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0 
06paaoaamte rnnepoHOB K 

2 
-MeaoHaMn: Ha6niOaanocb HeCKOnbKil:Mil: sKcnepnMeH-

TanbHbiMH rpynnaMH 0 O!lHBKO LtBHHbiX 06 scpcpeKTil:BHblX ceqeHHSIX SToro IIpOU9CCa B 

1/ 
HBCTOSIIUee Bp9MSJ He ll:MeeTCH 

PeaKUHSI po:>KaeHHSI rnnepouoa Ko 
2 

-MeaoHaMH nayqanacb c noMOIUbiO KaMepbi 

BnnbCoua a MarnHTHOM none B nyqKe Ko 
2 -MeaoHOB oT CHHxpocpaaoTpOHa OYI.HYI. 

2 
MHW9Hb10 cny:>KHna CBHHUOBBH nnaCTIIHKB TOnlUil:HOfi 5,8 r/cM • 

YcnoBHSI OnbiTa 6binlf 6Jmronpll:SITHbl B OCHOBHOM LWSI perll:CTpBUHH paCII8!lOB 

A 0 
-rHnep.ouoa, ~.K. acneacTBHe cpaaHHTenbuo Man oil: sueprHn po:>Kaeu~biX qacTHU 

nOLtBBnSIIOlUBSI 'IBCTb 38pSI:>KeHHbiX rHnepOHOB He BblXOLtHna H3 CBHHUOBOil: nnaCTHHKH 

2/ 
H3-38 HOHif38UHOHHOrO TOpMO:>K9HHSI 

npH SKCII03HUHH KBMepbi CO CBHHUOBOil: IInBCTHHKOfi 6binO aaperHCTpHpOBBHO 

440 V0 
-co6biTHfio Yfa HHX BH3yanbHbiM nyTeM 6binO OT06paHO 39 C06?ITHil: 0 y KOTO-

pbiX O!lHH If3 cneLtOB no nnOTHOCTll II0'19pileHHSI H IIO KpliBH3He If!l9HTHcpHUHpOBanCSI 

KBK npOTOH (pHCo 1). 

Yrnoaoe pacnpeaeneHne A 0 
-rHnepoHoa, acnyrueHHbiX H3 nna~THHKH, no-aHan

o 

MOMYt SIBnSISTCSI If30TpOIIHbiMt TaKa KOnH'I9CTB8 j\ -qaCTHU HCIIylUeHHbiX "anepea" H 

uH838!l" (a na6opaTOpUO:il: CHCT9M9 KOOp!lHHBT) no OTHOW9HHIO K HanpaaneHHIO !lBH

:>K9HHSI -M930HOB npaKTH'IeCKH O!lHHBKOBbi ~-+ = _!L ) C uenbiO 
~ 15 • 

OKOH'IBTenbHO:il: ll!leHTHcpHKBUHH npOBOLtHnCSI Kl!HeMBTH'I9CKH:il: 8HanH3 OT06paHHbiX co-

3/ 
6biTHtl: • .LlnSI 35 nonuocTbiO o6MepeHHbiX pacnaaoa 6bmo onpeLleneHo OTKnoueune 

aenH'IHHbi .. 
~ = E + E_- P+ • 1L Cos y 4/ 

4 2 
OT ee pac'leTHoro 3HB'I9HHSI C = 17 .38•10 ( Msa) anSI pacnaLla A 0 

-+ p + rr - .• a 

T8K)K9 SKCilepHMeHTMbHaSI OWH6Ka 8 ~ ( E+. E_, P+' v_ o6o3H8'1810T COOTBeT-

CTB9HHO H3Mep9HHbi9 nonHbl9 sueprHH H liMIIynbCbi, a 

II8!lHbiX '18CTHU ). 

y -yron paaneTa pac -

/1/ 1 I B pa6oTe naHocpcxoro H LlP. MeTO!lOM Bbi6bU~8HHSI H3 nyilxe H3MepeHO 

nonuoe ce'lenne aaanMOLle:ll:CTBHSI K~ -MeaoHOB ua Mean npn cpeLlHe:ll: sueprnn 130 Ms:.> 

( C1 a/1120+250) M6. 
nonuoe - 121 
2/ YcnOBHSI H IIOCT?HOBKB OIIblT8 IIO!lp06Ho OIIHC8Hbi B pa6oTe • 

3/ Cpean 

TanH H3 CT9HOK 

HHX, K8K IIOK83an KHH9M8TH'I9CKH:il: auanH3, 11 rHnepOHOB Bblne

K8M9pbl R B Lt8nbH9:il:W eM lfCKniO'IanRCb 113 paCCMOTp9HRSI. 
. . ' :1 :1 

4/ 3Ta BenH'IRH8 HBnsreTCSI HHBa pHaHTOM li paBHa C "' ( \f - M - M )/2 AO p 1T • 



4 

KaK BHJ:lHO H3 Ta51JHUhl 1, OT05paHHhl8 C05hJTIHl Y .nOB1J8TBOpSIIOT KHHeMaTH" 

Ke A 0 -pacna.na. Cpe.nHee 3Ha'leHne Macchi pacna.narorunxcSI 'laCTHu, Bhi'!Hc-. 

118111108 .nnSI BhiJ:l81I8HHhiX pacna.noB, COCTaBnSieT 11116:! 81MaB H XOpOWO cor-

nacyeTCSI c naH5onee TO'!HhiM aHa'!eHHeM Macchi A 0 
-rHnepoua: 

. 131 
.~fR/1115,45:!0,12/ MaB • Cpe.nHSISI aHeprHSI aaperncTpHpoBaHHhiX A 0 -rHnepo-

HOB oKa3anacb paBHOH 40 M aB, a MaKCHM anbHaH - 80 M 9B. 

TaKIIM o5paaoM, npoBe.nenHhlH aHanHa noKaaan, 'ITO ~ ycnoBHSix Hawero 

Ofi biT a OT50p A 0 -pacnan OB npOBOJ:l HliC.SJ J:lOCTaTO'IHO· Hane>KHO. n OCKOJibKY 

BepOSITHOCTb HMHTaUHH A 0 -pacnanoB .npyrHMH B03MO>KHhtMH peaKUHSIMH, Ha-

npHMep, peaKu·Hefi o5paaoBaHHSJ B rase KaMepht oTpHuaTenbHhiX TT -Me30HOB 
. 51 

HefiTpOHaMH H3 nytiKa O'I8Hb Mana t 'TO BCe 38 Bhltl81I8HHhlX C05hlTHH cne.nyeT 

OTH8CTH K pacnany A 0 
-'lacTHUhi no cxeMe . A0

-+ p + TT- '• .[lnSJ onpe-

,lleneHRB RCTIIHHoro '!Irena A 0 
-rnnepoHoB 5htnH BBeneHhi nonpaBKH ua "Hefi-

TpanbHbtH: " pacna.n A 0 
-+ n + TT

0
. , ua pacna.nhi A 0 -qacTHU BHYTPH MH-

weuH H BH8 OCBe!ll8HHOi!: o51JaCTH KaMephl H Ha 9cptP8KTHBHOCTb perHCTpaUHH 
AO . 

-rnnepOHOB, 3aBHCSilliYIO /xaK fiOKa3a1IH H3MepeHHS1/ OT ll0JIO>K8HIHI nnoc-

KOCTH pacnana OTHOCHT81IbHO HanpaB1I8HHSI tPOTOrpaciJnpoBaHHSI. 
,.. 

nocne BBeneHHSI Bcex nonpaBOK, ncnpaBneuuoe qncno A 0 
'-rnnepoHoB, Bht~ 

1I8T8BWHX H3 nnac_THHKH, COCT8B1ISJ8T 133: 2'3. npnBe,neHHaSI OllJH5Ka BKliiO'IaeT 

KaK CTaTHCTH'I8CKHH paa5poc, TaK H OWH5KH BB8J:l8HHSJ nonpaBOK. 

0 
nonuhli!: noTOK nanaromnx K 

2 
-MeaouoB orrpenem:mcH na qncna aapernc-

o ' 
TpnpoBaHHhiX K 

2 
-pacnanoB B xopowo npocMaTpnBaeMoi!: o5nacTH xaMephi B 

0 -
npennono>KeHHH, 'ITO K 

2 
-MeaOHhi nMeiOT aueprnro Exo= 100 MaB, 5nnaKyto 

.:._ /2 I ;, 
K aHa'leHHIO cpenHei!: aHeprnn, onpeneneHHOi!: paHee • C y'leToM nonpaBKH Ha 

o o 6 I o 
a¢¢eKTHBHOCTb perncTpaunn n Ha pacna.n K 

2 
+ 3rr "'!Reno K 

2 
-Me30HOB, 

npowe.nwnx -qepea nnacTHHKy, oKaaanocb paBHbiM 141:! 101· 10
3• 'OcHOBHan npH .. 

"'IRHa 501JbWOi!: Heonpe.neneHHOCTH fiOTOKa CBB3aHa C H8TO'IHOCTbiO onpeneneHHSI 
0 +1 6 -8 141 

cpe.nHero BpeMeHH >KH3HH K 
2 

-MeaoHoB I rx: = 1,1_
1
•,1 • 10 ceK I. 

5/ B rase KaMepbi 5bmo aapernc:rpnpoBaHo Bcero 5 c nyqaeB po:a<neHHSI 
"-::·-MesoHoB B cocTaBe MHorony'leBbiX aBeail. 

' ' . . . . . 

· .. ·. /21. .. . .. 
6/ no HaWHM ,naHHbiM' OTHOCHT81IbHaB B8pOSITHOCTb aT_OrO pacnana coc-

T8B1ISI8T N-20% • 

I 
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Hait.aeHHbte aHa'leHIHI HCTHHHO!'O 'IRena AO -rnnepOHOB n noTOKa 
0 

K2-Me30HOB qepea nnacTHHKY .abroT .ans ce'leHHH o6paaoBaHHH A 0 
-rRnepOHOB 

Ha PB cne.ayromyro oueHKy: 

U = 1200:!:701 M6, 

0.aHaKO 9Ta OU9HKa MO:>KeT OKaaaTbCH 38HR:>KeHHOH BCJ19.UCTBHe TO!'O, 'ITO npH 

onpe.aeneHHH nonpaBOK MoryT 6biTb He nonHOCTbro yqTeHbi pacna.abr, aeposT

HOCTb perHcTpauHn KOTOpbiX O'leHb Mana IHanpHMep, pacna.abi Tex 'r:~~ne

poHOB, HMnynbC KOTOpbiX COCTaBJIH9T He60JibillOH YI'OJI C nnacTHHKOlil, 

npHHHMaH BO BHHMaHHe, 'ITO aaperHCTpRpOBaHHbie A 0 -r:~~nepOHbl MO!'yT 

o6paaoaaTbCH KaK B peaynbTaTe nenocpeacTBeHHoro aaarrMo.aeiicTBHH K 0 

2 
M930HOB C HL(p8MH CBHHUa, T8K H B pe3yJ1bTaTe pacnaaa ~o -rnnepOHOB, po:>K

Ll9HHblX TaK:>Ke B HenocpeL!CTB9HHOM B3aHMOL!9HCTBHH, 9TO c·eqeHlie cne.ayeT 

OTH9CTH K npoueccy o6pa30B8HHH ~0 
-rrmeponoa. 

C U9JlbiD nonx'leHHH CBe,UeHHH 0 MeXaHH3Me pO:>K.U9HHH !'RnepOHOB H3y'la

J18Cb npHpO.lla 38pH:>K9HHblX 'laCTHU 1 BbiJ19TaiDIUHX H3 nnaCTHHKH COBM9CTHO C 

A 0 -rHnepoHaMR. B 6 cnyqasx IRa 281 coBMecTHO c 
.; 

A 0 
:...rHnepoHoM Bbr-

neTaeT nH6o "+ -MeaoH , nH6o anexTpOHHO~noaRTpOHHaH napa. B .apy-

I'HX 9 cnyqasx, BbtneT A 0 
-rRnepona conpoao:m:.aaeTcs HcnycxanHeM npo.ToHa, 

B 9THX cny'laHX He nOHBJ1H9TCH HHKaKOH KOppenHUHH B YI'J18X paaneTa 

0 
H npoTona, Tor .a a xax B cnyqae nornomeHHH • K 

2 
-M eaoHa .UBYMH 

HyKnonaMH ecTecTBeHHO o>KH.aaTb, 'ITO .a'on:lKHbi npeo6na.aaTb yrnbr paaneTa, 

0 
6JIH3Kii9 K 180 , npHB9,ll9HHbl9 ,ll8HHbl9 CBHL(9T9JlbCTByroT 0 TOM, 'ITO B HaWHX 

0 
ycnoBHHX npouecc nornomeHHH K 2 -MeaoHoB .aBYMH HYKnoHaMH lxax H B 

cnyqae nornomeHHH Ha neTy K- .:..M eaonoa 
151 I He slanseTc£ npeo6na.aaroiUHM. 

Cpe.aH vo -co6biTHH, y KOTOp b!X O.U HH H3 CJ19,llOB Bbl-XO.UHT H3 nnaCTHH-

KH, no KHH9M8THK9 H H3M9p9HHHM HOHH38UH.H 6biJ1 H,ll9HTH!j>HUHpOB8H O,UHH cnyqafi . 

pacrr.a.aa • XoTH a¢¢eKTHBHOCTb perHcTpauHH Taxoro pacna.aa 

Mana IOHa COCT8BJ1H9T "'15% It Ha6nro,aeHHe TOJ1bKO O.UHOI'O 3apH:>K 9HHOI'O I'Hne-

pOHa I'OBOpHT 06 HX MaJIOM Bb!XO,ll9 no cpaBHeHHID C A o..::'laCTHUaMR .• B TO me 

BpeMH mpH naanMo.aeil:cTBHH K -MeaonoB c .aeiiTpoHoM BbiXO.Ubi HeiiTpanbllbiX 

161 
H aapn:m:enH biX rHnepoHOB cpaBHHM bt no BenH'IHHe • M anbxfi Bbixo.a aaps:>KeH-

HbiX I'HnepOHOB o6ycnaBJ1HBaeTCH 1 nO-BHL!HMOMy, HX CHJ1bHbiM nornOIUeHHeM 

BHYTPH H.apa. 
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npH aHaJIH3e yo -coo biTHH, KO'l'Opbte M OI'Jilf ObiTb pacrranaM H Ko, -Me
l 

30HOB, BhiJieTeBwHx 1'13 rrnacTIIHKH, ObiJIO o5uapy>KeHo onao coobiTHe, ynoane

TBopsuomee B rrpenenax onHoli. cTaHnapTHotl: owH5KH KHHeMaTHKe pacrrana 

K
0 

1 
-+IT++ rr- , '!To naeT nnH OTHoweHHH ce'!eHHll per-eHepauHH K 0 

2 
-+ 

H po>KneHHH I'HIIepOHOB B CBIIHUe 3Ha'!eHHe ·HaMHOI'O MeHbW e enHHIIUbi 
·-2 

I rv 5.10 I. B cBH3H c a-TnM cnenyeT yrrOMHHYTb, 'ITO cor-nacHo pac'!eTaM 
171 0 u • 

BHcBaca, , aTo oTHoweHHe nnH K 2 - p B3aHMoneHcTBIIH rrpH aHepr-HH 

Ko 
1 

100 

K 

Mas HMeeT 3Ha'!eHHH. OT 0,2 no 5 nnH '!9Tbtpex B03MO>KHbiX fiMIIJIHTyn 

- p 
' 181 

-pacceHHHSI, HallneHHhiX .LlanHTUeM H TyanoM , 

B 3aKnro'!eHHe OTMeTHM, 'ITO nnH A 0 - pacrranoa 5bmH orrpeneneHbi oT-

HOW9HHst '!HCeJI pacrranHhiX IIpOTOHOB 1 neTSllllHX BIIepen H Ha3an B CHCTeMe 

ueHTpa Mace A 0 -qacTHUhi, a TaK>Ke oTHoweHHst '!Hcen Tex >Ke qacTHU, HCrry-

meHHhiX BBepx H BHH3 OTHOCifTeJibHO IIJJOCKOCTH po>KneHifst A 0 
-rHrrepoHa. 

Pe3yJJbTaThi npHBeneHhi B Ta5nHue 2~, Hano cKa3aTb, '!To B naHHOM cnyq~ ne 

cne ny;eT O>K lfn.aTb CHJibH OH IIOJJHpH3 aUHH A0 
-'!acTHU rrpH po>KneHHH, TaK KaK 

B3aHM on ellCTBH9 1 rro-~HnlfM OMy, IIpOHCXOnHT B OCHOBHOM B S -cOCTOSIHHH. 

K poMe Tor-o, B03MO>KHbre acHMMeTp_JfH MOI'YT ObiTb cMa3aHhi H3-3a nBH>KeHHH 

HnepHbiX HYKJIOHOB, 

AaTop~ Bhlpa>Ka~T 5nar-onapnocTb KonneKTHBY aKcrrnyaTaUHOHHhlX oTne-

noa CHHxpocpaaoTp!)Ha, o5ecrre'IH5UieMy rrocTaHOBKY aToii pa5oThi • AaTopbi 

5naronapHbi B .M. noHTeKopBO aa nocTOHHHhiH HHTepec, B .n •· .Ll>KenerroBy H 

B.M. BeKcnepy aa· conellcTBHe B BbiiiOJIHeHHH pa50Thl.J M.M. nonr-opeuKoMy 

aa o6cy:mnenHe HeKoTophiX MeTonH'!ecKHX Bo~pocoa; M. AHHKliHOit H rpyrrrre_ 

na6opaaTOB aa y'!aCTHe B H3MepeHHHX. 

j 
/' 

J 
' 
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------ -----
I 
i 3Haq 
1 

eHHe ~-'C 
~ 

*) 
0+ I I+ 2 2+ 3 

I --- -
0 AO -C00HTHit 2I 6 ' I 

' 
~HC~ 

8!l 
*) B ycJIOBHSIX OimTa --s;:- tV 7% 

a"' 3~Cos0i +v 3 -a 
N N 

- ----
AcmweTpHSI l!HCJIO .; 

r:t~ne- MHmeH:o a 
pOHOB 

- ----- -
28 PB -0,22 

nepe,It-Hasa,It 
II CTeitJIO -0,39 

39 PB+CTeitJIO · -0,27 
--- --

28 PB -O,II 

Baepx-BHHS II CTeitJIO -0,42 

39 PB+CT eitJIO -O,I9 

npaBO-BJI6BO 39 PB+CTeKJIO +0,24 
I - -- -

3 

--
0 

!la 

-
.±0,34 

.±0,50 

.±0,29 
----

.±0,34 

.±0,5I 

.±0,28 
-

.±0,27 

N -tiHCJIO C00HTHR j o -yroJI BHJieTa npoTOHa j CyYMHpOBaHli:e 
npOH3BO,ItHTCSI no tiRCJIY C00HTHR. 
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