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1 • BBEAEHHE 

MemAY peaK4~RM~ paccenH~R pennT~B~CTCK~x RAep RApaM~ ~ aA
poHos aAPOHaM~ CYll\eCTByeT CXOACTBO, o6ycnosneHHOe 11 COCTaBH0~ 11 

np~pOAO~ RAep ~ aAPOHOB. 0HO np~BOA~T K B3a~MHOMy sn~RH~~ 
MeTOAOB on~CaH~R aAPOH-aAPOHH~X ~ RAPO-RAepH~X peaK4~~ /1,2/, 

KOTOpOe B nocneAH~e rOAbl He orpaH~li~BaeTCR aHan~30M TOnbKO 
A~<!JpaK4~0HHOrO pacceRH~R, 3TO OAHa ~3 np~4~H, no KOTOpbiM 3Kc
nep~MeHTanbHOe ~ TeopeT~4eCKOe ~3Y4eH~e npo4eCCOB pacceRH~R 
RAep RAPaM~ nsnneTcn aKTyanbH~M. 

MeTOA~ pac4eTa xapaKTep~cT~K RApo-nAepHoro paccenH~R 1 ~61 

pa3B~Ba~TCR Ha 6a3e A~<!JpaK4~0HHO~ TeOp~~ MHOrOKpaTHOrO pac
CeRH~R rnay6epa-C~TeHKO /ATMP/, Hennoxo nposepeHHO~ B 3KCne
p~MeHTax no aApOH-RAepHOMy pacceRH~~ np~ npOMemyT04H~X 3Hep
r~RX. 0AHaKo OKa3anocb 17•8( 4TO np~ BbiCOK~x 3Hepr~nx ATMP He 
scerAa cnoco6Ha AaTb xopowee KOI1~4eCTBeHHOe on~caH~e AaHHbiX 
3KCnep~MeHTa. no-s~A~MOMy, 3TO CBR3aHO C 0611\enp~HRT~M B pac-
4eTaX no ATMP npeAnonomeH~eM o TOM,4TO KOHCT~TyeHT~ RApa -
TOJlbKO HyKnOH~,KOTOp~e He B036ymAa~TCR B np04ecce pacceRH~R. 

Bo3H~KaeT sonpoc: HacKonbKO xopowo s paMKax 3Toro npeAno
nomeH~R MOmHO On~caTb pacceRH~e peJlRT~B~CTCK~X RAep CnOmH~M~ 
RAPaM~ np~ 3Hepr~nx B HeCKOJlbKO r3B/HyKJlOH, nOJlb3YRCb MeTo
AaM~ ATMP? 

C 4eJ1b~ OTBeTa Ha Hero M~ np~BOA~M pe3yJlbTaT~ ~3MepeH~~ A~<!J
<!JepCH4~aJlbH~X ce4eH~~ cyMMapHoro ynpyroro ~ KBa3~ynpyroro 
/c so36ymAeH~eM M~WeH~/ pacceRH~R anb<!>a-4acT~4 Ha RApax yrne
POAa, an~M~H~~ ~ MeA~ np~ ~Mnynbce anb<!>a-4acT~4 17,9 r3B/c 
B ~HTepsane nepeAa4 0,009 <It I< 0,175 /r3B2 /c 2 /. npeABap~-
TeJlbH~e AaHH~e 6bln~ ony6Jl~KOBaHbj paHee B B~Ae C006ll\eH~R 

19! 1101 
OH~H ~ AOKilaAOB .B pa3Aene 2 KpaTKO on~caHa MeTOA~Ka ~3-
MepeH~~ ~ o6pa60TK~ HaKOnileHHO~ 3KCnep~MeHTanbHO~ ~H<!JOpMa4~~ 
/n0AP06HO OCBell\eHHaR B pa6oTax 19•111 /, a TaKme AaH~ Ta6n~4~ 
A~<!><!JepeH4~aJlbHbiX Ce4eH~~, KOTOpble B pa3AeJle 3 cpaBH~Ba~TCR 
C pe3yJlbTaTaM~ paC4eTOB, B~nOJlHeHH~X Ha OCHOBe np~6Jl~meHH~X 

MeTOAOB 
13

'
61

. 06cymAa~TCR np~4~Hbl BbiRBneHHbiX pacxomAeH~~. B 
pa3AeJle 4 CYMM~py~TCR ~Tor~ pa6oT~, a B np~nomeH~~ ~3Jlara~T
CR OCHOBH~e noc~JlK~, ~CnOJlb30BaHH~e np~ npOBeAeH~~ pac4eTOB. 
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II. nonY4EHHE 3KCnEPHMEHTAnbHbiX ,lJ.AHHbiX 11 ~1X 06PA60TKA 

2. 1. 3Kcnep~MeHT npoaoA~ncH Ha ny4Ke anb$a-4acT~~ c ~Mnynb
COM %=17,9 r3B/c ~ ~HTeHCHBHOCTb~ -10 5 4aCT~~/c, KOTOpWA 
BbiBOAHnCH ~3 CHHXpO$a30TpOHa 3a apeMH /0, 3 7 0, 5/ C. BenH4~Ha 
Po6blna ~3MepeHa c T04HOCTb~ op/po:::0,7%. 

MarH~THbiA cneKTpOMeTp ''Anb$a'' 1111, ex eM a KOToporo noKasaHa 
Ha p~c.l, pa6oTan Ha n~HH~ C 3BM 63CM-4. 0H COAep>Kan MHOro
npoaon04Hble nponop~~oHanbHble KaMepbl H c~~HT~nnH~~OHHble c4eT-
4~KH, 8 TOM 4~cne npeAHa3Ha4eHHWe AnH OnpeAeneHMH 3apHAa BTO
PH4HOA 4aCTH~bl. 

4acTH~W ny4Ka, TpeKM KOTOpWX HMenH HY>KHWe npOCTpaHCTBeHHWe 
H yrnOBble napaMeTpbl OTHOCMTenbHO OCH YCT~HOBKH /M_OHHTOpHble 
4aCTH~bl/, BbiAenHnHCb COBnaAeHHHMH G = S1 1\ S2 1\ 8

4 
1\ A, K KOTOpbiM 

A06asnHnOCb ycnOBHe cpa6aT~BaHHH B Ka>KAOA 1-13 nnOCKOCTeA KaMep 
nKl, nK2 OAHOA, "'TOnbKO OAHOA, CHrHanbHOA nposonOKH. 

nepeAa4a HH$0pMCj~HH 1-13 ycTaHOBKH B 3BM npOHCXOAHna npH Bbl
nonHeHHH OAHOro H3 norH4ecKHX ycnosHA: TRl=lMA/ecTb pac
ceHHHe/A HnHl; TR2=lTR1A /sapHA 4acTH~bl >1/l. 

3AeCbM- CHrHan 0 perMCTpa~HH MOHHTOPHOA 4aCTH~~, Hnf.1 -
CHrHan 0 cpa6aTbiBaH~H XOTH 6bl OAHOA H3 KaMep nKs' nK6. Ycno
B~-te "ECTb pacceHHJ.1e 11 nposepHnOCb cne~HanbHbiMVI ~H$pOBbiMH npo
~eccopaMVI, conpH>KeHHWMVI C nKJ, nK2, nK4, H COOTBeTCTBOBano 
pacceHHVI~ MOHHTOpHoA 4aCTVI~bl B MVIWeHVI Ha yron fJ, 6onbWVIA yrna 
OTCe4KV1fJ0.Yron OTCe4KVI B AaHHOM 3KCnepf.1MeHTe COCTaBnHn 4 MpaA. 
Cl1rHan "3apHA 4aCTI1~bl > 1" ¢oPMI1posancH, KOrAa aMnnHTYAa 
11Mnynbca OT C4eT4HKa SAB npesocXOAHna ycTaHoaneHH~A nopor. 

B 3BM nepeAaBanacb KOOPAHHaTHaH HH$0pMa~HH OT nponop~VIOHanb
HWX KaMep, MH$0pMa~HH 0 nOTOKe MOHI1TOpH~X 4aCTVI~, Cl1rHaJ1W 0 

2 

_51 

L==J 
PHc. I . CxeMa crreKTpoMeTpa MR HSMepeHHH p;mp¢epeHu;HanhHbiX 
cetieHHH pacceHHHH a -tiaCTHIJ; Rp;par-!H. ITK - rrporropu;HoHanhHbie 
KaMepbi; S, SAB - cu;HHTHnnHIJ;HOHHbie ctieTtiHKH; SK - ctieTtiHKH 
AIIH KOHTPOIIH sa paOOTOH arrrrapa Typbl; A - Cl\HHTHnnHu;Ho'HHbiii 
ClleTtiHK C OTBepCTHeMp.5 CM B u;eHTpe;T- MHWeHn; 3- 3ai.I~Ta; 
MA - aHanHSHPYIO!l\HH MarHHT; I1 - HOHonpoBop;bi c renHeBbiM 
HarrbnHeHHeM. 
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PHc. 2. a/ P acrrpe.r:~eneHHe coobiTHH no senHtiHHe z -Koopp;HHaTbi 
TO'IKH B3aHMop;e!ICTBHH ,[IJIH pa3Hb!X HHTepsanoB yrnoB pacceJI
HHH. OonaCTb MHllieHH /yrnepop;HOH/ OIIpep;enHeTCH YCIIOBHeM 
I z - z T I .$ 3 a z (fJ).. 5/ 3a,BHCHMOCTh paspemeHHH ycTaHoDKH 
no z -Koopp;HHaTe /seJmliHHa a z I oT yrna pacceHHHH. 

cpa6aTWBaHHVI C~HHTHJ1J1H~~OHHWX C4eT411KOB YCTaHOBKI1 11 ~H¢0pMa
~11H o6 aMnJ111TYAax cHrHanos co c4eT4HKOB SAB IAnH onpeAeneHHH 
sapHAa pacceHBWVIXtH 4aCT114/ VI S 3 IAnH KOHTponH sa senH411HoA 
3apHAa MOHVITOpHWX 4aCTI1~/. 

6~mo 3aperVICTpHpOBaHO np11MepHO paBHOe KOnf.14eCTBO C06WTH~ 
pacceHH11H c oT6opoM no ycnoaVIHM TRl 11 TR2. ,ll.nH KOHTponH 3a 
Ka4eCTBOM pa60TW YCTaHOBKVI, onpeAeneHVIH ee xapaKTepf.1CTI1K M 
He06XOAI1MWX npVI BOCCTaHOBJ1eHVIM TpeKOB KOHCTaHT OKOnO 10% OT 
o6~ero 4Mcna co6wTHA HaKann~-tsanocb 6es oT6opa cny4aes pacceH
H11H, T.e. no CVIrHany M. 

nepeKJ1~4eHHe ycnOBMA OT6opa HY>KHbiX C06biTMA BblnOnHHJ10C b 
aBTOMaTI14eCKH, no KOMaHAaM OT 3BM, C AOCTaT04HO KOpOTKHM 
nepMOAOM /OKOnO 10 4MKJ10B YCKOpMTenH/, 4TO o6ecne4HBano KOp
peKTH~A Y4eT 3¢¢eKTI1BHOCTM cneKTPOMeTpa npM sosMO>KHwx MsMeHe
HMHX ycnOBHA 3KCnepHMeHTa. 

06ny4aJ1MCb MI1WeHH eCTeCTBeHHOrO 1130TOnHoro CDCTasa TOn~M
HO~ /2,00+0,01/ r/cM 2 /yrnepoA/, /1 ,46+0,01/ r/cM 2 /an~MH-
HVIA/ 11 /1~37+0,01/ r/cM 2 /MeAb/. -

Pa3peweHI1e ycTaHOBKH no yrny pacceHHHH fJ 6blno a~ 0, 6 MPaA 
/6es Y4eTa MHOrOKpaTHOrO KynOHOBCKOro pacceHHHH B MHWeHH/, 
no HMnynbcy - ap/p .:'0,8%; pa3peweHHe no z -KoopAHHaTe T04KJ.1 
B3aHMOA~~CTBJ.1H B MHWeHH noKa3aHO Ha PMC.2. 

2. 2. ,lJ.nH OnpeAeneHHH AH¢¢epeH~HanbHbiX Ce4eHH~ OT6HpanJ.1Cb
C06biTJ.1H, YAOBJleTBOpH~~He cneAy~~HM ycnOBHHM: TpeKH B 6noKax 
KaMep AO M nocne MHWeHH cy~eCTBY~T H XOpOWO ".CWHBaiOTCH 11 B. 
pa~OHe MHWeHI-1; HMnyJlbC 4aCTH4bl HaXOAHTCH B o6naCTH 11ynpyroro 11 

nHKa, ee sapHA 6onbwe 1. 
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PHc. 3. HMrryJihCHDIH crreKTp a -
tzaCTHIJ;, pacceaHHDIX Ha Me,IJ;HOH 
MHmeHH. CTperrKaMH yKasaHbl rpa
HHIJ;bl OOJiaCTH "ynpyroro" IIHKa 
IP 0- p I :; 360 M9B/ c. liiTpHXOB

KOll OTTeHeHa rHCTOrpaMMa, 
COOTBeTCTBYID~aa ~YHKIJ;HH HMIIYJibC
HOro paspemeHHa exp (-~p 2 I 2o- ~ ), 
rp;e ~p =po-P· 3p;ecb P - HMIIYJibC 
perHCTpHpyeMOH a -qaCTHIJ;bl, 

4HCJ10 C06biTHH pacceflHHR Ha 
R,Qpax MHWeHH HaXO.QHJlOCb C no
MOll\biO 06bi4HOH npOl!e,Qypbl Bbi411Ta
HHR 113<)l<)leKTa nyCTOH MHWeHI1 11 113 
113¢¢eKTa nonHol:1". 0Ho nonpasnR
nocb Ha reoMeTp~4eCKYIO 3<)l<)leKTHB
HOCTb ycTaHOBKH, 3aBHCRli\YIO OT 
yrna pacceRHHR. nocKOJlbKY pac
npe,QelleHHe aMnJlHTYA CHrHaJlOB 
co c4eT411Ka SAB 6nH3KO K pacnpe
.QeneHHIO naH,Qay, BBO.QHJlaCb no
npaBKa Ha npHMeCb O.QH03apR.QH~X 

4aCTI1l! /,QeHTpOHOB/ B 06JlaCTH 
"ynpyroro'' nHKa, pasHaR N d(e) . w(d ... a). Ee OTHOCHTeJlbHaR senH-
4HHa He npes~wana /1'+ 3/% B 3aBHCHMOCTH OT yrna pacceRHHR. 
/3.Qecb N d (e) - 4Hcno 3aperHcTpHposaHHbiX .QeHTpoHos a o6nacTH 
ynpyroro nHKa .QJlR .QaHHoro yrna pacceRHHR, a w (d ... a) :: 19% -
sepORTHOCTb TOro, 4TO O.QH03apfl,QHaR 4aCTHl!a ,QaCT B C4eT4HKe 
SABc11rHan c aMnnHTY.QOH 6onbwe nopora pa3.QeJleHHR O.QHO-

1-1 .QBYX3apR.QH~X llaCTI-11..1/. 
no,Q nHKOM "ynpyroro" pacceRHHR /CM. pHC. 3/ .QOJlR .HeynpyrHX 

C06biTHH C PO>K,QeHHeM nHOHOB He npeBbiWana 3%. 
~H<)l<)lepeHL.!HaJlbHWe Ce4eHHR, HaH,QeHHWe B pe3yJlbTaTe BWnOJlHeHHR 

Oni1CaHHOH np04e.Qypw, 1-1 HX CTaTHCTH4eCKHe OWH6KH, npHBe,QeHW 
B KOJlOHKaX 3,5;7 Ta6n. 1. B CI1CTeMaTI14eCKyiO norpeWHOCTb HOpMH
pOBK~ ,QH<)l<)lepeHl.IHaJlbHWX Ce4eHHH, KOTOpaR He npeB~WaeT 3%, BKJ110-
4e~W norpeW~OCTH, CBR3aHHWe C onpe,QelleH11eM nOTOKa 4aCTI14, na
,Qal0li\11X H~ MHWe~b, TOJlli\HHW ~HWeHH 1-1 BBe,QeHHeM nonpaBKH Ha an
napaTYPHYIO 3<)l<)leKTHBHOCTb 1-1 nOrllOll\eHHe ny4Ka B Bell\eCTBe YCTaHOB
KI-1, HO He BXO.QHT BKJla,Q norpeWHOCTH, CBR3aHHOH C OWH6KOH 113Me
peHHH senH4HHW p0 . 

nony4eHH~e ,QH<)l~epeHL.!HaJlbHWe Ce4eHI1R H3-3a'KOHe4HOrO yrJlOBO
rO pa3pe~eHHR YCTaHOBKH OTJlH4aiOTCR OT HCTHHHWX 1-1 CBR3aHW C 
HHMH COOTHOWeHHeM 

4 

do-(-) .. 
dt Ha6JJ. 

t+T 

f 
t-T 

~~ (t') W(t', t) dt', 
dt' 

W(t',t) = exp[- (yitl-vlt'i)
2 

2p ~ ;;r-1 exp [ _ 
y tt' y tt, 2 2 
221Io ( 2 2 )/poo-
Poo- Po o-

r.Qe W(t',t) - ¢YHKLIHR, onHCblsaiOll\aR yrnosoe pa3peweHHe ycTaHOBK'-L 
3.Qecb p 0 - HMnynbc ny4Ka, o- -Mo.Qa 'p3neescKoro pacnpe.Qene.HH.A, 
annpOKCHMHPYIOll\ero H3MepReMoe yrnosoe pacnpe.QeneHHe Ha "nonHol:1" 
M11WeHH s6nH3H Hynesoro yrna pacceRHHR, 10 - ¢YHK411R 6eccen.A 
MHHMOrO apryMeHTa. 

0l.leHKa HCTHHHWX ,QH<)l<)lepeH411aJlbHWX Ce4eHI1H 6~11a npoae,QeHa 
cne.QYIOli\11M o6pa3oM. Bso.QI1nacb npo6HaR ¢yHKli11R 

t +sat 
F(t,IAI):= J f(t',!A!)W(t',t)dt'; o-t =2p~o-e, 

t- 30" t 

napaMeTp~lA! KOTOpoA onpe,QeJl~Jli1Cb ee no,QrOHKOH K 3Kcnepi1MeH
TaJlbHbiM ,QaHHbiM (do- I dt) Ha6n. nocne 3TOro HaXO.QI1JlHCb HCKOMble 
AH¢¢epeH4HallbH~e ce4eHHR 

do-
--= 
dt 

_f(t.J AI_) 
F(t, IAI) 

(~) 
dt Ha6JJ. 

3aTeM OHH nonpasn.AilHCb Ha 3¢¢eKTbl .QBOHHoro .A.QepHoro pacce.A
HI1R B MI1WeHH. 3Ta nonpasKa 6wna HeBeJlHKa 1-1 COCTaBJlRJla B OKpecT
HOCTRX ,QH<)lpaK4HOHHWX MHHHMYMOB Ce4eHHH /r,Qe OHa HaH60JlbWafl/ 
::: 7% .QJlR yrnepo,Qa, ::: 4% .QJlR aJliOMHHIAR lA ':: 3% .QJlR Me,QH. /n03TOMy 
3<)l<)leKTaMI1 paCC,eRHI1R 6onee BbiCOKOH KpaTHOCTYI Mbl npeHe6pernH/. 

nony4eHHWe ,QI1<)l<)lepeHL.111aJlbHble Ce4eHIAR npHBe,QeHbl B KOJlOHKaX 
4 , 6 , 8 T a6n . 1 . 

113 3TYIX ,QaHHbiX Mbl Onpe,QeJlHJlYI XapaKTepi1CT11KH aA -pacce.AHHfl: 

-~(0) 
dt 

11 
d do- ) B = - (ln- _ 

0 dt dt t-

0HH Bb14HCJl.AJlYIC b nocne nO,QrOHKI1 K nOJly4eHHbiM ,QaHHbiM <)lyHKI..II-11-1 

<1> =I a 1 exp(- b1 t/2) .. a 2exp(-b2 t/2 + i¢ )1 2 

/¢a3a ¢ onpe.QenHnacb npH npe.QsapHTellbHOH no.QrOHKe 1-1 3aTeM <)JHK
cHposanacb/. T04K~, OTMe4eHH~e B Ta6n.1 3Be3,Q04KOH, HMeJliA 
3Ha4eHHe x2, pe3KO OT JlH4aiOll\eec.A OT Cpe,QHero, 1-1 6biJlYI HCKJll04eHbl 
1-13 ,QaHHbiX .Qil.A <)JHTa. 11HTepsan t, no KOTOpOMY, npOBO,QHJlOCb <)JHTHpo
BaHHe, orpaHH4HBancR csepxy nonomeHHeM 2-ro AH¢paK4HOHHoro 
MYIHHMyMa. Ero rpaHIAllbl yKa3aHbl B Ta6n.2. 
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nony4eHHble 3Ha4eHI1H xapaKTepi1CT11K aA -pacce.AHI1H .npi1Be,qeHbl 

B Tafi11.2. 0HI1 cornacy~TC.R, B npe,qen~X OWI1fiOK, C onyfiJl~KOBaH-
11biMI1 paHee /9,10,14/ . 

~(0) 
dt 

B 

X~/CT.CB 

2 
6/f"3B7 c 2 

/f"3B/ c I - 2 

It! . /f"3B 2/c2 / mm 

it I max /f"3B
2 I c 2 I 

Ta6nm~;a 2 

a 12c 

38,0~0,9 

lll,2~1 ,0 

0,93 

0,00878 

0, 175 

III. OoCYmAEHHE PE3YnbTATOB 

a 27 Al a 
64

Cu 

88,5~3,6 261+27 

ISO 2:_2. 5 243+89 

0,73 1,4 

0,00878 0,00878 

0,0862 0,0535 

H3MepeHHbte ,ql1<)l<)lepeH411aJlbHbte ce4eHI1.ft noKa3aHbl Ha p11c. 4 

BMecT.e c ce4eH11HM11, pacC411TaHHbtMI1 no ATMP c 11CnOJlb3oeaHI1eM 

Mo,qe1111 
11

poH" I eM. np11nomeH11e/. Hx noee,qeHI1e a 3aBI1CI1MOCTI1 oT 

t 11MeeT A11<1lP~K4110HHbiA xapaKTep, 4TO ocofieHHO xopowo e11,q~o 
113 p11c. 5, r,qe npe,qcTaeneHbt OTHOPMI1poeaHHble ce4eHI1H <I>aA = 

= .!<!.; ja (0) a 3aBI1CI1MOCTI1 OT r =-4Bt. B Ka4ecTee .!I!(O) 11 
ili ili ili 

B 6b1Jll1 B3RTbl 3Kcnepi1MeHTaJlbHble 04eHKI1 113 Tafin. 2. nepeMeHHble 

<I>, r xopowo 113BeCTHbl KaK nepeMeHHble "reoMeTpl14ecKoro" cKeA
Jli1Hra 1121. 

H3 pl1c.4 Bl1,qHo, 4TO Teopi1.R e 4e110M eocnpOI13BO,qi1T t-3ael1c11-

MOCTb ~11411HY 113MepeHHbtx ce4eHI1A. AonR KBa311ynpyroro pac-

ceRHI1R /WTpl1x-nyHKTI1pHble Jli1H1111/ B 06JlaCTI1 11,q!-1<)lpaK4110HHOro 

KOHyca" HeBeJli1Ka, HOC POCTOMjtj B03pacTaeT 11 3a 1-M MI1H11MYMOM 
CTaHOBI1TC.ft 3aMeTHOH. , 

AnR ,qeTan b Horo cpasHeHHR pacc411TaHHbtX. ,q11<)l<)lepeH411a11 b HbtX 

Ce4eHI1H C 113MepeHHbiM11 Ha p11c. 6 npe,qcTaeJleHbl OTHOWeHI1H RaA = 
da da 

= dt - 3Kcn/'dtpactt B 3aBHCI1MOCTH OT r. H3 3Toro PHCYHKa BH,qHo cne-

AY~Ulee. 1 I 0THOWeHI1R R aA(r) e OT,qeJlbHbtX HHTepeanax r OTKJlOH.R

~TCR OT e,qHH114bl Ha ,qecRTKI1 npo4eHTOB. 2/ B npe,qenax 3KcnepH

MeHTaJlbHbtx norpeWHOCTeH noee,qeHHe RaA o,qHHaKoeo ,qnR pa3HbiX 

.R,qep-MHWeHeA. no3TOMy pacxow.,qeHI1e Me>K,qy 3KCnepi1MeHTOM 11 TeOpHeA 
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HHH CYMMapHoro /ynpyroro + 
KBasl!ynpyroro/ pacceHHHH a -
qacTHIJ;bi Ha Hp;pax yrnepop;a I a/ , ~ 
a.TIIDMHHHH /6/ H Mep;H /B/. illTpH-, 
XOBble JlHHHH - paCC'IHTaHHble B 
MO,ll;eJIH 11 pOH 11 /eM. IlpHJlOJKeHHe/ 
cetieHHH ynpyroro aA -pacceHHHH, 
lllTPHX-nyHKTHPHbJe JlHHHH - ceqe
HHH KBasHynpyroro /c B036YJKp;e
HHeM MHIIleHH/ pacCeHHHH, CnJIOJJl
HaH JlHHHH - CyMMapHOe p;H!WJpeH
IJ;Ha.TibHOe cetieHHe. 
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, t 
Pnc. 5. HopMHpoBaHHble cetieHHH <I> aA 

10 
B 3aBHCHMOCTH OT T. 

cptiA ·~ . 
0 I ..c 

1o' L ·~ 
I "AI 

1a' L 

1aJ L 

f _, 
10 
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1.8 

R 
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1, 

0,6 

0.2 
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10 

i f d. Cu :P 
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'~j nit 
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tff~Iifliui l I II I 
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I 
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20 40 60 80 100 120 140 160 'r 
Pnc.6. 0THomeHHH RaA/cM.TeKcT/ B 3aBncnMOCTH OT r. 

t (j 

I . ~ 

(l ! ; 
•' t 

BPRA 1111 CBR3aHo c npeHe6p.e>KeHI1eM s pac4eTax A- 3aBI1C11MbiM11 no
npasKaMI1/Hanpi1Mep, nonpasK,aMI;1 -1/2 A. K onTI14eCKOMY np1161111>KeH1110 
no aTOMHOMy HOMepy RApa-MI1WeHI1, 3$$eKTaMI1 HeC$epi14HOCTI1 RAep
M11WeHe~ 11 T.n./. 3/ 0fiJlaCTI1 Hal1fiOJlbWI1X OTKJlOHeHI1~ ROT eAI1HI1~bl 
COOTBeTCTBYIOT OKpeCTHOCTRM MI1H11MYMOB A11$$epeH~I1aJlbHbiX Ce4eHI1~ 

/eM. PI1C.5 11 ~/. noxo>Kee noBeAeHI1e R Ha6JliOAaJlOCb B 3KCne?I1MeH
Tax no dp-, dd-, pa -pacceRHI110 np11 BbiCOKI1x 3Hepri1RX 17 •8 , rAe 
OHO CBR3brsanocb c nonpaaKaMI1 Ha· Heynpyroe 3KpaHI1posaHI1e K 
~TMP. Bo3MO>KHo, 4TO s c11y4ae aA -pacceRHI1R HafinroAeHHoe pacxom
AeHI1e · Teop1111 11 3Kcnepi1MeHTa o6ycnosneHo HenOJlHbiM y4eTOM 3$$eK
TOB 3KpaHI1posaHI1R /ynpyroro 11/11Jli1~Heyn~yroro/ np11 pac4eTe 
ce4eHI1~ ynpyroro aA -pacceRHI1R, a TaK>Ke AOBOJlbHO rpyfibiM xapaK
TepoM 11CnOJlb30BaHHoro cnoco6a pac4eTa ce4eHI1~ Ksa311ynpyroro 
pacceRHI1R. /Ha STO yKa3~BaiOT pe3yJlbTaT~ pafiOT~ 113~rAe AeMOH
CTpl1pyeTCR HaJ111411e CTpyKTyp~ Al1$paK~110HHOro Tl1na B KBa311ynpy
roM pacceRHI111/. 

IV. 3AKni04EHI1E 

CyMMI1pyeM OCHOBH~e pe3yJlbTaT~ pafiOT~. 
1. Bneps~e 113MepeH~ Al1$$epeH~I1aJlbH~e ce4eHI1R ~YMMapHoro, 

ynpyroro 11 Ksaa11ynpyroro, pacceRHI1R a -4acTI1~ Ha RApax 12 c, 
2

7 Al, 63,5cu npl1 11MnyJlbCe a -4aCTI14 17,9 raB/c B 11HTepsaJle nepe
AaHHbiX 11Mnynbcos 0, 009 :S It I :S 0,175 /raB/c/ 2 c cl1cTeMaT114eCKo~ 
OWI1fiKO~ HOpMI1pOBKI1 He bonee . 3%. nony4eHbl O~eHKI1 XapaKTepi1CTI1K. 

da 
aA -pacceRHI1R (dt (0) ,B) , KOTOpble COOTBeTCTBYIOT onyfiJ111KOBaHHbiM 
paHee /9,10,14/. 

noKa3aHo, 4TO AaHHble, nony4eHHble Ha pa3Hbrx RApax, YA06Ho 
conocTaBJlRTb a nepeMeHHbiX 11 reoMeTPI14ecKoro11 cKer:1Jli1Hra 

da da( ) <I> = -/--0 
aA dt dt 

11 T = -4Bt. 

2. npoBeAeHO cpaBHeHI1e nOJly4eHH~X pe3yJlbTaTOB C pac4eTaMI1 
no ~TMP rnay6epa-CI1TeHKO. Jly4wee cornac'11e c 3Kcnepi1MeHTOM 
AOCTI1raeTCR B MOAeJ111 11 pOR 11 /G/ AJlR a -4aCTI1~bl. 113 paC4eTOB CJle
AYeT, 4TO 0THOCI1TeJlbH~r:1 BKJlaA KBa311ynpyroro pacceRHI1R HeBeJ111K 
B OfiJlaCTI1 Al1$paK4110HHOrO KOHyca, HO 3a 1-M MI1HI1MYMOM OH 
CTaHOBI1TCR 3aMeTH~M . 

v da da . 
3. AHaJ1113 noaeAeHI1R OTHOWeHI111 RaA = ctt::JKCfl /~}tpactJ noKa3biBaeT ,4TO. 

- BeJ111411Ha 11 noBeAeHI1e OTHOWeHI1r:1 RaA B 3aBI1CI1MOCTI1 OT T He 
3aBI1CI1T OT aTOMHOrO HOMepa RApa-MI1WeHI1 B npeAeJlaX 3KCnepi1MeH
TaJlbH~X norpeWHOCTeA, 

- paCXO>KA8HI1e Me>KAY pac4eTOM 11 3Kcnepi1M8HTOM AOCTI1raeT 
A8CRTKOB np04eHTOB B OKpeCTHOCTRX Al1$paK4110HHbiX MI1HI1MyMOB. 

II 



no-B~A~MOMy, 3TO o6y~noeneHO HeAOCTaT04HO nonH~M y4eTOM 
a~~eKTOB 3KpaH~poeaH~R ~ HecoeepweHCTBOM ~cnonb30BaHHoro cno
co6a pac4eTa ce4eH~H t(ea3~ynpyroro /c so36Y>KAeH~eM Ml-iweH~/ 
aA -pacceRH~R. · '' 

ABTOpbl Bblpa>KaiOT 6naroAapHOCTb r,.Jl.Ma3HOMY 3a nOMOIJib B C03-
AaH~~ nporpaMM o6pa6oTK~ 3Kcnep~MeHTanbHbiX AaHHbiX, Il.C.3on~Hy, 
Il.A.Cnenel.l, M.H.UlyMaKOBy 3a nOMOIJib B noArOTOBKe ~ ,npoBeAeH~~ 
~3MepeH~A, C.r.6ac~naAie, r.M.CycoeoA, ~.H.CaAOBH~KOBy, 
A.n.KpR4KO 3a noMOIJib e opraH~3all~~ pa6aTbl cneKTpOMeTpa Ha n~
H~~ c 3BM,3.n.M6THHO~ ~ P.H.neTpoeoA ~a 6onbwyl0 noMOIJib Ha ecex 
3Tanax· B~rlOJIHeH~R AaHHOH pa60Tbl. 

AeTOpbl. 6naroAaPHbl KanneKT~BaM OTAenoe Ila6opaTopJ4~ BbiCOK~x 
3HeprHA 011~H1 3a o6ecne4eHHe xopoweA pa60Tbl 3BM ~ Ci1Hxpo~a-
30TPOHa, ~BTOpbl np~SHaTen~Hbl pyKOBOACTBY na6opaTOp~~ 3a noA
AeplKKY ~ o6ecne4eH~e B03MOlKHOCTeA npoeeAeH~R 3Kcnep~MeHTa. 

nPI1JlO>:<EHI1E 

np~ B~4~cneH~RX A~~~epeHI.I~afibH~X Ce4eH~A pacceRH~R a-4ac
T~I.I RAPaM~ 12C, 27Al, 64cu ~cnonb30ean~cb cTaHAaPTH~e npeAnono
>KeH~R ATMP o nonHoTe c~cTeMbl eonHoe~x ~YHKI.I~A KOHe4H~~ cocToR
H~A RApa-M~WeH~, 0 HeKOpp,en~poeaHHOM pacnpeAeneH~~ HyKnOHOB 
B CTanK~BaiOIJI~X,CR HApax, 0 np~MeHHMOCTH OnT~4eCKOr'~ np~6n~me
H~R no aTOMHOMy HOMepy RApa-·MHWeH~ 141

. 

AMnn~TYAa "aneMeHTapHoro" HyKnoH-HYKnaHHoro e3a~MOAeAcTe~R 
~ . . . 

npeACTaenRnacb B CTaHAapTHOM B~Ae: 

1 tot . 2 
YNN (b) = --aNN (1 - lpNN) exp (-b /28 NN), 

4TTBNN 

rAe a;~t::: 42 M6; ~N= -0,43; ~N:::7,62 /raB/c/-
2
;b- np~1.1enbHbiA 

napaMeTp. 
YcpeAHeHHble no H3ocn~HY 3Ha4eH~R nonHero ce4eHI-1.R, OTHo

weH~R BeiJieCTBeHHOA 4aCT~ aMnnHTYA~ ynpyroro pacceRH~R enepeA 
K MH~MOH ~ napaMeTpa HaKnOHa B3RTI>I ~3 KOMn~fiRI.I~~ 1111 . 

nnoTHOCTb pacnpeAeneHHR HyKnOHOB e a -4aCT~I.Ie nonaranacb 
rayccoeoA: 

2 -3/2' 2 2 ' 
Pa (r) = ("Ra) exp(-r /Ra ), Ra=·1,37 ~M, 

a nnaTHOCT~ RAep-M~WeHeA - ~epM~eBCK~M~: 

p(r) =p0 /(1+ exp[(r-R)/C]), 

co 3Ha4eH~RM~ napaMeTpoe, yKa3aHH~M~ e Ta6n.3. OH~ B3RTbl 
~3 pa6oT 1181 . 

np~ B~4~CneH~RX Ce4eHHH ynpyroro aA -pacceRH~R ~cnonb30Ba
n~Cb 3 ocHOBH~x np~6nH>KeHHR TeopHH RAPO~RAepHoro pacceRHHR: 

12 

' 
'I 1 ' ,. 

( 

o. 

Ta6nm~a 3 

~ 12c 27 Al 64cu 
I1apaMeTp 
R /¢1M/ .2,30 3,07 4, IS 

c /¢1M/ 0,42 O,S2 O,SS 

1 I npH6ni.1meH~e "mecTKoili" a -4acT~I.Ibl 1 5~ 2/onTH4ecKoe npH6nH>KeHHe 
no aTOMHOMY HOMepy HaneTaiOIJiero RApa /anb~a-4aCTH1.1bl/, e paMKax 
KOToporo /c y4eTOM yKa3aHHoro BbiWe np~6nH>KeHHR AM~WeH~ .., "" I 
MOlKHO nony4HTb 3aMKHYTOe BblpalKeHHe AfiR ~a30BbiX CABHrOB 141 ; 
3/ npeACTaeneHHe aMnnHTYA aA-pacceRHHR e BHAe pa3nomeHHR e PRA 
no 3~~eKTaM B3a~MHOro 3KpaH~pOBaHHR HYKfiOHOB B anb~e-4aCTHI.Ie 
/T.H·. MOA8fib 11 pOR 11 /S/, ~nH 11 PRA no TeHeBbiM 3~~eKTaM-11/, KOTO
poe B 0Tfil14~e OT MOAeneH 1/ ~ 2/ n03BOnReT paCC411TbiBaTb aMnnH
TYAbl aA-pacceRH~R B npHHI.I~ne C n1060H HanepeA 3aAaHHOH T04-
H0CTbiO, Mbl orpaHM4HnMcb npM6nH>KeHHbiM y4eTOM a~~eKTOB napHoro 
3KpaHHpOBaHHR ~ npOB8A8HHble 01.18HKH BbiCWHX 11TeHeBbiX 11 nonpaBOK 
noKa3anH HX MafiOCTb /B CP8AH8M /2 + 4/% B 3aBHCHMOCTH OT MMWe
HH/. 

Bb14HcneHHR AH~~epeHLIHanbHbiX ce4eHHili KBa3Hynpyroro pacceR-

H~R _da qe1 B MOA8fiH 11>KeCTKOH 11 a -4aCTHI.Ibl AaiOT pe3ynbTaTbl, 
dt 

H80npeAeneHHOCTb KOTOpbiX cpaeH~Ma C BefiH4HHOH paCC4HTbiBaeM~X 

ce4eHHH. npol.leAypa pac4eTa ~ 1 B MOA8fil1 11 POR 11 RBfiR8TCR AOCTa-
dt qe da 

T04HO rpOM03AKOA H Ma~03~~eKTHBHOA. no3TOMY~qe1 npeACTaenRnHCb 

8 8HAe ~ 1 (0) exp (B 1 t) , a 8enH4HHbl ~qe1 (0) 11 B 1, npH8e-dt qe qe dt qe 
A8HHble B Ta6n.4, paCC4HTbl8afiHCb 8 OnTH48CKOM npH6nHlK8HHH 2/ 
c Y48TOM nep80H nonpa8KH ~1/2 A K 3TOMy npM6nHlK8HHIO. 

Ta6nm~a 4 

---
12c 27 Al 64Cu 

da 
(0) 6/ T3J!/ c2 

O,S6S o,73s 0,960 dt qe! 

·B qe1 /r3B/cr2 16,4 IS,7 IS, I 

13 
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Pnc.7. CpasHeHne pesynbTaToB 
pacqeToB ce<IeHn:H: a 27Al pacceJJ
HHR AJIR npnonHJKeHHH, OllHCaHHblX 
B TeKCTe, 

Y4HT~aanHcb nonpaaKH, ca~-
3aHH~e C KOppen~UHeH UeHTpa 
Mace HYK110HOB B a- 4aCTHUe 114~ 
HO He B ~Ape-MMWeHH, T.K. noc-
1leAHHe He CKa3~Ba~TC~ Ha aenH-
4HHe cyMMapHoro /ynpyroe + 
KaaaHynpyroe/ ce4eHH~ a,qpoH
~,qepHoro 11 'XIpo-~,qepHoro aaa
HMo,qeHCTBI1~ 161 . 

KynoHOBCKHe 3¢<1JeKTbl Y4HTblaa-
11Hc b npH611H>KeHHO 1151, ,qo6a BSleHHeM 
K ¢a30B~M CABHraM 4HCTO ~,qepHo
ro pacce~HH~ KY110HOBCKHX ¢aao-
a~x c,qaHroa. CneAyeT OTMeTHTb, 
4TO BSlH~HHe KY110HOBCKOrO B3aH

MO,qeHCTBH~ a cny4ae ~,qpo-~,qepHoro pacceRHI1~ He orpaHH4HBaeTc~ 
TOSlbKO o6nacTb~ 04eHb Man~x 3Ha4eHI1~ nepeAaHHoro HMnynbca, HO 
CKa3biBaeTC~ H Ha 3an011HeHI111 AM<lJpaKUHOHH~X MHHHMYMOB, paBHO 
KaK 11 Ha B~COTe B~CWHX AH<lJpaKUHOHH~X MaKCHMYMOB. 

Ha pHc.7 npeAcTasneH~ pesynbTaT~ pac4eTos a 27 Al-pacce~HH~ 
B paMKaxon11caHHbiX MOAene~. npH611H>KeHHe I 1>KeCTKo~·· a -4aCTHUbl 
/nyHKTHpHaR KPHBa~/, B KOTOpOM OTCYTCTByeT 3¢<1JeKT~ BHpTyanb
HOrO sos6y>KAeHH~ a -4aCTHU~ a npouecce pacce~HI1~, npe,qcKaa~
saeT 6onee pesKy~ t-aaaHCHMOCTb ce4eHH~ ~aA-pacce~HH~, 4eM 
MO,qenb "po~" H OnT114eCKOe npH611H>KeHHe no Aa.0nTH4eCKOe npH6-
1111>KeHI1e no aTOMHOMy HOMepy a-4aCTI14~ /WTpHXOBaR KPHBaR/ 
,qaeT 3aHI1>KeHH~e 3Ha4eHH~ Ce4eHH~ aA-pacce~HHR B OKpeCTHOCTH 
2-ro AH<1JpaK4HOHHOrO MaKCI1MYMa no cpaBHeHH~ C MO,qenb~ "po~". 
ConocTaaneHI1e pHc. 7 c pHc. 4 nof<aSbiBaeT, 4TO Mo,qenb "po~" 
/cnnowHa~ KPI1Ba~/ onHc~saeT 3Kcnepi1MeHTa1lbH~e ,qaHH~e.ny4we, 
4eM 0CTa1lbH~e npH611H>KeHH~. 
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A6neeB B.r. H ~p. PacceHHHe arrb~a-~acTH~ 1-82-174 
c HMrrynbCOM 17,9 fgB/c Ha H~pax yrnepo~a.arriDMHHHH H Me~ 

)isMepeHbi ~H~epeH~I-ra:rihHbie cetreHHH yrrpyroro 
yrrpyroro pacceHHHH arrb~a-tracTH~ c HMrrynhCOM 

H KBa3H
J7,9 F3B/c 

Ha ~~pax yrnepo~a, aiTIDMHHHH H Me~H B HHTepBarre rrepe~atr 

0,009< It I < 0,175 /f3B/c;/ 2.IIonytreHHbJe ~aHHbie conocTaBnHIDTCH 
MeJKgy co6o:H B rrepeMeHHblX "reoMeTpHtreCKOro" CKeHnHHra H aHa:JIH-
3HPYIDTC~ B paMKaX ~H~paK~HOHHOH TeOpHH MHOrOKpaTHOrO pacceHHHH 
fnay6epa-CHTeHKO. 06CyJKgaiDTCH B03MOJKHble T!pP.trHHbl BblHBneHHblX 
pacxoJKgeHH:H c TeopHe:H. 

Pa6oTa BbmonHeHa B Jla6opaTOPHH BbiCOKHX 3HeprH:H OIDIH. 

npenpHHT 06~eAHHeHHOrO HHCTHTYTa RAePH~X HccneAOBaHHH, ~y6Ha 1982 

Ableev V.G. et al. Alpha-Part~e Scattering 1-82-174 
at 17.9 GeV/c on Carbon Nuclei Aluminium and Copper 

Differential cross sections of elastic and quasielastic 
alpha-particle scattering at 17.9 GeV/c on carbon, aluminium 
and copper nuclei have been measured in the region of momen
tum transfers 0.009 $ it I::; 0. 175 (GeV /c) 2. A comparision between 
the data is made in terms of the "geometrical" scattering va
riables. The data are analyzed in the framework of the Glauber
Sitenko diffraction multiple scattering theory. Possible rea
sons for elicited disagreement with the theory are.discussed. 

The investigation has been performed at the Laboratory of 
High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

llepeBo~ O.C.BHHorpa~oBoli. 


