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HapH.!J.Y ·c li3MepeHH51MH Bep051THOCTeii napU!i81lbHb!X nepexo.a.oa IL + C
1

;z ... B
1

;z + v Ill 
121 

+ lie 3 -+ H 3 + v , KOTOpb!e .!J.811li B8)!(Hb!e CB9.D.9Hli51 0 npouecce 38XB8T8 MIOOHOB HYKilOHa-

Mli, K H8CT051ll.leMy BpeMeHli BblllOilHeHO T8K)!(9 3H8'1liT911bHOe 'IHCilO pa60T no li3MepeHliiO nonHOlt 

Bep051THOCTli 38XB8T8 MIOOHOB B p8311li'IHb!X CllO)!(Hb!X 51.D.p8X ( A > 12) C UellbiQ npoBepKli cnpaae.a.

llliBOCTli Teoplili yHHBepcanbHOro cna6oro asaHMo.a.eiicTBliH./3/. 

/4/ 
0.D.H8KO KpliTli'leCKliii nepeCMOTp TeopeTli'leCKliX OUeHOK npliM8KOB8 , C KOTOpb!Mli Cp8BHH-

B810TC51 9KCllepHMeHT81lbHbl9 .!J.8HHbie, l10K83b!B89T, 'ITO p8C'I9Tbl He H8CTOilbKO H8.!J.9)!(Hbl, 'IT06bi 

H3 COllOCT8BileHli51 C HliMli MO)!(HO 6binO 6bi C.!J.9118Tb 38KI110'19Hli9 0 cnp8B9.!J.IlliBOCTli yHHBepcanb

/5 6 7/ 
HOii Teoplili ' ' , f'op83.!J.O MeHbll.le 11p!i6Jlli)!(eHHii .a.enaeTC51 11pli Bbl'lliCileHliH llOilHOlt Bep051THOCTli 

saxaaTa MlOOHOB B caMbiX nerKliX H.a.pax ( D 
3 4 

, He , He ) li no aToii rrpli'lliHe cne.a.yeT O)!(li-· 
. I 

.!J.8Tb, 'ITO pesyllbT8Tbl pacqeTOB B 9TliX CI1Y'I851X 6onee H8.!J.9)!(Hbl, '19M COOTBeTCTBYIOll.llie Bbl'lli

C119Hli51 .0.1151 6onee .T51)!(911biX H.a.ep. 

/8 '91 
( KBK li .UilSI 38XB8T8 118 BO.UOpo.a.e ' ) liM910TCSI OCJ10)!(H9HliSI, CBSI38H-

Hble C Me30MOileKynstpHblMH llpOUeCC8Mli 1 li l109TOMY 60ilbWOii liHTepec npe.D.CT8BI1SIIOT .!J.8HHbl9 110 

Hsy'leHHio saxaaTa B lle3
• HacTostmast. pa6oTa nocastmeHa HsMepeHHIO nonHolt aepostTHOCTli saxaa

Ta MIOOHOB B lie 
3 

, T.e,' aepoHTH~CTli npoueccoa: 

+ He 
3 

... ll 3 + v ( 1 ) 

+ lle 
3 

-+ d + n + v 
(2) 

+ He 3 
-+ p + 2n + v • 

(3) 

Bo acex aTHX peaKUliSIX BbllleTaeT no o.a.Holt sapst)!(eHHolt qacTHue, li co6biTliSI Bbirnst.D.SIT, KBK 

O.!J.HOily'leBbie 3B93.!J.bl. 3TH 3B93.!J.bl H861110.!J.811liCb B .D.H¢¢Y3HOHHOii K8Mepe Bb!COKOrO .D.8BileHHSI, 

12/ ' 
llpli .llOMOll.lli KOTOpolt H8Mli paHee 6bi118 H3MepeHa BepOSITHOCTb pe8KUIIII ( 1). noaTOMy Ollli-

C8Hlie annapaTypbi, nocTaHoBKli onbiTa li 6onee no.a.po6Hoe li3110)!(eHHe npoue.a.ypbi o6pa6oTKli aKcne

pHMeHTanBHbiX .!J.8HHbiX MO)!(HO H8HTli B 9THX pa6oTax. 

llnst OT.D.eneHHSI MIOOHHb!X 3B93Lx OT IIHOHHbiX ( CM.Hli)!(9) liCIIOilb30B811liCb CII9KTpbl rrpo~erOB 

BTOpH'IHbiX 38pSI)!(9HHb!X '18CTHU. Ha pHC. } CIIIlOWHOii llHHHelt IIOK838H8 rHCTOrp8MM8 npo6erOB 

BTOpH'IHb!X '18CTHU B "MIOOHHOlt" 9KCII031IUHH (B KOTOpolt 98-99% OCT8HOBHBWHXCSI '18CTHU MIOOHbl, 

8 1-2% - IIHOHbl). 3Ta rHCTOrp8MM8 IIOCTpOeHa IIO 3B93.!J.8M C rrpo6er8MH 38p51)!(9HHbiX '18CTHU 1 

.a.ocToaepHo yKna.a.BIBBIOll.lHMliCSI B 'IYBCTBHTenbHOM cnoe KaMepbi. B Hee aownH 424 sae3.D.bi, o6pa

soaaHHbie Me30H8MH C .!J.IlHHOii cne.a.a ~ 20 MM (H8'1HH8SI C KOTOpOlt, OCT8HOBHBW8SICSI '18CTHU8 
• 

H8.!J.9)!(HO H.!J.9HTH¢1IUHpyeTCSI K8K M930H). 

B cneKTpe, nony'leHHOM !3 "MIOOHHoii" aKcnosHUHH, HMeeTcSI 3HB'IHTenbHoe KOilH'IecTao saes.a., 

Bbi3B8HHbiX IIHOH8MH, IIpHCyTCTBYIOll.lHMH B Ka'leCTBe IIpHM9CH 0 T8K K8K K8)!(.!J.8SI OCT8HOBK8 IIHOH8, 

B OTI1H'IH9 OT OCT8110BKH MIOOH8 1 COIIpOBO)!(.!J.89TCSI 3B93.!J.Olt, Y:T06bi IIOily'IHTb 'IHCTbi.il CII9KTp sa

pSI)!(9HHbiX '18CTHU OT pe8KUHii ( 1,2,3), Mbl llpHHSIIlH npoue.a.ypy Bb!'IHT8HHSI, .!J.IlSI qero IIOilb30B811HCb 

3 



cneKTpOM npo6eros 38pSDK9HHbiX '18CTHU OT 38XB8T8 nHOHOB B renuu-3, nony'leHHbiM HBMH B 

. /10/ 
unHOHHOit' 9KCn03HUllll ( 3LleCb 70% OCT8HOBOK Bb!3B8HO nHOHBMH, a 30-% - MIOOHBMH), B 

KOTOpoit ,LIOnS! 3B93Ll, o6ycnosneHHbiX MIOOHBMH, He np9Bb!W89T 2%. Ha puc. 1 9TOT cneKTp npeLl-

2 
CTasneH nyHKTupoM. OH coLiep)KHT B o6nacTu npo6eros 0,5-12 MrlcM 292 aseaLlbi. HopMnpos-· 

KB nHOHHOrO cneKTp8 6bin8 npoBeLleHa no Bb!XOLlY pe8KUHH TT- + fle 3 -> .[{ 3 + y, nHK OT KOTOpoit 

npu R "'5,6 Mr/ CM 
2 

XOpOWO BHL19H liB cneKTpa.X: KBK "MIOOlll!O.Au , TBK ll "nHOllliO.A". 9KCn03HUH.A, 

Ha puc. 2 noKaaau cneKTp aapSI)KeHHhiX qacTHU OT OLlHonyqesbiX aseaLI, no.ny'leHHhiit nyTeM 

Bbi'IHT8HHSI l!OpMHpOB8l!HOrO "nHOHHOrOu CneKTpa H3 cneKTpa " MIOOHHOit" 9KCn03HUHH, Co CTOpo-

2 
!!hi ManhiX npo6eros 6hina HCKniO'IeHa o6nacTb 0-0,5 MrlcM , rLie oqeHb senaK BKnaLI B o6a 

cneKTpa OT peaKUHH rr -·+ lle 3 
.... ll 3 +rr 0• Bonae LlOCTosepHbie LlBHHbie LinSI sToro HHTepsana 

npo6eros MoryT 6biTb nony'leHbi nyTeM 9KCTpanonSIUHH cneKTpa H3 'coceLinero HHTepsana. Co CTo-

2 
pOHhi 6onhwux npo6eros Mhi orpaHH'IHBanach R = 12 Mr/cM , T.e. TeM yqacTKOM cneKTpa, rLie 

6binO B03MO)KH0 nony'IHTb HBLle)KHbie Ll8HHbie no s<}:JcPeKTHBHOCTH perHCTpBUHH 3B93Ll, 

npa nocTpoeaan cneKTpa ( pnc. 2) y'IHThiBanoc b naMeHeHHe a¢¢eKTHBHOCTH perncTpauna 

3B93Ll B 38BHCIIMOCTII OT LlniiHhi nyqa, 3Ta s<}:J<}:JeKTHBHOCTb LlnSI K8)KL10it 9KCn03HUHH paCC'IHTbi

BanaCb no MeTOLly MOHTe-Kapno no H3BeCTiibiM pacnpeLieneHHSIM OCTBHOBOK B 06'beMe KaMepbi. 

0LIH8 H3 paCC'IHTBHHbiX KpHBbiX (LlnSI "MIOOHHOitu 9KCn03HUHH) npHB9LleHa Ha puc, 2, 8BOLllln8Cb 

nonpaBK8 Ha SKnBLl B MlOOHHblit cneKTp OT nO)KHbiX 3Be3Ll, HMHTHpOB8HHbiX 6eaaneKTpOHHbiMH oc

T8HOSK8MH MIOOHOB C pacceSIHHeM y KOHU8 cneLia, 8enH'IHH8 aTOJ% nonpaBKH 6bina H8H60nbWe.A 

2 
B MSirKoA 'IBCTH cneKTpa ( o6nacTb npo6eros 0,5- 1,5 Mr/cM ) , rLie 011a, OLlHBKO, He npeBbiwana 

2 
25%. Ha cneKTpe npo6eroB OT 38XS8T8 MIOOHOB BHLleH nHK npu R ,. 2 MrfCM 0 COOTSeTCTByiO-

WHli peaKuuu IL- + He 3 ->H 3+v. 3ToT cneKTp cnaLiaeT npaKTH'IeCKH LlO HynSI npu npo6ere 

2 u 3 
R .. 6,5 MrlcM • TaKHM o6paaoM, OK83biBaeTcSI, 'ITO ucnycKa eMbie npu aaxsaTe MIOOHa s .ae 

38pSI)KeHHbl9 '18C'l'HUbl HMeiOT LlOBOnbHO MS!rKH.A CneKTp, 

B npouecce aaxsaTa MIOOHa BhiLienSieTCSI aHa'lnTenbHaSI aHeprnSI pKono 100 Mas, u no aToll 

npH'IHH9 38pSI)KeHHbie '18CTHUbl MOrna 6bi, B npHHUHne, 6b!Tb LlOBOnbHO aHeprH'IHblMH, noaTOMy 

LlnSI nony'ISHHSI nonHOH BepOS!THOCTH, CTpOrO roBOpS1
1
He06XOLlHMO H3M9pS!Tb cneKTp npo6eros B 

O'leHb WHpOKOfi o6naCTH, 0LlH8KO 6hiCTpblit cnaLl nony'leHHOrO H8Mll cneKTpa YK83b!S89T Ha T0 1 

2 
'ITO LinSI aToll uenH MO)KHO socnonb30BBTbCSI orpaHH'IaHHOfi o6nacTbiO npo6eros (LIO R~6,5 MrlcM ). 

HH)Ke Ll810TCSI apryMeHTbl B nonhay TOrO, 'ITO nonHaSI sepOSITHOCTb ,\ 38XS8T8 MIOOHOB S 

renaa-3 npaKTH'IeCKH He Ll0n)KH8 OTnH'I8TbCSI OT B9nH'IllHbl A 6 , 5 - SepOSITHOCTII 38XS8Ta MIOOH8 

2 
B renaa -3 c ucnycKaHneM aapSI)KeHHhiX qacTnu c npo6eraMH R < 6,5 MrlcM • )le.AcTBHTenbHO 1 

2 
npo6ery 6,5 MrfCM OTBe'IBIOT npOTOHbl H LiefiTpOHbl C aHeprHelt COOTBeTCTSeHHO '"2 H ,. 3 Mas, 

3TO HaXOLlHTCSI B cornacHH C OUeHKBMII "MBKCHMBnbHbiXu aaeprHlt 9THX '18CTHU, nony'ISHHblMH 

S npeLlnOnO)KeHHH, 'ITO 38XB8T MIOOHOB npOHCXOLlHT rnaBHbiM o6pa30M qepe3 npS!MOlt npOUeCC 

IL- + p .. n + v , npa aTOM aapSI)KSHHbie qacTHUhi SIBnSIIOTCSI "Ha6niOLiaTenSIMH'. 3Ta TO'IKa ape-

HHSI nOLlLlep)KHBaeTCSI Cp8SHeHH9M Hawero cneKTpa CO cneKTpOM 38pSI)KeHHbiX '18CTHU 1 nony'leH-

. I 11/ 
HbiM H9Ll8SHO npu H3y'leHHH 38XB8T8 MIOOHOB B renuu-4 (BH338pH ll LlP• ) , 3HB'IHTenbHOe 

pa3nll'llle MBKCHMBnbHbiX 9HeprHlt '18CTHU 1 KOTOpbie Ha6niOLIBnHCb npu 38XB8T9 B renuu-4 ll 

remm-3, K<a'leCTBOHHO cornacyeTCSI C TeM, 'ITO MO)KHO 0)KHL18Tb LlnSI '18CTHU "lla6mOLl8Tenelt" 0 

ecnu yqecTb paaauuy s aHepruSix CBSI3H renug-3 H renuSI-4, 

!-1HTerpaposaHne no HHTepsany 0,5-6,5 MrlcM
2 

LiaeT 287,6.:!:,25 co6hiTHlt. Ha o6nacTb npo-

4 
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. 2 
6eroB 0-015 MrlcM BBO!lHTCSI nonpaBKa 9 :t_5 3B93!l 1 nonyqeuuasi riyTeM. mmei!uoi! 8KCTpanonSI-

UHH B uynh 'IRena co6brTHi! H3 coceauero nu'I'epBana 0 15-I 10 MrlcM
2

• TaKHM o6pa30M 1 npn Bhr

'lHcneunn nonuoi! BepoSITHOCTH 38XBaTa MroouoB B He 
3 

6brno npHHSITO 29616:!:_25 co6biTHil. CyMMH-
2 

pOBaHH9 'lHCna 3B93ll llO HHTepnany 0 1,5-6,5 Mr/ CM C HCKniO'l9HH9M llHK8 OT peaKUHH 
-· 3 3 

p. ,+ He ... j'f + .v aaeT 9I 13 :t_22 co6hiTHi!. Yicnonb3ySI 9TH BenH'lHHhi 1 qncno 3aperncTpnpo-

BaHHhlX OCT8HOBOK MIOOHOB C !lnHHOi! Ha'lanbHOrO cneaa ;;;:: 20 MM- ( 67 .463:!:_1093) 1 a T8K)K9 
-6 . 

113B9CTHOe Bp9MSI )Kif3HH MIOOH8 (2,2I•10 C9K) 1 MO)KHO Bhl'lHCnHTb A 

~apuyro B9pOSITHO.CTb peaKUHi! (213) W 9KCll, = W 6.5 

A =(2,14 +01I8).I0
3 

9KCU, -

w = (0166+0,I6)·10
3 

9KCll, -

-I 
CeK 

-I 
CeK 

9KCU, 

npu pacqeTe BepOSITHOCTeil 6hrna BB9.ll9H8 nonpaBK8 ( 7 :t_l)% 1 Y'lHTbiBarowaSI !lOnro C06biTHil 1 

llOT9pHHHbiX npu OT6ope cnyqaeB TOnbKO C '19TKO BH!liiMhiMH KOHUaMH nyqeil. 

Cne.nyeT aaMeTHTb1 'ITO sKcnepnMeHTanbHhre aauuhre1 BKnroqarowne 3B93!lhi ~ aapH)KeHHhiMH qac-
2 . 

THUaMH c R > 6;5 Mr/cM 1 ue npoTHBope'laT TOMy, 'ITO A = A • B .nei!CTBHTenbHOCTH 1 MO)K-
''' . 

HO OU9HHTb BepOSITHOCTb 3aXBaT81 npHHHMaSI BO BHHMaHH9 H 3apSI)K9HHbl9 qacTHUbl C npo6erOM 

R > 6,5 MrlcM
2

• KaK BH!lHO H3 Ta6nHUhi I 1 nonyqeuubre TaKHM o6pa30M BenH'lHHhi coBMeCTHMhr, 

B npeaenax cTaTHCTH'IeCKHX owH 6oK 1 co 3Ha'leHHeM A 
6 5 

• BenH'IHHhi A B Ta6nHue I yKa3a.:.: 
3 -I • 2 

Hbi B 9llHHHUaX 10 CeK , 3aMeTHM npH 9TOM 1 'ITO llpH R > I2 Mr/cM norpeWHOCTH MOryT 

llp9BbiWaTb YK838HHbl9 CTaTHCTH'l9C!lKH9 OWH6KH 1 T8K K8K s¢¢eKTHBHOCTb B STOll o6naCTH. O'IeH'b 

Mana ( .. 20%) n oueueua rpy6o. 

Ta6nuua 

A 12.o A 2s.o 

2,I4.:!:,0120 210:!:.012 213:!:.013 

OueuKa A C yqeTOM BC9X C06hiTHil 1 BKniO'IaSI H 3B93.llhl C npo6eraMH BTOpH'IHhiX qac-

THU 1 He yKn8!lh!BaiOWHMHCSI B 'IYBCTBHT9nbHOM cnoe KaMephl 1 T8K)K9 aaeT BenH'lHHy 1 COBM9CTH

MyiO c A,,, . O.nuaKo .nauuaSI oueuKa CBHsaua c 6onbWHMH ueonpe.neneuuocTSIMH ue TonbKO 

CTaTHCTH'I9CKHMH 1 HO H CHCTeMaTH'I9CKHMH (ueonpeaeneHHOCTb B HJ:l9HTH¢HKaUHH 3B93ll). 

nonyqeuuoe 3H8'19HH9 
/4/ 

cneuuoA npnMaKOBhiM 

A =-(2114+0120)·10
3 

ceK-I 
8KCll, -

HaXO.llHTCSI B CornaCHH 

HOlt TeopHH nony'lnn 

BenH'IHHOil nonuoll BepOSITHOCTH 1 KOTOpbill Ha OCHOBaHHH 
3 -I 

A = 2 5 •10 ceK c ueonpeaeneuuocTbro "' I 0%. 
Teop. ' 

C Bbl'IH" 

BepoSITHOCTb A npeacTaBnHeT co6oA cyMMY BenH'IHH w H A -BepOSITHOCTH napunanb-

- 3 3 121 
uoro nepexo.na p. + lle -oH + v 1 H3Mepeuuoll: uaMH pauee • TaKHM o6pasoM 1 BCSI uoBaSI nu-

¢opM8UHSI saKnroqaeTCSI B BenH'IHHe w • VIs pacqeTOB npHM8KOBa H ¢yJ:l)Kif141121 MO)KHO 
9KCll, 

nony'IHTb BenH'IHHY A A = 
Teop. Teop. 

c ueonpe.neneuuocThiO nopH!lKa 20%, 

KOTOp8S1 OKa3biBaeTCSI. paBHOi! I 10"103 ceK-1 
wTeop.' 

5 



CooTBeTCTBHe c pacqeTaMH npnMaKoBa Ha6moaanocb T8K:>Ke npn H3MepeHHH nonHoi! Bepo-
4/11/ H 4 -1 He

4 -1 
SITHOCTH 38XBaTa MIOOHOB B He ( A e =470 ceK , A =150 ceK ). TaKnM o6-

Teop. 3KCll, 
pa3oM, npn nccneaoaaHHH 3axaaTa MIOOHOB B rennn 6hinH nony'leHbi Tpn He3aBHCHMb~e aenH'IHHhi 

He 4 · 
( w , A , A ) , KOTOphie OK83hiBaiOTCSI B cornacnn c npeacKa3aHHSIMH yHnaepcanbHoi! 

Teopnn. 

B 3aKnro'leHne aBTOpbi C'IHTaiOT. CBOHM npHS!THhiM aonroM no6naroaapHTb B.B.BenSieaa, 
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3 
CneKTpbi npo6eroB BTOpH'I:HbiX qacTHU OT 3B83ll, Bbi3B8HHbiX ocTaHOBHBWHMHCSI B He 
MeaoHaMH. CnnowHol!: liHHHel!: noKaaaH cneKTp, nony'leHHbifi B "MIOOHHol!:'aKcnoaHUHH, 

a WTpHXOBOfi liHHH8H - HOpMHpOB8HHbiH CU8KTp, nolly'ISHHbll!: B "m!OHHOfi" 3KCU03HUHH. 

CneKTpbi nocTpoeHbi 6ea nonpaaoK Ha acpcpeKTHBHOCTb perHcTpauHH. 
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Puc. 2. B BH.lle rucTorpaMMbr noKasaH cneKTP npo6eroB BTOpH'IHbiX 

'18CTHU, nony'leHHhlfi nocne Bhl'IHT8HHg 'nHOHHOrO' cneKTpa 

H3 MIOOHHOrO. nnaBHOfi KpHBOfi npe.llCTaBneHa 38BHCHMOCTb 

9cPcPeKTHBHOCTH perHCTp8UHH OT BenH'IHHbl npo6era BTOpH'IHOfi 

'18CTHUbl, npu Bb1'1HT8HHH cneKTpOB Y'IHTb!Baiit!Cb s¢¢eKTHBHO

CTH perHCTp8UHH .ang K8:lK.llOfi 9KCn03HUHH, 
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