
06bEJllt1HEHHblilt lt1HCTit1TYT ~llEPHbiX lt1CC.nEJlOBAHit1ilt 

JlaGoparopHH ll.lepHbiX npoG:iL'\1 

O.A. 3ai!:MH.llopora, M.M. KymoKHH, E.noHTeKopao, P.M.CynHeB 
vf.B. ¢aJIOMKHH, A.Vl.¢HJIHnnoB, B.M.UynKo-CHTHHKOB, IO.A.ll.J.ep6aKOB 

D - 988 

V13MEPEHYIE BEPORTHOCTYI 
PEAKUYIYI p.- + lle3 -.. H 3 + v 

91e~l'fl, AfJJ,I.I T «( 3, I {_• e I,Cj- 3r8 . 

.Lly6Ha 1962 I"'O.ll 

-



O. A . 3ai1MHJJopora, M.IV\. KymoKHH, 6.noaTeKopBo, P.M.CynS!eB 
Vl .B. <t>anoMKHH, A .Vl.<PHnnnnoB , B.M.UynKo-CHTHHKOB, lO.A.lllep6aKOB 

Vl3MEPEHVJE 
PEAKUVlVl 

BEPOHTHOCTVl 
Jl- + II e3 

-+ H 3 + v 

D.-988 

HanpaBneao B >K3T<t> 

• 

Lly6Ha 1962 ro.a 



/ 1/ 
B npenbrny me a pa6oTe Mbl OnlfCBmf OnbiT 1 B KOTOpOM 6bin8 06Hapy)!(eHa peBKUifH 

- 3 3 
p. + He -+ H + v ( 1 ) 

If rpy6o oueHeHa ee 
3 

aepoHTHOCT~ ToqHoe onpeneneHHe sHeprlfa oTnaqlf n lf3 auanH3a 14 co-

6biTHtl: peaKuHH ( 1) no3aonuno anepabre onpenenuTb nocTaToqHo HH3KHii npenen nnH Macchi 

HeaTpBnbHOa q aC TllUbl ( < 8 Msa) 1 liCnyCKBeMofi B npouecce 38XBBTB MIOOHB HyKnOHQM, nonyqeH

HBH oueHKa c 6onbwott sKcnepnMeHTanbHoa nocToaepHOCTb!O nonTaepnuna npnH~ITyro ToqKy 3pe

HHH 0 TOM, qTQ npH 38XB8Te MIOOHB HyKnOHOM lfCnycKaeTCH HeiiTpHH0
1 
ll npouecc ltl:leT no CXeMe ; 

p. +p-+n+v .. (2) 

/2/ /3/ 
HenaaHo Xunbne6paHTOM , a TBK)Ke Ene3epoM u np. peBKUIHI ( 2) Ha6niOnanacb Henocpen-

CTBeHHO B )!{lfJ:lKOM BOl:lOpOLie . 

B HBCTOHll(ea pa6oTe ll3narBIOTCH pe3ynbT8Tbl BH8nll38 CTBTllCTifqeCKOrO MBTepRana, npH

M8pHO HB nopHLIOK npeBbiWB!Oll(ero nonyqeHHbla HBMll p8HbW e , B e pOHTH OC Tb peBKUHH \ 1 ) lf3Me-

ps:rnacb c uenbiO RsyqeHus:r aonpoca o ClfMMeTplflf asanMoneacTBifH MIOoua If sneKTpoHa c HyKno-

HOM, 

1 11 
5bin8 lfCnOnb30B8HB TB )!(e MeTOl:llfK8 1 qTQ ll B nucpcpy31fOHH8H KBMepa B MBrHHTHOM 

none H = 6000 spcTen, HanonHeHHas:r ren!f eM-3 nplf naaneauu 20 aTM, Haxon!fnac b a nyqKe Meso

HOB c HMnynbCOM 217 Msa/c, BbiBeneHHblX ll3 cp830TpOH8 na6opaTOp!ill s:rnepHbiX npo6neM OVI.HVI . 

M eso Hbi 3BMenns:rnHcb MeLIHbiM cf:>unbTpoM, noMemeHHbiM n e pen KBMepoa. TRnnqnas:r cpo Torpacf:>Hs:r 

co6biTHH ( 1) noKa3aHa Ha plfc. 1. 

5 
B ecb 3KCnepHMeHTBnbHbiH Ma'repnan (OKano 10 cpoTorpacf:>utt) nonaeprcH nayKpBTHOMY 

npOCMOTpy. nocKOnbKY OCTBHOBHBWHeCH Me3 OHbl MOrnH 6b!Tb lll:leHTifcpHUifpOBBHbl C 6onbWOii 

nocToaepHOCTb!O npR nnnHe cnenoa L0 ?:. 20 MM, a nanbnelhueM paccMaTpuaanucb TOnbKO TBKHe 

OCTBHOBKH qaCTHU. 5bin0 yCTBHOBneno, qTO scpcpe KTHBHOCTb npOCMOTpa OCTBHOBllBWliXCSI Me3o

llOB 6nlf3KB K enHHHUe ll npBKTifqeCKif He 38BHCHT OT XBpBKTepa C06biTlltl: B KOHUe, 

A6coniOTHas:r aepoHTHOCTb saxaaTa MO)KeT 6biTb onpeneneHa no H3BeCTHOMY apeM eHR 

)!{1f3H li MIOOHB ( 2,21•1 0-6 
CeK) ll Ha6niOnaeMOMY COOTHOWeHHIO Me*LlY qHCnOM cnyqaeB 3BXB8TB 

H qHcnoM (p.e) -pacnanoa us cocTOHHHH Me30BTOMa He
3

, TaK KBK TPHTHa, o6pasyiOllllfiics:r a 

peaKUHH ( 1), HMeeT onpeneneHHYIO SHeprniO ( 1,897 Msa), ·To 3anaqa onpeneneHHH co6biTHii 

3 TOfi p eBKUHll (TpHTHeBhlX 3Besn) CBOl:llfTCSI K BhlneneHHIO rpynnhl Ol:lHOnyqeBhlX 3Be3Ll C COQT

BeTCTBy!Oll\HM npo6eroM Ha ypoaHe cpo Ha, o6pa3oaaHHoro npyrlfMH npoueccaMH, nonyqenaoe 

qlfCnO 38TeM HY)!(HQ HCnpBBHTb HB scpcpeKTHBHOCTb perHCTp8UHH 1 T,e . yqeCTb Ty L!On!O TpHTifeB biX 

3Be3n, B KOTOpotl: TpHTHa BbiXOLllfT 38 npenenbJ qyaCTBifTenbHOl! o6naCTif KBMepbl, TaKaH npo

uenypa Tpe6ye T Hane)!(HQrO yCTBHOBneHifH cpaKTB OCTBHOBKif BTOplfqHbiX qaCTifU BO BCex cnyqBSIX, 

a TOM qlfcne If Tor.na, Korna KOHeu npo6era pacnonaraeTCH a6nlf31f rpaHRU qyacTBifTenbHoro enoS! 

KaMepbi, Bo H36e*BHife 3 TOI! TPYLlHOCTif Mhi nonb3oaanRcb cnenyiOllllfMH LIBYMSI MeTonaMH onpe

neneHRH nonHero qRcna co6wTRI ( 1 ): 

3 



J. .no CHCKTpy BHJl HM biX .an1111 cne.aoa DTOfJII411biX 48CTHU BCeX 3 DC3.ll 38 11C .Kn i0 4C~Il!eM 

TCX 1 KOT Op !,JC n o X8p8KTe py HOI!H38UHH.. He iy! O'.n l1 6hiTb TpliTf! eDhlMH 3Be3.ll8MH ( p11C,2 ), . 

2. n o CHCKTPY npo6eroa .ll OC TOBe pH O OC T8HOOHBWI1XC51 BTOpfi'!HbiX "18CTHU ( PHC. 3 ). B 3TOM 

cny4ac He o6xo.aHMa .ao nonHHTCnbll 851 nonpaaKa, KOTOpa51 y"'HTbiBana 6br qHcno TpHTHHBbi~ 3Be3.a 
. 3 . 

c 38K8H"'HB8IOlllHMHCSl npo6e raMH H , HO HMeiOLUHMH He.LJ.eTKHe . KOHUhi, Ha o6o11x npwae.aeHHhiX 

2 
cneKTpax OT'leTnHBO BH.llHhi .aaa nwKa. O.aHH HHK a o6nacTH npo6eroa (2,0- 2,6) MrlcM , coo-r-

n e TCTByrowHA p e aKUHH ( 1 ), If .apyro A - B o6naCTH npo6eroa (5,3-5,9) Mr l cM
2

, COOTBeTCTByiO-

- 3 - ' 3 lllH ll p a.aHBUH OHHOMY 38XB8TY n -M e30HOB B H e ( n +He ... II + y) • Cnn OW HbiMH nHIIH!JMH 

H8 pHC. 2 H 3 H8HeCeHbl KpHBbie p83pe weHH51, 

Ypoae Hb cj:loaa onpe.aenSlnCSl nHaeAaoll HHTepnonSluHeA Me~.ay coc e.a HHMH c nHKOM yqacT

KBMH cneKTpll. Cne.ayeT 38MeTHTb 1 "'TO npH paCWHpeHHH HHTepnonHpyeMoro HHTe paana OT 
2 2 . 

2,0 MrlcM aneao H OT 2,6 11r/cM anpaao, Kone6aHHSI a onpe.aenSleMoM "!Hcne TpHTH e DbiX 

3Be3.ll M8n hi 11 He npeDbllll810T CT8THCTH"!eCKHX cj:lnyKTy8Uifll cpOH8, 

3cpcpeK THBHOCTb perHCTp8UHH TfJHTHeBWX 3Be3.a onpe.aen51n8Cb pacqeTHWM nyTeM C yqeTOM 

p e anbHOi! TOnorpacpHH OCT8HOBOK Me30HOB B K8Mepe, KpoM e TOro , OH8 6bin8 Hai!.aeii a 3KCnepi1-

MeHTBn bHO H3 a aan113a acex 3Be3.a . OueHKH xopowo cornacyroTCSl Me ;.K.ay co6oll. BenH"'HHa pac

cMa TpHaaeMoi! 3cpcj:leKTHBHOCTH 6bin8 np11HSIT8 p8BH OH 0,90 ;!:_0,02. .QononHHTen bHyiO nonpaBKY K 

<itfJcpe KTI1BHOCTH DO BTOpOM MeTO.lle Mbl Bbi"'HCnSlnH, HCXO.llll H3 .aonH \ 1.1. e) - pacn a.aoa c 

He "!eTKO Blf.llHMblMH TO"'K8Mif OCT8HOBOK. 0Ha COCT8BHn.a ( 5,5:!:_1,5) % . 

3KcnepHMeHT8nbHWe p e3ynbT8TW, OTHOCSlllllf eCSl K 4HCny TpHTHeB WX 3Be3.ll, np11ae.aeHW . 

a neaoll nonoB HHe ~a6n11uw 1. 

Me
Ton 

2 

Ta6n11ua1 

,UaHH biC 06 OC T8H OBHBlllHXC51 B He
3 

MIOOH8X 

4Hcno co6 hiTHll peaKUHH ( 1 ) 
( L 0~ 20 MM) 

3ape rHCTpH

pOB8HO 

95 ,5 tJ1,9 

88,J:!:J0,4 

C n onpaaKoll Ha 

3cpcj:leKTHBHOCTb 

106,0:!:J 3, 1 

105,2;!:_12,7 

3neKTpOH 

BH.lleH 

2486 1:!:,.157 

4Hcno ( 1.1. e )-pac.ria.aoa 

( L 0 ~ 20 MM) 

3neKTPOH nonp8BK8 H8 npHHSlTO 
He BH.aeH Me308TOMbi CuO a pacqeT 

10 963:!:,.440 -358:!:,.121 35466:!:,.615 

B npaao ll nonoBHHe Ta6nHuw rrpHB~.aeHw 3KCnepHMeHTanbHwe .aaHHwe o "'HCne (I.Le ) -

3 
pacna.aoB 113 COC TOHHHSl Me308TOM8 He , 

0 KOH "'8TeJl bHbilt pe3ynbT8T .llnll aepOS!THOCTH pe8KUHH ( 1) COCT8Bn51eT: 

(A He 3) 
3 -1 

=(1,36;!:_0,18)·10 ceK • 

/4/ 
3Ty aenH"!HHY Heo6xo.aHMO cpaaHHTb c Teop eTH4eCKOll aenH"'HHOll Bonb¢eHwTeAHa (A 8 •' Jreop. = 

3 -1 . . . 
1,54 • 10 ceK .PacqeT (A He') Teop. OCHOB8H H8 TeopHH yHHBepcanbHoro aeKTOpHoro 11 8KCH8nbHo-

ae KTOpHoro B3811MO.llellcTBH 51 C y'leTOM HHOHHbiX nonp8BOK B npe.anono)!{eHHH . COXp8HP.iilfSI BeKTOp

HOrO TOK8 If CT8THCTH"! eCKOrO HaceneHHSl ypOBHeA caepXTOHKOl! CTpyKTypbl B Me308TOMe He
3

• 

4 

v 



0TcyTCTDIIe 31j)cpeKTHBHbiX M€XaliH3MOB n e p exona M€)1(LlY ypOBHSIMH caepXTOHKOA CTpyKTypbi 

3 -
s M 8 .JOa TOM <J H e 1-1 u e '-!yBCTBHTenbUOCTb ( AH • 3) Teop, K OTKnOH€HIUO OT cTaTHCTH'-IecKoA HaceneH-

3 
IIOCTI-I ll03BOnSI!OT C'-111T8Tb, '-ITO 11HTepnpeTaUHSI OllbiT8 C He C 3T0$1 TO'-IKI1 3p€HI1SI OLlH03Ha'-!Ha, 

M.:1cwTa6 HeonpeneneHJIOCTI1 (A 
8 

3) 3a c'-!eT HeTO'-!Horo 3HaHHH cpenHeKaanpaTI1'-!Horo panl1-
e Teop. 

141 
yea HLlpa 1-1 owu6oK s seni1'-111He It nnH Tpi1THH cocTaanHeT 5%. • TpifLl<HO oueHnaaeMaSI He-

onpeneneHHOCTb, CBSI3aHHaSI C paC'-!eTaMH UCeBLlOCKanS!pHOA KOHCT8HTbl g /.L 1 OKa3biBaeTCSI cy-
p 

LUeCTBeHHOA TOnbKO B 06naCTH g P/.L $ 8 g :-, I'Ll€ gf: - aKCH8nbHO-BeKTOpHaSI KOHCTaHTa B /.L - -

3axsaTe . 3KcnepnMeHTanbHaSI aen11'-I1-1Ha sepoHTHOCTI1 peaKnHH ( l) onpeneneHHO csnneTenbCTsyeT 

00 OLlHHaKOBbiX 3HaKaX g: 11 g /.L H 0 TOM, '-ITO aOCOniOTHOe 3H8'-!eHI1e g /.L He Mano 
X) P p 

( 5 g ~ < g: < 35 g ~) , no3TOMY HeonpeneneHHOCTb B pac'-!eTHOll senH'-111He g ~ He MO>KeT 

11rpaTb 6on bWYIO pon h. 

TaKHM o6pa30M, c:IenyeT 3aKniO'-IHTb, '-ITo npe ncKa3aHHaH YHI1sepcanbHoA Teop11ea sepoHT

HOCTb pe8KUHI1 ( l) COrnacyeTCSI C OllLITOM B npenenax TeopeTH'-IeCKI1X H 3KCnepi1MeHTanbHbiX He

TO'-IHOCTell. 3TO 03H8'-!aeT, '-ITO CI1MMeTp11SI M!OOH - 3neKTpOH B npoueccax B3811MOLle$1CTSI1SI C HyKnO 

HOM, ne)I(8LU8SI S OCHOBe YHHSepcanbHOH T eO p11H, He npOTI1BOpe'-111T nony'-IBHIIOMY H8 yposHe 

1 3%- oit TO'-IHOCTI1 3KCnepHMeHTanbHOMy pe3ynbT8Ty, 

06CyL111M Tenepb BOnpoC 0 ¢epMHeBCKOM S3aHMOLleHCTSI111 0 Hanl1'-111e KOTOpOrO S /.L - 3aXBaTe 

LlO CIIX nop Hy>KnaeTCSI B LlOK83aTenbCTSe, 

PeaKUI-ISI ( 1 ) SIBnSieTCSI CMewaHHbiM nepeXOLlOM, 38BHCSILll11M OT LlBYX ¢eHOMeHOnOl'l1'-!eCKI1X 

KOHCTaHT: ¢e pM11 eBCKI1A C F 11 raMos-TennepOSCKOA GG(AH 3"'(G
2 + 3G 

2 
)) CosMeC THbiA aHa-

• F G 

n113 pe3ynbTaTOB HaWe!'O OnbiTa H OnbiTa no H3Mepe HI1!0 sepoSI.THOCTI1 p e aKUI11-1 

C I:Z BI:Z + .... +Ill (3). 

s KOTopoa ocywecTsnHeTcSI '-IHCTbiA raMos-TenneposcKH$1 nepexon, no3sonSJeT oueHHTb I G Fl. 

npl-l 3TOM He HyrKHO nenaTb HI1K8KHX npennono:tKeHI-IA 0 BI-!Lle '-!eTbipex¢epM1-10HHO!'O B3aHMOLleA-

CTBHSI. K c o)j( aneHHIO, Me)l(ny pa3 nH'-IHbiMH <~KciiepHMeHTaMH no H3MepeHHIO s .epOSITHOCTH peaK-

UHH (3) HM€IOTCSI 3Ha'-IHTenbHbie pacxo)j(neHHSI, Bee )l(e Ka)i(eTCSI B03MO)I(HbiM OTLlaTb npen-

/6/ 3 -1 
noqTeHHe 6onee no3LlHHM H3MepeHHSIM MoAepa 1-1 np. ( Acn=6,3l:t,0,24) ·tO ceK ). Torna 

nonyqaeM, 'iTO I G,f =) ( 0,8 ~~·~ )IG 0 I. YKa3aHHaSJ ow1-16Ka Y'-1:.-!TbiSaeT 3KcnepHMeHTanhHYIO nor pew-

' 
HOCTb (A J) :3KC. 1-1 HeonpeneneHHOCTb S OTHOWeHHH SILlepHbiX MaTpl-l'iHbiX 3neMeHTOB pea Kul-lA 

He /4/ 
( 1) 1-1 ( 3 J. nocneLlHSISI cocTasnSieT no 8onb¢eHwTeAHy - 20% H SJBnSJeTcSJ rnasnol!:. 

llpyraSJ B03MO)I(HOCTb nony'-leHHSI cseneHHH 0 ¢epMHeBCKOA KOHCTaHTe COCTOHT B npi-IBneqe

/3/ 
HHH pe3ynbTaTa OnbiTa C BOLlOpOLlOM , 0THOWeHHe sepOSITHOCTeA 3aXBaTa M!OOHa 1-13 COCTOSIHHA 

3 ~ 
Me30MoneKynbi sonopona H MeGoaToMa He A oKa3biBaeTCSI secbMa '-lyBCTSHTenbHbiM K oT-

GF /4/ He! 
HOWeHH!O -ra , Pe3ynbTaT, eCTet::TBeHHO, 6yneT 3aBHCeTb OT He O'-leHb XOpOWO H3BeCTHOA 

TO'iHOCTH pacqeTa 

MO)I(HO nony'-IHTb, 

A P/.LP • Ecnn npHHSITb so SHHMaHne TonbKO <~KcnepnMeHTanbHbie own6KH, TO 
-G 

'iTO ______!_ < - 0,1 . 0KOH'iaTenbHaSI OUeHK8 ¢epMHeBCKOH KOHCTaHTbl MO)I(eT ObiTb 
Go 

npHHSITa cneny10wea: 

G F = - ( 0,8 + 0•4 ) G 0 • 0,7 

X) -
AnanorH'iHbill .BbiBOLl cnenyeT TaK)I(e H3 aHann3a acHMMeTpHH HeATpOHOB, ncnycKaeMbiX 

npH 3axaaTe M!OOHOB cno)I(Hb!MH SILlpaMH/5/ 
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3TOT pe3yJibT8T, ITO.OTBep)i<.Q 8iOLUHit npHCYTCTBHe B npouecce p. - 3aXB 8 T8 4JepMHeBCKOro 

B38HMO.OeitCTBHSI , H8pSI.OY C raMoB-TeJIJiepOBCKHM, HCKJliO'i8eT B03MO)KHOCTb TOro, 'iTO G F 3H8-

'iHTeJibHO npeBb!L!,I8eT G G If SIBJISieTCSI BITOJIHe COBMeCTHMb!M C BeJIH'ilfHOit, O)Kif.Q8eMOit H8 OCHO-

BBHHH Teopaa yHaBepcaJibHoro V - A B38HMo.aeAcTBHR, 

K oHe'iHO, cyweCTBOB8HHe BeKTOpHOrO B38HMO.QeitCTBHSI 6onee SIBHO cne.ayeT H3 H8ll!ero 

{3141 1'- 171 
H3MepeHHR, ecna npe.anoJIO)KHTb, 'iTO ~~'-= g If g = 8gAI'- • B caMOM .aene, ecna BeK-

A A P 

T OpHOB B38HMO.QeitCTBHB OTCyTCTBOB8Jl0 6hl, BepOS!THOCTb pB8KUHH (I) ITpH B THX npe.OITOJIO)K BHHSIX 

3 -1 
0)!(11.08Jl8Cb p8BHOH 0,93• 10 CBK , T.e. CyLUBCTBBHHO MBHbll! B 113MBpBHHOH BBJlll'iiiHbl, 0.0H8KO, 

liCITOJlb30B8HHbiB 3H8'iBHIISI g ~ II g~ HBJlb3SI C'iiiT8Tb B paBHOit Mepe XOpOll!O 060CHOB8HHblMH, 

ABTOpbl Bb!p8)!{8JOT rny6oKyiO 6naro.aapHOCTb c.c.repll!TBitHy II B.C. Eaceeay 38 o6cy )!{.ae

HIIB pe3yi!bT8TOB, a T8K )i(B A.r.)l(yKOBy, H.B. ne6e.aeay, B.H. Opexoay, B.ctJ. noeHKO, A.r.no

TBXHHY, A.VI. ToKapcKoA H E.A.WaaHeBoA 3a noMOT.U b B npoae.aeHIIII 113Mepenal:t. 
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llN 
6R 

40 

PHc, 1. 

t.5 

- 3 3 . 
ct>oTorpacpHSI cny'laH pea.KUHH p. + lle _ ... II + v_ 
PH.llOM BH.neH cne.n ocTilHOBHBtiierocSJ p. - MeaoHa, 
npeTepneswero pacna.n: p.- ... e- + v + )::, 

- 3 3 'jT +He-H +)'" 

' 

2.0 3.5 4.0 

PHc. 2. CneKTp Bli.llliMhiX .nmtH cne.nos BTOpH'lHhiX 'lllCTHU scex aseaa, o6paaosaHHhiX ocTauo
BHBWIIMHCH M930H8Mii. 
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