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H .A Hrenoe, K .n.BnwHeecKaR, B .r .rpnwnH, C.B.n)I(MyxaAae, 
JI.A.nnlleHKo,l H.A.HeaHoBcKaSI, T .H.HHoraMoea, 
T .KaHapeK, E .H .KnallHHUKaSI, B.B.JIJ06HMOB, 
H.H.MenhHHKoea, B.<I>.HnKHTHHa, B.M.nonoea,1 M.Ca6sy, 
A.H.ConoMHH,l X.CeMepJl)I(Hes, M.H.Conoebee, H.f.<l>allees, 
3.T.UnBUHBall3e, JI.M.lllernoea,l LHH'IO 
06'beJlHHeHHbiH HHCTHTYT S'!llepHbiX HCcnellOB8HHH, ny6Ha, 

E.O.A6npaxMaHoB, A.H.BacnHa, A.X.BHHHUKHH, 
Jl.E • .t:: peMeHKo, Jl.E ,CTpayTMaH, H .C.CTpenbuos 
HHCTHTYT ¢n3HKH BbiCOKHX sHeprnii AH Kaa.CCP, AnMa-ATa. 

T .reMewn, Jl.HeHHK, n.Knw, ill .KpaCHOBCKH, n.nHHTep, 
M.now, K.Xaii11y, B.HHown 
UeHTpanbHhtii HHCTHTYT ~H3H'IeCKHX nccnenoeaHHH, 
ByllanewT, 

O.Banea, B.Bon11ea, T .n oHTa, C .<l>enea 
HHCTHTyT aTOMHOH ~H3HKH, BvxapecT, 

E.BnanKoecKa, B.ByiiunK, H.raescKH, M.fypcKH, P .I'oKHenH, 
p ,COCHOBCKH 

i1HCTHTYT SIJlepHhlX HCcnellOBaHHH H i1HCTHTyT ~H3HKH 
BapwaecKoro yHHBepCHTeTa, Bapwaea, 

JI.AHena, E.BapTKe, A.KBSITKOBCKa, LPyllHHUKa 
H HCTHTYT SlllepHOH ~H3HKH H H HCTHTYT SlllepHoii TeXHHKH, 
KpaKoe. 

H.O.Axa6a6SIH, JI.rpeKosa, H.n.HKOB, n.n.Kepa'leB, 
n.K.MapKOB, B.H.neHeB, A.H.illKnOBCKaSI 

HHCTHTYT SlllepHbiX nccnenosaHHH H SlllepHoii sHepreTHKH 
H MawHHHo-sneKTpoTeXHH'IeCKHH HHCTHTyT, Co~HSI. 

ill .B.H HoraMoB, B.n.JinnnH, C .JI.JlyT~ynnaee, E .B .MeepaoH, 
B.n.CocHHK, T.M.YcMaHoB, A.A.!Onllawee, B.C.IOnAawes 
<I>H3HKO-TeXHH'IecKHH HHCTHTyT AH Ya.CCP, TawKeHT, 

JI.H.A6ecanawsHnH, H.C.AMarno6enH, n.B.fepcaMHSI, 
M.A.nacaesa, P .r.CanyKBallae, IO.B.Teeaanae, 
M.C.YapreiiwsHnH 

T6HnHCCKHH rocynapcTBeHHbiH yHHBepcHTeT, 

Y.BaaTap, n.TyBileHJlOp)l(, B.Yallpaa 
HHCTHTYT ~H3HKH H MaTeMaTHKH MAH, YnaH-BaTop. 

HryeH nHH Tbi 
XaHOHCKHH yHHBepcnTeT 

1 <I>H3H'IeCKHH ~aKynbTeT H Hay'IHo-nccnenoBaTenbcKHH 
HHCTHTyT SIJlepHOM ~H3HKH MfY. 
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§J. BBeOeHue 

B uacTOJI~eu pa6oTe uccne.nosaHbi O.LJ.H04aCTH4Hbll!· xa

paKTepHCTHKH npOU.CCCOB MHO)I(CCTBCHH0£'0 pO)I(.LJ.CIIHJI 'laC-

I ' I - - - I' THU. nHOHOB H y- KBaHTOB B •· p- , i1 II- H ,7 -l ·fnaHMO· 

.LJ.CHCTBHJIX B 3aBHCHMOCTH OT 4HCna BTOpH4HWX 3apH)I(CH· 

HbiX 4aCTHU. (n,.h) B TaK Ha3biBaCMbiX nonyHIIKnJ03HBHbiX 

npou.cccax. 

~aHHWC nony4CHW B O.LJ.HOM 3KCllCpHMCHTC B O.LJ.HIIaKo

BbiX MCTO.LJ.H4CCKHX ycnOBHJIX .LJ.nJI IT-p- , IT-11- H il-· J:!(· -
B3aHMO.LlCHCTBHH. 3TO .naeT B03MO)I(HOCTb npoBCCTH cono

CTaBnCHHC xapai<TepHCTHI< nonyHHI<nKl3HBHbiX npOU.CCCOB .LJ.nJI 

pa3HOrO THna MHWCHCH (p,n, 12(') H pa3nH'IHWX 

BTOPH'IHbiX 'laCTHU. (IT±, IT'·, y- I<BaHTOB). 

H3y4enue o.nnol.facTH'IHWx pacnpe.neneuuu I<ai< $YHI<U.HH 

MHO)I(CCTBCHHOCTH no3BOnJICT ycTaHOBHTb HCI<OTOpWe Ja

I<OHOMCpHOCTH pO)I(.LJ.CHHJI 'a.LJ.pOHOB, I<OTOpbiC He npOJIBnJitoTCH 

B HHI<niOJHBHbiX npoueccax. 

Hui<ntoJHBHbJe H nonyHHI<nto3HBHbie pacnpe.neneHHJI cpaa

HHBatoTCJI c pacl.feTaMH no $aJoBoMy o6'beMy I 1, 2/ u Mynb

Tunepu$epH'Ieci<oif Mo.nenu /1,4
1 

.nnJI IT- p - B3aHMO.LJ.eif

CTBHH npu p = 40 T38/c. 
Pacnpe.neneuue no MHO)I(CCTBeHHOCTH 3apH)I(CHHwx 'lac

THll B C06WTHJIX, pa3birpaHHbJX DO $a30BOMY 06'bCMY, CO· 

OTBCTCTBYCT 3I<CnepHMCHTanbHO Ha6nto.naeMOMy.MHO)I(CCT· 

BCHHOCTb IT 
0 ·Me 30HOB .LJ.nJI Ka)I(.LJ.OH TOnonorHH pa3blrpbiBa • 

nacb no llyaccouy, co cpe.LJ.HHMH 3Ha'leHHHMH, nony'leHHhiMH 

B .LJ.aHHOM 3I<CnepHMCHTC. 
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My11hTHnepu$epuqecKaJI MO.IJ.e11b /M.M./, Y.IJ.OB11eToopu

Te11hHO onHCbiBaiO~aJI HaWH )l.aHHbie no HHK11103HBHbiM npo

I..I,CCCaM, OCHOBbiBaeTCJI Ha C11e)l.yiO~HX npe)l.n0110)I(eHHJIX /S/ : 
a/ reopeTH"'eCKOH ocuooon M.M. JIB11JieTCJI ypaoueuue 

liere- Co11nurepa; urepauuouuoe peweuue ypaoueHHJI onpe

)l.eJIJ!el BK11a)l, pa311H"'HbiX )l.HarpaMM; 

6/ 06MCH Me)l()l.y 6110KaMH npOHCXO)l.HT T011bKO Tl -MeJo· 

HaMH; 

s/ pacna)l, K11aCTepos OnHCbiSaeTCJI CTaTHCTH"'CCKOH Teo

pueii IloMepaH"'yKa. 

B C11e)l.yiO~eM naparpa$e onHCbiBaeTCJI MeTO)l.HKa JK

cnepHMeHT-&' H npHSO)l.HTCJI CTaTHCTHKa, KOTOpa.R HCn011b30-

Sa11aCb )].11.11 nocTpoeHHH $H3H"'eCKHX pacnpe)l.e11eHHH. 

B §3 npe)l.crao11eH~ pe3y11hTaT~ no MHO)I(ecrseuuocru 

77 °" MC 30HOB, o6pa30BaHHbiX S 77 -,}-, 77-11- H Tl-
12C- B3aHMO • 

.LI.CHClBHHX. B §4 npuse)l.eHbi pe3y11hTaTbi ucc11e)l.ouauuii 

HHK11103HSHbiX 

17 p 
+ 

-->77-(y)-tX, 

+ 
Tl II __, 17-- ( y) -t X ' 

- I 2 (' 77 ~-->}' + X 

H no11yHHK11103HSHbiX 

11 p __, 11± ( y) + n, h -t X , 

77-11 __, 17 ± ( y) + 11 
1 

1 X , 
('} 

77-12c_, 
Y + n.-h-t X 

peaKI..J,HH. 

§2. MemoouKa :JKcnepuMeHma u cmamucmuKa 

)J.uyxMelpooaJI nponauooaH (CJIJB) ny3hlpbKOBaH KaMepa 

Jl B 3 OlUB1 JKcnonupooa11acb o ny"'KC 01 puua1 cJibHbiX 
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77--MeJOHOB c HMDY11bCOM p = 40,00±0,24 F:JB/c ua 

cepnyxoacKOM ycKopuTe11e. KaMepa uaxo)l.H11aCb B MaruuT

HOM no11e c H "' 15 KFc. 

Bee co6~THJI, JaperucTpupoaauu~e a J!l>li>eKTusuoM 

o6'beMe KaMep~. K11accu$uuupoaa11HCb ua 11-p-, 11-11- H 

11- C - B3aHMO.IJ.eHcTBHJI /6/. K coy.IJ.apeHHJIM 11 ·--Me Jouos 

C Jl)l.paMH yr11epo)l.a ( 77 - 12c') OTHOCH11HCb 77 -('-, 77- n- H 

44% ueynpyrux 11- p - co6biTHH *. 
CraTHCTHKa, ua KoTopon npoao)l.H11H aua11H3, 6hi11a no-

11y"'ena npu npocMoTpe 90 TbiCJI"' crepeo$oTorpa$u8. 

libi11H H3MepeHbi see Y - KBaHTbi, JaperucTpuposaHHbie a 

J!l>li>eKTHBHOM 06'beMe KaMepbi. JapJI)I(eHHbie 77 ± -Me30Hbl 

6bi11H H3MepeHbi ua qacTH craTHCTHKH /' 70 TbiCJI"' Ka.IJ.poa/. 

113 OT06paHHbiX C06biTHH 6bi11H HCK11IO"'eHbl C11y"'aH ynpyroro 

77- p - pacceJIHHJI H KOrepeHTHbie ( 77- 12.( -• I 2(' 77- 77 
1 

Tl- ) 

S3aHMO)l.eHCTSHJI S Tpex11y"'eBbiX 77- n - coy)l.apeHHJIX /<>/ 
/eM. ma6.11UtiY/. 

flpu no11yqeuuu )l.aHH~X no y -KsauTaM or6pacwsa11HCb 

TopMo3Hbie y -KaaHTbdiO/ u y"'HTbisa11HCb nonpasKH ua 

noTepto )'- KSaHTOB s611H3H 3Se3)l.bl, Ha a3HMyTa11bHYIO 

aCHMMeTpHto, Ha HeH3MepHMbie }'- KBaHTbl S 3aSHCHMOCTH 

OT HX HMny11bCOS. 

flo $a30SOMY 06'beMy 6bl110 reuepupoaaHO OK0110 10 TbiC., 

a no M. M. - oK0110 20 TbiC. 11- p - sJaHMO.IJ.eHCTSHH npu Jr 
= 40 F:JB/c. B csJI3H c TeM, 'ITO a JKcnepuMeHTe see 

no110)I(HTe11bHbie qacTHUbi c HMny11bCOM p ~ 700 M:JB/c 
C"'HTa11HCb 77 1 -MeJOHaMH, S pacnpe)l.e11eHHJIX no $a30BOMY 

o6beMy u M.M. see npoTOHbi c P..: 700 M:JB/c TaK)I(e 

C"'HTa11HCb ;;+ - Me30HaMH. 

1 )1.01111 11 p - S3aHMO)l.eHCTSHH Ha KBa3HCB060)l.HbiX npo
rouax H)l.pa yr11epo.IJ.a ( 77-p) onpe)l.e11JI11aCb no H3BeCTHbiM 

11-p 11- 1 2c 
Ce"'eHHHM/H/: a. = /21,38+0,16/ M6, a '=/179+ 1n - tot -

±2/ M6. fl~H no11y"'eHHH HMDY11bCHbiX H yr110BbiX xapaKTepu
CTHK 11- 2 C- coy.napeuuii a c.u.M. npe.nno11ara11ocb, 'ITO 
B3aHMO)l.eHCTSHJI 77--Me30HOB CO CB060)l.HbiM H KB83HCB0-
60.IJ.HbiMH npoToHaMH ue OT11H"'aiOTCH .IJ.pyr oT .IJ.pyra. C11e
,nyeT TaK)I(e OTMeTHTb, 'ITO )].01111 77- p - C06~THH B 77- l2C
B3aHMO)l.eHCTBHJIX COCTaB11JieT 25'1o. 
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rr-p-BS8HMOAeiCTBHR .r,-., -B38HMOAeiCTBHR rr-ci2-B38BNOAeiCTBR~ .. 
h I llHCJIO I CJIO I < ~s;.> llHCJIO 

< 1'141,) 
" COC!IiTHI ! < h!l•> OC!IiTRI COC!HTHI 

0 90 i2,18j:O, 53 \2,20±0,44 
I 

I 347 1,98j:O,II 660 1,68±0,09 
2 1435 ~_j 1,86±0, 1077 1,84j;0,08 

I 3 10C9 1,88±0,07 I 1668 1,97±0,07 
4 2866 

I 
2068 2,3fi±0,07 

5 989 2,52_t0,IO 1894 2,6fi±0,08 
6 2734 2,63j;O, 2190 2,94j;0,08 
7 655 2,84j;O,I2 1720 2,9fi:t{;,09 
8 1620 

I I668 3,08j;0,09 
9 300 3,08j:O,I9 f 1165 3,34j;O,II 
10 686 3,28j:O,I 938 3,39±0,I3 
II 130 3,44j;0,33 643 3,7Q±O,I6 
12 274 3,23;tO,I 556 3,9Q±0,18 
IS 45 2,64j;0,43 347 3,93;t0,23 
14 65 4,36±0,5 . 295 4,47±0,27 
IS r· 3,77±0,87 157 4,64j;0,39 
I6 3I 3,73+0,6 278 4,9~0,28 
Bee 980I 2,52±0,0 349I 2,4I±0,05 17378 2,9I±0,04 

0THOeHTenLHO ManaJI 3<P<f>eKTHBHOCTL perHeTpaUHH y -
KBaHTOB B 3KcnepHMeHTe ( ( 0,2) He fi03BOnReT Ha6paTh 
~OeTaTO'IHYIO CTaTHCTHKy 17° - Me30HOB no perHCTpaUHH 
~BYX y- KBaHTOB, nO:JTOMy B MO~enHpOBaHHLIX eo6LITHJIX 
6Lrn Y'ITeH pacna~ 11° __. y + y. 

0TMeTHM, 'ITO B ~anLHeiiWeM /3a HeKniO'leHHeM §3/ 
Mhi o6oe~HHHnH 0- H 2-ny'leBLie, a TaK>Ke MHorony'leBI.Ie 

6 

II 

(nch 2 10) 17-p ·o3aHMO~eHCTBHJI H 17-fl ·co6LITHJI C nch:.:_g . 
B "-

12 c-coy~apeHHJix o6oe~HHeHLI 0-, 1- u2-, 3- u4-, 
5- H 6-, 7- H 8-ny'leBLie C06LITHJI, a TaK>Ke BCe OCTanLHLie 
/npu nch;::: 9/. 

§3. CpeoHee 'IUCAO 17 o_ Me30H06, o6pa306QHHblX 

e "I>-, 11-n- u "-
1

2c-e3auMooeucmeuJix 

Cpe~HHe MHo>KeCTBeHHOCTH 11" - Me3oHoo (< n "·) ~nJI 
17 

pa3HLIX THnOB B3aHMO~eHCTBHH npHBe~eHLI B llla6A. J. 
YKa3aHHLie own6Ku - cTaTHCTHlfecKue, c y'leToM :J<j><j>eKTHB

HocTu perncTpauuu. Auanorn'IHLie ~aHHLie npuoo~HJIHCL 
HaMH pauee / li/, HO Ha MeHLWeH CTaTHCTHKe. 

B uaeTORIUen pa6oTe cTaTHCTHKa yoennlfcua npu6nu-
3HTenLHo B 2 pa3a H 6onee TO'IHO YlfTeHLI nonpaBKH /eM. 
§2/. 

113 llla6AUijbl BH~HO, lfTO HMeeT MeCTO poeT II '· e 
17 yoennlfeHHeM 'IHcna BTOPHlfHLIX JapR>KeHHLIX lfaeTHU, T .e. 

Ha6mo~aeTeR nono:>KHTenLHaR KOppenRUHR B HenycKaHHH 
HeHTpanhHhiX H JapR>KeHHhiX lfaeTHU /I I, I '2/. 

§4. Oco6eHHocmu ooHot~acmut~HblX UHKA103UBHbrx 

U nOAYUHKA.103U6HblX cneKIIlpoe 

B ~aHHOM naparpa<f>e paeeMa TpuoaJOTCR o~HolfacTHlfHhie 
HHKnK>JHBHhie H nonyHHKnJOJHBHhle pacnpe~eneHHR BTOpH'l

HhiX lfaCTHU. no npo~OnhHOH 6LICTpOTe 

Macuna6uou nepeMeuuou 

uoro HMnynhca PI· 
2p" 

X"' _II_ 
\1 s 

El + p' 

Y r ~ _!_In ____ lL 
. 2 E' - " 

PII 
H KBa~paTy nonepeq-

A. Pacnpe~eneuue no npo~onLHoii 
6I.IeTpOTe 

Ha puc. la ~auo HHKnJOJHBHoe pacnpe~eneuue 
da 

n 

1 da --·--
ain dy* 

l 
H nonyHHKnJOJHBHoe paenpe~eneuue 

~nB y-Kaau-
Gn dy* 
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a/ 

Puc. la. HHKA103UBH&re _L _Q~ 
a in dy * 

U nOAYUHKA103UBHble 

pacnpeOeAeHUJI OAJI y- KBOHIIIOB, o6pa30BOHHbiX 6 77-p-
17- 12 C - peaKijUJIX. 

u 

12 
TOB, o6pa30BaHHbiX B 17 p-- H 17- C -s3aHMO)l.eHCTBH.JIX. 

B o6nacTH cbparMeHTau;uu HaneTaroiUeil qacTHUbl (y * 2:_1) 

Ha6JIIO)l.aeTC.JI paseHCTBO Ce'-leHHH po:>K)l.eHH.JI qaCTHU Ha HYK

noHe H Ha .JI)l.pe. B o6nacTH cbparMeHTaUHH MHWeHH (y
1·s_-U 

BH)l.HO CHCTeMaTH'-IeCKOe npeBbiWaHHe Ce'-leHH.JI pO>K)l.eHH.JI 

qacTHU Ha .JI)l.pax no cpasHeHHIO c HYKJIOHaMH. 
( 

da. 
-..LII.) Ha puc. 1 /6, e/ noKa3aHbl HHKJI103HBHble 

dy* 
H 

da 
n 

llOJIYHHKJII03HBHble 
dy* 

+ 
pacnpe)l.eneHH.JI)l.JI.JI 17--MelOHOB, 

pO>K)l.eHHbiX B 17 p- , H 17- n - B3aHMO)l.eHCTBH.JIX. )J.JI.JI 7T- p -

COy)l.apeHHH Ha6JIIO)l.aeTC.JI paBeHCTBO Ce'-leHHH o6pa30BaHH.JI 

17+-H 7T- -Me 30HOB B o6JiaCTH y* = 0. 3cbcbeKT JIH)l.HpyiOIUHX 

r-Me30HOB Hau6onee .JipKo Bblpa>KeH B )l.Byxnyqesblx co6bl-
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Puc. 2. CpeOHUe 3Ha'leHUJI "6biCIIIPOIII" < y *> u oucnepCUJI 
D KaK fPYHKfiUJI Dch 0/IJI 77±- Me30H08 u y - K8QHIII08, o6pa3o-
8aHHbiX 8 77-p-, 77- n -, 77- 12C- 83QUMOOeUC1118UJIX. 

THJIX H yMeHLWaeTCJI C pOCTOM MHO)I(eCTBeHHOCTH. liOnLWOe 

I<OnH\feCTBO 77 + -Me30HOB DO cpaBHeHHIO C 77- -Me30HaMH 

C y*< 0 MO)I(HO \faCTH'IHO 06'LJICHHTL npHMeCLIO HeH,D.eHTH

~~~HUHpOBaHHLIX DpOTOHOB. ,lJ,nJI 77-D -B3aHMO,D.eHCTBHH BH,D.eH 

3~ei<T nH,D.HPYJOIUeH \faCTHULI, yMeHLWaJOI.I.{HHCJI C pOCTOM. 

MHO)I(eCTBeHHOCTH, H HMeeTCJI He3Ha'IHTenLHOe npeBLIWeHHe 

77--Me30HOB B o6naCTH l!lparMeHTaUHH MHWeHH. 

,lJ,nJI Bcex pacnpe,neneuuH: ua puc. 1 /a- 8/ ua6nJO,naeTcJI 

TeH,D.eHUHJI I< Cy)l(eHHIO CDei<TpOB H CMeJ.UeHHe HX Mai<CHMyMa 

I< y*= 0 c pocTOM MHO)I(eCTBeuuocTH. Cnei<TPLI cTaHOBJITCJI 

6onee CHMMeTpH'IHLIMH. KonuqecTBeHHO 3TH 3ai<oHoMepuo

CTH DO,D.TBep)I(,IJ.eHLI Ha puc. 2, r,ne DpHBe,neHLI 3Ha1feHHJI nep

BLIX .D.BYX MOMeHTOB: Cpe,nuee 3Ha1feHHe <y*> H ,D.HCDepCHJI 

D ·= <y* 2>- <y*> 2 • MynLTHnepul!lepuqeci<aJI Mo,nenL I<a

qecTBeuuo ODHCLIBaeT DOBe,D.eHHe 3THX xapai<TepHCTHI<. C 

pOCTOM MHO)I(eCTBeHHOCTH 3apJI)I(eHHLIX \faCTHU Ha6nJO,na

eTCJI npH6nH)I(eHHe 3I<CnepHMeHTanLHLIX pacnpe,neneHHH I< 

l!la30BLIM. 
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f) 

II 
I 
I) 

) 

Hccne,noBanucL ce'leHHJI o6pa3oBaHHH qacTHU B ueuT

panLHOH o6nacTH (-1 < y* < 1) H o6naCTJIX l!lparMeHTa

uuu (-4 <y*<-U H <l<y*< 4) ,lJ,nJI I<a)l(,noro HHTepBanaonpe-

.nenHnacL BenH'IHHa 

y* 
2 

f ~dy* 
* dy* yl 

K 
i 

f -~ dy* 
-1 dy* 

r.ne y~ H y; - rpaHHULI HHTepBanoB. Ko:J~HUHeHTbl K 
o6o3Ha1feHLI KF', KP u K 11• Ko:J~uuueHT K F onpe.nenHeT 

.nonro BTOPH'IHLIX 'laCTHU., o6paJoBaHHLix 8 o6nacTH $par

MeHTau.uu uaneTaJOJ.Uero nuoua, K 11- B o6nacTH $parMeHTau,uu 

MHWeHH u K P- B u.euTpanLuoH: o6nacTH I puc. 3/. 
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• • J ~ ~ . t , ..... ' ... 
•• !--· 

• .. . ~·~ -,J,_.,_.J 
,•, •. . . . . I 

D l I I I 10 

F P , B 
Puc. 3. Ko3rPfPUfiUeHIIIbl K , K u K , onpeoeAJIKJUIUe 00/110 
8111opu'IHbiX 'laCIIIUll, o6pa3o8aHHbiX 8 o6Aacmu ,PpazMeHma
fiUU HQ/IeiiiQKJUieZO nUOHa, 8 06/IQCI/IU (fipazMeHIIIQijUU MUUleHU, 
8 fleHmpaAbHOii o6Aacmu coom8emcmeeHHO, KaK fPYHKfiUU 
MHoxecm8eHHocmu "ch· 
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C pOCTOM MHO)I(eCTBeHHOCTH BTOpH'IHbiX JapJI)I(eHHbiX 

qacTHU Ha6mo.IJ.aeTCJI yMeHbWeHHe JHa'leHHH K F H poeT 

K P o 11-N- u "- 12c- oJaHMO.IJ.eii:cTBHJIX KaK .IJ.n.H Jap.H>KeHHbiX 

qacTHU, TaK H .IJ.ll.H y -KBaHTOB. 3Ha'leHHJI K 8 yMeHbWaiOTCJI 

.IJ.ll.ll 77+ ·Me30HOB B 77-p -coy.IJ.apeHHJIX H pacTyT B 77-fi -co-

6biTHJIX. 

)J.n.11 "-·MeJOHOB H y·KBaHTOB JHa'leHHJI K 8 cna6o 

pacTyT BO BCex THnax B3aHMO.IJ.eHCTBHH C pOCTOM n ch • 
Pacnpe.IJ.eneHHJI K P .IJ.ll.ll ocex THnoo nJaHMO.IJ.eii:cTBHH 

H BTOPH'IHbiX qacTHU onucbiBalOTCJI O.IJ.HOH Kpuooii:, 'ITO 

MO>KHO Tpa~TOBa Tb KaK He JaBHCHMOCTb pO>K.IJ.eHHJI pa3llH'IHbiX 

THDOB BTOpH'IHbiX 'laCTHU ( 1T +, 1T-, y) B I.J;eHTpanbHOH o6na • 

CTH OT THDa MHWeHH (p, n, l 2C). AHanorH'IHOe JaKlliO'Ie • 

HHe cne.IJ.yeT H3 MO.IJ.enu nomocoo Pe.IJ.>Ke B cnyqae .IJ.BOHHoro 

llOMepOHHOrO o6MeHa B n;eHTpanbHOH o6naCTH. 

.. 
-S 
~1.; 

n.e~-,=8 

UUl :L~-- ~--L j_ ~ ll' 
10'[ ~-c ., n."-6 

•I I , rll i . '-· }1! ,;~~-~....:_II "-'"' 
i :n m, pr' ~, -1., ll 

,..:1 . ~:w ..... o• 

tO'[ r· -~1'\"_,·Bce -4 f I r I 1-.r ~ 

10 •'' ' 
, ~-.L.,l-,--_J_--±i _ _.J_I _L__L__ I 

1 
-

a/ 

-0.8 -0.4 0 0,4 0,8 da. X ....._ 

Puc. 4 /a, 6, e/. HHIUI103U6Hble E * _d_..2.!_1_ u noAyUHKAJO· ~ 
da X r 

3U6Hble E * --~ pacnpeoeAeHUJI "± - Me3oHoe u y - KeaH-
dx 

moe e11-p-, "--n-,77- 12 c·e3auMooeucmeuJix. 
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I 

6. Pacnpe.u.eneuue no nepeMeuuoii x 

Ha puc. 4 /a,6,8/ .u.aubt HHKJII03HBHble 
da· 

E*-~ 
dx 

H 

noJiyHHKJif03HBHble 
da 

E*- n dx 
+ pacnpe.u.eneuuJI 17 -- Me3ouoa 

H y- K8aHT08 B 17- p-, 17-n- H 17-
12 C- 83aHMO,JJ.eBCTBHJIX. 

Bn.u.uo, 'ITO npu x?. 0 cetteHHJI po>K,JJ.eHHJI y-KaaHTOB 
8 17-p- H 17- 12C-coy,JJ.apeHHJIX O,JJ.HHaKOBbl. 

KaK u .U.JIJI pacnpe.u.eneHHJI no y*, ,JJ.JIJI pacnpe.u.eneuuii 
no x onpe.u.eJIJIJIHCb K03 .......... HU.HeHTbi KB(_ 1,0 < x < - 0,2) 

"' p lfl'l' - -
K <0,2 ::::.X..: +;0> H K (-0,2 <X< 0,2). 113 puc. 5, ua KOTO-
poM npe,JJ.CTaBJieHbl 3HatteHHJI 3TH X K034Jcl>HU.HeHTOB KaK cilYHK
U.HJI '\·h' 8H,JJ.HO, 'ITO H 8 pacnpe,JJ.eJieHHJIX DO nepeMeHHOH X 
BbiJI8JIJifOTCJI Te >Ke 3aKOHOMepHOCTH pO>K,JJ.eHHJI BTOpH'IHbiX 
ttaCTHU. 8 06JiaCTH cilparMeHTaU.HH HaJieTafOll..leH ttaCTHU.bl H 
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Puc. 5. Ko3Huf4ueH1flbl K K K , onpeoeAeHHt.re 8 
mpex o6AacmJix x: <-1 ~ ~- O,:b, <O,Zs x·;_l), (-0,2< x < 0,2 > 
KQK tPYHKijUU n ch 
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~ 

f 

' 

MHWeHB H 06JiaCTH nHOHH3aU.HH, 0 KOTOpbiX Mbl y>Ke roao
pHJIH npu auanu3e pacnpe.u.eneHHJI no y*. Kouequo, 6onee 
'leTKYIO KapTHHY pO)I(,JJ.eHHJI BTOpH'IHbiX 'laCTHU. B o6JiaCTH 
nuonu3au.uu .u.aey pacnpe.u.eneuue no y*, a ao cllparMeuTa
U.HOHHbiX o6nacTJIX - pacnpe.u.eneuue no x. 

HuTepec npe.u.cTaBJIJieT noae.u.euue uaKnouoa pacnpe.u.e
neuuii no x. ~JIJI ax auanu3a 6blno npoae.u.euo annpoKcu
MHpoaauue cneKTpOB 3aBHCHMOCTbiO BH,JJ.a 

E* dan 

dx 

-f3F" 
~ A 1 e 0 :S x :=:; 0,2 , 

-/3 1~ xl 
A2e -0,2;S x :=:; 0 • 

' KoJcllclluu.ueuTbl uaKnoua (3p H (3 8 rpaclluttecKu npe.u.-
CTaaneubl ua puc. 6. 

~JIJI BCeX THnOB 'laCTHU. (17 ~ 17- H y -KBaHTOB), JieTJIIQHX 
B nepe,JJ.HIOIO nonyccllepy, HaKJIOH X yBeJIH'IHBaeTCJI C pOCTOM 
MHO>KeCTBeHHOCTH. 
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Puc. 6. Ko3tjfjuijUeH1flbl HaKAOHa cneKmpo8,nocmpoeHHble no 
nepeMeHHOU X, fJF U f3B, 8 3Q8UCUMOC1/IU 0111 fich• 
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Ko34lll!HUHeHT (3 B' xapaKTepH3YJOJ.UHH qacTHUbl, neTJII.UHe 
B 3a.IJ.HIOJO nonyc4Jepy, pacTeT .no nch"" <nch> "' 6, 3aTeM 
BbiXO.IJ.HT Ha "nnaTo", T .e. HaKnOH X npH x<O He MeHJieTCJI 

.nnJI MHoronyqeaLIX co6biTHH. 

B. Ilonepe4HbiB HMnynLc H ero caoB:cTBa 

CuoB:cTaa nonepequoro HMnynLca qacTHU, o6pa3oBaHHbiX 
B a.npou-a)J.pOHHbiX B3aHMO)J.eHCTBHJIX, B HaCTOJIJ.Uee BpeMJI 

":" .......... ro• 
"' "",....1 

';~_rf ft)~ll 
\..I 10 

t(i'to·l 

to'f 

to·l 

iQ"i I 

to'l 

tO' 

tO'· 

to' I 

ta'· 

10' ! . 

0.10 

-ll'p -~·t"-• 
:rr·c.··-~·c.h.• ... 

f\ck ~9 

1. _rL .r-

,;,: ·8 

-r.:··?.s 

~_ry 

Q20 0~0 

..::.-s 
r:,;'.56 

ft~: It 
n.".~., .!:It 

n;.,s:G 
rt' ~·.a 1.2 

O,loO P.' ( C,6f< )' 

Puc. 7. PacnpeoeAeHUJI no K6aopamy nonepe'IHozo u..wnyAbca 
1 da _ -- --

1 
OIIJI y- K6aHmo6, o6pa3o6aHHbJX 6 rr p-

ain dp 

u rr- 12c- -peaKijUJIX. 
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~Cr:: I 

- 'll'p -'II''• c~· .. 
ll"p -'1\"'•e"-• ... 

, -u '1liJ~ n,,•m 

L , 
()' ~ ~~ 6 · , · .. nc."'"' 

~l 

10' ~ ... - o:ro·- 5:26-~~Q!;O· - 'P.'( (f>&f, l' 

Puc. 8. PacnpeoeAeHUJI no K6aOpamy nonepe'IHozo u..wnyAbca 

dan + 
-:J.::-2 0/lJI rr--..we30H06, pOJKOeHHbiX 6 TT-p -coyoapeHUJIX. 
dp...L 

He TOnbKO XOpOWO H3BeCTHbl, HO H JIBnJIJOTCJI OTnpaBHbiMH 

nyHKTaMH MHOrHX TeopeTH'IeCKHX llOCTpOeHHB. 
HnnJOcTpaUHJI orpaHH'IeHHOCTH pJ. .naHa ua puc. 7-9, 

r.ne npe.ncTaaneHbl pacnpe.neneHHJI ~2-
d 2 

p-!. 

B HHTepaane 

0 ::;p}::; 0,5 I F3B/c/ 2 H ua puc. 10, r.ne uaHeceHbl 3Ha

'leHHS cpe.nuero nonepequoro HMnynLca <p-!.> KaK 4JyuKUHH 
+ MHO>KeCTBeHHOCTH llch )J.nJI TT- -Me30HOB H Y -KBaHTOB. 

IJo~e)J.eHHe <p-!. > B 3aBHCHMOCTH OT nch pa3HOe )J.nJI 
pa3HbiX THllOB BTOpH'IHbiX qaCTHU. ,[l;nJI rr + -Me 30HOB BH)J.HO 

yMeHLWeHHe <p-!.> C pOCTOM nch; <p _(_ > TT-- Me30HOB pacTeT 

.no n ch "'5 H cna.naeT B MHorony'leBbiX co6b1THJIX. 
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- 1["n -11'• en· 
jf'"n ... 1[-· ch.• 

0.~0 0.40 

n.,,.. lo9 

nc ... ·7 

n.~ ·5 

r'l, ... 3 

0.50 ::' ( ,p,' 

Pu'c. 9. PacnpeOe/wttue no Koaopamy nonepe'IH020 UMnyAb-
dan 

ca 
dpl 

oeiicmeuRx. 

0/IJI 
+ -

i7-- Me30H08, poJKOeHHbiX 8 ;; II - 83QUMO-

}' - I<BaHTbl He MeHHIOT BeJIH'lHHY Cpe)J.Hero nonepe'lHOrO 

HMll}':JlbCa llpH paJJIH'lHbiX MHO>KeCTBCHHOCTHX B ;;-p- H 
-12(' - - " 

TT -sJaHMO)J.eHCTBHHX, HO )J.Jl.R i7 n-peai<U.HH Pl HJ-

MCHHeTCH B JaBHCHMOCTH OT II <'h Tal< >Ke, I<ai< H i7- B 

TT II -peai<U.HHX. 

~sa Hai<noua a cnei<Tpe I<Ba.LJ.paToB nonepeYHoro HM

nynLca COXpaHHIOTC.R )J.Jl.R BCeX TOllOJIOrHH H )J.JIH BCeX BTO
+ 

puqHbiX YacTuu.: rr- -Me JOHOB, r - I<BaHTOB. PaJJIHYHe a 
TOM, 'iTO BeJIHqHHa Hai<JIOHOB )J.JIH }' - I<BaHTOB 60JibWe, 

+ . 
qeM .LJ.JI.R rr- -MeJouos. KonuYeCTBeHHaH ou.eui<a :noro paJ-

JIH'lH.R nonyqeua nocne annpoi<cHMau.uu cnei<Tpos ~YHI<U.Heu 
2 2 

BH.LJ.a A 1exp(-B 1p.L) + A2 exp(-B
2
p.L). 3Ha"!eHH.R I<OJ~-

~HU.HeHTOB Hai<noua B 1 H B 2 npe.LJ.CTasneHLI rpa~H'leCI<H 
Ha puc. 11. 
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AuanHJ, npoBO.LJ.HMblH B p.R.LJ.e pa6oT I 14,15/ .LJ.Onyci<aeT 

o6'LJICHcHHe HJJIOMa B cnei<Tpe nuouos no p 1 CYIIJ.cCTBosa

HHcM paJJIHqHblX McXaHH3MOB HX PO.>K)J.CHHJI. 

B Jai<JIJOqeHHe MO.>KHO Bbl)J.CJIHTb CJIC.LJ.YIOIIJ.He OCHOBHblc 
peJyJILTaTLI. 

I. Ha 6onLweu cra THCTHI<e UO.LJ.TBep.>K.LJ.aerc.a pauee or

Mc'lcHHa.R nono.>KHTcJILHa.R I<oppen.au.uJI Mc.>K.LJ.Y ueurpanLHLIMH 
H 3ap.R>KCHHLIMH llHOHaMH. 

2. C pOCTOM MHO>KeCTBCHHOCTH llPOHCXO)J.HT Cy.>KcHHe 

pacnpe)J.CJICHHJI no "6LICTpOTc" y* H C)J.BHr Mai<CHMyMa 
cnei<Tpa I< y * ,- 0 

3. Pa3JIH'lHLie THULl MHWCHH (p, n, 12C) He BJIHJIIOT Ha 
+ 

po.>K.LJ.euue BTOPHYHLIX YaCTHU. I rr ·- -MeJouos, y -I<sauros/ 
B U.eHTpaJibHOH 06JiaCTH. 

4. Hai<nou cnei<Tpos BTOPHYHbiX qacruu. no nepeMeHHOH 

X pacTeT CO MHO.>KCCTBCHHOCTLIO llpH X·. 0, TOT .>KC Hai<JIOH 

)J.Jl.R X :0 paCTCT CO MHO.>KCCTBCHHOCTLIO )J.O n he" <n h. · 6 H 
(' c 

)J.JIJI MHO>KCCTBCHHOCTCH n ,:h - 6ocTacTCJI llOCTO.RHHblM. 
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10 

Puc. 10. 3tta'lettuJI cpeOHeC?o nonepe<~Hoe?o UMnyAbca :p-l. 
ICQIC fPYHICijUU MHOJKecmeettHOCmU n, h 0/IJI TT ±- Me30H06 U 
y- Keattmoe. 
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Puc. 11. 3Ha'leHUJI KO:J(/J(/JuijueHmoe HaKAOHa cneKmpoe, no
cmpoeHHbiX no Keaopamy nonepe'IHozo uMnyAbca OAR r. j -

Me30H08 U )'- K8QHTTI08, 8 3Q8UCUMOCTTIU OTTI 11, h, 

5. CpeJJ.HHii nonepe'IHbiH HMnynbc < p J. · yMeubwaeTc.R c 
+ 

pOCTOM MHO)I(eCTBeHHOCTH J].Jl.R TT- -Me 30HOB H DOCTO.RHeH 

B npeJ].eJJaX OWH60K J].Jl.R )' - KBaHTOB. 

6. B cneKTpax KBaJJ.paToB nonepe'IHoro HMnynbca so 

BCeX THDaX DOJJYHHKJJI03HBHbiX peaKlJ,HH coxpaH.ReTC.R J].Ba 

HaKJJOHa. 
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