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BBE,UEHHE 

C03Arume yHHKaJibHoro cenapnpoBaHHoro ny'<Ka aHTH,!J;eHTpOHOB Ha 
KaHane N°9 ycKopHTeJIH Hct>B3 (Cepnyxos) OTKphmO nmpoKHe B03MO>K
HOCTH ,nJIR npoae,n;eHHH pH,D;a HCCJie,n;oaa.HHii B3aHMO,D;eifCTBm1 nerqajjwHX 

aHTHH,nep Ha )f<:lf.D;Koaonopo,lUio:ii nyabip~KoaoM. KaMepe "Jiron.MJUm". K aa

. CTOfii.IJ;eMy BpeMeHH 38BepllleHhl HCCJie,D;OBaHHH (I p- H. Cfd-B3aHMO,n;eiiCTB:mi 

npn MMnyJibCe aHTM)J;efiTpOHOB 12,2 r3B/c. HaMM 6hill TaK>Ke norry'leH 
3KCrrepHMeHTa.JlbHhlli MaTepmUI, CO,D;ep)K3!1J;Hii a.HTH,D;eiiTpOH·H,D;epHbie B3a

l:IMO,IJ;e:tf:CTBHH. 06pafiOTKa 3TOrO MaTepHaJia MO)KeT A3,Tb nenblH: pH,Il HHTe· 

peCHhiX pe3ynLTaTOB, KaCaiOII.J;HXCH, B nepByiO Otiepe,o.&, I-13ylleHHH oco6eH

HOCTeH ITOBe,IJ.eHHfl cneKTpOB BTOpHt[HhiX 3apH)KeHHhlX tmCTHU, ofiycnoaneH

HbiX Ha.JrntrneM ,ll;OCTaTOt{HO TIDKeJIOrO R.II;pa-MHlll8HH, a TaiOKe a.HOMaJIIlli 

B ofipa30B8.HHH HeihpaJibHbiX CTpaHHbiX llaCTHIJ;, tiTO CBH3biBaeTCH C ITOrJIO· 

meHneM a Hnpe H rurn:HrHJIHIJ;HOHHbiMH 3l!>€fleKTaMH 11'2 1
• Cne.n;yer OTMe

THTh, 1.1TO 3KCIIepHMeHTaJILHbiX .D;aHHbiX. IIO a.HHHrHJIHU;HH Ha H,D;pax ,IlJIH 

3HeprHfi Bblllle 2 r3B npaKTM'!eCKH HeT. 
3KcnepHMeHTaJibHa.R ycTaHOBKa o6na,n;aer pf!)l;OM OC06eHHOCTeif, yc

JIO>KHHIOI11HX o6pa6oTKY norry'leHHoro MaTepnana. K 3THM oco6eHHOCTHM 
B nepayro oqepe,D;L OTHOCHTCH HaJIHliHe B pa6olJeM 06'beMe KaMepbl BHyT

peHHefi TpeKOqyBCTBHTeJibHOii MHWeHH II IIJiaCTHH-KOJiBepTOpOB raMMa

KBaHTOB. KpoMe Taro, rurriUJ;eifTpoHHLIH nyqoK HMeeT 3aMeTHYIO npHMecL 

7r--Me30HOB, qTQ TaiOKe ycJIO)KHHeT o6pa60TKY MaTepH8Jla. 

B HaCTOHmefi pa6oTe noApo6Ho onnchJBaiOTCH oco6eHHocTH 3Kcnepn
MeHTaJILHoH YCTaHOBKH, .D;aJOTCH on;eHIGI COCTaBa ITyt~Ka, o6Cf'K,ll;aeTCH MeTO

)J;MKa npOCMOTpa M OT6opa onpe)J;eJieHHhiX TMIIOB B3aHMO)J;eHCTBHH. PaCCMOT
peHbi TRK>Ke IIpOQe)J;ypa <jJOpMMpOB8HMH JieHThl CyMMRpHhlX pe3yJibTRTOB 
)J;aHHbiX npOCMOTpa M oco6eHHOCTM H3MepeHHH OT06p8HHhiX C06biTHfi. 

1. OCOBEHHOCTH 3KCIIEPHMEHTAJibHOtl: YCTAHOBKH. 
TH:Ilhl B3AHMO,UEtl:CTBH:tl: 

B >KMAKOBOAOPOAHOfi I<aMepe "Jho)J;Mnrra" 6hma pa3MellleHa BHyTpen
HHH TpeKOqyBCTBHTeJlhHaH MMllleHb (BTM) M3 OIITM'IeCKH npo3pa'IHOrO Ma
TepllaJia - rreKCaHa (norrni<ap6oHaTa H, • C1 6 0 3). Pa6o'IRH o6rracTb MMllle
"" HMeeT pa3Mepbl 60x976xl80 ·MM H 3anorrHeHa AefiTepneM. MHllleHh o6-

1 



'bC06A~ 
TOLJKA 

X 

>< 

Hz Hz,Dz 

Puc. I 

PB 3 .... 

AEKCAH 

(n-J 
12)( 

X 

na,n;aeT C06CTB8HHbiM pacllll1pHT8JIDHblM 

yCTpOfiCTBOM, CBfi3RHHhiM C CMCTeMoH 

pacwHpeHHJI rry3hiphKosoH KaMe

phi 13 , 
4 1• MHweHo 6hina t~aCTHtiHo OK

py)l(eHa CBlffill;OBbiMH IIJIRCTlnla.MH·KOH

BepTOpaMH raMMR·KB8.HTOB, o6pa3yi0-

IIJ;HXCJI so s3aHMO,ZJ;eHcTBIDIX BHYTPH MH

meHH ( CM. pHc. 1) • Oco6eHHOCTbiO no

CTaHOBKH 3KCII8pHMeHTR fiBJI.fleTCJI TO, 

lfi'O· KOHBepTOp H neKC8.HOBbl8 CTeHKH 

TRK)l(6 HBJIJIJOTC.H MHilleHbiO ,ll;Jl.fl B3a

HMO,ZJ;eftCTBHfl C HHMH. rry'liKOBhiX RHTH

,ZJ;eii:TpOHOB, HCCJie,II;OBa.HHe KOTOpbiX JIB· 

JIHeTC.fl 3a.,IJ;RtielJ: ,ll;RmiOrO l:ICCJI8,ll;OBRHH.fl. 

TOJI~Hbl CT8HOK COCTaBJIHJOT: 

rreKCaHa - 12 MM (0,04 pa,n,. AJIHHbl), 

CBHHI.Ia - 3 MM (0,54 pa,n,. /IITHHbl). 

PacqeThi noKR3hmamT, liTO '"""50% o6mero 

liHCJia B3aHMO,ZJ;elicTB:ffii IlpOHCXO,lJ;HT B 

neKCaHOBbiX CT8HKax MHllleHH. 

Mbi HCIIOJib3yeM MaTepHaJI, rronyt~eH

HbiH B H8CKOJIDKHX 3KCII03HUHJIX, HMeiO

II.IHX HOMepa 503, 505 H 506. CBHHI.IOBbiH 

KOHBepTOp fibiJI ycTaHOBJieH B Ofi'beMe 

Ka.M6pbl TOJibKO B 3KCII03HIJ;HH 506. 

TaKHM o6pa30M, H3 3Kcrro3HUHH 503, 

505 MO>KeT 6biTb H3BJie<leHa HHcpOpMa-

UIDJ, KRCaJOIIJ;R.fiCH B3a.HMO,D;e:fi:CTBH:fi: a.HTH· 

,D;8:ff.TpOHa C JierKHMH H,ll;pRMH, BXO)J.HIW!MH B COCT3.B neKCaHa, H ,!lJIH 3KCIIO· 

3HIUIH 506 ,llOfiaBJIHeTCH B03MO:>KHOCTD HCCJie,ZJ;OBRTb B3RHMOp;e:fi.CTBHJI C Tfl-

)1(6JibiMH JI,Ilpa.MH CBHH~. 

ilpH OIIHCaHHOH IIOCTB.HOBK6 3KCIIepHMeHTR HeOfiXO,IlHMO HM8Tb MeTO,ll;bi, 

II03BOJIHIOIIJ;He TOtiHO onpe,!len.JITD IIOJIO/KeHHe H8Bl1.IJ;HMOH aepWHHbl B3aHMO

,neiicTBHH. BoccTaHoBneErn.e sepmHHbi rrpoH3BO,ZJ;HTCJI HaMH nocne H3MepeHHH 

H BOCCTaHOBJieHHfl co6bl'I'Hf.l B nporpaMMe reoMeTpHtieCKOi% H KID:IeMaTINe

CKOH peKoHCTPYKI.IHH. B AaHHoli pa6oTe 3TOT aonpoc He o6cy>KAaeTCH. 

llpH UpOCMOTpe cpHJibMOBOrO MaTepHaJia /liTH /laiTbHeHIDHX HCCJJeAO

BaHH:i% H H3MepeHilli OTfiHpaJIHCD COfihlTHH H6CKOJibKHX ''nmos'' ( CM. pHC.2). 

K "Tlnty 2" Mbl OTHOCHM HaH60Jiee 113.CTO BCTpelffilOI.l..UfACH THII C06bi· 

THH - B3RHMO,Ileii.CTBHe BH;D;HMOii nytiKOBOii liRCniiJ;bl CO CTeHKOii MHllleHH 

H.TIH CBHHUOBhiM KOHBepTopoM. B 3TOM • CJiytJ.ae nyt~KosoH 11acnm;eH JIBJIH· 

eTCH aHTH/IeHTpOH C HMnyJibCOM 12,2 r3B/c HJIH cpOHOBblH 7T--Me30H (pHC. 2a). 
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"THn 1" - B3a.HMO,n;eikTBHe CTpHnrnnii'OBOrO 3HTm1pOTOH8., o6pa30-

B3.BWerocR H3 co6biTHH, rrpoHcrne.nwero aayrpH rpeKOlfYBCTBHTenbHoro 

o6'beMa MmueHH (pHc. 26) • TaKHe co6biTHH IIOCTaTO'IHO TPYIIHO BbJIIe.JJHTb, 

ITOCKOTibKY C06biTHe ,IJ;OTI)KHO pacrronaraThC.fi 6JIHJKe K Haqany MHWeHH ,IJ;JIH 

.r:r.ocToaepHoro onpe.r:r.eneHHH aHTHnpoToHa-cneKraropa. .ll:nH era Bbi,II;eneirn.H 

HCITOJib3yeTCH CITeD;HaJibHbJi:i wa6noH, IT03BOJIHIOJ..llHii YCT3HOBHTb, COOTBeT· 

CTByeT JIH HMITYJibC OTpH:u;aTeTibHOii qaCTHIJ;hl H yron ee BbineTa OTHOCHTeJIL· 

HO nyqKQBOI'O rpeKa xapaicr"epHCTHKRM 8.HTHIIp0TOH8.·CIIeKTaTOpa H3 peaK· 

IJ,HH crpHrrrrrutra. 3TH aenHIIHHhi, BhltmcneHHbie c yqeToM HMIIynhcHoro pac

npe):le.rreHHH HYKJJOHOB B ):leHTpOHe, ne>Ka.T B npe):le.rrax <4,8 + 7,4 r3B/c " 

181 <3°. 
K "rnrry 0" O'l'HOCHTCH ace B3aHMo.n;eH<!fBHH B CTeHKe MHineHH, ,nnH 

KOTOpbiX Mbl He BH,D;HM IIO,D;XO,lJ;HI.IJ;ero nyqKQBOI'O TpeKa. npe,nnonaraeT· 

CH, liTO 3TO eCTb B3aHMO,n;eHCTBHe CTpHII~HrOBOI'O 3HTHHeifTpOHa C HMITYJib· 

COM -6 r3Bjc, o6pa30BaBWerOCH BO B3RHMO):IeHCTBml nyqJ<OBOrO aHTH

,neHTpOHa c 3neMeHTaMH KOHcrpyKQHH KaMephl .no rpeKOqyBCTBHTenbHoro 

o6'beMa (pHC. 2B) . Ilpe):lnonaraeTCH TRI<lKe HailH'IHe ¢JoHOBbiX B3aHMO):IeH

CTBHH HeHTpOHOB, o6pa3YJOII.I;IiXCH B peaJ<u;m< nepe3apJIIII<H OTpHQaTellbHbiX 

n-Me30HOB Ha ao.nopo,n;e. 

Tai<HM o6pa3oM, I<oH¢>HrYpaQH" 3I<cnepHMeHTanhHOH ycTaHOBKH 

II03BOTIHeT B npHHJ..\llile OT6HpaTb C06b11WI, CBH38HHbie CO B3aHMO.iteHCTBH· 

HMH aHTH,neifrpOHOB C HMnyTihCOM 12,2 r3B/c, 8HTHITpOTOHOB H aHTHHeiiT· 

pOHOB c HMnynbCOM -6,1 r3B/c. KmrnqeCTBO HMeJOII.I;IiXCH co6biTHH pa3HbiX 

THDOB npHBe):leHO B Ta6n. 1. 
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Ta6.nuqa 1. CramcmKa O.llR pa3.fJ.UI.JHbZX rnnoe co6&truil, no.ny'leHJum e 3Kcno-

3UJ4URX 0aHH020 3KCnepu.MeHTQ. B CK06KOX OT.A4e'leHO KO/lUI.JeCTBO C06bl

rui1 iJaHH020 Tuna, 6 KOTOpbZX 3ape2UC7pUp06QHbl HeilTpanbUble CT[JQHHble 

'lQCTUijbl UJlU 2aMMQ-K8QHTbl. 

:3Kcno- '!Herro lJ.HCJIO B3a.HMO,IJ.ei%CTBHH 

3HUHH Ka,I\pOB T.2 (+BHJIKH) T.1 (+BHJIKH) T.O (+BHJIKH) 

503 46000 770 (120) 78 (25) 230 (52) 

505 54000 1080 (168) 50 (6) 295 (46) 

506 72000 8012 (1773) 183 (15) 870 (155) 

l: 172000 9862 (2061) 311 (46) 1495 (253) 

CHCTeMRTHl.leCKIDi IIOHCK H IIpOCMOTp co6hl'I'liH ~ o6'be~e MHWemt: H CRMOH: 

Ka.Mepbl IIpOBO,D;HJICH B paMKa.X HCCfle,lJ;OBaHHi.f dp- H d d- B3aHMO,IJ.eH:CTBI1ii 

H He BXO,Il;HJI B 3MRt.JY ,D;aHHOrO 3KCnepHMeHTR. 

2. XAP AKTEPHCTHKH Ilyt!KA AHTH.L\EfiTPOHOB 

Bhixo.n; aHTH.IleHTpoaoa npH 3Hepnmx cepnyxoacKoro ycKopHTeJifl 

COCTaBJlfleT 10- 6 OT BbiXO,lJ;R 11'- -Me30HOB /S 1 
• .[VIH OtruCTKH IIYl.IKR 6bma 

npHMeHeHa ,n;ayxcTYfleHllaTaa. cxeMa BlJ.-cenapaUHH
16 1

, no3aommwaa. aa 

;u;sa nopH;n;Ka nOBhiCHTb K034>4>HUHeHT no;u;asrreHHH <i>OHOBbiX qaCTHU. 

B pa6oqsx ycrroBHHX npH c6poce -1·1012 nporoHoB s KaMepy BB0-

1\HJIOCh 0,3 -i- 0,8 aHTH):IeifrpOHOB B I!HI<Jie npH 8,!\pOHHOM <t>oHe 30 -i- 40% 

H liH.CJie MIOOHOB OKOJIO Tpex l.IRCTJm Ha Il;HKJI. 

Pa36poc no HMliyrrhcy B nyqKe He npeshiiiiarr 1% 16 1
, pa3Mep !jlopMH

pyeMoro nyqKa nepe;u; ny3blpbKOBOH KaMepoft COOTBeTCTBYeT pa3MepaM 

ee sxo;u;Horo OKHa 120x40 MM . 

O.IUia H3 MeTOAJil.lecKHx c.rroJKHocreH ,n;8.HHoro 3KcnepHMeH~ 3aKJIIOl.la

eTcH B HaJIHlffiH ,llOCTaTOl.IHO BblCOKOi% IIpHMecH a,n.pOHOB (1l-, p) B rrytJKe 

aHTH,n;eKfpOHOB. llpOCThiM MeTO,llOM BeJIH'IHHR 3TOM: IIpHMeCH MQ)I(eT 6biTb 

OUeHeHa HCXO,IJ.H H3 OTHOWeHHH lJllCJia B3a.HMO,n;eHcTBllli B -BO.D;Opo.n;e KaMepbl 

C o6p8.30BaHHeM a.HTHIIpOTOHa-cneKTaTopa_ K 06IUeMy l.IHCJiy B3aHMO,n;eH:CT· 

suM a aonopo,n;e Ka.Mepbi. .!lonH co6bnHH c aHTHnpoTOHOM·cneKTaTopoM 
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Ta6/lul{(l 2. XapaKTepucruKU nyi4KQ QHTU0eiirpDHOB 8 pa3/lUltllblX 3KCnD3U-

l4W!X OaHHoco 3KcnepwweHTa. 

3Kcno- <pnf<q}(.>, 
t.p , 3arpy3I<a d/I<a,n;p fipHMeCb B 

(-),% 
3HUHR r"B c p qacT./I<a.n;p nyqKe,% 

503 12,20 1 2,30 0,46 ± 0,03 20 ± 9 

505 12,19 1 2,93 0,36 ± 0,02 24 ± 8 

506 12,18 1 4,36 0,53 ± 0,03 32 ± 7 

- -
cpe;!IM BCeX Heynpymx dp-B3aMMO;llefiCTBMH COCTaBJIHeT N(p 5)/N(dp) = 

= 0,41 ± 0,04 17 1• Bonee TOtiHaR MeTO,ll;HKa, B KOTOpoi% 8.HaJIH3HpyeTCR 

Bnu, HMnyJILCHOrO pacnpe.z:teneHHR CRMOfi 6biCTpoft OTpHQB.TenbHO.H liRCTID.lbl 

BO B3aHMO,ll;eftcTBHH, TaKme OITHCaHa B pa6oTe
11 1 

l:I MQ)KeT 6biTh BbiiTOnHe

Ha TOJlbKO ITOCJie H3MepeHI:IH 3HRlGITeJibHOif lla.CTH HMeiOI.I.UfXCR C06biTHH. 

OcHOBHbie xapaKTepHCTHKH nyt~Ka aHTH.n;eHTpOHOB npHae,n;eHhi B Ta6n. 2. 
B Heft )Ke .naercH on;eHKa nann QJoHOBbiX B3a.HMo.neHcmlfH B KaMepe cpeJJ.H 

acex nepBHtrnhiX 3Be3,n;. 

On;eHI:IBa.JiaCh TRK:»<e npHMeCh K HeifrpanhHhiM 3Be3,ll3.M ( "THIT 0") B 

CTeHKe MHIIIeHH OT ,n;pyrHX HCTOtn:IMKOB, KpOMe CTpHIUnJHrOBOrO a.HTHHeiiT

pOHa. On;eaKa ,n;onH B3aHMO,ll;eHcmmi B nnacTHHax OT HeftTpOHOB H3 peaKI.J;HH 

Heynpyrofi nepe3apMI<B npBBe;lleaa a npano>KeHBB. ITpaae;lleHHLie pacqeTLI 

llOK8.3hiBaiOT, tiTO B3RHMO,ll;ciiCTBH.R aHTHHethpOHOB C H,ll;paMH RBJIRIOTCR 

HaH6onee "truCThiMH" B CMbiCJie MaHbiX npHMeceif B ITYliKe. TaK)Ke B llpHJIO· 

)KCHHH rrpMBe,neHbl on;eHKH ,ll;OJIH ¢loHOBbiX B3RHMO,ll;eH:CTBHif B llJIRCTHHax 

,ll)IR aHTH,IJ;eH:TpOHHbiX B3a.MMO,ll;e:tiCTBHii. 

3. IIPOUELIYPA IIPOCMOTPA 
11 OTBOP A COBbiTI1fl 

PaccMat:pHBanHCh ace B3aHMOAeHcTBH.fl, npoHcwe.nwne B neKcaaoaoH 

CTeHKe MHIIIeHH HJIH B CBHHUOBOM KOHBepTope, OKpy)KaJOllleM MHIIIeHb. 

K HHM OTHOCRTCH: 

- C06biTHe 6e3 nyqKQBOrO TpeKa ("THIT 0"), 
- C06biTHe C llO,lJ;XO,ll;RI.l.UfM K BepiiiHHe nyLJ.KOBbiM TpeKOM ("THO 2'') 1 

- C06biTHe Ha RHTHIIpOTOHe-cneKTRTOpe (''THn 1 '') , 
flpB 60JiblllOM qacJie npOXO;!IRII1MX nyqi<QBLIX Tpei<OB (60Jibllle 10) MJIH 

npH HaJIHllHH B CTeHKax MHWeHH .IlBYX HnH 6onee B38.HMO,neiicTBHif Tai<:oif 
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c DUI145DK lcn~otco+< (I 
J& UHHblll 

lcn~o~co+< 
CDSbiTHVI .,, 
CBEPK\'1 

CnVICDK 
C06biTVI~ .,, 
3APHCOBKIII 
14 i-13MEPEHH~ 

Bee qeTbipe cTepeonpoeKUHH cqn

TanHc& pa60l.[I1MH. 0TMelffi.JIHCh BCe 

BTOpHlJH.bie B3aHMO,nefiCTBHH, H3JIO

Mbl H paCJia,z:J;bl. 

.[{nH JIOJIO:>KHTeJibHblX TpeKOB, Jie

THI..qHX Ha3a,IJ; (B OCHOBHOM 3TO Me,I:J;

JieHHhie rrpoTOHbi), ,IJ;eJianac& npoaep

K.a Ha HaJU'Il.[He OCTa.HOBKH tffi.CTHIJ; 

B MHllleHI1. 

)];nH co6biTHH "THna 0" oco6ea

HO TlQaTeJihHO IlpOCMaTpHBaJICH BeCb 

pa6oqm1: o6'beM MHllleHH, .IlJIH Taro 

l.[T06hi HCKJIIOl.[HTb B03MO)I(JIQCTh OT-

6opa B3a.HMO.IletfcTBH.R: OT HefiTpaJib

HOH qacnn.J;hi, o6paaoaasiiieHcH a 

KaKOM-JIH60 <t>OHOBOM C06biTHH B 

o6'beMe HJIH CTeHKax MHllleHH. Co-

6&rmH "THJia 0" OT611paJI11Cb TOJlhKO np11 OTCYTCTBHH .n.pyrHX B3aHMO;r::t;ei%

CTBHi1:. 

0cHOBHbie HCKOOKeHI1H HHc}JOpMai.U·IH 0 MHO)KeCTBeHHOCTH 1!"-Me30HOB 

npH IIpOCMOTpe BHOCHT 3JieKTp0Hbl H II03HTp0Hbl OT K.OHBepCHI1 raMMa

KBa.HTOB, o6pa30B8.HHhiX ITpn: pacna,n;e 1l" 
0 

-Me30HOB. ,llJIH yqeTa 3THX lJ:aCTHI.J; 

HCIIOJlb30BaJICfl ,ll;OIIOJIHHTeJlhHbiH lllafiJIOH, tt03BOJIHIOI~.J;IU':f Bhl,ll;eJUITb ;r::J;OCTa

TOtiHO Me,UJieHHble 3JieKTpOHbl 11 IT03HTp0Hbl. Ha HeM H306pa)KeHhl KpHBbie, 

COOTBeTCTByJOII.J;He BH,nHMbiM TpeK.aM B KaMepe ,ll;JIH l.[aCTHIJ; pa3JIHtfi!biX HM

IIYJihCOB, c YK3.3a.HHeM 3HaqeHHH HOHH3a.u;HH H npo6eroa .n;nfl 3neKTpoaoa, 

7T-Me30HOB 11 IIpOTOHOB. ffia6JIOH II03BOJIJieT ,llOCTaTOtJHO yaepeHHO pas,ne

JIHTb npM npocMoTpe qacTMW>I c HMnyJILCOM B )lHana3oHe 10 + 250 M3B/c. 

flpH llOHCK.e B3aHMO,Uefi:CTBHH B CTeHKax MlUlleHH 3fjlfjleKTHBHOCTb 

llpOCMOTpa ,ll;OCTJ-IraeT 100%, OJJ;HaKO H3-3a 60JihliiHX MHO)I(eCTBeHHOCTeH H 

CJIQ)KHQCTH C06biTHH HaMH ,IJ;eJIBJICfl IIOBTOpHblii npOCMOTp. 06m:aH CXeMa 

npOCMOTpa " 3aJIHCH Ha ncP npHBe)leHa Ha pHC. 3a. IIoCJie ¢>opMaJibHOH 

npoaepK.H npaBHJihHOCTII BBO,lUIMblX ,D;aHHbiX 060HX rtpOCMOTpOB B COOTBeT

CTBYIOX.U:HX nporpaMMax ,ll;eJiaJIOCh cpaBHeHHe x.apaKTepHCTHK Ha..it,lleHHOrO 

c06biTHR ,ll;Jlfl o6aapy)l(eHHH pa3HornacHH. )J;ilfl HX ycTpa.HeHHR npoao.n.H-
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nac& caepKa TaKBX co6:&ITBH. nocne caepKH Ha JICP npocMoTpa 33Ill:lc:&ma

nnc& cne,n;yrol.l.lHe xapaKTepHCTHKH B3aHMo.neH.crniDI: 

- HOMep nneHKH, HOMep Ka,npa; 

- Tl:IIT B3aHMOp;eftCTBHH; 

- MHQ)KeCTBeHHOCTh BCeX 3apH:>KeHHhiX UCTHI.l; 

- MHO)I{eCTBeHHOCTh OTpaQaTeflhHO 3apH:>KeHHbiX tiaCTHI.l; 

- HaJIHtiHe a.HTHITpOTOHa-cneKTaTopa BO B3aHMO,D;eftCTBHH; 

- MHO)KeCTBeHHOCTh TpeKOB, neTHIIJ;li.X B 3a,nHIOIO nonyclf>epy H HaJIH-

trn:e OCTa.HOBHBliiHXCH TpeKOB; 

- KOJIHtieCTBO "BWIOK" OT paCIIa,IJ;OB HeHTpaJihHhiX CTpaHHhlX t.JaCTl:ll.l H 

raMMa-KBaHTOB c yKaaaHHeM HOMepa 30H:&I; 

- qHCJIO H,IJ;eHTHclJIU.J;HpOBaHHhiX 3JieKTpOHOB H IT03HTpOHOB; 

- HaJIHtJHe H3JIOMOB, BTOpHliHh~X B3aHMO,n;eftcTBHH Ha TpeKax., 71'-J.L-e-pac-

na,n;OB . 

.[lJIH y,no6cTBa H3MepeHHii C06biTHH 3apHCOBhiBaJIHCh Ha npOCMOTpOBOM 

CTOJie. ,[lJIH l\1HO)KeCTBeHHOCTeti,MeHbWHX H paBHhlX 10, ,ll;eJiaJICH pHCYJiOK 

O,ll;HOii IIpOeKWJH, ,IVIH 60JihWHX MHO)KeCTBeHHOCTeii - .llBYX ITpOeKI.J;Hti, 

IIpH 3TOM Ha IIBYX npoeKI.IHHX HCKa.JIHCL H onpe!lerreHHblM o6pa30M HyMe
poaanHc& cooTaeTCTBYIOIIJ;He TpeKH. TaKoe Tpe6oaaHHe yCJio:>KHFIJio nponecc 

3apHCOBKH B3aHMO,n;eiiCTBHH, HO B ,ll;aJibHeiiweM 3TO IT03BOJIIDIO cyiiJ;eCTBeH

HO yrry'llllHTb H ycKOpMTL pa6oTy npo!leiiYPhl TRACK-MATCH IIJIH 6orrLlllHX 
MHO)KeCTBeHHOCTeti B nporpaMMe reOMeTpHtJeCKOH peKOHCTpyK:QHH C06biTiii1. 

4. IIPOI..IE,!l;YPA 113MEPEHIDI 
AHT11.D:E3TPOH-H.!l;EPHblX B3AI1MO.!l;E3CTBI1A 

I1po!le11ypa H3MepeHHH Y'IHTLrBaeT crr~yro[[[He oco6eHHocm B3aHMo
.ueHcrnHH B CTeHKaX MHWeHH: 

- OTCYTCTBI:Ie BH.JJ;HMOH nepBH1IHOi1 BepWHHhl B3aHMO,Uei%CTBHH; 

- HaJIHtiHe HeCKOJThKMX ( o6hl1IHO ,ll;B,YX) CerMeHTOB ,llJIH TpeKOB, JleTH-

IIJ;HX Ha3a,n H BbiXO,D;HIIJ;HX qepe3 CTeHKH MHllleHH B 06-&eM CaMOii 

KaMepbl (eM. pHC. 1); 
- HeB03M0)KJ{0CTh HHOr,Ua T011HO Bbi.D;eJIHTh H H3MepHTb nytiKOBbiH 

TpeK B MHllieHH npH HaJI}ftnrn_ HeCKOJihKHX 6JIH3KHX ITpOXO,nHI.IJ;liX 

TpeKOB; 

- ,D;JlR. C06hiTl:lft C HeiiTpaJihHhlMH CTpa.HHbiMH tf3.CTHUaMH aeo6XO,D;HMO 

acer,n;a H3MepHTh TpeKH HX pac~ O,lJ;HOBpeMeHHO CO BCeMM HJIH 

HeKOTOphiMH TpeKaMH OCHOBHOro :83aHMO.D;eifCTBHR., TaK KaK 3TH 

TpeKH B .JJ;aJihHeifiileM CJiymaT ,IVI.H BOCCTa.HOBJieHHR. ITOJIQ)KeHH.H He

Bl:I,Il;HMOi:f aepiilHHhl, KOTOpoe HCllOJih3yeTCH B OpOI.le,D;ype "CIIlHBKH" 

Heftrpan.bHOft tlaCTl:II.lbl C nepBHtiHhiM co6hlTHeM, a TaKme ,D;JI.H onpe,n;e

JieHH.H MaTepHaJia MHWeHH (neKC3.H HJIH CBHHeu;). 

7 



ll3Mepemm npoBOAHJIHCL Ha npH6opax IIYOC, pa6oTaro~Hx B pe)I(HMe 

on-line c 3BM EC-1033. 06hl'IHO AUH H3MepesHH HCnonL3YeTCH TPH npoeK

~H. ,[\JIH Ka)I(I'\OH npOeK~H H3MepeHHH llpOBOAHTCH no cneAyJO~eH CXeMe: 

- l13MepHIDTCH 4 penepHhiX KpecTa, pacnonomeHHbiX Ha HH)I{Heii no

aepXHOCTH KaMepHOTO CTeKJia, H 3 penepHblX KpecTa, Ha.HeCeHHhlX HR 

aepXHeH cTeHKe BTM. 
- ToqKa nepaHtJHoro B3aHMO,n;eHcTBHH H3MepHeTcH npu:6nH3HTeJIDHo 

B TOJI~He CTeHKH MHIIleHH, 3aTeM H3MepHIOTCH TO\f.KH pacna.na 

HeKfpaJibHbiX CTpaHHhlX 'liRCTHD; H aeplliHHbl TRMMR-KBaHTOB C COOT

BeTCTBYIOI..UHMH MeTKaMH. 

- llytJKOBhlft TpeK H3MepHeTCH Ha BCe:ti CBOe:H ,Zl;JIHHe. llpH HeB03MO)K

HOCTH H3MepeHHR nepexO,JJ;HM cpa3y KO BTOpOMy TpeKy, HO MeTKa 

aeplllHHhi nepBHliHOrO B3RHMO,n;eft:CTBHH rrpH 3TOM MeHHeTC.fl. 

- H3MepiUOTCR TpeKH nepBHliHOrO B3RHMO.n;e.HCTBHH B TOM TIOpH,n;Ke, 

B KOTOpOM OHH npoHyMepOBa.Hbi Ha pHCYHKe, 3aTeM TpeKM•"BHJIKH". 

- EcJIH HR TpeKe ,HMelOTCH BTOpHtiHOe B3a.HMO,D;eiicTBHe HJIH H3JIOM, TO 

H3MepeHHe Tpei<a B 3TO:i1: TOtii<e npei<pa.J.IJ;aeTC.FI. 

11MeeTC.fl em;e O~a OC06eHHOCTb H3MepeHH.fl TpeKOB, HaxO,D..fUI..UIXC.fl B 

BTM H HMeJO~ HecKonLKO cerMeHTOB. )J;nH •<P<PeKTHBHOH pa60TLI npo

rpaMMbi reOMeTpHtieCKOH peKOHCTpyKQHH He06XO,Il;HMO BO BpeM.fl H3Mepe

HHfi <bHKCHpOBaTb TOtiKY BXO;z::J;a Tpei<a BO BHyrpeHHIOIO CTeHJCY MHIIIeHH KaK 

"oco6y~'. 3Ta npou;e;z::~;ypa 6hma pa3pa6oTaHa H npHMeH.FIJiacb npH H3Me

peHHH d d-B3a.HMo.ueHcTBmi, ·Kor,n;a npai<THtieCKH ace TpeKH nepBHtiHoro co-

6htTHH HMeJIH HeCI<OJibKO cerMeHTOB 18 , 
9 1 • B HameM CJiyqae "oco6aH" Toq

Ka OTMeqaeTCH BCer.ua, KOr,na TpeK Hax:O,li;HTC.fl B MHllieHH, ,Il;IDKe eCJIH OTCYT

CTByeT BTopoH cerMeHT. 11H¢JopM~H o6 "oco6oH" TOqKe Ha Tpei<e o6pa6a

ThiBaeTcH a nporpaMMe TINPUT 
11 0 1

, BhiXO.llHbie .IJ;aHHhle KOTopoH HBJIHIOT

CH BXO,llOM B nporpRMMY reOMeTpHlleCKO.H peKOHCTpYI<IJ;HH. 

,ll.JIH CJIO»<FFhiX B38.HMO.IJ;ei1:CTBHH, OTJIHtJaiOIIJ;HXCH 60JiblllOH: MHO»<:ecT

BeHHOCThiO 3apiDKeHHhiX trn.CTHI..J; (AO 3Q) , HaJIII'IHeM 6JIH3KO paCnOJIOJKeH

HhiX npOXO,IJ;HII.UfX nyt~KOBhiX. TpeKOB, o6:w;ei% 3arpyJKeHHOCTbiO I<a,npa, ,n;o

nycKaeTCH H3MepeHHe O,Il;HO['Q C06hiTHH HeCKOJibKO pa3 llO,D;pH,Il;. 

06~aH CXeMa H3MepeHHH co6LITHH !IpHBe;z:\eHa Ha pHC. 36. }J;aHHble H3· 

MepeHHH o6pa6aTLIBaiOTCH nporpaMMOH TINPUT, qacTL H3MepeHHH oT6pa

ChlBReTCH !10 <t>opMa!IbHLIM !IpH3HaKaM. Ilocne peKOBCTpy~H C06biTHH 

nporpaMMOH reoMeTpHqecKoro H KHHeMaTH'IeCKoro ananH3a (IIrKA) 

npOH3BO,Il;IITCH H,n;eHTH¢lHK~.fl TpeKOB C06biTHH no HOHH3aiJ;HH Ha npOCMOT

pOBhiX cTonax.. Pe3yJihTRTbl H,D.eHTII¢lHKau;HH 3aHOCHTCH aa npe)l.BapHTeJibHYIO 

JICP> c noMO~IO naKeTa nporpaMM GENERAL LIST, <PopMHpyeTcR qacTL 

oKoH'IaTenLHOH JICP. Co6LITHH, ne npomeAmHe IIrKA HJIH oT6pomeHahle 

no ;z::~;pyrHM npHtiHHaM, nepeMep.n:roTCH. 113MepeHHe H o6pa6oTKa co6hrrHii 

npoBOAHTCH AOBOllbHO 60llblllHMH KyCKaMH (no 500-600 C06b!THH). fiOA· 
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po6Hoe OIJHC!UIHe IIrKA li BCeH UeUOQKii <!>opMHpOBaHHH JICP BOCCTaHOBneH

HbiX C06biTHH 6y)1eT CAenaHO OT)1enbHO. 

C noMoii.J;blO Olll:ICaHHOH MeTo.n;HKH npOCMOTpeH BeCh HMeiOU..UfiiCH c}lHJih

MOBbiH MaTeplian no 3KCU03HQHHM 503, 505 H 506. B nepayro oqepeAh, KaK 

Han6onee HHTepecHbie, 6hmH sapHCOBaHhi H H3MepeHhi o.n;HH pa3 ace co6bl

THH "1'1-HJa 0", a TaiOKe C06biTHR C HeiiTpanhHblMH CTpa.HHhiMH liRCTHI.J;RMH 

H I'RMMR-KBaHTRMH B 506-H 3KCIT03Hli,HH. 

ABTOpbl 6naro)1apHbl B.I1.Mop030BY, E.C.Ky3HeUOBOH, r.H.qepHblWO· 

BOH 3a U01Ie3Hble o6cy>K.IleHHH, r.A.A6paMOBOH, r.M.YiaruueHKO "J1.3.AHA

pHaHOBOH 3R ITpOBe,D;eHHe H3MepeHHi1. 

IIPI1JIOlKEHI1E 

1. Onpe,neneHHe nonH c}loHoBbiX B3RHMo.neiicTBHH oT 1r- -Me30HOB 

B JieKCRHOBOft H CBHHI.J;OBOif: IIJIRCTiffi8X 

qHCJIO B3aHMO,nei1CTBHft onpe,nenReTCH cne,nyiOIUHM o6pa30M: 

N83 _ = Nn. · [ 1- exp (-a p Na Q I A)], 

rne Nn. - qHcno fiY"'KOBhiX trn.cTHu;; a - celleHHe B33HMo;o;eHcTBHH tm.CTHUhi 

c aew;ecmoM; £ - TOJJI.l.UfHa MHllleHH; p, A - nnoTHOCT& H aTOMHhrii sec ae

m;ecTaa MHilleHH; N
8 

- q~:~cno Aaora,n;po. 3HaH celleHHH B3aHMO,D;eiicTBHH BH

THAeliTpoHOB H 1T·Me30HOB npH 12 roBic 

a~ =(86 ± 4)M6, 
dp 

in 
a,-P =(21,2 ± 0,3)M6 

H IlpltHHM8JI ,D;.JUmy pa6011eif 06JiaCTIJ MHllleHH pa.BHOH 80 CM, Mbl IIOJiyqaeM 

CJie,nyro~ee COOTHOllleHHe Me)K,l],y KOJIHtlecTBOM $OHOBbiX 7r- -Me30HOB H 

aHTHAeHTpOHOB B nyqKe (AaHHbie .llnJI 3KCU03HUHH 506) : 

N" I Nd = 1,73. 
nyqK, nyqK, 

3HaH cet~eHPlfl B3aHMO,neliCTBHR 71'-Me30HOB C 3apR,naMH yrnepona H CBHHIJ.a 

npH 3Hepnru ,naHHoro 3KcnepHMeHTa 11 2 
, 

1 3 1 
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a TaK)I(e nonbayacb peaynhTaTaMH paclleTOB cellemn':f. Heynpymx aHTH.Il;eih

poH-H,ll;epHhiX B38.HMO,ll;efiCTBH:fl B paMKax MO,ll;eJIH rnay6epa /I 4 I, 

in 
(]___ = 618 M6, 
dC 

in 
U- = 2395 M6, 

d Pb 

Mbl IIOJIYlJllJJ.H OI..J;6Hicy OTHOlli6HHH lJHCJia a.HTH,D;el':f.TpOH·H,ll;epHhiX B3a.HMO,D;eii

CTBIDi K <floHOBhiM: 

d Ph 7r-Pb 
N IN = 0,84, 

d C 7r-C 
N IN = 1, 70, 

83. 83. 83. 83, 

3TH .II;aHHhl6 II03BOJIHIOT TRK)K6 OQ6HHTh OTHOIIIeHHe liHCJia B3a.HMO.n;efi

CTBHI':f., BKJIIOtla.fl <floHOBhi6, IIp.OHCWe,D;WHX B JieKCRHOBhiX llJIRCTI-IHax., K o6-

II.J;6MY liHCJIY B3aHMO,D;eiicTBm1: 

lexan total 
N IN = 0,49. 

83. B3. 

Bonee TOliHO 3TH COOTHOUI6HHR MOryr fihiTh YCTa.HOBJieHbl IIOCJie aHaJIH3a 

COBOKYIDIOCTH C06hiTHH, BOCCTaHOBJI6HHhiX C llOMOI.I..J;hlO nporpaMMhl reo

MeTpHli6CKOH peKOHCTPYKUHH, nrumuel':f. TOtn:IOe M6CTOIIOJIO)KeHHe BepWHHbl. 

2. O~HKa aKnB.Aa <jloHOBhiX co6biTIIH 
a n A-a3aHMO.o;eHcTBHfl 

lloxo:IKaH on;eHKa .o;erranac& B dp-3KcnepHMeHTax, Kor,r:r.a ,r:r.nR 307 3KC

IT03HUHH B pa6o1.J.eM 06"beMe KaMepbl IIOMei.l.{RJIRCh TaHTaJIOBa.R IIJIRCTHHa /l 1 1
• 

0CHOBHhiM HCTOliHHKOM <lJoHa B ,naHHOM T~IIe B3aHMO,D;etJCTBIIll CtJHTRJIRCh 

peaKUHR HeynpyroH nepe3apHJI.KH rr·-MeaoHa Ha npoToHe: 

AHrnHeiiTpOHhi o6pa3y!OTCH np11 cTpiiiiiiiiHre aHTII,!IeiiTpoHoa Ha BOAOPO!Ie 

C BepOHTHOCThiO 

- -
N (n 

8
) IN ( d p ) = 0,41 ± 0,0417 1, 

K03<jl<jlll!llleHT JKe Heynpyroii nepe3apHJIKII 7r·-Me3oHa Ha BOJIOPO!Ie paaeH 

0,37 B WHpOKOM ,nHaii8.30He 3HeprHH: 11 5 1
• 3Ha.H ,ll;OJIIO <lJOHOBhiX B3aHMO,D;eif.

CTBHH B BO)IOpO)Ie, Mhl OIIpe)lenHeM (Jiliii 506 3KCII.) 

nA nA 
N IN 0,347. 

83. 83. 
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MHoiKeCTBeHHOCTb 3apHJKeHHbiX qacTHQ ao B3aHMOAeHcmm~ HeHTpoHOB 

C H,ll;paMH npM FIMITYJibCe 1 r3B/c Maria /t 5 , 1 6 I, H Mbl CllHTaeM, qTQ BKJia,n 

B 4>oHOBble B3aHMO,neftcTEHH ,n;a,r:r,yT TOJibKO HeiiTpOHbl C l:IMITYJibCOM, 6onb

lllHM 1 r3B/c. CneKTp HefiTpOHOB OT nepe3apH)lKH RBJIReTCR HH3K03Hepre

THtiHbiM, H ,[I,OJIR TaKMX HetiTpOHOB COCTaBJHieT TOJlbKO 12% 115 1. TaKHM 

o6pa30M, BKJia,IJ, B3aHMO):(elt:CTBHM: 4>oHOBblX HeHTpOHOB B o6mee lffiCJIO C0-

6biTJ.U'.i "nina 0" COCTaBHT 

nA nA ilA 
N /(N +N ) (P>lr3B/c) =0,04 (4%), 

B3, B3. B3. 

T.e. C06biTHR ,ll;a.HHOrO THITa RBJIJIIOTCH ,ll;OCTaTOtJHO "lillCTbiMH" B CMbiCJI8 

MaJiotf npHM8CH B nyqKe. 
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