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OcuBnnBDBB op6BTsposaBBH a nonsoM ce~eHBH nepeaapanKB 

fipOBeA9B IIOApo6Shll p&C'IeT pe8XUBB nepeaap.HAXH IIpOTOHOB 88.___ STOMa'"' r 

BOAOPOA8 B o6naCTB aseprall: CTOnKHOBeHBSI I0-2 ;S E ~ 0, 7 aBo B lfon-

BOM Ce'leBBB nepeaapHAKII 06HapylKeBPJ OCUJillllSIUIIB C SMIIllBTyAOI -0,1 
OT CpeABel B9llB'IHHhl Ce'leBBSio YcT8BOBll9HO, 'ITO Kone68Teli&B8SI CTpyltTypa 

C9'18HBSI o6&SIC8518TCSI SIBlleBBeM op6BTBpOB8HBSI B61IH3B sepWBHhl UeHTpo-

6elKB&IX 6ap&epOB ScjJI!JeKTIIBH&IX IIOT8HUB8ll0B 38A8'1Bo fipOBe.lleB cjla30Bhll 

aaanaa ce'leHBH nepeaapsraxa. 

fipenp11HT 06t,e,llJIHeHHOrO IIHCTHTyTa qepHIIIX IICCJteAOII8JDII. 

,lbr&la, 1974 

Ma tveenko A. V. , .Ponomarev L. I • P4 _ 8231 
Orbiting Oscillations in the Total Charge 

Exchange Cross Section 

The reaction of the proton charge exchange on hydro
gen atoms in the region of collision energies of 
10- 2 < E < o, 7 eV has been calculated in detail. In the 
total charge exchange cross s~ction there were observed 
the oscillations with the amplitude of about 0.1 from 
the average cross section value. It has been ~stablished 
that oscillation structure of the cross section is explain 
ed by orbiting near the peak of the centrifugal barriers 
of the effective potentials of the problem. The phase aha
lysis of the charge exchange cross section had been per
formed. 

Prepriat. Joint las~itute for Nuelear Researe •• 
Dubaa, 197 4 
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BeeoeHue 

IJOAp06HWB paeqeT peai<UHH rrepe3apJIAI<H aTOMOB BOAO
POAa B OeHOBHOM eoeTOJIHHH Ha AeBTOHaX 

H(ls) +d-. D(ls) +p /1/ 

npu 3HeprHJIX eTOJII<HoBeHH.II E ~ 0,5 3B rro3~0JIHJI o6uapy
~HTL oeuHJIJI.IIUHH B rroJIHoM eeqeHHH 3Toii peai<UHH/1 I. 

B AaHHoii pa6oTe yeTauoaneHo, qTo a rronuo:w: eeqeHHH 
eHMMeTplfquoii rrepe 3ap.IIAI<H 

H(ls) + p -> p + H(ls) /2/ 
-2 

rrpu 3HeprHJIX eToJII<HoBeHH.II 10 :::: E :::: 0,7 38 HMeiOT MeeTo 

auanoruquwe oeuunJIJIUHH. Hx rrepHOA oi<a3aJIC.II rrpuMepuo 

IIOeTOJIHHWM B WI<aJie HMIIYJILeOB, a aMIIJIHTYAa B rpy6oM 

1IpH6JIH~eHHH eOeTaBJI.IIeT 10~ OT BeJIHqHHW yepeAHeHHOrO 

eeqeHHJI. C poeTOM 3HeprHH OTHOeHTeJILHOro ABH~eHH.II 
OeUHJIJIJIUHH 3aTyXa10T /eM. puc. Jaj. 

06uulii XOA eeqeHH.II rrepe3apJIAI<H /2/ a HHTepaane 3Hep
ruii eTOJII<HoBeHH.II 10-4 :::; E ~ 5 3B 6wn paeequTaH uaMH 

pauee 121. B uaeTO.IIIUeii pa6oTe rroeTaHOBI<a 3aAaqu, 

MeTOAHI<a H TOqHoeTL BWqHeJieHHJI 4Ja3 paeeeJIHH.II OeTaJIHeL 
rrpe~HHMH. 

BHA 34wbei<THBHWX rroTeHuuanoa, orrpeAeJI.IIIOIUHX rrpoueee 
paeeeJIHHJI /2/ /eM. pUC. 2/, DO MHOrOM THIIHqeH AJI.II aTO:W:

HWX eTOJII<HOBeHHB: OTTaJII<HBaHHe Ha MaJIWX paeeTO.IIHHJIX, 

MHHHMYM IIpH I<OHequwx R H AaJILHOAeiieTBYIOIUHB "XBOeT" 
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Puc. 1. a/. lloAHOe ce'leHue cUMMempu'lHOU nepe3ap.R6Ku 
!I(Js) +p, p-+ H(ls) KaK tflYHKilUJI uMnYAbCa pacce.RHWL 

HAmyAbCbl oaHbl8 eouHUilax 3aOa'lu, ce'leHUJI 6 eouHUilax 
10-16 cM 2 , E ~· 1,48. 10-2 k 2 3B. 6/. Op6umaAbHbiU 
MOMeHIII KQK f/JyHKijUJI U.MnyAbCQ op6U111Up06UHWt k f ,onpe
OeAeHH020 COOIIIHOWeHUeM /10/. 3Ha'leHUJI k = kr C001116e111-
C1116YK>111 MUKCUMYMUM /KPYJICKU/ U MUHUMYMUM fKpeCIIIUKU/ 
ce'leHUJI a ex ( k) . B Hau6oAee UHmepeCHOU o6Aacmu l' 5 ::;; 
'S. k _::: 4 mo'lKU, coom6emcm6yK>~IIIue napaM 3Ha'leHuu ( C 0 , k f) , 
zpynnupyiOIIICJI 60Kpyz np.RMOU 

npBTJI)I(eHHJI. Cel.feuue pacceJIHBJI ua TaKoM noTeuuuane 

uMeeT CJJO)I(H}'IO Kone6a TenLuyro cTpyKTYPY, KoTopaJI JIBnJI

eTCJI CJ1e,IJ.CTBBeM BHTep<lJepeHUBB KOJ1e6aHB~ TBllOB /
3

/ : 

op6BTBpoaauBJI (orbiting) , opeona (glory) B pa,IJ.yru 

(rainbow) • Ilepel.fBCneHHLie ocuunnJIUBB BMeJOT o6myro npu

po,IJ.y: uanBl.fBe CBJI3aHHLIX cocTO!IHB~ a pacceuaaromeM no-

Teuuuane. 
Ceqeuue nepe3apJI.IJ.KB /2/ onpe,IJ.enJieTCJI .IJ.BYMJI noTeu-

uuanaMB /eM. puc. 2/. KaK yBB.IJ.BM B ,IJ.anLHe~rneM, BX 
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Puc. 2. 3(xjjeKIIIU6Hble nomeHilUUAbl \! 11 ( R) ~ 2 \I \'i, 
11
(10 ' IH +11 ,_, ,_, H2 

onucbi6UIOU1Ue npoijecc nepe3ap.ROKU /3/. Ilo ocu opouHam 
QIIIAOJICeHbl _ 3Ha'leHUJI k2 6 eOUHUijQX 3QOQ'lU. IlyHKIIIUpOM 
omMe'leHa zpaHuija o6.11acmu op6umupo6aHUJI. CAa6&1u MUHu-
MYM nomeHijUaAa \ o ( TI) pacnoAoJKeH npu H = 12,55 /71. 

II . 

B3aBMHOe BJ1BJIHBe npHBO,IJ.BT K HCl.fe 3HOBeHHIO JIBJ1eHBJI opeona 

a cel.feHBB peaKUBB nepe3ap.R.IJ.KH, 'ITO cymecTBeuuo ynpomaeT 

auanB3 peJynLTaTOB pacl.feTa. 

0Cl.{BJ1J1JIUHH, o6uapy)I(CHHhiC B llOJ1HOM CeqeHHH nepe 3a 

P.II.D.KB /2/, o6) ·~noaneHLI KBaHTOBLIM auanoroM JIBneHHJI op6u 

TBpOBaHBJI, XOpOillO H3BeCTHOIO H3 KJ1aCCB1.feCKO~ TeOpHH 

pacce.RHBJI /
4

/. IlpH HHTepnpeTaUBH pe3yJ1LTaTOB Bhll.fBCJ1eHB~ 
OTMel.feuuaJI Knaccul.fecKa.R auanoru.11 oKa3hiBaeTCJI aecLMa 

CO,IJ.ep)l(aTeJ1LHO~ B llOMOraeT 06'LJICHHTL OCHOBHhle OC06eu

HOCTB llOBe,IJ.eHHJI Cel.fCHHJI: llOJ10:il<eHHe MaKl.HMYMOB B MBHB

MYMOB, 1.fBCJ10 H nepHO.IJ. OCUHJ1J1JIUH~, a TaK)I(e o6naCTh 3Hep

rB~ CTOJ1KHOBeHBJI, B KOTOpO~ HX MO)I(HO Ha6J110,IJ.aTL. 
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0CH06HbJe ypaeHeHUJI 

B .u;syxyposaesoM npa6JIH)KeHHH MeTo.u;a BOlMYIUeHHbiX 
CTa:QHOHapHbiX COCTO.IIHHH Ja.u;aqa 0 Bbi"'HCJieHHH ce"'eHH.II 
nepe3ap.II.D;KH .u;n.11 npouecca /2/ cso.u;HTC.II K peweHHID.D;Byx 
O,D;HOMepHbiX pa,D;HaJibHbiX ypaBHeHHH illpe,D;HHrepa /B e,D;HHH· 
uax e = -6. = m = 1 , 1/m = 1/m e + 1/2 M p I 

2 
_d_ X f ( R) + [ k2 - V f ( R) 1 X f ( R) = 0 , /3/ 
d R2 g' u g' u g' u 

r.u;e sse.u;eaw o6o3Ha"'eHHJI 

Ve (R) =2M[W (R)-W (oo)]-t{K (R)-K (oo)]+f(f+
1

) 
g, u g, u g,u gg,uu gg,uu R2 

k2
= 2ME, M=Mp/2, /4/ 

me H M p • MaCChi 3JieKTpOHa H npOTOHa COOTBeTCTBeHHO, 
E • 3HeprHJI OTHOCHTeJibHOrO ,D;BH)KeHB.II B CBCTeMe :QeHTpa 

aaepuaa. 
Tepww W g( R) B W u ( R) /co6cTBeaawe 3Ha'leHH.II Ja· 

,Aa"'H .D;BYX :QeHTpOB/ H a.u;Ba6aTH"'eCKBe nonpaBKH K TepMaM 
K g g ( R) a K u u ( R) /wa TPB"'Hble 3Jie:MeHTbl on epa Topos KH
HeTH"'eCKOH 3HeprHH .II,D;ep DO BOJIHOBW:M 4!YHKUBJIM 3a,D;a'IH 
.D;BYX :QeHTpOB/ BMeCTe C :QeHTpo6e)KHbi:M DOTeHUBaJIOM 
f(f + 1) I R 2 4loP:MBPYIOT .a;sa aa6opa 3clJc)eKTHBHbiX no
Teauaanos V! ( R) a V ~ ( R), nr,e.u;cTasneaawx aa puc. 2a a 26. 
4la3W pacce.IIHHJI oi( k) H ou (k),Bbi'IHCJieHHble H3 ypaBHeHHB 
/3/, no3BOJIJIJOT aaBTB ceqeaae nepe3ap.II.D;KH peax:uaa/2/: 

r.u;e 

6 

a e X ( k ) = -;- ~ ( 2 e + 1) SiD 
2 

[\ e ( k ) , 
k f=O 

l\e(k) ae(k)- ae(k) 
g u 

/5/ 

/6/ 

Pe3yAbmambl 6bi'IUCAeHuu 

Ha puc. 3a-3e npase~eaw cllalw o g (£) ~ o~ (k) , 
o u (e) = Ofu (k) H .c\{f) ~ t.f ( k) KaK 41YHKUHH op6HTaJibHOrO 

MOMeHTa e npa HeKoTopwx 41HKCHPOBaHHbiX 3Ha"'eHH.IIX E . 
0TMeTHM xapaKTepHble OC06eHHOCTH 3THX 41YHKUHH, onpe
.u;en.IIJOJUHX nose.u;eaae ce"'eHHJI. ilpe)K.D;e Bcero, aanaqae 
MaKCHMYMOB Ha rpa4laxax 4la3 [; g(f') H 0 

0
(f) yKa3biBaeT Ha 

To, "'TO nonaoe ceqeaae ynpyroro uacceJIHHJI .D;JIJI npouecca 
/2/ 

a = ~ ~ ( 2 e + l) ( sin 
2 0 e + sin 2 0 e ) 

k2 f= 0 g u 
/7/ 

6y.u;cT co.u;ep)KaTb ocuanJIJIUHH opeona, KOTopwe o6ecneqasa
JOTC.II 4lalaMH, y.u;osneTBOPJIIOIUHMH KBa3HKnaccaqecxoMy yc-

a /4-61 
JIOBHJO - 8 (f) = 0 . H3 puc. 3e BH.D;Ho, 'ITO 41YHKUHH ae g 

.c\(e) MOHOTOHHO y6wBaJOT, H, CJie,D;OBaTeJibHO, B Ce'leHHH 
nepe3apJI,D;KH /5/ JIBJieHHe opeona OTCYTCTByeT. 

)lnJI o6nacTa op6aTaposaa~ x~aKTepaa CHJibHaJI 3asa
CHMOCTL 4la3w pacce.IIHHJI OT f 3 ' 4 • H3 puc. 3 CJie.u;yeT, 'ITO 
TaKoe nose.u;eaae .c\(e) nonaocTbiO onpe.u;enJieTcJI 4la3aMa 
o (f), B DOTOMy OCUHJIJIJI:QHH op6HTHpOBaHHJI 6y.u;yT npa

CyTCTBOBa Tb KaK B nona oM ceq~aaa /7 I, TaK a B ceqeaaa 
nepe3apJI,D;KH /5/, DpH'IeM HX DOJIO)KeHHe 3aBHCHT JIHWb OT 
noTeauaana V g ( R ) • 

CeMeHCTBO 41YHKUHH /'1. e ( k) npase.u;eao Ha puc. 4 . 
C yMeHbWeHHeM k 3TH 41YHKUHH CTpeMJITCJI K BeJIH'IHHaM 

e e e 
/'1. ( 0) = 77 ( n g - n u ) = 77 n e ' /8/ 

e e v 

r.u;e ng lfv nu paBHbl 'IHCJIY CB.II3aHHbiX COCTOJIHHH BDOTeH· 
uaanax Yg ( R) a V ~ ( R) cooTBeTCTBeHHo. Kax HJBecTao/7 I, 
nO = 20 H nO = 2 H B COOTBeTCTBHH C 3THM L\ 0( 0) = 18 77. g u 

BecLMa npaMe'laTeJILHo, 'ITO npa6JIH)Keaaoe paseHCTBo 
L\ O ( 0) "' 18 77 OKa3b1BaeTC.II BepHbiM B O'leHb WHpOKOM 

HHTepsane 3'aqeaaii k /eM. puc. 3e/. Ilpa yseJIH'IeHHH 
f 3Ha'leHHe n u o6pa~:QaeTC! B BY Jib H BeJIH'IHHa nf CTaHO • 
BHTC.II pasaoii L\ 

0 
( 0) I 77 = n g , T. e. qacny yposaeii B noTeH

uaane Vi ( R ) . 
7 
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Puc. 3. tl>a3bl pacce.RHUJI KaK (JyHKflUU op6u111aAbHOZO MOMeH-
111a npu (JuKcupoeaHHoil 3Hepzuu c1IIOAKH06eHUJI. a/. tl>a3bl 
Og(e)"' oe ( k) . Ilo CM€UieHU10 MQKCUMYM06 KpU6biX MOJIC
HO onpebeAU111b nepuoo OCflUAAJiflUU opeoAa 6 ynpyzoM ce'le
HUU /7/, K01110pb1U ( /'1 k "' l) OKQ3bi6Q€111CJI npu.MepHO 6 111PU 
pa3a 6oAhwe nepuoOQ OCflUAA.RflUU op6u111upo6aHUJI ( 1'1k "'0 ,3). 
6/. tl>a3bl 0 (f) = afu ( k) . B o6AaC111U UMnyAbC06 op6umu
po6aHUJI ( l :_S ~ .:S 5) U npu 3Ha'leHUJIX op6U111Q/IbHbiX MOMeH-
11106, UM coo1116e111C1116Y10UIUX I eM. puc. 16/, {1a3bl 8 ~ ( k) MaAbl 
U npaK111U'l€CKU nOC1110JIHHbl, U n031110MY He 6AUJI10111 Ha C111pyK-
111YPY OCflUIIAJiflUU op6U111Up06aHUJI. 6/. 4"JyHKflUU 1'1(£)= t1f ( k) 
MOH01110HHO YM€HbWQ10111CJI C pOC1110M e , ~1110 o6oJICHJie111 0111Cy111-
C1116U€ OCflU/1/IJiflUU opeoAa 6 C€'1€HUU nepe3ap.R0KU /2/. 

liBCJIO CBJI3aHHbiX COCTOJIHBH n £ C pOCTOM C yMeHLWa

eTCH, B nocne,nHBii ,nucKpeTHhlii ypoaeHL ucqeJaeT npu 

r=36. e 
Pe3KBe cKaqKB ~a3 ~ (k) npu HeKoTophlx 3HaqeHBJIX 

k CBB,neTeJihCTB}'IOT 0 HanuqBB KBa3BCTa~BOHapHb1X COCTOJI

HBH B noTeH~Banax v eg ( R) I oqeBB,nHO' BX :meprBJI He MO

>KeT npeahlwa Th BbiCOTbl ~eHTpo6e>KBoro 6apLepa/. llucno 

KBa3BCTa~BOHapHbiX COCTOJIHBH n{ Be npeabiWaeT Tpex 

u nocne,nHee B3 HBX ucqeJaeT npu r = 42 aMecTe c 11cqeJHo

aeHBeM MBHBMyMa a noTeH~Hane V ~ ( R) • 
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B ce'leHHH a e x ( k) 3TH KBa3HCTa:UHOHapHble coCTOJIHHJI 

npOJIBllJIIOTCJI KaK y3KHe pe30HaHCbl /Ha puc. 1 OHH He noKa-

3aHbl BBH.IJ.Y CBOeii MHOrO'IHCneHHOCTH/. llono>KeHHe 3THX 

pe30HaHCOB nerKO onpe,ll.enJieTCJI H3 puc. 4, a HX OTHOCHTenL

HaJI BbiCOTa MO>KeT 6blT.b Bbi'IHCneHa no 4JopMyne ,IJ.llJI nap

:UHanhHbiX Ce'leHHH 

e a 
ex 

=_!!_(2£+l)t 
k2 

/9/ 

ffiHpHHa pe30HaHCOB 3KCnOHeH:UHanhHO yaenH'IHBaeTCJI no 

Mepe npH6nH>KfHHJI K aepUIHHe :ueuTpo6e>KHoro 6apLepa no

TeH:UHanoB V g ( R) H B OKpeCTHOCTH ero aepUIHHbl CTaHO

BHTCJI cpaaHHMOii c paccTOJIHHeM Me>KJJ.y ypoBHJIMH. KaK 

cne,IJ.yeT H3 puc. 4, B 3TOH o6naCTH 4Ja3bl !'!,f (k) MeHJIIOTCJI 

eme ,IJ.OCTaTO'IHO 6biCTpO, 'IT06bl o6ecne'IHT.b pe30HaHCHOe 

noBe,IJ.eHHe Ce'leHHH, HO Y>Ke ,IJ.OCTaTO'IHO Me,IJ.neHHO, 'IT06bl 

UIHpHHa pe3ouauca oKa3anaci. 3Ha'IHTeni.Hoii. 

0CHOBHOe YTBep>K,Il.eHHe pa60Tbl COCTOHT B TOM, 'ITO OC

:UHllllJI:UHH B Ce'leHHH a ex (k) , npe,ll.CTaBneHHble Ha pUC. 1, 
06bJICHJIIOTCJI OC06eHHOCTJIMH BpO:U~CCa paCCeJIHHJI B6nH3H 

sepUIHHbl :ueuTpo6e>KHbiX 6ap1.epoa noTeHIUI&noB V ~ ( R) B, 

cne,IJ.oBaTeni.HO, oco6eHHOCTJIMH noBe,IJ.eHRJI 41&3 pacceJIHHJI 

B COOTBeTCTByiOI:ueii o6naCTR 3HeprHii CTOnKHOBeHRJI/ puc.4/. 

0Cf#UAAJUIUU 6 noAHOM C€'1€HUU nepeaapJIOKU 
u JI6AeHue op6u•upoeaHUJI 

~BneHRe op6HTHpOBaHRJI npH Kn&CCH'IeCKOM pacceJIHRH 

H& DOTeH:UHanax V ~ ( R) B03BHICaeT npH RMDYlli>C&X CTOniCBO

BeHHJI, YJJ.OBneTaopJIIOmHX ycnoBHIO: 

2 e ke = 2MVg (Re) /10/ 

r,IJ.e 3Ha'leHRJI R£ COOTBeTCTByiOT BepWBHe :UeHTpo6e>KHOrO 

6api.epa R ODpe,IJ.enJIIOTCJI paBeHCTBOM 

a e -V (R 0 )=0. 
aR g r. 
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lloJiy'leHHOe TaKHM o6pa30M MHO>KeeTBO TO'IeK B nnoeKOeTH 

(f , k) JIO>KHTeJI Ha nnasHyro KPHBYJO I puc. I I. HeTpy,IJ;Ho 

y6e,D;HTLeJI, 'ITO 3Ha'leHHJI kp npaKTH'IeeKH eOBIIa,D;aiOT e no

JIO>KeHHJIMH MaKeHMYMOB H MHHHMYMOB B ee'leHHH nepe3apJI,D;-

KH. 

Ka>K,D;oi nape 3Ha'leHHH(f, kp) Ha rpa~HKax ~e (k) eo

OTBeTeTsyeT TO'IKa L\ f ( kp) , eOBOKynHOeTL KOTOpLIX rpyn

nHpyeTeJI B6JIH3H npJIMOH /puc. 4/. llpH 3Ha'leHHJIX k f , 
eOOTBeTeTBYIOil{HX yeJIOBHIO op6HTHpOBaHHJI /10/, BeJIH'IHHLI 

L\ f ( k f ) npH noeJie,D;OBa TeJILHOM yBeJIH'IeHHH f npHHHMaiOT 

nooqepe,D;HO 3Ha'leHHJI L\ ~lax ( k f ) "' rr ( n f + n f + l/2) H 

L\ f . ( k f) "' TJ ( n f + n p ) . 3TO 03Ha'laeT, 'ITO npH k f , 
ffi!U Ae v 

eoOTBeTeTBYIO~X u ,,KBa3HeTaUHOHapHLIH ypoBeHL 
max 

,D;eHeTBHTeJILHO HaXO,D;HTeJI B OKpeeTHOeTH BepWHHLI UeHTpo-

6e>KHoro 6apLepa. llpH6JIH>KeHHO TaKHe yenoBHJI pe3oHaHea 

noBTOPJIIOTeJI e HHTepBaJIOM i\ e = 2 I eM. puc. 4/. c poe TOM 

r ,D;HeKpeTHLie YPOBHH HeXO,D;HOH noTeHuHanLHOH JIMLI v g ( R) 
eTaHOBJITeJI KBa3HeTaUHOHapHLIMH ypoBHJIMH noTeHuHana 

v r ( R) H npH ,D;aJILHeiweM yseJIH'IeHHH r . BLITeeHJIIOTeJI 
g v ' 

B HenpepLIBHLIH eneKTp, MHHYJI OKpeeTHOeTL BepWHHLI UeHT-

po6e>KHOrO 6apLepa. 0TeiO,D;a, B 'laeTHOeTH, eJie,D;yeT, 'ITO 

'IHeJIO OeUHJIJIJIUHH op6HTHpOBaHHJI npH6JIH>KeHHO eosna,D;aeT 

e 'IHeJioM ,D;HeKpeTHLix yposHei B noTeHuHane V ~ ( R) • 
C yMeHbWeHHeM 3HeprHH eTOJIKHOBeHHJI ( k :5 ] ) nepHO

)l;H'IHOeTL OeUHJIJIJIUHH HapywaeTeJI H OHH noeTeneHHO BLipO>K

,D;aJOTeJI B Y3KHe pe3oHaHeLI. llpH k? 5, Kor,D;a B03MO>KHo 

JIHWL Ha,D;6apLepHoe paeeeJIHHe, OeUHJIJIJIUHH op6HTHpOBaHHJI 

nepeXO,IJ;JIT B OeUHJIJIJIUHH pa,D;y>KHOrO paeeeJIHHJI/3< aMnJIH

Ty,D;a KOTOpLix 6LieTpo y6LisaeT. 

llapuHaJILHLIH aHaJIH3 OeUHJIJIJIUHH /eM. puc. 5/ noi<a3LI

BaeT, 'ITO B ,D;eHeTBHTeJILHOeTH H npH k < 5 KOJie6a TeJILHaJI 

eTpyKTypa ee'leHHH o6eene'IHBaeTeJI eynepn03HUHeH OeUHJI

JIJIUHH op6HTHpOBaHHJI H OeUHJIJIJIUHH pa,D;yrH, TaK KaK B ~op
MHpOBaHHH MaKeHMyMa /MHHHMyMa/ B ee'leHHH yqaeTByeT 

rpynna H3 HeeKOJILKHX BOJIH. 

KaK BH,D;HO H3 puc. 5, 3Ha'LfeHHe e 0 = e ( k e) eny>KHT 

rpaHHUei, no o6e eTopoHLI KOTopoi eTpyKTypa napuHaJIL

HLIX ee'leHHH a !x ( k) BeeLMa pa3JIH'IHa. llpH f < f O Ha6op 

BeJIH'IHH a efx 06pa3yeT eTyneH'IaTyiO H ,D;OBOJILHO Hepery

JIJIPHYIO ~YHKUHIO op6HTaJILHOrO MOMeHTa f, npH f > f O ~op-
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Puc. 5. IIapl.luaAbHbU'i aHaAU3 noAHOZO ce'ieHUJI nepe3ap.ROKU 
a ex( k) npu 3HO'ieHUJIX k = 3, 10 /MOKCUMYM 8 ce'ieHUU/, 
k = 2, 96 U k = 3, 30 joea COCeOHUX MUHUMYMa/. 3HO'i€HUJI 
e 0' onpeoeAeHHbJe U3 ycA08UJI op6umupoeaHUJI I I 0/ npu 

3111UX 3Ha'ieHUJIX 3Hepzuu, coomeemcmeeHHO paeHbJ E 0 =30 u 
P 

0 
= 29 u P 

0 
= 31/cM. maKJICe puc. I6/. XapaKmep zucmozpaMM 

no o6e cmopOHbl 0111 311JUX 3HO'l€HUU e 0 CYJ14€C1118eHHO pa3AU
'ieH. IIapi.IUOAbHbJe ce'ieHUJI a~x e MOAOU oKpecmHocmu 3Ha
'ieHUU f ~ f 0 C001118e111C1118Y10111 paOyJICHOMY pacceJIHUIO. 

MHpyeTeJI yeTOH'IHBaJI KapTHHa, K7TopaJI e poe TOM k eTaHOBHT

e~ see 6onee onpe,D;eneHHOii 12 
• llapuHaJILHLie ee'leHHJI 

aex B MaJIOH OKpeeTHOeTH f ;Sf O eOOTBeTeTBYIOT pa,D;y>KHO-

MY paeeeBHHIO. 
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3aKAIO'I€HUe 

PeaKU.HJI /2/ JIBJIJieTcJI ~OBOJILHo pe~KHM npHMepoM 

peaJILHOH KBaHTOBOH Ja~a'IB pacCeJIHBJI, KOTOpaJI MO.>KeT 6LITL 

ccllopMyJIBpOBaHa B peWeHa C He06XO~MOH TO'IHOCTLIO. 06-

JiaCTL 3HeprBH CTOJIKHOBeHBJI 10-
2 ~ E ~ 0, 7 3B, B KOTOpoi 

OHa B3y'leHa B BaCTOJI~ei pa6oTe, BeCLMa BHTepecHa ~JI 

MHOrO'IBCJieHHLIX DpBJIO.>KeHBH, O~HaKo npB6JIB.>KeHHLle Me TO

~Ll paC'IeTa CJie~yeT DpBMeHJITL 3~eCL C 60JILWOH OCTOpO.>K· 

HOCTLIO. Pe3yJILTaTLI npe~cTaBJieHHLIX B pa6oTe BLI'IBCJieHBH 

BJIJIIOCTpBpyiOT 3TO YTBep~eHBe, BDpoqeM, ~OCT a TO'IHO 

xopowo BJaecTHoe 13 '6 I. · 
Oco6euuo BHTepecHLIM npe~cTaanJieTcJI HaM To o6cTo

JITeJILCTBo, 'ITO y.>Ke DpOCTOH aHaJIB3 cllopMLI DOTeHU.BaJIOB, 

BXO~JI~X B ypaBHeHBe lllpe~BHrepa, D03BOJIJieT 06hJICHBTL 

~OBOJILHO TOHKBe OC06eHHOCTB CTPYKTypLI KBaHTOBO- MexaHB

'lecKoro ce'leHBJI pacceJIHBJI. 

XapaKTepHoi oco6eHHOCTLIO peaKU.BB CBMMeTpB'IHoi ne

pe3apJI~KB /2/ JIBJI.IIeTC.R B03MO.>KHOCTL JaDBCaTL ee Ce'leHBe 

B BB~e /5/. 3TO 03Ha'laeT, 'ITO af (k) MO.>KHO npe~CTaBBTL ex 
KaK pelyJILTaT pacceJIHBJI Ha HeKOTOpOM "o6MeHHOM" no-

TeHU.HaJie vex ( R) ' nopo.>K~aiO~eM Ha6op clla3 pacceJIHHJI 

L\e ( k ). HeKOTOpLie CBOHCTBa vex ( R) CJie~yiOT y.>Ke H3 

puc. 36. TaK, MOHOTOHHOCTL ciiYHKU.HH L\f (k) 03Ha'laeT KO· 

He'IHOCTL noTeH.u.Bana Vex ( R) npB R ... 0 , a cna6a.11 Jaaaca

MOCTL !J. f ( k) OT k npB f -+ 0 CBB~eTeJILCTByeT 0 TOM, 

'ITO vex( R) 3aBBCHT OT 3HeprHB CTOJIKHOBeHBJI HeKOTOPLIM 

CDeU.BaJILHLIM o6pa30M. fiOCJie~Hee 06CTOJITeJILCTBO HaKJia· 

~LIBaeT anoJIHe onpe~eneHHoe orpaHH'IeHIIe Ha BB~ o6MeHHoro 

noTeHu.aana V =V ( R) -V ( R), KOTOpLii o6w'IHO npBHBMaeTC.II 

B pacqeTax noe~eT'b~y npQeJILHoro napaMeTpa 16 ' 8 ' 9 I. 
3c)clleKT, B3y'leHHWH Ha qaCTHOM DpBMepe CBMMeTpH'IHOH 

nepe3ap.II~KB /2/, JIBJIJieTCJI ~OCTaTO'IHO o6~M B DpO.IIBJI.IIeT

CJI B 6onee CJIO)I(HLIX peaKIJ.HJIX nepe3ap.II~KB, HaDpBMep, B 

peaK.U.HB /1/. O~aKo a JTBX cnyqa.11x ero BHTepnpeTaU.B.II 

He CTOJIL HarJI.II~a, DOCKOJILKY ~.II ODBCaHBJI npou.ecca /1/ 

He06XO~BMW 'Y)Ke TpB Ha6opa cllalOBLIX napaMeTpOB BMeCTO 

e~HCTBeHHoro !J. f ( k) B cnyqae peaKU.BB /2/. 
0CU.BJIJI.IIU.BII op611TBpOBaHBJI ~OJI)I(HW B03HBKaTL BCer~a 

DpB HH3K03HepreTB'IeCKOM pacCeJIHHH /~.11 3HeprBH, MeHL· 

14 

WHX rny6BHLI JIMW, H DOp.II~Ka BLICOTLI U.eHTpo6e.>KHoro 6apLe • 

pa/ Ha ~OCTaTO'IHO MOIIJ.HLIX DOTeHU.BaJiaX, B KOTOpLIX DOMe· 

IIJ.aeTCJI HeKOTOpOe 'IHCJIO CBJ13aHHLIX COCTOJIHBH. fipB yBeJIH· 

'leHBH 3HeprBH CTOJIKHOBeHHJI OCU.HJIJIJIU.HB BC'Ie3aiOT, O~HaKO 

DpH OTKpLITHH HOBOrO KaHana peaKU.HH nepe3apJI~KH, HaDpH· 

Mep, 

H(nf) +p-+ p + H(n f), /2a/ 

OHH ~OJI)I(Hial DOJIBBTLCJI BHOBL DpH 3HeprHJIX CTOJIKHOBeHHJI, 

HecKOJILKO npeawwa10~x noporoay10. B · 3TOM CMLICJie oc

U.BJIJI.IIU.BH op6HTBpOBaHHJI MO.>KHO paCCMa TpHBa TL KaK DOpO

rOBLIH Jc)clleKT. 

Kone6aTeJILHa.ll CTPYKTypa ce'leHBJI B ee CBJI3L c Knac

cuqecKoi Ja~aqei paccesHBJI, no- BB~Mo:wy, anepaLie accne

~oaanacL a pa6oTe /I 0 I ~· noTeHu.aana V ( R) = - a 1 R 4 • 
Cxo~Hwe aonpocLI paccMaTpHBaJIBCL TaK*e aaTopaMB pa-

6oTw /3/ , r~e ~OCTaTO'IHO DO~p06HO 06Cy~aiOTCJI TO'IBOCTL 

B rpaHBU.W npBMeHB:WOCTB KBa3BKJiaCCB'IeCKOrO DpB6JIJDKeHBJI 

B 3~aqax no.Ao6Boro TBna. 

B 3&XJDO'IeBRe R&::W DpR.IITBO Blalpa3RT• CBOIODpR3HaTeJIL· 

HOCT• C.C.repWTeAHy, IO.H.,lJ.e:wxoay, r .4l.,lJ.pyxapeBy B 

JI.A.C:wopO.ABHCICO:WY 3& BHTepec K pa6oTe B DJIO,AOTBOpHWe 

o6cY*JleBB.II. 
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PyKonacb nocTynana B HJ,IJ;aTeJihCKHH OT,IJ;eJI 
28 aarycTa 1974 ro,IJ;a. 

Y CJ10BHll 06MeHa 

ilpenpHHTbl H C006I.QCHHH 0J1Jll1 paCCbiJiaiOTCH 6ecnnaTHO, Ha OCHOBC 

133aHMHOrO OfiMCHa, YHHBCpCHTCTCM, HHCTHTyTaM, na6opaTOpHHM, 

fiHfi"IHOTCKaM, Hay'-!Hb!M rpynnaM H OT,l:lCJibHblM Y'-ICHbiM fionee 50 CTpaH. 

Mbi OlKH;raeM, '-ITO noJiy'-laTenH HJ;J:aHHH Ol1Jll1 6ynyT caMH npoHB· 

JIHTb HHHUHa THBY B 6ecnna THOH nOCb!JIKC ny6JIHKaUHH B )l;y6Hy. 8 nopH;IKC 

OOMCHa npHHHMaiOTCll Hay'-!Hb!C KHHrH, lKypHaJibl, npenpHHTbl H HHOrO 

BH;Ia ny6JIHKaUHH no TCMa THKC 0l1Jll1. 

EJJ:HHCTBCHHbiH BH,Q ny6JIHKaUHH,KOTOpbiH HaM npHCbiJiaTb HC CJIC,Qy· 

CT ,· JTO penpHHTbl /OTTHCKH CTaTCH, YlKC onyfi;IHKOBaHHbiX B Hay'-!Hb!X 

lKypHanax/. 

8 PHJJ:C CJiy'-laCB Mbl CaMH o6pai.QaCMCH K nony'-la TCJIHM HalliHX HJ,lla

HHH C npOCbfiOH 6ecnnaTHO npHCJiaTb HaM KaKHC•JIHfiO KHHrH HJIH 

BbiiTHCaTb ,QJIH HalllCH 6H6JIHOTCKH Hay'-!Hb!C lKypHaJibl, H3llaiOI.QHCCH B HX 

cTpaHax. 

0T,QeJihHbie 3anpocbi 

l13.D,aTCJibCKHH OT,QCJI ClKCrO.D,HO Bb!ITOJIHHCT OKOJIO 3 000 OT.LICJlbHbiX 

Janpocos Ha Bb!ChL"IKY nperrpHHTOB H coo6I.QCHHH Ol1Jll1. B TaKHX Ja· 

npocax CJIC.LIYCT 06ll3aTCJibHO yKa3biBaTb HH.D,CKC JanpalllHBaCMOrO 

HJ;Ial!HH. 
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