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[IpuBeneHO omnmcaHue MPOMBIIUIEHHO JOCTYIHBIX poccuiickux 0sokoB nerextupoBanus (BJ1)
VMOHU3ALMOHHBIX KaMep JUIS PEerucTpaldd HEHTPOHHBIX IOJied B CHCTEMax YIpaBJICHUS W
3alIUTHl  PEAKTOPHBIX  YCTAHOBOK. DBBINONHEH aHaiM3 - CYWISCTBYIOIIMX  TEXHOJIOTHUii
NPOU3BOACTBA OJIOKOB JETCKTHPOBAHUS JUIA PELICHHs < pasiiM4YHBIX - 33j1ad. [IpuBeseHs!
pe3yIbTaThl UCTIBITAHUHN OMBITHBIX oOpasnoB bl mpu temneparypax munyc 120 °C u 500 °C.
OmpeneneHbl  JalbHEHIIME IYTH  COBEPLICHCTBOBAaHUS  OJOKOB  JIETEKTHPOBAaHHSA H
HMOHU3AINOHHBIX KaMEp JJid CUCTEM YIPABJICHUA U 3aIUTHI AICPHBIX YCTAHOBOK.

BBeaenue

broku neTrekTHpoOBaHMSA Ha OCHOBE HOHM3ALMOHHBIX KaMep M Ta30pa3psagHBIX CUETYHKOB
UTPalOT BAKHEHIIYI0 pOJb B YNPaBIGHWH TEXHOJOTMYECKUMH IpOIEecCaMH Ha  SIIEPHBIX
JHEPreTHYeCKuX ycTaHoBKaX. C MX MOMOIIBIO OCYIIECTBISAIOT KOHTPOJIb HEUTPOHHOTO MO OKOJIO U
B AKTHUBHOH 30HE peakTopa IMpH BBIBOJE Ha MOLIHOCTb, pa0OTe Ha HOMHHAJIBHON MOIIHOCTH B
cUCTeMax yIpaBJICHHs M 3alIMTHL SIIEPHBIX peakTopos [1]. PasHoOOpas3ne THUIOB sIIEPHBIX yCTaHOBOK
OTJIMYAIOLINXCS] TA0APUTHBIMU Pa3MEPaMH aKTUBHOM 30HBI, pab04YMMH TeMIepaTypaMy, 1Uana3oHaMu
pEeruCTpaly IJIOTHOCTH TIOTOKAa HEUTPOHHBIX TMOJNEH W T.J., TpeOyeT OT pa3pabOTYMKOB OJIOKOB
JETEKTUPOBAHUS CO37aHus OOJBIION HOMEHKIIATYPBI CEPUIHHO BBITYCKAEMbIX W3CIIHH.

TunmaaeIii 0JIOK TETEKTUPOBAHHS HA OCHOBE HEHTPOHHOM KaMephl COCTOWT W3 OJHOU WIIH
HECKOJBKUX MOHM3alMoHHbIX Kamep (MK) n muanm cBs3u. KonmdgecTBo xamep BbIOMpaeTcs, UCXOAS
n3 nocraBieHHON 3agaun. Cama mo cebe MK ys3BHMa K BHEIIHMM BO3JCHCTBYIOLIMM (akTopam, a
MMCHHO, K IOBBILICHHON BIaXHOCTH, 3JIEKTPOMArHUTHBIM IIOMEXaM Ppa3jIM4YHBIX YaCTOTHBIX
JMAaNa30HOB, HE3aKTUBUPYIOIIMM pacTBOpaM, IOBBIICHHBIM TeMIepaTypaM (MOryT AOCTUIaTh
500 °C) u 1. 1. Takum 00pazom, KOpITyc GJIOKa IETEKTUPOBAHMS CIIYy>XUT 3amuTol MK, a muHus cBsizu
nepeaaeT moje3Hslil curnan Beipadorannoii MK k anmapartype st nanpHeimei 00paboTku.

WoHu3anuonHas kaMepa NpeicTaBisieT U3 ce0s repMEeTUUHbIN KOPITyC, M3TOTOBJICHHBIN yalie
BCEr0 U3 HEP>KABEIOLIEH CTaJIM, 3allOJHEHHBIM CMEChIO MHEPTHBIX Ira3oB. BHyTpu MK pacmnosnoxeHbl
3JIEKTPOIHBIE CHCTEMBI, 30JIMPOBAHHBIE JIPYT OT JApyra U OT Kopiyca kamepsl. Kak mpaBuio, onHa
WIA HECKOJBKO 3JIEKTPOJHBIX CHUCTEM TIIOKPBITHI CIIEHUAJbHBIM BEIIECTBOM — PagHaTOPOM.
Pagmatopsl — 3TO BelecTBa, UMEIOIINE JOCTATOYHO BBICOKHE CEYCHHS JICNEHUS MIPH B3aUMOJICHCTBUH
¢ HeWTpoHamu. MMeHHO Hammuue paguaropa B KoHCTpykuun MK mo3Bomnser peructpupoBathb
HelTpoHBl. KOMHMYecTBO 3/EKTPOAHBIX CHCTEM 3aBUCHT OT pemaembix 3anau MK; ux, kak mpaswuio,
nse win Oonbine. Ha omHy »3J€KTPOAHYIO CHCTEMY IOJAeTCsi, HAIpUMEp, IOJI0KUTEIbHOE
HamnpspKeHHe, a IPYTyIo MOIKIIIOYA0T K perucTpupyoniei annaparype. s perucTpanyuy TETIOBBIX
HelTpoHoB B UK B KauecTBe panaTopoB HCIIONB3YIOT: ypaH-235, 6op-10, renuii-3. Ypan-235, 6op-10
HAHOCST TOHKMMH IJICHKaMU Ha 3neKkTpoaHsle cucrembl MK, Tak Ha3piBaeMble TBEpIBIE PagUaTOPHI.
I'a3000pa3ubiMu paguaTopamu refnii-3 U TpudropuzoM 0opa (IpH MPOU3BOJCTBE ra3a UCIHOIb3YHOT
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00p-10) HammonHstOT pabounit o0bem HK. Ilpn B3anMoneHCTBIM TEIUIOBBIX HEUTPOHOB C PaiiaTOPaMu
NPOMCXOAMT JAEJICHUE WU paclleIuieHue sapa pajguaropa ¢ o0pa3oBaHUEM JIBYX OCKOJIKOB JEJICHUS
WIM WHBIX YacTHUIl, pa3jeTalolMXCi B TPOTHBOMOJOXKHBIX HANpPaBICHUSAX. OTH OCKOJKH, IpH
MOTIaIaHMH B TA30BBIN MMPOMEKYTOK, CO3AIOT CBOOOHBIC 3JIEKTPOHBI M HOHBI T'a30B, HAIOJIHSAIOLINX
UK. Ilpu ABMXKEHUHU B 3JIEKTPUYECKOM II0JI€ MEXIY 3JICKTPOIHBIMHU CHCTEMaMM CBOOOIHBIC 3apsiibl
BO BHEUIHEH LIENH CO3MAK0T UMILYJIbC TOKA, perucTpupyeMslil annaparypoii. Kak npasuno B cucreme
enpasnenus u 3anmthl (CY3) npumensitores UK ¢ paauaropamu ypan-235 u 60p-10.

Kameps! neneHus — MOHU3AIMOHHBIE KaMephl C PagdaTopoM ypaH-235 SKCIUIyaTUPYIOTCS B
UMITYJIGCHOM, (IIYKTYalldOHHOM W TOoKoBoM pexkuMmax. UK ¢ pamgmaropom 6op-10 m3-3a mamoit
BEJIMYMHBI 3apsAAa B UMITYJIbCE IKCIIITYaTUPYIOTCS TOJIBKO B TOKOBOM PEXHME.

Cepm”mo BbINYCKAa€MbI€¢ HOHU3ALIMOHHBIC KAMEPBI U 0JI0KH A€TCEKTUPOBAHUSA

AO «<HUUT®DA» npomoipkaer 6omee ueM 60-1eTHHE TPaIuIInK HCCIEAOBaHMM, pa3paboTok 1
CEpUITHOTO0 MPOM3BOJACTBA HMOHHM3ALMOHHBIX KaMep W OJIOKOB JETEKTUPOBAHMS Ha HX OCHOBE.
PononavansHUKOM HampaBiIeHUs HOHHU3AIMOHHBIX Kamep Obuim cnenuanuctel Otmena 100 HUMBT
nvmern A.C. BekmmHckoro, co3manHoro B 1951 r., Oospmas dYacTh  KOTOPBIX IIepernuia B
AO «HUUT®DA» B 1989 1. [2].

Ha nannbiii Moment noapaszaenenus AO «KHUNT®Ay» sBisiroTest BeIyIUMU pa3pa00TYMKaMK
U TPOU3BOAUTENSIMU MOHU3ALUOHHBIX KaMep, Ta30pa3psIHbIX CUETUNKOB M OJIOKOB JETEKTUPOBAHUS
Ha ux ocHoBe. AO «HUUT®A» cepuiiHo BbilTyckaer Oojee 40 HaMMEHOBaHMH HOHHU3AIIMOHHBIX
KaMmep U OJOKOB JETEKTUPOBAHMS Ui perucTpalMy TEIJIOBBIX HEMTPOHOB. BhImyckaeMmble u3aenus
3KCIUTYaTHUPYIOTCS Ha siAepHBIX ycTaHoBKax Tuna bH-800, BBOP, PEMK.

PesynpraroM mocnenHux pa3pabOTOK SBIAETCS MIMPOKOAMANA30HHAs Kamepa C ypaHOBBIM U
6opabiM pamumatopamu KHY-3. Kamepa comepXuT mABe 3JIEKTPOJHBIE CHCTEMBI C YPaHOBBIM
panuatopoM, paloTarolive B HMIIYJIECHOM DPEXKHME, U OAHY 3JIEKTPOAHYIO CHCTEMY C OOpHBIM
MTOKPBITHEM, PabOTAIONIYI0 B TOKOBOM peknme. Jnamazon perucranuu kamepsl KHY-3 nepekpriBaer
JIBEHA/ILIATh JIECATHUYHBIX MOPAIKOB U oOecredrBaeT KOHTPOJb IIOTHOCTEH HEHTPOHHOTO MOTOKA B
muanasone ot 0,1 go 1011 meiirp.-cm™¢”. TlnacTMHUaTas KOHCTPYKIMS JIEKTPOAHBIX CHCTEM C
OOPHBIM TOKPBITHEM MO3BOJIICT AOCTUraTh B TOKOBOM peKUME KO3((HUIMEHT raMMa-KOMIIEHCAluu
6onee 400.

Kamepbl  geneHus  yclIoOBHO  MOXHO  pa3fielluTh HA  BBICOKOYYBCTBUTEIBHBIE U
HU3KOUyBCTBHUTENIbHBIE. OOpa31oM HU3KOUYBCTBUTEIBHON KaMephl SIBISETCA MajoradapuTHas Kamepa
Jlenenusi ¢ koakcuanbHOoM koHCTpykmuer KHT 26. Tuamerp kamepsl 3 mMm. KOHCTpyKIMS HMeeT
OXPaHHBIN AJIEKTPOJ, U MO3BOJISET IMMOJUTIOYATh Kamepy K ammaparype 1o nuddepeHnnanrsHoi cxeme.
Kamepa KHT 26 sBnsiercs mepBHYHBIM TpeoOpaszoBareneM Onoka gerektupoBanus CY3-B.
KoncTpykTOopckue pemieHdsi 0J0Ka [IETEKTHPOBAaHMS IO3BOJIIOT JKCIUIyaTUPOBaTh €€ Kak B
UMITyJILCHOM, TaK ‘M B TOKOBOM pexumax npu temreparypax g0 300°C. duamerp Oioka
JETCKTUPOBAHMSL B. MECTE PacIojoKeHHs1 Kamep JelieHus He Oonee 5 MM. UyBCTBUTENBHOCTH OJlOKa
nerektupoBaHusi CY3-B Kk TemsoBbIM HEHTpoHaM B HMITyJbCHOM M TOKOBOM pEXKHMAax pPaBHbBI
0,01 umm.-cm” m 1-10™° A-cm? ¢ cootBeTcTBeHHO. OGPA3IOM BHICOKOTYBCTBHTEIBHON KAMEPHI ACICHHS
apisiercss. kamepa KHT 27. UyBCTBUTENBHOCTh K TEIUIOBBIM HEMTpPOHAM B MMITYyJIbCHOM pEXHME
cocrasier 10 mmm-cm’-c'. Jluamerp xamepst KHT 27 — 80 My, amuna 300 mm. B AO «HUUT®DA» Ha
ocHoBe kamepsl Aenenus KHK 15M, kamepsbl ¢ TBEpbIM paguaTopom
60op-10 KHK 17-1 u KOpOHHOTO CYETYHMKa TEIUIOBBIX HEHTPOHOB C TBEpAbIM paauaTopom 6op-10
pa3pabaTtbiBatoTCsl OJIOKH JETEKTUPOBAHUS C IMHUEH CBS3M U3 TPUAKCHAIIBHOTO KaOessi ¢ MUHEpaIbHOU
m3osiumerd Tima KHMMC. UyBCTBUTENBHOCTh K TEIUIOBBIM HEHTpOHaM OJIOKa AETEKTUPOBAaHHSA Ha
OCHOBE KOPOHHOTO CYETYHKAa COCTAaBseT 8 UMI/CM'C NpH ramma ycroitumBoctd 1,93-107 I'p/c
(800 P/u). B HacTosimii MOMEHT pa3pabOTKU HaXOIITCs Ha 3aBEPLIAIOIICH CTaJHu.

3a c4yeT ONTHUMM3ALUHM COCTABA TA30BOT0 HANOJHEHHS Kamep AEJCHHUS YIaloCh YBEIMYHUTH
amrunTyty Ha ~20 % K paHee BBIIyCKaeMbIX KaMepaM.
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HccaenoBanus croiikocTu b/l kK BHeIIHUM BO31eiiCTBHAM

B pamkax paGoThl IO pacHMpeHHio padbodero TeMIepaTypHOro auamnasoHa JeTektopos B AO
«HUUTDA>» Ob1u poBeAEHBI UCTIBITAHUS SKCIEPUMEHTAIBHBIX 00pa3loB OJOKOB JETEKTUPOBAHUS
C KaMmepaMmu JAEJEHHUS MO0 ONpPEAETICHUIO BO3MOXKHOCTH SKcIutyatanuu npu muuyc 120 °C u npum
500 °C.

HcnpiTanus npu MOHMWKEHHBIX TEMIIepaTypax ObUIH BBITOJHEHBI C TOMOIIBIO MTPOrPaMMHOTO
3amopaxkuBatenss Kryo 360 — 3.3 ¢upmer Planer. DkcniepumenTtanbhbiii oOpaser; bJl nmomerniancs B
KpHo Kamepy u oxnaxmancs no muayc 120 °C. ITocne BBIIEpKKH B TeUeHHE MBYX yacoB b/ o6mydamm
HEHTpOHaMH W CpPaBHUBAIM C TMOKAa3aHUSAMH TNPH HOPMAJBHBIX YCJIOBUAX. AMIUIMTYAHBIA CIEKTp
UMITYJIECOB OIKCIEpUMEHTaNbHOro obOpasua b/l He HM3MeHWICS 1O CpPaBHEHUIO C HOPMAJIbHBIMHU
YCIIOBUSIMH, YTO CBHJIETEILCTBYET O COXpaHeHHH dyBcTBUTeNbHOCTH BJI. IIpu 3TOM OBLIO 3aMeueHo,
9TO BpeMs coOmpaHus 3apsma mpu Temmeparype muHyc 120 °C M0 CpaBHEHHIO C HOPMAJIBHBIMHU
YCIIOBUSIMH COKpaTHUIOCh Ha 25 %.

Ha ocHoBe «kamepbr nenmenus KHT 54-2  Obpur co3maH  OMBITHBIA - oOpaser
BBICOKOTEMIIEPATYpHOro OJi0Ka nerektupoBaHus. Mceneitanus b/l mpu temmeparypax 3KcCIlyaTanuu
no0 500 °C Owbumm BeIMONMHEHBI B MygensHOH meun Turna CHOJL. Tlpu pa3nmugHbIX TemrepaTtypax
U3MEPSUIMCh JAUCKPUMUHALIMOHHBIE XapakTepucTHKH BJ] mpu oOiyueHHH TemIOBHIMH HEWTPOHAMH,
nokasanHele Ha puc. 1. [Ipu Temneparype 500 °C 10XHbIH BEIXOAHOI curHan Bozpacraer ¢ 1,1-10™ o
1,4-10% A. Pe3ynpTaThl M3MepeHHi MOKAa3bIBAIOT BO3MOXKHOCTb CO3IAHMS BBICOKOTEMIIEPATYPHOTO
O5l0Ka JETEeKTHPOBAaHUS HA OCHOBE KaMepbl JeNieHHs. TakkKe C MOMOILIBI0 YCKOPEHHBIX HCIBITAHUN
OBUIO BBITIOJIHEHO MOATBEPKACHUE TeMiepaTypbl skciuryaTauud 500 °C ¢ MUHUManbHON HapabOTKON
Ha oTtka3 20000 u.
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Puc. 1. JluckpuMuHaMOHHbBIE XapeKTepucTHku bJ] Ha OCHOBE KaMephl IeTIeHsI, U3MEPEHHBIC MTPY Pa3TUIHbIX
TeMIiepaTrypax

BrimonHeHo uccnenoBane BIUSAHUS QOTOHHOTO M3IyYSHUS] B UMITyJIBCHOM PEKUME PadOTHI
Kamep jeneHus. Pabora BemonHsiiack Ha ramma-yctaHoBke 'Y 200M. Biok netekTupoBaHusi Ha
OCHOBE KaMepbl JeJeHHUS OoOJydasicss HEHTpoHaMH MpPH PAa3IMYHBIX MOIIHOCTAX (OTOHHOTO
n3nyueHus. Pe3ynbraTel M3MepeHMs] IUCKPHMMHMHAIMOHHBIX XapaKTEPUCTHK IPHUBEICHBI Ha pHC. 2.
AHamU3 3TOr0 PHCYHKa MOKAa3bIBACT, YTO BHIOOPOM YPOBHS IUCKPUMHHAIMHM MOYKHO IOJHOCTBIO
UCKJIIOYHUTH BJIMSTHUE BHEITHETO ()OTOHHOTO U3ITyYEHHS.

briokn perextupoBanms, pazpadbateiBacmMbie AO «HUUT®DA», 1Mo >IeKTpOMarHATHOM
COBMECTUMOCTH TEXHUYECKUX cpeAcTB UMeOT 111 rpynmny UCronHeHus o yCTOHYMBOCTH K IOMEXaM U
YCTOMYMBBI K MEXaHHMYECKHM BO3AEHCTBUAM, BO3HMKAIOIIMM OT yJapa camoJjeTa, Majarollero Ha
ADC, 1 0T yapHOH BO3IyIIHOW BOJIHEI.
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Puc. 2. luckpumMuHanOHHBIE XapakTepucTHKH bJ] Ha OCHOBE KaMephl JeIICHNs];, H3MEPEHHBIC TIPH PA3THYHBIX
MOIIHOCTSX 7103 (POTOHHOTO U3JTYUYCHUS

BoiBoabI

AO «HUUTDA» obmagaer MHUPOKUMH TEXHOJIOTUIECKUMH BO3MOXKHOCTSIMH TTPOU3BOJICTBA
HOHU3AIMOHHBIX KaMep © OJIOKOB JETEKTUPOBAHHS HA WX  OCHOBE, HEOOXOIUMBIMH IS
YIOBIIETBOPEHHSI MOTPEOHOCTEH pa3pabOTINKOB CUCTEM YHPABICHUS U 3alTUTHI SICPHBIX YCTAHOBOK.

OnsitHbie 00pasukl b/, paspadborannbiec AO «HUUT®DA, nokasanu BO3MOXKHOCTh CO3/IaHUS
W3IETNH, SKCIUTyaTUPYEMBIX B MIUPOKOM TeMIlepaTypHoM muamnazoHe or mMuHyc 120 °C mo 500 °C.
CrenyrommmM 3TaroM pa3BUTHS OJIOKOB JETEKTUPOBAHHE IUIAHUPYETCS YBEIUUYCHHE TEMIIEPaTypPhI
mTaTHOM 3Kcrutyatanuu 10 600 °C.
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