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BBE,UEHl1E. 

Hccne~OBaHHe RpHCTannxqecxo~~ CTPYRTYP~ CHOXHUX opraHHqecKEX 

coe~eHHA ~ocTnrno sa nocne~e 20 neT saaqnTex»HHX ycnexoB. 

MeTo~ ~~paKUHH peHTreHOBCKHX ~:el B coqeTaHHH c 6HcTpo~ei

CTByn~tHMH cqeTHI:lMH MaiimH8MH IIOSBC·HHH onpe~eJIHTL CTPYRTYPH 

nyMeHHo:sax RRcnoT H neKoTopux npoTeHHOB. BWicHelm o6UlHe npHHIUIJm 

o6pa30B8HWi 6HOHOrHqecruoc MOHeityJJ .• PeHTreHOCTpyrtrcypime HCCne,no- , 

BaHKH ~ono~IDTCH HCOHe~OBaHHeM l~WPBKnKR axeKTpOHOB, pesOHSHO

HOro raMMa-H3nyqeHHfi H HeiTpOHOB. 

B noone,n;HHe ro,Itbt oco6oe BHmJaHHe y.nemieToa npHMene.muo 

MeTo,n;a ~~paKqHH neiTpoHOB K onpe~eneHHm OTPYRTYPH 6noxornqecKHX 

Be~eCTB. 0CHOBHOe npe~eCTBO S~Oro MeTO,ll8 HS,ll peHTreHOBORKM 

COCTOHT B TOM' qTo HeitTpoHli Il03l3CJ.tfDOT HerRO Ha6JliO,It8TL 8TOMU 

BO~opo~a H pasJIHqamT 8TOMU C 6HHSKKMH 8TOMHHMH HOMepaMH, 

HSllpHMep, yrnepO)l, RHCHOPO.ll H 830T. 0,1lH8RO STO npeKMYmeCTBO 

TPY.llHO peaHH30BaTL, TSK KaR OOTOR MOHOXpOMaTHqecKHX HeHTpOHHHX 

nyqKOB B I05 pas MeHLme ,llOCTHraeNHX OOTOROB peHTreHOBCKHX 

nyqei, )l8JKe ,IVJSi T8KOro HCTOq.HHKa HeATpOHOB RaR BHCOKOIIOTO"CDmit 

peaKTop H l= 8 K. B BpyiOCeilBene /I/. 

CxoEHHe opraHHqecKHe Be~ecTBa HMeiDT 6on»moA o6~eM 

SJieMeHTSpHOf! .R:qem Vc. (npHMepHO B I03 pas· 60HLme, qeM y 

npOCTHX RpHCTSHJIOB). BcJie)lCTBHe aroro qxcxo OTpaJKeHHA, KOTOpoe 

aeo6xo~o H3MepHTD .nna onpe.neneH~ CTPYKTYPii nyTeM nocTpoeHHH 

~Le-OHHTesa t CTSHOBHTCJI BeCDMa ~OJI])liiiDJI, ECJm H3MepeHO ~ 

OTpaJKeHHi, TO COOTBeTCTBYJOiltee npo~JTpaHCTBeHHoe pa3perue.HHe BHpa-
1/1 

JKaeTCJI npHOJIHSHTeJI:&Ho Ra.K A,., ... ( vc: 1 IV~ ) , H .ItM .nocTu~HWI 
f1 

paspemeHWI nopH)lKa 2 A npH OO$eMe aJieMeHTapnoi .#J 
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RlleMRH Vc~ ro5 K 3 Heo6xo~o ~SMepMTb ~eCHTRH T~C~ OTpa~eHHH. 
C ~yroA CTOpOH~, cpe~ HHTeHCHBHOCTb pe~eRCOB Ma~a. ~e~CTBH

Te~HO, HHTeHCPlBHOCTb, ,D;HcpparHpOB8HHBJl o6pa3D;OM OO'DeMB V , on:pe-

,IJ;eJI.fieTCSI BeJIHtmHOA ( vI Vc ) G"" < Q .I , r,D;e <r( a') - ceqeHitie 

EParroBcRoro pacceHHHH Ha o~ a~eMeHTapaym ~eixy 

, (I) 

r,n;e Vc* = (~9t )~Vc - OOr.ceM a~eMeHrapHOi srqe:illtH B npOCTPBHCTBe 

o6paTHOi pemeTRH, F'~ - CTPYRTypmtil tf>aRTOp, COOTB9TCTByJO-

tid BeRTOpy ~ o6paTHoid pemeTK4, a - BeRTOp 

pacce.mms:I. Cpe,ruree sHat~eHHe I F~l~ rrponopn;HOHB~HO Vc , , TaR 

liTO IIpH Sa,n;aHHOM OO~eMe V cpe,D;K~ RHTeHCHBHOCTb O~OrO pew~eK-

ca o6paTHO n:ponopiJ;HoHa~Ha Vc. • C~e,IJ;oBaTeJII>HO, CJIOJtHHe 6Ro~o-

rHqecKHe RpHCTa~~ ,n;aroT pe~JieRCH B Cpe,D;HeM B I03 pas c~a6ee, 'tiCM 

IIpOCTUe RpHCTSJinH. 

ITo aTmJI npH'tiHHaM pa SB~THe Hcc.r:re,n;oBaHd CTPYKTYPH 6HonorHt~ec

KHX BemeCTB MeTO,D;OM ,D;H~paRIJ;HH HeHT:~OHOB Tpe6yeT BHCORHX IIOTOKOB 

H9HTpOHOB. oRCIIepHMeHTH, npo,n;eJISHHj:le Ha BHCOROIIOTO'tiHOM peaRTOpe 

u t: a R B BpyKXe:lBeHe rpyrmoi1: illeH6opHa sa nocne,n;HHe ro,nH 12' 31 
IIORaSaTeJibHH ~JIR OD;eHI\H B03MOJKHOCTt~H CTPYRTypHOrO 8HSJIH38 OHOJIOrH

qeCRKX BeutCCTB C IIOMOII.tbiO HeiiTpOHOB .• EJvra HCCJia,D;OBaHa CTpyRTypa 

6 eJt Ka . MHor ~o6HHa, ;n,JJR ROT oporo He sa,n;oMo rrepe,n; STIDJI 6RJI rro

CTpoeH~De-cRHTes C paspemeHHeM :3 !,4 1 Ha OCHOBe H3MepeHHH 

peHTreHOBCKHM M9TO,D;OM 25000 OTpaJKeHd. MOHOR~aa 3JieMeHT8pHBH 

\/ 5 93 gqefuta rmorno6mr.a co,n;ePJKHT I200 aTOMOB B o6beMe vc ~ 0, 7. IO a • 

MCIIOJILSOBBJIBCb 06H"t~HBSI TeXHKKa ~]>BRUKH B MOHOXpOMBTR'tleCKOM liB-
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~ammeM nyqKe ( A = I,6 A, noTOK ro7 n /cM2/ceK) 0 nocHe~oBa
TeJI:&HHM HSMepeHHeM OTpaJKeHHi. JJ.JtH o6pasn;a 06'.DeMOM B 25 'MM

3, 

B KOTOpO~ 45% BO~Opo~a 38MemBJIOCh ~e:iTepzeM, cpe~HHH HHTeHCHB

HOCTL OTpaJKeHHi COCTaBnaJia 600 ~myJILCOB B MHH.npm IDoHe B 

100 HMII/MHH. Cpe~ee BpeMR: H3Mepmma: O,IUiOro pe(pJreKca COCT8BM-
. 0 

. JIO 5 MH:ayT • .lL1rH onpe~eJieHWI oTprrtTYPH o paspemeHHeM B 2,8 A 

H3MepHJIOCL 4600 OTpaJKeHHM. BnOCJIEI~CT:smt paspemeHHe i.Pyp:&e

CHH'l'esa ~OBO.zt'{JIOCL ~0 2 A HCfiOJIL~IOBaFmeM 104 3Ha'leHH:£i 8MIIJm

TY~ CTPYR'l'YPHWC WaKTopoB. BHBO~ ~IBTopoB oiDicaHHHx pa6oT 

COCTOHT B TOMI 'ITO HSy'leirne CTpyl~Typbt 6HOJIOrH'tleCIWX BellleCTB C 

nOMOill:&D Hei'l'pOHOB B03MO~O, H OHCI ~ae'l' HHTepecHble H fiOJie3Hbte 

CBe~eHWI, KO'l'Opbte He MOryT 6UT:& rro.nyqemt peHTeHOBCKHMH MeTo-

~aMH. 

,Uzcppa.KI.Um He:£iTpOHOB HCfiOJI:&3j"eTCSI, rJIBBIWM o6pa30M, ~JDI 

yTo'lHeHEH H ~onoJIHeHHH CTPYKTypHLx ~aHHHX, no~eHHUX ~<l)paK

uze:tt peHTreHOBCimX .nyqe:A • .llaJKe ni'H TaKoi nocTaHOBKe Bonpoca 

~HH mccJie~oBaHEn cJio~ CTPYKTYI' HeiTpoHbt no~o~T TOJI:&Ito 

B TOM CJIY'qae, eCJIH o6ecne'IHBaeTCfl BbtCOKaH CKOPOCT:& HSKOnJieHEH 

HH<l)opMB~H. BosMoEHu:£i ny'l':& peaJIHSanRH nocJie,IUiero ycJIOBHH -

STO OTRa3 0'1' MOHOxpOMaTR'IeCKOro D~ H nepexo~ K ny'tJKaM C 

mHpoKHM cneKTpoM. Oco6ennocTH Ta~oro cnoco6a pa6oTu ooo~aJIHc:& 

~OBOJI:&HO ~SBHO ~ay~OM / 4/. 

Me'!'O~ BpeMeHH npoJieTa B ~WPBKUZH HeiTpOHOB, B ROTOpOM 

HCnOJILS~ca noHHXpoMaTH'tleCRHe nyJILOHp~e nyqRH Hel'!'pOHOB,pa3-
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BHB8JIOSI 38 IIOOJie,IJ;Ime rO,IU:l RSK Ha C:TB:uROHapHWC pea:KTopax /G-8/, 

TS:K K Ha HMny~OHRX HCTO~HmRaX - l1e8KTOp B ~6He / 9/ HHH yOROpH

TeJie /IO' II/. lipH Hsyqemm nommpJ[CTaJIJIOB; EH,IT.ROCTe:£1: H aMopipm:lX 

TeJI STOT MeTO~ MeTO~ .rryqme 06I:NHOI'O MeTO,IJ;a ,n;Hcpp8RJ.Um. 

liTO RacaeTCSI MOHOKpHCTBJIJI~B, TO Q't[HT8IOT /I2/, liTO MeTO~ BpeMeHH 

npoJieTa JmJISreTCJI MeHee y~06ImM, T~IK KSK CIIeKTp ,llHqJparHpOBBHHl:lX 

HeliTpOHOB OTHOCHTeJlliHO 6e,IJ;eH R SHE1m3 IIO BpeMeHH IlpOJiaTa MOXteT 

OR888T~CSI H9SROHffiWR~HM. 

B cx.yqae .n;HWP8KUHH He CJIOXtHHl: CTPYKTYPBX C 60JibWHMH aJieMeH

'l'apiiHr/J.H .fltiOiliCaMVI fv1H HOICEUitCM, 'ITO MGTO.U BpOMOIIH l1pOJie'ra CYlll.OC'£DOIIIIO 

Jzytnno o6wnroro MeTo.n;a. B nacTo.Hmeii pa6oTe anaJJ.lisRpYJOTM oco6enuoc

TH rrpHMeHeHM MeTo~a BpeMeHH IlpOJIE:Ta It .n;HWP8RD;WIJ: HaHTPOHOB H8 

CJIOJKHI:DC opraHHl.leCRHX BetneCTBaX. QC,CYJlt.I(aeTCJI BOnpOC 06 miTeHCllB

HOOTH n paspemeHHH n ,IJ;aroTc.a: WOPMYl.H ,IJ;JISI HHTepnpeTaunn msMepeHHfi. 

ITpoBo,IJ;nTo.a: opaBHeHHe c o6HqnHM Me~o~oM ~wpaR~ HeHTpoHoB n no.u

't!epttnBaroTc.st·npeiDJIYmeoTBa MeTO,IJ;a BieMeHH npoJieTa npn ero zonoJIDso

BaHKH Ha HMnyJI~CHOM peaRTOpe BRCOBOrO IIOTORa. 0nHCUB8eTCSI npoeKT 

YCTBHOBKH ,IJ;JISI CTpyKTypHoro aHa~sa 6HOJIOrHl.leCKKX BemeoTB Ha pe

aRTOpe HBP-2. 

I.I. Oco6eHHOCTR MeT08a BpeMeHH npoJieTa 

BeJIHl.IHHa, npe,IJ;oTaBJISIIOma.st EiiTepec ~ onpe,IJ;eJieHRH CTPYKTypa -

STO Wypbe-o6pas KpHCT8JIJI8 

(2) #I 
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)lHd!pa:KUI!J:OHHHe 111:e H3MepeHM TI03BOJIJIIOT Onpe.n;eJiliiT:& Ce't!eHMie (I) , Ito

TOpoe OTJmtiBeTCH OT (2) TeM, 't!TO B Hero BXO,IJ;R:T BeJilii't!Hlii:l I F~l2. 

BMeCTO l=ti . • HIDKe 6y.n;eM C't!Jt!TB~~:&, liTO D;e.7I:&IO a:KcnepM!MeHTB .fiBJI.A:-

eTC.fi mnn:& rrpaBH.7I:&Hoe onpe.n;e.7IeHHe neJUNHH l~=';t 12. H He Oy.n;eM 

OOCYJK.D;BT:& npoOJieM.Y cpas. 0TMeTEM BC:e xe, tiTO Hei!TPOHH .n;aiOT,TIO 

CpBBHeHHro C peHTreHOBCRBMH ~aMH, ~OITOJIHHTeJI:&HHe B03MO~HOCTH 

npSIMoro onpe,n;eJieHWI cpas nyTeM HcnoJI:&soBaHRS: anoMBJI:&Horo paccemnm 

HB C«.
44

' H S~9 /I3/, IIY'l'eM H3yqeHM MarHHTHOro B3a:HMo

,n;ei!CTBHH C napaMarHHTHUMH ~eHTpBM][ MOJie:KyJI /I4/ H, B03M03KHO, ny-
u~oron~ot~o~e~~ewl'1 

TeM cpaBHeHIDI ,nl!WPBR~ HB RpHCTaJ::Jiax C pa3Jm'C.IHI:lMYcocTaBOM onpe-

.n;eJieBBHX BTOMOB. 

Cne~cpMKoi 6HoJiorHt~eCRRX MOHCRpHCTaJI.7IOB JIB.7IHeTcJI 6oJI:&maJI 

rrnoTHOCT:& ys11oB B o6paTnoa pemeTxe. ~ nonyt~eHEJI nyTeM o6pame

HRa cooTnomeHHH (2), ~:ce-cKHTesa c paspemenzeM A~ aeo6xo~o 

H3MepHT:& Bee ysJII:l, pacnoxoxemru:e :s noJiycwepe pa;n;:eyca QM 1\1 9,'11/Ar- • 

QQHqH~ MeTO,IJ; HCC.7Ie,IJ;OBBHRff COCTOHT B llOCJie.n;OBBTeJI:&HOM CRBHRpOBB

HHH 3TKX: y3JIOB~ B OT1IH't!He OT Hero, MeTO.n; ,nllcPPBRtnm no BpeMeHH 

Dp0.7IeTa .fiBJI.A:eTCH ITO cymeCTBY M6TO~OM O;n;HOBpeMeHHOrO HSMepeHRff OT

paxeHHi IIpH 3B,IJ;BHHOM ITOJIO~eHHE: RpHCTB1IJia. MeTo.n; BpeMeHH Dp0.7IeTa 

TeM BHrO;n;Hee, 't!eM 00.7I:&We 't!HC.7I~ O;n;HOBpeMeHHO HSMepeHHHX pecll1IeRCOB. 

~e 6y~T paccMaTpKBaT:&CH, .n;nH cny-qaJI HMUyH:&CHoro peaETopa, 

TPH B03Mo~ cnocooa pa6oTu: I) c Hcno1I:DsoBaHHeM nexoToporo 

qHCJIB OOH't!HNX ,IJ;eTeKTOpOB, pacno.7IO~eHHHX no.n; yrJiaMH, COOTBeTCTBy.D

mHMH nanpaBHeHHHM c 6oJI:&moH nJIOTHOJThiO ysJIOB B o6paTHOH peweTKe; 

2) c Hcno.7I:&SOBBHHeM nos~oHHHX ,IJ;e•reRTopoB, noRpHBBIOUWX <iJHKcHpo

BBHHHe Yl'JIOBLte HBTepBSJIH B O.n;HOH. IT,[OCKOCTH; 3) C HCITOJI:&30B8Im:eM 

,IJ;BYMepma noslW)IoH.HHX ,IJ;eTeKTopoB. Jioc.xe,ItHd cnoco6 B np:wn.zym' 



- 6-

SBnHeTCH HSH60Hee S~eKTHBHHM CUOC060M peaHHSSnKH.SKCnepRMeHTS 

no ~~pSKUHH Ha MOHORpHCTSHHSX no BpeMeHH DpOHeTa. B HSCTOgmee 

BpeMH ero npHMeHeHze orpaHHqeHo B nepBYD oqepe~ sHa~eRnHHM 

06~eMOM onepaTHBHOH naMHTH, He06XO~Oft ~nH SSDHCH PI o6pa60TRH 

HH~OpMarzym. 

PaccMoTpRM ceqeHme o6paTHOH pemeTKH xpmcTaXHa (pmc.I) nHoc

ROCT:&D pacceaHHH. ~ ~eTeRTOpa, pecnO~OEeHHOrO no~ ~SHHHM yr~OM 

26 , RS~ HMnynbC llOHEXpOMSTHqeCKKX HeiTpOHOB npOHSBO~T CRSHH-

poBaHne ~oJID npRMoi, npoxo~mei qepes Haqa~o o6paTHOH pemeTRH. I 
STO nOSBOHaeT HSMepHTD OCHOBHOH H .BSCWHe no~ TOrO OTpa~eHHR 

• 
h. k e • ROTOp:oe COOTBeTCTByeT TO'IH D yrey 2 6 • EcJIH HS!IpSBl.leHHe 

CRSHKpOBSHHa napa~HeJIDHO 6asHCHOMY BeRTOpy o6paTHOH pemeTRH, TO 

qHCHO O~OBpeMeHHO HSMepseMUX OTpS:EeHHi. pamiO n. ~ !2 ( kH - k'" ) f'. 
. ..:kn e / Vc"' 

4
13 • r~e K,... H ~m. - MaRCIDJiaJI:&HbiH H 

MHHHMS~~ BOHHOBHe BeRTOpH B pa6oqeM yqaCTRe cne:rtTpa na~aro~ 

Hei!TpOHOB. JlM RpHCTSMS THna MHOr.II06Ima tmCHO H3MepaeMRX O.n;HO

BpeMeHHO OTpaxeHd DpH, HSnpRMep, ~M - J{~tt. = 3 J.-I H . fl = 60° 

MOJJ.teT TSRHM OOpa 30M ~OCTHqD n. ""' :35 + 40 • O~aRO cpe,n;Hee 'tUICJIO 

YSHOB o6paTHOH pemeTRH JieJR:amMX TO~!O HS O~OH npHMOi npH c~aH

HO B:b16paHHOM HSIIpSBJieHHH CRSHHpOBS:m.fi HeBemmo: MO:lKHO paCCtiHTSTD • 

~0 OHO paBHO 3/2, eCJIH TpeOyeTCS :~SMepJIT:& aOCOJIIDTHO BCe YSHH 

B c:eK-rope. pa,n;Hyca Q,... • 8cf.<PeRTHBHOCT:& HSMepPITeJI:&Horo npon;ecca 

pacTeT, 6CJIH CRSHHpOBSHRe Be~eTCH :3~0JI:& HanpaBJieHHH B OOpSTHOH 

pemeTRe, OOrSTHX YSJISMH (B c~ae J[CUOJI:&SOBSHRff HeCROJI:&KHX ~eTeR

TOpOB STO UO,I{P83YMeBaeT BOSMOJKHOCTh He38BHCmvtOrO yrJIOBOrO nepe

MeUlelm'Ji ~eTeKTOpOB). BOSMOJKHSSI MeTo,zuma paCSOTH COCTOHT B HSMepe-
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mm Bcex ysJIOB B c(pepe 'l" != Q~ ( r;{e sHa't!eHae Q-i Bl:l6:apaeTcsr Rs 

ycJIOB:wt ,n;ocTaTO'tffioro paspemeH:wi ~:oe-cmrTesa), BMecTe 
~~· 

C BX BHCWHMH nop~aMm OTpa~eHHa l~ pacmnpeHHOM RHTepBaJie 

Q" < 't' ~ Q M • li3MepeHH8SI 06JiaCTl, B 06paTHOM IIpOCTp8HCTBe 6y,n;eT 

ilMeT:& BB,D; e~a. TaRaSI npon;e.IJY.Pa MOJI:eT YBeJm't!RT:& B HeCROJI&RO pas 

'tJECJIO O,IUIOBpeMeHHO H npaBRJI:&HO H3MepeHHHX 0Tp821temrli: BMeCTO 3/2 

3TO ~CJIO CT8HOBMTCSI n. ~ ( 3/2.) ( Q ,., / Q,.) . 

ITosmn;moH~ .n;eTeRTop, noRpHB~DmHi yrJioBo! KHTepBaJI A(ae) 

B TIJIOCROCTM pacceHHHa, DpOM3BO~T ~YMepHOe CR8HiipOB8HRe B OOpaT

HOH pemeTRe H ,n;aeT nyTeM 6HnapaMe'lpKtiecRoro aHaJmsa no e H 

BpeMeHM llpOJieTa, TIOJIO~eHM M HHTeF.'CHBHOCTH pe(pJieRCOB B COOTBeTCT

ByromeM ceRTope (pHc.I) o6paTHoro npocTpaHCTBa. llJioma~ aToro 

ceRTopa paBHa 65~ = ( k.,l·- k'~) 4-in? e ~ (es) • Ecm nJIOCROCT:D pac

ceHH:wi COOTBeTCTByeT CJIOD OOpaTHO~ pemeTRH, TO TIJIOTHOCT:D Y3JIOB 

paBHa npH6Jm3ZTeJI&HO Vc:"'- 213 , R 't!RCJIO O,IUIOBpeMeBHO R3MepReMUX 

TIJIOCROCTei1. paBHO n.. ~ ~s"' /Vc412
/
3 • ,I{JI.a: .o.(~6) = 0,3 B yCJIOBIDIX 

BHIIIey:Ka3aHHOrO npHMepa, rt "-' !00. ]Lrui CJiytiaMO BH6paHHOM 30HI:l 

TIJIOTHOCT:& Y3JIOB 3H8't!MTeJI:&HO MeH:&llie, R COOTBeTCTBeHHO MeH:&ille q:£10-

JIO n • MO~HO H 3,D;eC:& npHHRT:D OTIHC8HHy,ID BHWe npon;e~y yBeJIR~e

HHH a~eRTHBHOCTH H3MepeHRH nyTeM OT60pa 30H. 

HaROHen;, eCJIH HCOOJI:&3yroTCH TIOBRD;HOHHI:le ~YMepHI:le ,n;eTeRTOpH, 

TIOiq)HB8IOUWe TeJieCHDUi yrOJI A!l B peaJI:&HOM DpOCTpaHCTBe, TO OHH 

DpOH3BO~T TpeXMepHOe CR8HRpOBaHHe B OOpaTHOH pemeTRe. 06~eM B 

o6paTHOM DpOCTp8HCTBe 6V:,. • (~13: ( 1(.~- ~ )4ln. 'lij Afl. CO,n;epMT 

ysJioB npn JII060H opReHTBUHH o6pa3n;a. B paccMoT-

peHHOM BHWe ROHRpeTHOM npRMepe 0~~ nOSKUHOHH&M ,n;eTeRTOpOM, no-



-8-

Iq)HB8IOU4HM TeJieCHIDi yrOJI A.fl.= O;t-:1 , O,IUiOBpeMeHHO PI3MepSieTCH 

J60 OTpaJKemdt. .UJJH Bcex nepe'I:JliCJieEHHX cnoco6oB paOOTiil acfxPeKTPIB

HOCT» MeTo~a, B1Xp8JKSHH8Ji ~CJIOM O~~OBpeMeHHO H3MepgeM&X OTpame

H~, TeM BHme, qeM WRPe cneKTpan»Easr nonoca ~~,KM na~aromero 

IT.Y'1Ka PI qeM OOJI»We oparrOBCKHe yrlJH ~ • ITpH sa~aHHOM llOJIO~eHHR 

KpHCT8JIJI8 qPJ:CJIO OTpaJKeHHH; llpHXO,IT,flmiDCCg Ha IDITepBaJI ~ ~ e ~} , 

COCT8BJIHeT COOTBeTCTBeHHO 82%, 82% PI 75% OT llOJIHOrO 1IHCJI8 B RH

TepBaJie 0 ~ e S 'li/.2 • CJie~OB8TS.7.I»~O, B MSTO~e BpeMeHPI IIpOJieTa 

~eTeKTOpN p83YMHO pacnoJiaraT» npeEMY~SCTBSHHO B OOJIBCTH OTpaEe-

HKS: Ha sa.n; 2.e ~ 'li/2. • 

I.2. ,UocTyTIHasr o6JiaCTn R paspemeHPie B o6paTHOM 
llpOCTpaHCTBS 

YrJIOBOH HHTepBaJI, nepeJ\PHBaeM~ ~eTeKTopaMH, PI pa6oqasr no

Jioca CIIeKTpa na~aiDmRX HSHTpOHOB, oape,n;eJIHIDT HSROTOPYJO orpaHH'1SH

HYID o6JIBCTn ~OCTyna npH6opa B ooparaoe IIpOCTPBHCTBO. 3Ta OOJI8CTn 

,IJ;0.1DltH8 IIpOCTPip8TnCSI, no :Rpabe:f1 Me:pe, . .IJ;O SH81IS:EmR Q , .IJ;HKTyeMhlX 

xeJiaTeJIDHHM paspemeHHeM ~ne-cEHTesa. PasYMHoe sHa'1eHRe - aTO 

~r~ I,5 i, COOTBeTCTBYID~ee 3H81I~HHID QM~ 4 1-I. 
B CJIY"qae .IJ;H~81\UHH HeHTpOHOB Ha CJI)XHiilX CTpyKTypax cepne3HOe orpa

HHlleHEe 00JI8CTH ~OCTyn~ B 00p8TH08 llpOCTp8HCTBO CBH38HO C paspeme

HHSM llpl!IOOpa. PaspemeHPie MOliCST OLIT:o OllHCBHO C llOMO~lO HSKOTOpoii 

!l>YHRnmt R ( Q '- Q) , ~arome:£1 OTHr)CPITSJIDHHH Bee paSJIHliHHX T0'1SK 

00p8THOrO npOCTp8HCTB8 llpH HSMepeH:m, IIpOHSBe.IJ;eHHOM ~JJH HOM£m8Jin-
...., 

HOrO SH8'1SHM Q { 3TO SH81ISHH8 OII:;>e,neJISieTCH yrJIOM paccemnm 

H HOrvrn:H8JI»HHM BpeMeHeM IIpOJieTa T ) • 

B I'( ~m"D', R ( ~) Tnll'eeT BTX'IT /IG/ •• HOpM8XDHOM DpHvnEEeHHKZ ~J~~~ ~ ~~ ·~ 
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(3} 

r.ne MaTp~a ,{M;,i} o6paTHa Ma~'pHD;e MOMeHTOB BToporo nopsm~ta 

{<x; >f~· >} \ 

(4) 

Be.1IR'tllmH x" , x2 E X3 -· I\OMIIOHeHTH Bel\Topa Q'- Q -CHCTeMa 1\00p,n;miaT BI:l6RpaeTCJI C OC:EIO: ><1 B,nO.T.ffi Q H C OC:&IO 

x3 HopMS.T.ffiHO I\ n.1Iocl\ocTl2I pacceJIHESI. BeJmtnma v,t IDJieroma.a: 

pasMepHOCT:& 06~eMa B o6paTHOM DpOCTp8HCTBe (o6~eM paspeweHEH) , 

.naeTc.a: BH.PWJteimeM 

(5) 

• 
HopM12IpOBO'tiHJ:rii MHODTe.T.ffi 12 o , noSBOJimOrnilli npOl2I3BO,IUiT:& I\8-

.1IH6pOBK,Y a6C0.1IDTHHX 3Ha~eHHH HHTeHCRBHOCTel, HMeeT BI:l.PS~eHHe 

(6} 

r,ne ~ - pacnpe~e.1IeHHe nOTOI\8 RCTO~a HeiTpOHOB, 

.Jlc· H J2 f - Te.1IeCH:&e yr.1II:l, onpe~eJUieMUe reoMeTpHe~ 

HCTO~HR- o6pasen; ( .12;, ) H oc5pasen;-.n;eTel\Top ( ..n.f ) , a 4K..1 = 

• 

- l<.r (A -t(A. ) IT , r.n;e ~::.iQ,. - WJtiPH:ta I\aHa.1Ia BpeMeHHoro aHaiDI3aTopa 

BeJIHlWHI:l '2o l2I V: xapaKTe}l2I3YJOT COOTBeTCTBeHHO CBeTOCH-

JrY 121: paspemeJme npH6opa. Mepoi I\B'q3C'l'Ba paspemeHPI.a npE:6opa .a:BJJ.R:

eTc.a: 'l'BKEe Be.1Jl2IqHBa 

(7) 
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iloBepXHOCTlii paBHOrO 3H8"CJSHM ll ( ~) B npH6JI.WKemm ( 3) 

STO a~nco~ B o6paTHOM npOCTpBHCTBe. ~ Har~oro npe~CTaB

JISHID1 06HtmO H306pa~aiOT SJIJimiCOH.D;, Ha :KOTOpOM k!(;) = 0, 5 f<o 

(aJIJIJtincoii,D; paspemeH:w:r). 

nna c~aR o6~0H ~~paKURH ~yHK~ RC9) 6HJia pac-

C"C!liiTaHa KYnepoM H HaTaHCOM /I5/, a ~JIH ~aKUHH no.npeMeHH npo

JieTa Ha HMTiyJlbCHOM peaKTOpe - O~M H3 BBTOpOB /IG/. 3KcnepKMeH

TaJI&HaR npoBepKa noKasaJia /I? I, "CJTO. noJIY11eHHHe B /IG/ cooTHome-

H:wr XOpOlUO OnliiCHBaiOT OUTHqSCKHe CBOHCTBa ~WPBRTOMeTpa no BpeMe

HH npOJISTa. B npHHUBTie MOEHO BKJIID"CJ~Tb B pac"CJeTH MOMSHTH He TOJlb

RO BTOporo no~a, HO H BHCIDEX no~OB /IS/ H TBKHM o6pa30M 

MoryT 6HTb ormcaHht Ha6JIIO~aeMHe aKcaepnteHTBJIDHO/I? I :n;eTaJIPI c"pop-

MH l<(il) • 

06ntHe BiipS:ateHIDr MaTplii'tffiJIX SJieMSHTOB < x ,· ><;i > ,n;aHU 

B /IS/. 3TH SJieMeHTH 38BHCRT KBR or npH60pa, TaR H OT pasMepoB 

H ~OpMH o6pa3~a. nJIH 6HOJIOrKqeCRHX KpHCTSJIJIOB pa3M8pht 06pa3~0B 

npeHe6peliWMO MBJIH. B STOM CJJY<iBe B.tij)a:ateHM OTJIPI'qHJIX OT HYM MO

MeHTOB ( 'IU >f j) - CJIS,IJYIOUW:e: 

t r , 
(dl>+<a.f> (8) -----·-------

44Ck.1.G 

3.n;ec:& ~ ,· , ~ .f , 8 i) & .f - yrJioB:Qie OTKJIOHeHM ( B llJIOCitocTII 

paCCeRHRH H nepne~napHO K HeR) TeK,YmKX BOJIHOBhtX BeitTOpOB 

OT HaH60Jiee BepOHTHHX BSitTOpOB 
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a )/ - ~ ~ {' = ( K..:- 4 /q • (HO:MRHSJI:DHO€ 3Haqelille - Q '""lq -14: , 
Q = f2. ~ ..k .... e ) • MoMeHThi BToporc nopJI.IU(a, BXO,IIJiiiWe B rrpaBbie 

qaCTH COOTHOWeHHi (8), onpe~e~TCH reoMeTpHeR YCTBHOBRH H WOp

Mo:a BCIII:liJIRZ TeiiJIOBbiX He:£iTpOHOB (m.m~e Bl:lpB!telmSI ~BHJ:l B pa60Te/IG/) 

Be~a <e'> RMeeT BupaEeHHe: 

(-/:~) + <-l-~ > -1- < tJ > 
::' --------

y2. (9) 

r,ne <fi. > - BpeMeHHa.a: ,IUiCIIepCM l1MiryJI:DC8 TeiiJIOBUX HeHTpOHOB pe-

<...Lt> anTopa, ~ - ,D;Hcnepc:rui RaHa~a BpeMeHHoro aHaJIHsaTopa, 

(fa> - BRJia,D; BO BpeMeHHYID ,D;HCDepCHID OT TOJimRHH ,neTeRTOpa, a 

T= (11.. ) (-·Q_ ) - HOMmiBJI:DHOe DpOJieTHOe BpeMJI. z.n L~'1t6 

Ka~OMY RBHBJIY BpeMeHHOrO aHBJIH38TOpa COOTBSTCTByeT CBOSI 

~R~ paspemeHM. MHTeHCHBHOCT:D nH~parHpoBaHHHX aeATpOHOB pac

cqzTHBaeTc.a: C IIOMOm:DID COOTHOmeHEH: 

r.ne MHonrreJI:D 

meM o6pasue z 

~ 
_.. .... _.,, ~I 

l(a)-= .::L_ R.(t/-C1 )G"(G )eta 
Ve 

(IO) 

Jl_ npe,ncTaBJIR:eT co6o~ qzcJio .a:qeen :8 pacceMI.Baro-
Vc 

0'( G ) - Ce't!etme pacce.a:HE'.R: Ha O,n;Hy .a:qefu\y • 

3,nec:o H ~e CqHTaeTc.a:, 't!TO nonpaBKH Ha norJiomeaHe, MHoronpaTHOe 

pacce.a:HHe H B~eRTHBHOCT:D perHCTpauzz BBe,D;eHH OT,D;SJI:DHO. 

nnH o6pa3UOB C M038H't!HOH CTPYKTyp0:£1 BbipB~eHHe ceqeHHH (I) 

,IJ;O~HO 6HT:D ycpe,D;HeHO IIO pacnpe,neJieHHro MOSazqgux 6JIOROB. 3WWeRT 

aTOrO ycpe,D;HeHRa MO~eT 6HT:D yqTeH ~3MeHeHHeM CaMOi ~RUHR pas

pemeHH.R:, OCTBBJIWI ceqeHHe (I) HeH3.VIeHHSMe MoMeHTJ:l MO~:murpOBBH-
I 

< )(,• ')(j•) a c~ eHTJI'~IUITll' ,D; lOT a Bl:lp 9Jit •~n~~~~uu. : 
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't I < OJ':'-< X, > = "'·· " 
<><l>' = < ><2'2) ..,. Q'Z,22 

f '2 Q~ ,2 < )(3?. > .. < )("?, > + "2 (I4) 

<X, .)(1 >1
: < x, )(2 > 

r.D;e ~ M ttz' , npH npeHe6peuVIo MaJio:£1 ~KCTHHim;:.ru.I, pamm 

CTa~apTHHM OTKJIOHeHRrnM yrJIOBOrO p3CIIpe,IJ;eJieHRa M098KqHHX 6JIOKOB 

B nJIOCKOCTH paccemraa: H nepneH,n;mty.II.R:PHO K Hei. 

CooTBeTCTBeBHo onpe.D;eJIHIDTCH Mo~~m~oBaHHHe BeJIKqHHH: 
,I 

{ M ,'~· } • { < )( ,· X~· /} - • 

v,/ 1 :: (2:n)3/~ f ~ :(_<_)(-,.-xa-·>_'_1 

< :x '2 >' :: T,.. { ( X/ X j >" t 

(4a.) 

(5a.) 

COOTHOWeHHe (IO) llOSBOJIHeT paOC'tJHT8T:& np~HJI:& HSMepeHHbTX 

MaKCmvryMOB. CI\8HHpOB8HHe no BpeMeHU IIpOJieTa 09H8'tl8eT HSMeHeHHe 

Q B,IJ;OJI:& OCH X 1 • BpeMeHHaSI ~onepCRa ( ~ T 2 > .I(HibpaKI:U'IOHHO

ro MaKcHMyMa paBHa 

B npe.D;eJie ( c:> ...., oo 

OOTe /I9/. 

(I2) 

3TO Be,D;eT 1: BJ:ij>aJKeH:mo, llOJ.IY"tteHHOMy B pa-

3aBHCHMOCTH IIpORHTerpHpOB8HHOit no BpeMeHH IIpOJieTa HHTeHCHB

HOCTH ~~aK~OHHOrO M8KCRMYM8 OT jrJIOB OTI\JIOHeHHSI OT llOJIO~eHKa: 

Bparra W H X. (OM. pHC. 8 )X~tpSKT~SYJOTC.R: ,D;E:CnepCMMH 

< 6CJJrz> -::: < ><i >I Q2 

BH,D; 
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(I3) 

~XH pOKRHr-RpHBO~ B OHOCROOTH pace~, H 

J? <6.?> (b.X.f/. > ::; < l > + :.f -+ 'T. ,2. 
4o<,._?.e ' 

EcHR poRKHr-RpHBue HSMeparoTca He HHTerpanbHO, a npm ~HRom

poBaHHoM BpeMeHH nponeTa ( .t::.T = 0), .TO COOTBeTCTBYIOUWe YJ."HOBUe 
1 ( v \ ~cnepCD paBmt ( .o 'f''l > = 

2 
, ,IJ;JIH pORIDir-RpHBOH B, 

Q Mu 
IIHOCROCTMI paccemms£) H (,o~'l> : -!__, (B BepTHRBH:&HO:ti IIHOC

. Q'1. lv/3'3 

ROOTH). 

llpe~CT8BnHIDT HHTepec TS~e np~HHH ~pSKQnOHHUX MBKCHMYMOB, 

H3MepeHHue ~~eHHeM ~eTeKTOpa DpH ~HKCHpOBSHHOM KpHCTSHHe. 

~cnepCHH 38BHCHMOCTH KHTerpan:&HO~ KHTeHCHBHOCTH OT yrHOBUX OT-

B ropH30HT8H:&HO:ti OJIOCKOCTH H < .1-<S~ > = 4 .rli~ -ze < .o ;x:'2 > npH 

~REeHEH B BepTRRSH:&HOA IIHOCKOCTH. B HBHOM B~e aTO 3SITHCRBSeTOH: 

(I3a) 

(!36) 

B npe,n;enax 

nepCHH ~parRpOBBHHOro nyqxa. 

I.3. llpo6JieMa pasneJieHHH ~mffipaKgnoHHUX MaKCHMYMOB 

HsMepeHHe OTpaxeHRff annffeTCH npaBHH:&HHM, ecnx pasMepu aJIJIHn

co~a paspemeHMH ~ocTaToqao MaHH, TaR ~o BRHS,n; coce,n;HHX ysJiol 
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06p8THOi pemeTKH B H3Mep.a:eMyiO HHTeECE:BHOCT:D npeHe6pelUi!MO M8JI. 

PasMepH SJIJIHrrCOH,ll,a paspemeHM paCTJ"T MOHOTOHHO C pOCTOM ~ np¥1 

cp~ntc:apoBaHHOM ~ , a npH WID\CMpOBBI:HHX. ;n;ocTaTO'tiHO 6oJ.I:DLUIDC K.z 

paCTYT MOHOTOHHO T8KXe H C pOCTOM ~ • TIOJIO~eHE:e HJIJIIDOTPHPYeTCH 

pHCYHKOM 2. YCJIOBHe pas,:n;eJI:DHOH perliLCTpau:mt OTpa~eH.IDi BO BCe:£1 o6-

JI8CTE: ,IJ;OCTyna np:H6opa B o6paTHOe Ill10CTp8HCTBO CBO,IJ;mTC.H K orpaHIHe

HmO pasMepoB aJI.mmooH,IJ;a paspemeimSI rrpE: .t;, ::- K-n ) B = rr;:;. ( t¥1-1 -::!2 K,._,). 

,UJI.R: noJiyqeHM .HBHHX yOJIOBD pfr3,iJ;eJieH.IDI MBRCmzyMOB o6paTHYID 

pemeTKy ttpiiCT8JIJI8 6y,:n;eM Ct.m:T8T:D ttyCIH'tleCROH pemeTKOll CO OTOpOHOH 

a.~::: Vc ~ 1/3 = ( ~ J /Vc 
1
13 • Hanpa:HJieHHe CK8HiipOB8HM no BpeMeHiii 

!IpOJieTa BH6epeM B.I(OJ.I:D O.n;HOrO 11:3 6a~:HCHWC BeRTOpOB o6p8THOi ·pemeT

KH (caMHi ae6JiaronpRHTHHi cJiyqai). EoJiee Toro, .n;onycTRM, qTo Bee 

OTpa~eHH.a: PIMeiOT O.n;IDI8KOBYJO HHTeHCHIIHOCT:D. 

EcJIH nOTpe60B8T:D, 'qT06:bl nHKOBb:e HHTeHCJiiBHOCTH OTpallteHJiiSI He 

co.n;epxaJIH 6l:l 6oJiee I% BRJia.n;a OT coc.e.mmx ysJioB o6paTHOii pemeTKH, 

TO npH yqeTe TOrO, 'qTO 

yCJIOBHH: 

M .'.-' <('X.>'~: ,, ... ' . , nOJiyq8IDTCH CJie~mHe 

(I4) 

• 

YCJIOBHe npaBHJI:DHOCTH H3Mepe~· HHTerpaJI:DHOH HHTeHCHBHOCTH 

38BHCHT OT THna CK8HHpOB8HliiH, ROTOp:btM Be.n;eTCH miTerpMpOB8HHe. 

llJIJJ o.n;aoMepaoro cRaHVIpOBaHRH no BPEMeHH npoJieTa BKJia.n; coce,mnnc: 

ysJioB MeH:ome I% ecJIJii 

v (~~ ,.,.< a.;,/5 :, V <-x£>1 ~a.. -¥/3 ~ V (x; >' ~ a/'/3 
(!5) 

'qTO 03HaqaeT • 
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~~ ~YM9PHOrO CRBHHpOBBHRff llC3KUHOHHHM ~eTeKTOpOM HHTer

panDHBH HHTeHCRBHOCTD no~aeTca ~aBHXDHO (BR~a~ coce~e~ HHEe I%) 
ec.1m: 

(IS) 

.r , ~ ~~ * 'ITO osna-qaeT v (X'l.'> ~ o.4 a. K vR ~ ().ISYc • ITepBote ~a 

K3 HepaBeHCTB (IS) COOTBeTCTByroT yCXOBHHM, BHBe~eHHHM B pa6oTe/I9~ 
HaRoHen, ~~ nonnoTot ~a~ K ycHOBKe I%-o~ aRK,ypaTHOCTH ~nH 

HHTerpaXDHOi KHTeHCHBHOCTK DpK TpeXMepHOM CRSHEpOBSHEH : 

t.':: d, 2,3 (I?) 

• 
O'tieB~O, yCXOBRH (I4-I?) XHWD opmeHTHpOBO'tiHHe, TBR KBK pa3-

~exeHKe 38BHCKT H OT OTHOCHTe~HHX aHTeHCHBHOCTe~ COCe~ OTpa

JteH:IDi. 

Cxe~eT OTMeTHTb, 'ITO nHROBote 3HB'!eHRH HHTeHCKBHOCTK noxyqa

IDTCH npaBKXDHHMH ~aJte B UXOXHX YCXOBRBX paspemeHKH, ROr~a HHTer

panDHHe KHT9HCRBHOCTH yxe HeXD3H ODpe~eXHTb 6e3 BHBXKTKqecROrO 

B~exeHHH BRxa~a ooce~KX oTpa1teHKM. 

0rpaHK't1eHRa, HBKXa~aeMae Ha MOMeHTH 
' 

onpe~eXRIDT ~OnyCTKMy.ro KOXXEMB~ B na~aromeM K OTpalteHHOM rryqKaX. 

BonpeRH 06Hl!HOH npaRTHKe BepTKKBXDHyro KOXXHMBUHID HB~O BH6paTb 

opaBHMMO:ti C rOpH30HT3JibHOii, a B 06UleM ~a11te MeHbille ropK30HTSXDHOM. 

8TO - CJie~CTBHe TOrO, qTO CJIOK 06paTHOi peWeTRH JieEaT oqeHD 6JIH3-

KO lJPyr K lJPyry • 
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n~ KpECTBHHOB c M03aH~O~ CTPYETYPOH npH OOHDWHX 3HaqeHRRX 

Q oTpaxeHEH oy~T nepeKpaBBTDCH naxe npH aneaHDHOM paspemeHHH. 

oTO orpaHHqEBBeT COOTBeTCTBeHHHM odpa30M OOHBCTD ~OCTyna npHOOpa 

B o6paTHOe npocTpaHCTBO • HanpHMep' ~JIH. Vc = ro5 A 3 
H 

~ = "7_ 1 = I02 YCJIOBHH yrHOBOrO paspemeimJr H3 (!4) H (15) MOrYT 

OSTD y,IJ;OBJieTBOpeHH TOHDEO ·npH Q ;~ 4 x-I • OrpalmlieHM, HBRJia

,zumaeMT:le Ha < ><1Q > , no CYUleCTBY onpe.n;eJimOT HIDKIDIH npe~eH npoHeT

Horo paCCTOmm.s:: npH OOHDWKX 3Haqe ~ Q ~OMHHEpYJOI.Itirli BEHa~ 

B ( x/ ) - BpeMeHHOH ( trJieH Q 
1 < E 

7
) B BllPBXemm ( 5) .D:JI.SI < ><,/ > A 

ECJIH llOCTBBHTb YCHOBRe QM V < e'2 > ;~ a..JJ/6 

paccTomrM L noJiytiaeTC.fi 

L ~ 3. -1o- 4 6"t- Q; Vc 113 

, TO .D:Xff npOHeTHOrO 

(IS) 

r.n;e cTa~apTHoe OTKHOHeHHe o~ BHPaxaeTC.fi B MHKpocexy~ax, . 
Q~ B _A-I, Vc B _iS, a L B MeTpax. ~ H3MepeHIDI C pa3-

pemeHHeM B I,5 A ( Q~~ 4 ~I) pemeTOE co cTopoHaMR gqenxn B 60 A, 
MHHHMBJibHOe DpOJieTHOe paCCTO.fiHRe ,IJ;JI.SI 0~ = 80 ~CeE nonyqaeTC.fi 

B 25 MeTpOB. TipH TBRRX paCCTO.f!HEHX CTSHOBHTC.fi pa3YMHHM npEMeHe-
~~~~ .. ,.. "HI,U 

HHe He~TpOHOBO,IJ;OB. 

I.4. ~TeHCHBHOCTb oTpa~e~ 

oECnepHMeHTBJIDHO onpe,n;eJieHHHe HHTeHCHBHOCTH OTpaxeHRR ,IJ;O~HH 

6HTD o6pa6oTaHH ,n;JI.SI H3BJieqeHHH CTPYRTYPHHX ~aKTopoB. B qacTHOCTH, 

HYXHO npOR3BeCTH HOpMRpOBKY BHTeHC~BHOCTe~ ,IJ;JIH. yqeTa 38BHCHMOCTH 

noTORa na.n;aiDmRX HeRTpOHOB OT .D:JIHHH BOHHH. ITOTOK HeHTPOHOB, na,n;aro

mHX Ha oopase~ ~i , BllPaxaeTc.fi cne~mRM o6pasoM: 

(I9) ~ 
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r~e ~o - HOPMHPOBO~HK MHO~HTeXo (6). COOTHOWeHHe. (I9) YR8-

3S:BaeT, 'tiTO ~0 MO~eT 6llT:& HaH,JJ;eHO H3MepemieM QJi. • Jlmi onpe-

~e~eHHR Ro Mo~eT 6HT:& ncno~:osoBaH Ta~e ynpyro H msoTponHo 

pacceHB810liWH aTaJIOH , Hanp.tmep, Ba::Ia,n,lli1:. l13MepeHHBJi HHTeHCl7IBHOCT:D 

paccMHHJ:DC HeilTpOHOB 6y~eT Iv; flo ( ci(J"/d.A)v • 

C llOMOIIOJIO COOTHOmeH:wi fJ()) nm<O:soe 3H8'tieHHe miTeHCHBHOCTH 

~W,paK~oHHoro MaRcHMyMa nony-qaeTCH B B~e 

(20). 

r~e A - BeJIM1mHa, co~ep~a1uas:r cpHs:aoqecicyJO mf<PopMa~ o KpHCTaJIJie 

(2I) 

l13B~e't1eHHe RHcpOpM8UIDI H3 llHROBWC: 3H.:l'tleHEH E:HTeHCHBHOCTH npe,nno

~araeT 3H81HHe cpyJIK:qml pa3pemeH:wi R napaMeTpOB M038J.il'tlliOit CTpyK

TYPH o6pasD;a. 

lliiTerpaJI:&HHe HHTeHCHBHOCTH 0Tp132Kemlli B paCCMOTpeHHiiX B I.I 

CilOC06ax H3MepeHHff no~aiOTCH: ITpH O~OMepHOM CK8H¥IpOB8HHH -

CyYJMKpOBBHHeM CO~epJKaHRR: K8H8JIOB 8H.3Jm38TOpa BpeMeim: IIp03IeTa, 

a IIpJ.il ~yx- H TpeXMepHOM Cit8HHpOB8HH:ii - ~OlliruM H, COOTBeTCTBeHHO, 

TpOibrnM CyrJIMHpOBBHHeM no BpeMeHHbiM :a D03~0HHHM KaHaJiaM. BupaJKe

HHe miTerpaJI:&HOH HHTeHCRBHOCTH BO B<leX ceyqas:rx MOJiteT 6HT:D npe,n

CTBBJieHO B B~e: 

I (1') - , ,/... •• ,/ {J) Q ICV ..L 
I - - • Y"t 7 • • -~., 

..:1: (.A~J:) (22) 

r.n;e -/: - BpeMH H3MepeHM, a BeJIINIDW Q IC IDJieeT mij)BJKeHHe : 
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(23) 

Q 1<. CM38H8 C 8H8JIOrHl!HOi BeJmtiJlliO:ti Q 9 B 06WUIOM MeTO,D;e 

,rr;m:cppamnm COOTHOmeHHeM Q K :: ICI ~· {) · Q e • 
MHOUTeJI:& cb <a') - STO IIODpBBO't!HIDi MHODTeJI:&, SaBHCSim:IDi OT THIIa 

CKBHMpOBBHWI. JIM O,D;HOMepaoro CKBlnipOBBlmSi (aH8Jm3 IIO BpeMeHNI 

IlpOJieTa DpH cpHKCilpOBBHHOM B ) BI:aij)SJJteHHe }J.JIJJ. ~ ("). CJie.zr..yDtUee: 

1(~)- .12 + . (24) 
- 'U1 r< 4.~7)~~61> 

r.n;e .(.6 ·{
1 > z <"602 > - BupaXtaeMble cl>OPMYJIBMH (I3a) H ( I36) yrJio

BHe ,D;MCIIepc:r,m: IlpOcpHJISI ,IJ;HcppaRUHOHHOJ~O MBKCIDVJYMS t Z:SMepeHHoro ,D;BH

zeHHeM ,D;eTeKTopa. 

l(JISI .IU3YM6PHOrO CRBH1iipOBBHHSI 

BpeMeHH IIp0.1.I6T8 Z: G ) MHOXtHTeJI:& 

(;myxnapaMeTp:LillieCRIDi aaaJms no 

+(2) HMeeT cJie,D;yroruee B~aXteHlile 

(25) 

r.n;e CMHCJI 60C saBHCliiT OT onoco6a ooymecTBJieHWI ,D;BYMepaoro oKa-

HHpOBaHWI. EOJIH npMMeHSieTCSI Il08H~mnmi1: ,D;eTeKTOp, TO LICX.. - STO 

WH:piiiHa IIOS~OHHOrO RaHaJia, B~aXteHHaSI B yrJIOBI:DC e,D;HHmJ;aX. EoJm 

OKBHHpOBBHHe npOIIISBO,D;MTCSI o6sqHNM ;~eTeRTOpOM IIOOJie,D;OBBTeJI:&HHMH 

HSMepemunvrn, TO A<X - 3TO yrJIOBOii mar: 60Jm BpamaeTOH KpHOTBJIJI, 

TO 6cX = 2 AW , a eCJIH ,n;BIDK6TOSI ;~eTeRTOp, TO ~d. = £.4 e • 

HaROHeD;, ,D;M TpeXMepHoro CRBHlipOBB.HWi ;ri.BYM6PiillM IIOS~OHHHM 

,IJ;eTeRTOpOM (TpexnapaMeTp:LillieOKD SH8Jm3), OOOTBeTOTBeliHirl1 MHOD

TeJI:& f(3) paBeH e~e. 
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llonpaBO't1Hl:le MHODTemi ~ (~) :::aBHCHT OT reoMeTplm npH6opa, 

OT KI ( eCJI.H ecT:.& HeHTpOHOBO,IJ;) H C·T M038H'tlliOrO pas6poca o6pa 3D;B • 

IIpH yBeJm-qeHIDI anepTypU ,IJ;eTeRTOpa 4 (-t) IIpH6JIIDita:eTCSi R e,IJ;H.'fHID;e, 

~0 COOTBeTCTByeT perHCTpanF.IH BCerc ,IJ;H~arHpOBBHHOrO nyqKa. 

B cnyqae npOCTl:lX KpHCTa~~OB RO~~E~ MO~HO BSHT:.& ,IJ;OCT~O't1HO 

IIIHpOROH C TeM, 'qT06l:l a~.mmCOH,Il; paspemelmSi 3BXBBTH~ IIOJIHOCT:.&IO 

yse~ o~paTHOR pemeTRH, pasMasanHI:lH MOSaH'tlliHM pas6pocoM. B cny-qae 

~e KPHCTa~~oB c 6o~mo:ti HqeHKO:ti Tpe66BaHHe pas.n;e~eHRH coce.n;HHX 

oTpaxe~ orpaim-qHBaeT pasMepl:l aJIJI]:ncoMf,ll;a paspemeHM, H tracT:& HH

TeHCKBHOCTR TePffeTCSi, 'qTQ H y-qHTl:lBEeTCH MHOJltHTe~ ~c~) • 

I.5. Oco6eHHOCTH rrpHMeHeFER He:tiTponoBona 

EcJIH IIpHMeHSieTCSi He:tiTpOHOBO,IJ; C. noJIHHM OTpazeHHeM OT BCeX 

CTeHOK, TO MOMeHTl:l ~ti> H <oZ> , BXO~e B COOTHOWeHHH (8), 
, 1 4 1(1. 

6ylJYT pBBHHT:&CH < tc. ) ::<c)~ > :: 3" ·- ~} , r.n;e kOJ. - TIOCTOSIHHBJI, 
I 

3BBHCSimaH OT MBTepHa~a OTpa~BIDmHX CTeHOK He~TpOHOBO,IJ;B ( ~nfl HH-

RenH K~= 0,0!08 A-I). TaR KBK HE~TPOHOBO,IJ; HapymaeT Koppe~o 
l.ptM e. H et•-1 U 

Me~VHanpaB~eimeM npoJieTa .n;o o6pa::ua, TO <e't;.> = 0. 

ToT ~aRT, ~o yr~oBaR pacxo.n;HMOCT:.& na.n;aromero rr.yqKa pacTeT npH 

yneJIH-qeHHH ,IJ;miHl:l BOJIHl:l HeHTpOHOB, Ee CKB3l:lB8eTCR HB yc~OBHH pas

.n;e~HO~ perHCTpa~ OTpa~eHH:ti: KBR 0 He:tiTpOHOBO,IJ;OM, TBR H Oe3 

Hero, paSMepl:l SJIJIHnCOH,IJ;a paspemeHHB MOHOTOHHO paCTYT 0 yBeJIHtre

HHeM ~I H ( IIpH k.I ,IJ;OCTBTO"CUIO 60JIIJillOM) C yBeJIHqeHHeM Ei • 

BJIKHHHe He~TpOHOBO,IJ;a Ha HHTeHCHBHOOT:.& OTpa~eHHH y.n;OOHO OIIH

OBT:& waxTopoM ~ , paBHl:lM OTHomeHHK Me~ sna-qeHMRMH yope.n;neHHoi 

HHTerpa~Hoa HHTeHOKBHOCTH C HeiTpOHOBO,IJ;OM H 6es Hero. 
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Ycpe,:n:Heime HHTerpaJI:&Hoi mtTeHCHBHOCTH (22) no G H K7 . np:a yqe-
r.,.oTHocT~ot 

Te nocTO.f.IHCTBavysJioB B o6paTHoi pelii.eTKe H }J.JIH. ct.¢ I d..l4: MaKcBeJI-

JIOBCKoi {popw 

(26) 

' 
~ (j) = I R B npeHe6peltemm: TenJIOBRM (paKTo-

pOM }J,BeT B OTCYTCTBHH HeHTpOHOBO}J,a 

-
r.n;e A - cpe}J.Hee 3Ha't1eHHe Be~~. onpe.n;eJieHHoi cooTHomeHHeM 

( 2I) , a -t - BpeMH 113MepeHM. 

lipOH3BO,II;.[ TO ze ycpe}J.HeHJfe npR y-qe'l'e TOrO, liTO B CJ'IY'I8e HefiTpOH0-
1.............12. L_. , 2. 

BO}J,a '(HB}J.O 38MelmT:& HB 4 ~ /K.1 , llOJ.Iy"tmM }J,JJJI ~aKTOpa BIDU:'pHliiB 

~ mpazeime 

. 1.- (1-+ -~) ,::;- l:;..,t/1::,- '2 
/4-1. -

(28) 

JJ.m JIW,IU(OBo.n;opo,IUioro aaMe,n;JllfTHJJJI 1(.7 .~ I, 4 _x-I, TaR liTO 

}J.JJJl HeRTpOHOBO,II;a H3 HHKeJIH 4 ~/~~ = 2,35.I0-4• EcJilf npmmT:& 

~ sa BepXHEi npe.n;eJI pa6oqeH cneKTpam,Ho~ noJIOCH 3Ha't1eHHe ~M =3 A-I 
( .It m rv 2 A) • TO BHllrpHIII fj lf,D;ea;r&Horo He:&iTpOHOBO;na paBeH IIpH

MepHO ' npH J2.( = 5.I0-5 (liTO COOTBeTCTByeT 38Ma}J.JIHTeJnO C llJIO

ma;n;:&ro 300 cM2, B~OMY C paCCTO.f.lHlm B 25 MeTpOB). 

EcJIH npHMeHHeTCH HeHTpOHOBO}J., B KOTOpOM OTpaltBDT TOJI:&KO 6o

KOBSe CTeHKH, TO ~8KTOp BaHr:pHWa ID4eeT B~alteHBe: 
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(28a) 

r~e ~# - ropMSOHTS~HSH paOXO~OCTD nyqKa 6es HeHTpOHOEO~a. 

llpH TeX ze yOHOBHHX, ~TO H BHWe, g no~aeTOH paBHHM 2. 

I,6. 0rrTHMH3aung TeMrrepaTyp~ saMeAHHTenH 

PaOOMOTpHM B~e TeMTiepaTypN cneKTpa He~TpOHOB HS HHTeH

OHBHOOTD. Qrrpe~eHeHHSH BRme yope~eHHSH KHTerpaXDHSH HHTeHORBHOOTb 

paCTeT MOHOTOHHO npH OX~a~eHHH SSMe~HHTenH H ~OCTHrSeT MSKORMyMS 

npm ~T = 0 KSK C HeHTpOHOEO~OM, TSK H 6es Hero. Q~SKO TeMrrepa

TYPY SaMe~HHTenH pSSYMHee B~6Hp3TD ffe HS YCHOBHH MSKCEMSHDHOH 

cpe~e~ KHTeHCHBHOCTH, a HS yCHOBRR paBHOMepHOrO pacnpe~eHeHEH 

HHTeHCHBHOOTe~ OTpaze~ no pa6o~eMy ~SCTKY cneKTpa. 

Ecxa BBeCTH B paCCMOTpeHEe WSKTOp ne6aa-BaHnepa, TO SSBHOH

MOCTD OT l<r H l6:r liiHTerpaHDHOH HHTeHCHBHOCTH HMeeT BH,D;: 

(B OTCYTOTBMZ HeHTpOHOBO~a) 

(29) 

a C HeHTPOHOBO~OM 

'2 t:z I. q • ?r. 7> 
1 

. -~/~- _ "'~ 111u <::::7<"-L 

I,u- o( -- ----- ----- e (30) 
~ k:r" .6t'u. '1 e 

r~e <~~> - cpe~eKBa~aTHqaoe cMeneHRe aTOMOB o6pas~a OT paB

HOBecHNX no~oxeHHi. 

• 
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B c~ae HeRTPOHOBo~a 

(3I) 

ECJIH npHHHT:D Q,._,""- 4 j-I 1;3 KaqecTEe p83YMHOR rpaHHUH 06JiaCTH 

H3MepeHHR, TO ~OCTBTOliHO B3HT:D ~~~~2 j-I. Tor~a (3I) ~aeT TeM

nepaTypy cneKTpa B 50°K, qTO COOTB€TCTByeT RBK pas ~OBO~OpO~

HOMY saMe~HHTeJIID. 

B OTCYTCTBHe HeiiTpOHOBO~a J l"'~ B 38BHCHMOCTH OT ~ IDJie-

eT MBKCIDJIYM H B o6meM MHHIDJIBJI:&HO H8 IWHU8X HHTepBaJia ~IH. , J(,._, • 

Pa3yMHO CTBBPIT:D YCJIOBHe paBeHCTBa NmmMBJilJHHX: HHT8HCRBHOCTe}i 

1 l.'-1-i ( Km) = Ii,J ( K('-1) • nocJie ycpe·,D;HeiDIS:r no yrJiaM npH6JIIDKeHHoe 

BJ:ij)aJKeime aToro ycJIOBM mvxeeT BH,I; 

(32) 

.UM 141 = 2 ~I, lt.M /'(WI = IO H <~ .u. cz > MeJK.DY o H 0, 2 A.+2, onTH-

Mam;naH TeMIIepaTypa cneKTpa llOJiyliBE!TCH MeiK,IJY 45° H I50°K. 

CJie~OBBTeJI:&HO, eCJIR cPHSHqecKH IDITepeCH8H 06JIBCT:& JieiKHT DpR MBJillX 

Q , RBK STO J.iiMeeT MeCTO B C~ae klCCJie~OBBH:wl CTpy:KTypbl RpHCTaJI

JIOB c 6om;mo:0. ~eill\o:tt, TO ,l1.H{f>paKTOMeTp no BpeMeHIII npoJieTa cJieJJY

eT pasMeCTHTlJ npH XOJIO,I(HOM HCTOllliHI':e He:tiTpOHOB. 

,llJisi HSMepemrf.i JKe B o6JiaCTJII 6oJLlJmmc sHa'tleHd Q o6IfCIH:Wt sa

Me~JmTeJI:& HJIR ~aiKe ropsrqd MOJKeT o:r:a saT:&CS 6oJiee Bm'O,Il;1Il¥M. 
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I. 7. CpaBaea:ae · c o6:wm011VI Me~ro.noM .n;ptQ?paKIJ,IDII 

CpaBHPJM HHTerpaJI:OHHe HHTeHCi!BliOCTH .n;i!cppaKUZOHHEIX MaKCIDzy

MOB, H3MepeHHHe TeXHRKOH BpeMeHH ~)OJieTa H 06~10~ TeXHHKOH. 

~ o6uqaoro .n;ilWPBKTOMeTpa Ha CTa~IOHapHOM peaKTOpe HOpMHpOBO~

~ MHOxtHTeJI:o <l)ymu:um: paspeweHIDI 2o BI:aipaxtaeTc.a: TeM xte caMlllM 

COOTHOWeHHeM (6), liTO H ,IJ;JIJ! ,IUIIP,paK~~OMeTpa no BpeMelm npOJieTa, C 

TOa Jmliil) pasmm;e:i1, liTO (A !Gl) CJie,nyeT 3SMeHHT:O Ha 

(33) 

r.ne 8 M - 6parrOBCKd yrOJI RpHCTHJIJia-MOHOXpOMaTopa, a e 
12,..., -

ero RHTerpaJI:DHaH OTpaxtaTeJI:OHSH CUOC:06HOCT:O. YliHTHBBH, 'qTO HanpaB

JieHHe CKBHHpOBBHHH B MeTO~e B:2G TBKOe xe, liTO il B MeTO~e Bpe

MeHH npOJieTa, ,IVIJI liiHTerpaJI:OHOi HHTHHCHBHOCTH no.nyqaeM: 

(34) 

r,n;e ~ - CKOpOCT:O H3MeHeH:w:I yrna e npH CKBHHPOBBHHH, 

a ¢ c' - noT OK na,n;aiOmmc Ha o6pa sere Heii:TpOHOB I 

ct> (. :: fli. .f!::</J k.r (1~ ") b) M R ~ 
47i ~ -·d 

IIpeHe6peraSI orurT:o TenJIOBHM <PaF:TopoM H noJiaraJI ~ t1) = I, 

ycpe,D;HeHHeM no yrJiaM ,D;JJJI Q < Q fv1 IpM yqeTe nOCTO.HHHO~ nJIOTHOCTH 

ysJioB B o6paTHOM npocTpaHCTBe, no~~aeM cJie,n;ymmee BI:aipaxeHHe ,n;JJJI 

cpe.n;Hei HHTerpaJI:OHO~ HHTeHCHBHOCTH: 

!1:;" = -t:_ . ~~- ( 1- ~ 1- /J) (35) 

~ 
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)LJI.FI UpO,II;CTaDJIOIIIILIX DO DJJO,Tl,GII1U-! :;n:cnop:HMOII'l'OB rpymru J!l(jiiUOJ.llW. 

Ha MMorJio6HHe 12•31 napaMeTphl, BXO,n;F.rum:e B (35), mvreroT CJie,IJYlOHll..Ie 

. ? . 2 -I ';-I 
SHa'ieHrur: ¢, = IO f-4 /eM /eel< , Kr = 4, I ! , QM = 2,3 A , 

A = 6.!0-? CM2/ i 3• COOTHOWeHHe (35) ,n;aeT ~~ de/~ = 
= I0-4 CeK-I, 3Ha~eHHe r:~ = 2300 He~TpOHOB. 

McnOJID3YJJ COOTHOllleHIDI ( 2?) 1ii ( .28) 1ii IIO,D;CTBBJIR:R: ,n;aHHHe no 

IIOTOK.Y ~~OBO,n;opo,n;Horo SaMe,n;JIHTe~ peaKTOpa MEP-2 
( <Po=Ioi3 u/cM2/ceK, j(T = I,4 x-I)'~ k:'~ 2 A-I cpe,IUI.a1I HH

TerpanbHBJJ HHTeHCHBHOCTL MBKCHMyMOB ,n;H~aK~ Ha TOM ~e o6pasue 

MHOrJio6mra IIOJcy1:raeTCJI paBHOH 30 Heif~rpOHaM B Cel<YH)Iy, eCJIH HOIIOJIL

syeTCJI HHI<eJieB:biH He:f1TpOHOBO,Il;, B KOT1)p0M OTpaJiaiOT TOJibKO 60KOB:ble 

cTeHKH. Y'ieT lfJaKTopa ,Ue6aJI-BaJIJiepa J[ a<IxPeETHBHOCTH perHcTpaUHH 

CHH3HT BHIIIe IIpHBe,n;eHH:ble URcppbi B HeCltOJibl\0 pa 3, HO OTHOCHTeJILim3 

3HB'tieHM OCTBHYTCJI npe>KHUM H • 3TO 3H8~T, ~TO cpe,n;HIOIO HHTer

pBJILHYD HHTeHOHBHOCTL, paBH,YIO TOH, l\OTOpaJI nonyqeHa Ha peaKTOpe 

141= 8R. B BpyKXeHBeHe, Ha peaKTOpe ]ffiP-2 MOJKHO II01JY'tiHT:D 38 BpeMH 

H3MepeHRH OKOJIO MHHyTH. HaiiOWiHM, ~~0 H8 lii3MepeHHe O,n;HOrO OTpa

~eHM B OIII:lTBX illeH60pHa YJCO,rzyiJIO 01\0;Io WITH MmzyT. MOllliO YTBepJit

,n;aTL, ~TO BHErpRill B CKOpOOTlii cqeTa liB peal\TOpe MEP-2 IIO opaBHeHHro 

C peaKTOpOM ~ F f3R. 6y,n;eT IIO MeH:Dmeii Mepe paBeH l1HC1JY O,lJ.HOBpeMeH

HO H3MepeHHHX OTpa~KeHHi. 

CltOpOCTL Ha6opa HHWOPMBI:(:~Ui IIO~rqaeTCJI H81i160J!bmeif IIplil HCIIOJIL-

30B8IDfH II03HnlfOHimX ,n;eTel<TOpOB, perHCTPHpYIOUW:X O,lJ.HOBpeMeHHO ,ne

CJITRH H ,naJie COTHlii OTpaJKeHHH. B yCJIOBIDIX, ROr,n;a O,IJ;HH CIIeKTp CHHMa

eTCJI 38 MJ/IHYTY, ,n;nynapaMeTplrqeCI\HH ciHBJIH3 MO:ateT IlpOH3BO,nHTLCJI Tal< 

JKe C IIOMOIIt&JO 06ll'lliHX ,neTeKTOpOB IIOOJre,noBaTeJILIOOvm: H3MepeiDI.fnv1M_j 

IIOCTOJmHNIIJI yrJIOBHM maroM BpBIUeHH.f! OCip83I4B HJm .n;eTeKTOpOB. CKO-
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pOCT:& HBKOllX6HRff ~BHHHX no cpaBHeH~D C BBpHBHTOM npHMeHeHRH 

ll03HnHOHHHX ~eTeKTOpOB MeH:&We, 3BTO HMeeTCH B03MO~OCT:& o6pa6oT

KH ~BHHHX no Mepe KX HaKonneHHH, ~TO CHHXaeT.Tpe60B3B]H K 06~eMY 

onepaTHBHO~ naMHTH perHcTpHpyrome~ annapaTypu. 

HeCMOTpH HB TO, ~TO CXO~HRe Kp~CTBXXU OTpaxaroT cna6o, MrHO

B6HHBH CKOpOCT:& cqeTa no~aeTCH 3HB~TenDHOa H3-3a HMUynbCHOCTH 

MeTo~a. EcRH npHHHT:&, ~To ope~ ~aTerpax:oaa.a: HHTeHCHBHOCT:& paB

aa IQ H/CeK, TO npH ~aCTOTe HMnyXDCO~ peaKTOpa B 5 r~ H ITOH,YWHpH

He ~!lJpaKizyiOHHOrO MBKCmvryMa llOpsr,nKB 200 fCeK, MrHOBeHHaH CKO

pOCT:& c~eTa DOJiy"'CCHTCH paBHOH !04 H /~eK ~JIR o~oro OTpaiKeHHH. 

nJIR CHXDHRX OTpa~e~ STa UHWPB MOXeT 6HT:& ~aEe B roo pas 6onD-
4~co~~c / 

we. 3THM Onpe~eJIRIDTCSIYTpe6oBaHHH K jucTpO~eiCTBKID perHCTpzpyrome~ 

exeKTpoBHoi annapaTypH. 

1.8. IIpo6JieMa SKCTHHKE@H 

KaK yxe rOBOpHHOC:&, HHTeHCHBHO<}T]) OTpaEelmi ~JIR KpHCTBXXOB 

C 60HDIIrnMI1: .a:~efutaMP.J: B ope~ eM HBMHO::'O CJia6ee, ~eM ~JIH DpOCTIDC 

KpP.I:CTBJIJIOB. liOSTOMy' SKCTmiKUKf;{ 6y~e'r B o6uteM MeHee 8H8l!HT6XDHOH. 

O~aKO B CHJI:Y CTBTHCTHqeCKOrO paCnpt:3~eneHii!H CTPYKTYPHLIX cpaKTOpOB 

E:MeeTCH BepOSITHOCT:&, qTO HB H6KOTOPhi6 OTpa11.teHM SKCTHHK~ MO.xteT 

BJm'JIT:& CJ.liJr&HO. O:u;eHHM STY BepOHTHOC'r:&. 

8@)eKT SKCTmiKD;km COCTOHT D JTMt~HDWeHPIH llliTeHCHBHOCTH no 

cpaBHeHP.IIO C Oim,D;aeMOH B KHHeMaTTtiqeCJ~OM npH6JIIDKeHHJ.li (I). YMem,we

HHe OllHCHBaeTCH cpaKTOpOM SKCTHHK~H ~ , KOTOpi:rli B npH6JIIDKeH¥m 

3axapmaceHa /20/ PIMeeT BllpaxteH:ae 

(36) 
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,liM. miTepeCy:tO[(EX HaC RpHCT8JIJIOB nepBH"Cm8SI 9!\CTHHK:qw:I npeHec5pe.xtmvia. 

EoJiee TOrO, KpMCTBJI~ MOEHO OTHeCT~: K THny I/20/, H B STOM CJIY

qae xo HMeeT BHpa~eHHe 

><o == _I_ Qe ::: _I_ 
?. rn '7 2. fiT ?/ 

Q 
(W) 3 /{=~/ 
1Cr'3lf~.a.<n2e 

r~e T - cpe~ nyTD He~TpOH8 qepea KpHCTBJIJI. 

(3?) 

I ,... ;:::j "<. ,Uomo n (~) .IU'I<@BRUHOHHHX MBKC~:MYMOB, ,IJ;JIJI I\OTOp:WC r ... 

c5oJIDme aa,IJ;aHHoro aHaqeHHH ~ , MOmHo oueHHTD c noMOmDID ~opMy~, 

BepHOi ,11;xg HeUeHTpOCHMMeTpnqeCKMX RpHCTB~OB / 21/: 

(38) 

,. 
r,IJ;e 1 F.;~ ~ z bZ = N b'L (g:~ KB8,IJ;p8T 8MnJIHTY,IJ;S KorepeHT-

L 

• Horo paccesmw:r <. -ro aTOMa B gqefu<e, CYMMMiPOBaHRe Be,IJ;eTcSI no 

BCeM 8TOM8M SITiei1RH) • Cpe,D;Hee 3HaqeHHe i>2. paBHO ~?..= 

= 0,31.10-24 CM2 ,IJ;JIH He,IJ;ei1TepHpOB8HHUX npOTeKHOB H 6~= 
= 0,45.10-24 CM2 ,IJ;JI.R: nOJIHOCTDID ,IJ;eiTepHpOBBHHUX. 

HcnOJID3YSI COOTHOWeHHe (38), MO&HO oneHHTD nonHOe .~CJIO OTpa-

xelid, :U.M ROTopax ~ 6oJIDme sa,IJ;aHHoro aHa'tleHitiR: -h 

~-

n. ( Xo '?: J...) ~ g fif I 1=-=2_!_· T (f .4-t'~.t '7~-' . 1 
~ rr; Vc Cbo el 

• • 

(39) 

r~e {- :;,: ~) - ycpe,D;HeHHaSI no o6JiacTH MSMepeHd BemrqHHa. 

,UJIH yrJioBoro HHTepBaJia 0-80° ee aHaqeHHe paBHO I,8?. 

,Una CJiyq8H Oc5pasua MHOrJI06HHa, H3MepeHHoro B ODHT8X illeHOOpHa 
/2,3/ < - 0 27 2 2 1 ~-3 ~2 · -24 2 .• T = , eM, nc = , • .., , b = o. 38. r o eM -

'ti8CTKqHO :u,eiTepHpOB8HH~ KpHCT8JIJI), COOTHOWeHHe (39) DpRHHMaeT .. 
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BJ.i,II; 11. ( ><o :>;.. h.. ) = . 7, 5/1,.. • ilOJIYG a eTc.a: 750 OTpaxeH:IDi, ,nJISI :KOTO-

pUX: Xo > 0, OI, T. e. ,nJISI ROTopmc: aRCTmiKUWJI OIItYTHMa. EcJrn .no

nycTl:'IT:&, 'tiTO TeopiDI 3axapHac.eaa PI ee o6o6meHM Ha aHHsoTpOIIHl:liii 

C.TJ:Y'qait f 22•2S/ ,naeT BepHl:le pe3y1I:&TSTH BIIJIOT:& ,no Xo = 0,2, TO 

IIOJIHOe 'tiPICJIO OTpa!teHd, ,nJISI. ROTOpiD o6wma.a IIOIIpBBKa Ha 3RCTHHR-

1.4WO He,IJ;OCT8TO'tffi8, ( ><o > 0~ 2) IIOJiy"GaeTCSI paBHIDJI IIpH6JIHSRTeli:&HO 40. 

3TO sanumeHHaSI oneima, TBK K8K WBKTOP ne6as-BaJI~epa B pac'tieT He 

npPIHPIMBJICSI. ECJIH HMeT:& B B~ rpoMa~oe 'ql:'ICJIO l:'ISMepeHHHX OTpa!te

H.IDi IIpPI ,I(l:'IclJ.paR~ Ha 6MOJIOrPitieCRKX: :KpliCT8JIJI8X (IIOpSI,IUta I04)", TO 

MO!tHO 38K~'ql:'J:T:&, liTO ,IJ;Xff IIOIIp8BOK H8 SRCTRHKUKID IIpl:'I6Jll:'I!teHHe 3a

X8pHaCeHa B o6meM ,nOCTBTOllHO. ~ M8RCHMYMOB, CMn:&HO l:'ICKB!teHHUX 

SKCTMHRnl:'Ieiii, B MeTO,ne BpeMeHH ITpOJI€T8 HMeeTCSI B03MOXHOCT:& SRCIIe

pHMeHT8XDHOrO onpe,n;eJieHHH waRTopa sRCTHHRUHH nyTeM nonTopeHl:'IR. 

H3MepeHHH IIpl:'I ~yrOM yrJie l:'I ,n;pyroiii ,nJIHHe BOJIHR HeiiiTpOHOB /IO/. 

KpoMe saRCTIDmr:r;HH Ha HHT€HCMBEOCT:& OTpaj!telmii: MOryT IIOBJIMT:& 

nap83l:'ITHHe OTpaxeHRR:. ~3-38 60JI:&IDO~ IIJIOTHOCTH Y3JIOB B o6paTHOR 

pemeTRe yCJIOBHH BOSHHKHOB€HIDl STRX OTpa!te~ BHIIOJIHffiDTCH OtieH:& 

JierKO. B OTJIHlll:'Ie OT CJIY"qaSI ,IJ;nWPBK~E SJieRTpOHOB, r,n;e BCTpeqaeTCH 

8H8JIOrMl!HaSI CHTYBnKff, CJie,n;yeT O!tH,IJ;GT:&, 'tiTO RHTeHCMBHOCT:& MHOro

KpBTHUX OTpaxeHHH MaJia l:'IS-38 o6meiii CJia60CTH OTpaxeHHiii B C~ae 

6HoJiorHtrecKroc 1\PHCTaJIJIOB. KoJIH'tleCT:E.eHHaSI oneHRa sqxpeRTOB napasl:'IT

HHX OTpaxeH:IDi ,I(JISI CJIOEHHX RpMCTBJIJICB npe,nCT8BJIHJI8 6H KHTepec. 

I.9. BRJia,n HeRorepeHTHcro pacceSIHHH H 
Heynpyrroc gpouecccn 

I.9.I. YnpyrHH HeRorepeHTHbE WoH 

Ynpyroe HeKorepeHTHoe pacce.mrn.e Ha 6zoJior¥NecKMX nemecTnax 

o6yCJIOBJieHO IIO'tiTH ne~OM paCCeaHH€M HS BO,D;Opo,n;e. ~ IIpOTeKHIB 
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cpe,nHee saa-qeu~:e oe-qemur He:KorepeH~~Horo paooeRHWI Ha aToM 

paBHO 40 6apHaM. C:KopooT:& O'leTa ynpyroro 

aeKorepeHTHoro paooeSllmR: B ,nwppaKToMeTpe paBHa 

(40) 

(HeT HHI\81\0R p83IDlll;ll MeiK.ICV· ,nHfPp8l\TOMeTpOM no BpeMeHH IIpOJieTa H 

06~HM ~W,paKTOMeTpOM). 

0THOWeHHe ope,nHeH HHTeHOHBHOOTH B M8l\OmeyMe ~W,paRI.'Q.IOHHbiX ITHI\OB 

R miTeHOHBHOOTH ynpyro H HeKOrepeH~~Ho-paooe.mmi:DC HeHTPOHOB 38ID!

ORB8eTOH B OJie~meM B~e: 

(4I) 

V: I (5 ) r.n;e Kl - o6'I.eM paspememm, onpe,IJ;eMeMIDi oooTHomeHHeM a • 

.llmi npoTeHHOB b ~I b Lc = 0, I, B TO BpeMR:. :rtaK )J.JISi II01IHOOT:&IO 
--

,IJ;ei!TepapoBaHHHX npoTeHHOB b" 1 bl.-c = 4,?. ,llJIS1 pas,neJieH~.f.I Mai<-

OHMyMOB no BpeMeiDI lipOJieTa OOrJiaOHC' (I5) .D;OJDitHO BI:UIOJIIIRT:&C.f.I YOJIO-

Ha rpaHIDJ;E: 06JI80Tl1 ,IJ;OOTyna rrpH6opa B 

06p8THOe lipOOTpaHOTBO (BHYTPH 3TOH 06JI80TH 3TO HepaBeHCTBO 6y,IJ;eT 

38Be,D;OMO BI:IDOJIHSIT:OO.f.I) • 0TOIO,II;8 CJie,nyeT, 'lTO B 06JI8CTH HSMepeHJlli 

I~ /I. ~~:~~ > o. 3 ,II;Jiii He,IJ;eiiTepHpOB8HHI:lX o6pa 3IJ;OB H 
t&<~ 

,II;Jla IIOJIHOCT:&K· ,IJ;eHTepHpOB8HHHX o6pa3IJ;OB. 

flOHO, 'iTO eoJIH o6pase~ He ,IJ;eHTepHpCB8T:O, TO 06JI8CT:O ,II;OOTyrra npH-

6opa B 06paTHOe DpOCTpaHCTBO 6y,IJ;eT orpaHH'leHO B rrepByro O'lepe,IJ;:& 

IIJIOXKM OTHOmeHHeM a~eRT8 R ~OHY• 
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I.9.2. ~Rna8 HeynpyrRX rpoueccoB 

TaR KBK B ~WPBRUHH no BpeMeHi.: nponeTa HH HaqanDHBH, HH 

KOHeqBag SHeprHH H6HTpOHOB He ~HKC~pOBaHa, TO HHTeHCHBHOCTb He

ynpyro paccemJHHX HeHTpOHOB ITO.II; Sa,IJ;BHHBM yrJIOM E: npz aa,naHHOM 

BpeMeHM npoJieTa .naeTc.a: He ceqeJmeM ~I d .!2 , onpe,neJieHHoM 

~ o6~oro MeTo,na ~wpaRUZM: 

(42) 

c:i., ~ 
r,ne et.nd.Ef - ,nBBiit,II,H ~q,q)epeHD;HBJl:DHOe CelieHHe paCCe.R:lmJI O.II;HOH 

~ebo~ KpHCTBJIJia, a &•1pa * e H HeM 

h.~= f, ~ (AE.) I~· r::.:~~ ).a;Sij de (43) 

r 

r,ne ~~o - SHepreTH11eCK8Ji illHPHHa, COOTB6TCTByroma.a: O.II;HOMY RBHany 

SHeprHH ynpyro pacceaHHHX H6MTpOHOB npH 38.II;8HHOM BpeMeHH DpOJieTa, 

8 dR. - STO aneMeHT .nyi'H RpHBOi ImTerpHpOBB:a:w:I r • 
3Ta RpXBB.R: onpe,nenHeTC.R: COOTHOllieHHeM 

(44) 

r.ne L2 -.npoJieTHoe paccTosmHe oT o6pasua .no ,neTeRTopa. 

Ha pHc. 3 npe,ncTaBJieHa RpHBa.a: B nJIOCROCTH Q, w , no RO-

Topoi! mHTerpE.pyeTc.a: ,nBa~ ~¢<Pepear;u~aJIDHoe ce-qe~me ,nJIJI L2 / L =0 ,04 .. 
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BH,IU~o, -qTo )J.JUI £ -t >El ( -kc.u ~ o ) KpKBasr mrTerpHpoBaHvm rrpaK~ 

THqeCKH COBllB)J.aeT C RpKBOH, BXO.n;IIitEiti B orrpe)J.eJieHHe ( 42) CelieHIDI 

dUO/~ • ~ ~ ~£o KpKBaH RHTerpEpOBBHRH B MeTO~e Bpe

Me.IDI rrpoJieTa CTpeME:TC.fi BCIDJITOTH-qecl:H R KpHBOti HHTerpHpOBBHM, 

cooTneTCTByromei o6HliHOMY o6paTHOMY ~paKTOMeTpy (T.e. c WHKCHpo

BaHHoi I\OHalJHOi SHeprHe:Li 'f,r ) , ;r;JUI KOTOporo E-1 = (L: t f 0 • 

IlpH ( L~ I L ) << 1 CKOpOCT:& C'ieTa )J.JI.f.: Heynpyrmc npor:teCCOB npH cpHK

CE:pOBBHHOM yrJie pacceHHRH H BpeMe~: DpOJieTa MOXeT 6NT:& 38UHCBHG 

npH6JIW!teHHO KBK CYMMB HHTerpaJIOB B,'D;OJ!D )J.Byx OimOBHHIDC KpHBIDC: 

~·r~Jl .. J4 S(~f,~)~~45) 
Eo 

r.ne S ( GJ 1 w) - oCSoCSmeHHblli: sa:KoH pacceHHHSI, KOTop1IH npe.nnoJia

raJic.a: H30TpOITHUM. TiepBHM liJieH npe)J.CTBBJI.HeT COCOH HeynpyrHR HeKO

repeHTHaa ~OH H BKJIB)J. KOrepeHTHOrO pacceHHEH )J.JIJl OCN'tiHOrO J1.MWPBK-

TOMeTpa C ~ i :: l:o • Tal\ KBK B OCJ:ltiHOM MeTo,ne f' (. <lJHKCHpOBBHO 

H, KBK npaBHJIO, BNCHpaeTCJl HB MBI\CV,MJMe MBKCBeJIJIOBCKOrO ClleKTpa, 

TO B cpe~eM )J.Jlff MeTo.na BpeMeHH npcJieTa nepBNii -qJieH MeH:&me. 

BTOpOH qJieH MBJI 113-38 MHOXHTeJ!ff L2 / L , HO MOxteT CTBT:& 3HB'IH

TeJIDHI:.IM, ecJIH cneKTP a..¢/ciE 6oraT 6oJIDmHMH aaeprRflMki. }lJISI YMeH:&

meHM Heynpyroro woHa aeo6xo)J.HMo noaTOMY HCKmo~T:& H3 cneKTpa 

na.nammHX HeHTpoaoB Bee aHeprHH, Jie~amze BNme noJiesHoro ,nJIH ,nH~paK

~ HHTepBaJia. BKJia.n ae:KorepeHTHoro Heynpyroro pacce.a:HRff Mo~eT 

6HT:& paCCliHTBH no (45), ecJIH H3BeCTeH OC06uteHHNH cneKTp liBCTOT 

o6pasua. llpH paclieTe BKJI8)1.8 KOrepeHTHOro pacCeHHHH H3-38 MBJIOCTH 

pa3MepoB oCSpaTHOH gqe~RH HHTerpHpOBSHHe ~OXD COOTBeTCTBYID~ 
.#1 
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RpHBHX DpOH3BO~T HeKOe ycpe~eHHe :10 gqe~aM, TBK qTO B nepBOM 

npHOnREeHHH 3TOT BK~a~ onpe~e~eTCR TO~e qaCTOTHHM CIIeKTpOM o6-

pasua. MaMepeHms Heynpyr:rrx: nponecc~:>B npe~cTaBJimOT HHTepec ItaK 

~JIJI IIOBblllieHWI BRRYPBTHOCTH ,I(BHHI:DC II1:> ~SRuPJll ( IIOirpSBRH Ha He

ynpyroe pacce.mme Boo6me He MaJIN 12·~· 25 • 260, Tart m: caMl1 no ce6e, 

nocKOJU>Ky OHR MoryT .z:ta&aTb ·. no.ne3HJD mi<l)opMaruno o wmpo;rumaMIDte 

HCCJie~eMHX OO~eKTOB. 

I.IO. BHBO.IJ,I:l 

06mmH BHBO~, BHTeKSIDmmM H3 BHWBH3~0EeHHHX COOOp~eHRH, CO

CTOPIT B TOM, qTO RCCJie~OBSH:rui CTPYKTYPH C~O!tHI:lX OHOJIOrPJ:qecKMX 

KpRCT8JIJIOB MeTO~OM ,I(H~SKD;HH no Bpe~eHPI npoJieTa BIIO~e ocymecT

BKMH,H qTO MeTO~ BpeMeHH npo~eTa Ha peaKTOpe MEP-2 MOXeT oOecne

qHT» CKOpOCT» HBKOn~eH:rui ~aHHHX 3HaqHTeJIDHO OOJIDmyiD, qeM 00uqHRH 

MeTO~ ,IUicppaKD;Hiti Ha CTSD;ROHBpHOM peaKTOpe ~f BR • BuRrpbiiii B CKO-

pOCTR cqeTa no cpaBHeHMID CO CTSD;HOH8pHHM peaKTOpOM BHpa~aeTCR, 

IIO MeH»WeH Mepe, qm:CJIOM O,I(HOBpeMeHHO H3MepeHHHX OTpazeHRR npm 

38~8HHOM no~OEeHRR KpRCTa~~a. BpeMR, HeOOXO~Oe ~JIJI CHSTRH 0~0-

ro crreKTpa rro BpeMeHR npo.neTa - nopfi,Ulta MmzyTH , npm aTOM cpe~

HRH RHTerpaJU>HBR KHTeHCHBHOCT» ,IU1~p8RD;HOHHHX MaKCHMyMOB TaKaS ~e, 

KBK npH R3MepeHruiX Ha CTBD;HOHapHOM peaKTOpe "- f B R • 

ilPPI rrpo~eTHOH Case B 25 MeTpOB WHpHHa BCDHWKR peaKTOpa MEP-2 

II03BOJIJieT HSMepHT» ~OCTBTOqHOe qJticno HenepeKpHBBIDmKXCR OTpa*eHHH 

,I(JIJI IIO.nyqeHEH paapeweHES B 2 + 3 i B CHHTe3e ~»e KpPICTSJIJIOB 

co CTOPOHSMH gqeeR B 60 + roo K. TipKMeHeHHe HeHTPOHOBO~a IlpH Ta

KOB DpOJieTHOi 6aae MO~eT ,I(BT» BHErp&m B ~ pas B cpe,D;HeH HHTerpa.nD-

.1/ 
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Ho:H: IDiTeHCRBHOCTR oTpailteHH:ti npH SHa't!HTeJI:&HOM no.n;aBJiemm: q)oHa 

0SCTpHX He:tiTpOHOB R raMMa-JiyqeR • 

.UeTeKTOpHasr. cHcTeMa .n;oJDKHa ooecnel!HT:& perRcTpaumo 6es no

Tep:o He:f1TpOHOB IIpH MI'HOBeHHWC CKOpOCTHX C'tieTa, )J.JIH O.n;HOrO OTpa

JKeHM nopH,U,Ka ro4 H/ceK. HaHOOJI:&maJl a<fq>eKTHBHOCT:& paOOTEl noJiy-qa

eTCH llpH RCIIOJIDSOBBHHH II03RQnOHHHX .n;eTeKTOpOB. llpH HCIIOJI:&30Ba

HD OOI:ItniHX ,n;eTeRTOpOB aqipeRTHBHOC~~:O paOOTH ,n;vr({ipa:KTOMeTpa, OCO

OeHHO ;Lr.JIH He O'tieH:& CJIOlKHHX CTpy:KTyp, · SBMeTHO IIOBI:miaeTCSI, eCJm 

OOecne~BaeTCH He38BHCMMOe IIOSKUROirnpOBBHHe ,n;eTeKTOpOB. 

CKOpOCT:& IIOCTynJieHHH HH~OpMa~~ ,D;OCTBTO~O BeJIERa, 'tiTOOEl 

llpOHSBO,n;HT:& ,D;BynapaMeTpRqeCKliiif BHB1.:H8 no BpeMeHH npoJieTa H , IIO 

yrny C IIOMOm:&D 00~ ,n;eTeKTOpOB. llpH aTOM He Tpe6yeTCH npe,D;Ba

pKTeJIDHOrO 8HBHESI HBilpBBJieHlili, no lWTOpSM OTpaJKaiO'l'CH HeHTpOHH. 

II. S:t<cnepRMeHTaJI:&Hoe o6opr;rr.oBaHne. 
COCTBBHhie 't!BCTH H OCHOIIHI:le napaMeTpEl 

B CBHSH C IIJISH:rtipyeJ.VrnM pa3BRTHE:M CTpyi\TY})HI:lX: HCCJie,II;OBBHHH 

6HoJior~ecttmc OO'i>eRTOB Ha BElCOKOIIO'l'O'tiHOM PIMIIYJIDCHOM peaKTope 

MEP-2 MeTO,II;OM ~~aK~HH no BpeMeHH I!pOJieTa, HB OCHOBe HSJIOilteHHHX 

BE:mle C006paJteHd OUJI paspa60TBH npoe~KT HSMepKTeJI:&HOR YCTBHOBKH. 

3KcnepElVIeHTBJIDHOe o6opy,n:OBBHRe Oy,D;E'T COCTOHT:& H3 CJie,IzyiOUUDC OCHOB

HhlX aJieMeHTOB, npe,II;CTBBJieHHElX HB pi:c.4 : 

I) HSOrHYTmf Hei1:TpOHOBO,II; NG- , 2) npep:DIBBTeJI& Cl\ ,II;M orpa-

HH'tieHRff cneKTpa He:f;iTpOHOB, 3) rOEEOMeTp OOpaa~a Gr , 
4) CKCTeMa ;rr,eTeKTHpOBBHHH HeHTpOHO~ DA H 5) yaeJI BH8Jm3a 

aHeprKH pacceaHHHX HeiTpOHOB, COCTCHmzl H3 MO~nzpymmero npepuBa-

.#J 
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TeJISl c2. H KpHCTaJimrqecKmc 8H8JIH:3aTOpOB A • IIocJie,IUIHH yseJI 

pacw:apHeT B03MOEHOCTH ycTaHOBKH, ITOSBOJIHH ITpOHSBO~Tb Ta~e H3-

Mepeime Heynpyroro pacceffiiRfi Hei1Tpt>HOB Ha 6:aOJiorHllecKmc o6'DeKTax 

(He 06H38T6JibHO MOHOKPRCTBJIJIH~eCK~C). 

,llJISl 8BTOM8TH38n.I'lM yrrpaBJieim1SI HKCnepHMeHTOM, a TaiOlte ,IVISI 

c6opa H npe~BapHTeJibHOH o6pa60TKH UH~OpMaUKH 6y~eT HCITOJIDSOBaHa 

aJieKTpOHHBH B:DI~CJIHTeJIDH8H M8WHHB. 

YcTaHOBKa 6y~eT pasMemeHa Ha mecTODI KaHaJie peaKTopa HEP-2 c :ac

rroJibSOBaHHeM HeRTpOHOB OT XtPI,IT,:KOBO~opo~oro SaMe~JIHTeJISI. Ms KaHa

Jia He~TpOHOBO~aMH 6y~eT BI:lBO~TbCH ~a rryqKa Hei1TpOHOB, ~TO H8-

KJI8~BaeT.~OITOJIHHT6JIDHI:l6 Tpec50B8HHH H8 HeKOTOpue rrapaMeTphi,YCTa

HOBKH. B ~aCTHOCTH, o6a nyq:Ka HeHT}lOHOB ~OJIEH:DI HCITOJIDSOB8Tb O~H 
J/CT Q l>t08.n~.H_!!_Itl~~~, . 

H TOT Xte rrpepi:lB8TeJib C-1Y'fio B03M0.7KHOCTH 6IDDite K BUXO.IJY ItaHaJia 

B 38mMT6 peaKTOpa. 3BmHTB BOKpyr IT3~KOB BOJIHSH peaKTOpa, o6maH 

~JIH ~yx YCTBHOBOK, CTpOHTCJI C yqe~~OM TOrO, liTO HB rrpOT.mKeimH 

ITO~TH BOeR CB06M ~JIHHJ:l H6HTpOHOB0~[ COS~BIDT ~OH paCCeRHHUX O:DICT

PllX Hei!TpOHOB :a t -Hs.nyqeHHSI. 

II.I. ~opM!QoBaHHe rry~a rra.naromgx: HeHTpoHoB 

06opy~oBaime ~JIH ~opMHpoBaHHR nyq:Ka rra~arom:ax Ha oopaseu 

HeiTpOHOB B:DIITOJIHJieT CJie,IJ,yioume cPYHitl(I-m: I) nepeHOC H6HTpOHOB Ha 

3H8~RT6JIDHOe paCCTOHHHe OT peaKTOp~ ~JIH o6ecrre~eHHJI ,UOCTBTO~Oro 

paspemeHRa ITO BpeMeHR, 2) YCTp8H€HH6 BOSMOXtHOCTR perHCTP8UHH 

Ha ~eTeRTOpe peQnR~HHX H6HTpOHOB, 3) no~aBJI6HRe 6~CTp:DIX H6RT

POHOB H <f" -RSJIY~6H.WI, na~aiOIIWX HS o6paseu. 

Ilepe~CJieHH:Die ~HKUHR BI:lllOJIHRIDTCH Eei!TpOHOBO~OM 

:aaTeJieM ~Jm orpaim"ieHWI oneRTpa C i • 

NGr H npepl:l-
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rr.I.I. HeiTpOHOBO~ 

l130rHYTI:rlt He:ti:TpOHOBO,Il; BHIIOJIH.FWT O,nHOBpeMeliHO qryHRIJ;ill1 I) H 

3) • }J.Jm OIJ;eHKJii OIITJil'tleOKIDC xapaRTepl!tOTJiiK HeHTpOHOBO~a paOOlJHTHB8-

~0Cb ero OTHOOHTe~DHOe nponycKaHJiie T~ IlpJii R09~MnHeHTe OTpa

lteHRR: R < d C yqeTOM cpe,n;Hero 't[JiiO~a OTpa:IKeHHi B 38B1iiCJiiMOCTR 

OT yr'1I.8 CKOJIOitelmSi. p:oJIYlleHHW pe3y1I.DT8T l?l:MeeT BM,IJ;: 

P.. )f. fLt ( ~ ) ) X" ~ d 

Tc:. -2cX - 'J.d./€ [ ] e 4:x _,. fx c ~£, ( ~) _ £q ( fiol) + 4 E~, (ol) ; 

'X > 1/ 

r,n;e )( r ~C'a /'6' llf , a" if::-V fl d.Gr / S' ') dG- - IU1iip1iiH8 HeiTpOHOBO,Il;8, 

Cf - pa,D;Hyo KpHmiSHH, r1. = ~~ ~ (~ ) , Lc;,- - ,n;mma 

L * - )J;1I.HH8 IIp.fiMCii B~OCTJii ' 

' 
e::x-tf.~ • 

Ha p1iiC.5 rrpe,n;cTaB~eHO OTH001iiT€1I.DHOe rrpOIIyCK8HRe ~ (OT-
e 

HOWeHHe rrpOIIyCK8HHR Jii30rHYTOrO Hei~pOHOBO.n;a C ~ ~ I K rrponyc-

K8HKID m,n;ea1I.DHOro npHMoro HeiTpOHOBc,n;a c TeMH :IKe ceqeHJiieM 1ii ,n;HH-

Hoi) ,n;JISI L= L ~ H R.. = 0, 98. J:. o6~acTH lrc.r- < 0' ~ OTJm'tlHe 

{( OT I He CK83HB8eTCSI Ha nponyCF8HHH. ITp1ii oc-r- > '3 0'""" rrpo-

nycRaime HsoreyToro HeiTpOHOBO,:n;a npaRTHl!eCKH paBHO nponycKaimiO 

!IpJIMOrO HeiTpOHOBO,D;a C TaM Jte K09qq,m:ureHTOM OTpaJKemm: R. : 

tn< 
T,-.1.- fG _I 

D - 4>< ~ R._ 

lipH 001I.DWHX ,D;JmH8X BOJlH ;I40CTliii'BaTCS1 H8CHIUelme aOCOJnOTHOrO 

IIpOIIyCRBlmfl: OHO CTpeMHTCH It npe,D;€JIY, COOTBeTCTBYJOIUeMY l!,Il;eaJJI-
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HOM:y Il.pSiMOM:y HeiiTpOHOBO,n,y C npe,n;em,JruM KpHTHT.IeCRHM yrJIOM 

)f L¥ tc.r = ---
4L&(~) 

He,IJ;OCTBTROM H30reyTOrO Hei1TpOE:OBO,D;a HBJI.f.IeTCJI TO, 'tiTO cneRT

paJI:&HOe pacnpe,neJieHHe llOTORa 38MeTF.:O 38BHCHT OT MeCTa BHXO,IJ;a 

He~TpOHOB HS He~TPOHOBO,D;a / 2?,2B/. B03MOEHBM nyTeM o6xo,n;a aToro 

sa'rpy,n;HeHHSI MorJio 6u JIBJ'IJIT:&CJI npHME!HeHme msorHYToro MHoromeJieBoro 

KOJIHKMBTOpa C OTpa~aiDmHME CTeHKaMH / 29/, Sa ROTOpHM 6R CJie,IJ;OBaJI 

IIp.mviOH Hei1Tp0HOBO,D; • CpaBHHM ( np:MI paBHLTX nponycRaHMX) OTRJIOHe

Ime D He:tiTpOHHOrO nyqRa CHCTeMO~: . H30rHyTHi1: KOJIJIHMaTOp + npg

MOH HeiTpOHOBO,D; C OTRJIOHeHHeM DG , ,D;aBaeMUM HSOrHyTHM HeHTpO-

HOBO,D;OM. 0THOmeHHe D/ DG- 38BHCH'l OT OTHOWeimSI Lc / L-t: ,D;JIH-

Hll ROJIJIHMaTopa R llOJIHOi1: ,D;JIHH.e CHCTEMU, a TaiOKe OT OTHOWeHM 

ac /de; , r.n;e de - WXlpJtiHa o,r;Hoi1: meJm. ROJIJmMaTopa. 3Ta sa-

BHCHMOCT~ npe,D;CTBBJieHa B ~eR T.IBCTH pmc.6. B BepxHeM T.I8CTH 

aT oro Ite pHCYHKa mso6paJKeHo OTHomeE:He L~ / L-t:: npH paBHHX npo-

nycRaHmax paCCMBTpKBaeMHX BapHaHTOI.. MaRCHM8nbHOe OTHOWeHHe 

·D/D~ paBHO 

..... :L 

... 4 

nJIRH.a H30rayToro HeHTpOHOBO,D;a, COO~BeTCTByroma.rr 3TOMY nponyCKaHKID, 

paBHa 
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Cxe~oBaTeJIDHO, npH paBHHX nponycKaHEHX CHCTeMa nsoreyTRH 

KOHHHMaTOp + npRMO~ HeHTpOHOBO~ B ~yqweM C~ae ~aeT OTKHOHeHHe 

nyqKa B ~eT~e pasa MeHDme, a RMee~ ~HRHY B ~a pasa MeHDme, ~eM 

H30reyTHit HeiTpOHOBO~. IIorxomeHHe EeiTpOHOB B CTeHKaX KOHHHMaTopa 

eme yxy~T ero nponycKaHHe. KpOMe TOrO, nOCTpOHTD KOHHHMaTOp 

TeXHxqecKH CHOEHO. Bee STH'coo6pa~EHHH 38CTaBHSIDT npe~o~eCTD 

HSOrayTHH He~TpOHOBO~ npH BCeX ero He~OCT8TKaX • 

. IlpH paCtieTe HeHTpOHOBO~a 38~aeTCJI ~HHH8 BOJIHH .1\.~ ' COOTBeT

CTBYJOU\aJI KpHTH't!eCKOMY yrlJY ~ ~ ) , I :PH KOTOpOit nponyCK8HH8 paBHO 

2/3 • .I(Jr;I ycTaHOBKH IIO ~<fipaKrom STC, 3Ha't!eHHe BH6paHO paBHWVI 

~~ = 2 A, H ono paccMaTpHBaxocb KGK H~ npe~ex pa6otierq yqacT

Ka CII8KTpa ~HHH BOJIH • .Il)rJI He~TpOHO:EiO,IJ;a H3 CT8KJia C HHKeJieBI:lM 

IIOKpi:lTHeM npe,n,yCMOTpeHht CJI8,IJ;YlOIUHe r:apaMeTpi:l: CetieHHe; mzpmiB 

~= I,5 eM, BHCOTa hw= IO eM, ~.7mia LG- = 20 M, pa~I'!YC KpH-

BZSHH ~ = 2500 M, ,n;mma npJIMOi B~OCTH L"* = I7 ,3 M, IIBCbl-

meHHe nponycKaHM - npm: 'i\.~ = 36 j~ ~JISI R.. = 0, 98. 

0TKJIOHeHHe · nyq:Ka T8KIDVI H8HTpOHOBO,ll,OM paBHO D~ = 8 OM, a OTHOme-

HHe L, 1 L ¥- paBHO I,I6, liTO o6ecrre"G:HBaeT no;n;aBneime 6HCTpbiX 

H8iTPOHOB H '$ -HS~eHH~ OT aKTmmoi 30Im / 28/. 

II.I.2. IIpepHBaTeJID 8nff orpaHHtieHRH cneRTpa 

06IUHi npepHBaTeJID ~JISI ,IJ;Byx II~IKOB YCTaHaBHHBaeTCJI C Ue.7IDID 

lf36e~amm: O,IUIOBpeMeHHOH perHCTpauzu HeHTpOHOB OT pa3JIHtiHHX BCilli

meK peaKTOpa, a Ta~e ~JISI YCTpaHeHJm H8~HI:lX ,IJ;Hff ,IJ;Hq~BKUHH 

H8HTpOHOB. TaK KaK sepKaJIDHble HeHT])OHOBO,!Ul nponycKaiOT TOJI])KO 

Teii.7IOBHe He~TpOHI:l, TO )I.Hff npepBB8T4~Jlfl MOJKHO HCUOJIJ)30B8T:& norliO-

.IJ 
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THTeJID 11:3 Ct:t HJlli 4-ol , '1TO 3Haqi1Te.7ThHO ynporuaeT ero KOHCTpyu-

UliiiD• HaH6o~ee pa3YMHHM pemeHHeM HBnaeTCH npepRBaTen B Bnne no

r~omaroruero Ten~oBue He~TPOHH ~eRa c ceRTOpHOH ruenro, c~a3HpOBaH

H~ c HMTIYnbCHHM peaKTopoM. 

EcJIH ce'1:errne nytma ~ x h. , a pacT Bop rueJm npepRBaTe~ f , 
TO nponyCKBHHe B 3aBHCHMOCTH OT yrna OOBOpOTa ~CKa DpH6~eHHO 

~a~aeTCH C~e~rue~ WOPMy~Oi: 

~-~ 

T( lf) == 

Q)::¥ 

1 

i - tf· 4;o-~ 
21'~ 

Cfo ., i {. 'fo +'ZX-¥ 

~., + '2 'X-¥~ 'f ~ 'fo + f 
't'o -+ f ~ Cf 5- lfk+ f +- q X 

~ 

r,n;e 'X 'It-= l . ( -1-+ ~ -}c ) , Rc. - cpe,IlliiDi pa,IJ;IiiYC npepaBaTeJis:r 
~.l<c 

HS Y];>OBHe nyq:Ka. 3aBHCHMOCT:O OT Bp€MeHH BXO,nHT tiepe3 lf =- ~11 ~c T: 

r.ne {c. - qacToTa BpameHHH npepu:E.aTe.mi. 

YroJI ~o COOTBeTCTByeT Haqa~ OTBpHBaHHff nyqRa H RMeeT OBOe 

3Haqerm:e ,UJI.fi KB,iKJl;OrO 11:3 ,n;Byx Tiy'tD:\O:E., 06CJIYJKHBaeMhiX O,IJ,HIDII npepH

BaTe~eM. ECJIH y rrpepHBBTe~ paCCTCJIHHe MeiK,IJY CIDVIMeTpl1't!HO pac-

llOJIOXteHHblMH HeHTpOHOBO,IJ;aMH paBUO cl...i , TO pa3HOCT:O {fo1 -lfo2. 

orrpe,neMeT OTHOCHTenbHOe CMetneHHe I:OJIOC nponycRaHIDI ,UJISI .I(ByJC 

yCTaHOBOR ~1 - ~ 2. = -~~ 02_ ivt.c it ( -t~~) 
1- (! e., 

r.ne {-c - B repuax, A.o. _ A.a 2 - B A, . a e. - aTo paccTosr-

HHe OT aaMe,n;JIHTeJI.R: ~o npepuBaTe~ 11 MeTpax. Bo H36eXtaHHe nepe

KPHBaHHH cneRTpOB ynpyro pacceHHHbQ: He~TpOHOB Ha ,n;eTeRTOpe ,UOJIX-

HO BHllOHHffT:OCSi YCJIOBHe 

Me~ BCOHWKaMH peaKTOpa B MERpocexy~ax. TipH l = 25 M H 
I 

't18CTOT8X CJie,n;oBaH:w:I HMIJYJIDCOB peaK'J'Opa ~,. = IO rn; H ~r = 5 ru 

' 



- 38-

a To cooTBeTCTByeT ycJIOBru:DVI /\"" - ~ ~ I6 A M 'A~ -.It~~ 32 A. 
'-~~ 1-fQ. ~!t-aU ~~f-{"b_IR..., 

Ec.;rm t!BCTOTB BpameiiiDr rrpepHBBTeJiliY MMIIyJI:&COB peai<:TOpa q c ::- m.-{,. 

TO yroJI. pacTBopa 1-' M paccTo.mnw ~ OT npepHBaTeM. ;no sa-

Me,n;JIMTeM ;nommu y,n;OBJieTBOp.R:T:& COO'l'HOllietme ~ ~ -t • 
O,IJ,Ho~ 11:s ococ5emrocTe~ HMIIyJI:&CEoro peai<:Topa lffiP-2 smMeTcSI 

HBJIMtrHe noc5oqaux BCDBillei<: MOmHOCTH (CaTeJIJIHTOB), CJie~mHX C trac

TOTOR B 50 rn; B HHTepBaJie MelK,IJ,y OCE:OBHJ:lMM BCTII:miRBMiti. l3HCTpHe 
. 

He~TpOH:bi OT CBTeJIJI.HTOB ITO,II;BBJIHroTC.R: HeftTpOHOBO,II;OM, TeiTJIOB:ble ~e 

IIpOITyCI<:BIDTC.R:. Mx MOXHO cpesaT:& TeM Ee npepHBBTeJI.eM, eCJI.H BHTIOJI.

HMT:& ,II;BB YCJIOBRH: 

I) qaCTOTY Bpamen:rur npepuBaTeJIH BRCpaT:& paBHOH qaCTOTe CJI.e~OBa

HHR OCHOBHUX mMnyJIDCOB peaRTOpa H 

2) paCCTO.mrn:e e-1 OT npepHBBTeJJ.ff ,DO 38Me,II;JIHTeJlf.I BU6paT:& MeH:&llie, 

, r;ne lrs - rrepEO,II; CJie,IJ;OBBHKff CBTeJIJIHTOB B 

MHI<:poceRynnax. BHTIOJIHeHMe nepBoro ycJioBRH cBasano c npoc5JieMOH 

oc5ecneqeHHH CTB6HJI:&HOCTM H ~B3Hp0BI<:a npH MBJIUX CI<:OpOCTRX Bpame

HRH (300 o6opoTOB B MHH.YTY). BTopoe ~e YCJIOBHe MOmeT OHT:& BHTIOJI

HeHO, eCJIH npepHBaTeJIH Dp~BHUyT:& BITJIOTHyro R CTeHe 3Bm:£1:TH peai<:-

TOpa: npH 'it'"'- .Ai\4 = 26 A H ~ < 4 A MHHmvraJI:onoe snatremre 

,Il;JIR ~ ITOJ!YtrBeTC.R: paBHWVI 2, 65 M. (B IIpiDID;lUie MOJKHO OTI<:BSBT:OC.R: 

OT Tpec50BBHM paBeHCTBB t!BCTOTH Bpau~en:rur npepHBBTeJJ.ff qaCTOTe 

CJI.e,D;OBBHM EMIIy'JIDCOB OT peai<:TOpa, e(~Jm BBeCTH BTOpOJ:i CWB3MpOBBH

HHR npepHBaTeJI:o C IDEpOI<:OH meJI:oro HB Hei<:OTOpOM paCCTORHHH OT nep

BOro. 3TO OH YCTpBHffJIO TBI<:me oqen:o l4e;nJI.eHHHe HeHTPOHH OT CBTeJI

JIHTB, npe,n;weCTByromero OCHOBHOH BenwaRe, I<:OTOpue nepBHM npepHBB

TeJieM npoeycl\aiOTc.a:) • llpep:rmaTeJI:&, pacnoJioJtelilmi rrpz ~ = 2, 5 M, ... 
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~O~eH HMeT:O 0~ CeRTOpHyro me~ C ~Tr~OM paCTBOpa, paBHHM ~ =30°. 

~HI\~H nponyCRBHM TBROrO npepHBaTeJIJI IlpH Rc. = 50 CM ,IJ;JIJI ,IU3yx 

yCTBHOBOR, pa3Mememw:x Ha O~OM RBHH~e, HMeiDT npe~CTBBJieHlUJ:H HB 

pRe.? BH,D;. Cn~OUIHOH Jimmeii H306paxteHO npOIIyCRBHHe :n:ytiK8 YCT8HOB

RH ~JIH. ~W!>aRwm Ha 6moJiorJ.ifiieCI\IDC BmuecTBax. HanpaB~eHHe Bpame

HIDI npepuBaTeJIJI. TaRoe, 'f!TO STOT nytiOlt OTRpbiB8eTC.ff BTOpUM. l10JIOClJI 

IlpOIIyCR8HM no ,IVmHe BOJIHU noJiyqaiOTe.ff Y~OB~eTBOPHTe~HbiMH ;IJ,JIJI 

o6emc ycTaHOBOR. MsMeHeHHeM cpasu npepimaTeJIJi MOJI.tHO Bap:&HpoBaT:& 

B ;rr,ocTaTO'tffiO nrnpo1mx npe,n;e~ax HIDKHIDi Rpai1: no~ocu nporrycRaeMhtX 

~nEH BOJIH B yCT8HOBRe ~JIH. ~~8KUMH H8 6HO~OrH'qeCRHX ItpHCT8JIJI8X, 

'qTO cymecTBeHHo ~JIJI YMeH:&meHHH Hey~)yroro cpoaa. 

CHCTeMa CHHXpOHR38D;HH ,D;OJDKHB O<)ecne'f!HT:& IIOCTOHHCTBO cpa 3R 

Bpamemm npepbiBBTeJIJI IIO OTHOilleH:WO H mMIIy~CaM OT peai\TOpa C 

TO'qHOCT:OIO IIO~a 500 MEEpoce~ ~>H CI\OpOCT.ffX BpameHIDI B 300 H 

600 o6opoTOB B MRHYTY· 

II. 2. 06opy,p;oBaHHe .UJI.ff .IJ,HipJ>aR@H 

Co6CTBeHHO ,D;kiWPBRTOMeTp COCTOUT H3 rOHMOMeTpa H CHCTeiVIU 

.n;eTeKTopoB. YrrpaBJieHHe ;rr,.BIDKeHHeM roHIIIOMeTpa R ;rr,eTeRTopoB, a 

TaroKe H8ROIIJieHHe H rrpe~B8pHTeJI:&H8H o6pa60TR8 ,IJ;8HHbiX no paCCTOH

IDllO HeHTpOHOB ocymecTBJISUOTCH C IIOMOli&IO S~eKTpOHHO-BlJI'f!HCJmTe~HOH 

Mammn.t. 

II.2.I roHHOMeTp 

06paseu; OpHeHTllpyeTCH OTHOCHTe~:&HO rryqKa II8,1.1;8IOmHX HeHTPOHOB 

nyTeM BpameH:as: no TPeM aiiJiepoBblM yr~aM w, :x. :a ¢ (pHc.B) • 

.II 
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,I(Jr.si 3TOrO J.iiCITOJI:&SyeTCii rOHJ.iiOMeTp C TpeMB: RpyraMH, SlBJimOm:IDiCJI CTaH

,napTHHM 00opy,nOB8HHeM B ,IJ;H<fip8RIU1:II peHTreHOBCKvlX .nyqeii M He:idTpOHOB 

B MOHO.x.po M8 'T kftleCIUIX n~RaX. Tai~ .Ka;\ IIy'tiOR HeHTpOHOB MMeeT OOJThW 

Ce'tleHMe, TO Tpe60B8Hlm no TOtUIOCTM COBMetl{eHJ.iiJI Tpex OCeii BpameHIDI 

rOHMOMeTpa SHa'tiHTe~HO H~e, qeM B C.~qae peHTreHOBCRHX nyqeii: 

TO'tiHOCTH B 0,2 MM BTIOnHe ,IJ;OCT8TOtUIO. Ms-sa 3H8'tiHTe~HOH yrnOBOH 

paCXO,IJ;VIMOCTH HeiiTpOHHOrO nytma YCT8HOBicy' yrnOB MOiKHO IIpOll3BO,IJ;HT:O 

TaroKe C OTHOCHTe~HO HeBbiCOl\OH TO't!HOOT-:&IO: mar HSMeHeHIDI yrnOB 

He Tpe6yeTCH 6paT:& MeH:&llie, 'tleM B I>, npH ,IJ;OnyCTllMOH OllillORe ycTaHOB• 

KH yrna B 0, 5 > • MaRCMM8.7ThHbie Tpe6yeume CKOpOCTM ll3MeHeHIDI yrnoB -

oRono 4 ° I ceK. YrnoBbie nonojfteHM neo6:co,JzylMO 1\0HTPOJmpOBaT:o c uo

Mom:oro yrJIOBbiX ,naT-cm:RoB. Ynpanneirne o;J,HoBpeMeHHHM E:sMeHeHMeM yr

JIOB w ) X lii ¢ ,IJ;OJDKHO OHT:O 8BTOMi3Tlii3lilpOBBHO. 

I~K ~e o6c~.nanoc:o B qacTH I, raeTo,n ,IJ;H<fipaRUMH no BpeMeHH 

npoJieTa ITO cpaBHeHHIO C 00bi'1HIDJ.l MeTO,IJ;OM .IU1WpaKUD TeM JIY'illle, 'tleM 

6on:orne 'tiHCnO O,IUIOBpeMeHHO perHCTpHpymVIWC ,IJ;H(ppaKD;HOHHbiX MaKCillv'IyMOB • 

B IIpllHrzyiiTe lteJiaTeJThHO sanOnHHT:O XOTH 6IJ: 'tleTBepT:O cwepbi BOKpyr 

o6pas:o;a ll03HD;UOH:Hbll\'rn: ,IJ;ByMepHbilVM ,neTeltTOparvrn:. 0CHOBHOe saTpy,ruie:mm 

B03HM:KaeT H3-3a OOJThlliOrO llOTOKa IDicpO]>MBUIDI npH orpaHkfC!eHHOM OO':be

Me onepaTliiBHoii rraMRTH perHcTpHpyromeii annapaTypbi. 

EcnM aHanMs HeiiTpOHOB no BpeMeHn nponeTa rrpoHSBO,IJ;HT:o c rro-

Mom:oro aHanM38TOpOB C ITOCTOiiHHOR lliHpliiHOH KaHana Lltq, , TO Heo6-

XO,IJ;llMOe 'tiMCJIO BpeMeHHHX 1\aHBJIOB ,IJ;JIH ]>erliiCTpa~ CITeKTpa IDMpliiHOH 

/l r-1 - It m 6y,neT paBHO 



:r,n;e 

,- 4I -

LlN = !2.5" 3 L ( A./\'1 -/\.m) 
,£1-l:~ 

() 

L BHPa~eHo B MeTpax, 1\.. "" - It ,.. B A M .a.ta.. B IVrnKpo- . 

ceKYH.JJ;ax. 

MaKCWMB~nHaH WHp~Ha crreKTpa B I~OeKT~yeMO~ YCTBHOKe -

JLM- A.m. = 26 i np~ L = 25. IIp~ w~pirne KaHa~a llt~ = 32 MllRpo-

ce:KyH,IJ; STOMY COOTBeTCTBOBB~O 6bi /lN.""' 5000 BpeMeHHbiX RaHaJIOB. 

,lJ)I.fi IT03~UHOHHOI'O ,n;eTeKTOpa C 40 K8HH~al\IIH paBHO~ yr~OBOfi lli~~Hbl 

Heo6xo~as eMI~OCTn onepaT~BHO~ nawrTH cocTaB~~a 6H 6o~me 200 K, 

T. e • naMSITn COBpeMeHHO~ 6om;WOH 8BM.. CymeCTBeHHOro yMeHnllieHV!H 

'ti:viC~a BpeMeHHHX K8H8~0B MOJKHO ,D;OCT~1 l:&, ecJm OTK838T:&CSI OT Tpa,IUti

WIOHHOrO 8H8Jm3a no BpeMeHH rrpo~eTa C nOCTOHHHO~ lli~IDIO~ KaHa~a 

H nepe~T~ R aHa~ay no ecTeCTBeHHHM nepeMeHHHM aa,n;a-q~ - Koop~

HaTaM oc5paTHO:rO IlpOCTp8HCTB8. oTO o:3H8't18eT OTHece~e RBJK,D;OI'O 

pe:rHCTPHPYeMoro HeHTpOHa K COOTBeTC'rByrome~ eMY SI'tie~Ke CRaH~pyeMO

:ro Y't18CTR8 Oc5paTHOrO rrpOCTpBHCTBa. :Ip~ O~OMepHOM CR8HHpOBaHMH 

ITO BpeMeHH npo~eTa S~eMeHT ,n;~ B ;)(5paTHOM DpOCTp8HCTBe B,D;O~ 

HarrpaB~eiD1fi CK8H~OB8HIDI eCT:& d. ><1 :: 'i.A-t'u. Gri-tz = ~ L -:k'~ e dT /T
2 

' 
TaR ~TO paBHOMepHOMY pacrrpe,n;e~eHHID :y3~0B B OOpaTHOM rrpOCTpBHCTBe 

COOTBeTCTBYeT yc5biB8IOmaH EaR 1/T~ a~OTHOCT:& ,WicppaitU~OHHbiX MaK

CHMYMOB Ha BpeMeHHO~ WRa~e. Ec~ WMpMHy BpeMeHHO:rO KaHa~a c,n;e~aT:& 

rrepeMeHHOH H rrponopU~OHa~HOH T~ , TO pacrrpe,n;e~e~e M8RCKMyMOB 

Ha H3MepeHHOM cneKTpe 6y,n;eT ~e paBHOMepHbiM. IDlip:mia ;n;RWPBKU~OH

HOrO MaKCMMYMa BMeCTe C rrpH~eraiOmEM y-qacTKOM ~OHa B STOM rrpe,n;-

CT8B~emm cooTBeTCTByeT miTepBany .6><, e:- Vc"" 413 
• Ecm[ noTpe-

6oBaT:&, 'tlT06b1 B STOM IDITepBaJie IDVIeJJOC:& XOTS Obi !6 H3MepeHHbiX 

• 
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TOlleR, TO IIOJIHOe liHCJIO TO'tieK Ha CIIel~Tp lURpiDIOH ~tvt.- 4 IIOJIY-

qaeTCH pamrnM Terrep:o 6 N = 3!l ( K.M- l4u) .tJ..t'u. B I Vc~ -t/3 • ,UJIH 

\fc ~I/~ 0, I5 1 -I, liTO COOTDeTCTBYeT KpHCTaJIJIY MHOrJI06HHa , 

rrpm k:M- Jt. m = 3 A -I H /.lilA. e = I noJIY"qaeM ncero 6. N = 640 

Heo6xo,n;mvru:x: a.n;peCOB DaMffTH Ha O)J,llii ~~eTeKTOp .- 3Ha'1:HTe1I:DHO MeH:Ollle, 

'leM npH IIOCTOHHHOR WRpHHe BpeMeHHOrO KaHana. 

B cnyqae ~yMepHoro CKaHHpOBaiDIH II03HUROHHHM ~eTeKTOpOM 

HeHTpOHH ~O~HH 6~T:O OTHeCeHH, ~e 3 ·npou;ecce H3MepeHHH, K HlleH

ItaM paBHOH IIJI0lll8~ CKaH:apyeMoro CeK'~Opa o6paTHOrO npOCTpaHCTBa 
~1 . 

(cM.pmc.I). ITnoma~, aaHRMa~H o~tM pewneKcoM, panHa B cpe~eM 

Vc~ 213 
• Pa a,neJIHB ee Ha I6 x I6 == 256 H'leeK H y-qliiTRBaH BHPa

xteHHe )J.JIH. IIOJmOR IIJIO£Ua,n;v.r CKaHMpyeMOl'O ceKTOpa ( §I.I), IIOJIY'fmvi 

noJIHoe 't1HC.7IO TO'tleR ~YMepHoro Maccm'a 

LJN = 2 '6 ( K.;!; -~ ) 4-c'f,(. 9. ii ,6(fe) /Vc Jt~2./3 

B CJ:cy"tlae MHorno6:mia no3HIJ;HOHHOMY ~e'l'eKTopy, norqmnaromeMY :ruiTep~ 

BaJI .6(28) = 0,3 HYJKHO BH,IJ;eJIHT:O ORCIJIO 30000 .fflleeit naMHTH, T.e. 

CHOBa 3Ha'tiHTeli:DHO MeH:Ollle, qeM npH TJ)a~OHHOM CIIOC06e opraHH3a

~ M8CCHB8 ,Il;8HHHX. 

!IpH TpeXMepHOM CK8IDipOB8IDm 'tiHC:JIO peqJJieKCOB Ha O~H ,n;ByMep

HHH ,neTeKTop, cor nacHo ou;eHKe npHBe)~eHHO:ti B § I. I, ,n;JI..B: Toro JKe 

CJIY'q8H MHOrJI06HHa IIOJIY'qaeTCH OKOJIO J60. ,UJIH 'tleTKOrO BH,IJ;eJieHHH 

<{JoHa Kallt,II;OMY peq>Jie:Kcy HYiitHO BH.n;eJIHTh I6 x I6 x I6 = 4096 H'tieeK, 

T8K 'tiTO perHCTpaD;HH BCeH HHqJOpMaD;HH,, KOTOpyro B np:v.IHIU1IIe MOJKHO 

no~T:o aa npe:rvra HeCI\OJI:DKHX MmiYT oT o~oro ~YMepHoro ~eTeKTopa 

llOTpe6yeT II8MHTH B I06 H"t~ee:K. STy I~Y MOEHO 3H8'1:HTeJI:DHO CHH-

.IJ 
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SHTb, ecnH ~oBo~CTBOBaTbCH YMepeHHhM paspemeHHeM ~be-cHHTesa, 

H COOTBeTCTBeHHO orpaHH~HTb H3MepeHEyro o6~aCTb o6paTHOrO ITpOCT

paHCTBa: ~~ paspemeHHH B 5 A Heo6xo~ o6~eM naMHTH B I5 pas. 

MeHDme Toro, ROTop~ Tpe6yeTcH ~~ F,SMepeHRH c paspemeHHeM B 2 A. 
M3 CKa3aHHOrO HCHO, ~TO BU60p ·~Mila H ~c~a ~eTeKTOpOB ( M 

~a~e ~HsH~ecRHX npo6~eM) onpe~enffeTcH napaMeTpaMM HMeromelicH B 

pacnop~eHKZ ~aHHOrO aKcrrepMMeHTa 8EM. B Ka~eCTBe OCHOBHOrO HH

~e paCCMBTpHBaeTCH BapEaiiT ycTaHOBK~ Q BOCbMDID ~eTeRTOpaMH, pac

nOHO~eRHUMH B O~OH ITHOCROCTH. ECHR ~eTeRTOpU He IT03HUHOHHHe, TO 

~~ saTIHcR H rrpe~apRTeHbHOli o6pa6oTKH HHWOPMBUHR Mo~eT c~HTb 

8BM MBHOrO o6~eMa naMHTH (8-I6 K), ~nHOBpeMeHHO HBXRIDmeHCH yrrpaB

~mei 8BM BCero ~WPBKTOMeTpa. llpMMeHeHRe BOCbMH IT03KQHOHHHX 

C~eTqMKOB ITOTpe6yeT eMKOCTH onepaTHEHOH ITBMHTR npHMepHO B 250 K 

R COOTB9TCTBeHHO 60HbilleH CKOpOCTH npe~apHTeHDHO~ 06pa60TKH ~aH

HUX. KOHKpeTHO rrpe~cMaTpHBaeTCH, ~~0 ~eTeKTOpHaH CHCTeMa 6y~eT 

paCTIOHO~eHa B ropll30HTaHbHOH TIHOCKOCTll C O~OH TOHDRO CTOpOiru 

ITa~aromerO rryqKa. llpe~CMOTpeHa B03MO~OCTb He3aBHCHMOrO O~HOBpe

MeHHOrO rrepeMemeHRH BCSX BOCbMR ~eT€KTOpOB no ORpy.&HOCTH pa~COM 

B I M C nepeRpUBBHHeM yrHOBOrO HHTe~BaHa 2G OT - IQ0 ~0 + I?0°. 

neTeKTOpR YCTBHOB~eHR Ha Te~e~RaX, DepeMemaeMHX no nporpaMMe, 

sa~aBaeMOH ynpaBnffromeH 8BM. To~HOC~b YCTBHOBKH B 3a~aHHOM nono

~eHHM no yrny Q~ - oKo~o I), npM N.HHHMBHbHOM sHa~eHHR yrHoBoro 
) . 

mara B 3 • CBe~eHHH o nono~eHMH Ra~oro ~eTeKTopa no~aroTCH aa 

yrrpaBRHromyiD CHCTeMY H sanOMEHBIDTCH. 

Ka~ ~eTeKTOp pacno~o~eH BHYTPH ~erKOH 3BmHTR OT HeHTpO

HOB, HMeromei BXO~Oe OKHO C perynHpyeMHMH pa3MepaMH. neTeKTOpU 

BMeCTe C 3B~TO~ MOryT ITO~a~BBTDCR BORpyr BepTRKBHDHNX oce~ 
~ 
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~xa HSMeHeHRff yrna HaKnOHa K ~wparl~OB8HH0My nyqKy. BCR CHCTeMa 

~eTeKTopoB saKmo'tleHa BHYTPR o6meli SHIIWlTH. 
' 

PaCCMOTpeHHaJI CHCTeMa ,n:eTeKTOpOB o6na,n:aeT ,Il;OCTBTO'tiHOM rH6-

KOCTbiD, llOSBO~[(eH BeCTH pa60TY B ]>83nR'tiHHX B8pii8HT8X RSMep:a

TeJIE:,HOH MeTO.n;HI\H, paccMOTpeHH:biX B 'tltlCTH I. 

EcnH ORa~eTCJI B03MO~HM paCC'tiW.?UB8Tb Ha HCUOJIE:,SOB8HMe 8BM 

C eMKOCTbiO onepaTHBHOH UBMFITR 6o~um:ti, 'tleM B 250 1{, TO cne.nyeT 

HMeTb B BH,n:Y pacnono~eHHe llOSHUaOHmDC ,n;eTeRTOpOB ~e He B O,n:HOH 

nnOCKOCTH, a Ha llOBepXHOCTH ccpepu C o6ecne'tleHHeM ,n;Byx CTeneHeH 

cBo6o.n;Lt no nm:poTe m MepH,II;JfiaHy ccpepLI .• 

IT. 2. 3. ._Y ... se...,n........,a.H ... a ... IDI .. s...,a ........ a ... H...,e·2£!ll! 

06opy,n;oBaHHe ny'tii\a npe,IU1onarae•rCJI ~ononnHTb npHcnoco6neHHeM, 

HMeiD[(HM 0611Wle ysnu C ~cppaRTOMeTpOM H ll03BO~um:M RSMep.FITb cnei~T

pH Heynpyroro pacce.FIHR.FI HeliTpOHOB B o6nacTH ManHX m cpe~ ne

pe~a'q aHeprHH H HMnynbcOB c xopomHM paspemeHHeM no aHeprHH. 

By~eT npHMeHJITbCJI MeTO,n: o6paTHOi1: reoMeTpkm, npHBneRaTe~HOH OC0-

6eHHOCTbiD 1\0TOporo B ~aHHOM CJr,rqae JIBHaeTCJI KOMnaRTHOCTb H npoc

TOTa. l{Jr.si TOro, 't1T06U O,n:HOBpeMeHHO oC)ecneqMTb 1\aR BUCOKOe aHepre

TH'tleCKOe paspemeHHe, Tal\ H BOSMO~HOOTb HSMepeHmd npH ,Il;OCT8TO'qH0 

6o~mroc I\OHe'tiHUX aHepr:ruiX ( 'tiTO llOSBOnHT pa60T8Tb B peJKHMe BHHrpu

ma aHepro, Buro,n:HoM npH xono,n:HOM saMe,n;n:aTene, a TaroKe pacmHpU:T 

o6naCTb ~OCTyna B Q, W ~ npOCTpaHOTBe) , I1MeeTCJI B B~ HCll0~-
30B8HHe paSnH'tiHUX nop~OB OTpameHIDI He~TpOHOB OT MOHOKpHCTannoB 

8H8JII!I38TOpOB, llOCTaBneHHIDC no,n; 60~lllm\'m yrJiaMH OTpaiKelmH. Tipi-I 

60JIDWHX 6parroBCKKX yrJiax oTpaiKaTe~)Ha.a: cnoco6HOCTb xopoma ,n;aiKe .. 
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)J.JI.Si BI:lCOKIDC nop.R:,J.U-tOB (paC'tieTI:l ITOI\83b:B8IOT, liTO, Hanpmvrep, ITJIOC-

KOCT:D ( 002) KpHCT8JIJia UHHKa OTpaiKae'l' IlpH GH = 85° B lieTBepTOM 

nopsr;rr,Ke Jmlll:& B ,IJ;Ba pasa cJiac5ee, qeM B nepBoM). ,UM pas,IJ;eJieH:wr 

cneKTpOB, COOTBeTCTBYIOmHX pa3JIHliHI:lM ll0psr,IJ;K8M OTpaiKeHEH OT MOHO

KpHCTBJIJIOB 8H8Jm38TOpOB, Oc5w:IHWi Me'l'O,IJ; cPHJI:DTpOB He IlpHI'O,IJ;eH. 

ITpe;rr,noJiaraeTCSI IIp'£1IMeHHT:D HOBl:lR MeTO,I; pas,n;eJieH:rur, MCITOJI:&3YJOmiDl 

pas:mmy BO BpeMeHH IlpOJieTa pacceSIHmX HeRTpOHOB, nponymeHHbiX 

aHaJIHsaTopoM B pasHHX nop~ax • .u~ s~oro nepe,D; oc5pas~oM noMema

eTc.a: CeKTOpHHH npepl:lBBTeJI:& ( ITOJIOiKem: e C 2. Ha pMC. 4) C illkij)OK:rnvi 

pacTBopoM meJIR. reoMeTprur o~oro aHBJIRSaTopa aHeprHM rrpe;rr.cTaBJieHa 

Ha p.Hc. 9. lipHHUHII pac5oTI:I rro.a:c:a.a:eTcsr pZCYHROM IO, Ha KoTopoM usoc5pa• 

iKeHa ,IJ;RarpaMMa BpeMH - paCCTOHHHe ,Il;~H pacce.R:HHRX HeRTpOHOB, np.H

HB,Il;JieiKBUWX pa3JIH'tffi:bllVI nopH,IU\aM OTp8iK€HM. EcJm 'ro - BpeMH, B 

TeqeHHe KOToporo no~poMaTR'tieCK.He EeiTpOHI:l rrona,IJ;aiOT qepes OTKpl:l

THH rrpepi:lBaTeJI:D H8 oc5pasen, H ~i - CKOpOCT:D HeRTpOHOB, OTpa

iKeHHI:IX ItpHCT8JIJIOM-8H8JIH38TOpOM B ne~BOM IIOpSI;rr,Ke, TO IIOPff,IJ;KH 

BIIJIOT:D ,Il;O n , c5y;rr.yT perHCTpRpOBBT:DCR pa3,IJ;eJI:DHO, eCJIH paCCTOSIHHe 

X OT oc5pasua ,IJ;O ,n;eTeKTOpa (-qepe3 BpRCT8JIJI-8H83Ill38TOp) ,IJ;OCT8TO'ti-

HO c5oJI:Dmoe, a mvreHHO x. > ~'to Vl C It\+ 1) • PerncTparzyrsr ,n;eTeKTO-

poM Be;rr,eTc.a: B peiK.HMe sarras~Baromnx coBna,n;eHHi co BpeMeHeM rrona.n;a

HHH H6HTpOHOB Ha oc5pasen qepe3 npephB8TeJI:D, npHlieM CIT6KTpi:l, OT

HOCHmHeCSI K p83HI:lM IIOp~KaM OTp8iK6HESI, ITOCTYIIBIOT Ha OT;rr,eJI:&HHe 

8H8JIH38TOpi:l BpeMeHH IlpOJieTa. 

liepHO,Il; ITOBTOpeHRH MO,Il;Y~ ~Ka npepi:lBBTeJieM tc orpaHz-

qeH CH.H3Y, tc. ·> Z"o ( ~ 1 -+ vt + 1 ) , 'tiTO ,Il;JISI paa,n;eJieHM TOJI:DKO 

nepBOrO ITO~a 03HaqaeT KOS~llq.HeH~ HCllOX:DSOBBHRff BpeMeHH 

tt'0 /-tc: N ~ • IIpH aTOM He CTBBHTc.a: ycJIOBHe CIDDq>OlmSartHJ.ii rrpepu-
.1/ 
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B8T8nff C RMTiynbCBMH OT peaKTOpa. Ecxrn: CKHXpOHM38~ IIpOll3BO~Tn, 

TO MO~HO COCpe~OTO~TnCSI Ha ll3MepeHll5~ onpe~e~eHHUX yqaCTKOB CTI8KT

pa Heyrrpyro pacceHHIIIJIX HeHTpOHOB yz.e co IOO%-NM Koa@IHUMeHTOM 

HCllOnb30B8HM BpeMeHl'l. 0coc5eHHOCTH H~:~OlK8IDIOM T8XHHKM 06CyJK.JJ;8IOT

CH IT0~06HO B OT~8nbHOM MBTepna~e. 

ITpep~BaTen» C~ B~ITO~eH B B~~e TOHKOrO ~CI\8 ~aMeTpOM 

50 eM c :Ka~eEUM rro:KpHTHeM, HMeiOmnM 4 menn perynHpyeMoro pacT

Bopa BimOTn ~0 30°. liaCTOTa Bp8ll{8HIDI WiillCHpOBBHB ( CT~6HHH38UHH 

He Tpe6yeTCSI) ll onpe~eJUieTCSI HCTIO~n3:f81VlbiM KpHCT8JUIOM-aHa~H38TOpOM 

(~JUI U.HiiKa (002) 8TO OI\0~0 3000 06/~IDI). 

~CT8HOBKa 6y,IJ;eT OCHBIUeHa ~BYMff. F:pHCT8~~aMM-aHaJIH38TOpaMill. 

60~nWOH rr~oma~, yCTBHOB~eHHbllVIH Ha C'IOJmKaX ll038,1J,M ~eTei\TOpOB. 

ITOBOpOTOM ~eTeKTOpOB B CTOPOHY KpHCTE~~OB MO~O nepexo~Tn Ha pa-

60TY B pe~e aHaJIHsa aHeprMH. ~ wcKyCMpOBKH Hei1TpOHOB Ha ~e

TeKTopu KpHCTB~JIH 6y~T H30ri.zyT:bi, tiTC1 YJiy'CllllHT O~OBpeMeHIIO ll 

aHepreTntiecKoe paspemeHne npn 6onbmO~l Te~ecHoM yr~e oxBaTa pac

ceHHH:biX H8MTpOHOB. 

ITpe~CMOTpeHa B03MOiKHOCTn nepeMe~meHM CTO~OB KpllCTa~JIOB-

8H8Jm38TOpOB ITO OKp~HOCTM pa~nyca 2,4 M, rrepeMemeHHe KpHCT8JIJIOB 

B~OJin pa~ca H BpameHHe KpMCT8JIJI8 ~JE YCT8HOBKH B TIOJIOlKeHlle OT

paxeHM. YnpaBJieHne Be eM ysJioM aBTOM~·TH3MpOBaHo. TotiHOCTn ycTa

HOBRH yrJIOB - 5) • 8JieRTpOHHOe OCH8lU8FMe BKIDO't188T B ce6SI K8H8JI 

yrrpaBJI8IrnJ'I perHCTpanne:£1 H8MTpOHOB B pe.7mMe 38ll83,IIl:lBBIOmiDC COBlla

~eHHH C OTKp:biBBHHeM meJIH npep~BaTeng. 
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IT. 3. YrrpaBJieHHe s:rwrrepiiMHHTOM 

llOJIHOe HCIIOJ!b30BaHMe ~OCTOHHCTH MeTO~a BpeMeHM lipOJieTa IIO

Tpe6yeT IIpiD.JieHeHM COBepiiieHHOH CMCTEllVIR ynpaBJieHM 81\CIIepiD.JieHTOM, 

HBROIIJieHRff XI 06pa60TEH ~aHHHX. 

~WPBE~OHH~e H3MepeH~ COCTOH~' B MHOrORpBTHOM IIOBTOpeHHH 

HeEOTOporo ~EJia CTBH~apTHHX onepa~M, B ~CJie EOTOphlX ycTaHOBEa 

3a~aHHOH OpMeHTBWiH o6pa3IJ;a, YCTBHOI·Ea ~eTeRTOPOB B 38,1l;8IlliLie rro

JIO~eHRa, CHffTHe .cneETpOB pacceRHHUX nefiTpOHOB c saTIMcbro HHwopMa

UHH B onepaTHBHyro naMRTb, nepBHqHag o6pa6oTRa MH~OpMa~H. ITocJie 

npe~apMT8JibHOrO STana onpe~eJieHMH OpHeHTBIJ;HH 8JieMeHT8pHOH gqefi

EH KpHCTBJIJia OTHOCHTeJ!bHO rOHHOMeTpa, IIOJIO~eHHe pe~JieECOB IIO 

yr~ H BpeMeHR npoJieTa CTBHOBHTCH MSB8CTH~, M B~IIOJIH8HHe BCero 

ITpOIJ;8CCa H3MepeHHH MO~eT 6HTb IIOJIHOCTbiD 8BTOM8TH3RpOB8HO. 3a Bpe

MH Orrepa~ ITO YCTBHOBEe o6pa3IJ;a H ~eTeRTOpOB ~JIR HOBOrO M3Mepe

HRH onepaTHBHBH IISMRTb 3BM MO~eT 6~Tb B 3H8~HT8JibHOH CTeneHH 

OCB060~eHa IIpOBe~eHHeM rrepBH~OH odpa60TRH HH~OpMaiJ;MK. ITepBH~BH 

o6pa60TKB COCTOHT B YTO~eHMM IIOJIO~eHRff ~~pSRIJ;HOHHHX MSKCHMyMOB, 

B~eJieHHH ~OHS, B IIO~C~eTe HHTerpaJIDHHX HHTeHCHBHOCTeH (npOCTUM 

HJIH ~OHHbiM CJMMMPOBBHXIeM CO~ep1K8HH.F.l COOTBeTCTBYIOUWIX JI~eeK naMR-
ct 

TH) H, HaKoHeiJ;, B BH~HcJieHu BeJIXI~HH \ l=.:t I • B pesynDTaTe MH<lJop-

MaiJ;M ROH,D;eHCRpyeTCH B Ha6ope 3Ha~eHIDri \Fit lrt H HH,JJ;eKCOB k I IL I e . 

BpeMR o6pa60TKM O~HOrO ~WPBKIJ;HOHHOrO MBRCHMyMa ~O~HO 6HTb IIO

pH~\8 C8KY~, ~TO IIOTpe6yeT 3H8~HT8llbHOH CKOpOCTH B~IIOJIH8HHH 

apHWMeTH~ecKRX onepall;HH (~o ro6 onepaiJ;HH/ceR npH o6pa6oTKe ~Y -
MepHHX MBCC~BOB, II0~810mHXCH B C~ae rrpRMeHeHKH II03KUMOElniX 

,n;eTeKTOpOB). 
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B C~ae npRMeHeHRff o6uqHUX ~eTeRTOpOB Tpe60B8HRff ITO CKO

pOCTR BHrro.7IHeHWI onepall;Vti1 cHuaro~,c.a:, B npe~apHTeJIDHasr o6pa6oTI\a 

MOJiteT 6HT:& rrpOH3Be~eHa ynpaBJimOIUE!H 3BM C OTHOCHTeJI:&HO Ciq>OMHID.'ill 

xapaRTepHCTHRBMB. 

n~ ITO~eHHH Har~oro ITp€~CT8BJieHHR 0 B03MO~HOCTSIX npo

eRTHpyeMOrO ~~paETOMeTpa B SECII€pHMeHT8X Ha 6eJIROBllX MOJieRYJI8X' 

pacc~HT8HH ero OITTH~eCEHe xapaET€pHCTHRH. PesyJI:&T8Tll npe~CT8BJie

Hll Ha pHc.II-I3. Pmc.II H306pa~aeT pacc~eTBHe EOHTYPll paBHOro 

paspemeHHSI B o6paTHOM npocTpaHCTEe. Pac~eT npoBe~eH ~nsr o6uqHI:lX 

~eTeRTOpOB C pa3MepOM BXO~ OEOH 2 X 2 CM Ha paCCTOJIHHH B I M 

OT o6pasqa, rrpH yqeTe O~~aeMOH ~nEHH BCITHillKH peaETOpa MEP-2 H 

~~ cnyqa.a: neH.TpOHOBO~a H3 HHEenE. PaspemeaEe OIIHCllBaeTCR BeJIH

~HHOM ~ (x'l) , onpe~eJieHHOH COOTH:OmeHHeM (?), RMerome:ti Cl'vlHCJI 

cpe~eRB8~8THqgoro OTRJIOHeHHSI TOqeE H3MepeHRH B 06paTHOM ITpOCT-
...,. 

paHCTBe oT · noMIDiaJ'I:&Horo sHaqeHM Q • CpaBI-reHHe c ycJIOBIDIND7I 

pas~eJieHHR M8KCHMyMOB B § I.3 ITOR.33HB8eT, ~TO npH6op o6ecneqHB8-

eT no~eHme paspemeHHH B I,5 X ~!H HSMepeHHH EpHCTa~oB co cpe~

Heii CTopoHOH .a:qefu\H o... ~o ?0 A a Mosaw:mllM pa s6pocoM ~o 0, 4 ° 
( CT8H,I1;8pTHOe OTEJIOHeHHe) npM O~OIIIepHOM CE3HHpOB8HHM ITO BpeMeHH 

IIpOJieTa, a rrpM ~YMepHOM CE8HHpOBHHHH - ~JIR pemeTOE C 0.. ~ 60 ~. 

EcJIH HCITOJI:&3YIQTCJI illlliOBlle 3HaqeHRH HHTeHCHBHOCTeR, TO CTpyitTypHlle 

~ETopa MOJKHO orrpe~eJIHT:& aKEypaTHo H ~aJI:&me, ~o o.. "" II5 A:. 
EcJrn ,n;oBOJI:&CTBoBaT:&csr 6oJiee HHSEMM, ~eM 4r- """' I, 5 A , 

paspemeHHeM, TO ,n;onycTmvw:e pasMepu .a:qeeE yBeJIH-crn:BaroTcsr, rpy6o ro-

Bop.a:, nporropqHoHaJI:&Ho o.r • 4 
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Cpe,IUIJI.fi IDITerp8.7IbH8H IDITeHCEBHOCT:b 0HJI8 paCC't{HT8H8 )J,JIH o6-

pasua He~eHTepHpoBaHHoro MHOrJio6I~a Toro ~e o6~eMa B 25 MM3 , ~To 
H o6paseu B aRcrrepHMeHTe illeH6opHE. B pac~eTax HCITOJibSOBaJicH crreRTp 

HeHTpOHOB OT XOJIO)J.Horo saMe)J.JIHTeJ.E, yqHTHBaJICH TerrJIOBOH waRTOp 

RpRCT8JIJI8 R rrpeHe6peraJIOC:b ITOTepr.MH B HeHTpOHOBO~e. PesyJI:bTaTI:l 

npe,IJ;CT8BJieHbJ: H8 pnc.I2 B BH)J,e ROETY];)OB paBHOrO 3H8lieHM HHTerpaJIJ:,~: 

HOH lfHTeHCklBHOCTH. M3MepeHI1JI illeHC·OpHa OTHOCB:TCSI I~ 00JI8CTJ.il Q <:: 3 ~: 
B aTOH ~e o6JiacTn cpe~IHe HHTerpc~HI:le nHTerrcnBHOCTH oTpa~eHR:ti 

OOJI:biDe 2 H/ceR n, RaR B~IO, ,IJ;OC~HraroT 200 H/ceK ~JIH Y3JIOB C Ma

JIHMH HH,I(eRC8MH h,K,e • 8TO COOTEeTCTByeT OillMORaM OT 4% ,I(O 0,4% 

B HHTerpaJ.ILHIDC llHTeHCHBHOCTHX,H3N.epe:mnllX 38 BpeMJI I'V 5 MIIHYT• 

ilRROBHe 3HaqeHRff HHTeHCHBHOCTeH npe~CT8BJieHB Ha pnc.I3 ~HH 

CJiyli8H 8HaJinsa ITO BpeMeHn ITpOJieTa C ITOCTOf.UIHOH IDHpKHOH R8H8JI8 

B 64 MHRpoceey~"'· PaclieT:or COOTBeTCTBYIOT TeM ~e YCJIOB:v.tfiM, 't{TO I1 )J.Jm 

rrpe~mero pncyHRa. MrHOBeHHHe CROpOCTH c-qeTa ITO~aiDTCH OT 

V 109.. 
1 

H/CeR B paHOHe Q < 4 A-I ~o 105 H/ceR H )J.8JKe OOJI:bllie B o6-

JI80Tll MaHUXQ. Ha6JIID.n;aeMHe JierrecTRn 60JI:blliOH HHTeHcnBHOCTH o6yc

JIOBJieH:or: ueHTpaJI:bHHH - YMeH:bmeHEeM o6~eMa paspemeHRH rrpn MaJIRX 

~1 H 9 _, 11/2, a 60I<OBI:le - MaiW:tJJMylVIOM CITeRTpa IT8,IJ;8IDUWX He:tiTpOHOB • 

CJie~eT o6paTHT:b BHllM8HHe H8 TO, ~TO ITHROBHe 3HalieH:tJJE.llHTeHCHB-
0]PU 'S/~ 3.8-~ 

HOCTH CJia6o SaBHCSIT OT ~JI:t1:Hbi BOJffibi"1flf OOJiaCTH MaJIHX Q rrpaRTlil-

qeCRll He YMeH:bmaiDTCH: ITpOHCXO~T ROMITeHCaUHH rra~eHH.FI CIT8RTpa He:tiT

pOHOB OT saMe~JmTeJIH npn OOJI:blliiDC ~ cpaRTOpOM Q-Q. B BLI:paJKe

HHH ( 23) , a TaiOKe a<MJeRTOM HeHTpOHOBO~a • 8TO JrnlliHHH pa 3 rro~qepim

BaeT ~OCTOHHCTBa M8TO~a BpeMeHH npoJieTa ~HH )J.nWPaKUHOHHRX ll3Mepe

HHH B 06JiaCTH M8~ 3HaqeHHi Q , ~OCTHraeMHX ~erKO npH HCITOHb30-
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06UUie BHBO,IUl 

CKOpOCT:& HSKOITJielmH SKCnepEMeH~~S.II:DHHX ,D;SHHI:DC no CTpy.KType 

B MeTO,D;e ,n;HcppS.KI.Ulli HeiiTpOHOB ITO Bp6P.leHM DpOJieTa HS mviiiyJI:&CHOM 

pea.KTOpe cymeCTBeHHO 60JI:&me, ~eM B C•6H~OM MeTO,D;e ,n;H~a.K~ He~T

pOHOB HS CTSWJOHSpHOM pea.KTOpe • B HI::ICTO.fiUlee BpelVUI npe,n;eJI STO~ 

C.KOpOCTH Onpe,n;eJiaeTC.fi T6XHH~6C.KHMH l103MO%HOCTHMR npHeMa H nepe

pa60T.KH 6oJI:&mEX noTo.KoB HHcpopMa~. Ha peaKTope HEP-2 a.KcnepH

MeHT THna aKcnepHMeHTOB illen6opna na MRorJio6HHe s~~eT BpeMH Hs

Mepe~ O.KOJIO CYTO.K npH YCJIOBHH, ~0 6y,n;eT HCITOJIDSOBST:&C.fi MHOro

,n;eTe.KTOpHS.fi cMCTeMa Ha JIHHEM c SBM doJI:&moA eM.KOCTH onepaTHBHO~ 

IISMSiTH. 

llpeRMYmeCTBa MeTO,D;S BpeMeHH DpOJieTa DpO.fiB~TC.fi C HSH60JI:&

mei IIOJIHOTOi B TeX OnHTSX, B .KOTOpHX cymeCTBeHHO O)UiOBpeMeHHOe 

HSMepeHHe MHOrKX OTpa~eHHH, Hanpmvrep, .KOr,n;a COCTO.fiHHe HCCJie~e

MOi CHCTelVI.bt MeHJieTcsr sa BpelVUI, cpann~oe co BpeMeHeM a.KcnepmvreuTa. 

XOT.fi CTpy.KTypHHX a.KcnepmvreHTOB, BHITOJIHeHHHX MeTO,D;OM ~~pa.K

UHH ITO BpeMeHH DpOJieTa eme COBCeM MaJIO, He B~O ITpHHUHIIHS~:&HHX 

38Tpy~eH~ B npmvreHeHHH STOrO MeTo~a .K MOHOKpHCTSJIJISM, OC06eHHO 

.K MOHO.KpHCTSJIJISM C 60JI:&lliRMH pasMepaM~ aJieMeHTapHHX sr~ee.K. 

CJie~eT O~aT:&, ~0 CTpy.KTypHHe HCCne,n;OBSHRH BemecTB C oco6eHHO 

60JI:&WHMli ~emtaMH (co cpe,IJ;HHMH pasMepaMH 60JI:&me roo A) O.KaJKeTC.fi 

npe~O~THTeJI:&Hee npOBO~T:& HMeHHO MerO,D;OM BpeMeHH npOJieTa. 

0co6eHHOCTH MeTO,D;a BpeMeHH DpOJiaTa paCCMaTpHBSJIHCb BHme B 

npiWenemm K MOHO.KpHCTSJIJISM, T.e. CT:;>YRTypaM CO CTporoi TpeXMep

HOi nepHO~~OCT:&ro. O~a.KO TOT WBKT, ~0 MeTO,D; BpeMeHH npOJieTa 

,llaeT cpasy RapTmzy pacce.mum: B 60JIJ)llll:>i o6JiaCTE: o6paTHoro npocT-• 
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paHCTBa, ~e~aeT ero Bec~Ma no~OWimwM z ~~ msyqeHEH RBasMnepzo

,IU~lieCRRX CHCTeM, RBRHMH no CyuteCTHY SIBJISIOTCJi 60~IIIIDICTBO 6:~w~orz

li9CKHX OOLeKTOB. 
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Pmo.I Ce't!eHHe -qepes rrpooTpaHOTBO lleRTopon paocarmM, cooTBeTCTBYIO
mero OJIOIO [ J..ll( o] :rcpmcTaJIJI~I MEOrJio6HHa. Y:rca saHLI mumm paB
HI:DC C) H J( r • 

Pmc.2. PacqeTnue aJIJIHncu paspemeHHf.: B nJioCROCTH pacceRHRff ~nff Hec
RoJID:rmx sHalieHIDi K x H 6) • 'tilicJieHI:W:e sHalieH:rur napaMeT
poB, BXO~mHX B paoqeTH, COCTBeTCTByroT YCTBHOBRe,ODHCBHHOH 
B qacTm: II. 

Plfi0.3 KpHBble B DJIOCKOCT:t!I GJ w , r;o KOTOpi:tM rrpoHSBO.D;PITCJI mrTerpH
poBaHHe ~a~ ~q~epeHUHaJIIH6ro ce't!eHRH B msMepeHHRX pac
ceHHM no~ ~lli\C:t!IpOBaHHbiM yrJJoM 6es aHaJmsa no aHeprlilli. 
CnJIOlliHble JIHHHH COOTBeTCTBYIDT MeTO~ BpeMeHH IIpOJieTa npe
pbiEHCTble - 06Hl1HOMY ~wpaRTOMeTpy. 

PHo.4 CocTaBHHe aJieMeHTH rrpoeRTHpyeMOR yoTaHOBRH ~~ mccJie~oBaHHH 
cTpyRTYPH 6HoJiorHqecRRX nemecTB Ha peaRTope HEP-2: 

Cl. - rrpepHBBTeJID ~JI.fi orpaHatieH:rui cneRTpa HeHTpOHOB; 
IVC - HsorH,yTRH Hei1:TpoHoBo~; ~ - roHHoMeTp o6pasua; 

(/;)A - ~eTeRTOpHa.a: CHCTeMa; C l. - MO~JIHpy:IOlid npepbiBa-
TeJID ~Jifi arraJIZsa aHeprm:m: pacoeHHHErX Hei1TpoHoB; A - ItpHcTaJI 
JILI-OH8JIH38TOpH. M. - XOJIO~m:lii 38Me~JIHTeJI&, R_ g_ - CTeHLI 
3811WTH peaRTOpa. 

PHC.5 0THOCHTeJIDHOe rrponyCRBHHe He~TpOHOBO~OB: 
a) npmvmro, c ROa~zum:eHTOM )TpaJKeHM 1<. = 0, 98; 
6) HsorHy"Toro, c R. = I H .B) MsoreyToro c R = 0, 98. 

Pm:c.6 K onpe~eJieH:IifiO OnTMM8JIDHOrO B·3PHBHTB HeiiTpOHOBO,IUIOR CMCTeMH. 
06~cHeHHH B TeRCTe. 

PHC. 7 ITOJIOCbi IlpOIIyCitaHM (no BpeMeHH H ~.mme BOJIHH) npepbiBBTe~ 

~JI.fi orpaHHqeHL:UI cneRTpa IIpH ·~aOTOTBX nOBTOpeHHR RMIT,YJIDCOB 
oT pea:rcTopa n IO ru H 5 ru. 

Pmo.B Yr~ npameHRH ~~ roHHOMeTpa o l1eTNpDMH KpyraME. 
( l1eTBepTd Hpyr - npameHm:e liO ~ G ) • 
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P:~w.9 CxeMa ysna ;cr.MI aHamma aHeprm;I paccemnrnx He:f.iTpOHOB. 
Ct2 - MO;ci.YliHpYIOIIWIH npepbiBB'l'6.7ffi; g - o6pase:o;; 

A - KpHcTann-aHanHsaTop; ~ - ;cr.eTeKTOpR. 

PBc.IQ K 00MCH6HIDO IlpHHI.UIITa pas,n;eJ.:eHIDI cneETpOB, COOTB6TCTBYIQU.L¥DC 
pasnnqHHM nopf.UU~aM (I, IT, ill) OTpaxeHRff EpncTannarvrn:-aHanM
saToparvrn:. 

Pnc.II KoHTYPR paBHoro paspemeHrur :E oc5paTHOM npocTpaHCTBe ;cr,JUI 
rrpoeRTnpyeMoro .n;nwpaKTOMeTps. 

PliW.I2 0iKH,D;861VIbi6 JIJHTerpaJI:oH1I6 HHT6ECI1:BHOCTH (HeiiTpOHbl B C6RYH.1J.Y) 
,n;ncppai~:o;HOHHbiX M8RCHMyMOB ,D;Jffi oc5pa 3D;8 MHOrl!Oc5HHa Oc5~eMO M 

B 25 MM3 B ,D;HWP8RTOMeTpe ITO BpeMeHH DpOl!eTa Ha peaRTOpe 
MEP-2. Hsoc5pa~eHR EOHTYPR paBHoro 3Ha~eHRa HHTerpaliDHO:f.i 
J.iiHT6HCHBHOCTH. 

PHc.I3 KOHTypbi paBHOro 3Ha~eHHH OiK~,n;aeMOH ITHKOBOH HHTeHCHBHOCTH 
(HeHTpOHbl Ha BpeMeHHOM .I\8H8.7l B 64 MHKpOCe~) ;ci.MI ,rr~{fJpaK
UHOHHbiX MBKCHMy.MOB oc5pa3:o;a MHOrl!Oc5KHa Oc5~eMOM B 25 MM3• 



I 
I 
I 

p lAc f 

r Jr:" ( t] 

.. ·-~I ------
4 

"-.! 
5 



' ...... 
I 
0~ 

I. 
I· 

'"-...I' c:::r 



0 

" 

-~ I 

N 
I 

-C"") 
I 

..:t 
I 

~) 



I :I 

·'' 

. ~·. ' 

-' 
' 



"< 
-----------r----------~,~ ~----~- ~ 

00 
en 
() 

, I 

I 

I 
-j ll"_) 

I 

,f: 

- C'-,J 

d 
~~ L_ __ _j~------------~~~.----------~~. 

~ ~ 

lo 

tJ 

:s 
0... 



"--
~ 

"" ~ -
n 
~ 

A:· 

'---. ~ 
c:::::,· 

ll'iol 

~ 
(J 
~ 

-~ 

/ 

~~~ 

C'-..J 

....... 
I 

~ 

V) 

i 
! 

c"-J 
' I ' 

~ 

CJ 

:s 
c..... 

,, l 

I 
. ~ I J 

I 

1\.' > . I ....... _. 

I 
i 
·~ 

I I" ' 

> j ,::_: 

i 

. 



TIt I 

f•IOI/1 ,5: 

10 15 /(mSI!C) 20 I I • 

I I I -10 15 241 25 A (AI JO 

' \2 f•5NL 

' ' 10 20 

IJ 5 10 16 211 25 .llA.I JO 

Pv.c:. 7 



. ' 

w· 

'+I 
I 

7)'¢ 
/ . . 

I 

I 

~B 

Puc. g 



. . 

. I 

. I 
·, 
~· 

I 
i 

I I 



I . 

Pu~. I O; 



3 
[j 

rd-'J 
2 

1 

1 

Puc. 1 f 



\ 

I 
\ 

' .. --· "' .. "' --·--· - .- ......... '" ... .. 

. Puc. f 2 

'' 

' .... ' . ·. 



! 

~ 

' ..... i 
. . 

\ 

,. 
I 

,I 

. \ 

I . 
' 

i g 3 

.·.: (A-'J 
2 

' 1 

1 

i 
, I 
. I 

' 
t 

.. 

' ~:-

I 
I 
I 
I 
' 

i 
. i 

I 

I . 
I 

. i 

I 

Puc. 1 ~>: 


