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OElllAff XAPAKTETHCTHKA PA6OT~ 

AKTyanhHOCTb npo6neMu. 

npH HccneaoBaHHH CBOHCTB nsyxuyKnOHHUX B3aHMoneHCTBHH B 
o6nacTH npoMeJKyToquux 3HeprHA B nocnenHHe nec.llTb - n.11TuanuaTb 
neT o6HapylKeH p.11n 3qi<peKTOB, KOTopue He yKnanuBaJOTC.ll B CTaHna­
pTHUe npencTaBneHH.ll O npHpone NN- B3aHMoneACTBH.ll, OCHOBaH~Ue 
ua "Me3oHoo6MeHHoA" np~pone .11nepHux·cHn. Bo3HHKna 3aMauqHsa.11 

Hae.11 HHTepnpeTHpoBaTb 3TH 3~eKTU KaK BO3MOlKHOe npO.llBneHHe 
. , . ' 

"nH6apHOHOB" B HyKnoH-HyKnOHHUX B3aHMone8CTBH.llX. IlOH.llTHe '"nH-
6apHOH" CB.ll3UBalOT C oco6euHoc·TS1MH noseneHH.ll nsyxHyKnOHHOH CH­

CTeMu, 06na~aJ0111eA nonuo8 aHeprHeA auwe cyMMU Mace nsyx uyKno­
HOB. ToqHoro H anuo3uaqHoro onpeneneHH.ll nH6apHoua noKa HeT, 
TaK KaK OHO npennonarano Gu cnpasennHBOCTb KOHKpeTHOH rHITOTe-.,. 
3U O npHpone nH6apHOHHUX COCTO.IIHHH. onuaKo, noKa HH onHa MO-
nenb cTpyKTypu HnH MexaHH3Ma o6pa3oBaHH.ll nH6apHoua He MOJKei­
o6ecneqHTh Heo6xonHMUe npencKa3aHH.ll nn.11 aKcnepHMeHTanhuoro 
H3yqeHH.ll nH6a'pHOHHUX COCTO.IIHHH. K COJKaneHHIO, noKa . He .llCeH 

onHH H3 ·ocHOBHUX BonpocoB: qTo TaKoe nH6apHOH - o6uqHa.ll .11nep­
Ha.ll CHCTeMa THna KBa3HneATpOHa HnH wecTHKBapKOBoe CB.ll3aHHOe 
COCTO.llHHe. B KBapKOBUX nonxonax nn6apHOH npencTaBn.lleTC.ll B BH­
ne MHOrOKBapKOBOH CHCTeMu Hero CBOHCTBa onpenen.lIJOTC.ll Ha oc­
HOBe nHHaMHqecKHX COCTaBHUX KBapKOBUX MoneneA (q

6 -MeWKH, 
CTpym,1, CKHpMHOHU H npyrH,e}. C apyroH c'ropouu, ue HCKnJOqeHa 
BO3MOlKHOCTh nHHaMHqeCKOH npHponu an6apHOHOB KaK npo.ll~neHH.ll 
cneumtmqecKoro HyKnOH-HyKnOHHOro B3aHMoneHCTBH.ll B ycnoBHllX 
cHnhHOH ~B.ll3H ynpyroro H Heynpyroro KaHanoB B oKononoporoBux 
o6nacTSix. 

noHCK H H3yqeHHe nH6apHOHHUX pe3OHaHCOB npHHUHnHanbHO 
BalKeH nn.11 IlOHHMaHH.ll HyKnou-HyKnoHHoro B3aHMoneACTBH.ll H Teope­
THqecKoro_ paccMOTpeHH.ll CTpyKTypu anpoHOB. HHTepec K irn6apHO­
HaM KaK cneuH~HqecKHM KBa3HCB.ll3aHHUM asyxHyKnOHHUM COCTOllHH.llM 
CB.ll3aH_npeQe Bcero C uaneQOH o6uapylKHTb 3K3OTHqeCKHe CBOHC­
TBa wecTHKBapK.OBOH CHCTeMU, npo.11Bn.llJ01UeHC.ll B uanHqHH nonon1rn-

~trinn,lt'ti.rii.;fl P.HCTbTjT I 
Q~f;lil.ll JC::' :H'.!103:tl!'-llii 
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TeJibHOro KBaHTOBoro qJ,!CJia "UBeTa". Heo6xo.nHMO OTMeTHTb, qTO 

HMeDmHHCH 3KCnepHMeHTaJibHUH MaTepHaJI .HBJIHeTCH ,ItOBOJlbHO npoTH­

BOpeqHBUM H He ,naeT O,ItHO3HaqHoro _OTBeTa Ha Bonpoc O npttpo.ne 

.nH6apHOHHUX COCTOHHHH. Ha OCHOBe HMeDmHXCH . .naHHUX ,neJiaDTCH 

BUBO.nu O cymecTBOBaHHH .UBYX THilOB pe3OHaHCOB B HYKJIOH-HYKJIOH­

HOH CHCTeMe: "WHpOKHX", c WHpHHOH nopH,nKa r"' 100 - 200 M3B, 

H "Y3KHX", C r"' 10 - 50 M3B. EcTeCTBeHHo; i03HHKaeT BOnpoc: 

CBH3aHU JIH 3TH .ItBi THna pe3OHaHCOB ,npyr C .npyroM, HJIH 3TO 

ecTb npOHBJieHHe KaKHX-TO o6mHx CBOHCTB NN- CHCTeMU. 

B ,ItHCCepTa_UHH HCCJie.nyDTCH 3cpcpeKTU npOHBJieHHH ,nH6apHOHHUX 

COCTOHHHH B .UBYXHYKJIOHHUX CHCTeMaX. ¥13yqaeTCH BO3MOlKHOCTb o6-

pa3OBaHHH B ynpyroM _pp- pacceHHHH H H,nepHUX peaKUHHX KaK 

H3OJIHpOBaHHUX. ,nH6apHOHHUX pe3OHaHCOB, ,TaK H nepeKpUBaDruHXCH 

.nH6apHOHHUX·COCTOHHHH c 6oJibWOH IlJIOTHOCTbD ypoBHeH. 

UeJib pa60TU, Hccne.noBaTb 3cpcpeKTU npOHBJieHHH ,nH6apHOHHUX 

cocToHHHH B ,nByxHyKJIOHHUX cHcTeMax: 

1. Pa3BHTb TeopHD CBH3H HYKJIOHHoro H wecTHKBapKOBOrO Ka­

HaJIOB Ha cnyqafi pacna,na WeCTHKBapKOBOro pe3OHaHca no Heynpy­

rHM KaHaJiaM. ¥13yqHTb BJIHHHHe HeCKOJlbKHX KaHaJIOB pacnaaa ,nH6a­

pHOHHUX pe3OH~HCOB Ha noBe,neHHe cpa3 NN- pacceHHHH. PaccqttTaTb 

ceqeHHH ere 1 H ti.er ynpyroro pp- pacceHHHH c yqeToM cyme-
tot L 

CTBOBaHHH H3OJIHpOBaHHUX aH6apHOHHUX pe3OHaHCOB. 

2. npoBeCTH KOJIHqecTBeHHUH aHaJIH3 IlJIOTHOCTH ypoBHefi·.ntt-

6apHOHHUX COCTOHHHH H paccqHTaTb WHpHHY pacna.na wecTHKBapKO­

Boro pe3OHaHca B HYKJIOH-HYKJIOHHUH KaHaJI. 

3. ¥13yqHTb BO3MOlKHOCTb cpnyKTyaUHH · 3cpcpeKTHBHUX ceqeHHH 

06pa
0

3OBaHHH nepeKpUBaDmHXCH aH6apHOHHUX COCTOHHHH C 60JibWOH 

IlJIOTHOCTbD ypoBHeH B ynpyroM pp- pacceHHHH H H,nepHUX peaKUH­

HX. _npoBeCTH CTaTHCTHqecKHH aHaJIH3 HMeDmHXCH 3KCnepHMeHTanb­

HUX ,naH_HUX cneKTpOB 3cpcpeKTHBHUX Mace .UBYXHYKJIOHHUX CHCTeM, 

HCCJie.noBaTb IlJIOTHOCTH pacnpe,neJieHHH ceqeHHH H 3HepreTHqeCKHe 

KoppeJI~UHOHHUe C!JYHKUHH. 

4. npoBeCTH MO,IteJIHpoBaHHe cpnyKTyaUHH 3cpcpeKTHBHUX _c::e_qeHHH 

o6pa3oBaHHH ,nH6apHOHHUX COCTOHHHH, HCCJie,noBaTb ycnoBHH. Heo6-

XO,ItHMUe ,ItJIH BO3HHKHOBeHHH cpnyKTyaUHH. 
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HayqHaH HOBH3Ha H ueHHOCTb pa6oTU. 

B ,ltHCCepTaUHH. ccpopMyJIHpOBaHa ,ItHHaMHqecKaH MO,IteJib .UJIH 

onHcaHHH HYKJIOH-HYKJIOHHOro pacceHHHH, yqHTUBaDmaH CBH3b OCHO­

BHOro .ItBYXHYKJIOHHOro H B036yJK,n~HHOro MHOrOKBapKOBoro KaHaJioB. 

BnepBUe ,ItJIH MHoroKaHaJibHOH 3a,naqH HYKJIOH-HYKJIOHHoro pacceHHHH 

B cnyqae o6pa30BaHHH 6oJibWOro qJ,!CJia nepeKpUBaDruHXCH pe3OHaH­

COB nonyqeH HBHUH BH.It 3JieMeHTOB s- MaTpHUU, y,noBJieTBOpHDmefi 

~CJIOBHD YHHTapHOCTH. 

(ere 1
, ti.er) ynpyroro 

tot L 

Hccne.noBaHU OCHOBHUe xapaKTepHCTHKH 

pp- pacceHHHH B npe.nnonoJKeHHH o cymecT-

BOBaHHH. H3OJIHpOBaHHUX aH6apHOHHUX COCTOHHHH. 

npoBe.neH aHaJIH3' IlJIOTHOCTH ypoBHeH .nH6apHOHHUX COCTOHHHH 
. . 

B pa3JIHqHUX napuHaJibHUX BOJIHax NN- CHCTeMU, PacqeTU noKa3u-

BaDT, qTo cpe,nHee paCCTOHHHe MeJK,ny ypoBHHMH .D ~ HeKOTopux 

napuHaJibHux BOJIHax HYKJIOH-HYKJIOHHOH cHcTeMu, HanpHMep 3p, 
J 

,ItOCTHraeT BeJIHqHHU nopH,nKa D"' 10 - 15 M3B, B paMKax IlOTeH-

UHaJibHOH KBapKOBOH MO,IteJIH paccqHTaHa WHpHHa pacna.na .nH6apHOH­

HUX COCTOHHHH B HYKJIOH-HYKJIOHHU~ KaHaJI. llittpHHa r 3aBHCHT OT 

.ItHHaMHqecKHX napaMeTpOB MO,IteJIH, onpe,neJIHDfilHX ,ItHHaMHKY B3aHMO­

.neHCTBHH KBapKOB, HO TeM He MeHee B ,ItOBOJlbHO WHpOKOM HHTepBa­

ne H3MeHeHHH 3THX napaMeTpOB orpaHHqeHa CBepxy 3HaqeHHeM no­

pH,nKa rs 40 M3B. TaKHM o6pa30M, o6pa30BaHHe 60JibWOro qHCJia 

nepeKpUBaDruHXCH .nH6apHOHHUX COCTOHHHH (r/D ~ 2) B .ItBYXHyK­

JIOHHUX CHCTeMax MOJKeT npHBeCTH K cpnyKTyaUHHM COOTBeTCTBYDfilHX 

3cpcpeKTHBHUX ceqeHHH, 

BnepBUe npe.nnoJKeHa CTaTHCTHqecKaH MO,IteJib cpnyKTyauHi-i 3cp­

cpeKTHBHUX ceqeHHH o6pa3~BaHHH .nH6apHOHHUX pe3OHaHCOB. nnH yn­

pyroro pp- pacceHHHH Mo.nenb npe,ncKa3UBaeT cymecTBOBaHHe cTa­

THCTHqecKHX oco6eHHOCTeH, HaXO.ItHfilHXCH B npe.nenax OWH60K 3KC­

nepHMeHTaJibHUX ,naHHUX. B a.npoH-a,npOHHUX peaKUHHX oco6eHHOCTH 

B cneKTpax pp- H np- CHCTeM MoryT 6UTb cneacTBHeM cpnyKTya­

UHH ceqeHHH o6pa~oBaHHH nepeKpUBaDmHXCH .nH6apHOHHUX COCTOHHHH 

c 6oJibWOH_IlJIOTHOCTb ypoBHeH. KaqecTBeHHO OilHCUBaDTCH OCHOBHUe 

CTaTHCTHqecKHe 3aKOHOMepHOCTH pacnpe.neneHHH ceqeHHH H 3Hepre­

THqecKHe KoppeJIHUHOHHUe cpyHKUHH, 
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BnepBUe npoBe,neHO 'Mo,neJIHpOBaHHe cneKTpOB 3qi¢eKTHBHUX 

Mace .ltBYXHYKROHHUX CHCTeM .nn.11 peaKUHH, H,nymHx C o6pa30BaHHeM 

nepeKpUBaJOmHXC.H .ztH6apHOHHUX COCTO.HHHH.· Pe3ynhTaTU MO,nenHpOBa­

HH.H cpaBHHBalOTC.H C HMeJOmHMHC.H 3KCnepHMeHTanbHUMH ,naHHUMH. 

Bccne.nyJOTC.H ~nyKTyaUHH 3qi¢eKTHBHUX ceqeHHH ynpyroro pp­

pacce.HHH.H H .11.nepHUX peaKUHH Ha OCHOBe no.nxo.na, yqHTUBaJOmero 

CHRbHYIO CB.H3b MellC,ny pa3nHqHUMH KaHanaMH peaKUHH .H ycnoBHe 

YHHTapHOCTH s- MaTpHUU. npoBe.neHO conocTaBneHHe C pe3ynbTa­

TaMH TeopHH 9pHKCOHa, HCnORh3yeMOH npH H3yqeH-HH ~nyKTyauHH B 

~H3HKe HH3KHX 3HeprHH, H no.nxo,nOM, .HBHO yqHTUBaJOmHM' ycnoBHe. 

YH~TapHOCTH ,nn.H cnyqa.11 O,ltHOKaHanbHUX ynpyrHX'npoueccoB. 

Anpo6aUH.H pa60TU. Pe3ynhTaTU, npe,ncTaBneHHUe B ,ltHCcepTa­

UHH, Heo,nHOKpaTHO .noKna.nuBanHCb H 06cyllC,naRHCb Ha ceMHHapax 

Ra6opaTopHH TeopeTHqecKOH ~H3HKH 00H0 H Ka~e,npu TeopeTHqecKOH 

H .11,nepHOH ~H3HKH ~anbHeBOCTOqHoro rocyHHBepcHTeTa, a TaK~e 

6unH npe,ncTaBneHu H .noKna.nuBanHch Ha Mem,nyHapo.nHux ceMHHapax 

no npo6neMaM ¢H3HKH BUCOKHX 3HeprHH (~y6Ha, 1986 H 1988 rr.), 

Ha MellC,nyHapo,nHOM COBemaHHH no TeopHH ManoqacTHqHUX H KBapK­

a,npOHHUX CHCTeM (~y6Ha, 1987 r.). Ha ceMHHape ,i~H6apHOHHUe 

pe3oHaHcu" (~y6Ha, 1988 ·r.), Ha Mem.nyHapo.nHoH KOH¢epeHUHH no 

npo6neMaM ¢H3HKH Hec~onbKHX Ten (BaHKyBep, KaHa.na, 1989 r.). 

ny6nHKaUHH. no MaTepHanaM .ztHccepTaUHH ony6nHKOBaHo 12 

pa6oT B COBeTCKOH H 3apy6emHOH neqaTH. 

061,eM pa60TU. ~HccepTaUH.H COCTOHT H3 ,BBe.neHH.H, qeTupex 
. . 

rnaB ocHoBHoro co.nepmaHHH, 3aKnJ0qeHH.11·, Tpex npHnomeHHH. 061>eM 

.ztHCCepTaUHH - 147 CTpaHHU·MaWHHOnHCHoro TeKCTa, 27 pHCYHKOB, 

4 Ta6nHUU. CnHCOK 6H6nHorpa¢HH co.nepmHT 171 HaHMeHOBaHHe. 

CO~EPJKAHBE PABOT~ 

Bo BBe,neHHH 060CHOBaHa
0 

aKTyanbHOCTb TeMU ,ltHCCepTaUHH, 

C¢0pMynHpOBaHa uenb pa6oTU, KpaTKO H3nomeHO co.nepmaHHe .ztHC­

cepTaUHH. 

B nepBOH rnaBe ,naH o63op pa6oT; nocB.11meHHUX npo6neMe .nH-

6apHOHHUX pe30HaHCOB. B § 1 paccMorpeHu 3KcnepHMeHTanbHUe pa-
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6oTU, B KOTopux HMeIOTC.H yKa3aH,H.H Ha cymeCTB'OBaHHe .ztH6apHOHHUX 

pe30liaHCOB. B § 2 o6cym.naJOTC.H pa3nHqHue TeopeTHqeCKHe Mo.nenH 

onHcaHH.H .ztH6apHOHOB. B § 3 c¢opMynHpOBaHU OCHOBHUe BUBO.nu 

nepBoH rnaBu. 

BTopa.H rnaBa nocB.11meHa H3yqeHHIO H30RHPOBaHHUX .ztH6apHOH­

HUX pe30HaHCOB B .ztBYXHYKROHHOH CHCTeMe. 

B § 1 C¢0pMynHpOBaHa ,llHHaMHqecKa.H Mo.nenb .nn.11 OITHCaHHH 

HYKROH~HyKnOHHOrO pacceHHHH, yqHTUBaJOmaH CHRhHYIO CBH3b HYK­

ROHHUX H wecTHKBapKOBUX KaHaROB. B npe.nnonomeHHH O B03MOmHOC­

TH pacna.na weCTHKBap•ogux pe30HaHCOB B ynpyrHH NN- H Heyrr­

pyrHH NN*- kaHanu nonyqeH HBHUH BH.n 3ReMeHTOB s- MaTpHUU, 

y.noBneTBOp.HIOmeH ycnoBHIO YHHTapHOCTH .llRH cnyqaH 6onhworo 9HCna 

nepeKpUBaJOmHXC.H pe3oHaHCOB, 

B § 2 Hccne.noBaHo noBe.neHHe ¢a3u H napaMeTpa ynpyrocTH 

pp- pacce.HHHH .ztRH cnyqa.H o6pa30BaHH.H H30RHpOBaHHUX ,llH6apHOH­

HUX pe30HaHCOB B 3aBHCHMOCTH OT COOTWeWeHHH Mem.ny ynpyroH H 

HeynpyroH Mo,naMH pacna.na H 11 6nH30CTH" pacrronomeHHH pe3oHaHca 

oTHOCHTenhHO nopora Heynpyroro KaHana. noKa3aHo, qTo yqeT He­

ynpyrHx MO.ll pacna.na .nH6apHOHHoro pe3oHaHca npHBO.ztHT K 6onee 

crnameHHOMY noBe.zteHHIO ¢a3U H napaMeTpa ynpyrocTH, 9To ycnom­
HHeT 3a,naqy o6HapymeHHH ,nH6apHOHHOro pe3oHaHca H3 ¢a3oBoro 

aHanH3a ynpyroro pp- pacce.HHHH. 

B § 3 Hccne.noBaH Bonpoc npoHBneHHH H30nHpoBaHHUX ,nH6a-

pHOHHUX pe3oHaHCOB B ynpyroM pp- pacce.HHHH, PacqeTu nonHoro 

ceqeHHH ynpyroro pp- pacceHHHH · ue 1 H pa3HOCTH ceqeHHH B 
tot · 

qHCTUX cnHHOBUX COCTOHHHHX npoTOHOB ti.u = u - u ( pHC. 1) 
L t 4 

noKa3UBaJOT, _qTo, a) BKRJ09eHHe Y3KHX pe3oHaHCOB C K03¢¢HUHeHTOM 

ynpyrocTH xa S 0.15 (HMeHHO TaKHe 3Ha9eHHH . K03¢¢HUHeHTOB 

ynpyrocTH o6cyllC.ltaIOTCH B_ RHTepaType) npaKTHqecKH He MomeT 6UTb 

3aMeqeHO B IlORHOM se9eHHH ynpyroro p'acce.HHHH, TaK KaK B03HH­

KaIOmHe npH 3TOM oco6eHHOCTH cymecTBeHHO MeHbWe ,nOCTHr.HyTOH 

TOqHQCTH H3MepeHHH, npHqHHOH 3TOMY cnymHT HeKorepeHTHOe cno-
meHHe 6onhworo qHcna napuHanhHUX aMnnHfy.n; 6) BKRJ09eHHe pe-, 

30HaHCOB c xa ~ 0.10 - 0.15 npHBO,llHT K xapaKTepHUM H BeCbMa 
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3aMeTHUM oco6eHHOCTHM B noaeneHHH pa3HOCTH ceqeHHH AUL B 06-

JiaCTH pe30HaHca, npH yMeHbWeHHH ,K03qxflHUHeHTa ynpyroCTH no 

3HaqeHHH xa s 0.05 paccqHTaHHUe oco6eHHOCTH ceqeHHil: npoxonHT 

B npenenax HMeDmHXCH 3KCnepHMeHTaJibHUX OWH60K. 

B § 4 C¢0PMYJIHpOBaHU OCHOBHUe pe3yJibTaTU BTopoil: rnaau. 

0....--~----.---....--~---, 
10 
:II 

10 
:II 

;;j 30 
b 

20 ~ 
PHC. 1. PacqeT u;:t HAUL 

ynpyroro pp- pacceHHHH. 

IlyHKTHpHaH·KpHBaH - 6e3 yqeTa 

nH6apHOHHUX pe30HaHCOB, cnnow-

2.1 2.2 2.3 2.4 2.5 2.6 

E, (fuB) 

:::.-r~::o:::~u: :::= ~:::::~ 
M3B,' r=60 M3B) BOJIHax, xa=0.1. 

TpeTbH rnaaa noCBHmeHa a_HaJIH3Y IlJIOTHOCTH ypoBHeil: nH6a­

PHOHHUX COCTOHHHH B pa3JIHqHUX napuHaJibHUX BOJIHaX NN- CHCTeMU 

H pacqeTy WHpHHU pa~nana nH6apHOHHUX COCTOHHHH a HYKJIOH-HYK­

' JIOHHUH d<aHaJI' 

B § 1 npoaonHTCH aHaJIH3 cneKTpa Mace nH6apHOHHUX COCTO­

TOHHHH Ha OCHOBe MIT-bag MonenH. PacqeTU noKa3UBaDT, qTo yqeT 

BCeB03MOJKHUX wecTHKBapKOBUX COCTOHHHH, o6nanaDmHx pa3JIHqHUMH
0 

CBOHCTBaMH CHMMeTpHH B ·uaeTOBOM, KOopnHHaTHOM, H30CilHHOBOM, 

UBeTOCilHHOBOM npocTpaHCTB~X, npHBOnHT K BUCOKOH nJIOTHOCTH nH-

6apHOHHUX COCTOHHHH. IlpH 3TOM cpenHee paCCTOHHHe MeJKny ypoa-

HHMH 

TeMU, 

M3B. 

D B HeKOTopux napuHaJibHUX BOJIHaX HYKJIOH-HYKJIOHHOH CHC­

HanpHMep 
3
PJ, nocTHraeT BeJIHqHHU nopHnKa D ~ 10 - 15 

nonyqeHHUH pe3YJibTaT HOCHT o6mHil: xapaKTep H He 3aBHCHT 

OT BU6opa KOHKpeTHOH KBapKOBOH MonenH. 
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B § 2 Ha OCHOBe noTeHUHaJibHOH KBapKOBOH MonenH npoaeneH 

pacqeT WHPHHU pacnana nH6apHOHHOro COCTOHHHH a HYKJIOH-HYKJIOH­

HUH KaHaJI. KOJIHqecTBeHHUH aHaJIH3 noKa3UBaeT, qTo BeJIHqHHa WH­

pHHU pacnana r 3aBHCHT oT au~opa napaMeTpoa MonenH, on~ene­

JIHDmHx nHHaMHKY B3aH~oneil:CTBHH KBapKOB, HO TeM He MeHee B no­

BOJibHO WHpOKOM HHTepaane H3MeHeHHH 3THX napaMeTpOB orpaHHqeHa 

caepxy 3HaqeHHeM nopHnKa rs 40 M3B. 

B § 3_c¢opMyJIHpOBaHU OCHOBHUe pe3yJibTaTU TpeTbeil: rnaau. 

B qeTaepToil: rnaae npennoJKeHa cTaTHCTHqecKaH Monenb 

¢JIYKTyauHil: 3qxfleKTHB~UX ceqeHHH o6pa30BaHHH nepeKpUBaDmHXCH 

nH6apHOHHUX ·coCTOHHHH C 60JibWOH IlJIOTHOCThD ypoBHeil:. 

B §'1 pacCMOTpeHU ¢JIYKTyauHH 3qxfleKTHBHUX ceqeHHH ynpyro­

ro pp- pacceHHHH. npoaeneH pacqeT ue 1 H Au c pe3oHaHca-tot L 
MH ,B 

3
P - napuHaJibHUX BOJIHax (pHC. 2). BJIH HJIJIDCTpaUHH 

0,1,2 

a6COJIDTHOH BeJIHqHHU ¢JIYKTyaUHH ceqeHHH npHBeneHU 3HaqeHHH 

Ael = uel - uel (x =O) • 
tot tot tot a AL= AuL - AuL(xa=O) . 

PacqeTU noKa3UBaDT, qTo ¢JIYKTyauHH npOHBJIHDTCH B BHne He60Jib­

WHX oco6eHHOCTeil: a ceqeHHHX Ha ¢oHe CHJibHOro "noTeHUHaJibHOro" 

pacceHHHH. HMeDmHeCH 3KCnepHMeHTaJibHUe naHHUe He Il03BOJIHDT 

noKa cnenaTb onHo3HaqHux auaonoa o BKnane ¢JIYKTyauHil:. TeM He 

MeHee MOJKHO KOHCTaTHpoBaTb cnenyDmee: 1. B npHHUHne, npenno­

JIOJKeHHe O ¢JIYKTyaUHOHHOil: KapTHHe He npoTHBOpeqHT 3KCnepHMeH­

Ty; 2. nyqwe acero COOTBeTCTBYDT HMeDmHMCH 3KCnepHMeHTaJibHUM 

naHHUM KpHBUe, paccqHTaHHUe c xa s 0.05 H IlOJIHOil: WHpHHOil: nH-

6apHOHHUX pe30HaHCOB, rs 20 M3B; 3, ¢JIYKTyaUHOHHUe oco6eH­

HOCTH (~HKH B ceqeHHHX) HMeDT npHMepHO TaKyD JKe 3HepreTHqec­

KYD WHpHHY (r ~ 15 - 20 M3B), KaK H Ha6JIDnaeMUe Y3KHe IlHKH B 

cneKTpax 3qxfleKTHBHUX Mace pHna peaKUHil:; 4. nnH 6onee onHo3-

HaqHUX BUBonoB O xapaKTepe ¢JIYKTyauHil: Heo6xonHMU npeUH3HOHHUe 

H3MepeHHH KaK ynpyrHX, TaK H noJIHpH3aUHOHHUX ceqeHHil:, npoae­

neHHUX C MaJIUM waroM no 3HeprHH. 

B § 2 pa3BHT CTaTHCTHqecKHil: ¢JIYKTyaUHOHHUil:' nonxon nnH 
OilHCaHHH 3qxfleKTHBHUX ceqeHHH peaK:UHH C o6pa30BaHHeM nH6apHOH-
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PHc. 2. ~nyKTyauHH ceqeHHH ynpyroro pp- pacceHHHH. 

nH6apHOHHlle pe30HaHCll B 3P - BOnHax: a, 1, 2 

x(X = o. 05, ,D = 15 M3B, r = 20 M3B. 

HUX pe30HaHCOB. noKa3aHo, qTQ nnH TaKHX peaKUHH, HapHny C ce-

qemrnM "npHMllX" cJ>OHOBllX npoueccoB dcr d' 
4>nyKTyauHoHHoro THna: 

B03HHKaeT cnaraeMoe 

dcr 
_r ~ L IA~L(M) 12•~(M) 
dM JL 

IJ~ 

A~(M) = L M~-M-1 -r/2 
r k k 

rne M - HHBapHaHTHaH Macca nayxHyKnOHHOH CHCTeMU, ~(M) - 3cJ>­

cJ>eKTHBHllH cJ>a30BllH 061,eM peaKUHH, IJ~ - "napuHanbHlle" aMnnHTy-
k 

nu, KoTopue conepmaT HHcJ>opMaUHD o ripouecce o6pa3oBaHHH H pac-

nana nH6apHOHHoro COCTOHHHH c MaCCOH M~ H WHpHHOH r a Ka­

Hane ~ = (J,L). YCROBHeM IlOHBReHHH 4>nyKTyaUHH HBnHeTCH nepe­

KpllTHe YPOBHeH nH6apHOHHllX COCTOHHHH, Karna cpenHee pacCTOH­
HHe Memny ypoBHHMH D MeHbWe WHpHHll ypoBHH r: r/D ~ 2. nnH 

ceqeHHH dcrr/dM MOmHo cnenaTh onpeneneHHue npencKa3aHHH, xa­
paKTepHue nnH CTaTHCTHqecKOH TeopHH. H3-3a HanHqHH KHHeMaTH-

8 

qecKoro cJlaKTopa ~(M) yno6Hee paccMaTpHBaTh aenHqHHY W(M) = 
(dcrr/dM)/~(M), KOTopyv 6yneM Ha3UBaTb cJ>YHKUHeH B036ymneHHH. 

- -
PaCCMOTpeHN cJ>YHKUHH pacnpeneneHHH ceqeHHH P(z=W/W), rne w -
cpenHee 3HaqeHHe aenHqHHN W(M) 11a HccnenyeMoM 3HepreTHqecKOM 

· HHTepaane H 3HepreTHqecKaH KOppenHUHOHHaH 4>YHKUHH C(E), on­

penenHeMaH COOTHOWeHHeM: 

(W(M)) 2 ·C(E) = (W(M+E)•W(M)) - (W(M)) 2 

B npenene r;o » 1 HMeeM C(E) = n- 1 ·(1 + (E/r) 2)- 1
, P(z) = 

P (z) = n·(nz)n- 1 /r(n)•exp(-nz), 
n 

' 2 
Pn(z) - x - pacnpenene-rne 

HHe C 2n- CTeneHHMH CB06onu, n - qHcno KaHanoB, TO ecTb qHc­

no napuHaRhHllX BORH, B KOTOpux B036ymnaDTCH JIH6apHOHHUe pe3o­

HaHCN. Ha pHC. 3a npHBeneH aHan~3 3KCnepHMeHTanbHNX naHHllX 

nnH peaKUHH np ➔ pprr- npH P = 1.257 f3B/c. PacqeTN IlOKa-
n 

3NBaDT, qTQ nH6apHOHHlle COCTOHHHH C 6onbWOH IlROTHOCTbD ypoB-

HeH, nocTaToqHQH nnH,B03HHKHOBeHHH 4>nyKTyaUHOHHOH KapTHHll B 

cneKTpax 34>cJ>eKTHBHux Mace nayxHyKnOHHOH cHcTeMu, o6pa3yDTCH B 

JIBYX - Tpex napuHanbHNX BOnHax (n ~ 2 - 3) c ~4>4>eKTHBHOH WH­
pHHOH nopHnKa r ~ 10 - 15 M3B. 

B § 3 npoaeneHo TeopeTHqecKoe MonenHpoaaHHe 4>nyKTyauHH 
o6pa30BaHHH nH6apHOHOB C yqeTOM KOHKpeTHNX ycnoBHH 3KCnepH­

MeHTa, noKa3aHO, qTQ 4>nyKTyaUHH B03MOmHN name B orpaHHqeHHOH 

o6nacTH cneKTpoa nayxHyKnOHHux cHcTeM - AMpp npH ycnoBHH, qTo 

r/D ~ 1 H AMpp/r ~ 10. Ha pHc. 3 npHBeJteHD cpaBHeHHe MOJte­

RbHNX pacqeTOB C pe3ynhTaTaMH o6pa60TKH 3KCnepHMeHTaRbHNX 

naHHllX. 

B § 4 HCcnenyDTCH 4>nyKTyauHH 34>cJ>eKTHBHNX ceqeHHH ynpyro­
ro pacceHHHH H HnepHNX peaKUHH Ha OCHOBe nonxona, yqHTNBaDme­

ro CHRbHYD CBH3b Memny pa3nHqHUMH KaHanaMH peaKUHH H ycnoBHe 

YHHTapHOCTH s- MaTpHUN. npoaeneHO cpaaHeHHe C pe3ynhTaTaMH 

TeopHH 3pHKCOHa H nonxonoM, HBHO yqHTNBaDWHM ycnOBHe YHHTap­

HOCTH nnH cnyqa51 onHoKaHanbHNX npoueccoa. CTOKa3aHO, qTQ npH 

nepeKpllBaHHH pe3oHaHCOB BenHqHHa OTHOCHTenbHOH 4>nyKTyaUHH ~er 

9 



W(Mpp) P(z) C(E) 

np - PP"- Pa • l..211 l'aB/c l _ J 11 • 2 l 
r 

l.0 

a) 

V 
L...J 

~o 
0 0 

D • 1.6 llall 

J.0 

Ii 
6) ou, \F ,v y \j 

I.DJ J.IM 1.97 2.00 2.03 0 0.6 1.0 l.6 2.0 0 0.6 l.0 l.6 2.0 2.6 

Mpp z E/r 

PHC. 3. CpaBHeHHe 3KCnepHMeHTanbHUX (a) H Mo.nenbHUX (6) 

¢YHKUHH B036yxmeHHH
0 

W(H), nnOTHOCTH pacnpe.neneHHH BepOHT­

HOCTH P(z) H 3HepreTHqecKOH KOppenHUHOHHOH ¢YHKUHH C(E). 

fHCTOrpaMMU H TOqKH -·pe3ynbTaT o6pa60TKH 3KcnepHMeHTa 

H MO,nenbHUH pacqeT; KpHBUe - TeopeTHqeCKHH pacqeT. 

.nnH ·o.nHoKaHanbHUX peaKUHH ynpyroro pacceHHHH y6uBaeT KaK 

~u ~ 1/-./npf' (p - nnOTHOCTb .1tH6apHOHHUX COCTOHHHH: p = 1/D). 
BnH MHoroKaHanbHUX peaKUHH BenHqHHY OTHO~HTenbHOH ¢nyKTyauHH 

~u MOmHo cqHTaTb npaKTHqecKH ITOCTOHHHOH H paBHOH ~u ~ 1 Ha 

6onbWOM HHTepBane H3MeHeHHH ~r. B 3TOM CMUcne pe3ynbTaTu, 

nonyqeHHUe B Mo.nenH CHRbHOH CBH3H KaHanoB, COBna.naDT C npe.n­

CKa3aHHHMH_MO,nenH 3pHKCOHa, HCITORb3yeMOH .nnH H3yqeHHH ¢nyKTy­

auHH B HH3K03HepreTHqecKo• H,nepHOH ¢H3HKH. 

B § 5 c¢opMynHpOBaHU OCHOBHUe pe3ynbTaTU qeTBepTOH rnaBU. 

B 3aKnDqeHHH c¢opMynHpOBaHU OCHOBHUe pe3ynbTaTU, BU.ItBHra­

eMUe Ha 3amHTy. 

B npHnomeHHH A npHBe,neH pacqeT aMnnHTY.lt pa3nomeHHH OKTeT­

HOH qacTH BORHOBOH ¢YHKUHH .1tH6apH0Ha no BORHOBUM ¢YHKUHHM 

TpeXKBapKOBUX KnacTepoB. 
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B npHnozeHHH B npHBe,neH pacqeT UBeTOBUX CITHH-H30CITHHOBUX 

MaTpHqHUX 3neMeHTOB, B03HHKaDmHx npH BUqHcneHHH WHpHHU pacna­

.na .1tH6apHOHHOro pe30HaHca B HyKnOH-HyKnOHHUH KaHan. 

B npHnozeHHH B npHBe.neH .pacqeT OTHOCHTenbHoro BKna.na 

pa3nHqHUX TpeXKBapKOBUX KnacTepoB B aMnnHTY.ItY nepexo.na .ItH6a­

pHOHHoro pe30HaHca B HyKnOH-HyKnOHHUH KaHan . .. 
OCHOBHUe pe3ynbTaTU ~HccepTaUHH, BU.ItBHraeMue Ha 3amHTY 

1. C¢opMynHpoBaHa .ItHHaMHqecKaH MO.Itenb .nnH_OITHCaHHH HyK­

noH-HYKROHHOro pacceHHHH, yqHTUBavmaH CBH3b OCHOBHOro .ltBYX­

HyKnOHHOro COCTOHHHR H B036yxmeHHUX MHOrOKBapKOBUX COCTOHHHH. 

2. Hccne.noBaHU OCHOBHUe xapaKTepHCTHKH pp- pacceHHHH B 

npe.nnonomeHHH O cymecTBOBaHHH H30nHpOBaHHUX .1tH6apHOHHUX coc­

TOHHHH H o6HapymeHO: a) BKnvqeHHe pe30HaHCOB C K03¢¢HUHeHTOM 

ynpyrocTH, paBHUM OTHOWeHHD napuHanbHOH WHPHHU pe30HaHca K 

nonHOH WHpHHe, x s 0.15, npaKTHqecKH He MomeT 6UTb 3aMeqeHO . a 
·B ITORHOM ceqeHHH ynpyroro pp- pacceHHHH uel npH .ltOCTHrHy-

tot 
TOH ToqHOCTH H3MepeHHH; 6) pacqeT pa3HOCTH ceqeHHH B qHCTUX 

CITHHOBUX COCTOHHHHX AUL c xa ~ 0.10 - 0.15 npHBO.ItHT K xa­

paKTepHUM H BeCbMa 3aMeTHUM oco6eHHOCTHM B o6naCTH pe30HaHca. 

IlpH yMeHbWeHHH K03¢¢HUHeHTa ynpyroCTH .no 3HaqeHHH xa S 0.05 

paccqHTaHHUe oco6eHHOCTH ceqeHHH npoXO.ItHT B npe.nenax HMeDWHX-

CH 3KcnepHMeHTanbHUX OWH60K. I 

3. PaccqHTaH cneKTp Mace .1tH6apHOHHUX COCTOHHHH. BUHCHe­

HO, qTO nnoTHOCTb ypoBHeH .1tH6apHOHH~X COCTOHHHH BenHKa, H 

cpe,nHee paCCTOHHHe Mexmy ypoBHHMH B HeKOTopux napuHanbHUX 

BOnHax, 'HanpHMep 3P .J' .ltOCTHraeT BenHqHHU nopH.nKa D ~ 10 - 15 

M3B. 

4. B IlOTeHUHanbHOH KBapKOBOH Mo.nenH paccqHTaH~ WHPHHa 

pacna.na .1tH6apHOHHOro_ COCTOHHHH B HyKnOH-HyKnO.HHUH KaHan. 

illHpHHa r 3aBHCHT OT .ItHHaMHqecKHX napaMeTpOB Mo.nenH H orpa­

HHqeHa BenHqHHOH r S 40 M3B B WHp~KOM HHTepBane H3MeHeHHH 

3THX napaMeTpOB. 

II 



5. Ilpe.nnoJKeHa CTaTHCTHqecKall MO,llenb ~nyKTyauHA 3~eKTHB­

HLIX ceqeHH8 o6pa~oeaHHH .nn6apnoHHLIX pe3oHaHcoe. BnR ynpyroro 
pp- pacceRHHR MO,llenb npe.ncKa3L1BaeT cymecTBOBaHHe CTaTHCTHqec­

KHX oco6eHHOCTe8, HaXO.llfflllHXCR B npe.nenax,owH60K .3KCnepHMeHTa­
nbHLIX ,llaHHLIX; B a,llpOH-8,llpOHHLIX peaKUHllX OC06eHHOCTH B cneKT­

pax pp- H np- CHCTeM MoryT 6L1Tb cne,llCTBHeM ~nyKTyauHA c'e­

qeHH8 o6pa30BaHHR nepeKpLIBaIOl!lHXCR .llH6apHOHHLIX COCTORHHA C 

6onbwo8 nnoTHOCTblO ypoeHe8. KaqecTBeHHO OilHCLIBalOTCR OCHOBHLle 

cTaTHCTHqecKHe 3aKOHOMepHocTH pacnpe.neneHHR ceqeHH8 H 3Hepre­

THqecKHe KOppenRUHOHHLle ~YHKUHH. XapaKTepHaR WHpHHa .llH6apHOH-
\ 

HLIX COCTORHH8 paeHa r ~ 10 - 15 M3B, qHcno KaHanoe,, B KOTO-
pLIX npORBnRIOTCll .llH6apHOHHLle COCTORH_HR, n ~ 2 - 3. 

6. npoee.neHo Mo.nenHpoeaHHe cneKTpoe 3~eKTHBHLIX Mace 

.llBYXHyKnOHHLIX CHCTeM, H.llYlllHX C o6pa30BaHHeM nepeKpLIBaIOl!lHXCH 

.llH6apHOHH~X COCTOHHHA. IloKa3_aHO, qTQ ~ny~TyauHH 803MOJKHLI ,llaJKe 
B orpaHHqeHH08 o6naCTH cneKTpOB .llBYXHYKnOHHLIX CHCTeM - AMpp 

npH ycnOBHH, qTQ r/D ;i: 1 H ,.AMpp/r ii: 10. 
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