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Pa6oTa B!IlIOJlli8H8 B JiadopaTOpllU Bl:lCOKUX SHeprmt H CepnyXOBCKOM 
H8Y'IBO-SKcrrepIIM8HT8JlhHOM 0T)l8Jl8 06~e~!!HHoro l1HCTHTYT8 H.nepHl:lX 

1fCCJI8)lOBaHll8. 

Hay'lHl:llt PYKOBO~TSJih: 

K8H,nll,1{8T ¢fil3llKO-M8T8M8Tll'l8ClillX HBYK 
CTapunnt HayqHJ:ltt COTpy.l(Hlll{ 

Q¢mIUlaJihHl:l8 OITITOH8HTU: 

EOKTOP ¢M3HKO-M8T8M8Tll'l8ClillX H8YK 
cTapmmt HayqHJ:ln coTpy.zunm 

KaH~Jl8T ¢m3llKO-M8T8M8TllqecKllX H8YK 

cTapmmt HayqHJ:ln coTpy.l(Hlll{ 

30JI1fH 
JieOHH.Il CepreeBuq 

CTPYHOB 

JieOHHJl HIIBOJI8SBHq 

COJIOBblIHOB 

BJia~ JISOHllAOBll'l 

Be~ee Haywo-HCCJlS)lOB8TSJlhCKOS yqpelK,ll;eHHe: 
l1HCTHTYT SKCIT8plIM8HT8JlhHOtt U TeopsTuqscKott cllll3UKU, r. MOCKB8. 

3an:tUTa ~ccspTar.urn: COCTOUTC.fl .. __ .. ______ 1990 ro)la B 

"--" qacOB Ha 3aC8Jl8HllH CIT81.UI8~3upoBaHHOrO COBST8 E.047-0I-02 DpU 
JiadopaTOpUU BUCOKllX SHsprmt 06M~!!HHoro l1HCTUTYT8 H,nepHUX 
MccJie)lOBaHmt, r.EY6Ha, MoCKOBCKOtt 06JiaCTH, Jia6opaTOpU.ll BUCOKllX 

SHeprmt, KOHillep8HU-38Jl. 

C ~ccepT8I.UI8tt MOlKHO 03H8KOMllThCpt B 6u6~0TSK8 JIBS OIDilf. 

ABTopeiiiepaT pasocJiaH" 

Yq!!Hlltt C8KpST8pb 
CITeI.Uia~supoBaHHoro·coBSTa 

" ______ I990 r. 

r~ M. ~. JILDCA 'llEB 
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06ma.fl xapaKTepUCTllKa pa60TU. 

AKTyam,HOCTb Teim. HeCMOTP.fl Ha TO, qTQ Mlmrue 38KOHOMepHOCTU 

UHKJII03HBHUX npoueccoB C polK)leHH~M KYMYJI.f!THBHUX 8,llJlOHOB usyqeHl:l 

TIOJlP06HO, ID( TeopeTll'!8CK8fl UHTepnpeT81.Uifl OCT88TC.fl Heonpe)leJieHHott. O,zma 
H3 TPYJlHOCTett o6yCJIOBJl8Ha TeM, qTo HHKJII03HBHl:ltt K8H8Jl .f!BR.fl8TC.fl 
HHTerpaJihlillM K8H8JIOM, B KOTOpOM MOryT CJMMllPOB8ThC.fl BKJI8)lU pas.nwmux 
MexaHH3MOB o6pa30B8HH.fl KYMYJI.f!THBHUX qacTuu. ,!{JI.fl pemeHH.fl sa)laqu 

Heo6XO)llIMO KOMITJISKCHOe usyqeHHe 8HepreTll'!8CKUX, KoppeJI.fll.UIOHHUX U 
CITHHOBUX 38BHCUMOCTett. MsyqeHHe CITHHOBRX S(fxl)eKTOB )l88T ITOJ183HYID 

HHqiopMauuro rrpu oueHKe KOHKYP8HTOCIIOC06HOCTU pas.nwmux TeopeTll'!SCKID( 
ITOJlXO)lOB u BU.f!CHSHU.fl M8X8HH3MOB .fl)lepHoro B38IIMO)l88CTBU.fl. 

K H8CTORm8MY BpeMeHU BUTIOJllieHO MHOro SKCIIepUMeHTOB ITO 

UCCJl8)lOB8HHro IIOJl.llpU381.Ufil KYMYJI.f!THBHUX IIpOTOHOB. TaKUe U3MepSHU.fl 
rrpoBo~ch rpyrrrraMll (fmsHKOB B OWIM [61, .IIWidi [71, MTS~ [81 Ha 

1lpOTOHHl:lX rryqJ<8X C 8Hepruen JlO IO rsB. HaudoJiee JlST8JlhHO H3MepeHU.fl 
npoBe)leHl:l B o6JI8CTU 1lpOM8JKYTOtnillX SHeprmt [ 6, 7] • Hadop Jl8HHUX B_ STOtt 

rpyrrrre OIIUTOB HS Jl88T, O)lH8KO, qeTKOtt KapTHHl:l IIOB8.Il8HU.fl ITOJl.llpH381.Ufil B 
06JiaCTH SHeprmt 0.6-8.0 rsB. TaK npu SHep:ruu I rsB [7] 6UJI8 Hatt.IleHa 

6~3K8.fl K HYJIID rrqJIRpU381.UI.fl IIpOTOHOB rrpu yrJiax BRXO.Il8 OT 59° .IlO I45°., 
B TO JKe BpeM.fl npu 0.68 rsB OTMeqeHU 3H8ql{T8JlhHUe CITHHOBUe s(fxl)eKTU H 

Ha.nwrne y HUX yrJIOBOtt H A-3aBHCHMOCTett [6]. 

BOJihmon pasdpoc H3MepeHHUX 3HaqeHmt B8JlH'illHU IIOJl.llpH381.Ufil 
38TPY.IlH.fl8T IIOJiyqeHUe O)lH03Haqnoro 38KJiroqeHU.fl O Be.mrtrnHe S(fq)eKTa Hera 

IIOB8.Il8HHH. 0)lH8KO, IIOCKOJlhKY rroqTH ace SKCIIepUMeHTU BUTIOJIH8HU npH 
HSITOBTOP.fl!OlllHXC.fl YCJIOBH.f!X, H8Jlh3.fl )l8Jl8Th 38.f!BR8HH.fl O npoTHBopequaocTU 
)l8HHUX, yquTUB8.fl CJIOlKHYID 38BHCHMOCTh ITOJl.llpH3aUHOHHUX S(fq)eKTOB OT 

~aMll'!ecKID( rrepeMeHHUX. 

CJI8JlY8T OTMSTUTh, qTo 1lpH :meprH.flX CBume 7 .5 rsB H3MepeHmt 
ITOJI.llpHSar.urn: KYMYJI.HTHBHUX IIpOTOHOB HS IIpOBO.IlHJIOCh H qTO B IIOCJie)lHee 
BpeM.H rro.nyqeHU HOBUe )lOK838TSJlhCTB8 0 3H8ql{T8JlhHOCTH CITHHOBRX S(fq)eKTOB 

1lpH BUCOKHX 3Hepru.f!X [9]. 

Uem,1> pa60TH .HBJl.HSTC.fi 8KCII8pUMSHTaJihHOe 01lp8)l0Jl8HH8 IIOJl.llpH381.Ufil 
KYMYJI.HTHBHUX IIpOTOHOB (Pp) H 8CHMM8TP1ffl paccS.HHU.H KYMYJI.HTHBHUX 
)l88TpoHOB (cd), polK)leHHUX ITO.II yrJIBMH 8 ~ 90° JI.C. H8 pas.nwmux .fi,llJl8X B 
rryqJ<e 1lpOTOHOB C SHepr:iren E ~ IO rsB B ~arrasoHe HMrryJlhCOB BTOpll'IHUX 
qacTUU q ~ 500 MsB/c. 

Otn,tJ!EtieliHhiil 1mcn.,yyr I 
ta~JJ3t!..~ llCC-JJtlll0.1.ll\l.lr!fJ 

~HSJ1HCT~HA 
. --- -- ----- _ ..... __ 



Hay,maH HOBH3Ha pa6om. BITepBue rronyqelill sKcITepllMeHT8Jiblille ~aHHlle 
0 ITOJIHpll38l.l,IDI: KYMYJIRTHBlillX ITpOTOHOB ll O 8CHMMeTpllll KYMYJIRTHBlillX 
~ettTpOHOB, o6p830B8HHUX ITO~ yrJiaMH 95 M I58 rpa~COB BO B38llMO~ettcTBllll 
ITpOTOHOB c SHeprnen OT I7 ~o 62 rsB c R~8Mll 6epll~R. yrnepo~a ll 

M0~6~eHa B 38BllCllMOCTll OT llMITYJlbCOB KYMYJIRTHBlillX qacT~ B ,Il;ll:8IT830H9 
OT 500 ~o !200 MsB/c. 

Hay,mas 3H8'UU40CTb H npaKnt"l:eCKaB qeHHOCTb pa6om. PesyJibT8Tli 
,Il;ll:CCepTal.l,IDI: ITO ITOJIHpll381.l,IDI: KYMYJIRTHBlillX ITpOTOHOB ll 8CHMM9Tpllll 
paccemrn:R KYMYJIRTllBlillX ~ettTpOHOB rrpHBe~elill B ~OKJiap;e Ha 
IX-MeJK,IzyHapo,n;HOM ceMHHape ITO rrpo6JieMaM flM3llKll BliCOKllX SHeprilll: 
(,1.{y6Ha,I988) ll MoryT 6UTb llCITOJlb30Balill MR BU6opa TeopeTllqecKHX 
MO~eJiett, OilliCUBaromnx CITllHOBlie RMSHllR rrpn BliCOKllX SHeprllRX oco6eHHO B 
rrpoueccax o6pasoBaHHR KYMYJIRTHBlillX qacT~. 

IloJI~eHHlitt OITUT ITOCTaHOBKll SKCITepllM9HT8 Ha BHyTpeHHett Mlllll9Hll 
YCKOpllTSJIR 06JierqaeT ~aHHpOBKY TaKoro po~a llCCJie~oBaHilll: B 6Y.DYJn9M Ha 
YHK 11:if/B:3. 

Annpo6aqru1 pa6om ll ny6.nmtainrn:. 
PesyJibT8Tll, ll3JIOJK9HHU9 B ,Il;ll:ccepTaumi:, o6CYJK.!18~Cb Ha Hay~x 

ceMHHapax ~a6opaTOpHH BliCOKllX 3Heprilll:, ~a6opaTOpHH TeopeT~SCKOtt 
if!ll3llKll 06'be,Il;ll:HeHHoro 11HCTllTYT8 H,neplillX MccJie~oBaHilll:, 6UJIH 
rrpe~cTaBJISlill Ha IX-MeJK,IzyHapo,n;HOM ceMHHape HO rrpo6JieMaM flM3llKll BliCOKllX 
sHeprilll: (,1.{y6Ha, !988). 

OcHOBlille pesyJibTaw ,Il;ll:CCepTal.l,IDI: orry6~0B8lill B pa6oTax . [ 1-5], 

CilliCOK KOTOpliX rrpHBe~eH B KOHUS 8BTOpeqiepaTa. 

ABTop 3811tml188T: 

I.3KcrrepllM8HTa~lille ~aHHUe 110 ITOJIHpll381.l,IDI: KYMYJIRTHBlillX rrpOTOHOB ll 

acHMMeTpHH paccemrn:H KYMYJIRTHBlillX ~ettTpOHOB, pOlK,!\SHHliX B llHKJll03llBlillX 
rrpoueccax rrpoToHaMH c sHeprnett OT I7 ~o 62 rsB Ha R~ax Be, c, Mo B 

llHTSpBaJie llMITYJlbCOB KYMYJIRTHBlillX qacT~ OT 500 ~o !200 MsB/c. 
2.TeXHHKy ll3MepeHHR ITOJIHpll38l.l,IDI: MSTO~OM ~ottlioro paccemrn:R, 

BliITOnHSHHYIO Ha 6ase CITSKTpoMeTpa KYMYJIRTHBlillX a~HOB Ha BHyTpeHHett 
Mlllll9Hll YCKOpllTSJIR Y-70 (r.CeprryxoB). 

3.KOMITJISKC M8TSMa~eCKHX rrporpaMM ~JIR o6pa60TKll ll aHamsa STllX 
SKCIT9pllM9HT8JlblillX ~aHHUX Ha ::JBM. 

4.Ko~eKC M8T9M8~9CKllX rrporpaMM ITO MO~ennpoBaHll!O rrpouecCOB 
BHYTpllMSpHoro paccemrn:R ITpOTOHOB c USJib!O oueHKH rrpno6peTeHHott llMll 
ITOJIHpll38l.l,IDI: B 8KT8X yrrpyroro HYKJIOH-H~OHHOro paccemrn:R. 
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Co~epJKaHHe ,Il;ll:ccepTauun. 

B nepBoa rJiaBe ,Il;ll:ccepTal.l,IDI: BMSCTe C 06IIUOO! xapaKTepnCTllKaMH 
KYMYJIRTUBHoro poJK~SHllR qaCTHU rrpHBe~eH aHams TeopeT~SCKllX MO~eJiett, 
~aHa CBO~a 9KCIIepllM9HT8JlblillX pesyJibTaTOB, OT06paJKaromnx CllTY8Ull!O ITO 
UCCJIS~OB8Hll!O ITOJIRpll381.l,IDI: KYMYJIRTHBlillX qacTHU 38 ITOCJie~e 20 JIST. 

Bo BTopoa rJiaBe rrpe~CT8BJISH8 cxeMa ITOJIRpllMSTpa. IlpHBe~eHo 
orrncaHHe ~eTSKTopoB, perHCTPHpYIOillett 9Jl9KTpOHllKll ll MSTO,Il;ll:Kll 

~9HTllflMK8lJ,IDI: 'J:8CTllU MarHHTHUM CIT8KTpOM9TpOM. CITeunflMKa OITUTa Ha 
BHYTpeHHett Mlllll9Hll YCKOpllTSJIR OTp8lKSH8 B ITpllJIOJKSHllll Il.I. 

8KCIT9pllM9HTli BliITOnHSlill Ha ITpOTOHHOM CllHXpOTpOHe Y-70 (CeprryxoB) 
B ,Il;ll:arrasoHe ITSpBll'J:HOro IIY'l:Ka ITpOTOHOB OT I7 ~o 62 rsB. KOHCTPYKUllR 
IIOJIRpllMeTpa IIOK83aHa Ha p.i:c.I. reoMeTpllR OITUT8 ITO ~BOttliOMY pacceRHll!O 

ITpllMSHllTSJlbHO K ~8HHOMY CJIY'l8IO B~a ll3 p.i:c.2. IlOJIHpllMSTp pa6oTaJI 
Herrocpe~CTBSHHO Ha BHYTPSHHett Mmll9Hll YCKOpllT8JIR Y-70, ITOSTOMY KaHaJI 
IT8pBll'llillX qacTHU B 06ll'J:HOM CMUCJie OTCYTCTBOB8JI, ero 38M9HRJI Y'l:8CTOK 
K8Mepu YCKOpllT8JlR Me~ 45-M ll 46-M IIOBOpOTlillMll MarHHT8Mll. no 

WYHKUllOHaJibHOMy IlpllHUllITY B SKCIT9pllM9HT8JlbHOtt YCT8HOBK9 MOJKHO Bli~S~Tb 
"ITY~OBYIO" ll CII9KTpOM9Tpll'l:8CKYIO 'J:8CTll, a T8KJKe aHamsaTop BTOP~Horo 
pacCSRHllR. 

Ily-qKOB8H qacTb ITOJISIPlWeTpa. 

K ITY~OBOtt 'J:8CTll YCTaHOBKll (pllc.I) OTHOCRTCR MmlISHHlltt yseJI (M), 
MOHllTOplille TSJISCKOITli (MI,M2), KOHTpORHpYIOll1li9 ypoBSHb c6poca Ha 
.Mmll9Hb. IlOCKOJlbKY ll3MepeHlle IIOJIRpll381.l,IDI: ITpOBO~OCb B IIIHpOKOM 
llHTSpBaJie 9Heprilll: ITepB~X ITpOTOHOB, TO c6poc ITpOTOHOB Ha Mll1Il9Hb 

BllITOnHRJICR Ha ITO~eMe MarHHTHoro ITOJIR YCKOpllTSJIR rrpll HapocTaHHH 
SHeprHH IIpOTOHOB OT IS ~o 65 rsB. 

MmueHb (M) BliITOnHSHa B B~e ITO~BSCKll pasMepoM 4x4 MM2 ll TOJlllllllIOtt 
0.2-0.4 r/cM

2
• BBo~ Mll1Il0Hll B ITY'J:OK OCYJ!\SCTBJIRJICR c ITOMO~blO 

CTa~apTHoro ~JIR Y-7Q IIpllBO~a C yrrpaBJISHllSM OT. ITYJibTa ll3 ~OMllKa 
3KCIT9pllM9HTaTopa. BliBOj BTOpll'llioro rry~a 'J:8CT~ ll3 K8M9pll YCKOpllTSJIR 
IIp0ll3BO,Il;ll:JICR qepes OKHO (0) ll3 TllT8HOBOtt WoJibrll TOJlllllllIOtt 50 MKM ll 
rrorrepe'lHUMll pasMepaMH 35x38 MM2 • 

CneKTpOU8TJ)Wl8CK8H qaCTb YCT8HOBJW. 

CrreKTpoMeTp~ecKaR qaCTb YCTaHOBKll COCTOllT ll3 8Hamsnpyromero 
MarHHTa AM, ~e~BliX KaMep )U{I-4 c pasMepoM I26xI26 ttNi2 ll 

CUllHTllJIJJRUllOHHllX cqeT'J:HKOB SI-4 c pasMepoM CUllHTllJlJIRTOpOB 26x30x0.8; 
30x60x2.0; 50x80x3.5; ll 28x74xI.5 MM2 COOTBSTCTBSHHO ITO X,Y ll Z 
H8ITp8BJl9HllRM. 
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Pllc.I.KoHcTpYKUllH rroRHpllMeTpa. 

AHaJIH3npyrommt MarirnT HMeR pa3Mep pa6oqett 
arrepTYPl:l I40x280 MM2 ll llHTerpaR MarlillTHOro 
ITORH ,no 0.5 TMM. 3<1$,KTllBH8fl ,n;~a 
M8r!illTHoro ITORH (LM) COCT8BRHR8 1640 MM. 

BeKTOP HarrpHmeHHOCTll MarlillTHOro ITORH 
oplleHTllpOB8H ropll30HT8RbHO, T.e. B,D;ORb OCll X, 
ll OTKROH8lill8 38pRmeHHl:lX qacT,m rrpollCXO,D;llRO B 

B8pTllK8RbHOtt ITROCKOCTll YZ. 
)inR C!llmelillR BJIHR!illR MHOrOKp8THOro 

pacceR!illR Ha TO~OCTb orrpe,n;eRelillR llMITYRbC8 B · 
H8ll60Ree rrpoTRmeHHl:le yqaCTKll, CB060,D;HI:l8 OT 
,n;eTeKTOpoB, 61:lJIH BCT8BR8Hl:l 60KCl:l C reJIHeM 
(He). 1fMIIYRbC qaCTllU (q) BOCCT8H8BRllB8RCR ITO 

yrRy OTKROH8lillR (SM) llX TpaeKTOPllll B 
8H8JIH3llpYIOm8M M8r!illT8. ToqHOCTb orrpe,n;eRelillR 
llMITYRhC8 He. xyme 5% B llHT8pBaRe 500-1200 

MsB/c. 
~eHTll(lillK8UllR qacT,m (7C,p,d) ocymecBRRR8Cb 

no BpeMelill llX rrpoReTa Mem,n;y cqeTqllKaMll SI-S3 
ll S2-S3. 

p 
- p' -,k tt7t.ci; "·_/ 

MW/7ffe& -t _ T 
HRx 9~- Q. 

Pllc.2.CxeMa OITI:lT8 ITO ,D;BOttliOMY pacceRHIDO. 

AHaJm3aTop BTopwmoro paccemum. 
AHaJIH38TOp BTOpllqHoro paccefllill COOTORR ll3 yrRepo,D;Hott MllIII8lill "C" 

TO.mn;,IBOtt 35-50 MM, .npett(lloBl:lX KaMep ,lllt5-7, YCT8HOBR8HHl:lX 38 
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8H8JIH38TOpOM, ll CllCT8Ml:l ro,n;ocKo~eCKllX HI-5 ll aHTllCOBITa,D;8T8RbHl:lX 
ClUIBTRRRRUllOHHl:lX cqeTqifKOB AI-3 (pllC. I). HarrpaMe!lle TpeKa qac~, 
BXO,D;RIIUfX B paccellBaTeRb, (lillKCllpOB8JIHCb K8MepaMll ,llKI-4, K8m,D;8H ll3 
KOTOpl:lX COCTOllT ll3 qeTUpeX O,D;HOKOOp,D;llH8THl:lX ITROCKOCTett (4X,4Y,4X,4Y) 
p83MepoM I26xI26 MM2

• HarrpaMe!lle TpeKOB qacT,m ITOCRe paccellB8T8RR 
orrpe,n;eRRROCb .npett(lloBI:lMll KaMepaMll ,!Jlt5-7. KaMepu ,!Jlt5-7 COCTORT ll3 nap X 
ll Y ITROCKOCTett pa3MepoM 256x256 MM2

, o6p83Y!O!IU1X KOOp,D;llHaTHJ:ltt Ha6op 
2X+2Y,2X+2Y,2X+2Y. 

Ha6op ,D;eTeKTOpOB ITORHpllM8Tpa 38Bepru8RCR c6opKott ll3 5 
ro,n;ocKo~eCKllX cqeTqifKQB HI-5, o6p83YIO!IU1X ,D;Be ITROCKOCTll: 2 - B,D;ORb 
OCll X ll 3 - B,D;ORb OCll Y. 3R8M8HTl:l ro,n;OCKOITOB BK.moqaJIHCb B Tpllrrep no 
cxeMe "llJIH" MR o6ecrreqe!llR 6.Jrn3KOtt K 100% 3q$3KTllBHOCTll perllCTp8Ullll 
paccemrux qEJc•i•.nu. 

rrepe,n; KaMepon ,!Jlt5 pacrroRaraRcR aHTllCOBrra,n;aTenhlil:ltt cqeTqifK 

KORbU8BOro TllIT8 AI, KOTOP~ cnymllR MR ITO,D;8BR8lillR Ha YPOBHe Tpllrrepa 
qaCTll MHoroTpeKOBI:lX C061:lTlitt. no OCll rronHpllM8Tpa 38 KaMepon ,lJlt7 
pasMemeHl:l cqeTqifKR aHTllCOBrra,n;elilltt .A2,3 .D;RR rro.naBneirnR qacT,m c Ma~ 
yrnoM pacceR!llR (:;;;6°). BKJTIOqeHife cqeTqifKOB AI-3 YM_eHbmaRo qucno 

38ITYCKOB YCT8HOBKll B 8 pas, o6oramaR T8KllM o6pa30M Tpllrrep rrone3Hl:lMll 
C06llTllRMll. 

SneKTpoHHaH cxeua nOJllIJ»llleTPa H CHCTeua c6opa ~amnn. 
3R8KTpoHllKa BllITORHeHa B CTaH,D;apTe KAM.AK· [10]. C6op ,D;aHHl:lX c 

anrrapaTYPl:l KAM.AK ocymecTBnRnCR c IIOMOmhIO SBM "3neKTpoHllKa-I00-25", Ha 

KOTopon 61:lRa a,n;arrTllpOBaHa CllCTeMa rrplleMa ll o6pa60T1rn m,itKlpM8Ullll MES 
[ 11 l (rrpRRomeHlle rr. I. 3) 

B Tp8TbeA rnaBe OIIllC8Hl:l M8TO,D;I:l o6pa60TKll 3KCrrepllMeHT8JlbHl:lX 

,n;aHHllX: o6pa60TK8 rrepBifqHIIX C06!1Tlitt, IOCTllpOBKa 3Jl8M8HTOB IIOJIHpllMeTpa, 
orrpe,n;eJie!lle JIOmHOtt 8CllMM8Tpllll, KpllT8pllll OT6opa C06!1Tlitt ll ll3Mepe!lle 
8CllMM9Tpllll pacceR!llR ll IIORHpll38Ullll qacTllU co CIIllHOM I/2 ll I. 

I .reoUeTJ)H'leCKBB peKOHCTpYKt!HB co6uTml. 
M3M9pReMaR KOOp,D;llH8T8 Tp8K8 (Xi) qaCTllUll ·rrpe.n;CT8MR9TCH 

CJIS,D;YIO!UllM BHpameHlleM: 

X1=(Ko~1xK1+T1+To)xV,n;p, (I) 

r.ne Ti,TO-llH,D;llBll,D;Y8JlbHl:l9 0 o6maR 38,D;SpmKll ,lilt, Ki-K03~8HTll 

rrpeo6p830B8HllR KO,D;a C KaMep (Ko~i) BO BpeMR, v,n;p-CKOpoCTh .npettllia. JinH 
ra30BOtt CM8Cll (70% A:r +30% ll306YT8H + 0.5% M9THR8Jlb), llCITOJlb3Y8MOtt B 
K8M9pax, B9Jlli'lliH8 V,n;p 0Ilp9,D;8RHJI8Cb 3KCII8pllM9Hr8JlbHO ITO CII9KTp8M 
CllrH8JIOB c 8HO,D;HI:lX HllTett K8Mep ll ee B8JlllqllH8 B cpe,D;HeM 61:lRa paBH8 51.5 
MM/MKC. )inR ,D;8RbHettmen pa6oTll MSTO,D;OM H8llM0HbllillX KB8,D;p8TOB 
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orrpe~eJIHIOTCH a H b napaMeTpll Tp0KOB (X=axZ+b) no OT~eJiblillM K8MepaM, 8 
38T0M no BCeM K8MepaM MH xz H YZ rrpoeKumt. 

MMrlyJlbc 'l8CTHU (q) orrpe~eJIHJICH no yrJiy OT~OH0IIBH (8M) TpeKa B 
MarIIBTHOM noJie 8H8Jfil3HpYlrn\0rO MarIIBTa: 

8M=Arctg(a1)-Arctg(a.2), (2) 

r~e a1 ,a.2-napaMeTpll TpeKOB ~o ll nocJie M8rIIBT8. 3HatteIIBe HMIIYJibC8 q 
(MaB/c) MH noJIH ff (TJI) ll_9q:$)KTHBHOtt ~e M8rIIBT8 LM (MM) paBHO: 

q=0.29979xHxLM/S1n(8M) (3) 

To'lHOCTb orrpe~eJieIIBH HMIIYJlbC8 MH q > 500 MaB/c, COT8BJIHeT B0Jfil'IHHY 
nopH~a 5%. Ha 9TOM 9Tarre o6pa60TKH IIpOHCXO,n;HJI OT6op 0,l(HOTpeKOBllX 
C06HTltlt, BOCCT8HOBJieHHllX K8K MHIIBMYM no TpeM TO'IK8M B ~enitxrnon 
K8Mepe, C HMIIYJibCOM 'l8CTHU B .n;.I8II830He OT IOO ~o 2000 MaB/c, yrJIOM 
pacceHIIBH 'l8CTHU IIOCJie 8H8Jfil38TOpa >3°. 

2.llcmpoBR8 reoUBTpml IIOJIJlJlmlBTpa IIpOH3BO,n;HJI8Cb rrpn pa6oTe 6e3 
8H8Jfil38TOpa-pacceJIBaTeJIH, T.e.Ha "rrpHMllX" Tp9K8X. B JIOrHKe TpHrrepa 
rrpH 9TOM C'l0T'IHKH A-2,3 BK~'l8JfilCb Ha COBIIa~eIIBe. Ilocie~OB8T8JlbHOCTb 
BllIIOJIHH8MllX onepaumt rrpn IOCTHpOBKe 6HJI8 CJI8~1rn\8H: 

-KoppeKI.J;HH sa~ep~eK (Ti) B K8H8Jl8X ~ettilXJBllX KaMep; 
-BllCTpottl<a yrJIOB 8'xy,8'yz,8"xy,8"yz 6JIOKOB K8Mep ~o ll nocJie 

aHaJIBsaTopa; 
-ycTpaHeIIBe ~ettlillX CMHrOB (Lxy) 9THX K8Mep B TO'IK9 

pacrroJio~IIBH pacceJIBaTeJIH. 
BeJfil'IHHa JIOJKHOtt 8CHMM8TpHH d.Ei rrpe~CT8BJIHJI8Cb ~ettliott 

arrrrpoKCHM8I.J;Hett OT COOTB8TCTBYIOlllllX rrapaMeTpOB (T86JI.l). 

Ta6~a I. 

dPari 
IlapaM. TO'lllOCTb 

Ti 4.0 HC 
Lxy 0.57 MM 
8'xz 0.3 Mp8~ 
8'yz 1.3 Mp8~ 
8"xz 0.24 Mp8~ 
8"yz 1.3 Mp8~ 

ds = ~ CYM -/. l., uci 

dsi 

dPari dsi % dsCYM % 

0.075 ± 0.036 0.30 
0.311 ± 0.189 0.18 
0.126 ± 0.378 0.27 . 0.58 

-0.095 ± 0.381 -0.18 
-0.041 ± 0.378 · -0.34 
0.095 ± 0.381 0.18 

(4) 

3HatteIIBe BeJIB'IHHll JlOJKHOtt 8CHMM8TpHH 38 C'l8T TO'IH~CTH IOCTHpOBKH 
~ettilXJBllX KaMep dsCYM=0.006. 
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3.01.'lenKa Jioimoa acmweTpm1 no~eTpa KOHTpo~oBaJiacb rryTeM 
ll3MepeIIBH 8CHMMeTpHH (s7C) pacceHIIBH 7C-M030HOB Ha 8H8Jfil38Tope. 
AcHMMeTpllH s7C rrpe~CT8BJIHJI8Cb B Bll~e tliYHKI.l;Hll OT IIOJIHpHOro yrJia (Sxy) 
ll BBO.n;.IJI8Cb K8K rrorrpaBKa rrpn orrpe~eJieHHH IIpOTOHHOtt H ~ettTpOHHOtt 
8CHMM8Tpltlt C Y'l8TOM ee CT8TllCTH'l8CKOtt 3H8'lllMOCTll. 

s.,,..(8 )=C1+C2x8 +C3•82 • (5) ,-xy xy xy 

3H8'l8IIBH rrapaMeTpOB Ci -~JIH p83Jfil'IHUX ceprnt ll3MepeIIBtt IIpllBe~eHH B 
Ta6JIBIJ;e 2. 

Ta6JIBu;a 2. 

Ci 9Be, 158° 12c, 158° 96Mo, 158° 12c, 950 

C1 10.5 ± 19.7 34.7 ± 16.8 4.5 ± 22.8 21 .8 ± 16. 1 
C2 -2.40 ± 4.20 -6.40 ± 6.50 -0.60 ± 4.90 -4.20 ± 3.50 
C3 0.13 ± 0.23. 0.29 ± 0.26 .018 ± 0.26 .192 ± 0.18 

<S7e> -.001 ± .009 -0.02 ± 0.02 .004 ± 0.01 .009 ± 0.01 

B IJ;8JIOM mmHHaH 8CHMM8TpUH H860Jlblll8H ll He IIp8Blllll888T (I.5+/-2.0)%. 
4.0rrpe~eJiemi:e acmweTp:m,: paccemnra H IIOJIHJlH38I.J;HH ttacTm:1. 
B OI!llTe no MOttliOMy pacceHIIBIO .n;.Iq:$lpeHI.J;H8JlbHOe cetieIIBe BO BTOpOM 

pacceHHHH orrpe~eJifl8TCH COOTHOIJJeIIBeM: 

~"" (1+P1•P2•Cos(¢)), (6) 

r~e P1 n P2-rroJIHpnsal.J;Hll rrocJie rrepBoro n BToporo pacceHIIBH, qi-yroJI 
MeJK,ey IIJiocKocTbIO rrepBoro n BToporo paccemnm. EcJlll u;eJibIO OIIllTa 
Sj.BJIH8TCH orrpe~eJieIIBe IIOJIHpH38I.l;Hll B rrepBOM pacceHHHH (P=P1), TO 38~8'!8 
CBO.n;.ITCH K orrpe~eJieIIBIO 8CHMMeTpHH BO BTOpOM pacceHHHH (Sp) no 
H3B8CTHOtt 8H8Jfil3HpYlOill8tt CIIOC06HOCTU 8H8Jfil38TOpa (Ac): 

P = SP/Ac (7) 

S H Ac orrpe~eJIH'loTCH K8.!C B8Jfil'lllHH, B3BellleHHHe no COBOKYIIHOCTll C0611Tltlt p 

B 38~8HHOM IDITepBaJie yrJIOB pacceHIIBH 8xy H ¢. 
IlrrOCKOCTb MarIIBTHoro 8H8Jfil38 (YZ) 6HJI8 BepTHK8JlbHOtt; B0KTOp 

IIOJIHpll38IJ;llll P BpamaJICH B MarIIBT-HOM IIOJie B 9T Ott IIJIOCKOCTH. YroJI 
BpameIIBH. (SB) B8KTopa IIOJIHpll38I.l;Hll OTHOCHT8JlbHO HOpMaJIB IIJIOCKOCTH 
nepBll'!Horo pacceHIIBH paCC'lllTllB8JlCH C Y'l8TOM HMIIYJibC8 IIpOTOH8 ll 

Y'lHTllB8JlCH rrpn Bll'lllCJieHHH HCXO,l(HOro 3H8'l0HllH IIOJIHpll38I.l;Hll IIpOTOHOB. 

S1n{8B)=2.79x7xS1n{8M), (8) 

,=Elm - raMMa qiaKTop 'l8CTHI.\ll c Maccon m n aHeprnen E, 8M-yroJI 
OT~OH8IIBH Tpe.!Ca B M8rIIBTe (3). MaKCHM8JlbHlltt yroJI IIOBopoTa CIIIDI8 B 
M8rIIBTHOM IIOJie COCT8BJIHJI 40° (~JIH q=550 MaB/c). 

- 7 -



KpHT8pml OT6opa Il0Jl83Hlll Co6YTHa, 

Pa6o'Iltlt IDITepBaJI ITOJI.HpHllX yrJIOB 8xy orpamPIBBaeTCH B ITOJI.HpllM8Tpe 
CHH3Y 06JiaCTbID MHOrOKp8THOro RYJIOHOBCROro pacceHHHH. npn- TOJJlllIDI8X 
aHaJIHsaTopa 34-50 MM ueJiecoo6pasHo rrpIDIHTb 8m1n=6°. 8max orrpe~eJIHeTcH 
pasMepar.rn: pa6oqea ITJioma~ ~ea!lDBUX RaMep ,IU{5-7 ll, B 38BHCllMOCTH OT 
asllMyTaJibHOro yrJia ¢. emax ROJie6JieTCH OT rr0~o I4°. 

'tJT06U ycTpaHHTb BJIHHHHe rpa~x YCJIOBHa Ha pesyJibT8Tll 
ll3MepeHna acHMMeTpllll, B 8H8JIH3 BRJiroqaJIHCb TOJibRO Te 

sepRaJibHOe OT06pame:ime ROTOpUX B ITJIOCROCTH ZY OCT8B8JIOCb 
pa6oqea aITepTypu RaMep. 

no Roop~aTaM Ra~oro co6UTHH, B rrpouecce off-line 

co6UTHH, 

B rrpe~eRax 

o6pa60TRH, 
BuqncJIHJIHCb ROOp~aTU TQqRll B38HMO~eacTBHH B 8H8JIH38TOpe 
T(Xo,Yo,Zo). B 3Toa TQqRe H8XO~OCb pacCTOHHHe (Dxy) Mem~ TpeRaMH 
BXO,IiflmID,! ll BUXO~HmliM ll3 aHaJIHSaTopa-pacceHBaTeJIH. 

Co6UTHH, ITROCROCTb pacceHHHH ROTopux COCTaBJIHJia 3HaqnTeJibHUa 
yroJI C ITROCROCTbID ITepBoro pacceHHHH ll ROT6pue HMeJIH, CJI8~0B8T8JibHO, 

Ma~ Bee rrpn orrpe~eJieHHH acHMMeTpmI pacceHHHH, TaRme m:RRroqaJIHcb HS 
aHaJIHsa rryTeM orpa~eHHH a3llMYT8JibHllX yrJIOB. ¢ CeRTOpar.rn: ±45° 
OROJIO Y-HarrpaMeHHH. TaRHM o6pa30M, acHMMeTpHH pacceHHHH orrpe~eJIHR8Cb 

R8R ycpe~e:ime Cos(¢) ITO COBORyrrHOCTH co6UTHa B OTMeqeHHllX IDITepBaRax 
ITOR.HpHUX ll 83llMYT8JibHllX yrJIOB 

6 = __!!_ ~ Cos(¢
1

) 
P N 1=1 ,N 

(9) 

(a=I.22 MH rrpIDIHTUX rrpe~eJIOB OT6opa ITO¢). AHaJIH3llpYIDm8H CITOC06HOCTb 
IT0~06HUM o6pa30M orrpe,neJIHJI8Cb B3B81illffi8HHeM B IDITepBaRe 8m1n<8<8max. 

1 Ac = - . ~ Ac(81 ,Tp1 ). 
N 1=1,N 

Co6UTHe cqHT8JIOCb ITORe3HllM, eCJIH· BUITORHHJIHCb CRe~romne YCROBHH: 

D < Dmax = 3 OD, 

Xmin < x· < Xmax, 

Ymin < Y < Ymax, 
8min < 8 < 8max. 

(IO) 

(II) 

AHaJIHSllpYIDmaH CITOC06HOCTb Ac(81,Tpi). arrrrpoRCHMllpOB8R8Cb corJiaCHO 
peROMeMaUIDI [12) B B~e 38BHCllMOCTH: 

Ac= a1xPt/(1+Ap2•Pt2+Ap3•Pt3 ), r~e (I2) 

Ap1 = a11+a12•Pg+a13xPg2+a14•Pg3+a15•Pg4
, 

Ap2 = a21+a22xPg+a23xPg2+a24xPg3+a25xPg4 , 

f1P3 = a31+a32•Pg+a33xPg2+a34xPg3+a35xPg4
• 
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3Haqe:imH ITapaMeTpOB aik rrpHBe~eHll B Ta6RHUS 3. npH Tp>I40 MsB 
(3HSprHH rrpoTOHOB B USHTpS pacceHBaTSJIH) TOWOCTb arrrrpoRCHMaUIDI 
OUSHHB8STCH B + /-2% [ 12 l • BupamsHHH Pg ll Pt orrps~SJIHIDTCH 
COOTHOillSHHHMH: 
Pg=0.001•q-AC•0.22/(q-280),Pt=13,922xPgxS1n(8xy); q-HMITYJibC rrpoTOHa B 

[MsB/cJ, a AC - TOJJlllIDia yrJiepo~oro aHaJIHsaTopa-paccsHBaTeJIH B [MM]. 
no ycps~SHHllM 3Haqs:imHM Ac II E (9,IO) ITOJI.HpII38UllH rrpoTOHOB p 

orrps~SRHSTCH corJiaCHO COOTHOillSIDIID (7i. 

Ta6RHUa 3. 

~ 1 2 3 4 5 

1 -1 .4612 3.9771 4.5435 -14.698 7.9534 
2 1.7526 -4.4892 2.6525 0.19632 0.0 
3 0.31303 -2.498 6.5019 -6.7049 2.3974 

B 'IBTBepToa rJiaBe rrpHBe~eHll pssyJlbTaTU sRcITepHMsHTa, OTpamaromns 
38BIICHMOCTII CITIDIOBUX xapaRTSpIICTHR OT 3Hsprllll (E) ITSpBHWoro rry~a 

qacTHU, OT HMITYJibCa (q) II yrJia (8) o6pasoBaHHH BTOp~ qacTHU, a 
TaRmS OT 8TOMHOro HOMSpa (A) H~8-MHmSHH. ,llJIH ~eaTpOHOB rrpe~cTaMeHa 

TOJibRO 8CHMM0TpllH llX pacCSHHHH, ITOCROJibRY H006XO~S ~aHH!le 06 

aHaJIHSllpYIDmstt CITOC06HOCTII yrJiepo~a MH ,nsaTpoHOB B HamsM IDIT0pBaJIS 

HMITYJibCOB OTCYTCTBYIDT. 

I.AcmweTpHH paccemnm Ryl(Y'JlflTllBHWt npoTOHOB H ~e1;1TpOHOB, 

ITOJIHPH38~ IlpOTOHOB C yrJIOU BYJieTa rsa0 • 
npII o6pa60TRS ,naHHUX Ha6paHHaH CT8THCTHR8 6UJia pacnps,nsJieHa ITO 6 

HMITYJibCHUM IDITSpBaJiaM RYMYJIHTHBHUX rrpoTOHOB ll 3 IDIT0pBaJiaM ITO 3HeprHH 

ITSpB~ npOTOHOB. npn 8H8JIH30 ,naHHUX liMITYJlbCHUa IDIT0pBaJI MH 
rrpoTOHOB orp~aJICH CHHSY SHaqs:imsM 505 MsB/c, ITOCROJibRY :imms 
3TO!t BS~ aHaJIHBllpYIDm8H CITOC06HOCTb yrJiepo,na 6UCTpO ITa,nasT. 
HillKHHH rpaHHUa ITO HMITYJibCY MH ,ne!tTpoHOB COCTaBJIHJia 625 MsB/c II 

orrps,neJIHJiaCb llX rrpo6sroM B BemecTB8 aHaJIHsaTopa II ,IiST0RTOpoB. 
)lllaIT~SOH ITO BHeprHH (E=I7-64 rsB) IT8pB~ rrpoTOHOB orrpe,neJIHJICH 

pemHM?M pa6oTU YCROpHT0JIH, ·npII ROTOpOM BOSMOmHO 6UJIO OCYmSCTBJIHTb 
paBHOMepHUa c6poc rry~a IlpOTOHOB Ha Mllill0Hb, ,llJIH pas~ cepna 
IISMSpsHna rpaHHUU pa6oqero .n;HaITaSOHa OTJIHqaJIHCb H8 ±2 rsB. 

3aBHCHMOCTb aCHMMSTpllll (ep) pacCSHHHSI RYMYJISITHBHUX rrpoTOHOB OT 
llX llMITY JibCa MR si.n:sp Be , C, Mo ITORasaHa Ha pRCYHR8 3, nocROJlbRY 
HST CYm8CTB8HHOro paSJIHqHH B liMITYJibCHUX saBIICHMOCTSIX 8CHMM0Tpllll ,IiJIH 
pasJIHWoa 3HSprHH ITSpB~ rrpoTOHOB, npHBO~TCSI pssyJlbTaT 
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ycpe,n;1rnmr.H E'lC ITO ITOJillOMY E-HHTepBaJJy. 8HepreTH'l:8CKa.H 3aBHCllMOCTb 
aCHMM8Tpllll AJJ.H IIpOTOHOB B ~arra30H8 RX llMIIYJJbCOB OT 505 AO 950 MsB/c 
ITOKa3aHa Ha pnc.4. AHaJJOrll'Ilill8 33BHCHMOCTH AJJ.H ac:UMM8Tpllll pacce.HHH.H 
(Ed) AenTpOHOB c llMIIYJJbCOM q=625-1100 MsB/c IlOKa3aHU Ha pnc.5,6. 

10.----------~ 10r----------~ 

x:~~- 5 

~ 0~ ic 1t= A'# a: 5 • -Mo-96 a: ' 
-5 • -·Mo-96 - _r 1"" 

-C· -12 
-- - e -Be-9 -10 -10 

500 600 700 800 900 10 20 30 40 50 60 70 
q. MJB/c 

Pllc.3. LfMrryJibCHli8 3aB:UCllMOCT:U 
8CHMM8Tpllll AJI.H IIpOTOHOB,o6pa-
30BaHHUX Ha .H~ax Be(o), C(o), 
Mo (ll.) ITOA yrJJOM 158°. 

20,_ _________ _, 
e -Be-9 

10 t•-Mo-96_ ~ 

:;: 0 +f-tlt-±tc 
-10----~-___,.-_ __._____, 

600 700 800 900 1000 
q, MaB/c 

Pllc. 5. LfMrry JlbCHli8 ·saB:UCllMOCTH 
acHMMeTpllll M.H AenTpoHOB, o6pa-
30BaHHUX Ha .H~ax Be(o),Mo(ll.) 
ITOA yrJIOM !58°. 

E, faB 
Pllc.4. 8HepreT:uqecKRe 3aBHCllMOCT:U 
acHMMeTpllll M.H IIpOTOHOB,o6pa30Ba
HHliX Ha .H~ax Be(o), C(o), Mo (ll.) 
ITOA yrJIOM !58~. 

20r-----------, 
e -Be-9 

10' • -Mo-96 

N 

0 L __ tt _ -w _-j~ - -
. 

a: 

-10.__, _ ___._ _ _._ _ _.__~_, 
10 20 30 40 50 60 70 

E, faB 

Pllc.6. 8Hepr8Tli'l:8CKll:8 3aB:UCllMOCTH 
aC:UMM8Tpllll M.H AenTpOHOB, o6paso
B8HHliX Ha .H~ax Be(o), MO(ll.) ITOA 
yrJioM 158°. 

Jio~ma.H acHMMeTp:U.H ITOJI.HpllM8Tpa (E'lC), OIIp8A8JI8HHa.H rrp:u pacce.HIIl'Ill 
Ha aHaJJ:usaTope 'lC-M830HOB, B pa3A8JlbHliX 3KCIT03~.HX Ha .H~ax Be, C ll 

Mo COOTB8TCTB8HHO paBH.HJiacb: E-n;=-0.0012±0.0086; -.0!5±0.02 H 
0.0042±0.0IO. 

OT llMIIYJibCa, 
IToKasaHa Ha 

B!lpaJKeHHUX 

3aB:UCHMOCTb TIOJI.Hpll381Uffi KYMYJI.HTHBHliX IIpOTOHOB 
ycpe~eHHon ITO 3Hepr8Twi:8CKOMY HHT8pBaJJy E=I7-62 raB, 
p:uc.7. B llMIIYJ!bCHOn 3aB:UCHMOCT:U ITOJJ.Hp:USau,m .HBHO 
OC068HHOCTen He Ha6JJIOA88TC.H. 

- IO -

8HepreTH'l:8CKa.H saB:UCHMOCTb ITOJI.Hpll3au,m (p:uc .8) M.H BC8X .HASP 
B!1p8lK8Ha CJia6o :U ea B8Jlli'l:HHa rrpaKTH'l:8CKR H8 :U3M8H.H8TC.H B IIp8A8Jiax 
Kop~opa ourn:601<. 

20.---------~ 
e -Be-9 

~ 10t .. ::t:§l ~ 0.a-~ ---1~,rr ~ ~ f . , 
500 600 700 800 900 

q, MaB/c 

Pllc.7. LfMrryJihCHH8 3aBHCllMOCT:U 
ITOJJ.Hpll3au,m AJI.H IIpOTOHOB,o6pa-
30BaHHUX Ha .H~ax Be(o), C(o), 
Mo (ll.) ITOA yrJJOM !58°. 

20 .----------~ 

10 
N 

Q.. 0 

e-Be-9-
1!1-C -12 

--~-1$·~ 
-10.___.___.____.___.____.____J 

10 20 30 40 50 60 70 
E, f,18 

Pllc.8. 8HepreT:uqec1<:ue 3aBHCHMOCTH 
ITOJJ.Hp:U3au,m M.H IIpOTOHOB, o6paso
BaHHUX Ha .H~ax Be(o),C(o),Mo (ll.) 
ITOA yrJIOM !58°. 

2.Il0.11HpH38UWI IIpOTOHOB H acPDOleTpHJI paccemnm 
~eATpoHoB, o6pasoaammx no~ yrnow 95°. 
}lllaITa30H ITO 3HeprHH IT8pB:uqHUX IIpOTOHOB E ll3MeH.HJIC.H OT !7 AO 62 

raB rrp:u HerrpepUBHOM HaBeAeHHH BHYTpeHHero ITyql{a Ha TOHKYID yrJiepo~yro 
MmIIeHb. }lllaITa30Hli aHaJJ:u3a ITO llMIIYJlbCY COCTBBHJJ:u: AJI.H IIpOTOHOB 
qp=(520-1120) MsB/c, M.H AenTpOHOB qd=(740-1220) MsB/c.,llJJ.H aHaJJ:u3a 
llMIIYJlhCHOn ll: 3HepreTwi:ecKon 3aBll:CHMOCTen Ha6paHHa.H CTaTll:CTRKa 
pacrrpeAeJJ.HJiaCb ITO TpeM HHTepBaJiaM ITepB:Uqffon 3HeprHH ll: 7 ll:HT8pBaJiaM ITO 
llMIIYJ!bCy. JioJKHa.H acHMMeTp:U.H, :U3Mep.HeMa.H 3KCITepHMeHTaJJbHO ITO acHMMeTpHH 
pacce.HHH.H 'lC-Me30HOB, COCTaBJI.HJia B cpe~eM E'lC=0.009±0.010. lll3MepeHHUe 
BeJJli'l:ll:Hll aCHMM8Tpllll pacce.HIIl'I.H IIpOTOHOB (Ep) B 38Bll:CllMOCTll: OT RX 

llMIIYJ!bCOB ITOKa3aHli Ha pnc.9. Cpe~.H.H Be.JIITT:HHa acHMMeTpllll IIpOTOHOB 
Ep=(4.8±0.5)% ll: rrpaKTH'l:eCKll: He 38B:UCll:T OT E (pnc.IO?-

,llJJ.H KYMYJI.HTll:BHliX AenTpOHOB (pnc.9) B8JJ:uqnffa JJeBo-rrpaBon 
acHMMeTpllll pacce.HHH.H B rrpeAeJiax ourn~~K He OTJJli'l:aeTC.H OT HYJI.H 
Ed=(0.71±0.52)%. IlpeACTaBJJ.HeTC.H MaJIOBepo1i?HllM H8Jlllqll:8 MeXBHll:3Ma, 
KOTopun MOJK8T o6yCJIOBll:Tb ITO.HBJJeHll:e 3HaqnTeJibHon BSKTOpHon ITOJJ.Hpll:Sau,m 
KYMYJJ.HTll:BHliX AenTpoHOB, IT03TOMY Ha6JJIDAaeMun HYJJeBon 3il$lKT 8CHMM8Tpllll 
pacce.HIIl'I.H ABnTpoHOB MOJKHO pacueHRBaTb, KBK 8CT8CTBeliHlln pesyJJbTaT. B 
cpaBHeHHH C Hll:M 3HaqnT8JlbHa.H Be~a ac_ll:MMeTpHH pacce.HHH.H IIpOTOHOB 
BOCIIpll:HHMaeTC.H, ' KaK KOCBeHHoe ITOATBepJKAeHll:e peaJibHOCTll: 3il$lKT8 
ITOJI.Hpll:381Uffi KYMYJI.HT:lll3HHX IIpOTOHOB C yrJIOM BllJJeTa 95°. 
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Pnc.9. M:MrryJibCHble 38BllCllMOCTll 
acUMMeTpllll ,MR IIpOTOHOB (o) ll 

,nettTpOHOB (D), o6pa30B8HH11X Ha 
R~e 12c rro.n yrJioM 95? 

-4-~~~-_.__....__..___. 
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E. f38 

Pnc.I0.3HepreTll'l:eCKlle 38BllCllMOCTll 
8CUMMeTpllll ,nJIR IlpOTOHOB (o) U 
,nettTpOHOB ( □), o6pa30B8HH11X Ha 
R~e 12c rro.n yrJioM 95? 

38BllCllMOCTb Be~'l:llH11 ITOJIRpll38IJ,lill KYMYJIRTllBHblX IIpOTOHOB OT 
llMIJyJibCa q B pa3~'l:HblX E-:mi:TepBaJiax ITOKa3aHa Ha pile.II. B ,nuarrasoHe 
q=700-800 MsB/c Ha6JIIO,naeTCR rro,n'.heM ITOJIRpHsarurn, r.ne ee Be~'Illlla 
COCT8BJIReT Pp=(I3.2±2.0)%. 

20r----------~ 
•-<Pp>=l12.0+/-l.017. 
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yrJIOM 95';) 
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Pnc.I2.3HepreTll'l:eCK8R 38BHCllMOCTb 
ITOJIRpH3aIJ,lill .nJIR IIpOTOHOB, 06paso
BaHH11x Ha R~e 12c rro.n yrJioM 95°. 

OT 8Heprllll rrepBll'IHblX IIpOTOHOB ITOJIRpH3aI.Urn Pp npaKTH'l:eCKll He 
38BHCHT (pHC. I2), ee H3MeHeHHe He BllXO,nllT 38 npe,neJm: onrn:60K .nJIR 

Bcero . .nuarrasoHa E=I7-64 raB H B cpe,ntteM <Pp>=(12.0±1.0)%. 
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3.YrJIOBaH H A-aaBHCHUOCTH IlOJIJlJ)H33~-

B yrJIOBOtt 38BHCllMOCTH ITOJIRpH38IJ,lill rrpGTOHOB OTMe'l:aSTCR RpKO 
BHpalKeHHbltt xapaKTep YM9Hbill9HHR ee BSJ!lllillHH C B03pacTaHUeM yrJia OT 95° 
,no 158°. CorrocTaBJieHUe pesyJihT8TOB ,nJIR 8TllX ceplltt H3MepeHlltt Il03BOJIR9T 
c,neJiaTb BHBO,n O HaJlll'l:llll yrJIOBOtt 38BllCllMOCTll ITOJIRpH38IJ,lill rrpoTOHOB. B 
KYMYJIRTllBHOM npouecce: B CJIY'l:89 yrJiepo,nttoa Mllill9HH .nJIR C .nJIR yrJia 158° 
cpe,nttRR Be~a rroJIRpUSarurn <Pp>=(3.3±2.1 )%, a .nJIR yrJia 95° -
<Pp>=(12.0±1.0)%. 

16 _________ ~ 

12 t + 
~8 

1!1-158° 
1!1-95° 

n_·: t 1 _ -------~ 

Pllc. 13. A-38BHCllMOCTb IlOJIRpH38IJ,lill 
KYMYJIRTllBHblX IIpTOHOB. 

A-38BHCllMOCTb ITOJIRpH38IJ,lill 

_ 4 .....___......__ ......... ~......_-......,__....... KYMYJIRTllBHblX IIpOTOHOB B HBCTomnett 
0 20 40 60 80 100 pa6oTe npe,ncT813J!ReTCR H3MepeHHRMH, 

A BHITOJIHeHHHMH rro.n yrJioM !58°. 
HecMOTpR Ha He60JlbillYID BeJlll'IIDiy 

ITOJIRpHsarurn (Pp(l58°)=2-4%), KaK BH,nHO H3 pHcyttKa 13, MOJKHO OTMSTHTb 
onpe,neJISHHYID TSH,ne~ B A-38BHCllMOCTH, BHpalKeHHyID B YM9Hbill9HHH 
cpe,nttett Be~ IlOJIRpH38IJ,lill <Pp> C yBe~'l:eHHeM aTOMHoro HOMepa 
R~a-MllilleHH: <Pp(Be)>=(4.3±1.7)%, <Pp(C)>=(3.3±1.5)% H 
<Pp(Mo)>=(1.6±1.9)%. 

B MToa rnaBe ,nuccepTa_rurn c,neJiaHa oueHKa BeJlll'l:llH11 rroJIRpHsarurn, 
B03HHKaromea B rrpouecce ynpyroro rrepepacceRHHR KYMYJIRTllBHllX rrpoToHoB Ha 
KBa3HCB060,nH11X HYKJIOHax R~a; npoBe,neHO cpaBHeHHe 8KdrrepllM9HTaJlbHllX 
,naHHHX C pac'l:eTOM. B IIpHJIOlKeHHH II.3 IIpllBO,nRTCR OCHOBHbl9 rlX)pMyJm:, 
HCITOJlb30BaHH1!e B pac'l:eTe. 

IlOJIRpH38UHR IIpOTOHOB Ha yrJiepo,ne ,nJIR yrJia 95°, ITOJIY'l:SHHaR B 
8KCil9pllM8HTe H pac'l:eTHHM rryTeM IlOKa3aHa Ha pnc.14. 

30...----------, 

X 

e-Exper •• 95° 

20 
,1!1-Honte-Carlo 

a.. 10 

01c:::: ,,, 

500 650 800 950 1100 
q, M38/c 

Pnc.14. M:M!IyJlbCHaR 38BHCllMOCTb 
ITOJIRpH3aIJ,lill KYMYJIRTllBHllX rrpoTOHOB, 
o6pa3oBaHHHX rro.n yrJIOM 95°.To'l:Kll 
(o)-sKcrrepUMeHT,I'HCTorpaMMa- pac'l:eT. 

OTcro,na BH.nHO ,noBOJihHO xopomee 
corJiacne pac'l:eTa H sKcrrepHMeHTa 
TOJlbKO ,nJIR 'l:8CTHU C UMIIyJlbC8MH q ~ 
800 MsB/c. C YMeHbmeHHeM UMIIyJlhCa 
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paccornacoBalllie B03pacTaeT. He ncRJIIO'leHo, '!To ~nH yrna 95° B~a~ B 
ITOnSipH38J..OllO MOmeT dUTb He TOnhRO 38 C'leT CITeRT8TOpHoro MeXaHU3Ma, HO 
H 38 C'leT, H8rrpHMep, ITepepacceHHliH IlpOTOHOB OT~a~. odpa30B8HHUX BO 
B38HMO~e:tl:CTBlili ITepB~oro rry~a C HYRnOH8Mli H.npa. 

)lJIH yrna 158° pac'leTHOe 3Ha'leHUe ITOnSipH381..Uill d~3RO R Hynro, 'ITO 
BITO~e y~oMeTBOpHTenhHO cornacyeTCH H C rrpemonaraeMUM MeX8HU3MOM H 
C SRCITepHMeHTanhHUMR ~aHHUMR. 

B mecTo:l!: rJiaBe ,ll;IICCepT81..Uill, 38RJilO'IBTenhHO:tl:, cqx:ipMy~oBaHU 
OCHOBHUe pe3ynbT8TU H BUBO,ll;!I ,ll;IICcepTal..Uill: 

l.IlonSipH381.UIH RYMYnHTliBHUX rrpOTOHOB, odpa30B8HHUX Ha H.npe 12c ITO~ 
yrnoM 95° n.c. rrpn aHeprlili rrpoToHHoro ITy~a OT 17 ~o 64 raB, RMeeT 
He3H8~TenhHYID - ("'10%), HO ~OCTOBepHO OT~YID OT HynH Be~'lliHy. 

2.IlonSipH381.UIH RYMYnHTliBHUX rrpOTOHOB, odpa30B8HHUX ITO~ yrnoM 158° 
n.c. Ha H.npax 9Be, 12c, 96Mo rrpn aHeprlili rrpoToHHoro _ITy~a OT 17 ~o 64 
raB, He HyneBaH (2-4%) BO Bcex Tpex SRCITepHMeHT8X, XOTH OTRnoHeHUe OT 
HyneBo:tl: Be~qRHU ~aXO,ll;IITCH Ha ypOBHe o~oro-~yx CT8H~apTHUX 
OTRnoHe:mtlt. B~3ROe R HYJIIO 3H8'lemrn ITOnSipH381..Uill MOJKHO HCTO~OB8Tb, KBR 
o~ H3 aprYMeHTOB B ITOnhsy rrpeodna~arome:tt po~ MexaHU3MOB odpasoBaHUH 
RYMYnHTliBHUX rrpOTOHOB CITeRT8TOpHoro Tlilla ~ qepes po~eHUe H pacITa~ 
BUCOROBOSdy~eHHUX dapnoHHUX ~accTepoB. 

3.JA:s nccne~oBaHHUx 3aBncHMocTe:tl: ITOnSipH3al..Uill (E,A,q,9) Handonee 
cnnhHO rrpoHBnHeTCH yrnoBaH; B cnyqae MH H.npa yrnepo~a rrpn nsMeHeHHH 
yrna 9 OT 95°~0 158° Be~a ITOnHpH381..Uill YMeHbmaeTCH BTpoe: 
<Pp(C,95°)>=(12.0±1.0)% li <Pp(C,158°)>=(3.3±2.1)%; A-38BHCliMOCTh 
rrpOHBnHeTCH B YMeHbilleHHH ITOnHpH3al..Uill C B03pacTaHHeM 8TOMHOro HOMepa 
MilllleHU: <Pp(Be,158°)>=(4.3±1.7)% n <Pp(Mo,158°)>=(1.6±1.9)%; 
SHepreTH'!eCR8H (E) H liMrrynhCH8H (q) 38BHCliMOCTH BupameHU cnado B 
illlipOROM liHTepBane H~qe:mtlt E (17-62 raB) n q(S00-1100 MaB/c). 

4.BITepBue H3MepeHa ITOnSipH381.UIH B meCTRO:tl: 'l8CTH CITeRTpa 
RYMYnHTliBHllX rrpDTOHOB, po~aeMUx H838~ (q;,, 900 MaB/c). 

5.BITepBue H3MepeHa ITOnSipnsar.urH RYMYnHTHBHUX rrpDTOHOB H acHMMeTpHH 
pacceHHliH RYMYnHTliBHUX ~e:tl:TpOHOB, odpa30B8HHUX Ha H.npax Be, C, Mo ITO~ 
BOS~e:tl:CTBHeM IlpOTOHOB C :rneprne:l!: OT 17 ~o 62 raB. B STOM ,ll;II8IT830He 
SHeprli:l!: ITOnSipH381.UIH He MeHHeTCH B rrpe~enax OmHdOR H3Mepe:mtlt (±2%). 

6.AcHMMeTpnH pacceHHliH RYMYnHTliBHllX ~e:l!:TpOHOB, odpa30B8HHUX Ha 
H.npax Be, C, Mo rrpn yrnax 95° n I58°, B rrpe~enax omHdoR H3Mepe:mtlt 
("'2%) paBHa HyJIIO. 8TOT BUBO~ MOJKHO pacrrpocTpaHHTh n Ha BeRTOpHyID 

ITOnSipnsar.ono RYMYnHTliBHUX ~e:l!:TpOHOB, ec~ COOTBeTCTBYIOm8H 
8H8~3HpYIOm8H CITOCOdHOC~h yrnepo~a CJmeCTB8HHO OT~a OT HynH (;i:10%). 

7.HaHdonee ~OCTOBepOHTHUM M6X8HH3MOM, OTBeTCTBeHHUM 38 
HadJIIO~aeMyID ITOnSipH38J..OllO RYMYnHTliBHllX rrpQTOHOB, rrpe~cTaBnHeTCH HX 
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ITepepacceHHlie Ha RB83HCBOdO~X H~OH8X H.npa. Burro~eHHUe B 
,ll;IICCepT81..Uill pac'leTU (rnaBa 5) ITOnSipH381..Uill RYMYnHTliBHUX rrpoTOHOB, 
BOSHHRarome:l!: 38 C'l6T 8RTOB yrrpyroro NN-pacceHHliH ITOR83UBaIDT, 'ITO 
yrnoBaH 38BHCHMOCTh ITOnSipH381..Uill (Be~'llilia a!WBRT8 ITOpH~a 12% MH yrna 
95° n ITOpH~a 1-2% MH yrna 158°) xopomo cornacyeTCH c HadJIIO~aeMo:l!: B 
SRCITepHMeHTe. B mecTRO:tl: qacTH CIT6RTpa (HITYnhC q;,, 800 MaB/c) RMeeTCH 
xopomee Ro~qecTBeHHoe cornacne pac'leTa n aRcITepHMeHTa, o~aRo 
HadJIIO~aeTCH pas~~e B MHrKo:l!: 'l8CTH CITeRTpa (q < 800 MaB/c). 

PeROMe~. 

Ha OCHOB8HHH cpaBH6HHH SRCITepHMeHTanhHUX ~aHHUX H pac'leTOB 
~enaeTCH BUBO~, 'ITO MH YTO'lHeHHH po~ CITeRT8TOpHoro MexaHHSMa 
HedXO,ll;IIMU ~OITO~TenbHUe rrpeue3HOHHUe HSMepeHUH (bP<2%) ITO 
ITOnSipnSal..Uill RYMYnHTHBHUX 'l8CTHU C pacmHpeljlleM CITeRTpa ~aHHUX ITO AH e, 
'ITO ~8CT B03MOJKHOCTb" YCT8HOBHTh Heodxo~OCTh rrpnBneqeHHH .npyrnx 
MeX8HH3MOB MH OdbHCHeHHH S!WBRTa ITOnSipH381..Uill. PeRoMe~eTCH 
rrpo~O~Th nsyqeHHe ITOnSipH381..Uill RYMYnHTliBHUX 8,lJJlOHOB Ha ITY~ax 'l8CTHU 
BllCORHX SHeprd C uenhID YTO'lHeHHH 38BHCHMOCTH ITOnHpH381..Uill OT 8TOMHOro 
HOMepa MUIDeHH, aHeprlili n yrna SMliCClili nccne~eMUx qacTHU, a TaRme 
OT 'l8CTHUU-CHapH~a. 
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