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KanuHKHH E.H., 4ep5y A.B., lllMoHHH B.n. 
P2 - 11620 

HeKOTOpble CBOHCTBa i"nIOOHHoro aemecraa H MHO)KeCTBeHHOe 
PO)KlleHHe BllpOHOB 

Ha OCHOBe aHanuaa o6wex xapaKTepeCTHK MHO)KeCTBeHHoro PO)KlleHHH 
aapoHoa a pp -cronKHoaeHeHX orrpeneneHo apeMH anpoHeaauue rnroOHHoro 
eewecraa 'b .. 4.10 -

24
c.TToKaaaHo, '!TO rrpe 3HepruHx ~ 200...SOO fsB npouecc 

MO)KHO paccMarpeaaTb KaK o6paaoeaHue e repMOllHHaM11qecKn8 pacrraa 
oauoro paaHoaecHoro Knacrepa. TTepexoa K aayx,rnacrepHoMy pe)Kl!My 
3BHHMaeT IIOpH;:tOK B WKane SHepn18(-300 fsB - 3 TsB). Caenana OUBHKB 
KpHTH'!eCKOH TO'!KH ll1IH aapOHHoro aemecraa. TTpn II1IOTHOCTe SHepr1111 
,2? 0,9 fsB <l>M-

3 
11 TeMrrepaType ?. 0, 17 fsB OHO HBXOllllTCH a KBapK-r1IIOOHHOH 

,Paae, 

Pa6ora ai,monHeHa a na5oparopee TeopeT11qecK08 qieaeKe OH.HH. 

IlpenpeHT 06'b81lHHBIIHOro HHCTHTyTa H.tepHblX HCC1IBll0BSHHii. ily6Ha 1978 

Kalinkin B.N., Cherbu A.V., Shmonin V.L. P2 - 11620 
On Properties of Gluon Matter and Multi-Hadron 
Production • · 

From the analysis of general properties of the 
multi-hadron production in pp-collisions we have calcula 
ted the time of hadronization of the gluon matter: 'k = 

•4.10-:2
4
s. It is shown that at energies<200-300 GeV the 

process can be treated as a formation-and thermodyna
mical decay of one equilibrium cluster. The range of 
transition on the two-cluster regime extends (in energy 
scale) from-300 Gev· ·to 3' TeV. The critical point for 
hadron matter is estimated. At an energy density~0.9 GeV 
fm-

3 
and temperature20.17 GeV it is in the quark-gluon 

phase, 

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

Preprint of the Joint Institute for Nuclear Research. 
Dubna 1978 
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I. BBE)1EHHE 

ConocraaneHue 4ieHoMeHonoruqecKoii Monenu anpoH· 
HnepHbIX B3aHMoneiiCTBHH/t-3/ g KBapK·rmoOHHOH Monenblo 
CTpOeHHH anpoHa /KrM/ / 4/ noKa3anol5/, "ITO :na CTpyK· 
TypHaH Monenb npenocTaBnHeT HHTepeCHhle BO3MO*HOCTH 
nnH HHTepnperau;uu MHo*eCTBeHHbIX npou;eccoa B aemecrae. 
C npyroii cropoHbI, raKoe conocraaneHue none3HO nnH 
nononHHTenbHoii npoaepKH KrM, yTO"IHeHHH Iinu onpenene
HHH ee napaMeTpOB u npennono*eHHH. B qacTHOCTH, a pa6o
Te / 5/ 6brna cnenaHa ou;eHKa nonu HMnynbca, npuxonHmeiicH 
Ha rmooHHoe none B npoToHe, B rr- H K ·Me3oHax, nonyqeHbI 
apry~eHTbl B nonb3Y ManoCTH ce"leHHH B3aHMOAeHCTBHH 
irnapKoB, nurneHHbIX rmooHHoro nonH, c anpoHaMH, a TaK*e 
6e3MaCCOBOCTH rmooHOB. 

B HaCTOH111;eii pa6ore Mbl nponoIDKHM aHanH3 npOHBne
HHH KBapK· rmOOHHOH CTPYKTYPbl anpoHOB H CBOHCTB CHnbHO· 
BCp6y*AeHHOro COCTOHHIIH rmoOHHOro Belll;eCTBa, onupaHCb 
rnaBHbIM o6pa30M Ha naHHhle no MHO*eCTBeHHOMY PO*Ae· 
HHIO B pp -cronKHOBeHHHX. 

IlpH 3TOM Mbl orpaHH"IHMCH paCCMOTpeHHeM Henu4JpaK
Il;HOHHhlX npou;eccoB. 

B paMKax KrM npou;ecc MHO*ecraeHHoro PO*AeHHH 
B pp ·B3aHMoneiicTBHH BbffilHAHT cnenyrolll;HM o6pa30M. 
KaapKOBble Hnpa cranKHBaIOIIl;HXCH HYKilOHOB BcnencTBHe 
HX OTHOCHTenbHO cna6oii CBH3H C rmoOHHblMH nonHMH 
nponeTalOT, npaKTH"leCKH He B3aHMOAeHCTBYH H He H3MeHHH 

CBOero HMnynbca. B nanbHeiillleM OHH o6pa3yIOT "IlHAH· 
pyromyro" qacruu;y H ee conpoBO*AeHne. rmooHHbie nonH, 
HHTeHCHBHO B3aHMoneiiCTBYH, nopO*AaIOT enHHYIO B036y*
neHHYIO CHCTeMy - KnacTep. IIonaBnHIOIIl;ee 6onblIIHHCTBO 
BHOBb PO*AeHHbIX qacTHII; 06pa3yeTCH npH ero pacnane. 
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B JaAaqy pa60Thl He BXOAHT AeTanLHOe HCcneAOBaHHe 

CBOHCTB .KnacTepa BO BCeM HX MHOroo6pa3HH. Mhl ITOilbITa

eMCH pacCMOTpeTb nHWb HeKOTOpbie' caMbie 061IlHe JaKOHO

MepHOCTH CHnbHOB036Y:>KAeHHOro rruoOHHOro BellleCTBa, onH

paHCb Ha cpeAHHe xapaKTepHCTHKH MHO:>KeCTBeHHoro po:>K

AeHHH B pp-cTonKHOBeHHH. 

B paJAene 2 MLI paccMaTpHBaeM npeAnonaraeMLie 

CBOHCTBa B036y:>KAeHHOro rmoOHHoro BellleCTBa H BbITe

KaIOIIlHe HJ HHX cneACTBHH. B paJAene 3 3TH cneACTBHH 

conocTaBnHIOTCH C 3KCnepHMeHTOM. PaJAen 4 ITOCBHllleH 

o6cy:>KAeHHIO KaqecTBeHHbIX HJMeHeHHH npouecca q>opMHpo

BaHHH H pa3BHTHH rnIOOHHOro KnacTepa , npH nepeXOAe 

K oqeHb BblCOKHM 3HeprHHM. B JaKnroqeHHH o6cy:>KAalOTCH 

peJynLTaTbl pa6oTbl. 

2. 0 IIPOCTPAHCTBEHHO- BPEMEHHOM 
PA3BHTHH B03EY)K,4EHHOI'O CI'YCTKA 
I'HIDOHHOI'OBEmECTBA 

Ilpe:>KAe BCero npHMeM BO BHHMaHHe peJynLTaThlaHa

nHJa aApOH-HAePHbIX BJaHMOAeHCTBHii/3 , 5/, B COOTBeT

CTBHH c KOTOpbIMH 6yAeM cqHTaTb, qTo 

- BITnOTb AO 3Hepruii EL"' 200-300 I'3B_B pp -cTOnK

HOBeHHHX AnH o6'bHCHeHHH OCHOBHhlX JaKOHOMepHOCTeii npo

uecca AOCTaTOqHO paccMaTpHBaTb OAHH KnacTep; 

- pacwupeHHe KnacTepa npOHCXOAHT C OKOnocBeTOBOH 

CKOpOCTblO. 

rnrooHHOe BellleCTBO, OKaJaBWHCb B CB060AHOM COCTOH

HHH B pe3ynLTaTe OTpbIBa KBapKOBoro HApa, HBnHeTCH 

a6COJllOTHO HecTa6HnbHhlM. BpeMH, Heo6XOAHMOe AnH BOC

CTaHoBneHHH KBapKOBOH KOMITOHeHTbI, T.e. BpeMH aApOHH

JaUHH CHCTeMbl T h ' onpe,I\enHeTCH KOHCTaHTOH KBapK

rruoOHHOro BJaHMOAeHCTBHH. 3a 3TO BpeMH paAHYC o6naCTH, 

JaHHMaeMoii rruooHH~M BellleCTBOM /ero HaqanbHOe 3Ha

qeHHe r 
O 

"" 1,2 <PM/3/, AOCTHraeT BenHqHHbl 

R ,,,r 0 +erh. /1/, 

B o6CY:>KAaeMblX ycnOBHHX .He BHAHO npuqHH, cornacHO 

KOTOpblM BenHqHHa R AOn:>KHa 6wna 6LI JaMeTHO JaBHCeTb 
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OT 3HeprHH CTOnKHOBeHHH. TeM He MeHee cq>opMynHpyeM 

IIpeonoAOJICeHUe 1 /Ill/ 
O6'beM vh o6nacTH, JaHHMaeMOB rruooHHbIM BellleCTBOM 

B MOMeHT aAPOHHJaUHH, T .e. pacnaAHbIB o6'beM KnacTepa, 

IlOCTOHHeH. 
~anee, B npouecce aAPOHHJaUHH rruooHHhlii KnacTep 

npeACTaBnHeT co6oii CHCTeMy co MHOrHMH cTeneHHMH CB0-

60Ahl H C CHnbHblM BJaHMOAeiicTBHeM. O6HnHe CTeneHeii 

CB060Ahl, a TaK:>Ke yTpaTa qacTH HHq>OpMaUHH O AeTanHX 

pa3BHTHH CHCTeMbl /AHHaMuqecKOe OITHCaHHe B HaCTOHIIlee 

BpeMH HeBOJMO:>KHO/ Il03BOnHIOT HCITOnbJOBaTb TepMOAHHa

MHKY' B OCHOBY KOTopoii nono:>KeHO nnaHKOBCKOe pacnpeAe

neHHe. Ilo3TOMY HCITOnLJyeM {', 

IIpeonoAoJ1CeHue 2 /IT2/ 
PacnpeAeneHHe qacTHU, po:>KAeHHhlX B npouecce aApo

HHJauuu, onpeAenHeTCH JaKOHOM AnH "qepHoro" HJnyqeHHH. 

IlOA06Hoe npeAnono:>KeHHe npHMeHHnOCb y:>Ke HeOAHO

KpaTHO B q>eHoMeHonorHqecKHX MOAenHX /cM., Hanp.,/
6

,
71;. 

B COOTBeTCTBHH c /Il2/ HMeIOT MeCTO COOTHOWeHHH: 

w 3 __3i_T 4 <Ii (!E._), - --
TT 2TT 2 (he) 3 B T 

/2/ 

. 
3 Vh 3 flTT 

n = -- --·T F (--) 
TT B ' 

2TT2 (he) 3 T 
/3/ 

a cneKTP qaCTHU OITHCbIBaeTCH q>opMynoii IlnaHKa. B /2/, 

/3/ w - BHyTpeHHHH 3HeprHH CHCTeMbl, 

HOB, o6pa3yIOIIlHXCH npH ee pacnaAe' 

TeMnepaTypa pacnaAa. 

<llB (z) = z4 f x 2.J 1 + x2 dx 

0 exp [ zy l+x 2]- l 

F B (z) = z3 j x 2dx 

0 exp[ zy 1+x2]-1 

X= 

n - qHcno TT-MeJo-

V = 4TT R 3 T -
h 3 ' 

/4/ 

IPI -, 
/lTT 

/1TT 
Z= T• 

/5/ 
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IlpH T B6JIH3H µTT <l>YHKUHH /4/, /5/ ,D;0ilYCKalOT BeCbMa 

T0'IHYIO annpoKCHMaumo / -1 o/o/: 

<l>B(z)==:Azv, A=5,76, v=-0,188, 

.F B(z)::: Bzµ, B = 1,77, µ = -0,43, 

/6/ 

/7/ 

11(z)=z-1 <1> (z).F-1(z)=AB-1zv-µ-l =325z-0 •758 /8/ 
B B ' · 

ConocTaBJieHHe TaKOH cxeMLI C HeK0T0phIMH H3BeCTHLIMH 

TepM0,D;HHaMH'IeCKHMH M0,D;eJI.HMH npHBe,D;eHo B ma6A. 1. 

V 
T 

Ta6Au11a 1 
IlpH yBeJIH'IeHHH w 

Mo,D;eni. <l>epMH Mo,D;eni. 

II0MepaH11yKa 

yMeHLIIIaeTC.H pacTeT 

pacTeT Il0CT0HHHa 

Hama Mo,D;eJIL 

/II1/+/II2/ 

Il0CT0HHeH 

pacTeT 

CxeMa /II1/+/II2/ C0,D;ep)KHT ,D;Ba napaMeTpa. O,D;HH H3 

HHX, o, onpe,D;eJIHeT ,D;0JIIO HMnyni.ca HaneTaJOII.(ero a,D;pona, 

np1rna,D;Jie)Kall(ylO rJIIOOHHOH K0Mil0HeHTe: 

o "' w. s-½ /9/ 

BTopoii - 06-LeM a,IJ;p0HH3aUHH V h • 

IlpH6JIH)KeHHO HX BeJIH'IHHa JapaHee H3BeCTHa. AHaJIH3 

MH0)KeCTBeHH0ro p0)K,D;eHH.ff Ha Jl,D;pax ,D;aeT / 5/: 

0==0,28±0,08. /10/ 

Mo)KHO oueHHTL H Vh. BpeMH, Heo6xo,D;HMoe ,D;JIH 06pa30-

BaHHJ1 77-MeJ0Ha, 

h -24 
/'t,.r == - ==4,5°10 c. /11/ 

µTT 

6 

) 
1 
1) 

j 

t 
r 
,, 

i 

Tor,D;a 

4rr ( c h ) 3 
m 3 V h "' - r O + -- == 70 'l'M • 

3 µ77 
/12/ 

O,D;HaK0 Il0CKOJILKY T0'IH0CTL 3THX oueH0K HeBeJIHKa, MLI yc

TaH0BHJIH HX JHa'IeHHJI, noTpe6oBaB, 1IT06LI B cepe,D;HHe yc

KOpHTeJILHOr0 HHTepBaJia /EL =:100 I'3B/ TaKaJI cxeMa 

,D;aBaJia npaBHJILHOe 3Ha1IeHHe cpe,D;HeH MHO)KeCTBeHHOCTH 

H cpe,D;Hero nonepe'IHOr0 HMilYJILCa TT -Me30HOB. OTCIO,D;a 

CJie,D;yeT' 'ITO: 

o == 0,266; V h == 56 <fJM 
3

, e 
/13/ 

a BpeMJI a,IJ;p0HH3aUHH 

3 1/3 -1 -24 
r h ==( ( - V ) - ro ] c "' 4 • 10 c. 

4rr h 

/14/ 

KaK BH,Il;H0, pe3yJILTaTLI /13/' /14/ xopOIIIO corJiaCyIDTCJI 

c oueHKaMH /10/-/12/. 

3. COIIOCTABJIEHHE MO,[(EJIH /IIJ/+/II2/ 
C 3KCIIEPHMEHTOM 

A. 3aeucuMocmb <p .L>om EL 

?sf'LI'IHO OTMe1IalOT Me,D;JieHHLIH pocT <p.L> C yBeJIH'IeHHeM 

EL 8 • B HaIIIeH cxeMe OH BLIJBaH poCT0M TeMnepaTYPLI 

paCI_Ia,D;a T(E L) . )J;eiicTBHTeJILH0, c IlOMOII.(hlO /2/, /6/ H 

/13/ HaX0,Il;HM: 

T"' 0,144• W 0,239 /15/ 

Ilo,D;CTaBJIJIH / 15/ B BLipa)KeHHe ,D;JIJI pacnpe,D;eJieHHJI IIO p .L 

d • 3 V h 
00 

--_E_ = - -T3x f dy( exp(zvl+x 2 +y2-l)l-1 
/16/ 

dx 2rr 2 (he) 3 o 
/3,D;eCL X= P.L / µTT ; y"" P\1 /µTT/, II0CJie ycpe,D;HeHHJI Haxo-

,D;HM JaBHCHM0CTh <p.l > OT 3HeprHH - puc. J. CooTBeT

CTBHe C 3KCIIepHMeHT0M /8,9/ xopomee. HcKJIIO'IeHHe co

cTaBJIJIIOT JIHIIIL 3HeprHH 2: 300 I'3B. IlpH'IHHa 3TOrO 
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< PJ.l (Gvl/c) 

0.'10 

o.:5S ....................... f ..... ~--.I. .. 
0.3C>~ 

0.:25 
EL (t;r}f) 

:lO so 70 /00 ;wo JllO 

Puc. 1. 3aeUCUMOCT/lb <p.1> om EL. 

6y,z:i:er paccMoTpeua B pa3.z:i:ene 4. Ha puc. 1 .nauo TaK)Ke 

3Haqe1rne <P.L > npH 'I =0,97p17 /nyHKTHp/, COOTBeTCTByro
~ee Mo,z:i:enu IloMepau11yKa/6/. 

E. 3aeucuMocmb <n c? om EL 

lfa 4>opMyn /3/ H /7 / nony11HM BLipa)KeHHe ,z:i:n.11 

<n > = ~ -~-T 3-µµ µ =2,93-10 3 T 3 •43 ·• 
ch 17 2 ( ch) 3 · 11 . 

<n ch>: 

/17/ 

Ha puc. 2 npoee,z:i:euo cpaeueuue pac11era no· Mo,z:i:enu 
C 3KCnepHMeHTaJibHhIMH ,z:i:aHHhIMII. -Cnnourna.11 KPHBa~ O/ 
pac11er, TO'iKH • 3KCnepHMeHTaJibHhie .n:aHHhie AJI.H <nch > l 
C Y'ieTOM nonpaBKII Ha cpe,z:i:Hee 'iHCJIO coxpaHHBIIIHXC.H 
3ap.H)KeHHbIX 'iaCTHIJ; BHeKnacrepHoro npoHCXO)KJJ:eHH.H /T.e. 
<n ch>- L4 /. IlyuKTHp - pac11er no Mo,z:i:enu IloMepau11yKa 
c uopMupoeKo:ii Ha 3ua11euue < n ch ::. npu EL= . 19 I'3B. 

· B. Ka'lecmeeHubiu cocmae poxoeHHblX aopouoe 

HecMOTp.11 ·Ha TO, 'iTO CB.H3b Me)K,z:i:y 3Heprue:ii H 3HTpo
nue:ii CHCTeMbI B Hawe:ii Mo,z:i:enu OTJIH'iaeTcn OT aHanoruq-

8 

'I 

r 
•'3 

J 
\, 

?>' 

• 

HOH CB.113H B MOAeJIH ·noMepaH'iYKa, MO)KHO noI<a3aTb, 'iTO 
B nepBOM npH6JIH)KeHHH COOTHOIIIeuue, no3BOJI.HlOIIJ;ee ou;e
HHTb I<a'ieCTBeHHbIH COCTaB po)KJJ:eUHbIX 'iaCTHIJ; 'OCTaeTC.11 
npe)KHHM /11/. HMeHHO, 'iHCJIO pO)KJJ:eUHhIX nap qq /npH 
mq >>µ 11 / paBHO: 

VhT 3 2 III 3 2m 
n _ = g .. ( 3/) (~T) exp(- _:__g_T). /18/ 

qq qq (hc)(211) 2 

Pe3yJibTaTLI ,IJ;JI.11 K-Me30HOB H anTHnpoTOHOB B 3aBHCHMO· 
CTH OT 3HeprHH ,z:i:aHLI Ha puc. 3 - cnJIOUIHa.11 KpHBa.11 /nyHI<· 
THP - pac11eT no Mo.n;enu IloMepaH11y1<a npu T"" 0,00µ 

11 
/. 

CooTBeTCTBHe o6cy)K,z:i:aeMOH MO,IJ;eJIH 3I<CnepHMeHTY 
B u;eJIOM 3Ha'iHTeJihHO nyqwe, <"qeM MOAeJIH IloMepaH'iyKa. 

TaI<HM o6pa30M, paCCMOTpeHHa.11 cxeMa YAOBJieTBOpH· 
TeJibHO onHCbIBaeT 3KCnepHMeHT npH EL $,200- 300 I'3B, 
T.e. B o6naCTH, AJI.11 KOTOpo:ii cornacHO pe3yJibTaTaM aHa
JIH3a h - .A B3aHMo,z:i:e:iicTBH:ii cnpaee,z:i:nue o,z:i:uo1<nacTepHhIH 
no,z:i:xo,z:i:. 

~l < ncA> .... .. .. ·"' .. 
8 
1 
6 

S' 

1/ 

3 

.t 

.. . .. .. -· 
.. •· . .... 

... ... .. 

Ej_ (~ 

Jl.O .so ;o iOO ~00 .joO 

Puc. 2. 3aeUCUMOC1/lb <n >-1,4 0111 EL. 
ch 
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<n> 
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C 
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, 

.IJll?'Hm r:!£j 

1o'L...._ ___ --1..~------:~-;::-;;.:::;-;i~~---
10 

CJ 

,o-2 1if S(GeV~ 1a4 

Puc. 3. 3aeucuMocmb <n +>, <n-> om •E . 
K- P L 

4. IIEPEXO,l! K HOJIEE BbICOKHM 3HEPI'H.JIM 

KaK BHnHo H3 puc. 3, IlpH EL"' 200-300 I'3B peJynh
TaThl MonenH Ha'IHHaIOT pacxonHTbCH e 3KCnepHMeHTOM. 
H 3TO BilOnHe ecTeCTBeHHO. ,D;eiieTBHTenbHO, IlOCKOilbKY 
B3aHMoneiiCTBHe I'nIOOHHblX KOMilOHeHT anp0HOB KOHe'IHO, 
TO C pOCTOM 3HeprHH CTOilKHOBeHHH non:>KeH HaCTYilHTb 

10 
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111 

j I 

JI 

TaKOH MOMeHT, Korna 3TH KOMilOHeHTbl, nornenume B COCTaB 
KnacTepa, He B COCTOHHHH 3aTopM03HTb npyr npyra II Ha
enenyroT qaeT& eBoero nepBoHa'lan&Horo noeTynaTen&noro 
nBn:>KeHHH. C yBenn'leHHeM nepBH'IHOH 3HeprHH .nonH nHyT
peHHeii 3Heprnu KnaeTepa, ~pnxonmQaHeH na TaKoe 1<0nneK
THBHoe nBu:>KeHue, BOJpaeTaeT. OnHaKo, pacnanane&, Knac
Tep B MOMeHT anpoHH3aQHH nee ell{e HBmieTeH enHHOH 
eHeTeMoii. IlpH nan&neiirneM yBenII'leHHH 311epnrn cnenyeT 
O:>KHnaTb, 'ITO B3aHMHOro TOpMO:>KeHHH rnIOOHHblX KOMno
HeHT OKa:>KeTeH HenoeTaTO'IHO y:>Ke II nm1 'Toro, 'IT06bI 
B MOMeHT paenana KnaeTep 6hm ennHOH. CHCTCMOH, T.e. 
B03HHKaeT CHTyaQHH C nBYMH 1macTepaMH. 

. A . 
qT06bl nony'IHTb npeneTaBneHHe O B03MO:>KHOM xapaK-

Tepe nepexona oT onHoKnaeTepHoii K nByxKnaeTepHoii en-· 
TyaQHH, paeeMoTpHM nBa Bapua1-na nepexona qaeTH 3Hep
rHu eTOilKHOBeHHH rnIOOHHblX KOMilOHeHT anpoHa B Kon
neKTHBHYIO eTeneHb eBo6onbl. 

I 

Bapua11m 1. O6pa3y10TeH nBa KnacTepa. Ka:>KnL1ii pac-
nanaeTcH Ha ' [ <n >-1,41/2 3apH:>KeHHhIX Me30HOB. 3To 

ch 
'IHCno H3BneKaeTCH H3 3KcnepHMeHTa. Torna, HCilOilh3YH 
/2/, /3/, a TaK:>Ke /6/, /7 /, MO:>Kno onpenenHTh Macey 
KnacTepa w. 3TO Il03BOnHeT TaK:>Ke Bhl'IHCilHTh KonneKTHB
HyIO 3HeprHIO: 

~ -½ E - o. s - 2W. 
coll 

/19/ 

3HaHW, onpenenHeM T II nanee - Ka'leeTBeHHbIH eocTaB po:>K
neHHbIX qaeTHQ. Ha puc. 3 naH BbIXon K-Me30HOB II aHTH
npOTOHOB B HHTepBane 3 T:JB S E L S 10 T3B. Ilpn 
1 T3B < E < 3 T3B KPHB&ie npeneTaBne11&1 nyHKTnpoM. 
B 3TOH- o6'naeTH OHH pe3KO npOTHBOpe'laT Ha6moneHHHM. 

CnenoaaTen&Ho, np116nH:>Keu110 neJaBHCIIM&Iii pacnan 
nByx KnaeTepoB npoIIcxonuT npH EL :2:: 3 T3B. ·IIpII 
1 T3B :5.EL ,s_ 3 T3B BI,1nenHTb nBa KnacTepa Hen&JH -
paenan na pean&n&ie qaeTHQbI npoHexonHT HJ o6Il{ero 
ofrbeMa. 3To H IlOHHTHO, TaK KaK E coll::::: W u KnaeTepbl He 
ycneBaIOT Bb1nenHTbeH. 

Bapua11m 2. O6pa3y10Il{aHcH eHcTeMa ennna BnnoT& no 
MOMenTa eBoero pacnana, a ee ofr&eM TaKoii :>Ke, KaK H npH 
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6onee HH3KHX 3HeprHHX. IlpH 3TOM 'laCTb BHYTpeHHeii 

3HeprHH YXOJJ;HT Ha KOJIJieKTHBHOe JJ;BIDKeHHe. BbI'IHCJieHHH 

rrpoBOJJ;HJIHCb TaK )Ke, KaK H e eapHaHTe 1. Ha puc. 3 OHH 

rrpe,n;cTaBJieHbl JJ;JIH 3Toro CJiy'laH. IlJiaBHO CWHBaHCb C .n;aH· 

HbIMH rrpH EL"' 200 I':1B,. KpHBbie CJIHWKOM pe 3KO ycTpeMJIH • 

IOTCH K 60JibWHM 3Ha'leHHHM, rrpOTHBOpeqa Ha6JIIO,n;aeMOH 

TeH.n;eHJ:J;HH. 

TaKHM o6pa30M, peaJibHaH CHTyaIJ;HH B rrepexo,n;Hoii 06-

·nacTH 3HeprHii JJ;OJl)KHa 6b1Tb rrpoMe)KyTO'IHOH Me)KJJ;Y JJ;BYMH 

pacCMOTpeHHblMH eapHaHTaMH. 

Ilpe.n;eapHTeJibHO 3aMeTHM, 'ITO Ha KOHIJ;ax HHTepeana 

200 I':1B ~ EL ~ 3 T3B HMeeM: 

- pacrra.D;HbIH o6'beM H3MeHHeTCH OT vh .n;o 2V h H 

• pacrra.n;HaH TeMrrepaTypa KaK rrpH E = 200 I':1B, TaK 

H IIPH E = 3 T3B IIpH6JIH)KeHHO OJJ;Ha H Ta )Ke; T.::o,17 I':JB. 
Il03TOMY IIOJiaraeM, 'ITO B yKa3aHHOH o6JiaCTH TeMrre

paTypa IIOCTOHHHa, a o6'beM yeeJIH'IHBaeM TaKHM o6pa30M, 

'IT06bI o6ecrre'IHTb npaBHJibHYIO 3aBHCHMOCTb <n h> OT 
' C EL· 3aTeM no 3a.n;aHHbIM TH V orrpe,n;eJIHeTCH Ka'leCTBeH· 

HblH COCTaB pO)KJJ;eHHbIX a.n;pOHOB /K ·Me30HOB H aHTHIIpo· 

TOHOB/. Pe3yJibTaTbl rrpe,n;cTaBJieHbl Ha puc. 3 WTpHXOBbIMH 

JIHHHHMH, rrpo.D;OJl)KaIOI.I.\HMH peweHHe JJ;JIH OJJ;Horo KJiaCTepa 

/rrpH EL = 300 I':1B/. BH.n;Ho, 'ITO rrony'leHHoe peweHHe 

CTpeMHTCH K JJ;BYXKJiaCTepHOMY eapHaHTy. 

H3 rrpe,n;cTaBJieHHOro paCCMOTpeHHH CJie.D;YJOT HHTepec

Hble BblBOJJ;bl. 

a/ Ilepexo,n;Hblii pe)KHM pacTHHYT B 6oJibWOM 3HepreTH· 

qecKOM HHTepeane: 200+300 I':1B.5EL 5:3 T3B. 
6/ Herrocpe.D;CTBeHHble OIJ;eHKH, OCHOBaHHbie Ha IIOJiy'leH· 

HblX pe3yJibTaTax, noKa3bIBaIOT, 'ITO IIPH TeMnepaTypax 

'f H IIJIOTHOCTHX 3HeprHH f 

T>Th"" 0,17 I':1B /20/ 

H• 

f > f h "" W/V~ "" 0,9 I':1B <PM - 3 
/21/ 

Bell\eCTBO Cyll\eCTByeT /B cpe.n;HeM/ B KBapK· rJIIOOHHOH 

4>a3e, KOTopag B TO'IKe (Th, f J nepexo,n;HT B a.n;poHHYIO 
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Puc. 4. PacnpeoeAe11ue no A=lgtg0 npu pa3HblX npo6ezax 
LKAacmepa e .11oep110M ee111ecmee. 

4>a3y. OTMeTHM IIPH 3TOM, 'ITO 3Ha'leHHe 'Ih B /20/ 

rrpaKTH'leCKH coerra.n;aeT co 3Ha'leHHeM /cM., Harrp.,1/13j, 
IIOJiy'leHHbIM paHee Ha OCHOBe aHaJIH3a cneKTpOB BTOPH'IHbIX 

qacTHIJ;. 

B 3aKJIIO'leHHe o6paTHM BHHMaHHe Ha eIIJ;e OJJ;HO Ba)KHOe 

o6CTOHTeJibCTBO, CBH3aHHOe C rrpoHBJieHHeM KOJIJieKTHBHOH 

MO.D;bl JJ;BH)KeHHH B KJiaCTepe. IlpH npOXO)KJJ;eHHH KJiacTepa 

B H,n;pe ero 'laCTH, JJ;BH)KYIIJ;HeCH C pa3HbIMH CKOpOCTHMH, 
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6YAYT BJaHMOAeiiCTBOBaTb co cpe,!\OH no-paJHOMy. 3TO 
o6ycnoaneHo npe:>KAe acero paJHLIMH TeMnaMH pocTa none
pe'IHblX paJMepoB qacTeii KnacTepa, JaMeAJieHHblMH Ha 

COOTBeTCTBYIOII.\HH nopem~-q>aKTOP Y1,2· Ecnu npHHHTb BO 
BHHMaHue napTOHHbie c,oo6pa:>KeHHH, TO paJJIH'IHe a ceqeHHHX 
BJaHMOAeiiCTBHH KJiacTep-HyKJIOHHOro BJaHMOAeiiCTBHH AJIH 
o6oux KJiaCTepOB ell.\e 60JibWe BOJpacTeT: Ha q>aKTOp y 1 / Y2· 

bblJI npoBe,!\eH MeTOAH'leCKHH pacqeT ABH:>KeHHH B HApe 
TaKoro KJiacTepa Ha OCHOBe CHCTeMbl ypaBHeHuii, npe,!\JIO:>KeH
HOH HaMH paHLWe / 1- 5/. PeJyJibTaTbl pacqeTa pacnpe,!\eJieHHH 
no .\ = lgtg0 AJIH paJJIH'IHblX npo6eroa B 11,npe KnacTepa, 
o6pa3Q_BaHHOro 17-MeJOHOM /E1T = 200 I'3B/, AJIH npo6e
roa L = 0,2,4 u 6 <PM npuae,neHLI Ha puc. 4. /3Hepru,i: 
KOJIJieKTHBHoro ABH:>KeHHH npu L =0 oueHHBanacb B COOTBeT
CTBHH C npoMe:>KyTO'IHblM aapuaHTOM, onucaHHblM BbIWe/. 
BHAHO, 'ITO BOJHHKaeT 6HMO,Il.aJibHOCTb a pacnpe,!\eJieHHH no 
.\,npaKTH'leCKH HeJaMeTHaH npu L=O. 

11TaK, cpeAa "ycunuaaeT" KonneKTHBHoe ,naH:>KeHHe B 
KJiaCTepe H MO:>KeT CTaTb Ba:>KHbIM HHCTpyMeHTOM ero uc
cne,noBaHHH. 

Ilpe,!\CTaBJIHeT HHTepec npoBeCTH ,!\eTaJibHOe cpaBHeHHe 
C 3KCnepHMeHTOM / 4/, B KOTOpOM, aepoHTHO, HaXOAHT CBoe 
BL1pa:>KeHue no,no6Hoe paJBHTHe npouecca . 

3AKJIJOl/EHHE 

IlpoBe,!\eHHbIH aHaJIH3 nOJBOJIHeT C,!\eJiaTb PH.II. BbIBO,Il.OB. 
YKa:>KeM JIHWb Ha Hau6onee Ba:>KHbie, no HaWeMy MHeHHIO, 
peJyJibTaTbl. 

1. AAPOHHJaUHH copaaHHoro rJIIOOHHOro Bell.\eCTBa npo
HCXO,Il.HT Ja BpeMH r h "'4.10-21:. IloCTOHHCTBO Th ,a 
cne,noaaTeJibHO H vh' AJIH rJIIOOHHblX KJiaCTepoB, 06paJy10-
ll.\HXCH B pp - CTOJIKHoBeHHHX npu 3Hepru,i:x .EL =20- 200 I'3B, 
o6ecnequaaeT npaBHJibHYIO JaBHCHMOCTb OT EL, cpe,!\Heii 
MHO:>KeCTBeHHOCTH po:>K,!\eHHblX qacTHU, cpe,!\Hero·nonepeq
Horo HMnynLca H Ka'leCTBeHHoro COCTaBa B paMKax OAHO
KJiaCTepHoii MO,!\eJIH. 
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2. EcTeCTBeHHO O:>KH,naTb, 'ITO BpeMH aJWOHHJauuu Irnap
KOBOH KOMnOHeHTbI TaK:>Ke paBHO Th' TaK KaK onpe,nen.11:eTCH 
TOH :>Ke KOHCTaHTOH KBapK- rmoOHHOro BJaHMOAeiiCTBHH. 
CneAoBaTeJILHo,' ,nnuHa a,npoHHJauuu /"o.neaaHu11"/ nu,nupyro
I.Qeii 'laCTHUbI 

L h"' crh yJIH,n."" 1,2y Jlllg. (tfJ.M). /22/ 

Cne,noaaTeJILHo, npu y Jill/(,> 10 .n;nHHa Lh npeaL1waeT 
,nuaMeTp TH:>KeJILIX HAep. 3To nOATBep:>K,naeT cnpaae.n;nu
BOCTb npumnoii: HaMH paHee runoTeJL1/1-3/o TOM, 'ITO ce

'leHue BJaHMo,neiicTBHJI JIH.D;HPYIOI.Qeii CHCTeMbI C HYKJIOHaMH 
.11.n;pa aJI., N 3Ha'IHTeJibHO MeHbWe i.'HOpMaJibHOro" JHa'leHHH, 
T.e. 

in ( 1 in ) 
aJI,, N < a NN aJl,,N "' 4a NN ' 

PaJyMeeTCH, npu OT6ope CO6bITHH C 6oJibWHM npo6eroM 
JIH.D;HPYIOI.Qeii: CHCTeMbI ee BJaHMo,n;eiicTBHe ,IJ;OJI)KHO yaenuqu
Ba TbCH u npH6JIH:>KaTbCH K HOpMaJibHOMy. 

HanpuMep, npu "uenTpaJibHOM" p.A-B3aHMo,n;eii:cTBHH 
H _npo6ere 2R Em cpe.n;uroro aem1qu11y ceqeuu,i: a;°i.,N rpy6o 
MO:>KHO onpe.n;eJIHTb KaK 

(a in -a J 
';i "' a + NN -:!..-.!..... 2R /23/ 

JJ,,N Jl,, N L Em 
• h 

· - in 
/npu 2R < Lh/. Ilpu Ep = 70 I'3B H 3HeprHH B036y:>K,n;enu,i: 
nu.n;upyroI.Qeii: cncTeMLI = 0,5 I'3B _!!MeeM YJIH.[(. "'42. Tor
.n;a, ucnonLJYH /22/ H nonaraH REm = 5 <PM, nony'laeM: 

a = 0,43a in • 
JJ,,N NN /24/ 

3Ta BeJIH'lllHa He npOTHBOpe'IHT .D;3.HHbIM pa6oTbI / 15/ • 
O'leBH.D;HO, 0.D;HaKo, 'ITO ouenKH B /15/ H /24/ BeCbMa rpy6bI. 
IlOJTOMY 11eo6xo.n;uMo .n;anLueii:wee, 6onee TO'IHOe uccne.n;o
BaHue 3Toro Jqiq>eKTa. 

3. Cnoco611ocTL K BJaHMHOMy TOpMo:>Ke11u10 rJIIOOHHLIX 
KOMno11e11T HYKJIOHOB orpaHH'leHa H onpe,n;enHeTCH KOHeq
HOCTbIO KOHCTaHTbl CBHJH. Ilpu 3Hepru,i:x CTOJIKHOBeHBJI 
200-300 I'3B npoHBJIHIOTCH nepBbie npHJHaKH Henonuoro 
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TOPMO:>KeHHJl. CoBepweHHO JICHO, 'ITO Haw aHailH3 3Toro JlB
neHHJl npH O'leHL 6onLWHX 3HeprHJIX JlBnJleTCJl BeCLMa npu-
6nH:>KeHHLIM. O,1\HaKO OH AOCTaTO'IHO onpe,l\eneHHO noKa3LI
BaeT, 'ITO nepexo,l\ K CHTYaUHH, KOr,l\a npouecc MO:>KHO onH-

' ~ CLIBaTL KaK He3aBHCHMLIH pacna,l\ ABYX KnacTepoa, OXBaTLI-
aaeT B wKane 3Hepruii orpoMHLiii: HHTepaan - nopHAKa 
300 I'3B +3 T3B. Ilo3TOMY npe,l\npHHHMaeMLie a HeKoTo
pLix MOAenHx nonLITKH onHcaTL npouecc KaK o6pa3oaaHHe 
H pacnaA ueno'IKH KnacTepoa y:>Ke npH 3HeprHJIX 70-200 I'3B 
TPYAHO o6oCHOBaTL. 

ABTOpLI npH3HaTeilLHLI COTPYAHHKaM Jla6opaTOpHH Teo
peTH'leCKOH ~H3HKH, npHHHMaBWHM y'laCTHe B o6cy:>K,l\eHHH 
pe3ynLTaTOB pa60TLI. 
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