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B pe3ynLTaTe cacreMaTH'IecKoro H3y'leHHJI peaKUHH 

dp • ppn B BO,AOpO,AHOH ny3blpbKOBOH KaMepe npH HM-

nym.ce ,AeirpoHoB 3,3 F3B/c nony'leHbl ,AaHHble, coa,AeTenL

CTBYID~e 0 ,AOCTaTO'IHO CHJlbHOH KOppeJJJIUHH Me~y xa
paKTepHbiMH nnOCKOCT JIMH :HOB peaKUHH/ l-:l/. 

CymecroeHHoe yoenH'IeHae cTaTHCTHKH no3oonano 6na:lKe 

nO,AOHTH K onHCaHHID Ha6niD,AaeMoro nooe,AeHHJI aCHMMeTpHH 

B pacnpe,AeneHHJIX no yrny TpeB:MaHa- JIHra. 

Maccao OKono 40.000 co6hiTHH H3MepJinCJI Ha HPD H 

llYOC Jla6opaTopHH Bbi'IHCJlHTeJJbHOH TeXHHKH H aBTOMaTH-

3aUHH OH.HH, a TaK:lKe Ha IEP B Bapwaoe. llpa aHanH3e 

HCnOJlb30Banacb CTaTHCTHKa B 13455 C06b1THH npuwro 

pa3oana /6e3 nepe3apJI,AKH/, cpe,AH KOTOphlx 5905 6blnH 

H,AeHTH<i>HUHPOBaHbl KaK dp •Ps(np), H 7550- KaK dp 4 n,Jpp). 
HH.AeKC OTHOCBTCJI K HyKJJOHY- cneKTa Topy, onpe,AeJJJICMO

MY KaK CaMbiH Me,AJJCHHbiH H3 HyKJJOHOB B CBCTeMe nOKOJI 

,AeiTpoHa. 

TaK KaK npa pa3oane 6biCTporo .AeiTpoHa cneKTaTopbl 

HMeiDT ,AOCTaTO'IHO 6om.ll1He HMnynbCbl, noTe pH o6yCJJOBJle

Hbl, rnaBHbiM 06pa30M, C06b1THJIMH C MaJlbiMB nepe,Aa'laMB 

HMnyJlbCa npOTOHY MHlliCHH. 0,AHaKO OHH MeHbllle, 'ICM npB 

ynpyroM pacce JIHHB, TaK KaK npa pa3oane JI,Apa Ha6niD,AaeT

CJI pe3KOe H3MCHeHBe HMnyJlbCa, a CJle,AOBaTeJlbHO, B KpH

BH3Hbl TpeKa B MarHBTHOM none Y 3apJI:lKeHHbiX cl>parMeHTOB 

no cpaoHeHHID c na.AaiDIUHM R.APOM. OueHKa, c,AenaHHaJI Ha 

OCHOBaHHH aCBMMeTpBH a3BMyTaJlbHOrO pacnpe,AeJJeHBJI, no

Ka3ana, 'ITO npB HMnyJJbCaX npOTOHa OT,Aa'IB B JJa6opaTop

HOH CHCTeMe, MCHblliBX 140 M3B/c, KOTOpble COOTBeTCTBYIDT 

nepe,Aa'laM 'leTblpexaMnynLca It I ::; 0,2 F3B/c ~ noTepa 

J COCTaBJJJIIDT /0,5±0,2/11/o OT o6mero 'IHCJla C06biTHH. KpoMe 

Toro, 3TH noTepa pacnpe,AeneHbl no HMnynhcaM cneKTaTop

HbiX HYKJJOHOB ,AOCTaTO'IHO paBHOMepHO H n03TOMY He BHOCJIT 

CKOJlbKO-HH6y,Ab 3aMeTHbiX BCKa>KeHHH. 
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Pa3~eneuBe HyKnoua-cneKTaTopa B Me~euuoro HyKno
Ha B CBCTeMe KOOp~HaT, CBJI3aHHOB C ~eiTpOHOM, ~OCTa
TO'IHO XOpoWee. ,lJ;ononHBTenJ>HWM apryM~HTOM B nonb3y 
3Toro MOlKeT 6wTJ. cpasueHBe yrnoswx pacnpe~eneHBi cneK
TaTopa B Me~neuuoro HyKnoua, npe~cTasneuuwx ua puc. 1. 
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Puc. 1. YzAoebre pacnpeoeAeHUJI cneK11a11opoe u MeoAeH
Hbrx HYKAOH06 6 CUCII€Me nOKOJI O€UIIpOHa. CnAOUIHQJI Kpu-
6QJI - pact~e• no MooeAu TAay6epa, nyHKIIUpHaJI - 6e3 Y<~e
•a tPOPM(XJKIIOpa O€UIIPOHa. 
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,D;o nocne~uero speMeHB pea:tenBJI d p -+ p p n B ycnoBBJIX 
417 -reoMeTpBB npB 6on~.WBx BMnynJ.cax He Bccne~osanacb. 
H3BeCTHa cepBJI pa6oT no B3y'leHmo pea:tenBi KBa3BYDpyro
ro BW6BBaHBJI Ha nerKBX JI~pax B DY'IKe 77-- Me 30HOB C BM
DynJ.coM oKono I T3B/c, swnonueuuaJI MeTo~Koi cseTo
CBnJ.Horo cDeJCTpoMeTpa HT3~4-8< B TOM 'IRene ua ~eiTe
pBB/9/. B Docne~uei pa6oTe BMenBcb orpaHB'IeHBJI B yrnax 
BWneTa perBCTpBpyeMWX 17- -Me30HOB B DpOTOHOB OT~a'IB, 
a BMDynbC DpOTOHa OT~a'IB B3MepJinCJI B ~BaDa30He 150+ 
"-550 M3B/c. II03TOMy B3y'lanBcb co6wTBJI TonJ.xo c ueiT
poHOM- cDeKTa Top oM. C~enauo 3aKmo'leHBe o ~OMBHBpyromei 
ponu DOniOcuoro MexaHB3Ma DpB BMDynJ.cax cDexTaTopos 
< 80 M3B/c. . 

,lJ;nJI B3Bne'leHBJI DO B03MOlKHOCTB 6onee DOnHOB BH4!op
Mai(BB o MexaHB3Me DPJIMoro pa3sana ~eiTpoua Mlol s Dep
BYIO O'lepe~b paCCMaTpBBaeM o6naCTb Manwx BMDynbCOB 
CDeJCTaTOpOB /HeiTpOHOB B DpOTOHOB/ B Manwx Depe~aq 
KB~paTa 'leTwpexMepuoro BMDynJ.ca OT Hy:tmoua c BMDynJ.-

... m N -+ 

COM PN=- p d K 6wcTpOMyHyJCnOHYB na6opaTOpHOB CBCTe
md 

... ~ 

Me KOOp~HaT. p d - HMnynJ.C Da~aiOIUero ~eBTpOHa. 

Ha puc. 2 DoJCa3aHo BMDyn~.cuoe pacnpe~eneHBe HYKno
HOB -cnexTaTopos B d -cBcTeMe, a ua puc. 3- acBMMeTpBJI 
B pacnpe~eneHBJIX no yrny TpeiMaua- Jlura s 3aBBCBMOCTB 
OT BMnynJ.ca cnexTaTopa ~nJI o6nacTei It I<. 0,1 T3B/c 2 , 
It!> 0,1 T3B/c 2 B 6e3 orpaHB'IeHBJI DO l.. 

B~uo, 'ITO uaB6onee 3Ha'IBTenJ.Hoe B3MeHeHBe acBM
MeTpBB 3axmoqeuo B o6nacTB Manwx nepe~auuwx 'leTwpex
BMDynJ.cos B B o6nacTB BMnynJ.cos cneKTaTopa <: 150 M3B/c, 
r~e Man sxna~ nepepacceJIHBJI. 

liwna Dpe~npBHJITa nonWTJCa 06'bJICHeHBJI ~aHHWX npB 
DOMOIUB reHepaQBB no· MeTo~y MOHTe- Kapno B cne~YIOIUBX 
Dpe~nonolKeHBJIX. HyKnouw 6panBcb ua Maccosoi nosepx
HOCTB, 4lopM4laKTOpOM ~eiTpOHa Ha DepBOM 3TaDe npeue6pe
ranOCb S(q) = 0. He npliHBManCJI BO BHBMaHBe CnBH, 
Dpeue6peranocb DepepacceJIHBeM B B3aBMo~eicTBBeM B Ko
He'IHOM COCTOJIHBB. 

Hcnon~.3osanBCb 3KcnepBMeHTanJ.Hwe ~auuwe no ~q,
q,epeHUBani.HOMY Ce'leHBJO p p - pacceJIHBJI /I O/ B HMnynbCHOe 
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Puc. 2. PacnpeoeAeHue npo•oHo6 u Heu•poHo6-cneK•a•o
po6 no UMnyAbCQM 6 CUC.eMe nOKOJI Oeu•poHa; - •- •- •- -
pactte•Hoe pacnpeoeAeHue UMnyAbC06 HYKAOH06, nepexo
ORIIIUX U3 Ka•ezopuu "CneK•a•op" 6 Ka•ezopuro "MeoAeH
HbiU HYKAoH" OAR co6r.r•uu, zoe ft I < 0,1 F3B/c 2 ; •o JICe OAJI HYKAOH06, nepexOOJIIqUX U3 
Ka•ezopuu "MeoAeHHr.ru HYKAOH" 6 Ka•ezopuro "CneK•a•op". 

pacnpe~eJJeHHe cnei<TaTopoa, pacc'IHTaHHoe c noTeH,uuanoM 

,XIDJJLTeHa. Yrnoaoe pacnpe~eneHHe cDei<TaTopHwx 'laCTHU 

1 Dpe~DonaranocL H 30TPODHWM. Y'ITeHo DepeDYTJol.B~JIHe cDei<

TaTopa CO BTOpWM Me~JJeHHWM HYI<JJOHOM B CHCTeMe DOI<OJI 

~eiiTpoHa. Pac'leTw DOI<a3anH, 'ITO DepeDYTWBaHHe cDei<

TaTopa C Me~JJeHHWM HYI<JJOHOM DPOBCXO~HT He 6onee 'leM 

B 3~ CJJy'laea /CM. puc. 2/ H He BJIHJieT Ha DOBe~eHHe 
acHMMeTpHH a pacDpe~eJJeHBJIX DO yrny TpeiiMaHa- JIHra. 

Pac'leTw He DPHBeJJH I< CI<OJJLI<O-HH6y~L 3aMeTHoiiacHM
MeTpHH. 

fipe~CTaBJJJieTCJI MaJJOBepOJITHWM, 'ITO B3aHMO~eBCTBHe 
B I<OHe'IHOM COCTOJIHHH MO)I(eT B ~aHHOM CJJyqae ~aTL 3aMeT

HWB 31}lcllei<T, Tal< I<ai< I<OppeJJJI,QHJI Xapai<TepHWX DJJOCI<OCTeii 

peai<,QHH /DJJOCI<OCTL pa3Bana - DJIOCI<OCTL I<Ba3HyDpyroro 

pacceJIHHJI/ Tai<OBa, 'ITO HaDpaaJJeHHJI HMDYJJLCa HYI<JJOHa 

OT~a'IH H DODepe'IHoii COCTaBJJJIIDU{eii HMDYJJLCa CDei<TaTopa 
B 60JJLWHHCTBe CJJy'laeB DpOTHBODOJIO)I(HW. 
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Puc. 3.3a6ucuMoc•r. acuMMellpuu 6 pacnpeoeAeHuRx no yzAy 
TpeuMaHa- BHza OAR pa3Hr.rx o6Aac•eu nepeoaHHozo tte•r.r
pexuMnyAr.ca. YzoA TpeuMaHa- BHza onpeoeAeH 6 Aa6o
pa•opHou cuc•eMe KaK: 

[- Pd xpsp].[ P6biCTp.X PMeAn.] 
~ = arecoo -

T.H -. __. __. __, 
I [-pd x Psp] II [p6bJCTp~ PMeAn.11 

Ha puc. 4 DpHae~eHo pacDpe~eneHHe Do DODepe'IHWM 

HMDYJJLCaM pacCeHBaeMWX HYI<JJOHOB OT~a'IH DO H3y'laeMoii 

peai<.QHH. Pac'leTHaJI I<pHBaJI A HOpMHpoaaHa Ha 'laCTL 

pacDpe~eneHHJI c p 1 -.., 0,4 F3B/c. Ha TOM )l(e pHCYHI<e 

DPHBO~HTCJI pacDpe~eJJeHHe DO DODepe'IHLUd HMDYJJLCaM ~JIJI 
yDpyroro pd -pacceJIHHJI DPH 1,7 F3B/c, pacc'IHTaHHoe Ha 

ocHOBaHHH ~auuwx pa6oTw 1 1/ /I<pHBaJI B I. BH~Ho, 'ITO 

pa3HHUa /I<pHBaJI li I Me)l(~y pac'leTHLIM I Ai H 3I<CDepHMeH

TaJJLHLIM pacnpe~eJJeHHJIMH ~JJJI peai<,QHH dp • p p n 6JJH3I<a I< 

pacDpe~eJJeHHID ~JJJI ynpyroro pd -pacceJIHHJI. 

KoJJH'IeCTBeHHaJI ou.eHKa ~aeT 

ad p -+ p p n = 0, 76 ~ 0,02 , 
a ~a 

d p -> ppn c p • ol p 
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Puc. 4. PacnpeOeAeHue no nonepe'IHbiM UMnyAbCaM pacceu
aaiOJI#UXCJI HYKAOH06 /6e 3 cne n•a•opa/ U3 pea KfiUU d p -• pp n . 
A - pac'lem 6e3 y'lella (JopM(KJKmopa oeii•poHa; li - pa3HUfla 
Mexoy pac'lemoM /A/ u 3KcnepuMeHIIaAbHbiM pacnpeOeAe
HUeM /ooHa a auoe nAaaHoii t<puaoii/; B - pacnpeOeAeHue 
no nonepe'IHbJM UMnYAbCaM OAJI ynpyzozo pd -pacceJIHUJI; 
r - pac'le1/l no MOOeAU FAay6epa 6e3 Y'lema nepepacceJIHUJI. 

a .D;JIJI OTHOWeHHJI flJIOIQa.D;e:ii 3KCnepBMeHTaJILHOrO B pac\feT
Horo pacnpe,ZJ;eneHB:ii - 0,77±0,02. 

3aMeTBM, 'ITO KOHKypeHI(BJI ynpyroro pacceJIHHJI 'laKaH
\fBBaeTCJI npB 3HalfeHBJIX nonepe'IHOrO BMDYJILCa, COOTBeT
CTBYIOIQBX I tl - 0,1 F3B/c 2, TO ecTL o6nacTL, r.D;e cy
IQeCTBeHHO ynpyroe pacceJIHBe, cosna,ZJ;aeT c o6nacTLIO, 
r,ZJ;e Ha6JIJO.D;aiOTCJI KOppeJIJII(HB. 

HcnOJib3 YJI npB6JIIDKeHHe flOJIHOTbl B MO.D;eJIB r Jiay6e
pa /12/, npeHe6peraJI .D;ByKpaTHbiM pacceJIHHeM, .D;B4>4JepeH
l(BaJILHoe ceqeHHe peaKI(HB npJIMoro paJsana MO:>KHO Janu
caTL B BB.D;e paJHBI(bl noJIHoro H ynpyroro pacceJIHBJI: 

k) 
(dt dp-+ppn 

(i£...) - (~) 
d t sc d t ee /1/ 
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l 

• 

r.D;e 

( _<!.2:_.) "' l A 1
2 

+ lA 1
2 

+ S (q) 2 ReA A* 
d t "'" p n p n 

/2/ 

B 

(iJL.) =S 2 (9_)[lA 1
2 +!A !2+ 2ReAA*]. 

d t er 2 p n p n /3/ 

,IJ;onycKaJI, 'ITO aMnJIBTy.D;w pacceJIHBJI npoToHa ua npo-
TOHe A P B HeiiTpoHe An paBHhl Me)K.IJ;y co6oii B 'IBCTO 

MHHMbl, flOJiy'IHM: 

( ~ ) - I A 1
2 

• [ 1 + s ( q) - 2 s 2( ..9..) ) 
dt dp-+ppn P 2 

/4/ 

.D;JIJI cnyqaJI, y'IBTbiBaJOIQero BHTepcllepeHI(BIO aMnJIBTY.D; o.D;
HOKpaTHOrO pacCeJIHBJI B 

(da) 2 2q Tt dp->ppn-lApl·[l-S (7)] /5/ 

6e 3 BHTepcllepeHI(HB. _ 33q 2 

~OPMWaKTOp .D;eiiTpOHa 6pancJI B BB.D;e S(q)=e ·3TO 
onpaB.D;aHo .D;JIJI BHTepecYIQIQeii Hac o6nacTH MaJiblx nepe.D;aH
HbiX HMnyJILcos, r.D;e WOPMWaKTopw cna6o paJJIH'IaJOTCJI/ 13[ 

BKJIIO\feHHe B nporpaMMY reHepanuu Bblpa:>KeHHJI I 4/ 
npuseno K cornaca10 pacqeTa c 3KcnepHMeHTanLHbiMB .D;aH
HbiMB no acBMMeTpBB B o6nacTB MaJiblx l t I /eM. puc. 3/ 
a c pacnpe,ZJ;eneHBeM nonepe'IHbiX BMnynLcos I puc. 4, Kpa
saJI r ;. 

PacqeT c ucnoJILJOBaHHeM swpa:>KeHBJI /5/ TaK:>Ke se
.D;eT K JHa\fBTeJILHOMY yseJIB\feHBIO acBMMeTpHB A c pocTOM 
BMnynLca cneKTaTopa, HO cornacue c ,ZJ;aHHbiMB 3Kcnepu
MeHTa yxy,ZJ;WaeTCJI /JaHB)KaJOTCJI senB'IBHbl AHa 10-15~, 
pUC. 3, flYHKTBpHaJI JIBHBJI/. 

TaKBM o6pa30M, y.D;aeTCJI B paMKax MO,ZJ;eJIB rnay6epa 
npH .D;OBOJILHO 60JILWHX ynpoiQeHBJIX Ka\feCTBeHHO OflBCaTb 
Ha6JIJO.D;aeMble KOppeJIJII(BB xapaKTepHbiX flJIOCKOCTeH peaK
l(BB npJIMoro pa3BaJia .D;eiiTpoHa. 

9 



3a DOMOUU> B pa6oTe aBTOpLI 6Jiaro~apHLI KOJIJieKTHBy 
OT~ena o6pa6oTKH c)HJibMoso:i HHc)opMa~HH JIBTA OHJIH, 
a TaiOKe TeXHH'IeCKOMY nepcOHaJiy JIB3,' HHCTHTyTa JI~ep
HLIX Hccne~oBaHH:i /Bapwasa/ H BapwascKoro YHHBepcH
TeTa. 
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