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HABJIIO,llEHI1E HEPErYJIHPHOCTEA B 11HKJII0311BHbiX 
11MllYJibCHbiX CllEKTP AX llPOTOHOB 
113 nC- 11 ,-C-B3AI1MO,IJ;EACTB11A 

A.O.KeqetUIH*, B.A.Illax6a3HH 

IJpHBOAJITCH HHKJ1103HBkbie HMIIY1IbCHbie cneKTpbi npoTOHOB H3 
B3aHMOAeHCTBHH HeHTJlOHOB C HMIIY1IbCOF.i 7 f3B/c H IT--Me30HOB 
c HMny1IbCOM 4 fJB/c c HApaMH yrnepoAa. Ha6moAruoTCH Heperynap: 
HOCTH B JTHX cneKTpax B HHTepBane HMIIY1IbCOB OT 200 AO 400 MJB/c. 
PaccMaTpHBruoTcH B03MO)I(}Ihie MeXaHH3Mbi, o6'bHCHHJOIIUie JTH Hepe
rynHpHOCTH. 

Pa6oTa BbiDOJIHeHa B na6opaTOpHH BbiCOKHX JHeprHii OlUUI. 

Observation of Irregularities in Inclusive Momentum Spectra 
of Protons from nC.and lT-C Interactions 

A.O.Kechechyan, B.A.Shahbazian 
Inclusive proton spectra from neutron and IT- meson interactions 

with carbon nuclei at 7 GeV fc and 4 GeV fc, respectively, are presented. 
Significant irregularities in the momentum range (2007 400) MeV/c 
are observed. Possible mechanisms able to explain these enhancements 
are considered. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 

B nocne,D;Hee apeMH 6bmH ony6nuKOBaHbi npoTHBopeqHBbie 
pe3yJibTaTbl HCcne,D;OBaHHH HHKJIJ03HBHbiX HMDYJibCHbiX cneKTpoB 
npoToHoB H3 a,D;poH-R,D;epHbiX B3aHMO,D;eHCTBHH 1 ~ ,21 . B pa6oTe Ill./ Ha· 
6nJOAaJIHCb HeperynHpHOCTH B HMDYJibCHOM cneKTpe npoTOHOB, BbiJie
Teawux B 38,D;HJOJO DOJiyclf>epy H3 B3aHMOAeHCTBHH IT- ·Me30HOB C HM· 
nyJibCOM 5 r3B/c c H,D;paMH yrnepo,D;a. B HHKJIJ03HBHbiX cneKTpax 
npoTOHOB H3 peaKQHH "'±( c' Zr) .. pX npu p = 1,5 r3B/c, BbiJie
TaJOll\HX DO)]; yrnaMH 95°,110°,140°/ 2/ ,OTCyTCTByJOT CTaTHCTHqeCKH 
3HaqHMbie HeperyJIHpHOCTH. 

B ,D;aHHOH pa6oTe npHBOAHTCH pesynbTaTbi uccneAOBaHHH HHKJIJO· 
3HBHbiX HMDYJibCHbiX cneKTpOB npoTOHOB, po)I(,!J,eHHbiX BO B3aHMOAeH· 
CTBHRX HeHTpoHOB H TT- -Me30HOB C R,D;paMH yrnepo,D;a. llyqoK HeHTpo
HOB 6bm DOJiyqeH nyTeM o6JiyqeHHH npoTOHaMH C HMDYJibCOM 10 r3B/c 
6epHJIJIHeBOH MHWeHH H nocne,D;yJOll\ero OOrJIOll\eHHH Me,D;JieHHbiX 
HeifTpoHoB. B pe3yJihTaTe HMnyJibCbi nonyqeHHbiX HeifTpoHoB 6bmH 
pacnpe,D;eJieHbl DO rayccy CO Cpe,D;HHM 3HaqeHHeM 7,04 r3B/c H cpeA· 

* EpeeaHCKUU ¢u3u'leCKUU UHCTUryr 
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HeKBa,npaTH1JHbiM OTKJIOHeHHeM 2,84 r3B/c. Cpe,lUiHH HMDYJibC ny'IKa 

"--Me30HOB- 4 r3B/c, cpe,lUieKBa,D;paTH1JHOe OTKJlOHeHHe - 0,04 r3B/c. 

B Ka'leCTBe MHWeHH H perHCTpHpylOI.Uero npH6opa H CDOJlb30BaJiaCb 

24-JIHTpoB8.11 nponaHOBaH ny3bipbKOBaH KaMepa flB3 011.Hl1, liTO no-

3BOJIHJIO oXBaTHTb npaKTH'IeCKH aecb yrnoaou HHTep aan. OT6Hpa

JIHCb B3aHMO,D;eHCTBHR, B KOTOpbiX Ha6JilO,ll;aJIHCb ,ll;B a H 60JibWee 

, l!HCJio npoToHoB c HMnynbcaMH oT 160 no 800 M3B/c (omHMaJibHbiH 

HHTepBaJI HMDYJibCOB )lJIR ,li.OCTOBepHOH H,D;eHTHlPHKa.QHH npoTOHOB 

B nponaHOBbiX ny3bipbKOBbiX KaMepax) • J1MDYJibCHbie CneKTpbi 

(eM. pHc. 1, 2) crpoHJIHCh c aecaMH, Y'IHTbmaJOLUHMH noTepH npoTo~ 
HOB C npoeKUHRMH TpeKOB Ha ropH30HTaJihHYlO DJIOCK OCTb, MeHbWH

MH 3 MM, H DOTepH H3-3a BTOpH'IHbiX B3aHMO,ll.eHCTBHH npoTOHOB B 

nponaHe. 113 pHC. 1 H 2 BH,li.HO, liTO CYI.UeCTBYlOT CTaTH CTHIJecKH 3Ha

IJHMbie OTKJIOHeHHR OT "rJI!lAKOH" KpHBOH. 

,llJIR H3yiJeHHR BJIHRHHR MeTO,li.HIJeCKHX OC06eHHOCTeH Ha HMnyJihC

HbiH cneKTp 6bma nony•1eHa 3aBHCHMOCTh owH6oK H M nynhca OT HM

nyJihca (pHC. 3). 1-i:J :noro pHCYHKa BHAHO, 'ITO OWH 6Ka HMnyJibCa 

nopR.ZJ.Ka 8-15 M38/c B HHTepaane HMDYJihCOB oT 160 .u.o 400 M3B/c . 

3To .u.aeT B03MO)!(HO<.'Th cTpoHTh rHcTorpaMMbi c waroM 10 M3B/c. 

Ha pHc. 4 npHse.u.eH HMnyJihCHbiH cneK]'p c nnoTHOCThlO pacnpe

.u.eneHHR f(p) - exp (T I T 0 ) , r.u.e T - v p2 - m2 - m - KHHeTH'Ie

CKaH 3HeprHR, T 0 = 'Hi,5 M:JB/c. OpH nocTpoeHHH n oro pacnpe.u.e

JieHHR Y'IHTbiBaJIHCb HCKa)!(eHHR, BHOCHMbie 3KCnepHMeHTaJibHbiM 

pa3peweHHeM. KaK BH.U.Ho H:J pHcyHKa, 3TH HCJ<a)!(eHHR He npHBO.U.RT 

K 3HaiJHTe11hHbiM OTKJlOHeHHHM OT "rJI!lAKOH" 3aBHCHMOCTH. 

J1MnyJihCHbie cneKTphl npOTOHOB (pHC. 1, 2) ann poKCHMHpoBa

JlHCb pacnpe,D;eneHHeM C fiJIOTHOCTblO 

n 
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Puc. 4. CMOOellupoeaHHbiU uMnyllbCHbiU cneKTp. 

- 2 21 r.ne G (p 1 , u 
1

) -1/..j 2rru1 exp [ -(P- p1 ) I 2u1 J, T- KHHeTH'I~CKaR 
3~epnm npo~oHa, a, T 0 , b 1 , p 1, u 1 - cao6o,nuhte napaMeTphi. n ·• 4 
H n • 1 ,nJIR COeKTpOB Ha pHC.1, 2 COOTBeTCTBeHHO, flo,no6paHHhie 
3Ha'leHHR n apaMerpoa npuae.neHbi a Ta6JIHI.te. rncTorpaMMbi oT annpo
KcHMHpyJOm ux <i>YHKUHH (1) HOT nepaoro tUieHa (<l>oHa) B BblpU<e· 
HHH (1) npHBe,neHbl Ha pHC. 1, 2. 3Ha'leHHR )( 2Ha CTeneHb CB060,nbl, 
npuae,neHHhie a TaMHI.te, YK8.3hmaJOT Ha xopoumu Bhi6op annpoKCH· 
MHpyJOmeu 3aBHCHMOCTH ( 1) . 

.llnR n poaepKH npe.nnono)l(eHHR, He RBnRJOTCR nu Bhtweonncau
Hhie OC06eHHOCTH npRMhiM OTpa)l(eHHeM ,nHnpoTOHHbiX pe30HaHCHbiX 
COCTORHHH l 6-111t 6btn nonyqeH cneKTp 3<l><i>eKTHBHbiX MaCC ,nayx 
npoTOHOB, BXOARmHX B HMIIyn&CHbie cneKTphi (pHC. 5). flOCKOnbKY, 
K8K BH.nHO H3 pHCYHKa, HeT CTaTHCTH'IeCKH 3HaquMbiX Bbi6poCOB 
a nux cneKTpax, MO)IQ{O 3aKnJO'IHTb, qTo c.nenaHHoe npe.nnono)l(eHHe 
HeaepHo. O.nHaKo HeperynRpHOCTH a HMnynhCHhiX cneKTpax MO)I(HO 
o6'bRCHHTb, npe,nnonO)I(HB HanHque B R,npax HeHTpoH·OpoTOHHhiX pe-
30HaHCOB I S - &I . Mo)IQ{O nocqmaT& 3Ha'leHHR Mace · 3THX pe3oHaH· 
COB, ecnH npe,nnonO)I(HTb 0 qTO OHH OOKORTCR B na6opaTOpHOH CHCTe
Me Koop.nHHaT. B Ta6JIHI.te npHBe,neHbi 3TH 3Ha'leHHR H HaH6onee 6nHa-_ 
KHe 3Ha'leHHR Mace .nHHyKnOHHbiX pe3oHaucoa,B3RThte H3 pa6oT 78 - 11{ 
113 3TOH T8MHI.tbl BH,nHO, 'ITO HecMOTpR Ha c,nenaHHhle npe.zmono
)l(eHHR 3Ha'leHHR Mace xopowo cornacyJOTCR. 

B pa6oTe 11 21 Ha ocHoae no.nxo.na c ucnonh30BaHHeM Mo.nenn 
KBapKoaoro MewKa npe.ncK8.3bmanoc& cymecTaoaaHHe a R,nepHon 
MaTepHH BblCOKOne~x B036y)I(AeHHH CO CKphiTblM ugeTOM. illH· 
pHHbl Bbi6poCOB, OpHBe,neHHbie B TaMHI.te, 6nH3KH K OUeHKaM WHpHH, 
nony'leHHbiM a 3TOH pa6oTe. 
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Puc. 5. CneKTp 3ifJ(/JeKTU6HbiX Mace oayx nporqH06. 

)];pyrHM 06"bRCHeHHeM Ha6mo,n;aeMhiX HeperynRpHOCTeH MO)f{eT 

cny*HTb MexauH3M nornomenHR oqeuh MennenHhiX nHonos 2-, 3-, 
4-, 5-HyKnOHHbiMH CHCTeMaMH ("<J>nyKTOHaMH" /l 3/). llpe,n;nonO*HB, 

~0 3HepmR DHOHa paBHOMepHO pacnpe,n;enReTCR Me)f{,I(y nyKnOHaMH 

no pa3Bana "<l>nyKTona", MO)f{HO nonyqHTh 3uaqeuHR HMn ynhcos 

BhiDeTS.lOI.UHX DpoTOHOB. 3TH 3HaqeHHR (pi¢) 6nH3KH K Cp e,D;HHM 

3HaqeHHRM HMnynhCOB (pi) (CM. Ta6mu~y). 
llepBaR OC06eHHOCTh B HMnynhCHOM cneKTpe MO)f{eT 6b!Th npORB

neHHeM "o6hiquoro" ao36y)f{,I(euuoro cocroRHHR R.n;pa. 3Ta )f{e oco-

6eHHOCTh MO)f{eT 6b!Th HHTepnpeTHpoBaHa KaK cymeCTBOBaHHe B R,D;pe 

/1 (1232) H306apbl, HO ee IUHpHHa B CBR3aHHOM COCTORHHH n o nyqaeT

CR npHMepHO Ha DOpR.n;OK MeHhllleH, qeM B CB060,D;HOM COCTORHHH. 

TaKHM o6pa30M, MO)f{HO yTaep)f{,I(aTh, qTo ua6niD.n;aiDTCR craTH

CTHqecKH 3HaqHMbie HeperynRpHOCTH B HHKnl03HBHhiX HMnyn hCHbiX 

cneKTpax DpOTOHOB H3 nC- H TT- C -B3aHMO,D;eHCTBHH DpH H M nynhCe 

CHapR,D;a COOTBeTCTBeHHO 7 H 4 r3B/c. )];nR HX o6oHCHeHHR MO)f{HO 

npHBne~ pa3nHquhJe npennono)f{eHHR, no, tJTo6hi oKonqaTenhHO Bhi

RCHHTh HX DpHpo,n;y, HY)f{Hbl ,I(MhHeHWHe HCcne,D;OBaHHR pO)f{,I(eHHR 

npoTOHOB B pa3nHquhJX B3aHMO,D;eHCTBHRX C R,D;paMH H H3ytJeHHe 3a

BHCHMOCTH <J>opMbl HMDynhCHhiX CDeKTpoB OT R.n;pa MHIUeHH. 

AaTOpbl 6naro,n;apHbl ll.ll.TeMHHKOBY 3a ytJaCTHe B non ytJeHHH 

3KcnepHMenTanhnoro MaTepHana H none3Hhie o6cy)f{,I(eHHR. 
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nPOCTP AHCTBEHHO-BPEMEHHNI KAPTHHA 
rnYBOKOHEYllPYrOrOPACCEHHHH 
nEriTOHOB HA H.[U» AX 

C.M.Enuceeo, M.KaMam,*, A.3n&-Haru* 

OnpeneneHbi npocrpaHCTBeHHo-BpeMeHHbie xapaKrepHCTHKH Heyn
pymx BHyTpH.II,ll;epHbiX BJaHMoneifCTBHH HJ aHaiiHJa vE oiCTOnKHOBe
HHH fipH BbiCOKHX JHeprH.IIX. Oco6oe BHHMaHHe yneneHo HOBbiM naH
HbiM, nony.lfeHHbiM npH OOMO~ JMy.nbCHOHHOfO cneKTpoMeTpa, Hc
nonb30BaHHOfO paHee M.ll HJY'IeHH.II celfeHHH o6pa30BaHH.II H BpeMeH 
lKHJHH o'lapoBaHHbiX lf8CTHU. 

Pa6ora BbmonHeHa B na6oparopHH TeopeTH'JeCKOH <f>HJHKH OIUUI . 

Space-Time Picture of Deep Inelastic 
Lepton-Nucleus Collisions 

S.M.Eliseev, M.Kamal , A.El-Naghy 

Space-rime characteristics of inelastic intranuclear interactions are 
determined by analysing vEm collisions at high energies. Particular 
attention is given to the new data obtained at the hybrid emulsion 
spectrometer earlier used for studying the production cross sections 
and lifetimes of charmed particles. 

The investigation has been performed at the Laboratory of Theore
tical Physics , JINR. 

Hccne.u.ooauue rny6oKoHeynpyrux nenroH-RJJ.epHbiX B3aHMo.u.e8-
CTBHH B H8CTORI.L{ee BpeMR DO MHOrHM DpH'IHHaM Bbl3bmaeT DOBbJWeH
HbiH HHTepec. Ouo, B 'laCTHOCTH, .u.aeT B03MO)f(HOCTb H3Y'IaTb MexaHH3M 
RJJ,epHOH pea~HH B HaHOOJJee IIHCTOM BHJJ.e, KOr.U.a ace BTOpH'IHbie 
anpoHbi H3 nepooro t N -cronKHoBeHHR RBJJRIOT.fR "ouoo& po)I(.IJ.eHHbi
MH". KaK H3BecTHo, perucrpupyeMLie a,npoHbi o6pa3yrorcR H3 Hat~anb
HbiX KBapKoB H rmoouoo OT cranKHoaromuxcR t~acTHU. KoapKH H rJJIO
OHbl HHHUHHpyiOT .u.anee KBapK-rJJIOOHHbiH KaCKaJl (MapKOBCKHH nr.r 
uecc), KOTOpbiH 3aBepwaeTCR o6pa30BaHHeM KOHe'IHbiX a.D.poHOB *. 

* ** Kaupc~euu yHU6epcuTer, APE 
OJetJyer oTMeTUTb, 'ITO 3Hepzeru'lec~eue, YZII06ble cneKTpbl, Koppe.r1RI4UU 

noroK06 11aCTU14 6 K6apK-ZII/OOHHOM ~eac~eade 6 paMKax KXJ1 nputitJUJtreHHO 
C06nada/OT C 3KCnepUMeHTQ/IbHO HatitJIOtJaeMbiMU C60UCT6aMU OOpoH06 (nUOH06), 
TO eCTb Henepryp6aTU6Hble JrjjrfieKTbl He UCKaJICQ/OT COOT6eTCT6UR MeJKrly atJpoH
HOU cucreMOu u ee napToHHb!M ~eacKaOoM (o6 3TOM nodpo6Hee CM. 6 121) 
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EcJIH KaCKa.l( Bbi3BaTb B R.l(pe, TO H3 HCCJie,l(OBaHHR pOJIH BHyTpH

H.l(epHbiX HYKJIOHOB B ero pa3BHTHH MO:IKHO nonbiTaTbCR H3BJie'IL 

QeuuyJO uayquy10 HH<l>oPMIU.lHJO o xapaKTepe nepexo.l(a npoMe)I(}'TO'I

uoro KBapK-rJIJOOHHOrO COCTORHHR B ua6JIJO.l(aeMbie a.l(pDHbl. 

B .l(aHHOH pa6oTe npHBe.l(eHbi pe3yJILTaTLI onLrra n o B3aHMo.l(eH

cTBHRM 1(1. B R,l(epHOH 3MYJILCHH, Bbl3biBaeMbiM 3apR:>KeHHbiMH TOKaMH. 

3KcnepHMeHT npoBo.l(HJICR ua ycKopHTene B BaTaBHH; H cnoJIL30BaJICR 

rH6pH,D,HbxH 3MyJILCHOHHbiH cneKTpOMeTp. 3MyJILCHR 3KCnOHHpoBa

JiaCL B ny'IKe HeHTpHHO, o6pa30BaHHOM npoTOHaMH C HMnyJILCaMH 

350 H 400 r3B/c. llepBOHa'laJILHO ,l(aHHbie 06Jiy'leHHR HCnOJIL30Ba

JIHCL ,l(JIR H3y'leHHR O'lapOBaHHbiX 'laCTHQ ( Ce'leHHH HX o6pa30BaHHR 

H T • .l(.)/1/ • B COOTBeTCTBHH C H3BeCTHOH 3MYJILCHOHHOH MeTO.l(HKOH 

npoH3BO,l(HJIOCL pa3.l(eJieHHe BTOpH'IHbiX 'laCTHQ Ha 8- H g-'laCTHQbl. 

B .l(aHHOH pa6oTe npHBe,l(eHbi pacnpe.l(eneuHR MHO:>KecTseuuocreii 

3THX 'laCTHQ H HX yrJIOBbie xapaKTepHCTHKH. 

,lJ;anee Mbl paCCMOTpenH MO,l(eJIL, B paMKax KOTOpoH y.l(aeTCR 

$eHOMeHOJIOrH'IeCKH H3BJie'IL ,l(aHHbie 0 npOCTpaHCTBeHH O·BpeMeHHbiX 

OC06eHHOCTRX KaCKa.l(a 'laCTHQ B R.l(pe /3/ • BbiJI CMO.l(eJIHpoBaH KaCKa.l( 

B RApe, HHHQHHpoBaHHbxH nepBbiM vN-B3aHMO.l(eHCTBHeM, H onpe.l(e

JieH napaMeTp, xapaKTepH3yJO~H npo6er 'laCTHQ ,l(O o6pa30BaHHR 

DHOHOB, B3aHMO.l(eHCTByJO~X c uyKJioHaMH R.l(pa c o6bi'IHbiM rr N -ce

qeuHeM*. 

,li;JIR MO,l(eJIHpOBaHHR nepBOrO vN ·CTOJIKHOBeHHR 6 b iJIH HCnOJIL30· 

BaHbi annpoKCHMIU.lHH H3BecTHLix 3KcnepHMeHTaJILHbiX ,l(aHHbix. B Ka

qecrse npHMepa, .l(eMoucrpHpyJOI.Qero cTeneuL corn acHR uawero 

MO,l(eJIHpOBaHHR 3JieMeHTapuo

ro aKTa C 3KCnep HMeHTOM, Mbl 

npHBO.l(HM (CM. pHC. 1) • pac-

o;z 

O) 

0 . -
0 - ·-

npe.l(eJieHHe no M HO:>KeCTBeHHo

CTH 3apR:>KeHHbiX 'laCTHQ ( CTa

THCTH'IecKHe OW H6KH Be3,l(e 

,l(anee cocTaBJIRJOT 2-3%) . B co

OTBeTCTBHH C n apTOHHOH MO· 

,l(eJILJO HeHTpHHO B R.l(pe B3a

HMO,l(eHCTBOBaJIO C HeHTpoHOM 

B .l(Ba pa3a tiai.Qe , 11eM c npoTo

HOM (3TO o6CTORTeJILCTBO, ec-

Puc. 1. PacnpecJe.n eHue no MHOJICe
creeHHOCTU 3ap!131CeHHblX 'IQCTUII U3 

vN -e3auModeucreuu. 

* MocJe.nupoeaHue npoxoJI((}eHUR CJIOJICHOU cuCTe.Mbl, o6pa:JoeaHHOU e nep· 
eoM vN -e3au.MOdeucreuu, cKeo3b 11dpo npou3eodWIOCb MerodoM MoHre-Kapllo l ~ I 
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TeCTBeHHO, y'IHTbiBaJIOCL BO BCex BXO)J,Hbl:lj 

Cpe.l(Hee 'IHCJIO ueiiTpaJILHbiX qacTHU ( 17 ° -MI 

B3aHMO,l(eHCTBHH onpe,l(eJIRJIOCL no $opMyJiaM 

II o = 0, 72 + 0,22 n _, 
T1 T1 

ii 0 = 0,14+0,73n -· rr rr 

Y 'IHTbiBaJIHCL npoCTpaHCTBeHHO· B peMeH 

o6pa3yJO~xcR so BHYTPHRAepHbiX B3aHMo,z: 

r , npowe.l(wee nocne po)f(.l(eHHR BTopHtJHhiX 

HbiX BHyTpHR.l(epHbiX B3aHMO.l(eiicTBHH paBHbl 

r 
r 

a = a 0 (1 - e 0 ) 
hN hN ' 

r.l(e r
0 

- napaMeTp. TaKHM o6pa3oM, BTOpHtJ 

CTBYJOT C nOCJie.l(yJOI.QHMH HyKJIOHaMH C 06bl' 

cpa3y :>Ke nocne csoero po)f(.l(eHHR, a JIHWL 

HMeeM 
Lm

0 

0 <1 -w > 
~N = ahN - e ' 

r.l(e {3 = .]L , y = 1 , m = .l. . 3uatJeHH 
c .J 1 _ f32 o r 0 

OTBeTCTByeT CTapaR KaCKa,l(HaR MO,l(eJIL, B p 

JiaraeTCR, 'ITO BO BHyTpHR.l(epHbiX B3aHMO,l(ei1 

.l(aJOTCR 'laCTHQbi co csoiicrsaMH ( ceqeuHRMI 

pe.l(eneHHbiMH B 3KCnepHMeHTax CO CB06o.l(Hbll 

flo <l>opMyJie (4) Mbl Bbi'IHCJIRJIH CetJell 

HMO,l(eHCTBHH B 3aBHCHMOCTH OT ,l(JIHHbl npol 

poCTH {3. H3 (4) BH.l(HO, 'ITO Me.l(neuubxe tJa 

aCHMDTOTH'IeCKHX Ce'leHHH ahN Ha MaJibiX (no 

'laCTHQaMH) paccTORHHRx. HaH6oJiee 6LICTpbu 

,l(eHCTBYJOT B H.l(pe. 3TO Ka'lecTBeHHO corJiaC~ 

HbiM Ha6JIJO,l(eHHeM, 'ITO xapaKTepHCTHKH qac· 

,l(eHCTBHH OTJIH'IaJOTCR OT xapaKTepHCTHK 'laCT 

HMO,l(eHCTBHH, rJiaBHbiM o6pa30M, B o6JiaCTH 

,lJ;eTaJILHO OC06eHHOCTH MO,l(eJIHpOBaHHR OnHC~ 
B .l(aHHOH pa6oTe Mbi pacctJHThiBaJIH 1 

COOTBeTCTBHH C YCJIOBHRMH 3KCnepHMeHTa/ 

HHRX napaMeTpa m 
0 

• 06Cy.l(HM KpaTKO n 

* Ce'leHUR "hN 6bl/IU e3RTbl U3 :JKcnepuMeHr, 
MU, KQK 6 pa6orax IS ,5/ . 



• 
TeCTBeHHO, ytrnTbiBaJIOCb BO BCeX BXO)],HbiX ,LUUIHbiX, CM. pHC. 1). 
Cpe,IUiee 'IJHCJIO HeHTpaJibHbiX tJaCTHU ( TT

0 
-Me30HOB) AJIH vn- H vp -

B3aHMO~eHCTBHH onpe~eJIHJIOCb no <J>opMYJiaM I 41 

II o = 0,72 + 0,22 n _, 
11 11 (1) 

ii 0 = 0,14 + 0,73n -· 
11 11 (2) 

YtJHTbiBaJIHCh npocTpaHCTBeHHO-BpeMeHHbie caoifcTBa tJacTHU, 

o6pa3yJOIUH XCH so BHYTPHH~epHbix B3aHMo~eifCTBHHx. qepe3 apeMH 

r , npow~wee noCJie pO)f(,ll;eHHH BTOpH'IIHbiX qacTHU, cetJeHHH noBTop

HbiX BHyTp~epHbiX B3aHMO~eHCTBHH paBHbl 

T 

U =UO(l-eTO), 
bN hN (3) 

r~e r
0

- n apaMeTp. TaKHM o6pa3oM, HTOpH'IIHhie qacTHUbi B3aHMo~eif

CTBYJOT c nocne~yJOIUHMH HYKJIOHaMH c o6hi'IJHbiM cetJeHHeM uh~ * He 

cpa3y )f(e n ocne caoero po)f(,ll;eHHH, a JIHWb qepe3 BpeMH r >> r 
0 

HMeeM 

(4) 

r~e {3 = ~ y = -;:;=:1::;n;::- m = ..!_ . 3HatJeHHJO napaMeTpa m ~ oo co-
c ' ..Jl-{12' o r0 o 

OTBeTCTByeT CTapaH KaCKa,IUiaH MO~eJib, B paMKaX KOTOpoH npe~nO

JiaraeTCH, 'IJTO BO BHyTpHH~epHbiX B3aHMO~eHCTBHHX MrHOBeHHO po)f(

~aJOTCH 'IJaCTHUbi CO CBOHCTBaMH ( Ce'IJeHHHMH B3aHMO~eHCTBHH) , on

pe~eneHHbiMH B 3KcnepHMeHTax co cao6o~HbiMH qacrHQaMH. 

llo <J>o pMyJie (4) Mbl Bbi'IJHCJIHJIH Ce'IJeHHH BHyTp~epHbiX B3a

HMO~eHCTBHH B 3aBHCHMOCTH OT ~JIHHbl npo6era 'IJaCTHUbl L , ee CKQ

poCTH {3. H 3 (4) BH~HO, 'IJTO Me~JieHHbie 'IJaCTHUbl ~OCTHraJOT CBOHX 

aCHMDTOTH'IJeCKHX Ce'IJeHHH Uh0N Ha MaJlbiX (no CpaBHeHHJO C 6biCTpbiMH 

tJaCTHUaMH ) paccToHHHHX. HaHI)onee 6biCTpbie tmCTHUbi cna6o B3aHMO

~eifcmyJOT B ~pe. 3TO Ka'IJecTBeHHO COrJiacyeTCH C 3KCnepHMeHTaJlb

HbiM Ha6JIJO~eHHeM, 'IJTO xapaKTepHCTHKH 'IJaCTHU H3 ~epHbiX B3aHMO

~eHCTBHH OTJIH'IJaJOTCH OT xapaKTepHCTHK 'IJaCTHU H3 3JieMeHTapHbiX B3a· 

HMO~eHCTBHH, rJiaBHbiM o6pa30M, B o6JiaCTH <J>parMeHTaUHH MHWeHH • 

.l{eTaJibHO o co6eHHOCTH MO~eJIHpOBaHHH OnHCaHbl B pa6oTe /S/, 

B ~aHHOH pa6oTe Mbi pacctJHTbiBaJIH vE -B3aHMo~eifcTBHH (B 

COOTBeTCTB HH C yCJIOBHHMH 3KcnepHMeHTa/ 1/) npH pa3HbiX 3Ha'IJe

HHHX napaMeTpa m 
0 

• 06cy~HM KpaTKO noJiy'IJeHHbie pe3yJihTaTbl. 

* Ce11eHW! u.gN 6&111U 63J!Tbt U3 JKcnepuMeHT06 co c6o6oiJHbiMU 'laCTUija-

MU, KQK 6 p aOOTQX /3,6/. 

13 



.. 
c 
ii 

100 

r -::-.:-k.,""'--l,,,--__ _ 

. ~~--- -- -
! l mo·• 

l 

10-1 

102 

-31 m1~o.4 I 
10 I I 1 1 

0 5 10 ns 

Puc. 2. Pacnpeoe;1eHue no MHoxecreeHHocru s
'laC1Uf4 111 vE nill1QIIMOOCUCT6UU. 

1~r---------------------
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~'',,,___ . 
c ', 
ii '' , 

-2 '', "' ~ 10 ',, __ -

10-3: 
0 

m,.CD 

"'o•l4 
~ L - -~5~~~~~1~0~~~~ 

ng 

Puc.3. Pacnpeoe.1eH11e no MHoxecraeHHocru g- 11acruij . 

Ha pHc. 2 npHseneHbi pacnpeneneHHR no MHO)I(ecmeHHOCTH s-
qacnu~. pacc:_'IHTaHHbie npH m

0
-+ oo ( ii1 = 6,45 :!: 0,0_6) H 111o = 

= 0,4 r3B (n, = 5,12: 0,03). B 3KCnepHMeHTe (e) n, =5,28 ± 
!: 0,26. Ha pHc. 3 - pacnpeneneHHR no MHO~CTBeHHOCTH 8-'laCTHu 
npH ro0 -+ oo (n

8 
= 2,08 ! 0,0~) H ro0 = 0,4 r3B (iig = 1,35±0,02). 

3KcnepHMeHTan&uoe 3Ha'leHHe n1 paBHO 1,33 ± 0,15. BH1lHO, 'ITO xo
powee cornacHe TeopHH c 3KcnepHMeHTOM ua6mon aeTCR npH KOHe'l· 
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10 "s 

r:ecTBeHHOCTU S-

' "'o•ll 

10 

"IIHOCTU g-'IOCTUij . 

I no MHOJKeCTBeHHOCTH S

l = 6,45 !: 0,0_6) H IDo = 
pHMeHTe (e) n

1 
=5,28 ± 

IHOJKeCTBeHHOCTH 1-'laCTHU 
) - + ,4 r3B (Dg = 1,35-0,02). 
33 ± 0,15. Bu,nuo, 'ITO xo-

1 ua6mo~aeTca npH KOHe'l-

2,5 

Puc. 5. OrHoweHue pacnpeal!lleHWI no 
IC603U6biCTpore S-'IOCTUI4 U3 vE -630-

uMOc)eucreuu K pacnpec>l!lleHuiO 'i-'la
cruq u3 vN-e3auMOc>eucreuu . 

6 

~ Puc. 4. Pacnpec>l!lleHue no Kea3u
., 6biCTpore S-'IQCTUij. 

HOM m 0 , paBHOM = 0,4 r3B . 3To CBH.neTeJibCTByeT 0 TOM, 'ITO 

npouecc <PopMHpOBaHH.R 'laCTHU 'H3 KBapKOB MO)f(eT npoHCXO~HTb Ha 

KOHe'IHOM HHTepaane '" 0,5 <PM (B C06CTBeHHOH CHCTeMe). AHano

rH'IHbie pe3yJibT8Tbi 6biJIH nony'leHbi a Cepnyxoae 
181

• 

Ha pHc. 4 noKa3aHbi pacnpe~eneHH.R s-11acTHU no KBa3H6biCTpoTe 

TJ, a Ha pHC. 5 - OTHOWeHHe pacnpe~eJieHHR no KBa3H6biCTpoTe 11 B 

vEm -B3aHMO~eucTBHRX K . pacnpe~eneHHIO a v N -B3aHMO~eucTBH.RX . 
llapaMeTp m0 "' 0,4 r3B, 3KCnepHMeHTaJibHbie ~aHHbie (e) B3.RTbl 

H3 paOOTbl / 7 I . 

PHc. 6 ~eMoHcTpHpyeT cor nacHe 

paCIIeTa C OnbiTOM no yrJIOBOMY 

pacnpe.u.eneHHIO 1-llaCTHU. B~o. 

'ITO HeKOTOpa.R '18CTb 'laCTHU (KaK 

B MO~eJIH, TaK H Ha OnbiTe) BbiJie

T8eT a 3~HIOIO nonyc<Pepy . .Hc

cn~oBaHHIO C06biTHH C TaKHM H 'Ia-

CTHUaMH nOCBRI..UeHa cneUHaJibHa.R 

3KCnepHMeHTaJibHa.R paOOTa / 8 / , B 

KOTOpoH OHH Ha3BaHbl "KyMyJI.RTHB

HbiMH". ll03)f(e Mbl HX paCCMOTpHM 

6onee no~po6uo. 

Puc. 6. Yz.noeoe pacnpec>l!lleHue g -'10-

cruq. 

100.------------, 

L 

~2l_ __ ~--~--~--~--~ 
-1 0 

cos9g 
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TaKuM o6pa30M, paclJeTbi no Mo,nen.aM yKa3hmaJOT ua cyruecT
aoaauue KOHelJHbiX npoCTpaHCTBeHHO·BpeMeHHbiX HHTepBaJIOB ,n11.R 
ueynpyrux npoQeccoa. )J.anbueuw ee H3ylJeuue :noro .aaneuu.a MO)I(eT 
npe,nCTaB11.fiTb HHTepec ,nn.a KX)J.-TeopHH o6pa30BaHH.fi CTpyH H pewe
HH.fl npo6JieMbl KOHlPaHHMeHTa . 

.ABTopbi BbipR)I(aJOT 6naro.napuoCTb ylJaCTHHKaM 56-ro Coaeruaun.a 
COTpy,nHHlJeCTBa no HCCne,nOBaHH.fiM Ha 2-MeTpoBOH nponaHOBOH Ka
Mepe (,LJ,y6ua, 24-26 MaR 1988 r.) 3a o6cy)l(,neune nonylJeHHbiX pe-
3Y11hTaTOB H QeHHble COBeTbl. 
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NUCLEAR STRUCTURE FUNCTIONS IN THE BOUNDARY REGION 
OF THE SINGLE-PARTICLE KINEMATICS 

L.P.Kaptari,. A.Yu.Umnikov 

A theoretical analysis of nuclear structure functions in the region 
x.- 1 is given. It is shown that the contributions of pure nucleons and 
multiquark components of the nuclear wave function in this region 
are comparable and the binding effects and Q2 -evolution lead to soft
ening of the nuclear quark distributions . Numerical predictions for 
the carbon structure function in the cumulative region were made. 

Th investigation has been performed at the Laboratory of Theore
tical Physics JINR. 

H.u,epHhie crpyKTypHbie Q>yHKUHH B rpaJIH'IHOH o6JiaCTH 

OAHOHy KJIOHHOH KHHeMaTHKH 

n.II.Karrrapt., AlO.YMHHKOB 

llaH Teopemli:CKHH 8H81IH3 J!AepHbiX CTpyKyYpHbiX lf>YHKIJ,HH B o6-
nacm X- }. IlOK838HO, 'ITO BKn3Abl B CTpyKyYpHyiO lf>YHKU,HIO IJHCTO 
HyKnOHHbiX H MHOroKBapKOBbiX KOMIIOHeHT .IIAepHOH BOnHOBOH 
lf>YHKIJ,HH B 3TOH o6nacm CpaBHHMbl, a Jlf>lf>eKTbl CB.II3aHHOCm HyKnO
HOB H Q2 ·3BDniOUHH llOABOA.IIT K CM.IIr'I:HHIO KB 8pKOBbiX pacnpeAene
HHH B M pe. BbmonHeHbi npeACKa3aTenhHbie paC'IeTbi ATI.II CTPYKTYpHOH 
lf>YHKIJ,HH yrnepoAa B KYMYn.IITHBHou o6nacm. 

Pa6on BbmonHeHa B na6op8TopHH Teopem'leCKOH lf>H3HKH mum. 

1. Recently, it has become commonly accepted that the EMC
data 111 in a medium range of x are explained by the nuclear binding 
effects, as prescribed by the standard nuclear shell model and its exci
tations 121• The traditional Fermi motion of the on-shell nucleons 
(with a more hard impulse distribution) leads to another, qualitatively 
different, behaviour of the theoretical ratio F 2A/F 2N compared with 
the experiment. Clearly, the same situation should arise also in the 
boundary region x- 1, where pure nucleon components tend to zero, 
and the contribution of the Fermi motion and multiquark configura
tions are comparable. The detailed investigations of the role of multi
quark configurations (high impulse components) in the cumulative 
hA-reactions with a relatively small momentum transfer (Q-2 ~ 10~ 
.~GeV 2/c 2) are given in /3/. In the deep-inelastic j.tA-scattering the 
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momentu~ transfer is essentially greater (Q 2
- 100-300 GeV 2/c 2) 

and the multiquark distribution behaviour in the region x - 1 may 
differ. A qualitative analysis of Q2 ~ependence of the nuclear structure 
functions for x > 1 without taking the Fermi motion into account 
was given in ref/ 41 

. As far as in the boundary region x- 1 the Fermi 
motion effects are essential, the investigation of the total contribution 
of the multiquark components of the nuclear wave function and of the 
Fermi motion of the binding nucleons is of interest for getting quanti
tative evaluations. Also, this problem is actual because of the increase 
in the scaling violation in the structure function .of free nucleons for 
x > l. 

• 2. The nuclear structure function F 2A(x, Q 2) at fixed Q2 may 
be written in terms of the binding nucleons and six-quark components 
as: 

F2A(x) = 0-P8 ) ( dyd4kF2N(; )S{k) 8(y - :~) + p 6 *F~q(: ), (1) 

where, x=-q2/2pq, -q 2 = Q2, S(k) is the nucleon spectral function, 
including all the binding effects, F ~q is the six-quark structure function 
(in the region 0.8 5 x ::: 1.2 the main contribution comes from six
quark configurations), P6 is the corresponding probability. 

In the standard nuclear shell model the spectral function S(k) is 
just a single particle impulse distribution. However, to explain the 
EMC-effect it is necessary to take into account in the spectral function 
more complicated collective nuclear excitations, as" is shown in ref. 121

. 

For this purpose it is convenient to use the spectral function S(k) from 
the Antonov - Nikolaev - Petkov model /8/ which describes the main 
characteristics of a nucleus, energy and impulse distributions. In this 
case the impulse distribution coincides with the theoretical values ob
tained by other authors 18 1 in their microscopical calculations. 

The nucleon structure function F 2N(x, Q2) in (1) should be de
termined from the conditions of good description of the lepton scat
tering data on hydrogen and deuteron at the fixed Q2 -value. Unfortu
nately, the BCDMS-collaboration data in the region Q 2 - 100-
300 GeV 2tc 2 alone are insufficient for a reliable parametrisation of 
the true nucleon structure function. Therefore, we use the parametri
sation which satisfactorily describes the data of both the EMC and 

2 • 2 2 
CDHS-collaboralions ! 8 ! at Q -15-25 GeV fc . Note that the para-
meters of the F 2 q -structure function are determined also at enough small 
Q 2• In this way, we can com~ute the nuclear structure function 
F2A (x, Q~), where Q ~ -15 GeV /c2

• For the comparison with the 
BCDMS~ata (Q2 - 100-300 GeV 2/c 2

) we need to solve the Lipatov-

18 



greater (Q 2 - 100-300 GeV 2jc 2 ) 
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data in the region Q2 - 100-
~ for a reliable parametrisation of 
. Therefore, we use the parametri
s the data of both the EMC and 

2 2 
~ -25 GeV /c . Note that the para-
are determined also at enough small 
.te the nuclear structure function 
~2 . For the comparison with the 
2) we need to solve the Lipatov-

Antarelli -Parisi equations 191 with the initial conditions determined 
2 2 2 , 

by (1) at Q 0 -15 GeV /c . However, due to the choice of the initial 
conditions, there are uncertainties. First, the comparison 'of the EMC 
and BCDMS-collaboration nuclear data shows that there is a small 
systematic discrepancy between the results, which seems to exist also 
for t~e nucle~n data. and mu.st necessarily influence the corresponding 
solutwns of dtff~rentlal equatwns. Seeond, the multiquark distribution 
parameters in F2q(x), such as the six-quark configuration probability 
the impulse distribution slopes and others are determined from th~ 
hadron-nucleus reactions. These uncertainties are due to the inclusion 
of second nuclear effects, for instance, rescattering of hadrons in the 
initial and final states, nuclear absorption, etc. 

3. We solve the Lipatov - Altarelli - Parisi equations in the lea
ding order

2 
a~proximation with the QCD scale parameter 1\- (0.21-

0.23) GeV /c . The nucleon and six-quark structure functions at point 
q are taken from ref. 151 : 

F2N(x, Qo) = 5/18/1(1- x)3 (2,25 + 1,55(1- x)), 

F:q(x,Qo) ;= 6/ 18 y'x (1.-x)7 +2/3•0.23(1-x)
11

• 

The results of 
Q 2 -evolution of the 
carbon structure 
function for diffe
rent values of x 
including both the 
corrections of the 
binding nucleons 
and six-quark ad
mixtures are shown 
in fig.l. The shaded 

,...,. ;;;;;;;M;;;;, e; 
5 

; »X =· 6 5 

'-,, x=·:7s ,,,,,,,,,,' ,,,,,,,,,,, 

(2) 

Ffg.l. Q2..evolution of 
the carbon structure 
function including both 
the co"ections of the 
binding nucleons and 
six-quark admixtures at 
various x. About the 
shaded region see the 
text. 

50 100 150 200 
a2fGev2/ c2) 

250 300 

19 



1 a·2 ~.... • 
Q2 = 150 Gev2tc 2 

10-3 

-X -~ 10' 

Fig.2. Various contributions 
to the carbon structure func
tion at Q2 = 150 Ge V 2/c 2 

versus x . Curve 1 refers 
to results with only nucleo
nic contribution (including 
the binding effects).Curves 
2,3 refer to the results, 
including 6q-admixtures 
with P6 = 5% and P6 = 10%, 
respectively. The experi
mental points are from 

N u.. 

·,a-s 

10-6 

f 
141 re 

region reflects the un
certainties in the initial 
conditions we have told 

0.6 0.8 1.0 1.2 X above. We change the 
six-quark configuration 

probability P6 in carbon in the limits from 5% up to 10%. The numerical 
results of the carbon structure function at Q2 = 150 GeV2 /c2 in the 
boundary region of x are shown in fig.2 . From both figures one can 
see that the Fermi motion of the binding nucleons satisfactorily explains 
the experimental data in the noncumulative region ·Of x. The contribu
tion of the six-quark component is comparable with the Fermi motion 
at single particle kinematical limit and becomes dominant when x further 
increases. As compared to the cumulative hA-reactions, the Q2 -evolution 
and inclusion of the off-mass nucleons lead to the softening of high 
impulse components in nuclei. This result . is to be taken into account, 
when one compares different experimental data on structure functions 
from different processes - lepton-nucleus (high Q2

) or hadron-nucleus 
scattering (medium and low q ). 

We should like to note one more circumstance. We have solved 
the evolution equations in the leading order. In the last time one compu-

. tes the high-twist corrections. It turns out that the contributions from 
the higher twists are inverse proportional to Q2 and increase with x. 
In our case these corrections are not essential. Indeed, in the boundary 
region of x"' 0 .9-1.2 the main contributiohs come from six-quark 
components (see fig.2) and for them a scale variable xis twice smaller 
than the nucleon one, i.e. x err - 0.45-Q.60 and at these x higher 
twists are small irrespective of Q2 . 
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3<I><I>EKThl KBAHTOBhlX <I>JIYKTY AI.Uffi 

B MO.[{EJ111 CJ'PYKTYPHOfO CTEKJIA 

C.E.Kpacasuu 

Hccneny10TCJ1 cpaJOBbie nepexo.lJ,bi B MonenH ctpyKtypHO·HeyctoHtiH· 
BbiX TBep.!J,biX pactsopos THna cMemeHHJI c KOHKYPHPYIOlllHMH cpeppo
H aHTHcpeppoAHCTOpCHOHHbiMH BJaHMO.lJ,eHCTBHJIMH npH yqete KBaHTQ
BbiX cpnyKtyaUHif. noKaJaHa B03MOlKHOCTb OOJIB1leHHJI cpa3bl THna COH· 
HOBOfO CTeKna. 

Pa6ota BbinonHeHa B Jla6opampHH TeopeTH'IeCKOH cpH3HKH OH.RH. 

Quantum Fluctuation Effects 

in t h e Model of Structure Glass 

S. E. Krasavin 

Phase transitions in the model of displacement-type structurally
unst able solid solutions with competing ferro- and antlferrodistortive 
interactions are investiga ted taking into account quantum fluctuations . 
The possibility of appearam:e of spin glass-like phase is shown . 

The investigation has hcc n performed at the Laboratory of Theore
tical Physics, JINR. 

1·. B s e A e H ·H e 

B n o cneAHee speMH s ee 6onLwee BHHMaHHe s o6nacTH ¢H3HKH 

KOHAeHCHpOBaHHhlX cpe.n YAeJIHIQT CTpyKTypHblM CTeKJiaM, KOTOpble 

RBJIRIOTCR AH3JieKTpH'IeC KHMH aHaJIOraMH COHHOBhiX CTeKOJI B MarHHT· 

HhiX CHCTeMaX. CTpyKTypHbiM CTeKJIOM Ha3biBaiOT CTeKJIOOOA06Hoe 

COCTORHHe, B03HHKaiOLUee B CTpyKTypHO-HeyCTOH'IHBhiX CHCTeMaX . 

TsepAhie pacTBOphi, no-BHAHMO MY, RBJIRIOTCR uau6onee nepcneKTHB· 

HhiMli M R 3KCnepuMeHTaJibHOrO H3yqeHHR CHCTeMaMH, TaK KaK HX 

MO)I(}{O OOJiy'laTb npH BblpaLUHBaHHH 6e3 ~e<f>eKTOB, KOTOphie CHJibHO 

BJIHRIOT u a KapTHHY ¢a3osoro nepexoAa 1 1 . Hau6onee H3y'leHbi s ua

CToRmee speMR cMecn cerneT03JieKTpHKa RbH 2P04 (RDP) u aHTH· 

cerueT03JieKTpHKa NH 4 H 2P04 (ADP), KOTOphie RBJIRIOTCR auanoraMH 

KOHUeHTp HpOBaHHhiX COHHOBhiX CTeKOJI C KOHKypupyiOIUHMH B3aH

MOAeHCTBHRMH . .[{JIH 3THX CHCTeM HMeeTCR 60JibWOH 3KCnepHMeHTaJib

HhiH M aTepHaJI, a TaK>Ke OOCTpoeua MOAeJib TepMOAHHaMU'IecKHx 

H AHHaM U'IecKHX CBOHCTB CHCTeMbl. 11CCJieAOBaHHR OOK83hiBaiOT, 

'ITO npH KOHUeHTpaUHH X B HHTepsane OT 0,2 AO 0,8 3TH CMeWaHHbie 

KpHCTaJIJihi HMeiOT xapaKTepuoe cTeKnonoAo6uoe noseAenue, o6ycnos

neuuoe pa3yOOpfJAO'IeHHeM npoTOHOB. flpH 3TOM, KaK 6hiJIO OOKa3aHO 
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B pa6oTaX 12•3/ , Bll)KHYIO pOJib urparoT KBaHTOBbie cpnyKTyauuu, 
Tal< KaK nepexo.z:r. B cpa3y CTeKJia npOUCXO.IJ.UT npU HU3KUX TeMnepaTy
pax. ,[{aHHaJI CTpyKzypa OTHOCUTC.R K KJiaccy CUCTeM, UCnbiTbmalOIUUX 
CTPYKTypnLrn cpa30BbiH nepexon TUna nopR.IJ.OK - 6ecnop.R.IJ.OK 141. 

,[{pyruM KJiaccoM cucTeM, ucnbiTLIBaromux cTpyKzypnbrn cpa3o
Bbrn nepeXO.IJ., .RBJl.RIOTC.R CUCTeMbl TUna CMeiUeHH.R. llpUMepoM MO>KeT 
cny>KHTL mep.z:r.Lrn pacrsop Sr 1 _ x Pb x Ti03 , cocTO.RIUUH U3 cernero-
3neKTpuqecKon KOMnonenTbi Pb TiOa u anTucernero3neKTpuqecKoH 
KOMnonenTLI Sr Ti03 . KaK noKa3biBaroT uccnenosanu.R 151 , cpa3osa.a 
nuarpaMMa s 3TOM TBepnoM pacmope conep>KHT o6naCTL cernero-
3JieKTpuqecKou U aHTHCerHeT03JleKTpHl1eCKOH cpa3 U, B03MO>KHO, cpa3y 
cTeKna. CTeKJionono6noe nosenenue s cucTeMax, npeTepnesaromux 
CTpyKTypHbiH cpa30BbiH nepexo.z:r. TUna CMeiUeHU.R, UCCJie.IJ.OBMQCb 
TeoperuqecKu s pa6oTe ' /6~ OnuaKo 3To uccnenosanue 6biJIO 
nposeneno s KJiaccuqecKoM npenene. B nacToRmeu pa6oTe paccMaTpu
saeTc.R MO.IJ.eJIL Tsepnoro pacTsopa Tuna cMexuenu.R c KOHI<ypupyroxuu
Mu B3aUMO.IJ.eHCTBU.RMU npu yqere KBaHTOBblX cpnyKTYaiJ.HH. 

2. M one n L 

PaccMOTpUM MO.IJ.eJILHbiH raMUJILTonuan: 
2 

Pn An 2 
~ (--- -x + 
n 2m 2 ° n 

(1) H 

r.ue X0 - JlOKaJILHa.R HOpMaJibHa.R KOOp.llUHaTa, onUCbmaroma.R CMeiUe
HHe aTOMOB n -H 3JleMeHTapHOH .flqeHKH, Pn - COOTBeTCTBYffilUHH JlO
KaJibHOH HOpMaJibHOH KOOp.IJ.HHaTe HMnyJILC, <IJ nn' - CHJIOBaJI KOH
CTaHTa, onucLrsaromaH B3aUMonel1cmue n -11 I1...!L:b .flqeeK. Bs eneM na
paMeTp KBaHTosocru A ~ fl cu0/4';,.rne cu0==.J A/m - 11B.CTOTa nyneBbiX 
Kone6anun, V0 =A2 I 4B - rny6una 3cpcpeKTHBHoro o.z:r.noqacruqnoro 
noTenuuana (A, B - napaMeTpbi .RMbi) . 

<l>a30BbiH nepexo.z:r. B MO.IJ.eJIH, TO eCTb nO.RBJieHue npu HeKOTOpoH 
TeMnepaType T e oTnuqnoro OT nyn.R cpenuero cMemeHH.R 'lin == .<X0>~0, 
B03MO>KeH, ecnu A < Ae, rne A e - KpHTnqecKoe 3Haqenue napaMeTpa 
KBaHTOBOCTH. llpe.z:r.CTaBUM JlOKaJibHble HOpMaJibHbie KOOp.IJ.HHaTbl 
s sune 

rne 'II n - CTaTHqecKue cMemenu.R, u
0 

(t) - cpnyKTyauuoHHbie cMe
xuenH.R B6JIU3U nOJIO>KeHH.R paBHOBecU.R. 

BLmonn.RR TepMo.IJ.HHaMuqecKoe ycpennenue ypasneHH.R nsu>Ke-

d 
HH.R --<P0(t)>::0, nony11B.eM 

dt 
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2 s 
(-An+3Bn<Un> + 'ellon)11n +Bn11n ~ 'ellnn' , 

nn 
11 n, ' (2) 

r)l.e ·ell
0 

= ~ 'ell k' MLI oT6pocHJIH aurapMoumecKHe tJJieHLI BhiCOI<oro 
n k n 

nop.R)l.Ka. 
flo aHaJIOrHH CO CllHHOBbiMH CTeKJiaMH /7 I BBe)l,eM CJie)l.yJOI..QHe 

)l,Ba napaMeTpa nop.R)l.Ka )l.Jl.R onHCaHH.R <!>a3bi cTpyKTypuoro cTeKJia: 
i7n H 7i'! . qepTa csepxy 03HatJaeT Kou<t>urypa~uouuoe ycpe)l.ueuue, 
I<OTOpoe BblllOJIH.ReTCH B npH6JIH:>KeHHH BHpTyaJILHOrO KpHCTaJIJia. 
113 ypasueuH.R (2) HMeeM 

--::2-- --
(-An + 3Bn <un > + 'ello-1'1) 11 n = ~, 'ellnn'11n'' 

n 
(3) 

3)l,ecb BblllOJIHeHO KOH<!>Hrypa~HOHHOe ycpe)l.HeHHe H OT6pom eHhl au
rapMOHHtJeCKHe tJJieHbl. B napa4>a3e i1 ~ = 0, H, COOTBeTCTBeHHO, B 
4>eppo- H aum<Peppo<t>aae ;j n - cos <l()R-n- EcnH 'cliq HMeeT MaKCHMYM 
npH q = 0 (nOJIO:>KHTeJILHOe B3aHMO)l,eHCTBHe), TO npOHCXO)l.HT nepeXO)l, 
napa<t>aaa - <t>eppo<t>aaa. llpH q = q B z MaKCHMYM 'ell q0 onpe)l.eJI.ReT 
nepexo)l. napa<t>aaa - aHTH<!>eppo<t>aaa ( oTpH~aTeJILHoe B3aHMo)l.eHcT
BHe) . 3anHmeM q,ypLe-npeo6paaosauue ypasueHH.R ( 3) : 

- - -
3Bn < u: > =An + ellq - ·ellq=O • 

0 
(4) 

Cpe)l.HHH KBa.n;paT <!>nyKTya~ onpe)l.eJI.ReTC.R H3 <!>nyKTya~uouuo

)l.HCCHn~HOHHOH TeopeMbl: 

<U2 > 
n 

1 

2riinN 

1 Wq 
~ -cth--. 
q Wq 2T 

11cnOJih3YH ypasueuHe (3), c ytJeTOM Bhi6pauHbiX napaMeTpoB nop.R)l.
I<a nonytJaeM Bbipa:>Keuue )l.JI.R <l>aaLI cTeKJia: 

- - -------2 
3B2n < u~ > = Bn (An - 'ell On ) + 

-----2 -2 2 2 1/2 
+lBn(An- 'ellon) + Bn[ 'ell2n-('ellon -An) 11 • 

(5) 

r ne '"' 2 - ~ .~ 2 ,.., '6'2 - .. 'I! k • n k n 

<l>OHOHHaH tJaCTOTa, COOTBeTCTBYJOI..Qa.R M.RrKOH MO)l.e,onpe)l.e
n.ReTCH ypasueuneM 

2 - - 2 ""'2 ' ' 
mnwq = -An+ 3Bn( <un > + 11n) +ellq=O-ellq

0 
(6) 
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• 

CncTeMa ypaBHeHHH ( 4) - (6) onpe,nenHeT TeMnepaTypy nepexona 
K cooTaeTcrnyrow;eu !f>a3e npu · q 0 , a TaKlKe TeMnepaTypy nepexo.na 
K !f>a3e cTexna T g • 

Bae,neM cne.nyrow;ue 6ropa3MepHbie napaMeTpbi: 

(7) 

11cnOJlb3YH CHCTeMy ypaaHeHHH (4) - (6) , C yqeTOM (7) noJiyqaeM 
napaMeTpnqecx ue ypaaHeHHR ,nJIH onpe,neneHHR xpmuqecxou TeMne
paTypbi T B HHTerpanbHOH !f>opMe: 

1 >.{} 
r 0 cth-v'(l-p)2 -1,2p(J. -p) 

0 20 

0,2y'~::p) 2 -1,2p(1 -p) '(8) 
A 

1 
AO r 0 cth - v' 1,2p 2 -1 , 2p(1 -p) 

0 20 

0,2 v' 1,2p 2 - 1, 2p(1-p) 
X 

(9) 

X (l + 2,4p 2 - 1,2p) , 

1 
AO 2 2 2 2 r 0 cth--v'U -p) -1,2p(1-p) +1,2p = 0,2 y' (l-p) -1,2p(1-p) +1,2() X 

0 20 

X l-0,1 + 3,52p - 3, 74p2 + v' 1,21 -4,84p + 13 ,9p2 + 10,11 p 4 II A . 
(10) 

YpaaHeHHH (8)- (10) onucbiBaJOT nepexo,nbi napa!f>a3a - !f>eppo!f>a3a, 
napa!f>a3a - aii TH!f>eppo<J:la3a, napa!f>a3a - !f>a3a cTpyxyYpHoro cTeKJia 
COOTBeTCTBeHHO. 

3. <I> a 3 o a bi if n e p e x o n a M o n e n u 

B npH6JimKeHHH BHpTyaJibHOrO KpHCTaJIJia CHJlOBble KOHCTaHTbl 
H MaCChi OnHCbiBaJOTCH BblpiDKeHHHMH 

- 2 AA AB 2 BB 
·<flnn ' = (l-p) <llnn' + 2P(1 -P)<Ilnn ' +P <llnn'• 

(11) 

m n = (1 - p) rn A + pmB • 

3,necb KOMnoHeHTa A rnep.noro pacTBopa HCnbiTbiBaeT !f>eppo,nncTop
cnoHHbiH nepexon (max ·<fl !A= ·<fl !!o = <ll~A) , xoMnoHeHTa B - aHTH-
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t 
Ci:: 
'ii 
l 

0,5 

0 

.-----

p 

' SG. 
' ' 

~= 0, i 

)\=0,3 

....: 

1 

o,s-

i 
p 

¢eppO.U.HCTOpCHOHHblH <IJ B B= <IJqB_Bq . .lJ.nH tJHCJieHHbiX paCtJeTOB 6hUIH 
q - BZ • • 

Bbi6paHbl CJie.IJ.ylOIUHe COOTHOWeHHR Me'lK.U.Y napaMeTpaMH : 

<IJAA 
AB=-0,2AA; Bs = BA; m 8 =mA; --=1,1; 

AA 
<llAB=-O,G<I!AA; <llBB=-1.2 ¢AA. 

Ha pHcyHKe noKa3aHa 3aBHCHMOCTb TeMnepaTyphi nepexo.u.a () B cooT
aeTCTBYIOIUYIO ¢a3y OT KOHUeHTpaiUfH p npH 3HatJeHHRX napaMeTpa 
KBaHTOBOCTH ,\ =0,1, A=0,3. 

4. 3 a K 11 10 tJ e H H e 

KaK BH.IJ.HO H3 .U.HarpaMMhi (eM. pHcyHoK), KBaHTOBbJe ¢nyKrya
rum 60JibWe no.IJ.aB!IHIOT .U.aJibHHH nopH.U.OK, tJeM 6JIH'lKHHH, npHtJeM 
BKJia.U. HX npH nepexo.u.e napa¢a3a - ¢eppo¢a3a 3aMeTeH 6oJI&UJe, 
tJeM npH nepexo.u.e B .u.pyrHe ¢a3bi. C yaeJIHtJeHHeM BKJia.u.a 3THX ¢nyK
TYauHH, KaK noKa3aHO Ha pHcyHKe, yaenH'IHBaeTCH o6nacTb nepexo.u.a 
a ¢a3y cTeKJia. B uenoM MO'lKHo 3aMeTHTb, 'ITO c pocToM aKJia.u.a 
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3THX 3cpcpeKTOB TeMnepaTypa nepexo,na B COOTBeTCTBYIOIUYIO cpa3y 
yMeHbUlaeTC.R. 

Auanu3 CTPYKTypuoro cpa3oaoro nepexo.na B KJiaccHtlecKoM 
cnyqae (6e3 yt~eTa KBaHTOBhiX cpnyKTYaQHH) paCCMaTpHBaeTC.R B TeO
peTHtlecKOH pa6oTe 161. Ilpu cpaaueuuu .nuarpaMMhi a . KJiaccHtlecKOM 
npu6nu:>Keuuu c nonyqeuuoi1 uaMH cpa30BOH .nuarpaMMOH MO:>KHO 3a
MeTHTb, 'ITO B KBaHTOBOM cnyt~ae pacmup.ReTC.R o6naCTb nepexo.na 
B cpa3y CTeKna. 3TO rOBOpHT 0 TOM, 'ITO KBaHTOBbie 3cpcpeKTbl BHOC.RT 
.D:ODOnHHTenbHhiH BKJia,n B o6pa30BaHHe CHCTeMbl C 6nH:>KHHM llOp.R,n
KOM. 

TaKHM o6pa3oM, KaK noKa3hmaeT npoae.neuuoe paccMoTpeuue, 
yt~eT KBaHTOBhiX cpnyKTYaQHH 3aMeTHO BnH.ReT Ha cpa30Bble nepeXO.D:hl 
B MO,nenH CTpyKTypuoro CTeKna. IJpe,nCTaBn.ReT HHTepec 3KCnepHMeH
TaJlbHOe H3yt~euue noro a n HRHHR, uanpuMep B cnyt~ae TBep.noro 
pacTBopa (Sr, Pb) TiO 0 • 

B 3aKJirot~euue aBTOp 6naro.napHT B.JI.AKceuoaa 3a nocTaHOBKY 
3a,naqu u pyKoao.ncmo .nauuou pa6oTon. 
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