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OEIUAR XAPAKTEPHC'Il1KA PAEO'IH 

ARTyam.HOCT:& TSM!i 
B COBp0M8HHOtt 3KcnepHM8HTaJII,HOtt ~H3mt8 BHCOKHX 9H8prmi npH HC

CJl8'AOBaHHH npon;eccoB C BliXO'AOM raMMa-KBaHTOB Bee 00JI88 mHpOK08 pac
npooTpaHeHH8 HaXO,ItR.T KMOpHM8TpH~8CKH8 'A8T8KTOpli, C noMOl!l:&D KOTOp!:lX 
MOryT 6HTJ, llOJIY'i8HH xoponm:e 9HepreTH'l8CK08 H npocTpaHCTB8HH08 paape
memm. BucOK08 npocTpaHCTB8HH08 paapemeHH8 ro'AOCKOIIH~SCKHX aneKTpo
MarHHTHHX KaJIOpHMeTpOB ~clH'qHO CB.R.3HBa8TCH C YM8H:Eilll8HH8M pasMepa li"lStt-
KH. M8lK.ltY TSM BHCOKH8 TO'qHOCTH MOryT 6HT:& 'AOCTHI'HY'l'li TaKlK8 B CJIY-
-qae npHMSHSHH.ff. clOJiee Kpymunc R.'l88K B C0~8T8HID'l C .nonOJIHHTSn:&HHM KOH
B8pTOpOM H 'A8T8KTOpOM, 113M8PR!OlllHM KOOp,ItHHaTH OCH JOIBHR. (KaK B Hac
TOJllll8M Hccie'AOBaHHH), 

BalKHOCTI, H aKTYaJI:&HOCT:& paBBHTRfl MSTO,ItHKH KMOpHMeTpH'IElCKHX 'A8-
T8KTOpOB HJJ'.7IIOCTPHPY8TCR. eme H TSM, ~TO BOS Kpymme YCTUHOBKH, llJlaHH
pyeMHe K HCllOJil,3QB8HIDO Ha CTPOJlll!HXCJI mme MOillHliX YCKOpHTSJIRX, 0611aa
T8Jl:&HO npe,mrcMaTpHBaDT no~o6HUe 'A8T8KTOpH. Paapa60TaHH!:rlt B 'AHCC8pTa
~H M8TO'AH'l8CKl1il: no.nxo.n - npHM8H8HH8 'AP9:!l!pOBHX Ka.Map ,ItJI.1l TO'qHOro on
p0'A8n8HHR. KOOp,It.ltHaT OCH Jrn:BHR. - .llBJIR:8TCH aKTYaJI:&HUM H nepcneKTHBHl:lM 
npelK,Ite Boero B oclJlacTH cBepXBHcQKHX aHeprntt. "· 

Cos.naHHatt ,ItJI.R. Hamett ycTaHOBKH aneKTpOMal'HHTIDm Ka.7IOpHM8TP nOBBO
JrnJI npOBSCTH 8KCn8pHM8HTH no HBY~SHHIO 8,D;pOH-R.,ll;SpHllX BBaHMO'ASilCTBd 
runa $•A-+ 7X n rrOJJYtmT:& pR.,IJ; CB8'A8HHtt 06 BTl1X MaJIOHCCJIS'AOBaHHUX 
npon;eccax, 'lTO cymecTBeHHo .ItJI.R. paapa6oTKH TSOPHH ~KX liA -BBa.H
MO'AeiicTBllil:. 

HcnOJI:&30BaHH8 aKTKBHoro KOHBepTopa B ro'AOCK0Im'l8CKOM 8Jl8KTPO
Mal'HHTHOM KaJIOpHM8Tp8 ll03BOJIR.8T ,ItHCKpHMl'IHHp0Ba.TJ, CHI'HaJlH OT 8,D;poHOB 
npn penr~Tpa~H aneKTPOHOB, ~TO pacmHpR.8T BOSMOZHOCTH ycTaHOBRH. 
B '18.CTHO,CTH, B Hamme nccne'AOBaHRIIX BTO llOBBOJrnJIO OD;8HHT:& B8pXHD!O 
rpaHHIJ;Y' ~epoR.THOCTH pe.zntoro pacna,IJ;a K; - e•e- , HBMepemm KOTO
pott BalKHO ,nJIR. COBp8M8HHOii TSOPID'l aneKTp0CJia6oro B3aHMO'A8fiCTBWI. 

lien pacloTH: 
- Cos.nan aneKTp0MaI'HHTH!:rlt KBJIOpHM8Tp ,nJIR.'aqxpeKTHBHOtt perHCTpa

~H J-KBaHTOB H MSKTPOHOB C xopomHM 9HepreT~8CKHM paapemeHHSM. 
- HaMepHT:& A-aaBHCHMocT:& perut~H sr+A-+ 7X, nOJIY1IHT:& HOBYl> 

rpaHHey B8p0R.THOCTH pacna,IJ;a K; ➔ e+e- , 

....:)'i.J:;1...,,-;.- ,,·. ~, - ~- '•""--~; 

1\ ml'.t~J-n-,1,~c.we,tw:1K"l~J ( . 

'.,:_J~\ .. "7·· +" , _,, --- s---.....,..~ --~-'-



- YJJY'tm!HTL rrpOCTpaHCTB8HH08 pa3~W8Hll8 Jrn:BH8BOro ro.nocKOllH~ec
KOro .neT8KTOpa (JirlO (mefuta IOxIO c;}) c anepTYpott 2 rl-, ,norroJIHRB 
ero 8.KTliBHliM KOHB8pTOpOM (AK) H KOOp,nHHaTHHM 'A8T8KTOpOM. 

HaYWJM HOBH3Ha: 
- B C03'AaHHOM KpynHOMaCWTa6HOM ro,nOCKOITHqecKOM 8JI8KTpoMarHHTHOM 

ItaJIOpHMeTpe B Ka~CTBe llP9I(H3HOHHOro KOOp.IIRHaTHOro 'A8T8KTOpa, pel'H
CTPH.PYia119ro 8JI8KTPOMaI'HHTHH8 ~HH, Bll8pBHe llpllMeHeHa WHp0K03a30pHM 
,npe~BM KaMepa. 
. - rro~eHl:l HOBH8 ,wlHHl:l8 06 A-aaBHCHMOCTH HHKJII03RBHOro ,n~peH

IlHMDHOro ce~Hrul: d¾,>1F(3r1A-7X')=A«fir,J; rrapaMeTp o(('xF) HsMepeH 

B HHT8pBM8 0 < PT~ 0,8, )<F ~ 0,57. 
- OClYlllec~eH rroHcK pe,D;Kott MO.Itl:l pacrnma Ki ➔e~e- H ycTaHOB

JieHa BepxHJm rpamnr,a ero BepoaTHocTH. 

IlpaKTH~8CKaa Il8HHOCTD 
JJ;.7m pacWHpeHHa B03MOlKHOCT8H YCTaHOBKH IWJEPOH C03~H 8JI8KTpo

MaI'HHTHHii ItaJIOpliMSTP C anepTYpott 0,62 rl-, COCTOSilllHH H3 JIHBH8Boro ro
,nocKOllH~ecKoro ,neTBKTOpa (JII'~) H aKTHBHOro KOHB8pTopa (AK), 8JI8M8HTH 
KOTOp!:lX H3rOTOM8HH H3 CB~OBOro CT8~. B nytmaX sapSlllt8HHHX tffiCTHU 
HCMe,noBaHH xapaKTBPHCTHKH, Heo6xo~e ,n.JIJl orrpe,neJI8HHH 8H8pl'HH wo
TOHOB B CHCT8M8 AK+JII'~. 

BrrepBHe rr~eHH CB8'A8HM O rrorrepetmOM H npo,nMLHOM paaBHTHH 
Jrn:Bmi B CBHHUOBOM CT8M8. 3TH peay~TaTH HCITML3YJOTCH rrpH o6pa6oTKe 
.IVlHHHX C ro,nOCKQITHqecKHX qepeHKOBCKRX ,neTeKTOpOB rr~oro norJio~eHHH 
Ha ycTaHOBKe IWJEPOH. 

PeayJILTaTH HCM8'AOBaHri no coa.naHHJO KaJIOpHM8Tpa C arrepTYPOtt 
0,62 rl- JierJrn: B OCHOBY 003,wlHHil B Ollilli 6M88 Kpyimoro 8JI8KTpOMarHHT-
HOro ItaJIOpHM8Tpa c anepTYPOtt 2 M2• · 

SKcnepHMeHTMLHO 'AOKa3aHa rrepcrreKTHBHOCTL HCITOJIL30BSHHH mHpOK0-
3a30pHott ,npe~Bott KaMepu B Ka~CTB8 KOOp.IIHHaTHOro .neT8KTOpa WIil rrpe
Ul{3HOHHOH perncTpaUl{H KOOp,nHHaTH CTBMa 8JI8KTPOMarHHTHOro .im:BHH. 

HcrroJIL30BaHH8 8JI8KTp0MaI'HHTHOro KMOpHM8Tpa C anepTYPOtt 0,62 J!
Ha YCTSHOBK8 IWJEPOH ll03BOJIHJIO n~TL pR.tt HOBHX HayqHHX pesy~Ta-
TOB: A-3aBHCHMOCTD o6pa30BaHHa 1-M830HOB Ir" -M830H&m, BepXH!OlO 
rpaHIDJY B8POHTHOCTH pacrra'Aa Ks0 -e•e-. . 

ABTOP sammnaeT: 
- pe3yJILTaTH 8KCIT8pHM8HTa.Jll,HHX HCMe,noBaH:irll:, B KOTOPHX llOJJY'~Hl:l 

xapaKT8pHCTHKH 8JI8KTp0MarHHTHOro KaJIOpHM8Tpa C aKTHBHHM KOHB8PTOPOM; 
- pesyJILTaTH HCM8,nOBaHHH rrpo~CCOB pa3BHTHH 8JI8KTpOMarHHTHHX 

Jrn:BHett npH 3HeprMX 3+9 raB B CBRHUOBOM CT8M8; 
- 8KCll8PHM8HTMLH08 o60CHOBaHH8 B03MOlltHOCTH HCITML30BaHM mHpo

K03a30pHOtt .npettwoBO:lt KaM8pH B Ka~8CTB8 KOOp.IIHHaTHOrO 'A8T8KTOpa ,nJIH 

llP8IlH3HOHHOro H3M8P8HHH KOOp,nHHaTH CTBOJia 8JI8KTPOMarHHTHOro JIHBHH; 
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- 8KCll8PHM9HTaJILHH8 p83YJILTaTH: ll3MepeHll8 A-3aBliCHMOCTll llHKJIX)-

3HBHOrO ,nHqxp8p8HI(HaJILHOro ce~HHH o6pa30BaHHH ?-M830HOB Ir"-M880Ha
MH rrpH I0,5 raB/c; noncK pacna'Aa Kt ➔e"e- H ycTaHoMemm Bepx
Hett rpaHHUH ero B8p0HTHOCTH. 

Arrpo6aIDIB H ny6JIHKaIDm. ~CC8pTaUHH HaITHCaHa Ha OCHOB8 pa60T, 
BHllOJIH8HHl:lX aBTOpOM B CeprryxOBCKOM Haytmo~aKcnepHMeHTaJILHOM OT,neJie 
H ]a6opaTOpHH a,nepHHX rrpo6JI8M 06~8,nlIH8HHOro RHCTHTYTa a,nepHHX HCM8-
,no:sa.HHfi. HMo~eHHHtt B ,nnccepTaI(HH M8.T8pHaJI ,noMa,nHBaJICH Ha Hay'IHHX 

C8MHHapaX Jia6opaTOpHH a,nepHHX npo6JieM, CepnyxOBCKOro HaytJH0-8KCll8pH
M9HTaJILHOro OT,neJia, 3SC8,wl!IBHX CII8I(HaJIH3HpoBaHHHX KOMHT8TOB H C8CCIDDC 
Y~eHoro COB8Ta Ollilli, Hay,mO-TeXHH~8CKOro COB8Ta H~BS. Ha XXlJI Mel!,DY
Hapo,nHott KOHWSPBHilHH rro WH3HKe BHCOKHX aHepr:irll: (EepKJIH, 1986 r.). 

Ilo peayJILTSTaM ,nHccepTaI(HH ony6Jrn:KOBaHO 5 pa6oT B BH,n8 nperrpHH
TOB 0!1IDI. H CTaT8H B ~pHaJiaX "IlpH60pH H T8XHHKa 8KCil8pHM8HTa11

, 

"Nuclear Instruments and Methods", "Nuclear Physics" ll "Physics 
Letters". 

CTPYKTYPa nHccepTaIIHH. ~ccepmI(Ha cocTOHT Ha BBe'ASHHa, Tpex 
rJiaB H aaKJIJO~eHM. 0Ha H3JI0llt8Ha Ha II2 CTpaHJIU8X, BKJIKl~ 42 PHCYHKS, 
II Ta6JIHU H CllliCOK JIHTepaTYPH H3 93 HaHMeHoBaH:irll:. 

CO,UEPJKAIDIE PABO'IH 

Bo BBeneHHH YKS3HBa8TCH Ha BalKHYJO PML, KOTOpYl) HrpaJJT ItaJIOpll
M8TpJiq8CKH8 KOOp,nHHaTHH8 ,neT8KTOpH RJiacca rAMC WIil HCCJI8,nOBaHH.!l Ta
KHX rrpoueccoB B3aHMo,nettcTBM 'tffi.CTHU C HYKJIOHaMH H H,npaMH, KOTOpue 
corrpOBOllt,IVlIOTCH BRXO'AOM 8JI8KTPOHOB H WoTOHOB. KoHKp8THO 060CHOBHBa8T
ca H806.xo.nHMoCTL pa3BHTHH 8TOfi M8TO'AHKH WIil 8KCil8pHM8HTOB B 06JiaCTH 
Wli3HKH BHCOKHX 8Hepr:irll:. YKa3HBa8TCH pR.tt KOHKp8THHX, M8.JIOHCCJI8'AOBaHHl:lX 
rrponeccoB (HHKJIJ03HBHHe peaK!lHH Tmia 31+A-+1X , pacna.n K5"-+e+e-), 
H3yq8HH8 KOTOpHX MOllt8T 6HTb 8~KTHBHO BHil~8HO C IlOMO~LIO JIRBH8BHX 
ro.nocKOIIJiqecKHX ,neTeKTOpOB. PaCCMOTpeHO npe~cKa3aHll8 KBapKOBOil MO,neJIH 
BSa:m.m,neficTBU.!l a,IIJ)OHOB C a,npaMH. 

GwoPMYJrn:POBaHH H ITOCTaBJI8HH sa.na~ ,JtJIJI HCMe,noBaHHtt. 

B rrepBott rJiaB8 OIIHCaH BapHaHT ycTaHOBKH IWJEPOH, coa,nrumott COB
M8CTHO Ollilli H H~BS H HCIIML30BaBmettca WIil rrpoBe,neHM HCCJI8~0BSHHtt, 
pesynTaTH KOTOpHX ('llaCTHtmO) BKJm'l8Hl:l B ,n,rncepTSUHJO. YcTaHOBRa, pac
llOJiaI'8.BlllrurCH Ha I8 KaHaJI8 Y-70 Hlf!BS, COCTOH'l' HS nytntOBoro CII8KTJ)OM8T
pa H cneKTpoMeTpa BTOpHimwc: 'llaCTHU (pHc.I). 

IlepBHtJHH8 'liRCTHl]Ji (Ir", IC'°) BH,n8JIIIJIHCL npH ITOMOIIlll nyqKOBOro Cll8K
Tp0M8Tpa H HaBO'AWIHCL Ha MHlll8HL M (H2, D2 , Li , Be, Al , Cu) • Ilponop
IlHOHaJILHH8 KaMepu ~ H CURHTHJIJUmHOHHHtt ro~OCKOn r BH,n8JJJL7IH Tp8KH 
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PKc.I. CITeKTPOMeTp BTopHtmHX qacTHn. 

sapmitemmx ~cTHn. 3JI8KTPOMaI'HHTH!:lii+RaJIOpHMeTp c aIT8PTYPO:lt 0,62 ~ 
ITpe,IUia8HaqaJICJl ,It.7Ili·perHCTPaniIB 1, e-; OH COCTOHJI H8 JIHBH8Boro ro.no
CKOITHqecKoro JJ:8T8KTOpa (JJI'.10 (H8rOTOBJI8HHOro H8 6JIOKOB CBHHnOBoro 
CT8RJia 1\li-I-000 C pa8M8paMH HqeeK IOxIOx35 cM3 ) H aKTHBHoro KOHB8pTO

pa (AK) TOJllltHHO:lt ITO llYt:f.KY B 2,4 ~.,JW. (HCITOJII>80BaHO CT8RJIO 1\li-I-000). 
0ITHCaHa KOHCTPYRJ,J;IDl 8JI8M8HTOB JITn, AK H ITPHB8ll:8HEl pesyJILTaTH HC

CJI8JJ:OBaHH:li HX xapaKT8pHCTHR B IIY'I!CaX sap.f.lllt8HHHX ~CTHn. IIORa8aHO, qTo 
HaJIH~e AK, pacITOJIOlK8HHOro B6JIH8H JITn, He yxy.nmaeT co6CTB8HHH8 ITapa
M8TpH JITn - KOOp.nuHaTH08 H 8H8preT~8CK08 pa8p8ill8HM - ll IT08B0.7Ifl8T 

.nucKpHMHIDIPOBaTI, Clll'Ha.lIH OT MPOHOB ITPII perHCTpan;i:H 8JI8KTPOHOB B yc
JIOBHH MPOHHoro qx)Ha. IlpIIBO~TCH pe8yJII,TaTH HCCJI8JJ:OBaHM ITOrJiomeHIIH 
H8~8HM B CBHHnomx CT8RJiaX 1\li-I-000 H 1\li-I-00, IICITOJII,8Y8Ml:lX B Ra

~CTB8 PMila.TOpOB B AK, TOJI!llHROii 2,4 H 4 PM-M. COOTB8TCTB8HHO. 
HaJIH~e AK IT08BOJIH8T .nucRpHMHHIIpOBaTI, CIIrHaJIH OT MpDHOB. Ha 

pHc.2 ITP8JJ:CTaBJI8Ha 8KCIT8pRM8HTaJII,HM 8aBHCHMOCTI, ypoBHH llOMBJI8HM 
rt-Me80HOB OT KQJIHqecTBa llOT8pilHHHX 8JI8RTp0HOB npH H8M8H8HllH nopora 

Ha 8HeproBwt8JI8HH8 B 8JI8M8HT8 aKTHBHOro KOHB8pTopa. KaK Bll,IUIO H8 
pHc.2, neHOtt 6% llOT8pI, 8JI8KTPOHOB B8JIH~Ha ITOJJ:aBJI8HHH II-M880HOB 
8CTI>: MH AK 2,4 pM.MHHH 9e ~ 2,5•I0-3 , ,ItJIJi AK 4 PM-~HEl 

9tH,8•I0-3. 

~ 
nopoz no EAK (M38) PKc.2. CoOTHOill8HH8 M8lJmY yp0BH8M 

90 120 150 180 210 ITOMBJI8HM W-M880HOB H 
---.. 

q3K' I 
~CJIOM HesaperHCTPHPOBaH-. '$. 

'--
HElX ll08HTpOHOB. ~ 

:t 
0 
r, 
<II 

~'ii 

q, r 
j 

Ilo.nyqeHEJ: cJie,Izy1(Il!H8 .xapaKTepHc-I"'< 

~ THRH 8JI8KTPOMarHHTHOro KaJIOpRMeTpa: 
<II co6cTB8HH08 ROOp,nHHaTH08 paspeme-
"' l HH8 .1X Q: IO.;.II MM H 8Hepr8Tl'I'.8C-

0,7 

0 Koe paspemeHHe oE/E ~ 5% npH 5 raB. 
2 I. G 8 10 BTOpa.!i rJiaBa ll00Bflm8Ha HCCJie-

nomepu e• (%) JJ:OBaHHIO ITpo,noJII>Horo H norrepe'!Horo 
pa8BHTM JIHBHH B CBHHUOBOM CT8RJI8, 
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BH8BaHHoro IT08HTPOHaMll C 8Heprnei1 3.;.9 ToB, a TaIOK8 paspa6oTRe M8TO
.nuKH H8M8p8HM KOOp.ItHHaTH CTBOJia 8JI8KTpOMaI'HHTHOro JIHBHJl ITPH llOMOmH 
mHpOK08a80pHOH ,npempOBOH RaM8pH. 3TH JJ:aHHH8·HCITOJII,80BaHEl ,ItJili onpe,ne
JI8HI!Sl 8H8prHH B KOM6HHHpOBaHHOM 8JI8RTpOMarIDITHOM KaJIOpHM8Tp0 AK+JJI'n, 

a Ta:!Olte B pacqeTe 8qql8KTIIBHOCTH ycTaHOBKH. 
HsyqeIDie npo,nOJII,Horo pa8BHTM JIHBIDI' ITPOB8JJ:8HO C llOMOmI,B) qepeH

ROBCKoro cqeT~Ra, B RaqecTBe ~aTopa KOTOporo llCllOJII,80BaJIH CBHH

UOB08 CT8RJIO TOJimllHOil I ~-MHHH, Ha ITyqit8 IT08llTpOHOB C 8H8prue:lt 5 
II 9 raB. 3HeproBwt8JI8HH8 JIIIBHSl, perHCTpupyeMoro ITO qepeHKOBCKOMY H8-
.nyqemuo ~CTHU JIIIBHSl, H8M8p8HO Ha r.ny6HHax OT I .no I9 ~-MHH H npH

B8ll:8HO Ha pHc. 3. 3KcnepHM8HTaJII,HH8 JJ:aHHEJ:8 anITpOKCI1MHPOBaJmCI, qiyHitUHett 

A(l:,E) = (-/4)· A,·E ·i"- exp{-ct), (I) 

r.ne A(l:,E)- cpe.IUIM aMITJIHTY.na c;i:rHaJia co cqeT~Ra Ha rJIY6HHe t 
PM-M., BH8BaHHoro nosHTPOHaMH c aHeprHett E; N. :ft"etp(-ctJdt; 
A0 = (508,6±8,8) raB-1 ; p::a.+l&.E ; a= I,I2±0,I4, I= 0,924± 

t0,075, C = 0,562±0,0I9. KpHBH8 Ha pnc.3 COOTB8TCTBYIOT 8H8prHRM ll08HT

pOHOB B 5 H 9 raB. 

_120 
:,; 
"' ~100 
C. 

-~ 80 
"' ~ 
~ 60 
~ 
< 40 

0 2 4 6 8 10 12 14 16 18 
t (paA,AllHHa] 

IlOJIOlK8HM MaRCHMy-MOB 
KPIIBHX ( I) xopomo COBITMa.JlT 

c paccq;i:TaHHHMH no wopMy-Jie 

t-. = 1.01(en ~ -1) , r.ne 

tc,_ - KpliTHqecRa.!l 8H8pr1rn 

MSI .naHHoro BemecT:ea.. 
JJ.mr YJIYi:nII8HM co6cT

B8HHOro ROOpll:llHaTIIOro pa8-
pemeHHH JITn npnM8H8HH mHpo
K08a80pHH8 JJ:P8llg)OBIW KaMepH 
(UJ.UK) C MIIHOil .npeJ.1:wa 
±IDO MM, YCTWiOBJI8HHH8 M8JK.DY 
AK R JITn.c ITOMOmDD lillU< R8M8-

PKc.3. IlP?JJ:OJII>Hoe pacITpe,neJieHIIe aJieKTpo- pew napaMeTpH nonepetmoro 
MarHRTHoro JillBHSl B CBHHnOBOM CT8K- pa8BllTM 8JI8RTpOMaI'HHTHOro 

JI8 1\li-I, BH8BaHHoro IT08liTpOHaMlf: 

• - 5 raB, ~ - 9 raB. 

JIHBHSl, BH8BaHHoro IT08HTpo-
HaMlf B CBHHUOBOM CT8KJI8 
1\li-I. IloITepetmoe pacnpe.ne-
JI8HH8 8apilM B JIIIBH8 ITOK8.-

8aHO Ha pHc.4. 3KCil9pHM8HTaJIDHH8 JJ:aHHU8 annpORCHMHpDBaJmCI, ipyHRUH8tt, 
rrpe.ncTaBJiflRll(ett co6ott OYMM:f ll:BYX 8RCllOH8HT (cILJiomHUe JIHHHH Ha pnc.4): 

Y(x,¾)-= c,-exp(- lx-><.'/2,(f)} +~•exp(- lx-x .. 0,
2
(1) J, (2) 
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PACCTOH!il1E OT 0Cl1 Jll1BHH, X 

OTl:l peaym.TaT!l HCIIOJIL3Yl()TCJi 
npl:l o6pa6oTKe H aHMl:130 l:IH- , 
qJO PMaU!:ll:l , ITO C TYIIaJJlll0 ft l:13 JII'.U. 

Ilpl:IBO.IJ;l:ITCJi Olll:!CaHl:10 
3~0KTPOMarHHTHOro KMOpl:!MeT-
pa c arrepTJpOH 2 ~. B KOTO
poM JI.11BH0Blilli rO.IJ;OCKOIIl:1'!0CKl:IH 
.IJ;9T9KTOP .IJ;OII~9H, B peay~L
TaTe paapa6oTOK aBTOpa, aK
Tl:IBHHM KOHB9pTopoM (4 pa,n;. 
~l:IH!l) l:l ml:lpoKoaaaopHHM!:1 
.IJ;pefirpoBHMl:l KaM0paMl:l. 

CxeMa ycTaHOBKl:l, .B KO
TOpo:l!: l:ICIIOJII,30~ .IJ;aHH!lfi Ka-

~Opl:IM0Tp, npl:!Be.IJ;eHa Ha pl:lc.6 • 

Pnc.4. Ilonepe'Il!oe pacnpe,IJ;e~eJIBe a~eKTpo
Mal'Hl:ITHoro JrnBIDl Ha paaHHX rJIY-
6.11Hax. 

J/l-) l:l A (I} - rrocTOJIHHue crra,n;a MJI 
U0HT~LHO:l!: l:l rrepl:lg>epl:1'10CKOH ~CT0H 
JillBIDl COOTB0TCTB0HHO; t - rJIY6l:!Ha 
pa3Bl:!Tl:!Ji ~l:IBIDl B 0.IJ;l:!Hl:III,aX pa,n;.~.; X2=0 
- IIpl:IB0,Il;0HHaJi KOOP~HaTa OCH CTBOJia 
a~eKTpoMarHl:ITHoro JrnBHJI. 3aBl:!Cl:lMOCTL 
)i1(!) npl:loo.IJ;eHa Ha pl:lc.5 l:l cpaBHHBaeT
CH c a~orl:l~ .IJ;aHHHMl:l .IJ;pyrmc pa6oT. 

12 

10 

E a 
E 

¼ f i - 6 

.< J + 

Pnc.5. 

2 

0 2 4 6 8 10 

T0Jl!lll1HA KOHBEPTOPA,t 

3aBHCl:IMOCTL napaMeTpa ..ft1 (i) OT 
rJIY6l:llill paaBHTl:!Ji Rl:IBIDl: • -
CBl:l~OB00 CT0RJIO 'NI-I, 3 raB; 

o - CBl:IH9U, 32 raB; ll - CBl:IH
UOB00 CT9RJIO, 25 raB. 

Ha 3TOfi YCTaHOBK9 BllIIOJIH9H Ha6op CTaTl:ICTl:!Kl:l no l:ICC~9.IJ;OBaHl:llO l:lHRJII03l:IB
HOfi p0aKU!:ll:l :Jr' A ➔ Mo X (Mo ➔ rr) l:l OCYlll9CTBM9TCH npe.IJ;Bapl:IT9~LHHfi 
Ha6op .IJ;amrax B 3KCII9pl:IM9HT0 no l:ICCR9.IJ;OBaHHID pacna,n;OB irt°-M930HOB. 

IlpoCTpaHCTB9HH09 paapem9Hl:19 60~1,UIOr0·3~8KTpOMarHHTHOrO ~opl:l
M9Tpa onpe.IJ;eMeTCJI l:13 pacnpe.IJ;eReHl:lfi --XIIK, r.IJ;e 4II.UK l:l XIIK - KOOp
~Haru OCl:l ~l:IBIDl l:l 3~0KTp0Ha B lil,UK .11 IlK COOTB0TCTB8HHO. Ha pnc.? 
npl:!Be.IJ;eHH pacnpe.IJ;e~eHl:IJI oo~n~H XJII',n-XIIK (a) (XJII'.U - KOOp.IJ;l:!HaTa JrnBHH, 

<, 

\ 

J 

i 
J 

N 
200 

AK WtiK Ar.ll 
\. / 

~t.t1Hr---·-------l11-l=i··-·~O 
._... J_, 

1 11 

0 2 4M 

Pnc.6. CxeMa YCTaHOBKl:l, B~tmlCIIIStt 

a~eKTpoMarHl:ITHHH KMopl:lMeTp c anepTYpott 2 ~-

I 0"=14HM a 

orrpe.IJ;0~0HHM B JIT.U) H --XIIK (6). 
Cpe.IJ;Hee KBa.n;paTH'!8CK09 OTKJIOH9HH8 

pacrrpe,IJ;e~HH:l!: XJIT.u-¼K H _-¼K 
(pnc.?) COCTaBJil{ST COOTB0TCTB8HHO 

150 

100 

so 

0 

600 r (j": 4,J MM 

400 

200 

0 
-40 

Pnc.?. 

6 

0 40 X (HM) 

c: 14 MM .11 = 4,3 MM. C j"I0TOM norpem
HOCT0H onpe,IJ;e~eHHJi KOOp.IJ;mtaTll Tp8KOB 
B IIK KOOp'AIDJaTHoe paapemeH.110 MJI mm
Hett, II0Jijm0HH00 C IIOMO!l.l!,10 IIU(K, = 3 MM. 

Ila npHB0.IJ;0HHHX peay~LTaTOB CJI8.IJ;Y0T, 
'!TO IIpl:IM0H0Hll0 Cl:ICT0Mll AK+lll,UK ~ JII',U 
C Ji'!Sfuto:l!: I0OxI00 ~ rrp.11 3H0PI'HJDC 
I+5 TuB YJJYlliilaeT KOOp.IJ;l:lHaTHoe paape
meHl:le B 3+4 paaa, a paapemeH.110 6JillaKo
~elRalltl:IX Jm:BH0:l!: COCTaBJil{0T = 30+40 MM, 

'!TO B 4-5 pa3 JIY'tlll18, '!J9M B JII',U 603 
AK+lll,UK ( CM. pnc. ?a). 

Pacnpe.IJ;e~eHne 3Ha~Hl:ltt 

B9~l:l~H: a) XJII',U-4JK l:l 

6) --XIIK. 
TpeTLH r~aBa IIOCBml(0Ha H3M8p0Hl:ll0 

A-3aBl:ICHMOCTH l:IHKJil03l:IBHOro o6pa30Ba
Hl:!Ji ? -MeaoHoB lY-MeaoHB.MR np:a I0,5 raB/c, a TaKllte oneHKe BepXHeil 
rpamm;ll sepmITHOcT.11 pe.IJ;Koro pacmma Ks ➔e+e-. 

OIIHcHBaIOTCH yCJioBrur npoBe.IJ;eHl:!Ji aKcnepHMeHTa, rrpone.n;ypa.KaJrn6poB
KH JIHBH0BOro ro.IJ;OCKOIIH'l0CKOro .IJ;0T0KTOpa COBM0CTHO C rutTl:IBHHM KOHBepTO
poM. IlpaBMI,HOCTL pa6om YCTaHOBKH B ne~OM rrpe.IJ;Bapl:IT0~:&HO T8CTl:lpOBa
JiaCL no BOCCTaHOBJI0Hl:llO 3qxp8KTHBHO:l!: MaCCll IIY'!JKOBoro irt°-M830Ha (no MO,IJ;0 
pacrra,n;a K+➔:,r+:ro · ) B aKcnoannm 6ea MmJieHH (pHc. 8). PaapemeHHe 
3~9KTPOMarHl:ITHOro ~opHMeTpa (c anepTJPO! 0,62 -;;) B o6JiaCTl:l MaCCll 

,-M030Ha rrp.11 CYM!,laPHO:l!: 3Hepru l1;ByX raMMa-KBaHTOB 6o~ee 6 raB coc
Ta~o ~38 MaB. Ilo KHH8MaTl:l~CKl:IM rrepeM8HHliM XF l:l PT YCTa.HOBKa 
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fOM~~ 
3001 , .... ,.r Pllc.8. CneKTpu 3(pI)SKTllBHWC Mace WJJ H 

'ftrr0 , COOTB9TCTBYXIIIH9 pacna,na.M ny-q
KOBOro K1"-Me3oHa. 

250 

200 

150 1r•i~ 

fOO 

0.5 0.6 

II8P9KpUBaJ1a CJI9,JzyllllH9 HHT9pBaJIH: no qiefiHMa
HOBCKOii IT9p0M9HHOii 0,57 ~ ~ < I ('ASC.flTI, 
HHTepBMoB), no nonepe~oMY HMnyn1,cy 

0 .t:. PT~ 800 MaB/c (BOC9M1, liHT9pBMOB). 
OITpe~e~HCI, OTHomemm ~(pI)Sp9H~MI,

HWC C9'1!9HHii peax~ii: 

RD/4 (><F)=[ :: ($'D➔?Xj /[~(Y•p➔ 7X)}, 

R4 (xF) =[ J;(.1tfA ➔7x!J /[ft(1,•J)~7x)]. 

B HameM c.rry-qae CHCT9MaTH'q9CKH9 OmHOKH H3MepeaHii ~ pa3~"!HllX 

.imep npHMepHo o~HHaKOBH. IloaTOMY oTHomea~ c~do '!JYBCTBHTenau K cHc
TSMaTH-qecKoii omHOKe. 

Il~eaaue 3Ha-qeHM RA(XF) napaMeTpH30BMHCI, B BH~e 
RA(',<F) C-.:, A ol.{XF). ECJIH OTHOill9HH.fl C9'q9Irnii ~OM9TB0p.flI()T CTeneHHOii 

3aBHCHMOCTH, TOH CaMH C9'q9HH.fl 'AMlKHU CJI9'AOBaTI, 3TOii 3aBHCHMOCTll: 

~ (.srA ➔7X) ·~ A«{XF). 

0,9.---------, 

0,8 

0.7 

0,6 r 
o<. 
0.5 1-

0,4 

. .,.. A-1r•x} !DO rai 
o 1r• A _.,.-x 
,.,.•A-"\X w raB 

! t ? t 
y / 1 I 

jHfl\1I 
ft . I 

O,J L___t ,.l___j 

0 o.z o.4 o.6 o.a 1.0 
XF 

Pllc.9. 3aBHCHMOCTI, d.('><F) ~ peax~ii 

..1!""A ...+ 7 X' ' ST"' A ..,,. 31 t X H 

ST"'A ➔sr-X • 

Ha pHc.9 npHBe~eaa no.ny-qeHHaJI 
HaMH 3aBHCHMOCTI, o(,{XF) B HHT9pBM9 
0,57 !:; XF~ I: cpe'Attee 3Ha-qeHHe 
cl(xF) = 0,50±0,02 HaxO~TC.fl B ~OB

neTBopHTSnI,HOM cor~CHH C IIP9'ACKa3a
HH9M ~HTHBHOii KBapKOBOii MO~enH, 
paccMOTp9HHOii BO BB9~9HHH. Ha 3TOM 
lite PHCYHK9 IIOKa3aHU 3Ha-qeHH.fl o<.(,<,:.) , 
li3MepeHHUe npH HCCJI9~0Ba!IBH A-3a~HCH
MOCTH ~103liBHOro odpa30BaHH.fl Ir
M930HOB 'W-Me30HaMH npH roo raB. 
HaMnn;aeMy'IO CMI,HYJO ( Cl(, = 0,65) A-
3aBHCHMOCTI, ..nmr· pe~tt .srA -+$'X H 

8 

Sl+A -srX B OMaCTli XF = 0, 7 aBTOpu ~aHHwc npH rcio raB OO'b.flCH.flXlT 

KorepeHTHHM p0llr,n9HH9M Tpex- H II.flTHIIHOHHWC CHCTSM. B CJIY'qa9 7 -M930-
HOB ITO~OOH09 YCM9HH9 HS HM99T M9CTa. nettcTBHTSnI,HO, npaKTH'q9CKH HS 
cymecTBYST T.fllltenux ~POHHUX COCTO.flHHii, odpa3YIOmfilCC.fl C donmHM C9'1!9-

HH9M M pacrr~aKJl!HXC.fl Ha ~-M930HU. Bo3MOlKHO, 'qTO HaMIQl{a9M09 paMH
'qH9 BenM'qHH d.:n M ol "/ ooycnoBJieHo oTMe-qeHHHM pa3nntUreM B 'AHHaMHKe 
odpa30BaHH.fl II- M '7-M930HOB. IIo.rry-qeHHUe HaMH B9~'qHHU cx{P,.) Ha

XO,ItR.TC.fl B HHT9PBM9 0,4+0,65 co cpe~HHM 3Ha'q9HH9M (ol.(P,)) = 0,46± 
:t0,03. 

nMee orrHcuBaeTc.fl npoue~pa onpe~eneHM Bepxaett rpaHHUU BepoaT
HOCTH pacn~a · k% - e+ e-. IIp11: o6padoTKe ~aHHUX OT6npanHc1, napu 

Tp9KOB, KOTOpue ~aBanH 3Ha'qHT9nI,H09 3HeproB~eneHU9 B aneKTPOMarHHT
HOM KMOpHMeTpe. TaxHe Tp9KH acCOUMHpOBanHCI, C aneKTpOHa.Mli (II03HTpo
HaMU). 

00 16 
(') 

2 12 
0 
Lr> 8 ......___ 

~ 4 
u 

0 100 

Pile.IO. Pacrrpe~eneHH9 ITO 3(pI)SKTHBHOtt 

Macce 'AByx -qacTUU, 'AaKJllHX 
donrnoe 3HeproB~eneHHe B 
aneKTpOMarHHTHOM KMOpHMeTpe. 

Ha pHc.IO IIOKa3aH CIISKTp 3(pI)SK
THBHb!X Mace OT06paHHwc TaKHM o6pa30M 
tra.CTilU. PasperneHHe ycTaHOBKn ITO aip-

200 300 400 500 M 3 B ql9KTHBHO:il: Maces ;tG 30 MaB. 

Pac-qeT 3(pI)SKTHBHOCTH YCTaHOBKH 
K perHcTpa~H ~aHHoro pacn~a ocyme

c~c.fl M9TO~OM MOHTS-Kap.Jio. 3qxpeKTUBHOCTI,, CB.fl3aHHa.fl C TpHrrepHHM 
ycnOBH9M H perHCTplipY!()Il1e:il: aneKTPOHHKOii, rioM9TpHtr9CKa.fl 3ipp9KTHBHOCTI, 
ycTaHOBKU H 3(pI)SKTHBHOCTI, pacnoaHaBaHH.fl e- (T.e. BOCCTaHOBJI9HUR Tpe-+ 
KOB rr- H o6yCJIOM9HHWC HMll nimHeii) COCTaBJI.fllOT £31, = I5%, €rs "' 6% 
H ~T m 47% COOTB9TCTB9HHO. 

.Pac-qeT HHTerpMbHOro KOnlitr9CTBa K0-M930HOB, KOTOpue odpa30B~CI, 
B MHmSHH u Mor~ ~aT1, perHcTpHpyeMUtt ycTaHOBKott pacn~ K

5
° ➔ e+e- , 

rrpOH3BO'AMC.fl M9TO~OM MOHTe-Kapno Ha OCHOB9 HCIIMI,30BaHH.fl 3KCII9plrM9H

TallHUX ~HHb!X rro MqxflepeH~Ml>HOMY ce-qeHHRl o6pa30BaIDr.fl K~ B pe~H 
l<."'p ➔ K; X rrp11: 8,2 raB/c. TaK KaK ~aHaue o ~qxflepeH~MbHOM 

ce-qeHMH peaxUlfH K+A ➔K0X B Hamett oMacTH aHeprHH OTCYTCTBOBa-
~. TO 3aBHCHMOCTI, ~HqXpepSHUHMbHHX C9'q9HHtt OT aTOMHOro HOM9pa d~CI, 
B B~e Ao((x,,-,P,.). IIpH pactreTe rro~r~ o( = 0,4, -qTo MOlKHO C'iHTaT1, 

HHlKHeii rpaauuett, T9M CaMUM 3aB9~0MO 3aHlilKa.fl 'qUCJIO ~-M930HOB, poJ!Ut9H
HllX Ha ~ax. 

9 



IlOJIHoe '!JllCJIO ~-M830HOB, nponymeHHHX qepes ycTaHOBKY, 9CTD 
NK.• :::: I• ro7• Yqn:ruBaJI sqxpeKTIIBHOCTD ycTaHOBKII K ,naHHOMY pacna,ny, 

s vo 
onpe,neJillJIU qn:CJio "S -MesoHOB, KOTopue MOrJia 6u saperucTpupoBaTD 
ycTaHOBKa, eCJin: 6u omr pacrra,na.JmcD TOJIDKO no Mo,ne I<,;' ➔e+e- : 
A.1PEr 4 

IYtq ::! 2,I5·IO. TaK KaK HU O.D:HO co6uTH8 (B TOM qRCJI9 H q>OHOBOS) B 
llHT8pBMe 3{ppeKTUBHHX MaCC 400+500 MsB (pn:c.IO) HS o6HapY)K8HO, Bepx
IDUl rpaH,ma B8p0.FITHOCTU pacna.na Ha 90% YPOBH9 .D:OCTOB9PHOCTll e~TD 

BR(Ks"~ee·J ~ I,I·I0-4 ( 90% C.L.) . 

B saKJIIOqemrn: cqJOPMYJIUpOBaHil OCHOBHH9 pe3yJIDTaTU, noJiyqemrue B 
.D:li!CcepTawm: • 

I. .IJ.,r.FI UCCJI8.D:OBaHllfl rrponeccoB B3an:Mo,ne:lkTBJUl a,npOHOB C HYRJIOHa
Mll ll H,ItpaMll B o6mCTH 3Heprmr IO rsB, conpoBOJK.naKI!lllXCH Bl:lXO.D:OM 1-
KBaHTOB, 3JI8KTPOHOB H Il03HTPOHOB, CII8KTpOM9TPHqecKmi K0~9KC TI1IIEPOH 
,nonoJIHeH JillBHSBUM.ro.nocKonn:qecKUM ,neTeKTopoM (JIT'n)c arrepTypott 0,62 rl, 
COCTORIIUilA H3 qepeHKOBCKIIX cqeT'IliKOB IIOJIHOro norJIOIIl9Hlfil Ha OCHOBe 
CBllHUOBoro CTeRJia 'NI-I. 8HepreTn:qecK09 H KOOp.ztllHaTH09 paspemsHUH Ka

JIOpllM8Tpa COCTaMHIOT DE/£ z 5%, ,O)(:::: IO+II MM npn: 3Hepr1rn JIUB
H8H ~ 5 rsB. 

C HCII0JID30BaHH9M 3TOro ~OpHMSTpa npOB9.D:8H Ha6op 3IrnnepHMSH
TMDHOro MaTepHMa no usy~eHn:10 nponeccoB $;A ➔ 7K. Ha MarHHT
HHe JISHTH 3aIIl1CaHO ~ I, 7 • I06 C06HTHH, 

2. Co3.D:aHH aKTHBHHe KOHB8pTopu H3 CBHHUOBoro CT8Km TOJIIllllHOH IIO 
rryqity 2, 4 ll 4 pa,nn:an1mHHHX MHH, PesyJIDTaTU 3KcnepUM8HT~HHX llCCJI8-
.D:OBaHllH IIOKa3HBaIOT, qTQ BB8,It8Hll8 KOHBepTOpOB B ro.nocKonn:qecKHH 3JI8K
TpOMarHllTHHH K8JlOpllM9Tp IIOJIHOro rrorJIOIIISHlIH He yxy.nmaeT 3HepreTn:qec
K09 ll npocTpaHCTB9HH08 paspememm Jirn, II03BOMST ,ItllCKPllMllHHpoBaTD 
a,npOHl:l npn: pern:cTpann:n: 3JI8KTPOHOB 683 cymecTB8HHHX noTepD 3JI9KTPOHOB 

. (,.. 6% rrpH 5 rsB) C ipa.KTOpOM no.naMemm ~ Ha YPOBH8: 
MH aKTUBHoro KOHB8pTopa 2,4 pa,n,MHH ~ ~ 2,5•Io-3, 
.D:M aKTUBHoro KOHBepTopa 4 pa,n,MHH 'Je ~ I,8•Io-3• 
3 . .IJ.,r.FI ~6pOBKM aKTMBHOro KOHB8pTopa orrpe,neJieHH rrapaMSTPH npo

.nomHoro pa3BllTU.FI 3JI8KTpOMarHMTHOro JIMBH.FI B CBllHUOBOM CT8RJI8 'N\-I-000, 
BH3BaHHOro nosn:TpOHaMll C 3H8pr11:en 5 rsB ll 9 rsB no qepeHKOBCKOMY H3-
JiyqeHHIO traCTHU JIHBHll Ha rny6llHax OT I .no I9 pa,nn:ann:ommx MllH, IIpo
.nomHoe noBe,nemrs JIMBHH onli!cHBaeTc.FI l'pyHKun:eii A(l,EJ,::{t.)-A.·E·tP.exp{~ct), 
c = 0,562±0,0!9, p = (I,I2±0,I4)+(0,924±0,075JlnE(E = rsB). 8KCll8PEM8H
T~HO onpe,neJI8HH08 nOJIOllt8Hll8 MaKCJi!MYMa Jili!BHH (I) Ha.XO.D:li!TC.FI B xoporneM 
corJiaCHli! c IIOJIOllteHn:eM MaKcJi!MYMa Jili!BHll, orrpe,neJieHHHM no WOPMYJI8 

i,.w. =- 101(& %,
11 
-1). PaHee rro,no6HHe sKcnepHMeHTMDHHe ,naHJrae Ha 

CBHHUOBOM CT8RJI8 HS 6uJIU li!3BSCTHH. 
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4. C nnMOIIIDIO lllli!pOK03a30pHoii .D:PSiiwOBOH KaM8pH 3KCil8pli!MSHT~HO 
YCTaHOBJI9HH napaMeTpH norrepeqHoro pa3BHTUH 3JI8KTpOMaI'HHTHOro JIUBH.FI, 
Bli3BaHHoro ll03li!TpOHaMll C ·. 3Heprneii 3 rsB B. CBllHUOBOM CT8KJI8 'N\-I-000 
Ha rJiy6li!Hax OT I .no 4 Pa.D:llaUHOHHHX MllH, naHHUe xoporno OIIHCHBa!OTCJI 
qiym{nn:en (2), IIPS.D:CTaMHKI!l8H co6ott CYMMY .D:BYX 3KCnOH9HT. (IIo,no6HHe 
CB8.D:8HAA .D:M CBHHUOBOro CT8RJia paHee llM8JIUCD TOJIDKO npn: 3Heprn:n: 25 
rsB). IloJiyqeHHue pesyJIDTaTH n:cnOJID3YIOTCH npn: BHqn:cJI8HRH s{ppeKTllBHOC
TH YCTaHOBKli! H 3H8prnn, BH,It8JISHHOfi B KaJIOpHMSTpe. 

5. Hcnom30BaHM8 aKTMBHOro KOHB8pTOpa (4 pa,n,MllHH) n: rnnpoKosa-
30pHHX .D:P8HWOBl:lX KaMep B ,nonOJIHeHRe K JIUBH8BOMY ro,nOCKOnn:qecKOMY .zte
T8KTOpy c anepTYpoit 2 ~ (pasMep .FiqeiiKn: IOxIO c~) o6ecneqn:Jro cymecT
B8HHoe yJiyq[ll8HMS napaMeTpOB 3TOro .D:8T8KTOpa. nocTHrHyTO 3+4-KpaTHoe 
yJiyqrneHJrn KOOp,nn:HaTHoro pasperneHUH (OT~ I4 MM .no = 3+4 MM) np.11 3HSp
r;mx JIHBH9H I+5 rsB. C PQCTOM :mspr.11n: .D:OCTHrHYTOe KOOp,ztHHaTH08 paspe
lll8HH8 HS 6y,nsT yxy.nmaTM.FI. PaspsmsHHe 6JIU3KOJie·lltamnx JilIBHett rrpn 3TUX 
3Heprn:nx OU8HHBa8TC.FI B 30+40 MM. 

6, H3MSp9HH OTHOCHT9JIDHH9 BHXO.D:11 ~ -M930HOB BO B3allMO.D:9HCTBH.FIX 
rf-MS30HOB C .FI.D:PaMH ~• D2, Li, Be, Al 11 Cu npn: I0,5 rsB/c. 

- IIo~eHa A-3aBHCHMOCTD llHRJII03HBHHX ,nn:ippepeHUHMDHHX ceqeHmi 

ddtr 6x+A .,.7X} ('"..Q A«lXF), 
XF 

KOTOpa.FI paHse HS HCCJIS,ItOB8JlaCD, 
- BeJili!'llfHa d..(XF) H3MepeHa B ,It8C.FITlI lIHTSPBMaX no X,: B 06-

JiaCTH 0, 57 ~ XF ( I lil BOCDMll HHTepmmx no PT B o6JiaCTM PT ~ 
~ 0,8 rsB/c.l1pu 3TOM cpe,ItHse 3H8'ISHl18 "'COCTaBII.ffeT: (ci.('tCF)> = 0,50± 
!O, 02 n: (o<(PT)) = 0,46±,0, 03. 

7. ConocTaBJISHHS BsJIUqn:H d. {Xr:) B o6JiacTn XF > 0, 6 .D:M 
rrpousccoB $A, ~x H STA ➔ST)( CBH.D:8T8JIMTBY9T O pas;mqn:n Mexa-
HH3MOB o6pasOBaHUH ~ - H II-M830HOB Ha .FI.D:PaX. 

8. BnspBH8 B 3JI8KTPOHHOM 3KCil8PIIMSHT8 C npHMSH8HlI8M ro,ztOCKOIDfqec
KOro 3JI8KTpOMarHHTHOro ~OpllM8Tpa C 8KTHBHHM KOHB8pTOpoM, ,ItHCKpli!Mn
HHPYKI!lllM a,ItpOHHHfi !p()H npn pern:cTpann:n: 3JI8KTPOHOB, ycTaHOMSHa B8pXHH.FI 
rpaH,ma BSpO.FITHOCTH P8.D:KOro pacna.na 

BR{K;➔ e1e-J ~ r,r•ro-4 (90% C.L. > 
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