
OB'bE.l(HHEHHYA HHCTHTYT fl,l\EPHYX HCCJIE,l\OBAHHR 

1-90-124 

TPYCOB 
Cepre~ BeH~aM~HOB~4 

Y,ll,K 539.189.2 

1/13MEPEHI/IE BEPOHTHOCTI/I PACnA,ll,A n°-ME30HA 
HA y-KBAHT 1/1 A TOM n03I/ITPOHI/IH 

1/1 CE4EHI/IH 83AI/IMO,ll,E~CTBI/IH 
YnbTPAPEnHTI/IBI/ICTCKI/IX no3I/ITPOHI/IEB 

C YrnEPO,ll,OM 

Cne4~aJ1bHOCTb: 01.04.16 - <l>~3~Ka RApa 
~ 3fleMeHTapHblX 4aCT~4 

ABTope¢epaT AHCCepTaUHH Ha COHCKaHHe yqeHOA CTeneHH 

K8HAHA8Ta ¢H3HKO-MaTeMaTHqeCKHX HayK 

,ll,y6Ha 1990 



Pa6oTa·B!illlOJIH8Ha B Jia6opa'IOpHH sutePHblX npo6Jl8M 
06b8JIKH8HHOTO HHC'.l'HT)'Ta sutePHblX ~CCJreJtOBaHHH• 

Hayqtt1,10 PYJCOBO.ztHTeJIH: 
KaH.ztmtaT IH3HKO_;MaTeMaTH4BCKHX Ha)'K 
KaHJtHJtaT tr.raHKo-MaTeMaTH4BCKHX ttaYK 

OiHLOGJlbH!,18 onnotteHnl: 
JtOK'IOP tr.raHKo-waTeMaTH4BCKHX ttayic 
JtOK'IOP iH3HKO-MaTE!MaTH4BCKHX 'ttayic ,i 

A. 8. KyJIHKOB 
A.B.Kynuoa 

B.H.60J1oroa 
8.H.nepBYJIIHH 

' , . ' .· ' ,-... : I 

BeJlYDl.8e ttayqtto-HccJ10JtOaaTeJlbCKoe yqpe:a:,llettHe: HttcTHTYT 
!»r.raHKH BblCOKHX 3HeprHA (Cepnyxoa). 
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Ha aace.n:aHHH CneUHa.JIHaHpoaaHHoro coaeia }l-0.17 .01.03 npH 
Ja6oparopHH sutePHblX npo6J1e·w 061>8AHH8HHor~ HHC'l'HTYTcl sutePHblX 
HCCJleJtOBaHHR, r.Jly6tta, MocitoscKOR 06Jiad11·. 
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C JtHCC8l)Tal.018H MOZHO (?3HaKOMHTbCSI B 6H6JIHOTeK8 OH~H. 
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Aarope~paT paaoc.11aH "_\_._" :. 1990 r. 

~l.jSHl,IH ceKpeTapb C~eL01aJIH3Hl)OBaHHOTO coaeTa 
JtOK'IOP IH3HKO-MaTeMaTH48CKHX Ha)'K D.A.6aTYCOB 
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osmA~ XAPAKTEPHCTHKA PAEOTU 

AKTYaJlbHOCTh npo6.11ew. Ha C~ClBYl)IIU1X YCKOl)HTeJISIX BLICOKHX 3Hep
rHR MO:Z:HO nOJIYtmTh a'IOMbl n03HTl)OHHSI (A2e) C r-w,iK'IOpaMH 103 -105 B Jia-

6opa'IOpHOH CHCTeMe KOOPJtHHaT. noJIY48HHe noaHTl)OHH8B co C'IOJlb 60.llblDHMH 
r-cI>aJITOpaMJ.1 OTKpLIBaeT B03MO:Z:HOCTh H3YtmTh SIBJleHHSI, H8.ltOCTYJIHhle B JtPY
rHX 3KCnepHMeHTax: npouecc ~PMHl)OBaHHSI a'IOMOB, aaaHMOJt8HClBH8 a'IOMOB 
C aemecmoM B 06.llaCTH, r Jte C848HHe BblXO.ltHT Ha aCHMITIOTHll8CKOe 3Ha48-
Hl1e 11 r.l(e O:Z:H.l(a8TCSI H83KcnoHettrzyraJlbHaSI aaBHCl1MOCTh Bel)OSlnIOCffl 
JtHCCOL01aizy111 a'IOMOB OT npoi1,1!8HHOro B Bell{eClBe pacC'IOSIHHSI-

Ha YCKOPHTeJISIX npO'IOHOB noaHTl)OHl1H · o6pa3Yl)TCSI B OCHOBHOM B 
pacna.n:ax ft

0
-MeaoHoa: ft

0
-r+A2e, np11 3'IOM A2e 11MeeT r-:67 a CHCTeMe 

noKOSI n110Ha, ffcnycKaHHe n03HTl)OHHSI B pacna.n:ax 3Jl8MeHTaPHblX tmCTHU-
3'1'0 8.ltHHClBeHHbM JtOCTYJIHbM .ltJISI 3Kcnep11MeHTaJlbHOro H3Y48Hl1SI npouecc 
o6paaoeaHl1SI peJISITHBHCTCKOR Cl1CTeMhl B CBSl3aHHOM COC'IOSIHHH. 

BepoSlnlocn, a'IOMHoro pacna.n:a ft
0

-Meaotta CBSl3atta c K03WWHL018H'IOM 
KOHBepCHl1 B11PTYaJlbHOro r-KBaHTa B a'IOM noaHTl)OHHSI, KO'IOPbM HMeeT OJtHO 
11 ro :z:e aHatteH11e npaKTH4ecKH a J!Kl6blX npoueccax, conpoeo:1:JtaIOIIU1XCS1 
11cnycKaHl18M :z:ec,TKl1X r-KBaH'IOB. 

AKTYaJlbHhlM SIBJ!SleTCSI H3Mel)8HHe YHHBel)CaJlbHOro K03WWHL018HTa 
KOHBel)CHl1 BHPTYaJlbHOro ~'IOHa B a'IOM noal1Tl)OH11SI, CBSl3aHHoR C HHM 
Bel)OSlnIOCTH a'IOMHoro pacnaJta ft

0
-Me30Ha H H3Y48HHe aaaHMO,lleHClBHSI 

peJISITHBHCTCKl1X a'IOMOB C aemecTBOM. 

B JtHCC8PTal.01H on11caH1,1 3Kcnepl1MeHnl no HaMepeHHIO C848Hl1SI aaa11MO
.l(8HC1BHSI YJlbTpapeJISITHBHCTCKHX noa11TpoHHeB C YT.llel)O.ltOM H HaMepeHHIO 

• 0 ' 

Bel)OSlnIOCTH pacna.n:a ft -r+A2e• KOHCTPYKl..01SI H xapaKTepl1CTHKH IDHl)OKO-
anePTYpHoro raaoeoro noporoeoro 4epeHKOBCKoro C4BTllHKa co CMeCTHTeJleM 
cneKTpa 11 YCTl)OHCTBO KOHTl)0.1151 COCTaBa raaoeoro HanoJIHeHHSI C48T'll1KOB, 
a Tane PSIJt nporpaMM, HCnOJlb30BaHHl,IX npH o6pa6oTKe 3KCnepl1MeHTaJlbHblX 
JtaHHblX. 

lie.lib pa6on,. }l11ccepTaL01S1 nocBSlll{eHa 11auepeHHIO aepoSlnIOCTH pacna.n:a 
o l -

ft -:Me30Ha Ha r-KaaHT H a'IOM noaHTl)OHHSI H onpe,lleJleHHIO K03~11l.018HTa 
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KOHBeDCWW BWDTYaJ!bHOro WOTOHa B aTOM no3WTDOHl1Sl, a TaKlCe 113M8P8Hl1IO 

ceqeHl1Sl B3al1MO,ZleHCTBl1Sl Y.llbTpape.lI.Sl'll1B11CTCKl1X no311TPOHl1eB C yr.11epO.llOM 0 

HaY'IHaSI HOBH3Ha 11 npaKn1qecKaS1 ueHHOCTh- H3MepeHa OTHOCl1Te.llb-

HaSI BePO~OCTh Ha1160.11ee pe~oro 113 Ha6mo~B11111XCSI pacna.llOB 3.lleMeHTap-
0 

H!,IX •racTHU - pacna~ n -Me30Ha Ha r-KsaHT 11 aTOM no311TPOHl1Sl 11 onpel{e-

.11eH K03WW111.\HeHT KOHBepCHH B11PTYa.llbHOro WOTOHa B aTOM no3HTPOHl1Sl. 

H3MeP8HO nomoe ceqeH11e B3al1MO.ll8MCTBl1Sl Y.11bTpape.11Sl'n1Bl1CTCKl1X n0311Tpo

Hl18B C yr.11epO.llOM B l{Hana30He r-waKTOpOB Ha.11eTaIOlll.ero .aTOMa OT 800 .llO 

2000. ~aHHble 3HaqeH11S1 Ha 3 nop~a npem.JmaIOT r-war.ropu, np11 KOTOPhlX 

H3Mep~ocb ceqeH11e ~TOM-aTOMHoro B3a11MO.lleficTB11S1 · B .11pyr11x ::ir.cnepa

MeHTaX., 11 COOTBeTC~YIOT arnMnTOTHqecKOM o6~CTH ceqeH11M. . llo~qemme 

P83Y.llbTaThl no.llTBeP:Z:~IOT npaBH.llbHOCTh cospeMeHHhlX npel{CTaB.IIGHl1tt O· 

-reop1111 3THX npoueccos. 

Pa3pa60TaHHOe. YCTPOMCTBO KOHTPO.IISI COCTaBa ra3a eMKOCTilhlM, MeTO.llOM 

MO:Z:eT HaMTH np11MeHeH11e B pa3.1111qHhJX 06.llaCTfil ·::JKCnep11MeHTa.llbHOM tl111311Kl1 

11 TeXHHK11- nporpaMMbl npocTpaHC;TBeHHOM peKOHC'.fPYKUHl1 TpeKOB qacTHU B 

.llPeAwosbll{ KaMepa~ 11 onpe.11e.11eH11S1 B3aHMHoro pacno.110:z:eH11S1 .KaMep, '.MOrYT 

HCnO.llb30BaThCSI B .llPYrHX ::JKcnep11MeHTaX no tl111311Ke · BblCOKl1X 3Hepr11A. 

Anpo6aUIIJSI pa6on1. B l{HCC8PTaW1H on11cam,1 pe3yJ!bTaThl 11cc.11e:ziosamin. 

sunomeHHhIX B Jla6oparop1111 S1.ll8PH1,1X npo6.11eM OH51H c 1980 no 1989 · rr • 

Pe3YJ!bTaThI, some.llllll1e B l{HCCePTal.\HIO, .llOKJia.llh!Ba.1111ct,' Ha Hayqr1ux 'ceMHHa- · 

pax JI51n 11 JIB3 OH51H, HHH51'1> MfY 11 H'1>B3 (Cepnyxos), Ha 11 Koopl{HHal.\HOH

HoM coseiuaH1111 MmmY3a CCCP no W11311Ke s1,1co1<11x :.=meprnA (Caparos,1988 r) • 

vi Ha cecc1111 OT.11e.11eH11RSll{epHoA <11113111<11 AH CCCP (MocKBa; 1990 r.). 
'· 

ny6.1111KaU11J11. OcHOBHl,18 pe3Y.llbTaThl, BOIIle.llllll1e B l{HCCepTaJ..\HIO, ony6.1111-

KOBaHM B 6 pa60TaX-

CTDYKTYDa mccepTal..Q:111- ,l{viccepTaJ..\HSI cocTOl1T 113 soo,.11eH11S1, qerupex 

r.11as 11 3aKJllOqeH11S1; oHa ~o.llep:z:11T 129 cTpaH11u, 32 Pl1CYHKa, 11 Ta6.m:iu 11 

6116.1111orpatf111qec1<11A cn11coK A11-repazyp1,1113 103 ·HaHMeHOBaH11A; 

CO,l{EPlltAHHE PAEOTM 

Bo BBe4eHl1l1 ~eTCSI o630P TeopeTHqecKl1X 11 3KcnepviMeHTa.llbH!,IX 

pa60T, nOCBSllll.eHHbll{ 113yqeHl1IO PO:Z:.lleHl1Sl 11 CBOHCTB ( e + e -) , ( n±n +) , ( n± µ +) 
+ + . - 0 

11 (n-K) aTOMOB- OnvicaHW OCHOBHl,le xapaKTepl1CTHKH pacna~ n -Me~oHa Ha 

r-KBaHT 11 aTOM no311TPOHl1Sl 11 ocHOBHb~ csoAcTBa 06paayI0111.11xcS1 YJlbTpape

.lI.Sl'll1B11CTCKHX n0311TPOHl1eB. TeopeTHqeCKOe 3HaqeH11e OTHOIIIeHl1Sl sepom-
0 . 

HOCTH pacna~ n -+r+A2e K sepo~ocTH pacna~ Ha .llBa r-KBaHTa paBHO 

2 

' -9 
pn=l.69·10 ·11 CBSl33HO C YH11BepCaJlbHl,IM K03~Hl.\HeHTOM KOHBePGl111 

B11p-ryaJlbHOro WOTOHa B aTOM no311TPOHl1Sl npocThlld COOTHOIIIeHl1eM: p n=2 . pa. 

Be.1111q11Ha Pa ocTaeTCSI Hel13MeHHOM npaKn1qec1<11 so scex npoueccax. r .lle 

ncnycKaIOTCSI r-KBaHThl C 3Hepr11eA MHOro 60JlbIIleH MaCC!,l 3.118KTPOHa. 

np11 pacna.lle n°-Me3oHa 11cnycKaIOTCS1 no311TPOHl111 B TPl1n.11eTHOM 
-7 , 3 

COCTOSIH1111, 11X speMSI lCH3Hl1 paBHO 1,4·10 c. ~0311TPOHl111 C r~10 

pacna~IOTCSI Ha .l!Al1He ~40 KM, T.e. 11X MOlCHO Cql,fTaTh° CTa611JlbHMMH- BpeMS! 

%113Hl1 Cl1Hr.lleTHoro ,n0311TDOHl1Sl np116J111311Te.llbHO Ha 3 nop~ MeHbme. 

np11 npoxo:z:.lleH1111 qepe3 nonepequoe MarH11THoe no.11e c Hanpsm:eHHOCThIO 
. 5 

H>l ,4 · 10 Ir 3 n0311TPOHl111 B OCHOBHOM COCTOSIHl111 pa3Ba.1111BalOTCSI, .llJISI 

aTOMOB A2e B nepBOM B036y:z:l{eHHOM COCTOSIHl111 KPl1fflqecKoe 3HaqeH11e 

HanpSllCeHHOCTH, np11 KOTOpoM npol1CXO.l{HT pa3Ba.ll, Ha nopSll{OK MeHbme. np11 

npoXO%.lleH1111 A2e qepe3 60.11ee c.11a6oe nonepequoe no.11e B03Hl1KaIOT 

OCI.\H~l1 Me%.llY TPl1n.lleTHh!M 11 Cl1Hr.lleTHh!M COCTOSIHl1SIMl1 aTOMa 11 qacTb 

n0311TDOHl1eB aHH11r11.1111pyeT-

noal1TPOHl1H pa3Ba.1111Ba!OTCSI np11 . npoXO:Z:.lleHl111 qepe3 TOHKl1e C.11011 

se111.ecTBa: .11A11Ha cso6o.llHoro npo6era A2e·s yr.11epo.11e pasHa ~o,1 MKM. 
Ec.1111 aTOMl,I 06.lla~IOT HaCTOJlbKO 60Jlbllll1M11 r-tI1aKTOpaM11, qTQ BpeMSI t 

npoxo:z:.11eH11S1 aTOMa MeX.llY .llBYMSI noc.11e.llOBaTeJlbHMMH Heynpyr11M11 coy~pe

Hl1SIMl1 CTaHOBl1TCSI MHOro MeHbme xapaKTepHoro aTOMHOro BpeMeHl1 ta=rto B 

.11.c., TO_ sepo~OCTh npoXO%.lleHl1Sl aTOMa qepe3 C.IIOH se111.ecTBa OKa3blBaeT

CSI 60Jlbme, qeM npe.11cKa3b1BaeMaSI 3KcnoHeHI.\HaJlbHOH 3aB11Cl1MOCThlO- np11 

B3al1MO,ZleHCTBl111 A2e C yr.11epO.llOM t<<ta y:z:e np11 r~100. 

np11 pacqe-re .ll0.1111 n0311TPOHl1E!B, B!,IXO.llSllll.l1X H3 M11IDeH11, He06XO.l{HMO 
+ -~ThlBaTh BpeMSI tI1opM11posaH11S1 T W aTOMa 113 e e napu. 3a speMSI T W 

+ - 0 3 30 -CWCTeMa e . e C , r=l B JI. C. npo.11eTaeT ~ MKM, np11 3TOM B3al1MO,Zlel1CT-

B11e Cl1CTeMl,I C se111.ecTBOM Ml1IIIeHl1 OT.1111qaeTCS1 OT B3al1MO,ZleHCTBHSI C' Hl1M 

CWQPM11PQBaHijOrOaTOMa: Cor.11acHO -reopeTHqecK11M pacqeTaM 113 yr.11epol{HOH 

Ml1IueHl1 T0.11111.11HOH 1 MKM B!,IXOJU1T B ~2 pa3a 6oJlbme aTOMOB, qeM np11 

pac}leTe 6e3 yqeTa BP8MeHl1 WQpM11poBaH11Sl-

B nepsoA r.11ase on11caHM KaHa.11 pe.lI.Sl'll1B11CTCKl1X ,n0311TDOHl1eB 11 

3KCnepl1MeHTa.llbHaSI YCTaHOBKa (p11c.l). B npS1M0.1111HeHHOM npoMeXYTKe 
Cl1HXPQTPOHa Y-70 <Cepnyxos> ycTaHOBJieHa n.11eHoquaS1 yr JieDO.llHaSI Ml1IueHb 

T0.11111.11HOH ~-4 MKM- no3HTPOHl111, o6pa3yIOlll.l1eCSI B pe3YJlbTaTe pacna.llOB 

n°-Me30HOB, nona~IOT B KaHa.11, np11coe.1U1HeHHhJH K ,KO.llbUY YCKOP11Te.llSI 6e3 

neperopo.n;OK, 11 Ha BXO,Zle B MarHl1T cn-73 pa3Ba.1111BaIOTCSI KpaeBblM no.11eM Ha 
- + ' ' 

e 11 e •. 3.11eKTPQH 11 Il0311TPOH perl1CTPl1PYJOTCSI .llBYMSI Te.lleCKonaMH, 

COCTOSllll.l1Ml1 113 JJ;PeHWQB!,IX KaMeP, Cl.\HHTH.ll.l!Sl!.\HOHH!,IX 11 qepeHKOBCKl1X 

cqeTql,fKOB- . 
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.ZJ;JISI Bb1Be.ll9Hl,ISI aapS1%eHHWC traC'rnl.l C J,!MJ1YJ!bCaM11 p<3 f3B/c 1,13 KaHa-

Jia B.llO.llb Hero Ha .llJil,IHe ~3M coa.llaeTCsi nonepel!Hoe rop1,1aoHTa.lll>Hoe 

O.llHOPQ.llHoe uarmrrnoe noJre <H> Hanpsa:eHHOCThD 56 3 ( O'-ll!Ina.IOI!le~ noJre). 

fl03l,ITJ)OH1,U1 B OCHOBHOM COCTOSIHHH npoxo.ztSIT o6JiaCTh noJISI He paaBa.l[J,f-

~· , ~ 0 r--- ;-------~~ 
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PHc.1. CxeMa YCTaHOBKH- a) cxeMa KaHaJra: P - nyqoK npOTOHOB; M -

nJreHol!Hasi MHmeHb; n - yr Jrepo.llHasi nJreHKa-nor JrOTI1Te.llb; KJI - KOJL11Y1-

Marop; H - ropHaoHTa.llbHoe M,lrHHnioe noJre; .n - ·cTa.llbHhle .101awpar

MliB K - KOHBePTOP J,13.nJreKCHrJraca; 6) cxeMa pacnoJrO:Z:eHHSI MarHHTa 

H ,lleTeKTOpoe: CM - noJ[IOCa MarHHTa Cfl-73; BK - BaKYYMHaSI KaMepa; 

.ZJ;Kl - .ZJ;K3 - naKeTbl .llP9'1WOBl,IX Kauep; s 1 , s 2 - CJ.lHHTI1JIJISll.ll,IOHHOO 

_ctJ~'I"rnKH; cl, c2 - ra30Bble qepeHKOBCime CtJe'I"rnKJ,!; fM -

r-MOHHTOp; flM - nO,llBH:Z:Hlirn r-MOHHTOp. 

. 
BaSICb, a n03HTPQHHH B B036yx,lleHHblX COCTOSIHHSIX .I01CCOJ.ll,ll,lpYIQT B 3TOM no-

Jre J,f _He pernCTPHPYIOTCSI YCTaHOBKOH-

Ha pacCTOSIHHH-2,2 MOT Ml,IIDeHH pacnoJrO:EeHO YCTPQHCTBO BBO,.lla B 

KaHaJr yrJrepo.llHblX nJreH01<-norJroTI1TeJre'1. KOTOPL!e Hcno.iiI,aoBaJ[J,!Cb np1,1 

onpe,lleJreHHH CetJeHHSI B3aHMO,lleHCTBHSI aTOMOB C yrJrePQ.llOM-

4 

.ll;JISI npose.zteHl,ISI KaJ[J,!6PQBOl!HWC J,!3MeP9HJ,1R 1,1 onpe,lleJreHHSI noTOKa 

r-KBaHTOB B KaHaJr BB0.101.l[CSI nJreKcHrJiaCOBlirn KOHBePTOP-

MOHHTOpHpoBaHHe noTOKa r-KBaHTOB OCYI!l9CTBJISIJ[OCb TeJreCKOnOM CJ.ll,IH

TI1.l[J[SIJ.ll,IOHHblX CtJe'I"rnKOB co CBHHJ.lOBblM KOHBepropoM, pacnoJrO:EeHHblM 00.l[J,f3J,f 

OCH KaHaJra. 

.ll;JrSI Bl,IJieJreHHSI e + H e - 1,1cnOJib30BaJG!Cb , noporOBl,19 qepeHKOBCIG!e 

CtJe'I"rnKH, KOHCTPYKJ.lHSI . KOTOpl,IX noKa3aHa Ha PHC-2. llepeHKOBCKOe 

H3JiylleHHe ,lffiCTI1U,WOKYCHpyeTCSI .llBYMSI aepKaJiaMH H nona)laeT qepe3 Bl,IJCO,ll

Hble OKHa J,13 nJreKCHrJraca C HanWieHHl,IM Ha HHX CMeCTI1TeJreM" cneKTpa 

( p-TepWeHHJrOM) Ha WQTOYMHO:Z:1ITeJ111 <l>3Y-49. Hcno.llbaosaHHe cuecTI1TeJrS1 

cneKTpa noaBOJ[J,!JrO yse.l[J,f'-ll!Th aM!l.l[J,fTY.llY Bl,IJCO.llHoro c1,1rHaJia CtJe'l"tJl1Ka B 

1.5 paaa. OT6op WOTOYMHO:Z:HTeJreR. npoBO.llHJICSI no peay.llbTcl.TaM 

HCCJre.llOBaHHSI HX 0.llH03JleK'tpOHHl,IJC xapaKTepl,ICTI1K. 

7 
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CtJe'I"tJ11KH aanOJIHSIJIHCb 

WPeOHOM-12 np1,1 aTMOCW9p

HOM ,.llaBJreHHH IlYTeM 

npoJlYBa. 

P1,1c. 2. KOHCTP~SI CtJeT

'-ll!Ka. 1 - ;CbeMHble CTeHKJ,f, 

2 - aepKaJia, 3 ~ BbllCOJlHl,19 

OKHa,. 4 - WOTOYMHO:z:HTeJGI, 

5 - MarHHTillirn 3KpaH, 6 -

KOHHtJeCKJ,fe OTPa:Ea.Te.l[J,f. 

7 - paMKH, 8 - IDl1H.llblGI. 

3WWeKTI1BHOCTh ct1eTtJ11-

KOB K 3.lleKTPOHaM 6Wia He 

xyxe 97%. a 0.llHOPQ.llHOCTh 

cpe.llHeR · aM11.l[J,fTY.lll,I 

IlJIOina.llH BXO.llHOro 

paaMepoM 0,5xl,O M
2 

xyxe 8,5%. 

no 

OKHa 

- He 

.ll;JrSI KOffTPOJrSI coc-raea raaoeoro HanoJ1HeHHS1 ct1eTtJ11KOB 6Wio paapa6o

TaHO YCTPQHCTBO;. no3BOJISIXlm,ee H3MePSITh KOHJ.leHTPaJ.ll,IIO wpeoHa--:12 B CMeCH 

wpeoH-803.llYX C TOl!HOCThKl O. 3 % • '!TO COOTBeTCTBYeT TO'-IHOCTI1 H3MepeHHSI 
. -6 . . . 

nOKa3aTeJISI npeJIOMJreHHSI raaa - 7 ·10 . flPHHJ.ll,IIl ,lleHCTBHSI YCTPQHCTBa 
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OCH0BaH Ha perHCTJ)aU~U'I )113MeHeHJ,ISI eMK0Cnt K0H.zteHcaTOpa npn 113MeHeHl111 
.Zll13JielcrJ)l1ttecKoR npoH111.taeMOcn1 ra3a MeXJJY erci o6~~aim. 

8 3KCnep11MeHTe 11CnOJlb30BaJlaCb MHOroypoBH8BaSI Cl1CTeMa c6opa 
' • . ·+ -

.ztaHHblX. TpiirrepoM nepooro Y.POBHSI .lLllSI per11cTpaL0111 e e nap c.JIY%11JU1 
COBna,lleHl1SI Cl1rHaJIOB ClOfHTl1JLIISILOIOHHhlX H l!8P8HKOBCKl1X Cl!8T'lllfKOB B 06011x 
TeAecKonax. 3aTeM np11ttsrrast 11H~PMalOfst 06pa6aTblBa.11acb annapaTHw 11 
M11KponporpaMLG1pyeMhlM npoueccopaim. OT6op co6Ll'I'l1£i KaK Ha 3TOM 3Tane, 

Ta.K 11 np11 'oKOH4aTeJlbHOH o6pa6oTKe HaKOnJieHHOH 11H~OPMalOfl1, 6LIJI OCHO-
+ -BaH Ha npl13H3.Kax, KOTOPIMI 06.lla.ztallT e .e nap1,1 OT pa3Ba.lla A2e B noAe 

cneKT.POMeTPHttecioro· MarHHTa: 

a) e + H e - HcnycKaIOTCSI ~3 0.llHOH T04KH Ha ~XO.Ile B MarHHTl 

6) OTKAOH8HHSI TpeKOB no3HT.PQHa H 3A8KT.PQHa B BePTl1KaJlbHOH 
nAOCKOCTl1 OT HanpaBJieHHSI Ha M11ID8Hb paBHl,I HYJIIO; 

B) HMnYJlbCl,I 3A8KT.POHa H no3wrpomi paBHbl M8:&:JJY 'co6oi1. 
. npoueccOpbl ·no.ztaBASIJU1 ~HOBble 3anyCKH OT e + e - nap np116JU1311TeJlbHO 

B 90 pa3.' 

Bo BTOpoA r JlaBe paccMaTPHBaeTCSI MO.zteAHpoBaHHe cneKTPOEl r-KBaHTOB 
11 n03ITTPOHHeB, aMOPHTM P8KOHCTPYKLOIH,TP8KOB '-laCDIU B .ztpeH~OBhlX KaMe
pax, npoueJJYpa onpe.lleAeHHSI B3aHMHoro pacnoAo:&:eH11st KaMep H MO.lleAHpoBa
HHe T04HOCTHhlX xapaKTepHCTl1K YCTa.HOBKH. 

Ha OCHOBe aHaAH3a 3Kcnepl1M8HTa.JlbHblX pa6oT H H3B8CTHhlX napaMeTpH-
3alOIA 11HBapHaHTHblX C8l!8Hl1H PO%.ll8HHSl'ff-Me30HOB B npoTOH-npoTOHHblX H 

npoTOH-Sl,llepHl,IX B3aHMO.ll8HCTBHSIX 6blAH noAY4eHbl napaM?TPl13alOIH cneKTpa 
n° -Me30HOB, B COOTB8TCTBHH C KOTOPhlMH MO.ll8AHp0BaAHCb cneKTpbl n0311T-

o POHl18B H r-KBaHTOB B KaHaAe Pn. np11Be.zteHbl pacnpe.zteAeHHSI n, -Me30HOB, 
r-KBaHThl H A2e OT pacna.zta KOTOPblX nona.naxrr B KaHaA, no nonepe4HOMY 

6 - - - E*/E* E* 11MnYJlbCY, blCTPOTe 11 CK8HJU1HrOBOH nepeMeHHOl1 xR= max• 3.ll8Cb 
0 * . ' 

3HeprHSI n. -Me30Ha B C • U-M-, Emax - ero Ma~Cl1MaJlbHO B03MO%HaSI 3Hepr11si. 
AMOPHTM noHCKa H npoBe.zteHHSI TpeKOB '-laCTl1U no KOOP.ztHHaTa.M cpa6o

Ta.BIDl1X npoBOAOK .llP8H~BhlX KaMep OCHOBaH Ha Bbl4HCJIE!HHH Ta.HreHCOB 
HaKAOHa OTP83KOB tgek, .. C08.llHHSIIOIIOIX nonapHo cpa~OTa.BIDl1e npoBOAOKH, 11 
nOHCKe rpynn tgek C 6AH3KHMl1'3Hal!eHHSIMH- npH per11cTpalOfH 0.llHOH '-laCTl1-
Ubl (B 4, 5 HJU1 6 KaMepax) M0%8T 6b1Tb HaA.zteHo OT 4 .llO 12 npH6JIH3HTeJlb
HO paBHblX 3Hal!eHHH tgek. Ycpe.llHSISI HX, noAY4aeM napaMeTP HaKAOHa TpeKa 
tgek. 3aTeM .lLllSI KauoA cpa60Ta.BmeH npoBOAOKH Bb14HCAS!e!,l KOOP.ztHHaTY x! 
nepecetteHHSI nAOCKOCTl1 nepBOH KaMep1,1 npSIMOH AHHHeA C napaMeT.POM 

HaKAOHa, paBHhlM ~. H npoBe.zteHHOH l!epe3 .ztaHHYI) npoBOAOKY- Cpe.11Hee 

3Hal!eH11e ·B8AH411H x! npe.ztCTa.BAS!eT BTO.POH napaMeTP npSIMOH, onHCblBaJOll{eA 
TPeK 4aCT11Ub1- J{Ast nOBLtmeHHSI 6LJCTPO.zteHCTBHSI . nporpat,IM HCnOJlb30BaJlacb 

6 

TO.llbK0 ue.l!0llHC.lleHHaSI apn{t!MentKa, llTO no3BOJil1.l!O np11MeHl1Tb 11X KaK Ha 
3Tane c6opa~ 'I'aK 11 np11 o6pa6oTKe 3Kcnep11MeHTaJlbHblX .llaHHblX • 

Mo.zteJ111poBaH11e TOl!HOCTHLIX xa'paKTePl1CTl1K YCTaHOBKH npH per11cTpalOfl1 
nap OT paaBaJla no311TPOHl1SI H KOHBepCHOHHblX nap 6wro BLlllOAH8HO C Y48TOM 
.lll1HaMHKl1 06paaoBaH11st nap, MHoroKpaTHoro pacceSIHHSI e+ He-a 3AeMeHTaX 
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P11c. 3. 3aa11c11MOCTb TOl!HOCTHblX xapaKTep11cn1K ycTaHOBKl1 OT 11MnyJlb
ca O.llHoA 113 l!acn1u: a) T04HOCTb onpe.zteAeH11st paccTOSIHl1SI Me:z:.ily TOl!
KaMH BXO,lla B l&ffHHT e + H e - no X-KOOP.lll1HaTe; 6) TO :z:e Ha Bl:JJCO.ll

HOH MeM6paHe BaKYYMHOH KaMep1,1 no Y-KOOP.llHHaTe ; B) OTKAOH8HHe OT 
HanpaBJieHl1SI Ha M11IDeHb TP8KOB 3A8KTpoHa H n0311TPOHa; r) pa3peme
Hl1e no BeJIJ1411He c=2(P1-P2)/(P1+P2) .lLllSI nap OT paaBa.11a no3HT.PO

H11st, 3.ll8Cb P111 P2 - HMnYJlbC!,1 3A8KTPOHa H no3HTPOHa COOTB8TCT
B8HHO; + .x :- P83YJlbTaTbl o6pa60TKH 3KCnepHM8HTaJlbHhlX .ztaHHhlX .lLllSI 

KOHBepcl10HHblX nap; · - P83YJlbTa.Thl MO.ll8JU1.POBaHl1SI .lLllSI KOHBePCHOH
HblX nap; cnAOmHaSI JrnHHSI - W.O.ll8.IU1POBaH11e .lLllSI nap OT pa3aa.11a A2e· 

YCTaHOBKl1 H T04HOCTl1 .llP8H~B11_X KaMep. KaK B11.llHO H3 p11c. 3, 11Me8TCSI 
cor.11ac11e Me:Z:JJY peayJlbTaTaMl1 Mo.zteJU1poaaH11st 11 06pa60TK11 3Kcnep11MeHTa.Jlb-
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Hh!X .llaHHhlX. HaclpaHHhlX np1-1 BBeJJ.eHHOM B KaHaJI KOHBepTOpe. 31'0 no3BOJISieT 

CJl8JlaTb Bl>IBOJI O JIOCTOB8PHOCn1 MOJl8Jll1PQBaHI-ISI T04HOCTHhlX xapaKTePYICn1K 
JIJl5I nap OT paasa.na A2e YI YICnO.llb30BaTb YIX' npYI o6pa6oTKe nOJIY'l8HHOH 
l-lHWQPMa!JJ1YI. 

Bo BTOPOH r .nase onY1caHa TaKJCe npoueJJ.Ypa onpeJ1e.1IeHY1S1 saam,iHoro 

pacnO.IIOlC8HYISI JIP8HWOBLIX KaMep C YICnO.llb30BaHYl8M YIHWQPMa!JJ1YI TO.llbKO 0 

KOOPJJ.HHaTax cpa6oTaBimfX npoBOJIOK. napaMeTPhl. xapaKTepY13YIOIIU18 CJIBYlfYI YI 
noBOPOThl KaMep OTHOCffTe.llbHO JIBYJC onopHhlX (nO.IIOlC8HYl8 KOTOPLIX 
no.naraJIOCb Yl3B8CTHLIM T04HO), SIBJ151JOTCSI H8Yl3B8CTHhlMH B nepeonpeJJ.eJieHHOH 

CffCTeMe Jll1H8HHLIX ypaBHeHYIH- PemeHffe 3TOH CYICT8Mhl HaXOJIH.IIOCb MeTOJJ.OM 
r.naBHhlX KOMnOH8HT C oT6opoM HaY160.1Iee 3Ha'll1MhlX K03WWYIIJJ18HTOB perpec
CYIH, '!TO no3B0Jll1.IIO YICKJIIO'll1Tb KOppe~YI MelCJIY napaMeTpaM11 ff HaHn1 

YCTOH'll'IBOe pemeHffe CffCTeMhJ. 0TJlaJJ.Ka nporpaMMLJ, pea.lll13YJ()~eR 3TOT 

aJirOPYITM, npOBOJJ.HJlaCb Ha MOJJ.e.lll1POBaHHhlX C06hl'rnm, npff o6pa6oTKe OKO.IIO 

360 Th!C~ TpeKOB T04HOCTb onpeJJ.eJieHYISI npocTpaHCTBeHHhlX CJIBffrOB KaMep 
OTHOCffTe.llbHO onopHhlX COCTaBffJla ~o ,03 MM, yr .IIOB nosopoTa - ~o ,05 MpaJJ.. 

AaHHaSI nporpaMMa ffcno.lib30BaJiacb JIJl5I onpeJ1e.1IeHY1S1 B3aYIMHoro pacno.1Io
JCeHY1S1 KaMep npYI o6pa6oTKe 3KcnepffMeHTa.llbHhlX JJ.aHHhJX. 

B TpeTheH r.nase onffcaHa npoueJJ.Ypa noJIY'l8HffSI YI o6pa60TKff 3Kcnepff
MeHTa.llbHhlX JJ.aHHhlX ff npeJJ.CTaBJieH P83Y.llbTaT Yl3MepeHYISI BepOSITHOCTH 
aTOMHOro pacnaJJ.a n°-Me30Ha ff onpeJJ.eJieHYISI K03WWff!JJ1eHTa KOHBePCYlff 

BffPTYa.libHOro r-KaaHTa B aTOM n03ffTPQHYISI. 

Ha6op ffHWQPMa!JJ1YI npff perY1CTpaJJJ1Y1 A2e npoBOJIH.IICSI npff Be.lll1'll1He 11 -1 • 
c6poca npOTOHHOro nY'!Ka Ha Ml1UieHb -2-10 c YI JIJll1T8.llbHOCn1 c6poca 
0,8 Yl.lll1 1,5 c. npYI 3TOM ffHTeHCI-IBHOCTb noJIHoro noTOKa r-KBaHTOB 
KaHaJie cocTaB.IISUla ~6·10

7 
c-

1
• Bcero aanY1caHo 3,7·10

6 
co6Lrr11R. 

COOTBeTCTBYeT 7 · 10 
9 

r-KBaHTOB, aaperffCTPYIPOBaHHhlX' MOHYITOPOM. 

npYI o6pa6oTKe YIH(f)OpMa!JJ1ff BBOJJ.H.IICSI KPffTePYIH oT6opa Ha 88.IIH'll'IHY 

B 

YIM 

[ 4 [ e .)2]112 
r= i~l ~:,.. , r JJ.e { 1 =t.X - pa3HOCTb X-KOOPJJ.HHaT TPeKOB e + 1-1 e - Ha 

BXOJJ.e B Cn-73, {2=t.Y - pa3HOCTb Y-KOOPJJ.HHaT TPeKOB Ha MeM6paHe 

BaKYYMHOH KaMephl, e3=t.tgel 1-1 t4=t.tge2 - OTK.IIOHeHffSI TP8KOB 3.IIeKTpoHa· 

ff no31-!TPOHa B sepn1Ka.llbHOH n.lIOCKOCTH OT HanpaBJI8HHSI Ha M11meHb, ui 

aHatteH1-1S1 napaMeTpoB cooTBeTCTBYIOIIU1X pacnpeJJ.eJieHffH no e i, xapaKTep1-1-

3YJOIIU1e T04HOCTb H3Mep_eHHSI { i. + _ 
Tpe60Ba.lIOCb Ta.Klee, '!T06hl TO'!Ka'l-!CnycKaHHSI e e naphl np1-1Ha.1L11elCaJ1a 

TOH o6JiaCn1 cetteHHSI KaHa.na. rJJ.e npoXOJIHT nY'!OK r.-KsaHTOB. 
Co6Lm1S1, npome.ll.Imfe oT6op, rffcTOrpaMMHPOBa.lll1cb no Be.lll1'll1He 

c=2·(p1 -P2)/(p1 +P2) np1-1 pa3.lll14HhlX orpaH1-1tteHHm Ha Be.lIH'll'IHY r (p1-1c.4). 
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i/i 

111 

i} 
i 

napbl,B03Hl-!Kllll1e np1-1 JJ.1,tCCOIJ,l,faLo-m IT03Wfl)OHI-ISI B no.119 cn-73, WoPMl-ll)yX)T 

Y3Kl-lH n1-1K B6.lll131-1 c=0 co c PeJJ.HeKBaJJ.pan14HLIM OTK.IIOHeHHeM u c =O • 015 ±0 • 003 • 
'!TO cosnaJJ.aeT C noJIY'leHHhlM no pe3Y.11bTaTaM MOJleJIHpoBaHHSI 3HatteHHeM 
uc=0,014 :!:0,001. 
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P1-1c. 4. PacnpeJJ.eJreHHe co6Lm1H no c np1-1 

pa3Jll14HhlX orpaHff'!eHHm Ha B8.lll1'™HY r. 
CTP9.1IKaM11. OTMetteHhl 06JlaCTb nHKa. 1-1 HH
Te.PBa.libl, ffcno.llbaosasm1-1ecsi JIJl5I onpeJJ.e

JieHHSI W<)Ha. CnJiolllHaSI .IIHHHSI - annpoK
CHMalJJ1SI WOHa. a) ~4.5. Na=281:!:48; 
b) r<-3,9, Na=277:!:40; c) ~2,0, 

Na=124:!:l6. 

4ffC.IIO nap OT paasa.na A2e HaXOJIH.IIOCb KaK pa3HOCTb noJ1Horo '!HCJla ff 

'!I-IC.Ila WOHOBhlX co6Lm1H NW B HHTePBaJre ImfPI-IHOH ~4u & • 00Jll13ff c=0. 
3HatteHHe NW Bhl'rnC.IISI.IIOCb c noMO~IO annpoKCl-!MalJJ1H pacnpeJJ.eJreHHSI no e 

nO.lll1HOMOM BTOPQH cTeneHH B coceJJ.HHX c nHKOM HHTePBaJlaX ml-lPHHOH 0.10 
KalCJJ.l,IH. 

npoueJIYpa onpeJJ.eJieHYlSI KO.IIH'!eCTBa aTOMOB (Na) He HaXOJJ.YIT npesblme

HffSI co6hm1H HaJJ. WQHOM B TeX CJIY'!am, KOrJJ.a ero YI He JJ.O.IIXHO 6bll'b, 
HanpYIMep: B pacnpeJJ.eJieHYlYl no & JIJl5I KOHBepcHOHHhlX nap. B pacnpeJJ.eJreHHH 

C06Lm1H, HCnO.llb3YJOIIU1XCSI JIJl5I noYICKa A2e• HO B o6JiaCn1, rJJ.e sepom
HOCTb noSIB.IIeHYlSI A2e MaJia (p1-1c.5). 1-1 T.n. 

3aBHCffMOCTb Na OT orpaHH'!eHYlSl'Ha B8Jll1'-!HHY r noKa3aHa Ha PffC.6. 
TaM xe noKa3aHa aaBffCffMOCTb '!HCJla aaperHCTPYlPQBaHHhlX KOHBepcYlOHHhlX 

nap c 6.lll13KHMl1 YlMnY.IIbCaMH (lel<0,1) OT orpaHYitteHYlSI Ha Be.lll1'-!HHY rk' 
KOTOpaSI Bbl'rnC.IISIJlaCb aHaJiorH4HO r, HO B Ka'!eCTB8 cpeJJ.HeKBaJJ.Pan14HhlX 
OTK.IIOHeHYlH ui HCnO.llb30Ba.lll1Cb 3HatteHKS1,nO.IIY'-!9HHhl8 npK MOJJ.e.lll1poBaHHH 
perncTpa!JJ1ff KOHBePCKOHHhlX nap. OrpaHHtteHKe lel<0,1 noaBOJISl8T OT06paTb 
TaKl1e naphl e + e - • JIJl5I KOTOPhlX BePQSITHOCTb nonaJJ.aHHSI B JJ.9TeKTOPhl 6Jll13Ka 

K aHaJIOrYl4HOH BePQSITHOCTH JIJl5I nap OT paasaJia A2e· 
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.l{JISI onoe.neJieH!,!Sl noTOKa r-KBa.HTOB B TOM xe !,!MnYJlbCHOM .m,iana3oHe, 

B KOTOpOM .zi;eTeKTl1PYJOTCSI no3HTPOHHH, npoBOJU,1.JraCb perHCTpal\l1SI KOHBep-

~l~" 
"l~ 6/ 

.. 

... . "' 
•..,~ 

N ... 
,., 
.. 

I I I I 

IJ 

PHc-5. Pacnpe.zi;eJieHHSI no c: a) .ZLJISI KoH

sepcHOHHblX nap npH IAXl~2ox• IAYl~3oy, 

1Atg0y 1~200; 6) TO :z:e npH IAX 1~1.oox. 

IAY 1~1.6y. 1Atg0 y 1~1.600; 

B) .MS1 co61,1T11tl, Ha6paHHblX 6e3 KOHBep-

TOpa npH 2<AX<3, 3<~<5 H 3<tg
8

<-5. 
o>< oy o 0 

CHOHHhlX nap npH BBe~HHOM B KaHaJI KOHBepTOpe·. l!T06hl nepetlTH OT 

H3MePeHHOro 'll1CJ!a nap K 'll1CJIY q)OTOHOB, 61,1J!O Bbl'IHCJieHO ce4eHHe KOHBep

CHH r-KBaHTa B BhlCOK03HepreTH48CKOM npH6~:z:eHHH C Hcno~30BaHHeM 

Hepe~BHCTCKHX qlOPMq>aKTOPOB XapTpH-<l>OKa. BepOSITHOCTh po:z:.zi;eHHSI nap1,1 

Ha nJieKCHr.JraCOBOM KOHBepTOpe TOJIID,HHOH (0,62±0,02) MM COCTaBH.Jra 
-5 

(5,73±0,17)·10 npH lcl<-0,1. 

'.:.1 

.. 
PHc-6. 3aBHCHMOCTh 'll1C.Jra aaperHCTPH

posaHHhlX aTOMOB ·no3l!TPOHHSI H KOHBep

CHOHHhlX nap OT orpaHH48HHSI Har; + 
4HCJIO aTOMOBl · - 4l!CJIO r-KBaHTOBl 

cnJIOlllHaSI ~HHS! - 'll1CJIO r-KBaHTOB nocJie 

Bhl'll1TaHHSI q)OHa. ,l{~ y.zi;o6cTBa cpaBHeHH~ 

.Z{a.HH'?)e .ZLJISI_ r-KBaHTOB HOPMYlPOBaHbl Ha 

4HCJIO aTOMOB Na=277.. 

0THOCHTe~HaSI BepOSITHOCTh prr=2·pa aTOMHOro pacna.lla rr
0

-Me30Ha 

onpe.zi;e~Cb no OTHOineHHKl 'll1C.Jra aaperHCTPHPOBaHHhlX aTOMOB. Na=277±40 K 

noTOKY r-KBaHTOB, HOPMYlPOBaHHOMY Ha cooTBeTCTBYJ(llll,HO noKa3aHHSI r-MOHH

TOpa, npH r<3,9. fioTOK r-KBaHTOB Bbl'IHC~C~ Ha OCHOBe paCC'll1TaHHOH 

sepOSITHOCTH KOHBePCHH H 'll1C.Jra aaperHCTPHPQBaHHblX nap Nn=1366±42. 

10 

BBOJU,IJICSl T'aK%e PM nonpaBoK: llaCTh A2e pa3pymaeTCSl B Ml-lmem,1, 

Bh!XO,!J;HT H3 Hee (99,2±0,4)% aTOMOBl (10,7±0,8)% aTOMOB aHHHrn~pyeT B 

O'll111J,aKllll,eM MarHHTHOM noJie: noTepH aTOMOB H3-3a HaJIOlCeHHSI orpaHH48HH~ 
5 -1 

Ha ~IHTeHCHBHOCTh noTOKa r-KBaHTOB N;r>l,2·10 c COCTaBH~ (4±3)%; 

OTHomeHHe BPOSITHOCTeH nona.llaHHSI B .zi;eTeKTOPhl nap OT pa3Ba.Jra A2e H KOH

BepCHOIIHblX nap paBHO (0,98±0,02). 3<I><l>eKTl1BHOCTb perncTpal\11H ycTaHOB

KOH nap OT paaBaJia A2e H KOHBepcHOHHhlX nap O.zi;HHaKOBa H HCKJ004aeTCSI H3 

BblpaxeHHSI .ZLJISI pn· 

C yqeTOM nepe4HCJieHHhlX Bwme nonpaBOK nOJIY48H K03qlq)Hl\118HT BHYT-

peHHetl KOHBepCHH q)OTOHa B aTOM no3HTPOHHSI, HaXO.llSlllU1HC~ B OCHOBHOM 
. -9 

COCTOSIHHH: pa{lS)=(0,76±0,12) ·10 , 4TO cosna.11ae'r c TeOpeTH48CKHM 
-9 

3Ha4eHHeM Pa(lS)=0,70·10 .• 

fipHHHMaSI BO BHHMaHHe o6pa30BaHHe aTOMOB no3HTPOH~SI TaKXe !,I B 

B036yx.zi;eHHblX COCTOSIH!,ISIX, .llJISI K03WW"LU1€HTa BHYTP8HHeA KOHBepCH!,1 q)OTOHa 
-9 . 

B aTOM no3!,!TpOHH~ no~eM: pa=<0,92±0,14) ·10 1,1 .llJISI OTHOCHTe~HOH 

BePOSITHOCTH aTOMHoro pacna.Z{a rr0 -Me30Ha. COOTBeTCTBeHHO HMeeM: 
-9 

prr=<l.84±0,29>·10 ,4TO cor.JracYeTCSI C· 3KcnepHMeHTa~HOH oueHKOA 
-9 

prr=(1+2)·10 • nOJIY48HHOH paHee, "TeOpeTH4eCK!,IM 3Ha4eH!,leM 

3TOH B8~'ll1Hbl: 1,69·10-
9

• 

B qeTBepwA r.JraBe on1,1caH 3KcnepHMeHT no 1,1aMepeH1,1K1 ceqeH1,1si saa1,1-

Mo.zi;eAcTB1,1si Y~Tpape~B!,!CTCK!,!X aTOMOB n03!,!TpoHH~ C yrJiepO,!J;QM. .l{AA 
onpe.zi;eJieH!,ISI ceqeHHSI 61,1J1 BblllOJIHeH Ha6op HH<l>OPMal\11H c BBe,!J;eHHOH B KaHaJI 

yrJiepO,!J;HOH nJieHKOH- YcJIOB!,ISI l,13MeP8Hl,ISI np1,1 3TOM 6~ TaK!,!e xe, KaK !,I B 

OTCYTCTB!,!e norJIOIIJ,aKllll,8H nJieHK!,I. HOPMYlPOBaHHOe Ha noKa3aH!,ISI r-MOHHTOpa 

oTHomeH1,1e 'll1C.Jra 3aper1,1cTp1,1posaHHblX aTOMOB, npome.zi;mHx qepe3 norJio

m,aKllll,YJ(l nJieHKY, K 'll1CJIY aTOMOB B OTCYJ'CTB!,1€ nor -!IOTHTeAA no3B0J!SleT 

onpe.zi;e~Tu 1,1cK0Moe ceqeH1,1e. 

H3MepeH1,1~ c sse.zi;eHHWM norJIOTHTeJieM" 6e3 norJioTHTeAA qepe.zi;o-

sa~cb .ZLJISI YM8HblneH!,ISI Cl,ICTeMaTH4eCK!,!X OWH60K- Hcno~30Ba~Cb Tp!,! 

norJIOIIJ,aKllll,HX nJieHK!,I c TOJIID,HHaMYl 22,0. 19,6 1,1 21,9 MKr/cM
2 

(~.1 MKM). 

nocKO.JlbKY TOJIID,HHl,I nJieHOK 6~3K!,1, a 'll1CJIO Bbl,!J;eJieHHblX A2e MaJIO, Mb! He 

paa.zi;e~ co6b!THSI Ha rpynm,1 B COOTBeTCTBH!,! c TOJIID,HHOH nor JIOTHTeAA. 

fio.Jrara~. 4TO HMeeTC~ O.llHa nor.11om,aK1m,a~ n.11eHKa, TOJIID,HHa KOTOpoA pasHa 

ycpe,!J;HeHHOMY C yqeTOM noKa3aH!,IH . r-MOHHTOpa 3Ha4eHHKl TOJIID,HH Bcex 

nor.110THTe.11et1:. (21,4±0,8) MKrlcM
2

• · 

Yr.11epo,!J;Hhle n.11eHK!'f apMY1poBa~Cb cenoA l,13 npoBO.IIOK!,I .zi;HaMeTPQM 

40 MKM C maroM 1,5 MM. fioTep!,! no3HTpoHHeB_ 1,13-3a nona.llaH!,I~ B npoBO.IIOKY 

COCTaB!,!~ no pac4eTaM (5±1)%. fipH BBe.lleHHOM B KaHa.11 nor.llOTHTe.lle 6bl.llO 
b . 

aanHcaHo 2,7·10 co6NTHA. 
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J{JISI J.1CK.IOO'-leHJ.1SI 011Jl,16KJ.1. CBSl3aHHOi:i C npo!.1380JlbHOCThlO BIJ6opa 3Ha'-!e

HJ.1S! KJ)!.1TeJ)J.1S! Ha Be.lIH'-IHHY r • np!.1 KOTOJ)OM onpe.l{eJ!SleTCS! K03<l><l>"11.\!.1eHT 

nponycKaHJ.1S! n03!.1TJ)OHJ.1eB.yr.l[epo.l{HOM n.l[eHKoA. BCS! Ha6paHHaSI J.1H<l>OPMal.\!.1S! 

6wra paa.lle.l[eHa Ha TP!.1 CTaTJ.1CTJ.1'-leCKJ.1 He3aBJ.1CJ.1ML1e rpynn1,1 no Be.l[J.1'-!HHe r 

(Ta6.l[.1). 

Ta6.l[J.1ua 1. Pe3Y.llbTaTLI o6pa6onrn .llJISI pa3HhlX .ll!.1ana3oHoB r,. 

I II III 

0:Sr<l .6 1.6:Sr<2 .5 2 .~:Sr< 3 .3 

Eea 
N 64.4 ± 10.5 68.2 ± 14 .6 60.0 ± 18,9 a 

nor J[O T!.1TeJISI 
~<I> 

42.6 ± 1.5 136,8 ± 2,7 236,0 ± 6.4 

-
C 

Nn 11,9 ± 7,6 10,9 ± 13 ,2 8,8 ± 16,6 a 
nor J[OTJ.1Te.l[eM Nn 44,1 ± 1,5 141,1 ± 4.6 231,0 ± 6 ,O 

<I> 

Ko3<I><l>!.11.\!.1eHT K 0,253 ± 0,168 0,219 ± 0.270 0,201 ± 0,384 nponyc KaHJ.1S1 

Ko3<I><l>!.11.\!.1eHT nponycKaHJ.1S1 K onpe.l{e.1[51JICS! He3aBJ.1CJ.1MO B r;a:z:.l{oi:i rpynne 
Nn 

no W<>PMYJ[e: K=,r-·R. r.lle N~ J.1 Na - KOJ[J.1'-!eCTBO BIJ.lle.l[eHHLIX B .llaHHOi:i 
a 

rpynne no3J.1TPOHJ.1eB · B !.13MepeH!.1SIX c norJ[OTJ.1Te.l[eM 1,1 6e3 Hero·, 

R= 1, 3 7 ±0 , 07 - HO PM!.1POBO'-IHLIA K03<I><l>!.11.\!.1eHT, j"-lHTIJBalOIIUfH pa3.l[J.1'-!He B 

nOTOKax r-KBaHTOB B 3TJ.1X J.13MeJ)eHJ.1SIX J.1 nor.l[om.eHJ.1e no3"TPOHJ.1eB B ceme, 

apMJ.1J)YIOID.eA yr J[eJ)O.llHYJO flJ[eHKY. 8 Ta6.l[.1 N~ J.1 N<l> - KOJ[J.1'-leCTBO (liOHOBLIX 

C061JTJ.1i:i' no.ll n!.1KOM· 

Kar; BJ.1.llHO J.13 Ta6.l[.1, 3Ha'-leHJ.1SI K, no.l[j"-leHHIJe B pa3HLIX rpynpax, 

cor JiaCYIOTCSI Me:a:.llY co6oi:i. Ewo npoBe.lleHo ycpe.llHei-i1,1e Be.l[J.1'-!HH K 1,13 

. K=0,24±0,14. nepBLIX .llB)'X rpynn 1,1 no.l[yl!eHo cpe.l{He83BemeHHOe 3Ha'-leH"1e 

HHWC>PMal.\!.1S! 1,13 rpynn1,1 3 np!.1 ycpe.llHeHif~· He Y'-IJ.1ThJBaJiaCb 

W<)HOBhlX j'CJ[OBJ.1H. 

1,13-3a XYJlllJl,IX 

HcnOJlb3YS! no.l[y'-leHHOe 3Ha'-l,El~J.1e K," Mbl paCC'-IMTa.l[J.1 ( C Y'-!eTOM He3KC

noHeHl.\!.1aJlbHOCTJ.1 nor.l[om.eHJ.1S1 no3!.1TJ)OH!.1eB B oo~cTBe) .l{J[J.1HY cB06o.llHoro· 

npo6era: Xo=(12~~) MKrlcM
2 

J.1 ce'-leHJ.1e B3a!.1MO.lleHCTBJ.1SI TT03!.1TJ)OHJ.1eB C 

+16 -19 2 
. yr.l[eJ)O.llOM "'t=(16_6 ) ·10 CM /aTOM • 

nor J[O~JOIIUfe fl.l[eHKJ.1 CO.l{ep:a:a.l[J.1 10% np!.1MeCJ.1 KHCJ[OJ)O.lla ( OT Beca 

yr.l[epo.lla) J.1 Mettee 1% np!.1MeCJ.1 KJ)eMHJ.1S! J.1 60.l[ee TSl:a:e.l[l,ll{ 3.l[eMeHTOB. C 
j"-leTOM np!.1MeceA no.l[Y'-!eHHOe 3Ha'-leHJ.1e .,. t C.1[9.l{yeT YMeHblIJl,ITb Ha 2%. 
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3Ha'-leH!.1e K03<I><l>!.11.\!.1eHTa nponycKaH!.151 6WIO onpe.l{eJieHO TaKXe llJISI 

yr.l[epo.l{Hoi:i n.l[e.HK!.1 TO.l[IIUfHoi:i (46±1) MKr/cM
2 

s cep1,11,1 !.13MepeH!.1i1, npe.ll-
• · · +28 2 

IDeCTBOBaBmeA on1,1caHHOH Bhlllle, J.1 no.llY',leHLI 3Ha'-leHJ.1SI Xo=(7_7) MKrlcM K 
+m -19 2 

"'t=(28_23) ·l0 CM /aTOM. KOTOJ)h!e He npoTJ.1BOJ)e'-laT J)e3j'JlbTaTaM OCHOB-

Horo 3KCnepJ.1MeHTa· DOJ[blllaSI Be.l[J.1'-IHH_::l 011Jl,160K J.13MeJ)eHJ.1SI o6bSICHSleTCSI 

CYJJJ.eCTBeHHO Xj'.l{IIJl,IMJ.1 W<)HOBLIMJ.1 YCJ[OBKSIMJ.1 l1 6oJlbmeA TO.l[IIUfHOi:i 

nor.l[OTJ.1Te.l[S!, KOTOJ)aSI 6wra BLl6paHa J.1CXO.l{SI J.13 J.1MeBIIJl,IXCSI Ha MOMeHT 

npoBe.l{eH!.151 3KCnep!.1MeHTa paC'-leTOB ce'-leHJ.151 B3a!.1MO.lleHCTBJ.1SI, no'-lffl B .llBa 

pa3a 3aH!.1lCaBIIJl,IX Be.l[J.1'-!HHY "'t • 

OcHOB,HOi:i BKJia.ll B ce'-leHJ.1e 83a!.1MO.lleAcTBJ.1SI .llalOT J.10HJ.13al.\!.1SI . ( ~o, 7 0 t) 

J.1 B036YJIC.lleHJ.1e TT03!.1TJ)OHJ.1SI c-o ,3.at). OueHKa .llPYJ'J.1X KaHa.l[OB B3aKMO.l{eH

CTBJ.1SI noKa3L1BaeT 1,1x npeHe6pe:a:J.1MO Ma.l[YJO poJ!b. TaKJ.1M o6paaoM. 110.l[yl!eH-. ' 
Hoe HaMJ.1 ce'-!eHJ.1e SIBJ[Sl9TC~ TTOJ[HbJM ce'-leHJ.1eM B3a!.1MO.l{eHCTBJ.1SI no3!.1TPOHJ.1SI C 

yr.l[epo.l{OM. aero Be.l[J.1'-!HHa He npofflBOJ)e'-IHT -:reopeTJ.1'-leCKOMY 3Ha'-leHJ.1IO 
T -19 2 . 

"'t=5,74·10 CM /aTOM. H3MepeHJ.1SI BIJnOJ[HeHLI np!.1 r-(liaKTOpaX HaJie-

TaJOID.ero aTOMa OT 800 .llO 2000, •'-ITO Ha 3 nopSl.llKa npeBbllllaeT. 3Ha'-leH!.1SI, 

np!.1 KOTOJ)hlX npoBO.l{J.1.l[KCb .llPYJ'J.1e 3Kcnep!.1MeHru no J.13j"-leHJ.1IO_ aTOM-aTOM

HOro 83a!.1MO.lleHCTBJ.1SI. 

0CHOBHble pe3YJlbTaTLlz nomeHHLle. B. lG'JCCeDTaUJ:1!.1: 

·1. H3MepeHa BepoSllllOCTh Ha!.160.l[ee pe.l{Koro J.13 Ha6.l[l()JlaBIIJl,IXCSI 
. D 

pacna.llOB 3.l[eMeHTaPHLIX '-laCT!.1U - pacna.lla n -Me30Ha Ha r.-KBaHT 1,1 aTOM 
-9 

no3!.1TJ)OHJ.1SI: pft=(l,84±0,29) ·10 , pe3y.l[bTaT J.13MeJ)eHJ.1SI corJiacyeTCSI C 

-:reopeTJ.1'-!eCKJ.1M 3Ha'-leHJ.1eM p~=l ,69 -10-
9

• Onpe.l{e.l[eHO 3Ha'-leHJ.1e 

YH!.1Bepca.l[bHOro K03(li(li"11.\!.1eHTa KOHBeJ)CJ.1!.1 B"1P"I'YliJlbHOro W<)TOHa B aTOM 
, . . , " . -9 

no3!.1TPOH!.1SI B pa.l{J.1al.\!.10HHhlX npoueccax:pa=(0,92±0,14):10 , cBSl3aHHoro 

C Pn COOTHOIDeHJ.1eM Pa=112·pn. 

2. Bnepsoo J.13MeJ)eHO nOJ[HOe ce'-leHJ.1e aTOM-aTOMHoro 83a!.1MO.l{eHCTBJ.1SI 

np1,1 3Ha'-leH!.1SIX rawa~(liaKTOpos Ha.l[eTalO~ro aTOMa OT 800 .llO 2000, Ha TP!.1 

TTOJ)Sl.llKa npeBblllla.JOIIUfX r-(liaKTOpLI, llP!.1 KOTOJ)hlX BIJnOJ[HeHl,I J.13MeJ)eHJ.1SI B 

.llPYI'!.1X 3KcnepHMeHTaX no !.13Y'-!eH!.1JO aroM-aTOMHLIX coy.llapeHJ.1!1. no.l[y'-leHHoe 

3Ha'-leHJ.1e Ce'-leHJ.1~ B3a!.1MO.l{eHCTBJ.1SI J)e.l[SITJ.1BJ.1CTCKJ.1X aTOMOB TT03!.1TJ)OHJ.1SI C 
- +16 -19 2 

YJ'.1[9J)0.ll0M B aCJ.1Ml1TOTJ.1'-leCKOJ.1 o6Jiac~ "'t=(16_6 ) ·10 CM /aTOM He 

npOTJ.1BOJ)e'-IJ.1T -:reopeTJ.1'-leCKOMY 3Ha'-leHJ.1IO oI=5, 7 4 -10-
19 

CM
2 

/aTOM 3TOH 

Be.l[J.1'-!HHl,I. 

3. Paapa6oTaHhl 1,1 1,13roTOBJ[8Hhl ra30Bhle noporoshle . '-!epeHKOBCKJ.1e 

C'-leT'-!HKJ.1 .llJISI BIJ.lle.1[9HJ.1SI 3.l[eKTJ)OHOB J.1 no3!.1TJ)OHOB B .ll!.1ana30He !.1Ml1YJlbCOB 

OT 100 .llO 2000 M3B/c. Hcc.1[9.ztOBaHLI O.llH03.l[eKTPQHHLIA pe:a:J.1M pa6oru 4>3Y-49 

J.1 8.l[J.1S1HJ.1e CMeCTJ.1TeJISI cneicrpa Ha aM11.l[J.1TY.llY BhlXO.llHOro CHrHaJia C'-leT'-!HKa. 
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. np11 paaMepe axo.ZlHoro mrna 500x1000 MM
2 

3wqjeKTI1BHOCTh 

COCTaBJISIJ!a 97 - 98%. Paa6poc aMn.1111TY.Zl BhlXO.ZlHblX Cl1rHaJIOB 

C4eT'111KOB 

( cpe.ZlHe-

KBa,ZlpaTl14HOe OTKJIOHeH11e), ycpe,llHeHHhlX no pa3.11114HhlM Y\iaCTKaM BXO.ZlHOro 

OKHa, COCTaBJISIJI 6 ,3% - 8 ,5%. 

4. Paapa6oTaHO YCTPQHCTBO KOHTP0.1151 COCTaBa raaa, no3BOJISIIOW,ee 

onpe,Zle.1151Th KOHI.J.eH'fl)al\1110 WPeOHa -12 B CMeCl1 WP80H-B03.ZlYX eMKOCTHhlM 

MeTO,ZlOM C TO'iHOCThlO O ,3%. 4TO COOTBeTCTBYeT T04HOCTl1 113MepeHl1SI noi-a-

3aTeJISI npe.110MJieHl1SI raaa 7 -10-6
• YCTPQHCTBO 11cnO.llb30BaJIOCb .ZlJISI 

KOHTPQ.1151 COCTaBa raaoaoro HanoJIHeHl1SI 4epeHKOBCKl1X C4eT'111KOB. 

5. C03.ZlaHa nporpaMMa npoB8.Zl8Hl1SI TpeKOB no KOOP.Zll1HaTilM 

cpa60TaBllll1X npOBOJIOK ,ZlpeHWQBblX KaMep C 11cno.llb30BaHl18M TO.llbKO u.e.110-

'il1CJ1eHHOH ap11WM8Tl1Kl1 ,ZlJISI o6pa60TKl1 3KCnepl1MeHTa.llbHblX .ZlaHHblX. 

Ynpom,eHHhli1 aap11aHT nporpaMMht 11cno.llhaoaa.11csi Ha 3Tane c6opa .ZlaHHblX .ZlJISI 

oT6opa co6bl'll1H,11 KOHTP0.1151 TpeKOBOH 3wqleKTI1BHOCTl1 KaMep. 

6. _Paapa6oTaHa nporpaMMa onpe.Zle.11ett11si Baa11MHoro no.11olCeH11st ,Zlpeiiwo

BhlX KaMeP 6ea 11cno.llhaoaatt11st 11HWOPMal\1111 o apeMettax .ZlPeiiwa. napaMeTPbl, 

onpe,ZleJISIIO~e no.110:z:ett11e KaMep, Haxo.ZlSITCst KaK pemett11e nepeonpe.ZleJieHHoi1 

Cl1CTeMbl .1111Hei1HblX ypaBH8Hl1H M8TO.Zl0M rJiaBHblX KOMflOHeHT C oT6opoM Ha1160-

.11ee 3Ha411MWC K03WW11l\11eHTOB perpecc1111. B peay.llbTaTe no.11Y4etto ycmi1-

411Boe pemeH11e 3a.Zla4!1,onpe,ZleJieHl1SI napaMeTPOB~ He06XO.Zll1MhlX .ZlJISI peKOHCT

PYKl\1111 TPeKOB B, KaMepax, 11 11CK.III04eHbl KOppeJ151ll1111 Me:Z:.ZlY napaMeTpaM11, 

onpe,ZleJISIIO~Ml1 pacno.110:z:ett11e KaMep, 11 napaMeTPaMl1 ,ZlpeHWOBblX WYHKL\11M-

7. BlillloJIHeHO MO,Zle.1111poBaH11e T04HOCTl1 113MepeHl1SI KOOP.Zll1HaT 11 11M:-

ny.llbCOB .ZlJISI 3JieKTPC!Ha 11 noa11TpoHa OT.paaaaJia A2 e 11 .ZlJISI nap OT K0Haep

c1111 r-KBaHTOB C Y4eTOM:_.1111HaM11Kl1 o6pa30BaHl1SI KOHBepcl10HHblX nap 11 MHoro

KpaTHoro pacceSIHl1SI B 3.lleMeHTaX YCTaHOBK11- CoBna,ZleH11e pe3Y.llbTaTOB MO

.Zl8.1111POBaHl1SI 11 3KCnepl1MeHTa np11 onpe,Zle.118Hl111 T04HOCTl1 BOCCTaHOBJieHl1SI 
. + - . . 

KOOP.Zll1HaT 11cnycKaH~ KOHBepcl10HHblX e e nap noaB0.1111.110 C,ZleJiaTh BblBO.Zl 0 

,ZlOCTOBepHOCTl1 MO,Zle.1111poBaHl1SI perl1CTPal\1111 nap OT pa3BaJia no311TPOH11Sl

no.11Y4eHHble np11 MO.Zle.1111poaatt1111 peay.llhTaTbl 11cno.llhaoaa.1111cb.np11 o6pa6oTKe 

3Kcnep11MeHTa.llbHblX .ZlaHHblX-
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