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A H H 0 T 1l U 11 H 

B pa6oTe onpe;LJ;6JIHIOTCH OCHOJ3Hb16 napaMeTpbi CilElRTpOMeTpa 

3JI6RTpiii"t16CKOrO ;LJ;t1ilOJI:OHOrO MOMeW~a HElWTpOHa C t1CilOJI:030:SaHH8M 

yJI:oTpaxoJIO;LJ;HblX HewTpoHo:a :a HaKonmTeJI:oHOM :aapmaHTe npmMeHMTeJI:o

HO R peaRTopy MEP-2. IlpoeRTHaH qy:acT:a1£T6JI:OEOCT:O cneKTpoMeTpa 

pa:aHa OKOJIO I0-25cM. 



I. BBE.IlEH11n. 

B I968r. <I>,JI.I!Iank-tpo Teope~~~qec:rm noKasa.n /I/, tiTO 

8KCIIE3p~M8HTaJI:bHafl OD;6IlKa B6pXHEtt1 rpaHkiD;hl 8.1I6KTpMti6CKOrO 

,IJ;~IIOJI:bHOrO MOM6ETa (8JlM) H6ft1TpOHa MOI!t6T ObiT:O CkiJI:bHO IIOH~JlteHa, 

6CJI~ OObitiHO IIICIIOJI:03yeMylO pe30EClBCHYIO M6TO;D;I1KY ( CM. ,Harrp~Mep, 

/2/) IIICIIOn:b30BaT:b B COti6TaHIIIIII C: y,IJ;ep~aHIII6M yJI:OTpaxOJIO;D;Hh~ 

HetiTpoHo:s (YXH) :s M3MepMTeJI:E>Hoit ycTaHo:sKe. B paooTe /3/ OhiJIM 

T60p6T11Jti6CKl'I paCCMOTpOHbi pa3JI11Jt£lfbi6 :sap~aHTbi TaKOti ycTaHOBK~ 

11 ObiJIO rroKasaHo, tiTO Eaiii60JI:E>mafr qy:scTBIIITBJI:bHOCT:O MO~BT 61IT:O 

,IJ;OCT~rHyTa :B, TaK Ha8biBaBMOM, I!aKOIIIIIT8JI:OEOM :sapMaHT6 CII6KTpO

M8Tpa 8):(M C IIICIIOJI:b80:BaHIII6M M6TO;IJ;a pas;n;eJI:OHhJX OCD;IIIJIJIIIIpylOUJ,IIIX 

IIOJIOM PaM86ff. ITp06KTMpOBaHIII6 TaKoro CTIOKTpOM6Tpa (ycTaHOBKa 

11 TpiiiCTOM11 ) Ha't!aTO B Jia6opaTOp~ll HOWTJlOHHOti ~III3IIIKIII 0111111. 

0ti6:BIII,IJ;Hafl CJIOJKEOCT:O STOW ~'CTaHOBKPI III OTCYTCT:BM9 ;D;OMCTBYID

m.ero IIpOTOTIIITia BhiHYJK;D;aeT K IIOS~~aiiHOMY OC:B09HIIIlO HOBOH M8TO,IJ;IIIKIII. 

B EatiaJie u;eJiecooopasHo cos;n;aT:o ycTaEOBKY c qy:scT:siiiTGJI:bEOCT:&Io, 

o6ecrretiiii:sarom.yro cymecT:seHHoe yJI~rqmeHMe cymecT:syromew sKcrrep11I

MeETaJI:E>Eo:H OIJ;6HKIII :sepxHeti rpaHUD;bl 8,UM /2/, EO He HaxO;D;fllll.YlOCfl 

Ba npe,IJ;eJie COBp6M8HHb~ TOXE11ti6CKIIIX :B03MO~BUCTe:t1. 11CXO;D;ff III3 

Eai-tOIIJI6HBOrO OTibiTa SIWTIJiyaTaiJ;IIIII III rrpo:sepKM npaBVIJl:OBOCTIII T6XH~

ti6CKIIIX pemeHIIIM, MO~HO oy;n;eT IIIJIII CYUJ.6CTB6HHO MO;D;OpHIIISIIIpOBaT:b 

;n;eticT:syromyro ycTa:ao:sKy,IIIJIIII :so:sco cos;n;aT:b Ho:syro c MaKCIIIMaJI:&EO 

:sosMOxtEo:H qy:scTBIIITeJI:OHOCT:oro. EoJIIII BblpasiiiT:& sBatieEVIe 8,UM :s 

6;D;IIIHIIID;ax sapfl,IJ;a 8JI6KTpOHa, TO ;~OCTIIIrEyTafl TOtiBOCT:b 8KCII6piiiMCB-

Ta /2/ pa:sHa \AD\ ~ I0-23c~M. C STOM TOtiBOCT:blO 8,UM y 

Heft1Tpoaa ae o6aapymea. 
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liTO ro:sopVIT T60pVIH 0 :SOSMOHHOM SHati6HVIIIJ 8,llM :S CB6T8 

TB6p)l;O ycTaHOBJI6HHOrO ci?aKTa Hap:rlil6HVIH ( p - lJ6THOCTVI :S pacna-

;n;ax HetiTpan:nHhiX K- MesoHo:s? CyqecT:syeT MEOJKecT:so TeopeTMtiec

KVIX paOOT, ;n;aiOinVIX OI~6EKVI 8,llM Ea OCHOB6 paSJil'ItiHhJX MO)l;8JI6t1 LIJ 

rVITIOTes. CneKTp 8TLIJX OU6EOK Oti6ll:O illl'IpOK: OT IO-I9
cM ;no 0. 

Co:speMeHHbiM a.rwnepHM6HT onpo:sepr 6oJI:OlliMHCTBO u.rs aTMX pa6oT. 

O;n;HaKO OCTaJIOC:O )l;OCTaTOtiH06 VIX I~OJIVIti6CT:SO, ;n;aiOinLIJX OU6HKVI 8~ 

MeHee Io-23cM. ms:secTHbie a:sTopy pa6oTbi c:se;n;eHhl :s Ta6JIHUY I. 

Ms Hee BM;n;Ho, tiTO ooJI:OillMHCTBO OI~eHOK cocpe;n;oTotieHo :s ;n;VIanasoEe 

I0-25 - Io-23cM. TI08TOMY TIOBbiill8IIVI6 TOtiHOCTLIJ 8KCTitlpVIM8HTa, 

CKa:ateM, ;no !0-25 cM 6y;n;eT npe;n;cTa:SJIHT:O OOJI:OlilOW illar :S orpaHLIJti6HVIVI 

BOSMOJKEhiX MO;n;eJieti Hapylil6HVIH Bp8H8HHOt1 ll8THOCTVI. ECT8CTB6HHO, 

C TO'I!KVI speHVIff 8KCTI6pVIM8HTaTopa., Has:saHHYIO UVIWPY BSHT:O sa 

rrp08KTH08 SHati8HVI6 l!YBCTBMT8JI:OHOCTVI CH6I\TpOM6Tpa 8}J;M Ha nep:so

HatiaJI:OHOM aTarre. Uen:oro HacTomneH pa6oThi ffBJIHeTcH Bh!6op ocHO:BHhiX 

rrapaMeTpOB ycTaHOBKM, VICXO;n;fl VIS Tpeoo:saHVIfl 008CTI8ti6HVIff Tip08KTHOM 

l!YBCTBVIT6JI:OHOCTVI I0-25
cM. 

2. CxeMa 11 pe:atMM paooThi ycTaEOBKVI. 

Ilp:v'IHUitJTIIIJaJI:OHafl CX8Ma CTI8KT])OM8Tpa 8,WJI B HaKOTIIIJT8JI:OHOM 

:sapl!IaHTe ItJsoopaxteEa Ea p11c. I. TionHpMso:saEHhie YXH :sEyTpM KaMe phi 

2 Bbl)l;8p:lltMBaiOTCfl B T6ti6HVILIJ H6KOTI)pOrO Bp6M6Hlii TIO)l; )l;6HCTBVI6M 

Tpex noneiil:: cTaTVIti6CKVIX MarHVITHI)ro H\i\ VI aJieKTPitJtiecKoro E.. , 
'- MAfHHTHoroH 

L1J OCUIIJJIJIItJpyromer6V 1 C tiaCTOTI)M CJ • 3aTeM VIX TIOJIHPII13aUVIH 

aHaJIItJsMpyeTCH ycTpo~cT:soM ~ • Co cJie;n;yromeiil: nopuVIet1 YXH 

)l;6JiaiOT BC6 B TOtiHOCTitJ TO JK6 CaM 1)6, TOJI:OKO TipVI 8TOM SHalt 

aneKTPMtiecKoro noJIH saMeEHGTCH :1a npoTwsonoJIOJKEhiH. EcnM EetiTpOE 

MM86T 8,WJI, 10 TIOJIHpitJSaUitJM YXH B KOHU6 Bhi)l;8pJKKVI l3 8TVIX ;n;:syx 

CJiytiaHX 6y~yT OTJIItJtiaT:OCH, VI 8Ta paSHVIUa MO:llt8T OhiT:O VISMepeHa. 
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Ecn11 ~6 pa3H11U@ H8 oy~eT Ha6niD~8HO, TO 113 OillMOKH SKanep11M8HTa 

MOJIC8T ObiT:& ycTaHo::aneHa ::aepxHfifl rpaHMUa s;zu~. 

PeJKMM pa60Thl ycTaao::aKM ::a paccMaTpM::aaeMOM ::aapMaHTe HOCMT 

MMnyn:&CHhiH xapaKTep. llpMM6M sa MCXO~H06 TaK08 COCTOfiHMe, KOr~a 

sacnOHKa I OTKpbiTa, a pas~aTOqHbJM B6BTHn:& 8 HaxO~MTCfl B TaROM 

nonoJKeHvrH, qTo KaHan YXH IO, ::ae~ym11i1 R peaRTopy, saKphiT; np11 

8TOM nyT:& 113 KaMepbi 2 Ha ~8T8RT0p 9 OTRphiT. ilocne ROMaH~hl Ha 

sanyCR ycTaHOBKH ~nfl H3M8p8HMM B6HTMn:& 8 nepe::aO~HTCfl B nonOJIC6-

HH6, COOTBeTCT::ayromee OTKpbiTOMy RaHany !0 11 saKpbiTOMY ~eTeKTOpy 

9. KaMepa 2 11 EetiTpOHOBO~ 5 HanonHHIOTCfl nonHpM30BaJ:H-JbiMH Hei1TpOHaMHi; 

Tal\ RaK Ha nyT11 HetiTpOHOB CTOMT TIOnfip113aTOp 7 • ITo MCTeqeHHVI 

HeKoToporo ::apeMeHVI, Kor~a nnoTHOCT:& YXH ::a KaMepe oKaJKeTcH 

6JIH3Roi1 K 11x TIJIOTHOCTH ::a KaHane IO, KaMepHafl sacnoHKa I saKpbi

::aaeTcH, BKnroqaeTCfi BbiCOK06 HanpHJKeE116 ~a RaMepy M B8HTHn:& 8 

nepeBO~MTCfi B VICXO~HOe COCTOfiHH8. 0CTaBillL16Cfl B H8MTpOHOB0~6 5 

H6WTPOHbi COCqMTbiBaiOTCfi ~8T6KTOpOM 11 B ~an:&HetimeM STOT cqeT 

vrcnon:osyeTCfi KaK MOHVITOp HanonHeHMfl KaMepbi. 

HaKOnVITen:&HyiO KaMepy COCTaBnfiiDT UUnVIH~p 113 H6M6TMn11q6CKOrO 

::aemecT::aa, xopomo OTpaJKaromero YXH, vr ~::aa MeTannVJqecKvrx ~11CKa, 

o~Ho::apeMeHHO BhmOnHHromvrx pon:o o6Kn~oK KOH~eHcaTopa, cos~aromero 

He06XO~JIIM06 B ycTaHOBK6 SJieKTpVJqecKOe none M 3aKpbi::aarom11X UMnJIIH~p 

c Topuo::a. ~JileK, Ha KOTcpoM ycTaHo::aneHa RaMepHafl sacnoHKa, 113 

C006paJIC6H11M ynpomeH11fl TeXHVJqeCKHX pemeHMM ::ace ::apaMfl Hax0~11TCfl 

no~ Hyne::abiM TIOT6HUManOM OTHOC11T8n:&HO 36Mn11, a BTOpOM ~11CK 

sneKTp11qeCK11 1130n11pyeTCfi OT ~pyrMX qaCT6M ycTaHOBK11 11 Ha Hero 

no~aeTCfl TIOCTOflHHOe BbiCOKOe HanpHJK6H118 no Ka6eniO II. 

ilo ~OCT11JKeHM11 HOM11Han:&HOrO HaTipHJKeH11fl Ha RaMepe BKnroqaeTCfl 

nep::ablt1 MMnyn:oc ocu11nn11pyromero MarH11THoro nonfi, cos~a::aaeMoro 
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pesoEaTOpOM 3 • 8aTElM ITPOIII3BO;zl;Wl'CH Bbi)J;Elp:ama B TEl't!ElEIIIIII BpElMElEIII 

Jltii13EIII H6MTpOHOB B KaMepe OTEOC~:TElJI&HO sax:saTa B ee CT6HKax. 

B KOED;6 Bhi]J;6p:iKKIII IIO,ZJ;aeTCH BTOpCIM liiMIIYJI:OC t CEJIIMa6TCH BhiC OK06 

HaiipHxt61U16, OTB:pbl:saeTCH KaMElpHHff 3aCJIOHKa III YXH BbiT6RaiOT 

't!epes ycTpOMCTBO 7, CJiyxtamee CEW't!aC aHaJIIII3aTOpOM l10JIHpiii3~IIIIII, 

Ha ,1.1;6T6KTOp 9 III C OC't!IIIThiBaiOTCH HM. 8aT6M D;liiRJI IJOBTOpH6TCfl C 

;n;pyriiiM 3EaKOM 3JI6KTPIII't!6CKOro IIOJIH. 

l1apaJIJI6JI:OHOe 3JI6KTP11Ili6CK011IY IJOCTOHHH06 MarHIIITH06 l10JI6 

MOJK6T COS;zJ;a:saT:OCH COJI6HOIII;zl;OM 4l C11ICT6MOM KaTyiDeR IIIJIIII IIIX 

ROM6IIIHaD;III6ti. ){JIH ycTpaH6EIIIH BJIHHHIIIH BH6illHIIIX IJOJ16W MOJK6T 

IIOTpe6o:saT:OCH MarHIIITHblM 3KpaH ~i. 

TiyBCTBIIIT6Jl:OHOCT:O TalWM yc~'aHOBRIII 6biJia paCC't!11ITaHa B 

pa60T6 /3/ III OHa ,ZJ;a6TCH CJie,ZJ;yiO[(liiM Bhipaxt6EIII6M: 

-- · .. >.'i ~ J 
ul \~()-I) .e._'-~ v (JK -t'-+.1t();t- t . {-\ L\ (_,_ •) ·1-L. l 

~ lJ = -- "'-. '---./ 'J~~- -t• ·fXS :t ~' ~'\. \_, S ) 
- :1'1-- R(ctftcu)vH:vVI"~~KKt.~t ~~;K 

r;n;e IZ - rrporrycRaHitie HetlTpoHo:so;n;a, i'L.;:- IIJIOTHOCT:O YXH 

Ea BXO,ZI;6 E6i1TpOHOBO,ZJ;a, ({±;- nporrycRaHIII6 IIOJIHpiiiSaTopa ;zl;JIH 

H6MTpOHa CO CIIIIIBOM :!. ~ , \} H - EaiipHlK6HIII6 Ea KaMepe, 

{1~· - 3fPfP6RTIIIBHOCT:O ;zl;6T6KTO])a, ~ -f:- - ,ZI;JIIIJT6JI:OHOCT:O 31:\CTIElpiii-

v j t '\ 
MElHTa, , K ''I - 061>6M RaMElphi, h 1<. - ,ZI;JI11IHa RaMEl phi, c 1 

,ZJ;JIIIJTEJJI:OHOCT:& IIIMITyJI:OCa OCD;IIIJIJII'lp:rromero MarEI1TEOrO IIOJIH, ·t 
npoMextyTOR Bp6M6HH M6xt,ZJ;y HMITYJihCaMvt ( Bhl,Z1;6pXma), .f1 

- BpEJMH, 

3aTpal!ItiBa6M06 B O,ZI;HOM D;IIIKJI6 Ea BC6 T6XHOJIOriii't!6CKIII6 orrepaD;11IIIJ 

(HanpiiiMep, ;n;:sitixteEitie sacnoEoR, HarrycK III BhmycR YXH, no;n;'beM I1 

c6poc HaTipHJK6FIVIH III T.;n;.), ~=-Jr~.(-1-i..W'J\~ , ~~\ - I10Jlfl

pVI3aD;IIJH EetiTpOFIOB, 1.U' - :sepOH'CHOCT:O rrepe:sopoTa CTIItiEa FI6MTpO-

/ \ '\}-' -\ 

Ea Ea TIYTlii M6JK;LI;y 110JIHpi13aTopou III KaMepotl, ~-'-= ~ + C\ o\, 1- 'K\ t 
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~ ~ c.el0 , 

---\ r-~······~··---.~-~--

- ettopoo'ffi nepOflTBOCTb pac na;n;a BOiiiTpOBai, '\)'""' - cpe;n;mm 

c:rwpocT:o YXH, flA 14 - cpe;n;Hflfl B€ poHTHOCT:O nornomeEMfl EeiiiTpoHa 
1-

B CTOHKax KaMe phi, G\A ==- 4 v'K / ~ ;:._ - cpe;n;Hfffl ,7J;JIJtiHa cno6o;n;Horo 

npo6era YXH B KaMepe, ~ J<.\ - m: oma;n;:o BHYTP8BHOM nonepXHOCTM 
' 

, Y - rJti#poMarEMTBOO OTHOIIIOHMO -KaMOphi, G\-=:. 1~ (A t-1~\y ~~\ 

HOMTpOHa, (!~ Ho\J'L - ;n;mcnepCMfl CTaTM~OCKOrO MarHlfiTHOrO nonfl 1 ~ 
_. -cpe.~Ht{l_ ~~ tt:cr6c~~ 

xapaKT8plti3YIOII.\afl oro O;zi;HOpO;ZJ;HOCT:O, ~c.:_~·= C\\)' (v t J< u 1<1.\ -~ --~) 
H . I 

CTeneH:O HanonHOHJiiifl Ji1I onopo~OBMfl BaMOphl. 
e, 

Ceiii~ac M11 nepeiii;zJ;OM K onpe;n;e~HMIO KOHKpOTHhlX napaMeTpOB 

ycTaHOBKm • 

ilpOCTOiiiiiiafl CWCTOMa ;ZJ;nfl C03;ZJ;8HJi1Ifl 8nOKTpM~8CKOrO nonfl -

8TO nnOCKJiiiM KOH;zJ;OHCaTop, ~ M30Cpa~e~ pltic.I. EcnM Ha O;ZJ;Hy 

M3 nnaCTVIH KOH;ZJ;8HCaTopa no;n;aT:O HanpmKeH•Me V \i , TO nHyTpM 

ero coa,n;acTcfl none Hanpa~eHHOCT:OK E. :::. V H) ~ K · • ITpaKTMKa 

noKa3hiBaeT, ~TO nony~OHMO :Hanpfl~OHHOCTM nOJifl C HaxO;n;flmMMCfl 

BHyTpM KOH;ZJ;OHCaTopa ;ZJ;Ji1I8JIOKTPMKOM (B HaiiieM cny~ae ~Ji1IJIMH;n;p KaMOphl 

2) 6onee 30 KB.CM-! npe;n;CTaBJifl8T CJIO~HYIO T6XHM~8CKYIO aa;n;al!y. 

il08TOMY B Ka'18CTB8 nepnoro 8Tana npMM8M E_ = 30 KB .OM-I • 

4. reoMOTpM~OCKVIO pa3M8phl KaMOphl. 

B JlHQ) MM88TCfl KOMnaKTI:lhiM MCTOl!HMK BbiCOKOrO HaTipfl~OlH1f1 
Fl ' 

Ha ±. 300 KB. 0TCIO;ZJ;a cpasy nony~aeM ;ZJ;JIMHY KaM8pbi ~K..\ ~ (300KB)/ 

(30Kn.cM-I) = IO eM. B pa6oTe /3/ 6Hno noi\asaHo, liTO yxy;n;meaJtie 

liYBCTBVITOJI:OBOCTM ycTaHOBKJiii sa cqeT KOH8~Horo 3Ha~OHJi1Ifl ~ K.. no 

cpanaea:rtro c :rt.n;ean:oaoiii panao M ~ f1.+ '1 t ~~) D~' , r;n;e 
D. 

k. 



- 6-

HOCTH :snonEe ;n;onycTHMo, nony'lv,M ycno:sHe Ha ;D;HaMeTp KaMephl 

\) Kl = so eM. Tor;n;a VrJ = I9 ,6 1v H S "\ = o,ss M2 • 
\ I 

\. 

BpeMH y;n;epJKaHHH YXH pa:sEc T= -1/ !:., • ;n:ocTHrHyToe :s 

EaCTOH~ae Bp6MH /IO/ 3lla'l6lll1€ ~,J ;D;nfl EaH60nee TIO;D;XO;D;H-,-
mero MaTepHana ItaM6phl- M6;1J;l1 - pa:BHO IO-S (C 'V = 5M.C6K-I) 

npH T60p6TH'l6CKOM 3Ha'l6Hl1l1 3.10-4• :LJ:nH Bhl6paEEhlX pa3M6p0B 

~ "-i ;n;aeT oxm;n;aeMoe sEa'!e-, 
B ycTaEOBK6 30 C6K, H '/ :.::=. 3 .ro-2ceK-r. 

6. O;n;Hopo;n;HOCTb MarHMTEoro nonH. 

B pa60T6 /3/ TIOKasaHo, '1~0 yxy~6HH6 'IYBCTBMT6nbHOCTM 

ycTaHOBKH sa C'l6T H60;LJ;HOpO;D;EOCTM TIOnH TIO CpaBE6HliJID C H;n;eanb-

EO:fii pa:BEO \1\Af=.J/)-r 'it'-/~'0 • 1'1M6H BBH;n;y, 'ITO ;n;nff Bhl6paHHhiX 

pasMepo:s KaMephl ~cJ ~ 0, 03 c eK, no;n;cTaBnHH '!HcneHHoe sEaqe-
1 

HH6 r l1 BhlpaJKaff TIOJI6 B raMkax (I raMMa = IO-S 3pCT6;n;), 

nonyqHM O..~-"\o·- 1 (~rt,)''L • Cl!MTaR, qTo 20%- yxy;n;I!leHMe 

'IYBCTBMTenbllOCTliJ BTIOnHe ;n;onyc~MMO, TIO~Y'IMM Tpe60BaHH6 Ha 

o;n;Eopo;n;HOCTb nonH J l~Ho~;.' .:::; r2., t;' f . 
' 

OHM CBH3allhl C T6XHOnOrMqecKMMM orrepaUMHMH B O;D;HOM 

MsMepMTenbHOM rumne. PaccMOTI'HM HX :so :speMeHHO:ti rrocne.n;o:sa

TenbHOCTH. ITepeBO.]J; B6ETMnH 8 (cM.pMc.I) 113 liJCXO;ZJ;EOrO COCTOflEHfl 

:s OTKPhlTOe saEHMaeT I ceK. :Unv.TenbEOCTb EanonHeHHfl KaMephl 

MOJK6T 6hiTb OU8E6Ha KaK ;LJ;BYXKpc.THafl TIOCTOflHHafl :Bp6M8HH -~1 \, 
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r;n;e d"T\ u. VT\ - ;n;MaMeTp 11 o6~eu He:WTpOHO:Bo;n;a, S 1 1 - mroma;n;~ 
( 

ero :BHyTpemJe:W rro:BepxaocTI1, f'Alr\ - :Bepo.HTHOCT~ rrornomeHl1fl YXH 
'-+ 

:B cTe HKax aei1TpoHo:Bo;n;a. BhrpaJKeHne ;n;nfl b D , rrpiABe;neHH oe :BO 

:BBe;n;eHMH, rronytieHo rrp11 rrpe;n;rrononeHMI1, tiTO S ''-if:.'~ << f d.; . 
0TCIO;ZJ;a MOEHO OITp6,IJ;6Jil1T~ ,IJ;l1aMeTp He:WTpOHOBO,IJ;a. ilO,IJ;CTa:Bnflfl 

' . 2 -\ :· 
~ 12:, = 0,55 M M f.~<..' = IO- .>, rronytiVIM d-r>> 3 CM. ,Unfl 

-r ; ' 
coKpameHVIfl :BpeMeHl1 aarronHeHMfl VI orropoJKHeHVIfl :B03~MeM MaKCVIMan~Ho 

B03MOJKHhl:t1 B ;n;aHHhiX ycnoBVIflX c\.1 .\ = I4 eM. ].(nfl rroJiytieHJAH 
( 

,IJ;JIMHhi Ee:t1Tpoao:Bo,IJ;a JIICITOJI~syeM 'c;re;nyromVIe coo6palK6EI1fl. VIs ~6 
Mhl :Bl1,II;6JIJII, tiTO Tpe6yeMafl O,IJ;HOpo;~HOCT~ MarHJATHOrO ITOJlfl ,IJ;OBOJI~HO 

BhiCOKa, tiTO rrpe;n;rronaraeT 11JI11 xopomyro ltarEIIITHyro samMTY KaMepu 

11Jl11 OTCyTCTB116 weppoMarHJATHbiX Mace :B6JIH311 H66. ITocJie;n;aee 

YCJIOB116 rrpaKT!IIti6CK11 BhiiTOJIHJAT~ EO y;n;aCTCfl, TaR KaK ycTaHOBKa 

;D;OJIJKHa paCITOJiaraT~Cfl B 8KCI16pl1MOBTaJI~HOM saJie KaKOrO-JIM60 

peaRTOpa, 06WIHO 11MeiOmHX TIJIOXYIO MarHJATHYIO 06CTaHOBRY • l108TOMY 

ycTaHO:BKa 6y;n;eT OKpy:ateHa MarHMTllbiM 8KpaHOM 113 MarHJATOMfirKOrO 

MaTepliiaJia ( HarrpHMep, nepMaJIJIOfl) .. C ;n;pyro:t1 CTOpOHhi ;D;Jlfl 

rrpe,IJ;TIOJiaraeMoro TIOJIHpM3aTOpa H606XO,II;MMO 6y;n;eT JIICTIOJ1~30:BaT~ 

MarHMTH06 ITOJ16 B H6CKOJI~KO COT ilpCTe,IJ;, IT08TOMY OH ;D;OJIJKeH 6biT~ 

OTH6C6H OT MarHJATHOrO 8KpaEa Ha H6ROTOp06 paCCTOfiHMe. 

0pH6HTIIIpOBOtiHbl6 paCti6Thi TIOKa3b1BCLIOT, tiTO 8TO paCCTOflBIII6 ,II;OJIJKHO 

~· 

I 
t 
I 

~ 
~· 

f 
6hlT~ ae MeHee IM. YtiJAThl:BaH, tiTO ;n;nMHa rrpe;n;rronaraeMoro aKpaaa ~ 

pa:BHa OKOnO 2M, rronytiJAM ;n;nfl ;n;nMllhl H6HTpOHO:BO;z(a 0~6HKY ~T~ ~ 2M. t: 

lloJiarafl 
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llJJH -Lj\ , _r,oJJy1!11M -!:; 1 ' ~ 2 .~, oaK. Tor)la sa BpeM!I :t +11 =5ceK I 

CTGTIGl{b HandtftGBHfl I\aMGpbi oy;n;eT pa:BHa K ~ 0,9. Ilo 11CT6"ti6HMI1 

:BpGMGHM it"' 3aKpbi:saeTCH KaMGpHaH 3aCJIOHKa, :speMH ee cpa6aTh1-

:BarJHH TGXHVIqeCRi1 J303MOmEO C,Il;eJiaTJ> sa I CGK. Il0,1J;1>6M BaiipHmeHMH 

;D;O HOMHHaJia MO~EO O~GHMTD MCXO,Il;fl 1.13 GMROCTM KaMGpbi 11 COIIpOTVI:S

JIGHHfl l3 ~6lllt1 JtiCTOqHJt1Ka IIJtiTaHitiH. 0~GiiRJt1 TIOKa3biJ3alOT, qTQ 3,1J;6CD 

MOJKHO yJIOJltl1TDCfl B 5 CGK. AHaJIOriiit[HO ,Il;Jlfl copoca HaiipHJKGlH1fl. 

,llJIMTGJlDHOCTb BhiTGKaBIIIfl MOlitEO O~GHIIITb IIO;ztOOHO 0~6EK6 ,Il;JIM

TGJlbHOCTH BanonueHMH. B ;n;aHHOM cJcyqae ObiJIIII npo:Be;n;eHN qJ.1cJieHHN6 

pacqeTbi MGTO,Il;OM MOHTe-KapJIO B pa~:JIIIIqEbiX npe;D;TIOJIOJKGEMfiX 0 xapaK

Tepe 0TpaJKGH11fl :S KaMepe H HGfiiTpOIIOJ30,7.t8 • Bap11a.HT C TIOJIEOCTbiO 

;D;M~WY3HhlM OTpameHMGM 

1;~ = 6,5 CGR IIPM 

CTGHOK ;n;aJI ,Il;Jlfl TIOCTOHHHOM BpGMGHH 

M =- 0 u: 5 ,I CGK npM t1 = I0-3 
L ,_ I .4J , 

(np:vt STOM nponycKaHMG He!1TpOHOBCJlla R. = 0, 75). BapMaET c 
• 

;D;l1@\IJY3EbiM OTpa;n:eHIIIGM :S RaMepe 11 ~.epKaJIDEbiM l3 Tpyoe ;ztaJI f:L = 2CGK 

npM ~ = I0-3 
( R = 0,9). La npaKTlnte cnyqat1 6y;n;eT npoMe-

lityToqHhl~. O;n;HaKO Ba;n;o CTp8Ml1TbCH K MaKCl1MaJIDH0M 3GpKaJlbHOCTIII 

HGfiiTpOEO:SO;zta. ;llJIH KaMepbi xapaKTep OTpaJKGEJdH EG 11rpaeT pOJIVI. 

nnH ;ztaJlbHGMillHX O~GHOK 6y;zt6M CqJ.1TCLTb, qTO ,7.tJIMT8JlbHOCTb OIIOpOlitHG-

HlliH 1\aMGpbi CO CTGTIGHDlO ~ 4/\ = 0, 9 pa:sHa 8 CGK • 
( _1./ 

Cy~wMpyH Bee aaTpaTN BpeMeH:v:, nonyqwM · ~.; j ~ 26 CeK. 

8. ,lJ,JIMTGJlbHOCTb v:MIIYJIDCa OC~l1JIJrnpyiOll.\GrO TIOJifl. 

B ,n;aJIDHGMill6M oy;n;eT IIOKa3aHO, qTQ qaCTOTa OC~l1JIJil1pyiOll.\6rO 

MarHMTHoro nona ;n;oJIJKHa OhlTb Bbi6pcLHa ;n;oBOJIDEO EJI13Itoiii, J3 ;ztlt1ana3o

He ro1 - ro2 r~. AJIHTGJibHOCTb l1Mr:yJIDCa ;ztOJIJKEa ObiTD TaROBa, 

qTOObl np01130ll!JIO ;D;OCTaTOqHOG qMCJICI OCU11JIJI~Miii. Ho C ;n;pyrofii 

CTOpOHbl OOJlbillOG 3HaqeHJii6 t~\ IIOHMJKaGT qy:sCTBl1TGJibHOCTb, 
1\ofi'\ ' 

TaK KaK OHO BX0,1J;l1T l3 T6XH'im6CKMG fiOT6pl1 BpeMGHIIi /3/ • 
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KoMnpoMHCCEUM sEa~eEMeM HEHH6TCH 

B pa6oTe /3/ noRasaHo, ~To su~epxKa YXH :s KaMepe 17 
( pacCTOHHPJ6 M6ilt~Y PJMTIYHJ>Ca.Mm OCI.t; liJIHliipyromaro TIOJIH) ~OHIKH6L ObiT:O 

pa:sEa: 
~------·- ·----·--------~ 

_·J_~~-:::_-tf'\-t- J (-r\~- t t/,~-t- g T\; +e\ 
:t. t-

yxy~ill6Iilli6 ~YDCTBHT6JI:OHOCTH Sa C'tli3T T6Xl10JIOI'PJqecKVIX 110T6p:O :Bpe
,.----;-:-, 

M~:~1u1 pa:BHo /3/ ~ m1
·::::: v1+ l 1 Yr" ·:::::... 1,·>~. noJIHa~~nHTemHocT:o 

O~HOro UHKJia pa:sHa 6 t ~ = ·if -t r ~ I MPJH. 

IO. CTa6JIIH:OHOCT:o Mari-JW~Horo :ttonH 111 qacToTu. 

illVIpPJEa pesoHaHCHOti: HPJHPJPJ, Ollp6~6HH6MaH KaK paCCTOHEHEl 

MeJK;n;y ee MaKCPIMYMOM 111 MPJHMMYMOM, paBI:Ja ..1 ~w'i= (!!:_ T:x-).-1 /3/, 

~To :B Balli eM cJiyqaa .n;aeT II ,5 Mr:u; .• AocoJIIOTHaH cTa6liiJI:OHOCT:o 

qacTOThi (IIi nOJifl) .n;oJIJKHa obiT:o, no I\paL1Het1 Mapa, Jiyqme aT oro 

SHa~SHJiiH. C ,IT.pyrotl CTOpOHhl, OlllJiiOlCa, OO,YCJIO:BJIElHHaH 1-lSCTaOPJJI:O

HOCT:OIO ~aCTOTbi VI ITOJ.tfl, ~OJDKHa Ohl~~:O MaJIOM no cpa:BH6HPJIO CO 

CTaTJiiCTVJqeCKOJ:ii OlllVIOKOW l3 onpe,IT.eJIOHMH 8,1.(M HS ,IT.:Byx COCe,IT.HMX 

UPIHJIOB · MsMepeHMH. B:so.n;H CJIEl.IT.YIOIJJ.MEI ooosHa'tleHmH: ~]) J .. I - noJIHaTI 

Ollli.16Ka :B 8~, onpe,IT.eJIHeMafl JliS ;zJ;:S~rx COCEl,IT.HJ11X UJiiKJIO:S C HOMepaMTtl 

II Il.l J' +-1 ) ( . .1 D':i\ ' 
J - ;J/)J 

I ' 

CTClTliiCTII1~6Cl\aH OlllJ110Ka, (~ ~) _y, 1-/ 

OlllJI10Ra sa C~ElT H8CTaOMJl:OHOCTPJ 'Y 1.1 H , Mhl MOilteM Hanii1caT:o: 

A D \-w ,ll-

lj 
- f I 
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ECJIJ.1 ooecneqMT:O CTaOMJI:OHOC~e:o '!._ 11 H Tal\yiO' qTo :SblllOJIHH

eTCfl YCJIO:SH6 (k_D)Y 1H ~-s. (~b,\}~ , TO ITOJIHaH OlliMOKa 6y.n;eT 

OTJIHqaT:OCfl OT CTaTHCTMqeCKOI He OOJiee, qeM Ha 5%. Tpe6o:saHH6 

Ea aoCOJIIOTHYIO CTaOHJI:OHOCT:O MOlltHO Hai!TPI H3 npMB6l1,6HEOrO ycJIOBMfl, 

KOTOpoa Bhipa3HM lJ6p63 OKOH'C!aT6JIJ>HYIO Olll:MOKY :scero PI3MepeHHfl 

~ D~1 , ·. <. _L ·J ~ .. ····W\c~ ~ D 
o ,·' H . - .._ ~- - > - i :::..1 ~ '-- r 

f. 
~ 

r.n;e i11aKTOp ~ :S03HHKaeT H3-3H TOrO, qTQ KaJK;n:Oe 3HatieHH6 f 
~ ~ ~ 

ctieTa ~eTeKTopa HcnoJI:&syeTcH .n;JIH :ShitiMCJieHHfl .n;:syx. sHal!eHHt:i ~ DJ 1 
, fi 

s- [! 
ilOJI:03YHC:D COOTH0lll6HPI6M '\) =--10

1 
- t>. E_ , r.n;e D - B OM, [' 

E._~ :a. eM-I /31 H :sbipaJKaa liHCJICI I.J;HKJio:s q:epes .n;JIHTeJI:DHOCTPI f 
:scare 

:a §3 - 9 napa-

• MeTphi PI Yti11Thi:SaH, tiTo :a HaCTOH~ea :speMa .n;ocTMrHyTb1 a<IJq1eKTHBHOCT:O 

.n;eTeKTopa K YXH 1~. ·~ 0,5 H noJiapzsai.J;HH YXH tn -=-" 0,8 

H ClJMTafl, 'C!TO 3TH 3HalJ6HHfl MOry~ OhiT:O noJiytieHbi Ha OOCyJK.n;aeMOH 

ycTaHOBKe, HM66M )J;Jlfl liY:SCT:SHT6Jl£HOCTH ycTaHOBKH! 

6 1) ·:=: 
:;-- · 1o- 2'L 

v '\1\ ~). /!,. t 
liJ ll,Jlfl aoCOJIIOTHOiii CTaOHJI:6EOCTH 'C!aCTOThi! 

..... o, s-
A 'I - ..-t~.~ - ~· 

YCJIOBl16 Ha b.\-\ MOJKHO llOJIYliliiT:& OTCIO.n;a, yqzTbi:Safl, liTO y ( .-u W::,.) 

= 29,2 \-l (f) • 0KOHqaTeJI:DHhl6 qi'ICJHH1Bbl6 OI.J;eHKH MOryT 

O:biT:o c.n;eJiaHbi npH Ms:secTHO:ti nJIOTHOCTM YXH Ha :sxo.n;e :a ycTaHOBKY 

(PIJIPI TO xte caMoe Ha :suxo.n;e KaHaJia YXH). 

~ 
I 

I 
r 

L 

t 
! 
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II. ITnoTHOCTb YXH. 

B pa6oTe /II/ Ha BhiXO;n;e Me,a;Horo uaHana YXH, ycTaHo:sneH

Horo Ha peaKTOpa t'IEP-30, Oblna II )JiytieHa IIJIOTHOCTb n.,~') = 

( 6 :t. 2) .Io-4 CM-3 • ITOTOH T6IIJIO:B::>DC HOMTPOHOB COCTBB~flJI Ha 

no:sapxHOCTl!I 3aMe;n;JIVIT6Jifl 3 ,6.IOI 1
)CM-2ceK-I. YcTaHOBROii ;n;hlpOtiHoro 

3aM8,1.1;Jll!IT6Jlfl BHYTPM KaHaJia B H6III)Cpe;n;CTB€HlHOH 6JUl30CTM OT 

KOH:SepTopa y;n;aJIOCb y:seJIVItiVITb CtiHT npMM6PHO B 2,5 pa3a, a OXJlrult

,1.1;6lH16 KOH:S6pTOpa ,1.1;0 a30THO:i1 T6MJiepaTypbi ;n;aJIO em;e Bbll!Irpblill B 

(4 ± 0,2) pa3a. 

Ha CTPOfltn;6MCfl peaKTOpe t'IEP··2 paCti6THbiM T6IIJIOBOI IIOTOK Ha 

no:sepxHoCTl!I 3aMe;n;nwTen.FI pa:ses 5 .. roi2cM-2cerC1• Oxm;n;aeMbii 

BbiXO;ZJ; YXH COOTB6TCTBY6T Vt ~\-~ 0 ,I CM-3 • C yqeTOM :S03MOiKHOCTl!I 

y:BeJil!Iti6Hl!IH BbiXO;n;a 3a cqeT ycTarw:sKm ;n;onoJIHl!ITeJibHoro 3aMe;n;Jil!ITOJI.FI 

• 
l!I OXJI~~6HHH KOHB6pTopa peaJlbHO OiKH,1.l;aTb IIJIOTHOCTb OKOJIO 

I HeiiiTpoHa :s I cM3 • Ha HMIIYJibCHOM peaKTope TaKJite HMeeTca 

;n;onoJIHl!ITGJibHa.FI B03MOJitHOCTb y:aeJiirtieHl!IH BhlXO;n;a YXH l!I3 KaHana 3a 

Cti6T HaKatiKl!I ,1.1;0 HMIIyJibCHOM IIJIOTIIOCT£11 /I2/ • 0,1.1;HBKO peaJIH38ll;l!I.FI 

STOi1 B03MOJKHOCTI!1 npe,1.1;CTaBJifl6T Tpy,n;HyiO tPII13l!Iti6CHyiO l!I T6XHl!Iti6CKYIO 

3a,zJ;aqy l!I ;n;o CEX nop He ocym;ecT:BJleHa. 

I2. 3Hal!eHl!Ifl Marm1THOI'O nona l!I qacTOTbi. 

:0.cnOJib3YH noJiytieHHYIO oueHK;;· IIJIOTHOCTH YXH Ill Y'-' I CM-3 '\o,- ' 

l!IM60M ,1J;Jlfl a6COJIIOTHOM CTaOl!IJlbHOC'l'l!I tiBCTOTbi ~)2_ ,::::;_ 0,5 Mrll; l!I 

,D;Jlfi aOCOJIIOTHOW CTa6l!IJibHOCTl!I Mar:tl!ITHOPO nona .6H ~ 0,0!7 o 
flpl!I C 03,1.1;aHVIl!I MBriHdTHOrO IIOJifl oe:: Jlt6A63HbiMH Cl!ICT6MaMI1 ( COJI6HOH.1(, 

KaTymKl!I VI T.}(.) Tpe6yeTCfl 006CII€til!ITb COOT:SOTCTBYIOtn;yiO CTaOl!IJlb

HOCTb MCTOtiHl!IKB IIMTBHl!Ifl. iloJiytief.M6 OTHOClllT6JlbHOM CTa6lllJibHOCTl!I 

TaKl!IX k'ICTOtiHMKO:s Jiytime Io-5 npe,z,cTa:aJiaeT CJIOlltHyro TeXHllltioc F;yro 

• 

I 
~ ' 

f 

t 
1 

r 
f 
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3a~aqy, II03TOMy Mbi MOJK6M Ha nepBOM 3Taiie OCTaHOBHT:OCff Ba 

""u/1-\ -~ ~o-s-
Tpe6o:aaHHH on , tlTO HElMEl~RElHHO ~aeT -

H '=="' I700 ?( M cooT:aaTcT:ayro~ee 3HatleEHe qacTOTbi Y._:::.. 50r~. 

13. llpOElKTBaff tlyBC~r:SHTElJI:OHOCT:O ycTaHOBI~H. 

C ytreTOM BblliiElH3JIOJKElHBOrO q~rBCTBVITElJI:OHOCT:O CIIElKTpOMeTpa 

8~~ Ha peaxTope MEP-2 OJKH~aeTCH pa:aHo~ 
s-. l 0- '2. z.. 
. /---;---, v.4t 

) 

trTO npH ~RHTElJI:OHOCTH H3MepeBHff ~ t = 2,5.I07ceK ~aeT 
TOtlHOCT:O B OIIp6~dJI6HMM S,ZIM OKORC· Io-25cM. 

B saKnrot~eHMH a:aTop non:osye~ca cnyqaeM noonaro~apMT:O 

]y~MKona B.M. sa nonesHDie ~McKyccMH H illMKaHHHa A.A. sa HElKOTOpDie 

• 



PMc. I CxeMaTMqecKoe Mso6pa~eHMe cneKTpoMeTpa SAM E HaKonM
Te~~EOM EapMaHTe: I - KaMepHafl 3aC~OEKa, 2 - KaMepa, 
3 - pesoHaTop, 4 - coneao~~, 5 - ae~Tpoao:ao~, 6 -
MHOroc~OMH~M MarHMTHhlH SKpaH, 7 - ycTpOMCTBO ~nfl nonflp~

sau~M M aHan~sa TIO~flpMsauMH H6MTpOHOE, 8 - pas~aTOqHhlM 

BeHT~JI~, 9 - ~eTeKTOp HeiiiTpoHo:a, IO - KaEaJI YX.H, 
II - B~COKOEOJI»TH~M BBO~. 
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~ Hapymaromee B3aMMo~eMCTB~€ nn 

I. 3~6KTpOMarH~TH06 

2. C I\ A SoS-

3. c t\ A 5o c._ 

4. 3~6KTpOMarH~TH06 

5. c~a6oe 

6. c... 1\P.. 6oF 

7. cBepxc~aooe 

8. CBepxc~a6oe 

Taomu~a I. 

OU6IHta 

I 

0,05-I 

0,5-0,8 

O,I-I 

0,05-0,II 

O,OI 
ro-5 

ro-8 

• 

cchlmta 

4 

5 

7 

6 

4 

8 

9 

I 
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