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BBEAEHHE 

PacnaA He~TpanbHoro n~oHa Ha ¢oToH H no3HTPOHH~ (A 29 ) 

rro-+ y + A2e• /1/ 

.ABJlfleTC.A OCHOBHbiM. J..1CTOI.IHVIKOM penATIIIBHCTCKt.1X n03HTpOHHeB Ha npo

TOHHbiX CIIIHXpoTpOHaX. BepO.ATHOCTb pacnaAa /1/ no OTHOWeHHIO 

K pacna,qy m-toHa Ha ,qea $oToHa paeHa111 

w(rr0 ~ y + y) 
~ 1,7.10-9 . 12/ 

PacnaA /1/ Ha6n~AancR: Ha YCKOPHTene Y-70 H$B3 6~nH aaperHcTpH

posaHbl A2e c raMMa-$aKTopaMH (y) OT 800 AO 2000 121 . C noMO\llb~ 
noaviTpOH~t~ee OT pacna,Qa /1/ 6blilO 1113MepeHo nonHoe ce4eHHe eaa!IIMO

Ae~cTBH.A A2e C yrnepo,QOM B HHTepeane raMMa-¢aKTOPOB OT 800 
AO 2000 131 

HaPRAY c npo~eccoM /1/ noaHTpoHHH MoryT reHepHpoeaTbC.A npH 
B3aHMO,Qe~CTBHH C Be~eCTBOM $OTOHOB/4-7/ 

y + A z 4 A2e + A z /3/ 

/8 9/ 
H 3.fleKTPOHOB ' 

e- + A z ~ A2e + e- + Az • /4/ 

111• 
Ce4eHHe ¢oTopom,QeHH.A n03HTPOHH.A Ha aToMe xopowo annpoK-

CHMHpyeTC.A 3aBHCHMOCTb~ 

1,86 -32 2 
0"¢ ~ 0,57 Z .10 CM /&TOM, !51 

r,qe a ttl - ce4eHVIe reHepa~VIVI A2e eo scex cocTofiHVIfiX no rnaBHOMy 

KBaHTOBOMY 4VICI1Y n; ce4eHVIe o6pa30BaHVIfl A2eB OCHOBHOM COCTQfi

HHH e 1 ,2 paaa MeHbwe senH4HHbl a¢. B peaK~HH /3/ 3Hepr~R <i>CTo-

* HaH60nee TOqHble COOTHOmeHHR, OIIHCbiBaiOII(He npon;eCC /3/, 6binH 

rro.rryqeHbi B /7 I • 
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Ha npaKTH4eCKH nOnHOCTb~ nepeAaeTCR n03HTpOHH~. no3TOMY np~ 
Bb!COKHX 3Hepn1RX cneKTp A2e, pO}f{AeHHbiX Ha H30llHPOBaHHbiX t.1To
Max, AOJl>KeH CoanaAaTb CO cneKTpoM HalleTaiOUJ,HX $JTOHOB: 

dNY 
a-- !6! 

dEy 

rAe Ey, EA - aHeprHH $oToHa H noaHTpOHHR; a - nocTORHHbiC1 KOa$
¢H~HeHT. 

npH B3aHMOAe~CTBHH C aeW,eCTBOM n03HTPOHH~ MQ>KeT paaBaJlHBaTb
CR HnH B036Y>KAaTbCR. nonHOe Ce4eHHe B3aHMOAe~CTBHR pellRTHBHCTC
KOrO A2e c aTOMOM at Bb14HCJleHo a pa6oTe 1101 *. Ce4eHHe He aaaH
CHT OT 3HeprHH A2e npH Y > 1 0 J.1 XOpOWO onHCbiBaeTCR $OPMYllOC1 

1,24 -19 2 u, = 0,94z -10 CM /aToM. 171 

XapaKTepHble TOllW.HHbl A, ocna6nR~w,He HHTeHcHBHOCTb ny4Ka no-
3HTpOHHea B e pa3, AnR yrnepoAa, MOJ1H6AeHa H nllaTHHbl paBHbl 

-2 
.\C = 0,14 MKM, .\ Mo = 1,9.10 MKM 7 -3 Apt = -10 MKM. 

B cnoe aew.ecTaa TOllW.HHO~ .\ OAHH $oTOH o6paayeT noaHTPOHHC1 
C BePORTHOCTRMH 

8,8 .1o-13 . 

!8! 

191 

EcnH C4HTaTb nornouteHHe A2e B aew.ecTae aKcnoHeH~HanbHbiM ** : 
TO aepORTHOCTH o6pa30BaHHR J.1 BbiXOAa aTOMa H3 MHWeHH TOJlutHHO~ 
A Ha OAHH naAaiOIJlH~ ¢OTOH fiYAYT paBHbl 

1.1 .1o-13, 4 1 1o-13 
WMo = ' • ' WPt 5 5-10-13 . . /10/ 

Ha /10/ cneAyeT, 4TO a peaK~HH /3/, HAYI!le~ Ha nnaTHHOBo~ MHwe
HH, OAHH noaHTpOHHC1 AOll>KeH perHcTpHpoBaTbCR Ha $oHe ~10 12 $0-
TOHoa; B pacnaAe /1/ $0H raMMa-KBaHTOB Ha TPH nOPRAKa MeHbWe. 

* CeqeHHe BaaHMogeHcTBHH penHTHBHCTCKoro rroaHTPOHHH 6e3 Bo3-
6¥*AeHHH aToMa-MHmeHH /KorepeHTHaR qaCTb nonHoro ceqeHHH/ pac
CtiHTaHo B pa6oTaX /ll-14/ . 
•• Tiorno~eHHe YRbTpapenRTHBHCTCKHX A2e B Be~eCTBe HOCHT He3KC-
noHeHQHanbHb~ xapaKTep 115- 181 YqeT npaBHnbHoro gaKoHa norno
~eHHR A28 Hec~eCTBeHHo H3MeHHT sHat~eHHH w Hs I 1 0/. 
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Bcne,qcT81-le Mana!~! 8€Jll-llli-1Hbl .Qill-lHbl norilOL14€HI-1R no31-1TPOHI-le8 8 8e

LL\€CTse B€PORTHOCTb BbiXO,Qa aTOM08 CYLL\€CTB€HHO H€ I-13M€HI-1TCR, ec

Jll-1 yaem1LI111Tb TOJlll41-lHY M111W€H111/l,6,8,9'. np111 3KCnOH€HL\111aJlbHOM 3a

KOH€ norilOLL\€HII1R A 2 e 111 TOillLI111He MII1W€HII1 E >>A MaKCVlMailbHble 3Hal.le

HI-1R B€PORTHOCTII1 BbiXO,Qa n031-1TpOH111€8 COBna,qaiOT C W
0 

1113 /9/. Q6o-

3HallY1M LlCP€3 ~¢¢ TOI1114111HY MII1W€H111, Ha KOTOpOil! MOmHO nOI1Yllii1Tb 

~60% OT MaKC111MaJlbHO B03MOmHoro Ll111CJla A2e- no onpe,qeneHII110 3¢

¢eKTY18HOIII TOI1114111Hbl ee seJllllllV!Ha ,qomt<Ha coena,qaTb c xapaKTepHolli 

.QJ1111H011 norno114eHV1R A2e: A3¢¢ =A. 
B HaCTORU4e~ pa6oTe P2CCMOTpeHo BI1111RH111e apeMeHt-1 ¢oPMII1PoaaHVIR 

A2e Ha 8epoRTHOCTb reHepal...lt-1111 aTOMa 111 noKa3aHo, LlTO 3¢¢eKT111aHaR 

TOJlli~VIHa MII1W€HII1 Aa¢¢ 3a8V1CV1T OT 3HeprV1V1 ¢OTOHa 111 ,QJlfl 60JlbW111X 

raMMa-¢aKTopoa npe80CXO.QVIT aenii14VIHY A s coTHVI Pa3. 

06cym,qaeTCR V1Cnoilb3o8aHII1€ 3Toro 3¢¢eKTa .QilR nonylleHY1R ___ c no-

MOL14bl0 peaKL\1111-1 /3/ nyllKOB A2 e 8biCoKolll 3HeprVIY1, a TaKme onbJTbJ 

nO ,QeTaJlbHOMY VICCJl€,QOBaH11110 npOL\€CCa ¢OPMII1POBaH111fl n03V1TpOHVIR 

~3 (e+e-)-napbl. 

1. BPEM~ ~OPM~POBAH~~ n03~TPOH~~ 

npVI B3aY1MO,Qeii!CTBY1V1 C aTOMOM HapR.QY C peaKL\14€~ /3/ qJOTOHbl 

reH€PII1PYIOT (e+ e-) -napbl C nOI10}1{VIT€JlbHOC1 3Heprllle~: 

+ y + A 2 __. e + e + A 2 • I 11 I 

.QJlR TOrO LlT06bl OTJlVILlVITb C B€PORTHOCTbiO ""'50% A2e C rna8Hb1M KBaH

T08biM LlVICJlOM n OT napbl C noilOmJ.1T€JlbHOC1 3Hepr~-teC1, H€06XO,QY1MO 

B C.L\.111. (e+e-) -napbl 1113M€PVITb CYMMapHYIO 3Hepn1IO l.laCTVIL\ C Toll

HOCTbiO, pa8HO~ 3HeprV1Y1 CBR3VI n03Y1TpOHVIR En• ~3 COOTHOW€HVIR He

on pe,qeJl€HHOCTVI ,QJlfl 3He pr111111/ lg/ CJ1€.QY€T , LlTO Tpe6yeMaR TOLlHOCT b 

,QOCTVIraeTCR TOJlbKO 8 TOM CilYLl~e, Kor,qa VI3MepeHVIe 8blnOilHR€TCR 

3a 8peMR, 6onbwee 111Jllll paaHoe t¢,n: 

- fi 
t<!>.n = E- 112/ 

n 

8peMR t OTCl.llllTbiBaeTCR B C. LJ.. Y1. napbl OT MOMeHTa ee o6pa308aHVIR. 

¢>1113111LlecKVIC1 CMbiCil 8ae,qeHHoro napaMeTpa no3BOJ1ReT onpe,qeJllllTb t'¢,n 

KaK apeMf! ¢>opMIIlpOBaHVIfl n03J.1T POHY1fl !3 C. Ll· VI. na Pbl. npVI TaKOM on-

pe,qeJl€HIIllll 3Ha4eHVIe t'cp.n npl-1 n = ~ coena,qaeT c y,qaoeHHoc:f aToM-

HoC1 €,QY1HJ.1l...I€C1 8P€M€HV1 n03V1TpOHVIR t~,l = 2tA = 0,97·10-lG C. 

8 n. c. np111 3HalleHY1V1 raMMa -<t>aKTopa napbl y apeMf! ¢>opMII1poeaHY1R 

t cp, n Y1 paCCTOf!HVl€, npoC1,qeHHO€ napoC1 3a 3TO BpeMR, 6y,qyT paBHbl 
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r,Qe C - CKOPOCTb CBeTa. 
B Ta6n. 1 nPI-·fBe,QeHbl 3Ha4eH~t~FI 

= 1 ,2,3. 

n 

En, 3B 6,8 

tcp,n ' c I o-16 

t¢,n' c I o-1s 

L 4> , MKM 30 .n 

/13/ 

t4>.n ~ L4>.n ADR Y = 1000 ~ n 

Ta6.~ruv,a ; 

2 3 

I , 7 0,76 
4·10-16 9·10- 16 

4·10-13 9·10-13 

120 270 

Ha Ta6n. 1 cne,QyeT, 4TO a n.c. OTnH4HTb A2e oT cso6o,QHOH napbl MOmHo TOilbKO nocne npoxo>K,QeHL1fl cvtcTeMoi1 ( e +e-) MaKpopaccTor~
HII'Ifl L¢,n , KOTOpoe ecTeCTBeHHO onpe,QeJl~~tTb KaK ,QfH.1HY cpopMHpoaaHHR n03VfTPOHHR B 11. C. , a tcp,n - KaK BpeMfl $OPMII1POBaHV1R A2 e B TOH me CHCTeMe.Ha ,QilHHe f, YAOB11eTBOpfl~~ei1 HepaaeHCTBY 
e « l¢>,n, 

/14/ 
n03HTPOHHi1 C rllaBHbiM KBaHTOBbiM 4i-1CJlOM n HeB03MO>KHO OT11H41-1Tb OT (e+e-)-napbl, no3TOMY Ha paCCTORHHRX, YAOBJleTBOPfi~~HX Hepa
aeHCTBY /14/, MO>KHO rOBOPIIITb TOilbKO 0 (e+ e- )-napax, KOTOPble B BaKyyMe npH e >> L Ql.n c onpe,QeneHHbiMH aepoRTHOCTfiMVI nepeH,QyT B CTa4HOHapHbl8 COCTORHVIR: n03J..1TpOHVIa:i J..1 (e+e-) -napy C nOI10>KVI
T8!1bHO~ 3Heprl-1e~. 

6yAeM e Aa!lbHeHweM aHanVI3VIpoBaTb $oTopomA8HJ..18 A2e B ocHoeHOM COCTORHI-11-1, TaK KaK 3TOT KaHan Aa8T HaJ..160J1bWVIa1 /~84%/ BKilaA B ce~eHI-1e reHepa41-1V1 aToMa • 
.QnR nap C Y = 1000 ycnoB~IO /14/ 6YA8T YAOBD8TBOPRTb e"' :::: 1 MKM*. Ecn~-1 paccMaTpJ..1BaTb peaK41-1tO /3/ Ha nnaTI-1HOBoH MI-1WeHI-1 TO!l~VIHO~ ~1 MKM, TO B Be~eCTBe MJ..1W8HJ..1 A2 e B CTa4VIOHapHOM coCTORHVII-1 He cy~eCTBY8T 1-1, CI18AOBaT8!1bHO, H8 norno~a8TCR C xa-

* llpH YECnHqeHHH 3HaqeHHH y B m pa3 HepaaeHCTBaM /14/ 
O'l£€BHAHO, 5y,o;yT Y,D;OBJieTBOpHTh ,D;JIHHa mf H BpeMH mt'f. 

4 
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paKTepHo~ An~Ho~ Apt = ?·lo-3 MKM. B nnaT~Hoeo~ M~weH~ TaKa~ 
TOJ1W,I-1Hbl 6y,QyT e+, e- , B3a~MO,Qe~CTBYIOW,~e Mem,qy C060~ ~ C aTOMa-

MI-1 aew,ecTBa. KynoHoacKoe asa~MOAe~cTB~e Mem,qy e+ ~ e- MeHReT 

COCTORH~e C~CTeMbl 3a BpeMR tKyn= tA = 4,~·10-17 C. BpeMR B3a~
MO,Qe~CTBI-1 ... R napbl C M~WeHbiO 8 C.4.~. napbl tf = f/yc • npH f =1 MKM, 

y = 103 te = 3·1 0 -IS C ~ YAOBneTBOpReT HepaBeHCTBY 
- -
te « tKyn • 114al 

~3 /14a/ cne,qyeT, 4TO np~ ,QBHmeHHH 4epes MHWeHb COCTORHHe 

(e + e- )-napbl 6y,qeT 8 OCHOBHOM MeHRTbCR no,Q 803,Qe~CT8HeM aTOM08 

sew,ecT8a *. Bbi~,QR H3 MHWeHII! B BaKYYM, C~CTeMa 3BOJ1104~0HIIIpyeT 
TOJlbKO nO,Q B03,Qe~CTB~eM KynOHOBCKOrO np~TRmeHHfl Mem,qy e+,e-

H Sa 8peMft t >> tQ>,1 npespaw,aeTCft 8 CTa4HOHapHble COCTORHHR: no-

3VITPOHVI~ vtnH (e +e-) -napbl c nono>KHTenbHO~ 3HeprHei1. B ,qanbHe~weM 
(e +e-) -napbl, YAOBneTBOPHIO~~e HepaseHCTBY I 14al, 6YAYT Ha3biBaTb
CR YilbTpapenRTHB~CTCKHMIII. 

2. Bn~~H~E BEmECTBA HA nPOUECC ~OPM~POBAHH~ 
n03~TPOH~~ 

MaTp~4Hbl~ 3neMeHT npo~ecca 131 paseH 

MA,o = bfM 0 (;;')¢ 1 (~)d;;', 1151 

- + (-) rAe M
0
(K) - MaTp~4Hbl~ 3neMeHT o6paaosaH~" ('l e-) -napbl, ¢ 1 K 

BOJlHOBaft $yHK4111ft A2e B OCHOBHOM COCTORHIII~, K - OTHOC~TeJlbHbl~ 

vtMnYilbC napbl /HMnYilbC e+ B CHCTeMe nOKOR 6-/, b - nOCTOftHHC!fl. 

TaK KaK ¢ 1( ;() 6biCTpO y6biBaeT C yeeJ11114eHHeM K, TO OCHOBHO~ 
aKna,q e MA,o ,qaeT o6nacTb 0 .< K < 2K 5 =4p 5 , r,qe P6- 6oposcKH~ 
~Mnynbc, paBHbl~ AnR no3~TPOH~R p6 = 1 ,86·1 o-3 M3Bic. B 3TOM 
VIHTepeane OTHOCHTeJlbHbiX vtMnyilbCOB M0 (K') - nOCTORHHaR 8e111114t.1Ha 

~ ,QilR M A,o II!MeeM 

MA,o = bMo(i{ • ~6)¢1 (r = O), l15al 

r,qe f- paCCTORHHe Mem,Qy 3JleKTpOHOM H n03HTPOHOM 8 HX C.4.M., -a ¢ 1 I r = 01 - sonHosaR ~YHK~~" noa~TPOH~R s KOOPA~HaTHOM npeA-
CTaaneHHV'I. 

* HepaBeHCTBO / I4a/ HMeeT MeCTO H AJUI ynnTpapeJIHTHBHCTCKHX 

A
2 

1151 • B 3TOM cnyqae oHo rrpHBOAHT K He3KCITOHeH~HanbHOMY sa

KO~Y rrornom;emui A2e B Bem;ecTBe 
115

-
181

• 
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AnR 04eHKH wf - eepoRTHOCTH o6paaosaHHR nosHTpoHHR nocne 

npoxom,qeHHR (e+e-)-napo~ cnoR ae~ecTaa TOil~HHo~ f HcnonhsyeM 

COOTHOWeHHe 

~ Wo 
OCK )=-L-. 

0 w 
0 

/16/ 

r,qe !Mf(,(" • ;G) 1
2 H r(_ - COOTBeTCTB~HHQ. nnOTHOCTb BepOFtTHOCTVI 

o6HapymeHVIR napbl e+e c HMnynbCOM K oc K 6 VI xapaKTepHoe paccToR

HVIe Mem,qy 3JleKTPOHOM VI n03VITpOHOM nocne npoxom,qeHVIR napo~ CilOR 

BeUJ,eCTBa TOil~HHOi1 f . Pa3IlOmVIM OTHOCVITeJlbHbl~ VIMnYilbC ; Ha Ha

npaeneHVIe nonHero VIMnynbca napbt ( K 11 ) VI nnocKOCTb, nepneH,qVIKy

IlRPHYID nOilHOMY HMnyilbCY (K~) • npVI ABHmeHHVI 4epes MHKPOHHYID 

.Mr.1W8Hb r.13MeHeHHR nonepe4HbiX HMnyilbCOB e+ ,8- MHOrO MeHbWe non

Hero HMnyilbCa napbl (p>l raB/c); n03TOMY r.13MeHeHH8M HanpaBileHHR 

p npH ,QBr.1meHHYI CYICT8Mbl 4epe3 Be~eCTBO MQ}I(HO npeHe6pe4b. 

npH sHa4eHHRX 0$ x~ ,K 11 S 10K 6 eem1Yr.1Ha IM 0 (KJ.,K 11 )1 2 
no

CTORHHa 1201 • no3TOMY !]pH ,qailbHe~WHX Bbi4HCJ1eHHRX BM8CTO 3Ha4e

HHR !£ 8 TOI.4Ke K~,KII oc-+KS 6y,qeT paCCL4HTb!BaTbCR Bei1r.11.4HHa ff 
npH K = 0, TaK KaK £e( K 

5
) npaKTHL4eCKH coana,qaeT c f£ (0) npH 

ecex 3HaL4eHHRX L npH ,qar.1meHHH napbl Yepes eeLQecTeo cpe,qHI-1171 oT

HOCHTeilbHbl~ HMnYilbC 1.4aCTHLI. yBeJ1r.11.4HBaeTCR H3-3a np04eCCOB Top

M03HOrO H3I1YL4eHHR* H MHOroKpaTHOrO paCCeRHHR. no3TOMY C POCTOM 

f BeJ1HL4HHa ff CTaHOBVITCR MeHbWe e,qr.1Hr.14bl. 

PaCCMOTPHM H3MeHeHr.1e K ~ H Kll B npo4ecce TOPM03HOro H3I1YL4e-

H~R. B CJlOe nJlaT~Hbl TOJliJI~HO~ £ = 1 MKM /fix
0 

= 3 ,3·1 o-4 , 

r,qe X
0

- pa,qr.1al.IHOHHaR e,qHHH4a/ AJ1R e+,e-, H3I1Y4aiDLQHX He3aBr.1CH

MO, nonepe4HaR COCTaBilRIOLQaR HMnYilbCa L4aCTVI4bl p J. H3MeHHTC.FI 
Ha/211 

/17/ 

r,qe ky, f1y - 3HeprHR H yron Vl311y4eHHoro ¢oToHa; HH>KHRR H aepx-

HRR rpaHH4bl V13MeHeHHR p ~ COOTBeTCTBYIOT 3HeprHRM VI311YL4aiOUIVIX 

3JleKTpOHOB 0,5 H 50 r3B. ~3MeHeHHe npO,QOJlbHO~ COCTaBilftiOll.le~ HM

nyilbCa L4aCTH4~ 8 C.l.I.H• npH H311yl.4eHHH ¢oTOHa He 3aBHCHT 

OT 3HeprHH 3IleKTpOHOB r.1 paBHO 

Op n ~ 
ky 

y 

1 
m -- " to-4 M>Bic « P6 , 

Xo /18/ 

*H pac.c.MaTpHBaeMOM HHTepBane 3Heprm1. /Ey> I 000 M3B/ HOH:n3a~HoH
Hb~H flOTepHMH MO~HO npeHe6peqb ITO c.paBHeHHID C ITOTepHMH Ha H3-

JiyqeHHe. 
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[Mr!OJJ2 
10 

08 

Q6 

04 

02 

a 2 6 8 f() 12 f4 f ,MKM 

PHc.l. 3aBHCHMOCTh nnoTHOCTH 

BCpO!ITHOCTH iM£ (0) \2 06HapYJKe-

HHH (e + e- ) -rrapbi C OTHOCHT€J1b

HblM HMIIYJ1bCOM K = Q OT TOJ1Ili;HHbl 

nnaTHHOBoH MHlli€HH /crrnowHaH 
KPHBaH/. ITnoTHOCTh sepoHTHOCTH 
o6HapyJKeHHH (e+e- )-napoi c K =0 
npH f = 0 ITPHHRTa paBHO:ti €l~H
HH~e. AHanorH~HaH 3aBHCHMOCTh 

~J1H MHlli€HH H3 yrnepoga HaHe

ceHa nyHKTHpHoH KpHsoH. 

rAe m- Macca 3neKTPOHa.M3 /17/ 
~ /18/ CD€AY€T, 4TO ~3M€HeHH€ 
B8J1VIl.llo1Hbl K B npou,ecce TOpM03-

HOrO Vl3llY4€HVIR np1o1 E =1 MKM 

H83Ha4VtT€JlbHO VI He M€HR8T B€Jllo1-

4111Hbl ( E • 
MHOrOKpaTHO€ paCC€.AHV1€ nplll BbiCOKVIX 3Heprl-1f!X M€HFI€T TOJlbKO 

nonepe4Hyl0 cocTaB!l.RIOll.lYIO l.-1Mnynbca K.L. LblR Bbl4vtcneH~t~.A !Me(K1 0, 
K!j 0)12 8 3aBV!CV1MOCTV! OT f lt1CnOJlb3yeM COOTHOW€HV!€ 

2 
K 

- --=-dK , 
2<p2> l 

l 

/19/ 

rAe <p~ > - cpeAHee 3Ha4eHVIe KBaApaTa nonepe4Horo VIMnynbca, no
ny4eHHoro 3neKTpOHOM BcneACTBVIe MHOrOKpaTHOrO pacceRHHR npH 

npoxomAeHHVI CnOR Be~eCTBa TOn~VIHO~ f* . 3aBVICHMOCTb OTHOWeHVIR 
2 

\Me(O,O)\ 
------;-r npeACTasneHa Ha pHC. 1 , Vl3 KOToporo cneAyeT, 4To 
IM 0 (0,0)\ 

B VIMnynbCHOM npOCTpaHCTBe y6biBaHI-1e nnoTHOCTH B8PORTHOCTH B e 
pa3 a o6nacTH K = 0 npo~t~CXOAHT nocne npoxomAeHVIR e+e--napo~ 
CnOR nnaTI-1Hbl TOn~I-1HOC1 f = 7 MKM. 

0AHaKO nap~, VIM8~~He nocne npoxOmAeHHR MHWeHH TOn~HHOC1 f 
OTHOCHTenbHbiC1 HMnynbC K oc K 5 , He 3KBHBaneHTHbl napaM, HMeiO~VIM 

TOT me HMnynbC B T04Ke f = 0. 3TO CBR3aHO C TeM, 4TO B pe3ynb

TaTe MHoroKpaTHoro pacceRH~t~FI a o6naCTb K oc K 5 nonaAaiOT napbl 

*PacCeHHHe e+,e- paCCMaTpHBaeTCH KaK paCCeHHH€ He3aBHCHMb~ 
qaCTH~ 6C3 yqeTa B3aHMHQij 3KpaHHpOBKH. 
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C Hal.lailbHbiMI-1 OTHOCIIIT8IlbHbiMI-'I 1-'!MnyilbCaMVl KJ.. 0 , npV1HaAI18)t{all.IV1MV1 

B OCHOBHOM VlHTepaany 

O.:::;t<J..o.S /20/ 

npV1 3HalleHV1RX E a AOI1V1 MV1KPOHa aepxHRR rpaHVl~a a /20/ TaKoaa, 

llTO 6J1V13KV18 K 3TO~ rpaHJ.1~8 3Hall8HJ.1R KJ..O OKa3biBaY.JTCR MHOrO 6onb

We Ko. ~a-aa Hai1V1llV1R np111 E = 0 oTHOCJ.1T8IlbHO~ nonepel.lHO~ cKopo-

"J.o 
CTJ.1 ;J..o = :m- 3I18KTpOH V1 n03J.1TpOH nplll ABV1)t{8HJ.1V1 l.lepea MV1W8Hb 

pa30V1AYTCR Ha nonepel.lHOe paccTORHVle• r f . Ecn1t1 ABe l.laCTV14bl 
' 4 2 'h nplll c.= 0 V1M8I1V1 OTHOCV1T8IlbHbl~ VlMnYilbC KJ..o = 1, < p J.. > V1 r .J. ::::0, 

a nocne npOXO)t{A8HJ.1R CflOR B811!8CTBa TOI1W,J.1HO~ £ OTHOCV1T8IlbHbl~ VlM

nyilbC CTail paBHbiM K J..£ oo: K O << K J..O , TO xapaKTe?HOe paCCTORHV18, 

Ha KOTOpoe pa30~AYTCR llaCTJ.14~, 6yAeT paBH0
122 

< p2>':.4 
J. 

/21/ 

rAe Ey- 3HeprV1R ¢oToHa, reHepV1posaawero napy. 

E, 
rJB 

8 

800 

400 
20 / 

200 / 
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100 / 15 
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50 
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25 / tO / 
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f2.5 / 
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/ 5 6 / 
/ 

/ 

3 
/ 

0 2 4 6 8 10 L, HKM 

PHc. 2. Cnno'uiHo:H: KPHBoH: rrpe,o;c TaBneHa gaBHCHMOCTb Me~y 
3HeprHeH !POTOHa Ey H TOITID;HHOJ.i CITOH nnaTHHbi, yM8HbiUaiOm;ero 
aepOHTHOCTb Bb~o,o;a A2e B e pag; 3HeprHH ~oToHa oTno~eHa 
Ha ncBo.H op,o;HHaTe. AHarron·P·IHaH 3aBHCHMOCTb ,D;nfl yrnepo,o;a 
rrpe,o;CTaBJieHa rryHKTHpHofi KpHBo:H:; 3HeprHH !POTOHa OTJIO~eHa 

Ha rrpaao:H: op,o;HHaTe. 



5y,QeM C4~TaTb~ 4TO nocne npoxomAeH~~ cno~ nnaT~H~ Ton~~HoH 
e ace napbl c K f oc K 6 aosH~Kn~ acnefC1fV1e npouecca MHoroKpaTHo
ro pacceHHVI~ VIS nap c K ~ 0 = 1 , 4 <p .l > . B 3TOM npV16nVImeHHH 
~3 1161, I 191 ~ 121 I nerKo Bbl4~cn~Tb TOnlll~HY L PI' noc-

+ - ' ne npoxom,QeHVI~ KOTopoH e e -napoH aenVI4VIHa E"£ yMeHbWaeTc~ a e 
pas. 3aa~CVIMOCTb Lpt OT 3HeprVIVI nap~ npeACTaaneHa Ha p~c.2, 

~3 KOToporo CJ1e,QyeT, 4TO SHa4eHVIe Lpt yaenVI4VIBaeTCfl C POCTOM 
3HeprVI~ napbl VI npeBOCXOAVIT xapaKTepHYIO ,QnVIHY nornol.lleHH~ CTa
ltVIOHapHoro nosVITPOH~~ Apt a Aec~TK~ VI coTHVI pas. AHanorH4Hafl 
3aB~C~MOCTb AnR yrnepoAa (L c) npeACTasneHa Ha p~c.2. TaK KaK 
3¢¢eKTVIBHa~ TOnl.liHHa MHWeH~ 3aBHCVIT OT 3HeprHH ¢OTOHa, TO ,Q11~ 
11ToncToH 11 MHWeHH ~s nnaTHHbl If "" 1 0 MKM/ cneKTP nosHTPOHHea 
6y,QeT CVI11bHO 0TJ1H4aTbC~ OT cneKTpa ¢OTOHOB. B VIHTepaane 3Hep
r~~ 3 < E y< 30 138 sMecTo <!IOPMYml 161 ~MeeM np~6n~ll<eHHOe cooT
HoweHHe 

1221 

3. IEHEPAU~~ IIY4K08 YnbTPAPEn~T~8~CTCK~X 
!103~TPOH~E8 

Y4eT apeMeHH ¢opMHpoaaHH~ A2 e noKaSbiBaeT, 4TO 34>¢eKTHBHa~ 
T011l.liVIHa MHWeHVI, BOSpaCTafl C yaeJ1VI4eHVIeM 3HeprHH nap~ B COTHVI 

pas, nosaon~eT nony4HTb ny4oK n03HTPOHHea c noMOl.llbiO peaKt.tHH 
131. 

EC11VI HCn011bSOBaTb B Ka4eCTBe MVIWeHVI nnaTVIHy T011l.liVIHOH f = 
2 MKM, TO aepo~THOCTb o6pa3oBaHHfl nOSHTPOHH~ Ha OAHH ¢OTOH 

c Ey ~ 30 138 pasHa 

WA 2:1,4.10-10. /231 

~3 conOCTasneH~R COOTHOWeH~~ 1231 ~ 121 cneAYeT, 4TO B peaK4~~ 
/3/ K011~4eCTBO ¢OTOHOB, reHePVIPYIOUIHX O,QHH nOSHTpOHHH, Ha nop~
,QOK npeBOCXO,QHT 4HCJ10 <J>oTOHOB, IIICnycKaeMbiX Ha O,QHH A2e B pac

naAe I 1 I. 0AHaKo AnR per~cTpa 4~~ A2e He MeHee CYUleCTBeHHbiM Rs
nAeTc~ ¢oH nenToHoa 111 aAPOHoa. CocTaa ny4Koa no3HTPOHHea, re
Hep~posaHHbiX s pacnaAe 11 I ~ peaK4~~ 131, np~BeAeH s Ta6n. 2. 

Ta6.!luu,a 2 

Ilpoljecc Il03HTpOHffii <l>oTOHbl MPOHb) 

rro....., y+A2e 

Y +Az~A2e +Az 
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~3 Ta5I1. 2 CI1eAY€T, 4TO B peaKU,VIVI 131 a,qpOHHbl~ ¢loH Ha u..:ecTb 

nopR,qKOB M€HbWe, HemeilVI B peaKU,HVI 111. no3TOMY, HeCMOTPR 

Ha 50J1bWHIIi ypOB€Hb ¢lQTOHHOro ¢lOHa, Bbl,qeneH~t~e n03HTpOHVI€B, re

HepltlpOBaHHbiX 8 peaKU,HH 131, MOmeT OKa3aTbCR 5onee 3¢1¢leKTH8HbiM, 

Heme!l\4 14AeHT1-1¢lHKaU.~t~R A 2e, ~t~cnyuteHHbiX a pacna,qe I 1 I. 
~cnoi1b30BaH~t~e peaKU,I-11-1 131 AilR nony4eHHR ny4KOB ynbTpapenR

TI-18HCTCK14X A2e HMeeT PRA npeltlMYuteCTB nepe,q VICnOilb30BaHH€M AilR 

3To~ me u,enH pacna,qa 11 I. Bo-nepBbiX, Bh!Be,qeHHbl~ nY40K ¢loTOH08 

MOmeT 5b1Tb nony4€H Ha YCKOpHTeilRX BCeX TVInOB. ~HTeHCVIBHOCTb 

VI 3Hepn1R ¢lQTOHHOrO ny4Ka MOryT 5b1Tb MaKCVIMailbHO B03MO>KHbiMVI 

AI1R ,qaHHOro YCKOPI-1TeilR, TaK KaK nY40K MO}I<eT 5b1Tb BbiBe,qeH no,q 

MailbiMH yr 11aMH K nepslti4HbiM 4acTHU,aM. AnR nony4eHHR ny4Ka A2e 

C nOMO~b~ pacna,qa 111 He05XOAHMO HCnOilb308aTb BHyTpeHHHe MHW€HH 

npOTOHHbiX KOilbU,eBbiX YCKOPHTeJletlf 1-1111-1 BCTpe4Hble KOilbU,a VI BbiBQ

AHTb n03V1TpOHI-1H no,q OTHOCVITeilbHO 60ilbWVIMH yrnaMVI K nepBH4HOMY 

nY4KY, 4T06bl OCYW.€CTBVITb 3KpaHHpOBaHVIe aTOMOB OT MarHVITHbiX no

neH ycKoPHTeJlR*. Bo-aTOPbiX, 8 peaKu,I-1VI 131 noa~t~TpoH~t~l-1 reHepH

PYIOTCR Ha BHeWHei1 MltlWeHH, 4TO CY~eCTBeHHO ynpo~aeT nocTaHoa

KY onbiTOB no H3Y4€Hitl~ npou.ecca ¢lOPMHPOBaHHR A2e H3 (e+e-)-na

pbl. 

B pa5oTe 
1231 

6bi110 noKa3aHo, 4To aepoRTHOCTb ¢loTopom,qeHHR 

(e+e-)-nap Ha KPI-1CTanne Ge c ocb~ <110>, napannenbHO~ ~t~Mnynbcy 

$0TOHa, yeenH4HBaeTCR c pocToM Ey H npH Ey = 150 138 npeeocxo
AHT aenH41-1HY 6eTe-rai1TnepoacKoro ce4eHHR a ~a paa. Bo3MomHo, 

4TO npi-1M€H€HH€ KPHCTai1111-14€CKHX MHWeHetlr VI ny4KOB ¢l0TOHOB C Ma

IlO~ paCXOAHMOCTb~ n03BOJ11-1T Cy~eCTBeHHO YilY4WVITb COOTHOW€HI-1e 

Me}l(,qy A2e 1-1 ¢loTOHHb1M ¢loHoM, nplo1ae,qeHHoe a Ta6n. 1 AilR aMop¢lHbiX 

MI-1W€Hei1. 

4. BnYIHHYIE BPEMEHYI <l>OPMYIPOBAHHH A 20 HA BblXOil 
143 YlnEPOilHO~ H nnATYIHOBO~ MHWEHE~ n03HTPOHHEB, 

HCnYI!lEHHblX B PACnAilE " 0 ~ y + A 20 

EcnH a aaKyyMHOtlr KaMepe ycKop~t~TenR ycTaHoBHTb M~t~weHb H3 yr

nepo,qa HilH n11aTI-1Hbl TOil~HHOt1 i, TO 4aCTb IT
0
-Me30HOB aa apeMR 

CBOetlr >KH3HH Bbi~A€T 1-13 MHWeHI-1 VI pacna,qeTCR Ha ¢lOTOH 1-1 napy 

llanHT~a: 

17°~y+e++e-. /24/ 

* Tpy,n;HOCTH c BbiBOAOM nyqKa A2e H3 Konhu;eabrx ycKOpHTeneH cy-

mecTByiDT H npH HCllOTib30BaHHH ,IJ;nH reHepau;HH IT03HTPOHHeB peaK-

1.\HH /4/. 

10 



N 
10 

\ 

\ 
I 

\ 
as \ 

l 
\ 

0 

N 
10 

\ 

' ' ' 
05 

0 

a 

' ' 

' I I 
20 t,O 

6 

' ' 

2.0 

' I 
ao f:,HifH 

(, Hlf/1 

PHCo3o a - crrnomHoH nHHHeH 
rrpeACTdBfleHa 3dBHCHMOCTb l.IHC
na n03HTpoHHes N oT Toniii,HHhi 
yrnepo~HoH MHlli€HH, Ha KOTOPOH 
reHepHpYJOTCH 7T

0 -M€30Hblo I1o-
3HTPOHHH HCIIYCKdiDTCH B pacnage 
rr 0 --~- y + A2e o Pacl.leT BhmonHeH 

c yl.leToM speMeHH ¢opMHposaHHH 
A2eo ITyHKTHpHoH nHHHeH HaHe
ceHa dHanorHl.IHdH 3dBHCHMOCTb, 
Bblt.IHCJI€HHdH 6e3 Yl.I€Td BpeMe
HH ¢opMHpOBdHHH IT03HTpOHHHo 
KonHl.leCTBO rr 0 -Me3oHoB, reHepH
poBaHHbiX Hd MHIII€HHX pd3HOJ1 
TOJ1ID;HHbi, nOCTOHHHO o tfHCflO no-
3HTPOHH€B, BbiXOAHID;HX H3 TQH
KOH MHIII€HH, ITPHHHTO paBHbiM 
egHHH~e; 6 - CITflOIIIHOH H nyHK
THPHOH KpHBbiMH HdH€C€Hbi 3dBH
CHMOCTH l.IHCfld IT03HTPOHH€B 
OT TOJIIIJ;HHbi rrna THHOBOfl: MHIII€HH, 
Hd KOTOpoH reHepHpYIDTCH rr 0 -

M€30Hblo CrrnOliiHdH H IIYHKTHpHdH KpHBbi€ paCCl.IHTdHbl COOTB€TCTB€HHO 
c yqeTOM H 6e3 yl.leTa speMeHH ¢opMHposaHHH A2eo 

8 3TOM cny4ae $OpM~POBaH~e n03HTPOHVIR 6YA€T npOHCXOAHTb B aa
KyyMe H OTHOCHT€nbHaR B€PORTHOCTb o6pa30BaHHR A2e pasHa 
1,7°10-9 . 4aCTb rr 0 -MeaoHoa pacnaAaeTCR no KaHany /24/ a MHwe
HH H BCneACTBHe B3aHMOA€~CTBHR e+,e- C ae~€CTBOM aepORTHOCTb 
o6paaoaaHHR A2e 6yAeT saaHceTb oT ae~ecTaa ~MW~H~, ee Ton~HH~ 
H raMMa-$aKTopa napbto 

PacnpeAeneH~e nap AanHT~a no Ki c yaenH4eHHeM K! cnaAaeT 
MeAneHHee, 4eM aHanorH4Hoe pacnpeAeneHHe AnR nap aHewHe~ KoH
aepcHHo 8 HHTepecy~~e~ Hac o6nacTH K! pasnH4He a 3Ha4eHHRX 
[M 0 (K"· 0 )[ 2 Am! nap llan~T~a ~nap OT peaK~~~ /11/ Hec~eCTBeH
HOo no3TOMY 3aBHCHMOCTY1 E"f(Q) OT f H Y, nonY4€HHbl€ A11R nap 
BHeWH€~ KQHBepCHH, npHM€HHMbl npH MaJlbiX Ki H K napaM ,lJ,anHT~ao 

CAenaeM o~eHKy anHRHHR apeMeHH ¢oPMHpoaaHHR A2e Ha a~xoA 
n03HTpOHH€8 H3 yrnePOAHO~ H nnaT~HOBO~ MHWeHe~ B 3aBHCHMOCTY1 
OT ee Ton~HHbl. O~eHKH BbinonHHM AilR Tex ycnoeHC1 3KCnepHM€HTa, 
KOTOPbl€ MoryT 6b!Tb pea11H30BaHbl Ha KaHane penRTHBHCTCK~X n03HT
pOHI4€8 12•31 : 3HeprHR npOTOHOB, reHepHpyiO~HX rr 0 -M€30Hb!, 70 I3B, 
yron perHcTpa~HH A2 e a n.co 8,4°, 3HeprHR no3HTPOHH€B nemHT 
B ~HTepeane 1200-2000 M3B, epeMR >K~3H~ rr 0-Me3oHa r=0,83·1o-16 c. 
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BbtXOA no3111TPOH!IIea* MOA8I1111poaanc.A 

aaHIII.A /aaplllaHT 1/ 111 a npe,qnonomeHIIIIII 

c Y48TOM apeMeHIII ¢opMV~po· 

o po~geH~~ e pacnage /1/ 
C$0PMIIIpOBaHHOrO n03111TPOHIII.A, KOTOpbli1 norJ10LliB8TC.A 8 MIIIW8HIII no 

3KCnOH8H4Y13J1bHOMY 3aKOHY C xapaKTepHbiMIII TOilll.I,IIIHaMIII 1113 /8/ /sa· 

plllaHT 2/. Ha pHc.3a npe,qcTaaneH~ 3aBIIICIIIMOCTIII a~xo,qa A2 eoT TOJ 

LliiiiHbl yr nepo,qHoi1 MIIIWeHH. 8111,qHo, 4TO Konwo~ecTao noa~onpoH111ea, at 

4111CI18HHOe B aap111aHT8 1, np111 TOillliiiiHaX 6onee 1 MKM 8 2~4 pa3a 

npeBOCXOAIIIT 4111CJ10 aTOMOB, 8~4111CJ18HH08 8 BBPIIIBHTe 2. C POCTOM 

3Hepr!lllll (e + e- )-napbr, B03HIIIKWei1 a Mtt~W8HIII, yaentt~4V~aaeTC.A aeporn 

HOCTb o6pa3oBaHH.A A2 e , HO o,qHoapeMeHHO yMeHbwaeTc.A ,qon.A n111oHc 

pacna,qa~UJ,IIIXC.A B B8UJ,8CTB8. 06a nP048CCa 8 3H34111T8IlbHOi1 CTeneH~ 

KOMn8HCt.1pyrT ,qpyr ,qpyra, Ill OTHOCIIIT8IlbHa.A pa3HIII4a B B~XOA8 A2 € 

Cna60 3BBt.1CIIIT OT 3Heprllllll no3111TPOHt.1.A • .Qnfl Mt.1W8Ht.1 1113 nilaTtt~Hbl 

/ptt~c.36/ 8 B3PIII3HT~X 1 ttl 2 pa3H11143 B 4111CJ18 n03111TpOHY188 M8HbWE 

48M Ail.A yrnepo,qHoi1 MIIIW8HIII 1 TBK KaK np111 3H8prtt~tt~ napbl <><1 r38 

Lpt""' 0,25 MKM; nptt~ 3Toi1 me 3Hepn1tt~ L
0 

1,5 MKM. 

5. ~CCnE~OBAHME nPOUECCA $0PMMPOBAH~~ 
n03~TPOH~~ 

PacCMOTPtt~M nptt~H4111n111aJlbHy10 cxeMy onbrTa no IIICCne,qoaaHIIIIO npo-

4ecca ¢opM111poaaHIII.A no3HTPOHIII.A, ecn~-1 8 Ka4eCT8e IIICT04HIIIKa A2 e 

~cnonbsyeTCR peaK~~R /3/. 
Bbrae,qeHHbti1 nY4oK ¢oToHoa a3aHMOAei1cTayeT c nnaTtt~Hoaoi1 Mlll

weHb~ TOillliiiiHOi1 8 H8CKOilbKO MIIIKpOH /plllc.4a/. Jlil.A Hafll.AAHOCTIII 

npeAnonomiiiM' 4TO ¢0TOHbl IIIM8~T TOilbKO ABe 3Heprlllvt E y = 30 r3B 

Ill Ey = 300 r3B. JlniiiHbl ¢opM~t~poaaHVIfl n03111TpOHI-18B, reHeplllpoBaHHbl 

$0TOHaM~, cooTBeTCTBeHHO paeHbl LCJ>. 1(30) = 900 MKM ~ L¢.1(300) = 

= 9000 MKM. Ecn111 Mem,qy M~t~weHb~ 1-1 ,qeTeKTopoM no3111TPOH~t~ea HeT 

nornoT~t~Tenei1, TO 6y,qyT aapen1CTPIIIPOBaHbl aTOMbl c 3Hepriii.AMIII Eso 
= 30 13B ~ E300 = 300 13B ~ ~HTeHC~BHQCTRM~ J3o ~ J3oO· nocne 

yCT3H08KIII norJlOT!IIT8Ilfl 1113 yrnepo,qa TOJlllii-1HOi1 Ac = 0,14 MKM 

Ha paccTORH~~ Q » L¢,1(300) ~HTeHc~BHOCT~ Jgo ~ J3oo yMeHb

waTC.A 8 e pas. nplll pa3M81118HIIIIII A8T8KTopa Ha paCCTO.AHIIII-1 

Q • L¢, 1 (300) ~HTeHC~BHOCTb n~H~~ E 30 6ygeT ~cna6neHa no-npe~H 

MY 8 e pas, TBK KBK C norilOTIIIT8Jl8M 83BIIIMOA8111CTBY~T C¢QpMvtpoaa 

w111eC.A A2e • O,qHaKo IIIHTeHCIIIBHOCTb IliiiHIIIl-1 E soo 6y,qeT ocna6neHa Me 

H88 48M B e pa3, TaK KBK pas,qe.neHl-18 Ha CB.A3BHHb18 CQCTOFIHIII.A 

VI COCTO.AHIII.A C nOilOm!IIT8JlbHO~ 3H8prltle~ He MQmeT 6bJTb BblnOJlH8HO 

*Mop;em1pOBaHH8 BbiXO,D;a IT03HTPOHH8B 6blJlO BbiTIOJIHeHO Tpyco

BbiM G.B. 
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a Lpt .. 5Htrl'1 

tJPme~rmop 
fJOJIIITI/kllflll'6 

6 
fll'"' 0.( HlrH 

PHc.4. a - rrpHH~rrwannHaH cxeMa Hccne~oBaHH» npoQecca ~OPMHpOBaHHR IT03HTPOHHH, reHepHpOBaHHOf'O B peaKQHH /3/. BwBe.ZJ;eHHnill rrytroK <PoTOHOB ( -y) reuepHpYeT ( e + e- )-rrapy Ha rrnaTHHOBOH MHmeHH TO~HHoH Lpt. ITosHTPOHHH ~pMHPYJOTCR B BaKyYMe ua ,n;nHHe L ¢,1, BsaHMo,a;eHcTBYfOT c nornoTHTeneM H3 yrnepo.ZJ;a Ac H perHCTPHPYIDTCH ,o;eTeKTopoM; 6 - rrpHHQHITHaJIDHaH cxeMa HCCJie,ll;OBaHHH ITpOQeCCa ~OpMHpoBaHHH nosaTpOHHH, Hcn~eHHoro B pacn~e /1/. UHpKynHpyrom;HH ITY't!OK IIPOTOHOB reHepHpyeT " 0 -MesOHbi Ha ITJia THHOBOH MHmeHH TOJIID;HHoH Lpt· HeHTpanbHblli nHoH nponeTaeT pacCTOHHHe e 0 H pacnap;aeTCH B BaKyYMe Ha cj;JOTOH H (e+e-)-17 rrapy • 

.QOCTOBePHO. npH Q. L cj>, 1 (30) Ha~HeTCR aaMeTHb/H poeT HHTeHCHBHOCTIII J114Hitlr.1 Ego , a HHT€HCio1BHOCTb JU1HHH Egoo 6y~eT 6Illo13Ka K ae-IIH~HHe J300 • npw Q « L q,, 1 ( 30) HHTeHCHBHOCTH IIHHwi1 coena.QYT c Jso H Jsoo · 
06cymAaeMaR cxeMa 3KcnepHMeHTa noaaonReT npocneAHTb aeon~'-'"'~ B BaKyyMe (e+ e-)-nap, nepexO.QRIJIHX Ha 60I1bWOM paCCTORHHH B no-3HTPOHHH H nap~ C nonomHTeflbHOH 3HeprHe~. ~IlR KOilH~eCTBeHHOro OnHCaHHR peayflbTaTOB 3KCnepHMeHTa Heo6XOAHMO paCCMOTpeTb 3BOII~-4H~ MaTpH~Horo aneMeHTa 6eTe-raHTnepoacKoro npo4ecca a se~ecTae H a saKyyMe. 6onee npocToH aHanH3 peayflbTaTos AonycKaeT APYraR cxeMa 3KcnepHMeHTa no H3y~eHHIO npo1.1ecca 4><>PMHPOBaHl-1R A2e /pHc.46/. 

Ha aHyTpeHHeM ny~Ke KOilb4eBoro ycKoPHTenR npOTOHOB ycTaHaanHaaeTcR nnaTHHOBaR MHWeHb TOil~HHO~ 8 AOflH MHKpOHa. noAaBilR~~aR ~aCTb Ti 0 -Me30HOB, reHepHpOBaHHbiX Ha TaKO~ MHWeHH, 6yAeT 
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pacnaAaTbC~ s saKyyMe. 3a nnaT~Hoso~ M~weHb~ ycTaHaan~saeTc~ 

yrnepo,QHa~ nneHKa-nornoT~Tenb. 3Kcnep~MeHTanbHoe ~ccne,QosaH~e 

¢>opMHPOBaHH~ no3~TPOHV!ea VIS nap AanVITu,a BblnonH~eTc~ TaK me, 

KaK s cny4ae c 6eTe-ra~TnepoBCKVIMVI napaMVI. 8 3TOM sapVIaHTe 

3Kcnep~MeHTa saa~CVIMOCT~ VIHTeHCVIBHOCTH A2e oT nepeMeHHO~ Q/~ 

6YAYT O,QHHaKOBbiMVI Ail~ scex Y4aCTKOB CneKTpa nOSVITPOHVI€8 C raM

Ma-$aKTopaMVI Yi. 

8 sa KJli04€HVI€ ~ BblpamaiO 6naro,Qa PH OCT b C. 5 .I epaCVIMOBY, 

A.B.Kyn~oey, A.B.Tapacoey, A.C.naKy ~ ~.r.CTporaHoey 3a none3-

Hble o6cy>K.QeHVI~ ~ 4€HHble coseTbl, C. B. Tpycoay 111 n.ny4aHy sa Bbl

nonHeHVIe paC4€TOB, C.r.nnaCTVIHVIHO~ Sa 0$0PMJleHVI€ CTaTbY'l. 
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