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OIIPE,ItEJIEHHE C TIOMOlll1D KAMEPH BliJlbCOHA·COOTHOIJIEHliH 

ME!)lY t!HCJIOM tf?OTOHOB H 3JIEKTPOHOB B llrn:POKHX ATMOC9}EPHHX JIIDHIHX 

u • .noxaH:b, T. re.MemH, T.IIlaH.D;Op, A.liiOMO)J;H 
(HHCTHTYT ~H3HKH BenrepcKo~ AKa.D;eMHH nayK,~.D;anemx) 

MHorHe aBTopu (I) - (7) yxe 3aHHMamw:b onpe.D;eJiem~eM cooTHO

meHHH Me~y qHCJIOM ~OTOHOB H 3JieKTpOHOB B mHpOKHX aTMOC~epHHX JIHB

HHX. 3Ta BeJIHq~ma B )J;aJI:&He~meM .6y.D;eT. 0603HaqaT:bCSI o( • 3TH HCCJie

)J;OBaHHH HMeJIH CBoeH UeJI:bD npoBepHTL Bll,ll;BHHYIYD KaCKa)J;HO~ TeopHeH 

BeJIHqHHY 0( , paBHYD npHuepno e.D;HHHne. Pe3yJii.ra!u npeXHHX H3Mepe

HHH, npOH3BO,ll;HBillHXCR HCKJIDqHTeJI:&HO C nOMO~:bD cqeTqHKOB,nOKa3aJIH, 

O)J;Haito, 3HaqHTeJI:&HLie OTKJIOHeHHSI, H )J;JIH o( , KaK npaBHJIO, 6UJIH noJiy-
" 

qenu BeJIHqHnu, ropas.D;o MeH:bmHe e.D;HHHUH. HsMepeHHSI c nouo~:bD cqer-

qmcoB HaTa.1!.KHBaiOTCSI Ha npHHUHnHaJI:&HHe H BpSI,ll; JIH npeO)J;OJIHI.llle Tpy.D;HO

CTH. KpaTKO HX MOXHO. CBeCTH K CJie.D;yiO~HM flOJIOJiteHHHM: 

B OCHOBY onpe.D;eJieHHH COOTHOmeHHSI P/e 

nonoxeuo, KaK H3BeCTHo, H3MepeHHe Tax nas. nepexo.D;noro MHOJitHTenn. 

TIO.D; 3THM MHOJitHTeJieM MDI fiOHHMae.M CJie.D;yJOII{YD BeJIHq:IUJY: 

R (e) = P(e) + « q,reJ • 
(I) 

P{~ o3naqaex B aToM cnyqae Beponrnocr:n xoro, qTo aneKTpon 

JIH60 npon.D;eT qepe3 CBHHUOBYIO ·nnaCTHHKY TOJIII{HHOH 9 , JIH60 Bll30BeT 

o6pa30BaHHe TaKoro HOHH3HPYIOII{ero BTOpHqHoro 3JieKTpOHa, KOTOpHH 

3aCTaBHT cpa6oTaT:b HaXO)J;SIII{HeCR fiO)J; CJIOeM CBHHUa cqeTqHKHj 

' 
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')..(e) HMeeT aHaJiorHttHoe snatteHHe .ItJIH HaJieTaiOmero ¢oToHa. 

3HaR (R(e}), (P{B)) H (~{D)), aa ocHoBamm npime,JJ;eHnoro 

BHme ypaBHeHHR (I) MO:S:HO onpe,!teJIHTb o( • . (R{o}) OtfeHb npOCTO Bhl

t!HCJIHBTCR nyTeM H3MepeHHH llOBTOpReMOCTH illlipOKOrO aTMOC~epHoro. JIHB

HR CHattaJia llO)t CBHHUOBL!M norJIOTHTeJieY TOJI!llHHOlt C ( 9 ) H 3aTeM 
I 

des norJIOTHTBJIH C ( 0 ). CHattaJia llOJiyttaJOT ttaCTHOf} odeMX BeJIHtfMH; 

OliO, KaK li3BB CTHO, HJ\feeT Bli)t . r 
c(eJfcc~: R(aJ ' 

r.ne r - noKasaTeJib CTeneHM llJIOTHOCTli illlipOKOro aTMOC~epuoro JIHBHH. 

B OTHOmemm BeJilit!HHhl p ( 9 ) 11: ty ( e ) 60JibllliHCTBO aBTOpOB odpaniaiOT

CH K padoTaM ApJIH (8), KOTOphllt B OCHOBY CBOliX pactteTOB llOJIO:S:liJI He 

cneKTp lPOTOHOB, COOTBeTCTBimHO 3JieKTpOHOB, B03HUKalO!llliX 11:3 illlipOKliX 

~TMOC¢epHbiX JIHBHelt, a <PoTOHHb!lt, COOTBeTCTBeHHO 3JieKTpOHHhllt cneKTp 

ncero KOCMHqecxoro HsJiyqeHHH. 

TmaTeJibHblti.aHanns non npo6JieMu 6hiJI npoHSBe.nen A. IUoMO.ItH (7), 

llOKa3aBmHM, B qaCTHOCTH, qTo nepeXO)tHbiH MHO:S:HTeJib 3aBHCHT OT 3Hep

reTMqecKoro cneKTpa qacTHU aTMoc<PepHoro JIHBHH n nosTOMY npocTaH 

saMeua noro cneKTpa sHepreTMqecKHM cneKTpoM KOCMHqecxoronsJiytte

HHH, eCTeCTBeHliO, Be)teT K HeBepHHM pesyJibTaTaM. 3TO B03MO:S:HO H 

HBJIHeTCR npHt!HHOH pesyJibTaTOB H3MepeHHH, KOTOpble KaK 3TO BH,ltHO 113 

npliBO,ltHMOH Ta6JIHUhl, paGXO)tRTCH oqeHb pe3KO. 

A B T 0 P 

EaccH, EbRHQH 
Maa.nyqz 
Mnnoue 

MacaJibCKHlt 

IToBepxaocTb cqeTQHKa 

400 CM2 

1200 CM2 

600 CM~ 
1800 CM 

3000 CM2 

3auepe~aue BeJIHQHHH 

0,3 
. 0,12 

0,75+0,15 
0,7~0,20 

I,O 
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MOXHO 3aM9THTL, QTO cy~eCTByer OQ9HL 60XLWOe pacxox~eHHe 

wex~y aawepeHHHMH Benuquuawu. qro6u ua6exarL BHmeynoMHHyroH omH6KH, 

MH pemunH HcnonLaoBaTL ~nn onpe~eneuua oruomeHHH we~y qucnoM ~o

TOHOB H 3Jl9KTpOHOB KaMepy BHJILCOHa. llo 3TOMY MeTo~y OT reoperuqec

KHX pacqeTOB ApnH MOXHO OTKa3aTLCH, raK KaK COOTHOWeHHe p /e 

woxuo npocro onpe~enHTL nyrew no~cqera cne~oB 3neKtpouuo-noaurpou

HHX nap, C03~aBaeMHX 3Jl9KTpOHaMH, COOTBeTCTB9HHO ~OTOHaMH. 

B uamel Kawepe BunLcoP.a ceqeuHew 300 KB.cw. ycraHoBneuu rpu 

CBHHnOBHe nnacTHHKH TOJimHHOB 3 MY H 4 nnaCTHHKH TOX~HHOB 4 MM Kax

)taR. Ka:M.epa 6HJia BIIOHTHpOBaHa B rep:YOCTaTHpOBaHHliiB ~epeBSIHHlill Sl~HK,KO· 

JlHQeCTBO Be~ecrBa KpliiWKH KOTOpOrO COCTaBJIHJIO OKOJlO 2 rpaMMa Ha KB. 

cauruwerp. BecL annapar 6Hn ycraHoBneu B ~epeBHHHOM a~aHHH (Konu

qecTBO Be~eCTBa KpliiWH OKOJIO 8 r/cu2)ua BHCOTe 4!0 M H~ ypOBHeM 

Mops. C yqeTOM CTeKJIHHHOB CTeHKH Ka:Yeplil C KOJIHQeCTBOM Be~eCTBa 

0,8 r/cu2 Be~eCTBO HaxO~HBmeeCH Ha~ qyBCTBHTeJILHliiM 06~eMOM KawepH, 

HMeno o6~ee KOJIHqeCTBO IO r/cu2• 0 KOHCTpyKnHH H T9XHHQeCKHX xapaK

TepHCTHKaX Kawepu coo6manoch B ~oKna~e rewemu. 

Kawepa BHnLcoua ynpaBnnnacL ycraHOBKOH ~nn perucrpanuu mH

poKoro KOCMHqecf~OrO JIHBHR, KOTOpaa COCTORJla H3 Q9Tb1pex cqerqHKOB, 

BKJlDqeHHliiX no cxewe qerHpex COBn~eHHI. Ka~HB cqeTQHK HMeJl qyBCT

BHT9JlLHYD noBepXHOCTL B 320 cw2• CqerqHKH 6liiJIH ycraHOBJI9HH no 

yrnaM KBa~paruoro yqacrKa c ~JIHHOI CTOPOH IO M (pliiC. I~ MH uaqani! 

uawepeaua nerow I956 ro~a H nocne rpexxecaquoro nepepuBa npo~on

xanH ux JJ;O anpens I957 roJJ;a. B reqeuHe 3toro nepuo~a aa 970 qacoB -

6Hno C~enaHO 2346 CHHMKOB. Ha ~TOCHHYXax B KaqecTBe WHpOKHX ar

MOC~epHliiX JlHBH9R Klil H~e~H~HnHpOBaJIH TOJlhKO TaKHe C06liiTHH, r~e 6Ji1JIH 

, 
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3aMeTH~ napannenbH~e cne~H MHHHMYM ~BYX HOHH3Hpy~mHx qaCTHn HHH 

napannenbH~MH MOXHO dHHO cqHTaTb nepBHqHHe ttaCTHUH ~BYX 3HeKTpOHHO

n03RTpOHHHX nap. Bee CHHMKH, Ha KOTOpHX 6hlHO 6onee 7 cne~OB nepBHtt

HHX oneKTpOHOB MH B006me He o6pa6aTHBanH,TaK KaK B TaKHX cnyttaRX 

HeHb3R 6HHO TOttHO peruHTb o6pasyeTCR HH 3HeKTpOHHO-n03HTpOHHaR 

napa npH B3aJU.lo~e~CTBKH nepsJ..1qHoro cpoToHa HnH BTopHttHoro c!mToHa, 

o6pa30BaHHOrO 3neKTpOHOM. 

B orHx ycnosH.ax Mbl Ha6n~lJ:anH Ha cpoTonnacTHHKe mHpOKJ..1e ar

MoccpepHHe HHBHH, Cpe~Hetl nnOTHOCTH 30-200 3HeKTpOHOB Ha KB. MeTp. 

Ha CHHMKax 6uno o6mee ttHcno 1458 cne~oB 3nexrpoHoB H 1635 

3HeKTpOHHO-n03HTpOHHHX nap, TaKHM 06pa30M BenHqJ..1Ha qacTHOro p /e 

OKa3HBaeTCR 6e3 BC.RKOtl nonpaBKJ..1 paBHOtl c(: 1,12! 0,04. 0mH6Ka 3Ta 

craTHttecxoro xapaxrepa. 

llo MHOrHM npHqHHaM B 3TY BenHttHHY cne~yeT BHeCTH nonpaBKH: 

a) HaH6onee BaxHa.a nonpaBKa cs.asaHa, otteBH~Ho, c rew, ttro He see 

nepBHqHue ~OTOHH BH3HBaDT B CBHHUOBOtl nnaCTHHKe KaMepH 06pa30BaHHe 

--3HeKTPOHHO-ll03HTPOHHHX nap. 

Bepo.arHocn roro, ttTo <PoroH c 3Hepn~en CBHWe I MsB He 

BH3HBaeT B CBHHUOBO~ nnaCTHHKe TOHmHHO« 33KM o6pasoBaHHR 3HCKTpO

HOB, KOne6neTCH B 3aBHCHMOCTH OT 3HeprHH, OT 28% ~0 I,I%. ilepBaR 

·BeHKttHHa OTHOCHTCH K cpOTOHaM C 3HeprHeR 2,6 M:m, nocne~H.RR - K 

~oroHaM c 3HeprHetl donee 1000 MsB. 

EcnH cpe~H.a.a 3HeprH.a ~oToHa npHHRTa paBHOtl KPHTJ..1ttecxoR 

3HeprHH (84 M3B B B03~yxe), TO BepOHTHOCTb npo6era 6e3 o6pa30BaHJ..1.R 

cne~a COCTaBHT 3,4%. Cpe~HRR ~~Ha npo6era ~OTOHOB BCHe~CTBHe HaK

HOHHOrO na~eHHR aTMOCqlepRoro HHBH.fl He pasHa BHrue Ha3BaHHOR BenHttH

He JJ MM. 

I 

I 
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HecuoTpH Ha sTo, B pe3ynnTaTe npH6nK3HTenhHHX pacqeToB 

cpe~He~ ~nKHH npo6era nonyqeHa BenzqKaa Mano oTnKqaro~aHcR oT 

JJ MM, 3TO KMeeT M9CTO BepoHTBO llOTOMy, qTo YM9HbmeHKe ~RKHhl 

npo6era tllOTOHOB HaneTaiD~ItiX B HaKROHHOM HanpaBJI9HMH I1 He DpOXO~H

~KX qepe3 BCe nnacntHKK, KOMll8HCUpyDTCH B OCHOBHOM 3a cqeT yBeR:£1-

qeH:IiH ~JIKHhl npo6era B CBMHUOBbiX DJiaCTKHKaX, KOTOpoe npVIITl1Cb!BaeTC.H 

HaKJIOHHOMY na~eHMD. 
~ 

6) Cne~yeT npKHMMaTh BO BHKMaHMe TaKXe Be~eCTBO B RonzqeCTBe 

IO rp. Ha KB.CM.,Haxo~n~eecH H~ KaMepo~ BKnhCOHa. Ero BnKHHHe 

MOXeT 6h!Tb ~BO.HKOrO po~a: qHCTOe norno~eHHe HJIH B3aHMH08 npeBpa~e

HK8 3neKTpOHOB H ¢OTOHOB. ITepBhiH ¢aKTOp 03HaqaeT qTo 06JiaCTb cneKT

pa oqeHb HK3KHX 3HeprH~ nornomaeTCH Be~eCTBOM,HaXO~RmHMC.H Ha~ 

KaMepo~. 

BTopo~ ¢aKTop TaKXe He OKaxeT cymeCTB8HHOrO BnHHHH.H Ha 

qacTHOe P/e, TaK KaK 60nbmaH qaCTb Be~CTBa B KOJIHqecTBe 10 r/cM2 

COCTOHT H3 nerKHX sneMeHTOB. C yqeTOM ynOMRHYTO~ B nyHKTe a) n~paB-

KH COOTHOW8HH8 MeX~y ~HCnOM ~TOHOB H aneKTpOBOB C ~nVIHO~ npo-

6era CBblme 10 rp. Ha KB.CM. COCTaBJIR8T B WHpOKHX aTMOC~epHNX 

JIHBH.HX cpe~HDD fiJIOTHOCTb 9 KOTOp~ KOne6neTC.H OT 30 3JI9KTpOHOB AO 

200 snexTpouoB ua u2• ITpH cpe~ue~ 3Beprzz ~oToHa 84 M3B ol = 
I,I6~0,04 npz sueprHH $otouoB CBhlme IOOO M3B ~=1,13~0,04; H HpH 

3Heprzz ~OTOHOB 2,6 M3B «. = I,43.! 0,04. 
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3~AHHE 0 B03MO!HOCTR HCITO»b30BAHHH ITY3HPbKOBHX 
KAMEP C ~ H He 

M.A.MapKOB 

(Jia6opaTopHa TeopeTH'IeCKOH c;{JH3HKH OUIDI) 

H xore~ 6~ aanoMHHih o p~e B03MOXH~x sxcnepuxeatoB 

CO CTpaHHHUH Q6CTHnaMH, ~~n KOTOp~X He06XO~HM ~e~tepH~, H, 

KOTOpHe ne~eC000p63HO npOH3BO~HTh B 
~ 

nys~phKOBOH xauepe. 

ITepBHM ~o~rOM H HanOMHD 0 B8XHOCTH HCC~eAOBaHHH npHMOH 

u oopaTHoil peaK!UiH TaKoro po~a: IC.,. d :;;:::t L- t P· 

ITpHUaa H o6paraaa peaxn•• raxoro po~a B npxaqane Koryr 

.JtaTh orBer aa oraomeHxe cnHBOB K- H ~- qacrzn. 

xapaxrepaaa oco6eaaocrlt 3ro~ peaxn•• saXJmqaerca B rou, 

~TO OHa npoTeKaer B CH~hHHX B3aHMO~encrBHSX H, KOXer 6HTh, 

ne~ecooopasao pas~e~arL B03KOXHOCTL onpe~eneaza cnHHa qacTHnH 
~ 

B cnaOHX H CH~hH~X B36HMO~e~CTBHHX. 

Eonee no~pooaoe odcyx~eaae sro~ peaxnHa, xoropoe, &aXerca, 

6H~O npe~~OXeHO B CBOe Bpeua HHroM, KOXHO Ha~TH B OT'Iere 

qxoy ryaH-'IXaOH illHpOKOBa. 

Bropo~ 3KcnepHMeHt, 0 KOTOpOK H XOTe~ 6~ BaM HanOKBHTL, 
3TO: I<- -+ d - Z: • +1i-_. p , G", 

IC-+ ol _,. %-..,. :i•-+ p. G".t 

3ra peaxnHa 6una yxasaaa B cBoe BpeKa KaK raxaa, c no

KO~hD KOTOpO~ MOXHO OH!O OH npOBepaTh H30TODH'IeCKJD HBBapHaHt

HOCTL. ECBH H30TODH'IeCKa.!l HHBapHaHTHOCTL HMeet Kecto, TO 
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HliH cetreHHH 

u- + d -£"+-Ill 

IC +d _...E +-p 

~OJIXHH O!HOCHTCR KaK 2/1. 

BaEHOCTL npoBepKH H30TOllH'leCKO~ HHBapHaHTHOCTH AliH 

CTpaHHHX 'laCTHq He nQlJieXHT COMae~HD. 

H XOTeJI OH TaKXe OOpaTHTb BHH.MaHHe Ha pa,n CBoeoc5pa3HHX 

B03MOXHOCTe~ B TeX xe peaKq:KHX, KaK, HanpH.Mep, 

Caua no ceoe sta peaxq.Ka c oc5pasoBauHe.M .MorJia 

c5H H,nTH H Ha npotoHe, uo s,necL ecTL PR.n cneqH~HtrecKHX Bos-

MOXHOCTeH, KOTOpHe MOryT COllpOBOx,naTL TetreHHe llO.I(OOHHX peaKqH~. 

r~ 

HanpHMep, .Mo:lKeT OKa3aTbCH, 'lTO ~ H He~TpOH Oc5pa3yDT TaKO;t 

rHnepPpar.MeHT. E,nHHCTBeuuaa B03.MOEHOCTL cymecTBOBaHHa 

TaKHX rHnepcpparMeHTOB 3TO TaKHe KO.MOHHaq.KH: ,S + HeHTpOH, 

H3ytreHHR TaKHX rHne~par.MeHTOB, eCJIH OHH cymecTBYDT, 

HliH ,naxe ycTaHOBlleHHe clJaKTa HecymecTBOBaHHH TaKOrO B3aH.MO-

,nenctBHa npe,ncraBHJIO c5H, KoHetruo, O'leHL OOJILWOH HHTepec. 
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3Aec», Boo6me roBop&, Bosuoxna ~axas cztyanms, ~orAa 
...... -

o6pasoBaHRR~ B ta&on peaxnmm ~ c Aentepmeu 

uor 6u Aat»: r:::-- -t-of -/\ 0 +/\. +N 
l.-1 

H~H Aaxe taxon 3~3otzqecRHU "YABoennu~" rznep~paruent: 
- (/\ o) ;v•J + "' r::'--+ cl 

L..-1 

isyqenze noAo6nux Bosuoxnux tztyanm~, nonyqenme cBeAeRH~ 
o taKHX BsamuoAenctBH!X, ectectBenno ueo6uqa~no mntepecno H 

,.....,- + N 
HaAO sa.uetHTb, 'ITO peaKnHH K :- + J - C. + K -+ 

HAet npH AOBOnbHO HHS~O~ 3Beprmz-0,54 B3Bo 

BaJ:HOo 

Moxno yxasaT» H Apyrwe BosuoxnocTB, xotopBe uoryt 

B03HHK8.Tb B peaKD.BH K--+ d • Hanp11Uep, tattaft B03UOX• 

BOCTb: K--H,f - c~-N) -+f. 

Cyll\eCtBOBaHme ta&oro (!"# J rznep<Pparuenta, xone"~IHO, ~HJ10 

6u qpesBa'lanno mutepecno. 

Ce~qac nosBHXOCb B nztepatype yxasaawe {ne sHaD, 

nacxonbKO ouo y6eAHten»RO) na cyll\eCTBOBanme noAo6aoro rznep-

~parueuta. 

i3yqenme peaKUHH K~d noMorno 6a otBetHTb na Bonpoc-

cyll\eCTBY6T nH rmnep-~eUtepzU. Bo BCHROK cnyqae 3TOT BOnpoc 
uor 6H nonyqmtb SA9Cb cootBetctByDll\ee paspemeume. EH suaete, 

qto ce~qac Bonpoc o cYll\eCTBOBaB~H rznep-Ae~tepHR ell\e ue aces, 

ecnz cyAHTb no nocneAueuy o6sopy TenerAH· 
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MH odpamaeM BHHMaHHe Ha dOnhWYD BaEHOCTb H3yqeHHH 3THX peaK

UH~ c ~e~TepHeM. Ecnn dy~eT nocTpoeaa ~eHTepHeBaH KaMepa H 

oy~eT nonyqeu nyqoK K-Me3oHoB c 3HeprHen ~o I E3B, To 3TH peaK

UHH, 0 KOTOpHX H yKa3an, MOrnH OH H3yqaTbCH npH TaKOM e~HHOM 

no~xo~e. 

Bee 3TO 3aCTaB~seT AyuRTh, qTQ KOE9T dHTh ~e~ecoo6pa3HO 

coopyxeaae taxon AeHtepHeBo~ &aMepH. 

fl, ecteCTB8HHO, JK&3a~ TO~bKO qacTh B03KO%HOCT8~ C Ae~

tepHeBOg K&Kepo~. BepOSTHO, HX KOXHO 3HaqHT9~bBO pacmHpHTh. 

HO yxe 3THX B03MOXHOCTe~ KH8 KaX9TCH AOCTaTOqHO ~~H TOro, 

qT00H npHBneqb K HHK BHHK&HB8 3KCnepHK8HTaTOpOB. 

fl XOTe~ 6H OllHTb H&llOKHHTb OTHOCHTe~hHO C00TB8TCTBY~~X 

peax~Bl C re~HeK, cnenH~BqHHX A~H re~HH. 3A8Ch B nepByD 

oqepe~b H uanOKHD BaM COOTHOmeHH8 ceqeHBM B TaKHX peaKUHHX: 

K-+He" .- 1:" + H?>. c;-; 

1<-+ He" - 2:- + He3
, Gt 

lnH cnpaBe~~BBOCTH H30TOnHqecKOH HHBapH&HTHOCTH Tpe6yet-

CH du1 :::: 2. as, 
3TO EaK pa3 O~HH H3 He oqeHh KHOfBX npOCTHX cnyqaeB, 

r~e KOXBO npoBepHTh H30TOnBqeCXYD HHBapHaHTHOCTb. 

H30TOnHqeCXYD HHBapHaHTHOCTh YOXHO npoBepHTh H B taKHX 

B8TBSX 3TOH %8 peaKUHH: 
3o -o r-

K--+ Hct'f ~ 1\0 4 H -4- Jr • u ~ 

K-+ He"'-'-->" 1\. + H(], +ft-. G""., .. 
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MsotonKqecxyD ~HBapKaHTHOCTb w:ozuo npoBeparb B cneAy~eH 

BetBB peU!VIB: · 
1(--+He"- ~o+He.?._,.ji-, e>c 

K--+ He"- z--+ H~3 .... Ji", 6
6 

C""s = c;-, 

Beo6•e pa6otu Aa&Soro poxa npexcraBaaDt onpeAenesHH~ 

HStepec C roq&H speBHH npoBepKM B30TODHqecKOD KBBapHaBTBOCTB. 
~ 

- 'I H"f" Jio PeaE~KH K -+He , AaD-.8 rHnepPparw:eHT + 
1 

c nocJieAYillltKll ero pacn~ow: , B pea&~B 7L- +He I( , Aaonaa rJrmep-
"Lt-llr . 0 tlJpar:aLeHT n t- \L t npeACTaBBBeT B3BeCTHH~ BHtepec AJIB onpeAe-

JieHHB KaK CDHHOB qacTB~t taK H OTHOCBTeJlbHHX qeTHOCtel A -qac-

TB~ H K-K930HOB. 

Bonpoc 0 qeTBOCtBX B ~SBOK CJiyqae npe~ctaBJI89t oqeBb 

60JbaOH BStepec, taE EU A6Jl0 HA8T 0 qetHOCTBX B CBJlbHHX 

B3aHILOX8ICTBKBX. I 3TO OAXB H3 teX H6KSOrHX CJiyqaeB, DOKa 

B3B8CTHHX, r~e KOXBO 6HJ10 6H 0Dp8X8lHTb 3TH oqeHb B8XHH6 xapaK%8-

pHCTHKB •crpaHHHX•qacTH~. QqeHb DOApOOHH~ aHaJIH3 3TOH CHTyanHH 

npoBeAeB B paOote qzoy ryau~qxao K illHpOKOBa. 

nonytuo a xore1 6u o6p8!Bt» BBKYaSBe ua pacnaxu cne~•~•-

H.,'It 
qeCKOrO rzne~~r1L8Hta , &OtOpH~ KOXSO 6HBO OH H3yqHTb B 

3tol peaxnaz. H xorex 6& o6patzt» BHBKaBK~ sa Baxuocr» xsyqe-

uxs p - pacmua rznepilparKe&ta, Bepuee, ~ - pacnaxa 

A - qacrx~ H xpyrxx rxnepouoB. 
,.., 

Kaxercs oqeB» Bepoatso, qro /\o xousa pacna,J,ancs sa 

f , ~ K uyxnou. Bo BCBKOK cnyqae TOT ~r, qro K-w:esouu 

pacn~aDrca ua p u i , a A0 B npow:exyroquow: cocroaHBH - 3TO 

uyxnoH + K, xasanoc» ou, ue octaBJiaer w:ecra Ala coMHeHHB 
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B H80~XO)UDIOCtfl r, d pacna»o rxneposa. Bonpoc 3aJtJlJ>qaeTC.II 

B TOM, KaK ~y~eT 3~8Cb OdCTO.IITi ~eXO C pacn~OM Ha e H V 

CootsomeHxe 3TIIX pacn~oa ~~s K-Mesouoa raxoao, qto 3tH 

pacna~ sa e oqes» pe~z. Moxso ~Th, qto te sanpeta, xoto

pHe Tall BrpaDT po.n, ue ~Y~YT zrpath poJni a pacna.-e 1\ - qac

T~. Ho MOXet ~HTh TOJbKO HY88TCS TaJtOe asax.oAe~CTBKe, KOr~a 

~ - none BSaKKO~e~crayaT TO~bKO C K-K830HOM Ill DpSKO se B3aH

K0~8~CTByer c 1\ - qacra~8JIH. 

fl He npomy DpBSHYaTb BO BHHKaSHe 3TH COOdpaxeHHS, DOTOKY 

qTo KH o cxadax asaHMo~e~cramax,no CYTH,oqesb uaxo 3HaeM, H .11 

He XOT8~ dH 3apasee CB.II3HBaTh ceds KaKHKH•TO BHCKa3HBaBBaMK, 

SO XOTeX dH HYeTh 3KCnepHMeHTaXhHHe ~aHHHe 0 TOM, B KaKO~ 

nponop~H pacn~aJ>TC.II 1\ - qacTHUH sa y H ~ H 3JieKrpo

HH H HeHTpHHO. 

He JICK~J>qeso, 'ITO 3TO 110xet ~an anocxe~cTBHH sexotopae -cy~ecraesBHe pesynatata ~s ace~ teopJIJI cna~ax B3aJIKo~e~cTBHA. 

Kse xaxercs, qTo K 3TOIIY aonpocy se dano npmaneqeso ~o

cratoqso asBKaHxa. Moxet dHth KaJIO e•e cnyqaea 111 tpy~so 

38JietJith pacn~ sa (" 11 ~ , notoMy 'ITO ~ no uacce 

• 

~OBO~bSO 6~HSKa K fi-Me30S8K, H KOZHO HeKOTOpH~ npoueHT OT OdH'I

BHX pacn~oa Kax-to.nponycTJITh. Bonee TPYABO nponyctBt» pacn~ 

sa anextpoBH 11 se~tpJiso. Ho aro ~exo axcnepJIMesratopoa. fl xo

ten dH tO~bi:O OdpatHth BSBKaSH8 Ba BaxHOCth DO~OdBHX 3J:CnepH-

118STOB. 0HB Ba%BH se TO~JtJO ~a 1\ , SO H AnS r , nato

MY uo aepoarsocth. pacnaAOB s~ecb donhmaSJ. Osz aaxsa H AJIS 2:, . 
ecna Tall ser 3anpera sa pacn~ sa seAtposa, anexrpoBH m seAtpa-· 

so. 

f 
I 
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Bee 3TH sonpocu npe~ctasnamtca cy~ectsena~x. B AaHHOM 

cnyqae a 3arosovxn o nxx B cBa3K c rwne~paruentoK, notoMy 
nonyqenHa runep-

qto 3~ecb ecth 
¢paruenta B 'IKCTOK BH~e H 

B03KOXHOCtb 
Hccne~osanHa ero B KaMepe. 

.. 

-
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nonHPll3AUHH 3nEKTPOHOB B PACIIll..llAX I{ (til. I1 U !U~ 

(nac>opaTopH.H TeopeTt1:1-18CKOi1 qJM3HKH m1fl:VI) 

lfsnecrao, 'liTO npH pacna~e + F -Mesoaon s~eKrpoau ~eTJIT 

B OCHOBHOM D HanpaMeHHH npOTHBOnOJIOlitHOM ~DHlit8HH!O M830Ha. Ka

liteTca, 'llTO K03~H~H8HT KOppeJIJI~HH Melit~y HanpaDJieHHeM no~eTa 

jl -MeSOHOB H HanpaBJI8HH8M 3JI8KTpOHOD - OTpH~areJibHhli1 TaKlite 

H B c~yqae pacn~a ll -Mesouon. 

lis noro <I>aKra, oqenn~uo, aeJI:03SI saK~JOtiHT:o o sHaKe no~.HpH-

3aiU1H 3~8KTpOHOB H fl -M830HOB OT)~e~bHO. 

,llJISI pacn~a ~ -M830HOB 8CTb yKa3aHHe (HHKTO He 3Haer 

HaCKOJibKO 3TO TOtiHO), 'llTO aHH30TpOnHSI fiOJiyqaromaSICSI B 3TOM 

pacn~e ornet~aer npaBo11 no~.Hpusa~HH nosnrpoHoB, TaKO!t lite KaK 

B p -pacn~e. EcJIH nosnrpou npanun, a saaK KoppeJISI~nu 

TaKott, 'llTO OH JI8THT Ha3~, TO OTC!O~a MOlitHO SaKJI!OtiHTb, 'llTO 

fl - f!JIJDC HMeeT JieBylO nOJISipHSa~HlO H trTO B r--.>- jU+ pacna~e 
pox~aercSI He Hettrp:wno (KaK no nponcxo~HT B p/ - pacna~e), 

a aHTHHeliTpHHO. 0TCIO~a CJie~yeT saKJIJDqlfT:b, .'llTO npOHPXO~HT 

aapyweane saKona coxpanemut ~enroHIIOro sapJl~a, KaK npnHRTO 

rOBOpHTb. ilOaTOMY B03HHKaeT O'll8Hb cymecrBeHHhl.il BOl:rpoc- 6y~eT JIH 

Kosc:MJn~vreHr KoppeJISI~HH B pacna~e Up~ raKnM lite o'rpnn;aTCJI.bHPIM? 



- 20-

Ilo-BH~HMOMY, nonoE:emte. dy~eT TaKoe, · qTo BO ncex Tpex pacna~ax 

non&pHsann& no~HTpona dy~eT TaKol.l xe, KaK B deTa-pacna~e, T.e. 

qTQ CBOtiCTBa CITHpaJILHOCTH IT03MTpOHOB,HanpaBJieHMR ero Bpa~eHMH 

O~MHaKOBH BO BCeX CJiyqa&X CJiadoro B3aMMO~el.lCTBMH, T,e. BO Bee 

nponecCH CJiadoro B3aM!.W~eitCTBMH OH BXO,UMT O~Hl1Ml1 CBOMMM KOMflO-

HeHTaMU. 

TaKHM odpasoM MU np11xo.nnM K anuepHaTHne: JIH6o saKon coxpane

mm nemounoro sap&~a napy!llaeTcR, JIH6o Te napnaHTbl. /~ -pacna.n;a nud

panu neBepno. 

ITo STOMY nono~y JI. E. OKyHr:, paccKasan, qTo <I?el.lnMaH H l'eJIJIMaHH 

npe~nararoT saHoBo Hccne~oBaTL napHaHTH deTa-pacna~a h ua~eiDTCH • 

qTo B3al1MO~CHCTBHe B deTa-pacna~e OKaXeTCH KOM611HanHe~ BeKTOpOB H 

ITCeD~OBeKTOpOB, T.e. qTo 3HaK CITHpaJILHOCTH net1Tpl1HO odpaTHHH, qeM 

.no cnx nop cqHTaJIH • .Uo c11x nop cqwran_H, qxo ecJIH p -pacna~ cKaJUip

liiJ!lt 11 TeH30pHhlti,TO C IT03I1TpOHOM BblJieTaeT HetfxpHHO BpantaiDntMHCH TaKJlte 

KaK IT03l1TpOH BITpaBO, a C OTpnnaTeJILHHM 3JieKTpOHOM-aHTHHeitTpMHO, 

D pall(aiDntUtiCH BJieBO. 

EcJIH nepno, To qxo ronopHT ~eltnMaH 11 l'eJIJIMann, TO saKon coxpa

nenna nenTonnoro sap&.n;a ocTaeTCH nepnuM. 

B cnnsn c 3THM npe.n;cTaBJIHeT doJIL!llolt nnxepec donee no.n;podno 

nccne.nonaxr:, coxpanenne qeTHOCTH B pacna.n;ax ~nneponon. 

ITa KontiJepennHH B Benen11m 6uno coodmeno, qTo ~ H t\ 

pacna~aDTCR c HcnycKaHHeM Ji -Mesona Totino TaKxe c necoxpanen11eM 

tJeTHOCTH. 3TO 3Ha!.JHT, qTQ eCJIH Y .HaC HMeeTCR 1\ , TO OTHOCHTeJILHO 

· nnocKocTH pox.n;enHe non 1\ ( 1\ poJlt)J;aeTc& c .n;pyro.£1. qacTm~en) qncno 

ITH-Me30HOB pacna,na pa3JIH'qHO. 
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3To nBneH~e cBaaaHo c TeM, qTo A HMee~Booame roBop~ 

oTn~qHyro oT Hynn nonepeqHyro nonap~aau~ro HopManoHyro K nnocKocr~ 

poX~BHHH, a n03TOMY odpa3yiDmMnca HYKROH MOXBT dHTb npo~ORbHO no

napH30BaH B 3TOM HanpaBRBHHH. 

3TH onHThl KonMqecTBBHHO noKa rpy~Ho oapadoTaTh, raK KaK 

HBH3BBCTH~ nonHpH3aU~H CaMHX pacn~aromHXCH r~nepOHOB, O~HaKO 

BaXHO, qTo BCHMMBTpHH BBBHKa, qTo yKa3hlBaBT Ha dORbillYID npo~OBbHYID 

nonapHaau~ro odpaayromMxcn HYKBoHoB. 
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0 HECKOnbKIDC OIIHTAX CO CTPAHHHMM tiAC1'!1UAMll 

n.r. OKyHI> 

(llHCTHTYT xeopexHqecKo~ H 3KcnepHMeHTani>HO~ ~H3HKH AH COOP) 

IIepBHt! :mcnepHMeHT pacc~oTpeHHHtt H. H. IIoMepaHqyKOM H MHott 

- onpe.zteneHHe qeTHOCTH K-M830HOB B BO.ztOpO,ItHOii KaMepe. Peqb H,IteT 

0 peaKIVUIX: 

IC+ p -1\ +1i'++r,- (I) 

K--+ p -/\ +r.·~r.D (2) 

lnR Me.ztneHHYX K-M830HOB ceqeHHe 3THX peaKUHlt COCTaBnReT 

nopR.ztKa Io-3 oT nonHoro ceqeHHR. 

PaCCMOTpHM saxBaT K-Me,30HOB H3 S - COCTORHHR. 

3.zteCb MOryT 6HTb )tBa cnyqag: RH60 tteTHOCTb K-Me30Ha COBna

,ItaeT c tteTHOCTDI> 1\- qacTHU, nHc5o He coBna.ztaeT. PaccMotpHM nocne

.ztoBateni>HO 3TH .ztBa cnyqas. 

llycn qexHocn coBna.ztaeT: PK • PI\ • Pp = + I. Tor.zta 2 'if -

M830Ha, KOTOpHe 6y,ItyT B03HHKaTb B peaKUHRX (I) H (2) )tORXHU pOX)taTb

CSI B S - COCTORHHH H yrnonoe pacnpe.zteneHHe ttaCTHU H30TpODHO. 

C .ztpyrott cTopoHu RCHo, qTo A -ttaCTHUH 6y.ztyT HenonRpHsonaHHHMH-H 

c~~~onaTeni>HO He 6y.zteT accHMetpHH npH nocne.ztyn~eM pacna.zte A -
_q"'.CTHI(. 

HaKOHei( MeX.ztY BepORTH09TRMH peaKI(Hlt (I) H. (2) c5y,IteT BeCI>Ma 

npoCTOe H30TODHtteCKOe COOTHOIU8H-He,T.K. 'Ji. -Me30HY, HaXO)tSI~HeCSI B 

5- COCTOSIHHH, 6y,ItyT HaXO)tHTDCSI B COCTOSIHHM C M30TODMtteCKHM COHHOM, 

paBHHM 0. 
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Ha CaMOM ~ene 3TO COOTHOill8HH8 cne~yeT H8CKORLKO nonpaBHTL 
r.- + 

no TOH npHt!HHe, tiTO Ha~o ytteCU pa3HOCTb Mace :II-- H Ji" -Me-

30HOB H BM8~TO 2 nonytraeTCH npH6RH3HT8RLHO 1,34. 

tiro dy,iteT B TOM cnyttae, ecnH PK · P"·Pr = -1 ? 

Bo-nepBux, yrnoBoe pacnpe,~enenHe A -ttacrHnhl OTHOCHTen:&Ho 

2 IIH-Me30HOB 6y~eT HMen BH~ · I + Q. co& e • 

Bo-nroph!X; A -ttaCTHna oy~eT nonHpH30BaHa OTHOCHTen:&HO 

OROCKOCTH po~~eHHH H ee pacna~ 6y~eT aCHMMeTpHqeH. 

B-TpeT:&HX,He dy~eT BhlllORHHTLCH COOTHomeHHe ~./~z = I,34. 

3TO OTHOmeHH8 CTaHeT 6on:&me. IlpH 3TOM B OTHOmeHHe peaK~Hti (I) H (2) 

BOH~YT BenHqHHhi,KOTOphle onpe~eRHIOT aCHMMeTpHJO H ll01IHpH3anHJO. 

TaKHM odpasoM, H3MepeHHe yrnonoro pacnpe~eneHHH peaKnH.I! 

(I) H (2), ncinapH3anHH 1\ -rHnepOHOB, oCSpasyJOJJtHXCH B 3THX peaK

UHRX H COOTHOill8HHH M8%~y HX BepOHTHOCTHMH ll03BORH8T onpe~enHTL 

qeruocT:& K-Mesoua. 

B 3aK1IJOtJ8HHe H XOtty no~qepKHYT:&; tJTO ~RH O~H03HatiHO.I! HHTep

nperanHH paCCMOTpeHHhiX peaKnH.I!, HeOClXO~HMO dbiT:& yBepeHHhiM B TOM, 

tiTO K-M830Hhl 3aXBaTb1Ba~nCH HM8HHO H3 5 - COCT.OHHHH. 3TO 3atpy~

HH8T OllllT, T.K. npH saxBaTe K-M830Ha H3 K-J,U330aTOMa BepOHTHOCT:& 

saxBaTa H3 P - cocroSJHHH Bemum. Moxe! ClblT:& ayxHo otdHpau Tonuo 

saxBaTH H3 aenpepllBHoro cneKtpa? 

Bropon aKcnepHMeHr: 3axBaT Me~neaaoro KacKa~aoro rHnepoaa 

B Bo~opo~e: 

., -c + p - !\"+I\ .. (3) 
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3ra peaKUHSI chuta paccMoTpeHa H. SI. ITouepaHqyKoM; H. M. lllMymKe-

.BMQeM H MHOlt. ECJIH KaCKa,ll;HLilt rvrnepOH Me,ll;JieHHHlt, TO .n;pyrolt Heynpy

rott .peaKUMH dHTb He MO:llteT, KpOMe peaKUMH nepe3apSI,ll;Kli • .v!TaK, Me.n;JieH

llhllt KacKa.n;nLilt rvrnepoH 3axnaThmaeTCR npoTOHOM H B03HHKaJOT .n;ne 1\ -

qacrHULI. OHM .pacna.n;aJOrca. Ra:m:.n;aa A -qacrvrua pacna.n;aerca Ha 

JT - M830H 11_ HYKJIOH. 

ilyCTb HaqaJibHOe COCTOSIHHe dbiJIO :!J H nyCTb qeTHOCTb K~CKa.n;-

HOrO rvrnepoHa paBHReTCSI qeTHOCTH npoTOHao Tor.n;a KOHeqnoe COCTOSIHHe 

dy.n;eT TOJB:e s 
3 

TierKO BM.n;eTb 9 QTO B 3TOM CJiyqae naqaJibHOe COCTOSIHHe 5, 

BOOd~e ne Mo:m:eT nepetlTH B ,ll;Be A -qaCTHUH, T.K. ,ll;JISI HUX COCTORHHe 
3 . 

5, 3anpemeno B CHJIY npHHUHna llaynvr. 

3TO OTKpLIBaeT B03MOJB:HOCTb ,ll;JIR cymeCTBOBaHHSI MeTaCTadHJibHOrO 
..... - '~ c! 

COCTOSIHHR CHCTeMH C +f B COCTORHHH ~, 

PaCCMOTpMM KOppeJ!SIUHH B peaKUHH (J) ,ll;JIR ,ll;BYX B03MO:lltHLIX 3Ha-

qenvrtt qeTHOCTH ~-- rMnepona. 

B nepBOM CJiyqae, ec~H qeT,HOCTH 8 t. p O,ll;MHaKOBbl 9 TO ,ll;Be 

A -qacTMUH .n;on:m:HLI dL!Tb B COCTORHMH 'So • 3To 3HaqvrT, QTO OHM 

HaXO,ll;HTCS B . 5 COCTORHHM H CllHHLI HX HanpaBJieHLI B npOTHBOllOJIOXHLie 

CTOpOHLio B03HMKaJO~Me npM pacna.n;e ,ll;BYX f\ -rlmepOHOB 1i -M830HLI 

.n;on:m:HLI nereTb'npeMMymecrneHHO B npoTvrnonono:m:HLIX nanpannenvrax. Bo 

BTOpOM CJiyqae eCJIH qeTHOCTH 3 M _ f' pa3JIMQHbl ~ - rvrnepoHH dy.n;yT 

HMen npeHuymecrneuuo o~vmaKonoe uanpanneHMe emma M 7i -MesoHH 

,ll;OJI:m:HY JieTeTb B OCHOBHOM B O,ll;HOM M TOM :m:e HanpaBJieHHH. 

KpoMe roro, B nepnoM cnyqae yrnonoe pacnpe.n;eneHMe lr-MesoHOB 

OTHOCMTeJibHO JIHHMM pasJieTa 1\ -qaCTMU M30TponHO, a BO BTOpOM -aHH-

30TpOmto. 

TaKona Kaqecrneiman KapTMHa nHx Koppenauvrtt. 

( 
I 
1 

J 

I 
t 

l 
I 
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HaKoHeu, H xoren c5hl paccKasan o pacna,l{ax · /{-t H K0 -Meso

HOB H B qaCTHOCTH-0 pa·cna,l{aX Ke?> H Kl"l 

B pacna){e eCTb rpM nesanHCHMHX napHaHra, aHanorHqHhiX napHaH

TaM ~ - pacpa){a. YcraHonneHHe 3THX napHaHTOB npe){crannReT o~eHb 

dOJiblllOi-t HHTepec. IlO::lTOMY nepno~, Ha qro fi XOTSJI oc5paTHTD BHHMaHHe, 

3!0 TO, qro HYJKHO npOCTO .H3MSpHTD CllSKTp f'!-M830HOB npH H]}eCTHOtl 

3HeprHH fi -M830HOB. 3TO ){aCT CBS,l{SHHfi He TOJlbKO. 0 TOM, ~aKHe Ba

pMaHThl HMSIDTCfi B 3THX pacna,l{aX, HO H 0 TOM, fiBJI?STCfi JIM B3aHMO,l{en

CTBHS B K~~~ pacna,l{e JIOKaJibHhiM. 

I\poMe HSMepeHHn 3HeprHH ('1 -MeSO HOB B · pac~a,l{aX /(I"~ , MOJR:HO" 

H3MSpRTD HX llOJIRpHsar:tliUO. MsMepeHHe llOJIRpH3nUHH f" -M830HOB, llO-BH;_ 

",l{HMOMy, He Tpy){HO, no TOi-t npHqJime, qro CaM .. fll -M830H .llOTOM pacna

,l{aeTCH. Pacna,l{ ~ -Mesonon, KaK cei-tqac xopo111o ycraHonneHo, npoHcxo-

. ,l{HT C HeCOXpaHeHHeM qeTHOCTH, H 3JieKTpOH, KOTOphltl B03HHKaeT npH 

pacna,l{e f -uesoua, yKashlnaex aa aanpanneHHH ero cnHua. 

TaKHM odpasoM,HSMepRR yrnonoe pacnpe){eneHHe sneKTponon, nos

HHKaiOntHX nplit pacna,l{e f-' -MeSOHOB, MOJR:HO onpe,l{SJIHTD llOJIRpHSaUHD 

(" - M830HOB. 

Mo:lltHO HSMepHTD npO){OJibHYIO llOJIHpHsar:tHIO f" -MeSO HOB, qro · 

·,l{aeT oqeHb c50Jiblll08 KOJIHqeCTBO BaJR:HhiX CBe,l{SHHI. Ho MOJR:ST dh!Tb 

c5onee HHTSpSCHhiM c5h!JIO c5hl H3MepeHHe llOJIRpH3aUHH f" ~Me30HOB B Hari

paBJISHHH nepneH){HKynnpHoM nnocKoCTH K~, pac~a){a. TaKaa nonRpHsauHn 

MOJR:eT HM9Tb MSCTO B TOM CJ!yqae, SCJIH He coxpaHReTCR KOMc5HHHponaHHafi 

qeTHOCTD~ 

Rnn Hccne,l{oBaHHH nonepeqnoR nonRpHsar:tHH ~-MesoHon nyxno 

H3MepHTb KOJIHqecTBO 3JISKTP.OHOB,BUJieTaiOntMX npH pacna,l{e r -Me30HOB 

BBSpX H BHH3 OTHOCHTSJibHO llJIOCKOCTH pacna,l{a K('4~ 
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Mae xaxeTcR, Ta~ol 8KcnepMMeHT ocodenno y~odno c~enaTi 

B xcenonoBott xaMep~; dnaro~apR 6on1mOMY sapR~Y cpe~u, qacnn~u He 

dy~yT BUXO~MTb M3 KaMepu. 

KpOMe TOrO, B TaKO}i I~aMepe r5y~yT "BM~Hhl" M Yl'
0 -M830HU /(f'l-z, -

pacn~a, raMMa-KBaHIH KOTOpHX dy~yT npeBpa~aTbCH B napu. 

Cxasannoe BHme oT~OCMTCR- B M3BeCTHOM CMucne M x pacna~y Ke3 , 

KOr~a BMeCTO (1-i -Me30HOB Bhl1l8TaJOT 81leKTpOHU. Ho C k'ICC1l8~0BaHMeM 

~sl'acna~a ~8110 06CTOMT xyxe-, DOTOMY tiTO D01lllpM3ai~MIO 31leKTpOHOB HYJ!tHO 

M3M8pRTb Henocpe~CTB8HHO. 

fl XOTe1l 6u oc5paTMTb BHMMaHM8 ~a HeOdXO~HMOCT~ MCC1l8~0BaHMR 

pacna~a ~onro ltMBYII{ViX nettTpanLnux K-MesonoB. To, o tieM R 6y~y pac

cxasuBaTb, ecTL pesynLTaT pac5oTu-H.D. Koc5sapeBa M Moen. 

BpeMR- pacna~a ~onro JltMBY~Mx nel!TpanbHhlX K-Mes'onoB M3BeCTHO 

cettqac ~OBOJI:bHO nnoxo; MMeeTcR nepaneHCTBO 

Jot_ > 7: > 3·1o- 8 ce~. 

ITpe~CTaB1lR8T MHTepeC BUCKa3aTb KaKMe-TO TeopeTMti8CKMe, 

COOdpa:llteBMR DO DOBO~y TOrO,-KaKMM ~01llCHO ~hlT:b Bp8MR JltM3HM ~onro

XMBY~MX -1{0..:i.ie3onoB;--B aacToRII{ee Bpe!-m ae MMeeTCR ocodenao Becxnx 

ocnoBa}tMtt ~nR Toro, tiTor5u Bhlcxasa'r'b TaxMe cooc5paJKeHMR, ·ao ecn 

MHoroxparao or5cyJK~aBmeecR npaBMno, 6 T == Y~ • ITpM noMOII{M ne-

ro npaBMna MOXHO c~enaTb nexoTopoe saxnntieHMe o BpeMeBM XM3BH ~onro

:m:HBYutMx aettTpan:bHUX I\-Me30HOB. 
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OcnoBHbiMH pacna.n;aMH 1<; -Me3oHa RBJISIIOTCR H~!. . ' I<~J· H K;3 

c llOMOIII:b!O npaBHJia 4 T=- 'l'~ ~epOSITHOCTH 3THX pacna.n;oB MOJKHO Bbl-

pasHTb qepe3 yxe H3MepeHHble BepOSITHOCTH Kt, 
' 

Ke; H K;.3 

nacna.n;oB K.,. -Me3ona L.f , cJie.n;oBaTeJII>HO, n.Pe.n;cKasan BpeMSI JKH3HH 

K1o - Me3ona, 

OKasuBaexcsr, tiTo BpeuR JKH3HH .Y .n;oJirOJKHBYIIIHX K-MesonoB 

}(OJIXHO 6IiT:b paBHbiM npH6JIH3HTeJI:bHO 4, lO-B CeK, 

3Ta I~HtiJpa HHTepecna TeM, tiTO OHa HaXO)l;HTCSI B0JIH3H H3BeCTHOif 

B HaCTORIIIee BpeMR HHJKHett'rpaHHULI,·IIonoMy HeelOJibmOe YTOtiHeHHe 

3KCnepMM8HTaJI:bHblX .n;aHHblX no BpeMeHM JKU3HH J<; -M830HOB MOXeT .n;ar:&. 

cBe.n;eHHR o npMMenReMOCTH npaBlua AT=- Yt , K~Topoe otieHI> mnpoKo 

HCllOJI:b3yeTCSI npH paCCMOTpeHHH pacna.n;OB CTpaHHLIX tiaCTHQ, 
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IIOJifiPM3AijHfl IIPOTOHOB IIPH (Ji p 2 - PACCEmiHM 

JI. H. Jiamr.nyc 

JiadopaTopHa TeopeTHtiecKon ~HSHKH OllflH. 

XoTenOCb 6U CKasaTb HeCKORbKO CROB 06 3KCnepHM6HTaX, npoBe~ 

,l{eHHe KOTOphiX,nO-BH.l{HMOMYl TpedyeT npHMeHeHUSI KaMep. 

0,l{HHM HS TaKHX 3KCnepHMeHTOB SIBRSieTCSI ynpyroe p~CCeSIHHe 

OTPH~axenLHHX nHoHOB npoToHaMH aa Manue yrnu. Manue yrnu HHTepecau 

B CBSISH C TeM, tiTO TaM CKaSHBaeTCSI HHTep~epeH~HH SI.l{epHOro pacceHHHH 

C 3R6KTpOMarHHTHUM. 

IIpoBe.l{eHue no,l{odaux 3KCnepHMeHTOB, noMHMO Bcero npoqero,aeod

XOAHMO ,l{RH onpe.neneHHSI SHaKa peanbHO~ qaCTH aMnRHTY.l{U SI.l{epHoro pac-

C6SIHHSI. 

B HaCTOR~ee BpeMH OCOdeHHO Ba~HO npOB6CTH 3KCnepHM8HT C OT

pH~aTenbHNMH flHOHaMH B OdnaCTH SHeprutt 200-300 MaB B CBS!SH C .l{HC-

nepCHOHHHMH COOTHOilleHHHMH. CBe,l{eHHH _ 0 3HaKe peanbHOtt tiaCTH. ( "!()- ) , 

HM81J~HeCH cettqac, OCHOBHBaJOTCH Ha OflHTaX, B KOTOpHX Ii3ytzanOCb 

rr -p- pacceSIHHe Ha 6onbruHe yrnu. Heo,l{H03HaqH_OCTli B ~30BO~A: aHanH-

36 HHOr,l{a saMeTHO CKa3HBal:>TC.fl B 3TO~ odnaCTH ::meprHtt Ha 3HaqeHH6 

1)- • IIOSTOMY HeSaBHCHMOe onpe.neneHHe 3HaKa ~- , KOTOpoe MO~HO 

ocy~eCTBHTb, HCCR8AYH HHTep¢epe.HnHIJ KYROHOBCKOrO pacceHHH.II C .II.l{ep

HHM, B8CbMa xenaT6RbHO. 

IIo.n ManHMH yrnaMH pacceHHH.II npu aaeprHRX 200-300 MaB noHHMaeT

C.II odnaCTb yrnoB 5-I0° B CHCTeMe neHTpa HHep~HH. 3TO HenerKHe onu

TH,eCRH ytzecTL;t~To npe.nenbHhle_yrnu ~rr~J~pacna.na Toro xe nopa.nKa 

'· 
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O.n;HaKo, KaK noKasv!BaeT onl>!T padonr Tacpxa ( Ph~s. ~ev. I05, 

~F. 5, I957 r.) ,Koroph!H viSytiaJI 11HTepcpepem~v!10 B (<Jf +,D)- paccenmm, 

ocy~eCTBJieHJ1e 11X B03MOXHO. 

Xorenoc.o dh! no.n;qepKHyr.o, liTO HaytiHTbCR 11syqar.o npouecch! 

C OTKJIOHeHHeM tiaCTI1U Ha MaJih!e yrJihl HeOdXO,ll;HMO He TOJibKO .IJ;JIR O,ll;HOrO 

::n~cnepHMeHra. 

BTopoe QTHOCI1TCB K 113MepeHHID fiOJIRp113aUHI1 npOTOHOB OT,n;atii1 

np11 ynpyrOM paCCeRHI111 BO,ll;OpO.IJ;OM sapREeHHbiX Me30HOB OdOHX 3HaKOB. 

Heoc5XO,ll;I1MOCTb fiOJIRpl13aUI10HHHX 3KCnepHMeHTOB CTaJia npe.n;eJibHO RCHa 

B nocne.n;mre ro.n;H. TaM, r.n;e aro B03MOJitHo ( (pp)- pacceRHHe, pacceRHHe 

HYKJIOHOB Ha R,n;pax) llPHMeHReTCR Odhll!HO 3JieKTpOHHKa. Ho npH 113yqeHI111 

no.n.apvrsauvm nporoHoB or.n;aq11 npa (ttpJ-pacceRHHH, no-BH,IJ;HJAOMy, cy~ecT

BeHHYJO fiOMO~.b MOJiteT OKa3aTb 3KCnepHMeHT C nysHp.bKOBOtl KaMepolt, 

Ha HeOdXO,ll;HMOCTb TaKHX !'.lKCnepHMeUTOB, BCJie.n; sa PepMH, dh!JIO 

yKa3aHo pR,II;OM aBTOpOB, Mae XOTeJIOCb dH TOJI.bKO fiO,IJ;tiepKHYT:b OCOdoe 

sHatieHvre npoBe.n;eHRH no.n;odHHX onh!Ton·npvr aHepr11RX Bblm~ pesouaaca 

( E~r > 200 MoB) l1 omrn xe ocodenao .n;.nR (Jip) -pacceRHl1H. 

3TH Tpy.n;HHe OfiblThl MOJ!tUO CTaBHTb TaK. B KaMepe Ha,IJ;O H3ytiaTb 

JieBo-npaByJO aCHMMeTpvUO npl1 pacceRHl111 B Be~eCTBe KaMepht fiOJIRpH30BI1H

HOrO nyqKa npOTOHOB.TaKHM nytzKOM npoTOHOB RBJIRJOTCR npOTOHbl OT,IJ;atiu, 

nu.neraJO~ue,uanpl1Mep, H3 Xl1.IJ;KOBo.n;opo.n;uon MHmeHu, Kor.n;a aa nee na.n;aJOT 

Me30HI:.I. 
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~nR roro, qra6H rronyqnr:o rrpe~crannennn ·o Macmra6e 3~~eKTa rrpnne~y 

nupa~eHHR ~nR rronnpwsa~nn rrporoHoB or~aqn, Koropue rronyqaiDTcn,ecnn 

I-tcnonh30BaTb TpH OCHOBHbiX Ha6opa ¢a3 pacceRHllSI, COOTB8TCTBYIOII{HX 

~aHIU1M KopeHqenKo n 3:~mona ~nR :meprHn 307 Msn. 

3TH Bh!pa~eHll.fl l1MOIDT Bll~: 

P,(e) : - ~~it'IO . , 
1, 9 ~ + o, Li9 to:.e + c.,~~a -o, 56 c.o.!.313 -o,4!!. co~ 1o 
0,1'1~ -~o1,tc.,:.e +1,5CD!>tg +o.?.c::o~3e 

P1.(e) ;:=:. 
~&ittB O,L153+o,o63.c.?~a-o,r3~~e+o.o&~c;,~le • 

I, 9 9 + 0, '19 C4.S.9 + c.>!!>~9- o, S'6 c.>~ 39 - o, l(~ 6!> ~6 

f'3(eJ 
a . "O,:L9+~59co!o9-6,40CI)!>z9 -o t3c.D:.3e 

- .,(,~It!<> ' I 

I, 99 + o, qgr;.,:,e +co~ze- o,S'& CDs3 ()-o,lf:tGD'.>'~9 

( e - yron paCC8flHllR fillOHa B CHCTeMe ~eHTpa IiHep~HH) • 

(I) 

(2) 

(3) 

KaK Bll~HO ll3 (1)-(3) COOTHOllieHne PI P2 H P3 COCTaBnReT OT 

20 - 5Q% ll 8Q% COOTBeTCTBeHHO. 

OnUThl Tpy~Hhl, HO OHll ~aiDT HOBY!O ;1HipopMa~l1ro, KOTOpyro ~pyrMM~l 

nyrmm uo~no nonyquu nnhKO Menee npHMLIMM MeTol(mm. M:s rex j(;e 

~aHHhiX ~nn nonnpnsa~~m npoxonoB npn (Ji +p) rronyqaeM 

<>(e)P(eJ :== .i.A~~ne fo,o'lt~o,t:L3c:e5S-o:r.teo~2e-o f"fGco!.:?>e1 · ,1 , J (4) 0 

G"(e) p( a J == !t .A 1 ~ne { o, oH> + o,f/4 e.o.se- o, 9.&3 t:..l!>
2
9- o, /6'1 eo!?eJ 

(5) 

G(Gl P(e] =.t ~t~,;ne { o,ot;'f+~16&ec39 -O,lt5:lGOiz9-0,033 Go!>'~ 
(6) 

r~e Bb!pa~eHHfl ~nR ceqennn G'(o) MO~Ho na}trn B paCSore My:Xnna 11 

IlOJITSKOpBO. 

(' 

_[ 

I 

'l 
l 

I 
l 
l 

' l 
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fl rOBOpHn BCe BpeMH Od onpe~eneHHH nonHpH3aUHH npOTOHOB npH 

\np} pacceHHHH. HayqHTnCR npoBO~HTn no~OdHHe OKCnepHMeHTH HeOdH

qatiHO Ba:xmo. H ~nil ~H311KH CTpaHHHX qacTHU H npH COBCeM BHCOKHX 

OlieprHHX,KOr~a, KaK 3TO MO:lKHO llOKa3an,nonHpH3aUHH' MOE:eT db!U· 

:maqHxenLHoM npH Hedonnnmx yrna:ic pacce.IIHH.II. 

BOIIPOCU: 

I. HacKonLKO cymecrBeHHo, qxo onpe~eneHHe nonHpH3aUHH 

Ha~o npoBO~HT:o no~ ManHMH yrnaMH? 

Mamm yrnu cymecTBeHHH ~n.II oqeH:o BucoKHX oHeprHtt. 

EcnH Boo6me non.IIpH3aUHOHHue oq~eKTH B MHoro-MHnnHap~HoM 

odnacTH ecr:o, ro OHH cocpe~oroqeHH na Hedon:ow1x yrnax. 

B o6nacTH oneprHM oKono 300 M:m cneuHan:oHo Manue yr nu na nepBoM 

:nane He BaxHu. 

HsyqeHHe nonapHsauHH Ha Manh!x yrJi:ax s~ec:o duno dH oqeHL cymecTEeH

HHM, ecnH db! YAanOC:b l13yqHT:b KynoHOBCKYIO HHTepq>epeHUHIO B nonRpH3a

UHH. Ho' OTO HeOdhlqatiHO CnOXHhle Ollb!TH, KOTOpue eme He ocymeCTBneHh! 

B (pp}-pacCe.IIHHH, rAe HHTeHCHBHOCTH qaCTHU 3HaqHTeJinHO -dOJinWe • 

.. 


