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Ill 
CacTeMaTHKa aneMeHTapHbiX '18CTHU renn-MaHHa npeaycMaTpHBaeT aoa-

MO:>KHOCTb CYlll9CTBOB8HRS1 eme H9R3B9CTHbiX oapHOHOB H M930HOB,. B lJSCTHOCTH, 

lJSCTHU z+ IT=O, s =+1, 6apHOHHOe 'IHCIIO J'f =11 H ])+ IT=O, s =+2, 

t.flf 9JI. B aacTostmee apeMSJ HMeiOTCSJ CHllbHhie apryMeHThi, yKaahiBaiOmHe Ha To, 

'ITO z+ - oapHOHt no-BH.ll,HMOMYt He CYlU9CTByeT, .llei!:CTBHT91lbHO, 9CIIH M8CC8 

Z + -6apHoHa TaKoaa, 'ITO oH Mo:>KeT pacna~aTbCSJ no cxeMe Z + ~ 7ft N J 
TO oH 6ea aaTpyaHeHHR 6&m 6&I yme HaRaea, a ecnH ero Macca onHaKa K Macce 

HYKIIOHS, OH Mor obiTb o6pa30B8H COBM9CTHO C 1\ -qacTHUeA B peaKUHH THna 

tv fl)t. ~ z + + 1\ t 'ITO HCKII IOlJ 9HO peayllbTaTaMH on&ITOB 
12 

I 

H a Koa¢epeauHH no ¢aaaKe qaca;au B&IcoKoR aaeprHH a KHeae BaH raH-

181 . 
<JaH H coTpyaHHKH cooomHnH o6 HHTepecHoM co6biTHH aaaaMo.aeRcTBHSJ 7f 
M.930HOB B ny3bipbKOBOft KaMepe, KOTOpoe MO:>KHO HHTepnpeTHpOB8Tb npH nOMOlUH 

ripeanonomeaasr o cymecTBoBaHHH lloaoa 

750 Mas, pacnaaaromeRcst no cxeMe 

'18CTHUbi- .ll - '18CTHUbit C Maceo A 

"'-r--1' K+T(' s K,O+T(+ 

J/ l K.+t TC 0 

EcnH OTO:>K.ll,9CTBIIS1Tb 9TY '18CTHUY c npeacKa3aHHb1M renn-MaHHOM nono>KHTenb-

HbiM M930HOM CO CTp8HHOCTbiO + 2, TO BpeMSJ >KH3HH rHnOTeTH'I9CKOA .ll-'laCTHUbi 

-10 · (K ) O»G!.ll,89TCS1 nopS1D.K8 10 ceK • .lleftCTBHTellbHO, H30TOnH'IeCKHA cnHH CHCTeMbi Tf 
Mo:>KeT 6&ITb 112 ana 312, TaK 'lfTO npaBHno oToopa AT =112 ae Mo>KeT aa-

+ 
M eanstTb pacnaa, KaK aTo 6&IaaeT B cnyqae pacnaaa K -MeaoHa. 

Ha:>Ke npeanonaraeTcst, 'ITO apeMSJ >KH3HH ranoTeTH'IecKoR .ll·-qacTHUhi He 

-10 
npeBbiW89T H9CKOllbKHX 9D.HHHU 10· CeK, TSK 'ITO H9B03MO:>KHO n_OllY'IHTb 

K0111IHMHpOB8HHbi9 nylJKH 9THX '18CTHU o6&I'IHbiMH cnOCOOSMHo noaTOMY >KenaTenb

HO HCK8Tb HOBbie MeTO.ll,bi .ll,9T9KTHpOB8HH.S1 9TOR '18CTHUbi, 0co6oe CBOftCTBO 

HOBOft '18CTHUbit OT1IH'I8IOlU99 ee OT acex XOpOWO H3B9CTHbiX '18CTHU, COCTOHT B 

TOM, 'ITO oaa pacnaaaeTcst c HcnycKaHHeM K-Meaoaoa, TaKoe caoRcTBO MO:>KHo 

HCnOllb30B8Tb cneay.IOlUHM o6paaoM, npe.ll,CT8BHM ceoe MHW9Hbe OOM08p.ll,Hpye

MYIO '18CTHU8MH BbiCOKOA 9 HeprHHo B BaKyyMe B611H3H MHWSHH OT pacnaaa .ll

'ISCTHU OY.ll.YT pO>K.ll,8TbCS1 K-Me30Hbi, KOTOpbi9 MO>KHO perHCTpHpOBaTb nocne HX 

npOXO>KD,eHHB qepe3 KOllllHM8TOp1 He CMOTpS1lUHA Ha MHWeHh• M eTO.ll. HanOMHH89T 

onbiTbi THna rapBHHa, B KOTOpbiX CTpaHHbie '18CTHUbi HCC119.ll,OB811HCb npH DOMOlUH 

peracTpauHH ( -nyqeft OT pacnaaa Tf0 
-Ma30HOB1 HCDYCK89MbiX "a BaKyyMe" 

CTpaHHbiMH '18CTHU8MH lcM,HanpHMap, 121 I. 
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0THOWeHHSl HHTeHCHBHOCTeii K- H rr i -Me30HOB OT MHWeHH I H./rr I MHlll, 

H OT "BaKyyMa" B6nH3H MHWeHH IK IT(' laaK., rpy6o f'OBOpSI, XapaKTepH3YIOTCSl 1 

COOTBeTCTBeHHO, .oonetl: B3a~MO.lleiiCTBHfi B MHWeHH, npHBO.llSllUHX K o6pa30B8HHIO 

CTpaHHbiX '18CTHU, H OTHOCHTenbHOii BepOSITHOCTbiO po:»<:,lleHHSl .!J.- H 06bi"fHbiX 

CTpaHHbiX '18CTHU, .fiCHO, 'ITO He3H8'1HTenbH8Sl BepOHTHOCTb o6pa30B8HH51 .!J.-qacTHU 

.oon:»<:Ha npHBO.llHTb K TOMy, 'ITO IK I rr I BaK. <...< IK I 1[ IMHW • 

EcnH, narrpHMep, npe.ononaraeTcSI, 'ITO KOnH'IecTBo o6pa3oBaHHbiX .!J.-Me30HOB 

-4 
COCTaBnHeT 'V 10 OT 'IHCna B3aHMO,lletiCTBHfi, Bbi3BaHHbiX B MHIU9HH npOTOHaMH 

-2 
c E N 10 Esa, a KonH'IeCTBO K-Me30HOB - "'-' 10 oT SToro 'IRena, To npHMepHo 

1% o6ruero noToKa K-Me30HOB HMeeT .!J.-Me30HHYJO npHpo.oy. Ha paccToHHHH necKOnbKHx 

MOTpOB OT MHW9HH HHTeHCHBHOCTb K-Me30HOB, HM910IUHX 'IHCTYIO .!J.-Me30HHYIO npHpo.oy, 

T,e, nony'leHHbiX B ycnOBHSIX H9BH,llHMOCTH MHW9HH .ll9TeKTOpOM 1 6y.oeT npHMepHO B 100~ 

pa3 MeHbwe, '!eM HHTeHCHBHOCTb K-Me3oHoB aT MHWeHH, lct>aKTop o{ 1 > IOiyttHThtaaeT ..., 
IIOTepH HHT9HCHBHOCTH 1 CB5138HHbte C TaM, 'ITO K-M930Hbi OT .!J.-ttaCTHU HCIIYCK810TC51 Ha 

HeKOTOpOM paCCTOHHHH OT MHWeHHI, 
. 0 

PaccMoTpHM cnattana HcnycKaHHe K -Me30HOB oT .!J.-qacTHU. K aK H3BecTHO, 

0 -7 141 
nonoBHHa neATpanbHbiX K-Me3onoB IK

2
' -1 nMeeT BpeMH :»<:H3HH nopn.oKa 10 ceK ' 

H MO:»<:eT 6biTb ,ll9TeKTHpOB8Ha Ha paCCTOHHHH H9CKOnbKHX MeTpOB OT MHW9HH 

cnnxpocpa3oTpona npn ycnoBHH xopoweA KonnnMaunn, o6ecne'IHBaJOrueii neen.or:~-

MOCTb MHWeHH .oeTeKTOpOMo 3aruHTa ,lleTeKTOpa OT MHWeHH .oon:»<:Ha 6b!Tb Mac-
. . 0 

cnenoii. K co:»<:aneHHJO, scpcpeKTHBHOCTb .oeTeKTHpoBaHHH K
2 

-Me30HOB neaennKa, 

HO pactteTbi IIOK83b!B810T, 'ITO Ha CHHXpOcp830TpOHaX 1 HMeiOIUHX 60nbWYIO HHTeH-

10 11 
CHBHOCTb 110 -10 npoTIHMnl t OIIbiT SIBn:$f"9TC51 BbtnOnHHMbiM IlpH perHCTp8UHH 

K; -Me3onoa c noMOIUbiO 6onbwoii pacna.onoii KaMepbt BHnbcona, ny3bipbKOBOft 

KaMepbi HnH SMynbCHOHHOit KaMepbio B IIOCTSHOBKe OIIbiTa, KOTOpbtit Mbl paccMa-

TpHB89M 1 MHWeHb He BH.llH8 1 H IIOSTOMY OCHOBHOit cpOH 6y.oeT o6ycnoBTJeH cpoTo-

H8MH OT pacna.oa rro -Me30HOBt HCIIYCK89MbiX CTpaHHbiMH 'l8CTHU8MH 1 H Hetl:TpOHa

MH OT pacna.oa CTpaHHbiX 'laCTHUo 

0 
PerHcTpauHJO K

2 
-Me3onoa B cpoTonnacTHHKax y.oo6no npon:3BO.llHTb, nc-

o 151 
nonb3YH cnoco6nocTb K

2 
-Me30HOB o6pa30BbtBaTb rn:nep-cpparMeHTbt · • Opn: 

. o I I) 
n106oA Hcnonb30Bannoii MeTO.llHKe neo6xo.oHMO H3MepHTb OTHowennn I Kt 1f IMn:w, 

o I o 
OT MHWeHH H 1K2. rr I BaK. OT BaKyyMa. 

·+. + .,.. 1- 0 
PerncTpauHH K - M930HOB OT .!1. -qacTHU I ]) ~ K. 1"' rr I, pacna.oaro-

\ 

:~ 
!" •' 1 

;: 



5 

lllHXCSI B01IH3H MHllleHH, B03MO>KH8 npH llOMOlUH cpOTOaMyllbCHOHHOfi K8Mephi H1IH 

aneKTpOHHhiX MeToaoB perHcTpauHH qacTHU. B aTOM cny'lae KpHTepReM cymecTBo-

B8HHst )l-qacTHU aon>KHa cny>KHTb TaKme cpaBHHMOCTb /K+ I :liriMHill, H IK + 1 .YT~BaK, 

n pH llOCT8HOBKe OllbiTOB B COOTBeTCT am C OllHC8HHbiM Bblllle HeOOXO.llHMO 

npHHHMaTb Bo BHHMaHHe, 'ITo K-MeaoH oT pacnaaa )l-qacTHUhi c Maccofi 750 Msa 

MO>KeT. HCllYCK8TbCSI llOLl 001lblllHMH yrnaMH K HanpaMeHH.IO MaTepHHCKOfi )l~aCTH

Ubi T01lbKO Toraa, Koraa nocneaHstst HMeeT Manyro aHeprHro. 3To ycno>KHsteT Bhi

nonHeHHe ycnoBHfi HeBHLlHMOCTH MHllleHH aeTeKTopoM K-MeaoHOB oT pacnaaa 

.Ll-qacTHU, HMeiOlUHX aHeprHIO, cKa>KeM, 6onbllle .100 Msa lnpH E =100 MaB 

0 
npeaenbHhifi yr_on HcnycKaHHst K-Me~oHoB onRaoK K 43 , npH aToM npe.aenbHhifi 

yron ·6biCTpO pacTeT C yMeHbllleHHeM aHeprHH )l-Me30HOBI • 0TMeTHM 1 0LlH8K0 1 

'ITO HCllYCK8HHe "MeaneHHbiX" Me30HOB llOLl 001JblllHMH yrnaMil B coy.aapeHHSIX 

npoTOHOB CO C1IO>KHbiMH S1Llp8MH, Ll01IiKHO ObiTb OTHOCHTe1JbHO HepeaKHM SIB1JeHHeM, 

0 
06 aToM MO>KHO cyaHTb no aHanorHH co cnyqaeM HcnycKaHHst K -MeaoHOB noa 

90° npoToHaMH c SHeprHefi 6 BsB lcpe.aastst 9Hepr:est K 
0
-MeaoHoB 6n:eaKa K 

50 M aal 151• 3aMeTHM, qTo 5naronpHstTH_hie ycnoaHst anst onbiTa cooTBeTcTByiOT 

K01l1IHM8TOpy K-qacTHU1 KOTOpbifi CMOTpHT H8 001l8CTb B01IH3H M.HllleHH, ne>KalUyiO 

Bbillle htnH HH>Ke I MHllleHH, 3THM yMeHblll8eTCSI cPoH OT CTeHOK KaMepbi YCKOpH

Tenst, np:e aToM yao6ao o6ecneq:eaaeTcst aoaMo>KHOCTb HaonroaaTb K-qacTHUhi, 

:ecnycKaeMbie noa yrnaMH ~ 45° K HanpaaneHHIO )l-qacTHU. 

+ + 
B 38K1JIO'IeHHe XO'IeTCSI aaMeTHTb, 'ITO n -qacTHUbi lecnH CH1lbi.l> N - CH1lbi 

llpHTSI~eHHSII Ll01I>KHbi OOp830BbiB8Tb )l-stapa, B KOTOpbiX )l-qacTHU8 >KHBeT 

a staepHOM aemecTBe ao ee IKBaaRcaoooaaorol pacnaaa. 3To cBstaaHo c TeM, 

+ 
'ITO Ll8>Ke B npHCYTCTBHH HeCK01IbKHX HYK1IOHOB HeT B03MO>KHOCTH .llliSI )l -qac-

THUbi HCllbiT8Tb CHllbHbie npoueCChi B38HMO.[lefiCTBHSlo 

ABTOPY npHSITHO noonaroaapHTb B.Vi. BeKcnepa, t.{moy ryaH-'I>Kao, 

M • .SJ • .LlaHbillla H M.H. noaropeuKoro aa HHTepeCHbie OOCY>KLleHHSI, 
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