXKI[ OMAD cBsizaHa ¢ moigyyeHHEM YTOYHEHHBIX OILIEHOK
paananmonHsix xapaktepuctuk PAO m OST, a takxke co3gaBaeMblX MMM TOJEH MOHU3HPYIOLIUX
U3Iy4YeHUH. 371ech UMeeTCsl MPUHIMITHAIBHOE OTINYME OT 0OOCHOBAHUS PAUALIMOHHON 6€30MacHOCTH
npu npoektupoBanuu OMAD, rae 3apaHee WM3BECTHBI BCE UX KIIOUEBbIE MapaMmeTphl (reoMeTpus,
XapaKTepUCTUKU HCTOYHUKOB HOHM3UPYIOIIMX H3IYy4eHMH W T. J.), a HEOINPEeAEICHHOCTH HOCHT
MPOTHO3UPYEMBIN XapakTep. B paccMmarpuBaemoili mpoOiieMaTHKe, Kak MpaBWIIO, HET TOYHOM
uH(pOPMAIIUU O XapaKTePUCTHKAX 00BEKTA, a Pe3yabTaThl MPOBOIUMBIX H3MEPEHUN HE BCETa MOKHO
OJIHO3HAYHO  MHTEPIpPETUpOBaTh, TpeOyeTrcsa  pa3padaTbiBaTh  CleUUa]IbHbIE  TMOAXOABI U

METOI0JIOTUUYECKYIO 0a3y.
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[IpoBeneHHBI aHaMW3 CTEMEHW pPa3pabOTaHHOCTH TEMBl HCCICIOBAHUS TI0Ka3aj, 4TO
CYIIECTBYIOIIME MPOrPaMMHBIE CPEACTBA, KOTOpPhIE MOXXHO NPHMEHATH B YKa3aHHOW o001acTu,
CO3/aBAIMCh C OPUCHTAIMCH Ha PEIICHUE PEaKTOPHBIX 3a4ad (pacdyeTbl KPUTHYHOCTH, IPPEKTOB
PEaKTUBHOCTH, MOJICJIMPOBAHUE TOIIMBHBIX KaMITaHWUH, O0JIY4YEeHHUs] MaTEPUAIIOB U JIp.), HO, C Y4ETOM
ocobennocreit 3agau 3CXKII, TpeOyercss ux A0pabOTKa B YACTH MOAXOJOB K IOATOTOBKE MCXOJHBIX
JaHHBIX, BKIIOYas (QOPMHUPOBAHUE CIHEIUAIM3UPOBAHHOTO KOHCTAHTHOTO OOeCredYeHHus s
MOJICTTUPOBAHUS UICTOYHUKOB H3JTyICHUS.

MOXHO TaKXe YTBEpKIaTh, YTO COOTHOIICHHE KOJUYECTBA HMCCIICIOBAHUN (ITyOJIMKAIHii),
OPUCHTHUPOBAaHHBIX HAa TMPOCKTHBIC XapaKTEPHCTUKU YCTAHOBOK, W KOJMYECTBA IyOJIMKAIINH,
VUUTBHIBAIOMINX OTKJIOHEHUS OT MPOCKTHBIX IMMApaMETPOB JKCIUTyaTal[MM YCTAaHOBOK, OIPEIEISeTCs
3HaueHussMU nopsika 1000.

B cBsa3u ¢ stum, ans pemenus 3amad 3CXKL akTyanbHO co3qaHHe CHEUAIU3HUPOBAHHOTO
WHCTPYMEHTAPHSI, COCTOSIIET0 W3 METOJIUYECKOro oOecreueHus] W B3aMMOCBSI3aHHOTO Habopa

IIPOrPaMMHBIX CPEJCTB.

Heap padorbl. Llenp auccepTallMOHHOIO —HUCCIENOBaHUS — pa3paboTKa pacyeTHo-
METOJIMYECKOT0 MHCTPYMEHTApUS JUTsl PEIICHHS 3aJa4 OOOCHOBAaHUS PaJMAllMOHHON O€301acHOCTH,
3¢ (HEKTHBHOCTH M KOJOTUICCKON MPUEMIIEMOCTH MPAKTUICCKUX pa0OT Ha 3aKIFOYUTEIIBHBIX CTaIHSIX

»u3HeHHoro nukia ONAD (B Tom uncne BD, obpamenue ¢ OAT u 3axoponenue PAO).

ITocraBnenHas 1eiab NoTpedoBaa peieHus CASAYIOINX 3a/1a4:

— (QopmanuzanMs aKTyaJbHBIX M MJICHTU(UKAIMS TMEpPCIEeKTUBHBIX MpobdieM obecreueHus
panuanoHHOM Oe3zomacHocTH M 3Konorndeckoit mpuemnemoct 3CXKL OMAD u paspaborka
TpeOoBaHUH K pa3padaTbiBAEMOMY HHCTPYMEHTAPUIO JUISl UX PELICHMUS,;

— aHajiM3 METOAOB U CPEIACTB NPOTrPAMMHOTO M KOHCTAHTHOTO OO0ECIEYEeHUs pacyeToB
pamuanmoHHbeix xapaktepuctuk OAT u PAO, co3maBaeMblx UMH TIOJIEH HOHU3UPYIOIIHUX
W3JIy4CHHU;

— pa3paboTKa METOJAMYECKOW, TMPOTpaMMHOM W KOHCTAHTHOW COCTAaBISAIONIMX  pPacyETHO-
METOAMYECKOIO HHCTPYMEHTapHsl, BKJIIoyass pa3paboTKy ©0a3bl JaHHBIX M BepH(HKAILHIO
pacueTHBIX IPOrpamm;

— ampo0anus BEINOJIHEHHBIX Pa3paboToK Ha TUMOBBIX 3agadax 3CXKIL[ ONAD.

Hayuynasi HoBU3Ha pa0oThI.
Pa3pabotan  crenuanu3upoOBaHHBIM  pacYETHO-METOJUYECKHM  MHCTpYMEHTapud  JuIs

000CHOBaHHUS ONTHMAIBHBIX pCH_IeHI/Iﬁ o 00CCIEeUYECHHIO paHHaHHOHHOﬁ 0C30IMaCHOCTH U
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skosornueckor nmpuemsieMoctu 3CXKI[ OMAD, B ToM uncie, BEIBOAA U3 SKCIUTyaTalliu, OOpaIIeHus ¢
PAO u OAT.

Pazpabotan anropuT™ aBTOMaTU3UPOBAHHOTO (POPMHUPOBAHUS TPEXMEPHOU PacYETHON MOJen
o0BeKTa JUIsl pacueTa MEpeHoca MOHM3UPYIOIIMX H3IydeHUid merogoM Monte-Kapino Ha ocHOBe
pe3yJbTaTOB PEMH)KMHUPUHTA JAHHBIX 00 00BEKTE U3 CUCTEM aBTOMATU3UPOBAHHOTO IPOEKTUPOBAHUS
(CAIIP).

Pazpaboran anroputM (GOpMUpPOBaHUS TEPEUYHS PATUOHYKIHIOB, 3HAYMMBIX B KOHTEKCTE
OIICHKH JIOJITOBPEMEHHOM Oe3omacHocTr 3axoponenus PAO.

[IpoBeneHsbl pacueTHbIE NCCIEAOBAHUS U TIOJYYE€HBI HOBBIE IAHHBIE!

— 0 XapakTEepUCTHUKAX BAPUAHTOB TOBTOPHOTO WCIIOIb30BAHUS PAJTUOAKTUBHO 3arpsi3HEHHBIX
METaJUIOB B aTOMHOM OTpaciy;
— 0 mapameTpax paJAHalMOHHOW 3amuThl npu TpaHcnoptupoBanuu OAT bunmubunckoit ADC s

PAa3JIMYHBIX BPEMCH €TI0 BBIACPIKKH.

IIpakTHyeckasi 3HAYUMOCTb PadOTHI OIpPECNIAETCS IIUPOKUM JMANA30HOM HPUKIIAJHBIX
3a7jay  OOOCHOBAaHUS PAAMALMOHHOW OE30MaCHOCTH W 3KOJOIMYECKOW NPUEMIIEMOCTH OOBEKTOB
SANEpHOW TEXHUKH, pEUIaeMbIX C TPUMEHEHHEM pPa3pabOTaHHBIX MNPOTPAMMHBIX CPEICTB.
PesynpTaramu ux npakTU4eCcKOro NpUMEHEHUSI CTaJIN:

— YTOuYHEHHbIe paauanroHHble Xapakrepuctuku O T peakropos BBOP-440;

— PEKOMEHJIOBAHHBIE JAHHBIE IO YHEPTOBBIAECICHNIO OCTEKIOBaHHBIX BAO u XapakTepucTHKaM HX
ramMma- ¥ HEUTPOHHOT'O U3JIy4YEHHIA;

— paauanuonHsle xapakrepuctuku PAO (oGomouku 131 n TBC, BHyTpHKOpIYyCHBIE YCTpPOMCTBa,
KOPITYC M 3JIEMEHTHI paJuallioHHOM 3amuThl) peakropa BBOP-440;

— oueHku cHmxkeHus maccbl TYK (Ha 8 T u Oosee) 3a cueT yMEHbILIEHUS TONIIMHBI paJualliOHHON
3alUThl (KaKk MUHUMYM, Ha 5 cM) ripu TpancnoptupoBanuu OSAT BuADC st pa3nuyHbIX BpeMeH
xpaneHus (35 u Gonee ner);

— OIEHKH MaKCHMabHOH yaenpHo# aktmHocTH (300 Br/r mo *°Co) wmsmemmii (apmarypa n
KOHTeHHepsI i oOparieHns ¢ PAQO), BEINOTHEHHBIX U3 PaIHOAKTUBHBIX METAJIIOB.

OTnenbHbIE 3JEMEHTHl Pa3padOTaHHOTO PACYETHO-METOJMUYECKOTr0 HHCTPYMEHTapus ObLIH
BHeJIpeHbl Ha npeanpusatusax ['ockopnopanuu «Pocarom»: AO «OILl YI'P» u ®I'VII «I10 «Masik».
Ha TIIC pns pacyera »HHEProBBIACIICHUS B MPOILECCE PAJMOAKTUBHOTO pacnaja MOJIy4eHO
CBUJIETEJILCTBO O rocyaapctBeHHol peructparuu Ne 2018616382, PesynbraTsl paboThl MOTYT OBITH
UCMOJIb30BaHbl MpHU IUIAaHUpOBaHUM padboT mo BD OUAD, ontumuzanum paboT ¢ MCTOYHHUKAMH

MOHM3UPYIOLINX U3TydeHui, xapakrepuzauuu PAO u OAT.



JIMYHBIH BKJIAJ COMCKATEJS COCTOUT B:
(GbOopMyITUPOBKE OCHOBHBIX TpPEOOBAHMHM K COCTaBYy U apXHUTEKTYpe pPacYETHO-METOIUYECKOTO
UHCTPYMEHTAPHS;
000CHOBAaHUHU U Pa3pabOTKE KIIFOUEBBIX AIEMEHTOB 3TOT0 HHCTPYMEHTAPHs, BKIIIOYAs:
e ayroputMm koHBepTanuu CAIIP-monenu oobekTa B hopmat MonTe-KapiioBckoit mporpaMmbl
JUISL pacueTa fepeHoca HOHU3UPYIOIIUX U3ITy4eHUH;
® [porpaMMHbIE CpeACTBa OOpabOTKM OHOJMOTEK OICHEHHBIX SIEPHBIX JIaHHBIX U
dbopMUpOBaHUS Ha UX OCHOBE HaOopa OMOTMOTEK KOHCTAHT JI PAcYeTOB XapaKTEPUCTHUK
MCTOYHUKOB MOHU3HUPYIOIINX U3ITYYEHUH;
NOJArOTOBKE HaOOpa TECTOBBIX 3aJady M PACUYETHBIX MOJETCH B XOjA€ BepH(PHUKAIHUUA MOIYIS
HYKJIUJTHOM KMHETUKH U iporpammel TDMCC;
pa3paboTke Mojielel W MPOBEIEHUU PACUETHBIX HCCIIETOBAaHUI PaJUOHYKIHIHBIX COCTAaBOB M
paauannoHHbIX xapaktepuctuk OSAT u PAO;
000CHOBaHMU U pa3zpaboTKe anropuTMa (HOPMUPOBAHHS MEPEUYHS 3HAYUMBIX PAJUOHYKIHIOB, B
KOHTEKCTE OLIEHKH JOJITOBPEMEHHOM Oe3omacHocTu 3axopoHenust PAO,;

NPOBEICHUH PACYECTHBIX MUCCIIETOBAHUNA M aHAIHM3a PaIUallMOHHON 0€30MIaCHOCTH MPU O0paleHnn

¢ OAT u PAO.

OcHoBHbBIE IMOJIOKEHH S, BBIHOCUMBIC HA 3aIUTY:

Criennanu3upoBaHHBIM  Pacue€THO-METOANYECKUN HWHCTPYMEHTApul JJid pelleHus 3ajaad

00OCHOBaHMS paJMAIMOHHONW Oe30macHOCTH M 3Kojoruueckoi mnpuemiuemoctu 3CXKL[ OUAD,

BKJIO4as:

000CHOBaHME COCTAaBa U ApXUTEKTYPhl IPOrPAMMHOT'0 KOMIUIEKCA,;

QITOPUTM aBTOMATHU3WPOBAHHOTO (OPMHUPOBAHUS TPEXMEPHOM pacueTHOW MoOJenu OOBEKTa B
dopmare nporpamMmmel TDMCC ni1st pacueTa nepeHoca HEUTPOHHOT'O M raMMa U3JTy4eHUH;
anroput™  (GOPMHUPOBAHMS TEPEYHS PAJAUOHYKIUIOB, 3HAYUMBIX B KOHTEKCTE OLIEHKH
TONTOBpEMEHHOMN Oe3omacHocTH 3axopoHeHust PAO;

pe3yabTatel Bepudukauu u Banupauuu IIC g pacuera pagMOHYKIMIHBIX COCTaBOB U
pannannoHHsIx xapakrepuctuk OSAT u PAO.

Pesynprathl  mpakTHuecKoW — ampoOanmu  pa3padOTaHHOIO  PacyeTHO-METOANYECKOTO

WHCTPYMEHTAPHsl, BKIIOYAs:

3aBUCUMOCTH HU3MCHCHUA AaKTHBHOCTH, DHCPIOBBIACICHUSA W MOIIHOCTHU J03bl IraMMa-HU3JTyYCHUA

st paznuuHbix TUnoB PAO, oOpasyrommxcs B mpouecce BD peaktopos BBOP-440, u
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dbopMupoBaHUE TMepeyHel pPaJuOHYKIUAOB, BKIJIaJ KOTOPBIX B OIICHEHHBIE XapaKTEPUCTUKU
SIBJISIETCSI ONPEIEIISIIOLIUM B Pa3IUYHbIE BPEMEHA BBIJIECPIKKU;

— OIIEHKY MapaMeTpoB TpeOyeMO# NIl TPaHCIOPTHUPOBKHU pPaJdallMOHHON 3ammuThl yrakoBku OAT
BbuASC nocie ero 10JroBpeMeHHOTO XpaHEHHUS;

— XapakTEepUCTUKU BAPUAHTOB MOBTOPHOIO MCIOJIb30BAHMS PATUOAKTUBHBIX METAIUIOB B aTOMHOM
MIPOMBIIIUICHHOCTH;

— IMepevYeHb 3HAYMMBIX PAJUOHYKIUAOB B OCTEKJIOBaHHBIX BAQO 1151 OLEHKH [10JTOBPEMEHHOM

0€30MaCHOCTH UX 3aXOPOHEHUS.

JloOCTOBEpPHOCTH MOJIy4YeHHBIX Pe3y/abTATOB U BHIBOJOB AUCCEPTALIMM ITIOATBEPHKIACTCA:

— TIpPUMEHEHUEM  BepU(PUUUPOBAHHBIX MPOrPAaMMHBIX CpEACTB JUIsl  pacueTa IepeHoca
VOHU3HUPYIOUIUX U3ITYy4YCHUH;

— CpaBHEHUEM pEe3YJIbTaTOB, MOJYYEHHBIX C MCIOJIb30BaHUEM pa3pabOTaHHON MpPOrpamMMbl pacuera
HYKITUTHOM KHHETUKU B OCHUYMapK-IKCIIEPUMEHTOB.

— BHegpeHueM [IC u pe3ynpTaToB pacyeTOB B IPAKTHUYECKYIO AEATEIBHOCTH IKCIUTYaTHUPYIOLIMX
OpraHU3aL;

— nyOJaMKalMsIMU B peepupyeMbIX U3IaHHUIX U PACCMOTPEHUEM Ha POCCUMCKHUX U MEKIYHApPOIHBIX

Hay4YHBIX KOH(PEPEHLHUAX.

AnpoGanusi padorbl. Matepuansl JuccepTalud JOKJIaAbIBAINChG Ha 21 poccuiickoil u
MEXYHApOJAHON KOH(pEPEHIHSIX.

Iyonukanuu. ITo Teme auccepranuu onyoIuKoBaHO 23 Hay4HBIX pabOTHI, U3 HUX 8 cTarel B
CHeHaIM3UPOBAaHHBIX M3JAHUAX, BKIOYas 3 cTaTbM B KypHanax no nepeuHto BAK MunoOpHayku
Poccun, 5 mpempuntoB u 10 OOKIaZOB Ha POCCUHCKUX M MEXKIYHApPOAHBIX KOH(PEPEeHIMSIX |
CEMHUHapax.

Ctpykrypa u o00bem pabotbl. Jluccepramusi COCTOUT W3 BBEACHHUS, 4YETHIpEX TJIaB,
3aKJIIOYEHHUs, CIIUCKAa JIUTeparypbl U3 Oubmmorpaduueckux ccpuiok. OOmuid 00bEM pabOThI
coctaBiseT 120 cTpaHUI] OCHOBHOI'O TEKCTa, BKIoyass 32 Tabmuipl U 63 pUCYHKa, B TOM YHUCIIE

rpauKy.



I'n1aBa 1. AktyajibHbIe 321248 OLIEHKH PAAMANMOHHBIX XaPAKTEPUCTUK
00bEKTOB SI/IEPHOM TEXHUKH

[lepen mnpeaMeTHBIM pacCMOTPEHHEM BBIOPAaHHOM TEeMbl HEOOXOOUMO CAENaTh OIHO
TEPMUHOJIOTHUECKOE yTouHeHHe. OOBEKTHI AIePHOM TEXHUKH, corfacHo crenuansHoctd 05.14.03, aTo
SJICpHBIC PEAKTOPHl M TEPMOSJACPHBIC YCTAHOBKM, W30TONHBIE HWCTOYHUKH M  yCTAaHOBKH,
UCTIONIB3YIONIME HM30TOMHBIC WCTOYHHUKH, KOMIUICKCHI SIICPHOTO TOIUIMBHOTO ITUKJIA, BKJIFOYAs HX
000pyI0BaHNE, KOMIIOHEHTBI, CUCTEMBbl HOPMAaJIbHOM AKCIUTyaTalliM M CHUCTeMbl Oe3omacHocTtu. Ha
NpPaKTUKE MPHHATA HECKOJBKO Jpyras kareropusanus oobekToB. CornacHo ctatbe 3 denepanbHOro
3akoHa (P3) Ne 170 [1], K kareropusiM OOBEKTOB HCIIOJIL30BaHMs aroMHOW »Hepruu (OUAD)
OTHOCSTCS siepHble yctaHOBkH (1Y), pammanmonnsie uctounuku (PU), mynkrel xpanenus (I1X),
terutoBbiensitone coopku (TBC) smepHoro peakTtopa, OOJIy4EHHBIC TEILIOBBIICISIOMNE COOPKU
(OTBC) sanepHoro peaktopa, sfaepHble Marepuansl (JIM), panuoaktuBHble BeuectBa (PB),
panuoaktuBHble 0TX06l (PAO), sgeproe ToruBo (AT) u otpadorasuiee sinepuoe Tomnuso (OAT). B
paMKax mpoOJEMATUKU SIACPHOTO HACNEIWsl JIaBHO HKCIIONB3YEeTCs €IIe OJHO TIOHSATHE — Tak
HA3bIBACMBI SICPHO W paJMalMOHHO omnacHbli 00BekT (SIPOO). B pabore Oymer B OCHOBHOM
UCTIOJIB30BAThCS KaTETOPHU3aIMs, PEIYCMOTpEeHHAs (eepaIbHbIM 3aKOHOM, a B T€X CIydYasx, Kornaa

p€ub HACT O BCCX THUIIAX O6I>€KTOB, — JI1 KPpAaTKOCTH 6yz[eT HCII0JIb30BaThes moHaTue JPOO.

1.1 Poub pacuyeTHbIX KOMILJIEKCOB IPH 000CHOBAHUS PAJHAIMOHHOM
oezonmacuoctu APOO

Mertoapl pemieHus 3a7ayd paAMallMOHHOW (DU3MKM, B TOM YHCJIE OLCHKH TpeOyeMbIX Mep
paAMallMOHHONW 3alllMThl U WHBIX IapaMeTpoB 0O€30MacHOCTH OOBEKTOB, JENITCS Ha JBa B3aWMHO
JOTIOJHSIIOIIMX METOJ/a: 3KCIEpUMEHTANbHBIN (3Mnupudeckuil) U pacueTHblid. [lepBblid, kKak MeToA
NOJIy4EeHHUsl HOBBIX 3HAHUH, ce0s1 B OCHOBHOM HCUepIial U Ha JaHHBII MOMEHT MpUMEHseTcs Haubosee
4acTO B KaueCTBE MCTOYHMKA BepU(UKALMOHHBIX TaHHBIX. [I0 Mepe HakoIJIeHHs TEOPETUYECKUX U
DKCIIEPUMEHTAIIBHBIX 3HAHUW CTAJIM AKTUBHO Pa3BUBAThCS PACUETHBIE METOABI M, KaK MX CIIEJICTBHUE,
IPOrpPaMMbl, KOTOPbIE CO BPEMEHEM CTaIM HEOTHEMIJIEMBIM HHCTPYMEHTOM COIPOBOXAECHUS paboT MO
IPOEKTHUPOBAHUIO, HKCIUTyaTallMM U BBIBOJY M3 JKCIUTyaTallUM BCEX KaTeropuil OObEKTOB siJepHOU
TexHUKU. CleACTBUEM A3TOrO sIBUJach UX Iiybokas auddepeHumanuss mo ypoBHSM TOYHOCTH (OT

MOJIYOMITUPUYCCKHUX 10 HpeHI/ISI/IOHHI)IX) n q)yHKHI/IOHaJ'H)HI)IM BO3MOXHOCTAM.

Pa3Butre mporpaMMHBIX CpEICTB BCETJa COMPOBOXKAAIOCH C TOTPEOHOCTBIO B PEIICHUU
aKTyaJIbHBIX Mpo0seM. IMEHHO 1o 3TOi MpUYNHE B HACTOSAIIEE BPeMsI HAKOTICH 3HAYUTENbHBIN OIBIT
B pa3pabOTKe M MPUMEHEHUU PACYETHHIX MPOrpaMM MPHU MPOSKTUPOBAHUH U IKCILTyaTallid 0OHEKTOB
SIEPHON TEXHHUKW. 3aJaud 3aKJIIOYHUTENbHBIX CTaJAWM >KU3HEHHOTO IMKJa CTajdd MaciTabHO

paccMaTpuBaTECA TOJBKO B TIOCIACAHEC JCCATHIICTUC, a HX CICOUAIU3HUPOBAHHOC PpPaCYCTHOC
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COIIPOBOXKACHUEC U MCTOAUYCCKOC obecneyeHne MPAKTUYCCKU OTCYTCTBOBAJIM HIJIM HMCEIIN 06].HHI>1 n

TEOPETUYECKHI XapaKTep.

Takast cuTyarus, ¢ IpOJOJKUTENBHBIM UTHOpUpoBaHueM npobsiem 3CXKL, cnoxunace emie Ha
3ape CTAaHOBJICHUSI aTOMHOM NPOMBIIUIEHHOCTH, KOIJa IJIaBHOW MpoOieMoil ObUT yCHEUIHbIH BBOJ
00BEKTOB B JKCIUTyaTalldi0 W OTpabOTKa HOBBIX SJAEPHBIX TeXHOJIOTUH. Bompoc omnpenenenus
nanpHelmeil cyap0bl OOBEKTOB W BBIBOJA W3 OKCIUIyaTalliM HE pAacCMATpUBAICA B CUILY

OrpaHUYCHHOCTH TPYAOBBIX U BPECMCHHBIX PCCYPCOB U OTCYTCTBUS OIIbITA.

s mocneqHero NecATUIeTUs XapaKTepHO BO3HUKHOBEHHE HOBBIX, C MO3UIMN pazHOOOpasus
KOHCTPYKIUH, TpeOOBaHMI K TOYHOCTH pacueTa (YHKIMOHANIOB, pACUETHBIX 3a/Jad [0 BCEM
HAIpaBJICHUSM pa3BUTUS SIIEPHOW TEXHUKU. Bo-NEpBBIX, 3TO COBPEMEHHBIE IPOEKTHI SAJEPHBIX
peaktopoB (BPECT-O-300, BH-1200 u np.) u paHee He cO3AaBaBIIMXCS OOBEKTOB, HAIPHUMED,
nyHKTOB 3axopoHeHust PAO [2]. Bo-BTOphIX, 3TO MOBBIIIEHHE HAJECKHOCTH OIICHKH XapaKTEPUCTHK
crposmuxcsi ADC [3] U, B-TpeThUX, 3TO IHUPOKOE BHEJIPEHUE KOMILUIEKCOB SAECPHOU MEAMUIIMHBI [4].
[lpakTuyeckas TOTPEOHOCTP B MX pEMIEHUHM HA BBHICOKOM HAYYHO-TEXHHYECKOM YPOBHE
CTUMYJIMpOBaia o0lllee pa3BUTUE PACUETHBIX CPEACTB, OJHAKO MPOOJIEMBbl 3aBEpLIAIOIIMX CTaaAuil

JKN3HCHHOI'O IMKJIa 00BEKTOB OHU HE 3aTparuBajin.

Bbonbioil koMIuiekc HOBBIX 3a/1a4, B MIEPBYIO OYEPEIb CBSI3aHHBIX C oOecreueHneM 0e30MacHoro
obpamienns ¢ PAO u OST u 6e3onacHocTu mpu BeiBoAe 3 3kciuryaTanuu SIPOO, yxe perraercs B
paMkax paboT 1o simepHoMy Hacnenuto [5-7]. Ilpu 3TOM MOXHO BBIACIUTH, IO KpaiiHEH Mepe, MATh
HalpaBJIeHUH pacueTHBIX HCCIIEAOBAaHUM, I/ie TpeOyeTcs COBEPIIEHCTBOBAaHNE METOJUYECKON 0a3bl U

MMpOorpaMMHBIX CPEIACTB:

1) Xapakrepusanuss PAO ¥ UCTOYHMKOB W3JIydeHHH IO pe3yibTaTaM HW3MEPeHHI

¢ depeHINATbHBIX U UHTErPaIbHBIX XapaKTEPUCTHK MOJIeH HOHU3UPYIOMINX U3TyUEHH.

Pemenne oOpaTHO# 3amauu, T. €. ONpEeAETCHUS XAPaKTEPUCTUK HMCTOYHMKA HOHM3HPYIOLIUX
uznydenuit (MMW) no pesynpTaraM H3MEpeHUM, SBISETCS CIOXKHBIM M 3a4acTyl0 HE HMEIOIIHUM
OJIHO3HA4YHOTO pemeHus. Pa3paboTka B3amMocBsi3aHHOrO nmojaxoja xapakrepuzanuu PAO u MUU ¢
IIPUMEHEHUEM  pPAaCUYETHBIX MCCIECIOBAaHMA M  M3MEPEHUHM MOXET 3HA4YUTEIbHO CHHU3UTh

HCOMPCACIICHHOCTH B OINPECACIICHUN Tpe6yeMLIX mapaMETpoOB.

Takue 3agaun Bcrpeuatorcs npu npoeaeHnn KMPO u xapakrepusanum HakorieHHbIX PAO.
Hampumep, ompenenenue paauoHyKIMIHBIX cocTaBoB PAO kmacca 1 [8], mmaHupyembIx K
pasMelmieHn0 B TyHKTe TiyomnHoro 3axoponenuss PAO (III'3PO) [2]. Ha naHHBIE MOMEHT
3HAUUTENBHOE KOJIMYECTBO TAKUX OTXOJOB HAKOIUIEHO B Mpoliecce MepepadoTku oTpaboTaBIIero

saneproro torumBa (OST) Ha 3aBoge PT-1, pacnonoxkennoro Ha ®I'VII «I10 «Mask» [9]. B cumy
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OTCYTCTBHSI Ha TMPOTSDKEHHWU JIONTOr0 BPEMEHH MPaKTUYECKOW HEOOXOAMMOCTH, 3HAaHUA O
panuoHykiuaHOM coctaBe PAQO XxapakTepu3yrTcs CYHIECTBEHHBIMH MpoOenaMu ¥ OOJIbIIUMU
HEOIPEICICHHOCTSIMH IO PSAY KIIIOUEBBIX JUIS OLIEHKU JTOJITOBPEMEHHON 0€301MacHOCTH, HO paHee He
paccMaTpUBaeMbIX PaAMOHYKIUAOB. s Tieneid omeHku monrocpoyHoit OeszomacHoctu [II'3PO
MUHUMU3ALMS HEONpEAeICHHOCTEH sBIsleTcs OJHOM M3 NPUOPUTETHBIX 3amad. l3mepenue
panuonykingHoro cocraa PAO ¢ momouipio METo10B HEpa3pylIAloUIero KOHTPOJIS IPEACTaBIISETCS
KpaifHE TPYTHOBBIIOJIHUMBIM MEPONPHUATHEM B CHIY OOBEKTHBHBIX MPUYHUH, OOYCIOBIEHHBIX
BBICOKMM (hoHOM m3nyueHuil. Pemenue 31oit npobiaembl O6e3 MPUBICUEHUS PACUETHBIX KOMILJIEKCOB U
dbopMUpOBaHUS CHELMATBHBIX YCIOBUH [UIsi U3MEPEHHM HE MpelCTaBisieTcs MPaKTHUYECKU
peanuzyembiM. [loaTomMy, i €€ YCIEUTHOTO PEIICHHS TPEACTOUT BBIOJIHUTH KOMIUJIEKC PACYETHBIX U
IKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN C TIIENBI0 Pa3padOTKHM METOIUYECKOrO0 TOJIX0Ja, KOTOPBIN
MO3BOJIUT OLICHUTh PAJAMOHYKIUIHBIM COCTaB Jis Kaxaou maptuu ynakoBok PAO mpu ycnoBuu

U3BECTHOM HCTOpUH UX 06pa30BaHI/IH.

s 6onee 3¢p(HEKTHBHOrO TUTAHUPOBAHMS IMPOBEICHUS HCCICIOBAHUN, HEOOXOIAMMO TaKXKe
OTPENICIIUTh PATUOHYKIINIbI, 3HAUUMBIC U1 OIICHKH JOJIrOBPEMEHHOHN Oe3omacHoCcTH. B oTiamuune ot
stana 3arpy3ku PAO B [I3PO, korna paguaimOHHYI0 0OCTAaHOBKY OIPEACISIFOT JIOCTATOYHO XOPOIIO
U3BECTHBIC M H3MEPSIEMbIC PAJUOHYKIUJIbI, TaK KaK OHHU SIBISIOTCS HCTOYHHKAMHU TaMMa- M
HEHTPOHHOTO M3IIyYCHHH, 3a/auya ONPEACACHHUS 3HAYMMBIX DPATHOHYKIUJIOB B KOHTEKCTE OLICHKH
JIOJITOBPEMEHHOMN 0€30MaCHOCTH, TO €CTh Ha JICCATKH U COTHH THICSY JIET CYHICCTBEHHO CIOXHEH. J{ist
e€ pemeHuss TpeOyeTcs  BBINOJHUTH  PSAJl  PaCUETHO-DKCIICPUMEHTAIBHBIX  UCCIICIOBAHHMIA,
HANpaBJICHHBIX HAa PEKOHCTPYKIUIO COJCPKAHUS JOJTOKUBYIIMX W  TPYIHOIETCKTHPYEMBIX
PaIMOHYKIIM/IOB, a 3aTeM OIICHUTh W3MEHEHHE PaJHOHYKIUIHOTO coctaBa PAO Ha IOITOCPOYHBIMA

nepuoa, B TOM 4UCJIC C yHCTOM LCTIOYCK paJHOAKTUBHOI'O pacriaaa.

2) HpOFHO3I/IpOBaHI/Ie OCTaTOYHOM PaarOaKTUBHOCTH, TCTIJIOBBIACICHUSA U NHBIX MOCIEACTBUI

O6J'IyLIeHI/I$I MaTCpuaJIOB.

OOBEeKTOM HCCIIEJOBaHUM B 3TOM HaIpaBJIEHUU SIBISIIOTCS, B mepByto ouepens, 1I13PO. 3nech
BBIJICJISIFOTCS /1BA TUIIA 3a/1a4, IEPBBIE — PacyeT TEIUIOBBIICICHUS HA TOJITOCPOYHBINA ITEPUO, BTOPBIE —
pacyeT J1030BBIX HAarpy3oKk Ha MaTepual MHXEHEpPHbIX OapbepoB Oe3omacHocTH. Pacuer
TETUIOBBIZCTICHHS 32 CUET PaJAMOAKTHUBHOIO pacrlaja M SACpHBIX peakuuid Tpedyercs /Ui JanbHenen
olleHKH Temneparypsl yrnakoBok ¢ PAO nnu OT, a onieHKa 1030BBIX HArpy30K Ha MaTepHall 3allHUThl
— OAMH U3 (aKTOPOB, BIUSIOUIMX HAa MU3MEHEHUS M30JSIMOHHBIX CBOWCTB MH)KEHEPHBIX OapbepoB

0€30IaCHOCTH.

OI_ICHKI/I OCTATOYHOT'O TCIUIOBBIACIICHUSA TIPOBOAATCA Ha TMPOTAKCHUU OOJIOoro BpPCMCHH,

IMPUMEHUTEIBHO K OINpPEAETICHUI0 HEOOXOIUMBIX YCIOBHH A mpoMexyTtoyHoro xpanenus OAT u
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PAO, nonyuennoro B pesynbrare nepepadbotrku OST. Hampumep, xpanmnmuma OAT BBOP-1000 u
PBMK-1000 na ®I'VII «I'XK», ocreknoBanasie BAO (OBAQO) na ®I'VII «(I10 «Masik». Ceityac xe
CTaHOBSTCS aKTyaJbHbIMU OOJIEE€ CIIOKHBIE 3aJaud, CBA3aHHBIE C PAaCUETOM 3HEPIOBBIACICHUS AJIs
1esei oreHku aoiaroBpeMenHoi 0eszoracHoctd [11'3PO, cCOOTBETCTBUS KPUTEPHAM MPUEMIIEMOCTH U
T. 1. C yderoM TOro, 4ro HHUKAKUM JPYTMM CIOCOOOM, KpOME pacueTHOro, CIpPOrHO3UPOBATH
W3MEHEHHUE TEIUIOBBIICIICHNS B TEUEHUE JJIUTEIIBHOTO BPEMEHU HE MIPE/ICTABIISETCSI BO3MOYKHBIM, POJIb
pacyeTHBIX MpOrpaMM B ITOM CiIydae SBISeTCS omperensionieid. Takue pacdeTsl HEOOXOIUMO
o0ecrieunTh  BepU(MULMPOBAHHBIMH  SACPHO-(PU3UUECKHUMH  JaHHBIMM M paJHallMOHHBIMU
XapaKTepUCTUKAMU sifiep. MOXKHO BBIACIUTH JBE OCOOEHHOCTH B IPOBEJICHUU OLICHOK: IepBas —
BPEMEHHOW MHTEpBAJI, HA KOTOPBIA OYAYT PacHpOCTPaHATHCS PACUETHBIE HCCIEAOBAaHUS, BTOPOH —
NeTaJdbHBIN y4YeT IIeTOoYeK paJAMOaKTHBHOrO pacmana. [Ipm sTomM Hew3OexHO OyayT BO3HHMKATH
CUTYalluH, IPU KOTOPHIX HEOOXOIMMO OLIEHUTH COJIEPKaHUE PsiJia PAIUOHYKIIUIOB, KOTOPHIE paHee He

pacCMaTpuBaJIiCh.

Pemienne 3amauM  TpPOTHO3UPOBAHUS JO30BBIX HArpy30K Ha Marepuan 3alluThl |
TETJIOBBIICTICHUS SIBIISIFOTCSI TIPOU3BOHBIMHU OT MPOOJIEMBI OMPEAeNCHUs PAIUOHYKIUIHOTO COCTaBa
PAO. Ilpu sTom u3mepenus temmneparypsl 00004ku ynakoBku ¢ PAO u pemenne odpaTHOi 3aqauu
M0 OMNpENEJICHUIO TEIUIOBBIACICHUSI TOJKHBI OyIyT SBIATHCA YAacThIO MOJXOJA MO OMPEICNICHUIO

cocraBa PAO.
3) CormpoBoxieHHE JeMOHTXHBIX padoT mpu BD OUAD.

B Poccun B Omwxkaiimume 10-15 ner miaHupyeTcss OKOHYATeNlbHAs OCTaHOBKAa PabOTHI psna
HHEproO0KoB crieayromux TunoB peaktopos: PBMK-1000 (Jlenunrpaackas u Kypckas ADC), OI'TI-6
(bumnbunckas ADC) u BH-600 (benosipckas ADC); yxe ocTaHOBJIEHBI dHeproonoku tuma AMbB
(benospckas ADC) u BBOP-210, 365, 440 (HoBoBoponexckas ADC). bonsmuucteo ADC oyayt BO
no cueHapuio «JleMoHTax», T. €. OyAyT mpoBeleHbl paboTHl MO yaajdeHuio Bcero o0bema PAO u
CTPOUTENBHBIX KOHCTPYKIMHA. [Ipr MOArOTOBKE K MPOBEAECHUIO 3TUX MPAKTHUECKUX pabOT 0KUAAETCS
KOJIOCCAJIbHBI  00BEM  IpeIBAPUTENIbHBIX MCCIEIOBAaHUM, HaNpaBlIE€HHBIX Ha 00OCHOBaHUE
npeJiaraeMblX pelieHuii, cpokaM nposeaeHus U np. Kak nmokassiBaeT MexayHapoaHasi IpakTHKa, 0e3
IPOBEICHUS MOJHOMACIITAOHBIX paboT mo MoxenupoBanuio OMAD, pacueTHBIX HCCIEOBAHUMN
U3MEHEeHHS PaaUallMOHHOM 0O0CTAaHOBKHM HAa TEKYIIMH MOMEHT U IMPOTHO3MPOBAHHUS MOCIE BBIIEPKKH,
Takylo paOOTy BHIIOJHUTH HEBO3MOKHO. [loaTOMY pa3paboTka Moaxo0/10B, C MPUMEHEHUEM PACUETHBIX

KOMIUIEKCOB IS 1IeJIel COMTPOBOXKAEHUS paboT OyIeT OJHOM U3 ONpPEeaesIOIINX.

Jns pemeHust mpobieM Mo SAepHOMY Hacienuio B pamkax Meponpustuit OLIT SPB-2
IUTAHUPYIOTCS K BBIBOJY M3 dKcIuryaTanuu 6osiee cta OMAD. C yueToM OTCYTCTBUSI MPAKTUYECKOTO

OTIBITa TIPOBEJEHUS TMOJOOHBIX paboT, MOTpedyeTcss pa3padoTKa METOAMYECKHX IOJXO0J0B, B TOM
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4yucie, C TMPUBICYECHUEM pacyeTHBIX KoaoB. Padorer mo BD APOO obs3arensHO mpeaBapstoTcs
nposegennem KHMPO. IlpoBeneHue pacueTHBIX MHCCIENOBAaHUM, OCHOBAaHHBIX Ha pe3yjbTaTax
U3MEpPEHUH, JOJDKHO IOKa3aTh W3MEHEHHE paJuallMOHHOW o0cTtaHoBKM npu yaainenun WU u
HaubOosee ONTHUMAJbHBIM CLEHapuil yHajdeHHsl OCHOBHBIX J103000pa3yloOlIUX 3JEMEHTOB B
ucciaeayeMoM oObekTe. IIpoBeneHHEe TakuX OIICHOK IMO3BOJIMT HamOojee 3(PheKTHBHOM 00pa3zom

CIUIAaHUPOBATh MIPOBeIeHUE paboT HAa 0OBEKTE M OIICHUTh HEOOXOJUMYIO PAJAUAIMOHHYIO 3aIIHTY.

Kak moka3piBaeT MpakTHKa, OTCYTCTBUE TJIyOOKOH IpenBapUTENbHOM  MPOpabOTKU
IPEUIaraéMblX PELIEHUH MOXET MPUBECTU K OTPULATEIbHOMY Pe3yJbTaTy paboThl B LIEJIOM, a POJIb
pacyeTHbIX KOMILJIEKCOB JJIi HEKOTOPBIX ciaydaeB Oyzaer pemarouieil. Hampumep, BeinosnneHue padot
0€3 JOKHOTO METOJUYECKOI0 U PACUETHOIO CONPOBOXKIEHHUS IPUBEIIO K TOMY, YTO PEKOHCTPYKLIUS
xpanmmma JKPO na OI'VII «I'XK» Tak m He Oblma mpoBeneHa. BwimomHeHHBIE pabOTHI MO
JIe3aKTUBALMA U COOPYKEHHUIO JIOTOJIHUTENBHON paJuallMOHHON 3alUThl HE MPUBEIH K TpeOyeMbIM
[OKa3aTeasiM IO CHIDKEHHIO MOIMHOCTH J03bl. C ydyeToM TsDKENOW paauallMOHHOM 0OCTaHOBKH,
IPEMSTCTBYIONIEH NPOBENEHUIO JalbHEUIIMX pPaboT MO OO0YCTPOHCTBY €MKOCTEH, ObUIO MPHUHSITO

pelieHue o MpeKpalieHny peain3aluy JaHHOTO BapHaHTa PEeKOHCTPYKIUU.
4) PamuanuoHHas 0€30MaCHOCTH IIEPCOHAIA.

OpnHoli M3 3a7a4 ATOrO HAIPABJICHMS SBISIETCS OLEHKA JO30BOM HAarpy3ku Ha IIEpCOHAN IpU
MOBTOPHOM HCIIOJIb30BAaHUU DPAJUALMOHHO 3arps3HEHHBIX MaTepHUajioB, HAlpUMeEp, METAJUIOB U
OETOHHBIX KOHCTPYKIIUI1, KOTOpbIE 00pa3ytoTcs B OOJIBIIOM KOJUYECTBE B XO/I€ BHIMOIHEHUS paboT 1Mo
BD APOO. O6ocHOBaHME MOBTOPHOTO MPUMEHEHHUS TAaKUX MAaTE€pPHaJIOB MO3BOJUT CHU3UTH OOBEMBI
3axopaHuBaeMblx PAO B NMyHKTax 3aXOpOHEHHUs, U3TOTOBUThH M3/EIHs HEOOXOAUMBbIE Ul OTpaciu U
np. 3arpsi3HEHHbIE METAJJIBI MOYKHO HUCII0JIb30BaTh B KAUECTBE ChIPbs MTPHU MPOU3BOACTBE KOHTEHHEPOB
1uist 3axopoHeHust PAO, apmatypbl B OETOHHBIX KOHCTPYKIMSIX U JAp.,  PaJUallMOHHO 3arps3HEHHbIN

O0eToH AJId 3aCBbIIIKA BOAOCMOB-XPpaHHJINIII.

Hpyras 3amaga — 3TO OIICHKA J030BOM HArpy3KH Ha MEpPCOHAN MPHU MPOBEACHUU PabOT 1Mo
u3BneueHnro PAO. Hanpumep, oreHka pacmnpeneraeHuss MOIHOCTH 103kl TTPU BCKPBITHH OETOHHOTO
nyHkta xpaHeHus PAQO T103BOJUT OLEHUTH O€30MacHOE€ pACcCTOSIHUE, Ha KOTOPOM CIEIYET
pacriojaraTeCs OINEPATOpPy OJKCKaBaTropa. Ha mopsmok croxxkHee - OLEHKa MOIIHOCTH 1103 B
3arpsi3HEHHBIX TMOMEIICHUSX, 1€ UCTOYHHKOB H3JIYYCHUH MOXKET OBITh HECKOIBKO, C Pa3HBIM

COCTaBOM M aKTHUBHOCTBIO.

5) Komrutekc 3amad Mo COMPOBOXKICHHIO MPOEKTOB COOPYKEHHS OOBEKTOB C MOIIHBIMH

CUCTCMaMH paﬂHaHHOHHOﬁ 3allluThI.
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B pamkax coznmanus [1I'3PO npeacTouT pemmTh KOMIUIEKC CBSA3aHHBIX 33/1a4 IO 00OCHOBAHHIO
panuaoHHON 0e30IaCHOCTH Ha 3Tamnax 3arpy3ku-pasrpysku PAO, tpancnioptiupoBanus u np. OaHoiM
U3 KIIOUEBBIX SBIISIETCS ONPENEJICHUE XapaKTePUCTUK HCTOUYHMKOB HMOHU3HPYIOLUIUX H3IIYYCHHI.
[TepBbrii Bapuant npoekta 1o cosnanuto [1I'3PO yxe paspabotaH, HO MO OIEHKE AKCIIEPTOB MMEET
PS HEIOCTATKOB, MTO3TOMY HOBBIE HCCIIEIOBAHUS, B TOM UYMCJIE pacdeTHbIE, MOJIKHBI CTaTh OCHOBOM
Uil ero KOppeKThpoBkH. Hampumep, cyiecTByromas TpPaHCHOPTHO-TEXHOJOTUYECKAs LIETOYKa
onepauuii no mnepememnieHuo ynakoBok ¢ PAO u3z TYK B moa3eMHyI0 CKBOKHUHY HE SBISICTCS

ONTUMAJILHOM IO LIETIOMY PSAY KPUTEPHUEB, B TOM UUCIIE PaIUallHOHHOMY.

Takoro poaa mpo0ieMsl HE MOTYT OBITH pelIeHbl 0e3 MPUMEHEHHUS! PACYETHBIX KOMIUIEKCOB. C
Y4EeTOM TPOCKTHPOBAHUS COBEPIICHHO HOBOTO OO0OBEKTa, a TakXke pelIeHHs paHee He
paccMaTtpuBaeMbIX 3anmad (ompenenenue coctaBoB PAO um np.) morpeOyercsi pa3paboTka HOBBIX

MCTOJUYCCKHUX IMOAXO0A0B, BKIIKOYas COIIPOBOKIACHUEC SKCIICPUMCHTAJIIbHBIX HUCCIICIOBAHUM.

Kak mokazaHo Bpille, [Js peUIeHUS NPaKTHUYECKUX 3agad TpeOyeTcss MOJAroTOBKa
COOTBETCTBYIOILIETO  CIELMAIU3UPOBAHHOIO  PACUYETHOTO HHCTPYMEHTapus M METOJUYECKOIrO
oOecnieueHus. OOBEKTAaMU HMCCIEAOBAHUN IMPH 3TOM SBJISIOTCS KaK OOBEKTHI SJIEPHOIO HACIEIus
(mynktel xpaneHuss PAO, 3maHus, BOIOEMBI M TIp.), TaK U BIEPBBIC MPOCKTUPYEMbIE OOBEKTHI,
Hanpumep [1I'3PO. C yyetom ocobeHHOCTEH 00BEKTOB HACIEIUS U B YCIOBUSX HIMPOKOMACIITAOHOTO
pemenusi 3amay OLIT SAPb-2, i mpoBeaeHHs pacyeTHBIX MCCIECIOBAHUNA IO ONPEIEICHUIO
XapaKTEePUCTHK  paJMAlMOHHBIX  TOJEH, WCTOYHMKOB  HWOHM3HPYIOIIMX  M3Iy4eHHH B
CJIO)KHOYCTPOEHHBIX OOBEKTax M Jp., HEOOXOAMMO MCIIOJIB30BaTh JIOCTYNHbIE, BEpHU(PUINPOBAHHBIE
IpOTrpaMMBbl C JPYKECTBEHHBIM HHTEpQeiicoM, KOTopble UMEIOT Hambosee ruOkue BO3MOXXHOCTU. B
ClIy4ae OTCYTCTBUS TaKOBBIX TpeOyercs JuO0 J0paboTKa CYIIECTBYIOIIUX, JTUOO CO3JaHUE HOBBIX
nporpaMM. BaXHBIM MOMEHTOM SIBJISIETCS BO3MOKHOCTH JalbHEHMINETO0 Ppa3BUTHS MPOTPaAMMHBIX
CPEZCTB C YYETOM COBPEMEHHBIX TpPeOOBaHUM, a TakKe He TPeOyIOIUX OT MPEIMETHOTO CIIEHUAINCTa

Y3KOCTICNUAJIIN3UPOBAHHBIX, I‘J'IY6OKI/IX 3HAHUM 110 PACUYCTHLBIM IIpOrpaMMam.

1.2 CoBpemMeHHO€ COCTOSIHHE PACYETHBIX MPOrPaMM M KOHCTAHTHOIO
o0ecrneueHus VISl MOACJIMPOBAHNS PaAHAIMOHHBIX XapakTepucTuk OUAD

Pa3paboTka mporpaMMHBIX CpPEICTB JUIsl pacdyeTra TMepeHOoca WOHU3HPYIOMUX H3ITYyYEeHUH OT
Hayajla 1 Ha HNPOTAKCHUHN JOJITOro BPEMCHH BEJIaCh MNMPECUMYIICCTBCHHO IO ABYM HAIIPABJICHHUAM:
PEaKTOPHOMY M 3alUTHOMY. Takoe paszjeneHue OOYCIOBIEHO MPAKTHUYECKHMMH MOTPEOHOCTSIMU, B
MEPBYIO OuYepe/ib, BO3HUKAIONUMU MPHU MPOSKTUPOBAHUU OOBEKTOB SJEPHON TEeXHHKHU. PeakTopHbIE
nmporpamMmsel, T. €. T€, ¢ IMOMOIIBIO KOTOPBIX MOACINPOBAIUCH H€I>'ITp0HHO-(1)I/ISI/I‘IeCKI/Ie IMpOLECChI B
peakTope, ObLTHM 0oJiee MPHOPUTETHBIMH, TaK KaKk HEOOXOAMMO OBLIO OOecTrednBaTh JOCTATOYHYIO

TOYHOCTh pacuera (Hampumep, K,pp) 11 000CHOBaHHS PEXHUMOB paboThl peakropa. Paspaborka
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3alIUTHBIX IpOrpaMM ObLja HallelieHa Ha OIIEHKY XapaKTEepPUCTUK TpeOyeMoil OMOIOrnuecKoi 3aiuThl
OT MOHM3HMPYIONIMX H3Iy4YCHUU, e TpeOOBaICsS KOHCEPBATUBHBINA MOAXOMA (MPU KOTOPOM 3allluTa
rapaitupoBaHa). Ilo Mepe pa3BuUTHA pacueTHBIX METOJOB M CYIIECTBEHHOI'O IIOBBIIICHUS
OBICTPOACHCTBHSI KOMITBIOTEPHOW TEXHHMKH, (YHKUIMHM MPOrpaMM 3HAYUTENIBHO PACHIMPUIKCD,
MOSIBUJICh YHUBEPCAIbHBIE IMPOrPaMMBbl, KOTOpPbHIE YCHEIIHO pEIIad KaK pEaKTOpHbIe, TaK U

3allMTHBIC 3aJa4Hu.

Jns Toro yTtoObl ompeaenuTh Haubonee 3(PPEKTUBHOE PACUETHOE CPEACTBO JUISl PELICHHS
aktyanbHbIX mpobaemM 3CXKL] 06beKTOB HCMONB30BaHUS ATOMHOM 3HEPrHH HEOOXOIAMMO IMPOBECTH

AQHAJIN3 CYIIECTBYIOUINX MPOrPaMM.

B pamkax aHanmm3a BO3MOXHOCTEW COBPEMEHHBIX HMPOTPAMMHBIX CPEACTB, HEOOXOAMUMBIX IS
pelmeHus 3aJad W3 BBILICONMCAHHBIX HAIPABJICHHWM, KPaTKO PACCMOTPUM KAaK POCCHMCKHE, TaK H
3apyOeKHbIE IPOrpaMMBI Ul pacyeTa NepeHoca HOHU3UPYIOIIUX U3Ty4YeHUN U HyKIMAHON KUHETUKHY,
OLIEHUM OMNbIT MX MWCHOJb30BaHMUSA M BBIAEIUM Hauboyiee MOIXOAALIME s BKIIOYCHUS B

pa3pabaThIBa€Mblil CIICITUATM3NPOBAHHBIN KOMIUIEKC, a TAKKE MPOOJIEMHBIC 30HBI.

B wactu mporpamm miis pacuera mepeHOCa MOHM3UPYIOIIMX H3IYYCHUH HauOosiee MpPOCTHIMHU
SBJISIFOTCS TaK Ha3biBaeMble HHKeHepHbie [10, 11], menp KOTOPBIX — OBICTPBIH pacyeT J030BBIX
XapaKTepUCTHUK OT MPOCTOr0 HCTOYHUKA H3IyueHHUs 3a 3allUTOil B MpocToil reomerpuu. KMx
HEJIOCTAaTKU — >KECTKHE OTPAaHUYEHHUs M0 3aJaHUI0 TEOMETPUM HCTOYHHMKA W 3alIUThI, OOJIbIINE
MOTPEITHOCTH, a TaK)Ke€ OTCYTCTBHE yueTa anbOeno usimydeHui. [I[porpaMMbl Takoro ypoBHS XOPOIIH
JUTSL TIEPBBIX OIICHOYHBIX PAcUETOB, HO HE MOAXOMAT s Ooyiee NeTATbHOTO U3YUEHUs pagralliOHHON

00CTaHOBKH.

VYcenemnoe pa3BuTHe (PU3MYECKUX M MATEMAaTHYECKHUX MOJIETIEH TPOIIECCOB B3aUMOJIEHCTBUS
HEUTPOHHOTrO M (DOTOHHOTO U3JIyYEHUH C BEIIECTBOM IO3BOJIMIIO BHIBECTH pAacUETHBIE IPOrpaMMBbl Ha
YPOBEHb, KOrJa IpU TOYHO 3aJaHHOM TEOMETPUM pacueTa METOAMYECKas COCTABIIAIOIIAs
HOTPEIIHOCTH CBOAMUTCS K MHUHUMYMY, a OOJbIIMN BKJIAA B HEE OMNpEeAeNsieTcs HCIOIb3yeMbIMU
AEPHBIMU KOHCTaHTaMU. Takue mporpaMMbl TNPUHATO HAa3bIBaTh MPEHU3MOHHBIMU. B wactu
pa3paboOTKM TakuX TMPOrpaMM MPHUHATO BBIAEIATH JIBA HANpPABIEHUS: IEPBOE — «CETOYHBIE»
nporpaMMmsel  (S,-porpamMmsl) € JETEPMUHUPOBAHHON IOTPEIIHOCTBIO, PEAIU3YIOIIUE METOBI
JUCKPETHBIX OPAMHAT, BTOPOE — «CTATUCTHUECKNE» MIPOIPAMMBI, CO CTATUCTUYECKOW IOTPELIHOCTHIO,
peanusytouie meron Monte-Kapino (MK-nporpamwmsr). Takue mnporpammbl MONYYHUIIH IIHPOKOE
IIPUMEHEHNE IpU pEUICHUU psAfa NPaKTUYECKHX 3a4ad, HO B IIEPBYIO OYEpedb pPEaKTOPHBIX.
PaccMOoTpuM HEKOTOpBIE M3 COBPEMEHHBIX MPEIM3HMOHHBIX POCCHHUCKHUX U 3apyO€KHBIX MPOrpaMm

Oonee moapoOHO.
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MK-npoecpammwi

Cpenu nporpamMm Ipenu3MOHHOTO Kiacca HauOoJblee paclpoCTPaHEHUE B MPAKTHUKE PacyeToB
(YHKIMOHATIOB TUIOTHOCTH MOTOKOB HEUTPOHOB M (POTOHOB MONYYMIH Bepcuu mporpammbl MCNP
(MCNP-4B [12], MCNP-5 [13], MCNPX [14]), Geant4 [15], a Takke BEpCHU OTCUECTBEHHBIX
nporpamm: MCU (Bepcun MCU-RFFI/A [16], MCU-RR [17], MCU-PTR [18], MCU-FR [19] -
paszpaborku HULI «KypuaroBckuit mHCTUTYT»), nporpamma BRAND (MATD HUAY MUOU [20]),
nporpamma TDMCC (POAL-BHUND® [21]), nporpamma [IPUSMA (POAL-BHUNUT® [22]). Ot
IPOrpaMMbl IIUPOKO HCIONB3YIOTCS AJIi OOOCHOBAHHMM SACPHOM M pagualliOHHOW Oe30MmacHOCTH
O0BEKTOB SACpHOM TeXHHKH. PacueTHble BO3MOXKHOCTH MPOTrpaMM HE HMEIOT HPUHLIUIHAIBHBIX
OTJIIMYU, @ TOYHOCTh POBOJUMBIX OLIEHOK B OOJBIICH CTEICHU 3aBUCHT OT MCIOJIB3YEMBIX SIIEPHBIX
JAHHBIX U TOYHOCTU pa3zpaboTku mozenu. [Ipu 3ToM coBpeMeHHBbIE OTE€UECTBEHHBIE Pa3pabOTKH B

JIOCTaTOYHOM Mepe JOCTYIIHBI, B OTJIUYHME OT, HAIpUMEpP, aMepuKkaHcKoi rmporpammel MCNP.
SN-npoepammor

B nocnennee necsituieTue 3HAUYUTEIBHBIN POrpecc ObUT XapaKTepeH ISl CETOUHBIX MPOTPaMM,
peaTu3yIomuX METOIbl JAUCKPETHBIX OpIMHAT, KOHEYHBIX JJIEMEHTOB U pa3JIMYHbIE HOAAIbHBIC
meTonel. Hanbonee pa3Buthie mporpammbl 3Toro HampapieHusi — mnporpammel KACKAJI-C [23],
KATPUH [24], PAAYI'A [25], ANISN [26], TORT-DORT [27], DOT-4 [28] u ap. B Hux
UCIIOJIB3YIOTCSI «CETOYHBIE» aJITOPUTMBI C BBICOKOM CTEMEHbIO JACTAIU3AIMU T'C€OMETPUUYECKUX
CTPYKTYp, YTO IMO3BOJIET CBECTH MOTPEITHOCTH MPOCTPAHCTBEHHON JUCKPETU3AIMH K CKOJIb YT'OJIHO

MaJIoil BEJIMYNHE.

B wmenoM, MOXXHO KOHCTaTHMpoBaTh, uyTOo B Poccum M Mupe pa3paboTaHbl U YCIEUIHO
MIPUMEHSIOTCS JECATKH MPOTPaMM Pa3JINYHOTO YPOBHSI TOUHOCTH JJIs pEHIEHUS MPAKTHYECKUX 3a7a4 B
o0nacTu paguallMOHHOW 3aliuThl U Oe3omacHocTd. Ha pa3paboTKy HEKOTOpBIX W3 HHUX MOTPAaYEHbI
coTHHU uen.-neT. Cnenudurka HOBBIX 33/1a4 CBsI3aHA C MOBBIIIEHHBIMH TPEOOBAaHMSIMU MO TOYHOCTH
ONHUCAHMs, TNPEXKIE BCEro, I'€OMETPUM HCCIEIyeMOro OOBEKTa M XapaKTepUCTUK HCTOYHUKOB
u3nydyeHuil. Ha mnpakTuke OHM MOTyT OBITh pEIIEHbl TOJBKO C TNPUMEHEHHEM MPELU3HOHHBIX

MPOrPaMM.

OCHOBHOE NPEUMYIIECTBO «CETOYHBIX» Sy-nporpamm nepen MK-nporpammaMu 3akiiroyaeTcs: B
3HAUUTENBHO MEHBIIHUX 3aTpaTax BPEMEHU Ha BHIUUCICHUS (KaK MHHHUMYM Ha TMOPSAOK), B TO BpeMs
Kak mpeumyiiectTBoM MK-mporpamm SBISIETCS OTHOCHUTENBHO OOJiee MPOCTOW W YHUBEPCATbHBIN
Croco0 OMHUCAHMS CIOKHBIX TEOMETPUUECKUX CTPYKTYpP C HCTOJb30BAaHUEM METOJI0B KOMOMHATOPHOM
reomerpun (OyneBbix omeparnuii). bonee yauBepcanpbHbiMuU sBISIFOTCST MK-TTporpaMMbl, BO3MOKHOCTH
KOTOPBIX TO3BOJISIOT JE€TaIbHO OMHCATh T€OMETPUIO MPAKTUYECKHU JIF0OOOTO MOAECTUPYEMOTO 0OBEKTa.

ZIOJ'IFOG BpEMA KX MIHUPOKOEC HCIOJb30BAHUC HMEIIO P OFpaHquHHﬁ, KIIFOYEBOC M3 KOTOPBIX —
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IPOU3BOJUTENBHOCTh BBIYUCIUTENBHOM TeXHUKU. C MOSBIEHUEM MOIIHBIX BBIYHUCIUTEIIBHBIX
KJIACTEPOB OTPaHMYEHUE IO ITOMY KPHUTEPHUIO INPAKTUYECKH CHATO. TOYHOCTH MOAEIUPOBaHUS C
ucnonb3oBanueM MK-mporpamm, Kak mpaBuiio, OrpaHHYEHa HEONPEAEICHHOCThIO KOHCTAHT B (paifiax
OLICHEHHbIX SJIEPHBIX JaHHbIX. HecMOTps Ha 3aMEeTHBIN BBIUTPBHIII 110 BPEMEHHU CuUeTa IpPH MPOYUX
PaBHBIX YCJIOBUSX, BO3MOXKHOCTU «CETOUHBIX» IPOTPaMM I10 y4ETY BCEX OCOOEHHOCTEH reoMeTpuu U

UCTOYHUKA 00BEKTa HIDKE, 4eM y MK-nporpamm.

AHamn3  QyHKIMOHANBHBIX  BO3MOxHOcTelh  MK-mporpaMMm 1mo  pacueTry  mepeHoca
VMOHM3UPYIOLIMX H3JIyYEHUN IPU PEIICHHH «3AlMTHBIX» 3a7ad NMPEUMYIIECTB HE BbIABHI. OLICHHB
JOCTYIHOCTH nporpamm (tabsuua 1.1), cnenan BbIBOJ, 4TO HanOoJee NOAXOASIMMHU /7Sl BKIIOYESHUS
B pa3zpalaTbIBa€Mblii MPOrPaMMHBIN KOMIUIEKC JUIsl pelieHns akTyanbHbIX npobiem 3CXKL] sBistorcs
oreuyectBeHHble mporpaMmmel TDMCC u MCU-FR, xotopbie akTHBHO pa3BHUBAIOTCS M JIOCTYIIHBI B
Poccun. 3apyOexHble HporpamMMmbl Ie€cO00pa3sHO HCHOJIb30BATh B  KpOCC-BepU(PUKALIMOHHBIX

pacucrax.

Tabmuna 1.1 — @yHKInoHaIBHBIE BO3MOKHOCTH M JJOCTYITHOCTh IIPOTPaMM

Pacuer
HaszBanue
e nepeHoca B JocTynHOCTh
raMma-kBaHTOB | K,p¢ | MapamielbHOM | BBIFOPaHUs
Y HEUTPOHOB pexuMe
+
MCNP4B + + +/- -
/ (arrectoBaHa B PO)
MCNP5, +
BEpCUU J10 + + +/- - (mostyueHa psiiomM
5.1.30 opranuzanuii B P®)
+/-
MCNPX + + +/- +/-
(arrecToBana B PO)
Geant4 + - + - +
+
TDMCC + + + +/-
(arrecToBana B PO)
+
MCU-FR + + + +/-
(arrectamnus B 2019 roay)
BRAND + + +/- - +/-

Jns pacyera paguallMOHHBIX XapaKTEPUCTHK HCTOYHUKOB M3JIyY€HHH HEO0OXOIMMO HMETh
MH(OPMALIMIO O PAIUOHYKIMAHOM cocTaBe. JlJii 3TOro NMpUMEHSIOTCS MPOrpaMMbl, MOJEIHUPYIOIINE
U3MEHEHHE HYKJIMIHOTO COCTaBa B Ipollecce HEHTPOHHOro OOIydeHHs W paMOaKTHBHOIO pacraja

(Serpent [29], MONTEBURNS [30], FISPACT [31], ACDAM-2.0 [32] u ap.).
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Bce 5Tm mporpaMMbl HaleleHbl Ha MOJY4YEHHE MAAHHBIX [0 PAJUOHYKIUAHOMY COCTaBY
00Jy4EeHHOTO SIIEPHOTO TOIUIMBA WJIM KOHCTPYKIIMOHHBIX MaTepuanoB. C yderoMm moTpeOHOCTEH B
Ooiee MMPOKOM HAa0OpPEe  paCCUUTHIBAEMBIX  (YHKIMOHAJIOB  (OIIEHKAa  SHEProOBBIICICHUS,
XapaKkTepUCTUK raMMa- W HEUTPOHHBIX HMCTOYHUKOB, OLEHKA J103 OT BHEIIHETO0 M BHYTPEHHETO
00y4yeHus, ”3MEHEHHE COCTaBa MPU CBEPXIOJITMX BpEMEHaX BBIACPKKHU U T. J.) B paMKax pa3padoTKu
pacueTHOro MHCTPYMEHTApUsl HEOOXOAMMO c€O34aTb MOJYJb HYKIUJAHONW KUHETHKH, OTBEYAIOLIUIl

ATUM TPEOOBAHHSIM.

OnHUM U3 KIIOYEBBIX (DaKTOPOB, BIMSIONIMX HA TOYHOCTH OLIEHKH, IIPH PAacdeTe COCTABOB U HX
Pa3MUYHBIX XapaKTEPUCTHUK SBJISAIOTCS HCIONb3yeMble SICpPHBIC JaHHbIE. VICTOUHMKOM 3TOMH
uHpOpMALIUK SBIAIOTCS OWOJIMOTEKM OLEHEHHBIX SACPHBIX ITaHHBIX, (popMupyemble B pa3HBIX
ctpaHax. OpHMM W3 HampaBlIeHWH pa3padOTKM HOBOTO KoOAa sBIsiETCS  (OpPMHpPOBaHUE
CIIeIUAM3UPOBAHHBIX (AalIOB SICPHBIX JaHHBIX, OOECIEeYMBAIOIIMX Haubojee KOPPEKTHOE

BBIYUCIICHHUE 33JJAHHBIX ()YHKIIMOHAJIOB.
AHoepHo-ghusuueckue KOHCManmol

Jns pemienust 3amad paJudalMOHHOM 3alllUThl, B NEPBYIO OYEpe]b, HEOOXOAUMBI 3HAHUSA O
B3aMMOJICHICTBUM M3JIyYEHHH C aTOMaMU U sJIpaMU KaK OCHOBBI Ul pacueTa IMepeHoca NepBUYHOIO
u3nydeHus. [ 607abpIMHCTBA BaXKHBIX IIPU pacyeTe MapaMeTpoB pPagHalliOHHOM 3allUThl 3TH 1aHHbIE
XOpOILIO M3BECTHHI U BKJIIOYEHBI B pa3inyHble Onbnuoreku. [Lst psaa HOBBIX 3aad pagualiOHHOMN
0e30macHOCTH TpeOyeTcsl MOUCK JAHHBIX MO MEHEee TPAJAMIMOHHBIM M M3YyYEHHBIM PaJlOM30TOIaM,
JaHHBIE TI0 KOTOPBIM MOT'YT OTJIMYAThCS B PAa3JINYHBIX UCTOYHUKAX. J[J11 IPOTHO3UPOBAaHNS N3MEHEHNUS
PaIMOHYKJIMTHOTO COCTaBa U €ro XapaKTepUCTHK, HEOOXOAMMBI 3HaHUS O paJMallMOHHBIX CBOWCTBaX
anep. Bcé€ 310 comepxkutcs B OMOMMOTEKAaX OIEHEHHBIX SAEPHBIX JaHHBIX B (DOpME OTAENbHBIX
(parMeHTOB U B IIEJIOCTHOM BHUJE U1 PACCMOTPEHHOrO Kpyra 3ajgad oTCyTcTByeT. [lamee ciemyer
ONHCaHHE COBPEMEHHOI'O COCTOSHUS KOHCTAHT JUlsd oOecliedeHusi MepeHoca M3IydeHHs M pacdera
HYKJIU/THOM KUHETUKH, GopMaT MpeICTaBIeH!s, KOTOPBIX TECHO CBSI3aH C PACYETHBIMU NPOrpaMMaMH,

a UX MOJTrOTOBKA SIBJISIETCS OTIETBLHON TPOOIEMOI.
HoepHvie Oannvie 0151 pacuemos nepeHoca HelumpoHo8 U (PomoHos 6 cpedax

[lepBUYHBIM HCTOYHMKOM 3THUX JAaHHBIX SIBISIOTCS HAllMOHAJIBHBIE W MEXIYHapOJHBIE
OMONMMOTEKH OIICHEHHBIX SJIEPHBIX HEUTPOHHBIX [aHHBIX, MPEACTABICHHBIE B MEXIyHAPOIHOM
dopmate endf-6 [33], KOTOpbIE NOCTYMHBI JUIsl UX HCIOJIb30BAHUS Yepe3 MEXIAYHAPOIHYIO CETb

HOCHTPOB AACPHBIX JaHHBIX.

B O6I.I.leM BUAC K AJCPHBIM JaHHBIM IIO B3aHMOJICHCTBUIO HeﬁTPOHOB C aTOMHBIMH SJpaMH

OTHOCSAT CEYEHUs SAJAEPHBIX HEHUTPOHHBIX PpEAaKUMM YOpPYroro M HEYNpyroro paccesHus,
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paZvalMoOHHOIO 3aXBaTa U APYTUX SACPHBIX peakUui MOTIOMIEHUSI HEUTPOHOB U 00pa30BaHuUsl HOBBIX
HYKJIUJOB; PEAKIUN JEIeHUs] U peaKIui, BeAYIIUX K YBEJIMYCHHUIO YUCIIa HEUTPOHOB (peakiuu TUIa
(n,2n), (n,3n) u T. 1.) ¥ psx Apyrux (Bcero 6osee 10). XapakTepuCTUKN B3aMMOCHCTBYSI HEUTPOHOB C
ATOMHBIMHM  JIpaMH  SIBIISIFOTCA  (QYHKIUSIMU OSHEPrud HEUTPOHOB. J[[si coBpeMeHHOH aTOMHOMN

SHEPreTUKU JOCTATOYHO 3HAHUS SAECPHBIX TAHHBIX JJIs1 SHEPrUi HEUTPOHOB He BhImIe 20 MaB.

B3aumozelicTBre raMMa-H3IIydeHUs ¢ BEIIECTBOM BKIFOYACT CIICIYIOLIHE OCHOBHBIC TPOLIECCHI:
dotorddhekt, KOMITOHOBCKOE paccessHHe Ha CBOOOIHOM JJICKTPOHE, mapaoOpa3oBaHKe B TMOJIE sAIpa,
KOTEPEHTHOE PACCEsSHHE Ha CBA3aHHBIX HJICKTPOHAX, M COMPOBOXKIAIOIINE UX XaPAKTEPUCTHUYECKOE U

TOPMO3HOC U3JTYyYCHHS.

[To BbIIEONMCAHHBIM IIPOLECCAM COBPEMEHHBIE OLIEHEHHBIE JAHHBIE B3aUMOJICHCTBUS raMMa-
KBAaHTOB C aTOMaMH BeIecTBa 0a3MPYIOTCS Ha JAHHBIX, BKIOYEHHBIX B OnoOaroTexky EPDL-2000 [34]
(Evaluated Photon Data Library), coznmannyio B JluBepmopckoii nadoparopuun CIIA. D1tu naHHbIe
MOJTOTOBJICHBI JJISl JIEMEHTOB OT BOJOpoJa 10 ¢epMus B 00JIaCTH SHEPruii raMMa-kKBaHToB oT 1 5B
no 100 I'»B. Ha e€ ocHOBe moarorosieHa OMOIMOTEKA MO CEYCHUSM B3aMMOACHCTBHS TaMMa-KBaHTOB
C 3JIeMEHTaMH OT Bojxopoa 10 (pepmus B obmacTi sHepruii raMma-kBaHToB 10 100 MsB B dopmare
endf-6 u Bxirouena B 6ubnuorexky ENDF/B-VIL.1 [35].

Xapaxkmepucmuku paouoakmugHuix soep

Tepmun «pacmagabsle naHHble» (decay data) HewacTo BCTpedaeTcssi B PYCCKOS3BIYHON
TEXHUUYECKON JHTepaType; OOBIYHO HCIIOJIB3YIOTCS TEPMHUHBI, 00O3HAYAIONINE OTIENbHBIE KIACCHI
pacmaaHbIX JaHHBIX. K HUM OTHOCSTCS:

— TepHuOJibl MOTypacaja;

— KaHaJbl pacmnaja, ompenesstomue o0pa3oBaHue JOUYEPHUX PATUOHYKIUIOB (anmbda-pacman; Oera-
pacmiaz; 6era-pacrnaji ¢ UCIIyCKaHUEM 3ala3/IbIBaloIlluX HEMTPOHOB; MO3UTPOHHBIN pacmaj; 3axBaT
OpOUTANBHBIX 3JIEKTPOHOB; CIIOHTAHHOE JEJICHHE);

— BBIXOJIbI TaMMa-M3JTy9eHUS;

— BBIXOJIbl U DHEPreTUYECKHE CIEKTPhl OeTa-u31ydeHHs], COOTBETCTBYIOIIETO ONpeneaEHHbIM «OeTa-
nepexoaam»;

— YHCJIO U CTIEKTP BTOPUYHBIX HEUTPOHOB CIIOHTAHHOTO JICJIEHUS;

— BBIXOJBI JHUHUHN anb(da-u3mydeHus; HeoOXoaumple sl pacu€ta oOpa3oBaHUS HEHUTPOHOB B

pesynbTaTe (0, N)-peaKiuii U psa Ap. XapaKTEPUCTHK.

OO6nacThb IMPUMCHCHUA paClaAHbIX HJaHHBIX (XapaKTCpI/ICTI/IK pacniaia paaruOaKTUBHBIX smep)
BE€CbMa MINPOKaA. Onn TpC6YIOTCSI IpU OLCHKC paﬂHaHHOHHOﬁ 00CTaHOBKH Ha BCEX dTamax AACPHOTO
TOIINIMBHOI'O IUKJIA U IJIA OLOCHKHW OCTATOYHOI'O SHEPIOBBIACIICHUA B PCAKTOPE IOCIIC MPEKPAIICHUA

LENHOW peakuuu JAeJeHHs. 3HaHHe pacHaJHbIX JaHHBIX HEOOXOAMMO M MpU pPa3pabOTKe MHOTIHX
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CHCTEM BHYTPHUPEAKTOPHOIO KOHTPOJIA (B YACTHOCTH, CUCTEMbI KOHTPOJISI T€PMETUYHOCTH TBAJIOB 110
BBIHOCY B TEIUIOHOCHUTEJb MPEIIECTBEHHUKOB 3ala3/IbIBAIOIINUX HEUTPOHOB). OQHOM M3 KIIOUEBBIX
po0JieM NpU NPOTHO3UPOBAHUHU JNOJITOCPOUHOM Oe3omacHocT OMAD sBnseTcs MONHOTA 3HAHUM O
XapaKTepUCTHKAaX BOJIIOLMOHUPYIOIIUX UCTOYHUKOB M3ilydyeHHi. Tak kak paccMaTpuBaeMblil IEPUOJL
BPEMEHU MOXXET JIOCTUIaTh MHJUIMOHOB JIET, TO Ul IPOTHO3MPOBAHUS PAJAMOHYKIMIHOTO COCTaBa,
HEO0OXOIUMBI 3HAHUS O LIENOYKAX paJMOAaKTHBHOIO pacmnaja (TUIl pacnazaa, KaHajl U Mp.) HE TOJIbKO
BCEX MAaTEpPUHCKHUX SJ€p, HO M BCEX JOUYEPHUX, UX IEpUOJax Iojypacnaza, a TaKXe Haludue
COOTBETCTBYIOLLETO PAacY€THOrO0 HMHCTpyMeHTapus. s Takux IMana3oHOB BPEMEHU KOPPEKTHOCTb

HCXOAHBIX JAHHBIX MOXKET UMCTh KIIFOUEBOC 3HAYCHUC.

B OonbmmHCTBE cilydaeB paJlMOAaKTHBHBIN pacraj] CONMpPOBOXKIAETCS raMMa-u3J1ydyeHUueM siaep,
MOATOMY YTOYHEHUE JaHHBIX O PAIUAIIMOHHBIX XapaKTEPUCTUK HYKIIUIOB SIBIISIETCA OJHUM U3 BaXKHBIX
HANpaBlIeHUN sOEpHONM W paavauMoHHOW OezomacHocTu. Ha ocHOBe aHanuza wuMeromencs
SKCIIEPUMEHTANBHOM  HMH(POpPMAIMM U  TEOPETHUECKUX Mojeneill (opMuUpYylOTCSd JaHHBIE O
paauanMOHHBIX XapaKTEPUCTHKAX PaJUOHYKINIOB. B mocnennue roasl MOArOTOBIEHBI COBPEMEHHBIE
AJICKTPOHHBIC BEPCHUH OWOIMOTEK pachagHbIX JaHHBIX, OCHOBAaHHBIX Ha aHAJIN3€ COBPEMEHHBIX

I/ICCJ'IG,I[OBaHI/Iﬁ O CIICKTPOCKOMNYCCKUX XAPAKTCPUCTUKAX PAAUOHYKIINIOB.

HecMmoTps Ha 3TO, BCTpEeUarOTCsl pa3iiyuusl B JaHHBIX, IPEACTABICHHBIX B Pa3HbIX OMONMOTEKAX,
HATIPUMeEp, Ul PajgdoOM30TONa - PU 10 HEKOTOPHIM SHEPIHSM pAa3IHuMe 10 BBIXOAAM (DOTOHOB
noxoaut a0 50 % (E=804,5 xaB — ENDF/B-VILO [36] u JEFF 3.1.1 [37], NUDAT [38]). Takxe crout
OTMeTHTb, yTo OnbaroTeka NUDAT conepkuT Gosee MmoyiHble JaHHbBIE IO BBIXOAAM Y-KBaHTOB (36 y-
KBaHTOB) 1o cpaBHeHUto ¢ 6ubanorexkamu JEFF-3.1.1 u ENDF/B-VILO. Takue paznuuus MOryr, B
KOHEYHOM CYETE, IMOBJIUATH HA UTOTOBBII CIIEKTP raMMa-U3Ty4eHHUs, IOCTPOCHHBIA HAa OCHOBE JTAHHBIX
pa3nuuHbIX OnOaoTeK. COBpEMEHHBIEC JAaHHBIE 110 PAJAHAIMOHHBIM XapaKTePUCTHKAM PaJMOHYKIIH/IOB
BKJIIOYEHBI MPAKTUYECKH BO BCE HALMOHAJbHbIE OMOIMOTEKH SIJIEPHBIX JAHHBIX M HAXOAATCA B

OTKPBITOM JOCTYIIE Y€pe3 CETh IICHTPOB SACPHBIX JaHHbBIX (Tabsuia 1.2).

Tabmuna 1.2 — CpaBHUTEIBHBIE TAaHHBIE 110 HYKJIHaM B OMOJIHOTEKaX OLIEHEHHBIX SACPHBIX JaHHBIX

HazBanue 6H6J‘II/IOTCKI/I KonnuectBo O6J‘IaCTL 3JIEMEHTOB U U30TOIIOB
HYKJINJOB

ENDF/B-VI1.8 979 1-H-3 > 99-Es-253

ENDF-VII.0 3838 0-n-1,1-H-1 >111-Rg-283

ENDF-VII.1 3821 0-n-1,1-H-1 >111-Rg-272

JEFF-3.2 3852 0-n-1,1-H-1 >111-Rg-272

EAF-2010 2233 1-H-1->100-Fm-258 (T12>12h)

JENDL-4 1231 23-V-66-> 71-Lu-172m

JENDL/FPD-2011 1284 23-V-66> 71-Lu-172m

NUDAT=ENSDF 3119 1-H-1 >120-Sym-299°)

* CUMBOJIOM Sym 0003Ha4Y€HbI HYKJIH/IbI, HE HMEIOIIHE 0(UIIHAILHOTO Ha3BaHUS B TaOJIHUIIE
AJIEMEHTOB, HO SAJIEPHBIE CIIEKTPOCKOIMYECKUE TaHHbIe BKIIIOYeHBI B Onommoreky ENSDF.
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OcHosHble HaYUOHAbHBLE U MEHCOYHAPOOHBIE OUONUOMEKU OYEHEHHBIX A0EPHbIX OAHHBIX

Bo Bcex cTpanax, rae uMmerorces 1Y U peakTopbl SHEPreTHYEeCKOT0 Ha3HAYCHHSI, BEIyTCS PAaOOTHI
[0 CO3JIaHUI0 COOCTBEHHBIX 0a3 SACpHBIX NaHHBIX. B OOJBIIMHCTBE ciyyaeB 3TH 0a3bl JTaHHBIX
MPEJICTABIISIIOTCS B CBOOOIHOE MEXKIYHAPOAHOE UCTIOIB30BAaHUE YEPE3 CETh MEXTYHAPOIHBIX LIEHTPOB
AIepHBIX JaHHbIX C ywyactueM MATD'ATD. Kak mnpaBmio, mpoiecc pacrnpoCTpaHEHUs SIAEPHO-
¢usnueckoit nHbopManuu u OMOIMOTEK SIEPHBIX JAHHBIX MPOXOIUT C OAOOPEHHS MEXTyHAPOIHOTO
KOMUTETA MO SACPHBIM JaHHBIM, pabo4yuM OpraHoM Kotoporo siBisiercss Cekuus siIepHbIX JTaHHBIX
MAT'ATD. B tabnune 1.3 npencraBieHbl OCHOBHBIC HAIMOHAIBHBIC HAYYHBIC OpraHU3aIlH, KOTOPHIE
BHOCAT OIPENEISIOMUI BKJIa] B MPOLECC MPeICTaBIeHUsI U oOMeHa 0a3aMu OLIEHEHHBIX SICPHBIX
naHHbIX. s kpatkoctu B Tabnuue 1.3 mpeacTaBieHBl TOJIBKO OMOIMOTEKH OICHEHHBIX SIEPHBIX
TAHHBIX, KOTOPBIE COJIEP’KaT IMOJIHbIe HAOOpbI JAHHBIX, HEOOXOIMMBIE ISl PACUETOB IMepeHoca

W3JyYEHUM.

Tabmuua 1.3 — OcHOBHBIE HAIIMOHAIBHBIC M MEXKITYHAPOJHbIE OMOITMOTEKN OLEHEHHBIX SIEPHBIX

JTAHHBIX

Hazsanme Hazpanwme KomnuectBo | O0aCcTh 3JIEMEHTOB U U30TOIIOB

HaIMOHAJILHOT'O OMOIHNOTEKH HYKJIUJIOB

IIGHTpa SII[epHI)IX

JaHHBIX

NNDC, BNL USA | ENDF/B-VI.8 328 1-H-3 2> 99-Es-253
ENDF-VII.O 393 0-n-1,1-H-1 ->111-Rg-283
ENDF-VII.1 423 0-n-1,1-H-1 ->111-Rg-272

NEA DATA BANK | JEFF-3.1.1 381 1-H-1 ->100-Fm-255

OECD, Europe JEFF-3.2 472 1-H-1 -100-Fm-255
JEFF-3.3T1 559 1-H-1 >100-Fm-255
JEFF-3.3 (proton) 2808 1-H-1 -109-Mt-279¢

JAEA, Japan Jendl-3.3 337 1-H-1 ->100-Fm-255
Jendl-4.0u 406 1-H-1 -100-Fm-255
Jendl-HE(n) 102 1-H-1 295-Am-242m
Jendl-HE(p) 102 1-H-1 >95-Am-242m
Jendl-HE(Q) 68 1-H-1 ©>93-Np-237
Jendl-AN 16 Li-6, 7, Be-9, B-10, 11, C-12, 13,

N-14, 15, O-17, 18, F-19, Na-23,
Si-28, 29, 30.

CNDC, China Cendl-3.1 240 1-H-1 ->98-Cf-249

KAERI, Korea KAERI-PD 134 6-C-13->83-Bi-209

®OBU, Poccus POCDOH]] 666 1-H-1 -100-Fm-255
BPOH/I-3 372 1-H-1 296-Cm-250

MAT'ATO FENDL 71 1-H-1 =>83-Bi-209
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Buisoowt

CyIecTBYIONIME BO3MOXKHOCTA COBPEMEHHBIX MPOrPaMM 10 PacyeTy MepeHoca HOHU3UPYIOIIUX
U3JIy4YEeHUI B OOIIEM M ICJIOM JOCTATOYHBI JUIS PEIICHUS MPAKTHYECKMX 3a]ad, HO HEOOXOoauMa HX
TOHKass HACTPOMKa M, BO3MOXKHO, YacTH4Has aopaborka. Hambosee yHHBEpCAlbHBIMU SIBIISIOTCS

nporpamMmmsl, peanusytouiue meroa Monte-Kapio (TDMCC u MCU).

Jig pacuera HYKIMAHONM KMHETUKU M MOATOTOBKM JAHHBIX O pPaJUallMOHHBIX XapaKTEPUCTHUKaX
MCTOYHUKOB MOHM3UPYIOIINX U3ITy4YEHHH, B IEPBYIO O4Yepe/ib, KOMIIJIEKCHBIX (COCTOSIIIUX U3 JECITKOB
PaZMOHYKIIU/IOB), CIeAyeT pa3padoTarh ClelUaTIu3UPOBaHHOE MPOrpaMMHOE cpeacTBo. Tak Kak i
psiia paIMOHYKIIM/IOB CYIIECTBYET Pa3HHIIA B IaHHBIX IO BBIXOJIaM FaMMa-KBaHTOB, 00pa3yIOUINXCS B
IIPOLIECCE PAJUOAKTUBHOIO pacnaja, A KOMIUIEKCHBIX UCTOYHUKOB CIIEYeT IIPOBOAUTH CPAaBHEHUS
MOJTy4aeMBIX XapaKTePUCTUK, OCHOBAaHHBIX Ha pa3iM4HbIX Ombnmorekax. Hambonee akryanbHO 3TO

Oynet npu ananuze coctaBoB OST, a Takxke BAO, obpazyromnuxcs nocie ux nepepaboTKu.

,Z[J’If[ pacu€Tta M3MCHCHHA COCTaBa W AKTHBHOCTH PAaJUOAKTHBHOTO HCTOYHHMKA BO BPCMCHU
BCJICJICTBUE DPAJMOAKTUBHOTO pacmaja CJleayeT TOArOTOBUTh CICIUATH3UPOBAHHBIC  (DAIIBI,
UCTIONIB3Ysl KOTOPhIE MOXHO CPOPMHUPOBATH LIEMOYKU pacrana. Kak mokaspiBaeT MpaKTHKA, JaHHBIC B
CIPaBOYHUKAX M HOPMATUBHBIX JOKYMEHTaX HE BCErJa SBISIIOTCS AaKTYaJIbHBIMH, TaK JIJIs
pammonykinaa - Se B HPB [39] mepuox paciaga paseH 6,5 10 mer, oxHako, M0 yTOYHCHHBIM JaHHBIM

OH cocTasiister 2,95 10° ner.

B wyactu oOecrnedeHus paCyYCTHBIX HpOoTrpaMM SAACPHBIMU JOdHHBIMU 110 B3aUMOICUCTBUIO
I/I3J'Iy‘leHI/II\/'I C BCHICCTBOM MOXHO OTMETUTH, YTO aBTOpaMH TMIpOorpaMM IIOATrOTaBJINBAIOTCA
CIICIUAJIM3UPOBAHHLBIC q)aflJII)I, OCHOBAHHBIE Ha OMOIMOTEKax OLCHCHHBIX AJCPHLIX HAHHBIX W IJId

PCIICHUA 0ONBIIMHCTBA 3aaa4 uX JOCTATOYHO IMOCJIC IMTPOBEACHUA BepI/I(l)I/IKaHI/IOHHBIX PacucToB.

1.3 IlocTaHoOBKA IIeJH

Ha ,I[aHHBIﬁ MOMEHT B aTOMHOHU oTpaciii C(i)OpMI/IpOBaJ'IC}I 3a1poC Ha pa3pa60TI<y IIoAXO040B K
PCHICHUIO PpsAla aKTYAaJIbHBIX 3aJda4 pa,I[I/IaLII/IOHHoﬁ 3allIUThI U 6630HaCHOCTI/I, CTPYHNIIMPOBAHHBIX I10
IIATHA HaHpaBHeHI/IﬂM. YCHCIHHOCTB nux pemeHI/m TCCHO CBsd3aHaA C paC‘-IeTHI)IMI/I KOoJaMH, BKJIHOYas
KOHCTaHTHOe oOecriedeHune. B pesynbrare aHamm3a BO3MOMKHOCTEW CYHIECTBYIOLIUX MPOrPaMMHBIX
CpCACTB CACIAH BBIBOJ, YTO B YaCTHU OLICHKHU MEPCHOCA HOHUSUPYIOIIHUX I/ISJ'IyquI/Iﬁ UX BO3MOKHOCTEM
J0CTaTO4YHO, HO Tpe6yeTc51 TOHKAas1 HaCTPOﬁKa nu ,HOpaGOTKa CCPBUCHBIX MO,Z[yJ'ICﬁ. I[JISI OLCHKHU "
IMPOTrHO3UPOBAHNA PAJUOHYKIIMIHOI'O cocrtaBa Hu €ro XapakTCpUCTHUK Tpe6yeTC$I CO31aHHC

CIICHHUAIIM3UPOBAHHOI'O PACUCTHOI'O CPCACTBA.
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JuccepranonHas paboTa HampaBieHa Ha pa3pabOTKy IOAXOJOB, BKIOYas pacyETHBIN
MHCTPYMEHTAPHH, K PEILICHUIO 3a/1a4 3aKJIIOYUTEIbHBIX CTaIUi )KU3HEHHOTO IIUKJIa OOBEKTOB SACPHOM

TCXHUKH, KOTOPBIC CBA3AaHbI CO CJIICAYIOIIMMHA BOIIPOCAMMU:
- OIICHKA paaralluOHHBIX XapaKTEPHUCTHUK U COCTAaBOB PAO,

- IPOrHO3UPOBAHKE PaTUAIIMOHHBIX XapaKTePUCTUK Tocie 3aBepiienus sKkcruryatanuu APOO u

B [1I€PUO/1 BHIBOJIA U3 IKCILTyaTallUu;
- pacuetHoe conpoBoxkaeHUe padoT o KMPO 00bekToB;
- 000CHOBaHME MOJIOKEHHUI KPUTEPUEB MPUEMIIEMOCTH;
- cOnpoBOXKIeHHE PaboT no macnopruzanuu PAO;

- OLOCHKAa BO3MOYXHOCTH IOBTOPHOI'O HCIIOJB30BAHUA 3arpA3HCHHBIX MATCPUAJIOB JIA HYXKA

aTOMHOMW OTpaciIy;

- IIPOTHO3HUPOBAHUC paHHaHHOHHOﬁ 0e30macHOCTH npu MOpOBCACHHU TPAHCIIOPTHBIX U

3arpy304HO-pa3rpy304HbIX onepauuid, no tunam OST paHnee He TpaHCIIOPTUPYEMBIX;

- COIIPOBOXACHUC pa60T M0 OIICHKC 3HAYUMOCTHU PAIUOHYKIIMIOB B KOHTCKCTC OLICHKU

JIOJITOBPEMEHHOM 0€30I1aCHOCTH.

PaboTocmmocoOHOCTE pa3pa6aTblBaeMoro KOMILJICKCa 6y,Z[CT IpOACMOHCTPHUPOBaHA PCHICHHUEM

pAada MPpakKTUYCCKU Ba’KHBIX HpO6J’I€M.
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I'naBa 2. Pa3paGoTka pacueTHOro HHCTPYMEHTAPUS JIsl MOBBIIIIEHHU S
3(pPeKTUBHOCTH U 0€30MACHOCTH NPH PellleHUH 32124 3aKJIIYNTEIbHBIX
CTAJAUI )KU3HEHHOT0 IIUKJIA A/IEPHO U PAIMALMOHHO ONACHBIX 00bEKTOB

Bo BTOpOil TiaBe mMpeicTaBlICHO OMHCaHHWE Pa3pabOTKH CIEIHUAIN3UPOBAHHOIO PAcYETHOTO
HHCTPYMCHTAapUsd (KOMHHCKC&), Ha4YuHasg C COCTaBa W ApPXUTCKTYPblI W 3aKaH4YMBasd aJITOPUTMAMHU,

p€ain30BaHHBIMU B p83pa60TaHHBIX MOOYJIAX.

OaHMM M3 KIIIOYEBBIX MOJYJEM KOMIUIEKCAa SBIISIETCS IporpamMma sl pacyera IepeHoca
WOHU3MPYIOUIMX u3lNydeHHH. Tak Kak CcO3JaHMe NPEUU3MOHHOM IIPOrpaMmbl C  IIMPOKUM
¢yHKIMOHAIOM TIO (HOPMUPOBAHHIO TEOMETPUM 3aHUMAeT y OONBIIMX HAYYHBIX KOJUIEKTHBOB
MPOJODKUTENbHOE BpeMsi, Harbouee 3¢ (hEeKTUBHBIM SBISETCS alanTallys CYIIeCTBYIOLIEH MporpaMMbl
noJ TpeboBaHUA K pa3paboTke KOMIUIEKca M crenuduky perraeMbix 3agad. [lostomy, apxurekrypa
pa3pabaTbIBa€MOro KOMIUIEKCA JAOKHA MO3BOJISATE UHTETPUPOBATh IIPOIPaMMBI IO pacueTy IepeHoca
MOHU3HUPYIONIUX HU3JIYYCHHUH C COOTBETCTBYIOIIEH JOPAOOTKON MOIyJed MOATOTOBKH MCXOJHBIX

JaHHBIX.

Kak noka3zanu pe3ysibTarhl aHalu3a CyIIECTBYIOIIMX MPOrPaMMHBIX CPEACTB, IPEIHA3HAYEHHBIX
JUIsL MOJEIUPOBAaHUSl IEPEHOCAa WMOHU3UPYIOUIMX H3JIy4YEHUH, K YJOBJIETBOPSIOMIUM TpeOOBaHUIM
MO>XHO OTHECTH IPOrpaMMbl, peanusyromue mMetoasl Monte-Kapio, Tak Kak OHM HMMEIOT JIydlIne
(GbyHKIIMOHATIbHBIE BO3MOXXHOCTH 110 (OPMHUPOBAHUIO TE€OMETPUM HCCIEAYyeMOro OOBeKTa U
XapaKTepUCTUK UCTOYHMKA wu3nydeHus. Cpeaum Hux Oornee MUPOKUMHU  (PYHKIIMOHAIBHBIMHU
BO3MOXKHOCTSIMA oOJnafaer 3apyOekHas mnporpamma MCNP, onnHako, BBHIY CYIIECTBYIOIIUX
OTPAaHUYECHUN MO €€ PACIPOCTPAHEHUIO, B KAYECTBE OCHOBHOM MPOTPAMMBI €€ HWCMOJIb30BATh HEMb3S,
HO CTOHWT MPHUMEHSTHh ISl KpOCC-BepU(UKAIMOHHBIX pacdeToB. (DYyHKIMOHAIBHBIE BO3MOXXHOCTHU
JOCTYIIHBIX POCCHUMCKHMX MpPOrpaMM JUIsl PELICHUS aKTyaJbHbIX 3aad pPAaJUALMOHHOM 3alUTHl U
0e30MacHOCTH TPAaKTUUECKH paBHBI. B KkauecTBe 0a30BOT0 MOJyJNsS pacueTa pagualldOHHBIX TOJIeH

BbIOpaHa nporpamma TDMCC.

Bropoii, He MeHee BaXXHOW COCTABIIAIOIIECH KOMIUIEKCA SIBISIETCA MOJYJIb HYKIMIHON KUHETHUKH,
IIPEeIHA3HAYEHHBIA JUIsI MOJENIMPOBAHUS W3MEHEHHUs M30TOIHOIO COCTaBa MaTepuana B IIpoLecce
00y4yeHHs] HEUTPOHAMU U PaJIMOAKTUBHOTO pacraja M OLEHKHU paJHallMOHHBIX XapakTepucTuk. s
MOJFOTOBKUA B HYKHOM (popmare pajHallMOHHBIX XapaKTEpUCTUK (HampuMep, SHEProBBIACIECHHUS), a
TaKXKe ramMma- U HEHTPOHHOTO H3JIyu4eHHH B Mojayie OyAeT HpeayCMOTPEeH COOTBETCTBYIOIIMN

(byHKLIHOHAI.

B mpomecce pacueTrHoro ob6ocHoBaHW pamuanioHHOW Oe3omacHocTH OUWAD BBITIONHSIOTCA
OLICHKH U3MEHEHUS PaJUaIlMOHHBIX MOJIeH IPU MPOBEJIEHUH JAEMOHTaXXHbBIX padoT, onepanuii ¢ OAT u

PAO, npu HCXOAHBIX CO6LITI/I}IX, KOTOPBIC MOI'yT IMPUBECTU K aBapusM Ha IJSTallax HX



25

TPAHCIOPTUPOBAHUS W XpaHeHusa. st Bcex mporpamm, peanusyromux Mmetoasl Monte-Kapiio,
XapaKTCPHBIM ABJIACTCA 3aJaHUC XAPAKTCPUCTUK MOJCIN U PACCUHUTBIBACMBIX q)yHKI_II/IOHaJIOB B BU/EC
TEKCTOBOTO (paiija ¢ MCIOJIb30BaHUEM CHEIHMATBHOIO CHHTakcuca. OmnucaHue Jake HECI0KHOU
MOJIeTN JUIsl TOJb30BaTelNss 0e3 OIbITa BBI3BIBAET PsAN TPYAHOCTEH, a Ha IOJHOLEHHOE OCBOCHHE
nporpaMMel  TpeOyeTcsi 3HauuTenbHoe Bpems. OaHuM u3 TpeOOBaHUN K KOMIUIEKCY SIBISIETCS
TpeboBaHue K WHTEPPEHCY W TPOCTOTE HCIONH30BAHUSA. YIPOIICHWE MPOLEAyphl MOATOTOBKU
MOJIeJIel TyTeM €€ aBTOMATH3AIMH CYIICCTBEHHO COKPATHT BpeMsl (OPMHUPOBAHHS U OTIIAIKU
pacueTHBIX MOJENCH, MOIyYeHUs] KOHEUHBIX Pe3yslbTaToB. B cBs3u ¢ 3TuM, pazpaboTka MOAXOA0B K
IPOrpaMMHOM aBTOMATHU3allUM TOATOTOBKM MOJIENEH, COOTBETCTBYIOUIMX alrOPUTMOB M HX

peanu3anys B IPaKTUYECKON JEATEIIbHOCTH SIBJISIETCS aKTyaJIbHOM 3a/1a4eid.

Jliist pa3pabOTKU pacdeTHON MOEIH B TIOJHOM 00beMe HeOOX0auM OOJIBIION HAOOp MCXOMIHBIX
TAHHBIX, 33/1aTh KOTOpBIE TOJIBKO Ipa)UYECKUMU CPEICTBAMHU HE MPEACTABISAETCS BO3MOXKHBIM 0e3
MPUBJICYCHHS JIOMOJHUTENBHOM HHpOpMAMM O XapaKTEPUCTUKAX MOJEIHPYEMOro oOBeKTa
(KOHHGHTpaIlI/II/I HYKJIIMJAOB B HCIOJB3YCMbIX MAaTCpuaiax, HNPOCTPAHCTBCHHO-OHCPICTHYCCKUC
pacnpenelieHnss UCTOYHUKOB W3JIyYeHUN U Jp.) U pelaeMoi 3ajauu (ympasisiolue IapaMeTphbl,

PErUCTPUPYEMbIE BEIUYUHBI U T. [I.).

HOI[KJ'H-OLIGHI/IC TakKoro ooreMa JaHHBIX U UX npeo6pa30BaHHe B PA3JIMYHBIC q)OpMaTBI BO3MOXXHO
TOJIBKO B HNPOIrpaMMHOM KOMIIJIICKCE, B KOTOpPOM CpCACTBaAMHU CHCTEMHOI 000JI0YKH1 O6”I)GIII/IHGHI)I

CJICAYIOUC KOMIIOHCHTHI:

paCyYCTHBIC MOYJIN;

rpaduvecKkuil pegaKTop;

— 0a3a ganneix (b/]) ¢ unpopmarnueii 06 uccienyemMbix 00bEeKTax;

KOHBEPTEPHI TaHHBIX.

Hcxons W3 MNpakTUUECKOW CIOXKHOCTM peIIeHHs M IIHPOKOro CIeKTpa Mpoliem,
pa3pabaTbIBaeMblii MPOrpaMMHBIM KOMIUIEKC, HAIEIEHHBIH Ha pELIeHUs YacTH U3 HHX, JOJDKEH
YIIOBJIETBOPSATH CAEAYIOIUM TPeOOBaAHUSIM:

— JIpY’KECTBEHHBIN UHTEpPENic;

— MPOCTOTa OCBOEHUS M UCIOJIb30BAHUS, HE TPeOyIoIIas 0cCOOEHHBIX HaBBIKOB OT MOJIb30BATENS;

— pacyer NepeHoca MOHU3HUPYIOINX U3ITYy4eHUH U HYKIMIHONW KMHETUKH;

— IIMPOKHE BO3MOXHOCTH B YacTU 3aJaHUsl TPEXMEPHOM TeoMEeTpuH s MOJEIHPOBAHUS
XapaKTepUCTUK PaIUAIIIOHHBIX MOJIEH;

— obecnieueHus pacueToB HanboJiee HaAeKHBIMU OLIEHEHHBIMU SAEPHBIMH JTAHHBIMH;

— BO3MOKHOCTbB 3a/IlaHUs CLICHAPpUA pa60T " pacucT JI030BOI1 Harpys3Ku Mpu €ro peajin3alnu.
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2.1 ApXHTEKTypa KOMILJIEKCA

[To ompenenennio «ApXUTEKTypa MPOrpaMMbl — 3TO CTPYKTypa WIH CTPYKTYpPbl CHUCTEMBI,
KOTOpPbI€ BKJIIOYAIOT 3JIEMEHTHI MPOTpaMMbl, BUIUMBIC M3BHE CBOMCTBA 3TUX 3JEMEHTOB M CBS3HU
mexxkay Humu»  [40].  Bakueiimeii  XapaKTEpHCTHKOM  apXUTEKTYphl  SIBIIETCS  CTPYKTypa
pa3pabaTeiBaeMOro Komiuiekca. [Ipm 3ToM apxXuTekTypa ONpenesseT B3auMOJCHCTBUS MEXIY

CTPYKTYPHBIMU 3JIEMEHTAMMU.

C yueroM TpeOOBaHMIA K KOMIUIEKCY 1O BO3MOKHOCTH MAacCIITaOWPOBAHHUS, T. €. BKIFOYCHUS
pa3IMYHBIX MPOrpaMM JUIs pacdera MepeHoca M Jp., B OCHOBY pa3pabOTKU apXUTEKTYpbl KOMILIEKCa

3aJ10’K€Ha MOJYJbHasl CTPYKTYpa.
Kowmruieke paseneH Ha IsTh CTPYKTYPHBIX 3JIEMEHTOB (PUCYHOK 2.1):

— cucTeMHas 00oouka (MHTepdeiic);
— TMpenporeccop;

— OJIOK pac4eTHBIX MOJIYJICH;

— TOCTIPOILECCOp;

— 0a3a maHHEBIX.

CuctemHasn ob6os04Kka

MPEMPOLIECCOP

|

B/IOK PACHETHbIX
MO/Y/IEN

|

MOCTNPOLECCOP [

BA3A [OAHHbIX

Pucynok 2.1 — CtpykTypa KOMIUIEKCa
Cucmemnas obonouxa
QyHKINHA:

— KOHTPOJIb PYHKIIMOHUPOBAHHUS KOMIUIEKCA (YCTaHOBKH, 3alycka U T.1.);
— obecrnieueHue B3aMMO/ICHCTBHSI BCEX KOMIIOHEHT KOMILIEKCA JIPYT € APYroM;

— 3aJIaHUuC paCYCTHBIX IMapaMCTPOB.
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Ilpenpoyeccop

Haznauenne — IMOATOTOBKA PACUCTHBIX MOI[CHCﬁ B BHAC d)aﬁHOB HUCXOJHBIX MJaHHBIX 1A

pPacC4YETHBIX MOJIYJIEH.

DOYHKIUU:

— pazpaboTka rpaduyeckoi Moaenn 00beKTa;

— KOHBepTalus MaHHBIX W3 Tpaduueckod Moaenn B (opmarsl (PaidjioB HCXOTHBIX JAHHBIX IS

pacyeTHBIX MOJYJICH;

— (bOpMHpOBaHI/Ie IMOCJICA0OBATCIIBHOCTU PACUCTHBIX MO,Z[CJ'ICI\/'I, COOTBGTCTBYIOH_IGI\/II IMO2TAITHOMY

HN3MCHCHHUIO TCOMETPHHU U COCTaBa O6’beKTa, Harmpumep, COCHapuI0 JEMOHTAaXa.

[Mpenporiieccop COCTOUT U3 IBYX OCHOBHBIX MOJYJICH (PUCYHOK 2.2):

— MOJYJb JUISl CO3/IaHUs TpapUIecKuX MOojeliell 0ObEKTOB M 3aJaHMs UX MapaMeTPOB B TEKCTOBOM

dbopmare;

— MOAYJIb IJId KOHBCPTAlIUU JaHHBIX W3 rpa(bnqecxnx MoJieieH B (1)OpMaTBI PaCUYCTHBIX Moz[yneﬁ.

Mooyne ons cozoanus epagpuueckux mooenei [41]

[Tocne 3arpy3ku Momynsi TOJIB30BATENI0 MPEHAOCTABISETCS BO3MOXKHOCTH BbIOpaTh CAD-

CUCTEMY IJII CO3AaHUA rpa(bnqecxoﬁ MOACIN:

— onHny u3 cymecrByrommx CAD-cucrem;

— rpadguyueckuil pegakTop, pa3padaTbiBaeMblii B paMKaX JaHHOI'O NMPOEKTa, KOTOPBIM BBICTYNAET B

paunre nonmoxyis Graf co cieayromumu QyHKITASIMH:

o

pa3paboTka rpadguueckoil Mojenn o0beKTa Ha 0a3ze CTaHIAAPTHBIX I'€OMETPUYECKUX Tel-
NPUMUTHBOB U OyJIeBBIX ONEepalfii ¢ HUMU;

npeoOpa3zoBanue rpadudeckoir mogenu u3 popmara CAD-cucremsl Bo BXogHOUW (popmat
noamonyisa Graf u BU3yanusarus 3Toil MOJIEIH;

3a/laHue JONOJHUTENBHBIX TaPAMETPOB PaCUETHON MOJEIIN;

(dopmHpoBaHUe BBIXOAHOTO (paiiia B cienuanbHOM (popmare;

3a/laHie  TapamMeTpoB  CLEHapus  JeMOHTaxka  oObekta U (OpMHUPOBAHUE

MOCJIEIOBATEILHOCTH BBIXOAHBIX (halIoB.

Ilonp30BaTens, MOXKET OrpaHUYUTLCA  CO3JaHUCM OJIHOM pvaeTHOﬁ MOACIN MU

C(I)OpMI/IpOBaTL MOCJICAOBATCIIBHOCTL PACUCTHBIX MoJeJIeil B COOTBETCTBUM CO CIICHAapUueM JCMOHTAaXa

oOBeKTa.
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Mogaynb co3gaHua rpadpuyeckux mogenen

CAD —» Graf

N

Mopaynb KoHBEpPTaLUUKU rpadrUeCcKUX Moaenemn
B $OpMaTbl pacHeTHbIX MOAY/IEN

L v J[e J[ s J[ R |

Mo cueHapuio

NMPENPOLECCOP
MPEMNPOLLECCOP

A

\ 4

C MAT - GEOM - SOUR - REG - RUL

daiin MCXo4HbIX AaHHbIX *.mgsr J

A 4

< BA3A [OAHHbIX O:

Pucynok 2.2 — CtpykTypa npemnporieccopa
Mooynb 0na koneepmayuu OaHHBIX

Ha Bxox Momyns moctynaer nHGopManus, HeOOX0auMas Uil CO3/IaHUsl pACUETHON MOJEIH B
¢dopmare BBIOpaHHOrO MOJb30BaTeNIeM pacdeTHOro moayns. MHdopmauus mnepenaerca uepes (aidn
crenuanbHo  paszpaboranHoro ¢opmara (*.0kb), xoTopelii 00pabaThIBaeTCsI HECKOJIBKUMHU
MOCJIEI0BATENIbHO 3arpy’kaeMbIMH HoaMoaynsMu-koHBepTepamu (M, G, S, R). Onu aHanusupyrot
npeIHa3HauYeHHbIE JUIi HHUX JaHHBIE, 1O YCJIOBHBIM CCBUIKAM W3BIEKAIOT W3 0a3bl JaHHBIX
JIOTIOJTHUTEIBHYIO HH(POPMAIMIO M KOHBEPTHPYIOT €€ B COOTBETCTBYIOIINE pa3/enbl (paiiina HCXOTHBIX

JaHHBIX:

— HnoAMOAYJIb M O6pa6aTHBaeT I/IH(I)OpMaI_[I/IIO 0 Marepuajlax, HU3BJICKACT U3 0a3bl JaHHBIX

COOTBETCTBYIOIIME HYKJIUJIHBIE COCTaBbI U popmupyet paznen «MAT» (materials);

noamoysib G 00padaTeIBaeT reoMeTpruyeckue qanubie U popmupyet pazaen «GEOM» (geometry);

noaMonyJjiib S 06p368.TBIBaCT I/IH(I)OpMaI_II/IIO 00 MCTOYHHMKAX N3JTYyUCHUA, U3BJICKACT U3 0a3bl JaHHBIX
OHEPTCTUUCCKHUEC U YIJIOBBIC PACIIPEACIICHUA POXAAOINUXCA YaCTUll U (I)OpMI/IpyeT pa3aci

«SOUR» (source);

noaMoaynb R oOpabaTbiBaeT JaHHBIE AJII PETUCTPAlUU (PYHKIMOHAIOB, YIPABIEHUS CUYETOM

3agaun U popmupyet pazzaensl «REG» (registration) u «RUL» (rule).

ChopmupoBaHHBI TakuM 00pazoM Qaill MCXOAHBIX TaHHBIX (*.mgSr) MOCTyMmaeT Ha BXOJ

pacueTHOro MOAYJsl, BBIOPaHHOTO MOJIb30BaTENIEM.
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brok pacuemnvix mooyneii

Ha3nauenne — mosjydeHHe pacuyeTHBIX IIPOCTPAHCTBEHHO-DHEPIeTUYECKUX PpACIPEACICHUN
(YHKIMOHAJIOB IUIOTHOCTH MOTOKA HOHU3UPYIOIIUX YacTUI] (HEUTPOHOB U ()OTOHOB) U XapaKTEPUCTHK

MIPOJIYKTOB SIAEPHBIX PEAKIIUMA.
DOYHKIUU:

— BBOJ U aHAJIU3 UHPOPMALIUH, CoJlepKalleiics B (paiiie NCXOAHBIX JaHHBIX, (HOPMUPOBAHHE PAOOUNX
MacCHUBOB KOHCTAHT;

— YHCJICHHOE PEUICHHE YPaBHEHHUH NIEPEHOCAa HOHU3UPYIOIUX YaCTHII;

— IepBUYHas 00paboTKa M0Jy4yaeMbIX PE3yJIbTaTOB;

— UHCJIEHHOE pElICHUE YpPaBHEHUN HYKIMJHOM KUHETHKM JUISl OLIEHKM BBITOPAHUS TOILJIUBA,
aKTHBALIUM MaTEpUAJIOB, TPAHCMYTALUU aKTUHUJIOB;

— KOHBCPTalUAg AaHHBIX U3 Q)opMaTa OIHOT'O PAaCUCTHOTO MOAYJIA B (bOpMaT Apyroro.
HaHHHﬁ OJI0K COCTOHT U3 ABYX paCYCTHBIX MOI[yntI:

— MK-Monyns, peanusyromui metox Monte-Kapio;

— NK-Moayns HyKIUAHOW KUHETHKH.
MK-mooyne

Ha Bxom w™moayns monmaercs (ail UCXOAHBIX JaHHBIX (*.mgcr), MOArOTOBJICHHBIH
npenporeccopoM. Ha HauanpHOM cTaguu oOpabOTKH 3TOro (aitia MpPOBOAUTCS CHUHTAKCHUUECKHUI
aHaJ M3 JaHHBIX, Jajiee OCYIIECTBISIETCS WX MpeoOpa3oBaHuE B pabOYMe MACCHBBI JAHHBIX IS
pacyeTHOW CTaluH, TJ€ MPOUCXOJUT YUCICHHOE MOJIETMPOBAHUE MTEPEHOCAa HOHUZUPYIOIIUX YaCTHI] U
pacyera 3aJaHHBIX BEJIMYMH, HCKOMBIE 3HAYEHUsI KOTOPBIX 3aHOCATCS Ha 3aKIHOYUTENBHOW CTAlUU B

¢uHanbHbIN Qaitn (*.fin).
NK-mooyne

JUia pemeHus 3ajad C MCIOJIB30BAaHUEM 3TOTO MOAYJS Ha HadaJlbHOM JTalle 3arpykKaercs
mMonysb P NK, KOoTOpBIl mOAroTaBIMBAcT UCXOAHBIE JAHHBIE U1 pacyeTa Ha OCHOBE COJEpKalIuXcs
B *.fin-gailsie HEUTPOHHBIX CIIEKTPOB M CKOPOCTEH peakuuii. Pe3ynabTaTsl pacueToB B BHUJE MaccHBa

KOHIIEHTPAIIUi paJMOHYKJIM/IOB K UX PAIHAIIMOHHBIX XapaKTEPUCTHUK 3aHOCATCS B 0a3y JaHHBIX.
baza oannwvix

Ha3znauenune — XpaHCHUC I/IH(I)OpMaI_II/II/I B CTPYKTYPHUPOBAHHOM BUAC U €€ MPCAOCTABIICHUC I10

3arpocam IIOJIb30BaTelIeHl 1 KOMIIOHSHTOB IMPOrpaMMHOI0 KOMILICKCA B ITPOIECCE UX pa6OTBI.
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DOYHKIUU:

— CTPYKTYpPHpOBaHUE, HAKOIUICHHE U XpaHEeHUE UH(POPMALINH;
— obecnieueHre oOMeHa JaHHBIMH MEXK]Ty KOMIIOHEHTaMHU IPOTPAMMHOTO KOMILIIEKCa,

— HOpE€AOoCTaBJICHUC JAHHBIX IIOJb30BATCIIAM JIA U3YUYCHUS U aHAJIM3a.
baza JaHHBIX COCTOUT U3 IBYX 0JI0KOB:

— 00K 00BEKTOBBIX JAHHBIX;

— OJIOK CIIPaBOYHBIX JaHHBIX.

2.2 Moayiab HYKJIMAHOH KMHETHKH

[IporpaMMa HYKJIMJHOW KHUHETUKU PACCUMTHIBACT H3MEHEHHE KOHIICHTPALMH  sJep
MaTepuasoB, YYUTbIBas SACpHbIE NPEBpAIICHUS IPU HEUTPOHHOM OOJYYEHUU U PaTUOAKTHBHOM
pacnage. OOMacTh dHEPrUid HEHUTPOHOB MOXKET HM3MEHATHCS OT TemioBbIX 10 20 M»3B. [lns sroit
o0JacTu PHEPruil HEHTPOHOB YUUTHIBAIOTCS BCE OTKPBHITHIC KaHAJIbI HEUTPOHHBIX pPEaKUUH, YUCIO
KOTOPBIX ISl OTAEIBHBIX HYKJIMJIOB MOXKET JOCTUTaTh 18 ¢ yueToM 00pa3oBaHUs OCTATOYHBIX sJIEp B
OCHOBHOM B METAaCTa0MJIbHBIX COCTOSIHUSX. YMCIO METacTaOMIbHBIX COCTOSSHMM MOXET JOCTUTaTh
YCTBIPEX. B cocras MaTCpruajgioB MOI'YyT BXOAWUTH HCACIIAIIMUCCA U ACIIAIIUCCA 3JICMCHTBI B O6HaCTI/I oT
Bojopona 10 KamudopHus. I[Ipm paguoakTUBHOM pacmaje OOpa3yoIIUXCs pPaauoOHYKIUI0B

YUYUTBIBAOTCA BCC KaHAJIbI pacClialoB, U3BCCTHBIC U3 OHOJIHNOTEK pacliaaHbIX JaHHBIX.

PesynpraTroM paboThl KOJa HYKIMIHOW KHMHETHKH SBISETCS M30TONHBIA COCTaB MaTepuala,
KOTOpBI 00pa3yeTcsi B pacCMaTpUBAaeMblii MOMEHT OOJydyeHUS WM BBIIEPKKH. [ mosydyeHHOro
cocraBa OOJIyUEHHOTO MaTepuana pacCUMTHIBAIOTCSA  CIEAyIOUIMe HaOOpbl  paJualuOHHBIX
XapaKTEPUCTUK. aKTUBHOCTb, XapaKTEPUCTUKU M3JIYyYEHUU U OCTATOYHOE DHEPIOBBIJACICHHUE 3a CUET
IPOIIECCOB PaJMOAKTUBHOrO pacrnana. Takke pazpaboTaH HAOOp CEPBHCHBIX MPOTpaMM, KOTOPBIH
MO3BOJIIET M3BJIEKaTh MH(OPMALIMIO O MOBEIEHUHU OTIENbHBIX HYKJIHMJIOB WJIHM 3JIEMEHTOB B LIEJIOM,

JaHHBIC 00 OHEPICTUYCCKHUX CIICKTpax raMMa-u3JIydCHus U T. I1.

2.2.1 MaremaTH4ecKas MOAeIb MOAYJIS HYKJIHAHOH KHHETHKH

B nporecce HEUTPOHHOTO OOJIyYEHHSI MAaTEPHAIOB IPOUCXOAUT U3MEHEHHE UX HU30TOITHOTO M
SJIEMEHTHOTO COCTaBa 3a CYET MHOTOYMCIIEHHBIX SAEPHBIX PEaKIHii W PaIMOaKTHBHOIO pacraja
00pa3yoIMXCcst HECTAOMIBHBIX HYKJIUIOB. B pacuere HyKIHIHOTO COCTaBa 00Jy4aeMoro HeHTpOHAMH
Marepuaia 4uciio sAep PaAuOHYKIHIOB ONPEAEIeTCS U3 PEHIeHUsT CHCTeMbl MuddepeHInaIbHbIX
ypaBHeHwmii [42]:

dN; (t)/dt = =N, - (4 + 0, 'Cb(t))—i_Z(ﬂ‘ij +oy; - O(t))-N; 1)

ji

rie:
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Ni(t) — grcito paarOaKTHBHBIX S/IEP i-TO HYK/IHM/a B MOMEHT BPEMEHH t;
N o -2, 1y,
®(t) —HEHTPOHHBII MOTOK (H'CM ¢ ™);
: 1.
\i — IOCTOsTHHAs pacraja i-ro HyKJIuaa, ¢ )
: .-
Mij - MOCTOSsIHHAS pachaja HYKIH/Ia j HyKiInaa i, ¢,
Lo 2.
i — MOJIHOE CEUCHUS SIEPHBIX PEAKIMi Ha 1-M HYKJIHIE, CM*;
Lo . 2.
Gijj - IOJIHOE CEYCHHE SACPHBIX PEaKLUi Ha j-M HYKIIHJE [10 HapaboTKe i-ro HyKiInjaa, M,

[Tpu Hanuuuu B MaTepuaie IeNSIUXCs H30TONOB cucTeMa ypaBHeHUH (1) mpeoOpasyercs Kak:

dN; (t)/dt==N; - (4 +o; 'CD(t))+Z(i.,- +0; - O(1))-N; +S, (2)

j#i

rae Si— ICTOYHHK 00pa30BaHuUs i-ro HyKJIH/a O KaHAIY JeNICHUs, KOTOPBIH OIpeieNsIeTcst Kak:
f
S = Zak D) N, Y ©)
k

rIe:

Oxf — CCUCHUE PEaKIIMK JICJICHUS IS aKTUHUA K;

Ny - uucno aensmmxcs saep k-ro Hykimaa;

Y ik — BBIXOJI HYKJIHJIA 1 32 CUET peaKIuu JeJICHUs akTuHUa k.

Kaxxnpiif Hyknua B mpoiecce HEUTPOHHOTO OOIYYEHHsI MOXKET MCIIBITHIBATH MPEBPAILLEHUS 32
CUET SACPHBIX pEeaKkIUil ¢ MOCIEAYIOIIUM paJuOAaKTUBHBIM paclajgoM, eciii oOpa3syeMoe JouepHee
AP0 HeCcTaOWJIbHO. OTH MpeBpalleHuss BeAyT K H3MEHEHMIO MCXOJHOI0 COCTaBa 00Jy4yaemMoro
matepuana. g gopmupoBanus cucremsl auddepeHnuanbHbIX ypaBHeHUN (1, 2) KaKIpld HYKIH]
paccMarpuBaeTcs Kak y3en B cucteMe ypaBHeHuid (1, 2). B y3ne umeercs aBa Bxojaa, KOTOPBIE

OTBCYAIOT O6p330BaHI/IIO AApa 3a CYCT:

— HpOoHeCCOB PAAUOAKTUBHOI'O pacliaga COCCAHUX AACP-Yy3JI0B (HepBLIﬁ BXO,Z[),
— PAa3JIMYHBIX KAaHAJIIOB AACPHBIX peaKuHﬁ Ha COCCOHUX AApax, KOTOPBIC IMPUBOJAT K o6pa3013aHmo

paccMaTpuBaeMoro ysia (BTOpoi BXO).

PaCCMOTpI/IM LCIMOYKY 06p8.30BaHI/I$I ABYX HOOYCPHUX HU30TOIIOB N, u N3 H3 TCPBUYIHOIO

marepuHckoro u3otona Ni (puc. 2.3).
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H—>O—O

Pucynox 2.3 — IlocTpoeHue 11enouKy SAEPHBIX MPEeBpaIeHUuH 1Sl CHCTeMbl ypaBHeHUH (1, 2)

3nech:

i=1 wu 2 unm 3 — HOMepa sIep, KOTOPbIe 00pa3yroTcs U3 MPEABLAYIIETO SIpa;

Nj — KOJIMYECTBO siIep U30TOMA ]

Ai — IOCTOSIHHAS pacraja spa ;

Oj — CeUCHUE KaHaJja s/IepHON peakIlfu, B pe3yabTaTe KOTOpoi oOpa3yercs sapo i+1;

o - CyMMa BCEX CCUCHUI KaHaJOB AACPHBIX peaKHI/Iﬁ Ha sa4pc i, KOTOpPBIC HC IPUBOIAT K

oOpa3oBanuIo spa i+1;

Huddepennnanbaoe ypaBHEHHE 151 IEPBOTO U30TOMNA OyJIeT UMETh BU/I:

dN r
d_tl =-4 N, —(0y + 01)‘1)1\/1 =—-A1N; (4)

C pCIICHUEM B BUJIC:

Ni()=Npe™ " u A=A+ (0, +0)) D).

JuddeperunanbHoe ypaBHEHHE AJ1s1 BTOPOTO U30TOMNA Oy/1eT UMETh BUJL:

% = —A, N, — (0, + 05)®N, + 6, ON; = —A,N, + 0-1(1)1\/'106,—tA1 (5)

C PCIICHHUEM B BU/IC!:

Nz(t) = e_Aztfd)O'l Nloe_tAletAzdt (6)

VYuauteiBas, uto N2(0)=0, pemienne ypaBHenus (7) npeicTaBuM B BUJIE:

O1pN — - - -

Nz(t) = M [e tAz —e tAl]e Azt f ¢0-1 Nloe tAletAzdt (7)
(A1—Az)

[Ipennonarasi, 4To TPEeTHl HM30TON B PACCMATPUBAEMOW IIEMOYKE MPEBPALICHUN SBISETCS

cTaOUIBHBIM, AU(depeHIInaIbHOE ypaBHEHUE ISl TPEThEro N30Tomna OyaeT UMeTh BUJ:

dN3
dt

= 0,¢N, (8)

C pCIICHHUEM B BUJIC!

2N
Na(t) = 0102¢“N1g
3 ( ) Aeh, (1_e—tA2) 1—e—tA1

A2 Aq
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B ob6mem ciydae s 1enmodku mpeBpalieHuid oT siapa ¢ i=1 1o sapa ¢ i=n+1 ypaBHeHUE ais

Np+1(t) umeet Bu:

dNnt1 _
P _An+1Nn+1 + Gn(an (9)
I/ICHOJ'IB?)YH npsaMo€, a 3aTeM O6paTHO€ npeo6pa30BaHHe Jlarutaca MOHO II0Ka3aTrb, 4YTO

PEMICHUE I 06mero ciIydas MOXXHO IIOJTYYUTh B BUJC PEKYPCUBHOI'O COOTHOIICHHS:

Ny () = (=1)"Nyo@™ [Tizq 00 221 {e ™ / TIEE (4 — A} (10)
3aMeTuM, YTO B MOJYYEHHOM BBIPDAKCHUHU M3 MPOM3BEICHUS MCKIIIOYAIOTCS BCE WICHBI C 1=j.
Br1OpaHHbIi YUCIIEHHBI METO/ peIieHus A CUCTeMbl Ju(QepeHInaabHbIX ypaBHeHui (1, 2) Ot
peaan30BaH BO MHOTHMX AaHAJOTMYHBIX pa3pa0OTaHHBIX MPOrpaMMHBIX KOMIUIEKCAX MW IIOKa3aj
BBICOKHH YpPOBEHb JOCTOBEPHOCTH IOJYYAaeMbIX pE3YyJIbTaTOB W HX TOYHOCTH IPH PEIICHUU

MMPAaKTUYCCKUX 3aa4.

2.2.2 AaroputM pacdera tuHamuku dHeprosoiaesienuss QST u PAO
[Ipu o6ocHOBaHUU 6e30MacHOCTH Ha pa3iauuHbIX dTanax oopamenuu ¢ PAO u OAT ogna u3
npoOjeM — OmNpeseiicHHE YHEPrOBBIIACICHHUS OT YIIAKOBKM W TPOTHO3MPOBAHUE €r0 W3MCHCHHSI.
Hanpumep, npu 3axoponennu PAO B II3PO B kpuTepusix mpueMIeMOCTH MPONUCAHBI KOHKPETHHIE

MaKCHUMAJIbHBIC 3HAYCHUA TCIIJIOBBIACICHUA.

OcHOBHOU TIpoOIIeCC, B pe3ylibTaTe KOTOporo odpasyercs teruioBas sHeprus B PAO u OAT, —
PaAMOAKTUBHBIN pacnajy paguOHYKIUIOB, KOTOPBIM COMPOBOXKAAECTCS HCIYCKAHHEM pPa3IuYHbIX
vactuil [43]. B kauecTBe KOHCEPBATUBHOMN OICHKH HCIIOJB3YETCS MOJXO, MMPH KOTOPOM SHEPTHS OT

BCEX HUCITYCKACMBIX YaCTHI ITPHU pacriaac CYMMHUPYETCA, HE3AaBUCUMO OT IJIMH UX Hp06era.

Jlnst 3amanHOTO HAbopa paauoHYKINAOB Nj(t) CKOPOCTh YHEPTOBBIICICHUS BBIYUCIISETCS KaK:

WO = <E >N ({t)-4 (12)

i=1L

rae:

W(t) - ckopocTb 3HeproBoiienenus, MaB/c;

L — paccMaTrpuBaeMoe 4KCIIO HYKJIHJIOB;

<E;> — moJytHast sHEeprus HA OJIMH pacnaj Hykiuaa, MaB;
Ai — mocTostHHasI pacnana, 1/c;

N;(t) — uuciio HyKJIMIOB TUTIA i B MOMEHT BPEMEHU t.

B Hacrosiiiee BpemMsi OCHOBHBIM HCTOYHUKOM MH(POPMAIMH O PaIMalliOHHBIX XapaKTePUCTHKAX

PaIUOHYKIWAOB  ABJIAKOTCA MCEKAYHApOIHAA oubamorexka 1o CIICKTPOCKOIMMYECKNM  JTaHHBIM
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ENSDF [44] u pa3nauuHble HAIMOHAIBHBIE W MEKIyHAPOJHbIE OMOIMOTEKH OICHEHHBIX SACPHBIX

naunbix JEFF [37], ENDF/B-VII [35], JENDL u ap.

B »Tux Oubnmorekax mojHas SHEPrusl Ha OJUH pacnaj Hyknmuaa, <Ei>, koTopas HeoOXoanma

JJI1 OCHKU SHEPTOBBIACIICHMS, IIPEACTABJICHA B BUAC TPEX KOMIIOHCHT!

<E>=<E_p>+<Epp>i+<Eem>i (12)

rae:

<E_p> - sHeprus, BbiAeasieMas Jerkumu dactuiiamMu (B—, B+, KOHBEPCHOHHBIC 3JIEKTPOHBI,

OsKe-dJIEKTPOHBI);

<Enp> - sHeprus, BeIACIsCMas TSHKEIBIMHA YacTUaMU (HEHTPOHBI, IPOTOHBI, allb(a-4aCTHIIbI,

Spa OTIAuu);
<Egm> - sHeprusi, BeIACIsICMAas IPH JICKTPOMATHUTHOM H3JTyYCHHH.

Bemuuunsl <E| p>, <Epp> u <Egp> B OuOamnorexax IIPEACTABJICHBI B BUJE OTAEIbHBIX JaHHbBIX
U COIJIaCOBaHBl ¢ AWQPPEpEeHINATHHBIMA OIEHEHHBIMUA JAHHBIMH JUIS KaXIOTO pPaTUOHYKIHJIA.
JuddepeHnmanbHbie OlIEHEHHBIC JTaHHBIC BKIIFOYAIOT TAKKE BEIMYMHBI KaK BBIXOJ/bI YaCTHI[ M raMMa-
KBAHTOB, pAacIpeleICHHbIE MO0 3JHEeprud. PacmpeneneHue Mo JHEPrud YacTUI] BKIFOYAET Kak
JUCKPETHYIO KOMIIOHEHTY, TaK, U B pAJie Clly4aeB, HEMpPEpbIBHOE pacnpeaeneHue. Cieayer OTMETUTb,
4T0 JUIL MHOTMX PAAUOHYKIHUIOB COBPEMEHHBIE JKCIIEPUMEHTAJIBHBIE MAHHBIE 10 PAAUAlIMOHHBIM
XapaKTEpUCTHKAM SBIISIOTCS HETIOJIHBIMHU, TIOTOMY Ha 0a3e TeopeTHyeckux monener tuma «Gross
Theory of Beta Decay» Obiiv pa3BUTBI pacdeTHbIC METOMUKH IS JOTOJHEHHUS HEMOJTHBIX
HKCIIEPUMEHTAIbHBIX JaHHBIX. Ha MX OCHOBE OBUIHM MOJATOTOBJICHBI COBPEMEHHBIEC OIICHEHHBIE TaHHBIC
M0 paJuallMOHHBIM XapaKTEPUCTUKAM DPAJIUOHYKIUIOB M BKIIOUEHBI B COBPEMEHHBIE OHMOIMOTEKH

OLCHCHHBIX AJCPHBIX TaHHBIX.

Z[J'ISI psAAa MPaKTUYCCKUX 3a1a4 HeO6XO,Z[I/IMO paccuuTaThb MMOJIHOC YUCIIO I'aMMa-KBAHTOB My(t),

1/c, xak:

My(t) = Z Ni(t)'ﬂi ’ Z nik(Eyk) (13)

i=1,L k=1,K

rie:

Nik(Eyx) — kBaHTOBBIH BeIXOA k-1 TaMma-nHuH ¢ sHeprueil E, n3 Hykimaa i, 1/pac;
L — 9MCII0 HYKJIHIOB B CMECH;

E — monHOe uKcio raMMa-JIMHUE IPH paciajie HyKIuaa i.

AHaNOrMyHble COOTHOIIEHHUS MOTYT OBbIThb MCIIONB30BaHbI JJIA pacueTa HM3Iy4eHHH JIpyrux

HaCTHII. OCHOBHBIE COOTHOIIICHUS AJId pacdye€Ta pasiiMdHbIX paJUuallMOHHBIX XaPAKTCPUCTHK CMECHU
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PaIMOHYKIIMIOB TIPE/ICTaBlIeHbl B padoTe [45]. Ha ocHOBe maHHBIX 00 M3MEHEHHH PaJUOHYKIIHATHOTO
cocraBa Nj(t) 1 3Hasi pacniaJiHbIE XapaKTEPUCTHKH SACpP, MOKHO MONTYYUTh Pa3INIHbIE PaJUalliOHHBIE
xapaktepuctukn PAO u OST. Takum oOpa3om, A OLEHKHA SHEPrOBBIACICHUS OCHOBHBIMH
HEOOXOAMMBIMH  KOMIIOHEHTAaMU  SIBJISIIOTCSI  DHEPrUM  paaudoakTHBHOro pacmama <E> wu

paguoHyKIHAHBIN coctaBa cMecu Nj(t).

2.2.3 AaroputM ¢GopMHUPOBAHHSA XAPAKTEPUCTUK HCTOYHNKA U3JIy4YeHHUs] HA OCHOBE OlleHEeHHBIX
sI/IEPHBIX JAHHBIX

Jlist mpencTaBieHHusT XapaKTePUCTHK (OTOHHOTO HM3IMy4deHHs B (hopMare pacyeTHOro MOIYJIs
pa3paboTaHbl COOTBETCTBYIOIIUE MPOTPAMMHBIC CPEICTBA, Iyie 0a30BOW MH(OpPMAIMKU O pacmaJHbIX
JAHHBIX TIPU ITOM ciyxar (aiinbl OMONMOTEK OICHEHHBIX SIICPHBIX MAHHBIX, a XapaKTEPUCTHKU

HMCTOYHHKA (COCTaB M aKTUBHOCTB) 3ajatoTcs [46-52].

B 3agauax paaumarnmonHon Oe3omacHoctu npu padore ¢ UMW tpebyroTcs 3HaHUS O BBIXOJAX
raMma-KBaHTOB PaJMOHYKJIHJIOB, BXOJSIIMX B COCTaB OOJYYeHHOTO MaTepuana. B mporpammax
Mounrte-Kapiio HMCTOYHHUK HW3ITydyeHUsT MOJCIUPYETCS C IMOMOULIbI0 3aJaHusl MapaMeTpoB Mpu
bopMUPOBaHUN MOJIETH, KOTOpPbIE OMHUCHIBAIOT TMPOCTPAHCTBEHHOE, YIJIOBOE U HHEPreTHUECKOE

pacnpeeseHus U3J1y4eHusl.

HpOCTpaHCTBeHHOC pacnpeaciicHue 3aaacT IcOMETPUIO HCTOYHHKA M C€ro pacroJOKCHUC B
HCCHeHyeMOﬁ cucteMe. VCTOYHHMK MOJKET OBITh TOYCYHbIM, ITIOBCPXHOCTHBIM HJIHU 00BEMHBIM.
MoniHOCTh HU3JIIYUCHUA HCTOYHHUKA MOXKET HUMCTb PABHOMEPHOC MWW KYCOYHO-IIOCTOAHHOC

pacnpeneseHre o MOBEPXHOCTH WM 00bEMY HCTOUHUKA.

['eomeTpus ucrouHuka ¢opMupyercss npu pa3paboTKe TPEXMEPHOM MOJEIH O0BEKTa MyTeM

3aJaHus o0beMa u CIIeIuaJIbHOI'O 0003HaYCHUS.

Jns  dopMmupoBaHHS SHEPreTUYECKOr0  paclpeaeneHuss HeoOxoauma uHPopManus o
PAAVOHYKIIMJIHOM COCTAaBC MCTOYHHUKA M AaKTUBHOCTAX KaXXAOTO paJUOHYKIIHMAA. B kauectBe MOoAayJid
JUIsl pacyeTa mapamMeTpoB MCTOYHHMKA BhIOpaHa mporpamma GrayS [53-55], kotopas oOecrieunBaer
pacueT BbIXOJ0B M3NMyueHUs: (JOTOHOB (B AUCKPETHOM WIIU TPYIIIOBOM MPEACTABICHUH), T/Ie JaHHBIC

0 BbIX0JaM (JOTOHOB (pOpMHUPYIOTCSI HA OCHOBE (haiina 8 OGMOIMOTEK OIICHEHHBIX SEPHBIX JaHHbIX.

OcranpHble CeMAIM3UPOBAHHBIE TAPAMETPBI, TAKHE KaK, TapaMeTPbl YTIIOBOTO PaclpeieIeHUs

MCTOYHUKA U JIp. 33/1al0Tcs B HHTEpdeiice mMporpaMMBbl U 3alUChIBAIOTCS B (aill aBTOMaTHUECKH.

CHCKTp (I)OTOHHOI‘ 0 U3JIy4YCHHA 3aJacTCiId HCXOAA U3 aKTUBHOCTEH U pacnaaHblX OaHHBIX

OTACJIbHBIX PAAUOHYKIINIOB, BXOAAIUX B COCTAB HCTOYHHUKA.
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Beixonel ramma-xBanToB ¢ E, mma Bcex paavonyknuaoB B coctaBe PAO ¢ yderom
HOPMHPOBKH OIPEACISIIOT MOJIHBIA CHEKTP TaMMma-KBAHTOB. [lONHBIA BBIXOJ TramMMa-U3Jy4eHUs W3
€IMHUIIBI MacChl CMECHU PAJMOHYKIIUIOB ONPEIEISAETCS KaK:

N(Ey) = 2 b3 nlk(Eyk)Al (14)

I=LLy=1M
rIe:
Aj— aKTHBHOCTb HYKJIH/JIA | Ha €IMHMILY MACChl CMECH HYKJIUIOB (JaHHBIE 3a1ai0TCs
M3HAYaJIBHO);

v o 9] H -1.
N, (E, ) — KBaHTOBBI BbIXOA K- TaMMa-IMHUH C 9Heprueid E  n3 Hykimaa | (pac.) ™ ;

L — YMCJIO HYKIMJIO0B B CMECH,

M — IIOJHO€ YKMCIIO TaMMa-JIMHUM TIPY paciajie HyKiIuaa i .
Onucanue aneopumma paciema paouayuoruwvix xapakmepucmux OAT

B mporpamme GrayS 3HaueHusi XapaKTEPUCTHK Y-W3JIYYCHHS PATUOHYKIHIOB W PaCIaTHbIX
JaHHBIX UCMHOJB3yIOTCs HemocpenctBeHHO u3 ENDF  ¢aiinos. Takoil moaxon mo3BoisieT THOKO
UCIIONIb30BaTh BCIO TONHOTY siAepHbIX JaHHBIX craHaapTHeix ENDF  ¢aiinos (ENDF/B-VILO,

JEFF-3.1.1 u ap.) n ux o6HoBnennsix Bepcuit (ENDF/B-VIIL.1, JEFF-3.1.2, BPOH-3/DD u ap.) npu

CPaBHEHUH Y-CIIEKTPOB.

Ha pucynke 2.4 npencraBieHa cxeMa B3auMOACHCTBUS MOJTYJIEH U BXOIHBIX-BBIXO/IHBIX TAHHBIX

KOMIIJICKCA.

OcHoBHble MOyH Tiporpammsel GrayS BKJIHOYAOT:
— DECAY o6pab6arsiBaer ENDF (aiinbl o11eHEeHHBIX SEpHBIX JaHHBIX IPEJCTaBICHHbIX B (hopmare

endf-6 u popmupyeT daiia ¢ pacnaaHbIMA XapaKTCPUCTHKAMH.

ACTIVITY BblInosHsAET pacyeT aKTUBHOCTHU AJIS 33JaHHOI'O U30TOITHOTO COCTaBa.

INTENSITY o6pa6atsiBaecr ENDF (aiinbl olleHEHHBIX SIIEPHBIX JaHHBIX, NPEICTABICHHBIE B

dopmarte endf-6, u popMupyer ¢aitir ¢ JAHHBIMU TI0 BEIXOJaM Y-KBaHTOB.

SOURCE ¢dopmupyer y-MCTOYHHUK, Ha OCHOBE BBIXOAHBIX AaHHBIX Moaynert ACTIVITY wu

INTENSITY.

Crnenyer ocob6o oOpaTuTh BHHMaHHME Ha TOT (aKT, YTO HCIOIB30BaHHUE MPHU (OPMHUPOBAHUHU
DHEPTEeTUYECKUX XAPAKTEPUCTHK MCTOYHHWKA TAHHBIX M3 PA3INYHBIX OMOIMOTEK MOXKET NMPHUBECTH K
Pa3NIMYHBIM pe3ysibTaTaM. XOTs IO OCHOBHBIM paJMOHYKJIHMIAM JaHHBIE COTJIACOBAHBI, HO JIJIS
HEKOTOPHIX MOTYT HaOmomatbest pasznuuus. [yiss 000CHOBaHHOTO BBIOOpa TEX WIIM WHBIX JaHHBIX

HCO6XOI(I/IMO IMPOBOAUTL TCCTOBLIC pACUYCThI U BepH(bHHI/IPOBaTBCH Ha S5KCTICPUMCHTAJIbHBIX TaHHBIX.
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SOURCE

Br16op maHHBIX
10 aKTUBHOCTH,
MepuoTy ToTypacmaia

DopMUpPOBaHUE Y-UCTOUHUKA

MHTencuBHOCTH
Y-KBaHTOB

ACTIVITY
DopMHUPOBAHUE COCTABA
Y-UCTOYHUKA

Paz0uenue
rp
rpynnosoe E,

Pasouenne
noroyeyHoe E,

[Tepuonsr N3oTonHbIN
noxypacnaaa COCTaB

A A A

DECAY INTENSITY
®opmupoBanue (aiiiaos ®dopmupoBanue (paiiaos
pacmmaaHbIX JaHHBIX C Y-BBIXOAaMH

dajisibl olleHeHHBIX sAepHbIX JaHHBIX ENDF

BPOH/I-3/DD PO 2743 u30TOMOB
JEFF-3.1.1 EC 3852 usoromnos
ENDF/B-VII.O0 CIIA 3838 uzoromnon

Pucynok 2.4 — Cxema B3aumozeiicTBust moayieit GrayS

B tabnuue 2.1 u Ha pucyHke 2.5 B KauecTBe NpuUMepa MpeACTaBlIeHbl OPUTHHATIbHbIE JAHHBIE 110
BBIXOJ1y Y-KBaHTOB IpH -pacmajie u30Tona A conepxamruecs B ¢aitie BPOH/I-3/DD B cpaBHeHun

C IaHHBIMH U3 IpYruX (aitiaos.



Ta6muma 2.1 — CpaBHEeHHE pacnaHbIX JaHHBIX TSI K30TOIA W88 JUTISL pa3IMYHbBIX (pailioB

38

bPOH/I-3/DD ENDF/B-VII.O0 JEFF-3.1.1 EAF-2001
E,, k3B l,, 1/pacn E,, k3B l,, 1/pacn E,, k3B l,, 1/pacn E,, k3B I, 1/pacn
8,65 0,144 - - - - - -
59,718 0,05 - - - - - -
61,141 0,085 - - - - - -
63,58 0,109 63,58 0,10854 63,58 0,10854 63,58 0,145
68,995 0,0098 - - - - - -
69,309 0,019 - - - - - -
71,195 0,0066 - - - - - -
85,31 0,0024 85,31 0,00241 85,31 0,00241 85,32 0,00268
105,85 0,0006 - - 105,85 6,03e-4
141,78 0,0064 141,78 0,00643 141,78 0,00643 141,76 0,0086
207,86 0,008 207,86 0,00804 207,86 0,00804 207,86 0,0107
227,09 0,221 227,09 0,2211 227,09 0,2211 227,08 0,296
290,669 | 0,402 290,67 0,402 290,67 0,402 290,67 0,537

06 —T T

e we s
JEFF-3.1.1
- EAF 2001 i
j’ 0.2+ T e
0 - T o0 ¢ 9 4
0 T mwes

Buano, uto B daiine BPOH/I-3/DD conepsxarcs 6osee MoaHbIe TaHHBIE 110 BBIXOaM Y-KBAaHTOB

Pucyrok 2.5 — Criextp y-n3myderns W' s BPOH/JI-3/DD, ENDF/B-VII.0,

JEFF-3.1.1 u EAF 2001

JUIs siapa '88W, uem ENDF/B-VILO, JEFF-3.1.1 u EAF 2001. B pabote [54] mokazaHo, 4TO CHEKTPHI

2 2 1 1 2 1
(GOTOHHOTO WBIYYeHHUS Ui psafa PaguoHYKIHIOB (37Np, ¥pu, "%Pr, "Eu, ***Ra mu OSRu)

orimyatorcst B omommorekax ENDF/B-VIL.O u JEFF-3.1.1. Takue pacxoxaeHus B CIEKTpax CIeayeT
NpUHUMATh BO BHUMaHue npu pemeHnu 3a1au ¢ OST, yto nokazano B padote [56]. OcoOeHHO BaXKHO

9TO CTAHOBHUTCA ITPH Y-aHAJIU3€ COCTaBa O6Hy‘ICHHBIX MaTCpHraJIOB U PCHICHUN CIICHUAIM3UPOBAHHBIX

3ala4q € UCIIOJIb30BAHUCM NCTCKTOPOB.
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2.2.4 ®opmupoBaHue 6MOJIMOTEK sIAEPHBIX JAHHBIX VISl IPOrPaMMbl HYKJIUAHOH KHHETUKHU
Kak oTmeueHo Bbllle, MaTeMaTH4eckas MOJENb HYKJIUIAHON KMHETUKH IPEICTaBIseT coO0O0M

CHUCTeMy JHHEWHBIX auddepeHnnanbHbIX ypaBHEHWH TEpBOTO  MOPSAAKAa C  TOCTOSHHBIMHU
koo duurentamu. B mpouecce HEMTPOHHOTO OOTYYEHHS MATEPUATOB MPOUCXOAUT HW3MEHEHHE HX
U30TOIIHOIO COCTaBa 3a CYET SJIEPHbIX pEakUMd U PpaguoaKkTHUBHOIO pacnaza oOpa3yoUIMXcs
HECTaOWJIbHBIX HYKJIUJIOB.

[Ipobnema pacuera akTUBAlMM W TPAaHCMYTAallUd MaTepHaliOB JOJDKHA OBITH obecreueHa
CJIeAYIOMMMHU Habopamu OMOIMOTEK SIIEPHBIX JaHHBIX:

— OnbnmoTreka MMKPOCKOIIMYECKHUX SIEPHBIX JAHHBIX [0 CEYEHUSIM B3auMOJCHCTBUSA
HEUTPOHOB ¢ N30TONAMU O0JIy4aeMbIX MaTepUAJIOB;

— OnOIMoTeKa paMallMOHHBIX TaHHBIX PATUOAKTUBHBIX SJIED;

— OnbIMoTeKa BBIXOJI0B MPOAYKTOB JCTICHHS MPH JEICHNH aKTUHUIOB HEUTPOHAMU M ramMma-
KBaHTaMHU.

Ilocne okoHuaHUs HEHTpOHHOro 00MydeHMs Marepuain, Harnpumep, OMT, sBusercs cam no
ce0e HCTOYHUKOM CIIEAYIOIIUX BUI0B U3IYyUECHHUS:

— HEUTPOHOB CIIOHTAHHOTO JI€JI€HHSI HAKOIIJICHHBIX aKTUHUI0B U TOIUIMBHBIX JIEMEHTOB;

— anbda-yacTul, OOpa30BaHHBIX MPH PAJUOAKTUBHOM paclaje MHUHOPHBIX aKTHHUJOB.
DHeprus Takux anb(da-yacTull He mpeBblmaeT 7 MaB;

— raMMa-KBaHTOB, OOpa30BaHHBIX MPH PaJAMOAKTUBHOM paclaje HeCcTaOWUJIbHBIX M30TOIOB, B
OCHOBHOM, TIPOAYKTOB JIEJIEHUS, a TaK)Ke MPU CIIOHTAHHOM JIEJIEHUU aKTUHUIOB. B 1enom, sHeprus
TaKMX TaMMa-KBaHTOB IpocTHpaeTcs 1o 12 MaB;

— HEUTPOHOB U3 (0,h) peakuy, MpoTeKarollel Ha JETKUX IeMEHTaXx;

— HEUTpOHOB u3 (y,n) u (y,f) peakuuii, MPOTEKAOIIMX Ha ACISIIUXCSA U30TOMaX.

JUia ydyeta 3THX MpOLIECCOB IEPEUMCICHHbIE BbIINIE TpU OUOIMOTEKH SIIEPHBIX JaHHBIX
HE00XO0/IUMO JIOTIOJHUTD CIIEAYIOIIMMHU JaHHBIMU:

— OubnmoTeKa BhIXOJI0B MPOAYKTOB JAEJICHHS IPU CHIOHTAHHOM JICJIEHUU aKTHHU/IOB,;

— Oubnnoreka ceyeHWi (0,n) peakuuMid Ha H30TOMAX, HPHEPreTHUUECKUN MOPOT KOTOPHIX HE
IpeBbIIIaeT MaKCUMaJIbHOM SHEpruu anbda-yactui B 7 MaB;

— Oubnuoreka ceyeHui (y,n) u (y,f) peaxiuii, poTeKaONMX Ha JENAIIMXCS U30TOMNaX.

Ha ocHoBe aHanmm3a COBPEMEHHOI'O COCTOSIHUSI OLEHEHHBIX SA€PHO-(U3UYECKUX TaHHBIX,
MOJIFOTOBJICHHBIX B HAIIMOHAIBHBIX U MEXKIYHApPOJIHBIX LIEHTpaxX SACPHBIX JAHHBIX, COPMUPOBAHBI
TpeOyemble ISl KoJa HYKJIUAHONW KUHETHKHU CIeAYIoUue OMOIMOTeKH U HAOOPbI sIEPHBIX JaHHBIX,

Mpe/ICTaBICHHbBIE B Ta0uIe 2.2.
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Tabmuma 2.2 — bBubanoTeKu AAepHBIX JAHHBIX TPOTPAMMBI HYKITUTHON KHHETUKH

dopmar
Ne | HaszBanue OMOIMOTEKH SICPHBIX TAaHHBIX Coneprxanue 6MOIMOTEKH IIPEICTaBICHUS
JaHHBIX
bubnuorexa Mukpockonuueckux siaepubix | 704 uzorona ot H o “EFm g
1 | JaHHBIX O CEYEHUSIM B3aUMOIEHCTBUS 00J1aCTH PHEPTUI HEUTPOHOB 10 endf-6
HEUTPOHOB C U30TONIAMH 20 M»B
bubanoreka ceueHnii B3anMOAEHCTBUSA 704 uzoromna ot ‘H o “'Fm B EAE
2 | HEUTPOHOB C M30TOINAMH B IPYNIIOBOM 001aCTH SHEPTHI HEHTPOHOB 10 315
MPEJICTaBICHUHU 20 M»B ( rpymm)
3 bubnuoTeka pagramoOHHBIX ;5%500 paauoU30TONOB OT H bife} endf-6
XapaKTePUCTHK PaTOAKTUBHBIX SIEP Fm
44 axtvamna ot > Th go “°Fm
bubnuoTeka BHIX0/10B MPOIYKTOB JAaHHBIC JJIs1 BEIHYKJICHHOTO
4 | meneHus NPH JCJICHUU aKTHHHIOB JIeJICHUS] HEHTPOHAMH, endf-6
HEUTPOHAMU U FaMMa-KBaHTaMU 3 akTUHUOA — 235, 238U, 2%y —
JIaHHbIE I (HOTOACITICHUS
bubnuoTeka BHIX0/I0B MPOIYKTOB 15 akrHaIoB ot 22Th K10
5 | JeJjeHus IpU CIIOHTAHHOM JIEJICHUN 256 7, endf-6
AKTHHUJIOB
Usotonst oT “*Pm o *'Fm,
6 bubnnoreka BbIXOA0B U 3HEPTUil anbda- UMEIOIIME KaHal aabda- endf-6
YaCTHI] IPH PaTMOAKTHUBHOM pacrajie pacrnaja npu paguoaKTHBHOM
pacniajze
7 bubnuoTeka ceuenuit (o,n) peakui Ha 10 anemenToB ot Li g0 Sium 17 endf-6
JIETKHX DJIEMEHTaX X H30TOIIOB
8 bubnmnoreka ceuennii (y,n) u (y,f) 21488 aKTHHHJIOB OT -~ Th 110 endf-6
peaKIuil Ha EJSIINXCSl H30TOIax Cm

2.3 AIropuT™M aBTOMATH3UPOBAHHOIO ()OPMHUPOBAHMS PACUETHOI MOJeIN 00beKTa
Ha ocHoBe CAIIP-monenn

s obecriedeHnsi BBICOKOTO KadyecTBa pacyeToB HEOOXOJUMO MMHHMHU3UPOBATh OLIMOKH MpU
pa3paboTke pacueTHON Mojenu. OTCIOAa M BbITEKAaeT OJHO M3 TpeOOBaHUH K pa3pabaTbIBaeMOMY
KOMIUIEKCY — TOUHO€E onucanue reomerpun. Hanbonee ynoOHbIN criocod 3ajaHusl TeOMETPUN 00bEKTa
— 3TO co3JaHue ero rpaduueckoil (reoMEeTpUYECKON) MOJEIM B CHUCTEME aBTOMATH3MPOBAHHOTO
npoektupoBanuss (CAIIP) c¢ mnocnenyromeit koHBepramueil ¢aiina B QopmaT HCHOIB3YeMO
nporpaMMmel. [ToaTOMY AJist penieHust ’TON MPOOIEMbI UCTIOIB3YETCsl B KAYECTBE MCXOAHBIX JIAHHBIX TI0
reometpun — CAIIP-monmens uccrmenyemoro oObekTa. [Ipumep Takoro mojxona ¢ KOHBepTaluen

reoMeTpHuYecKux napameTpoB B ¢popmat nporpammel MCNP npusenen B pabote [57].

CyTb npeanaraeMoro mojxojia K aBTOMaTU3aIMK MOJArOTOBKU (aiiioB ncxoansix naHHbX (M)
JUIS  PAacyeTHBIX MOJYJeW 3aKio4YaeTcss B TNPUCBOCHUU KAXJIOMY TIpadUyecKoMy dIIEMEHTY
JIOTIOJTHUTEIBHBIX aTpUOYTOB B BHJE YCJIOBHBIX HOMEPOB MAaTE€pHalOB M TUIOB HCTOYHHUKOB, IO
KOTOpBhIM U3 B/l M3BIEKAIOTCS COOTBETCTBYIONINE XAPAKTEPUCTUKH M KOHBEPTHUPYIOTCS B TpeOyemMoM

¢dopmare B Tpu OCHOBHBIX pazzaena daitna W] mns ucnonszyemoro pacderHoro moxayns (Geometry,
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Materials, Sources) [58, 59]. Ilpu stom ynpasmsitonue (Rule) mapamerps! ayis yeTBepToro pasuena
daitna M/l 3amaroTcsi B WHTEPAKTUBHOM pEXHMME C IMOMOINBIO MOJIH30BATEIbCKOIO HHTEpdeiica.

CoOOTBETCTBYIOIIUN aJTOPUTM IIPEACTABIICH HAa PUCYHKE 2.6.

I'paduueckuii penakrop

Cosnanune et T
METPHYCCKON  [«— CAIIP-
MoenH Mozienu

@

Moyib co3zianus
rpauyeckux MojeNeii

coOpasoBaHue |
ATIP-monenn na

B um
1
TIpEM
TIpeoGpaszoBanue B
dopmar CormnocraBieHne ComocTasienne
FE€OMETPHUECKOrO Homepa iM HOMepa IS
; MK MaTe] flana c ncw;nnfuxa c YHPABILTIOMHX
o ® TMapamMeTpoB
TIPOrpaMMBbI KaTaJoroMm KaTajorom

Unrepdeiic

Karanor

b

XapaKTepHCTUKH

LIXOTBI
Ceuenms
aKTHBAIH

a
pa. pacnata

MOHyIlb KOHBEPTAIMH TaHHBIX

Tloamoy b

Tloamoy b
M

(G + M + S+ R).txt

AlJI UCXOJIHBIX JIAaHHE

PI/ICYHOK 2.6 — Cxema ajiropurmMma aBTOMaTHSHpOBaHHOﬁ IIOATrOTOBKH JaHHBIX

TToamomy s

[Tpu co3manum ¢aitna MJ{ ans Openu3uOHHBIX IMPOrpaMM, YYUTHIBACTCS OCOOEHHOCTh MX
FEOMETPUUECKUX MOJYJeH, B KOTOPBIX MCIOIb3yeTCd KOMOMHATOPHBIN NMPUHIUI 3a/laHUsl T€OMETPUN
C TIOMOIIBIO 3JIEMEHTAPHBIX T'€OMETPUUYECKUX Tel (IIaphl, NapajuleJenuneibl, HIUINHAPBI, KOHYCHI).
[lpumeHsit K STUM TelaM-PUMHUTHBAM OyJeBble ONEpalMM IepecedeHus, OObEIUHEHUS U
JIOTIOJTHEHHS, MOXKHO CO3/1aBaTh CKOJb YIOJHO CIIOXKHBIE reoMeTpudeckue ¢urypsl. CTaHgapTHBIE
aTpuOyThl MPUMHUTHUBOB (THII, pa3Mephl, OPUEHTALIMS B MPOCTPAHCTBE) U ONEpaluu ¢ HUMH (B BHUJE
YCIOBHBIX 3HAKOB) 3ajaloTcs B (Qaillie HMCXONHBIX JAaHHBIX B  (QopmaTe HCHOJIb3YEMOro

TCOMETPHUICCKOI'0 MOAYIJIA.

['eomeTpuyeckue ¥ JOMONHUTENbHBIE AaTpUOYThl BCEX NPUMUTHBOB MOJEIH OOBEKTa
COXPAHSIIOTCSI B AKCIOPTHOM (haiiie, KOTOPBI MOXET ObITh MPEACTABIEH B Pa3HBIX CTaHIAPTHBIX
dopmarax (*.wrl, *.step u ap.). ITOT daiin momaercs Ha BXO MOIYJISI KOHBEPTAIIUU JAHHBIX, KOTOPBI

00pabaTbIBaeT €ro Mo3TAIHO TPEMs COOTBETCTBYIOIIMMHU noamoayisimu (G, M, S).

Ha nepBom »Tame B LMKJIE€ MO NPUMUTHBAM C HOMEPAMU MAaTE€pUaJIOB KOHBEPTUPYIOTCS
reoMeTpuueckue napamerpsl. s ympoiieHus mpoueaypbl 3aJaHus CIOKHBIX KOHCTPYKIMM B 6a3ze
JTAHHBIX CO3JAeTCsl KaTajor U paszzied ¢ yxe c(HopMHpOBaAaHHBIMH T'€OMETPUUYECKUMH CTPYKTYpaMu
(manmpumep, TBC ¢ MHOXeCTBOM TB3JIOB) B BUJI€ TEKCTOBBIX IIAOJOHOB B (popMaTe MCMOIb3yeMOTrO

pacyCTHOIO MO YIJIA.
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Ha BrOpoM »sTame s NPUMUTHBOB C aTpuOyTamH I[OJIb30BaTelb M3 Karajora BbIOepeT
UACHTH(DHUKATOPBI TPEOYEMBIX MATEPHAIIOB, /ISl KOTOPBIX IUIOTHOCTH, JOJIM KOMIIOHEHTOB, 00 hLEeMHBIC
KOHIIGHTpAllMd HYKJIHUJIOB OyAyT XpaHUTbcs B cooTBercTByromeMm pasaene bJl. Tlommomyns M

u3BJIedeT (paiiiIpl ¢ STUMU JaHHBIMU U MpeoOpa3yeT ux B popMaT pacyeTHOIO MOTYJIS.

Ha tperbem sTame uis NpUMUTHUBOB C aTpuOyTaMy M3 KaTajJora MCTOYHHKOB I10JIb30BAaTElh
BbIOEpET WIACHTU(UKATOPHl HCTOYHHKOB, XapaKTEPUCTHUKH KOTOPBIX TOATOTOBJICHBI 3apaHee U
pa3MerieHsl B cooTBeTcTByomEeM pazaene bJl. [Toamonyns S u3Bnekaer 3Tu JAaHHBIE, oOpamaercs K
OoubnuorekaMm SAEpHO-(PU3NYECKUX JAaHHBIX M BBIIOJIHSAET HEOOXOJUMbIE pacyeThl (Hampumep,
CIEKTpa U3IYYeHHs] CMECH PAJHOHYKIHJIOB), U 3aTeM Mpeodpa3yeT pe3yabTaThl B GopMaT pacyeTHOrO

MOAYJis. AJIFOpI/ITM pacducTa CIICKTpa nmapaMeTpPOB OIIMCAH HUKC.

Bri0op nanHbIX U3 Kartamoros s noamoaynei G, M, S u 3amanue ynpapJsiOIIMX TapaMeTpoOB
3aJauM I MOAMOAYNA R ocymiecTBisieTcss B MHTEPAKTUBHOM pPEKUME CpeICcTBaMu HHTepdeiica

IIOJIB30BAaTCIIA.

Monyns KOHBEpTAIlMM JaHHBIX 3aBEpIIAeT CBOIO paboTy (opmupoBaHueM (aiiina MCXOTHBIX

naasbiX (G+M+S+R).txt B popmaTe ncnoap3yeMoro pacueTHOrO MOIYJIS.

Peanuzanus TaKoro nmoaxoga K (bOpMPIpOBaHI/IIO pacquHoﬁ MOACIN IIO3BOJIACT

MUHHMH3HPOBATH OMIHOKU TIPU (POPMHPOBAHUU MCXOIHBIX JAHHBIX HCCIICIyEMOro 00OBEKTA.
Aneopumm xonsepmayuu CAIIP-modenu ob6vexma 6 pacuemmuyro mooens

B crpykrype aiiioB HCXOAHBIX MaHHBIX JUISI TPOTPaMM  MOJEIHPOBAHHUS IEPEHOCA
MOHM3UPYIOMINX HM3IY4eHUH MOXHO YCIOBHO BBIJICIMTH YETHIPE OCHOBHBIX paznena: «['eomeTpus»
(«GEOMETRY»), «Marepuansl» («COMPOSITIONS»), «Hcrounuku» («SOURCES») wu
«Ymupasnenue pacuetom» («KRULE»). ®opMupoBaHre COOTBETCTBYIOIINUX STUM pasjiesiaM MmapaMeTpoB
MOJIENT OCYIIECTBIISETCS TAK)KE B UETBIPE dTAra.

Oman 1. Dopmuposanue pazdenra « GEOMETRY» gaiina ucxoonvlx 0anHvlx

Oco0eHHOCThIO OOJBIIMHCTBA COBPEMEHHBIX MPOTPAMM, SIBISIETCS HAJIMYME B MX COCTaBe, TaK
Ha3bIBAEMBIX, YHHBEPCAJIBHBIX TeoMeTpuueckux wmonyiei (I'M), B KOTOpPBIX HCHOJB3YETCs
KOMOMHATOPHBIN MPUHIUI 3aJaHHs] TEOMETPUH C TMOMOIIBIO0 JIEMEHTAPHBIX T€OMETPUYECKHUX Tell

(1rapsel, apasienenuneasl, IUINHIPbI, KOHYCHI).

CooterctBenHo npu cozmaannu CAIIP-mMoxenu oObekTa JOMKHO OBITH BBEACHO TpeOOBaHUE
WCIIOJIB30BATh CIOCO0 M300paKEHUS OTIACIBHBIX AJIEMEHTOB B BHJIE TEJ-NPUMUTHBOB M3 YKa3aHHOTO
Boimie cnucka. Ecnu B CAIIP-monmenu Bce K€ BCTpeyaeTcss HECTaHAApTHBIA JJIEMEHT, He
YIOBJIETBOPSIONINI ATHUM TpeOOBaHUSM, TO ITOT d3JEMEHT MpeoOpa3yloT B OJUH WIH HECKOJIHKO

IPUMHUTHBOB C COXPaHEHHEM HCXOJHOro oObeMa. ATpHOYThl BCEX NPUMHUTHBOB COXPAHSAIOTCA B
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AKCHOPTHBIX (hailyiaX, KOTOpble MOTYT OBITh TPEACTABICHBI B Pa3HBIX CTAaHIAPTHBIX (opmarax.
Hanpumep, B ¢dopmare «wrml» (Bepcuss 1.0) mmmmugp pagmycom 8 cM, BeicoTod 15 cm, ¢
KoopauHaTaMu IieHTpa HkHero topra X=20 cMm, Y=30 cM, Z=100 cM Oyzmer oToOpaxeH B BHJE

TEKCTOBOTO (pparMeHra:

Translation { translation20.0 30.0 100.0 }
Cylinder {height 15.0radius 8.0}

[IpeobpazoBanue storo ¢parmenta B ¢opMar reomerpuueckoro moxayias MK-mporpammbl
ocymiecTBisieTcss moaMoayineM «G» B cocTaBe KOHBEPTOpa JAHHBIX, KOTOPBIM Ha BBIXOJIE 00ECTIEUUT

TCKCTOBBIC CTPOKHU:

— ais I'M nporpammer TDMCC:
S1=CL [XY=20, 30; R=8] (nosepxnocms beckoneuno2o no Z yuiuHopa)
S2=PL [Z2=100] (nockocms HUdICHe20 mopya)
S3=PL [Z=115] (ni1ockocms 8epxHe20 mopya)
R1=S1*-S2 * S3 (6Hympenmss 001acmov YUIuHOpa).

AHanoruyHeie Hp606p830BaHI/IH nmoaMOAyJib «G» 6y,H€T OCYHICCTBJIATL I BCEX HOPYIHUX
IMIPUMHUTUBOB. I[anee OH AaHAJIM3UPYCT B3aMMHOC PACIIOJIOKCHHUEC HNPHUMUTHUBOB, KOTOPLIC MOTYT HE

NepeceKaTbCs WM YACTUYHO MEPECEKAThCs APYT C IPYroM, ObITh BIOXKEHHBIMU OJIUH B APYTOH U T. A.

W3710KEeHHBI ~ aNrOpPUTM  KOHBEPTALMM T'€OMETPHYECKUX JIAHHBIX IPENIoJaraer, 4YTo
rpaduyeckas MoJeslb 00BbEKTa YK€ pa30uTa Ha CTPYKTYpHbIE OJIOKH, T. €. U3BECTHBI (KaKUM-THOO
0o0pa3oM OTMEYEHbI) MPUMUTHUBBI, KOTOPbIE OIPaHMYUBAIOT BHYTPEHHEE IPOCTPAHCTBO KaXKIAOTO

OJIOKa.

Takum ob6pazom, pesynbraroM pabotsl moamonyis «Gy oynetr pasnen « GEOMETRY» daiina

UCXOJIHBIX JTaHHBIX 11 MK-mMomys.
Oman 2. @opmuposanue pazoena « COMPOSITION» ¢hatina ucxoonwvix oannwix

Ha stane pa3pabotku rpaduyeckoit Mmoaenu o0ObEKTa MOJIb30BaTENb JOJKEH OyAeT 100aBUThH B
CIIHCOK aTpUOYTOB JIJIsl KXKJI0T0 IPUMHUTHBA JOTIOJTHUTEIBHBIN MapaMeTp — Homep marepuana (ot 1 1o
Nmax) WIH HOMEpP «CKpbITOro» maobmnoHa (0T -1 10 -Nmax). B urtore Oyzmer chopmupoBaH equHbIHI
CIHCOK HOMEPOB MaTepHajioB, KOTOPHI OylIeT MOCTaBI€H B COOTBETCTBHE C KaTaJlOTOM HMEH

MaTepHaoB U HA0OPOM KOHIICHTPAIIU HYKIUIOB.

Takum o0pazom, pesymbTaToM padboThl moamoayis «My» Oyaer pasmen «COMPOSITION»

daiina ucXoaHBIX NaHHBIX A1 MK-momyns.

Oman 3. @opmuposanue pazoena «SOURCE» ¢haiina ucxoonvix oanmwix
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Ha sTane pa3paboTku rpadudeckoil Mojenn 00bEKTa MoJIb30BaTENb JIODKEH OyeT 100aBUThH B
CIHMCOK aTpuOyTOB JJIsl KaXIOTO MPUMHUTHBA €IIe OJUH JOTOJIHUTEIBHBINA MapaMeTp — HoMep (THII)

uctoyHuka uznydeHus (0T 1 10 NSy.«, HyJlIEeBOH THUI 03HAYAET OTCYTCTBUE UCTOYHUKA).

B wurtore cdopmMupoBaHHBIM €IMHBIM CHHCOK HOMEPOB MCTOYHHUKOB Oy/leT IOCTaBJIEH B
COOTBETCTBUE C KaTaJOroM MMEH HCTOYHUKOB U HaOOpOM HMX XapaKTepucTHK, xpausumxcs B BJl. C
MIOMOIIBIO MTOAMOIYISI «S» (B COCTaBe MOAMOIYJISI KOHBEPTAIIUU JAHHBIX ) 9T XapaKTePUCTHKH OYIyT
pa3MeIIeHbl B TIpeJeNax ONUCaHWuU OIOKOB H obOnacTeil (30H) ¢ HOMepaMu U3 aTpuOyTOB
COOTBETCTBYIOIIMX MPUMHUTHUBOB M 3amucaHbl B ¢aill UCXOAHBIX NaHHBIX B ¢popmate MK-momyss.
Taxkum oOpa3omM, pe3yabratoM padboTel moaMonyis «S» oyaet pazaen «SOURCE» ¢aiina nucxomaHbix
nauubix st MK-monynsi. B pesynbrare paboThl mOAMOAY/sl KOHBEPTAIMU JAHHBIX BCE TEKCTOBBIC
¢parmentsl «3aronoBok», «GEOMETRY», « COMPOSITION», «SOURCE» Oyaytr o0benuHeHbI B

daiin ncxoaHbIx naHHbIX A1 MK-momyns.

2.4 BeIBOabI K I1aBe 2

Jnsa pemenus aktyanbHbiX mpoOiieM 3CXKIL[ oObeKTOB HCIIONB30BaHUS ATOMHON SHEPIUU B
COCTaB CHGLII/IaHI/I3I/IpOBaHHOFO paC‘ICTHO-MeTOILI/I'{CCKOFO I/IHCprMeHTapI/Ifl JOJIDKHBI BXOJIWUTH JIBa
KJIacCa B3aMMOCBS3aHHBIX IIporpamm. IlepBsiii — mporpaMMsl JJIs pacdeTa IepeHoca HOHU3UPYIOIIMX
HSHYHCHHﬁ. BTOpOI71 — IIporpamMmbl I pacducTa HYKHH,HHOﬁ KHHCTUKHM MW paadalliOHHBIX
xapaktepuctTuk PAO u OST. D10 00CTOATENLCTBO SBUIOCH 0a30i Il pa3pabOTKH apXHUTEKTYphI

KOMIIJICKCA U COCTaBa €ro OCHOBHBIX 3JICMCHTOB.

B kauectBe 6a30BOI ImporpaMMBbl JUIsl pacuera MepeHoca HOHU3UPYIOIIUX U3JIy4eHUN BbIOpaHbI
oredectBeHHbIe TporpamMmmbl TDMCC u MCU, koTopble He00X0AUMO JTOTIOJIHUTh COOTBETCTBYIOIIUMHU
CEpBUCHBIMH IpOrpaMMaMu ¢ yueToMm ocobeHHocte 3anau 3CXKL]. Hampumep, 11 aBToMaTn4eckoro
dbopMHUpOBaHUS TPEXMEPHBIX MojeNeld pa3paboTaH crnenualibHbIl anroput™ KoHBepTtaruu CAIIP
Mozienu B ¢popMar pacueTHoro moaynis. Taxke pazpaboTaH M peanu30BaH aNrOpUTM (OPMHUPOBAHUS

XapPaKTCPUCTHUK IFaMMa-U3JIYUCHUA U 3allCH B (I)OpMaT pacuCTHOr0 MOAYIJIA.

B pesynbrate mpoBeneHHON paboThl 0OOCHOBAH COCTaB CIEIHATU3UPOBAHHOIO PACYETHOTO
MHCTpYMEHTapusi, pa3paboTaHa €ro apxuTeKTypa, a TakKe psJl BCIOMOraTeJIbHBIX MOAYIeH u
COOTBETCTBYIOIIUX alropuTMoB [60, 61]. Jlns peanuzanuu mporpaMMbl pacdeTa HyKJIUJIHON KUHETUKU
pa3paboTaHbl MaTeMaTHYecKue MoJenu, U cHOpMUPOBaHBl HEOOXOAMMBbIE HAOOPHI AOEPHO-
¢u3nUecKux NaHHBIX. AJTOPUTMBI pacueTa, 3all0KEHHbIE B MPOTrpaMMe HYKIUJAHOM KHUHETUKH, a
TaKkKe sAIepHO-QU3NYECKUE JaHHble [OJDKHBI MpOWTH 3Tanm Bepudpukauuu. JeMoHcTpanus
BO3MOKHOCTEN KaK OTJENBHBIX JJIEMEHTOB KOMIUIEKCA, TaK U €r0 B ILIEJIOM JIOJDKHA MOATBEPAUTHCS

IIpUu pCHICHUHN NMPAKTUYCCKHUX 3aJday.
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I'naBa 3. Bepudgukanus Koga HyKJIHJIHOH KHHETHUKH

Bepudukanust pacueTHBIX aITOPUTMOB SIBISIETCS HEOTHEMIIEMOM 4YacThio  pa3paboTKu
nporpaMMbl. B pa3pabarbiBaeMOM CIIEMATU3UPYEMOM PACYECTHOM HHCTPYMEHTApUH HEOOXOAMMO
Bepu(UIIUPOBATh MPOrpaMMy HYKJIHIHOW KWHETHKH, OCTAJbHBIC MOJYJH, JIMOO HE HYXKIAIOTCA B
BepuduKauu (CepBUCHBIC), TUO0 BepuduUIMpoBaHbl [62] win BepuPHUIMPYIOTCS HETOCPEACTBEHHO

pazpabotunkamu (MK-mmporpamma).

TouHOCT, pacueTa TpaHCMyTallMd OJJIEMEHTOB, MX aKTHUBAIMOHHBIX XapaKTEPUCTHK U
OCTaTOYHOTO HEPrOBbIIEICHHS (ITOTJIOMEHHON HEPrUH — TEIUIOBBIACICHUS U dHEPIUH, YHOCHUMOU
nsnyuerreM) B OSAT u PAO omnpenensercs Kak TOYHOCTBIO pacueTa MX HYKJIMJIHOTO COCTaBa Ha
OTpEe/IeTICHHBII MOMEHT BPEMEHHU, TaK M TOYHOCTBIO BXOJHBIX THapameTpoB. [loaToMy mosBisieTcs
HEOOXOUMOCTh B BepH(DHKAIIMN M BaJTUJAIUN HCIOIB3YEMBIX MPOTPAMMHEIX CPEICTB Ha OCHOBE
CpPaBHEHMsI PE3yJbTAaTOB PACUETOB U PEMEPHBIX JKCIEPUMEHTOB, MPU OTOOpPE KOTOPBIX JOJIKHBI
YUUTHIBATHCSI MOAPOOHOCTh U TOJHOTA ONMHUCAHUUN YCIOBUN MPOBEACHHS HM3MEPEHUH, MOIY4YEeHHBIX

PE3YyJIbTATOB U UX HOFpCH.IHOCTGﬁ.

B rnaBe Ha OCHOBE aHaiaM3a MHOTOYHUCIICHHBIX OKCIIEPUMEHTOB, KOTOpPBIE MOTYT
paccMaTpuBaThCS B KadyeCTBE PENEPHBIX Il BepU(UKALMU MPOTPaMMbl HYKIHIHOW KHHETHKH,
oToOpaHbl Haubosiee MH(OPMATUBHBIE M3MEPEHUS M MaTeMaTHYECKUE TECTbI, COJEpIKAlUe MOTHBIN

00BeM I/IHCI)OpMaI_[I/II/I, TpeGyeMoﬁ IJI1 PaCUCTHOIO MOACIIUPOBAHU.

3.1 PacueTHoe Moae/IMpOBaHNE OeHUMAPK-IKCIIEPUMEHTOB

Jnst neneit Bepudukanuy mporpaMmbl HYKIUIHON KWHETHKH W BAJIUAALNU TIOATOTOBICHHBIX
OuOIHOTEK s/IepHO-(PU3NUECKUX [aHHBIX C(HOpPMHpPOBaH HA0Op TECTOBBIX 3aaad (Tabmuma 3.1).
Pe3ynbpTaThl Takux pacyeToB MOKaXXyT YPOBEHb HAJEKHOCTU NMPOBOJAUMBIX PACUETHBIX MCCIIEOBAHUMN
pamuanmonHbix xapaktepuctuk OAT u PAO. [ns stux meneit oroOpanbl HAOOPHI SKCIEPUMEHTOB,
KOTOpBIE HWMEIOT IIMPOKYI0 W3BECTHOCTh B Cpele MEXAYHAPOTHBIX OKCIEPTOB W aKTUBHO
UCTIONB3YIOTCS TP TECTUPOBAHWUM HAIMOHAJIBHBIX W MEXKIYHAPOJHBIX OHOIMOTEK OIEHEHHBIX
AJepHBIX JaHHBIX. Kak mpaBmiio, 3TH U3MEpEHHs UMEIOT CTaTyC MPELU3UOHHBIX, T. €. BHINOJIHEHBI B
YEeTKO OMNpPEJENICHHBIX HOKCHEPUMEHTAIbHBIX YCIOBUSAX W TOATBEPXKJIEHBI B  aHAJOTMYHBIX
IKCTIEPUMEHTAX, BHIITOJIHEHHBIX Ha IPYTUX YCTAaHOBKAX B TIOCIIEIYIOIIHE TOIBI.

B HekoTophIX citydasx Ha 0a3e TaKUX SKCIIEPHUMEHTAIBHBIX PE3yIbTaTOB IMOATOTOBICHBI TaK
Ha3bIBa€Mble PEKOMEH/IOBaHHbIE «IKCIIEPHUMEHTAJIbHBIe» MaHHbIe [63-65], KOTOpble 3aTeM CIyXWIN
OCHOBOH 117151 (pOopMHUPOBaHUS TECTOBBIX 3aj1a4. M3 3Tux coobpaskenuit orodbpans! Tectsl E1.1 u E1.2.
DKCIIepUMEHTHl BBITIOJTHEHBI B PaMKaxX COBMECTHBIX MEXIYHAPOJTHBIX TPOCKTOB, YCIOBUS WX
NPOBEICHUSI W TIONYYCHHBIC pE3yNbTaThl XOPOIIO JOKYMEHTHPOBAHBI W HCHOJB3YIOTCS IS

BepU(PUKALIMY aKTUBAIMOHHBIX OMOIUOTEK SIIEPHBIX JTAaHHBIX.
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Ta6muma 3.1 — PenepHbie SKCIEpUMEHTHI 7151 BepUUKAITUN KOAa HYKJIUTHON KHHETUKH

Hcrounnk
Homep Ha3nauenue
oOyueHus/ Tectupyercst
TecTa 9KCIIEPUMEHTA
MaTepHuai
Peaktop  (TemoBbie |(CeueHHs OefieHHS MPH TEIUIOBON DHEPTHH,
M3mepenus OCTaTOYHOT' O
HEHTPOHBI)/ BBIXOJTBI MPOAYKTOB JIeTICHHS,
E11l [reruioBbIACHCHHS TPOXYKTOB |0
Pu, [paZuaMOHHbIE XapaKTEPUCTHKH MPOAYKTOB
menerus [63] 33 235
U IneNieHus U aKTUHHIIOB
PeakTopsl
(TerutoBble U ObICTphle |(CeYeHUs1 JICTICHUS, BBIXOJBI MPOIYKTOB
M3mepenus OCTaTOYHOTO
HEHTPOHBI)/ neneHus, — pagualuoHHBlE My
E1.2 pHEpProBBIICICHNUS IIPOXYKTOB |, .o o
U XapaKTEePUCTUKU IPOAYKTOB NEJICHUS U
nenmerus [64-66] 30,41
“*Pu, AKTUHUIOB
2321
'YcranoBka 14-M»aB-
HbIX HeUTpoHOB FNS
M3mepenus 0OCTaTOYHOTI'O .
(JAERI, Tokai-Mura,
PHEPTOBBIICTICHUS bubnmoreka HEWTPOHHBIX CEUCHHH U
E2.1 Japan)/
OOJIyUYeHHBIX ~ HEHUTpOHAMH [paIuaIMOHHBIX TapaMeTPOB
70
Matepuaios [67]
QIIEMEHTOB
1 4 crutaBa
M3mepenust ckopoctu |[YcraHoBka 14-M»B-
reHepaluu y-M3Iy4eHusT W [HBIX HelTpoHOB FNS
. bubnmoreka HEWTPOHHBIX CEUCHMH U
0CTaTOYHOT'O (JAERI, Tokai-Mura,
E2.2 BBIXOJ/IOB JIUCKPETHBIX Y-KBAHTOB JTOYEPHUX
PHEPTOBBIACICHHUS Japan)/
sIep
00JTyUeHHBIX HelTpoHaMu |18 a1eMeHTOB
Matepuaios [68] u 4 crimaBa
Peaxtop BP-10/
M3mepeHust  CIIEKTPOB Y- ]
V, V-Ti, bubnmorexka HEHUTPOHHBIX CEYEHHH U Y-
E2.3 m3nyueHus 00JTy4eHHBIX ]
V-Ti-Cr, M3ITy4EHUs] TOUYEPHHUX sIIep
06pasios [69]
\V-Fe

Tect E2.3 Takxke OpCACTABILCT HUHTCPCC KaK IMPHUMEP aHAJIM3a BKIIaJa dOJIT OBpCMCHHOfI

KOMITOHCHTEI B TCIJIOBBIACIICHUEC OT raMMa-u3J1ydCHUA MaTCpUuajioB, O6J'Iy‘IeHHBIX 20 et Has3a/.
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Tecm E1.1

B xkadectBe mepBoro Imara Mo TECTUPOBAHHMIO pa3padaThIBAGMON IMPOrpPaMMBI OTOOpPAHBI
AKCIIEPUMEHTAJIbHBIE JaHHBIC IO TEIUIOBBIACICHUIO [63], KOTOpbIE HCIOJIB30BATUCH B Pa3TUUYHBIX
MEXIYHAPOAHBIX CpaBHUTENBHBIX TecTaxX [70]. B padote [63] ms Bpemenu Boiaepkku Ty oT 10 10 10°
C MpPHUBEACHBI pe3yNabTaThl H3MEpeHuil TersoBbiAeneHuss E(B+y) mpoayKToB neneHus TeroBbIMU
HEUTPOHAMM sIIep-MULLIEHEN 2%y, ¥U u P, OOJIy4eHHBIX B TEUEHHE HEOOJBIIOr0 MPOMEXKYTKa
BpEMEHU 2:10* ¢ (~5,5 uacoB). TeILIOBBLICICHHE OBLIO U3MEPEHO KAJTIOPUMETPUUECKUM METOJIOM
cienyromuM obpazom. Yucio aeneHuil B oOpaslmax omnpeAesneHo pajuOXUMHYECKUM METOJIOM IO
AKTUBHOCTH PaJUOU30TOIIOB *Mo, "°La u "“'Nd. Jins **°U Tounocts ONpEeEICHUS TEIIOBbIICICHUS

Ha oHO Aenenne AE HaxoauTcs B mpenenax + 6%.

Hyxknuaneiii coctaB MCXOAHBIX MOHOM3OTOIHBIX SIAEP-MULIECHEH 233U, 35U u #Pu kak pu
0o0Jy4eHuH 10 2:10% ¢ (5,5 yacoB), Tak W B MpPOIECCE HUX BBIICPKKH, PACCUUTAH IO MPOrpaMMme
HYKJIUTHOW KUHETUKH. [IpM TakuMxX OTHOCUTENBHO MallbIX BpeMeHax OOIy4YeHHs] HayalbHBIH COCTaB
MHUILIECHEN MEHAETCS HE3HAYUTEIbHO, M Ha PE3YyJbTaTbl pPACYETOB HYKIUMJHOIO COCTaBa H
TEIUIOBBIJICJICHUS] OCHOBHOE BJIIMSIHUE OKA3bIBAIOT SAECPHBIE JAHHBIE 110 CEUCHUSIM JICJICHUS TEIUIOBBIMU
HEUTPOHAMH, HE3aBUCUMBIM BBbIXOJAaM IPOJYKTOB JI€JICHUS, PaAUAllMOHHBIM MapaMeTpaM MpPOAYKTOB

JACJICHHNA 1 aKTHHUIO0B.

B pacuerax HCIIONb30BATICH SIEPHBIE JAHHBIE 1O BRIXOJAM MPOIYKTOB AeieHus saep U, U
1 >’Pu u3 6ubmmorexn JEFF-3.2 [71], Tak Kak B Heil coOpanbl HanboJiee HaAEKHBIE COBPEMEHHBIE
J@HHBIC O BBIXOJAM IPOAYKTOB MACTeHHS I U, KOTOPHIE MCIONB3YIOTCS B GONBIIMHCTBE
pacyeTHBIX MCCJIEOBAHUN 10 YpaH-TOPUEBOMY LUKIY. AHaIM3 pe3yibTaTOB MOJEIUPOBAHUS
(pucynku 3.1-3.3) no3BoJsieT 3aKII0UYUTh, YTO JJII KOPOTKUX BPEMEH OOIY4YEHHUS «TOHKHX) MHILIEHEH
U u *Pu, B KOTOPEIX NPEHEOPEKMMO OCTAbICHHE HEHTPOHHOrO TOTOKA, MOIYYEHO
YJIOBJIETBOPUTEIBHOE COTJIACHE PACUETHBIX M IKCIIEPUMEHTAIBHBIX JaHHBIX, YTO CBUJECTEIBCTBYET O

HAACKHOCTU aAJITOpUTMa MPOrpaMMbI HYKHHﬂHOﬁ KHHCTHUKHN H OTO6paHHHX OnOINOTEK AACPHBIX

JAaHHBIX IO BBIXOJaM MIPOAYKTOB JACJICHUA U paJHAllMOHHBIM ITapaMETpaM.
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Pucynok 3.1 — DkcniepuMeHTaIbHBIE U Pucynok 3.2 — DkciepuMeHTaIbHBIE U
pacyeTHbIC JaHHBIC MO TETIJIOBBIACICHUIO pacueTHbIC JaHHBIC TI0 TETUIOBBIICTICHHUIO
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“*U, penenve TennoseimMu HeiTpoHamu, T =2*10" cek

10'

, MaB/genenne
=)
)

E.

T T
10' 10° 10° 10* 10°
Bpems Bbiaepxku, cek

PI/ICYHOK 3.3- SKCI'IepI/IMGHTaJ'H)HI)Ie N paCYCTHBIC JAHHBIC 11O TCIIJIOBBIACICHUIO ITPOAYKTOB ACIICHUA

233U

Oxnako st ~°U npy MajibiX BPEMEHAX BBLICPIKKH MOMYYEHO 10 15 % MpeBbIlIeHHe B pacdeTe
TeruoBblAeNeHUs. Ha 3T0 00CTOATENBCTBO yKa3aHO TaKkKe B MEXKAYHAPOIHOM IepevyHe TpeOoBaHUM Ha
yrouHenue saepHbix AaHHbIX HPRL (Nuclear Data High Priority Request List) [72], xotopsrit
dbopMupyeTcss MeXIyHapoAHBIMU SKcliepTaMu B pamkax koonepauuu WPEC (Working Party on
International Nuclear Data Evaluation Cooperation) [73].

Tecm E1.2

B 80-e ronpl mpomoro Beka B Tpex Beaymux HaydHbx meHtpax mupa (ORNL, LOWELL,
YAYOI [64-66]) BbIOTHEHBI TPELIM3UOHHBIE U3MEPEHHUS CIIEKTPAIBHBIX XapaKTEPUCTUK U3IIyUYEHUs U
OCTAaTOYHOTO SHEPrOBBIEICHUS B OOJYYEHHBIX MHILEHSX, COJEPKalNX HM30TONBl TOPHs, ypaHa U
IUIyTOHMsI. B HacTosiee Bpemst pe3ynbTaThl 3TUX U3MEPEHUN ABISAIOTCS Hanbosee MHPOPMATUBHBIMU
Y HCIIOJIB3YETCSl B Pa3IMYHBIX MEXIYHAPOIHBIX TECTaxX AJIs NMPOBEPKH KaK SACPHBIX JAHHBIX, TaK U

MCTOJOB pacCyeTa HYKIHMAHOIO COCTaBa M paJUAllMOHHBIX XAPAaKTCPHUCTHUK AACPHOIO TOIJIMBA IIPU

MaJIbIX BpeMeHaX 00JyuyeHUs U BBIIEPIKKHU.
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HccnenoBanus MpoBOIMINCH B CIAEAYIOIIMX HAYYHBIX [IEHTPaX:

— Oxpumxckas HanwoHanbHas yabopatopuss CIHA (ORNL), rme Obutd BBIOJHEHBI W3MEPEHUS
XapakTepUCTUK MULICHEN W3 %pu, *Pu u U, OOJIy4eHHBIX TEIUIOBBIMU HEHTpOHaMHU,
BBIBE/ICHHBIMH U3 UCCIIE0BATENLCKOT0 peakTopa [63]. [locne o0ayyeHus B TeueHne BpeMeHH OT |
no 100 ¢ muIIeHM C TMOMOINBIO IHEBMOIOYTHI IE€pelaBajiuCh B H3MEPUTEIbHBIA 3all, TIe
MIPOBOJIUIIUCH UCCIIEIOBAHUS I BpeMEH BbIIEp:kKH oT 2 10 14000 c.

— MaccauyceTcKuii yHHBEPCHTET, T/Ie McclIeaoBamich Mumenn u3 2 Pu, “®U u **°U, o6nydennbie
TEIUIOBBIMHU U OBICTPHIMU HElTpoHamu B TedeHue BpeMeHHu A0 300 ¢ co BpeMeHeM BBIIEPKKH OT
JIOJIEN CEeKYH/IbI J10 2:10% ¢ [64]. YHUKATBHOCTB 3TUX M3MEPEHUHN COCTOsIa B TOM, YTO BIIEPBHIC B
MUpE ObLJIU BBIIOJIHEHBI U3MEPEHUS IIPU CTOJIb MAJIBIX (MEHbIIE | C) BpeMEHAX BBIIECPIKKH.

— Tokwuiickmii yHHMBEpcHTET, Tae Ha «ObicTpom» peaktope YAYO! Obumm 00MydeHBl MUILIEHH,
coJieprKaIIme 239Pu, 233U, %Y n 238U, 232Th, B TeueHue BpeMeHu oT 10 1o 100-300 ¢ v BBITTOTHEHBI
M3MEPEHUsI OCTAaTOUYHOI'O YHEPTOBBIJCIEHUS AJIsl BpEMEH BBIIEPKKHU OT 11 110 2,6:10% ¢ [65].

MeToauku U3MepeHui ObUIM NMPAKTHUUECKHU OJUMHAKOBBI: FAMMa-U3JIyu€HUE U3MEPATIOCH JH00
nerexktopamu Ha ocHoBe Nal(Tl), mubo Ha ocHoBe kpucramioB Ge w/wnmm Ge(Li). bera-uznyueHue

U3MEPSIIOCH C MOMOIIBIO0 Ta30HAMOIHEHHBIX CUETYHKOB, pa3paboTaHHbIX U M3rotoBieHHbIX B ORNL.

Yucno nenenuii B 00pasuax ObUI0 OMpeesieHO U3 Pe3yIbTaTOB U3MEPEHUN XapaKTePUCTUK U3ITYUCHHUS

msororoB °'Nb, “™Nb, *1Y, ¥Xe. Ha MPEACTABICHHBIX HUKE pUCyHKax 3.4-3.9 mpencTtaBieHbI

PACUCTHBIC U SKCIICPUMEHTAJIBHBIC TAHHBIC 11O SHEPTOBBIACIICHUIO IJIA IBYX AKTUHHUIOB — 235U n 239PU.
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Pucynok 3.4 — 3aBUCUMOCTb SHEPTOBBIICICHUS

#%PU (B-KOMIIOHEHTEI) OT BPEMEHH BBIIEPKKH

Bpems Bblaepxku, cexk

Pucynoxk 3.5 — 3aBUCHMOCTB SHEPTOBBIICICHUS

2Py (y-KOMIIOHEHTBI) OT BPEMEHH BBIICPKKH
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Jlis cpaBHEHHsT Ha PUCYHKAaX TakXe NPUBEJCHbl aHAJIOTHYHbIE pPACUYETHbIE JaHHBIE,
MOATOTOBJICHHBIE Ha ocHOBe Oubnmmorexkn JEFF-3.2, koTopas B HacTosiiiee BpeMs BKJIIOYAeT B ceOs
HanOoJiee COBPEMEHHBIE JaHHBIE IS BBIXOAOB TIPOJIYKTOB JIENEHUS M WX PaTUalMOHHBIX
XapaKTepUCTHK («pacrmaJHbIX JaHHBIX»). B paborte [74] ormeuanock, yro ais Oubauorexku JEFF-3.2
cUCTeMaTH4YecKH HaOJI0AaeTcsl HeOOLEHKA JaHHbBIX M0 TEIUIOBBIACICHUIO Ha TaMMa-KOMIIOHEHTE U
NepeoIieHKa JJaHHBIX 110 O0eTa-KOMIIOHEHTEe. B TO ke BpeMsi, T0CTaTOYHO XOPOIIIO OTMCHIBACTCS TIOJTHOE
TETUTOBBIICTICHHE.

OleHNBas Pe3yJIbTaThl PACYETOB JAHHOM 3a1aun, oTMeTHM, 4to uis 2>°U u 2*°Pu kak st Gera-
U TaMMa-KOMIIOHEHT TEIUIOBBIACTCHUS, TaK W JUId TIOJHOTO TEIUIOBBIIEIEHUS MOJIYy4eHO
yJIOBJIETBOPUTEIBHOE COIJIACHE OKCIEPUMEHTAJBHBIX W  PACUYETHBIX JAHHBIX, YTO MOXET
CBUJICTEIILCTBOBATH O KOPPEKTHOM BBIOOpE OMOIMOTEK SACPHBIX JAHHBIX IS THX W30TOMOB B HAIIIMX

pacyerax.
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Tecm E2.1

B pabote [67] omyOnmukoBaHBI pe3yabTaThl M3MEPEHUN OCTATOYHOTO JHEPTrOBBIICICHUS B
pa3InYHBIX MaTepuaiax, 00Jy4eHHBIX HEHTPOHAMHU B YeThIpeXx mo3uiusax Ha ycraHoBke FNS (Fusion
Neutron Source, JAERI, Japan) B pamkax sIOHO-EBPOIECHCKON MPOrpaMMbl HCCIEIOBaAHUS

paarualiuOHHBIX CBOMCTB MaTCpPHUaJIOB. HeﬁTPOHHBIe CIICKTPbl B 3THUX IO3HMIHUAX IMNPEACTABICHBI Ha

pucynke 3.10.
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Pucynox 3.10 — Criektpbl HeWTpoHOB B yctaHoBKe FNS st getsipex mosunuii (Pos1-3, P0S7)
00JIydeHHs] MaTepUaNIoB C Pa3IMYHBIMU 3HAYEHUSIMU TUIOTHOCTH TOTOKA HEUTPOHOB (em%c™hy

Jnst 70 snementoB (ot F mo Bi) u 4 crmaBoB (cramm SS304, SS316, craser Inconel-600 u
Nickel-chrome) ObLIM BBITOJHEHBI M3MEPEHUSI OCTATOYHOIO SHEPTrOBBIACICHUS MOCTEe HEUTPOHHOTO
ob6myuenus. Bpemsi oOmyuenust 5 MuH., BpemMeHa BbiepKKH oT 10 MuH. 10 1 4. CiaexyeTr OTMETHUTh,
YTO JIaHHBIE SKCIIEPUMEHTHI aKTUBHO UCIIOB3YIOTCS IIPU BepUpUKalMU eBponeiickoit cucrembl EASY
U IIMPOKO MPEICTABIECHBI HAa Pa3IMYHBIX MEXAYHAPOIHBIX COBELIAHUAX 110 TECTUPOBAHMIO SIEPHBIX
JAHHBIX JIJIS 3a/1a4 000CHOBAHUSI TEPMOSIIEPHBIX YCTAaHOBOK [ 75].

Jnst  TecTUpoOBaHWSI  TOATOTOBJICHHBIX  OWOMMOTEK  ANEPHBIX JaHHBIX  (OmOIHMOTEeKa
AaKTUBAIlMOHHBIX CEYeHHH U OMOIMOTeKa «paclajHbIX JIaHHBIX») OTOOpaHBl  pPe3yJIbTaThl
AKTUBAIIMOHHBIX 3KCIIEPUMEHTOB Ul CIEAYIOIMX MaTepuUaioB: cTaib Mapku SS316, mupkoHMd U
rapHuil. BpiOop 3TuUX MarepualioB OCHOBaH Ha TOM, uyTo mnpu XpaHeHuun OST wucnonpzyembie
o6onouku TBC u TB370B M3roTOBJIEHBI JUOO M3 CTanel, TUOO M3 CIUIABOB HAa OCHOBE LIMPKOHUS
(peaktopsr THma BB3OP-440 u BBDP-1000). T'agpuuii BbeIOpaH B KauecTBe XapaKTEPHOTO
IIPEJICTAaBUTEINS TOTJIOMAIONINX HEWTPOHBI MaTepHalioB, UCIONb3yeMbIX B opraHax CY3 saepHbIX

peakTopoB. Ha pucynkax 3.11-3.13 npencraBieHbl HOJTyYEHHBIE PE3YIIbTATHI.
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Pucynok 3.11 — OkcnepuMeHTanbHbIe U pacyeTHble  PucyHok 3.12 — DkcneprMeHTalbHbIE U PaCUETHBIE

JAHHBIC 110 YHEPTOBBIACICHHIO s cTaimu SS316: JIaHHBIE 110 SHEPTOBBIICJICHUIO: CIUTOIIHAS TUHUS —

CIUIOIIHAS JIMHHS — HACTOSIIHUN pacyer, A — HACTOSIINI pacyueT, MyHKTUPHAsE — PacyeT C
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Pucynok 3.13 — DkcnepuMeHTaIbHBIE U PACUETHBIE JaHHBIE IO YHEPTOBBIJIEICHUIO B IUPKOHUU:
CIUIOIIHAS JIMHUS — HACTOSIIHNM pacyeT, MyHKTUPHAs — pacyeT ¢ ucnoijib3oBanueM Oubnuorexu EAF-

2010 [76], A — 3KCIIEpUMEHT

Jig cranu SS316 noay4eHo JOCTaTOUHO XOPOIIEE COrIache ¢ IKCIIEPUMEHTOM B npeaenax 6 %,
YTO YKJIAJBIBAETCS B TMOTPEUTHOCTh M3MEPEHUN. AHAJOTUYHBIC JaHHBIE, MOJyYECHHBIE B pacuérax C
oubmmotexkoit EAF-2010 [76], mpakTruuecku COBMAIalOT C pacyeTaMHu.

s marepuanioB TapHUS U IUPKOHUS HAOMIOAAIOTCS OTKIOHeHHs a0 ~46 % u ~23 %,
COOTBETCTBEHHO, YTO TOBOPHUT O HEOOXOJUMOCTH KOPPEKTUPOBKHU SJIEPHBIX NAHHBIX IS U30TOMOB
9TUX DJEMEHTOB M H30TOIOB JJIEMEHTOB, OOpPa30BaHHBIX B SJIEPHBIX HEHUTPOHHBIX pEAKIMIX Ha
CTAOWIBHBIX HM30TOMax raHUS W NUPKOHUA. Tak Kak HaOIIOJAIOTCS OTKIOHEHHS B PACUETHBIX H

HU3MCPCHHBIX JaHHBIX, KOTOPLIC IMPCBLIMIAIOT IMOTPCIIHOCTU HSMCPCHHﬁ, TO, B HICPBYHO OYCPCIb,
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HEO0OXOUMO KPUTHUYECKH MPOaHATN3UPOBATh HEUTPOHHBIE aKTHBALIMOHHBIE CEYEHUSI, KOTOPbIE BHOCST
OTIpeNIeNAIONINI BKJIa/l B SHEPrOBBIACTICHUE MIPH MaJIbIX BpeMeHax oomydenus (~5 muH.). s radpuus
HEOOXOIUMO YTOYHMTH SIJIEPHbIE JaHHbIE IO IEpUoAaM Iojlypaclaja. AHAJOTUYHBIA pe3yibTar
HaOmonaercss Ui upkoHus. CTOUT OTMETUTh, YTO MOJOOHBIM aHAM3 BBHIIOJHEH paHee s
€BPOTICHCKON CHCTeMBbI akTUBAITMOHHBIX pacdeToB EASY-2010 u ux pe3ynbTathl [ 7/5] MOATBEPKAAIOT

HaIIy BbIBOJbI.

Tecm E2.2

B pa6ore [68] mpencrtaBnensr pesynbTaThl coBMecTHBIX (CILIA wu Slmonus) wucciemnoBaHuit
panualMoOHHBIX CBOWCTB OOJY4YeHHBIX Ha ycrtaHoBke (Heiitponbl 14 M»3B) FNS (Smonms) 20
pa3IMYHBIX AJIEMEHTOB | 4 cIu1aBoB. VX mepeueHs npuBeneH B Tadbmuie 3.2.

[Tocne kaxaoro OONydeHHs C HCIOJIb30BAHHEM T€PMAHHEBOrO JETEKTOpa OBLIM H3MEPEHBI
SHEPTUU U BBIXOJBI IUCKPETHBIX TAMMa-KBAaHTOB, a TAK)KE MOJHbIE raMMa-CIEKTPhI MPH Pa3IAYHBIX
BpeMEHaX BBIICPKKH. [l HEKOTOPHIX MaTepuaioB (HAIpUMep, Kejie3a) BBIMOJHEHO HECKOJIBKO

Cepuii U3MEPEHUH, OTIIMIAIOIINXCS BpeMeHeM 00ydeHus T o, ¥ BpeMEHEM BBIIEPKKH T,

Ta6muma 3.2 — [lepedeHp McclieIOBaHHBIX MaTepHUaIOB

Cranu u
DaeMeHT

CIIJIaBhbI
Fe Zr Sn Y SS316
Ni Vv Pb In AlSI316
Mo Al Ta Mg MnCu
Cr Co Ag
Cu Ti Zn Au YBa,Cus04
w Nb Si

Bpemss Habopa cmektpa Ty, ONpeNensioch TpeOyeMoil CTaTUCTUYECKOH TOYHOCTbHIO
U3MEPEHUsl BBIXOJA T'aMMa-KBaHTOB. KOHEUHBIM pe3ylbTaToOM SKCIEPUMEHTOB OBLIO OINpeneneHne
CKOpPOCTH BBIXO/Ia IUCKPETHBIX Y-KBAHTOB Ha I'paMM MaTepHaia (B eIUHHIIAX r'-¢h). B zaBucumoctn
OT YCIJIOBUW MPOBEJIECHUS SKCIIEPUMEHTA MOIHOCTh NCTOYHUKA HEUTPOHOB U3MEHSIACH OT 10® 0 10*
¢t Bee SKCHEPUMEHTAIBHBIE PE3YJIBTATHl NPUBEACHBI K CTAHIAPTHOMY HEUTPOHHOMY HCTOYHHKY
momrocTsio 10 ¢,

B Tabnuue 3.3 B xauecTBe NMpUMepa NMPHBEIEHbI HKCIEpUMEHTANbHbIE JaHHbIE Ul KeJesa,

MTOJIyYEHHBIE B JIBYX CEPHIX U3MEPEHUM.
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Tabmuma 3.3 — DKcnepruMeHTaIbHBIC JAHHBIE TI0 BBIXOIY TUCKPETHBIX Y-KBAHTOB M3 KEJIE3HOTO

obOpasna
Cepus 1 ¢ napamerpamu: Cepus 2 ¢ napameTpamu:
To6:=30 muH., T;=22,4 muH., T;,=10 MuH. Tos:=9 wac., Tz=2,92 cyT., T};,=15,43 yac.
OHeprus Ckopoctb OHeprus Cropocts

ITorpemHuocTs BBIXOZA ITorpemnocts
Y-KBaHTOB, | BBIXOJa Y-KBaHTOB,

1 a1 | (lo),% y-kBaHTOB, | (105), %

k3B Y-KBaHTOB, T "*C k3B Lot
011 2917,4 4,6 319 41,871 3,8
847 108310 3,0 511 22,597 5,5
1811 29775 2,8 811 1,9592 30,3
2113 15533 3,1 835 137,96 3,0
2523 1134,6 6,6 847 4,3720 16,0
2658 961,78 7,1
2959 345,92 12,1
3370 182,15 18,9

B osrom Tecre oTOOpaHBl HambOoiee BaXKHBIC [UIS HANIMX MPHKJIAAHBIX HCCIETOBAHUI
MaTepHalbl: JKeJIe30, ATIOMUHUN W UupKoHWH. B Tabmmmax 3.4-3.7 mpeacTaBieHBl TOJXYYECHHBIC
pe3yibTaThl pacyeTOB B CPABHEHUM C SKCIEPUMEHTAIbHBIMM JaHHbIMU. X aHanu3 mno3Bojser
c/ienaTh CIEAYIOUINE BBIBOIBL:

o Al: ipy 06/ Ty4EeHIH OCHOBHBIM HCTOYHMKOM TAMMa-H3ITydeHHs SBIseTcs u30Tom 2'Na ¢
nepruoxoM monypacnazna 14,96 gaca, o6pasyemsiii B peaxuun 2 Al(n,a)**Na. PaqnanuonHsle JaHHbe
qutst m3otona 2*Na 0CTaTOYHO XOPOIIO M3BECTHEI, H B PSJIE SKCIIEPHMMEHTOB raMMAa-IINHIH HATPHS C
sneprusimu E,=1369 k3B u E,=2754 k3B ucnonp3yroTcs B KauecTBE CTaHAApTa IPU U3MEPEHUAX U
MOHHTOPHPOBAHHH ramMMa-roseii. Takke HeliTponHoe ceuenne peakuun 2 Al(n,a)**Na mocratouno
XOPOIIIO OTMPEIETICHO U BXOAUT B MEKIyHAPOIHBIM Ha0Op HEUTPOHHBIX CEUCHUM, UCIIOIB3YEMBIX KaK
CTaHAapT B u3MepeHusx. [loaToMy ucnoiabp3yemMble HaMU siAEpHbIE JaHHBIE JJIs ATFOMUHUS 1OCTAaTOYHO
HaJIeKHBI, YTO OTpa’keHO B Tabnuue 3.4, rae Bce MOIy4YEeHHbIE pe3ysIbTaThl PACUETOB YKIIAJbIBAIOTCS B

3asBJICHHBIC B 9KCIICPUMCHTC ITOTPCIHIHOCTU H3MepeHHfI.

Ta6J'II/II_Ia 3.4 — SKCHepI/IMeHTaJ'ILHBIe H paCYCTHBIC JAHHLIC 11O BBIXOAY AUCKPETHBIX 'aMMa-KBAHTOB U3

ATIOMUHHEBOTO 00pasiia

Cepust u3MepeHuil ¢ mapaMeTpaMu:
To6,:=10 gac., T;=5 gac. 52,3 muH., Ty;=1 gac 28,5 MuH. (P/3-1)
DHeprus OxcrniepuMenT () Pacuer (P) 100 %
Y -KBaHTOB, | YxaenbHbIN BhIXOJ | Ilorpemuocts VY nenbHbIN BBIXOA
k3B W3JIy4EeHMS, ctrt (1o), % W3JIy4EHMS, ctrt
511 169 14,0 183 8
1368 7630 2,50 7750 2
2754 7780 3,10 7840 0,8
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J Fe: mpu oOiyueHHMH OCHOBHBIM MCTOYHHKOM TraMMa-M3JIy4eHUs B 00JacTH BpEMEH
BBIICPKKM MeHbIne 10 €acoB sBsiercss M30TOm °MN ¢ mepHogoM monypacmaga ~2,6 daca,
o0Opa3yeMblil B peaklUU 56Fe(n,p)SGMn. ITpu OonbLIMX BpeMEHaX BBIACPKKU YBEIUYMBAETCS BKIIAJ
m3otoma 'Mn ¢ mepmooM moinypacmaga ~312 cyr., oGpasyembli B peakumuu > Fe(n,p)>*Mn.
[TonydyeHHble B pacueTax JaHHbIE MO BBIXOJAM AMCKPETHBIX raMMa-KBaHTOB JIOCTATOYHO XOPOLIO

OIKCHIBAIOT 3asBJCHHBIE SKCIICPUMEHTAIbHBIC JaHHbIe (Tabmuisl 3.5 u 3.6).

Tabmuua 3.5 — DKCepruMeHTaIbHBIC M pACUETHBIE JAaHHBIE 10 BBIXOY JUCKPETHBIX raMMa-KBaHTOB

U3 XKeJe3Horo obpasia

Cepust U3MEpEeHUH C TapaMeTpaMu:
To6,=30 muH., T;=22,4 muH., T,=10 MuH.
Sueprus OkcniepumMenT (D) Pacqef (P) (P/2-1)-
5 V nelbHBIA BBIXOM -100 %
Y-KBaHTOB, VY aenbHbI# BeIX0J | IlorpemHoctsb
R H3JTy4CHUA,
k3B U3ITy4eHUs, ¢ * T (10), % oL il
511 2920 4,60 3160 8
847 (°°Mn) 108000 3,00 112000 4
1811 (56Mn) 29800 2,80 29000 -3
2113 (°°Mn) 15500 3,10 15000 -3
2523 1130 6,60 1280 13
2658 962 7,10 892 -7
2959 346 12,1 428 24
3370 182 18,9 169 -7

Tabmuna 3.6 — DKCIepUMEHTAIBHBIC U paCUETHBIE TAHHBIE 110 BBIXOAY TUCKPETHBIX TaMMa-KBaHTOB 3

KCJIC3HOIro o6pa3ua

Cepus u3MepeHuil ¢ mapaMeTpaMu:
Tosr=9 uac., T,=2,92 cyr., T;;;,=15,43 gac.
DHeprus DkcnepumenT (D) Pacqu (P) (P/2-1)-
. VY ieabHbIH BBIXO -100 %
Y-KBaHTOB, VY aensHblii Beixoq | IlorpemHocts
1, - U3ITy4eHUs,
KB W3JIy4eHHS, C T (l1o), % oL L
319 41,9 3,80 43,0 3
511 22,597 5,50 24,0 6
811 1,9592 30,3 2,60 33
835 (>'Mn) 134 3,00 142 6
847 (°°Mn) 4,37 16,0 2,85 -35
o Zr: pu 00JIy4eHUN HE HAOIOAAeTCs IPKO BBIPAKEHHBIX BBIXOJIOB JUCKPETHBIX raMma-

KBAHTOB, TaK KaK UPKOHHUI UMEET MATh CTA0MIBHBIX U30TOMOB, Ha KOTOPBIX 00pa3yIOTCs MHOKECTBO
paJIMOaKTUBHBIX HM30TOINOB, B OCHOBHOM, PaJMOAKTHUBHBIC HW30TOIBI CTPOHITUS, UTTPUS H CaMOTO
rupkoHus. Cpelld HUX BBIJCIAM CIIEAYIONIUE: MPU KOPOTKUX BPEMEHAaX BBUICPKKHU (MeHbINE 15 MUH)
OCHOBHBIMH BKJIQAYUKAaMU B TaMMa-U3Jy4Y€HUE SBIISIIOTCS U30TOIMBI 892r, 87er, ngr, 90mY, 2y u %%y,
[Tpu BpemeHax BbIAEPKKU Oonee 15 MHMH. OCHOBHBIMU BKJIaYMKAMHU B TaMMa-U3IIyuYeHUE SBISIOTCS

wzotonsl Zr u MY, Uz MPUBEJICHHBIX B Tabmuie 3.7 MaHHBIX cleayer, 4to s 24 u3 27
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OHCPIreTHYCCKUX JIMHHUI OTHOCHUTEIIHLHBIE OTKIIOHCHMS PaCUYCTHBIX U SKCIICPUMCHTAJIBHBIX PE3YJIbTAaTOB

nexxat B uatepBaie + 10 %.

Tabmuua 3.7 — DKCepuMeHTaIbHBIC M pACUETHBIE JAaHHBIE 110 BHIXOY JUCKPETHBIX raMMa-KBaHTOB

N3 MUPKOHHUEBOI'O o6pa3ua

Cepust U3BMEpPEHU ¢ mapameTpaMu:
To6,=9 uac., Ty=2 gac. 26,5 mun., Ts,= 43,5 Mun.
(P/2-1)
DHeprus OxcnepuMenT (9) Pacuer (P) ' o
ramma- VY 1eIbHBIN BEIXOX [TorpemnocTs VY 1eJIbHBIA BEIXOJI 100 %
KBaHTOB, K3B W3JIYYCHHUS, ctrt (1), % W3JIy4EHMS, ¢t rt
173 877 6,70 925 6
203 15000 0,900 15300 4
206 451 18,7 403 -11
216 85,0 94,9 62,0 -27
388 4090 2,50 4170 2
448 230 22,7 249 8
479 14000 1,60 15200 5
505 308 24,2 284 -8
511 59300 1,40 61300 3
556 2210 6,10 2180 -2
658 376 21,3 341 -9
682 417 19,6 438 5
724 355 18,5 342 -4
743 524 14,7 538 3
749 392 19,9 442 13
756 411 14,0 438 7
847 206 26,2 219 6
909 139000 1,60 144000 3
935 1330 3,60 1410 6
1024 520 5,60 496 -5
1368 1760 3,10 1820 4
1405 332 8,00 317 -4
1621 107 13,6 96,0 -10
1657 158 10,4 148 -6
1713 1050 3,80 994 -5
1745 199 10,9 184 -8
2755 1560 3,80 1650 5)
Tecm E2.3

B paGore [69] npeacraBieHsl pe3yiabTaThl U3MEPEHUH CIIEKTPOB TaMMa-KBaHTOB U3 00pa3lioB
BaHA/Usl, pa3IMYHBIX BaHAJAMEBBIX CIIaBOB, HUOOMS, MOJIHO/eHa, peHHs, BOIb(ppaMa, 0OJydeHHBIX B
aKTUBHOH 30HE peakTopa bP-10.

OO6myueHnue mMaTepuanoB ObUIO BRIMOJTHEHO B AKCIIEPUMEHTAIBHBIX KaHanax (sueiiku 104 u 100
Ha PacCTOSHUU OT LIEHTpa aKTUBHOH 30HBI 145 MM), B KOTOPBIX HpEABapUTENbHO ObUIM M3MEPEHbI
HelTponHsle noist. Ha pucynke 3.14 npeacraBieH sHEpreTHUECKU HEUTPOHHBIHN CIIEKTp U1 KaHaia B

suerike 104.
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Pucynok 3.14 — Cnextp He#TpoHnoB peaktopa bP-10 B xanane st 00aydenus o0pas3inon

bbutn BBHIIOTHEHBI TPU CEpUH U3MEpeHul, 0003HaueHHbIe Kak 3M-1, 3M-2 u 3M-3.

Cepusa 3M-1.

Cymmaproe koiamdecTBO 3((eKTuBHBIX cyTOK oOmydeHuss cOopku  cocraBmwio 60,05.
[1n0THOCTH HEUTPOHHOTO NMOTOKA B siueilke 104 cocraBuia BEIUUHUHY 4,95-10" em?-¢t. 3a BpeMs
o0myuyeHus: o0pasiisl Habpaau cyMMapHbIi GuroeHC HEUTPOHOB ¢ sHepruen E,>0 2,55-10% em™, mons
obIcTphiX HelTpoHOB (Ex>0,1 MaB) coctaBuna 82,3%.

Cepus 3M-2

OOmydaTenbHOE YCTPOMCTBO, cOOpKa 00pasmoB 3M-2 u MecTo OOJydeHUs] B peaKTope T€ Ke
camble, yTo U st coopku 3M-1. CymmapHoe koinuecTBO 3(Q(EKTUBHBIX CyTOK cocTaBuio 121,75.
WuTerpanbHbiil GaroeHC HEHTPOHOB COCTABUII 5,15-10" cm?, u3 Hux 4,24-10%" cm™ MIPUXOJUTCS HA
HelTponsl ¢ Ep> 0,1 MaB.

Cepusa 3M-3.

OO6ryyaTenbHOE YCTPOUCTBO M cOopka oOpas3ioB 3M-3 Te ke cambie, uTo i coopku 3M-1.
Co6opka ¢ obpasmamu obsyqanack B peaktope B suerike 100. [TOTHOCTH HEUTPOHHOTO TTOTOKA B 3TOU

2.¢l, w3 mmx obicTpbix HelTpoHOB ¢ E>0,1 MbB  83,8%.

sSYelike cocTaBuia 4,90-1014 cM
WHTerpanbHblil QaroeHC HEMTPOHOB 3a ATO BpeMsl COCTAaBUII 1,14:10% cm. Pexum paboThl peakTopa
ObL1 OoJiee CIOXKHBINM, ueM npu odnydenun coopok 3M-1 u 3M-2, u ObLT yuTEH NpU MOJECIUPOBAHUU
3TOro sKcrepumenTta. JuddepeHunanbable CIeKTpbl (OTOHOB M3MEPEHBI B 00JacTU 3HEpruil 1o 3
Mb3B ¢ momompro  gerektupytomiei cuctembl «CITEJIOT» u mpencraBinensl B pabote [68].
Craructuyeckast TOUHOCTh U3MeEpeHUi 10 + 3% nns 249 kaHanoB U3MEPEHUS.

Jlist mieneit TeCTUpOBAHUSA SIIEPHBIX JTAHHBIX Ha OCHOBE TeCcTOBOM 3amauu E2.3 oToOpaHbI 1Ba
Marepuaiia — BaHaauid W ciutaB BaHagus V-4Ti-4Cr (3M-2). DkcrnepuMeHTalbHbIC TaHHBIC TI0
HHEPreTUYECKUM CHEKTpaM IaMMa-KBAaHTOB OOJYYEHHBIX MaTepHalIOB MOJIyYEHBI B IByX BapHaHTaX: B

TaK HAa3bIBACMOM IIOTOYCYHOM IMPCACTABJICHUH, KOTAa TaMMa-CIICKTp IIPCACTABIICH B 249

SHEPreTHYECKUX TOYKaxX B 00JIaCTH PHEPruil ramMma-KBaHTOB 10 3 M5B, m B BapuaHTe MIHMPOKHX
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rpynn. Ha pucynkax 3.15-3.17 mpeacTaBieHbl SKCIEPUMEHTAIBHBIE M pacyeTHBbIC JaHHBIC 10
(OTOHHBIM CIIeKTpaM JUlst BaHaus U ero cruiaBa tuna V-4Ti-4Cr. Ha pucynke 3.15 moka3zaH BapuaHT

IIOTOYEYHOI0 IIPEJCTaBICHHUs] TaMMa-CIIEKTpa, Ha pHUCYHKax 16-17 coekTpsl NpeACTaBlIEHbl B

TPYIIIOBOM BHUJE.

350 T T T T T T T T T

300 4 :.
250 4 .:
2004
150 4

100 4

Bbixoa oToHoB, 1/cm’/c)

504

-50 '
0,2

T T T T T T T
06 08 10 12 14 16 18

OHeprusa ¢otoHoe, MaB

)
04 2,0

Pucynok 3.15 — M3MepeHHBIN U pacyeTHBII
CHEKTPHI Y-H3IIydeHHs Juid 00pasia BaHaaus V
(3M-2), Bpems uzmepenus t=600 c: cruionrHas

JTUHUS — pacyeT, A — IKCIICPUMEHT,
BEPTHUKAIbHbIE INHUU — HHTEPBAJIBI
MOTPEIIHOCTH U3MepeHuil (+10)
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Pucynok 3.16 - i3mMepeHHbBIE U pacyeTHBIE
TPYIIOBBIE TOTOKU Y-H3ITyYSHHS Il 00pa3ia
Banaaus V (3M-2), Bpems uzmepenus t=600 c:
CIUTONIHAS TUHUS — YKCIICPUMEHT, ITYHKTUPHAS

JUHUS — pacy€T, BEPTUKAIbHbBIC JINHUU —
MOTPEIIHOCTH U3MepeHuit (+1o)
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Pucynok 3.17— M3MepeHHBbIE U pacyeTHbIE TPYIIOBBIE TOTOKU Y-M3JIy4EHHs I BaHAIUEBOTO CIUIaBa
V-4Ti-4Cr (3M-2), Bpemst m3mepenus t=600 c: CruionIHas JTMHHUS — YKCIIEPUMEHT, TyHKTUPHAs! JTMHUS
— pacy€r, BepTUKaIbHbIE JINHUU — MIOIPEIIHOCTH U3MEPEHUI

W3 3TuX AaHHBIX BUJIHO, YTO JUJIsi OOOMX MaTEpUajOoB OCHOBHBIM BKJIAJTUMKOM B Y-U3TydeHHE
0Gpasio. sBsercs ©°Co, MOCKOIBKY CTaGHIIBHbIHA H30TON *°CO H3HAYATEHO IPHCYTCTBOBAI B BAHAIMH
KAK MPUMECHBIH S1eMeHT. UMeHHO m3oTonm “°CO ONpeienserT ypoBEHb Y-W3IyYCHHS BaHAIHCBBIX
00pa3oB Jake mpu BpeMeHax Boiiepkkn Oornee 20 net. B Tabnuue 3.8 npencranensr pacuetnsie (P)
U JKClepuMeHTalbHble (D) JaHHbIE MO MOJHOMY BBIXOAY raMMa-U3Jy4yeHUs W3 PacCMOTPEHHBIX
00JIy4eHHBIX BaHaJHEBbIX 00pa3uoB. B nenoMm, B npeaenax 18 % Habmonaercs corjiacie pacuyeTHbBIX U

SKCHCPUMCHTAJIBHBIX JAHHBIX, YTO BIIOJIHC YKJIAABIBACTCA B MOTPCITHOCTD JaHHBIX H3MepeHHﬁ.
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Ta6muma 3.8 — XapakTepucTUKH 00JIy9eHHBIX 00pa3IioB BaHAIMs ¥ BAHAIUEBBIX CIIJIABOB U

pe3ysbTaThl U3MEPEHUH U PACUETOB MOJIHOTO BBIXO/1A Y-U3IyYeHHUS U3 O0IydYeHHBIX 00pa3IoB

BazoBBIii COCTAR C [TonnbIit BEIX0A (OTOHOB, em2ct
00JIy4EHHBIX O6H§E?§HH Macca obpasua, r OKCIEPUMEHT Pacuer (P/2-1)-
00pas1os D) (P) .100%
V-100% 3M-1 0,32820 48 + 21 54,2 14
V-100% 3M-2 0,53880 2440 + 160 2580 6
V-4%Ti-4%Cr 3M-2 0,39800 5500 + 240 6020 10
V-9%Ti- 5%Cr 3M-2 0,25385 255 + 96 282 10
V-5%Fe 3M-2 0,44380 1550 + 140 1650 6
V-0,5%Fe 3M-2 0,40125 290+ 23 342 18
V-0%Fe 3M-2 0,37245 53+ 13 58,3 9
Nb-100% 3M-3 0,43606 6280 + 280 6750 7
Mo-100% 3M-3 0,27304 50+ 14 64,3 10

3.2 BoiBoabI K 1aBe 3

[TonydyenHnble B AaHHOM paboTe pe3yabTaThl pacueToB IIOKAa3alM XOpolllee Ccorjiacue ¢
AKCIIEPUMEHTAJIbHBIMU JAHHBIMU (B paMKaX MOTPELIHOCTEN 3KCIEpPUMEHTOB). MckitoueHne coctaBui
TOJIBKO PACUET TerUIoBbieIeH s 2> U. CTOHT OTMETHTB, YTO TOT PE3yJbTAT HE SBISETCS KPHTHIHBIM
npu pemennn 3anad 3CXKI[ APOO u He roBOPUT O HEKOPPEKTHOCTH AITOPUTMA, 3aJ0KEHHOTO B
nporpaMMe HYKJIMTHOW KMHETHUKH, a PelIeHHE STOW MpOoOJIeMbl HAXOAUTCS B OOJACTH yTOYHEHHEM
pacmajgHbIX JaHHBIX M KOPPEKTHPOBKE COOTBETCTBYIOMMX OubOmuorek. [loaTomy, mocie BbIXOAa
OOHOBJIEHHBIX OMOJIMOTEK HEOOXOIMMO MOBTOPUTH MOJIEIMPOBAHUE JAHHOTO SKCIIEPUMEHTA C HOBBIMU
naHHbIMU. [IpoBeneHHBIE pacueTHbIE MCCIEN0BAHUS U AHAJIU3 MOJIYYEHHBIX PE3YJIbTAaTOB MO3BOJISAIOT
CZEJaTh CIEAYIOINE BBIBOBL:
— aNrOpUTM pacuera TPaHCMYTAllMU U aKTUBALlMU KOJ1a HYKJIMHOW KMHETUKHU paboTaeT KOPPEKTHO;
— oroOpaHHBIE B COCTaB OMOJIMOTEKH SACPHBIX JAHHBIX AKTHBALIMOHHBIE JaHHBIE MO HEUTPOHHBIM

CEYEHHUSAM B LIEJIOM IIO3BOJIIOT JOCTATOYHO HAJIEKHO MOJEIMPOBATh TECTOBBIE 3aJa4H.

MOoOXHO 3aKII4MTh, YTO pa3padaThiBaeMasl MporpaMMa HYKIWIHOW KWHETHUKU, BKIIOYAs
0TOOpaHHble OMOIMOTEKU SAEPHO-(PU3MUECKUX JIAHHBIX, PabOTaeT KOPPEKTHO W MOXKET CIIY)KHUTb
MHCTPYMEHTOM JJIsl IIPOBEJEHUS O0Jiee CIOXKHBIX PACUETOB M aHAIM3a MHTErPaJbHBIX PEAKTOPHBIX U

UMHTAIIMOHHO-PEAKTOPHBIX IKCIIEPUMEHTOB [77].
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I'naBa 4. IlpakTnyecKue NpuMepsbl pelieHus! 3a1a4 3aKJIIYUTEIbHbIX CTAIUI
’KM3HEHHOI'0 IMKJIA 00bEKTOB HCI0/Ib30BAHUS ATOMHOM YHEPIUU

JanHas T1yIaBa JIMCCEPTALMOHHOTO MCCIIEIOBAHUS TIOCBSIIEHA JIEMOHCTpAIlMU TOJYUYEHHBIX
pe3yJIbTaTOB PACUYCTHBIX HMCCIEAOBAHUN C MPUMEHEHHEM pPa3pabOTaHHOTO PACUETHO-NMPOrPAMMHOTO
WHCTPYMEHTapus. 3]1eCh IOCIIEIOBAaTEILHO pPacCcMOTpeHbl akTyaibHble 3amaun 3CXKI] oObexToB
MCIOJIb30BAaHUsI ATOMHOW 3HEPTUU BOMPOCHI 110 TpeM HampaBieHusM: obpamienue ¢ OST, obpamenue

¢ PAO, BD.

C yderoM TOro, 4ro JA0JATrO€ Bpemsi BompocaM 3axopoHeHuss PAO He ynensioch TOJKHOTO
BHHMAaHMS, PaCUCTHBIEC MCCIEAOBAHUS COCPEIOTOYCHBI B 00JACTH MOJCIHPOBAHUS PAJIUOHYKIUIHBIX
coctaBoB OST u PAO u merogmdeckoil pa3pabOTKe MOIXOI0B K ONPEACICHUIO PAaJIUOIOTHUECKOMN

3HAYMMOCTH PaIMOHYKJIUJIOB, COJIEPKALINXCS B HUX, B KOHTEKCTE JOJITOBPEMEHHOM 0€3011aCHOCTH.

UccnenoBanbl  BONPOCHI ~ BTOPUYHOIO  HMCHOJIB30BAaHUS  PA3JIMYHBIX  3arps3HEHHBIX
PAaAMOHYKIINJAMU MaTepHaJIOB U1l HYXKJ aTOMHOW oTpaciu. B pasnpene 4.2 mpuBeIeHbl OLIEHKU
paguanMoOHHOW OE€30MaCHOCTH TPH OOpallleHHH C H3ACIHUSIMH, BBIMOJHEHHBIMH W3 PaTualliOHHO
3arpsI3HEHHOTO MeTtayuia. Eme oAuH MEepCHeKTUBHBIN MaTepuall, KOTOPBIM MOKHO HCIOJIb30BaTh

BTOPUYHO — OETOH, JUIS HETO TOKe OBLIN MPOBEJICHBI COOTBETCTBYIOIINE HCcaenoBanus [78].

B paznene 4.3 paccmorpena 3amada no BD APOO no cuenapuro «HemeyieHHbINH TIEMOHTaX.
[IponeMoHCTpUpPOBaHBI BO3MOXKHOCTH KOHBepTanuu TpexmepHoit CAIIP-monmennm B pacueTHyio u

OIIEHKH JTO30BBIX HArpy30K MPH BBHIMOJIHEHUH KOMIUIEKca paboT no yaanenuio PAO.

4.1 Oopamenne ¢ OAT

Ob6pamenne ¢ OSAT MOXET COCTOSATh M3 HECKOJIbKHUX AITAlOB: BBITPY3Ka U3 AKTUBHOM 30HBI,
IPOMEXYTOUHOE XpaHEHHUE, TPAHCIIOPTUPOBAHMS 10 MYyHKTAa XPaHEHUS/3aXOPOHEHMs WM 3aBOJAA 10
nepepaboTKe, U Jajiee, B 3aBUCMMOCTH OT THIA TOIUIMBHOIO LIMKJIa 3aXOPOHEHHE UM mnepepaboTka. B
Poccun mpunsta crparerust 3amkHyToro TorumBHOrOo umkia (3ATL[), xoTopelii mpeamnosnaraer
nepepadotky OST. Llens nepepabotrku OSAT — BwigeneHue TOBapHOW MPOAYKIHH, T. €. U30TOMOB U,
Pu u B HEKOTOpBIX ciy4asXx APYTHUX DJIEMEHTOB, Hampumep, Np. OcTalbHbBIE 3JIEMEHTHI, Kak
paMoaKTUBHBIE, TaK U cTabuiabHbIe nepexoaaT B PAO. O6pa3zoBanubie PAO B nanbHeiIeM JOKHBI
ObITh 3axopoHeHbl B II3PO, HO mepen 3TUM KOHAMIMOHUPOBAHBL. (I OLEHKHM paJuOHYKIUIAHBIX
coctaBoB PAO M uX paaualMOHHBIX XapaKTEPUCTUK (PHEProBbIACNIEHUE, ramMmMa U HEHTpOHHbIE

UCTOYHUKH U JIp.) HEOOXOIMMO 3HATh XapaKTepuCTHKH repepadaTsiBaemoro OT.

B Poccun ¢ 1977 ronma paboraer 3aBox mo nepepabotke OSAT — PT-1, pacrnonosxeHHbIH Ha
OI'VIT (IO «Masik», a Takxke HaunHaeT padbory (2016 r.) ONBITHO-AEMOHCTPAIIMOHHBIM LIEHTP MO

nepepabotke OAT na OI'VII «I'XK». OcHoBHolt 00bem OAT, nepepabarsiBacmoro Ha 3aBoge PT-1,
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apisiercs OST peakropoB tmna BBOP-440 u BH-600. Pacuer pammonykinuasbix coctaBoB OMAT
SABJISICTCSL TPEABAPUTENIBHBIM ATAanoM K oleHke coctaBoB PAO, xpansmmxcs Ha 3aBoge PT-1 u

IJIAHUPYEMBIX K 3aXOPOHEHUIO.

B 3agauax, cBsA3aHHBIX C 3axOopoHeHMEM PAOQO, NpUHIMNMAIBHBIM MOMEHTOM SIBISIETCS y4eT
BCEX 00pa3yroLMXCs B IIpoLecce AAEPHBIX peakluil U paoaKTUBHOIO pacaia AOJTOXKUBYLIUX sAAep
U sJep, B IpoIiecce pacnajga KOTOPhIX 00pa3yroTcst JOIroXKHUBYIIUE siapa. B mocnenyrommx pacderax
cocraa OST He yuuThIBaeTCs M3MEHEHUE HEUTPOHHOIO IOTOKA IO BBICOTE AKTUBHOW 30HBI U
COOTBETCTBYIOLIME H3MEHEHHs PaJMOHYKIMIHOIO COCTaBa, a pacyeT HpPOM3BOAUTCS B Hauboiee
KOHCEPBATUBHOM BapuaHTe. boree BaXXHbIM MOMEHTOM SBJIACTCS OLEHKA PaJUOHYKIMIHBIX COCTaBOB

B IIOJIFOCpO‘-IHOfI MEPCICKTUBE, T. €. HA ThHICAYH U JCCATKH ThICAY JICT.

4.1.1 OueHnka paaMoOHYKJIUIHBIX cocTaBoB U xapakTepucTtuk OAT peakropos BBOP-440
Pacuetsl coctaBoB OST, o6pasyromuxcs B mpoiecce padboThl p€aKTOPOB, a TAKXKE UX pa3InyHbIe
paAvallMOHHBIE XapaKTEPUCTUKHU BBINOJIHEHbl C MHCIIOJIB30BAHUEM pPa3pa0OTaHHOM IPOrpaMMbl
HYKITUIHOW KuHeTHKH. McxomHas OmOIMoTeka HEHTPOHHBIX aKTUBAI[MOHHBIX CeueHHH B3sTa B 315-
rpynnoBoM npubnxennn (pazouenue TRIPOLI) u cBepHyTa B OJHOTPYIIOBOE MPEICTaBICHUE TIO

COOTBETCTBYIOILIEMY HEUTPOHHOMY cIIEKTpy peakTopa BBOP-440.

s peakropa BBOP-440 B kauecTBe HEHTPOHHOIO IOJISI, XapaKTEPU3YIOLIET0 aKTUBHYIO 30HY
peakTopa, BbIOpaH HEHTPOHHBIM CIIEKTp B O0JACTH LIEHTPAJIbHON YacTW aKTHMBHOW 30HBI peakTopa
BBOP-440 B oxpectHOocTH Touku Ha BeicoTe h = 120 cM or HM3a Kopmyca peakropa. Ha puc. 4.1
IPEJCTaBJIeH SHEPreTUYECKUN CIIEKTP HEMTPOHOB B 00J1aCTH LIEHTpa aKTUBHOM 30HBI peakTopa BBOP-
440 [79]. Hannas o6nactb peaktopa BBDOP-440 sBnsiercss Hambosee HSHEproHarpyXKeHHOM C

HauOOJILIINM 3HAUCHHEM HCfITpOHHI)IX ITOTOKOB B €€ OKpPCCTHOCTH.

s peakropa BBOP-440 Obino paccmMoTpeHo TorumBo B Bue JByokucu ypana UO; (3,6 %
oboraieHue Mo 235U), KoTopoe ucnonsdyercs B BBOP-440 no Beiropanuss 30 I'BT-cyr/tr UO..
JlanHbIil BapHaHT pacueTa BBITOPaHUs TOIUIMBA MCHOJB3YEeTCs AJs Lened BepuUKaluud MporpaMm

HYKJIUJTHOM KMHETHUKH, a TAK)Ke pacCMOTpPEH B cripaBouHuke [80].

B tabnune 4.1 mpencraBnensl ucxoanblii coctaB TormmmBa UQO,, coctaBel OAT Ha MOMEHTHI
BelziepxkKu 0, 5 u 10 ner. Kak npasuio, nocne 5 ner Beiaepxku OST noctynaer Ha nepepaboTKy Ha

3asog PT-1.
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Pucynok 4.1 — Cnextp HelitpoHoB peakTopa BBOP-440 B ieHTpanbHOM IIIOCKOCTA aKTUBHOM 30HBI

Ta6nura 4.1 — [NepBonavanbhbiii cocta Tortuea UO, u momydenubie coctaBbl OST (komonku 3-5)

npu Beiropanuu Tormusa A0 30 I'Br-cyr/t UO,

IlepBoHauanbHBII Cocras OAT, r
SeMeHT (g%%;:%%?’zr Tpuy=0 et Tpu=5 et Ty=10 neT

1 2 3 4 5
H 0,04942 0,03765 0,02876
He 1,27 1,4444 1,5506
Li 1,5569E-4 1,5569E-4 1,5569E-4
Be 1,7734E-4 1,7734E-4 1,7734E-4
B 1,1591E-5 1,1592E-5 1,1592E-5
C 0,62674 0,62672 0,6267
N 0,00133 0,00134 0,00136
o] 118430 118560 118560 118560
F 1,6299E-4 1,6299E-4 1,6299E-4
Ne 7,7233E-5 7,7233E-5 7,7233E-5
Na 3,8945E-12 | 3,8945E-12 | 3,8945E-12
Mg 1,4251E-15 | 1,4251E-15 | 1,4251E-15
Ti 1,5103E-16 | 6,5399E-17 | 6,5399E-17
\Y 7,8851E-16 | -- --
Cr 8,0286E-10 | 8,0281E-10 | 8,0281E-10
Mn 1,9363E-9 1,9353E-9 1,9353E-9
Fe 6,9365E-7 6,8112E-7 6,8112E-7
Co 1,8335E-7 1,9181E-7 1,8981E-7
Ni 7,9963E-5 7,7766E-5 7,7208E-5
Cu 1,6644E-4 1,6382E-4 1,6438E-4
Zn 0,00734 0,00731 0,00731
Ga 0,00975 0,00973 0,00973
Ge 0,30119 0,30108 0,30108
As 0,10572 0,10464 0,10464
Se 37,03 37,03 37,03
Br 12,495 12,485 12,485
Kr 308,37 300,83 295,43
Rb 301,19 308,68 314,09
Sr 759,86 679,84 632,67
Y 385,89 362,47 362,46




[Tponomxkenne Tadmuie: 4.1
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IlepBoHauanbHBII Cocras OAT, r
SnemeHT (g%%zag%?,zr Tpuy=0 neT Tou=5 €T T =10 ner

1 2 3 4 5
Zr 3489,7 3523,5 3570,8
Nb 38,956 0,00201 0,00356
Mo 3251,1 3356,8 3356,8
Tc 901,88 905,57 905,56
Ru 29434 2698,6 26925
Rh 715,05 767,06 767,06
Pd 13314 1524,3 1530,5
Ag 21,269 21,056 21,056
Cd 49,946 50,117 50,117
In 5,5272 5,605 5,6055
Sn 79,433 79,087 79,055
Sh 33,669 22,367 19,161
Te 378,94 384,03 387,29
[ 158,89 150,67 150,67
Xe 5437,6 5440 5440
Cs 2894 2728,8 2599,9
Ba 1337,8 1493,2 1622,1
La 1240 1236,8 1236,8
Ce 2670 22543 2249,8
Pr 1178,4 1215,9 1215,9
Nd 4042,1 4437 4 44419
Pm 326,36 88,104 23,494
Sm 877,21 1123,6 1188
Eu 156,51 143,95 137,94
Gd 82,127 95,753 101,95
Th 2,0356 2,0167 2,0167
Dy 0,77993 0,80097 0,80097
Ho 0,2129 0,21275 0,21275
Er 0,14934 0,14963 0,14963
Tm 0,01505 0,01229 0,01194
Yb 0,01068 0,01363 0,01398
Lu 0,0021 0,00211 0,00211
Hf 2,7884E-4 2,8088E-4 2,8088E-4
Ta 3,1785E-7 3,418E-7 3,418E-7
W 1,6462E-8 1,8199E-8 1,8199E-8
Re 1,736E-13 2,9086E-13 | 2,9086E-13
Os 1,1205E-14 | 1,1644E-14 | 1,1644E-14
Tl 1,0641E-13 | 6,3966E-13 | 8,84E-13
Pb 2,7568E-8 6,7602E-7 1,98E-6
Bi 1,1525E-11 | 6,105E-11 8,4868E-11
Po 6,7385E-14 | 9,0845E-14 | 9,4052E-14
Rn 9,5002E-14 | 5,7163E-13 | 7,9835E-13
Fr 1,0754E-16 | 1,4761E-16 | 1,7695E-16
Ra 5,5007E-10 | 3,4777E-9 5,6934E-9
Ac 3,3859E-10 | 2,9538E-9 6,8569E-9
Th 2,4621E-4 9,1725E-4 0,0016
Pa 2,2801E-5 4,022E-5 5,7659E-5
U 881570 831040 831040 831040
Np 209,88 118,01 119,96
Pu 12142 12079 11949
Am 36,537 196,35 320,71
Cm 6,0905 0,90837 0,75283
Bk 1,0967E-10 | 2,1016E-12 | 4,023E-14
Cf 3,4441E-11 | 1,3581E-10 | 1,3326E-10
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Jns monyuennoro coctaBa OST BbIMOIHEHBI pacyeThl U3MEHEHHS €r0 U30TOIHOTO COCTaBa s
Bpemenu 110 10 000 ner. Jlnst moATBEpKA€HUS OJYYCHHBIX PE3YJIbTATOB CPABHUM (PUCYHOK 4.2) UX C
JAHHBIMU ciIpaBoYHMKA [80], KOTOPBIM MIMPOKO PACIPOCTPAHEH U UCHOJIB3YETCs B oTpaciu. OTMeTuMm,
YTO B 1I€JIOM CpaBHUBAaEMbIEe JaHHbBIE JTOCTATOYHO OJIM3KH, HO B CIIPAaBOYHUKE PACCMOTPEHO He Ooliee
460 TpOIYyKTOB JAEJIEHUS OT %27n no 'Ho, a B MOJTYYEHHBIX pe3yibTaTax JaHa HH(popManus
npuMepHo o 650 MpOoAYKTOB NeneHust Ais 3Toi obnactu saep. Takke moiydeHa mHpopmanus o0

u3oromnax B oomactu ot H 1o Zn (mopsinka 114 uzotomnor) u or Ho no Th.

C yd4eTroM TOro, 4TO PHEProOBbIACICHUE SIBISETCS OJHOM U3 BaXKHEUIIMX XapaKTEPUCTHK Kak
OT, Tak u PAO, o6pa3yromniuxcs B mporecce nepepadotku OSAT, u HopMupyercs pu 3aXOpOHECHUH
BBITIOJIHEHA OIIEHKa octaTouHoro sHeproBeinencHus OST 3a cuer u3mydeHus o- ¥ P-dactuil U y-

KBaHTOB (pucyHok 4.3). /lannsie npusenensl k 1 T OAT (kononka 3 B Tabnuue 4.1).

—A— CnpaBoYHUK ]
—— Pacyer 10"

MonHoe

- = =B-yacTuupl
—— y-4acTuupl
—-—- g-4acTuupbl

10" o

10" 4

PapuoaktmBHocTb, Bk/1T OAT
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Bpems oxnaxaeHus, rog Bpemsa oxnaxgeHnus, roa

Pucynok 4.2 — CpaBHEHHE BpEMEHHBIX Pucynok 4.3 — IlonHoe sHeproseinenenne OAT u
3aBHCHMOCTEN PACUETHBIX U CIIPABOYHBIX IAHHBIX 0  €r0 KOMIIOHEHTHI 3a CUeT M3JIyueHus O0era-, raMMa- 1

CriaJy HaKOIUICHHOW akTUBHOCTH Jyist OSAT anb(a-4acTui

B «cBexem» OST comepx’uUTCs GONBIIOE KOJINYECTBO KOPOTKOKUBYIIUX MPOAYKTOB JIEICHUS U
JIETKMX H30TOIOB, pachajJi KOTOPhIX COMpPOBOXKIaeTcs Yy -u3nydeHueM. Ha pucynke 4.4 mpueneHo
CPaBHEHHME pAaCYETHBIX JMJAHHBIX [0 BBIXOJAM Y-U3Iy4eHHMs co crnpaBouHbiMu [80]. B menom
COBIAJICHUE XOpOILEE, OJHAKO, 3aMETUM, YTO OTCYTCTBHE B CIIPABOYHUKE KOPOTKOKUBYIIHX SJEP
MPUBOJUT K 3aHMKEHHUIO JAHHBIX 110 BBIXONY Y-u3inydeHus. Ha pucynke 4.5 npencraBieHsl JaHHbIE IO
SHEPreTUYeCKOMY  paclpeleleHHI0  Y-U3JIy4eHHMsl s pa3iMuHbIX  BpPEMEH  BBIIEPXKKH.
IIpencraBineHHblE pe3ysnbTaThl JAalOT IIOJHOE IPEACTABICHUE O COCTaBE U paJUMallMOHHBIX

xapakrepuctukax OAT u nocmykaT 0OCHOBOM Ul JaJIbHEWIINX pacueToB XxapakTepuctuk PAO.
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Pucynok 4.4 — CpaBHeHME pacUETHBIX U CIIPABOYHBIX Pucynok 4.5 — OHepreTnueckre CeKTpHI Y-
JAHHBIX 10 BBIXOAY Y-u3nyueHus OAT mnyyenust OST g pasnuIHbIX BpEMEH BBLACPKKH

4.1.2 Onenka cpokos yaajaenus OST ¢ BuA9C

Opna u3 BaxkHEHIIMX Mpo0ieM, OT pelIeHHs] KOTOPO 3aBUCHUT JalbHEUIIIee YCIEIIHOE Pa3BUTH
aTOMHOHM oTpacii, — pa3paboTka O€30MacHBIX W HSKOHOMHUYECKH OOOCHOBAaHHBIX TEXHOJIOTHU
oOpareHust ¢ oTpaboTaBmuM siaepHbIM ToruBoM. [t peanuzanuu 3ATL B pamkax OLIT SAPb-1, 2
pa3pabateiBatoTcsi TexHosnoruu mo mnepepadotke OAT pa3nuuHBIX TUIOB PEAKTOPOB M ITYHKTHI
xpanenuss OAT («vokpoe» xpanunuine ans OAT BBOP-1000 u «cyxoe» ans OAT PBMK-1000). B
o0meM ¥ IIeJIOM MOXHO KOHCTaTHpPOBATh, YTO 3a TOCJIETHHE TOJBl JJISi OCHOBHOTO 0OOBeMa
HAKOIIJICHHOTO M 00pa3yroIIerocs TOIJIMNBA MIPHHATHI CTPATETHYECKUE PEMICHHS U Pa3pabO0TaHbl IJIaHbI

paboT 1o uX peaausanuu.

OfHMM M3 HEMHOTUX THMIIOB OTpabOTaBLIETrO TOIJIMBA, B OTHOIIEHHMM KOTOPOTO HE HPUHSATO
ctparernueckoro pemenus, — OAT bumubunckoit ADC. I'maBHbIM 00pa3oM 3TO 00YCIOBJIEHO
reorpapuuecKuM pacrojOKEHUEM CTAaHLUUU U OTCYTCTBHEM HEoOXoauMmou HHGpacTpyKTypsl. Jlis
BbIOOpa OKOHYATEIbHOTO pELICHUS HEOOXOIUMO CpaBHHUTH DA3JIMYHbIE CIIEHApPUU JlabHEHIIEro
oOpamieHus. CyIecTBYIOT YeThIpe MOTEHIIMATbHO BO3MOXKHBIX Takux clieHapus. IlepBblii, Haubosee
HEONMaronpusATHBIA M pealu3yeMbli Ha JaHHBIH MOMEHT — OTCYTCTBHE pEUIeHHs 10 MOMEHTa
npekpaieHus skcrutyarauuu craHiuuu (2022 r.). Bropoit — 3T0 coopyXeHHe NMyHKTa 3aXOpPOHEHHUS
PAO u OST u nokanu3zaiys Bcero oo0beMa TOIJIMBa Ha MecTe. Peann3aius Takoro BapuaHTa Tpedyer
ryOOKOW MNpopabOTKH C y4eTOM MEXIYHapOAHBIX 00s3aTenbCTB. TpeTuit — 3TO OpraHu3alys
qutensHoro xpaneHus OST m PAO Ha MecTe ¢ OTJIOKEHHBIM KOHEUYHBIM pelIeHHeM. YeTBepThii —
o310 TpaHcnoprupoBanue OMAT no 3aBoma mo nepepa®oTKe, 4YTO MpeANosaraeT MpPOBEIEHHE psiaa
HOJTOTOBUTENILHBIX MEPONpPUATUH (BBITpY3ka W3 OacceliHa BBIACPKKH, pas3feiKka M YIakoBKa B
TPAHCIIOPTHBIN yNakoBOUYHBIN KoHTelHep). B pamkxax ®PILII APB paccmaTpuBanuch pa3ziavuHble MyTH

TpaHcnnopTupoBKU. IlepBbiii — CeBepHbIM MOpPCKUM IyTeM 10 KoabCKOro mosyocTpoBa M Janee
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KEJIE3HOIOPOXKHBIM TpaHcnopToM 10 3aBoaa PT-1. Bropoit — aBuarpancnoproM a0 KpacHosipcka u
Jlajiee  KEJEe3HOJOPOKHBIM. B peanusanmuu o0OMX BapHaHTOB €CTh CYIIECTBEHHbBIE TPYAHOCTH,
CBSI3aHHBIE C BpPEMEHHBIMH W HHQPACTPYKTYpHBIMH oOrpaHudeHussMH. CTOMMOCTH JII0OOTO H3

BBINICTICPEUNCIICHHBIX ClICHApUEB MpeBbIaeT necatku (40 u Boime) miapa pyo. B ienax 2009—2011 rr.

COBOKYIMHOCTh ~ BBILICONMCAHHBIX  IPOOJIEM  SBJISETCS  MPENSITCTBHEM K  MNPUHSATHIO
cTpareruueckoro pemeHus no ooOpamenuto ¢ OSAT. C yderoM BBICOKOM CTOMMOCTH peajld3alliu
T1000T0 M3 BBIIMICONHMCAHHBIX cleHapueB oOpameHus ¢ OST norm4Hoil BHIUTCS TpPOpadOTKa
BapHAHTOB X ONTUMU3ALIMU, OJTHUM U3 KOTOPBIX ABIIsAETCS HoaroBpemMeHHas Beiaep:xkka OSAT ¢ uensio

CHMIKCHUSA aKTUBHOCTH U YMCHBIICHUSA Tpe6yeM0171 pa,Z[HaHHOHHOfI 3allIUTHI JJIA TPAHCIIOPTHPOBAHUA.

bumubunckas ADC coopyxkeHa B mepuoa 1974-76 rr. U COCTOMT W3 YETHIPEX THITOBBIX
sHeprobnokoB ¢ peakropamu OI'TI-6 (DOneprernueckuii ['ereporennsiii IlerneBoit peaktop ¢ 6
NeTVIAMM  IUPKYJSIUM  TerjioHocutens). Ha 1maHHBIE MOMEHT BCe OHEProOJOKH SIBISIOTCS
NEHCTBYIOIIMMHU, HO B OmmkaiiiieMm OyayiieM IUTaHMpPYeTCs UX ocTaHoB, BhIrpy3ka OAT u nHawano
paboT Mo BRIBOAY W3 DKCIUTyaTallMH. 3a MEpHUoJ] dKcruryaTanuu HakoruieHo cBbiie 6000 OTBC, a k
MOMEHTY OCTaHOBa BCEX PEaKTOPOB IMPOTHO3WpyeTcs, 4To ux Oyaer Oonee 8000 mT. Beimepikka u
xpanenne OTBC mpoucxoauT B NPUCTAHIMOHHBIX OacceifHax Bbyaepxkku. Konctpykmus TBC
peaktopa JI'TI-6 mpenctaBnser co0oil cucTeMy CeMH MapajlieNbHBIX TPYO, OAHOW LEHTPaJbHOU U
mectu nepudepuitHbix. lllects TpyO4aThIX TBRJIOB pacroiararoTcs B NepUPEepuiHBIX TpyOKax.
TomnmBHas kommosunus AByx BumoB: UMo + Mg, UO,+Mg, o6Goramenue or 3 g0 3,6 %.
MaxkcumanbHoe Bbiropanue tomiauBa ~20 MBT cyt/kr U. Ilpu 3TuX 3HaYeHMAX BBITOpaHUS 1ocie 5
JeT BBIACPKKH OCHOBHBIMH J103000pa3yIOIIMMU PAAMOHYKIUAAMHU SBISIOTCS MPOAYKTHI JIEICHUS
(106Ru, 12SSb, 134Cs, 13 7Cs, 144Ce, P4Ey u 190 Eu) u 60C0, KOTOpBbIE HapaOaThIBAIOTCS COOTBETCTBEHHO B
TOIUIMBE U 00oJoukax TBAJIOB. Cpennue 3HaueHus akTUBHOCTM OTBC HEKOTOpBHIX paJlHOHYKINIOB
npuBefieHbl B Tabnmuie 4.2. MoOIIHOCTH /103bl, co3JaBaeMass OT HEHTPOHHOro oOOJIyuyeHHs, B

., 244
3HAUYUTENBLHOM CTEIEHH 3aBUCUT OT CIIOHTAHHOIO JEeJIeHHI ~ Cm.

Tabmuna 4.2 — Paguonykmuaasiii coctaB OST

Cpennee Cpennee

Pagnonyknug 3HaUECHUE Pagnonyxmun 3HaYeHUE
aKTHMBHOCTH, bk aKTUBHOCTH, bk

137cs 2,85E+13 240py 2,23E+11

2Mpy 1,40E+13 21Am 8,78E+11

2%9py, 1,74E+11 %Co 1,58E+12

2%8py, 2,41E+11 B4Ey 1,85E+11

HpI/I TPAHCIIOPTHUPOBKE OTpa60TaBI_LICF 0 TOIUIMBAa JOJIKHBI  BBIIIOJHATBHCA  CICAYHOIIUC

TpeOoBaHUS:
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— MOIIHOCTH J03bI HA oBepxHOCTH TYK < 2,0 M3B/uac;

— MOIIHOCTB J03bI Ha paccTosiHuK 2 M 0T noBepxHoct TYK < 0,1 m3B/4ac.

Hns mepeBozkn OST ucnons3yror TYK pazmuunbix kimacco. [y aBmacooOmeHus: Oosiee
o6e3zonacHbiMu  cuutatores TYK kmacca C (COXpaHSIOT CBOM 3aIllUTHBIC CBOMCTBA Ja)e IIOCIE
nagenus). B cmywae ¢ OST DJITI-6 paszpaboran TVYK, KOTOpbIi BMemaer mnpeaBapuUTEIbHO
noarorosiennbie 18 OTBC. [Ins mpoBeneHus pacueTHBIX HCCICIOBAHUN pa3paboTaHa pacyeTHAS

moaenb Takoro TYK (pucyHoxk 4.6).

Pucynok 4.6 — Ilonepeunslii 1 npoAoapHbIN pa3pes3sl Mojaenn TYK

Hns OAT ¢ BbLOEpKKOM 5 JeT U ¢ MaKCMMaJbHBIM BhITOpaHueM ToyuHa creHku TYK mis
BBITIOJTHEHHS] KPUTEPUEB 10 TPAHCIIOPTUPOBKE JOKHA OBITH ~ 24 cM. Ecnu paccMatpuBath crieHapuid
JIOJITOBPEMEHHOM BBIZIEPIKKH, TO aKTUBHOCTh KOPOTKOKUBYIIIUX TaMMa-H3Ty4YaloUX PaTuOHYKIUI0B
CHU3UTCS W COOTBETCTBEHHO TOJIIMHA HEOOXOAUMOHM 3amuThl yMeHbImHTCsI. C  yderom
TPYIHOAOCTYIIHOCTM Y  OTHAJIEHHOCTH pacnoioxkeHus buAIC Bompoc TpaHCIOPTUPOBKU
OTIpeIeIEHHON MacCChI sBIETCS 3HAaYUTENbHBIM (pakTopoM. Macca TYK mist mepeBo3ku cpa3zy mocie
ocTaHOBKH Bcex 0510koB ADC coctaBisier 67,5 T, a konudectBo TYK, HEOOXOAUMBIX AJIsl IEPEBO3KH,
— 445 mt. Paccrostane ot brumbuno no Kpacnosipcka ~3830 km. HTorn pacueToB BpeMEeHH BBIICPKKA

npuBeeHbl B Tabnuie 4.3.
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Ta6mmma 4.3 — OneHka yMEHbBIIICHUsI TOJIIIMHBI CTEHOK, KPBIKH U 1Ha TYK co BpeMeHeM BBIIEpIKKH

YMeHblIeHHEe 3aUThI Bemrpeim B Mmacce HuTerpanbHbiit Bpewms BoIiepxKKH, JIET
(KpslllIa, JHO, CTEHKH), CM Ha oguH TYK, T BBIMI'PBIII B Macce, T
5 8,8 3919 ~35
6 10,5 4653 ~60
7 12,1 5370 ~90
10 16,7 7422 ~150

;
B pe3ynbTaTe naxe npu BeIIEPIKKE ~35 JIET BRIMTPHIII cOCTaBUT 1,5 10" TOHHO-KUIIOMETPOB, YTO
MOKET OBITh CYIIECTBEHHBIM 3KOHOMHUYECKHM (AKTOpOM TMpU pEIIeHWH BOIpoca O CpPOKax

tpancnioptupoBanust OAT [81].

4.2 Oopamenne ¢ PAO

OpHoil W3 BaxHEeWmHX xapakrepucTuk PAQO, BO MHOIOM ONpPEICNSIONIMX  YCIOBUS
3aXOpPOHCHHMS, SIBIISCTCS HMX PAJAUOHYKIHMIHBIA coctaB. Ha mpeampusTHsX BONPOCH KOHTPOJIS
paguoHyKIHIHOTO coctaBa PAO pemarorcss ucxos U3 TpeOOBaHUN K OOSCIICUCHHUIO pagHalliOHHON
O6e3onacHoctu nepcoHana. [lpu mpoexktupoBanuu [I3PO kpome obecmedeHuUs: SKCIUTyaTallMOHHOMN
0€30MacHOCTH JOJHKHBI OBITh PACCMOTPEHBI BOIPOCH! 0€30MaCHOCTH MPpH TpaHcroptupoBanuu PAO u

J0JITOBPEMCHHAs OLICHKA 0€30IaCHOCTH IIOCJIE €TI0 3aKpPbITHA.

B HOpmaTuBHBIX TpeOoBaHUsX [82] ycTaHOBIEHO, YTO B MacnopTe Ha ynakoBky ¢ PAO nomkeH
OBITH IPUBEJICH MEpPEUYCHBb PATUOHYKIIUIOB, cofepkamuxcs B PAO, oqHaKo KOHKPETHBIX TpeOOBaHUI
K HeMy HeT. [Ipenmonaraercs, 4To 3TO OyIET YCTPAHATHCS B YACTHBIX KPUTEPHUAX MPUEMIIEMOCTH TPHU

IPOEKTHpOBaHUU KOHKpeTHBIX [I3PO.

Jiis 060CHOBaHUS TOJITOBPEMEHHOM 0€30MacHOCTH MyHKTa T1yOMHHOTO 3axopoHeHus PAO 1 u
2 knacca B HmxHekaHCKOM MaccuBe HEOOXOIUMBI JJAHHBIE O PAJUOHYKIIUAHOM COCTaBe U aKTHBHOCTH
IUTAHUPYEMBIX K 3aXOpPOHEHHI0 0TX0J0B. OmpeneneHue paauoHykiauaHoro coctaBa BAO sBnsgercs
CJIO’KHOM, KOMIUIEKCHOM Hay4HO-TIPaKTHUECKOW 3ajadeid M Al KOHKPETHOM YIMaKOBKH MOXET OBITh
pellleHa MyTeM IMPOBEACHUS pAa U3MEPEHUH, B TOM YHWCIIE MPHU MOMOUIM Pa3pyLIAOIUX METOOB.
OnHako eciaM paccMaTpuBaTh BECh 00beM HaKOIIEHHBIX PAQO, KOTOpBIN HACUUTHIBAET THICSYH TOHH,
CTaHOBUTCS OYEBHIHBIM, YTO BMECTE C M3MEPUTEIBHBIMU CPEICTBAMH HEOOXOIMMO HCIIOIH30BATh

paCyYCTHBIC NJIA:
- OICHKU paJUOHYKIMAHOTO COCTaBa PAO, HUCXOJd U3 UCTOPHUHU €TO 06pa3OBaHI/I$I;

- pacyeTa IUIOTHOCTEH NMOTOKOB I'aMMa-KBAHTOB M HEUTPOHOB OT ynakoBku ¢ BAO, a taxxke

MOIITHOCTEH 103;

- pac4ucTa TCIIJIOBBIACIICHHUS OT YIIAKOBKHU C BAO.
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C yderom OONBIIMX HEOMpPEIEICHHOCTEH B MCXOAHBIX JTaHHBIX PELIUTh 3a7ady C Tpedyemoii
TOYHOCTHIO TOJHKO PACUYCTHBIMH CPEICTBAMH HE MPEICTABISICTCS BO3MOXKHBIM. [loaToMy paspaboTrka
PacYeTHO-IKCIIEPUMEHTAIBHOTO TOJX0/a K OIpPEIeNIeHUI0 paAuoHYyKIuaHoro cocraa PAO B
KOHTEKCTE MX 3aXOPOHEHHS SIBJISIETCS aKTyaJbHOM 3ajadeil, Tie¢ Ha IEepBOM d3Talle JOJKHBI OBITh
MPOBEJCHBl pAacueTHbIE HCCIEIOBAHMS 10 OILIEHKE paAHOHYKIUIHBIX coctaBoB PAO u wux

XapaKTEPUCTHK.

[To mpoekty B [II'3PO mnanupytot 3arpyxarb BAO, oOpa3yromuecss B mpolecce nepepadoTKu
OMT na 3aBoge PT-1 B OI'VII «IIO «Masik», koTopsle cOOTBETCTBYIOT Kiaccy 1. Takue PAO
IpelCTaBIsIIOT coboit  octeknoBanHble JKPO, pa3MmenieHHble B CHEUAIW3HpPOBAaHHbIE OWJOHBI,

YIaKOBAaHHbBIE B MEHAJIBI 110 2 WK 3 IIT.

Crout orMeTuTh, uTo LENbI0 nepepadotku OMAT sBisierca BblIEIEHUE IMOJIE3HBIX MPOIYKTOB
(ypaH, IUIyTOHHH M JAp. JIEMEHTHI), B CBSI3M C 3TUM KOHTPOJb IPOLECCOB PaJIUOXUMHUECKOTO
npousBojcTBa B yactu PAO opueHTHpoBaH Ha oOecrieueHHE SAepHON O€30MacCHOCTH U pELIeHuE
TEXHOJIOTMYECKUX BOIPOCOB, T. €. KOHTPOJIMPYETCS COJEp)KaHWE ypaHa U IIIYyTOHMS, MapaMeETphbl,
OTBEYAIOIIIME 32 CBOMCTBA CTEKJIa B COOTBETCTBUH CO CTAaHAAPTAMU (XUMHUECKUI 1 MOP(HOIOTHIECKUI
coctaB JKPO, ynenbHas akTUBHOCTb, MOIHOCTh JJO3bl OT HEUTPOHHOI'O U raMMa-Hu3JlydyeHus u mp.). B
perinamMeHTe M3MEPEHHH MMEIOTCS JIMIIb JAaHHBIE II0 COJEP)KAHUIO OTACIBHBIX PaJMOHYKIUIOB,
ONpeAeNAouX raMMa-akTUBHOCT PAO B MOMEHT MX KOHJIUIIMOHHUPOBAHUA (KaK IMPaBWIIO, ITO

134,137 1S4p, o 106Ru)
, .

Ha 3aBome PT-1 mepepabatsiBactcs OST or peakropoB BBDOP-440, BH-600,
UCCIIEI0BATEIbCKUX M TPAHCIIOPTHO-CYJIOBBIX YCTaHOBOK. OCHOBHON 00beM Ipu nepepaboTke (Ooiee

90 %) npuxoaurcs Ha OAT BBOP-440.

C yuderom toro, uro B PAO onenouno coaepxutcs 6omee 100 paaron3oTorios, onpeaeiieHne
COJIep’KaHUsl MX JaXe C MPUMEHEHHEM pa3pylIaloNIMX METOAOB SBISIETCS TPYIHOBBITOTHUMON
3a/ayeif, MO3TOMYy B paMKax pa3padOTKH METOAMYECKOTO COMPOBOXKICHUS JOHKEH OBITh
C(l)OpMI/IpOBaH NEPCUYCHb PAAHUOJIOTHYCCKHU 3HAYMMBIX PAAWMOHYKIWI0B, KOTOPBIC W AOJIKHBI 6y,Z[YT

KOHTPOJIUPOBATHCS.

B pamkax mpoekra no coopyxxenuto [13PO npusenens! Toabko TpeboBanus k PAO kiacca 2, HO
HET YeTKOro TMpHUBSA3KM K UX NpoucxoxkzaeHuto. I[lostomy, B pamkax pabOThl OLIEHEHbI

PaAMOHYKIINIHBIE COCTaBbl KOHCTPYKIMOHHBIX MaTepuanoB TB3I 1 OTBC peakropa BBOP-440.

4.2.1 Ouenka paanoHyKJIMIHbIX cocTaBoB PAO kiacca 2 peakropa BBOP-440
B kauecTBe HCCIEAyeMBIX MATEPUAIOB BBIOPAHBI: KOPIYC PEaKTOpa M BHYTPUKOPITYCHBIE

YCTPOMCTBA, IUPKOHUEBBIE 000I04YKH U 6eTOH. OCHOBHBIE TapaMeTPhl KOpITyca: BHYTPEHHUN JHaMETp
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— 3560 MM, Beicota — 11800 MM, MakcumanbHBIM guamerp — 4270 MM (o GaHIaxy), TOJIIMHA
uuIuHApUYeckor yactu — 140 mm, TonmuHa 30HE natpyokoB — 200 MM, Macca Kopriyca - 200,8'10°

KT.

Kopnyc, naume koprmyca u obeuaiiku s peaktopa BBOP-440 usroraBnuBanuce U3 craiu
Mapku 15X2M®A-A. OcHoBHasg komnoHeHTa BKY — BbIropojka — U3roToBisUIach U3 CTAIM MapKH
08X18HIOT. LlupxonueBsie criaBbl Mapok I-110 u 2-625 ucnofb30BaIUCH UIsI W3TOTOBJICHUS
TB3710B U TBC, cooTBETCTBEHHO. B ITpHpeakTOpHOM NPOCTPAHCTBE UCIOIB30BANICS ISl paAUalliOHHON

3alllUThI 6€TOH, B COCTaB KOTOPOI'0 MPUMECHEBIC U CIICAOBBIC 3JICMEHTHI BKIIFOUCHBI COI'JIaCHO [83]

B Tab6mune 4.4-4.6 mpuBeneHBl COCTaBBl PACCMOTPEHHBIX MarepuanaoB kopryca, BKY mms
peaktopa BBDOP-440 [84], uupkonueBbix cmiaaBoB I-110 m 2-635 u Oerona. KomMmoHEHTHI
MaTepHaJIOB JIaHBI B MAaCCOBBIX NpOILIEHTaX. Bce nanmpHeime pacuyeTbl U3MEHEHHUS! COCTaBOB OBLIU

BBIIIOJIHCHBI AJI MAaTCPHUaJIOB BECOM 1 kr.

Tabnuna 4.4 — DnemenTHbIH cocta craneit 15X2M®A-A (kopmyc peakropa) u 08X18H10T (BKY-

BBITOpOJIKa/Kop3uHa) st BBOP-440, macc. %.

DNEMEHTHBIN COCTaB CTAJIU: DJIeMEHTHBIN COCTaB CTAJIU:
OnemeHT | 15X2M®DA-A 08X18HI0T OnemeHT | 15X2MDA-A (TY 08X18HI0T
(TV 428-61) (TOCT 5632-72) 428-61) (TOCT 5632-72)
C 0,16 0,08 Fe 94,668(6ayanc) (6amanc)
Al 0,01 - Co 0,025 -
Si 0,27 0,8 Ni 0,40 9-11
P 0,012 0,035 Cu 0,10 0,30
S 0,015 0,02 Nb 0,02 -
Ti - 0,7 Mo 0,80 -
\Y 0,30 - As 0,010 -
Cr 2,75 17-19 Sb 0,005 -
Mn 0,45 2,0 Sn 0,005 -

B kadecTBe NaHHBIX, XapaKTEPU3YIOIIUX HEHUTpOHHBIE Noysi B peaktope BBOP-440, B3sTHI
pe3ynbTatel uccienoBanui, BeinonHeHHble B OKb «['uapomnpeccy 11 NpOMBIIUIEHHOTO peakTopa

BBOP-440, mpoext B-230 [85].

B kaudectBe HeHTpoHHOro moysi Oblia BhIOpaHa OOJIACTh IEHTPATbHONW YacTH AKTUBHON 30HBI
peaktopa BBOP-440 B okpecTHOCTH TOYKH Ha BbIcOTe h = 120 ¢cM OT HHM3a aKTUBHOW 30HBI PeaKTOpa

(puc. 4.7 u 4.8).

Hns wmarepuana BKY B kadectBe HelTpoHHOro mojsi Oblla BbIOpaHa BHEWIHSAS 001acTh
aKTUBHOW 30HBI peakTopa, KOTopas sBIsieTcsl Hambosee sHeproHampsbkeHHoH, T.e. BKY momyuaror

MaKCHUMAJIBbHBIC 103bI O6J'Iy‘-ICHI/IH.




B kauecTBe HCXOAHBIX HaHHBIX ObUIM BbIOpaHBl Hambosee XapaKTepHbIE C TOYKU 3PEHHS
HEUTPOHHBIX HArpy3ok Kopmyca peakropa BBOP-440 nBe mo3unuum Ha BHYTPEHHEW W BHEIIHEH

MIOBEPXHOCTAX KOpIlyca B €0 LIEHTPAJIbHOM 4acTU HAIIPOTUB LIEHTPa aKTUBHOM 30HBI peakTopa BBOP-

71

440. Jlis o6omouex TBAJI BpeMsi o0nyueHus 4 roza, s kopnyca, BKY u 6etona — 45 ner.

Tabnuna 4.5 — DneMeHTHBIHN cocTaBa (Bec. %) crmaBoB I-110 u 3-635

Hcxonusiit o .
Ucxonueii Ucxonupiii o
DaeMeHT coctan cocras D-635, DaemeHt | cocras D-110, Hexonmmptit cocTas
9-110, o o 9-635, Bec. %
sec. % Bec. % Bec. %
Li 8,0E-04 8,0E-04 Cr 2,0E-02 2,0E-02
Be 3,0E-03 3,0E-03 Mn 2,0E-03 5,0E-03
B 5,0E-05 5,0E-05 Fe 5,0E-02 5,0E-01
C 2,0E-02 2,0E-02 Ni 2,0E-02 7,0E-03
N 6,0E-03 8,0E-03 Cu 5,0E-03 5,0E-03
0] 1,0E-01 1,4E-01 Zr 9,854312E+01 9,672160E+01
F 3,0E-03 3,0E-03 Nb 1,10E+00 1,10E+00
Al 8,0E-03 7,5E-03 Mo 5,0E-03 5,0E-03
Si 2,0E-02 2,0E-02 Cd 3,0E-05 5,0E-05
K 4,0E-03 4,0E-03 Sn - 1,4E+00
Ca 3,0E-02 1,0E-02 Hf 5,0E-02 1,0E-02
Ti 5,0E-03 5,0E-03 Pb 5,0E-03 5,0E-03

Ta6n1/1ua 4.6 — CocTaB OeTOHA C BKIIOUEHUEM OCHOBHBIX U IMPUMECHBIX 2JICMCHTOB

S eMEHT DIIeMEHTHBII COCTaB S eMEHT DIeMEHTHBI COCTaB
OetoHa (Bec. %) OetoHa (Bec. %)
H 5,6002E-01 Ca 8,2603E+00
o) 4,956E+01 Sc 1,9E-05
Na 1,71E+00 Fe 1,22E+00
Mg 2,4E-01 Co 4,4E-05
Al 4,56E+00 Ni 2,70E-04
Si 3,135E+01 Nb 1,0E-04
S 1,20E-01 Cs 9,3E-05
Cl 1,0E-04 Eu 3,95E-04
K 1,92E+00 Ta 7,9E-05
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Pucynok 4.7 — I'opuzoHTasibHOE ceueHHe pacueTHOi Mmozaenu peakropa BBOP-440 npoekra B-

230: 1 — akTUBHas 30Ha; 2 — KaCCEThI-3KpaHbl; 3 — BRITOPOJIKa; 4 — BoAa; 5 — KOp3uHa; 6 — maxTa; 7 —

sKpaH; 8§ — Kopnyc; 9 — Bo3ayiHbIi 3a30p; 10 — HarutaBka; 11 — Teronsossanus; 12 — crenka 6aka; 13
— OmoJstornyeckas 3amura (Bojia)

CreHka 6aka

Kopnyc
Bopa
Qup:u
LWaxra S Buonoruyeckas
3awmTa-sopa
Bbiropoaka
AKTHBHas 30Ha
3 5
TBC 27 L. 28 L 29 .
14.4
T k20l21l22) 23 24 _
TBC ¢
no-TB3ToHuiM 1111 13 .14 L 15 .16
1 2 3 4 5 6 7 8
14.7
Kacceta
139.65
SKpaH 14045

150.5
154
155.4
159
162
165
178
192

196.8
197.3

207
209.5

260

Pucynok 4.8 — Cxema 30° cektopa cumMmerpun peaktopa BBOP-440 npoexra B-230

Ha puc. 4.9 npezacraieH sHEPreTHUECKUH CTIEKTP HEUTPOHOB B 00JIACTH LIEHTPA AKTUBHOM 30HBI

peaktopa BBOP-440. [lannas ob6nacts peaktopa BBOP-440 sBisieTcst Hanbosiee sHEProHarpy>KeHHOM

C HauOOIBLIINM 3HAYCHUEM HeﬁTpOHHLIX ITOTOKOB B €€ OKpPCCTHOCTH.
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s kopnyca peaktopa BBOP-440 Gbuto y4T€HO M3MEHEHHE HEUTPOHHBIX MOTOKOB 110 TOJIIIIMHE
Kopiryca (cM. pucyHOK 4.9), 1 00pa3yroluecs paJuoHyKIUAbl ObLIN YCPEIHEHBI 110 TOJIIIHHE KOpITyca

C Y4€TOM UX aTOMHOI'O COCTaBa.

BB3P-440
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Pucynok 4.9 — DHepreTrueckoe pacupeesieHrne NOTOKOB HEHTPOHOB B IIEHTPAIBHOM 00JIacTh

akTuBHOM 30HHI (1), B 06mactu BKY (2), Ha BHyTpeHHei (3) u BHemHEeH (4) MOBEPXHOCTAX KOpIyca

peaktopa BBOP-440

Bpemst o6nyuenus nis matepuanioB BKY, kopryca peaktopa u 6erona Beiopano 30, 45 u 60
JICT, YTO MO3BOJIACT MNPOCICIAUTH BPEMCHHBIC KOMIIOHCHTBI Ha60pa HaBe}ICHHOﬁ AKTUBHOCTH. HJ’I?[

MmatepHaioB TBI0B U TBC BeIOpaHO xapakTepHoe BpeMs 001y4deHus B 4 roja.

B PE3YIbTATC MOJYUYCHBI OCHOBHBIC 3dBUCUMOCTH HU3MCHCHHA CJICAYIOIIUX PaTUallMOHHBIX
XAPaAKTECPUCTHUK PAAWMOAKTUBHBIX MATCPHAJIOB: aKTUBHOCTbL, DOHCPTOBBIACICHUC U MOIIHOCTH 03Bl OT

raMmma-us3JIyudCHUs.

Pe3ynbTarhl pacyeTOB aKTMBALIMOHHBIX CBOMCTB IMPKOHUEBBIX cIu1aBoB D-110 n O-635 npu nx
HaXOXXJICHUM B HEUTPOHHBIX NOJsAX peaktopa BBDOP-440 s Bpemen oOmydenuss no 10 et

IIpeACTaBICHBI B U pUCyHKax 4.10-4.17.
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Pucynok 4.12 — 3aBUCHUMOCTh HAKOTLJIEHHOM
aKTHUBHOCTH 7151 crtaBa D-110 mpu BpemeHax
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Pucynok 4.14 — 3aBUCUMOCTb OCTaTOUYHOTO
SHeproBuleneHus i cruiaa 3-110 npu
BpeMeHax oOnydeHus B 4 rofa u 7 IeT u
oxnaxaenus 1o 1000 sner

74

56x10°1  _m—5.635

—A—-110
5,4x10° 4
5,2x10°

5,0x10°

MouunocTsb y-u3nyuenns (3s/uac)

T T
10? 10" 10° 10’

Bpems obnyuenns (roa)

Pucynok 4.11 — 3aBUCHUMOCTH MOIITHOCTH JTO3bI
OT Y-u3ny4deHus s cmiaBoB J-110 u 3-635 ot
BPEMEHU O0JTyuCHUS
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Pucynok 4.13 — 3aBUCMMOCTb MOIITHOCTH J103bI
OT y-u3nydeHus s criasa 3-110 mpu
BpeMeHax oOydeHus B 4 rofa v 7 neT u
oxyaxnenus 1o 1 000 mer
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Pucynok 4.15 — 3aBUCHUMOCTh HaKOIJIEHHOM
aKTUBHOCTH JUIA cIuiaBa I-635 npu BpemeHax
oOydeHus B 4 rofia v 7 JIET U OXJIAXKICHHS 10
1000 ner
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Bpems oxnakaenus (roa) Bpewms oxnazkaenus (roa)
Pucynok 4.16 — 3aBUCMMOCTh MOIITHOCTH O3Bl Pucynok 4.17 — 3aBUCUMOCTB OCTaTOYHOTO
Y-U3JIy4eHHS 11 Tura J-635 npu BpemeHax SHEPTOBBIACIICHUS IS CIUIaBa J-635 mpu
00nyuyeHus B 4 rofa U 7 JIET ¥ OXJIAXKAECHUS 110 BpeMeHax o0iay4yeHus B 4 rofa u 7 JIeT u
1000 zet oxnaxnenus no 1000 axet

B Tabmumax 4.7 u 4.8 nmnpuBeAeHbl pPaJAMOHYKIWIBL, JAIOIIME OCHOBHOM BKJIAJd B
paanoaKkTUBHOCTH ciiaBoB D-110 u 3-635 npu obiydenuu Ha peaktrope BBOP-440 B Teuenue 4 ner.

Tabnuna 4.7 — Bknaa paAuoHyKIUI0B, ONPEISISIONINX paJu0aKTUBHOCTS cruiaBa J-110 npu

obmyuyenun 110 4 et B peakrope BBOP-440

Martepuan: 9-110, Ty5,=4 Tonma

AKTHUBHOCTH DHeproBulIeTIeHUE MouHOCTh 10356l Y-U3Ty4eHUS
Hsoton Bx/kr Bxuaz, % Hsoton KBT/Kr Bxuag, % Hsoton 3B/uac Bxuaz, %
Toxi=10 ner
Nb-93m 1,22E+11 66,79 Nb-93m 6,05E-07 45,50 Nb-94 7,81E-01 80,45
H-3 5,40E+10 29,55 Nb-94 5,48E-07 41,21 Co-60 1,54E-01 15,87
Fe-55 2,48E+09 1,36 Co-60 8,65E-08 6,51 Hf-178n 1,66E-02 1,71
Nb-94 1,96E+09 1,08 H-3 4,94E-08 3,72 Hf-178m 1,12E-02 1,15
Ni-63 1,60E+09 0,88 Hf-178n 1,61E-08 1,21 Nb-93m 7,63E-03 0,79
Co-60 2,07E+08 0,11 Hf-178m 1,43E-08 1,07 Mn-54 2,15E-04
C-14 1,61E+08 <01 Ni-63 4,40E-09 0,33 Fe-55 1,96E-04 <0,1
Hf-178m 7,75E+07 ' Fe-55 2,34E-09 0,18 Ta-182 1,91E-06
Tox=30 net
Nb-93m 5,17E+10 70,81 Nb-94 5,47E-07 64,21 Nb-94 7,81E-01 96,05
H-3 1,75E+10 24,03 Nb-93m 2,56E-07 30,05 Co-60 1,11E-02 1,37
Nb-94 1,96E+09 2,69 H-3 1,60E-08 1,88 Hf-178n 1,06E-02 1,31
Ni-63 1,39E+09 191 Hf-178n 1,03E-08 1,21 Hf-178m 7,14E-03 0,88
C-14 1,61E+08 0,22 Hf-178m 9,11E-09 1,07 Nb-93m 3,23E-03 0,40
Zr-93 5,34E+07 Co-60 6,24E-09 0,73 Ta-182 1,90E-06
Ar-39 4,99E+07 <0,1 Ni-63 3,82E-09 0,45 Fe-55 1,24E-06 <0,1
Hf-178m 4,95E+07 Ar-39 1,75E-09 0,21 Ni-59 1,12E-06
Toxi=50 net
Nb-93m 2,19E+10 70,41 Nb-94 5,47E-07 80,41 Nb-94 7,80E-01 98,30
H-3 5,69E+09 18,31 Nb-93m 1,09E-07 15,96 Hf-178n 6,78E-03 0,85
Nb-94 1,96E+09 6,30 Hf-178n 6,58E-09 0,97 Hf-178m 4,56E-03 0,57
Ni-63 1,20E+09 3,89 Hf-178m 5,83E-09 0,86 Nb-93m 1,37E-03 0,17
C-14 1,61E+08 0,52 H-3 5,21E-09 0,77 Co-60 8,01E-04 0,10
Zr-93 5,34E+07 0,17 Ni-63 3,32E-09 0,49 Ta-182 1,90E-06
Ar-39 4, 74E+07 0,15 Ar-39 1,66E-09 0,24 Ni-59 1,12E-06 <0,1
Hf-178m 3,16E+07 0,10 C-14 1,28E-09 0,19 Nb-92 3,37E-07
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Martepuan: 2-110, To6n=4 rona

AKTHBHOCTb OHEpProBhIJICIICHUE MOITHOCTD 036! Y-U3JTy4CHUS
H3oron Bx/kr Bkman, % Hzoron KBT/Kr Bxman, % H3orton 3B/4yac Bxman, %
T =100 ner
Nb-93m 2,60E+09 43,03 Nb-94 5,46E-07 96,03 Nb-94 7,79E-01 99,50
Nb-94 1,95E+09 32,39 Nb-93m 1,29E-08 2,27 Hf-178n 2,22E-03 0,28
Ni-63 8,52E+08 14,10 Ni-63 2,34E-09 0,41 Hf-178m 1,49E-03 0,19
H-3 3,42E+08 5,67 Hf-178n 2,15E-09 0,38 Nb-93m 1,63E-04
C-14 1,60E+08 2,65 Hf-178m 1,90E-09 0,34 Ta-182 1,90E-06
Zr-93 5,34E+07 0,88 Ar-39 1,46E-09 0,26 Co-60 1,13E-06 <0,1
Ar-39 4,17E+07 0,69 C-14 1,27E-09 0,22 Ni-59 1,12E-06
Hf-178m 1,03E+07 0,17 H-3 3,14E-10 0,06 Nb-92 3,37E-07

Tabnuna 4.8 — Bknaa paaAnoHyKIUI0B, ONPEISISIONINX PaIu0aKTUBHOCTD CIUIaBa D-635 npu

o0nyuyenun 110 4 et B peaktope BBOP-440

Martepuan: 9-635, T.5,=4 rona

AKTHUBHOCTh OHeproBulJIeNICHUE MOIIHOCTb 103bI Y-U3I1y4YECHUS
Wsoron | bk/kr | Biman, % | Wsoronm | «kBr/xr | Bxmax, % Wsoron | 3B/uac | Bxmax, %
Tox=10 net
Nb-93m 1,22E+11 60,00 Nb-93m 6,05E-07 43,38 Nb-94 7,81E-01 72,53
H-3 5,40E+10 26,55 Nb-94 5,48E-07 39,29 Co-60 2,79E-01 25,87
Fe-55 2,41E+10 11,84 Co-60 1,56E-07 11,23 Nb-93m 7,60E-03 0,71
Nb-94 1,96E+09 0,97 H-3 4,94E-08 3,54 Hf-178n 3,32E-03 0,31
Ni-63 5,76E+08 0,28 Fe-55 2,27E-08 1,63 1?£m 2,23E-03 0,21
Co-60 3,75E+08 0,18 Hf-178n 3,22E-09 0,23 Mn-54 2,14E-03 0,20
C-14 2,16E+08 0,11 1;'21;1 2,85E-09 0,20 Fe-55 1,91E-03 0,18
Ar-39 5,26E+07 >0,1 Ar-39 1,84E-09 0,13 Zn-65 1,55E-06 0,00
Ty =30 ner
Nb-93m 5,17E+10 71,57 Nb-94 5,47E-07 65,16 Nb-94 7,81E-01 96,67
H-3 1,75E+10 24,29 Nb-93m 2,56E-07 30,49 Co-60 2,01E-02 2,49
Nb-94 1,96E+09 2,72 H-3 1,60E-08 191 Nb-93m 3,22E-03 0,40
Ni-63 5,01E+08 0,69 Co-60 1,13E-08 1,34 Hf-178n 2,12E-03 0,26
C-14 2,15E+08 0,30 Hf-178n 2,06E-09 0,25 1|;gm 1,43E-03 0,18
Fe-55 1,52E+08 0,21 1;'21;1 1,82E-09 0,22 Fe-55 1,20E-05
Zr-93 5,24E+07 <01 Ar-39 1,75E-09 0,21 Ni-59 3,95E-07 <0.1
Ar-39 4,99E+07 ’ C-14 1,71E-09 0,20 Ta-182 3,81E-07
T =50 net
Nb-93m 2,19E+10 72,21 Nb-94 5,47E-07 81,77 Nb-94 7,80E-01 99,35
H-3 5,70E+09 18,78 Nb-93m 1,09E-07 16,23 Co-60 1,45E-03 0,18
Nb-94 1,96E+09 6,46 H-3 5,21E-09 0,78 Nb-93m 1,37E-03 0,17
Ni-63 4,36E+08 1,44 C-14 1,70E-09 0,25 Hf-178n 1,36E-03 0,17
C-14 2,15E+08 0,71 Ar-39 1,66E-09 0,25 1l;gm 9,13E-04 0,12
Zr-93 5,24E+07 0,17 Hf-178n 1,32E-09 0,20 Ni-59 3,95E-07
Ar-39 4,74E+07 0,16 Ni-63 1,20E-09 0,18 Ta-182 3,81E-07 501
Hf- Hf- '
178m 6,34E+06 <0,1 178m 1,17E-09 0,17 Nb-92 3,37E-07




[Tponomxkenne Tadauis! 4.8

77

Marepuan: 9-635, To6n=4 rozna

AXTHUBHOCTH 3HepFOBLI)JeJ'IeHI/Ie Mo1tHoCTh JO3bI Y-U3JTIYYCHUA
Wszoton_| Bx/kr | Brman,% | Wsoton | «xBr/xr | Biman,% | Msoronm | 3sac | Brmam %
Ty, =10 ner
Tox, =100 net
El)\g;n 2,60E+09 47,06 Nb-94 5,46E-07 96,77 Nb-94 7,79E-01 99,88
Nb-94 1,96E+09 35,43 Nb-93m 1,29E-08 2,28 Hf-178n 4,44E-04
H-3 3,43E+08 6,21 C-14 1,69E-09 0,30 1?2];m 2,99E-04
Ni-63 3,07E+08 5,55 Ar-39 1,46E-09 0,26 Nb-93m 1,62E-04
C-14 2,14E+08 3,87 Ni-63 8,43E-10 0,15 Co-60 2,10E-06 <0,1
Zr-93 5,24E+07 0,95 Hf-178n | 4,31E-10 Ni-59 3,95E-07
Ar-39 4,17E+07 0,75 l;g;n 3,81E-10 <0,1 Ta-182 3,81E-07
Ni-59 3,48E+06 <0,1 H-3 3,14E-10 Nb-92 3,37E-07
Ha pucynkax 4.18-4.20 mnpencraBiieHbl pe3yJbTaThl pPacyeTOB HM3MEHEHUS AKTHUBHOCTH,

TETUIOBBIACTICHUS ¥ MOIITHOCTH JI03bI Y-U3Iy4eHUs U Kopryca peakropa BBOP-440, o6myuennoro B

teuenue 30, 45 u 60 ner.

Pucynok 4.18 — 3aBUCMMOCTb OCTaTOYHON
PaanoaKkTUBHOCTH Kopmyca peakropa BBOP-
440 (cranp 15X2M®A-A) ot BpemeHU
OXJIaXACHUS 111 BpeMeH ooiydenus B 30, 45 u

PagnoaktusHocTb (BK/Kr)

BB3P-440, Kopnyc, T 4,=30/45/60 net

—— 15X2M®A-A, 30 net
—0— 15X2M®A-A, 45 net
= = - 15X2M®A-A, 60 net

T
0 50

T T T T
100 150 200 250

Bpewmsi oxnaxaeHnus (rop)

60 ner

300

BBOP-440, Kopnyc, T =30/45/60 net

—— 15X2M®A-A, 30 net
—0O—15X2M®A-A, 45 net
- = - 15X2M®A-A, 60 net

T
0 50

T T T T
100 150 200 250

Bpems oxnaxaenus (roa)

Pucynok 4.19 — 3aBUCMMOCTb OCTaTOYHOT'O
SHEProBblieNieHus Kopiyca peaktopa BBOP-

440 (ctanp 15X2M®DA-A) ot BpemeHU

BBOP-440, Kopnyc, T_ =30/45/60 net

MouwHocTb y-u3nyyenus (3s/4yac)

—— 15X2M®A-A, 30 net
—0— 15X2M®A-A, 45 net
= = = 15X2M®A-A, 60 net

T
0 50

T T T T
100 150 200 250

Bpems oxnaxaeHus (roa)

300

OXJIQXACHUS JJ11 BpeMeH oonyuenus B 30, 45 u

60 ner

Pucynok 4.20 — BpemeHHasi 3aBHCHMOCTH CIIajia OCTaTOYHOTO Y-U3ITy4eHHsT KOpITyca peakTopa
BBOP-440 (ctane 15X2M®A-A) s Bpemen oomyuenus B 30, 45 u 60 ner
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Ha pucynkax 4.21-4.23 npeacTaBieHbl pe3yJbTaThl paCueTOB TUHAMHUKHU criafa (OXJIaxICHHUE)

HAaKOIUIEHHOM AaKTUBHOCTH, TEIUIOBBIJICICHHUS W MOIIHOCTH raMMa-H3JydeHus Mg marepuaina BKY

peaktopa BBOP-440, o6iyuennoro B Teuenue 30, 45 u 60 ner.

10"

BBOP-440, BKY, T =30/45/60 net

o,
4

PaguoaktusHoctb (BK/kr)

— 08X18H10T, 30 net
—0—08X18H10T, 45 net
- — -08X18H10T, 60 net

T T T T
100 150 200 250

Bpems oxnaxaeHnus (roa)

300

Pucynok 4.21 — 3aBucuMocCTh OCTaTOYHOM akTUBHOCTH Marepuana BKY peakropa BBOP-440
(crans 08X18H10T) oT BpeMeHu oxinaxkaeHus s BpeMeH o0nyuenus B 30, 45 u 60 et

BBOP-440, BKY, T =30/45/60 net

10°

OHeprosblaenexue (kBT/kr)

—— 08X18H10T, 30 net
—0O—08X18H10T, 45 net
- = -08X18H10T, 60 net

Pucynok 4.22 — 3aBUCUMOCTh OCTaTOYHOTO
sHeprosalaeseHns marepuana BKY peakropa
BBOP-440 (crans 08X18H10T) ot Bpemenu
OXJIaX/IeHUs JUIsl BpeMeH oOnydenus B 30, 45 u

T
0 50

T T T T 1
100 150 200 250 300

Bpemsi oxnaxaenus (rog)

60 et

BBOP-440, BKY, T_ =30/45/60 net

<
ol

S o Q9
ool 4ol

MowHocTb y-u3nyyenust (3e/yac)
3
°

—— 08X18H10T, 30 net
—DO— 08X18H10T, 45 net
- - -08X18H10T, 60 net

Ha pucynkax 4.24-4.26 npencraBieHbl JaHHbBIE U1 OETOHA.

BB3P-440, beToH, T05n=30/45/60 net

10"

PagunoaktusHoctb (BK/kr)

——BETOH, 30 net
—0O—BETOH, 45 net
- - -BETOH, 60 net

Pucynok 4.24 — 3aBUCUMOCTb aKTUBHOCTHU
6etona peakropa BBOP-440 ot BpemeHun
OXJIaX/IeHUs 715 BpeMeH oOnydenus B 30, 45 u

. ] T T T
10? 10" 10° 10' 10°

Bpems oxnaxpgeHus (roa)

60 ner

T T T T
100 150 200 250

Bpems oxnaxaeHnus (roa)

300

Pucynox 4.23 — 3aBUCHUMOCTb MOIITHOCTH JTO3bI
y-uznyuenuss marepuana BKY peakropa BBOP-
440 (cranb 08X18H10T) ot BpemeHun
OXJIaX/eHUs 17151 BpeMeH oOnydenus B 30, 45 u

60 et

BBOP-440, BetoH, T =30/45/60 net

.
10" 4

102-5

MoLHoCTb y-n3ny4enus (3s/yac)

——BETOH, 30 net
O0— BETOH, 45 net
- = -BETOH, 60 net

10° T
10°

T
10"

T T T
10° 10' 10°
Bpems oxnaxpaexus (rog)

Pucynok 4.25 — 3aBUCUMOCTb MOILIIHOCTHU J03bI
y-u3nydeHus: 6etoHa peaktopa BBOP-440
(crams 08X18H10T) oT BpeMeHU OXTaKICHUS

Uit BpeMeH obiydenus B 30, 45 u 60 net
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BBOP-440, betoH, T _ =30/45/60 net

o

——BETOH, 30 net
—O—BETOH, 45 net
- — -BETOH, 60 net

)
5 3 3
l‘l ul

OHeprosblgenenune (KBT/kr

3
L

10" T T T T T
10° 10° 10" 10° 10' 10° 10° 10*
Bpems oxnaxaeHus (roa)

Pucynok 4.26 - 3aBHCHMOCTBH OCTATOYHOTO SHEPTOBBIJCICHUS B OeToHe peakTropa BBOP-440 ot
BPEMEHHU OXJIAKIEHUS Uil BpeMeH ooydeHus B 30, 45 u 60 ner

4.2.2 lloaxona Kk onpeaeJieHUIO PAAHOJIOTHYeCKH 3HAYMMBIX PaJHOHYKIHI0B B PAO
Kjacca 1 B KOHTEKCTe J0Jr0BpeMeHHON 0e301acHOCTH
Omnpenenenue nepeyHs 3HAYUMBIX PaJUOHYKIINIOB B KOHTEKCTE JI0JITOBPEMEHHOM 06€30MacHOCTH
3axoponenust PAO sBnsieTcst KpaiiHe akTyanbHOU 3aqadeid. MeXIyHapOoIHbIM ONBIT MOKAa3bIBAET, YTO
3HaYMMOE BIIMSHUE Ha 0€30macHOCTh OyAeT OKa3bplBaTh JIMIIb YacTh OT OOMIEr0 KOJIMYECTBa
PaIMOHYKIIMIOB, KOTOPBIE U JIOJDKHBI KOHTpoiHpoBatbes [86]. IlepBble mOaXonbl K OMpENeIeHUI0

3HAYMMBIX PAJUOHYKIUIOB yxke ObutH BbimonHeHs! 1 PAO knacca 2 [87, 88].

B obuiem ciywae cpeam ycioBuid, ompeAensomux 0e30mnacHoe coaepikaHue paiuoHYyKIUI0B B
ynakoBkax PAO, nomkHBI paccMaTpuBaThCsl TpEOOBaHMS MO paJMallMOHHOMN 3aIlMIIEHHOCTH Ha BCeX
sTanax oOpalleHus, TeIIo- U ra30BbIJEIICHUI0, JOMTYCTUMOMY BBIXOJly PaAMOAKTUBHOCTH IPU aBapHsIX
U, B Cllydae COJIep)KaHus JENSIUXCs U30TOMNOB, AepHON Oe30macHoCTH. Bonpock!l 1oaroBpeMeHHON
6e3onmactoctu [I3PO ompenenstorcs MOTEHIMAIBHON MHUrpanuedl paJuoHYKIUIoB B Ouochepy u
paIualoOHHBIM BO3/IEHCTBHEM Ha HacelleHHe M OMOTY B pa3sIMUHbIX cueHapusx sotonuu [13PO, a
TaKkK€ NpPUEMJIEMBIM PHCKOM TP  «aBapUMHBIX»  CIIEHApusAX, HalpuMmep, B  cllydae

HEIPEAHAMEPEHHOTO IPOHUKHOBEHHS JIFOJICH.

OcHOBOI ompeneneHust paguoIOrMYecKy 3HAUYMMBIX PaJUOHYKIUIOB Uil O€30MacHOCTH
koHKpeTHoro I13PO sBnsroTCs NpUHATHIN 0a30BBIN ClieHApUi, OMMCHIBAIOIIUI SBOIIOLUIO0 O0BEKTA U
MyTH paaranmoHHoro Bozaeicteuss PAO Ha yenoBeka U okpyskaromyro cpeny. Ha paguonorunueckyro
3HAYUMOCTh OKAa3bIBAIOT BIUSHHUE psJ IMapaMeTpoB, KOTOpble B OOIIEM CiIy4ae ONpeAestoTcs
XapakTEepUCTHUKaMHU  paguoHykiuaoB, wmarpuubl PAQO, texHonorueit mnepepabotku OMAT wu
xapakrepuctukamu II3PO. Ilocne pazmenienns PAO B [I3PO ocHOBHBIM ITPOLIECCOM, BIMSIOLIMM Ha
JanbHEeNIee pacnpocTpaHeHHe PaJuOHYKINA0B, OyIET SIBIATHCS pa3pylIeHne CUCTEMbl MHXEHEPHBIX
OapbepoB 0e30macHOCTH, BKiItodas ymakoBku M Marpuily PAO. Ilpu nanpHeiimiem paccMOTpeHUU
mpolecca BBIXOJIA PAJUOHYKIUAOB BO BMEINAIOUIYI0 Cpelly OCHOBHYIO pOJIb OyayT HrpaTh

MUI'PAUOHHBIC TMAPaAMCTPbl  OTACIBHBIX PAJAUOHYKIIMJIOB B THUAPOrCOJOTHYCCKUX  YCIIOBUAX
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pasmemenust [13PO. Tlocne moTeHIMaTbHOTO BBIXOAA PAAMOHYKIHIOB B OMoCchepy X paaualiMOHHOE
BO3JICHCTBUE OYIET OMpEACNsAThCS CIICHAPUEM BO3JCHCTBUS U COOTBETCTBYIOUIUMH JTO30BBIMHU
kodpduuuentamu. Taxke B TeUueHHE BCEr0 BPEMEHH HEOOXOIUMO YYHUTBHIBATH PaJWOHYKIHHBIC
npeBpalieHusi, OO0YyCIOBIIEHHbIE pAAHOAKTUBHBIM pacmnagoM (BKIHOYas OOpa30BaHHUE JTOUEPHHUX

PaIMOHYKIIH/IOB).

CreneHp J0CTOBEPHOCTH JaHHBIX I10 BBIIENEPEYUCIECHHBIM IapaMeTpaM [PUHIUIHAIBHO
otinuaercs. Llenouku painoakTUBHOTO paciaja, MepUoIbl Mojiypacnaza u 1030Bbie KO3 PUIUeHTH —
CIPAaBOYHbIC BEIMYMHBI, HM3BECTHbIE, KaK IIPAaBWJIO, C BBICOKOM TOYHOCTbIO. MHUIpaALMIOHHbIE
XapaKTEepPUCTUKH U PACTBOPUMOCTb COECIUHEHUH COAEpXKAIMX PAAMOHYKIMIbl 3aBUCAT Kak OT
XapakTepucTuk marpuisl PAO U paainoHYKIUIOB, TaK U 00BEKTa (TeMIIEpaTypHbIN pEXHUM, COCTaB
MOJ3EMHBIX BOJl U BMEIIAOIUX MOpoa U 1p.). OOuH U3 KIHOYEBBIX MApaMeTpOB, OMPEIEISIFOIINX
CKOpPOCTh MUTrpanuu, kosapuiuent pacupenencHus (Kq) XoTs u aBnseTcs cupaBouHONW BEIMYUHOH, HA

IIPAaKTHUKE Tpe6yeT OIpEaACICHUA OJIsI KOHKPCTHBIX YCHOBHﬁ.

B paccmarpuBaemMoM ciyyae Npu HACHTU(UKALMM TEPEYHS pPaJUOJIOTMUECKH 3HAYMMBbIX
PaAMOHYKJINJIOB HEOOXOIMMO HCXOAUTh U3 cocTaBa mepepadbarbiBaemoro OST. dopmupoBanue
TAKOro IMEpeyHsl PAJUOHYKIUAOB B HJCAILHOM BapHaHTE MOIJIO Obl OCYIIECTBIATHCS CIEIYIOLIUM

obOpazoM:
1) onpenenenne UCXOIHOTO PaaMOHYKIUIHOTO cocTtaBa OST;
2) y4er nepepacnpeneneHus paauoHyKInI0B B mpoiecce nepepadbotku OAT;
3) popmupoBanue paanonykiauHoro coctaBa PAO, noanexamux 3axoponenuto B [13PO;

4) oleHKa JONTOBPEMEHHOW O€30MacHOCTH, BKJIIOYAIOIIAs pacyeT Aerpajalldd 3allUTHBIX
0apbepoB, MUTPAMM PATUOHYKIHMJIOB 4Yepe3 BMEINAIOIIME TIMOPOAbl W  IPOTHO3WPOBAHHUE

MNOTCHIUAJIBHBIX 103 IJIA 3aJaHHOT'O CHCHApUA paguallMOHHOI'O BO3/ICHCTBUS Ha HACEIICHHE.

5) (I)I/IKCaI_II/ISI pPaaruoJIOTUYCCKN 3HAYUMbBIX PAIHOHYKIUIAOB C TOYKH 3PCHUA HOHFOBpeMeHHOﬁ

0€30IaCHOCTH.

Takum o0Opazom, TpoBenss MOJAEIMPOBAHUE TMPOIECCOB HapaOOTKu pamuoHyknuaoB B OST,
TEXHOJIOTHH UX MepepadoTkH, a Takxke sBosonuu cucreMsl [1I'3PO (pucyHok 4.27) MOXKHO MOTYYUTh
[IEPEUYCHb PAJAMOHYKIUJOB, KOTOPBIE BHOCAT OIPEACISAIOIIMKM BKJIAJ B IOTEHLUHAIBHOE [030BOE

BO3/ICHCTBUE HA HACEJICHUE B I[OJIFOCpO‘-IHOﬁ MEPCICKTUBC.
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g »ObpasoBaHue «[lepepaboTka *ObpaLeHre o[lerpapauust e Murpauust *BospgeiicTBue:
| OAT, OAT; ¢ PAO; MaTpuLbl 1 pasuoHykK- eHaceneHue;
8 | «Bbigepxka «OBpasoBaHue «3arpyska B KOHTEeNHepa; nuaoB B « OkpyxatoLast
=1 odr. PAO. M3PO. «Paspyuenve VBB, 6uoccepy. cpeda.
i; [C 0cTaB o;lﬂ:‘,>{ [MoToku MouenmpvosaHme :> MoueanOBane
) PagWOHYKNMA0B BrvKHEN 30HbI AanbHen 30Hbl [o03
© T 7
4 N 4 N 4

o Tun TOMNMBA; e TexHomnorus; «Cocrtas VIBB; ['naporeonoruyeckne e Tpodhuyeckue
_ | eKamnaHus; » Xummnyeckne o TeMnepaTypHbIN Pexum; napameTpbl cpesl; yenu;
§ e[loToK 1 CBOJICTBA PaguauuorHsble nons; «[lapameTpbl Nopog; «[lo3oBble
2| cnekrp; pafuoHYKNNAOB; «CocraB BOg; «CocTaB Bog; KoapULMEHTBI.
Se. ... o [IHaMVKa xapakTepuc- ...
C TUK NPX MHOrocaKTop-

HOM BO3[ENCTBUK;

PI/ICYHOK 427 — Hpoueccm, OIPECACIIIOIINEC UTOTOBYIO PAAUOJJIOTNYCCKYHO 3HAYUMOCTD

PaAMOHYKIIUIOB MpH 3axopoHeHnu PAO

[TomyyeHHBII TepeYeHb PATUOHYKIUAOB JOJDKEH KOHTpoiupoBatbcs B PAO, ObITh 00BEKTOM
pa3paboTKu KpUTepHUEB IpuemiieMocTd U mp. OJHAaKO NMpUMEHEHHEe Ha IMPAKTUKE TaKkoro Mojaxoja

TPYAHO PCAIIN3yEMO U3-3a CIIOKHOCTH:

— MOJIeIMpPOBaHUS NepepacnpeiesieHus: IOTOKOB PaJMOHYKIIUIOB B MpoIlecce nepepadoTKu

OoAT IS BCer HOMCHKIJIATYPbI XUMHWYCCKUX 3JICMCHTOB,

— IHOATIOTOBKH O6’B€KTHO-OpI/IeHTI/IpOBaHHHX JaHHBIX 110 MUT'PAIUOHHBIM
XApaKTCPUCTHUKaAM JIA 3HAYUTCIBHOI'O0 KOJUYCCTBA XHMHUUCCKHUX JSIIEMCHTOB MU HUX

COCTUHEHUH.

COKpaTI/ITI) NEpCUYCHb PAJUOHYKIMIAOB MOXHO HCKIOYHWB HU3 PACCMOTPCHHUA TEC, KOTOPLIC
3aBCIOMO HEC MOT'YT OKa3aTb OIPCHACIAIOUICIO BIUAHUA HA JOJTOBPEMCHHYIO 0e30IMacCHOCTh 0OBEKTA.
I[J'IH 9TOro HeO6XOI[I/IMO BBIACIIUTE OCHOBHBIC MMApaMETPhI, KOTOPBIC ONMPCACIIAOT paJUOJIOTNYCCKYIO

SHAYUMOCTBb PaAUOHYKIINU0B.

Ha craanu Hpe}IBapI/ITeJ'IBHOI\/II OLCHKN IEPCYHA PpaJUOJIOTMYCCKH 3HAYUMMBIX PAAUOHYKIIUI0B
MOKHO TpeHeOpeub TMepepachpe/eicHHeM pPAaTuOHYKIUAOB TIO0 TEXHOJIOTHMYECKUM MOTOKaM
npoaykuuu u PAO. B Takom npubnmxennn coctaB PAO OyneT COOTBETCTBOBATh UCXOHOMY COCTaBY
nepepadareiBaeMoro OAT (c mompaBKOW HAa COOTHOIICHHE MEXIY KOJIUYECTBOM MEpepadOTaHHOTO
OST u obpazosasmierocsi PAO). [loBenenue paanonykiauaoB B OmmkHed 30He [I3PO moctatouno
CJIOHO TIPOTHO3UPYEMO. B Takoif cUTyaluu BOCIOJIb3yeMCS KOHCEPBATUBHBIM TPEIMOIOKEHUEM O

TOM, 4YTO TIIOCJIC HCTCUCHUSA CPOKa COXPAHCHUSA 3alIUTHBIX CBOICTB HWHXXCHCPHBIX 6apbep0B
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6e3onacHocTH, mMatpuria PAO u uHbIe Oapbepbl TEPSIOT CBOM 3alIUTHBIC CBOKMCTBA IMOJHOCTHIO. B
TaKOM CJIy4ae COJIEpyKaHHe PaAHMOHYKINIO0B B NMOJA3EMHBIX BOJAX OyIeT OMpeAessThCcsa MPOLEeCcCOM HX
pacTBOpCHUA, 4 MAKCUMAJIILHO BO3MOKHAA KOHICHTpPALUsA KOHCCPBATHBHO 6YI[€T COOTBCTCTBOBAThH
npelieny pacTBOPEHUs COeAMHEHUN paauoHyknuaa. CKOpOCTh MPOXOXKACHUS DPATUOHYKIUAA 4Yepes3
TeOJIOTHYECKYIO Cpelly ompelensieTcs KOMOMHAIMe MUTPAlMOHHBIX TapaMeTPOB COOTBETCTBYIOIIETO
XUMHUYECKOTO DJIEMEHTA, XapaKTEPUCTUK T'€OJOTMYEeCKON Cpeabl W TPYHTOBBIX BojA. Takxke Oymem
UCXOJIUTh W3 TOTO, YTO OCHOBHOW NapameTp, OMNPECISIONUNA paJuallMOHHOE BO3JCHCTBHUE Ha

YCJI0BCKa, 6yz[eT OIpEaAcCIIATbECA JO30BbIMU KO3(1)(1)I/IHI/ICHT3MI/I COOTBETCTBYIOILICTO paJUOHYKIAA.

Taxum o6pa30M, A1 ONpEACIICHUA PATUOJIOTMYCCKH 3HAYUMBIX PaJuOHYKIHNIOB 6yz[eM

HCIIOJIB30BAaTh CICAYIOIIUC MMapaMCTPHhI:

AKTUBHOCTB PAAUOHYKJIM/JId B HCXOAHOM COCTaBE OHT,
— [epuoa nojaypacmnana,

— Hpeaci pacTBOPUMOCTHU B BOAC XUMHNYCCKHX COGI[I/IHGHI/II‘/‘I, COoACPIKAIUX

paccMaTpruBaACMBbIC PAAUOHYKIINIBI B COCTABEC PAO,

— IapaMeTpbl, ONpeleNolue CKOPOCTh MUIPALUU PaJMOHYKINA (B Cilydae CILIOLIHON
nopucTOil cpeabl — Ko3(hduuueHT pacnpeneneHus (a3 npu  HU3NKO-XUMHUECKUX
B3aumozeiictBusix B cucreMe «PAO — moasemMHble BOABI — TOPHBIE MOPOIBD U

XapaKTEPUCTUKHU T€0JIOTHYECKOM cpeibl);

— J1030Bble KOX(P(UIMEHTH TPHU MOTPEOJICHUH MUTHEBOM BOJBI (B KaueCTBE OCHOBHOTO
CLIEHapusl NOTEHIIMAIBHOIO BO3/ICMCTBUSI HA HACEJIEHHE MOAPAa3yMEeBaeM UCIOJIb30BAaHUE

3arpsA3HCHHBIX MMOA3EMHBIX BOI IJISA HI/ITLSI).

HpI/I OIMpPECACIICHUN PAAVOJOTHUYCCKU 3HAYUMBIX PAAVMOHYKIINI0B 6YI[CM OCYHICCTBJIATH
MO3TAITHOC MCKIIIOYCHUE PAAUOHYKIINWI0B U3 NICPCUYHA Ha OCHOBC ICPCUYHCIICHHBIX BBIIIC ITapaMETPOB.

OO0m1ast cxema MeTO/Ia MpUBEJIeHa Ha pUCcyHKe 4.28.

Ha moaroroBuTenbHOM J3Tane MOMKEH OBITh TMOJYYeH TIONHBIA TepedeHb W aKTHBHOCTH
pannoHykiIuaoB, coaepxkamuxcsa B OAT (cnucok «0») ¢ ynenpHON aKTUBHOCTBIO BBIIIE KPUTEPHEB

otHecenus kK PAO coriacHo mocTaHoOBIICHHIO [ 8].
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PaguoHyknuabl

*Bpems cnyx6bl cuctembl *Yy4eT napameTpoB
VHXeHepHbIX 6apbepoB matpuusl PAO.
BesonacHocTm. *OueHKa npeaenbHoi

«[lepepacuyert coctasa PAO. pacTBOPVMMOCTM B BOAE.

ePacuet
PaaMOHYKMMAHOTO
coctaa OAT.

e MurpauuoHHble napameTpbl.
*OLieHKa BPEMEHM 3a[ePXKKN.
*OLeHKa 1030BbIX HarpysoK.

Cnincok «0» Cnncok «1» Cnncok «2» Cnmcok «3»

PaccmatpuBatotcst Wckntovatotes Wckntovatotes OcrTatoTcs TonbKo
BCE pafMOHYKNMAbI KOPOTKOXMBYLLME cnabopacTBopuMble PaaMonorMyeckn 3HauYumMble

Pucynok 4.28 — Cxema onpe/enieHus panoIOTHIECKH 3HAUUMBIX PaJIMOHYKIIH/IOB

pPaInOXUMHUYECKOT'O ITPOU3BOACTBA

Ha mepBom sTane oT60pa pairoOHYKIHIOB YUUTHIBAETCS U3MEHEHNE PAJIMOHYKIHTHOTO COCTaBa
BCJICJICTBHE PaJUOAKTUBHOTO paclaja, a TaK)Ke XapaKTepPUCTHKU 00bekTa. J[st 5TOro mpou3BOANUTCS
nepepacuer cocraBa PAO Ha MoMmeHT BpeMeHH Ty, KOTopoe ompenensercss Kak BpeMsi BBIIOJIHEHUS
MH)XEHEpHBIMU OapbepamMM (YHKLIMU M30JSALMU OT OKpy»Katomieil cpeabl. Ecnu yaenbHas akTUBHOCTh
KaKoro-Tm00 paJMOHYKJIMIAa HAa YyKa3aHHBII MOMEHT BpEMEHH OyJeT MeEHbIIE, 4YeM KpUTepuit
orHeceHus: Kk PAQO cornacHo [8], oueBHIHO, YTO €ro MOXHO HCKIIOUUTh W3 JaJbHEHIIETro
paccmotpenus. Takum o0pa3oM, Mbl nostydaeM crnucok «1». [Ipu 3TOM HyKHO yUUTBHIBaTh HaKOIJICHHUE
JIOYEPHUX PAJUMOHYKIIUJOB, AKTUBHOCTh KOTOPbIX BO BPEMEHM MOXET BO3pacTaTh, I[O3TOMY
NPOBOJUTCS pacyeT IAWHAMUKHA DPAJUOHYKIHJIHOTO COCTaBa ISl BBIOPAHHBIX PAJMOHYKIHIIOB Ha
3HAYUTEIBHBIN Tepuo]; BpemeHu (Oomee 1 miH ser). B ciywae ecnmu comepaHue Kakoro-im0o
JIOYEpHEro PAaTUOHYKINIA HPEBBICUT KpuTepun oTHeceHUs Kk PAO, poautenbckuil um JouepHuUit

PaaAuOHYKINUABI BKIIFOYAKOTCA B I[aJ'IBHefIH.IHfI aHalIu3, T. €. )106aBJ'I$IIOTC$I B CIIUCOK «1».

BTopoii sTan HCKIIOYEHUsT paTuOHYKIHIOB — Y4€T PACTBOPUMOCTH XMMUUYECKHX COEIMHEHUM,
COJIEPKANINX PATUOHYKIUIBI, B BOJE C y4eTOM (U3HKO-XUMHYECKHX CBOHMCTB PAO u rpyHTOBOU
BOJbI B mpeanonaraeMoMm mecte pacnosoxenus [13PO. YnopsaounB painoHyKIuabl U3 cnucka «1»
Mo yOBIBaHUIO MPOU3BEACHUSI aKTUBHOCTH, Mpefesia PaCTBOPUMOCTH U J1030BOro koddduirenta npu
MOCTYIJIEHUH PAJANOHYKIIHAa B OPTaHW3M C BOJOW, OTOPOCMM W3 PACCMOTpPEHHUs mociennue N

HYKJIWI0B, JJI1 KOTOPBIX 6yz[eT BBITTIOJIHATBHCSA COOTHOIICHUCE!

VHZOZgi -C, =< D, M36/ 200 (15)

re:
VH20 — CpeIHETro10BOM 00BEM MTUTHEBON BOIBI, TOTPEOIIEMOI YeTTOBEKOM JI/TO/T;

€ — J030BBI KOX(PQHIMEHT MPH IMOCTYIUICHHH i-TO PAaTUOHYKIMAA B OPTaHW3M B3POCIBIX

moneit ¢ Bogou (ITpunoxenne 2a HPB-99/2009);
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C; — ynenbHasi akTUBHOCTH 1-I'0 PaJUOHYKIIUA B TPYHTOBOW BOJIE, COOTBETCTBYIOUIAS IMPENEITY

PacTBOPUMOCTH;
Djim — IpeaenbHOE 3HaU€HUE MOIHOCTH 03B AJIsl HACEIECHUSL.
Taxum 06pa3oM, GOPMHUPYETCSI CITUCOK «2).

Ha tperpbem »oTame yuuThIBaeTCs BpeMsl [OCTIKEHUS PATUOHYKIHIOB UEJIOBEeKa, T. €.
MUTPAIMOHHBIE CBOMCTBA PAAMOHYKIHUJIOB U XapaKTEPUCTHUKU T'€OJOTMYECKON Cpellbl U TPYHTOBBIX
BOJI. DTOT 3TaIl SBJIAETCS HauboJee CIOKHBIM C YIETOM UMEIOIINXCS HEOMPEAeICHHOCTEH U 3aBUCUT
OT CLIEHapHsl pacIpOCTPaHEHUsl PaJMOaKTUBHOIO 3arpsi3HEHUs 110 Te0JIorTHYecKoi cpene. B cimyuae
ecnu paccmarpuBaemblil [I3PO pacnonoxkeH B CIUIONIHON MOPUCTOM Cpelie, TO YU4ET MUTPAMOHHBIX

napaMeTpoB PaUOHYKIIUIO0B MOKHO TPOU3BECTH CIEIYIOIUM 00pa3oMm:
— ompezaensieTcs BpeMs JOoCTHKeHus: ouocdeps! GpoHTOM HEHTPAIBLHOTO Tpaccepa;

— U1 KaXJI0TO paJMOHYKIN/IA ONpeesseTcs 3aepKKa (PpOHTa MUTpallMM PAIUOHYKINIA

I10 CPABHCHUIO C HeﬁTpaJ'ILHLIM TpacCcCpoM;

— [POU3BOAUTCA  IICpepacd€T AaAKTHBHOCTU PpPAJUOHYKIUIAOB B FPYHTOBOﬁ BOAC,
COOTBGTCTBYIOIHGﬁ npeacilty paCTBOPUMOCTH Ha BpPEMS IMOTCHLUUAIBHOTIO AOCTUIKCHUA

PaAMOHYKIIUJIOM YEJIOBEKA.

Bpemst noctwkeHHsI 3arpsi3HEHHOW T'PYHTOBOM BOJBI KOHTPOJBHOM TOYKH ONpENENseTcs Ha

OCHOBaHUU ypaBHEHUS, OMUCHIBAIONIETO (HaKTOP 3a/IePIKKH:
_ P i
T =T, -1+—-K}) (16)
%

r7e: p — INIOTHOCTh HanOoJiee MPOHUIIAEMBIX TPYHTOB Ha IYyTH MUTPALIUU PaluOHYKIIUIOB;
( — MOPUCTOCTH HanboJIee MPOHUIIAEMBIX TPYHTOB Ha ITyTH MUTPALUU PAJUOHYKIIUIOB,;

4 - Koo duImeHT pacnpeeneHus i-ro pauoHyKIHIa IUis HanOoJiee MPOHUIIAEMbBIX TPYHTOB

Ha MYTH MUTPAIH PaAUOHYKIIUIOB;
Ty — BpeMs TOCTH)KEHHS TTOTCHIIMAIbHON TOYKH BOJ103a00pa HEUTPATBLHBIM TPACCEPOM.

B cayuae pasmemieHuss 0oO0BEKTa B TPENIMHOBATOM T'€OJIOTMUECKOW Cpene HeoOX0aUuMO
BBITIOJIHUTh KOHCEPBATUBHBIE PACUEThl MUTPALUU ISl PAAUOHYKIUAOB M3 CIKCKA «2», MOCJE 4Yero

MMPOU3BCCTU NMEPCPACUCT aKTUBHOCTH PAJUOHYKIIUIOB.

Jns  ydera MexaHHW3Ma MUTpallMM  PATUOHYKIUIOB, HAXOIAIIMXCA B OJHOM IEMOYKe
paZMoaKkTUBHOIO pacraja, MpUHMMAeTcs psj yhpolleHuid. B ciydae ecnm mepuoj mnoiypacmnanaa

JIOYEPHETO PAAUOHYKIM/IA OTHOCUTENBHO HEOONbINON, MOXHO MpeHeOpeub €ro CaMOCTOATEIbHOU
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MUTpanued, W, CIEAOBATECIbHO, ONPEACISIIOIIMMHU  SIBISIOTCS  MHUTPALMOHHBIC — ITapaMeTphl
MATEPUHCKOTO PAAHOHYKIHJA. B TPOTHBOMONOKHOM Ccly4yae, KOTJa OTHOCUTEIBHO HEOOIBIINM
SIBIIIETCS. TIEPUOJ POJIUTENBCKOTO PAAMOHYKIIH/A, ONPEACISIONIMME SIBJISIOTCS MHTPAIIHOHHBIC
napameTpsl JodepHero. Jis coOmocTaBUMBIX TEPUOJIOB TMOJypachaza pPaguoOHYKIUIOB pEIICHUE
NoJOOHON 3aJaud MOXET OBITh YIPOUICHO 3a CYET NMPUMEHEHHs CIEAYIOIIEro KOHCEPBATHBHOTO
NPHUOVKEHUS: PAUOHYKIIN ABHKETCS €IMHBIM (POHTOM (0e3 yueTa pa3HbIX CKOPOCTEH HCTOYHUKOB
(GbopMUPOBaHHUS), IPH STOM B KAYE€CTBE 3HAYCHHS MapaMmerpa, OMPEACIISIONEro CKOPOCTh MUTPAIIUU
(ko3 dunmeHT pacnpeneiacHus A MOPUCTOM Cpelibl), BBHIOMpPAETCS COOTBETCTBYIOIEE Hauboee

OBICTPOIN MUTpAIIH.

YopsI0unB paiuOHYKIUIBl U3 CIUCKA «2» MO yOBIBAHUIO MPOW3BEICHUS AKTUBHOCTH (HA
MomeHT Tj), mpejena pacTBOPUMOCTH U JI030BOTO KOAPGUIIUEHTA TIPH MTOCTYIUICHUH PATUOHYKIHIA B
OpraHu3M C BOJIOH, OTOPOCMM M3 paccMOTpeHHs mocieaHre N HYKIUAOB, Uil KOTOpPBIX Oynaer
BBIMOJHATHCS cooTHomieHue (15). Takum obpazom, popmupyetcs crucok «3». Ha crnenyromem srame
BO3MOXKEH y4eT TexHoJioruu oOpa3oBanus PAQO, yYuTHIBAOIMNI ITepepacipeie]iCHHe PaIHOHyKIHIOB
B TPOIIECCE UX KOHIUIMOHUPOBAHUS. VITOTOBBIM CIUCOK PaIMOHYKIUIOB JODKEH OBITh UCITOJIb30BaH
B JanpHeieM ans (GOpMUPOBAaHUS TMEPEYHs KOHTPOIHPYEMBIX PAJIUOHYKIUAOB U pa3paboTKu
KpUTEpUEB IMpHeMlIeMOCTH. B cooTBeTcTBUM ¢ TONydYeHHBIMH pacuetamu coctaB  PAO,
cootBercTByrOIMi nepepadorannomy OST peakropa BBOP-440 co BpemeHem BBIIEPKKHA S5 JIET,
conepxut 6onee 150 panuonyknuaoB (ciucok «0»). B COOTBETCTBUM C MPOEKTHOW JOKYMEHTAIHEH
Ha [II'3PO B kauecTBe MUHUMAIBHOTO BPEMEHH BBHIMOJIHEHHs] Oaphepamu Oe30macHOCTH (PyHKIUU
yaepkanusi paccmatpubaercs nepuoa Bpemenu 10 000 ner. IlpumenuB mepBblit KpuTepuii oTOOpa
PAAMOJIOTHYECKH 3HAYUMBIX PAAHOHYKIIHJIOB, MEPEUCHb PAJHMOHYKIHIOB MOXHO COKPAaTHUTh JIO 24

pamuoHyKIu0B (cM. Tabmuity 4.9).

Tabmuua 4.9 — [lepeyeHb paguoIOrHUECKH 3HAUUMBIX pajuoHykiInoB yepe3 10 000 net

No | Pagnonyxmma AKTI/]IS]:EI?CTB’ Ty, et | Ne | Pamnonyxmmn AKTI/]IS]:;:CTB’ Typ, neT
1 %7 546E+04 | 1,53E+06 | 13 U 3,00E+04 | 2,46E+05
2 “"Np 533E+04 | 1,61E+01 | 14 U 381E+04 | 7,04E+08
3 *Tc 473E+05 | 2,11E+05 | 15 ~U 3,38E+05 | 2,34E+07
4 7pg 459E+03 | 6,50E+06 | 16 U 3,28E+03 | 4,ATE+09
5 %6sn 9,07E+03 | 207E+05 17| *'Np 6,48E+03 | 2,14E+06
6 129 6,74E+02 | 1,57E+07 | 18 Py 481E+02 | 2,41E+04
7 ?Ra 2,71E+02 | 1,60E+03 | 19 “Pu 1,93E+02 | 6,57E+03
8 ZInc 3,41E+01 | 2,18E+01 | 20 2Py 243E+01 | 3,74E+05
9 25Th 2,80E+02 | 7,34E+03 | 21| ““Am 2,07E+02 | 4,33E+02
10 20Th 3,49E+02 | 7,54E+04 | 22 #Am 2,49E+02 | 7,37E+03
11 2lpg 341E+01 | 3,28E+04 | 23 “Cm 2,43E+01 | 8,50E+03
12 Y 8,50E+02 | 159E+05[ 24| *"Cm 6,07E+02 | 4,73E+03
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[IpoBeneHHBIC pacdeThl JOJATOCPOYHON NMHAMHUKUA akTUBHOCTH PAO (Ha pucynke 4.29-4.32

IIPEJICTaBJICHbl MPUMEPBl PAacYeTOB PATUOHYKIUAHBIX PSAIAOB TOpUS, paausi, AKTUHUS, HENTYHUS)
. 228 228

IIOKAa3bIBAIOT, YTO B JOJTOCPOYHON IEPCIEKTHBE OYAYT HaKalJIMBaThCA HN30TOIIBI Th, Ra,

KOTOPBIC HCO6XOI[I/IMO BKJIIOYHTH B CITHCOK «1%».

................. Rk B | ! 1E+11 o
16410 p-L10 o U REIEEETEEELTEETE D
3 R 1 3 SR
\ 1E+09 4 .
1E408 | \ 1 .
Y - . N
5 v " ¢ Zaord T ‘
Z 1E+06 | x 4 5 ; =
) A = E A ]
. 3 T 1 2 SR AR, i A
I S ; g S 1Evs Frmimantmimens S |
2 N AR il z 3 TETE i
g i LT ; < 1E+03 e | ——Am-243 ;
2 1E+02 A\ Pt 1 kst - - -Pu-239 \
= L i\ T ] 1 <--- Cm-243 \
W : 1E401 o™ . —-— U235 1
1E+00 il . 1 i i ---- Pa-231 }
a o T et ekt - ] T o AC-227 ‘l
2T : i i i ‘\'\‘ L i 1E01 T T 4 T d
1802 0 PP Teron pregp. o108 1E+00  1E+01  1E+02  1E+03  1E+04  1E+05  1E+06
Bpews, ner Bpewms, et
Pucynok 4.29 — JluHamMuKa yaeIbHBIX Pucynok 4.30 — JluHamMuKa yaeIbHbBIX
aKTHUBHOCTEN AKTHHHUJI0B PAJIMOAKTHBHOI'O psaa aKTUBHOCTEH AKTHUHUJIO0B PaJIMOAKTHBHOI'O psiaa
TOpHA AKTHUHUA

Ha BropoM »drame otOopa y4YHMTHIBACTCS MaKCHMaJlbHO BO3MOJXKHAs PacTBOPUMOCTH
palMOHYKJINJA NPH KOHKPETHBIX YCIOBUSAX pa3MelleHus o0bekTa. PaccuuThiBaeTcsi cpeaHeroioBas
71032 HacCeJIeHUs] NpU MaKCHUMaJbHO BO3MOXKHON KOHIIEHTPALUH PAAMOHYKIMIOB MAJS 3aJaHHBIX
YCIIOBUM 3aXOpPOHEHHUS C HCIIOJNb30BaHMEM IpenenoB pactBopumoctu (Tabiuuma 4.10). Ilpu

MNPOBCACHNHN PACUYCTOB KOHCCPBATHBHO HWCXOAWJIW W3 HOAHHBIX 110 PaCTBOPUMOCTH COCI{I/IHGHHIZ

XUMHUYCCKUX 3JICMCHTOB.

1E+12
1E+12 4 - - Cm-245 |
1 N Pu-241 ‘
(SN EE 1 T B " ol e A28
1E+10 4 « * i - = Np-237
E+08 : B . v U-233
g 1E¥08 3 S 16408 { --Th-229
2 ¥ 2 D et P
| A p LT BB E ) i ™
< 1E+06 o 3 Yo ,
g £ 1E+06 4
2 R e
z 1404y Z 1E404 4 L
- 1 2 Lt
2 7 A e
1E402 5 RRTR
1 1
1E+00 o 1E+00 o
1 9 e
1E-02 / 1 T T T 1E-02 v T T T T
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+00 1E+01 1E402 1E+03 1E+04 1E+05 1E+06
Bpems, ser Bpewms, net
Pucynok 4.31 — JluHamMuKa yAeIbHBIX Pucynok 4.32 — JluHaMuKa yAeITbHBIX
aKTUBHOCTEU AKTUHU OB PAANOAKTUBHOT'O aKTUBHOCTEH AKTUHU OB PAAUOAKTUBHOI'O

psina paaus psila HENTYHHS
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Tabmuna 4.10 — [Ipenensl pacTBOPUMOCTH JIJIsl PATHOHYKIUIOB B TPYHTOBOK BOJIE

Ne | Drenent IIpenen pacTBOPUMOCTH,
MOJIB/JI
1 Pu 310°
2 Am 610°
3 U 710°
6 Tc 110°
7 Th 1107
8 Nb 110°
9 Pd 410°
4 Cm 6107
11 [ s
12 Ra 1107
13 Zr 5107
14 Ac 510°
15 Pa 310"
16 Np 210"
17 Sn 610°

C y4eToM MpUHATHIX KOHCEPBATUBHBIX MPEAINoNokeHui (oTcyTcTBUE A dekTa pazdaBieHus Mpu
MIPOHUKHOBEHUU 3arps3HEHHBIX TPYHTOBBIX BOJ B JAJBHIOI 30HY) NIpH ampoOaiuu Moaxo/aa B

KauCCTBC MPEACIbHOTO 3HAUYCHUA MOIIHOCTU A03bI AJI1 HACCIICHUA NCIIOJIb30BAHO 3HAYCHHUC 1 M3B/FOI[.

yr[OpHI[O‘H/IB PaAuOHYKIUABL I10 HOTCHHH&HBHOﬁ J03¢€, nonyqaeMoﬁ B YCIIOBHOM CJIy4ac

237

yrotpeGnenns pactBopoB PAO, orépocum pammonykmuasl (- Tc, '“'Pd, *'Np), mnms xoropsix

BBITNOJIHAETCS] HepaBeHCTBO (15). B mepeune 3HaYMMBIX PaIMOHYKIINI0B B TAKOM Ciy4yae ocTaHyTcs 23

126q.. 1297 226,228y . 227 228,229, 230, 231y, 233,234, 235,236, 2387 239, 240,
Sn, 1, Ra, “'Ac, Th, = Pa U,

pamuonykmana: >Zr, *>"Nb,

2425, - 241,243 245, 246
Pu, """ Am, " ""Cm.

9

Yuyer MWUIpallMOHHBIX IIAPAMETPOB  IO3BOJUT  JOMNOJIHUTEIBHO  COKPAaTUThb  IIEPEUYCHb
PaauOJIOTHYECKH 3HAYUMBIX PATUOHYKIMJIOB, OJHAKO C YYE€TOM HeJOoCTaTka WHOOpMAIUU 10
XapakTepy NpOLIECCOB MUTPAIIUU B YCIOBUAX HMKHEKAHCKOTO TPaHUTOUIHOTO MACCUBA JAHHBIN 3Tan

0T6opa MOKET paCCMaTpUBATHCA TOJIBKO KaK HeMOHCTpaHHOHHLIﬁ B OTHOIICHHUHU MCTOJOJIOTHH.

B npubnmxeHnn oJHOPOAHOM MOPUCTOI cpeabl B cOOTBETCTBUU ¢ hopmyioit (16) moryTt ObITh
MOJIy4YEeHBI CIEAYIOIIME BPEMEHA JTOCTHKEHUS KOHTPOJIBHOW TOYKH JUIS KaXKJI0TO M3 PaJMOHYKIUIOB
U3 CIHCKa «2» U KOHIIEHTPAlMM B TPYHTOBOM BOJI€ Ha COOTBETCTBYIOIIWNA MOMEHT BPEMEHH (CM.
tabmuiy 4.11). Bpems noctimkenust ouochepsl HEUTpaIbHBIM TpaccepoM MpHU MPOBEJEHUH PacyeTOB

6su10 punsTo 10 000 7er.
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Tabmuua 4.11 — Bpemena noctmxenus: Onocdepsl 171 paIuOHYKIHIOB U3 CIUCKA «2)

Pamunonykmua | Kg, M/Kr T;, ner | Paguonyxkmun | Ky, M/KT Ti, neT
1265 1-10° |8,010° “1Am
93m 243
Nb Am
229 245 3 2.410%°
Th 001 |80107 cm
- ) ) 286Cm
2280,
22604 2287,
35
234 736
U 01 |[8010° 2383
230 5 4,0 10%
Th 239p,
Bzr
205,
231
P 1 [8010°|  *?Pu
22T pc 129) 0 1,0 10*

B TtakoM mnpuOMMKCHMM HAa MOMEHT JOCTIDKEHUS Oumochephl MPaKTUYECKH TTOJTHOCTHIO
pacnanyrcs Clenyrlnue paIuoHyKIUIbL: 93er, 93mNb, 126Sn, 229Th, 233U, 237Np, 239’240’242Pu, 241’243Am,
245’246Crn, KOTOpBIE TakuM OOpa3oM HCKIIOYAIOTCS W3 TEpeYHs PaJMOJOTHUYECKH 3HAYUMBIX H
WUTOTOBBI  TMEpeYeHb  PATUOJIOTMUYECKH  3HAYMMBIX  JUJIT  JIOJITOBPEMEHHOW  0€30MacHOCTH

1297 22622 2 2282 231y, 2342352
PaIMOHYKIIUIOB BBITIISIUT CIAEAYIOIUM 00pa3oMm: 9I, 6. SRa, 7Ac, 8 30Th, 3 Pa, 34.235.238(g,

YuuTeIBas, 4TO aHAIUTUYECKUN KOHTPOJb PaAMOHYKJIHIHOro cocraBa PAO mpousBoaurcs Ha
HayalbHBIX cTaausax obpamenus ¢ PAO, mis ¢popMupoBaHus nepedHs paJuoHYKINIO0B, MOATIEKAIINUX
AQHAIUTUYECKOMY KOHTPOJIO, K PaJHOJIOrMYeCKd 3HAUUMbIM PAaJUOHYKIUAAM HEOOXOAMMO N00aBUThH
UX POAMUTENBCKHE PAJUOHYKIHUBI, B CIlydae €CIM OHM JAI0T CYIIECTBEHHBIN BKIAJ B 0Opa3oBaHUE
PaIMOJIOTHYECKH 3HAUMMBIX (B paMKax JaHHOH paOoThl B KauecTBE TaKOTO BKJIAJa paccMaTpUBallach
BennunHa 10 % oT comepxaHus paauoHyKIuAa B MOMEHT BpemeHu T;). Ilepeuens paanoHykinnos,

234,235,2 2282 12
MO/JIeXKAIINX KOHTPOJIIO, BKIIOYAET B Ce0s CIENYIONNE PaTuOHYKIIHIbL: 34233, 38U, 5. 30Th, L

231p,. 227 238,239,240, . 236
Pa, ““'Ac, a taxoxe 77 Pu, “UU.

226,228
Pagnonykmuaer “

Ra IIpH 5TOM B IICPCUYCHDb HC BOIJIU, TAK KaK UX COJACPIKAHUC ITPAKTHUICCKHU
MMOJIHOCTBIO OHPCACIACTCA COACPKAHHUEM POAUTCIIBCKUX PAAUOHYKINIOB. q)OpMI/IpOBaHI/IC MEpCUHA

PaIMOIOTHYECKH 3HAYMMBIX PAAMOHYKIINIOB ITPUBEEHO B Tabmuiie 4.12.
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Tabmuma 4.12 — dopmupoBaHue epedHs PaauoIOTHUYSCKH 3HAYUMBIX PaJAHMOHYKIIHI0B

Oran 3 HTOroBsIii CIMcoK, C
Ortan 2
Orarn 1 «Murpanus y4EeTOM
Oran «PacTBOpUMOCTD
«Pacmany» \ osan +103a» POJMTENBCKUX sIIep
8 (npumep) (npumep)
KomnuectBo
PaIMOHYKIIUIOB <100/24+2 26/23 23/10 10/14
«Jlo»/«Ilocmex»
BZy
93m
" Nb, 9B,
Tc, 93mn 1.
7p( 126, 129 129
126 129 Sn =, 1291 I
Sn, 1, 226,228 ’
226, 228 a, 226, 2280
a 227 226,228 d,
227 Ac, Ra 227
Hepeuen 228 229@3% 228, 229230, 227 228 2'360\(:'
PaZMOHYKIIUIOB 12554 Th, 21p, ’ - 2/350\(3, *“Th,
231 ) ; 231
Pa, 233, 234, 235, 236, 238 Th, Pa,
233, 234, 235, 236, 238 U Llpy 234, 235, 236, 238
U, 239, 240, 242py va0 235 g ,
237\ u 235, 238§ 238,239, 240p
, 241,243 u
239, 240, 242p m,
o1 243 u, 245, 246~ )
S AmM,
2452460,

VYuer TexHonoruu nepepadbotku OST mpu onpeneneHUH MepeyHs paguoIorMyeckd 3HAYMMBIX
PAaAMOHYKJIMJIOB JIEKadUd 3a paMKaMH [poOBeAeHHOW paboTbl. OUEHKH C NPUMEHEHUEM
KOHCEPBATHUBHBIX IOKa3aTesiell WM3BJIEUEHUS YpaHa, IUIYTOHUS U HenTyHus npu nepepadborke OAT
(Hem3BNeKaeMble OCTAaTKU ypaHa, IiyToHus u HentyHus — 0,1 %, 0,25 % u 5 %, coOTBETCTBEHHO)
MOKA3bIBAIOT, YTO U3BJIECYEHHE ITHX XUMUYECKUX DJIEMEHTOB HE OKa3blBAE€T 3HAUYMMOIO BIIMSHUSA Ha
NepeyeHb  PaJUOJIOTMUECKH  3HAUMMbBIX  PAJUOHYKIUAOB.  JlomOTHUTENbHOE  UCKIIOYEHHE
PaAMOHYKJIMJIOB BO3MOXHO IIPU YyYeTe€ BbIXOJAa OTIEIbHBIX IPOAYKTOB JEJNEHUS B IpoLecce

BUTpU(UKaUK (Hanpumep, n30Tomnos ).

OTtmeruMm, 4TO NpUBEJeHHble B Tabmuie 4.12 mnepeueHb pPaJIUOHYKIMIOB OIPENENeH ¢
MCIIOJIb30BaHUEM psifa NPUOIMKEHUH, U, CIEI0BaTENIbHO, MOKET KOPPEKTUPOBATHCS KaK B CTOPOHY
paciIMpeHusi, Tak U B CTOPOHY COKpAIlleHHs 3a cYeT 0oJjiee IETAIbHOI0 y4yeTa pa3iu4HbIX (PaKTOpoB,

CBA3aHHBIX, HAITPUMCECDP, C:

— YTOYHEHHEM HOMEHKJIATypbl M XapakTepucTUk mnepepabateiBaemoro OT, Bxirouas

TOIUIMBO UCCIIE0BATENbCKUX PEAKTOPOB;
— HCIOJb3YEMON MUTPALIMOHHON MOJIEJIBIO ITYHKTA 3aXOPOHEHUS;

— OIIEHKOUW TepepacipeaesieHns] paJuoHYKINI0B B mporiecce nepepadborku OAT, Brmtouas

HN3MCHCHUEC TCXHOJIOT'MYCCKOr'o MMpouecca rno Mepe pasBUTUA PAAUOXUMHUYICCKOTO 3aBO1A.
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Beugy Toro uro B Poccum Bemyrcs pabGoThl mo cosmaHuio cuctembl [I3PO, paGotsl,
HanpaBJICHHbIE Ha pelleHue mpobdiaemMbl 000CHOBaHMS JI0JTOBPEMEHHONW 0€30IacHOCTH 3aXOpPOHEHUS
PAO, kpaiine axtyanbHbl. IlpennmaraeMplii 1MOAXoA K OIpPENEICHUIO IMEPEYHsl PaaHOIOrHYECKH
3HAYUMBIX PAJAMOHYKIMJIOB U PAJUOHYKIMIOB, IMOMIEKAIUX KOHTPOJIIO, IO3BOJIIET YYECThb MX
OCHOBHBIC XapaKTCPUCTHKH, BIMSIOIIME HA paJUuallMOHHOE BO3JEHCTBUE HAa HACEICHHE U
OKPY’KaIOIYI0 Cpefy: IEpUOoJ MOJypacnana, pacCTBOPUMOCTb, MUTPALIMOHHBIE IIAPAMETPBI, 1030BbIE

KO3 PHULIIEHTHI.

[IpoBenenHass  ampoOanus  MPEUIOKEHHOTO  METOAMYECKOro  TOoJAX0Ja Ha  MpUMepe
octeksioBaHHbIXx PAO pammoxumuueckoro mnpousBojcta PI'VII 110 «Mask» mnokaszaia CBOKO
nepcnekTUBHOCTh [89]. laxe 06e3 ydera TtexHonorun mnepepadotkn OAT u  MHUrpanmoHHBIX
napamMeTpoB COCIUHEHUU PAAUOHYKIWIOB €€ MPUMEHEHHE I03BOJIsIeT 00OCHOBATH CYIIECTBEHHO
COKpAIlICHHBI NEPEeUYeHb PAJUOHYKIUAOB, MOMJIEKAIIMX BKIIOUEHHIO B OLEHKY J0JITOBPEMEHHOMH
0€30MacHOCTH M, COOTBETCTBEHHO, KOHTPOJIIO MpHU nacnoptu3aiuu: ¢ 6oiee 100 1o npubau3uTensHO
20. [lomOTHUTENBHBI yYeT MHIPAMOHHBIX IAapaMETPOB M OCOOCHHOCTEH TEXHOJIIOTHYECKOTO

mnmponecca MOXKCET JOIMOJHUTCIIBHO CHU3UTH KOJIMYCCTBO PAAUOHYKIN0B, IMOMJICKAIUX KOHTPOJIIO.

4.2.3 HOBTOpHOG HCII0JIb30BAHUE PAAUAIIUOHHO 3aIrPA3HECHHBLIX ME€TAJIJIOB B aTOMHOM
MNPOMBIILVICHHOCTH

B mpomecce oakcrutyaTaniuu  OOBEKTOB aTOMHOM SHEPreTHKH O0pa3yloTCs MaTepuabl,
CoZIepXkallle pPaJuOaKTHUBHBIE BEIIECTBA, B TOM YHUCIE PA3JIMYHBIE METAUNIMYECKHUE KOHCTPYKIUU.
[Tocne okoH4yaHUsI UX (PYHKIIMOHAIBHOTO UCIIOIH30BaHUSI BAPUAHTHI OOPAIICHHUSI C HUMH MOTYT OBIThH
pasHbiMu. HenmaBHssSI mMpakTWKa OTHOCWIIA TY YacTh HM3JENHM, JUIsl KOTOPOW MPEBBIMIATUCH YPOBHU
otHeceHuss k PAO [8], k MeTamu4ecKuM paauoakTUBHBIM oTxojam («MPOy), u Takue OTXOJbI
nojJiexanu 3axopoHeHuro. CkopocTe HakoruieHuss «MPO» Ha THUNWYHBIX aTOMHBIX CTaHIUSAX TPHU
IITATHOM peXHMe paboThl SHEProOJIOKOB COCTaBisAeT mopsiaka 1+2 Teicsiy TOHH B rof [6]. «MPO»
0o0pa3yroTcsl Takke IpU BBIBOJE HEProOJIOKOB M3 SKCIUTyaTalluu, Hampumep, ux o0wbeM npu BO
oJiHOTO ’Heprodioka MoirHocTh0 1000 MBT Gynet cocrapnsaTs He MeHee 15 Toicsd ToHH [90]. Beero
3a BpeMs cymiecTBoBaHus B Poccun aTromHO#N oTpacnu oOpazoBanioch nopsiaka 600 TeiC. T MOAOOHBIX

oTxomoB [91].

Opnako Takue MeTajindeckue uszenus (0COOEHHO ¢ HEBBICOKMMHU YPOBHSIMH PaHOaKTUBHOIO
3arpsi3HEHUsI) MOrYyT MPOMTH MyTh IOJHOM WJIM YacTUYHOM J€3aKTUBAllMM U  ITOBTOPHO
UCIIOJIb30BAaThCSl B PA3JIMYHBIX OTPACiIAX MPOMBIIUIEHHOCTH. B HacTosiiee BpeMsi pa3paOoTaHbl U
YCIIEIIHO MPUMEHSIOTCS B PsiJie CTPaH TEXHOJIOTUHU MO MEPerIaBKe U JIe3aKTUBAIMK MeTaiuioB [92, 93].
B rtabmuue 4.13 mpuBeneHbl AaHHbIE MO MNPEANPUATUSAM, KOTOpPbHIE 3aHUMAIOTCS PEIICHHEM STOU

3aaauu [94].
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Ta6muma 4.13 — [Ipon3BoacTBEHHBIC MOIITHOCTH MPEANPHUITHI 110 TiepepadboTke «MPO»

IIpennpusdarue IIpousBoACTBEHHEBIC ..
peArb ’ p [Iponykumst n 001acTh €€ UCIOITBF30BAHUS

CTpaHa MOIIHOCTH
Siempelcamp CuTKY, 3KpaHbl, KOHTEHHEPHI 1T TIOBTOPHOI'O MCIIOJIb30BaHUs B
' * ATOMHOM MPOMBIIIIJICHHOCTH.
I'epmanus o
Jlo 5 % — cBoOOAHOE UCIIOIBL30BAHKE
Studsvik, 1000 1/rox CnuTKH — ¢CBOOOIHOE MCIOILE30BAHMUE.
[IBenus CIuTKH — TPOMEXKYTOYHOE XPaHEHHE, 3aX0OpPOHEHHE.
BNFL, CIUTKY 7151 TOBTOPHOTO MCIIOH30BAHHUS B AaTOMHOM

150 t/Henenro
BenukoOpuranus MTPOMBIIIUICHHOCTH.

Duratek, OKpanbl, hu3rIecKas 3aIIuTa sl TOBTOPHOTO UCITOJIH30BAHUS B

2000 1/ro o
CIIIA A aTOMHOM MPOMBIITUICHHOCTH.
OKOMET-C, * CnuTKH — ¢CBOOOIHOE MCIOILE30BaHHUE.
Poccus CIuTKH — IPOMEXKYTOYHOE XPaHCHUE.

* - JaHHbIE OTCYTCTBYIOT

3apy0OexHble KOMITAHMM B OCHOBHOM II€pepadaThIBAIOT METAl JUIS  MOCIEAYIOMIETO
OTPAaHWYEHHOTO HCITOJIb30BaHUS B AaTOMHOM JHEPreTHUKE, TOIJa KaK pPOCCUHCKOE MPEIIpHUITHE
OKOMET-C mnepepabateiBact «MPO» B uyuctbie ciauTku. CTeNeHp JIe3aKTHBAIlMU JOJDKHA
OTPENIETATHCA LETBI0 MOCIEAYIONMEro UCIOIb30BAHMS METAIJIA M CBSI3AHHBIM C 3TUM PaguaAllMOHHBIM
BO3/ICHICTBHEM Ha YEIIOBEKA U OOBEKTHI OKPYXKAIOMICH cpebl. B 11e51oM psifie cirydaeB KOHTAKThl HOBBIX
METAIITMYECKUX U3IENNNA C YeJIOBEeKOM OyIyT KpaiiHe OrpaHHuYEHBI, a MX BO3/CICTBHE Ha OMOTY MOXKET
OCTaBaThCA B IIpelesiaX AKOJIOTHYSCKUX HOpMATHBOB. OJHUM W3 TEPCICKTUBHBIX HaIpaBICHUI
TaKOTO WCIOJIb30BAaHUS TMPONICANIEr0o TMepepadoTKy MeTaljla MOXET CTaTh H3TOTOBJICHUE

KeJe300€TOHHBIX KOHCTPYKIMI 1 KOHTEHHEPOB, IIpelHa3HaueHHbIX [ oOparienus ¢ PAO.

Tak kak B Ommkaimme roasl B Poccun mmaHupyeTcst MOCTPOUTh M BBECTU B DKCIUTyaTallUIO
HECKOJIbKO KpyHHbIX XpaHuuiy 1t PAO 3 u 4 knacca, TO BOSHUKHET MOTPEOHOCTh B HEBO3BPATHBIX
KOHTEIIHepaxX, KOJIMUYECTBO KOTOPBIX OLIEHMBAETCS B CPEIHECPOUHON mnepcrnekTuBe BeanyuHou ~100
TBIC. IIT., @ MOTpeOHOCTh B MeTayie cocraBisier He Menee 100 Twic. T. [lomoOHbIE MacmiTaOBI
IPOM3BOJICTBA MOTYT TMPEJICTABIATh SKOHOMHYECKUH HHTEpeC K BTOPHUYHOMY HCIIOJIb30BAHUIO
METAJUIOB M CTaBAT Iepesa CIHelualucTaMd B 00JacTH paJMallMOHHOM 0e30MacHOCTH BOIPOCHI,
CBA3aHHBIE C YCTAaHOBJIEHMEM HOPMATUBOB II0 II€JIEBOMY OrPaHMYEHHOMY HCIOJIb30BAaHUIO
MaTepHaioB, 00€CIIeUNBAIOIINX COOJIOICHHE NEHCTBYIONUX HOPM Oe3omacHoCTH. B manHOM pasnene
paccMOTpUM  IOJIy4Y€HHE KOJIMYECTBEHHBIX OICHOK YPOBHEH JONYCTUMOIO pPaJudOaKTUBHOTO
3arps3HEHUs] METAIJIOB, MPEAHA3HAYEHHBIX JUIS U3TOTOBJICHHUS apMaTypbl U KOHTEHHEPOB, B KOTOPBIX

Oynyt pa3memiarbest PAO.
Paouonyknuonwii cocmas memanna

B Hacrosmiee BpEMs CYILICCTBYCT PsAX aHpO6I/IpOBaHHBIX METOJO0B IIO JC€3aKTHBallMH «MPO»
nepen HepCHHaBKOﬁ MCTaJlJIa B UHAYKIIUOHHBIX SJICKTPUYCCKUX TI€UaX: AC3aKTUBAIIUA CCPHO-KUCIBIMU

Cp€aaMu B MOI'PYKHBIX BaHHAX, JC3aKTHBAILIMA B IIOTPYXXHBIX BaAaHHAX C UCITIOJIB30BaAHUEM IICITIOYHBIX U




92

KHCIIOTHBIX JIECOPOMPYIOMNX KOMIO3UIMH, OTMBIBKA JIOKAJIBHBIX 3arpsA3HCHHUN HJICKTPOXHUMUYECKUM
cnocoboMm, ne3aktuBaius 1o TexHojoruu «DECONA» ¢ wucnonb3oBanueMm TerpadTopOOpHOI

KUCIOTHL. Pa3paboran Taxxke metox nezaktuBanuu «MPO» B mporecce uX neperuiaBki.

B pesynbrare meperiaBkd MeTalla IPOUCXOAMT €ro JIONOJHHUTENbHAs Je3aKTHUBAIus,
MOCKOJIBKY PAIMOHYKIIUIBI IIepepacIpeIesIFOTCS MEX Ay IIJIAKOM U MeTa/NIn4eckuM paciiaBoMm. [lpu
3TOM B LUJIAKHU MEPEXOAAT PAAUOHYKIUIBI-IIPOAYKThI JEIEHUS SAEP (9OSr, Mce, Cs, PCs, Zr un
Ip.) ¥ TPAaHCYpaHOBBIE DJJIEMEHTBbI, a OCTAaTOYHAs AaKTUBHOCTb IIE€PEIUIABIEHHOIO MeTajia
ompenensercss pagMoHyKmugamu °Co (ocHoBHOW Bkmam), °Ru, '*’Sb, KOTOpbie pPaBHOMEPHO
pacnpezieieHbl B METa/UIMYeCKOW MaTpulle, BBINONHsIOMEH (yHKIuH Oappepa 0€30MacHOCTH,
MCKJIIOYAIOIIET0 BO3MOXXHOCTh BBIXOJIa PAaJUOHYKIUJOB B OKPY)KAIOLIYIO Ccpely. B BbINOIHEHHBIX
pacuérax C M3BECTHOW J0Jiell KOHCEepBaTU3Ma ObLIO NMPUHSATO, YTO OCHOBHBIM T'aMMa-U3Iy4yaroluIuM
PaIMOHYKINIOM B I[EPEIUIABICHHOM MeTalle sBisiercs °Co, M JOMyCKazach BO3MOYHOCTH

137
coJiepXaHusl HEKOTOporo kounyectBa ~ Cs.
Konmeiinepul, ucnonvzyemvie npu oopawenuu ¢ PAO

[Tpu ob6pamennu ¢ PAO ucnons3yroT paznuunbie Metauimaeckue konreineps! (KM3, KO 1340,
KPAJI-3,0 [95] u ap.). OCHOBHBIE XapaKTEPUCTHKU STUX KOHTEHMHEPOB MpHBeAeHbI B Tabnune 4.14.
[IpencraBieHHble MHTEPBAIbl 3HAYEHUN MAacChl U BHYTpEHHEro o0bEMa KOHTEHHEPOB OXBATHIBAIOT

OCHOBHBI€ THUITBI METAJNIMYECKNX KOHTEHHEPOB, UCTIONIB3yeMbIX Mpu oOpamenun ¢ PAO.

Ha nepBom »Tame B pacy€THBIX MOJENAX B KayecTBE HCTOYHHMKA Y-U3JIy4E€HUS B KOpIyce
KOHTelHHepa 3amaBami paguonykmuast ’Co u *’'Cs. B Tabmuie 4.15 NpUBEICHBI Pe3y/IbTaThl PACUETOB
MaKCHMaJbHOW YIEIbHOM aKTMBHOCTM MeTaiia KoHTelHepa KM3 mpu ero TpaHCHOPTHPOBKE, IIPH
YCIIOBUM HENPEBBIIEHUS] TMPEIENIbHbIX YPOBHEH MOIIHOCTH J103bl: 2 M3B/4ac Ha TMOBEPXHOCTH
koHTeitHepa u 0,1 m3B/uac Ha pacctosHuu 1 M [96], Ay Tpex pa3inMyYHBIX COOTHOIIEHUN YAEIbHBIX

aKTHBHOCTEH pagnonykuaos ’Co u °'Cs.

Tabmuua 4.14 — XapakTepucTUK1 KOHTEHHEPOB

Tun BuyTtpennuit Macca
. Martepuan | ['abaputHbie pazMepsl, M 3 .

KOHTeIHepa 00BeM, M KOHTEeWHepa, T
JmmHa 1,65

KM3 Meramn Inpraa 1,65 3,1 1,16
BricoTa 1,375
JmmHa 2,62

KPA-3,0 Merann Iupuna 1,43 3,0 0,655
BricoTa 1,08

KO 1340 | Merann | 2WMavetp 0,56 0,2 0,0711
BricoTa 0,91

W3 tabmumsl 4.15 BHIHO, 4TO 3aMeHa B pacuéTHbIX Mogensix - Cs ma ®°Co obecreumBaer

KOHCEpPBATUBHYIO OLICHKY IOIYCTMMOW CyMMapHOW YyJE€IbHOM aKTMBHOCTH MeTaula. B mampHeHImx
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pacuérax MOUIHOCTH J03bI OT BCEX KOHTEHHEPOB MPEIoJarajlioch, YTO BCe U3IydyeHHnEe 00yCIOBICHO

Tosbko *°Co.

Ha pucynke 4.33 npuBeneHbl ce4eHHsI MOAEIN METAIIINYECKOro KoHTeliHepa Tuna KM3, BHyTpu
KOTOPOIO MOKHO PACIIONIOXKHUTh 10 ISITH METAUIHYECKUX 6ouek (06beMoM 0,2 M) HIIM PaBHOMEPHO

3aM0JHUTh KOHTEHHEp LieMeHTupoBaHHbIMU PAO.

Tabmuua 4.15 — MakcumManbHas yJenbHas aKTUBHOCTb MeTajuia KoHTeitHepa KM3

ILOHVH PaHOHYITHII08 MakcumanbHas yJenabHas
Ne | B 0011€eli aKTUBHOCTH MeTaLIa
50 137 aKTHBHOCTH MeTaiuia, Kbx/T
Co Cs
1 1 0 1,6
2 0,7 0,3 19
3 0,5 0,5 2,1

(2) (6)

Pucynok 4.33 — Ilonepeunoe ceuenue konteitnepa KM3 ¢ nsaTbio
O6oukamu (a) u pu ero paBHoMepHOM 3anogHeHun PAO (6)

[ImoTHOCTH MeTa)la KOHTEWHEepa W OO0YEeK BO BCEX 3aJadax NIpuUHUManach 7,86 r/em’.
3
[Ipennonaranock, 4to B 1ieMeHTHPOBaHHBIX PAO mimoTHOCTBIO 1,5 I/cM™ UCTOYHHKAMU Y-HU3TyUSHHS

137, 134, 60 .
ABJSOTCS paguonykiuasl -~ Cs, ~'Cs, ~ Co (cooTHomenue aktuHocreit 1: 0,1: 0,01).

Jna xonreiinepoB KPAJI-3,0 u KO 1340 npoBOAMIMCH OLIEHKM TOJBKO IPU MOJHOM HX
3anoiHennn PAO. B pesynbrare pacy€ToB OLEHMBAJIMCh 3HAYEHMsI J03bl Ha IOBEPXHOCTSX
KOHTEIIHEpOB W Ha paccTosHuu | M or Hux. B Ttabmuue 4.14 u Ha puc. 4.28 (a) mpuBeIEHBI
JOTYCTUMBIE 3HaYeHHs yAenbHON akTuBHOCTH PAO B xoHTeitHepe KM3 (¢ mAThIO METaUIMYECKUMU
0oyKkaMud M TpPU PAaBHOMEPHOM 3aIlOJIHEHWH) B 3aBHUCHUMOCTH OT YJEJNbHOW aKTHMBHOCTH MeTaija
KoHTelHepa. [Ipu 3HavYeHHSIX yAenbHOW aKTUBHOCTH Kopryca koHTeiHepa KM3 1,6 kbk/r u menee
KOHTEHHEephl TaKOro THIA MOTYT OBITh TPAaHCIOPTUPOBAHBI MYCTHIMH B COOTBETCTBHH C
TpeboBanusMu [96] k MecTy 3anonHeHus ux PAO. Ha pucynke 4.34 (0) u B Tabnuie 4.16 npuBeaeHbI
nonycTuMble yaenbHble akTUBHOCTH PAO m mertamma xonteitHepoB KO 1340 u KPA/I-3,0 mpu ux

TPaHCTIOPTHPOBKE.
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Ta6muma 4.16 — MakcuManbHbIE 3HaYEHUS YICTbHON aKTUBHOCTH KopItyca KoHTelHepoB U PAO mpu

TPaHCIIOPTUPOBKE
THI KoHTeHHEDA MakcruMaibHas yeiabHast aKTUBHOCTb, KBK/T
p Mertanna PAO
KO 1340 14,5 11,5
KM3 1,6 3,0
KM3 (¢ 5 6oukamu) 1,6 2,4
KPAJI-3,0 1,2 2,1
3] T T T T T T 7 115 T T
U KM3 ] 104 7270KO 1340 | T
LU KM3 ¢ 5-10 Goukamu LU KPAJT-3,0
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0,5 1,0 1516 5 10 14,5
Y,CIEJTLHHS] AKTHBHOCTE y.ElCJ'[LHaﬂ AKTHBHOCTB
META/IIHYECKOro Kopnyca, Kb/ METAIIHYECKOTO Kophyca, Kbr/T
(a) (6)

Pucynok 4.34 — Jlomyctumas ynensHasi akTuBHOCTE PAO mipu ux 3arpy3ke B KOHTEHHeEp C
pa3IUYHOM YAETbHOM aKTUBHOCTHIO ero kopmyca: a — KM3, 6 — KO 1340 u KPAI-3,0

W3 npuBenE€HHBIX pE3yJBTATOB CIELYET, YTO IIPHU 3HAYEHUSAX YACIbHOM aKTUBHOCTH MeETaylja
1,2 xbk/r 1 MeHee HOpMaTUBBI IO TPAHCIIOPTUPOBKE OYAYT COOMIOIATHCS AJIsl BCEX pacCMaTpUBAEMbIX

KOHTEHHEPOB.
Apmamypa

[Tpu paccMOTpeHMH CTPOUTETHHON apMaTyphl, BEINMOJIHEHHON U3 «MPO», HE06X0IMMO OLICHUTh
paavalMOHHYI0 00CTAaHOBKY MpH €€ TPaHCIIOPTUPOBKE, a TAK)KE MPU U3TOTOBJICHUH KeJIe300€TOHHBIX

uznenuid. i pemeHus 3Tux 3aa4 pa3padoTaHbl CIeAYIOIINe pacueTHbIE MOIEIH.

B mepBoii Mozenu 3agaHa MeTaUTMYECKass apMaTtypa Iepes 3aJuBKOW O0eTOHOM, BO BTOPOM —

GeTOHHAs ApMUPOBAHHAs TIMTa ¢ pasmepamu 1,2 x 1,2 x 0,3 M° (pucyrok 4.35).



Pucynoxk 4.35 — IIpogonbsHoe (a) u morepeyHoe () ceueHus: apMUPOBAHHOW OSTOHHOM IIUTHL: 1-4 —

TOYKH OCTCKTUPOBAHUA

Paccrosinne mexay metamumyeckumu npyramu (¢ 1,0 cm) no ocam OZ u OX 15 cm, o ocu OY
— 10 cm. Touku peructpanuu (IETEKTHPOBAHUS) MOIIHOCTH 1036l (1 1 3) pacroynokeHbl B LIEHTPE
MOBEPXHOCTEH BepxXxHEH W OOKOBOW cTeH OeTOHHOW IHThl, (2 m 4) — Ha paccTOosHUU 1 M OT
COOTBETCTBYIOILIMX IOBEPXHOCTEH. B mepBoil MoAenu HCMIONb30BaHbl T€ K€ KOOPAMHATBI TOYEK
JETEKTUPOBaHus. Pacder MOIIHOCTH 03Bl B 3aJaHHBIX TOYKaxX MPOBOIMJICS IS METAIIIMYECKON
apMaTypbl C ynAenbHOH akTHUBHOCThIO B HHTepBaie 1,0 <q<l15 (kbk/r), KOTOpBII comoOCTaBUM C
YIEIbHOW AaKTHUBHOCTBIO MeETajlla B PACCMOTPEHHBIX KOHTEMHEpax TMpU TPaHCHOPTUPOBAHUMU.
PesynbraTel pacdeToB MOIIHOCTH H03bI TamMma-m3nydeHus (H) or paccMaTpuBaeMbIX OOBEKTOB

npuBesieHbl B Tabnuile 4.17 co 3HaueHUsAMU napaMeTpa k B muHelHbIX annpokcumanusax H=k q.

Tabmuua 4.17 — Pe3ynbpTaThl pacd4eToB MOIIHOCTH J103bl FaMMa-U3JIy4eHuUs OT apMaTypbl Ha 1

OeToHHOH MIMTEI Hy

v Apmarypa beroHHas mmra
NQ JCJIbHas
eTeKTONa aKTHBHOCTD Ha, K Hsg, K
l p g, kbx/T M3B/yac 4 M3B/yac 5
1,0 3,0107 5 | 9410° %
! 15 25107 | 30107 Tgqe7 | 9410
1,0 1,3:10° s | 41107 7
2 15 2010° | M¥107 meo00 | 4110
1,0 5,2:107 5 | 8,010° %
3 15 78107 | 2% o007 8010
1,0 5,810° 6 | 1,810° &
4 15 g7.10° | >80 57005 | 1810
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MakcumanbHasi 7030Basi Harpy3Ka Ha TIEPCOHAI MpHU paboTe ¢ He OETOHMPOBAHHOW apMaTypoit
npy yAETbHOH akTMBHOCTH MeTamia | KBK/r (MakcumanmpHas MOLTHOCTH J03bI 5,2:10-5 M3B/4ac) He
npesbicuT 0,1 M3B/rog. CremoBaTenbHO, TaKWe YPOBHU 3arps3HEHUS METAUIMUECKUX H3JENIUN
HO3BOJISIIOT MPOBOJAUTH pabOThI 110 MOHTaXY CTPOUTENBHBIX KOHCTPYKIMH Ha 0OBEKTaX aTOMHOMN

IMPOMBIIIJIICHHOCTH pa6OTHI/IKaMI/I 0e3 Kakux-1mbo OrpaHquHI/Iﬁ.

JUis OLIeHKU pagualiOHHON 00CTaHOBKH MTPU MEPEBO3KE apMaTyphl U3 HU3KOAKTUBHOTO METaJlIa
BbIOpaH BapUaHT CTaHAAPTHOW TPAHCHOPTHUPOBKU CTPOMUTEIBHBIX MAaTEPUAJIOB, IPHU KOTOPOM
UCIIOJB3YIOT YHUBEPCAJIBHBIE TPAHCIOPTHBIE KOHTEMHEPBI PpAa3IMYHONM TOHHA)XXHOCTH W THIIA,

Harpumep, 1AA. OCHOBHBIE XapaKTEPUCTHKH KOHTEHHEpa MpUBeICHBI B Ta0muIe 4.18.

Apwmarypy niepeBo3sat 6o B Oyxtax (~500-1000 kr kaxnas), 1100 B 3armeyaTaHHBIX Maykax (~5
T Kaxaast) (pucyHok 4.36).

Tabmuna 4.18 — Xapakrepuctuku KoHTeliHepa |AA

ITapametp 3HaueHue
JnunHa, M 12,2
[upuna, M 2,4
BricoTa, M 2,6
BHyTpeHHI/SII/I 65.6
00beM, M
MakcumanbHas 26,58
Macca rpysa, T

UToObI OIIEHUTh MAaKCUMAJIbHYI0 MOIIHOCTH /036l OT TPAHCHOPTUPYEMOIO Tpy3a pacyer

IIPOBOAWIIN IIPU MAaKCHMaJIbHO BO3MOXKHOM 3arpy3Ke apMarypbl B KOHTelHepe 1AA.

Puc.4.36 — Ilpunnun pa3meneHus: apMaTypsl B KoHTeliHepe 1 AA (B maykax)

OneHKy MOIIHOCTH J03bl MPOBOJMIM Ha MOBEPXHOCTAX KOHTEHHEPAa M Ha paccTOSHUU 1 M OT
Hero. PaccMoTpeH BapuaHT pa3MmelleHHsl apMaTypbl BHYTpU KOHTEHHepa B naukax (pucynke 4.36). 13
pe3yJIbTaTOB PacueToB, MPUBEACHHBIX B Tabiuie 4.19, cneayer, 4To 11 paCCMOTPEHHOT'O MHTEpBaia
YAEIBHBIX aKTHBHOCTEW apMaTypbl IIPU €€ MaKCUMaJIbHOW 3arpy3Ke B KOHTEWHEpP MOIIHOCTH JIO3bI
raMMa-u3JIydeHUs OT KOHTEHHepa MpeBbIIIaeT HOpMaTuBHBIE 3HadeHus [96]. Heobxomumo mmbo
YMEHBIIATh 3arpy3Ky apMaTypbl B KOHTEHHEp, MO0 MCHOIb30BATh METAILI C Y/IEIbHON aKTHBHOCTBIO

Menee 0,3 xbk/T.



Ta6muma 4.19 — Pe3ynpTarsl pacueToB MOIITHOCTH JI03bI OT KOHTelHepa 1 AA ¢ apmarypoi

97

VY nenbHast Makc. 3Ha4eHHUe MOIITHOCTHU J103HI,
No AKTHBHOCTD M3B/4ac
apMmarypsl, Kbk/T Ha noBepxHoctu Ha paccrostauu 1 m
1 0,3 0,17 0,10
2 1,0 0,58 0,35
3 15 8,70 5,25

PaccMOTpeHO HECKOJIBKO PEATMCTHUYECKUX CLIEHAPUEB BTOPUYHOIO HCIIOJIb30BAHMS METAJIOB,
OTCIY’KUBLUIMX CBOM CpPOK Ha OOBEKTax aTOMHOHM BSHepreTuku. Pacuérbl nokasanu, 4TO YpOBHU
3arpsI3HEHUST  METAJUIMYECKOM apMaTypbl PaguOHYKIUIOM Co mo 10 kBx/r mHe OTPaHUYHMBAIOT
BBIMIOJTHEHHE MOHTAQKHBIX PabOT MO COOPYKEHHUIO KeJIe300€TOHHBIX KOHCTPYKIui. B TO ke Bpems
TPAaHCHOPTUPOBKA TaKOM apMaTypbl B YHUBEPCAIbHBIX TPAHCIOPTHBIX KOHTEMHEpPAx MPEAbSBISET

Oosee xécTkue TpeOOBaHUSA K yASIbHOM aKTUBHOCTH, KOTOpasi He ToJDKHA mpeBbimaTh 0,3 KBr/T.

Jl1s KOHTEMHEPOB CO BCEMHU PACCMOTPEHHBIMU Macca-rabapUTHBIMU IapamMeTpaMu 3HaueHUus
yJIelbHOM aKTMBHOCTHU METaJula, IPU KOTOPHIX BO3MOYKHA MX TPAHCIOPTUPOBKA J0 IYHKTA 3arpy3Ku

PAO, cocramustot He 6onee 1 kbk/r [97-99].

[To cpaBHEHHMIO C HOpPMaTHMBaMH, JOMYCKAIOIIMMU HEOTPAHUYEHHOE HCIIOIb30BAaHUE MeETaija
(npu ynensHO# axtuBHOCTH 10 0,0001 KBK/r Mo *®Co) m ero orpanudueHHOE HCIOTB30BaHHE (11O
0,01 kBr/r o ®®Co — mst OYeHb HH3KOAKTHBHBIX PAO), camxkenue TpeOoBaHMIl MO 0GE30MaCHOCTH
(mpenenbHBIX ypoBHEW yaenbHOW akTHBHOCTH OT 30 mo 1000 pa3) mo3BOJIUT MEPEBOAUTH BOIPOC O
BTOPUYHOM HCIIOJIb30BAHMM MeETa/llla B OSKOHOMHMYECKYIO IIJIOCKOCTh. OJTOMY MOXET TaKke
CIocoOCTBOBATh Pa3BUTHE MHIYCTPUH MO MPOU3BOACTBY XPAHUJIUIL KaK paAMOAaKTUBHBIX, TAK U UHBIX
OTXOJIOB, TpPEOYIOIIMX 3HAUUTEIBHOIO KOJIMYECTBA MeTalja, a TaKXKe BBICOKME 3aTpaThl Ha
YTWIM3AlMI0 CIab03arpsA3HEHHBIX METAIMYeCKuX KOHCTpyKUui. IIpoBeaeHHble Hccaen0BaHUS
IpU3BaHbl HHUIIMUPOBATh Hayaio paboT 1o 000CHOBAHUIO BO3MOKHOCTH BTOPHUYHOT'O MCIOJIb30BAaHUS

AC3aKTUBUPOBAHHOIO MCETalJIa, UMEA B BUAY JOCTHKCHHUEC OYCBHUAHOI'O ITOJOXKUTCIHBHOI'O B(i)(l)eKTa,

CBA3aHHOT'O ¢ YMCHBIICHUEM 00BEMOB 3aXO0PaHUBACMOIro MeTajljia.

4.3 Oco0eHHOCTH 32/1a4 PATHANMOHHOM 3ALIUTHI M0 BHIBOAY M3 IKCILIyaTALMH
SAPOO

OnnuM u3 creHapueB BbiBoAa u3 skcmutyaranuu APOO sBnsercs «/leMoHTax», KOTOPBIN
MpearnonaraeT yaajleHue KOHCTPYKIIMI, B TOM 4nclie 3arpsisHeHHbIX, 1 PAO. B ponecce npoBeaeHus
TakuX paboT mepcoHasn, 3aJeHCTBOBAHHBIH B HHX, MOXET TMOJYYUTh 3HAYUTEIBHYIO 030BYIO
Harpy3Kky. OnHa U3 3a/1a4 pacueTHOTO MOJIEIUPOBAHMS COCTOUT B TOM, UYTOOBI 3HASI XapaKTEPUCTUKH
PaAMOAKTUBHOIO 3arpsi3HEHUS, PACCUMTATh U3MEHEHUE MOJIEH HOHU3UPYIOIIUX U3JIYYECHUN U OLICHUTH
JI0O30BbIE HArpy3Kd TIPH BBITIOJIHEHWH KOMIUIEKCAa padoT. DTO TO3BOJIUT MNPH HEOOXOAMMOCTH

000CHOBAHO YMCHBIINUTH CKOPPEKTUPOBATH I1JIAH BBIITIOJITHECHUSA pa60T C ICJIbKO MUHUMH3AIIUU JO30BBIX
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Harpy30K 3a C4YeT YMEHbBIICHHUS BpEeMEHU NpeObIBaHMs [EepCOHaNa W/WIM HCIOJIb30BAHUS
JIOTIOJTHUTENIbHOW PaJMallHOHHOM 3alUTBHI.

K coxanenuro, IpUMEHUTEIBHO K 0OBEKTaM SJePHOTO HACIEAUs TaKOW pacueTHBIN alrOpuUTM
HE BcerJa okasbIBaeTcs 3(pQeKTUBHBIM, Tak Kak apxuBHas uHpopmanus o PAO 3auactyio yrepsiHa, a
npoBenenHass KMPO He Bcerja moka3blBaeT IMOJHYIO KapTUHY 3arpsi3HeHud. B Takom ciydae
HEOOXOJUMO  IPOBOJAUTH  MHOTOBApHAHTHBIE  pPAcCUETHBIE  HCCIEIOBAaHUS  COBMECTHO €
JIOTIOJIHUTEILHBIMU U3MEPEHUSIMH.

B pamkax paspaborku komiuiekca OBOSIH [100-107], rme ObLiv BHEAPEHBI HEKOTOPHIE
pa3pabOTKKU PACUETHO-IIPOrPAMMHOIO HMHCTPYMEHTapusi (CHCTeMa KOHBEPTOPOB, pacyeT I030BBIX
Harpy30K IO 3aJIaHHOMY CIICHApHUIO U Jp.), PaCCMaTpUBAJIACh 3a/ladya OLICHKHU J030BBIX HArpy30K Ha
nepcoHai npu ynaineHuu PAO 13 myHKTa XpaHEHUS.

B pesynbrare crnekTpoMeTpHYecKOro aHaiu3a oToOpaHHO mpobbsl PAO ompeneneHo, 4uTo
OCHOBHBIMH I'aMMa-U3Jy4alolUM PaAUOHYKIUIAMU SBISIIUCH %Co u ¥*'Cs (oTHOIIEHUE aKTUBHOCTEH
3:1).

Cyenapuii 0emoHmasica cCmpoumenbHulx KOHCmpykyuii u yoaienus PAO

[TyHKT XpaHeHHe MpelCcTaBiIsieT co00il OETOHHOE COOpYKEHHUE, PACTIONOKEHHOE HUXKE YPOBHS
3emud, TabapuTHbIe pazmepsl — 21,7 x 5 x 6,7 M.

st Toro utoObl ynanute PAO u3 xpanwiudina, Opeaaraercs ero Mo3TarHbId JEMOHTaX C
u3pinedenneM nopuuit PAO u mnocnenyromelt WX KOHTeMHepu3alnued. OTH ONepalud MOXKHO
OCYIIECTBUTh MPH BCKPBITUM KPBIIIM XpaHWIHIIA WJIA OJHOM M3 OOKkoBBIX cTeH. Tak kak I1X
3aryy0JeH, a CTeHbl COCTOAT W3 MOHOJMTHOTO >Kelle300€TOHA, B KayecTBE OCHOBHOIO CLEHApHs
neMoHTaxka IIX paccMmarpuBaeTrcss TOITamHBIA pa3dOp BEPXHETO MEPEKPBHITHS, COCTOSIIETO U3
oeronnerx wmt (1,1-1,5 x 6,7 x 0,3 M3). [IpenyaraeTcsi KpaHOM CHUMATH IO OJHOM IUIHTE, 3aT€M
HKCKABATOPOM C rpeiiepHbIM KOBIIOM u3BiekaTh PAO u mepemeniate B KOHTEHHEPHI U Tak Jlajnee 10
nonHoro yaaneHus PAO wu3 IIX. Ilpm Takom crieHapuy OCHOBHYIO 103y IMOJYYHUT ONEpaTop
HKCKABaTOPa, BBHIONHSIOMNN nieperpy3ky PAO.

IIposedenue pacuemos noneii M3/

Jlnisi OLIeHKH J030BOM Harpy3Ku Ha MepcoHasl TpeOyeTcsl MPOBECTH CEPUI0 PacyeToB MOJEH
MOIIIHOCTH 3KBHBAJICHTHOI /103bl. Ha mepBom arane paspadborana CAITP-monens I1X (pucynok 4.37).
Hanee, ucmons3ys NaHHBIE W3 CHOPABOYHOTO Ooka Oa3bl JaHHBIX, OBUTM 3aJaHbl MaTepHUaIIbI
MHXEHEpHBIX KOHCTpykuui n PAO, a Takxke mapameTpbl HCTOYHHUKA U3JIYYEHHs. 30HBI PErUCTPALIMHI

3a/anbl HaJ XpaHuuiieM B Bune cetku (0,25 x 0,25 x 0,1 M3).
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Pucynok 4.37 — M3o6paxenune CAITP-monenu [1X PAO

Oransl ynanenus pazoopa [1X u ynanenus PAO npuBenens! Ha pucyHke 4.38

Pucynok 4.38 — Oransl ynanenus PAO

Oyenka 003bl, NOTYYEHHOU ONEePamopoM IKCKA8AMopa

OnenouHoe Bpems paboThl o u3BnedeHnto PAO u3-noa oqHo minthl ~ 120 MUHYT.

IIpu paboTe B HEMOCPEACTBEHHOW OJM30CTH OT HCTOYHMKA, 1032 HA 4YeJIOBEKa IpH
BBIMIOJTHEHUM BCEr0 KOMIUIEKCa paboT oneHuBaercs BenuuuHod ~20-50 M3B, 4TO CBf3aHO C
CYILIECTBEHHBIMU paJHallMOHHBIMU puckamu. [Ipu pacmnonoxeHuun omepaTopa Ha pacCTOSHUM 7 M U
nanee oT xpaHwiuma (pucyHok 4.39) ¢ ucnonb3oBaHHMEM KpaHa-’KCKaBaTopa, TIZie OIleparop
HaXOJUTCsl B KaOMHE Ha BBICOTE 2 M OT IOBEPXHOCTH 3€MJIM J030Bas Harpy3ka KapJUHAJIbHO
YMEHbILIAETCsl.

Pesynpratel pacueroB MO/] Ha BbICOTE 2 M HaJ XpaHHUJIMIIEM IO LIEHTPY NEPBOU YAAIECHHOU
IUTATHl B Jlajiee JI0 MECTOIOJOKeHus orneparopa (pucyHok 4.39) mpuBojsarcs B tadtmmie 4.19 u Ha
pucynke 4.40.

IIpn BeIMONHEHHMH onepanuu 1o u3BiedeHU0 PAO wu3-moag OJHOM IUIMTHI  OLIEPATOp

9KCKaBaTopa MOJIYYHT J03y o0nydeHus ~ 4 MK3B, COOTBETCTBEHHO, MpHU W3BJIeUYeHHH Bcero PAO u3
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I1X ~ 60 mx3B. [ToryyeHHOE 3HaUEHHE T03BI SABIAETCS JOMYCTUMBIM IS TiepcoHaina kateropuii A u b.

B CJIOM, MOKHO CACIaThb BBIBOJ, YTO IIPU JAHHBIX YCJIOBUAX, C HO3PIL[HI>'I pa,HPIaI_[I/IOHHOﬁ 3allIUThI

HepcoHajia OT BHELIHETO 00JIyUYeHUs pean3aius MoJo00HOT0 CIICHapHsi BO3MOKHA.

7m

Onefatop

Onepat

Pucynok 4.39 — Ceuenust pacueTHON MOJETH XPaHWINIIA:

a — BUJI CBEpXY, O — B cOOKY

Tabmuna 4.19 — Pesynbrar onieaku MO/] Ha BeicoTe 2 M Hax [1X PAO

Paccrosaue ot [1X, | MDB/JI, | Paccrosuue oTI1X, | MO/,
Y M M3B/uac Y M M3B/4ac
10,35 1,96E-03 3,35 6,56E-02
10,1 2,37E-03 3,1 6,97E-02
9,85 2,76E-03 2,85 1,02E-01
9,6 3,18E-03 2,6 9,22E-02
9,35 3,76E-03 2,35 1,01E-01
9,1 4,29E-03 2,1 1,35E-01
8,85 4,22E-03 1,85 1,23E-01
8,6 4,21E-03 1,6 1,59E-01
8,35 5,17E-03 1,35 1,44E-01
8,1 5,80E-03 11 1,53E-01
7,85 9,85E-03 0,85 1,68E-01
7,6 1,45E-02 0,6 1,92E-01
7,35 5,89E-03 0,35 1,53E-01
7,1 1,30E-02 0,1 1,60E-01
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[Tponomxkenne Tadauie 4.19

Paccrosaue ot [1X, | MO/, Paccrosaue oT 11X, | MO/,
Y M M3B/uac Y M M3B/4ac
6,85 1,41E-02 -0,15 1,61E-01
6,6 1,02E-02 -04 1,78E-01
6,35 1,95E-02 -0,65 1,58E-01

6,1 2,87E-02 -0,9 1,47E-01
5,85 1,42E-02 -1,15 1,72E-01
5,6 2,71E-02 -14 1,33E-01
5,35 4,03E-02 -1,65 1,16E-01
51 3,51E-02 -1,9 1,39E-01
4,85 2,14E-02 -2,15 1,16E-01
4,6 4,81E-02 -2,4 9,98E-02
4,35 4,81E-02 -2,65 9,31E-02
4,1 4,07E-02 -2,9 1,19E-01
3,85 6,34E-02 -3,15 6,97E-02
3,6 8,59E-02 -3,35 6,56E-02

* sideiika OKOJIO oreparopa

0.20 T T T T d T T T T T J T T T

. MD/I Ha BBIcOTE 2 M
0.16 4 /" i) \ . =

o
N
N
1
1

MD/1, m3B/uyac
o
o
(s3]
1
1

0.04 - PN - i

0.00 T T T T r : r I . . M Ty R EETE)
-2 0 2 4 6 8 10
Paccrosiaue, m

Pucynok 4.40 — PacripenienieHne MOIIHOCTH JI03bI OT paccTosHUS OT eHTpa XTO-2

B 1menom MO0XHO KOHCTAaTHpOBaTh, YTO HA JTAaHHOM MpuMepe Obuta ampoOuWpoBaHa CHCTEMa
koHBepTopoB CAIIP-Mozmenu B pacyeTHYI, a TakKe€ pacueT J030BbIX Harpy30K MpPH BBITOJIHEHUH

CIHCHApHBIX pa60T.

4.4 BoiBoabl K 1J1aBe 4

Pe3ynbraThl TIPOBENEHHBIX WCCIIENOBAHWM TOKa3ajdd, 4YTO pa3padaThIBAEMbId pPacyeTHO-
METOJMYECKUN HMHCTPYMEHTApH MOXKET OBITh TPUMEHEH [UJIi PEIICHHS IEJIOTO  CIEeKTpa
B3aMMOCBSI3aHHBIX aKTyalbHbIX 33134 3CXKI] 00heKTOB MCTIONB30BaHUs aTOMHOM 2Heprun. OnHOM U3
KITFOUEBBIX U3 HUX SIBISIETCS XapaKTepu3alus MJIaHHPYyeMoro K 3axopoHeHnio PAQO, oOpasyromierocs

npu  nepepaborke OST. C  npuMeHEeHHEM  pacuyeTHO-METOJIUYECKOTO0  HMHCTPYMEHTApPHS
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MOCNIEAOBATENbHO  MPOBEAEHbl  MPEIBAapUTENbHbIE  pPACUETHBIE  HCCIIECIOBAaHHUS  ONpPEIEICHUS
paguonykiuaHoro cocrtaBa OSAT u PAO, a ucnons3ys pa3paOOTaHHBIM MOAXOA K ONPEAENICHUIO
3HAUYMMBIX PATUOHYKIHJIOB B KOHTEKCTE JIOJITOBPEMEHHOW O€30MacHOCTH, BBIICICHBI Hamboiiee
3HAYUMBIE PAIUOHYKIUIBL.

BnepBbie mpoBeneHBI OLIGHKHM HW3MEHEHHUS HEOOXOAMMON paJuallMOHHOW 3aIlMThl Ui
obecnieuenus yciaouit TpancnoprupoBanus st OAT BuASC B 3aBUCUMOCTH OT BPEMEHU BBIJICPIKKH.
ITokazaHo, 4TO BBIT0JIa OT TAKOT'O MOJAX0Ja MOKET COCTaBIIAThL Oonee 1,5 10" T-xMm.

[IpoBeneHHbIE OLEHKM paAHAllMOHHONW O€30MacHOCTH TMpPHU  HCIOJB30BAHUU  U3JETH,
BBIMIOJTHEHHBIX U3 PaJMALMOHHO 3arpsS3HEHHOT0 MeTalljia, MOKa3aldd HENpeBbIIIEHHEe HOPMATHBHBIX
TpeGoBanwmii py 3arpsi3uennn Menee 0,3 kBi/kr o ©Co.

B03MOXHOCTH pacyeTHO-METOJUYCCKOT0 WHCTPYMEHTAPHs IO3BOJISIOT OICHUBATH J030BBIE
HaArpy3Ku MpH BBINOJIHEHUN KOMILIeKca padot no ynanenuto PAO. IIpoBeneHHbIe OLIEHKH HA IPUMEpE
u3pnedennss PAO wu3 [IX mno3Bomunu cKOHMUTYpUpOBaTh HAMMEHEE J0303aTpaTHBIC YCIOBUSA
poBEICHUS padoT.

[IpoBeneHHas anpoOanus pacyeTHO-METOAMYECKOTO MHCTPYMEHTAPHS Ha PA3JIMYHBIX 3a7adax

3CXKL OMAD noka3zana ero paboToCIOCOOHOCTb.
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3akioueHune

B pesynbprare aHanmm3za COBPEMEHHBIX TpPeOOBAaHWW, TEHACHIMA WM TMOTPEOHOCTEH aTOMHOMU
DHEPreTHKH, B O0JacTH OOOCHOBAHMS PAAMAIMOHHOW 3alIUTBI U OOECIECUYCHHsS PaAHAIIMOHHON
6e3zonmacHocty Ha 3CXKI] 0O0BEKTOB HCIONB30BAHUS ATOMHOW SHEPrHM CPOPMYIUPOBAHBI IISATh
HanpaBlieHUW, rAe TpeOyeTcs COBEpPUICHCTBOBAHMS ~METOJWYECKOM 0a3bl U BBINOJIHEHUE

HMIMPOKOMACIITAOHBIX PACUETHBIX UCCIIETOBAHMIA:

1) xapakrepuzammss PAO ¥ HMCTOYHMKOB M3JIyYCHHH 1O pe3yiabTaTaM W3MEpPCHUMN

nuddepeHIMaTbHBIX U UHTErPaIbHBIX XapaKTEPUCTUK MOJIEH HOHU3UPYIOIIUX U3ITYUCHUH;

2) IIPOTHO3UPOBAHUE OCTaTOYHOM PaaOaKTUBHOCTH, TCIJIOBBIACICHUSA U MHBIX HOCJIG,I[CTBI/Iﬁ

00JTydeHHs] MaTepUaJIOB,;
3) COnpoBOXKICHUE IEMOHTaXHBIX padot npu BD OUAD;
4) paauanuoHHas 6€30MaCHOCTh MEPCOHANA,

5) KOMIUJICKC 3ala4d I10 COIPOBOXICHUIO IIPOCKTOB COOPYKCHUA 00BEKTOB C MOIIHBIMHA

CHUCTEMaMU paﬂHaHHOHHOﬁ 3allUThI.

Pemenue 3agay, BXOAAIUMX B ATH HAlpPaBJICHUs, TECHO CBA3aHO C PacUETHBIMM IporpaMMmami,
BKJII0Yas COOTBETCTBYIOLIEE KOHCTAHTHOE oOecrmeueHue. B pesynbrare aHaim3a BO3MOXKHOCTEH
COBPEMEHHBIX MPOrPAMMHBIX CPE/ICTB U COBPEMEHHBIX TpPeOOBaHUi, MPEABABISIEMbIX K TOUHOCTH U
Ha0Opy BBIYMCISAEMBIX (YHKIMOHAIOB, ObLIM CHOPMYIUPOBAHBI OCHOBHBIE TPeOOBAHUS K COCTaBY

pacyeTHO-METOAUYECKOTO HHCTPYMEHTAPHUS U €T0 ApXUTEKTYPE.

B pamkax pa3paboTku pacu€THOTO HHCTPYMEHTapHUsl peali30BaHbl:
— ApXMUTEKTypa pacueTHOTO MHCTPYMEHTapHs;
— anropuTM cosnanus crnenuanusupoBanHod CAIIP-monenu nns mcnosip30BaHus B IMporpammax Io
pacyeTy nepeHoca MOHU3UPYIOIINX U3JTyYCHHH;
— pa3paboTaH M peaqu30BaH aJIrOpPUTM pacyeTa HYKIWJHOW KHUHETUKM U  PaJAHallMOHHBIX
xapakrepuctuk OAT u PAO,;

— CIOCOUATIU3UPOBAHHBIC (I)aﬁHLI AACPHBIX JaHHBIX Ha OCHOBC (paﬁHOB OLCHCHHBIX AJCPHBIX NAHHbIX.

Jns Bepuduxayu nporpaMmbl HyKJIHIHONH KHHETUKHA OTOOPAHbI IPeCTaBUTENbHbIE OeHUMapK-
HKCIIEPUMEHTBI, a MOJTYYeHHbIE JaHHBIE PACUETHBIX HUCCIIEI0OBAaHUI MMOKa3bIBAIOT XOPOILEe COTIacue ¢
HKCIEPUMEHTATBHBIMU (B pPaMKax MOTPEHIHOCTEN SKCIIepUMEHTOB). B pesynbraTe BepuUKanOHHBIX
MCCJIEJOBAaHUM [T0KA3aHO, UTO:

— aINrOpUTM pacueTa HyKJIMJHOW KMHETUKH paboTaeT KOPPEKTHO;
— oroOpaHHBIE B COCTaB OMOJIMOTEKH SACPHBIX JAHHBIX AKTHBALIMOHHBIE JaHHBIE MO HEUTPOHHBIM

CCUCHUAM B LICJIOM MO3BOJIAKOT JOCTATOYHO HAIC)KHO MOJCIUPOBATL TCCTOBLIC 3a/1a4H.
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B  pamkax  mpakTH4eckoi — ampoOammu  pa3padOTaHHOTO  Pac4YeTHO-METOIHYECKOTO

HHCTPYMCHTAapUsd pa3pa60TaHLI MCTOAUYCCKUC ITOAXOAblI U AJITOPHUTMbI K PCHICHUIO THUIIOBLIX 3aJay

3CXKIL u npoBenEeHbI COOTBETCTBYIOLINE PACUETHBIE UCCIIEI0BAHUS T10:

OTpEICNICHUI0 paAuoHyKIHIHOTO coctaBa PAO xkmacca 1, oOpasymommxcs B Iporecce
nepepadotku OAT;

OTPENIEJICHUIO 3HAYMMBIX PAJUOHYKIUAOB, coaepxammxcsi B coctae PAO B KOHTEKCTe
JOJITOBPEMEHHON O€30MacHOCTH;

OLICHKE HEOOXOAMMOH paJuanuoHHON 3amuThl npu TpancnoptupoBanuu OAT bunnbunckoit ADC
JUTSL pa3JIMYHBIX BPEMEH €T0 BBIICPKKU;

BO3MOXXHOCTH TIOBTOPHOTO HCIIOJIB30BAHUS PATUOAKTUBHO 3arps3HEHHBIX METAJUIOB B aTOMHOM
OTpaciy;

JI030BBIM Harpy3kaMm Ha MEpPCOHA MPU BBINOJHEHUU JEMOHTAXHBIX paboT u yaaneHus PAO u3

IMIYHKTA XpaHCHUH.

BrImonHeHHBIE OIIEHKH MPOJEMOHCTPUPOBAIN PabOTOCTIOCOOHOCTh pa3pabOTaHHOTO PacyeTHO-

MCTOANYCCKOIO HMHCTPYMCHTApUs, a PE3yJIbTaTbl PACUCTHBIX I/ICCJIGI[OBaHI/Iﬁ HMCIOT IMPAKTUYCCKOC

3HA4YCHUC AJIA HpeﬂHpI/IﬂTI/Iﬁ oTpaciiu.

Bce nocraBneHHbIC B AUCCEPTANHOHHOM HCCIICAOBAHUHU 3a/la4X BBIIIOJIHCHBI.
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aTOMHasl AJIEKTPOCTAHLIUS

0a3a JaHHBIX

bunubunckas arToMHas 3J1€KTPOCTAHIUS

BBICOKOAKTHBHbBIE PaIHOAKTHUBHBIE OTXO/IbI
BHYTPUKOPILYCHBIE YCTPOMCTBA

BBIBOJI U3 3KCILTyaTalluu

KUJKUE PaJUOAKTUBHBIE OTXO/IbI

3aKJIIOUUTENbHAS CTAUS )KU3HEHHOTO LKA

3aMKHYTBIN SIACPHBIN TOTUIMBHBIN 1IAKIT

HMCTOYHUK MOHU3UPYIOIINX U3TyYCHH

KOMIUIEKCHOE MHKEHEPHOE U PaUallMOHHOE 00ClIeIOBaHNE
Me:xnyHapoAHOE areHTCTBO 10 AaTOMHOM SHEPTUU
METAIINYECKHUE PaJIMOAKTUBHBIE OTXO/bI

MOIIHOCTb 3KBUBAJIEHTHOM J103bI

AxkmmonepHoe 0011ecTBo «OnbITHO-AEMOHCTPAIIMOHHBIHN
LEHTP BBIBOJIA M3 IKCIUTyaTalluu ypaH-TPAPUTOBBIX SIIEPHBIX
peaKkTopoB»

00BEKT UCTIOTIB30BAHUS ATOMHOM SHEPTUU

Axunonepnoe o6mecto «Opaena Tpyaosoro KpacHoro
3namenu u opaeHa Tpyna UCCP onbITHOE KOHCTPYKTOPCKOE
otopo « I UJPOITPECC»

o0Jy4eHHasl TeIIoBbLAeNsomas coopka

0oTpaboTaBIIee sIIEPHOE TOIUIUBO

MYHKT FTyOMHHOTO 3aXOPOHEHMS paMOAKTUBHBIX OTX0/10B
MYHKT 3aXOPOHEHUS PaIMOAKTUBHBIX OTXO/I0B

MIYHKT XpaHEHUs

PaaNOAKTUBHBIE OTXObI

CHUCTEMA aBTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUS
Coenunénnsle llltater AMepukn

TETIOBBIIETISIONIAst COOpKa

TPaHCIOPTHBIN YITAKOBOYHBIN KOHTEHHED

®denepalibHOE TOCYAapCTBEHHOE YHUTAPHOE MPEANIPUSITHE
«"OpHO-XUMUYECKUI KOMOWHATY»

®denepallbHOE rOCYAAPCTBEHHOE YHUTAPHOE MIPEANIPUATHE
«IIpousBosacTBeHHOE 00BEAMHEHNE «MasK»

denepanbHas 1eneBas nporpamma «OdecnieueHue saepHoOi U
panuaronHoi 6e3onacnoctu Ha 2008 Tox M Ha IEpHO/T J10
2015 roga»

denepanpHas 1eneBas nporpamMma «OodecnedeHue aepHOn 1
paguarmonHou 6e3omacHocty Ha 2016 — 2020 roapl 1 Ha
niepuon 10 2030 roga»

AxunonepHoe o6mectso «9KOMET-Cy»

SJICPHO U PAJMALMOHHO OMACHBIH 00BEKT

sJIepHasl yCTaHOBKa
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HammonanwsHblil nccnenoBarenbckuil eHTp «KypyaToBckuii
UHCTUTYT

®denepanbHOE TOCYIAPCTBEHHOE YHUTAPHOE MPEATNPUSITHE
Poccuiickuin @enepanpubiil Snepusiii Lientp
Bceepocculickuii Hay4YHO-UCCAEA0BATEIbCKU HHCTUTYT
9KCIIEPUMEHTAIBLHON (PU3MKHU

HanmonaneHblil McClIeIOBATENbCKUM SIEPHBIA YHUBEPCUTET
«MUDN» OOHUHCKUI HHCTUTYT aTOMHOM YHEPTETUKH
®denepanpHOE TOCYIAPCTBEHHOE YHUTAPHOE NIPEANPUATHE
«Poccuiickuii @enepanbusiii AnepHbii Lientp —
Bcepocculickuii HAay4YHO-UCCAEN0BATEIbCKU HHCTUTYT
TeXHUYeCKOH pu3uku nmenn akagemuka E. U. 3ababaxuna
OTBITHO-AEMOHCTPAIIMOHHBIN PEAKTOP Ha OBICTPHIX
HEUTPOHAX CO

CBUHIIOBBIM TEIJIOHOCUTEJIEM JIEKTPUUYECKON MOLTHOCTBIO
300 MBT.

BOJI0-BOJISIHOM SHEPIrEeTUYECKUM pEaKTOp

peakTop Ha OBICTPBIX HEUTPOHAX C HATPUEBHIM
TETJIOHOCUTEIIEM

TETIJIOBBIICTISIOIIUMA SJIEMEHT

Oxkpupkckas HalmoHanbHas jadoparopusi, CLIA.
HanmonaneHslii ieHTp saepHbix qaHHbIX (bpykxeliBeHckas
HanuroHaiabHas nadopatopus), CILIA

ATEHTCTBO 1O aTOMHOM 3Hepruu Anonuu, Anonus
LenTp anepubix nanubix Kuras, Kuraii
Hayuno-nccnenoBarenbCkuii MHCTUTYT aTOMHOM SHEPTUU
Kopewn, Kopes

AxunoHepHoe o61mectBo «I'ocynapcTBeHHBIN HAyUHBIN
ueHTp Poccuiickoit @eaepanuu — OU3UKO-3HEPreTUUECKUI
nHCTUTYT uMeHH A M. JlelimyHckoro»

(benepanbHBINA 3aKOH

peakTop OOJIBIION MOITHOCTH KaHATbHBIN

aTOM MUPHBIH OOJIBIION

SHEPTreTUYECKUI IeTepOreHHbIN METIEBOM peakTop ¢ 6-10
METISAMHU HUPKYISILUN TEIUIOHOCUTENS
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