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1 _ BBe.n;eHHe 

Pelliemrn npo6JieMJ,I C03,Zl;amm 3JieI<TpOJI,Zl;epHhlX ycTaHOBOR H TpaHC

MyTan;1rn: pa,Zl;IIOaRTIIBHhlX OTXO,Zl;OB npe,zuroJiaraeT MO,Zl;eJIIIpOBaHIIe B3aIIMO

,Zl;eil:cTBIIil: '<IaCTIID; II JI,Zl;ep C JI,Zl;paMII. 3,Zl;eCb ,Zl;OBOJibHO ycnellIHO IICilOJib3y

eTCJI RaCRa,Zl;HO-IICnapIITeJII,HaJI MO,Zl;eJII, [1] - [6]. B -.:i:acTHOCTII, nporpaMMa 

MO,Zl;eJIIIponaHIIJI a,Zl;pOH~JI,Zl;epHhlX B3aIIMO,Zl;eikTBIIil: [7] npII3HaHa 0,Zl;HOil: IIX 

JIY'IIIIIIX n q>II3IIRe npoMeiRyTO'IHhlX ::iHeprIIil: [8]. B TO iRe BpeMJI, B pa-

6oTax [9] - (12] OTMe'!aJICJI PJI.Zl: He,Zl;OCTaTROB OilIICaHIIJI coy,napeHIIil: JI,Zl;ep 

C JI,Zl;paMII npII BhlCORIIX 3HeprIIJIX B paMRax 3TOil: MO,Zl;eJIII. I(eJII, HaCTOJI

:w;eil: pa60TJ,I - npe)lCTaBllTb pacqeTbl ,. pa3JIII'IHJ,IX xapaRTepIICTIIR -.:i:acTIID;,. 

poiR,Zl;aIO:w;IIxci BO B3aIIMO,Zl;eil:CTBIUIX JI,n;ep C JI,Zl;paMII, B cpaBHeHIIII C II3Be

CTHJ,IMII 3RcnepIIMeHTaJibHJ,IMII ,Zl;aHHJ,IMII, 'ITO Il03BOJIJieT CY.Zl:lITb O TO'IHOCTII . 

Racim,Z1;Ho-IicnapIITeJibHOil: MO,Zl;eJIII (I01M). 

,lij>yraJI n;eJib pa6oThl - anpo6an;IIJI He,Zl;aBHO npe,Zl;JIOiReHHoil: [13] Mo-: 

.Zl:llq>IIn;IIpOBaHHoil: nporpaMMhl FRITIOF [14]. IlporpaMMa FRITIOF IIIII~ 

pORO lI3DeCTHa B q>II3IIRe BJ,!CORIIX 3HeprIIil:. C'IIITaeTCJI, 'ITO ee HeJII,3JI HC

IlOJib30BaTb npII yMepeHHJ,IX 3HeprlUIX ( ~ 3 - 10 r::iB / HYRJIOH)' IlOCROJibRY 

CTaHOBIITCJI HenpIIMeHIIMOil: II,Zl;eOJIOrlUI o6pa30BaHIIJI II pacna,Zl;a RBapRO

BJ,IX c:rpyH. O,Zl;HaRo aRRypaTHhlil: y-.:i:eT RIIHeMaTII'leCRIIX orpaIIII'leHHil: n 

peJIJITIIBIICTCRII-IIHDapIIaHTHhlit y-.:i:eT "q>epMII-,Zl;BII)ReHHJI" HYRJIOHOB Il03B0-

JIJI10T (13] CHII3IITI, q>OpMaJII,HJ,Iil: npe,Zl;eJI IICilOJib30DaHIIJI npo:rpaMMJ,I II y,no

B.lleTBOpIITeJibHO OilIICaTb, RaR 6y,neT noRa3aHO HII)I{e, OCH0BHhle xapaRTepII

' CTIIRII JI,Zl;pO-JI,Zl;epHhlX D3aIIMO,Zl;eil:CTBIIil: npII 3HeprnJIX ~ 3.5 T::iB /HYRJIOH. 

C Teopern-.:i:ecRoil: TO'IRII 3peHIIJI I{l1M II Mo.zieJib FRITIOF npe,Zl;cTan

JIJIIOT .zina Rpail:HIIX napIIaHTa TeopIIII. I{l1M [15], IICilOJib3yeMaJI HaMH, He 

y-.:i:IIThlBaeT poiR,Zl;eHIIJI Me30HHhlX ;ll 6apttoHHbIX pe3oHattcon ·• B JIBHOM BII,Zl;e. 

To ecTb oHa npe.zinoJiaraeT 6hlcTphlil: pacna,Zl; pe3oHaHcon B JI,Zl;pax II MaJioe 

BpeMJI q>OpMIIpOBaHHJI BTOpH'IHJ,IX -.:i:aCTIID;. 

Mo.Z1:eJib FRITIOF (14] npe,zuroJiaraeT, -.:i:To B xo,Zl;e 6hlcTpoil: CTa.Zl:IIII B~a

IIMO,Zl;eil:cTBIIil: HYRJIOHJ,I CTaJIRIIBaIO:w;IIXCJI JI,Zl;ep nepepacceIIBaIOTCJI ,Zl;pyr Ha 

.n;pyre II nepeXO,wIT B B036yiR,Zl;eHHJ,Ie COCTOJIHHJI. Bo36y)I{,Zl;eHHJ,Ie HYRJIOHJ,I 

TµaRTYIOTCJI RaR I{X,lJ;-cTpyHhl, pacna,Zl; ROTOpbJX MO,Zl;eJIIIpyeTCJI C IlOMO:W:blO 

nporpaMMJ,I [16]. B3aHMO,n;eil:CTDHJI poiR,Zl;eHHhlX a,Zl;pOHOB ,Zl;pyr C ,Zl;pyroM H 

C HYRJIOHaMII JI,Zl;ep He Y'IIIThlBaeTCJI. ,[J;pyrIIMII CJI0BaMII,. MO,Zl;eJII, npe,zuro- . 

JiaraeT ,Zl;OJiroe BpeMJI iKH3HH pe3oHaHCOB B JI,Zl;pe II 60JibI1IOe BpeMJI q>opMII

poBaHIIJI BTOpH'IHJ,IX -.:i:acTHn;, 

IlpoMeiRyTO'IHblil: TeopeTII'!eCRHil: napIIaHT npe,Zl;CTaBJIJieT. MO,Zl;eJII, RBapR

rJIIOOHHJ,IX cTpyH (MRrC) [17, 18]. Mo,Z1;eJI1, y-.:i:IIrnnaeT poiR,Zl;eHIIe 6apIIoH

HLIX II Me30HHJ,IX pe30H8HCOB, IIX pacna,Zl;J,I II BpeMJI qJOpMIIpOBaHIIJI BTOpH'I-



HllX qacnrn;. RaRIIe-JilI6o H3MeHeHlIJI CBOHCTD pe30HaHC0B B JI.l.(epHoil cpe.l.(e 

He npe.l.(II0JiararoTCJI. PacqeTll, npe.l.(CTaBJieHHlle HHiRe, D3JITll H3 pa60Tll 
[19]. . 

I1cnom,3yeMue HIDRe 3KcnepmrnHTamHue .l.(aHHlle 6umI noJiyqeHll .!lBY

MJI He3aBHCHMllMH rpynnaMH Ha ycKopHTeJie JIB8 OI1HI1 H ony6JIHKOBam1 

B [20, 12, 19]. IlepBM rpynna.l.(aHHllX [20, 12], o B3aHMO.l.(eHCTBHJIX a -
qacTmi: H H,D;ep yrnepo.l.(a c JI,n;paMH npH HM11yJI1,ce 4.5 A raB/c no.riyqeHa c 

noM0IUI,lO CTpHt!epH0H KaMepu. BTOpM - ,n;aHHlle, noJiyqeHHlle Ha .!lBYX

MeTpOBOil: nponaHoBoil: ny3up1,K0Boil: Katrnpe JIB8 OI1HI1, o B3aHMO.l.(eil:

CTBHJIX pa3JillqHl,IX JI.l.(ep C JI.n;paMH yrJiepo.n;a H. TaHTaJia 11pH. mmym,ce 

4.2 A rsB/c [19].; ,, 3rn ,llBe rpyIIIIbl .llfil!Hb!X B3aIIMHO .norrorrmIIOT .npyr .npyra 

H .n;aroT nmpoKyro 6a.3y ,n;JIJI aHamI3a TeopeTHqecRIIx 110,n;eJieil:. 

Panee B pa6oTe [12] 0TMeqaJI0CI>, qTQ KacKa.n;H0-HCIIapHTeJII>HaJI M0,ZJ;eJII, 

.n;aeT HeJ.!l0BJieTD0pHTemHoe 0IIHCaHHe pacnpe.n;eJieHHil: 110 MH0)I{eCTBeHH0-

CTH 7r-: -trn3oHon n C + C-B3a~110.n;eil:~TDIDIX .. PJI.n; He.n;ocTaTK0B TeopeTHqe

cRor<1 OilHCaHHJI 6llJI o6HapymeH H D [9, 10, 11]. B pa6ornx [19, 21] 6llJIO 

npone.l.(eHo urnpoKoe cpanHemre 3KcnepHMeHTaJII>HllX .n;aHHfilX_ c pacqeTaMH 

no' MRrc. TaM 6filJIO 06HapymeHo, qTo M0,ZJ;eJII, Y.!l0DJieTDopHTeJII,H0 B0C

np0H3B0.n;HT HMilYJil,CHfile H.YrJI0Bfile xapaKTepHCTHKH p0)I;.l.(eHHI,IX qacTHll;. 

Mo,n;em, • :1,n;aeT" npaBHJII,HYIO cpe,D;HIOIO MHO)I{eCTDeHHOCTI, 7r-•Me30H0B BO 

B3aHM0,ZJ;eil:CTBIDIX JI,n;ep p, d, He C JI.n;paMH yrnepo.n;a. Ll:JIJI c· + C H C + Ta 

-, : B3~HMO,ZJ;eil:CTBH:ii . pacqeTHfile . neJIHqHHI,I MHO)I<eCTDeHHOCTeil:. 11peBI,IIIIalOT 

C00TBeTCTBYIOIUHe 3KcnepHMeHTaJII,HI,Ie 3HaqeHHJI. 

· B. HaCTC}JIIUe:ii pa6oTe, MI,I orpann:qn:MCJI pacCM0TpeHHeM xapaKTepHCTHK 

,T0JII,KO, OTpHri:aTeJII>H0 aapJimeHHfilX qacTHU, II0CK0JII,I(Y II0JiaraeM, qTo 0HH 

B HeaHaqn:TeJII>Hoil: Mepe HCI<ameHfil ycJI0BHJIMH per~cTpm:iHn: ~ pa3HfilX 3KC-

11epn:MeHTaJII>Hfilx ycTaH0BKax. 

2 Pacrrpe]J;eJJ:eHIDI IIO MH01KeCTBeHHOCTH 
' ' 

OYpHJ:~aT~LHO 33pH1KeHHLIX 1:13CTHU:_ 

HaqHeM paCCMOTpeHHe c Han:6oJiee o6ui:eil: xapaKTepHCTHRII JI.n;po

JI,n;epHfilX D3aHMO.l.(eil:CTBHil: - C pac11pe.n;eJieHH:ii 110 1rnomecTBeHHOCTH 0T

pHll;aTe.JThHO :mpmKeHHfilX qacTHU (an/<Yprod; <Yn - ceqeHn:e po)I{,ZJ;eHIDI n 
7r--Me30Hon, <Yprod = Ln an)• Ha pHc. 1 npe.n;cTanJieHfil 3Kcnepn:MeHTam

Hfile .l.(aHHfile [12, 20] (TeMHfile ToqRH) nMecTe·c pacqeTatrn 110 KacKa.l.(Ho

Hcnapn:TeJII>Hoil: M0,ZJ;eJilI (rncrorpaMMfil) n: no M0.l.(eJIH FRITIOF ( cneTJII,Ie 

TQql(H). 
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Pnc. 1: Pacrrpe.z.eJieHJrn no MI!0lReCTBeHH0CTll OTpnrraTeJibH0 3apHlReHHb!X qacTIIII B H.Z.PO

H,llepHb!X B3anMo.z.ellcTBIIHX rrpn 4.5 A f3B/c. 
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8RcnepIIMemam.m.re .n:aHHLie 6mm: HOpMIIponaHHLI [12, 20] Ha ceqe

HHe pom.n:eHIIJI HOBLIX 'IaCTIIIJ; (aprod), IlOCI{OJibRY D 110.n;eJIJIX He Y'IIITLI

BaIOTC.11 RBa3uynpyrue peaRIJ;uu, conponom,n:aeMLie pa3naJIOM O.ZJ:Horo IIJIH 

0601IX CTamrn:naromuxc.11 .11.n:ep 6e3 pom,n:eHHJI Me30Hon. RaR nu.n:Ho II3 pu

cyHRa, lIMeeT MeCTO · cucre1rnTH1IeCRoe OTJIHtJIIe pactJeTon no RHM OT 3RC

nepIIMeHTaJib:f!:LIX .n:aHHLIX - Mo.n;eJib 3anmnaeT MHOJReCTDeHHOCTb poJR.n;eH

HLIX qacTIIIJ;. B TO JRe npe11.11, :i.ro.n;eJib FRITIOF Ha y.znrnJieHue xopoIIIo 

nocnpou3BO.ZJ:HT 3RCnepIIMeHTam.HLie pacnpe.n;eJieHIIJI . 

B Ta6JIHn;e 1 npIIne.n;eHLI pactJeTHLie II 3RcnepuMeHTaJibHLie [19] 3HatJe

HII.II cpe.n:neil: MH0JReCTBeHHOCTII 'Jr- -Me30HOB B.O D3aII~ro.n:eil:CTBH.IIX .11.n:ep C 

.11.n:paMH TaHTaJia npu IIMnyJibce 4.2 I'3n/c Ha HJRJIOH. 

Ta6mm;a 1 
' d+Ta He+Ta C+Ta CCLIJII{ll 

8Rcrrep. 0.86 +/- 0.03 1.42 +/- 0.06 3.40 +!- 0.04 [19] 
FRITIOF 0.85 1.52 3.64 
HMM 0.78 2.66 5.58 
MRI'C 5.18 +/- 0.04 (19] 

RaR Dll,ll;HO II3 Ta6JIIID:LI, KHM II MRrc Hey.n;onJieTBopuTeJibHO OIIHCLI

BaIOT po;r<.n;eHIIe OTpIIn;aTeJibIIO 3ap.11JReHHLIX 'IaCTIII( Ha T.IIJReJILIX .11.n;pax 

TaHTaJia ri:pn pacc1mTpnnae1rnfi 3HeprIIII D3amrn.lleficTnnfi. Ilo3TOMY rrpu 

lICIIOJib30BaHIIH 3TlIX MO,D;eJiefi ,ll;JIJI pacqeTa xapaRTCpHCTHR 3JieKTp0l!):{ep

HLIX ycTaHOBOIC CJie.n;yeT co6mo.n;aTb onpe.n:eJieHHyIO OCTOpOJRHOCTb. 

Mo.n:nqmn:uponaHHaJI Mo.n;eJib FRITIOF xopo11Io nornpon3no.zn~T pacnpe

.n;eJieHH.11 no MHOJReCTDeHHOCTlI poJR.n;eHHLIX qacTIII( B 1I.llpO-JI.llepHLIX B3aHMO

.n;efiCTBH.IIX RaR npII paccMaTpnnaeMLIX, TaR II npu 6oJiee DLICORHX 3Hepru.11x 

(pactJeTLI He npnne.n;eHLI) . .I(JIJI a.llpOH-JI.n;epHLIX D3amm.lleficTnnil:, .n;JIJI B3a

IIMo.n;eil:CTBH:ll: npOTOHOB C .11.n;paMII !pOT03MYJibCIIU, MO.n;eJib .n;aeT pe3JJibTaTLI 

ne xyme, qe11 RHM (pactJeTLI TaRme He npnne.n;eHLI). 

3 MMnyJII,CHhle xapaRTepHCTHRH pom)l;eHHhlX qac

TH:U: 

IlpeDLIIIIeHne cpe.n;HIIX 1rnomecrneHHOCTefi pom.n:eHHLIX qaCTIID;, paCC'IlI

,raHHLIX no RHM, COOTBeTCTBJIOIUHX 3Rcnepm,1eHTaJibHLIX 3HatJeHIIil: o6y

CJIODJieHo RaR HeytJeToM poJR.n;eHH.11 pe3oHancon, TaR H RacRa.n;nponaHHeM 

BTOpH'lHLIX 'IaCTIII(. QqenH.l(HO, 'ITO D .xo.n:e RaCR8.llHLIX rrepepacceJIHIIil: 

3HepreTH'IeCRUil: cneKTp pom.n;eHHLIX tJaCTHI( ,ll;OJIJReH "CMJirtJaTbCJI". Ilo-

3TOMY MO)RHO OJRII,ll;aTb 60JiblIIUX paCXO)l{.llCHIIH MeiR.n_y paCtJeTHLIMU II 3RCne

PlI11eHTaJibHLIMII pacnpe.n;eJieHUJI111I tJaCTUI( RaK no nonepe'!HOMY IIMnJJibCY 

4 

n 

I '1 

(Pr), TaR II no noJIHOMY u11nyJI1,cy (P) n o6JiacTJIX !.IRJILIX 3HatJemi:fi IIM

IIJJibcon. 

B :i.ro.n;eJIII FRITIOF, n EOTopoii He ytJIITLinarorrn i-;acRa.ZJ:HLie rrepepac

ceJIHUJI poJR.n;eHHLIX 7f' -Me30HOB, MOffiHO OffiH.llc1Tb rrpoTHD0IIOJIOJRHYIO CHTY

an;uro. 

PactJeTLI no MRI'C, rro-nu.n:mrnMy, .n;oJia-HLI 6LITb 6JIII3EII i-; pactJeTaM no 

RHM, rrocROJibRY n Heil: ytJuTLIDaIOT~JI KacKa.n;HLie n3au110.n:eficTnH.11. 

PactJeTLI, rrpe.llCTaDJieHHLie Ha Puc. 2, 3, IIO.llTDepa-.llaIOT nu oJRII.llaHHJI. 

Ha Pnc. 2 rrpune.n;eHLI 3i{crrepm1eHTaJibHLie [20] (rnCTorpa1H11LI) II pac

tJeTHLie pacrrpe.n;eJieHH.11 no norrepe1IH011y HMIIYJibCY 7r-?.re3oHon n .ll.llpo

.11.n;epHLIX D3aII1rn.n;eil:CTDHJIX~- PactJeTLI no I{H!vl rrpe.n;crnnJieHLI JIOMaHI.IMH 

JIHHH.IIMH, pactJeTI.I no Mo.n;eJIII FRITIOF - cneTJimrn TOtJRaMII. Bpoca

eTc.11 n rna3a .n;onoJibHO xopo11Iee cornacIIe pacqeron no Mo.n;eJIII FRITIOF 

C 3KCIIepII11eHT8JlbHhl1HI ~aHHLIMlI. Hau6oJiee cymecrneHHLie pacxoa-..iJ:eHIIJI 

Ha6JIIO,ll;8IOTCJI ,ll;JI/I 0: + Pb -D38HMO.llCHCTBIIii rrpII Pr ~ 0.2 r,m/c. .I(JIJI 

ncex n3amrn.n;eficTDu:i1 n o6Jiacrnx Pt > 0.2 f3B/c pac<r~THI.Ie neJIII'IIIHLI 

HeCKOJibKO rrpenhlIIIRIOT 3RCIIepuMeHTRJibHI.Ie 3HH'ICHU/I. 

RHM, RaR DII.n;Ho H3 pIIcyHROB, rrpe.llc:Ka3unaeT JHff'lIITeJibHYIO MHoa-e

crneHHOCTb qacTHD: c Pr~ 0.2 I'3B/c, oco6eHHo n.o +Pb -D3RII:MO.lleiicTDII

JIX. 8TOT cpaKT 38CJiyJRIIDaer oco6oro DHHWU~l1/I, II0l'K0JibRY MaJI03HeprIItJ

Hhle qaCTHll;LI HMCIOT 60JibllllIC ceqeHIIJI D3clH110.llCHCTDHtl C II.llpauu. 3anu

IIIeHIIe nx MHOJRecTneHHOCTH n RHivI Moa-er rrpnnecTu R 3HatJHTeJibHofi rre

peon;eHRe M0IUHOCTH KaCKa,na B BeruecTBe H, COOTDeTCTDeHH0, K 3RDLIIIICHIIIO 

MHOJiCeCTDeHHOCTH "rrpm1ux" HefirpoHOD. 

Ha Puc. 3 rrpnne.n;eHI.I 3Kcrrepn:r.IeHTaJibHI.Ie u pacqeTHI.Ie pacrrpe.n;eJie

HIIJI no IIOJIHOMY H rrorrepetJHoMy IIMIIYJibcy 'lf'--11e30Hon n C + Ta -n3aIIMo

.n;e:ll:cTnH.llx. TeMHhlMII TO'!RaMII rrpe.n;cTaDJieHLI ~RCIIPpIBH'HTRJibHLie .n;aH

HLie (19], pacqeru no Mo.n;eJIII FRITIOF - cneTJimm rotJKaMII. pactJeTLI 

no RHM - JIOMaHI.IMH JIIIHIIJI:!lrn, pactJCThl ITO lVIRrc (19] - rucrorpaM

MaMII. j{aR DlI.llHO H3 pncyHROD, uo.n;eJib FRITIOF 3RDLIIIIaer 1moa-ecrneH

HOCTb 3Hep~H'IHhlX 11e30H0D C HMIIYJibC0:11 6oJibllle 0.2 f3B/c u JanmicaeT 

MH0JReCTBeHHOCTb "MJirRIIX" 'IRCTUI(. tvfomHO IJ<>Jlclri]Tb. 'ITO yqeT D3amrn

,n;efiCTDlllf 3HeprII'IHhlX 1Ie30H0D C HYKJI0HaMII JI.n:pa 6y:uer crroco6cTDODaTb 

YJIYtJIIIeHIIIO 0IIHCaHH.11 3RCIIepIIMeHTRJibHLIX .n:aHHLIX. 

3Ha'IIITeJibHa.11 .n;oJIJI :i.mrRHX Me3oHon, rrpe.n:cRa3hlnae!.mJI RHM, Hl'COM

HeHHO, cn.11aaHa c iacRa.n;HLIMH rrepepacce1IHIIJI1rn. J'qer o6pa3onaHIIJI, Ha

npuMep, D.. -H3o6ap npnne.n;er R yueHbIIIeHnro 3<lHlWETIIDHoro tJIICJia 7r N 
-B3aHMO,D;eHCTDllll H, RaK CJIC,ll;CTDIIe, R y111eHb11IeHIIlO 11H0llieCTDCHH0CTll po

m,n:eHHLIX 'IRCTHD;. 
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C:wrrtJ:emrn cneKTpa Me30HOB n RI1M MoJRHo Tamf(e 061,JicHIITL DJIIDI

Hneu JI.l(epHoro noTeHuHaJia. 1Vfo.l(eJIL npe.unoJiaraeT, tJ:To aJieMeHTapHLie 

BHJTpHJI.l(epHLie n3am.10.l(e:iICTDHJI npoHCXO.l(JIT D noTeHUHaJie JI.l(pa, ROTO

pLiil: He MeHJieTCJI D XO.l(e D3am.rn.l(eHCTBH1I. 8HeprH1I noTeHUHaJILHOit JIMLI 

npH6anJIJieTCJI K 3HeprHH HaJieTaIOIIJ:HX tJ:aCTHil H DLitJ:IITaeTCJI H3 3HeprHil: 

tJ:aCTHil, llORH.l(aIOm:HX npe.l(eJILI JI.n:pa. YtJ:eT yMeHLIIIeHHJI rJIY6HHLI noTeH

D;HaJILHOil: JIMLI npH CHJILHOM pa3pyI1IeHHH JI.l(ep npHBe.l(eT R ymecTOtJ:eHIIIO 

cneRTpa po;K.n;eHHLIX Me30HOB. 

B :o;eJioM, no pe3yJILTaTa:M cpaBHeHHJI pactJ:eTOD, BLinOJIHeHLIX D paMRax 

RI1M, C 3KCnepm.IeHTaJILHLIMII .l(aHHLIMH MO)I{HO CKa3aTL, "ITO npe.unoJIOiRe

HHe O l!aJIOM npeMeHH iKII3HH pe3oHaHCOB D JI.l(pe H MaJIOM npeMeHH q>opMII-" 

ponaHHJI DTOpH"IHLIX tJ:aCTHD; He HaXO.l(HT llO.l(TBepm.n:eHHJI B 3RcnepH:MeHTe. 

OTMeTHM, "ITO pactJ:eTLI no RI1M .l(OCTaTOtJ:HO 6JIII3KH K pactJ:eTaM no 

MRrc, XOTJI MRrC YtJ:HTi.maeT I<aK pOIB.l(eHIIe pe3oHaHCOB, TaR H KacKa.n:

HLie D3am.rn.l(eil:CTBHJI. 3HatJ:HTeJILHoe npeDLIIIICHHe cpe.l(Heil: MHomecrneH

HOCTH pom.n:eHHLIX Me30HOD n MRI'C, Ka:K MLI noJiaraeM, CBJI3aHo c nepeo

:o;eHKoil: MHOIBecTBeHHOCTH CTPYH, o6pa30BaHHLI~ TaK Ha3LIBaeMLIMII "Mop

CKHMH" KBapKaMH. 8To MO)I{HO YBH.l(eTL npH aHaJIH3e pacnpe.l(eJieHHil: qa~ 

CTHD; no fiLICTpOTaM. 

4 Pacrrpe.n;eJieHHJI BTOpH'l'..IHLIX qacTHq no OLICTpo

TaM 

Ha pHc. 4 npune.n;eHLI 3RcnepuMeHTaJILHLie .n:aHHLie H pactJ:eTHLie pac

npe.n:eJieHHJI 1(- - Me30HOB no 6LICTpOTaM DO B3aHMo.n:eil:CTBHJIX a -tJ:aCTHD; C 

JI.n;paMH npH HMnym,ce 4.5 raB/c/HYKJIOH. I'licTOrpaMMaMH npe.n;cTaBJieHLI 

3KcnepHMeHTaJILHLie .n;aHHLie [20], pactJ:eTLI no Mo.n;eJIH FRITIOF ~ cne~ 

TJILIMH TOtJ:KaMn, a pactJ:eTLI no RI1M - JIOMaHLIMII JIHHHJIMH. RaR BH.l(HO 

H3 pIICJHKOB, RI1M 3aBLII1IaeT MHomecrneHHOCTL ni-oputJ:HLIX qacTn::o;,. po

m.n:aIOIIU'IXCJI _n o6JiacTJIX q>parMeHTa:o;nit JI.l(ep-1mI1IeHeil: (y ~ 0). Oco6eHHO 

CIIJILHO 3TO npeBLIIIIemi:e" IIpOJIBJIJieTCJI B pactJ:eTax xapaKTepIICTHK B3aHMO

.n;e:ll:CTBHH C TJI)I{eJILIMH JI.l(paMII. 

Mo.l(llq>unupoBaHHaJI nporpaMMa FRITIOF, npu nceil: ee npoCTOTe, 3Ha

ti:UTeJILHO JIJtJ:IIIe OllIICLIBaeT 3KCnepnMeHTaJILHLie .n;aHHLie. XoTJI
0

HeK0Topoe . 

npeBLIIIIeHHe pactJ:eTOB 3KCnepIIMeHTaJILHLIX .n;aHHLIX B o6JiaCTII _q>panieH

Ta:o;uu JI,n;ep'.'MIIIIIeHe:fi coxpaHJieTCJI. B TO me npeMJI_ ,l.l;JIJI B3aIIMO.n;e:itCTIIIIH 

C TJI)I{eJILIMII JI.n;paMH CBHHila MO.l(eJIL npe.n;cRa3LIDaeT noJIBJieHue HeKOTOpoil: 

cTpyKTYPLI n pacnpe,n;eJiemm 7r- -Me3oHoB no 6ucTpoTaM. "Ilpupo,n;y" aToil: 

CTPYRTYPLI no3BOJIJieT noHJITL aHaJIII3 .n;aHHLIX [19] . 

7 



0.6 r ex + C 1.0 ex + Cl 

0.8 

~ 0.4 l Pl ~0.6 
"d 0.2 ~ 0.4 

0.2 

1 2 3 4 o.o 
y 

0.8 ex + Al 1.6 o: + Pb 

:>. 0.6 :;,._ 1.2 
"d 'Cl 

';- 0.4 '--
z z 0.8 
"d "d 

0.2 0.4 

1 2 3 4 0 

y y 

Pnc. 4: Pacrrpe.11eJiemrn ir--Me3oHOB no 611crp0Te B n.upo-n.11epH11x B3aHMO.l\ellcTBHRX rrp11 
4.5 rsB/c/HyKJIOH 

Ha pnc. 5 npnBe,1J;emi1 pacnpeJleJieHnll 7r--111e3oHon no 6h!cTpoTaM npn 

pa3HhIX 3Haqemmx nonepeqHhIX n11myJI1,con Me:ioHon n C + Ta -n3aHMOJlefi- _ 

CTBlI/IX. TeMHhIMlI TOqRal\fU npeJlCTanJieHhl ::mcnepnMeHTaJILHhle )];aHHhle 

(19]. PacqeThl no RacRa,1J;Ho-ncnapnTeJILHofi MOJleJIH, 11rn,1J;eJilI FRITIOF n 

MO,ll;eJilI RBapR-rJIIOOHHhIX CTPYH [19] npe,ll;CTaBJICHhl JIOMaHofi RplIBofi, rn

CTorpaMMOH n CBeTJihIMlI ToqRaMn, C00TBeTCTBeHH0. Ha pIIC. 5fJlaHhl pac

npe,ll;eJieHlIJI npII BCeX nonepeqHhIX lIMnyJI1,cax MC30HOB. 

KaK BII,ll;HO H3 pncyHROB, Kl1M He Bocnpon3nOJllIT cpopuy pacrrpe,ll;eJie

HHfi no 6h!cTpoTai1 npn P,, ~ 0.2 n~B/c. CornaCHo 'pnc. 2, 3, MOJleJII, 

3HaqHTeJII,HQ nepeon;eHHBaeT MH0)I{eCTBeHHOCTI, Me30HOB C P,_ ~ 0.2 raB/c. 

TaRHM o6pa3oM, B pacuaTp1rnae110M napnaHTe Kl1M npo6JieMofi JIBJIJI

eTcJI onncaHne po)I{)];eHlIJI l\Ie,ll;JieHHhIX Me30HOB B IIJlpO-JIJlepHhIX B3alll\IO

JleficTBlIJIX. OTMeTHM, qTo pacceJIHIIe Me30HOB Ha HJRJI0HaX npII 3HeprlI1IX 

~ 140 + 400 MaB JIMeeT pe30HaHCHhlfi xapaKTep. IIoc1ToMy Mhl paccMa

TpIIBaeM 3aTpy,nHeHJIJI Kl1M RaR yKa3aHJie Ha Heo6XOJllIMOCTI, ROppeKTH0ro 

paccMoTpemm o6pa3onaHHJI JI noneJleHlIJI .6.-II3o6ap n IIJlpax. (KaR yme ro-
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rt ·L I· 
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l't.r ,ti/. 
,1r 

nopJIJIOCI, paHee, Kl1M He yqnThIBaeT po~eHIIe peJOHaHCOB B IIBH0M BH,ll;e. 

yqllThlnaeTCJI TOJILKO cpaRT peJOHaHCHoro yneJiuqeHHJI ceqeHHJI B3all!IIOJlefi-
CTBIIJI, ROTopo~ ?.IOJleJinpyeTc11 ynpyrm1 pacce11Hneu.) · 
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Puc. 5: Pacrrpe.ueJieHHJI ir- -ueaonoB no 6LJCTpon• 11 C'+ Ta •n:ianMoJlellcrennx npu 4.2 
rsB/c/nyrrJion rrpa pa31111x rronepe•11111x mmym,rax. a) P

1 
s; 0.1 l'~B/c. b) 0.1 < P

1 
s; 0.2 

r3B/c; c) 0.2 <Pis; 0.3 r3B/c, d) 0.3 < P1 s; O.:i r~B/c. e) 0.!'i < 1'
1 

1'3B/c. f) - o6lllee 
pacrrpe.11eJieunc ir- -iie3O11OB. 

CJIO)I{Hee cnTyan;IIJI n MOJleJin FRITIOF. PacqC'Thl no1-:aaaJiu, qTO nonnJie

Hne CTpyRTyphl CBII3aHo ·c nJIOXIIlll onncaHIIC'l\f IIJJ-B3aIUIO)lC'HC'TBIII1. 3)lec1, 

HY)I{HO OTMeTlITL, qTo n cymecrnyromefi B<'pcnn 11IO)lC'JIII 3aIIpPIUC'H o6MeH 

3apJIJlOM Me)I{Jly B3aIIMO)lCIICTBYlOIUIIMII HYJ-:JIOHHMII, H(' yqHThlnaeTCJI rrpJi:

MOe po)I{,ll;eHne MeJoHon n n:eHTJ)HJILHoii 06m1cTn n m' pacc11aTpnnaii:>TcJI 

B03MO)I{Hhle IIOJIJipnaan:noHHhle acIH!JeRThl. B pC'3YJILTan•. paerrpe.uPJieHn11 

'ff- -Me30HOB no 6hICTJ)OTau n IIJ)OTOH-He:iiTpOHHhIX naamIO.UC'HC'TBIIIIX nueroT 

JlBYXIIHRonyro CTpyKTypy. B JIJlpO-JIJlepHhIX naanlIO.UC'iinmrnx no rrpomi

JIJieTcJI n BIIJle .UByx IIHHon n pacrrpeJleJieHnn 1rc•J0Hon c Pi ~ 0.2 raB/c. 

Ilpn 60JILIIIHX 3Haqemrnx rrorrepeqHoro mmyJILra rrpOIH'XOJlIIT '' cmrnm1e" 
JlBYX IIlIROB. 

B -MKrc pa3pemeH 061:teH JapJI)lOU MC'iR.U.V CTHJIJ-:UBillOIUIIMHC'JI HYKJIO

HaMH H po)I{)];eHne "rrpmmx" M:eJOHOB n UC'HTJ>H.'lLHOi! 06JiaC'Tll ( CM. [17, 
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18]). Ilono11y 110.n:em, .n:onoJibH0 ycrrenrno orrnnmaeT <ll0p11y pacrrpe.n:eJie
HHJI 7r--!IIeJ0H0D no 6ucTpOTaU rrpn pa3HbIX P,_. 

On.1eTm.r, 'ITO Hey.n:atJHM H0p!lrnponKa 3KCIIepnMeHTaJibHbIX .n:aHHbIX Ha 
pnc. 3 n cooTneTCTnyroman HopunponKa pacqeTHhIX pacrrp.e.n:eJieHnfi "uac
KIIpyroT" TOT cpaRT, '!To MRrC, RaK n I{MM, JHatJnTeJibH0 rrepeoueHn
BaJOT MH0lKeCTBeHH0CTb MeJ0H0il C Pt ::; 0.4 r3B/c B o6JiaCTll q>parMeHTa
Ullll n.n:pa-:i.rnnreHn. CornaCHo pactJeTaM [19], n MRrc OCHOBHOH BRJia.n: n 
MH0JRecTBeHH0CTb hie30H0D C P,_ ::; 0.3 r::iB/c .n:aroT ME'J0HbI, o6pa30BaBIIIll
ecJI npn pacna.n:ax .6. - II .6. 0 n306ap (.n:o 60 % ) . BKJia.n:, TaK HaJunaeMux 
"npJIMbIX" MeJ0H0B, CBJI3aHHbIX C 06pa3onaHIIeM .D:0II0JIHllTeJibHbIX CTPYH, He 
npenunraeT 40 %. IloJiaran, 'ITO nuxo.n: .6. - II .6. 0 nporropuIIoHaJieH nuxo.n:y 
.6. ++_ ll .6. +' pacna.n: R0T0pbIX .n:aeT 0CH0BHOH DKJia.n: D MH0)KeCTBeHH0CTb npo
T0H0B, a TaKJRe TO, 'ITO l\1I{rC He.D:00UeHirnaeT MH0lKeCTDeHH0CTb IIp0T0H0B 
B CC-nJamrn.n:eficTDHJIX [23], M0iKH0 npe.n:noJI0lliIITh. 'ITO n36bITO'!Hoe po
JR.n:eHne "1rnrRllX" Me30H0D D J\1I{rC CDJIJaH0 C nepeoueHROH MH0)KeCTBeH
HOCTll CTPYH, o6pa30DaHHbIX "110pcKmrn" KnapKmrn. HeJib3JI llCRJIJO'lIITb 
TaRJRe He.n:ooueHRY poJIII npoueccon Tnna .6. + N ----> N + N, R0TOpue :i.rnryT 
npnnecrn K yueHbIIIeHlIJO 1IH0iKPCTDPHH0CTll ~iPJ0H0D. 

CyMMHpy.11 paCCMOTpeHHOe B .uaHH0M pa3.ueJie, MO:lKHO 3aIOIIO'IHTb, 'ITO HC
CJie.n:onaHne o6pa30DaHHJI Me.n:JieHHbIX Me30H0D D a.n:poH-JI.n:epHbIX II JI.n:po
JI.D:epHbIX BJaIIuo.n:eficTmrnx Mo)KeT .n:aTb :irnc]..>opuaunro 06 06pa3onaHnII II 
none.n:eHnII .6.-n306ap B n.n:pax. B 3T0!li cneTe npe.ucTaBJU110T onpe.ueJieHHbiii. 
llHTepec pactJeTbI no nonyJIJipH0H M0.D:eJin peJIJITIIDIICTCK0H RBaHTOBOit M0-
JieRyJIJipHOH .n:HHaMIIRII [24], n ROTOpott JaTp0HYTbie nonpocu TpaRTYJOTCJI 
6oJiee TIUaTeJibH0. 

3aKJIIO-•IeHHe 

PaCCMOTpeHHaJI nepcHJI RaCJ(a.lJ:HO-IICIIapIITeJibHOH MO.UeJIH TaK :lKe, KaK 11 
MRrc, 3Ha'lnTeJibH0 3anunraeT MHOIBCCTDCHHOC'Tb llf<'30H0D C P,, < 0.2 -:-
0.4 r:>13/c DO DJalll',10.D:eHCTDll/IX JI.D:ep C 3Heprneii: 3.1-3:4 raB/HyRJIOH C 
TJiiKeJiuirn n.n:pa:MH. Mu II0JiaraeM, 'ITO :>TO o6ycJIODJieHO HCRoppeRTHOH 
TpaRT0DR0H none.n:eHHJI .6.-II3o6ap n n.n:pax. 

Ilo_ pe3yJII>TaTa:M cpanHeHHJI pactJeTon, nunoJIHeHux n pa1rnax RMM, c 
3RcnepnMeHTaJibHbIMII .n:aHHbIMll M0iKHO CRa3aTb, 'ITO npe.n:rroJI0)KeHIIe O Ma
JI0M npeMeHII lRIIJHII pe30HaHC0~ Il JI.n:pe ll l\IaJI0M npeMeHII cpopMIIpOBaHHJI 
BT0pII'lHbIX qacTn:i:J; He HaX0.n:HT II0.D:Tnepil{JJ:eHIIJI B 3KcrrepIIMeHTe. 

Mo.n:nc]..>IIunponaHHaJI Mo.n:eJib FRITIOF, rrpeHe6peraroman pacna.n:oM pe-
30HaHcon n xo.n:e 6ucTpott cTa.n:IIn n3amrn.n:ettcTBIIH, HaII60Jiee a.n:eRBaTH0 
D0CIIp0II3D0.n:HT 3RCIIepmreHTaJibHbie pacrrpe.n:eJieHIIJI. 
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Ganhuy~g B.;. Uzhin;kii .V.V;' 
Modified'FRITIOF Code: . . 
N~gative Charged Particle Producli~n . ' ,' " 
in High Energy Nucleus-Nucleus Jnterac.tions 

, ' ', ,., ,.•,, f' } " ' ( - \ 
' -, : ,,, • • ' ,.__ ( , < ' ; .' -· • • •• -· 

. . Tlie " calc,uJatioris . of . nudeus-nucleus' interaction '.;'characteristics l' 
.(a+'C; Al; Ne, Pb; c.+ C, Ne;'si, Cu, Zr.Ta)' ,at energies -~3,2 +3,5-Gevlnucle~n 
· ~uch . ~- negativb' charged· particle~ . ,distributions .on >~ultipl"icity, -· transferred 
momentum· and rapidity . are presented. in\coinparison. with the corres-pond1ng 

• I. experimental data.: Iiis sho,wn that FRITIOF. model which does· not consider 
. the de~ays oi the' resona~ces' in the ~uclei. an~' which '\oes riot take~ i~to accoum· 
the produced particle interactions with nuclear nucleons describes ·the data better , 
than, cascade-,evaporatlori l!lOdel. arid' quark~glt1on-string model do.•,' . ' ' 
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