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HBaHoB M.IO. 11 J:~p. 
4 - 10052 

0 ra30):(1!H8MI!qecKOM MeXaH1!3Me Heynpyri!X CTOnKHOBeHI!ll 

T>DKenhiX 51/lep llpll BbiCOKIIX aHepri!>IX 

B HepenRTIIBIICTCKOM Jip1!6nl!lKeHI!II MeTollaMI! MeXaHI!KII cnnolllHbiX 

cpell IICCnenyeTCH CTOnKHOBeHI!e H,:tep, CKOpOCTII KOTOpbiX npeBbllll8!0T 

CKOpOCTb 3ByKa B >!UepHOM B9IIl9CTB9, 8 OllHOMepHOM llp1!6nlllK9HI!II 

nonyqeHo aHanHTI!qecKoe pellleHI!e, Ha ocHoae KOToporo crpoi!TCR aHepre­

TI!qeCKIIfi ClleKTp BbJn9T9Bllli!X qacTI!U, 

Pa6oTa BbmonHeHa a Jla6oparop1111 BbiCOKIIX aHeprl!fi OHHH. 

flperrpHHT 06be,UHHeHHOrO HHCTHTyTa H,UepHbJX HCCJJe,UOBaHHti 

,IJ,y6Ha 1976 

01976 061>e()uHeHHI>IU UHCIIUIIIYII Jl{)epHI>IX UCC/Ie()oaaHUU ,J!y6Ha 

1. BBEAEHHE 

B nocne.n.Hee apeMJI B CBJI3H c pa3BHTHeM TeXHHKH yc­

KOpHTeneii MHOr03apJI,IJ.HblX HOHOB H nonyqeHHeM B03MO>KH0" 

CTH ocymecTBnJITh CTOnKHOBeHHJI aTOMHblX Jl,IJ.ep, OTHOCH­

TenLHble CKOpOCTH KOTOpblX npeBLIWaiOT npe,IJ.nonaraeMylO 

CKOpOCTh 3ByKa B Jl,IJ.epHOM BemecTBe, o6Hapy>KeH PJI.IJ. HOBblX 

HHTepeCHblX OC06eHHOCTeH B 3HepreTHqeCKHX ClleKTpax H 

yrnoBblX pacnpe.n.eneHHJIX npo.n.yKTOB Jl,IJ.epHblX peaKU.Hii 
1 

'
2 

• 

K HX qucny, B qacTHOCTH, OTHOCJITCJI: 

a/ aHH30TponHLiii xapaKTep yrnoBblX pacnpe.n.eneHHii 

npO.IJ.YKTOB peaKU.HH, He COOTBeTCTBYIOmHH KHHeMa THKe llpJI· 

MLIX npou.eccoa; 
6/ OTKnOHeHHe 3HepreTHqeCKHX cneKTpOB BblneTeBWHX 

qaCTHU. B BblCOK03HepreTHqeCKOH o6naCTH OT cneKTpOB, 

npe.IJ.CKa3aHHhlX CTaTHCTHqeCKOH MO,IJ.enLIO Jl,IJ.epHbiX peaK­

U.HH /Hanuque TaK Ha3blBaeMblX "BbiCOK03HepreTHqHblX XBOC • 

TOB"/. 
B p.H.IJ.e pa6oT 1- 5· · OTMeqeHHble BLIWe oco6eHHOCTH 

CBJI3blBaiOTCJI C B03MO>KHblM o6pa30BaHHeM y,IJ.apHblX BOnH 

B .H,IJ.epHOM aewecTBe. 
H3BecTHO ,.6 ·, qTo y.n.apHble aonHbl, onHCblBaeMble ypaa-

HeHHJIMH ra30,IJ.HHaMHKH, MOryT B03HHKaTh B C>KHMaeMOH 

cpe.n.e, ecnu B TaKoii cpe.n.e noqeMy- nu6o o6pa3oaancJI 

CKaqoK nnOTHOCTH jycnOBHJI B03HHKHOBeHHJI y,IJ.apHblX BOnH 

B Jl.IJ.epHoM aemecTBe aHanH3HpoaanucL, HanpuMep, B pa6o­

Te :; I. Ilpu 3TOM ou.eHKH ycnoauii npuMeHHMOCTH ra3o· 

.IJ.HHaMuqecKoro no.n.xo.n.a K onucaHHIO Heynpyrux cTonKHOBe­

HHH aTOMHblX Jl,IJ.ep OCHOBblBaiOTCJI, B qaCTHOCTH, Ha co­

llOCTaBneHHH ,IJ.nHHbl CB060,IJ.HOrO npo6era B JI,IJ.epHOM Be" 

mecTBe C xapaKTepHblMH pa3MepaMH o6pa3yiOmHXCJI CHCTeM 
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H CBO)].HTCH K Heo6XO)].HMOCTH BhlllOJIHeHHH CJie)].yiOII.{ero CO· 

OTHOIIIeHHH /eM., Hanp., 7,9 /: 

1 Po ·L 3 
------~-A e1 
2Ra p p - ' 

NN 
/1/ 

r.LJ.e aNl'll - ceqeHue HYKJIOH-HYKJIOHHoro B3aHMOJJ.eiicTBHH, 

p0 , p - paBHoaecHaH H HepaaHoaecHaH nnoTHOCTH HYKJIOHOB, 

cooTBeTCTBeHHO, R - pa.LJ.HYC HJJ.pa, A - Maccoaoe qucno. 

fipH BhlllOJIHeHHH YCJIOBHH /1/ npou;ecc Heynpyroro CTOJIK· 

HOBeHHH MO:>KHO C1.fHTaTL HJJ.Yll.{HM B )].Be CTa)].HH: CHa1.faJia 

aTOMHLie HJ].pa CJIHBaiOTCH B HeKOTOpyJO "COCTaBHyiO HJ].ep­

HYIO CHCTeMy", KOTOpaH 3aTeM HCllhiThiBaeT HeCTaD;HOHap· 

HOe paCIIIHpeHHe B nyCTOTY. PaCIIIHpeHHe COCTaBHOH CHCTe • 

MLI, OllHCLIBaeMOe CHCTeMOH ra30)].HHaMH1.feCKHX ypaBHeHHH, 

onpe)].eJIHeT 3HepreTH1.feCKHH cneKTp BhiJieTeBIIIHX qaCTHD;. 

Heo6XOJJ.HMo OTMeTHTL, 1.fTO OJJ.HH H3 aaTopoa HacToH­

meii pa6oTLI, K.ll.CTaHJOKoauq, ell.{e a 1953 r. paccMoTpen 

3a)].aqy pa3JieTa npOJJ.YKTOB peaKD;HH llpHMeHHTeJILHO K CJiy· 

1.fal0 CTOJIKHOBeHHH JJ.BYX YJILTpapeJIHTHBHCTCKHX qacTHD; :H 

lihiJIO llOKa3aHO, 1.fTO BHyTpeHHHH 3HeprHH CTaJIKHBaiOll.{HXCH 

qacTHD;, paHee paBHopacnpeJ].eJieHHaH, nepepacnpe.LJ.eJIHeTcH 

Ja c1.feT HecTau;HoHapHoro npou;ecca paJneTa TaKHM o6pa30M, 

1.fTO 1.faCTHD;hl, BLIJieTeBIIIHe C nepu<lJepHH CHCTeMhl nepBLIMH, 

yHOCHT c co6oii npaKTH1.feCKH aero 3Hepruro. ConocTaaneHHe 

pe3yJILTaTOB 3TOH pa60Thl C OTMe1.feHHLIMH Bhlllie OC06eH· 

HOCTHMH 3HepreTH1.feCKHX cneKTpOB BLIJieTeBIIIHX qaCTHD; 

HaBO)].HT Ha MLICJIL 0 CBH3H 3THX OC06eHHOCTeH C llpOHBJie­

HHeM HeCTaD;HOHapHOCTH pacna)].a o6pa3yiOll.{eHCH CHCTeMLI. 

3HepreTH1.feCKHH cneKTp BhiJieTeBIIIHX 1.faCTHD;, BLI1.fHCJieH • 

HLIH a paMKax raJOJJ.HHaMH1.fecKoro no.n.xo.n.a npuMeHHTeJILHo 

K CJiy1.faiO HepeJIHTHBHCTCKOrO CTOJIKHOBeHHH TH:>KeJihiX aTOM· 

HhiX H,IJ,ep, 6LIJI anepaLie nony1.feH a pa6oTe , 9 ( 

2. OEPA30BAHHE COCTABHOH CHCTEMh/. 
COOTHOIUEHHJI HA q>POHTE Y,4APHOH BOJIHh/ 

PaccMOTPHM a HepeJIHTHBHCTCKOM npu6nH:>KeHHH no6oaoe 

CTOJIKHOBeHHe JJ.BYX TH:>KeJILIX H,IJ,ep, KOTOpLie, ,IJ,JIH llpOCTOTLI, 

4 

6y)].eM C1.fHTaTL O)].HHaKOBhiMH. fipeHe6peraH 60KOBhiM )].BH· 

:>KeHHeM qaCTHD;, 1.fTO )].0CTaT01.fHO XOpOIIIO BhlllOJIHHeTCH npH 

60JILIIIHX CKOpOCTJIX COyJ].apeHHH, 6y)].eM pelliaTL 3a)].a1.fy 

B OJ].HOMepHOM npH6JIH:>KeHHH H BeCTH paCCMOTpeHHe B CH· 

CTeMe u;eHTpa Mace, B KOTopoii ace HHTepecyiOII.{He Hac 

llpOD;eCChl 6y)].yT npOHCXO)].HTL CHMMeTpH"'HO OTHOCHTeJILHO 

nnocKOCTH coy.LJ.apeHHH. B 3TOM cnyqae JJ.OCTaT01.fHO pac­

cMoTpeTL CTOJIKHOBeHHe llJIOCKOrO CJIOH CllJIOIIIHOH cpe)].hl 

C :>KeCTKOH CTeHKOH 6eCKOHe1.fHO 60JILIIIOH MaCChi, KOr)].a 

B6JIH3H llJIOCKOCTH CTOJIKHOBeHHH o6pa3yeTCH o6JiaCTL C:>Ka • 

TOrO Bell.{eCTBa, paCIIIHpHIOII.{aHCH B npou;ecce CTOJIKHOBeHHH, 

a pe3yJILTaTe qero no HaJieTaiOII.{eMy cno10 Ha1.fHeT pac­

npocTpaHHTLCH y)].a~~ag BOJIHa. 

KaK H3BeCTHO , 6 ' ,3aKOHhl coxpaHeHHH Macchi, HMnynLca 

H 3HeprHH Ha <lJpoHTe y)].apHOH BOJIHLI B CHCTeMe D;eHTpa 

MaCC HMeiOT BH)]. 

p (u-D)=-p D, 
0 I 

2 2 
P0 + p 

0 
( u- D) = PI + p I D 

/2/ 

l... 2 1 2 
w 0 + 

2 
(u-D) =WI+ 2 o , 

r.LJ.e u - CKopocTL JJ.BH:>KeHHH cpe.n.hl, D - cKopocTL y.n.apHoii 

BOJIHLI, p H p - ITJIOTHOCTH HeB03Myll.{eHHOH H C:>KaTOH 06· 
u 0 I 

JiaCTeH cpe,IJ,bl, COOTBeTCTBeHHO, W • 3HTaJibllHH CHCTeMLI. 

~JIH BLI1.fHCJieHHH llOCJie)].HeH He06XO,IJ,HMO 3HaTb ypaBHeHHe 

COCTOHHHH H,IJ,epHOrO Bell.{eCTBa, KOTOpOe MLI Ja,IJ,a)].HM B BH,IJ,e 

P(p,s)=A(s)(p-p'/ -B, /3/ 

r)].e p • )].aBJieHHe, s • 3HTPOITHH, npHXO)].Hll.{aHCH Ha HYKJIOH. 

YpaaHeHHe /3/, c OJJ.HOii CTopoHLI, noJBOJIHeT nony1.fHTL 

aHaJIHTH1.feCKOe pellieHHe CHCTeMLI /2/ H, C J].pyroii CTOpOHbl, 

OTpa:>KaJI OCHOBHble OC06eHHOCTH llOBe,IJ,eHHJI J].aBJieHHJI B 

CHCTeMe B BHTepecyJOII.{eH HaC 06JiaCTB H3MeHeHBJI llJIOTHO· 

CTB /o6pall.{eHBe J].aBJieHBH B HYJIL llpH paBHOBeCHOM CO· 

CTOHHBB, p =po , a Hanaqae ero MHHBMyMa npa p=p' I, 
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o6o6I.QaeT JaBHCHMOCTH P(p ,s ), nonyqaeMLie B pa3nH'IHLIX 

no,D;XO,D;aX *. B 'laCTHOCTH, Ha,D;ne:>Kai.QHM no,D;60pOM KOHCTaHT 

p; y , B H JaBHCHJ..Qe:H oT 3HTponHH KOHCTaHTLI A MO:>KHO 

napaMeTpH30BaTL B onpe,D;eneHHOH o6nacTH H3MeHeHHH nnoT­

HOCTH H3BeCTHOe nony3MnHpH'IeCKOe ypaBHeHHe COCTOHHHH 

.bpaKHepa/
10 

HnH ero o6o6J..QeHHH .D;nH T f 0 .·:~ 
Ecnu B ypaaHeHHH /3/ npeHe6pe'IL p' no cpaaHeHHJO 

C p /T.e. C'IHTaTL, 'ITO p'/p<-:1 /, TO 3HTanhnHH nerKO 

Bhi'IHCnHeTCH: 

w =~+I P(p~- dp=-A(_:;1)_ py-1 
p 2 y-p 

B 
+ -·- ' const . 

p 
/4/ 

Y CnOBHe p '·'p << 1 BhlllOnHHeTCH He C O'leHL XOpOllieH TO 'I­

HOCTLIO, O,D;HaKO, KaK 6y,D;eT BH,ll;HO H3 ,D;anLHeHWero, 3TO He 

npHBO,ll;HT K Cyi.QeCTBeHHOMy HCKa:>KeHHIO 3aBHCHMOCTH p/p (u). 
PernHB cHcTeMy /3/ c y'leToM /4/, nony'IHM: 

0 

a~/u2+(y+ 1)/4 +va5 /u 2 + (y+ 1)
2
/16 ; 5; 

Pt I p 0 = ---------------

2 
a 1 y-1 2 
--= 1 +(--) 
a2 2 

0 

a 2 /u2t- ( y-1)/2 
0 

u2 (y-1)u 2 .aij (y+1f 
--+---y-+---
a2 a2 u2 16 

0 0 

/6/ 

. ifP, to. 
3,D;eCb a=y' ---1 - CKOpOCTh 3ByKa, a = 0,184 H3 a p s,-,eonst 0 

113 COOTHOllieHHH /5/ BH,ll;HO, 'ITO C yaenH'IeHHeM CKOpOCTH 

CTOnKHOBeHHH U OTHOllieHHe p l / p O CTpeMHTCH K npe,D;enL-

HOMY 3Ha'leHHIO y+ 1/ y- 1 , KOTOpoe, O,D;HaKO, cpaKTH'IeCKH 

6y.D;eT MeHhllie, T .K. npH 3HeprHHX CTOnKHOBeHHH Bhillie no­

pora Me30H006pa30BaHHH ypaBHeHHe COCTOHHHH /3/ B o6-

I.QeM cnyqae MO:>KeT HMeTL ,D;pyro:H BH,ll;. 

* Ha Heo6xo,D;HMOCTL BBe,D;eHHH B ypaaHeHHe /3/ napaMeT­
pa p '=p min , OTBe'laJOI.Qero 3Ha'leHHIO nnoTHOCTH H,D;epHoro 
BeJ..QeCTBa, HH:>Ke KOTOpOH Ha'IHHaeTCH pa3Ban H,D;pa Ha cppar­
MeHThl, 6LinO yKa3aHO 3.M • .bapnHTOM. 

6 

0TMeTHM, 'ITO /5/ B cnyqae y= 2 B TO'IHOCTH COBna,D;a­

eT c JaBHCHMOCTLIO P/ Po OT qucna Maxa M=u/a 0 , nony­

'leHHOH B pa6oTe /3/ 'IHCneHHhiM MeTO,ll;OM Ha OCHOBe ypaa­

HeHHH COCTOHHHH .bpaKHepa /CM. pUC. 1/. 3aBHCHMOCTh 

CKOpOCTH 3ByKa B H,D;epHOM BeJ..QeCTBe OT 3HeprHH CTOnK­

HOBeHHH B na6opaTOpHOH CHCTeMe KOOp,ll;HHaT npHBe,D;eHa Ha 

puc. 2. 
1 
~· 
lO 

I 
't·d.. 

t = 'l. s 

I /~ 
2.0 

\,") 

1/ 
") M 

lb (, cb.4 1~9.~ US,(. I<IS' u t '- (t--1•~/~~~<~>ot~J 

Puc. 1. 3aeucuMocmb omHocume/lbHOil nAomHocmu cocmaeHoil 
cucmeMbl om '-IUC/Ia Maxa M u :JHepzuu cmo/IKHoeeHUJL 
Kpuea.11 0/1.11 y ~ 2 no/IHOC1/Ib10 coenaoaem c coomeemcmeyJO­
Uieil Kpueoil, noAy'-leHHoil e pa6ome · :l .. 

•• 
~ 
10 

{= 'l..S 

., -a~ '2. 

0 so 100 ISO '"" 
E<,t,.,v .. ,.._ l 

Puc. 2. 3aeucuMocmb cKopocmu 3eyKa e cocmaeHoil cucme­
Me 01/1 3H€p2UU C1/IO/IKH06€HUJI. 
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<l»opMyJihl /5/, /6/ ITOJiy'ieHhl B npe~ITOJIO)KeHHH, 'ITO 

BCJI KHHeTH'ieCKaJI 3HeprHJI COy~apeHHJI TpaTHTCJI Ha yBeJIH­

'ieHHe nnoTHOCTH H uarpeB JI~epuoro Be~ecTBa. Ecnu 

yqecTh, 'ITO qacTL ee yxo~HT ua KOHKypupyromue npBMLie 

npoiJ,eCChl, TO 3TO npHBe~eT K HeKOTOpOMY yMeHhllleHHIO 

p
1 
I p 0 /npu 3Hepruu coy~apeHHJI 100 M3B/HYKAOH B na-

6opaTopuoil CHCTeMe, y = 2-2,5 H npH YCJIOBHH ITOJIOBHHHhiX 

noTeph ua KOHKypupyro~ue npou.eccLI p
1 

I p 
0 

yMeHLUia­

eTcJI ua 150/ol. 

3. r A30AHHAMHfJECKHH PA3JIET COCTABHOH 
CHCTEM.bl 

llocne Toro KaK y~apuaJI Bonua npoil~eT no BCeMy 

06'beMy, 3aHHMaeMOMY Jl~epHhiM Be~eCTBOM, 3a BpeMJI 

-10"22 
C, o6pa3yeTCJI B036y)K~eHHaJI COCTaBHaJI CHCTeMa 

C ITJIOTHOCThiO p l H CKOpOCThiO 3ByKa a l, KOTOpaJI 3aTeM 

Ha'iHHaeT HCllhiThiBaTh H33HTpOITH'ieCKOe paCUIHpeHHe, OITH­

ChiBaeMOe CHCTeMOH ypaBHeHHH ra30~HHaMHKH B dJopMe 

JiarpaH)Ka/ I 1 /: 

au aP 
--+--= 0, at ah 

17/ 
av au 
- ---=0 
at ah 

H ypaBHeHHeM H33HTpOllhl 131 (s = const),r~e V=.l_- y~eJihHhiH 
06'heM, h - JiarpaH)KeBa KOOp~HHaTa, KOTOpa,{Bhi6HpaeTCJI 

TaKHM o6pa30M, 'iTOfihi npaBhiH Kpail CHCTeMhl COOTBeT­

CTBOBaJI h =0. lloCKOJihKY d h = p d x lnpu t = const I, TO 3Ha­

qeuue narpau)KeBoil Koop~uuaTLI paBuo Macce 3JieMeHTa 

cpe~hl, 3aKJIIO'ieHHOrO Me)K~y KpaeM CHCTeMhl H ITJIOCKOCThiO, 

OTBe'IaiOll{eH JiarpaH)KeBOH KOOp~HHaTe h . ilJIOCKOCTH CHM­

MeTpHH npH 3TOM COOTBeTCTBYIOT h =·pIP, r~e 2 e - pa3Mep 

COCTaBHOH CHCTeMhl. 

I13BeCTH0
1 

I 1/'ITO ITOKa nepBaJI lrOJIOBHaJII BOJIHa pa3pe­

)KeHHJI ue ~ocTHrna nnocKOCTH CHMMeTpHH, peUieuue 17 I 
eCTh npOCTaJI pHMaHOBCKaJI BOJIHa pa3pe)KeHHJI: 

8 

I 
I 

~ 

U=C+fwdv, 

h = -wt, 

r~e 
y-I 

aP - -· 
w=,./-7J-v=\/Ayp(p-p') 2 

A. CAy'lau y =2 /mo'lHOe peweHue/ 

/8/ 

/9/ 

BLI'iHCJieuue HHTerpana B Bhipa)KeHHH 181 ~JIB npoH3-

BOJihHOrO y 3aTpy~HHTeJihHO. 3~eCh Mhl OrpaHH'iHMCJI pac­

CMOTpeHHeM CJiy'iaJI y = 2, 'ITO IT03BOJIHT ITOJIY'iHTh 3Hepre­

TH'ieCKHH CITeKTP BhiJieTeBUIHX 'iaCTHIJ, B auaJIHTH'ieCKOM 

BH~e. llo~CTaBHB Y = 2 B 181, Bhi'IHCJIHB HHTerpaJI H on­

pe~eJIHB KOHCTaHTY C H3 Ha'iaJihHhiX yCJIOBHH U =0 , p=p I , 

aca 1 , nony'IHM 

v- arctgv 
U =U (1- -------) 

m v -arc tgv 
I I 

/10/ 

u =2a (1-
m I 

Y2 Y2 
arc tgvl__), v= (pip' -1) ; vI =(p/ p' - 1) · 

VI 

llocne Toro KaK ronoBuaJI BOJIHa pa3pe)KeHHJI, u~ymaJI 

co cKopoCThiO al, ~OCTHrHeT nnocKOCTH CHMMeTpHH / 3a 

BpeMH - 10"22cl, OT Hee ITOH~YT B03My~eHHJI, pacnpo­

CTpaHJIIO~HeCJI no cpe~e, OITHChiBaeMOH COOTHOUieHHJIMH 

191·1101 B~OJih xapaKTepHCTHKH w= dh/dt, HJIH 

h= ~ 
t 

PeUieHHe 1111 c Ha'iaJihHhiM ycJIOBHeM h=-pi e 
eCTh cPPOHT OTpa)KeHHOH BOJIHhl pa3pe)KeHHJI 

PI e 2 
h=---. 

ait 

1111 
e t- -­- a I 

1121 

)J;BH)KeHHe cpe~hl 3a cPPOHTOM OTpa)KeHHOH BOJIHhl ~OJI)KHO 

OITHChiBaThCH o6~HM peUieHHeM ypaBHeHHH ra30BOH ~HHaMH­

KH 17 I, ~JIB uaxo)K~eHHJI KOToporo npe~noJIO)KHM, 'ITO B yKa-

3aHHOH o6JiaCTH rpa~HeHT ~aBJieHHJI MaJI, T .e. aPIa h = 0 • 
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3TO npu6nH)I(CHHC COOTBCTCTBYCT ,nBH)I(CHHIO l.faCTHU 3a 
4JpoHTOM OTpa)I(CHHOH BOnHbl llO HHCPUHH, npH 3TOM HHTer­
pan cncTeMLI 17 I nMeeT au.n u = u( h). ,ll.anee Heo6xo.nnMo 
"cKneHTb" 3TO perneHHe C perneHHCM pHMaHOBCKOH BOnHLI 
Ha 4JpOHTe OTpa)I(CHHOH BOnHbi: 

u(h)~u pHMaH. (v(h{t(h))), 

r.ne 11 (h, t) onpe.nen.HeTc.H H3 191, a t(h)- H3 1121. 
llpo.nenaa yKaJaHHbie no,ncTaHOBKH, nonyl.IHM: 

---), 
u = u m ( 

1 
- ; _arc t g vI 

I 1131 

v ( v2 + 1) = ~I h 2 
p 'Pl-. 

)l.nH HaXO)I(,nCHHH pacnpe,neneHHH l.faCTHU llO 3HeprHH 
npe,nnonO)I(HM, "'TO 3HeprHH 3THX l.faCTHU CBO,nHTCH TOnbKO 
K KHHCTHl.feCKoii 3Hepruu E= f mu 2 I m - Macca 'laCTHUbi, 
HanpnMep uyKnoual. que no 'laCTHU dN , oTBe'laiOIUHX npu­
paiUeHHIO narpaH)I(CBOH Koop.nuuaTbi dh, onpe.nenHeTCH co­
OTHorneHHeM dN = dh I m, OTKy,na 

-j!£i- = ____ ! _____ ' 1141 
N E Nu au m2 

~ 
r.ne N= p f /m - nonuoe 'IHcno 'laCTHU B cncTeMe. CooTuo-
rneuue ) 141 uopMnpoaauo ua e.nuuuuy. llo,ncTaBHB I 131 
a I 141, oKouqa TenbHO Haxo,nHM 

d N ( v 1- arc tg vi ) 
2 

N~ = 4v~~~+ 1) 

f= ~ =O- v- arctgv )~ 
E m v I- arc tg vI 

10 

v~:I-Ov2 +1) 

s;i 
[(v -arctgv )-(v-arctgv )]v 

I I 

1151 t 
1 

B. C/ly'lail npou3BO/IbHOZo y . 

Pa306beM aero o6nacTb perneHH.H Ha 2 no.no6nacTH, 
B o.nuoii H3 KOTOpbiX p- p I I cne.noaa TenbHO, MO)I(HO Cl.fHTa Tb 
p » p' I, a B .npyroii - p-p '« p '. ,ll.ena.11 B HHTerpane 181 
COOTBCTCTBYIOIUHC npu6nH)I(CHH.II, nocne KOTOpbiX OH nerKO 
Bbi'IHCn.IICTC.II, H llO,nCTaBnHH nonyqeHHbiC Bblpa)I(CHH.II B 
cncTeMy 17 I, nonyqaeM .naa perneHH.H .nn.11 Harnux no.no6na­
cTeii: 

y- I y+ I 

u(p) =C
1

-vAy _]_ p-2-, h =-wt=-vAy-p 2-t; 1161 
y-1 

y+l 

u(p)=C 2-yAy_l_- (p-p')-2 
y+ 1 p, 

y- I 

- 2 
,h=·wt= -yAy p(p-p) t. 

1171 

TaK KaK .nn.11 uaqana pa3neTa p -p
1 

, To MO)I(HO onpe.nenHTb 
KOHCTaHTY C 1 B 1161 H3 ycnOBH.II u,O llpH p=pl ,(a .. a 1). 

Tenepb 3TH perneuu.H .non)I(Hbi 6biTb "cKneeHbi". llpupaBH.HB 
npOH3BO,nHbiC hi!.-, H3 1161 H I17IHaXO,nHMT01.fKY "cKneu-

BaHH.II" ------
* '"' 1 ( 1- . ; 5 Y- 3 ) , P =p u = T + v--y+T- P . 

KoucTaHTa C 2 B I 17 I onpe.nen.HeTC.H H3 ycnoBH.H coana.ne­
HH.H 1161 u 117 I npu p=p*. 0KOH1.faTenbHo: 

y -l 

( 2al h ""Y+T u h,t)=---[1-(- --) ], 
y-1 aip 1 t 

1181 

, y+l 
2a 1 y - 1 a - P 1 h y-T 

u(h, t) = ----- [1- -- _:J...---"- (- -----) ] , 
y- 1 y+1 a~ p' a

1
p' t 

v-I 1:.=-l.. 1 y+l 
'--=- 2 y- --

a}/al=1-(p'/pl) 2 [o -Y+""l(o-1) 2 ]. 

1191 

CKOpOCTb, npH KOTOpOH 1181 H 1191 COBna,naiOT, onpe,ne-
n.HeTc.H: 

11 



2 ai o , y -I 
u*= -- [1- (-p- )-2- ]. 

y-1 p 
I 

Tenepb nerKO HaRTH o6naCTB, B KOTOpbiX 
peWeHBJI, COOTBeTCTBeHHO, 1181 B 1191: 

y+ I 
op' -2-

-pif::;h~-aipid--) =hi, 
PI 

y-I 

] 2 :s h s; 0. 

1201 

cnpase,nnBBLI 

1211 

1221 

cl>poHT oTpa)l(eHHoii sonHLI no- npe)I(HeMy onpe,nenJleT­
CJI ypasueuueM 1111. KoHcTaHTa C .non)I(Ha onpe,nenJITLCJI 
no oT ,nenLHOCTB ,nnJI o6nacTeii 1211 u 1221. B o6nacTB 
1211 peweuue 1111 npoxo,nHT qepeJ ToqKy h=-p 1f, t"' a/f, 
DpB 3TOM 

PI p 2 
h""- ---

al t 
1231 y+l 

f P1 -~---
.IJ;OCTHraeTCJI npB t * • 3'} ( ~-) · 
onpe,nenBTL uaqanLHoe ycnos;fe ,nnJI 1111 B o6nacTB 1221: 

Tenepb MO)I(HO 

h=h2(t*); t-t*. fipOBJBe,IJ;Jl He06XO,IJ;BMble DO,IJ;CTaHOBKH, 

nonyquM y-I 
2 --

h PI f ( o- 1) 2 

-=-taoY+ 174 
I 

1241 

)J,anee 6y,neM cquTaTb, qTo Ja clJpOHTOM OTpa)l(eHHOH 
BOnHLI, KaK B B cnyqae A, BMee'f. MeCTO aP/ah=0 B, 
cne.nosaTenLHO, u,..u( h). 3To peweuue ueo6xo,nuMo "cKne­
BTL" C COOTBeTCTBYJOIUBMB peweHBJIMB npOCTOH BOnHbl 
1181, 1191. B peJynLTaTe nonyqBM 

12 

2ai h ) 
u(h)=-- [1-(- ""DTp-

y-1 I 

2(y-I) 
y+I 

], 

2 
( y+ I) 

2a' 2(y-l) 
u(h)= __ I_ [ 1-~ y-1 PI o 

Y- 1 a I Y + 1 ;;: (-o---1)_Y_i_1 

1251 

2 ( y+ 1) 

y.:T] (- h ) . 

yp'plf 1261 
I 

fiO.IJ;CTaBBB 3TH peWeHBJI B 1141, nonyqBM CDeKTp, COCTOJI­
ll.{BH BJ .IJ;Byx "cKneeHHbiX" KYCKOB: 

dN 1 y+1 --=----
NdE 4E' y-1 m 

(3- y) 

(1-yE/E' )-:rry=-o 
--~-m __ 

yE/E' 
m 

.L_ y- I y-:!_ 

_dN _ 1 ( p') y+l a'I 2<y+l) (o-1)2 
NdE -4E p <-a-

1
) ---y;:-r-x 

O<E<E*· - - , 

m I 0 4 
/27! 

-~ 
X [ (y+ ~1-Y ~~Em ) ] 2

(y+ i) 
y-1 -

E*<E <E - - m 

3,necL 2 , 2 
, 2m a 1 2 m a 1 * 1 * 2 E ,., ---- ; E .. ----- ; E .., - m u . 

m (y-1) 2 m (y-1) 2 2 
CneKTp 127 I npu Y"" 2 .nosonLHO xopowo cosna,naeT co 

cneKTpoM 1151, u see ero KaqecTBeHHLie oco6eHHOCTB o,nu­
HaKOBLI DpB n1060M y. 

llonyqeHHLie cneKTpLI I 151 u 127 I BMeiOT .nse xapaK­
TepHble OC06eHHOCTB : cy~eCTBeHHO He3KCDOHeHUBanLHYIO 
tilopMy B TOqKy OKOHqaHBJI, KOTOpOH COOTBeTCTByeT MaK­
CBManLHaJI 3HeprBJI Em' npuqeM OHa OKaJLIBaeTCJI 6onLwe 
3HeprHB, DpHXO,IJ;Jl~eHCJI Ha O,IJ;BH HyKnOH B CTanKBBaiO~BXC.II 
Jl.IJ;pax E CT luanpBMep' .IJ;nJI E cr= 25 M3B B CUM Em= 
= 32 M3B * 1. 3TBMB )l(e oco6eHHOCTJIMH o6na,naroT u 
cneKTpLI, nonyqeHHLie B pa6oTe 19 ~ O,nuaKo sse,neuue rra­
paMeTpa p, DpBBO,IJ;BT K DO.IIBneHBIO cymeCTBeHHbiX OTnB-

* 3To JIBn.HeTc.H csoero po,na uepenJITBBBCTCKBM auano­
roM KyMyn.HTBBHOrO 3cllclJeKTa, 06Hapy)l(eHHOrO B CTOnKHOBe­
HB.IIX penJITBBBCTCKBX ,IJ;eHTOHOB C aTOMHbiMB Jl.IJ;paMB /12/. 
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'IHH OT HHX: 3Ha'IHTenbHO H3MeHBeTCB OU,eHKa MaKCHManL· 

HOB 3HeprHH /JJ.nB EcT= 25 M3B, Em = 32 M3B H3 /15/ 

H Em = 200 M3B aHanorH'IHO /9/ / H, 'ITO caMoe 

CyllJ,eCTBeHHOe, HMeeT MeCTO aHOManbHO 6onbWOH BbiXOlJ. 

'laCTHU C 3HeprHeH, 6nH3KOH K MaKCHManbHOH /HanH'IHe 

HHTerpupyeMOH oco6eHHOCTH npH E xE m /. 

4. 3AKJIJOqEHHE 

0JJ.HOMepHoe HepenBTHBHCTCKOe paCCMOTpeHHe Heynpy· 

roro CTOnKHOBeHHB TB:>KenbiX BJJ.ep, HeCMOTpB Ha ero or­

paHH'IeHHOCTb, ll03BOnBeT nony'IHTb 3HepreTH'IeCKHH cneKTp 

H OU,eHKH BepxHeH rpaHHlJ,bl yBenH'IeHHB nnOTHOCTH BJJ.ep­

HOrO BellJ,eCTBa H HH:>KHeH rpaHHU,bl He06XOJJ.HMOH JJ.nB 3TOrO 

JHeprHH CTOnKHOBeHHB. HanpuMep, JJ.nB JJ.OCTH:>KeHHB P/P 
0
-2 

He06XOJJ.HMO HMeTb ny'IOK TB:>KenbiX HOHOB C 3HeprHeH, KaK 

MHHHMyM, 100 M3B/HYKAOH B na6opaTOpHOH CHCTeMe. 

Heo6xoJJ.HMO oTMeTHTb, 'ITO nonyqeHHble cneKTpbi, cTpo­

ro rOBOpB, He BBnBIOTCB ClleKTpaMH BbineTeBWHX 'laCTHU,, 

llOCKOnbKY B HaWeM llOJJ.XOJJ.e Ha CaMOM JJ.ene HMeeTCB nHWb 

ycnoBHoe pa36HeHHe cnnowHo8 cpeJJ.LI Ha narpaH:>KeBLI qac­

THU,bl onpeJJ.eneHHOH MaCCbl, H !l>opMynbl /15/, /27/ OllHCbJ· 

BaiOT pacnpeJJ.eneHHe narpaH:>KeBLIX qacTHU no JHeprHBM, 

o6ycnoBneHHOe paCWHpeHHeM BJJ.epHOH CHCTeMbl. 0JJ.HaKO 

BCHO, 'ITO !l>opMa cneKTpOB 6yJJ.eT COXpaHBTbCB C He6onb· 

WHMH H3MeHeHHBMH H JJ.nB BblneTeBWHX 'laCTHU,. )l.nB 3TOrO 

Heo6XOJJ.HMO YMHO:>KHTb HX Ha HeKOTOpyiO BeCOBYIO il>YHKU,HIO 

f(E), JaBHCBI.QYIO oT JHeprHH, CMbiCn KoTopo8 JaKnJO'IaeTcB 

B TOM, 'ITO 3Ta il>YHKU,HB JJ.On:>KHa OllHCbiBaTb BepOBTHOCTb 

BLineTa Hl BJJ.pa 'laCTHU.bl c 3HeprHe8 E. 
HcnonLJOBaHHe il>YHKUHH f(E) npHBeJJ.eT K ycTpaHeHHIO 

oco6eHHOCTH JHepreTH'IeCKHX cneKTpoB npu E=O. qTo :>Ke 

KacaeTCB oco6eHHOCTH npu E "'EM, TO oHa o6ycnoBneHa CHH­

rynBpHOH !l>opMynHpOBKOH rpaHH'IHOrO ycnOBHB Ha !l>pOHTe 

paJneTa H MO:>KeT 6biTb YCTpaHeHa BBeJJ.eHHeM JJ.H4>il>Y3HOCTH 

noBepxHoCTHoro cnoB pacwupBIOllJ,eucB cHcTeMbl. CneKTP 

npH 3TOM, OJJ.HaKO, H3MeHHTCB nHWb B ManoR OKpeCTHOCTH 

TO'IKH C MaKCHManbHOH 3HeprHeH,H ero CBOHCTBO JJ.aBaTb 

aHOManbHO 6onbWOH BbiXOJJ. BbiCOK03HepreTH'IHbiX 'laCTHU, 

Ka'leCTBeHHO COXpaHHTCB. 

14 

0TMeTHM TaK:>Ke, 'ITO nony'leHHbiH HaMH BbiBOJJ. 06 aHO" 

ManbHO 6onbWOM BbiXOJJ.e 'laCTHlJ, C 3HeprHeH, 6nH3KOH 

K MaKCHManbHOH, Ka'leCTBeHHO cornacyeTCB C peJynLTaTOM 

pa6oTLI I 13/, nocBBllJ,eHHOH paccMoTpeHHIO BJJ.epHoro aHanora 

J4>!l>eKTa qepeHKOBa, B KOTopo8 pacc'IHTaHbl cneKTpbi BbJ· 

neTeBWHX 'laCTHU,, JJ.OCTHraiOllJ,He MaKCHManbHbiX 3Ha'leHHH 

JJ.nB JHeprHH, OTBe'laJOllJ,eu cKopocTH qacTHU. B CUM nopBJJ." 

Ka 2a 0 . 

<l>opMa cneKTpOB /15/, /27/ BBnBeTCB O'leHb xapaKTep­

HOH H o6ycnoBneHa raJOJJ.HHaMH'IeCKHM MexaHH3MOM pac­

CMaTpHBaeMoro npou,ecca. Ha puc. 3 BHJJ.HO, 'ITO !l>opMa 

clN 
N4E 

~ 

3 

l 

0.!) 
£: E 

~~ 

Puc. 3. 3Hepzemu'lecKuii cneKmp AazpaHxeebJX 'lacmufl 
I Ec=lOOM3B/HYKAOH/, ---p'=0,5p0 , ---p'=O,lp 0 , 
-·-p'=O. 

ClleKTpa OKa3biBaeTCB 'IYBCTBHTenbHOH K 3Ha'leHHIO napa­

MeTpa p' H BHJJ.Y ypaBHeHHB H33HTp0llbl. II03TOMY 3KCne­

PHMeHTanLHoe o6Hapy:>KeHHe xapaKTepHbiX oco6eHHOcTe8 

o6cy)l(lJ.aeMbiX CneKTpOB H TllJ,aTenbHOe H3MepeHHe HX 4lop· 

Mbl MO:>KeT JJ.aTb HH!l>OpMaU,HIO He TOnbKO 0 CTeneHH C:>KHMae· 

MOCTH, HO H 06 ypaBHeHHH COCTOBHHB BJJ.epHOH MaTepHH. 
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ABTOpbl 6naro~apxT r .H.<I>nepoBa, IO.IJ..OraHeCHHa, 
IO.A.MyJhlqKy, 6.W.llyCTblllbHHKa 3a HHTepec K pa6oTe H 
MHoroqHcneHHLie none3Hhle o6cy:>K~eHHH, a TaK:>Ke B.W.AH~­
prowHHa 3a ueHHLie 3aMeqaHHH, c~enaHHhle HM B xo~e pa-
6oTLI. 
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