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Jl0KT0p 4JlI3llKO-MaTeMaTiiqecKIIX HayK, · 
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OBIUA5I XAP AKTEPHCTHKA P ABOTbl 

AKTYa.JihHOCTh rrpo6neMbl. 

B Haqane 1970-ro ro,na B Jia6opaTopIIII BhlcoKIIX 3Heprn:ii (JIB3) O61,

eAIIHeHHoro HHcTIITyTa 5!,nepHhlX Hccne,l.loBaHIIM ( OH5IH) II0A pyKoBo,n

CTB0M aKa,l.leMIIKa A.M. BanAIIHa Ha CHHxpocpa3oTpoHe 6MJIH rronyt.IeHhl 

rryqKH peJUITIIBIICTCKIIX .sIAep. C 3Toro BpeMeHH B OH5IH aaqanJic1, cIIc

TeMaTHt.IecKIIe lICCJie,noBaHII.sI B o6JiaCTH peJI.sITlIBlICTCKOH .si:,nepHOH q>H3lI

KlI [1] lI 6bIJilI II0JiyqeHhl rrepBhle pe3JJibTaThl II0 .si:,nepHoMy KYMJJI.sITlIB

H0MY 3q>cpeKTy [2]. 

B HacTo.si:mee BpeM.si: ,nn.si: rrpoA0JI1KeHII.sI II pacIIIIIpeHII.sI IIccne,noBaHIIH 

B o6JiaCTH q>H3lIKH peJI.sITlIBlICTCKlIX .si:,nep B JIB3 BBe,neH B CTpoii, C03}laH

HhlH Ha 0CH0Be CBepxrrpqB0A.sIII.llIX MarHIIT0B, HOBhlH ycK0pIITeJib HyKJIO

Tp0H [3]. 
Ilyt.IKH JJibTpa-peJI.sITIIBHCTCKHX .si:,nep rronyt.IeHhl Ha ycKop1nen.si:x AGS

BHJI (CIDA) II SPS-UEPH (IUBeuapII.si:) c 3Heprn.si:MH 10,6Ar3B11160 A 

r3B C00TBeTCTBeHH0. IlpOBO,l.l.sITC.sI pa60Thl II0 C03,l.laHIIIO H0BhlX .si:,nepHhlX 

KOJIJiattAepoB RHIC-BHJI (CIDA) 11 LHC-UEPH (IUBeuap11.si:) Ha 3Hep

r1110 B HecK0JibK0 T3B. 

O,nHO 113 Ba)KHettIIIIIX HarrpaBJieHHH IICCJie,noBaHHH Ha cymecTBJIOII.llIX 

II CTP0.sIII.llIXC.sI ycKopHTeJI.sIX B o6JiaCTII peJI.sITIIBIICTCKOH .si:,nepHOH ¢11311-

KII .sIBJI.sieTC.sI B03M0)KH0CTI, II0JiyqeHH.sI 0TBeTa Ha B0IIpoc 0 p0JIII KBapK

r JIIO0HHhlX CTerreHett CBo6o,nhl B .si:,npax [ 1] II 0 cymeCTB0BaHIIII H0Boro 

C0CT0.sIHII.sI .sJ:AepHOH MaTepHH - KBapK-rJIIOOHHOH IIJia3Mhl [4]. 

Ct.IHTaeTc.sI, '-ITO }lJI.sI B03HIIKH0BeHH.sI H0BhlX. COCTO.sIHIIH .si:,nepHoro Be

mecTBa HalIJIJ'-IIIIIIMII JCJI0BII.sIMII .sIBJI.sIIOTC.sI .si:,np0-.sI,l.lepHhle CT0JIKH0BeHH.sI 

IIPII peJI.sITIIBIICTCKIIX 3Hepr11.si:x C MaKCIIMa1IbHhlM K0JIH'-IeCTB0M HJKJI0H0B

yqacTHIIK0B Bo BJa11Mo,nei'lcTB1111, HJIH co61>IT11.si:, xapaKTepH3JIOII.lliec.si: ueH

TpanbHhlMH CT0JIKH0BeHH.sIMH B3aHMo,nei'lcTBYIOII.llIX .si:,n;ep. Iln.si: Bhl,n;eJie

HH.si: TaK_IIX co6bITIIH paccMaTpHBaIOT JIH6o .si:,n;po-.sJ:AepHhle peaKUIIII c MaK

CIIMa1IbHOH MH0)KeCTBeHH0CTbIO Bcex BT0plI'-IHhlX IIp0T0H0B ( II JierKHX 

q,parMeHTOB), 111160 peaKUIIII C II0JIHhlM pa3Ba1I0M .si:,n;ep [5]-[15],[A7] IIJIII 

co6bITII.sI C MIIHIIMa1IbHbIM II0T0K0M 3HeprHH BT0p11qHhlX qacTHU, BhlJie

TaIOII.llIX rro,n; yrJI0M H0JII, rpa,n;ycoB B CIICTeMe II0K0.sI MIIIIIeHII ( ueHTpanb

Hhle CT0JIKH0BeHH.sI ) [16]- [28]. B rrepB0M cnyqae, B Kat.IeCTBe Mephl pa3-

pyIIIeHII.sI .si:,n;ep, IICII0Jib3JeTC.sI K0JIHt.IeCTB0 rrpoT0H0B (11 nerKHX q,parMeH

TOB)' o6pa3JIOII.llIXC.sI IIplI B3aHMO,n;ei'lcTBHII, a BO BT0p0M - II3Mep.si:eTc.sI 
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cyMMapHaJI 3Hepnrn: BT0pIIqHl,IX qacTIIU:, Bl,IJieTaIOm:IIx rro.n: yrJI0M H0Jib 

rpa,n;ycon. 

B HaCT0filll;ee BpeM.SJ: B KaqecTBe 0CH0BHoro TpIIrrepa .D;JI.SJ: B!>l,n;ene

HII.SJ: U:eHTpaJibHblX CTOJIKHOBeHIIH IICII0J1b3yeTC.SJ: IIMeHH0 ycJI0BIIe MIIHII

MaJibH0CTII II0T0Ka 3HeprIIII qacTIIU: rro.n: "HyJieBblM" yrJI0M. O,n;HaKO 3T0 

ycJI0BIIe M0)KeT 0Ka3aTbC.SJ: He.D;0CTaToqHblM .D;JI.SJ: ,n;eTeKTIIpoBaHII.SJ: CIIrHa

Jia OT H0BblX COCTO.SJ:HIIH .s:,n;epHoro nem:ecTBa. Ilo3TOMY .D;JI.SJ: Ha6nro,n;eHII.SJ: 

3TIIX CIIrHaJI0B Heo6xo,n;nMO IICII0Jib30BaTb JJ:0II0JIHIITeJibHble ycJI0BII.SJ:. Ta

KIIe ycJI0BII.SJ:, ITO HarneMy MHeHIIIO, M0)KH0 nonyqIITb rrpII IICCJie.D;0BaHIIII 

npou:eccoB II0JIHoro pa3BaJia .s:,n;ep BO B3aIIMO.D;eHCTBII.SJ:X pen.SJ:TIIBIICTCKIIX 

.s:,n;ep [5]-[15],[A 7]. B 3TOH CB.SJ:3II, o,n;HoiI II3 ocH0BHbIX 3a,n;aq HacTo.s:meiI 

JJ:IICCepTaU:IIOHHOll pa60Tbl .SJ:BJI.SJ:eTC.SJ: BCeCT0p0HHee 3KCrrepIIMeHTaJibH0e 

IICCJie,n;oBaHIIe CBOHCTB peaKU:IIH C II0JIHbIM pa3BaJI0M .s:.n:pa yrnepo.n:a II 

ycTaH0BJieHIIe CB.SJ:3II 3TIIX peaKU:IIH C .n:pyrIIMII rrpou:eccaMII. 

lfayqeHIIe rrpou:ecC0B II0JIH0ro pa3pyrneHII.SJ: .s:,n;ep 6bIJIO HaqaT0 rrpo

qieccopoM K.Il. ToncToBbIM II ero rpyrrrroiI B JIB3 Ol1:5IM c rroM0IIJ:bIO 

MeT0.D;IIKII .s:.n:epHblX q>OT03MYJibCIIll [5]. 

lfHTepec K TaKIIM npou:eccaM CB.SJ:3aH co CJie,n;yrom:IIM: 

1. 3TII peaKU:IIII 0TH0C.SJ:TC.SJ: K cnyqa.s:M MaKCIIMaJibH0ro B036y)K,n;eHII.SJ: 

.s:,n;pa c yqacTIIeM 6oJibIIIOro qIICJI0 BHYTPII.SJ:.D;epHbIX HYKJI0H0B, K0r,n;a M0-

ryT "pacKpbITbC.SJ:" MH0rIIe CTerreHII cno6o,n;bl .s:,n;epHoro Bem:ecTBa, n TOM 

qIICJie, II He HYKJI0HHble. B 3TIIX npou:eccax MoryT rrpo.S:BJI.SJ:TbC.SJ: K0JIJieK

TIIBHble CBOHCTBa .s:,n;epHOll MaTepIIII, a rrpII 6oJibIIIIIX IIJI0TH0CT.SJ:X - B93-

M0)I(Hbl rrpo.s:BJieHII.SJ: TaKIIX 3q>q>eKTOB H0B0ro C0CT0.SJ:HII.SJ: a,n;pOHHOll MaTe

pIIII KaK KBapK-rJIIO0HHaJI TIJia3Ma II reHepaU:II.SJ: .s:,n;epHbIX y,n;apHbIX B0JIH. 

2. Pe3yJibTaThl IIccne.n:onaHIIH cBoHCTB rrpou:eccoB noJIHoro pa3pyrne

HII.SJ: .s:,n;ep npII BblC0KIIX 3HeprII.SJ:X MoryT 6b1Tb IICII0J1b30BaHbl rrpII C03-

,n;aHIIII M0.D;eJIII ,n;eKoHqiaiIMeHTa a,zipoHHOll MaTepIIII rrpII YJibTpa-peJI.SJ:TII

BIICTCKIIX 3HeprII.SJ:X. 

3. IIpou:eccbI II0JIH0ro pa3pyrneHII.SJ: T.SJ:)KeJibIX .s:.n:ep MoryT 61,1Tb MOiu

HhlM IICTQqHIIK0M HeHTpOHOB, Heo6xo,n;IIMbIX .D;JI.SJ: 3KcnepIIMeHT0B, rrpoBo

JJ:IIMhlX C u:eJiblO C03.D;aHII.SJ: 3JieKTpo.s:.n:epHbIX 3HepreTIIqecKIIX ycTaH0B0K. 

HaIInyqrnIIM ycnoBIIeM ,n;n.s: II3yqeHII.SJ: peaKU:IIH c II0JIHhlM pa3BaJI0M 

.s:,n;ep .SJ:BJI.SJ:IOTC.SJ: 3KCrrepIIMeHTaJibHble ycTaH0BKII C 41r reoMeTpIIell. TaKIIe 

ycJI0BII.SJ: JJ:0CTIIraIOTC.SJ: rrpII IICII0J1b30BaHIIII .s:,n;epHOll q>OT03MYJibCIIII, rry-

3blpbK0BblX IIJIII CTpIIMepHbIX IICKp0BblX KaMep. C TI0M0IIJ:blO 3TIIX ycTa

H0B0K y)Ke rronyqeH 60JibIIIOll 061,eM 3KcrrepIIMeHTaJibH0ro MaTepIIana 
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KaK 0 MH0)KeCTBeHH(?CTII BT0pIIqHbIX,. qa,CTIIU:, TaK II O pa3H0ro po.n:a KOp

peJI.SJ:U:II.SJ:X Me)KJJ:Y HI:IMII. OnHaKo 3TII np11;6op.bl He no3~on.s:roT. ,n;ocTIIq1> 
• . . ~ . • I • .' < ' 

Heo6xo,UIIMbIX TOqHOCTeH .B 1'.fJJ:E;HTIIqm~au:IIµ \q~cTI~U: II_ II3MepeHIIH IIX KII-

HeMaTIIq~~KIIX napaM_e:rpoB, a TaK)Ke nonyqµTb. C.TaTIICTIIqeCKIIll ~aTe

pIIaJI, ,n;ocT1;1,ToqHblH .JJ:J1.SJ: pJJ:H03Ha~moiI IIHT_epnp~Tau:~rn co6b11,'ll;H. Cc>3.n:a;

naeMble B HaCT0filll;ee Bpe~.SJ: 3JieKTp0HI~'.hle YC'.l'aH0BKII C rroqTII 47!" r_eoMeT

pIIell II3MepeHII.SJ:, TaKIIe KaK "ALICE" [29] Ha rryqKaxLHC, "STAR" [3_0] 

Ha nyqKax RHIC
1 

"C<l>EPA,, J31] Ha riy~iax HyKJI?TpoHa no3BOJIHT 

II0JiyqaTb IIHq>OpMaU:IIIO 0 Mij:0)KeCTBeHHhlX TipOU:eccaX C ropa3.D;0_ 6onee 

BblCOKOll ToqH0CTblO II.D;eHTIIq>IIKaU:IIII II II3MepeHII.SJ: KIIHeMaTIIqecKIIX xa

paKTepIICTIIK qacTIIU: rrpII .nocTaToqHo 6oJibIIIOM 061,eMe CTaTIICTIIqecK0-

ro MaTepIIana. A- 3T0 rrpIIBe.neT K peaJibHOll B03M0)KH0CTII rronyqeHII.SJ: II 

aHaJIII3a HaII6onee IIOJIHOH IIHq>OpMau:im 0 CBOHCTBaX 0T.D;eJibHhlX C06bl

TIIH. 

· Mccne.nonairne rrpou:ecco'e · rro1rnoro pa3BaJia .s:.nep Ii 3Kc':nep
0

IIMeHTax c 

.s:.npaMII q>~T03MYJih,CIIII [5]-[12] npIIB.eJio K BblBo.ny o TOM, qTO peaKU:IIII c 

II0JIHblM pa3BaJIOM .s:.npa-MIIIIIeHII, IIO-Bll.D;IIMOMY, .SJ:BJI.SJ:IOTC.SJ: co6b1TII.SJ:MII, 

ii~x"o.nfilIUIMIICH Ha "xnocTe', pacnpe.neneHII.SJ: n6 qIIcJiy 3aperIICTpIIpoBaH

HbIX ~par~eHTO~ .s:.npa MIIIIIeim, II He Tp.e6yroT KaKIIX-Jitt6o npe.nrroJIO)Ke

HIIll 06 IIX oco6oM MeXaHII3Me. 

Ha Harn 'n3rn.s:.n, yKa3aHHbl·e BhlIIIe BhlB0JJ:hl, B 3HaqIITeJILHOH Mepe, 

CB.SJ:3aHhl C MeTo.nIIqecKIIMII Tpy.nH0CT.SJ:MII q>OT03MYJibCHOHHhlX 3KcrrepII

MeHT0B, He Il03BOJI.SJ:iom:ll;MII y~II.neTb II0JIHYIO KapTIIHY 3TIIX IIpOU:eC:COB. 

Y qIIThlBaJI Hayqttyro II rrpaKTIIqecKyro Ba)KH0CTb peaKU:IIH c TI0JIHhlM 

pa3BaJI0M .s:.npa, Mbl II3yqaJIII 3TII npou:eccbl B H0B0M rro,n;xo.ne. 3TOT HOBhlll 

rro.nxo.n 3aKJiroqaeTC.SJ: B cne.nyrom:eM: 

a) B. pac:rirnpeHIIII MeTo.nIIqeCKIIX B03MO)KHOCTell 3KCIIepIIMeHTa. Mb! 
IICTI0Jib3yeM 3KcrrepIIMeHTaJibHhlH MaTepIIaiI, rronyqeHHhlH npII o6pa6oT

Ke cTepeoqioT0CHIIMK0B c 2-x MeTponoiI rrporraHOBOH ny3hlpbK0BOH KaMe

phl JIB3 OM51M. KoHCTpyKTIIBHble oco6eHHOCTII TIY3hlpbKOBOH KaMephl II 

ycJI0BII.SJ: rrpoB_e.neHII.SJ: 3KCrrepIIMeHTa Il03B0JI.SJ:IOT B yc110BII.SJ:X 41r-reoMeTpIIII 

perIIcTpIIpoBaTb npaKTIIqecKII nee BT0pIIqHble qacTIII.UiI II orrpe.neJI.SJ:Tb IIX 

3HepreTIIqecKIIe xapaKTepIICTll;KII, a TaK)Ke 3ap.s:.n_hl II MH0)KeCTBeHH0CTb 

Bcex BT0pIIqHblX rrp0T0H0B copblTII.SJ:. · OTMeTIIM, qTo rrpIIMeHeHIIe KaMep-. 

HOji MeT0.D;IIKII II orrpe.neJieHIIe MH0)KeC'l:'~8HH0CTII __ Bcex BT0pIIqHblX npoT0-

H0B .nn.s: IDy'feHII.SJ: npou:eccon rronHoro pa3Bana_.s:.nep .nenaeTc.s: nrrepnhle. 

6) B pa3pa60TKe H0Boro KpIITepIIH•Bbl.UeJieHlrn peaKU:IIH C Il0JIHhlM pa3-

3 



BaJIOM .smpa-MlIIIIeHlI. KpIITepIIH OCHOBaH Ha ycTaHOBJieHIIlI q>aKTa, qTo 

Kor.na qIICJIO lICIIym;eHHhlX BO BpeMll CTOJIKHOBeHIIll x,nep npOTOHOB ( Q) 
,nOCTIIraeT HeKOToporo KplITIIqecKoro 3Haqemrn Q*, TO npoIICXO,nlIT CMe

Ha pe)KIIMa B IIOBe,neHIIII CBOHCTB OCHOBHhlX xapaKTeplICTlIK BTOpliqHI,IX 

qacTII:U B 3aBlIClIMOCTlI OT Q. Ilpe.nnonaraeTcll, qTo 3Ta CMeHa pe)KlIMa 

COOTBeTCTByeT nepexo,ny OT OCHOBHoro COCTOllHlill K KaqecTBeHHO HOBOMY 

cocTOllHIDO .smepHoH MaTepIIII, xapaKTepHoH qepTOH KOToporo llBJilleTcx 

IIOJIHhlH pa3BaJI ll,nep. 'Ilo3TOMY, B KaqecTBe HOB Oro KpIITepIIll OT6opa pe

aKUIIH C IIOJIHhlM pa3BaJIOM x,nep npe.nnaraeTCll lICIIOJib30BaTb ycJIOBlie 

Q ?_:Q*. (1) 

8KcnepIIMeHTaJibHO HOBhlH 110,nxo.n K aHaJIII3Y peaK:UIIH nonHoro pa3Ba

na .smep peaJIII3yeTCll nyTeM II3yqeHIIll IIOBe.neHlill pa3HhlX xapaKTepIICTlIK 

BTOp~HhlX qacTII:U, lICIIym;eHHhlX B 11,npo-11,nepHhlX B3alIMO,neHCTBlillX, B 

3aBHCIIMOCTlI OT_ cTeneHH pa3pyrneHIIll x,nep. B KaqecTBe Mep1,1 cTeneHH 

pa3pyrneHIIll lICIIOJib3yeTCll BeJIIIqHHa Q. Pe3yJibTaThl, npIIBe,neHHhle B 

HalIIIIX pa6oTax [A22]-[A28], 110,nTBep)K,naIOT ocHOBHoe npe.nnono.:ll<:eHHe 

0 cym;eCTBOBaHlilI HeKOTOporo rpaHHqHoro 3HaqeHHll Q*, IIplI npeBbIIIIe-: 

HIIII KOToporo npoIIcxo,nIIT IIOJIHhlH pa3BaJI x,nep. M1,1 nonaraeM, qTo npH 

HalIIIIX 3HeprIIllX no,no6Hax CMeHa pe)KlIMOB MO)KeT 6hlTb CBll3aHa C npo

llBJieHIIeM HeHyKJIOHHhlX lI KBapKOBhlX CTeIIeHeH CB060,n1,1. 

Hccne,noBaHIIll, OIIIICaHHhle B ~HccepTaIJ;HH, HaqaThl C aHaJilI3a B3aH

MO,neHCTBlIH 1r- Me30HOB c x,npaMII yrnepo.na, K0Top1,1e ,na10T yHIIKaJib

HYIO B03MO)KHOCTb .nnx. qiopMynIIpOBKH KpHTepIIeB Bhl,neneHIIll peaK:UHH c 

IIOJIHhlM pa3BaJIOM x,nep lI ,nJill II3yqeHHll CBOHCTB HX xapaKTepHCTlIK, IIO

CKOJibKY HaJieTaIOIIU:IH a,npoH - CHapx.n He lIMeeT 6apIIOHHoro 3apx.na H BCe 

3aperlICTpIIpOBaHHhle B co6hlTlilI ppoTOHhl llBJilllOTCll TOJibKO HYKJIOHaMII 

x,npa-MHIIIeHII. 

I(eJib pa60Tbl: 

- rronyqeHIIe HOBhlX 3KCIIepMeHTaJibHhlX ,naHHhlX O xapaKTepIICTIIKax 

a,npoH-ll,nepHhlX lI x,npo-.smepHhlX B3aHMO,neHCTBlIH IIplI BhlCOKlIX 3HeprlI

llX B 3aBIIClIMOCTlI OT CTerreHlI pa3pyrneHHll x,nep-MIIIIIeHeHj 

- Bhlpa6oTKa e,nHHoro KpHTepIIll ,nJill OT6opa co6hlTlIH C IIOJIHhlM pa3-

BaJIOM x,nep B a.npoH-x,nepHhlX lI 11,npo-11,nepHhlX B3alIMO,neHCTBlillXj 

. - BhlllBJieHIIe oco6eHHOCTeH co6hlTlIH C IIOJIHhlM pa3BaJIOM x.nep; 
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- orrpe,neJieHHe CTerreHH BJIHllHHll u;eHTpaJibHOCTH CTOJIKHOBeHHH x.nep 
.!) 

Ha rrpou;ecchl IIOJIHOro pa3pyrneHHll x,nep B a:,npo-x,nepHhlX CTfJIKHOBeHHllX. 

Hay-'IHall HOBH3Ha pa6oTbl. 

1. BrrepBbie ,neTaJibHO HCCJie,llOBaHbl CBOHCTBa a,npoH-ll,llepHblX II x,npo

i.nepHblX B3aHMO,lleikTBHM npH pemITHBHCTCKHX 3HeprllllX B 3~BHCH

MOCTH OT CTerreHH pa3pyrneHH}I,ll,llep-MHIIIeHeM yrnepo.na H TaHTaJia 

·' C HCIIOJib30BaHHeM rryqKOB: 7r--: -Me30HOB C HMIIYJibCOM 40 r3B j C Ha 

ycKopHTene H<f>B8 (CeprryxDB), a TaK)Ke rrpoToHoB, x,nep d, 4He H 

12C C HMIIYJibCOM 4,2 A r3B/c Ha HYKJIOH Ha CHHXpaq>a3aTpOHe OH-

' 5IH (Ily6Ha). 

2. BrrepB~Ie B K~qeCTBe KpHTepHeB Bbl,lleJieHHll peaKu;H'H ~ IIOJIHbIM 'pa3-

pyrneHHeM H,nep HCIIOJib30BaJiac1, MHO)KeCTBeHHOCTb BCeX BTOpH<IHblX 

IIpOTOHOB, o6pa3oBaHHhlX B a.npoH-ll,llepHblX H ll,llpO-ll,llepHhlX CTOJIK-

.·, 'HOBeHHllX. 

3. BrrepBhle ycTaHOBJieHo, qTo B 3aBHCHMOCTH OCHOBHblX xapaKTepHC

THK HeyrrpyrHX B3aHMO,lleHCTBHH:· 1r-
12c rrpH 40 r3Bic;; pC, dC, 

4HeC H 12cc rrpH 4,2 A r3B/c OT MHO)KeCTBeIIHOCTH Bcex BTOpH'I

HhlX rrpoTOHOB Q cymecTByeT HeKOTopoe rpaHH'IHOe 3Ha<JeHHe Q*, 
BbIIIIe KOToporo rrpoHCXO,llHT CMeHa pe)KHMa B IIOBe,neHHH HX CBOMCTB 

H, 'ITO ycJIOBHe Q 2 Q* llBJllleTCll Heo6xo,nHMbIM H ,nocTaTO'IHblM 

KpHTepHeM ,nJill OT6opa peaKIJ;HH C IIOJIHblM pa3BaJIOM 51:,nep-MHIIIeHeii. 

4. BrrepBhle BhlIIOJIHeH aHaJIH3 3aBHCHMOCTH OT Q o6paTHhlX HaKJIO-. . 

HOB (Ti) HHBapHaHTHbIX HHKJ1I03HBHI,IX crreKTpOB rrpOTOHOB H 'Tr- -

Me30HOB B yKa3aHHhlX B II. 3 B3aHMO,lleHCTBHllX H IIOJiy<JeHo, 'ITO ,nJill 

'Tr- -Me30HOB rrpH yBeJIH<JeHHH CTerreHH pa3pyrneHHll ll,llep .no TO'IKH 

CMeHI,I pe)KHMa ( Q*) 3Ha<JeHHll T; yMeH1>1IIaIOTCll H ,llOCTHraIOT MH

HHMaJibHOro 3Ha<JeHHllj B o6JiaCTH Q ?.: Q* 3Ha<JeHHll T; rrepecTaIOT 

yMeH1>1IIaTl>Cll ,nJill 4 H eC B3alIMO,lleHCTBHH, a B cnyqae 
12cc B3aH

MO,neHCTBHH pe3KO B03pacTaIOT C poCTOM Q. 

5. Ha OCHOBe .ne_T_aJII,HOro aHaJIH3a KHHeM.aTH<JeCKHX xapaKTepyicTHK 

IIpOTOHOB, HCrrymeHHhlX B co6hlTHllX C IIOJIHhlM pa3BaJIOM ll,nep, BIIep

Bhle IIOKa3a~o, 'ITO cpe,llHHe HMIIYJil>Chl rrpoTOHOB yMeHblllaIOTCll 3a 

C<JeT no,naBJieHHll JIH,nHp;r10mero 3q>q>eKTa H yBeJIH<JeHHll ,nHCCHIIaIJ;HH 
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3Hepnrn:; cpe.n:mi:e 6hlcTpOThl yMeHJ,lllaJOTCH 3a cqeT yBeJrn:qemrn .n:o

Jrn: HYKJIOHOB x.n:pa MlfllleHI1, a cpe,n:Hlfe ~opx,n:Klf KYMYJIHTHBHOCTH 

YBeJilfqlfBaIOTCH. 
·,,_ 

6. BrrepBhle H3yqeHJ,I 3aBHCHMOCTlf 3HaqeHH:U o.n:HoqacTJfqHI,IX Koppenx-

l(lfOHHhlX ipyHKU:HH - ROT BeJilfqlfHhl Q, T.e. OT cTerreHH pa3pyrneHHH 

x,n:ep B 71"-
12c- (rrpH lfMIIYJILCe 40 f3B/c), pC-, dC-, 4HeC- If 

12CC
B3aHMO,U:e:UCTBHHX {rrpH HMrryn1,cax 4,2 A f3B/c) .n:nx 71"- -Me30HOB If 

rrpoTOHOB. O6Hapy)I{eHo, qTo 3aBHCHMOCTL Koppenxn:HoHHLIX ipyHK

U:HH R OT Q HMeeT MeCTO rrpH ycJIOBlflf HaJilfqlf1[ B HHX rrepeMeHHO:U 

Pti OHH HBJIHIOTCH cna6hlMlf (R < 0.3) KoppeJIHI(lfHMlf H HMeIOT He

JIHHe:UHhl:U xapaKTep. O6Hapy)I{eHO TaK)I{e ClfJIJ,HOe lf3MeHeHHe KaK 

ipopMhl 3aBHCHMOCTH I R I OT cTerreHH pa3pyrneHHH x.n:ep, TaK If 3Ha

qeHH:U l'1R I oT Macchl x.n:pa-CHapx.n:a. 

Y CTaHOBJieHo, qTo C- yBeJIJfqeHHeM MaCChl x.n:pa-cHapx.n:a 3HaqeHHH 

q>yHKU:HH R yMeHrnaIOTCH ( T .e. KoppeJIHU:HH cna6e10T) H B cnyqae 
12 CC- B3aHMo.n:e:ucTBH:U CTaHOBHTCH MHHHMaJILHhlMH. II pH 3TOM o.n:

HOBpeMeHHO c ocna6neHHeM KOppeJIHI(lf:U B o6JiaCTlf 6oJibllllfX Q ( 
B o6JiaCTlf IIOJIHOro pa3BaJia x.n:ep) lf3MeH.sieTCH If xapaKTep 3aBHClf

MOCTlf I R I OT Q. TaK, o6Hapy)I{eHo, qTo .n:nx pC-, dC - B3aHMO

.n:e:ucTBH:U 3Ta 3aBHCHMOCTb HMeeT xapaKTep JIHHlflf C 11 H3JIOMOM11
, 

.U:JIH 4H eC- B3a:UMO,U:e:UCTBH:U - "cTyrreHqaTy10" q>opMy, a ,U:JIH 12CC
B3aHMO,U:e:UCTBlf:U -

11
3Hr3aroo6pa3HYIO" q>OpMy. 

7. BrrepBhle ycTaHOBJieHO cymecTBOBaHHe CBH3lf n:eHTpaJibHhlX CTOJIK

HOBeHH:U C peaKI(lfHMlf IIOJIHOro pa3BaJia x,n:pa B pC, dC, 4H eC If 12CC
B3aHMO,U:e:UCTBHHX. 

Hay'IHaJI H npaKTHqecKaJI 3Ha'IHMOCTb. 

Pe3yJILTaThl, rronyqeHHhle B HaCTOHII(e:U ,n:HccepTal(Hlf, HBJIHIOTCH ycTa

HOBJieHHhlMlf HayqHhlMlf 4:>aKTaMH, KOTOphle MoryT 61>1Tb lfCIIOJib30BaHhl 

rrpH IIJiaHHpOBaHHlf HOBhlX 3KCIIepHMeHTOB Ha TaKHX ycTaHOBKax KaK 

"ALICE" [29] Ha rryqKax LHC, "STAR" [30) Ha rryqKax RHIC, "C<l>EPA"[31] 

Ha rryqKaX HyKJIOTpOHa If T.,n:. O6Hapy)I{eHHaH CB1[31, rrpon:eccoB C IIOJIHl>IM 

pa3BaJIOM x,n:ep If n:eHTpaJibHhlMlf CTOJIKHOBeHHHMlf MO)I{eT HMeTb Ba)I{HOe 

3Ha'leHHe ,U:JIH C03,U:aHHH 3q>q>eKTHBHl>IX TpHrrepoB Ha yKa3aHHl>IX ycTa

HOBKax IIpH IIOHCKe HOBl>IX COCTOHHH:U x.n:epHoro BemecTBa. 3TH pe3yJILTa-
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Thi HMeIOT Tak)I{e Ba)I{HOe 3HaqeHHe ,U:JIH TeopeTJfqecKoro paCCMOTpeHHH 

MexaHH3Ma rrpon:eccoB rrorrttoro pa3BaJia x.n:ep. 

Ilpon:ecchl IIOJIHOro pa3pyrneHH.ll .ll,Uep HMeIOT_Ba)I{HOe npHKJia,UHOe 3Ha

qeHHe, T.K .llBJI.llIOTCH MOIUHbIMlf lfCTOqHHKaMH He:UTpOHOB, qTO Heo6xo.n:H

MO B 3KcnepHMeHTax, rrpoBO,UHMbIX C n:errbIO C03,UaHH.ll 3JieKTpo.ll,n:epHhlX 

3HepreTHqecKHX ycTaHOBOK. 

Ha 3aIUHTY Bbl):\BHraIOTCH cne.n:yrom;He pe3yJibTaT~: 

f. l-IccJie,UOBaHHe CBO:UCTB a,n:poH-H,UepHblX If .ll,UpO-H,UepHbIX B3aHMO,Ue:U

CTBlf:U rrpH perr.llTHBHCTCKHX 3HeprH.llX B 3aBHCHMOCTlf OT CTeneHH 

pa3pyrneHH.ll .ll,n:ep-MlfllleHH BrrepBhle rrpoBe,n:eHbl HOBO:U MeTO,UlfKO:U C 

HCIIOJib30BaHHeM YHHKaJibHOro 3KCnepHMeHTaJibHOro MaTepHana, IIO

nyqeHHOro rrpH yqacTlflf aBTopa ,UHCCepTal(lflf C II0¥0Il(I,IO 2M rrpo

rraHOBO:U rry3hlpbKOBO:U KaMep1,1 JIB3 Ol-I5Il-I. IlpH 9TOM, HHcpopMa

U:HH O CBOHCTBaX pa3JilfqHI,IX rrpoue~COB rrpoBO,UHJiaCb B O,UHHX If Tex 

)Ke 9KCIIepHMeHTaJibHhlX ycrroBH.llX C lfCIIOJII,30BaHHeM nyqKoB: .71"- -

Me~oHOB c HMrryn1,coM '.10 f9B/c Ha ycKopHTeJJe l-I<l>B3_ (CeprryxOB), 

a TaK)KK - rrpoToHoB, .s1.n:ep d, 4 He H 
12.U c HMIIYJibCOM 4,2 A f9B / c 

Ha HYKJIOH Ha cHHxpocpa3oTpoHe JIB3 Ol-I5Il-I (,Ily6tta). 

2. O6Hapy)KeHo, qTo B 3aBHCHMOCTlf OCHOBHl>IX xapaKTepHCTHK a.n:poH

.ll,n:epHblX If .s1.n:po-.s1.n:epHbIX CTOJIKHOBeHH:U OT MHO)KeCTBeHHOCTlf Bcex 

BTOplfqHI,IX rrpOTOHOB Q cymecTByeT HeKOTopoe rpaHlfqHoe 3Haqe

Hlfe Q*' Bhlllle KOTOporo rrpOHCXO,UlfT CMeHa pe)KHMa B rroBr,l],eHl~lf HX 

CBOHCTB. BrrepBhle ,n:eTaJibHO ll~CJI~,UOBaHhl CBO:UCTBa xapaK:r:epHCTHK 

CTOJIKHOBeHH:U B o6JiaCT.sIX Q < Q* H Q 2::: Q* 
0

lf c,n:eJiaH BhlBO.U·, qTo 

ycnoBHe Q 2::: Q* .llBJI.lleTC.ll Heo6xo,n:HMLIM If .n:ocTaToqHhlM Kp~TepH

eM ,UJI.sl Bbl,UeJieHH.sl peaKI(lf:U C qoJIHI,IM pa3BaJIOM .s1.n:ep-Mmµ~He:U. 
-I - ' • :_,. ' 

3. Y CTaHOBJieHO, qTO B HeyrrpyrHX B3aHMO,Ue:UCTBlf.llX 71"-
12C_ (rrp~ 40 

f9B/c), pC, dC, 4HeC If 12cc (rrpn 4,2 A f9B/c), C pOCT!)M MaCCbl 

H~eTaromero cHapH.n:a npH HeH,3MeHHOH Macce x.n:pa-~H~eiui· rpa

HlfqHoe 3HaqeHHe Q* cMemaeTCH B cTopo11y 6oJILIIIHX ~irn-cieHHH no Q. -- . ,.. . .... 

4. Ha OCHOBe aHaJIH3a xapaKTepa IIOBe,n:eHH.ll lfHBapHaHTHl>IX HHKJIIO-
t ' -t. _, • ' . ~ . ' '-. " . 

3lfBHhlX crreKTpOB rrpoTOHOB If 71"- -Me30HOB, o6pa30BaHHblX B yKa3aH-
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HI,IX B II. 3 B3al:IMO,IJ;CHCTBl:IH, B 3aBl:ICl:IMOCTl:I OT Q BIIepBble o6Hapy

)KCHbl CJie,nyroII(l:le 3aKOHOMepHOCTl:I: 

- cymecTBOBaHl:le .IJ;BYX l:ICTO'IHl:IKOB l:13JIY'ICHl:l.ll BTOpl:l'IHbIX ~aCTl:IU, 

xapaKTepn3yIOII(l:IXC.ll pa3HbIMl:I 3Ha'ICHl:l.l1Ml:I rrapaMeTpOB HaKJIOHa 

l:IHBapnaHTHhlX l:IHKJII03l:IBHbIX cneKTpOB (b1 = ,JJ l:I (b2 = ,],J. Ilpn 

3TOM Hl:13K03HepreTl:l'ICCKa.ll qacTb CIICKTpOB rrpoTOHOB (xapaKTepn-

3yeMax Kl:IHCTl:l'ICCKOH 3Heprneii B Jia6opaTOpHOH Cl:ICTCMe Koop,nnHaT 

(n.c.K.) T1) CB.ll3aHa, B 0CHOBHOM, C 1:1crrap1:1TeJibHbIMl:I rrpoueccaMn, a 

:QhlCOK03HeprnqHax qacTb crreKTpa ( xapaKTep1:13yeMax Kl:IHCTl:l'ICCKOH 

:meprneii B JI.c.K. T2) c ,npyrnMn rrpoueccaMl:lj 

- 3Ha'ICHl:l.ll BCJil:l'Il:IHbl T2 pe3KO B03pacTaeT C poCTOM MaCCbl HaJie

. Taromero x,npa; 

- B o6JiaCTl:I Q < Q* xapaKTep IIOBe,IJ;eHl:l.ll BCJil:l'Il:IHhl T2 ,IJ;JI.ll rrpoTo

H0B He 3aBl:ICl:IT OT 3Ha'ICHl:l.ll BCJil:l'Il:IHbl Q' HO B o6JiaCTl:I Q ~ Q* 
.noxBJI.lleTcx pe3Kax 3aBncnMocTb 3Ha'Iemrn T2 OT Q. B 3TOH 06nacT1:1 

3Ha'IeHn.s: T2 yMeHbIIIaIOTC.ll c pocTOM Q. TaKoe rroBe.n;eHne CB.ll3aHo c 

. YMCHIIICHl:ICM rrpl:IMCCl:I Jil:I.IJ;l:lpyroII(l:IX ( CTpl:IIIIIl:IHrOBbIX) cpparMeHTOB 

cpe,nn paccMaTpnBaeMhlX rrpoTOHOBj 

- R 06nacT1:1 Q < Q"' 3Ha'IeH1:1.11 T1 1:1 T2 ,nnx ?r--Me30HOB yMeHbIIIa

IOTcx l:I ,IJ;OCTl:lraroT HCKOT0poro Ml:IHl:IMaJibHOro 3Ha'IeHl:l.ll, a B 06-

JiaCTl:I Q ~ Q* 3Ha'IeHnx T1 1:1 T2 rrepecTaroT yMeHbIIIaTbC.ll B cnyqae 
4H eC-B3al:IMO,IJ;eHCTBl:IH 1:1 pe3KO pacTyT C poCTOM QB cnyqae - 12cc
B3al:IMO,IJ;CHCTBl:IH • 

5. B pe3yJibTaTe aHaJil:13a Kl:IHeMaTl:l'IeCKHX xapaKTepHCTl:IK rrpoTOHOB 

peamnii C IIOJIHbIM pa3BaJIOM x,npa IIOKa3aHo, 'ITO cpe,n;Hne l:IMIIYJib

Cbl IIpOTOHOB yMeHblllaIOTC.ll 3a C'ICT IIO.IJ;aBJICHl:l.ll Jll:I.IJ;l:lpyromero 34)-
'· 

qJCKTa l:I pocTa ,IJ;l:ICCl:IIIal{l:11:1 3Heprl:1Hj cpe.IJ;Hl:le 6bICTp0Tbl YMCHbIIIa-

lOTC.ll 3a C'ICT YBCJil:l'ICHl:l.ll ,IJ;OJil:I HYKJIOHOB x,npa Ml:IIIICHl:lj a cpe,n;H:11e 

rropx,n;Kn KYMYJI.S:Tl:IBHOCTl:I yBeJI1:1'I1:1BaIOTC.ll. 

6. y CTaHOBJieHo, 'ITO IIOJIHbIH pa3BaJI x,nep Ml:IIIICHCH rrponcxo,nnT 3a 

C'IeT pa3HbIX MCXaHl:13MOB, B TOM 'Il:ICJie 1:1 3a C'ICT HCl:13BCCTHbIX pa

Hee MeXaHH3MOB, HarrpHMep, 3a C'ICT MeXaHl:13Ma reHepaUHH x.nepHbIX 

y,napHbIX BOJIH • .IloJI.ll co6bITl:IH C IIOJIHbIM pa3BaJIOM x,npa Ml:IIIICHl:I 

OT 3Tl:IX MexaHl:13MOB COCTaBJI.llCT OKOJIO 18%. 

7. BrrepBble ,neTaJibHO l:ICCJIC,IJ;OBaHbl 3aBl:ICl:IMOCTl:I 3Ha'IeHl:IH O,IJ;HO'Iac-
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TH'IHbIX KOppeJI.lll{HOHHbIX cpyHKUHH - ROT BCJIH'IHHbl Q (-r.e. OT CTe

neHH pa3pymeHH.ll x,nep) B pC,dC, 4HeC H 
12

CC-B3aHMo,neiicTBH.SIX 

,IJ;JI.SI 71"- -Me30HOB H npoTOHOB. O6Hapy:>KeHo, 'ITO 3aBHCHMOCTb KOppe

JI.SIUHOHHbIX cpyHKUHH R OT Q, B OCHOBHOM HMCCT MCCTO IIpH YCJIOBHH 

HaJIH'lH.SI B HHX nepeMeHHOH Pt H npn 3Ha'IeHH.SIX R < 0.3( T.e. Ha-

6nro,naeMbie KoppeJI.SIUHH .SIBJI.SIIOTC.SI cJia6bIMH). 

O6HapyxeHo cHJibHoe H3MeHeHne cpopMbI 3aBHCHMOCTH I R I OT cTe

neHH pa3pymeHH.SI .SI,nep n 3Ha'IeHHH I R I OT Macc1,1 .SI,npa-cHap.SI,na. 

y CTaHOBJICHO TaK:>Ke, 'ITO C yBeJIH'ICHHCM MaCCbl .SI,npa-cHap.SI,na KOp

peJI.SIUHH cna6e10T H B cnyqae 12 CC- B3aHMo,neiicTBHH OHH cTa'Ho

B.SITC.SI MHHHMaJibHbIMH. . . 
O6Hapy:>KeHo, 'ITO o,n;HoBpeMeHHQ c ocna6rreHHeM KoppeJI.SIUHM B 06-

JiaCTH 6oJibIIIHX Q ( B o6rraCTH IIOJIHOro pa3BaJia .SI.n;ep) H3MCH.SICTC.SI 

H xapaKTep 3aBHCHMOCTH I R I OT Q. TaK, .IJ;JI.SI pC-, dC - B3aHMO

,neiicTBHH 3Ta 3aBHCHMOCTb HMeeT xapaKTep JIHHHH C "H3JIOMOM", 

,IJ;JI.SI 4HeC- B3aHMO,D;eHCTBHH - "cTyneH'IaTyIO" cpopMy, a ,D;JI.SI 
12

CC

B3aHMO,D;CHCTBHH - "3nr3aroo6pa3Hy10" cpopMy. 

8. Ha OCHOBe aHaJIH3a 3aBHCHMOCTH cpe,n;HHX 3Ha'IeHHH IIOTOKa 3HeprHH 

BTopH'IHbIX qacTHU c yrrraMH BbIJieTa 0 ::; 5° B rr.c.K. B pC, dC, 4H eC 
n 12CC-B3aHMO,neiicTBH.SIX OT cTeneHH pa3pymeHH.SI .SI.n;ep-MHilleHH Bnep

Bhle ycTaHOBJieHa CB.SI3b ueHTpaJibHbIX CTOJIKHOBeHHH C co6bITH.SIMH 

IIOJIHOrO pa3BaJia .SI,npa. 

Arrpo6an;m1 pa6oTbl. 

OcHoBHble MaTepHaJihl, H3JIO:>KeHHbie B ,nnccepTaUHH, 61,m_H ony6rrH

KOBaHbl B pa6oTax[Al]-[A28]. OHH ,noKrra,noBaJIHCb H o6cy:>K,naJIHCb tta 

ceMHHapax lIHcTHTyTa <l>n3HKH AH A3.Pecny6rrHKH, Ha cneuHaJIH3Hpo

naHHbIX ceMHHapax no perr.SITHBHCTCKOH .SI,nepHoH q>H3HKe IlB3 OIUIH, a 

TaK:>Ke Ha ceMHHapax HHH51<1> MfY (MocKna). Pe3yn1,TaT1,1, npnBe.n;eH

Hhle n ,nnccepTaUHH, ,IJ;OKJia,IJ;bIBaJIHCb H o6cy:>K.IJ;aJIHCb Ha Me:>K,nyttapom,IhlX 

KOHcpepeHUH.SIX H CHMII03HyMaX :XIII H XIV Internanional Seminar on 

High Energy Physics Problems (ny6Ha, 1996 n 1998 rr. cooTBeTcTnetttto), 

The second Uzbekistan conference "Modern problems ·of nuclear physics" 

(CaMapKaH,n, 9-12 CeHT.Sipb 1997) H 6bIJIH npe,ncTaBJieHbI n BH,IJ;e CTeH,D;O

BhlX ,noKJia,non Ha: International Conference on Quark Lepton Nuclear 
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Physics ( QULEN97, May_-20-23, '1997, Osaka, Japan)i 6th International 

Conference on Nucleus.;:Nucleus Collisions (NN97, June 2 ~ 6, 1997, Gat

linburg, Tennessee, US4J;. J,'he, Th!r!~enth Intern~tional · Conf~rence on 

Ultra-llelativistic Nucleus- -No.deus Collisions (QM97, December l - 5, 

1997, Tsukuba, Japan); International Nuclear Physics Conference ( INPC98, 
August 24 - 28, Paris, France). 

IlyonuKarurn:. Ilo MaTepnanaM .unccepTal(HH ony6nnKoBaHo 28 pa-
6oT. 

06'beM II CTPYKTypa paOOThl. 

J1MccepTau:m1 COCT0HT H3 BBe,neHHH, ITHTH rnaB H 3aKmoqeHHH. O6-

IIUIH 061>eM 179 cTpaHnu:, BKmoqax 69 pncyHKa H 33 Ta6nnu:1,1. CnncoK 
JIHTepaTyp1,1 BKmoqaeT 122 HaHMeHoBaHHH. 

CO.UEP)KAHME P ABOTbI 

Bo BBe,neHHH 060CHOBhlBaeTCH·aKTYaJibHOCTI, npo6JieM:hl H <pOpMyJIH
pyeTCH u:em, pa60T1,1. 

IlepBaJI rnaaa nornmn:eHa MeTo,nnqecKHM BonpocaM nonyqeHHH 'n 
o6pa60TKH 3KCnepHMeHTaJIJ,H0l'O MaTepnana. 

B §1.1 ,naH1,1 o6nni:e CBe,neHHH 06 3KcnepHMeHTe. 
\ 

B §1.2 npHBe,neH1,1 xapaKTepHCTHKH .UByXMeTpoBoii nponaHoBoii ny-

31,1p1,K0Boii KaMep1,1 JIB3 OH}IM (TIIK-500) H .uaeTcx HH<popMau:nx 06 
ycJI0BHHX npoBe,neHHH 3KcnepHMeHTa. 

Bonpoc1,1, CBH3aHHbie c o6nyqeHHeM TIIK-500 nyqKaMM 1r--Me30H0B ,.c 
P,r-=40 r:;iB/c, o6cy)KJJ;aIOTCH B §1.3. 

XapaKTepHCTHKH nyqKa 7r--Me30HOB IIpHBe,neHhl B §1.4. 

3KcrrepHMeHTaJihHhlH MaTepnan oT6npancx rrp11 rrpocMoTpe cTepeo<po

TOCHHMKOB c TIIK-500 Ha 6on1,11IHX rrpocM0Tp0BhlX cTonax JIBTA OM-

5IM, II03BOJIHBIIIHX 11crron1,30BaT1, 4 HJIH 6 061>eKTHBOB. MeTO.UHKa npo

CMOTpa CTepeO<pOTOCHHMKOB n o'r6op co6:hlTHM o6cy)KJ];aeTCH B §1.5. 

M3MepeHHH cne.noB BTopnqm,1x qacTHU: B co61,1THHX, OTo6paHHhlX IIpH 

npocMoTpe cTepeo<poToCHHMKOB c TIIK-500, rrpoB0.UHnHc1, Ha rronyaBTo-
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MaTax nma "IIYOC", pa6oTaronni:x Ha mrmm c 3BM. MeTO.UHKa H3Me

peHHH TpeKoB, OT06paHHhlX co6:hlTHH, H onpe.ueneHHe KHHeMaTnqecKHX 

napaMeTp0B BT0pHqHJ,IX qacTHU: .uaeTCH B §1'.6 

B HallleM 3KcnepH~eHTe oT6op co6:hlTHH H H,l{eHTH<pHKaU:HH qacTHU 

11p0H3B0,UHJIHCI, BH3YaJihH0. MeTO,l{HKa H,neHTH<pHKaUHH qacTHU: 06cy2K

.uaeTCH B §1.7. 

B §1.8 0ilHCaHa MeT0.UHKa Bhl,l{eJie~IHH MH0roHyKJI0HHhlX 7r-lZC - B3aH

MOJ{eHCTBHH. 

Bonpoc1,1 CBH3aHHI,Ie c o6nyqeHHeM TIIK-500 nyqKaMH rrpoToHoB, x.uep 

.ue:iiTpoHa, ren11x H yrnepo.ua rrpH HMnyn1,cax 4.2 A r3B/ c 06cy2K,naeTcx 

B §1.9. 

OcHOBHbie pe3yn1,TaThl no rnaBe I npHBe,neHhl B §1.10. 

B HaCToxmeii ,nHccepTaUHH rrpoB0.UHTCH aHaJIH3 cBOHCTB a.upoH-x,ne

pH1,1x H x.upo-x.uepHhlX B3aHMO.UeHCTBHH B 3aBHCHMOCTH OT CTeneHH pa3-

pymeHHH x.uep. Mccne,noBaHHH 6:hlJIH HaqaTbI C aHaJJ:H3a CBOHCTB peJIH

THBHCTCKHX 1r-
12c - B3aHMO,UeHCTBHH npH P,r- = 40 r3B/c. 3TOT 3KC

nepHMeHTaJIJ,Hl,IH MaTepHan .uaeT JHHKaJibHJIO B03M02KHOCTI, ,UJIH Bhl

HCHeHHH BJIHHHHH x.upa - MHIII~HH Ha npouecchl MHO)KeCTBeHHoro po2K

,neHHH ' qacTHU, TaK KaK a.upoH-CHapx.n He HMeeT 6apHOHHOro 3apx.ua, 

a BCe 3aperHCTpHpOBaHHI,Ie B co6UTHH npOTOHhl HBJIHIOTCH HJKJI0HaMH 

x.upa-MHIIIeHH. B KaqecTBe Mep1,1 CTeneHH pa3pymeHHH x.npa HCn0JII,3J

eTCH MH02KeCTBeHHOCTI, Bcex BTOpHqHI,JX npoTOHOB, o6pa3oBaHHhlX nocne 

CTOJIKH0BeHHH. IlpH 3T0M paccMaTpHBaJIHCI, OT,l{eJibH0 TPH. cnyqax co-

61,ITHH: co6UTHH, B KOTOphlX H3yqaeTCH MH02KeCTBeHHOCTI, npoTOHOB C 

HMIIJJibCaMH p :::; 1, 0 r:;iB/c; co6UTHH, B KOTOpUX aHaJIH3HpyeTCH MH0-

2KeCTBeHHOCTI, IIpOT0HOB, HcnymeHHhlX B 3a,l{HIOIO rronyc<pepy B Jl.C.K. H, 

HaKoHeU, co6hlTHH, B KOTOpbIX paccMaTpHBaeTCH MH02KeCTBeHHOCTI, Bcex 

BT0pHqHl,IX npoTOH0B, BKJIIQqax H npOTOHhl c HMIIJJibCaMH 6oJibIIIe 1,0 

I'3B/c. 

Bo BTOpOH rJiaBe IIpHBe,neHU pe3yJI1,TaT1,1 aHaJIH3a ,l{aHHhlX 7r- 12C 

B3aHMOJ{eHCTBHH IIpH 40 I'3B / C B 3aBHCHMOCTH OT MH0)KeCTBeHHOCTH rrpo

TOHOB (Np) C HMIIJJibCaMH MeHbllle 1,0 r3B/c H OT MH02KeCTBeHHOCTH 

npoToHoB, HcnymeHHhlX B 3a,l{HIOIO nonyc<pepy. Pacnpe.ueneHHe 1r-12c
B3aHMo.ne:iicTBHH no Np npHBe.neHhl B §2.2. 

B §2.3 paccMOTpeHU 3aBHCHMOCTH cpe.UHHX XapaKTepHCTHK 7r-12C

B3aHMOJ{eHCTBHH OT NP" 
O6Hapy2KeHo, qTo C pocTOM Np 3<p<peKT JIH,l{HpOBaHHH 7r--Me30HOB ocna-
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6eBaeT, 3Haqemu1 cpe,D;Hl'IX nonepeqHJ,IX HMnyJil>COB 7r- -Me30HOB YMCHI,

rnaIOTC}I, a 7r+-Me30HOB, B npe.n;enax OIIlH6oK, OCTaIOTC}I noCTO}IHHhlMH. 

y CTaHOBJieHO TaK)Ke, qTo cpe.n;HHe 3HaqeHH}I 61>1cTpOThl ,Il;JI}I BT?PHqHhlX 

qacTHIJ; C.D;BHraIOTC}I B o6JiaCTI, q>parMeHTaIJ;HH MHIIlCHH a }l,Il;po - MHIIlCHI, 

yrnepo.n;a He OKa31>1BaeTC}I noJIHOCTl,IO "npo3paqHhlM" ,Il;JI}I BTOpHqHhlX 

qacTHU, 

B §2.4 HCCJie.D;OBaHhl xapaKTepHCTHKH 1r- 12c - B3al'IMO.D;CHCTBHH C npo

TOHaMH, 11cnyia;eHHhlMH B 3a,D;HIOIO nonycqiepy. B pe3yJI1>TaTe ycTaHOBJie

HO CJie.n;yroIIU1e q>aKThl: 

- cpe.n;HHe xapaKTepHCTHKH 3apuKeHHhlX 7r - MC30HOB B co61>1TH}IX C 

npoTOHOM, Hcnyia;eHHhlM Ha3a.n;, TaKHe )KC KaK H BO Bcex 1r-12c - B3aH

MO.D;CHCTBH}IX. 

- He Ha6nro.n;aeTC}I cyiu;ecTBCHHOH 3aBHCHMOCTH cpe,n:HHX MHO)KCCTBeH

HOCTeH 7r± - MC30HOB OT q11cJia 11cnyia;eHHbIX npoTOHOB Ha3a,n: H HX HM

nyJI1>COB. 

- cpe,n:HHe xapaKTepHCTHKH npoTOHOB B co61>1TH}IX c npoTOHOM, Hcny

m;eHHhlM Ha3a,n:, HBO BCCX 1r-12c -B3aHMO,ll;CHCTBH}IX He OTJIJlqaIOTC}I ,n:pyr 

OT .n:pyra, 3a l'ICKJIIOqeHHeM cpe,n:HHX MHO)KCCTBCHHOCTeH npoTOHOB. 

3aBHCHMOCTH HHKJII03l'IBHhlX cneKTpOB npoT~HOB B 7r- 12C- B3aHMO,ll;eH

CTBH}IX OT Np paccMoTpeHhl B §2.5. 
B §2.6 OTMeqeH1>1 ocHOBHhle pe3yJI1>TaT1>1 rnaB1>1 II. Ha ocHoBe aHaJIH3a 

nonyqeHHhlX pe3yJI1>TaTOB .n:enaeTC}I YTBep)K,n:eHne, qTo C yBeJI11qeHHeM 

Np OCHOBHhle xapaKTepHCTHKH co61>ITHH H3MCH}IIOTC}I H 3TH H3MeHe;EIHH 

HMeroT JIHHeHHhlH xapaKTep (3a 11cKJiroqeH11eM pacnpe.n:eneHHH 1r-12C

B3aHMo,n:eiicTBHH no Np)• C yBeJI11qeHneM MHO)KeCTBeHHOCTH npoToHoB, 

Hcnym;eHHblX B 3a,n:HIOIO nonycqiepy, OCHOBHI,Ie xapaKTepHCTHKH co61,1-

THH He H3MeHHIOTC}I. Ilo3TOMY B ,n:an1>Heiim11x 3KcnepnMeHTax no no11c

KY HOBhlX COCTOHHHH H,n:epHoro BemecTBa Heo6XO,ll;HMO BKJIIOqeHHe B pac

CMOTpeHHe npOTOHOB C p 2:: 1, 0 r3B j C H HCnOJib30BaHHe nepeMeHHOH Q, 
onpe,n:eJieHHe KOTopoii .n;aHo B nepBoii rnaBe .n:nccepTaa;1111. 

B TpeTbe:u r JiaBe o6cy)K,n:aeTc}I HOBl>IH no.n:xo.n: K 11ccne,n:0BaH1110 npo

u;eccoB noJIHoro pa3BaJia H,n:ep B 1r-12C-B3aHMo,n:eiicTBHHX np11 11Mnyn1,ce 

40 r3B / c 11 pe3yJ11>TaT1>1 np11MeHeHHH 3Toro no.n:xo.n:a ,n:JIH oT6opa co61>1T11ii 

C noJIHhlM pa3BaJIOM }l,ll;ep-MHIIleHeH. 

§3.1 noCB}IITJ;eHa noucKy H Bhlpa60TKe KpHTepHeB ,ll;Jl}I Bhl.D;eJieHH}I pe

aKIJ;HH C noJIHhlM pa3BaJIOM }l,D;pa-MHIIlCHH. 

· Ilp11 oT6ope co61>1THH c noJIHhlM pa3BaJIOM }l,n:pa yrnepo.n:a no KpHTe-
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p1110 NP 2:: 4 ( aHanornqHoMy 'I'oMy, KOTop1,1ii 11cnon1,3yeTCH B 3KcnepHMeH

Tax c H,n:paMH q>OT03Myn1,cnn ,n:JIH oT6opa co61>1Tliii c noJIHhlM pa3BaJIOM 

H,n:ep-MHmeHeii) B paCCMOTpeHHe He BKJIIO'laeTCH qacTb cnyqaeB, B KOTO

p1,1x 3Ha'IHTCJil>HOMY 'll'ICJIY H,n:epHbIX qiparMeHTOB :nepe,n:aIOTCH 60Jil,1Ill'IC 

HMnyn1,c1,1. Ilo3TOMY npn pa3pa6oTKe HOBoro, 6onee a,n:eKBaTHoro KpHTe

pnH BbI,n;eJieHHH peaKUHH C noJIHI,IM pa3BaJIOM H,n:pa H l'ICKOMl>IX CHrHaJIOB, 

Heo6XO,ll;l'IMO BKJIIO'IHTI, B aHaJil'I3 B_Ce BTOpH'IHbie IlpOTOHbl1 B03HHKIIll'IC 

npn CTOJIKHOBCHHH. ·Y CTaHOBJICHO, qTo yKa3aHHhle qiparMeHThl Y'IHTbl

BaeT BCJIH'IHHa Q. Cne,n:oBaTeJibHO ,ll;JIH BbI,n:eJieHH}I co61>ITHH c noJIHhlM 

pa3BaJIOM H,n:pa yrnepo.n:a npe,n:cTaBJIHeTCH ecTeCTBCHHhlM HCnOJI1,30BaTb 

HOBl>IH KpHTepnii oT6opa TaKHX peaKunii: 

Q 2:: 4 {2) 

BepOHTHOCTI, ua6Jiro~eHHH B 1r-12c - B3~HMO,ll;CHCTBHHX npn P1T- = 40 
r3B / C peaKQHH C noJIH¥M pa3BaJIOM H,n:pa - Ml'IIIlCHH, OT06paHI-IblX C no

MOITJ;l>IO HOBOro KpHTepHH, npHBe,n:eHa B §3.2 . .IIJIH BepOHTHOCTH 3Tl'IX npo

uecCOB nonyqeHo 3Ha11eHne W = (7, 0 ± 0, 3)%. 3io 3Ha'leH11e no'ITH B 

2,5 pa3a 6on1,me, 'ICM ,ll;JIH co6hlTHH, 
0

0T06paHHhlX no CTapoMy KpHTe

pHIO. TaKoe yBeJIH'ICHHe, B OCHOBHOM, nponcxo,n:HT 3a cqeT BKJIIO'ICHHH 

B paCCMOTpeHHe co61>ITHH noJIHoro pa3BaJia H,n:pa C 6oJibIIlOH nepe,n:aqeif 

HMnyn1,ca HYKJIOHaM }l,n:pa-MHIIlCHH. 

CBoHCTBa cpe,n:HHX xapaKTepHCTHK co61>1THH c noJIHl>IM pa3BaJIOM H,n:pa 

- MHIIleHH, OT06paHHhlX no HOBOMY KpHTepHIO, npHBe,n:eHbl B §3.3. 
B §3.4 npHBe,n:eHbl pe3yJI1>TaTbl aHaJIH3a CBOHCTB HHKJII03l'IBHhlX cneKT

poB BTOpuqHhlX qacTHU, Hcnym;eHHblX B co61>ITHHX C noJIHbIM pa3BaJIOM 

}l,ll;pa MHIIlCHH. 

Pe3yJI1>TaT1>1, nonyqeHH:bie npn n3yqeHHe 3q>q>eKTa nn.n:11poBaHHH, npn

Be,n:eHhl B §3.5. 
Pe3yJI1>TaT noHcKa aHOMaJIHH B yrJIOBhlX pacnpe,n:eJieHHHX npoTOHOB 

H3 co61>1THH c noJIHhlM pa3BaJIOM H,n:pa yrnepo.n:a npnBe,n:eH B §3.6. O6-

Hapy)KeHo, qTo B co61>1THHX C noJIHhlM pa3Ba.JIOM H,n:pa, OTo6paHHbIX no 
' . 

HOBOMY Kp11Tep11ro, B yrnoBhlX pacnpe,n:eJieHHHX npoTOHOB Ha6nio,n:aeTCH 

BTOpoii qeTKl'IH MaKCHMYM B paiioue yrJIOB 55-65°. 3TOT pe3yJI1>TaT MO

)KCT CJIY)KHT yKa3aHHeM Ha TO, qTo co61>1THH C noJIHhlM pa3BaJIOM H,n:pa, 

KaqecTBeHHO OTJIH'laIOTC}I OT 061>1qH1>1X 1r-12C-B3aHMo,n:eiicTBHH. 

B §3.7 np11Be,n:eH1>1 ocHOBHhle pe3yJI1>TaT1>1 r'JiaBhl III. 
B qeTBepTo:u rnaBe on11caH1>1 3KcnepnMeHTaJil>Hhle pe3yn1,TaT1>1 no 
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HCCJie,noBaHIHO KOpeJIJUIUHM BTOp:n:qHI,IX qacTHll B co6hlTHHX c nonHhlM 

pa3BanOM H,npa MHIIIeHH. 

Bo BBe,neHHH .n:n:ccepTaUHOHHOM pa6oThl fo,mo OTMeqeHo, qTo o.n;Hon H3 

OCHOBHhlX 3a,naq Hccne,noBaHHll HBnHeTCH noHCK yKa3aHHll Ha cyniecTBO

BaHHe HOBhlX, paHee HeH3BeCTHhlX MexaHH3MOB, npHBO,l{HIIIHX K nonHoMy 

pa3pyIIIeHHIO H,nep. B KaqecTBe o,n;Horo H3 B03MO)KHI,IX nyTeM peIIIeHHH 

3Ton 3a,naq:n: paccMaTp:n:naeTcH ycTaHonneH:n:e CBH3en Me)K,ny npoueccaMu 

nonHoro pa3Bana H,nep :n: KyMynHTHBHoro o6pa3oBaHHH qacTHU. IlpoHBne

HHe KaqecTBeHHO HOBhlX q>yH,naMeHTanI,HI,IX CBOMCTB H,nepHOll MaTepHH 

B npoueccax KyMynHTHBHOro po)K,D;eHHH a,npOHOB cq:n:TaeTCH ycTaHOBneH

HhlM q>aKTOM [1]. Ilo3TOMY OCHOBHOM uem,IO HaCTomn:en rnaBhl HBnHnOCI, 

HCCJie,noBaHHe KJMynHTHBHOro 3q>q>eKTa H ero CBH3H C npoueccaMH non

Horo pa3Bana H.n;pa-MHIIIeHH. 

Hccne,noBaH:n:e a,npoH-H,nepHhlX B3aHMo,nencTBHM, conpoBo)K,naIOIUHXCH 

ucnycKaHHeM a,npoHoB B 3a,nH1010 nonycq>epy B n.c.K., 3To, npe)K,ne ncero,

aHanH3 HBJieHHM, CBH3aHHhlX C q>parMeHTaUHe:H H,D;pa-MHIIIeHH, KOTOpI,IM 

MO)KeT ,naTI, cymeCTBeHHYIO HHq>OpMaUHIO O CBOMCTBax H,nepHOll MaTepHH 

:n:, B qacTHOCTH, o npoueccax nonHoro pa3Bana H,npa-MuIIIeHH. 

B §4.2 np:n:Be,neHhl pe3yn1,TaThl :n:ccne,nonaHHH npoueccoB :n:cnycKaHHH 

a,npoHOB B 3a,D;HIOID nonycq>epy B n.c.K. B 71"- 12c- B3aHMO,Ue:HCTBHHX npu 

P1r-= 40 r::iB/c. 

Pe3yn1,TaThl :n:3yqeHHH npoueccoB KyMynHTHBHOro pO)K,UeHHH a,upoHOB 

np:n:Be,UeHhl B §4.3. 
B §4.4 Hccne,uyeTCH KOppenHUHOHHhle HBneHHH B 71"- 120- B3aHMO,U;ll

CTBHHX npH P1r-=40 r::iB/c, conpoBO)K,UaeMI,Ie HcnycKaHHeM KJMJnHTHB

HhlX 71"-Me30HOB H npoTOHOB. PaccMOTpeHhl pa3n:n:qHI,Ie xapaKTepHCTHKH 

71"- 12C- B3aHMO,UeMCTBHll B 3aBHCHMOCTH OT HaufionhIIIero 3HaqeHHH KJ

MJnHTHBHOro q:n:cna n:;iax, pa3,UeJII,HO ,unH BTop:n:qHI,IX 71"-Me30HOB H ,UnH 

H,UeHTHq>HUHpOBaHHhlX npoTOHOB. 

IlocKOnhKY KYMJnHTHBHOe q:n:cno HBnHeTCH a,U,UHTHBHhlM napaMeTpoM, 

TO npe,UCTaBnHeT HHTepec :n:3yqaTI, xapaKTepHCTHKH KyMynHTHBHhlX co

fihlTHll B 3aBHCHMOCTH 0~ 3HaqeHHll nc, onpe,uenHeMhlX KaK 

Nb 

nc = I:n!, 
i=l 

(3) 

r,ue Nb - q:n:CJIO qacTHll, :n:cnymeHHhlX B 3a,UHIOIO nonycq>epy B n.c.K •• 

AHanH3HpoBanHCI, CBOMCTBa 71"- 12c- B3aHMO,Ue:HCTBHll np:n: P1r- =40 r::iB/ C 

B 3aBHCHMOCTH OT npeMeHHOll nc. EhlnH paCCMOTpeHI,I CBOMCTBa 71"±-Me30HOB, 
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BTOp:n:qHI,IX npOTOHOB H nu,uupyIOIUHX 71"±_ Me30HOB. JI:n:,u:n:pyIOIUHM cq:n:

TanCH 71"- Me30H C MaKCHManhHhlM HMnynhCOM B ,uaHHOM co6hlTHH. 

BnepBhle ycTaHOBnHo, qTo KyMynHTHBHhle npouecchl H peaKUHH C non

HhlM pa3BanOM H,Upa HBnHIOTCH CBH3aHHhlMH npoueccaMH. 

Ba)KHI,IM BhlBO,UOM :n:ccne,uoBaHHH HBnHeTCH TaK)Ke TO, qTo 3HaqeHHe 

KyMynHTHBHOro qucna nc = 0, 6 HBnHeTcH rpaH:n:qHhlM, nocne KOTopo

ro npoHCXO,UHT CMeHa pe)KHMOB npou~cCOB MHO)KeCTBeHHOro o6pa3oBaHHH 

qacTHll Ha H,npax. B o6nacTH nc 2: o, 6 3HaqeHHe cpe,UHHX MHO)KeCTBeH

HOCTe:H H yrnoB :n:cnycKaHHH BTOpuqHI,IX 3apH)KeHHhlX qacTHll 6on1,1ne, a 

3HaqeHue HX cpe,UHHX HMnynhCOB MeHbIIIe, qeM BO Bcex OCTanhHhlX co

fihlTHHX. 8To MO)KHO ofo,HCHHTI, TeM, qTO B KyMynHTHBHhlX co6hlTHHX 

B3aHMO,Ue:HCTBHe npoHCXO,UHT Ha MHIIIeHH, Macca KOTOpon 6on1,II1e Macc1,1 

HyKnOHa (Hanp. q>nyKTOH, KnacTep H T.,u.). 

Hccne,UoBaHHH KOppemiu:n:oHHhlX HBneHHll B peaKUHHX C eyMynHTHB

HhlMH npoTOHaMH noKa3hlBaeT Ha Bhl,UeneHHOCTI, co6hlTHll B o6nacTH 

n:;iax 2: 1, 2, KOTopy10 ecTeCTBeHHO OTHeCTH K o6naCTH KyMynHTHBHO

ro po)K,UeHHH npOTOHOB. CoBoKynHOCTI, nonyqeHHhlX ,uaHHhlX no KyMynH

THBHhlM npoTOHaM H KOppenHUHOHHhlM. HBneHHHM B npoueccax KJMynH

THBHOro pO)K,UeHHH npOTOHOB noKa3ana Ha He3aBHCHMOCTI, MexaHH3MOB 

ucnycKaHHH KyMynHTHBHhlX npoTOHOB H 71"- Me30HOB. 

B §4.5 np:n:ne,ueHhl ocHOBHhle pe3yn1,TaThl rnaBhl IV.-
IlHTaJ.l rnaBa nocnmn:eHa :n:ccne,uonaHHIO cnoncTB H,upo-H,uepHhlX B3a

HMo,uencTBHM C pa3HhlMH CTeneHHMH pa3pyIIIeHHH H,Uep. B aHanH3e HC

nonh30BanHCI, B3aHMO,UeMCTBHH H,Uep d, 4 He H 12C C H,UpaMH yrnepo,ua H 

H,Uep d H 12C C H,UpaMH Ta npH HMnyn1,ce 4,2 A r3B/c. 

PacCMOTpeH KaqecTBeHHO HOBhlll, no cpaBHeHHIO C paHee :n:cnon1,3ye

MhlMH, Kp:n:Tep:n:n ,unH oT6opa co6hlTHM c nonHhlM pa3BanoM H,uep. He-

06xo,u:n:MocT1, B BI,Ipa60TKe HOBoro KpHTepHH CBH3aHO C TeM, qTo ,unH 

H,UpO-H,UepHhlX CTOnKHOBeHHll KpHTep:n:n, HCnOnh30BaHHhlll B 71"-
120 - B3a

HMO,Ue:HCTBHHX1 He np:n:MeHHM, TaK KaK B cnyqae CHapH,ua C 6apHOHHhlM 

3apH,UOM OTn:n:qHI,IM OT HynH ycnOBHH, 3anO)KeHHhle B ynoMHHJTOM KpH

Tep:n::n:, 6y,uyT BhlnonHHTCH KaK 3a cqeT npoToHoB, :n:cnymeHHhlX H3 H,upa

MHIIIeHH, TaK H 3a cqeT npoTOHOB H,upa-cHapH,ua. Ilp:n: 3TOM MO)KeT HMeTI, 

MecTo Ka)KYIUHMCH pocT ceqeHHH u3yqaeMhlX npoueccoB He 3a cqeT .UHHa

MHKH npouecca, a 3a cqeT H3MeHeHHH MHO)KeCTBeHHOCTH npOTOHOB, T. e., 

cpe,u:n: OTo6paHHhlX co6hlTHll 6y,ueT MHOro TaKHX, KOTOphle He CBH3aHhl C 

npoueccaMH nonHoro pa3Bana H,uep, :n: 6y,ueT TPY.UHO onpe,uen:n:Th H,upo, 
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II3 KOToporo BI,IJieTeJI ,UaHHnIH npoTOH ( IIJIII qiparMeHT). 

. B §5.2 nplIBe,UeHhl pe3yJinTaThl IICCJie,UoBaHII.sI xapaKTeplICTIIK a,upoH

.si:,uepHnIX II .si:,upo-.si:,uepHnIX B3alIMO,Ueii:cTBIIH B 3aBIICIIMOCTII OT MHO)KeC

TBeHHOCTII Bcex BTOp1Iqm,ix npoTOHOB (Q). IlonyqeH pe3yJinTaT~ yKa3nI

Ba10mn:ii: Ha cyrn;eCTBOBaHIIe HeKOTOporo rpaHIIqHoro 3HaqeHII.sI MHO)KeC

TBeHHOCTII Bcex ·BTop1IqHhlX npoTOHOB ( Q*), np1I npeBnIIIIeHII.II KoTopo

ro npo1Icxo,n1IT · nonH1,1ii: pa3BaJI .si:,uep. Mcxo,u.si: II3 3Toro, B 'cnyqae a:,upo

a:,uepHnIX CTOJIKHOBeHIIH, npe,UJIO)KeHO IICnOJil,30BaTI, B KaqecTBe Kp1ITe

p1IH OT6opa co61,1TIIH C noJIHhlM pa3BaJIOM a:,upa-M1IIIIeH1I ycJIOBIIe 

Q '?. Q* (4) 

§5.3 paCCMOTpeHI,I CBOHCTBa xapaKTeplICTIIK npou.eccoB B3alIMO,neii:cT

BIIH a:,uep d II 12C C T.sJ)KeJihlM a:,upoM-MIIIIIeHI,IO Ta nplI 1IMnyn1,ce 4,2 
A r::iB j c. AHaJIII3 noKa3an, qTo B noBe,UeHIIII xapaKTeplICTIIK 3TIIX npo

u.eccoB B 3a.BIICIIMOCTII OT CTeneHII pa3pyIIIeHII.sI a:,uep He Ha6n10,uaeTCH 

KaK1IX-JI1I60 Ilp1I3HaKOB CMeHI,I pe)KIIMOB, KaK 3TO 61,IJIO B CJiyqae B3alIMO

,UeHCTBIIH C a:,upaMII yrnepo,ua. 3To MO)KHO ofo,.si:CHIITI, TeM, ~TO B 3TIIX 

B3alIMO,Ueii:cTmrnx, B OCHOBHOM, BII,UHl,I qiparMeHTnI, HBJIHIOID:1Ieca: pe3yJil,

TaTOM CIIJil,HOro TOpMO)KeHIIH JierKoro a:,upa-cHapa:,ua B T.sJ)KeJIOM a:,upe Ta 
II conpoBO)K,UaeM1,1e KacKa,UHnIMII npou.eccaMII. 

B §5.4 paCCMOTpBaIOTC.sI CBOHCTBa OCHOBHI,IX xapaKTeplICTIIK a:,upo

a:,uepHI,IX peaKI.J,IIH C pa3Hl,IMII CTeneHHMII pa3pyIIIeHII.sI a:,uep C I.J,eJII,IO 

yToqHeHIIH KplITeplI.sI OT6opa co61,1TIIH C nOJIHI,IM pa3BaJIOM a:,upa. .Ilna: 

3TOro IICnOJI1,30BaHhl rpynn1,1 co61,1TIIH co 3HaqeHIIHMII Q '?. 1, Q '?. 2 ' ... 
II aHaJIII31IpOBaJIIICI, CBOHCTBa OCHOBHI,IX xapaKTeplICTIIK npoTOHOB, no

nyqeHHI,Ie B Ka)K,noii: II3 3TIIX rpynn co61,1Tuii, B 3aBIICIIMOCTII OT HII)KHeii: 

rpaHIII.J.hl CYMMIIpOBaHII.sI no Q. Ilpe,ncTaBJieHhl cpe,UHIIe 3HaqeHIIH HM

nyn1,coB, 61,1cTpOT II nopa:,UKOB KYMYJIHTHBHOCTII npoToHJ:s. 

.Ilanee IICCJie,nyIOTC.sI IIHKJII03HBHhle CBOHCTBa co61,1TIIH C pa3HOH CTene

HI,IO pa3pyIIIeHII.sI a:,upa • .Ilna: 3TOro IICnOJI1,30BaHhl 3KCnepnMeHTaJII,JJI,Ie 

,uaHHI,Ie no 4 H eC- II no 12CC- B3alIMo,ueii:cTBIIHM nplI IIMnyn1,ce 4,2 A 

r::iB j C. qT061,1 pa3,UeJIIITI, C06hlTIIH no CTeneHII pa3pyIIIeHII.sI a:,uep, Ml,I 

BOCnOJI1,30BaJIIICI, cne,uy10rn:HMII 3HaqeHII.sIMII BeJIIIqlIHl,I Q: 

Q '?_ 1; 2; 3; 4; 5; 6; 7 ,una: 4 H eC-B3a1IMo.neii:cTBHH II 

Q > 1 · 2· 3· 4· 5· 6· 7· 8· 9· 10· ll nn.si: 12CC-B3alIMoneii:cTBIIH 
- ' ' ' ' ' ' ' ' ' ' ..... ..... 
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3aTeM ,UJI.sI Ka)K,UOH rpynnhl co61,1TIIH 6hlJIII nonyqeHhl IIHBapliaHTHhle 

IIHKJII031IBHI,Ie ceqeHII.sI f = ! ~; 7r--Me30HOB II npoTOHOB B 3aBIICIIMOCTII 

OT KIIHeT1IqecKoH ::iHepr1I1I (T) B n.c.K .. Bee nonyqeHHhle cneKTphl 6hlJIII 

annpOKCIIMIIpOBaHhl Bhlpa)KeHIIeM mi:.ua 

n 

Lai exp(-b;T), (5) 
i=l 

r,ue a; H b; .sIBJIHIOTC.sI cB060,uH1,1MH napaMeTpaMu. PaccMaTpHBaJIHc1, 3a

BHCIIMOCTH o6paTHhlX 3HaqeHHH HaKJIOHOB b; OT Q. 
CoBoKynHOCTI, ,uaHHhlX, xapaKTepH3YIOIIUIX noBe,neHHe OCHOBHI,IX xa

paKTepHCTHK npoTOHOB H 7r--Me30HOB, 06pa3y10rn:uxc.si: B .si:,upo-.si:,uepHnIX 

B3aHMO,UeHCTBHHX, no,UTBep)K,UaeT cyrn:ecTBOBaHHe CMeHhl pe)K1IMa IIX CBOHCTB 

B 3aBIICIIMOCTII OT Q. 
B §5.5 paCCMOTpeHhl O,UHoqacT1IqHI,Ie .UByMepHnle KoppeJI.sII.J.IIOHHhle q>yHK

I.J.IIII R( x, z ), onpe,uen.si:eM1,1e KaK 

d2u (j--

R(x z) = dxdz - 1 
' dudu ' 

dx dz 

(6) 

B aHaJIII3e 1Icnon1,30Ban1Ic1, 1r-12C-B3a1IMo,ueii:cTB1Ia: np1I P1r- = 40I':,B / c, 
co6hlTH.sI pC-, dC-, 4HeC- II 12cc -B3aHMo,ueii:CTBIIH npu 4, 2A r::iB/c. 

Bee nepeq1IcJieHHhle BhlIIIe co61,1T1I.sI 61,mlI pa3,ueneHhl Ha rpynn1,1 no 

3HaqeHII.sIM BeJIIIqHHhl Q cne,uy10rn:1IM o6pa3oM: 

Q '?_ 1; 2; 3; .. Q*; ... (7) 

AHaJIH3 3aBHCHMOCTII OT Q 61,1n npoBe,UeH ,UJI.sI CJie,uy10rn:1Ix KOppeJia:

I.J.IIOHHhlX q>YHKI.J.IIH: R( p,0 ), R( P,Pt ), R( P,Y ), R( p,{3° ), R( 0,Pt ), 
R( 0,y ), R( 0,{3° ), R( Pt,Y ), R( Pt,/3° ), R( y,{3° ). 3,uec1, 1Icnon1,30Ba

Hhl CJie,uy10mn:e o6o3HaqeHna:: p - Mo,uyn1, 1IMnyn1,ca qaCTHI.J. B JI.C.K.; 0 -
yron 1IcnycKaH1I.ll qacTIIU: B n.c.K.; Pt - nonepeqHhlii: 1IMnyn1,c qacTIII.J.hlj y 
- 6hlcTpOThl qacTIII.J.nI B JI.c.K.j {3° - nopx,uoK KYMYJIHTHBHOCTH ( 3,uec1, 13° 
= (E-pL)/ mN, E - nonHax 3Hepr1I.ll B JI.C.K., PL- npo,uoJinHhlii: 1IMnyn1,c B 

n.c.K., a mN - Macca HYKJIOHa {3° = nc CM. rnaBy IV ). 
O6Hapy)KeHo, qTO no xapaKTepy ycTaHOBJieHHOH 3aBHCIIMOCTII R OT 

Q u3yqaeMhle co6hlTH.ll MO)KHO pa3,uennT1, Ha .UBe rpynn1,1: I rpynna -

co6hlTH.ll, npaKTHqecKH He3aBHCHIIUie OT Q H II rpynna - co6hlTHH, cy

mecTBeHHO 3aBHCHIIUie OT Q. Ha pucyHKax 1 H 2 (KpHBhle npoBe,UeHhl OT 
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pyKH) B KaqecTBe npHMepa noKa3aHI,I a6comoTHbie 3Haqemrn R B 3aBH~ 

CIIMOCTII OT Q .nm1 II rpynnhI co6bITIItt. 

B pe3ym,TaTe amWIII3a ycTaHoBJieHo: 

- 3aBIICIIMOCTb q>JHKUIIH R( x, z) OT Q, .nmi: II rpynnhI co6hlTIIll B oc

HOBHOM, Ha6nro.naeTC51 B Tex cnyqa51x, Kor.na o.n;Ha II3 nepeMeHHbIX X IIJIII 

z 1£BJI1£eTc1£ Pt; 

~ pC~, 
·-I 

· 10 

Li 
2 4 6 

10_,~ HeC 

2 4 6 

I I 

a 

J 

8 

a 

-1 
10 

-2 
10 

2 4 6 
a 

2.5 5 7.5 10 12.5 
a 

Pnc. 1. 3aBHCHMOCTb 3Ha'!eHH:ii I R(Pt, y) I .l(JHI 71"--Me30HOB. 

- 3aBIICIIMOCTI, R OT Q B OCHOBHOM, IIMeeT HeJIIIHellHblll xapaKTep II 

MO)KHO BbIJ];eJIIITI, o6JiaCTII C pa3HbIMII xapaKTepaMII 3aBIICIIMOCTII R OT 

Q; 
- COBOKJTIHOCTI, aHanII3IIpyeMbIX ,naHHbIX Il03BOJIIIJia onpe,neJIIITb rpa

HIIqHbie 3HaqeHII51 Q = Q*' COOTBeTCTBJIOIUIIe nepexo.ny II3 O.UHOll o6nac

TII 3aBIICIIMOCTII 3Haqemrii ROT Q B .upyryro; 

- co6bITIIe II3 II i'pynnhI IIMeIOT MecTo 3HaqeHII51 R < 0.3, T.e. IIMeroT, 

B OCHOBHOM, CB513aHHhle C nepeMeHHOll Pt cna6ble KoppeJIHUIIII, 3aBMC51IUIIe 

oTQj 

- Ha6nro.uaeTc51 c1mbiloe II3MeHeHne KaK qiopMhl 3aBIICIIMOCTII I R I OT 

Q, TaK II 3Haqemitt I R I OT Ap. Y cTaHOBJieHo, qTo c yBennqeHIIeM Ap Kop

peJIHUltII ocna6eBaroT, a B cnyqae 12CC-B3anMo,uettcTBIIH OHM cTaHoBHTCH 

MlIHHManbHhlMII. O6iiapy)KeHo TaK)Ke,-qTo O,UHOBpeMeHHO c ocna6neHHeM 

KoppeJIHUIIll i3 o6nacTII 6oJibIIIIIX Q ( B o6JiaCTII TIOJIHoro pa3Bana 51,Uep) 
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~ 
1 o-1 6.__,__i 

2 

-1 
10 

2 4 

.1 
4 

6 

..1 
6 

a 

8 
a 

dC 

2 4 6 

a 

2.5 5 7.5 10 12.5 
a 

Pnc. 2. 3aBHCHMOCTb 3Ha'!eHni I R(p1,y) I .I1JnI npoTOHOB. 

MeHHeTc.H II xapaKTep 3aBIICIIMOCTII IR I OT Q. JlnHpC-, dC - B3aIIMo,neii

cTBIIll 3Ta 3aBIICIIMOCTl> HMeeT xapaKTep JIIIHIIH c II3JIOMOM, .nn.a 4H eC
B3anMo.neiicTBIIH - "cTyneHqaTyro" qiopMy, a JJ:JIH 12CC-B3aIIMo,neiicTBIIH 

-
11

3Mr3aroo6pa3Hyro" qiopMy(cM. pnc. 1 n 2). 
B §5.6 paccMoTpeHa o.n;Ha II3 B03MO)KHOCTett ,nnH BhlHBJieHIIH CB.H3ett 

Me)K,n;y npoueccaMII IlOJIHoro pa3Bana 51,nep II ueHTpanbHbIMII CTOJIKHOBe

HII51MII. JlnH aHann3a MbI BocnoJib30Bannc1, .uaHHhlMH pC -, dC-, 4H eC
M 

12
CC - B3aHMO,UellCTBIIll, pa3,UeJieHHbIMH TIO 3HaqeHII.HM BenIIqlIHbl Q 

CJie,uyromnM o6pa3oM: 

Q °?_ 1; 2; 3; .. Qmax. (8) 
B KaqecTBe Qmax .UJI51 12cc B3aIIMO,UellCTBI'.IH Mbl 6panH 3HaqeHIIe 11, a 

JVl51 OCTanbHhlX TIITIOB B3aHMO,UeHCTBIIll - Qmax=7. 3To OCHOBaHo Ha TOM, 

qTo eCJIII npoueccbl C IlOJIHbIM pa3BanOM 51,D;ep H u;eHTpanbHbIMII CTOJIK

HOBeHII.HMII KoppeJIHPYIOT Me2K,n;y co6oii, TO c yBennqeHIIeM Q cpe.11:mrn 

3HaqeHH.H BenHqifHbl 

_.,n 2 
K = "--i=lPi 

Ef:;Pj 
(9) 

J:(JI51 co6bITIIll C MIIHIIManbHhlM TI0T0KOM 3HeprIIII npII yrnax BbIJieTa 6JIII3-

KIIX K O rpa,nycoB, J];OJI)KHhl pe3KO yMeHbIIIaTbC.H II J];OCTIIraTb HeKoToporo 
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0.8 
r 

• • • • •12cc . 
0.7 I- . 
0.6 ' 0 0 

0 
•HeC 

0.5 ~ 0 

0 ,~ 
0.4 ~ 

• • dC 
¢ 

¢ 

0.3 t • + 

0.2 I-
q 

I 
0.1 a o pC 

L,1:,~,:,~,il11,,I, 
0 2.5 5 7.5 10 

o:e: 

PHc. 3: Q-3aBHCHMOCTb 3Ha'leHHH BeJIH'IHH k ,zvrn 
12cc' 4 H cC' dC H pC B33HMo.n:e:iiCTBHH. 

MlIHHMaJibHOro 3Ha'IeHmI. B Bbipa2KeHHH (9) BeJIH'IHHa P7 - KBa.upaT lIM

ITYJibca i-:ii 3apa2KeHHOH qacTHIIbl C yrJIOM BbIJieTa 0 ::; 5° B JI.C.K'., n 
- 'IHCJIO 3THX qaCTHII, a P] lI N - COOTBeTCTBeHHO Kna.upaT UMITYJibCa 

mo6o:ii j-:ii 3apa2KeHHOH qacTHIII,I n qncno ncex 3apa2KeHHhlX qacTHII B 

co6hlTUH. 

EcJIH 6oJibIIIUe 3Ha<JeHHH Q .ueHCTBHTeJibHO COOTBeTCTBYIOT ueHTpaJih

HhIM CT0JIKHOBeHHHM, TO C pocTOM Q cpe,UHHe 3Ha<JeHHH ITPHIIeJihHOro ITa

paMeTpa b .UOJI2KHhI yMeHbIIIaTbcH: Ilna oITpe.ueneHHH 3Hc!:'IeHHH b HCITOJib-

30BaJIHCb ,UaHHI,Ie pac<JeTa ITO MO,UeJIH KBapK-rJIIOOHHOM CTPYHhI [32, 33]. 
Ha pnc. 3 ITOKa3aHhI 3aBUCMMOCTH neJIH'IMH K OT Q. Mo2KHO BH,UeTb, 

'ITO 3Ha'IeHUH K yMeHbIIIaIOTC.I[ C pOCTOM Q: ,UJIH 
12cc B3aHMO,UeMC;BlIM 

n o6nacTn Q 2'. 6, .UJIH 4 H eC B3anMo.ueiicTBHM B o6nacTH Q 2'. 4 u .UJIH 

pC- n dC-B3aHMO,UeHCTBHH B o6nacTH Q 2'. 3. 
TaKMM o6pa3oM, MO)KHO c,UeJiaTb BhIBO,U O TOM, 'ITO B o6JiaCTH 6oJib

IlllIX 3Ha<JeHUH Q, ( TO ecTb B o6nacTH ITOJIHoro pa3naJia a.uep) 3Ha<JeHHH K 
C poCTOM BeJIH'IHHhI Q yMeHbIIIaIOTCH H ITpH ,UOCTH)KeHHH MaKCHMaJibHO

ro · 3Ha'IeHHH Q neJIU'IHHa K .uocTnraeT cnoero MMHHMaJibHoro 3Ha<IeHHH. 
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OTCIO,Ua CJie,nyeT, 'ITO co6hlTHH C ITOJIHhIM pa3BaJIOM a.nep COOTBeTCTBy

IOT co6hlTHHM C MHHHMaJibHhlM ITOT0KOM 3Hepnrn 3ap.lDKeHHhlX qacTHII, 

BhlJieTaIOIIUIX ITO.I( yrJIOM ::; 5°. . 
O6Hapy)I(eHO TaioKe, 'ITO c pocTOM Q BeJIH'IHHa b yMem,IIIaeTC.11: H ITpH 

MaKCHMaJibHOM 3Ha<JeHHlI Q OHa ,I(0CTHraeT cnoero MHHHMaJibH0ro 3Haqe

HHH. 8To 03Ha<JaeT' 'ITO B paMKax MO,IteJIH KBapK-rJIIO0HHhlX CTPYH rrpo

uecchl IIOJIHoro pa3BaJia a,nep, OT6Hp_aeMhle C IIOM0IIU,IO ycJI0BHH Q 2: Q*' 
C0OTBeTCTBYIOT co6hlTHHM c HaH6oJiee BhlCOKOH CTeITeHbIO IIeHTpaJibH0C

Tll CT0JIKH0BeHH.11:. 

B §5.7 rrpHne,neHhl ocHOBHhle pe3yJibTaTbI rnaBhl V. 
B 3aKJIIO'leHHH ,naeTC.11: KpaTK_a.11: ipopMynHpOBKa OCHOBHhlX pe3yJib

TaTOB :UCCJie.I(OBaH:UM, :U3JIO)KeHllhlX B .n:uccepTaII:Ull. 
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