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AHHOTauHsr 

TeopeTH'IecxHe HMnyJibCHbie cnexTpbi 'lacTHU, po:>K.uaiOmHxcsr npH cTonxaoae-

HHH HyKJIOHOB 1 Cp8BHHB810TCSI C 8KCnepHMeHT8JibHbiMH .!l8HHbiMH 1 ITOJiy'leHHbiMH npH 

sHeprHH T = 9 Bas. Bbi'IHCJieHbi noTepH aaeprHH npH aeynpyrHx cTOJIKHoBeHHSIX 

ayxnoiloB. OT.uenbHO paccMoTpeHbi cJiy'laH ue~TpaJibHbiX H nepH¢epH'IecKHx CTOJIKHo

BeHHI. 

• • 
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1. Bse.ueaee 

Ill 
B pa6o·fax 6blna paccMoTpeaa Monenb ueHTpanbHbiX H nepe<Pepe'leCKHX 

CTOJlKHOBeHHA 6biCTpblX HyKnOHOB. Ha npHMepe /PP/ - H I p n 1- CTOJJKHOBesel 

npe saeprHH T =9 Bas 6blno noKaaaao, 'ITO aKcnepeMeHTanbHble yrnoBble pacnpe.ue

neHHSI pO.llHBWHXCSI '18CTHU MQ)KHO 06'bSICHHTb, ecnH Ce'leHHe nepe<PepH'IeCKHX 

CTOJlKHOBeHHI COCTasnsteT He MeHee 20% OT Ce'leHHSI BCeX aeynpyl"HX (JVA9-CTOJJKHO~ 
BeHHJ!:: 

O"'p 
/1 I 

Tenepb Mbi B paMKax aToA )Ke Mo.uenH paccMoTpHM aaepreTH'IecKHe xapaKTe

pHcTHKH aeynpyl"HX CTOJlKHOBeHHA HyKJJOHOB. PeaynbT8Tbi pac'leTOB CHOBa 6y.neM 

cpaBHHBaTb c aKcnepHMeaTanl>HbiMH .uaHHbiMH• nony'leHHbiMH B Uy6ae np.e .aaepree 

T =9 Eas. 

Oco6oe BHHMasHe Mbl y.uenHM cpe.uaeA noTepe aaeprHH ayKnosa B O.llHOM' aK-

Te I /'IN /-cTonKHOBeHHSI A E KaK easecTao, aTa senH'IHHa npesneKana BHHMa· 

HHe MHOJ"HX aBTOpOB H CJJY)KHJla npe.nMeTOM MHOJ"OKp8THbiX H3M9p9HHI H .llHCKyCCHI 

/2-10/ Ill 
/eM., aanpHMep, pa6oT&I I. [locne Toro, KaK 6&mH aaKOH'ISHbi pa6oTb1 , 

TO'IHOCTb H .llOCTOB9pHOCTb 9KCnepHM9HT8JlbHbiX 3H8'19HHA /1 e 38M9THO B03p0C.11He 

npH STOM cpe.uaee 9KcnepHM9HT8JlbHOe 3H8'19HHe A c CHH3HJ10Cb no cpaeHeHHJO c 

pasee H3B9CTHbiMo 

noHSITHO, 'ITO B paMK8X HaWeA ewe H9COBepweHHOI MO.lleJlH MO)KHO H8.ll9SITb

/}/ 
est newb sa rpy6oe cornacee c onbiTOM. noaToMy, KaK H B pa'6oTax , .sawa 

J"Jl8BH8SI 38.ll8'18- yCT8HOBHTb 1 B K8KYJO CTOpOHY H B K8KOA M epe 

eT BbiBO.llbi TeopHH""Y'I9T nepe<PepH'IeCKHX CTOJJKHOB9HHA HYKJJOHOB, 8 TaK)Ke o6-

paTHTb BHHM8HH9 9KCnepeMeHT8TOpoB, B K8KHX nyHKT8X np9)K.lle BC9J"O Tpe6yeTCSI 

yTO'IHeHHe H3M9HeHHA. 

11. VIMnynbCHble pacnpe.ueneHHB 'laCTHU, po)K.naJOlUHXCSI npe aeaTparu.BbiX 

CTOJJKHOB9HHSIX 

Ha pHc. 1 -4 npHBe.neH&I Bbi'IHcneHH&Ie no CTaTHCTH'IecKoA TeopHH MHO)Ke

CTBeaaoro pO)K.ll9HHSI HMnynbCHble cneKTpbi W= W {f) '18CTHU paanH'IHbiX 
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copToB, po:>K.aaiOwaxcSI B ueeTpanbHbiX I 
. 11 Al"'tV 1-cTonKeoeeeaSix • Ha pac. 3 

H 4 .anSI Cp8BH9HHSI 

neHHSI 38pSI:>K9HHbiX 

1121 
H3 pa6oTbi • IB 

DpHB9D9Hbl T8K:>Ke 91tCDepHM9HT8nbHbi9 HMDynbCHbi9 pacnpe.ae

fji' -Me30HOB a npoToeoe .anSI cny'laSI I pp I - CTOJteoeeeuA 

9ToA par>oTe npoaeanH3Hpoeaeo 28 cne.aoe • ':if -Me3oeoe H 

42 cne.aa DpOTOHOBI. npaee.aeHbl cpe.aeae CT8THCTH'l9CJtHe OWH6JtH H3MepeHHA 

A -:::. Vii. I t:.. f( . "' ~ ~ ~ ,. 
B Ta6nuue I npaee.aeHbi 9JtcnepHMeHTanbHble H TeopeTH'leCKHe 3Ha'leHHSI 

cpe.oeux HMnynbcoe p eyJtnoeoe H !ii -Me3oeoe. TeopeTH'leCJtHe 3Ha'leHIISI 

y'lHTbiB8lOT nHWb Jl9HTp&nbHbl9 CTOnJtHOB9HHSI HyJtnOHOB B nonyqeebl C DOMOWblO 

pacnpe.aeneeuA, npaee.aeeeb!X aa pac. 1-4. SJtcnepBMeeTaTibHble 3H8'leeasr p ansr 

CHCT9Mbl U9HTp8 M8CC BbJ'lHCneHbJ DO 9XCD9pHM9HT8nbHJoiM rBCTOrp&MMaM pac. 3-4. 
i ; 

npaee.aeaa .aacnepcHSI axcnepaMeeTanbHbJX 3H&'leeaA A -p: f Ap 2: f-1: {P.-f) /r_u. 
~ " - ""' . .., 

3KcnepHM9HTanbHbJ9 3H8'l9HHSI p .anSI na60p8TOpHOI CBCT9Mbl JtOOpDBBaT no-

ny'l9Hbl npeo6pa3oeaeaeM flopeaua H3 cacTeM bJ ueaTpa Mace e npe.onono:>KeHHH 1 

'ITO a I p p I •· CTOnKeoeeeaSix yrnoeb!e pacnpe.aeneHHSI $"' -Me3oaoe a 

HyJtnOHOB B CHCTeMe ueeTpa Mace CHMMeTpH'lHbi OTHOCHTenbHO yrna e =TIL . 
ISTo npe.anono:>Keeae cooTeeTcTeyeT TeopeTH'lecKHM H axcnepaMeHT&nbHbJM pe3ynb· 

111 161 
TaTeM, nony'leHHbJM a pa6oTax • 1: 

rr !::! r Ec. ) 
( ( r £. )'- -,;, M") 

rae E - cpe.oHHH saeprHSI o6pa3osaswaxcsr npoToeos anu 
0 

CHCT9Me U9HTp8 M8CC CT8nXHB8IOWHXCSI DpOTOHOBi 

y:. £./M 

/2/ 

r-Me30HOB B 

131 

JtOacpcpauHeHT penSITHBHCTCKOrO npeo6pa30B8H1151i f I. - 9H~rHSI nepBH'lHOrO 

npoToea B cacTeMe ueeTpa Mace; 1'1 - Macca ay~~:noaa; ~ - Macca pac-

eM aTpBBaeMOI. '.IS.CTBllble 

11 
J.1MnynbCHbJ9 pacnpe.aeneHHSI .anSI BCex COpTOB pO:>K.llaiOWHXCSl 'l8CTBU DpHB9.ll9HbJ 

B CHCT9M9 U9HTp8 Mace CTanltHB8lOWHXCSI HyltnOHOB B B na60p8TOpHOI CBCTeMe 

Jt00p.llHHaT1 T81t Jt81t .anSI aaanH38: 9KCD9pHM9HT&nbHbJX .aaHHbiX H .an 51 OpH9HTHpoB

ItH npH DO.llrOTOBit9 HOBbiX 9KCD9pHM9HTOB Ba:>KHO 3H8Tb BMDynbCHYe pacnpe.oene-o 

HIISI B 060HX 9THX CHCT9M8X ltOOp.llHBaT. He6onbWH~ OTnH'lBSI HMDynbCHbiX CD91tT-

pOB $""-Me3.0HOB B HyltnOHOB OT aHanorH'lHbiX CD91tTpOB1 DpBB9.ll9HllblX B pa6o-

T8 {7), o6ycnOBn9Hbl 6onee TO'lHbiM Y'l9TOM pealtUHI CO CTp8HHbJMJl 'laCTHU8MH 

a 6onee TO'lHbJM MeTo.ooM pac'leTa. OpH S.bi'lHcneHilB cneltTpos Mbl ac;:nonb3oeana 

MeTo.ll pac'leTa seepreTH'lecKHX c:fa3oBblx o61oeMOB, pa3pa6oTaaabll B sawel 

na6opaTopHH fl.r .3aCT8B9HKO • ti 1). 

.. 
~-

.. 

~ 

• 
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nony'leHHble TaKHM o6pa30M 3H8'1eHHH 6nH3KH K 3H8'19HHHM 1 nonyqes-

121 
HbiM B pa6oTe H3 aaanuaa B38HMO.llelcTBHA C H.a.paMH cpOTOSMynbCHH DpOT~HOB 

c saeprueA 9 Baa: p Z Ps p =I 3,0±.0,51 Bsa~.a.ns npoToaos a p ':::! Ps;r: 
=I 1,0_! 0,21 Bas/c .ans aapsnKeHHhiX CJr' -Meaoaos. BnH3KHe 3Ha'leHHH nonyqea&I 

15 8 91 
TaK:>Ke B pa6oTax ' ' • 

VIa Ta6nau&I ! H ua pac. 3 au.aso, 'ITO B npe.aenax sKcnepaMeRTanbR&IX 

OWH60K ReT pe3KHX npOTHBOpe'IHI M9:>K.llY TeopeTH'I9CitBMH H 9KCD9pHMeHT8nbHbiMH 

.a.aaa&IMH .ans ~ -Meaoaos. O.aaaKo, sJtcnepaMeHTanbH&Ie BMnynbCR&Ie cneltTp&I 

HBnHIOTcH 3aMeTso 6one_e MHT'KHMH, 'leM pacc'IHTaHH&Ie TeopeTaqecKa. Bonbwae 

CT8THCTH'I-9CKH9 OWH6KH He D03BOnHIOT DOK8 C.ll91J8Tb 6onee ODpe.aeneHHbiX 381tniO-

qeauA. 

3JtcnepHM9HT81JbHbll HMDYilbCHbiA CDeKTp npOTOHOB Olt83biB89TCH 6onee :>KQCT

KRM, '19M CDQitTp, paCC'IHT8H-HbiA TeopeTH'IeCKH. 

Paanaqae TeopeTuqecKHX a aKcnepaMeaTanbHb~ cneKTpoa Ka'leCTBeHHO MO:>KHO 

5 1121 6 15,8-101 
DOHHTb 0 ecnH yqeCTb 0 'ITO B pa OTe 0 8 T8K:>Ke B pa OT8X t DpH H3M.epe-

HHHX CDeltTpOB He p83.ll91JSI1JHCb · U9HTpanbHble H nepBcpepH'19CitB9 CT01JKHOB9HBH9 

CDeltTp :>Ke HyKnOHOB nocne nepa¢epB'19CKOT'O CT01JKHOB9HHSI HBIJSIQTCSI 6onee :>KQCT

KHM, 'leM cneKTp ayKnoaoa, o6paaoaaBlliHXCSI npa ueaTpanbHOM cTonKaoaeaau. Ha-

o6opoT, fii -Me30Hb1 1 o6p830B8Bll!ReCH npB nepacpepB'19CKOM CTOIJKHOBeHHH, B Cpe.a.HeM, 

SIBRSIIOTCH 6onee MSIT'KBMR, 'I eM 'J( -Meaoa&r B3 uesTpanbHbiX cTonJtaoaeaaA. 

-Bonee no.apo6aoe paccMo'f.peaue aTax sonpocos oTno:>KHM .ao § ::t,. 

-B Ta6nuue !! npuae.aea&I TeopeTH'IecKHe aaa'leHHH cpe.aaax nonepe'IB&IX 

HMDYRbCOB t '18CTHU1 o6p83YIOlllHXCSI npH ueaTpanbHbiX CT01JKHOB9HBSIX • 

121 
, eM. I. CooTaeTcTBYIOWHe sJtcnepaMea-

TanbBble H3MepeHBSI B 11fiacTOSill!9e BpeMSI ewe He 38KOH'IeR&I, VfMeiOTCSI 1JHWb rpy-

6&Ie 0U9HKH .llRSI DpOTOHOB B 38pH:>K9HHbiX fji' -Me30BOB 1 DORY'I9HRbi9· DpH B3y-

~ A 9 E 121 
'IQHHH B38HMO.lleACTBBSI C Sl.llp8MB 't'OTOSMyRbCH.R DpOTOHOB C SHeprae 9B o 

3TH OUQHKH He DpOTHBOpe'laT paCC'IHT8HHbiM 3H8'19HHSIM 

-!ll• OoTepa aaeprBH npu ueaTpanbRbiX cTORitHOBeaasx, 

B Ta6naue ii .ans na6opaTopsoA cacTeMbl ltoop.auaaT npase.aes&r 3Ra'leHHH -
OTHOCHTenbHOI DOTepH SaepT'HH Dp0TOH8 88 o6pa30B8HBe '18CTHU 

• 
~ -ro copTa 
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Ari=n~E,/T 
B OaHOM 8KTe ueHTp81lbHOrO I NN I - cTonKHoaeHHH. 3a ecb . 

141 

( • - cpeaHHH 
& 

aHeprHH, a n. - cpeaHee 'IHC1l0 '18CTHU 

' 
C. -ro copTa, poaHBWHXCH npH ueHT" 

Tp81lbHOM CT01lKHOBeHHH HYK1l0HOB; T - KHHeTH'IecKaH aHeprHH nepBH'IHOro npo-

TOH8o 3H a'leHHH cE;. Bb!'IHCneHbl H3 HMITY1lbCHhlX cneKTpOB 1 npHBeaeHHhlX Ha 

1131 ~ 
pHCo 1 H 2; 3H8'1eHHH n. 

' 
B3HThl H3 pa60Thl 0 

TaKHM o6paaoM, cpeaHHH ageprHHr aaTpa'leHHaH HaneTaiOwHM npoToHOM Ha 

o6pa30B8HHe ~ 'ISCTHU B OaHOM SKTe ueHTp81lbHOro {AfJV)-cT01lKHOBeHHH 

b.£ -==-L_AE.!::: ss•to c. . c. 151 

' 
OT ero nepBOH8'181lbHOA aHeprHH T = 9 Baa. npH Bb!'IHCneHHHX He Y'ITeHa 381p8Ta - - -aHeprHH Ha o6paaoaaHHe E, -qacTHu H aHTH'IacTHU 1\ ; l:_ H 8 . OaHaKo 

oueHKH noKaaanH, 'ITo npH aTOM B AEe. BHOCHTCH 1lHW!:: M81l8H norpeWHOCTb 

J! 1%. Mbi TaKMe npeanonoMHnH 1 'ITO t tt:• ::' £ #(.+ HE~.:::e" .. lcM.Ta6nH-

--- 113/ 
uy 111 B pa6oTe I. nonHaH noTepH aHeprHH nepBH'IHoro npoToHa a O.llHOM aKTe -
ueHTp81lbHOrO CT01lKHOBeHHH 

~ e;ot = AEC.-+ Tc. IT 
,..._ 7- ~ o/o 161 

3aecb Tc. = o.~tT - cpeaHHH KHHeTH'IecKaH aHeprHH HyKnoHa nocne ueHTpan&-

HOrO CT01lKHOBeHHH, 

-rv. noTepH SHeprHH npH nepH¢epH'IeCKHX CT01lKHOBeHHHX ..... 
B oaHoM aKTe nepH¢epH'IecKoro I ~A(I-cTonKHOBeHHH Ha o6paaoaaHHe 

HOBhlX '18CTHU B cpe,llHeM 3aTpa'IHBaeTCH SHeprHH 

AEt =i (AE~ -+AE~) I 171 

' r ,ll9 ~ e f' - cpeaHHH SHeprHH, TepHeMaH npH CT01lKHOBeHHH nepH¢epH'IeCKOrO 
II 

M eaoHa HaneTaiOwero HyKnoHa c noKOHWHMCH HyKnoHoM; 4 E p- cooTaeTCTByiO-

waH fiOTepSI SHeprHH npH CT01lKHOBeHHH HaneTaiOwero HYK1l0H8 C Me'30HHbiM o6na

KOM -1.10KOSIW9rOCSI HYK1lOHa21. 

21B CHCT9M9 ltOOpaHH8T 1 rae HaneTaiOWH.A. HyKJIOH ITOKOHTCSI, ST8 SHeprHR, O'leBHa

HOtp8BH8 AE' 0 

f 

./ 

• 

11 
H3 

A 

rae 

- c 

'Jf 

- cp 

n.-

M 

rae 

E,. 
rae 
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B MO.OeliH nepHclJepH'-IeCKHX CTOliKHOBeHHA 6ea OCTaTO'-IHOA H3o6apbi /cM.pHC.2 

111 1 1{3 • 

E.* =} ~ c t- t.N' C£>1 o:;;l\f Ctl? {£) ~e 
~.r 

r.ae 

T = .!.:_ 
" O"'p 

,_ - £-T 
IV) 

181 

/9/ 

- cpe.aHHH KHHeTH'-IeCK8H 9HeprHH HYK1IOH8 DOClle CTOliKHOBeHHH C nepHclJepH'I9CKHM 

')1' -M930HOM 

' e .. 
E:=J ~7{t)rJ.e/n ,. 

- cpe.OHHH 9HeprHH nepHclJepH'<!9CKHX M930HOB • 

£11 
~ :2 5 <t;,~ {£)~{E) DlE Z :1, ~K · rt 

p "J'A 
r\, - cpe.aHee '<!HCliO nepHclJepH'-IeCKHX Me30HOB B o60liO'IKe HyKliOHa; 

- BepXHHSI rpaHHU8 cneKTpa nepHclJ9pH'-I9CKHX Me30HOB ~ (£) 
M - Macca HyKnoaa. 

/10/ 

/11/ 

/12/ 

E = T+f1 

B Mo.aenH nepH¢epH'-IeCKHX cToliKHoBeHHA c Hao6apoA /eM. pHc. 3/ H3 
111

1 

AE' -:: l-TN" +Er. /13/ p I 

r.ae E1r- cpe.aHHSI aaeprHSI Jr -MeaoHoB, o6paaoaaBWHXCSI npH pacna.ae aao-

6apbi. TaK KaK B cHoreMe nOKOH H3o6apbi yrnoaoe pacnpe.aeneaHe TaKHX M930HOB 

H30TpODHO, TO npH nepexo.ae B na60p8TOpHyiO CHCT9MY K00p.OHH8T 

e• 
E'li = 3. E iS ~ ris (E) ~N (E)' {t)«e 

O"p r 
,_ E ,·$ --M' 

/14/ (E-l) 
r.ae 

/15/ 
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- Moayn& penHTHBHCTCKoro npeo6paaoaaHBH; M 1 
f:t 113M - Macca H3o6apbi, 

E11 ~D,l1;9i - cpeaHHH aH~prHH Mesoua, o6pasoaaawerocH npH pacnaae Hso-

6apbl B CHCTBMB KOopaHHaT, rae 9T8 H306apa DOKOHTCSio 

E" Bbipa*eHHe anH A p nerKO nonyqHTb npeo6pa30B8HHBM nopeHUS H3 

CHCTBMbi KoopaHHaT, rae HaneTSIOWHA npOTOH DOKOHTCSI: 

e ,, 
A p : r{AE~+~Ap'). ... 

3aec& 

r = E I M ' 
~ = 1- i ( 1'1/E)z I 

' Af - npoaon&HaH KOMnoueuTa HMnyn&c;:a BHOBb o6pasoaaawHxcH qacTHu: 

* . £ 

Af' ::-~ { [f(EJ- P, (tJ1a;IV(t) '(t)Dt£ z-[ +tj=>N 
p JA 

- B MOaenH nepHcj:lepHqecKHX CTOnKHOBBHHft 6e3 H306apbl H 

A p' c:- r -+ ~ N -+ r,. 
- a MoaenH -c H3o6apoA. 

'- E* ~ N = ~ ( P,., (£)a; (t) , {t) "'-E 
v p )JI' " 

111 I 

1181 

1191 

....... 

1201 

121 I 

- cpeaHHA HMnynbC HyKnOHa nocne CTOnKHOBBHHSI C nepH'cj:l epHqeCKHM ~ -M930HOI\( ,• 

J'CE) ~ £ - HMnyn&c nepH¢epH'fecKoro Mesoua; . 

E JE"' H'E 5e'., L 
D = - .1 •s ~ (E) R (E) cr l t) '{E') o{ f '= - E-.,. " ;s t (t} ol 
r1r o: is J·;s ,,.. · " .,n. ... e- £ 

p I" r· 
- cpeaHHI HMnyn&e tJi"'" -Mesoaa, o6pasoaaawerocH npH pacnaae uao6apbl. 

1221 

Y'IHTbl&an ueToquocT& aaaqeuua- pN (£) lcM.HH>Kel, M bl npeae6pernu a cj:lopMy-

nax 1191 H 1201 nonepe'IHOA KOMDOHBHTOA HMnynbCOB P ... (t) 8 c:Pw.t • 
0KOH'IaTen&Ho anH aueprHH A Ep , aaTpaqeuuoA ua o6pasoaaaBe HOBbiX 

qaCTHUt nony'iHM Bblpa>K BHHSI 

AEjt = f (t+l'ft:u:) +t~ ElM -t TN(a+ E/l'tj ). 12a1 

• 
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£"" 
~Ep= ~12 (l, 1 f+ e) (l+rt /a.E J • .1. (~N + ~.:~. Ma.c ff'J11'J E 1 N - 124/ 

.2,. n.. J ·- £ ,. 
-tTN(I+EIM), 

COOTB9TCTB9HHO ,llJlSI B8pH8HT8 6e3 H3068pbl H C H306apoA. 

TaK KaK cpe.n:rlSISI saeprHSI oT.n:a~H ayKnoaa npH nepa~epa~ecKHX CTOJIKHO&e

HHSIX aeBeJIHKa I 1;,, .(.( A E' p I, To nonaasr noTepsr sa epraa 6biCTphlM aaneTato

WHM HYKJIOHOM 6JIH3K8 K noTepH SHeprHH H8 o6p83088HBe HOBhlX ~8CTBU: 

/\EP _,_ J&Ep 
'-1. -Lot. ..,.. 

1251 

O.n:aaKo, ecnH ycnoBHSI onblTa TaKOBbi, ~To H3MepsreTcSI cpe.llHSISI sJe prasr HYKJIOHOB 

nocne CTOJlKHOBeHHSI 

-T /281 

To no onpeneneaaro aaMepsreMaH aa onhiTe nonaasr noTepsr saepraa nepaaqaoro ayK

noaa B O,llHOM 8KTe nepH~epa~eCKOrO CTOJ1KH089HHSI 

-
~ E Jot '5 T- T :. I ( T T A f t' ) . 

/271 

Y. 0 6 c y m .n ea a e -
..On Sl Bbl~HCJ19HHsr.,.aHa~eHHit A E p npa aa.n:aHHOM MBHHMan&HOM napaMeTpe 

cTOJIKHOBeHHSI 'Zo aeo6xo.n:HMO aaaTb aMnyJibCHbiA cneKTp PN' (t) ayKnoaoa, 

pO>K.ll8lOIUHXCSI B nepH~epa~eCKHX (rN) -cTOJlKHOBeHHSIX. 3TOT cneKTp MO>KHO 

Bbi~HCJIHTb TeopeTa~ecKB, ecnH .n:nsr onacaHHSI aeynpyrax {7 IV) -aaaHMO.lleA

CTBHA HCfi0Jlb30B8Tb CT8TBCTH~eCKYIO TeOpHIO MHO>K8CTBeHHOrO pO>t{.ll8HIISI lrtO.llp06-

Hee cM/ 141 1, a nnsr onacaaHH ynpyrax (1f"/ll) - aaaaMoneAcTBHA - onTa'lecKyto 

1151 
M on en& lnonpo6aee eM. 1. B sToM cnyqae 
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PN = (Cfi~ p ;"' +cr'ct p"d) I(~~ .... O"'d) 
J 

/28/ 

H p~- 3Ha~eHHH HMrrynbea HyKnOH8 eOOTBeTeTB9HHO nnH HeynpyrHX 

H yrrpyrHX peaKuHA j 0"' cl '::: I /3 O"i~ • 
rne p'" 

"' 
3Ha~eHHH p11 (£') MO)KHO nony~HTb T8K)Ke HHTepnonsuaeA: HaaeeTHbiX sxene_ _.. 

pHMeHTanbHbiX aHa~eHHI. OnHaKo nony-.eHHbie TaKHM o6paaoM aHa~eHHH He TO~Hee 

Bbi'IHeneHHbiX TeopeTH~eeKHt TaK KaK 9KenepHM9HT8nbHbl9 naHHbie B o6naeTH aHep• 

rHI T ~ {b,i HaaeeTHbi aeero nHwb a aeexonbKHX To~Kax H e 6onbWHMH 
/16/ 3/ . . 

eTaTHeTH~eeKHMH owa6xaMH • Ha pae. 5 npHaeneHbi aaa~eHHH HMnynbea 

pli (£) H eooTaeTeTayrowHe aHa~eHHSJ KHHeTH~ecx:ol saepraa 

~ = COi ... t.;---+~t.:) I c <rc~ + crd) 
N I 

HCI10nb30B8HHhl9 I1pH Bhl~HcneHHH I10T9pb SHeprHH AEp 

C npyroA eTopOHbi, pac~eTbi noxaaane, ~To aenH~HHa 4 E'p 

/29/ 

Mano Me
~·-

HSieTcH npe HaMeHeHHH ~ H TIV 8 WHpOKOM HHTepaane 3H8~9HHI. noaTOMY 

enenyeT O)KHnaTb, ~To a paMKax paecMaTpHaaeMoA: ~onen:H aoaMO)KHbie HeTo~-

HOeTH B 3Ha~eHHSIX p" (£) He MoryT 3H8~HT9nbHO H3M eHHTb Bbi~HcneHHbie 

3H8~9HHH noTepb 9HeprHH AEp • 

Ha pHe. ti npeaeneHbi paee~HTaHHbie aaa~eHHH aene~HH PIV H TN ana 

nepH¢epH~eeKHX CTOnKHOB9HHA: HyKnOHOB e napaMeTp8MH ynapa ~~~ rrpH r 0 9 

aHa~eHHI q.>AI H TN' 
SH9pt'HH Baa. Ha aToM )Ke pHe. npHaeneaw Bbi~HcneHHbie nns aTHx 

epenHHe l10T9pH 8HeprHH 8 nepe¢epH~eeKHX CTOnKHOBe-

HHSX AEp . Ha pHe. 8 npHaeneHhl Bbi~HcneHHble aaa~eHHH nonHoA noTepH SHep

ree a onHoM aKTe Heynpyroro aaaHMo.deA:eTBHH 

A e = Ct- 1) A E~ ·+! .d r,, 1301 

r ne TeopeTH~eeKlilH aem1~HH8 eeqeHHH nepHtPepB'19CKBX eTOnKHOB911RA ap !! fa;..., 
nns paanH~HbiX 3Ha'leHeA 'r o rrpHaeneHa aa pee. 7. 

3/ Mhl 6naronapKbi P.M .ne6eneay, oaKaKoM&aweMy 11ac e axcnepHMeMTanbllbiMH 
CI19KTplilMH HyKnOHOB H3 HeynpyrHX (!IT• p) -B38HMO.tlele1'BRI npH SHeprHH 

T = ?o3e no HX ony6nHKOB8HHH. . . 

• 
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KaK BH.llHO H3 pee. 6 H 8, pa3JIH'IHe Me2K.llY rroneoA IIOTepeA: seeprRR A E 
H rroTepel!! aeepreu B ueHTpan&HOM (IV N) -cTOJIKHOBeHHH ~ te, oxaa&J~aeTcSI 
tte6on&IIIHM. 3eaqeeeH 4 Ep H A E, TaK2Ke OKc!l3bJBaiOTCSI cpaBHHM&IMR no 

CBOeA BeJIH'IHHee 

.llJlSI B8pH&HTOB C H306a-

poA H 6e3 H306apbl CQCT8BJISieT Bcero JlHIIIb 0 KOJIO 5% .llJlSI '? o = 3 'li I Me H 

yMeHblli aeTCSI .llJlSI 6oJiblliHX aeaqeeHi "?o • noHSITHO, 'ITO K&K TO'IHOCTb SKene-

pHMeHTOB 1 TaK H TO'IHOCTb TeopeTH'IeCKHX paC'IeTOB fKaK noK&38HO B&JIIIe/ B H8CTO

SIIUee BpeMSI eme He.llOCT8TO'IHbi 1 'IT06bi Ha STOM OCHOB&HRH p83.ll91IHTb B&pH&HT&J 

rrepe¢epH'IeCKHX CTOJIKHOBeHHJ!I. 

BeJIH'IHHY A Ee , a BMecTe c TeM H A E 
1 

M02KHO IIOHH3RTb ea eecxon&KO 

4/ 
npoueHTOB 38 C'leT yMeHbiiieHHSI Ce'leHHA reeep8UHH CTp8HHhiX '18CTRU H ysenu-

'leHHSI Is rrpe.aenax OIIIH6ox eaMepeeeA <J1""' I axaqeeest OTHOIII9HHst ce'leeeA: J , 
npe STOM MHHHM8JlbHOe 3Ha'leHHe IIOTepb aeeprHH 4 E .llJlSI sapHaHTc!l c o6pa-

30B8HHeM H306ap&I 6JlH3KO K 50%. 

8 Ta6JIHUe W IIpHBe.ll eH bl SKCIIepHMeHT8JlbH we 3H8 qeHHSI cpe.llHHX nOTepb -
aeeprHH B I N./'1/ I - CTOJIKHOBeHHSIX, rrony'leHHbie pa3JIH'IHbiMH asTopaMH. Kax 

BHLIHO, ·TeopeTH'IeCKHe 3H8'1eHHSI 4E 38MeTHO npeBOCXO.llSIT cpe.llHBe SKCIIepHMee-

T8JlbHbie. 

Kax rroxaaanH pacqeTbi, c y'leToM rrep!.'.!ci:>epxqecxex cTonxaoseeuA TeopeTH'Ie-

CKHe 3Ha'leHHSI cpe.llHHX HMnyJibCOB HYKJIOHOB H 

npu I IV~ 1-cTOJIKHOBeHHstx, JIY'IIIIe cornacyroTcH c axcnepeMeeTan&HblMH, ao, 

KaK H .llJISI .4 E , none oro KOJIH'IecTBeeeoro cornacHst rrony'IHTb ae y.aaeTcs. 

O.aeaxo, sxcnepH~HTaJlbHbie aeaqeJixst aasecTH&J a aacTostmee speMst em~ 

nnoxo. 3aaqeaest A£ nony'leHbi a 6on&IIIXHCTBe cnyqaes H3 aaanHaa saaxMo

.D. eicTBHA nepBH'IHOI"O IIpOTOHa C Sl.llp8MHo 3TH 3H8'19HHSI M02KHO paccMaTpHB8Tb 

JIHIIIb KaK rrpH6JIH2Keeeyro oueeKy rroTep& seeprHH a I IV N /-cTOJIKHOBeHBB. 

41 
Ce'leHHe reeepauHH cTpaHHbiX 'lacTxu Sj pacc'IHTaeo no ¢eeoMeaono-

I"H'IecKoA: TeopHH Ct3') .. O.aeaxo, sxcrrepxMeHTaJibHbie .aaea&Je no reeepauHB 

cTpaeHhiX qacTeu npe T > 1 Bs:e .aorrycxaroT Taxoe yMeHbiiieaae napaMeTpos 

aToA TeopHH, 'ITO rrpH T '!::' 9 Bas BeJIH'IHHa 0'"'$ yMeHbiiiaeTcSI a non
Topa - .asa paaa. 
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121 ~ 
106&I"IHO K&K oueHKY CHH3y; cp. 1. 3Ha'leHHH 4 c: , nonyqeHHbie H3 aaaneaa 

I N.IV' I-B3aHMO.lleA:cTBHI a ct>oTosMynbCHH IIMeiOT ewe npe.llBl.lpe·renbHbii 

51 
X8p8KTep • Bbtllleclta38HHOe OTHOCHTCSI H K SKCnepHMeHTElflbHblM 3Ra'leHHSIM cpen-

HHX HMnynbCOB 'l8CTHU, pO%.ll8lOJ.UHXCSI B I NN 1-cTOnKHOBeHHHX. nosTOMy 

yCT8HOBHTb1 H8CKOflbKO pa3JtH'l8IOTCSI 9KCnepHMeHT8flbHbie H TeopeTHqecKHe 3Haqe

HHSI B HaCTOSIWee BpeMSl ewe 38TPY.llHHTenbHO. PacCMOTpeHHej BbffiOnHeHHOe B 
Ill ~ 

npennaraeMoA pa6oTe H a pa6oTax 
1 

no3aonsreT nHlllb yTaep%.ll8Tb, 'ITO corna-

cHe C OUblTOM yrnOBblX H SHepreTH'IeCKHX Xap.::.KTepHCTHK yny'IWaeTCSl 1 ecnH y'leCTb 

nepHcP9PH'IeCKH9 CTOUKHOB9HHSI HyKUOHOBe 

nnsr .ll8UbHelwero nporpecca HY%Hbl TO'lHble 9KCU9plM9HT8UbH&Ie .Q.aHHbie. 

Ta6nHua I 

~ Jl -Me30Hbl !lpOTOHbl 

~KcnepeMeHT TeopHSt 3KcnepeMeHT TeopHSt 

P Etf/e -na6opaTopHaSt 

CHCTeMa 1 ,0.:!:, 0,2 1,46 3,6 .:!: 0,5 2,90 

po,&/c -cecTeMa 

ueHTpa Mace 0,4!.. 0,1 0,57 1,24!._0,25 0,79 

Ta6neua li 
-

CopT 'l&cTHu 'T JC+ IC-
,_ 

1\ 2:: IV 

P"' '••lc Q,45 0,64 0,53 0,46 0,68 0,68 

AC; 0 /o 49 1,6 0,2 0,8 1,6 3,3 

51 B 'laCTHOCTH oueHKa AE <If$~, OCHOB&HH&St Ha H3Mepeaesrx HMnynbcoa 

npOTOH081 MO%eT OK838TbCSl 38HH%9HKOA 1 T8K K8.1t B 9TOft oueHK.e He yqTeHbl 

CT8THCTH'I9CKHe OlllH6KV: H3M~peae,A. 

--

I 

I· 

r 
~ 
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Ta6naua W 

(5) 

30'±. 10 33±_9 ~/40.± 10/ .-8~(45 

Cs) 

85+2 -
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E.H.Kna.uaHuKaH
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J).A.KynroKHHa, HryeH llHH -Tbi, A.B.HHKHTHH, C.3.0TsH

HOBCKHA, M.VI.ConoabeB, P.CocaoBCKHA, M.n.Watl>paHosa. MaTepHaJihi eme
ro.uaoit KOHci>epeauHH no tPH3HKe BbiCOKHX gaeprHA. KHes, HIOnb 1959 ro.u. 

x/ /13/ .1.~'-B pa6oTe co.uepmaTCSI oneqaTKH: B ct>opMyne /3/ sMecTo ~ .uonmao 

t."l"'·' { ~ ) li 31 6biTb H J.. = %';:t; - :i o /npHB8.ll9Hifbl8 B qRCneHHbl9 peaynb-_. 
Ta:T.bl BbiqHcneHbi no aepaoA c!>opMyne/. CTaTHCTHqecKHit sec peaKUHH f\ X .21< II 

.un H 
E: f r;~e ; aepxHHH Ta6nHua aa cTp. 125 HsnH-

W. o;0 = o,oao s:!, 
I eTCH npo.uon:>KeHH8M Ta6nHUbi ii: HH:lKHSISI Ta6nHU8 H8 CTp. 125 H Ta6nHUbi H8 

126 - gTO qacTH Ta6nHUbi m :nSI e = 16 J' H IE= to&Jt, COOTB8TCTB8HH0o 

H a cTp. 127 nHTyro H qeTaepTyro cTpbKH cHH3Y cne.uyeT qHTaTb: :.o.nHH aHTH:-

E = 10 Bas~. 
HyKJIOH H8 O.llHY ~ .llB9 COTHH nHOHOB npH 9HeprHH • 

---~-~--- --- - --

' l I 
i 
! 
' ! 
1: 

• 
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HO 
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PH c. 1. Vf MnynbCHbie cneKTpbi Jl• ; IC'· IC -Meaoaoe B naoopaTopaoA cHc"' 

TeMe Koop.nHHaT. VfMnynbCbi npHBe.neHbi B e.nHHHuax S!H) /t! . 
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Pac. 2. HMnyn&CBble t:neKTpbl ayKnoao,, aaTHByKnoaoB, A• H ~ - ranepoaoB 
B naf5opaTopaoA CHCTeMe KOOptlH~8T• TiyHKTHpBbie KpHBbl9 - cneJtTpbl 
ayJtnoaoB H 2:, -ranepoaoB. H~nyn&cbl. ppase.aesbl . B e.aasauax 6t8/t'. 
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~----~5~--~~~~6~P 

-PRe, 3. J.iMnyn&eHbre cneKTpbi 7• Jrt.. IC -Me30R.OB B caeTeMe lleHTpa 

M 8Ce eT&nKBB810IUBXest HyKnOHOB, nyHKTBpHast KpHB8S1-SKenepRMeHT8n&RaS1 
r:BcTorp&MMa anst T-Me3oaos. 11Mnyn&ebl npaseaeabl B eaRHBilax ..... (!, 
rae t'tr- Maeea T -Me3oaa. 

I 06 .. elHHfliHWit HHCTII1 ~"" 

. tAepHWY. 8CCAe.AoBa~•• I 
5~~.·" '~I"'~)TEKA . .. . ... _ . 
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Puc. 4. VI Mnyn&cHbi9 cneKTpbi ayKnoaoB, aHTHHYMOHOB, A • B I: - ranepoHOB 
B_ CHCT9M9 U~HTp8 M8CC CT8nKHB810WHXC9 H-rKnOHOB. nyHKTHpOM H8H9C9Hbl 

TeopeTH'19CKHA cneKTp HyKnOHOB B COOTB9TCTByJOW89 ax.cnepBM9HT8nt.H8R 

rucTorpaMMa, a TaltlKe cneKTP .t - runepoaoB. VJMnyn&cbi npBBeneHbl 

B 9llHHHU8X P,.r (. , r.lle ,., - M8CC8 ,- -M930H8. 

" f' 

---- - -~------- --- ~ ---. ~--------· 

' 

j 
~ 

• i 
I 
l 



P";t 

0.6 

0.4 

0.2 

-~~~1!11111111118 
- E 

2 f 6 
PRe. 5. CpeL(HRSI KHHeTH'lecxas &HeprHB -/:.~ H HMIIYJII>C ayxno.IJ4 Pwo nocne 

CTOJIXHOBeHHSl C II9DHcP9PH'l9CXBM gj" -M930HON. 9HElprBH C. • 3&luTpH- 0 

xosaahl ot>nacTH 3Ha'leHHI 't" H P,, L(OJiyCTHMHX CT8THCTH'lacxHMH OWH 

owx6xaMH H3NepeaxA. 3aa'leHHSI i.w H £. BYpalKeHw s Sea., 3Ha'le-

RHSI p - B Bas/c. na6opaTOPH8B CHCTeNa XOOpLtitHaT. N . 
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3 4 5 
·p•c. 8. 3a8BCBMOCTI> 8enB'IBB T,_, , ~ • AEp OT MBBBM&ni>&Qro napeurrpa 

cTOJlltB08eBB!il: A - 8apB&BT c B30I5apol, B - 8apBaRT 1583 Baol5apl:il. 

3awTpBX088BI:il oiSnaCTB 3R8'18RBI, zxonycTBMI:iiX OWBI51t8MB B3M8p8RBI. 

3aa'I&RB!il T" npB8&ll8Ribl 8 588; aaa'leRB!il 'Pfl(- & ''"' jaua'le&BB 

"MBHBM&JII>BOrO napaMeTp8 CTOIIItROBeRBI - 8 8llBHBil8X -

~ ( fl\ e. · :· 2,1 • to-l4cw. · 

\ ·:_ -- - ---- :::::_;::_ - -----· -- --· --
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Q05 
PJic. 7. 3aBBCBMOCTb cpe.asel 9B8prRB IIepw4JepB'I8CXBX Me30HOB r /IIyHXTBp-

HAH KpBBaH/ H C8'1eHHH uepaci>epH'IeCKHX CTOnltHOBeHBI a-,. /cunOWBAII 

XpHBaH/oT BenH'IBHbi MHHHMaJlbHOrO II&paMeTpa CTOnKHOBeHHI ~. • 3ua-

'leHBll l' upBBeaeHbi B Sse.:, 3HA'IeBBH 9•- B eaasxaax fr /14(.. 

-

1\:1 
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Pxc. 8. 3aBHCHMOCTb nonHoA noTepH sHeprHH B I N N' /-cTonKHOBeHHH oT 

aenH'IHHbi MHHHM8nbHOrO CTOnKHOBeHHSI flo : A - BapHaHT C ll3068pOA, 

G - aapHaHT 6ea &ao6apbi. 3awTpHXOB8Hbi o6nacTH aHa'leHHA Af , .ao

nycTHMbiX CTSTHCTH'IeCKHMH owH6K4MH H3MepeHHA /npH STOM 3H8'191111Sl 

'lo c'IHTanHCb 'ro'IHbiMHI. 3Ha'leaHSI 'l. np&ae.aeHbi a enHHHuax 'A I~. 
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