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l.BBEllEHI1E 

AHaJIH3 9KcrrepHMeHTanbHbiX JlBHHbiX no MHOMeCTBeHHoii: 

reHepBUHH 8Jlp0HOB H8 S:l)lepHbiX MHUieHs:IX CBH)leTeJibCTByeT 

B IIOJlb3Y llBYXCT8JlHHHb!X MO)leneii: 9JleMeHT8pHoro 8KT8, 

no)lXOJl, Y'HiTblB8IOUIHH peaJIH38UIHO rrpoMeMyTO'lHOro 

KJl8CTepHOI'O COCTOS:XHH9 8Jlp0HHOH M8TepHH 1 XOpOUIO corna

cyeTC9 C lliHpOKHM KpyroM 9KCIIepHMeHT8JlbHb!X ~aKTOB, 

rrony'leHHbiX B HyKnoH-s:xJlepHoM B38HMOJleficTBHH 
1•2/. 

l1H<pOpM8llHS:X 0 CBOHCTB8X KJl8CTepHbiX COCTOS:XHHH MO

MeT 6biTb rrony'leHa rryTeM rrpoBepKH rrpe)lnonoMeHHH o 

KJl8CTep-HyKJIOHHOM B38HMO)leHCTBHH IIpH JlBHMeHHH KJiaC

Tepa BHYTPH s:IJlpa. B pa6oTe /3/ 6biJI rrpeanoMeH MeTOJl 

OIIHC8HH9 JlHH8MHKH p83BHTH9 peJis:ITHBHCTCKOI'O KJl8CTepa 

B s:IJlepHOM BeUieCTBe. llBHMeHHe KJl8CTepa OIIHChlB8JlOCb 

CHCTeMOH H3 JlBYX ypaBHeHHH, Y'lHTb!BaiOUieH ero pacumpe

HHe C OKOJIOCBeTOBOH CKOpOCTb!O, KnacTep-HyKJ10HHOe 

B~8HMO)leHCTBHe XapaKTepH30B8JlOCb llBYMs:I napaM~TpaMH: 

f - cpeJlH~H 9HeprHeH, rrepeJlaHHOH HyKJIOHy, H W 
In 

=( < K > -~---- ) KN - rrapaMeTpoM HeyrrpyrocTH B3aHMO-
atot 

)leHCTBHs:x. KaK Bhis:ICHHnocb, 9TH rrapaMeTpbi He 3aBHCs:IT oT 

9HeprHH (( = 0,13 f9B; w = 0,2). PeiiieHHS:XMH CHCTeMbi 

ypaBHeHHH JlBHMeHHs:x s:xBJIS:XIOTCs:x !jlyHKUHH E (e ) - rronHas:x 

9Hepl"'H9 KJl8CTepa B 38BHCHMOCTH OT )lJIHHhl ero IIYTH B 

9Jlpe f H K(f) - !jlaKTOp yBeJIH'leHH9 BHyTpeHHeH 9Hepi'HH 

KJl8CTepa B pe3yJibTaTe ero HeyrrpyrHX B38HMO)leHCTBHH 

C HyKJIOH8MHo npH 9TOM rrpe)liiOJla£'8JlOCb 1 'ITO JlHilHPYIOUI89 

'l8CTHU8 1 o6pa30B8HH89 B rrpouecce IIHOHH38UHH 1 cna6o 
B38HMOJleficTByeT c s:IIlPOM, B HacTos:xUie:ll: pa6oTe c uenhiO 

)l8JlbHeHUieH IIpOBepKH 9TOT IIOilXOJl IIpHMeHeH K 8H8JIH3Y 
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pe3yJihTaTOB 1 noJiy'IeHHb!X npH H3Y'I8HHH B38HM0.[{8ifcTBHH 

rr--MeaoHoa ( E" = 40 f3B) a aayxMeTpoaoH: nponaHoaoH: 
ny3b!pbKOBOH K8Mepe nB3 Ol1.Hl1 /4-7/. 

H H:>Ke paccMa TpuaaroTc.H cneayromue xapaKTepHCTHKH 
rr-C 

12 
-B38HM0.[{8HCTBH.H: 

- pacnpeaeJieHHe no MHO>K8CTB8HHOCTH peJI.HTHBHCTCKHX 
3ap.H>K8HHhiX 'I8CTHU 0

8 
j 

- pacnpeaeneaue no 'IHcny MeaneHHhiX npoToHoa; 

- cpeaHHe XapaKT8pHCTHKH y -KB8HTOB kpfl > , <pJ. >, 
<cos e > ) ; 

- pacnpeaeneHH.H no 6brcTpoTaM a HHKJII03HBHbrX npouec
cax Tuna rr-c 12_, y + ..• 

2.PACDPEnEnEHI1E DO MHO~ECTBEHHOCTI1n 8 
Ecnu KnacTep, HCnyCK8lOI.UHll npu CB08M pacnaae B 3ne-

M8HTapHOM aKTe, a cpeaHeM, n ~ 'lac THU, npoH:aeT a .Hape 

nyTb f , TO OH pacnaaeTC.H Ha n 
8 

'I8CTHU
1 

npu'IeM /I/: 
0 

ns =nsR (f) 

R <e ) "' 
( n~ - 1,6) K (e ) + 1, 6 

----------------------no 
s 

(1) 

0 
0 DycTh <PYHKUH.H Fo (n 8 ) onncbmaeT pacnpeaeneHHe no 

ns B nHoH-HyKJIOHHOM B38HMO.QeACTBHH. naHHOe 'IHCJIO 0
8 

B nHOH-.HaepHOM coyaapeHHH MOI'yT .[{8Th KnacTepbJ C T8KHM 

3H8'I8HH8M n2 H npOXO.[{.HIUHe B .H.Qpe T8KOH nyTb f 
1 

'ITO

fihi BbiilOJIH.HnOCb COOTHOI.U8HH8 ( 1 ) • Y Cpe.QH8HHe no BC8M 

B03MO>KHhiM npo6eraM KnacTepa B .H.Qpe npHBO.[{HT K cne

.QYlOIU8My Bbipa>KeHHlO .r:tn.H <iJYHKUHH pacnpe.neneHH.H no MHo-
>KeC TB8HHOCTH 

F (n ) 
s 

B nHOH-.H.r:tepHbiX B38HM0}:{8HCTBH.HX: 
dVe . ns 

f ---- § ( e ) F0 ( ------ ) 
R(P) R (e ) (2) -----------------------

fdVe§U) 

4 

§ ( e ) - <PYHKUH.H, Y'IHTb!B8IOI.Ua.H pacnpeaeneHue B38HMO

aefiCTBHH HaneTaromeH: 'IaCTHUhr aHyTpH .Hapa. 

Cny'IaH c ManbrM qucnoM s -'IaCTHU cooTaeTCTayroT, 

B OCHOBHOM1 B036y>K.Q8HHIO HaneTalOI.U8I'O rr -M830H8 ( 6e3 

o6pa30BaHH.H nHOHH38UHOHHOI'O KnacTepa). J1x napuuanbHOe 

ce'IeHHe a 3neMeHTapHoM aKTe HeaenHKo. Mo>KHO C'IHTaTh, 

'ITO B38HM0.[{8HCTBHe TaKOI'O B036y>K.Q8HHOI'O nHOHa C HyK

noHaMH .Hapa He 6yaeT cymecTaeHHO OTJIH'IaThC.H oT o6hr'I

Horo nuoH-HyKnOHHoro. Do3TOMY ero BTOpH'IHhre Heynpyrue 

B38HM0.[{8HCTBH.H B .H.[{pe 6yayT BbiBO.QHTb npouecc H3 Ka

Hana c Manofi MHO>KeCTBeHHOCThJO. Y'IeT 3Toro <flaKTopa 

npHBO.QHT K CneayiOI.UeMy Bbrpa>KeHHlO an.H OU8HKH aepO.HT

HOCTH Pn -co6biTHfi c ManbrM 'IHcnoM s -'IacTuu: 

2 -pain ( . I 2 2 · Po= _a~ __ [d_~~~~ z+ v R- b ) e -pam(\! R2- b 2- z ) 

a•n -------------------------------· 2 . ------- (3) 
f d b dz e -Pam ( z + V R 

2
- b 

2 
) 

3.necb an - napuuanhHoe ce'IeHue KaHana c o6paaoaaHHeM 

n pen.HTHBHCTCKHX 'IBCTHU. CornacHo (3), onpe.nen.Hnacb 

aepO.HTHOCTb C06biTHH C n
8 

=· 0,1,2. nn.H cnyqag n
8 

=1 

Y'ITeH .r:tOITOnHHTenhHbiH BKna.r:t KOrepeHTHOI'O npouecca Ha 

.H.r:tpe B UenOM, C8'18HH8 KOTOporo no OU8HKaM /4/ COCTaB

n.HeT = 1, 7 M6. nm:r OCTanhHbiX 3H8'18HHH n ± npOH3Be.r:teH 
pacqer no <flopMyne (2). 

Peay.IIhTaTbr npe.ncraaneHbi Ha puc. 1. B Ka'IeCTae 

f~O) HCITOnh30BanaCh <flyHKUH.H 0 s 

l 
F17-p o 

F
0 

(n 2 )= o_ (n s ) 

f.: n 0 
0 (n ) s 

.rtnH 'IeTHblX n 2 
- 0 .rtn.H H8'I8THhlX n

8
• 
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p HC. 1. p acnpeaeneHHe no MHO.lK9CTB9HHOCTH penSITliBHCT
CKHX qaCTHU anSI 77-CI2_B3BHMOae:il:CTBHH (cnnowHaSI rHCTO

rpaMMa) H anSI 77-N -B3BHMOae:il:CTBHH (nyHKTHpHaSI rHCTo
rpaMMa). PeaynbTaTbi pacqeTa noMeqeHbi x. 

6 

,. 

CooTaeTCTayromaSI rHCTorpaMMa aaaeceaa aa pHc. 1 nyaK
THpoM. Ha pHcyHKa BHaao, qTo pacqeT xopowo cornacyeT
CSI C 3KCnepHMeHTOMo 

0THOlli9HHe CpeaHHX MHO.lK9CTB9HHOCTe:il: B 77- C12 - H 
77-p -aaaHMoae:il:CTBHSIX, nonyqeaaoe nyTeM aenocpeacT-
aeaaoro ycpeaaeHHSI <PYHKUHH K (e) no SlllPY, coanaaaeT c 
H3MepeHHhiM: R = 1,21 ( R3101 = 1,21:!:_0,01). 

DoJibaySicb <f>opMyno:H (2), MO.lKHO nonyqHTb cooTaowe
HHe THna CKe:il:nHHra no MHO.lKeCTBeHHOCTH. 3aMeHHB B (2) 
<l>YHKUHIO R ( n Ha ee cpeaaee 3HaqeaHe, npHXOaHM K COOT
HOllieHHIO: 

- n 
R F ( n ) = Fo ( --~-- ) 

s -
R 

HnH, nocKOnhKY F (n ) 
s 

-
R -~E--

uin 
Fo< --~.=-) 

R 

Un 

uin 

(4) 

(5) 

qTO aaanOrHqHo CKeHnHHrOBOMy COOTHOlli9HHIO /B/ ( aen!fqHHa 

R BhmonHSieT TY .lKe ponb Koa<P<f>HUHeHTa MacwTa6aoro 
npeo6pa30BaHHSI, qTo H <n 8 > - R ) • C pocToM aTOMHoro 
B9C8 Siapa-MHlli9Hif cneayeT O.lKHaaTb OTKnOH9HHSI OT 3BBH-
CJ.IMOCTH ( 5), nocKonbKY norpewaocTH OT aaMeHhi R(e ) aa 
R 6yayT aoapacTaTb. 

3. PACTIPED.EliEHHE no 411CnY MED.nEHHbiX 
TIPOTOHOB B 77-C 

12
- B3AHMOD.EffCTBH.HX 

DycTb P 77 ~ - aepoSITHOCTb Toro, qTo npH saaHMO-
ae:il:cTBHH Ha.::e-TaiOI.IlerO 7T -Me30Ha C HyKnOHOM COpTa a 
o6paayeTCSI HyKnoa oTaaqH copTa ~ • Paao6beM Siapo aa 
n cnoea ( "f -cnoH") TaKHM o6paaoM, qTo6bi KnacTep, 

po.lKaeHHbiH B i -M f -cnoe, HCfibiTan i- 1 B3aHMOae:il:cT
BHe c ayKnoaaMH SIJlpa. 3TH cnoH orpaaHqeHbi noaepxaoc
TSIMH BHaa /I I 

_,-T---2-
z = v R - b - fi 
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nanee, nyCTh X - aonH npOTOHOB OTaa~H, perHCTpHpye
MbiX B 8KCnepHMeHTe B HHTepsane HMnynbCOB 150•700 MaB/c. 
Toraa sepoHTHOCTh ocymecTsneHHH cny~aH, B KOTopoM Ha-
6moaaeTCH j npOTOHOB OTaa'iH, pasHa 

j-I 
. n . n C. I SV . . I . . 

CiJ J CiJ J TT TT 1- I J - 1- J 
J = I J. = (P +P ) I ---------X {2-X) + 

i=I 1 PP np i=j 2i 

j ' (6) 
n C. I ~ V. . . . I TT TT 1- I J 1- J -

+ (P +P ) I ---------- X ( 2-X) , 
pn nni=j+I 2i 

~Vi - a<f><f>eKTHBHblll HOpMHpOBaHHblll 06'beM e -cnO.H0 

B (6) npeanonaraeTcH, 'ITO sepoHTHOCTh o6paaosaHHH 
npOTOHa npH B3aHMOAeHCTBHH Knacrepa C Heii:TpOHOM pas
Ha BepOHTHOCTH o6pa30BaHHH HeiirpOHa npH B3aHMOaeii:CT-
BHH Knacrepa C npoTOHOM. BenH'l:HHbi p TT{J anH naoH-
HyKnOHHOrO B3aHMoaeiicTBHH paBHhi p" a _ 0,20, p" _ 
- 0,05, npH'ieM p rr = 1 _ prr . PP np 

nomo perHCTpff~yeMbiX $oTOHOB X MO:>KHO oueHHTb, HC
nonh3YH cneKrp HyKnOHOB oraa~H. 3TOT cneKTp He MeHH?T
CH B IIIHpOKOM aHana30He 9HeprHii: nepBH'iHOH 'l:aCTHUbi 19 

H C Xopomeii: TO'iHOCThiO onHCbiB8eTCH Bbipa:>KeHHeM 131 : 

da tot -Bp2 
------ "" a B e , 

dp2 (7) 

rae B "" 4 (faBle) 
2 

• 11HTerpapyH no HHrepsany perecr
papyeMbiX HMnynhCOB, H8XOaHM 

p 
max d I __ a__ d 2 

x = PIJI.w __ <!e 2 P -;;:;------- "'0,7. 
(8) 

8 

l 

I 

PesynhTaTbi pac'l:eTa no ¢opMyne (6), c y'ieroM (8), npe
seaeHhi B Ta6n. 1 H yaosnersopaTenhHO cornacyiOTCH c 
aKcrrepaMeHTanhHhlM pacnpeaeneHHeM. 

4.3ABHCI1MOCTb ME:/KllYn 8 I1 l.JHCJIOM MEllllEHHbJX 

DPOTOHOB 

CooTHomeHae Me.lKay iis H 'iHcnoM MeaneHHhiX npoTo
HOB MO.lKeT 6biTh rrony'leHO H3 <f>opMyn ( 1) H (6) • YfMeeM: 

n . 
n = -0 ~ ml R 

8 0 s.~. Ji i 
I=J 

(9) 

Ri - senH'l:HHa <PaKropa R anH KnacTepa, po.lKaeHHoro B 
i -M cnoe H HCnhiTaBIIIero i-1 coyaapeHHll C HyKnOHaMH 

Hapa. Bemi'IHHhi R i Bhi'IHcneHhi c noMOIIIhiO pemeHHH ypas
HeHaii: ABH.lKeHHH KnacTepa 131 • PesynhTaTbi pac'leTa no 

¢opMyne ( 9) rrpaseaeHhi a Ta6n. 2. BaaHo, 'ITo pacqeTHbie 
3Ha'leHHH <n > 6nH3KH K H3MepeHHhiM I 41. 

s 

5. CPEllHHE XAPAKTEPI1CTI1KI1y-KBAHTOB, 
OEPA30BAHHbJX B rr-ci 2 -B3AI1MOllEHCTBI15IX 

B npeaenax TO'IHOCTH aKcnepHMeHTa cpeaHHe sHa'leHHH 
rrorrepe'l:Hb!X HMnynbCOB, p J. , Y -KBaHTOB, o6pa30B8HHbiX 
B ITHOH-HyKnOHHbiX H B TT- C I 2 coyaapeHHHX, COBnaaaroT 

1 - - -( T ( PJ.rr-p + P l rr-n ) .. 0,172;!:_0,07, P· Lr -ci2 "' 0,177:!:.. 

;!:_0,03 I 6 I ) . 3 roT ¢aKT HerrocpeacTseHHo cneayeT H3 
paasesaeMoii: KapTHHbi. Ecne rro -Me30Hbi peanHsyiOTCH KaK 
oTaenbHbie qacTHUhr npH pacnaae KnacTepa BHe HJJ:pa, To HX 
cpeaHHii: nonepe'IHhiii: HMnynhc He aon.lKeH saseceTh or Mac
Chi KnacTepa (T.K. OH He 3aBHCHT OT 9HeprHH nepBH'IHOH 
'18CTHUbi B aapoH-HyKnoHHOM CTOnKHOBeHHH). CneaosaTenh
Ho, H cpeaHHii nonepe'IHhrii HMnynbc y -KBaHTOB npe nepe
xoae K B38HMOaeii:CTBHIO Ha Hapax He aon.lKeH H3MeHHThCH. 

9 



Ta6nHua 1 

Ng 0 1 2 3 ~4 

% 55,7:!;_0,6 25,2:!;_0,5 12,0+0,4 5,0:!;_0,2 2,1:!;_0,2 
9KCll. 

% 50.0 30,8 12,9 4,7 1,6 
Teop. 

Ta6mma 2 

Ng 0 1 2 3 :? 4 

n 6,02:!;_0,05 6,87:!;_0,09 7 ,58:!;_0,12 7 ,83:!;_0,19 7 ,44:!;_0,24 
S 9KCll. 

n 8 Teop. 
5,92 6,65 7,25 7,82 8,37 

10 

HaMeHeHHe cpeaaero npoaonhHoro HMnynbca o6ycnoaneao 
yMeHbmeHHeM CKOpOCTH KnaCTepa npH ero aBH~eHHH B ~
pe. 

nycTb p Ofl - cpeaHHH npoaonbHbiH HMllYnbC y -KBaHTOB 
B llHOH-HyKnOHHOM coyaapeHHH. 0~eBHaH01 

"S y 1 
P II= ------ -= --- ~>'oq • ( 10) f3o Yo K , 

noacTaanRR a (10) ycpeaaeaaoe no ~PY aaaqeaHe aenH~H-

Hbi K ( K "' 1,8) H Po[ I= t<"P;~p +I>~Ir n ) = 1,80:!;_1,10, 

aaxoaHM Pfl "' 1,38:!;_0,08, qTo 6nHaKo K aaaqeHHIO, nony
~eHHOMy a 9KCnepHMeHTe. Hcnc:_nbaoaaaaoe aaaqeaHe Po[J 
nonyqeao c y~eToM npHMeCH " C -aaaHMoaeii:cTBHii: a co
ObiTHRX, oTo6paHHbiX KaK " -HyKnoHHbie aaaHMoaeii:cTBHR. 

nonb3yRCb penRTHBHCTCKHM npeo6pa30BaHHeM yrnoa, He
TpyaHO nonyqHTb Bbipa>KeHHe, CBR3biBaiOmee <cosO>a peaK-

12 c UHRX Ha H HyKnoae: 

1 
<cos()> = y ---------------------

1 + j(2 ( ---~---- - 1 ) 
<cos()>o 

( 11 ) 

noacTaBnRR B (11) <COS ()>o = 0,884:!;_0,008, HaxoaHM 
<cos()> "'0,824+0,008 (<cos () > = 0,846+0,005). 

- 3KCII. -

6. CPABHEHHE PACnPEllEflEHHR no E~CTPOTAM 
B onHOLJACTHl-IHbiX HHKfll03HBHbJX nPOUECCAX 

- 12 "-P ..... y .+. . . H " C ..... y + ... 

B pa6oTe /7/ H3MepeHbi aopMHpoaaHHbie nonepeqHbie 

-c12 1 da 
ceqeHHR ---- -------

a in dy 
anR peaKUHH 77-p->y+ ••. H 1T -+y+ •.• 

B 3aBHCHMOCTH OT npoaonbHOH ObiCTpOTbi B n.c.K. nng 
o6eHx peaKUHii: a o6nacTH 1 ~ y ~ 3 aa6n10aaeTCR nnaTo. 

Y CTaHOBHM CBR3b Me>Kay HOpMHpOBaHHbiMH ceqeHHRMH 
B llHOH-HyKnOHHbiX H B llHOH-~epHbiX B3aHMOaeii:CTBHRXo 
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flpH IIpOXO)KJleHHH KnaCTepOM IIYTH e B ru:tepHOM BeiUeCTBe 
6biCTpoTa rrpeTeprreaaeT CJlBHr Ha aenH<J:HHY 

1 1 + f3 0 -~:~_<!_~_ ] ~y (f) = 2 en [ -1---~-o-- 1 + f3( 0 ( 12) 

( yMeHblllaeTCSI CKOpOCTb KnaCTepa f3 ( e ) ) • flpH 8TOM 
Ce<J:eHHe yaenH<J:HBaeTCSI Ha ~aKTOp 

!l (e ) = 1,2. ( 13) 

Mo)KHO oueHHTb M8ClllTa6 CJlBHra rrnaTo. l13 (12) cne
JlyeT: 

----- 1 
~y {e)--- en _to._ ,. en i<, 0,3. 

2 y(e) 
( 14) 

KaK poeT ce<J:eHHSI (13), TaK H aenH<J:HHa CJlBHra rrnaTo 
(14) He IIpOTHBOpe<J:aT 8KCllepHMeHTy. 

7. 3AKfl10YEHI1E 

l1TaK, npeJlCTaBneHHhlii HBMH BHBnH3 OCHOBHb!X XapBKTe-
pHCTHK B38HMOJleHCTBHSI 77--Me30HOB C SIJlpBMH 12 C CO-
rnacyeTCSI C rHIIOTe30H 0 peanH38UHH IIpOMe)KyTO'IHhlX 
KnacTepHbiX COCTOSIHHH B npouecce MHO)KeCTBeHHOrO pO)KJle
HHSI BJlpOHOB. 

EonblllOH HHTepec rrpeJlCTaBHno 6hi yTo<J:HeHHe JlBHHhiX 
IIO pacrrpeJleneHHID K08~~HUHeHTa HeyrrpyroCTH B BJlpOH
smepHb!X B38HMOJleHCTBHSIX llpH pa3nH<J:HOM <J:Hcne MeJlneHHhiX 
IIpOTOHOB. 3TO II03BOnHnO 6bi nony<J:HTb BB)KHyro HH~OpMBUHID 
H 06 OC06eHHOCTSIX B38HMOJleHCTBHSI nHJlHpyromeH '18CTHUbl 
C HyKnOHBMH SIJlpa. 

AaTopbi 6naroJlapHhi B.f.fpHlllHHY 3a none3Hbie o6cy)K
JleHHSI • 
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