
"") . I 

c;;;/ ~ 

I • 
HHCTHTyT TeOpeTHqeCKOU H 

.3KCnepHMeHTaJIbHOH ~B3HKB 

F~r'IP..!1i ~,.l~,.3 

26-98
MAR" 2 1999 

LIBRARY 

B.M.MmcaHJIll'tleHKO, B.A.OKOpOKOB, 
A.K.IIoHocoB, <P.M.CepreeB 

qEThIPEXMEPHhIE XAPAKTEPHCTHKH 
T 11: ABTOMODEJIhHhIE CBOHCTBA 

II11:0HHhIX CTPYH B 

~~B~~~'-~~~~:~.
 ou' .• 

~ ...........--...._......~ ,...,,, " ..,' .•... - - .
 

I 
t 

I
\.. -'--'" ' 

I 
\ .. " 

L--..
! 

Ir ...... '" 

l' 

M 0 C K B a~ '1998' 
r 
~. .. 



Y,llK 539.1 M-I6 

YEThlPEXMEPHhIE XAPAKTEPHCTHKM H ABTOMOllEITbHhIE CBOl1CTBA ll110H­

HblX CTPJ'R B 7r+p-B3AHMOllEHCTBII51X rrPlf I1MIIYITbCE 4,2 f3B/c:
 
fIperrpHHT HT3<IJ 26-98/
 

B.H.Mmcaj1JIHTieHlW, B.A.OKOpOKOB~ A.K.lloHocoB-i; <I>.M.CepreeB+ - M., 1998 - 20c. 

BnepBJ:>Ie B pensrT'HBHCTCKH-:IlKBapHaHTHoM no,Uxo,Ue HCCJIenOBaIlhl 3KCKJlI03HBHhle KaHaJJhI 
B3aHMoneiIcTBHH 71"+ -Me30HOB c npoToHaMH UpH Ha'l:aJIbHOM lIMuYJIbCe 4,2 r3B/ c. lIoJIY'IeHLl 
pacnpe.nerrelmJI BTOplI"DlhlX lIHOHOB no nepeMeHHoH bk OTHOCHTeJIhHO OCH CTpylI .n;JIJ:I pa3JII1'l:HhIX 
06JIaCTe-H «pparMeHTaIUUL C yBeJIH"tJeHHeM MHO)KeCTBeHHOCTH BTOpH'l:HhlX UHOHOB B KaHane Ha­
6JIIO,llaeTC.lI YMeHbIIIemIe BeJlH'illH.bI < bk > .uml 06rraCTH «pparMeHTaJJ;HH nY'IKa. 06rrapY)KeHhI 
CTpyl1 IIHOHOB CTeMllepaTypoH < Tk >"." 190 M3B, KOTOphIe 06pa.3yIOTCK, B03MO)KHO, UpH a.n:po­
Hlf3aIUfH KBapK-rmOOHHO:H «pMbI. 3HepreTHtIeCKHe XapaKTepHCTHKH IHWHHblX CTpyH o6Hapy­
}KHBaIOT cKeHmmroBbIe CBO:HCTBa B 06naCTH 3Heprxu':i: VS< 10 r3B. llJI.ll 7I"+p-B3aI1MOJIeHCTRllH 
cpe,UHee 3HaqeHHe rrepeMeHHO:H bk MeHhIIIe, 'IeM < bk > B .upynlx a.IJ:pOH-a.upOHHbIX B3aHMonefi­
CTBBHX UpH 6rrH3KllX ::meprHKx. 

THE FOURDIMENTIONAL CHARACTERISTICS AND AUTOMODEL PROPERTIES OF 
THE PION JETS IN THE 7r+p-INTERACTION AT MOMENT 4,2 GeV/c. 

V.I. Mikhailichenko, V.A. Okorokov, A.K. Ponosov, F.M. Sergeev 

The exclusive chanals of the 7r+p-interaction with primary moment 4,2 GeV/e in the fra­
mework of a relativistic invariant method have been investigated for the first time. The second 
pions distributions on varia.ble bl: relative to jet axis for different regions of fragmentations 
have been obtained. The decrease of value < bk > for beam fragmentation region at increasing 
of multiplicity of second pions in the chanal is observes. The pion jets with the temperature 
< Tk >"" 190 MeV were obtained. Possibly, these jets are formed at hadronization of quark­
gluon phase. The scaling properties of energy characteristics of pion jets were obtained at the 
energy region VB< 10 GeV. The average value of variable bk for 7r+p-interaction seems smaller, 
than < bk > in other hadron-hadron interactions at similar energies. 

PHC. - 6, CImCOK JlHT. - 19 HaHM. 

+) MOcKoBcKaH rocy.n;apcTBeHIIhl:if HH2KeHepHo-qm3HTieCKBB :HHCTHTyT (TeXHR'IeCKHR 
yHHBepCHTeT) 
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Onpe.lleJIeBHNe Ha.lle2K.llbI Ha .llOCTaT01ffiO 6hICTpOe C03.llaHlle TeOpHH CHJThHhIX 

B3aHMO.lleikTBD K HacTO.snneMY BpeMeHH He OIlpan.n;amrCb. ECJllI rrepTYp6aTHB­

HaJI KXll B xopomeM CorJIacH::H C 3KcrrepHMeHTOM orrnChIBaeT B3aHMO.lleikTBHe 

Ha MaJThIX pacCTOmIDIX, TO H3yqelme 06JIacTH CHJIbHOH CBK3H OCTaeTC.H O.llHOn 

H3 KmoqeBhIX. 3a.n;aQ TeOpmI H 3KCneplIMeHTa. CJIe.n;OBaTeJIDHO, rro-rrpe2KHeMY 

HMeIOT cym;ecTBeHHoe 3Ha"tJ:eHHe HCCJIe,IlOBaHlI.H XapaKTepHCTllK MHKI:IX npon;ec­

COB. llpa 3TOM B 06meM nepe"1JHe HarrpanJIelIJilii HCCJIenOBa.mm: lJa)KHoe (a MO.2KeT 

6hITb a peillaromee) MeCTO nOJI:iKHO 6bITh OTBe.lleHO rrOaCKaM: HOBhlX -qyBCTBll­

TeJIhHhIX., HHepopMaTliIBHbIX nepeMeHHhIX, HOBhIX 3epepeKTlmHhIX CTenenen CBO­

60,llhI, KOTOphIe, B03MOlKHO, n03BOJIj[T 060HTlICb 6e3 KOHCTaHTbI CBK3H KaK napa­

MeTpa 6y.n:ym;eiI TeOpmI, TO eCTb n03BOJlKT npeo.n;OJleTL TpY,llHOCTa, Cm13aHHhIe 

C 60JILIIIlIMlI 3HaQeHIUIMIl as B M.HrKllX nponeccax. 

llml HCCJIe.n;OBaHlI2: KOJIJleKTHBHhIX 3q»q»eKTOB B nponeccax MH02KeCTBeHHoro 

p02K,IJ;eHH.H "tJacTmJ; 1 + I I ---+ 1 + 2 + 3 + ... aKa.n;eMHKOM A.M.Ean.n;nHhIM 6LIJI 

npe.llJI02KeH MeTO.ll, IlCnOJIL3YIO:r:n;m'I TOJILKO peJlj[TRBHCTCIa1:-HHBapliIaHTHhIe ne­

peMeHHhIe bi/r (i, k = 1, II, 1, 2, ...), HMeIOIIJ;He CMhICJI KBa.n:paTOB paccToKHllii 

B rrpocTpaHCTBe 4-CKopocTeii -qacTRIJ; Ui = ~/mi [1]. HCIIOJIL30BaHHe .llaHHoro 

no.n;xo.n;a n03BOJllIJIO o6Hapy2KllTb HOBbIe KOJIJIeKTImHhIe CBOHCTBa -qacTHU, o6pa­

30BaHHbIX B Pa3JIlIl1Hl:alX a.n;pOH-a.n:pOHHhIX II a.n;pOH-K,lJ;epHhIX B3aRMO.lle:aCTB1UIX 

[2,3]. B M2:I'KlIX nponeccax yCTaHOBJIeHO 06pa30BaHlIe Me30HHhIX CTpyH, XBJIK­

IOI.IUIXCK pe3YJThTaTOM o6ecD;Be'tlliIBaHlIK KBapK-rJIlOOHHOH epa3LI, II HYKJIOHHhIX. 

KJlaCTepOB, KOTopbIe B HCCJIe,zr;OBaHHOH 06JIacTH 3HeprIDi: VB '" 10 r3B lIMelOT 

ymmepCaJILHhIe acllMIITOTH"tJeCKHe xapaKTepnCTl'IIGI. 

Crre.nyx HanpaBJIeHlIIO, npen;JIOEeHHoMY B [1), Heo6xo.llllMo H3ytmTh nepexo,ll­

HYIO 06JIacTb, rrponecc BI:dXO,lla Ha acHMIITOTlI'tJeCK:H:B: peEllM, TaK KaK HMeHHO 
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3~eCb KpKO npOKBJHleTCH pa3BHTne rrpouecca B3a:HMOneRCTBIIK B rrpOCTpaHCTBe­

npeMeIm. ITpIIHI:Uffil2IaJThHbIM MOMeHTOM COBpeMeHHbIX npe~CTaBJIeHl'.Iii 0 q>OP­

MlIpOBaHlIR Ha6mo.n;aeMbIx KOHe-qRbIX COCTOHHl:DZI: i[BJIjIeTCH BOrrpOC 0 ~I1HaMIIKe 

pa3MepOB a.n;pOHHhIX CHCTeM, ~eTOBOR 3KpaHHpOBKe II CBSI3aHHOR C 3THM ".u;Be­

TOBoR np03paQHOCTH" H,n:ep. 

PaHee MbI nOKa3aJIlI, 'ITO nplI rrpOMeJKYTOqHhIX 3HeprlIHX VB ::; 3 - 5 r3B, 

r.n;e rrpOHCXO,n:IlT nepexo,n: OT OIlIlCaHII.sI rrpoueCCOB B3aIIMo.n:eikTBluI Ha H3hIKe 

HYKnOH-Me30HHbIX CTeneHen cBo6o,UbI K OnlICaHlllO Ra K3hIKe KnapKOB II rJIlOOHOB, 

K.n:pO B03.n:eHcTByeT Ha npouecc a.n:pomr3a.r:J;.11IlI [4,5]. COpTHpoBKa rpyrrll BTO­

Pl2fqlIhDC 'IaCT:m:J; no BeJIH"'Il2lHaM bik n03BOJIHJIa BhI~emlTh npouecchI, B KOTOpbIX 

H~PO o6HapYJKHBaeT rroBhIllIeHHyID "rrpo3pa-qHocTh" [6]. TaK KaK BenlPIIIHbI 

bik (11 C HIlMH CBH3aII1Ihle) OTpa2KalOT npOCTpaHCTBeHHO-BpeMeHHhIe pa3MephI 

CIICTeMbI, TO ynOMiWyThrii epaKT 03RaqaeT, 'ITO HMelOTCH B03MOJKHOCTH BhI,IJ;e­

JIeHIl.sI KliIHeMaTlIQeCKHX 06JIaCTeH MHOJKeCTBeHHhIX peaK.I:J:HH, r~e rrpOHBJHIIDTC.sI 

"C2KaTbIe" a.n:pOHHhIe COCTOHHIl.sI C YMeHbmeHHbIM Ce'IeHHeM nOCJIe.n;yro:r.n;ero B3a­

l2IMO~eHCTBlI.sI. ITpe~CTaBJIiIeTCiIBalKHLIM 60JIee no.n:po6HO Ilccne.n:OBaTh YCJIOBIlH 

nOSIBJIeHlZIJ! 3TlIX n03MO)KHOCTeil. 

TaKHM 06pa30M, B03HHKaIOT 3a.n:a'I:a: npOBeCTH qeTbIpeXMepHbIR aHallII3 

KOHKpeTHbIX 3KCKJII03HBHhIX peaKI:IlriI B 06JIaCTIiI npOMe2KyTO'tffilillC 3Hepr.IIii; IlC­

CJIe~OBaTh CIlCTeMbI pa3JTIPIHhIX BTOPIl-qHhIX qaCTlIll, B TOM qnCJIe OTJIIlQaID­

.IIJ;HXCiI OT 3apiI2KeHHhIX n:aOHOB IiI HYKnOHOB; BhIHBIlTh BJIIljIHIle MHO)KeCTBeHHO­

CTII BTOpIl'IHhIX T.IaCTlIn Ha T.IeTbIpeXMepHbIe xapaKTepIlCTl2IKlI CHCTeM. Oco6bIl1r 

mITepeC npen;CTaBJIHIOT peaKIUIH C p02K.I.I;eIDIeM pe30HaHCOB, no CYTII npe.n:CTa­

BJIIDOlIlHX C060H Y)Ke B:bI.sIBJIeHHhIe KnacTephI. HIDKe llpnnOn;iITCSI rroJIyqeHI:IhIe 

B .n;aHHOH pa60Te o61IlHe XapaKTep:acTHKl2I illIOHHbIX cTpyn. 

II 

B .n;aHHOH pa60Te pacCMaTpHBaJIHCh CJIe.n:YIOIIJlIe KaHa.JIbI 7r+P-B3aHMo.n;eHCTBI.IH 

rrpIl IIMIIYJIhCe HaJIeTaID:r.n;ero 7r+ -Me30Ha 4,23 r3B/c: 

7r+ + p -+ p + 27r+ + 7r-, (1) 

1f+ +P -+ P + 21f+ + 1f- + 1fO, (2) 

1r+ +P -+ n + 37r+ + 1i- , (3) 

7r+ +P -+ P + 31r+ + 21r-, (4) 
0

1r+ +P -t P + 31r+ + 21f- + 7r , (5) 

7r+ +P -+ n + 47r+ + 21f-. (6) 
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HCnOJIb30Ba.H MaTepHaJI, nonyq:eHHhIll Ha 2-MeTpOBOH )KR,ZU{OBO,u;0P0,lUiOB: ny­
3h1pbKOBOH KaMepe HT3<1>. IIpH aHamI3e C06h1THH C 4-rrytreBOH TOnOJIOrHeB: 

paCCMaTpHBaJIlICb TOJIbKO_ C06:h1TH.&: C BhIJIeTOM 1r--Me30Ha B nepe,Z:(BIOK> nony­

cepepy B HHTepBane yrnoB ±75° no oTHomemno K IIYqxy B JI.C. nJIJI: c06hITltii 

C 6-ny1:J:eBOH TOIIOJIOrHeH orpaJm:qelllrii Ha yroJI BhIJIeTa 1r--Me30Ha He HaKJIa­

,nhIB8J!OCb. qYBCTBHTeJIbHOCTb 3KCnepHMeHTa COCTaBHJIa 5,3 co6./MK6H ,Jln.&: 

4-rryqeBhIx KaHaJIOB II 7,3 co6./MK6H,Jlllil 6-nyqeBhIX KaHaJIOB. IIo.npo6Ho MeTO­

,nHKa BhI,ll;eJIemnr peaKIUrii H CTaTIlCTHKa no KaHaJIaM OIIHCaHa B [7]. CYMMB.PHa.&: 

OKOHtIaTeJIbHa.&: CTaTHCTlIKa no KaHaJIaM (1) - (6) COCTaB:PIna 43337 C06hIT:mI. 

06n::urii cnoco6 BbI,Il;eneHWl cTpyi COCTOHT B Hax:o~eHml rpYITll CKOppeJIH­

POBaHHhIX T.JacTRQ B npOCTpaHCTBe biJ• C pa.uHYCOM Koppem.n::J;lIir < bile >'"V 1 [8]. 
3TO oco6eHHO B3.)KHO .nml BbI,Il;eneHIDI MHOroCTpyiHhIX C06hITml. Pe3YJThTaTbI 

1I3YT.JeHIDI pO~eHHJI: cTpyii a.n:pOHOB B WITKIIX a.n:pOHHhIX CTonKHOBeHH.&:X nOKa­

3aJIH, 'tJTO B 3THX nponeccax: Ha6mo.uaeTCJI: po~eH:PIe.uByx CTpy'ii, Hcnyc:rmeMhIX 

B IIepe,u;molO H 3a,IU1IOlO IIonycepepbI B C.D;.M. B 3TOM cnrrae B pemrTHBHCTCKH­

mmapHaHTHOM MeTo,u;e aHaJIH3a B3aHMO,Jle:ikTBHH OT6op -qacTHIl, npHH3Jlne2Ka­

.IUBX 06JIaCTH epparMeHTamm nyq:Ka IlJIB MmIIemr, M01KHO BhTIIOnmITb C nOMO­

!UbK> nepeMeHHhIX 

Xi = mi UiUII > (0 1 - 0 2) HJm Xi = mi UiU/ > (0 1 - 0 2) 
x m/ U/Ull -" M mIl u/uII -, , 

.n;JIJI: epparMeHToB HaJIeTaromen 'lacTlIlIbI lIJIn MIDlIeHlII. 3.uecb mi - Macca i-Ii 
BTopw.lHon qacTliIII;hI, m/ - Macca HaJIeTaIOm;eH qacTImbI, mIl - Macca MmneHH, 

(UiUk) - cKamrpHoe npoH3Be,u;eHHe 4-cKopocTen. IIepeMeHHbIe X~, X~ XapaKTe­

PH3YIOT ,D;omo 4-HMIIyJThca nepBB'lHhtX a,u;poHoB, YHOCHMYIO BTOpl:PrnIiIMH qa­

CTRQaMli:I. OCb CTpYR onpe.nemreTCJI: KaK e~ -qeThIpeXMepHhIi BeKTOp 

V, KOTOpbIJ1l: HaxO,D;lITCj[ H3 yCJIOBHj[ MHHHMyMa BeJIH"tIHHhI 

N N 2
E bk = - E (V - Uk) • (7) 
k=l k=l 

CyMMHpoBaJm.e Be,n;eTCj[ no "lacTl1II(aM, OTHOClIDl;HMCj[ K BhI,lleJIeHHOH rpynne. 

MmmMyM Be.1IH"mBhl (7) COOTBeTcTByeT 

V = (f Uk) / (E Uk) 2. 
k=l k=l 

IIo.upo6HO MeTO,u; BhLD;eneHIiIj[ cTpyi B rrpOCTpaHCTBe 4-CKopocTeit OIIHCaH B pa­

60Te [2]. 
IIpII paccMoTpemm: a.npoH~a.npOHHbIXII a,npOH-mepHbIx B3aJlMO.llenCTBHE: B 

COCTaB cTpyii BKJIIO'tJ:aJIHCb TOJIbKO 1r±-Me30HbI [2-5]. B .llaHHOM cnyqae 7r+P­

B3aHM0.I1eHCTBHH B OT.I1eJIbHhIX KaHaJIax llpHCYTCTBYIOT B Ka'tJ:eCTBe BTOpR"lHhIX 
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-qaCTl!III; 1T"°-Me30HhI, XapaKTeplICTlIKII KOTOpIiIX Hane)KHO OnpeJleJIeHhI. AJlPOR­

HlJIe cTpyn 06pa3y:IOTC.K B nponeccax CHJI:bHOro B3a:£:IMOJlenCTBIHI, KOTOpOe He­

qYBCTBIITeJIbHO K 3JIeKTp:J1rqeCK0My 3ap.K.ny qaCTlmhI. IIo3ToMY npenCTaBJI.KJIOCb 

OnpaB.lIaHHhIM BKJIIO'tJaTL B COCTae CTpyii BCe BTOpH-emhIe lll'IOHhI. B Ta6JI.l npH­

BeJleBliI CpeJlHHe 3Ha'tJemU nepeMeHHoH < bk > .lIJI.K ,D;ByX pa3JIKqHhIX BapliaHTOB: 

a) B COCTaB a.lIpoBHbIX cTpyi BKJIIO-qaIOTC.K TOJIbKO 3apjDKeHHI:iIe 7r-Me30HhI; 

6) B COCTae a.n:pOHHlJIX CTpyii BKmoqaIOTCJI Bce BTOplJ'tIHhIe 1r-Me30HhI, o6pa­

3YIOIIJ;ReC.K B C06h1THR. 

TaOJIHIJ;a 1. 3HaQemUI nepeMeHHoH < bk > ,D;JHI cTpyft 3apIDKeHHbIX 

1T"-Me30HOB (a) 11 JlmI cTpyn Bcex BTOpliPlHhIX 1T"-Me30HOB (6), o6pa3yIOII.:I;HXc.a: B 

7r+p-B3aHMO,D;enCTBIHIX. 

Tlln BapH- Xzp=O,1 X2p =O,2 
C06hITlUI aRT 

CTpyn 

06JVpparM. 

MHmemzr 

0 6JL<pparM. 

ny-q}{a 

06JUpparM. 

M:mTIeHll 

06rr.<pparM. 

~a 

4-nyQeBhIe (a) 1,12±O,01 2,12 ± 0,01 2,61 ± 0,03 3,07 ± 0,01 
C06hIT1HI (6) 1,14±0,01 2,11 ± 0,01 2,60 ± 0,02 2,98 ± 0,01 
6-rrylIeBhIe (a) 0,96 ± 0,01 1,42 ± 0,01 1,97±0,05 2,18 ± 0, 02 
C06hITHJI (6) 0,98 ± 0,01 1,47 ± 0,01 1,97±0,O5 2,11 ± 0,02 

Ycpe,nHeHliIe npoBOJlHJIOCb IIO BceM lIaCTHU8M, IIOIIaBIIIRM B BbUl:erremryIO rpyn­

ny. OT,neJIbHO paccMoTpeHhI 4-rryqeBhIe 11I 6-J!Y'IeBhIe C06hITlfJL 113 Ta6JI.l 

BHJlRO, 'q:ro cpeJlRlle XapaKTepRCTl1IKl1I aJlpOHHhIX cTpyn B 060HX CJIyqaJIX HMe­

:roT 6mnrrn:e 3Ha"lemzr.a:. 3TO 03HaliaeT, liTO paCCTosnrn:e BTOpwmoi -qaCTHII.bI OT 

OClI CTpyH He 3aBHCHT OT 3JleKTpH"tJeCKoro 3apSlJla 3TOH "laCTJllIhI. B JlaJIbHeft­

meM (eCJIH He orOBopeHO CIIenHaJIbRO) nplIBo,nSITCSI xapaKTepl1ICTl1IKliI CTpyn, B 

COCTaB KOTOpbIX Hapsr,n;y C 7r±-Me30HaMR 6bmJiI BKJIIO"leHbI JiI 7r°-Me30HhI. 

B Ta6rr.2 nplIBOJlHTC.K cpeJlHlle 3Ha"tJeHlISI rrepeMeRHOlI ble JlmI o6rracTR IfJpar­

MeHTa.r:uzrn ny-qKa 11I MlIIIIeIDI .lIJIJI pa3HbIX 3Ha1:JeHHH X 2p .nrrSl Ka2KJl:oro paccMa­

TplIBaeMoro KaHaJIa 7r+P-B3al:IMOJlenCTBRsr. Bl2I,1IHO, tITO C YBeJIlPIeHHeM MHOLKe­

CTBeHHoCTR BTOplI'tJHIillC IIHOHOB N 1C = N: +N; + N~, rne N: - qaCJIO BTOPRq­

HbIX 1f+-Me30HOB B C06hITRR, N; - 1:JBCJIO 1r--Me30HOB, N~ - -qBCJIO 7r°-Me30HOB 

B C06:b1TIIH, Ha6JIK>JlaeTCSI yMe:w.meHHe < ble > B 06JIaCTB. q.parMeHTaIUlH rry-q­
Ka Ii MJiIIDeHliI (npn X ep =O,2), TO eCT!> nOnepe'TIihIe pa3Mepbl CTpyR a.lIpOHOB 

, B 06hI'tJHOM KOOpJlJiIRaTHOM npOCTpaHCTBe T'ik yBeJIJZI"'lHBaroTCSI. 3TO CorJIacy­

eTCH C pe'3yJII.TaTaMll, nOJIyqeHHbIMH IIpH H3y-qeRJiIJiI aJlpOH-SIJlepHblX B3al1IMO­

,neRcTB:m1i: C nOMoID;bIO Tpa.n:mm:OHHhIX KOJIJIeKTl2IBHhIX nepeMeHHb1X: C pOCTOM 
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MHO)J{eCTBeHHOCTH BTOP~ qacTun; cepepliPIHOCTL C06hITBJl yBeJIlItDIBaeTCJI, 

TO eCTb CTpyH BTOpR1mhIX -qaCTHIJ; CTaHOB.sITCJI BCe 60JIee nmpOIGnm [9]. 

Ta6JlBna 2. 3Ha-qemul nepeMeHHoK < bk > ,llmI pa3JIKtDIhIX KaHaJIOB 

7f+p-B3aHMO,llenCTBIDL 

KaHan: X ep =O,l X ep=0,2 
06JI.q.parM. 

MIDlleHR 

06JI.<pparM. 

n:yqxa 

06JI.epparM. 

MBllIeHB 

06JI.4>parM. 

ny'tlKa 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

1,08 ± 0,02 

1,18±0,01 

1,12 ± 0,02 

1,01 ± 0,02 

0,99 ± 0,01 

0,86 ± 0,02 

2,79 ± 0,01 

1,87 ± 0,01 

1,91±0,01 

1,63 ±O,02 

1,38 ± 0,01 

1,45 ± 0,02 

2,82 ±O,06 

2,56 ± 0,03 

2,49 ± 0,05 

2,05 ± 0,07 

1,85 ± 0,08 

1,9±0,2 

3,48 ± 0,01 

2,67 ± 0,01 

3,15 ± 0,02 

2,44 ± 0,04 

1,78 ± 0,03 

2,02 ± 0,05 

KaHaJIhI (1)-(6) JlBJUIOTC.sI c6anaHCHpOBaHHhIMlI KHHeMaTHqeCKlI H no ce-qe­

mU[M. Ta:KBM 06pa30M, CYMMHPyH C06hITIDI Bcex meCTB KaHaJIOB H onpe,n;eml.51 

XapaKTepHCTHKII a.n.pOHHhlX CTPyn, M02KHO orrpe,lleJIHTL cpe,n;HRe XapaKTepH­

CTmrn: a.n;po:HlIbIX cTpyi B KBa:nmHKJII03HBHOM 7f+P-B3aHMO,lleHCTBHH: 

1r+ +p -t N + k7r+ + 17r- + m7fo, (8) 

I',I(e N = P HJIll n; k = 1,•..4; I = 1, 2; m = 0, 1. BKJIa,n; OCTaJILKbIX B03MO:>KHbIX 

KaHaJIOB C MHO)J{eCTBeHHOCTLIO BTOplftlHLlX InIOHOB N 1f > 6 He3Ha'tfiITeJIeH [10]. 

ITp:u: H3yqemm: KOJIJIeKTBBHhIX JlBJIelIlll:i B a.npoH-a.upoHHhIX :u: a,n;poH-j{,ZJ;epHhIX 

B3aHMo.n;eii:cTBIDIX MeTo.n;OM 4-MepHhIX CKopocTeH anamI3HpYIOTCJl C06h1THJl Cno­

BhIIIleHHoK MH02KeCTBeHHOCTLIO BTOplPIHhIX mrOHOB [2-5]. IT03TOMY OTCyTcTBHe 

B cnyqae 7f+p-B3aHMo.n;eiicTB:aH (8) .IlByxJIy-qeBhIX C06hITHH He BJm.s:eT Ha noJIY­

-qeHHhIe pe3yJIbTaThI, TaK KaK Ta.IGIe C06hITBJI (npH lIX HaJIl{'q)i{Jl B CTaTHCTHKe) 

6hIJIH 6hI HCKmo-qeKbI H3 paccMoTpemr.s: B CHny orpaHJ!f1IemUI Ha HIDKHIOIO rpa­

~ MHO)KeCTBeHHOCTH BTOpKtIHhlX IDI0HOB B C06hITID1L 

KaK 6hlJIO CKa3aHO BhIllIe, -qyBCTBHTeJIhHOCTh 3KCneplIMeHTa pa3JIlPIHa .n;JIJI 

4- H 6-ny"tIeB:DIX c06h1TD. ITp:u: CYMMHPOBaHIDI Bcex KaHanOB 3TO M02KHO 

y-qeCTI:., BBe.n:.s: OTHOCHTeJII:.BhIe Beca ~JIJI BTOPHtIHhIX mrOHOB crre~ID;HM o6pa­

30M: W(4)=1 - ~Jll[ IIHOHOB H3 4-ny-qeBl>!x co6hITHH n W(6)=0,726 - ,llJIX IIHOHOB 

R3 6-rry-qeBhIX C06h1Tml. B Ta6JI.3 npBBO.n;.sITCJI cpe..IIHB:e 3Ha-qeHlIJI nepeMeHHOH 

bk ,IUliI Pa3JIlMlIbIX 06JIacTeH epparMeHTa.IUIH.n;JU BTOplPmIJX ImOHOB npH CyM­

MHpOBaBIDIl no BceM KaHaJIaM 6e3 BBenemu BeCOB (a) B: C BBe.n;eHlleM BeCOB (6). 
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Ta6JIII~a 3. 3Ba'tIeHHH rrepeMeHHon < blc > .llJHI cTpyn BTOP1PIHlillC 1I'"-Me30HOB 

6e3 BBe,n:eHliUI BeCOB (a) n C BBeneHHhIMH OTHOCRTeJIbHhIMH BeCaMlI IIROHOB (6). 

3Ha'tIeHlIe 

X ep 

BapHaHT nocTpoeHHH 

pacrrpeneJIe:Hl1ll1 
06JI. l}>parM. 

MHilIeHlI 

06JI. l}>parM. 

rry'tIKa 

0,1 (a) 1,08 ± 0,01 1,98 ± 0,01 
(6) 1,09 ± 0,01 2,01±0,01 

0,2 (a) 2,52±0,02 2,90±0,01 
(6) 2,54 ± 0,02 2,92 ± 0,01 

KaK BH.n;HO H3 Ta6rr.3, 3Ba'tIeHlHI < bk > .n;mI )'Ka3aHH:bIX nByx BapHaHTOB COBna­

.uaIOT B npeneJIax 3KcneplIMeHTa.JIbHhIX OllI1I6oK. TaKlIM o6pa30M, oco6eHHocTH 

3KCnepHMeHTa (p33mI"tffiaJI qyBCTBlITeJThHOCTb ,n:JUI 4- 1I 6-ny-qeBhIX C06bITHR) 

He BJmHeT Ha BhI'tInCJHIeM.bIe cpe.llHHe XapaKTepHCTRKH a.n;pOHHhIX CTPyft. B 

AaJIhBeHmeM, 'tITo6bl He YCJIOlKHHTb npone.n;ypy 'tIeThIpeXM:epHOrO aHaJIR3a Kon­

JIeKTIIBlThIX CBOHCTB peaJrr(HJ2I (8), paCCMaTpImaIOTCH pacnpe.llerreHHH H cpemme 

3HaQeHlISI q>1I3JiPIeCKlIX XapaKTepHCTlIK a.n;pOHHhIX CTpyH, nonyqeHHhIe 6e3 BBe­

lleHIDI OTHOCHTeJIbHhIX BeCOB nTOpKtIHbIX ITHOHOB. 

Ha pHc.l rrpl2lBeneHbI pacnpe.lleJIeHHH BTOPIfqH.bIX ID:IOHOB 1I3 KBa3:wIHKrrIO­

3HBHOH peaK:rum (8) IIO nepeMeHHOE: blc .n;mI 06JIaCTli l}>parMeHTaI(IDiI IIyqKa H 

MHllIeHH .llJIH X 2p=0,2. Pacrrpe.llenemUI .nmI 06rraCTR lly-qKa 1I Mlunemr lIMeIOT 

pa3nlI'tIHbIR BlI.n B 06naCTH 60JIbillHX bk: nonH IIHOHOB C OTHOCHTeJIbHO 60JIbillH­

MH bk BhIIIIe B 06JIaCTH l}>parMeHTanaH ny'tIKa, 1leM B 06JIaCTlI l}>parMeHTan;HH 

MHmeHJ1[. CTPYH, o6pa3yro:mn:ecH B 06naCTH <pparMeHTaJl;HH IIyqKa HMeIOT 60JIb­

mee 3Ha'tIeHl'Ie < bk >, 'tIeM CTpyH o6pa3yrorunecH B o6rracTH l}>parMeHTamDiI MlI­

rneHH (CM. pllc.Ill Ta6JI.3), TO eCTb no CBOHCTBy npOCTpa:aCTBa nepeMeHH:blX bk 
[1,2] B 06JIaCTll l}>parMeHTaJ:::UIH ~a CTPYH HMeIOT MeHbllIHe nonepe'tffihIe pa3­

MepbI B 06:bPIHOM Koop.lll:IHaTHOM npocTpaHcTBe, -qeM B o6rracTH <pparMeHTamm: 

MlIllIeHH. 3TO 03Ha-qaeT, 'tITO xapaKTeplIcTHKlI cTpyH a.u:poHoB B paccMaTplIBa­

eMOH 06JIacTH 3Heprm1i:, B OTJIWIHe OT 06JIaCTlI BbICOKlIX 3HeprIZI::H, 3aBHCHT OT 

THIIa <pparMeHTHpyrome:ft CRCTeMbI. 

Ha pHc.2 npHBe.u:eHhI pacnpe.lleJIeHlIjI BTOplI"lffibIX 1r--Me30HOB H3 CTpy:ft BTO­

pWIHLIX IIROHOB nmI 06naCTll epparMeHTamnI MlIllIeHlI (a) R 06rraCTH epparMeH­

TaI(lIH IIy'lKa (6) npH Xap=O~2 .u:JIjI paccMaTpmmeMoH peaKIlIDI (8). Ha plIc.3 

llpRBe.ueHhI pacnpeneJIeHlHI BTOPll"tIHbIX rr- -Me30HOB 113 cTpyil BTOPH'tlHbIX 1l1lO­

HOB .n:mI 06JIaCTJ2l «pparMeHTaIJ;:mI MmIIeIDI IIpH X2p=O~2 .n;mI pa3JIH-qHhIX 3neMeH­

TapHbIX npOneCCOB. ,[(aHHhIe no pp- :IiI 7r-p-B3aHMo.n;eHCTBlUIM B3SIT.bI JiI3 [3]. B 

cJIYTIae paCCMaTpJ2lBaeMoro IIponecca (8) pacnpe.n;eJIemUI 11'"- -Me30HOB no bk 6hlJm 
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Cq>:HTlIpOBaHhl 3KCnOHemmaJILHOB: 3aBHCHMOCTbK> Bn.n;a *~ = Aexp (-~) B 

o6nacTR 3Ha'tJemrii bk ~ 4 (plIc.2). nJIsr 06JIacTH bl; ~ 4 3HaqeHlfil napaMeTpa 

B .llJl.SI Pa3JIl:I'tJH1:aIX a,npoH-a,ZIpoHHhIX R a.upoH-H,D;epHhIX rrpon;eccoB npHBe.lleHhI B 

Ta6n.4. 113 plIc.2,3 H Ta6JI.4 CJIe.nyeT, qTO npH 3HeprHSIX VB S 5 r3B .popMa 

pacnpe.n:eneBIDI 1r--Me30HOB no bi: 3aBJiICHT OT aaqaJIbaoa 3HeprHH H TRIIa B3a­

HMo,neHcTBlu:. C YMeHbmeBBeM 3HeprHH npOHCXO,ZJ;HT ocna6neHHe npOjffinemI.SI 

KBapK-rmooHHhIX cTeneneH CBo6o.n;DI. Bce 60nee 3Ha~TeJlbHYJO POJIb lITpaIOT 

HYKJIOH-Me30BHhIe CTeneHll cBo6o,nhI, COOTBeTCTByx>IIJ;He 06JIaCTH MaJThIX bl; ~ 1" 
3TO llpBBO,UHT K TOMY, 'tJTO no Mepe YMeHhmemuI Ha'tJaJIbHOH 3Hepnm: pacnpe­

,ZJ;eJIeHIDI BTOpl:I"IBHX CTpyimirX 'tJacTHIJ; no bk CTaHOBKTCa: Bce 60JIee Y3KHMH, 

'tlTO H no,n;TBep)l{,D;a.IOT 3KCnepH:MeHTaJIbHhIe ,naHHLIe (pHc.2,3). 

B3aIIMo,nenCTBHe Paa6. 
r3B/c 

06nacTb 

.pparMeHTamm: 

B xi 

7f-P, [3] 

7r+P, 
HaIIIH .naHHhIe 

40 

4,2 

ny-qKa 

(X~:S; 0, 2; 

X~ 2:: 0,2) 

3,6 ± 0,1 
1,07 ± 0,02 

-

4,83 

7r p, [3] 

pp, [3] 

pp, [3] 

pp, [3] 

n+p, 
Hanm: .naHHbIe 

40 

22,4 

12 

5,7 

4,2 

MHIIIeHH 

(X:~0,2; 
X~ ::;0,2) 

3,8 ± 0,2 

3,1 ± 0,2 

1,9±O,1 
\ 

1,13 ± 0,04 

0,98 ± 0,09 

-

-

-
-

0,87 

IIpH H3y.qe:wnI aBTOMO,ZJ;eJIbHbIX CBOHCTB nuoHHhIX CTpyH 11 6apHOHHhIX 

KJIacTepoB B pa3J1HqHh[X B3aHMo,n;eicTBIUIX paccMaTpHBaIOTCK HHBapHaHTHhIe 

F(bk)-pacnpe,ZJ;eJlemu:. HHBapHaRTHhIe epymannt F(bk), XapaKTepR3YJOIIJ;1'Ie HH­

Bap1IaHTHhIe CeqenWI (E1f;), BLIpaiKeHHhIe B nepeMeHHhIX bk II npOlmTerpH­

pOBaHHhIe no yrJIaM, HMeIOT .lIm[ lIHOHOB CJIe.zIyK>n:um BlI,D; (no aHaJIOrHH C pa­

60TaMR [11,12]): 

F(b ) - 2 1 f 1 dN d 
k - m;N Jbk + bi/4 dbk dO n. 

Ha pHc.4 nOKa3aBhI RHBapHaHTHhIe F(bl;)-pacnpe.n:eJIem'UI ImOHOB 113 cTpyi ,nmI: 

o6nacTH <pparMeHTa.rom: MmIIeHH (a) H nyqJ(a (6) llpH X~p=O,l; ,nmI: 06JIacTlI 
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epparMeHTan;mI MIDIIeIDl (B) H lIyrIKa (r) npH Xep =O,2. TIpn: ~TOM B COCTa» 

CTpyft BKmoqaJlllCh TOJIbKO 3apJJJKeHHhIe Un:OHhI. 

B 06JIaCTH epparMeHTamm MmIIemr (pRcAa,4B) HHBapRaHTHbIe pacrrpe.n;eJIe­

HJinI F(ble ) 6hIJm annpOKCHMlIpOBaHhI ~KcnOHeHIUIaJThHOii 3aBHCliIMOCTbR) BlZUla 

F(ble ) = piexp(-bk/ <bk>f) +p~exp(-bk/ <b/c>~). IIplI Xep=O,l (pHcAa) 

F(bk ) arrnpOKClIMl2IpOBanaCb B 06JIaCTlI ble < 2, upn X ep =0,2 (plIcAB) - B o6JIa­

CTH ble < 4. B o6nacTH $parMeHTaul'll'I nyTIKa (pHcA6,4r) JmBapRaHTHble 

<pyHKIUm F{ble ) 6bIJIl1I arrnpoKcHMHpoBaHhI :3KCnOHeHIl)IarrbHoR <pynKIJ;HeH BH,lla 

F(ble) = piexp (-ble / < ble >i). IIpn 060RX paCCMaTpl2rBaeMhIX 3Ha'l:emUIX X ap 

F(bk ) annpOKCHM.HpOBanacb B 06rracTH bk < 3. B cJIY'l:ae X ap =0,2 (pncAr) M02K­

no rOBopHTh JImIIb 06 yKaJamurx Ha BTOPOH HaKJIOH B o6nacTn MaJThIX 3HaqeIDIR 

nepeMeHHOll ble: b/c ~ 0,5. IIoBe.neHne F(b/c) B 06JIaCTH ble 3-4 06'bSICH.ReTCR,t'V 

B03MO.JKH0, BKJIa.n;OM Me30BHlillC pe30HaHCOB, KOTophIe HHTeHCHBHO o6pa3yIOTC.R 

B o6rracTH <pparMeHTaI.l;l'IH rryqKa. Pe3YJIhTaThl anupoKCHManmr npliIBe.neHbI B 

Ta6JI.5. B CHCTeMe nOKOR CTPYR 3HaqeHHe napaMeTpa arrnpoKclIMarum < ble >i 
(B .n;aHHOM cny'l:ae i = 1, 2 - .nnR o6JIacTlr <pparMeHTaUHH MmIIeHH, i = 1 - nm! 

o6nacTH ¢,parMeHTamm ny'l:Ka) o.nH03Ha'tlHO CBK3aHO co cpe.n;HeR KHHeTlPIeCKOR 

3BeprHeil qaCTIDJ; B cTpye (ee qacTO Ha3l.IBaIOT "TeMnepaTypoil"): 

r.n;e EIe, Tie, mle - IIOJIHaJI 3HepnfJl, KHHeTIiPIeCKaJI 3HeprnSI n Macca k-I!r. 'tlaCTm:J;hI 

(mlOna) B cTpye [11-14]. AnaJIH3HpySl: pacnpe,IJ;eJIeHl'Ij[ F(ble ) M02KHO orrpe.n;emITh 

"TeMnepaTYPY" IllIOHHOH CTpyn. 3naQeIm.R TeMllepaTypbI lIHonHhIX CTpyft ,nmI 

pa3rrH'qHhIX 06JIaCTen $parMeHTaIJ;m2I H .n;JIR pa3HbIX 3Haqe:mril X zp npllBe,neHhI B 

Ta6JI.5. B 06nacTJ1I .pparMeHTauHH MHIIleHlI 06PaJyIOTCSI: nlIOHHhIe CTpyH ,nByX 

TmIOB: CTpyn BTOplNHhIX rm:OHOB rrepBoro TmIa XapaKTepH3YIOTC5I TeMIIepaTy­

paMlI <Tie >irv 10 M3B, Cpe;D;RSI:SI: KHHeTRqeCKaJI 3BeprllSI rm:OHOB B ~TJ1IX CTpyKX 

CJIa60 3aBHCHT OT 3HaqemUI X zp ; CTpyn BToporo Tmra XapaKTepE:3yIOTCSI 60JTh­

IIlllMlI TeMIIepaTypaMlI <Tie >irv 100-200 M3B, KHBeTJiPIeCKaJI 3Hepr:wr llROHOB 

B 3TlIX CTpyj[X 06Hapy:aornaeT 3HaqRTeJThH:bIH pOCT npR YBeJIHqemnr Xzp • B 
06JIaCTH$parMeHTa.JJ;lllI nyqKa na6mo.naeTCSI: O.n;HH TBll rm:OIIlffiIX cTpyi, KOTO­

pble xapaKTepH3YIOTC.a TeMnepaTypaMR < Tie >irv 100-200 M~B, KRHeTRqeCKaJI 

3HeprHR IIHOBOB B 3THX CTpyiDC, TaK X(e KaK n B cnyqae cTpyii BToporo THIIa B 

06JIaCTH iPparMeHTaIllDI MmIIeHH, paCTeT npn YBeJIRqeHHH Xap • B pa60Te [13J 
.nmr nnoHHbIX cTpyit 6bIJIO rrorryqeHo 3Haqemre < Tie >~ 150 M3B. TIPH l!3YQe­

HlIH pC-peaKUHH npn Ha-qaJIbnOM llMnyJIbce 10 r3B/c II 1r-C-B3a.mroneI!r.cTBRB: 

npH 40 r3B/c .n;nSl: 7r- -Me30HOB B CJIy-qae BToporo naKJIOHa ~KcnOHeHThI nOJIy­
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'tieHhI 3Ha-qeHWl < Tk >~ 170-180 M3B, a ,nJnI Me30BHhIX KYMYJnITRBHbIX B3al1­

MO.lleHCTBmI - <Tk>~ 200-250 M3B [15]. 

Ta6J1HIla 5. 3naQemui napaMeTpoB annpOKCHMaIJ;IlliI BHBaplIaHTHOB: 

<pynKIllIlI F(bk ). 

llapaMeTp X ep =O,1 X ep =0,2 
06JI.C!>parM. 06JI.<pparM. 06JI.<pparM. 06JI.<pparM. 

MlnIIeHlI ~a MlnIIeHH nyqKa 

pi 31 ± 15 -~ 14± 2 --­

<bk>i I0,09 ± 0,04 -­ 0,20 ± 0,04 --­

<Tk>i, M3B 
I 

6±3 -~ 14±3 -­
P2 28±1 --­ 5,3 ± 0,4 --­

<bk>!f 0,89 ± 0,03 --­ 2,8 ± 0,2 -­
<Tk>!f, M3B 62±2 --­ 193 ± 14 -­
pi -­ 10,8 ± 0, 1 -­ 4,51 ± 0,09 

<bk>i -­ 1,60 ± 0,02 -­ 2,83 ± 0,09 

<Tk>i, M3B 
I 

-­ 112 ± 1 --­ 198±6 

X2jCT.CB. 2,64 3,07 2,74 3,25 

B paccMaTpRBaeMhlX peaKD;IDIX (1 )-(6) na6JIIO,naeTCg lIHTenc:wmoe pO)K,L{e­

HRe ~ (1232)-H306aphI liI.npyrRX 60JIee TX2KeJIhIX HYKJIOHHhIX pe30HaHCOB. B03­

M02KHO, 'tiTO B COCTaB CTpyil nepBoro Tl2lIIa, 06pa3yIOII:J;HXCK B 06JIaCTliI <ppar­

MeHTa.I:J;lllI MmIIeHH, BXO,ngT rm:OHhI OT pacrra,na HYKJIOHHhIX pe30HaHCOB, -qeM 

liI 06'L.9:ClliUOTCK MaJIhIe TeMTIeparyphI 3TRX CTpyiI. COrJI3CHO TeOpeTH"tleCKliIM 

npe,n;CTaBJIeHmlM, TeMIIepaTypa 15D-200 M3B COOTBeTcTByeT nepexo.ny a,npOH­

nOB MaTepHH B KBapK-rJIIOOHHyro IIJIa3MY (<pa3Y). M02KHO npe.n;rrOJIOJKlITb, "1!TO 

npll Xep =0,2 IDIOBHhIe CTPYH BToporo TliIIIa B 06JI3CTH (jlparMeHTaIJ;l2llI MmneHlI 

R rmOHHhIe CTPYH B 06JIacTII <pparMenTaD;HH n~a 06pa30BaJmcb npR a.n;pOHH­

3a.uID1 nepBlPIHOB: KBapK-rJIIOOHHOa <pa3hI. 

B pa60Te [16] H3yt1aJIlICb pacna,nHbIe oco6eHHocTII KnacTepoB B pa3JI1lPIHhIX 

B3a.HMO,IlenCTBJiIJIX a.zxpOHOB H K,Ilep C aTOMHhIMH j[,IlpaMH C 06pa30BaHHeM H 6e3 

06Pa30BaHWI A-rlilIIepoHoB II KO-Me30HoB B KOHe-qfi;OM COCTO.RHHH. PaccMaTpll­

BaJUlCb KJIacTephI, 06pa30BaHHhIe B a.npoH-a,npoHHhIX, a.npoH-jI,IlepHhIX 1I x.npo­

j[,ZJ;eplIhIX B3aHMo.nenCTBJiIJIX C 6:h1CTpOTaMH y> 0,5, TO eCTb KJIaCTephI, pacno­

JI02KeHHhle, B OCHOBHOM, B·n;eHTpa.JIbHOB 06JIaCTHliI B 06JIacTlI <pparMeHTaIIlIR 

HaJIeTaIOmeU -qaCTmJ;hI. B:hI.IleJIeHlIe KJIacTepoB npOBO.nllJIOCb B npOCTpaHCTBe 

HOPMllpOBa.:HHhIX K O,IOnlaKOBOH M3Cce OTHOCHTeJIbH:hIX 4-CKopOCTen, TO eCTb B 
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npOCTpaHCTBe nepeMeHHbIX b~k = (mimkjm~) bit (mi, mk - MacChi i-n: 11 k-n
 
BTOpl'PIHOH -qaCTHIJ;hI, flO - aTOMHaJI e.n:mnrn;a MaCCbI) C nOMOI:llbK> aJII'OpHTMa
 

"MlImIMaJIbHO-pa3BeTBJIeHHOrO .1lepeBa". B Ta6JI.6 npHBe,UeHbI 3Ha-qeBlnJ: <Tk >
 
,UIDI Pa3Jll11mh1X B3aDMO,UenCTBd. lIm[ 1I"-p-, 1I"-C-B3aJaMO,UeHCTBBn npBBe.1le­


RhI 3Ha-qeHllH < Tk > ,D;JIH 11"- -Me30HOB .zVU[ KJIRCTepOB 6e3 CTpaHBhIX -qacTHIl
 

_ B C06hIT1Ifi C A-rmIepOHaMH II KO-Me30HaMlI B KOne'qHOM COCTO.KH:Jil][. ,UJIH
 

OCTaJIbHhIX B3aliIMOJJ;eHCTBml npllBe,UeHhI JJ;aHHhIe JJ;JIiI 11"- - Me30HOB B C06hITIIHX
 

6e3 CTpaHHhIX 'tJaCTBIJ;. 113 Ta6JI.6 BliI,IlHO, 'tJTO pe3YJThTaThI Ham~H pa60ThI He
 

npOTIIBOpe-qaT norryqeHHhIM paHee JJ;aHHhIM. Ha pRc.5 llplilBeJJ;eHa 3aBHCliIMOCTL
 

< Tic> OT Ha1:IaJIbHOrO HMllyJILca HaJIeTaIOmeH qacTEIlhI Po JJ;JHI OTpBIJ;aTeJIL­

HhIX IIl2l0HOB. BH,IlHO, 'tJTO aHepreTlPIeCKHe XapaKTepllCTHKH 11"--Me30HOB B CII-

CTeMe nOKOH CTPYU cJIa60 3aBHCKT OT THIIa B3aBMo.n;encTBIIJI liI OT Ha-qaJIbHOH t 
3Hepnm:. Ta:KHM o6pa30M, MO)KHO npe.n;nOJImKHTb Ham:'['qliJe CKeHJI1IHI'a ,lVIJI pac­


na,UHhIX XapaKTeplilCTHK cTpyn (KJIaCTepoB) B 06JIacTH 3HeprH:i VS < 10 r3B.
 

3Ta rHIIOTe3a nO,UTBep2K.naeT BhIBOll, c,UeJIa.HlIhIlI B pa60Te [15], 0 TOM, qTO KJIa-


CTephI B pC- liI 11"-C-B3aBMo,n:enCTBliIfi 06JIa.1laIOT yBliIBepCaJTh:B:hTh:1lI CBOHCTBaMliI
 

no oco6eHHOCTKM pacna,Ua.
 

Taonuna 6. 3Ha-qemU[ TeMlIepaTYPhI < Tk > ,UJIH 11"--Me30HOB B PMJm'tJHhIX
 

B3aHMo.n;eRcTBHKX.
 

TmI 

B3aHMo,n:eikTBHH 

Ha'tIaJILHhIH 

RMIIYJIbC, 

r3Bjc 

<Tk>, MaB X2 jCT.CB. CChIJIKa 

1I"+P 

dC 

BeC 
CC 

pC 
7r-C 
1I"-p 

4,2 

4,2 r3Bjc 

Ba HYKJIOH 

-jj­
-jj­

10 

40 

40 

112± 1 

113±2 

122 ±2 

100± 1 
116± 3 
110 ± 5 
110±4 

3,07 

1,30 

1,60 

1,70 

1,00 

1,00 

0,90 

Ha.rmI 

,UaHH1JIe 

[16] 

-jj­
-jj­
-jj­
-jj­
-j/­

Ha pHc.6 IIOKa3aHhI 3aBHC12IMOCTR cpe,n;Hero 3HaQeHlU[ < bk > ,UJIH 11"- -Me30HOB 

,UJlH pa3JIH"'IHhIX TmIOB B3aHMo.n;eHCTB:mI OT HaqaJIDHOR 3Hepnm VS(W) npH 

Xep;:;:::O,l (a) II X ep=0,2 (6). .uJIH B3aHMOllencTBlrii a.npOHOB II H,D;ep C aTOMHbIMll 

mpaMR 3Ha-qeHllH ..;s (W) npHB01UITCH B pac-qeTe Ha HyKJIOH. 3 KCnepllMeH­
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TaJIhHhIe ,naHHhIe ,Z:J;JU Pa3JIlM:HhIX pea.KIllrii .nmI o6rracTH .pparMeHTa.D;IUI ny"tlKa 

(MlIDIeIm) 0603HatIaIOTCH CJIe,nYIOlIlHM 06pa30M. 

1. HYXJIOHHhIe JiI aHTlffiYKJIOHHJ:ire B3aHMOnencTBlur: T - pp-peaKlllIH (06­

JIaCTb epparMeHTaIUDiI MmIIeBll) npH HMIIYJIbcax 5,7; 12; 22,4 f3B/c; pp-B3aH­

Mo.n;encTBlIH (061lacTb epparMeHTa.n;mI MHm~mI) npJiI JiIMnym.ce 205 r3B/ c. 

2. AHTHBeHTpHHHhIe B3aHMo.n;eHcTBIDI: 6(.6.) - iiN-peaKII,IDI DpH cpe,nHei 

3Hepnm KOHe'qROrO a,z:r;pOHHOro COCTOSIHHH <W>, paBRo» 3,5,4,9,8 f3B. 

3. IIHoHHhIe B3aHMo.n;eRcTBllll: 0(.) - 7r+P llpJiI P7r = 4,2 r3B/c; 7r-P llpH 

P 7r = 40 f3B/c; pe3ym.TaTbI paCqeTa no llyB..n-Mo.n;eJI:ll .nilSI 7r-p-B3amm.n;eBcT­

BHR npJiI P1r = 360 r3B/c. 

4. A,npoH-H,Z:tepHbIe B3aHMo,neikTBJiISI: * -p(C3H8) +pTa-B3amm,neicTBBll 

npJiI Pp = 10 f3B/c (o6nacTL epparMeBTaIUIE: MHmeHH); 0(.) - 7r-(C2F5CI3) 

npR P1r = 3,9 r3B/c, 1r-Ne TIpB P7r = 6,2 r3B/c, 7r-C npR P 7r = 40 r3B/c. 

5. 5Inpo-x.nepHbIe B3aHMo,nenCTBJ1UI: 0(+) - CC npH HMIIyJThCe 4,2 f3B/c 

Ha HYKJIOH, MgMg npH HMnyJIhCe 4,5 f3B/c Ha HYKJIOH. 

B o6nacTH 3Beprma: 3 ~ -IS ~ 10 r3B 3KCnepBMeHTaJIbHhIe .n;amIbIe no a.n;poH­

SI,nepHhIM R 3JIeMeHTapHhIM B3aHMon.eicTBH.HM xopomo annpOKCHMHPYIDTCK JIO­

rapH.pM1PlecKon epymmHeit 3aBBCHMOCTh B 3TOK o6rracTH 3Heprri HMeeT min.: 

<bk>= a l ln(JS/A2) + a2 

co cne.n;yIOIIWMH 3Ha-qeHlzunm napaMeTpoB:
 

IIpH X 2p = 0,1 nOJI)"iaeM al = 1,09 ± 0,03, a2 = 0,07 ± 0, 06, X~ = 2,38,
 
nplI X 2p = 0,2 - at =1,40 ± 0,07, a2 = -0,5 ± 0;2, X~ = 1,71
 
(.rIJIK Beynpyrmc anpoH-a.rq>oHmiIX 11 vN-peaKIUtil- mTpIIXOBaJI mnmx);
 

npn X 2p = 0,1 HMeeM al = 3,15 ± 0,05, a2 = -7,6 ± 0, 1, X~ = 2,5,
 
TIpliI X 2p = 0,2 - al = 2,8 ± 0, 1, a2 = -5, 7 ± 0, 3, X~ = 2,0
 
(,n,JUI a.n;pOH-JrnepHhIX B3aIIMOnei!cTBnH - cnrrOmHaz JmmnI), rne X~ - 3Ha'tleHHe
 

napaMeTpa X2 B paC"tIeTe na o.n;HY TOllKJ, A=0,2 r3B - napaMeTp KXIl [17].
 
IIYHKTlIpHaJI JIBlIHX - annpOKClIMaIlHX 3KcnepHMeHTaJILHhIX ,naHHhIX H3 [18].
 
lIaHHbIe no iiN-, anpoH-anpOHHbIM, a.npoH-H.n;epHbIM H x,npO-H,ZJ;epHbIM B3aHMQ­


nenCTBJiISIM B3JIT:bI H3 [2,3,17-19].
 
TO"tIKH ,D;JIX 7f+P-B3aHMo.n;e:acTBnH HaxO,nXTCg Hll.JKe o6meft, nmI OCTaJThHbIX 

3JIeMeHTapHhIX B3a:HMo.n;eftcTBlrii, 38.BIICHMOCTH. COrJIaCHO CYTH MeTo,na qeThI­

peXMepHoro aHamt3a B3a:o:MO,llenCTBHH, ecmr pea.ra.nm npOHCXO.n;llT Ha HyKJIOB­

Me30HHOM ypoBHe, TO 3TOMy- COOTBeTCTBYIOT MaJThIe bk ~ 1. B 06JIacTlI HH3­

KJIX 3Heprnii (v'S ro.J 1 r3B) B3aRMo.n;eHcTBHx, nO-BH,IllIMOMY, npOXO,nXT na TOM 

ypOBHe MaTepmr, Ha KOTOpOM npOHlmeHliIe ItBeTOB.bIX CTeneHea CBo6o,ItbI CHJlbHO 

OCJIa6JIeBO. TaKHM 06pB.30M, HCXOng 113 06III,l1X nOJIO.JKeHnH -qeTbIpeXMepaoro 



12
 

aHaJllI3a cnenyeT OJKB,llaTL, "ITO no Mepe YMeHbmeHWI VB xon 3aBHCBMOCTH 

< be > (v'S) M02KeT H3MeBllTLC.Sl (CTaTL 60nee 6hICTPhIM) no CpaBHemno C 

06JIacTLIO 3HepruB 3 ~ VB ~ 10 r3B. Crre.nOBaTeJThHO, MO)I{HO npe.nnOJI02KHTL, 

'lTO OTJnPme 3Ha-qeHHSI: < bk > .Illlil: 1r+p-B3aJIMo.neiicTB:u:H OT ,ZlpyrHX 3JIeMeH­

TapHhIX B3aHMo.n;eBCTB:wl 06'D.SlCHJ[eTC.Sl TeM, "ITO B ,naHHoH 06nacTH 3Heprd 

npOHCXO.llBT CMeHa ,IJ;HHaMlJ1IeCKBX pe)KHMOB, "ITO OTpa2KaeTC.Sl B xo.n:e 3aBBCH­

MOCTJ1[ < bl; > (VB). Jlllil npOBepKH 3Toro npe.niIOJI02KeHB.B: Heo6xo.nHMbI .n:onOJI­

HBTeJThHLIe .n:a.llHLIe no 3neMeHTapHbIM B3aHMo,neRCTBR.SlM B 06JIaCTH ~Heprnii 

VS tV 2 - 5 r3B. 

l-h p:n:c.5,6 BII,IQIO, qTO B 06JIacTlI 3HeprHi -JS fV 3"-- 5 r3B xapaKTep:n:CTII­

KR pacna.na (3HepreTHTIeCKHe XapaKTeplilCTHKH) ImOHHlillC CTpyii: (KJIaCTepoB) 

B Pa3J1KqHh[X peaKIlIDIX HMeIOT 6mI3KRe 3H:a-qeHHB:, B TO BpeMJI: KaK XapaKTe­

pHCT:mrn 06Pa30BaBml IDIOlIllllIX CTpyii: B cnytlae anpOH-a.n:pOHHhIX H a.n;pOH­

H,IlepHhIX B3aHMO,ZleitcTBHH OTJmlIaIOTCB: .Ilpyr OT .npyra [4,5]. TaKIiIM 06pa30M, 

B ~KCIIepllMeHTa.n::bHOM nJIaHe M02KHO c.neJIaTh crre.nyIOmee npe.nnonmKeHHe OTHO­

CHTeJILHO pa3BHT:mI npon;ecca B3aHMo.neicTBH.Sl B npocTpancTBe-BpeMemr. IIpH 

npoMe:I:KyTO"IHhIX 3HepI'll.SlX VB ('"oJ 3 - 5 r3B B a.D;pOH-iI):(CpHbIX pea.KIUIB:X IIHOH­

HMe CTPYH (KJIacTepLI) (j>0PMHPYIOTCJI BHJ'TpH JI,ZJ;pa, nplPIeM CTPYll C 601lhnm­

ME: 3Ha-qeHIDlMlI < be >, TO eCTL BhICOXOTeMllepaTypHhIe CTpYH, 06pa3YIOTCX llpH 

a.npomnamm KBapK-rJIIOOHHOH <pa3hI. IIpouecc pacna.na CTpyB (XJIacTepOB) 3a­

BepmaeTca: 3a npe.neJIaMl! JI.npa, n03TOMY He na6mo.naeTC.Sl BJDUlHIDI a:.npa Ha 

pacnaAHble XapaKTepRCT:KKH CTpyi (KnacTepoB). JlIDI npOBepKH cnpane.n;JllIBo­

CTH 3TOB: xapTKHhI Be06xOllllMhI CBCTeMaTRqeCKHe HCCJIe.nOBaBlI.sl oc06eHBOCTen 

06Pa30Bam'I.Sl B pacna,na CTpyii (KJIacTepOB) BTOpUq]lhIX qacnUJ; .n;llil Pa31J]fq}{b[X 

B3a.m.i0.n;eicTB:wl B paccMaTpHBaeMOB: 06JIacT:H 3Heprri. 

III 

KpaTKHe HTorH rrpe.nCTaBneHHOH pa60ThI 3aKmo-qaIOTCSI B CIIe,lQ'IOmeM. 

1. B 06nacTH npOMmKyTO'qHh[X 3Hepnrii VBtV 3 r3B na6mo.naeTC.B: 3aBHCH­

MOCTL CBOHCTB a.n:pOHHbIX CTpyj: OT TEa ~parMeHTEpYIOIIJ;eiiCBCTeMhI (06JIa­

CTR $parMeHTa.rom:). 

2. B 06naCTH npOMeEyTO'tlBbIX 3HeprItii (j>opMa pacnpe.nerreIDISI BTOpl1NHHX 

a.npOHOB no < bk > 3aBHCHT OT na-qaJIbHOB: 3HeprHll H THIIa B3aJilMO,ZleBcTBWl. 

3. B 1r+p-B3aJI:MO,ZleiicTBBU: Ha6mo.naeTCK nBa Tmra 1lH0BHLIX CTpyii:. CTpyu 

rrepBoro THIIa 06pa3yIOTCK B 06JIaCTH $parMeHT~ MmIleHB H XapaKTepH3y­

IOTCK TeMIIepaTypoi < TJ; >i"'" 10 M3B. B03M02KH0, B COCTaB 3TEX cTpyn 

BXO.nJIT nBOBliI OT pacna.nOB HYKJIOBllL1X pe30HaHCoB. CTPYlI BToporo Tmra 
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o6pa3yIOTC.H KaK B 06JIaCTliI lPparMeHTaIIlillil MliIDIeHliI, TaK H B 06JIaCTH <pparMeH­

Tan;HliI rry"tJKa. CTpyH IIliIOHOB BToporo THIIa XapaKTeplI3yIOTC.H TeMIIepaTypoII 

<Tk >2'" 100 M3B IIplI X zp =O,l n: < Tk >2'" 200 M3B IIplil X zp=0,2. MO.iKHO 

npenrrOJIO.iKHTL, "tJTO lllilOHHhIe CTpyn: BToporo THIIa o6pa3yIOTC.H llplI a.npOHR­

3aIlHlI rrepBlZ[qHOil KBapK-rmooHHoII <!>a3:bI. 3HepreTIPlecKliIe XapaKTepHCTRKliI 

Jr--Me3OHOB B cTpyn He 3aBlIC.HT OT Ha-qaJILHOrO liIMrrYJIhCa liI THIIa B3aE:MOneil­

CTBll.sI B 06JIaCTliI 3HeprIIii: ..;s< 10 r3B. 
4. Cpe,n;Hee 3Ha'tJemre < bk > B cny'tIae Jr+p-B3aE:Mo,n;eikTBJ2tii MeHLme, "tJeM 

B npyrlIx 3JIeMeHTapHhIx B3aHMOneHCTBlI.HX llplI 6JIH3KllX 3HeprH.HX, 'tJTO, B03­

MO.IKHO, 061>.HCH.HeTC.sI HaJIlrt:IHeM TO'tJKlZ[ IIepenI6a B 3aBlICHMOCTlI < bk > (VB) 
IIpn: 3HeprlI.HX ...;s'" 3 r3B. 

Pa60Ta B:bIIIOJIHeHa IIpH IIO.rmep:lKKe PoccIriicKoro lPoH,n;a $YH.n;aMeHTaJIhH:bIX 

liIcCrrenOBaRJ2tii (Kon IIpoeKTa 96-02-17542). 
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Pnc.2. Pacnpe,n:erremU[ 11"--Me3OHOB no nepeMeHBOM bk B 06rraCTH QlparMeH­

TaIJ;HII MlImeHH (a) H B 06rraCTH tPparMeHTaIJ;HH nyQKa (6) IIplI X zp =O,2. 
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PHc.3. Pacnpe.n;eneHHil tr--Me30HOB no nepeMeHHoH bk B o6nacTH lPparMeH-

TaIUiIR MlIIIIeHH npH Xep=O,2: • - tr+p (4,2 r3B/c); • - pp (5,7 r:3B/c); 
A - pp (12 r3B/c)j .. - pp (22,4 r3B/c); * - tr-p (40 r3B/c). 
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PlIcA. HHBapIIaHTHaJI <PYHKJJ;IIK F(bk ) )];JIK BTOPIPIHLIX 3apIDKeHHLIX nlIo­
HOB: • - 06J1aCTh q>parMeHTaJJ;ltH MHmeHII npl! Xzp=O,l (a), 0 - 06naCTb 
lPparMeHTaIIlI1I ny"tlKa nplI Xzp=O,l (6); • - o6rracTh <pparMeHTaJJ;lm: Mm:neHII 
npM X zp =O,2 (B), 0 - 06J1acTb q>parMeHTaJJ;Im nyllKa npH X zp=O,2 (r). 
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Po, r3B/c 
PHc.5. 3aBRCHMOCTb <T" > OT Ha-qaJIbHoro RMIIyJIbca BaJIeTaIOII(en: -qacTR­

IJ:hI Po ~JIjI OTplIllaTeJThHhIX IllIOHOB .nm[ P83JIlABhIX TlnIOB B3allMo.neiicTBlI.i: 

• - 7r+P (4,2 r3BJc); 0 - dC (4,2 r3BJc Ha HYKJIOB); 0 - HeC (4,2 r3BJc 
Ha ByKJIOH); 0 - CC (4,2 r3BJc Ha HYKJIOH); .. - pC (10 r3BJc); .. - 7r-C 
(40 r3BJc); • - 7r-p (40 r3BJc). 
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PHC.6. 3aBHCliMOCTh < b~ > OT VB (W) .n;JTSI pa31IH"tffihIX THnOB B3alIMO­

.n:eiicTBIlH IIpH X~p=O,l (a) H nplI X~p=O,2 (6). 
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