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BBe;n;eEHe 

HaHOOJiee IIO;ZJ;p06HyiO I1HrJJOPMaiU1IO 0 ]pHp~e He t1TpOHHhiX pe3 OHaHCOB 

MOJKH 0 IIOJiyqHT:&, MCCJie;ZJ;yH pacrra;n; TaKMX C OCTOHHMPi. B IIOCJie;ZJ;HMB P0,11;bi 

6Jiaro;n;apH C03,11;aHMIO repMaHMeBhlX ;n;eTBRT)POB rnMpoKoe pacrrpocTpaHBHMe 

IIOJiyqJ.1JIO I13yqeHI16 CIIeKTPOB \,J -Jiyqe 1 IIOCJie 3aXBaTa pe3 OHaHCHhiX 

HePiTpOHOB, qTO ;n;aJIO HOBbie CBB;ZJ;BHHH 0 (~TpyKType B036YJICJJ;BHBblX COC

TOHHHM a'.rOMHhiX H,11;6Po 

3HaqJ.1T6JI:&HbiM 001l6M CIIB~I1WI1tiBClCOW MIHJ)OpMa~MM 0 pe30HaHCHbiX COC

TOHIU'IHX C0,11;6p)'.taT CIIBKTpbi ?4.. -qaCTH~ }laCIIa,ZJ;a STlflX COCTOHHliH1. K co-

JICaJieHHIO I13-3a MaJIOM IIpOHM~aeMOCTH KyJIOHOBCKOPO 6ap:&epa ;ZJ;JIH ·~ -qac-

TH~ B OOJiaCTH cpe;n;HMX M THIKBJibiX H;ZJ;Bp I'eam.J;MH ( V\ , :A ) H;ZJ;BT C 

KpatiHB MaJII~lM ceqBHHBMo 8TOT cJ)aKT, a Tc.KJKB 3Haqi1TBJI:&HhiM cJ)OH OT HOB-

KypMpyromeM: peaK~MI1 ( ~ , r) - ()' C'' ,~) < ro-5 --G" n ,fl 
, cJia-

ObiB IIOTOKH pe30HaHCHhiX HBtiTpOHOB y 00]:0illi1HCTBa COBpBMBHHhiX I1CTOq

HHKOB HBMTPOHOB M HBOOXO;ZJ;MMOCT:& pa60TBT:& HBIIOCp6,11;CTBBHHO BCJI6,11; 3a 

MOmHOM BCIIbiillKOM MOHI13I1pyromMX I13JiyqBHHM HMIIyJI:&CHOPO HCTOqHHKa HetiT

pOHOB rrpe;ZJ;CTaBJIHIOT 3HatiHTBJI:&HbiB Tpy;n;HO~TM ;ZJ;JIH SKCITBpHMBHTaJI:&HOrO 

H3YtiBHI1H pear\~MH ( "' , <:( ) • Bee STO ITptiB0,11;HT K HBOOXO;ZJ;HMOCTM 003-

;n;aHMH CITBKTpOMBTpOB ~ -qaCTH~, OOJia,11;liOmHX TaKMMM xapaKTepMCTMKaMM, 

KaK OOJI:&illaH CBBTOCHJia, MaJibiW COOCTBBHH:lti WOH, CITOCOOHOCT:& pa6oTaT:& 

B OOJI:&illHX IIOJIHX CJiaOOMOBit731tlpyromHX H3JIY'IBHMM, BBITeperpYJKaeMOCT:& 

CITeKTPOMBTPI1tiBCKOrO TpaKTa ITpH OOJI:&illHX aMIIJIIIJ'Ty;ZJ;BhlX rreperpy3Kax Ha 

BX0,11;6, CTaOMJI:&HOCT:& xapai\TBPMCTIIJ'K B T6 1l6HMI1 COTeH tiaCOB M3MepeBH.ff 

8clJfll6KTI1BHhl6 ;n;eTBICT Ophl ,1l;JIH perMCTpc.~HM :>{ -qaCTM~ B peaK~HH 

( \-\ , ·::J.. ) Ha p630HaHCH1lX HBMTPOBax OIII1CaHbi paHee /I,2/o B HaCTOHutefii 

paOOTe OIIMChlBaiOTCH ,11;Be CIIeKTpOM6Tpi1tiBCl\ !16 ycTaHOBKM, pa3pa6oTaHHbiB . 

B JiaoopaTOPHH HBMTPOHBOW cJJI13It7KI1 011HL1, ;zJJIH H3YtiBHI1ff CIIBKTpOB o{ -pac

rra;n;a I.J;BJIOPO PH;ZJ;a I1H,11;HBI1,11;yaJI:&HhiX COC'l'OHHHM aTOMBhiX ff;ZJ;Bp, B036ym;n;ae-
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MbiX npH saxBaTe pesoHaHCHbiX BewTpOEOB. PaccMaTpt-iBaiOTCfi BID1flrme 

clJOEOBbiX HOHH3HPYIOlllkiX noJiei!r Ha paspelll6HII. 6 cne:s:TpOM6Tpa. 

JAOHI118AUitlOHHAf1 KAMEPA 

CymeCTB6FlHbi6 orpaHMti6HMfi Ea TMn -~ -cneKTpOM6Tpa ;zJ;Jifi M3Yti6HMfi 

pe,zutLJtx pe aK~Jtii1 Haima.n;hmaeT Beooxo;n;J.1MOC~':& mMeT:o npJtioop, ooJia;naiomMfii 

6oJI:ornoM: c:aeTOCHJIOti c ;nocTaTOtiEO BbiCOKMl.: pasperneEHeM no aHeprl'tiM 

oi.. -qacTIII~, a Tai\2K6 B03MOJKHOCT:OIO nOMt CTHT:O B ;l.(6T6KTOp MaKC11MaJI:OH06 

KOJIMti6CTBO I-1CCJI6;zJ;Y6MOrO B6l!J,6CTBa, TOJilllv:Fl a KOTOporo ;nOJIJltEa C OCTa:S

JlfiT:O MD.JIYIO ;D;OJIIO OT npo6era '-" -tiaCTM~. B CBH3l'tl C oTkiMM Tpeoo:BaEMfi

Miii Mbl orpaHI'titil'tiJIMC:O paoCMOTp6Hlii6M ;D;Byx ~~MnOB cneKTpOMBTpOB - Ha 

OCHOB6 C~MHTI'tiJIJIH~MOHBOrO 11 MOEHSa~HOHHO!lO MBTO;l.(O:a perviCTpa~1111 oHep

rt-111 tiaCTlii~. PaspelllaiOmyro onocOOHOCT:O O~l!HT11JIJifi~kiOHHOrO rasOBOro 

;n;eTBRTopa c oon:ornoM: paootrelii nJioma;n;:oro, ~\mKe npm 11crroJI:osoBaH1111 aJiei\

TPHtrecimr,o nOJifi ;zJ;Jifi YCI'tiJI6HMfi OBBTOBO~i J3CilbiillKr1, H6 y;naJIOC:O nOJIYti11T:O 

JIYtillle IO + I2 % 131, tiTO ne;n;ocTaTOtiHO ~~Jifi MJti6Eltifi .x_ -cneKTPOB B 

pea~:tm ( ·" , ~ ) • B HacToamee BpeMa, :HJPOfiTHo, l'tiOHMsa~ViOHHaa I\a

Mepa C 8JI6KTpOEI'tiKOfi1, MM6IO!n6M BbiCOI\06 aiinapaTypHOB paspBillBHMB;B 

Ha1100JI:Oill6M CT6n6Fl11 OTBBtiaBT nepe<UWJIBHJ!biM Tpe60BaHl'tif!M. ilpHM6H8EM6 

66 ;zJ;aJIO B03MOIKEOCT:O COS;zJ;aT:O CB6TOC11JI:OHJJW ,(. -oneKTpOM6Tp C y;nOBJIBT

BOpl'tiTBJI:OHbiM pa3p6lil8EM6M no 8HBprl'tii'ti ~ -tiaCT11~. 

0;IJ;MH 113 Cl16KTpOM6TpOB COCTOHT M3 i)-TM 061\~MOHUOfii 110IH13a~l'tiOHHOH 

KaMepbi C CBTKaMI'ti, 8JI6KTpOHI'tiKI'ti, II03BOJiff:Oln6M Bbi011paT:O OnTMMD.JI:OH06 

8HBpr6T1ltiOCIW6 pasp6IllOHM6 11pl't1 ;LJ;aHHbiX p 3.3Mepax MMlll6HB11, a Tai\JKB 

Cl'tiCT6Mbl peruiCTPMI'tiH MHOrOM6pH0~1 HEcpOpMd~Hki • JllMB 6TCfl CTa6MJIH3ilUMfl 

BCero cnOKTpOM6Tpl'titi6CROrO TpaKTa, BKJIIO'iafl I\aM6PYo BaKyyMHafl CMOT6-

Ma o6ecnetiMBa6T OTKatii\Y Ill HaiiOJIH6H116 1i )Hl't13a~MOHJ:l OM I\aM6pbl pa60ti6M 

raSOBOM OMBC:OIO. 

....... ,_ 
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M8HDill6M no 06~aMy ~ KOTOpaa MM66T TCRDKO ~Be C6KUHH C C6TKaMMe 

EOJibillafl KaMepa (pvrc. 1,6) KOHCTPYKTitBHO BhiiiORHeHa B BM~6 IIO

noro IJ;MJIMH)J;pa ~MaM6TpOM 490 MM. 11 AJll1HOM I2I0 MM, CEa6:at6HHOro C 

TOpiJ;OB TOHKOCT6HHhlMH KPhlillKaMM Ha BaEyyMHhlX yiiROTH6HMflXo Ha OOKOBOM 

IIOB6pXHOCTH KaM6phl MM610TCfl KRaiiaHhi, qepe3 I\OTOpbi6 npOM3B0;2l;MTCfl 

OTKaqKa H HaiiORH6fll16 OO~eMa pa6oqvrM ra30M (98 % A~ + 2 % C02 , MJIH 

97% A~ + 3% CH4 npvr ~aBneHHH 2 aTM.), Ha KaMepe pacnoJio:m:eEhl cvrr

HaRDHhle H BhlCOKOB0JIDTHbi6 BBO)J;hl, KOHT~OJIDHhl6 MaHOM6Tpbi H BaKyyM

M6Tp. BHyTpH 06~6Ma pa3M61l\6Hhl 6 M,IJ;6HrJi1qHhiX C6KIJ;MM - H63aBHCMMhlX 

~BOUHhiX MOHVI3aiJ;HOHHhlX KaM6p C C6TKOM. IlOJIHafl IIJIOI.l.\a)J;D Mt1ill6H6M COC

TaBRfl6T 9000 CM2 • 

0T~6RDHafl C6KIU1fl IIpe,Il;CTaBRfl6T Ci)QOM CMCT6My 113 ~Byx BbiCOKO

BORDTHbiX 3R6KTp0;2l;OB (3) (amOMMHH6Bbi6 )J;MCKH ;2l;li1aM6TpOM 440 MM, Tomnvr

HOM 0,5 MM), Ha KOTOpbi6 HaHOCMTCfl MM116Hb (TOHKHW CJIOM 0,2 Mr/cAf) 

li13yqa6MOrO k130TOIIa) H O,Il;HOrO OOI.l.\6rO ::tR6KTp0;2J;a (KORJI6KTOpa) (I), 

paCTIOROiK6HHOrO M6Jit;2l;y HMMM. M6JK~y 3R6I:Tp0;2J;aMM pa3M61l\6Hbl ,Il;B6 C6TKV! 

HaTHHYThl6 Ha CTMbEbl6 KORbiJ;a (npOB01!C 1Ka d = I00MK.J mar HaMOTKM 

I,5 MM), PaccTOHHHH M6Jit;2l;Y BhlCOKOBORb~HhiM 31!6KTPOAOM M C6TKoi1:, 

C6TK0M M KOR1!6KTOpOM paBHhl COOTB6TCTI6HH0 70 MM H 30 W~o 

BTOpaH KaMepa IIp6;2l;CTaBRfl6T C060V. OAHY C6KIJ;MIO OORbillOM KaMepbi 

C COOCTB6HHbiM KOiKYXOM M H6CKORDK0 OT~HqaiOI.l.\MMICfl paCIIOJIOiK6HM6M 

31!6KTPOAOB (pvrc. Ia)o IlROI.l.\8;2l;D Mli1ill6H6M - 1500 CM2 • 

0IIHCbiBa6Mbl6 HOHM3aiJ;110HHbi6 K8M6pbl OORa)J;aiOT Ma1!biM COOCTB6HHbiM 

WOHOM. B 3Hepr6TJi1qacKOM HHT6pBane 5 + IO M3B WOE sa roo qacOB 

COCTaBRfl6T I,3 11MII/CM2 o 8H6pr6TJi1qeci(03 pa3p6ill6HH6 KaiK)J;OM 061\IJ;HH 
.. ~,'·~· 

- IOO KSB ;21;na E = 4.5 MaB. IIp11 pa6oT6 Ha nyqK6 H6i1TpoHOB OT MMIIYRDC-

Horo peaKTOpa 11EP-30 / 4/ cJ.}OH KaM8pbi II )Bblilla6TCff ~ S ? ,;..~ , a 

pasp6mem~e ;21;0 400 + 200 KSB Ana E = IU MaB, B pasnMqHhiX MHTepBa1!ax 

Bp6M8HM IIOCJI6 MMIIY1lbCa MOI.l.\HOCTM peaKTI)pa. 
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PaCTIOJIOJKBHMB MOH:VI3 a]4110HHbiX KaMB) H a ITytiKB HB V!TpOHOB ITpM l13MB

pBHI1lii CTIBI\TpO:S d... -tiaCTHU 113 peaKUM11 ( 'v\ ', o(. ) ITOKa3aHbi Ha pMCo 

I a lii I6. MaJiaH KaMepa ycTaHa:sJIM:saJiac:> sa meJIB:SbiM IWJIJIHMaTopoM 

C ITPOXOAHbiM OTBBPCTli.IBM (30 X 2) crl C TaKMM BaKJIOHOM, ITpM KOTO

pOM B nytiKB HBMTpOHOB HaXOAMJiaC:b BCH TIJiomaAI> MliilliBHBW M TOJI:bKO 

IO% tiY:SCT:SliiTBJI:bHOro oo:oeMa KaMBphi. 9~'0 paCIIOJIOJKBHHB II03:SOJI.ff8T 

IiiCITOJI:b30BaT:b KaMepy B 60JIB6 MOinHhiX ITC 1JI.ffX 113JIYtiBHPI:fii, IIO cpaBHOHMIO 

c reoMeTpvrew pwc. I6. Ha 6ase roo M rpM l1MTIYJII>C6 MOmHOCTM peaKTOpa 

J3 60 M:sT, MaJia.ff MOHI13aU110HHaH KaMepa B TaKOM reOMBTpl111 3KCIT6Pl1MBH

Ta BOCCTaHaBJIM:saeT C:SOM CITBKTpOM6Tpl1GBCKH6 CBOMCT:Sa ti6p83 400 MKCBKo 

(AVIaiia30H l1CCJIBAYBMbiX 3Hepr11~i HBMTPOHOB AO E"<' 350 3B), B TO 

:speMH I\aK :S reOMBTPMM pVIC • I6 l10HI138~110HHOf1: KaMBpe Tpe6yBTCH AJIH 

:SOCCTaHOBJIBHli.IH ,...~ I200 MKCBKo (E"' < lJ-0 9:S). 

8JIEKTPOHHAH ATITIAPATYPA 

llpVI paapa6oTKe 3JIBKTpOHHot1 anrrap lTYPbi ytii1Tbi:SaJIVIC:& TaKVIe cpaK-

TOpbi, KaH MaJiaH CTaTVICTVIKa ~ -tiaCTVIn 113 pe aKU1111 ( \\. , ot_ ) ITpM 

3HatiMT6JI&HOM t]?OHO:SOM 113JIYtiBHMM OT KOlLtypMpyromvrx peaKUMW VI 113 peaK

Tapa, 60JI:bllil16 VIMTIYJII>CHbiB rreperpy3K11 B MOMBHT VIMTiyJI:&Ca MOinHOCTM 

peaKTopa, Apeww CVICTBMhl ABTBKTOp-aHaJIII3aTop rrp11 AJIVITBJI:&HOM :speMBHM 

I13MBpBH11H. bhlJia C03AaHa MHOrOKaHaJI:&Bali 113MBPVITBJI:&BaH arrnapaTypa 

C JIMH eitBbiMVI HeneperpymaiOinVJM)'l CITBKTpOMUTpVltiBCHVIMM TpaKTaMM l/.1 Cli.IC

TBMOW IWppem.~MJZr APBMc}?OB BCBX TpaKTOB • EJIOK CXBMa anrrapaTypbi ITpM

BBABHa Ha pHc. 2o 

VlMITyJI:&C C KOJIJIBKTOpa li.IOHM3aUMOHHC t1 KaMBpbl (I) yCMJili.I:SaJIC.ff AO 

pa60tiBll :SBJill.ltiMHbi YCMJili.ITBJIHMM (2) M (3) l/.1 TIOAa:SaJIC.ff ITO AJIMHHOMy 

Ka6enro ( 'IOOO M) Ha ynpa:sJIHBMhlt1 ycM~MTBJII> YY (4). (~JIMHa Ka6eJI.ff 

3aBMCli.IJia OT paCCTOHHMH MBJKAY MBCTOM paCITOJIOJKBHli.IH KaMBpbi 11 perMCT-

(.: ... 
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p~pymm~M~ ycTpOMCTEaM~)o C YC11n11T6nH YY qepes n11H6MHYID CX6MY m]M 

(8) 11Mrryn:oc nocTynan Ha npeo6pasoBaTEn11 -t ,5I2 - RaHan:&HhiM aMnmn

TY~H0-~11WPOEow (AUIT) (9) 11 4096- Raran:&Hhlfi BpeMH- ~11WPOEofi (BUIT) 

(IO). C onoRoE AUIT, BUII 11 Ito~MpoEm11Rc. HOMepa KaHana (I6) vmq?opMa

~MH 00 aMnn~Ty~e, npM3HaR6 HOMepa Rarana ~ EP6M6H~ rrpMXO~a MCCne

~yeMoro MMrryn:oca OTHOC11T6n:&HO CTapTOIOrO lAMTiyJI:&Ca, CROppeJI:v.rpoEaHQoro 

no Ep6M6H~ C l'IMnyn:&COM MOmHOCTM paaR~Opa, nepeHOCl'IJiaC:& B npOM6-

JKYTOtiHYID naMHT:& Ill1 (I2). tiepe3 ycTpOPCT:SO OT6opa (13) ~liiWPOEOM 

KO~ 3-X rrapaMeTpOB nepe~aBanCH ~nH CV.HXPOHHOM 3aiT11Cl'I Ha MarH11THyro 

neHTy (14). 

CJACTeMa ~MWPOBOM ROppeR~MM ~pefigOE R08WWlii~l'I6HTa ycMn6Hl'IH 

npe~cTaBJI6Ha 6nOI\aMM ~:v.rg)pOEhiX OROH (I I), peEepCM EHhiMl'I Cti6TtiHR8.M~ 

( 6) 11 ~Mt_PpoaH anol,O:BhiMM npeoopaso:saTeJJ HMM UAII ( 7). Enoim UAIT 

C:BH3aHhl C YY l1 ynpaBJiffiOT MMM B 3 aBt1C:VJMOCTM OT COOT OHHMH peBep

CHBHhiX Cti6Tti~ROB (~pefiwa CMCT6Mhl)o 

B On11CbiBa6MhlX CTI6RTpOM6Tpax ~p6i1W Ohln CEH3aH C l13M6H6Ht16M 

xapaRT6pMCTMK ~OHl'I3~MOHHhcr KaM6p (113M6H6H116 napaMeTpOB rasa, Ha

nOJIHHIOmero 001>6M I\aM6p) C KOne6aHMHMM HarrpHJK6HMH C6Tl'I Ha B6nMtiMHY, 

H6KOMn6HCMpyeMyiD CTa6MnM3a~M6M 11CTOtiH11KOB n:v.rTaHlAH, C 113M8H6Hl16M no 

RaKJAM-n1100 npMtiMHaM K03W@M~lA6HTa YCMJl6H11H 11 C ~pyr11MM c,IlaETOpaMH, 

BnMHrom11Ml'I Ha E6nMtiMHy aMnn11TY~hl 11Mny~:oca. nnH KOMnBHC~MM ~pew@a 

11CnOJI:&30BaH cnoco6 Ha OCHOB6 ~mlJpOEoro CTaOMJI113a~opa. KOHTpOJIMpO

EanCH MOHOnMK ~ -cnEJETpa 8TMOHHOrO HCTOtiHMEa, ycTaHOEn6HHhlM B 

s~aHHhiX KaHaJiax aHaJI113aTopa, nyTeM ctieTa ti11cna MMITyn:ocoB, nocTy

naromMx B 30Hhl TIO 006 CTOpOHhl OT ~6HTpa Tfi:lK6CTM TIMRao L'!30biTOK OTCti6-

Ta B O~HOM 113 30H yRa3hlEan Ha AP6liW C~CT6Mhl. CTa6JAn113aTop aETOMa-

TI1ti6CKM M3M6Hff6T R08~H~M6HT ycMn6HMH Jll1H6MHOrO TpaETa C noMom:oro 

YY ~0 T6X nop, noRa OTCti6Tbl B OOOMX 30Hax H6 CTaHyT O~l'IHaKOEhiMMo 

c.~ 
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B rrpo~ecoe 8KCIT~yaTauHM OIT8KTpOM8Tpa B CMOTeMy CTaOM~~3a~MV1 OH~M 

BB8C8HH V13M6H6HMH, CBH3aHHH6 CO C~6;zJ,YIO!UMMI1- npM"t!MllaMl!J. qMO~O OTcqe-

TOB 3TaJIOHHOrO ="' -MOTOqH:VrKa, ;zJ,OCTaTOqH06 ;zJ,Jlfi 0ITT11MaJI:OHOM CTaOM-

Jll!J3~JiHt'f CIT8KTpOM6TpMqecKOrO TpaHTa rrpVI HenpephlBHOM npo~eoce CTa

OMJIM3a~Ml!J, sHaql!JTSJII>HO ~~eH:omaeTCH :a yOJIOBMHX 3KcrrepMMeHTa Ba MM

rryJI:&CHOM nyqKe H6MTPOHOB L'IEP, K02;zJ,a l!J3MepeHMfi Be;zr,yTOfi BO :speMeHHHX 

OKHax. ilpM oqeH:O MaJIOM CTaT11CTl!JK6 CT80Vl:JIM3a~Mfl CTaBOBl!JTCfi B68cpcp8K

Tl!JBHOM. 11CTIOJI:030BaH:v18 OOJI68 MOIUBOrO MCTOqEl!JKa ( 8TaJIOBHOrO) npMBo

;zJ,IIlT, Bo-rrepBbiX, K YB8JII1q8HllliO (j}OBa B C6JiaCTIIl 8cpW6KTa CO CTOpOHH 

Hl!J3Kl!JX 8H8prMi1, a BO-BTOpHX, !13-Sa orpaHMqSHHOrO 0HCTpO;zJ,8MCTBl!Jfi 

ITpOM8iltyTOqHOJ!i TiaMfiTl!J CMCT6Mbl perMCTp8LU111 - K 66 rrep8ITOJIH6H11IO Ill 

OJIOKI1p0BK6. 

,7laJII>H 8Mlll118 I1CCJI8;zJ,OB 8Hll!ff xapaKT8p1C TlliK 110Hit13 ai~l!JOH Il Oti KaMepbl 

(110CJI8 88 KOBCTpyKT11l3HOro 113M8H8H11H) ITOKa3aJIM, qTO 110 MCTeqeHMM 

(I + 3) CYTOK TIOCJI6 ee HaiTOJIH6Hl!Jfi raSOM B KaMepe ycTaHaBJil!JBa8TCfi 

pe~MM, npM KOTOpOM COXpaBH8TCfi ITOCTO~HCTBO aMTIJIMTY;zJ.H MMITyJI:&Oa B 

Teqemm MHOrl!JX ;zJ,H811 l!J3M8p8Hl!Jfi. l108TOMY OKa3aJIOC:O l303IvWiltBbiM OTKa-

3aTI>Cfi OT OXBaTa CTa6MJIM3al\M6ti CaMOM KaMepH. B 8TOM CJiy"t!ae ;zJ,~fi CTa

OMJil!J3~M11 CIT8KTpOM8Tpl!JqecHOrO TpaKTa 11CITOJII>3Y8TCff BM8CTO 8T8JIOHBO

ro MCTOqHMKa MMIIYJII>Cbi C 3TaJIOHHOrO rEHepaTopa, no;zr,a:sa8Mb18 Ha BXO;zJ, 

npe;zr,yCMJI11T8Jlfi (p110 o 3). ,I{Jiff l!JCKJIIOqeHv fi OTpHqaT8JI:OBbiX 8tiJqJ8KTOB, 

yKaSaHHblX BHill8, 8TaJIOHHbiM reHepaTOp ( I8) BKJIIO'!a8TCH TOJI:OKO B OIT

pe;zr,eJI6HHH6 MHTepBaJibl Bp6M8Hl!J Mem;zr,y BCTiblillHaMH peaKTOpa; '!aCTOTa 

reHepaTopa perym1pyeTcH, a :sxo;zr, rrpoME Ji\YTO'IHOti naMflTVI Ha :speMH pa-

6oTH CMCT8Mbl CTa6l!JJIM8a~11l!J OJIOI\MpyeTCf: Dp8MH3a;zJ,aiOIUMM OJIOKOM (I7) • 

,1lJIH Kam;zr,oti C8K~l!Jl!J KaM8pbi¥ MM88TCff CBCM CIT8KTpOVieTpM'I8CK11M TpaH:T_.-

l!J OJIOI\11 KOpp8Kl\M11 ;zr,pelicfla. TaR Kal\ 8Tc.JIOBHbiiit reBepaTOp 11M68TCH B 

Ka~;zJ,OM TpaKT8, TO rrpOM3BO;zJ,11TCfl C8JI6K~MBBbiM BbiOOp TpaKTa, ITO;zJ,Jie

JKamero KoppeK~l!J11 B ;zJ,aHBbiM MOM6HT. Bb!Ciop ;zJ,6Jia6TCfl C ITOMOIU:&IO OJIOKOB 

I' 
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(5)1 KOMMYTHpyro~HX peBepCHBH~M C~eT~t!JK TOrO TpaKTa, HMTIYR:OC C KD

TOporo aHanmsMpyeTCH B AUII. ~ -cneKTP c~a6oro 3TanoHHoro ~cTo~

H~Ka 238 U perHCTp~pOBaJICH Ha Mari-mrHyiO neHTY TaKii\e, RaE 11 I1C

CJI8,7J;Y8MbiM, C TIPI13HaKOM HOMepa KaHana I1 11CTIOn:030BaJICfl ,ZI;nfl H:ani16-

pOBKH nmanhi no oH epr1111, a TaRJKe np11 :man11se npM~L1H OT,ZI;SJI:OH~ 

H8I1CTipaBHOCT8M BC6M CHCT6M~o 

IlpMM8H6Hl18 MHOrOMepHoro aHM~3a'COpa C MarHI1THOW R8HTOM /S/ 
,ZI;ano B03MOJKHOCT:O B6CTI1 0,7.1;HOl3peMeHHO )8rMCTPS.UI1IO aMTiniiJTY,7.1;H0-l3p8M6H

HhiX CTI6RTpOl3 CO l3C6X C8RD;H:fi 110Hl'13aJJ;L11)HHOM KaMOPhlo TaK RaE TipL-1 3TOM 

3aTII1Chll3anCH I1 HOMep C6l\IJ;MM, TO TipM ,ZI;aJIDH6WIII6M o6pa60TR6 MOl!tHO B~~

paCbiBaT:O HenpaDMn:OHO 3aperMCTpi1pOl3aHHYIO no KaKviM-RL-160 npM~I!IBaM 

MHclJOpMaiJ;MID C nro6oiit 113 C8KIJ;11Mo 

PA3PEIIIAIOIUAH CllOCOBHOCT:O 

Pasperuaro~aH crroco6HoCT:o 110HM3aL\1iOHHoro ,~ -cneKTpoMeTpa 

3al3I1Ct!JT OT pfl,ZI;a fl1aRT0pOl3. Pa,ZI;I10T6XHI1t[8CK1ii6 IIIyMbi 11 ti,>mOKTyaiJ;Mfl llt!JC

Jia nap JiiOHOB npMBO,ZI;flT K raycCOBCROMy pacnpe,ZI;eneHMID I1MIIJn:OCOl3 no 

aMnJU1Ty,ZI;aM, 118 C,ZI;l3I1raH M6CTOTIOJIOJK6H11f: MaRCMMyMa. JJ:pyr116 clJaKTOp~ 

(TonmMHa MCTO~HHKa ·~ -~aCTMIJ;, llpi1nYTiaHH6 3JI6KTpOHOB K aneKTpO

OTpMIJ;aTen:oHhiM 11pMM8CflM, HenonHafl 3Kpc.HHpOBKa ICOnneKTOpa C6TKOM, 

KOH6~HbiM clJpOHT HapacTaHMfl 11MnyJI:OCa'J l peiitc]? CHCT8Mbi) TipMl30,7.l;flT KaR 

K ynmpe HHIO "" -JIMHMM, TaR 11 K C,ZI;l3Hr;y MaRCHMyMa l3 06JiaCT:O M6H:O

IIII1X oHeprMw. B.nMHHMe Ha pasperuam~yro cnoco6HOCT:o onMCbiDaeMoro 

~ -cneRTpoMeTpa pasnH~H~ c]?ai~:TopoB npi1DO,ZI;HTCH D Ta6nHn;e I. 
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aMTIJIHTY~Y HMTIYJIDCOB 

- 8-

Pa;n;HOTexHHqecKHe mYMUX) 

~JIIOKTy~Hfl HOHH3~HH 

ToJI~HHa MHllieHH (300MKr/cM2) 

HerrOJIHafl SKpaHHpOBKa C6TKOH 

MHHHH8 WOPMHpyiO~HX D;8ll6H 
yCHJIHT8JlDEOrO TpaKTa XX) 

ilOT6Pfl 8JI6KTpOHOB 

06JiyqeHH6 . fl -I\BaHTaMH 
~~ = 6.Io7 I/ceK.x) 

X) - 8KCrrepHM8HTaJIDH~e B8JIMqHH~ 

Ta6JI:r,u~a I 
I' 

l.lE (KSB.) 
ynm perm e 

... 70 

. ., 9, 5 

,..so 

~50 

- 23() 

C;LJ;BI-i'r 

"' 35 

... 57 

"" 75 

~400 

E ~ (Man) 

IO 

IO 

IO 

IO 

IO 

5 

5 

XX)_ CB.H3aHbi C pa3JIJ.1qM6M BO Bp6M8HH IlapacTaHHfl HMnyJIDCOB • 

Cy~eCTB6HH06 BJIH.HHH6 Ha B8JIJ.1qHHJ. paapemaiO~ei1 CllOCOOHOCTH ITO 

SHeprHH .,<.. -qaCTHL\ OKa3~BaeT TIOCTOfllH06 ItiJIH HMTIYJIDCH06 06Jiyqe

HH6 HOHI13aD;Ir10HBOM Ka.Mep~ g)OHOBhiM HOH:V.3MpyiO~HM I.13JIYq6HH6M. CrreK

TpOM6Tp pa60TaJI B rrpHCYTCTBHM CHJillHOIO HeilTpOHHOro J.13JiyqeHHfl B 

MOM6HT BCTiblillKM peaKTOpa, a TaKme OOJIEillOrO WOHa ~ -J.13JiyqeHHfl, 

M;n;y~ero H3 peaKTOpa 11 OT KOHKYPI1PYIO!l\6ll peaKL\HH ( ·~ , \"' ) t ceqe

HH6 KOTOPOM Ha 5 -t 6 rrOp.H;LJ;KOB B~ille C648HHfl peaiCIJ;HH ( ~ , ..{. ) • 

MHTeHCHBHhiM woH n~a~:saeT n MOHHaau;t-~oHHOM KaMepe TPM oTpHu;aTeJillHUX 

acJ)weKTa: 

I. BoapacTaHHe yponHH myMon sa c~eT rro.HnJieHMH 6oJI1lruoro qMcJia 

QlOHOBbiX l1MTIYJillCOB. llpJti STOM C)CTaBJIHIO!l{aH lllYMa rrponopn;l10-

HaJI1lHa J.1HT8HCHBHOCTJII~ qJOHOBOro f' -l13Jiyqem1H M saBMCHT 

OT rrapaMeTpOB HOHM3aD;MOHB OM KaMe phi. TaK, HarrpMM8p, ;LJ;Jlfl ~ ·~ ... 
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r;n;a K - SaB~CiiiT OT K03<I?<l>liiiJ;IIl6HTa t\OHJ36pCMH \" -KBaHTOB, a 

Tamita OT 3HepreT~lJ6CI\OrO CTI6K,Tpa \" -HSJiyll6HliHI, 

~ - Bp6MH peaKUHH yc~JIHT6Jlfl, 
J - pacCTOHH~e M6Jit]l;y BbiCOKOBOJI:&THhU>A: 3JI6KTpO;JJ;OM H KOJIJI6K

TOpOM9 

r' - ;n;anneH~e rasa, HaTIOJIHHIDil.laro o61leM KaMephl. 

IlpVI ;n;anJieHiii~ p = 3aTM. (98% aproHa + 2% co
2

) 11 o6JIYll6HHH 

KaM6pbl \,; -JiyllaMH JilCTOqrmKa 137 C~ C} HHT6HCI1BHOCT:&IO .N .:.~ • 
j~~= 6oi0

7 
!/ceK, Cp6,11;H6KBa;n;paTI1lJH06 SHaqeHI16 myMa COCTaBJiffJIO 

U!= 3o2 MKn2 , Hs-sa qero aHepreTMqecKoe pasperneHVIe cneKTPOMeTpa 

yxy;n;rnMJIOC:& B 2 paaao 

2o YMeH:&llleHMe CMrHaJia li1 yxy;n;meime paspemarome:W cnoo o6HOCTMI 

TIO 3H6prl1H ~ -l!aCTHU sa Cll6T ;n;e~CTBI1ff TIOJIO~MT6JILHOro npocTpaH

CTB6HHOl,O sapa;n;a lilOHOB, BOSHHKaJ.Oll\6rO B pesyJI:&TaTe ~IOHMSauMIM rasa 

n npoMeJityTKe ceTKa - KOJIJieKTOPo B qacTHOCTM, cymecTneHHbiM npocT

paHCTD6HHbiM sapff;ZJ; o6pasyeTCH B MOM6HT MMTiyJI:&Ca MOUJ.HOCTVI peaKTOpao 

Ha nuxo;n;e li10Hli1sauMoHHO~ KaMepbl nonyqaeTcH 6on:&mo~ 6MTIOJIHPHhl~ 

MMTIYJI:&C. 0TPMUaTeJI:&Haff COCTaDJiffiOll\aff STOrO MMTIYJI:&Ca B 1000 pas 

npeBOCXO]l;MT aMTIJIMTy;n;y pa60l!MX HMTiyJI:&COB. I!OCTOHHHaff Bp6M6HVI cna;n;a 

TIOJIOJKI1T6Jl:&HOrO J3bl(5poca onpe.n;eJiff6TCff CKOpOCT:&IO ;n;peMQla TIOJIOJ!tJilT6JI:&

HbiX MOHO:B B TipOM6JICYTK6 06TKa - KOJIJI6HTOp. 0T aJI:&!J?a - l!aCTHUhl, 

HaxO]l;fflU6MCff B li1HT6pBaJie :speM6HM cna;n;a TIOJIOiii:li1T6Jl:&HOrO Bbi6poca, 

MS-Sa HaJIOJH:6HMff Ha CTia]l; o6pasyeTCff MNTIYJI:&C MeH:&ill6 ero ]l;8MCTBli1-

TeJI:&HOrO SHalJ6Hli1ff, B pesyJI:&TaTe qero Ha6JIIO;JJ;a6TCH C;JJ;Bliir .(, -JI~HMM 

B CTOpOHY MGH:&illHX 3HeprH~. IlpMlJeM 3TOT C]l;BVIr He SaBMCHT OT 3Hep

rMli1 J.... -llaC'£MU (p~IC • 3) • 3a Cl!eT {l_)JIIOI<TY8UMJ!l MOlUHOCTM BCilhllllKM peaK

Tapa BeJIMlJMHa TIOJIOJitMTeJI:&HOrO Bhl6poca KOJI66JieTCH, lJTO TipMBO]l;MT K 

;n;onoJIHMTeJI:&HOMy ymMpeHMIO ~ -JIMIH'IM. 8To ymHp6Hli1e TeM MeH:&me, l!6M 

;n;aJI:&lll6 TIO npeM6HM paCTIOJIOJ!t6H MCCJI6;ZJ;Y6Mblid He~TpOHHhiiii peSOHaHC OTHO

CJilT6Jl:&HO MOM6HTa HMTIYJI:&Ca peaKTOpao 
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3 • ftlCKaiK61HI6 8JI6KTpt1tJ6CKOro TIOJIH :S pa60t.I6M TipOMGIKYTR6 ItaM6pbi 
' 

Ha-aa TIOfl:SJI6HHfl HOHBOro OOJiaKa, B03H1[RaiOUJ,ero npll \ v -OoJiyt.IaHLm o 

8TO npH:SO;D;llT R Y:S6JIH'16HMIO paROM0~IH<mH1 8JI6KTpOHO:S C MOHaMM paa

l:lbiX aToMo:s. O;n;EaRo STOT swwaRT cTaHOIMTCfl cymacT:seHHhiM JIHil.lb npm 

ot:IeH:o ooJII>lllMX noJimc HaJiyt:Iel:IHfl ( ,-.J ICOO pjt:Iac), np» I\OTOPhiX He

:soaMO/KHa pa60Ta RaM6pbl J.13-3a ;n;pyrHX C TI~lCaHHbiX 8{l_}qJ6RTOB • 

OmwaHHbie a;n;ec:o aJI:oQ?a-cneRTPOMeTphi BMecTe c HX npoTOTMTIOM 161 
TI03:SOJIMJIIII :snep:Sbl6 llCCJIO;ZJ;O:SaT:O CTI6RTpbl d.. -pacna;n;a MH;ZJ;H:SH;ZJ;yaJII>HblX 

pe30HaHCHbiX COCTOflHMti aTOMHbiX fl;ZJ;Op, TIOJiytiMT:O nep:SbiO CBG;ZJ;6HI1:fl 

0 qJJIIORTyauHHX nap~MaJII>HhiX ~ -lliHPMH HBtiTpOBHb~ pe30BaBCO:S /4 ,?/~ 
Ha p11c .4 npe;n;cTa:sJieHa aa:sHCMMOCTo cqeTa ~ -t:IaCTHIJ; 6-TH 

COK~HOHHOiit JllOHH3auHOHHOiit KaMOpOPi OT :speMeHH l1pOJI6Ta HOiitTpOHaMH 

oaahl B IOOM. ~Jlfl I2 HaHOOJIOO CMJII>l:lbiX peaoHaHCO:S, Bll;ZJ;HMhiX Ha 8TOM 

pHCYHRe, ObiJIH H3MOp6Hbl CTIORTphi ~ -qa)THIJ;o qaCTI> t13 BHX npe;n;cTa:S

JIOHa Ha pMCo5. 

llpo:se;n;aBHbl6 HCCJIO;ZJ;O:saHHfl TIORa3aJI~, liTO paapaOoTaHHbiH CTI6RTpO

MeTp MOmOT ObiTI> MCTIOJI:030:SaH ;ZJ;Jlfl ll3MOp3HHiit CTIOKTPO:S ~ -t.IaCTlliJ; B 

peaK~HflX, M;ZJ;yUJ,HX C RpaiitHO MaJihiMH 00'10 JHHMH TipH HaJIJIItiHH 3Hat:IMTOJII>

HLIX Q?OHOB CJiaOOHOHH3It:'lpyiOUJ,11X 113JIYl16BVIiit. 
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