
OB'bE,-HHEHHliA HHCTHTYT H,-EPHYX HCCJIE,-OBAHHR 

IlHCAPEB 
Hropb JlheoeH'I 

1-88-372 
Y~K 539.172.5 

HCCJIE~OBAHHH IlOJIYKOrEPEHTHOro 
_ YilPYroro I PACCEHHHH ,r - -ME30HOB 
C HMilYJibCAMH . 25 H 40 r3B/c HA YrJIEPO~E 

H B3AHMO~ERCTBHR n--ME30HOB 
C HMilYJibCOM 40 r38/c C ff~PAMH C, Cu, Pb 

C HCilYCKAHHEM IlPOTOHOB B 3AAHmm IlOJIYC~EPY, 
BYilOJIHEHHYE HA MHC OHHH 

CneQHBJlbHOCTb: 01 .04.16 - 4l>H3HK8 BTOMHoro BAPB 

H 3JleMeHTapHhlX 'IBCTHl( 

ABTOpe~epaT AHCCepT8UHH Ha COHCK8HHe yqeHoA CTeneHB 

K8HAHA8T8 ~H3HKO-M8T8M8THqecKHX H8YK 

JJ:y6Ha )988 



Pado~a BWIOJIH8H8 B !adopaTop■ I anepHHX npodneM 
OCl~eJtlH~HHoro IHOTITYTB anepHYX ICOJl8JtOBBHII. 

Hayqnul pyKoBoJt■Ten:. 
KBHJtllBT WIBHKO-M8T8MllTlqeoKIX 
HBYK 

0WRUH8JlLHH8 OllllOH8HTH: 

noKTop w•s■Ko-MBTeMBT■qeoK■ X HBYK 

Krum■naT w■saKo-MBTeMBT■qeoK■ X 

Ha.YR 

BHIIHHKOB BnaJt■M■P 
Baoam,eB■ q 

rPID!lmi BaneHTIH 
rp1ropi.eB111q 

EADKOB Dp■I 
JleH■coB■ q 

Be;itYmee HayqHO-ICOJt8lOB8T8JlLOKOe yqpez.iteHae: 
HHoT■TYT wasaKa mtooKBX auepraA, r.Cepny10B. 

3am■T8 n■ocep!artll COOTOBTCI[ • _;.....•_...;. ______ I988 r. 
B_qacoB HB 8808Jt8HIB cneu111anas1poBBHHOl'O CoBeTB 

· k-047 .0I.03 Dplll .nadopaTOPIII l[JtepHHX npodneM 06'-eJtBHeHHoro 
BHOTIIITYTB KnepHHX 111coneJtoBBHil, JlydHB, MooKoBoKol odnao,a. 

C n1ooePTartBel Momo osuaxoMITLCSl B 61116n■oTeKe OHHH. 

ABTopewepaT pasoonaH • _. . I98& r •. 

YqeHHI OeKpeTBPL oneuaan■sapoBBHHOro CoBeTa 

JtDKTop w■s■Ko-MBTeMaTBqeoK■ X HayK~. ·. 
: . • · ~ ,,,.--- D.A,Baryoo• 

... 

lll 

I 
I 

I -
., 

T 

1 
I 

i 

~ 

d ,, 
; ' 

1 

,, 

OH!Wl XAPAKTEPMCTillu\ PAEaru 

A!tTyalThHOCTL npo6neMH. MsyqeHHe B8a0MOUeHCTBHI anpoHOB c HUpaMB 

npe;a:CT8BJUieT 6om,moit BHTepec C ToqI{_B speHBH 0ccne;a:oB8HllH <pyHUBMeH
Tam,HHX 88ItoHOMepHOCTeit, CBH88HHHX C JlOK8Jl&HliM0 CBOHCTB8M0 a;a:poHHoit . 
~Tep00. AupoH-H;a:epHHe B880MOUeitCTB0H naIOT UOllOJIH0T81l&HYID 0H<pOpMar{0ID 
0 C0Jl&HOM B880Mo;a:eHCTB00 a;a:poHoB, KOTOPYID H8Jl&M nonyq0T& llpH 0syqe
H00 TOJl&KO a;a:poH-a;a:poHHHX B880MO;a:eitCTBHI. 

EoJtLmol llHTepec npe;a:CT8BJUI8T nonyqeHHe HOBllX 3KCnepHMeHT8JlbHHX 
;a:aHHHX ITO o6pasoB8H0ID KYM;'JUITHBHHX npoTOHOB, oco6eHHO np0 0MIJyn1,cax 
na;a:alOlllBX qacTeu B uacKOJil,l(O .n;acHTKOB rsB/c, r;a .HMaaTCH cpaBHRT8Jll,HO 
Mano ;a:ammx. IlonyqeH0a HoBoit aKcnapeMeHTan&Hott HH<poJJMau00 Heo6xo;a:0Mo 
;a:JUI 03yqeHBH llpOCTP8HCTB8HHO-BpeMeHHol K8pT0Hli B380MOUelCTB0H, 8 T8K
lEe KonneKTHBHoro llOBe;a:eHHK HYKHOHOB B H;a:pe. 

Hccne;a:oBBHBe llOJIYKorepeHTHUX B380Mo;a:ettcTB0it a;a:poHOB C Hllp8MH 
npe;a:CT8B7IfI8T 0HTepec,c:wi:saHHllft C B03MO'jKHOCTbID per00Tpau01 raMMa-ll3-
nyqeHllH B036YEit8HHHXH;a:ep, qTo llOSBOJUieT Blllt8Jl0TL codHTBH C onpene
Jl8HHllM KOHeqHl:IM COCTOHHH8M H;a:pa. HsyqeHBe llOJIYKorepeHTHHX ynpyrax 
B380MOU8ICTBHI naeT 8KCDep0M8HT81lbHYD BH<popMar{HD, Heo6xo;a:atzyro UJUI 
npoBepKll MO;a:enel ;a:B<pPBKUBB Ha HyKJlOHe. 

n11ccep!8ItBH llOOBllllleHa 8KCllep1MeHT8JlbHOM;' asyqeHBD llOJIYKOrepeHT
Horo ynpyroro pacceHH0H DBOHOB Ha yrnepo;a:e I o6pasoB8HBID KYM;'JUIT0BHHX 
npoTOHOB B llHOH-H;a:epHHX coy;a:apeHMX npe BHCOKllX 3Hepr0HX. 

Pa6oTa BHllOJlH8Ha Ha yCKOPBTene 11I>B3 B r.CepnyxoBe C llOMOIIU,D Ma~ 
HRTHoro 0CKpoBoro CD8KTpoMeTpa MMC OIDIH. 

Uen& padoTu - aKcnep0MeHTan&Hoe 0ccne;a:0Bau0e nonyKorepeHTHoro 
ynpyroro pacceHHBH llHOHOB C 0MllYJtbC8M0 25 I 40 raB/c B pe8KU01 
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L-,.; C + ~ (4,4 MaB) 

0 0ccnen0Bau0e BHRnDBBBHoit peaKu00 rt+ A + ~ + X , rue A (C,Cu,'PtH, 
npa BMnyJtLCaX llHOHOB 40 raB/c •. 

Hay,mM HOB03Ha. HoBl:lMH pesyn1,T8T8MH,npencTaBJl8HHUMH B ;a:BHHOI 
pa6oTe,HBJUIDTCH BKCDepaMeHTaJibHO nonyqeHHHe ;a:aHHHe ;a:JIH peaKUBB DOJIY
KOrepeHTHDro ynpyroro pacceHHBH n00HoB Ha yrnepone; BHTerpanJ.HHe ce
qeH■H llp0 BMnyJlbCaX 25 e 40 raB/c; ;a:0<p<pepeHUB81IbHlle ceqeHBH npa BM-
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nynLce 40 raB/c. IlpnBenemme B necceJl'l'ru:tBn namme no cnx nop KBJISlJOTCH 
enBHCTBBHHHMll B o6nacTB BMIIYJILCOB BHIIle IO raB/c. 

DnepBHe nonyqeHH 8KCllepnMeHTam.HHe namme no o6paSOB8HBID KYMS
JISlTBBHHX llPOTOHOB B 1rA - B38BMOne!CTBBHX llpB HMUyHLC8 llllOHOB 40°raJ1c 
Ha pasHHX snepmllt MBW8HHX. IlonyqeHH BHB8pH8HTH!l8 ceqeHB.!i, a T8KE8 llH
~OPMa!tBH 06 yrnoBoll e A-saBHCID40CTll ceqeHntt o6pasoB8HBH KYMJ.lI!lTBB
HHX llPOTOHOB. 

Ilpru<TeqeCKaH U8HHOCTL. SKcnepnMeHTanLHHe pesynLTaTH, npencTaB
neHHRe B necceJl'l'ru:tBB, eanunepoBane pgn TeopeTnqecKnx eccnenoBaann, a 
T8Kllte ecnonLSOBanecL npe npo8KTBPOB8HBB 8KCll8PBM8HTOB B aHannse pe
synLTaToB npyrex 8KCllepeMeHTaJILHHX rpynn. 

Paspa6oTaHHas cecTeMa nporpm.lMHoro o6ecneqeHBH nns esMepeHnH 
CHBMKOB Ha aBTOMaTeqeCKOM ycTpollCTBe Aan:T - 2/I60 HaxonBTCH B 8KCnJIY
aT8UBB ll ncnonLSY8TCH nJISl HSMepeHBH CHBMKOB C BHq)OpMB.UBett, nonyqeHHott 
npn nsyqeHBB npyrnx ~nsn~ecKnX npoueccoB. 

ABTop samnmaeT: 
I. Paspa6oTKY KoHKpeTHHX CJCeM noCT8HOBKB 8KCnepBM8HTOB nnH nc

cnenoB8HBH nonyKorepeHTHoro ynpyroro pacceHHBH neoHoB Ha yrnepone n 
BS8HMonettcTBBtt llBOHOB c_snpaMB C BHJI8TOM npoTOHOB B S8nHIDID nony~epy 
n.c.K. 

2. Cosnaaee nporpaMMHoro o6ecne~emm cncTeMR CKaHBPOBaHHH BHqlop
wune c ~OTOCHBMKOB Ha aBTOMBTBqeCKOM YCTpo!cTBe AMT - 2/I60 c KOHT
poneM KaqeCTB8 ff ToqHOCTB BSMepeHett,a TaKll!.8 WlT8M8.T.il1180KO! CllCT8MH 
o6pa6oTKB naHHRX. 

3. PesynLTaTu nccnenoBaHeii nonyKorepeHTHoro:ynpyroro pacceHHm 
neoHOB Ha yrnepone, B qaCTHOCTB, BHTerpanLHH8 ceqeHHH np~ BMUyHLC8 
sr=MesoHoB 25 n 40 raB/c n neqxpepeaqeanLHHe ceqeHBH npe eMUynLce 
40 raB/c. 

0 
4. HHBapB8HTHH8 ceqeHl!H BHneTa llpOTOHOB Ha yrna I20-I60 n.c.K. 

npe B38BMo~ettcTBllB fi-MeSOHOB C BMllYJILODM 40 raB/c C Hnp8MB Menn B 
CBBHqa, pesym,TaTH no A-SaBllCllMOCTll I BHBapnaHTHRX ceqeHett, pesynLTa
TH aaanesa nammx Ha ocHoBe ~attep6onLHol Monene KYMJJISlTBBHoro ~eR- · 
Ta 6apeoHoB. 

Anpo6ayes pesYnLTaToB n ny6naRaqna. Pesym,TaTH nccnenoBaHBI, 
o6o6memnn: B naccePTru:tBB, noRnaniman11cL Ha HAYlffillX: ceMnHapax Jla6opa
TopllH snepHHX npo6neM ornrn:. Mel!7lVHaponaoM CBMllHape no pasBBTBID ~BSBKB 
BHCORllX 8Heprnn (KaMIIBOHe, HTaneH - I977r.). MewHAponaon KOHq)epeH
UBB no ~H81!K8 BHCOKBX aHeprel B CTPYKTYP8 snpa (l{ropex- I977r.). XIX 
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MewHaponaon KoHqlepeaqHn no ~nseKe BHCOKBX aHepr0tt (ToKno - I978r. ), 
ceccne oTneneHBH snepaott ~nsnKH AH CCCP (MocKBa - I978r.}, Mewaa
ponaoM CBMlI031lYM8 no CTPYKType anpoHOB (KaSllMllpllt - I979r.}' Bcecoros
Holl KOllll)8PBHUllB n ABTOMaTllSaUllH HayqHUx llCCnenoBaHBR Ha OCHoBe upe
MeHellBH SBM" (HoBOCll6HpcK - I979r.). BcecoIDBHOtt KOHq)epeHUBll no nna
HBpoBaHBID B aBTO.MaTll38UBll 8KCll8pBM8HTOB B H8YtJHHX nccnenoBaHBHX 
(MoCKBa - I980r.), XXII MewHaponaott KOHq)epeHUBll no ~BSBKe BHCOKBX 
aHeprett (Jlettnuer - I984r.}. MaTepeanu necceJl'l'aune oTpaateHU B I2 Ha
yqHHx pa6oTaX. B OCHOBY nnccepTru:tBB nonollteHO 6 ny6nBKSUBtt. 

CTpyKTYpa B o6~8M µncCeJlT8UBll. ~nccepT8UBH COCTOBT BS BBeneHBH, 
qeTupex rnaB B saKJIIDqeHBH. GonepateT rm CTp8HBU MaWllHOllHCHoro TeKCTa, 
BKJIIDqaH 36 pBCYHKOB. 

CO,Il,EP1KAIDIE PAEOlli 

Bo BBeneHllB o6oCHOB8Ha aKTYMLHOCTL TeMH, CqJOIJMYJillpO:saHJ,t uenn n 
sanaqe llCCJienoBaHlll, nepeqecneHH OCHOBHHe peSYJILT8TH, BIJH8C8HHH8 Ha 
samnTy. 

B nepBott rnaBe npencTaBneH o6sop TeopeTnqecKHX ll SKcnepnMeHTanL
HHX paC'loT,nocBHmeHHHX nonyKorepeHTHHM npoueccaM n o6pasoBaHl!ID KYMJJUI
TBBHHX llpOTOHOB. 

rnaBa COCTOBT BS nBYX qacTeil. 
B nePBoll qacTB naHo onpeneneHl!e nonyKorepeHTHHX npoueccoB, oco-

6eHHoCTB BX esyqeHBH npe BHCOKBX aHepresx. PaccMaTpnBaeTCH KllH8MaTBKa 
nonyKorepeHTHoro ynpyroro pacceHHllH neoHoB Ha ~rnepone, noKasaao, qTo 
KBanpBT nepenaHHoro 4-BMIIYJrbCa PaB8H t=-(P•9) ,r;ne P- BMIIYJILC n
MeBoHa, e - yron BHJieTa paccesHHoro at-MesoHa oTHocnTenLHo nanaromero. 

PaCCMOTpeH Bonpoc aHHSOTpOllHOCTll yrnoBoro pacnpeneneHBH BTopeqHUX 
lr -KB8HTOB. 06cyJQtaJOTCH CJCeMH 8KCnepllM8HT8JILHHX YCT8HOBOK, OTMeqaeT-
CH, qTo B 8KCllepHM8HT8X no esyqenero nonyKorepeHTHHX npoueccoB 11cnonL
syeTCH MeTon anpOH-raMMa. coBnaneHett. CnenaH o6sop aKcnepnMeHTanLHHX 
naHHHX,OTMeqaeTCH,qTo naaHHe BM8JIBCL npn BMllYHLC8X HaneT8TO!llllX qacTBU 
MeHLwe IO raB/c. IlpHBe;rteHH TeopeTl!qecKee Monene, KoTopue ecnom,sym- _ 
CH npn onecaane nonyKorepeHTHX npoqeccoB,OTMeqaeTCH paCXOE,It8Hl!8 Teo
peTHqecKBX nonHHX ceqeHHtt HeKoTopux MO.n;eJiefi C 3KcnepHM8HT8JILHO HSMe
peHHHMB. OTMeqaeTCH Heo6xonBMOCTL nonyqeHBH HOBHX 9RCll8PllM8HT81II,HHX 
naHHHX npe aHepresx 60JII,me IO raB. 

BTopaH qacTb rnaBH noCB8JlleHa KYMSJIHTHBHHM npo~eccaM.B Hett .n;aeTCH 
onpeneneHB8 RYMSJIJITBBHoro ~eKTa - nOKBJI8HH8 BTopeqHHX qaCTBU BKB
H8M8Tl!qecKOR O~JlaCTB,s_anpemeHHoi!: npe BSallMonei!:CT~BH anpoHa co CB06on- -
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HliM HYKJIOHOM. 06cyiitnaJOTCH pasJIHqHHe M8TO;lt!i 8KCll8pllM8HTBJILHOro 11syqe
HeR KYMYJillTBBHHX nponeccoB ( 8JI8KTPOHHBR II KBMepmm MeToneKa ). One
caHH OCHOBHH8 llOJIOEeHBR renoTes MB.CmTB6Ho! BHBap88HTHOCTB llOBeneHIIJl 
Cll8KTPOB KYMY.7IllTeBHHX qaCTHn (· EaJJ:neH A.M. I97Ir. } 8 RnepHoro CKei
JIBHra nM KYMY.7IllTBBHHX 6apeoHOB ( JieKCBH r.A. 11 np. I973r. }. IIpiiBe-
neHH OCHOBllll8 llOJIOEeHBR ~ep6oJILH~ MoneJIB KYMYJillTllBHOro si[xpeKTB nM 
6apaoHoD. OTMeqaeTCR Heo6xonBMOCTL nonyqeHBH HOBO! BKCllepBMeHTaJILHo! 
BHqlopManee llpll eHeprBRX B H8CKOJII,RO ~8CRTROB reB. 

BToprut rJiaBa llOCBlilll8Ha llOCT8HOBK8 BKCll8PHM8HTOB Ha YCT8HOBK8 
MMC OIDIH a MeTonnKe o6pa6oTKB ~BJILMOBOI BHq)OpMBitHH. 

OnecaHH OCHOBHHe Y81IH BKCll8PIIM8HT8JI&Ho2 YCTBHOBKB MMC OIDIM: 
OBCTeMB TpaHCllOJ)TBpOBKB 8 MOHllTOPBPOBBHBH nyqKa; MBrHHTHH:2 BCKPOBO! 
Cll8KTpoMeTp; CBCTeMB cqeTqeKoB n7Ill BHneneHBH co6HTB! onpeneneHHoro 
Bena. 

CxeMa yCTBHOBICH n7Ill llCCJienoBBHIIH peaKnBil nony1<0repeHTHoro ynpyro
ro pacceRHBR 11""-MeSOHOB Ha Rnpe 12c DpHBeneHa HB pee.I. 

tallllllllATOP 
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HHe cqeTqBKB; C1 II C3- no
poroBH8 qepeHKOBCKBe cqeT
qBKB; MlIK - nponopq■ oHBJII,

HM KBMepa. 

CxeMa 8KCll8PHMeHTBJil,HO! YCTBHOBKB n7Ill esyqeH■H peaKnae: 
_ I2 _ I2 " 

rt+ C- :rt+ C I2 
4 C + i (4,4 MaB}. 

B KaqeOTBe MBmeHB LT ICllOJILSoBaJICH cneHTBJIJilln■ oHHHtt oqeTqllK H8 OCHOBe 
2 

llOJIIIJOTBPOJIB (50% C, 50% H). Ilonepe!JHHe pasMe:pH MBmeHB 5 x 5 OM ,;llJIIIJH8 

4 

. I 

/. 

!' 

fl 

fl 

IO CM. DoKpyr MBID8HB paononaranacL OlCpBHHM CllCTeMa HS Tpex cqeTqH
KOD, KOTOIJH8 sanpemaJill perHCTPBnBJO co6HTB! C nona;itaHBeM sap1u1teHHHX 
qacTHn B cqeTqBKB raMMa-KBaHToB. 

)!Ba cqeTq1ma(aa ocHoBe N aI( Tl) KPBCTaJIJioB);iteTeKTHpoBaJie raM
Ma-KBBHTH, B03HBKalOIIIB8 npe BSaBMO;ite!CTBBB nyqKoBon qacTB~ B MBmeaa. 
CqeTqHKB pacnOJiara.rrncL C nBYX CTOPOH OT Memeae, TaK qTo OCH KPBCTBJI
JioBN'aI 6HJIB neplleHnHKYJ!HPHH OCB MBmeHH B ropesoHTaJILHott llJIOCKOCTB. 
B TeqeHee Ha6opa ;llaHHHX npoBo;iteJiacL"KaJIB6poBKa cqeTqeKoBk'aI c no
MO!llLJO .acTO'llilIRa 60co ( I,I7 MeB, I,32 MeB ) 

IIponopneoHaJILHBJi KaMepa MlIK (60x60 c~)sanpemrura perecTpaneJO co-
6HTBI C MHOE.eCTBeHHOCTLIO SaPfIEeHHHX qacTIIU 60JILIDe enHHB~. , 

. Ha6op nammx npo;:onenca _c Tper~oM: 
T = 5t S3·S4' C2· c3·.5,iA,jK •L..T•V.Gi 2_ff MW(~ 2.11n0.Y~ 2){NaII. u0.,-V aI2), 
rne MW- noreqecKett ceraan c MITK. 

CxeMa BKCllepBMSHTa nM perBCTP8UBB qacTen,BHJieTalOlllBX B SBnHIOIO 
nonyc~epy n.c.R., npencTaBneaa Ha pec.2. 

Peo.2. 

A, G, MllK 

s, s,s.s.l F, I t· -- --1--1' __ ., 1 1 11
1

::: 

1 
- ---- __ ::a~~-: __ ~ 

CxeMB OllHTa n7Ill esyqeHBR peaRUBB - .-
1[+ A+ P + X. 
SI•S3,j4,5 5,A4:P2, q6,K -
cneHTBJIJillUIIOHHl:le cqeTqBKII; MIIK
nporropqlloHBJibHBR KBMepa; T - MB
meHL;nyHY.T0PHb18 JIIIHBB noKaSHBalOT 
TP8KII B BCKPOBHX KBMepaX. 

IlyqoK OTPHUBTeJILHHX llBOHOB c BMIIYJILCOM 40 reB/c,BHneneHHH! oec
TeMoft cn■HT■JIJillUIIOHHHX cqeTtJBKOB S iS 3-S 414-r2, nanan Ha MemeHL. Ma
meHL IlOMemanacL BHYTPL Oll8KTPOMeTpa noone nepBHX IO ICKPOBHX KBMep. 
TBKoe pasMemeHle MBmeHll DOSBOJillJIO o 6oJILmo! si[xpeKTBBHOCTLJO BOCCTaHBB
JIHBBTL B8PfilllHY BSalMonelcTBBR, a TBKEe o6ecneqeTL BHCOKYJO eqxpeKTIIB
HOCTL perecTpanee BTopeqHHX qaCTII~. HcllOJILSOBaJIBCL MBmeHll es yrnepona 
20 MM, Mena 2MM ll CBllHn8 I B 2 MM. 

,Il.7Ill OT6opa co6HT11ft C BHJieTOM 38PfllK8HHl:lX qacTBU B sanHIOJO nonycipe
PY n.c. BCDOJILSOBaJICH CUBHTHJIJillUBOHHlitt cqeTqBK q6, KOToputt 6HJI pac
DOJIOEeH Ha,paOCTORHllll I30 CM nepen M0lli8HLJO I! BMeJI pB3MepH 60x50 CM. 
Ilpe Ben11q11ae MBrHeTHoro Do.7Ill cneKTpoMeTpa H=I,8 Tn per0cTpnpoBan11cL 
saps:ntemme qacTll~ o IIMIIYJILCOM, 6oJILmBM 280 MaB/c B llHTepBaJie yrJioB 
I20 - I60°. Tperrep BHpa68THBaJICJI npll DpOXOEit8Hllll qepes nponopqeoHBJII,
HYIO KBMepy He MeHee ;itBYX qacTen, np11qeM OnH8 ll3 HIIX ;llOJiltHa 6lina npott
TB D U8HTpam.HoA o6JI80TII KBMe:pH B. Tpllrrep IIMeJI Ben: 
T = St.S3·.S4S5·AiP2· B•MW(X,2.BJill.Y~2)•q6-K. 

~■nLMoBw!: MBTepaan, nonyqeHHHi!: npe esyqeHllB nponecca o6pasoBBHIIH 
RYMYJIHTIIBHHX qacTen, 6HJI BSMepeH Ha BBTOM8TBIJ8CKOM YCTpottcTBe Ha 
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8J18KTPOIDI0-nyqenott Tpy6Ke ASJIT-2/160. CHBMKH nepen o6pa6oTKOll Ha 
AMT-2/160 npooMaTPHBaJIHOI, Ha llpOOMOTPOBO-B8MepBT8Jil,HHX CTOJI3X. Ilpa 
llpOOMOTpe npononenoo1, YOT8ROBJ18HBe OOOTB8TCTBBH TP8KOB BTopaqHHX qa
OTHU Ra ItBYX OTepeoKanpax no onpeneneHHHM KPBT8PBHM (KpBBB8H8 TP8K8, 
KOJIBqecTBY llOKP Ha TpeKe, TOJilllHHe B B8JIOMaM BCKP Ha TpeKe B T.n.), 
O<POPMMJIBCI, CX8MaTBqeoKee pecyHKB co6HTBtt. Ilpe OK8HBPOB8H88 CHBMKOB 
Ha A3JIT-2 onpe~8JIJ1JlllCJ, U8HTPH penepHHX MeTOK a BH!pOPMSUBH O TpeKax. 
Ha peo.3 IIpHBeneHH pe8JJII,T8TH CK8HBpOB8HBH ~BJII,Ma C BHJ18TOM qaoTHU B 
88nHIOBl nonyc~epy Ha AaJIT-2/160. Ha peoyHKe BBnHH OTOqeTH, COOTB8TOTBY
JOOIH8 HOKpaM B .R8Mepe (4 - 8 oTcqeTOB Ha BCKpy).· 
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Pac.3. TpelCJIYqeBoe co6HTBe_ C BHJ18TOM sapglleHBHX qaCTBit B S!ijtHIJI) nony
~py. CKaHl!poBaHll8 npoBeneHO Ha AaJIT-2/160, no OCJIM OTJIOlt8HH 
enllHBini HBMepeHIIJI AMT-2/160, a) e 6) - nepnWl e BTOPM npoeK
IUlB. 

PesyJII,T8TH o6pa60TKB ~BJlbMS H8 AMT-2 BBllllCHBaJIBOI, H8 Mat'HBTHYD 
Jl8HTY, nepe~8B8Jlll0:& no JIIIHBB CBR:BB B SBM CDC-6500. B cneq■MLHott npo
rpaMMe ocyiqecTBMJiacL ~BJII,Tpaqea nammx cK8HBpOl3aH■s, np0Bonuoo1, no
CTpoeHee TpeKOB Ha oTneHDHHX npoeKUBHX, onpeneMJIIOL 3Jl8M8HTH TpeKoB 
(BCKpH); KoppeKTBpoBaJIBOb pe8JJII,T8TH Ha OOHOB8 RaJIB6poBoqHHX ;uammx, 
npononanM KOHTPOJII, nammx B ~OPMBPOB8HB8 BHXO;llHol IH!pOp,!aUIB WIS: 
nanbHettmett o6pa6oTKB. 

ABTOMaT AMT-2/160 o6ecneqeBaeT ToqHoOTl>, ROTOPWI He yoTynaeT 
TOqHOCTB, nocTaraeMott npa acnoJIE,SOB8HBB BSBeCTHHX npeu■saommx 18Me
PBT87II,HHX YCTpottcTB. afipeKTBBHOCT!, pa6oTH 118Mep■Te7II,HOI CICT8MH, no-
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1 

CTpoeHHott Ha OOHOl38 aBTOM8Ta AMT-2/160, B YOJIOBHHX 2-KpaTHoro DOBTO
peHHH BSMepeHI/Jll OU8HBBaeTCH KaK paBHM 90-95%. 

TpeTLH rnana IlOOBRl!l8Ha eccnenoBaHBBl o6pasoBaHHH RYMYMTHBHHX 
llpOTOHOB B !if A~ooynapemmx npe HMIJYJU,08 9'C -M880HOB 40 raB/c. 

Eon1,mHHCTBO 8KOilepHM8HT8JII,HHX naHHHX no KYMYMTHBHOMY o6pasoBa
HHID qaoTBJ:t npencTaB1Ill:8TCH B nene 8aBBCBMOOTB BHBapeaHTHoro ceqeHHH OT 
KBH8TBqeoKott 8Hepree(BJIH KB8nP3T8 BMIIYJILCa) H yrJia BHJieTa BTopHqHHX 
qaoTHU. 

Jvm DOOTP08HBH BHBapH8HTHHX BHKJ.1Xl811BHHX ceqeHllll o6pa80B8HIIH KY
M,YJIHTBBHHX npoTOHOB llpOBO;ttllJIM OT6op oo6HTllil, npomenmax reoMeTpaqeoKyBJ 
peK-OHCTPYKitBIO. 0T6BpaJIBCI, co6HTHH C yqeTOM B8POSITHOCTB HaXOl!QI8Hl!H 
B8p!IIHH BBaBMonettCTBBR H IlOJIOlteHBH B8p!IBHH B npocTpaHOTBe. Hs OTo6paH
mn co6HTHI BH61!paJIHCJ, TpeKH, nM KOTOpNX ~p/p.::,; 3%, e BWlOJIHRJIOC!, yc
JIOBB8 llpoXol!QieHBR TpeKa q~pes cqeTqBK 96· TaKHM o6pasoM, DOCJ18 OT6opa 
no mmieyxasammM KPBTepHHM HM8JIM CJI8nJ!OlllHtt CTaTBCTHqeoKBtt MaTepeaJI. 

Ta6neqa l . CneKTPH BMIJYJII,COB npoTOHOB nonyqeHH 

MlllmeHL IlOJIOltBT • 

C -20MM 413 
Cu-2MM ._ 1691 
pg -IMM II66 
P8-2MM 1802 

OTpllq. 

74 
92 
22 
51 

llYT8M BHqHT8HBH cneKTifOB BMDJJII,COB 
OTPHJ:t8T8Jil,HblX qaoTBit 08 oneKTPOB BM
llYJILOOB. noJIOltl!T8JII,HHX qacTBit B npe~ 
noJIOlt8HllB, qTo oneKTPH BMDJJII,COB ne
OHOB o6oBX 8H8KOB 6JIB8KB,a OTPBJ:t8T8JIL
HH8 qaCTBq!l B OCHOBHOM :n-=-MeBoHH. C 
yqeTOM reoMeTpeqecKott B<PP8KTBBHOCTH 

per110Tp8J:tBB BTopBqHl:,IJ; IJ8CTIIJ:t B BOHll88UHOHHH~ n0Tep1, B MllmeHll BTopaq.. 
HHX qacTBU 118 Cll8KTPOB HMDJJII,COB npoTOHOB 6HJIB nocTpoeHH BHB8pBaHTHH8 

oeqeHBH (CTPYKTYPHH8 tfHKUBB): 

p cit ,0>= ~dp~dSt f rne E,p,9 - COOTB8TCTB8HHO noJIHM 8HBP
ras, eMUyJII,c e yroJI npoToHa B n.c. 

Ha pnc.4 npeBeneHH BHaqeHBR CTPYKTYPHHX lpYHKUBtt, HOpMBPOBaHHHX 
Ha 6 b , nM anep C, Cu. , PS nM BHTepBana yrnoB 120 -:- 160°, 6 b -as · . ·as 
ceqeHBe nor.nouteWUl :1r-M880HOB JlnpaMB npe HMllYJILC8 P:tr = 40 rsB/c (An-
JIB61 n.B. I np. H~,1970,T.12,BHD.3,o.538-556). B BCCJ18;D;Y8MOM yrJIOBOM 
BHTepnane CTPYKTYPHH8 ~YHKJ:tll 6HJIB nap8M8TpRSOB8HH B B:a;t8: 

Ta6.lnma 2 

C 
Cu.. 
Pb 

0,77:t 0,12 
2,61 ± 0,15 
7 ,12 :t 0,49 

10,02 ±0,49 
9,42 :t0,19 
9,30 !0,15 

7 

-1-F(p2) = C•exp(-B.p2). 
6 abs 
B Ta6naue 2 npeBeneHH sHaqe-
HBH K08qi;pmt1!8HTOB CI nap8MeT
poB Ha.KJIOHa B. Moimo cnenaTo 
BHBon O TOM, qTo B8M8H8HBJI 
8HaqeHlltt napaMeTpoB H8KJIORa B 
B saBHCBMOCTB OT aToMHoro HO-
Mepa ae npeBHDJaJlT 7%. 



, f t.,. EM20° •160" 
~ 1· .. ~ 1f t11tH\ • 
~ ' 09 H : tt 

f'l,I. I t +0909 t+ 

':;: I l~t .. ,++ ! 

!::. ·l ttt+ ••:/++ 1 

I
C! : t ++tt H It : 

~ ! •r \ Ht \l j l! j I 

"-I? I. 1! jl/
1
1111 \Yj} j 

--lb·; ·t j I i ~ J 

D -DI OZ -,, a4 05 06 07 - QI 09~ 

p2(raB/e)2 

PIie. 4. llimapeaHTHlie ee tJeHe.11, HoIJMepo
BaHHH:e 6 abs • 

~ 
h J 
E2f t 'f 

+/ 
I: 
8UI CU D) b200A 

C " 

..-PA'01'.l~,t.~ 
P,-c.s&GeV/C 

A-r440GfN~,ar:f..'EJ!; 
P,•o.57~/c 

Pae.5. 3aBBeBMOeTL BHBapeaHT
HliX eeqeHett,HopMBPOBaHHliX Ha 
HYKHOH, OT 8TOMHoro HoMepa .11n
·P8 MBWeHB nM BHTep:Bana yrnoB 
I20 + I60°. llimapeaHTHHe eeqe
HB.II HOPMBPOBaHH Ha BHBapeaHT
Hoe eeqeHee Ha c. 

Ha pee.5 rioKaaaHa aaBeeeMoeTL BeneqeHH R( A l=[F(A)/A]/[P(C)/AJ 

OT 8TOMHoro HOMepa .11npa Milfil8Hil WI.II ilHTepBana yrnoB I20 +I60° e. HMIJyHI,
eoB npoTOHOB 0,57 TaB/e. )lnJI opaBHeHB.II Ha 8TOM Ee peeyHKe llpBBeneHH 
pesyn»TaTH pa60TH (Ba,yukov Yu~D. et al. Phys.Rev.C, 1979,v.20,p.76~) 
WI.II yrna I37° ll Pp=G,58 raB/e. CpaBHeHBe pe8YHLT8TOB IloKaaHBaeT, l!TO 
A - 8aBRellMOeTL BeHBl!llHli F(A)/A oneHBKoBa nM HaneTa.JOlllBX JI-Me80HOB 
ll llpOTOHOB. B neeeePTBqBB TaRlite noKaBaHO, l!TO 8aBlleBMOeTL P(A)/A He 
MeHlieTC.II npe HBMeHeHBB BMllYHLeOB nepBBlJHl,lX 57-MeBOHOB OT 5 no 40TaB/c. 

B ecene;rtyeMOM yrnoBOM BHTepBane BHHeTa BTOPBl!HliX llpOTOHOB I20.:-: 
I60° BHBapeaIITHlie eetJeHBJi 6Hne napaMeTpll80BaHH B BBne . 

F (p e)~exp {- E- p~eose) 
• T VI - P" • 

rne E,p,9 - 8Hepre.1I,llMllYHLe ll yron BHH8T~ BTOPBl!Ho! qaeTBQ!i; TB ft, -
napru~eTpu, ene;qy10111ee es ~ep6on»Hott Monena KYMYMTllBHoro aqxpeKTa WI.II 

6apeoHoB. B Ta6n1qe 3 npeneTaBneHH sHatJeHea napaMeTpoB,nonyqeHHHe 

'fai:lnai:ta 3 

~o J3 
C O,I7± O,I2 

Cu O,I5±0,06 
Pf, O,I6 !0,07 

T (MaB) 

58,9 !.I2,6 

63,3 ± 6,4 

66,9:!:8,3 

8 

M8TO.ltOM Mru<eBMaHLHoro 
npaBnonono6ea.nM anep 
C,Ct.1,P&. Hs Ta6nBJ:tH cne
-,zyeT, l!TO BHal!eHB.II napa
MBTPOB foe TB npe;a;enax 
ome6oK He B8l3BC.IIT OT 8TOM
Horo HoMepa MemeHe. 

SeTB8JlT8.II rnaBa noe~eHa asyqeHBD nonyKorepeHTHoro ynpyroro 
llHOH-yrJiepo;a;Horo paeeeJIHB.II llpB BMIIYn»eax 25 11 40 raB/e. 

AHanas nammx 6un npoBeneH Ha cTaTeeTeKe 35000 nonyKorepeHTHHX 
TperrepoB, eooTB8TCTBYlllltBX I,I3 X ra8 nanaIOOlBX Ha Ml!fil8HL

0 

~-M880HOB 
e BMilYHLOOM 40 raB/e, I! IOOOO OOOOTl!tt, OOOTBeTeTBYIOIIIBX 2,33 x ro7na
naunex '.li"-MeBOHOB e l!MfiYJil,eOM 25 raB/e. 
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6) 

6-ErcM,8) 

Pae.6. AMIJnBTYnimit oneKTP e t/aI - neTBKTopa,nonyqemmff npH eenon1>
SOBaHBB nonyRorepeHTHoro Tp■rrepa; a) BMilYHLO rr:. 40 raB/e, 
6) BMllYHLe Sf-- 25 raB/o. HenpepHBH8.II HBHB.II - pesyn»T8T ~BTl!

poBaHB.II; nyHI<TBpH8.II HBHB.II - woH, nonyqeHmrlt np,i WBTBpOBaHBB. 

Ha pae.6 npeBeneHH aMOneTynHH:e eneKTPH e NaI ;a;eTeKTopa·nM m
e BMOYn»eaMn 25 e 40 raB/e • .JlnH yBeneqeHB.II none nonesHHX eo6uTett ee
non»aoBanacL BHq/OpM8ItB.II 06 8HepreTlltJ8eKBX llOTepliX qaeTl!It B nonBeTB
ponoBoft MBmeH1/.JT. 

.JlnH aHan■aa aMOnBTYnHHX oneKTPDB, nonyqeHHHx o NaI neTeKTopoB~ 
6H110 npOBeneHo Mo1tenepoBaHBe cneKTPDB ¥ -KBaHToB B NaI( Tl) KplleTan
nax, KOTopoe npoBon■noc~ c noMom»m ananTepoBaHHoff.nporpaMMH TAMMA 
{Balluacio K. at al.,Bucl.Inatr.,11S,p.5j),1974 ).Ilo.71Yl!8HHH8 BH8P
reTBl!8CKB8 pacnpeneneHM.II B ll01ll!HOM118HLHlitt WOH ecnonLSOBBHBOL WI.II orra-
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crunm: 8RCllepllM8HT8JIJ:,HHX nammx: M8TO)lOM MIIHilMllSan;llB j. 2 • 9Ta npon;e.nypa 
6wra npo;n:eJiaHa A/IR cnezTpoB c NaI,nOJIY1IeHHliX npu 40 raB/c u 25 raB/c 
c yqeToM 11H1popMan;1111 c M11meH11-neTeRTopa LT 0 6es. ee yqeTa. 

.Ium onpeneneHIIH IIHTerpaJIJ:,IIHX ceqeHett nonyRorepeHTHoro ynpyroro 
IlllOH-yrnepo)lHoro pacceHHIISi IICllOJILSOB8JIIIOL CJI8):ty'lO!llBe RoppeRn:00: ROH
BepciloHHaR aqxpeRTIIBHocTL perllCTPan:ae l!-RB8HTOB Nar ;n:eTeRTopoM; 
reoMeTpllqecRM aqxpeRTilBHOCTL perllCTpan;ea l-RBaHToB; ;ltBOHHlle B8811MO
nefiCTBllSi B MilmeHll; nornomemle 15 -RB8HTOB B MIIID8Hll il CIICTeMe OlqlaHHl,IX: 
cqeTqilROB. 

IlpoBe)leHa on;eHRa BRJia)la B 8MIIJIIIT!~ cneRTP l(aI )l6T6RTOpa 
~ -RB8HTOB OT BOS6yllt)leHllSi Si)lep IIn ll c. 

Ollpe)leJieHlille B P93YJILT8Te ~llTBpOBaH0!1 llOJIYKOrepeHTHlle ynpyree 
co6llT0Si C B036Ylltll6Hll9M YPOBHR 4,4 MaB C yqeTOM nonpaBoR 6HJI0 nepe
cqBTBHll B 0HT6I'PaJILHlie ceqeHBH. IlonyqeHH BHTerpaJILHlle ceqeHBH: 

ti= I,I9i0,I2 M6 np11 llMllYJILce.1i"-MeaoHoB 40 raB/c, 

B o6JIOCTH t= ~0,0032-t O,OOI3) + (0,27:t 0,032)] (raB/c)2; 

0 = 0,8 :!0,25 M6 npe HMIIYJILCe :Tr-M830HOB 25 raB/c, 

B 06nacT111 t = [so,0013 .:t 0,0006) + (o,ro:t 0,02)] (raB/c)2• 
.Ium onpe;n:eneHIIH ;n:eqxpepeHD;llaJILHHX: ceqeHett 6uno nonyqeHo 15000 

CTepe~OTOI'P~Btt npH IIMIIYJILCe 'Jr -MeSOHOB 40 raB/c. Ha pile. 7 llpilBene
HO paCllpe)leJieHae &o/dt )lJUI 760 OT06paHIIHX: .IIOJIYROrepeHTHllX: C061:1Tlltt. 

Ji .. , 'l@ 
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100 
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20 

0.1 0.2. 
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Pac.7. J{11qxpepeHD;BaJILHoe ce
qeHBe d 6/dt Boa6yllt)leHIIH Sill
pa 12c B COOTMHBe 2+(4,4 MaB) 
npe BMeyJIJ:,Ce 40 raB/c. 

9RcnepilM8HT8JILHll8 ;n:11qxpepeHD;11aJIJ:,Hll8 ceqeHBH 6UJI0 cpaBH8Hll C TeopeTB
~8CRIDm BH'mCJieHWn.oW,ocHnBaHHHMH Ha TeopHH TJIBY6epa (Be~tocchl L.and 
Troncon c., Nuov.Ci.m. ,45A,p.238,l978). Ha pile. 7 aRcnepeMeHTaJILHoe 
pacnpeneJI8H0e O 6'/dt llp8)lCTaBJieHo a TeopeTllqecRott KPIIBott B 8KCllOHeH
D;ilaJILHllM ~oHOM (noJ)li)lKa 150 co6uT0tt). Momo oTMeTllTL xopomee cornacee 
TeopeTl!qeCKilX ;n:mp'fJepeHD;ilBJILHllX: 0 IIHTerpaJILHlllt ceqeHlltt C npe)lCTaBJieH
HllMil B )lBCCePTan:110 8KCnep11MeHTBJIJ:,HllMII. 

Il 38KJIIOqeHBil C~OPMYJIBPOBffim OCHOBHl:le peayJILTaTH neccepTan:110: 

I. Paspa6oTaHa llOCTBHOBKa 8KCllepBM8HTOB no 0CCJI8;1tOBaHBID llOJIYKO
repeHTHoro ynpyroro pacceHHBH '31"'-MeSOHOB Ha yrnepo;n:e II HCCJie)lOBaHIIID 
ilHRJIIDSIIBHott pe8KD;0B Tf + A ~ p + X Ha MarHllTHOM ilCKPOBOM cneKTpoMeT
pe. 

2. Paspa6oTaHa CHCTeMa BSMepeHBtt ~BJILMOBott ilHlpOPMan;ilil Ha aBTO
MaTBqecKOM YCTpottCTBe A9JIT-~/I60 c ROHTPOJieM RaqeCTBB 0 ToqHoCTH 
BSMepeH■tt. C llOMOJ!U,ID 8TOI OilCTeM!l o6pa6oTaHo ~15000 co6llTlltt c BllJie
TOM qacTBD; B 88)lm)ID nony~epy n.c.K. 

3 • .Ium nonyKorepeHTHoro ynpyroro pacceHHilH Ha yrnepo;n:e nnepnue 
nonyqelIH: 

a) HHT8I'P8JIJ:,Hlle ceqeHBH llpll'ilMllYJILC8 'Jf'-MeSOHOB 25 B 40 raB/c, 
6) ;n:aqxpepeHD;11am,HRe ceqeHHH npe HMllYJILCe 'lt-MesoHoB 40 raB/c. 
IlpoBe;iteHo cp8BH8Hle 8KCll8PBMeHTaJILH!lX: )laHHllX C TeopeTilqeCKBM11 

pac~eTawt,mmOJlHeHBmm B paMRaX MO;it8Jlll TJIBY6epa.IlOJJY"leHo xopomee cor-· 
nacee 8KCllepilM8HTBJIJ,HO onpe;n:eneHHl:llC DOJIHllX: II ;n:eqxpepeHD;BBJILHllX ceqeHBtt 
c TeopeTaqecKa paccqaTaHHHMa. 

4. Onpe;n:eneHll ilHB8pllaHTHlle ceqeHilSi BllJieTa llpOTOHOB B 88)lm)ID no
JIYC~epy npa BSailMO;itei!:CTBIII St-MeSOHOB C 0MllYJILCOM 40 raB/c C Si)lpaMll 
yrnepo;ita, 111l)lH H CBilHD;a; OCHOBH!iMII pesyJIJ:,TaT8MB 8THX BCCJie)lOBaHHtt 
HBJISDJTCH: 

a) napaMeTp BB napaMeTpasan;HH BHBapHaHTHllX: ceqeHBtt B Bil~e 

F(p2)= C•exp(-B•p2),r;n:e p - m,mync IIpOTOHa,CJia60 88Bli!!CKT OT aTOMHOro 
HOMepa MBmeaa; nap8148Tp B BaBHCilT OT yrJia BllJieTa npOTOHOB il BospacTa-
8T C YB8JiilqeHB8M YrJia; 

6) A-saBBCilMOCTL HOPMllPOBaHH!lX: ua HYKJIOH llHBBPilaHTHHX: oeqemui B 
ilCCJie;ItoBaHHott peaKD;Bil ll B peaKD;l!I! p + A..., p + X 6JIBSRllj A-saBBCB
MOCTL l!HB8pllaHTHHX: ceqeHil:I!: B ICCJI8JlOBaHHO:I!: peaRqlr!il c.na6o MeHrleTCH B 
BHTepnane IMIIYJILCOB OT 5 JlO 40 reB/c; 

B) onpe;n:enew napaMeTpu qiattep61iJII>Hott MO)leJIH 6apaoHHoro KYMYJIH.
T■BHoro BqxpeKTa; Hatt;n:emme sHaqeHilH napaMeTpon B npe~eJiax oma6oR He 
SaBilCHT OT aToMHoro HoMepa M11meu11 e cornacy}OTcH c napaMeTpaM111, nony
qeBHHMI! npa npyrax 8H8Pl'IIHX. 
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