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, . BBe,ZJ;eH~e ·· 

Knacc:i;rqec:I<IIH Bpe1uinpoJieTm.m (BIT) Meio.n; mMepeHIDI• pacnpe.iie:-
. JieHIIJI "t!acnm: B ny-qI<e no, CROJHlCTJIM)I 3Hepr.RR 0CH0BaH Ha MOµ)'JIJIIUIB 
. nx .noToRa Bo Bpeirnmr, HanpIIMep, c noMonu,ro .zci:icRa, B RoTopoM·BI,Zpe
·aaiia ya~aJI mem., H perHCTpa:t~IDI lIHTeHCHBHOCTlI npome,znunx -qac-nm Ha 

Ilp?JieT~Oi\: 6a3e.BO Bp~?v.!~IDI. J1cno~30Bamre OJ(HOll(eJieB?rO (aa BpeMJI lI;-' 
Mepem) npep:r.rnaTeJIJI noaBoJIJieT Henocpe.n;cT:eeHHo pern<;Tpn:ponaTI> BII
cneRTp n;rrna.:' ,I{JIJI .JJIY'Illie~.paapemeru ~eo6xo.n;nMo YBemromaTI, 

npoJI~THYIO . 6aay: n Y}iemmaTI, npo~TpaHCTBe.H~e pa3Mep:r.r meJilI ,n:ncKa~. 
.npepliaaTeJIII .• B _CBJI3lI 'c 3l'IlM, 'OCHOBHI.IM He.l(0CTaTKOM RJiaccwrnci<Oro r • 

· BII~Mew.zi:a HDIDieTcJI, np~RTK'IecRII rroJIHM noTepJI ny:'Il{a Bo, npeMJI n:1~·, 
Mepemni:: ~ Mri.rrrur 3cpcpeRTIIBHOCTI, Ha6opa HHq>opMamu~, nepirno~RMOfi 
iipom:e,n;nrmui! tjepe~: me:% qacTE:r(~Mll. IIoMIIMO noro, TaK '!{al{ myM0BaJI 
ROMiroHeHT~ 'pefncTpnpyeMO;O cnrHaJia 'ocTa~TCJI npaKTlI'IeCIIB HeH3Me~- ·• 

. HOH, 0TH
0

0J1IeH1I~ Clil'HaJI/IIIY1f npn ynyqmeHHlI paapenremm p~3I<O yMe~~{ 
m:aeTCJI.

0 

:,CnTyaIPUI yxy,iinraeTCJI· npn' HCil0JII,30BaHHR MHoro.ria2K<>BI.IX ·ce~ :, ' 
' JI~RTO!)OB CI<Opo~Teii, ~OCROJiI,Ky ~:noM CJIY,Ciae BII-crreKTp CTpo6npyeTCJI . 

C IlOMoll(iro J(OilOJIImTe.iri.m,rx )UICI<OB.: , ... · . . .. , ·. · 'ii_'\ 

, ,.,. I1a6e~aTI, 3Ha'IHT~~HI.IX noT~pI,, ny'Il<a ,B~ ·BpeMJI 'H3~epemrii Bb3;-\ 

Moaaro UpH nep~xo.n;e OT MexamrqecKoro npephlBaTeJIJI 'K npep:r.rBaTeJIIO B .i 
BH.n;e BHj'Tpe~efi MHmeIIH, IlOJIBJIJIIOll(eiicJI B ny"t!Ke ~a K0pOTKHH '.npoMemy
'TOI{ Bpe~emr lI BI.IlIOJIRJIIOm~tt po~ memr,.n;JIJI iacT~ ny-q&a IIpOB3a:m.io.n;ett-

' ~TBoBirn~ C Miruie~ro' (~TOpH'UII.IX qacT~): <B onpe.n;~Jiemmx CJIY"t!MX 
' ( 3aBn~;rnmx · OT ·. xapaICTepa .· BJam.ro.n;eiicTBHJI) ceJieKTlIBHM .• pernc:rpa~, 
'BII-c~eRTpa.ii:m/~a~;:im .n;~eT mi:q:iopMan:mo 

0

0' BII-xapaKTepHCTlIRaX nc~' ,' 

xoi:irroro ny~~: (),n:HriKri .npn,Mairoii BepOJIT~OCTH B3amro.n;eil:CTDIDI ny1IRa: 
', : , , , · .,_ , .,~ - .'- i • ,. . , ._ ', . : ._', , ,. ,.: '. · .. , ' ' , , · "1' l. 

C 1f~eHI,!O; 3T0 :noTpe6yeT 3HaqRTefilJi0~O 'yBeJIH"t!eH~ ~peMeHII H3Mepe:-
HH:ii.. ,[(JIJI cpopMirponanrur Heo6xo,n:nMo:ii BHyTpeHHeii MlillleHH na Heitxpafil-

. ~. ( 3ap~eHH1iC~) ~aCTfil( H~ q)OTOHOB, M0}ReT 6I,ITI, HCIIoJii.:io1JaH ~~x·rurn:- ' ' 
qecKHii HJIH an:e~TpOMarHHTHI.Iii npep:r.rBaTeJTh,. JIH6o 6:r.rcTpo.n;e:ttcTBy~ll(liii 

aKJCTOOilTK'IeCICIIH 'nJIH an:eKTJ)OOilTH"t!eCIIBii aax:aop Jia3epHoro · H;JI.Y"t!eHIDI ... 
• B. n~cm~~ ceytjaJIX MO}IQIO na6emax1, ,HeRo;op:r.rx npaKrnqe~ :rpyimo-

' CTeii, ~BJI3amruX C CHHXp0IIH3a:tmeii MeX~~-qecKHX H 3JieKipommx ROM-. 
. Il0HeHT0B ·~HCTeM~. ho.n;o6n"an:: M~.n;ep:rm3~:tmJI ~acc:i<lecKoro BII-MeTO.n;a 

·. peaJIII30BaHa, i=rnnpm.rep, B pa6o~ax [i;2J 0

.ll:JIJI 3KCnep~eHTO~ .~ ny'IKor.i 
HH3Kcianeprei~ecirax neiiTpafilmix -qacT~, Boa6y~aeimx n:aaepm.rM H3- · 

Jiy"t!~I3:HeM (MeT<?.n:, Meqem.rx a~oMounJIH MOJieKy~). B T<>·;R~ Bpe~ .LtJl!I nc~· 

TO"t!HHJ\0B HOH~~ ,B~p0JITH0C'.l:I, pom,n:~IDIJI ncuom.ayeMI,I,X BTOP~1mix -qa'c:r~ 
' \ ,; "! 
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Ha ocTaTo'IHOM raae (1Jb) M0JiceT 0nITI, necr,Ma 6om.IIIoii. B aToM CJIY'lae 
ceJieICTlIBH0e BnIJ:(eJieHIIe CHrHaJia H3 IIOTOICa q>OHOBLIX 'lacTim B o6JiaCTH' 
.n;eTeICTOpa HeB03M0)IDJ0 o6ecrre'IIITI, HlI IIpH KaIUIX IIJIOTH0CTJIX IICIIOJlI,3ye
MOH BHYTP'eHHeii MIIIIIeHII. B qacTHOCTH, 3T0 IIMeeT MeCTO IIpII rrepeHOCe 
rrpe.n;JiomeHHoro B pa6oTe [3] Mo.n;epHII3IIp0BaHHoro Bil-MeTo.n;_a HeB03My
m;arom;eii .n;IIarHoCTnRII rryqICa 110 HeiiTpam.nw BTopIIqHliIM qacTimaM Ha 
IICTO'IHIIIill IIOHOB H- (1Jb ~ 0.2 7 0.l!). Mcrrom.aoBaHIIe .me caMoro II0T0ICa 
q>OHOBliIX HeiiTpam.m,IX 'laCTIIII; .n;JIJI 3a.n;a-q ,n;IIarHOCTHirn: rryqica Ha IIOBO-, 
pOTHliIX y'laCTICa:X: ICaHaJia TpaHCIIOpTIIp0Biill COIIpJDReH0 co 3Ha'lllTeJlI.HliIM 
llCICamemreM llHq>OpMaII;IIII II3-3a IIJIOXOH rrpocTpaHCTBeHH0H JI0ICaJIHaan;1m 
ee lICT0qHHKa, a TaICme BliICOKOH aq>q>eICTlIBHOCTll 06,n;IIpiill IIOHOB H- 6oJiee· 

~ I HlI3IillX 3HeprIIlI Ha OCTaTO'IHOM raae B ycIC0pJIIOll(eM rrpoMe.myTICe. 
.ll:JIJI yneJmlieHHJI 3q>q>eICTlIBHOCTlI Ha6opa IIHq>0pMan;IIn: B paccMa

TPIIBaeMOM MeTO.n;e .n;IIarH0CTHiill Heo6xo.n;IIM rrepexo.n; IC MHorom;eJieBoMy rrpe
p.r,rnaTeJiro, He ncKa.marom;eMy Bil-crreICTp aa npeMJI II3Mepemm. 8To B03-
MmRHo IIpII MO,n;yJIJIII;IIII rryqICa BO BpeMeHII,6JIH3ICOH IC q>ll3lI'leCICII Heoc~e
CTBIIMOMY 6eJioMy IIIYMY ( aBTOKoppeJIJIII;IIOHHaJI q>ymo::ura paBHa 8-q>ymcn;1m). 
,I{JIJI rroeyqeHHJI IIHq>OpMaII;IIII 0 CIIeICTpe C MllHHMaJlI.HhlM lICICa.memreM aJI
ropIITM MO,n;yJIJIII;IIn: J:(OJIJICeH COOTBeTCTB0BaTI, TaK Ha3nIBaeMOH 0IITllMam.HOH 
rrceBJ(0CJIY'laHHOH IIOCJie,n;oBaTem.HOCTII, MaICCIIMam.Hoii 3a Bpel\fJI II3Mepe
HlIJI JJ;JIHTem.nocTn: [4]. B omwme '-OT I<Jiaccn:'lecICoro BapIIaHTa rrpJIMLIX 
n:aMepemm, rrpII rro.n;o6noii Mo,n;yJIJin;IIn BIT ~crreICTp rryqICa orrpe.n;eJIJieTCJI 
B3allMHOH KOppeJIJIII;IIOHHOH q>ymameii II0T0ICa qacTIIII; Ha .n;eTeICxope II rro
CJie.n;oBaTem.H0CTll MO,n;yJIHpyrom;IIX IIMrrym.coB. HeaaBIICllMO' OT JJ;JIHHnI 3TOH 
IIOCJie.n;oBaTem.H0CTlI IIpII ICoppeJIJIII;ll0HH0M MeTo.n;e rryqoIC He rrpepnIBaeTCJI 
HeCICOJThICo .n;om.IIIe rroJioBn:HnI o6m;ero BpeMeHII li3MepeHHii. B peaym.TaTe 
3T~ro IIOTOK' 'IaCTHI( Ha .n;eTeKTope rrpaKTn:qecICII He 3aBIICllT OT JJ;0CTHrae
MOro BpeMeHHoro paapeIIIeHrur, 'ITO JIBJIJieTCJI cym;ecTBeHHnIM J:(OCTOHHCTBOM 
.n;annoro MeTo.n;a no cpaBHeHHIO C ICJiaccn:qecICIIM. B 3aBIICllM0CTH OT Tnrra 
qacTn:n; n: neo6xo.n;IIMoro paapenreH~ .rrpII ICoppeJIJIII;IIOHHfilX H3MepeHHJix 
Bil-crreKTpa IllIIpoICo_ ncrrom.ayeTCJI KaK aJieKTpII'IecICaJI [5], TaIC n: ·11exaHII
'lec::ICM [6] M0,n;yJIJIII;IDI ny~ma. Y.n;aqnoe coqeTaHHe' rrpene6pe.mn:Mo MaJinIX 
IIOTepr, rry'll{a IIpII lICII0JlI.30BaHHH TOHKOH BHyTpeHHeii MlIIIIeHH II BliICO
ICOH aq>q>eICTllBHOCTll rroeyqeHIDI IIHq>OpMaII;IIII O ero napa1rexpax IIpII rrce
BJ:(0CJiyqaiiHOH MO,n;yJIJII(IIH JJ;0CTIIrH}'T0 n rrpe.n;JiomeHH0M n paapa6oTaHHOM 
B pa6oTaX [7-10] ICoppeJIJIII;llOHHOM MeTo.n;e HeB03Mym;aromeii_.n;IIarHOCTIIIill 
rry'!Ka nonon (RM.ll:11). · 

j 0& ltJ:;11:t:;:iiO &.i~ryr-f · 
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1. IDII31PieCl{He OCHOBLI l{OppeJIH:QJIOHHOro MeTO'Aa 

HeB03Mym;arom;eii 'Allal'HOCTHl{lf nyql{a 

<I>n3IPieCROH OCHOBOH HeB03Mymaromnx Roppemm;nOHHhlX II3MepeHnfI 

BII-cneRTpa nyqRa JIBJIJieTCJI ncnom,3oBaHne TaRoro B3amrn.n;ei1CTBIIJI IIOHOB 

c BHyTpeirnei1 MHruem,ro, rrpn RoTopoM po»<,n;aIOTCJI B:ropnqHhle qacTnn;hl, 

nMeromne npaRTnqecRII n.n;eHTnqHHft cneRTP n .n;orrycRaromne nx n36npa- . 

TefilHYIO perncTpan;nIO 6e3 B03.n;ei1cTBIIJI Ha nyqoR. IIpn 3TOM Bhl6npaeTCJI 

TaRaJI 1mruem,, qTo6hl ee BJIIlJIHIIeM Ha rryqoR MO.lRHO 6bIJIO npeHe6peq1,, a 

BbI6paHHhle nmpopMan;noHHHe DTopnqHhle qacJ;IID;hl (MH-qacTIID;hl) IIOBTO

PJIJIII BeJIIIqIIHY II HanpanJieHIIe· cRopoc:rn npoB3anMo.n;ei1cTBODaBrunx no

HOB C Tpe6yeMOH .n;JIJI II3MepeHni1 TOqHOCTI,IO. Ha. nonopOTHI,IX yqacTRax 

RaHaJia TpaHcnopTnpoBRII nyqRa B 'RaqecTBe MH-qacTnn; MoryT 6bITb nc

nom,JoBaHH npo.n;yRThl pa3B~Jia nJin nepe3apJI.n;RII noHOB Ha 3oH.n;upyromei1 

MnrueHn u noRII.n;aromIIe rryqoR npaRTnqecRII 6e3 ·Bo3MymeHIIJI nepeHocnMoi1 . . . . 
HMH IIH<popMaD;IIII. ToqHo_CTI, COOTBeT~TBHJI HX pacnpe.n;eJieHIIJI II H3MepJI-

eMoro B nyqRe no DeJIIIqnHe ( B 0TH. e.n;.) lI HarrpaDJieHHIO ( B pa.n;.) CRO

poCTH HOHOB B HepeJIJITHBHCTCROM ceyqae MOJi{eT 6bITI, on;eHeHa BeJIIIq}IHO:ii: 

~ 2(M;/Mp)(µpo~p/M;E;) 0·5 , r.n;e _µpo - npnne.n;eHHaJI Mace~ MH-qacTHD;hl 

n ocTanruei1cJI qacTu noHa rrpn ero pa3pymeHnn, HJIII M:acca aJieRTpoHa 

npII nepe:iapJI.n;Re; M;, E; n Mp - Macca noHa, ero aHeprHJI n 1rncca MH
qacTIID;hl ~ooTBeTCTDeHHO. cp rrpHHIIMaeTcJI paimoi1 aHeprnn cpo.n;cTBa ne

peHOCIIMoro aJieRTpOHa (le') D IIOHe HJIII MH-qaCTIID;e (n c.rryqae 3aXBaTa 

3JieRTpOHa) npII nepe3apJI.n;HOM npon;ecce JIII6o· 3HeprHII cpo.n;cTBa MH
qacTIID;hl (Ip) B IIOHe npir ero pa3DaJie ria RopnycRyJIJipHo:ii: MIIIIIeHH. Cyme

CTBeHHOe yJiyqrueHIIe ToqHOCTH 'COOTBeTCTDHJI pacnpe.n;eJieHIIH MOiReT 6bITI, 
' • • ! . ' 

.n;ocTIIrHYTO B cJiyqae IIOHOD, .D;JIJI ROTOpbIX MO.lRHO peaJIII30BaTb OI(OJionopo-

roBbIH pa3BaJI C po»<,n;eHIIeM MH-qacTIID; Ha 30H.n;upyromeii: nyqoR q>OTOHHOH 

MIIllieHII. B 3TOM CJiyqae .D;JIJI HeITOJIJipII~ODaHHO:iJ: MHilleHn He06XO.n;II~O no

JiaraTI, cp ~ nw - Ip, r.n;e_ 1iw - ;HeprIDI q>OToHa B cIIcTeMe noRoJI IIoHa. 

IIpIIBe.n;eHHhle TOqHOCTII COOTDeTCTBHJI pacnpe.n;eJieHII:ii: noeyqeHhl H3 aHa

JIII3a .n;nqiqiepeHD;HaJII,HI,IX_ceqeHII:ii: .n;JIJI pa3JIIIqHI,IX TII_noB IIOHOB, MIIIlleHeii 

n lIH-q~cTIIn;, a T~R~e npe.n;craBJI~HHHX n pa6oTe [11] pe3ym,rnToB. Ha 

npJIMOJIIIHeHHIJX yqacTRaX RaHaJia TpaHcnopTIIpOBRII nyqRa, . .IUllI HOHOB . .no

rrycRaromux Jia3epHoe Bo36y»<,n;eHne, npe.n;cTaBJIJieT HHTepec HeRoTOpaJI Mo

.n;epHII3aD;IDIIIcnom,3onaHHoro B pa6ornx [1,2] 1reTo.n;a, Ror.n;a 30H.n;upyromnii: 

Jia3epHhli1 eyq pacmenJIJieTcJI Ha .n;na, o6eyqaromIIx rryqoR B Haqam,Hoii II 

R~HeqHoi1 ToqRax npoJICTHoi1 6a3hl. IIepBhlli eyq CJIYiRIIT .n;IDI qiopMnpo

BaHHJI MH-qacTIID; D BII.n;e B036y»<,n;eHHI,IX HOHOB C .D;OCTaToqHO 60JII,IllIIM 

'j"¥~1/\f"~'.J!; 4, ,. 
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npeMeHeM iRil3HII, a DTOpoii: - .n;JIJI II36npaTeJII,Hoii perncrpan;nn HX noToRa 

Ha q>OHe nyqRa no BTOpII~IJM q>OTOHaM CTIIMYJIIIPODaHHoii: q>JIYOpecn;eH

D;lIII. IIpn 3TOM Ha yqacTRe perIIcrpan;nn MOiReT 6IJTI, IIcnom,JoBaH OT.n;em,

Hhlii Jia3epHIJii: eyq c OTJIIIqarome:ircJI aHeprIIeii q>OTOHOB .n;JIJI nepeBo.n;a lIH

qacTIIn; B .n;pyroe RBaHTOBOe COCTOJIHile C MaJihIM BpeMeHeM iRil3HlI. ll3-3a 

MaJioro nMnym,ca norJiomaeMIJX q>oToHoB npn ncnom,3onamm: no36y»<,n;eH

HhlX noHOB B RaqecTBe lIH-qacTnn; .n;dcrnraeTCJI 3HaqnTefilHO eyqmaJI Toq

HOCTb COOTBeTCTBIIJI BII-cneRTpOB, qeM B paCCMOTpeHHOM BI,Illle napnaHTe 

C pa3BaJIOM IIJIII nepe3apJI.n;ROii: lIOHOB. 

.ll:JIJI peaJIII3aD;IIII HeB03Mymaromeii: .n;narHOCTIIRII nyqRa Ha OCHOBe 

30H.n;npyromeii: BHyTpeHHeii MIIllieHn lI RoppeJIJID;lIOHHOro aHaJIIIJa ncnoJII,~ 

3YIOTCJI TeCTOilI,Ie I1H-qacTlID;hl. B n.n;eaJII,HOM ceyqae no.n; TeCTOBIJMlI no.n;

pa3J1IeBaIOTCJI qacTIIIJ;I,I, aBTORoppeJIJID;HOHHaJI q>YHRD;HJI n~TORa Wp(t) RO

TOpbIX nporropn;noHam,Ha· nepno.n;HqecRoii 8-q>yHRD;IIII ( ncen.n;oceyqaii:Hhlll · 
IlOTOR) . . 

+oo +oo 

RPP(t) = j Wp(T)Wp(T - t)dT = const L 8(t - kT). (1) 
· -oo · k=-oo 

.ll:JIJI po»<,n;eHHJI TaRIIx lIH-qacTnn; Heo6xo.n;nMo qiopMHponaTb "II.n;eam,eyro" 

1rnrueHb C ncen.n;oc;ryqa:il:Ho MO.n;JJIIIpOBaHIIOH BO BpeMeHlI nJIOTHOCTbIO 'Vt(t). 
IIpocTpaHcTBeHHaJI JIORaJIII3an;HJI 11inneHII .n;oJI.lruia 6bITb 'raR01i, qTo6hl, npII 

HelI3MeHHOM 3a BpeMJI lI3MepeHIIJI TORe Il)rqRa IlOHOB, IIOTOR po»<,n;aromIIXCJI 

Ha Heil: qacTIID; a.n;eRBaTHo oTpamaJI oco6eHHOCTII npeMemioii: Mo.n;yJIJin;nn 

MIIIUeHn 

wp(t) = const. w,(t)._ (2) 

IIpnne.n;eHHHii: R03<p<pIID;HeHT nponopD;IIOHaJII,HOCTil onpe.n;eJIJieTCJI nOTOROM 

na.n;aronm:x Ha MHilleHb IIOHOB II ceqeHIIeM po»<,n;eHHJI TecToBi.rx lIH-qacTnn;. 

lIMnyJII,CHa_JI xapaRTt:lpIICTIIRa h(t) npoJieTHOii: 6a3hl L OT MIIIlleHlI .n;o .n;e

TeRTOpa 0.n;H03Ha~o CBJI3aHa C pacnpe.n;eJieHHeM 11:H-qacTIID; no CROpOCTJIM 

v;, (t = L/½,) IIJIII 3Ht:lprnn Il onpe.n;eJIJieT 3aBilCilMOCTI, HX noTORa fp(t) BO 

BpeMeHII Ha yqacTRe .n;eTeRTIIpOBaHHJI 

+oo 

fp(t) = J h(T)Wp(t - T)dT + /b(t); (3) 
0 

r.n;e /b(t) - noTOR <poHOBhlX MH-qacTnn;, o6pa3yromuxcJI np:n: B3aHMo.n;eii:

cTnIIn IIOHOB C ROMIIOHeHTaMJI OCTaToqHoro ra3a. C yqeTOM (2) Il He3aBII

CIIMOCTII '1! P n /b noeyqaeM, qTo II31:epeHIIe B3aHMHoii: RoppeJIJin;noHHoii: 
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<pymrn;mr Me)R)]y IIOTORaMil 1IaCTill:J; IlJIIl q>OTOHOB ":rr.neam.Hoii" MilllieHil 

(Wt) n I1H-1IacTHU: B o6JiaCTil .n;eTeRTilpOBaHilJI (JP) II03BOJIJieT BLI.n;eJIIlTI> 

rrepno.n;n1Iec1UI IIOBTOpJIIOIIJ;YIOCJI IlMIIym.cHyro xapaRTeplICTilRY rrpoJieTHOii 

6a3LI (Bll-crreRTP) 

+oo +oo 

R'P(t) = j w,(r)Jp(r - t)dr = const j h(r)RPP(t + r)dr = 
-00 0 

+oo 

= constLh(t- kT). (4) 
k=O 

B peam.HOM CJIY1Iae BHyTpeHHJIJI MilIIIeHI> Il IIOTO,K poiK,D;aIOIIJ;IlXCJI Ha Heii Te

CTOBLIX I1H-1IacTnn: .n;oJIJRHLI 6HTI> TaIUIMil, 1IT06H cBepTRa h*RPP rrpaKTH1Ie

cIUI He Il3MeHJIJI~ <pyHKIJ;lIIO h(t). B COOTBeTCTBlllI C [12] ;TO ycJIOBile 03Ha-

1IaeT, 'ITO rrepno,!J;lI1IeCIUI IIOBTOpJIIOIIJ;IliiCJI 3Jie1IeHT aBTORoppeJIJIIJ;lIOHHOil: 

<pyHKIJ;IllI CllrHaJia Wt ( t) ,ll;OJDI{eH rrpe,n;cTaBJIJITI, co6oii ,n;ocTaTolIHO yaRyro 

BO BpeMeHII RpIIBYIO C II11Ip1IHOH 6. ~ Tmax, r,n;e h(t)= 0 rrpII I t 12:'. Tmax, 
a ee rrepIIo,n; .n;oJDReH y;n;oBJieTBOpJITI> ycJIOBIIIO T > 2Tmax· Ha rrpaRTIIKe, 

IIplI lI3MepeHIIII B3alIMHOii KoppeJIJIIJ;HOHHOH <pyHKIJ;IllI, BMeCTO IIOTORa fp 
ncrrom.ayeTcJI rrporropn:noHam.HHii eMy cnrHaJI or ,n;eTeRTopa I1H-1IacTnn: 

co CBOlIM co6cTBeHHLIM IIIYMOM. 'llpII rro,n;o6Hoii 3aMeHe HeKoppemipomrn

HOCTI, 3Toro IllyMa C MIIIIIeHI>IO OCTaBJIJieT HeII3MeHHfilM BLipruReHIIe ( 4). 

MOHY 

y 

a." ILz ~:i~~_z~ __,_...- ~~ 
I 

L - ·-- ~ 
Pnc.1. CxeMa HeB03Mym;arom;nx RoppellHD;IlOHHLIX H3MepeHn:lt rra

paMeTpoB rryqKa llPHOB Ha IIOllOpOTHOM yqacTKe KaHaJia TparrcrropTil

pOBl(Il. Pacrrpe,11eneHne rp(Y')IY=Jix rryqKa orrpe,11e.l'.JieTCJI rncTOrpaM

MO:lt rp( q)1s=Jix IIOTOKa TeCTOBLIX MH-'laCTl~D; rra ,11eTeRTOP~-

O6o6meHneM paccMoTpeHHoro BHIIIe MeTO,n;a 11aMepeHilJI Bll-cneRTpa 

JIBJIJieTcJI 11crroJI1>3oBaHne o,z:tHoii nepeMemaromeiicJI, HanpnMep B,n;oJll> ocII Y, 
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JIIl6o HeCR0JII,IUIX <pIIKCIIponaHHfilX n paa,n;eJieHHLIX npyr c npyroM B npo

CTpaHCTBe BHyTpeHHilX MIIIIIeHeii ( CM. pIIC. 1). 8TO Il03B0JIJieT rrpoBO,!J;IlTI, 

HeB03Mymarom11e KoppeJIJIIJ;UOHHfile H3MepeHUJI xapaRTeplICTIIR rryl!Ra B II0-

rrepe1IHOM (Y, Y')-<pa30DOM rrpocTpaHCTBC. B qacTH0CTU, IIpII UCilOJll>30Ba

HIIlI "n" "II,n;eaJll>HfilX" HIITCDil,lJ;HI,IX BHYTPCHHIIX MIIIIICHeii II "m" JICHT01I

HHX CIICTCM ,ll;CTCRTIIpOBaHilJI Ha Ra)R)]yIO MIIIIICHI,, rroeyqaeM aHaJior1I1IHOe 

( 4) MaTpU1IHOC COOTHOIIICHile ,ll;JIJI "n.x m" RoppeJIJIIJ;IIii MC)R)]y <pyHKIJ;UJIMII 

W15 (t) n fpq(t), cooTBCTCTByromIIx "s"-l'i MUIIICHH (s = l, ... ,n) II "q"- ii 

CHCTCMe ,n;eTCRTilpOBaHHJI (q = I, ... ,Im) 

+oo +oo 

R';q(t) = Bsq J hsq(r)Rf:(t + T)dr = Bsq L h.q(t - kT). (5) 
O k=O 

llpn 3TOM IIOJiaraeTCJI, 1ITO IlOTOIUI TCCTOBfilX I1H-qacTHIJ; Ha yqacrKe ,n;e

TCRTHponaHilJI He rrepeKpLIBaIOTCJI MC)R)]y co6oii. I1Mrrym.cHaJI xapaKTepII

CTIIKa rrpoJieTHOii 6a3fil hsq ( t) onpe,n;eJIJieT ux pacnpe,n;eJICHUe IIO CK0pOCTJIM 

B Bfil,ll;CJICHH0M "s - q" HarrpaBJICHlIH ( <pHRCHpOBaHfil y H Y'). llpII ROp

peKTllpOBKC pe3yJll>TaTOB cnepTRH R O,ll;HOpO,D;HOH MHIIICHH (Wts = Wt) H 

IIcrrom,aoBaHIIH HopMupoBIUI J hsq(r)dr = l rroeyqaeM MaTpnn:y Bsq, ROT0-

paJI onpe,n;eJIJieT pacrrpe,n;eJieHne TecTOBfilX I1H-qacTnn: (rryqRa) n (Y, Y')
<paaoBoM rrpocTpaHCTDe. 

8<pq>CKTHBHOCTI, npe,n;JI0}I{CHHOro MCT0,D;a KoppeJIJIIJ;IIOHHfilX ll3Mepe- ' 

HUH Bll-crreRTpa rryqKa HarJIJI,D;H0 ,ll;CM0HCTpnpyeTCJI rrpn yqeTe <pOHOBhlX 

ycJIOBHii ,ll;JIJI HCIIOJll>3YCMOro <pH3H1ICCKOro rrpon:ecca poiK,D;CHilJI TCCTODI,IX 

I1H-qacTUIJ;. B CDJI3H C TeM, 1IT0 rrpoJieTHaJI 6aaa JIDJIJICTCJI JIHHCllHOll _CIICTC

Moii, IIpII IIpOBC,ll;CHIIIl Il3MCpCHIIH ITO N ,ll;IICKpCTHfilM KaHa.11:aM DO BpC1ICHII, 

BLipameHne (3) MO}I{HO npe,n;cTaDUTI, B MaTpU1IHOM nn,n;e 

N-l 

fp(k)= LhqWp(k-q)+!b(k); k=O,I, ... ,N-L (6) 
q=O 

C Y1ICTOM TCOpCMH O Bhl60pRC ,n;aHHOe npe,n;cTaDJICHUC HC HCKamaeT UH

<popMaIJ;HIO O Bll-crreRTpe rrpn ycJIOBIIH,1ITO npeMeHHOii HHTepnaJI ,ll;HCKpeT

HI,IX H3MepeHnii HCIIOJll>3YCMfilX BCJIIllIHH He IIpCBOCX0,!J;IlT IIOJIOBHHhl nepn

o,n;a HaHBLICIIIeii rapMoHIIIUI <pyHKIJ;HH w1(t). B npe.n;noJiomeHHH 6uuapuofi 

( II0CJIC,ll;0BaTCJll>HOCTl> "l" H "O") rrcen,n;oceyqafiHoii M0,D;JJIJIIJ;IIH IlJIOTHOCTH 

miyrpeHHC:fi MHIIIeHH BO BpCMCHH H rrpaKTH1ICCIUI II0CT0JIHHoro II0T0Ka <po

HOBI,IX I1H-1IaCTIIIJ; n o6JiaCTlI ,n;eTCRTIIpoBaHUJI, M0}I{HO Il0JIY1IHTl> CJie,n;yro

mne BHpamemui ,n;JIJI onpe.n;eJICHIIJI neJIIl1IHHfil cnrHaJia hq u ero MHHIIMaJll>

uo:fi .n;ncnepCHH B q-M KaJl3Jie ,ll;HCRpeTHhlX H3Mepeuufi xapaRTCpHCTHKH 
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npoJieTHOH 6a3LI 3a nepIIO,ll; T MO.IzyJI/IIJ;IIII MIIIIIeHII ( CM., Hanpm.rnp, [13]) 

N-1 · 

hq + !.. /b = L b;_qfp(i); 
n i=O 

2 1 . -
(

N-1 ) 
a (hq) = n 2 ~fp(i)+Nfb ; q = 0, l, ... , N - l. (7) 

IlpII 3TOM noJiaraeTcJI, 'ITO fb - cpe,n:nee 'IIICJIO <pOHOBLIX HH-'IacTIIIJ; BO 

BpeMeHHOM IIHTepBaJie II3MepeHIIH 6.t = T / N Ha yqacTRe ,n;eTeRTIIpoBa

HHJI, "n" - 'IIICJIO 3Ha'IeHHH "1" 3a nepII<i,n; IICIIOJib3YCMOH .n;JIJI MO.IzyJIJI

IJ;IIII IlOCJIC,ll;OBaTCJibHOCTII a;, a b; - o6paTHaJI R HCH IIOCJie,n;oBaTeJII,HOCTI, 

o:::;:01 
b;a;-k = Oko; k = 0, l, ... ' N:... 1). HopMIIpOBRa BeJIII'IIIH hq B (7) 

orrpe,n;eJIJieTCJI IIJIOTHOCTI,IO MIIIIIeHII, IIHTeHCRBHOCTbIO IIY'IRa II Ce'IeHIIeM 

pom,n:eHRJI TeCTOBLIX I1H-'IaCTIIIJ;. 3Ha'IeHHJI "1" lI "0" fiIIHapHOH IIOCJie

,ll;OBaTeJibHOCTR a; .COOTBeTCTByroT HaJHl'IHIO II OTCYTCTBRIO IIOJIHOCTI,IO rrepe

ceRaromen IIY'IOR BHyTpeHHCH MIIIIIeHII . .l(orroJIHRTeJII,HLIH cpaBHIITeJibHLIH 

aHaJIII3 MO)KHO rrpoBeCTII C IIOMOIIJ;I,IO IICIIOJib3yeMOH B pa6oTe [13] xapaR

TepHCTIIRR G, ·ROTOpaJI orrpe,n;eJIJieTCJI RaR OTHOIIIeHIIe BpeMeH II3MepeHIIH 

.n;JIJI rroeyqeHHJI O,ll;IIHaROBOH CTaTIICTII'IeCROH TO'IHOCTII B RJiaCCII'ICCROM lI 

RoppeJIJIIJ;IIOHHOM BII-MeTo,n;e. B ceytiae OIITIIMaJibHOH 6RHapHOH IIOCJie,n;o

naTeJibHOCTil a;, MIIHIIMII3Hpyromei1 BeJIH'IIIHy ,ll;IICIIepcIIH, 

1 +2R . 
G,;::;:, 2(1+2R/n)' 

(8) 

- - N-I . ' 
r,n;e R = /b/ /p, JP= (l/N) I:i=O fp(z). I13 BLipameHHI1 (7) II (8) BH.n;Ho, 

'ITO RoppeJIJIIJ;HOHHLIH MeTo,n; II3Mepemm BII-crreRTpa npe.LUIO'ITIITeJibHee 

rrpH 6oJibIIIIIX noTORax q:ionoBLIX HH-qacTIIIJ; (R > 1/2), Koma xapaKTe

pIICTIIRa rrpoJieTHOll 6a3LI BLI,n;eJIJieTCJI H3 cpoHa yMeHbIIIeHHOro Ha R03<p-

<pIIIJ;HeHT' 3anIICJIIIJ;IIH OT ,n;JIHHLI MO.IzyJIIIpyromen: IIOCJie.n;onaTeJibHOCTII. 8TO 

II03BOJIJieT rrpeo,n;oJieTb orpaHH'IeHIIe no BeJIII'IHHe OTHOIIIeHIIH CIIrHaJI/IIIyM 

B HeCROJibRO rropJI.n;ROB II ri:poBO,lJ;IITI, II3MepeHHJI B 6e3Ha,n;e)KHLIX ,n;JIJI RJiac

CH'IeCRoro MeTO,n;a ycJIOBHJIX ( CM., HarrpHMep, [14,151). MaRCRMaJII,HaJI 3<p

<peRTIIBHOCTb RoppeJIJin;IIOHHLIX II3MepeHIIH ( Gmax ,;::;:, N / 4) ,n;ocTIIraeTCJI 

rrpH .n;oM1mIIpyromIIx <pOHOBbIX ycJIOBHJIX, Ror,n;a 4R/ N ~ l. BoJiee ,n;e

TaJibHLIH cpaBHHTeJibHLIH aHaJIII3 BII-MeTo,n;on IIpIIMeHHTeJII,HO R IIOTORY 

Hen:TpOHOB HII3RlIX 3HeprIIH npoBe,n;eH B pa6oTax (16,17], r,n;e IIOJIY'IeHJ,I 

aHaJIOrHtIHLie RatieCTBeHHLie BLIBO,Zl;LI. 

TaRRM o6pa30M, npn lICIIOJib30BaHHII 30H,ll;llpyromen: BHyTpeHHeH MlI

IIIeHH lI ROppeJIJIIJ;HOHHOro MeTo.n;a II3MepeHHJI xapaRTepIICTHR IIOTOR§l po-
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m.n:aromIIXCJI Ha Hen TeCTOBLIX HH-qacTIIIJ: MO)KHO peaJIII3oBaT?> HeB03Myma

romyro ,ll;llarHOCTIIRY IIY'IRa IIOHOB. 

2. OcHOBHLie 3JieMeHTLI .n;narH0CTH'lecRoro ycTpoiicTBa 

OcHOBHbIMH 3JieMeHTm,m yCTpon:cTBa ,n;JIJI peaJIII3an;RII rrpe.n;JiomeH

Horo MeTo,n;a ROppeJIJIIJ;IIOHHLIX Il3MeReHIIH rrapaM~Tpon IIY'IRa JIBJIJIIOTCJI: 

BHyTpeHHJIJI MHIIIeHI, C rrcen,n;oCJIY'IaHHO MO.IzyJIIIpoBaHHOH BO BpeMeHH IIJIOT

HOCTbIO, BLICORO'IaCTOTHaJI CIICTeMa H36npaTCJibHOro ,n;eTeRTHpOBaHIIJI HH-

qacTIIIJ; II 6LicTpo,n;en:cTBYIOIIJ:HH RoppeJioMeTp. , 

l13BeCTHLIC CRCTCMLI MeXaHII'IeCROH [6,161, 3JICRTpH'ICCROH [5] lI 3JieR~ 

TpOOilTH'IeCROH [18] MO.IzyJIJIIJ;lIII IIOTORa qacTHIJ; HJIII <pOTOHOB, IIIIIPORO IIC

IIOJib3YCMLie ,n;JIJI <popMnponamIJI MIIIIICHen: B aTOMHOH u HeHTpomion: q:in-

3IIRe HII3RRX 3Heprnn:, RaR rrpaBHJIO, He IIpHrO,n;HLI ,n;JIJI ,n;narHOCTRRH rryqRa 

IIOHOB II3-3a HC,ll;OCTaTO'IHO xopornero Bpe1rnHHoro pa3peIIIeHHJI. B CBJI3II C 

3TIIM ,n;JIJI IIOHOB C nHyTpeHHCH aTOMHOH CTPYRTypon: npII pom,n:emm Te

CTOBLIX HH-'IaCTIIIJ; Ha <pOTOHHLIX MIIIIIeHJIX rrpe,n;cTaBJIJieT lIHTepec B03-

MO)KHOCTI, reHepan;IIII Jia3epHoro II3JIY'IeHIIJI C IICCB,ll;OCJIYtia:ii:Ho:ii: IIOCJICJ(O

BaTCJibHOCTI,IO BeCbMa ROpOTRIIX BO BpeMeHII IIMIIYJibCOB. BJIII3RRH R CToxa

CTH'ICCROMY IlOTOR <pOTOHOB B03HIIRaeT IIpII pa6oTe TBep,n;oTeJibHLIX Jia3epoB 

C 60JibIIIOH IIIIIpHHOH JIIIHIIII rrepexo,n;a B MHOrOMO,ll;OBOM CTaTIICT:JI'IeCRR He-

3aBHCIIMOM peiRRMe ycIIJieHIIJI (cM., HarrpHMep, (19]). B 'IaCTHOCTII, RaR 

IIORa3aHO B pa6oTaX (20-22], TaROH peiRRM HMeeT MeCTO B rrpe,n;eJiaX IIHRa 

CB06o,n:non: reHepaD;IIH Il3JIY'IeHHJI IIMIIYJibCHLIX Jia3epon Ha .IIOHax HeO,ll;IIMa 

B pa3~'IHLIX cpe.n;ax (A ,;::;:, 10600.A). <I>op1m orn6aromen: rrIIIm II03BoJIJieT 

C IIOMOilJ;bIO 3JieRTpOOIITII'IeCROro 3aTBopa II CIICTeMLI ,n;Ic!a<pparM cpopMII

pOBaTI, <pOTOHHYIO MIIIIIeHb · ,n;JIIITeJibHOCTI,IO ~ . 100 -;- 1000 HC· c ,n;ocTa:

TO'IHO BLICOROH lI IIOCTOJIHHOH cpe,n;nen: MOIUHOCTI,IO BO BpeMeHH. IlIIIpIIHa 

anToRoppeJIJIIJ;IIOHHon: <pyHRIJ;IIH H3JIY'IeHIIJI, nanpmrnp, N d+3 : HAr Jia-

3epa' B TaR<>M peHfl™e reHepan;IIII on;eHIIBaeTCH neJIII'IIIHOii 6,. ~ 50 nc, • 

Ilo,n;o6naJI <pOTOHHaJI MIIIIIeHI, rrpn ;06,ll;llpRe Ha Hell OTpnn;aTeJibHLIX IIJIII 

pa3BaJie IIOJIO}I{RTeJII,HLIX 'MoJieRyJIJipHLIX IIOHOB MOiReT CJIYiRRTI, 3<p<peR

TIIBHLIM renepaTopoM TeCTOBLIX HeiiTpaJibHLIX qacTIIIJ;, II03BOJIJIIOIURM R3-

MepJITI, ,n;ocTaTO'IHO ROpOTRIIe BO BpeMeHH RMrryJibCHLie xapaRTepRCTIIRR 

npoJieTHOii 6a3LI h(t). Ha OCHOBe cpaBHHTemnoro.aHaJIII3a CIIeRTpamno

BpeMeHHLIX xapaRTepIICTIIR II3JIY'IeHHJI pa3JIII'IIILIX cpe,n; C IIOH8.Mll xpoMa 

lI HeO,ll;IIMa B O,ll;IIHaROBLIX 3RCIIepHMeHTaJil,HLIX ycJIOBHJIX B pa6oTe '[23] 
rrpe,n;JIO}I{eH <plI3R'IeCRIIH MexaHH3M B03HIIRHOBeH:iur CTOXaCTII'IeCRIIX nyJib

can;nil rrpn CBo6o,n:noil renepan;IIII TBep,n;oTeJII,HLIX Jia3epoB. B COOTBeTCTBIIII 

c HRM ,n;aIIHLill rrpon;ecc B 11an6omIIIeil CTerremi: ,n;oJiiReH rrpoJIBJIJITbCJI ,n;JIJI 
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HOHOB,llMeIOm:nx BHellIHIOIO pa6o'!yIO o60JIO'IKY, ypoBHil KOTopoil: no,zuiepra

IOTCJI B03,n;eil:CTBHIO aJieKTpn'leCKOro IIOJIJI co6CTBeHHOro Jia3epnoro Il3JIY'le

HHJI BCJie,n;cTBne ,n;nnaMn'lecKoro aq>cpeKTa llhapKa ( aHaJiorn'lHO cnTyarurn 

c 3d-o6oJIO'lKOil: TpexBaJieHTHoro noHa xpo1rn). B ycJIOBHJIX rrpocTpaH

CTBeHHO HeO,IUIOpo,IUioro IIOJIJI B aKTHBHOH cpe.n:e, co3,n;aBae110ro CTOJI'!eil: 

BOJIHOil:, rrpocTpaHCTBeHHaJI CTpyKTypa KOTopoil: MeHJieTCJI B rrpon;ecce re

Hepan;un, ,n;HHaMU'leCKHH acpcpeKT llhapKa IIpHBO,n;HT K MO,ll;yJIJID;Illl Koa<p

cpnn;neHTa ycuJieHHJI aKTHBHoii: cpe.n;I,I BO BpeMeHu u He3aTyxarom:uM nym,

can;HJIM HHTeHCUBHOCTU H3JIY'leHUJI. OrrTnMu3an;HJI oTMe'!eHHoro pe,rurna 

reHepan;nn uaJiy'leHHJI pa3JIH'IHLIX Jia3epoB c n;em,ro IIOJIY'leHHJI Han6oJiee 

MO:W:HLIX n 6mI3KilX R rrceB,ll;OCJIY'laHHOMY IIOTOI{OB <pOTOHOB ( <pll3H'leCKHH 

reHepaTop 6eJioro IllyMa <pOTOHOB) JIBJIJieTCJI OCHOBHOH 3a,n;a-qe:fi rrpn paapa-

60TKe <pOTOHHLIX MHilleHeil: ,ll;JIJI KoppeJIJID;HOHHOro MeTO,n;a HeB03Mym;aromeil: 

.n;narHOCTURU IIY'!Ra UOHOB. 

I1pn BTI-naMepeHUJix c perncTpan;neil: 3apmKeHHLIX UJIU Heil:Tpam,

HLIX 'laCTUD;, a TaIORe B Ra'!eCTDe ycuJIHTeJieil: n306pameHHJI ux IIOTOKa 

IllHpORO UCIIOJib3JIOTCJI pa3JIU'lHLie ,n;eTeRTOpLI Ha OCHOBe MURpoKaHaJII>HLIX 

rrJiacTuH (MKTI); Onn o6Jia,n;aroT ,n;ocTaTO'lHO xopollleil: acpcpeRTnBnocTbIO 

perncTpan;un qacTnn;, BeCbMa MaJioil: CROpOCTbIO C'leTa TeMHOBLIX HMIIYJII,

con, CJia6oii: 'IYBCTDHTeJii.HOCTI,IO K BHelllHHM MarHHTHLIM IIOJIJIM, a TaRllie 

xopOillUMU JIHHeil:HLIMil xapaRTepncTnKaMn rrpu BLICOROM BpeMeHHOM n rrpo

CTpaHCTBeHHOM (20-;--50 MKM) pa3pellleHHU (24]. BpeMJI aarra3.n;I,IBaHIIJI OT

RJIUKa IIJiaCTIIHLI Ha BXO,IUIOH IIOTOR n ee Bpe11eHH6e paapellleHne 3aBHCJIT 

OT rrpnJIO)l{eHHOro HaIIpJI)l{eHHJI, ,zurnMeTpa u ,ll;JIHHLI RaHaJIOB. l3 qacTHOCTH, 

,ll;JIJI UCTIOJII,3JeMoil: B pa6oTe [25] IIJiaCTHHLI ,ll;OCTUrHyTLie 3Ha'leH~ 3TUX xa

paRTepIICTUR COCTaDJIJIIOT ~ 150 ITC u :::; 100 TIC COOTBeTCTBeHHO. Bam

HaJI oco6eHHOCTb MKTI cocTonT B TOM, 'ITO oHa MomeT HeaaBncnMo JMHO

maTb BToputiIILie aJieRTpom,r oT qacTun;,norra,n;aromux B pa3JIH'lIILie RaHaJILI, 

n CO'leTaHHU c xopollleil: CTa6nJII>IIOCTI,IO ee rrapaMeTpOB BO BpeMeHII. K He

,ll;OCTaTKaM .n;aHHLIX ,n;eTe:EtTOpon MO)l{HO OTHeCTII 6om.:rnoe (10-;--100 MC. ) 

BpeMJI BOCCTaHOBJieHHJI RaHaJia IIOCJie rrpoxo)l{,ll;eHHJI JiaBUHLI BTOpH'IHLIX 

aJieRTpoHoB ( cM., nanpnMep, (26]). ,[(JIJI JIHHe:finoro ycnJieHHJI noToKa ne

o6xo,n;nMo, '!T06LI pen1cTpnpye1rne aa no Bpe:i.,rn 'laCTHD;LI norra,n;aJIH B Ra

HaJILI MKTI, ,n;ocTaTo'IHO. pa3,n;eJieHHLie .n:pyr oT .n:pyra B npocTpancTBe n 

06Jiat1;aromne TeM caMLIM npeHe6pe)l{IIMO MaJIOil 3apJitl;OBOH CBJI3I,IO. B 

aTOM cey-qae o6ecrre'lUBaeTcJI_ ne:iaBucnMoe y1rnomeHne, a. aMTIJIHTy;n:a BLI

xo,IUioro nMrrym,ca cKJia.n;I,InaeTcJI H3 cyMMLI TOKOBbIX cnrHaJioB o6ey-qaeMLIX 

RaHaJion. B pe)l{IlMe ycnJieHHJI TORa rrpon;ecc cpop1rnponaHHJI JiaBnHLI BTO

pII'IHLIX aJieRTpOHOB B RaHaJie ,ll;OJI)l{eH rrpoxo,n;HTI, B HeHaCLI:W:eHHOM pe,ruurn, 
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tl;JIJI ROTOporo xapaKTepHLI OTCYTCTBlle HeHyJieBoro 1!aKCHMyMa Il MOHOTOH

HLIH crratJ; B pacnpe.n;eJieHnn no aMIIJIHTy;n:aM 0,IUI03JieRTpOHHLIX HMIIYJII>COB. 

113 aHaJIU3a pa3JIU'IHLIX aKcrrepllMeHTaJII,HLIX pa6oT n TeopeTn'!eCKHX MO

.n;eJieil: JiaBnHoo6pa30BaHHJI B RaHaJiax CJie.n:yeT, 'ITO CTerreHI, ,ll;OCTaTO'!Horo 

npocTpaHCTBeHHoro paatJ;eJieHHJI perncTpnpyeMLIX -qacTnn; na BXOtJ;e .n;eTeK

TOpa aanncnT OT paaMepoB RaHaJion n MaTepnaJia MKTI, a TaKme oT,Ko

JIH'leCTBa TIJiaCTIIH B c6opKe, pacc~OJIHHJI n npIIJIOllieHHoro HaIIpJI)l{eHHJI 

Mem.n:y HIIMII. HarrpnMep, B COOTDeTCTBllll co CTaTIICTH'leCKH Han6oJiee ne

pOJITHOH ROH<pnrypan;neii: B036y)l{,ll;eHHJI KaHaJIOB C reRcoroHaJil>HLIM pacrro

JIO)l{eHIIeM, rrpu perncTparurn H0H0D llJIU Heil:Tpam.HLIX tJaCTIID; C aHeprneil: 

.n:o HeCROJibKHX MaB c6opKoil: ua ,zuiyx HJIH Tpex rrJiacTnH, 6ea npoMemyTKOB 

Mem.n:y HHMll, Heo6xo,n;nMo 06ecne'!IITb npocTpaHCTBeHHoe paa,n;eJieHne,npe

BLIIllaromee ,ll;llaMeTp rpynm,r ll3 Tpex HJIH CCMII RaHaJIOB COOTDeTCTDCHHO 

[27]. YRaaaIIHLIC BLIIlle _<paKTOpLI orrpetJ;eJIJIIOT MaKCllMaJII,HO .n:onycTHMbIC 

IlJI0THOCTll IIOTOKa- tJaCTIID; Ha BXO,ll;C ,ll;CTCKTOpa ( nBxlmax [ctC2ceK-lj) t);JIJI 

o6ecrre'!eHUJI JIHHeii:nocTn ycllJieHHJI oT.n;em,noil: HJIU c6opKH MKTI n TOKo

noM pe)l{IIMC ,ll;CTCRTllp0DaHIUI. B tJaCTHOCTll, ,ll;JIJI OD;CHKH ,n;aHHOH DCJilltJllHLI 

'npn perncTpan;nu UMilYJII>CHLIX IIOTOKOD tl;JIHTCJII,H0CTI,IO THMTI BO BpeMCHll 

MO)l{HO llCilOJII,30BaTI, CO0THOilleHne 

nBxlmax · TnMn ~ canst, (9) 

10 -,

3 
Iout [A] 

10 -J 

10 -• 

10 -s 

10 -G 

10 -7 

10 -B 

10-•~ 
[A] 

10 -1J 10 -12 10 _,, 10 -10 10 -• 10 -e 10 -7 1 0 -• 

PHc.2. 3aBHCHMOCTb BLIXO,!lIIOro TOKa MHKpoKaHaJJbHOlt IIJJaCTHIILI 

OT TOKa rra,!laIOID;HX Ha Hee aJJeKTpOIIOB B CJIJ'Iae nerrpepLIBHOro (I) H 

pa3Jluqnolt ,!lJJHTeJJI,IIOCTH HMIIYJJbCa (/= 0.5 ri.) nyqKa: TlDIII= 5000 
(2), 50 (3) H 10 (4) MKC, 
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r,n;e BeJill'llIHa npaBoii qacTII onpe,n;emreTCJ[ TIIIIOM perIICTpIIpyeMhlX qa

CTIIU:, IIX :rneprIIeii II oco6eHHOCTJIMII ,n;eTeICTOpa. IIpII 3TOM 1IaKCIIMaJII,

HaJI qacTOTa IIMIIYJII>COB onpe,n;emreTCJ[ BpeMeHeM BOCCTaHOBIITeJII,HOro npo

necca B KaHaJiax. CnpaBe.n;JIIIBOCTb IIpIIBe,n;eHHoro COOTHOlIIeHIIJl IIO,ll;TBep

m,n;aeTCJ[ npe,n;cTaBJieHHoii Ha pIIc.2 xapaKTepHoii 3aBIICIIMOCTblO Bhlxo,n;aoro 

ToKa MRII OT ToKa na,n;aromIIx Ha Hee 3JieKTpoHoB npII pa3JIIIqHoii ,n;JIIITem,

HOCTII IIMnym,ca nyqKa. B 3KCIIepm,IeHTe IIOTOK 3JieKTpOHOB C 3HeprIIeii 

Ee :::::: 2 K3B <popMIIpoBaJICJ[ C IIOMOIUbIO MO,n;epHII3IIpOBaHHOii 3JieKTpOHHO

eyqeBoii Tpyfora, peryJIIIpOBaJICJ[ HaI<aJIOM KaTO,n;a II II3MepJIJICJ[ IJ;IIJilIH

,n;poM <f>apa,n;eH. .[(mr no,n;aBJieHIIJl BTopIIqHoii 3JieKTpomroii 3MIICCIIII He

nocpe,n;crBeHHO nepe,n; U:IIJIIIH,n;poM mixo,n;nJiacb ceTKa no,n; oTpIIu;aTeJII>HhlM 

noTeHu;IIaJIOM (Uc-Q:::::: -100 B). IIpn rroeyqeunn rrpnBe,n;eHHhlX 3aBHClIMO

cTe:ii: ceTKa rrepno,n;nqecRH 3aMerumacb MIIKpoKaHaJII>Ho:ii: nJiaCTIIHo:ii: c aua

JiornqHhlM no BeJIIIqnHe IIOTeHIJ;HaJIOM BhlXO,n;HO:ii: IIOBepXHOCTII. O,n;aopo

,n;HOCTb II pa3Mephl rryqKa 3JieKTpOHOB no ceqeHlIIO (:::::: 30 MM2) II3MepHJIIICb 

B KOHTpOJibHhlX 3KcrrepnMeHTax co CKaHnpoBaHHeM ITyq1{a ITO IIJiaC'.l'HH'l:a

TOMY 3JieKTpo,n;y C ornepCTlieM (0= 0.8 MM), ycTaHaBJilIBaeMOMY ITepe,n; 

MRII. BMpameHne (9) lI npe,n;cTaBJieHHhle Ha pnc.2 pe3yJibTaThl oTpa

maIOT TOT q>aKT, qTo HaCLIIUeHHe MlIKpOKaHaJibHO:ii: IIJiaCTlIHhl o6ycJiaBJIII

BaeTCJ[ He TOKOM JiaBHHhl B KaHaJie, a nepeHOCHMhlM 3apJI,ll;OM ( CM. TamKe 

[28]). IIpn BOCCTaHOBJieHHH yrnoBoro crreKTpa HaJieTaIOIUHX qacTHU: ITO 

nx npocTpaHCTBeHHOMY pacnpe,n;eJieanro ua ,n;eTeKTope, n o6meM ceyqae 

Heo6XO,n;IIMO yqnThlBaTb yrnoByIO 3aBlICIIMOCTb 3<p<peKTlIBHOCTlI perncTpa

IJ;lilI MRII. 06uqao HaKJIOH ee KaHaJioB TaKoB, qTo ,n;aHHaH 3aBHCUMOCTb 

IIMeeT lIIHpORlI:ii: MaKClIMYM B rrpe,n;eJiax ~· ±5° OTHOClITeJibHO HOpMaJIII K 

IIOBepXHOCTlI ( CM., HanpnMep, [29,30]), qTQ BIIOJIHe ,n;ocTaTOqHo IIplI lI3Me

peHlilI YrJIOBhlX xapaKTeplICTlIK nyqKa HOHOB. .[(mr Toro qT06LI BhlXO,n;HO:ii: 

IIOTOK BTOpHqHhlX 3JieKTpOHOB MIIHlIMaJibHO lICKa)KaJI npocTpaHCTBeHHOe 

pacnpe,n;eJiemi:e perttcTpnpyeMhlX qacTlIU: c 6oJiblIIHM yrnonbIM pa36pocoM, 

neo6xo,n;IIMO HCIIOJib30BaTb ,n;eTeKTOp B HaCLIIUeHHOM pe)KlIMe <popMHpoBa

HIIJl JiaBIIHbI B pa6oq11x KaHaJiax npn npene6pe)KHMhlX B3aHMHOM BJilIJIHlilI 

n BepoHTHOCTH cpa6aTLIBaHIIJI OT ,n;nyx n 6oJiee qacn1n m160 o6mmarouurn 

c<pepnqecKO:ii: lIJilI IJ;lIJIIIH,n;pnqecKo:ii: IIOBepXHOCTbIO COOTBeTcTByromeii KplI

BH3Hhl (26,31]. 

.[(mr II3MepeHUJl B3alIMHO:ii: KoppemrIJ;HOHHOH <pyHKIJ;IIH ,n;nyx 3JieKTplI

qecRHx ClirHaJIOB lIIHpOKO lICIIOJib3YIOTCJ[ pa3JIIIqHhle 3JieJ:TpOHHhle KOppe

JIOMeTpLI ( CM., HanpnMep, (32]). O.n;aaKO B03MO)KHOCTlI 3TUX ycTpOHCTB 

Umax :::::: 300 Mrn) npnMeHIITeJibHO K CIIrHaJia:M OT ,n;eTeKTOpOB, perIICTpII

PYIOI.UIIX COOTBeTCTBJIOI.UIIe IIOTORlI qacTIIU: IIJilI <pOTOHOB, orpaHII'IeHiil lI3-
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MepeHIIeM <pyHKIJ;IIII npoJieTHO:ii: 6a3bI IIpII 60JiblIIIIX 3Ha1IeHIIJlX I::::,. II Tmax 

(!::::,,. ~ Tmax), qTo, KaK npaBIIJIO, He ,n;ocTaTO'IHO ,n;mr 3a,n;a1I ,n;narHOCTlIRlI 

nyqKoB. BoJiee lIIIIpOKOIIOJIOCHbI:ii: KOppeJIOMeTp OIIIICaH, HanpIIMep, B pa-

6oTe [33]. On BbIIIOJIHeH na ocnoBe ,n;nyxey1IeBoro crpo6IIpyromero ocu;IIJI

Jiorpa<pa II pa6oTaeT B ,n;nana30He 1IaCTOT 3JieKTplI1IeCRlIX CIIrHaJIOB OT O ,n;o 

3 rru;. IJpII HeKOTOpo:ii: KoppeKD;UII Ha yMeHblIIeHIIe aMIIJIIITy;zn,I ,n;aHHbI:ii: 

KoppeJIOMeTp ·MO)KeT 6bITb IICIIOJib30BqH TaKme ,n;mr Y3KOIIOJIOCHbIX ClirHaJIOB 

CO 3Ha1IHTeJibHO 6oJiee BLICOKHMII 1IaCTOTa1m, BIIJIOTb ,ll;O ~ 17 rru;. 8K

BlIBaJieHTHaJI BO BpeMeHlI B3amrnaH KOppeJIJIIJ;IIOHHaJI q>JHKD;II1l CIIrHaJIOB 

lI306pamaeTCJI Ha 3KpaHe OCIJ;lIJIJIOrpa<pa II KaK aHaJioroBLIH CIIrHaJI MO)KeT 

BLIBO.n;IITbCH Ha ca1rnrrIIcen HJIH i:iII¢ponoii npeo6pa3onaTeJib. CJIO)KHOCTb. 

IICIIOJib30BaHHJ[ ,n;aHHOrO H IIO,n;06HLIX JCTpO:ii:CTB ,ll;Jifl ,n;narHOCTIIRII. 3aKJII0-

1IaeTCJ[ npem,n;e Bcero B necbMa ,n;JIIITeJibHOM ( ~ 100 c'. · ) npeMeHII Ha6opa II 

o6pa6oTim: rrocTynaromeu IImpopMau;un. B ,n;narHoCTII1IecKoM ycTpo:ii:crne c 

IICIIOJib30BaHHeM <pOTOHHOH BHyTpeHHeii MIIlIIeHII,. ,ll;JIJ[ onepaTUDHOro KOH

Tpomr ee rrapaMeTpoB, B HaII60JiblI!e:ii: cTeneHII no,n;xo,n;JIT pa3JllI1IHLie 6LI

crpo,n;e:ii:crnyromue aBTOKoppeJIOMeTpLI Jia3epnoro II3JIY1IeHIIJI ( CM., nanpu

Mep, [34,35]). IIpu DeCbMa BLICOKOH Tff'iHOCTH II3MepeHIUI (~ 1 ITC ) OHH 

II03BOJiflIOT no!1)'qaTb Heo6xo,n;nMyIO IIH<pOpMaIJ;IIIO 06 aBTOKoppe.ruiu;IIOHHO:ii: 

<pyHKIJ;HH MlilIIeHII 3a KOpOTKH:ii: ( ~ IiecKOJibKO RC ) npoMemyTOK BpeMeHII. 

IIpu 3TOM UMeeTCJ[ B03MO)KHOCTb OT06pamaTb IIOJIY1IeHHbIH pe3yJibTaT B pe

aJibHOM Macll!Ta6e npe1rnHu, aarrpIIMep, aa ocnmmorpaq:,e, JIII6o 3aIIIICLI

BaTb D pe)KlIMe Me,n;JieHHoro CKaHIIpOBaHIIJI B naMHTb MHKpOKOMIIbIOTepa. 

B3aUMHaJI Koppemru;IIOHHM q:>yHKIJ;IIJl OIITII1IeCKoro H 3JieKi'pII1IeCKoro CII

rHaJIOB C ,n;IIaIIa30HOM 1IaCTOT ,ll;O ~ 4 rru: MO)KeT 6LITb H3MepeHa., I{aIIpIIMep, 

c noMOI.UbIO q>oTo3JieKTpoHHoro yMHO)KIITemr Ha· ocaoBe MRII, UMeromero 

Mo,n;yJIIIpyromyro ceTKY Herrocpe,n;crneHHo 3a q:,oToKaTo,n;oM (36]. .[(mr 3a

IIIIpaHIIJl . cpoT03JieKTpOHOB B orcyrcrm1e i 3JieKTpII1IecKoro cnrHaJia · ceTKa 

,n;oJiiKHa HaXO,n;IITbCJ[ rro,n; HeKOTOpLIM OTpIID;aTeJII>HLIM IIOTenu;uaJIOM. IIpII 

HaJIO)KeHIIH OIITnqecKoro II 3JieKTpII1IeCKOro CllTHaJIOB BO npeMeHII IIOTOK 

pom,n;aromIIXCJI q:,0To::1JieKTpoHoB rrorra,n;aeT na MRII ,n;JIJl rrocJie,n;yromero 

JCIIJieHIIJl. 0THOCIITeJibHYIO 3a,n;ep)KKy Mem,n;y CIIrHaJiaMn MO)KHO peaJIII-

30BaTb lI3MeHeHIIeM OIITII'IeCKOll ,ll;JIIIHLI CBeTOBoro CIIrHaJia no aHaJIOrIIII C 

OTMeqeHHLIMII BLilIIe Jia3epHLIMII anTbKoppeJIOMeTpaMII. B 3TOM ceyqae pe

rIICTpau;IIJl n3aIIMHOii KoppemrnnoH:irnii q:,ynKu;uII ocymecrnmreTcH c1IHTLI

naHIIeM HaKonJieHnoro 3apJI,n;a Ha BLixo,n;e MRII B'3anIIcmrncru OT BpeMeHII 

3a,n;ep)KKII. 

IIpoBe,n;eHHLI:ii: aHaJilI3 IIOKa3IJBaeT, qTo HCIIOJib30BaHIIe pacCMOTpeH

HbIX 3JieMeHTOB ycTpoiicTBa II03BOJIJleT peaJIH30BaTb HeB03Mymaromnii: KOH-
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Tpom. BII-crreKTpa IIY'Il{a HOHOB. 0.zrirnKo rrpH rrepexo.n;e K MHoroKaHam.

HhIM ll31IepeHIDIM BO3HllKaeT He06XOJ];llMOCTI, B CO3).l;aHllll 6oJiee KOtIIIaKTHhlX 

CllCTeM KoppeJIOMeTpOB, 

3. YcTpoiicTBO ~JIJI Roppemm;uoHHoro uaMepeHIIH 

naJ>_aMeTpOB n_JT_qRa B HCTOqHJIRe Ha npHMepe JIOHOB H-

CotieTaHne ncex paCCMOTpeHHhlX BI,IIIIe OCHOBHI,IX 3JieMeHTOB (nHy

TpeHHJIJI MllIIIeHL, .n;eTeKTop'HH-tiaCTllU II KOppeJIOMeTp) C lICIIOJII,3OBaHHeM 

rrpn Il3MepeHIUIX KaK <pOTOHHhlX, TaK II 3JieKTpII'IeCKIIX cnrHaJIOB ,Z:J;OCTH

rHyTo B rrpe.n;JioJReHHOM anTopoM MHoroKaHaJII,HOM ycTpoii:cTBe J];JIJI HeBO3-

Myrn:arom;HX KoppeIDIUHO~HhlX II3MepeHnil: rrapaMeTpOB rrytIKa B llCTO'IHllKe 

Ha rrpIIMepe IIOHOB S- [9,10]. Cxe1m ycTpoil:cTBa rrpe.n;crnnJieHa Ha pnc.3. 

.l(IDI YJIY'IIIIeHilJI OIITH'leCKllX xapaKTepncTIIK IIYtJKa ll yMeHLIIIeHIIJI 3a6poca 

ue3lIJI B KaHaJI TpaHCIIOpTllpOBRII llOHOB H- Ha BhlXO).l;e IIOBepXHOCTHO

IIJia3MeHHLIX llCTO'IHllKOB llCIIOJII,3yeTCJI 90°- .ii: IIOBOpOTHhlll MarHIIT C 

D1t-L __J 
1 y 

~~H,J:i~ t,~ z 
M2 

. lS 
Is 

M . ~ ' Csct 
2. . 
-- -- --- -- - -I° .cu if: '1 1~~ fil H- - -~H !J 

"F) M1 . w 2 ~~ G ~ §J ~rm 3 Bsq . __Jz 3 ~ Bsct 

x ca)· (t'J) 

p JIC. 3. CxeMa ycTpottcTBa }IJIH HeB03MYJllaIOJlllIX K0ppeJIH1'!I0HHLIX 

lI3MepeHIItt napaMeTpoB ny'lKa nonoB H- B IICT0'lHIIKe. 

IIOKa3aTeJieM crra.n;a IIOJIJI,paBHhlM e.n;nHHne [37]. 3oH.n;npyrom;aJI q>OTOHHaJI 

MllIIIeHI, C rrcen.n;ocJiytiail:Hoil: IIOCJie).l;OBaTeJII,HOCTI,l{) IIMIIYJII,COB BO BpeMeHH 
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q>OpMHpyeTCJI B HatiaJie IIOBOpOTHOro ytiaCTKa .n;naqiparMnpoBaHneM IIO

IDipH3OBaHHOro ll3JiytieHIIJI OT N d+3 : HAr Jia3epa ( ,\ ~ 10600A) B peJRHMe 

cno6o.n;Hoil: reHepaulill. B 3anncnMOCTH OT 3MHTTaHca n rrorrepetIHHX pa3-

Mepon rrytIKa OHa MOJi{eT COCTOJITI, ll3 O.n;Horo llJill HeCKOJII,KIIX HllTeBll)];HI,IX 

Jiytieil: (II, s ~ 1) . .l(IDI KOHTpoIDI rrapaMeTpon 1rnrueHH ncrrom.3yIOTCJI 

.n;eTeKTOphl DJ (JiaBHHHhle q>oTo.n;no)];I,I, cneTo.n;no.n;Hhle HJill II3C-JlllHeil:KII B 

3anIICllMOCTH OT KOHKpeTHoro ncmiJIHeHIDI ycrpoil:cTBa). IIpn Heo6xoioIMo

CTH tiaCTI, Jia3epHoro II3Jiy'leHHJI. MOJReT rrocTyrraTI, B aBTOKoppeJIOMeip A 
tiepe3 rroJiyrrpo3patIHoe 3epKaJio M1. TecToBhle H 0 aToMH poJR.n;aIOTCJI n pe-

3ym.TaTe q>OT006.n;npKH tiaCTII HO HOB H- H IIOBTOpJIIOT BeJill'lllHY ( B OTH.e.n;.) . 

H Harrpa_BJieHHe (n pa.n;) HX CKOpOCTH C TO'IHOCTI,IO :5 8. 10-4E;0-5, r.n;e 

E; - 3HeprHJI HOHOB B KllJIO3JieKTpOHBOJII,TaX ( CM. [11]). .l(JIJI reHepamrn 

.n;aHHI,IX HH-tiaCTHU B COOTBeTCTBHH C aBTOKoppeIDIUHOHHOil: q>yHKUlleil: Mll

rueHH Heo6xo.n;n110,'IT06hl ,ll;JIHHa 06Jiacn1 B3aIIMO,n;eil:CTBlIJI IIOHOB C 3HeprHeil: 

~ 20 K3B He rrpenhlruaJia BeJIH'IHHY ~ • v; ~ 10-2 CM. C ytieToM q>oHonoro 

KaHaJia 06.n;HpKll IIOHOB Ha KOMIIOHeHTax OCTaTOtJ:Horo ra3a pe3yJII,TIIpyro

m;nil: ITOTOK IIHq>OpMaUHOHHhlX aTOMOB H 0 Ha BXO,n;e npoJieTHOil: 6a3hl L BO 

npeMeHH oueHIIBaeTCJI C IIOMOIB;I,IO BhlpaJReHlIJI 

I;(t) [ 16 
W0 (t) = 'Yb(t) + 'Yp(t) ~ 1.

6
. 

10
_19 3 · 10 a_10PbLb+ 

a(w0 ) • P.r(t) ] 
+---'----'----'--'-'-- • 

1.6 · 10-19a · hw0 • V; ' 
(10) 

r.n;e I;(t) - TOK nytIKa IIOHOB H- [A], a_ 10 - cpe.n;Hee cetJ:em1e 06.n;npKII 

HOH OB Ha KOMIIOHeHTax ocTaTotJ:Horo ra3a [ cM2], Pb [Top] - .n;aBJreHHe · ocTa

TOtIHoro ra3a Ha ytJ:acTKe Lb [cM] OT qiopMHpyrom;eil: nytioK .n;naqiparMhl 11c

TO'IHHKa .n;o q>OTQHHOH MHIIIeHII, a(wo) - cetieHHe q>OTOo6.n;npKll IIOHOB H
[cM2], P1 (t) = Es P1s(t) - cyMMapHaJI no nceM JiytJ:aM Mom;nocTL q>OTOHHoii: 

MIIIIIeHH B o6JiaCTII B3aHMo.n;eii:CTBHJI C rrytJ:KOM IIOHOB [nT], hwo - 3HeprHJI 

q>OTOHOB [3B], V; - CKOpOCTI, HOHOB H- [cM/c ], a - nonepetIHhlil: K ITJIOCKO

CTH nepecetieHHJI IIY'IKOB pa3Mep o6JiaCTH n3an110.n;eil:CTBHJI (noJiaraeTCJl,tJ:TO 

·, OH conrra.n;aeT C rronepetIHhlM pa3MepoM nytJ:Ka llOHOB) [cM]. IIoMHMO 3TOro 

IlOTOKa, KaK yJRe OTMetJ:aJIOCI, BhlIIIe, na BXO,ll; ,n;eTeKTopa MoryT nona.n;aTI, He

llHq>Op1IaIJ.lIOHHI,Ie aTOMI,I BO,D;Opo,n;a, poJR.n;aIOIUHeCJI B pe3ym.TaTe 06,n;npKII 

HOHOB H- 6oJiee HH3KllX 3Heprllil: Ha ocTaTO'IHOM ra3e n ycKopJiromeM IIpo

MeJRyTKe llCTO'IHIIKa. IIoJiaraJI, 'ITO ,ll;JIJI aHaJill3IIpye110ro HCTO'IHllKa nytJ:Ka 

HOHOB H- c xapaKTepHhlMH rrapaMeTpaMH E; ~ 20 K3B, I;~ 2 MA, nop1rn

JIH3OBaHHhlM 3MIITTaHCOM €yn ~ 5. 10-6 CM·pa.n;, ,ll;JIHTeJII,HOCTI,IO lIMITyJII,ca 

T; ~ 100 1IKC· , tiaCTOTOil: f ~ 50 ru, Pb ~ 5 . 10-3 TOp, a ~ 0.1 CM ll 
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Lb ::::: 2 CM, IIOTOK Hen:mpop11rnIJ;IIOHHliIX aTOMOB H 0 II03BOJIJieT npono,LUITI, 

KOppeJIJIIlllOHHliie ll3MepeHIIB rrpn: OTHOIIIeHllll i.J!b/i.J!p::::: 10
2

, rroJiy'!aeM 

-5 o-_10 P1 ::::: 5 · 10 -(-)1iw0 ALb½a::::: 340 BT; (11) 
a w0 

r.ne o-_10 ::::: 10-15 cM2, a(w0 ) ::::: 3.5 · 10-17 cM2 n: 1iw0 = 1.17 3B. Tpe6ye

MaJI MOlllHOCTb Q)OTOHHOH MllllieHH B napnaHTe o.n;Horo JIJ'!a C nonepe'!HLIMll 

pa3Mepa11rn ::::: 2. 10-2 X 10-2 cM2 1rn:ReT 6hlTb .ll,OCTilTHyTa npn ,LUiaq>parMII

ponaHIIII JiaJepHoro H3JIY'!eHIIJI ce-qemieM ::::: 0.5 CM2 H cpe,n:He:il: MOlllHOCTI,IO 

nocJie,n:onareJihHOCTll HMIIYJincon Pi::::: P-y(0.5/2 • 10-4
)::::: 850 KBT. CKaHH

ponaHne Jiy-qa no nyqKy n,n:ofil ocn Y ( cM. pnc.3) B npe,n:eJiax neJIII'!HHLI a 
npn nocJie,n:onareJinHLIX H3MepeHIIJIX 'o6ecne'!HBaeTcJI nepeMemeHHeM 3ep

KaJia lvf2 C ,LUiaq>parMOH C IlOMOlllbIO Ilbe30KpHCTaJIJia. 

Ilpn q:iop:r..rnponaHHH ny'!Ka HOHOB H- C HCIIOJil,JOBaHHeM MHOro

arreprypHblX COTOBblX CHCTeM (HanpHMep ,llJIJI 3a,n:a-q ynpanJIJie:r..rnro TepMO

JI,llepHoro CHHTe3a), ero TOK MOJf{eT COCTaBJIJITl, 2:: 10 A npII nonepe'IHOM 

ce'!eHHH 2:: 20 CM2 H ,llJIHTeJII,HOCTH llMilYJihCa::::: 1 MC· (37]. B 3TOM CJIY'!ae, 

npn e,LUIHOH HaKa'!Ke BLICTpoeHHliIX n ueno'IKY no OCH Y KpIICTaJIJIOB Jia3epa 

(0= 6 MM, l= 100 MM), MO)I{HO O,llHOBpeMeHHO q:iop1rnponaTh HeCKOJII,KO CTa

UHOHapHbIX H ,llOCTaTO'!HO xoporno pa3,n:eJieHHLIX B npocTpaHCTBe (IIHTepnaJI 

::::: 6 MM) q>OTOHHLIX MnrneHe:il: c nonepe'!HliIM ce'!eHneM ::::: 10-
1 x 10-

2 
cM

2 

( CM. pnc.36). IlpII 3TOM Heo6XO,LUIMaJI .,llJIJI H3MepeHIIH cpe,n:HJIJI MOlllHOCTI, 

II3JIY'!eHHJI o,D;Horo KpHCTaJIJia B npe,n:eJiaX IIMilYJibCa MIIJlleHII oueHIInaeTCJI 

neJIII'!IIHOH Pi;Kp ::::: 1 MBT ( a ::::: 0.6 CM) . .lI:JIIITeJibHOCTI, HMnyJII,ca 30H,LUI

pyromeii: MHllleHH BliI6HpaeTCJI paBHOH t-y 2:: tL+ tc, r.n:e tL - Bpe.MJI npoJieTa 

TeCTOBliIX aTOMOB H 0
_ .n:o ,n:eTeKTOpa, a tc - BpeMJI na6opa llHq>OpMaJllllI n 

KoppeJioMeTpax. 
BJaHMHLie KoppeJIJIUHOHHLie q>yHKIIllll RI; IIJMepJIIOTCJI Mem,zzy no

TOKaMH Q)OTOHOB IJq OT s-o:i1 HHTeBll,ll;HOH MllllleHll ( s = 1, ... , n) II co

OTBeTCTBYIOllllll\III e:i1 yc1meHHliIMH 3JieKTp~qecKIIMH cHrHaJiaMII 1:q OT q-o:i1 
JiaMeJIH ( q = l, ... , m) aHo,D;Ho:i1 cIIcTeMliI .n;eTeKTopa aTOMOB H 0 

( D~q). .LJ:JIJI 

3Toro n nan6oJinrne:il: creneHn no,n:xo,n;JIT KoppeJioMeTpliI (Bsq) c npeMeHHHM 

HHTerpHponaHHeM Ha npn6opax c 3apn,n:ono:i1 cnJIJhIO (II3C) (38]. Rop

peJioMeTp COCTOIIT II3 MO.ZJ:YJIJITOpHOH II ,n:eTeKTOpHOH JIIIHeeK ( CM. pHc.3c ). 

rr~c JIIIHe:il:Ka 1 na OCHOBe GaAs' .B KOTOpo:i1 KaiI<,lUi[H TpeTIIH 3JieKTpo.n: 

JaTnopa noeynpo3pa'!eH, BliinOJIHJieT pofil npocTpaHCTBeHHOro MO.ZJ:YJIJITOpa 

na.n:arome:i1 Ha Hee '!aCTII Jia3epHoro II3JIY'leHIIJI. IlpIIHilIIn· MO.ZJ:YJIJIIlIIH 

OCHOBaH Ha 3q>q>eKTe 3JieKTponornomeHIIB Q)OTOHOB C .ZJ:JIIIHaMII BOJIH, He

CKOJlbKO npeBhIJllaIOlllHMH )J.JIHHHOBOJIHOBYJO rpaHHuy (>..c) co6CTBeHHOro no

rJIOlllCHIIJI cneTa n noJiynpono.n;HIIKe: norJiomeHne yneJIII'!llBaeTcJI c pocTOM 
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npIIJIO)KeHHoro 3JieKTpn'IecKoro noJIJI (3q:iq>eKT <I>paHua-ReJI.n;Lirna [39,401). 

B 3aBIICHMOCTII OT TeXHOJIOrIIII BliipamHBaHIIJI II cTeneHH O'lllCTKII, ,llJIJI 

GaAs Ac = 0.87 + 0.92 MKM (cM., Hanpmrep, [41,421). Ha CTpyRTYPY 

no,n:aeTCJI Tpexq>aJHoe ynpaBJIJIIOlllee HanpJDI<eHHe, ROTopoe c Heo6xo,LUIMO:i1 

cRopocTnIO npono,LUIT B.llOfil I13C-JIIIHe:i1KII 3JieRTpOHHliie 3apJI,n:on11e na

ReTLI 1:q, IIOCTynaromne Ha ee BXO,ll OT ,llCTeRTOpa -qepc3 pa3,n:eJIIITeJII,ttyIO 

eMROCTl> Csq· EMROCTb o6ecne'!HBaeT Tpe6yeMoe ,llJIJI HopMafilHOH pa6oTI.r 

KOppeJIOMeTpa OCJia6JieHHe npaRTntiecKII IlOCTOJIHHoro 3a Bpe.MH II3Mepe

HIIJI CHrHaJia OT QJOHOBLIX aTOMOB BO,llopo,n:a. Ee IICnOfil30BaHIIC npHBO,LUIT . 

TaK,Ke R .n:onoJIHIITCfilHoMy yMeHnrnennro Heo6xo,LUIMO:i1 cpe.n;He:i1 MOlllHOCTII 

q>OTOHH<>:i1 MIIllleHII. IlpocTpaHCTBeHHoe pacnpe,n:eJieHIIe JapJI,n:on, cooTBeT~ 

cTByromee ,LUICRpeTHOMY BO npeMeHll _rrpe,n:cTaBJICHllIO q:iopMLI BXO,D;Horo TO

ROBOro CIIrHaJia 1:q( t), ll3MeHJieT R03Q)Q)HilIICHT nponycKaHIIJI JI'ICCK: '!eM 

60JII,llle 3apJI,ll no.n: noJiynpo3pa'IH1IM JaTBopoM JIIIHCHKII, TeM Bliillle npo

nycRaHIIC cneTa. Mo.n;ymiponaHHoe TaKIIM o6pa30M Jia3epHoe II3JIY'!eHIIe 

2 perHCTpnpyeTCJI RpeMHIIeBOH I13C-JIIIHCHROH 3 c .ZJ:JIIIHHOBOJIHOBOH rpa

HIIIlCH nornomeHIIJI >..clSi = 1.12 MKM. IlpocTpaHcTBeHHoe ·pacnpe,n;eJieHIIe 

3apJI,n:a, HaROnJieHHoro n ee JI'le:i1Kax•Ja npe:r..rn II3Mepemrn, npe,n:cTanJIJieT 

RoppeJIJIUIIOHHYIO q>yHRIJ;IIIO RI;; RoTopyro MOiRHO JaTeM C'IIITaT1, II nepene

CTH B MaCrnTa6 npeMeHII npII II3BeCTHOH CROpOCTII nepeHoca 3apJI,n:a B,llOJII, 

MO.ZJ:YJIJITopHo:i1 I13C-JIIIHe:i1KII. .LJ:ocraTO-'lHO 6ofillllIIe noTOKII na,n:aromero 

Ha MO.ZJ:YJIJITOp JiaJepHoro ll3JIY'leHIIB ,n:aIOT B03MO)KHOCTI, pa6oTaTI, B BOJI-· 

HOBO.n;HOM pe)KllMe, npll ROTOpOM cBeTOBaJI BOJIHa pacnpocTpaHJICTCJI no.n: 

3JieRTpo,n:aMII 3aTBOpOB rrapaJIJICJII,HO llX nonepXHOCTll. BJtaro,n:apJI cyme

CTBCHHOMY yneJIIIqeHIIIO nyTH pacnpocrpaHeHIIJI, IIJeyqeHIIJI B noeynpono

,llHIIRe C 3JICRTpII'!eCKIIM noJieM, TaKOH pe)KIIM pa60TliI MO.ZJ:YJIJITopHo:il: II3C

JIIIHe:i1KII noJBOJIJieT o6ecne'!IITI, 6JIII3RYIO R 100% rey6HHY MO.ZJ:YJIJIIlIIII BXO- ' 

,D;Horo nOTORa Q)OTOHOB (38]. IlpII 3TOM MO)I{HO paccqnTLIBaTI, Ha 3Ha'!II

TeJII,HI,IH ,n:nHaMHqecKII:i1 ,LUianaJoH fcero RoppeJioMeTpa ,n;a,Ke B He o'!eH1, 

6JIII3Ro:i1 R noporono:i1 o6JiaCTH norJibmeHIIJI (>.. - >..c)/>..c ::::: 0.2 .. .LJ:onycTII

MaJI Ja npe.MJI IIJMepeHIIJI 3HeprIIJI na,n:aromero Ha MO.ZJ:YJIJITop HJJIYqeHIIJI 

orpaHIIqIIBaeTCJI nepenoJIHCHIIeM OT,n;CJil,HhlX JI'leCR ,n:eTeRTOpHOH JIIIHeHKII 

HOCIITeJIJIMII JapJI.n;a ( ~ 5 • 105 e/ Jiq, (42]), po,K,n;aIOlllIIMIICJI npII nornome

HIIII q>OTOHOB. BeJIIIqIIHa 3To:i1 3Heprllll, npIIne,n:eHHM B pa6oTe (38], cy

:m;ecTBeHHO MCHbllle 3HeprIIII nocJie,n:oBaTCJil,HOCTII IIMrryfilCOB OT Q)OTOHHOH 

MIIlllCHII (IJq), nona.n:aro:m;e:i1 B MO.ZJ:YJIJITOpHyIO JIHHeiiRy IIpII BOJIHOBO,ll;HOM 

pe)KII.Me ee pa60Thl. 9To no3BOJIJICT B rrpmm;IIIIe npOBO,LUITI, ll3MepeHIIJI 

pacnpe,n;eJieHIIJI IIOHOB no CI<OpOCTJIM (3HeprIIH) Ja BCChMa ROpOTROC npe.MJI 

tc :5 100 HC· n: n HJiRHhlll MOMeHT n npe,n;eJiaX O,D;HOro llMIIYJII,Ca nyqRa 
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IIOHOB. B CBJI3II C 3TIIM OilTIIMaJII,HO IIMIIYJII,CHOe BKJIIOlleHIIe .n;eTeKTopa 

aTOMOB H 0 Ha BpeMH II3MepeHIIii: (tc) C JlleTOM 3a.n;epmKII BO BpeMeHII Ha 

npoJieTHo:fi 6a3e. IlpII IIcnom.3cBaHIIII .n;eTeKTopa Ha ocHoBe MRTI c no.n;o6-

HIJM IIMnym,cHIJM IIIITaHIIeM ,Zl;OCTIIraeTCJI TaKme 3HalIIITeJII,HOe yBeJIIIlieHIIe 

JIIIHeiiHoro .n;IIana30Ha no noToKy perIICTpIIpyeMIJX l:laCTIIIJ; ( CM. BIJpame

HIIe (9) II pIIc.2). Cl:IIITIJBaHIIe II o6pa6oTKa noeyl:leHHOll c .n;eTeKTOpHIJX 

TI3C-mmeeK IIHq>OpMaIJ;IIII MoryT 6IJTI, ocymecTBJieHIJ B IIHTepBaJiax MeJ«,Zzy 

BKJIIOlleHIIeM MIIIIIeHII IIJIII HMrrym.caMII nylIKa HOHOB. OnTHMH3an;HJI pa-

6oTLI KoppeJioMeTpoB n TaKOM pe)I{IIMe ocymecTBJIHeTcJI no.n;6opoM ycnJie

HHJI Ha MRIT II K03<pq>HIJ;HeHTOB oTpameHHJI q>OTOHOB na noeynpo3pa1IHIJX 

3epKaJiax Msq• IlpII KoMnaKTHo:fi ynaKonKe KoppeJioMeTpoB B e.n;IIHIJ:fi 6JIOK 

OT,ll;eJII,HIJe rpyrrnIJ (:£!:ailpHMep,no nepeMeHHOH q) HJIII Bee 3TH 3epKaJia MO

ryT 6IJTI, 3aMeHeHIJ o.n;mrn . .ll:JIH Toro 1IT06IJ CBeCTH K MilHilMJMY 3<p<peKT 

BLI6eJIIIBaHHJI n. MO,ZJ;yJIHTOpHOH JIIIHeii:Ke, KOTOpIJ:fi 3aKJIIOl:laeTCJI B noTepe 

MO.n;JJIIIpyrom:u:x CBOHCTB no Mepe Toro, KaK ycTpoii:CTBO no.n;nepraeTCJI B03-

.n;eii:CTBIIIO cneTa (CM.' HanpnMep, [ 43])' Heo6xo.n;IIMO Hcnom,30BaTl> .n;onOJIHH

TeJII,HIJii: 3JieKTpoonTH1Iecmrn: 3aTBop (EO) .n;JIH noTOKOB q>OTOHOB IJq• Ero 

pom, 3aKJIIOl:laeTcJI n nponycKaHHII oTpameHHoro OT M2 · Jia3epHoro H3JIY-

1IeHHJI Ha KOppeJIOMeTpIJ TOJII,KO B Tel:leHIIe Heo6xo.n;IIMOro ,Zl;JIH Il3MepeHII:fi 

HHTepnaJia npeMeHH tc n co 3.n;BH.roM Ha n.eJIIIlIIIHY tL OT HallaJia BKJIIOl:leHHJI 

q>OTOHHOH MilllieHH (.n;JIH cornaconaHHJI c pa6oTOH .n;eTeKTopa aTOMOB H 0 BO 

npeMeHH). 

2 

Pnc.4. CxeMa MHoroKaHam.Horo KOJIJieKTopHoro ,a;eTeKTopa 6LI

CTpLix 1iTOMOB H 0
• • l - ceTKa-JIOBJIIIKa l(JIH BTOpl!'IHLIX aJieKTpOHOB, 2 

- KOJIJieKTOpHLie ymepO,ll;HLie HHTH, 3 - KepaMH'leCKHll: H30JIHTop. 

Ilpn .n;IIarHOCTHKe 6oJiee HHTeHCHBHOro ny1IKa, HanpHMep lI3 MHO

roanepTypHoro HCTOlIHHKa, nOTOKIIi lIHq>OpMaIJ;HOHHIJX aTOMOB 'H0 MOryT 

6IJTJ, ,ZJ;OCTaTOlIHO BeJIIIKII ( ~ 1017 + 1018 aT/cM2c. ). n HeT Heo6XO.n;IIMOCTII 

n npnMeHeHHH .n;eTeKTopa B'a ocHone MRTI. B 3TOM cJIYllae MO)I{eT 6IJTl> 

ncnom,30BaH npocToii: MHOroKaHam.m.r:fi KOJIJieKTOp, xoponro 3apeKOMen.n;o

BaBllIHH ce6JI B 3KCnepHMeHTax C IIHTeHClIBHIJMII ny-qKaMH HeHTpam,m.rx 

1IacTnn;, cxeMa KoToporo npe.n;cTanJieHa Ha p~c.4. .ll:eTeKTop pa6oTaeT no 
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BTOpH1IH0-3MlICCilOHHOM pe)I{IIMe C lI3MepeHIIeM TOKa OT yrJiepo.n;HJ>IX HH

Teii:. OHn yJIO)KeHIJ B KaHaJIIJ KepaMJil:leCKOro lI30JIHTOpa, rey6IIHa KOTOpux 

06IJ1IHO D .n;na-Tpll pa3a npeBOCXO.n;IIT llIHpIIHy. .ll:JIIIHa KaHaJIOB nu6npa

eTCJI OIITHMaJII,HO:il: (Hanp:u:Mep ~ 1 CM) .n;JIH KOHKpeTHIJX H3MepeHH:il:. 8JieK

TpOHIJ BTOplilIHO:il: 3MHCCIIII OT HJITe:il: yJiaBJIIIBaIOTCJI ceTKO:il:, Jiemame:fi Ha 

IIOBepXHOCTlI KepaMH'IeCKOro lI30JIHTOpa. HarrpHmeHHe CMemeHHJI Ha CeTKY 

BIJ6npaeTCJI TaKIIM (o6IJqHo Uc ~ +100 B), qTo6IJ .n;aTqIIK pa60TaJI B Ha

cIJmeHHOM pe)I{IIMe, Kor.n;a cnrHaJIIJ C KOJIJieKTOpHIJX HHTe:fi He MeHJilOTCJI 

npn .n;aJI1>He:il:nreM yneJIIIqemm Uc. ToKoBIJ:il: cnrHaJI OT KOJIJieKTopa nocJie 

pa3.n;eJIIITeJil>HO:il: eMKOCTlI ( ~ 10-6 + 10-5 A) HanpJIMYIO IIJIII IlOCJie npe:U

BapnTeJil>Horo ycnJieHHJI B Teqem1e BIJnreynoMJIHJTIJX npeMeHHMX nopoT 

rrocTyrraeT Ha cooTBeTcTByromyro MO.ZJ:YJIHTOpHyIO TI3C-mrne:il:Ky. 

IIpaRTIP!eCKHe .B03MO,KHOCTH paccMOTpeHHOro KoppeJIOMeTpa JI ncero 

JCTpo:il:cTBa B IJ;eJIOM onpe.n;eJIHlOTCJI ,Zl;OCTIIraeMo:il: ynpaBJIHIDme:il: qacTOTOH 

MO.n;JJIHTOpHo:il: JIHHeiiKII, KoTopaJI .n;JIH npn6opon Ha GaAs irnmeT rrpenocxo

.n;IITl> 1 I'I'n; [43). IlpH pa6oTe B TaKOM pe,KJIMe ,Zl;OCTaTOqHO .n;eTaJII,HO H3-

MepJieTCJI h(t) C Tmax 2: 10 HC . C HCIIOJil>30BaHIIeM pa3y1rno:fi npoJieTHO:il: 

6a3IJ H 0 aTOMOB L ~ 102 CM .n;aHHOe ycTpOHCTBO n03BOJIJieT H3MepJITl> 3Hep

rernqecKoe pacrrpc.n;eJieH:u:e noHon H- co cpe.n;He:fi 3HeprIIe:il: E; = 20 K3B n 

npe.n;eJiax pa36poca 6.E;/ E; 2: ±2%. Yrnonoe pa3penreH:u:e ycTpo:ficTna no 

Y' ( CM. pIIc.1) onpe.n;eJIHeTCJI nr:u:pnHOH JiatreJie:il: ( KOJIJieKTOpon) .n;eTeKTOpa 

H pacCTOl'IHHeM Me)KJlY HHMH. IIpH rrepHO;lllqHOCTH 3TOH CTp)'KTypbl "' 0.4 MM 

rronyqaeM pa3pemeHHe 6.Y' ~ 4 · 10-4 pa.n;. ToqHocTl> cooTBeTcTBUJI 

pacnpe,n;eJieHn:il: HOHOB H- H TeCTOBIJX aTOMOB H 0 no yrJiy B cJiyqac lICilOJil>-

30BaHnJI YIIOMJIHYTO:il: BIJllle q>OTOHHOH 1flillleHlI C nJIOCKOCTl>lO IlOJIJipH3aIUrn 

n.n;oJI1> ocn X cocTanJIHeT 8Y' ~ 2 • 10-5 pa.n;. 

3aKJno~rnHHe 

B 3a1ouoqeHtte Heo6xo.n;IIMo onreTIITl> qTo npe,n;Jio)I{eHHIJ:fi II pa3pa60-

TaHHIJ:ii MeTO,Zl; HCB03Mymarom:u:x KoppeJIJIIJ;IIOHHIJX II3MepeHn:fi napaMeTpon 

rryqKa IIOHOB II ycTpOHCTBO ,ZJ;JIH ero peaJin3aIJ;IIII MoryT Ha:il:Tn npHMCHCHIIC 

B lICToqHnKaX He TOJil>KO paccMOTpeHHIJX BIJllie OTpun;aTCJil>HIJX (n 'laCTHO

CTII H-), HO II rroJIO)I{IITeJil>HIJX MoJieKyJIJipHIJX noHon ( HarrpnMep,Ht, C st, 
Kt, Nat, Xet, Pbt, Het, Krt u .n;p.), .n;onycmiromux <poTOpacmerrnemrc 

Ha 30H,Zl;IIpyromeii q>OTOHHO:il: MIIlllCHil. Ilpo.n;DH)I{CHHC D o6JiaCTI, 66m,mnx 

no cpaBHCHIIlO C IlCToqnnKaMn 3Hepr._n:il: HOHOB B HaCTOJimee npeMH orpann

qeHo 6IJcTpo.n;e:ll:cTBIIeM cymecTnyromnx II npe.n;JiomeHHIJX 1moroKaHam.Hux 

KoppeJioMerpon onTnqecKIIx n 3JieKTpnqecKIIx cnrHaJion. CJie.n;yeT no.n;qep

KHJTl>, qTo n nocJie.n;mre ro,ZJ;IJ Be.n;yTCJI IlHTeHCHBHIJe pa6oTll no conepUieH-

19 



cTnonamuo MO.l{YJIJIPYIOIUIIX II3C-JIJIHeeK Ha ocHone GaAs c u;em,ro nonnI
meHIIJI IIX pafioqeft qacTOTnI II r.rry6IIm,r MO.l{YJIJID;IIII na.n:aromero II3.rryqemIJI. 
8To npem.n:e ncero OTHOCIITCJI K IICilOJil>30naHIIIO 1rnorOCJiffii:HnIX CIICTeM, a 
TamRe MexaHII3Ma 3JieKTponorJIOIUeHIIJI n TaK Ha3ninaeMnIX KBaHTOBnIX JIMaX 
IIJIII cnepxpemeTOqHI,IX crpyKTypax, KOTOpniil: 3HaqIITem.Ho CIIJII>Hee pac
CMOTpeHHoro nnime ::icpcpeKTa <I>paHu;a-KeJJ,ZUJma ( CM. [43]). Heo6xo.n:nMo 
TaK.lRe yKa3aTI, Ha HeKOTopoe n03MO.lRHOe OTJIJiqIIe n pe3ym,TaTax II3Mepe
H~ll BII-cneKTpa c IIcnom,3onaHIIeM n3aIIMHoil: KoppeJIJID;IIOHHOH cpyHKD;IIII 
Me.m.rzy IIOTOKOM IIHq>OpMaD;IIOHHI,IX nTOpIIqHI,IX ~aCTIID; Ha .n;eTeKTOpe II pa3-

' " 

JIJiqHI,IMII xapaKTepIICTIIqecKIIMII cpymrn;IIJIMII IICIIOJII>3yeMOH nHyTpeHHeil 
MIIIlleHII, n 06IUeM c.rryqae OTMeqeHHOe n pafioTe [44]. Ha rrpaKTIIKe .ZJ:JIJI 
xapaKTepIICTIIKII MIIIlleHII ofiniqHo IICIIOJII>3YIOTCJI .n;na TIIna cpyHKD;IIil:: nep
naJI - .3TO OIITIIMaJII>HaJI 6nHapHaJI IlOCJie.n;onaTeJil>HOCTI, ncen.n:oc.rryqa:ifH1IX 

~ . ,. 

IIMnym,con, MO.LzyJIIIpyIOIUIIX MIIIlleH1>; nTopaJI - 3TO ClirHaJII,I OT .n;eTeKTOpa 
IlOTOKa qacTIID; IIJIII q>OTOHOn MIIIlleHII, rrpOMO.LzyJIIIponaHHOH, HanpIIMep, C 
IlOMOIUl>IO ynoMJIHYTOH nnime_ IIOCJie.n;onaTeJII,HOCTII IIMrrym,con. B HailleM 
c.rryqae .n;aHHoe pa3JIIIqIIe !le. IIMee,T rrpIIHD;lIJIIIam.Horo 3HaqeHIIJI, TaK KaK 
xapaKTepHoe MepTBoe npeMJI ncrrom,3yeMnIX .n;eTeKTopon IIHcpopMaD;IIOHHnIX 
qacTlID; 1-rnoro MeHl>Ille O.lRll.ZJ:aeMOH neJIIIqminI T max ,ll;JIJI cpyHKD;lllI OTKJIIIKa 
npoJieTHoil 6a3nI. ,lXJIJI paccMoTpeHHoro nnime napnaHTa ycTpoilcTBa cTa-: 
D;IIOHapHnIX KoppeJIJID;IIOHHnIX II3MepeHIIH 6oJiee a:i{Tyam.Ho .n;eTaJil>HOe II3y
qemie n03MO.lRHoro nJIIIJIHIIJI HeROToporo pa36poca aMilJIIITY.ZJ: Jia3epHnIX IIM
nym,con MIIIIIeHII rrpn CTOXaCTIIqecKOM xapaKTepe IIOJinJieHIIJI IIX no npe
MeHII, a TaK.me cymecTnyromero c.n;nIIra npeMemrn:x IIHTepnaJion (1rn-3a 3a
.n:ep.lRKII no npeMeHII Ha rrpoJieTHoft 6a3e) no reHepau;nn perncTpnpyeMnIX 
lIHq>OpMaD;IIOHHI,IX qacTIID; lI lICil0.TTh30naHlIIO n3.rryqeHlIJI .ZJ:JIJI KoppeJIOMe
Tpon, cpanHIIMoro no nopJI.ZJ:KY neJIII'IIIHnI c npeMeHeM H3MepeHIIH. 
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Ap-reMOB A.c.· 
HeeoJMyuiaIOWaJl.ilH<;™OCTHKa n)"l~a HOHO_B 
C HCnOJJL30BaHHf;M KOppeJJllUHOHHOro·att_amna 

.., 

1'9-96-416 

OnHCatt ~ .neTaJJLHO ~po:uiamnttpoBatt HOBLlii MCTOJl HeBOJMymaIOweii )IHarttoCTIIKH n)"IKa · lfOHOB 
~ ;CnOJJL30BaHHeM KOpPeJJllLUIOIIIIOfO attaJJIIJa. <llll3H'ieCKOif,OCHOBOii )lattttoro MeTO)lil 

0

llRJIJIC:TCll IICIJOJIL· 
JOBattlle TaKOfO B3aHMO.neiiCTBHll 11p~tte6pe)l(HMO M~Oii qaCTH HOHOB C TOHKOii suyrpetttteii MIIWCHLIO,'. 
11pH KOTopoM ·po)l()laIOTCll, · eTOpll'IHble HHq>opMaUitoHHLre (HH) :'laCTHULI, ·HMe10w11e: 11paKTH'leCKH 
11J1eHTH'IHL1ii ClleKTp no BeJJH'IHtte H ttanpasnettHIO. cKopocT°H , 11 J1onycKaKlwtte ux HJ611paTeJJLHYJO 
perncTpaUIIIO 6e3 BOJJleiiCTBHJI Ha ll)"IOK. np11 HJ~epett_ll11 B3aJl~;IOii KOppeJJ,llUIIOIIHOii. q>yttKUHII Me)l()ly 
noTOKaMH qacmu IIJIH q,ornttoB jounHpYJOLUeii M11wett11, nceBJIOCJJ}'laiitto MoJ1ynttposa1rnoii eo epeMett11; 
"' pO)l(JlaIOWHXCJI mi tteii HH-'!acrnu'. pernCTPHPYeMLIX Ha:11ponernoii 6aJe;onpeJ1emi~!C~ BpeMimponeT- . 
ttLlii.cneKTp (pacnpe.neJJettue no 3tteprntt) 110110s B BLIJICJJeHHOM 11anpasnetti111. OTttoCHTeJJLHLlii attanHJ , 
3THX q>yttKUHii npii paJJJH'jHLr'x nOJJoJKeHHllX AittwettH B n)"IKe H 11anpaBJJettm1x.pen1cTPauHH HH-'laCTml 

-r03BOJJlleT noJJ)"IHTL pacnpe)leJJettiie HOHOB B nonepe'!HOM q>aJOBOM npocTpattCTBe. npoattaJJll3Hp0BattLI, 
OCHOBHL!e 3JJeMC:HTLI JIHarHOCTH'!eCKOfO ycrpoii~ea' H ero BOJMOJKIIOCTH )IJJll pea~maitiiu ireBOJMyw~-

. I , ; '.·., >'' ' ., '•, .: - , , . ,I . . , · ', , 

IOWIIX KoppeJJllUHOHIILIX 
0

lf3Mepett11ii napaMeTPOB n)"IKa. OTp11uaTeJJLHLlx· (B 'laCTUOCTII H ,-: ) HJJII noJJO· 
)l(IITeJJhHLIX ~IOJICKYJJllpHLIX 110MB 113, ,icrn.'.itt11K~, JIOnyc~aIOWHX q,'o~opacwenneHHe Ha 30HllllPYIOWeii 
q,oT'ottHoii i.iiiweHH, Heo6xoJ111Miill Mll .imamocrnrn M11wettL .MOJKer 6LITL cq,opM11poeatta rip11.11cnOJJ&· 

'JOBaHHH croxaCTH'leCKII nyn'LcllpYJOIUero 113JJ)"l~Hll~ HeKOTOpux 'Tri~pJIOTeJJL~LIX JJaJepoB (11anp11Mep,. 
Nd:HAn B peltm~ie ctio60.n11oii reHepau1m. ; . .; ' ' . ' !, 
,, I ' , \ ' l , ' 

' i,' i' ', ·,/' ' ,' .') .' ' ' 

Pa6oTa ilLmom1e11a B Jia6opaTOpllH BLICOKIIX 3Heprnii,OH51H. . 
• \ , :,. • .' ~. '<, ,-. : • ~, ,, i \ ,• ·} I :., , '>I , ' , • ,.: -• ::' ,. , ' 

npenp~_Hr Qm,e;:tllHellHOfO HHCTHTyra lUlepHLIX HCCJleJIOBattllii. · Jly6H~, 1996 

'' .. ,, \ .. ' . . . ·'· . .... . ,'· ' '. 

Nonperturbative Diagnostics of an Ion Beam Using the Correlation Analysis. 

. ' .. 'A 'new' methbd • of ;he rion~~~rb.aiiv~ dia~nostic~' of an·, ion be:~:·. using 'the correlation ~naly~is' 
is described and'analysed:in detail. ,The physical b_ase of this meth~d 

0

is the use of such· an interaction 
between a negligible part of ions and a thin internal target; which generaies se~ohdary informative (LN) 

. particles having p~actiraily ari identical sp~ctrum in val_ue and direction of the speed '.1°d, allowing th~ir 
selective detection without an influence on ihe beam: By measuring the crciss-cprrelation function between· 
a fl~x of 'particle~ or photons ofa probing !~get, pseudorandomly modulated ,in time: <\lld that 

.of IN-particles detected at the drift _distance, the. time-of-flight.spectnmi (energy distribution) of-ions 
on the 'choos~ri direction is d~t~rmined. A relative analysis of these funcifons at ,various target positions 

. in a beam and directions of!N-particle dete~tion' allows une to obtain the iQn distribution in the transver.;e 
phase-spa~e: The:principal elements of the diagnostic device· and its potentialiti~s for the·. realization 

of nonpe~rbative correl~ti~n· measur6rri~nts. of '11ie b'e:un, parai~eters · of negative (in particular, H,..) 
or positive rriolecular ions: frnm a source; allowing their photodetachment ·on the probing target, 
are analysed. The' target needed for th~ diagnostics can be' fonnedJ>y using the stochastical pulsed . 
radiation. from ;omi: crystal lasers (for example, Nd: y AG) in a free gen'eration regime. . .· 

!. ' • , ' • • ,· .' ·, • • ' ' 

' \ The l~vestigatiori has.been ~rformed at the Laboratory of High Energies, JINR. 
'· . ' . . ' . . . . >; ,·; 
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