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AHrenoB H, H .np. 1 - 10231 

OaHo'!aCTH'lHhre Koppen5JUHH s rronyHHKnJ03HBHbiX rrHoH-HyKnOHHhiX 

peaKUil5lX llpH p = 40 faBle 

YJeeneayJOTC5l liOnyHHKnJ03HBHbl6 CTpyKTypHble tjJyHKUHH 17± -M630HOB 

H y -KB8HTOB B 38BileHMOeTH OT liOllepe'!HOI'O HMrrynbca p .l. H OT llpOAOnbHblX 

nepeMeHHhiX Y* , x. XapaKTepHeTHKH paerrpeneneHHii no rrpononbHbiM nepeMeH

HhiM aHanH3HpyJOTe5l B 38BileHMOeTH OT MHO>KeeTB6HHOeTa BTOpi!'IHb!X 

38p5l>K6HHblX '!aeTHU (nch) H liOrrepe'!HOI'O llMllynbea, noKB38HO CyiUeeTBOBBHfle 

AHHaMH'!eeKHX Koppen5lUHii B 11- N -B3BHMoaeiieTBH5lX rrpH p = 40 faBle 

Me>K,ny epeAHilMH 3H8'16Hil5lMil BTOpH'IHb!X '18CTHU ll llX llpOnOnhHblMil rrepeMeH
HblMH. 

Pa6oTa BhmonHeHa B fla6opaTopHH BbiCOKHX 3HepPHii OYJHH. 

npenpHHT 06be)]HHeHHOf'O HHCTHTyTa .H)]epHbiX HCCJie)]OB3HHH 

,lJ,y6Ha 1976 

<C) 1976 06'J>eOUHeHHI>IU UHc•u•ya JIOepHI>IX UCC.IIe008QHUii,lfy6Ha 

BBE,4EHHE 

1-IJytteHHe KOppemll.{HOHHblX 34MlleKTOB Me:>K,IJ;y xapaK

TepHCTHKaMH O,!J;IWB ttaCTHI.{bl ,IJ;aeT HH$OpMaD;HIO 0 ,!l;HHaMH

Ke npou;eCCOB, npOHCXO,IJ;Ril.{HX npu MHO:>KeCTBeHHOM pO:>K,IJ;e

HHH ttacTuu;. B HaCTORII.{eii: pa6oTe npuao,IJ;RTCR ,IJ;aHHhie o 
+ 6 -KOppeJIRI.{HRX ,!J;JIR 77- -Me30HOB, 0 pa30BaHHblX B 77 p- H 

77- n ·BJaHMO,IJ;eBCTSHRX, a TaK:>Ke raMMa-KBaHTOB B 77 -p- , 

77-n- H 77-I 2C ·coyAapeHHRX. 

3KcnepuMeHTaJihHhiB MaTepuan nonytteH npu o6nytte

HHH ABYXMeTpOBOB nponaHOBOB ( c3 Hs) ny3hlphKOBOB Ka

Mepbl 77-- Me 30HaMH C HMll)'JihCOM 40 F 3B/ C Ha cepnyxoB

CKOM YCKOpHTeJie. MeTO,IJ;HtteCKHe BOllpOChi, CBHJaHHhie C 

OT60pOM, H,IJ;eHTH$HKau;HeB THna B3aHMO,IJ;eBCTBHB H 06pa-

60TKOB $HJihMOBOB HH$opMal.{HH, H3JIO:>KeHhl B pa6oTax
11 •2 /. 

IIpuae,IJ;eHHble peJyJihTaTbl nonytteHbl H3 aHanuJa == 9800 
Heynpyrux 77- p-, == 3500 77- n-u ==17400 77-

1~ ·aJaHMO· 

,IJ;eHCTBHB x. 

B paHee ony6nuKoBaHHOii HaMH pa6oTe 
131 

6hiJIH npuae

,IJ;eHbl HeKOTOpble O,!l;HOttaCTH'IHble pacnpe,IJ;eJieHHR H xapaK· 

TepucTHKH CTPYKTypHoii $yHKUHH :f\s,p } ttacTuu; Tuna c 
+ c 

(c = 77 , 77-,y ), o6pa30BaHHblX B HHKJII03HBHbiX(77-+N->C+X) 

H nonyHHKJIIOJHBHblX (77- +N-+c+ch+X) peaKUHRX. B ,IJ;aHHoii 

pa6oTe Mbl npopoAHM aHaJIH3 nonyHHKJIIOJHBHblX CTPYKTyp

HblX $yHKD;HH 77- ·Me30HOB H raMMa-KBaHTOB B 3aBHCHMO· 

CTH OT nonepettHOrO HMDYJihCa p l H OT npO,!l;OJihHblX nepe

MeHHblX Y *,x xx. 

XJ.fcKnlottellbi K:orepeHTHble KaHaJihi 77-
11:: -+77- 77- 77 + 

12 
C . 

E*+ p* 2p'\', 
XX 3HatteHHR nepeMeHHhiX Y*~ ~en !JI_, X= ~ 'E*' 

2 E*-p* ..;-s 
Pfl BblttHCJIRIOTCR B cucTeMe u;eHTpa uJ~pu;uu ,IJ;JIR 77 -p-, 

- u u rr - 12C u u 
77 n ·aJaHMO,IJ,eHCTBHH. ,u,JIR 77 -a3aHMO,IJ;eHCTBHH 3Ha· 
tteHHR JTHX nepeMeHHblx npuao,IJ;RTCR B Toil :>Ke cucTeMe 
OTCtteTa (77- N). 
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3KcnepHMeHTanbHhle .n;aHHble cpaBHHBaroTcH c npe,n;cKa
JaHHHMH MynbTHnepu;efuqecKoil Mo,n;enu /MM/ c yqeToM 
po:>K,n;eHHH KnacTepoa 4 H pacqeTaMH no 4JaJoBoMy o61.e
My 15 •6/ ,n;nx 11-p -coy,n;apeHHH npu HMnynbce 40 F:JB/c. 

§1. IlOAYUHIUH03UBHble 00HO'laC1/IU'lHble KOppeAJit4UU 
+ - -

17 - - Me30HOB U ZaMMa- KBaH1/IOB B 17 p- , 17 n-
U 11- 12C- e3auMoOeucmeu.Rx 

Ha puc. 1 /a,6,e/ ,n;aHbl cpe.n;HHe 3HaqeHHH npo,n;onbHOH 
6blcTpOThl(<Y*>) H ,n;ucnepcHH D=<Y* 2 > -<Y*> 2 B Ja
BHCHMOCTH OT MHO)f(eCTBeHHOCTH BTOpHqHbiX 3apB:)f(eHHbiX 
qacTHU (n ch) H 3HaqeHHH nonepeqHoro HMnynbca. 
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0TMeTHM OCHOBHhie OC06eHHOCTH 3TH X pacnpe_nene
HHH: . 

1. C pOCTOM 0 ch Ha6mo_naeTCH CTpeMneHHe Cpe,n-
HHX 3Ha'leHHH 6hiCTpOT K Hymo BO BCeX THnax B3aHMO,neB:
CTBHH H .nnx acex THnoa qacTHU. HcKnro'leHHe cocTaanxeT 
noae,neHHe < Y *> _nng 7T +-Me 3 OHOB B 7T- p - B3aHMO,neHCTBH
HX: cpe,nHHe 3Ha'leHHH CTpeMHTCH K Hynro CHH3Y. C pOCTOM 
n ch _nucnepCHH yMeHhlllaeTCH. 

+ -2 . .IJ:nx rr -Me3oHoB, o6pa3oaaHHhlx a rr p -coy.nape-
HHHX, 3Ha'leHHH < Y *> yMeHhlllaroTCH C pOCTOM nonepe'lHOrO 
HMnynhca. 3Ha'leHHH <Y*> .nnx rr+ -Me30HOB a rr-n -co6hi
THHX TaKoB: JaBHCHMOCTH He npoxanxroT. Cpe,nHHe 3Haqe
HHH npO,nOnhHhiX 6hiCTpOT TT- -Me30HOB B rr-p - H TT- n -

coy.napeHHHX /puc. 16/ H y -KaaHTOB c p l > 0,2 F3B/c 
ao acex Tpex THnax B3aHMo,neB:cTBHH /puc. 16/ He Jaau
CHT OT nonepe'!Horo HMnynhca. 

3. MynhTHnepu<lJepuqecKax Mo,nenh KaqecTBeHHO onu-
+ ChiBaeT noae,neHHe 3TH X XapaKTepHCTHK 7T- -Me 30HOB B 

rr-p-a3aHMO,neHCTBHHX H He COrnacyeTCH C 3KCnepHMeH
TanhHhiMH ,naHHhiMH ,nnH y - KBaHTOB B o6naCTH ManhiX 
JHa'leuuB: nonepequoro HMnynhca /0 s p l..S: 0,2 F3B/c/. 

4. <l>aJOBhiH 06beM He OllHChiBaeT 3KCnepHMeHT, HO C 
pOCTOM n ch 3Ha'leHHH <Yo~;.> npu6nH)I(affiTCH K 3Ha'leHHHM, 
nony'leHHhiM no <lJaJoaoMy o6beMy. 

PeJynhTaThi no <Y*> H D Haxo,nHTCH a cornacuu c 
.naHHhiMH no .npyrHM xapaKTepHCTHKaM pacnpe.neneuu:B: no 
Y *, a HMeuuo c Ko3<P<PuuueuTaMH Ki , KoTopbie 6hinH onpe
.neneHhi KaK .nonx qacTHU, npuxo.nnuux no paJHhiM o6-
nacTHM nepeMeHHOH Y*. Ko3<P<PuuueHT K P onpe.nenxeT 
.nonro qacTHU a ueHTpanhHOH o6nacTH (-1 s Y * s 1) , a 

F 
K B , K _ B o6nacTHX <lJparMeHTaUHH MHilleHH ( Y *<- 1) H 
uaneTaro~ero nuoHa (Y * > 1 ). 

Ha puc. 2/a,6,6/ noKaJaHhi JaBHCHMOCTH 3THX Ko3<P
<PuuueHTOB OT MHO)I(eCTBeHHOCTH BTOpH'lHhiX 3apH)I(eHHhiX 
qacTHU H JHaqeuuB: nonepe'lHoro HMnynhca. 

C pOCTOM nch yMeHhlllaeTCH ,nOJIH 'laCTHU, HaXO,nH~HXCH 
B o6naCTH <lJparMeHTaUHH nepBH'lHOH 'laCTHUhi,H yaenH'lH
aaeTCH .nonx qacTHU a ueuTpanhuoB: o6nacTH. Ko3<P<PuuueH
Thi K B cna6o JaBHCHT OT nch. .IJ:n.R rr +-Me JOHOB, o6pa3o
BaHHbiX B rr- n- coy.napeHH.RX, K8 ocTaroTc.R no<;:TO.RHHhiMH c 
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pOCTOM n ch , H 

.IJ:n.R 0 ch <<n ch > 

.nnx nch > < n ch > 
B B 

K rr- p > K TT- n • 

HMeeM K 8 - KB 
rr-u- rr-p 

Ko3<1J<PHUHeHThi Ki .nnx rr -MeJOHOB B rr- p-H rr-n 

X 

B3aHMO,neHCTBHHX H y-KBaHTOB B Tpex THnax coy,napeHHH 
He 06Hapy)I(HBaroT JaBHCHMOCTH OT nonepe'lHOrO HMnynhCa. 
.IJ:n.R 7T +-Me 30HOB B rr- p - BJaHMO,neHCTBHHX HeT JaBHCH
MOCTH OT nonepe'lHOrO HMnynhCa B UeHTpanhHOH o6naCTH, 
HO ua6nro.naeTcH cna6hiH poeT Ko3<lJ<PuuueHTa K8 u na.ne
Hue K F. 
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B HHTepsane 6blcTpoT /-2 ::; Y*::; 2 .u.nH IT--Me30HOB H 

-1,5;SY*:;1,5 )l.nH y-KBaHJOB/ 3HaqeHHH <P_t>IT--Me30HOB 

B IT-p- H y -KBaHTOB B IT 
2C-s3aHMO)l,eHCTBHHX B rrpe.u.e

nax OUIH60K OCTalOTCH IIOCTOHHHblMH. Cpe)l.HHe 3HaqeHHH 

rrorrepeqHoro HMrrynhca IT+- Me3oHoB a IT- p - co6hiTHHX a 

HHTepsane -2..::;: Y *:;; 0 6onhUie, qeM a HHTepsane O::;Y*:;2. 

3TOT 3<MJeKT fionee HpKO Bbipa)l(eH B COfihiTHHX C Manoii: 

MHO)I(eCTBeHHOCTbiO BTOpHqHhlX 3apH)I(eHHbiX qacTHIJ;. 3Ha

qeHHH <pl.> )l.nH IT+ -H IT--Me30HOB B IT-p -coy)l.apeHHHX 

rrpHMepHo O.IJ.HHaKOBhi a o6nacTH Y *"" 0. PaseHCTBO <Pl > 

HafiniO)l,aeTCH H )l.nH y -KBaHTOB, pO)I()l,eHHhiX B IT- p- H 

IT-
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C - B3aHMO)l.eHCTBHHX IlpH Y *"" 0. 

TaKHM o6pa3oM, .u.nH IT- -Me30HOB H y -KsaHTOB He 

CyiiJ;e CTByeT KaKOrO- nHfiO HpKO Bbipa)l(eHHOrO H3MeHeHHH 

da · · 
xapaKTepHCTHK pacrrpe.u.eneHHii: --1! ( <Y *>, D, K1 

) , K 1 

dY* 

B 3aBHCHMOCTH OT IIOIIepeqHoro HMIIynhCa qacTHIJ; H THIIa 

MHUieHH. ,lJ,nH IT+- Me30HOB 3HaqeHHH <Y * > H K03<MJHn;HeHTa 

K B - -OTnHqaiOTCH B IT p-H IT n -coy)l.apeHHHX B cnyqae 

n ch <<nch>. Cpe.IJ.HHe 3HaqeHHH rrorrepeqHoro HMrrynhca 

qacTHIJ; 3aBHCHT OT IIpO)l.OnbHOH 6hiCTpOThl H TOnhKO B 

o6nacTHX -2.::;. Y*.::;. 2 .u.nH IT -Me30HOB H -1,5::::; Y* .::1,5 .u.nH 

Y -KBaHTOB < p ~ > = const . 

§2. liOAYUHK/l103UBHble pacnpeoeAeHUJI B1110pU~HbiX 
~QC1/1Uf4 no nepeMeHHOU X U 3QBUCUMOC1/Ib < pl > =f(X) 

E* 

Ha puc. 4 /a,6/ rrpe.u.cTasneHhl 3aBHCHMOCTH OT x cpe.u.

Hero rrorrepeqHoro HMrrynhca, ycpe.u.HeHHoro no HHBapHaHT

HOMY clJa30BOMY Ofi'heMy: 
3 

d a 2 I pl E* ~dpl 
dp 

3 d a 2 __ n dp.l.. 

dp 3 

<p L >E* 

IE* 

,lJ,nH BCeX qaCTHIJ; H BO BCeX THIIaX HHKnl03HBHhiX H 

rronyHHKnl03HBHhiX peaKIJ;HH Ha pUC. 4 HafiniO)l.aeTCH 3cllclJeKT 
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Puc. 4 /a,6/. 3aeucuMocmb < p 1> '* om nepeMeHHoii x npu 
pa3HbiX 3Ha~eHUJIX n ch E 

"qaii:KH", H3BeCTHbiH )l,nH 3neMeHTapHOrO aKTa IlpH MeHblliHX 

3HeprHHx18 /. B n;eHTpanhHoii: o6nacTH no xj -0,2::; x::; 0,2 

)l.nH IT± -Me30HOB H -O,l~x~~ 0,1 )l.nH y-KBaHTOB/ 3HaqeHHH 

< p _J_ > E* = c:onst, qTO COBIIa)l,aeT C TaKOH )l(e 3aBHCHMOCThiO 

<p l > OT Y*, OTMeqeHHOH B rrepBOM rraparpaclJe. 
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lloBe,IJ,eHHe HaKnOHOB pacnpe.n.eneHHH BTOpH'IHbiX 'laC

THU DO nepeMeHHOH X fihlnO HCCne,IJ,OBaHO B 3aBHCHMOCTH 

OT n ch H 3Ha'leHHH nonepe'IHoro HMnynbca. llonyHHKmo-

3HBHble pacnpe.n.eneHHB y .n.oBneTBOPHTenbHO I X'l = h 1,5 Ha 

CTeneHb CBOfiO,IJ,bi/ annpOKCHMHpOBanHCb 3aBHCHMOCTblO: 

E* dN 
(IX= 

A e -{3Fx 
F 0< X :S 0,2, 

-f3n I xI 
A e , -0,2 < x < 0. 

R -

3Ha'leHHJI K03~HUHeHTOB 

puc. 5 /a,6,e/. 
f3 B H f3 F npuBe,IJ,eHbi Ha 

CymecTByeT JaBHCHMOCTb HaKnoHoB pacnpe.n.eneHHH oT 

nonepe'IHOrO HMnynbCa 'laCTHU. ~nB BCeX THllOB 'laCTHU 

/rr+ -Me30Hbl H y -KBaHTbi/ H BO BCeX THllaX B3aHMO,IJ,eif

CTBHH JHa'leHHJI K03cPcPHUHeHTOB {3
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p .1 3Ta 3aBHCHMOCTL Bbipa:>KeHa CHJILHee ,li;JIR qacTHU, JieTR

I.QHX B nepe.o;HIOIO nonyc4lepy (JS F) H o6pa30BaHHbiX B C06bl

THRX C MHO:>KeCTBeHHOCTLIO n ch ><ncb > • 

c pOCTOM n ch 3HaqeHHR K034l4lHuHeHTOB JS F yaeJIHqH

BaiOTCR B 2-3 pa3a, 3HaqeHHH JSB HJIH CJia6o yBeJIHqHaa

lOTCR, HJIH He H3MeHRIOTCR B npe.o;eJiaX OIIIHfiOK IAJIR 60JIL· 

wHx 3HaqeHHH P .1 I. 
MyJILTHnepH<ilepHqecKaR MO,ll;eJIL KaqecTBeHHO OnHCbiBa· 

eT 3KCnepHMeHTaJILHble pe3yJILTaTbl. 

H3 npuae.o;eHHLIX BLIWe 3KcnepHMeHTaJILHbiX .o;aHHbiX 

MO:>KHO C,ll;eJiaTL CJie.o;yiOI.QHe OCHOBHbie BbiBO,ll;bl. 

1. Cyi.Qecrayror ,li;HHaMHqecKHe KoppeJIRUHH Me:>K.o;y cpe.o;

HHMH 3HaqeHHRMH nonepeqHoro HMnyJILCa qacTHU H HX 

npo.o;onLHbiMH nepeMeHHbiMH x HJIH Y *. ToJILKO .o;nR ueHT

paJILHoil 06JiaCTH 3HaqeHHR < p .1>B npe.o;eJiaX OWH60K OCTaiOT

CR nOCTORHHLIMH. 

2. Pacnpe.o;eneHHR dan no npo.o;oJILHOH 6biCTpore HJIH 
dY* 

He 3aBHCRT I .o;nR rr- -Me 30HOB H y - KBaHToal, HJIH cna6o 

3aBHCRT IAJIR TT+ ·Me30HOBI OT 3HaqeHHH nonepeqHoro HM

nyJILCa qacTHU. 

3. Pe3yJILTaTbl annpoKCHMaUHH pacnpe.o;eneHHH BTOpHq

HbiX qaCTHU no nepeMeHHOH X B 06JiaCTRX -0,2 :S X -;:; 0 H 

O.;S:x~ 0,2 noKa3biBaiOT, qTo 3HaqeHHR napaMerpoa HaKno-

Ha cneKTpOB 3aBHCRT OT nonepeqHoro HMnyJILCa qacTHU. 

3Ta 3aBHCHMOCTL He O,li;HHaKOBa ,li;JIR qacTHU, JieTRI.QHX 

anepe.o; H Ha3a.o;. 

HaM npHRTHO no6naro.o;apHTL qneHOB Corpy.o;HHqecraa 

no o6pa60TKe CHHMKOB C 2-MeTpOBOH nponaHOBOH ny3blpL

KOBOH KaMepbl OHJIH 3a o6cy:>K.o;eHHe pe3yJILTaToB, 6onLwoil 

KOJIJieKTHB Jia6opaHTOB - 3a npOCMOTp H H3MepeHHR C06bl

THH, H H.A.llepaywHHY - 3a noMOLUL B o<llopMJieHHH pucyH

KOB. 
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