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/7/ 
Mo.D.enh pe,!J,:>Ke3oaauuoro O,IJ,Honuouuoro o6Meua (OPER) , 

KoTopaH xoporno onuchiBana ueynpyrue npouecchi c po:>K.D.e
uueM O.D.HOro u .D.BYX nu-Me3ouoa a rr N u N N - cTonKuoae
HHHX, a TaK:>Ke PH.D. HHKJ1103HB.HhiX pacnpe,!J,eJieHHH, 6biJia 

6 
-r!-61 

c4JopMynupoaaua a pa oTax' . 
Mhi 6y.D.eM nonb3oaaTbCH nocne.D.Heii 4JopMrnupoaKoii 

MO,IJ,eJIH, KOTOpaH 6biJia npe,!J,JIO:>KeHa B pa6oTe /IL . B 3TOH 

nocne,IJ,ueu 4JopMynupoaKe Mo,IJ,enb OPER npuMeHHnacb 

uaMH pauee .D.JIH onucaHHH peaKUHH 

111 
'J/ 

npu HMnynbce nyl.fKa 5 H 16 T3B/c . libinO noKa3auo, l.fTO 
MO,IJ,eJib KOJIHl.fCCTBCHHO Y.D.OBJICTBOpHTCJihHO onHChiBaCT KaK 
nonHhie cel.feHHH H o6IUHe pacnpe,!J,eneHHH peaKUHH I 11, TaK 
H 6onee ,IJ,eTaJihHbiC xapaKTepHCTHKH pmK,IJ,CHHH nap rr+ 7T- H 

prr + a o6nacTH MaJibiX nepe.D.aHHbiX HMny Jib COB It I < 
<0,4 I F3B/cl 21 * /I O/ 

06MeH O,IJ,HHM nu-Me30HOM, KaK nerqaurneu l.faCTHUCH, 
HBJIHeTCH BhJ,IJ,eJICHHhiM B o6naCTH MaJibiX nepe,!J,aHHblX HM
nynhcoa. B o6nacTH 6onhrnux nepe,!J,aHHbiX HMnynbcoa, ao
o6me rOBOpH, MO:>KHO 6bJnO 6bi O)KH,IJ,aTb 3aMeTHbiX OTKJIO
HCHHH Teopuu oT 3KcnepHMeHTa. BhiHCHeHHIO 3Toro aonpoca 

noCBHI.I.(CHO HaCTOHmee HCCJie,IJ,oBaHHC. 
HanoMHHM, l.fTO B MO.D.enu OPER peaKUHH Ill onucbJ-

aaeTcH .D.BYMH ,IJ,HarpaMMaMH, H306pa)I(CHHhiMH Ha pUC. J. 
CooTBeTCTBYIOmHe Ma TPHl.fHhie 3JieMeHThi nponopuuouanhHbi 
npOH3Be,IJ,CHHIO aMnJIHTY.D. 7T7T- H 7T p ~pacceHHHHHaMaCCOBOH 
noaepXHOCTH Ha 4JopM4JaKTOp, OnHCbiBaiOIUHH CXO,IJ, C MaC

coaou noaepxuocTH o6MeuuaaeMoro rr- Me3oui?1 

* fio,IJ, BeJIH"'HHOH no,!J,pa3yMeBaeTCH KBa,!J,paT 4-HM-
nynhca, nepe,!J,auuoro OT nyl.fKOBoro rr -Me3oHa nape rr+rr
HJIH OT rrpOTOHa-MHllJeHH nape prr+. 
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Puc. 1. ,4ee ouazpa.M.Mbl, omee<~a101J1Ue oOHonuoHHO.MY o6..we
HY e peaK!lUU rrp -.prr+rr-rr-. 

Ha puc. 2-12 npHBOAHTCH pe3ynbTaTw auanH3a cneKT

poB Mace H yrnoBbiX pacnpeAeneHHH nap rr f. rr- H p rr t * 
2 

AnH o6nacTH nepeAaHHbiX HMnynhcoaltl > 0,4 / F:JB/c/ npH 

HMnynbce ny'lKa 5 F:JB/c. 06o3Ha'leHHH ua puc. 2-12 
cneAYJOII.\He: CITllOIIIHbie llHHHH COOTBeTCTBYIOT 3KCITepHMeH-

* Bbi6paHbl napbl rr+rr- H prr+, ITOCKOllbKY OHH COAep)KaT 

pe3ouaucbi p
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M1fttr [GEV] 
Puc. 2a. PacnpeoeAeHue no ..wacca..w · M rlrr-: 

TallbHblM pacnpeAeneHHHM; ilHHHH, ITOMe'leHHbie TOl.JKaMH, 

o6o3Ha'laJOT BW'lHcneuubie no OPER MOAenH cyMMapHbie 

pacnpeAeneHHH AllJI OCHOBHbiX H BCeX $oHOBWX * KOM6Hua

I.J,HH; nyHKTHpHbie llHHHH COOTBeTCTBYJOT BKnaAy BCeX $OHO

BbiX KOM6HHai.J,HH, a IIITpHx-nyHKTHpHbie - BKnaAy $OHOBWX 

* ~OHOBWMH KOM6HHai.J,HHMH 6yAeM Ha3WBaTb KOM6HHa-
I.J,HH l.JaCTHI.J,, ue npHHaAne*ai.UHX DAHOH aepiiiHHe AHarpaMMhl, 
a OCHOBHWMH - KOM6HHai.J,HH l.JaCTHI.J,, npHHaAne)Kali.\HX OAHOH 

aepiiiHHe. 
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KOM6HHaD;HH OT ,II.HarpaMMbl, He CO,II.ep:>KaiD;eii OCHOBHYIO 
KOM6HHaD;HIO. 

HHmezpaA&Hoe ce<~eHue 

HHTerpanLHoe ceqeHHe peaKu;HH Ill B o6nacTH 
ltl > 0,4 /T3B/c/,2 npe.ncKaJaHHoe OPER -Mo.nenLIO, npH
MepHo Ha 30o/o HH:>Ke ero 3KcnepHMeHTanLHoro JHaqeHHJI. 
3Ta pa3HHD;a COOTBeTCTByeT -15o/o OT nonHoro ceqeHHJI peaK
D;HH 111 npH 5 T3B/c. 

PacnpeoeAeHUJI no 3t/xfieKmuaH&IM ;wacca;w 

Puc. 2a noKa3biBaeT, qyo Mo.nenL KaqecTBeHHO xopowo 
onBcbiBaeT CTPYKTYPY peJoHaHCHblx MaKCHMYMOB KaK B o6-
nacTH Mace p0 -Me3oHa, TaK H a o6nacTHMaccf0 -pe3oHaHca, 

COXpaHJIIOID;HX npH 6onLWHX nepe,n;aHHLIX HMnynLCaX JaMeT
HYIO senHqHHy. KaqecTBeHHO TaK:>Ke onHCbiBaeTCJI 4loH npH 

+ -Manblx JHaqeHHJIX Mace rr rr -nap. O.nHaKo Mo,n;enb npe,n;cKa-
3LIBaeT no CpaBHeHHIO C 3KCnepHMeHTOM MeHLWee KOnH
qeCTBO 7T+7T- -nap, B OC06eHHOCTH CO 3HaqeHHJIMH ~ace, 

/9/ 
ne:>KaiD;HMH B HHTepsane Mace p

0 
-MeJoHa. PaHee MLI 

noKaJanH, qyo qaCTL ceqeHHJI BLIXO,II.a Po -Me30Ha, HMeiOID;e
ro It! >0,4 I T3B/cl~ CBJIJaHa c pacna,n;oM A2 -MeJoHa* · 3a
wTpHxoaaHHaJI o6nacTL pacnpe.neneHHJI, HJo6pa:>KeHHoro Ha 
TOM :>Ke pHCYHKe, noKa3biBaeT OD;eHeHHbiH HaMH pacqeTHLIM 
nyTeM BOJMO:>KHblii BKna.n oT pacna.nos A; -MeJoHa. BH.D.HO, 
qyo yqeT nocne,n;Hero ynyqwaeT cornacHe npe,n;cKaJaHHii 
TeopeTHqecKHx pacqeToB c 3KcnepHMeHTOM. )J.nJI pacnpe
.neneHHJI no Macce napbl P" +I puc. 261 TaK:>Ke Ha6nJO,n;aeTCJI 
KaqecTBeHHOe cornacHe TeopHH c 3KcnepHMeHTOM. 3,n;ecL 
yqey po:>K,n;eHHJI A2 -Me3oHa ,n;aeT BKna,n; TOnLKO B o6nacTL 
6onLWHX 3HaqeHHH 3414leKTHBHLIX Mace. 

* CeqeHHe o6pa3osaHBJI A 2-MeJOHOB nonaranocL pas
HbiM 140 M'K6, T .e. 3HaqeHHIO, onpe,n;eneHHOMY HaMH KaK 
HH:>KHJIJI rpaHHu;a npH 5 T3B/c. 
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Puc. 26. PacnpeoeAeHue no ;waccaM M + 
p7T 

YzAoa&re pacnpeoeAeHUJI 

Yrnosble pacnpe,n;eneHHJI nonyqeHbl B cHcTeMax noKOJI 
nap 77+77 -H p77+ ICHCTeMa KOOp,D;HHaT roTTiilpH,n;a-)J.:>KeKCOHal 
aHanorHqHo pa6oTe IIO/_ 

Ha puc. 3-12 noKaJaHbl pacnpe,n;eneHHJI no KOCHHycy 
nonJipHoro yrna H no aJHMyTanbHOMY yrny B paJnHqHbJX 

7 



CD ,.. 
... , "' "' . 
~"' 
q) = ~ Cl 

M 1T+1f- 8 ,.P0 

....... ' 

~"' :~_Lhil :~ 
~~ ~ IT ~ 

'\:I "! ; : 

"' 0 :~\_'::: "~ -I() --, -~- ~"~ .. 
---: . :::.'\.:~ --J 

'tf "' ~-: ···~·· : I 
- I~-~~~·· ci '--.i::"~~ ,-~ 

·-i f:~~~~ --~--~ 
L. ... .... -- . .,J--·-· _,_ . ..r-· --......... 

-1-0 0.0 
cos (J 

1.0 
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Puc. 4. PacnpeoeAeuue no a3uMymaAbHOMY yzAy, o6pa3ye
MOMY nAocKocmRMU pacnaoa u poJKoeuuJI rr ~-- napbl oAR 
Mrr+rr_,AeJICa~ux e o6Aacmu p
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Puc. 6. PacnpeoeAeuue no a3uMymaAbHOMY yzAl , o6pa3o
eauHOMY nAocKocmJIMU poJKoeHUJI u pacnaoa prr - napbl OAR 
M +, AeJICa~ux e o6Aacmu U3o6apbl. 

prr 
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Puc. 7. PacnpeoeAeHue no KocuHycy noA.RpHozo yz11a rr -Me-
30Ha oAR M + , AeJICaiJIUX c11eea 0111 Po - Me3oHa. 
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Puc. 8. PacnpeoeAeHue no a3uMy111allbHOMY yz11y, o6pa3ye
MOMY nAocKoC111RMU pacnaoa u poJKoeHu.R rr +rr- - napba oAR 
M ..... , AeJICaiJIUX c11eea 0111 p 0 - Me3oHa. 
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Puc. 9. PacnpeoeAeHue no KocuHycy noA.RpHozo yz11a rr 
Me3oHa OAR M rr -~n--, AeJICUIJIUX cnpaea 0111 p0 - Me3oHa. 
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Puc. 10. PacnpeoeAeHue no a3uMy111allbHOMY yzAy, o6pa3ye
MOMY nAocKoC111.RMU pacnaoa u poJKoeHu.R rr+rr-- napbl oAR 
M rr ~...1/leJICaiJIUX cnpaea 0111 PO- Me3oHa. 
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HHTepBanax 34><beKTHBHbiX Mace * . B cpe,IJ,HeM Ha6mo,IJ,aeT

CJI KaqecTBeHHoe cornacue cllopM pacnpe,IJ,eneHHB. Xy:>Ke 

BCero OllHCbiBaJOTCJI yrnOBble xapaKTepHCTHKH pacna,IJ,a Po-
Me3oHa jpuc. 3,4/. 

Ba:>KHO 3aMeTHTb, qTo yrnoBble pacnpe,IJ,eneHHJI oqeHb 

qyBCTBHTellbHbl K Bbi6opy o6MeHHBaeMOB qaCTH:Ubl /TpaeK

TOpHH/. HanpuMep, B cnyqae o6MeHa 3neMeHTapHbiM rr -Me-

30HOM B CHCTeMe TT+TT- B o6naCTH MaCC p 0 -Me30Ha B OCHOB

HOH KOM6HHai.J;HH cne,IJ,OBano 6bl O:>KH,IJ,aTb H30TpOllHOrO pac

npe,IJ,eneHHJI no a3HMyTanbHOMY yrny, a npu o6MeHe qac

TH:ueH: c ecTeCTBeHHbiM cooTHorneHHeM cnuH-qeTHOCTb I A2-

TpaeKTOPHJI/ yrnoBbie pacnpe,IJ,eneHHJI .IJ.On:>KHbl 6hlTb npo

nop:u;HoHanbHbi sin 2¢. B HarneM cnyqae 3aBHCHMOCTH BH,IJ,a 

sin 2¢ He Ha6mo,IJ,aeTcJI. 
TaKHM o6pa3oM, 3KCnepHMeHTanbHbie ,IJ,aHHbie no peaK-

UHH I 1/ B o6nacTH 6onbrnHx nepe.IJ.aHHbiX HMnynbCOB Ka

qecTBeHHO onHCbiBaiOTCJI MO,IJ,enbiO OPER. Hau6onbrnHe OT-

KllOHeHHJI TeopeTHqeCKHX pacqeTOB OT 3KCnepHMeHTa Ha6nro
rr+rr--

,IJ,aiOTCJI B yrnOBbiX pacnpe,IJ,eneHHJIX nHOHOB ,!J,llJI 

KOM6HHai.J;HB, HMeiOutHX 3cilcileKTHBHYJO Macey B o6naCTH p O

Me3oHa. Cne,IJ,yeT oTMeTHTb, qTo TeopeTuqecKHe KPHBble 

JIBllJIIOTCJI a6COlliOTHbiMH npe,IJ,CKa3aHHJIMH MO,IJ,enH, TaK KaK 

ee napaMeTpbl, HCllOllb30BaHHble B ,IJ,aHHbiX pacqeTaX, 6binH 

Haii.IJ.eHbi paHee H3 cpaBHeHHJI npe,IJ,cKa3aHHH MO,IJ,enu c ,IJ,py-

rHMH 3KCnepHMeHTallbHbiMH ,IJ,aHHbiMH. 

ABTOpbl 6naro,IJ,apJIT A.6.KaH:,IJ,anoBa H K.r.6opecKoBa 

3a none3Hble ,!J,HCKYCCHH H COBeTbl, Bbipa:>KaiOT npH3HaTenb

HOCTb H..A.3aBMH,IJ,Opore H B.H.rnymeHKO 3a llOMOlltb B 

ocllopMneHHH pa6oTbi. 

*Ha BCeX pHCYHKaX no BepTHKallH OTllO:>KeHa BenHqHHa 

ceqeHHJI B MK6, npHXO,IJ,JiuterOCJI Ha ,IJ,aHHbiB HHTepBan pac

npe,IJ,eneHHJI. 
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Puc. 11. PacnpeoeAeHue no KocuHycy noAJipHozo yzAa 
npomoHa OAJI M + , AeJICQIJIUX cnpa6a om U3o6apbl. prr 
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Puc. 12. Pacnpeoe/leHue no a3uMyma/lbHOMY Yi!AY, o6pa3o
eaHHOMY n/IOCKOC111JIMU pOJICOeHUJI U pacnaoa prr+- napbl 0/IJI 
M +, /leJICafiiUX cnpaea om u3o6apbl. 

p77 
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