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IInanupyemsl pe3ybTaThbl 00y4eHHs

Koa
pesynbTaTta

Pe3ynbTat 06yyeHusn

lMpodheccuoHanbHbie KomnemeHyuu

P1

[IpuMensaTp TryOOKHME, MaTeMaTUYeCKHe, EeCTECTBEHHOHAYYHbIC, COIMAJIBbHO-
SKOHOMHYECKHE W  NPOPECCHOHANBbHBIE 3HAHUS I TEOPETHUYCCKHX U
AKCIICPUMEHTAIbHBIX HMCCIICIOBAHUNA B OOJIACTH MCIIOJB30BAHMS SACPHON DHEPTHUH,
SIEPHBIX MATEPUAIOB, CUCTEM Y4eTa, KOHTPOJIS M (U3NYCCKOW 3aIIUTHI SIICPHBIX
MaTepuaioB, TEXHOJOTUNA PaJUAIIMOHHON OE30MacHOCTH, MEAUIIMHCKOW (U3HKH U
SIEPHON METUITMHBI, U30TOIHBIX TEXHOJOTUH W MaTepHaoB B MPOECCHOHATHHON
JIeSITEIILHOCTH.

P2

CraBuTh ®  pemiaTh WHHOBAIIMOHHBIC  HHXKEHEPHO-(U3MUYECKHUE  3a/1ayH,
peann30BbIBaTh MPOCKThI B 00JIACTH HCITOJIB30BAHUS SIICPHOW SHEPIHH, SASPHBIX
MaTEepUaJIOB, CUCTEM ydeTa, KOHTPOJIS ¥ (PU3NICCKON 3aIIUTHI SIISPHBIX MaTEPHAJIOB,
TEXHOJIOTHH paJMallMOHHONW  0€30MacHOCTH, MEIUIMHCKON (U3UKH M SIACPHOU
MEJUIIUHBI, H30TOIHBIX TEXHOJIOTUN U MaTEPHAJIOB.

P3

Co3naBarh TeopeTHUECKUe, (PU3MUecKre U MaTeMaTHYECKHE MOJICIIH, OMTUCHIBAIOIINE
KOHJICHCUPOBAaHHOE COCTOSIHUE BEILECTBA, PACIIPOCTPAHEHUE U B3aUMOIEHUCTBUE
MOHU3UPYIOLIMX M3JIy4YEHHH ¢ BEIIECTBOM U JKUBOM MaTepueil, Gpusuky
KMHETUYECKUX SIBJICHUH, IIPOLECCHI B PEAKTOPAX, YCKOPUTENSX, IPOLIECCHI U
MEXaHHU3MBI IEPEHOCA PaJMOAKTUBHOCTH B OKPYKAIOLLEH Cpefe.

P4

Pa3pa0aTbiBaTh HOBBIE QJITOPUTMBI U METO/IbI: pacCyeTa COBPEMEHHBIX (PU3NUECKUX
YCTaHOBOK ¥ YCTPOMCTB; UCCIEAOBAaHUA U30TONHBIX TEXHOJIOTUHA U MAaTEPUAJIOB;
U3MEpPEHUs XapaKTEPUCTUK T0JIEH HOHU3UPYIOIIUX U3TYyYCHHM; OLICHKU
KOJIMYECTBEHHBIX XapaKTEPUCTHUK AIEPHBIX MAaTEPUAIIOB; H3MEPEHUS
PallnOaKTUBHOCTU OOBEKTOB OKPY KAIOILEH Cpe/ibl; NCCIEJOBAHUH B paIM03KOJIOT U,
MEIUIIMHCKON (DU3HKE U s,IepHON MEAMIIMHE.

P5

OueHMBaTb NEPCNEKTUBbI Pa3BUTUA AAEPHON OTPACAU, MeAULMHbI, aHaNU3NPOBaTb
paguaLMOHHbIE PUCKM U CLEHapuUM MOTEHUMaNbHO BO3MOMKHbIX aBapwui,
paspabaTbiBaTb Mepbl MO CHUMKEHWIO PUCKOB W obBecnevyeHuto AAepHON MU
paguvauMoHHOM 6e30MNacHOCTM  PYKOBOACTBYSAACb 3aKOHaMW U HOPMaTUBHbIMU
[OKYMEHTaMM, COCTaBAATb IKCMEPTHOE 3aKN0YeHMe.

P6

MpoeKkTMpoBaTb M OPraHM30BbIBaTb WHHOBALUMOHHbLIMA OU3Hec, pa3pabaTbiBaTb U
BHEAPATb HOBble BUAblI MPOAYKUMW U TexHosorni, GopmupoBaTb 3PPEKTUBHYIO
CTPaTEruio N akTUBHYIO NMOJINTUKY PUCK-MEHEAKMEHTA Ha NPeanpuaTUm, NPUMEHSTb
MEeTOAbl OLEHKM KayecTBa W pe3ynbTaTUBHOCTM TpyAa NepcoHana, NpPUMEeHATb
3HaHWE OCHOBHbIX MOJIOKEHMI MAaTEHTHOrO 3aKOHOA4ATENbCTBA M aBTOPCKOro npasa
Poccuiickoit Pegepaumn.

Obwekynomypnsle KOMnemeHyuu

P7

JIeMOHCTpHUPOBATH TIIYOOKHE 3HAHUS COLMATIBHBIX, STUYECKUX U KYJIbTYPHBIX
aCMeKTOB MHHOBAIMOHHOMN NMPOEeCCHOHATBHON eI TENbHOCTH.

P8

CaMOoCTOSTEIIFHO YUUTBCA U HEIIPEPBIBHO IMOBLIIATH KBaJ'II/I(bI/IKaHI/IIO B TCUCHUEC
BCCTO IIe€pruoga HpO(I)CCCHOHaHLHOﬁ ACATCIIBHOCTHU.




P9

AKTHBHO BJIa/IeTh UHOCTPAHHBIM SI3bIKOM Ha YPOBHE, MO3BOJISIONIEM padOTaTh B

MHOS3BIYHOM cpefie, pa3padaThiBaTh JOKYMEHTAIUIO, IPE3EHTOBATh PE3Y/IbTaThI
1poeCCUOHATILHOMN €A TEIbHOCTH.

P10

D¢ dexTuBHO pabOTATh MHAUBUAYAIHHO U B KOJUICKTUBE, IEMOHCTPHUPOBATD
OTBETCTBEHHOCTb 32 PE3YJIBTAThl PA0OTHI M TOTOBHOCTH CJII0BATH KOPIIOPATHBHON
KYJIBType OpraHu3alluu.
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I'pynna

DUO

0AMSB
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Tema paboThI:

Hcnonp3oBanue nepudepuitapix kaHanos peakropa UPT-T nns napabotku Mo

VYTBepxkaeHa MPUKA30M JTUPEKTOpa (1aTa, HOMEP)

Cpok cliauul CTy/IGHTOM BBITIOJIHEHHOM pabOTHI: 08.06.2017

TEXHUYECKOE 3AJIAHUE:

Hcxoanbie 1aHHbIE K padoTe

(naumenosanue 00vexma UCCIe008aHUs UL NPOSKMUPOBAHUS,

NnpoU3E00UMENbHOCHIb UL HAZPY3KA, PEHCUM PAbOMb
(Henpepvlgnblil, nepuoOUdecKuil, YUKIUYeckul u m. 0.); 6uo
CIPbS UNU MAMEPUAT U30enus;, Mpebo8anusi K npooyKmy,
usoenuio un npoyeccy, 0cobvle mpebo8aHus K 0CO6EHHOCMAM
@dyHKyuoHuposanus (IKChayamayuu) 06vekma un u3oenus 8
niaxe 6e30nacHOCMU IKCIYAMAayuu, BIUAHUS HA
OKPYHCAIOULYIO CPeOy, IHEP2O3AMPAMAM, IKOHOMUUECKUT
aHanuz u m. o.).

- Peaktop MPT-T mourHocThio 6 MBT

- HapaOotka Mo B JKCIIEPUMEHTAIIbHOM KaHaje B
nepudepuiiHoM oTpakaTeiie

- Mumens u3 okcuza monubdaena MoOs
- Bpems o6nyuenus 7 nHei

99
- CpaBHCHI/IC AKTUBHOCTH Hapa6OTaHHOFO Mo B
HCpH(bCpHﬁHOM Ka”"HaJIC C aKTUBHOCTBIO H30TOIIa
Hapa60TaHHOFO B ICHTPAJIbHOM KaHAJIC




IlepevyeHsb MoAIEKANMX HCCTETOBAHMIO,
NMPOEKTHPOBAHMIO M Pa3padoTKe
BOINPOCOB

(aHarumuyeckuti 0630p NO IUMEPAMYPHBIM UCMOYHUKAM C
Yelbio BbIACHEHUs. OO CIMUICEHUL MUPOBOLL HAYKU MEXHUKU 6
paccmampugaemotl 0b1acmu, NOCMAaHOBKA 3a0ayu
UCCIe008AHUS, NPOESKMUPOBAHUSL, KOHCIPYUPOBAHUS,
codepaicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS,
KOHCIMPYUpo8anusi; 06CysicoeHue pe3yibmamos 6blnOIHEHHOU
pabomvl; HAUMEHOBAHUE OONOIHUMETLHBIX PA30EN08,
noonesicawux paspabomxe, 3aKuioyeHue no pabome).

- O630p nuTEpaTYpHI

- Omnpenenenue pacmoaoXeHus
nepudepuiHoro KaHaua ajs HapaOoTKU Mo

OIITUMAJIBHOTO

99
- Pacuer axktuBHOCTM MO HapaOOTaHHOTO B
nepudepuiiHoM KaHae

- AHanu3 NOJy4YEHHBIX Pe3yIbTaTOB

ITepedyens rpauyeckoro MaTepuasa

(C mouHbBIM YKazaHuem 0653amenvHbIX yepmedicell)

- [IpesenTanus

- YcrpoiictBo BeleMHOM yactu ['TIH

KoncyabTanThl 10 pa3iesaM BbIIYCKHON KBATH(UKAIMOHHOH padoThI

(c ykasaHuem pazoenos)

Pazgen

KoncyabTant

Pacuyer HapaGoTku “Mo =
nepugepuiiHoOM
peakropa UPT-T

KaHaJie

Haiimymun AT

M®OuHAHCOBBIII MeHEIKMEHT,
pecypcodpPpekTuBHOCTL M
pecypcocoepexenne

Bepxosckas M.B.

Counaabuas
OTBETCTBEHHOCTH

T'oronesa T.C.

Ha3zpanus pa3aeiioB, KOTOPbIC T0/I’KHBI OBITH HAIIMCAHBI HA HHOCTPAHHOM fI3bIKE:

[Tpunoxxenue A

JlaTa BbIIa4M 321aHUS HA BBINIOJTHEHHE BBIIIYCKHOM
KBATH(PUKAIMOHHOH PadoThI 10 JUHEHHOMY rpadpuky

3agaHue Bb11aJ PYKOBOAUTENb:

Jo/KHOCTH [%(0]

YueHasi CTeNeHb, MMoanuch

3BaHHE

JlaTa

Honent kap. DOY OTU

Hanimymuin AT

K.(b.-M.H




3ana1me MNPHHAJ K HCITIOJTHEHUIO CTYACHT:

I'pynna

PUO

Moanucey

Jara

0AMS5B

bonpapenko EBrennit AnatonbeBud




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXXEHUE)
CTyneHry:
I'pynna DPUO
0AMS5B bonpapenko EBrenunii AnatonbseBuy
HHCcTHTYT DuU3UKO-TeXHUYeCKHil Kadenpa DY
14.04.02 SAnepubie

Yposenn Maructparypa HanpasJ/ieHue/cneuuajJbLHOCTh (bHSI/IKa )54

o0pa3oBaHus patyp
TEXHOJIOTUU

Hcxonnblie 1anHble K pa3aenay « DHHAHCOBBIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

pecypcocOepe:keHne»:

1. Cmoumocms pecypcos Hayuno2o ucciedosanus
(HH): mamepuanbHo-mexnuyecKux,
9Hepeemu1ecKux, PUHAHCOBbIX, UHPOPMAYUOHHBIX U
YeNI08EeUECKUX

. Hopmul u nopmamuewi pacxooosanus pecypcog

. Hcnonvzyemas cucmema Hano2oobroxcenus,
CMABKU HAL0208, OMYUCTEHU, OUCKOHIMUPOBAHUS U
KpeoumogaHus

MPEJCTABICHHON B
Hay4HBIX
Marepuanax,
A3TaHUIX,

PabGora ¢
POCCUHCKHUX

nHpopManue,
u WHOCTPaHHBIX
yOJIMKAIUsIX, AHAITUTHYECKUX
CTATHCTHYECKUX  OIOJUICTCHAX |
HOPMAaTHUBHO-TIPABOBBIX JIOKYMEHTAX.

Hepeqeﬂb BOIIPOCOB, NOJICKAIUX HCCIACTOBAHUI0, IPOCKTHPOBAHUIO H pa3paﬁoTKe:

1. Oyenxa kommepueckoeo nomenyuana,
nepCcnekmueHOCmu U aibmepuamug nposedenus HU
¢ nozuyuu pecypcospghexmuenocmu u
pecypcocbepedrcersl

OneHoyHas KapTa KOHKYPEHTHBIX
TEXHUYECKUX PELICHUI

. IInanuposanue u popmuposanue 6100xcema
HAYYHBIX UCCIe008AHULL

Hepapxudeckas CTpyKTypa padbot
SWOT-ananus
Kanengapuslii miaH-rpaduk peaar3aiyy IpoeKTa

OyeHka pecypcHOU, QUHAHCOBO, COYUATLHOL,
010001cemHuotl 3¢hhexmusHoOCmU HAYUHO2O0
uccnedosaHusl

Omnpenenenne pecypcodhHEKTHBHOCTH POESKTA

Hepeqeﬂb r pac[)nquKoro MaATEPHUAJIA (c mounvim yrasanuem obszamenvhvix yepmedicetl)

Mampuya SWOT

Hepapxuueckas cmpykmypa pabom
Kanenoapnviii nian npoexma
brooowcem npoexma

oukrwdE

OI/;GHO'{HCZE Kapma KOHKYPEHMHbIX mexHuueCKuxpemeHuﬁ

Onpedenenue pecypcoaghgpexmusnocmu npoexma

‘ JlaTa BbIIaYM 321aHUA 1JIS pa3/iesia no JuHeiHoMy rpadpuky ‘

3agaHue Bb1/1aJ KOHCYJIbTAHT:

JloJzKHOCTH [)5(0] Yuenan crenent, Moanuch Hara
3BaHHE
Houent kad. MEH UCI'T | BepxoBckas M.B. K.OKOH.H.
3a11a1me MNPUHAJT K MCITIOJTHEHUIO CTYACHT:
I'pynna [037(0] Hoanuch Jara

0AMS5B

bonnapenko EBrenuii AnaronbeBuy




3AJJAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:
'pynna DPUO
0AMSB bonnapenko EBrennit AHatonbeBud
HHcTuTyT Kadeapa
14.04.02 SInepusbie
YpoBeHb 00pa3oBanus MaFI/ICTpaTypa HanpagJjenne/cnenuanbHOCTb (1)1/131/[1(8, 1 TCXHOJIOTUH

Hcxoanblie 1aHHbIe K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb .

B603HUKHOBEHUA.

1. Onucanue pabouezo mecma (paboueil 301Hbl) HA npeoMem

BPEIHBIX MTPOSIBIICHUH (pakTOpoB
MIPOU3BOJICTBEHHON Cpebl

(MHKpOKINMAT, OCBEIIECHHE, ITYMBI,
BUOpALMH, 3JIEKTPOMArHUTHBIE TIOJIS,
HOHHM3HMPYIOIEE U3TYUCHHUE);

OTIACHBIX ITPOSIBIICHUH (DaKTOPOB
MIPOMU3BOJICTBEHHOH Cpeabl (3JEKTPUIECKOH,
MOXAPHOW ¥ B3PBIBHOM MPUPOJIBI).

GOKyMeHWIOG no meme

2. 3naxomcmeo u 0m60p 3AKOHOOAMEIbHBIX U HOpMamueHblx

3J'I€I(Tp06630HaC HOCTb,
HO)KapOB3pLIBO6630HaCHOCTL;

TpeboBaHuUs OXpaHbI Tpy/Aa pu padoTte HA
I[15BM.

IlepeyeHnb BONPOCOB, MO/JIEKANMX HCCTEIOBAHNIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

NOCIe008AMENbHOCTIL

1. Ananus evis6neHHbIX 8PEOHBIX PAKMOPOE NPOEKMUPYeMoul
npou3800CMEeHHO cpedbl 8 Credyrouell

JelicTBre (pakTopa Ha OPraHU3M YEJIOBEKa;
MIPUBEJECHHE TOIMYCTUMBIX HOPM C
HEOOXOANMOH Pa3sMEPHOCTHIO (CO CCHIIKOM
Ha COOTBETCTBYIOLUI HOPMATUBHO-
TEXHUYECKUH TOKYMEHT);

IpeJIaraeMble CPEICTBA 3alUThI
(KOJUTeKTHBHBIC M MHANBHIYaJIbHBIC).

2. AHanu3 6bIAGIEHHBIX ONACHBIX (PAKMOPO8 NPOEKMUPYeMOll
npou36e0EHHOI Cpedbl 8 Credyiouiell Nocie008amerbHOCIL:

3JIEKTPOOE30IIaCHOCTS (B T.4. CTATHYECKOE
3JIEKTPUUYECTBO, CPEJICTBA 3ALINTHI);
MI0XapOB3PHIBOOE30NACHOCTH (IIPUYNHEI,
MPOGUIAKTHUECKUE MEPOTIPUATHS,
MEPBUYHBIE CPECTBA MOKAPOTYILICHHS).

\ JlaTa BbIIa4M 3aaHUsA JJIA pa3/ienia o JHHEHHOMY rpaguKy \

33}13HI/I€ BbIJAJI KOHCYJbTAHT.

JoskHocTH DoUo Yu4eHnas creneHb, Moanuch Jlata
3BaHHUE
Accucrent kad. [1dD
I'oronesa T.C. K.(.-M.H.
OTHU ¢

33}13HI/IC NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna

DPUO

Ioanucn JlaTa

0AMSB

bonnapenko EBrenuit AnatonbeBud




PE®EPAT

Brimycknas kBanudukanmonnas padora 93 c., 14 puc., 17 ta6i., 20 uctounukos, 1 npu.

KnroueBble  cioBa: pamuoHYyKIWJ,  paguodapmipenapar,  SIEpHBIA  peakTop,
HKCIIEPUMEHTAIBHBIA KaHall, MOJTHOAEH, aKTHBHOCTh, HEUTPOHHBIN MOTOK, TEHEPATOP TEXHELHSI.

OOBEeKTOM HCCiIeIOBaHMs sBseTCs (FOTCsA) HapaboTka HM30TOIA Mo s nepudepuiitHoM
kanaiie peakropa MPT-T.

Llenb paGOTHI — aHATH3 BO3MOKHOCTH HApabOTKH H30TOma "Mo B mepudepHilHOM KaHale
peaxropa UPT-T.

B mpouecce wuccnenoBaHus NPOBOAMIMCH ONPEAEICHHE ONTUMAIBHOIO PAaCHOI0KEHUS
nepuQepuitHOro KaHana Juist obydenus Mo M pacueT aKTHBHOCTH HM30TOINA HAPAOOTAHHOTO B
nepudepuiitnom kanane B nakere MCU-PTR.

B pesynabprare wmccienoBaHuss OBUIO ONPEACNICHO ONTHMAJIbHOE MECTO PACHOJIOKEHHS
nepudepHitHoro KaHama s oGnydenns Mo M TOJyYeHO 3HAadeHHe aKTHBHOCTH M30Toma Mo
HapaOOTaHHOTO B JAHHOM KaHaJe.

OCHOBHBIE ~ KOHCTPYKTHBHBIE,  TEXHOJOIMYECKHME M  TEXHUKO-KCIUIyaTallMOHHbIE
xapakrepuctuku: peakrop MPT-T momnocthio 6 MBT, mumens u3 okcujga monubaeHa MoOs
oOydanach B SKCIIEPUMEHTAILHOM KaHaie paguycoM 36 MM B TeueHHue 7 THEH.

Crenenp BHenpeHus: B Hactosuiee BpeMsi Ha peaktope WPT-T wuzoron Mo YCIICLIHO
HapabaThIBAETCS B LIEHTPAIBHBIX KaHalax, MOCTOSHHO MPOBOJATCS HCCIEI0BATENbCKUE paboThI C
EJIBI0 TOBBIIIEHUS () (HEeKTUBHOCTH HapaOOTKH.

OOnacTp NpUMEHEHMs: sJepHas MEIUIMHA, MEIUIUHCKas JUarHoCTUKa, AaTOMHas
IPOMBIIIICHHOCTD.

OkoHoMuYeckas 3(()EeKTUBHOCTH/3HAYMMOCTh pabOThl BHICOKA B CBSI3U C COLMAIBHON
3HAYMMOCTBIO UCCIICIOBAHUS M MTOCTOSTHHO PACTYIIUM CIIPOCOM Ha PaJMiOHYKIIHIBL.

B Oynymem niaHupyeTcst NpOBOJAUTH SKCIIEPUMEHTHI C LIEJbI0 MOATBEPXKIECHUS PACUETOB,
nony4yeHHbix B makere MCU-PTR.



OBO3HAYEHUSA N COKPALLIEHUA

HNPT-T — uccieqoBaTenbCKui peakTop TUIIOBOU — TOMCKUH

K3B — KHII0OANEKTPOHBOIBT

Mbk — Merabekkepesb

3B — 3UBEPT

kKu — knnokropu

TITY — ToOMCKM MOJMTEXHUYECKUN YHUBEPCUTET

HUU D — nayuyno-ucciae10BaTeNbCKIUIl MHCTUTYT SAEPHON PU3UKU
PY — peakropHas ycTaHOBKa

OBM — QJICKTPOHHO-BBIYHCIINTCIIbHAA MallIMHA

10
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Beenenue

B nacTosimee BpeMs paguOHYKIUAHBIE METOAbl JHUATHOCTHUKUA W TEPANUU
BOIIUIM B MOBCEJHEBHYIO MEIUIIMHCKYIO TPAKTUKY BO BceM mupe. [Ipu sTom sepHast
MeauirHa rnotpedssier 6onee 50 % Bceil MPoU3BOAMMON M30TOMHON Ipoaykiuu. Ha
CETOJHSIIHUMN JIeHb OJHUM M3 HauboJjiee BOCTPeOOBAaHHBIM MEIUIIMHCKUM H30TOIIOM
sBIsIeTCs ' TC. DieMeHT " TC 061a1aeT KOPOTKHM MEPHOIOM moiypacmazna (6,04
yaca), B CBSI3U C ATUM €ro HCIOJIb30BaHUE B KIMHUKAX HUMEET OIpe/eiICHHbIC
cinoxkHocTd. [1o 3TOM MpUUYMHE MIMPOKOE PACHPOCTPAHEHHUE MOJYUWJIM T'€HEpaTOPhI
Ha 0CHOBE "Mo, PE3yIbTaTOM paciaga KOToporo sisisiercst " TC.

Tonpko B CubupckoM (enepaibHOM OKpPYre €XErogHO B PaJuOHYKIMIHON
JUAarHOCTUKKM U Tepanuu  Hyxkjaworcs Oosmee 10000 manmentoB. Ha
uccinenoBarenbckom peakrope UPT-T ¢ 2003 roma Hala)keHO €IMHCTBEHHOE B
Cubupu u Ha JlaneHeM BocToke mpon3BOICTBO FEHEPATOPOB %¥MTe, omHaKo TEKYIIHUX
MOIITHOCTEH anmapaTta HeJJOCTaTOYHO, YTOOBI YJIOBJIETBOPUTH CIIPOC Ha ®¥MT¢. Bonee
TOTO HUPT-T ABIIACTCS 11(0) CyTH €IMHCTBEHHBIM IIOCTaBIIIUKOM
paguodapMIipenapatoB B 3TH PETUOHBI, MO3TOMY Ha PEAKTOPE MOCTOSHHO
MIPOBOJISATCS PA3TMYHBIE MEPONIPUSITHS C IEJIbI0 YBETUYEHUSI 00HEMOB MPOU3BOJICTBA
99m-|-C.

[lenbto maHHOW AUCCEPTALIMOHHOM pabOTHl SIBISETCS aHAIM3 BO3MOXKHOCTU
UCTIONIb30BaHusl mnepudepuiiubix kaHanoB peaktopa WPT-T nns  yBenudenwus
HapaboOTKH m30Toma "Mo.

Beuty BeIZIENIEHBI CEAYIONINE 3a/1a4u:

— co3aanue mojenu peakropa UPT-T B makere MCU-PTR;

— OMpEeNIENICHHE ONTUMAIBHOTO PACTOJIOKEHUS MEepUuPepuitHOro KaHamsa s
HapabOTKH “Mo;

— pacdeT aKTHBHOCTH * Mo HapaGOTAHHOTO B IepH(EPHITHOM KaHATE;

— dHAJIN3 ITOJTYYCHHBIX PE3YJIbTATOB.
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1 IlpumeHeHne U30TONOB B MeAUIIHHE

B Hacrosimee Bpems paJuMOHYKJIMJIHBIE METOIBI MCCIECIOBAHUSA W JICUCHUS
[IMPOKO HCTIONB3YIOT B PA3IMYHBIX 00JACTAX HAYYHOW U MPAKTUUECKOW METUITUHBI
(B OHKOJIOTMH, KapAMWOJIOTUM U HeBpoisioruu). llpuMmenstommecs B 3Toil obnactu
pPaIMOHYKJIHMJIBl M COOTBETCTBYIOUIME pagauodapmmpenapaTsl Ha HUX OCHOBE
KJIACCUPUITMPYIOT Ha TUATHOCTHYECKHE U TeparneBTudeckue. OTINUUTEIBHON YepTon
METOJIOB JIMarHOCTUYECKOW SEPHON MeIUUUHBI (PaJUOHYKIUAHONM JMATHOCTUKH)
ABIseTCS WX  (QYHKIUOHAIbHOCTh. CIMHTUTpaMMBI  CHOCOOHBI ~ OTpa)kaTb
(U3HOJIOrNYECKHE U3MEHEHMs], MPOUCXOMASIINE B OpraHu3Me. JTO JOCTHraercs 3a
CU€T MHCHOJb30BaHUS paauodapMIpenaparoB, CIOCOOHBIX HAKAaIUIMBATbCA B
ONMpEAENEHHBIX MOP(OJOTHUYECKUX CTPYKTYypax W/WIM OTpaxaTrb JUHAMUKY
IPOTEKAIOIUX B OpraHe (PU3MOJOTUYECKUX WM OMOXMMHMUYECKHUX IPOLECCOB.
PagnodapmnpenapaTsl AMarHOCTUYECKOTO HA3HAYEHUSI, B CBOIO OUYEPE/Ib OTHECEHBI K
rpyniaM paguoOHYKIUAOB i1  OJHO(POHHOM SMHUCCHOHHOM  KOMIBIOTEPHOU
tomorpapuu (ODPIKT, y-uznmywarenu c¢ sHepruer B mpeaenax 100-200 k3B u
NepUoJIaMy NoJIypacnaaa OT HECKOJIBKO MUHYT JI0 HECKOJIBKUX CYTOK), a TakxKe JJIs
MO3UTPOHHO-IMUCCUOHHON ToMorpaduu (B+ -u3imydaTenu nepuogamu morypacrnana
OT HECKOJBbKUX CEKyHJl N0 HECKOJbKMX uyacoB). [lomaBinsromiee OOJBIIMHCTBO
nuarHoctuyeckux npouenyp (mo 80 %) mnpum nomoumm TexHuku OPIOKT
BBINONIHSICTCS B TedyeHHe mocieaunx 20 JeT ¢ mpemapatamu -~ Ic, KOTOpbIit
Ha3bIBAIOT «paboyeil Joma b0 A1epHOM MeIUIMHbB. B mociennee Bpems MIUPOKOe
NPUMEHEHUE B MEIUIMHCKONW MPAKTUKE IS PaJdallMOHHOW IMAarHOCTUKHU Hallel

¥MTe — 30ompg (Tpaccep), IepeMEIICHHE

KOPOTKOKUBYIITUH HW30MEp TEXHEIHs
KOTOPOTO TI0 OPraHM3MY M HAaKOIUICHHE B MHTEPECYIOIIETr0 Bpada OOJLHOM OpraHe
Jerko (UKCUpyeTcs paauoMeTpudeckoi ammaparypoil. OH o0mamaer KOPOTKHM
nepuoaom nonypacmnana (T = 6,04 uaca, 3a 24 yaca pacnagaerca 94 % sToro
W30TOTA) U MaJIbIM IIEPUOJOM IOJYBBIBEJCHUS W3 OpraHu3Ma (MEHee CYTOK IS

OOJIBLIIMHCTBA COGHHHeHHﬁ), IMO9TOMY OH OKa3bIBACT CPaBHUTCIIBHO HeOO0JIbIII0E

BPEIIHOE BO3JICHCTBHE Ha 3JI0POBBIC OPraHbl OOCIEIYEMOTO YEJIOBEKa M TO3BOJISIET
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MIPOBOJIUTH TTOBTOPHOE OOCIIEIOBAHNWE OJHOTO M TOTO k€ O0BEKTa 4epe3 KOPOTKHE
MPOMEKYTKA BPEMEHHU, HE JOMyCKas €ro MepeoOSydeHus; Majoll »SHeprueu -
manydenus (140 x3B), koTopas TemM He MeHee o00JagaeT JOCTATOYHO BBICOKOM
MIPOHUKAIOMIEH CIIOCOOHOCTHIO, UTO 0OECIICYMBAET HEOOXOIUMYIO TIIyOMHY aHAIN3a;
«BHSITHON» CIIEKTPAIBHOW JIMHUEH, KOTOPYHO HAET HAKONMBIIMIKCA B AHOMAJIbHBIX
y4acTKax OpPraHOB PAJMOAKTHUBHBIA H30TON M KOTOPYIO XOPOIIO KOJUIUMHUPYET
TUArHOCTUYECKasl — almapaTypa, uYTo OOeCleuMBacT XOpOIIee pa3pelicHHe
MOJTy4aeMOro M300pakeHUSI. %¥MTe nerko JOCTYTICH, TTOCKOJIBKY MOXET JO0OBIBaTHCS
HEIMOCPEICTBEHHO B TOCIUTAIISAX M3 TeHepaTopa Ha 6asze ®Mo. BaxxHo, uTo HU3Kas
7033, MoJiydaeMas NalUeHTOM TIpU TEXHEIMEBOM JIMAarHOCTKe, Oe3omnacHa i
HACEJICHUS: aKTUBHOCTh cTaHjapTHOro tecta 250 MBK, NpuBOAUT K IMOTJIOMIEHHON
panuarmonnou noze 0,05 3. ¥ MPUMEHSIOT Il JTUArHOCTUKHU 3a00JIeBaHUM B
CHUCTEME IICYCHH, ILIMTOBUJIHOM JKEJIE3bl, MOYEK M HAJAMNOYCUHHKOB, CEJIC3CHKH,
pECIIUPATOPHOM CHUCTEMBI, TOJOBHOTO, CHUHHOTO M KOCTHOIO MO3ra, CIFOHHBIX
JKeJie3, MUTATEIIbHOW CUCTEMBI, KOCTEW M CYCTaBOB CKEJIETa, & TAKXKE JJISI U3y4YCHUS
dbuznonorndeckux (QyHKIUN cepalia HW KPOB CHCTEMBbI, JUM(ATHUECKOU M
YPOJOTUYECKOM CUCTEMBI, UCCIICIOBAHUSI CKOPOCTH TJIOMEPYJSIPHON (PUIbTpaluu U
o0béMa mia3mMbel. KpoMme TOro, ¢ moMorsko 9mre MPOBOJAT U3YYECHUE BHYTPEHHUX
MoJIOCTe, MH(MEKIMOHHBIX 3a00JIeBaHUN cepJilla M MO3Ta, TJa3HbIX M KOXKHBIX

3a00JIeBaHUH, Mmepecaaku Koxu [1].

1.1 CuunTurpadus

B cdepe saepHoit meaumuHbI ¥MTe IIPUMEHSAETCSd B OCHOBHOM B METOJE
cuuHturpadpuu. Cuuaturpagpus — MeTon (GYHKUMOHAIBHOM  BHU3yallM3alluH,
IpECTaBISIIONINIA U3 ce0sl BBEIEHUE B OPTaHM3M UYeJIOBEKa paAMOaKTUBHOTO U30TOMa
U TIONyYyeHUE KapTUHbI (PYHKIMOHUPOBAHHS OpraHM3Ma, C IOMOINBIO aHaIu3a
UCITyCKaeMOro UM u3iaydyeHus. llanueHTy BBOIAT paJlMOMHAMKATOP. DTO Mpemnapar,
KOTOPBI COCTOUT W3 MOJIEKYJBI-BEKTOpAa M PaJMOAaKTHBHOIO Mapkepa. Mosekyina-

BEKTOpP TOTJIONIAETCS ONPENeNEHHON CTPYKTYpOH WM TKaHBIO OpraHu3Ma (Opra,
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XKUIKOCTh). PagnoakTUBHAs METKAa MCHOJHSAET pOJIb «IEPEAATUMKA»: HCIYyCKAEeT
ramMmma-JIy4H, KOTOpbIe peTUCTPUPYIOTCS TaMMma- kamepoi. PagnodapmaiieBriuaeckuit
mpenapar BBOJUTHCS B TAKOM KOJIMYECTBE, YTO MCIYCKAEMOE UM H3JIYyYEHHE JIETKO
YJIAaBIMBAETCS, HO HE OKAa3bIBAET TOKCHYECKOIO BO3JECUCTBHS HA OPraHU3M.
[Ipumepamu pagTuOMHAMKATOPOB Ha 0aze TexHeuus sBIstoTc OudochoHaThl,
MedeHHbIe T TC. budochonarsl — 3TO0 BEKTOPHI, TPOIMHbIE K (hopMupyromencs
KOCTHOM TKaHU. Mcmonb3yrorcs B cuuHTHUrpaduu kocteid. Bo3moxkHo momydeHue
CIEIYIONUX BHJIOB HM300paXEHUN: CTaTHUYECKHE, IUHAMUYECKHE — Pe3yJbTar
CJIOKEHUSI HECKOJIBKUX CTaTUYECKUX M300paKeHHI, TOMOIpaMMbl Ha OTHO()OTOHHOM
YMUCCUU TaMMa-KBAHTOB (B OTIMYHME OT ABYX(OTOHHOW AMUCCUU IPU MO3UTPOHHOU
ToMorpadun), CHHXpOHU3UPOBAHHbIE H300pakeHus. TakuMm 00pazoM, OLEHUBAECTCS
(yHKUHS OpraHa Mo 3aXBaTy U BBIBEJEHUIO ONPEIEICHHBIX BEIIECTB. TaKoW MOIX0.
MPUMEHUM JJIs1 OIICHKHU, HarpuMep, GYHKIUU IUTOBUHOM sKelie3bl, KOTJa BBOJUTCS
PaJIMOAKTUBHBIA TEXHELUNW U 10 KPUBBIM €r0 HAKOIUICHUS W BBIBEICHUS CYIAT O
MOBBIINIEHHON, HOpPMaJbHOM WM MOHWXEHHOM (QyHkuuu xenesbl. Jlpyroe
HalpaBjieHUEe CHUHTUTpadhuu — HU3MEpPEHUE KUHETUKH HAKOIUICHHUS W BBIBOJA
PaJAMOAaKTUBHOTO 30HJAa W3 OpraHa, HWHTEPECYIOIIEro Bpaya WU (Qu3noora.

JleTeKTOpOM TeXHEIHs SIBIIAETCS raMmma-kamepa [2].

1.2 enepatopsr *°"Tc

Paznnune B XMMHUYECKMX CBOMCTBaX MOJ'II/I6I[€H8, N TEXHCIUA ITO3BOJJIACT

#¥MT¢ or marepurckoro “Mo. Ipomecc

XUMUYECKU Pa3eIuTh JOUYSPHUN HYKIIH]I
HAYMHAETCS ¢ OOJyYeHHUs PEaKTOPHBIMU HEUTpPOHAMU ypaHa, BICOKO 00OTaniéHHOro
U (xak mpaBuio, OpyKeHHOro ypana). 13 06pa30BaBIIMXCS MPOLYKTOB ACICHHS
BBIICISIOT * Mo, KOTOPBIN OYMINAIOT OT COMYTCTBYIOIIUX MPUMECEH U aicopOUpyIoT
€ro Ha MOJXOJISIIEM HEOPTraHUIECKOM copOeHTe (Hampumep, aaroMorese). CopoeHT ¢
*Mo nomeriaror B xpomarorpadudeckyro konouky. I[Ipu pacnage Mo (T= 66 dac)

99
u3 Hero obOpasyercsa - 'Tc. Ilockonbky mMonubaen Haxomutcs B Gopme MoO, u B

TOM BHJI€ MPOYHO CBSI3aH C aACcOpOeHTOM, a TexHeuud — B opme TcOy, TO
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MIOCJIEHUI JIETKO BBIMBIBAETCS COJIEBBIM pacTBOpOM. Takas mpoueaypa Mo3BOJISIET
IIOYTH HENPEPHIBHO (YEpe3 BPEMEHHbIE NPOMEXKYTKH B 1-3 mepuona momypacnaga
99m
Tc) mnomyuaTe HeoOXOAMMOE KONIMYECTBO TexHeuusa. llockonpky mnepuon
99
nojtypacraza - Tc OKOJIO 6 4ac, TO PABHOBECHOE KOJIMYECTBO TEXHELMS 0OPa3yeTCs
IZ1e-TO IMocie ABYyX CyTOK. OJIHaKo, Ha MPAKTHKE PEIKO NOKHUIAIOTCS JOCTHKCHMS
PABHOBECHOM aKTUBHOCTH, M «JOSAT» KOJIOHKY HECKOJIBKO pa3 B CYTKH. ['eHeparop
. 99

MOKET paboTaTh OKOJIO Mecsua. BeiMbiBaeMblii pactBop Na ' T1cO4 mocTymaer B

CUCTEMY CHHTE3a MEYECHBIX COCINHECHHUN.

99 99m .

IMenmouka “"Mo—"T¢ — KJIaCCHYECKAN PUMEP MOABUKHOTO PAAUOAKTUBHOTO

99
paBHOBCCHA. Kaxk YK€ HCOJHOKPATHO YIIOMHUHAJIOCh, m

Tc oGpasyercst B reHepartope,
comepxameM “Mo. **Mo nepexomur B *"Tc (86%) u PTc (14%). T( *™Tc)=6 wac,
T( ®Mo)=67 uac). [Ipeamomaraercs, 4to Kaxkable 24 Yaca TEXHELMi MOTHOCTBIO

yJIanseTcs: u3 reaeparopa [2].

1.3 Ilenouka ~*Mo-""Tc
1.3.1 Tomyuenme *"TC o6.aydyeHmeM MOJIHOZEHA PEAKTOPHBIMH

HeUTpOHAMH

HeGounpime (MWITUTPaMMOBBIE) KOJTMYECTBA TEXHEIUS, B TOM YUCJIE U30TOI
#¥MTe, CUHTE3UPYIOT MyTEeM JJIUTEIbHOr0 oO0JydeHuss Mo BBICOKONH YHCTOTHI
HelTpoHamMu B simepHoM  peaktope [3]. Ha pucynke 1, u3oOpaxkeHa cxema

o6pazoauus °Mo.
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Pucynok 1 — Cxema o6paszosanus Mo uz — Mo

99 o
Ilocne paciaga Mo BBIACJICHHUC TCXHCUUA IIPOU3BOIAT B OOBIYHOMU

PaauoOXUMHUYECKON J1ab0opaTopuu.

s

xpomaTtorpaduueckuii MEeTOJl, OCHOBaHHBIM Ha MOTJIOIICHUHN TEXHEIHSI aHUOHUTOM C

OTHEJICHHUs TEXHEUUs OT MOJMOJEHOBOM  MHUIIEHH yI0OEH
MOCIIEAYIONTUM BBIMBIBAHHEM €T0 U3 KOJIOHKU pacTBopoM NH,CNS.

CymiecTByeT TEXHOJIOTHS TIOJYYCHHsS TEXHEUMs Ha IEHTPOOSKHBIX
AKCTPAKIIMOHHBIX T'€HEpaTOpax, OCHOBAHHAsi HA TOM, YTO NP BpaIllCHUU PacTBOpa
MOJHO/ICHA ero Goiee Jerkast GPakiust — «IOYEPHHiD H30TOM * TC — OTeISeTCS U
MOCJIe TPOIYCKAHHUS Yepe3 KOJOHHBI CO CIEIHAIbHBIM PAacTBOPOM (Tpedyromue
paavalMOHHON 3alllUThl 000OpPYAOBAHUSI) BBIACISIIOTCS B BUIE KOHEYHOTO MPOAYKTA.
[Tone TmepCIeKTUBHO BBIJICICHHE TEXHEIMI W3 MOJUOJeHa OJKcTpakmuei. B
pe3yJibTaTe CMEIIMBaHUs MOJIMOJIEHa U PacTBOpa METWIITHIKETOHA OoJiee TsKemnas
dbpakius MonubaeHa oceaeT Ha JHE, a 0oJiee JIeTKasi CMECh C TEXHEIIUEM OCTaeTCs
HaBEPXY U MOXKET ObITh OTKauaHa, JouuIleHa U pacdacoBaHna. [lomydyaeMblit TpoIyKT
0 CBOUM TMOTPEOUTEILCKUM CBOMCTBAM, MPEXKIE BCETO XUMHYECKOW YHUCTOTE,
MPEBOCXOJUT AHAJIOTH, MOJYYEHHBIE MO M3BECTHBIM TEXHOJIOTHSAM, 4 KOMIAKTHBIN
reHepaTop MOXKHO YCTAaHOBUTH ITPAKTUUECKHU B JIIOOOM MOMEIIEHUH, B TOM YHCJIE TPU

KPYITHBIX MEUIIMHCKUX LIEHTPaX, 0€3 YCHJICHHs paJuallMOHHON 3aIIuThI [2].
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1.3.2 TexHoaoruu nosxyuennsi "Mo

Ha ceromHsiHuit 1eHb * Mo SBISICTCS HAHOOIIEe 3HAYMMBIM PaIHOHYKIHIOM
s sipepHod mMequuuHbl. K cepennne 90-X rogoB mponuioro Beka MpPOU3BOACTBO
nanHoro uzorona coctasisuio 10 kKu B Henenro, a B mocineqHue roasl MpeBbImaeTt 12
kKU 1py MOCTOSHHO pacTyIleM CIpoce.

JUiss  mosydeHuss MOJMOJEHA Ha SAEPHBIX PEaKTOpax HCIOJb3YIOTCS JBE
OCHOBHBIC peaKiuu: peakuus geneHust ypaxa-235 — U (n,f) ®Mo u peakuus
pajManroHHoro 3axeara *Mo (n,y) *Mo. Cedenns sTHX peakimii, COOTBETCTBEHHO,
paBubl 582,6 u 0,136 GapH.

Ipu nenenun ypana-235 momumo °Mo (Bbixox 6,1 %) o6pasyercs Goiee 20
JOJITOKUBYIIUX PAAUOHYKIHIOB C miepruoaamu noxypacnaga ot 0,1 mo 60 mHei u ¢
MaccoBbIMM unciiamMu oT 72 nmo 161. Ilpu stom, Hapsany ¢ y-usmydaromumu PH,
0Gpa3yIOTCs OL-H3IyYalOLIIe H30TOIBI TPAHCYPAHOBBIX JIEMEHTOB (HAIpUMep, - PU)
[4]. WHTerpanpHass aKTHBHOCTh HEHCIIONB3YEMBIX OCKOJIIOUHBIX PH B coTHHM pa3
MPEBBIIAET AKTUBHOCTH II€JEBOTO MpOAYyKTa. Tak, HampuMmep, Ha pEaKkTope B
Poccennopde (I'epmanmst) 3a 10 jer Owwio mpoumsBeneHo 230 kKu Mo wu
OJTHOBpEMEHHO ¢ 3TuM Obuto HakomieHo 11000 xKu Xuakux paaumoakTUBHBIX
OTXO0/10B ¢ 06mIM 06beMoM 26 M° [3]. TTepepaGoTka M YTHIM3ALUS OTXOIOB, KAK H
U3BATHS W3 HUX ypaHa i JaJbHEWIIEro MCHOJb30BaHUs CO3/aeT OOoJbIlIne
AKOJIOTMYECKUE TPYJHOCTH, YTO MPUBEIO K 3aKPHITUIO MPOU3BOACTBA Ha Mape
HCCIIeIOBATEIIbCKUX PeakTopoB. Bo MHOrom m3-3a 3toro B 2008 r. OBUIO IPUHSATO
pemieHre 00 OTMEHE BBOJIa B AKCILIYaTalMIO JBYX HOBBIX PEAKTOPOB MOCTPOECHHBIX
CHEUUAIIBHO JUISl HYK]I SIIEPHONM MEIULINHBI.

B utore 3To mpuBeno K TOMY, YTO JO HAIIMX THEW PHIHOK MOJIMO/EHA ObLI
pa3zeneH Mexay 4eThipbMs npousBoautensiMu. Kak ciencrteue, k 2010 r. HexBaTka
*Mo mocturma 30 %. s peureHns 3Toii mpoGieMsl B Poccnn peannsyercs mpoeKT
10 CO3JaHUIO IPOU3BOJICTBA %Mo Ha 6a3se 3 HCCIeI0BATEIBCKIX peaktopoB HUMAP

(r. Humutposrpan). IlpoekTHas momrHOCTh nepBoi odepeau coctaBuT 900 Ku B
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HEJZIENI0, a TIoCTIe BBEEHHUS BTOPOi 001muii 00bemM npousBozacTsa nocturaet 2700 Ku
B HEJIENIO, YTO MIO3BOJIUT PELIUTh NPO0JIeMy Ha OJIMKANIITYIO IEPCIEKTUBY .

[Ipy HCIONB30BAHMH ISl HPOM3BOACTBA MO PEaKLHH pPalHaliOHHOTO
3axBara (N,y) OTXOJbl NpakTUYeCKU He oOpazytorcsa. OcHOBHas mpoOjema 37ech
COCTOUT B HU3KOW YyJIEJIbHOW AaKTMBHOCTU IOJYy4aeMOTO LIEJIEBOr0 MpoaykKTa. Tak,
pu OOMyYEeHHH MPUPOIHOTO MommOaeHa, comepxkamero 24,13 % **Mo, B motoke
TeroBbix HeitporoB 1-10™ m/cmM*c B Teuenme 100 wacoB, BEIXOZX Mo He
npesbimaer 0,35 Ku/r. B Tex ke ycinoBHsSX Ha oGorameHHOM Mo (CTEmeHsb
oborareHust > 95 %) pacueTHass aKTUBHOCTh HachIlieHHs: cocTtaBisieT 8,47 Ku/r [5].
CymectBeHHO OoJbias akTUBHOCTH (mopsnaka 200 Ku/r) MoxkeT ObITh MOyYeHa Ha
PEaKTopax ¢ IOTOKOM TEILTOBBIX HEHTPOHOB 5-10™° H/cM®-C, OJIHAKO TAKHX PEaKTOPOB
B MHUpE OYCHb MAJIO M UX CTPOUTEILCTBO TpeOyeT OobinuX 3arpar [6].

Uccnenosanus, nposenennsie Ha peakrtope WPT-T HHUU AD mpu TIIY,
MOKa3aJid, 4TO yJAEIbHAs AKTUBHOCTD %Mo MoskeT GBITh TOBBIIICHA no 12—-15 Ku/r 3a
CUET YBEIMUYCHHS PE30OHAHCHOM COCTaBIISIONICH B HEUTPOHHOM CIIeKTpe peakropa [1].
[Tpu 3TOM BennuMHa CeUeHHsI peakiuu MoxeT gocturats 0,7 6apH u Goee.

JUist 3aMeqieHust OBICTPBIX HEUTPOHOB PEAKTOpPA JI0 PE30OHAHCHOTO YpPOBHS
UCIIOJIB3YIOTCS HEUTPOHHBIE JIOBYIIKM W3 Pa3IMYHBIX MaTepuayioB [7/]. OCHOBHOM
3a/layeil Mpy UX MPOCKTUPOBAHUM SIBIISIETCS TOCTUKEHUE MaKCUMAJIbHOM IJIOTHOCTU
IIOTOKA TEIUIOBBIX HEWTPOHOB IPU BBICOKOM 3HAYEHUU KAayecTBa I10 PE30HAHCHBIM
HEHUTPOHAM B HAJTEIUIOBOM 00JacTH. /{7151 BOJHO-BOASHBIX PEAKTOPOB C HEOOIBIIIUM
TUaMETPOM aKTHBHOM 30HBI, K KOTOpbIM OTHOcutTca peakrtop WNPT-T, naubonee
ONTUMAJIbHBIM OTpaXkaTelieM siBIsgeTcs Oepwiinii. B 9Toil cBsizu, B IEHTpE €ro
AKTUBHOW 30HBI OBUIO YCTAHOBJIEHO 4 OEpUIIIMEBBIX OJIOKA C 3KCIEPUMEHTAIbHBIMU
karnamamu (IIK-1, IIK-2 Ha pucynke 2). Tommmuaa Ccl0S 3aMEIIUTENS MEKITY
MULIEHBIO, HAXOMSIICHCS B LIEHTPAJIbHBIX KaHANIAX, W JEISAMIMMCS MaTepuaioM
aKTUBHOM 30HBI cocTaBisia or 20 1o 90 MM mpu pacyeTHOW IJIMHE 3aMEIJICHUS
HEeHUTpoHOB B Oeprmimuu 0koio 100 mm. [To kpasim 30HBI CMOHTHPOBaH OEpPUILIUEBBIN
oTpaxaTesb C TOJIMHOU cijost Oepuwmiug 69 mMm. Kaprorpamma akTHBHOM 30HBI

peakTopa 1 3KCIEPUMEHTAIBHBIX YCTPOMCTB MOKa3aHa Ha PUCYHKE 2.
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Pucynox — 2 Cxema aktuBHOM 30H5bI peaktopa UPT-T: 1) crepxuu perynupoBanus; 2) 8-mu
tpyonsie TBC; 3) 6-tu Tpyonsie TBC; 4) ropu3oHTalIbHBIE YKCIIEPUMEHTAIBHBIC KaHAIbI,
5) BepTHKAaIbHBIC YKCIIEPUMEHTAIbHbBIC KaHANBL, 6) OepHILTHEeBbIC OJIOKH; 7) IKCIICPUMEHTAIIbHBIC

KaHaJIbI ¢ BOJIOM; 8) SKCIIepUMEHTAIbHbIE KaHANIbI B Tepu(EepHIHOM OepUILIHH

[Ipu oOnyyeHUM MOIMOACHOBBIX MHILEHEH NPUPOJHOIO COCTaBa, PacXon
HEUTPOHOB Ha 00pa30BaHME OJHOTO s/pa Mo MpUMEpPHO Ha 2 mopsjika OoJiblie,
4eM MpH O0JIydeHUU %Mo ¢ oboramenuem 100 %. [IpyunHOM 3TOrO SIBIISIETCS
OTHOCUTEIBHO OOJIBIIOE TIOTJIOLIEHUWE TEIUIOBBIX HEHUTPOHOB MOOOYHBIMU
CTapTOBBIMM  HyKiIuaamu. J[i1 HapaOOTKM paBHBIX aAKTHUBHOCTEH *Mo pu
UCIOJIb30BaHUU OOOTAIlleHHbIX MUIIEHEW M MHILEHEH MPUPOJHOTO COCTaBa, Macca
NPUPOAHBIX MHUIIEHEW [oJbKHa ObITh npuMepHo B 4 pasza Oonpuie. ITO
OOCTOATENIBCTBO JIENACT UX MPUMEHEHNE HIKOHOMUYECKH 11€71ecOo00pa3HbIM, BBUAY UX
HECOMOCTABUMO HHU3KOH CTOMMOCTH MO CPaBHEHHUIO ¢ 00OTallleHHBIM MOJHUOJEHOM.
Takoe cblpbe MOXHO JOCTATOYHO 3(PPEKTUBHO HMCHOIB30BATH IJIS MOCIEAYIOIIETO
TOTy4eHHs BHICOKOAKTHBHBIX MPEIapaToB ~"'TC B COYETAHWM C TEXHOIOTUSMH €ro
KOHLIEHTPUPOBAHMS,  HAlpUMEp, OKCTPAKIMOHHONW WM  CyOJIMMalMOHHOM.
CebecTOMMOCTh MperapaTos ~"TC HpH TOM OyIeT CHIKCHA B HECKONBKO Pa3, IO

99
CPaBHEHHIO C UX MOJYYCHHEM U3 TeHEPaTOPOB HAa OCHOBE «OCKOJIOUHOTOY» Mo [8].
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2 MonennpoBanue o6yuennsi °Mo B peaktope UPT-T

2.1 Co3nanue moaeau

MognenupoBanue 06aydeHus Mo B peaxtope VIPT-T GbLIO OCYIIECTBICHO B
nporpamme MCU-PTR. ITaker MCU obecnieunBaeT BO3MOXHOCTh MOJICIUPOBAHMS
MPOLIECCOB MEPEHOCA HEUTPOHOB, POTOHOB, FIEKTPOHOB U MO3UTPOHOB AHAIOTOBBIMU
U HEaHAJTOTOBBIMH MeTojgamMu MonTte-Kapimo Ha ocHOBE OIEHEHHBIX SACPHBIX
JIAHHBIX, ¢ YYETOM U3MEHECHHS U30TOIHOTO cOocTaBa MaTepuaos [9].

B peakrope HPT-T ®Mo o6myuaercs TONBKO B  IEHTPANbHBIX
skcnepumeHTanbHblx kKaHamax (LIK-1, IIK-2), pacnoysio’keHHbIX B «OepUILIMEBOI
JOByIIKe» (PUCYHOK 2). B pamkax MpoBOJMMBIX HCCIIEIOBAHUN ObLIa paccCMOTpEeHa
BO3MOXKHOCTh OpTAaHHM3AIlMH JKCIEPUMEHTAIBHBIX KaHAJOB B MepudepruitHbIX
OepuuiMeBBIX ~ OJIokax.  BepTukaiibHble  DKCIIEPUMEHTAlIbHBIE  KaHalIbl B
nepudepuitHpix OeprwIneBbIX Oyokax pacnosoxenbl BBepxy (IIK-1) u cooky (I1K-

2). Ha pucynke 3 npejacraBieHna mojeiab peakropa UPT-T

Pucynok 3 — Peaktop UPT-T B nakere MCU-PTR
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Pa3paborannas B nakere MCU-PTR Monens aktuBHO#M 30HbI peakTopa UPT-
T, BOCHPOM3BOOUT BCE OKCIEPUMEHTaJbHbIE KaHajbl JAHHOTO PEaKTopa,
MaKCHMaJbHO TPUOIMKEHHBIMH K  peanbHbiM mpototumam  [10].  [lamee
pPacCUMTHIBAICh KOHIIGHTPAIlMM HUCIOJIb3YeMBbIX MaTepuanoB. B  rtabnumme 1

IMPUBCACHBI KOHICHTPAIN MAaTCPHUAJIOB AKTUBHOM 30HBI pcaKkTopa.

Tabmuua 1 — KoHnenTpanum MaTepuanon

Hyxmun Konnenrparnus, 10% em’®
H 0,066922
o) 0,033461
Be 0,123672

Tonnuso
2y 0,001615
28y 0,000179
0,051892
o) 0,029534
Al 0,007897
MuieHb
%Mo (o6orarmenue 100%) 0,019617
%Mo 0,002911
%Mo 0,001815
%Mo 0,003123
%Mo 0,003272
Mo 0,001873
%Mo 0,004734
%Mo 0,001889
o) 0,058851
CVY3m
108 0,022077
g 0,088308
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[Tponomxkenne Tabmure 1

C 0,027596
Marepuainsl KaHAJIOB

Al 0,060208

@) 0,000006

N 0,000019

H 0,066922

@) 0,033461

99
Jlnst pacuera HapaboTkum ~—~ MO HCHOIB30BAJIOCH JBa BapHWaHTa COCTaBa
MUILICHH, C TPUPOIHBIM MOJMOJACHOM M MOJMOJEHOM, OOOTAIICHHBIM 10 %Mo 10

100%, mosToMy B TabHIle TPUBEICHBI J1BA 3HAUEHUS KOHIIEHTPAIIUU JIJIs %Mo.
2.2 CKopocTh peaKkuuu odpa3zoBanus * Mo

JUist onpeneneHysi ONTUMAJIbHBIX MapaMeTpOB OOJIy4eHUs] ObLIM BBIJECIICHBI
HHEPreTUYECKUE YUACTKU CIEKTpa HEUTPOHOB, B KOTOPBIX HAOIIOAAETCA HAauOOIbIlIast
CKOPOCTh peakiuy mormomenns Mo (n,y) ®Mo. CkopocTh peakIiy MOrIomeHus
JUIS OTIPEJICIICHHBIX HHTEPBAJIOB MHEPrUM HEWTpoHOB, monydeHHeie B MCU-PTR,

U300paKEeHbI HA PUCYHKE 4.

9.0E-05 -
8.0E-05 -
7.0E-05 +
6.0E-05 -
5.0E-05 -
4.0E-05 A
3.0E-05 A

2.0E-05 ~
= K N n
0.0E+00 . . . .

10-16 16-28 149-367 367-907 907-1425
OHeprus HEUTPOHOB, 5B

Rx, otHOC. €.

PrcyHok 4 — CkopocTh peakiu mornomenns “°Mo (n,y) **Mo ms onpe/ieneHHbIX uHTEpBaNOB

OHCPIrun HeﬁTpOHOB
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Kak BumHO W3 pucyHKa 4, mis sddextuBHOr0 momydenus Mo, ocoboe
3HAYEHUE WMEIOT HEUTPOHBI ¢ 3HEprusMu B HHTEpBasie 367-907 3B, MOCKOJBKY
HauboNee BHICOKME 3HAYECHHS CKOPOCTH peakmud Mo + n = ®Mo, Haxomsrcs
UMEHHO B 3TOoM oOnactu. Jlns opraHu3anuu JOMOJIHUTEIBHOIO KaHama Juis
oGmyuenus **Mo HEOGXOIMMO CO3/1aTh YCIOBHS JUTS IIPEBATHPOBAHHS HEOOXO MO
HHEPreTUUECKON Ipynibl HEUTPOHOB B 001IeM noToke. Ha pucyHke 5 npeacraBiieHbl

pe3yJIbTaThl pacyeTa INIOTHOCTEN IOTOKOB PE30HAHCHBIX HEUTPOHOB B OTPAKaTEIE.

s,7ae+11] 1,69e+12] 2,09e+12] 2,178+412| 1,91E412

1,676+12

2,09E+12 2,94E+12
2,34E+12 4,90e+12] 5,15E+12 3,29E+12
2,35E+12 4,92e+12 5,13e+12 3,27E+12
2,14E+12 2,91E+12
1,71E+12

8,94e+11| 1,72e412] 2,116412] 2,186+17)

PI/ICYHOK 5 — IImOTHOCTH TTIOTOKOB PE30HaHCHBIX HeﬁTPOHOB B OTpaXKaTeJic
N3 pucynka 5 BUAHO, 4YTO MAKCHUMAJIbHBIM HEUTPOHHBIN NIOTOK C SHEPTUSMH B
nuanazone 367-907 »B wHaOmrogaeTcss B IIEHTPAJIbHBIX OCPUIUIMEBBIX OJIOKaX.
bepunnuessie  Oj0ku B ABIISAIOTCA ~ HauOoJiee

npaBoﬁ JaCTh  OTpaXKXaTcClId

MEPCIIEKTUBHBIM MECTOM  PACIIOJIOKEHHMSI  DKCIEPUMEHTAIBHOTO KaHaia  JyIs
o0yueHus *Mo. ITotok HEHUTPOHOB B MPABOI YacTH nepudepuu JOCTUTAET MOPSIIKa
65 % OT MOTOKa B LIEHTPE, YTO 3HAYMTEIBLHO BBHINIE AHAJIOTUYHBIX MOKa3aTelel B
OCTQJIbHBIX YaCTAX MEepudEpUHOro OTpakaTers.

Pe3ynbTaThl 4YMCAEHHOTO MOJICIMPOBAHUS TJIOTHOCTH TOTOKA PE30HAHCHBIX
HEUTPOHOB, KOHKPETHO JIJIsl KAXJA0T0 SKCIEPUMEHTAJILHOTO KaHaja, MPEeCTaBIICHbI B

Tadmie 2.

Tabmuna 2 — [TTOTHOCTH MOTOKOB B SKCIIEPUMEHTATBHBIX KaHaJIaX

Tun xanana ITotoxk, 10" w/em® Twun kanama ITotoxk, 10" w/em®
10-16 5B 16-28 5B
IK-1 2,52 [IK-1 291
IK-2 2,64 LIK-2 3,05
IK-1 1,12 IK-1 1,3

25



[Tponomxkenne Tadauie 2

149-367 5B 367-907 5B
1K-1 4,88 1K-1 4,9
LK-2 5,14 LK-2 5,13
TIK-1 2,18 TK-1 2,18
TIK-2 3,26 TIK-2 3,25
907-1425 5B

1K-1 2,45

1K-2 2,57

TK-1 1,09

TIK-2 1,61

Anamm3upyst Tabmuiyy 2 BaXXHO OTMETHTh, YTO HaWOOJBIIMHA TOTOK
HEUTPOHOB C JSHEpPrusiMA B Auana3zoHbl 367-907 5B HaxoauTcs B IEHTPAIBHBIX
kaHasax. [IoTok HEUTPOHOB B IIEHTPAIBLHBIX KaHajlaX 0ojiee YeM B 2 pa3 MPEeBHIIIACT
MOTOK B BEpXHEM IepuepuiiHOM KaHaje u Ooisiee yeMm B 1,5 pa3a moTok B OOKOBOM
nepudepuu. OJHAKO CYIIECTBYET BEPOSTHOCTh YBEIUWYHUTh CyMMAapHYH HapaOOTKy
“Mo mo BceMy peakTopy, MyTeM IOMONHHTEIBHOrO ObIydeHnms Mo B
nepupepuitHbIX KaHaax.

B OepUILTHEeBOM JIOBYILIKE peakTopa UPT-T HCTIOIB3YIOTCS
IKCIIEpUMEHTaIbHbIC KaHana paauycamu 44 MM u 36 mm. Ha pucynke 6 moka3aHsl
3aBUCHUMOCTH IUIOTHOCTEW TOTOKOB PE30HAHCHBIX HEUTPOHOB B ILEHTPAIbHBIX

kananax (IIK-1, IK-2) ot paguyca kaHana.
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—o—1IK-1 K-2 =a—IIK-1

PI/ICYHOK 6 - 3aBHCUMOCTH IJIOTHOCTEH IIOTOKOB PE30HAaHCHBIX HeﬁTpOHOB OT panycCa KaHalia

W3 pucynka 6 BHJIHO, YTO YMEHBILIEHUE paJHyca SKCIEPUMEHTAIBLHOTO
KaHaja W Kak CJICJICTBUE YBEIMUYEHHUS CIOSI OTpa)kaTelisi BOKPYT KaHaia, MOTOK
PE30HAHCHBIX HEUTPOHOB BO3pAcTaeT. YMEHBUICHHE paauyca KaHalla Ha KaKJbli
MUJUTUMETP JAeT NPUPOCT HEUTPOHHOIO NMOTOKA HA 2—3 %. 3 3TOr0 MOXKHO caenarth
BBIBOL, 49TO st S(dextuBHOrO oOmyueHHs w3otoma Mo  menecooGpasHO

UCIIOJIb30BaTh AKCIEPUMEHTAIbHBIN KaHa painycoM 36 MM.
99
2.3 Hapa6otka “Mo

BBLIO PaCCMOTPEHO M3MEHEHHE KOHIGHTPAIMH MO B SKCIIEPHMEHTAIBHBIX

KaHajaX B TCUCHHUE CeMU JHeH. [laHHbIe N3MEHEHHS TTI0OKa3aHbl Ha PUCYHKE /.
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Pucynok 7 — HapaGoTka "Mo B pa3nU4HBIX SKCIIEPUMEHTAJIbHBIX KaHAIaX

W3 pucynka 7 BUIHO, 4TO HapaboOTKa *Mo B IIK-1 gocruraer ue 6onee 45 %
oT HapaOOTKH B IEHTPAJIbHBIX KaHalax, a HapaboTka B kaHame [1K-2 — 71 %. U3
TOrO MOYHO CIE/aTh BEIBOJ, YTO OJHOBPEMEHHOE 00IydeHHe " MO B [EHTPAIbHBIX
kaHanax u nepudepuitHom kanaine I[IK-2, MoXeT CyIIECTBEHHO YBEIUYHUTH
CYyMMapHOE KOIM4eCTBO MO MOlyd4aeMoe Ha BCeM peakTope. OXHOBPEMEHHOE

o0JyueHre MUIIIEHEH B HECKOJIbKHUX KaHaJIaX MPECTaBICHO HA PUCYHKE 8.

O T T T 1

0 2 4 6 8
Bpewms oOmyuenus, 1HH

—o— LIK-1+LK-2 UK-1+LK-2+MK-1  —m— LIK-1+LK-2+MK-2

98
Pucynok 8 — Cymmapnast HapaboTka = Mo B 9KCIIEpUMEHTAIbHBIX KaHallaX
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JononHutenbHoe oOiyueHue wMumieHd B kanaie [IIK-1 mpuBogut K
YBEIMUYCHNIO CyMMapHO#i HapaGoTKH * Mo Ha 26 %, a B kanaie [TK-2 na 37 %.

Taxxke  ia  yBenuyeHMss ~ HaApaOOTKM  MPHUHATO  MCHOJIb30BaTh
BBICOKOOOOTAMEHHBI *°Mo0, 0OHAKO OH SABISAETCS JOPOTOCTOSIINM MaTepuazoM. Ha
prcyHKe 9, HAIJISIHO MOKA3aHa pasHHA B >(QEKTHBHOCTH MCIONB30BaHMS Mo

Pa3IN9IHOIO O60F3HI€HI/I$I, JJIA OAMHAKOBBIX KaHAJIOB.

3.0E+17 -
2.5E+17 4
2.0E+17 -

1.5E+17 A

Konuenrparus

1.0E+17 A

5.0E+16 -

0.0E+00 . . .
0 2 4 6 8

Bpewms o0nydenus, 1Hu
—&— BbicokooboraleHHbI moanbaeH

MpUpoAHbIN N30TOMNHLIN COCTaB

Pucynok 9 — Hapabotka %Mo B 3aBucuMocTH oT 0GorameHns Mo

Ucxons w3  pucynka 9  MOXHO  yBHIETh, 4YTO  OOJydeHHE
BBICOKOOOOTAIEHHOro Mo Goiee deM B 4 pasa >hdexTuBHeil, yeM MOIMONCH
OPUPOTHOTO  HM30TOMHOTO  coctaBa. (CnegoBaTenbHO, TMPU  HCIOJIB30BAHUU
IPUPOLHOTO H30TOMHOTO COCTABA, IS IIOMYYCHHS BBICOKOH HapaboTku - Mo

HEO0OXOJIMMO YBEIIMYUBAThH KOJIMYECTBO 00JIy4aeMOT0 ChIphs OoJiee ueM B 4 pasa.
2.4 AKTHBHOCTH HapaGoTanHoro ° Mo

B Teuenne 7 mgHeil obOnyuanach muieHb maccodt 2,2 rp. Ha pucynke 10
MPEJCTABICHA H3MEHEHHE AKTHBHOCTH MO B DKCIICPHMEHTATBHBIX KAHANAX B

TeueHue 7 nHEH.
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Pucynok 10 — 3aBucHMMOCTb aKTUBHOCTH ~ MO OT BpeMEeHH 00IydeHHUs

Kak BunnHO u3 pucynka 10, akTHUBHOCTB *Mo 00JIy4EHHOTO OJJHOBPEMEHHO B
K u I1K-1 nocturaer 17,3 Ku, o6aydennoro B [IK 10,1 Ku u o6myyennoro B I[TK-1
7,23 Ku.

N3BecTHO, 4TO AJis1 U3rOTOBJICHHS T'€HEpPATOpa TEXHEUUs ¢ aKTUBHOCTH 18,5
['bk mo TexHemuio, Ha KOJIOHKY reHepatopa HeoOxomumo HaHectu 1 Ku *Mo.
CrnenoBareybHO, OOJYyYE€HHE MHUIICHHU C %Mo wmaccoii 2,2 rp., B UK mno3Bonsier
cobpath 10 renepatopoB TexHelus. B cBowo odepenb OJTHOBpEMEHHOE O0JIydeHUe
nByx wmumieHerd B IIK u TIK-1 mosBossT mpousBectu 17 reHepaTopoB TEXHEITHS.
OpHako ecnu yBEeIWYUTh Maccy MuiieHd B 1,5 pa3za u obmyuuts e€ B IIK-1, TO
MOJKHO TOJTYYHTb Ty K€ aKTHBHOCTH MO, 9TO H TIpH OONydYeHHE B LEHTPATHHOM
kaHase. Takum o6pazoM, ogHOBpeMeHHO oOmydast B [IK mumens maccoit 2,2 rp., u B
[1K-1 mumenp maccoit 3,3 rp., MOKHO JOOUTHCS OAMHAKOBOTO BKJaJa Ka)Jaoro U3

99
DKCIIEPUMEHTAIIBHBIX KAHAJIOB B CYMMapHY aKTUBHOCTH — Mo.
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3 DUHAHCOBDBIN MEHE’KMEHT, pecypcod(pPeKTUBHOCTD "

pecypcocoOepexeHue

Llenpr0o nmaHHOrO pasnuena SBISETCA TMPOCKTUPOBAHUE U CO3JaHUE
KOHKYPEHTOCTIOCOOHBIX Pa3padOTOK M TEXHOJOTHUH, OTBEUAIOIINUX MPETbSIBISIEMbIM
TpeOOBaHUSIM B 00J1acTH pecypcodh(PEKTUBHOCTH U pecypcocOepeKeHN .

JlocTkeHue e o0ecneynBaeTcsl pelieHueM 3a/1au:

—  paspaboTka oOIIell SKOHOMHUYECKOW HACH TMpOeKTa, (popmupoBaHHUE
KOHIICTIIIUU MTPOCKTA,;

—  opraHu3zaius padoT Mo HayYHO-UCCIIeI0BATEIHCKOMY MPOEKTY;

—  OMpeNeNeHWe BO3MOXKHBIX  allbTEPHATHB  TPOBEACHHS  HAYYHBIX
HCCIICIOBAHUM;

—  IUTAHUPOBAHUE HAYYHO-UCCIIEA0BATEIbCKUX PadOT;

—  OIICHKM KOMMEPYECKOTO MOTEHIMalla U MEePCHEKTUBHOCTU MPOBEACHUS
Hay4YHBIX UCCIIEIOBAHUN C O3ULIMU pecypcoddPEKTUBHOCTH U pecypcocOepeKeHus;

— ompeaeneHue  pecypcHol  (pecypcocOeperaromieit), (HUHAHCOBOH,
OIO/PKETHOM, COIIMAIbHON U AKOHOMHYECKOM d(pPexkTuBHOCTH uccieaoBanus [11].

B nmanHOM nuccepTallMOHHOW paboTe MPOU3BEJEH aHalu3 BO3MOXKHOCTH

UCIOoJIb30BaHus nepudepuiinbix kaHanos peaktopa UPT-T nns nHapaboTku m3oTomna

99
Mo B makere MCU-PTR.
3.1 IToTeHUAIbHBIE OTPEOUTETH PE3yJIbTATOB UCCIET0OBAHMS

Pe3yIbTaToM MCCICHOBAHUS SBISIETCS PacuyeT aKTHBHOCTH H30TOma - Mo
onHoBpemenHo HapaboranHoro B IIK wu IIK peakropa HUPT-T u cpaBHeHue
MOJIYYEHHOTO0 pe3yjbTaTa C aKTUBHOCTHIO HM30TONA HapabOOTaHHOTO B JAHHBIX
DKCIIEPUMEHTAIIBHBIX KAHAJIOB MO OTAEIBHOCTH.

[{eneBbIM PHIHKOM JAHHOTO UCCJIEIOBAHUS OyAYT SBIATHCS ILIEHTPHI SACPHOMN
MEIUIIMHBI W MEIMIIMHCKUE YUPEKJCHHS, TMPOBOASIIME OOCJIEAOBaHUA C
WCIIOJIb30BAaHUEM PpaanodapMIpenapaToB, a TaKKe CMEXKHBIC OTPACIH aTOMHON U

Hay4YHOU MPOMBILIJIEHHOCTH.
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CermMeHTHpOBaTh PBIHOK YCIYT MOXHO TIO CTEMNEHH MOTPEOHOCTH

HCIIOJIB30BaHUA I[aHHOﬁ MCTOJHUKH. PGSy.TH)TaTBI CCIrMCHTHUPOBAHMS IIPCIACTABJIICHBI B

pucynke 11.
Hapa6oTka m3ortomna * Mo

Snepnas AToMmHas
MEIHUIIMHA OTpaciib | MPOMBIIIEHHOCTh

=

9 CunbHas

=

O

2

© | Cnabas

=

Pucynok 11 — Kapra cermeHTHpOBaHMsI phIHKA YCJIYT 10 UCIIOJIb30BAHHUIO ONITUMAIIBHON METOAUKHU

U3MEPEHUS
3.2 AHAJIU3 KOHKYPEHTHbIX TEXHHYECKHUX pelleHui

[ 1aBHOE MPEMMYIIECTBO — YBEINUICHHE CyMMAapHOii HapaGoTKH H3oTona " Mo
Ha peaktope UPT-T. Takxe NoOsBISIETCS BO3MOKHOCTh O0JIy4eHHS PYTHX U30TOMNOB
B 1K, 6maromaps meperocy nponssozactsa - "Mo B ITK. KOHKypeHTaMu SBISIOTCS:

—  Hapabotka uzorona *Mo ToBKO B K peaxropa UPT-T;

—  HapaGotka usorona *’Mo Tomsko B IIK peakropa UPT-T.

OrneHovHast KapTa aHajnu3a npeacrabieHa B Taommie 1. [To3urus paspaboTku
U KOHKYPEHTOB OLIEHHMBAETCS MO KAKIOMY ITOKA3aTENI0 3KCIEPTHBIM ITyTEM IIO
MATHOAJJIBHOM IIKaje, riae 1 — Hanbosee cirabas mo3umuys, a 5 — HauboJjiee CHIIbLHAS.
Beca mnoka3areneit, omnpenensieMble OSKCIEPTHBIM IIYyTEM, B CYMME JIOJKHBI
COCTaBJATh 1. AHamu3 KOHKYPEHTHBIX TEXHUYECKHX PELICHUN OIpeAessieTcsl IO
bopmyie:

K= ZBI . Ei )

['ne K — KOHKYpPEHTOCIIOCOOHOCTh HAYyYHOM pa3paOO0TKU UM KOHKYPEHTA;

Bi— Bec mokasarens (B J0JIAX €IUHUIIBI);

b — 0aut I-ro nokasares.
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Tabmuma 3 — OueHoyHass KapTa JUIsi CPaBHEHMsST KOHKYPEHTHBIX TEXHHUYECKUX PEIICHHM

(pa3paboToK)
Bec bajuier KOHKypEeHTOCIIOCOOHOCTD
Kpurepun onieHku r— Eq) B, B, Kq) K, K,
1 2 3 4 5 6 7 8
TeXHUYECKUE KPUTEPUH OIICHKH PecypcoddHEKTUBHOCTH
1. Ucnionp3oBanue
noreduuana PY UPT-T 0.1 5 3 : 0.5 0.3 0.4
2. YRoberso 0,15 4 5 4 0,6 0,75 0,6
9KCILTyaTaluu
3. HagexxHocth 0,03 5 5 5 0,15 0,15 0,15
4. llenecoobpa3HOCTh 0,1 5 4 3 0,5 0,4 0,3
5. Be3onacHOCTh 0,05 5 5 5 0,25 0,25 0,25
6. lorpebnocts B 0,05 5 3 4 0,25 0,15 0,2
MaTepHAIBHBIX pecypcax
7. CTaOUIBbHOCTE 0,06 5 5 5 0,3 0,3 0,3
8. IloBeImIEHHE
MPOU3BOTUTEIIEHOCTH 0,1 5 4 3 0,5 0,4 0,3

TpyHda IMOJIb30BaTCIIsA

DKOHOMUYECKHE KPUTEPUU OLIEHKH YPPEKTHBHOCTH

1.

KoHkypeHTOCTIOCOOHOCTh 0,04 5 4 3 0,2 0,16 0,12
MeTo1a

2. Croumocrs, 0,12 3 5 4 0,36 0,6 0,48
pa3paboTKu

3. TpynoeMKOCTh 0.1 3 5 4 0,3 0,5 0,4
nporecca

4. 3aTpathl Ha 01 3 5 4 0.3 0.5 0.4
peaTH3aINIo METOa

Htoro 1 4,21 4.46 3,9

Ha ocHOBaHuUM MpencTaBICHHOTO BbIIIEC aHAIN3a MOYKHO CAETIATh BBIBOJ, YTO
pa3pabOTaHHBIN B TAaHHOW JMCCEPTAMOHHON paboTe METO MOJIYYCHUS *Mo umeer
CBOM IUIIOCHI, HO SBIIETCSA JOCTATOYHO 3aTPAaTHBIM WM TPYAOEMKUM, ITOITOMY
LEJeCO00Pa3HOCTh €r0 MCHOJb30BAHMS 3aBUCUT OT KOHEUHOM LENIH, Hampumep

yYBEJIMYCHHE HApAOOTKH U30TOIA “Mo.
3.3 SWOT-ananu3

SWOT - Strengths (cunpHbie cToponbl), Weaknesses (ciiabble CTOPOHBI),
Opportunities (Bo3moxxHOcTH) W Threats (yrpo3sl) — TIpenCTaBIseT COOOM
KOMIUIEKCHBIA ~ aQHAJIM3 HAY4YHO-UCCIEAOBaTelbCcKoro mpoekra. SWOT-ananus
MPUMEHSIIOT JIJIsl UCCIIEIOBAHUSI BHEIIHEW 1 BHYTPEHHEN cpebl mpoekTta [12].
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CuibHbIE CTOpPOHBI — 3TO dakTopsl, XapaKTEPU3YIOIIHE
KOHKYPEHTOCTIOCOOHYIO CTOPOHY Hay4YHO-HCCJIEI0BATENbCKOTO MpoeKTa. CHIIbHBIC
CTOPOHBI CBUJAETENBCTBYIOT O TOM, YTO Yy TIPOEKTa €CTh OTJIMYUTEIBHOE
MPEUMYIIECTBO WJIK OCOOBIE PECYpCHI, SBISAIOMIMECS OCOOCHHBIMHU C TOYKH 3PEHUS
KOHKYpEeHIIMU. JIpyruMu cIoBaMH, CHIIBHBIE CTOPOHBI — 3TO PECYPCHl WU
BO3MO>XHOCTH, KOTOPBIMHU pacIiojlara€T PYKOBOJCTBO MPOEKTA U KOTOPHIE MOTYT
OBbITh 2(PPEKTUBHO UCIIOIB30BAHBI AJISl JOCTHKEHUS TOCTABIICHHBIX IIEJICH.

Cnabble CTOPOHBI — 3TO HEAOCTATOK, YMYIIEHHWE WA OrPAaHUYEHHOCTh
HAy4YHO-UCCJIEI0BATEIbCKOIO MPOEKTA, KOTOPBIE NPEMSATCTBYIOT IJOCTHKEHHUIO €ro
Hesneil. 3To To, YTO IJI0XO IMOJIy4aeTcsl B paMKax MPOEKTa WM TJ€ OH pacrojaraer
HEJOCTAaTOYHBIMH BO3MOKHOCTSIMU MJIM PECYPCAMMU [0 CPABHEHUIO C KOHKYPEHTaMHU.

B03MOXXHOCTH BKIIIOYAIOT B c€0sl JTIOOYIO0 MPEANOYTHTENbHYIO CUTYallUl0 B
HACTOALIEM WM OyaylleM, BO3HHUKAIOUIYI0O B YCJIOBHSX OKpPYKAIOIIEH Cpelbl
IpOEKTa, HaIpUMep, TEHIEHIUIO, U3MEHEHUE WIN IPEANoaracMyto MoTpeOHOCTb,
KOTOpas MOJJICPKUBAET CIIPOC HA PE3YNIbTAaThl MPOEKTAa M MO3BOJIIET PYKOBOJACTBY
IIPOEKTA YIYYUIUTh CBOIO KOHKYPEHTHYIO NO3ULIUIO.

Yrpo3a mpencraBisieT coOOM  JIOOYH0  HEXKENATENbHYI)  CHUTYalHIo,
TEHJCHUWIO WM W3MEHEHUE B YCIOBHUAX OKPYKAIOIIEW Cpenbl MPOEKTa, KOTOpBIE
MMEIOT pa3pyLIUTEIbHBINA WA YIPOKAOIINN XapakKkTep TS ero
KOHKYPEHTOCIOCOOHOCTH B HACTOSILIIEM WIIA OyIyIIEM.

B Tabnuue 4 mpencraBieHa MHTEpAKTHBHAs MaTpHUIla MPOEKTA, B KOTOPOH
MIOKa3aHO COOTHOIIEHUE CUJIBHBIX CTOPOH C BO3MOXKHOCTSIMH, YTO MO3BOJISIET OoJee

NOJIPOOHO PACCMOTPETh NEPCIIEKTUBBI Pa3padOTKH.

Tabnuia 4 — VIHTepakTUBHAs MaTpUIla TPOEKTA

CunbHbIC CTOPOHBI ITPOCKTA
Bo3MoxHocTH IMPOCKTA
Cl C2 C3 C4
Bl + + + +
B2 + + + +
B3 + + + +
B4 + + + +
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B wmatpume mepecedeHHss CHIBHBIX CTOPOH W BO3MOXXHOCTEH MMEET
OIPEICICHHBI PE3YNbTaT: «IUTFOC» — CHJIBHOE COOTBETCTBHE CHIIBHOW CTOPOHBI U
BO3MOXKHOCTH, «MUHYC» — CJIa00€ COOTHOIIICHHE.

B pesynbrare Oblna coctaBieHa wuroroBas Matpuna SWOT-ananusa,

MpeCTaBICHHAs B TaOIHIIE 5.

Ta6muna 5 — SWOT -ananus

CunbHbIE CTOPOHBI MPOEKTA!
C1. YBenuueHue cyMMapHOM
HapaOOTKH *Mo.

C2. Bricokuii cripoc Ha
MIPOJYKT.

C3. Ucnonb3oBanue
noteHuuaina PY.

C4. Y noBnerBopeHue
COLIMAJIbHO-OPUEHTUPOBAHHBIX
noTpeOHOCTEH.

Cnabble CTOPOHBI TPOEKTA:
Cal. TpeGyercs
JKCIIEPUMEHTAIILHOE
MOATBEPKICHUE PE3yIbTATOB.
Cin2. YBenuueHue pacxoJioB.
Cn3. Orpanu4eHHbIN KpyT
noTpeOuTeneH.

Cn4. TpynoeMKocCTb.

Bo3moxknocTu:

B1. Beixoa Ha HOBbIE
PBIHKH.

B2. YBenuuenue
JIOXOJIOB.

B3. Pacuupenue
BO3MOKHOCTEH PY.
B4. Poct nostabHOCTH K
aTOMHOM

Pesynbrarhl aHanuza
WHTEPAKTHBHOW MaTPHIIBI
npoekTa nosiei «CHuiibHbIe
CTOPOHBI 1 BO3MOXKHOCTH:

1. VBenuuenue HapabOTKu Mo
ITO3BOJIMT BEIMTH HA HOBBIX
3aKa34MKOB.

2. [TosiBNIeHHE JOTIOTHATETHHOTO
cnpoca u pUHAHCUPOBAHUS,

Pesynbrarhl aHanmuza
WHTEPAKTUBHON MATPUIIBI
npoekTa nojiei «Ciabpie
CTOPOHBI 1 BO3MOYKHOCTH:
1. HeoOxonumo
IKCIIEPUMECHTAIILHOEC
IIOJITBEPIKICHUE.

2. Pacxozpl Ha pean3aruio
METO/Ia MOT'YT OBICTPO

MPOMBIIIJICHHOCTH. o0ecIeYeHHbIX AKTYaJIbHOCTBIO OKYIIUTHCA JOXOJaMH OT
TEMaTUKH. IPO/IaXkKH FOTOBOT'O MPOIYKTA.
3. Poct Bo3moxknoCcTel PY UPT- | 3. Kpyr norpebureneit MOKHO
T YBEJIUYUTH C TOMOIIBIO BBIX0J1A
Ha HOBBIC PBIHKH.
VYrpo3s: PesynpTaThl aHanuza Pe3ynpTaThl aHanuza

V1. Konen s3kcruryaranuu

PY UPT-T.

¥2. BeposiTHOCTB

yBeJIHHCHUs HapabOTKH
Mo KOHKypEeHTamH.

V3.CnoxHocTs B

peanu3alnuy MeTo/1a.

V4. IlonHoe oTcyTcTBHE

crpoca.

WHTEPAKTUBHOW MaTPHUIIbI
npoekTa noiyieid «CuibHbIe
CTOPOHBI U YTPO3bI»:

1. VBennuenue noreHnuana PY
HUPT-T, BO3MOXKHO NMPUBEAET K
MPOJUIEHUIO CpOKa
AKCIUTyaTalyH.

2. CoBpeMEHHbIE TEH/ICHLIUU B
pa3BUTHE MEIUITUHBI TIO3BOJISTIOT
ceNaTh BBIBOJ, UTO CIPOC Ha
MPOAYKT B OyayIem Oyaer
TOJIbKO PACTH.

WHTEPAKTUBHOW MaTPHUIIbI
npoekTa noneit «Crnadbie
CTOPOHBI U YTPO3BI»:

1. Ciio’)xHOCTB M JOPOTOBU3HA
METO/1a SIBJISIOTCS TJIABHBIM
NPENsTCTBUSMH HA IYTH €TI0
pean3aiui.

Takum oOpazom, BeimosHUB SWOT-aHanm3 MOXKHO ceiaTh BBIBOJ, YTO Ha

JaHHBII MOMEHT MPEUMYLIECTBA pa3pad0TaHHONW MOJEIN 3HAYUTEIbHO NPeo0IaiaoT
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HaJ €€ HejpocTaTKaMu. Bee nmeromuecs HeCOBEPLIIEHCTBA MOXKHO JIETKO YCTPaHUTB,

BOCITIOJIB30BABIINCH IIEPCUYNCICHHBIMU BbIIIC BO3MOKHOCTAMMU.

3.4 HJIaHI/IpOBaHl/Ie yYunpaBJjJdceHUSA HAYYHO-TEXHUYICCKUM ITPOCKTOM

3.4.1 Uepapxuyeckasi CTPYKTypa padoT nmpoexra

Hepapxuueckass ctpykrypa pador (MCP) — peranusanus yKpynmHEHHOU
CTpyKTyphl pabot. B mponecce coznanuss UCP cTpykTypupyercs U omnpenensercs

colepxkaHue Bcero mnpoekra. Ha pucyHke 12 mpexacraBieHa uepapxuyeckas

CTPYKTypa padoT.
BrimyckHas
KEAMHG HEALMOHHAR
paGota
|
| | | | |
PazpaboTka BriGop TeopeTH¥eckHe i OfolmeHne _ | Odopunenne
TeXHHYLCKOTO — HanpapmeHHs — IKCIEPHMEHTATEHEIE — M OLeHKa oT4éta no HIP
TAMANIA HCCNEnOBAHNS HCCMenoBaHINA PE3YNBETATOR
HH
CocTaBmeHHe 1t IMoaGop 1 ; O eMeHHe S
- Oop Hayueme preid | noscHHTENEHO
YIBEp®IOSHIE | | m3y4aeHne || pomaoxmoCTED |_|uenecoofpazsHocTi SAMICKH
TeXHHYSCKOT O MATEPHATOR pﬂC‘iE-THU-fI NpoBeNeHHA
3a0aHNA Mo TesMe MOTETH HCCHEA0BAHNA
A Mpogepka
OueHka NpaBIEHOCTH
KanenoapHoe OceosHue pdexTHEHOCTH — BrmomHenns TOCTa
 muaHMpoBaHHe | | MEeTOIHEH L
Paﬁmgr pacusra MOMY4eHHBIX ““”E::ﬁz’;h“m
Pe3VALTATOR
|| [Ipoeenenue || Moarotoska
paciacIos K 3ammTe
Anamiz
| MOMTYYEHHBIX
OaHHEIX

Pucynok 12 — Hepapxuueckas cTpykTypa padboT

3.4.2 KoHTpoJibHBbIE COOBITHS IPOEKTA

KaroueBnie cOOBITHS HCCIICAOBATCIILCKOTO IPOCKTA, UX OAaTbl U PC3YJIbTAThI

MPUBEICHBI B Ta0IHIIE 6.
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Tabmuua 6 — KoHTponbHbIE COOBITUS TPOEKTA

Ne KonrtponsHoe cobbiTre Hara Pe3yHLT?T
(moaTBepKAAFONTUN JOKYMEHT)
Pazpabotka
1 TEXHUUYECKOTO 3aJaHMsI 1.02.2017 ITpuxaz no ®TU
"Ha HUP
Cocranenne u 3azaHue Ha BLITOJIHEHUE
2 YTBEPKJICHUE 3.02.2017 a
HCCIIENOBAHUS
TEXHUYECKOI0 3aJaHusl
3 Br16op HaHpaBJ‘IevHI/IH 5.02.2017
HCCIIENOBAHUN
4 [on0op u usysenme 10.02.2017 Oruér
MaTEpUaJIoB M0 TEMe
5 Kanennapuoe 12.02.2017 Tian pabor
IUIAaHUPOBAHUE PadOT
N3yuenue
6 BO3MOKHOCTEHN 13.02.2017 Otuér
pacuéTHOM MOCIH
7 AN 14.02.2017 Oruér
pacuéra Ha MpaKTUKe
8 IIpoBenenue pacuéroB 15.02.2017- Otuér
POBEICHIE p 30.03.2017
9 AHaIH3 MOy 4CHHBIX 28.03.2017 Otuér
JTAHHBIX
10 Obobmenue u onerxa 30.03.2017 OTuéT
pe3yNIbTaTOB
11 CocraBiieHue 14.02.2017- n
MOSCHUTEIBHON 3aIUCKHU 25.04.2017 OACHUTCIILHAA 3aTHCka
[IpoBepka
MPABWILHOCTH
12 BeimonHenus ['OCTa 26.04.2017
MOSICHUTEILHOHN 3aIIUCKH
13 H 27.04.2017-
OJITOTOBKA K 3aIlUTE 25 05.2017
3.4.3 [li1an npoekTa
B paMKax IIJIAHUPOBAHUA HCCIICA0BATCIIBCKOI'O IIPOCKTAa IIOCTPOCH

KaJICHOApHbId TUlaH-rpaduK ¢ momollblo nuarpammbl ['anta. B nanHOM ciydae
paboThl MO TeMe TMPEACTABISIIOTCA NPOTSKEHHBIMM BO BPEMEHU OTpe3Kami,
XapaKTEPHUIYIOMIUMUCS JaTaMU Havyalla 1 OKOHYAHUsI BRITOTHEHUS padoT [13].

JIuneitHplil rpaduk npeacTaBieH B Ta0IuLE S.
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Tabmuua 7 — KanenaapHslil man mpoekTa

Kon
paboThI

Hazsanue

JMTenbHOCTD,
JTHU

ara Hauana
pabor

JlaTa
OKOHYaHUS
pabor

Cocras
YYaCTHUKOB

Pa3paborka
TEXHHYECKOTO
3aaHus

1.02.2017

3.02.2017

PykoBoautenn

CocraBnenune u
YTBEPKJICHHE
TEXHUYECKOTO
3aJJaHUs

3.02.2017

5.02.2017

PykoBoautenn

Bri6op
HarpaBJICHUs
HUCCIIETOBAHUN

5.02.2017

10.02.2017

PykoBoaurens,
CTYACHT

[Ton6op n
W3yuCHHE
MaTepHaJIoB IO
TeMe

10.02.2017

12.02.2017

Crynent

Kanennapnoe
IJITAaHUPOBaHUE
pabor

12.02.2017

13.02.2017

PykoBoautens,
CTYJIEHT

N3yuenue
BO3MOKHOCTEN
pacuE€THOU
MOJEIIH

13.02.2017

14.02.2017

Crynent

OcBoeHue
METOIUKU
pacuéra Ha
MIPaKTHUKE

14.02.2017

14.02.2017

Crynent

IIposBenenune
pacu€ToB

45

15.02.2017

30.03.2017

Crynent

Anamus
MOJIy4YEHHBIX
JTAaHHBIX

28.03.2017

30.03.2017

Crynent

10

O0600111eH1E U
OLICHKA
pe3yIbTaTOB

30.03.2017

30.03.2017

PykoBogurens,
CTYJIEHT

11

CocraBiienue
HOSICHUTEJIHLHON
3aIUCKH

72

14.02.2017

25.04.2017

Crynent

12

IIpoBepka
MPaBWILHOCTH
BBITTOJTHEHUS
I'OCTa
MOSCHUTEIbHOMN
3aIUCKHA

26.04.2017

27.04.2017

PykoBoaurens,
CTYACHT

13

Iloxroroska k
3aInTe

29

27.04.2017

25.05.2017

Crynent

HAayYHOI'O UCCJICIOBAHUNA.

B rtabmume 8 mpencTaBieH KaJeHIApHBIN

iaH-TpaduK MPOBEACHUS
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Tabmuua 8 — Kanenaapuslii mian-rpaduk MpoBeIeHUs] HAYyYHOT'O UCCIICI0OBAHUS

Ne
pabo
T

Bun pabor

Ucnonuurenu

TK1
KaJ.oH

HpOI{OJI)I(I/ITeHLHOCTB BBIITOJIHCHU A pa60T

®epan

b Maprt

Anpenb

Maiu

Hron
b

1

213|123

1

2

3

1

2

3

1]2

Pa3zpaboTtka
TEXHHYECKOTO
3aJJaHHs

PykoBogurens

CocraBienue
u
YTBEPXKIACHUE
TEXHHYECKOIO
3aJaHUs

PykoBogurens

Br16op
HarpaBJIeHUs
HUCCIEe0BAaHUN

PykoBoautenn

CTYACHT

[TonGop n
U3y4deHUE
MaTepuaioB
10 TeMe

CryneHt

m W Z

Kanennapnoe
IJIaHUPOBAHUE
pabor

PykoBoaurens
, CTYZIEHT

7

N3yuenue
BO3MOKHOCTEH
pacu€rHou
MOJACIIN

Crynent

OcBoeHue
METOANKHU
pacuéra Ha
MIPaKTHUKE

Crynenr

IIpoBeneHue
pacy€ToB

CryneHt

45

Anamms
MOJIYYEHHBIX
JAaHHBIX

CryneHt

10

O06o061IEHNE U
OLIEHKA
pe3yJIbTaToB

PykoBogurens
, CTYZCHT

71l

11

CocraBiieHue
[MOSICHUTENBHO
U 3aIMCKU

CryneHt

72

12

IIposepka
MIPaBUIILHOCTH
BBITIOJTHEHUS
I'OCTa
MOSICHUTEIIBHO
1 3aIHCKHU

PykoBogurens
, CTYZAEHT
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[Iponomxenne TaOIUIHI 8

\ 13 | Moaroroska k 3ammre | Cryment |29 | [ | [ | | | | \__[

— PykoBoauresinb . — CrymeHT

3.5 BokeT HAY4YHOTr0 HCCJe10BaHUs

[Ipy nnaHupoBaHUM OMOJKETAa HUCCIEIOBAHMS JIOJKHO OBITh OOECeueHo
MOJIHOE U JOCTOBEPHOE OTPAKEHHE BCEX BHJOB pPAaCXOJO0B, CBS3aHHBIX C €ro
BbINIOJHEHHEM. B mpornecce ¢opmupoBaHusi OrojKeTa HCIHOIb3YETCS ClEIyroIas
IpyNIMPOBKA 3aTPAT MO CTAThSIM:

—  MaTepHalibHbIE 3aTPaThl;

— 3arpaThl Ha  CHOEUUMaJbHOE  OOOpYyIOBaHME [  HAYYHBIX
(9KCTIepUMEHTANBHBIX ) padoT;

—  OCHOBHas 3apa0oTHAas IUIaTa UCIIOJHUTENEH TEMBI;

—  JIONOJIHUTEJIbHAS 3apa00THAs IIaTa UCIIOJHUTENEH TEMBI;

—  OTYHUCJIEHHUS BO BHEOIOKETHBIE (DOHBI (CTPAXOBbIE OTYUCIICHHUS);

—  HaKJIaJHBIC PACXOJBbI.
3.5.1 Pacuér maTepuaJIbHBIX 3aTPaT

PacdeT MaTepHaNbHBIX 3aTpaT OCYILECTBIISETCS 10 CIEAyIomel hopmye:
m
3u=Q+kr)- lel ) Npacxi ,
i=1
rae M — KOJMYECTBO BHJIOB MATEPHAIBHBIX DPECYPCOB, IMOTPEOISIEMBIX IPH
BBIIIOJIHCHUH HAYYHOI'O UCCIICIOBAHMA
Npacxi — KOJIMYECTBO MATEPHAIIBHBIX PECYPCOB i-r0 BUJA, IUTAHUPYEMBIX K
HCIIOJIb30BAHUTO ITPU BBIMTOJIHCHUH HAYYHOT'O UCCICAOBAHUA (IHT., KI', M, M2 J51 TI[),
I]; — ueHa pHOOPETEHUS €AMHKIBI I-TO BHAa MOTPEOIIEMBIX MaTepHaIbHBIX

pecypcos (py6./wrt., py6./KT, py6./™m, py6./M° 1 T.1.);
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K7— KO3 GUIIUEHT, YIUTHIBAIONTNN TPAHCTIOPTHO-3arOTOBUTEIIBHBIE PACXO/IBI,
npyUHUMaroTcd B npeaenax 15 — 25 % oT cTouMoCcTH MaTepHaIIoB.

OCHOBHBIMHM 3aTpaTamMH B JAHHOW HCCIEAOBATENIbCKOM paboTe SBIAIOTCS
3aTpaThl Ha OJJEKTPOIHEPIHMIO HAa KOMIIBIOTED M MNPHOOpETEeHHE KaHLEISIPCKUX
TOBapoB. Pe3ynbTarhl pacué€ToB Mo 3aTpaTaM Ha MaTepuaibl IPUBEICHBI B TA0IUIE 9.
3aTpathl Ha 3JEKTPOIHEPTUIO PACCUUTHIBAIOTCS MO (hopmyIe:

C=I,; P F,=5,8-0,5-960=2784,
rae  [[,,— tapud Ha NPOMBIIUICHHYIO 3JIeKTpodHepruto (5,8 py6. 3a 1 kBt u);
P — MoutHocTh 000pynoBanus, kBT;
Fo.s — Bpems ucronb3oBaHusi 000pyA0BaHUA, Y.

3arpaThl Ha SIEKTPOIHEPTHUIO COCTABUWIH 2784 pyOs.

Tabnuia 9 — MarepuaiabHbIC 3aTPaThl

HaunmenoBanue Enununet usmepenust | KonuuectBo | Llena 3a enunmuiy, pyo. | Cymma, pyo.

DIIEeKTPOIHEPTUS kBT9 480 58 2784
Bymara LT 110 0,90 99
[leuats Ha aucre A4 T 110 15 165
Pyuka T 1 50 50

JlocTyn B UHTEpHET MecHll 4 350 1400

3arpatsl Ha [1K MeCSII] 4 40000 40000

Bcero 3a marepuainsl 44498

TpaHcnOpTHO-3arO0TOBUTENHHBIE PACXOIBI 0
Hroro o crarse C,, 44498

3.5.2 OcHoBHas1 3apa00THAs MJIATA UCTIOJTHUTEIEH TeMbI

CraTtbsi  BKJIIOYA€T  OCHOBHYIO  3apa0OTHyH  IjaTy  paOOTHHUKOB,
HETIOCPEICTBEHHO 3aHATHIX BBIMOJHEHWEM MPOEKTa, (BKIIOYAs MPEMUH, AOTUIATHI) U

JIOTIOJTHUTEIBHYIO 3apa0O0THYIO IIJIATY.
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CSH = 3OCH + 3,[[01'[!
A€ 3. — OCHOBHAS 3apabOTHAs IJIaTa;
30n — NOTIOJTHUTENBHAS 3apab0THAs IJ1aTa.
OcHoBHast 3apabotHass 1ata (3ocu) PYKOBOIAUTENS PACCUUTHIBAETCA 10
cieaymwlieit hopmyie:
3OCH = 3,HH ) Tpa6a
rae 3. — OCHOBHAS 3apabOTHAs IUIaTa OJTHOTO PabOTHHUKA,
Thas — TPONOIDKUTEIBHOCTH  pabOT,  BBINOJHAEMBIX  HAyYHO-TEXHHMYECKHM
pabOTHUKOM, pad.JH.
3. — CpeaHeIHEBHAs 3apa0oTHAas IJ1aTa pabOTHUKA, PYyO.
CpennenneBHas 3apaboTHas TUIaTa pacCUUTHIBACTCS 110 (hopMyIIe
3u=0Bu M) IF,
rie 3, — MECSYHBIN JOJDKHOCTHOU OKJIaJl paOOTHHKA, PYO.;
M — KOIM4eCTBO MecAIeB pabOTHl O€3 OTITyCKa B TEUCHHUE T0J1a:
—  1pu otiycke B 24 pad.nua M =11,2 Mecdua, 5S-aHeBHas HeAes;
—  mpu otirycke B 48 pa6.aaeit M=10,4 mecsna, 6-1HEBHAs HEACIS;
F. — nelicTBUTENnbHBI Tro0BOM (POHI padoyero BpPEMEHU HAyYHO-TEXHUYECKOTO

nepconana, pad.ad. (tadbmuia 10).

Tabmuna 10 — bananc pabouero BpemeHu

[Tokazarenu paboyero BpeMeHu PyxoBonutens | CTyneHT

Kanennapnoe uucno guei 365 365

KonuyecTBo Hepabouux aHEH:
- BBIXOJIHBIC JHU, 52 104

- Mpa3/IHUYHbIE THU 14 14

[Torepu paboyero BpeMeHU:
— OTITYCK; 48 24

- HEBBIXOBI 110 00JIE3HN - —

JlelicTBuTEeNnbHBIN T010BOM (OH] pabouero BpeMeHH 251 223

CryneHT BO BpeMsl MNPOXOXKACHUS NPEAJAUIUIOMHOW MPAKTUKHU MOJy4aeT
CTUTICHIIUIO, paBHyl 2275 py6/mecsn. CpennenHeBHass cTuneHaus (oruiara)

COCTaBJIACT:
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3w =(2275-11,2) /223 = 114,26 py0/neHs.

OcHOBHOI 3apa00OTOK CTyJeHTa 3a BpEeMsS MPEIAUILUIOMHON MPAKTHKU

COCTABJISICT:
3oen = 114,26 - 30 = 3427,8 pyO.

OcHoBHas 3apaboTHasl MJilaTa HAYYHOTO PYKOBOJMUTENS PACCUUTHIBACTCS Ha
OCHOBaHUHU OTpacieBOM oruiaTel Tpyaa. OtpacneBas cucrema omiarsl Tpyaa B TITY
MpearosaraeT Caeayomnuid COCTaB 3apad0THOM TIIaTHI:

—  oknax — onpexnernsiercs npeanpustuem. B TIIY oxmaael pactpenaeieHsl B
COOTBETCTBHUM C 3aHMMAEMbIMU JOJDKHOCTSMH, HAlpPUMEp, AacCCUCTEHT, CT.
npenojaBarelb, JOIEHT, mpodeccop.

—  CTUMYJIUPYIOIIHME BBIJIATBI — YCTAHABIMBAIOTCS PYKOBOJIUTEIEM
noApazneiaeHuid  3a  A(PQPEeKTUBHBIA  TPYJ, BBINOJHEHUE  JOMOJHUTEIbHBIX
00s13aHHOCTEH U T.J.

—  WHBIC BBIIUIATHI: pailOHHBIN KOYPDUIIUEHT.

PykoBoauTeneM JaHHOW HAy4YHO-HUCCIIEIOBATEIILCKOM palOOThl  SABJISIETCS
COTPYJIHUK C JIOJDKHOCTBIO fTo1ieHT. Oxian noreHTa cocrapiser 31000 pyOneit.

Han6aBku k 3apabotHoii muiate coctapiisitor 10000 pyOneit, Takxe pailoOHHBIN
koaddurment mo Tomcky paseH 1,3.

OcHoBHas 3apaboTHas MJIaTa HAYYHOTO PYKOBOIUTEIIS:

3o = 31000 - 1,3 + 10000 = 50300py6 / mecsir.

CpennenneBHas 3apab0OTHas MIaTa HAYYHOT'O PYKOBOIUTEIIS:

3, =(50300 - 10,4) /251 =2084,14py6 / neHb.
3.5.3 lonosiHuTeIbHASI 3apadOTHAS IJIATA UCIOJTHUTEJIE TeMbI

3arpaThl 1O JOMOJHUTEIBHON 3apabOTHOM IUIaTe MCIOJHUTEICH TeMbI
YUYUTBIBAIOT BEJIIMYUHY IMPEAYCMOTPEHHBIX TpynoBbiM kouekcoM Pd nomnar 3a
OTKJIOHEHWE OT HOPMAJbHBIX YCJIOBUW TpyJa, a TakKK€ BBIILIAT, CBA3AHHBIX C

obecricueHUEM TapaHTUH U KOMIICHCAITHH.
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JlomonHuTenbHAs 3apab0THAsI TIIaTa paccuuThiBaeTcsa ucxonsd uz 10 — 15 %
OT OCHOBHOHM 3apa0OTHOH IUIaThl PaOOTHHUKOB, HETMOCPEICTBEHHO YYAaCTBYIOIIUX B
BBITIOJTHEHUH TEMBI:

Bz(on = kz[on " Bocus

rae  3non — JIONOJIHUTEIbHAS 3apa0boTHAs 11ata, pyo.;
Kyon — KOO GUIMEHT TOTOTHUTEIIBHOM 3apab0THO# IJ1aThI;
3ocx — OCHOBHasI 3apaboTHas 11aTa, pyo.

[Tpumem ko3P HUIMEHT TOMOJHHUTEIBHON 3apaOoTHOM maThl paBHBIM 0,15
It HaydHoro pykoBojutens u 0,1 mma crynenra. Pe3ynprarsl pacuéra OCHOBHOU U
JOTIOJTHUTENBHOW 3apa0OTHOM IUIaThl HMCIOJHHUTENEH HAyYHOI'O MCCIEI0BAHUS

npejcTaBiieHbl B Tabuie 11.

Ta6muma 11 — 3apaboTHas TuIaTa UCIIOTHUTENCH HCCIIEI0BATEIBCKON pabOThI

3apaboTHas 1uiara, pyo. PykoBonuTens CryneHt
OcHoBHas 3apruiaTa 50300 3427,8
JlonomHuTeIBHAS 3apIiiaTa 7545 342,78
3apruiata UCIOTHUTEIIS 57845 3770,58
Htoro o cratbe Cyy 61615,58

3.5.4 OTuHnciaeHusi BO BHeOKW/KeTHbIe (GOoHIbI

Pasmep oTuncnenuii Bo BHEOOKeTHBIE (hOHABI cocTaBiseT 30 % OT cyMMBbI
3aTpar Ha OIUlaTy TpyJa paOOTHUKOB, HEMOCPEACTBEHHO 3aHATHIX BBIOJIHEHHUEM
HCCIIeIOBATEILCKOM pabOTHI.

Benuunna otunciiennii BO BHEOOHKETHBIE (OHIBI ONPEISTACTCS UCXOs U3
cieayronieit GopmyJb:

CBH66 = kBHeG : (3001{ + 3)]01'[)!
rIe Kenes — KOI(D(PHUIIMEHT OTYUCIICHUI Ha YIUIaTy BO BHEOIO/HKETHBIC (POHIBI
(mencuonnbId HoHA, HOH 003aTEITHPHOTO METUIIMHCKOTO CTPAXOBAHUS U TIP.).
Benuunna oturciieHuit Bo BHEOIOKETHBIC (DOHJIBI COCTABIISICT:

Cones = 0,3 (50300 + 7545) = 17353,5 pyb.
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3.5.5 HaksnagHble pacxoabl

B 5Ty crarbio BKIIOYAIOTCS 3aTpaThl HA YIPABJICHUE U XO3SUCTBEHHOE
o0cITy>)KMBaHHUE, KOTOPbIE MOTYT OBITh OTHECEHBI HEIOCPEJCTBEHHO Ha KOHKPETHYIO
temy. KpoMe TOro, crojja OTHOCSTCS pacXOibl MO COJIEPAKAHUIO, IKCIUTyaTallud U
PEMOHTY 000pYyIOBaHUS, MPOU3BOJACTBEHHOTO WHCTPYMEHTA M WHBEHTAps, 3[aHUMH,
COOPY>KECHUH U JIp.

Pacuet HaknagHBIX pacxoJ0B BEAETCA MO ciaeayroniei Gpopmyne:

CHaKJ'I = kHaKJ'[ ) (3OCH + 3/:[01'[);
e Kyuo — KOODGUIMEHT HAKITATHBIX PACXOJIOB.

Hakmamueie pacxonst B TITY cocraBmsitor 25-35 % OT CyMMBI OCHOBHOW U
JIOTIOJITHUTEIPHOW 3apIiiaThl paOOTHHKOB, YYAacCTBYIOIIMX B BBIMOJHEHUH TEMBI.
[TpumeM Kia, = 30 %.

HaxnanHbie pacxo/ibl COCTABJISIOT:

Cha: = 0,3 - (50300 + 7545) = 17353,5 pyO.
3.5.6 ®opMupoBaHue 0I0KeTA 3aTPAT UCCJIEA0BATEIHLCKOI0 MPOEKTA

PaccuntanHas BenuuMHA 3aTpaT  HAYYHO-UCCIENOBATEIbCKOW  pabOThI
ABJIIETCSI OCHOBOM Juisi (hOpMHpOBaHHUs OOJKETa 3aTpaT MPOEKTa, KOTOPbIA HpH
(GopMHUpPOBAHHUN [IOTOBOpPA C 3aKA3YMKOM 3alIMINAETCs HAay4yHOM opraHusaiue B
KaueCTBE HMYKHETO Mpeelia 3aTpat Ha pa3paboTKy HAyYHO-TEXHUYECKOU MPOTYKIIHMH.

Omnpenenenue OroKeTa 3aTpaT Ha HAay4YHO-HCCIIEAOBATEIbCKUN MPOEKT IO

KaKJIOMY BapUaHTy UCIIOJIHEHHUSI PUBEJIEH B Tabmnuie 12.

Tabmuua 12 — Pacuér GrojkeTa 3aTpar Hcciae10BaTelbCKOro MpoeKTa

HaumenoBanue cratbu Cymma, py0
1. MarepuaiibHble 3aTpaThl UCCIIEIOBAHUS 44498
2. 3aTpaThl IO OCHOBHO 3apa0OTHOM MIIaTe UCTIOTHUTETIEH TeMbI 53727,8
3. 3arpaThl 1O JOMOIHUTEIHHOM 3apaOO0THOM IJIaTe UCTIOTHUTENEH TEMBI 7887,78
4. OT4rcIeHus] BO BHEOIOKETHBIE (DOH/TBI 17353,5
5. HaknanHble pacxompl 17353,5
Bromxer 3aTpar uccnegoBaHus 140819,78
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3.6 OpraHu3auMoOHHAsl CTPYKTYPa MPOEeKTa

OpranuzaiiioHHasi CTPYKTypa MOpPOEKTa MPEJCTaBIsSIET COO0OM BpPEMEHHOE
CTPYKTypHOE 00pa3oBaHMe, CO37aBaeMoe ISl JIOCTUKEHUSI MOCTABICHHBIX LIEJeH U
3a/lady MpOEeKTa M BKIIOYArolee B ceOsi BCEX YYACTHUKOB TPOIECCa BBIMOJHEHUS
paboT Ha Ka)XJ0M JTarle.

JlanHO¥ uMccnenoBaTeNbckol pabdoTe COOTBETCTBYET (DYHKIIMOHAJIbHAsS
CTpyKTypa opranu3auuu. To ecTb opraHu3aius padodyero mnpouecca BBICTPOEHA
MEPApXMUECKU: Y KaXJOr0 Yy4YyacTHHKAa TMPOEKTa €CTh HEMOCPEICTBEHHBIM
PYKOBOJMTEINb, COTPYIHHUKH pa3/elieHbl MO OOJacTsIM CHeluain3aliu, KaxKIou
TPYIINONA PYKOBOJUT KOMIETEHTHBIN CIEHMATUCT (PYHKIIMOHAIHBIA PYKOBOJIUTEND).

OpranuzaimoHHass CTPyKTypa HAy4YHOrO IIPOEKTa IMpEJCTaBlI€Ha Ha

pUCYHKE3.

Hay4Hb1i
PYKOBOIHTENE
Koopouaupyromas
rpyIma
|
KoncyneTanr pasnena
«DHHAHCOBLIH MeHeTKMEHT, KoHcyneTaHT paznena KonHcynsTaHT mo
pecypcoadheKTHEHOCTD H «COLHANTLHAA OTBETCTBEHHOCTEY A3BIKOBOMY pa3Iery
pecypcociepeiKeHHe
HCcnomMHHTENE:
CTYIEHT

Pucynok 13 — Opranu3zannonsas cTpyKTypa Hay4YHOT'O IPOEKTa

46



3.7 MaTpuiia 0TBETCTBEHHOCTH

CreneHp OTBETCTBEHHOCTHM KaXIOrO 4Yj€HAa KOMaHAbl 3a IPUHATHIE
IIOJITHOMOYHS  PETJIAMEHTHUPYETCSl ~ MATpULIEM  OTBETCTBEHHOCTHM.  Marpuna
OTBETCTBEHHOCTH JJAHHOI'O IIPOEKTa IpeicTaBjieHa B Tabuuue 13.

Ta6mmma 13 — Matpuiia OTBETCTBEHHOCTH

OraInel IpoeKTa

Hayunebrit
PYKOBOIUTEITb
Koncynbrant
paznena
«DUHAHCOBBII
MEHEKMEHT)
Koncynbrant
paznena
«ColI0TBETCTBEHH
OCTb»
KoncynbTant o
SI3BIKOBOMY
pazneny
CryneHt

P3.3p36 OTKa TCXHHUYCCKOI'O 3aJaHusA

CocraBieHre U yTBEpKI€HUE
TEXHHYECKOTO 33JJaHUs

Bo160p HanpaBieHus ucciaen0BaHul

[TonGop u u3yyeHne MaTepraioB Mo
TeMe

ol a |o O O

KayienapHoe miaHupoBaHue padboT

N3yueHue BO3BMOXKHOCTEN pacu€THOMN
MOJEIU

OcBoeHME METOIMKH pacuéra Ha
IIPaKTHUKE

[IpoBeneHune pacu€ToB

olle)

Amnanus IMMOJIYYCHHBIX TaHHBIX

BeinosHeHue olleHKH
pecypcorhPeKTUBHOCTH U C
pecypcocOepexeHus

= IR R EREE

Brinonnenue paszaena 1no COnaabHON
OTBETCTBEHHOCTH

BrimonHeHue nepeBoia yactu paboThl
Ha aHTJIUUCKUH SI3BIK

O060011eHNE U OLIEHKA Pe3yJIbTaTOB

CocTaBiicHHE TTOSACHUTEIIFHOM 3aITHCKH

[TpoBepka mpaBUILHOCTH BHITIOTHEHUS
I'OCTa noscHATENbHOMN 3aINCKH

ol a Ot
SR EREE N

ITogroroBka Kk 3aiiuTe

CremneHb y4acTHsi B IPOCKTE XapaKTePU3YETCs CISAYIOIIUM 00pa3oM:
—  otBercTBeHHbIN (O) — IMI10, OTBEUAIOIIEE 32 peaanu3aliio dTarna MpoeKTa

Y KOHTPOJIMPYIOLLEE €ro XOI;
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— ucnonuurenb (M) — nuno (Jvia), BBIIONHSIOMIME PadOThl B pamMKax
JTamna NpoeKTa.

— yrBepxkpatomee nuio (Y) — JUI0, OCYHIECTBISIONIEE YTBEPKICHUE
pe3ynbTaTOB 3Tala MPOEKTa (€M ATAl MpelyCMaTPUBAET YTBEPKICHUE);

—  cornacyromiee auno (C) — Ui, OCyIIeCTBISIONIEE aHAIU3 PEe3yIbTaTOB
MPOEKTA U YYACTBYIOIIEE B MPUHATUU PEIICHUS O COOTBETCTBUU PE3YyJbTATOB 3Tara

TpeOOBaAHUSIM.

3.8 Onmnpenenenune pecypcHoii (pecypcocOeperawuieii), ¢GpuHAHCOBOIA,

OI0I’KEeTHOI, CONMATBHON U IKOHOMUYECKOH 3P (PeKTUBHOCTH HCCIeTOBAHUSA

Onpenenenne  3¢Q(EKTUBHOCTH  MPOMCXOJAUT HA  OCHOBE  pacyeTa
MHTErpaJbHOTO  TMOKas3aTenss A(Q@PEeKTUBHOCTH HayyHOro wucciefgoBanus. Ero
HAaXOXKJEHUE CBSA3aHO C OINPEACICHHEM [BYX CPEIHEB3BEIICHHBIX BEIUYUH:
¢dbuHaHCcOBOM 3P HEKTUBHOCTH U pecypcIDPEKTUBHOCTH.

WNuTterpanbHblii  mokazarenb  (puHAHCOBOM  3((PEKTUBHOCTH  HAYYHOI'O
UCCIIEIOBaHMsI TOJy4yaloT B XOJI€ OLEHKU OrokeTa 3arpar Tpex (wim Oolee)
BApUAHTOB WCIOJHEHUSI HAy4yHOTO wucchefaoBanust (cMm. Tabn. 14). Jlns atoro
HauOOJbIIMN HWHTErPAJIbHBIA TOKa3aTellb peaju3allid TEXHUYECKOW 3ajauu
npuHUMaeTcss 3a 0a3y pacuera (Kak 3HAMEHaTeNlb), C KOTOPBIM COOTHOCHUTCS
(MHaHCOBbIE 3HAYEHUS IO BCEM BapHaHTaM HCIOJHEHUS.

NurterpanbHbiii GUHAHCOBBIN MTOKa3aTEIb Pa3padOTKU OMPEACIISAETCS:

| ucn.i Qpi
umnp — :
®maX
re | g, — MHTErPaNbHbIN (PUHAHCOBBII OKa3aTeNb pa3paboTKy;

@, — CTOUMOCTb i-TO BapHaHTa UCIIOTHCHUS;
Dmax — MaKCUMaJIbHasi CTOMMOCTh HUCIIOJHEHUS] HAyYHO-UCCIIEA0BaTEIbCKOTO

MpOeKTa (B T.4. aHAJIOTH).
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[TomydyeHHass  BeIMYMHA  WHTETPAIBHOTO  (DMHAHCOBOTO  TIOKA3aTels
pa3pabOTKN OTpakaeT COOTBETCTBYIOIIEE UMCICHHOE YBEIMYECHHE OIO/KETa 3aTpar
pa3paboTku B pazax (3HaueHHWe OOJbIIe EIUHHIBI), JHUOO COOTBETCTBYIOIIESE
YUCJICHHOE YCIICBIICHHE CTOMMOCTH pa3paboTKu B paszax (3HAYCHHE MEHBIIE
SIUHUIIBI, HO OOJIBIIE HYJIA).

Tak kak pa3pa60TKa HNMCCT OJHO HUCIIOJIHCHHC, TO

@, _140819,78
140819,78

p

d)qu:®

max

]_IJ'ISI AaHaJIOT'OB COOTBCTCTBCHHO.

@, _ 21404607 o o _ Pu 19202310
140819,78

Ial

toal = 14081978 0 Ml @

maX

max
WNuTerpanbHbiil mokazarenab pecypcoddPeKTHBHOCTH BapUaHTOB UCTIOTHEHUS

00bEKTa UCCIIETOBAHUS MOYKHO OTIPEEIUT CIECAYIOINM 00pa3oM:
i =28 by,
rae |, — nHTerpanbHbIA Mokasarenb pecypcodPpGeKTUBHOCTH ISt i-r0 BapuaHTa

UCITOJIHEHHSI pa3pabOTKU;

@, — BECOBOI KOA(PHIIMEHT I-r0 BapuaHTa UCIIOTHEHUS Pa3pabOTKH;
b®,b°— OanpHas omenka i-ro BapuaHTa WUCIOJNHEHUs pa3pabOTKH,

YCTaHABJIMBAETCSI DKCIIEPTHBIM ITyTEM I10 BEIOPaHHOU IIKajie OIlCHUBAHUS;

N — YKCIJIO TapaMETPOB CPABHEHUSI.

Pacuér wuHTErpasbHOro mokaszareias pecypcodP(GEeKTUBHOCTH NpPeICTaBIECH
HIKE.

Ta6n1z1ua 14 — CpaBHI/ITeHBHaﬂ OIICHKA XapaKTCPUCTUK BAPUAHTOB UCIIOJIHCHUSA ITPOCKTA

110 Becosoit
Texymmit AmHarnor | AHanor
KO3 dUIIUEHT
MIPOEKT 1 2

Kpurepun rapaMmeTpa
1. IToBbIIeHHE TPOU3BOIUTENILHOCTH

0,25 5 1 1
TpyJa MoJb30BaTeNs
2. Y100CTBO IKCITTyaTaIuu 0,2 5 5 5
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[Tponomxkenne Tabmaune 14

3. DKOHOMHYHOCTh 0,05 3 5 4
4. HagexxHocTh 0,2 5 5 5
5. 3aKpBITOCTD MOTYYaEMBIX JaHHBIX 0,15 5 5 5
6. IToTpeOHOCTH B MaTepHATIBHBIX pecypcax 0,15 3 5 4
HUTOT'O 1 4,6 4,0 3,8

| =5:0,25 +5-0,2 + 3-0,05 + 5-0,2 + 3-0,15 + 5:0,15 = 4,6;
Amnasior 1 =1.0,25 + 50,2 + 5.0,05 + 5.0,2 + 5-0,15 + 5-0,15 = 4,0;
Amnasor 2 =1.0,25 + 5-0,2 + 4.0,05 + 5.0,2 + 5-0,15 + 4-0,15 = 3,8.

WNurerpanbHbiii  mokaszarenb A(PQPEKTUBHOCTH BApUAHTOB  HUCIIOJIHEHUS

paspaborku (|7 D p) u ananora (15 ) onpenensercs Ha OCHOBAHMU MHTEIPAILHOTO

qbuHaz

nokaszarens pecypcod(p(HEeKTUBHOCTH M MHTETPAIBHOTO (PMHAHCOBOTO ITOKA3aTels 10

dbopmyie:
I p ] I ai
| p — m . qyai _
¢unp — | 7 punai — [ ai
(j)qu qbuHal
B pesynbrare:
Iy 46 al a2
(szll*w = pm :;_46 I;]L;Hal_ !11 40 263 I¢MH02 = 12 :£:2,77.
121 14, 152 12, 137

CpaBHEHHE UHTETPAIBHOIO MOKa3aTeNsl 3PPEKTUBHOCTH TEKYIErO MPOEKTa U
aHAJIOrOB MO3BOJIUT ONPEIETUTh CPABHUTENBbHYIO 3()(PEKTUBHOCTH MPOEKTA.
CpaBuurenbHas 3QPEeKTUBHOCTD MTPOCKTA:
o i
Cp I
Qunai
Pesynbrar BbIYMCIEHUS CpaBHUTEIbHOW 3((EKTUBHOCTH TPOEKTa MU
cpaBHUTEIbHAs A (PEKTUBHOCTH aHAIM3a MPE/ICTaBICHBI B Tabumile 15.

Tabmuua 15 — CpaBHuTenbHas 3pPEKTUBHOCTD Pa3pabOTKU

No [Tokazarenu Amnaror 1 | Ananor 2 | Pazpabotka

1 | MHTerpanbHblii GMHAHCOBBIN IMOKA3aTENb Pa3pabOTKH 1,52 1,37 1
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[Tponomxkenne Tadautel 15

HNuTerpanbHblil mokazaTenb
2 4,0 3,8 4,6
pecypcoadhekTHBHOCTHPA3PAOOTKH

3 | MaTerpanpHbIii moka3aTennb 3 (HEKTHBHOCTH 2,63 2,77 4.6

4 | CpaBauTenbHas 3QGEeKTUBHOCTh BApHAHTOB McoaHeHus | 2,11 2 1

TakuM 00pa3oM, OCHOBBIBASICh Ha OMNpPEACICHUH pecypcocOeperaroei,
dbuHaHCOBOHM, OIOKETHOH, CONMAIBHOM ¥ JIKOHOMHYECKOW d(pdekTuBHOCTH
WCCJICJIOBAHMsI, TMPOBEAsI HEOOXOAMMBIA CPaBHUTEIBHBIA aHAU3, MOXXHO CJIENIaTh

BBIBOJI O TIPEBOCXOCTBE BBHITIOJHEHHOM pa3paOOTKU HAJ aHAIOTaMHU.
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4 ConpajbHaf OTBETCTBEHHOCTH

B coBpeMEHHBIX YCIOBHUSX OJHMM W3 OCHOBHBIX HAaIIPaBJICHUI KOPEHHOTO
yIy4IIeHUs] BCe MpO(UIAKTHYECKOW padOThl MO CHUXKEHUIO MPOU3BOJCTBEHHOTO
TpaBMaTtu3Ma M MPOQPECCHOHATLHON 3a00JIEBAEMOCTH SIBIISIETCS ITOBCEMECTHOE
BHE/IPEHHE KOMIUIEKCHOM CHCTEMBI YIIPABICHHUS OXPAaHOW TpPyJa, TO €CThb IIyTEM
O00BbEIUHEHUSI Pa3pPO3HEHHBIX MEPOIPHUATHI B €IMHYIO CHCTEMY IleJIeHANPAaBICHHBIX
JEWCTBUI HA BCEX YPOBHSX U CTAAUAX MTPOU3BOJICTBEHHOTO MPOIIECCA.

OxpaHa Tpyga — 3TO CHCTEMa 3aKOHOJATENbHBIX,  COIMAIBHO-
HKOHOMHUYECKUX, OPraHU3al[MOHHBIX, TEXHOJIOTMUYECKUX, TUTHEHUYECKUX U JIeueOHO-
npo(UIAKTUYECKMX MEPONPUATUA U CpPEACTB, O00ECHEeUYMBAIOIMIMX O€30MaCHOCTb,
COXpaHEHUE 30pOBbs U PAOOTOCIIOCOOHOCTH YEJIOBEKA B MTPOLIECCE TPY/Ia.

[IpaBuna mo oxpaHe Tpyla M TEXHHKH OE30MAaCHOCTH BBOJATCS B IEIAX
IpeIyNpexIeHNsT HECUACTHBIX CllydyaeB, oOecredeHus Oe30MaCHbIX YCIOBHUH Tpyna
paboTalmuUxX U SABISAIOTCS  00s3aTeNbHBIMH  JJI1  MCHOJHEHUA paOO4YHMH,
PYKOBOJISIIIIUMHU, UHKEHEPHO-TEXHUYECKUMHU PAOOTHUKAMHU.

OnacHbIM MPOU3BOACTBEHHBIM (DAKTOPOM, COTJIACHO, HA3BIBAECTCA TaKON
IPOU3BOJCTBEHHBIN (PAaKTOp, BO3AECUCTBHE KOTOPOTO B ONPEICIIEHHBIX YCIOBHSIX
MPUBOJAT K TPABME WJIU APYTrOMYy BHE3AITHOMY, PE3KOMY YXYIUIEHUIO 3I0POBBSL.

Bpenubim MIPOU3BOJICTBEHHBIM (bakropom Ha3bIBACTCS TaKou
IPOU3BOACTBEHHBI  (hAaKTOp, BO3JACHCTBHE KOTOPOro Ha paboTalolero B
ONMPENENCHHBIX  YCJIOBUSIX MNPUBOAUT K  3a00JIEBAHUIO WM  CHUKEHUIO

TPYJAOCIOCOOHOCTH.

4.1 AHaJIM3 ONMACHBIX U BPeIHbIX POU3BOJACTBEHHBIX (JaKTOPOB

[Ipou3BoaCTBEHHBIE YCIOBHS Ha paboyeM MeCTe XapaKTepU3yIOTCs HATMYHEM
OMACHBIX M BPEIHBIX (HAaKTOPOB, KOTOPHIE KIACCUPUIMPYIOTCS MO TpyIIam

AIIEMEHTOB: (U3UYECKHE, XUMUYECKHE, OMOJOTHUeCKre, TIcuxodu3nonorndeckue. B
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tabnume 16 TpuBenEeHB OCHOBHBIE JJIEMEHTHI IPOU3BOJCTBEHHOIO MpOIlecca,

dbopmupyIOlITHE OMMACHBIC U BPEAHbIC (DaKTOPHI.
Tabmuua 16 — OCHOBHBIE 3J€MEHTHI MPOM3BOJICTBEHHOTO Ipolecca, (GOPMHUPYIOLINE OMAaCHBIE U

BpeIHbIC (PaKTOPHI.

HaunmenoBanue ®AKTOPBI [17]
BU/IOB PadoT u
HopMmatuBHbIe
napamMeTposB
Bpennbie OnacHele JAOKYMEHThI
NMPOU3BOICTBEHHOI0
npouecca
Onekrpuueckuit | ['OCT 12.1.038-82 CCBT.
TOK DnexTpo0e30nacHoCTh
CanlluH 2.2.2/2.4.1340-03
CanurapHo-
Bo3saeiictBue
PaGora ma IIDOBM, SIUAEMHUOJIOTHUECKHE
paauanuu
(yueOHass  ayauTopus — IIpaBUJIa U HOPMATHBBI.
(BY,YBY,CBY u
kadenpsr OIY) «['uruennyeckue TpedOBaHUA
TaK Jiajee)
Kk [I9BM u opranuzanus
paboTh»
[T16 01-03. ITpaBuna
[ToxxapHas MOKapHOU OEe30MacHOCTH B
Poccuiickoit denepanuu.

Ha maructpanTa, paboTaromero Ha KOMIbIOTEPE, BO3ACUCTBYIOT CIEAYIOLINE
(bakTophI:

—  (¢u3MYecKue: TemIeparypa M BIQXHOCTh BO3/yXa; IIyM; CTaTUYECKOE
AIIEKTPUYECTBO; SJIEKTPOMArHUTHOE IT0JI€ HU3KOW YHCTOTHI; OCBEIIEHHOCTD; HATMUNE
U3ITyYCHHUS,

—  TcuXo(hU3MOIOTHIECKHE.

[Tcuxodusnoaorndeckrue onacHbIe U BPEIHBIC MPOU3BOJICTBEHHBIE (haKTOPHI,
enAaTcs Ha: (U3WYECKHE TEepPerpy3kd (CTaTHYEeCKUe, NTWHAMHYECKHE) W HEPBHO-
MICUXUYECKUE Teperpy3ku (yMCTBEHHOE TEpEeHANpssKeHWe, MOHOTOHHOCThH Tpya,

AMOIMOHAJILHBIE TIEPETPY3KH).
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4.2 MeponpusiTUsl IO CHUKEHUIO BpeaHOro Bo3aeiicteusa [I9BM

4.2.1 Opranu3anuOHHbIe MEPONIPUATHS

Bech mepconan o0si3aH 3HATH W CTPOro COONIIOAATH MpaBUiia TEXHUKU
oe3onacHocTu. O0yyeHue mepcoHasa TeXHUKE O€30MacCHOCTH M MPOU3BOJICTBEHHOM
CaHWUTAPUU COCTOUT U3 BBOJHOTO MHCTPYKTAXKA M MHCTPYKTAKa HEMOCPEACTBEHHO Ha
paboueM MecTe OTBETCTBEHHBIM JIMIIOM.

[IpoBepka  3HaHMII  MpaBUA  TEXHUKH  OE30MACHOCTH  MPOBOAUTCS
KBaTU(UKAIIMOHHOW KOMHUCCHUEW WJIM JIMIIOM OTBETCTBEHHBIM 3a padbouee MEcCTo
nocie oOydeHuss Ha pabouem Mecte. [locie dYero coTpyaHUKY NpUCBaMBaETCS
COOTBETCTBYIOIIAsl €r0 3HAHUSAM U OMNBITY Pa0dOThl KBaIM(UKAIMOHHAS TPyIIa IO
TE€XHHUKE 0€30IIaCHOCTHU U BBIJAETCS YAOCTOBEPEHUE CIELMATILHOrO 00pasia.

JIuma, oOcy’>KMBarOIIME 3JIEKTPOYCTAHOBKM HE JOJDKHBI UMETh yBEUHH U
Oone3Hel, MeIAKIKUX POU3BOACTBEHHOM pabore. CoCTOSHHE  340pPOBBSA
YCTAaHABJIMBACTCSI MEIUIHUHCKAM OCBUIETEILCTBOBAHUEM TIEPE] YCTPOMCTBOM Ha

pabory.

4.2.2 TexHuveckue MeponpusTHs

PanmonanpHass miaHupoBKa paboyero Mecrta mpeaycMaTpUBaeT YETKUH
MOPSZAOK U MOCTOSHCTBO pa3MeElIeHUs MPEIMETOB, CPEIICTB TPpyJa U JOKYMEHTAIIUH.

To, uTo TpeOyeTcst A BBIIOJHEHUS PA0OT yalle AOKHO pPAcIoyiaraTbCsi B 30HE

JIETKOM JTOCSATaeMOCTH paboyero MpoCTPaHCTBA, KaK MOKa3aHO HA PUCYHKe 14.
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Pucynok 14 — 30HbI 70CATaEMOCTH PYK B TOPU3OHTAIbHON IIIOCKOCTH:
a — 30Ha MaKCUMaJIbHOM J10CATaeMOCTH PYK; O — 30HA 10CSATaeMOCTH NabLIEB IPU BBITAHYTOH PYKE;
B — 30HA JIETKOM J0CATa€MOCTH JIAJIOHU; T — ONITUMAJIbHOE IIPOCTPAHCTBO JUIsl TpyOOH pydHOM
paloThI; 1 — ONITUMAJIBHOE IPOCTPAHCTBO U1 TOHKOM py4HOI paboThl

OnTuManpHOE pa3MEIleHHe MPEAMETOB TpyJda M JOKYMEHTallUd B 30HAX
JOCSITAEMOCTHU PYK:

—  JHCIUIeH pa3MellaeTcs B 30HE a (B LIEHTPE);

—  KJIaBHaTypa — B 30HE T/,

—  CHUCTEMHBIH OJIOK pa3meniaercs B 30He O (ciieBa);

—  TIPUHTEp HAXOJUTCS B 30HE a (CrpaBa);

—  JIOKYMEHTAallMsl pa3MENIaeTcsl B 30HE JETKOW J1OCATAaEMOCTH JIaJOHU — B
(ceBa) — nuTepaTypa M JOKYMEHTAIlUs, HEOOXoauMasi pH padoTe; B BBIABHUIKHBIX
AIMKaX CTOJIa — JINTEpaTypa, HE UCHOJIb3yeMasl IIOCTOSTHHO.

[Ipy TpoeKTHpOBAaHWK THUCHMEHHOTO CTOJIa JO/DKHBI OBITH  yYTCHBI
CleayroIe TpeOOBaHMs.

Bricota pabodeil MOBEpXHOCTH CTOJa PEKOMEHAyeTcsl B mpenenax 680-—
800 mm. BricoTa paGoueli mOBEPXHOCTH, Ha KOTOPYIO YCTAHABJIMBAETCS KJIaBUATYpa,
noipkHa ObITh 650 MM. Paboumit cton momkeH ObITh mmpuHON He meHee 700 MM U
nnuHoit He MeHee 1400 mM. J[OKHO MMETBhCA MPOCTPAHCTBO MJII HOT BBICOTOM HE
meHee 600 MM, mupuHoit — He mMeHee 500 MM, TITyOMHOW Ha ypOBHE KOJEH — HE

MeHee 450 MM 1 Ha ypOBHE BBITSHYTBIX HOT — HE MeHee 650 Mm.
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Pabouee kpeciao HOKHO OBITH MOABEMHO-TIOBOPOTHBIM U PETYIUPYEMBIM 10
BBICOTE M yIJaM HAKJIOHA CHJIEHbS U CIIHMHKH, & TaKXe PACCTOSHUIO CHOUHKU 0
MEepPEeIHET0 Kpasi CUIeHbs. PekoMeHyeTcst BhICOTa CUIIEHbs Hajl ypoBHEM moia 420—
550 mm. Konctpykius pabodero kpecia J0HKHA 00ECeunBaTh: UPUHY U TIIyOUHY
MOBEPXHOCTU cujeHbsi He MeHee 400 MM; MOBEPXHOCTh CHACHBS C 3ariIyOJIEHHBIM
NepPEeTHUM KPaeM.

Monutop A0mKEeH OBITh pacrmojioKeH Ha YpPOBHE IJia3 orepaTopa Ha
paccrosinuu 500-600 mm. CorjacHo HOpMaMm, YroJjl HaOJIIOJEHUSI B TOPU3OHTAILHON
ILIOCKOCTH JJOJDKEH ObITh He Gonee 45° k HopMam skpana. JIydire eciau yron 063opa
6ymer coctaBmath 30°. KpoMe TOro momKkHa GBITH BO3MOKHOCTb BHIOHPATh YPOBEH
KOHTPAaCTHOCTHU U SIPKOCTU U300pakeHUs Ha IKPaHE.

JlomKHa TpelycMaTpuBaThCS BO3MOKHOCTD PETYIMPOBAHUS dKpaHa:

— 1o BwICOTE +3 cM;

— 1o HakiIoHy oT 10 10 20 rpagycoB OTHOCUTEIBHO BEPTUKAIIN;

—  BJICBOM M MPABOM HaIlpaBICHUSX.

KnaBuatypy crnemyer pacmonaraTh Ha TOBEPXHOCTH CTOJIa HA PACCTOSHHUH
100-300 MM oT kpas. HopmanbHbIM TOJIO)KEHHEM KJIABHATYphl SIBIAETCS €€
pa3MelleHUe Ha YpOBHE JIOKTS ollepaTopa C YIVIOM HAakKJIOHAa K TOPU30HTaJbHOU
miockoctn 15°. Bomee yao6HO paGoTaTh ¢ KIABHIIAMH, HMEIOUIMMH BOTHYTYIO
MOBEPXHOCTh, YETHIPEXYTOIbHYIO0 (OpMY C 3aKpyrJE€HHBIMU yriamu. KoHcTpykuus
KJIABUIIM JOJDKHA OOecreunBaTh OMEpaTropy OIIylleHHe Imendka. L[BeT kimaBuil

JOJIZKCH KOHTPAaCTUPOBATH C LIBETOM ITAHCIIH.

4.2.3 YcaoBusi 0e30nacHoii padboTsl

OCHOBHBIE MapaMeTpPbl, XAPAKTEPUIYIOIIME YCIOBUS Tpylda — ITO
MUKPOKJIUMAT,  IIyM, BHOpamus, DJICKTPOMAarHUTHOE  TIOJe,  M3Jy4YCHHE,
OCBEIIEHHOCTb.

Bo3ayx paboueil 30HBI (MUKPOKJIMMAT) MPOU3BOJCTBEHHBIX MOMEIIEHUN

ONPEAEIAIOT CIEAYIOIIME IMapaMeTphl: TEMIIEPATypa, OTHOCUTEIbHAS BIIAXKHOCTb,
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CKOPOCTb JABHXKXCHHUA

BO3/yXa.

OntuManpHblE |

XapaKTePUCTHK MUKPOKJIMMaTa MpuBeaeHBI B Tabmue 17.

Tabmuua 17 — OntumanbHbIe ¥ JOMYCTUMBIE TTapaMEeTPhl MUKPOKINMATA.

AOITyCTUMBIC

3Ha4YCHUA

Ilepuoa rona

Temneparypa, °C

OTHocuTeIbLHASA

BJIA’KHOCTDb, %

CxopocThb IBUHKEHHS

BO3/11yXa, M/C

XOJIOOHBINA 1

5 23-25 40-60 0,1
MEPEXOIHBIN
Téruterit 23-25 40 0,1
K wmepompuatusiMm 1m0  O3J0pPOBJICHUIO  BO3AYyIIHOM  Cpeapl B

MIPOU3BOICTBEHHOM TMOMEIICHUH OTHOCSTCS: MpaBUJIbHAS OpPraHU3aIusl BEHTHIISIINU
U KOHJIUIIMOHUPOBAHMS BO3/yXa, OTOIUICHHWE NOMEIICHUH. BeHTWIsIus Moxer
OCYIICCTBIIATLCSA €CTECTBEHHBIM W MEXaHWYECKMM TyTéM. B momermenne TOHKHBI
MO/IaBaThCs CIEAYIONIUEe 00BbEMBI HAPYKHOTO BO3AyXa: MPU 00BEME MOMENICHUS 10
20 m° Ha yemoBeka — He MeHee 30 M° B Yac Ha UETOBEKA; IPU 00BEME MOMEICHHS
Gomee 40 M Ha YENOBEKA M OTCYTCTBUM BBIACICHHS BPSIHBIX BEIIECTB JOMYCKACTCS
€CTECTBEHHAsl BEHTHJISALIMSL.

Cucrema OTOIUIEHWS AODKHA OOCCIICUYMBATH JTOCTATOYHOE, IMOCTOSIHHOE M
paBHOMEPHOE HarpeBaHue BO3ayXa. B MoMeIeHnsaX ¢ MOBBIIIEHHBIMU TPEOOBAHUAMHU
K YHCTOTE BO3AyXa JIOJDKHO HCIIOJIB30BaThCS BOAsSHOE oTormieHue. [lapamerpsr
MUKPOKJIMMATa B  HCIOJIB3yeMOW  J1abOpaTopuu  PEryJIUpPYIOTCS  CHUCTEMOM
[EHTPAIBHOTO OTOIUICHUS, U HWMEIOT CJEAYIoIIUe 3HaueHus: BiaxHocTh — 40%,
CKOPOCTB ABHKeHHMs Bo3myxa — 0,1 m/c, Temmeparypa nerom 20—25 °C, 3umoit — 13—
15 °C. B mabopaTopHi OCYILIECTBISAETCS eCTECTBEHHAS BEHTHISIINSL.

[Iym wu BuOpamus yXyIIIarOT YyCIOBHUS TpyAa, OKa3bIBAIOT BPEIHOE
BO3JICHICTBHE HAa OpPraHW3M YeJOBEKa, a MMEHHO, Ha OpraHbl cllyXxa W Ha BeCh
OpraHu3M 4Yepe3 EHTPATbHYI0 HEPBHYIO cucTeMy. B pesynbrare sToro ocnabmusercs
BHHUMaHHE, YXYIIIACTCS MaMsATh, CHIYKACTCS PEaKIUs, YBEIIMUYNBACTCS YUCIIO OIIMOOK
npu padote. [llym mMoxer co3zmaBaThes paboTaOIIMM 000PY/I0BAHUEM, YCTAHOBKAMHU

KOHAWTNOHHUPOBAHUS BO31YyXd, OCBCTHTCIIbHBIMU an60paMH JHCBHOI'O CBCTA, a
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Tak)ke MpoHUKaTh u3BHE. [Ipu BbimomHeHuun padoTsl Ha [I9BM ypoBens myma Ha
paboueM MecTe He ToKeH npesbimath S0 ab.

OKpaH M CHUCTEMHBbIE OJIOKM TPOU3BOMASAT JJIEKTPOMArHUTHOE H3IyUYEHUE.
OcHOBHasi €ero 4acTb MPOUCXOJUT OT CUCTEMHOro OJioka U BUAeo-Kabensi. CorinacHo
HaIPSKEHHOCTh 3JIEKTPOMArHUTHOTO MOJS Ha paccTossHUM S0 cM BOKPYT 3KpaHa Io
AIEKTPUUECKON COCTABJISIONIEH JOMKHA ObITh HE OoJIee:

— B amama3oHe yactoT SI'm—2kI' — 25B/m;

— B auamna3oHe yactoT 2kl 1—400xI'1 — 2,5B/Mm.

[110THOCTH MarHUTHOTO MOTOKA JIOJIKHA OBITH HE OoJiee:

— B auamna3oHe 4yactoT SI'm—2kI'm — 250uTm;

— B auana3oHe 9actoT 2KI 1—400k[ 11 — 25uTm.

CyliecTBYIOT CIeAYIONIUE CIIOCOObI 3aUThl 0T DMII:

—  YBEIIMYEHHE PACCTOSIHUSA OT UCTOYHHUKA (IKpaH JIOJHKEH HAXOAUTHCA Ha
paccrosiHuu He MmeHee 50 CM OT MoJb30BaTeNs);

—  NPUMEHEHUE MPUIKPAHHBIX (PUIBTPOB, CIICHHAIBHBIX YKPAHOB U JIPYTUX
CPEACTB MHINBUAYAJIBHOW 3aIUTHI.

[Ipu paboTe ¢ KOMMBIOTEPOM HCTOYHUKOM HOHHM3UPYIOLIETO W3IyUYCHUS
aBisieTcs auctuieil. [log BIMsSHUEM HOHU3UPYIOUIETO U3JIYyYEHUS B OPraHU3ME MOXKET
MPOUCXOJUTh HAPYIIEHUE HOPMAJIBHOW CBEPTHIBAEMOCTH KPOBHU, YBEIMYECHUE
XPYNKOCTH KPOBEHOCHBIX COCYAOB, CHIDKEHHE MMMYyHUTeTa U Jp. Jlo3a oOmyueHus
npu pacctosauu Ao aucmies 20 cm  cocraBnger S0 mxP/gac. Ilo wHopmam
KoHCTpykiuss OBM nomkna oOecrednBaTh MOIIHOCTh OJKCHO3UIIMOHHOW 03Bl
PEHTI€HOBCKOTO M3JIydyeHHsI B J000M Touke Ha pacctosHuu 0,05 M OoT 3KpaHa He
6onee 100 mxP/4ac.

YToMII1eMOCTh OPraHOB 3PEHUSI MOXKET OBITh CBsI3aHA KaK ¢ HEJAOCTATOYHOM
OCBEIIEHHOCThIO, TAK U C YPE3MEPHOMN OCBEIICHHOCTHIO, a TAKKE C HEMPaBHIbHBIM

HaIlpaBJICHUCM CBCTA.
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4.3 Dy1eKTP0o0e30NaCHOCTh

Omnepatop 9BM pabortaer ¢ 3ieKTponpubOopaMu: KOMIBIOTEPOM (IHCILIEH,
CUCTEMHBIH OJIOK U T.1.) U epudepuitHbIMU ycTpoiicTBamu. CyIIecTByeT ONacCHOCTh
MOPAXKEHUS JICKTPUUYECKUM TOKOM B CIEIYIOUIUX CIydasx:

—  TIpU HEMOCPEACTBEHHOM NPUKOCHOBEHHHM K TOKOBEAYIIUM 4YacTsIM BO
BpeMs peMoHTa OBM;

— 1OpH NPUKOCHOBEHHH K HETOKOBEAYLIMM YAaCTSIM, OKa3aBIIMMCS IOJ
HaIpsHKeHUEM (B Cilydae HapyIICHHs U30JISIIUY TOKOBeayux yacteit OBM);

— OpU TNPUKOCHOBEHHMH C TIOJIOM, CTE€HAaMH, OKAa3aBIIUMHUCSA TOJ
HaIpsHKEHUEM;

—  IIpU KOPOTKOM 3aMbIKaHHUU B BBICOKOBOJIBTHBIX OJIOKaX: OJIOKE MUTAHMS
1 OJIOKe JUCIIJICHHON pa3BEPTKHU.

[Ipoxonst 4yepe3 OpraHu3M 4YeNOBEKa, JJIEKTPUYECKHH TOK IPOU3BOJIUT
TEPMHUUECKOE, FIEKTPOIUTUYECKOE U OMOJIOTHYECKOE AEHCTBHE.

Tepmuueckoe nelCTBUE TOKa MPOSIBISIETCS B O0XKOrax Teja, HarpeBe u
MOBPEXJIEHUH KPOBEHOCHBIX COCYZOB, HEPBOB, MO3ra U JPYTUX OPraHOB U CHUCTEM,
YTO BBI3BIBAET UX CEPhE3HbIE (PYHKIIMOHAIBHBIE PACCTPONCTBA. DIEKTPOIUTUIECKOE
JEHUCTBUE TOKA TPOSBIAETCS B PA3JIOKEHHMM KPOBU W JPYTUX SKUIKOCTEH B
OpraHuM3Me, BbI3bIBas TEM CaMbIM 3HAUWTENbHbIE HApyIIEHUs UX (U3HKO-
XUMHUYECKHUX COCTAaBOB, a TaK)K€ TKaHW B LEJIOM. buoiornueckoe aeicTBUE TOKa
BBIPQ)KAETCS TIJIABHBIM 00pa3oM B HapYyLIEHUU OHORJIEKTPUUYECKUX MPOILIECCOB,
CBOMCTBEHHBIX KUBOW MaTepHH, C KOTOPHIMHU CBSA3aHA €€ KU3HECTIOCOOHOCTh

Meponpusatus 1no 0o0ecrneyeHuo 3IeKTPoOe30MaCHOCTH IEKTPOYCTAHOBOK:

—  OTKJIIOYEHHE HANpsDKEHUs ¢ TOKOBEOYIIMX 4YacTeil, Ha KOTOpbIX WJIU
BOJIM3U KOTOPBIX OyAET MPOBOIUTHCA palb0Ta, M MPHUHATHE MEpP MO OOECIEeYEHUIO
HEBO3MOKHOCTH MOJaYl HANPSHKEHUSI K MECTY pabOThI;

—  BbIBEUIMBAHUE IJIAKATOB, YKA3bIBAIOIIMX MECTO pabOThI;

- 343CMJICHHUC KOPITYCOB BCCX YCTAHOBOK 4CPEC3 Hy.]'[GBOﬁ IIPOBO;
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—  TOKPBITHE METAUIMYECKHX IOBEPXHOCTEM HHCTPYMEHTOB HAJIC)KHON
U30JISIIHCH;

—  HEJIOCTYIHOCTb TOKOBEIYIIMX 4YacTeW ammaparypsl (3akiIlOUueHHE B
KOpITyca 3JEKTPONOPAXKAIOIMIMX 3JIEMEHTOB, 3aKIIOUYEHUE B KOPIYC TOKOBEIYLIUX

yacrteit).

4.4 TloxxkapHasi ¥ B3pbIBHAsi 0€30MaCHOCTD

CormacHo, B 3aBUCHMOCTH OT XapaKTEPUCTUKH HCIOJIb3YEMBIX B
MPOM3BOJCTBE BEIIECTB U MX KOJIWYECTBA, MO IMOKAPHOW M B3PBIBHOW OMACHOCTH
MOMEIIEHUS NoApa3aenaoTcs Ha kareropuu A, b, B, I', JI. Tak kak momMenienue no
CTETICHH MO>KapPOB3PIBOONIACHOCTA OTHOCUTCS K KaTeropuu B, T.e. K IOMEMIEHUIM C
TBEPJBIMA  CTOPAIOIIMMU  BEIIECTBAMH, HEOOXOJMMO TPEAYCMOTPETh  Psif
POUIAKTHICCKUX MEPOTIPUATHH.

Bo3MoOXHbIE TPUUKMHBI 3aTOPaHUS:

—  HEHCHPABHOCTh TOKOBEAYIIMX YACTEN YCTAHOBOK;

—  paboTa C OTKPBITOH AJIEKTpoanmapaTypou;

—  KOPOTKHE 3aMbIKaHUS B OJIOKE MUTAHUS,

—  HECOOJII0JICHHE TIPAaBUJI IOKApHOU 0€30MMacHOCTH;

—  HaJW4yue TOPHOYMX KOMIOHEHTOB: JOKYMEHTHI, IBEPHU, CTOJbI, U3OJISLIHS
KaOesel U T.10.

Mepomnpuatuss 10 TOXapHOW NpOodUIAKTUKE TMOJAPA3NEISIIOTCS  Ha:
OpraHu3allMOHHbIC, TEXHUYECKUE, IKCIIITyaTAllMOHHBIE U PEKUMHBIE.

OpraHu3aimoHHbIC MEPOIPUATHUSA MpEeayCMATPUBAIOT MIPABWIBHYIO
AKCIUTyaTalMilo 000pYyIOBaHUsS, MPaBHIBHOE COACPKAHUE 3JaHUH M TEPPUTOPHIA,
MPOTHUBOMNIOKAPHBIN MHCTPYKTaX pabounx u CITyKaIluX, oOyueHue
IIPOM3BOJICTBEHHOTO IIEpCOHaja TpaBUjIaM IPOTHBONOKAPHOW OE€30MMacHOCTH,

n3g1aHuc HHCTPYKHHﬁ, IJIaKaTOB, HAJIMYUC IIJIaHA 9BaKyalluH.
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K TexHudecKkuM MEepOnpHUsATHSIM OTHOCSITCS: COOJIOIEHNE MPOTHUBOTIOKAPHBIX
MpaBWi, HOPM IPU NPOECKTUPOBAHUU 3JIaHUI, MPU YCTPOMUCTBE BJEKTPOIPOBOAOB U
000OpyZIOBaHUs, OTOIUICHMS, BEHTUJISILIUU, OCBEIICHMS, MPaBUIBLHOE pa3MEIICHHE
o0opyaOBaHUSI.

K  peXuMHBIM  MEpONpUATHSAM  OTHOCSITCS, YCTAHOBIIGHUE  TPABUI
opraHuzanuu paboT, U coOJ0/IeHHe TPOTUBOIOXKAPHBIX Mep. s nmpenynpexaeHus
BO3HMKHOBEHUS MMOXapa OT KOPOTKUX 3aMBIKAHHM, MEPErPy30K U T. 1. HEOOXOAMMO
COOJIIO/ICHUE CIEeNYIOIIUX MPAaBUII MOKApPHON 0€30MaCHOCTH:

—  HUCKJIIOUEHHE  oOpa3oBaHusi  roprodeil  cpeabl  (repmeTu3aius
o0opy10BaHUs1, KOHTPOJIb BO3IYIITHOM Cpeibl, pabouas U aBapuilHas BEHTUIISLINS);

—  [PUMEHEHUE NPHU CTPOUTEIBCTBE M OTHEIKE 3/IaHUl HECTOPAEMBIX WJIU
TPYIHO CTOPAEMBIX MATEPHAIIOB;

—  MpaBWiIbHas SKCIUTyaTalus oOOOpyJOBaHUsS (MIPAaBWJIBHOE BKIIIOYCHUE
000py1I0BaHUS B CETh DJIEKTPUUYECKOT0 MUTaHUs, KOHTPOJIb HarpeBa 000pyA0BaHUsA);

—  TpaBWIbHOE COJIEP)KAHHME 3JIaHUW U TEpPpUTOpUMl  (MCKITIOYEHUE
o0pa3oBaHUs KMCTOYHHMKA BOCIUIAMEHEHUS —TPEAyNpPEeKICHUE CaMOBO3TOpPaHUS
BEIIIECTB, OTPAHUYEHUE OTHEBBIX PabOT);

—  oOyd4eHue MPOU3BOJICTBEHHOTO MTEPCOHAJIA MTpaBUiIaM IIPOTHUBOIIOKAPHOM
0e301acHOCTH;

—  U3JaHUe UHCTPYKIIMH, MIaKaTOB, HAJIMYUE TIJIaHa dBAKyalluu;

—  coOJIoJieHue MPOTHUBOMOKAPHBIX MPABHII, HOPM TPU MPOEKTUPOBAHUU
3MlaHUl, TP YCTPOWCTBE OJIEKTPOIPOBOJIOB U OOOpYAOBAaHHS, OTOIUICHHS,
BEHTHWJISIIIUU, OCBEILICHHUS;

—  TIpaBWIbHOE pa3MelleHrne 000py10BaHuUs;

—  CBOEBPEMEHHBIM TPOPHUIAKTHUECKUN OCMOTpP, PEMOHT U HCIBITAHUE
o0opyaoBaHUSI.

[Ipy BO3HUKHOBEHWHU aBapUITHOM CUTYyaIluu HEOOXO0UMO:

—  COOOMIUTH PyKOBOAMTEIIIO;

—  TI03BOHUTH B aBapuiinyto ciy:x0y (MYC — Tten. 112);
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IPHUHATH MCPBI B COOTBCTCTBUHU C HHCTPYKHHCﬁ.
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3ak/IroueHue

B mname BpeMms saepHas MeEIWIMHA COBEpIIMJIA OrPOMHBIM CKA4OK B
pa3Butuu. Ceifyac CI0KHO MPEACTaBUTH BHICOKOMH(OPMATUBHBIC TUAarHOCTUYECKHUE
UCCIIEIOBAHNUSI B KapOUOJIOTUU, OHKOJIOTMH, ASHIAOKPUHOJIOTHH, ITyJIbMAaHOJIOTHH,
YpOJOTHH, HEBPOJIOTMM U JAPYrHMX O00JIaCTSIX MEIULUHBI, 0€3 HCIOIb30BaAHMS
PAIUOHYKIUJIOB U MEUYEHBIMU UMU COECAUHCHUM. ®MTe npumensiercs B 80 % Takux
UCCJIEIOBAHUM M MOTPEOHOCTh B HEM TOJIBKO BO3PACTAET, MOATOMY HEOOXOAMMO
CUCTEMATU3UPOBATh U CHEJaTh MPOMBIIUIEHHBIM MPOU3BOJCTBO 3TOr0 M30TONA, a
TaKKe MATEPHHCKOTO M30Tona *"Mo.

[lepBocTenenHoil  3agadeil  JaHHOW  pabOThI, OBUIO  PACCMOTPEHUE
BO3MOYKHOCTH Pa3MEILIECHUs HKCIEPUMEHTAIBHOIO KaHala B NEepUPEpUIHON 4YacTu
akTUBHOU 30HBI peakTopa MPT-T, a Takke oOlleHKa MEIeCOO00Pa3HOCTH TaKOIro
pa3Menienus. Ha nmepBom starne Obuid 0003HAUEHBI SHEPTETUUECKUE WHTEPBAJbI, B
KOTOPBIX CKOPOCTh PEAKIHH 06pa3oBaHms * Mo 6blIa HaHOOMbIIEH. ITO MO3BOIMIO
BBIJICJIUTh B PEAKTOPE TE€ BEPTUKAIBHBIE IKCIIEPUMEHTAIbHBIE KaHANbI, B KOTOPBIX
OBLIH OBl BBICOKHE 3HAYCHIS HAPAOOTAHHBIX KOHIEHTpAIHi * Mo

AHammu3 HapaGoTKM MO B pAasiIHYHBIX ODKCIEPUMEHTATBHBIX KaHATIAX
[I0Ka3aJ, YTO HAMOOINbIIAS KOHIEHTpamus Mo HaOIIOZaeTCsi B LEHTPATbHBIX
KaHallax, B Mepuoj o0dydyeHusi — ceMb AHel. OJIHaKO OJAHOBPEMEHHOE O0JIydYeHHE
MUIIIEHEN B LEHTPAJbHBIX KaHaIaX M nepudepuitHOM KaHajie MO3BOJIUT YBEIUYUTH
CyMMapHy1o HapaOoTKy u3zortomna Ha 37 %.

Hcnonbs3oBanne MonuOeHa NPUPOJHOTO M30TOMHOTO COCTaBa, MPUBOJIUT K
YBEJIIMYEHUIO Macchl 00JIydaeMOro cChipbs Oojiee yeM B 4 pasza, [0 CpPaBHEHHUIO C
HICTIOIB30BAHNEM BBICOKOOOOTAMEHHOT0 " Mo.

bruto oOHapyXeHO, YTO YMEHbILIEHUE payca SKCIEPUMEHTAIBHOIO KaHaa
JAeT MPUPOCT IMOTOKA PE30HAHCHBIX HEHTPOHOB B 30HE PACIIOJIOKEHHS MUIIEHU Ha
2-3 % Ha KaXIblil MUJUTUMETD.

O6i1ydenre B mepudepuitHOM KaHAIe AHAMETPOM 36 MM MHIICHH ¢ “°Mo

Maccoil B 1,5 paza Oosbllle MacChl MHUILIEHH O0JIydaeMOW B LIEHTPAJIBHOM KaHaje
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99

MO3BOJIUT IMOJIy4aTh OAMHAKOBYIO akTUBHOCTH ~ Mo kak B LK, tak u B IIK-1. Ot0
99

MO3BOJIUT JINOO YBEIWYUTH OJHOBPEMEHHOE MPOM3BOACTBO Mo B JBa pasa, Jubo

99 R .

nepeHecTu HapaboTKy ~ Mo Ha nepudepuilHblii KaHaia, OCBOOOAMB LIEHTPAJIbHBIN

KaHaJl JUIsl APYTUX HYXKI.
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Abstract

The master’s thesis contents — work with., Fig., Table, sources, adj.

Key words: radionuclide, radiopharmaceutical, nuclear reactor, experimental
channel, molybdenum, activity, neutron flux, technetium generator.

The object of the study is the production of **Mo isotope in the peripheral
channel of the IRT-T reactor.

The goal of this work is to analyze the possibility of **Mo isotope production
in the peripheral channel of the IRT-T reactor.

In the course of the study the optimal location of the peripheral channel for
production of ®Mo and calculation of the isotope activity accumulated in the
peripheral channel in the MCU-PTR package were determined.

As a result of this investigation the optimum location of the peripheral
channel for ®*Mo irradiation was determined as well as the activity value of the *Mo
isotope production in this channel.

The main design, technological and operational characteristics: the power of
IRT-T reactor is 6 MW, MoO; molybdenum oxide target; experimental channel @ 36
mm; 7 days — time of irradiation.

Degree of implementation: currently the isotope *Mo is successfully
developed in the central channels in IRT-T reactor and research work is constantly
carried out to improve the operating efficiency.

Application sphere: nuclear medicine, medical diagnostics, nuclear industry.

The economic efficiency of this work is high because the demand for
radionuclides is growing every day.

In the future, it is planned to conduct experiments for confirmation of the

results which was calculated in the MCU-PTR package.
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Abbreviations

AECL — Atomic biphasic extraction chromatographic

ANSTO — Australian Nuclear Science and Technology Organisation
BATAN — National Nuclear Energy Agency, Indonesia

CINR — Central Institute for Nuclear Research Rossendorf, Germany
GMP — good manufacturing practices

HLG-MR - High-Level Group on Security of Supply of Medical

Radioisotopes

IRE — Institute for Radioisotopes, Belgium

KAERI — Korea Atomic Energy Research Institute
MIPS — medical isotopes production system

MTR — materials testing reactor

MURR - University of Missouri Research Reactor, USA
OECD/NEA — OECD Nuclear Energy Agency
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Introduction

#¥MT¢ is used in approximately 85 % of nuclear medicine diagnostic imaging
procedures worldwide. Almost all the *™Tc used for this purpose is obtained from the
radioactive decay of Mo, which is produced by processing irradiated uranium
targets in Belgium (IRE), Canada (AECL/Nordion), the Netherlands (Covidien) and
South Africa (NTP). After irradiation, the uranium targets are processed to extract
%Mo, which in turn is purified for use in *Mo/*™Tc generators that are shipped to
radiopharmacies, hospitals and clinics. Demographic and medical trends suggest that,
at least in the near future, global demand for *™Tc will grow at an average annual
rate of 3-8 % as these diagnostic imaging procedures expand to new markets, such as
those in Asia [1].

The research reactors used to irradiate targets that produce most of the
world’s supply of ®Mo are over 40 years old. Planned and unplanned shutdowns of
some of these reactors have resulted in several recent **Mo/*™Tc supply
interruptions. These interruptions prompted international organizations and several
government agencies to step up efforts to find both short and long term solutions to
supply shortages. In response to a Canadian government initiative, the OECD/NEA
established the High Level Group on the Security of Supply of Medical
Radioisotopes (HLG-MR) with participation by the IAEA as an observer. Several
Member States of the IAEA expressed concern about supply shortages during the
2009, 2010 and 2011 Board of Governors Meetings and IAEA General Conferences
(GC). The 2009 Conference, in Resolution GC(53)/RES13, urged the Secretariat “to
work cooperatively with other international initiatives ... to implement activities that
will contribute to enhancing the **Mo production capacity, including in developing
countries, in an effort to ensure the security of supplies of *Mo to users worldwide”.
These calls for action continued throughout 2012 in the work of the OECD and
IAEA. In support of these efforts, the OECD published economic and technology
studies on the Mo supply chain [2].
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The IAEA convened a group of experts to initiate a new activity specifically
aimed at supporting global efforts to improve **Mo/*™Tc supply reliability and
promoting the conversion of **Mo production from highly enriched uranium (HEU)
to low enriched uranium (LEU). Three of the four facilities used to produce most of
the world’s supply of Mo use HEU targets with **U enrichments of up to 93 %.
The remaining producer, NTP in South Africa, produces *Mo using 19.75 % LEU
and 45 % HEU. Plans for converting South African production to LEU reached a
major milestone in 2010 when LEU based Mo was imported into the United States
of America for use in patients. The Australian Nuclear Science and Technology
Organization is routinely producing *Mo from LEU targets irradiated in the OPAL
reactor. Efforts continue to ramp up production there.

The IAEA’s focus on the conversion of ®Mo production from HEU to LEU is
part of a long standing effort to eliminate HEU use in civilian applications. This
effort received a boost in 2009 when the US National Academy of Sciences
concluded that the elimination of HEU in medical isotope production is technically
and economically feasible [3]. The scope of all IAEA activities related to improving
®Mo/*™Tc supplies, including this publication, supports global efforts to eliminate
the civilian use of HEU.

The reliability of *Mo/®™Tc supply can be improved by increasing diversity
and redundancy in all aspects of the supply chain. Smaller scale production (for
domestic and regional use) and well distributed production facilities are important
supplements for increasing supply reliability. Several alternative/supplementary
technologies for producing *Mo/*™Tc have been proposed. Some of them are not yet
commercially proven and some are still in the early stages of development.
International exchanges of information can hasten the development of technically and

economically viable technologies and prepare them for deployment.

73



A.1 Production of ®*Mo/*™T¢

*Mo is a radioactive isotope that undergoes beta decay with about a 66 hour
half-life (Figure 1). About 88 % of these decays result in the production of the
metastable isotope *™Tc (Figure 1), which subsequently decays to the ground state
(**¥Tc) with about a 6 hour half-life.

99MO

B decay (t,, = 65.9h)

99mTC

y transition (t,,, = 6.01h)

*Te

B decay (t,, = 211,000y)

99Ru

Figure 1 — **Mo decay
The present ‘gold standard’ process for producing **Mo for medical isotope

use involves the neutron fission of 2*°U (i.e. **U(n,f)*’Mo) in multipurpose research
reactors. About 6.1 % of the U fissions produce **Mo. The cross-section for this
reaction is large (~ 584 barns for thermal neutrons) compared with other production

processes shown in Figure 2.
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Figure 2 — Schemes for producing ®Mo and **™Tc discussed in this report.

Multipurpose research reactors are especially well suited for Mo production
because they have space for irradiating multiple targets at high neutron fluence rates
(typically in the order of 1013-1014 neutrons per square centimetre per second
(n-cm s ). Mo can be produced through a number of other schemes illustrated in
Figure 2:

— Fission of ?°U with neutrons produced in deuteron and proton accelerators
through (D, n) and (p, n) reactions on heavy targets.

— Neutron activation of ®Mo (i.e. ®Mo(n,y)*Mo). This process is only
practical for reactor based production owing to the small activation cross-section
(0.13 b for thermal neutrons). Also, **Mo produced through this process has a lower
specific activity than neutron fission produced *Mo.

— Photofission of *®Mo (i.e. **Mo(y,n)**Mo). The energetic photons used in
this production scheme are obtained by irradiating heavy targets with electron beams

produced by linear accelerators.
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¥MTc can also be produced directly through (p, 2n) reactions on targets
containing **Mo. This production scheme eliminates the need for intermediate
production steps involving the recovery and purification of *Mo. However, it is
suitable only for short (e.g. city scale) supply chains because of the short half-life of
99m-|-c.

All the production schemes result in the production of by-product wastes. The
major waste streams include off-gas generated during target processing and liquid
and solid processing residues. Some key waste production characteristics for each

production scheme are described in this report.

A.1.1 Reactor based production

A.1.1.1 Fission based (n,f) production in heterogeneous reactors

At present, most of the world’s supply of *Mo for medical diagnostic
imaging is produced by irradiating solid targets containing U in heterogeneous
reactors. After irradiation in the reactor, the target is digested in acid or alkaline
solutions and **Mo is recovered through a series of extraction (separation) and
purification steps. Most current **Mo production utilizes targets containing HEU.
However, LEU targets have been developed and are currently being used for small to
medium scalel commercial ®Mo production by several organizations:

— Targets containing uranium-aluminium dispersed in an aluminium matrix
(commonly referred to as UAI, or UAL, targets). The dispersion is clad between thin
(nominally 0.3 mm) aluminium plates. These targets are currently being used by
CNEA, ANSTO and NECSA2 to produce *Mo.

— Targets containing uranium metal foil. The foil is clad between aluminium
tubes and is separated from the cladding by a recoil barrier; the barrier prevents the
foil from bonding to the cladding. These targets have been successfully irradiated and
processed on a trial basis at BATAN, CNEA and MURR.

A 2009 report from the USA National Academy of Sciences concluded that

“LEU targets that could be used for large scale production of 9Mo have been
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developed and demonstrated.” The expert committee that authored this report also
concluded that it saw “no technical reasons that adequate quantities (of **Mo) cannot
be produced from LEU targets in the future” [4]. While the present IAEA report was
being developed, ANSTO demonstrated large scale production of **Mo, although it

has not yet implemented routine production on a large scale.

A.1.1.1.1 Targets and processing methods

Uranium-aluminium (UAI,) dispersion targets comprised of HEU and LEU
are currently being used to produce *Mo worldwide. These targets are manufactured
to MTR fuel specifications by both CERCA and CNEA and are qualified to moderate
burnup (i.e. > 30 %). This burnup is typically several times greater than that
experienced during target irradiation for **Mo production. Historically, multiple
thousands of HEU dispersion targets have been safely irradiated and processed to
produce *Mo of high quality and purity.

The uranium density (also referred as uranium loading) of an LEU dispersion
target is in the range of 2.5-3.0 gU/cm®. In contrast, the maximum uranium density of
HEU dispersion targets now in use is < 1.6 gU/cm®. In comparison, uranium metal
targets have a density of 19.0 g/cm?®.

LEU Al dispersion targets are currently being irradiated on a routine basis to
produce Mo in Argentina, Australia and South Africa. Both Covidien and IRE
currently use HEU Al dispersion targets manufactured by CERCA to produce *Mo.
CERCA is currently manufacturing LEU Al dispersion targets for NECSA. ANSTO
has used LEU Alx dispersion targets supplied by both CERCA and CNEA.

LEU dispersion target fabrication begins with LEU UAI, particles matrixed
with pure aluminium powder. The UAI, to UAI/UAI, phase transformation is
inherent to the fabrication process used to manufacture these targets. (The various
steps of the fabrication process convert UAI, to UAI; /UAI,.) The ratio of UAI; to

UAI, in a finished target will vary from manufacturer to manufacturer depending on
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the processes and heat treatments that are used in fabricating the powder, core
compacts and target plates.

All current *Mo producers who use LEU Alx targets use an alkaline digestion
chemical process. Multiple targets are digested in a dissolver unit containing sodium
hydroxide (NaOH), or, in the case of IRE and PINSTECH, NaOH and NaNOs. The
molybdenum in the dissolution liquor is then recovered and purified by a series of
processing steps. The number of purification steps, typically four or five, varies from
producer to producer. The alkaline digestion based chemical processing scheme for
LEU Al dispersion targets has been successfully demonstrated with LEU targets in
Australia, Argentina and South Africa.

GSG is also marketing a chemical digestion processes called ROMOL99 [5].
The process involves the dissolution of UAI, dispersion targets in a closed system
under reduced pressure conditions (and without generation of H,) including a NHs-
and iodine removal process step. The process is being operated using semiautomated
process control. This process is currently being used with HEU targets by
PINSTECH and in Dimitrovgrad (Russian Federation) with a production capacity of
200-250 6 day Ci (7400-9250 GBq).

U3Si, has been successfully used as research reactor fuel for many years. This
fuel is manufactured to established and industry accepted MTR fuel specifications. It
has been qualified to a uranium loading of 4.8 g/cm® for research reactors. For use as
a ®Mo production target, a uranium loading of 6.0 g/cm? is achievable.

In October 1988 the US Nuclear Regulatory Commission (NRC) approved
the use of U5Si,-Al dispersion fuel in its licensed plate type reactors at densities of up
to 4.8 gU/cm® and up to power densities and U burnup values typical of fuels tested
in the 30 MW Oak Ridge Research Reactor at the Oak Ridge National Laboratory.
Since that time regulatory authorities in many other countries have approved the use
of U3Si,-Al plate type fuel.

The French research reactor fuel fabricator (CERCA) announced in 1992 that
it could provide U;Si,-Al dispersion fuels up to a density of 6.0 gU/cm?®. Five fuel

plates with uranium densities of 5.8 and 6.0 gU/cm® were irradiated at the Siloé
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reactor in Grenoble, France, to a burnup of 55 % in 1995 to 1997 and two 5.8 gU/cm?®
fuel assemblies were irradiated in Osiris to a burnup of 74 % in 1997 and 1998. These
irradiations produced very good results.

These manufacturing developments and irradiations have shown that higher
density U;Si,-Al dispersion fuel can be manufactured reliably and perform well under
irradiation. By the definition of ‘qualified fuel’ presented in Ref., 6.0 gU/cm® U;Si,-
Al dispersion fuel can be considered to be qualified for use under conditions that do
not exceed those of the test irradiations described above. Uranium silicide-aluminium
dispersion targets have been evaluated for use to produce *Mo [6]. Dissolution of 4.8
gU/cm?® U,Si,-Al targets by a process has been demonstrated on a laboratory scale.
The mechanism and rates for dissolution of the aluminium cladding, aluminium in the
fuel matrix and the silicide particles are understood. Irradiated silicide has a slow
dissolution rate owing to the bonding of silicide particles during irradiation. A
chemical method to break up the fused silicide particles before or during dissolution
IS required to successfully process these targets.

Uranium nitride MTR fuel plates have been developed and fabricated on a
laboratory scale. Uranium nitrides are denser, more stable and conduct heat better
than mixed uranium-plutonium oxide reactor fuels — properties that suggest these
fuels could run cooler in power reactors to generate more thermal energy.

In the mid-1980s, a method to create a discrete compound of uranium nitride
was discovered. The compound is uranium nitrid important because its ceramic state,
uranium mononitride, was identified as a candidate for reactor nuclear fuel.

Argonne has developed an LEU foil target for **Mo production. The uranium
loading of the LEU foil is approximately 19 g/cm®. This is much higher than the
uranium loading of HEU or LEU dispersion targets, which typically contain no more
than 1.6 gU/cm? and between 2.5 and 3.0 g U/cm® , respectively, as noted previously.

The target consists of a thin (typically 100-150 um thick) uranium foil
sandwiched between 15 um thick nickel or 40 um thick aluminium fission recoil

barriers. The foil barrier sandwich is contained in a tubular aluminium cladding. The
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fission barrier prevents the LEU foil from bonding with the aluminium cladding
during irradiation.

After irradiation, the foil is removed from the aluminium cladding for
chemical processing and the cladding is discarded as low activity solid waste. The
removal of the foil from the cladding prior to chemical processing reduces the
processing time and the volume of processing waste compared to LEU dispersion
targets. The target has been chemically processed using the LEU Modified Cintichem
process developed by Argonne, which involves dissolution in nitric acid (HNO3).

LEU foil targets have a limited irradiation history. Targets have been
successfully irradiated in Argentina, Indonesia, Australia and the USA.
Approximately thirty LEU foil targets have been irradiated worldwide to date.
Furthermore, LEU foil targets are not currently manufactured to an industry accepted
standard or specification. Such a standard or specification must be developed and a
corresponding target qualification programme must be implemented before this target
can be adopted for widespread use.

Additionally, LEU foil targets have not been industrially adapted to the
alkaline target dissolution processes used by many current Mo producers. Argonne
has developed two front end options for using LEU foil targets in alkaline based
processes for use with these targets. It is anticipated that they will be demonstrated on
a production scale in 2013.

A small scale Mo producer (BATAN in Indonesia) planned to convert to
LEU foil targets after exhausting its inventory of HEU. (At the time of this report,
BATAN was not producing LEU foil target based *Mo.) Consequently, for small
scale **Mo production, target fabrication and chemical processing of LEU foil targets
is not yet fully mature.

Work is in progress by the University of Missouri, Argonne and B&W Y-12
to develop LEU foil annular target specifications, a manufacturing method for high
volume target production and quality control test criteria. Work is also in progress to

transition the annular design to a plate (flat or curved) geometry as an option.
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The concept of uranium metal targets is by no means new. Natural uranium
metal slugs electroplated with nickel (~7 um in thickness) and clad in aluminium
(2.27 mm in thickness) were used to produce plutonium in the Savannah River
reactors [7]. Thousands of these slugs were routinely irradiated and chemically
processed over a period of about fifty years.

CINR Rossendorf routinely irradiated and processed natural uranium metal
pellet targets to produce **Mo from 1963-1980. The target material was dissolved in
HCI and Mo was separated from the dissolution liquor using an alumina column.
Commercially available 5 % enriched uranium metal in the form of pellets, disks or
strips could be used in lieu of natural uranium target material for **Mo production.
GSG developed a processing system concept, LITEMOL, which aims to provide a
small scale **Mo production capability to those institutions operating research
reactors with moderate neutron flux densities (1-5-10"). The chemistry of the
LITEMOL concept is identical to that used at CINR. However, this processing
concept has not yet been demonstrated using the commercially available 5 %
enriched uranium metal disks or strips.

ANSTO routinely irradiated 1.8 % enriched UO, pellets to produce *Mo in
the early 1980s. The enrichment of the pellets was later increased to 2.2 %. The
density of UO, in a dispersed phase was approximately 9.7 g/cm®. The pellets were
irradiated for up to 7 days in a double encapsulated aluminium can configuration. The
small gap between the fuel pellets and the aluminium irradiation can was filled with
magnesium oxide (MgO) to enhance heat dissipation.

Following irradiation, the pellets were separated from the MgO powder by
sieving, followed by dissolution in concentrated nitric acid. The solution was passed
through an alumina column, which sorbed the **Mo. The remainder of the solution,
which contained uranium and most of the fission products, passed through the
column. The alumina column was then washed in sequence with nitric acid, purified
water and a dilute ammonia solution to remove traces of contaminants.

The purified *Mo was eluted from the column with concentrated ammonia

solution, followed by boiling the solution to remove residual traces of iodine and
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ruthenium. The alumina column separation was repeated to produce *Mo of the
specified purity.

Uranium aluminide alloy target is fabricated from U-Al alloy rods clad with
aluminium. This target is manufactured by AECL using HEU and is of the same basic
construction as the HEU fuel rods that were used in the NRU reactor before its
conversion.

LEU based targets of the same general design and dimensions would yield
less ®Mo activity than the HEU targets they replace. The amount of decrease would
depend on the density of ?°U in the LEU target compared to the HEU target.

Uranium metal particle aluminium matrix dispersion target design is being
developed by KAERI. An atomization process produces 50-150 pm uniform
spherical uranium metal particles, which are incorporated into an aluminium metal
matrix to produce the target meat. A uranium volume fraction is anticipated of up to
50 % (approximately 9.0 gU/cm?) in the target meat with these small particle sizes.
Small amounts of silicon, chromium, iron or other elements can be alloyed with the
uranium metal and/or a small amount of silicon can be alloyed with the pure

aluminium matrix to retard the interaction with uranium metal particles.

A.1.2 Fission based (n,f) production in homogeneous reactors

A pseudo-prototype system, **Mo production and recovery from an aqueous
homogeneous reactor (ARGUS), has been demonstrated on a pilot scale in the
Russian Federation. The Kurchatov Institute, in collaboration with Argonne and
Technology Commercialization International, a private company from the USA that
is no longer in business, developed an LEU uranyl sulphate based aqueous
homogeneous reactor at ARGUS to produce **Mo. The concept never progressed
beyond laboratory scale development, but a similar concept is now being pursued by
CJSC Resources and Technologies [8] and ROSATOM. Babcock and Wilcox has
developed a conceptual design for a 200 kW aqueous homogeneous reactor and

recovery system to produce *Mo, called MIPS. The reactor fuel solution, which
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contains LEU salt dissolved in water and acid, is also the target material for *Mo
production. The reactor would be operated to allow the buildup of **Mo in the fuel
solution. The reactor would then be shut down and the fuel solution pumped through
a recovery column that preferentially sorbs molybdenum. **Mo would be recovered
by stripping (i.e. eluting) the recovery column and subsequently conditioned by one
or more purification steps.

Babcock and Wilcox estimate that a single 200 kW MIPS is capable of
producing about 10 000 Ci (370 000 GBq) of **Mo at the EOB (5 day irradiation).
The expected yield from sorbent extraction is 90 %. Assuming a 10 hour processing
time, approximately 8000 Ci (~ 1700 6 day Ci) (296 000 GBq or ~62 900 6 day GBq)
can be produced on a weekly basis. A comprehensive description of the MIPS
concept is presented in IAEA-TECDOC-1065.

A key technical challenge in utilizing solution reactor technology for the
production of **Mo is the development of an efficient method for extracting or
separating the product isotope from the irradiated fuel solution. Specifically, the
effects of radiation and fission product buildup on the separation of **Mo by an
adsorbent media must be determined. Several different adsorbent media have been
evaluated: Termoxid 52 (T52), Termoxid 5M (T5M), titanium dioxide (TiO,) and
alumina (AI203). Because of the relatively high uranium nitrate or uranium sulphate
concentration of the fuel solution, alumina has insufficient sorption properties for use
in the molybdenum recovery system.

Two types of aqueous fuel solutions have been considered for *Mo
production using an AHR: uranium nitrate [UO,(NOs),] and uranium sulphate
[UO,SO,].

Uranyl-nitrate solutions have superior chemical properties for the separation
of Mo and for waste treatment relative to uranyl-sulphate solutions. However, the
radiolytic decomposition of an aqueous uranyl-nitrate solution is far more complex
than that of the sulphate salt. In addition to the radiolysis production of H, and O,
from water, nitrate is reduced forming nitrite, nitrogen and nitrogen oxide (NO,)

gases and ammonium ions are also generated from the radiolytic decomposition of
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the fuel solution. A subsystem to remove the NO, gases may be required in the
design of the off-gas system to prevent degradation of the charcoal filters (if charcoal
Is chosen as a sorbent for fission gas removal).

Uranyl sulphate’s main advantage is that only H, and O, are formed by the
radiolytic decomposition of the fuel solution. These gases can be recombined to water
using a catalyst bed (recombiner) and the condensed water can then be returned to the
fuel solution. Its disadvantages are related to the chemistry of sulphate and its salts.

This is the concept pursued by the Kruchatov Institute at the ARGUS reactor

A.1.3 Neutron activation production (n, y) in heterogeneous reactors

Neutron activation based **Mo production (i.e. Mo (n, y) ®Mo) is a viable
and proven technology that dates back to the 1960s. As an example, MURR began
producing low specific activity neutron activation for the USA by irradiating pressed
sintered metal natural ®*Mo targets in 1967. MURR continued producing *Mo by this
method into the early 1980s. Production was suspended because neutron capture
based *Mo could not compete economically with the high specific activity fission
product Mo produced domestically at the Cintichem reactor facility.

The production of neutron activation based *Mo is being carried out in
several countries on a routine basis, including India, Japan, Kazakhstan, Peru, the
Russian Federation and Uzbekistan.

%Mo is the most common isotope, comprising 24.1 % (natural abundance) of
all molybdenum on Earth. In comparison, the natural abundance of **Mo is only 9.6
%.

High specific activity Mo cannot be produced using natural Mo targets
because the thermal neutron crosssection for **Mo neutron capture reaction (n, ) is
only about 0.13 barn; this is a factor of about 4400 times less than the *U thermal
fission cross-section, which is about 584 b. Irradiation of natural Mo targets in an
epithermal neutron flux of > 1-10" n/cm’s would produce higher specific activity

*Mo because the epithermal neutron cross-section for the **Mo neutron capture (n, y)
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reaction is about 6.7 b. This is a factor of about 50 times greater than the thermal
neutron capture cross-section but still well below the **U fission cross-section.
However, a marked increase in production rate is not seen due to the reduction in the
thermal neutron flux available for ®Mo when other natural Mo nuclides are present.
These have much higher thermal cross-sections (0.34 b, 13.4 b, 0.5 b, 14.4 b and
respectively for 94, 95, 96 and *’Mo) and hence capture neutrons that would
otherwise be available for ®*Mo. Most of these have much higher epithermal cross-
sections as well.

Although the enriched *Mo would have four times the **Mo atoms compared
to the natural Mo, much higher production rates are often observed due to the high
epithermal neutron captures as well as availability of the neutrons otherwise lost to
the competing reactions from other Mo isotopes. The actual increase seen will depend
upon the epithermal neutron flux available.

For the purpose of relative comparison, the specific activity of Mo produced
using the neutron capture (n, y) versus fission product (n, f) method is presented
below.

Neutron capture (n, y) production:

— High thermal neutron flux irradiation (EOB): Natural isotopic abundance
target (~ 1 Ci (37 GBq) 99Mo/g of Mo irradiated);

— Highly enriched **Mo target (>4 Ci (148 GBq) *Mo/g of Mo irradiated);

Fission product (n, f) production (EOB):

— Reactor irradiation (>10000 Ci (37000 GBq) *Mo/g of total Mo).

However, scientists at the Delft University of Technology in the Netherlands
developed a methodology to increase the specific activity of neutron activated *Mo
by a factor of more than 1000 by chemical separation of ®Mo from the Mo target
using Szilard-Chalmers chemistry, rendering a specific activity level in the order of
that produced via fission Mo [9]. The methodology can be applied to both natural
and **Mo enriched targets. This process is currently in the stage of being scaled up
towards demonstration of commercial production feasibility. The target material is to

be recycled.
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Two types of natural Mo target material are typically used to produce (n, vy)
*Mo: molybdenum trioxide and molybdenum metal.

The crystalline density of molybdenum trioxide (MoOs) is about 4.7 g/cm?®;
the loose packed powder density would be about half that. MoO; powder can be
easily dissolved in sodium hydroxide (NaOH). The density of pressed sintered metal
targets is 30 %-95 % of the theoretical density of 10.3 g/cm® (i.e. about 3.1 g/cm® to
9.8 g/cm®). Granulated Mo metal can also be used as a target material. High density
pressed sintered natural Mo metal targets are commercially available. They are
typically manufactured in the range of about 70-95 % of theoretical density.
Molybdenum metal targets can be dissolved in alkaline hydrogen peroxide (H,0O,) or
electrochemically.

The metal form takes more time to dissolve than the powder form. However,
the advantage of using metal is that more natural Mo can be irradiated per target,
producing a greater yield of **Mo per unit volume of irradiation space and making
more effective use of irradiation space.

The purity of the natural Mo target material should be > 95 % and should
contain no detectable tungsten (W). The irradiation of tungsten produces ‘*®Re
(rhenium) by the radioactive decay of **W, which is difficult to separate from *™Tc
because it has similar chemical properties.

The use of ®Mo target material (powder or metal) with an enrichment of > 95
% offers the advantage of increased *’Mo production yield. The purity of the enriched
%Mo target material should be > 95 % with no detectable tungsten (W) for the
reasons described previously. However, because of the relatively high cost of highly
enriched target material, it might be necessary to recover the unused irradiated Mo
in a purified chemical form suitable for new target production. This material is
radioactive and must decay for at least 30 days before it can be classified as non-

radioactive.
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A.2 ®Mo/*"Tc generator systems and chemistry

A.2.1 High specific activity (fission product) generators
A PMOPMTe generator, or ‘technetium generator’, is a device used to recover
and concentrate technetium from *Mo. A conventional generator consists of an
alumina (Al,O3) column about the size of a short pencil; associated tubing, valves and
filters for extracting technetium; and lead shielding for radiation protection.

The column is loaded with ®Mo at the generator manufacturing facility before
shipment to a hospital, radiopharmacy or clinic. The *Mo in the column decays to
technetium with about a 66 hour half-life. About 88.6 % of the **Mo decays to *"Tc;
the remainder decays directly to *Tc. Technetium is extracted (eluted) by passing a
saline solution through the column.

The half-life of ® Mo is about 10 times longer than that of *™Tc.
Approximately 50 % of the steady state activity is reached within one *™Tc half-life
and approximately 75 % within two half-lives. Therefore, **Tc can be eluted from
the generator to obtain patient dose quantities as often as every 6 hours. The useful
life of a generator is between three and five times the half-life of **Mo (i.e. 8-14
days). As a consequence, generator users typically purchase at least one generator per
week, or order several on a staggered basis throughout the week.

The elution efficiency is an important factor when evaluating the performance
of various sorbent materials in *Mo/*®™Tc generator systems. All practical generator
designs exhibit good elution efficiency. Additionally, all ®™Tc generator systems,
regardless of type, must be manufactured to the requirements of an established GMP
programme.

Most commercial *Mo/®"Tc generators use column chromatography, in
which ®Mo in the form of molybdate (MoO,) is adsorbed onto acidified alumina
(Al,O;). A typical column contains 2—-3 g of alumina. When the Mo decays it forms
pertechnetate (TcO,), which because of its single charge is less tightly bound to the
alumina. Passing a normal (0.9 %) saline solution through the column elutes sodium

pertechnetate. The sodium pertechnetate can then be added in an appropriate
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concentration to the organ specific pharmaceutical or can be used directly for specific
procedures.

The two most important factors for the design of an alumina column based
¥MT¢ recovery system are high elution efficiency (typically 85 %) and minimal Mo
breakthrough. Fission product based technetium generators manufactured in the USA
are commercially available in activity ranges of 1-18 Ci (37-666 GBq) at the
manufacturer’s stated time of calibration.

Uzbekistan currently uses enriched *Mo oxide targets to produce (n, y) *Mo
for use in standard size alumina column generators. POLATOM is supplying the
materials necessary for Uzbekistan to manufacture their own line of low specific
activity alumina column **Mo/**T¢ generators.

IPEN routinely manufacturers about 320 alumina column generators weekly
to meet Brazil’s domestic need. The activity of the generators range from 250 mCi to
2 Ci (9.25-74 GBq). The fission product ®Mo used in these generators is imported
from Argentina, Canada and South Africa [10]. The sodium molybdate supplied to
IPEN by both Argentina and South Africa is produced from LEU. CNEA LEU based
%Mo production satisfies the Argentine national demand, which is approximately 200
Ci (7400 GBq) (calibrated to 3 days). *Mo/*™Tc generators are manufactured by two
private Argentine companies. The size of the generators range from 500 mCi to 2 Ci
(18.5-74 GBqg). CNEA exports LEU based *Mo to Latin America, including

neighbouring Brazil.

A.2.2 Low specific activity *Mo/®™Tc recovery methods

As a point of reference, the production of *Mo from thermal neutron induced
fission of **U typically generates material with a specific activity greater than 5000
Ci/g (>185000 GBg/g). This level of specific activity permits the extraction of the
¥MT¢ daughter nuclide using adsorption chromatography, which exploits the relative

immobility of the MoO, anion relative to the TcO, anion on alumina. Modern Tc
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generators contain alumina columns loaded with *Mo. These columns are washed
(eluted) with saline solutions to obtain *™Tc.

Production of **Mo from photonuclear or proton reactions on enriched Mo
targets produces material with a lower specific activity. Extraction of *™Tc from this
material requires larger volumes of alumina to accommodate the non-activated
molybdenum. This results in high elution volumes and ultimately low Tc
concentrations, too low for radiopharmaceutical production.

Alternative methods for the extraction of *™Tc from enriched molybdenum
target material fall into three general categories:

— Adsorption chromatography (as discussed above but with Mo being
incorporated into the support material rather than being adsorbed on it (zirconium or
titanium molybdate gels) or columns where Tc is sorbed on the column material and
Mo passes through unadsorbed,;

— liquid-liquid extraction;

— sublimation.

Tc isolation via sublimation, or thermochromatographic separation, involves
heating irradiated Mo followed by recovery of the technetium activity from various
adsorption zones within the cooling apparatus. NaTcO, is isolated by rinsing the
apparatus with a hot 0.1 mM NaOH solution followed by purification on alumina.
Conventional heating of a MoO; target was reported to yield ~ 70 % of the Tc in the
sample in approximately 20 min, which is not quite as efficient as adsorption based
generators which typically yield *™Tc at 85 % efficiency. The radiochemical purity
of Tc isolated using sublimation is typically > 99 % and Mo breakthrough is below

detectable limits.

A.2.3 Liquid-liquid generator concept

Liquid-liquid extraction begins with the dissolution of solid molybdenum
target material in an acidic medium (HCI, H,O, mixture), which transforms Mo into a

cationic species (MoO,) and Tc into TcO,4 by the addition of ammonia. Ammonium
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pertechnetate can be extracted from the aqueous solution of ammonium molybdate by
methyl ethyl ketone (MEK) as ammonium pertechnetate. Once the MEK is
evaporated, the ammonium pertechnetate can be dissolved in saline solution.

MoO; targets, on the other hand, necessitate the use of a different method.
MoOs is dissolved in ammonia and dissolved in 30 % H,O,. The Tc is then extracted
into MEK as discussed in the previous paragraph. Radiochemical yields of 60 % have
been reported with overall isolation times of approximately 1 hour.

In either case, sodium hydroxide can be used instead of ammonia to increase
the pH of the solution. Below is a more detailed description of a specific MEK
generator system.

A standard approach to separating ions is through liquid—liquid extraction
where there is a polar and non-polar solvent and the ions to be separated have a
different affinity for the two solvents. The degree of separation is directly related to
the solubility of the different ionic species in the respective solvents. For separating
molybdenum and technetium ions a mixture of methyl ethyl ketone 1 % aqueous
hydrogen peroxide added to the NaOH/**Mo solution is used.

The Mo is dissolved in 5.0 N NaOH and transferred via vacuum to an
extraction reservoir (ER). Sufficient 5.0 N NaOH solution is used to wash the transfer
vessel and lines and fill the ER to the extraction volume. The extraction volume is
specific for each unit and is determined by the placement of the extraction tube
located approximately midway in the ER.

The extraction cycle consists of adding a mixture of methyl ethyl ketone 1 %
aqueous hydrogen peroxide to the NaOH/*Mo solution and mechanically stirring the
ER contents to selectively remove the *™Tc from the aqueous layer into the organic
layer. Hydrogen peroxide is added to keep the ®Mo and **™Tc in the appropriate
oxidation state. After the suspension is allowed to separate, the upper MEK layer is
removed by vacuum draw and transferred to a 20 mL syringe filled with acidic
alumina (~ 15 mL).

The MEK-*"Tc solution is passed through the alumina column to remove

any ®Mo that may be transferred with the MEK solution. Since the hydrogen
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peroxide is added as an aqueous solution, there is a small increase in the agueous
volume after each MEK addition. However, this small aqueous volume that is
removed with each MEK extraction thus inadvertently removes a small amount of
*Mo that is trapped by the alumina column and lowers the overall amount of *Mo
for future extractions. The MEK—**"Tc solution eluted through the alumina column is
transferred to a stainless steel evaporation vessel (EV). The EV is heated to ~ 70 C
and subjected to a slight vacuum to hasten evaporation of the MEK. After the MEK
has been removed, sterile saline is added to the EV to dissolve the *™Tc. The sterile
saline is then transferred through a sterilizing filter into a sterile vial for further
processing into radiopharmaceuticals after appropriate QC (e.g. Mo, hydrogen

peroxide, alumina and MEK breakthrough, pH).
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Conclusion

The *Mo supply chain will continue to remain fragile as long as it continues
to rely on the same five aged production reactors. Given the way the supply chain has
evolved — particularly its reliance on only five multipurpose, non-commercial,
government supported research reactors — there are no clear market incentives to
prompt new capacity or alternative supplies. Yet all agree that reliable supplies of
%Mo for medical procedures are essential. ®Mo supply challenges since 2008 have
led to the initiation and/or acceleration of multiple *Mo production projects.
Completion of some of these, for meeting supply needs in the near future, will require
HEU targets to be irradiated in more reactors and transported along new routes and
over greater distances than is currently the case. Coordinated interventions and
support by governments are therefore necessary to both ensure the reliability and long
term sustainability of *Mo supply as well as to achieve international, non-
proliferation goals related to the minimization of HEU use in civilian applications.
Although any direct IAEA contributions to increased production will necessarily be
very limited, the IAEA will continue to help coordinate deliberations and promote
joint action to the full extent of its capabilities, in close coordination with
OECD/NEA and EC initiatives.
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