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1. BBEAEHHE 

HMnyJibCHbie u yrJIOBble pacnpe.u.eneHBR BTOpH'IHbiX 'lac
THU. CyiiJ.eCTBeHHbl .ll.JlR DOHHMaHBR .ll.HHaMHKH B3aHMO.U.eH
CTBHR. O.u.uaKo 3TBM ux 3Ha'leuue He ucqepnbiBaeTCR. Becb
Ma Ba)I(Hbl 3TH pacnpe.u.eneHBR npu npoBe.u.euuu pac'leToB 
R.U.epHbiX KaCKa.U.OB BHYTPB R.U.pa B llJIOTHbiX BeiiJ.eCTBaX H B 
aTMoc4Jepe 3eMJIB. 

llpH H3y'leHBH a.u.poHHblX CTOJIKHOBeHHH B DOCJie.U.Hee 
BpeMR pe3yJibTaTbl npe.U.CTaBJIRIOT B nepeMeHHbiX X /nepe
MeHHaR cJ>enuMaua/, y j6blcTpoTa ju .u.p. BMecTe c TeM 
npaKTH'IeCKH OTCYTCTBYIOT .U.aHHbie 0 pacnpe.u.eneHHH llOJIHbiX 
HMDYJI.bCOB B L B C - CBCTeMaX. 

B uaweu pa6oTe Mbl nonbiTaeMCR JIHKBH.ll.HPOBaTb 3TOT 
npo6en. PaccMaTpuaaiOTCR peaKu.uu rr -p ~ rr ± u rr -p ~ y 
npB Ha'laJibHOM BMDYJibCe DBOHOB 40 F:JB/c. 3KcnepHMeH
TaJibHble .U.aHHble llOJiy'leHbl C DOMOIIJ.biO nponaHOBOH ny3blpb
KOBOH KaMepbl, o6nyqeuuou ua ycKopuTene a Cepnyxoae. 
MeTO.ll. Bbl.U.eJieHBR ueynpyrux CTOJIKHOBeHBH u .u.~yrue MeTo
.ll.B'IeCKHe aonpocbl paccMoTpeHbl a pa6oTax /1,2 · 

J(JIR aHaJIH3a BTOpB'IHblX 3apR)KeHHblX Me30HOB BCDOJlb" 
3oaaHbl 2060 co6blTBii /5222 rr±.Me3oua, 5675 rr-·Me30HOB/. 
CnexTpbl y - xaanToB nony'leHbl npu B3Mepeuuu 2044 coobl
TBii C Y ·KBaHTaMB /34464JOTOHOB/. 

B pa6oTe /3/ paccMaTpusanucb cnexTpbl .ll.JlR co6blTHii 
c n + 2 6 . 3.u.ecb auaJIB3BPYIOTCJI co6blTBR c n + ~ 2. HM
nyJILCHble cneKTPl>l .u.aiOTCJI a pac'leTe ua o.u.uo cooblTBe. 
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2. PACIIPE,4EJIEHH..H B L-CHCTEME 
a/ H.wnyAbCHble cneKIIIPbl 

HMnynLCHhle cneKTphl .nn.a: paJnH'IHhlx BTOPH'IHhiX qac • 
THU o L-CHCTeMe npe.ncTaoneHhl aa puc. 1 /a,6/.nn.a: ae· 
ynpyrax rr- p -cTonKHooeaaii. ITo oca op.naaaT npe,ncTao-

neaa oena11aaa dN = 

CJ"P;a6. 
1 dN 

N -TP-, r.ne N • nonaoe 11acno 
3B. na6. 

qacTau .naaaoro JHaKa, N 38-. 11acno co6b1Taii, P na6. · aM
nynLC 'laCTaUhl B na6opaTOpHOH ( L) cacTeMe. 3Kcnepa
MeHTanLHhle cneKTPhl y.naeTc.a: annpoKcaMapooaTL cyMMOH 
.noyx ana Tpex 3KcnoaeHT: 

k -P I bi 
y = ..4N__ = I A i e na6. (k= 2,3). /1/ 

dP i= l 
na6. 

B 111a6A. 1 npaoe,neHLI HaH,D;eHHLie 3Ha'leHa.ll KOHCTaHT 
o annpoKcaMaUHOHHhiX BLipa>Keaa.a:x I 1/ .nn.a: pa3HLIX peaK· 
uaii a oena'laHa x 2 , .neneaaa.a: aa n cTeneaeii coo6o,nhl 
/acnonLJooanocL OT 40 .no 60 TO'IeK/. 

CneKTP TT- -MeJoaoo 6onee >KeCTKaii, 'leM ocTanLHhle. 
CneKTPLI rr--MeJoaoo a ~OTOHOB xoporno annpoKCHMHpy-

+ 
IOTC.II TpeM.II 3KCllOHeHTaMa, B TO BpeM.II KaK CneKTp TT -Me· 
30HOB y,nooneTBOpaTenLHO MO>KHO onacaTL .D;BYM.II 3KCll0" 
HeHTaMa. Cno>KHaJI cTpyKTypa cneKTpoo BTOPH'IHLIX naoaoo 
ecTL oTpa>Keaae MexaaHJMOB ax reaepauaa. CaMhiH nonoraii 
y'laCTOK B ClleKTpe TT- ·Me30HOB CBJI3aH C 3tiK1JeKTOM 
na.napooaaaa. ,ll;oa ,npyrax yqacTKa, npacyTcTBYIOIUae KaK 

o cneKTpe rr-, TaK a o cneKTpe rr +- MeJoaoo, o6ycnooneHhl, 
no-oa,naMOMy, MeXaHa3MOM aCHMMeTpa'IHOrO po)K.!I;eHaJI / 4 / 
a naoaaJauaa. BH,IJ; cneKTpoo o6na3a KaHeMaTa'lecKoro npe
,nena acKa>KeH aJ· Ja norpeiDHOCTeH B aJMepeHaH aMnynLCOB 
'laCTaU, 6na3KaX K aMnynLCY nepBa'IHOrO llHOHa. ,lJ;nJI 
rr ·MeJOHOB aJMepeHHLIH aMnynLc o 1~ npeoLican 50 F3B/c. 
B 3Tax cnyqaax npooo.nanocL "pe.naKTapooaaae" aMnynL· 
COB. "Pe,naKTapoBaHHe" COCTO.IIllO B TOM, 'ITO 'laCTaue 
npanacLioanocL JHa'leaae aMnynLca, onpe.neneaaoe a3 pa
oeacToa: 
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r~e Pi - B3Mepeuuwe BMIIynLcw qacTB~ B co6WTBB. H3- 3a 
HeyqeTa HeiiTpanLHhiX 'laCTB~ B Hei<OTOphiX ~pyrax 3c)clleJ<
TO:& pe~ai<TBpOBaHBe MO)I(eT npBBO~TL I< BCJ<a)l(eHmo «<lopMhl 
cnei<Tpa. Ha puc. 2 B 3 noi<a3auw BMnynLcuwe cnei<Tpw 
1T -Me30HOB 6e3 "pe~ai<TBPOBaHBJI". 

6/ CneKJtpr.r npoooAt.Ht.rx uMnyAr.co6 

Ha puc. 4a, 6 noi<a3aHLI npo~onLHhle BMnynLChl 17 ± -Me-
30HOB B «<loTOHOB B L -cacTeMe. 3TH cnei<Tpw, I<ai<B cnei<T
pw nonHhiX BMnynLCOB, He y~aeTCJI OnBCaTL 3I<CnOHeH
~BanLHhiM 3ai<OHOM so seeM BHTepsane. CpasHeHae puc. 1 
B 2 noi<a3wBaeT, 'ITO cnei<TpLI nonHwx B npo~onLHhiX 
BMnynLcoa B L -cacTeMe npai<TB'Ieci<B o~Hai<oBw. 

6/ CneKJtpt.r nonepe<~Ht.rx UMnyAt.C06 

Pacnpe~eneHBJI nonepe'IHhiX BMnynLcoa, nony'leHHhle 
~nJI nBOHOB B «<loTOHOB, noKa3aHhl Ha puc. 5 npB p .1_ < 

1,5 F3B/c. Cnei<Tpw oTpB~aTenLHwx a nono)I(BTenLH:wx 
nBOHOB Heci<onLI<o pa3nB'IaJOTCJI I x 2,. 48 npa 19 cTeneHJIX 
CB060~hl/. 3TO CI<a3hiBaeTCJI B Ha BenB'IBHe cpe~HBX 3Ha
'leHBH nonepe'IHhiX BMnynLCOB. 

z/ YzA06t.re pacnpeoeAeHuJI 6 L - cuc~teMe 

B L -cacTeMe BTopB'IHhle 11acT~hl pe3KO I<OnnBMBpo
BaHw no HanpasneHmo ~BB)I(eHBJI HaneTaro~ero nBoHa B3- 3a 
I<BHeMaTB'Ieci<Bx 3c)c)ei<TOB. O~Hai<o cTeneHL I<Onn&Ma~BB 
OTPB~aTenLHhiX nBOHOB 60nLWe, 'leM nonO)I(BTenLHhiX. 3TO 
06"LJICHJieTCJI cy~eCTBOBaHBeM nB~pyro~ero 17- -Me30Ha 
/eM. §3, a/, swneTaro~ero no~ yrnoM c cos() - 0,99 
/puc. 6a,6/. 
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§3. PACIIPE,l(EJIEHH.Jl B C H S-CHCTEMAX 

PaccMoTpHM pacnpe,IJ;eneHHH B C ...cucTeMe - CHCTeMe 

UeHTpa Mace CTaJIKHBaiOIUHXCJI l:faCTHU H B S - CHCTe

Me /41, S -cHcTeMa onpe,D;eJIHeTcH H3 ycnoBHH f P. s= 0 
io:l I ' 

r,IJ;e CYMMHpOBaHHe npOH3BO,ll;HTCJI ITO BCeM 3apH~eHHhlM 

l:faCTHUaM, 3a HCKJIIOl:feHHeM npOTOHa, 77-- Me30Ha /ecJIH 

OH HMeJI HaH60JihiiiYIO 3HeprHIO/ H TT + -Me 30Ha HaHMeHbiiieH 

3HeprHH B CJiyl:faJIX, r,IJ;e He 6hlJIO H,IJ;eHTH~HUHPOBaHHOrO 

npOTOHa. 

a/ PacnpeoeAeHue noAHbiX UMnyAbcoe 

Ha puc. 7a, 6 npe,IJ;cTaaneHhl pacnpe,D;eJieHHH noJIHhlX 

HMITYJibCOB BTOpHl:fHhlX rr± -Me30HOB H y- KBaHTOB B C

CHCTeMe. KpaH 3THX HMnynhCHhlX cneKTpoa HecKOJibKO 

HCKa)KeHbi. B o6nacTH MaJihiX 3Hal:feHHii HMnyJibCOB nHOHOB -

3a C''leT B03MO)KHOH npHMeCB HeH,IJ;eHTH~HUHPOBaHHhlX npo

TOHOB, B 06JiaCTH 60JibiiiHX HMITYJihCOB - H3- 3a norpeiii

HOCTeH H3MepeHHJI HMITYJihCOB l:faCTHU /CM. §2,a/. 

obiJia npe,D;npHHHTa nonhlTKa annpoKCHMHpoaaTb HM-

nynhCHbie ClleKTpbl llHOHOB pacnpe,IJ;eJieHHeM llJiaHKa B BH

,IJ;e /5/ 
1 y 

F (z) 

p*2 

z \/p*2+m;- -I e 

17 -z 1 (l 15 1) 
F(z) = V z e z + l8 z ' 

napaMeTp z =-.i-, m77 - Macca nHoHa, T -TeMneparypa cuc.

TeMbi. B ma6/l. 2 npe,D;CTaBJieHhl HaHJIY'IIliHe /no x2 I 3Ha

l:feHHJI napaMeTpOB Z ,II,JIJI HMITYJibCHbiX pacnpe,neJieHHH B 

C-u S -cucTeMax ,IJ;JIH cneKTpoa rr+H rr-'laCTHU. 

113 Ta6JIHUhl BH,ll;HO, 'iTO HHKJII03HBHble HMITYJibCHhle pac

npe,D;eJieHHJI B C -cHCTeMe He y,IJ;aeTCJI OllHCaTb ~YHKUHeH 
llJiaHKa. qT06hl npoBepHTb, He CBJI3aHO JIB 3TO C KOJIJieK

THBHbiM ,ll;BH~eHHeM llHOHOB, 6biJIH onpe,D;eJieHhl HMllYJibCHhle 

cneKTpbi qacTHU B co6cTBeHHoii cucTeMe I S - cucTeMe/, 

KOTOpble CHOBa annpOKCHMHpOBaJIHCb ~YHKUHeii llJiaHKa. 

Pe3yJihTaThl annpoKCHMauuii npuae,IJ;eHhl B ma6A. 3 H noKa-

3biBaiOT, 'iTO H B S - CHCTeMe ITJiaHKOBCKOe pacnpe,IJ;eJieHHe 

TaK~e He OllHChlBaeT HMITYJibCHhle ClleKTphl, XOTJI 3Ha'leHHJI 
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x 2 In MeHLUie, 'leM B nepaoM +cnyqae. Ha puc. 8 npuao

~BTCB HMllYllhCHhle ClleKTpbi 7T- -Me 30HOB B S - CHCTeMe 

H pacnpe~eneHHB IlnaHKa npu HecKonLKHX 3Ha'leHHBX napa

MeTpa z. 

6/ IlpOOOAbHbl€ UMnyAbCbl 

B CB.II3H C orpaHH'IeHHOCThiO H HC3aBHCHMOCThiO OT 

JHeprHH pacnpe~eneHHH H cpe~HHX 3Ha'leHaii P ~ /~o JHep

raii B HCCKOllhKO COT F3B/ OCHOBHYIO BHWOpMaiJ,HJO 0 B3aHMO

~eHCTBBB HCCYT llpO~OllhHhiC COCTaBn.BIOll.I,BC HMllYllhCOB. 

Pacnpe~eneHae npo~onLHhiX cocTaBnBJOll.I,Hx aMnynLcoa pa3-

nB'IHhiX qacTBI.I, npe~cTaaneHo Ha puc. 9a, 6. 

e/ Cner<mp&l AuoupyiOIJIUX nuoHoe 

XapaKTepHoii oco6eHHOCThJO npe~cTaaneHHhiX cneKTpoa 

BBnBeTCB BX pa3llB'IBe ~nB 77+H 7T--Me30HOB. 3TO pa3-

llH'IHC CBB3aHO C llpBCYTCTBBCM nB~HpyJOll.I,BX /coxpaHHB

UIHXCB/ OTpBIJ,aTenbHhiX llHOHOB. TaKBM o6pa30M, nB~Hpoaa
HHeM 3~ecL Mhl Ha3hiBaeM npouecc npeaMyll.l,eCTBeHHoro 

coxpaHeHHB JHepruu Ha qacTBIJ,e TOR *e npupo~hl, 'ITO H 

nepBB'IHaB 'laCTHIJ,a. Mo*Ho nony'IBTh HMnynLcHoe pac

npe~eneHHe 3TBX ITHOHOB, Bhi'IHTa.ll B3 CllCKTpa OTpHIJ,a

TenhHhiX naoHOB cneKTp nono*ftTenLHhlx. Ha puc. 10 
noKa3aH pe3ynLTaT TaKoro Bhi'IHTaHBB. H3 npe~cTaaneH

Horo pacnpe~eneHHB cne~yeT, 'ITO qucno nMHPYJOll.I,HX nao

HOB paBHO <n L > "'0,25 ±0,0~, T.e. He B ~a*~OM CTOllKHO

BCHHB B03HBKaCT 3apB*eHHhiB llB~HpyiOll.I,HH llBOH. 

z/ YzAoe&Je pacnpeoeAeHUJI 

YrnoBhle pacnpe~eneHHB nHOHOB a fi>oToHoB B C -cuc

TeMe npe~cTaBneHhi Ha puc. 11. B pacnpe~eneHBH npo

~onLHhiX HMnynhCOB npOBBll.lleTC.II JtWleKT coxpaHeHH.II 77- -

Me lOHOB, Tor ~a KaK TT + Me lOHhi H fi>oTOHhi paJneTaJOTCB 

npaKTB'IeCKB cBMMeTpB'IHO BC-cacTeMe. 
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§4. CPB):fHHB XAPAKTEPHCTHKH 

CpeAHHe xapaKTepacTHKH HMDYJILCHLIX H yrnoBLIX pac
npeAeJieHHii B •L H C -cacTeMax AJIJI 11± -Me30HOB H clloTo
HOB OPCACTaBJICHLI B ma6A. 3. 

CpeAHHe 3Ha'leHHJI nonepe'IHLIX HMnyJILCOB onpeAeJieHLI 
B HHTepaane 0-;- 3 F3B/c. OcTaJILHLie 3Ha'leHHJI npaBeAeHLI 
AJIJI nonHoro HHTepaana. 

B JJa6A. 5, 6, 7, 8, 9, 10 npaaeAel_!LI 3KcnepaMeHTaJILHLie 
AaHHLie o cneKTpax HMnynLcoa 11- -Me30HOB H clloTOHOB 
a·L,Ca S-cacTeMax . 
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