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AH HO.Tall H H 

MeTOLlOM KaMepbI BHnbCOHa C nnaCTHHKOil H3MepeHa OTHOCHT91IbH8H BepOSITHOCTb 
Q + -

pacnana K2 -- e-+ J7 + + V • no OTHOllieHHIO KO BCeM pacnanaM, HMelOLUHM aapg-

>KeHHbie nponyKTbI, 8T8 sepOHTHOCTb COCTaBnHeT ( 46 .! 11 ) %. HaitneHbI 4 sneKTpOHHo

-n0311TpOHHbie napbI c 6onbllIHMH yrnaMH pacTsopa, H. npoHaae.neH HX aHanHa. noKaaa-

HO, 'ITO 8TH co6bITIISJ cne.nyeT paccMaTp11B8Tb K8K npHM0e 8KCnepHM9HTanbHoe 
· Ko o 

yKaaaHHe 

Ha cymecTBOBaH11e no CHX nop He Ha6n10,nas.lliirocH pacna.na 2 -- 3 JT • 

K2 Hall.neHHast no cpenHeMy 
0 + -K2--e-+n++v 

Me30Ha a6conlOTH8SJ BepoHTHOCTb 
11 O O 

pacnana ( c y'ieToM .nonH f'-
2 

__,,.,. 3 JC ) B npe.nenax ollI11-

y nsoeHHoi1 a6con10THoii sepoHTHOCThlO pacnana K+ --

BpeMeHH >Kl13HH 

6oK 0llbIT8 cornacyeTCH C 
+ 0 ., _,,_ e +fl + YI 'ITO cs11.neTenhCTByeT B nonb3y pacnpocTpaHeHHH npas11na oT6opa 

Ha nenT0HHbie pacna,nbI K-Me30HOB. OueJ{Ka a6conlOTHOH sep0HTHOCTH .6I = "1/2 
Kf3 pacna.na TaKme cornacyeTcst c yKaaaHHbIM npas.11noM oT6opa. 



BnepBbie npaB1rnE1 oT6opa no .IIS0T0illPlec~oMy cnlI8;Y .o;m1 pacnat:i.Hh!.~ npoueccos. 

r1Inep0H0B H K'"'.M930HOB 6bWII BI,JCKasaHbl I'enn""'.MaHHOM. II flaftcOM ( 1 ) ' K0T0pbI9 .. . '..... . . . ' ~ ' ,,. . 

npe.unon0:>KIIlllI 1 'ITO. B . cnyqae nenenTOHHblX P,acna.uoB B9lllI'IIIHa II30T0llH'leC.!Wr0 ClllIHa 

II3M8HH9TCSI Ha 1/2, B .uanbH.eftW9M 6bl,ll0 noK_asirno, 'ITO paella.Ubl c. yqaCTII9M _CIIllbH0. 

BGalIM0.ZlefiCTBY!OllllIX tJaCTHIJ B npe.uenax OWII60K HSMepeHIIH y .uoa.ne.TB0pHTenbH0 0lllI"'.'.' 

CbIBaIOTCst 11pas1InoM OT6?pa .6,I = 1/2. ( CM: Hanp1IMep ;6~op 121 ) • . , .· 

nos.uHee OKyHb 131 paccM0Tpen,,:=l,T0 .npmrnno B paMKax C0CTaBH0,ll M0.Zl9ll1I, ane.-
' u C . u /4/ . ,, · 

M9HTapHblX tJaCTHU, npe.uno:>K9HH0II aKaTon I B K0TOpott ,B. KatJ9CTBe ., IICTIIHH0""'.9ne-: . 0 ' ' ,'.• ··• ' , 

M9H:apHbJX" tJaCTIIU llplIHIIMa!OTCH' HYKll0H II JV.. -rH11epo~1. OH llOKaaan, 'ITO ecnlI 

orpaHll'IIITbCH '19Tb!pexcpepMHOHHblM B3aHM0.Zl9ftCTBHeM, TO HCX0.ZlHbJM pacna.uoM stBnHeT-
. , 0 ' ' , .. "' . 

CH pacna.u /\ - p + e-(rL-)+Y, B KOTOp0M li30TOl1H'l9CKHfi CllHH ClillbHO BsaHMo·.ueft-
. ... , ... ·~ ""t: . '"· •. 

,cTBY!OlllHX qac:HII ll3M9HH9TCH Ha 1/2. C ll0M0lllb!O yKaGaHHoro npo11ecca B paMKax 

M0.Zl9llli CaKaTbl MoryT 6bJTb onncaHbl see .npyrne 'iienTOHHbJ9 pacna;:i:~1 CTp~HHbJX 'lac..: 
. I ·. ·.· , ,..... . .. 

THU. OTCIO,Zla nosransteTCH. B0GM0IB.H0CTb pacnpocTpaHHTb Ha Ke5 a K.,.rJ pacna,Zlbl 

npaBllll0 OT6opa . ·~ r = 1/i, K~Topoe .uaeT cne,n~~-1UH9 COOTH0~9HllH .ZlllH a6~~n~;..: 

Hb!X BepostTH0CTefi pacna.uoB 

( i ) 

TTpa 6onee o6max npe.unonoIB.eHnsrx 06 <?flHHaKoaocTu TpaHccpopMauaoHHbIX caoficTB a 
llG0TonntJeCK0M npocTpaHCTBe .unsr cna6bJX BGanMo.uefiCTBHli CTpaHHbJX tJaCTllJJ C yqacTn

eM Ii 6eG y~aCTllH nenT0H0B K aHonorn'IH~~y ~blBO.Zly npnwnn .0Ky6·~ i1 MapwaK /S/ • . 

TTepBblft 'war no npoaepKe npaBHna OT6opa /j_ r ;, 1 / 2. C0BM9CTH0 .ZlllH nenToH-

HblX n Henen.ToHHhIX pacna.uoa . K-MesoH&ie 6'bin c.uenaH Ko6aapeBbIM H OKyneM /B/ 

' ll OKy6oft ll ,zip. 17 I ' K0T0pbi9 no 9KCnepHM9HTanbHblM .uaHHblM. 0 K+ -pacna.uax Bbl-:-
0 

'lllClllillli cpe.uHee Bp9MH )KIIGHH K 2 -MeaoHa. BbJ'IHCll9HHaH B9llli'IHHa OKaaan~Cb 

Mano 0TllH'laIOIUeftcH OT 9KCI1epuMe11TanbH0r0 ,_3.HatJeHHSI, 

O.uHaKO Henocpe.ziCTBeHiIOe· Cp8BH9Hll9, a6COll!OTHblX aepOstTHOCTeft nenT0HHbJX pac.;.. 
\ 

na.uos K -MeG0H0B ( nposepKa cnpaae.mrtp:BOCTU C00TH0lll9Hllft ( 1 ) ll ( 2)) .uo cux nop 
: ... :·.' 
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1/ o 
He npoBO,llHnOCb Ha-aa OTCYTCTBHSI axcnepHMeHTanbHbIX ,ll8HHbIX no pacna,llaM K 2 

-MeaoHOB. B pa6oTe BapaoHa H ap. 191 , BbmOnHeHHOA c nOMOlllbIO xaMepbI BHnbCOHa, 
0 , 

no KHHeMaTHK8 V -c<?6bITHit H l{OHH38UHOHHbIM H3MepeHHSIM 6bmo H,lleHTHqlHUHpoaa-

HO Hecxonhxo cny~aea Ke3 H Kf-3 pacnaaoa K~ MeaoHoa. OaHaxo, xax yxaah1-

aaIOT CaMH aBTOpbI, HM He yaanoch CKOnbKO-HH6Y.llb TO'lHO oueHHTb OTHOCHTenbHbie Bo

pOSITHOCTH paCCMaTpHaaeMbIX pacna,llHhIX npoueccos. 

1-JacTOSJUlaSJ pa6oTa SJBnSJeTCSI 'laCTbIO 8KCnepHM8HT8nbH0ro accne.lloBaHHSI pacna,llHbIX 
0 

CBOACTB K2 M83_0HOB M8TO.ll0M K8M8pbl BanbCOHa, npoBe.lleHHoro Ha CHHxpocpaao:rpo-
2/ 

He OvHU1 
1 

a HMeeT 

Ki- Q:1:+ JT=r- + v 
uenbIO onpe.lleneHae a6conroTHOit 

0 
K~ H OU8HKy B8pOS1TH0CTH 

BepOSITHOCTH pacnaaa 

pacnaaa. 

.llnSJ H,ll8HTH<pHK8UHH 8KTOB pacnaaa Mhl noMemanH B KSMepy nepneH,llHKynHpHo K 
o . · 2 

nyqxy K2 -qacTHU CBHHU0BYIO nnaCTHHKy TOnlUHH0A 5,8 r/cM ·• nyTeM HSMepem1A 

n0T8pb HMnynaea pacna,/!lHi,IX q_aCTHu, npoXO,llSllllHX qepea STY nnaCTHHKY, acpcpexTHB

HO OT6Hpanac. 8KTbI K:3 -pacna.lla, T.K. aep0SITH0CTb 6onhWHX nOT8pb aHeprHH aneK• 

Tp0HlilMH H8 lf3ny'ieHHe npH npOXO>K.ll8HHH nnaCTHHKH aenaxa. HanpHMep, .llnSJ noTep& Ha 

Hsny'l8HH8, npeawwaromHX 30% HS'lan&H0A 8HeprHH anexTpoHa, 8T8 BepOSITHOCTb co

CTaBnSJeT O ,26. CxeMA onbITA npe.llCTaaneHa HB pac.1. HcTO'lHHKOM K~ .:.qacTHII cny>KHT 

BHyTpeHHSISI CBHHUOBaSJ MHW8Hb paaMepOM 20x25x70 MM
3

• QOM8lU8HH8S1 B ny110K npOTOHOB 

C aHeprHeA 9 Baa. 1iaCTHIIhl, BhlneT8IOlUH8 HS MHW8HH D0.ll yrnoM 97° K Dy'IKY npoTo-

HOB qepea OKH0 B CTeHxe B8KYYMHOA K8M8pbl ycxopHT8nSJ H CBHHIIOBblft K0HBepTop Ton-
2 

lUHHOit 50-100 r/CM • np0XO.llSJT 38T8M qepea CBHHII0BhlA xonnHMAT0p C8'l8HH8M 

30x120 MM
2 

H .llnHHOR 1,5 M8_Tpa, yc:TBHOBneHHhIA e npoeMe :menesHOJ"0 HpMa MarHHTa 

CHHXpO<p830TpOHa. nocJ1e aToro ny'lOK '18CTHII npOX0,llHT qepes sasop Me:may nonIOCHb1-

MH H8K0H8'iHHK8MH O'iHlU8IOlll8rO M8rHHT8 Cn-63 C H8npH)K8HHOCTbl0 QOnSJ 10000 raycc. 

.llanee npsiMoR ny'loK npoxo.aHT qepes BTopoa CBHHII0BhlA xonnHMaTOp npsiMoyronbHoro 

1/ , 
nonhITKa axcnepHMeHTBnbH0ro onpe.llen~HHSl cyMMapHoA B8p0HTH0CTH nenT0ltHbIX 

pacnaaoe Ko2 -MeaoHa 6hlna C.llenaHa B pa6oTe Kpay<popaa H ·.ap/8{ ·a K0TopoR Ha6nro
.aanoc& acero 8 nenToHHhIX pacnaaoe . K1 H. K~ "'M830H0B. 

2/ /JO/ 1-lacTH peaynh_TBTOB 9T0ro HccneaoeaHHSI ony6nHKOB8HbI H aonomeHbI Ha 

Po11ecTepcxoR xoHcpepeHUHH 111 / • Cne,ay:eT yxasaTb, 'ITO a Tpy aax. Po11ecTepcxoa xoH-
qiepeHUHH Hawe coo6weHHe ony6mixoeaHo B _cHnhHO acxa:meHH0M BH.ae. · 

'-
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2 
ceqemrn 50 x200 MM H .onHH0H 1,5 MeTpa, pacnono:xrnHHbIH B 6eTOHHOH aaIUHTe H 

nona.oaeT B· KaMepy BHnbCoHa, Haxo.o.11my10c.11 B aaaope aneK':rpoMarH~Ta MC-4. PaccTo

HHHe OT cpeaa nocne.oHero KonmiMaTopa .oo KaMepbI CBbiuie 1 Me;pa, noaTo~y. see 

Ko l qacTHUbI, pom.oeHHbie · a CTe_HKax KOnn_HMaTopa) Ha nyTH llO KaMepbl ycneBaIOT 

pacnacTbCH. PaccToR~He KaMepbI eT sHyTpeHHeii _MHIIIeHH cocTa~ngeT 8 MeTpos. vie-
. · - /12/ . 

nonb30BaHHaSI B OilbITe KaMepa no.o.po6HO OilHCaHa paHee • B .oaHH0H IlOCTaHOBKe. 

onbITa aa C'leT pacwHpeHH.11 aaaopa Mem.oy · o6MOTK~MH MarHHTa MC-'4 ~enHqeHa 

BbICOTa 0CBeIUeHH0fi o6nacTH ll0 90 MM. Cpe.ZlHSI~ BenHqirn~ 'HanpSI:>KeHHO~TH Mal"HHT

H0I"0 rionSI B ocsemeHH0fi o6nacTH paBHSieTCH 15000 raycc, npH 9T0M Heo.oHopo.oHocTb 
~ ' ' ' ' . 

non.11 He npeBbIW~eT .4%. TonIUHH·a imnHHllpHqecKOI"O CTeKna KaMepbI COCTaBnSieT 

_2 r/cM2, KaM~pa cpa6aTbI~ana B KOHue Kami:toro ce.01;,~oro UHKna ycKopeHHH. 3a-

nycK KaMepbI ocymecTBnHnc.11 HMnynbC0M, Bbipa6aTbIBaeMbIM Bb!C0KoqaCT0TH0H CHCT~M0fi 

ycK0pHTenSI aa 40-60 MCeK ll0 c6poca yCK0})~HHbIX qacTHU Ha MHllieHb, BbICTaBneHHe 

BHyTpeHHefi MHIIIeHH np0H3BO,ZlHnoc b npH IlOMOIUll cneuH anbHOI"O. ~porpaMMHpy10mero 

ycTpOfiCTBa, o6ecneqHBa~mero nonepeMeHHyIO HnH CO,BMeCTHy~ pa6oTy 'H~CKOnbKHX MHIIIe

He.a. CxeMa ynpasnem_1.11 KaMepott H .opyrHe perHC:TpHpy10mHe ycTpoi!:cT~a ( TeneBH3HOHHbifi 

9KpaH, H3MepHTenb HHT8HCHBHOCTH, yKaaaTenb BbICTaBn8HHSI MHIIIeHH H T.n.) 6bmH' BbI

HeceHbI H3 aana CHHxpocpaaoTpoaa· B pa.oHaUHOHHO 6eaonaclioe MecTo. 

PeaynbTaTbl OilbITa 

Bcero 6binO c.oenaHo OKOno 12 TbICSJq napHbIX CHHMKOB, Ha KOTOpbIX aaperHCTPH'"'.' 

V
o . 

poBaHO 670 -co6bITHfi H O,ZlHa qeTbipexnyqesaSI BHnKa, OKono 40 co6bITHfi H,ZleH-
' .. 0 . - O 

THqJHUHpOBaHbI KaK . aKTbI. pacna.o.a J\. '"'.'qacTHU, pO:>Kll;HHbIX . K 
2 

-MeaoHaMH B. CBHH-

UOBOfi nnacTHHKe H cTeHKax KaMepbx. OcTan~Hbie V - co6~ITH.II .11anHIOTC.11 pacna.oaMH .. 

-qacTHU. Ha K8:>Kll0M CHHMKe Ha6n10.oanocb rv 10 npoTOHOB, BbI6HBaeMbIX H3 
·. ,' . 8 ' - ' 

CTeHKH KaMepbI, npH cpe.oHett HHTeHCHBHOCTH ycKopeHHbIX npOTOHOB 5.10 qacTHU a 

HMnynbCe. 8neKTpOHHbIX nap aaperHCTpHpOBaHO npHM8pHO B 3 paaa MeHbWe qHcna 

V0 
·-co6bITHil 0 npuqeM H3 . HHX TOnbKO qeTbipe napbl COCTaBmlIOT 60nbIIIHe yrnbI C 

HanpaaneHHeM nyqKa 
0 -

K 2 -Me30HOB, nocne.o_HSISI UHcppa IlOKa3bIBaeT, qTo cpOH OT He-

HanpasneHHOI"O 0 -HanyqeHHSI B HaIIIHX ycnOBHSIX 6bm oqeHb Man· H B npHHUHne noa-

aon.11n perii:cTpHpoi3aTb aKTbI HefiTpanbHoro K
3

JT -pacna.oa no napaM .UanHTUa, 
0 

Cp~llH 440 K 2 -pacna.ooa, aaperHCTpHpOBaHHbIX npH ~KCil03HUHH KaMepbI co CBH~-

UOBOH nnaCTHHK0fi, 6bmO o6HapymeHO 114 npoxom.oeHHii ~apSI:>K8HHbIX npo.oyKTOB 'pac-
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0 . . . . . • -- . 

rra.na K
2 

-qacTHU tJepe3 rrnacTHHKY, Kor.na a Kam.noM oT.aenbHOM rrpoxom.aeHHH pac-

rra.aHaSI qacTuua no ycnoBHSIM ocaememrn .nonmHa o6st3aTenbHO Ha6mo.aaTbCSI rrocne 

rrnacTHHKH, rip11Mepb1 cnyqaea rrp~xom.nemrn pacrra.nHhIX tJ·acTHU ( Jf_- · H e- ) tJepe3 
' . ' ' ' ' ' 

rrnacTllHKY rrpnae.neHbI Ha puc. 2 H 3. JJ.nst acex cnyqaea rrpoxom.neHHSI ObinH rrpou3ae-

.aeub1 H3MepeHHSI: HMrrynbca pacrra.nHoi!: tJ8CTHUbl .no H rrocne rrpoxom.neHHSI tJepe3 rrnac

THHKy I yrna BXO.ll '.:l tJ8CTHilbl B rrnaCTHHKY I yrna Bb!XO.ll8 tJaCTHUbl H3 rrnaCTHHKH I a T8K-
3/ . . • 

:>Ke HMnynbca aTopofi pacrra.aHoit qacTHUbI • B pe3ynbTaTe 6hrno Hai!:.aeHo 24 npoxom.ne-

HHSI, H3 KOTOpb!X a 18 cnytJastx pacrra.nHaSI tJacTuua rrpeTepneaaeT copoc HMnynbca 6onb-

we 30%, a IISITH cnytJastx ocTaHa_ann:aaeTCSI B nnaCTHHKe H B 0.llHOM cnytJae .aaeT 

3ae?.ny. n pH aToM ao acex cnytJastx ( KaK cne.ayeT H3 Ta6nn:uh1 1, a KoTopofi 

np1rne.neHbl H3MepeHHble HMnynbCbI) Ha6nro.neHHbiit copoc HMIIynbca HnH OCT8HOBKY qac

THilbl Hellb3SI OON SICHHTb HOHH38UHOHHbIMH IIOTepSIMH. B wecTH cnytJaSix npOXO:>K.lleHHSI 

Haonro.neHbl nn:BHH H3 .nayx n: Tpex aneKTpOHOB, JJ.nH HHX BO BTOpOM CTonoue Ta6nu-

Ilb_l YK838Hbl cpe.aHHe 8Heprn:H nn:aHeBblX tJ8CTHil, Oqean.nHo, 'ITO ace OT06paHHble npo

XO:>K.lleHHH co c6poCOM HMIIynbC_a 6onee 30% cne.ayeT H.lleHTHqJHUiipOB8Tb K8K IIpOXO:>K.lle

HHSI aneKTpOHOB, ristTb OCT8HOBOK paCII8.llHb!X tJ8CTHU MOr'yT Ob!Tb K8K OCT8HOBK8MH 
+ 

aneKTpOHOB 1 TaK H Oe3nytJeBblMH 3Be3.ll8MH 1 o6pa30B8HHb!MH J[--Me30H8MH, JJ.nst To-

ro, tJTOObI H8ii.TH HCTHHHOe tJHcno npoxo:>K.neHHfi aneKTpOHOB tJepeqi nnacTHHKY. 11eo6xo.nu

MO, ao-nepBbIX, aaecTH nonpaBKY Ha cnytJaH co c6poCOM HMIIynbca MeHbWe 30%, ~. 
' ± 

ao-aTOpb!X, HCIW!OtJHTb H3 tJlfCna OCT8HOBOK 6e3nytJeBbJe 3Be3.llbl, B_bl3B8HHbJe JT -Me3o-

H8MH. 

riepaaH nonpaaKa Haxo.an:nacb .anst xa:>K.aoro oT.aenbHoro cnytJaH npoxom.aeHHH no 

¢opMynaM pacnpe.aeneHHH aepoHTHOCTH cyMMapHoro c6poc~ a11eprn:n: aneKTpOHOM Ha 
- - /13/ 

H3nyqe11ue H HOHH38UHIO,- npn:ae.aeHHb!M B paooTe 3itrewa . ·- CyMM8pHaSI .ao6aaKa, 

IIOnytJeHH8H T8KHM 00p830M, COCT8BnHeT 3 C06bITHH, BTopaSI IIOilp8BK8 IlpHHHM.anacb 

paauoii _ KOllHtJeCTBy SI,aepHbIX B38HMO.ll0i!:CTBHH acex npoxo.aHlllHX qepe3 nnaCTHHKy pac

II8.llHbIX tJ8CTHU ( 38 HCKnJOtJeHHeM aneKTpOHOB H ·p. -Me30HOB) C H.Op8MH CBHHU8 1 

3/ 
Own:6Ka H3MepeHHH HMIIynbca He npeBbIWaeT 10%. 

-· 
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4/ 
C'III'l'aH ceqemre paBHblM reoMeTplI'IeCKOMy 3Ta rrnnpaBKa COCTaB_mrnT 3 co6bITIIH. 

TaKIIM o6pasoM, IICTHHHOe 'IIICno npOXO)KlleHIIil aneKTpOHOB COCTaBnHeT 24. LlnH onpe-

neneHIIH OTHOCIITenhHOil BepOHTiiocTII -pacnana, cnenyeT TaK)Ke aaecTII nonpaBKY, 
0 

K 2 -Me30HOB. KaK HeTpy llHO y6en11ThCH, CBH3aHHYIO C llBII)KeHIIeM pacnanaIOlUIIXCH 

Ko 
llBII)K9HIIe 

2 
-Me30H<?B npHBOlllIT K HeKOTOpOMY yaemPieHII!O 'IIICna npoxo:>KneHHil 

qepes rmaCTIIHKY 6onee. TH)K9n!,IX pacnanHbIX 'IaCTIIU ( 1( lI fA- -MesoHoB) no cpaa-

H_eHH!O C 'IIICnOM npOX0)Kll9HIIil nerKIIX pacnanHbIX 'I8CTHU ( aneKTpOH0B II HefiTplIIIO) • 

QqeBIIllHO, 'ITO 3Ta nonpaBKa paBHa OTHOW9HIIIO BenlI'IlIH TeneCHblX yrnoB- nnH pac-
0 

nanHbIX JT -Me30HOB II aneKTpOHOB B CllCTeMe noKOH pacnanaIOlllHXCH K 2 -Me30HOB, 

HaXOllHCh BHYTPII KOTOpbIX yKa3aHHbre pacnanHbie qacTHUbl npoxonHT trnpes nnacTHHKy • 

. LlnH HaXO)Kll9HHH nonpaBKH Mbl BOCnOnh30BanHCh 3Ha'I9HH9M cpenueu 3HeprlIH pacnana

!OlllHXCH K~ -qacTHU, p~BHbIM 135 Maa, onpeneneHHb!M no naHHb!M II3MepeImfi HM

nynhCOB (np1IBeneHHbIM B Ta6nnue 1) B npennono:>Kemrn, 'ITO B K e
3 

-pacna.uax auep

reTuqecKHe cneKTpbI aneKTpOHOB II uefiTpHIIO onuHaKOBbI. B HTore 6bmo HafineHo, 'ITO 

Ko 
ns-sa llBH)K9HIIH 2 -qacTIIU 'IHCno rrpoxo:>KneIrnfi aneKTpOHOB qepes nnaCTHHKY yMeHb-

waeTCH B 1,1 pasa. 

Ha p1IC. 4 npencTaaneHa 38BHCIIMOCTh BenH'IlIHbl rronpaBKH OT aueprHH 

30HOB, vl::; rpacp1rna annHo, 'ITO Mb! He nenaeM saMeTHofi ourn6KH, nonhsyHch npH onpe-

neneHIIH nonpaBKII HauneHHbIM sHaqeHneM_ eenlI'IIIHbI cpenueu sueprnn 
5/ 

paBHbIM 135 Mae, 

K
o 
2 

-Me30HOB 

B KOHe'IHOM lITOre Mb! nonyqaeM, 'ITO 11cnpaane1111oe I<::OnH'IeCTBO aneKTpOHHb!X npo-

X0)KneHHil COCT8BnHeT 26, OHO COOTB9TCTByeT aenlI'IHHe aepOHTHOCTH 

(no OTHoweHHIO KO eceM pacnan~M, HMeIOlUHM sap·H)KeHHbie nponyKTbd 

K 
93 

-pacnana 

1 = 0,46! 

!. 0, 11, Oirrn6Ka II3Mepemrn npencTaBnHeT co6ou _ cpenHIOIO KeanpaT1I'IecKy19_ aemr'IHHY, 

COCTaB1l9HHYIO 113 CTaTIICTII'IeCKOil OWH6KH H - OWH60K OT6opa co_6bITHi1 H BBe.D;eHHH no

npaBOK. 

4/ . 
rpy6aH oueaKa 'IHcna f -MesoHoe, rrpoxonHlllHX qepes nnacTHHKY, naeT nenu-

'IHHY .... 25. norrpaeKa Ha MHHMbie OCTaHOBKH, CBH3aHHbre C ynpyrHM pacceHHHeM n-Meso
HOB, npeHe6pelll!.HMO Mana, 

5/ 
CnenaHHaH HaMH oueuKa naeT HeCKOnhKO 3aBb!W9HHOe .3Ha'IeH11e cpenHei1 aueprHH 

-qacTHU. 

\ 

_! 

' 
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+ -
Ha6mo.ueHne HaMH tteThipex (e · e ) nap, HHTeprrpeTnpyeMbIX KaK rrapbI .UannTua OT 

pacna.ua K~ - 3 n° ( 0 KOTOpbIX 6y .ueT CKasano HH )Ke) I .uaeT B03MO:>KHOCTb oue

HHTb OTHOCHTellbHyIO BepoSITHOCTb &Toro pacna.aa ( Bbl'IHCneHHaSI scpcpeKTHBHOCTb pernc

Tpaunn rrap .llannTua B Hawnx ycnoBHSIX cocTaBnSieT ~75%). ::ha oueHKa .uaeT Bemrttn-

HY W-(l<t -- 31to) 8/ 
w-cK;31+ w<Kf3J-t-'liC1<hJ ;:: (0,18 :!: o,oe) • 

0 ± --
HOCTb pacrra.ua K 

2 
--,,.. e + JT ;- -t- -J 

Ha (0,38 :!: 0,10), a 3HaSI_BpeMSI :>KH3HH 

0TCIO.Ua MO}KHO orrpe·.uenHTh Tenepb BepOSIT-
0 

ITO OTHOUieHHIO KO BCeM pacrra.naM K 
2 

-Meso-

Ko 
2 

-Mesoaa tKf = 6,1 ~/.•: ).10 -8ceK)-

HaHTH a6C01IIOTHY~ ~epOSITHOCTb 
0 

K e3 -pacna.ua, KOTopaSI OKa3bIBaeTCSI paBHoil: 

6 -1 
iv- (K 

3
) = (6,2 + 2,0) • 10 ceK • 

e -

.001110 pacrra.ua 
0 0 

K 2 -► 3Jf MO:>KHO oueHHTb TaK)Ke, rrpe.urronaraSI, 'ITO .nnSI 

pacrra.noB K ·-.:i.- 3Jr HMeeT MecTo npaBnno oT6opa A I = l /2, ns KOToporo cne-
+ 0 

K -- 3 JT n K 2 -- 3Jt pacna.uoB, 

Ko _.,_ J[+ + JT- + :,rO 
.uyeT paBeHCTBO a6comOTHbIX BepOSITHOCTeil 

2 H a TaK:>Ke COOTHOWeHne Me:>K.UY pacrra.naMII 
0 0 /6 7 / 

K 2 _,__ 3 JT ' • TTpn STOM rrpe.unono>KeHIIII' HCil01Ib3YSI 8KCrrepIIM0HTanbHbJe 3Hatte-
. . + /14/ 

HIISI BepoSITHOCTH pacrra.uoB na 3TT .lllIH K -MeaoHa (7 ,7:!:0,7 )% II ero cpe.uuero 
-8 

BpeMeHH >KH3HH ( 1,21:!:0,0l ).10 ceK, nonyttaeM .lllISI OTIIOCHTe1IbHOH BepOSITHOCTII 

O O ( ) • K 2 - 3 Jl pacna.ua 0,30!0,03 I a .lllISI a6C01IIOTHOII BepOSITHOCTII pacrra.ua 
0 ± =f. ., ( ) 6 -1 

K
2

-.,.,.e.+.1T +Y - 5,8,!l,8.lOceK. 

HeTpy .lllIO y6e.nIITbCSI, 'ITO H8H,ll0HHaSI STHMII .llBYMSI cnoco6aMH a6c01IIOTIIaSI Be-
0 

pOSITIIOCTb K e3 -pacna.ua B npe.uenax OUIH60K OilbJTa cornacyeTCSI c y.UBOeHHoil Bepo-
+ 

K_ -M~30Ha 
+ 6 -11 

(2 ur (K 3) =(8,4+1,2).10 CeK/. 
e -

SITIIOCTbIO COOTBeTCTBYIO!llero pacna.aa 

3To cornacne cBu.ueTe1IhCTByeT B rronhay pacnpocTpaHeHHSI npaBnna oT6opa AI=l/2 

Ha nenTOHilbi0 pacrra,llbl K-M030HOB. 0.uHaKO .lllISI OKOH"laTenhHOro· IlO,llTBep:>K,ll01IIISI 

STOI'O npaanna Heo6xo.n1IMO KaK YTO'IH0HII0 OTHOCHTellbHOil aep05iTHOCTII K 3 -pacna.ua, 
o 7/ e •. 

TaK H YTO'III0Hli0 cpe.uHero BpeM0Hli )KH3IIH K 
2 

-Me30HOB 

Cne.oyeT OTMeTHTh, 'ITO Ha6n10.ne1rn:e o.uHoro tteTbrpexnytteBoro pacrra.ua n: tteTbIpex 

· sneKTpOHilb!X nap C 6onbllIIIMli yrnaMli paCTBOpa II03B01ISI0T c.uenaTb 8KCIIepn:-
0 

M0HTa1IbllyIO oueHKY .uonn pacrra.ua K 2 -qacTIIUbl Ha Tpli Jf -Meaona. Ecm1 Bee qe-

Tblpe napbI; xapaKTepn:CTliKH KOTOpbIX rrpnBeheHh! B Ta6nnue 3, C'IIITaTh rrapaMn: .UannT

ua OT pacna.ua K~ - 3TT
0

, TO MhI Han:.ueM, tiTo rronirne · qn:cno K 3.n -pacrra.uoB coc-

6/ 
KaK 6y.neT BH,llHO 1{3 paccMOTp0HHSI xapaKTepliCTRK STHX nap, He RCK1IIO"l0HO, 

'ITO yKa3aHHaSI oueHKa saBbllll0Ha, 

7 / l-1>:::nonbayeMoe HaMH 3Ha"l0Hli e 'CK~ SIB1ISI0TCSI cpe.UHliM B3B0UieHHhIM ITO peaynh
TaTaM .UBYX H3MepeHlill /8,9/; rrpH"leM ,Jllf O,llHO H3 Hnx,cTporo I'OBOPSI,He SIB1ISI0TCSI rrpSIMbIM. 

-· 
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10-
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pex 

e-

c-

9 

0 
TaBmreT oKono 30% OT o6ll.(ero KomPrecTBa K 

2 
-pacria.noa, qTo He npoTHBopequT npa~ 

BlWY oT6opa AI "' I /2, Tpe6y10meMy paseHCTBa a6comoTHbIX aepoHTHOCTeil pacna.noa 

K+ · - 3 7f. n K~ - 31( • BenuquHa a6comoTHoil BepoHTHOCTH pacna.na 
± ::r-

K~--
o 

Ke3 H 

f.l + JL + YI Hail.neHHaH no 9KCnepuMeHTanbHbIM 3HaqeHHHM BepOHTHOCTeil 
o 6 -1 

K 
3 

pacna.noB, paBHa (5,6 + 3,0).10 ceK n B npe.nenax oum6oK cornacy-
:n: - + · 6 -1 

eTCH co 3HaqeHlfeM. Y.llBOeHHOM BepoHTHQCTH K µ3 pacna.na (6,8:!;0,8).10 CeK • 

AHanH3 9neKTpOHHblX nap C 6onbWIIMII yrnaMH pacTBopa npe.ncTaBnHeT HeCOMHeHHblli 
0 ,::-:o 

HHTepec C TOqKH 3peHIIH .llOKasaTenbCTBa cyll!eCTBOBaHIIH pacna.na K2-,.3:,,. vis qeTbJ-

pex nap, npuBe,neHHbIX B Ta6nnue 2, COMHeHHH B npaaunbHOCTH H,lleHTHq:>HKauun MOI'YT 

6bITb TOnbKO a TpeTbeM cnyqae, .nnH KOTOporo us-sa q:>OHOBbIX ycnOBIIM He y.nanoc& 

npoBeCTH .llOCTaTOqHO_ TQqHbIX H3Mepemril IIOHH3aUHH .tinH pacna,nHb!X qacTHU, B OCTanb

Hb!X cnyqagx 11.neHTHq:>HKauuH He Bbl3bIBaeT HHKaKHX COMHeHHli, 

KaKoaa npnpona 9THX nap ? 

4eTBepTaH napa MO:>KeT HBnHTbCH B IIplIHUIIIIe pesynbTaTOM KOHBepCHH "rryqKoao

ro" '(' -KaaHT8 B rase KaMepbI, TaK KaK BepOHTHOCTb, qTo• O,llHa H3 Ha6mo.neHHbIX B na

rrpaaneHHH na.na10mero rryqKa aneKTpOHHbIX nap HMeeT yron pacTaopa 6onhwe 20-25° 
8/ 

cocTaanHeT 0,6 • nponcxo)K,neHne nepBbIX .nayx nap ns-sa 6onbwnx yrnoa ucnycKa-

HHH aTofi npHqHHOM o6"HCHHTb Henb3H. TaK:>Ke Henb3H o6"HCHIITb HX npOIICXO:>K,ll9HHe 

KOHBepcueii HeHanpaaneHHoro o -nsnyqeHHH, TaK KaK a npOTHBHOM cnyqae .non:>KHbI 

6binlI 6b! Ha6mo.r.xaTISCH H9CKOnbKO COT nap C M9Hbll!IIMII yrnaMII pacTBopa. 3aperncTpu

pOB8HHbie H8MII aneKTpOHHO-n03HTpOHHbie napbl He MOI'YT 6b!Tb TaK:>Ke napa!,JII ilanHTU8 
0 

OT pacna.na Jr -Me30HOB, pO:>K,ll9HHb!X B rase KaMepb! nyqKQBb!MH neilTpOHaMH, rroc-

KOnbKY He 6binO saperncTpnpoaaHO HH OL!HOM 3Be3,llbI, B COCTaae KOTOpoii 6bma 6b! 

aneKTpOHHo-nosnTponnaH napa. KpoMe Toro, OU~HKa, c.nenaHHaH Ha OCHOB8HIIH Ha6n10-

.nemrn po:>K,neHHH 38pH:>K~HHb!X JT -Me30HOB, noKa3bIBaeT, qTQ .BepOHTHOCTb 11a6mo.ne

HUH O,llHOii napbl ilanHTUa OT pacna.na 
o 

JT -MesoHa, po Al<.neuHoro B 6esnyqeaoil: saes-
-2 

.ne, MeHbwe IO • B TO )Ke BpeMH pacna.n 
o 0 

K 
2 

-_qac,:uub1 Ha J[ -Me30HbI xopowo 

06" HCHHeT ace xapaKT9pHCTHKH 11a6mo.neHHbIX nap ilanuTua. 

nocKonhKY HaM He y.nanocb saperncTpupoaaTb HH o.nHoro pacna.na .nonro:>Kuay-

mero K 0 
-MesoHa Ha JT+ u Jr.- pacna.n K~ - 2 JC.

0 
npe.ncTaanHeTCH 

i<pail:ue ManoBepOHTHb!M, BepOHTHOCTH cyll!eCTBOB8HHH .npyrux HeilTpanbHbIX pacna.noB 
0 ,r."O O D 

K2-qaCTIIUbl C ucnycKauueM JI -Me30HOB ( HanpuMep, K2 - 2:;; + r> 18K:>Ke oqeub_-M!lnbI, 

8/"" .. \ E / 16/ 
vTa aepoHTHOCTb Hail.neHa ns pacqpeJlenemrn, BbJqncneHHoro op3enuHo 

-~. :•.' 
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TaKHM o6paaoM eCTb Bee 0CH0BaHHSI C'IHTaTb aaperHCTpHp0BaHHbie HaMH napb! 
0 0 

napaMH .LlamITua oT pacna.aa K 
2 

- 3Jr • noaToMy caM cpaKT Hx o6Hapy:iKeHHSI 

M0:lKH0 paccMaTpIIBaTb. KaK npSIM0e aKcnepHMeHTanbH0e yKaaaHHe Ha cymeCTB0BaHHe 

aToro THna pacna.aa. 8 nonbay 9T0ro T0nK0BaHHSI CBH,aeTenbCTByeT TaK:lKe C00THowe

HHe ti:Hcna o,aHH0ti:HbIX nap .Llam1Tua H ti:eTbrpexnyti:esoro co6b1T1rn 1 sram110merocsr peaynh-
o + - o /10/ 9/ 

TaToM pacna.aa K 2 - JC + JT + JT c napofi .LlanHTUa • 

B aaKnroqemre aBT0pb! Bb!pa:lKaIOT 6naro.aapHOCTb KonneKTHBY 9KCnnyaTaUH0HHbIX 

0T,aenoB CHHxpocpaaoTpoHa, o6ecneti:HBWeMy Il0CTaH0BKY 9T0fi pa60TbI. ABTOpbI TaK:lKe 

6naro.aapHbI B.M, noHTeKopso aa ·nocTOSIHHbifi HHTepec K pa6oTe H o6cy:iK.aeHHe pe- · 

aynbTaT0B, B.n • .Ll:>Kenenosy H B.vl. BeKcnepy aa co.aettCTBHe B Bbin0nHeHHH pa60TbI; 

JI,E, OKyHIO, vl,B. L:lysHno aa noneaHbre aaMeti:aHHsr; M,, AHHKHHott, B,A. CMHpHoBy 

n.YI. )Ka6HHY aa yti:aCTHe B HaMepeHHSIX • 

9/ 
. npaBHnO OT6opa 

uoweHHSI K2_ - 3J[0 
AI = 1/2 c yti:eT0M cpaaOBbIX 06.,eMOB .aaeT .ansr oT

H K2 ~ :n:++ 3!-- -+- Jf 0 
pacna.aos seriHti:HHy~2. 

~ 
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T a 6 n H u a 1. 

nn 11Mnynbc (MaB/c) noTepH TonmHHa MMnynbC BT0poil: '18CTHUbl 

.ll0 npoX0:lK. nocne npox, 
HMnyn-bCa, CBHHII~ · ( a Maa/c ) 

(a%) (a rp/cM ) 

1 279 3aea:na - 6,5 148 

2 209 OcT. - 7,1 68 

3 225 137 39 6,0 -
4 270 63 77 6.0 193 

5 135 45 67 5,9, 68 

6 202 · 32 84 5.9 36 · 

7 229 59 · 74 5,8 301 

8 290 144 51 6.1 99 

9 126 27 79 5,9 248 ~ 

10 310 144 54 ' 5.8 252 

11 150 9 94 8,8 -
12 189 18 90 8.8 234 

13 117 22 
,. , .. 

81 6,2 158 

14 283 54 81 5,9 ,· 166 

15 351 225 36' 7 ,1 99 

16 193 113 41 6.3 -· 
17 144 77 .. 47 5,9 410 

18 133 50 56 6,2 207 

19 144 OcT. - 8,4 148. 

20 148 18 89 6,5 135 

21 218 140 36 7,1 50 

22 236 OcT. OcT. 5.9 / 92 

23 180 --· OcT. OcT. 10,b -
24 - OcT. OcT. 6,0 270 



Ta6nHua 2 

N1N1 vi Mnv nhChI (Mas/c) Yron pacTaopa Yron HcnyCK8HHH naphr 
rm + -
1 55 42 7-9° 65° 

2 10. 43 .99° 50° 

3 111 103 190 10° 

4 26 79 25° 100 
.. ~ 

.. 
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