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.'-:;xzmr:ue coOO!.:ie HUR OWlJ1 Nll-85 JINR Rapid Cormrunications ~11-85 
Y,llK 539.172.4 

nonyKJlACCI14ECKOE PACCMOTPEHI1E P- 4ETHbiX 3<!><l>EKTOB 
B P EAKL\1111 117Sn ( n • y) 

11.M.<l>paHK, 3.11.Wapanoa 

BbmonHeH pact~eT yrnOBbiX H rronHpH3all,HOHHbiX Koppe
J1Hll,HH B peaKll,IU! 117Sn(n,y), OCHOBaHHbiH Ha IIOJ1YI<J1ac
CH'IeCKOM OIIHCaHHH IIOJ1HpH3all,HH H yrJJOBOro pacrrp eAene
HHH raMMa- H3J1Y'IeHHH HAep. PactieT cornacy~TCH C3KC
rrepHMeHTaJ1bHbiMH pe3yJ1bTaTaMH, ITOJ1Y'IeHHbJMH HeAaBHO 
AJJH peaKll,HH 117sn(n. y) a o6nacTH p- BOJ1HOBoro pe-
30HaHca I, 33 3B. YKa3aHbJ HeAocTaTKH rrpeJKHHX rroAxo
AOB, AaBWHX rrpeACKa3aHHH a npoTHBopetiHH c 3KcrrepH
MeHTOM, 

Pa6oTa BhliiOJ1HeHa B na6opaTOpHH HeHTPOHHOH ~ 3H
KH Ol15IH. 

Semiclassical Treatment of the P -Even Eff.ects 
in the 117Sn(n, y) -Reaction 

I.M.Frank, E.I.Sharapov 

The polarization and angular correlations i n the 
(n, y) -reaction are calculated. The gamma-ray polari
zation and angular distribution a re treated seJniclas
sically by the correspondence principle. The r e sults 
are in agreement with the recent experiment on the 
P-even effects in the 117Sn(n,y) reaction near the 
1,33 eV p-wave resonance. The reasons are given for 
the failure of some previous predictions. 

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

B pa6oTe / 1/ coo6llleHo o HecooTaeTCTBHVI Me)J{AY npeAcKa3a
HHRMH TeOpVIH H 3KCnepHMeHTaJlbHblMH pe3YJlbTaTaMVI HC CHeAO
BaHHR yrllOBhlX aCHMMeTpH~ B (n, y)-peaK~HVI. 113y4aJlVICb raM-

. 117 
Ma-nepexoA~ c 3Heprvte~ 9,3 M3B a peaK~HH Sn(n.v ) a6nH-
3H pe30HaHCa 1,33 38, B KOTOpOM paHee 6~110 06Hapy)J{eHO 
HapyweHHe npocTpaHcTaeHHo~ 4eTHocTvt. On~T~ npoBOAHJlvtcb 
B reoMeTpHVI C nonepe4HOH n01lRPH3a~He~ He~TpOHOB, HCKJl~-

4aBWeH B03MO)J{HOCTb npoRBJleHHR HapyweHHR 4eTHOCTH. B 3TO~ 
CBR3H 3<l><!>eKTbJ npaao-neao~ H anepeA-Ha3aA acHMMeTpvt~ yr
noaoro pacnpeAeJleHvtR Ha3~Ba~T P- 4eTH~MH. 
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B 3Kcnep~-!MeHTe o6Hapy)l(eHa 1-!HTep4JepeH1..11-l.R El- 1-1 Ml-ne
peXOAOB nocne aaxeaTa o- 1-1 s -Hei1TpoHoe .RAPaMI-1 117Sn , 
KOTOpy~ He YAanOCb Oni-ICaTb B paMKaX I-13BeCTH~X Teopl-li1. 

Ha Ha w earn.RA 3TO npoT~eope4~e He eceo6oeMil~e. 0Ho 
COCTO~T B paan~4~~ npeACKa3aHHOrO ~ ~3MepeHHOrO 3HaKOB 
~HTep4JepeHI..I~OHHoro 4neHa e A~4>4JepeHLI~anbHOM ce4eH~~ ~ccne

AOBaHHoi1 peaKI..I~~ Ha non.Rp~30BaHH~X Hei1TpOHaX. 
TUiaTe nbHO npoeepeHH~e 3Kcnep~Me~-nanbHble peaynbTaT~ 

He B~3~Ba~T COMHeH~.R. 4TO KacaeTC.R Teop~~, TO cnpaBeA
n~BOCTb COOTHOWeH~i1, nony4eHH~X C np~MeHeH~eM A~arpaM
MHOi1 TeXH~K~ ~ npeACTaeneH~.R Cn~panbHOCT~ e121 ~ C ~cnonb-
30BaHI-leM annapaTa 4>YHK1..11-li1 npeo6paaoeaH~.R B o6111ei1 Teop~l-1 

S-MaTPI-1 1..1 ~ e 13 ' , He .RBn.ReTc.R o4eB~AHOi1. Uenecoo6paaH~ ~H~e, 
no B03MO)I(HOCT~ npOCTble nOAXOAbl, BCKPbiBaiOUII-le $~3~4eCKYIO 
CYUIHOCT b .RBileH~.R. M~ 6yAeM np~ OnHCaHI-11-1 y -KBaHTOB cne
AOBaTb nonyKnaCCI-14eCKOMY nOAXOAY - np~HI..II-lny COOTBeTCTBI-l.R, 
KOTOp~i1 B aTOMHOi1 $1-13~Ke He pa3 npi-IBOA~n K npaB~IlbH~M 
pe3ynbT a TaM . 

Corna cHo 3TOMY np~LII-lny none ~3ny4eHI-!.R np~-1 nepexoAe 
1-13 COCTO.RH~.R C 6onbwe~ 3Hepr~ei1 ! Mi > B COCTO.RH~e C MeHbWei1 
3Heprl-le i1 !Mr > /MaTpi-14Hbli1 3neMeHT nepexoAa DM M· / TaKoe 
)l(e, KaK none Knacc~4eCKOro pacnpeAeneH~.R 3aP~AOB, e Ha
weM cny 4ae - none 3neKTPI-14ecKoro /~n~ MarH~THoro/ OCI..I~n
Il.RTOpa c KOMnoHeHTaMI-1 $ypbe D(m)eiwt • Op~-!eHTai..I~.R eeKTopa 
0 (m) On pe gen.ReTC.R pa3HOC T biO MarH~·T HbiX KBaHTOBbiX 4~Cefl 
m = Mr - Mi : 

D ( m) ~ De . m = o·. z 
~ 0 ~ ~ 
D(m) = ± ---- ( e ±ie ), m =± l, 

- X V ,;2 
/1/ 

rge ex, ev , ez - eg~H~4Hble Be KTOPbl geKapTOBOi1 C~CTeMbl 
KOOPAI-!H a T. 8 nepexoge c m=O pa6oTae T Il~He~HO OCI..I~Ilfl~PYIO

lll~i1 BAOil b oc~ Z A~nonb, a e nepexogax c m= ± 1 - A~ non~ 

epalJ.IaiOlJ.II-! ec.R e nnocKocT~ XY . 
CooT Howe H~.R /1/ gaeHo ~3eecTH~ e aToMHo~ $~31-!Ke. OH~ 

np~BeAe H~, Hanp~Mep, e KH~re KoHAOHa ~ WopTn~ 4 /cM.TaM 
$OPMYI1Y (3.83)/, rge nony4eHbl ~3 06lJ.I~X Bblpa>t<eH~11 Afl.R 
He~C4e3 aiOlJ.I~X MaTp~-!4H~X 3IleMeHTOB onepaTopa T (m) Ha OCHO
eaH~~ cT aHgapTH~x npae1-1n KOMMyTal..l~~ c onepaTopaM~ yrno
eoro MOMeHTa. 3neKTPOMarH~TH~e non.R A~none~ e geKapTo
eoi1 c~c TeMe Koopg~HaT - 3TO wapoe~e 4>YHK1..1~1-1 5 . OgHaKo 
COOTBeT CTBYIOlll~e B~pa>t<eHI-l.R He ~MeiOT $~3~4eCKOi1 Harfl.RA
HOCT~. nepei1geM B c4Jep~-!4eCKy~ C~CT CMY KOOPA~HaT "C eg~
H~4HbiM~ BeKTOpaM~ ~ , if , <f.>~, HanpaeneHHbiM~ B CTOpOHY 
Bo3pacTa HI-!.R KOOPA~HaT /eM. p~-!CYHOK/. Bblpa>t<eH~A AnA nonei1 
g~nonei1 /1/ npi-IMYT Torga npocToi1 e~g: 
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Mar_ fMSr 
( = y (m) = 

... ... 
= -DQe0 sine = MQl/>o sine 

MQ ... ... :!: ich 
= + ---- ( ch cos e + ie ) e m = ± 1 • 

,/2 0 0 

121 
CooTHoweHHR 121 xapaKTepH3Y~T nonRpH3a~H~ AHnonb Horo 
H3ny4eHHR H no3sonR~T npocTo pacc4HT~BaTb yrnosoe pac
npeAeneHHe. ~aKTOp Q B HHX - pa3MepHaR KOHCTaHTa, TaK 

4TO DQ=Ji r~(E1).MQ=J i-r:(M1). rAe r; H r y 
nap~HanbH~e paAHa~HOHH~e WHpHH~ COOTBeTCTBY~HX ne pexo
AOB. 

PaCCMOTPHM HHTepecy~y~ Hac peaK~H~ - paAHa~HO H~H 

3axsaT MeAneHHoro Hei1TpoHa RAPOM 117Sn lcnHH I = 112+ I: 
nycTb HaPRAY C p- BOJ1HOB~M pe30HaHCOM E11 IKOMnayH -coCTOR
HHe RAPa 118Sn. J = 1- I npHcyTcTsyeT H nnasHaR KOM o~o~eHTa 
S - BOJ1HOBOrO 
pe3oHaHca npH 

3axsa~a, Hanp~Mep, a BHAe Kp~na Aane Koro 
3HeprHH E • .T = r- . B 3TOM cny4ae npH 3a-

s AaHHOH 3HeprHH E B paHo He pe-
30HaHca E

0 
o6pa3yeTcR o36y~

AeHHoe COCTORHHe CO CnHHOM 
J" = ± 1 =1, He HMeiOI!lee o npeAe
neHHOH 4eTHOCTH. KoMnoHeHT~ 

era BOJ1HOBOH ¢YHK~HM AOJ1~H~ 
pacnaAaTbCR cosepweHHO onpe
AeneHHO 111116o 4epe3 E1 - , n1116o 
4epe3 W.1-raMMa-nepeXOA~ B co
oTseTCTBMH C nyTeM MX o6pa30-
BaHHR, 11160 ~ nonaraeM , 4To 
4eTHOCTb COXpa~~fTCR, a OCHOB-
HOe COCTORHII!e Sn IIIMeeT 
Jr=o+. 

B Ka4eCTBe OCH KBaH TOBaHMR . ... £, 11J& 1 
~1-...E==---- 6 ) M i 

-1 
9.3 

B~6epeM znci.nepneHAH KY11RPHO 
nnOCKOCTIII peaK~IIIIII lcM. piiiCYHOKI. 
ny40K Hei1TpOHOB HanpaBHM no 
ocM X. Pac4eT 6yAeM sec TH 

m=M- f.f · J • 

0.0 

s npeAcTasneHHH cnMHa aHana 
S = l + f , TaK 4TO HeHT POHHaR 

CHCTeMa KOOPAHHaT,reoMeT

pH.fl OilbiTa In, it,, m I H c xeMa 

ypOBHeH,HCUOJ1b30B~HHhle B pac-

• 7 



WMPMHa p -pe30HaHCa 6yAeT CYMMO~ rp =rp l +rp O • tlr1fl n ns= ns= 
AanbHe~wero YA06HO BBeCTI-1 napaMeTp~ CMeCI-1 aMnnMTYA 
HeHTPOHHbiX WMPMH pa3H~X KaHanOB X';' JI;;~ = 1 n:, Y = J rns = 0 1rn 
Hea:1TpoH~ 1-1 flAPa nonaraeM nonHOCTb~ nonflPM3oeaHH~MH, 4TO 
03Ha4aeT $HKca~H~ npoeK~HH cnHHa KaHana m5 • PeaK~H~ 4e
pe3 KOMnayH,(I-flAPO paCC4HTbiBaeM o6~4HbiM o6pa30M, HanpM
Mep, Ka K e 121 , HCnonb3YR pe3oHaHcHy~ aMnnMTYAY peaK~HH 

}t ,---
f (S) f (II') = -- J r e f (m) I (~ + ir I 2) • 
e · y 2 ns y e e 6 = E- E e e 

H $a30Bbla:1 AOroeop Anfl yrnoe~x $YHK~Ha:1 no Ko_HAOHY - l!JopTnH. 
AMnnHTYAY eepOflTHOCTH pacnaAa KOMnaYHA-COCTORHI-lfl OTO)I(
AeCTBnfl eM, cor nacHo BblwecKa3aHHOMY 1 c nonflMvi, fy (m) /2/. 
06114ee BbiPa)l(eHHe Anfl AH$$epeH~ManbHOro ce4eHHfl HHTepecyiO
lJ4ea:1 HaC peaK~HH npHHHMaeT TOrAa cneAY~U4Ma:1 BHA; 

_da -- =) ~ J%ieY~ (nx) C JM CSMs f (S )f (m) 12 • /3/ 
dO e,S,M me erne. sm8 1mi , Im1 e y 

rAe m1 . m i /a cneAoBaTenbHO H m8 / $HKCHpoeaHbl nonflpH3a~HR
MH Hea:1T pOHOB H flAeP, M = mg +me H m = - M Anfl Hawero cny-
4aR Jr = 0. 

Anfl HeHTPOHOB H flAep, nonflPH3oBaHH~x e OAHOM Hanpae
neHHI-1, nony4aeM 

datt I l l Mar 
---- = e l l 11 fsf. (m=-1)+ 
dO - ---- Y 

2 2'2 2 

/4/ 

10 11 . ,-,- * rr an (2 
+el-l 1P11 11 1v4rrY1-1 (--:O)f (1)f (0) 

. ----- 2 p y 
2 2'2 2 

2 s s 
=~-i3-{ rnry 

4 4 -;?-+ 
s 

,-s-p--s-ji- rp rp 3 2 
- - Vrnrnryry rp n y·2·X 

+ J6 --------- [(E- E )cos ch+ -- sinchl x + ----------1 . 
2 2 p 2 2 2 

· 6/~p+rpl4) 6p+rpl4 

npHMeHflR 061J4ee B~pa>KeHHe /3/ Anfl cny4afl npoTHBononO)I(HOH 
nonflpH3a~HH RAep no OTHOWeHH~ K Hea:1TpOHaM · H onycKafl 
npocT~e B~KnaAKH, nony4aeM 

da t,~ I 10 Mar ,....- * rr 11 00 ) 
--= c f f (0)+iv4rrY11 (--;0)[C1100 C fP(O+ 

dO ..! .!. .!__ !_BY 2 '..!!.,l_ __ l_ 
2 2 "2 2 2 2 2 2 

11 10 an . -- * rr 
+ C 11 .10C_l !_ _!_ _ _!_fp (1)] fy (m=-1)+IJ4rrY1_ 1( -2 ;0) • 

2 2. 2 2 
8 • 



1-1 00 1-1 10 3n r2 
"[el-l. oo c~ ~·~-} ro (Dh el-l. lo cii. ~- i ro (l)l r Y ( m=+l) 

r 0 r 0 

+ ---~--~--- 3
2 

( x2 cos2 <h + 2y 2 sin 2 <h) l . 
!!.2 r2 / 4 

/51 

p + 

TaK KaK a 3Kcnep~MeHTe ~cnonb3oaan~cb HenonRp~3oaaHH~e 

RAPa, TO cneAyeT ycpeAH~Tb COOTHOWeH~R /4/ ~ /5/. 0KoH-
4aTenbHOe a~pa~eH~e AnR A~¢¢epeH~~anbHoro ce4eH~R peaK
~~~ Ha nOnRp~30BaHH~X HeATpOHaX np~H~MaeT B~A 

da t ){2 3 r: r~ __ Tr: ~~ r~ r~· 
-- = --- -- {----+ J 6 ---------- [ (E - E ) x cos <h + 
an 4 4 tl! tls(~~ +r:/ 4) p 

p p 
f: X Y . r n r Y 3 x2 . '2 2 2 

+ _p_ ( -----)sin <h l +------- --[ -;:;- (1 +cos <h)+ y sin <h] l. 
2 2 J2" !!.2

0 
+ r

0
214 2 "' 

/6/ 

nerKo noKa3aTb, 4TO np~ ycpeAHeH~~ no nonRP~3a~~~ HeATpo
HOB ~C4e3HeT cnaraeMOe C C~HYCOM B ~HTep¢epeH~~OH HOM 

· 4neHe a /6/ /npaao-neaaR ac~MMeTp~R/, HO ocTaHeTcR cna
raeMoe C KOC~HYCOM /aC~MMeTp~R BnepeA-Ha3aA/. 

/ 3 ," 
¢opMyna /6/ oTn~4aeTCR oT paHee nony4eHHoA a oT-

HOC~TenbHbiM 3HaKOM cnaraeMbiX np~ C~Hyce ~ KOC~HyCe . To 
~e caMoe oTn~4~e ~MeeT MecTo np~ cpaaHeH~~ ee c pe3ynb
TaTaM~ pac4eTa a 121 nocne nepeaoAa a npeACTasneH~e cn~Ha 
KaHana /a 12 1 ~cnonb30BaHo npeACTaaneH~e nonHero MOMeHTa 
HeATpoHa/. ¢opMyna /6/ nonHOCTb~ cornacyeTCR c 3Kcnep~-

6 / 1/ u 

MeHTanbH~M~ pe3ynbTaTaM~ pa OT~ , B KOTOpO~ OTMe 4eHO 
HeCOOTBeTCTB~e C TeOp~eA, Kaca~~eeCR 3HaKa. 

Bo3H~KaeT aonpoc o np~4~Hax HecooTBeTCTB~R. HeAOCTaT
KOM pa60Tbl / 3/ RBnReTCR OTCyTCTB~e ¢~3~4eCKOA ~H¢0pMa~~~ 
o ¢oToHHOM KaHane peaK~~~. 3ano~eHHoA a cno~H~e pa c4e-
Tbl Ha 3BM. CCblnKa Ha o6~~A MeTOA pa6oT~ / G/ , B KOTo.poA 
KOHKpeTH~X pac4eTOB He npOBOA~nOCb, He npORCHReT CMTya
~~~. B pa6oTe 121 aonHoaaR ¢YHK~~R raMMa-KBaHTa 3an~caHa 
4epe3 D- ¢YHK~~~ 6e3 onpeAeneH~R nocneAH~x. Ecn~ ~x 
B3RTb ~3 M3BeCTHOM KHMrM BapwanOBM4a M AP·, TO 3H a K 
pa6oTbJ 121 aocnpo~3BDAMTCR npw m = M. OAHaKo a 17 1 a onHoaaR 
¢YHK~MR raMMa-KBaHTa a~pa~eHa 4epe3 D-MaTpM~~ apa~eHMA 

c m=-M, 4TO cornacyeTCR c Haw~M pe3ynbTaTOM. B cT poroM, 

9 



w 

KBaHTOBOM paC4eTe Heo6XOA~M KOppeKTH~~ y4eT ~HBap~aHTH~X 
CBO~CTB aMnll~TYAbl /n ,Y /-peaKLI~~, ~AYll\e~ 4ep~ 3 KOMnayHA
COCTORH~R pa3HO~ 4eTHOCT~. 

ABTOp~ 6naroAapRT r.6yHaTRHa ~ B.E~~MOBa 3a o6cymAeH~R. 
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~.M.AHT~noe , B.A.IiaTap~H , B.A.Iie33y6oe , H.n. liyAaHoe , 

I I I ~.n.rop~H , ~.A.fopHyWK~H, c.n.AeH~COB , C.B.KnHMeHKO , 
H.B.KoToe 1 , n.A.KynHH~4, A.A.J1e6eAeB 1 , r.B.M~~enbMaxep, 
A.f.OnbweecK~HJ ~.nanoM6o 2, A.H.neTpyx~H 1 ,P.B.n~p~xanaea 3 , 
C.A.nonoeH~KOB , B.H.PoHHHWBHn~ 3 , f!.CeAnaK, 
A.A.CTORHoea 1

, B.H.TpaeK~H 

B peaKu;HH polK,IJ;eHHR nHOHHbiX nap nHoHaMH B KYJlOHOB-
CKOM none ap;ep 17- + Z ... 17- + 17° + Z B o6nac TH MaJlbiX 
HHBapHaHTHbiX Mace 17- 17°- CHCTeMbJ (S < 10m;) HCCJlep;o
BaHa BepJUHHa y-o 317 , 3KcnepHMeHT npOBO,D;HJlC$1 Ha ny'!Ke 
nHoHOB 40 f3B ycKopHTena H~B3 /CepnyxoB/ Ha cneKTpo
MeTpe CHf'MA. B pe3yJ1bTaTe 3KcnepHMeHTa BnepBbJe H3Me
peHo 3Ha'4eHHe KOHCTaHTbl CBR3H Y-+ 317! F 317(0 ) = 
= 13,0 ~ 0,9 ~ 1,3 f3B-3 • Pe3yJ1bTaT cornacyeTca 
C pac'!eTOM, OCHOBaHHbJM Ha 3qxpeKTHBHOM narpai-DKHaHe 
Becca-3yMHHo-BHTTella. no,o;TBeplK,IJ;aeTC$1 rHnoTe3a KHpanb
HhlX aHoMaJJHH H u;BeTHaa SU/3/ CHMMeTpHa KBapKoB. 

Pa6oTa BbmonHeHa B J1a6opaTopHH a,o;epHbiX npo6neM 
mum. 

Measurement of Coup! ing Constant y-.377 in the Process 
of Pion Pair Production by Pions in Nuclear Cou l omb Field 

Yu.M.Antipov et al. 

The vertex Y-+ 317 was investigated in the 17- + Z .. 
-+ 77- + 17° + Z reaction of pion pair production in 
nuclear Coulomb field at small invariant mas s of 17-17° 
( s < 10m! ) . The experiment was carried out a t 40 GeV 
pion beam of IHEP accelerator (Serpukhov) us i ng 
SIGMA ~pectrometer. The first measureme~t of the 
coupling constant v ... 317 is presented: F 17 (0) =13.0+ 
~0.9~1,3 GeV:3The result is in agreement with-

1 HHCTHTYT ~H3HKH B~COKHX 3HeprHH, CepnyxoB 
2 HH~H, MKnaH, HTanHa 
3HHCTHTYT ~H3HKH AH fpCCP, T6HJ1HCH 
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calcula tions based on Wess-Zumino-Witten effective 
Lagrangian. The hypothesis of the chiral anomalies 
and co l our SU(3) quark symmetry are confirmed. 

The investigation has been performed at the 
Labora t ory of Nuclear Problems, JINR. 

B Hacro~~e~ pa6ore npe~cTa8neHw pesynbTaTw 3KcnepHMeH
TanbHoro Hccne~o8aHH~ peaKLIHH o6paso8aHH~ nHOHHbiX nap 
C ManWMH HH8apHaHTHWMH MaCCaMH nHOHaMH 8 KYnOH08CKOM none 
~~ep H H 3MepeHH~ KOHCTaHTW F317

, 8XO~~~e~ 8 8epWHHy Y-+ 377, 

Hsy~eHHe 3TO~ peaKLIHH npo8o~Hnocb no nporpaMMe 3KcnepHMeH
T08 CHrMA-NIKC napannenbHo c Hccne~o8aHHeM peaKLIHH pa~Ha

LIHOHHoro pacce~HH~ nHOH08 8 KynOH08CKOM none ~Aep IKOMn-
/ 1 2 / 

ToH-3<I><I>e KT Ha "-Me3oHe · I. 
B reopHH aHoManbHbiX ycno8H~ ~aCT·H~Horo coxpaHeHH~ aK

cHanbHo- 8eKropHoro TOKa / 3/ KOHCTaHTa C8~3H ~17 8 HH3K0-
3HepreTH ~eCKOM npe~ene C8~3aHa C KOHCTaHTO~ F 17 ,8XO~~~eH 
8 8epwHHY 17° -+ 2y. reopeMOH 14 ·51: 

377 F" F (0) = _ (O) efT- · 111 

r~e e = J 41Ta , f - KOHcTaHTa pacna~a sap~>KeHHoro nHoHa. 
npH 3TOM aMnnHTY~bl o60HX aHOManbHWX np01..1eCC08 nonHOCTbiO 
onHCW8aiOTCH nerne8biMH ~HarpaMMaMH IPHC. 1 I. B K8apKo8o~ 
MOAenH. aMnnHTY~W ,nponOPLIHOHanbHbl ~Hcny 1..18eT08 K8apK08. 
3KcnepHMeHTanbHa~ np08epKa TeopeMW 111, KaK HeOAHOKpaTHO 
orMe~anoc b 1 4 - 11 ~8a>KHa ~n~ no~T8epm~eHH~ rHnoresw KHpanb
HbiX aHOManH~, a TaK>Ke npo8epKH 1..18eTHO~ SU (3) CHMMeTpHH 
K8apK08. 8 HaCTO~~ee 8peM~ TaKa~ npo8epKa oco6eHHO 8a>KHa 
8 C8~3H C HHTeHCH8HO pa38H8a~'HMC~ 1 12 1 no~XO~OM K OnHca
HHIO HH3K03HepreT~~ecKoro npe~ena KX~ c noMO~biO KHpanbHp
ro narp.a H>KHaHa Becca-3yMHHO- BHTTeHa 113 - 14 (onHpaiO~eroc~ 
Ha 3TY r Hnoresy. 

HHaKo3HeprerH~ecKa~ reopeMa 111 H narpaH>KHaH Becca-
3YMHHo- BHTTetta ~a lOT ~n~ KOHCTaHTbl F 317 (0) 8blpa>KeHHe / 4, 141: 

317 e Nc 
F (0) = -- - --- . 

12772 r 3 

n:~_ ~
--~ 

12 

121 

5/ n PHc,l • .[(HarpaM~I, onHCbiBa10-

~
- --- UUie B HH3K03HepreTHtieCKOM 
_ _ ,!1_' rrpe,[\e.ne aHoMa.ribHbie npoil;ec

n Cbi : a/ 17 °-+ 2y , 
-- --· 5/ y -+317. 



npi-1 Nc = 3 nony4aeM*: 

F 3"co)= 10,5 ± 1,5 r3s-3 • 

PHc.2. AHarpaMMa peaK~HH 

"- + N ( A , Z ) .... " - + 77° + N ( A , Z ) 
KYJIOHOBCKOM none HAp a.. 

/3/ 

Y.~:~o6Hb1M cnoco6oM 3Kcnepi-1MeHTanbHoro onpe.QeneHI-IR F 3" R8nR

eTCR 
15 

·
8 1 

11ccne.Qo8aH11e 8epwi1Hbl y .... 377 8 peaK~I111 o6p aao8a
H11R ni10HHbiX nap ni10HaMI1 8 KynOH08CKOM none R.Qep 

TT - + N (A • z ) .... 1T- + 71° + N (A • z ) . /4/ 

s o6naCTI1 Manblx 11Hsapl1aHTHbiX Mace "-"0 -CI1CTeMbl. Al1~epeH
~11anbHOe Ce4eHI1e peaK~I111 /4/ /pi1C. 2/ MeTO.QQM 3K8118a neHTHbiX 

QJOTOHOB CBR3aHO C Ce4eHI1eM npo~ecca Y7T .... 1717 / 5 / : 

= z2 a_ ( ~-=--q~iE._) __ 1__ . :!_a YI!.~_!!_TT_ __ da ---- /51 
dsdtdq2 1T 4 2 

q s- m17 
dt 

S ( , )2 t = ( p - p_') 2. , r.Qe = p +Po , p , p 11 p 0 - 11Mny nbcbl 
Ha4anbHoro 11 KoHe4HbiX 7T-Me3oHo8, q

2 : K8a.QpaT nepe.Qa HHoro 
2 

2 s-m 17 2 
R.QPY 11Mnynbca Q . = ( -----) , E - 3Hepri1R ny4Ka , An ce4e-

min 2E 

H11R peaK~I111 YTT .... TTTT 11MeeM 

/6/ 

r.Qe 8- yron pacceRH11R TT-Me3oHa sc.~.11.,k2 =1/4.(s-4m;). 
Haw11 nepsble pe3ynbTaTbl 113MepeHI1R ce4eHI1R, no.QTsepm.Qa~

~11e H113K03HepreTI14eCKY~ TeopeMy /1/, 6blnl1 npe.QCTa8n eHbl 

* CneAyeT saMeTHTh, qTo TeopeTHqecKoe 3HaqeHHe F 371
,KaK 

3TO BHAHO H3 /2/, CHJibHO 3aBHCHT OT HCllOJlb3yeMoro 3 Haqe

HHll f. Pa3HbJe aBTOpbJ HCllOJlb3YIOT /4 -l4 ~Jill f 3HaqeHHll OT 83 
AO 95 M3B, Mbi llOJib3yeMCll 3HaqeHHeM f = 90 ~bB, C He onpe

AeJieHHOCTbiO B f/ +5 M3B/ CBH3aHa OWH6Ka B /3/, KOTo pall 

COOTBeTCTByeT -JS% TQqHQCTH HH3K03HepreTHqeCKHX p a c

qeTOB, 
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paHee 1 15 1 • BnocneACT8~~ nOAT8epmAeH~e H~3K03HepreT~4eCKOH 
6 - e - o 81 16 / TeopeMbl blno nony4eHo np~ ~3y4eH~~ peaKl.l~~ 11 + ... 11 + 11 + • 

HacTo~~~A 3Kcnep~MeHT npo80A~nc~ Ha ny4Ke n~oH08 c ~M

nynbCOM 40 r3B/c YCKOP~Ten~ H~B3 /Cepnyxo8/ Ha cneKTpo
MeTpe CH r MA. 3Kcnep~MeHTanbHa~ ycTaH08Ka 8Kn~4ana ny4Ko-
8Y~ 4aCT b , ~A€PHY~ M~W€Hb, oxpaHHY~ C~CTeMy, 3anpe~a8WYIO 

per~cTpal.l ~IO co6biT~i1 c 4aCT~l.laM~, He nonaAate~~M~ 8 anep
TYPY YCT aH08K~, MarH~THbiH cneKTPOM€Tp An~ per~cTpall~~ 
sap~meHHbiX nPOAYKT08 peaKLI~~ ~ raMMa-cneKTpoMeTp An~ pe
r~CTPal.l~~ ~OTOH08. noAp06Ho YCTaH08Ka, TP~rrep ~ Kp~Tep~~ 
oT6opa co6b1T~A 8 3TOM 3Kcnep~MeHTe 6bln~ on~caHbl paHee 1 151• 

AKcenTaHc ycTaH08K~ 6bln pacc4~TaH no MeTOAY MoHTe-Kap
no B COOT8eTCT8~~ C TeopeT~4€CK~M Ce4eH~eM /5/-/6/. 0Ka3a
noCb, 4TO reOM€TP~4€CKa~ 3~€KT~8HOCTb Mana MeH~eTC~ B ~H
Tep8ane 3Ha4eH~A q 2 < 10-2 (r3B/c) 2 ~ c~nbHO sa8~C~T oT s. 
Pe3Koe n aAeH~e 3~~eKT~8HOCT~ np~ s > 10m! 8b1AenRno ~HTe
pecy~y~ o6naCTb ManbiX ~HBap~aHTHbiX MaCe. 

Pe3yn bTaTbl AaHHOH pa60Tbl OCHOBaHbl Ha CTaT~CT~Ke -8·10 10 

11-Me3oHa8 , npony~eHHblx 4epe3 M~weH~ Cl Al ~ Fe/Ton~~Ha 
- 0 I 25 pa A An~Hbl/ I a TaKme "nycTy~11 M~W€Hb. npH o6pa6oTKe 
6bln11 OT06 paHbl C06biTI1R C A8YMR ~OTOHaM~ 8 KOH€4HOM COCTOR
H~~, 3~~eKT~BHaR Mace a KOTOpbiX m yy COOT8€TCT8yeT Macce 
11°-M€30Ha l CYMMa 3Heprl1~ nPOAYKT08 peaKl.l~H Etot OT8€4aeT 
3HeprHH Ha4anbHaro n~oHa, a ~H8apHaHTHaR Macca rr -17°-c~cTe

Mbl npi-1HaAne)f(HT o6nacT~ s < 10m2 . 6onee noApo6Ho npol.leAy-
11 1 r. I 

pa aT6opa co6biT~A peaKLIHH /4/ on~caHa 8 pa'GoTe a .AnR 
BCeX I-1CCneA08aHHbiX MMW€HeA B pacnpeAeneHM~ no KBaApaTy 
nepeAa~Ho ro RAPY ~Mnynbca xopowo B~AeH xapaKTepHbiA AnR 

KynOHOBC KMX npOl.l€CCOB nMK B o6naCTM ManbiX nepeAa4 /pi-1C.3/. 
AM<I>¢epeH l.l l-1anbHOe ce4eHI-1e 6btno nony4eHo c noMOlJlb~ · HOPMI-1pos
K~ Ha6ntOAaeMoro pacnpeAeneHHR dN / dq2 Ha ce4eHI-1e peaKLI~-'~~-'~ 
paAHal.IHOHHoro pacceRHI-'IR n1-10HOB B KynoHOBCKOM none RA€P : 1,2 

IT -+ Z->11 - +Y+ Z. 171, 

3TOT nPO l.l €CC M3y4anCR B 3KCnepi-1M€HTe OAHOBP€M€HHO C npo
l.l€CCOM pO)f(A€HHR nMOHHbiX nap. PeaKl.li-'IR /7/ RBnReTCR 41-'!CTbiM 
3n€KTPOAHHaM~4€CKMM npoQeCCOM ~ C T04HOCTbiO AO ManoA 
nonpaBKH nonRpM3Y€MOCT~ '2 ' paCC4~TbiBaeTCR TeopeTM4€CKI-1. 
nony4eHHOe HaMH 3KCnepHM€HTanbHOe 3Ha4€HI1€ C€4€HI1R peaK
l.ll111 /7/ xopowo cornacyeTCR c pacc4MTaHHbiM : t~~no3TOMY Ta
KaR HOpMI-1 pOBKa n03BOnReT nOAaB~Tb OW116KH B MOHHTOpMpOBa
H~H, B Ol.l€ HKe <)>113114€CKOA 3<)><)>eKT~BHOCT~ AeTeKTHPYIOUleA an
napaTypbl, a TaK)f(€ B 3<)><)>eKTMBHOCT~ nporpaMMbl reoMeTpi14€CKOA 
peKOHCTPYKLIM~ TpeKOB. 

ManaR sen~4~Ha ce4eHMR ~3y4aeMoro npollecca Tpe6osana 
cnel.l~anbHbiX Mep, AnR noAaBneH~R 11 y4eTa conpoBO)f(Aa~~Hx 
peaKl.l~~ / 4/ <)>OHOBbiX npOl.l€CCOB. <!>OHOBbiM npOl.l€CCOM-, KOTOPbiH 
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30 

20 Fe 

10 

4 

PHc.3. 3KcnepHMeHTanbHoe pacnpegeneHHe 
nonytieHHOe Ha pa3Hb!X MlillleHHX!- <lJHTHPYIOJnaH 3KCne
PHMeHTanbHOe pacnpegeneHHe CYMMa KynOHOBCKOrO Cetie
HHH H <PoHa I HOPMHPOBaHHaH Ha nHOHHbiH KOMnToH-3<P<l>eKT, 
a qt = 20 M3B/ j - - - CyMMa KOrepeHTHOrO H HeK o repeHT
HOro Hgepuoro ¢oua. 

MO~eT HMHTHpOBaTb nHK npH Man~x nepeAa4aX HMnynbCa, HB
nHeTCH pacnaA K--Me30HOB /npHMeCb KOTOp~x B ny4Ke COCTaB
nHna -2%/: 

!81 

3TOT ¢0H 6~n npaKTH4eCKH nonHOCTb~ nOAaBneH /6onee 4eM 
B 1 0 f> pa3/ ny4KOB~MH noporoB~M H AH¢¢epeHl.IHanbHbiM 4epeH
KOBCKHMH C4eT4HKaMH. 3TO npoBepHnOCb no AaHH~M 3KCn03H
l.IHH 5e3 MHWeHH H no pacnpeAeneHH~ KOOPAHHaT~ T04K H B3aH
MOAeACTBHH BAOnb ny4Ka AnH OT06paHH~X co6~THA. 

Ce4eHHe KorepeHTHoro po~AeHHH nHoHH~x nap, c y4eToM 
HHTep¢epeHl.IHH, HMeeT BHA 

0 2 -~- = 1 T + e
1 

T
8 

i 
dQ2 c 

rAe aMnnHTYAa T8 onpeAenHeT BKnaA B peaKl.IHIO /4/ CHnbHbiX 
B3aHMOAeACTBHA, B OCHOBHOM o6ycnosneHH~X w-o6MeHOM /S~ 

/9/ 

Tc - KynOHOBCKaH aMnnHTYAa, ¢ - OTHOCHTenbHaH ¢a3a Me~AY 
HHMH. Ce4eHHe KynoHoscKoro o6pa3osaHHH nHOHH~x na p yse
nH4HBaeTCH C pOCTOM Ha4anbHOA 3HeprHH KaK -logE, B TO 
~e speMH HAepHoe Ce4eHHe naAaeT KaK -1/E. npH 3He p rHH 
40 r3B KynOHOBCKHA nHK y~e AOCTaT04HO XOpOWO B~AenHeTCH, 
a co6~THH, npOHCXOAH~He 3a C4eT CHnbHOro B3aHMOAeACTBHH, 
Aa~T BKnaA B noAnO~KY noA nHKOM. 0THOWeHHe Ce4eHHH Kyno
HOBCKOrO H HAepHoro npOl.leCCOB 3aBHCHT OT 3aPHAa HAPa MH-
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2; 4 / 3 weHI1 11 pacTeT KaK > z A • no3TOMY B 3Kcnepi1MeHTaJlbHOM 
cneKTpe dN / dq 2 /p11Z.3/ nOAJlO~Ka nOA KYilOHOBCKI1M ni1KOM 
Ha yrnepoAe 6onbwe, 4eM Ha 6onee Tfl~eJlbiX MI1WeHfiX. B 3Kcne
PI1MeHTaJl bHOM cneKTpe dN I dq 2. Mo~eT npl1cyTcTeoeaT b 11 cpoH 
OT peaK~I1H, B KOTOp~X 4aCTb 4aCTI1~ He 3aperi1CTpl1poeaHa. 
Ha116onee ea~HbiM QJoHOM TaKoro Tl1na fiBJlfleTCfl peaK~11fl 

TT- + N ( A • z ) ... TT- + TT 0 + TT 0 + N ( A • z ) . /10/ 

npOI1CXOAfl~afl 3a C4eT CI1JlbHOro B3ai1MOAe~CTBI1fl, B TOM CJly-
4ae, KO r Aa ABa QJOTOHa He peri1CTpl1py~TCfl ycTaHOBKOH. c!JoH 
OT peaK~I111 /10/, TaK ~e KaK 11 OT APYr11X Heynpyri1X npo~ec
COB, 3Ha 411TeJlbHO noAaBJlfiJlCfl oxpaHHO~ CI1CTeMOH 11 OT6opOM 
no myy 11 Etot • 

Q6cy~AaeM~e B~We 11CT04H11KI1 QJOHa, TaK ~e KaK 11 APYrl1e 
pea1<~1111 , Aa~11e BKilaA B nOAJlO~KY pacnpeAeJleHI1fl no q 2 ,Y411-
T~eani1C b np11 QJ11TI1poeaHI111. 3Kcnepi1MeHTallbHoe pacnpeAeJleHI1e 
QJ11TI1POBaJlOCb CYMMOH KYJlOHOBCKOrO Ce4eHI1fl, Ce4eHI1fl KOre'
peHTHOrO pO~AeH11fl B CI1JlbHOM none fiAPa, 11HTepcpepeH~110HHOro 

4JleHa 11 KorepeHTHoro cpoHa: 

__j~- =( F3")2 T ' 2 +C 2T 2 +2C F3" ! T'HT !Cosci>+C. • /11/ 
dq2 c s s s c s w e 

rAe T~= T 0 / F
3

" .e 11HTepeane 0 < q 2 < 25·10-3 (r3B/c) 2 • 
AMnJ111TYAa T B3f1Ta B Tai<OM ~e BI1Ae, KaK 11 B pa6oTe/1 7< na
paMeTpaMI1 QJ:Ta 6~1111 KOHCTaHT~ F 3",oTHOCI1TeJlbHafl QJa3a cf>, 

a TaK~e HOPMI1POBKa KorepeHTHOrO fiAepHoro C
5 

11 HeKorepeHT
HOrO (j>oHa - C i~·. np11 QJ11TI1pOBaHI111 Y411T~BaJ1Cfl aKcenTaHC 
ycTaHOBKI1 d s .q ). a TaK~e paapeweHI1e ycTaHOBK11 no q 

/nonepe 4HOH nepeAa4e 11Mnynbca fiAPYI, KOTopoe onpeAeJl~JlOCb 
B OCHOB HOM KOOPAI1HaTHOH T04HOCTb~ raMMa-AeTeKTOpa /aq 

20 + 5 M3B/. t 

3 Kcne pi1MeHT allbHOe pacnpeAeneHI1e QJ11TI1poeanoc b TaK>Ke 
B npeAnOJlOlKeHI111 OTCYTCTBI1fl HeKorepeHTHOrO QJOHa C inc , no
Jly4eHH~e e peayllbTaTe paani14H~x cnoco6oe QJI1T11poeaHI1fl 3Ha-
4eHI1fl na paMeTpa F 3" cornacy~TCfl e npeAenax ow116oK. ¢11T 
3KCnepi1MeHTaJlbHOrO cneKTpa 6e3 KyJlOHOBCKOrO Ce4eHI1fl 11MeeT 
ypoeeHb AOCTOBepHOCTI1 c. L. < 1 o-6 • O~eHeHHbiH npl1 QJ11TI1po
BaHI111 BKJlaA QJOHOBbiX C06biTI1H B 06JlaCT b Mall~ X nepeAa4 6b1Jl 
Bbi4TeH . A11QJcpepeH~11aJlbHO no S BO BCeM 11HTepBaJle 3aperi1CTpl1-
poeaHH~X co6~TI1A no 3ToA nepeMeHHoA . nony4eHHoe pacnpeAe
neHI1e xopowo on11c~eaeTcfl TeopeTI14ecKI1M ce4eHI1eM c y4eToM 
aKcenTa Hc a ycTaHoBKI1 /pl1c.4/. 

B pe aynbTaTe QJ11Ta 6~110 onpeAeneHo cpeAHee 3Ha4eHI1e 
KOHCTaHT~ CBfl311 F STT B 06JlaCTI1 S < 1 0 m 2 : 

TT 

F
3

" = / 13,0 + 0,9 + 0,8/ r3B-3
• 

16 
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PHc. 4. P acnpep;e.neHHe c o6biTHH 

peaK~HH /4/ BO BCeM HHTepBane 
~~ nos (o2<2·10-3 (f3B/ c) 2 ): 
1:: 30 
~ -- TeopeTHqecKoe ceq eHHe 

8 c yqeTOM aKcenTaHca, HOpMHpo-

S;Mrr 

BaHHOe Ha KOJIHqecTBO C06bJTHH 

20 peaK~HH /4/ B 06JlaCTH 
o 2 < 2 ·10-3 (f3B/c) 2 ; 
--- aKcenTaHC YCTaHOBKH. 

10 

CTaT~CT~4ecKaR ow~6Ka nony4eHa nyTeM ycpeAHeH~R peaynbTa
T08 ¢~Ta Ha pa3H~X RApax. B C~CTeMaT~4eCKY~ OW~6Ky 8XOA~T 
OW~6Ka, C8R3aHHaR C HeT04H~M 3HaH~eM ¢YHK~~~ paapeweH~R, 
ow~6K~ 8 onpeAeneH~~ 3¢¢eKT~8HOcT~ per~cTpa~~~ ~ oT6opa 
co6~T~~. a TaK~e ow~6Ka, C8R3aHHaR c paan~4H~M~ npeAnono
~eH~RM~ o xapaKTepe ¢oH08 np~ ¢~Te. 

KoHcTaHTa C8R3~ F 3" R8nReTcR, 8oo6~e ro80PR, ¢YHK~~e~ 
s , t 1-1 o2 • B H~3K03HepreT~4ecKOM np~6n~>KeH~~ npeAnonara
eTCR, 4TO F 

3
" Mano MeHReTCR np~ s. t << m ~ ~ F 3" (0) ::: F 3". 

B pa6oTax 15
·
8 1 AnR y4eTa OTKnoHeH~R F3" oT F 3"(0) n p~ 

s < 10m! npeAnaraeTcR 3KCTpanonR~viR: 

3rr 2 3rr . s t u a2 
F (s.t:a )=F (O)[l+C (--+--+-- )+C ------ ] 

P rn2 - s rn2 - t rn2 - u w rn2 - a2 
p p p w 

/13/ 

B~pa~eH~e /13/ Y4~T~8aeT 8KnaA 8 F3
" COCTORH~A C n poMe~y

T04H~M~ P- ~ w-Me3oHaM~. nocneAH11~ 4neH 8 HaweM cny 4ae, 
KOrAa ¢OTOH n04TI1 peanbHbl~, npeHe6pe~I1MO Man ~ COCTa8nReT 
-1 % (1Cwl "' 31 11( a2<2•1Q - 3 (f3B/c) 2 • /lnR CP 11MeeM 

2 1 g ll g I 
C p = __ .::..P...c"";.:.....,,---'P'-ITY-'-- ei!/t 

m3 • F
3
" (0) 

() 

/14/ 

rAe gprrrr ~ gPITY - KOHCTaHT~ C8R311, onpeAenReM~e 4epea nap
~~anbH~e w11p11H~ p -Me3oHa, 1/t - He~38eCTHaR ¢aaa. /11 c no.ilb-
3YR AaHH~e 1 17 • 18 ~ nony4aeM l g " I = 6,1. lgPITY ~ = 0,1 7/. 
noACTa8nRR F3" 8 811Ae I 13/ 8 /C; 11 11HTerpl1pyR A11¢¢epeH~I1anb
HOe ce4eH~e /5/ 8 o6nacT~ s <10m2 • q2 < 2·10-3 (f3 B/c)2, 
MO~HO Ha~TI1 TeopeTI14eCKoe 3Ha4eH:e a I z2 : 
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a ! Z 2 
= 9,84. 10-3((F 377 (0)) 2 + 1.94. F 377 (0)Cosf/J + 1,0) /H6/. /15/ 

nony4e H H~e s peaynbTaTe $HTa aHa4eHHR a / Z
2 cornacy~TCR 

c peayn bTaTaMH Hawei:\ npe,q~AYI!Ie~1 pa6oTb/ 151
, r,qe ,qnR B~4H

TaHHR $oHa Hcnonbaosanacb 6onee npocTaR npo~e,qypa. Ycpe,q
HRR 3KCnepHMeHTaflbH~e 3Ha4eHHR a / Z2 , nony4eHH~e Ha pa3H~X 
R,qpax, nony4aeM 

<a ! Z
2 >= 1,67 _:!: 0,24 _:!: 0,22 /H6/. /16/ 

AnR onpe,qeneHHR F377 (~ H3 cpasHeHHR /15/ H /16/ Ha,qo, 
soo6111e rosopR, aHaTb $aay f/1. EcnH C4HTaTb $aay nonHOCTb~ 
Heonpe,qeneHHol1 (Cosw= 0 ~ 1), To 

F
377 (0) = 13,0 _:!: 0,9.:!: 1,3 ( r3B-3

) /17/ 

C HeCKOfl bKO 60flbWei:\, no cpaBHeHH~ C /12~ CHCTeMaTH4eCKOI1 
OWH6KOH, Y4HTbiBa~ei:\ Heonpe,qeneHHOCTb $a3bl. 

CpaB HHBaR nony4eHHMI1 peaynbTaT /17/ c TeopeTH4eCKHM 3Ha-
4eHHeM / 3/, MO>KHO c,qenaTb cne,qy10111He BbiBO,Qbl: 

- nony4eHHbll1 peaynbTaT s npe,qenax T04HOCTH TeopeTH4e
CKHX np~6flH>KeHHH H 3KCnepHMeHTaflbH~X OWH60K nOATBep>K,qaeT 
HH3K03He preTH4eCKYIO TeopeMy /1/ H CornacyeTCR C paC4eTOM 
Ha OCHOBe 3$$eKTHBHOrO narpaH>KHaHa Becca-3yMHHa-8HTTeHa; 
TaKHM o6 paaoM, no,qTsep>K,qaeTCR rHnoTeaa KHpanbH~x aHoManHI1; 

- cor nacHe 3KcnepHMeHTanbHOro 3Ha4eHHR F377 c TeopeTH-
4eCKHM npH Nc = 3 no,qTsep>K,qaeT TaK>Ke , ~BeTHYIO SU/3/ CHM
MeTpHIO KBapKOB. 
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.'ipamKUe coo6!JieHWi CHflH Nll-85 JINR Rcwid Cormrunications #11-85 
YllK 539.12 -

OnHCAHHE 6WCTPOTH~X Cn£KTP08 8 UEHTPAflbHO~ 06flACTH 
POmAEHHH nPH 3HEPrHH SPS-KOflflA~AEPA 
8 MOAEflH A8YX MEXAHH3M08 

A.H.C~caK~H, r.T.Topoc~H* 

B paMKaX MHOrOKOMTIOHeHTHOH ~eHOMeHonornqecKOH MO
~enH ~BYX MeXaHH3MOB npOBO~HTCH OITHCaHHe HHKniD3HBHbiX 
H non ynHKniD3HBHbiX 
o5nac TH PO*AeHHH 
qTo 5 e3 H3MeHeHHH 

5biCTpOTHblX CTieKTPOB B l(eHTpanbHOH 
BTOpHqHb~ qacTHl(. lloKa3aH0 0 

3HaqeHHI1 napaMeTpOB, ~HKCHpOBaHHbiX 
npH OilHCaHHH MHOJKeCTBeHHbiX pacnpe~eneHHH rrpH 3HeprHRX 
- ISR , ~OCTHraeTCR y~oaneTBOpHTenbHOe onncaHHe sKcrre
PHMeHTanbHbiX ~aHHbiX SPS-Konnali~epa, Hcxo~R ns co
o5paJKeHHH KOHeqHOCTH aCHMTITOTHqeCKOrO TIOBe~eHHR non
HblX c eqeHHH H orpaHHqeHHOCTH nonepeqHblX HMrrynbCOB, 
rronyq eHa 3aBHCHMOCTb OT 3HeprHH pa3MepOB l(eHTpanb
HOH o 5naCTH PO*AeHHH no 5biCTpOTe npH CBepXBbiCOKHX 
3Hepr HRX. ITpH 3TOM, TIPHBO~R B COOTBeTCTBHe K03~H
l(HeHT HeyrrpyrocTH B Mo~enn c ero 3Kcnepnl'!eHTanbHbiM 
sHaqe HHeM npn 3HeprHH SPS-Konnali~epa, HaJ:i~eHo cpe~

Hee 3 HaqeHHe M(n)= 3,92 ~ 0,24 rsB MaCChi TRJKeJlbiX 
qeTbip exqaCTHqHbJX KnaCTepoB, paCCMaTpHBaeMbiX B MO~eJlH. 

P a 5oTa BbiTIOnHeHa B J1a5opaTOpHH TeopeTHqeCKOH ~H-
3H{<H Ol15!l1. 

Descript ion of Rapidity Spectra in the Central 
Producti on Reqion at SPS-Coll ider Enerqy 
in the Two-Mechanism Model 

A.N.Sissakian, H.T.Torosian 

Th e inclusive and semi-inclusive rapidity distri
butio ns in the central production region of multi
part i cle production process are described in the 
framework of manycomponent phenomenological model 
of t wo mechanisms. It is shown that without change 
of p a rameters fixed from the discription of multipli
city distributions at ISR energies, a satisfactory 
desc r iption of SPS-collider experimental data is 
achi eved. The energy dependence of the size of cent
ral p roduction region on rapidity at superhigh 
energ ies is received owing to the finiteness of the 
asymp totic behaviour of total cross sections and 

* EpeaaHCKHH ~H3HqeCKHH HHCTHTYT 
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limitedness of transverse momenta. The value M(u)= 
= 3.92 + 0.24 GeV is found for the average mas s of 
four-particle heavy clusters considered in the model 
describing the inelasticity coefficient at SPS energy. 

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

1. KaK ~aeeeTHo, np~ e~eoK~x 3Hepr~Rx a TaK Ha a~eaeMoA 
l.leHTpaJlbHOi1 OfiJlaeT~ pO>KAaeTeR fiOJlbW~HeTBO KOHe4HbiX 4ae
THl.l, HeeMOTPR Ha TO, '4TO Ha ~X AOJl~ np~XOAHT HefiOJl bWaR 
4aeTb nepBOHa4aJlbHOi1 3Hepr~~ eTai1K~BaiOUI~XeR 4aeT~ l.l I l l , 

PoeT epeAHeA MHO>KeeTBeHHOeT~, OAHaKO, HaMHOrO enafiee, 
4eM ADnyeKaeTeR aaKoHoM eoxpaHeH~R 3Hepr~~. HaMepeH~R 
Ha SPS-KOJlllaAAepe noKa3aJl~, 4TO 11Y4We eeex on~e~eaeT 3TOT 
poeT napaMeTpH3al.I~R <n > -ln2S + lnS ~ 4TO eTeneHHoA g \4 
3aKOH pOCTa np~BOA~T K paeXO>KAeHHRM C 3KCnep~MeHTOM np~ 
3HeprH~ KOJ1Jlai1Aepa / 21, 

B pa6oTax 13 - 41 6~11a paae~Ta MHoroKoMnoHeHTHaR ~eHoMe
Hollor~4eeKaR CXeMa AJlR on~eaHHR npOl.leeCOB MHO>KeCT BeHHOrO 
pO>KAeH~R npH BbleOK~X 3HeprHRX, rAe cpeAHRR MHO>KeeTBeH
HOCTb paeTeT KaK HeKOTOpaR /Hel.leJlaR/ CTeneHb JlOrapH~Ma -
(lnS)A. MHoroKoMnoHeHTHaR cxeMa eor11aeyeTeR e o6oe HoeaH
H~M B paMKaX ~HKJ1~3~BHoro nOAXDAa coofipa>KeH~eM 0 Heo6xo
A~MOCTH B~Aei1RTb B $a30BOM npoeTpaHCTBe OfiilaCT~, OTBeTeT
BeHH~e aa o6paaoeaH~e paa11~4H~x rpynn 4aCT~l.l 1 5 1 . 

ConoeTaBJleH~e npeACKaaaHHA MOAeJl~ ABYX MexaH~3MOB 
e 3Kenep~MeHTaJlbH~M~ AaHHbiM~ SPS-KOJ1Jlai1Aepa noKaa all~ 

eaMoeorJlaCOBaHHOeTb pa3B~TOi1 exeMbi / B/ ~ peaJl~eT~4 HOCTb 
CAeJlaHHbiX B MOAeJl~ AOnyl!leH~A /a 4aCTHOCT~, 0 KJlaeTepHOM 
COeTaBe l.leHTpai1bHOi1 OfiJlaCTH H 0 xapaKTepe 3HepreT ~4eCKHX 

3aB~e~MOeTei1 napaMeTpOB MOAell~,. 

B AaHHoA aaMeTKe npeAllaraeTcR on~caH~e pacTa c 3Hepr~
eA BbiCOT~ nllaTO ~HKJ1~3~BHOrO ~ nOI1Y~HKJ1103~BHOrO fibiCTpoT
HOrO pacnpeAeJleH~A. KaK fiyAeT noKa3aHo, He MeHRR 3Ha4e
HHR napaMeTpOB MOAeJl~, ~~KCHPOBaHHbiX np~ On~caHH~ MHO
>KeCTBeHHbiX pacnpeAei1eH~i1 B aAPOH-aAPOHHbiX peaKl.li-fRX np~ 
3Hepr~RX - ISR 171 , MO>KHO AOCT~4b BnOJlHe YAOBJleTeop~
TeJlbHOrO eor11ae~R c AaHH~M~ npH 3HeprHRX SPS-KOJllla AAepa. 

2. B npeAnoJlo>KeH~~ ·~aoTponHoro pacnaAa KJlaeTepo e a 
ceo~x e~cTeMax noKOR ~ npeHe6pe>KeH~R MaccoA n~oHa OTHo
eHTeJlbHO Maecbl KJlaCTepOB B paMKaX MOAeJl~ 6~110 noJly 4eHO 
c11eAY1001ee BblpameH~e 

6~eTpOTe BTOp~4HbiX 

AeHHR181· 

AllR ~HKJ1~3~BHoro paenpeAeJleHHR no 
4aCT~l.l B l.leHTpaJlbHOA 06JlaCT ~ po>K-
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L 

Y+Y2 y - Y2 - ( ..:_ ___ ) - ( .;_ ___ ) 
1 do a + 2b 1 J28 'h J28 'h -- --- - = - -- -- ![ 1- e 1 + [ 1 - e 1 I • I 1 I 
a dy Y 2 

3AeCb a ~ b - napaMeTp~ MOAen~, ~Me~~~e CM~Cn cpeAH~X 

4~cen Kna cTepoe, pacnaAafO~~XCR COOTBeTCTBeHHO Ha ABe 
(a -• "+"-; w -+77+no"-; B ... "+"-2"0

) ~ 4eT~pe 3apR>KeHH~e 

4acT~l.lbl ( B .... 211+ 211-). 
napaMe Tp y- InS xapaKTep~3yeT w~p~Hy 6biCTpOTHoro 

pacnpeAeneH~R ~ COOTBeTCTByeT 3Ha4eH~~ y, np~ KOTOpOM 

1 do 1 do I - ---- y MeHbwaeTCR e ABa pa3a no cpaeHeH~~ c - -d- • Jler-
a dy _ a Y y=O 

KO 3aMeT ~ Tb, 4TO 3HaR y np~ ABYX 3Ha4eH~RX 3Hepr~~ sl ~ 

S2 • MO>KH O Ha~T~ ero 3Ha4eH~e np~ n~6o~ APYro~ 3Hepr~~: 

ln S I S1 v < s ) = v < s 1 ) + r v < s 2 ) - v < s 1 ) 1 ----------- • 
In s2 1 s1 

/2/ 

Bbi4HCn AR Y no ¢lopMyne /2/ 1-1 6epR 3Ha4eHHR a( S) ~ b( S) 
1-13 4 • npHBOA~M onHcaHHe ¢lopMynoi1 /1 I 3KCRepHI'IeHTanbHbiX 
6wCTPOTHW X pacnpeAeneHH~ np~-1 SPS-3HeprHRX /pHc.1/ . 

KaK BHAHO 1-13 pHCYHKa, AOCT~rHyTO YAOBneTeop~TenbHOe 
on1-1caH~e 3KcnepHMeHTanbH~x AaHH~x. 3aMeT~M 3Aecb, 
4TO 3TO OnHCaH~e AOBOnbHO 4yBCTBHTenbHO K aw6opy na
paMe Tpa Y /eM. Ta6n. 1/. B TO >Ke epeMA Ha SPS-Konna~-
Aepe G~no ycTaHoeneHo, 4TO nnoTHOCTb 4acT~l.l pacTeT 

~I; 
-liD ..... 

' 3b-t+t-.t" 
+ " 

2 
\ 

t-t 

0 L--'-----L-----'--L-------L-J 

0 1 2 3 4 5 
171 
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6wcTpee, 4eM o>K~Aanocb , e cooT
eeTCTBHH C npOCTO~ 3KCTpano
nAl.ll-1 e ~ napaMeTpoe np~-1 3HeprHAX 

1 do · 
ISR ( -,; ctv '\·=0 3, 0 + 0, 1 np~-1 

JS-= 540 r3B). ApyrHMH cnoea
MH, Y(S ) pacTeT c 3HeprHe~ 

MeAneHHee, 4eM npocTo InS. 
E~e 6onee HHTepecHo paccMoT

peTb nonyHHKn~3HBHwe pacnpe 
AeneHHR. K co>KaneHH~. AOCTHr
HyTaA 3KCnep~MeHTanbHaA CTa
THCTHKa He n03BOnA e T noKa 

P11 c . I . Cnno111 HaR JlHHHR - p ac '-! eT 

rr o Mo g e.rm g syx MexaHH 3MOB, 

j_ ~0-,ITYHKTHp HaR - pe3 y JlbTaT 

g~aA'bHOtl rr a p TOHHOH MO,D;eJlH g 



Ta6JIHJ..(a 

3Ha"leHHH Y no .PopMyJie /2/ 

JS 23,6 30,8 45,2 53,2 62,8 540 

y 2,0 2,12 2,30 2,37 2,45 3 , 44 

_!_~! 
u dy y=O 

I, 37 I ,52 I, 73 I ,82 I ,91 3 , 15 

CTPOHTb 3aBHCHMOCTH 6~CTpOTH~X pacnpeAeneHH~ OT TOnonorHH 
npo~ecca n, HO ycpeAHeHH~e no He6onbWHM MHOll<eCTBeHHbiM HH
TepeanaM AaHH~e TOll<e AOCTaT04HO xopowo noaeon~~T npo eo
AHTb cpaBHeHHe C MOAenbH~MH npeACKa3aHH~MH. 8 paMKaX MO
AenH ycTaHoeneHo, 4To nonyHHKn~3HBHoe pacnpeAeneHHe no 
6~CTpoTe npH 6onbWHX '3Ha4eHH~X n HMeeT cneAYIOIIIH~ BHA / S / 

1 dun 1 a+2b ----1 =..:.----·P, 
un dy y =0 Y a + b 

n =4P+2, n » 1. 
c 

/3/ 

Ha pHc.2. npeACTaeneHo onHcaHHe ¢opMyno~ /3/ 3KcnepH
MeHTanbH~x nnOTHOCTeH no 6~CTpoTe BTOPH4H~X 4aCTH~ n pH 
3HeprHH v1f= 540 r3B. 3AeCb 3Ha4eHHe Y TO ll<e, 4TO H npH 
OnHCaHHH HHKn~3HBH~X pacnpeA~neHHH. 

10 

Ha pHc.3. npHBeAeHo cpaeHeHHe 3KcnepHMeHTanbH~x nnoT-

1 don I 
Gn d7 ~=0 

HOCTe~ BTOpH4H~X 4aCTH~ B 
~eHTpanbHO~ o6nacTH pOli<AeHHA 
C MOAenbH~MH B WHPOKOM HHTep
oane Ha4anbHO~ 3HeprHH cTon:~-

Y= 3.0 HOBeHHA. KaK BHAHO H3 pHcyH
KOB, B 3TOM Cny4ae TO~e HMe
eTCA xopowee cornacHe c 3Kcne
PHMeHTOM. 0AHaKO OTMeTH 

5 
3Aecb, 4TO eapbHpoeaHHe 3Ha-
4eHHA y AnA /'ff = 540 r3 ecnH 
yny4waeT OnHCaHHe 3aBHCHMOCTH 

1 dun 
-----1 
a dy ' y=O 

OT n , TO, COOT-

0 ~--._--~--~--~~--~--- PHc.2. OnHcaHHe 3KcnepHMeHTanb
O 20 40 60 80 100 HbiX nnoTHOcTeii no 6bJCTP Te 

n BTOpH"'HbiX 'laC THJ.-1 npH JS-;;, 540r3B, 
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PHc. 3 . CpaBHeHHe :3KcnepHMeHTa.ribHbJX nnoTHocTeii 

BTOPll'liHbiX 'llaCTH~ B ~eHTpaJibHOH 06JiaCTH po~eHHH 

C MOA eJibHbiMH. 

aeTcTaeHHO, yxyAwaeT cornacHe MoAenH c 3KcnepHMeHTanbHO~ 
nnoTHOCT b ~ 4aCTH~ a ~eHTpanbHO~ o6nacTH ~ Hao6opoT. OnTH
ManbHOe COBMeCTHOe OnHCaHHe AOCTHraeTCR npH 3Ha4eHHH 
Y = 3,4, 4TO HeCKOnbKO MeHbWe, 4eM nony4aeTCR no $op
Myne /2/ . 

3. MomHo 6onee T04HO o~eHHTb Y, H3y4aR noaeAeHHe npH 
w 60nbWHX S K03$$H~HeHTa HeynpyrOCH1 k = S ~- , rAe W - AOnR 

3HeprHH, HAY~aR Ha o6paaoaaHHe 4aCTH~ a ~eHTpanbHO~ o6nac
TH /eM. ;'g; /. B MOAenH npocTaR o~eHKa AaeT cneAYIOillee Bblpa
>KeHHe AnR W: 

A2 Y 2 -2 ~ 
W=A 1 (ln S/ S0 ) ch 2 [3( <oT > +M(4)) + 

2 -2 ~ 
+0,13( <p > +M ) ], /4/ 

T (2) 

rAe ~~f ~~)- cpeAHHe MaCCbl ABYX- H 4e~blpex4aCTH4~biX 
KnacTepOB COOTBeTCTBeHHO, <pT > - cpeAHHH nonepe4HbiH HM
nynbC KOHe4HbiX 4aCTH~, S0 =(rnA+ rnB) 2 • 3Ha4eHHR A1 H A2 AnR 
pa3Hb1X n po~eccoa npHBeAeHbl a Ta6n. 2. 
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pp 

A 0,047 
"J..:!:. 0,004 

1,655 
A2 .:!:. ' 0,085 

3Ha~eHHR A1 H A2 rro ~OPMYne /4/ 
AITR pa3nH~HWx rrpo~eccos 

PP 

0,047 
+ 0,004 

+ 1,630 
0,090 

0,028 
+ 0,002 

+ I, 894 
0,076 

0,028 
+ 0,002 

I ,868 
+ 0,081 

1T p 

0,016 
+ 0,001 

2,038 
.:!:. 0,070 

+ 0 , 016 
0 , 001 

+ 2 , 012 
0 , 075 

Ha Tpe6o8aH~R, 4TO np~ ac~MnToT~4ecK~x 3Hepr~RX oTHo
weH~e OCTaeTCR KOHe4H~M ~ OTn~4H~M OT HynR, HaXOA~ 

Y(S)=ln 
s 

c
0

(ln S / S0 )2~ 
/51 

rAe C0 - nocToRHHaR 8en~4~Ha, ~ np~ ac~MnToT~4ecK~x 3Hep
r~Rx oHa AOnmHa co8nacTb c S0 • HHTepecHo 8 C8R3~ c 3T~M 
aaMeT~Tb, 4TO npH 3Hepr~~ SPS-KonnaHAepa, noAcTa8nRR 
8/5/ Co=So ~ APP = 1,65, HaXOA~M YI5P(JS= 540 r3B) 
= 3, 32, 8 TO 8peMR KaK 3Ha4eH~e Y- 4 AOCT~raeTCR p~ 
c0 = 1 , 78 = S0 /2 • w 

l{o3$$~1.1HeHT Heynpyrocn• K = --g\4- np~ 3Hepr~H ISR JS-;. 
= 63 r3B ~MeeT 3Ha4eH~e K = 0,5. C POCTOM 3Hepr~~ OH 
yMeHbwaeTCR ~ AOCT~raeT np~ JS = 540 r3B 3Ha4eH~R K =0 '3. 
Hcnonb3YR /4/ ~ 15/, HaXOA~M: 

2 -2 'h 2 -2 'h 
A1[3( < PT> +M(4)) +0,13(<pT > +M(2)) 

k = . !61 

KaK 6~no HaHAeHo 8 181 • cpeAHRR Macca A8YX4acT~4Horo 
KnacTepa 8 MOAenH co8naAaeT c MaccoH p-Mea.oHa, a AnR Mac
e~ 4eTblpex4acT~4Horo 6~no nony4eHo orpaH~4eH~e 
M (4)?: 2 . M (2) = 1 '53 r3B. np~80AR Aanee 8 COOT8eTCT 8~e 
MOAenbHOe npeACKa3aH~e no /6/, KYAa nOACTa8nReM <~=0,5; 
c0 = S0 = 3, 52, c .3Kcnep~MeHTanbHbiM 3Ha4eHHeM K = 0, 3 
np~ $ = 540 r38, HaXOA~M cpeAHIOIO Macey 4eTblpex4aCT ~ 4HO
ro KnacTepa: 

171 
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3AeCb cneAyeT e~e pa3 noA4epKHYTb, 4TO cxeMa pacnaAa 
4eT~pex 4aCTH4Horo KnacTepa 4epe3 npoMemyT04Hoe o6pa3oaa
HHe ABYX P -Me3oHoa (B ... PP ... 4") yKa3~BaeT Ha eamHoCTb 
HCCneAOBaHH~ B 3KCnepHMeHTe KOppen~~HH MemAY npOMemyT04-
H~MH o6pa3oBaHH~MH /a AaHHOM cny4ae p-Me3oHaMH/. TaKHM 
o6pa3oM, MOmHo npoaepHTb KaK npaaHnbHOCTb cxeM~ pacnaAa 
4eT~pex4aCTH4H~X KnacTepOB, TaK H COOTBeTCTBHe HX MaCC 
C npeACKa3aHHeM MOAenH /]/. 

3aMeT HM, 4TO B AOCTHmeHHH 3aBHCHMOCTH /5/ Kn~4eay~ 
pOnb HrpaeT TO o6cTO~TenbCT80, 4TO B MOAenH cpeAH~~ MHO
meCT8eHHOCTb pacTeT KaK norapH¢M B HeKOTOpOH CTeneHH -
( ln S )A • HccneAoBaHHR npH e~e 6onbwHx 3HeprH~X 3HepreTH-
4eCKOH 3aBHCHMOCTH Y (S) MOryT yKa3aTb Ha npeHMy~eCTBa 
HnH HeAOCTaTKH pa3H~X nOAXOAOB, npeACKa3~Ba~~HX pa3H~e 

3aKOH~ pOCTa cpeAHeH MHOmeCTBeHHOCTH /CM., HanpHMep19 - 11J . 
OTMeTHM e~e OAHO yKa3aHHe Ha norapH¢MH4eCKH~ xapaKTep 
3aBHCHMOCTH - 3TO TO, 4TO B npeAnOnomeHHH KOHe4HOCTH 
nonH~X Ce 4eHHH B aCHMnTOTHKe H OrpaHH4eHHOCTH nonepe4H~X 

s _. oo s ... oo ' 11 / 
HMnynbcoe (cr - --. a .i O, < pT > ----> bJ oo) e ' nony4eHa tot 
cneAy~a~ CBR3b MemAY aCHMnTOTH4eCKHM noBeAeHHeM cpeA-
HeH MHOme CTBeHHOCTH H nonHOrO Ce4eHH~: 

<n > 
--- .... const. ln S / S0 a t ot 

/8/ 

KaK cn eAyeT H3 /8/ npH AOCTHmeHHH ¢pyaccapOBCKOro MaK
CI1ManbHO r o pemHMa poeT a nonHoro ce4eHH~ - ( ln S / S0 )

2 • cpeA
H~~ MHOme CTBeHHOCTb AOnmHa paCTH C 3HeprHeH KaK ( ~S / S0 )~ 
rAe A ~ 3. 

4. B 3 aKn~4eHI1e nOA4epKHeM, 4To,He H3MeH~~ 3Ha4e HHe na
paMeTpoa MOAen11, 3a¢HKCHPOBaHH~X npH OnHCaHHH MHOmeCTBeH
H~X pacn peAeneHHH npH aHepr11~x ISR, AOCTHrHyTo YAOBneT
eopHTenb HOe Oni1CaHHe HHKn~3HBH~X 11 nonyHHKn~3HBH~X CneKT
pOB npH 3Hepr11~X ISR H SPS. npH 3TOM, ~cnonb3YR AaHH~e 

SPS-Konna AAepa o eenH4HHe K03¢¢H4HeHTa HeynpyrocTH K = _ _!l_ . 
. s ~ 

M~ nony4HnH 3Ha4eHI1e MaCCbl 4eT~pex4aCTH4HbiX KnacTepoe, 
Hrpa~~HX Kn~4eBy~ pOnb B paCCMaTpi1BaeMOH MOAenl1 ABYX Me
xaHH3MOB. HccneAoBaHHe KoppenR4HA MemAY npoMemyT04HbiMH 
p -Me3oHa MH /KnacTepaMI1/ 8 npo4ecce MHomecTBeHHoro pomAe
H11~ BO MHOrOM npOABHHyno 6~ BnepeA BOnpoc H3Y4eHI1~ CBOACTB 
T~men~x /4eT~pex4aCTH4H~x : KnacTepoe. 
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K TEOPHH B3A~MOAE~CTBH~ MOnEKYn H ATOHOB 
C nOBEPXHOCTb~ TBEPAOrO TEnA 

r. M. raepi..UleHKO 

llpeAnaraeTCfl HOBblli rrogxog K TeOpHH B3aHMOgeHCTBHfl 
MOneKyn H aTOMOB C KpHCTannH~eCKHMH ITOBepXHOCTflMH 
TBepgb~ Ten. 0H IT03BOnfleT HCXOgfl H3 rrepBWX rrpH~HITOB 
<PopManbHO CTporo rrocnegoBaTenbHo rron~aTb MogenbHbie 
raMHnbTOHHaHbl Anfl OITHCaHHfl 3neKTPOHHblX CBOHCTB xeMo
cop5HpOBaHHblX ITOKpbiTHH H TepMOgHHaMH~eCKHX CBOHCTB 
caMHx aTOMHbiX rroKpbiTHii. MogenbHbie raMHnbTOHHaHbi THrra 
AHgepcoHa H H3HHra paHee BBOgHnHCb B TeOpHID xeMocop5-
~HH rrony<PeHOMeHonorH~ecKH. PaccMoTpeHHe 3THX gByx pa3-
Hbix ac rreKTOB TeOpHH xeMocop6~HH B ogHOH TeOpeTH~eCKOH 
CXeMe BaJKHO, TaK KaK 3TO IT03BOnfleT BblflBHTb B3aHMOCBfl3b 
MeJKAy HHMH, rro-HOBOMY ITOCTaBHTb HeKOTOpbJe BOITpOCbl 
B3aHMOgeHCTBHfl agcop6HpOBaHHblX aTOMOB C rrognOJKKOH 
H B3aHMOgeHCTBHfl agcop6HpOBaHHbJX aTOMOB MeJKAy C050H. 

Pa6oTa BbiiTOnHeHa B J1a6opaTOPHH TeopeTH~eCKOH <lJH3H
KH mum. 

On the Theory of Interaction of Molecules and Atoms 
with the Solid State Surface 

G. M. Ga v r i l en ko 
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The new approach to the theory of interaction of 
the a t oms and molecules with the crystal solid state 
surfaces is developed. The model Hamiltonians for the 
descr i ption of the electronic and the the1~dynamic 
proper ties of the hemisorped layers may be obtained 
in the framework of this scheme in a formally strict 
way f r om the first principles. The model Hamiltonians 
of Anderson and Ising types were considered as the 
semiphenomenological models before. The consideration 
of the se different aspects of the hemisorption theory 
in the framework of the one theoretical scheme is very 
important. It allows us to show the selfconnection 
before them. The new points of interaction between 
substrate and adatom and between two adatoms are expo
sed as well. 

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



BeeoeHue 

B nocneAHHe roA~ B o6nacTH HCcneAOBaHH~ B3aHMOAeHCTBH~ 
MOneKyn H aTOMOB C noaepXHOCT~MH TBePA~X Ten /XeMOcop64~~/ 
AOCT~rHyT~ 3Ha4HTenbH~e ycnex~. no~BneH~e TeXH~K~ CBepx
BbiCOKOrO BaKyyMa, n03BOn~tiJU4eH npOBOA~Tb c!>OT03M~CC~OHHble 

3Kcnep~MeHT~ c yrnoBbiM pa3peweH~eM, AanbHeHwee pa 3 B~T~e 
MeTOAa O~e-cneKTPOCKOn~~, a TaK~e A~c!>paK4~0HHbiX Me TOAOB 
~ccneAOBaHH~ noaepxHocTeH no3aon~n~ nony4~Tb 6onbwoe Ko 
nH4eCTBO 3Kcnep~MeHTanbHbiX AaHHbiX. C APYrOH cTopoHbl, co
aepweHCTBOBaH~e MeTOAOB pac4eTa 30HHOH CTPYKTYP~ noaepx 
HocTeH MeTOAaM~ KBaHTOBOH MeXaH~K~ ~ OC06eHHO np~ Bne4eHHe 

B Teop~~ noaepXHOCTHbiX ABneH~H MeTOAOB CTaT~CT~4eC KOH c!>~-

3~KH, TaKHx, KaK MeTOA MOAenbHbiX raMHnbTOHHaHoB T~na AH
AepcoHa i 1/ H I13HHra 12/ , MeTOA c!>YHK4HOHana nnoTHOCTH / a / H 
AP·• no3BOnHno noHATb PAA oco6eHHocTeH ci>H3HKH noae pxHocT
H~x ~BneHHH. 0AHaKO B o6naCTH c!>YHAaMeHTanbHbiX HCcn eAOBa
HHH noaepxHOCTH~x ~aneHHH 3KcnepHMeHT, aoo6~e roaop~, no
Ka e~e 3Ha4HTenbHO onepe~aeT TeopH~. 

B AaHHOH pa6oTe npeAnaraeTcA o6~~H noAXOA K TeopH~ 
B3aHMOAeHCTBHA MOneKyn H aTOMOB C noaepXHOCT~MH TBePAbiX 
Ten, n03BOn~~HH nocneAOBaTenb HbiM o6pa30M, HCXOAA H3 nep
BbiX npHH4Hnoa, nony4aTb MOAenbHble raMHnbTOHHaHbl THna AH
AeocoHa H 113~Hra, paHee BBOAHM~e H WHPOKO HCnOnb 3yeMble 
nonyc!>eHoMeHonorH4eCKH AnA onHcaHHA 3neKTPOHHbiX CBOHCTB H 
xeMocop64HOHHblx noKpbiTHH. YcTaHaBnHBa~TcA CBA3H Me~AY 
KOHCTaHTaMH B3aHMOAeHCTBHA H 3HepreTH4eCKHMH napaMeTpaM~ 
HOHHOH H 3neKTpOHHOH nOACHCTeM noAnO~KH /aACOp6e Ta/ H 
noKpbiTH~ '/aACOp6aTa/ . 

nocmaltO BKa 3aOa!iu 

PaccHOTPHM CHCTeMy H3 N B3aHMOAeHCTBY~Hx 3neKTPOHOB, 
COCTOA~Y~ H3 KOnneKTHBH3HpOBaHHbiX 3neKTPOHOB 30Hbl nOAno~
KH H BaneHTHbiX 3neKTpOHOB aACOp6aTa, HaXOAA~HXCA BO SHew
HeM none nonO~HTenbHO 3apA~eHHbiX HOHHbiX OCTOBOB KPHCTan
na, H HOHOB aAaTOMOB aAcop6aTa, pacnono»<eHHbiX Ha noaepx
HOCTH pa3Aena rpaH~4bl Be~eCTBO-BaKyyM. B 4enoM CHCTeMa 
3neKTPH4eCKH HeHTpanbHa. raMHnbTOHHaH TaKOH CHCTeM~ 3a
nHWeTC~ B B~Ae 

H : H1 + H A + H1- A • 

rAe 

/1/ 
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~ 

z -+ 1 -+ -+ 
H = I t ( R ) + - I v ( R - R

8
) , 

A a = 1 a 2 a.J.8 a 

H.... = IIv(R _; .). 
~-A . a .1 a .1 

raMHnbTOHHaH 3neKTPOHHOH nOACHCTeM~ /aACOp6eHTa/ HI 
BKn~4aeT B ce6~ KHHeTH4eCKY~ 3HeprH~, 3HeprH~ KynOHOBCKO
ro B3aHMOAeHCTBH~ MemAY 3neKTPOHaMH, 3HeprH~ B3aHMOAeHCT
BH~ 3ne KTPOHOB C nonomHTenbHO 3ap~meHH~M HOHH~M ~OHOM 
noAnom KH Iu(x. ). 6yAeM C4HTaTb, 4TO noTeH~Han u(l) oT-

.1 v 

pamaeT n pOCTpaHCTBeHHy~ CHMMeTpH~ KPHCTannH4eCKOH peweT-
KH nOAnOmKH H B Hero BKn~4eH~ rpaHH4H~e ycnOBH~. 8 ra
MHnbTOH~aHe HOHHOH KOMnoHeHl~ aACOp6aTa HA KHHeTH4eCKOH 
3HeprHeH npeHe6peraeTC~, t(Ra) - noTeHUHan B3aHMOAeHCTBH~ 
Memay HOHaMH aAC006aTa H nonomHTenbH~M HOHH~M ~OHOM noA
no*KH, v(ia-if3) -KynOHOBCKOe B3aHMOAe~CTBHe MemAy HOHaMH 
aAcoo6a Ta. CyMMHpoaaHHe no a HAeT no 3aH~T~M ~eHTpaM aA
cop6~HH /B03MOmHOe nonomeHHe HOHa aAaTOMa Ha noaepXHOCTH/, 
OTBe4a~HM HeKOTOpOH KOH~Hrypa~HH pacnonomeHH~ aAaTOMOB 
no nosepxHOCTH noAnOmKH. HI - A-3HeprH~ KynoHoscKoro B3aH
MOAeAcT BHA MemAY I H A noACHCTeMaMH. 

A.n~ n pOCTOTbl H3nO>KeHH~ H onpeAeneHHOCTH 6yAeM C4HTaTb t 

4TO 3ne KTPOHbl nOAnomKH o6pa3y~T OAHY HeB~pOmAeHHY~ 30Hy, 
a aAaTO~~ ~Bn~~TC~ BOAOPOAOnOA06H~MH, T: e. HMe~T OAHH 
aaneHTHb H 3neKTPOH c BOnHOBOH ~yHK~HeA, o6naAa~~eA CHM
MeTpHeH OCHOBHOr~ COCTO~HH~ aTOMa BOAOPOAa. 3TO He CHH-
3HT o6~HOCTH nOAXOAa, HO ynpOCTHT B~4HCneHH~. 

npocmpaHcmeo cocmoR Hua 

JneKT POHHble COCTO~HHA B (l +A )-cHCTeMe 6yAeM Om1CbiBaTb 
ABYM~ Ka 4ecTBeHHo pa3nH4H~MH Ha6opaMM OAH04acTM4H~x coc
TO~HHH I c:b ka (X)! H I cbaa (X)!. nepa~A OTBe4aeT socTORHHRM 
3neKTPOHOB B 30He nOAnOmKH C KBa3HHMnynbCOM k H COCTOR
HHeM cnHHa a = + 1 • nepeMeHHaR X ecTb Ha6op I X. K l • 
rAe x - nonomeHHe 3neKTpoHa a npocTpaHcTae, K - cnMHOBaR 
nepeMeHHa R. B AaHHOM cny4ae K npHHHMaeT 3Ha4eHHR +1. 

c:P -+ <x) = c:P-+<x) ~ • 121 
ka k KO 

3AeCb ~YHK~H~ cP -+(X)- 3neKTPOHHa~ /THna 6nOXOBCKOH/ 
aonHa, YAOBneTaopR~a~ cneAy~eA acnoMoraTenbHOH cneKT
panbHOH 3aAa4e: 

30 



b2 ... 2 ... ... ... ... 
! - -

2
---- V x + u ( x ) + f( x ) I r:h _, ( x) = ( _, r:h _, ( x ) • 
me .i k k k 

131 

rAe (l - 3HepreT~4eCK~~ cneKTP 3neKTPOHHO~ 30H~ 4~CTO~ 
noaepXHOCT~ nOAnO>KK~, f(x) - 3cpcpeKT~BHbl~ OAH03neKTPOHHbl~ 
noTeH4~an, TaK 4TO f(x) + u(x) - nceaAonoTeHLI~an 3ne KTpoH-
Ho~ 30Hbl noAnO>KK~ , ~ Ka - c~Maon KpoHeKepa, BBeAeHHbl~ Anfl 
on~caH~fl cn~Hoaoro cocTofiH~fl 3neKTPOHa. BTopo~ Ha6o p oA
H04acT~4H~x COCTOfiH~~ OTBe4aeT OCHOBH~M COCTOfiH~fiM a aneHT
H~X 3neKTpOHOB aAaTOMOB aACOp6aTa, noKan~30BaHHbiX Ha LleHT
pax aACOP64~~ 

ch (X)=r:h (i{)~ , ;41 
aa a Ka 

rAe r:h (x)=chCR -x). 
a a 

h2 ... 2 ... ... ... 
! - -2-- v X + v (X) I r:h (X) = E r:h (X) • I 5 I 

me 

E- ~oH~3al.I~OHH~~ ypoaeHb BOAOPOAonoA06Horo aAaToMa . HH
AeKc B 141 HyMepyeT KOOPA~HaT~ BCeX LleHTpOB . aACOP64 ~ ~ ~a 
noaepxHocT~ noAnO>KK~ . 06o3Ha4~M 4epea K cyMMapHoe Kon~4e 

CTBO Lle HTpOB aACOP61.1~~ Ha noBepXHOCT~ Kp~cTanna, TO r Aa 
Z s K. 

HOHHWe COCTOfiH~fl aAaTOMOB Ha noaepXHOCT~ noAnO>KK~ 6y
Ae M on~cwaaTb Ha fi3WKe B03MO>KHWX KOHCI>~rypa4~~ pa cnonome 
H~fl ~OHOB aAcop6aTa no 4eHTpaM aAcop64~~. Anfl Z ~OHOB 
aAaTOMOB B03MO>KHO Kl I ( K - Z )! Z! cocTOHH~~ /~oHbl TO>KAe cT-
eeHHO He pa3n~4~Mbl/. Ha6op OAH04aCT~4HbiX ~OHHbiX COCTOfiH~~ 
aAcop6aT a I r:h ( (3) I o·npe Ae m1M cne AYIOU11-1M o6pa30M: 

n 

cha ( fl ) = ~ ...... "' ~afl • 
Ra, Rfl 

!61 

rAe a - $1-1KCI-1pye T cocTOfiHI-1e 1-10Ha Ha noae pxHOCTI-1 l3aHlH Ra 
4eHTP aAcop641-11-1/, 8- nepeMeHHaH, npo6eraiOU1afl no HoMepaM 
d ac~x B03MO>KHbiX 4eHTPOB aAcop641-11-1 RA. ~a(F 1, e c n1-1 
R a = R 8 .1-1 pasHa HyntO e ocTanbHbiX cny4afl x . 

npeocmae.rzeHue emopu1.i.H02o KBaHmoeauu.R 

loiCKni041-1TenbHO 3(j)(j)eKTI-1BHbiM 1-1HCTpyMeHTOM I-1CCneAOBa H~fl 

npo6neMbl MHOri-1X Ten fiBnfleTCfl MeTOA BTOpi-14HOro KBaHTOBaH~fl. 
B AanbHe~weM 6yAeM l-1cnonb30BaTb cxeMy aTopi-14Horo KB a HTo-
BaHI-1fl, npeAnO>KeHHYIO B 

BBeAeM onepaTopHwe 
¢( (3) B BI-1Ae 

4 ' 

cpyHK4~1-1 none~ qrt (X), 'II (X).¢+ (/3), 
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'P+ ( X ) = ~ a+_. <P : ( X ) + ~ b + N <P * ( X ) • 
ka ka ka aa aaa aa 

'P(X)= ~ a_. <b-. (X)+~ b N <P (X), 
ka ka ka aa aa a aa 

171 

1-1 

<II+ = ~ c + <P ( f3 ) • 
a a a 

<ll=~c<b(t3). 
a a a 

N = c+ c 
a a a !81 

nonR tp+, 'P Oni-!CbiBaiOT 3neKTPOHbl; <II+, <II -1-!0Hbl aAaTOMOB. 
OnepaTap bl po>KAeHI-!R 1-1 YHI-14TO>KeHI-1R :meKTOOHoe a~ , b+ , 

a~, baa YAOBneTBOPRIOT nepecTaHOB04HbiM COOTH~eHHR~~epMH, 
ca, ca - onepaTopbl po>KAeHHR 1-1 YHI-14TO>KeHHR naynH. 

OnpeAeni-IM CKanRpH~e npOH3BeAeHHR ~YHK4H~ H3 I<P (X) , a a 
<P _. (X)! H I <Pa (8) I o6bi4HbiM o6pa30M: 

ka 
<<P,... I<P >=fdX<P: (X)ci> (X). 

kiT aa kiT aa 

<<Pai<Py > =~ <b:(8)<by(t3), 

f 
8 ,... 

3AeCb dX 0603Ha4aeT 1-!HTerpHpoeaHHe no KOOPAI-1HaTaM X H 

191 

CYMMI-ipOBa HI-!e no Cni-!HOBO~ nepeMeHHO~ K , 

Ha6opbl <llYHK4H~ cocTORHH~ I<P (X), <P (X)}H I<P (8)1 ka aa a 
6yAeM paCCMaTpHBaTb KaK OpTOHOpMHpOBaHH~e 6a3HCbl B COOTBeT

CTBY~I-IX npOCTpaHCTBaX COCTORHH~. 3To, 8006~e rOBOpR, He 
RBnReTCR anonHe CTpOrHM, T . K. <</J,... / </J ,>JO, KpOMe Ta-

ka aa ~ 
ro, cy~e CTayeT OTn!-14HOe OT HynR nepeKpbiTHe 80nH08biX <llYHK4HH 
<Pa(x) 1-1 ct>

8
(x) Ha pa3Hb1X y3nax a,8. 0AHaKo aonpocbl y4eTa 

3<1l<!leKT08 HeopTOroHanbHOCTI-1 H HenonHOTbl 6a3HC08 AOCTaT04HO 
nOAP06HO H3Y4eH~ / &,S /H He npeACTaBnRIOTCR 3AeCb npi-1H4HnHanb

HbiMH. H3 /7/ 1-1 /8/ cneAyeT, 4To 

('P+(X), <Il (8)1 JO, /10/ 
(-) 

T. e. 8 o n peAeneHHe none~ IJ' +. 'P BXOART onepaTopbl, Ha KOTo-

PbiX nocT p oeHbl nonR <11+, <II • no3TOMY nonR 'P 1-1 <II He RBnRIOTCR 

He3aBI-!CH MbiMH; :meKTPOHHOe COCTORHI-!e </Jaa (X) AaeT 8KnaA 
B none 'P TOnbKO TOrAa, KOrAa a-~ y3en aACOP641-1H 3aHRT HO
HOM aAaTOMa, T.e. Na = 1, 3TO OTpa>KaeT cne41<1$HKY XeMOCOp6-
4HH. 3ne KTpOHHble COCTORHHR CI-!CTeM~ MO>KHO onpeAeni-!Tb TOnb
KO TOrAa , KOrAa $HKCHPOBaHa HeKOTOpaR /npOI-13BOnbHaR/ KOH$1-1-

rypa41-1R p acnOJlO>KeHI-!R HOHOB aAaTOM08, 
CneAYR eapHaHTY MeTOAa BTOpH4HOrO KBaHTOBaHI-!A, pa38H

TOMY a 141, MO>KHO noKa3aTb, 4TO · HeTpaA1-141-10HHOe onpeAeneHHe 
none~ /7 / , npHBOAR~ee K COOTHOWeHHIO /9/, He MeHReT CTaH

AapTHO~ n po4eAYPbl BTOPI-14Horo KBaHroeaHHA. B pe3ynbTaTe 
raMHnbTOHHaH /1/ 8 npeACTaaneHHI-1 8TOpi-14HOrO KBaHT08aHI-1R, 
peanH30Ba HHOrO Ha onepaTOpHbiX nonRX 'P,<Il, ~-!MeeT 8HA 
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+ h2 ... 2 ... 1 , 
H = r ctx '~' c x H- ~--- v x + u c x )J '~' c x) + -- r ctx dX x 

2me 2 
+ + _, -+ -+ 

x'l' (X)IJI (X')IJI(X')IJI(X)v(x-x')+ l t (R )N + 
a a a a 

1 ... ... + ... ... 
+ - l v ( R - R

8
) N N8 + l ( dX II' (X ) II' (X) N v ( R - x) • 

2 a -i 8 a a a a a 
/11/ 

EcnH orpaHH4HTbCH B /11/ TOnbKO AOMHHHPY~HMH no senH4HHe 
YHapH~MH H 6HHapH~MH B3aHMOAe~CTBHHMH H npHHHTb BO BHHMa
HHe npeAnOnO>t<eHHe 0 CHMMeTpHH 3neKTPOHHbiX COCTOHHH~ aAa
TOMOB, TO, onycKaH anre6paH4eCKHe npeo6pa30BaHHH H O~eHKH 1 
nony4HM 

H = l f ... n ... + l N [ E l n a+ Un an a + l (1 - n a ) x 
ka k ka a a a a a a- ka a-

x[V _.b+ a ... +k.c.Jl+_!_ l NaN8 [qaq 8va8 +2Q l [V ... (a)b+
8 

a _. +k.c,]]. 
ak aa ka 2 a"' 8 a ka 8k a ka 

/12/ 
rAe l .... E onpeAeneHbl cor nacHo /3/, /5/; q = ln 

k a a aa ' 

r ... ..., ... ... , ) c ... ... , ) c ... ) * c ... ) c... . r -· * ... U = dX dx () ( X ) () ( X V X- X , () X = cP X cP X) , V ... = dx cP ( X ) x 
ak a 

x 'l'k(x)v(Ra-x),vaa = v(Ra-R8).K.c.- o6o3Ha4aeT KOMnneKcHo

conpmKeHHoe cnaraeMOe, V _.(a) = (dxch
8

(x)ch ... (x)vcli - X), 
Bk k a 

OnHcaHHe raMHnbTOHHaHa /12/ AOCTaT04HO cno>t<Ho, TaK KaK 
B HeM 11 nepenyTaHbl11 3neKTPOHHble H HOHHble KOMnOHeHTbl (A+ l J
CHCTeM~. 0AHaKO 4aCTO HCCneAY~T HnH TOnbKO TepMOAHHaMH-
4eCKHe CBO~CTBa XeMOCop6~HOHH~X nOKP~TH~ ;2 1 , MnM me TOnb
KO 3neKTpOHHble CBO~CTBa (A + l)-CHCTeMbl ' 7 / . npeAnO>t<HM Me
TOA, n03BOnH~H~ noCTpOMTb annpOKCHMHPY~~Me raMMnbTOHMa
H~ AnH OnMCaHHH YKa3aHH~X CBO~CTB HCXOAHO~ CMCTeM~. 

nepenMWeM raMHnbTOHHaH /12/ B BHAe 

~ 1 ~ 
H = l f ... n ... + l N y + -

2 
l N N8v B • 

ka k ka a a a a .; 8 a a 
/13/ 

y = lEn + Un n + l(l-n )[V ... b+ a ... + k.c.l . 
a a aa aa a-a ka a-a ak aa ka 

YA=qq
8

v
8

+2Q l(V ... (a)b+
8

a ... + k. c.], 
a a a aka 8k a ka 
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H onpeAenHM MOAenbHY~ CHCTeMy H0 

H0 =H 1 +112 +C, 1141 

3AeCb 

H1 = l:y N +..!._ l: y aNNa, 
a a a 2 a"' 13 a~-' a 1-' 

A 1 A 

H2 = l: ( ... n ... · + l: v y + -
2 

l: 11 a y a 
ku k ku a a a a .1, 8 a~-' a~-' 

1 C= - l:y v -- l: Y aV a 
a a a 2 a"' 13 a,.., a,.., 

Beilk14HHbl 11 • 11 f3. y • y 13 - noKa ceo6oAHble c - 4HCnoeble 
napaMeTpbl. anofpe6yeM ~epMOAHHaMH4eCKOH 3KBHBaneHTHOCTH 
MOAenbHOH CHCTeMbl 1121 H HCXOAHOH CHCTeMbl 1131, T.e. 
noTpe6yeM, 4To6bl ceo6oAHble 3HeprHH F CHcTeMbl I 131 H F0 
CHCTeMbl /14/ coenaAan~. TorAa cornacHo ~3eecTHOH $OpMyne 

F - Fo = r dA < 1\H > \ A • 
o H0 +"aH 

rAe i\H = II - H0 . 

1151 

H3 115/ MOmHo nony4HTb cneAY~He ABa ycnoeH~ Ha napaMeTpbt 

II 'y : 

f' dA < (N - v )(y -Y )> ,_. =0, 
0 a a a a Ho+I\L.lH 

f ~ d.\ < (Na N13- lla/3 }( ya/3 - ya/3 )>Ho +MH = 0 • I 161 
npH BblnOnHeHH~ ycnoB~H I 161 CHCTeMbl H H Ho TepMOA~HaMH4e
CK~ 3KBHBaneHTHbl. 3TO 3Ha4HT, 4TO COBnaAaiOT n~6ble HX Tep
MOAHHaMH4eCK~e noTeH~Han~l, B TOM 4~Cne H BHyTpeHHHe 3Hep
r~~: 

<--H >H = <H 

rAe 

>H 
0 

A 1 A 

< H > · = l: c ... <n ... > + l: 11 < v > + - l: v < v > + 
0 "o ku k ku H2 a a a H2 2 a.;, 8 a/3 a/3 H2 

+ l: y < N > + _21_ l: y a < N Na > +C. 
a a a H 1 a ci, f3 a,.., a ,.., H

1 

nonomHM Te nepb 

v = < N >
1 

= v ( v , v ) , 
a a ·1

1 
a a' a'B' 

11 D = < N N/3 > = v a ( Y , , Y , a , ) • 
a,.., a H 

1 
a,.., a a ,.., 
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B 3TOM cny4ae < H0 >H MO>KHO 3an!-1caTb e BI-1Ae 
0 

<HO >H =I £-. < nku >E+Iv (y' ,y •o• ) < y > + 
0 ka k a a a a,_, a E 

+! I V {:3 (v 
2 , , .'Ya'D' 

aJf3 a a ,_, 
) <v 8 > = < H > • 

a E E E 

rAe 

HE =H2(va( 11a' ' 11a'8')' 11af3 (ya' ' 11a'8')), < ... > =< ... > 
E HE 

/19/ 

H Ya(:3 1-13 I 16/ I-1Mee M cne-
AY~~1-1e ypaeHeH!-1~: 

y 
a 

y 

1 A 

f dA < y · (N -v (y Y )]> ,\A 
o a a a a'' a'/3' Ho-i_:.~-
1 

(od,\ <[Na -va (ya' ,ya'8')1>Ho+A~H 

1 A 

{ dA < v 8 [N N
8

-v 0 (Y, ,y •
8

,)J>H 'AH 
0 a a ap. a a 0 +"'-' 
1 . 

f dA <[N N0 -v 8 (y .,y •o•)]>H 'AH 0 a ,_, a a a p 0 + 1\L \ 

H3 paeeHCTB /17/ 1-1 /19/ cneAyeT, "'TO 

/20/ 

<H>11 = < HE >E. /21/ 

T.e. CHCTeMe /13/ MO>KHO COnOCTaBI-1Tb TePMOAHHaMH4eC KH 3KBI-1-
BaJ1eHTHY~ 3JleKTPOHHY~ nOACI-1CTeMy HE. raMI-1JlbTOH!-1aH HE 6yAeT 
annpOKCHMHPOBaTb 3JleKTPOHH~e CBOACTBa XeMOCOp6HpOBaHH~X 

noKpbiTHA. 3aMeTHM, "'TO B HE aAAHTHBHbiM o6pa30M BXOAHT 
KOHCTaHTa, nepeonpeAeJl~~~a~ 3HeprH~ 3JleKTpOHHOi1 CHCTeMbl 
Ha BeJ1H4HHY BKJlaAa HOHHOA nOACHCTeM~. ECJlH nOJlO>KHT 

v = <v > =·Y (v,,v •0 .), 
a a H2 a a a p 

Ya8 = < Ya8 > H 
2 

= Ya(3 ( ~~ ' ' ~ '8 ' ) ' 

TO BMeCTO /19/ 6yAeM HMeTb 

< Ho >H = < HI > I+ I f ... < n ... >H • 
0 ~ k ~ 2 

rAe 

HI =Hl(ya( 11a' ' 11a'(:3'),ya8( 11a' 'a'8'), 

An~ napaMeTpoe v , v 0 nony4HM cneAY~He ypaeHeHH~ : 
a aiJ 

I A 

v = !_~~~~(_Ya --=-~q~E_'_~ -~ '(:3_'_~~~~-~:'Jl_+AAH __ 

a (~dA < (va -va(va. ,va'(3')l >Ho+A~H 

/22/ 

/23/ 
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1 A ] 

(0 d..\ <{ya$ -Ya,B(~, '~'8') NaN$ >Ho+MH 
v - . 
a8 - 1 A ] 

(0 d..\ < { ya$- ya$ (va, • va '8,) >HO +AtoH 

/24/ 

AHanor~4HO ~3 /23/ ~ /17/ cneAyeT, 4To 

<H > = < H I > I + l: f ... < n ... >H 
H kuk ku 2 

T.e. 8HyTpeHH~~ 3Hepr~~ C~CTeM~ /13/ MOmHO npeACTa8~Tb 

/25/ 

8 8~Ae CYMM~ ABYX aAA~T~8H~x 8KnaA08:3Hepr~~,o6ycno8neHHO~ 
11 803My~eHH0~ 11 3neKTPOHHO~ noAC~CTeMO~ noAnOmK~ ~ 3Hepr~~ 
aACOp6~p08aHHbiX aTOM08 /~OH08 aAaTOM08, ''nepeHOpM~P08aH
H~X11 3a C4eT 3neKTpOHHO~ nOAC~CTeMbl/. raM~nbTOH~aH HI 
6yAeT on~C~8aTb TepMOA~HaM~4eCK~e C80~CT8a XeMOCOp6~~0H-
H~X aTOMH~X noKp~T~~. 

3a K.rz 10 '4. e Hu e 

nony4e HHble raM~nbTOH~aHbl H ~ HE ~38ecTHbl KaK w~poKo 
~cnonbayeMble 8 Teop~~ xeMocop6~~~ nony¢eHoMeHonor~4eCK~e 
raM~nbTOH~aH~ T~na Ha~Hra ~ o6o6~eHHo~ MOAen~ AHAepco
Ha 171 COOT8eTCT8eHHO, np~ 3TOM noKa3aHa 803MO~HOCTb 
annpOKC~Ma~~~ ~CXOAHO~ C~CTeMbl MOAenbH~M~ C~CTeMaM~ Ta
KOro 8~Aa . Ypa8HeH~~ /20/, /24/ HOC~T <)lopManbH~~ xapaK
Tep ~ noneaH~ n~wb TOrAa, KOrAa ~x npa8a~ 4aCTb annpoK
c~M~pyeTc~ 6onee npocT~M~ 8~pameH~~M~. Ypa8HeH~~ /20/, 
/24/ c~nb HO ynp~a~Tc~, ecn~ C4~Ta~b t.H Man~M 803My~e
H~eM c~cTeM~ H0 : B 3TOM cny4ae c~cTeM~ /20/ ~ /24/ cTa
Ho8~Tc~ 3K8~8aneHTHbiM~ ~ ~Me~T 8~A 

Y = < Y > , v = < N > , 
a a E a a I 

Ya8 = <ya8 >E ' va8 = < Na N8 >I ' 

HE"'HE( va ,va,8). Hr=H(ya,ya8). /26/ 
0AHaKO npeACTa8neH~~ /20/, /24/ HeCOMHeHHO none3H~, OH~ 
noa8on~~T cTpo~Tb TaK~e annpoKC~Ma~~~ peryn~pH~M o6pa30M. 
Hanp~Mep , np~ Mano~ cTeneH~ noKp~T~~ noAnomK~ /20/, /24/ 
MOmHo annpoKc~M~P08aTb no Teop~~ 803MYWeH~~ no Mano~ no-
8epxHoCTHO~ KOH~e1-npa~~~ aAaTOM08 c = < Na >1 « 1 • 

B aaKn~4eH~e a8Top 6naroAaP~T npo¢eccopa B.K.<I>eA~H~Ha 

aa noneaHoe o6cymAeH~e pa6oT~. 
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Hparrorue coo6uieiiUR aiHJ1 #11-85 JINR Rapid Cormrunications #11-85 
Y,llK 539.12.01 

BOnHOB~E ~YHKUHH PEnHTHBHCTCKOrO OCUHnnHTOPA 
H PA3nH4HbJE 6A3HC~ nPE,QCTABnEHH~ rPYnnbJ SL(2 ,R) 

H.M.ATa K~w~ea~ P.M.H~p-KacHMOB 
l' accNaTpiiBaeTCH TO"'HO pewaeMaH 3ap;at:!a ,IJ;JIH pa3HOCT

Horo ypaBHeHHH llipe,IJ;HHrepa B peJIHTHBHCTCKOM KOH~Hrypa
ll,HOIIHOM 11pOCTpaHCTBe. lloTeHll,HaJI 3ap;at:!H HBJIHeTCH o6o6-
II(eHHeM HepeJIHTHBHCTCKOro OCll,HJIJIHTOpHOrO 110TeHll,HaJia. 
B qa cTHOCTH, ,IJ;HHaMH"!ecKaH rpyrrrra CHMMeTpHH pa3HOCTHo
ro ypaBHeHHH llipe,o;HHrepa cosrra,o;aeT c ,IJ;HHaMH"'ecKoH rpyrr
rroii HepenHTHBHCTCKoro OCll,HJIJIHTopa, PeaJIH3all,HH AHHaMH
qecKoii rpyl111bl B TepMHHaX BOJIHOBblX ~YHKll,HH pa3HOCTHOro 
ypaBHeHHH llipe,IJ;HHrepa /rrOJIHHOMOB ilOJIJia"!eKa/ HCI10Jlb3yeT
CH ,IJ;JIH HaXOJK,D.eHHH CBH3H MeJK,D.y MaTpHt:!HbiMH 3JleMeHTaMH 
rrpep;cTaBJieHI·IIi 11p11 pa3JIH'!Hb!X pe,IJ;YKll,HHX H MaTpH"!HblX 
3JieNeHTOJ3 6yCTa. 

Pa6oTa Dbmonueua n J1a6opaTopHH TeopeTH"!eCKOli ~H3H
KH OH51H. 

Relativ i stic. Oscillator Wave Functions and Different Bases 
of the ~L (2,R) Group Representations 

N.M.Ata k ishiev, R.I1.Mir-Kasimov 

38 

.The eiactly soluble problem for the finite-differen
ce Schrodinger equation in the relativistic configura
tional spa~e is considered. The potential of the prob
lem is the generalization of the nonrelativistic os
cil lator potential. In particular the dynamical group 
of s ynnnetry for the finite- difference Schrodinger equa
tion coincides with the dynamical group of synnnetry o f 
the nonrelativistic oscillator. The realization of dy
namical group in terms of the wave fuction of the fi
nite difference Schrodinger equation is used for es
tab l ishing the connection between the matrix elements 
of representations for different reductions and for 
mat r ix elements of the boost. 

The investigation has been performed at the Labo
rator y of Theoretical Physics, JINR. 

* HHC <"HTYT ~H3HKH AH A3CCP, BaKy 



8 paMKaX KBa3HnOTeH~HanbHOrO nOAXOAa B KBaH TOBOH Teo
PHH nonA l 1•21s pa6oTax / 3-516blna paccMoTpeHa penR THBHCTCKaR 
MOAenb nHHeHHOro OC~HnnRTopa C TOH me CaMOH AHH a MH4eCKOH 
rpynnoA CHMMeTpHH SL(2,R). 4TO H BHepenATHBHCTC KOM cny4ae. 
6blnH HaHAeHbl BOnHOBble $YHK~HH H ABHaR peanH3a~HR reHepaTo
poB rpynnbl CHMMeTpHH KaK B HMnynbCHOM TaK H B penRTHBHCT
CKOM KOH$Hrypa~HOHHOM X -npOCTPaHCTBe / ~ / , nony4eH Hble pewe-
HHA s x -npocTpaHCTBe, BbtpamatOUIHeCA 4epe3 nonHHOMbt nonna-
4eKa 141 , HHTepeCHbl H C TeOpeTHKo-rpynnOBOH T04KH 3peHHA, 
nOCKOnbKY OHH ABnAIOTCA K03$¢H~HeHTaMH npeo6pa30BaHHA Mem-
AY 6a3HCaMH C06CTBeHHbiX $YHK~HH KOMnaKTHOrO 80(2) H He 
KOMnaKTHoro SO (1.1) reHepaTopos rpynnbt SL ( 2,R) . B AaHHOA 
pa6oTe noKa3aHo, 4TO c noMOUibiO AB.Horo BbtpameHHA AnA son
HOBbiX $YHK~HH penATHBHCTCKOro OC~HnnATOpa 1 3 · 4 ' YAaeTCA 
nony4HTb npocTble $opMynbt AnA K03$$H~HeHTOB npeo6 pa3osa-
HHA H MaTpH4HbiX 3neMeHTOB 6ycTa, OTHOCAUI~XCP K ~HCKpeTHOH 
cepHH npeACT asneHHH yHHBepcanbHOH HaKpbtBafOUieA r pynnbt SL (2.R). 

1. BonHoBble $YHK~HH nHHeAHoro penRTHBHCTCKoro oc~HnnA
Topa B p -npeACTaBneHHH / 3 - 5 MOmHO 3anHCaTb B BH e 

n 11 1 1 2 v 
1V ( o ) = i ( - - - ) <li ( 11 ) • 

n 2mc n 

rAe 112 
= ~~ o+ • o+ = o

0 
+P ecT b nepeMeHHaA 

napaMeTp w 2,, = 1+(4112 + 1 )1 '2 • 11 = mc 2 l hw . 

111 

CBeTOBO r O $pOHTa, 
a $YHK HA 

v 2nt I 2 2v - I '2 - 11 2 ' 2 2 I <li ( n ) = [ _____ .:._ _ __ 1 11 e L v - ( 1?2 ) • 
n I ' ( n + 2 11 ) n 

121 

a 
Bbtpa)i(aeTcA 4epe3 o6o6U~eHHbte nonHHOMbt nareppa I.:n (x) . $a3bt 
B I 1 I Bbt6paHbl T aKHM o6pa3oM, 4TO npH c .... "" '11 n (p) cosnaAa
IOT C BOnHOBbiMH ¢YHK4HAMH He penATHBHCTCKOrO nHHe HHOrO oc-
4HnnRTOpa. 

KaK cneAyeT H3 111, MaTpH4Hble 3neMeHTbl npoH3 onbHoro 
onepaTopa A B P -npeACTaBneHHH 

00 * 1/ - l/ 
( dll '11 (p)A'l1 .(p) = ( d11<ti (n)A<l> ,(17). 

1> n n n n 
0 

rAe d{'! = mcdp+ / p + = 2mCdTJ I TJ eCTb HHBapHaHTHbiH 3.neMeHT 
HHTerpHnposaHHR s o- npeACTasneHHH, a A= 11-

112 A11 
112 • 

i3 4aCTHOCTH, AnA raMHnbTOHHaHa H(p) = 1lwK
0 

nOBbtWafOUiero 
K+ H nOHH)!(atOUiero K onepaTopos, RBnAIOUIHXCA reHe paTopaMH 
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A~HaM~4eCKOH rpynn~ c~MMeTp~~ SL(2,R) An~ MOAen~ oc~~nn~
Topa, Oni1CbiBaeMOH H (p) , M~ nony4aeM cneAYIOLIIYIO CB~3b C ~c
nonb3yeMOH a 171 pean~3a~~eH: 

R - Jv 
0- 0 K: = ± i( K ± iK

2
). 

:!: 1 

- y 
K1 = J 1 ' 

- y 
K2 = J2 ' /3/ 

rAe y = (2v - 1)2 - 1/ 4. 8 paccMoTpeHHOM HaM~ cny4ae oc~~nn~
Topa 3Ha4eH~~ napaMeTpa v ne>KaT a ~HTepaane 1 < v < oo • OA
HaKo ¢opMyn~ /1/, /2/ ~ /3/ MoryT 6~Tb ~cnonb3oBaH~ nn~ 
on~CaH~~ Henp~BOA~M~X yH~TapHbiX npeACTaaneH~H /HYn/ rpyn
n~ SL(2,R) ~ np~ 3Ha4eH~~x 3Toro napaMeTpa 1/ 2 < v < 1. 
rAe H~>KH~~ rpaH~~a onpeAen~eTc~ ~cxoA~ ~3 Tpe6oaaH~~. 
4TO reHepaTOp~ /3/ AOn>KHbl ~MeTb or_paH~4eHHbiH CH~3y cneKTp*. 
~YHK~~~ wn (p) 3aAaiOT 6a3~C An~ nono>K~TenbHOH A~CKpeTHOH 
cep~~ n+ (v ) HYn rpynn~ SL ( 2,R), cooTaeTCTBYIOLII~H SO (2) pe-

' 7 ' 
AYK~1111 /cp . c ' ' /. 

2. 8onHoa~e ~YHK~1111 nHHeHHoro oc~11nn~Topa a pen~TH
e~CTCKOM KOH~Hrypa~HOHHOM X -npeACTaaneHI111 

- 112 
W n (x) = (2rh) f dOP {. (p,x) 'I' n (p) , /4/ 

onpeAen~IOTC~ c noMOlllbiO pa3ho>KeHH~ no MaTpi14H~M 3neMeHTaM 
npeACTaaneHHH rpynn~ AB11>KeHI1H npocTpaHCTBa no6a4eBC~oro 

C. ( P ) P0 - P -fi 
,X = (-~--) 

2 ix 
7j 

= (--) 
2i.t 

/51 

rAe X= xi'A eCTb 6e3pa3MepHa~ nepeMeHHa~' a A= n / mc - KQM
nTOHOBCKa~ AnHHa BOnH~. ~YHK~I111 {.(p,x) ~Bn~IOTC~ C06CTBeH-
HbiM11 ~YHK~ I-1 ~MI1 K2~(p,x) = x~(p,x) HeKOMnaKTHOro reHepaTopa IS 
~ o6pa3yiOT OpTOHOPMI1POBaHH~H Ha 8 -~yHK~~IO 6a311C, COOTBeT
CTBYIOLII~H peAYK~I111 SL (2,R)) SO (1,1/•7 - 10/ , OH~ cneAYIOLIIHM o6pa-
30M CB~3.aH~ C ~CnOnb3YeM~MI1 B/ 7/ C06CTBeHH~M~ ~YHK~11~M11 
11> i ( 7l) onepaTopa K

2 
: 

~(p,x) :: (777J )1/2 (2td-fi 11> (7J), 15' I 
x 

8 KOH~~rypa~HOHHOM x-npeACTaaneHHH reHepaTopaM /3/ co-
oTaeTCTBYIOT pa3HOCTH~e onepaTop~ 

*rrocKOnbKY HYll OTPH~aTenbHOH AHCKpeTHOH cepHH D-(v) 
nony'<Ia!OTCH H3 HYIT nonoJKHTenhHOH AHCKpeTHOH cepHH n+ ( v) 

c noMOlllbiO BHewHero aaToMop<lJH3Ma Ko ..... -K0 • K1 +---+ -K 1 • K2<-+ K2 
anre6pbl sf ( 2,R), TO B AaHHOH pa6oTe 6yAeT paCCMaTpHBaTbCH 
nHWb 0+ (I/ ) cepHH, 
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. d 
1---

K+ "' Ko+Kl=I.L-l[x(ii+i)+I.L21e dx • 

. d 
-1--

K _ = K
0 

- K 1 = ILe dx /6/ 

0TMeT~M, 4TO B Ka4eCTBe OAHOrO ~3 B03MOmH~X np~MepoB 
pean~3a~~~ reHepaTopos rpynn~ SL(2,R), B03H~Ka~P.H np~ 

PeAYK~~~ OTHOC~TeJ1bHO HeKOMnaKTHOH nOArpynnbl SO ( 1,1), a1 lO / 

np~BeAeH cny4aA, KorAa 

i _.!L 
dA 

. d 
-1---

dA 
• J = f( A) e 

+ 
, f{A)=A(A-ihi(i+ l) . /7/ 

HeTPYAHO y6eA~TbCft, 4TO ecnw nono)t(~Tb A= -x , a .i = v- 1 , 
To ~ . nony4aeM cneAY~YIO CBH3b Me)t(AY reHepaTopaM~ /7/ li1 

/6/: J2 =K2 ,J± =±IL:tlK±. 

3. KaK ~3BeCTHo, K03~~~~~eHT~ npeo6pa3oBaH~ft 

(v) - 1/ "" * v c (x)=(<l>- .<1> )= r dn<l>-{n)<l> (n) !8! 
n x n 

0 
x n 

CBft3biBaiOT 11 KOOPA~HaTbl11 f(x) : (<1>- ,f) npo~3BOJ1bHOH ~YHK~11~ 
2 + X f(ll) ~3 L (R ) B 6a3~Ce C06CTBeHHbiX ~yHK~~i1 HeKOMnaKTHOIO 

reHepaTopa K2 c ee 11 KOOPA~HaT aM~" c<v) = ( <llv ,f) s 6a3~Ce n n _ 
co6cTBeHH~X ~YHK~~A i<OMnaKTHoro reHepaTopa K.o , T . e. 

191 
-00 

11cn011b3Yft fiBHOe B~pa)t(eH~e A11fl BOJ1HOBbiX ~YHK~~11 -' 4 1 ' 

1/ n 1 1 / 2 -ix - 1/ - 11 
lpn (X) = 2 [ ----· ----] 1L r ( 1/ + iX) p n (X , -) 

211Ar( n + 2v ) 2 
/4 '/ 

4epe3 non~HOM~ nonna4eKa Pv(x;<i>) ~ noAcTasnflfl s / 4/ cooT
n 

HOWeH~fl /1/ ~ /5 ~' nerKO noKa3aTb, 4TO 

(v) .n[ nl l / 2.-J/-iX . v 11 C (X) = 1 ---· ----] ~ r ( 1/- IX) p n (X ; -) , 
n 211f( n + 2v ) ' 2 

/10/ 

QpToroHa11bHOCTb K03$$~~~eHTOB npeo6pa30BaH~fl /10/ 

j dx C * (v) ( x) d 17
} ( x) = o , 

n n nn 
/11/ 
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cornacyeT c .R c ycnos11eM opToroHallbHOCTI1 All.R nOll11HOMOB 
nonna4eKa 

f"" - II ( 11 ) - II ( 11 ) (11) { ) r ( n + 211) <' I 1 I dx p X ; - p , X ; -- p X = ------ u , , 2 
n 2 n 2 nl nn 

-0<> 

rAe p(ll)(x) = 2211 (211)-l !r(ll+iX)i
2

• noA Aei1cTBI1eM npOI13BOJlbHOro 

KOHe4Horo :meMeHTa g = (a ~ ) rpynnbl SL(2,R) Ko3<1l<ll11'-111eH
Tbl c(ll) Cx ) npeo6pa3yiOTC.R CB 

n 

rul/ (g)dll )l (i)=[ a-ib_jn+ll (a2+b2)if' "" 1 . k (11) 
I. -fl-(ac+bd)] C (x+ik). 

n a+ ib k=O kl 2 n 

1131 
6 TeX CJly4a.RX, KOrAa g np11HaAJ1emi1T OAHOnapaMeTpl14eCK11M 
KOMnaKTHO.::i exp( iyK0 ) 11 HeKoMnaKTHOi1 exp ( i8K2 ) nOArpynnaM, 
npeo6pa30BaHI1e /131 CBOAI1TC.R npoCTO K YMHOmeHI110 COOTBeT-
CTBeHHO Ha expf iy(n +II)] 11 exp(ifix). 

4. KaK cneAyeT 113 onpeAeneH11.R 181 K03<1l<ll11'-111eHTOB npeo6-
pa3oBaHI1.R c<l ' { x). MaTP114Hble 3JleMeHTI>i D 1/ '(g)= (<If'. U1' (g)ct>1

' ' ) n nn n n 
B 8('1(2) 6a311Ce CB.R3aHbl C MaTpi14HbiMI1 3JleMeHTaMI1 0

1
:_-, · i 
XX 

i ( cl> - , U 
11 

(g) <J! ·- , ) B SQ ( 1,1) 6a311Ce COOTHOWeH11eM 
X X 

1' "" 
00 * (1') I ' (I/ ) 

Dnn'(g)= f dx f dx'Cn (x)Dxx' (g)Cn' (x'). 1141 
- 0<> 

B 4aCTHOM cny1.1ae, KOrAa g np11Hag11em11T ogHonapaMeTpl14ecKoi1 
nogrpynne exp (ifi K2 ). MaTp114Hble 3JleMeHTbl 

D I ' ( exp ( - R / 2 ) 
XX' 0 

0 

exp (A / 2) 
) = eiA x ,) ( x - x , ) . /15/ 

4TO npi1BOAI1T K 11HTerpaJlbHOMY npegcTaBJleHI-110 All.R MaTplo14HbiX 
3JleMeHTOB 6ycTa B S0(2) 6a311ce 

-/3 ' 2 Q ' ' "" . D 11 e .n.n nlnl (1/) I ' 11 lXP 1· 11 
D ,( t:J . 2)=(- t) 1 ---- ( dxp (x)P (x:--)e P, (x:-),1151 

nn 0 eP Y , - n 2 n 2 
nn "" 

rge y , = [nln'lr(n+21/ )f'(n'+211)] 1 ' 2.HHTerpanbHoe npegcTas
JleHI1en?1 51 no3BOJl.ReT nerKo nony411Tb 113BecTHoe aHan~o~T~o~4e
CKoe Bblpall<eHI1e 1 11 ,. 

o , ~n~ 
-IJ / 2 0 n tli -- 2 {3 

0
11 (e ) = (.::.U_r (211 +n+n ') ____ _2_ F (-n.-n '; 1-211-n-n ';ctli 2 ). 
nn' 0 e/312 Y 2vf3 

nn' ch 2- 1161 
42 



,QeikT81HeilbHO, KaK CileAyeT 1-13 onpeAeileHI-1~ 8eca Jvl (x) 
Ail~ nOili-1HOM08 noilila4eKa ~11 (x; 77 /2) . 8 $OPMYile 11 51 npl-1 
8 > 0 (8 < 0) HHTerpail MO>KHO 3aMKHYTb 8 8epxHeH I H>KHeHI 
4aCTI-1 KOMnileKCHOH nilOCKOCTI-1 Z = X+ iy • C8eA~ ero K CyM
Me Bb14eTOB nOAbiHTerpailbHOH (j>yHKl.ll-11-1 8 T04KaX Z k = i ( v + k) ~ 
k = 0, 1, 2,.. . lnp1-1 8 < 0 8 T04Kax z~ I, T. e. 

-8i 2 00 k 
v e 0 n' .JI 2v n!n'! (-1) . . v 71 1.8 ~ 

D ,( 8 . )=i (-iJ 2 ---- I ----r(v-Iz. )P (z :-)e 
nn O ; 2 y , k=O k! k n k 2 e nn 

' Pv,(z ;E._), 
n k 2 

· v n (2v,-1) 
BocnOilb308a8WI-1Cb Tenepb COOTHOWeHHeM n!P ( Zk ; E_) = i m (k), 

2 ) n 2 n 
"'n( v .- 1 (k) 

rAe Jll ~8Il~~TC~ aHaili-1TI-14eCKI-1M nPOAOil>KeHHeM nOili-IHO-

MOB NeHKCHepa m<Y.IJ.) (z) no napaMeTpy IJ. lcM. / 121 I , noilyn 
41-1M 

-,B i 2 ' k 
v e 0 (-1)n 2v ....,(3 oo (-1) -kf3 _,(2v.- l ) · 

D ,( a . ) = ---2 e I ----r(2v+k)e Jil (k) ' 
nn 0 #J ' 2 Y k=O k! n 

e nn' 

m<2v.-1) 
n' (k) • 115 'I 

k 
(-1) -kfJ _,(2v .-l) ""'(2v,-1) ---- r ( 2v + k) e Jil (k) Jll ' (k) = 

k! n n 

n + n ' 8 {3 - 2v 2 B 
= l(2v+n+n') th -- [ ch --1 F(-n . -n '; 1 -2v -n-n': ctti ....:_) 

2 2 2 • 

TO Mbl AeHCT81-1TeilbHO npi-1XOAI-1M K pa8eHCT8y 1161. 
TaK&-~M o6pa3oM, Mbl BHAHM, 4TO HCnOilb308aHHe 80il H08biX 

$YHK1.11-1H Ili-1HeHHOrO 0Cl.II-1Ilil~Topa 8 peil~TI-181-1CTCKOM KO H(j>Hry
Pal.II-10HHOM X-npeACTa8IleHI-11-1 n0380Il~eT nOilY41-1Tb npOCTble 
$OPMYilb1 Ail~ on&-~caHI-1~ AHCKpeTHOH cep&-~&-~ o±(v) HYn yH&-~8ep
cailbHOH HaKpb18a~UieH rpynnbl SL ( 2.R) • 

Mbl 6IlaroAaPHbl B.r.KaAblweacKoMy, B.flacoiepy, B. ~ .MaHb
Ko, M.B.Caaeilbe8y 1-1 C.K.Cycil08Y 3a noile3Hble o6cy>KAeHH~. 
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