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KparKue coo6U4eHUR OHJIH Jlf-6.85 JINR Rapid Communications N"6-85 
YAK535.39 

HOBbl~ nm OnH14ECKOf0 n1CTEPE311CA 

llpeACKaS~BaeTCH UOHBneHHe 5HCTa6HnbHbm COCTOHHH~ 
8 -nonHpHSOBaHHhm HenHHe~Hbm noBepXHOCTHbm H CBHSaH
Hbm BOnH, pacnpOCTpaHH~CH qepes TOHKH~ AH3neKTpHqe
CKH~ BOnHOBOA C UOAnO.XO~, xapaKTepHsyeMO~ HenHHefiHO~ 
SaBHCHMOCTbW AH3neKTpHqecKO~ npOHH~aeMOCTH OT nonH, 
B cnyqae P-nonHpHSOBaHHhm BOnH HHTeHCHBHOCTb H~HHe~
~ CBHSaHHhm BOnH HMeeT rHCTepesHC, B 050HX cnyqaHX 
05Hapy.ze~ HOB~e MO~, BOSHHK~e Bhlme HeKOTOpOrO 
nopora HHTeHCHBHOCTH, 

Pa6oTa B~nonHeHa B na5opaTOPHH TeopeTHqecKO~ $HsH
KH OIDIH. 

A New Type of Optic Hysteresis 

D. Michalake, V. K. F·edyanin 

Bistable states of S-polarized nonlinear urface 
and guided waves propagating through a thin f i lm di
electric wave guide with a cladding characteri zed by 
an intensity-dependent refracJive index are pr edicted. 
An intensity-dependent hysteresis in the tran mission 
of P-polarized nonlinear guided waves also occurs. 
In both cases new modes can exist above certai n power 
threshold. 

The investigation has been performed at th Labo
ratory of Theoretical Physics, JINR. 

B nocneAHHe roA~ npo6neMaTHKa onTH4ecKo~ 6HcTa6HnbHoc
TH /06/ CTana OAHO~ H3 HaH6onee aKTHBHO HCCneAyeM~X o6-
nacTe~ HenHHe~HO~ OnTHKH ~nR cnpaBOK MO*HO ofipaTHTbCR 
K nHTepaType, ~HTHpyeMO~ B l/, a TaK*e K npeKpacHOMY ofiao
py 121 /. TaM, B 4aCTHOCTH, MO*HO no4epnHyTb nocneAHHe cse
AeHHR o6 OnTH4eCKHX CHCTeMaX, nponyCKHaR cnoco6HOCTb KO
TOp~X RBnReTCR MHOr03Ha4HO~ $YHK~He~ TaKoro /KOHT pOnHpye
MOrO/ napaMeTpa KaK BXOAHaR HHTeHCHBHOCTb. CTaHAaPTH~e 
MeTOA~ nocTpoeHHR 6HcTa0Hnbt-toro onTH4CCKoro npHGopa Tpe-
6y~T npHsne4eHHR AnR 3To~ ~enH cpeA~. xapaKTepHayeMo~ He
nHHe~H~MH OnTH4eCKHMH CBO~CTBaMH, o6ycnosneHH~MH nH60 ee 

*UeHTpanb~ HHCTHTYT ~9HKH, ByxapeCT 
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ecTeCTBeHH~M OTKnHKOM Ha CHrHan, r1160 HeKOTOP~M MeXaHH3-
MOM 11o6paTHOi1 11 CBfi3H. 

Ha6n10AeHHe 06 e nonynpoBOAHHKax GaAs 181 11 InSb141 npw 
BneKnO BH11MaHHe K TeM Heni1Hei1H~M onTH4eCK11M fiBneHI1fiM, rAe 
noKa3aTenb npenoMneHHfl /anbTepHaTHBHO, AH3neKTPI14eCKI1e 
napaMeTp~/ KBaApaTH4HO MeHfleTCfl npH noKanbHOM eapbHPOBa
HHH nonfl. B 3T0.:1 CBfi3H OTMeTHM, 4TO e 15-!4/ 6~n0 noKa3aHO, 
4TO COOTBeTCTBYIO~afl CI1CTeMa ypaeHeHI1i1 MaKCBenna /6~nH pa-
306paH~ cpeA~ pa3ni14Hoi1 reoMeTpHH/ c HenHHei1Hoi1 aael1cH
MOCTbiO noKa3aTenfl npenoMneHHfl OT HHTeHCHBHOCTH AOnycKaeT 
T04HOe peweHHe, H Ha OCHOBe 3TOrO 6~no npeACKa3aHO cy
~eCTBOBaHHe Ha6opa HOB~X MOA· HHme M~ 6yAeM nonb30BaTbCfl 
0603Ha4eHHfiMH H TepMHHOnOrl1e.:1 19-12~ 

B Aa HHOH aaMeTKe M~ HccneAyeM noeeAeHHe S-nonflpH30BaH
H~x HenHHei1H~X BOnH /TE-MOA~/, pacnpocTpaHfi~HXCfl B aCHM
MeTpH4HOH nnacTHHKe /napaMeTp pacnpocTpaHeHHfl N = · klk0, 
k - eonHoeoA eeKTop, k0 = w I c I. reoMeTpHfl cpeA~ cneAyiO
~afl: B03AYX /noKaaaTenb npenoMneHI1fl n 1 = 1/ HaXOAHTCfl 
B KOHTaKTe C nnaCTHHKOi1 TOn~11HOH d C AH3neKTPI14eCKOH npo
HHI..IaeMOCTbiO E 2 /noKa3aTenb npenoMneHI1fl n2 = · E 2

112 I: rpa
HH411T C HenHHei:1H0.:1 cpeAOH, AH3neKTPH4eCKI1e CBOi:1CTBa KOTO
POH onHC~BaiOTCfl TeHaopoM 

2 2 2 
E =E =E =E (w)+a(w)(IE I +IE I +IE I), /1/ 

11 22 33 3 1 2 3 

npH 3TOM 6yAeM C4HTaTb a > Q /caMO!I>OKYCHpy~afl cpeAa/. 
B 19.1 0~ pewHe T04HO ypaeHeHHfl MaKceenna Anfl paanH4HbiX 

reoMeTpHH MHOrocnoi:1H0.:1 CTPYKTyp~, HaMI1 6~n paCC411TaH non
H~H ndTOK 3HeprHi-1 Ha eA11HHLIY AnHH~ P = P 1 + P 2 + P 3, nepe
HOCHM~i1 HenHHeHH~MH noeepXHOCTH~MH 11 Hen11HeHH~MH . CBfl~aH

H~MH eon HaMH/HnB H HCB/, e !I>YHKLIHH napaMeTpa pacnpocTpaHe
HHfl N 11 pa3nH4HOro e~6opa 6eapaaMepHoro napaMeTpa dl ..\.I A -
AnHHa eonH~/. 3AeCb ~. P 2 H p 3 fiBnfiiOTCfl noToKaMI1 3HeprHI1 
B B03AYXe , nneHKe H Hen11He~HO~ nOAnO~Ke COOTBeTCTBeHHO. 
AnHHa eonH~ e~6Hpanacb paeHoA A= 0,694 MKM,4TO OTBe4aeT 
py611HOBOMY naaepy. M~ 6panH ·cneAY~He 3Ha4eHHfl noKa3aTe
ne.:1 npenoMneHHfl: n 1 = 1 , n 2= 2, 3, n 3 = 1 , 5 (n 3 = E Y2); K03ct>
!I>H1..1HeHT HenHHeAHOCTH e /1/ nonarancfl nonomi1TenbH~M H pae
H~M a = 10-il CM 3/3pr. 

3aBHCHMOCTb nonHOrO nOTOKa 3HeprHH Ha eA11HHLIY AnHH~ p 
OT N Ann paanH4H~x aHa4eHHi1 napaMeTpa diA H3o6pameHa Ha 
PHC. 1,2 . 

,Qrlfl He60nbWHX 3Ha4eHHH d/..\ C yeenH4eHHeM p N MOHOTOH
HO B03pacTae~ 11 HenHHeHHafl BOnHa B03HI1KaeT nHWb npH He-
KOTOPOM onpeAeneHHOM noporOBOM 3Ha4eHI111 P = p

0
/cM. 

PHC. 1/. EcnH M~ Ha4HeM yeenH4HBaTb Ton~HHY nnacTHHK11 d 
OCTaBnfl fl A nOCTOfiHHOH, TO 4HCnO CBfl3aHH~X BOnHOB~X MOA Ha-
4HHaeT y eenH4HBaTbCfl /CM. PHC.2/. npH AOCTaT04HO 60nbWHX 
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s 
4 

3 

2 

P(r817'cM) 

Ao 

1,6 1,8 

d/ ').. ... 0,02 

PHc. I . 3Ha'leHH.R: P B ¢ YHKWW 
N AJI.R: dl.\ = 0, 02. 3Aec b A0 -
TO'IKa OKOH'IaHH.II CB.R:SaHHOA 
MOAb! C m = 0, T.e. pl =.P2= 
=0. 

d/.\ HanH~O B03HHKHOBeHHe 
6HcTa6HflbHOCTH HeflHHe HHOH 
BOflHbl C HHAeKCOM MOAbl m =Q 

/pHc.2/. TaKHM o6pasoM, on
peAeneHHOMY 3Ha4eHH~ OTOKa 
3HeprHH Ha eAHHH~Y AflHHbl · 

N OTBe4a~T TPH 3Ha4eHH~ napa
MeTpa pacnpocTpaHeHH~ , ABa 

2,0 2;2 2,4 2,6 2,8 H3 KOTOpbiX OTHOC~TC~ K 6H
CTa6HflblibiM COCTO~HH~M HnB 
"" Hen. 

,lln~ d/.\ = 0,4 H P :::4 BT/CM BeflH4HHa OTHOWeHH~ 
P2/P =. 0, 9 OTBe4aeT COCTO~HH~, KOrAa nOTOK 3HeprHH CKOH
~eHTpHpOBaH BHYTPH nnacTHHKH, a P 

2 
:/p =· 0, 1 .oTee4aeT cc;»

CTO~HH~, B KOTOPOM nOTOK 3HeprHH pacnpOCTpaH~eTC~, B oc
HOBHOM, e HenHHeHHOH noAnomKe /pHc . 3/ • .nn~ TE1 HCB / HH
AeKc MOAbl I I OAHOMY 3Ha4eHH~ P oTee4a~T ABa pasnH4HbiX 
3Ha4eHH~ N, a TaKme ABa pasnH4Hblx OTHoweHH~ P2 /P .113 3Toro 
CfleAyeT, 4TO nOTOK 3HeprHH CKOH~eHTPHPOBaH KaK BHYT H 
nnocKoro BOflHOBOAa, TaK H B HeflHHeHHOH nOAflOmKe. 

CocTO~HH~ c MeHbWHM 3Ha4eHHeM N cooTeeTcTeyeT He HHeH
Ha~ BOflHa, KOTOPOH OTBe4aeT nOTOK 3HeprHH, CKOH~eHT Hpo
BaHHbiH BHyTpH nneHKH, a COCTOnHH~ C 6onbWHM N - HeflHHeH
Ha~ BOflHa C nOTOKOM 3HeprHH, B OCHOBHOM, B HeflHHeHHOH noA
JlOmKe. 

06CYAHM Tenepb ceoHcTea P-non~pHsoeaHHbiX HenHHeHHbiX 
BOflH /TH-MOA/, pacnpOCTpaH~~HXC~ B CflOHCTOH CTPYKTy pe C 
BblweonHcaHHo~ reoMeTpHeH. B AaHHOM cny4ae HenHHeHHa~ noA
nomKa onHCbleaeTc~ AHaroHanbHbiM AH3neKTPH4eCKHM TeHso poM 

l 33 = l n (w) /2/ 

c a < 0 IAe<)loKyCHPY~~a~ cpeAa/. fiyAeM nonaraTb, 4TO An~ co
oTeeTCTBY~Hx o6nacTeH noKasaTenH npenoMneHH~ Aa~Tc~ ee
flH4HHaMH: nl, = 1, n 2 = 2,3, n 11 = 1,5, n.l = 1 ,45; a = 
=-10-ll CM3/3pr. 3aBHCHMOCTb nOTOKa 3HeprHH Ha eAHHH ~Y 
AflHHbl P e <)lyHK~HH N H pasnH4HbiX 3Ha4eHI-111 6espasMepHo ro na
paMeTpa d/A H3o6pameHa Ha pHC. 4-6. ,lln~ MaflbiX df.\ N MOHO
TOHHO yMeHbWaeTC~ B <)lyHK~HH p, a HeflHHeHHa~ BOflHa MOmeT 
Cy~eCTBOBaTb flHWb npH nOTOKaX 3HeprHH, npeBbiWa~HX o npeAe
neHHOe MHHHMaflbHOe 3Ha4eHHe /pHc.4/. 

7 



30' Ptr87fcM) 

26 

22 

18 

14 

10 

6 

2 

1,6 1,8 

0 
II 

E 

2,0 2,2 

d/?1 = 1,0 

2,4 2,6 2,8 

P2 /P 

PHc. 2. 3Hat:LeHHa P B t;yHic

~HH N ,!VIR d/ ,\ = I '0. A 1 ' 

A 2 , H A 3 cyTb 3Hat:LeHHa P, 
,!VIR KOTOpb~ OKaHt:LHBa~TCH 

BTopaa /m = 1/, TpeTba 

/m=2/ H t:LeTBepTaa /m =3 / 
CBH3aHHbJe MO,IJ;bJ, 

N 

3,0 

1 
0.9 f maO I I ........, 

0,7 

d/"A=0,4 

PHc.3 . 0THomeHHe P2/P 
B cllYHK~HH p • ~ 0,1 t I - p 
AJUI d/A "' 0, 4 • , I ' ' ' ' ' I 

p(rl:lr/c,., 1 
6' 

5 

4 

3 
d/~s0,4 

2 

1,86 1~0 1,94 1,98 2,02 

I 

N 

2 3 4 5 6 7 
r8T/.cM 

Pnc.4. BenHt:LHHa P B ~YHK

~N p;mr df,\ = 0,02. A0 -

sHat:LeHHe P, B KOTopoM sa

xaHt:LHBaeTca Mo,na c m = 0. 



,l.\JlR d/A = 0, 4 IP'AC. 51 onpeAeileHHOMY 3Ha4eH'AIO nOTOKa 
3Hepr'A'A OTBel.laiOT ABa 3Ha4eH'AR napaMeTpa pacnpocTpa HeH'AR. 

CocTORH'AIO c 6onbW'AM 3Ha4eH'AeM N cooTseTcTsyeT HeJlOA He~HaR 
BOJ1Ha, nJlOTHOCTb nOTOKa 3Hepr'A'A KOTOPO~ COCPeAOT04 e Ha BHyT
P'A nJlaCT'AHbl, a COCTORH'AIO C MeHbW'AM 3Ha4eH'AeM N- HeJl'AHe~

HaR BOJ1Ha C nJlOTHOCTbiO nOTOKa 3Hepr'A'A, pacnpOCTpaHRIOU\e~CR, 

B OCHOBHOM, B HeJl'AHe"'HOi1 nOAJlO>KKe. 3aMeT'AM TaKlKe, TO AJlR 

Gonbw'Ax dlA I CM. p'Ac. 61 c yseJ10A4eH'AeM P 4'ACJ1o CBR3 a HHbiX 

I~OA yMeHbWaeTCR, 'A AilR MOA BbiCW'AX nOPRAKOB nOAOOHbl~ ac'AM-

BOJlHOBOA RBJlReTCR OnT'AI.IeCK'AM orpaH'AI.I'A TeJleM 

noToKa 3Hepr'A'A csepxy. 

B 3aKJ1104eHOAe OTMeT'AM, 4TO HeAaBHo 1 151 3Kcne p OAMeH

TaJ1bHO Ha6J110Aa11'ACb 3aB'ACR~'Ae OT ~HTeHC'ABHOCT'A nOTOKa 

CBR3aHHble BOJ1Hbl B TpeXCJlO~HO~ A'A3JleKTP'A4eCKO~ C'ACTe

Me, Hen'AHe~Ho~ nOAilOmKo~ cnym'An m'AAK'A~ KP'ACTaJlJl 

MBBA, KOTOPbl~, KaK 'A3BeCTHo, o6naAaeT 6oJ1bWO~ ae11'A4'AHO~ 
HeJl'AHe~Ho~ 4aCT'A noKa3aTeJ1R npeJlOMJleH'AR . B nnoTHOCT 'A no

TOKa 3Hepr'A'A TE 1 -MOAbl Hai1AeH nepeAaHHbl~ a Hee MaKC 'A MYM, 

a AI1R onpeAeJleHHoro 3Ha4eH'AR P Ha~AeHbl ABa 3Ha4e~'AR oT

HOWeH'AR P2 /p, nepeAaHHble a TE 1 -MOAY I m = 1 Ha pOAc . 31. 

PHc.S. BenHqHHa P B ~YHK

u;~rn N NIH diA = 0, 4 • 

1,4 

1,2 

1,0 d/A=0,02 

30 

26 

22 

18 

12 

10 

6 

2 

P(r8r/cM) 

" E 

di'A= 0,7 

H 

0,8 

0,6 

0,4 

0,2 

1,72 1,76 1,80 1,84 1,88 2 ,18 2,22 

N 

1,7 \8 1,9 2,0 2,1 2,2 2,3 2,4 2,5 

~ PHc.6. 3aBHCHMOCTb n nOT

HOCTH nOTOKa 3HeprHH p 

B IPYHKI.J;HH N ~nn di A = 0, 7. 
A 0 H A 1 - 3HatJeHHH P, p;nn 
KOTOpbiX 3aKaHtJHBaiOTCH 

nepsan I m = Ol H BTo pan 

I m = I I MO.Z:U,I. 
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CxoAHOe noeeAeHHe MOmHo O*HAaTb TaK~e npH 3KcnepHMeH
TanbHOM HccneAoeaHHH TM-MOA. H~ C4HTaeM, 4TO 6onbWOH HH
Tepec n peACTaBn~eT 3KCnepHMeHTanbHOe HCCneAOBaHHe 6HCTa-
6HnbH~X cocTo~HHH e TE 0 -MoAaX /eM. pHc.2 H 3/. H3 npoae
AeHHoro B~We HCCneAOBaHH~ cneAyeT, 4TO An~ AOCTaT04HO Ma
nt•IX dl.\ TE 0- H TM 0 -MOA~ AOn*Hbl Ha6mlAaTbc~ npH nnoTHoc
T~x noToKa 3HeprHH,npee~wa~Hx onpeAeneHH~e noporoe~e 
3Ha4eHH~ . 
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B PAHHE~ BCEnEHHOn ~13 ,llAHHbiX 
no B3A~MOAE~CTB~~ AHT~nPOTOHOB C 4He 

~.A.6aTycoe, C.A.6yHRTOB, $.H~K~T~Y. A.6 . noHTeKopeo , 
M.r.Cano~H~Koe, ~.B.$anoMK~H 

06DeA~HeHH~H ~HcT~TYT RAepH~x ~ccneAOBaH~H, AY6Ha 

$.6anecTpa, H.n.6ycca, n.6ycco, n.$eppepo, A~-A~epe~HO, 

A.naHa~ep~. r.n~paA~~HO, ~.Tocenno 
~HCT~TYT o6~eH ~~3~K~ Typ~HcKoro yH~eepc~TeTa, ~Tan~R 

a~.6eHA~Won~. B.~~n~nn~H~, 3.noA~ p~~~~H~, A.POTOHA~. 
A.3eHoHe 
~aKynbTeT RAePHOH ~~3~K~ ~ Teop~~. YH~Bepc~TeT, nae~R, 
~Tan~R 

K.ryapanbAO, A.HaAl!<~opa 
Ha~~oHanbHaR na6opaTop~R,~pacKaT~, ~Tan~R. 

M.BacKOH, a~.3aHenna 
$~3~4eCK~H ~aKynbTeT yH~Bepc~TeTa,naAYR, ~Tan~R 

M.IO.Xnonoe 
~HCT~TYT np~KnaAHOH MaTeMaT~K~ AH CCCP, MocKea 

Ha ycKopHTene LEAR B UEPHe HsMepeHo ce'leHHe BbiXoga 
3He BO BSaHMOgeHCTBHH aHTHllPOTOHOB C ~le npH SHepr HHX 
20, 50 H 180 MsB. AHanHs sKcnepnMeHTaJibHbJX gaHHbJX no-
3BOJIHJI llOJIY'IHTb orpaHH'Ieirne Ha KOJIH'IeCTBO aHTHBe~ecT
Ba B paHHeH BceneHHOH I I 0 3 

.$ . t .:$ .1 0 13cl R = n /n < 
.$ I 0, 7 -I , I I 10-3 • ii P -

Pa6oTa BblllOJIHeHa B na6opaTOPHH HgepHbJX npo6JieM 
OIUIH. 

Restriction on the Antimatter Amount in the Early 
Universe Based on Data on the Interaction 
of Antiprotons with 4He 

Yu.A.Batusov et al. 

The cross section for 3He production in antipro
ton interaction with 4He has been measured at the 
LEAR facility of CERN at antiproton energies of 20 , 
50 and 180 MeV. An analysis of the obtained experi 
mental results permits to impose the following re s t-
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r i ction on the amount of antimatter in the early Uni
verse /10 s ::; . t::; I0 1ss/ R =np/.np::; /0.7-1.1/ 10-s. 

The investigation has been performed at the Labo
r a tory of Nuclear Problems, JINR. 

CTa HAaPTHaR 6apHoH-aeHMMeTpH4HaR MOAenb BeeneHHOH HeKn~-
4aeT eo aMomHoeTb ey~eeTeoeaHHR eo BeeneHHOH aHa4HTenbH~x 
KOnH4ee TB aHTHBeL:IeeTBa Ha4HHaR e MOMeHTa BpeMeHH t > 
> lo-se oT Ha4ana paewHpeHHR BeeneHHOH /eM., Hanp. ,.1 1, 21/. 

C APYrOH eTOpOH~, eoepeMeHHaR aeTpO~H3HKa, a TaKme TeopHH 
eenHKO r o o6beAHHeHHR B3aHMOAeHeTBHH 3neMeHTapH~X 4aeTH~ 
npeAeKaa~ea~T B03MOmHoeTb ey~eeTeoeaHHR a paHHeH BeeneH
HOH He KoTop~x HeTo4HHKOB aHTHBe~ec~ea. HMH MoryT 6~Tb 
paenaA~ eeepxTRmen~x MeTaeTa6HnbH~x 4aeTH~ /THna rpaeH
THHo/, HenapeHHe nepBH4H~X 4epH~X A~P, a TaKme AOMeH~ 
aHTHBe~eeTBa - o6naeTH e H36~TKOM OTpH~aTenbHOrO 6apHOH
HOrO 3a PRAa, ey~eeTBOBaHHe KOTOp~X npeAeKa3~BaeTeR HeKo
TOpbiMH MOAenRMH eenHKOrO OfibeAHHeHHR /o6aop eeo~eTB B03-
MOmH~X HeT04HHKOB aHTHBe~eeTea a paHHeH BeeneHHOH AaH 
8/S / /. K HaeTOR~eMy BpeMeHH TaKHe HeT04HHKH aHTHBe~eeTBa 
MOrnH nonHoeTb~ He4e3HYTb, npOaHHHrHnHpOBaB e 06~4H~M ee
~eeTBOM , OAHaKO noeneAeTBHR TaKOH aHHHrHnR~HH MOryT 6b1Tb 
AOBOnb HO 3Ha4HTenbH~ H, B npHH~Hne, MOryT nOAAaBaTbeR o6-
HapymeHH~. 

TaK, HanpHMep, xopowo HaeeeTHo, 4To BTOP~M no paenpoeT
paHeHHo eTH 3neMeHTOM eo BeeneHHOH nanReTeR ~e /oTHoeH-
TenbHaR KOH~eHTpa4HR \J:e no Maeee X 4 eoeTaBnReT aenH4H-

/5/ ' He 
HY X4 = 0,23+0,02 /.B pa6oTe 14' o6pa~eHO BHHMaHHe Ha 

He -
TO, 4TO aHTHnpOTOH~ OT HeT04HHKOB aHTHBe~eeTBa MOrnH 6~ 
aHHHrHn HpoeaTb e ~e e o6pa30BaHHeM AeHTepHR H 3He.TaK 
KaK KOH4eHTPa4HH AeHTepHR H ~e eo BeeneHHOH tia 4 noPRA
Ka MeH bWe, 4eM 4He, TO AOeTaT04HO He6onbWOH AOne 4He 
/-10- 4 I Hen~TaTb paaean a peaynbTaTe aHHHrHnR4HH e aHTH
npoToHa MH, 4To6~ o6paaoeaTb see Ha6n~AaeMoe eerOAHR o6H
nHe AeHTepHR H sHe eo BeeneHHOH. 

B nepeoM npH6nHmeHHH KOnH4eeTeo 3He ~n3 , o6paayeMoe 
He 

a peaynbTaTe p~e-eaaHMOAeHeTBHR a paHHeH BeeneHHOH 

/t > ae/' 

~n 3 = n4 
He He 

12 

AOnmHo 6~Tb 

R 
err 

. fa 
He 

/1/ 



rAe n 4. - KOH14eHTpat4HR 
4

He , R = n .. ./n - AOnR aHTHBe~qecT-
He err P P 8.. 

ea e paHHeH BceneHHOH, a r s - 3<)l<)leKTHBHbiH BbiXOA He 
B p4He-e3aHMOAeHCTBHH. He 

npeAnonaraR, 4TO B pe3ynbTaTe p.4He-B3aHMOAeHCTBHR He 
MO*eT o6pa30BaTbCR 6onbWe SHe, 4eM ero KOnH4eCTBO , Ha6n~
AaeMoe e HacToR~qee epeMR eo BceneHHOH 

Xs 2: . £\ns ·ms 
He He He 

121 

/rAe Xs = /4 ,2+2 ,8/. 10-6 
I&! - Ha6n~AaeMaR KOH1.4eHTpa-

He -
t4HR ~e no Macce/, MO>:<Ho nony4HTb H3 /1/ cneAy~ee orpa
HH4eHHe Ha AOn~ aHTHBe~qecTea R e paHHeH BceneHHOH: 

R < _! 
3 

Xs 
He 

x4 r err 
He . SHe 

/3/ 

EAHHCTBeHHOH HeH3BeCTHOH eenH4HHOH B COOTHOWeHH~/3j RB-
nReTCR 3<)l<)leKTHBHbiH BbiXOA ~e f efr B p '\Je-B3aHMOA~CTBHH. 

SH 
Mbl BblnonHHnH H3MepeHHR eenH4HHbl ef :rr Ha pHTHnpoToH~OM 

He 
ny4Ke Konbl4a LEAR e UEPHe npH Tpex 3Ha4eHHRX HMny bCa Ha-
neTa~HX aHTHnpoToHoe: 200, 300 H 600 M3B/c . 

noAp06Hoe onHcaHHe 3KcnepHMeHTanbHOH annapaTypbl npHee
AeHo B /S/,n03TOMY 3AeCb Mbl HanOMHHM TOnbKO OCHOBHble xa
paKTepHCTHKH 3KCnepHMeHTanbHOH ycTaHOBKH. 

MHweHb~ H OAHoepeMeHHO AeTeKTopoM p'\Ie-e3aHMOAeHCTBHR 
RBnRnaCb CTPHMepHaR KaMepa, pa6oTa~aR B CaMOWYHTHpy~eM 
pe*HMe H HanonHeHHaR renHeM AO AaeneHHR 1 aTM. 4yecTBH
TenbHbiH 06DeM KaMepbl COCTaBnRn 70x90x18 CM 3.KaMepa 6blna 
noMe~qeHa e MarHHTHoe none B = 0,415 T H 0,63 T. npo3pa4-
HOCTb MHWeHH COCTaBnRna 15 Mr/cM 2. 3anycK KaMepbl ocy~qecT
BnRnCR OT CHrHana TpHrrepHOH CHCTeMbl, KOTOpaR COCTORna 
H3 Ct4HHTHnnRt4HOHHbiX C4eT4HKOB, pacnono*eHHbiX nepeA KaMe
POH, H C4eT4HKa aHTHcoenaAeHHH,CTOR~qero no3aAH Hee .EcnH 
aHTHnpOTOH BOWen B KaMepy H OTKnOHHnCR B peaynbTaTe n~-
6oro B3aHMOAeHC~BHR C ee~qeCTBOM KaMepbl Ha yron,6on bWHH 
5° oT HanpaeneHHR ny4Ka, To TaKoe co6biTHe perHcTpHpoea
nocb. 

PaAHYC aHTHnpoTOHHoro ny4Ka, BXOARtqero e KaMepy , co
cTaenRn 1 eM. XapaKTepHOH oco6eHHOCTb~ aHTHnpoToH oro 
ny4Ka LEAR RBnReTCR nonHoe OTCyTCTBHe e HeM npHMece~ Me-
30HOB. C y4eTOM noTepH 3HeprHH B TOHKHX CTeHKaX KaMepbl 
H Cl4HHTHnnRI.4HOHHbiX C4eT4HKaX ny4Ka 3Ha4eHHR KHHeTH4eCKOH 
3HeprHH aHTHnpOTOHOB, npH KOTOpbiX npOH3BOAHnHCb H3Mepe
HHR, 6blnH cneAY~tqHMH: 179,6; 48,7 H 19,6 M3B, 4TO COOT
BeTCTByeT TaKHM HMnynbCaM aHTHnpOTOHa B na6opaTOPHOH 
CHCTeMe: 607,7; 306,2 H 192,8 Hr B/c. }3 



AnR H3MepeHHH 6~H OTo6paH~ TOflbKO C06~THR, KOTOp~e 
npOH30 WflH B 4eHTpaflbHOH 4aCTH KaMep~ AflHHOH 55 CM, AnR 
onpeAe neHHR B~XOAa SHe HCnOflb30BaflOCb CfleAy~ee BaX<HOe 
06CTORTeflbCTBO: peaK4HH C ~e 8 KOHe4HOM COCTORHHH RBflR
~TCR eAHHCTBeHH~MH npo4eccaMH p ·~e-aHHHrHflR4HH, Aa~HMH 
4eTHoe 4Hcno TpeKOB 3apR~eHH~x 4aCTH4. Bee ocTanbH~e pe
aK4HH p

4
HraHHHrHflR4HH B~rflRART B CTpHMepHOH KaMepe KaK 

C06~THR C He4eTH~M 4HCflOM TpeKOB B KOHe4HOM COCTORHHH. 
no3TOMY ce4eHHe o6pa3oBaHHR sHe MO~Ho onpeAenHTb nyTeM 
npOCTOrO nOAC4eTa 4HCfla C06~THH C 4eTH~M 4HCflOM TpeKOB, 
3~~eKTHBHOCTb HaXO~eHHR C06~THR p4H~B3aHMOAe~CTBHR npH 
npOCMOTpe COCTaBflRfla 99,5%. CHCTeMaTH4eCKaR OWH6Ka 3a 
C4eT HeonpeAefleHHOCTe~ B 3HaHHH T04HO~ TOfl~HH~ MHWeHH, 
MOHHTOpe ny4Ka H 3~eKTHBHOCTH onpeAefleHHR 4HCfla TpeKOB 
Y C06~THR B3aHMOAeHCTBHR COCTaBnReT no HaWHM 04eHKaM 2,5%. 

noA4epKHeM, 4TO 3KCnepHMeHTaflbH~e YCflOBHR AflR npaBHflb
HOro o npeAeneHHR 4HCna ny4eH 6~flH AOCTaT04HO XOPOWHMH. 
KopoTKOe epeMR naMRTH CTPHMepHOH KaMep~ no3BOnHno HMeTb 
Ha OA HOM KaApe TOflbKO OAHO co6~THe B3aHMOAeHCTBHR. B Ka
Mepe 3~~eKTHBHO perHCTPHPOBaflHCb HH3K03HepreTH4eCKHe 4aC
TH4~· AnR npHMepa cKa~eM, 4TO TpeK a-4aCTH4~ c 3HeprHeH 
0,31 M3B HflH npoToHa c 3HeprHeH 0,17 M3B HMeeT e KaMepe 
AflHHY 1 eM H xopowo BHAeH. 

B Ta6nH4e AaHa CBOAKa nony4eHH~x 3KcnepHMeHTanbH~x 
pe3yflbTaToe. HaAo OTMeTHTb, 4TO e e~pa~eHHe /3/ AflR 04eH
KH AOflH aHTHB~ecTea R BXOAHT 3Ha4eHHe 3~eKTHBHoro e~
XOAa ~e 

eft 
fs ·=fs +fs·. 

He He H 
/4/ 

rAe 

- · 4 s a._ 
fa s = u(p + He ... He( H)+X) 

He ( H) u 
tot 

/51 

.Heo6XOAHMOCTb Y4HT~BaTb o6pa30BaHHe TpHTHR fsH B~3Ba-

-4H B v Ha TeM, 4TO B pe3yflbTaTe p &aHHHrHflR4HH BO ceneHHOH 
AOfl~eH o6pa30B~BaTbCR He TOflbKO SHe, HO H TPHTHH, KOTO-

v SH 
p~H eno cneACTBHH pacnaAaeTCR B e, TeM caM~M yeenH4HBaR 
KOH4eHTpa4H~ 8He eo BceneHHOH. 

B -4 y 6 enH4HHa nonHoro ce4eHHR u p He-e3aHMOAeHCTBHR ~-
tot v r 6 na onpe AeneHa H3 pac4eToe no cTaHAapTHOH MOAenH nay epa, 

npHMeH~MOCTb KOTopoH AflR cny4aR aHTHnpoToH-RAepHoro pac
ceRHHR nOApo6HO npoaHaflH3HpOBaHa e 171. fnay6epOBCKHH pac-
4eT YAOBfleTBOPHTeflbHO OnHC~BaeT BeflH4HHY nonHoro Ce4eHHR 
Heynpyr HX peaK4HH u = u - ·u , pa3HOCTb Me~AY 3KCnepH-

R .to..t .el 
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TaonH~a 

Cet~eHHH Bb!Xop;a SHe B p ''\ie -BsaHMop;eiicTBHH. OrpaHHtleHHH 
Ha KOJIHtleCTBO aHTHBe~ecTBa R = n /n B paHHeii BceneHHOH 

ii p 

J.(HHeTKqeeJCall 
saepr1111 
&HTHnpOTOHA 

TP 

CeqeHK8 0THOCK- 0THOCK- ~t 
IIWXQM TU•IIId TUI>HWII ]ID 

SHe J!lll!O.II SHe IIWXO.IISH r"' - ·-
usHe f SHe fsH a_tot 

pp 

Orpa HH'I&HHe 
H& k DnH'18CT•o 
8HTH .. 81118CT88 

n-
R,_P_ 

Dp 

19,6 93,2!7,9 0,136!0,012 0,190!0,016 0,716 0,326!0,020 7 ,47 10 
48,7 58,6!4,0 0,118!0,008 0,152±0,010 0,776 0,270!0,013 9 ,02 10 

179,6 35,7!2,8 0,101!0,008 0,118!0 -,009 0,857 0,219!0;012 1 ,11 -10 

MeHTanbH~M 3Ha4eHHeM H TeopeTH4eCKOH eenH4HHOH COCTaBnR
eT 8-14%. 

B~XOA TPHTHR fs 6~ paCC4HTaH B npeAnOnO*eHHH 0 TOM, 
H S 

4TO OTHOWeHHe MemAy B~XOAaMH He H SH TaKOe *e, KaK 
B 3neMeHTapHOM aKTe pp. H pn -eaaHMOAeHCTBHR 

tot 
u;_ aS 

r=~- -=...Ia !6! 
u tot 

PP 
nonH~e ce4eHHR PP -eaa~MOAei1CTBHR 6panHCb H3 peayn bTaTOB 
HeAaBHero 3KcnepHMeHTa 81

, a eenH4HHbl a_!ot Mbl onpeAenRnH 
H3 peaynbTaTOB H3MepeHHH pd nonHOrO ce~~HHRJ9 /, HCnOnb3YR 
rnay6epoecKoe 3Ha4eHHe AnR nonpaBKH Ha 3KpaHHpoeaHHe Hei1T
poHa e Aei1TpoHe. 

0KOH4aTenbHoe 3Ha4eHHe AOnycTHMoi1 AOnH aHTHnpoToHoe 
e paHHei1 BceneHHoi1,pacc4HTaHHoe no ~opMyne /3/, npHBeAeHo 
e nocneAHei1 KonoHKe Ta6nH~~. 06DeAHHRR peaynbTaTbl , nony-
4eHHble npH Tpex 3HeprHRX, MO*HO 3aKn~4HTb, 4TO 

I -S 
R "' np np < (0,7 - 1,1). 10 . 171 

EcnH 6~ e paHHei1 BceneHHoi1 oTHoweHHe R = n _j n 6bl o 6bl 
6onbWe 4eM '1 0 -B, TO 3TO npHBeno 6bl K 11 nepEfnpcfH3BOACTBY11 

sHe,ero KOH~eHTpa~HR 6~na 6~ 6onbwe, 4eM Ha6nnAaeMaR. 
nony4eHHOe orpaHH4eHHe RBnReTCR eepXHHM npeAenOM AnR 

eenH4~H~ R. B HaCTOR~ei1 pa6oTe Mbl paccMaTpHeaeM p aean 
4He TOnbKO noA Aei1cTBHeM aHTHnpoToHoe. B npHH~Hne , cy
~ecTBY~T TaKHe HCT04HHKH aHTHBe~eCTBa, KOTOp~e re epHpy
~T nap~ npOTOH-aHTHnpOTOH, npH4eM 3HeprHR npOTOHa AOCTa
T04HO 6onbWaR, 4T06bl paaeanHTb RAPO 4He. 0AHaKO RCHO, 4TO 
y4eT TaKHX npo~eccoe 6yAeT npHBOAHTb K yeenH4eHH~ eenH-
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4HHbl 3cl>cl>eKTHBHoro Bblxo,qa r·;rr H, cne,qoaaTeJlbHO, I CM. co
He 

OTHoweHHe 131 I, aenH4HHa R MO>KeT TOilbKO yMeHbWHTbCR. 

no,q4epKHeM, 4TO nony4eHHaR HaMH o~eHKa Ha Bei1H4HHY R 
RBilReT CR e,qHHCTBeHHbiM 3KCnepHMeHTallbHbiM orpaHH4eHHeM Ha 
KOI1H4eCTBO aHTHBe~ecTBa B paHHeH BceneHHOH B nepHo,q 
1 0 3 ~ t ~ 1 013 C OT Ha4alla paCWHpeHHR, ~MeBWio1eCR paHee 
o~eHKH Ha B03MOlKHYIO Bei1H4HHY R, KOTOpble 6bllllo1 CAellaHbl lo13 
aHai1H3a ,qaHHbiX no nllaHKOBCKOMY XapaKTepy cneKTpa pelllo1KTO
BOrO H311y4eHHR, no3B011RI1H 3aK111'l4HTb llHWb, 4TO R < 1 110,3/. 

3Ha HHe aepxHero npe,qena AllR R no3BOI1ReT HallOl!<HTb CHnb
Hble orpaHH4eHHR Ha nnoTHOCTb B paHHeH BceneHHOH nepBH4HbiX 
4epHbiX ,Qblp, Ha KOH~eHTpa~HIO CBepXTRl!<ellbiX MeTaCTa6HilbHbiX 
4aCTH~ IHanpHMep, Ha KOH~eHTpa~HIO rpaBHTHHO C MaCCOH 
-10 2 r 3BI, a TaK>Ke Ha ~ellbiH PRA ,qpyrHX napaMeTpOB HCT04-
HHKOB aHTHB~eCTBa B paHHeH BceneHHOH. 

AB TOPbl Bblpa>KaiOT 60ilbWYIO 6naro,qapHOCTb ~.6.3enb,qOBH4y, 
6.M.noHTeKOpBO, KOTOpble HHH~HHPOBallH npoae,qeHHe ~TOrO 
3KcnepHMeHTa, a TaKme B.n.A>Kenenoay 3a noM~b H no,q,qep>KKY 
,qaHHoro HanpaaneHHR Hccne,qoaaHHH. AaTopbl 6naro~apRT 
n.A.KoH,qpaTIOKa 3a nOM~b B pac4eTaX Ce4eHHH pJHe-B3aHMO
,qeHCTBHR . 

Jlu mepamypa 

1. Ste igman G. Ann.Rev.Astron.Astroph., 1976, 14,p.339. 
2. 3en bAOBH4 ~.6., HoBHKOB ~.A. CTpoeHHe H 3BOI110~HR 

BceneHHOH. ''llayKa11
, M., 1975. 

3. Chechetkin V.t1., Khlopov t1.Yu., Sapozhnikov M.G. 
R i v. Nuov. C i m., 1982, 5, No.1 0, p. 1 • 

4. Chechetkin V.M. et al. Phys.Lett., 1982, 118B,p.329. 
5. Au s tin S.t~. Prog.Part. and Nucl.Phys. , 1981,7, p.1. 
6. Ak imov Yu.K. et al. Report LNF, No.84120(P), Frasca

t i , 1984. 
7. Ko H,qpaTIOK n.A., ~MaTHKOB M.~. R«l>, 1983, 38, c.361. 
8 . . Bea rd C. I. et al. CERN preprint, EPI84-140, Geneva, 

1984. 
9. Hamilton R. et al. Phys.Rev.Lett., 1980, 44, p.1182. 

10. Su nyaev R.A., Zeldovich Ya.B. Astr.Space Sci., 1970, 
7, p.20. 

PyKonHCb nocTynHna 1 cl>eapanR 1985 ro,qa. 

16 



KpaTicue coo6U4eHUJ1 OHJIH N6-85 J/NR Rapid Communications N6-85 
YAK 530.145 

06 O,QH03HA4HOCTI1 BOIIHOBbiX t!>YHKUHA B HHOrOCBR3HbiX 
nPOCTPAHCT8AX 

lloKasaHo, ~To B~nonHeHHH cneAy~x Tpex ycnoBHH 
e~e He .u;ocTaTO'IHO AnH c~ecTBoBaHHH 3cPcPeKTa AaponoBa
BoMa: J/ MHOrOCBH3HOCTH npOCTpaHCTBa, B KOTOpOM npoHc
XOAHT pacceHHHe ~aCTH~; 2/ HaJlH~HH B 3TOM MHOrOCBSIS
HOM npOCTpaHCTBe HeTpHBHanbHOrO /T.e. OTnH~HOrO OT 
Hynn/ 6esBHxpeBoro BeKTOpHoro MarHHTHoro noTeHQHana; 
3/ OAH03Ha~HOCTH HCnOnb3Y~ BOnHOB~X cPYHK~H. HMeH
HO AaH KOHTpnpHMep, KOrAa B OAHOM H TOM ~e MHO r OCBH3-
HOM npOCTpaHCTBe, npH OTnH~HOM OT HynH BeKTOpHOM Mar
HHTHOM noTeH~ane H OAH03Ha~HbJX BOnHOBbiX cPYHK~HHX, 
B03M0)KHbl KOH~Hrypa~HH MarHHTHOrO nonH, OTBe~~e KaK 
HanH~H~, TaK H oTcyTCTBH~ s¢q,eKTa AapoHOBa-BoMa . B~

ncHeHo, KaKHe ocoGeHHOCTH 3THX KOHci>HrypaJ~fi OTBeTCT
BeH~ sa nonBneHHe AB-scW>eKTa. PyKOBOAH~ ponb a 3TOM 
aHanHse Hrp~T BOnpOCbl, CBH3aHHbJe C OAH03Ha~HOCTb~ BOn
HOBbiX ¢YHK~H. 

Pa6oTa B~nonHeHa B naoopaTOPHH TeopeTH~eCKOH cPH3H
KH OIDUL 

On the Single-Valuedness of Wave Functions 
in Multiply Connected Spaces 

G.N.Afanasiev 

The following three conditions are shown to be in
sufficient for the appearance of the Aharonov-Bohm ef
fect: I) multiconnectedness of the space acces s ible 
for the incident particles; 2) nontrivial curl l ess 
vector magnetic potential in this multiconnected re
gion; 3) single-valuedness of the used wave functions. 
A counterexample is given in which in the same multi
connected space with nonzero vector magnetic potential 
and single-valued wave functions the Aharonov-Bohm 
effect may or may not exist. This fact depends on the 
specific configuration of the magnetic field. I t is 
studied which of these peculiarities are respo sible 
for the appearance of the Aharonov- Bohm effect . The 
single-valuedness of the wave functions plays guid
ing role in this analysis. 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JINR. 
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Bonpoc 0 TOM, TOnbKO nH OAH03Ha~H~e BOnHOB~e $YHK~HH 
AOnyCTHM~ B KBaHTOBOH MeXaHHKe HMeeT AaBH~~ HCTOPH~. Ha
BeCTHbiH KPHTepHH naynH /i/ COCT0!1T B TOM, 4TO AOnyCTHM~ 
TOnbKO TaKHe BOnHOB~e $YHK~HH, KOTOp~e He B~BOARTCR 3a 
npeAen~ rHnb6epTOBa npOCTpaHCTBa npH AeHCTBHH Ha HHX no
HH~a~~HX H noe~wa~~Hx onepaTopoe. Xopowee H3no~eHHe 3THX 
eonpocoe MO~HO HaHTH B 121. B nocneAHee epeMR BHOBb CTan 
aKTyanbH~M eonpoc 0 COOTHOWeHHH Me~AY naynHeBCKHM KPHTe
pHeM H OAH03Ha4HOCTb~ BOnHOB~X ~YHK~HH B MHOrOCBR3H~X 
npocT paHcTeax. Aeno e TOM, 4TO 3~~eKT AapoHoea-6oMa /A6/ 
B03HHKaeT TOnbKO TOrAa, KOrAa HCnonb3Y~TCR OAH03Ha4H~e 
BOnHO&~e <!lYHK~HH/a/. C APYrOH CTOPOH~, e 141 6~no noKa3aHo, 
4TO na ynHeBCKHH KPHTepHH AOnyCTHMOCTH BOnHOB~X ~YHK~HH 
npHBOAHT K OTCYTCTBH~ 3~~eKTa A6 AnR 6eCKOHe4HOro ~HnHH
APH4eCKOrO coneHOHAa. 

Mbl XOTHM BbiRCHHTb ponb Tpe6oeaHHR OAH03Ha4HOCTH BOnHo
B~X $yHK~HH npH OnHCaHHH npo~eCCOB pacceRHHR B MHOrOCBR3-
H~X npocTpaHcTeax. B 4aCTHOCTH, M~ non~TaeMcR oT~THTb 

Ha eon poc, o6RaaHo nH npoHcxo~eHHe 3~~eKTa A6 TOnbKO MHo
rocBR 3 HOCTH npocTpaHcTea. nocneAHRR, e ceo~ o4epeAb, eoa
HHKaeT aa C4eT YAaneHHR H3 ecero npocTpaHcTea S TOH ee 
4aCTH S0, B KOTOpOH HanpR~eHHOCTb MarHHTHOrO nonR paBHa 
Hyn~ /4T06~ pacceRHHe 4aCTH~ npOHCXOAHnO TOnbKO Ha o6nac
TRX npOCTpaHCTBa C H =0/. 3Toro MO~HO AOCTH4b, ecnH 
BKn104HTb B S

0 
6eCKOHe4HO 60nbWOH OTTanKHBa~~HH noTeH~Han 

HnH ~e C4HTaTb BOnHOBY~ $YHK~H~ paBHOH Hyn~ Ha rpaHH~e 

/H BHYTPH/ S O• 
P.acc MOTPHM c:Ha4ana MHorocBR3Hoe npocTpaHCTBO, nony4eH

Hoe YAa neHHeM H3 ecero npocTpaHcTea, AOCTynHoro AnR naAa~
~Hx 4aCTH~,6ecKoHe4HOH ~HnHHAPH4eCKOH Tpy6~ c0 paAHyca 
b, BHYTPH KOTOPOH no npeAnono~eHH~ noTeH~Han paeeH +~. 
EcnH OCb CHMMeTpHH 3TOH Tpyo~ coenaAaeT C OCbiO Z, a Ha
npaeneHHe naAaro~ero ny4Ka napannenbHO ocH x, To eonHoeaR 
~YHK~HR H aMnnHTYAa - pacceRHHR Ha TaKOH Tpy6e /T.e. Ha 
noTeH~Hane, paBHOM + ~ BHYTPH Tpy6~ H Hyn~ - CHapy~~/ 
DaB!:!_~ 

I ml (1) 
'~'o =I. i · [Jiml (kp)- Hlml (kp). 

Jlml (kb) 
H(l) ( .] exp(im A..) 

1ml kb) 't' • 

fo ( ¢) = - [I_ I. Jlml (kb) 
17ki ----

H(l) (kb) 
lml 

exp( im ¢). 

/1/ 

OoMeCTHM Tenepb BHYTPb C0 ~HnHHAPH4eCKHH coneHOHA, cooc
H~H C GJ , C paAHYCOM a <b. BHe coneHOHAa TOnbKO OAHa KOM
noHeHTa BeKTOpHOrO MarHHTHOrO noTeH~Hana /BMn/ OTnH4Ha OT 
HynR: 
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I H - Mann1THoe none, tl> - e ro 
nOTOKI• 

BonHoaaR $YHK~HR H aMnnHTYAa pacceRHHR paaH~ 

1P = I)ml · exp[i.!.. ( lml - lm- rl )] · [JI I (kp) -
2 m-Y 

(l) Jlm-rl (kb) 
-HI I (k P) • ] exp ( i m ¢), 

m-y H (1) (kb) 
lm-rl 

<r=~). 
21ThC 

121 

f(¢) = __ 1_ 

.j 21Tki 

(2) 
lml-lm-rl Him- I (kb) 

~ exp(im¢). [1 + (-1) Y ,]. 
H(l) (kb) 

lm-rl 

04eBHAHO, 4TO f#f0 , H HMeHHO 3TO OTnH4He H COCTaBnRe T 
cyTb 3$$eKTa A6. 

C APYrO~ CTOPOH~, ypaaHeHHe WpeAHHrepa, KOTOPOMY YAOB
neTBOpReT $YHK~HR IP 

2 
h2 a 111 1 a 111 1 a 2 

--[-+--+-(--iy) .IP]=E·IP, 
2m a/ P ap P2 a¢ 

131 

$OpMa11bHO AOnycKaeT cneAy~ee peweHHe: 

1P = 11'0 • exp(i y¢). 141 
3AeCb 'Po - peweHHe ypaBHeHHR WpeAHHrepa B OTCYTCTBHe Mar
HHTHOrO nonR. ECnH B Ka4eCTBe 11'0 B3RTb OAH03Ha4HOe pewe
HHe 11 I, YAOBneTBOPR~ee ycnoBHIO IP 

0 
(211) = IP 

0 
(O), To nn!n

HOCTb aepORTHOCTH 111'1 2 H nnOTHOCTb TOKa aepORTHOCTH j AnR 
IP H 11'0 OAHHaKOB~, T.e. MarHHTHOe none He AaeT BKnaAa 
a pacceRHHe. C APYrOH cTopoH~, ecnH IP a 141 - OAH03 Ha4HaR 
$yHK~HR, TO 11'0 HeOAH03Ha4Ha: 

'11
0 (211) = 11'0 (0). exp(-2i "Y). 151 . 

~OKameM, 4TO BOnHOB~e $YHK~HH 1{1 B 121 H 141 OAHH H Te me. 
B caMOM Aene, peweHHe cao6oAHoro ypaaHeHHR WpeAHHre pa c 
rpaHH4H~M ycnOBHeM 151 HMeeT BHA 

J - (kb) 
'~'o =~Am. [JI l(kp) -H(Il) I (kp). lm-rl ] ·expb(m-y ) ¢]16/ 

m-y m-y H(l) (kb) • 
lm-rl 

noACTaBnReM 161 B 141 H $HKCHpyeM A ycnOBHeM HC4e3 OBeHHR - m . 
_ CXOARtlle~CR C$epH4eCKOH BOnH~ npH p -+ oc. 3TO AOKa3biBae T coa-

naAeHHe BOnHOB~X $YHK~HH. 
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3aMeT~M, 4TO noTeH~~an~ A1 BHe coneHO~Aa MoryT 6~Tb 
~¢ /5 / npeACTa eneHbl B B~Ae rpaA~eHTa <!>YHK~~~ a = - : Ap =A =0, 
217 z 

A¢=.!_ ~=_!_.nocKonbKY ¢ ~cn~TbiBaeT cKa40K Ha 211 np~ ne-
P a¢ 211p 

pexoAe 4epe3 nonom~TenbHY~ nonyocb x, 3To me OTHOC~TCR ~ 

K 11npo~3 BOARI!IeH 11 ¢YHK~~~ a. 3Ta pa3pbiBHOCTb np~BOA~T K 
TOMy, 4TO ~HTerpan no 3aMKHYTOMY KOHTypy, COAepmal!leMy Ha-
4ano KOOPA~HaT: 

f A- d f = J ..!.. ~ p • d ¢ = a (2 11) - a (0) = ~, 
--y P a¢ 

T.e. paeeH noTOKY MarH~THoro nonR, 4TO ~ cneAOBano om~
AaTb. 

noMeCT~M Tenepb BHYTPb Co KOHe4HbiH TOPO~AanbHbiH coneHO~A 

/BMeCTO 6ecKOHe4HOro u~n~HAP~4eCKOro/: (p- d) 2 + z 2 = R2• 

npo~3BOARI!IaR ¢YHK~~R a AnR TOPO~AanbHOro coneHO~Aa (T.e, 
CI>YHK~~R, YAOBneTBOPR~IllaR sHe coneHO~Aa ycnoe~~ A = grad a) 
RBnReTCR HenpepbiBHOH ¢YHK~~ei:1 TOpO~AanbHbiX KOOPA~HaT p , 

0, cp 161. u~n~HAP~4eCK~e KOOPA~HaTbl CBR3aH~ C H~M~ cneAyiO
Ili~M o6pa3oM: 

sh p sinO 
p = a '• z = a , ¢ = ¢ 

ch p - cos e ch p - cos e 
171 

(O ~ P : "" • _ " < e < " • o < ¢ < 2 ") • 

nycTb coneHO~AY OTBe4aeT 3Ha4eH~e p = PQ. TOrAa T04K~, OTBe-
4a~~~~~e p > p 0 nemaT BHYTP~ coneHO~Aa, a p < p 0 sHe ero. na
paMeTpbl coneHO~Aa R, d cneAYIOIJ.I~M o6pa3oM CBR3aHbl c a, p 

0
: 

a 
R = -- , d = a· cth p 0 • 113 /7 I cneAyeT, 4To np~ p <a 6n~3K~M 

sh p 
3Ha4eH~M Z, nemai!I~M no pa3Hble CTOPOHbl nnOCKOCT~ Z = 0, 
OTBe4a~T 3Ha4eH~R 0, OTn~4aiOIJ.I~eCR Ha 277, T. e. 0 KaK ¢YHK
~~R Z ~CnbiTbiBaeT CKa40K np~ nepeXOAe 4epe3 nnOCKOCTb 3K
BaTop.~anb HOrO Kpyra paA~yca a. I1Hb1M~ cnoeaM~: AnR Topo~
AanbHoro coneHO~Aa o6nacTb pa3pblea npo~3BOARI!Iei1 ¢YHK~~~ a 
/coAepmal!lei:i n~Hei1Hoe no e cnaraeMoe/ npeACTaBnReT co6oi:1 
Kpyr paA~yca d -R,nema111~H B 3KBaTop~anbHOH nnOCKOCT~ co
neHO~Aa. TorAa ¢YHK~~R 

IJI = IJI o . exp ( i :: ) ' !8! 

rAe IJI0 AaeTCR BblpameHHeM /1/,RBnReTCR OAH03Ha4Hb1M ~ Henpe
PbiBHbiM peweH~eM ypaeHeH~R illpeA~Hrepa. B caMoM Aene, o6-
siacTb pa3pblea npo~3BOARI!Iei1 ¢y'HK~~H a AJ1R coneHOHAa nelKHT 
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Pwc,l. Hnn~cTpa~HH TOro ~aKTa , 

'!TO R8JJH'IIU! 6e3uuxpeBT>IX BMII B 

MHOrOCBfl3HbiX 06JJaCTflX e~e Hep;o

CTaTO~HO ,ll;JJfl llOflBJJeHHfl 3~~eKTa 

AB. KpynHoH mTpHXOBKOH noKasaH 

HenpOHH~aeMhiH TOP, B KOTOP brll 

llOMe~eH COJJeHOHA /MeJJKafl lliTpH

XOBKa/. ~OCTYllHOe ,ll;JJfl pacc eHBae

MbiX ~aCTH~ llPOCTpaHCTBO MHOro

CBfl3HO H B HeM EMIT OTJJH~Hbi OT 

HYJJfl. 

BHYTPH ~HnHHAPa, T.e. TaM, rAe W0= 0. B 3TOM cny4ae Mar
HHTHoe none He AaeT BKnaAa 8 aMnnHTYAY pacceRHHR, T . e. 
3~~eKT Ao OTCYTCTByeT npH n~60H OpHeHTa~HH coneHOHAa . 

M~ BHAHM, 4TO AnR OAHOro H Toro me MHOrOCBR3HOrO npocT
paHCTBa 3$<)leKT A6 MOl!<eT 6~Tb, HO MOmeT H OTCYTCT808a Tb. 

npH8eAeM e~e OAHH npHMep MHOrOCBR3HOrO npOCTpaHC T8a, 
AnR KOToporo oTcyTcTsyeT 3<)l<)leKT A6. HMeHHO paccMOTPHM 
HenpOHH~aeM~H TOp T0 , 8 OAHO H3 nne4 KOTOpor.o noMe~eH TO
POHAanbH~H coneHOHA /pHc. 1 I. KaK H 8 npeAbiAY~eM cny4ae, 
CHHrynRpHOCTH npOH380ARl1\eH <!>YHK~HH coneHOHAa ne>KaT 8 o6-
naCTH, rAe wo = 0. no3TOMY BblpameHHe THna /8/, rAe Wo-
80nH08aR <)lyHK~HR pacceRHHR Ha HenpOHH~aeMOM TOpe, R8nReTCR 
OAH03Ha4Hb1M H Henpepbi8H~M peweHHeM ypa8HeHHR UJpeAHH r epa 
c BMn TOPOHAanbHoro coneHOHAa. 

HTaK, cy~eCTB08aHHe HnH OTCYTCT8He 3<)l<)leKTa A6 on peAenR
eTCR He TOnbKO <)laKTOM MHOrOCBR3HOCTH npocTpaHCTBa, HO 
H cne~H<)lH4eCKOH KOH$Hrypa~HeH MarHHTHOrO nonR. 4TO 3a OT
nH4He B 3THX KOH<!>Hrypa~HRX npHBOAHT K nORBneHH~ 3<)l<!>e KTa 
A6? M~ 3aMe4aeM, 4TO 8 paccMoTpeHHbiX npHMepax MHoroc eRs
H~x o6nacTeH 3<!><l>eKT A6 OTCYTCT8yeT, ecnH pa3p~8 <I>YH K~HH a 
npOHCXOAHT B HeAOCTYnHOH AnR 4aCTH~ o6naCTH, T.e. TaM, 
rAe Wo= 0 /TopOHAanbH~~ coneHOHA 8 6ecKoHe4HOM ~HnH HApe, 
8 Tope/. B npOTHBHOM cny4ae /~HnHHAPH4eCKHH coneHOHA 8 ~H
nHHApe/ 3<)l<)leKT HMeeT MeCTO. 3TOT apryMeHT, OAHaKO, 08H
caeT 8 803AYXe, eCnH 3aMeTHTb, 4TO HHTep8an H3MeHeH HR 8 
8 /7/ MomeT 6~Tb e~6paH (0, 2rr).B 3TOM cny4ae o6nacT pa3-
P~8HOCTH <I>YHK~HH a 3anonHReT 4aCTb 3K8aTopHanbHOH nn ocKoc
TH, OT8e4atO~eH p > d + R,T.e. HMeeTCR nepeKpbiTHe C o6n aCTbiO 
npocTpaHCT8a, rAe W0 f, 0. Bo3MomHo, 6onee T04HaR <)lo MynH
poeKa COCTOHT B cneAY~~eM. 3<)l<)leKT A6 OTCYTCT8ye~, e c nH 
YAaCTCR KaKHM-nH60 o6pa30M 113arHaTb 11 CHHrynRpHOCTH <)lyHK~HH 
a 8 o6nacTb, rAe Wo= 0. BBHAY OAH03Ha4HOCTH H Henpep~e
HOCTH CaMHX BMn 3<)l<)leKT A6 6yAeT OTCYTCT80BaTb TaKme npH 
niC50M HHOM B~fiope o6naCTH pa3pb1Ba, 0TMeTHM TaKme, 4 TO 
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PHc.2 . Hn~cTpa~H Taro ~aKTa, qTo HarrHqHH nyTeH A H 

eel> 
B, B,IJ;OJib KOTOpbiX <l>a3a MeHHeTCH Ha ± 2hc ·, e~e He ,Il;OCTaToq-

HO p;nn B03HHKHOBeHHH 3~eKTa AB. BepTHKarrbHOH mTpHxoB

KOH n o Ka3aHbi o6nacTH, rp;e V0 = oo, . '1'0 = 0. fopH30HTarrb

Hoil WTPHXOBKOH TIOKa3aH COJieHOH,IJ;. TaKHM o6pa30M, o6-

JiaCTb, ,Il;OCTynHaH ,IJ;JIH qacT~1 MHOPOCBH3Ha Ha pHc.2a 

H O,Il;HOCBH3Ha Ha pHc.26. COOTBeTCTBeHHO 3TOMY 3¢$eKT 

AB HMe eTCH B nepBOM CJiyqae H OTCYTCTByeT BO BTOPOM. 

o6~4HOe paccymAeH~e 0 TOM, 4TO 3~~eKT Afi RBnReTCR cneA
CTB~eM nORBneH~R y BOnHOBO~ ¢YHK~~~ pa3H~X ~a3 np~ o6xo-
Ae o6nacT~, coAepma111e~ MarH~THoe none, no pa3HbiM nyTRM 
/A,B Ha p~c.2a/, He coeceM eepHo ~3-3a OAH03Ha4HOCT~ eon
HOBO~ ~YHK~~~. B Ka4eCTBe ~nn~cTpa~~~ paCCMOTP~M OAHO
CBR3HY~ o6nacTb, nony4eHHY~ YAaneH~eM ~3 ecero npocTpaH
cTea "o6nacT~, 3a~Tp~xoeaHHo~ Ha p~c. 26 /T. e. V0 = oo BHYTP~ 
3aWTp~XOBaHHO~ o6naCT~/. nocKOnbKY n~H~~ C~HrynRpHOCTe~ 
MOmHO BCerAa COBMeCT~Tb C 3aWTp~XOBaHHO~ nonoco~, TO 
cnpaeeAII~Bo e~pameH~e 'l'='l'o·exp(iy¢), (-rr < ¢<rr), rAe '1'0 -
OAH03Ha4HaR ~ HenpepbiBHaR ~YHKLI~R ,o6pa111a~aRCR B Hynb BHyT
p~ 3awT p~xoeaHHO~ nonoc~. Be~AY yH~TapHOCT~ 3Toro npeo6-
pagoeaH~R MarH~THOe none He AaeT BKnaAa e aMnn~TYAY pac
ceRH~R, T.e. 3~~eKTa AB HeT, xoTR pa3HOCTb ~a3 Ta me, 4TO 
~ e npeA~AYllleM cny4ae. 

0TMeT~M TaKme OTJI~y~e Q~3~4eCK~X een~4~H, OTBe4a~l!I~X 

OAH03Ha4 HbiM ~ MHoro3Ha4H~M eonHOBbiM ~YHK~~RM. Hanp~Mep, 

1 
ABYMepHo My ypaeHeH~~ WpeA~Hrepa c noTeH~~anoM- oT-

v'x2+ y2 
Be4a~T cneAY~lll~e BOnHOB~e ~YHK~~~ ~ YPOBH~ 3Hepr~~: 

'I' - exp(-1..) ·ym+Y L2m+ ly (y) · exp[i(m + y)¢], 
n •. m 2 n 

E - l , (y = 2kp). 
n,m (2n+2m + 2y + 1) 2 
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VHc.J. HnnrocTpHpyeT OTCyT

CTBHe 3~eKTa AB B og ocBH3-
HOM npocTpaHCTBe. Cnpa Ba 

OT XHPHOH BepTHKaiTbHOH nH
HHH 3amTpHXOBaHa 06n aCTb 
6eCKOHeqHoro OTTaiTKHBa HHH. 
B HeH ~e pacnono~eH c one

HOHg /gBOHHaH WTpHXOBKa/. 

~OCTynHaH gnH qaCTHU gHo

CBH3HaH o6naCTb neXHT ne
Bee BepTHKaiTbHOH nHHH 

04eB~AHO, 4TO KaK ypOBH~ 3Hepr~~, TaK ~ pacnpeAeneH~e ee
PORTHOCT~ ~~~ 2. cpeAHeKBaApaT~4eCK~~ paA~YC < p 2> RBHO 3a
B~CRT OT napaMeTpa HeOAH03Ha4HOCT~ y. 

HHTepeCHO npocneA~Tb Ha KOHKpeTHOM np~Mepe,KaK ne peXOA 
OT MHOrOCBR3HOrO npOCTpaHCTBa K OAHOCBR3HOMY np~BOA~T K 
~c4e3HoeeH~~ 3$$eKTa A6. PaccMOTP~M onRTb-TaK~ pacceRH~e 

3apRmeHH~X 4aCT~~ 6eCKOHe4H~M ~~n~HAP~~eCK~M coneHO~AOM, 

HO Tenepb np~ X > -a ~MeeTCR 6eCKOHe4HOe OTTanK~BaH~e 
/p~c. 31. TaK~M o6pa30M, ~0 = 0 np~ x > -a. Ecn~ MarH~THOe 
none B~Knl04eHo, TO eonHoeaR <!>YHK~~R paeHa ~o = sin k(x+a) np~ 
X.< -a ~ HyniO np~ X> -a. nocne TOrO KaK MarH~THOe ·llOJle 
BKnl04eHo, ~MeeM: 

~ = ~ 
0 

• exp ( i y 4>) , (0 < 4> < 2 TT) • /9/ 

nocKonbKY o6nacTb pa3pNea /npeAcTaenR~aR co6o~ nony nnoc
KOCTb y = 0, X > 0/ ne>K~T TaM; rAe ~O = 0, TO /9/ - OAH03-
Ha4HOe ~ Henpep~eHoe peweH~e ypaeHeH~R ~PeA~Hrepa n p~ Ha
n~4~~ MarH~THoro nonR. Be~AY YH~TapHOCT~ npeo6pa3oeaH~R 

/9/ 3$$eKT A6 oTcyTcTeyeT. <!>~3~4ecK~~ pe3ynbTaT He AOnmeH 
3ae~ceTb OT e~6opa HanpaeneH~R nnocKOCT~ pa3p~ea npo~3-

BOARllle~ <!>YHKl~~~ a. B 4aCTHOCT~, np~ ~3MeHeH~~ a3~MyTanb
Horo yrna e ~HTepeane (-n, rr) nnocKOCTb pa3p~ea coena AaeT 
c OTp~~aTenbHOi1 nonynnocKOCTbiO y = 0, x < 0. B 3TOM c ny4ae 
$OpMyna /9/ AnR ~ cnpaBeAn~ea, HO ~O - MHOr03Ha4HaR <!>YHK
~~R: ~0 (-rr) = ~0 ( rr) • exp(2i yrr).Bce me menaTenbHO ~MeT He
nocpeACTBeHHoe AOKa3aTenbCTBO OTCYTCTB~R BKnaAa MarH~THQ
ro nonR e aMnn~TYAY pacceRH~R, KOTopoe He on~paeTcR Ha e~

pameH~e /9/. OrpaH~4~MCR nepebiM nOPRAKOH Teop~~ eo3MYllle-
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H~~- To rAa Heo6XOA~Mo Ha~T~ peweH~e HeOAHOPOAHoro ypaeHe
H~H 

L'l'l' + k2'1' = 
2
iY a'l'o' ('Po= sink(x +a)). 

P2 a¢ 
1101 

0Ho e~ rnHA~T cneAY~~M o6pa3oM: 

a 'I' 
2 I ( ... ... , ) 1 0 d 'd , 'I' = sin k (x + a) + i y G0 p , p --.. - x y • 

p'" a¢· 
1111 

$yHK~~H rp~Ha Go, YAOBneTBOPH~~aH npae~nbHOMY rpaH~4HOMY 
ycnoe~~ I G 0 = 0, ecn~ x ~n~ x' paBHbl - a I, nerKo cTpo~T-. nt 
CH C nOMO~b~ MeTOAa ~HBepc~~ . 

1 {1) (1) 
G0 = 4i [H 0 (kR 1)- H0 (kR2)]; 

rAe 

R 1 = J<x -x')2 + (y- Y ')2' R2 =J<;;-~'+ 2a)2 + (y- y')2. 

HaKoHe~, ycTpeMnHH e 111 I eo BTOPOM cnaraeMoM p ... oo, 

HaXOA~M aMnn~TYAY pacceHH~H 

f( ¢) = - 2 i y k . [:1.. -j d x ' j d y ' • I exp [ - ik (x '· cos ¢ + y 'sin ¢ ) 1 -
17ki -oo -oo 

-exp[ik ((x'+ 2a)cos¢- y'sin¢)] lcosk(x'+a) · ~-
2

• 
X, + y' 

HHTerp~pyH no y' ~ AenaH 3aMeHy nepeMeHHbiX x' ... - x '_ ,a 
ny4aeM 

2 ika cos¢ . J_
~· 00 

f( ¢ ) = 4 y k . -- e ( -1 17 . sgn ¢) . J -kxj sin ¢1 e x 
17i k 0 

x sin (k x cos ¢) cos k x dx • 

1121 

no-

nerKO y6eA~TbCH, 4TO 3TOT ~HTerpan paBeH Hyn~ Be3Ae, 3a 
~cKn~4eH~eM ¢ = ± 17. AnH TaK~x 3Ha4eH~i:1 ¢ nepexoA OT 1121 
K 1131 HenP3BOMepeH. no3TOMY CHOBa o6pa~aeMCH K 1121. noA
CTaBnHH 3Ha4eH~H cp = ± 17, y6e>KAaeMCH, 4TO nOA~HTerpanbHOe 
B~pameH~e B 1121 CTaHOB~TC~ np~ 3TOM He4eTHOI:\ $YHK~~el:\ y', 
4TO ~ AOKa3biBaeT paeeHCTBO f(cp) HyniO, 
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Ha6Ili0Aa1011111~CR s HaCTORI.IIee speMR noTOK cTaTe~ no 1-l tnep~ 

npera~l111 3~~eKTa A6 s 3Ha411TeilbHOH Mepe o6R3aH pa6oTaM 181• 
B KOTOP~X AeilailCR HeBepH~H, Ha HaW B3rilRA, B~BOA, 4 TO 
3TOT 3~eKT He Cyl.lleCTByeT, RBilRRCb MaTeMaTI14eCKOH ~HK

~11eH. non~TaeMCR pa3o6paTbCR B CYTI1 cnopa. B 4eM COCT011T 
3~eKT A6? 3To pacceRHI1e Ha 6eas11xpes~x BMn s MHoroc sRa
HOM npOCTpaHCTBe /M~ B11Aeil11, 4TO 3TO He06XOAI1MO, HO He
AOCTaT04HO/. B MHOrOCBR3H~X npocTpaHCTBaX CYI.IIeCTBYIOT He-
3KBI1BaileHTH~e Henpi1BOA11M~e npeACTaBileHI1R yrilOBOrO MOMeHTa, 
npi1BOARI.IIHe K ~113114eCKI1 pa3Il114H~M pe3yilbTaTaM 191. 0TC YTCT
BI1e HaAemHoro KPI1Tepi1R oT6opa Toro 111111 11Horo npeACTa sne
H11R 11 nopOA11IlO ynoMRHYTYIO A11CKYCCI110. 3~~eKT A6 B03H I1 KaeT 
TOilbKO AilR Henpi1BOA11MOrO npeACTaBileHI1R, COOTBeTCTBYIOLIIero 
OAH03Ha4HOH BOilHOBOH ~YHK~1111, B OAHOCBR3H~X npocTpa CTBaX 
3~eKT A6 oTcyTcTsyeT, TaK KaK c noMOLIIbiO noAXOARI.IIero rpa
A11eHTHoro npeo6paaosaHI1R BMn MOmHo o6paTI1Tb e HYilb. B MHo
rocBR3H~x npocTpaHcTeax noAo6HaR npo~eAypa npi1BOAHT K no
RBileHI110 CI1HryilRPHOrO MarH11THOrO nOilR Ha OCI1 COileH011Aa, 
s peayilbTaTe 4ero nony4aeTCR 3aAa4a, ~H3H4eCKI1 He3K BHsa
neHTHaR 11CXOAHOH ! 101. 

C APYrOH CTOPOH~, peailbHOe Q113114eCKOe npocTpaHCT BO, 
B KOTOpOt~ npOBOA11TCR on~T, OAHOCBR3HO, TaK 'KaK 111060~ pe
ailbH~H ~11Il11HAPI14eCKI1H COileH011A 11MeeT KOHe4H~e pa3Mep~, 
a noTeH~11ailbH~H 6apbep - KOHe4HYIO B~COTy. HeT o6nacTeH 

a6COil~THO HeAOCTynH~X AilR naAaiOUI11X 4aCTH~, Ili060H KO HTyp 
MOmeT 6~Tb CTRHYT B T04Ky. BB11AY TOro, 4TO B OAHOCBR3H~X 
npOCTpaHCTBaX 3~~eKT A6 OTCYTCTByeT, npeAnPHHHMaili1C b no
n~TKI1 06DRCHI1Tb HeHyileBOH pe3yilbTaT On~TOB no 06Hapy~eHI110 
3~<!JeKTa A6 11 XBOCTaM1111 MarH11THOrO nOilR B AOCTynHOH AilR 4ac
TI1~ o6nacT11 1111. C11Tya~11R cTana e1.11e 6onee aanyTaHHOH noc
ne noRsneHI1R pa6oT~ PoR 

1121
, s KOTOPOH 6~no noKa3aHo , 4TO 

ecn11 BMn YAOBileTBOPRIOT onpeAeneHH~M ycnosi1RM, TO pac ceR
H11e onpeAeilReTCR MarH11TH~M noneM H B AOCTynH~X AilR 4aCTI1~ 

06IlaCTRX npOCTpaHCTBa. 3TI1M YCilOBHRI~ YAOBileTBOpReT KOHe4-
H~H ~Hil11HAPI14eCKI1H COileH011A. nocileAOBaswaR A11CKYCCHR 1131 

He npi1Beila K nOilHOH RCHOCTI1. Mbl C411TaeM, 4TO MHOrOC BR3HOe 
npOCTpaHCTBO /COOTBeTCTBYIOLIIee 6eCKOHe4HOMY HenpOHI1~aeMOMY 
COileHOHAYf RBilReTCR HenilOXOH MOAeilb~ peailbHOro OAHOCDR3-
HOrO npOCTpaHCTBa /KOHe4H~H COileH011A/ npH YCilOBI1H, 4 TO 
nepsoe RBilReTcR npeAeilbH~M cny4aeM sToporo npH Heor paHI1-
4eHHOM yBeilH4eHI111 AI111H~ COileH011Aa 11 B~COT~ noTeH~11ail bHOrO 

6apbepa. 3TO OT611paeT 113 BCeH COBOKynHOCTI1 He3KBHBa ileHTH~X 
npeACTaBileHI1H OAHO, COOTBeTCTBYIO~ee OAH03Ha4HOH BOil OBOH 
c)yHK~I-111. 

A aTop 6naroAapeH .R. A. Ct~OPOA11HCKOMY, 6eceA~ c KOTOP~M 
CnOCo6CTBOBaill1 nOHI1MaHHIO MHOri1X BOnpOCOB, paCCMOTpe H~X 
B AaHHOH pa6oTe. 
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KparKue coo61J4eHWI OHRH N"6-85 
YAK 530.145.530.12 

J/NR Rapid Communications N6-85 

H.A.4epHHKOB, H.C.WaeoxHHa 

nH~AfOPOB~ 4HCnA H TEOPHR CnHHOPOB 

Pa6oTa UOCBR~eHa CnHHOpaM B TeOpHH OTHOCHTenhHO
CTH H B KBaHTOBOA TeOpHH. B HeA HSnaraeTCR TaKxte Teo
PHH nH~aropoBhlX qHcen. UenhiD pa6oThl RBnReTCR Ha oc
Hose HCTOpHKO-MaTeMaTHqeCKOrO MeTOAa npORCHeHHe reo
MeTpHqeCKOA H ~sHqecKOA C~OCTH CnHHOpOB. lloKa saHo, 
qTo ~PMYnhl llH~aropa AnR npRMoyronhHoro TpeyronhHHKa 
ecTeCTBeHHWM o6paSOM npHBOART K CnHHOpHOMY npeACTaB
neHHID opToxpoHHoA rpynUhl llope~a. YKasaHo, qTo TaK 
HaShlBaeMhlA BeKTOp COCTORHHR B KBaHTOBOA ~pMHOHHOA 
TeopHH RBnReTCH CUHHOpOM eBKnHAOBa npOCTpaHCTBa, a B 
KBaHTOBOif 60SOHHOA TeopHH - CUHHOpOM CHMnneKTHqecKOrO 
npocTpaHCTBa. ITpaKTHqecKaR saAaqa APeBHOCTH - Haqep
THTb npHMOA yron Ha seMne - OKaShlBaeTCR TeCHO CBR
saHHOA c o6eHMH rnaBHhlMH ~HsHqecKHMH TeOpHRMH ABaA
~aToro seKa. 

Pa6oTa BhlnonHeHa B lla6opaTopHH TeopeTHqecKon ~HsH
KH OIDIH. 

Pythagoras Numbers and Theory of Spinors 

N.A.Chernikov, N.S.Shavokhina 

The paper is devoted to spinors in the theory of 
relatively and quantum theory; it also expounds the 
theory of Pythagoras numbers. Based on a historical
mathematical method the geometrical and physica l mean
ing of spinors is clarified. It is shows that the 
Pythagoras formulae for a right triangle lead natural
ly to a spinor representation of the Lorentz ortho
chronous group. The state vector in quantum fermion 
theory is proved to be a spinor of the Euclidean 
space, and in quantum boson theory, a spinor o f the 
symplectic space. The practical problem of anci ent 
ages, to draw on the Earth~s surface a right angle, 
appears to be tightly connected with both the main 
theories of the twentieth century. 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JIUR. 
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flu¢aeopoe~ ~UCAa 

3eMneMep~ Hay4~n~cb 4epT~Tb npRMOH yron Ha 3eMne e AaB
Ho npoweAw~e epeMeHa, o 4eM CB~AeTenbcTey~T APeBH~e cne
A~ ~x pa6oT~. Mo~Ho AYMaTb, 4TO AflR o6ner4eH~R Ha3BaHHOH 
onepa~~~ e Te epeMeHa 6~n ~3o6peTeH cne~~anbH~H ~HCTpy
MeHT , cneAY~~M cnoco6oM ~3rOTOBnReM~H ~3 eepeeK~ ~ Tpex 
Kon~wKoe. Ha eepeeKy, np~KnaA~BaR K HeH nanKy, paeHoMep
HO HaHOCRT Tp~HaA~aTb MeTOK, 3aTeM nepey~ MeTKy CKpennR~T 
c nocneAHeH, a ocTanbHY~ 4aCTb eepeeK~ oTpe3a~T. K nony-
4~eweMyCR KOflb~Y C ABeHaA~aTb~ MeTKaM~ np~BR3~Ba~T KOfl~W

K~ e MecTax nepeoH, nRTO~ ~ AeCRTOH MeToK. B pe3ynbTaTe 
~HCTpyMeHT roToe. Pa3HOCR Kon~wK~ AO npeAena TaK, 4T06~ 
eepeB0 4HOe KOflb~O HaTRHYflOCb B B~Ae npRMOfl~HeHHOro Tpey
rOflbH~ Ka, ~ e6~BaR Kon~wK~ e 3eMn~, nony4a~T Ha 3eMne 
npRMOH yron C eepW~HOH B nepBOH MeTKe. 

3TOT yron npRMOH, nOTOMY 4TO nony4a~~HCR TaK~M cnoco-
60M TpeyrOflbH~K ~MeeT CTOpOH~ Afl~HOH B Tp~, 4eT~pe ~ nRTb 
nanoK , a 3Ha4~T, YAOBneTeopReT ycnoe~~ n~~aropa 

x2 + Y2 - t2 = 0 111 

AnR npRMoyronbHoro TpeyronbH~Ka c KaTeTaM~ x,y ~ r~noTe

Hy3oH t. 
BMe CTO Tp~HaA~aT~ MO~HO HaHeCT~ Ha eepeBKY TP~A~aTb 

OAHY MeTKY ~ nony4~Tb KOflb~O C TP~A~aTb~ MeTKaM~, a KOflbR 
np~BR3aTb B MeCTax nepBOH, Tp~HaA~aTOH ~ ABaA~aTb wecTOH 
MeToK . B 3TOM cny4ae nony4aeTCR eepeeo4H~H TpeyronbH~K 
CO CTOpOHaM~ Afl~HOH B nRTb, ABeHaA~aTb ~ Tp~HaA~aTb nanoK. 
OH To~e YAOBne~eopReT ycnoe~~ 111. 

nepB~M TpeyronbH~KOM YA06HO nOflb30BaTbCR Ha npoCTOPH~X 
nno~aAKaX, BTOp~M - B TeCH~X MeCTaX. noA06HO 3TOMY COBpe
MeHH~e 4epTe~H~K~ nonb3Y~TCR ABYMR npRMoyronbH~M~ Tpey
ronbH~KaM~, B nepBOM ~3 KOTOp~X OA~HaKOB~e KaTeT~, a BO 
BTOpOM OA~H ~3 KaTeTOB paBeH nOflOB~He r~noTeHy3~. 

~MeOTCR ceeAeH~R o TOM, 4TO e ApeeHeM Bae~noHe 3Han~ 
ace npRMoyronbH~e TpeyronbH~K~, cTopoH~ KOTop~x nponop
~~oHanb Hbl ~en~M 4~cnaM 1 1•21• TaK~e TPOHK~ ~en~x 4~cen Ha3~
ea~TCR n~~aropOB~M~ISI,CaM n~~arop Hawen peweH~e ypaBHeH~R 
I 1 I e B~Ae 141 

X= (a2 - l)f, Y = 2af. t=(a 2 +1)f, 121 

rAe a - ~enoe 4~cno ~ a > 1 , f - Afl~Ha ynoM~HaeMOH Bblwe 
nanK~. Ecn~ nono~~Tb e = "2 ~ o603Ha4~Tb If = a" ' TO ~OPMYfl~ 
n~~aropa 121 np~MYT B~A 

2 2 
X = ~ - 'I 2 , y = 2 frt , t = (. + '12 , 131 
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no 3THM $QpMynaM MO~HO nony4HTb BCe TpO~KH B3aHMHO 
npOCT~X nH~aropOB~X 4HCen. npH 3TOM HaAO C4HTaTb, 4TO 
HMeHHO Y , a He X RBnReTCR 4eTH~M 4HCnOM, BenH4HH~ ~ H Tf -
B3aHMHO npOCT~e 4en~e 4HCna, H3 KOTOp~X OAHO 4eTHOe, H 
~ > Tf > 0 /5,6/ • 

EcnH ~e C4HTaTb, 4TO ~ H Tf - n106~e nono~HTenbHble / He 
o6RaaTenbHO 4en~e/ 4Hcna H f.> Tf, To KaTeT~ H rHnoTeHya a 
npOH3BOnbHOrO npRMOyronbHOrO TpeyronbHHKa npeACTaBnR IOTCR 
e BHAe /3/, rAe, Hao6opoT, 

t +X 

2 
t- X 

2 

CnuHop~ mpeXMepHoeo npocmpaHcmea 

/4/ 

6yAeM Tenepb C4HTaTb, 4TO npOH3BOnbH~e Be~eCTBeHHble 

4HCna X,y,t RBnRIOTCR KOOPAHHaTaMH nceBAOeBKnHAOBa n pocT
paHCTBa H 4TO KBaApaT AnHHbl eeKTopa X={x,y,tl, npHno~eH
Horo K Ha4any KOOPAHHaT, paeeH 

!51 

no onpeAeneHHIO H30TpOnHble BeKTOpbl ne~aT Ha CBeTOBOM KOHyce 
/1/, a cneAOBaTenbHo, npeACTaBnRIOTCR no ~opMynaM nH~aropa 
B BHAe /3/. 4Hcna /4/ H3 o6naCTH f. > Tf > 0 RBnRIOTCR na paMeT
paMH Ha To~ 4aCTH ceeToeoro KOHyca /1 I, rAe x > 0, y > 0, 
t > 0. EcnH M~ no~enaeM OXBaTHTb BCIO 11 BepXH101011 4aCTb CBeTO
BOrO KOHyca, T.e. TY ero 4aCTb, rAe t > 0, TO Mbl AOn~Hbl 
nono~HTb 

t- X 
Tf= y !6! 

npH 3TOM Ka~AOH nape Be~eCTBeHHbiX napaMeTpOB ~•Tf CTaBHT
CR 8 COOTBeTCTBHe HanpaeneHHbl~ B 116YAY~ee11 H30TponHbiH 
BeKTOp /3/, a Ka~AOMY TaKOMY BeKTOpy CTaBRTCR B COOTBeT
CTBHe ABe B3aHMHO npOTHBOnOnO~Hble napbl /6/ napaMeTpO 
~. Tf • 

MHpOBaR TpaeKTOPHR CBeTOBOrO ny4a, npOXOAR~ero B OMeHT 
BpeMeHH t = 0 4epe3 T04KY X= 0, y = 0, RBnReTCR npR OnH
HeHHOH o6pa3y~eH CBeTOBoro KOHyCa /1/. Ee MO~HO 3aAa Tb 
CHCTeMO~ nHHe~HbiX ypaBHeHHH 

-Y~ + (t+~)Tf=OJ /7/ 
-(t-x)~ + YTf =0 
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3AeCb MW BnnoTHY~ nOAownH K TeOpHH CnHHOPOB nceBAoeBKnH
AOBa npocrpaHcraa 171• 

CneAY~ KapTaHy, cnHHopoM, npHnomeHHWM K Ha4any Koop
AHHaT, Ha3waaeM cron6e~ 

e ) S=( '7 • 

BeKTOp , npHnomeHHWH K Ha4any KOOPAHHaT, npeACTaan~eM 

B BHAe MaTpH~W 

X= ( -Y t+X) 

x-t y 

!81 

/9/ 

B MaTpH4HWX 0603Ha4eHHRX CHCTeMa ypaaHeHHH /7/ 3anHCWBaeT
CR B BHAe 

XS=O . 

H30TPOnHOMY BeKTopy /)/ COOTBeTCTByeT MaTpH~a 

x = 2 ( - efl 
- '7 2 

e
2

)· efl 
OnpeAenHrenb MaTpH~W /9/ paaeH 

det X = t 2 _ x 2 _ y 2 = _ x2 • 

/10/ 

/11/ 

/12/ 

0TC~Aa cneAyeT, 4TO CHCTeMa /7/ COBMeCTHa TOrAa H TOnbKO ... ~ TOrAa, KOrAa X- H30TpOnHWH BeKTOp. 
KaaApaT MaTpH~w /9/ paaeH 

x2 = =x2. 
( 

x2+ y2_ t2 0 ) 

0 X2+ y2_ t2 
/13/ 

CKanRpHy~ MaTpH~Y OTOmAeCTBnReM c 4HCnOM. nycTb X,Y
npOH3BOnbHWe aeKropbl, a ..\- npoH3BOnbHoe 4Hcno. CornacHo 
/13/ ( X +..\Y)2 =(X+..\Y)2, a cneAOBarenbHo, 

XY + YX = 2xy . /14/ 

HapRAY co caeroawM KoHycoM /1/ aecbMa aamHoe 3Ha4eHHe 
HMe~T OAHOnonOCTHWH rHnep6onOHA 

x2 = 1 /15/ 
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x2 
= - 1. 

Ha 11 BepxHeH11 4aCTH rHnep6onoHAa I 16/ 

t=Jl+X 2+y 2 , 

ds2 = dx 2 + dy 2 _ dt 2 = dx2 + dy 2 __ ( xdx + ydy )
2 

1+X2+Y2 

/16/ 

/17/ 

/18/ 

noeepXHOCTb /17/ RBilReTCR nllOCKOCTb~ no6a4eBCKOro. OTC~Aa 
CileAyeT, 4TO OpTOXPOHHaR rpynna nopeH~a TpexMepHOrO npo
CTpaHCTBa-epeMeHH COBnaAaeT C rpynnOH H30MeTpHH nllOCKOCTH 
no6a4eBCKOrO. 

npocTeHwee 113 opTOXpOHH~X npeo6pa3oBaHHH nopeH~a - 3TO 
3epKallbHOe OTpa~eHHe B nllOCKOCTH, npOXOAR~eH 4epe3 Ha4a110 
KOOPAHHaT H OpToroHallbHOH K BeKTopy, KOHe~ KOTOporo Haxo
AHTCR Ha OAHOnOilOCTHOM rHnep60I10HAe /15/. 0603Ha4HM ·3TOT 
BeKTOP e. nycTb X- npOH3BOI1bH~H BeKTOp H x' - ero aep
KallbH~H o6pa3. TaK KaK BeKTOp e KOilllHHeapeH BeKTOpy 
i'- i H opToroHaneH eeKTopy x + i: ·, To 

a TaK KaK 2(el) = EX+ XE H E 2 = 1, To AI1R cooTeeTcT BYIOIJtHX 
MaTpH~ cnpaBeAilHBO COOTHOWeHHe 

X' = - EXE . /20/ 

3epKallbH~M o6pa30M CnHHOpa a RBilReTCR CnHHOp 

/21/ 

OpToxpoHHoe npeo6pa3osaHHe nopeH~a c nonm~HTellbH~M RKo-
6HaHoM nony4aeTcR e pe3yllbTaTe nocneAOBaTellbHoro e~nonHe
HHR 3epKallbH~X OTpa~eHHH B ABYX TaKHX nllOCKOCTRX: X" = 
= -E2X'E2 , X'=-E1XE 1 , T.e. X"=E2E1XE 1E 2 • CneAOBaTenb
HO, 

X" = sxs-1
, ta"= sa, /22/ 
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OpTOXPOHHOe npeo6paaoaaHHe nopeHLia c OT.PHI..IaTeJlbHbiM .RK0-
6HaHOM - 3TO nH60 OAHO aepKanbHOe OTpa*eHHe, nH60 peaynb
TaT Tpex TaKHX OTPa*eHHi:i: X"'- -E8X"E8 , X"= -E2 X'E2 , 
X'--E1 XE1 , T.e. X'"=-E8 E2 E1 XE 1E2 E8 • CneAOBaTenbHo, 

X"'=-TXT-1, la'" .. Tla, 1231 

-1 
rAe T = E8E2E_~, T = E 1E~8 • B 4acTHOCTH, ecnH E8 = E 2 , 
TO T = E1 = T • 

nnoCKOCTb 

ex= o, e2 = 1 1241 

nepeceKaeT noaepxHOCTb I 17 I no 11 aepxHe.:1 11 aeTBH rHnep6onbl, 
KOTOpa.R npeACTaBn.ReT np.RMY~ Ha nnOCKOCTH no6a4eBCKOrO. 
3epKanbHOe OTPa*eHHe npOCTpaHCTBa B nnOCKOCTH 1241 B3aHM
HO OAH03Ha4HO conpOBO*AaeTC.R 3epKanbHbiM OTpa*eHHeM nnoc
KOCTH n o6a4eBCKOro B 3TOH np.RMOH. 

nepeXOA K KOMnneKCHbiM 4HCnaM ~ H ~ npHBOAHT K CnHHOpaM 
TpexMepHoro eaKnHAOBa npocTpaHCTBa KaK HaA noneM KoMnneKc
HbiX, TaK H HaA noneM Be~eCTBeHHbiX 4HCen/?l, 

Cnu Hopu MH020MepHux npocmpaHcme 

CnHHOpbl n-MepHoro eBKnHAOBa npocTpaHCTBa 6blnH oTKpbi
Tbl 3nH KapTaHoM a 1913 r / 7 •81 • B Ha4anbHOM cny4ae n = 3 · 
KapTaH HCXOAHT H3 <I>OPMYn nH<t>aropa 13/. EcnH n = 2v HllH 
n = 2v·+ 1 , rAe v - 1..1enoe 4Hcno, TO aeKTop i npeACTaan.ReTC.R 
KBaApaTHOH MaTPHLieH X nop.RAKa 2v, a CnHHOp Ei - CTOI16l.IOM H3 
2v 4Hcen . KaK H a TpexMepHoM cny4ae, KBaApaT MaTp~1l.lbl X 
paaeH c Kan.RpHoMy KBaApaTy aeKTopa x, a cneAoBaTenbHO, An.R 
ABYX Ta KHX MaTPHLI X H Y cnpaBeAnHBO paaeHCTBO 11·4/. MaT
PHI..Ia, npeACTaBn.R~~a.R Be~eCTBeHHbiH BeKTOp, 3pMHTOBa. 4T06bl 
reoMeTpH4eCKH o6ocHoBaTb H3BeCTHy~ TeopH~ AHpaKa, HaAO 
nono*HTb v = 2. 

3epKanbHOe OTpa*eHHe /19/ B rHnepnnOCKOCTH ex = 0, 
-+2 . 
e =1 H B n-MepHOM cny4ae npeACTaBn.ReTC.R B BHAe /20/. 
Ka*AOe apa~eHHe npocTpaHCTBa BOKpyr Ha4alla KOOPAHHaT .RB
Il.ReTC.R n pOH3BCACHHCM 4CTHOrO 4HCna ::; n OTpameHHH B TaKHX 
nnOCKOCT.RX. 

nycTb aeKTOpbl ha , rAe a E 11, .... n I • COCTaBil.R~T 6a3HC. 
a HX CKan.RpHble npoH3BeAeHH.R paBHbl ii iib = h b . Cor nacHo a. a 
114/ COOTBeTCTBYIOiiiHC MaTPHI..Ibl Jia YAOBneTBOP.R~T nepecTaHo-
B04HbiM COOTHOWCHH.RM 

Ha.Hb + HbHa = 2hab · /25/ 
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. D b 
Ha = I habH • 

b= 1 

MaTPH1.4a X, npeACTaB11RI0114aR seKTop 

pasHa 
D D 

X= l: xaHa = l: xaHa, 
a= 1 a= 1 

D 

Xa = :I hab X b • 
b= 1 

nHHe~HOe npeo6pa30BaHHe 

D 
x'a= l: ·Laxb 

b= 1 b 

npOCTpaHCTBa Ha3~BaeTCR epa~eHHeM npocTpaHCT~a BOKpyr 
Ha4a11a KOOPAHHaT, eCJlH YAOBJleTBOPRIOTCR YC110BHR/g/ 

det II L~ II = 1 • 

/26/ 

/27/ 

/28/ 

/29/ 

/30/ 

/31/ 

3TOMY npeo6pa30BaHHIO COOTBeTCTByeT KBaApaTHaR MaTpH1.4a 8 
nopRAKa 2v,TaKaR, 4TO 

X'= SXS - 1, 

n 
SH s-1- l: LbH a - a b • 

b= 1 

B cny4ae 6ecKoHe4Ho Manoro epa~eHHR 
n 

8Xa=X'a-Xa= I wabxb, 
b= 1 

B 3TOM cny4ae S = 1 + !l, rAe 

/32/ 

/33/ 

/34/ 

/35/ 

/36/ 
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TaK 4TO 

8 X = X' - X = 0 X- X!l , 

BE = E' -E = UE . 

AAe e6pa KAu¢¢opoa 

/37/ 

/38/ 

ECJ1H HeKOTOpble BeKTOpbl ea. rAe a ~ 11 , •• • , n I , o6pa3yiOT 
OpTOHOPMHPOBaHHbiH 6a3HC, TO COOTBeTCTBYIO~He MaTpH~bl Ea 
YAOBJ1eTBOp~IOT nepecTaHOB04HbiM COOTHOWeHH~M KnH~~OPAa 

Ea Eb + EbEa = 28ab . /39/ 

Anre6pa Kn,nopomAeHHa~ eAHHH~eH 1 1o1 APYrHMH 3J1eMeHTaMH 
E 1 , ••• , En , YAOBJ1eTeop~IO~HMH cooTHoweHH~M /39/, Ha3b1BaeT
c~ anre6poH KnHCI><I>OPAa. reHepaTopbl 1, E1 , ••• ,En 1o1 npoHaee
AeHH~ E a

1 
••• Eam ,rAe 2 ~ m ~ n, a1 < a2 < ... < am ,cocTaen~IOT 

6aa1o1c anre6pbl Kn .CneAoBaTenbHO, paaMepHOCTb 3TOH anre6pbl 
KaK Be~TOpHoro npocTpaHCTBa paBHa 2n. aeHCTBHTeJ1bHO, no 
6HHOMY HbiVTOHa 1+n + C~+ ••• +C~=(1+1)n . 

np1o1 n = 2v anre6pa K2vnpocTa~. 0Ha 3KBHeaneHTHa anre6pe 
KBaApaTHbiX MaTpH~ nop~AKa 2v • 

np1o1 n = 2v + 1 anre6pa K 2v+1 nonynpocTa~. 0Ha pacnaAaeT
CH B n p~MYIO CYMMY ABYX OAHHaKOBbiX nOAaJ1re6p, Ka~Aa~ H3 
KOTQpbiX 3KBHBa~eHTHa K 2v . KapTaH Bb16HpaeT TY H3 nOAaJ1re6p, 
B KOTOOOH 

. v E E - 1 • 1 .. . 2v + 1-

Tenepb noH~THo, no4eMy 4Hcno KoMnoHeHT cnHHopa npH 
n = 2v H npH n=2v+l paeHo 2v. 

/40/ 

Ko H e~HoMepHaR MOOeAb KeaHmoeou meopuu noAR 

B 2 v -MepHOM npocTpaHCTBe 6aa1o1c 

Ak = ~- ( E 2k- 1 + i E 2k) • A~ = ! ( E2k- 1 - i E 2k) • 

/41/ 

k ~ 11 , ••• , vI, 

npHBOAHT K KOHe4H.OMepHOH MOAeJ1H ~epMHOHHOrO nOJ1~. aeHCTBH
TeJ1bHO , H3 nepecTaHOB04HbiX COOTHOWeHHH KJ1H~~OPAa /39/ no-
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ny4aeM nepecTaHOB04H~e COOTHOWeHHR MemAY onepaTOpaMH YHH4-
TOmeHHR H pOmAeHHR ~epMH-4aCTH~, a HMeHHO: 

+ + + + 
AkA f + Ae A k = 0 • 

/42/ 

BeKTop~ Ak nemaT B v -MepHoi1 nonHOCTbiO H3oTponHOH 
nnocKOCTH n . A.nre6pa rll. nopomAeHHaR eAHHH~ei1 1 H APY r HMH 
3neMeHTaMH A1 , ... ,A11 .YAOBneTBOPRIOIIIHMH cooTHoweHHRM AkAf + 
+AfAk=O, Haa~aaeTCR anre6poi1 fpaccMaHa. feHepaTop~ 1, 
A1 , .. . ,A 11 H npoH3BeAeHHR A kl ... A k!L , rAe 2 ~ IL ~ v , 

k1<k2< ,.,<k.JL, COCTaBflRIOT 6a3HC anre6p~ r
11

,TaK 4TO paa
MepHOCTb 3TOH anre6p~ paBHa 2 11

, T.e. 4HCny KOMnOHeHT CnH
Hopa. A.nre6pa fpaccMaHa RBnReTCR noAanre6poH anre6p~ KnH~
~opAa. 

Bee 3TO B paBHOH Mepe OTHOCHTCR H K BeKTOpaM Ai,ne ma
IIIHM B nnoCKOCTH n+. KapTaH npeACTaBnReT cnHHOp B BHAe 
CTOn6~a aHTHCHMMeTpH4H~X KOMnoHeHT <k k .KamAOMY Ta-

l ... IL 
KOMY CTOn6~y B3aHMHO OAH03Ha4HO COOTBeTCTBYST 3neMeHT · 

/43/ 

anre6p~ fpaccMaHa r:.EcnH 3aMeHHTb 3AeCb ILl Ha yj;T,To no
ny4HTCR ~YHK~HOHan ~OKa I lOI, 

BaKYYMHOe COCTORHHe 10> npeACTaBnReTCR npOCT~M CnHHO
pOM H H306pamaeTCR nnoCKOCTbiO n. TaK Ha3~BaeM~H BeKTOp co
CTORHHR, paBH~H 

/44/ 

Ha CaMOM Aene RBflReTCR CnHHOpOM, BeKTOp COCTORHHR 6030H
Horo nonR cneAOBano 6~ TaKme Ha3~BaTb cnHHopoM, Ho y me 
He eBKflHAOBa, a CHMnneKTH4eCKOro npoCTpaHCTBa. npeAC TaBne
HHe o raMHflbTOHHaHe nonR AaeT onepaTop /36/. 

CnHHop~ KapTaHa HaXOARTCR B TaKOM me OTHoweHHH K a eK
TopaM, B KaKOM BOflHOBaR ~YHK4HR WpeAHHrepa - K onepaTOpaM 
KOOPAHHaT H HMnynbCOB, no3TOMY KBaHTOBYIO MexaHHKY MOmHO 
Ha3~BaTb TeOpH~H CnHHOpOB CHMnneKTH4eCKOrO npocTpaHCTBa 
/no MeHbWeH Mepe, ecnH ypaBHeHHR faMHflbTOHa flHHeHHble / . 
B cao10 04epeAb, TeopHR cnHHopoa KapTaHa RBnReTCR KBa HTo
eoi1 reoMeTpHeH eBKflHAOBa npOCTpaHCTBa . 
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Kpar~<ue coo6U~enu.n OHJIH lf-6-85 J/NR Rapid Communications N6-85 

YAK 621 .039.573 

B.M.Haaapoa, C.C.nasnos, B.~.nepeceAOB, 
~1. B .~poHTacbeaa 

KAHAllbl ,QJUI 0611Y4EHHfl H nHEBMOTPAHCnOPTHAfl YCTAHOBKA 
HA H6P-2 

OnHCaHbi DHTb KaHanOB AJIH oonyqeHHH Ha HBP-2 ' ABa 
H3 KOTOpb~ npeAHa3Ha'l:eHhl, B OCHOBHOM, AJIH aKTHBaUH
OHHOrO aHanHsa. CpeAHHH DnOTHOCTb DOTOKa TeDnOBb~ 
H pe30HaHCHb~ HeHTpOHOB B nepBOM KaHane/1,1+0, 14/. 10 12 

H /0,23:!._0,03/· I0 12H/ CM2. C COOTBeTCTBeHHo.-III , IV 
H V KaHa.Jlbl npeAHa3Ha'l:eHbi AJIH PaAHaUHOHH~ HCcneAOBa
HHH H nony'l:eHHH PaAHOaKTHB~ H30TonoB. CneKTpbi HeHT
poHoB B IV H V Kauanax 6JIH3KH K napaMeTpaM I KaHana, 
a cneKTp HeHTpoHoB B III KaHane, pacnono~eHHOM B ueuT
pe aKTHBHOH soHM peaKTopa, 6JIH30K K cneKTPY AeJieHHH 
CO cpeiHeH DnOTHOCTbiD DOTOKa HeHTPOHOB 
180. I 0 2 H/ ( CM 2. c). OnHcaHbi -ocHOBHbie oJIOKH nHeBMo
TpaHcnopTHOH ycTaHOBKH 11PeraTa11 H B Ka'leCTBe npHMepa . . 
npHBeAeHbl pesyJibTaT&I sneMeHTHoro aHanHsa Bonoc qeno-
BeKa. 

PaooTa BbiDOJIHeHa B naoopaTOPHH HeHTPOHHOH cPHJH
KH mum. 

Channels for Irradiation and Pneumotransport 
System at IBR-2 

V.M.Nazarov et al. 

The pulsed reactor IBR-2 is supplied with 5 chan
nels for sample irradiation, two of which are i nten
ded mainly for activation analysis. The mean va lues 
of the thermal flux density and epithermal neu t rons 
in the I channel are (1.1+0.14). 10 12 and (0.23+ 
+0.03)· I0 12n/(cm 2-s), respectively.The III, IV ,-and 
V channels are intended for radiational invest i ga
tions and production of radioactive isotopes. The 
neutron spectra in the IV, V channels are simil ar to 
that in the I one, and the neutron spectrum in the 
III channel installed in the centre of the reac tor 
active core is similar to the neutron spectrum of fis
sion, the mean neutron flux density being 
180-I0 12n/(cm2. s). The principal units of the pneu
matic system "Regata" are described and the results 
of the elementary ' analysis of human hair are presen
ted for illustration. 

The investigation has been performed at the Labo-
ratory of Neutron Physics, JINR. 37 



AnH npoaep;eHHH aKTHBa4HOHHoro aHanHaa, pa.o;Ha4HOHH~X 

HCCnep;oaaHH~ H nony4eHHH pap;HOaKTHBH~X H30TOnOB peaKTOp 
H6P-2 o6opyp;oaaH nHTb~ KaHanaMH p;nH o6ny4eHHH o6pa340a 
/pHc. 1/. Aaa KaHana /K1 H 1{2/ pacnono*eH~ y TOP40B rpe-
6eH4aToro aaMeAnHTenH, npocMaTpHaaeMoro 4,5 H 6 ny4KaMH 

PHc.l. Pacnono~eHHe KaHa
noa o6nytieHHR ua HBP-2. 
I - ao.o;nHoA ·rpe6eHtiaTbrn 
3aMeAnHTenb / 3/ ,2 - BO,ll;R
HOH nnoCKHH saMeAJIHTenb, 
3 - aKTHBHaR 30Ha, 4 -
CTaUHOHapHbJe OTp~aTenH, 
5, 6 - nop;B~HOH OTp~a

Tenb, K 1-KS - KaHanbi o6ny
tieHHR. 

peaKTopa. Ka~an K3 pacnono*eH a 4eHTpe aKTHBHo~ soH~ 
/noKa He HcnonbayeTcH/, a KaHan~ K4 H KS- a aaMeAnHTene, 
pacnono*eHHOM ·sa no.o;aH*HbiM oTpa*aTeneM. XapaKTepHCTHKH 
KaHanoa .o;nH o6ny4eHHH npH M~HOCTH peaKTopa 2,0 MBT npH
aep;eHbl a T a6n. 1 . 

Ta6nHua 

!-."!." Ka - finOTHOCTb llOTOKa HeHTpOHOB, .[lHaMeTp IlpHMe-
Han a H/(cM2.c)•IQI2 t,°C KaHana, tiaHHR 

B Ka- MM 

TennoBbie pesoHaHCHbie 6biCTpbie Hane 

Kl 1,1.:!:_0,14 0,23.:!:_0,03 I, 4.:!:_0, 16 70 28 3KCnepHM • 
.o;aHHbie 

K2 0,54.:!:_0,06 0,12.:!:_0,014 0,64.:!:_0,04 50 28 3KCnepHM. 
p;aHHble 

K3 10-5 0,015 180 400 16 pactieTHbie 
.o;aHHbie 

K-4 4,0.:!:_0,5 0,4.:!:_0,04 4,2.:!:_0,5 30-40 30 3KCnepHM. 
K-5 .o;aHfThie 

38 



\ 
I 

Bee nepe4HcneHH~e KaHan~ BHYTPH cyxHe, 1 H 2 KaHan~ 
oxnamAa~TCR B03AYXOM, 3 - HaTpHeM, 4 - BOAOH. noAa4a o6-
pa3~oe B KaHan~ 1 H 2 OC~eCTBnReTCR CHCTeMOH nHeBMO
TpaHCnOpTa 11 PeraTa11

• 6noKH 3arpy3·KH, e~rpy3KH, xpa eHHR, 
H3MepeHHR H nepeynaKOBKH pacnonomeH~ BAanH OT peaKTopa 
/AnHHa Tpacc~ 30-40 M/ H pa3Me~eH~ a 2 cne~HanbH~x noMe
~eHHRX. BpeMR TpaHcnopTHPOBK~ o6pa3~oe Ha o6ny4eHHe HnH 
o6paTHO 5-10 C. B KamAOM KaHane MOmHO o6ny4aTb OAHOBpe
MeHHO AO 5 KOHTeHHepoe. BpeMR o6ny4eHHR o6pa3~0B B nonH3-
THneHOB~X KOHTeHHepaX orpaHH4HBaeTCR paAHa~HOHHOH CTOH
KOCTb~ nonH3THneHa H COCTaBnReT 30 MHH npH M~HOCTH 

peaKTopa 2 11BT. 6onee AnHTenbH~e o6ny4eHHR o6pa3~0B npo
H3BOARTCR B an~MHHHeB~X KOHTeHHepax. 

YcTaHOBKa 11PeraTa11 cHa6meHa aeToMaTaMH AnR 6~cTporo 
/1,5 c/ H3Bne4eHHR Kancyn c o6ny4aeMOH npo6oH H3 nonH3TH
neHoe~x TpaHcnopTH~X KOHTeHHepoe. 4acTO TpaHCnOpTH~H KOH
TeHHep HCnonb3§eTCR KaK pa6o4aR Kancyna. BHyTpeHHHH o6DeM 
ero OKOnO 5 CM npH BHeWHeM AHaMeTpe 26 MM. An~MHHHeB~e 
KOHTeHHep~ no pa3MepaM 6nH3KH K nOnH3THneHOB~M, HO HMe~T 
a 2,5 Ra3a 6onbWHH none3H~H o6DeM. 

,ll.nR ~eneH aKTHBa~HOHHoro aHanH3a ycTaHOBKa 11PeraTa11 

cHa6meHa H3MepHTenbHo-e~4HCnHTenbH~M MOAYneM Ha 6a3~ 
3BM MEPA-60 c TpeMR He3aBHCH~MH TpaKTaMH aMnnHTYAHoro 
aHanH3a. 0AHH H3 HHX pacnonaraeT nporpaMMOH ynpaeneHHR 

Ta6nH~a 2 
AHanHsHpyeMblli .[lHanasoH KoH- AHanHsHpyeMblli .[lHanasoH 
paAHOHYKnHA ~eHTp~H sne- PaAHOHYKnHA KOH~eHTp~H 

MeHTa, 
PPM {)Q-6r/r) 

sne~seHTa, 

PPM (! o-6rfr) 

24Na 1407-1100 13 76As* 2, 07-20 

2 28Al 1007-400 14 75se* 0, 47-8,0 

3 38cl 1007-700 15 82Br* 77- 35 

4 48K 1107-430 16 88Rb 15 

5 46sc 0,067-1 ,0 17 llOmAg* 0, 67-10 

6 52v 0,47-5,0 18 llliDcd * 67-90 

7 5lcr 107-200 19 116mrn* 0, 137-0,3 

8 56Mn 3,07-9,0 20 I24sb* 2, 7-10 

9 59 Fe 10007-6000 21 1281 * 0, 17- 10 

10 60co 1,27-8,7 22 Hl7w* 0, 17-2,6 

II 66cu 8+30 23 198Au* 0, 27-1,5 

12 65zn 4007-2600 24 203Hg 87- 10 
* aKTHBa~HR: onpeAenneTcR: pesoHaHCHhlMH HeHTpOHaMH . 
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npo6oTeKo.:1 11 PeraTbl11
, KOTopaR noasonReT noo4epe.qHo H3Me

PRTb H o6pa6aTbiBaTb .qo 32 o6pa340B. npH Ha11H4HH 3TailOH
HOrO cne KTpa nporpaMMa Bbl.qaeT .qaHHble o cocTase aHailH3H
pyeMbiX npo6 no TeM 3IleMeHTaM, KOTOpble npHCYTCTBY~T 8 3Ta
IlOHe. 6onee nOilliaR o6pa6oTKa raMMa-cneKTpos ocy~eCTBilReT
cR Ha 3 BM PDP-I I /70 no nporpaMMaM ACTIV / l / H SAMPO 121 • 

B Ta6n.2 H Ha pHc . 2 noKa3aHbl, a Ka4eCTse npHMepa, pe-
3YilbTaTbl 3IleMeHTHOrO aHailH3a BOilOC 4eilOBeKa Ha yCTaHOBKe 
11 PeraTa 11

• 06paae4 /sec 0,2 r/ aKTHBHposancR TennosbiMH H 

~rnrnrnonon.,.,~~TTTTTTTTrrrrrrnrrn~~ 

N A 

3 

400 700 1CXXJ 1.300 1600 1900 n 
&XO rrrrrrTTTTTO,..,nrrrrrTTTTTO"""nrrrrn 

N 6 

•QWN 

6CXXl 

4CXXJ 

2000 

13 

400 700 1CXXJ 1300 1~ 1900 
n 

PHc. 2 . AnnapaTypHbie raMMa-cneKTpbi aKTHBHposaHHbiX 
o6pa3~0B aonoc qenoseKa. no ocH aoc~Hcc - 3HeprHR 
I'aMMa -KBaHTOB /npOH3B. eAHHH~I/, no OCH OPAHHaT
qHcno co6biTHiL I Ge(LirAeTeKTop 50 cM3 I. UH4>paMH oT
MeqeHhl nHKH, COOTBeTCTBy~e HYMep~HH XHMHqecKHX 
3neMe HTOB B Ta6n,2; 11 aHH11 

- llHK aHHHI'Hnfi~HH ll03HTpo
HOB. Y cnoBHR HsMepeHHR KpHBbiX A H B onHcaHbi a TeKcTe. 
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peaoHaHcH~MH He~TpoHaMH. CneKTp A /eM. pHc.2/ H3MepeH 
nocne 5-MHHyTHOrO o6ny4eHHR H nocneAy~e~ 5-MHHYTHO~ B~

AepmKH, cneKTP o - nocne aKTHBa~HH npoAonmHTenbHOCTb~ 
4 4aCa H 5-cyT04HO~ B~AepmKH. 

KaHan 4, TaK me KaK B 6yAy~eM H 3, HCnonb3yeTCR AnR 
paAHa~HOHH~X HCCneAOBaHH~ npH ~n~eHCaX He~TpOHOB 6onbWe 
10 17 H/CM 2 • 3arpy3Ka H B~rpy3Ka o6pa3~0B B HHX OCy~eCTBnR
eTCR MeXaHH4eCKHMH 3aXBaTaMH npH OCTaHOBneHHOM peaKTOpe. 
AnR pa6oTbl c a~coKoaKTHBH~MH o6paa~aMH Ha HoP-2 HMe~TCR 
TpH ropR4He KaMep~. 

numepamypa 

1. Zlokazov V.B. Comp. Phys.Comm., 1982, 28, p. 27- 40. 
2. Routti J.T., Prussin S.G. Nucl.lnstr. and Meth. , 1964, 

72, p. 125. 
3. fYHAOPHH H.A., Ha3apoa B.H. OHRH, P3-80-721, Ay6Ha, 

1980. 

PyKonHCb nocTynHna 11 RHBapR 1985 roAa . 
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B.M.Haaapoa, B . ~.nepeceAoa, B.n.c~coea 

6HO~H3H4ECKH~ KAHAfl HA H6P-2 

42 

OnHca~ nosH~HH o6nyqeHHH 6H~HsHqecKoro KaHana 
Ha HEP-2 H ycTpoftCTBa, o6ecneqHBa~e BosMo~ocTH 
npoBe~eHHH p~~OHHhlX HCcn~~BaHHH, p~orpa$HH 

H sneMeHTHoro aHanHsa c HcnonbsoBaHHeM (n, y), (n, a)-
H (n, p)-peaK~H. IlpHBe~eHbJ xapaKTepHCTHKH nyqKOB npH 
MO~HOCTH peaKTopa 2 MBT, MaKCHManbHOe 9HaqeHHe nnoT
HOCTH llOTOKa TennOBWX HeHTpOHOB/60+5/.J0 8H/(cM~ c), 
pesoHaHCHb~ HeHTpOHOB /40+5/. 107 H7(cM 2 • c) npH cpe~
HeH MO~OCTH ~09hl 30 fp/MHH. B 9THX ycnOBHHX MO~O 
onpe~enHTb co~ep~aHHe sonoTa B o6pas~ax c qyBCTBH
TenbHOCTbiD aHanHsa 2- Io-8 r/r. Ha Bwxo~e sepKanbHoro 
HeHTpOHOBO~a llPH llnOTHOCTH llOTOKa TennOBb~ HeHTpOHOB 
/ 2 ,5+0,3/· 10 6 H/(CM~ c) qyBCTBHTenbHOCTb aHanH9a rop
Hb~ nopo~ no 6opy I 0-15 MKr I r. 

Pa6oTa BbmonHeHa B Jia6opaTopHH HeftTpoHHon <l!HsHKH 
OIDIH. 

The Biophysical Channel of IBR-2 

V. M.Nazarov, V.F.Peresedov, V.P.Syisoev 

The sits of irradiation in the biophysical channel 
of IBR-2 together with the facilities, providing the 
r adiational investigations, radiography and element 
analysis using (n, y ), (n, a) and (n, p) reactions are desc
r ibed. The beams parameters at the reactor power of 
2 MWt are the following: the maximum value of the 
t hermal flux density is (60+5) -10 8 n/ (cm2- s), epither-

7 -mal - (40+5)· 10 at the mean power doze of 30 gray/min. 
Under such conditions one can obtain the content of 
gold in the investigated samples with the sensitivi
t y of 2- w-8 g/g. The sensitivity of the analysis of 
boron current in rock samples at the exit of the mir
r or neutron ~uide under thermal flux density of 
(2.5+0.3) · 10 n/(cm 2• s) is 10 715 p.g/g. 

The investigation has been performed at the Labo
r atory of Neutron Physics, JINR. 



o~OQ~3~4eCK~~ KaHan /6$K/ /CM. p~CyHOK/ npeAHa3 a4eH 
Anfl paA~aLI~OHHbiX ~ccneAOBaHHH /paAH06HonorHH, HMnyn bCHbiH 
paAHOn~3 TBepAbiX Ten~ mHAKOCTe~/, paAHOrpa~l-11-1 ~ 3n eMeHT
Horo aHan~aa c Hcnonb30BaH~eM (n,y)-,(n,a)-1-1 (n, p)
peaKLI~H 11

•
21

. .Qnfl 3TI-1X 1.1ene~ 6<1>1{ HMeeT TpH n03HL.11-1H Anfl 
o6ny4eH~fl Ofipa3L.IOB. no31-11.1Hfl ~1 pacnonomeHa B 300 CM OT 
aKTHBHO~ 30Hbl /B KOnbL.IeBOM KOP~AOpe B 20 CM OT WH6e oa/. 

CxeMa 6Ho¢H3H~ecKoro KaHana. I - nepBa~ n03HQH~; 

2 - ¢RJibTpbJ; 3 - MeXaHH3M CMeHHblX KOJIJIHMaTOpOB; 
4 - HMTIYJlbCHblH HCTO~HHK CBeTa; 5 - gepKaJlbHblH HeHT
poHOBOg; 6- Ge(Li)-geTeKTOp /3 no3HQH~ o6ny~eHHR/ ; 
7 - MeCTO gn~ pagHorpa¢HH; 8 - nynbT ynpaBneHn~ 
H H3MepeHH~; 9 - BTOpaR TI03HQHR o6ny~eHHR; 10 - OTITH
~eCKaR cKaMbR; II - nHeBMOTpaucnopT; 12- cneKTpo
¢oToMeTp; L 1 - 3,0 M; L 2 - 7,2 M; L 3- 25,7 M; 
L 4- 28,0 M. 

06pa3L.Ibl B 3Ty T04KY AOCTaBnfliOTCH C~aTbiM B03AYXOM B nonH-
3THneHOBbiX TpaHcnopTHbiX KOHTe~Hepax 11 Per aTbl11

• 0AHOe peMeH
HO MOmHO o6ny4aTb AO 7 KOHTe~HepOB. t10UIHOCTbiO A03bl HeJ:1T
pOHHOrO ~ raMMa-H3ny4eHH~ B 3TO~ n03HLI~~ MOmHO ynpa BnflTb 
C nOMOillbiO HenonHoro OTKpbiTHH WH6epa. 

no3HLI~H r2 pacnonomeHa B 720 CM OT aKTHBHO~ 30Hbl BnnOT
HyiO K AOnonH~TenbHO~ 3alli~Te peaKTopa. 0Ha HMeeT 3Kc nepH
MeHTanbHLICI naBHnbOH AnH pa3MellleH~H ~H3H4eCKO~ anna paTypbl. 
B 3TOT naeHnboH He~TpOHbl H raMMa-ny4H BbiBOAHTCH 4e pe3 
YCTpO~CTDO 11 CMeHHbl~ KOnnHMaTOp11

, KOTOpoe n03BOnfleT A~CTaH
L.IHOHHO ~ 6biCTpO YCTaHaBn~BaTb n1060J:1 ~3 4 KOnn~MaTOpoe, 
OAHH H3 KOTOPbiX - epal!laiOUIH~cH. 11 CMeHHbli:1 Konn~MaTop 11 no3-
eonHeT c)>opM~poeaTb nonH H3ny4eHHH c ce4eHHeM 20x15 cM 2 , 

1 Ox 1 0 eM 2 , 5x5 eM 2 • BpalllaiOUIHHCH KonnHMaTop - npepbiBaTenb 
C noneM 5x5 CM 2 HCnOnb3yeTCH.Anfl AHCKpeTHOrO /2,5; 1 ,67; 
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1 ,25; 1 ,0; 0,83; 0,71; 0,625/ yMeHbWeH~H 4aCTOT~ cneAO
BaH~R ~Mnynbcoe peaKTopa Ha o6pa3~e, a TaKme AnH yMeHbwe
H~H ~OHa MemAY ~MnynbCaM~ peaKTOpa. 8 KOnb~eBOM KOP~AOPe 
pacnonara~TCR ~~nbTp~ ~3 non~3T~neHa c 6opoM, ce~H~a ~ 

B4 C. MexaH~3M AnR nepecTaHOBK~ ~~nbTpoe BblnonHeH e B~Ae 
3 A~CKOB, He3ae~c~Mo noeopa4~eaeM~x c waroM 90 °. Ha KamAOM 
A~CKe ~MeeTCH 4 OTBepCT~R ~ 300 MM, B Tp~ ~3 KOTOp~X BCTaB
nH~TCH ~~nbTPbl ~3 OAHOro ~ Toro me MaTep~ana, Ho pa3n~4-
Hoi1 TO.rllli~H~. 11MeeTCH cneAY~~i:j Ha6op TOniJI~H: AnH non~3T~
neHa . ~ CB~H~a- 60, 40 ~ 20 MM, AnR B4C- 40, 20 ~ 10 MM. 
C nOMOIJi b~ 3TOrO MeXaH~3Ma 6~CTpO B~6~paeTCR COCTaB ~~nbT
pa C He06XOA~MOi1 ~YHK~~ei1 nponycKaH~R Hei1TpOHOB ~ raMMa
ny4ei1. 

B no3~~~~ N•3 B~BOAHTCH TonbKO Tennoeble Hei1TpoHbl c no
MOIJib~ ~3orHyToro 3epKanbHoro Hei1TpOHOBOAa 131. OH npeA
cTaenReT co6oi1 20-MeTpoey~ Tpy6Ky npHMoyronbHoro ce4eH~H 
1 ,5x15 CM 2.3epKanbHbli1 Hei1TpOHOBOA ~3rOTOBneH ~3 CTeKna 
"Float" c H~Kenee~M nOKP~T~eM. XapaKTep~cT~K~ ny4Koe e 
Tpex no3~~~Rx np~ MOIJIHOCT~ peaKTopa 2 MBT npeACTaeneHbl 
e cneAY~I!Iei1 Ta6n~~e. 

I nosH- ~HnbTP HnH 
QHH nono•eHHe 

11111CSepa 

1 WHOep OTKPHT non-
HOCTblO 

1 OTKPbiT Ha 1/4 

2 Res ~HnbTPOB 

2 1 CM B4C+ 4 CM Pb 

2 2 CM CH2 + 6 CM Pb 

3 Bes ~HnbTPOB 

Cp~HIIII ~HOCTb 

~03bl, rp/MHH 

HeATpOIIbl r-
n)"'H 

30 7,2 

7,8 1,3 

1,05 0,26 

0,4 0,0082 

0,18 0,0044 

He HSMepRnHCb 

Ta5nHua 

finOTHOCTb nOTOKA HeRTpOHOB, 
H/CM2 C 

TennoBHX pe30HAHCHbiX 

/60zS/·1o8 ;4ozs/·1o7 

He HSMepRnHCb 

/1,9z0,2/·1o8 /1,3zo,1st·to7 

HeT 104 

HeT 103 

/2,Sz0,3/·to6 t,7·1o4 

AnH no3~~~~ 2 xapaKTep~cT~K~ nony4eHbl c Konn~MaTopaM~ 
20x15 eM 2 ~ 1 Ox1 0 eM 2• C Konn~MaTopoM 5x5 CM 2 see napaMeT
P~ e 2 pa3a MeHbwe. CpeAHRR 3Hepr~R 6~cTp~x Hei1TpoHoe 
/E > 0, 5 1138/ e no3~~~Rx 1 ~ 2 6e3 ~~nb Tpoe - 1 , 3 5 M3B, 
a Hanp~Mep, c ~~nbTPOM ~3 2 eM non~3T~neHa c 6opoM ~ 6 eM 
ce~H~a - 2,8 M3B. CpeAH~e 3Hepr~~ nony4eH~ ~3 ~3MepeH~i1 
MeTOAOM noporOBbiX ~HA~KaTOpOB. 

np~ BeACHH~e B Ta6n~~e a6con~TH~e 3Ha4eH~R MOIJIHOCTei1 
A03 ~3MepeH~ ~oH~3a~~OHHbiM~ KaMepaM~ ~ KpeMH~ee~M~ A~OAa-

M~ c ow~6Koi1 He 6onee 10%. ' 
PaA~o6~onor~4eCK~e ~ccsieAoea~~R nfOBOAHTCR e no311~~Rx 

1 ~ 2 no MeTOA~KaM, on~CaHH~M B 4• 5• • 71. 11MnynbCH~i1 paA~O-. . 
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n~a nnaH~pyeTCR npoBOA~Tb TaM me. AnR paA~orpa~~~ ~cnonb
ay~TCR ny4K~ TennoB~X HeHTPOHOB B n03~~~RX 2 ~ 3. 3neMeHT
HbiH a Han~ a no (n. y) -peaK~~~ Ha coAepmaH~e B, Cd ~ Gd on
po6oeaH e 3 no3~~~~. 4yecTB~TenbHOCTb aHan~3a Ha 3T~ 3ne
MeHTbl C Ge(Li) -AeTeKTOPOM o6aeMOM 40 CM S nem~T B npeAe
nax 10-100 MKr. Hanp~Mep, Ha aHan~3e 6opocoAepma~~x nopoA 
c KOH~eHTpa~~eH 10-15 MKr/r 6opa np~ HaeecKe 5 r 3aTpa4~
eaeTCR 10 M~H. B no3~~~Rx 1 ~ 2 oceoeH~ ~ ~cnonb3Y~TCR 
MeTOA~K~ aHai1~3a 30I10TOCOAepma~~x nopoA Ha Au, As ~ Sb ~ 
c HaeecKaM~ AO 8 r e no3~~~~ 1 ~ AO 50 r e no3~~~~ 2. np~ 
BpeMeH~ o6ny4eH~R 15-20 4 4YBCTB~Tei1bHOCTb aHai1~3a 
2. 10-S r/r. np~ 3TOM B no3~~~~ 1 OAHOBpeMeHHO o611y4aeTCR 
7 o6pa3~oe, e no3~~~~ 2 - AO 20. 
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KpaTKUe coo6U~eHWI OHHH /'f-6-85 

YAK 548.732.2, 548.734.42 

JINR Rapid Communications N6-85 

B.Ba r Hep, B.6.AYHHH, r.Kappaw, A.KpeHaenep, H.A.HeecKa~. 
r.mopHaK~ B.Wynb4e · 

KPI-1CTAJlilA~14>PAKUI-10HHbl~ CnEKTPOMETP 
B rEOMETPI-11-1 1-iOrAHCCOHA 

* 
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3a~eH KpHCTCl.11.JI):UI4JpaiC~HOHHbm cneKTpOMeTp /KJJ,C/ 
B 4JoKyCHp~eA reoMeTpHH HoraHccoHa. PaAHYC ¢oKanb
HOH OKPYEHOCTH Poyna~a cocTaBnHeT R = 324 MM. AnH 
mo6blx yrnoB Bpsrra B AJ{anasoHe 7° ~ 6 ~ 70° BblnonHHeT
CH ycnOBHe cPOKYCHpOBKH, K,L{C qepea HHTepcl>eHCbl B CTaH
AapTe KAMAK CBHsaH c 3BM MERA 60/30. HsMeHeHHe yrna6 
HSMepHeTCH nasepHbiM HHTepcl>epOMeTpOM. MHHHManbHbli%: mar 
HSMepeHHH yrna COCTaBnHeT 0,01" B nepecTpaHBaeMOM 
AHanasoHe 12°. CHcTeMa nhesonpHBOAa ycTaHaBnHBaeT 
Tpe5yeMoe sHa'l:eHHe 6 c MHHHManbHbiM maroM 0, 23" 
B AHanasoHe yrna 3'. HccneAoBaHHH paspemeHHH cneKT
poMeTpa npoBO.SHnHCb c KpHcTag;toM Si0 2 , BbipeaaHHbiM no 
nnoCKOCTH /1340/ /d = 2,178 A/ H corHyTbiM no MeTOAY 
HoraHccoHa. ITonymHpHHa nHHHH CuKa 1 oT peHTreHOBCKOH 
Tpy6KH COCTaBHna 4,6 3B, 0nTHKO-MeXaHH'l:eCKaH CHCTeMa 
cneKTpOMeTpa o6ecneqHBaeT TOl{HOCTb nOBTOpHeMOCTH yr
nOBOI'O MaCmTa6a ~6 < 2'', CBeTOCHna KJJ,C C HCTOl{HHKOM 

a Kpyre R COCTaBnHeT, B saBHCHMOCTH OT 6, /4.:,.8/. IQ-6• 

apaMeTpbt ycTaHoBKH noaBonHJOT pasAenHTb K -nHHHH co
CeAHHX 3aPHAOBb~ COCTOHHHH npH CTeneHH HOHH3a~HH 
I ;::: . Z/2 AnH Z 2 30. 

Pa6oTa BblnOnHeHa B 0TAene HOBb~ MeTOAOB YCKOpeHHH 
IDIH. 

Curved Crystal Spectrometer of Johansson Type 

W.Wagner et al. 

A curved crystal spectrometer of Johansson type 
has been put into operation. The radius of Rowland 
f ocus circle is R = 324 rmn. For any Bragg angle in 
t he 7° 5 () 'f. 70° range the focus condition is realised. 
The spectrometer is connected to a MERA-60/30 compu
t er via CAMAC interfaces. The deviation of angle () 
i s measured by a laser interferometer. The smallest 

TeXHHl{eCKHH YHHBepCHTeT, ApeaAeH, rnP. 



step of angle measuring comprises 0.01" in a vari
able range of 12 degrees. A system with the piezodri
ver sets the neededlvaiue 0 ~ith minimum step of 
0.23 arc sec in the 3' angle range •. The study of spect
rometer reso~ution was carried out with Si0 2 crystal 
cut over (1340) plane (d = 2.178 A) and curved by Jo
hansson principle. FWHM of CuKa 1 reflex given by X-
ray tube had 4.6 eV value. The spectrometer optical 
mechanical system gives an accuracy of repeated angle 
scale 110 ~2 arc sec. The spectrometer light efficien
cy with X -ray source, placed on a focal circle R, is 
of the order of (4-8)·1o-6.depending on e. The parame
ters of apparatus permit to separate K lines of nei
ghbouring charge states with ionization values I > Z/2 
for Z 2 30. -

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 

B OTAene HOB~x MeTOAOB ycKopeH~R OHHH 3any~eH K p~tTann

A~~paK~~OHH~~ cneKTpoMeTp /KAC/. OH npeAHa3Ha4eH AnR aHa
n~aa xapaKTep~cT~4ecKoro peHTreHoBCKoro ~any4eH~R e~coKo

aapRlKeHH~x ~OHOB 1 1,2/, nony4aiO~~xcR, Hanp~Mep I e 3ne KTpoH
Ho-~OHH~x KOnb~ax KonneKT~BHoro ycKop~TenR 13 ~n~ e Kp~o
reHHOM 3neKTPOHHo-ny4eBoM ~oH~3aTope KPHOH-II 141• 

5~n~ ~ccneAoBaH~ cneAYIO~~e ocHoBH~e napaMeTp~ n p~6o
pa e pa3H~x pelK~Max pa6oT~: 3HepreT~4ecKoe paapeweH~e, 
T04HOCTb BOCCTaHoeneH~R yrna, CBeTOC~na. 

npeACTaeneH~ peaynbTaT~ ~3MepeH~~ C nepB~4H~M ~ BTO
p~4H~M xapaKTep~cT~4ecK~M Kx -~any4eH~eM 3neMeHTOB 

29Cu , soZn , 4~o • 

1. flpuH4un pa66m~ u cocmae Kac 

np~H~~n pa6oT~ KAC OCHOBaH Ha RBneH~~ A~~paK~~~ peHT
reHOBCK~X ny4e~ Ha Kp~cTanne. Ycnoe~eM oTpalKeH~R ~any4e

H~R C An~HO~ BOnH~ ,\X OT Kp~CTanna-aHan~3aTopa RBn ReTCfi 
aaKOH Bynb~a-5p3rra 

n ~ = n ,\ = 2d sin (I , Ex X B 
/1/ 

rAe OB- yron CKonblKeH~R 6p3rra, d- nocTORHHaR KP-'CTan
n~4eCKO~ peweTK~, n - nopRAOK oTpal!<eH~R, Ex- 3Hepr~R 

~3ny4eH~R, h- noCTORHHaR nnaHKa, C - CKOpOCTb CBeTa. 
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CneAOBaTenbHo, onpeAeneHHe 3HeprHH X-Hany4eHHR AnR aa
AaHHoro n CBOAHTCR K T04HOMY H3MepeHH~ yrna 6p3rra. 

KQC peanH30BaH B ¢oKYCHpy~eH reoMeTpHH ~oraHCCOHa 1 51 • 
PaAHYC ¢oKanbHOH oKpYJKHOCTH PoynaHAa cocTaanReT R = 324 MM. 
KHHeMaTHKa ABHmeHHR 3neMeHTOB KQC COCTOHT B TOM, 4TO npH 
noaopoTe KpHCTanna BXOAHaR ~enb nepeMe~aeTCR nHHeHHO BAOnb 
npRMOH OT BHeWHero HCT04HHKa H3ny4eHHR AO ~eHTpa KpHCTan
na H acerAa HaXOAHTCR Ha KPY.re R. OpH 3TOM AeTeKTOpHaR 
~enb CHHXpOHHO ABHmeTCR no ~HKnOHAe TaK, 4T06~ AnR n~6~X 
88 a AHanaaoHe OT 7 AO 70° a~nonHRnocb ycnoBHe ~oKycHpoa-

/ 5/ KH , 
Opo~ecc ynpaaneHHR cneKTpoMeTpoM, KOHTponb ycTaHoaneH

H~x napaMeTpoa, HaKonneHHe AaHH~x H OTo6fameHHe H3MepeH
Horo cneKTpa nonHOCTb~ aBTOMaTH3HpoaaH~ 71• 

8 COCTaB KQC BXOART CHCTeMa YC\aHOBKH H H3MepeHHR yrna, 
CTaHAaPTHaR cneKTpOCKOnH4eCKaR 3neKTpOHHKa , paCWHpeHHaR 
~YHK~HRMH CHRTHR apeMeHH~X pacnpeAeneHHH H3MepeHH~X C06~
THH H pa3AeneHH~ HX no TpeM nOPRAKaM OTpameHHR. aeyxcTy
neH4aTa R CHCTeMa CTa6HnH3a~HH TeMnepaTyp~ KpHCTanna noA
AepmHBaeT ee nocTORHCTeo c T04HOCTb~ ~T= ~0,05°K, 4To co
oTeeTcTeyeT H3MeHeHH~ MemnnOCKOCTHOrO paCCTORHHR KpHCTan
na I M /dj < 10-6 • 

Kac 4epea HHTep~eHc~ e cTaHAapTe KAMAK noAKn~4eH K nH
HHH 38M MEPA-60/30 181• 

UeeTHOH AHcnneH ynpaenReTcR MHKpo-38t-1 H noaeonReT pa-
6oTaTb B HHTepaKTHBHOM pemHMe npH H3MepeHHH H npeABapHTenb
HOH o6pa6oTKe cneKTpoe. 

38M MEPA-60/30 noAKn~4eHa K 6onbWOH 38M EC-1055 AnR 
nepeAa4H H3MepeHH~x AaHH~x H AeTanbHOH o6pa6oTKH cneKTpoa. 

noeo poT KpHcTanna ocy~ecTenReTCR waroe~M ABHraTeneM 
4epe3 nepeAa4y TaK, 4TO OAHOMY wary COOTBeTCTByeT cpeAHee 
H3MeHeHHe yrna ~88 ~ 0,15'', 3ToT cnoco6 cnymHT AnR 6~cTporo 
Bpa~eHHR KpHCTanna / 9/ . 

B pemHMe H3MepeHHR cneKTpoe Ha4anbH~H yron H war ero 
H3MeHeHHR 3aAaeTCR nporpaMMHO. 

~3MeHeHHe yrna 08 H3MepReTcR naaepH~M HHTep~epoMeTpoM 
c T04HOCTb~ 0,01u 7e nepecTpaHeaeMOM AHanaaoHe yrna 
12 °/1101, TeKy~ee 3Ha4eHHe 88 cpaeHHBaeTCR c aaAaHH~M H wa
roe~H ABHraTenb COBMeCTHO C CHCTeMOH nbe3onpHBOAa ycTaHaB
nHeaeT Tpe6yeMOe 3Ha4eHHe 8& , MHHHManbH~H war CHCTeM~ 
nbeaon pHBOAa /KoppeK~HH o

8 
1 cocTaenReT .0,23'' e AHanaao

He yrna 3 '/ 11( 0onomeHHe BXOAHOH H B~XOAHOH ~eneH no OTHO
weHH~ K KPHCTanny ~CTHpyeTCR OnTHKO-MeXaHH4eCKOH CHCTeMOH 
C HaBeAeHHeM no naaepHOMY ny4y, nepeMe~eHHe, OTKP~THe 
H 3aKp~THe ~eneH OCy~eCTBnReTCR 4 MHHHaT~pH~MH WaroB~MH 
ABHraTenRMH. OpH 3TOM BXOAHaR AHa~parMa cTa6HnH3HpyeTCR 
Ha ~oKanbHOM Kpyre c T04HOCTb~ +2,5 MKM. WHpHHa ~enH S 
~ 0,03 MM 3aAaeTCR nporpaMMH0 / 1~/ . 
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2. Hcc~eooaaHue ¢usu~ecKux napaMempoa 

AocTHraeMoe pa3peweHHe pe~neKcoe Ha KAC onpeAenReTCR 
ecTeCTBeHHOH WHPHHOH nHHHH peHTreHOBCKHX nepeXOAOB, M0-
3aH4HOCTb~ KpHcTanna H pacwHpeHHeM pe~eKca, o6ycnoeneH
H~M reoMeTpH4eCKHMH a6eppa~HRMH. KaK a6eppa~HH, Ta K 
H AHcnepcHR /2/ KAC 3aBHCRT oT OB : 

I ~E I = .E..~~ ( cos OB ) , 
MB 2d sin28B 

/2/ 

n03TOMY Ha6n~AaeTCR 3aBHCHMOCTb pa3peweHHR OT B~6paHHOrO 

yrnoeoro AHana3oHa H THna KpHcTanna. 
HccneAOBaHHR npoBOAHnHcb c KpHCTannoM Si0g,B~pe3aHH~M 

no nnoCKOCTH /1340/ H COrHyT~M no MeTOAY ~oraHCCOHa 
I d = 1 , 178 ~/. 

npH WHPHHe BXOAHOH ~enH 0,1 MM nonyWHPHHa flHHH H 

29CuKal OT peHTreHOBCKOH Tpy6KH COCTaBnRna 4,6 38/pHC.1/. 
Yron ~ 3aAaH a ycnoaH~x eAHHH~ax (I.E.)na3epHoro HHTep
~epoMeTpa. 

CneKTP 42Mo Ka 112 CHHMancR B Tpex nOPRAKax oTpaiKeHHR 
n = 1,2,3. YrnoaoH MacwTa6 onpeAenRnCR a ~HKpeMeHTax wa
roeoro ABHraTenR octiOBHoro npHBOAa (M.E.) /pHc.2/ . TaKHM 
nyTeM nepeKp~eancR AHana3oH yrnoa OT 17,5 AO 65,1 ° . H3 
CneKTpOB BHAHa yrnoBaR 3aBHCHMOCTb pa3peWeHHR H 3a BHCH
MOCTb AHCnepCHH OT n, 

Ha6n~AaeMoe pacwHpeHHe pe~neKcoa, oco6eHHO npH Man~x 
OB ,o6DRCHReTCR reoMeTpH4eCKHMH a6eppa~HRMH. CooT eTcT
ey~He paC4eT~ 6~nH npoBeAeH~ MeTOAOM CTaTHCTH4eC oro MO
AenHpOBaHHR c noM~b~ nporpaMM~ VERDI-I /131, 

T04HOCTb onpeAeneHHR 3HeprHH Ex 3aBHCHT OT TO HOCTH 
~HKCHpOBaHHOrO yrna 8B.Oco6~H HHTepec npeACTaBnReT no3-
TOMY CTa6HnbHOCTb OnTHKO-MeXaHH4eCKHX CHCTeM cneKTpOMeT
pa npH nocneAOBaTenbH~X H3MepeHHRX, noBTOpReMOCTb nono
IKeHHR pe~neKCa 6~a HCCneAOBaHa Ha ~noopec~eHTHOH flHHHH 

30Zn Ka 1 • CABHr ~eHTpa TRIKeCTH pee~>neKca 6~ MeHbWe 0,4 
AOnH ~eH~ KaHana cneKTpa /1000 I.E./. 3TOH aenH4HHe co
OTBeTcTayeT MB<2". aE < 0,2 38 H I~E/EI <2·10-5 

60nbWY~ T04HOCTb yrnoeoro MaCWTa6a MOIKHO AOCTH r HyTb, 
06DeAHHRR H3MepeHHe C KanH6pOBKOH /BHyTpeHHRR KanH6pOBKa/. 

CeeTocHna KAC AnR 3aAaHHOH reoMeTpHH 6~na o~eHeHa no 
<I>OpMyne 

S=_A..Q_Rc te-llX, 
4rr w . 

rAe ~0 - peanH3YeM~H TenecH~H yron, 
OTpa!KaTenbHaR CnOCo6HOCTb KPHCTanna, 

/3/ 

R0 - HHTerpan bHaR 
W - WHPHHa pe~eKca, 
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