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Bne,neHHe 
3KcnepHMeHTbl C aHTHnpOTOHaMH HH3KHX 3HeprHH, npone,neHHble B 

UEPHe Ha ycTaHOBKe LEAR, .nanH 6oraTblll 3KcnepHMeHTanLH~ 
MaTepuan no pp -n3aHMo,nettCTBHn. OH BKnnqaeT ,naHHble no 
.nttqxpepeHuuanLH~ ceqeHHHM ynpyroro pacceHHHH, nonH~ ceqeHHHM 

H OTHorneHHn .nettCTBHTenLHOH H MHHMOH qacTett aMnnttTy.nu ynpyroro 
pacceHHHH nnepe.n p=Re F -/Im F -. TeopeTHqeCKHll aHanH3 3THX 

pp pp 

,naHHblX npono.nuncH C nOMOUILn noTeHuuanLHblX Mo.nenett, 
nptt6nIDKeHHH 3q><peKTHBHoro pa.nuyca, a TaK~e .nucrrepcnoHHblX 
COOTHOllieHHll enc). HeCMOTpH Ha 6onblli0ll o6oeM npone,neHHOll 
pa6oTbl He cymecTnyeT cornaconauuoro OTBeTa Ha nonpoc o 
cymeCTBOBaHHH KBa3HH,nepHb1X CBH3aHHblX COCTOHHHH B pp-CHCTeMe. 
nttcrrepcHOHHblll auanH3 yKa3blBan Ha Heo6xo,nHMOCTb TaKHX 

COCTOHHHH C nonHOll 3HeprHell nopH,nKa 1700-1880 M3B /l, 2~ 

O,nuaKo o6uapy~euue ocuunnHTopuoro xapaKTepa p rrpu 
p <600M3B/cl18 •191 .nenaeT 3TH npe,ncKa3aHHH Mano 

L 

y6e,nHTenLH~H. HIDKe ~ rrpttne,neM HOBblll auanH3 ,naHHblX no p H 

er tot npH 3HeprHHX C pL!ilf3B/c, HCnonL3YH aHanHTHqecKHe 
CBOHCTBa aMnnHTY.D:bl ynpyroro pacceHHHH 'Brrepe.n. B OTnnque OT 
ynOMHHYTblX Bblllie pa6oT no nc ~ He 6y,neM BI,IqHCRHTb Re F - no 

pp 

,naHH~ 0 Im F-, a ITOCTpOHM MO,nenL 
pp 

aMnmt:Ty.nu F - ' HBH~ 
pp 

o6pa30M yqHTblBa~yn ee aHanHTHqecKHe CBOHCTBa. 

l.~opMynttpOBKa MO,nenH 
AMITRHTy.na yrrpyroro pacceHHHH Bnepe.n F -(s) KaK $yHKQHH 

pp 

KOMnneKCHOH nepeMeHHOH o6na.naeT cne.nynmHMH CBOHCTBaMH: 
l.F-(s) HBnHeTCH aHanHTttqecKOll $yHKUHell B rrnOCKOCTH 

pp 

KOMnneKCHOH nepeMeHHOll s C pa3pe3aMH (pHC.l); (1) 
* * 2.F -(s)=F -(s ) · (2) 
pp pp p ' 

3.Im F -(s)-4 er (s), s:?:4m 2 (3) 
pp Tl tot 

r.ne m-_Macca rrpoToHa, 
J.necL rrepeqttcnem,1 Hatt6onee na~ue, c TOqKH 3peHHH Harnett 

MO,nenH, aHanHTH•IeCKHe CBOHCTBa aMnnHTY.IJ:bl pacceHHHH F -(s). ITpH 
PP 

paCCMOTpeHHH CBOHCTBa (1) Heo6xo,nHMO OTMeTHTb Hannqne Ha 

pa3pe3e s:?:4/.l (r.ne µ-Macca rrHOHa) TOqKH neTnneHHH 
KopHenoro Tuna s=4m2 3a _cqeT npouecca p~nn. BnHHHHe 3Toro 
rrpouecca Ha aMrrnuTy;y H3yqanocL B pa60Taxl4 , 5/_ B pa60Te/4/ 

npHBO.IJ:HTCH $H3HqecKHe npnqum,1, no KOTOP~ yqeT 3TOH ToqKH 
MO~eT OKa3aTLCH Ba~~, O,nHaKO He HCHo, KaKHM o6pa30M ee 



BJIHHHHe npdHBJIHeTCH B MO.I(eJIHX CBH3aHHblX KaHaJIOB H rpaHH4HblX 

ycnOBHH, pacCMOTpeHHblX B Hett. B pa6oTe/ 5/ yKa3hlBaeTC H, 4TO 

3qxpeKT OT nn-nopora OKa3blBaeTCH MaJihlM: B ,n:aJiblieHWeM, CJie,n:yH 

nocne,n:HeMy YTBep:lK,n:emoo, 6y,n:eM npeHe6peraTb 3TOH T04KOH 

BeTBJieHHH. Ha HHTepBane 4m 2 ss<4M 2 (M COOTBeTCTByeT 3Ha4eHmO 

IIIKaJibl HH3K03HepreTH4eCKHX B3aHMO-PL"'H3B/c 

_.n:ettCTBHH) 

-napaMeTpy 

cymecTBYIOT T04KH BeTBJieHHH 3a C4eT MHOronHOHHblX 

npoQeCCOB, HO RMH Mbl TaK'.lKe npeHe6peraeM Ha TOM OCHOBaHHH, 4TO 

B 3TOM HHTepBaJie B IlOBe,n:eHHH IlOJIHOro 

Ha6nIO.n:aeTCH KaKnx-nn6o HeperynxpHOCTett/ 6/. 

Ce4eHHH er 
tot 

He 

Hll:lKe TO'IKH s<4m2 pacnono'.lKeHa Heqm3nqecKaH 1JaCTb pa3pe3a 
2 . - - ' 4µ:ss npoQecca PIHPP• B ac no.n:xo.n:e OHa Bbl4HCJIHeTCH Ha OCHOBe 

aHannTll'leCKoro npo,n:on'.lKeHnw ycnoBHH yHttTapHOCTH. 3TOT cnoco6 

,n:eTaJibHO OilHCaH B pa6oTe/l/_ lJIH Hae 6y,n:~T cymeCTBCHHO, 'ITO 

BKJia,n:bl B Im F -(s) pa3JIH4HblX rpynn MC30HOB, HanpttMep 
* pp 

(c,o,s ••• ), (o,~,~• ••• ), (p,w,¢ ••• ), annpOKCHMttpyIOTCH 

IlOJIIOCHhlMll lJJICHaMH C Bhl4eTaMH pa3HblX 3HaKOB, B pe3yJibTaTe qero 

HMeeT MeCTO llX B3aHMHaH KOMITeHCaQJrn. 3TOT MeXaHH3M IlOBbllIIaeT 

ponb COCTOHHlltt C 60JibWRMll 3Ha'leHHHMH s nptt: Bb14HCJieHHll 

Re F -(s) B llHTepecylOllleH Hae o6naCTll. CTporo roBOpH, mo60H ll3 
pp 

BbllIIenepe'IHCJieHHblX Me30HOB npe.n:cTaBJIHeTCH · IlOJIIOCaMH Ha 

Heqm3H'leCKHX JlllCTaX ptt:MaHOBOH IlOBepxHOCTll F -(s). 
pp 

Hepe3crnaHCHaH lJaCTb B3anMo,n:eHCTBllH .n:aeT nnaBHO ll3MeHHIOlllllHCH 

BKna.n: B aMnntt:Ty.n:y F -(s). TaKyIO Hepe3oHaHCHYIO 1JaCTb MO'.lKHO 
W 2 2 

yqecTb, BBO.I(H 3qxpeKTHBHYIO T04KY BeTBJieHHH s=a, _r .n:e 4µ <a<4m , 

4TO 6hlJIO npo,n:eMOHCTptt:pOBaHO B pa6oTe/7/. TaKHM o6pa30M, 

He<ptt3H1JeCKaH 'laCTb pa3pe3a p~pp 6y,n:eT CMO,n:ennpoBaHa HaMtt 

KOpHeBOH TO'IKOH BeTBJieHHH s=a H IlOJIIOCaMtt Ha He<pH3H1JeCKHX 

JIHCTaX pnMaHOBOH IlOBepXHOCTH F-(s). 
pp 

TO'IKa s=O -KopHeBaH TOlJKa BeTBJieHHH, B03HHKalOlllaH 3a ClJeT 

nepeKpecTHoro npoQecca p~pp. BJittHHtte ,n:aHHoro npoQecca Ha 

aMnnnTy.n:y F-(s) 6y,n:eT npe,n:cTaBneHo nnaBHOtt <pyHKQnett. 
pp 

TaKRM o6pa30M, Mbl npnxo,n:ttM K MO,n:entt, B KOTOpOtt aMilJIHTy.n:a 

npoQecca F -(s) o6na.n:aeT TpeMH TO'IKaMn BeTBJieHnH KopHeBoro pp . . . 

THil~ npn s=O, a, 4m2 H npe,n:cTaBJIHeTCH MepOMOp<pHOH <pyHKQtteH Ha 

CBOeH pnMaHOBOH ITOBepXHOCTH. 

2.YHH<pOpMH3HpylOlllaH nepeMeHHaH n <popMyn1,1 .n:nH aMnnnTy.n:1,1 F -
PP 

nepeMeHHaH, B KOTOpOtt aMnJIHTy.n:a F - HBJIHeTCH MepOMOp<pHOH 
2 pp 

f~ 

<pyHKQtteH, Ha3hlBaeTCH YHH<pOpMH3ttpyIOmett. OHa MO'.lKeT 6h1Tb 

IlOCTpOeHa KaK cynepn03HQHH wecni: KOH<pOpMHblX npeo6pa30BaHHH 

(KOpHeBoro n .n:po6HO-JIHHeHHOro Tmrn). OKOH'laTeJibHOe Bblpa:lKeHne 

HMeeT Bll.I( 

z = j 4 / s-a' _ / a ' / s-4' • 
4-a s 4-a· s 

(4) 

3,n:ecb Bb16paHa Ta BeTBb 1JeThlpexnnCTHOH pnMaHOBOH IlOBepXHOCTH, 

y KOTopott v's>O H vs-4>0 Ha BepxHeM 6epery pa3pe3a npn s>4 

(3.n:ecb H Be3,n:e B .n:aJibHeHWeM HCilOJib3YIOTCH HOpMnpoBaHHble Ha 

Macey npoToHa m 3Ha1JeHm1 s, µ n a). napaMeTp a=l.44, 'ITO 

COOTBeTCTByeT HaJIH'IHIO 3qxpeKTHBHOrO nopora npn 3Heprnn nopH,n:Ka 

lf3B. ~ll3H'leCKHH JIHCT nepexo.n:nT B Hll'.lKHIOIO IlOJIOBHHY e,n:HHHlJHOro 

Kpyra (pnc. 2). TOlJKll BeTBJieHHH s-nJIOCKOCTH COOTBeTCTBYIOT 

TOlJKaM aHaJIHTHlJHOCTH MepOMOp<pHOH <pyHKQHll B IlJIOCKOCTH z 

(O,a,4)
8
~(0,-i,l)z. 

s 

pp (l. pp 

Pnc.1. Pacnono*eHtte paspesoB 
F -(s) Ha KOMnneKCHOll nnoCKOpp 
CTll S. 

z 

u '\ m 

pp 2. pp 

N 

(l. 

Pttc. 2. ,nnocKOCTb yHmpopMll-· · 
snpyro~efi nepeMeHHofi z. 

EecKoHelJHO YAaneHHaH TO'IKa qJH3H'leCKOrO JIHCTa IlJIOCKOCTH s 

nepexo,n:nT B TO'IKH ±1/2 nnocKOCTH z. CTporo rOBOpH, TO'IKH ±1/2 

cne.n:yeT paccMaTptt:BaTb KaK norapn<pMHlJeCKHe_TO'IKH BeTBR.eHHH: B 

HHX coe,n:tt:HHIOTCH Me:lK.D:y co6ott 6ecKOHelJHOe lJHCno JIHCTOB 

pnMaHOBOH IlOBepxHOCTH <pyHKQHH F - ( z) , COOTBeTCTBYIOlllHX noporaM 

MHOfO'laCTHlJHblX npoQeCCOB npn ':blCOKHX 3HeprHHX/S/_ Ba'.lKHhlH 

BOnpoc COCTOHT B cnoco6e npe,n:cTaBJieHHH CTa6HJibHblX qaCTHQ, 

3 



pe30HaHCHUX H CBH3aHHUX COCTOHHHH B aMnnnTy.II.e 

F-(z)=F-[s(z)J. Ey.n.eM cqnTaTb, qTO B nepBOM npn6nIDKeHHH BCe w w ' 
OHH CTa6HJibHU, T.e. HX BKna.n.u BF -(s) HMeIOT BM.II. 

pp 

2 
F -(s) "'_g __ , 

PP s-sH 
(5) 

r.n.e sH-KBa.n.paT Maccu a.n.poHHOro COCTOHHHH H. RCHO, qTO BHe 

3aBHCHMOCTH OT BennqHHU SH Ka~.II.UH a.n.poH npe.n.cTaBneH Ha 

nnOCKOCTH z qeTupbMH nonIOcaMH -KOpHHMH ypaBHeHHH 

s(z)=sH. (6) 

B saBHCHMOCTH OT nemi:qHHU s nonIOca y.n.o6HO pa36HTb Ha TPH 
H 

rpynnu: (d): O<sd<a (7) 

(p): a<s <4 ' p 

(x) : 4<s <m • 
X 

(8) 

(9) 

He cocTannHeT Tpy.n.a npe.n.cTaBHTh, KaK pacnono~eHu nonIOca 

KnaccoB (p) H (x), Kor.n.a OHR OilHCWBaIOT pe30HaHCHUe COCTOHHHH 

KOHeqHOH nmpirnu H C.II.BHraIOTCH C e.n.HHHqHOH OKpy~OCTH H 

.n.eiiCTBHTeJibHOH OCH z TaK, qTo6w He nona.n.aTh n o6naCTb 

{ I z I :s1, Im z<O} • 

C yqeTOM CKa3aH~oro Bblllle CBOHCTBa aMnnHTY.Il.H 

q>yHKQHH z MoryT 6HTb 3anncaHH B cne.n.yIOmeu q>OpMe: 
F -

pp 
KaK 

1. F-(z) aHaJIHTHqHa B o6naCTH,OilHCaHHOH Bblllle H H306pa~eHHOH 
pp ' 

Ha puc.2. 
* . ' . * 2. F-(1z)=F-(-1z ). 

pp pp 

p(z) 
3. Im F -(z)=-4- CT (s(z)), ze[l/2,1). 

pp rr . tot 

HCilOJlh3yeM CBOHCTBO 1, npe.n.noJIO~HB, qTo B HHTepecylOllleM Hae 

HHTepnane OTpe3Ka [1/2,1) HeT pe3oHaHCOB Knacca (x). Tor.n.a B 

COOTBeTCTBylOllleM 3T0MY HHTepnany KOnhQe e.II.HHHqHoro Kpyra 

aMnnnTy.n.a F-(z) pa3naraeTCH B pH.II. JiopaHa 
pp 

(X) 

F - ( z) = [ A Zn • 
PP n -m 

(10) 

CBOHCTBO 2 npHBO.II.HT K ycnOBHHM Ha K03~HQHeHTH pH.II.~ JiopaHa: 

* • 
A2n= A2n 1 A2n+t""- A2n+1 • (ll) 

T.e • .n.eiiCTBHTenbHaH H MHHMaH qacTH aMnnnTy.II.H pa3.n.enHIOTCH Ha 
.II.Ba He3aBHCH~X pH.n.a: 

(X) (X) 2n Re F - ( z ) = [ A z 
pp _

00 
2n Im F -(z)=i I: A zzn+t 

pp 2n+1 
-m 

(12) 

4 

" 

rnaBHaH 

oco6eHHOCTb 

qacTb pH.n.a 
B Toqxax 

JiopaHa 

z=±l/2 

onncunaeT norapn~nqecKyIO 

n pe30HaHCH xnacca (x). 

PerynapHaH qacTh pH.II.a OilHCUBaeT pe30HaHCH Knacca p H 

Hepe3oHaHcHuii q>OH aMnn«TY.II.H. nocKonbKY ~ He 6y.n.eM CTpeMHThCi 

OilHCaTh noraptt~nqecKHe oco6eHHOCTH, rnaBHOH qaCTbIO pH.II.a· 

MO~o npeHe6peqb. 06pHnaH perynHpHyri qacTh pH.n.a JiopaHa Ha 

.II.OCTaToqHo BHCOKHX 3HaqeHHHX N,MO~O OilHCaTh aMnnHTY.II.Y F-(s) 
. pp 

C nI06oii 3a.n.aHHOli TOqHOCTbIO. npu 3TOM B03HHKaeT CBH3h Me,imy 

NRe H N
1
m - BepxHHMH npe.n.enaMn B annpoKCHMttpylOlllttX pH.n.ax 

.n.eHCTBHTenbHOH H MHHMOH qacTeH COOTBeTCTBeHHO. Cnpane.n.nHBO 

paBeHCTBO: 

NRe -N
1
m =±1 . ( 13) 

CaMH qucna N u N MOryT 6bJTb .Il.OCTaTo•mo BenHKH, O.II.HaKO Re Im 
BKna.n., OTHOCHmHHCH K pe30HaHCaM Knacca p,6y.n.eT He6onblllHM, TaK 

KaK npH3BaH OilHCHBaTb ·Hepe30HaHCH~H q>OH. OKoHqaTenhHO BMeCTO 

q>OpMynH (10) nonyquM HOBOe npe.n.cTaBJieHHe aMnJIHTY.II.H: 

N * 
( C cp ) F -(z) = lAnzn + l p -

z-z* • 
(14) 

pp n=O z-z p p p 

N=max( N , Re Nim)· 
<t>opMyna (14) cnpaBe.n.nnna B KOJlbQe C HeTOqHQ H3BeCTHHMH 

pa.n.uycaMH, co.n.ep~ameM e.n.HHHqHyIO OKpy~HOCTb. Harna uenb COCTOHT 

B onncaHHH aMilJIHTY.Il.~ F -(s) nptt MaJIHX s-4 H BHHCHeHHH BOnpoca 
pp 

0 cymeCTBOBaHHH B Knacce p IlOJIIOCa B6JIH3H TOqKH z=l. B CIUIY 

Toro, qTo BH•IeTH cp .II.JIH H3BeCTHUX Me30HOB H3 KJiacca p HMeIOT 

pa3HHe 3HaKH, MO~O cy3HTb o6JiaCTb cnpaBe.II.JIHBOCTH 

npe.n.cTaBJieHHH .Il.0 OKpeCTHOCTH TQqKH z=l, pa3JIO~HB npanyIO qacTb 

(14) B pH.II. no (1-z) 3a HCKJIIOqeHHeM TOJihKO .Il.BYX IlOJIIOCOB, 

COOTBeTCTBYIOlllHX KBa3HH.II.epHOMY COCTOHHHIO B CHCTeMe pp. TaKaH 

npoue.n.ypa He H3MeHHT nenuqnttu N n ~ nonyquM 

N 
\'~ n (cp)1 (cn)2 

F '-(Z) = LA (1-z) + -- - ____c..._::. , (15) 
PP n=o n z-(z ) z-(z ) 

_ p 1 p 2 

3.II.eCb A - KOMilJieKCHHe K03~HQHeHTH. 
n 

B q>OpMyne (15) IlOJIIOCa (.z ') H (z ) OTHOCHTCH K O.II.HOMY p 1 p 2 

KBa3nH.n.epHOMY., COCTOHHHIO. · BTopaH napa pacnono~eHa B 

OKpecTHOCTH TOqKH 

pacnono~ettne (zp) 1 

z=-1. qT06H npaBHJihHO npe.n.cTaBHTb 

n (z) pa3Jio~nM z no MaJIHM p: p z• 
5 

B3aHMHoe 



3 1 3 2 
z=(l+-4-p+-2-C-4-P) ). (16) 

HMnyn1,c KBa3IUI.IJ.epHoro 'coCTOHHlUI paBeH/9/ p =±lo+c, c, o>O, 
3 qn 

p/md, a JHaqnT, (zp)
1

, (zp)
2
=1--4-(±1o+c). (17) 

npo.noJDKHM aHaJIH3 nonnCHblX cnarae~x, BOJHHKalOlllnx Ja cqeT 

K•a3HH.IJ.epHoro COCTOHHHH, nonO~lfB (c) =a +i/3. 3a6eraH Bnepe.n, 
p J j j 

OTMeTHM, qTo cymeCTBYIOllllle 3KCnepuMeHTaJibHble .naHHble He .nanT 

B03MO~OCTH onpe.neJIHTb BCe HeH3BeCTHble napaMeTpbl a ,(3 ,o,c. 
j j 

ECJIH npeHe6peqb BennqnHaMlf o u c, TO CTaHOBlfTCH HCHO, qTO H 

Re F -(z) H Im F -(z) 6y.nyT co.nep~aTb nonnca nepBOH cTeneHH 
pp pp 

no (1-z) • .llOCTOBepHoe HX o6Hapy~eHHe B Re F -(z) n Im F -(z) 
pp pp 

HBHJIOCI, 61,1 .IJ.OKa3aTeJibCTBOM cymecTBOBaHlfH KBa3HH.IJ.epnoro 

COCTOHHHH. Cne.nylOllllfH war aHaJiu3a COCTOlfT B onpe.neneHHH 

BenuquH o H c, .nn» qe ro c'ne.nyeT npuBneq1, JKcnepuMeHTaJibHbltt 
MaTepuan HJ pa60Tbl/5/_ 

oco6oro o6cy~.neHHH 3acny~uBaeT $opMyna (17). B cnny 

nono~nTenhHOCTlf c nonnc (z) pacnono~eH TaK, qTo 
p 2 

Re (z ) e(l/2,1). TaKoe pacnono~eHue (z ) MO~eT npnBeCTH K p 2 p 2 

o6pa3oBamoo pe30HaHcHott CTPYKTyp1,1 B <T B oKpecTHOCTlf z=l, 
tot 

TO eCTb npu MaJiblX s/4-1. TaKlfM o6pa30M,_,nOHBJieHue pe30HaHCHOfi 

CTpyKTyp1,1 B <T npu p~180M3B/c cornaCHO pa3BlfBaeMOH MO.IJ.eJIH 
tot L 

.non~o paccMaTpttBaTbCH KaK .IJ.OKa3aTeJibCTBO cymeCTBOBaHHH 

KBa3HH.IJ.epHoro COCTOHHlfH. BblBO.IJ. cne.nyeT lf3 qeTblpexnHCTHOH 

MO~enH pHMaHOBOH noBepXHOCTH $yHKQlfH F-(z), TO eCTb HBJIHeTCH 
pp 

TononornqecKHM ~aKTOM. 

npnBe.neM OKOHqaTeJibHble 

aHaJIH3HpOBaTbCH .naHHble onblTa: 

~opMyn1,1, no 

N 

l ~ n F -(z) = A (1-z) + 
PP n 

n=O 

a+i/3 
1-z 

3. AHaJIH3 .naHHblX no nOJIHblM ceqeHHHM 

KOTOpblM 6y.IJ.yT 

11-zl"'O. (18) 

YqlfTblBaH pe3yn1,TaTbl onncaHHH .naHHblX no noJIHblM ceqeHHHM Ha 

OCHOBe 3MnHpnqecKHX ~OpMyn/lO/, nono~HM B ~OpMyne (18) .IJ.JIH 

ImF'-(s) BeJIHqHHY N=2, TO eCTb 
pp 

F -(z) 
pp 

2 

= l f3n(l-z)n + ~/3~ 
n=O 1-z 

6 

11-zl"'O. (19) 

) 
\ 

,) 
) 

Ey.neM HCnOJib30BaTb 3KCnepHMeHTaJibHble .naHHble pa6oT/lO,ll/. 

o6mee qncno 3HaqeHutt <T cocTaBnno 35. PeJyn1,TaTbl aHannJa 
tot 

npHBe.IJ.eHbl B Ta6nHQe 1. 

Ta6JIHQa 1 

f3 0 f3 1 f3 2 . f3 x 2 /N 
-

1 17.6±1.28 84'. 6±18. 8 48.7±60 0 38.5/32 
-

2 16.6±0 .• 3 99.2±2.1 0 0 39.2/33 
-

3 23.5±0.19 0 328±7 0 60.5/33 
-

4 14.5±2.84 106±9.92 0 0.142±0.190 38.6/32 

H3 Ta6nHQbl cne.nyeT, qTO Y.Il.OBJieTBOPHTeJibHOro OnHCaHHH 

nOJIHblX ceqeHHH MO~O .no6HTbCH c nOMOlllbn .Il.BYX napaMeTpOB:(3 n 
0 

/31• BBe.neHne TpeT1,ero napaMeTpa /3
2 

He ynyqmaeT KaqecTBO 

onncaHHH no :l KpnTepnn •H, KpoMe Toro, npnBO.IJ.HT K 

3HaqnTeJibHOMY yBennqeHHn OWH60K H napaMeTpOB KoppeJIHQHH. YqeT 

nonncttoro qneHa, TaK ~e KaK H TpeT1,ero napaMeTpa (3
2

, He 

ynyqmaeT KaqecTBa onHCaHHH H BeCbMa HanOMHHaeT BBe.IJ.eHHe 

nocne.nHero. OTMeTHM, qTo JHaqeHHH napaMeTpOB /30 H (31 npH 

.IJ.ByxnapaMeTpHqecKott napaMeTpH3aQHH 2 H nonncHott 4 xopowo 

cornacynTCH Me~.ny co6ott B npe.nenax omH6oK. TaKHM o6pa3oM, 

HCnOJib30BaHHble 

ceqeHHHM xopowo 

HaMH 3KCnepHMeHTaJibHble 

OnHCblBanTCH (pHC.3) 

•.IJ.aHHble no nOJIHblM 

.IJ.ByxnapaMeTpHqecKOH 

napaMeTpH3aQttett 2 H He npoTHBopeqaT npe.nnono~eHnn o HannqHH 

nonncHoro qneHa. B o63ope/9/ npHBO.IJ.HTCH cne.nylOlllaH 

xapaKTepHCTHKa noBe.neHHH nonttoro ceqeHHH npH MaJiblX p; 

! <T =45mb 
C tot 

BblqlfCJieHHH no napaMeTpH3aQHH 4 .naeT 

!,<T =38±8mb 
C tot 

! ➔O • 
C 

! ➔O, 
C 

qTo xopowo cornacyeTCH c npHBe.IJ.eHHOH Bblllie oQeHKOH. 

4. AHaJIH3 .naHHblX no .nettCTBHTeJibHOH qaCTH aMnJIHTY.Il.bl 

ynpyroro pp-pacceHHHH Bnepe.n 
)laHHble no .nettCTBHTeJibHOH qacTH aMnJIHTY.IJ.bl pp-pacceHHHH 

B3HTbl lf3 pa60T/lO,l2 , 13/H npe.ncTaBJieHbl 

p(s)=ReF-(s)/ImF-(s). K 3THM .naHHblM 
pp pp 

B BH.IJ.e 

.no6a,13neHo 

OTHOllieHHH 

3HaqeHite 

p(l), Bl,lqlfCJieHHOe no ~OpMyne lle3epa/ll/ Ha OCHOBe .naHHblX, 
7 



QHTHpyeMhlX B pa6oTel5 ,/ no C.ZlBHry 3HeprHH H WHpHHe ls 

COCTOHHHH aHTHnpOTOHHH 

p ( 1) =-1. 6±0. 5. 

o6mee qHCJIO aHaJIH3HpOBaHHblX 3KCnepHMeHTaJihHblX 3HaqeHHH paBHO 

38. AHanorHqHble Ha6op1,1 .naHHblX aHaJIH3HpOBaJIHCb B 

pa60Taxl4 , 5 ,l3 ,l4/_ Bee aBTOpbl e.nHHO.ZlYWHbl B 3aKJil()qeHHH o TOM, 

qTo npH PL <200M3B/c BeJIHqHHa p HMeeT eme 0.ZlHH HOJib. TaKHM 

o6pa30M, .naiKe BH3yaJihHblH aHaJIH3 .naHHblX npHBO.ZlHT K 3aKJil()qeHHI() 

0 HaJIHqnH no KpattHeH Mepe Tpex Hyne11 B HHTepBaJie 

O<p <lf3B/c. 
L, 

ll3BeCTHO, qTO HYJIH p MOiKHO HHTepnpeTHpOBaTh npH 

onpe.neneHHblX ycJIOBHHX KaK npOHBJieHHe pe30HaHCOB. O.nHaKO B 

paccMaTpHBaeMOM cnyqae '¢a30BblH aHann3 ynpyroro p~-

pacceHHHH/lG/ H pe3yJihTaTbl pa60Tbl/G/ OTBepraJ()T TaKyl() 

B03MO~OCTh. 3Ta TOqKa 3peHHH no.nKpenneHa aHaJIH30M nOJIHOro 

ceqeHHH B paccMaTpHBaeMOM HHTepBane H pe3yJihTaTaMH 

pa60Tbl/l?/_ nonyqeHHble B/lG/ s,p H d ¢a31,1 HMel()T Hepe30HaHCHOe 

noBe.neHHe H 60JibWYI() HeynpyroCTh, d ¢a31,1 MaJibl. Ilpn TaKOM 

¢a30BOM 'aHaJIH3e HYJIH p HBJIHJ()TCH, no-BH.ZlHMOMY, pe3yJibTaTOM 

KOMneHCaQHH .nettCTBHTeJihHblX qacTeH napQHaJihHb!X aMnJIHTY.Zl- K 

aHanorHqHUM BblBO,ZlaM npHWJIH aBTOpbl pa60Tb/lB/_ OHH paccMOTpenH 

noTeHQHaJihHYJ() MO,ZleJih, B KOTOpOH yKa3aHHblH MexaHH3M 

KOMneHCaQHH ocymeCTBJIHeTCH 3a cqeT p-BOJIH. XOTH HM H y.naJIOCb 

.no6HTbCH cornaCHH C 3KCnepHMeHTaJihHUMH 3HaqeHHHMH p npn 

p=233,272M3B/c, O,ZlHaKO 3TO .ZlOCTHrHyTo 3a cqeT BBe,ZleHHH 

napaMeTpa ~, xapaKTepH3Yl()lllero cnHHOBYI() 3aBHCHMOCTb aMnJIHTY.Zlhl. 

IlpH yKa3aHHhIX 3HeprHHX ee npHCYTCTBHe He 6hIJIO o6HapyiKeHO 

3KCn~pnMeHTaJihHO/l9/. 3TOT IlOJIOiKHTCJihHblll npnMep OnHCaHHH p 

HJIJIIOCTpnpyeT o6mee YTBepiK.ZleHne o TPY.ZlHOCTn nonyqemrn 

3aBHCHMOCTH p OT 3HeprHH B COBpeMeHHb!X nepCHHX noTeHQHaJihHblX 

MO.ZleJieH. 

PaCCMaTpHBaeMaH HaMH MO.ZlCJib He npnHa.nneiKH~ K qncny 

IlOTeHQHaJibHblX. B Hell BaiKeH Bb160p CTeneHH nOJIHHOMa N, 

OnHCblBalOlllero ¢oHOBYJ() qaCTb aMnJIHTY.Zlbl Re F-(z). cornacHO 
pp 

¢opMyne (13) H pe3ynhTaTaM aHaJin3a Im F -(z) cymecTBYJ()T .ZlBa 
. pp 

BapHaHTa: NRe =1 H NRe =3. QqeBH.ZlHO, qTO npneMJieMhlM HBJilleTCH 

TOJihKO BTopon BapnaHT: TPH Hyna y ¢YHKQHH p(z). ·nonuTKa HattTH 
~ . 2 

IlOJIOiKeHHe 3THX HyJieH C nOMOlllbl() np0Qe.nyp1,1 MHHHMH3aQHH X .naeT 
8 

OTPHQaTeJibHblH pe3yJihTaT. npoTHBOpe,me COCTOHT B HeB03MO~OCTH 

O.ZlHOBpeMe1moro OnttCaHHH p(pL=0)=-1.6±0.5 H 

p (p =<350M3B/c) =<-0. 2 nQJIHHOMOM TpeThett CTeneHH. Ero MO~O L, 

JI36elKaTb, ecJIH nOBblCHTb CTeneHh nOJIHHOMa .no 5. B03HHKaIOlllHe 

.nonOJIHHTeJibHble HYJIH pacnOJIOlKeHbl B. o6naCTH p >lf3B/c npn 
L 

p =<5f3B/c n p =<10f3B/c H .ZlOJI~bl 6b1Tb OTHeceHbl K OKpeCTHOCTH 
L L 

norapn¢MnqeCKOH ToqKn BeTBJieHnH z=l/2. 3TB HYJIH .ZlOJI~bl HMeTh 

.npyryl() npnpo.ny no cpaBHeHttl() C HYJIHMH B o6naCTH p <lf3B/c • 
. L 

Ilo~TBep•~eHHeM 3Toro CJIYBHT ~aKT HeB03MOBHOCTH ~o-

6HTbC51 OTIHCaHH51 3Kcnepl!MeHTaJibHOII HH¢opMaQHH no F -(s) Ha 
pp 

BCeM H3 yqeHHOM HHTepBaJie 3HatJeHHH s. OTBeprHyB cnoco6 

IlOBblllieHHH CTeneHH nOJIHHOMa, paCCMOTpttM .npyryIO B03MO~OCTb. 

npe.nnoJIOlKHM, '!TO r11noTeT11qecKHH HOJib np11 PL <180M3B/c HMeeT He 

KOMileHCaQHOHHYJ() np11po~y, a CBH3aH C HaJI11q11eM nOJil()Ca npH z=l. 

llT06bl nccne.nonaTb 3TY B03MOlKHOCTh, OT6pOCJ1M 3HaqeHHe p (0) H 

IlOCTapaeMCll omi:caTb OCTaBWHeCll 3KCnepHMeHTaJihHble .naHHble, 

nonarall N =3. IlOJIOiKeHHe HyJieH onpe.nem1eTCH C OTHOCHTeJibHOH Re · 
-3 -3 ~ 

TQqHOCTblO 4. 9. 10 , 3. 6. 10 , 0. 22. nocne.nHnH HYJib pacnoJIOiKeH 

IlPH p >lf3B/c. 06mntt HOpMHponoqHl,111 MHOiKHTeJib nOJIHHOMa 
400, L 1 J u ~ p 

300 o~ I • ' I '>l~~rf If 11 I II 

200 -1 

10~~() I •J _o 
P[MeV/cl 

350 550 
PfMeV /cl 

750 
-2r1 ii I 1111 I I I Ii ii I ii lj I Ii I I ii I ii ii I ii ii 

Pttc.3. nonHoe ceqetttte pp pac
ceHHHH Bnepe~. 

Pttc.4. 0THOWeHHe ~eIICTBH
TeJibHOII 11 MHJ1MOII qacTeII 
aMnJIHTY~hl F -(s} B6JIH311 
nopora. PP 

Re F-(z) onpe.neneH C OTHOCJ1TeJihHOH T04HOCTb!O 0.6, a BeJIH4HHa 
2 pp 

X/37=30.3/37. BOJihWaH BeJIH411Ha OTHOCJ1TeJihHOH OWH6KH 

yKa3hlBaeT Ha Qenecoo6pa3HOCTb noHttiKeHJrn N .no .ZlBYX, 
Re 

N =2. AHaJIH3 .naHHblX no Re F - ( z) C N =2 npHBO.ZlHT K 

p;e3YJibTaTaM: x2/38=33 .1/38=<1. pp Re 

9 
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JaBepwnM 

q>0pMyJibl 

aHaJIH3 3KCnepnMeHTaJibHOH 

2 

Re F - ( z ) =' ex ( 1-z ) n + 
PP L n 

n=O 

2 

nmpopMau;nn 

p(0)/3 

1-z 

l cx
0

(1-z)
0
=c(z-z

1
) (z-z). 

n=O 

napaMeTpbl HMeJOT cJieJJ.yl()(Une 3HaqeHHH; 

C nOMOIUblO 

(20) 

c=1887±244, Z =0.847±0.006, z =0.903±0.003, x2/38=33.6/38, 
l 2 

JaKJI10qeHne 

.l{JIH 

Bb16pam,1 

aHaJIH3a npoTOH-aHTHnpoTOHHOro B3aHMOJJ,ettCTBHH 6blJIH 

JJ,Be BeJIHqHHbl: p H a B KaqecTBe TeopeTnqeCKOH 
tot 

OCHOBbl HCnOJih30BaHbl aHaJIHTHqecKHe CBOHCTBa aMnJIHTYJJ.bi ynpyroro 

pacceHHHH BnepeJJ. F-(s). npeJJ.bi.ll.YIUHH OnblT pa60Tbl C NN-CHCTeMOH 
pp 

npH HH3KHX 3HeprHHX 6hl_JI HCnOJib30BaH JJ.BYMH cnoco6aMH. 

Bo-nepBbiX, 6blJIH Bb16paHbl aa;irnble JJ.JIH onncaHHH npou;ecca TOqKn 

BeTBJieHHH aMnJIHTYJJ.bl F -(s) • HMH HBJIHIOTCH TPH TQqKH: 
pp . . 

s=O(pp-nopor), s=a(3qxpeKTHBHbltt nopor tteHa6JIJOJJ.aeMott o6JiaCTH) n 
2 -s=4m (nopor pp-npou;ecca). no 3THM 

yHn¢opMH3ttpyl()(UaH nepeMeHHaH z, no 

TQqKaM 

KOTOpOtt 

nocTpoeHa 

¢YHKIJ;HH 

F -(z)=F -[s(z)] HBJIHeTCH MepoMop¢ttott. Ee nomoca OnHCblBaJOT 
pp pp 

KaK BJIHHHHe pe30HaHCOB B Hetta6JIJOJJ,aeMOH o6JiaCTH, TaK H 

B03MO)Kttble 

cy,KeHHH 

KBa3HHJJ,epHble COCTOHHHH 

o6JiaCTH CXOJJ,HMOCTH 

B pp -CHCTeMe. 

noJiyqeHa ¢opMyJia 

Ja cqeT 

(20) , 

cnpaaeJJ,JIHBaH B OKpecTHOCTH pp TQqKH BeTBJieHHH. C noMOIUhlO 3TOH 

¢opMyJibl rrpoaHaJIH3HPOBaHbl 3KCnepttMeHTaJihHble JJ,aHHble no p H 

a npH p <lf3B/c. BO-BTOpblX, Bbl6op peryJIHpHOH qaCTH ¢opMyJibl 
lot L 

(14) npOBOJl,HJICH c yqeTOM onblTa nocTpOeHHH noTeHu;HaJihHblX 

MOJJ.eJiett. 

Y.z:i;oBJieTBOPHTeJibHOrO onucaHHH p H a tot B yKa3aHHOM 

HHTepBaJie 3Heprtttt yJJ.aeTCH Jl,OCTHqb TOJibKO B npeJJ,nOJIO,KeHHH 0 

cymecTBOBaHHH KBa3HHJJ.epHoro COCTOHHHH B6JIH3H nopora. 

cymecTBYl()(UHe 3KcnepnMeHTaJihHble JJ,aHHble He JJ,aJOT B03MO)KHOCTH 

onpeJJ,eJIHTb ero Macey, KOTopaH 6JIH3Ka K 2m. OTJIHqHTeJihHOH 

qepTOH nOJ].XOJJ,a HBJIHeTCH nocJieJJ,oBaTeJibHblH yqeT HeHa6JIJOJJ,aeMOH 

o6JiaCTH. OH npHBOJl,HT, a qacTHOCTH, K TOMY, qTo HaJIHqHe 

KBa3HHJJ.epHoro COCTOHHHH MO,KeT npOHBJIHThCH He TOJihKO KaK HOJib 
10 

y p npn p <180M3B/c, HOH KaK ttaJinque pe30HaHCHOtt CTPYKTYPbi y 
L 

a 
tot 

B 3TOM ,t<e HHTepBaJie HMITYJihCOB. TaKHM · o6pa30M, 

npoBeJJ,eHttbltt HaMH aHaJIH3 p H atot yKa3blBaeT Ha HaJiuque 

KBa3°HHJJ.epHoro COCTOHHHH pp- CHCTeMbl C Mace ow, 6JIH3KOH K 2m, 

Jl,JIH onpeJJ,eJieHHH KOTOpott He06XOJl,HMbl p.onOJIHHTeJibHble OilblTbl no 

onpeJJ,eJieHHJO p n a tot npn pL <180M3B/c. 
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Bb1KOBCKHH B .B., Me~epHKOB B .A., 
Me~~PHKOB ,[{ .B. 
YKa3aHHe Ha cy~eCTBOBaHHe CBH3aHHoro 
COCTOHHHH B pp-cHcTeMe 

P2-9O-31 l 

PaccMOTpeHbl ,IJ;Be xapaKTepHCTHKH npoToH-aHTHilPOTOHHoro 
B3aHMo,a;ei1:CTBHH: p(s) = Re F pp(s) /Im F PP (s) H a tot (s) • B Ka
qecTBe TeopeTHqeCKOH OCHOBbl HCnOnb3OBaHbl aHanHTHqeCKHe 
CBOHCTBa aMnnttTYAbI ynpyroro pacceHHHH Bnepe.a; F pp(s). Bi,inH 
npoaHanH3HpoBaHbl 3KCnepHMeHTanbHble ,a;aHHble no p H a tot npH 
PL$, I r3B/ C, Y,a;oBneTBOPHTenbHOro OilHCaHHH p H a tot B yi<a-
3aHHOM HHTepBane 3HeprHH y,a;aeTCH AOCTHqb TOnbKO B_npe.a;no
no~eHHH O c~eCTBOBaHHH KBa3HH,!J;epHoro COCTOHHHH pp-CHCTe
Mbl C Maccoi1:, 6nH3KOH K 2m. 

Pa6oTa BhlnonHeHa ~·na6opaTopHH TeopeTHqecKOH ~H3HKH 
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Two characteristics of proton-antiproton interaction 
p(s) = ReFpp/ImFPP and atot (s) are considered, Theoretical 
consideration is based on the analytic properties of the 
forward scattering amplitude Fpp(s). Experimental data 
onp and atot at PL:Sl GeV/c have been analysed, and sa
tisfactory description of p and atot has been achieved 
only when a quasi-nuclear state is assumed to exist in 
the pp system with a mass close to 2m. 
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